
 

 

 

 

ნესა ქერი 

 

ეპიგენეტიკური რევოლუცია 
 

 

 

 

როგორც ცვლის თანამედროვე ბიოლოგია ჩვენს 

წარმოდგენებს გენეტიკაზე, დაავადებებზე და 

მემკვიდრეობაზე 

 

 

 

 

 

ქართული გამოცემის რედაქტორები: 

ელენე აბზიანიძე 

ეკა კვარაცხელია 

 
 

 

 

 

 

 

 

 



Icon Books Ltd, Omnibus Business Centre,  

39-41 North Road, londoni N79DP 

email: info@iconbooks.co.uk 

www.iconbooks.co.uk  
ISBN: 978-184831-292-0 

ტექსტის საავტორო უფლებები © 2011 ნესა ქერი 

Columbia University Press, New York 

არ შეიძლება ამ წიგნის არცერთი ნაწილის გადაღება არანაირი გზით 

გამომცემელთან წინასწარი წერილობითი შეთანხმების გარეშე. 

 

ქართულ გამოცემაზე მუშაობდა სარედაქციო - მთარგმნელობითი 

ჯგუფი: 

ელენე აბზიანიძე _ თბილისის სახელმწიფო სამედიცინო უნივერსიტეტის 

მოლეკულური და სამედიცინო გენეტიკის დეპარტამენტის 

ხელმძღვანელი, პროფესორი, ბიოლოგიურ მეცნიერებათა დოქტორი. 

ეკა კვარაცხელია _ თბილისის სახელმწიფო სამედიცინო 

უნივერსიტეტის ვლ.ბახუტაშვილის სახ. სამედიცინო ბიოტექნოლოგიის 

ინსტიტუტი, უფ. მეცნ. თანამშრ., ბიოლოგიის დოქტორი. 

ციალა გიგნეიშვილი - თბილისის სახელმწიფო სამედიცინო 

უნივერსიტეტის მოლეკულური და სამედიცინო გენეტიკის დეპარტამენტი, 

ასისტენტ პროფესორი, ბიოლოგიის დოქტორი 

თინათინ ტყემალაძე _ თბილისის სახელმწიფო სამედიცინო 

უნივერსიტეტის მოლეკულური და სამედიცინო გენეტიკის დეპარტამენტი, 

ასისტენტ პროფესორი, მედიცინის დოქტორი 

ქეთევან კანკავა _ თბილისის სახელმწიფო სამედიცინო უნივერსიტეტი, 

რეზიდენტი 

ნატო კვარაცხელია _ თბილისის სახელმწიფო სამედიცინო 

უნივერსიტეტი, მოწვეული პედაგოგი  

 

კომპიუტერული გრაფიკა და დაკაბადონება: 

ზაზა ტურაბელიძე 

 
სამედიცინო გენეტიკი და ეპიგენეტიკის საქართველოს საზოგადოება © 2014 

ISBN: 978-9941-0-6698-6 

mailto:info@iconbooks.co.uk
http://www.iconbooks.co.uk/


ეძღვნება ები რეინოლდს, რომელმაც გადააპროგრამა ჩემი 

ცხოვრება  და 

სინ ქერის ხსოვნას, 1925-2011 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



წინასიტყვაობა 

 

ამ საუკუნის დასაწყისში გენეტიკის სფერომ უდიდესი პროგრესი განიცადა. 

ადამიანის გენომის პროექტის მეშვეობით გაიშიფრა ადამიანის დნმ. თითქოსდა 

მხოლოდ დროის ამბავი იყო, როდის გვეცოდინებოდა ჩვენი პლანეტის 

სიცოცხლის ყველა საიდუმლო.  

 

თუმცა, ბიოლოგიის უახლესი მიღწევებიდან გამომდინარე, ნათელია, რომ ჩვენ 

ჯერ ყველა კითხვაც კი არ ვიცით, არამცთუ პასუხი.  

 

და მაინც, მიუხედავად იმისა, რომ ჩვენი სხეულის ყველა უჯრედი ზუსტად 

ერთნაირ დნმ-ს შეიცავს, რატომ არ იზრდება ჩვენი თვალის გუგებში კბილები 

ისევე, როგორც ღვიძლზე ფრჩხილები არ გვეზრდება? რა განაპირობებს იმას, 

რომ იდენტური ტყუპები, რომელთაც ერთნაირი დნმ აქვთ, შესაძლოა 

მკვეთრად განსხვავდებოდნენ ერთმანეთისაგან?  

 

აღმოჩნდა, რომ უჯრედები დნმ-ის გენეტიკურ კოდს  სცენარივით 

კითხულობენ, რომელსაც ინტერპრეტაცია სჭირდება, და არა როგორც 

ყალიბს, რომლის ჩამოსხმის შედეგად ყოველთვის ერთნაირი მასალა მიიღება.  

სწორედ ეს არის ეპიგენეტიკა და იგი ბიოლოგიის ყველაზე სწრაფად 

განვითარებად სფეროს წარმოადგენს.  

ეპიგენეტიკური რევოლუცია მოგვითხრობს ეპიგენეტიკის განვითარების 

ამაღელვებელ ისტორიას უკანასკნელი ოცი წლის მანძილზე და იმ 

მეცნიერების თავდაუზოგავ შრომაზე, რომელთაც დიდი წვლილი შეიტანეს ამ 

სფეროს განვითარებაში. წიგნის ავტორი, ბიოლოგი ნესა ქერი, ოსტატურად 

ხსნის ისეთ მრავალფეროვან მოვლენებს, როგორიცაა დედა ფუტკრების და 

ჭიანჭველების მიერ თავიანთი კოლონიების მართვა, თუ რატომ არიან კუსებრი 

შეფერილობის კატები ყოველთვის მდედრობითი სქესის, რატომაა, რომ 

ზოგიერთი მცენარისთვის აუცილებელია სიცივის პერიოდი ყვავილობამდე, 

რატომ ვბერდებით, რატომ ვხებით ავად ან წამალდამოკიდებულები და სხვა. 

 

ყველაზე საინტერესო კი არის ის, რომ ავტორი ეპიგენეტიკის უაღრესად დიდ 

შესაძლებლობებს წარმოგვიდგენს, რომელთა განხორციელება უახლოეს 

მომავალში რეალური იქნება.  

 



Sesavali

dnm

`zogjer, rodesac biologiis Sesaxeb vkiTxulobT, savsebiT 
obi eqturi mizezebis gamo im daskvnamde mivdivarT, rom es sami 
aso yvelafers xsnis. ai, magaliTad, 2000 wlis 26 ivnisis ramdenime 
gamonaTqvami, roca mkvlevrebma ganacxades, rom adamianis genomis 
sekvenireba dasrulebulia.1

dRes Cven im enas vswavlobT, romelzec RmerTma sicocxle 
Seqmna.~

aSS-s prezidenti bil klintoni

`axla saSualeba gvaqvs mivaRwioT yvelafers, rasac odesme 
medicinisgan velodiT.~

didi britaneTis mecnierebis ministri lordi seinsberi.

`adamianis genomis gaSifrva SegviZlia adamianis mTvareze 
daj domas SevadaroT, Tumca, Cemi Rrma rwmeniT, am mov
lenis mniSvneloba gacilebiT metia. es ara mxolod 
Tanamedroveobis, aramed kacobriobis istoriis udidesi 
miRwevaa.~

saqvelmoqmedo fondis The Wellcome Trust direqtori maikl 
deqsteri

am da kidev sxva msgavsi citatebidan erTi SexedviT SeiZleba 
davaskvnaT, rom mkvlevarebs 2000 wlis ivnisis Semdeg modunebis 
saSualeba miecaT, radganac janmrTelobis da avadobis problemebis 
umetesobaSi garkveva gacilebiT unda gaiolebuliyo. bolos da 
bolos, Cven xom xelT gvqonda monaxazi, romlis mixedviTac mTeli 
kacobrioba Seiqmna. mxolod isRa dagvrCenoda, rom ukeT Segveswavla 
am monaxazis detalebi da ramdenime niuansi gagverkvia. 

samwuxarod, zeimi cota naadrevi aRmoCnda. realoba sul 
sxvagvaria.
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Cven dnm-ze ise vlaparakobT, TiTqos es trafareti an yalibi 
iyos, romlis mixedviTac saavtomobilo qarxanaSi manqanis nawilebis 
Camosxma xdeba. qarxanaSi gamlRvari liTonis an plastikatis detali 
yalibSi aTasobiT isxmeba da, Tu am dros raRac ar gafuWda, igive 
raodenobis sruliad identur detals miviRebT.

dnm-is SemTxvevaSi ase ar xdeba. is scenars ufro hgavs. gavixsenoT, 
magaliTad, `romeo da julieta~. 1936 wels jorj kiukorma lesli 
hovardis da norma Sireris monawileobiT piesis kinoversia gadaiRo. 
samoci wlis Semdeg baz lurmanis reJisorobiT vixileT piesis axali 
ekranizacia, sadac mTavar rolebs leonardo di kaprio da kler 
deinsi asruleben. orive filmi Seqspiris piesas efuZneba, Tumca 
isini erTmaneTisgan sruliad gansxvavdeba. wyaro erTi da igivea, 
Sedegi ki gansxvavebuli.

swored ase xdeba, roca ujredebi dnm-is genetikur kods 
kiTxuloben. erTi da igive scenarisgan SesaZloa sxvadasxva filmi 
miviRoT. amis Sedegebi adamianis janmrTelobisaTvis SesaZloa Zalze 
mravalferovani iyos, raSic konkretuli nimuSebis ganxilvisas 
male davrwmundebiT. maTi analizisas mTavaria gvaxsovdes, rom am 
adamianebis dnm-is monaxazs araferi mosdis. maTi dnm ar icvleba 
(mutacias ar ganicdis) da mainc garemo faqtorebis zegavlena maTi 
sicocxlis Seuqcevad cvlilebebs iwvevs.

odri hepberni me-20 saukunis erT-erTi udidesi kinomsaxiobi 
iyo. daxvewili, eleganturi, saocrad momxiblavi da Zalian natifi 
aRnagobis gogona holi goulaiTlis rolis Sesrulebis Semdeg 
filmSi `sauzme tifanisTan~ imaTTvisac ki kerpad iqca, visac filmi 
ar enaxa. sakvirvelia, rom msaxiobis gansacvifrebeli silamaze 
saSineli gaWirvebis Sedegia. odri hepberns meore msoflio omis dros 
im periodis gadatana mouxda, romelic holandiuri mSieri zamTris 
saxeliTaa cnobili. SimSiloba rom dasrulda, gogona Teqvsmeti 
wlis iyo, Tumca imdroindelma gaWirvebam odris janmrTeloba 
Searyia, rac mas sicocxlis bolomde gahyva.

holandiuri mSieri zamTari 1944 wlis noembris dasawyisidan 
1945 wlis gvian gazafxulamde gagrZelda. dasavleT evropaSi 
saSi neli sicive iyo, ramac oTxwliani sastiki omiT isedac ganad-
gurebul kontinentze cxovreba gausaZlisi gaxada. yvelaze uaresi 
situacia dasavleT holandiaSi iyo, romelic im dros jer isev ger-
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maniis kontrolis qveS imyofeboda. germanulma blokadam sakve biT 
momaragebis katastroful Semcirebamde miiyvana holandiis mosax-
leoba. iyo dro, roca xalxi yoveldRiurad saWiro kaloriebis 
mxolod 30 procents moixmarda da ase cdilobda gadarCeniliyo. 
holan dielebi balaxs da titebis bolqvebs Wamdnen da sicocxlis 
Sesanar Cuneblad xelSi Cagdebul yvelanair avejs wvavdnen. 1945 
wlis maisamde, vidre sakvebis maragis miwodeba isev aRdgeboda, 20 
000 adamiani gardaicvala.

imdroindeli saSineli gaWirveba mosaxleobis mecnieruli 
Seswavlis SesaniSnavi saSualebac aRmoCnda. gadarCenili 
holandielebi mkacrad gansazRvruli socialuri jgufi iyo, 
romelic sakvebis naklebobas mxolod gansazRvrul periodSi, erTsa 
da imave dros ganicdida. niderlandebis janmrTelobis dacvis 
sistemis SesaniSnavi infrastruqturis da Canawerebis gulmodgined 
warmoebis wyalobiT epidemiologebs saSualeba miecaT, gamoekvliaT 
SimSilobis grZelvadiani Sedegebi. maTi daskvnebi sruliad 
moulodneli aRmoCnda.

erT-erTi pirveli aspeqti, romelic epidemiologebma Seiswavles, 
iyo SimSilobis zegavlena im axalSobilebis wonaze, romlebic mSieri 
zamTris periodSi dedis mucelSi iyvnen. Tu deda Casaxvisas kargad 
ikvebeboda da mxolod orsulobis bolo TveebSi SimSilobda, bavSvi, 
didi albaTobiT, mcirewoniani ibadeboda. meore mxriv, Tu deda 
orsulobis mxolod pirveli sami Tvis ganmavlobaSi SimSilobda 
(radganac bavSvi am saSineli periodis bolos Caisaxa), mere ki 
kargad ikvebeboda, misi Svili umetes SemTxvevebSi normaluri wonis 
ibadeboda. nayofi mucladyofnis periodSi wonis akrefas aswrebda.

es yvelaferi sakmaod martivi Cans, radgan yvelam viciT, rom 
nayofi wonaSi ZiriTadad orsulobis bolo TveebSi imatebs, magram 
epidemiologebi bavSvebis am jgufebs aTwleulebis ganmavlobaSi 
akvirdebodnen da maTi aRmoCena marTlac gasaocari iyo. bavSvebi, 
romlebic dabadebisas mcirewonianebi iyvnen, mTeli cxovreba aseTebi 
darCnen. maTi wonis matebis maCveneblebi mTel mosaxleobasTan 
SedarebiT dabali iyo. ormoc welze metxans am adamianebs imdeni 
saWmeli hqondaT, ramdenic surdaT da, amis miuxedavad, maTi 
organizmi mucladyofnis periodSi gadatanil sakvebis naklebobas 
ver gaumklavda. ratom moxda ase? rogor imoqmeda am adamianebze 
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sicocxlis dasawyisSi gancdilma gasaWirma da es aTwleulebis 
ganmavlobaSi ratom gagrZelda? ratom ver SeZles maT normis 
farglebs dabrunebodnen maSin, roca maTi garemo pirobebi adrindel 
kalapotSi Cadga? 

kidev ufro moulodneli is iyo, rom im bavSvebs, romelTa dedebic 
sakvebis deficits mxolod orsulobis pirvel TveebSi ganicdidnen, 
Warbi wonis normalurze maRali indeqsi hqondaT. ukanasknelma 
kvlevebma janmrTelobis sxva problemebis Cveulebrivze maRali 
sixSirec aCvena, maT Soris fsiqikuri ganviTarebis zogierTi 
testic iyo. imis miuxedavad, rom es adamianebi dabadebisas sruliad 
janmrTelebi iyvnen, mucladyofnis periodSi maTi ganviTarebisas 
iseTi ram moxda, ramac maTze aTwleulebis manZilze iqonia gavlena. 
Tanac mTavari is ki ar iyo, rom maT raRac mniSvnelovani SeemTxvaT, 
mTavari iyo, es rodis moxda. ganviTarebis pirveli sami Tvis 
ganmavlobaSi _ stadiaSi, rodesac nayofi marTlac Zalian pataraa _ 
momxdar movlenebs SeuZlia adamianis mTel cxovrebas daRi daasvas. 

ufro uCveulo is aris, rom rogorc aRmoCnda, garkveuli ziani 
am jgufis warmomadgenelTa Svilebsac miadgaT, anu im qalebis 
SviliSvilebs, romlebic orsulobis pirveli sami Tvis ganmavlobaSi 
arasakmarisad ikvebebodnen. amrigad, movlenam, romelic orsulTa 
garkveul jgufs SeemTxva, maT SviliSvilebzec imoqmeda. es ki 
marTlac rom idumal kiTxvas badebs _ rogor gadaecema aRniSnuli 
efeqtebi momaval Taobebs.

modi, sxva ambavi ganvixiloT. Sizofrenia mZime fsiqikuri daava-
debaa, romelic mkurnalobis gareSe pirovnebis srul ganadgurebas 
da degradacias iwvevs. pacientebSi simptomebis farTo diapazoni 
aRiniSneba, maT Soris aris bodva, halucinaciebi da azrobrivi 
fokusirebis gaZneleba. SizofreniiT daavadebulebSi xSirad zRvari 
`realur samyarosa~ da maT mier gamogonil halucinaciur Tu 
bodviT ̀ samefos~ Soris sruliad waSlilia. normaluri Semec nebiTi, 
emociuri da socialuri reaqciebi dakargulia. Zalze mcdaria 
is gavrcelebuli Sexeduleba, romlis Tanaxmadac Sizo freniiT 
daavadebulebs Zaladobisa da sisastikisadmi midrekileba aqvT. 
pacientebis umetesobaSi es sulac ar SeiniSneba da ufro xSirad am 
sneulebiT Sepyrobilebi sakuTar Tavs ayeneben zians. SizofreniiT 
daavadebulTa Soris suicidis (TviTmkvlelobis mcdelobis) 
SemTxvevebi 50-jer ufro xSiria, vidre janmrTel individebSi2. 
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raoden samwuxaroc ar unda iyos, Sizofrenia Zalze gavrcelebuli 
daavadebaa. am seniT qveynebisa da kulturaTa umetesobis 
mosaxleobis 0,5-dan 1%-mdea daavadebuli. es ki imas niSnavs, rom am 
mdgomareobiT dReisaTvis, savaraudod, 50 milionze meti adamiani 
itanjeba. garkveuli xnis win mecnierebma Seityves, rom genetika 
mniSvnelovan rols asrulebs imis gansazRvraSi, ganuviTardeba Tu 
ara ama Tu im individs es daavadeba. Cven es iqidan viciT, rom Tuki 
identuri tyupebidan erT-erTs Sizofrenia aqvs, imis albaToba, 
rom misi tyupiscalic SizofreniiT daavaddeba, 50%-ia. es ki 
mTeli mosaxleobis 1%-ian riskTan SedarebiT gacilebiT maRali 
maCvenebelia. 

identur tyupebs zustad erTnairi genetikuri kodi aqvT, erTsa 
da imave saSvilosnoSi viTardebian da, rogorc wesi, msgavs garemo 
pirobebSi izrdebian. amis gaTvaliswinebiT, gasakviric ar aris, rom 
Tu erT-erT tyupiscals Sizofrenia ganuviTarda, meore tyupiscalSi 
daavadebis ganviTarebis Sansi Zalze maRalia. sinamdvileSi am dros 
kiTxva gvebadeba, ratom ar aris es Sansi kidev ufro maRali, vTqvaT, 
100% da mainc ratom gansxvavdeba ase ori sruliad identuri adamiani 
erTmaneTisgan? erT maTgans gamanadgurebeli fsiqikuri daavadeba 
aqvs, magram misi tyupiscalic imave sneulebiT daitanjeba Tu ara? 
modi, moneta avagdoT _ aversze Tu dajda, isini igeben, reversze 
Tu dajda _ waageben. garemo pirobebis cvalebadoba am SemTxvevaSi 
saTvalavSi Casagdebi ar aris. maSinac ki, Tu maT gaviTvaliswinebT, 
rogor SeiZleba garemom aseTi mkveTrad gansxvavebuli zemoqmedeba 
iqonios or, genetikurad sruliad identur adamianze?

ai, mesame ambis droc dadga. patara bavSvs, romelic sami wlisac 
ar aris, mSoblebi sastikad eqcevian an sulac yuradRebas ar aqceven. 
bolos da bolos, saqmeSi saxelmwifo ereva, bavSvs biologiur 
mSoblebs CamoarTmevs da droebiT an mudmivad gaaSvilebs. axal 
aRmzrdelebs bavSvi uyvarT, kargad uvlian, rac SeuZliaT, yvelafers 
akeTeben, raTa mas myudro da Tbili garemo Seuqmnan. bavSvi axal 
aRmzrdelebTan mTel bavSvobas, yrmobas da axalgazrdobas atarebs.

zog SemTxvevaSi aseTi adamianis cxovreba wesisamebr miedineba. 
misgan bednieri, srulfasovani pirovneba yalibdeba, arafriT 
gansxvavebuli im Tanatolebisgan, romelTac normaluri da uRrublo 
bavSvoba hqondaT. Tumca xSirad, samwuxarod, sxvagvarad xdeba. 
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bavSvebi, romlebsac cxovrebis adreul wlebSi mSoblebi sastikad 
an ugulod epyrobodnen, SemdgomSi mTel mosaxleobasTan SedarebiT 
fsiqikuri darRvevebis ufro maRali riskis jgufs warmoadgenen. 
Zalian xSirad aseTi bavSvebi zrdasrul asakSi depresiis, 
TviTdazianebis, narkomaniis an TviTmkvlelobisken midrekilebas 
amJRavneben. 

da isev iZulebulni varT, vikiTxoT: ratom? ratomaa aseTi 
Zneli, Tavidan aviciloT adreul bavSvobaSi gancdili gulgrilobis 
Tu sisastikis Sedegebi? ratom aryevs fsiqikur janmrTelobas 
aTwleulebis Semdeg cxovrebis gariJraJze momxdari movlena? zog 
SemTxvevaSi zrdasrul adamians absoluturad ar axsovs travmuli 
movlenebi da mainc, Sedegebisgan mTeli cxovreba fsiqikurad da 
emociurad itanjeba.

es sami ganxiluli SemTxveva erTi SexedviT erTmaneTisgan 
gansxvavebulia. pirveli maTgani kvebas ukavSirdeba, kerZod ki, 
mucladmyofi bavSvis kvebas. meore genetikurad identur pirebs 
Soris warmoqmnil gansxvavebebs exeba, xolo mesame _ grZelvadian 
fsiqologiur zians, rac bavSvobaSi gadatanili Zaladobis Sedegia.

Tumca es SemTxvevebi erTmaneTs Zireul biologiur doneze 
ukavSirdeba. TiToeuli maTgani epigenetikis magaliTia. epigenetika 
mecnierebis axali dargia, romelic revoluciur cvlilebebs 
moaxdens biologiaSi. TiTqmis yvela im SemTxvevas, roca genetikurad 
identuri tyupebi romelime CvenTvis cnobili sazomiT identurebi 
ar aRmoCndebian, epigenetika ewodeba. epigenetikis Sedegebs vxedavT 
maSinac, roca garemo pirobebis cvlilebas, romelic didi xania, 
mexsierebidan gaqra, xangrZlivi biologiuri Sedegebi mohyveba 
xolme.

epigenetikuri movlenebis Cvens irgvliv danaxva yoveldRe 
SegviZlia. mravali wlis manZilze mecnierebma epigenetikis zemoT 
aRwerilis msgavsi bevri magaliTi gamoavlines. epigenetikaze 
saubrisas maT mxedvelobaSi aqvT yvela is SemTxveva, roca mxolod 
genetikuri kodi momxdaris aRsawerad sakmarisi ar aris _ aq kidev 
raRac xdeba.

epigenetikis mecnierulad axsnis erT-erTi meTodi is SemTxvevebia, 
roca genetikurad identuri individebi sinamdvileSi erTmaneTisgan 
gansxvavdebian. Tumca unda arsebobdes meqanizmi, romelic genetikur 
scenarsa da saboloo Sedegs Soris Seusaba mobas gamoavlens. aseTi 



7

Sesavali

epigenetikuri efeqtebi gamowveuli unda iyos garkveuli fizikuri 
cvlilebebiT, molekulebis im uzar mazar armiaSi momxdari ZvrebiT, 
romlebisganac yoveli cocxali organizmis ujredebi Sedgeba. amas 
epigenetikis sxva gvar xedvamde mivyavarT _ molekulur aRweramde. 
am modelis Tanaxmad, epigenetika ganisazRvreba, rogorc Cveni 
genetikuri masalis modifikaciebis erToblioba, romelic genebis 
CarTvis an gamorTvis (aqtivaciis da represiis) gzebs cvlis, magram 
Tavad genebis Secvla ar SeuZlia.

SesaZloa gaugebrad mogeCvenoT is, rom termins ̀ epigenetika~ ori 
sxvadasxva mniSvneloba aqvs, es ki imitom xdeba, rom erT movlenas or 
sxvadasxva doneze ganvixilavT. es cotaTi Zvel gazeTebSi dabeWdili 
suraTebis gamadidebeli SuSis qveS daTvalierebas hgavs, roca 
vxedavT, rom es suraTebi wertilebisgan Sedgeba. gamadidebeli SuSis 
gareSe xom vifiqrebdiT, rom TiToeuli suraTi erTi mTlianobaa 
da, albaT, verasodes mivxvdebodiT, rogor iqmneba yoveldRiurad 
amdeni axali gamosaxuleba. meore mxriv ki, Tu fotoebs gamadidebeli 
SuSis qveS davakvirdebiT, wertilebis garda verafers davinaxavT 
da verasodes aRviqvamT im saocar gamosaxulebas, romelsac es 
wertilebi qmnian da romlis danaxvasac maSin SevZlebT, Tu erTi 
nabijiT ukan davixevT da suraTs Soridan SevxedavT.

biologiaSi sul axlaxan momxdari revolucia is gaxlavT, rom 
Cven sinamdvileSi pirvelad daviwyeT imis gacnobiereba, Tu ra 
gansacvifrebel aRmoCenebs gvpirdeba epigenetikuri movlenebi. 
Cven ukve ara marto did gamosaxulebas vxedavT, aramed SegviZlia 
is calkeuli wertilebic gavaanalizoT, romelTac gamosaxuleba 
Seqmnes da, rac Zalze mniSvnelovania, es imas niSnavs, rom Cven bolos 
da bolos daviwyeT bunebisa da aRzrdis damakavSirebeli dakarguli 
rgolis amocnoba _ rogor gvesaubreba garemo da rogor gvcvlis is, 
zogjer samudamod.

`epi~ terminSi `epigenetika~ berZnulidan modis da iTargmneba, 
rogorc `Tan~, `ze~ an `gverdiT~. dnm Cvens ujredebSi `sufTa~ 
molekula rodia. dnm-is gansazRvrul ubnebs mcire qimiuri jgufebi 
emateba. amasTan, Cveni dnm specifikuri cilebiTaa garemoculi. Tavis 
mxriv, am cilebsac sxvadasxva qimiuri jgufebi SeiZleba SeuerTdes. 
arc erTi es molekuluri danamati ZiriTad genetikur kods ar 
cvlis, magram am qimiuri jgufebis dnm-is an masTan asocirebuli 
cilebisTvis damateba an amoReba axlomdebare genebis eqspresias 



8

epigenetikuri revolucia

cvlis. genebis eqspresiis es cvlilebebi ki ujredebis funqciebs 
da Tavad am ujredebis bunebas cvlis. zogjer, Tu msgavsi qimiuri 
modifikaciebi (qimiuri naerTebis damateba an dakleba) ganviTarebis 
mniSvnelovan etapze xdeba, maT SeiZleba Cvens organizmze iseTi 
gavlena iqonion, rac, asi welic rom vicocxloT, mTel Cvens 
darCenil cxovrebas gansazRvravs.

sakamaTo ar aris, rom dnm-is ruka aTvlis wertilia, Zalze mniSv-
nelovani aTvlis wertili da, eWvgareSea, absoluturad auci lebeli. 
Tumca is sakmarisi ar aris zogjer mSvenieri, zogjer ki saSiSi 
cxovrebiseuli mravalferovnebis asaxsnelad. dnm-is Tanamimdevroba 
rom yvelaferi iyos, identuri tyupebi yovelTvis da yvelaferSi 
identurebi iqnebodnen. moSimSile dedebis mier gaCenili bavSvebi 
wonas im bavSvebiviT advilad akrefdnen, rom lebmac sicocxle ufro 
jansaRad daiwyes da, rogorc pirvel TavSi vnaxavT, yvelani did, 
uformo buStebs vemsgavsebodiT, radgan Cveni sxeulis yvela ujredi 
absoluturad identuri iqneboda.

epigenetikuri meqanizmebis gavlenas biologiis mravali 
sfero ganicdis, Cvens azrovnebaSi momxdari revolucia ki sul 
ufro da ufro Sors vrceldeba da Cvens planetaze sicocxlis 
yvelaze moulodnel sazRvrebs swvdeba. am wignis sxva magaliTebi 
gvixsnis, ratom ar SegviZlia bavSvis gaCena ori spermatozoidisa 
da ori kvercxujredisagan da ratom unda iyos TiTo ujredi 
orive mSoblisgan. ratom aris SesaZlebeli klonireba da ratomaa 
klonireba aseTi rTuli? ratom sWirdeba zog mcenares sicive, raTa 
Semdeg iyvavilos? Tuki deda futkari da muSa futkrebi genetikurad 
identurebia, maTi forma da funqcia sruliad gansxvavebuli 
ratom aris? ratom aris kus msgavsi Seferilobis (caliko cats) yvela 
kata mdedri? ratom xdeba, rom adamianis asobiT rTuli organo 
trilionobiT ujredisgan Sedgeba, xolo mikroskopuli Wiebi mxolod 
aTasamde ujreds da mxolod rudimentul organoebs Seicavs, Tumca 
Cvenc da Wiebsac genebis daaxloebiT erTnairi raodenoba gvaqvs?

mecnierebi, rogorc akademiur, aseve komerciul seqtorSi 
TandaTan sul ufro metad acnobiereben epigenetikis adamianis 
janmrTelobaze uzarmazar gavlenas. mecnierebis es dargi exeba 
daavadebebs Sizofreniidan revmatoidul arTritamde da kibodan 
qronikul tkivilamde. ukve arsebobs ori tipis preparati, romlebic 
epigenetikur procesebSi Carevis gziT warmatebiT gamoiyeneba kibos 
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zogierTi saxeobis samkurnalod. farmacevtuli kompaniebi aseulobiT 
milion dolars xarjaven axali Taobis epigenetikuri preparatebis 
srulyofisaTvis ramdenime mZime daavadebis samkurnalod, romelic 
industriul samyaros did zians ayenebs. epigenetikuri Terapia axal 
sazRvrebs xsnis axali preparatebis gamogonebis sferoSi.

me-19 saukuneSi darvinma da mendelma biologiaSi evoluciis 
da genetikis epoqa Seqmnes. uotsonis da krikis moRvaweobis 
wyalobiT, romlebmac genetikisa da evoluciis urTierTqmedebis 
funqciur gagebas Cauyares safuZveli, me-20 saukunes dnm-is epoqa 
ewoda. 21-e saukune ki axali samecniero disciplinis, epigenetikis 
epoqaa, romelic bevr dogmas xdis fardas da garesamyaros ufro 
mravalferovani, ufro kompleqsuri da mSvenieri saxiT axleburad 
warmogvidgens. 

epigenetikis samyaro Zalze warmtaci da momajadoebelia. igi 
gasaocari sinatifiT da sirTuliT aris savse. me-3 da me-4 TavebSi 
molekulur biologias CavuRrmavdebiT da SevityobT, ra mosdiT 
Cvens genebs epigenetikuri modificirebis Sedegad. Tumca, iseve 
rogorc biologiis mraval, WeSmaritad revoluciur koncefciaSi, 
epigenetikas safuZvlad udevs movlenebi, romlebic iseTi martivia, 
rom TavisTavad cxadi gveCveneba. pirvel TavSi swored amgvari 
movlenebis yvelaze mniSvnelovan magaliTs ganvixilavT. es is 
kvlevaa, riTac epigenetikuri revolucia daiwyo.
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terminologiuri SeniSvnebi

arsebobs saerTaSoriso SeTanxmeba imis Taobaze, Tu rogor 
iwereba genebisa da cilebis saxelwodebebi, rac Cvens wignSic daculi 
iqneba.

genebis saxelebi da simboloebi kursiviT (daxrili SriftiT) 
iwereba, xolo genebiT kodirebuli cilebi _ Cveulebrivi SriftiT.
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pirveli Tavi

maxinji gombeSo da 
mimzidveli mamakaci
maxinji, Sxamiani gombeSos msgavsad,
Tavi rom Zvirfasi gvirgviniT Seumkia.
uiliam Seqspiri
`Sobis meTormete Rame anu rogorc geneboT~

adamianis sxeuli 50-dan 70 trilionamde ujredisgan Sedgeba. 
diax, swored asea, 50 000 000 000 000 ujredi. es ricxvi SeiZleba 
cota saeWvod mogeCvenoT, magram amaSi gasakviri araferia. war-
movidginoT, rom raRacnairad SevZeliT adamianis sxeulis daSla 
calkeul ujredebad da Semdeg maT daTvlas SevudeqiT ise, rom 
TiTo ujredis daTvlas TiTo wami dasWirdes. am saqmes sul cota 
milionnaxevar wels movundebiT, Tanac im SemTxvevaSi, Tu yavis 
dasalevadac ar SevisvenebT da angariSic ar agvereva. uzarmazari 
raodenobiT es ujredebi sxvadasxvagvar qsovils qmnian, romlebic 
Zalze specifikuria da erTmaneTisgan sruliad gansxvavdeba. Tu 
yvelaferi rigze iqneba, Tirkmlebi Cvens Tavebze ar gaizrdeba, xolo 
kbilebi Tvalis kaklebSi ar amova. es TavisTavad cxadi gvgonia, 
magram ratom xdeba ase? marTlac ucnauria, Tu gavixsenebT, rom 
Cveni sxeulis TiToeuli ujredi erTi, sawyisi ujredis dayofis 
Sedegad aRmocenda. am erTaderT ujreds zigota hqvia, Tavad zigota 
ki erTi spermatozoidis da erTi kvercxujredis Serwymis Sedegad 
warmoiqmneba. zigota orad iyofa, warmoqmnili ori ujredidan 
TiToeuli isev iyofa da ase grZeldeba, vidre es gasaocari procesi 
adamianis sxeulis SeqmniT ar damTavrdeba. gayofisas ujredebi 
sul ufro gansxvavdeba erT maneTisgan da ujredis specifikur 
tipebs warmoqmnis. am process diferenciacia ewodeba da nebismieri 
mravalujrediani organizmis formirebaSi is sasicocxlod 
mniSvnelovan rols asrulebs. 

Tu mikroskopis qveS baqterias davakvirdebiT, SevamCnevT, rom 
erTi saxeobis baqteriebi Zalian hgavs erTmaneTs. axla davaTvalieroT 
mikroskopis qveS erTi adamianis ujredebi, magaliTad, wvrili 
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nawlavis sakvebis Semwovi ujredebi da Tavis tvinis neironebi. imis 
Tqmac ki gagviWirdeba, rom es ujredebi erTi planetidanaa. maS, raSia 
saqme? diax, didi kiTxvis niSani aq imitom Cndeba, rom es ujredebi 
erTi da igive sawyisi genetikuri masalidan warmoiqmna. saqmec eg 
gaxlavT _ yvela es ujredi erTi sawyisi ujredis, zigotisgan 
warmoiSva, mere ki isini erTmaneTisgan aseTi gansxvavebuli gaxdnen, 
Tumca erTi ujredidan gaCndnen, sadac erTi kodi iyo Cawerili.

amis erT-erTi axsna ujredebis mier erTi da igive informaciis 
sxvadasxva gziT gamoyenebaa da es, ra Tqma unda, asec aris. Tumca 
aseTi ganmarteba WeSmaritebis dadgenisTvis ar gamodgeba. herbert 
uelsis `drois manqanis~ 1960 wlis ekranizaciaSi, sadac droSi 
mogzauri mecnieris rols rod teilori asrulebs, aris scena, sadac 
igi Tavis drois manqanas ramdenime swavlul kolegas (rasakvirvelia, 
yvela maTgani mamakacia) aCvenebs. erT-erTi maTgani sTxovs, auxsnas, 
rogor muSaobs manqana. Cveni gmiric manqanaSi myofi adamianis droSi 
mogzaurobas Semdegi meqanizmiT aRwers:

`mgzavris win berketia, romelic moZraobas marTavs. berketis 
win gadaweva manqanas momavalSi gzavnis, ukan gadaweva ki 
mas warsulSi abrunebs. rac ufro Zlierad awveba mgzavri 
berkets, manqana miT ufro swrafad moZraobs.~

yvelani Wkvianuri saxeebiT uqneven Tavs kolegas. problema ki 
isaa, rom es axsna ar aris, mxolod aRweraa. igive SeiZleba iTqvas 
zemoTqmulzec ujredebis Sesaxeb, romlebic erTsa da imave 
informacias sxvadasxva gziT iyeneben _ sinamdvileSi es arafers 
gveubneba, mxolod sxva sityvebiT iTqva is, rac ukve vicodiT. 

gacilebiT sainteresoa imis garkveva, Tu rogor iyeneben ujre-
debi erTsa da imave genetikur informacias sxvadasxva gziT. albaT, 
amaze ufro mniSvnelovani is aris, rogor imaxsovreben ujredebi, 
ra unda gaakeTon da inarCuneben unars, rom SemdgomSic igive gaagr-
Zelon. Cveni Zvlis tvinis ujredebi mudmivad warmoSoben sisxlis 
ujredebs, xolo RviZlis ujredebi _ hepatocitebs. ratom xdeba 
ase?

erT-erTi SesaZlo da Zalze mimzidveli axsna is aris, rom rogorc 
ki ujredebi ufro specializebuli xdebian, isini Tavis genetikur 
masalas ise gadaakeTeben, rom usargeblo genebs Tavidan moiSoreben. 
RviZli sasicocxlod aucilebeli da Zalian rTuli organoa. fondis 
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British Liver Trust vebgverdze1 naTqvamia, rom RviZli organizmSi 500-
ze met funqcias asrulebs, maT Sorisaa sakvebis gadamuSaveba, 
romlis monelebac nawlavebSi xdeba, toqsinebis ganeitraleba da 
fermentebis warmoqmna, romlebic Cvens organizmSi mravalgvar 
funqcias asruleben, magram rasac RviZli arasodes akeTebs, es 
mTel sxeulSi Jangbadis gadatanaa. am samuSaos Cveni sisxlis wiTeli 
ujredebi asruleben, romlebic specifikuri ciliT _ hemoglobiniT 
aris savse. hemoglobini Jangbads ierTebs im qsovilebSi, romlebic 
JangbadiT mdidaria, magaliTad, filtvebSi, da Semdeg, rodesac 
sisxlis wiTeli ujredebi im qsovilebs miaRwevs, romelTac es 
mniSvnelovani qimiuri naerTi sWirdeba, magaliTad, fexis TiTebis 
boloebze arsebul uwvriles kapilarebs, aTavisuflebs mas. RviZli 
arasodes Seasrulebs am funqcias, amitomac is, SesaZloa, ubralod, 
Tavidan icilebs hemoglobinis gens, rogorc gamousadegars.

es savsebiT gonivruli mosazrebaa _ ujredebi, ubralod, 
kargaven genetikur masalas, romlis gamoyenebasac ar apireben. 
diferenciaciis procesSi ujredebi, savaraudod, `moisvrian~ 
aseulobiT gens, romlebic aRar sWirdebaT. rasakvirvelia, 
misaRebia sxva, nakleb radikaluri variantic _ SesaZloa, ujredebi 
`gamorTaven~ im genebs, romelTac ar iyeneben da amas, albaT, ise 
efeqturad akeTeben, rom es genebi amave ujredSi veRarasodes 
CairTveba anu isini Seuqcevadad inaqtivirdeba. maxinji gombeSo da 
mimzidveli mamakaci swored im sakvanZo eqsperimentSi aRmoCndnen 
CarTulebi, romelic am sruliad gonivrul hipoTezebs _ genebis 
dakargvas an maT Seuqcevad inaqtivacias _ ikvlevda.

rogor davatrialoT ukan biologiuri saaTi 

naSroms safuZveli mravali aTeuli wlis win, inglisSi, jer 
oqsfordSi, xolo Semdeg kembrijSi jon gardonis mier Catarebuli 
eqsperimentebiT Caeyara. amJamad profesori ser jon gardoni 
kvlavindeburad muSaobs kembrijis laboratoriaSi, axla ukve 
komfortul, Tanamedrove SenobaSi, romelic mis saxels atarebs. 
igi momxiblavi, Tavmdabali da saintereso adamiania, romelic Tavisi 
inovaciuri saqmis dawyebidan 40 wlis Semdegac agrZelebs kvlevebis 
gamoqveynebas faqtiurad, mis mier daarsebul sferoSi.

jon gardoni mTel kembrijSi TvalSisacemi garegnobiTac gamo-
irCeva. samocdaaT wels miRweuli, maRali, gamxdari mamakaci lamazi 
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moyvanilobis TaviT da qera, ukan gadaweuli TmiT, amerikuli 
filmebis gmiri asakovani ingliseli jentlmeniviT gamoiyureba. 
igi itonis skolis Rirseuli kursdamTavrebulia. amboben, rom 
gardoni dRemde saTuTad inaxavs am skolis biologiis maswavleblis 
moxsenebas, sadac naTqvamia: `Cemi azriT, gardons surs, mecnieri 
gaxdes. am gadasaxedidan es sasacilod meCveneba.~2

maswavleblis SeniSvnebi misi moswavlis erTmaneTTan daukav-
Sirebeli faqtebis uazrod dazepirebis siZulvils efuZneboda. 
Tumca, rogorc mogvianebiT davrwmundebiT, jon gardonisnairi 
brwyinvale mecnierebisaTvis mexsiereba gacilebiT nakleb mniSv-
nelovania, vidre warmosaxva.

1937 wels ungreli bioqimikosi albert sent-dierdi nobelis 
premiis laureati gaxda fiziologasa da medicinaSi mecnieruli 
miRwevebisaTvis, romelTa ricxvSi C vitaminis aRmoCenac Sedioda. 
fraziT, romlis sxvadasxvagvari Targmani, magram erTi mudmivi 
interpretacia arsebobs, man aRmoCena gansazRvra, rogorc `imis 
danaxva, rac yvelas unaxavs, magram imaze fiqri TavSi azradac 
aravis mosvlia.~3 es sityvebi saukeTeso aRweraa imisa, rasac didi 
mecnierebi akeTeben. jon gardonic WeSmaritad didi mecnieria da 
sent-dierdis msgavsad nobelis premias savsebiT imsaxurebs*. 2009 
wels igi laskeris premiis erT-erTi laureati gaxda. am premias 
nobelis premiasTan iseTive mimarTeba aqvs, rogoric `oqros 
globuss~ _ `oskarTan~. jon gardonis naSromi iseTi SesaniSnavia, 
rom pirveli wakiTxvisas yvelaferi ise martivi Cans, TiTqos amis 
gakeTeba nebismiers SeeZlos. mis mier dasmuli kiTxvebi da maTze 
pasuxis gacemis manera manera, mecnieruli TvalsazrisiT iseTi 
mimzidvelia, rom TavisTavad yvelaferi sruliad cxadi geCveneba. 

jon gardonma Tavis naSromSi gombeSos gaunayofierebeli 
kvercxujredebi gamoiyena. nebismieri Cvengani, visac bayayis 
kvecxebiT savse akvariumi gvqonia da davkvirvebivarT, rogor Cndeba 
am Jelesmagvari masidan Tavkombalebi, maTgan ki bolos _ pawawina 
bayayebi, albaT, imaze arc dafiqrebula, rom es ganayofierebuli 
kvercxujredebi iyo, anu iseTebi, romlebSic spermatozoidebma 
SeaRwies da da axali, srulfasovani birTvebi Seqmnes. kvercxujredebi, 
romlebzec jon gardoni muSaobda, Cveulebrivs waagavda, oRond 
spermiT ar iyo ganayofierebuli.

* 2012 wels jon gardonma da Sinia iamanakam miiRes nobelis premia fiziologiasa 

da medicinaSi (red. SeniSvna)
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mecniers safuZvliani mizezebi hqonda imisaTvis, rom Tavisi 
eqsperimentebisaTvis gombeSos kvercxujredebi aerCia. amfibiebis 
kvercxebi, zogadad, didi zomisaa, maT amfi biebi didi raodenobiT deben 
sxeulis gareT da es kvercxebi gamWvir valea. yvela am Taviseburebis 
wyalobiT amfibiebi xelsayrel eqsperimentul masalas warmoadgens 
ganviTarebis biologiaSi, radgan kvercxujredebis movla teqnikurad 
SedarebiT iolia. ra Tqma unda, es gacilebiT martivia, vidre adamianis 
kvercxujredze muSaoba, romlis miReba Znelia, saTuT mopyrobas 
saWiroebs, arc gamWvirvalea da iseTi mcire zomisaa, rom mikroskopis 
gareSe ver davinaxavT.

jon gardoni afrikul brWyalebian gombeSoze muSaobda (misi 
laTinuri saxelwodebaa Xenopus Laevis), erT-erT im saxeobasTan, 
romelic jon malkoviCiviT ulamazo da Tan momxibvlelia. mecnieri 
ikvlevda, ra mosdiT ujredebs maTi ganviTarebis, diferen ciaciisa 
da zrdasrulobisas. ainteresebda, zrdasruli gombeSos qsoviluri 
ujredi uwindeburad Seicavda sawyis genetikur masalas Tu misi 
nawili daikarga an Seuqcevadad inaqtivirda ujredis specializaciis 
procesSi. meTodi, riTac gardoni amas akeTebda, SemdegSi 
mdgomareobda: is zrdasruli gombeSos ujreds birTvs aclida da 
am birTvs gaunayofierebel kvercxujredSi aTavsebda, romelsac 
sakuTari birTvi winaswar hqonda amoclili. am meTods, romelsac aq 
kidev araerTxel SevxvdebiT, somaturi ujredis birTvis gadatana 
ewodeba (Somatic cell nuclear transfer - SCNT). `somaturi~ berZnuli 
sityvaa da `sxeulisas~ niSnavs.

SCNT-is ganxorcielebis Semdeg jon gardonma kvercxebi saTanado 
garemoSi moaTavsa (zustad ise, rogorc bavSvi ina xavs xolme 
bayayis kvercxebian akvariums) da daeloda, rodis gamoiCekeboda 
kultivirebuli kvercxebidan gombeSos Tavkombalebi. 

eqsperimentebi Semdegi hipoTezis Sesamowmeblad iyo gankuTvnili: 
`ujredebi specializaciasTan (diferenciaciasTan) erTad 
genetikuri masalis Seuqcevad danakargs an inaqtivacias ganicdian.~ 
am eqsperimentebis ori SesaZlo Sedegi iyo mosalodneli:

an
hipoTeza swori iyo da `mozrdil~ birTvs dakarguli hqonda 

axali individis Sesaqmnelad saWiro Tavdapirveli gegmis nawili. am 
pirobebSi mozrdil birTvs arasodes eqneba kvercxujredis birTvis 
Canacvlebis unari da amrigad, verc verasodes warmoSobs axal 
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janmrTel gombeSos mTel mis mravalferovan da diferencirebul 
qsovilebTan erTad.

an
hipoTeza mcdari iyo da axali gombeSoebis Seqmna SesaZlebelia 

kvercxujredidan birTvis amocliT da misi mozrdili qsoviluri 
ujredis birTviT CanacvlebiT.

sxva mkvlevrebma ufro adre daiwyes am sakiTxze fiqri, vidre jon 
gardoni problemis gadaWras gadawyvetda _ orma mecnierma, brigsma 
da kingma, sxva amfibiaze _ bayay Rana pipiens-ze _ Caatara cda. 1952 
wels maT ujredebidan maTi ganviTarebis Zalian adreul stadiaze 
birTvebi gamoacalkeves, isini iseT kvercxujredebSi gadanerges, 
romelTac sakuTari birTvebi ar hqondaT. am gziT sicocxlisunariani 
bayayebi miiRes. amiT daamtkices, rom teqnikurad SesaZlebelia erTi 
ujredidan birTvis gadatana `cariel~ kvercxujredSi ujredis 
daRupvis gareSe. Tumca Semdeg brigsma da kingma meore statiac 
gamoaqveynes, sadac saubari iyo igive sistemis gamoyenebaze, oRond 
am jerze birTvis ufro ganviTarebuli ujredidan gadatana moxda da 
maT bayayebis miReba ver SeZles. am or kvlevaSi gansxvaveba ujredebs 
Soris, romelTa birTvebi iqna gamoyenebuli, gansacvifreblad mcire 
Cans _ mxolod erTi dRe da aranairi bayayebi. es amtkicebs hipoTezas, 
rom ujredebis diferenciaciasTan erTad genebis garkveuli 
Seuqcevadi inaqtivaciis movlenas hqonda adgili. jon gardonze 
ufro naklebad mizanswraful mecniers iqneb ukanac daexia, amis 
nacvlad ki man problemaze muSaobas aT welze meti Sealia. 

eqsperimentebis proeqti gulmodgined unda daegegmaT. 
warmovidginoT, rom agata kristis deteqtivebis kiTxva daviwyeT. 
pirveli sami moTxrobis wakiTxvis Semdeg gviCndeba hipoTeza: 
`agata kristis deteqtivebSi mkvleli yovelTvis eqimia.~ kidev 
sami moTxrobis wakiTxvis Semdeg vrwmundebiT, rom yovel maTganSi 
mkvleli marTlac eqimia. gana amiT Cveni hipoTeza davamtkiceT? ara. 
yovelTvis is azri gveqneba akviatebuli, rom kidev erTi moTxroba 
unda wavikiTxoT, raTa davrwmundeT. da iqneb romelime wigni jerac 
ar gamocemula an Cven xeli ar migviwvdeba? ramdeni deteqtivic ar 
unda wavikiTxoT, imaSi bolomde darwmunebulebi verasodes viqnebiT, 
rom yvelaferi wakiTxuli gvaqvs, Tumca aq mTavari siamovneba 
hipoTezis uaryofaa. sakmarisia erTaderTi moTxroba, sadac puaro 
an mis marfli daamtkiceben, rom eqimi patiosnebis gansaxierebaa, 



17

1. maxinji gombeSo da mimzidveli mamakaci

xolo mkvleloba sinamdvileSi mRvdelma Caidina da Cveni hipoTezac 
nacartutad iqceva. saukeTeso samecniero eqsperimentebic amisTvisaa 
gankuTvnili _ ideis dasamtkiceblad ki ara, mis uarsayofad.

jon gardonis naSromis genialobac amaSi mdgomareobda. misi 
eqsperimentebi imdroindeli teqnologiisTvis namdvili gamowveva 
iyo. Tu igi mozrdili ujredebis birTvebidan gombeSoebis Seqmnas 
ver SeZlebda, es imis niSani iqneboda, rom raRac teqnikurad 
gaumarTavi iyo. mniSvneloba ar hqonda, ramden cdas Caatarebda 
mecnieri ise, rom gombeSoebs ar Seqmnida. es cdebi mis hipoTezas 
mainc ver daamtkicebda, magram Tu igi cocxal gombeSoebs miiRebda 
kvercxujredidan, sadac originaluri birTvebi mozrdili ujredis 
birTvebiT iyo Canacvlebuli, is hipoTezas uaryofda. ueWvelad 
daamtkicebda, rom ujredebis diferenciaciis dros genetikuri 
masala Seuqcevadad ar ikargeba da arc icvleba. amgvari midgomis 
xibli is aris, rom erTaderT aseT gombeSos SeuZlia mTeli Teoria 
Tavdayira daayenos da es man moaxerxa kidevac.

jon gardoni araCveulebrivad didsulovania. Tavisi kolegebis 
mimarT madlierebas gamoxatavs, aRniSnavs maT wvlils Catarebul 
muSaobaSi da im SesaniSnav pirobebzec laparakobs, romlebsac 
laboratoriebsa Tu universitetebSi uqmnidnen. mecniers gaumarTla, 
radgan muSaoba kargad aRWurvil laboratoriaSi daiwyo, sadac 
uaxlesi mowyobilobebi hqondaT, romelic ultraiisfer sxivebs 
warmoSobda. aman mas saSualeba misca, mimRebi kvercxujredebis 
birTvebi didi dazianebis gareSe gaenadgurebina da Tan ujredi 
ise `daerbilebina~, raTa Semdeg maTSi donoris birTvebi wvrili 
minis kanqveSa saineqcio nemsebiT Seetana. sxva kvlevebSi CarTulma 
laboratoriis TanamSromlebma gombeSos iseTi Stami gamoiyvanes, 
romelsac advilad SesamCnevi, Tumca uvnebeli mutacia hqondaT. 
TiTqmis yvela sxva mutaciis msgavsad, esec birTvSi moxda da ara 
_ citoplazmaSi. citoplazma blanti ujredSida siTxea, romelSic 
birTvia moTavsebuli. jon gardonma erTi Stamis kvercxujredebi 
da mutirebuli Stamis donoris birTvebi gamoiyena. am meTodiT 
man erTmniSvnelovnad gvaCvena, rom nebismieri dabadebuli gombeSo 
kodirebuli iyo donoris birTvebiT da mxolod eqsperimentuli 
Secdomis Sedegi ar iyo, rac SeiZleboda maSin momxdariyo, roca 
recipientis ramdenime birTvi kvercxujredebSi rCeba xolme maTi 
damuSavebis Semdeg.
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jon gardonma, 50-iani wlebis bolodan moyolebuli, TiTqmis 
TxuTmeti weli moandoma imis damtkicebas, rom specializebuli 
ujredebis birTvebs sruli organizmis warmoSobis unari 
namdvilad aqvT, Tu maT saTanado garemoSi anu gaunayofierebel 
kvercxujredebSi movaTavsebT.4 rac ufro diferencirebuli 
(specializebuli) iyo donori ujredi, miT naklebi iyo warmatebis 
Sansi, Tu mxedvelobaSi miviRebT cxovelebis raodenobas, Tumca 
hipoTezis uaryofis xiblic amaSia _ dasawyisSi Cven SeiZleba bevri 
gombeSos kvercxujredi gvWirdebodes, Tumca saqmis warmatebiT 
dasamTavreblad arc ise bevri cocxali gombeSo gvWirdeba. erTi 
eqimic sakmarisia, romelic mkvleli ar aris, xom gaxsovT? 

amrigad, jon gardonma gviCvena, rom miuxedavad ujredebSi raRac 
iseTi meqanizmis arsebobisa, romelsac SeuZlia ama Tu im tipis 
ujredebis gansazRvruli genebi `CarTos~ an `gamorTos~, mis gamo 
gene tikuri masalis dakargva an permanentuli inaqtivacia ar xdeba, 
radgan roca mecnieri momwifebul birTvs saTanado garemoSi _ am 
SemT xvevaSi, `cariel~ gaunayofierebel kvercxujredSi _ aTavsebda, 
birTvs `aviwydeboda~ adre ujredis romel tips ekuTvnoda, sawyis 
embrionul birTvad iqceoda da ganviTarebis mTel process Tavidan 
iwyebda.

epigenetika am ujredebisTvis swored is `raRac~ meqanizmia. 
epigenetikuri sistema gansazRvravs dnm-Si genebis gamoyenebas, 
zogjer ujreduli gayofis aseulobiT ciklis ganmavlobaSi da 
ujredis gayofisas am gavlenis memkvidreoba xdeba. sawyisi aslis 
epigenetikuri cvlilebebi genetikur kodTan erTad arsebobs da 
ujredebs aTwleulebis manZilze aprogramebs. Tumca gansazRvrul 
pirobebSi epigenetikuri informaciis es Sre SegviZlia movaSoroT 
dnm-is im ubadlo Tanamimdevrobis gamosaCenad, romelic mudam iq iyo. 
swored es moxda, rodesac jon gardonma sruliad diferencirebuli 
ujredebidan birTvebi gaunayofierebeli kvercxujredis ujredebSi 
gadaitana. 

icoda Tu ara jon gardonma, ras akeTebda, roca Tavis pawawina 
gombeSoebs amravlebda? ara. akninebs Tu ara es faqti misi brwyinvale 
miRwevis mniSvnelobas? sulac ara. darvinma araferi icoda genebis 
Sesaxeb maSin, roca bunebrivi gadarCevis gziT evoluciis Teorias 
aviTarebda. arc mendelma uwyoda raime dnm-ze, rodesac avstriaSi 
monastris baRSi muSaobda ideaze memkvidreobiTi faqtorebis Sesaxeb, 
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romlebic bardis Taobebs `wminda saxiT~ gadaecema. amas mniSvneloba 
ara aqvs. maT is dainaxes, rac adre sxvam veravin dainaxa da uecrad 
samyaros sul sxvagvarad SevxedeT.

epigenetikuri landSafti
ra gasakviric ar unda iyos, im dros, rodesac jon gardoni 

Tavis cdebs atarebda, epigenetikis konceptualuri safuZveli ukve 
arsebobda. daeswariT nebismier konferencias, sadac saxelwodebaSi 
sityva `epigenetika~ gvxvdeba, adre Tu gvian romelime momxsenebeli 
aucileblad moiSveliebs e.w. ̀ uodingtonis epigenetikur landSafts~ 
da giCvenebT marcvlovan gamosaxulebas, romelic 1.1 suraTzea 
warmodgenili.

konrad uodingtoni gamoCenili britaneli eruditi gaxldaT. igi 
1903 wels daibada indoeTSi, magram inglisSi gamogzavnes ganaTlebis 
misaRebad. marTalia, kembrijis universitetSi swavlobda, magram misi 
saqmianoba umetesad edinburgis universitets ukavSirdeba. uoding-
tonis mecnieruli interesebi ganviTarebis biologiidan saxviT 
xelovnebasa da filosofiamde vrceldeboda, xolo am sferoebis 
gadakveTa azrovnebis mis mier gakvalul axal gzebze aisaxa.

suraTi 1.1. konrad uodingtonis mier Seqmnili epigenetikuri landSaftis 
gamosaxuleba. burTulis mdebareoba sxvadasxva ujredis beds asaxavs. 
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uodingtonma Tavisi metaforuli epigenetikuri landSafti 
1957 wels warmoadgina ganviTarebis biologiis koncefciis 
gansaxorcieleblad.5 gamosaxuleba ufro dawvrilebiT ganxilvas 
namdvilad imsaxurebs. rogorc xedavT, gorakis mwvervalze 
burTulaa moTavsebuli. Zirs dagorebisas burTula SeiZleba 
gorakis ferdobze arsebul erT-erT RarSi Cavardes. vizualurad 
am procesis warmodgena iolia, radgan bavSvobisas yovel Cvengans 
araerTTxel daugorebia burTi gorakidan Tu kibidan.

ra mogvdis TavSi pirvelad uodingtonis landSaftis 
gamosaxulebis danaxvisas? viciT, rom rogorc ki burTula gorakis 
Zirs miaRwevs, savaraudod, iq darCeba, vidre xels ar vaxlebT. isic 
cnobilia, rom burTulis gorakis mwvervalze atana ufro Zneli iqneba, 
vidre misi gorakidan dagoreba. imasac vacnobierebT, rom burTulis 
gadagoreba erTi Raridan meoreSi aseve rTuli iqneba. SesaZloa, 
ufro ioli aRmoCndes burTulis mTel gzaze an gzis nawilze ukan 
agoreba da misi erT-erTi Rarisken mimarTva, vidre burTulis erTi 
Raridan meoreSi gadagorebis mcdeloba, gansakuTrebiT maSin, Tu 
ori Rari, romlebic gvainteresebs, erTze meti qediTaa erTmaneTs 
daSorebuli.

es gamosaxuleba Zalian gvexmareba imis warmodgenaSi, ra SeiZleba 
moxdes ujreduli ganviTarebis dros. burTula gorakis Tavze 
zigotaa, spermatozoidis da kvercxujredis Serwymis Sedegad 
warmoqmnili sawyisi ujredi. rogorc ki sxeulis sxvadasxva 
ujredebis diferenciacia iwyeba (ufro specifiuri xdeba), yoveli 
ujredi gorakis mwvervalidan dagorebul burTulas emsgavseba, 
romelic romelime RarSi vardeba. garkveuli manZilis gavlis 
Semdeg burTula Cerdeba. Tu raime uCveulo dramatuli movlena ar 
moxda, ujredi arasodes gadaiqceva sxva tipis ujredad (sxva RarSi 
ar gadaxteba), arc gorakis mwvervalze dabrundeba da kvlav Zirs ar 
dagordeba, raTa dasabami misces sxvadasxva tipis ujredebs.

droSi mogzauris berketebisa ar iyos, erTi SexedviT uodingtonis 
landSaftic mxolod aRweris STabeWdilebas tovebs, Tumca is 
aRweraze metia. es modelia, romelic azrovnebis ganviTarebaSi 
gvexmareba. am TavSi moxseniebuli bevri mecnieris msgavsad, 
uodingtonma am meqanizmis detalebi ar icoda, Tumca amas namdvilad 
ar hqonda mniSvneloba. man problemis gaazrebis Zalze sasargeblo 
gza gvaswavla.
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jon gardonis eqsperimentebma gviCvena, rom zogjer, roca igi 
burTulas sakmaod Zlierad ubiZgebda, gorakis Zirze moTavsebuli 
Raris fskeridan ujredis mwvervalze dabruneba SeeZlo. aqedan ki 
ujredi Zirs dagordeboda da isev sxva tipis ujredad iqceoda. jon 
gardonisa da misi gundis mier Seqmnilma TiToeulma gombeSom ori 
mniSvnelovani ram gvaswavla. pirveli is, rom klonireba _ mozrdili 
cxovelis ujredebidan organizmis aRdgena _ SesaZlebelia, vinaidan 
gardonma swored amas miaRwia. meore, SevityveT, rom sinamdvileSi 
klonireba Zalian rTuli procesia, radgan gardons TiToeuli 
gombeSos misaRebad aseulobiT SCNT-is Catareba mouwia. 

swored amitom moaxdina furori 1996 wels qiT qemfbelisa da ian 
vilmutis mier roslinis institutSi ZuZumwovris pirveli klonis _ 
cxvari dolis Seqmnam.6 jon gardonis msgavsad, maTac SCNT gamoiyenes. 
dolis SemTxvevaSi mecnierebma zrdasruli dedali cxvris sarZeve 
jirkvlis ujredis birTvi cxvris gaunayofierebel kvercxujredSi 
gadaitanes, romelsac originaluri birTvi amoclili hqonda, 
mere ki es kvercxujredi recipienti dedali cxvris saSvilosnoSi 
Canerges. klonirebis pionerebi Jinis da Seupovrobis garda 
arafriT gamoirCeodnen. qemfbelma da vilmutma 300-mde birTvis 
gadatana ganaxorcieles, vidre sakulto cxovels miiRebdnen, 
romelic amJamad edinburgSi, Sotlandiis samefo muzeumis SuSis 
konteinerSi brunavs. dResac ki, roca ukve yvela juris cxovelia 
klonirebuli, doRis cxenebiT da msxvilfexa rqosani pirutyviT 
dawyebuli, Sinauri ZaRlebiT da katebiT damTavrebuli, es procesi 
uaRresad araefeqturia. mas Semdeg, rac dolim naadrevi arTritiT 
daavadebuli fexebiT istoriis furclebSi barbaciT Seabija, ori 
sruliad marTebuli kiTxva Cndeba. pirveli: ratom aris cxovelebis 
klonireba aseTi araefeqturi? da meore: ratom arian klonirebuli 
cxovelebi ufro xSirad naklebad janmrTelebi, vidre `bunebrivi~ 
STamomavloba? orive SemTxvevaSi pasuxi epigenetikasa da molekulur 
biologiaSi unda veZeboT, raSic am Temis Semdgomi kvlevisas 
davrwmundebiT. Tumca iqamde herbert uelsis droSi mogzaurs 
mivbaZoT da kembrijSi myofi jon gardonidan ocdaaTi welze meti xniT 
win gadavinacvloT iaponiis erT-erT laboratoriaSi, sadac aseTive 
akviatebuli azriT Sepyrobilma mecnierma zrdasruli ujredebidan 
cxovelebis klonirebis sruliad axali meTodi aRmoaCina.



meore Tavi

rogor viswavleT 
aRmarTze agoreba

nebismier ganaTlebul sulels SeuZlia ufro 
didi da rTuli sagnebis gakeTeba... dinebis 
sawinaaRmdegod moZraobisTvis ki cotaodeni 
genialoba da didi simamacea saWiro. 
albert ainStaini

modi, 40 wliT gavuswroT jon gardonis aRmoCenas da 10 wliT _ dolis 
dabadebas. presaSi imdeni ram qveyndeba klonirebul ZuZumwovrebze, 
rom iseTi STabeWdileba iqmneba, TiTqos es procesi rutinuli da 
ioli gaxda. sinamdvileSi ki klonebis Seqmna birTvebis gadatanis 
meTodiT uwindeburad xangrZlivi, Sromatevadi da, Sesabamisad, 
Zalze ZviradRirebuli proceduraa. problemas metwilad is qmnis, 
rom kvercxujredebSi somaturi birTvebis gadatana xeliT xdeba. 
amfibiebisgan gansxvavebiT, romlebTanac jon gardoni muSaobda, 
damatebiT sirTules qmnis is faqti, rom ZuZumwovrebi erTbaSad 
bevr kvercxujreds ar warmoqmnian. ZuZumwovris kvercxujredebis 
sxeulidan amoRebac frTxilad unda moxdes, isini xom gombeSos 
kvercxebiviT akvariumSi ar iyreba. ZuZumwovarTa kvercxujredebi 
kultivireba Zalze faqizi procesia. mkvlevrebi birTvs xeliT iReben 
kvercxujredidan da masSi zrdasruli ujredis birTvs aTavseben (ise, 
rom arc erTi ar daziandes), mere ki kultivirebul ujreds Zalian 
ufrTxildebian, vidre mas sxva mdedris saSvilosnoSi ar Canergaven. 
es saocrad daZabuli da Sromatevadi samuSaoa da TiToeul jerze 
mxolod erT ujredze SegviZlia ganvaxorcieloT. 

mravali wlis manZilze mecnierebis ocneba klonirebis idealur 
garemoSi Catareba iyo. maT unda mieRoT realurad xelmisawvdomi 
ujredebi im zrdasruli ZuZumwovrisgan, romlis klonirebac 
surdaT. amis yvelaze ioli magaliTi kanidan anafxeki ujredebi 
iqneboda, romelTac Semdeg laboratoriaSi daamuSavebdnen 



23

2. rogor viswavloT aRmarTze agoreba

specifikuri genebis, cilebis an sxva qimiuri naerTebis damatebiT. 
amgvari damuSaveba ujredTa birTvebis beds Secvlida. imis nacvlad, 
rom kanis ujredebis birTvebiviT moqceuliyvnen, maTi moqmedeba 
axlad ganayofierebuli kvercxujredis birTvebisas daemsgavseboda. 
amitomac damuSavebas iseTive saboloo Sedegi mohyveboda, rogoric 
zrdasruli ujredebidan birTvebis ganayofierebul kvercxujredebSi 
gadatanas, romelTac sakuTari birTvebi amoclili hqondaT. aseTi 
hipoTezuri sqemis xibli imaSi mdgomareobs, rom Cven gverds 
avuvlidiT realurad rTuli da Sromatevadi etapebis umetesobas, 
romlebic pawawina ujredebiT manipulirebisas teqnikuri ostatobis 
maRal dones moiTxovs. es meTodika am teqnikas iolad misawvdoms 
gaxdida da im droSi, rac mxolod erTi birTvis gadatanas sWirdeba, 
proceduras erTdroulad mraval ujredze ganvaxorcielebdiT.

rasakvirvelia, jer is meTodi unda vipovoT, rogor gada vitanoT 
ujredebi surogati dedis sxeulSi, Tumca Tu srulfasovani indi-
vidis aRdgena gvinda, mainc surogati dedis mier gakvalul gzas 
unda mivyveT. zogjer es swored is aris, rac gvsurs _ magaliTad, 
saprizo xaris an sadoRe kvicis oreulebis Seqmna, magram roca 
adamianis klonirebaze midgeba saqme, saRad moazrovne kacobriobis 
umetesoba aseT perspeqtivas ewinaaRmdegeba. da marTlac, adamianis 
klonireba (reproduqciuli klonireba) akrZalulia praqtikulad 
yvela qveyanaSi, sadac mecnierebi hyavT da aseTi amocanis 
ganxorcielebisTvis saWiro infrastruqtura gaaCniaT. faqtiurad ki 
umetes SemTxvevebSi, adamianebs sargebloba rom movutanoT, kloni-
rebaSi ase Sors wasvla arc aris saWiro. erTaderTi rac gvWirdeba, 
es iseTi ujredebia, romelTac potenciurad mravali sxva tipis 
ujredad gardaqmnis unari aqvT. es ujredebi Rerovani ujredebis 
saxeliTaa cnobili da, xatovnad rom vTqvaT, isini uodingtonis 
epigenetikuri landSaftis mwvervalTan mdebareoben. mizezi, 
risTvisac aseTi ujredebi gvWirdeba, im daavadebaTa bunebaSi devs, 
romlebic civilizebuli msoflios udides problemas warmoadgens. 

Cveni planetis mdidar regionebSi daavadebebi, romlebic 
umetes Cvengans klavs, qronikulia. maT didi dro sWirdebaT 
ganviTarebisTvis da xSirad aseve auCqareblad gviReben bolos. 
magaliTisaTvis ganvixiloT gulis daavadeba _ adamians, romelmac 
gulis pirveladi Seteva gadaitana, sruliad janmrTeli guli 
SeiZleba aRarasodes hqondes. Setevisas gulis kunTis ujredebis 
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(kardiomiocitebis) nawili Jangbadis naklebobis gamo iRupeba. iqneb 
es problemac ar aris, Tuki guls imis unari eqneba, mkvdari ujredebi 
axliT Caanacvlos? bolos da bolos, sisxlis gaRebis Semdeg xom 
Zvlis tvini kidev ufro met sisxlis wiTel ujredebs warmoSobs? 
isic gavixsenoT, rom RviZls Zalze didi ziani unda mivayenoT, 
rom am organom TviTaRdgenisa da regeneraciis unari dakargos. 
Tumca gulis SemTxvevaSi saqme sxvagvarad aris. kardiomiocitebs 
`terminalurad diferencirebul~ ujredebad moixsenieben _ isini 
uoding tonis gorakis fskerze, calke RarSi arian gaWedilebi. Zvlis 
tvinisa da RviZlisgan gansxvavebiT, guls naklebad specializebuli 
ujredebis (Rerovani ujredebis) xelmisawvdomi sawyobi ar gaaCnia, 
romlebic SeiZleba kardiomiocitebad gadaiqcnen. amrigad, 
grZelvadiani problema, romelic gulis Setevas mosdevs, is aris, 
rom Cvens sxeuls gulis kunTis axali ujredebis Seqmna ar ZaluZs. 
erTaderT ram, rac Cvens sxeuls SeuZlia, mkvdari kardiomiocitebis 
SemaerTebeli qsoviliT Canacvlebaa, Cveni guli ki uwindeliviT 
aRarasodes iZgerebs.

msgavsi situaciaa sxva mraval daavadebasTan dakavSirebiTac _ 
ujredebi, romlebic insulinis sekrecias axorcielebs, maSin iRupeba, 
roca mozards pirveli tipis diabeti uviTardeba, alchaimeris 
daavadebis dros tvinis ujredebi kvdeba, xrtilis warmomSobi 
ujredebi ki osteoarTritis dros qreba _ es sia usasrulod 
SegviZlia gavagrZeloT. ra kargi iqneboda, rom yvela am ujredis 
Canacvleba axali, identuri ujredebiT SegveZlos. aseT SemTxvevaSi 
samudamod daviviwyebdiT qsovilebis SeuTavseblobas, rac organoTa 
transplantacias amden problemas uqmnis, da arc donorebis 
deficiti gveqneboda. Rerovani ujredebis am gziT gamoyenebas 
Terapiul klonirebas uwodeben; es aris konkretuli individis 
identuri ujredebis Seqmna daavadebis mkurnalobis mizniT.

ukve ormoc welze metia, CvenTvis cnobilia, rom Teoriulad 
es SesaZlebelia. jon gardonis da misi mimdevrebis moRvaweobam 
aCvena, rom zrdasruli ujredebi sxeulis yvela ujredis Sesaxeb 
informacias Seicavs, oRond maT mosapoveblad efeqturi meTodis 
Ziebaa saWiro. jon gardoni zrdasruli gombeSoebis ujredebidan 
birTvebs iRebda, maT gombeSos kvecxujredebSi aTavsebda, am birTvebs 
uodingtonis landSaftis gorakis mwvervalisken ubiZgebda da axal 
cxovelebs qmnida. momwifebuli birTvebi _ am sityvas gadamwyveti 
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mniSvneloba aqvs _ gadaprogramda. ian vilmutma da qiT qemfbelma 
TiTqmis igive gaakeTes cxvrebTan dakavSirebiT. aq mniSvnelovani 
saerTo Strixi is aris, rom TiToeul am SemTxvevaSi gadaprogrameba 
mxolod maSin xdeboda, roca momwifebul birTvs gaunayofierebel 
kvercx ujredSi aTavsebdnen. yvelaze mniSvnelovan rols swored 
kvercx ujredi asrulebda. Cven cxovelis klonirebas ver SevZlebT, 
Tuki momwifebul birTvs aviRebT da sxva romelime tipis ujredSi 
movaTavsebT.

ratom ver SevZlebT?
modi, aq zogi ram gavixsenoT ujredis biologiidan. birTvi 

dnm-is/genebis did umetesobas Seicavs, romlebic Cvens monaxazs 
akodirebs. dnm-is mxolod umciresi nawilia moTavsebuli ara birTvSi, 
aramed mcire zomis warmonaqmnSi, romelsac mitoqondria ewodeba, 
Tumca axla amaze laparaks ar vapirebT. roca skolaSi ujredis 
Seswavlas viwyebdiT, gveubnebodnen, rom birTvi yovlisSemZlea, 
xolo ujredis danarCeni nawili _ citoplazma _ siTxiT savse 
topraki, romelic bevrs arafers akeTebs. warmodgenac ki Znelia, ra 
Sors aris es azri WeSmaritebisgan, gansakuTrebiT kvercxujredis 
SemTxvevaSi, radgan gombeSoebis da dolis magaliTma gvaswavla, rom 
kvercxujredis citoplazma gadamwyvet rols TamaSobs. raRacam an 
raRaceebma kvercxujredis citoplazmaSi aqtiurad gadaaprograma 
momwifebuli birTvi, romelic eqsperimentatorebma iq Canerges. am 
ucnobma faqtorebma uodingtonis erT-erTi Raris fskeridan birTvi 
landSaftis mwvervalze aagora.

sinamdvileSi veravin xvdeboda, rogor SeeZlo kvercxujredis 
citoplazmas momwifebuli birTvi zigotis birTvad gadaeqcia. 
mecnierebi mxolod imas varaudobdnen, rom rac ar unda yofiliyo 
es raRac, metismetad rTuli gamosacnobi iyo. xSirad mecnierebaSi 
didi kiTxvebi ufro patara, advilad misaxvedr kiTxvebs moicavs, 
amitomac mTeli rigi laboratoriebi konceptualurad martiv, 
Tumca teqnikurad jer isev ukiduresad rTuli amocanebis gadaWras 
Seudgnen.

usazRvro potenciali

gavixsenoT burTula uodingtonis landSaftis gorakis mwver-
valze. ujreduli TvalsazrisiT es zigotaa, romelic toti-
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potenturis saxeliT aris cnobili. anu mas sxeulis yvela ujredis 
Seqmnis potenciali aqvs, placentis CaTvliT. ra Tqma unda, 
zigotebis ricxvi Zalze SezRudulia da mecnierTa umravlesoba, 
romlebic ganviTarebis adreul etapebs ikvleven, ufro gviandel, 
saxelganTqmul embrionul Rerovan ujredebs iyeneben, romlebic 
ganviTarebis normaluri gziT aris Seqmnili. zigotis ramdenjerme 
dayofis Sedegad ujredebis grova warmoiqmneba, romelsac blas-
tocisti ewodeba. imis miuxedavad, rom blastocisti 150-ze nakleb 
ujreds Seicavs, is ukve adreuli embrionia, romelsac ori sxvadasxva 
ganyofileba aqvs. erT-erTi gareTa Srea, anu trofeqtoderma, 
romlisganac sabolood placenta da sxva eqstraembrionuli 
qsovilebi yalibdeba, meore ki Sida ujreduli masaa (Sum).

suraTze 2.1. gamosaxulia, rogor gamoiyureba blastocisti. 
suraTi organzomilebiania, magram sinamdvileSi blastocisti 
samganzomilebiani struqturaa, ase, rom faqtiurad is CogburTis 
burTs waagavs, romelSic golfis burTia Cawebebuli.

trofeqtodermi

Sida ujreduli 
masa

suraTi 2.1. ZuZumwovris blastocistis aRnagoba. 
s ujredebidan placenta warmoiqmneba. bunebrivi ganviTarebisas Sida ujreduli 
masisgan embrionuli qsovilebi warmoiSoba. laboratoriul pirobebSi Sida 
ujreduli masis ujredebisgan SesaZlebelia pluripotenturi embrionuli 
Rerovani ujreduli kulturis gamozrda.

Sida ujreduli masis ujredebis gamozrda laboratoriaSi, 
sakultivacio WurWelSi SeiZleba. es ujredebi Zalian nazi da 
saTuTia, amitomac gansakuTrebul pirobebs da uaRresad frTxil 
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mopyrobas moiTxovs, Tumca wesebis dacvis SemTxvevaSi gulmodgineba 
dagifasdebaT imiT, rom ujredebi usazRvro raodenobiT gaiyofa da 
amasTan mSobeli ujredis zusti asli iqneba. swored maT vuwodebT 
embrionul Rerovan ujredebs da, rogorc maTi sruli saxelidan 
Cans, am ujredebs embrionis nebismieri ujredis da, saboloo jamSi, 
zrdasruli cxovelis formirebis unari aqvT. isini totipotenturi ar 
aris _ radgan placentis warmoqmna ar SeuZliaT _ da pluripotentur 
ujredebs uwodeben imitom, rom sxva yvelaferi xelewifebaT. 

embrionuli Rerovani ujredebi fasdaudebeli aRmoCnda 
imis gasacnobiereblad, ra aris mniSvnelovani ujredebis 
pluripotenturi mdgomareobis SesanarCuneblad. mravali wlis 
ganmavlobaSi gamoCenili mecnierebi, maT Soris, azim surani 
kembrijidan, ostin smiTi edinburgidan, rudolf jeniSi bostonidan 
da Sinia iamanaka kiotodan, dauRalavad cdilobdnen im genebis da 
cilebis identificirebas, romlebic embrionul Rerovan ujredebSi 
eqspresirdeba (CarTul mdgomareobaSia). maTi gansakuTrebuli 
Zalisxmeva mimarTuli iyo im genebis gansazRvrisken, romlebic 
embrionul Rerovan ujredebs pluripotentur mdgomareobas 
unarCunebs. es genebi Zalze mniSvnelovania, radgan sakmarisia 
embrionuli Rerovani ujredebis movlis pirobebi odnav mainc 
Seicvalos, isini kulturaSi sxva tipis ujredebad gardaqmnis did 
midrekilebas amJRavneben. kultivirebis pirobebis umniSvnelo 
cvlilebebisas embrionuli Rerovani ujredebi, romlebic 
sakultivacio WurWelSi iyofa, myisve iwyeben diferencirebas, 
magaliTad, kardiomiocitebad da imis keTebas, rac gulis ujredebs 
yvelaze ukeT gamosdiT: erTimeoris miyolebiT SekumSvas. morigma 
Zlivs SesamCnevma cvlilebam, vTqvaT, sakultivacio siTxeSi qimiuri 
naerTebis zusti balansis darRvevam, SesaZloa embrionuli Rerovani 
ujredebi aiZulos, uari Tqvan kardiomiocitebad gadaqcevis 
Tavdapirvel gegmaze da iseTi ujredebis Seqmnas Seudgnen, saidanac 
Cveni Tavis tvinis neironebi ganviTardeba.

embrionul Rerovan ujredebze momuSave mecnierebma uamravi 
sxvadasxva geni gansazRvres, romlebic mniSvnelovan rols asruleben 
ujredebis pluripotenturobis SenarCunebaSi. maT mier gamovlenili 
genebis funqciebi yovelTvis erTnairi rodi iyo. zogi maTgani 
TviTganaxlebisTvis iyo saWiro, anu erTi embrionuli Rerovani 
ujredi gayofisas or embrionul Rerovan ujreds warmoqmnida, 
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maSin, roca sxvebi imisaTvis iyo aucilebeli, rom ujredebisTvis 
diferencirebis saSualeba ar mieca.1

amrigad, 21-e saukunis dasawyisSi mecnierebma sakultivacio 
WurWelSi pluripotenturi embrionuli Rerovani ujredebis 
SenarCunebis meTodi aRmoaCines da maTi biologiis Sesaxeb sakmaod 
bevri ram Seityves. amasTan, maT SeZles imis dadgena, rogor unda 
Secvalo kultivirebis pirobebi, rom masSi arsebuli embrionuli 
Rerovani ujredebis sxvadasxva tipis ujredebad diferencireba 
moxdes, maT Soris, RviZlis da gulis ujredebis, neironebis da 
a.S. magram ramdenad gvaaxloebs es yovelive im ocnebis axdenasTan, 
romelzec zemoT visaubreT? SeZleben Tu ara mkvlevrebi am 
informaciis gamoyenebiT axali meTodebis Seqmnas, romlebic 
ujredebs drois manqanis msgavsad ukan, uodingtonis landSaftis 
mwvervalze daabrunebs? iqneba Tu ara SesaZlebeli srulad 
diferencirebuli ujredis laboratoriaSi iseTi damuSaveba, rom is 
embrionuli Rerovani ujredis msgavs ujredad gadaiqces, romelsac 
misi yvela potenciali gaaCnia? Tuki mecnierebs safuZveli hqondaT 
evaraudaT, rom Teoriulad es SesaZlebelia, praqtikulad am 
ideebis ganxorcielebamde jer kidev grZeli gza edoT. Tumca es 
Zalze macduri perspeqtiva iyo mecnierebisTvis, romlebic Rerovani 
ujredebis daxmarebiT adamianebis sxvadasxva sneulebebisgan 
gankurnebiT iyvnen dainteresebulni. 

Cveni saukunis pirveli aTwleulis Sua xanebisTvis oc genze metis 
identificireba moxda, romlebsac rogor Cans, gadamwyveti mniSvneloba 
aqvT embrionuli Rerovani ujredebisTvis. mecnierebisTvis 
yovelTvis gasagebi rodi iyo, rogor urTierTqmedeben isini da, 
raRa Tqma unda, sruliad cxadi iyo, rom embrionuli Rerovani 
ujredebis biologiaSi CvenTvis jer isev bevri TeTri laqa arsebobs. 
savaraudod, warmoudgenlad rTuli iqneba, rom momwifebuli ujredi 
aviRoT da masSi iseTi rTuli ujredSida pirobebi aRvadginoT, 
rogoric embrionul Rerovan ujredSi arsebobs.

optimizmis triumfi 

zogjer udidesi mecnieruli garRvevebi mxolod im mizeziT xdeba, 
rom viRac ama Tu im sferoSi gabatonebul pesimizms ugulebelyofs. 
Cvens SemTxvevaSi optimistebi, romelTac gadawyvites SeemowmebinaT 
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is, rasac sxva danarCenebi SeuZleblad Tvlidnen, ukve zemoT 
naxsenebi Sinia iamanaka da da misi TanaSemwe doqtoranti kazutoSi 
takahaSi, romelic eqsperimentebis CatarebaSi exmareboda.

profesori iamanaka Rerovani ujredebisa da pluripotentobis 
Seswavlis sferoSi erT-erTi axalgazrda amomavali varskvlavia. igi 
1960-iani wlebis dasawyisSi osakaSi daibada da, rac Zalze uCveuloa, 
iaponiisa da aSS-s viwrospecializebul institutebSi maRali 
akademiuri Tanamdebobebi ekava. samedicino ganaTlebis miRebis Semdeg 
igi qirurgi-orTopedi gaxda. am specialobis eqimebs sxva qirurgebi 
xSirad ironiulad `CaquCis da saWreTelis xelosnebs~ uwodeben. 
marTalia, es usamarTlobaa, Tumca isic unda iTqvas, rom qirurg-
orTopedis praqtikuli saqmianoba warmoudgenlad Sors dgas natifi 
molekuluri biologiisa da Rerovani ujredebis Seswavlisgan.

SesaZloa profesori iamanaka Rerovani ujredebis Semswavlel 
sxva mkvlevarebze metad iyo Sepyrobili surviliT, laboratoriul 
pirobebSi diferencirebuli ujredebidan pluripotenturi 
ujredebis Seqmnis meTodi aRmoeCina. samuSaos sawyis etapze mas 24 
genis sia hqonda, romelTac embrionuli Rerovani ujredebisTvis 
sasicocxlo mniSvneloba hqondaT. maT `pluripotentobis genebi~ 
ewodeba _ isini CarTuli unda iyos imisaTvis, rom embrionul 
Rerovan ujredebs pluripotenturoba SeunarCunon. Tu sxvadasxva 
eqsperimentuli teqnikis gamoyenebiT es genebi gamoirTveba 
(represirdeba), embrionuli Rerovani ujredebi diferencirebas 
iwyeben (rogorc swored is gulis kumSvadi ujredebi sakultivacio 
WurWelSi) da kvlav embrionul Rerovan ujredebad ukve aRarasodes 
gadaiqcevian. nawilobriv swored es xdeba ZuZumwovrebis bunebrivi 
ganviTarebis procesSi, roca ujredebi diferencirdeba da 
specializebuli xdeba _ isini am pluripotentur genebs `TiSaven~.

Sinia iamanakam gadawyvita Seemowmebina, SeeZloT Tu ara am genebis 
kombinaciebs diferencirebuli ujredebis ganviTarebis ufro 
adreul stadiaSi dabruneba. es xangrZlivi da Sromatevadi samuSao 
Canda, Tanac mudmivad arsebobda imis saSiSroeba, rom Tu Sedegebi 
uaryofiTi iqneboda, anu Tu am ujredebidan arc erTi `ukan ar 
dabrundeboda~, iamanaka verasodes Seityobda, es risi brali iyo _ 
imisi, rom es ubralod SeuZlebeli iyo Tu imisi, rom eqsperimentis 
pirobebi daculi ar iyo. iseTi saxelovani mecnierisTvisac ki, 
rogoric iamanaka gaxldaT,
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es riskze wasvlas niSnavda, Tumca misi SedarebiT axalgazrda 
TanaSemwis, takahaSis mdgomareoba kidev uaresi iyo, radgan is 
samecniero karieraSi pirvel nabijebs dgamda.

rodesac hercogi veligtonisTvis cnobili gaxda, rom misi 
sasiyvarulo mimowera SesaZloa mis sazianod gamJRavnebuliyo, 
SemdgomSi frTian frazad qceuli sityvebi warmoTqva: `gamoaqveyneT 
da jandabamde gza mqonia!~ mecnierebisTvis es gacveTili sityvebi 
erTi mniSvnelovani StrixiT gansxvavdeba. CvenTvis fraza ase JRers: 
`gamoaqveyneT an jandabamde gza gvqonia!~ _ Tu Tqven samecniero 
statiebs ar aqveynebT, verc kvlevisTvis dafinansebasac miiRebT da 
verc samuSaos universitetebSi. Tqvens naSroms solidur samecniero 
JurnalSi gamoqveynebis Zalze mcire Sansi aqvs, Tu wlebis ganmavlobaSi 
Tqveni daZabuli Sroma erTi fraziT gamoixateba: `Zalian vecade, 
magram araferi gamomivida.~ ase, rom iseTi proeqtisTvis xelis 
mokidebis survils, romelmac SedarebiT nakleb savaraudoa, rom 
dadebiTi Sedegebi mogitanoT, Tamamad SeiZleba TavzexelaRebuli 
saqcieli vuwodoT, saxeldobr, takahaSis simamace ki namdvilad 
aRfrTovanebas iwvevs. 

iamanakam da takahaSim 24 geni airCies da gadawyvites, isini 
ujredul tipSi SeemowmebinaT, romelic MEF_is (mouse embryonic 
fibroblasts Tagvis embrionuli fibroblastebi) saxeliT aris cnobili. 
fibroblastebi SemaerTebeli qsovilis ZiriTadi ujredebia da, 
kanis CaTvliT, yvela saxis organoSi arsebobs. maTi gamoyofa 
Zalian iolia, es ujredebi swrafad izrdeba kulturaSi, amitomac 
eqsperimentebisTvis SesaniSnav ujredul masalas warmoadgens. 
vinaidan MEF_is ujredebs, rogorc maTi dasaxelebidan Cans, 
embrionebidan iReben, mecnierebi imedovnebdnen, rom Sesabamis 
garemoSi maT ganviTarebis ufro adreuli stadiebis ujredebad 
gardaqmnis unari eqnebodaT SenarCunebuli.

gaxsovT, rogor iyenebda jon gardoni Tavis gombeSos Stamebis 
donorebs da aqceptorebs, romelTac gansxvavebuli genetikurad 
kodirebuli markerebi hqondaT, raTa ganesazRvra, axal cxovelebs 
zustad romeli birTvebi warmoqmnida? iamanakamac raRac amis msgavsi 
gaakeTa. igi Tagvisgan im ujredebs gamoyofda, romelTac winaswar 
hqonda geni damatebuli. am gens neomicinuri rezistentobis (neoR) 
geni ewodeba da misi moqmedeba saxelwodebas sruliad Seefereba. 
neomicini naerTia, romelic antibiotikebs miekuTvneba da 
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Cveulebriv pirobebSi ZuZumwovrebis ujredebs anadgurebs, Tumca 
Tu ujredebi genetikurad gadakeTebulia neoR genis eqspresiisaTvis, 
isini gadarCeba. roca iamanaka Tavisi eqsperimentebisaTvis saWiro 
Tagvs amzadebda, masSi neoR geni gansakuTrebuli gziT Seiyvana. es imas 
niSnavda, rom neoR geni mxolod im SemTxvevaSi unda gaaqtiurebuliyo 
(`CarTuliyo~), roca am genis Semcveli ujredi pluripotenturi 
gaxdeboda. es ujredi embrionuli Rerovani ujrediviT unda 
moqceuliyo. amrigad, Tu fibroblastebis aradiferencirebul 
embrionul Rerovan ujredad xelovnurad gadaqcevis eqsperimentebi 
warmatebiT Caivlida, ujredebi maTSi antibiotikis letaluri 
dozis damatebis SemTxvevaSic ki gaagrZelebdnen zrdas, xolo Tuki 
eqsperimentebi marcxiT damTavrdeboda, yvela ujredi daiRupeboda. 

profesorma iamanakam da doqtorma takahaSim 24 geni, romelTa 
Semowmebac undodaT, sagangebod damuSavebul molekulebSi _ 
veqtorebSi Seiyvanes. es molekulebi troas cxenis rols asruleben, 
radgan fibroblastebSi `damatebiTi~ dnm-is maRali koncentraciebi 
SeaqvT. ujredSi moxvedris Semdeg es genebi unda CairTon da 
TiToeuli maTganisTvis specifikuri cilebis gamomuSaveba unda 
daiwyon. veqtorebis Seyvana SeiZleba sakmaod advilad ganxorcieldes 
erTdroulad didi raodenobiT ujredSi qimiuri damuSavebis 
an eleqtruli impulsebis gamoyenebiT (iamanaka aranair natif 
mikroineqciebs ar mimarTavda!) rodesac Sinia iamanaka ocdaoTxive gens 
erTdroulad Seiyvanda, zogi ujredi maTi neomiciniT damuSavebis 
Semdeg gadarCeboda. maTi wili umniSvnelo gaxldaT, Tumca es mainc 
imedismomcemi Sedegi iyo. es imas niSnavda, rom es ujredebi neoR 
gens CarTavdnen da embrionuli Rerovani ujredebiviT iqceodnen, 
magram Tu iamanaka genebs saTiTaod Seiyvanda, arc erTi ujredi ar 
gadarCeboda. maSin Sinia iamanakam da kazutoSi takahaSim ujredebSi 
23 genis sxvadasxva kombinaciis Seyvana daiwyes. am eqsperimentebis 
Sedegebs isini aTi genis identifikaciisTvis iyenebdnen, romelTagan 
TiToeuli aucilebeli iyo neomicinis mimarT rezistentuli 
pluripotenturi ujredebis Sesaqmnelad. am aTi genis sxvadasxva 
kombinaciis testirebiT maT bolos da bolos gansazRvres genebis 
minimaluri raodenoba, romlebic erToblivi moqmedebisas embrionis 
fibroblastebs embrionul Rerovan ujredebad gardaqmnidnen.

es jadosnuri ricxvi oTxi iyo. rodesac fibroblastebSi Oct4, Sox2, 
Klf4 da c-Myc genebis matarebeli veqtorebi Sedioda, uCveulo raRac 
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xdeboda. ujredebi neomicinSi gadarCeboda, rac imis maCvenebeli 
iyo, rom isini neoR gens CarTavdnen da amitomac embrionuli Rerovani 
ujredebis msgavsebi xdebodnen. es yvelaferi ar iyo _ fibroblastebi 
formis Secvlas iwyebdnen, rom garegnulad embrionul Rerovan 
ujredebs damsgavsebodnen. sxvadasxva eqsperimentuli sistemebis 
gamoyenebiT mkvlevrebma SeZles am gadaprogramebuli ujredebis sami 
ZiriTadi tipis qsovilad gardaqmna, romelTaganac ZuZumwovrebis 
yvela organo yalibdeba _ eqtoderma, mezoderma da endoderma. 
swored amas akeTeben Cveulebrivi embrionuli Rerovani ujredebi. 
fibroblastebs amis unari ar SeswevT. SemdgomSi Sinia iamanakam 
aCvena, rom mas mTeli am procesis gameoreba SeeZlo sawyis masalad 
zrdasruli Tagvebis da ara embrionebis fibroblastebis gamoyenebiT. 
es imas amtkicebda, rom misi meTodis warmateba embrionuli 
ujredebis raime Taviseburebebze ki ar aris damokidebuli, aramed 
aseve SeiZleba gamoyenebuli iqnas sruliad diferencirebuli da 
zrdasruli organizmebis ujredebis mimarT.

Tavis mier Seqmnil ujredebs iamanakam `inducirebuli 
pluripotenturi Rerovani ujredebi~ uwoda da am sityvebis 
abreviatura _ iPS ujredebi _ dRes ukve cnobili terminia 
yvelasTvis, vinc biologiis sferoSi muSaobs. Tu gaviTvaliswinebT, 
rom sul raRac xuTi wlis win es fraza ubralod ar arsebobda, 
misi sayovelTao aRiareba mecnierebis mier amtkicebs, ramdenad 
mniSvnelovani da didi garRveva moxda. 

Zneli dasajerebelia, rom ZuZumwovrebis ujredebi oci aTasamde 
gens atareben da mxolod oTxi maTgania aucilebeli imisaTvis, 
rom sruliad diferencirebuli ujredi mis pluripotentur 
winamorbedad aqcios. profesorma iamanakam mxolod am oTxi genis 
wyalobiT SeZlo burTula uodingtonis erT-erTi Raris fskeridan 
landSaftis mwvervalze aegorebina.

ra gasakviria, rom Sinia iamanakam da kazutoSi takahaSim TavianTi 
aRmoCenis Sedegebi `Cell~-Si _ msoflioSi yvelaze prestiJul 
biologiur JurnalSi gamoaqveynes.2 cota ucnauri iyo reaqcia, 
romelic publikacias mohyva. 2006 wels yvelas esmoda, rom es didi 
aRmoCena iyo, Tumca imasac xvdebodnen, rom didi aRmoCena mxolod 
im SemTxvevaSi iqneboda, Tu es simarTle iqneboda. bevr mecniers 
ubralod ar sjeroda, rom es ase iyo. wamiTac ar ufiqriaT, rom 
profesori iamanaka da doqtori takahaSi tyuodnen an TaRliTobdnen, 
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mxolod eWvobdnen, iqneb mkvlevrebma rame Secdoma dauSveso, radgan 
sinamdvileSi yvelaferi ase martivad ar SeiZleboda momxdariyo. 
es imas hgavda, vinmem rom wminda graalis povna gadawyvitos da is 
Ziebis dawyebidan or wuTSi sakuTari macivris ukana kedelTan, mwvane 
bardis paketis qveS ipovos. 

yvelaze logikuri, albaT, is iqneboda, rom vinmes iamanakas 
eqsperimenti gaemeorebina da enaxa, igive Sedegebs miiRebda Tu ara. 
mkiTxvels, romelic mecnieruli kvlevebiT ar aris dakavebuli, 
SesaZloa ucnaurad moeCvenos, magram laboratoriebi TavianTi 
kolegebis gamokvlevebis gameorebas sulac ar eswrafvodnen. Sinia 
iamanakam da kazutoSi takahaSim ori weli Sealies eqsperimentebis 
Catarebas, rac uaRresad Sromatevadi samuSao iyo da TiToeuli 
safexuris detalur Semowmebas moiTxovda. amasTan, sxva 
laboratoriebi mWidrod iyvnen mijaWvulebi sakuTar kvleviT 
programebs da maTi Sewyvetis aucileblobas ver xedavdnen. 
kidev erTi dabrkoleba is iyo, rom organizaciebi, romlebic 
mkvlevarebis konkretuli proeqtebis ganxorcielebas afinanseben, 
rbilad rom vTqvaT, aRtacebulebi ar rCebian, roca laboratoriis 
xelmZRvaneli uecrad wyvets kvlevis damtkicebul programas da 
sruliad sxva saqmis keTebas iwyebs. am situaciaSi gansakuTrebiT 
usiamovno ki is aris, rom saboloo Sedegebi SeiZleba uaryofiTi 
aRmoCndes. praqtikulad es imas niSnavda, rom mxolod Zalze kargad 
dafinansebul da saukeTesod aRWurvil laboratorias, romelsac 
Tavdajerebuli xelmZRvaneli hyavs, SeeZlo imaze efiqra, rom 
viRacis eqsperimentebis gameorebaze `dro daekarga~.

rudolf jeniSi bostonis uaiThedis institutidan samarTlianad 
iTvleba korifed genetikurad modificirebuli cxovelebis Seqmnis 
sferoSi. jeniSi germaniaSi daibada, Tumca ager ukve ocdaaTi welia 
aSS-Si muSaobs. WaRara, xveuli TmiT da STambeWdavi ulvaSebiT yvela 
konferenciaze advilad SeniSnavT. albaT, gasakviric ar iyo, rom 
swored is gaxda mecnieri, romelmac sakuTari kvlevebis nawilobriv 
gadadeba gariska da gadawyvita, Tavad darwmunebuliyo imaSi, rom 
Sinia iamanakam marTlac SeuZlebeli SeZlo. Tanac rudolf jeniSi 
xom sayovelTaod cnobili gamonaTqvamis avtoria: `mravali wlis 
manZilze bevri sarisko proeqti gamikeTebia, radgan vTvli, rom 
Tu TavSi saintereso idea mogividaT, valdebuli xarT, marcxis 
albaToba gaiTvaliswinoT da eqsperimentebi gaagrZeloT.~ 
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2007 wlis aprilSi, kolorados konferenciaze profesorma 
jeniSma sityva iTxova da ganacxada, rom man iamanakas eqsperimentebi 
gaimeora. Sedegebi erTmaneTs daemTxva. iamanaka marTali aRmoCnda, iPS 
ujredebis Seqmna marTlac SesaZlebelia diferencirebul ujredSi 
mxolod oTxi genis SeyvaniT. auditoriaze am gancxadebam gamaognebeli 
efeqti moaxdina. darbazSi iseTi atmosfero gamefda, romelic 
SeiZleba Zveli filmebis im didebul epizodebs SevadaroT, roca 
nafici msajulebi verdiqts acxadeben da reportiorebi kisristexiT 
garbian telefonebisken, raTa es ambavi redaqtorebs amcnon.

rudolf jeniSma gulaxdilad aRiara, am eqsperimentebis gameorebas 
imitom movkide xeli, rom davrwmunebuliyavi, iamanaka cdebodao. imas, 
rac amis Semdeg am sferoSi moxda, SeiZleba namdvili gadatrialeba 
vuwodoT. jer erTi, marTlac didma laboratoriebma, romlebic 
Rerovan ujredebs ikvlevdnen, iamanakas meTodikis Seswavlas, mis 
daxvewas da srulyofas mihyves xeli, raTa meti efeqturobisTvis 
mieRwiaT. oriode wlis Semdeg is laboratoriebic ki, romelTac 
adre erTi embrionuli Rerovani ujredic ar gamouzrdiaT, 
maTTvis saintereso qsovilebidan da donorebidan iPS ujredebis 
miRebaze gadavidnen. iPS ujredebis Temaze kvlevebis masalebi axla 
yovelkvireulad qveyndeba. meTodika adaptirebulia iPS ujredebis 
winaswar Seqmnis gareSe adamianebis fibroblastebis nervul ujredebad 
pirdapiri gardaqmnisaTvis.3 es imas SeiZleba SevadaroT, rom burTulas 
uodingtonis epigenetikuri landSaftis ferdobis Suagulamde, zeviT 
vubiZgebT, mere ki sxva RariT CamovagorebT qvemoT.

aq ar SeiZleba ar davinteresdeT, gaaRiziana Tu ara Sinia iamanaka 
im faqtma, rom misi kvlevis Sedegebis gamoyeneba mxolod mas Semdeg 
daiwyes, rac amerikulma laboratoriam daamtkica, rom igi marTali 
iyo. 2009 wels iamanaka jon gardonTan erTad laskeris premiis 
laureati gaxda, ase, rom albaT, es ambavi arcTu ise aRelvebs. 
amJamad misi reputacia eWvgareSea.

finansuri sakiTxi

yvelaferi, rasac vkiTxulobT, samecniero literatura rom iyos, 
ambis Cveneuli Txroba STamagonebeli da martivi iqneboda, Tumca 
informaciis sxva wyaroebic arsebobs, kerZod ki, sapatento mowmobebi, 
romelTac, rogorc wesi, recenzirebul JurnalebSi statiebis 
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gamoCenidan garkveuli drois gasvlis Semdeg aqceven yuradRebas. 
rogorc ki sapatento ganacxadebi gamoCndeba, ambis siuJeti CaxlarTuli 
xdeba. amas yovelTvis garkveuli dro sWirdeba, radgan patentebi 
sapatento biuroSi maTi wardgenis Semdeg erTi wlidan wlinaxevramde 
konfidencialuri rCeba. es gamomgonebelTa interesebis dasacavad 
keTdeba, vinaidan amgvari saSeRavaTo periodi maT TavianTi kvelevebis 
zogierT saidumlo aspeqtze muSaobis damTavrebis saSualebas 
aZlevs ise, rom mTel msoflios ar acnobon gamogonebis Sesaxeb. aq 
mniSvnelovania imis gaazreba, rom iamanakamac da jeniSmac sapatento 
ganacxadebi gaakeTes kvlevaze, romelic TiToeulma maTganma 
ujredebis bedis marTvaze Caatara. orive sapatento ganacxadi miiRes, 
patentebi gasces da axla, albaT, mxolod sasamarTlo Tu gadawyvets, 
romel maTgans aqvs patentis flobis iuridiuli ufleba. ucnauri is 
aris, rom iamanakam pirvelma gamoaqveyna kvlevis Sedegebi, sapatento 
ganacxadis Setana ki jeniSma daaswro. 

rogor SeiZleboda es momxdariyo? nawilobriv es faqti imiT 
aixsneba, rom sapatento ganacxadis Cabarebis procedura sakmaod 
CaxlarTulia. ganmcxadebeli valdebuli ar aris, ganacxadSi asaxuli 
yvela Tezisi daasabuTos. maT SeuZliaT saSeRavaTo period imisTvis 
gamoiyenon, rom Seecadon sawyis ganacxadSi moyvanili mtkicebebis 
dadasturebas. iuridiuli TvalsazrisiT Sinia iamanakas patenti 
daTariRebulia 2005 wlis 13 dekembriT da misi Temaa zemoT aRwerili 
naSromi: rogor aviRoT somaturi ujredi da oTxi faqtoris _ Oct14, 
Sox2, Klf4 da c-Mys _ daxmarebiT pluripotentur ujredad gadaaqcios. 
rudolf jeniSis patentis gacemis oficialur TariRad 2003 wlis 
26 noemberia miCneuli. masSi aRwerilia zogierTi teqnikuri aspeqti 
da laparakia somatur ujredSi pluripotentobis genis eqspresiis 
Sesaxeb. patentSi naxsenebi erT-erTi genia Oct14. Tumca adrec cnobili 
iyo, rom Oct14 geni aucilebelia pluripotenturi mdgomareobisTvis, 
Tanac swored es iyo imis erT-erTi mizezi, ris gamoc iamanakam es 
geni gadaprogramebis eqsperimentebSi CarTo. samarTlebrivi kamaTi 
patentebis garSemo, savaraudod, kidev didxans gagrZeldeba.

sainteresoa, ra iyo imis mizezi, rom es ori laboratoria, romelTac 
gamoCenili da Zalze SemoqmedebiTi mecnierebi edgnen saTaveSi, 
patentebs esoden did mniSvnelobas aniWebda. Teoriulad, patenti 
mis mflobels mTel rig eqskluziur uflebebs da SesaZleblobebs 
aZlevda, Tumca akademiur wreebSi aravin arasodes Seecdeba sxva 
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laboratoriaSi momuSave mecniers eqsperimentis CatarebaSi xeli 
SeuSalos. patentis erTaderTi praqtikuli daniSnuleba is aris, rom 
namdvilma gamomgonebelma kargi ideidan finansuri mogeba miiRos da 
misi gamogonebiT sxvebma ar gaisqelon jibe.

biologiaSi gansakuTrebiT Semosavlian patentebad isini iTvleba, 
romlebic daavadebebis samkurnalod gamoiyeneba an mkvlvrebs axali 
samkurnalo saSualebebis swrafad SemuSavebaSi daexmareba. swored 
amitom gaCaRda aseTi brZola jeniSisa da iamanakas patentebisaTvis. 
sasamarTlom SesaZloa gadawyvitos, rom yovelTvis, roca vinme iPS 
ujredebs miiRebs, man fuli unda gadauxados Tavdapirveli ideis 
mflobel mkvlevrebs da laboratoriebs. Tu kompaniebi maT mier 
miRebul iPS ujredebs gayidian da Semosavlis garkveul procents 
patentis mflobelebs gadauricxaven, maT SeiZleba mniSvnelovani 
finansuri mogeba naxon. marTlac Rirs imaze saubari, ratom aris es 
ujredebi aseTi faseuli finansuri TvalsazrisiT.

modi, aviRoT romelime daavadeba, magaliTad, I tipis diabeti. 
is, Cveulebriv, bavSvobis asakSi iCens Tavs, rodesac kuWqveSa 
jirkvlis gansazRvruli ujredebi (momajadoebeli saxelwodebiT 
_ langerhansis kunZulebis beta-ujredebi) dRemde bundovani 
procesebis gamo iSleba. daRupvis Semdeg es ujredebi aRarasodes 
aRdgeba da axali ujredebiT ar Canacvldeba, amis Sedegad ki 
avadmyofs hormon insulinis gamomuSavebis unari aRara aqvs. 
insulinis gareSe SeuZlebelia sisxlSi Saqris donis gakontroleba, 
rasac SeiZleba katastrofuli Sedegi mohyves. Roris organizmidan 
insulinis gamoyofisa da misi avadmyofebis organizmSi Seyvanis 
meTodebis aRmoCenamde bavSvebi da mozardebi regularulad 
iRupebodnen diabetiT. dResac ki, roca insulinis miReba (romelic 
amJamad, rogorc wesi, adamianis xelovnurad sinTezirebuli 
hormonia) SedarebiT ioli gaxda, mTel rig problemebs mainc ver 
avuvliT gverds. avadmyofebi iZulebulni arian sisxlSi Saqris done 
dReSi ramdenjerme Seamowmon da Sesabamisad cvalon wamlis dozebi 
da racioni ise, rom mkacrad dadgenil sazRvrebs ar gascdnen. amis 
keTeba mravali wlis ganmavlobaSi Zalian rTulia, gansakuTrebiT, 
mozardebisTvis. ramden bavSvs icnobT, visac is ambavi aSfoTebs, 
rom 40 wlis asakSi SeiZleba rame SeemTxves? I tipis qronikul 
diabets ki SeuZlia garTulebaTa mTeli speqtris provocireba 
moaxdinos, romelTa Sorisaa mxedvelobis dakargva, sisxlis 
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mimoqcevis darRveva, romelmac SesaZloa amputaciamde migviyvanos, 
da Tirkmlebis daavadebebi.

ra kargi iqneboda, insulinis yoveldRiuri ineqciebis nacvlad 
diabetiT daavadebulebi axal beta-ujredebs rom iRebdnen! maSin 
xom isini isev Tavad gamoimuSavebdnen insulins. organizmis Sinagani 
meqanizmebi Cveulebriv Zalze efeqturia sisxlSi Saqris Semcvelobis 
gakontrolebis saqmeSi, ase, rom siZneleTa didi wili SegveZlo 
ubralod, daviwyebisTvis migveca. problema is aris, rom organizmSi 
ar arsebobs ujredebi, romelTac beta-ujredebad gardaqmnis 
unari aqvT (maTi adgili uodingtonis erT-erTi Raris fskerzea), 
amitomac kuWqveSa jirkvlis transplantati unda gamoviyenoT an 
adamianis zogierTi embrionuli Rerovani ujredi beta-ujredebad 
gadavaqcioT da pacients SevuyvanoT.

am amocanis gadaWras ori didi problema uSlis xels. pirveli is 
aris, rom donoris masala (rogorc embrionuli Rerovani ujredebi, 
aseve janmrTeli kuWqveSa jirkvali) didi deficitia da diabetiT 
daavadebul yvela pacients ver gaswvdeba. maSinac ki, Tu maTi 
sakmarisi raodenoba gvaqvs, pacientis qsovilebTan SeuTavseblobis 
seriozuli riski yovelTvis arsebobs. avadmyofis imunuri sistema 
maT ise aRiqvams, rogorc ucxo sxeulebs da cdilobs, ukuagdos. 
am SemTxvevaSi pacienti, SesaZloa, insulinis ineqciebis keTebisgan 
gaTavisufldes, magram iZulebuli iqneba, mTeli cxovrebis 
manZilze imunosupresoruli preparatebi miiRos. problemis amgvar 
gadawyvetas misaRebs verafriT vuwodebT, vinaidan am preparatebs 
mTeli rigi Zalian mZime gverdiTi efeqtebi aqvs.

iPS ujredebi am CaxlarTuli situaciidan Tavis daRwevis axal 
gzas gvTavazobs. aviRoT Cveni pacientis kanis ujredebis patara 
anafxeki, romelsac pirobiTad fredis davarqmevT. gamovzardoT 
es ujredebi kulturaSi, vidre sakmaris raodenobas ar miviRebT, 
romelTanac muSaoba SegviZlia (es Zalze iolia). gamoviyenoT 
iamanakas oTxi faqtori iPS ujredebis didi raodenobiT Sesaqmnelad, 
laboratoriaSi damuSavebis gziT isini beta-ujredebad gardavqmnaT, 
amis Semdeg ki pacients davubrunoT. imunuri ukugdeba ar moxdeba, 
radganac fredi isev Tavis ujredebs miiRebs. sul cota xnis win 
mkvlevrebma gvaCvenes, rom praqtikulad es savsebiT dasaSvebia, 
rodesac procedura diabetiT daavadebul Tagvebs Cautares.4
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es yvelaferi, raRa Tqma unda, arc ise advilia. jer kidev mTeli 
rigi teqnologiuri barierebis gadalaxvaa saWiro, imaze rom araferi 
vTqvaT, rom iamanakas oTxi faqtoridan erT-erTi, c-Myc, kibos 
ganviTarebas uwyobs xels. Tumca Jurnal `Cell~-Si saxelganTqmuli 
statiis gamoqveynebidan ramdenime wlis Semdeg mecnierebma SesamCnevi 
progresi ganicades teqnologiis gaumjobesebis saqmeSi, risi 
wyalobiTac amJamad TiTqmis klinikuri eqsperimentebis zRurblze 
vdgavarT. Cven adamianis iPS ujredebs iseve iolad vqmniT, rogorc 
Tagvisas da amisaTvis dRes c-Myc-is gamoyenebac yovelTvis ar 
gvWirdeba.5 SemuSavebulia ujredebis Seqmnis axali meTodebi, romlebic 
Tavidan agvacilebs usafrTxoebis sxva problemebsac. magaliTad, 
ujreduli kulturis stadiaze iPS ujredebis Seqmnis pirvandel 
meTodikaSi cxoveluri produqtebi gamoiyeneboda. es arc Tu ise 
usafrTxo iyo, radgan yovelTvis arsebobda cxovelebis specifikuri 
daavadebebiT adamianis dasnebovnebis riski. axla ki mkvlevrebma am 
cxoveluri produqtebis sinTezuri Semcvlelebi aRmoaCines.6 iPS 
ujredebis warmoqmnis mTeli procesi mudmivad umjobesdeba, Tumca 
finiSis xazis gadakveTa jerac ver SevZeliT.

erT-erTi sawarmoo problema is aris, rom jer ar viciT, rogori iqneba 
maregulirebeli organoebis moTxovnebi usafrTxoebis sakiTxebTan 
dakavSirebiT, vidre isini adamianebis samkurnalod iPS ujredebis 
gamoyenebas dauSveben. amJamad iPS ujredebis Terapiuli gamoyenebis 
uflebis miReba ori sxvadasxva samedicino instruqciiT regulirdeba. 
es imitom xdeba, rom pacients unda SevuyvanoT ujredebi (ujreduli 
Terapia), romlebic genetikurad aris modificirebuli (genuri 
Terapia). maregulirebeli organoebi Zalze frTxiloben im mizeziT, 
rom genuri Terapiis sferoSi Catarebul uamrav cdas, romlebic aseTi 
enTuziazmiT tardeboda 1980-90-ian wlebSi, avadmyofebisTvis aranairi 
sargebloba ar moutania, zog SemTxvevaSi ki maT gauTvaliswinebeli da 
saSineli Sedegebic mohyva, maT Soris kibos momakvdinebeli formebis 
ganviTarebac.7 potenciuri saregulacio barierebis raodenoba, 
romelTa gadalaxvac iPS ujredebs mouwevT, vidre isini Terapiuli 
miznebiT gamoyenebis uflebas miiReben, marTlac auracxelia. SeiZleba 
vifiqroT, rom aseT sarisko proeqtebSi arc erTi investori ar Cadebs 
sakuTar fuls, Tumca isini mainc deben da amas imitom akeTeben, rom Tu 
mkvlevrebi unaklo teqnologiis SemuSavebas SeZleben, investiciebidan 
miRebuli Semosavali kolosaluri iqneba.
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aq mxolod erTaderT gamoTvlas SemogTavazebT. yvelaze 
mokrZalebuli SefasebiT, diabetiT daavadebuli yoveli pacientis 
insuliniT da sisxlSi Saqris donis gasazomi xelsawyoebiT 
uzrunvelyofaze aSS-Si yovelTviurad 500 dolaramde ixarjeba. 
weliwadSi es cifri 6000 dolaramde adis, aqedan gamomdinare, Tu 
pacienti 40 wlis ganmavlobaSi diabetiT aris daavadebuli, masze 240 
000 dolari daixarjeba. amas mivumatoT yvela tipis mkurnalobis 
danaxarjebi, romlis Catareba im pacientebsac ki uwevT, romlebic 
janmrTelobas ufrTxildebian, radgan daavadebiT gamowveuli 
garTulebebisgan arc erTi maTgani ar aris dazRveuli. arc ise 
rTuli gamosaTvlelia, rom diabetiT daavadebuli TiToeuli 
pacientis janmrTelobis dasacavad mTeli misi sicocxlis manZilze 
gaRebuli xarjebi aranakleb milion dolars Seadgens. mxolod aSS-
Si I tipis diabetiT sul cota milioni adamiania daavadebuli, rac 
imas niSnavs, rom aSS-s ekonomika yovel oTx weliwadSi mxolod I 
tipis diabetTan sabrZolvelad saukeTeso SemTxvevaSi miliard 
dolarze mets xarjavs. amrigad, ra Zviric ar unda dajdes iPS 
ujredebis klinikisaken mimavali gza, maT potenciurad SeuZliaT 
investorebs uzarmazari Semosavali moutanon, Tuki maTi gamoyeneba 
ufro iafi iqneba, vidre diabetiT daavadebulebis mkurnalobaze 
mTeli cxovrebis manZilze gaweuli xarji.

es mxolod diabets exeba. mis garda ki uamravi daavadebaa, 
romlebisTvisac iPS ujredebi SesaZloa panacea aRmoCndes! maT Soris 
aris sisxlis Sededebis darRvevebi, rogoricaa hemofilia; parkinsonis 
daavadeba; osteoarTriti da yviTeli xalis degeneraciiT gamowveuli 
sibrmave. vidre mecnierebi xelovnuri struqturebis warmoebis axal 
teqnologiebs SeimuSaveben, romelTa implantacia Cvens organizmSi 
SesaZlebeli gaxdeba, iPS ujredebis gamoyenebasac viswavliT gulis 
daavadebebis dros dazianebuli sisxlZarRvebis Sesacvlelad, kiboTi 
daSlili qsovilebis regeneraciisTvis an kibos samkurnalod.

iPS ujredebis sferoSi kvlevebs aSS-s Tavdacvis departamentic 
afinansebs. samxedro pirebs yovelTvis esaWiroebaT sisxlis didi 
maragi, raTa nebismier saomar situaciaSi daWrili piradi Semadgenlobis 
mkurnalobis saSualeba hqondeT. sisxlis wiTeli ujredebi Cveni 
sxeulis ujredebis umravlesobisgan gansxvavdeba. maT birTvebi ar 
aqvT, es ki imas niSnavs, rom gayofa da, Sesabamisad, axali ujredebis 
warmoqmna ar SeuZliaT. am Taviseburebis wyalobiT sisxlis wiTeli 
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ujredebi usafrTxoebis TvalsazrisiT yvelaze Sesaferisi masalaa, 
romlisganac iPS ujredebis klinikuri gamocdebi SeiZleba daiwyos, 
vinaidan isini sxeulSi mxolod ramdenime kvira rCeba. amasTan, Cven 
am ujredebs ar ukuvagdebT, rogorc magaliTad, donoris Tirkmlis 
SemTxvevaSi xdeba, imitom, rom Cveni imunuri sistema am ujredebs sxva 
gziT amoicnobs. sxvadasxva adamianebs SesaZloa Tavsebadi sisxlis 
wiTeli ujredebi hqondeT _ es swored is sisxlis jgufebis cnobili 
ABO sistemaa, plus zogi damatebiTi faqtori. gamoTvlilia, rom 
konkretuli sisxlis jgufis mqone sul raRac ormoci donoris 
daxmarebiT SesaZlebelia iPS ujredebis bankis Seqmna, romelic 
sruliad daakmayofilebda yvela Cvens moTxovnilebas.8 vinaidan iPS 
ujredebs unari aqvT, gayofa gaagrZelon da sul ufro da ufro 
meti iPS ujredi Seqmnan, Tu maT swor pirobebSi gamovzrdiT, 
SegviZlia usasrulo raodenobis ujredebis bankis mflobelebi 
gavxdeT. arsebobs sisxlis moumwifebeli Rerovani ujredebis aRebis 
da maTze specifikuri stimulatorebis zemoqmedebiT ujredebis 
gamozrdis kargad damkvidrebuli meTodebi, ise, rom saboloo 
jamSi maTi sisxlis wiTel ujredebad diferencireba da gardaqmna 
moxdes. arsebiTad, SesaZlebeli xdeba sxvadasxva jgufis sisxlis 
wiTeli ujredebis uzarmazari bankis Seqmna, raTa mudmivad gvqondes 
saTanado jgufis sisxlis sakmarisi maragi brZolis velze daWrili 
Tu avtokatastrofaSi moyolili pacientebisTvis.

iPS ujredebis miReba erT-erTi is iSviaTi movlena gaxda 
biologiaSi, romelmac ara marto Secvala es sfero, aramed igi 
axali SesaZleblobebiTac gaamdidra. bevris azriT, Sinia ianamaka 
jon gardonTan erTad uaxloes momavalSi nobelis premiis 
mTavari pretendentia da, albaT, maT mier Sesrulebuli samuSaos 
teqnologiuri zemoqmedebis amaze ukeT Sefaseba gagviWirdeba. maTi 
Rvawli marTlac gansakuTrebulia, Tumca buneba igive saqmes ufro 
efeqturad da ufro swrafad akeTebs.

spermatozoidis da kvercxujredis Serwymis Semdeg kvercx-
ujredis citoplazmis mier ori birTvis gadaprogrameba xdeba. kerZod, 
spermatozoidis birTvi Zalze swrafad kargavs Tavisi uwindeli 
molekuluri mexsierebis udides nawils da TiTqmis `sufTa dafa~ 
xdeba. gadaprogramebis swored es fenomeni gamoiyenes rogorc jon 
gardonma, aseve ien vilmutma da qiT qemfbelma, rodesac kvercxujredis 
citoplazmaSi zrdasrul birTvebs aTavsebdnen da axal klonebs qmnidnen.
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kvercxujredis da spermatozoidis Serwymisas gadaprogramebis 
procesi Zalze swrafad mimdinareobs da mxolod 36 saaTs 
grZeldeba. rodesac Sinia iamanakam pirvelad miiRo iPS ujredebis 
Zalian mcire raodenoba, mis saukeTeso eqsperimentSic ki Seqmnili 
ujredebis umciresi wili _ erT procentze naklebi _ aRmoCnda 
gadaprogramebuli. pirveli gadaprogramebuli iPS ujredebis 
gamosazrdelad ramdenime kvira gaxda saWiro. mas Semdeg Seqmnili 
ujredebis raodenobis gazrdasa da zrdasruli ujredebis iPS 
ujredebad gadaprogramebis siswrafeSi mniSvnelovani progresi 
SeiniSneba, Tumca bunebrivi ganayofierebis maCveneblebs erTi 
nabijiTac ver mivuaxlovdiT. ratom?

am kiTxvis pasuxi epigenetikaa. diferencirebuli ujredebi 
molekulur doneze gansakuTrebuli gzebiT epigenetikurad 
aris modificirebuli. ai, amitomac rCeba kanis fibroblastebi 
yovelTvis kanis fibroblastebad da ar gardaiqmneba, magaliTad, 
kardiomiocitebad. rodesac diferencirebuli ujredebi gada-
programdeba imisaTvis, rom pluripotentur ujredebad gadaiqces 
_ somaturi ujredebis birTvebis gadatanis gziT an iamanakas oTxi 
faqtoris gamoyenebiT, _ amgvari diferenciaciisTvis specifikuri 
epigenetikuri maxasiaTebeli unda movaSoroT, raTa birTvi ufro 
daemsgavsos axlaxan ganayofierebuli zigotis birTvs. 

kvercxujredis citoplazma Zalze efeqturad monawileobs 
Cveni genebis epigenetikuri mexsierebis ukuqcevaSi da giganturi 
molekuluri saSlelis rols asrulebs. citoplazma amas Zalze 
swrafad akeTebs im dros, rodesac kvercxujredis da spermatozoidis 
birTvebi Serwymisas zigotas warmoqmnian. xelovnuri gadaprogrameba 
iPS ujredebis Sesaqmnelad ufro pirvelklaselis moqmedebas 
gvagonebs, romelic saSinao davalebas asrulebs _ roca is drodadro 
Slis erTsa da imave sityvaSi uSnod daweril asos da bolos da 
bolos, saSlelis energiulad gamoyenebis gamo, rveulis furcels 
xvrets. miuxedavad imisa, rom TandaTan viwyebT am dros mimdinare 
procesebSi garkvevas, jer kidev Zalian Sorsa varT laboratoriul 
pirobebSi imis ganxorcielebamde, rac bunebrivi gziT xdeba. 

aqamde Cven mxolod epigenetikis fenomenze vsaubrobdiT. axla ki 
dadga dro, im molekulebze gadavideT, romlebic yvela im gasaocari 
movlenis safuZvelia, romlis Sesaxebac ukve vilaparakeT da kidev 
bevri sxva movlenisa, romelTac momavalSi ganvixilavT.
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Tu imis gageba gvinda, ra aris epigenetika, jer cota ram unda 
SevityoT genetikis da genebis Sesaxeb. dedamiwaze arsebuli sasicocxlo 
formebis umravlesobisTvis, baqteriebidan spilo ebamde Tu iaponuri 
matiteladan adamianamde, ZiriTad kods dnm (dezoqsiribonukleinis 
mJava) warmoadgens. abreviatura ̀ dnm~ didi xania, biologiis farglebs 
gascda da TandaTan sul ufro farTo mniSvnelobas iZens. sociologebi 
termins dnm sazogadoebriv jgufebTan an korporaciebTan mimarTebaSi 
iyeneben da masSi organizaciis faseulobebis ZiriTad safuZvels 
gulisxmoben. sunamoc ki gamouSves, romelic am saxels atarebs. XX 
saukunis Sua xanebis sakulto mecnieruli simbolo atomuri sokos 
Rrubeli iyo, imave saukunis meore naxevris Semdeg ki es simbolo dnm-
is ormagma spiralma Caanacvla. 

mecnierebs iseTive midrekileba aqvT ganwyobisa da stilis 
uecari cvalebadobisken, rogorc nebismieri sxva sferos 
warmomadgenlebs. iyo periodi, rodesac mecnierebaSi ganuxrelad 
batonobda orTodoqsuli azri, rom erTaderTi, rac yuradRebis 
Rirsia da rasac mniSvneloba aqvs, dnm-is scenari, Cveni genetikuri 
memkvidreobiTobaa. pirveli da meore Tavis masalebma gvaCvenes, rom 
es mcdari mosazrebaa, vinaidan ujreduli konteqstidan gamomdinare, 
erTi da igive scenari sxvadasxvagvarad SeiZleba wavikiTxoT. Tumca 
axla ukve arsebobs meore ukiduresobaSi gadavardnis safrTxe, rom  
epigenetikis ukompromisobam dnm-is kodis mniSvneloba saerTod ar 
daakninos. ra Tqma unda, WeSmariteba sadRac SuaSia. 

SesavalSi dnm aRvwereT, rogorc scenari. TeatrSi, Tu piesa 
uvargisia, verc SesaniSnavi reJisori da verc brwyinvale dasi misgan 
Sedevrs ver Seqmnis. meore mxriv, yovel Cvengans araerTxel unaxavs 
sayvareli piesebis saSineli dadgmebi. im SemTxvevaSic ki, Tu scenari 
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idealuria, saboloo Sedegi SesaZloa katastrofuli aRmoCndes, Tu 
interpretacia sustia. zustad aseve, genetika da epigenetika mWidrod 
aris erTmaneTze gadajaWvuli da erToblivad qmnian saswaulebs, 
romelTac Cvenc da Cveni garemomcveli samyaroc mivekuTvnebiT.

dnm Cvens ujredebSi informaciis fundamentur wyaros, maT 
ZiriTad sqemas warmoadgens. Tavad dnm pasiuria im TvalsazrisiT, 
rom im uamrav samuSaos ar asrulebs, romelTa wyalobiTac 
sicocxles vinarCunebT. es funqciebi ZiriTadad cilebs ekisrebaT. 
swored cilebs gadaaqvT Cvens sisxlis mimoqcevis sistemaSi 
Jangbadi, cilebi gardaqmnian Cifsebs da hamburgerebs Saqrad da 
sxva sakveb nivTierebebad, romlebic saWmlis momnelebeli sistemis 
mier Seiwoveba da Cveni tvinis kvebisTvis gamoiyeneba, cilebi kumSavs 
Cvens kunTebs, raTa am wignis furclebis gadafurcvla SevZloT, 
Tumca yvela am cilis kodi swored dnm-Sia moTavsebuli.

Tu dnm kodia, ese igi is simboloebisgan unda Sedgebodes, 
romelTa wakiTxvac SesaZlebelia. is enis rols unda asrulebdes. 
dnm-is kodic swored ase moqmedebs. Tu gaviTvaliswinebT, ra rTuli 
qmnilebaa adamiani, Zalze ucnaurad mogveCveneba is, rom Cveni dnm 
gansakuTrebuli `enaa~, romelic mxolod oTxi asosgan Sedgeba. am 
asoebs fuZeebi ewodeba, maTi sruli saxelebi ki ase JRers: adenini, 
citozini, guanini da Timini. Cveulebriv, maT SemoklebiT ase 
aRniSnaven: a, c, g da T. pirvel yovlisa, am oTxi fuZidan c _ citozini _ 
davimaxsovroT, radgan epigenetikaSi is yvela fuZeze mniSvnelovania.

imis warmosadgenad, rogor gamoiyureba dnm, gavixsenoT elva-
Sesakravi. es srulyofili analogi ar aris, Tumca dasawyisisTvis 
gamodgeba. ra Tqma unda, pirveli, rac elva-Sesakravis Sesaxeb 
CvenTvis cnobilia, is aris, rom igi ori, kbilanebiT erTmaneTisken 
mimarTuli zolisgan Sedgeba. igive SeiZleba iTqvas dnm-is Sesaxebac. 
dnm-is oTxi fuZe elva_Sesakravis kbilanebia. elva-Sesakravis 
TiToeul mxareze fuZeebi erTmaneTs qimiuri bmebiT uerTdeba 
da orive zols aerTianebs. or erTmaneTisken mimarTul fuZes, 
romlebic elva-Sesakravis kbilanebiviTaa SeerTebuli, fuZeTa 
wyvili ewodeba. naWris zolebi, romlebzedac elva-Sesakravze 
kbilanebia mikerebuli, dnm-is ZiriTadi jaWvebia. dnm-Si yovelTvis 
ori ZiriTadi jaWvia, romlebic erTmaneTisken isea mimarTuli, 
rogorc elva-Sesakravis ori naWris kbilanebiani zoli, amitomac 
uwodeben dnm-s ormagjaWvians. elva-Sesakravis ori zoli Tavisi 
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RerZis garSemo daxveulia da spiralur formas qmnis _ saxelganTqmul 
ormag spirals. 3.1 suraTze warmodgenilia dnm-is ormagi spiralis 
stilizebuli gamosaxuleba.

suraTi 3.1. dnm-is sqematuri gamosaxuleba. ori, erTmaneTze daxveuli jaWvi 
ormag spirals qmnis. spiralis jaWvebi erTmaneTs molekulis centrSi fuZeebs 
Soris qimiuri bmebiT ukavSirdeba.

am analogiiT SegviZlia mxolod am momentamde visargebloT, 
vinaidan dnm-is elva-Sesakravis kbilanebi sulac ar aris erTnairi. 
Tu erT-erTi kbilana a fuZea, sawinaaRmdego jaWvze igi mxolod 
T fuZes SeuerTdeba. analogiurad, erTi jaWvis g fuZe SeiZleba 
mxolod meore jaWvis c fuZes SeuerTdes. amas fuZeTa Sewyvilebis 
principi ewodeba. Tu erTi jaWvis a fuZe Seecdeba sawinaaRmdego 
jaWvis c fuZes SeuerTdes, amiT is dnm-is mTlianobas daarRvevs da 
elva-Sesakravis gatexil kbilanas daemsgavseba.

sisufTavis SenarCuneba

fuZeTa Sewyvilebis principi Zalian mniSvnelovania dnm-is 
funqcionirebisTvis. Cveni organizmis ujredebi ganviTarebis dros 
da zrdasruli cxovrebis umetes periodSi dayofas agrZeleben. 
es imitom xdeba, rom organoebis zomebi bavSvis zrdasTan erTad 
gaizardos. ujredebi imisTvisac iyofa, rom bunebrivi gziT 
daRupuli ujredebi Caanacvlos. amis magaliTia Zvlis tvinis mier 
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sisxlis TeTri ujredebis warmoqmna, romlebic imitom gamomuSavdeba, 
rom infeqciis gamomwvev mikroorganizmebTan gamudmebuli brZolis 
dros daRupuli ujredebi Caanacvlos. ujredTa tipebis umetesoba 
gamravlebisas Tavisi dnm-is mTlian asls akeTebs, mere ki mas or 
Svileul ujreds Tanabrad unawilebs. dnm-is gaormagebis unari 
Zalze mniSvnelovania. mis gareSe Svileuli ujredebi dnm-is gareSe 
darCebodnen, rac umetes SemTxvevaSi maT sruliad usargeblos 
gaxdida; es ujredebi programuli uzrunvelyofis gareSe darCenil 
kompiuters daemsgavsebodnen.

dnm-is gaormageba ujredis yoveli gayofis win naTlad aCvenebs, 
ratom aris fuZeTa Sewyvilebis principi aseTi mniSvnelovani. 
aseulobiT mecnierma mTeli sicocxle imis kvlevas Seswira, rogor 
axerxebda dnm aseTi zusti aslis gakeTebas. am procesis arsi ki 
SemdegSi mdgomareobs: dnm-is ori jaWvi ixsneba, ris Semdegac 
saqmeSi gaormagebaSi monawile cilebis uzarmazari raodenoba (e.w. 
replikaciis kompleqsi) erTveba. 

suraTi 3.2. gviCvenebs, ra xdeba am dros zogadad. replikaciis 
kompleqsi dnm-is TiToeuli gancalkevebuli jaWvis gaswvriv moZraobs 
da misken mimarTul axal jaWvs awyobs. kompleqsi gansazRvrul fuZes 
_ vTqvaT, c fuZes _ amoicnobs da mas yovelTvis g fuZesTan awyvilebs. 
ai, ratom aris ase mniSvnelovani fuZeTa Sewyvilebis principi. vinaidan 
c aucileblad uwyvildeba g-s, xolo a _ T-s, ujredebs SeuZliaT 
arsebuli dnm axali jaWvebis Sesaqmnelad Sablonad gamoiyenon. 
Sedegad, TiToeuli Svileuli ujredi dnm-is axal, srulyofil asls 
iRebs, romelSic erT-erTi jaWvi dnm-is sawyisi molekulidan aris 
miRebuli, meore ki _ axlad sinTezirebulia.

bunebaSic ki, sistemaSi, romelic miliardobiT wlis ganmavlobaSi 
viTardeboda, ar aris srulyofileba da drodadro replikaciis 
meqanizmic uSvebs Secdomebs, amis gamo T fuZe SesaZloa iq aRmoCndes, 
sadac wesiT c fuZe unda iyos. rodesac aseTi ram xdeba, Secdoma 
TiTqmis yovelTvis myisierad swordeba cilebis sxva nakrebis mier, 
romelTac SeuZlT amoicnon Secdoma, araswori fuZe amoiRon da is 
swori fuZiT Caanacvlon. amas dnm-is reparaciis meqanizmi ewodeba 
da erT-erTi mizezi, ris gamoc es meqanizmi muSaobs, is aris, rom 
roca fuZeebi arasworad wyvildeba, meqanizmi gansazRvravs, rom 
dnm-is elva-Sesakravi saTanadod `ar ikvreba~.
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suraTi 3.2. dnm-is replikaciis pirveli etapia ormagi spiralis jaWvebis 
gancalkeveba. TiToeuli jaWvis fuZeebi Sablonis rols asruleben axali 
jaWvis Sesaqmnelad. es imis garantia xdeba, rom dnm-is or axal orjaWvian 
molekulas fuZeebis absoluturad igive Tanamimdevroba eqneba, rac sawyis 
molekulas. dnm-is TiToeuli axali ormagi spirali Sedgeba erTi ZiriTadi 
jaWvisgan, romelic adre sawyis molekulas ekuTvnoda (Savi feris) da erTi 
axlad sinTezirebuli jaWvisagan (TeTri feris). 

ujredi uzarmazar energias xarjavs imisaTvis, rom dnm-is aslebi 
sawyisi Sablonis absoluturad identuri iyos. amis mniSvneloba 
ufro gasagebi gaxdeba, Tu dnm-is models isev scenars SevadarebT. 
gavixsenoT inglisuri literaturis erT-erTi yvelaze cnobili 
striqonebi:

`o, romeo, romeo! rad xar romeo?~

sakmarisia erTaderTi aso SevcvaloT, rom imis miuxedavad, 
scenaze es fraza rogor aJRerdeba, nakleb savaraudoa, misi azri 
iseTive darCes, rogoric poets hqonda Cafiqrebuli:

o, romeo, romeo! sad xar romeo?
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es bavSvuri magaliTi sakmaod damajereblad gvaCvenebs, risTvis 
aris saWiro scenaris zusti gameoreba. Cveni dnm-is SemTxvevaSic igive 
SeiZleba moxdes _ erTma Seusabamo cvlilebam (mutaciam) SesaZloa 
katastrofuli Sedegebi gamoiwvios. es gansakuTrebiT aqtualuria 
maSin, roca mutacia kvercxujredSi an spermatozoidSi xdeba, radgan 
saboloo jamSi aman SeiZleba iseTi individis dabadebamde migviyvanos, 
romlis yvela ujredi mutaciis matarebelia. zogierTi mutaciis 
klinikuri gamovlineba ukiduresad mZimea. amis magaliTebia, vTqvaT, 
bavSvebi, romlebic ise swrafad berdebian, rom aTi wlis asakSi 
praqtikulad ar gansxvavdebian samocdaaTi wlis moxucebisgan, an 
qalebi ZuZus kibos agresiuli da rTulad samkurnalo formebis 
ganviTarebis winaswarganwyobiT, romlis diagnostireba ormoci 
wlis asakamde rTulia. sabednierod, genetikuri mutaciebis aseTi 
saxeebi im daavadebebTan SedarebiT iSviaTia, romlebic mosaxleobis 
umetesobas awuxebs. 

adamianis organizmis yvela, 50 000 000 000 000-mde, ujredi dnm-is 
uzado replikaciis Sedegia, romelic ujredTa yoveli gayofis dros 
zedized xorcieldeba mas Semdeg, rac pirvel TavSi moxseniebuli 
erTujrediani zigota warmoiqmna. kidev ufro STambeWdavia imis 
gageba, Tu ra raodenobis dnm warmoiqmneba yovelTvis, roca ujredi 
gayofisas or Svileul ujreds warmoqmnis. Cveni TiToeuli ujredi 
dnm-is eqvs miliard wyvil fuZes Seicavs (Tavis droze am raodenobis 
naxevari mamisgan miviReT, naxevari ki _ dedisgan). am eqvsi miliardi 
wyvili fuZis Tanamimdevrobas genoms vuwodebT. amrigad, Cveni 
organizmis TiToeuli calkeuli ujredis gayofa dnm-is 6 000 000 000 
fuZis gaormagebis Sedegia. Tu pirvel TavSi gamoyenebul gamoTvlis 
meTods gavixsenebT, anu wamSi TiTo wyvil fuZes Seusveneblad 
daviTvliT, erTi ujredis genomis fuZeebis dasaTvlelad `sul 
raRac~ 190 weli dagvWirdeba. imis gaTvaliswinebiT, rom bavSvi 
erTujrediani zigotis warmoqmnidan mxolod cxra Tvis Semdeg 
ibadeba, davrwmundebiT, rom Cvens ujredebs dnm-is Zalian swrafi 
replikaciis unari aqvT.

fuZeTa sami miliardi wyvili, romelTac TiToeuli mSoblisgan 
memkvidreobiT viRebT, dnm-is erT grZel, gabmul jaWvs rodi 
warmoadgens. isini patara grovebs qmnian, romelTac qromosomebi 
ewodebaT. maT dawvrilebiT me-9 TavSi ganvixilavT.
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scenaris kiTxva

modi, ufro fundamentur sakiTxs davubrundeT imis Sesaxeb, Tu 
sinamdvileSi ras akeTebs dnm-is es eqvsi miliardi wyvili fuZe da 
rogor muSaobs Tavad scenari. ufro konkretulad, rogor SeuZlia 
mxolod oTxi asosgan (a, c, g da T) Sedgenil kods Cvens ujredebSi 
arsebuli aTasobiT gansxvavebuli cilis Seqmna? pasuxi gasaocrad 
eleganturia. is SeiZleba aRvweroT, rogorc molekuluri biologiis 
paradigma, Tumca misi ganxilva konstruqtor legos magaliTze 
ufro iolia.

legos yofili sareklamo slogania `yoveldRe axali saTamaSo~, 
rasac kompania pirnaTlad asrulebda. legos did yuTSi figurebis 
gansazRvruli raodenobaa moTavsebuli, ZiriTadad erTmaneTisgan arc 
ise gansxvavebuli, gansazRvruli formis, zomis da feris kuburebi. 
amis miuxedavad, am kuburebisgan mravalferovani modelebis awyoba 
SeiZleba, ixvebidan saxlebamde da TviTmfrinavebidan behemotebamde. 
praqtikulad igive xdeba cilebis SemTxvevaSic. cilebis `kuburebi~ 
sakmaod mcire zomis molekulebia, romelTac aminomJavebi ewodeba da 
Cveni ujredebi oc standartul aminomJavas (legos sxvadasxva kuburas) 
Seicavs, oRond es oci aminomJava erTmaneTs warmoudgeneli diapazonis 
kombinaciebiT uerTdeba da kolosaluri raodenobiT cilebs qmnis.

jer kidev gasarkvevi gvrCeba, rogor SeiZleba oci aminomJava 
dnm-is mxolod oTxi fuZiT iyos kodirebuli. saqme is gaxlavT, 
rom ujreduli meqanizmi dnm-s fuZeTa sam-sami wyviliT Sedgenili 
blokebiT `kiTxulobs~. TiToeul bloks, romelic fuZeTa sami 
wyvilisgan Sedgeba, kodoni ewodeba da SeiZleba, magaliTad, iyos 
aaa, gcg an a, c, g, da T-s nebismieri sxva kombinacia. mxolod oTxi 
fuZisgan SeiZleba 64 sxvadasxva kodoni Seiqmnas, es raodenoba ki 
sruliad sakmarisia oci aminomJavasTvis. zogi aminomJava erTze 
meti kodoniT aris kodirebuli. magaliTad, aminomJava lizini 
kodirebulia aaa da aag kodonebiT. zogierTi kodoni sulac ar 
akodirebs aminomJavebs. isini signalebis rols asruleben, romlebic 
ujredul meqanizms cilebis Tanamimdevrobis kodirebis dasrulebas 
amcnobs. aseT kodonebs stop-kodonebi anu terminatorebi ewodeba. 

saxeldobr, rogor asrulebs dnm Cvens qromosomebSi scenaris 
rols cilebis Sesaqmnelad? amas dnm Suamavali molekulis 
daxmarebiT axorcielebs, romelsac informaciuli rnm ewodeba 
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(i-rnm). i-rnm Zalian hgavs dnm-s, Tumca misgan ramdenime arsebiTi 
detaliT gansxvavdeba. misi ZiriTadi jaWvi cotaTi gansxvavdeba 
dnm-isgan (amitomac ewodeba mas rnm _ ribonukleinis da ara 
dezoqsiribonukleinis mJava); is erTjaWviania (mxolod erTi jaWvisgan 
Sedgeba); T fuZis nacvlad Zalian msgavs, Tumca mainc gansxvavebul 
fuZes uracils (u) Seicavs (modi, axla nu CavuRrmavdebiT, ase ratom 
aris). rodesac dnm-is gansazRvruli ubani `ikiTxeba~ imisaTvis, 
rom am scenaris safuZvelze romelime cila warmoiqmnas, cilebis 
uzarmazari kompleqsi dnm-is garkveul monakveTs gamoyofs da 
i-rnm-is asls akeTebs. amasTan kompleqsi i-rnm-is srulyofili 
aslebis Sesaqmnelad fuZeTa Sewyvilebis princips iyenebs. amis 
Semdeg i-rnm-is molekulebi droebiTi Sablonebis rols asruleben 
ujredis specializebul struqturebSi, romlebic cilebis sinTezs 
awarmoeben. isini kodonis samasoian kods kiTxuloben da cilebis 
grZeli jaWvis Sesaqmnelad Sesabamis aminomJavebs erTmaneTTan 
akavSireben. mTeli es procesi, rasakvirvelia, gacilebiT rTulia, 
Tumca principi swored is aris, rac zemoT aRvwereT.

aq Cveni yoveldRiuri cxovrebis analogiis moSveliebac 
dagvWirdeba. dnm-dan i-rnm-ze da cilaze gadasvlis procesi SegviZlia 
cifruli fotoaparatiT gadaRebuli gamosaxulebis damuSavebas 
SevadaroT. davuSvaT, cifruli kameriT gansacvifreblad lamazi 
adgili gadaviReT. Cven gvinda, rom es foto sxvebmac naxon, oRond 
originali arc erT SemTxvevaSi ar unda Secvalon. sawyisi faili Cvens 
kameraSi igive dnm-is scenaria. Cven mis asls vakeTebT sxva formatSi, 
romlis Secvlac SeuZlebelia, vTqvaT, PDF-Si, mere ki am PDF 
formatis failis aTasobiT asls eleqtronuli fostiT vugzavniT 
yvelas, visac misi naxva ainteresebs. PDF-is faili informaciuli 
rnm-ia. nebismiers, visac amis survili aqvs, SeuZlia am failis aslebi 
qaRaldze ganusazRvreli raodenobiT amobeWdos, es qaRaldis aslebi 
ki cilebia. ase, rom yvelas SeuZlia Cveni foto amobeWdos, magram 
faili, sadac fotos originalia, mxolod erTi arsebobs. 

ra saWiroa amdeni sirTule, informacia pirdapir ratom ar 
gadaecema? arsebobs ramdenime kargi mizezi imis asaxsnelad, Tu ratom 
aniWebs evolucia upiratesobas swored aseT arapirdapir meTods. 
erT-erTi maTgani scenaris, gamosaxulebis originaluri failis, 
dazianebis Tavidan acilebaa. rodesac dnm `ixsneba~, is SedarebiT 
mgrZnobiare xdeba dazianebis mimarT, amitomac evoluciis procesSi 
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ujredebma safrTxis Tavidan acileba iswavles. informaciis gadacemis 
arapirdapiri meTodiT, roca dnm akodirebs cilebs, minimumamde 
amcirebs drois im monakveTs, rodesac dnm-is gansazRvruli ubani Ria 
da daucveli xdeba. meore mizezi, ris gamoc evoluciam informaciis 
gadacemis swored es meTodi airCia, is aris, rom igi saSualebas iZleva 
gaakontrolos specifiuri cilebis raodenoba, romelic sinTezdeba, 
es ki procesis moqnilobas ganapirobebs.

ganvixiloT erT-erTi cilis, alkoholdehidrogenazas (adh), 
magaliTi. es cila RviZlSi gamomuSavdeba da alkohols Slis. didi 
raodenobiT alkoholis miRebisas Cveni RviZlis ujredebi maT 
mier sinTezirebuli adh-s raodenobas zrdis. alkoholis miRebis 
Sewyvetis Semdeg RviZli am cilis nakleb raodenobas gamoimuSavebs. 
swored es aris erT-erTi mizezi, ris gamoc isini, vinc xSirad svamen, 
xSirad ukeT itanen alkoholis uecar efeqtebs, vidre iSviaTad 
msmelebi, romlebsac oriode Wiqa Rvinoc ki aTrobT. rac ufro 
xSirad viRebT alkohols, miT ufro met adh-s gamoimuSavebs Cveni 
RviZli (gansazRvrul donemde), Tumca amas RviZlis ujredebi adh-s 
genis aslebis raodenobis gazrdis gareSe akeTeben. amis nacvlad 
ujredebi adh-s gens ufro efeqturad kiTxuloben, anu i-rnm-is met 
asls qmnian da/an i-rnm-is am aslebs cilebis Sablonebis saxiT ufro 
efeqturad iyeneben.

male davrwmundebiT, rom epigenetika erT-erTi is meqanizmia, 
romelsac ujredi konkretuli raodenobis gasakontroleblad 
iyenebs, pirvel yovlisa ki gansazRvravs, originaluri Sablonidan 
i-rnm-is ramdeni asli unda warmoiqmnas.

ukanasknel abzacebSi imaze visaubreT, rogor akodireben genebi 
cilebs. ramdeni genia Cvens ujredebSi? erTi SexedviT, kiTxva martivi 
Cans, Tumca ra ucnauric ar unda iyos, pasuxi araerTgvarovania. es 
imiT aixsneba, rom mecnierebi dRemde ver SeTanxmdnen, rogor unda 
ganisazRvros geni. adre yvelaferi martivi da gasagebi iyo _ geni 
ewodeboda dnm-is ubans, romelic cilas akodirebda. axla gvesmis, 
rom es metismetad sworxazovani ganmartebaa, Tumca absoluturad 
samarTliania imis Tqma, rom yvela cilas genebi akodirebs, maSinac 
ki, Tu yvela geni ar akodirebs cilas. Cvens dnm-Si 20 000-dan 24 000-
mde cilebis makodirebeli genia, es ki gacilebiT naklebia, vidre 
100 000, rogorc sul raRac aTi wlis win mecnierebi miiCnevdnen.1
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adamianis ujredebis genebis umetesobas msgavsi aRnagoba aqvs. 
genis sawyis nawilSi aris are _ promotori. is cilis kompleqsebs 
akavSirebs, romlebic dnm-s aormageben i-rnm-is Sesaqmnelad. Semdeg 
cilis kompleqsebi moZraoben warmonaqmnis gaswvriv, romelic 
cnobilia, rogorc genis sxeuli, da i-rnm-is grZel jaWvs qmnian, 
xolo genis bolomde rom miaRweven, gens gamoeyofian.

scenaris redaqtireba

warmoidgineT genis sxeuli, romlis sigrZe 3 000 fuZeTa wyvilis 
tolia, rac misTvis savsebiT misaRebi zomaa. i-rnm-is sigrZec 3 000 
fuZeTa wyvilis toli iqneba. yovel aminomJavas akodirebs kodoni, 
romelic sami fuZisgan Sedgeba, Sesabamisad, SegviZlia vivaraudoT, 
rom es i-rnm akodirebs cilas, romelic 1 000 aminomJavisgan Sedgeba, 
magram CvenTvis moulodnelad aRmovaCenT, rom sinamdvileSi cila, 
rogorc wesi, gacilebiT moklea.

genis Tanamimdevroba rom dagvebeWda, a, c, g da T asoebis 
sxvadasxva kombinaciebis grZel striqons miviRebdiT, Tumca 
am striqons saTanado kompiuteruli programis daxmarebiT Tu 
gavaanalizebT, ori tipis Tanamimdevrobas gamovyofT. pirvel tips 
ekzoni (eqspresirebuli Tanamimdevroba) ewodeba da swored ekzons 
aqvs aminomJavebis kodirebis unari. meore tips ewodeba introni 
(ineqspresirebuli Tanamimdevroba). es Tanamimdevroba aminomJavebs 
ar akodirebs. igi bevr stop-kodons Seicavs, romlebic cilis 
sinTezis damTavrebis niSans iZleva.

dnm-dan miRebuli i-rnm-is pirveladi asli ekzonebis da 
intronebis srul nakrebs Seicavs. rogorc ki rnm-is grZeli 
molekula Seiqmneba, cilis sxva multisubkompleqsi erTveba, 
romelic molekulidan intronebis yvela Tanamimdevrobas amoiRebs 
da ekzonebs erTmaneTTan aerTebs i-rnm-is Sesaqmnelad, romelic 
aminomJavebis uwyvet nakads akodirebs. redaqtirebis am process 
splaisingi ewodeba.

es procedurac Zalze rTuli Cans, Tumca am SemTxvevaSi aseTi 
meqanizmis asarCevad evolucias Zalian kargi mizezi hqonda. es imiT 
aixsneba, rom ujredi genebis sakmaod mcire raodenobas iyenebs 
cilebis gacilebiT meti raodenobis Sesaqmnelad. suraTze 3.3. 
naCvenebia, rogor muSaobs es meqanizmi.
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sur. 3.3. diagramis zeda nawilSi vxedavT dnm-is molekulas. ekzonebi, romlebic 
aminomJavebis monakveTebs akodireben, muqi ujredebiTaa gamosaxuli. intronebi, 
romlebic aminomJavebis Tanamimdevrobis kodirebaSi ar monawileoben, Ria 
feris ujredebiTaa warmodgenili. rodesac dnm-isgan rnm-is pirveladi asli 
iqmneba, rac aRniSnulia pirveli isriT, es rnm Seicavs rogorc ekzonebs, aseve 
intronebs. amis Semdeg ujreduli meqanizmi intronebs sruliad an nawilobriv 
amoiRebs (am process splaisingi ewodeba). informaciuli rnm-is saboloo 
molekulebi informacias gadascemen erTi da imave genis sxvadasxva cilebs, 
rac diagramaze sxvadasxva sityvebiT aris gamosaxuli. simartivisTvis yvela 
ekzoni da introni diagramaze erTnairi zomisaa, Tumca sinamdvileSi isini 
SeiZleba Zalze gansxvavebulebi iyvnen. 

sawyisi i-rnm yvela ekzons da yvela introns Seicavs. Semdeg, 
splaisingis procesSi, misgan intronebi amoiWreba, magram splaisingis 
dros zogierTi ekzonic SeiZleba amoRebuli iqnas. ekzonebis nawili 
SenarCunebuli iqneba saboloo i-rnm-Si, maSin roca sxva ekzonebi 
daikargeba. am procesis Sedegad sinTezirebul cilebs SesaZloa 
msgavsi funqciebi hqondeT am radikalurad gansxvavdebodnen 
erTmaneTisgan. ujreds sxvadasxva cilebis eqspresiis unari aqvs imis 
mixedviT, romeli maTgani sWirdeba im momentSi an miRebul signalebze 
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reagirebidan gamomdinare. Tu gens ganvsazRvravT, rogorc raRac 
warmonaqmns, romelic cilas akodirebs, maSin es meqanizmi imas niSnavs, 
rom mxolod 20 000-mde gens 20 000-ze gacilebiT didi raodenobis 
cilis kodireba SeuZlia. 

yovelTvis, roca genoms aRvwerT, mas, Cveulebriv, raRac 
organzomilebiani terminebiT movixseniebT, TiTqos rkinigzis lian-
dagebze vlaparakobdeT. piter freizeris laboratoriam kembrijis 
babrahemis institutidan gansacvifrebeli naSromi gamoqveyna, 
sadac naCvenebia, rom sinamdvileSi ase ar aris. piter freizeri im 
cilebis makodirebel genebze muSaobs, romlebic sisxlis wiTeli 
ujredebis pigmentis, hemoglobinis, gamosamuSaveblad aris saWiro 
(hemoglobins mTel Cvens organizmSi Jangbadi gadaaqvs). saboloo 
pigmentis Sesaqmnelad aucilebelia sxvadasxva cilis gansazRvruli 
raodenoba, romlebic sxvadasxva qromosomebSia ganlagebuli. doq-
torma freizerma aRmoaCina, rom ujredebSi, romlebic hemoglobins 
didi raodenobiT gamoimuSaveben, es qromosomuli zonebi drekadi 
xdeba da rvafexas sacecebis msgavsi gamonazardebi uCndeba. es dre-
kadi zonebi ujredis birTvis mcire monakveTze iyrian Tavs da 
iqamde irxevian, vidre erTmaneTs ar SeuerTdebian. es mniSvnelovnad 
zrdis imis Sanss, rom yvela cila, romelic funqciuri pigmentis, 
hemoglobinis, Sesaqmnelad aris saWiro, erTdroulad eqspresirdeba2. 

Cveni organizmis TiToeuli ujredi 6 000 000 000 wyvil fuZes 
Seicavs. maTgan TiTqmis 120 000 000 cilebs akodirebs. as oci milioni 
STambeWdavad JRers, sinamdvileSi ki es maTi saerTo raodenobis 
mxolod 2%-ia. ase, rom Tumca cilebs yvelaze mniSvnelovan 
produqtebad miviCnevT, romelTac ujredebi asinTezeben, Cveni 
genomis 98%-mde cilebis kodirebaSi ar monawileobs.

bolo dromde mizezi, ris gamoc Cven amdeni dnm gvaqvs da 
amavdroulad cilebis sinTezze mxolod misi mcire nawili agebs 
pasuxs, sruli idumalebiT iyo moculi. ukanaskneli aTi wlis 
ganmavlobaSi bolos da bolos daviwyeT imis garkveva, ase ratom 
xdeba da amjeradac es movlena epigenetikuri meqanizmebiT genebis 
eqspresiis regulirebasTan aRmoCnda dakavSirebuli. axla ki dadga 
dro, epigenetikis molekuluri biologiis ganxilvaze gadavideT.
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mecnierebaSi ufro mniSvnelovani axali faqtebis mopo
veba ki ara, maTi gaazrebis axali meTodebis aRmoCenaa.
ser uiliam bregi

aqamde Cvens TxrobaSi yuradReba ZiriTadad gamaxvilebuli 
iyo Sedegebze, movlenebze, romlebsac SegviZlia davakvirdeT 
da davaskvnaT, rom maT epigenetikuri procesebi iwvevs, magram 
nebismier biologiur fenomens fizikuri safuZveli aqvs da es Tavic 
swored amas eZRvneba. yvela epigenetikuri movlena, romelic zemoT 
aRvwereT, genebis eqspresiaSi variaciulobis Sedegia. magaliTad, 
baduras ujredebi genebis sul sxva nakrebis eqspresias axdens, vidre 
vTqvaT, Sardis buStis ujredebi. mainc rogor CarTavs an gamorTavs 
sxvadasxva tipis ujredebi genebis sxvadasxva jgufebs?

baduris da Sardis buStis specializebuli ujredebi uodingtonis 
epigenetikuri landSaftis ori sxvadasxva Raris fskerze mdebareobs. 
jon gardonis da Sinia iamanakas naSromebma gvaCvena, rom ra meqanizmebsac 
ar unda iyenebdnen ujredebi imisaTvis, rom am RarebSi darCnen, maT 
araferi esaqmebaT ujredis dnm-is sawyisi monaxazis SecvlasTan. is 
yovelTvis mudmivi da ucvleli rCeba. aqedan gamomdinare, genebis 
gansazRvruli nakrebebis aqtivacias da represias (CarTva-gamorTvas) 
raRac sxva meqanizmi unda axorcielebdes, Tanac iseTi meqanizmi, 
romlis SenarCuneba Zalian didxans SeiZleba. es asec unda iyos, radgan 
zogierTi ujredi, magaliTad, Tavis tvinis neironebi, gasaocari 
sicocxlisunarianobiT gamoirCeva. 85 wlis adamianis Tavis tvinis 
neironebis asaki daaxloebiT 85 welia. es ujredebi adreul bavSvobaSi 
yalibdeba da mTeli sicocxlis ganmavlobaSi ucvleli rCeba.

Tumca sxva ujredebi gansxvavebulia. kanis zeda Sris, epidermisis, 
ujredebi am qsovilis ufro Rrma Sreebis Rerovani ujredebis 
mudmivi gayofis Sedegad daaxloebiT yovel xuT kviraSi erTxel 
sruliad icvleba. es Rerovani ujredebi yovelTvis kanis mxolod 
axal ujredebs warmoqmnis da ara, magaliTad, kunTovan ujredebs. 
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amitomac sistema, romelic genebis gansazRvrul nakrebebs aqtiur 
an represiul mdgomareobaSi inarCunebs, amasTanave, iseTi meqanizmi 
unda iyos, romelic yoveli gayofisas mSoblis ujredidan Svileul 
ujreds SeiZleba gadaeces.

paradoqsuli situacia iqmneba. 1940-iani wlebis Sua xanebSi 
osvald eiveris da misi kolegebis mier gamoqveynebuli naSromidan 
mkvlevrebisaTvis cnobilia, rom dnm ujreduli masalaa, romelsac 
Cveni genetikuri informacia gadaaqvs. Tu dnm erTi individis 
sxvadasxva tipis ujredebSi yovelTvis erTnairia, maSin rogor 
SeiZleba genebis eqspresiis daujereblad zusti kombinaciebi 
ujredis gayofisas Taobidan TaobaSi gadaeces?

da ai, kvlav vubrundebiT msaxiobebis analogias, romlebic scenars 
kiTxuloben. baz lurmani leonardo di kaprios Seqspiris `romeo 
da julietas~ teqsts gadascems, romelsac reJisoris mier xeliT 
miwerili an dabeWdili SeniSvnebi axlavs _ msaxiobebis mimarTuleba, 
kamerebis ganlageba da sxva bevri damatebiTi teqnikuri informacia. 
rodesac leo scenaris asls akeTebs, baz lurmanis mier damatebuli 
SeniSvnebic am aslSi xvdeba. ̀ romeo da julietas~ scenaris egzemplari 
kler deinssac aqvs. masze reJisoris gansxvavebuli komentarebia 
miwerili da piesis teqstis am versiis aslsac iReben. genebis eqspresiis 
epigenetikuri regulaciac swored am gziT xdeba _ sxvadasxva ujredebs 
dnm-is erTnairi monaxazi (saavtoro piesis originali) aqvT, Tumca 
sxvadasxva molekuluri modifikaciis matareblebi arian (reJisoris 
scenari), romlebic ujredis yoveli gayofis dros SeiZleba dediseuli 
ujredidan Svileul ujreds gadaeces. 

dnm-is es modifikaciebi ar cvlis a, c, g da T fuZeebis Tavdapirvel 
arss Cvens genetikur scenarSi, Cvens monaxazSi. rodesac romelime geni 
aqtiurdeba da i-rnm (informaciuli rnm)-is asli warmoiqmneba, am i-rnm-s 
fuZeTa zustad igive Tanamimdevroba aqvs, rac fuZeTa Sewyvilebis 
wesebiT kontroldeba, imis miuxedavad, aris Tu ara es geni epigenetikuri 
danamatebis matarebeli. swored aseve, dnm-is gaormagebisas, rodesac 
ujredis gayofisTvis axali qromosomebi warmoiqmneba, a, c, g da T 
fuZeebis iseTive Tanamimdevrobebis asli warmoiqmneba. 

Tu epigenetikuri modifikaciebi ar cvlis genebSi Cadebul 
informacias, maSin risTvis aris isini saWiro? principSi, isini 
gavlenas axdenen imaze, ramdenad eqspresirdeba geni da, saerTod, 
eqspresirdeba Tu ara. epigenetikuri modifikaciebi ujredis 
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gayofisas Svileul ujredebs SeiZleba gadaeces da amis wyalobiT 
Svileul ujredSi genebis eqspresiis regulaciis meqanizmi iseTive 
rCeba, rogoric dediseul ujredSi iyo. swored am mizeziT kanis 
Rerovani ujredebidan mxolod kanis axali ujredebis ganviTarebaa 
SesaZlebeli da ara raime sxva tipis ujredebisa.

dnm-Tan yurZnis marcvlis miwebeba

pirveli gamovlenili epigenetikuri modifikacia dnm-is 
meTilireba iyo. meTilireba niSnavs meTilis jgufis damatebas 
sxva qimiur naerTze, am SemTxvevaSi dnm-ze. meTilis jgufi Zalian 
pataraa. is mxolod naxSirbadis erTi atomis da masTan mierTebuli 
wyalbadis sami atomisgan Sedgeba. qimikosebi atomebs da molekulebs 
maTi molekuluri masis mixedviT aRweren, Tanac TiToeuli elementis 
atoms sakuTari, sxva atomebisgan gansxvavebuli masa aqvs. saSualod, 
fuZeTa wyvilis molekuluri masa daaxloebiT 600 da-s Seadgens (da 
- `daltonis~, molekuluri masis erTeulis, Semoklebuli aRniSvnaa). 
meTilis jgufis molekuluri masa sul raRac 15 da gaxlavT. meTilis 
jgufis mierTebiT fuZeTa wyvilis masa 2,5 procentiT izrdeba. es 
SeiZleba CogburTis burTze yurZnis marcvlis miwebebas SevadaroT.

suraTze 4.1. vxedavT, rogor xdeba dnm-is meTilireba qimiuri 
TvalsazrisiT. 

suraTi 4.1. dnm-is erT-erTi fuZis, citozinis, da misi epigenetikurad 
modificirebuli saxesxvaobis, 5-meTilcitozinis, qimiuri struqtura. C _ 
naxSirbadi; H _ wyalbadi; O _ Jangbadi. sqemis gasamartiveblad masze sagangebod 
ar aris naCvenebi naxSirbadis zogierTi atomi, Tumca isini iq arian, sadac ori 
SemaerTebeli xazia gamosaxuli.

aq naCvenebia fuZe citozini (c). is erTaderTia dnm-is oTxi 
fuZidan, romelic meTilirdeba da 5-meTilcitozins warmoqmnis. 
`5~ rgolSi im adgils miuTiTebs, romelsac meTili emateba da 
ara meTilis jgufebis raodenobas _ es jgufi yovelTvis erTia. 
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meTilirebis aseTi reaqcia Cvens ujredebSi, iseve, rogorc umetesi 
organizmebis ujredebSi, xorcieldeba am sami fermentidan erT-
erTis daxmarebiT _ DNMT1, DNMT3A an DNMT3B. 

DNMT _ dnm-meTiltransferazas Semoklebuli aRniSvnaa (inglisuri 
DNA (dnm) methyltransferase-dan). sxvadasxva DNMT epigenetikuri 
`damSifravebis~ magaliTebs warmoadgens _ fermentebisa, romlebic 
epigenetikur kods qmnian. umetes SemTxvevebSi es fermentebi meTilis 
jgufs mxolod im c fuZes amateben, romlebsac g fuZe mosdevs. c da 
g Tanamimdevroba ase Caiwereba: CpG.

aseTi CpG-meTilireba epigenetikur modifikacias warmoadgens, 
romelsac epigenetikur markersac uwodeben. qimiuri jgufi 
`ewebeba~ dnm-s, magram amasTan misTvis damaxasiaTebel genetikur 
Tanamimdevrobas ar cvlis. c fuZem mxolod iersaxe Seicvala. Tu 
gaviTvaliswinebT, rom modifikacia aseTi mcirea, albaT, gagvaocebs 
is faqti, rom es movlena wignSi kidev bevrjer iqneba naxsenebi, isic 
gasakviria, rom mis gareSe epigenetikis Temaze Catarebuli arc erTi 
diskusia ar Caivlis xolme. es imiT aixsneba, rom dnm-is meTilireba 
namdvilad udides gavlenas axdens genebis eqspresiaze da, saboloo 
jamSi, ujredebis, qsovilebis da mTeli organizmis funqciebze.

1980-iani wlebis dasawyisSi damtkicda, rom Tu ZuZumwovarTa 
ujredebSi dnm-s SeviyvanT, swored am Seyvanili dnm-is meTilirebis 
donezea damokidebuli, ramdenad aqtiurad moxdeba misgan rnm-is 
transkripcia. rac ufro meTilirebuli iyo Seyvanili dnm, miT ufro 
nakleb produqtiuli iyo misi transkripcia.1 sxva sityvebiT rom 
vTqvaT, pirdapiri urTierTkavSiri iqna dadgenili dnm-is meTilirebis 
maRal donesa da represirebuli genebis raodenobas Soris. Tumca 
gaurkveveli rCeboda, ramdenad mniSvnelovani iyo es ujredTa 
birTvul genebze da ara im genebze, romlebic maTSi Seiyvanes.

ZuZumwovrebis ujredebSi meTilirebis rolis gansazRvrisaTvis 
fundamenturi kvleva Catarda edrian berdis laboratoriaSi, 
romelmac samecniero karieris umetesi nawili konrad uodingtonis 
sayvarel qalaq edinburgSi gaatara. profesori berdi samefo 
samecniero sazogadoebis wevri da fond Welcome Trust-is samecniero 
TanaTavmjdomarea. fondi Welcome Trust Zalze gavleniani 
saqvelmoqmedo organizaciaa, romelic did britaneTSi mecnierul 
kvlevebs afinansebs. berdi klasikuri britaneli mecnieris nimuSia _ 
saocrad Tavmdabali adamiani, romelsac natifi manerebi, dabali xma 
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da daxvewili iumori aqvs. igi sruliad ar eswrafvis popularobas, 
rac mkveTrad upirispirdeba mis gansacvifrebel saerTaSoriso 
reputacias. berdi xom mTel msoflioSia cnobili, rogorc dnm-is 
meTilirebis meqanizmis da genebis eqspresiaSi misi rolis ̀ naTlimama~.

1985 wels edrian berdma Jurnal Cell-Si pirveli statia gamoaqveyna, 
sadac gvaCvena, rom CpG (citozin-guaninis dinukleotidi) motivebis 
umravlesoba mTeli dnm-is sigrZeze SemTxveviTi wesiT ki ar 
ganlagdeba, aramed CpG wyvilebis umetesoba uSualod gansazRvruli 
genebis promotoris areSi koncentrirdeba.2 promotorebi genomis 
im ubnebs ewodeba, sadac dnm-is transkripciuli kompleqsebis 
dakavSireba xdeba da dnm-is gadawera iwyeba rnm-is warmosaqmnelad. 
CpG motivebis maRali koncentraciis ubnebs CpG kunZulebi ewodeba.

cilebis makodirebeli genebis daaxloebiT 60 procentSi 
promotorebSi CpG kunZulebia ganlagebuli. rodesac es genebi 
aqtiuria, CpG kunZulebSi meTilirebis doneebi dabalia. CpG 
kunZulebi maRalmeTilirebuli mxolod im SemTxvevebSi xdeba, roca 
es genebi represirebulia. ujredTa sxvadasxva tipebi sxvadasxva 
genebis eqspresias axdens, amitomac gasakviri araferia imaSi, rom 
sxvadasxva tipis ujredebSi CpG kunZulebis meTilirebis modelebic 
gansxvavebulia.

garkveuli drois ganmavlobaSi ar wydeboda xmauriani diskusiebi 
im Temaze, ras unda niSnavdes aseTi urTierTdamokidebuleba. es 
ZvelTaganve cnobili kamaTi iyo imis Taobaze, ra aris mizezi da ra 
_ Sedegi. erTi versiis mixedviT, dnm-is meTilireba, Tavisi arsiT, 
istoriuli modifikaciaa _ Tavdapirvelad genebi raRac gaurkveveli 
meqanizmiT iTrgunebodnen, mere ki dnm meTilirebuli gaxda. am 
modelis Tanaxmad, dnm-is meTilireba genebis represiis Sedegi iyo. 
sxva Tvalsazrisis momxreebi im hipoTezas eyrdnobodnen, rom jer 
CpG kunZulebis meTilireba moxda, xolo mere am meTilirebam genis 
represia gamoiwvia. aseT SemTxvevaSi swored epigenetikuri modifikacia 
gaxlavT genebis eqspresiis cvlilebis mizezi. miuxedavad imisa, rom 
am sakiTxze gaafTrebuli kamaTi konkurent laboratoriebs Soris 
dResac grZeldeba, am TemiT dakavebuli mecnierebis didi umravlesoba 
eTanxmeba azrs, rom monacemebi, romlebic edrian berdis mier statiis 
gamoqveynebidan meoTxedi saukunis ganmavlobaSi dagrovda, meore, 
kauzaluri versiis sasargeblod metyvelebs. umetes SemTxvevebSi CpG 
kunZulebis meTilireba genis dasawyisSi mis daTrgunvas iwvevs. 
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edrian berdma am procesis kvleva ganagrZo. mas daamtkica, rom 
dnm-is meTilirebisas is ierTebs cilas, romelsac MeCP2 hqvia 
(inglisuri saxelwodebidan Methyl CpG binding protein 2 _ meTil CpG 
damakavSirebeli cila 2)3 Tumca es cila ar ukavSirdeba CpG-s 
arameTilirebul motivebs, rac albaT, cota gasakviria, Tu suraT 
4.1.-s gavixsenebT da gaviazrebT, rogor hgavs erTmaneTs citozinis 
meTilirebuli da arameTilirebuli formebi. fermentebs, romlebic 
dnm-s meTilis jgufs amateben, zemoT ukve davarqviT epigenetikuri 
kodis `damSifravebi~. MeCP2 dnm-s modifikaciebs ar amatebs. misi 
roli imaSi mdgomareobs, rom ujreds dnm-is romelime ubanze 
arsebuli modifikaciebis interpretaciis saSualeba misces. MeCP2 
epigenetikuri kodis `wamkiTxvelis~ magaliTs warmoadgens.

rodesac MeCP2 genis promotorSi 5-meTilcitozins ukavSirdeba, 
is, rogorc Cans, mTel rig funqciebsac asrulebs: sxva cilebs izidavs, 
romlebic aseve uwyoben xels gansazRvruli genis daTrgunvas.4 
amas garda, genis promotorTan dakavSirebiT mas SeuZlia dnm-is 
transkripciuli meqanizmis SeCereba, es ki, Tavis mxriv, i-rnm-is 
sainformacio molekulis produqcias Trgunavs.5 ubnebze, sadac 
genebi da maTi promotorebi Zalian Zlierad arian meTilirebulni, 
MeCP2-s dakavSireba ise gamoiyureba, rogorc procesis nawili, 
romlis drosac qromosomis es ubani TiTqmis samudamod wyvets 
funqcionirebas. dnm Zalian mWidrod ixveva da genebis transkripciis 
meqanizms i-rnm-is aslebis Sesaqmnelad fuZeTa wyvilebTan xeli aRar 
miuwvdeba. 

es erT-erTi mizezia, ris gamoc dnm-is meTilireba aseTi 
mniSvnelovania. gaxsovT, zemoT vTqviT, rom 85 wlis adamianis Tavis 
tvinis neironebi praqtikulad maTi mflobelis asakis tolia? rva 
aTeul welze meti xnis ganmavlobaSi dnm-is meTilirebis wyalobiT 
genomis zogi ubani Zalian mWidrod daxveuli rCeba, rac saSualebas 
aZlevs neironebs, sruliad daTrgunon gansazRvruli genebi. swored 
amitom Cveni Tavis tvinis ujredebi arasodes warmoSobs, magaliTad, 
hemoglobins an saWmlis momnelebel fermentebs.

ra xdeba sxva situaciaSi _ igive kanis Rerovani ujredebis 
SemTxvevaSi, romlebic Zalze intensiurad mravldebian, magram 
amasTan yovelTvis mxolod kanis axal ujredebs warmoqmnian da 
ara sxva tipis, magaliTad, Zvlis ujredebs? am SemTxvevaSi, dnm-is 
meTilirebis sqema dediseuli ujredidan Svileul ujreds gadaecema. 
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rodesac dnm-is ormagi spiralis jaWvebi gancalkevdeba, TiToeuli 
maTgani fuZeTa Sewyvilebis principiT ormagdeba, rac me-3 TavSi 
vnaxeT. suraTze 4.2. naCvenebia, ra xdeba, roca aseTi replikacia 
xorcieldeba ubanze, sadac CpG c fuZezea meTilirebuli.

suraTi 4.2. am sqemaze naCvenebia, rogor SeiZleba dnm-is meTilirebis modelis 
SenarCuneba misi replikaciis dros. meTilis jgufi warmodgenilia Savi wriT. 
dediseuli dnm-is ormagi spiralis gancalkevebis Semdeg 1 etapze da dnm-is 
orive jaWvis replikaciis Semdeg me-2 etapze axali jaWvebi `mowmdeba~ fermentis 
dnm-meTiltransferaza 1-is (DNMT1) mier. DNMT1-s SeuZlia gansazRvros, rom 
meTilis jgufi dnm-is molekulis erTi jaWvis citozinis romelime motivze ar 
Seesabameba axlaxan sinTezirebul jaWvs. maSin DNMT1-s meTilis jgufi axal 
jaWvze gadaaqvs (etapi 3). es mxolod im SemTxvevebSi xdeba, roca CpG motivSi c 
da g fuZeebi erTmaneTs mosdevs. am procesis wyalobiT uzrunvelyofilia dnm-is 
meTilirebis modelis SenarCuneba misi replikaciis da ujredis gayofis dros. 
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DNMT1-s unari aqvs gamoicnos, meTilirebulia Tu ara CpG 
motivi mxolod erT jaWvze. rodesac DNMT1 am disbalanss 
aRmoaCens, is axlad gaormagebul jaWvze ̀ gamotovebul~ meTilirebas 
aRadgens. amrigad, Svileuli ujredebi saboloo jamSi dnm-is igive 
meTilirebul modelebs miiReben, rogoric dediseul ujreds hqonda. 
amis Sedegad, isini igive genebs daTrgunaven, romelsac dediseuli 
ujredi Trgunavda da kanis ujredebic yovelTvis kanis ujredebad 
darCeba.

saocari Tagvebi YouTube-ze

epigenetikis tendenciaa iq aRmoCndes, sadac mecnierebi ar 
elodebian. ukanasknel wlebSi amis erTi yvelaze saintereso magaliTi 
dakavSirebulia MeCP2-Tan, cilasTan, romelic dnm-is meTilirebis 
markerebs kiTxulobs. ramdenime wlis win didi popularobiT 
sargeblobda dRes ukve diskreditebuli Teoria imis Sesaxeb, rom 
wiTelas sawinaaRmdego vaqcina autizms iwvevs, rac farTod Suqdeboda 
mediasaSualebebis mier. erTi Zalze soliduri britanuli gazeTi 
Tavis furclebze detalurad aRwerda patara gogonas Semzarav ambavs. 
Cvilobisas mas yvela saWiro acra Cautarda. wiTelas sawinaaRmdego 
vaqcinaciis Semdeg, romelic mas pirvel dabadebis dRemde cota 
xniT adre Cautarda, gogonas mdgomareoba swrafad gauaresda, im 
droisaTvis SeZenili Cvevebis umetesoba dakarga. statiis gamoqveynebis 
momentisTvis gogona TiTqmis oTxi wlis iyo da statiis avtori 
irwmuneboda, rom mas autizmis iseTi mZime simptomebi aReniSneboda, 
romelic adre arasodes enaxa. bavSvi ver laparakobda, swavlis unari 
mkveTrad hqonda daqveiTebuli, xolo moqmedebebi _ Zalian mwiri da 
ganmeorebadi, xelebis mizanmimarTuli moZraobac SeezRuda (magaliTad, 
xels saWmlisken aRar iSverda). am Zalze mZime daavadebis ganviTareba, 
udavod, tragedia iyo misTvis da misi ojaxisTvis.

Tumca neirogenetikaSi metnaklebad gaTviTcnobierebuli mkiT-
xveli am statiis wakiTxvisas ueWvelad gaamaxvilebda yuradRebas 
or momentze. pirveli, rac Zalian uCveuloa, is aris, rom gogonebSi 
autizmis aseTi mZime forma iSviaTia. umetesad es biWebisTvisaa dama-
xasiaTebeli. meore, rac TvalSisacemi iyo, aRwerili simptomebi 
detalurad emTxveoda iSviaTi genetikuri daavadebis, retis sindromis 
niSnebs, sicocxlis pirvel TveebSi normaluri ganvi Tarebidan 
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dawyebuli, am mdgomareobisTvis damaxasiaTebeli simpto mebis 
gamovlenis droiT damTavrebuli. ubralo damTxvevaa is, rom retis 
sindromis simptomebi, iseve, rogorc autizmis tipebis umetesobaSi, 
pirvelad swored im asakSi gamomJRavndeba, roca Cvilebs, rogorc 
wesi, wiTelas sawinaaRmdego vaqcinacia utardebaT xolme. 

ra kavSiri aqvs am ambavs epigenetikasTan? 1999 wels mecnierTa 
jgufma gamoCenili neiroqirurgis huda zogbis xelmZRvanelobiT, 
merilendis hovard hiuzis samedicino institutidan, gvaCvena, 
rom retis sindromis SemTxvevaTa umetesoba gamowveulia MeCP2-is 
mutaciebiT, anu im genis, romelic meTilirebuli dnm-is wamkiTxvels 
(`gamSifravs~) kodirebs. bavSvebs, romelTac es sindromi aqvT, MeCP2 
genis mutacia aReniSnebaT, rac imas niSnavs, rom maT ujredebSi 
funqciuri cila MeCP2-is gamomuSaveba ar xdeba. imis miuxedavad, rom 
maTi ujredebi dnm-is normaluri meTilirebis unars inarCuneben, 
maT epigenetikuri kodis am nawilis sworad wakiTxva ar SeuZliaT. 

mZime klinikuri simptomebi MeCP2-is mutaciis mqone bavSvebSi 
amtkicebs, rom epigenetikuri kodis sworad wakiTxvas Zalian didi 
mniSvneloba aqvs. es simptomebi sxva ramesac gvamcnoben. retis 
sindromiT daavadebuli gogonebis yvela qsovili erTnairad ar 
aris dazianebuli, ase, rom SesaZloa, swored es epigenetikuri gza 
asrulebs mniSvnelovan rols zogierT da ara yvela qsovilSi. imis 
gamo, rom gogonebSi mZime gonebrivi CamorCeniloba viTardeba, 
SegviZlia vivaraudoT, rom Tavis tvinisTvis Zalze mniSvnelovania 
MeCP2 normaluri cilis saWiro raodenoba. Tu gaviTvaliswinebT, 
rom am bavSvebis sxva organoebis, magaliTad, RviZlis an Tirkmelis, 
qsovilebi sruliad janmrTelia, SegviZlia davaskvnaT, rom maTTvis 
MeCP2-is aqtivoba mniSvnelovani ar aris. SesaZloa, Tavad dnm-is 
meTilireba arc ise gadamwyvet rols asrulebs am qsovilebisTvis 
an SeiZleba isini MeCP2-is garda sxva cilebsac Seicaven, romelTac 
epigenetikuri kodis am nawilis wakiTxvis unari SeswevT.

gava dro da mecnierebi, eqimebi, retis sindromiT daavadebuli 
bavSvebis ojaxis wevrebi bevrs gaiReben imisaTvis, rom am daavadebis 
kvlevaSi miRweuli Sedegebis gamoyeneba SeZlon, rac mis ukeT 
mkurnalobaSi dagvexmareba. CvenTvis es didi gamowvevaa, radganac 
im mdgomareobaSi Careva mogviwevs, romelic bavSvis ganviTarebis 
procesSi momxdari genuri mutaciis Sedegad Tavis tvinze 
zemoqmedebs.
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retis sindromis erT-erTi yvelaze damTrgunveli aspeqti Rrma 
gonebrivi CamorCenilobaa, rac TiTqmis universaluri simptomia. aravin 
icoda, SesaZlebeli iyo Tu ara iseTi nevrologiuri problemis ukuqceva, 
rogoric ukve ganviTarebuli gonebrivi CamorCenilobaa, Tumca saerTo 
mosazreba amis Taobaze arc ise optimisturi iyo. da ai, Cveni ambis 
mTavari gmiri isev edrian berdi xdeba. 2007 wels Jurnal Science-Si man 
gasaocari statia gamoqveyna, sadac kolegebTan erTad gvaCvena, rom 
retis sindromis damarcxeba SesaZlebelia, risi damamtkicebelic maT 
mier Tagvebze Catarebuli eqsperimentebi gaxlavT.

edrian berdma da misi laboratoriis mkvlevrebma Tagvebis 
klonirebuli xazi Seqmnes, sadac Mecp2 geni inaqtivirebuli iyo. 
amisaTvis maT gamoiyenes meTodika, romelic pirvelad rudolf jeniSma 
SeimuSava. Tagvebs mZime nevrologiuri simptomebi ganuviTardaT, 
zrdasrul asakSi maTi aqtivoba ki normas sagrZnoblad CamorCeboda. 
Tu janmrTel Tagvs didi TeTri yuTis centrSi dasvamT, is TiTqmis 
myisve daiwyebs Tavisi axali garemos gamokvlevas. bevrs imoZravebs, 
yuTis kedlebis gaswvriv irbens, TiTqmis iseve, rogorc Cveulebrivi, 
Sinauri Tagvi, romelic plintusebs miuyveba da xSirad dgeba ukana 
TaTebze, raTa mxedvelobis are gaifarTovos. Tagvi ki, romelsac 
Mecp2 mutacia aqvs, am qmedebebidan TiTqmis arafers asrulebs _ Tu 
mas didi TeTri yuTis centrSi CavsvamT, igi arc gainZreva.

rodesac edrian berdma Tavisi Tagvebis xazi Seqmna Mecp2 
mutaciiT, amave dros imazec izruna, rom Tagvebs Mecp2-is normaluri 
aslic hqonodaT. Tumca es normaluri asli `mdumare~ rCeboda _ is 
Tagvis ujredebSi gaaqtivebuli ar iyo. eqsperimentis mTavari arsi 
ki imaSi mdgomareobda, rom Tu Tagvebs gansazRvrul uvnebel qimiur 
preparats miscemdnen, maTi normaluri Mecp2 geni aqtiurdeboda. 
es ki eqsperimentatorebs saSualebas aZlevda, Tagvebis zrda-
ganviTareba maT ujredebSi Mecp2-is gareSe waremarTaT, xolo Semdeg, 
mecnierebisTvis sasurvel dros, Mecp2 genis gaaqtivebas SeZlebdnen.

Mecp2 genis amgvari aqtivaciis Sedegebi uCveulo aRmoCnda. Tagvebi, 
romlebic iqamde mSvidad isxdnen TeTri yuTis SuagulSi, uecrad 
iseT cnobismoyvare mkvlevrebad gadaiqceodnen xolme, rogorebic 
wesiT unda yofiliyvnen kidec.6 am eqsperimentis mimdinareobis 
videoklipebis moZieba Tavadac SegiZliaT YouTube-ze, edrian berdis 
interviusTan erTad, sadac igi Tavmdablad aRiarebs, rom Tagvebis 
qcevis aseT gansacvifrebel cvlilebebs TviTonac ar eloda.7
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es eqsperimenti im mizeziT aris aseTi mniSvnelovani, rom mZime 
nevrologiuri mdgomareobebis mkurnalobis axali meTodebis moZiebis 
imeds iZleva. Jurnal Science-Si am statiis gamoqveynebamde samecniero 
wreebSi gabatonebuli iyo azri, rom Tu rTuli nevrologiuri 
mdgomareoba ukve ganviTarebulia, procesis ukuqceva SeuZlebelia. 
es Sexeduleba gansakuTrebiT gavrcelebuli iyo im mdgomareobebis 
SemTxvevaSi, romlebic ganviTarebis periodSi, anu mucladyofnis dros 
an adreuli Cvilobis asakSi aRmocendeboda. es kritikuli periodia, 
rodesac ZuZumwovrebis Tavis tvini uamrav kavSirs da struqturas 
qmnis, romlebic mTeli sicocxlis ganmavlobaSi gamoiyeneba. Mecp2 
mutant Tagvebze eqsperimentebis SedegebiT SegviZlia vivaraudoT, 
rom SesaZloa retis sindromis drosac ujreduli aparatis yvela 
komponenti, romelic aucilebelia normaluri nevrologiuri 
funqcionirebisaTvis, Tavis tvinSi ukve arsebobdes _ ubralod, maTi 
saTanadod gaaqtivebaa saWiro. Tu adamianis SemTxvevaSic asea (Tavis 
tvinis doneze ki Cven arc ise ganvsxvavdebiT Tagvebisgan), es imeds 
gvisaxavs, rom mkurnalobis iseTi meTodebis SemuSavebas SevZlebT, 
romelTac Zala SeswevT, iseT mZime mdgomareobas gaumklavdnen, 
rogoric gonebrivi CamorCenilobaa. amas ise ver gavakeTebT, 
rogorc Tagvebis SemTxvevaSi moxda, vinaidan amgvari genetikuri 
meTodikis gamoyeneba mxolod sacdel cxovelebzea SesaZlebeli da 
ara adamianebze, Tumca es imaze metyvelebs, rom azri aqvs saTanado 
preparatebis SemuSavebas SevudgeT, romelTac msgavsi Sedegi eqnebaT. 

dnm-is meTilireba marTlac Zalian mniSvnelovania. dnm-is 
meTilirebis arasworma wakiTxvam SeiZleba mZime da damangrevel 
nevrologiur aSlilobebamde migviyvanos, ris gamoc retis sindromiT 
daavadebuli bavSvebi mTeli sicocxlis ganmavlobaSi unarSezRudulebi 
rCebian. dnm-is meTilirebas aseve didi mniSvneloba aqvs sxvadasxva 
tipis ujredebSi genebis eqspresiis swori modelis SesanarCuneblad 
_ rogorc ramdenime aTwleulis ganmavlobaSi dRegrZeli neironebis 
SemTxvevaSi, aseve Rerovani ujredebis yvela Taobis SemTxvevaSi iseT 
mudmivad ganaxlebad qsovilebSi, rogoric, magaliTad, kania. 

Tumca kidev erTi konceptualuri problema gvaqvs. neironebi 
mkveTrad gansxvavdeba kanis ujredebisagan. Tu orive tipis ujredebi 
gansazRvruli genebis `gamosarTavad~ da maTi am mdgomareobaSi 
SesanarCuneblad dnm-is meTilirebas mimarTavs, maT genebis sxvadasxva 
nakrebis meTilireba mouwevT. winaaRmdeg SemTxvevaSi yovelTvis 
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erTi da igive genebi erTnairi xarisxiT unda eqspresirdebodes da 
maSin maT aucileblad erTi tipis ujredebi unda warmoqmnan da ara 
neironebi da kanis ujredebi.

amocanis amoxsna, Tu rogor iyeneben ori tipis ujredebi erTi 
da imave meqanizms ase gansxvavebuli Sedegebis misaRebad, imaSi 
mdgomareobs, Tu ra gavlenas axdens dnm-is meTilireba sxvadasxva 
tipis ujredebis genomis sxvadasxva ubnebze. amas ki molekuluri 
epigenetikis meore globalur sferomde mivyavarT. cilebamde.

dnm-s megobari hyavs

dnm-s xSirad aRweren, rogorc `SiSvel~, gancalkevebul 
molekulas, anu ise, TiTqos es dnm iyos da sxva araferi. Cvens 
warmosaxvaSi dnm-is ormagi spirali, albaT, ise gamoiyureba, rogorc 
Zalian grZeli da daklaknili rkinigzis liandagi. wina TavSi dnm-
is molekula marTlac daaxloebiT ase aRvwereT. Tumca sinamdvile 
mkveTrad gansxvavdeba amgvari warmosaxvisagan da bevri didi garRveva 
epigenetikaSi swored maSin xdeboda, roca mecnierebi amis srulad 
gacnobierebas iwyebdnen.

dnm mWidrod aris dakavSirebuli cilebTan, kerZod ki imaTTan, 
romelTac histonebi ewodebaT. dRes epigenetikasa da genebis 
regulaciaSi ZiriTadi yuradReba gamaxvilebulia oTx konkretul 
histonur cilaze, H2A, H2B, H3 da H4. am histonebs e.w. `globuluri~ 
(sferuli) struqtura aqvT, vinaidan maT kompaqturad daxveuli 
burTis forma gaaCniaT. Tumca TiToeul am burTulas moZravi 
Tavisufali aminomJavebis jaWvic aqvs, romelsac histonuri kudi 
ewodeba. am oTxi histonuri cilidan TiToeulis or-ori asli erTad 
mWidro struqturas qmnis, romelsac histonuri oqtameri hqvia 
(radgan is rva individualuri histonisgan Sedgeba).

albaT, ufro ioli iqneba, Tu oqtamers ise warmovidgenT, 
rogorc ping-pongis rva burTs, romlebic or rigad aris dalagebuli 
erTmaneTze. dnm ise mWidrod aris gars Semoxveuli am cilovan 
warmonaqmns, rogorc Zirtkbilas grZeli Rero _ zefirs da qmnis 
struqturas, romelsac nukleosoma ewodeba. TiToeuli nukleosomis 
garSemo dnm-is 147 wyvili fuZea daxveuli. suraTze 4.3. gamosaxulia 
nukleosomis aRnagobis Zalze gamartivebuli sqema, romelzec TeTri 
zoli dnm-ia, nacrisferi xveulebi ki histonur kudebs warmoadgens.
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Tu sul raRac TxuTmeti wlis win histonebis Sesaxeb informaciis 
moZiebas SevecdebodiT, mxolod imas SevityobdiT, rom isini 
aRwerilia, rogorc `SefuTuli cilebi~. ra Tqma unda, dnm marTlac 
SefuTuli unda iyos. ujredis birTvis diametri, Cveulebriv, 10 
mikronamdea (1/100 milimetri) da dnm ujredSi Tavisuflad rom iyos 
gaSlili, misi sigrZe 2 metrs miaRwevda. dnm mWidrod aris daxveuli 
nukleosomebis garSemo, xolo isini erTmaneTzea dalagebuli. 

Cveni qromosomebis gansazRvrul ubnebs TiTqmis yovelTvis 
mkveTrad gamoxatuli forma aqvT. ZiriTadad, es is ubnebia, 
romlebic genebs ar kodirebs. umetesad es struqturuli ubnebia, 
romlebic ganlagebulia, magaliTad, qromosomebis daboloebebze da 
mniSvnelovania ujredis gayofis dros dnm-is gaormagebis Semdeg 
qromosomebis gansacalkeveblad.

suraTi 4.3. histonuri oqtameri (H2A, H2B, H3 da H4 histonebis or-ori 
molekula). mWidrod Calagebuli oqtameri gars Semoxveuli dnm-iT qromatinis 
ZiriTad erTeuls warmoqmnis, romelsac nukleosoma ewodeba.

dnm-is ubnebsac, romlebic Zlierad aris meTilirebuli, aseTi 
hiperkondensirebuli struqtura aqvT da meTilireba Zalze 
mniSvnelovan rols asrulebs am konfiguraciis CamoyalibebaSi. 
es erT-erTi is meqanizmia, romelic aTeuli wlebis ganmavlobaSi 
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gansazRvruli genebis represias ganapirobebs iseTi dRegrZeli 
tipis ujredebSi, rogorebic neironebia.

ra xdeba im ubnebSi, romlebic mWidrod ar aris daxveuli, sadac 
gaaqtivebuli genebia an iseTi genebi, romelTac aqtivaciis unari 
aqvT? aq mTavar rols swored histonebi asruleben. maTi funqciebi 
ganuzomlad izrdeba da isini mxolod molekuluri TiTistarebi aRar 
arian, romlebze dnm ixveva. Tu dnm-is meTilirebas warmovidgenT, 
rogorc TiTqos usasrulod gagrZelebul damatebiT SeniSvnebs 
`romeo da julietas~ Cvens scenarSi, maSin histonebis modifikacia 
am analogiaSi is SeniSvnebi iqneba, romelTac swrafad gaqroba 
uweriaT. isini SeiZleba fanqriT minawers SevadaroT, romlebic 
ramdenime aslis gadaRebas Tu gauZlebs, mere ki qreba. SesaZloa maT 
erTjeradi furclebiviT droebiTi funqciac hqondeT.

am sferoSi mecnieruli garRvevebis STambeWdavi raodenoba 
profesor devid elisis laboratorias ekuTvnis niu-iorkis 
rokfeleris universitetidan. misi xelmZRvaneli, yovelTvis uzadod 
Cacmuli, akuratuli, sufTad gaparsuli amerikeli, romelic 
Tavis asakze _ 60 welze _ ufro axalgazrdulad gamoiyureba, 
gansakuTrebuli popularobiT sargeblobs kolegebSi. bevri sxva 
epigenetikosis msgavsad, kariera manac ganviTarebis biologiis 
sferoSi daiwyo. edrian berdis da, ufro adre, jon gardonisa ar 
iyos, devid elisic gulgrilad ekideba epigenetikis varskvlavis 
reputacias. 1996 wels gamoqveynebuli Cinebuli statiebis ciklSi 
man kolegebTan erTad daamtkica, rom histonuri cilebi ujredebSi 
qimiurad modificirdeba, xolo es modifikacia specifiurad 
Secvlili nukleosomebis axlos genebis eqspresias aZlierebs.8

devid elisis mier aRmoCenil histonur modifikacias acetilireba 
ewoda. acetilireba warmoadgens qimiuri acetil-jgufis, am 
SemTxvevaSi, specifiur aminomJavasTan, lizinTan, mierTebas erT-
erTi histonis Tavisufal kudze. suraTze 4.4. gamosaxulia lizinis 
da acetil-lizinis aRnagoba da isev vxedavT, rom cvlilebebi TiTqmis 
umniSvneloa. dnm-is meTilirebis masgavsad, lizinis acetilireba 
epigenetikuri meqanizmia genebis eqspresiis Sesacvlelad, rac 
genebis sawyis Tanamimdevrobas ar cvlis.
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suraTi 4.4. aminomJava lizinis da misi epigenetikurad modificirebuli formis, 
acetil-lizinis, qimiuri aRnagoba. C _ naxSirbadi; H _ wyalbadi; NN_ azoti; 
O _ Jangbadi. simartivisaTvis naxSirbadis zogierTi atomi sagangebod ar aris 
aRniSnuli, Tumca isini iq arian, sadac ori SemaerTebeli xazia gamosaxuli. 

maSin, 1996 wels, yvelaferi cxadi da gasagebi Canda. dnm-
is meTilireba genebis represias (gamorTvas) iwvevs, histonebis 
acetilireba ki maT gaaqtivebas (CarTvas). magram genebis eqspresia 
gacilebiT natifi procesia, romelic mxolod genebis CarTva-
gamorTviT ar ganisazRvreba. genebis eqspresias sinaTlis CamrTvels 
ver SevadarebT, is ufro tradiciuli radiomimRebis xmis 
regulators mogvagonebs. amitom didad aravis gakvirvebia, roca 
gairkva, rom es procesi ufro metia, vidre histonebis modifikacia. 
marTlac, devid elisis swored im statiebis gamoqveynebis Semdeg 
histonuri cilebis 50-ze meti sxvadasxva epigenetikuri modifikacia 
aRmoaCines, rogorc elisis, aseve bevr sxva laboratoriaSi.9 yvela es 
modifikacia genebis eqspresias cvlis, Tumca yovelTvis erTnairad 
ara. histonebis rigi modifikaciebi am process aZlierebs, xolo 
sxvebi _ asustebs. modifikaciebis Sablons histonuri kodi ewoda.10 
problema, romelsac epigenetikosebi waawydnen, is aris, rom am kodis 
wakiTxva Zalian Znelia.

warmoidgineT, TiTqos qromosoma uzarmazari saaxalwlo naZvis 
xis Reroa. xis mTel simaRleze yvela mxares gadaSlili misi totebi 
histonuri kudebia, romlebic SeiZleba epigenetikuri modifikaciebiT 
iyos morTuli. viRebT iisfer burTebs da erT, or an sam burTs 
zogierT totze vkidebT. kidev gvaqvs mwvane loluebi da erT-or 
loluasac vkidebT totebze, sadac ukve kidia iisferi burTebi. mere 
viRebT wiTel varskvlavebs, magram cnobilia, rom maTi dakideba ar 
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SeiZleba im totebze, romelTa mezobladac Tundac erTi iisferi 
burTia. oqrosferi fifqebi da mwvane loluebic erTsa da imave 
totebze ar unda ekidos. da rac ufro grZeldeba naZvis xis morTva, 
miT ufro rTuldeba wesebi. bolos da bolos, yvela saTamaSo 
davkideT da naZvis xes eleqtronaTurebis girlanda SemovaxvieT. 
naTurebi calkeuli genebia. jadosnuri programuli uzrunvelyofis 
wyalobiT TiToeuli naTuris sikaSkaSe imiT ganisazRvreba, Tu rogori 
saTamaSoebia mis gverdiT. imis albaToba ki, rom Cven gamovicnobT, 
rogor ikaSkaSebs naTurebi Cvens girlandaze, Zalian mcirea, radgan 
naZvis xeze saTamaSoebis ganlagebis sqema metismetad rTulia. 

dRes mecnierebi swored aseT mdgomareobaSi arian. isini cdiloben 
ivaraudon, ra gavlenas axdens yvela am gansxvavebuli histonuri 
modifikaciis kombinaciebis erToblioba genis eqspresiaze. bevr 
SemTxvevaSi sruliad gasagebia, ras unda velodoT erTi romelime 
modifikaciisgan, Tumca met-naklebad zusti prognozebis gakeTeba 
maTi kombinirebuli gavlenis Taobaze SeuZlebeli Cans.

mecnierebi Zalisxmevas ar iSureben imisaTvis, rom am kodis 
gaSifrva iswavlon; mTeli msoflios mravalricxovani laboratoriebi 
TanamSromloben an erTmaneTs ejibrebian am problemis gadasawyvetad 
yvelaze swrafi da rTuli teqnologiebis gamoyenebaSi. amis mizezi 
ki is aris, rom Tumca jerjerobiT am kodis sworad wakiTxva ar 
SegviZlia, mis Sesaxeb imdeni mainc viciT, rom misi mniSvneloba 
gaviazroT.

rogor gavakeToT ukeTesi saTaguri

bevr ZiriTad mtkicebulebas ganviTarebis biologiidan viRebT 
_ sferodan, romelmac epigenetikis mravali gamoCenili mkvlevari 
mogvca. rogorc ukve vTqviT, erTujrediani zigotis gayofis Semdeg 
Svileuli ujredebi Zalian swrafad iZenen individualur funqciebs. 
pirveli aRsaniSnavi movlena, romelic ujredTa gayofis dros xdeba, 
is aris, rom embrionis ujredebi ganviTarebis adreul stadiebSi 
iyofa Sidaujredul masad (ICM _ inner cell mass) da trofoeqtodermad. 
ICM ujredebi, Tavis mxriv, diferenciacias iwyeben sxvadasxva tipis 
ujredebis mudmivad mzardi raodenobis Sesaqmnelad. ujredebis es 
moZraoba epigenetikuri landSaftis daRmarTebze metwilad mudmivi 
da TviTganaxlebadi procesia.
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mTavari koncefcia, romelsac am etapze unda CaveWidoT, imis 
warmodgenaa, rogor mosdevs erTmaneTs genebis eqspresiis da 
epigenetikuri modifikaciebis talRebi. Sesaferisi analogia am 
procesis arsSi gasarkvevad TamaSi `saTaguri~ gaxlavT, romelic 
pirvelad 1960-ian wlebSi gamoCnda da dRemde iyideba. moTamaSeebma 
urTulesi saTaguri unda gaakeTon. saTaguris asamoqmedeblad 
masSi burTula unda gauSvan. burTulam sxvadasxva eSmakuri 
mowyobilobebi unda gaiaros, magaliTad, sasrialo, katapulta, 
kibis safexurebi da kaci, romelic tramplinidan wyalSi yvinTavs. 
Tu am Tavsatexis yvela detali sworad aris awyobili, maSin mTeli 
kaskadi SesaniSnavad muSaobs da saTamaSo Tagvi saTagurSi gaebmeba, 
xolo Tu konstruqciis Tundac erT detals odnav SevunacvlebT 
adgils, Tanamimdevroba dairRveva da xafangi ar imuSavebs.

ganviTarebadi embrionic saTagurs hgavs. zigota winaswar aris 
datvirTuli gansazRvruli cilebiT, romelTac is ZiriTadad 
kvercujredis citoplazmidan iRebs. kvercxujredidan miRebuli es 
cilebi birTvSi aRweven, sadac samizne genebs emagrebian, romelTac 
katapultebs davarqmevT (`saTaguris~ pativsacemad) da maT eqspresias 
aregulireben. amasTan, cilebi katapultebisken maT mier arCeul 
epigenetikur fermentebsac izidaven. es epigenetikuri fermentebi 
SesaZloa kvercxujredis citoplazmis `saCuqaric~ iyos. isini dnm-
is da qromatinis histonuri cilebis ufro xangrZliv modifikacias 
iwveven da amave dros geni-katapultebis CarTva-gamorTvazec 
zemoqmedeben. katapultebis cilebi `myvinTav~ genebs ukavSirdebian 
da maT CarTvas (gaaqtivebas) iwveven. zogi `myvinTavi~ geni Tavad 
kodirebs epigenetikur fermentebs, rac Tavis mxriv, gavlenas 
axdens `sasrialos~ genebis ojaxis wevrebze da a.S. genetikuri 
da epigenetikuri cilebis Sexmatkbilebuli muSaoba uzadod aris 
mowesrigebuli, swored ise, rogorc saTagurSi burTulis gaSvebis 
Semdeg. zogjer ujredi odnav metad an naklebad gamoavlens ZiriTad 
faqtors, romlis eqspresia faqizi wonasworobis zRvarze meryeobs. 
am SemTxvevaSi SesaZlebelia ujredis ganviTarebis gzebi Seicvalos, 
es igivea, oci saTaguri rom erTmaneTs davukavSiroT. Zlivs SesamCnevi 
gadaxrebi meqanizmis detalebis urTierTganlagebaSi an kritikul 
momentebSi burTulis moZraobisas erTi saTaguris amoqmedebas da 
meore saTaguris gaCerebas gamoiwvevs.
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Cvens analogiaSi saxelebi mogonilia, Tumca es procesi SegviZlia 
realuri magaliTiTac ganvixiloT. embrionuli ganviTarebis Zalze 
adreul stadiaze erT-erT ZiriTad cilas warmoadgens Oct4. cila 
Oct4 gansazRvrul ZiriTad genebs uerTdeba da amavdroulad 
konkretul epigenetikur fermentsac izidavs. es fermenti qromatinis 
modificirebas axdens da genis regulacias cvlis. rogorc Oct4, 
ise epigenetikuri fermenti, romelTanac is urTierTqmedebs, 
sasicocxlod mniSvnelovania embrionisTvis misi ganviTarebis adreul 
stadiebze. romelime maTganis ararsebobisas zigota im donemdec ki 
ver ganviTardeba, rom Sidaujreduli masa warmoqmnas.

genebis eqspresiis sqemebi embrionis ganviTarebis adreul etapebze 
sabolood avtomaturad regulirdeba. rodesac gansazRvruli cilebi 
eqspresirdeba, isini SeiZleba Oct4-is promotorebs daukavSirdnen 
da am genis eqspresia daTrgunon. Cveulebriv pirobebSi somaturi 
ujredebis mier Oct4-is eqspresia ar xdeba. es maTTvis Zalian 
saxifaTo iqneboda, radgan Oct4-s SeeZlo diferencirebul ujredebSi 
genis eqspresiis normaluri sqema daerRvia da isini ufro Rerovani 
ujredebisTvis daemsgavsebina.

swored amas akeTebda Sinia iamanaka, rodesac Oct4-s ise iyenebda, 
rogorc gadaprogramebis faqtors. diferencirebul ujredebSi 
Oct4-is Zalian maRali Semcvelobis xelovnurad SeqmniT man 
ujredebis `motyueba~ SeZlo da aiZula isini ganviTarebis adreul 
stadiaze myofi ujredebiviT moqceuliyvnen. es geni iseTi Zlieri 
iyo, epigenetikuri modifikaciebic ki ukuagdo.

normaluri ganviTareba ujredis bedisweris kontrolisTvis 
epigenetikuri modifikaciis aucileblobis mniSvnelovani 
mtkicebulebaa. epigenetikis mniSvnelobas aranakleb adasturebs is 
SemTxvevebic, roca ganviTareba araswori gziT midis.

magaliTad, 2010 wels Jurnal Nature Genetics-is erT-erT statiaSi 
gansazRvruli iyo mutaciebi, romlebic iSviaT daavadebas _ kabukis 
sindroms iwveven. kabukis sindromi ganviTarebis kompleqsuri 
darRvevaa, romelsac mTeli rigi simptomebi axasiaTebs, maT Soris, 
Tandayolili Wkuasustoba, tanmorCiloba, saxis anomaliebi da 
gapobili sasa (`mglis xaxa~). statiaSi aRniSnuli iyo, rom kabukis 
sindromis provocirebas MLL2 genis mutaciebi iwvevs.11 cila MLL2 
epigenetikuri `damSifravia~, romelic meTilis jgufebs lizinis 
specifiur aminomJavas amatebs me-4 poziciaSi H3 histonze. aseTi 
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mutaciis mqone cilebs epigenetikuri kodis sworad wakiTxvis unari 
ara aqvT, rac zemoT CamoTvlil simptomebs iwvevs. 

daavadebebi SeiZleba aseve gamowveuli iyos fermentebis 
mutaciebiT, romlebic epigenetikur modifikaciebs waSlis, anu 
epigenetikuri kodis `saSlelebiT~. mutaciebi PHF8 genSi, romelic 
lizinidan meTilis jgufebs amoiRebs me-20 poziciaSi H3 histonze, 
Tandayolili Wkuasustobis da sasis napralis sindroms iwvevs.12 

aseT SemTxvevebSi pacientebis ujredebi epigenetikur modifikaciebs 
uproblemod iZenen, Tumca maTi saTanadod mocileba ar SeuZliaT.

saintereso is aris, rom Tumca MLL2 da PHF8 cilebi sxvadasxva 
rols asruleben, klinikuri simptomebi, romlebic gamowveulia am 
genebSi mutaciebiT, erTnairad gamovlindeba. orive SemTxvevaSi 
maT sasis napralamde da Tandayolil Wkuasustobamde mivyavarT. 
orive es simptomi ganixileba, rogorc ganviTarebis darRvevis 
niSani. epigenetikuri gzebi adamianis mTeli cxovrebis manZilze 
mniSvnelovania, magram, rogorc Cans, gansakuTrebul mniSvnelobas 
ganviTarebis periodSi iZens. 

am histonuri damSifravebisa da saSlelebis garda arsebobs 100-
ze meti cila, romlebic epigenetikur markerebs ukavSirdebian da 
histonuri kodis ̀ wamkiTxvelebis~ rolSi gamodian. es wamkiTxvelebi 
sxva cilebs miizidaven da ayalibeben kompleqsebs, romlebic genebis 
eqspresias CarTavs an gamorTavs, imis msgavsad, rogorc MeCP2 
uwyobs xels im genebis eqspresiis daTrgunvas, romlebic dnm-is 
meTilirebas axorcieleben. 

histonuri modifikaciebi principulad gansxvavdeba dnm-is 
meTilirebisgan. dnm-is meTilireba Zalze stabiluri epigenetikuri 
cvlilebaa. Tu dnm-is romelime ubnis meTilireba moxda, is umetes 
SemTxvevaSi meTilirebuli rCeba. ai, amitomac aris es epigenetikuri 
modifikacia aseTi mniSvnelovani imisaTvis, rom neironebi mudam 
neironebad darCnen da swored amitom ar amogvdis kbilebi Tvalis 
kaklebze. marTalia, dnm-is meTilireba ujredidan SeiZleba 
amovardes, magram es, rogorc wesi, Zalian specifikur pirobebSi 
xdeba da nakleb savaraudoa.

histonuri modifikaciebis umravlesoba gacilebiT ufro 
plastiuria. gansazRvruli genis romelime histonze SeiZleba esa 
Tu is modifikacia ganxorcieldes, Semdeg gaqres, mogvianebiT ki 
isev aRdges. es sxvadasxva gareSe stimulatorebze reaqciis Sedegad 
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xdeba, romlebic ujredis birTvze zemoqmedeben. am stimulatorebis 
buneba usazRvrod SeiZleba Seicvalos. zogierTi tipis ujredebSi 
histonuri kodi SesaZloa hormonebze reagirebis gamo Seicvalos. 
maT Soris aris insulini, romelic kunTis ujredebs signals 
gadascems, an estrogeni, romelic menstrualuri ciklis dros 
ZuZus ujredebze zemoqmedebs. Tavis tvinSi histonuri kodi 
SeiZleba Seicvalos iseTi narkotikuli preparatebis miRebis 
sapasuxod, rogoric aris kokaini, maSin, roca saWmlis momnelebeli 
traqtis amomfen ujredebSi epigenetikuri modifikaciebis sqema 
nawlavuri baqteriebis mier gamomuSavebuli cximovani mJavebis 
raodenobis mixedviT icvleba. histonuri kodis aseTi cvlilebebi 
erT-erTi ZiriTadi gza gaxlavT, romliTac aRzrda (garemo) 
bunebasTan (genebTan) urTierTqmedebs dedamiwaze nebismieri 
maRalganviTarebuli organizmis kompleqsurobis Sesaqmnelad. 

histonuri modifikaciebi ujredebs aseve saSualebas aZlevs 
`gamoscadon~ genebis eqspresiis gansazRvruli modelebi, 
gansakuTrebiT ganviTarebis procesSi. genebi droebiT inaqtivirdeba, 
rodesac represiuli histonuri modifikaciebi (romlebic genebis 
eqspresias aqveiTeben) am genebis mezobel histonebs exeba. Tu genebis 
represia ujredisTvis xelsayrelia, maSin histonuri modifikaciebi 
SesaZloa sakmaod didxans gagrZeldes, raTa dnm-is meTilireba 
gamoiwvios. histonuri modifikaciebi cila-wamkiTxvelebs miizidavs, 
romlebic nukleosomaze sxva cilebisgan kompleqsebs warmoqmnian. zog 
SemTxvevaSi es kompleqsebi SeiZleba DNMT3A-s an DNMT3B-s Seicavdes 
_ or ferments, romelTac meTilis jgufebi dnm-is CpG motivebze 
gadaaqvT. amgvar pirobebSi DNMT3A an 3B SeiZleba kompleqsidan 
histons `miswvdes~ da mimdebare dnm-is meTilireba moaxdinos. Tu 
dnm-is meTilireba sakmarisi aRmoCndeba, genis eqspresia daiTrguneba. 
ukidures SemTxvevebSi mTeli qromosomis are SeiZleba zemkvrivi 
(hiperkompaqturi) gaxdes da inaqtivirdes ujredis mravaljeradi 
gayofis ganmavlobaSi an aseT mdgomareobaSi aTwleulebic ki darCes 
iseT gauyofad ujredebSi, rogoric neironebia. 

ratom Seqmna organizmma evoluciis procesSi genebis eqspresiis 
dasaregulireblad histonuri modifikaciebis aseTi rTuli sqemebi? 
es sistemebi gansakuTrebiT CaxlarTuli mogveCveneba, Tu maT dnm-
is meTilirebis sakmaod martiv meqanizms SevadarebT. amis erT-erTi 
mizezi, albaT, is aris, rom sirTulis wyalobiT genebis eqspresia 
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daxvewili da zusti xdeba. amitomac ujredebs da organizmebs 
maTi genebis eqspresiis saTanado adaptaciis unari aqvT garemos 
cvlilebebze sapasuxod, rogoric aris sakvebis nakleboba an 
virusebis zemoqmedeba. Tumca, rogorc Semdeg TavSi vnaxavT, aseTma 
daxvewilma meqanizmma zogjer SeiZleba Zalian ucnauri Sedegebi 
gamoiwvios. 
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Tavi 5

ratom ar arian 
identuri tyupebi 
identurni?
cxovrebaSi arsebobs ori ram, romlisTvisac arasdros 
varT mzad: tyupebi.
joS bilingsi

identuri tyupebi adamianTa kulturebSi aTaswleulebis manZilze 
aRfrTovanebas iwvevda da es aRfrTovaneba dRemde grZeldeba. Tu 
wyarod Tundac dasavleT evropul literaturas aviRebT, vipoviT 
identur tyupebs meneqmussa da sosikles plavtusis Cv.w.aR.-mde 
daaxloebiT 200 wliT daTariRebul naSromSi; aseve, amave istoriis 
Seqspiriseul interpretacias 1590 wels daweril piesaSi ̀ Secdomebis 
komedia~, tvidldumsa da tvidldis luis kerolis nawarmoebSi ̀ alisa 
sarkis miRma samyaroSi da is, rac alisam iq ipova”, romelic 1871 wels 
Seiqmna, tyup uizlebs j.d. roulingis wignebSi hari poteris Sesaxeb. 
arsebobs raRac Zalze damaintrigebeli or adamianSi, romlebic 
TiTqos zustad erTnairebi arian.

Tumca kidev aris iseTi ram, rac yvela Cvengans ufro metad 
ainteresebs, vidre identur tyupebs Soris araCveulebrivi msgavseba 
_ es is SemTxvevebia, roca maT Soris gansxvavebebs vxedavT. es 
Tavisebureba gamudmebiT gamoiyeneba xelovnebaSi, dawyebuli 
frederikiTa da hugoTi Jan anuis nawarmoebSi ̀ rgoli mTvaris garSemo~ 
da damTavrebuli beverliT da eliot manTliT devid kronenbergis 
`sikvdiliT SekrulebSi~. ukiduresobaSi Tu gadavvardebiT, aqve 
SeiZleba, doqtori jekili da misi alter ego, `boroti tyupiscali~ 
mister haidi vaxsenoT. identur tyupebs Soris arsebulma gansxvavebebma 
udavod daipyro xelovnebis yvela sferoSi momuSave Semoqmedi 
adamianebis warmosaxva da mecnierebis samyaroc moicva.

identuri tyupebis aRmniSvneli samecniero terminia 
monozigoturi (mz) tyupebi. orive es organizmi erTi ujredidan _ 
zigotidan _ viTardeba, romelic kvercxujredisa da spermatozoidis 
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SerwymiT miiReba. monozigoturi tyupebis SemTxvevaSi blastocistis 
Sidaujreduli masa ujreduli gayofis adreul stadiaze 
funTuSasaviT orad ixliCeba da or embrions aZlevs dasabams. es 
embrionebi genetikurad identuria.

ujredSida masis es gaxleCa or embrionad, zogadad, SemTxveviT 
movlenad miiCneva. es Sexeduleba Seesabameba im movlenasac, rom 
identuri tyupebis sixSire yvela populaciaSi TiTqmis erTnairia 
da ar axasiaTebs ganmeorebadoba ojaxebSi. Cveulebriv, iTvleba, rom 
identuri tyupebi Zalian iSviaTad gvxvdebian, Tumca es ase ar aris. 
srul vadamde miyvanili 250 orsulobidan monozigoturi tyupebis 
daaxloebiT erTi wyvilis dabadebiT mTavrdeba da dReisaTvis 
msoflioSi monozigoturi tyupebis daaxloebiT aTi milioni wyvilia.

monozigoturi tyupebis Seswavla gansakuTrebiT mimzidvelia, 
radgan isini gvexmarebian, ganvsazRvroT, Tu ra xarisxiT aris 
genetika iseTi sasicocxlo movlenebis warmmarTveli Zala, rogoric 
garkveuli daavadebebia. isini gvexmarebian, maTematikuri sizustiT 
aRmovaCinoT kavSiri Cveni genebis Tanamimdevrobasa (genotipi) da 
Cvens garegnul maxasiaTeblebs (fenotipi) Soris, iqneba es simaRle, 
janmrTeloba, Worflianoba Tu sxva ram, risi gazomvac gvsurs. am 
monacemebis gamoTvla xdeba imis daangariSebiT, Tu ramdenad xSirad 
emarTeba orive tyups erTi da igive daavadeba. am maxasiaTebls 
konkordantoba ewodeba.

aqondroplazia _ mokle kidurebiani qondriskacobis sakmaod 
gavrcelebuli forma, iseTi mdgomareobaa, romelic monozigotur 
tyupebs TiTqmis ucvlelad erTnairad azianebs. Tu erTi tyupiscali 
aqondroplaziiT aris avad, maSin es daavadeba meoresac aqvs. miCneulia, 
rom aqondroplazias 100%-iani konkordantoba axasiaTebs. es 
gasakviri ar aris, radgan daavadeba specifikuri genetikuri mutaciis 
Sedegia. Tu CavTvliT, rom mutacia arsebobda kvercxujredSi an 
spermatozoidSi, romelTa Serwymisas zigota warmoiqmna, yvela 
Svileuli ujredi, romlebisganac Sedgeboda ujredSida masa da, 
Sesabamisad, orive embrioni, mutaciis matarebeli iqneba.

Tumca iseTi mdgomareobebis ricxvi, romelTac 100%-iani 
konkordantoba axasiaTebT, SedarebiT mcirea, radgan daavadebebis 
umetesoba sakvanZo genSi erTi dauZleveli mutaciiT ar aris gamowveuli. 
es qmnis problemas, Tu rogor Sefasdes, aqvs Tu ara genetikas raime 
roli da, Tu aqvs, ramdenad mniSvnelovania es roli. swored amitom 
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aris tyupebis Seswavla metad faseuli. Tu monozigoturi tyupebis 
did jgufebs SeviswavliT, SegviZlia ganvsazRvroT, maTi ra nawilia 
konkordantuli an diskordantuli ama Tu im konkretuli mdgomareobis 
WrilSi. Tu erTi tyupiscali daavaddeba, igive daavadeba meore 
tyupiscalsac ganuviTardeba Tu ara?

me-3 rigis 
naTesavebi

me-2 rigis 
naTesavebi

1-li rigis 
naTesavebi

saerTo 
genebis wili

mTeli mosaxleoba

I rigis  biZaSvilebi

biZebi/deidebi/mamidebi

ZmisSvilebi/disSvilebi

SviliSvilebi

naxevarda/naxevarZma

mSoblebi

da-Zma

Svilebi

araidenturi tyupebi

identuri tyupebi

naTesauri kavSiri 
SizofreniiT 
daavadebulTan

Sizofreniis ganviTarebis riski

suraTi 5.1 Sizofreniis konkordantobis koeficientebi. 
rac ufro axloa genetikuri kavSiri SizofreniiT daavadebulTan, miT metia 
albaToba, rom naTesavic daavaddes SizofreniiT. Tumca genetikurad identur 
monozigotur tyupebSic ki konkordantoba 100%-s ar aRwevs. monacemebi 
miRebulia aSS-s janmrTelobis dacvis saxelmwifo samsaxuris mTavari eqimis 
moxsenebidan fsiqikuri janmrTelobis Sesaxeb. 
http://www.surgeongeneral.gov/library/mentalhealth/chapter4/sec4_1.html#etiology 

suraTze 5.1 warmodgenilia grafiki, sadac naCvenebia 
konkordantobis koeficientebi SizofreniisaTvis. aq Cans, rom rac 
ufro axlo naTesaoba gvakavSirebs SizofreniiT daavadebulTan, miT 
metia imis riski, rom es daavadeba Cvenc dagvemarTos. am grafikis 
yvelaze mniSvnelovani nawilebi mis qveda nawilSi arsebuli svetebia, 
romlebic tyupebs exeba. aq SegviZlia, erTmaneTs SevadaroT 
konkordantobis maCveneblebi identur da araidentur tyupebSi. 
araidenturi tyupebi erTnair garemoSi (saSvilosno) viTardebian, 
magram genetikurad imaze ufro msgavsni ar arian, vidre da-Zmis 
nebismieri sxva wyvili, radgan isini ori damoukidebeli zigotidan 
viTardebian, rac ori kvercxujredis ganayofierebis Sedegia. am ori 
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tipis tyupebis Sedareba mniSvnelovania, radgan, sazogadod, tyupebis 
wyvili (rogorc identuri, aseve araidenturi tyupebi) Zalian 
msgavsi garemo faqtorebis gavlenis qveS arian. Sizofrenias rom 
garemo faqtorebi iwvevdes, mosalodneli iqneboda konkordantobis 
erTnairi maCveneblebi identur da araidentur tyupebSi. nacvlad 
amisa, vxedavT, rom Tu araidenturi tyupebidan erT-erTi 
SizofreniiT daavaddeba, meores am daavadebis 17%-iani riski aqvs. 
xolo monozigotur tyupebSi es riski TiTqmis 50%-mde izrdeba. 
TiTqmis samjer ufro maRali riski identur tyupebSi araidentur 
tyupebTan SedarebiT imaze miuTiTebs, rom Sizofreniis ganviTareba 
ganpirobebulia ZiriTadi genetikuri komponentiT.

msgavsma kvlevebma uCvena, rom mniSvnelovani genetikuri 
komponenti udevs safuZvlad mTel rig sxva daavadebebsac gafantuli 
sklerozis, bipolaruli daavadebis, sistemuri wiTeli mglurasa da 
asTmis CaTvliT. es marTlac sasargebloa kompleqsur daavadebebSi 
genetikuri winaswarganwyobis mniSvnelobis gasagebad.

Tumca arsebobs am sakiTxis sxva mxare, romelic ufro sainteresoa. 
yvelaze metad mimzidvelni arian ara is monozigoturi tyupebi, 
romlebsac erTi da igive specifikuri daavadeba uviTardebaT, 
aramed isini, romelTa gamosavalic absoluturad gansxvavebulia _ 
magaliTad, erT-erTi paranoiduli SizofreniiT aris daavadebuli, 
meore ki savsebiT janmrTelia. es warmoqmnis yvelaze damaintrigebel 
samecniero problemas. ratom aqvs or genetikurad identur individs, 
romlebic umetes SemTxvevaSi erTnairi garemo pirobebis zegavlenis 
qveS arian, aseTi gansxvavebuli fenotipebi? an ratom uviTardeba 
ase iSviaTad monozigoturi tyupebis orive individs pirveli tipis 
diabeti? ra aris is faqtori, garda genetikuri kodisa, rac amgvar 
Sedegebs iwvevs?

rogor dgeba epigenetika tyupebs Soris 

erTi SesaZlo axsna aris is, rom sruliad SemTxveviT SizofreniiT 
daavadebul tyupiscals uviTardeba spontanuri mutacia gansazR-
vruli ujredebis, magaliTad, Tavis tvinis ujredebis, genebSi. es 
SesaZlebelia moxdes, rodesac dnm replikaciis meqanizmi Tavis 
tvinis ganviTarebis raRac etapze irRveva. am cvlilebebma SesaZloa 
individisaTvis daavadebis mimRebloba gazardos. es Teoriulad 
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SesaZlebelia, Tumca mecnierebma am Teoriis damamtkicebeli bevri 
informaciis moZieba ver SeZles.

ra Tqma unda, standartuli pasuxi yovelTvis is iyo, rom 
gansxvaveba tyupebs Soris gansxvavebuli garemo faqtorebis 
zemoqmedebis Sedegia. zogjer es sruliad Seesabameba simarTles. 
magaliTisaTvis, tyupebis sicocxlis xangrZlivobas rom davakvirdeT, 
Tu erT-erT tyupiscals 47-e nomeri avtobusi daejaxeba da 
moklavs, es calsaxad miuTiTebs gansxvavebul garemo faqtorebze. 
Tumca es metad eqstremaluri scenaria. tyupebis araerTi wyvili, 
gansakuTrebiT adreuli ganviTarebis periodSi, erTnair garemo 
pirobebSi cxovrobs. am SemTxvevaSic ki, cxadia, SesaZlebelia, 
arsebobdes garemo faqtorebis mravlobiTi minimaluri gansxvavebebi, 
romelTa zedmiwevniT Seswavla rTulia.

Tuki garemos daavadebis ganviTarebis erT-erT mniSvnelovan 
faqtorad miviCnevT, es sxva problemas wamoWris. isev darCeba 
SekiTxva, rogor akeTebs amas garemo. garemoSi arsebuli 
stimulatorebi - iqneba es sakvebis komponentebi, sigaretis kvamlSi 
arsebuli qimiuri nivTierebebi, mzis ultraiisferi gamosxiveba, 
manqanebis gamonabolqvi an nebismieri sxva aTasobiT molekula da 
radiaciis wyaro, rasTan Sexebac yoveldRiurad gviwevs _ gavlenas 
unda axdendes Cvens genebze da maTi eqspresiis cvlilebas iwvevdes. 

arainfeqciuri daavadebebis umravlesobas, romlebic adamianTa 
umetesobas azianebs, ganviTarebisaTvis didi dro sWirdeba da Semdeg 
mravali wlis manZilze problemad rCeba, Tu mkurnaloba xelmisawvdomi 
ar aris. Teoriulad SesaZlebelia, rom garemo faqtorebi anoma-
lurad momuSave ujredebSi genebze mudmivad zemoqmedebdes da 
es daavadebas iwvevdes, magram es naklebad savaraudoa, radgan 
qronikuli daavadebebis umetesoba, didi albaTobiT, mravlobiTi 
faq toris mravlobiT genTan urTierTqmedebas gulisxmobs. rTuli 
warmosadgenia, rom yvela es stimulatori aTwleulebis manZilze 
erTdroulad moqmedebdes. alternativa iqneboda iseTi meqanizmis 
arseboba, romelic daavadebasTan asocirebul ujredebs aranor malur 
mdgomareobaSi inarCunebs, anu genebis araadekvatur eqspresias iwvevs.

somaturi mutaciis rolis arsebiTi mtkicebulebis ar arsebobis 
SemTxvevaSi, epigenetika aRniSnuli procesebis asaxsnelad 
mniSvnelovan alternativad gvevlineba. es erT-erT tyupiscalSi 
genebis regulaciis darRvevis saSualebas iZleva, rasac daavadeba 
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mohyveba. Cven mxolod kvlevis dasabamTan varT, magram ukve grovdeba 
garkveuli raodenobis mtkicebulebebi, romlebic imaze mianiSnebs, 
rom es versia marTebulia.

konceptualurad erT-erTi yvelaze pirdapiri eqsperimentia 
imis gaanalizeba, icvleba Tu ara qromatinis modifikaciis 
modelebi (epigenomi) monozigoturi tyupebis asakis matebasTan 
erTad. yvelaze martiv SemTxvevaSi daavadebis konteqstSi amis 
Seswavla arc ki iqneboda saWiro. SevZlebdiT gacilebiT martivi 
hipoTezis testirebiT dagvewyo _ imiT, rom genetikurad identuri 
individebi asakis matebasTan erTad epigenetikurad araidenturebi 
xdebian. Tu es hipoTeza WeSmaritia, maSin gamarTlebulia idea, rom 
monozigoturi tyupebi SesaZlebelia erTmaneTisagan epigenetikur 
doneze gansxvavdebodnen. es ki, Tavis mxriv, ganamtkicebda Cvens 
gadawyvetilebas, rom gamogvekvlia epigenetikuri cvlilebebis 
roli daavadebis ganviTarebaSi.

2005 wels espaneTis simsivnis erovnul centrSi, madridSi 
manel esteleris TaosnobiT momuSave didma gaerTianebulma 
jgufma gamoaqveyna naSromi, romelic am sakiTxs eZRvneboda1. maT 
ramdenime saintereso aRmoCena gaakeTes. Cvili monozigoturi 
tyupebis qromatinis gamokvlevisas isini dnm-is meTilirebis an 
histonuri acetilirebis doneSi tyupebs Soris did gansxvavebas 
ver naxulobdnen. ufro mozrdil, 50 wels gadacilebul tyupebze 
dakvirvebisas ki dnm-is meTilirebasa Tu histonuri acetilirebis 
doneebSi tyupebs Soris didi gansxvavebebi iqna nanaxi. es efeqti 
gansakuTrebiT mkveTri iyo im tyupebis SemTxvevaSi, romlebic didi 
xnis manZilze erTmaneTisagan gancalkevebiT cxovrobdnen.

aRniSnuli kvlevis Sedegebi Seesabameba im models, romlis 
mixedviTac genetikurad identuri tyupebi Tavidan epigenetikuradac 
Zalian msgavsni arian da asakTan erTad xdebian gansxvavebulni. 
mosalodnelia, rom mozrdili monozigoturi tyupebi, romlebmac 
yvelaze didi xnis manZilze erTmaneTisagan gancalkevebiT 
gansxvavebuli cxovrebis gza ganvles, yvelaze metad gansxvavebuli 
garemo pirobebis zegavlenis qveS aRmoCndnen. imis aRmoCena, 
rom swored es iyo tyupebis wyvilebi, romlebic yvelaze metad 
gansxvavdebodnen epigenetikurad, srulad Seesabameboda ideas, rom 
epigenomi (genomis epigenetikuri modifikaciebis sruli nakrebi) 
garemo faqtorebiT ganpirobebul gansxvavebebs asaxavs. 
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bavSvebi, romlebic diliT sauzmoben, statistikurad ufro 
kargad swavloben, vidre bavSvebi, romlebic uars amboben sauzmeze. 
es, ra Tqma unda, pirdapir ar miuTiTebs imaze, rom daswavlis unaris 
gaumjobeseba erTi Tasi simindis burbuSelaTi aris SesaZlebeli. 
es, SesaZloa, mxolod imas aRniSnavdes, rom im bavSvebis mSoblebi, 
romlebic sauzmes miirTmeven, Zal-Rones ar iSureben, rom Svilebi 
skolaSi yoveldRe droulad wavidnen da swavlaSic exmarebian maT. 
analogiurad, profesori esteleris monacemebic korelaciuria. 
isini gvaCvenebs, rom arsebobs damokidebuleba tyupebis asaksa 
da maT epigenetikur gansxvavebebs Soris, magram es monacemebi ar 
amtkicebs imas, rom asaks epigenomSi cvlilebebis gamowveva SeuZlia. 
Tumca hipoTezasac aqvs arsebobis ufleba.

2010 wels melburnSi, bavSvTa samefo hospitalSi, doqtori 
jefri kreigis TaosnobiT momuSave gundmac gamoikvlia dnm-
is meTilireba identur da araidentur tyupebSi2. maT genomis 
ramdenime mcire zomis regioni ufro detalurad Seiswavles, vidre 
es manel esteleris adre gamoqveynebul kvlevebSi iyo aRwerili. 
axaldabadebuli tyupebisagan miRebuli masalis SeswavliT maT 
uCvenes, rom dnm-is meTilirebis modelebSi araidentur tyupebs 
Soris mniSvnelovani gansxvaveba arsebobda. es moulodneli ar 
yofila, radgan araidenturi tyupebi genetikurad gansxvavebulni 
arian da savaraudoa, rom gansxvavebul individebs gansxvavebuli 
epigenomi eqnebaT. Tumca, sainteresoa, rom monozigoturi tyupebic 
ki gansxvavdebodnen erTmaneTisagan dnm-is meTilirebis sqemebiT, 
rac iZleva safuZvels, vivaraudoT, rom identur tyupebs Soris 
gansxvavebebi formirebas jer kidev saSvilosnosSida ganviTarebis 
periodSi iwyebs. am ori naSromidan da sxva kvlevebidan miRebuli 
informaciis SejamebiT SegviZlia davaskvnaT, rom genetikurad 
identuri individebic ki ukve dabadebis momentSi epigenetikurad 
gansxvavebulebi arian da es epigenetikuri gansxvavebebi asakTan 
da sxvadasxva garemo faqtorebis zemoqmedebasTan erTad ufro 
gamokveTili xdeba. 
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Tagvebisa da kacebis (agreTve qalebis) Sesaxeb

es monacemebi Seesabameba models, sadac epigenetikuri 
cvlilebebiT SeiZleba aixsnas zogierTi mizezi mainc, Tu ratom ar 
arian monozigoturi tyupebi fenotipurad identurebi, Tumca jer 
kidev mravali eWvi arsebobs. es imis gamo xdeba, rom adamianebi sakmaod 
uimedo eqsperimentuli sistemebi arian. Tu gvinda epigenetikis 
rolis garkveva im sakiTxSi, Tu ratom arian genetikurad identuri 
individebi fenotipurad erTmaneTisagan gansxvavebulebi, Semdegi 
qmedebebis ganxorcieleba mogviwevs:

1. asobiT identuri individis, da ara mxolod wyvilebis, 
gamokvleva;

2. maT garemoze manipulireba sruli kontrolis qveS;
3. embrionebis an Cvilebis gadatana erTi dedis organizmidan 

meoreSi adreuli aRzrdis efeqtebis Sesaswavlad;
4. sxeulis sxvadasxva qsovilebidan yvela saxis nimuSis aReba 

drois mraval gansxvavebul momentSi;
5. imis gakontroleba, Tu vin visTan SeuRldeba;
6. kvlevebis Catareba genetikurad identuri individebis oTx an 

xuT Taobaze.

saWiroc ar aris imis Tqma, rom es adamianebis SemTxvevaSi 
ganuxorcielebelia.

swored amitom aris eqsperimentuli cxovelebi aseTi sasargeblo 
epigenetikaSi. es saSualebas aZlevs mecnierebs, realurad rTuli 
sakiTxebi gadawyviton ise, rom maqsimalurad gaakontrolon garemo 
pirobebi. cxovelebze Catarebuli am kvlevebis Sedegad mopovebuli 
monacemebi qmnis Sexedulebebs, romlebze dayrdnobiTac SegviZlia, 
garkveuli daskvnebi gavakeToT adamianebis Sesaxeb.

Tanxvedra, SesaZlebelia, idealuri ar iyos, magram am gziT 
fundamenturi biologiis gamaognebeli moculobis sakiTxebis 
Seswavla SegviZlia. sxvadasxva SedarebiTma kvlevam uCvena, rom 
mravali sistema sxvadasxva organizmSi xangrZlivi drois manZilze 
didwilad ucvleli rCeba. magaliTisaTvis, adamianisa da sokos 
organizmis epigenetikur meqanizmebs Soris meti msgavsebaa, vidre 
gansxvaveba, miuxedavad imisa, rom am ori saxeobis saerTo winapris 
arsebobidan miliard welze metia gasuli3. ase rom, epigenetikuri 
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procesebi calsaxad da sruliad fundamenturi movlenebia da 
samodelo sistemebis gamoyenebas, sul mcire, SeuZlia adamianis 
garkveuli mdgomareobebis amosaxsnelad saWiro mimarTulebaze 
migviTiTos. 

am TavSi dasmul specifikur sakiTxTan mimarTebaSi _ ratom arian 
genetikurad identuri tyupebi xSirad araidenturebi _ cxoveli, 
romelic am TvalsazrisiT yvelaze sasargebloa, Cveni yvelaze axlo 
`naTesavi~ ZuZumwovaria, kerZod ki, Tagvi. Tagvisa da adamianis xazebi 
erTmaneTs daaxloebiT 75 milioni wlis win gamoeyo4. Tagvis genebis 
99% SesaZlebelia, adamianis genomSic aRmovaCinoT, Tumca, ra Tqma 
unda, am ori saxeobis genebi absoluturad identuri ar aris.

mecnierebma SeZles, SeeqmnaT Tagvis Stamebi, romlebSic yvela 
individi genetikurad identuria. es Zalian sasargeblo aRmoCnda 
individebs Soris gansxvavebebis warmoqmnaSi aragenetikuri 
faqtorebis rolis Sesaswavlad. genetikurad identuri mxolod ori 
organizmis nacvlad SesaZlebelia, Seiqmnas asobiT an aTasobiT aseTi 
individi. gza, romliTac es miiRweva, ptolemeosis Zvelegviptur 
dinastiasac ki gaawiTlebda sircxvilisgan. mecnierebi ajvareben 
Tagvebis wyvils, romlebic da-Zma arian. Semdeg ajvareben da-
Zmas axladmiRebuli Taobidan da ase grZeldeba. rodesac da-Zmis 
Sejvareba 20-ze met TaobaSi meordeba, mTeli genomidan yvela 
genetikuri variacia amoiwureba. erTi Stamis yvela erTnairi sqesis 
Tagvi genetikurad identuria. meti srulyofisaTvis mecnierebs am 
genetikurad identuri Tagvebis dnm-Si mxolod erTi cvlilebis 
Setana SeuZliaT. aseTi genuri inJineria gamoiyeneba iseTi Tagvebis 
misaRebad, romlebic sruliad identurebi arian, garda dnm-is erTi 
ubnisa, romelic eqsperimentatorebisaTvis yvelaze sainteresoa.

gansxvavebuli feris Tagvi

yvelaze gamosadegi modeli imis Sesaswavlad, Tu rogor cvlis 
epigenetika genetikurad identuri individebis fenotips, Tagvi, 
saxelad aguti gaxda. normalur Tagvebs aqvT balani, romlis feri 
Taviseburia. Tmis Reris bolo Savia, Sua nawili _ yviTeli da Ziri 
isev Savi. Sua nawilSi yviTeli ubnis arsebobaze pasuxismgebelia geni, 
romelsac aguti (agouti) ewodeba da misi CarTva TagvebSi normaluri 
cikluri meqanizmis nawilia.
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arsebobs aguti genis mutirebuli forma (aRiniSneba a-Ti) da 
is arasdros CairTveba. Tagvebs, romlebsac mxolod a geni aqvT, 
mTlianad Savebi arian. arsebobs Tagvebis gansakuTrebuli mutanturi 
Stami, aRiniSneba Avy-Ti, rac aguti sicocxlisunarian yviTels 
aRniSnavs (agouti viable yellow). am xazis TagvebSi es specifikuri 
geni mudmivad CarTulia da Tmis Rerebi mTel sigrZeze yviTeli 
Seferilobisaa. Tagvebs aguti genis ori asli aqvT, romelTagan 
erT-erTs memkvidreobiT iReben dedisagan, xolo meores _ mamisagan. 
genis Avy versia dominanturia a versiaze, rac imas niSnavs, rom, Tu 
genis erTi asli Avy _ a, xolo meore - a, Avy gadafaravs da Tmis Rerebi 
mTel sigrZeze yviTeli iqneba. es yvelaferi Sejamebulia suraTze 
5.2.

 
Tmis bolo

aguti geni 
ga morTulia, 
roca Tmis 
Reris es 
nawili izrdeba

aguti geni 
CairTveba da 
Tmis Reris 
es nawili 
yviTelia

aguti geni isev 
gamoirTveba, 
amitom Tmis 
Ziri Sav fers 
ubrundeba

Tmis Ziri

normaluri aguti geni

Tmis bolo

aguti geni 
gamudmebiT 
CarTulia 
da Tmis 
Reri mTels 
sigrZeze 
yviTelia

Tmis Ziri

Tmis bolo

aguti geni 
araaqtiuria 
da Tmis 
Reri mTels 
sigrZeze 
Savia

Tmis Ziri

Warbad aqtiuri aguti geni Avy araaqtiuri aguti a geni

suraTi 5.2. TagvebSi balanis fers aguti genis eqspresia akontrolebs. 
normalur TagvebSi aguti cila eqspresirebs ciklurad, rac Tagvis balanis 
damaxasiaTebel Seferilobas ganapirobebs. am cikluri eqspresiis darRvevam, 
SesaZlebelia, Tmis Reris mTel sigrZeze yviTeli an Savi Seferiloba gamoiwvios. 
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mecnierebma Seqmnes Tagvebis Stami, romlis TiToeuli ujredi 
erT asl Avy da erT asl a gens Seicavda. es aRiniSneba, rogorc Avy/a. 
vinaidan Avy dominanturia a genze, mosalodneli iqneboda, rom Tagvebs 
mTlianad yviTeli feris balani hqonodaT, xolo radganac am Stamis 
yvela Tagvi genetikurad identuria, mosalodneli iyo, rom isini 
garegnuladac erTnairebi yofiliyvnen, magram ase ar aris. zogierT 
Tagvs mTlianad yviTeli balani aqvs, zogs klasikuri _ zoliani, 
sxvebis feri ki SeiZleba am or fers Soris arsebuli nebismieri 
elferis iyos, rogorc es naCvenebia suraTze 5.3.

 
suraTi 5.3 genetikurad identuri Tagvebi asaxaven balanis feris farTo 
variaciulobas, rac aguti cilis eqspresiazea damokidebul. fotosuraTi 
gamoyenebulia profesori ema uaiTlos nebarTviT.

es marTlac ucnauria, radgan Tagvebi genetikurad zustad 
erTnairebi arian. yvela Tagvs dnm-is erTi da igive kodi aqvs. 
SeiZleba vikamaToT, rom balanis gansxvavebuli feri gansxvavebuli 
garemo faqtorebis zemoqmedebis Sedegia, magram laboratoriuli 
pirobebi imdenad standartulia, rom es naklebad savaraudoa. am 
varauds kidev ufro eWvqveS ayenebs is faqti, rom erTdroulad 
gaCenil naSierebsac gansxvavebuli feris balani aqvT, maSin, rodesac 
Cveni varaudiT, erTdroulad dabadebul Tagvebze Zalian msgavsi 
garemo faqtorebi zemoqmedeben.
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ra Tqma unda, TagvebTan muSaobis xibli, gansakuTrebiT 
axlonaTesauri SejvarebiT miRebuli Tagvebis SemTxvevaSi, is aris, 
rom SedarebiT advilia detaluri genetikuri da epigenetikuri 
kvlevebis Catareba, gansakuTrebiT maSin, roca ukve gvaqvs gonivruli 
idea, Tu ras unda davakvirdeT. am SemTxvevaSi Sesaswavli sfero 
aguti geni iyo.

genetikosebma, romlebic Tagvebze muSaobdnen, icodnen rogor 
formirdeboda yviTeli fenotipi Avy matarebel yviTel TagvebSi. 
mecnierebma dnm-is fragmenti qromosomaSi zustad aguti genis win 
Casves. dnm-is am fragments retrotranspozoni ewodeba da is erT-
erTia im dnm-Tanamimdevrobebs Soris, romlebic cilas ar kodireben. 
amis nacvlad igi rnm-is anomalur fragments kodirebs. am rnm-is 
eqspresia mTlianad Tavdayira ayenebs aguti genis Cveul kontrols 
da mas mudmivad CarTul mdgomareobaSi inarCunebs. swored amis gamo 
Avy Tagvebis bewvi mTlianad yviTelia da ara zoliani.

yovelive es mainc ar aris sakmarisi imis asaxsnelad, Tu ratom 
aqvT genetikurad identur Avy/a Tagvebs gansxvavebuli feris balani. 
am kiTxvaze pasuxi, rogorc aRmoCnda, epigenetikaSi imaleba. zogierT 
Avy/a TagvSi retrotranspozonis CpG Tanamimdevrobebi Warbad 
meTilirebulia. rogorc wina TavSi SevityveT, dnm-is am tipis 
meTilireba gamorTavs genis eqspresias. retrotranspozoni aRar 
eqspresirebs anomalur rnm-s, romelic aguti genis transkripcias 
arRvevda. Sedegad, swored es aris im Tagvebis jgufi, romelTac 
savsebiT normaluri zoliani balani aqvT. sxva genetikurad 
identur Avy TagvebSi retrotranspozoni arameTilirebuli iyo. is 
warmoqmnida defeqtur rnm-s, romelic aguti genis transkripcias 
arRvevda da mas mudmivad CarTul mdgomareobaSi amyofebda, ris 
Sedegadac Tagvebi yviTeli ferisani iyvnen. Tagvebs, romelTa 
ujredebSi retrotranspozonis meTilireba Sualeduri doniT 
xdeboda, Sualeduri feris balani hqondaT. es modeli naCvenebia 
suraTze 5.4.
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aguti geni

aguti geni

aguti geni

normaluri

Avy arameTilirebuli

Avy meTilirebuli

geni, romlis 
CarTva da gamorTva 
ciklurad xdeba aguti cilisa da 

zoliani bewvis ciklebi

Canergili retrotranspozonis 
xarjze xdeba anomaluri rnm-is 
eqspresia da aguti geni mudmivad 
CarTulia

yviTeli bewvi

Canergili retrotranspozoni 
meTilirebulia, ar xdeba didi 
raodenobiT anomaluri rnm-is eqspresia 
da aguti cilis warmoqmna ufro 
normalur donezea SenarCunebuli

zoliani bewvi

suraTi 5.4 dnm-is meTilirebis variaciebi (gamosaxulia Savi wreebiT) 
zemoqmedebs retrotranspozonis eqspresiaze. retrotranspozonis eqspresiis 
variacia, Tavis mxriv, aguti genis eqspresias cvlis, rac genetikurad identur 
cxovelebSi balanis feris gansxvavebas iwvevs.

am SemTxvevaSi dnm-is meTilireba reostatis tipis CamrTveliviT 
moqmedebs. rodesac retrotranspozoni arameTilirebulia, is 
sruli simZlavriT kaSkaSebs da anomalur rnm-s Warbi raodenobiT 
warmoqmnis. rac ufro metad meTilirebulia retrotranspozoni, 
miT ufro iTrguneba misi eqspresia.

aguti Tagvebi imis naTeli magaliTia, Tu rogor SeuZlia 
epigenetikur modifikacias, am SemTxvevaSi dnm-is meTilirebas, 
genetikurad identuri individebi fenotipurad gansxvavebulad 
aqcios. Tumca arsebobs mudmivi safrTxe, rom aguti gansakuTrebuli 
SemTxvevaa da, SesaZlebelia, aseTi meqanizmi iSviaTi iyos. am varauds 
amyarebs isic, rom adamianebSi aguti genis aRmoCena Zalian rTulia _ 
rogorc Cans, is erT-erTia genebis im erTi procentidan, romlebsac 
Cven monaTesave TagvebTan ar viziarebT.
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TagvebSi kidev erTi saintereso Tavisebureba gvxvdeba _ 
mogrexili kudi. amas Axin-Serwyma ewodeba da isic ukidures 
variabelobas gamoxatavs genetikurad identur individebs Soris. 
damtkicebulia, rom es Tavisebureba, zustad iseve, rogorc aguti 
Tagvis SemTxvevaSi, kidev erTi magaliTia imisa, rom variabeloba 
sxvadasxva cxovelebis retrotranspozonSi dnm-is meTilirebis 
sxvadasxva doniT aris ganpirobebuli. 

es imeds gvisaxavs, radgan amtkicebs, rom es meqanizmi 
gamonaklisi ar aris, magram mogrexili kudic ar aris is fenotipuri 
maxasiaTebeli, romelsac uSualo kavSiri aqvs adamianTan. Tumca 
arsebobs maCvenebeli, rac CvenTvisac sainteresoa _ sxeulis wona. 
yvela genetikurad identuri Tagvi erTnairi wonis ar aris.

imis miuxedavad, ramdenad mkacrad akontroleben mecnierebi 
Tagvebze moqmed garemo faqtorebs, gansakuTrebiT ki maT mier 
miRebuli sakvebis raodenobas, Tagvebis inbredul StamebSi yvela 
identur Tagvs rodi aqvs sxeulis zustad erTnairi wona. mravali 
wlis ganmavlobaSi Catarebulma eqsperimentebma uCvena, rom 
dabadebis Semdgom garemoze sxeulis wonis cvlilebis mxolod 20-
30%-ia damokidebuli. rCeba SekiTxva _ ra ganapirobebs sxeulis 
wonis variabelobis darCenil 70-80%-s?5. Tu es arc genetikiT aris 
gamowveuli (yvela es Tagvi genetikurad identuria), da arc garemo 
faqtorebiT, e.i. variabelobis sxva wyaro arsebobs. 

2010 wels qvinslendis samedicino kvleviT institutSi Tagvebis 
genetikaze momuSave namdvilma enTuziastma da Zalian principulma 
mkvlevarma ema uaiTlom gansacvifrebeli statia gamoaqveyna. man 
gamoiyena axlonaTesauri SejvarebiT miRebuli Tagvebis Stami da 
Semdeg genuri inJineriiT Seqmna cxovelebis subpopulacia, romelic 
genetikurad sawyisi individebis identuri iyo mxolod erTi 
gansxvavebiT _ maTSi konkretuli epigenetikuri cilis normaluri 
raodenobis mxolod naxevris eqspresia xdeboda. man damoukidebeli 
kvleva Caatara garkveuli raodenobis Tagvebze da genuri inJineriiT 
miiRo cxovelTa calkeuli jgufebi, romelTagan TiToeuls mutacia 
hqonda epigenetikuri cilebis makodirebel sxvadasxva genSi.

rodesac profesorma uaiTlom didi raodenobiT normaluri 
da mutaciis matarebeli Tagvis sxeulis masebi gaaanaliza, 
saintereso efeqti gamovlinda. normaluri inbreduli Tagvebis 
jgufSi umetesobas metnaklebad erTnairi sxeulis masa hqonda da 
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masis umniSvnelo meryeoba sxva mravali eqsperimentis monacemebs 
Seesabameboda. konkretuli epigenetikuri cilis dabali donis 
mqone TagvebSi sxeulis masis variabeloba gacilebiT meti iyo. 
imave publikaciaSi gamoqveynebuli sxva eqsperimentebi afasebda 
am epigenetikuri cilebis eqspresiis Semcirebis efeqtebs. maTi 
daqveiTebuli eqspresia dakavSirebuli iyo metabolizmSi monawile 
garkveuli genebis eqspresiis donis cvlilebasTan6 da maTi eqspresiis 
variabelobas zrdida. sxva sityvebiT rom vTqvaT, epigenetikuri 
cilebi garkveul kontrols axorcielebdnen sxva genebis eqspresiaze, 
rac mosalodneli iyo.

ema uaiTlom Tavis sistemaSi epigenetikuri cilebis garkveuli 
raodenoba Seiswavla da aRmoaCina, rom mxolod maTi mcire 
nawili iwvevda sxeulis masis variabelobis zrdas. erT-erTi 
cila, romelsac aseTi efeqti hqonda, aris Dnmt3a. es erT-erTi im 
fermentTagania, romlebsac meTilis jgufi gadaaqvT dnm-ze, rom 
genebma funqcionireba Sewyviton. sxva epigenetikuri cila, romelic 
sxeulis wonis variabelobasTan iyo kavSirSi, Trim28-a. Trim28 
ramdenime sxva epigenetikur cilasTan kompleqss qmnis da isini erTad 
histonebs specifikur modifikaciebs amateben. es modifikaciebi 
modificirebuli histonebis mimdebared genebis eqspresiis 
regulacias aqveiTeben da cnobilni arian, rogorc represiuli 
histonuri modifikaciebi an markerebi. genomis ubnebi, romelTac 
histonebze bevri represiuli markeri aqvT, midrekilia dnm-is 
meTilirebisaken, Sesabamisad, SesaZlebelia, Trim28 mniSvnelovani 
iyos dnm meTilirebisaTvis saWiro garemos Sesaqmnelad.

es eqsperimentebi warmoSobs mosazrebas, rom konkretuli 
epigenetikuri cilebi damxSob funqcias asruleben. `SiSveli~ dnm 
ufro midrekilia SemTxveviTi aqtivaciisken da jamuri efeqti 
iseTia, TiTqos ujredebSi didi raodenobiT fonuri xmauri 
arsebobs. amas transkripciuli xmauri ewodeba. epigenetikuri 
cilebi am xmauris Sesamcireblad moqmedeben. amis misaRwevad isini 
histonebis modifikaciebs axorcieleben, rom genebis eqspresia 
Seamciron. safiqrebelia, rom zogierT qsovilSi sxvadasxva genis 
supresiisaTvis sxvadasxva epigenetikuri cila ufro mniSvnelovania, 
vidre sxva qsovilebSi.

cxadia, es supresia sruli ar aris. winaaRmdeg SemTxvevaSi 
axlonaTesauri SejvarebiT miRebuli yvela Tagvi fenotipis yvela 
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aspeqtSi identuri iqneboda, Cven ki viciT, rom es ase ar aris. 
sxeulis masis variabeloba inbreduli xazis TagvebSic arsebobs 
da aq aRsaniSnavi mxolod is aris, rom variabelobis done kidev 
ufro maRalia iseT TagvebSi, romelTac epigenetikuri cilebis 
daqveiTebuli doneebi aqvT.

es rTuli, gawonasworebuli procesi, rodesac epigenetikuri 
cilebi axSoben transkripciul xmaurs, magram srulad ar Trgunaven 
genebis eqspresias, erTgvari ujreduli kompromisia. aRniSnuli 
procesi ujredebs genis eqspresiis sakmaris moqnilobas aniWebs, rom 
maT axal signalebze pasuxis gacema SeZlon _ iqneba es hormonebi Tu 
sakvebi nivTierebebi, damabinZureblebi Tu mzis sinaTle _ magram 
xels uSlis am genebis mudmiv mzaobas, gaaqtiurdnen yovelgvari 
mizezis gareSe. epigenetika ujredebs saSualebas aZlevs, daicvan 
rTuli balansi: erTi mxriv, Camoyalibdnen da darCnen gansxvavebul 
ujredul tipebad mravalferovani funqciebiT da, meore mxriv, ar 
iyvnen iseTi mijaWvulni TavianTi genebis eqspresiis meqanizmebTan, 
rom garemos cvlilebaze pasuxis unari dakargon.

TandaTan sul ufro aSkara xdeba is, rom adreuli ganviTareba 
sakvanZo periodia transkripciuli xmauris kontrolis pirveladi 
CamoyalibebisaTvis. bolos da bolos, savsebiT SesaZlebelia, 
sxeulis wonis variabelobis sul mcire wili (mxolod 20-30%) 
postnataluri garemos efeqti iyos. mudmivad izrdeba interesi 
fenomenisadmi, romelsac ganviTarebis programireba ewodeba. 
embrionuli ganviTarebis dros momxdar movlenebs SeuZliaT 
zegavlena iqonion mTel cxovrebaze da sul ufro metad aRiareben, 
rom amgvari programirebis ZiriTad nawils epigenetikuri meqanizmebi 
udevs safuZvlad.

aseTi modeli savsebiT Seesabameba ema uaiTlos naSroms TagvebSi 
Dnmt3a-s da Trim28-s Semcirebuli doneebis efeqtis Sesaxeb. sxeulis 
wonaSi gansxvavebebi SesamCnevi iyo jer kidev maSin, rodesac Tagvebi 
sul sami kviris asakis iyvnen. es modeli Tanxvdeba im faqtsac, rom 
Dnmt3a-s daqveiTebuli done sxeulis wonis gazrdil variabelobas 
ganapirobebs, magram masTan kavSirSi myofi Dnmt1 fermentis 
daqveiTebul dones ema uaiTlos eqsperimentebSi efeqti ar hqonia. 
Dnmt3a-s SeuZlia, meTilis jgufebi daamatos dnm-is savsebiT 
arameTilirebul ubnebs, rac imas niSnavs, rom swored es fermentia 
pasuxismgebeli ujredSi dnm-is meTilirebis swori sqemebis 
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Camoyalibebaze. rogorc Cans, genis eqspresiis mravalferovnebis 
CaxSobis mniSvnelovani mizani (yovel SemTxvevaSi, sxeulis masasTan 
dakavSirebiT) dnm-is meTilirebis swori sqemebis gansazRvraa.

holandiuri mSieri zamTari

mecnierebma da politikosebma mravali wlis win aRiares 
orsulobis periodSi dedis janmrTelobisa da srulfasovani 
kvebis mniSvneloba, rac imis Sanss zrdis, rom bavSvi normaluri 
woniT daibados da fizikurad ganviTardes. bolo wlebSi isic 
gairkva, rom Tu deda orsulobis manZilze cudad ikvebeba, mis 
Svils janmrTelobis darRvevis gazrdili riski aqvs ara mxolod 
axalSobilobis periodSi, aramed aTwleulebis manZilzec. mxolod 
cota xnis win daviwyeT imis gacnobiereba, rom es nawilobriv mainc 
molekuluri epigenetikuri efeqtebis Sedegia, rasac ganviTarebis 
programirebis darRvevamde, genuri eqspresiisa da ujreduli 
funqciebis grZelvadian defeqtebamde mivyavarT.

rogorc ukve aRiniSna, arsebobs mZlavri eTikuri da teqnikuri 
mizezebi, romelTa gamoc adamianebis eqsperimentebSi gamoyeneba 
rTulia. samwuxarod, istoriuli movlenebi romlebic drois 
garkveul monakveTSi saSinelebad aRiqmeba, uneblieT qmnis 
adamianebisagan mecnierulad Sesaswavl jgufebs. amis erT-erTi 
yvelaze cnobili magaliTia `holandiuri mSieri zamTari~, romelic 
Sesaval nawilSi ukve vaxseneT.

es iyo saSineli gaWirvebisa da TiTqmis SimSilobis periodi, 
rodesac nacistebma meore msoflio omis bolo zamTris periodSi 
holandiaSi sawvavis da sakvebis miwodeba dablokes. ocdaori aTasi 
adamiani daiRupa da sasowarkveTili xalxi Wamda yvelafers, ris 
povnasac SeZlebdnen _ titebis bolqvebiT dawyebuli da cxovelis 
sisxliT damTavrebuli. am saSinelma gaWirvebam mecnieruli 
kvlevisTvis SesaniSnavi populacia Seqmna. gadarCenili holandielebi 
individebis mkveTrad gansazRvrul jgufs warmoadgendnen. yvela 
maTganma zustad erTsa da imave dros SimSilobis mxolod erTi 
periodi gamoiara. 

erT-erTi upirvelesi aspeqti, romelic mecnierebma Seiswavles, 
iyo SimSilobis gavlenis gansazRvra im bavSvebis dabadebis wonaze, 
romlebic am periodSi saSvilosnosSida ganviTarebis etaps 
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gadiodnen. Tu deda Casaxvis periodSi normalurad ikvebeboda da 
mxolod orsulobis bolo TveebSi SimSilobda, bavSvi meti albaTobiT 
mcirewoniani ibadeboda. meores mxriv, Tu deda arasrulfasovnad 
mxolod orsulobis pirveli sami Tvis manZilze ikvebeboda (imis 
gamo, rom Casaxva am saSineli istoriuli epizodis bolo periodSi 
moxda), Semdeg ki sakvebs sakmarisi raodenobiT iRebda, axalSobilis 
wona, ufro xSirad, normaluri iyo. nayofi sxeulis masis `akrefas~ 
aswrebda, vinaidan nayofi umeteswilad orsulobis bolo ramdenime 
TveSi izrdeba.

Tumca sainteresoa sul sxva faqti _ epidemiologebs hqondaT 
SesaZlebloba, es bavSvebi aTwleulebis manZilze SeeswavlaT 
da, rac maT aRmoaCines, marTlac gamaognebeli iyo. is bavSvebi, 
romlebic mcirewonianebi daibadnen, mTeli sicocxlis manZilze 
mcirewonianebad darCnen da Warbwonianobis indeqsi maTSi ufro 
dabali iyo, vidre mTel mosaxleobaSi. ufro moulodneli is iyo, 
rom im qalTa Svilebs, romlebic orsulobis pirvel periodSi 
arasrulfasovnad ikvebebodnen, mozrdil asakSi Warbwonianobis 
normalurze maRali indeqsi hqondaT. bolodroindelma moxsenebebma 
janmrTelobis sxva problemebis ufro maRali sixSirec aCvena. am 
problemebs Soris fsiqikuri janmrTelobis zogierTi aspeqtic 
aris. Tu deda orsulobis adreul periodSi itanjeboda sakvebis 
naklebobiT, mis Svils Sizofreniis ganviTarebis Cveulebrivze meti 
albaToba hqonda. es korelacia ara mxolod holandiuri mSieri 
zamTris kohortaSia aRmoCenili, aramed 1958-1961 wlebis Semzaravi 
CineTis didi SimSilobis dros gadarCenilebSic, rodesac mao Ze 
dunis politikis gamo milionobiT adamiani SimSiliT mokvda. 

miuxedavad imisa, rom es adamianebi dabadebisas idealurad 
janmrTelebi Candnen, saSvilosnosSida ganviTarebisas maTze 
imoqmeda raRac iseTma, ramac momdevno aTwleulebis ganmavlobaSi 
daRi daasva. da mniSvneloba hqonda ara mxolod imas, rom raRac 
moxda, aramed imasac, Tu rodis moxda. nayofis ganviTarebis pirveli 
sami Tvis manZilze, anu maSin, roca nayofi marTlac Zalian pataraa, 
momxdar movlenebs SeuZlia adamianis mTel cxovrebas daRi daasvas. 

yovelive es sruliad Seesabameba ganviTarebis programirebisa 
da misi epigenetikuri safuZvelis models. orsulobis adreul 
stadiebze, rodesac ujredebis sxvadasxva tipebi viTardeba, 
rogorc Cans, epigenetikuri cilebi genebis eqspresiis sqemebis 
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CamoyalibebisaTvis sasicocxlo mniSvnelobisaa. magram ar daiviwyoT, 
rom Cveni ujredebi miliardobiT fuZeTa wyvilze ganlagebul 
aTasobiT gensa da asobiT epigenetikur cilas Seicavs. normaluri 
ganviTarebis pirobebSic ki arsebobs zogierTi am cilis eqspresiisa 
da specifikur qromosomul regionebze maTi natifi gavlenis msubuqi 
variacia. aq dnm-is cota meti meTilireba, iq _ cota naklebad.

epigenetikuri meqanizmi aZlierebs, mere ki inarCunebs 
modifikaciebis gansazRvrul sqemebs, riTac genebis eqspresiis 
doneebs qmnis. Sedegad, es Tavdapirvelad mcire meryeobebi histonur 
da dnm-is modifikaciebSi SeiZleba damkvidrdes da Svileul ujredebs 
gadaeces an aTwleulebis manZilze SenarCundes iseT dRegrZel 
ujredebSi, rogoric neironebia. imis gamo, rom epigenomi `iWedeba~, 
genis eqspresiis sqemebsac konkretul qromosomul ubnebze igive 
SeiZleba daemarTos. moklevadiani gaTvliT amis Sedegi SesaZlebelia 
SedarebiT umniSvnelo iyos, magram aTwleulebis manZilze 
qromatinis odnav Seusabamo modifikaciebis Sedegad ganviTarebulma 
genis eqspresiis yvela umniSvnelo darRvevam, SesaZlebelia, mzardi 
funqciuri defeqtebi gamoiwvios. klinikurad Cven amis gansazRvris 
unari ar Segvwevs, vidre es procesi uxilav zRvars ar gadalaxavs da 
pacints simptomebi ar gamouvlindeba.

ganviTarebis programirebis farglebSi momxdari epigenetikuri 
variaciebi Tavisi arsiT upiratesad SemTxveviTi an, rogorc maT 
uwodeben, `stoqastikuri~ procesia. swored aseTi stoqastikuri 
procesiT SeiZleba aixsnas gansxvavebebis mniSvnelovani nawili 
monozigotur tyupebs Soris, romlebze TxrobiTac es Tavi daviwyeT. 
adreuli ganviTarebis periodSi epigenetikuri cvlilebebis 
SemTxveviTi fluqtuaciebi genebis eqspresiis araidentur sqemebs 
warmoSobs. es epigenetikuri norma xdeba da wlebis manZilze 
Zlierdeba, sanam genetikurad identuri tyupebi bolos da bolos 
fenotipurad gansxvavebulni ar gaxdebian. es gansxvaveba zogjer 
Zalian mkveTric aris. aseTi SemTxveviTi procesi, romelic 
gamowveulia adreuli ganviTarebis periodSi epigenetikuri 
genebis eqspresiis individualuri, mcire fluqtuaciebiT, kargi 
modelia imis aRsaqmelad, Tu ratom aqvT genetikurad identur 
Avy/a Tagvebs gansxvavebuli feris balani. savsebiT SesaZlebelia, es 
Avy-s retrotranspozonSi dnm-is meTilirebis SemTxveviTad cvladi 
doneebiT iyos gamowveuli.
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savaraudoa, rom epigenomis aseTi stoqastikuri cvlilebebia 
erTi inbreduli Stamis, srulad standartizebul pirobebSi myof 
Tagvebs Soris sxeulis masis variaciebis mizezi. magram rogorc 
ki am stoqastikur variaciebs Zlieri garemo faqtori daemateba, 
cvalebadoba, SesaZloa, ufro gamoxatuli gaxdes.

orsulobis adreul etapebze ZiriTad metabolur darRvevas, 
romelic holandiuri mSieri zamTris periodSi sakvebis mkveTrad 
Semcirebuli raodenobiT iyo gamowveuli, SeeZlo mniSvnelovnad 
Seecvala nayofis ujredebSi mimdinare epigenetikuri procesebi. 
ujredebis metaboluri procesebi Seicvleboda da am gziT 
Seecdebodnen, rom nayofi, sakvebi nivTierebebis Semcirebuli 
miwodebis miuxedavad, SeZlebisdagvarad janmrTeli gazrdiliyo. 
ujredebSi Semcirebuli kvebis kompensirebis mizniT genebis eqspresia 
Seicvleboda da genebis epigenetikuri cvlilebis gamo eqspresiis 
es saxe samomavlodac SenarCundeboda. yovelive zemoTqmulidan 
gamomdinare, gasakviri ar aris, rom Warbwonianobis maRali riski 
hqondaT im bavSvebs, romelTa dedebic orsulobis adreul 
periodSi SimSilobdnen, swored im periodSi, rodesac ganviTarebis 
programireba piks aRwevs. maTi ujredebi epigenetikurad 
programirebuli gaxdnen, rom SezRuduli moculobis sakvebidan 
maqsimaluri mieRoT. es programireba ucvleli darCa maSinac 
ki, rodesac misi ganmapirobebeli garemo piroba _ SimSiloba _ 
damTavrda.

holandiuri mSieri zamTris Semdeg gadarCenilebze Catarebulma 
dnm-is meTilirebis sqemebis ukanasknelma kvlevebma metabolizmSi 
CarTuli sakvanZo genebis cvlilebebi gamoavlina. miuxedavad imisa, 
rom aseTi korelacia mizez-Sedegobriobas ar amtkicebs, monacemebi 
Seesabameba im mosazrebas, rom adreuli ganviTarebis periodSi kveba 
sakvanZo metaboluri genebis epigenomur profils cvlis7.

mniSvnelovania, vaRiaroT, rom holandiuri mSieri zamTris 
kohortaSic ki Cven mier nanaxi efeqtebi globaluri ar aris. maTgan, 
visi dedac cudad ikvebeboda adreuli orsulobis periodSi, yvela 
ar gaxda Warbwoniani. ubralod, mosaxleobis am jgufis Seswavlisas 
mecnierebma mozrdilebSi simsuqnis gazrdili albaToba aRmoaCines. es 
isev da isev Seesabameba iseT models, sadac SemTxveviTi epigenetikuri 
variabeloba, adamianis genotipi, adreul ganviTarebaze moqmedi 
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garemo faqtorebi da genebis, ujredebis pasuxi garemoze erT did, 
rTul da jerac amouxsnel gantolebad erTiandeba. 

sakvebis mwvave deficiti nayofze moqmedi erTaderTi faqtori 
rodia, romlis gavlenac SesaZloa mTeli sicocxle gagrZeldes. 
dasavlur samyaroSi orsulobis dros alkoholis gadaWarbebuli 
moxmareba pirvel adgilzea Tandayolili defeqtebisa da gonebrivi 
ganviTarebis Seferxebis (fetaluri alkoholuri sindromi) iseT 
mizezebs Soris, romelTa Tavidan acilebac SesaZlebelia8. ema 
uaiTlom aguti Tagvebi gamoiyena, rom Seeswavla, SeuZlia Tu ara 
alkohols Tagvis fetaluri alkoholuri sindromis modelSi 
epigenetikuri modifikaciebi Secvalos. rogorc vnaxeT, Avy genis 
eqspresia epigenetikurad kontroldeba retrotranspozonis dnm-is 
meTilirebiT. nebismieri stimulatori, romelic retrotranspozonis 
dnm-is meTilirebas Secvlis, Avy genis eqspresiazec iqoniebs gavlenas. 
es ki balanis ferze aisaxeba. am modelSi balanis feri is signalia, 
romelic epigenetikur modifikaciaze mianiSnebs.

orsul Tagvebs alkoholze xeli Tavisuflad miuwvdebodaT. 
Semdeg ki Seadares alkoholis momxmarebeli da aramomxmarebeli 
dedebis naSierebis balanis feri. ferebis gadanawileba am or 
jgufSi gansxvavebuli iyo. rogorc mosalodneli iyo, igive suraTi 
gamovlinda retrotranspozonis dnm-is meTilirebis doneebSic. amiT 
aSkara gaxda, rom alkoholma TagvebSi epigenetikuri modifikaciebi 
gamoiwvia. im bavSvebSi, romelTa dedebi orsulobis dros Warbad 
moixmaren alkohols, ganviTarebis epigenetikuri programirebis 
darRvevam SesaZlebelia fetaluri alkoholuri sindromis romelime 
simptomi mainc gamoiwvios, romelic mTeli sicocxlis manZilze 
myarad SenarCundeba.

bisfenol A polikarbonatuli plastmasis warmoebaSi 
gamoyenebuli naerTia. aguti TagvebisaTvis am nivTierebis sakvebSi 
damatebam balanis feris ganawileba Secvala, rac, savaraudod, imis 
Sedegia, rom es qimikati epigenetikuri meqanizmebis gziT ganviTarebis 
programirebaze zemoqmedebs. 2011 wels evrokavSirma bisfenol A-s 
gamoyeneba CvilTa sakvebi boTlebis warmoebaSi akrZala.

adreuli programireba, SesaZloa, aseve erT-erTi mizezi iyos, 
romlis gamoc adamianTa qronikul mdgomareobebze garemo faqtorebis 
gavlenis gansazRvra rTulia. Tu SeviswavliT monozigoturi 
tyupebis wyvilebs, romlebic erTi specifikuri fenotipuri 
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niSniT gansxvavdebian (magaliTad, gafantuli sklerozi), garemos 
mizezobrivi faqtoris aRmoCena TiTqmis SeuZlebeli iqneba. mizezi 
SesaZloa mxolod is iyos, rom erTi tyupiscali gansakuTrebiT 
uiRblo aRmoCnda da SemTxveviTi epigenetikuri fluqtuaciebis 
Sedegad adreul sicocxleSive Camouyalibda genebis eqspresiis 
gansazRvruli sqemebi. amJamad mecnierebi epigenetikuri cvlilebebis 
ganawilebis rukebs adgenen konkordantul da diskordantul 
monozigotur tyupebSi sxvadasxva daavadebis dros. am gziT 
cdiloben konkretuli daavadebis arsebobasTan an ararsebobasTan 
dakavSirebuli dnm-is an histonuri modifikaciebis aRmoCenas.

SimSilobis periodSi Casaxuli bavSvebisa da yviTelbalniani 
Tagvebis magaliTze Cven adreuli ganviTarebisa da am etapze 
epigenetikis rolis Sesaxeb gasaocari ambebi SevityveT. raoden 
gasakviric unda iyos, am or gansxvavebul jgufs kidev erTi 
gakveTilis swavleba SeuZlia. me-19 saukunis dasawyisSi Jan-batist 
lamarkma Tavisi yvelaze cnobili naSromi gamoaqveyna. man mosazreba 
gamoTqva, rom SeZenili maxasiaTeblebi Taobidan Taobas gadaecema 
da swored es aris evoluciis mamoZravebeli Zala. magaliTad, 
Jirafis msgavsma cxovelma, romelsac mokle kiseri hqonda, mudmivi 
gaWimviT daigrZela kiseri da es niSan-Tviseba Semdgom Taobebsac 
gadasca. es Teoria ZiriTadad ugulebelyofilia da xSirad arc 
asaxavs sinamdviles. Tumca holandiuri mSieri zamTris kohortam da 
yviTelma Tagvebma gviCvenes, rom zogierT SemTxvevaSi SesaZlebelia 
memkvidreobis lamarkiseuli eretikuli modeli gamarTldes, raSic 
male davrwmundebiT.
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mamaTa codvebi
me var ufali RmerTi Seni, RmerTi moSurne, mimgebeli 
codvaTa mamaTasa SvilTa mimarT mesamed da meoTxed 
naTesavadmde moZuleTa CemTa. 
gamosvla, Tavi 20, muxli 5

me-20 saukunis dasawyisSi gamoqveynebuli radiard kiplingis 
`swored aseTi moTxrobebi~ warmoSobis Sesaxeb Seqmnili ambebis 
STambeWdavi krebulia. maTgan zogi yvelaze cnobili nawarmoebi 
cxovelebis fenotipebs exeba _ `rogor gauCnda leopards laqebi~, 
`pirveli javSnosnebi~, `rogor gauCnda aqlems kuzi~. es moTxrobebi 
wmindad gasarTobi fantaziis stilSia dawerili, magram mecnieruli 
kuTxiT isini erTi saukuniT ukan gvabrunebs da SeZenili niSan-
Tvisebebis memkvidreobis Sesaxeb lamarkis evoluciis Teorias 
exmaureba. kiplingis moTxrobebSi aRwerilia, rogor ganuviTardaT 
cxovelebs esa Tu is fizikuri niSan-Tviseba _ magaliTad, spilos 
_ grZeli xorTumi. igulisxmeba, rom yvela naSierma memkvidreobiT 
es maxasiaTebeli miiRo da yvela spilos grZeli xorTumi swored 
amitom aqvs. 

kiplingi Tavisi moTxrobebiT erToboda, maSin, rodesac lamarki 
mecnieruli Teoriis ganviTarebas cdilobda. rogorc yvela kargi 
mecnieri, isic Tavisi hipoTezisaTvis sasargeblo monacemebis 
Segrovebas cdilobda. amis erT-erT yvelaze cnobil magaliTad es 
gamodgeba: lamarkma CainiSna, rom mWedlebis (xeloba, romelic mZime 
fizikur Sromas moiTxovs) vaJiSvilebs xelis ufro didi kunTebi 
hqondaT, vidre feiqrebis (fizikurad gacilebiT msubuqi saqmianoba) 
vaJiSvilebs. lamarkis ganmartebiT, mWedlebis vaJiSvilebi TavianTi 
mamebis SeZenil fenotips _ did kunTebs _ memkvidreobiT iRebdnen.

Cveni Tanamedrove interpretacia gansxvavebulia. iTvleba, 
rom adamians, romelsac genebi didi kunTebis ganviTarebis 
SesaZleblobas aZlevs, upiratesoba eniWeba iseT saqmianobaSi, 
rogoric mWedlobaa. es profesia iseTebs miizidavda, vinc mas 
genetikurad ufro Seefereboda. Cveneuli interpretacia im 
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SesaZleblobasac ganixilavs, rom mWedlis vaJiSvilebs msxvili 
bicefsebisadmi es genetikuri midrekileba memkvidreobiT mieRoT. 
da bolos, saWiroa, aRiniSnos, rom im periodSi, rodesac lamarki 
Tavis Teorias werda, bavSvebs nebismier ojaxur biznesSi damatebiT 
samuSao Zalad iyenebdnen. savaraudod, mWedlis Svilebi ufro 
metad asrulebdnen mZime fizikur samuSaos adreul asakSi, vidre 
feiqris Svilebi. Sesabamisad, maT garemo faqtorebze pasuxad didi 
moculobis kunTebis ganviTarebis ufro meti Sansi hqondaT, iseve, 
rogorc yvela Cvengans rkinis gamoWedvis SemTxvevaSi. 

lamarkis Teoriis gaxsenebisas misi masxarad agdeba mainc Secdoma 
iqneboda. misi ideebis umetesobas mecnierulad aRar viziarebT, Tumca 
unda vaRiaroT, rom is keTilsindisierad cdilobda mniSvnelovani 
sakiTxebis gadaWras. lamarki savsebiT samarTlianad daCrdila me-
19 saukunis biologiis da, albaT, zogadad, biologiis korifem 
_ Carlz darvinma. darvinis modeli bunebrivi gadarCevis gziT 
saxeobaTa evoluciis Sesaxeb biologiur mecnierebebSi erTaderTi 
da yvelaze mZlavri konceptualuri CarCoa. misi mniSvneloba 
kidev ufro gaizarda memkvidreobis Sesaxeb mendelis naSromebis 
gamoqveynebisa da Cvens mier dnm-is, rogorc sawyisi memkvidruli 
masalis, molekuluri bunebis aRqmis Semdeg. 

evoluciis Teoriis erTnaxevari saukunis erT abzacSi moqcevas 
Tu movindomebT, SegviZlia, vTqvaT, rom:

genebis SemTxveviTi variaciebi qmnis fenotipur variaciebs 
individebSi. konkretul garemoSi zogierTi individi ukeT 
gadarCeba, vidre sxvebi da swored mas eyoleba meti STamomavali. 
es STamomavlebic memkvidreobiT miiReben mSoblebisgan xelsayrel 
genetikur kombinaciebs da amitomac warmatebulad gamravldebian. 
Sedegad, mravali Taobis manZilze calkeuli saxeobebi evoluciis 
gziT ganviTardebian.

SemTxveviTi variaciisaTvis nedli masala individis dnm 
Tanamimdevrobis an misi genomis mutaciaa. mutaciebis sixSire, 
rogorc wesi, Zalian dabalia da, amdenad, didi droa saWiro, rom 
sasargeblo mutaciebi ganviTardes da gavrceldes populaciaSi. es 
gansakuTrebiT iseT SemTxvevebs Seexeba, rodesac TiToeuli mutacia 
individs gansazRvrul garemoSi konkurentebTan SedarebiT mcire 
upiratesobas aniWebs.
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swored amitomac ver uZlebs kritikas lamarkis modeli darvinis 
modelTan SedarebiT. fenotipis SeZenil cvlilebas rogorme unda 
moexdina gavlena dnm-is scenarze da mniSvnelovnad Seecvala is, ris 
Sedegadac SeZenili maxasiaTebeli mxolod erTi Taobis farglebSi 
Tu gadaecemoda _ mSoblidan Svils. Tumca imis mtkicebulebebi, 
rom es marTlac xdeba, Zalian cotaa, Tu ar CavTvliT SemTxveviT 
movlenebs, rogoric aris pasuxi qimiuri nivTierebebis an radiaciis 
moqmedebaze. isini mutagenurad moqmedeben dnm-ze da fuZeTa 
wyvilebis Tanamimdevrobis cvlilebas iwveven. aseTi mutagenebic 
ki genomSi fuZeTa wyvilebis Zalian mcire wilze moqmedebs, isic 
SemTxveviTad, aqedan gamomdinare, es meqanizmi SeZenili Tvisebebis 
memkvidreobaSi wamyvani ver iqneba. 

arsebobs monacemTa Zalian didi baza, romelic lamarkis 
memkvidreobis Teorias ewinaaRmdegeba, amitom konkretuli 
mecnierebisaTvis cota mizezi Tu arsebobs, rom am sakiTxze 
eqsperimentulad imuSaon. es gasakviri arc aris. bolos da bolos, Tu 
mzis sistemiT dainteresebuli mecnieri xar, Teoriulad SegiZlia, 
sakvlevad SearCio hipoTeza, rom mTvaris zogierTi nawili mainc 
yvelisgan aris warmoqmnili, magram Tu ase moiqcevi, faqtobrivad, 
jiutad uaryof am ideis gamomricxav ukve arsebul mZlavr 
mtkicebulebebs, aseT midgomas ki racionalurs ver vuwodebT.

albaT, kulturuli (eTikuri) mizezic garkveul rols asrulebs 
imaSi, rom mecnierebi SeZenili maxasiaTeblebis memkvidreobis 
eqsperimentul kvlevas Tavs arideben. mecnieruli TaRliTobis 
erT-erTi yvelaze cnobili magaliTi ukavSirdeba paul kamerers, 
romelic meoce saukunis pirvel naxevarSi avstriaSi muSaobda. is 
amtkicebda, rom moaxerxa SeZenili niSan-Tvisebebis memkvidreobis 
demonstrireba gombeSos erT-erTi jiSis, meani gombeSos magaliTze.

kamererma ganacxada, rom im garemos Secvlis Sedegad, sadac 
gombeSoebi mravldebodnen, maT `sasargeblo~ adaptaciebi SeiZines. 
es adaptaciebi iyo warmonaqmnebi maT wina kidurebze _ e.w. saqorwino 
baliSebi, romlebic Savi feris iyo. samwuxarod, nimuSebis Zalian 
mcire raodenoba iyo SenarCunebuli da saTanadod Senaxuli da, 
rodesac kamereris erT-erTma oponentma isini Seiswavla, aRmoaCina, 
rom baliSebSi Savi tuSi iyo Seyvanili. kamereri uaryofda, rom 
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eqsperimentis dabinZurebis Sesaxeb icoda da cota xanSi Tavi moikla. 
am skandalma isedac saeWvo Temas saboloo dartyma miayena1.

evoluciis Teoriis istoriis am mokle mimoxilvis erT-erTi 
debuleba ase JRerda: `fenotipis SeZenili cvlileba raime formiT 
unda aisaxos dnm-is scenarze da marTlac mniSvnelovani cvlilebebi 
Seitanos masSi, raTa es SeZenili maxasiaTebeli mxolod erTi Taobis 
farglebSi _ mSoblidan Svils _ gadaeces.~

namdvilad rTuli warmosadgenia, rogor SeuZlia individis 
ujredebze garemos gavlenas imoqmedos garkveul genze da fuZeTa 
wyvilebis Tanamimdevroba Secvalos, magram amasTanave calsaxad 
cxadia, rom epigenetikuri modifikaciebi _ iqneba es dnm-is meTilireba 
Tu histonuri cilebis cvlilebebi _ marTlac gansazRvrul genebSi 
xdeba ujredze garemos gavlenis pasuxad. hormonul signalze pasuxi, 
rac wina TavSi iyo aRwerili, amis naTeli magaliTia. Cveulebriv, 
hormoni, magaliTad, estrogeni, ukavSirdeba receptors, magaliTad, 
ZuZus ujredze. estrogeni Tavis receptorTan dakavSirebuli rCeba 
da ujredis birTvSi gadainacvlebs. isini dnm-is specifikur motivebs 
_ a, c, g da T fuZeebis gansazRvrul Tanamimdevrobebs ukavSirdebian, 
romlebic konkretuli genebis promotorebzea ganlagebuli. es 
genebis CarTvas uwyobs xels. am motivebTan dakavSirebis Semdeg 
estrogenis receptori sxvadasxva epigenetikur fermentebsac 
miizidavs. es cvlis histonur modifikaciebs, aSorebs ra genis 
eqspresiis damTrgunvel markerebs da tovebs im markerebs, romlebic 
genebs CarTavs. amgvarad, hormonebze moqmedebis saSualebiT, garemos 
SeuZlia Secvalos konkretuli genebis epigenetikuri sqema.

es epigenetikuri modifikaciebi ar cvlis genis Tanamimdevrobas, 
magram cvlis genis eqspresias. es ki, sabolood, momavali daavadebebis 
ganviTarebis daprogramebis ZiriTad safuZvels warmoadgens. 
CvenTvis cnobilia, rom epigenetikuri modifikaciebi SesaZlebelia 
dediseuli ujredidan Svileul ujreds gadaeces. swored amis 
gamoa, rom kbilebi Tvalis kaklebze ar amogvdis. msgavsi meqanizmiT 
SesaZlebeli Tu iqneboda, garemos mier inducirebuli epigenetikuri 
modifikaciebi erTi individidan mis STamomavals gadascemoda, 
maSin lamarkiseuli memkvidreobis msgavsi meqanizmi gveqneboda. 
epigenetikuri (genetikurisgan gansxvavebuli) cvlileba mSoblidan 
Svils gadaecemoda. 



101

6. mamaTa codvebi

eresi da holandiuri mSieri zamTari

urigo ar iqneboda, gagveanalizebina, Tu rogor SeiZleboda es 
momxdariyo, Tumca sinamdvileSi Cven imis gageba gvWirdeba, SeuZlia 
Tu ara SeZenil maxasiaTeblebs aseTi gziT memkvidreoba. saintereso 
is ki ar aris, es rogor xdeba, aramed ufro mTavari _ xdeba Tu ara 
es saerTod? aRsaniSnavia, rom arsebobs specifikuri situaciebi, 
roca aseT rames marTlac aqvs adgili. es sulac ar niSnavs imas, rom 
darvinisa da mendelis modelebi mcdaria, mxolod imaze miuTiTebs, 
rom, rogorc yovelTvis, biologiis samyaro gacilebiT ufro 
rTulia, vidre warmogvedgina. 

am sakiTxisadmi miZRvnili samecniero literatura damabnevel 
terminologias Seicavs. zogi adreuli naSromi SeZenili Tvisebebis 
epigenetikuri memkvidreobis Sesaxeb ar gvawvdis cnobebs dnm-
is meTilirebis variaciebis an histonebis cvlilebebis Sesaxeb. es 
avtorebis daudevrobis brali ki ar aris, aramed imitom xdeba, 
rom sityva `epigenetika~ gansxvavebuli mniSvnelobiT ixmareba. 
Zvel SromebSi sityvaTSeTanxmeba `epigenetikuri gadacema~ niSnavda 
memkvidreobis saxes, romlis axsna genetikis farglebSi SeuZlebeli 
iyo. am SemTxvevebSi sityva `epigenetika~ asaxavda Tavad fenomens 
da ara molekulur meqanizms. yvelaferi rom ufro gasagebi gaxdes, 
SeZenili Tvisebebis memkvidreobis fenomenis aRsawerad gamoviyenebT 
termins `TaobaTaSorisi (transgeneraciuli) memkvidreoba~, xolo 
termins `epigenetika~ _ molekuluri movlenebis dasaxasiaTeblad.

adamianSi TaobaTaSorisi memkvidreobis erT-erTi yvelaze mZlavri 
mtkicebuleba holandiuri mSieri zamTris dros gadarCenilTa 
ambebia. niderlandebis SesaniSnavi samedicino infrastruqturis, 
aseve pacientebis monacemebis Segrovebisa da Senaxvis maRali 
standartebis wyalobiT, epidemiologebisaTvis SesaZlebeli gaxda 
SimSilobis periods gadarCenilTaTvis mravali wlis manZilze Tvali 
edevnebinaT. aRsaniSnavia, rom maT saSualeba hqondaT dakvirvebodnen 
ara mxolod holandiuri mSieri zamTris periodSi mcxovreb xalxs, 
aramed maT Svilebsa da SviliSvilebsac.

am dakvirvebam araCveulebrivi movlena gamokveTa. rogorc 
ukve vnaxeT, Tu qali orsulobis pirveli sami Tvis manZilze 
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cudad ikvebeboda, misi Svili normaluri woniTY ibadeboda, 
magram zrdasrul asakSi sxvebTan SedarebiT simsuqnisa da sxva 
darRvevebis ganviTarebis ufro maRali riski hqonda. ucnauria, 
magram rodesac am jgufSi Semavali qalebi Tavad xdebodnen dedebi, 
maTi pirveli Svili, rogorc wesi, ufro didi wonis ibadeboda, 
vidre sakontrolo jgufis bavSvi2,3. es naCvenebia suraTze 6.1, sadac 
Cvilebis SefardebiTi zomebi meti sicxadisaTvis gazrdilia, dedebs 
ki gamogonili holandiuri saxelebi davarqvi.

cudad ikvebeboda 
pirvel trimestrSi

adalindi

normaluri woniT 
dabadebuli bavSvi

izrdeba da 
daorsuldeba

izrdeba da 
daorsuldeba

besi

kamila

bavSvis wona, savaraudod, 
saSualoze meti iqneba

cudad ikvebeboda orsulobis 
mesame trimestrSi

mcire woniT 
dabadebuli bavSvi

bavSvi normaluri
woniT daibadeba

suraTi 6.1 cudi kvebis Sedegebi im qalebis Svilebsa da SviliSvilebSi, 
romlebic holandiuri mSieri zamTris periodSi orsulad iyvnen. orsulobis 
dros kvebis deficitis vadebi gadamwyveti iyo, rac SemdgomSi axalSobilTa 
sxeulis wonaze aisaxa.
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Cvili kamilas (suraTze: qvemoT marcxniv) dabadebis wonaze 
moqmedi gavlena marTlac ucnauria. rodesac kamila viTardeboda, 
dedamisi _ besi _ savaraudod, janmrTeli iyo. besim SimSilobis 
erTaderTi periodi oci an meti wlis win gadaitana, rodesac is 
Tavad iyo ganviTarebis sawyis etapze dedis saSvilosnoSi. da mainc, 
rogorc Cans, es gavlenas axdens besis Svilze, miuxedavad imisa, 
rom Tavad kamila adreuli ganviTarebis etapze kvebis deficits ar 
ganicdida.

zemoaRwerili SemTxveva TiTqos TaobaTaSorisi (lamarkiseuli) 
memkvidreobis kargi magaliTia, magram iyo Tu ara es gamowveuli 
epigenetikuri meqanizmiT? ramdenad SesaZlebelia, rom epigenetikuri 
cvlileba (dnm-is Secvlili meTilireba da/an histonuri 
modifikaciebis cvlilebebi), romelic besis organizmSi misi 
saSvilosnosSida ganviTarebis pirveli Tormeti kviris manZilze 
sakvebis deficitis gamo Camoyalibda, misi kvercxujredis birTviT 
mis Svils gadascemoda? SesaZloa, Tumca imis ugulebelyofac ar 
Rirs, rom sxva potenciuri ganmartebebic arsebobs.

magaliTad, SesaZlebelia, rom adreul asakSi darRveuli kvebis 
amoucnobi efeqti arsebobda, ris gamoc orsulobis periodSi besim 
placentiT normaze meti sakvebi nivTiereba gadasca nayofs. esec 
gamoiwvevda TaobaTaSoris efeqts _ kamilas gazrdil zomas _ magram 
ara im mizeziT, rom besis epigenetikuri modifikacia kamilas gadaeca. 
es gamowveuli iqneboda kamilas zrdisa da ganviTarebis periodSi 
saSvilosnoSi arsebuli pirobebiT (saSvilosnosSida garemoTi).

mniSvnelovania aseve gvaxsovdes, rom adamianis kvercxujredi 
didia. is Seicavs birTvs, romlis moculoba garemomcvel 
citoplazmasTan SedarebiT mcirea. warmoidgineT yurZnis marcvali 
mandarinSi, raTa maTi zomebis Sesaxeb daaxloebiTi warmodgena 
SegeqmnaT. kvercxujredis ganayofierebisas citoplazma mraval 
funqcias asrulebs. besis ganviTarebis daprogramebis adreul 
etapze, SesaZloa, raRac iseTi moxda, ris Sedegadac kvercxujredis 
citoplazmaSi raRac uCveulo gaCnda. SeiZleba arc ise damajereblad 
JRerdes, magram kvercxujredebis formireba mdedrobiTi sqesis 
ZuZumwovrebSi maTi embrionuli ganviTarebis adreul etapze iwyeba. 
zigotis ganviTarebis yvelaze adreuli safexurebi didwilad 
kvercxujredis citoplazmazea damokidebuli. raime anomaliam 
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citoplazmaSi SesaZloa nayofis zrdis uCveulo xasiaTi ganapirobos. 
es isev da isev TaobaTaSoris memkvidreobas gamoiwvevs, magram ara 
epigenetikuri modifikaciis pirdapiri gadacemis gziT.

amrigad, rogorc naxeT, sxvadasxva meqanizmi arsebobs, 
romlebiTac holandiuri mSieri zamTris periodSi gadarCenilTa 
Soris dedis xaziT memkvidreobis axsna SeiZleba. naklebad 
rTuli situaciebis Seswavla rom iyos SesaZlebeli, es SeZenili 
maxasiaTeblebis memkvidreobaSi epigenetikis rolis garkvevisTvis 
dagvexmareboda. idealur SemTxvevaSi es iqneboda iseTi scenari, 
sadac saSvilosnosSida garemoze da kvercxujredis citoplazmaze 
dakvirveba ar dagvWirdeboda.

modiT, mamebis kuTxiT ganvixiloT. vinaidan mamakacebi ar 
orsuldebian, isini nayofis ganviTarebis garemoze gavlenas ver 
moaxdenen. isini zigotas didi raodenobiT citoplazmasac ar 
gadascemen. spermatozoidi Zalian pataraa da TiTqmis mTlianad 
birTvisgan Sedgeba _ patara, kudian tyvias hgavs. amitomac, Tu 
TaobaTaSoris memkvidreobas mamidan Svilze aRmovaCenT, is ar unda 
iyos gamowveuli saSvilosnosSida an citoplazmuri efeqtebiT. 
aseT pirobebSi epigenetikuri meqanizmi SeZenili maxasiaTeblebis 
TaobaTaSorisi memkvidreobis mimzidveli axsna iqneboda.

xarbi biWebi SvedeTidan

garkveuli monacemebi imis Sesaxeb, rom TaobaTaSorisi 
memkvidreoba SesaZlebelia mamrobiTi sqesis individebSi moxdes, kidev 
erTi istoriuli kvlevidan aris miRebuli. CrdiloeT SvedeTSi aris 
geografiulad izolirebuli regioni _ overkaliqsi. me-19 saukunis 
bolos da me-20 saukunis dasawyisSi iq sakvebis saSineli deficitis 
periodebi aRiniSneboda (cudi mosavlis, saomari moqmedebebis, 
transportis ukmarisobis gamo), romlebsac siuxvis periodebi 
enacvleboda. mecnierebma am periodebSi iq mcxovrebi adamianebis 
STamomavlebSi sikvdilobis maCveneblebi Seiswavles. kerZod, maT 
gamoikvlies kvebis racioni bavSvobis im etapze, romelic neli 
zrdis asakis (nza) saxelwodebiT aris cnobili. Tu sxva pirobebi 
identuria, bavSvebi yvelaze nela im wlebSi izrdebian, romlebic 
sqesobriv momwifebas uswrebs win. es savsebiT normaluri fenomenia 
da populaciebis umetesobaSi SeiniSneba.
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istoriuli Canawerebis gamoyenebiT mkvlevrebma daadgines, rom 
Tu mamis neli zrdis asakSi sakvebis deficiti iyo, mis vaJs gul-
sisxlZarRvTa daavadebebiT (insulti, maRali arteriuli wneva an 
koronaruli arteriebis daavadeba) sikvdilis Semcirebuli riski 
hqonda. meore mxriv, Tu mamakacs neli zrdis asakSi Warbi sakvebi 
hqonda, misi SviliSvilebi diabeturi daavadebebis garTulebebiT 
sikvdilis gazrdili riskis qveS iyvnen4. iseve, rogorc kamilas 
holandiuri mSieri zamTris magaliTSi, Svilebsa da SviliSvilebs 
am SemTxvevaSic Secvlili hqondaT fenotipi (gul-sisxlZarRvTa 
daavadebiT an diabetiT sikvdilis Secvlili riski) garemo faqtoris 
pasuxad, romelsac Tavad maTze ar umoqmedia. 

es monacemebi zemoT aRwerili mizezebis gamo ver iqneba 
saSvilosnosSida garemos an citoplazmuri cvlilebebis Sedegi. 
aqedan gamomdinare, logikuria, Camoyalibdes hipoTeza, rom 
babuebis TaobaSi sakvebis xelmisawvdomobis TaobaTaSorisi Sedegebi 
SviliSvilebs epigenetikuri meqanizmebis saSualebiT gadaeca. 
aseTi monacemebi gansakuTrebiT STambeWdavia, roca warmovidgenT, 
rom pirveladi kvebaze damokidebuli efeqti prepubertul asakSi 
ganviTarda, anu maSin, rodesac spermis warmoqmnac ki ar iyo 
dawyebuli. da amis miuxedavad, Sedegi Svilebisa da SviliSvilebis 
Taobas gadaeca. 

yovelive zemoaRniSnulis miuxedavad, mamis xaziT TaobaTaSorisi 
memkvidreobis sakiTxSi garkveuli kiTxvebi Cndeba. kerZod, Zalian 
sariskoa sikvdilis Sesaxeb Zvel Canawerebsa da istoriuli cnobebze 
dayrdnobiT daskvnebis gamotana. amasTan, zogierTi Seswavlili 
efeqti damajereblad ar iyo gamoxatuli. es problema xSirad 
warmoiSoba adamianTa populaciaze muSaobisas, im yvela sakiTxTan 
erTad, rac aqamde ganvixileT, rogoric aris Cveni genetikuri 
variabeloba da garemos saTanadod gakontrolebis SeuZlebloba. 
yovelTvis arsebobs riski, rom Cvens xelT arsebuli monacemebidan 
Seusabamo daskvnebi gavakeToT _ zustad ise, rogorc lamarks 
vabralebT mWedlebis ojaxebis kvlevis Sedegad mcdari daskvnebis 
gamotanas. 
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eretikuli Tagvi

arsebobs Tu ara alternatiuli gza TaobaTaSorisi memkvidreobis 
Sesaswavlad? Tu es fenomeni sxva saxeobebSic gvxvdeba, ufro 
damajereblad SevZlebdiT mtkicebas, rom es movlena realuria, 
radgan SesaZlebeli gaxdeboda modelur sistemebze eqsperimentebis 
Catareba specifikuri hipoTezis testirebisaTvis da ara mxolod im 
monacemTa bazebis gamoyeneba, romelTac buneba (an istoria) gvawvdis.

da ai, isev aguti Tagvs vubrundebiT. ema uaiTlos naSromebma 
aCvena, rom aguti Tagvebis bewvis cvalebadi feri ganpirobebuli 
iyo epigenetikuri meqanizmiT _ aguti genSi retrotranspozonis 
dnm-is meTilirebiT. sxvadasxva feris Tagvebs dnm-is erTnairi 
Tanamimdevroba, magram retrotranspozonis epigenetikuri 
modifikaciis gansxvavebuli done hqondaT. 

profesorma uaiTlom gadawyvita, gamoekvlia, iyo Tu ara 
SesaZlebeli bewvis feris memkvidreobiT gadacema. Tu es SesaZlebeli 
aRmoCndeboda, damtkicdeboda, rom mSoblebidan Svilebs gadaecema 
ara mxolod dnm, aramed genomis epigenetikuri modifikaciebic. es 
SeZenili maxasiaTeblebis TaobaTaSorisi memkvidreobis SesaZlo 
meqanizmi iqneboda.

rodesac ema uaiTlom mdedri aguti Tagvebi gaamravla, miiRo 
Sedegi, romelic gamosaxulia suraTze 6.2. meti sicxadisaTvis 
aq naCvenebia mxolod is Taoba, romelTac Avy retrotranspozoni 
memkvidreobiT dedisagan miiRes, vinaidan es swored is Sedegia, rac 
gvainteresebs.

Tu deda Tagvs arameTilirebuli Avy geni da, Sesabamisad, yviTeli 
bewvi hqonda, mTeli misi STamomavlobac yviTeli, an odnav Wreli 
bewviT ibadeboda. aseT dedas arasdros uCndeboda Zalian muqbewviani 
naSieri, rac retrotranspozonis meTilirebasTan aris dakavSirebuli. 
da piriqiT, Tu dedis Avy geni Warbad iyo meTilirebuli da amis 
Sedegad mas muqi bewvi hqonda, misi zogierTi naSieric muqi bewviT 
ibadeboda. Tu muqi bewvi aReniSneboda dedasac da bebiasac, maSin 
es efeqti ufro mkveTrad iyo gamoxatuli. muqi bewviT ibadeboda 
naSierTa daaxloebiT mesamedi, 6.2 suraTze aRweril SemTxvevaSi ki 
muqbewviani naSierebis raodenoba xuTidan erTia.
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aguti geni

aguti geni

arameTilirebuli Avy 

yviTeli bewvi

yviTeli deda Sobs 
mxolod yviTel 
an odnav Seferil 
naSierebs

Casmuli retrotranspozonis 
mier xdeba anomaluri rnm-
is eqspresia da aguti geni 
mudmivad CarTulia

meTilirebuli Avy

zoliani bewvi

muqi feris deda 
Sobs yviTel, odnav 
Seferil an muqi 
feris naSierebs 
sakmaod stabiluri 
TanafardobiT

Casmuli retrotranspozoni 
meTilirebulia, ar xdeba

anomaluri rnm-is Warbi eqspresia da 
aguti cila normalurad warmoiqmneba

suraTi 6.2 genetikurad identuri mdedri Tagvebis bewvis feri gavlenas 
axdens maTi naSierebis bewvis ferze. yviTel Tagvebs, romelTa aguti geni 
mudmivad eqspresirebulia maregulirebeli retrotranspozonis dnm-is 
susti meTilirebis gamo, arasdros uCndebaT muqi feris naSierebi. dedis 
epigenetikurad da ara genetikurad ganpirobebuli niSan-Tviseba gavlenas 
axdens naSierze.

imis gamo, rom ema uaiTlo inbredul Tagvebze muSaobda, mas 
eqsperimentis mravaljer ganxorcieleba da asobiT genetikurad 
identuri naSieris miReba SeeZlo. es mniSvnelovania, radgan rac 
ufro meti monacemi gvaqvs eqsperimentSi, miT ufro SeiZleba 
Sedegebis ndoba. statistikurma kvlevebma aCvena, rom fenotipuri 
gansxvavebebi genetikurad identur jgufebs Soris Zalian didia. 
sxva sityvebiT rom vTqvaT, Zalian dabali iyo imis albaToba, rom 
aseTi Sedegebi SemTxveviTi yofiliyo5.

zemoaRwerili eqsperimentebis Sedegebma aCvena, rom epigenetikuri 
faqtorebiT ganpirobebuli efeqti (dnm-is meTilirebaze 
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damokidebuli bewvis maxasiaTeblebi) cxovelebSi STamomavlobas 
gadaecemoda. magram nuTu Tagvebma epigenetikuri modifikacia 
dedisagan marTlac pirdapiri memkvidreobiT miiRes?

arsebobda SesaZlebloba, rom dafiqsirebuli Sedegebi gamowveuli 
iyo ara Avy retrotranspozonis epigenetikuri modifikaciis 
memkvidreobiT, aramed raRac sxva meqanizmiT. rodesac aguti geni 
zedmetad gaaqtiurebulia, es mxolod bewvis yviTlad Sefervas ar 
iwvevs. aguti sxva genebis eqspresiis regulaciasac arRvevs, ris 
gamoc yviTeli Tagvebi simsuqnisken da diabetisaken midrekilebi 
arian. amrigad, metad savaraudoa, rom yviTel da muq make dedebs 
gansxvavebuli saSvilosnosSida garemo aqvT da CanasaxebisaTvis 
sakvebi nivTierebebis xelmisawvdomobac gansxvavebulia. sakvebis 
xelmisawvdomobas TavisTavad SeuZlia Secvalos naSieris Avy 
retrotranspozonze gansazRvruli epigenetikuri markerebis 
gadanawileba. es epigenetikur memkvidreobas daemsgavseboda, magram 
sinamdvileSi STamomavloba dedisagan dnm-is meTilirebis sqemas 
pirdapir memkvidreobiT ar miiRebda. amis nacvlad, isini ganviTarebis 
daprogramebis msgavs process gaivlidnen, rac saSvilosnoSi sakvebi 
nivTierebebis xelmisawvdomobaze pasuxi iqneboda. 

marTlac, im dros, roca ema uaiTlo eqsperimentebs atarebda, 
mecnierebisaTvis ukve cnobili iyo, rom dietas SeeZlo aguti Tagvebis 
bewvis ferze zemoqmedeba. rodesac make aguti Tagvebs iseTi qimiuri 
naerTebiT mdidari produqtebiT kvebaven, romlebsac ujredebis 
meTilis jgufebiT momarageba SeuZliaT (meTilis donorebi), 
gansxvavebulad Seferili naSierebis Tanafardoba icvleba6. amis 
mizezi ki is aris, rom ujredebs meti meTilis jgufis gamoyeneba, 
dnm-is metad meTilireba da aguti genis anomaluri eqspresiis 
gamorTva SeuZliaT. es ki imas niSnavs, rom uaiTlos jgufi Tavis 
eqsperimentebSi Zalian frTxilad unda moekidos saSvilosnosSida 
kvebis efeqtis gakontrolebas.

erT-erT im eqsperimentSi, romlis Catarebac adamianebSi 
SeuZlebelia, maT yviTeli Tagvis sxeulidan miRebuli ganayofierebuli 
kvercxujredebi muqi Tagvis sxeulSi Canerges da piriqiT. yvela 
SemTxvevaSi naSierebis bewvis Seferilobis gadanawileba iseTive iyo, 
rogoric kvercxujredis donorisagan, anu biologiuri dedisagan 
da ara surogatisagan iqneboda mosalodneli. am kvlevam udavod 
daadastura, rom saSvilosnosSida garemo ar akontrolebs bewvis 
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Seferilobas. Sejvarebis rTuli sqemebis gamoyenebiT mkvlevrebma isic 
daamtkices, rom bewvis feris tips arc kvercxujredis citoplazma 
gansazRvravs. am monacemebis SejamebiT miRebuli yvelaze martivi 
daskvna is aris, rom adgili hqonda epigenetikur memkvidreobas. sxva 
sityvebiT rom vTqvaT, epigenetikuri modifikacia (savaraudod, dnm-
is meTilireba) genetikur kodTan erTad memkvidreobiT gadaecema. 

erTi Taobidan meoreze fenotipis amgvari gadacema srulyofili 
ar iyo_ yvela naSieri zustad dedis identurad ar gamoiyureboda. 
aqedan vaskvniT, rom aguti fenotipis eqspresiis makontrolebeli 
dnm-is meTilireba Taobidan Taobas stabilurad ar gadaecemoda. es 
sruliad analogiuria im Sedegebisa, rac adamianebSi TaobaTaSoris 
memkvidreobis saeWvo SemTxvevebSi (magaliTad, holandiuri 
mSieri zamTari) vnaxeT. Tu sakvlev jgufSi adamianTa sakmaod 
did raodenobas davakvirdebiT, sxvadasxva jgufebSi dabadebis 
wonis gansxvavebebs aRmovaCenT, magram erTeuli individis Sesaxeb 
absolutur prognozebs ver gavakeTebT. 

aguti Tagvebis StamSi arastandartuli sqes-specifikuri 
fenomenic arsebobs. miuxedavad imisa, rom dedidan naSierze bewvis 
feris gadacemam aSkara TaobaTaSorisi efeqti uCvena, mamidan 
naSierze Avy retrotranspozonis gadacemis SemTxvevaSi msgavsi 
efeqti ar gamovlenila. ar hqonda mniSvneloba, mamri Tagvi yviTeli 
iyo, msubuqad Seferili Tu muqi feris. mis naSierebSi, rogorc wesi, 
yvela elferis bewvis mqone Tagvebi aRiniSneboda. 

Tumca arsebobs orive sqesis mSoblisagan epigenetikuri 
memkvidreobis sxva magaliTebic. daxveuli kudis fenotipi TagvebSi, 
romelsac AxinFu (Axin Serwymuli) genis retrotranspozonis 
variabeluri meTilireba iwvevs, SeiZleba gadaeces rogorc dedisagan, 
aseve mamisagan7. am konkretuli maxasiaTeblis TaobaTaSorisi 
memkvidreoba saSvilosnosSida an citoplazmuri faqtorebiT 
ganpirobebuli ar unda iyos, radgan mamis roli am faqtorebSi 
TiTqmis ar arsebobs. ufro sarwmunoa, rom AxinFu genis epigenetikuri 
modifikacia STamomavlobas erT-erTi mSoblisagan gadaecema. 

aRwerili samodelo sistemebi marTlac sasargeblo iyo 
aragenetikuri fenotipis TaobaTaSorisi memkvidreobis 
SesaZleblobis dasadastureblad da amaSi epigenetikuri 
modifikaciebis rolis saCveneblad. es marTlac revoluciuria. es 
adasturebs, rom zogierT, Zalian specifikur situaciaSi realurad 
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xdeba lamarkiseuli memkvidreoba da Cven im molekuluri meqanizmis 
marTva SegviZlia, rac mas safuZvlad udevs. magram agutis da 
daxveuli kudis fenotipebi genomSi specifikuri retrotranspozonis 
arsebobas efuZneba. nuTu es mxolod gansakuTrebuli SemTxvevebia? 
Tu arsebobs ufro zogadi efeqti? kidev erTxel davubrundeT imas, 
rasac yvela CvenganisTvis ufro meti mniSvneloba aqvs _ sakvebs.

simsuqnis epigenetika

rogorc CvenTvis cnobilia, simsuqnis epidemia viTardeba da 
mTel msoflioSi vrceldeba, Tumca gansakuTrebuli siswrafiT 
industriulad ufro ganviTarebul qveynebs moicavs. aSkarad 
SemaSfoTebeli grafiki suraTze 6.3, romelic warmogvidgens didi 
britaneTis monacemebs 2007 wlisaTvis8 _ asaxavs, rom yoveli sami 
zrdasruli adamianidan ori Warbwoniani (sxeulis masis indeqsi 
25 an meti) an msuqania (sxeulis masis indeqsi 30 an meti). uaresi 
mdgomareobaa amerikis SeerTebul StatebSi. simsuqne janmrTelobis 
problemebis farTo speqtrs ukavSirdeba gul-sisxlZarRvTa 
daavadebebisa da me-2 tipis diabetis CaTvliT. 40 welze meti asakis 
msuqani adamiani, saSualod, 6-7 wliT adre mokvdeba, vidre is, visac 
Warbi wona ar awuxebs9.
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suraTi 6.3 didi britaneTis Warbwoniani an msuqani mosaxleobis procentuli 
wili 2007 wlis monacemebiT. 
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holandiuri mSieri zamTrisa da sxva SimSilobebis periodSi 
dagrovilma monacemebma gaamyara idea, rom orsulobis dros cudi 
kveba gavlenas axdens STamomavlobaze da Sedegebi, SesaZlebelia, 
Semdgom Taobebsac gadaeces. sxva sityvebiT rom vTqvaT, cudma 
kvebam SesaZloa epigenetikuri gavlena iqonios Semdgom Taobebze. 
overkaliqsis mosaxleobis monacemebis interpretacia ufro rTulia, 
magram daskvna aseTia _ biWis cxovrebis sakvanZo momentSi Warbi 
kveba Semdgom TaobebSi araxelsayrel Sedegebs iwvevs. ramdenad 
SesaZlebelia, rom mosaxleobaSi gavrcelebulma simsuqnis epidemiam 
Svilebsa da SviliSvilebSi jaWvuri reaqcia gamoiwvios? vinaidan 
amis gasarkvevad 40 weli lodini ar gvinda, mecnierebi sasargeblo 
ideebis gaCenis imediT isev cxovelur modelebs ubrundebian. 

cxovelebis kvleviT miRebulma pirvelma Sedegebma aCvena, rom 
kveba mniSvnelovan TaobaTaSoris efeqtebs ar iwvevs. rodesac 
orsul aguti Tagvebs meTilis donori nivTierebebiT mdidar 
sakvebs aZlevdnen, bewvis Seferilobis cvlileba Semdgom Taobas ar 
gadaecemoda10. Tumca gamoricxuli ar aris, rom es modeli zedmetad 
specializebulia. 2010 wels gamoqveynda ori naSromi, romlebmac, 
sul cota, unda dagvafiqros. es naSromebi msoflios or saukeTeso 
JurnalSi daibeWda _ Nature da Cell. orive SemTxvevaSi mkvlevrebi 
zedmet sakvebs aZlevdnen mamr cxovelebs da Semdeg maT naSierebze 
efeqtebs akvirdebodnen. kvlevaSi mxolod mamrebis CarTviT maT 
Tavidan aiciles iseTi safiqrali, rogoric saSvilosnosSida 
da citoplazmuri efeqtebia, rac mdedrebTan muSaobisas 
mkvlevrebisTvis, metaforulad Tu vityviT, Tavis tkivilia. 

erT-erT eqsperimentSi iyenebdnen virTagvebis xazs _ Sprague-
Dawley. es albinosi virTagvaa, romelic TvinierebiT gamoirCeva, 
ris gamoc is ufro advili Sesanaxi da mosavlelia. eqsperimentSi 
mamr virTagvebs maRalcximian sakvebs aZlevdnen da ajvarebdnen 
mdedrebTan, romelTa racioni Cveulebrivi iyo. zedmetad gamokvebili 
mamrebi Warbwonianebi iyvnen (rac gasakviri sulac ar aris), kunTebSi 
cximis maRali SemcvelobiT gamoirCeodnen da adamianebSi me-2 tipis 
diabetisTvis damaxasiaTebeli mravali simptomi aReniSnebodaT. 
naSierebi normaluri wonisa iyvnen, magram maTac hqondaT diabetis 
tipis darRvevebi11. metabolizmisa da ZuZumwovrebSi energiis 
moxmarebis (cximebis dawvis) makontrolebeli mravali genis 
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regulacia darRveuli iyo. gaugebari mizezebis gamo, aseTi efeqti 
ZiriTadad mdedr naSierebSi gamovlinda.

sruliad damoukidebelma jgufma Seiswavla kvebis racionis 
gavlena Tagvis inbredul xazSi. mamr Tagvebs aZlevdnen Zalian 
SezRuduli raodenobis cilebis Semcvel sakvebs. sanacvlod 
racionSi didi raodenobiT Saqari Sedioda. es Tagvebi Seajvares 
normalur kvebaze myof mdedrebTan. mkvlevrebma am Sejvarebis 
Sedegad dabadebuli sami kviris asakis wruwunebis RviZlSi (mTavari 
organo metabolizmTan momarTebaSi) genebis eqspresia Seiswavles. 
didi raodenobiT wruwunas Seswavlisas aRmoaCines, rom metabolizmSi 
CarTuli bevri genis regulacia am STamomavlobaSi darRveuli iyo12. 
maT am wruwunebis RviZlSi epigenetikuri modifikaciebic aRmoaCines.

amrigad, es orive kvleva gviCvenebs, rom sul mcire, mRrRnelebSi 
mainc mamis kveba pirdapir zemoqmedebs misi STamomavlobis 
epigenetikur modifikaciebze, genis eqspresiaze da janmrTelobaze. 
da aq garemo ar monawileobs _ es im SemTxvevas ar hgavs, roca 
bavSvi imitom suqdeba, rom mama mas mxolod burgerebisa da Cifsis 
uzarmazari ulufebiT kvebavs. efeqti pirdapiria da Tagvebsa da 
virTagvebSi imdenad xSiria, rom sakvebiT inducirebuli mutaciebiT 
ver iqneba ganpirobebuli, mutaciebi ase xSirad ar xdeba. anu 
yvelaze ufro sarwmuno axsna aseTia _ dieta iwvevs epigenetikur 
efeqtebs, romlebic mamidan Svils gadaecema. marTalia, es mxolod 
winaswari monacemebia, magram Tagvebze Catarebuli kvlevis Sedegebi 
amas adasturebs. 

Tu yvela monacems jamurad gadaxedavT _ adamianebidan 
mRrRnelebamde da SimSilobidan nadimamde _ sakmaod SemaSfoTebeli 
suraTi gamoikveTeba. albaT, Zveli gamoTqma `Cven is varT, rasac 
vWamT~ WeSmaritebas bolomde ar asaxavs. SesaZloa, Cven varT isic, 
rasac Cveni mSoblebi miirTmevdnen, manamde ki _ maTi mSoblebi.

savsebiT logikuria SekiTxva, aqvs Tu ara azri, jansaRi 
cxovrebis Sesaxeb rCevebs mivsdioT. Tu yvela Cvengani epigenetikuri 
determinizmis msxverplia, e.i. wili nayaria da mxolod Cveni 
winaprebis meTilirebis sqemebis imedad yofnaRa dagvrCenia. magram 
es metismetad gamartivebuli modelia. monacemTa uzarmazari 
raodenoba mowmobs, rom saxelmwifo da saqvelmoqmedo organizaciebis 
mier mowodebuli rCevebi, romlebic Cvens janmrTelobas exeba _ 
xiliTa da bostneuliT mdidari jansaRi sakvebi, fizikuri aqtivoba, 
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mowevaze uaris Tqma _ savsebiT gonivrulia. Cven rTuli organizmebi 
varT, Cveni sicocxlis xangrZlivoba Cvens genomze, epigenomze da 
garemozea damokidebuli, magram gvaxsovdes, rom inbreduli xazis 
aguti TagvebSic ki, romlebic standartul pirobebSi imyofebodnen, 
mkvlevrebma ver moaxerxes zustad ewinaswarmetyvelaT axlad 
gaCenil TaobaSi ama Tu im wruwunas bewvis Seferiloba an simsuqnis 
xarisxi. ratom ar unda gavakeToT yvelaferi imisaTvis, rom jansaRi 
da xangrZlivi sicocxlis Sansebi gavzardoT? xolo, Tu Svilebis 
yolas vapirebT, nuTu ar gvsurs, yvelaferi gavakeToT, rac Cvenzea 
damokidebuli, rom isini rac SeiZleba janmrTelebi iyvnen?

ra Tqma unda, yovelTvis iarsebebs movlenebi, romelTac ver 
gavakontrolebT. epigenetikuri Sedegebis mqone garemo faqtorebis 
erT-erTi yvelaze kargad aRwerili magaliTi garemos toqsinia, 
romlis gavlena, sul cota, oTxi Taobis manZilze grZeldeba. 
vinklozolini fungicidia (sokos sawinaaRmdego saSualeba), 
romelic gansakuTrebiT xSirad meRvineobaSi gamoiyeneba. 
ZuZumwovris organizmSi moxvedrisas is gadaiqceva qimiur naerTad, 
romelic androgenis receptors ukavSirdeba. es receptori ki 
testosterons ikavSirebs, mamakacis hormons, romelsac sqesobrivi 
ganviTarebisaTvis, spermis warmoqmnisaTvis da mamakacebSi mravali 
sxva funqciis ganxorcielebisTvis sasicocxlo mniSvneloba aqvs. 
rodesac vinklozolini androgenis receptors ukavSirdeba, is xels 
uSlis testosteronis mier normaluri signalebis ujredisTvis 
gadacemas da amiT hormonis normalur funqciebs blokavs.

Tu orsul virTagvebs vinklozolins mivcemT im etapze, roca 
embrionis saTesleebi viTardeba, mamri naSierebi saTesleebis 
defeqtebiT da daqveiTebuli fertilobiT daibadebian. igive 
efeqtia aRmoCenili Semdgom sam TaobaSic13. mamali virTagvebis 
daaxloebiT 90% daavadebulia, rac Zalian maRali maCvenebelia da 
dnm-is klasikuri mutaciiT ver iqneba ganpirobebuli. mutaciebis 
yvelaze maRali sixSirec ki genomis gansakuTrebulad mgrZnobiare 
ubnebSi am maCvenebelze aTjer naklebia. virTagvebze Catarebul am 
eqsperimentebSi vinklozolini mxolod erT Taobaze moqmedebda, 
misi zemoqmedebis Sedegi ki, sul cota, oTx Taobaze gavrcelda, rac 
lamarkiseuli memkvidreobis kidev erTi magaliTia. Tu mamrobiTi 
xaziT gavrcelebas gaviTvaliswinebT, savaraudoa, rom esec 
epigenetikuri memkvidreobis meqanizmis magaliTia. mkvlevarTa amave 
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jgufis mier gamoqveynebulma Semdgomma statiebma genomis is ubnebi 
gansazRvra, sadac vinklozoliniT mkurnaloba dnm-is meTilirebis 
uCveulo sqemebis ganviTarebas iwvevs14.

zemoaRweril kvlevebSi virTagvebs vinklozolinis did dozebs 
aZlevdnen, gacilebiT ufro dids, vidre adamians SeiZleba garemoSi 
Sexvdes. miuxedavad amisa, es da msgavsi Sedegebi erT-erTi mizezia, 
Tu ratom iwyebs xelisuflebis zogierTi organo imis Seswavlas, aqvs 
Tu ara xelovnur hormonebsa da garemoSi arsebul hormonebisTvis 
mavne nivTierebebs (Casaxvis sawinaaRmdego abebSi Semavali 
qimiuri naerTebis eqskreciidan dawyebuli, zogierTi pesticidiT 
damTavrebuli) unari, adamianebze msubuqi, magram potenciurad 
TaobaTaSorisi zemoqmedeba gamoiwvion.
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TaobaTa TamaSi
cxovelebi midiodnen wyvil-wyvilad, heri! heri! 
xalxuri simRera

zogjer saukeTeso mecnieruli aRmoCenebi umartivesi kiTxvidan 
iwyeba. kiTxva SeiZleba iseTi banaluri Candes, rom TiTqmis aravis 
mouvides azrad misi dasma, araTu pasuxis gacema. Cven ubralod ar 
vdaobT imaze, rac migvaCnia, rom isedac cxadia. Tumca, roca vinme 
gabedavs da ikiTxavs `rogor xdeba es?~, aRmovaCenT, rom fenomeni, 
romelic erTi SexedviT aSkaraa, sinamdvileSi sruli gamocanaa. 
yovelive zemoT aRniSnuli simarTles Seesabameba adamianis 
biologiis erT-erTi fundamenturi sakiTxis mimarTac, romelzec 
TiTqmis arasdros davfiqrebulvarT. 

ratom aris aucilebeli mamrobiTi da mdedrobiTi individebi 
ZuZumwovrebis (maT Soris adamianis) gamravlebisaTvis?

sqesobrivi gamravlebis dros mcire zomis, Zalian energiuli 
spermatozoidebi gadareulebiviT micuraven, raTa did, SedarebiT 
uZrav kvercxujredamde miaRwion. gamarjvebuli spermatozoidis 
kvercxujredSi SeRwevis Semdeg ori ujredis birTvi erTmaneTs 
erwymis da formirdeba zigota, romlis dayofis Sedegad organizmis 
yvela ujredi warmoiqmneba. spermatozoidebs da kvercxujredebs 
gametebs uwodeben. ZuZumwovarTa organizmSi, gametebis warmoqmnis 
dros, TiToeuli gameta iRebs qrmosomaTa normaluri ricxvis 
mxolod naxevars. es imas niSnavs, rom maT mxolod 23 qromosoma 
aqvT, yoveli wyvilidan erTi. aseTi nakrebi cnobilia, rogorc 
haploiduri genomi. spermatozoidis kvercxujredSi SeRwevis da ori 
birTvis Serwymis Sedegad qromosomebis ricxvi aRdgeba ise, rogorc 
Cveulebrivi ujredisTvisaa damaxasiaTebeli (46) da aseT genoms 
diploiduri hqvia. Zalze mniSvnelovania is, rom spermatozoidic da 
kvercxujredic haploiduria, winaaRmdeg SemTxvevaSi yovel Semdgom 
TaobaSi qromosomebis ricxvi gaormagdeboda.

Cven SegviZlia vivaraudoT, rom mizezi, ris gamoc yvela 
ZuZumwovars aucileblad unda hyavdes deda da mama, aris is, 
rom mxolod am dros aris SesaZlebeli ori haploiduri genomis 



116

epigenetikuri revolucia

gaerTianeba sruli qromosomuli nakrebis mqone axali ujredis 
warmosaqmnelad. ra Tqma unda, es asec aris, magram es modeli 
aseve unda gulisxmobdes, rom erTaderTi mizezi, ris gamoc Cven 
biologiurad orive sqesis mSobeli gvWirdeba aris genetikuri 
masaliT momarageba e.w. momaragebis sistema (delivery system). 

konrad uodingtonis SviliSvili

2010 wels profesorma roberts edvardsma fiziologiasa da 
medicinaSi nobelis premia miiRo novaciuri naSromisTvis `in vitro~ 
ganayofierebis sferoSi, romlis Sedegad gaCndnen e.w. `sinjaris 
bavSvebi~. am procesis dros qalis organizmidan amoRebuli 
kvercxujredebi nayofierdeboda laboratoriaSi da xelaxla 
inergeboda saSvilosnoSi. `in vitro~ ganayofiereba uzarmazar 
sirTuleebTan iyo dakavSirebuli da profesor edvardsis warmateba 
adamianis reproduqciis sferoSi srulad efuZneboda wlebis 
ganmavlobaSi Tagvebze Catarebul Sromatevad eqsperimentebs. 

Tagvebze Catarebulma am samuSaoebma safuZveli Cauyara 
eqsperimentebis SesaniSnav serias, romelic adasturebda, rom 
ZuZumwovarTa reproduqcia bevrad metia, vidre mxolod momaragebis 
sistema. am sferoSi yvelaze aRiarebulia kembrijis universitetis 
profesori ezim surani, romelmac samecniero kariera doqtoris 
xarisxis miRebiT daiwyo robert edvardsis xelmZRvanelobiT, 
profesorma edvardsma ki Tavisi adreuli samecniero-kvleviTi 
staJireba konrad uodingtonis laboratoriaSi gaiara, amitom ezim 
surani SegviZlia konrad uodingtonis inteleqtualur SviliSvilad 
miviCnioT. 

ezim surani kidev erTi britaneli mecnieria, romelic statusis 
miuxedavad TavmdablobiT gamoirCeva. is samefo sazogadoebis 
wevri da britaneTis imperiis III xarisxis ordenis kavaleria, 
dajildoebulia prestiJuli gaboris medliT da samefo sazogadoebis 
samefo medliT. jon gardonis da edrian berdis msgavsad, is axali 
simaRleebis dapyrobas ganagrZobs im kvleviT sferoSi, romelsac 
meoTxedi saukunis win Tavad Cauyara safuZveli.

1980-ianebis Sua xanebidan dawyebuli, ezim suranma eqsperimentebis 
seria Caatara, romelmac calsaxad daadastura, rom ZuZumwovarTa 
reproduqcia gacilebiT metia, vidre momaragebis sistema. Cven 
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biologiuri deda da biologiuri mama ara mxolod imisTvis 
gvWirdeba, rom ori haploiduri genomis SerwymiT erTi diploiduri 
birTvi miviRoT. faqtiurad, udidesi mniSvneloba aqvs imas, rom Cveni 
dnm-is naxevari memkvidreobiT gadmogvecema dedisgan da naxevari _ 
mamisgan.

suraTi 7.1-ze naCvenebia, Tu rogor gamoiyureba axlad 
ganayofierebuli kvercxujredi ori genomis SeerTebamde. suraTi, 
ra Tqma unda, Zalze gamartivebuli da hiperbolizebulia, Tumca 
Cvens mizans pasuxobs. kvercxujredis da spermatozoidis haploidur 
birTvebs pre-birTvebi ewodeba.

qalis pre-birTvi
haploiduri 

birTvi, romelic 
kvercxujredSi iyo

mamakacis pre-birTvi
haploiduri birTvi, 
romelic spermatozoidSi 
iyo da kvercxujredSi 
SeiWra

suraTi 7.1 ZuZumwovarTa kvercxujredi masSi spermatozoidis SeWrisTanave, 
magram iqamde, vidre ori haploiduri (normaluri qromosomuli ricxvis 
naxevari) pre-birTvi erTmaneTs Seerwymeba. daakvirdiT kvercxujredidan da 
spermatozoididan miRebul pre-birTvebs Soris zomaSi gansxvavebas. 

Cven vxedavT, rom qalis pre-birTvi bevrad didia, vidre 
mamakacis. es Zalze mniSvnelovania eqsperimentisTvis, radganac 
SegviZlia pre-birTvebi erTmaneTisgan ganvasxvavoT. amis gamo, 
mecnierebs SeuZliaT isini erTi ujredidan meoreSi gadaitanon da 
darwmunebulni iyvnen imaSi, Tu romeli birTvi gadaitanes. maT ician 
mamis spermatozoididan (mamakacis pre-birTvi) gadaitanen birTvs 
Tu dedis kvercxujredidan (qalis pre-birTvi).

mravali wlis win profesori gardoni Zalian patara mikropipetebs 
iyenebda imisaTvis, rom birTvi gombeSos sxeulis somaturi 
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ujredebidan gombeSos kvercxujredebSi gadaetana. ezim suranim 
Tagvis pre-birTvebis erTi ganayofierebuli kvercxujredidan 
meoreSi gadasatanad Tanamedrove teqnologiebi gamoiyena. 
xelovnurad ganayofierebuli kvercxujredebi amis Semdeg mdedr 
TagvSi Canerga da ganviTarebis saSualeba misca. mniSvnelovani iyo 
pre-birTvebis moTavseba swored ganayofierebul kvercxujredebSi, 
vinaidan mxolod isini uzrunvelyofen saTanado garemos embrionis 
Camoyalibebisa da ganviTarebisaTvis ori pre-birTvis Serwymis 
Semdeg. imave mizeziT iyenebda jon gardoni Tavis gadaprogramebis 
eqsperimentebSi gombeSos ganayofierebul kvercxujredebs, 
xolo kitQqemfbelma da ien vilmutma cxvari dolis klonirebisas 
ganayofierebuli kvercxujredi ise gamoiyenes, rogorc recipienti. 

publikaciebis umetesobaSi, romlebic ZiriTadad 1984-1987 
wlebSi gamoqveynda, profesorma suranim aCvena, rom cocxali Tagvis 
Sesaqmnelad aucilebelia mdedrobiTi da mamrobiTi pre-birTvebi, 
rac grafikulad naCvenebia suraTze 7.2.

qromosomebis 
normaluri 
raodenoba

qromosomebis 
normaluri 
raodenoba

qromosomebis 
normaluri 
raodenoba

suraTi 7.2 ezim suranis adreuli naSromebis Sedegebis Sejameba. pre-birTvebs 
iRebdnen Tagvis kvercxujredidan. Semdeg donor kvercxujredebSi SehqondaT 
ori haploiduri pre-birTvi da miRebuli diploiduri kvercxujreds surogat 
mdedr TagvSi Canergavdnen. cocxali Tagvebi mxolod im kvercxujredebidan 
ibadebodnen, romlebic erTi mdedri da erTi mamri pre-birTvis SerwymiT iyo 
miRebuli. ori mamrobiTi an ori mdedrobiTi pre-birTvis Serwymis Sedegad 
miRebuli embrionebi saTanadod ar viTardebodnen da ganviTarebis procesSi 
iRupebodnen.
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gansxvavebuli dnm-is Semcveli genomis gavlenis 
gasakontroleblad mkvlevrebi Tagvis wminda (inbredul) xazebs 
iyenebdnen. es imis garantias iZleoda, rom sami tipis ganayofierebuli 
kvercxujredi, romlebic sqemazea naCvenebi, genetikurad identuri 
iyo. Tumca, miuxedavad genetikuri identurobisa, ezim suranis 
da misi kolegebis mier Catarebuli eqsperimentebis seriebis1,2,3 da 
maTgan damoukideblad sxva laboratoriebSi devor solteris4 da 
brius katenaCis5 mier Catarebuli samuSaoebis Sedegebi calsaxa da 
damajerebeli iyo. Tu ganayofierebuli kvercxujredi mxolod or 
mdedrobiT pre-birTvs an mxolod or mamrobiT pre-birTvs Seicavda, 
cocxali Tagvi arasodes ibadeboda. amisaTvis saWiro iyo orive 
sqesis pre-birTvi. 

es sruliad unikaluri aRmoCenaa. samive SemTxvevaSi, romlebic 
naCvenebia sqemaze, zigotaSi zustad erTnairi raodenobis 
genetikuri masalaa. yovel zigotas aqvs diploiduri genomi 
(TiToeuli qromosomis ori asli). erTaderTi faqtori, romelic 
aucilebelia axali individis warmosaqmnelad, dnm-is raodenoba 
rom yofiliyo, maSin samive tipis ganayofierebuli kvercxujredi 
unda ganviTarebuliyo da axali individebi unda warmoqmniliyo. 

mxolod raodenoba yvelaferi ar aris

am eqsperimentebis Sedegebs revoluciul aRmoCenamde mivyavarT - 
dediseulma da mamiseulma genomebma SesaZlebelia erTi da igive dnm 
miawodon, magram isini funqciurad gansxvavebulebi arian. mxolod 
dnm-is swori raodenoba da swori Tanamimdevroba sakmarisi ar aris. 
Cven dnm memkvidreobiT unda miviRoT rogorc dedisgan, ise mamisgan. 
rogorRac, Cvens genebs `axsovT~ saidan modian. isini mxolod maSin 
funqcionireben sworad, Tu `swori~ mSoblisgan arian miRebuli. 
TiToeuli genis aslis mxolod saWiro raodenoba ar akmayofilebs 
normaluri ganviTarebis da janmrTeli sicocxlis moTxovnebs. 

Cven viciT, rom es ar aris raRac gansakuTrebuli movlena, 
romelic mxolod Tagvebs axasiaTebT, ramdenadac adamianebSic 
bunebrivad igive xdeba. magaliTad, adamianebSi, yoveli 1500 
orsulobidan daaxloebiT erT SemTxvevaSi, saSvilosnoSi viTardeba 
mxolod placenta nayofis gareSe. aseTi placenta paTologiuria da 
dafarulia siTxiT savse yurZnis marcvlebis msgavsi grovebiT. am 
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struqturas hqvia qorionadenoma (hidratidiformuli, buStukovani 
orsuloba) da zogierTi aziuri qveynis mosaxleobaSi aseTi 
buStukovani orsulobis sixSire yoveli 200 SemTxvevidan erTi 
SeiZleba iyos. fexmZime qalebi wonaSi ufro swrafad imateben, 
vidre normaluri orsulobisas da maT awuxebT dilis gulisrevac, 
rac xSirad ukiduresad gamZafrebulia xolme. swrafad mzardi 
placenturi struqtura warmoqmnis hormonebis paTologiurad 
maRal dones, romelic pasuxismgebelia orsulobisas gulisrevis 
simptomebze. 

qveynebSi sadac janmrTelobis dacvis infrastruqtura kargad 
aris ganviTarebuli, qorionadenomis aRmoCena, rogorc wesi, 
pirvelive eqoskopiur gamokvlevaze xdeba da Semdgom samedicino 
personali abortis tipis proceduras atarebs. Tu paTologia ar 
iqna gamovlenili, placenta, Cveulebriv, spontanurad gamoidevneba 
ganayofierebis Semdeg daaxloebiT oTxi-xuTi Tvis ganmavlobaSi. 
mniSvnelovania qorionadenomis naadrevi gamovlena, radganac Tu 
droulad ar movaSorebT, man SesaZloa potenciurad saSiSi simsivne 
warmoqmnas. 

aRniSnuli qorionadenoma warmoiqmneba kvercxujredSi, romelmac 
rogorRac dakarga Tavisi birTvi da ganayofierda. buStukovani 
orsulobis daaxloebiT 80 procenti carieli kvercxujredis erTi 
spermatozoidiT ganayofierebis Sedegia, romlis haploiduri 
genomi gaormagdeba da warmoqmnis diploidur genoms. am paTologiis 
SemTxvevaTa daaxloebiT 20 procenti ki aris carieli kvercxujredis 
erTdroulad ori spermatozoidiT ganayofierebis Sedegi. orive 
SemTxvevaSi ganayofierebul kvercxujreds qromosomebis swori 
raodenoba (46) aqvs, magram mTeli dnm miRebulia mamisgan. amis gamo 
nayofi ar viTardeba. zustad eqsperimentuli Tagvebis msgavsad, 
adamianis ganviTarebisTvis saWiroa rogorc dedisgan, aseve mamisgan 
miRebuli qromosomebi.

adamianis es mdgomareoba da Tagvebze eqsperimentebi SeuZlebelia 
aixsnas modeliT, romelic efuZneba mxolod dnm-is kods, sadac dnm 
SiSveli molekulaa da Seicavs informacias mxolod a, c, g, da T 
fuZeTa wyvilebis Tanamimdevrobebis saxiT. mxolod dnm ar atarebs 
srul saWiro informacias axali sicocxlis Sesaqmnelad. genetikur 
informaciasTan erTad saWiroa kidev raRac. raRac epigenetikuri.
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kvercxujredebi da spermatozoidebi maRalspecializebuli 
ujredebia - isini uodingtonis erT-erTi Raris fskerze arian. 
kvercxujredi da spermatozoidi arasodes gaxdebian raime sxva 
kvercxujredis da spermatozoidis garda. vidre erTmaneTs 
ar Seerwymebian. rogorc ki erTmaneTs Seerwymebian, es ori 
maRalspecializebuli ujredi warmoqmnis erT ujreds, romelic 
iseTi araspecializebulia, rom aris totipotenturi da dasabams 
aZlevs adamianis organizmis yvela ujreds da aseve placentas. 
es zigotaa, romelic uodingtonis epigenetikuri landSaftis 
mwvervalzea moTavsebuli. amis Semdeg zigota iyofa, ujredebi 
sul ufro da ufro specializebulni xdebian da Cveni organizmis 
yvela qsovils warmoqmnian. zogierTi am qsovilTagan saboloo jamSi 
dasabams aZlevs kvercxujredebs da spermatozoidebs (rasakvirvelia, 
es damokidebulia Cvens sqesze) da mTeli cikli mzad aris, yvelaferi 
Tavidan daiwyos. es, faqtiurad, dausrulebeli wrea ganviTarebis 
biologiaSi.

spermatozoidebis da kvercxujredebis pre-birTvebis 
qromosomebi didi raodenobiT epigenetikur modifikaciebs atarebs. 
es im meqanizmis nawilia, rac gametebs unarCunebs unars, gametebiviT 
moiqcnen da ar gardaiqmnan sxva tipis ujredebad. magram gametebs ar 
SeuZliaT gadascen TavianTi epigenetikuri sqemebi, radganac Tu es 
ase moxda, ganayofierebuli zigota raRac naxevrad kvercxujredis 
da naxevrad spermatozoidis hibridi gaxdeba, rasac is aSkarad 
ar warmoadgens. is sruliad sxvagvari totipotenturi ujredia, 
romelic dasabams aZlevs sruliad axal individs. rogorRac 
kvercxujredebSi da spermatozoidebSi modifikaciebi icvleba 
modifikaciebis sxva nakrebiT, rasac ganayofierebuli kvercxujredi 
mihyavs sxva ujredul mdgomareobamde, uodingtonis epigenetikuri 
landSaftis sxva mdebareobamde. es normaluri ganviTarebis nawilia.  

operatiuli sistemis gadayeneba 

TiTqmis imavdroulad, rogorc ki spermatozoidi kvercxujredSi 
SeiWreba, masSi Zalze dramatuli cvlilebebi iwyeba. mamakacis pre-
birTvis dnm-is (e.i. spermatozoididan miRebulis) TiTqmis yvela 
meTilireba ikargeba da es saocari siswrafiT  xdeba. igive emerTeba 
qalis pre-birTvis dnm-sac, Tumca bevrad ufro nela. es imas niSnavs, 
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rom genomidan epigenetikuri mexsierebis umetesi nawili ikargeba. 
es sasicocxlod mniSvnelovania imisaTvis, rom zigota uodingtonis 
epigenetikur landSaftis mwvervalze aRmoCndes. zigota iwyebs 
dayofas da male warmoqmnis blastocists - golfis burTs 
CogburTis burTis SigniT me-2 Tavidan. es ujredebi golfis burTSi 
- Sida ujreduli masa anu ICM - arian. swored is pluripotenturi 
ujredebi, romlebisganac laboratoriul pirobebSi embrionuli 
Rerovani ujredebi warmoiqmneba. 

male ICM ujredebi diferencirdeba da dasabams aZlevs Cveni 
sxeulis sxvadaxva tipis ujredebs. es ramdenime ZiriTadi genis Zalian 
mkacrad regulirebuli eqspresiiT xdeba. erT-erTi specifikuri 
cila, magaliTad, OCT4, genebis sxva nakrebs aaqtiurebs, rac Semdgom 
iwvevs genebis eqspresiis kaskadebs da ase Semdeg. Cven adrec SevxvdiT 
OCT4-s - is yvelaze mniSvnelovania yvela im genidan, romlebic 
profesorma iamanakam somaturi ujredebis gadasaprogrameblad 
gamoiyena. genebis eqspresiis es kaskadebi dakavSirebulia genomis 
epigenetikur modifikaciebTan, rac cvlis dnm-is da histonis 
markerebs ise, rom gansazRvruli genebi gaaqtiurebuli an 
daTrgunulia. epigenetikuri movlenebi ganviTarebis yvelaze 
adreul etapze Semdegi TanamimdevrobiT xorcieldeba: 

1. mamakacis da qalis pre-birTvebi (Sesabamisad, spermatozoididan 
da kvercxujredidan) epigenetikur modifikaciebs atareben. 

2. epigenetikuri modifikaciebi ikargeba (zigotaSi ganayofi erebis-
Tanave).

3. axali epigenetikuri modifikaciebi warmoiqmneba (rogorc ki 
ujredebi specializebas daiwyeben). 

es, ra Tqma unda, gamartivebuli modelia. rasakvirvelia, 
mecnierebs SeuZliaT demeTilirebuli dnm-is uamravi segmenti 
aRmoaCinon am CamonaTvalis me-2-e etapis ganmavlobaSi. sinamdvileSi, 
yvelaferi gacilebiT rTulad xdeba, gansakuTrebiT, roca saqme 
exeba histonebis modifikaciebs. im dros, roca histonis zogierTi 
modifikacia ikargeba, sxva _ warmoiqmneba. rogorc ki dnm-is 
damTrgunveli meTilireba qreba, masTan erTad waiSleba ZiriTadi 
histonuri markerebic, romlebic genis eqspresias Trgunavs. maTi 
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adgili SesaZloa sxva histonurma modifikaciebma daikavon, romlebic 
genis eqspresias aZliereben. amitom metismeti gulubryviloba 
iqneboda epigenetikuri cvlilebebis ise ganxilva, TiTqos es 
mxolod epigenetikuri modifikaciebis mocileba da warmoqmna iyos. 
sinamdvileSi epigenomis gadaprogrameba xdeba. 

swored gadaprogramebas miuZRvna jon gardonma Tavisi 
fundamenturi eqsperimentebi, rodesac birTvebi zrdasruli 
gombeSodan gombeSos kvercxujredebSi gadahqonda. swored 
gadaprogramebas hqonda adgili, rodesac kit qempbelma da ien 
vilmutma sarZeve jirkvlis ujredidan kvercxujredSi birTvis 
gadataniT klonirebuli cxvari doli Seqmnes. swored gadaprogrameba 
iyo is, rasac iamanakam miaRwia, rodesac somatur ujredebSi oTxi 
sakvanZo geni Sehyavda, romelTaganac TiToeuli gadaprogramebis 
procesSi monawile, bunebrivad maRali eqspresiis unaris mqone 
cilebs kodirebda. 

saocari ram aris kvercxujredi, romelic evoluciis procesSi 
aseuli milioni wlis ganmavlobaSi xvewda Tavis Tvisebebs, ris 
Sedegadac araCveulebrivi efeqturobiT axorcielebs uamrav 
epigenetikur cvlilebas miliardobiT fuZeTa wyvilis gaswvriv. 
siswrafis da efeqturobis TvalsazrisiT ujredis gadaprogramebis 
verc erTi xelovnuri saSualeba axlosac ver miva am bunebriv 
procesTan, magram kvercxujredi, albaT, daxmarebis gareSe 
yvelafers ver akeTebs. sul cota, spermatozoidis epigenetikuri 
modifikaciebis sqema mamakacis pre-birTvs saSualebas aZlevs 
SedarebiT advilad gadaprogramdes. Tavdapirvelad spermatozoidis 
epigenomi gadaprogramdeba6. 

samwuxarod, qromatinis es pirveladi modifikaciebi (iseve, 
rogorc spermatozoidis birTvis mravali sxva Tavisebureba) 
ikargeba zrdasruli birTvis gadaprogramebis dros ganayofierebul 
kvercxujredSi misi gadatanisas. igive xdeba, rodesac zrdasruli 
birTvi iamanakas oTxi faqtoriT misi damuSavebis Sedegad 
gadaprogramdeba iPS ujredebis Sesaqmnelad. orive SemTxvevaSi 
zrdasruli birTvebis epigenomis srulad gadatvirTva Zalian 
rTuli amocanaa. 

SesaZlebelia, swored amitom axasiaTebs mraval klonirebul 
cxovels sxvadasxva saxis anomaliebi da xanmokle sicocxle. 
anomaliebi, romlebic nanaxia aseT klonirebul cxovelebSi, 
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kidev erTxel adasturebs imas, rom Tu adreuli epigenetikuri 
modifikaciebi Seusabamoa, isini SesaZlebelia aseTad darCes mTeli 
sicocxlis ganmavlobaSi. epigenetikuri modifikaciebis anomaluri 
sqemebi genebis permanentul araswor eqspresias da janmrTelobis 
mudmiv gauaresebas iwvevs. 

normaluri ganviTarebis adreul periodSi genomis gadaprogrameba 
gametebis epigenoms cvlis da warmoqmnis axal, zigotis epigenoms. 
es qmnis imis pirobas, rom kvercxujredis da spermatozoidis 
genebis eqspresiis modeli zigotis genebis eqspresiis modeliT 
da ganviTarebis Semdgomi etapebiT Seicvalos. Tumca aseTi 
gadaprogramebis drosac SesaZlebelia gadaxrebi. es cvlis genis 
normalur eqspresias da SeiZleba daavadebis gamowvevi mizezi gaxdes, 
raSic qvemoT davrwmundebiT. kvercxujredis da spermatozoidis 
gadaprogrameba xels uSlis maT mSoblebidan STamomavlobisTvis 
arasasurveli epigenetikuri modifikaciebis gadacemaSi, romlebic 
maTSia akumulirebuli. operatiuli sistemis ara sruli gasufTaveba, 
aramed xdeba misi xelaxali instalacia. 

gadarTva 

Tumca es paradoqsia. ezim suranis eqsperimentebma aCvena, rom 
mamakacis da qalis pre-birTvebi funqciurad erTnairebi ar arian; 
TiToeuli maTgani axali ZuZumwovris Sesaqmnelad gvWirdeba. es 
cnobilia, rogorc mSobliseuli warmoSobis efeqti, radganac 
es arsebiTad miuTiTebs, rom zigotas da mis Svileul ujredebs 
unari aqvT ganasxvavon dediseuli qromosomebi mamiseulisgan. es 
genetikuri ki ara, epigenetikuri efeqtia, da amgvarad, unda iyos 
raRac epigenetikuri modifikaciebi, romlebic gadaecema Taobidan 
Taobas.

1987 wels suranis laboratoriam gamoaqveyna erT-erTi 
pirveli publikacia, romelic am meqanizmis axsnas exeboda. maTi 
varaudiT mSobliseuli warmoSobis efeqtis mizezi SesaZloa dnm-
is meTilireba yofiliyo. im droisaTvis es marTlac qromatinis 
erTaderTi identificirebuli modifikacia iyo, amitomac maTi 
hipoTeza Semdgomi kvlevebisTvis SesaniSnavi aTvlis wertili iyo. 
mkvlevarebma Seqmnes genetikurad modificirebuli Tagvebi. es 
Tagvebi dnm-is zedmet monakveTebs Seicavda, romlebsac SemTxveviTad 



125

7. TaobaTa TamaSi

SeeZloT genomis nebismier ubanSi CarTva. dnm-is Tanamimdevrobas 
am zedmet monakveTSi eqsperimentisTvis didi mniSvneloba ar 
hqonda. mniSvnelovani iyo is, rom mkvlevarebs SeeZloT martivad 
ganesazRvraT, ramdeni dnm-is meTilireba iyo warmodgenili am 
TanamimdevrobaSi da meTilirebis zustad es raodenoba gadaecemoda 
Tu ara mSoblebidan STamomavlobas. 

ezim surani da misi kolegebi dnm-is am SemTxveviTi `Casmis~ 
eqsperimentebs Tagvis Svid xazze atarebdnen. eqvs xazSi Seyvanili 
dnm-is meTilirebis done Taobidan TaobaSi gadasvlisas igive rCeboda, 
magram meSvide xazSi raRac Zalze ucnauri moxda. rodesac deda 
gadascemda am `Casmul~ dnm-s, mis STamomavlobaSi dnm yovelTvis 
Zlierad meTilirebuli iyo, magram rodesac mas mamri Tagvebi 
gadascemdnen, STamomavlobaSi Tagvebis es ucxo dnm yovelTvis 
sustad iyo meTilirebuli, rac asaxulia suraTze 7.3.

suraTi 7.3 Tagvebis Taobebi, romlebSic konkretuli ucxo dnm-is monakveTi 
meTilirebuli an arameTilirebulia. Savi feriT naCvenebia meTilirebuli 
dnm, xolo TeTriT - arameTilirebuli. rodesac deda gadascemda Tavis ucxo 
dnm-s, dnm yovelTvis Zlierad meTilirebuli (Savi) iyo mis STamomavlobaSi, 
miuxedavad imisa Tavad `Savi~ iyo Tu `TeTri~. amis sapirispiro ram xdeboda 
mamrebSi, romelTa STamomavlobas yovelTvis hqonda arameTilirebuli ̀ TeTri~ 
dnm. es iyo pirveli eqsperimentuli dadastureba imisa, rom genomis zogierTi 
regioni SeiZleba markirebuli iyos, rac imaze miuTiTebs, dedis xazidan iyo 
isini memkvidreobiT miRebuli Tu mamis.

Savi feriT aRniSnulia meTilirebuli CarTuli dnm maSin, rodesac 
TeTri aRniSnavs arameTilirebul dnm-s. mamebi yovelTvis gadascemen 
Tavian STamomavlebs TeTr, arameTilirebul dnm-s maSin, roca 
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dedebi STamomavlebs yovelTvis Sav, meTilirebul dnm-s gadascemen. 
sxva sityvebiT, meTilireba STamomavlobaSi damokidebulia mSoblis 
sqesze, romelic maT ̀ Casmul~ dnm-s gadascems. es ar aris damokidebuli 
imaze, Tu rogor iyo meTilirebuli mSoblis dnm. magaliTad, `Sav~ 
mamrs STamomavloba yovelTvis `TeTri~ dnm-iT eyoleba.

ezim suranis am naSromma7 da im droisTvis gamoqveynebulma 
kidev erTma publikaciam8 daadastura, rom rodesac ZuZumwovrebi 
kvercxujredebs da spermatozoidebs warmoqmnian, isini 
rogorRac axerxeben am ujredebSi dnm-is Strix-kodiT moniSvnas. 
TiTqos qromosomebi patara almebs atarebdnen. qromosomebi 
spermatozoidebSi patara almebs atareben, romelTac aweria: `me 
mamisgan var~, xolo qromosomebi kvercxujredebSi aseTive almebs 
atareben, romelTac aweria `me dedisgan var~. dnm-is meTilireba ki 
is qsovilia, romlisganac es almebi mzaddeba.

am movlenis aRsawerad gamoiyeneba imprintingi - qromosomebze 
aRbeWdilia informacia, imis Sesaxeb, Tu romeli mSoblidan aris is 
miRebuli Tavdapirvelad. imprintingi da mSobliseuli warmoSobis 
efeqti aris is, rasac Semdeg TavSi ufro detalurad ganvixilavT.

ra emarTeba ucxo dnm-s am eqsperimentebSi? rogor inarCunebda 
is meTilirebis statusis cvlilebebs, romlebic mSoblebidan 
STamomavlobas gadaecemoda? sruliad SemTxveviT es dnm-is 
monakveTi CaerTo Tagvis genomis im ubanSi, romelic erT-erT aseT 
alams atarebda. Sedegad, ucxo dnm-mac daiwyo dnm-is meTilirebis 
almebis miReba Taobidan TaobaSi gadacemis dros.

im faqtma, rom es efeqti Svidi xazidan mxolod erT-erTma aCvena, 
gvaiZula gvevarauda, rom am almebs mTeli genomi ar atarebs. Tu 
mTeli genomi am gziT iyo markirebuli, maSin mosalodneli iyo, rom 
yvela xazSi, romelic eqsperimentSi monawileobda, es efeqti unda 
yofiliyo. sinamdvileSi ki Tanafardoba Svididan erTi badebs eWvs, 
rom almebiT moniSnuli ubnebi gamonaklisia da ara wesi. 

me-6-e TavSi vnaxeT, rom zogjer cxovelebi memkvidreobiT 
iReben SeZenil niSan-Tvisebebs TavianTi mSoblebisgan. ema uaiTlous 
naSromi sxva faqtebTan erTad imasac amtkicebs, rom zogierTi 
epigenetikuri modifikacia marTlac gadaecema mSoblebidan 
STamomavlobas spermatozoidisa da kvercxujredis saSualebiT. 
am tipis memkvidreoba sakmaod iSviaTia, magram is amyarebs Cvens 
rwmenas imis Taobaze, rom unda arsebobdes raRac epigenetikuri 
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modifikaciebi, romlebic gansakuTrebulia. maTi Canacvleba 
ar xdeba, rodesac kvercxujredi da spermatozoidi erTmaneTs 
erwymis zigotis warmosaqmnelad. amrigad, miuxedavad imisa, rom 
ZuZumwovarTa genomis didi umravlesoba spermatozoidisa da 
kvercxujredis Serwymis Semdeg `gadaitvirTeba~, genomis mcire 
procenti am gadaprogramebisgan dazRveulia. 

epigenetikuri gamalebuli SeiaraReba

Cveni genomis mxolod 2 procenti kodirebs cilebs, mTeli 
misi 42 procenti ki retrotranspozonebisgan Sedgeba. es dnm-is 
Zalze ucnauri Tanamimdevrobebia, romlebic evoluciis procesSi, 
savaraudod, virusebisgan warmoiqmna. zogierTi retrotranspozoni 
transkribirdeba da warmoqmnis rnm-s, ramac SesaZloa gavlena 
moaxdinos mezobeli genebis eqspresiaze. ujredisTvis amas SeiZleba 
Zalze seriozuli Sedegebi mohyves. magaliTad, Tu im genebis eqspresia, 
romlebic ujredebis gamravlebas iwvevs, Zalian gaaqtiurdeba, maSin 
SesaZlebelia ujredebi simsivnur ujredebad gadagvardes. 

es gamalebuli SeiaraReba mudmivad arsebobs evoluciis mTeli 
periodis ganmavlobaSi, magram Cvens ujredebSi gamomuSavebulia 
retrotranspozonebis aqtivobis makontrolebeli meqanizmebi. erT-
erTi ZiriTadi meqanizmi, romelsac ujredi amisaTvis iyenebs, aris 
epigenetika. ujredis mier retrotranspozonuli dnm-is meTilireba 
Trgunavs retrotranspozonuri rnm-is eqspresias. es xels uSlis rnm-s 
mier mezobeli genis eqspresiis darRvevas. retrotranspozonebis 
erT-erTi konkretuli klasi, romelic cnobilia, rogorc IAP 
retrotranspozonebi, rogorc Cans, kontrolis am meqanizmis 
konkretuli samiznea. 

zogotis ganviTarebis adreul etapze Cveni dnm-is umetes nawilSi 
meTilireba ikargeba, magram IAP retrotranspozonebi am mxriv 
gamonaklisia. evoluciis procesSi gamomuSavda gadaprogramebis 
iseTi meqanizmi, romelic gamotovebs am gaukontrolebel 
elementebs da masze dnm-is meTilirebis markerebs datovebs. es 
retrotranspozonebs epigenetikurad represirebul mdgomareobaSi 
inarCunebs. aseTi meqanizmi, albaT, imisaTvis Camoyalibda, rom 
Semcirdes potenciurad saxifaTo IAP retrotranspozonebis 
SemTxveviTi gaaqtiurebis riski. 
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zemoT aRniSnuli Seexeba aragenetikuri niSan-Tvisebebis 
Taobidan TaobaSi memkvidreobiT gadacemis or kargad Seswavlil 
magaliTs, aguti da AxinFu Tagvebs, romlebsac wina TavSi 
gavecaniT. orive modelis fenotipi genis mosazRvred mdebare 
IAP retrotranspozonebis meTilirebis doneebis Sedegia. dnm-is 
meTilirebis doneebi mSoblebidan Svilebs gadaecema, iseve, rogorc 
fenotipi, romelic gamowveulia retrotranspozonebis eqpresiis 
doneebiT.9 

me-6-e TavSi Cven vnaxeT SeZenili niSan-Tvisebebis Taobidan 
TaobaSi memkvidreobiT gadacemis sxva magaliTebi, maT Soris, kvebis 
gavlena Semdeg Taobebze, da garemos damabinZureblebis, magaliTd, 
vinklozolinis, transgeneraciuli efeqti. mecnierebi amJamad 
ganixilaven hipoTezas, rom es ekologiuri faqtorebi warmoqmnian 
epigenetikur cvlilebebs gametebis qromatinSi. aseTi cvlilebebi, 
savaraudod, im ubnebSi xdeba, romlebic ganviTarebis adreul etapze, 
kvercxujredisa da spermatozoidis Serwymis Semdgom, daculia 
gadaprogramebisgan.

jon gardonis msgavsad, ezim surani dRemde agrZelebs nayofier 
muSaobas sferoSi, romelsac Tavad Cauyara safuZveli. misi 
kvlevebi imaze iyo orientirebuli, Tu rogor da ratom moniSnaven 
kvercxujredebi da spermatozoidebi TavianT dnm-s ise, rom 
molekuluri mexsiereba Semdgom Taobebs gadaecema. ezim suranis 
adreuli naSromebis umetesoba exeboda manipulaciebs ZuZumwovarTa 
birTvebze, romlebic mas mcire zomis pipetiT gadahqonda erTi 
ujredidan meoreSi. teqnikurad es jon gardonis mier TxuTmeti 
wliT adre ase warmatebiT gamoyenebuli meTodis ufro srulyofili 
versia gaxlavT. saocrad sasiamovnoa imis gafiqreba, rom profesori 
surani amJamad kembrijis kvleviT institutSi muSaobs, romelic 
profesor gardonis saxelobisaa, da rom isini xSirad xvdebian 
erTmaneTs institutis derefnebsa Tu kafeSi.
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sqesTa omSi gamarjvebuli ar SeiZleba iyos. 
mowinaaR  mdegeebi metismetad iswrafvian 
damegobrebisken.
henri kisinjeri

saocari arsebaa laboratoriuli Cxirisebri mweri Carausius 
morosus. sakmarisia, zeTisxilis foTlebi mivceT sakvebad, ramdenime 
Tvis Semdeg kvercxebis dadebas daiwyebs, saidanac _ pawawina, 
simpaTiuri Cxirisebri mwerebi _ mozrdili individebis zusti aslebi 
_ gamoiCekebian. Tu erT-erT maTgans gamoCekisTanave izolirebul 
saarsebo garemoSi movaTavsebT, isic kvercxebs dadebs, saidanac, 
Tavis mxriv, mweris momdevno Taoba gamoiCekeba, imis miuxedavad, rom 
mSobeli mamrTan ar Sejvarebula.

Cxiriseburi mwerebi aseTi meTodiT xSirad mravldebian. 
amisaTvis isini iyeneben meqanizms, romelsac parTenogenezi 
ewodeba, rac berZnulad `qalwulebriv gamravlebas~ niSnavs. 
mdedrebi mamrTan Sejvarebis gareSe deben kvercxebs, saidanac 
absoluturad janmrTeli individebi viTardebian. mwerebis am 
saxeobam evoluciis procesSi gamravlebis gansakuTrebuli meTodi 
SeiZina, romlis wyalobiTac STamomavloba uzrunvelyofilia 
qromosomaTa saWiro raodenobiT. Tumca yvela es qromosoma 
dediseulia.

wina TavSi davrwmundiT, rom gamravlebis es forma mkveTrad 
gansxvavdeba Tagvebisa da adamianebisTvis damaxasiaTebeli 
gamravlebisagan. CvenTvis da Cveni `naTesavi~ mRrRnelebisTvis 
axali sicocxlis Sesaqmnelad erTaderTi forma arsebobs _ dnm 
orive mSoblisgan unda miviRoT. …am TvalsazrisiT Cxirisebri 
mwerebi TiTqos Zalze iSviaTi arsebebi arian, magram ase ar aris. 
gamonakliss swored Cven, ZuZumwovrebi, warmovadgenT. mwerebs, 
Tevzebs, amfibiebs, reptiliebsa da frinvelebs Sorisac ki arian 
saxeobebi, romlebic parTenogenezurad mravldebian. es mxolod 
ZuZumwovrebs ar gvaxasiaTebs. cxovelTa samyaroSi am mxriv mxolod 
Cveni klasi warmoadgens ̀ TeTr yvavs~, amitomac gonivruli iqneba, 
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davsvaT kiTxva, Tu ratom xdeba ase. am kiTxvaze pasuxis gacema 
unda daviwyoT mxolod ZuZumwovrebisTvis damaxasiaTebeli 
niSnebis ganxilviT. amrigad, Cven gvaqvs Tma da sami sasmeni Zvali 
Sua yurSi. sxva klasebs arc erTi es Tavisebureba ara aqvT, magram 
Zneli dasajerebeli Cans, rom es is Taviseburebebia, ris gamo uari 
vTqviT `qalwulebriv Casaxvaze~. es sakiTxi ufro mniSvnelovan 
faqtorebzea damokidebuli. 

ZuZumwovrebis yvelaze primitiuli warmomadgenlebi, 
ixvniskarta da iqedne, kvercxismdeblebi arian. gamravlebis 
sirTulis mixedviT maT CanTosnebi _ kenguru da tasmaniuri eSmaki _ 
mosdevs, romelTa naSierebic dabadebisas Zalze ganuviTareblebi 
arian. am saxeobebis STamomavlobis ganviTarebis umetesi nawili 
dedis organizmis gareT, CanTaSi mimdinareobs. es swored is 
cnobili jibea, romelic sxeulis gareT aris moTavsebuli.

Cveni klasis warmomadgenelTa umetesoba e.w. placentur anu 
umaRles ZuZumwovrebs miekuTvneba. adamianebi, vefxvebi, Tagvebi 
Tu lurji veSapebi Tavis naSiers erTnairad kvebaven. Cveni 
STamomavloba ganviTarebis grZel fazas dedis organizmSi _ 
saSvilosnoSi gadis, sadac embrioni placentis gavliT iTvisebs 
sakveb nivTierebebs. es didi, blinis formis warmonaqmni Suamavlis 
rols asrulebs nayofisa da dedis sisxlis mimoqcevis sistemebs 
Soris. sinamdvileSi dedis sisxli erTi sistemidan meoreSi ki 
ar gadaedineba, aramed sisxlis mimoqcevis es ori sistema ise 
axlosaa erTmaneTTan, rom iseTi sakvebi nivTierebebi, rogoricaa 
naxSirwylebi, vitaminebi, mineralebi da aminomJavebi dedis 
sisxlidan nayofis sisxlSi aRwevs. Jangbadic dedis sisxlidan 
xvdeba nayofis sisxlSi. es kavSiri Seqcevadia: Canasaxis sisxlidan 
uvargisi airebi da sxva potenciurad toqsikuri nivTierebebi 
dedis sisxlis mimoqcevis sistemaSi gadadis. 

es Zalian STambeWdavi sistema saSualebas aZlevs ZuZumwovrebs, 
sakvebiT uzrunvelyos Canasaxi ganviTarebis adreuli stadiis 
grZel periodebSi. yoveli orsulobis dros axali placenta 
yalibdeba, Tumca misi warmoqmnis kodireba dedaze ar aris 
damokidebuli. placentis ganviTarebisTvis saWiro mTeli 
informacia nayofidan momdinareobs. gavixsenoT adreuli 
blastocistis modeli me-2 Tavidan. blastocistis yvela ujredi 
erTujrediani ganayofierebuli zigotidan aris warmoqmnili. 
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ujredebi, romlebisganac sabolood placenta yalibdeba, 
`CogburTis burTis~ _ blastocistis gareTa Sreze ganlagebuli 
ujredebia. faqtiurad, erT-erTi pirveli gadawyvetileba, 
romelsac ujredebi uodingtonis epigenetikuri landSaftis 
cicabo ferdobidan dagorebamde iReben, aris is, placentas 
miscen dasabami Tu somatur ujredebs. 

SeuZlebelia sakuTar (evoluciur) warsuls 
gaveqceT 

placenta nayofis gamosakvebad saukeTesod organizebuli 
struqturaa, Tumca es sistema rig `sadao kiTxvebsac~ badebs. 
biznesis an politikis enaze rom vTqvaT, Cndeba interesTa 
konfliqti, ramdenadac evoluciuri TvalTaxedviT, organizmi 
dilemis winaSe dgeba. 

ai, rogor JRers mamri ZuZumwovris evolucieri imperativi, Tu 
mas adamianis enaze vTargmniT: 

es orsuli mdedri nayofis saxiT Cems genebs atarebs. 
SesaZloa, SemdegSi masTan Sejvareba aRarasodes momixdes. 
minda, Cemi nayofi rac SeiZleba didi gaxdes. maSin mas yvelaze 
meti Sansi eqneba Cemi genebi met Taobebs gadasces. 

mdedri ZuZumwovris evoluciuri imperativi sruliad 
gansxvavebulia: 

minda, nayofi gadarCes da Cemi genebi Semdeg Taobebs 
gadasces, magram ar minda, amisTvis man ise damauZluros, rom 
gamravleba veRar SevZlo. ar minda, mxolod es erTaderTi 
Sansi mqondes, rom Cemi genebi Taobebs gadavce.

ZuZumwovrebSi sqesTa Soris omi evoluciur CixSi Sevida. 
mTeli rigi makontrolebeli faqtorebi garantias iZleva, rom am 
omSi upiratesobas verc dedis da verc mamis genomi ver moipovebs. 
am yvelafers ukeT gavigebT, Tu gavixsenebT ezim suranis, davor 
sobelis da brius katanaCis eqsperimentebs. am mecnierebma Seqmnes 
Tagvis zigotebi, romlebic mxolod mamis an mxolod dedis dnm-s 
Seicavda.
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sinjaraSi aseTi zigotebis Seqmnis Semdeg mecnierebma isini Tagvis 
saSvilosnoSi Canerges. arc erT laboratoriaSi aseTi zigotebidan 
cocxali Tagvebi arasodes dabadebula. zigotebi saSvilosnoSi cota 
xans viTardebodnen, Tumca mniSvnelovani anomaliebiT. amasTanave, 
es anomaliebi Zalian gansxvavebuli iyo imis mixedviT, qromosomebi 
dedisgan iyo miRebuli Tu mamisgan. 

orive SemTxvevaSi ramdenime embrioni, romlis formireba 
moxda, patara zomis da ganuviTarebeli iyo. Tu yvela qromosoma 
dediseuli iyo, placenturi qsovilebi ganviTarebaSi Zalze 
CamorCeboda1. mamiseuli qromosomebis SemTxvevaSi ki embrionebi 
kidev ufro mcire zomisa iyvnen, Tumca placenturi qsovilebi ukeT 
iyo ganviTarebuli2. mecnierebma embrionebi im ujredebis Serevis 
gziT Seqmnes, romelTagan zogi mxolod dedisgan, zogi ki mamisgan 
memkvidreobiT miRebul qromosomebs Seicavda, magram am embrionebmac 
ver SeZles srulfasovnad ganviTareba. maTi gamokvlevisas aRmoCnda, 
rom embrionis yvela qsovili mxolod dediseuli ujredebisgan 
Sedgeboda, xolo placentis qsovilebi _ mxolod mamiseuli 
ujredebisgan3.

miRebuli monacemebis mixedviT SeiZleba vivaraudoT, rom mamris 
qromosomebSi raRac faqtori arsebobs, rac placentis ganviTarebis 
programis inicirebas ganapirobebs, xolo dedis genomi ZiriTadad 
embrionis da ara placentis formirebazea orientirebuli. rogor 
SevaTavsoT es am Tavis dasawyisSi gadmocemul konfliqtTan anu 
evoluciur imperativTan? placenta Tavisebur portals (karibWes) 
warmoadgens, romlis gavliTac sakvebi nivTierebebi dedis 
organizmidan nayofSi xvdeba. mamis qromosomebi uzrunvelyofen 
placentis ganviTarebas da dedis sisxlis mimoqcevaSi arsebuli sakvebi 
nivTierebebis rac SeiZleba meti nawilis nayofSi `gadamisamarTebis~ 
meqanizmebs qmnian. dedis qromosomebi sapirispirod moqmedeben da 
normaluri orsulobis dros mkacrad gawonasworebuli situacia 
iqmneba. 

TavisTavad ibadeba kiTxva _ aseTi Sedegis misaRwevad yvela 
qromosoma Tanabrad mniSvnelovania? am kiTxvaze pasuxis gasacemad 
brius katanaCma Tagvebze rTuli genetikuri eqsperimentebi Caatara. 
misi sacdeli Tagvebis qromosomebi gadawyobili iyo sxvanairad. 
martivad rom vTqvaT, yovel Tagvs qromosomaTa saWiro raodenoba 
hqonda, magram isini erTmaneTTan arabunebrivad iyvnen ̀ Sewebebulebi~. 
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man iseTi Tagvebis Seqmna SeZlo, romlebic qromosomebis am anomaliebs 
memkvidreobiT absoluturad zustad gadascemdnen. magaliTad, man 
gamoiyvana Tagvebi, romelTac gansazRvruli qromosomis orive asli 
mxolod erTi mSoblidan hqondaT miRebuli.

pirvel eqsperimentebSi, romelTa Sedegebi mecnierma gamoaq-
veyna, igi Tagvebis me-11 qromosomaze muSaobda. danarCeni wyvili 
qromosomebis erTi asli dediseuli iyo, meore _ mamiseuli. 
gamonaklisi iyo me-11 qromosoma, vinaidan brius katanaCma Seqmna 
Tagvebi, romelTac me-11 qromosomis orive asli dedisgan miiRes 
memkvidreobiT da arc erTi asli _ mamisgan, an piriqiT. miRebuli 
Sedegebi warmodgenilia suraTze 8.14. 

es Sedegebi kidev erTxel adasturebs mosazrebas, rom mamiseul 
qromosomaSi arseboben raRac faqtorebi, romlebic Cveulebrivze 
ufro didi zomis STamomavlobis ganviTarebas uzrunvelyofen. 
dediseuli qromosomebis faqtorebi an `sapirispirod~ moqmedeben, 
an, umetesad, neitralurad.

me-11 qromosomis 
wyaro

orive asli 
dediseulia. 
Cveulebrivze 
patara zomis 
Tagvi

TiTo asli 
orive 
mSoblisgan.
Cveulebrivi 
zomis Tagvi

orive asli 
mamiseulia.
Cveulebrivze 
didi zomis 
Tagvi

sur. 8.1 brius katanaCma Seqmna genetikurad modificirebuli Tagvebi, 
romlebSic man me-11 qromosomis garkveuli ubnis memkvidreobis gakontroleba 
SeZlo. SuaSi gamosaxulma Tagvma me-11 qromosomis TiTo asli orive mSoblisgan 
miiRo. Tagvebi, romelTac orive asli dedisgan miiRes, normalurze patarebi 
iyvnen. maTgan gasxvavebiT, Tagvebi, romelTac orive asli mamisgan miiRes 
memkvidreobiT, Cveulebrivze didebi iyvnen. 

 

rogorc wina TavSi gavarkvieT, es epigenetikuri faqtorebia da 
ara _ genetikuri. zemoT moyvanil magaliTSi davuSvaT, rom mSoblebi 
erTi da igive inbriduli anu genetikurad identuri xazidan 
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arian. Tu am Taobis samive tipis individebSi orive mSoblis me-11 
qromosomis Tanamimdevrobebs gavSifravT, aRmovaCenT, rom isini 
identurebi arian da Seicaven igive TanamimdevrobiT ganlagebul a, 
g, c, T-s milionobiT fuZeTa wyvils. magram funqciur doneze me-
11 qromosomaTa aslebi absoluturad gansxvavebulad moqmedeben, 
rac sxvadasxva tipis Tagvebis zomazec aisaxa. Sesabamisad, unda 
arsebobdes epigenetikuri gansxvavebebi me-11 qromosomis dediseul 
da mamiseul aslebs Soris.

sqesobrivi diskriminacia

imis gamo, rom me-11 qromosomis aslebi gansxvavebulad 
funqcionireben da es gansxvaveba damokidebulia mSoblis 
warmomavlobaze, me-11 qromosoma cnobilia, rogorc imprintinguli 
qromosoma. masSi aRbeWdilia informacia misi warmomavlobis Sesaxeb. 
genetikaSi Cveni codnis gafarToebasTan erTad gairkva, rom aseTi 
informacia me-11 qromosomebis mxolod gansazRvrul ubnebSia 
aRbeWdili. arsebobs dnm-is didi monakveTebi, sadac mniSvneloba ara 
aqvs, romeli qromosoma romeli mSoblisganaa miRebuli da ubnebi, 
romlebSic orive mSobeli funqciurad ekvivalenturia. arsebobs 
aseve mTliani qromosomebi, romlebic imprintinguli ar aris.

aqamde imprintings ZiriTadad fenomenologiuri terminologiiT 
aRvwerdiT. imprintinguli ubnebi genomis nawilia, sadac SegviZlia 
davadginoT mSoblis gavlena STamomavlobaze. magram rogor 
gadaaqvT am ubnebs es efeqti? imprintingul ubnebSi garkveuli 
genebis gaaqtiveba an represia damokidebulia maT warmomavlobaze, 
anu romeli mSoblisganaa igi memkvidreobiT miRebuli. zemoT 
ganxilul magaliTSi me-11 qromosomis genebi, romlebic placentis 
zrdazea pasuxismgebeli, CarTulia da Zalian aqtiuria am qromosomis 
mxolod im aslSi, romelic mamisgan aris miRebuli. es orsuli 
dedisTvis sakvebi nivTierebebis deficitis saSiSroebas qmnis 
da problemis ganeitralebis mizniT kompensatoruli meqanizmi 
CairTveba. dediseuli qromosomis igive genebis aslebi represiuli 
xdeba (gamoirTveba), rac placentis zrdis SezRudvas iwvevs. garda 
amisa, SesaZloa, sxva genebic arseboben, romlebic mamiseuli genebis 
gavlenas awonasworeben da es wonasworobis makontrolebeli genebi, 
savaraudod, ZiriTadad dediseuli qromosomidan eqspresirdebian.
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am efeqtebis molekuluri meqanizmebis gasagebad specialistebs 
didi Zalisxmeva dasWirdaT. magaliTad, axlaxan mecnierebma 
gamoikvlies Tagvis me-7 qromosomis garkveuli ubani, romelSic 
lokalizebul gens insulinis magvari zrdis faqtori 2 (Igf2) ewodeba 
(ingl. insulin-like growth factor 2). cila Igf2, romelic embrionebis zrdas 
uwyobs xels, Cveulebriv, eqspresirdeba mxolod mamisgan miRebuli me-7 
qromosomaSi lokalizebuli aslidan. mkvlevrebma am genSi mutaciuri 
cvlilebebi ganaxorcieles, ris gamoc genma Igf2 funqciuri cilis 
kodireba Sewyvita, Semdeg ki STamomavlobaSi am mutaciis gavlenas 
daakvirdnen. rodesac mutacia dedisgan gadaecemoda, axalSobili 
Tagvebi sxvebisgan ar gansxvavdebodnen, radgan dedis qromosomaze 
lokalizebuli Igf2 geni, Cveulebriv, yvela SemTxvevaSi gamorTulia. 
Sesabamisad, dediseuli genis mutacias aranairi mniSvneloba ar 
hqonda. magram rodesac mutirebuli Igf2 geni STamomavlobas mamisgan 
gadaecemoda, Tagvebi Cveulebrivze mcire zomis ibadebodnen. amis 
mizezi is iyo, rom Igf2 genis asli, romelsac nayofis aqtiuri zrdis 
uzrunvelyofis faqtorad `miiCneven~, mutaciis gamo gamoirTo5.

Tagvebis me-17 qromosomaSi lokalizebulia Igf2r geni. mis mier 
kodirebuli cila Trgunavs Igf2 cilas da mas zrdis stimulirebis 
SesaZleblobas ar aZlevs. Igf2r geni imprintingulic aris. vinaidan 
Igf2r cila `sapirispiro~ gavlenas axdens Igf2 cilaze, romelic 
nayofis zrdaze agebs pasuxs, albaT, ar gagikvirdebaT imis gageba, 
rom Igf2r geni, Cveulebriv, me-17-e qromosomis dediseuli aslidan 
eqspresirdeba6. 

mecnierebma TagvebSi 100-mde imprintinguli geni gamoavlines, 
adamianebSi ki _ daaxloebiT amis naxevari. jer kidev ar aris dadgenili, 
marTlac Tagvebze naklebi imprintinguli genebi aqvT adamianebs 
Tu eqsperimentuli gziT maTi aRmoCenaa ufro rTuli. imprintingi 
evoluciis procesSi warmoiSva daaxloebiT 150 milioni wlis winaT7 
da didi masStabiT mxolod placentiani ZuZumwovrebisTvis aris 
damaxasiaTebeli. igi ar aris aRmoCenili im klasebSi, romlebic 
parTenogenezis gziT mravldebian. 

imprintingi rTuli sistemaa da, rogorc nebismieri rTuli 
meqanizmi, isic SeiZleba daziandes. CvenTvis ukve cnobilia, 
rom adamianebSi garkveuli daavadebebi imprintingis meqanizmis 
darRvevebiT aris gamowveuli. 
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rodesac imprintingi ziandeba 

prader-vilis sindromma (pvs) saxelwodeba ori mecnieris gvaridan 
miiRo, romelTac pirvelad aRweres es mdgomareoba8. pvs 20 000-
dan erT axalSobils emarTeba. Cvilebs susti kunTovani sistema da 
dabadebisas mcire wona axasiaTebT. adreul asakSi maTi gamokveba 
Zalian rTulia da amitom ukiduresad nela izrdebian. ramdenime 
wlis Semdeg suraTi radikalurad icvleba _ bavSvebs gamudmebiT 
SiaT, amitom Zalian bevrs Wamen, ris gamoc simsuqnis mZime forma 
uviTardebaT. sxva damaxasiaTebel niSnebTan erTad, rogoricaa 
patara terfebi da xelis mtevnebi, ganuviTarebeli metyveleba da 
unayofoba, pvs-iT daavadebulebs xSirad susti an saSualo donis 
gonebrivi CamorCeniloba axasiaTebT. amasTan SeiZleba hqondeT 
gadaxrebi qcevaSi, maT Soris sibrazis ukontrolo afeTqebebi9.

arsebobs sxva daavadebac, romelic daaxloebiT igive raodenobis 
individebs emarTebaT, ramdensac pvs. mas iseve, rogorc pvs-s, im 
adamianis pativsacemad, romelmac es mdgomareoba pirvelad aRwera, 
angelmanis sindromi (as) ewodeba10. as-iT daavadebuli bavSvebisTvis 
damaxasiaTebelia gonebrivi CamorCenilobis mZime forma, mcire zomis 
Tavis tvini, maT TiTqmis dakarguli aqvT metyvelebis unari, xSirad 
umizezod emarTebT sicilis spontanuri Seteva, ris gamoc aseTi 
bavSvebis klinikuri aRwerisas aRmaSfoTeblad utaqto epiTeti _ 
`bednieri Tojinebi~ _ damkvidrda11.

pvs-iT da as-iT daavadebul individebs, rogorc wesi, sruliad 
janmrTeli mSoblebi hyavT. mkvlevrebi varaudoben, rom TiToeuli 
am mdgomareobis ganviTarebis ZiriTadi mizezi, SesaZloa, 
mZime qromosomuli defeqtebia, romlebic kvercxujredis an 
spermatozoidis formirebis procesSi warmoiqmneba.

1980-ian wlebSi mkvlevrebi pvs-s gamomwvevi mizezis dasadgenad 
sxvadasxva standartul meTods iyenebdnen. genomSi eZebdnen im 
dazianebul ubnebs, romlebic daavadebul da janmrTel bavSvebs 
gansxvavebuli hqondaT. msgavs gamokvlevebs atarebdnen as-s 
Semswavleli mecnierebic. 1980-iani wlebis Sua periodSi gairkva, 
rom orive jgufi genomis erTsa da imave ubans swavlobdnen _ me-
15 qromosomis gansazRvrul monakveTs. rogorc pvs-iT, aseve as-
iT daavadebul pacientebs am qromosomis erTi da igive segmenti 
hqondaT dakarguli. 
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Tumca am ori daavadebis klinikuri suraTi absoluturad 
gansxvavebulia, pvs-iT daavadebuli aravis arasodes aereva 
angelmanis sindromiT daavadebul pacientSi. rogor SeiZleba erTi 
da igive genetikurma problemam _ me-15 qromosomis gansazRvruli 
ubnis dakargvam _ aseTi gansxvavebuli simptomebi gamoiwvios?

1989 wels bostonis bavSvTa saavadmyofos mkvlevarTa jgufma 
daadgina, rom upirvelesi mniSvneloba aqvs ara me-15 qromosomis 
ubnis dakargvas (delecias), aramed imas, Tu romeli mSoblisgan 
aris miRebuli es defeqti. maTi daskvnebi warmodgenilia suraTze 
8.2. rodesac anomaluri qromosoma mamiseuli iyo, bavSvi pvs-
iT ibadeboda. Tu qromosomis aseTive anomalia dedisgan iyo 
memkvidreobiT miRebuli, bavSvs as uviTardeboda12.

aRwerili SemTxveva daavadebis epigenetikuri memkvidreobis 
naTeli magaliTia. pvs-iT da as-iT daavadebul bavSvebs 
absoluturad erTnairi genetikuri problema hqondaT _ me-15 
qromosomis erTi da igive ubnis dakargva. erTaderTi gansxvaveba 
is iyo, Tu romeli mSoblisgan miiRes maT anomaluri qromosoma. 
es sawyisi mSoblis gavlenis kidev erTi magaliTia.

normaluri me-15 
qromosoma.
anomaluri me-15 qromosoma 
dakarguli ubniT

dedisgan miRebuli 
qromosoma
mamisgan miRebuli 
qromosoma

mamiseuli qromosoma 
dakarguli ubniT 
bavSvs prader-vilis 
sindromi aqvs

dediseuli qromosoma 
dakarguli ubniT
bavSvs angelmanis 
sindromi aqvs

sur.8.2 or bavSvs SeiZleba me-15 qromosomis erTi da igive ubani hqondes 
dakarguli. suraTze mas Seesabameba damoklebuli horizontaluri zoli erTi 
gamotovebuli fragmentiT. am ori bavSvis fenotipi gansxvavebuli iqneba imis 
mixedviT, Tu romeli mSoblisgan miiRebs individi anomalur qromosomas. Tu 
anomaluri qromosoma mamisgan iyo miRebuli, bavSvs prader-vilis sindromi 
ganuviTardeba, Tu anomaluri qromosoma dediseuli warmoSobisaa _ angelmanis 
sindromi, romelic prader-vilis sindromisgan mkveTrad gansxvavdeba. 
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arsebobs pvs-is da as-is memkvidreobis meore meqanizmi, 
rodesac daavadebul individs me-15 qromosomis orive asli 
sruliad normaluri aqvs. qromosomaSi ar arsebobs delecia an 
raime sxva tipis mutacia, Tumca paTologia mainc viTardeba. imaSi 
gasarkvevad, aseTi ram rogor SeiZleba moxdes, gavixsenoT Tagvebi, 
romelTac me-11 qromosomis orive asli erTi mSoblisgan miiRes. 
ramdenime mkvlevarma im jgufidan, romelmac deleciis gamo pvs-s 
ganviTarebis saidumlo amoxsna, aRmoaCina, rom am daavadebis 
calkeul SemTxvevebSi bavSvebs me-15 qromosomis ori normaluri 
asli hqondaT. problema is aris, rom orive asli dedisgan iyo 
miRebuli, xolo mamisgan _ arc erTi. am movlenas erTi mSoblis 
disomia ewodeba _ erTi mSobeli or qromosomas gadascems13. 1991 
wels londonis bavSvTa janmrTelobis institutis mkvlevrebis 
jgufma daadgina, rom as-is zogierTi SemTxvevac erTi mSoblis 
disomiiT iyo gamowveuli, oRond pvs-is sapirispiro formiT. 
aseT bavSvebs me-15 qromosomis orive asli normaluri hqondaT, 
magram orive memkvidreobiT mamisgan iyo miRebuli14.

am movlenam kidev erTxel daadastura, rom pvs da as 
epigenetikuri daavadebebis magaliTebia. bavSvebs me-15-e 
qromosomis erTi mSoblis disomiiT dnm-is normaluri raodenoba 
hqondaT, oRond ara orive mSoblisgan. maT ujredebSi yvela 
saWiro geni sakmarisi raodenobiT iyo, Tumca aman isini am mZime 
senisgan ver daicva.

CvenTvis Zalze mniSvnelovania memkvidreobiT swori gziT 
miviRoT me-15 qromosomis es sakmaod mcire zomis monakveTi, radgan 
is, rogorc wesi, imprintingulia. am monakveTSi lokalizebuli 
genebidan zogi mxolod dedis qromosomidan eqspresirdeba, zogi _ 
mamis. erTi maTgania UBE3A geni. igi aucilebelia tvinis normaluri 
funqcionirebisaTvis, magram tvinis qsovilSi mxolod dedisgan 
memkvidreobiT miRebuli genidan eqspresirdeba. ra moxdeba Tu 
bavSvi genis asls dedisgan ver miiRebs? es SesaZlebelia, Tu me-
15 qromosomis disomiis gamo UBE3A-s orive asli mamiseulia. an 
meore varianti, bavSvma SeiZleba me-15 qromosomis asli dedisgan 
miiRos, romelsac UBE3A geni ar hqonda, radgan qromosomis nawili 
dakarguli iyo. orive SemTxvevaSi Cvilis tvinis ujredebSi UBE3A 
cila ar eqspresirdeba, rac angelmanis sindromis simptomebis 
ganviTarebas gamoiwvevs.  
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meore mxriv, arsebobs genebi, romlebic, rogor wesi, mxolod 
mamis me-15 qromosomis ubnidan eqspresirdeba. erTi maTgania 
SNORD116 geni, Tumca danarCeni genebic mniSvnelovania. am 
SemTxvevaSic UBE3A genis scenari viTardeba, mxolod sityva 
`dediseuli~ `mamiseuliT~ Seicvleba. Tu bavSvi me-15 qromosomis 
am ubans memkvidreobiT mamisgan ver miiRebs, mas prader-vilis 
sindromi ganuviTardeba.

adamianebSi imprintingis darRveviT gamowveuli sxva 
daavadebebis magaliTebic arsebobs. maT Soris yvelaze cnobili 
bekvit-videmanis sindromia, romelsac es saxeli aseve im 
adamianebis pativsacemad ewoda, romelTac is pirvelad aRweres 
samedicino literaturaSi15,16. am daavadebisTvis damaxasiaTebelia 
qsovilebis intensiuri zrda, ris gamoc, sxva simptomebTan erTad, 
Cvils aqvs uzomod ganviTarebuli kunTebi, maT Soris enac17. 
am mdgomareobis gamomwvevi meqanizmi cota gansxvavdeba zemoT 
aRwerili SemTxvevisgan. rodesac bekvit-videmanis sindromis 
dros me-11 qromosomaSi imprintingi arasworad gadaecema, me-
11 qromosomaze genis orive asli _ dediseuli da mamiseuli _ 
CarTulia, maSin, roca mxolod mamiseuli genis eqspresia unda 
xdebodes. ZiriTadi geni aq, rogorc Cans, IGF2-ia, romelic zrdis 
faqtoris cilas kodirebs _ mas zemoT, Tagvebis me-7 qromosomis 
ganxilvis dros gavecaniT. am genis erTis nacvlad orive aslis 
eqspresiis dros orjer meti IGF2 cila sinTezdeba, rac nayofis 
intensiur zrdas iwvevs. 

bekvit-videmanis sindromis sapirispiro fenotipuri SemTxvevaa 
rasel-silveris sindromi18,19. daavadebuli bavSvebisTvis 
damaxasiaTebelia pre- da postnataluri zrdis Seferxeba da 
gvian ganviTarebasTan dakavSirebuli sxva simptomebi20. umetesad 
es mdgomareobac me-11 qromosomis igive ubnis darRvevebiT aris 
gamowveuli, rac bekvit-videmanis sindromis dros gvxvdeba, magram 
rasel-silveris sindromis SemTxvevaSi IGF2 cilis eqspresia 
daTrgunulia da nayofis zrda ferxdeba.
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 epigenetikuri imprintingi

amrigad, imprintingi gulisxmobs situacias, rodesac genuri 
wyvilidan mxolod erTi geni eqspresirdeba da eqspresirebuli 
geni SeiZleba an dediseuli iyos, an mamiseuli. ra akontrolebs 
ama Tu im genis CarTvas? albaT, TqvenTvis moulodneli ar iqneba 
imis gageba, rom am procesSi mniSvnelovan rols asrulebs dnm-is 
meTilireba. qromosomaze dnm-is meTilireba genebis gamorTvas 
iwvevs. sxva sityvebiT rom vTqvaT, Tu mamisgan miRebuli qromosomis 
ubani meTilirebulia, maSin aq lokalizebuli mamiseuli geni 
gamorTulia.

magaliTisTvis ganvixiloT UBE3A geni, romelsac prader-
vilis da angelmanis sindromebis ganxilvis dros gavecaniT. 
Cveulebriv, mamisgan miRebuli asli meTilirebul dnm-s Seicavs 
da UBE3A geni gamorTulia. dedisgan miRebul aslze meTilirebis 
aseTi markeri ar aris da UBE3A geni CarTulia. raRac msgavsi 
xdeba Tagvebis Igf2 genis SemTxvevaSi. mamiseuli asli, Cveulebriv, 
meTilirebulia da geni araaqtiuria, xolo igive genis dediseuli 
asli ar aris meTilirebuli da geni eqspresirdeba. 

dnm-is meTilirebis mniSvneloba namdvilad ar gagaocebT, 
magram imis gageba, albaT, gagikvirdebaT, rom xSirad mTeli 
geni ar meTilirdeba. genis nawili, romelic cilas kodirebs, 
dedis da mamis qromosomaTa aslebis Sedarebisas epigenetikurad 
TiTqmis erTnairi aRmoCndeba. samagierod, qromosomis ubani, 
romelic genis eqspresias akontrolebs, or sxvadasxva genomSi 
gansxvavebulad meTilirdeba.

warmoidgineT, rom zafxulis mSvenier saRamos megobrebTan 
erTad daseirnobT mcenareebs Soris ganlagebuli dekoratiuli 
lampionebis mqrqali SuqiT ganaTebul baRis bilikebze. 
samwuxarod, idiliuri atmosfero mudmivad irRveva imis 
gamo, rom moseirne stumrebi periodulad xvdebian moZraobis 
deteqtorebis areSi da usafrTxoebis sistema myisierad CarTavs 
mZlavri proJeqtorebis mWaxe Suqs. proJeqtorebi Zalian maRlaa 
dayenebuli da SeuZlebelia maTi dafarva damabrmavebeli 
ganaTebisgan Tavis dasaRwevad. bolos stumrebi xvdebian, rom 
proJeqtorebis dafarva sulac ar aris aucilebeli. saWiroa im 
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gadamcemebis dafarva, romlebic moZraobaze reagirebs da Suqs 
CarTavs. es Zalian hgavs imas, rac imprintingis dros xdeba.

meTilireba an misi ararseboba mimdinareobs e.w. imprintingis 
kontrolis ubnebSi. zog SemTxvevaSi imprintingis makontrolebeli 
meqanizmi Zalian martivi da advilad gasagebia. genis promotoris 
ubani meTilirdeba mxolod erTi mSoblisgan miRebul genze da ar 
meTilirdeba meore mSoblisgan miRebul genze. aseTi meTilireba 
gens gamorTul mdgomareobaSi inarCunebs. es meqanizmi moqmedebs 
im SemTxvevaSi, rodesac qromosomis romelime ubanze erTi genia 
imprintinguli, magram bevri imprintinguli geni grovebad aris 
ganlagebuli erTmaneTTan axlos erTi qromosomis saerTo ubanze. 
aseT jgufebSi zogi geni dedis, xolo zogi mamisgan miRebul 
qromosomaSi eqspresirdeba. dnm-is meTilireba kvlav genis 
aqtivobis ZiriTadi Taviseburebaa, magram funqciis SesrulebaSi 
mas sxva faqtorebic exmarebian.

imprintingis kontrolis ubani SeiZleba did manZilebze 
gavrceldes da garkveul ubnebs msxvili cilebi daukavSirdes. 
es cilebi qalaqis sagzao saguSagoebis msgavsad moqmedeben. isini 
qromosomaTa sxvadasxva ubnebs erTmaneTisgan ganacalkeveben. 
gansxvavebul genebs Soris funqciis aseTi ganawileba imprintingis 
process kidev ufro arTulebs. am procesis wyalobiT imprintingis 
kontrolis regionma SeiZleba aTasobiT nukleotiduri wyvili 
marTos. es sulac ar niSnavs imas, rom am aTasobiT nukleotiduri 
wyvilis momcvel yovel calkeul genze erTnairi zemoqmedeba 
xorcieldeba. qromatinis gansazRvrul imprintingul ubnebze 
lokalizebuli sxvadasxva genebi SeiZleba qromosomas gamoeyon 
da erTmaneTs ise daukavSirdnen, rom represirebulma genebma 
erTgvari qromatinuli maryuJebi warmoqmnan. qromosomis imave 
ubnis gaaqtivebuli genebi SeiZleba erTmaneTs daukavSirdnen da 
sakuTari kvanZebi warmoqmnan21.

imprintingis zemoqmedeba sxvadasxva qsovilSi sxvadasxvagvaria. 
imprintinguli genebiT gansakuTrebiT mdidaria placenta. swored 
es iyo mosalodneli imprintingis Cveneuli modelisagan, rogorc 
dedis organizmis mier resursebis moxmarebis gamawonasworebeli 
saSualebisagan. aRmoCnda, rom imprintingis gavlenis mimarT 
tvinic aranakleb mgrZnobiarea. amgvari gavlenis mizezi jer 
savsebiT naTeli ar aris. am SemTxvevaSi, placentis qsovilebisagan 
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gansxvavebiT, ufro Znelia sakvebi nivTierebebis mopovebisaTvis 
brZolis motiviT avxsnaT tvinSi genebis eqspresiaze mSobliseuli 
warmoSobis kontrolis meqanizmi. am sakiTxTan dakavSirebiT 
damaintrigebeli hipoTeza wamoayena londonis sauniversiteto 
kolejis profesorma gudrun murma. man ivarauda, rom tvinSi 
imprintingis maRali doneebi sqesTa omis postnatalur 
(mSobiarobis Semdgom) gagrZelebas warmoadgens. misi azriT, 
tvinis zogierTi imprinti (anabeWdi) mamis genomis mcdelobaa, xeli 
Seuwyos STamomavlobas iseTi qcevisken, romelic dedas aiZulebs, 
Tavisi organizmis resursebis xarjva gaagrZelos, rogorc es, 
magaliTad, ZuZuTi gaxangrZlivebuli kvebis dros xdeba22. 

imprintinguli genebis raodenoba sakmaod mcirea, cilis 
makodirebeli yvela genis 1%-ze gacilebiT naklebi, da Tanac 
yvela qsovilSi ar gvxvdeba. bevr ujredSi orive mSoblisgan 
miRebuli asli erTnairad eqspresirdeba. es imitom ki ar xdeba, 
rom sxvadasxva qsovilebSi meTilirebis sqemebi gansxvavebulia, 
aramed imitom, rom ujredebi meTilirebis `wakiTxvis~ gzebis 
mixedviT gansxvavdebian.

imprintingis makontrolebel ubnebze dnm-is meTilirebis 
sqemebi organizmis yvela ujredSi arsebobs da gviCvenebs, romelma 
mSobelma gadasca STamomavals ama Tu im qromosomis asli. es 
Zalze mniSvnelovan informacias gvaZlevs imprintinguli ubnebis 
Sesaxeb. maT Tavidan unda aicilon gadaprogrameba, romelic 
spermatozoidisa da kvercxujredis Serwymis Sedegad zigotis 
warmoqmnis Semdeg xdeba. winaaRmdeg SemTxvevaSi meTilirebiT 
Semotanili modifikaciebi waiSleba da ujredebi ver gaarkveven, 
romeli mSoblisgan miiRes konkretuli qromosoma. iseve, rogorc 
IAP retrotranspozonebi rCebian meTilirebul mdgomareobaSi 
zigotis gadaprogramebis dros, evoluciis procesSi Camoyalibda 
gansakuTrebuli meqanizmebi, romlebic imprintingis ubnebs 
meTilirebis faqtorebis totaluri dakargvisgan icaven. 
mecnierebisaTvis jer kidev ucnobia, es rogor xdeba, magram aseTi 
movlena sasicocxlod mniSvnelovania normaluri ganviTarebisa 
da janmrTelobisaTvis. 
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 vqmniT anabeWds, vSliT anabeWds...

es movlena kidev erT kiTxvas badebs. Tu dnm-is meTilirebis 
imprintinguli markerebi aseTi stabiluria, maSin mSoblebidan 
STamomavlobaze gadacemis dros rogor icvlebian? viciT, rom 
isini namdvilad icvlebian da amaSi wina TavSi ezim suranis mier 
Tagvebze Catarebuli eqsperimentebis ganxilvam dagvarwmuna. misi 
eqsperimentebiT dadasturda, rom TanamimdevrobaTa meTilireba, 
romelic eqsperimentuli miznebiT kontroldeboda, TaobebSi 
gadacemis dros icvleboda. saubaria wina TavSi ganxilul 
eqsperimentze, sadac aRwerili iyo Tagvebi `Savi~ da `TeTri~ dnm-iT. 

sinamdvileSi, rogorc ki mecnierebma aRmoaCines, rom sawyisi 
mSoblis efeqti marTlac arsebobs, maT iwinaswarmetyveles 
epigenetikuri markerebis gadatvirTvis raRac meTodis arseboba 
jer kidev iqamde, vidre am markerebis mniSvnelobas daadgendnen. 
modi, magaliTisTvis ganvixiloT me-15 qromosoma, romlis erTi 
asli memkvidreobiT dedisgan miviRe, meore _ mamisgan. dedisgan 
miRebuli UBE3A-s imprintingis kontrolis ubani arameTilirebuli 
iyo, xolo mamisgan miRebuli igive ubani _ meTilirebuli, ramac Cems 
tvinSi UBE3A cilis eqspresiis sqemebis amoqmedeba uzrunvelyo.

Cems sakvercxeebSi warmoqmnil yvela kvercxujreds me-15 
qromosomis erTi cali eqneba, romelsac Svils gadavcem. vinaidan 
me qali var, me-15 qromosomis yovel asls UBE3A genze dediseuli 
markeri (anabeWdi) unda hqondes magram Cemi me-15 qromosomis 
meore aslze mamisagan memkvidreobiT gadmocemuli markeri iqneba. 
erTaderTi varianti, roca darwmunebuli viqnebi, rom Svilebs me-
15 qromosomas swori dediseuli markeriT gadavcem, gulisxmobs, 
rom Cemma ujredebma ician meTodi, rogor waSalon mamiseuli 
markeri da igi dediseuli markeriT Caanacvlon.

msgavs process aqvs adgili maSinac, roca mamakacebi spermato-
zoidebs gamoimuSaveben. imprintinguli genebidan dedisgan miRe buli 
yvela modifikacia unda waiSalos, maTi adgili ki mamisgan miRe bulma 
modifikaciebma unda daikavos. sinamdvileSi swored asec xdeba. es 
Zalian specifikuri procesia da mxolod im ujredebisTvis aris 
damaxasiaTebeli, romlebic Canasaxovan ujredebs aZlevs dasabams. 

am meqanizmis moqmedebis ZiriTadi principi sqematurad 
naCvenebia suraTze 8.3.
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*ICR - imprintinguli kontrolis ubani

meTilirebuli UBE3A ICR*
`me mamiseuli var~

arameTilirebuli UBE3A ICR
`me dediseuli var~kvercxujredi spermatozoidi

zigotaSi regionebis 
umetesoba 

gadaprogramebulia, Tumca 
imprintinguli genebis 

simboloebis
ICR-ebi daculia.

imprintinguli markerebi waiSleba im ujredebis 
mcire nawilidan, saidanac gametebis warmomqmneli 
ujredebi viTardeba.

ujreduli dayofis mravalricxovani 
ciklebis Sedegad miiReba yvela 
somaturi (sxeulis) ujredi, zigotis 
analogiuri imprintinguli markerebiT.

yalibdeba axali 
dediseuli 

impritinguli 
markerebi.

kvercxujredebi me-15 
qromosomis TiTo asls Seicavs 
dediseuli anabeWdiT.

sur. 8.3  diagramaze naCvenebia, rom ganayofierebuli zigotidan warmoqmnil yvela 
somatur ujredSi dnm-is meTilirebis sqemebi iseTivea, rogoric nebismieri sxva 
imprintinguli genebisa, magram sasqeso ujredebSi imprintinguli meTilireba 
waiSleba, Semdeg ki aRdgeba. es imas uzrunvelyofs, rom qalebi STamomavlobas 
mxolod dediseul markerebs gadascemen, mamakacebi ki _ mxolod mamiseuls. 

kvercxujredisa da spermatozoidis Serwymis Sedegad 
warmoiqmneba blastocisti, da genomis ubnebis umetesi nawili 
gadaprogramdeba. iwyeba ujredebis diferencireba placentis 
winamorbedebisa da organizmis SenebisTvis aucilebeli sxvadasxva 
tipis ujredebis warmosaqmnelad. ase, rom am etapze ujredebi, 
romlebic Sidaujreduli masis _ Sum (ICM) nawils warmoadgenen, 
ganviTarebis procesis dolis xmaze mwyobrSi myofi jariskacebiviT 
eSvebian uodingtonis epigenetikuri landSaftis ferdobebis 
mravalricxovan RarebSi, magram ujredebis Zalian mcire nawili 
(100-ze naklebi) sul sxva ritms mihyveba. maTSi BLIMP1 geni irTveba. 
BLIMP1 cila ujredebs brZanebas aZlevs, ar iCqaron TavianT 
somatur CixSi Sesvla da isini ukan, uodingtonis Txrilebisken 
iwyeben msvlelobas23. amasTan, gzadagza isini imprintingul 
markerebs kargaven, romlebic ujreds amcnoben, romeli mSoblisgan 
aris qromosomaTa TiToeuli wyvili memkvidreobiT miRebuli. 
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am procesSi monawile ujredebis mcire raodenobas pirveladi 
sasqeso ujredebi ewodeba. sabolood swored maTgan formirdeba 
gonadebi (saTesle an sakvercxe). isini Rerovani ujredebiviT 
moqmedeben da gametebs (Sesabamisad, kvercxujredebs da 
spermatozoidebs) warmoqmnian. wina abzacSi aRweril stadiaze 
pirveladi sasqeso ujredebi brundebian im mdgomareobaSi, 
romelic ufro Sidaujreduli masis ujredebis mdgomareobas 
waagavs. arsebiTad, isini pluripotenturebi xdebian, romelTac 
potenciurad organizmis nebismieri tipis qsovilis warmoqmnis 
unari aqvT. es stadia Zalian swrafad mimdinareobs. sasqeso 
ujredebis winamorbedi (primordiuli) ujredebi swrafad 
diferencirdebian, Rerovan ujredebs warmoqmnian da dasabams 
aZleven kvercxujredebs da spermatozoidebs, magram amisTvis 
isini epigenetikuri modifikaciebis axal nakrebs iZenen. am 
modifikaciebis nawili ujredis specifikas gansazRvravs anu 
gaaaqtiurebs genebs, romlebic kvercxujreds kvercxujredad 
Camoayalibebs, xolo sxva modifikaciebis mcire nawili 
mSobliseuli warmoSobis markerebis rols asrulebs im mizniT, 
rom momdevno TaobaSi SesaZlebeli iyos genomis imprintinguli 
ubnebis amocnoba mSobeliseul warmoSobis mixedviT.

es yvelaferi saSinlad rTuli gveCveneba. Tu Tvals mivadev-
nebT process spermatozoidiT kvercxujredis ganayofierebidan 
mamrobiTi sqesis STamomavlobaSi axali spermatozoidebis war-
moqm namde, Tanamimdevroba daaxloebiT aseTi iqneba: 
1. kvercxujredSi SeRweuli spermatozoidi epigenetikuri 

modifikaciebis matarebelia;
2. es epigenetikuri modifikaciebi waiSleba, im modifikaciebis 

gamoklebiT, romlebic imprintingul ubnebze mdebareobs 
(zigotaSi, ganayofierebisTanave).

3. Cndeba axali epigenetikuri modifikaciebi (rodesac 
Sidaujreduli masis (ICM) ujredebi specializebas daiwyeben).

4. es epigenetikuri modifikaciebi waiSleba, imprintingul ubnebze 
mdebare modifikaciebis CaTvliT (rodesac primordiuli 
sasqeso ujredebi somaturi diferenciaciis gzidan ukan 
brundebian).

5. yalibdeba axali epigenetikuri modifikaciebi (rodesac 
spermatozoidebi formirebas daiwyeben). 
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to be an egg and half-programmed to be a sperm. Development 
wouldn’t be possible if  the inherited modifications stayed on. 
But to create primordial germ cells, some of the cells from the 
differentiating  ICM have to lose their epigenetic modifications. 
This is so they can become temporarily more pluripotent, lose 
their imprinting marks and transfer across into the germ cell 
lineage.

Once the primordial germ cells have been diverted, epigenetic 
modifications again get attached to the genome. This is partly 
because pluripotent cells are potentially extremely dangerous as a 
multi-cellular organism develops. It might seem like a great idea 
to have cells in our body that can divide repeatedly and give rise 
to lots of other cell types, but it’s not. Those sorts of cells are 
the type that we find in cancer. Evolution has favoured a mech-
anism where the primordial germ cells can regain pluripotency 
for a period, but then this pluripotency is re-suppressed by epi-
genetic modifications. Coupled with this, the wiping out of the 
imprints means that chromosomes can be marked afresh with 
their parent-of-origin.

Occasionally this process of setting up the new imprints on 
the progenitors of egg or sperm can go wrong. There are cases 
of Angelman syndrome and Prader-Willi syndrome where the 
imprint has not been properly erased during the primordial germ 
cell stage24. For example, a woman may generate eggs where chro-
mosome 15 still has the paternal mark on it that she inherited 
from her father, rather than the correct maternal mark. When this 
egg is fertilised by a sperm, both copies of chromosome 15 will 
function like paternal chromosomes, and create a phenotype just 
like uniparental disomy.

Research is ongoing into how all these processes are control-
led. We don’t fully understand how imprints are protected from 
reprogramming following fusion of the egg and the sperm, nor 
how they lose this protection during the primordial germ cell 
stage. We’re also not entirely sure how imprints get put back on 
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erTi SexedviT SeiZleba mogeCvenoT, rom es zedmetad CaxlarTuli 
gzaa iq dasabruneblad, saidanac yvelaferi daviwyeT, magram is 
aucileblobiTaa nakarnaxevi.

modifikaciebi, romlebic spermatozoids spermatozoidad da 
kvercxujreds kvercxujredad ayalibebs, gametogenezis meore 
stadiaze unda waiSalos. sxvanairad zigota totipotenturi ver 
gaxdeba. amis nacvlad mas eqneba genomi, romlis erTi naxevari 
gadaprogramebulia imisaTvis, rom kvercxujredad Camoyalibdes, 
meore naxevari ki imisaTvis, rom spermatozoidi gaxdes. ganviTareba 
SeuZlebeli iqneba, Tu memkvidreobiT miRebuli modifikaciebi ar 
Seicvala, magram primordiuli sasqeso ujredebis warmosaqmnelad 
Sidaujreduli masis zogierTma diferencirebulma ujredma Tavisi 
epigenetikuri modifikaciebi unda dakargos. mxolod amis Semdeg 
gaxdebian isini droebiT ufro pluripotenturebi, dakargaven 
imprintingul markerebs da sasqeso ujredebad specializebas iwyeben. 

rogorc ki primordiuli sasqeso ujredebi ukuganviTarebas 
daiwyeben, genomi morig epigenetikur modifikaciebs ganicdis. 
es nawilobriv imitom xdeba, rom mravalujrediani organizmis 
ganviTarebis dros pluripotenturi ujredebi potenciurad did 
saSiSroebas warmoadgens. erTi SexedviT, ra mosaxerxebeli iqneboda, 
Cveni organizmis ujredebs Seusveneblad gayofa rom SeeZloT da 
sxvadasxva tipis ujredebs miscen dasabami, magram es ase sulac ar 
aris. swored ase iqcevian simsivnuri ujredebi. amitom evoluciis 
procesSi upiratesoba mieniWa im meqanizms, romlis saSualebiT 
primordiul sasqeso ujredebs SeuZliaT mokle droiT aRadginon 
pluripotentoba, rac SemdegSi isev epigenetikuri modifikaciebiT 
iTrguneba. es yvelaferi imprintebis dakargvasTan erTad niSnavs, 
rom qromosomebi SesaZlebelia xelaxla iqnes moniSnuli maTi 
mSobliseuli warmoSobis dasadgenad. 

zogjer kvercxujredisa da spermatozoidis winamorbed 
ujredebze SeiZleba axali anabeWdebis warmoqmna SecdomiT moxdes. 
swored ase xdeba angelmanis da prader-vilis sindromebis dros, 
rodesac primordiuli sasqeso ujredebis stadiaze anabeWdebi 
saTanadod ar waiSleba24. magaliTad, qalis organizmSi SeiZleba 
Camoyalibdes kvercxujredebi, romelTa me-15 qromosoma isev 
mamiseul da ara dediseul markers atarebs. aseTi kvrcxujredis 
spermatozoidiT ganayofierebis Sedegad me-15 qromosomis orive 
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asli funqcionirebs rogorc mamiseuli qromosoma da erTi mSoblis 
disomiis analogiuri fenotipi warmoiqmneba.

mecnierebi dResac agrZeleben imis kvlevas, yvela es procesi 
rogor kontroldeba. jer kidev bolomde ar gvesmis, kvercxujredisa 
da spermatozoidis Serwymis Semdeg imprintebi rogor aris 
gadaprogramebisgan daculi da rogor kargaven isini dacvis am 
meqanizms pirveladi sasqeso ujredebis stadiaze. aseve bolomde 
ucnobia, axali imprintebi saWiro adgilze rogor aRmoCndebian. 
am suraTis didi nawili jer kidev burusiTaa moculi, Tumca mis 
zogierT detals ukve naTeli efineba.

dasaSvebia, rom am procesSi spermis genomSi arsebuli 
histonebis mcire procenti monawileobdes. maTi umetesi nawili 
ganlagebulia imprintingis makontrolebel ubnebSi da SeuZliaT 
am ubnebis gadaprogramebisgan dacva, romelic kvercxujredisa 
da spermatozoidis Serwymis Semdeg mimdinareobs25. histonuri 
modifikaciebi garkveul rols asruleben gametebis formirebisas 
`axali~ imprintebis warmoqmnaSic. rogorc Cans, mniSvnelovania 
imprintingis makontrolebel ubnebSi genebis gaaqtivebasTan 
dakavSirebuli romelime histonuri modifikaciis dakargva. mxolod 
amis Semdeg SeiZleba daematos dnm-is mudmivi meTilirebis meqanizmi26. 
swored dnm-is aseTi mudmivi meTilireba iwvevs genis moniSvnas 
represiuli imprintinguli markerebiT.

doli da misi Svilebi 

zigotasa da primordiul sasqeso ujredebSi mimdinare gada-
programeba udides gavlenas axdens epigenetikuri movlenebis gasa-
ocrad farTo wreze. rodesac laboratoriul pirobebSi iamanakas 
faqtorebis gamoyenebiT somaturi ujredebi gadaprogramdeba, maTi 
mxolod umniSvnelo nawili warmoqmnis iPS-ujredebs. isini sruli-
adac ar warmoadgenen embrionuli Rerovani ujredebis zust asls 
_ blastocitis Sidaujreduli masis namdvil pluripotentur 
ujredebs. bostonel mecnierTa jgufi, romelic masaCusetis 
centralur saavadmyofosa da harvardis universitetSi muSaobda, 
Tagvebis genetikurad identur iPS da embrionul Rerovan ujredebs 
ikvlevda. mecnierebi am ori tipis ujredebSi eqspresiis mixedviT 
gansxvavebul genebs eZebdnen. erTaderTi arsebiTi gansxvaveba 
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aRmoaCines qromosomis DLK1-Dio3 ubanze27. mxolod ramdenime 
iPS ujredis mier genebis eqspresia am ubanze Zalian msgavsi iyo 
embrionuli Rerovani ujredebis genebis eqspresiiisa. es iPS ujredebi 
saukeTesoa organizmis gansxvavebuli qsovilebis formirebisaTvis. 

DLK1-Dio3 Tagvis me-12 qromosomis imprintinguli ubania. 
araferia gasakviri imaSi, rom imprintinguli ubani aseTi mniSv-
ne lovani aRmoCnda. iamanakas meTodika gadaprogramebis process 
aamuSavebs, romelic bunebaSi kvercxujredisa da spermatozoidis 
Serwymis Semdeg iwyeba. normaluri ganviTarebis pirobebSi genomis 
imprin tinguli ubnebi gadaprogramebisadmi mdgradebi arian. rogorc 
Cans, isini gadaprogramebisTvis seriozul winaRobas warmoadgenen, 
rac iamanakas meTodis gamoyenebis dros absoluturad xelovnur 
garemoSi xdeba. 

DLK1-Dio3 ubani didi xania mkvlevarTa interess iwvevs. adamianebs, 
romelTac am ubanze erTi mSoblis disomia aqvT, sxva simptomebTan 
erTad zrda-ganviTarebis darRvevebic axasiaTebT28. rogorc gairkva, 
es ubani gansakuTrebulad mniSvnelovania parTenogenezis Tavidan 
asacilebladac, yovel SemTxvevaSi, TagvebisTvis. iaponelma da 
samxreT koreelma mkvlevrebma Tagvis genomis am ubnebze genetikuri 
eqsperimentebi Caatares. maT laboratoriul pirobebSi Seqmnes 
ganayofierebuli kvercxujredi ori mdedrobiTi pronukleusiT. 
erT pronukleusSi DLK1-Dio3 ubani ise Secvales, rom mas dediseulis 
nacvlad mamiseuli imprintis ekvivalenti aRmoaCnda. am eqsperimentis 
Sedegad dabadebuli cocxali Tagvebi ori dediseuli genomis mqone 
placenturi ZuZumwovrebis pirveli nimuSebi iyvnen29. 

primordiul sasqeso ujredebSi mimdinare gadaprogrameba 
yovlismomcveli ar aris. is TiTqmis ucvlelad tovebs zogierT IAP 
retrotranspozonze meTilirebas. AxinFu retrotranspozonebis dnm-
is meTilirebis done spermatozoidSi iseTivea, rogoric Tagvebis 
imave xazis somatur ujredebSi. es imaze miuTiTebs, rom primordiuli 
sasqeso ujredebis gadaprogramebis dros dnm-is meTilireba ar 
icvleba, miuxedavad imisa, rom genomis sxva ubnebis umetesoba am 
modifikaciebs kargavs. swored AxinFu retrotranspozonis aseTi 
mdgradoba epigenetikuri gadaprogramebis orive ciklis (zigotaSi 
da primordiul sasqeso ujredebSi) mimarT uzrunvelyofs xveuli 
kudis niSan-Tvisebis TaobaTaSorisi memkvidreobis meqanizms, 
romelsac wina TavebSi gavecaniT. 
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CvenTvis cnobilia, rom TaobaTaSorisi memkvidreobis yvela 
procesi erTnairad ar mimdinareobs. aguti Tagvebs fenotipi 
dedis xaziT gadaecemaT da ara _ mamis. am SemTxvevaSi, rogorc 
mamis, ise dedis IAP retrotranspozonze dnm-is meTilireba 
pirveladi sasqeso ujredebis Cveulebrivi gadaprogramebis dros 
ikargeba, Tumca deda, romlis retrotranspozons Tavidanve hqonda 
meTilirebuli dnm, Tavis STamomavlobas gansakuTrebul histonur 
markers gadascems. es represiuli histonuri modifikaciaa da dnm-is 
meTilirebis meqanizmisTvis signalis funqcias asrulebs. es signali 
miizidavs fermentebs, romlebic qromosomis garkveul ubanSi dnm-
is represiul meTilirebas CarTaven. saboloo Sedegi YyovelTvis 
erTnairia _ dedis meTilirebuli dnm STamomavlobaSic aRdgeba. 
mamri aguti Tagvebi ar gadascemen arc dnm-is meTilirebas, arc 
retrotranspozonze represiul histonur modifikaciebs, amitomac 
fenotipi memkvidreobiT mxolod dedis xaziT gadaecema30.

es epigenetikuri informaciis gadacemis arapirdapiri meTodia. 
dnm-is meTilirebis uSualod gadatanis nacvlad misi Sualeduri 
Semcvleli (represiuli histonuri modifikacia) gamoiyeneba. albaT, 
amitomac aris aguti fenotipis dedis xaziT gadacema cotaTi 
`bundovani~. yvela STamomavali dedis zusti asli ar aris, radgan 
STamomavlobaSi dnm-is meTilirebis aRdgenis dros umniSvnelo 
manevrirebis SesaZlebloba arsebobs.

2010 wlis zafxulSi britanul presaSi sasoflo-sameurneo 
cxovelebis klonirebasTan dakavSirebuli informaciebi gamoCnda. 
klonirebuli Zroxebis STamomavalTa xorci kacobriobis kvebiT 
jaWvSi CaerTo31. ara Tavad klonirebuli Zroxebis, aramed maTi 
bunebrivi gamravlebis gziT miRebuli STamomavlebis xorci. 
marTalia, am publikaciebs Soris SiSismomgvreli ambebic qveyndeboda 
adamianebze, romelTac maTi survilis miuxedavad `franken-xorcs~ 
aWmeven, magram mTlianobaSi masobrivi informaciis saSualebebis 
reaqcia sakmaod mSvidi iyo. 

aseTi pozitiuri damokidebuleba nawilobriv gamowveuli 
iyo Zalian saintereso fenomeniT, romelmac cotaTi daacxro is 
mRelvareba, rasac zogierTi mecnieri klonirebis mosalodneli 
Sedegebis gamo ganicdida. klonirebuli cxovelebis bunebrivi 
gamravlebis gziT miRebuli STamomavlebi mSoblebze ufro 
janmrTelebi arian xolme. amis TiTqmis utyuari mizezi primordiuli 
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sasqeso ujredebis gadaprogramebaa. klonirebuli cxovelebis 
Sesaqmnelad somaturi birTvi kvercxujredSi gadaaqvT. es birTvi 
gadaprogramebis mxolod pirvel stadias gaivlis, swored imas, 
romelsac bunebriv pirobebSi aqvs adgili kvercxujredisa da 
spermatozoidis Serwymis dros. savaraudod, aseTi epigenetikuri 
gadaprogrameba mTlianad efeqturi ar aris, radgan aiZulo 
kvercxujredi, rom `sxva~ birTvi gadaaprogramos, ararealuri 
amocanaa. albaT, amitomac ar gamoirCevian klonirebuli cxovelebi 
gansakuTrebuli janmrTelobiT. 

rodesac klonirebuli cxovelebi bunebrivi gziT mravldebian, 
STamomavlobas an kvercxujreds gadascemen, an spermatozoids. 
am gametebis warmoqmnamde klonis primordiuli sasqeso ujredebi 
gadaprogramebis meore cikls bunebrivad gaivlian, rogorc es 
normalur pirobebSi xdeba. gadaprogramebis es meore stadia, rogorc 
Cans, epigenoms saTanadod gadatvirTavs. gametebi klonirebuli 
mSoblebis anomalur epigenetikur modifikaciebs kargaven. 
epigenetikiT aixsneba ara marto klonirebuli cxovelebis susti 
janmrTeloba, aramed maT STamomavlebSi am problemis ararsebobac. 
marTlac, klonirebuli cxovelebis STamomavlebi bunebrivi gziT 
dabadebuli cxovelebisagan ar gansxvavdebian. 

damxmare reproduqciuli teqnologiebi (rogoricaa xelovnuri 
ganayofiereba) gansazRvrul teqnikur aspeqtebs klonirebaSi 
gamoyenebul zogierT meTodikasTan aerTianebs. kerZod, 
pluripotenturi birTvi gadaaqvT erTi ujredidan meoreSi da 
saSvilosnoSi Canergvamde laboratoriaSi gamozrdian. samecniero 
JurnalebSi ar wydeba dava, Tu ra potenciuri saSiSroebis Semcveli 
SeiZleba iyos es procedura32. zogi avtori Tvlis, rom damxmare 
reproduqciuli teqnologiebi orsulobis dros impritingis darR-
vevebs iwvevs. am gancxadebis qveS igulisxmeba, rom iseTma proce-
durebma, rogoricaa ganayofierebuli kvercxujredis organizmis 
gareT gamozrda, SeiZleba daarRvios gadaprogramebis kontrolis 
ase mkacrad daxvewili gzebi, gansakuTrebiT imprintingis ubnebSi. 
Tumca mniSvnelovania aRvniSnoT, rom dReisaTvis am sakiTxis 
klinikuri aqtualobis Taobaze erTiani azri ar arsebobs.

ganviTarebis adreul etapebze genomis gadaprogrameba mraval 
Sedegs gamoiwvevs. igi uzrunvelyofs ori, uaRresad maRal 
doneze diferencirebuli ujredis tipis Serwymas da maTgan erTi 
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pluripotenturi ujredis warmoqmnas. igi awonasworebs dediseuli 
da mamiseuli genomebis urTierTsapirispiro moTxovnebs da yovel 
TaobaSi am wonasworobis aRdgenas uzrunvelyofs. gadaprogrameba 
Seusabamo epigenetikuri modifikaciebis mSoblebidan STamomavlo-
bisTvis gadacemasac uSlis xels. es imas niSnavs, rom maSinac ki, 
Tu ujredSi potenciurad saSiSi epigenetikuri modifikaciebi 
dagrovda, maTi waSla TaobebSi gadacemamde moxdeba.

Cveulebriv, swored amitomac ar viRebT memkvidreobiT SeZenil 
niSnebs. Tumca genomSi arsebobs gadaprogramebisadmi SedarebiT 
mdgradi ubnebi, rogoric IAP retrotranspozonebia. Tu imis gagebas 
movindomebT, rogor gadaecema memkvidreobiT konkretuli SeZenili 
Tviseba _ magaliTad, reaqcia vinklozolinze an mamis kvebaze _ 
umjobesia, Zieba am IAP retrotranspozonebidan daviwyoT.
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X-Taoba
`amboris xma iseTi Zlieri ar aris, rogorc zarbaznis 
griali, magram misi eqo gacilebiT didxans grZeldeba.~
oliver uendel holmsi
`profesori sasadilo magidasTan~ 

 mamakacebi da qalebi wminda biologiur da, gansakuTrebiT, 
anatomiur doneze Zalian gansxvavdebian erTmaneTisgan. albaT, 
arasdros Sewydeba diskusia imaze, ganisazRvreba Tu ara ra 
genderuli kuTvnilebiT qcevis sxvadasxva modeli _ agresiisadmi 
midrekilebidan sivrcul aRqmamde. Tumca arsebobs konkretuli 
fizikuri maxasiaTeblebi, romlebic udavod sqess ukavSirdeba. erT-
erTi yvelaze fundamenturi gansxvaveba qalsa da mamakacs Soris 
maTi reproduqciuli organoebia. es aris qalebSi sakvercxeebi, 
mamakacebSi _ saTesleebi. qalebs saSo da saSvilosno aqvT, xolo 
mamakacebs _ penisi.

 amas savsebiT dasabuTebuli biologiuri mizezebi aqvs da, 
marTlac, sruliad ar aris gasakviri is, rom es mizezebi genebamde 
da qromosomebamde daiyvaneba. adamianis organizmis ujredebSi 23 
wyvili qromosomaa, amasTan wyvilSi TiTo qromosoma miRebulia 
TiToeuli mSoblidan. am wyvilebidan 22-s (pirobiTad wodebulni 
rigobrivi nomrebiT 1-dan 22-mde) autosomebi ewodeba da calkeuli 
autosomuri wyvilis TiToeuli wevri Tavisi meore naxevris msgavsi 
Cans. sityvas `Cans~ misi pirdapiri mniSvnelobiT viyenebT. ujredis 
gayofis garkveul stadiaze qromosomTa dnm ukiduresad mWidrod 
daxveuli xdeba, magram Sesabamisi teqnikis gamoyenebiT Cven SegviZlia 
qromosomebi mikroskopSi davinaxoT da maTi fotografirebac 
SesaZlebelia. cifruli epoqis dadgomamde genetikosebi, am sityvis 
pirdapiri mniSvnelobiT, makratliT amoWridnen xolme calkeuli 
qromosomebis gamosaxulebebs da maT wyvilebad alagebdnen saerTo 
mowesrigebuli suraTis Sesaqmnelad. dRes gamosaxulebaTa aseTi 
damuSaveba kompiuteriT sruldeba, magram nebismier SemTxvevaSi 
Sedegad ujredSi arsebuli yvela qromosomis erTian suraTs viRebT. 
mas kariotipi ewodeba. 
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janmrTeli mamakaci 46, XY

janmrTeli qali 46, XX

sur. 9.1. yvela qromosomis kariotipi mamakacis (zeviT) da qalis (qveviT) somatur 
ujredSi. miaqcieT yuradReba imas, rom qalis ujredSi ori X qromosomaa, 
magram Y qromosoma ar aris; mamakacis ujredSi ki erTi X qromosoma da erTi Y 
qromosomaa. aseve yuradReba miaqcieT X da Y qromosomebis zomebs Soris did 
gansxvavebas. fotoebi: Wessex Reg Genetics Centre/Wellcome Images.
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154 The Epigenetics Revolution

Karyotype analysis is how scientists originally discovered that 
there were three copies of chromosome 21 in the cells of people 
with Down’s syndrome. This is known as trisomy 21.

When we produce a human karyotype from a female, there 
are 23 pairs of identical chromosomes. But if  we create a human 
karyotype from a male, the picture is different, as we can see in 
Figure 9.1. There are 22 obvious pairs – the autosomes – but there 
are two chromosomes left over that don’t look like each other at 
all. One is very large, one exceptionally small. These are called the 
sex chromosomes. The large one is called X, and the small one is 
called Y. The notation to describe the normal chromosome con-
stitution of human males is 46, XY. Females are described as 46, 
XX because they don’t have a Y chromosome, and instead have 
two X chromosomes.

The Y chromosome carries very few active genes. There are 
only between 40 and 50 protein-coding genes on the Y chromo-
some, of which about half  are completely male-specific. The 
male-specific genes only occur on the Y chromosome, so females 
have no copies of these. Many of these genes are required for 
male-specific aspects of reproduction. The most important one 
in terms of sex determination is a gene called SRY. SRY proteins 
activate a testis-determining pathway in the embryo. This leads to 
production of testosterone, the archetypal ‘male’ hormone, which 
then masculinises the embryo.

Occasionally, individuals who phenotypically appear to be 
girls have the male 46, XY karyotype. In these cases the SRY gene 
is often inactive or deleted and consequently the foetus develops 
down the default female pathway1. Sometimes, the other scenario 
arises. Individuals who phenotypically appear to be boys can 
have the typically female karyotype of 46, XX. In these cases a 
tiny section of the Y chromosome containing the SRY gene has 
often transferred onto another chromosome during formation of 
sperm in the father. This is enough to drive masculinisation of 
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swored kariotipis analizi daexmara mecnierebs daedginaT, rom 
daunis sindromis mqone adamianebis ujredebSi 21-e qromosomis sami 
aslia. am movlenas 21-trisomia ewodeba. 

rodesac Cven qalis kariotips vikvlevT, vxedavT, rom mas 
identuri qromosomebis 23 wyvili aqvs, magram mamakacis kariotipis 
Seswavlisas Cven sxva suraTs aRmovaCenT, razec suraTi 9.1 
metyvelebs. mamakacebs aReniSnebaT 22 mkafiod gamoxatuli wyvili 
_ autosomebi _ da kidev ori qromosoma, romlebic sruliad ar 
hgavs erTmaneTs. erTi Zalian didia, meore ki metismetad patara. maT 
sasqeso qromosomebi ewodeba. dids X qromosoma ewodeba, pataras 
_ Y qromosoma. mamrobiTi sqesis adamianis individTa normaluri 
qromosomuli Semadgenloba pirobiTad ase Caiwereba: 46, XY. qalebSi 
mas aseTi saxe aqvs _ 46, XX, radganac maT Y qromosoma ar aqvT, 
magram samagierod, aqvT 2 X qromosoma. 

Y qromosomas Zalian mcire raodenobiT aqvs aqtiuri genebi. 
Y qromosomaze mxolod 40-dan 50-mde cilis makodirebeli genia, 
romelTagan daaxloebiT naxevari specifikurad mamrobiTia. 
specifikuri mamrobiTi genebi mxolod Y qromosomaSia, radgan 
qalebSi maTi aslebi ar arsebobs. am genebis umravlesoba aucilebelia 
gamravlebis specifikuri mamrobiTi aspeqtebisaTvis. yvelaze 
mniSvnelovani momavali bavSvis sqesis gansazRvris TvalsazrisiT 
aris geni, saxelad SRY. SRY-is cilebi embrionSi saTesleebis 
ganviTarebas ganapirobeben, rac iwvevs ZiriTadi mamrobiTi hormonis, 
testosteronis, produqcias, romelic gansazRvravs embrionis 
Sesabamis sqess, e.i. mis maskulinizebas gamoiwvevs. 

zogjer individebs, romlebic fenotipurad gogonebs 
miekuTvnebian. mamakacis kariotipi 46 XY aqvT. aseT SemTxvevebSi SRY 
geni xSirad represirebuli (inaqtivirebuli) an waSlilia da amis 
Sedegad nayofi qalis tipiT viTardeba1. zogjer SeiZleba adgili 
hqondes sxva scenars. individebi, romlebic fenotipurad vaJebia, 
tipur qalur kariotips _ 46, XX _ iZenen. aseT SemTxvevebSi SRY 
genis Semcveli Y qromosomis umciresi ubani xSirad gadaitaneba sxva 
qromosomaze mamis spermatozoidebis formirebis dros. es sakmarisi 
aRmoCndeba imisaTvis, rom nayofis maskulinizacia daiwyos2. Y 
qromosomis gadatanili ubani Zalian mcirea imisaTvis, rom igi 
kariotipis Sedgenis procesSi aRmoaCinon.
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savsebiT sxvagvarad aris saqme X qromosomasTan dakavSirebiT. 
igi Zalian didia da 1300-mde gens Seicavs. am genebis didi 
raodenoba pasuxismgebelia tvinis funqciebze. mravali sxva geni 
ki saWiroa sakvercxeebis an saTesleebis formirebis sxvadasxva 
stadiaze da, rogorc mamakacebis, aseve qalebis nayofierebis sxva 
aspeqtebisTvisac3.

swori dozis miReba

amgvarad, X qromosomaze daaxloebiT 1300 genia. es saintereso 
problemas warmoSobs. qalebs ori X qromosoma aqvT, mamakacebs _ 
mxolod erTi. es imas niSnavs, rom qalebSi X qromosomis am 1300 genis 
or-ori aslia, xolo mamakacebSi mxolod TiTo. amis safuZvelze 
SegviZlia vivaraudoT, rom qalis ujredebs SeuZlia am genebis 
(e.w. X-SeWiduli genebis) mier regulirebuli orjer meti cilebis 
warmoqmna, vidre mamakacis ujredebs.

Tumca Cvens xelT arsebuli monacemebi iseTi darRvevebis Sesaxeb, 
rogoric daunis sindromia am hipoTezis samarTlianobaSi gvaeWvebs. 
21-e qromosomis sami aslis arseboba (normaluri oris nacvlad) 
daunis sindroms iwvevs da swored es gadaxraa mTavari darRveva 
am daavadebis dros. sxva qromosomaTa trisomiebis umravlesoba 
iseT mZime Sedegebs iwvevs, rom aseTi paTologiis mqone bavSvebi 
arasodes ibadebian, radgan embrionebs ganviTarebis unari ara 
aqvT. magaliTad, arasodes dabadebula bavSvi, romlis ujredebSi 
pirveli qromosomis sami aslia. Tu romelime autosomis genebis 
eqspresiis 50%-ian gazrdas trisomiul mdgomareobebSi aseTi mZime 
problemebis gamowveva SeuZlia, maSin rogor avxsnaT X qromosomis 
scenari? rogor SeuZliaT qalebs gadarCena Tu maT X qromosomis 
orjer meti geni aqvT, vidre mamakacebs? an, sxvagvarad rom vTqvaT, 
rogor SeuZliaT arseboba mamakacebs, rodesac maT X qromosomis 
genebis orjer naklebi raodenoba aqvT, vidre qalebs?

am orive kiTxvaze pasuxi is aris, rom X qromosomasTan SeWiduli 
genebis eqspresia sinamdvileSi absoluturad erTnairia mamakacebsa da 
qalebSi, miuxedavad qromosomTa sxvadasxva raodenobisa, da am fenomens 
dozis kompensacia ewodeba. sqesis gansazRvris XY sistema cxovelTa sxva 
klasebSi ar gvxvdeba, ase, rom X qromosomis genebis dozis kompensacia 
damaxasiaTebelia mxolod placenturi ZuZumwovrebisaTvis.
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The answer is that expression of X-linked genes is actu-
ally exactly the same in males and females, despite the different 
number of chromosomes, a phenomenon called dosage compen-
sation. The XY system of sex determination doesn’t exist in other 
animal classes so X chromosome dosage compensation is limited 
to placental mammals.

In the early 1960s a British geneticist called Mary Lyon pos-
tulated how dosage compensation would occur at the X chromo-
some. These were her predictions:

1. Cells from the normal female would contain only one active 
X chromosome;

2. X inactivation would occur early in development;
3. The inactive X could be either maternally or paternally 

derived, and the inactivation would be random in any one cell;
4. X inactivation would be irreversible in a somatic cell and all 

its descendants.

These predictions have proven remarkably prescient4,5. So pre-
scient, in fact, that many textbooks refer to X inactivation as 
Lyonisation. We’ll take the predictions one at a time:

1. Individual cells from a normal female do indeed only express 
genes from one X chromosome copy – the other copy is, effec-
tively, shut down;

2. X inactivation occurs early in development, at the stage when 
the pluripotent cells of the embryonic inner cell mass are 
beginning to differentiate into different lineages (near the top 
of Waddington’s epigenetic landscape);

3. On average, in 50 per cent of cells in a female the maternally 
derived X chromosome is shut down. In the other 50 per cent 
of cells it’s the chromosome inherited from Dad which gets 
inactivated;
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gasuli saukunis 60-iani wlebis dasawyisSi britanelma genetikosma 
meri laionma wamoayena hipoTeza imis Sesaxeb, rogor unda xdebodes 
X qromosomis dozis kompensacia. misi varaudebi ase JRerda:

1. janmrTeli qalis ujredebi Seicavs mxolod erT aqtiur X 
qromosomas;

2. X qromosomis inaqtivacia (represia) ganviTarebis adreul 
etapebze xdeba;

3. inaqtivirebuli X qromosoma SeiZleba iyos dediseuli 
an mamiseuli, amasTan inaqtivacia SemTxveviTia nebismier 
ujredSi; 

4. somatur ujredSi da misgan warmoqmnil yvela ujredSi X 
qromosomis inaqtivacia Seuqcevadi iqneba. 

laionis hipoTeza saocrad winaswarmetyveluri aRmoCnda4,5. 
imdenad winaswarmetyveluri, rom mraval saxelmZRvaneloSi X 
qromosomis inaqtivacias laionizacia ewodeba. modiT, misi ̀ winaswar-
metyveleba~ Cvenc Tanmimdevrulad ganvixiloT:

1. janmrTeli qalis calkeuli ujredi namdvilad X qromosomis 
mxolod erTi aslis genebis eqspresias axorcielebs _ meore 
ki, arsebiTad, daTrgunulia;

2. X qromosomis inaqtivacia ganviTarebis adreul etapebze 
xdeba _ im stadiaze, rodesac embrionuli Sidaujreduli 
masis pluripotenturi ujredebi diferenciacias iwyebs 
da specializaciis sakuTar gzas irCevs (uodingtonis 
epigenetikuri landSaftis mwvervalis maxloblad);

3. qalebis ujredebis saSualod 50%-Si dedisagan miRebuli X 
qromosoma ar moqmedebs. ujredebis danarCen 50%-Si mamisgan 
miRebuli X qromosoma inaqtivirebulia; 

4. vinaidan ujredi X qromosomis wyvilidan erT-erTs Trgunavs, 
X qromosomis swored es asli inaqtivirebuli rCeba yvela 
Svileul ujredSi qalis mTeli sicocxlis manZilze, Tundac 
man as welze metxans icocxlos. 
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X qromosoma mutaciiT ar inaqtivirdeba; dnm-is Tanamimdevroba 
masSi sruliad ucvleli rCeba. X qromosomis inaqtivacia tipuri 
epigenetikuri fenomenia.

X qromosomis inaqtivaciis Tema kvlevebisaTvis saocrad noyieri 
niadagi aRmoCnda. masSi monawile zogierT meqanizms paralelebi 
aRmoaCnda sxva epigenetikur da ujredSida procesebTan. X qromosomis 
inaqtivaciis Sedegebi mniSvnelovania adamianis gansazRvruli 
daavadebebisa da Terapiuli klonirebisaTvis. amis miuxedavad, 
dResac ki, meri laionis revoluciuri naSromis gamoqveynebidan 50 
wlis Semdeg, bolomde jer kidev ver warmogvidgenia, mainc rogor 
xdeba X qromosomis inaqtivacia. 

rac ufro vuRrmavdebiT am process, igi miT ufro 
eqstraordinalurad warmogvidgeba. dasawyisisaTvis, mxolod X 
qromosomis inaqtivacia xdeba da arc erTi autosomis, es ki imas 
niSnavs, rom ujreds X qromosomis autosomisgan garCevis unari 
aqvs. ufro metic, X qromosomis inaqtivacia erT an ramdenime gens 
ar Seexeba, rogorc es imprintingis dros xdeba. ara, X qromosomis 
inaqtivaciis dros 1000-ze meti geni mravali aTeuli wliT 
gamoirTveba. 

warmoidgineT saavtomobilo koncerni, romlis erTi qarxana 
iaponiaSia, meore _ germaniaSi. imprintingis ekvivalentad SeiZleba 
CavTvaloT umniSvnelo cvlilebebi specifikaciebSi sxvadasxva 
bazrisTvis. germaniis qarxanaSi SesaZloa CarTon mowyobiloba, 
romelic saWis Tvalze gamaTbobels dayenebs, magram gamorTaven 
robots, romelsac SeuZlia haeris gamwmendis damontaJeba. iaponiaSi 
ki piriqiT. am SemTxvevaSi X qromosomis inaqtivacia SeiZleba 
gautoldes erT-erTi qarxnis srul daxurvas da konservacias, 
romelic verasodes ganaaxlebs muSaobas, Tu kompanias sxva mesakuTre 
ar SeiZens.
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Random inactivation

The other major difference between X-inactivation and imprint-
ing is that there is no parent-of-origin effect in X imprinting. In 
somatic cells, it doesn’t matter if  an X chromosome was inherited 
from your mother or your father. Each has a 50 per cent chance 
of being inactivated. The reason why this is the case makes com-
plete evolutionary sense.

Imprinting is about balancing out the competing demands 
of the maternal and paternal genomes, especially during devel-
opment. The imprinting mechanisms that have evolved are spe-
cifically targeted at individual genes, or small clusters of genes, 
that particularly influence foetal growth. There are, after all, only 
50–100 imprinted genes in the mammalian genome.

But X inactivation operates on a much greater scale. It’s a 
mechanism for switching off  over 1,000 genes, en masse and per-
manently. A thousand genes is a lot, about 5 per cent of the total 
number of protein-coding genes, so there’s always a possibility 
that any given gene on an X chromosome may become mutated. 
Figure 9.2 compares the outcomes of imprinted X inactivation 
on the left, with random X inactivation on the right. For clarity, 
the diagram just exemplifies a mutation in a paternally inherited 
gene, with imprinted inactivation of the maternally derived X 
chromosome.

By using random X inactivation, cells are able to minimise the 
effects of mutations in X-linked genes.

It’s important to bear in mind that the inactive X really is inac-
tive. Almost all the genes are permanently shut off  and this inac-
tivation cannot normally be broken. When we refer to the active 
X chromosome, we are using slightly ambiguous shorthand. It 
doesn’t mean that every gene on that X is active all the time in 
every cell. Rather, the genes have the potential to be active. They 
are subject to all the normal epigenetic modifications and con-
trols on gene expression, so that selected genes are switched on or 
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SemTxveviTi inaqtivacia

X qromosomis inaqtivaciis kidev erTi arsebiTi gansxvaveba 
imprintingisagan imaSi mdgomareobs, rom X qromosomis imprintingSi 
sawyisi mSoblis efeqti ar aris. somaturi ujredebisaTvis araviTari 
mniSvneloba ar aqvs, romeli mSoblisagan miiRo X qromosoma. 
TiToeul maTgans inaqtivaciis 50%-iani Sansi aqvs. mizezi, ratomac 
es xdeba, savsebiT dasabuTebulad aixsneba evoluciiT.

imprintingi pasuxismgebelia dediseuli da mamiseuli genomebis 
konkurenciuli moTxovnebis gawonasworebaze, gansakuTrebiT 
ganviTarebis dros. evoluciis procesSi Camoyalibebuli 
imprintingis meqanizmebi konkretulad orientirebulia calkeul 
genebze an genebis patara klasterebs, romlebic nayofis zrdaze 
axdens gavlenas. bolos da bolos ZuZumwovarTa genomSi mxolod 50-
dan 100-mde imprintinguli genia.

Tumca X qromosomis inaqtivacia gacilebiT globalur masStabebSi 
moqmedebs. daTrgunvis es meqanizmi 1000-ze met gens exeba, yvelas 
erTad da samudamod. aTasi geni friad bevria, es cilebis makodirebel 
genTa saerTo ricxvis daaxloebiT 5%-ia, amitom yovelTvis arsebobs 
albaToba, rom X qromosomis romelime geni SeiZleba mutacias 
ganicdides. suraTze 9.2 warmodgenilia X qromosomis imprintinguli 
inaqtivaciis (marcxniv) da X qromosomis SemTxveviTi inaqtivaciis 
(marjvniv) Sedegebis Sedareba. meti simartivisaTvis diagramaze 
naCvenebia mxolod mamis xazidan miRebuli genis mutacia dedis 
xazidan miRebuli X qromosomis imprintinguli inaqtivaciis dros.

X qromosomis SemTxveviTi inaqtivaciiT ujredebs SeuZliaT 
minimumamde daiyvanon X qromosomaSi lokalizebuli genebis 
mutaciebis Sedegebi.

mniSvnelovania, gvaxsovdes, rom `mZinare~ X qromosoma marTlac 
inaqtivirebulia. TiTqmis yvela geni mudmivad daTrgunulia da es 
inaqtivacia Cveulebriv pirobebSi ar SeiZleba dairRves. rodesac 
aqtiur X qromosomaze vlaparakobT, yovelTvis ramdenadme 
vazviadebT. es ar niSnavs imas, rom aqtiuri X qromosomis TiToeuli 
geni mudmivad aqtiuria yovel ujredSi. ufro swori iqneboda gveTqva, 
rom genebs aqvT potenciali, aqtiurebi gaxdnen. isini nebismier 
epigenetikur modifikaciebsa da genis eqspresiis kontrolis 
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sistemebs eqvemdebarebian, romlebic genebs SerCeviTad gamorTaven an 
CarTaven ganviTarebis da garemos signalebis moTxovnebis sapasuxod.

dedis xaziT miRebuli X 
qromosomis normaluri

geni zigotaSi

mamis xaziT miRebuli X 
qromosomis mutanturi 

geni zigotaSi

dediseuli 

X-qromosomis 

imprintinguli 

represia

yvela Svileuli ujredi 

gamorTavs normalur gens

SemTxveviTi

X  inaqtivacia

Svileuli ujredebis naxevari Trgunavs 

normalur gens, meore naxevars ki SeuZlia misi 

eqspresireba

sur. 9.2 TiToeuli rgoli warmoadgens mdedrobiT ujreds, romelic Seicavs 
or X qromosomas. dedisgan memkvidreobiT miRebuli X qromosoma aRiniSneba 
qalis simboloTi. mamisgan memkvidreobiT miRebuli X qromosoma aRiniSneba 
mamakacis simboloTi da Seicavs raRac mutacias, romelic suraTze aRiniSneba 
TeTri naWdeviT. diagramis marcxena mxares naCvenebia, rom dedis xaziT 
miRebuli X qromosomis imprintinguli inaqtivacia iwvevs imas, rom organizmis 
yvela ujredi eqspresirebs mxolod mamis xaziT miRebul, mutaciis matarebel 
X qromosomas. marjvena mxares X qromosomebi SemTxveviTad inaqtivirdeba, 
maTi sawyisi mSoblisgan damoukideblad. amis Sedegad, saSualod somaturi 
ujredebis naxevari X qromosomis normalur versias eqspresirebs. am mizezis 
gamo X qromosomis SemTxveviTi inaqtivacia evoluciuri strategiiT naklebad 
sariskoa, vidre misi imprintinguli inaqtivacia. 

qalebi marTlac mamakacebze ufro rTulebi arian

X qromosomis inaqtivaciis erT-erTi yvelaze saintereso 
Sedegi is aris, rom (epigenetikurad) qalebi ufro rTulebi arian, 
vidre mamakacebi. mamakacis ujredebSi mxolod erTi X qromosomaa 
da amitomac maT ujredebSi misi inaqtivacia ar xdeba, qalebSi X 
qromosoma SemTxveviTad inaqtivirdeba yvela ujredSi. maSasadame, 
yvelaze fundamentur doneze qalis organizmis yvela ujredi 
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SeiZleba davyoT or banakad imis mixedviT, Tu romeli X qromosomaa 
daTrgunuli. xatovnad rom vTqvaT, am azriT qalebi epigenetikur 
mozaikas warmoadgenen. 

qalebSi es CaxlarTuli epigenetikuri kontroli rTul da 
zustad daregulirebul process warmoadgens da swored am 
sakiTxis gasarkvevad gaxda meri laionis prognozebi aseTi saimedo 
konceptualuri safuZveli. zemoT moyvanil prognozebs SegviZlia 
parafrazi Semdegnairad gavukeToT:

1. gadaTvla: janmrTeli qalis ujredi SeiZleba mxolod erT 
aqtiur X qromosomas Seicavdes;

2. arCevani: X qromosomis inaqtivacia ganviTarebis adreul 
etapebze xdeba;

3. iniciacia: daTrgunuli X qromosoma SeiZleba dedis an mamis 
xaziT iyos miRebuli, da inaqtivacia nebismier ujredSi 
SemTxveviTi iqneba;

4. Senaxva: X qromosomis inaqtivacia Seuqcevadi iqneba somatur 
ujredSi da yvela mis `STamomavalSi~.

pasuxis Ziebas kiTxvaze, Tu ra meqanizmebi udevs safuZvlad 
am oTx process, mecnierebma TiTqmis 50 weli moandomes da es 
kvlevebi axlac grZeldeba. es procesebi warmoudgenlad rTulia 
da maTSi xSirad CarTulia iseTi meqanizmebi, romelTa arsebobac 
mecnierebs fiqradac ki ar mouvidodaT. amaSi gasakviri araferia, 
radganac laionizacia savsebiT saocar fenomens warmoadgens _ 
X qromosomis inaqtivacia aris procesi, romlis msvlelobaSi 
ujredebi or absoluturad identur qromosomas diametrulad 
urTierTsawinaaRmdego da urTierTgamomricxavi xerxebiT eqcevian. 

X qromosomis inaqtivaciis eqsperimentulad gamokvleva 
Znelia. es idealurad dabalansebuli sistemaa ujredebSi da 
sul umniSvnelo variaciam meTodikaSi SeiZleba udidesi gavlena 
moaxdinos eqsperimentis Sedegze. amasTan, ar arsebobs erTiani 
Sexeduleba kvlevis yvelaze misaReb formebze. Tagvis ujredebi 
tradiciulad gamoiyeneba, rogorc arCevnis eqsperimentuli 
sistema, magram axla Cven viciT, rom Tagvis da adamianis ujredebi 
X qromosomis inaqtivaciis TvalsazrisiT araidenturia6. Tumca 
yvela am gaurkvevlobis gaTvaliswinebiTac ki, Cvens winaSe friad 
mimzidveli suraTi warmoCndeba.
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qromosomebis gadaTvla

ZuZumwovarTa ujredebs unda hqondeT meqanizmi, romelic 
gadaiTvlis ramden X qromosomas Seicavs ujredi. aseTi meqanizmi 
aucilebelia imisaTvis, rom X qromosoma mamrobiT ujredebSi ar 
gamoirTos. am meqanizmis gansakuTrebuli roli jer kidev 1980-
ian wlebSi aCvena davor solterma. igi embrionebs mamrobiTi 
pronukleusebis ganayofierebul kvercxujredebSi gadataniT qmnida. 
mamakacebs XY kariotipi aqvT da, rodesac isini gametebs warmoqmnian, 
TiToeuli spermatozoidi Seicavs an X, an Y qromosomas. sxvadasxva 
spermatozoididan pronukleusebis gamoyofiT da maTi `cariel~ 
kvercxujredebSi moTavsebiT solterma SeZlo Seeqmna zigotebi XX, XY 
an YY. arc erTma am kombinaciam ar migviyvana axali Taobis dabadebamde, 
radgan, rogorc ukve viciT, zigotis SeqmnaSi Tavisi wvlili dedamac 
unda Seitanos da mamamac. Tumca am cdebis Sedegebi, romlebic 9.3 
suraTzea warmodgenili, mainc Zalian saintereso aRmoCnda.

 
mamakacis da qalis 

pronukleusi

ori mamrobiTi pronukleusi, sasqeso 

qromosomaTa kombinacia XX da XY
ori mamrobiTi 

pronukleusi, orive Y

suraTi 9.3 donoruli kvercxujredis Seqmnis eqsperimentebSi maTSi kacis 
da qalis pronukleusebi an ori mamrobiTi pronukleusi SehyavdaT. iseve. 
rogorc suraTze 7.2, ori mamrobiTi pronukleusidan miRebuli embrionebi 
sruli ganviTarebisTvis uunaroni aRmoCdnen. rodesac TiToeul birTvSi 
TiTo Y qromosoma iyo da arc erTi X qromosoma, embrionebis ganviTareba 
Zalian adreul stadiaze wydeboda. ori mamrobiTi pronukleusidan miRebuli 
embrionebi, romelTagan Tundac erTi Seicavda X qromosomas, ufro didxans 
viTardebodnen, magram sabolood isinic iRupebodnen.
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ganviTarebis yvelaze adreul stadiaze ori mamrobiTi 
pronukleusiT Seqmnili embrionebi iRupebodnen, romelTagan 
TiToeuli Y-s rogorc erTaderT sasqeso qromosomas, Seicavda7. 
aseT embrionebSi X qromosoma saerTod ar iyo da swored es gaxda 
ganviTarebis adreul etapze maTi sikvdilis mizezi. es eqsperimenti 
adasturebs im faqts, rom X qromosoma Zalze mniSvnelovania 
organizmis cxovelqmedebisTvis. ai, ratom unda icodnen mamakacis 
ujredebma (XY) `Tvla~, radgan mxolod am gziT SeZleben imis 
mixvedras, rom mxolod erTi X qromosoma aqvT da ar daTrgunaven mas. 
erTaderTi X qromosomis inaqtivacias ujredisTvis katastrofuli 
Sedegi eqneba. 

X qromosomebis raodenobis daTvlis Semdeg qalis ujredebSi 
meore meqanizmi unda amoqmeddes, romelic SemTxveviT amoirCevs 
erT-erT X qromosomas inaqtivaciisTvis. qromosomis amorCevis 
Semdeg ki ujredi misi inaqtivaciis proceduras iwyebs.

X qromosomis inaqtivacia qalis embriogenezis adreul stadiebze 
xdeba, roca Sidaujreduli masis ujredebi sxeulis sxvadasxva tipis 
ujredebad diferencirebas iwyeben. eqsperimentulad rTulia, imuSao 
ujredebis mcire raodenobasTan, romelTa miReba blastocistisgan 
SeiZleba, amitom mkvlevrebi, Cveulebriv, mdedrobiT embrionul 
Rerovan ujredebs iyeneben. am ujredebSi, iseve, rogorc 
aradiferencirebul Sidaujredul masaSi, orive X qromosoma aqtiuria. 
embrionuli Rerovani ujredebi sakmaod advilad dagordebian 
uodingtonis epigenetikuri landSfatis ferdobze, risTvisac saWiroa 
laboratoriaSi maTi gamozrdis pirobebis odnav Secvla. rogorc ki 
am pirobebs SevcvliT, riTac qalis embrionul Rerovan ujredebs 
diferenciaciisaken vubiZgebT, isini X qromosomis daTrgunvas iwyeben. 
vinaidan embrionuli Rerovani ujredebis gamozrda laboratoriebSi 
praqtikulad ganusazRvreli raodenobiT SeiZleba, isini X qromosomis 
inaqtivaciis Sesaswavlad Sesaferis samodelo sistemas warmoadgenen.

X kategoriis suraTis Seqmna

X qromosomis inaqtivaciis gamocanebSi garkveva Cven Tagvebis 
da struqturulad gardaqmnili qromosomebis mqone ujredTa 
xazebis SeswavliT daviwyeT. zogierT am kvlevaSi aRmoCnda, rom 
X qromosomis sxvadasxva ubani dakarguli iyo. imis mixedviT, Tu 
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saxeldobr romeli ubani aklda, X qromosoma aqtiurdeboda an 
inaqtivirdeboda. sxva kvlevebisas gairkva, rom zogierTi ubani X 
qromosomas gamoeyofoda da romelime autosomas uerTdeboda. amas 
SeiZleboda struqturulad anomaluri autosomis gamorTvamde 
miveyvaneT isev da isev imis mixedviT, Tu X qromosomis ra nawili 
icvlida adgilmdebareobas8,9. 

am eqsperimentebma aCvena, rom X qromosomaze aris gansazRvruli 
ubani, romelic sasicocxlod mniSvnelovania misi inaqtivaciisaTvis. 
am ubans X qromosomis inaqtivaciis centri ewoda. 1991 wels 
kaliforniaSi stenfordis universitetis hant uilardis 
laboratoriis mecnierTa jgufma aRmoaCina, rom X qromosomis 
inaqtivaciis centrSi aris geni, romelsac maT Xist uwodes (abreviatura 
sityvebisa X inaqtivirebuli specifikuri transkripti)10. es geni 
mxolod inaqtivirebuli X qromosomidan eqspresirdeboda da ara 
_ aqtiuridan. vinaidan geni oridan mxolod erTi X qromosomidan 
eqspresirdeboda, igi mimzidveli kandidati xdeboda X qromosomis 
inaqtivaciis makontroleblis rolisTvis, rodesac ori identuri 
qromosoma araidenturad iqceoda.

araerTgzis Seecadnen Xist genis mier kodirebuli cilis 
identificirebas11, magram 1992 wels cxadi gaxda, rom mas 
ucnauri ram emarTeboda. Xist geni rnm-is aslebis warmosaqmnelad 
transkribirdeboda. es rnm iseve muSavdeboda, rogorc nebismieri sxva 
rnm. igi splaisings ganicdida da misi stabilurobis asamaRleblad 
transkriptis TiToeul bolos sxvadasxva struqtura emateboda. 
jerjerobiT yvelaferi normas Seesabameboda, magram vidre rnm-is 
molekulebi cilis kodirebas daiwyeben, maT birTvi unda datovon 
da ujredis citoplazmaSi SeaRwion imitom, rom ribosomebi _ 
ujredSida fabrikebi, romlebic aminomJavebis SeerTebiT cilis 
grZel jaWvebs qmnian _ mxolod citoplazmaSi arian. Tumca Xist 
rnm-s arasodes dautovebia birTvi, rac imas niSnavda, rom mas cilis 
warmoqmna ar SeeZlo12,13.

aman erT sakiTxs mainc mohfina naTeli, romelic samecniero 
sazogadoebas Xist genis aRmoCenis momentidan awuxebda. momwifebuli 
Xist rnm grZeli molekulaa, 17 000-mde fuZeTa wyviliT (17 kb). erTi 
aminomJava fuZeTa sami wyviliT _ kodoniT _ kodirdeba, rac me-3 TavSi 
ukve aRvwereT. amgvarad, Teoriulad, 17 000 fuZeTa wyvilis mqone 
Xist-s 5700 aminomJavas sigrZis cilis kodireba unda SeeZlos, magram 
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rodesac mkvlevrebma Xist-is Tanamimdevroba cilebis gamomTvleli 
programebis daxmarebiT gaaanalizes, maT ubralod ver SeZles 
gaegoT, rogor SeuZlia mas esoden grZeli molekulis kodireba. 
Xist-is mTeli Tanamimdevrobebis gayolebaze aRmoCenili iqna stop-
kodonebi (romlebic cilis sinTezis damTavrebas gvauwyeben), xolo 
yvelaze grZeli gaSifruli ubani stop-kodonebis gareSe mxolod 
298 aminomJavas (894 fuZeTa wyvili) kodirebisTvis iyo sakmarisi14. 
ra mizeziT gaaCina evoluciam geni, romelic 17000 fuZeTa wyvilis 
sigrZis transkripts qmnis, magram cilis kodirebisaTvis Tavisi 
potencialis mxolod daaxloebiT 5%-s iyenebs? es ujredis energiis 
da resursebis Zalze araefeqturi xarjva iqneboda. 

magram vinaidan Xist faqtobrivad arasdros tovebs birTvs, mis 
uunarobas, efeqturad kodirebdes cilebs, mniSvneloba ara aqvs. 
Xist informaciuli rnm-is (i-rnm-is) rols ar asrulebs, romelic 
cilas kodirebs. igi miekuTvneba molekulaTa klass, romelsac 
aramakodirebeli rnm (ai-rnm) ewodeba. Xist SesaZloa cilas ar kodirebs, 
Tumca es imas rodi niSnavs, rom mas aranairi funqcia ar gaaCnia. 
piriqiT, Xist ai-rnm Tavad moqmedebs, rogorc funqciuri molekula, 
romelic X qromosomis inaqtivaciisaTvis Zalian mniSvnelovania. 

maSin, 1992 wels, ai-rnm sruliad axali cneba iyo, im dros 
mecnierTaTvis cnobili iyo mxolod erTi ai-rnm, magram dResac 
ki Xist Zalian uCveulo genad warmogvidgeba da saqme mxolod is 
ki ar aris, rom igi arasodes tovebs birTvs. Xist arasodes tovebs 
qromosomasac, romelSic igi warmoiqmna. rodesac embrionuli 
Rerovani ujredebi diferencirebas iwyeben, Xist rnm-s mxolod erT-
erTi X qromosoma warmoqmnis. es swored is qromosomaa, romelic 
Semdgom inaqtivirdeba. Xist ai-rnm ar tovebs qromosomas, romelmac 
igi Seqmna. piriqiT, igi ukavSirdeba am qromosomas da mis gaswvriv 
gavrcelebas iwyebs.

Xist xSirad axasiaTeben, rogorc `inaqtiuri~ X qromosomis 
“mRebavs” da es Zalian moxdenili Sedarebaa. modiT, kidev erTxel 
davubrundeT Cvens analogias, romelSic dnm-is kods, rogorc 
scenars warmovadgendiT. amjerad SevTanxmdeT imaze, rom Cveni 
scenari dawerilia kedelze; SesaZloa is STamagonebeli leqsi an 
saklaso oTaxSi warmoTqmuli sityvaa. saswavlo wlis damTavrebis 
Semdeg skola ixureba da misi Senoba iyideba, rom sacxovrebel 
saxlad gadakeTdes. Camodian mRebavebi da scenars gadaRebaven, axla 



165

9. X Taoba

momavali saxlis axali binadrebi veRar gaigeben, rom `bejiTad unda 
iswavlon da kargad moiqcnen~ da verc imas gaarkveven, rogor ̀ Sexvdnen 
triumfs da danakargebs~. Tumca yvela uwindeli instruqcia isev 
kedelze darCa, ubralod, isini saRebavma dafara.

rodesac Xist ai-rnm mis Semqmnel X qromosomas uerTdeba, igi 
Tavisebur mcocav epigenetikur damblas iwvevs. is TandaTan moicavs 
sul ufro met gens da gamorTavs maT. erTi SexedviT Cans, rom igi 
moqmedebs rogorc barieri genebsa da fermentebs Soris, romlebic 
Cveulebriv, maT i-rnm-ebis aslebad gardaqmnis. magram dadgenili 
iqna, rom igi cvlis qromosomis epigenetikur modifikaciebs. 
histonuri modifikaciebi, romlebic Cveulebriv, aaqtiveben genebs, 
waiSlebian. isini icvlebian represiuli histonuri modifikaciebiT, 
romlebic genebs gamorTaven.

zogierTi Cveulebrivi histoni mTlianad waiSleba. histoni H2A 
icvleba misi monaTesave, magram odnav gansxvavebuli molekuliT, 
romelsac makro-H2A ewodeba da mWidrod aris dakavSirebuli genebis 
represiasTan. genebis promotorebi dnm-is meTilirebas _ genebis 
represiis kidev ufro Zlier formas _ ganicdian. yvela am cvlilebas 
sul ufro meti raodenobis represoruli molekulis SekavSirebasTan 
mivyavarT, romelic inaqtivirebul X qromosomaze dnm-s dafaravs 
da mas sul ufro naklebad misawvdoms xdis im fermentebisaTvis, 
romlebic genebis transkripcias awarmoeben. sabolood X qromosomaze 
dnm Zalze mWidrod aris daxveuli, boloebgadagrexili giganturi 
sveli pirsaxocis msgavsad, da mTeli qromosoma birTvis kidisken 
moZraobs. am momentisaTvis X qromosomis umetesi nawili mTlianad 
daTrgunulia, Xist genis garda, romelic transkripciuli udabnos 
SuagulSi aqtivobis patara oaziss warmoadgens15.

ujredis yoveli gayofisas inaqtiuri X qromosomis am 
modifikaciebis aslebi dediseuli ujredidan Svileul ujredebs 
gadaecema, ase, rom igive X qromosoma daTrgunuli rCeba yvela 
momdevno TaobaSi, romelic sawyisi ujredidan warmoiqmneba. 

Xist-is roli udavod unikaluri da saocaria, magram zemoT 
mocemuli misi aRwera kidev bevr upasuxo kiTxvas tovebs. rogor 
kontroldeba Xist-is eqspresia? ratom CairTveba es geni maSin, 
rodesac embrionuli Rerovani ujredebi diferencirebas iwyeben? 
Xist mxolod mdedrobiT ujredebSia funqciuri Tu mamrobiT 
ujredebSic gamovlindeba?
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kocnis energia

ukanasknel kiTxvaze pasuxis Zieba pirvelad rudi jeniSis 
laboratoriaSi daiwyes, romelsac Cven ukve SevxvdiT, roca me-2 
TavSi iPS-ujredebze da Sinia iamanakas naSromze vsaubrobdiT. 1996 
wels profesorma jeniSma kolegebTan erTad Tagvebi gamoiyvana X 
inaqtivaciis centris genetikurad Secvlili versiiT (X transgenis 
inaqtivaciis centri). am transgenis zoma TviT Xist-genis da mis 
orive mxares sxva Tanamimdevrobebis CaTvliT 450kb-s  Seadgenda. 
mecnierebma igi autosomaSi (arasasqeso qromosomaSi) Seitanes, 
mamri Tagvebi gamoiyvanes, romlebic am transgens atarebdnen da am 
Tagvebidan aRebuli embrionuli Rerovani ujredebis gamokvleva 
daiwyes. mamr Tagvebs mxolod TiTo normaluri X qromosoma 
hqondaT, radganac maTi kariotipia XY, magram maT X inaqtivaciis 
ori centri aRmoaCndaT. erTi normalur X qromosomaze iyo, meore 
ki autosomaSi mdebare transgenze iyo ganTavsebuli. rodesac 
mkvlevrebi Tagvebidan aRebuli embrionuli Rerovani ujredebis 
diferencirebas axdendnen, aRmoaCines, rom Xist SeiZleba X inaqtivaciis 
am orive centridan eqspresirebdes. rodesac Xist eqspresirdeboda, 
igi Trgunavda im qromosomas, saidanac eqspresirdeboda, Tundac es 
transgenis matarebeli autosoma yofiliyo16. 

am eqsperimentebma aCvena, rom im ujredebsac ki, romlebic 
Cveulebriv, mamrobiTia (XY), unari aqvT TavianTi X qromosomebi 
daiTvalon. sinamdvileSi, Tu ufro davakonkretebT, maT daamtkices, 
rom ujredebs SeuZliaT daiTvalon TavianTi X inaqtivaciis centrebi. 
am monacemebma aseve daasabuTa, rom yvelaferi, rac aucilebelia 
daTvlis, arCevis da stimulaciisaTvis, am 450kb-ian X inaqtivaciis 
centrSi, Xist-genis farglebSia.

dRes CvenTvis qromosomTa daTvlis meqanizmze ufro meti 
ram aris cnobili. ujredebi, rogorc wesi, Tavis autosomebs ar 
iTvlian, magaliTad, pirveli qromosomis orive asli erTmaneTisagan 
damoukideblad moqmedebs, magram Cven viciT, rom mdedrobiT 
embrionul Rerovan ujredebSi X qromosomis ori asli raRac 
saxiT urTierTqmedebs. roca X inaqtivacia iwyeba, ori X qromosoma 
ujredSi raRac friad ucnaurs akeTebs. 

 isini erTmaneTs kocnian.
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es movlenis aRweris Zalian anTropomorfuli xerxia, magram 
igi yvelaze zustad Seesabameba imas, rac xdeba. maTi `kocna~ sul 
raRac oriode saaTs grZeldeba da, ra gasakviric ar unda iyos, 
swored is ayenebs im programas, romelic ujredebSi Semdgomi 
aseuli wlebis manZilze SenarCundeba, qali rom amden xans 
cocxlobdes. es qromosomuli kocna pirvelad aRmoaCina 1996 wels 
jini lim, romelmac Tavisi mecnieruli moRvaweoba rudi jeniSis 
laboratoriaSi daiwyo da amJamad ukve samarTlianad ikavebs 
profesoris Tanamdebobas harvardis samedicino skolaSi, sadac igi 
erT-erTi yvelaze axalgazrda profesoria, visac ki odesme es pativi 
rgebia. man aCvena, rom X qromosomis ori asli, arsebiTad poulobs 
erTmaneTs da erTmaneTTan fizikur kontaqtSi Sedis. sinamdvileSi 
amgvari kontaqti qromosomTa Zalian mcire ubnebs moicavs, Tumca 
maTi urTierTqmedeba inaqtivaciis mTavari gamSvebi faqtoria17. Tu 
kontaqti ar xdeba, X qromosoma akeTebs daskvnas, rom igi erTaderTia 
ujredSi, Xist geni ar aqtiurdeba da X qromosomis inaqtivacia ar 
iwyeba. es sakvanZo etapia qromosomebis daTvlaSi.

jini lis laboratoriaSi moxda aseve Xist-is eqspresiis erT-erTi 
mTavari makontrolebeli genis identifikacia18. dnm orjaWviani 
warmonaqmnia, romelSic jaWvebi fuZeebiT aris SekavSirebuli. 
marTalia, xSirad dnm-s vizualurad warmovidgenT, rogorc 
rkinigzis liandags, umjobesi iqneba, Tu mas or, sapirispiro 
mimarTulebiT moZrav sabagiro gzis vagons SevadarebT. Tu am 
metaforas gamoviyenebT, maSin X inaqtivaciis centri daaxloebiT 
suraTi 9.4-is msgavsi iqneba.

marcxnidan marjvniv 

transkribirebuli 

Xist geni
marjvnidan marcxniv 

transkribirebuli 

Tsix geni

 

sur. 9.4 dnm-is ori jaWvidan TiToeuli X qromosomis gansakuTrebul ubanze 
warmoqmnis i-rnm-is molekulebs. ori mTavari jaWvi erTmaneTis sapirispiro 
mimarTulebiT qmnis aslebs, rac X qromosomis erTsa da imave ubans saSualebas 
aZlevs warmoqmnas Xist rnm an Tsix rnm.
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notice that Tsix is Xist backwards, which has an unexpectedly 
elegant logic to it.

This overlap in location between Tsix and Xist is really sig-
nificant in terms of how they interact, but it makes it exceedingly 
tricky to perform conclusive experiments. That’s because it’s very 
difficult to mutate one of the genes without mutating its partner 
on the opposite strand, a sort of collateral damage. Despite this, 
considerable strides have been made in understanding how Tsix 
influences Xist.

If  an X chromosome expresses Tsix, this prevents Xist expres-
sion from the same chromosome. Oddly enough, it may be the 
simple action of transcribing Tsix that prevents the Xist expres-
sion, rather than the Tsix ncRNA itself. This is analogous to a 
mortice lock. If  I lock a mortice from the inside of my house 
and leave the key in the lock, my partner can’t unlock the door 
from the outside of the house. I don’t need to keep locking the 
door, just having the key in there is enough to stop the action of 
someone on the other side. So, when Tsix is switched on, Xist is 
switched off  and the X chromosome is active.

This is the situation in ES cells, where both X chromosomes 
are active. Once the ES cells begin to differentiate, one of the pair 
stops expressing Tsix. This allows expression of Xist from that X 
chromosome, which drives X inactivation.

Tsix alone is probably not enough to keep Xist repressed. In 
ES cells, proteins called Oct4, Sox2 and Nanog bind to the first 
intron of Xist and suppress its expression19. Oct4 and Sox2 were 
two of the four factors used by Shinya Yamanaka when he repro-
grammed somatic cells to the pluripotent iPS cell type. Subsequent 
experiments showed that Nanog (named after the mythical Celtic 
land of everlasting youth) can also work as a reprogramming fac-
tor. Oct4, Sox2 and Nanog are highly expressed in undifferentiated 
cells like ES cells, but their levels fall as cells start to differentiate. 
When this happens in differentiating female ES cells, Oct4, Sox2 
and Nanog stop binding to the Xist intron. This removes some of 

ER.indd   168 05/07/2011   14:12:54

dnm-is igive ubanze, sadac Xist mdebareobs, kidev erTi, daaxloebiT 
40 fuZeTa wyvilis sigrZis, aramakodirebeli rnm-ia. igi nawilobriv 
faravs Xist-s, magram ganTavsebulia dnm-is molekulis sapirispiro 
jaWvze. is Xist-is sapirispiro mimarTulebiT transkribirdeba rnm-Si 
da ̀ uSinaarso~ transkripti ewodeba. misi saxelia Tsix. yuardRebianma 
mkiTxvelma ukve moaswro SeeniSna, rom Tsix igive Sebrunebuli Xist-ia 
da amaSi Taviseburi, moulodnelad eleganturi logikaa. 

Tsix da Xist-is ganlagebis aseT gadafarvas principuli mniSvneloba 
aqvs maTi urTierTqmedebisaTvis, magram amis damamtkicebeli 
eqsperimentebis Catareba Zalian Znelia. amis mizezi is aris, 
rom praqtikulad SeuZlebelia erTi romelime genis mutaciis 
ganxorcieleba sapirispiro jaWvze misi partnioris mutaciis 
gareSe; es Taviseburi gverdiTi dazianebaa. Tumca, miuxedavad amisa, 
ukve mniSvnelovani warmatebaa miRweuli imis gasagebad, Tu rogor 
gavlenas axdens Tsix Xist-ze. 

Tu X qromosoma eqspresirebs Tsix-s, es Tavidan agvaridebs imave 
qromosomidan Xist-is eqspresias. ra ucnauric ar unda iyos, SesaZloa, 
swored Tsix-is martivi transkripciiT aviciloT Tavidan Xist-is 
eqspresia da ara TviT Tsix-is ai-rnm-isa. es Caxraxnili klites muSaobis 
analogiuria. Tu klites Signidan vketav da gasaRebs klites WrilSi 
vtoveb, maSin mis gaRebas garedan veravin SeZlebs. me usafrTxoebis 
raime damatebiTi saSualeba aRar mWirdeba _ sakmarisia, daketili 
klites WrilSi gasaRebi davtovo, rom sapirispiro mxridan misi 
gaRebis nebismier mcdelobas aRvkveTav. amitom, Tu Tsix CarTulia, 
maSin Xist gamorTulia da X qromosoma _ aqtiuri.

es situaciaa embrionul Rerovan ujredebSi, sadac orive X 
qromosoma aqtiuria. rogorc ki embrionuli Rerovani ujredebi 
diferenciacias iwyeben, am wyvilidan erTi qromosoma wyvets 
Tsix-is eqspresirebas. es Xist-is imave X qromosomidan eqspresiis 
SesaZleblobas iZleva, rac mis inaqtivacias iwvevs. 

mxolod Tsix-is arseboba, savaraudod, sakmarisi araa Xist-is represiis 
SesanarCuneblad. embrionul Rerovan ujredebSi cilebi, romelTac Oct4, 
Sox2 da Nanog ewodebaT, Xist-is I introns ukavSirdebian da mis eqspresias 
Trgunaven19. Oct4 da Sox2 oTxidan is ori faqtori iyo, romlebic Sinia 
iamanakam gamoiyena, roca somaturi ujredebi pluripotentur iPS ujredebad 
gadaaprograma. ufro gviandelma eqsperimentebma aCvenes, rom Nanog-sac 
(ase maradiuli axalgazrdobis miTuri kelturi miwis sapativcemulod 
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ewodeba) SeuZlia imoqmedos, rogorc gadamaprogramebelma faqtorma. 
Oct4, Sox2 da Nanog cilebi aqtiurad eqspresirdebian aradiferencirebul 
ujredebSi, rogoricaa embrionuli Rerovani ujredebi, magram rogorc 
ki ujredebi diferencirebas iwyeben, maTi eqspresiis doneebi ecema. 
rodesac es diferencirebul mdedrobiT embrionul Rerovan ujredebSi 
xdeba, Oct4, Sox2 da Nanog cilebi aRar ukavSirdebian Xist-introns. 
amiT ixsneba zogierTi barieri Xist eqspresiisas. piriqiT, rodesac 
mdedrobiTi somaturi ujredebi iamanakis meTodikiT gadaprogramdebian, 
represirebuli X qromosoma aRdgeba20. X represirebuli qromosomis 
aRdgenis erTaderTi sxva SemTxveva ganviTarebis procesSi pirveladi 
sasqeso ujredis formirebisas gvxvdeba da swored am mizeziT zigotis 
warmoqmnisas masSi ori aqtiuri X qromosomaa.

jerjerobiT cota bundovani rCeba sakiTxi, Tu ratom aris X 
inaqtivacia aseTi urTierTgamomricxavi procesi qromosomebis 
wyvilisaTvis. erT-erTi Teoriis Tanaxmad, amis mizezi unda veZioT 
imaSi, Tu ra xdeba X qromosomebis kocnisas. es ganviTarebis im 
etapze xdeba, rodesac Tsix-is doneebi klebas iwyebs da iamanakas 
faqtorebis doneebic ecema. am Teoriis mimdevrebi amtkiceben, rom 
am momentisaTvis wyvili qromosoma Tavisebur kompromiss aRwevs. 
imis nacvlad, rom ai-rnm-is arasakmarisi raodenoba Seavsos da sxva 
faqtorebic aamoqmedos, yvela damakavSirebeli molekula wyvilis 
erT-erTi qromosomisaken miiswrafvis. bolomde imis gageba, es rogor 
xdeba, sakmaod rTulia. SesaZloa, wyvilidan erT-erTi qromosoma, 
ubralod, sruliad SemTxveviT ufro met sakvanZo faqtors atarebs, 
vidre meore. amis gamo is garkveuli cilebisaTvis cotaTi ufro 
mimzidveli xdeba. aseTi kompleqsebi SeiZleba TavdacviT reJimSi 
iqmnebodes; anu, rac meti maragi eqneba erT-erT qromosomas sawyis 
stadiaze, miT met marags waarTmevs igi konkurents. mdidrebi ufro 
mdidrdebian, xolo Raribebi ufro Raribdebian... 

saocaria, ramdeni TeTri laqa rCeba X qromosomis inaqtivaciis 
Sesaxeb Cvens codnaSi meri laionis fundamenturi naSromis 
gamoqveynebidan 50 wlis Semdegac ki. Cven isev bolomde ver 
warmogvidgenia, rogor gadafaravs Xist rnm qromosomas, saidanac igi 
eqspresirdeba, an rogor miizidavs igi yvela am negatiur represiul 
epigenetikur ferments da modifikacias. ase rom, albaT, ufro 
gonivruli iqneba, am moZrav qviSas droulad movSordeT da ufro 
myar niadagze davbrundeT. 
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perform genetic manipulation to show this in species like mice. 
But long before that became feasible scientists were already pretty 
certain this was the case. For this piece of information we thank 
not mice, but cats.

Learning from the epigenetic cat

Not just any old cats, but specifically tortoiseshell ones. You prob-
ably know how to recognise a classic tortoiseshell cat. It’s the one 
that’s a mixture of black and ginger splodges, sometimes on a 
white background. The colour of each hair in a cat’s coat is caused 
by cells called melanocytes that produce pigment. Melanocytes 
are found in the skin, and develop from special stem cells. When 
melanocyte stem cells divide, the daughter cells stay close to each 
other, forming a little patch of clonal cells from the same parent 
stem cell.

Now, here’s an amazing thing: if  a cat’s colour is tortoiseshell, 
it’s a female.

There is a gene for coat colour that encodes either black pig-
ment or orange pigment. This gene is carried on the X chromo-
some. A cat may receive the black version of the gene on the X 
chromosome inherited from her mother and the orange version 
on the X chromosome inherited from her father (or vice versa). 
Figure 9.5 shows what happens next.

So the tortoiseshell cat ends up with patches of orange and 
patches of black, depending on the X chromosome that was ran-
domly inactivated in the melanocyte stem cell. The pattern won’t 
change as the cat gets older, it stays the same throughout its life. 
That tells us that the X inactivation stays the same in the cells that 
create this coat pattern.

We know that tortoiseshell cats are always female because the 
gene for the coat colour is only on the X chromosome, not the Y. 
A male cat only has one X chromosome, so it could have black fur 
or ginger fur, but never both.
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modiT, Cven erT-erT ganacxads davubrundeT, romelic cota 
adre am TavSi gavakeTeT: `rogorc ki ujredi wyvilidan erT-erT X 
qromosomas gamorTavs, imave X qromosomis asli yvela mis Svileul 
ujredSi gamorTuli darCeba qalis sicocxlis bolomde, maSinac ki, 
Tu is 100 wlamde icocxlebs~. saidan viciT es? rogor SegviZlia 
ase darwmunebulebi viyoT, rom somatur ujredSi X qromosomis 
inaqtivacia stabiluria? axla Cven SesaZlebloba gvaqvs, garkveuli 
genetikuri manipulaciebi CavataroT, rom maTi daxmarebiT vaCvenoT, 
rogor xdeba es, magaliTad, TagvebSi. Tumca am SesaZleblobamde 
didi xniT adre mecnierebi ukve savsebiT darwmunebulebi iyvnen am 
Tezisebis samarTlianobaSi da am monacemebs ara Tagvebs, aramed 
katebs unda vumadlodeT. 

ra SeiZleba gvaswavlos epigenetikurma katam

ara ubralod Cveulebrivma katam, aramed gansakuTrebuli 
saxeobis, kusebri Seferilobis katam. albaT, iciT, riT 
gansxvavdebian es katebi sxvebisgan. es swored is katebia, romelTa 
bewvze qaoturad aris gabneuli wiTuri da Savi laqebi, zogjer 
ki isini TeTr fonzea ganlagebuli. katis bewvis TiToeuli Reris 
feri ganisazRvreba ujredebiT, romelTac melanocitebi ewodeba _ 
swored isini gamoimuSaveben Sesabamis pigments. melanocitebi kanSia 
da gansakuTrebuli Rerovani ujredebisgan viTardeba. rodesac 
melanocituri Rerovani ujredebi iyofa, maTi Svileuli ujredebi 
erTmaneTis gverdiT rCeba da jgufdeba klonuri ujredebis patara 
`kerebis~ saxiT, romlebic igive mSoblis Rerovani ujredidan aris 
warmoqmnili.

sakvirveli ki ai, ra aris: Tu kata kusebri Seferilobisaa, is 
aucileblad mdedria.

katis bewvis fers gansazRvravs gansakuTrebuli geni, romelic an 
Sav, an wiTur pigments kodirebs. es geni mdebareobs X qromosomaze. 
katas SeuZlia miiRos am genis Savi versia X qromosomaze, romelic 
dedisgan aris memkvidreobiT miRebuli an misi wiTuri versia X 
qromosomaze, romelic mamisgan aris memkvidreobuli (an piriqiT). 
suraTze 9.5 gamosaxulia, ra xdeba Semdeg.
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- wiTuri feris geni

- Savi feris geni

zigota, orive X 
qromosoma aqtiuria

X qromosomis SemTxveviTi 
represia ganviTarebis adreul 
stadiebze (inaqtiuri X qromosoma 
aRniSnulia baci konturiT) 

yvela Svileuli ujredi 

memkvidreobiT iRebs X 
qromosomis inaqtivaciis 

imave sqemas

sur. 9.5 kusebri Seferilobis mdedr katebSi genebi, romlebic bewvis wiTur 
da Sav fers gansazRvraven, X qromosomaze mdebareobs. kanSi X qromosomis 
inaqtivaciis sqemis mixedviT klonuri ujredebis jgufebi dasabams miscemen 
bewvis wiTur da Sav ferebad gancalkevebul Sefervas. 

sabolood, kusebr katebs aqvT wiTuri da Savi laqebi X 
qromosomidan gamomdinare, romelic SemTxveviT inaqtivirda 
melanocitur Rerovan ujredSi. misi Seferiloba katis zrdasTan 
erTad ar icvleba da mTeli sococxlis manZilze ucvleli rCeba. 
es imaze metyvelebs, rom X qromosomis inaqtivacia stabiluria 
ujredebSi, romlebic am ferTa gamas qmnian. 

Cven viciT, rom kusebri Seferilobis katebi mxolod mdedrebia, 
radgan bewvis feris gansamzRvreli geni mxolod X qromosomazea da 
ara Y-ze. mamr katebs mxolod erTi X qromosoma aqvT, amitom maT 
SeiZleba hqondeT an Savi, an wiTuri bewvi, magram ara _ orive feris.

raRac msgavsi SeimCneva adamianis iSviaTi daavadebis, X SeWiduli 
anhidrotuli eqtodermuli displaziis drosac. es mdgomareoba gamowveulia 
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Females have two copies of the ectodysplasin-A gene, one 
on each of their X chromosomes. In female carriers of X-linked 
hypohidrotic ectodermal dysplasia, one X carries a normal copy 
of the gene, and one a mutated version. There will be random 
inactivation of one X chromosome in different cells. This means 
some cells will express a normal copy of ectodysplasin-A. Other 
cells will randomly shut down the X carrying the normal copy of 
the gene, and won’t be able to express the ectodysplasin-A pro-
tein. Because of the clonal way in which areas of skin develop, 
just like in the tortoiseshell cat, these women have some patches 
of skin that express ectodysplasin-A and some that don’t. Where 
there’s no ectodysplasin-A, the skin can’t form sweat glands. As 
a consequence, these women have patches of skin that can sweat 
and cool down, and others that can’t.

Random X inactivation can significantly influence how 
females are affected by mutations in genes on the X chromosome. 
This depends not just on the type of gene that is mutated but also 
on the tissues that express and require the protein encoded by 
that gene. The disease called mucopolysaccharidosis II (MPSII) is 
caused by mutations in the lysosomal iduronate-2-sulfatase gene, 
on the X chromosome. Boys with this mutation on their single X 
chromosome are unable to break down certain large molecules 
and these build up to toxic levels in cells. The main symptoms 
include airway infections, short stature and enlargement of the 
spleen and liver. Severely affected boys also suffer mental retarda-
tion, and may die in their teenage years.

Females with a mutation in the same gene are usually per-
fectly healthy. Lysosomal iduronate-2-sulfatase protein is usually 
secreted out of the cell that makes it and taken up by neighbour-
ing cells. In this situation it doesn’t matter too much which X 
chromosome has been mutated in a specific cell. For every cell 
that has inactivated the X carrying the normal version of the 
gene, there is likely to be another cell nearby which inactivated 
the other X chromosome and is secreting the protein. This way, 
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genis, saxelad eqtodisplazin-A-s mutaciiT, romelic X-qromosomaze 
mdebareobs21. mamakacebs, romelTac erTaderT X qromosomaze TavianTi 
eqtodisplazin-A-s erTaderTi aslis mutacia aqvT, simptomTa farTo 
speqtri aReniSnebaT, saofle jirkvlebis sruli ararsebobis CaTvliT. 
socialur aspeqtSi es SesaZloa upiratesobadac mogveCvenos, Tumca 
sinamdvileSi es Zalian saSiSia. oflis gamoyofa erT-erTi mTavari 
meqanizmia, romlis meSveobiTac Warb siTbos vkargavT, amitom mamakacebi, 
romlebic am daavadebiT itanjebian, gamudmebiT qsovilebis daSlisa da 
siTburi dakvris Sedegad sikvdilis seriozuli safrTxis qveS arian22. 

qalebs eqtodisplazin-A-s ori asli aqvT TiTo oridan TiToeul 
X qromosomaze. Tu qals X qromosomasTan SeWiduli antihidrotuli 
eqtodermuli displazia ganuviTarda, maSin mas erT X qromosomaze 
genis normaluri asli eqneba, xolo meoreze _ misi mutanturi versia. 
mis sxvadasxva ujredSi erTi X qromosomis SemTxveviTi inaqtivacia 
moxdeba. es imas niSnavs, rom zogi ujredi eqtodisplazin-A-s normaluri 
aslis eqspresias moaxdens, sxva ujredebi ki am genis normaluri aslis 
matarebeli X qromosomis SemTxveviTi blokirebis gamo eqtodisplazin-
A-s cilis eqspresias ver awarmoeben. kanis garkveuli ubnebis ujredebis 
aseTi klonirebis gamo, iseve, rogorc kusebri Seferilobis katebSi, 
aseTi qalebis kanis zog ubanSi eqtodisplazin-A eqspresirdeba, sxva 
ubnebSi ki _ ara. iq sadac eqtodisplazin-A ar iqneba, saofle jirkvlebi 
ar formirdeba. amis Sedegad, daavadebuli qalebis kanis zog ubans 
SeuZlia gaofliandes da gagrildes, sxva ubnebs ki ara.

X-qromosomis SemTxveviT represias SeuZlia didi gavlena moaxdinos 
imaze, Tu rogor aisaxeba X qromosomuli genebis mutaciebi qalebze. 
es damokidebulia ara mxolod mutantur genze, aramed qsovilebzec, 
romlebic am geniT kodirebul cilebs asinTezeben. daavadeba, romelic 
mukopolisaqaridozi II-s (mpsII) saxeliT aris cnobili, gamowveulia 
genis mutaciiT, romelic X qromosomaze mdebare lizosomur 
ferments _ iduronat-2-sulfatazas kodirebs. biWebs aseTi mutaciiT 
TavianT erTaderT X qromosomaze ar SeuZliaT daSalon garkveuli 
didi zomis molekulebi, romelTa raodenobam ujredebSi SeiZleba 
toqsikur donemde moimatos. am mdgomareobis ZiriTadi simptomebia 
respiratoruli infeqciebi, anomaluri tanmorCiloba, RviZlis da 
elenTis gadideba. am daavadebis gansakuTrebiT mZime formebis mqone 
ymawvilebs SeiZleba gonebrivi CamorCeniloba ganuviTardes, da isini 
xSirad kvdebian mozardobis asakSi.
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qalebi imave genis mutaciiT, Cveulebriv, absoluturad 
janmrTelebi arian. lizosomuri cila iduronat-2-sulfataza 
misi masinTezebeli ujredebis mier gamoiyofa, Semdeg ki mezobeli 
ujredebis mier ̀ STainTqmeba~. am situaciaSi didi mniSvneloba ar aqvs, 
wyvilidan romelma X qromosomam ganicada mutacia ama Tu im ujredSi. 
TiToeuli ujredis mezoblad, romelSic am genis normaluri versiis 
matarebeli inaqtivirebuli X qromosomaa, didia albaToba imisa, rom 
sxva ujredebi aRmoCndes, romlebSic inaqtivirebuli iqneba sxva X 
qromosoma da cilas isini gamoyofen. amgvarad, saboloo jamSi, yvela 
ujreds eqneba normaluri lizosomuri cila iduronat-2-sulfataza, 
miuxedavad imisa, TviTon warmoqmnian isini mas Tu _ ara23.

diuSenis kunTovani distrofia mZime daavadebaa, romelsac X 
qromosomasTan SeWiduli cila distrofinis genis mutaciebiT 
gamowveuli Zlieri kunTovani atrofia axasiaTebs. es didi cilis, 
distrofinis, makodirebeli didi genia, romelic kunTovan boWkoebSi 
aucilebeli amortizatoris funqcias asrulebs. vaJebi, romelTac 
distrofinis gansazRvruli mutaciebi aqvT, didi kunTebis ganleviT 
itanjebian, rasac Cveulebriv, mozardobis asakSi letalur 
dasasrulamde mivyavarT. gogonebSi igive mutaciebis simptomebi, 
rogorc wesi, ar vlindeba. amis mizezi is aris, rom kunTs Zalze 
uCveulo agebuleba aqvs. mas sincitiuri qsovili ewodeba. es ki imas 
niSnavs, rom calkeuli ujredebis uzarmazari raodenoba erTmaneTs 
erwymis da erTi giganturi ujrediviT moqmedebs, romelsac mravali 
damoukidebeli birTvi aqvs. swored amitomac qalebi, Cveulebriv, 
ar avlenen distrofinis mutaciis simptomebs. maT normaluri cila 
distrofinis sakmarisi raodenoba aqvT, raTa maTi sincitiuri 
qsovili janmrTeli qsoviliviT funqcionirebdes24.

calkeul SemTxvevebSi ise xdeba, rom es sistema irRveva. 
magaliTad, monozigoturi tyupi gogonebis erTi tyupiscali diuSenis 
kunTovani distrofiis mwvave formiT iyo daavadebuli, xolo meore 
savsebiT janmrTeli gaxldaT25. daavadebuli dis X qromosomis 
inaqtivacia mcdari gziT warimarTa. qsovilTa diferenciaciis 
adreul stadiaze misi ujredebis umravlesobaSi, romelTagan 
kunTebi unda ganviTarebuliyo, SemTxveviT distrofinis genis 
normaluri aslis matarebeli X qromosomis inaqtivacia moxda, amitom 
am qalis kunTovani qsovili umetesi nawili distrofinis mxolod 
mutirebul versias eqspresirebda da mas kunTebis mwvave distrofia 
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ganuviTarda. es faqti SemTxveviTi epigenetikuri movlenebis 
mniSvnelobis universalur demonstrirebad SeiZleba CaiTvalos. or 
identur individs, romelTagan TiToeuls ori aSkarad identuri X 
qromosoma hqonda, sruliad gansxvavebuli fenotipi hqonda ZalTa 
epigenetikur wonasworobaSi SemTxveviTi Zvrebis Sedegad.

Tumca zogjer Zalian mniSvnelovania, rom calkeuli ujredebi 
cilebis saWiro raodenobas eqspresirebdes. me-4 TavSi, albaT, 
yuradReba miaqcieT imas, rom retis sindromi mxolod gogonebs 
azianebs. SeiZleba wamovayenoT hipoTeza, rom biWebi raRac mizeziT 
ukiduresad rezistentulebi arian MeCP2-mutaciis Sedegebisadmi, 
Tumca sinamdvileSi samarTliania diametrulad sapirispiro 
versia. MeCP2 X qromosomazea, amitom mamrobiT nayofs, romelic 
memkvidreobiT iRebs retis sindromis gamomwvevi mutaciiT 
dazianebul gens, ubralod, ar aqvs normaluri MeCP2 cilis eqspresiis 
SesaZlebloba. normaluri MeCP2 cilis eqspresiis sruli ararseboba, 
rogorc wesi, ganviTarebis adreul etapze letalur gamosavals iwvevs 
da amitom vaJebi ukiduresad iSviaTad ibadebian retis sindromiT. 
gogonebs MeCP2 genis ori asli aqvT, TiTo TiToeul X qromosomaze. 
TiToeuli ujredisaTvis arsebobs 50%-iani albaToba imisa, rom igi 
MeCP2-is aramutirebuli genis matarebel X qromosomas represirebs 
da maSin ujredSi normaluri MeCP2 cila ar eqspresirdeba; Tumca 
mdedrobiT nayofs SeuZlia ganagrZos ganviTareba da saboloo jamSi 
seriozuli gadaxrebi SeimCneva dabadebis Semdgom ganviTarebasa da 
tvinis funqcionirebaSi imis gamo, rom neironTa mniSvnelovani nawili 
cila MeCP2-is naklebobas ganicdis.

erTi, ori, bevri

X qromosomasTan dakavSirebiT sxva kiTxvebic arsebobs. erT-
erTi kiTxva, romelic X qromosomis inaqtivacias exeba da romelzec 
Cven unda gavceT pasuxi, is aris, Tu ramdenad kargad ician 
ZuZumwovarTa ujredebma Tvla. 2004 wels piter gordonma kolumbiis 
universitetidan (niu-iorki) gvamcno Tavisi kvlevebis Sesaxeb 
piraias tomze, romlebic braziliis erT-erT izolirebul regionSi 
cxovroben. am tomis warmomadgenlebi TvlisTvis iyeneben ricxvebs 
erTi da ori. yvelaferi, rac orze metia, aRiwereba sityviT, romelic 
daaxloebiT ekvivalenturia cnebisa `bevri~26. Cveni ujredebic aseve 
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iTvlian Tu ukeTesad? Tu birTvSi orze meti X qromosomaa, SeuZlia 
Tu ara X qromosomis inaqtivaciis meqanizms, es fenomeni gamoicnos 
da mis Sedegebs gaumklavdes? sxvadasxva kvlevebma daadastura, 
rom es SesaZlebelia. arsebiTad, mniSvneloba ara aqvs, ramdeni X 
qromosomaa (an, ufro zustad Tu vityviT, X inaqtivaciis ramdeni 
centria) birTvSi, radgan ujreds marTlac SeuZlia maTi daTvla 
da Semdeg X qromosomis mravaljeradi inaqtivacia, vidre maTgan 
mxolod erTi ar darCeba aqtiuri. 

swored am mizeziT, autosomTa raodenobrivi anomaliebisagan 
gansxvavebiT, X qromosomebis anomaluri raodenoba adamianebSi 
SedarebiT xSirad gvxvdeba. X qromosomebis raodenobis darRvevis 
yvelaze gavrcelebuli magaliTebi warmodgenilia 9.1 cxrilSi.

 sindromis
saxelwodeba

 kariotipi, e.i.
qromosomTa nakrebi sqesi

 ra sixSiriT
 gvxvdeba

 (dafiqsirebuli
 SemTxvevebi,

 realuri cifrebi
 SeiZleba ufro

 (maRali iyos zogadi simptomebi

terneris X ,45 .mdedr 1/2500

 anomaluri
 tanmorCiloba,

 unayofoba,
 frTisebri kiseri,

 Tirkmelebis
anomalia

trisomia X XXX ,47 .mded 1/1000

 anomaluri simaRle,
 unayofoba, saxis

 uCveulo nakvTebi
 dabali kunTovani

tonusi

klainfelteri XXY ,47 .mamr 1/1000

 anomaluri
 sigamxdre, sxeulis

 momrgvalebuli
formebi, unayo-

 foba, metyvelebis
.defeqtebi

cxrili 9.1 adamianis sasqeso qromosomebis yvelaze gavrcelebuli 
raodenobrivi anomaliebis ZiriTadi maxasiaTeblebis Sejameba 

unayofoba, romelic yvela am daavadebis saerTo simptomia, 
nawilobriv aixsneba problemebiT kvercxujredebis da 
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spermatozoidebis warmoqmnisas, sadac mniSvnelovania, rom 
qromosomebi wyvilebad ganlagdes. Tu sasqeso qromosomebis 
raodenoba kenti ricxvia, am amocanis gadaWra SeuZlebelia da 
gametebis warmoqmnis procesi irRveva. 

unayofobas rom Tavi davaneboT, am cxrilidan SegviZlia ori 
TvalnaTlivi daskvna gavakeToT. pirvel yovlisa, yvela fenotipi 
zomieria, vTqvaT, 21-e qromosomis trisomiasTan (daunis sindromi) 
SedarebiT. es imas mowmobs, rom ujredebi ukeTesad eguebian X 
qromosomis or aslze ufro metis an ufro naklebis arsebobas, vidre 
autosomis zedmeti aslisa. Tumca Cveni meore daskvna mdgomareobs 
imaSi, rom X qromosomebis anomaluri raodenoba mainc SesamCnevad 
aisaxeba fenotipze.

ratom xdeba es? bolos da bolos, X inaqtivaciis meqanizmi 
imis garantias iZleva, rom ra raodenobac ar unda iyos ujredebSi 
Tavdapirvelad, yvela, erTis garda, ganviTarebis adreul etapebze 
inaqtivirdeba, magram yvelaferi rom mxolod amiT mTavrdebodes, 
araviTari gansxvaveba ar iarsebebda qalis 45, X da qalis 47, XXX 
fenotipebsa da TviT qalis normaluri 46, XX qromosomul nakrebs Soris. 
amis msgavsad, mamakacebic normaluri kariotipiT 46, XY fenotipurad 
identurni iqnebodnen mamakacebisa 47, XXY kariotipiT. yvela am 
SemTxvevaSi ujredebSi mxolod erTi aqtiuri qromosoma iqneboda. 

SeiZleboda gvevarauda, rom adamianebi aseTi kariotipiT 
klinikurad gansxvavdebian erTmaneTisagan im mizeziT, rom SesaZloa, 
zogierT ujredSi X qromosomis inaqtivacia zogjer uSedegoa, magram 
aseTi versia naklebad damajerebelia. X qromosomis inaqtivacia 
ganviTarebis Zalze adreul stadiebze xdeba da epigenetikur 
procesebs Soris yvelaze mdgradia. ase rom, am movlenas sxva axsna 
sWirdeba.

kiTxvaze pasuxi jer kidev 150 milioni wlis win gaCnda, 
rodesac placentur ZuZumwovrebSi is-is iyo iwyeboda XY sqesis 
gansazRvris sistemis warmoqmna. X da Y qromosomebi, albaT, 
autosomebis STamomavalni arian. Y qromosoma Zlier Seicvala, X ki 
_ gacilebiT naklebad27. Tumca orivem erTgvari xsovna SeinarCuna 
Tavisi autosomuri warsulis Sesaxeb. X da Y qromosomebze aris 
ubnebi, romelTac fsevdoautosomuri ewodeba. am ubnebis genebi 
aris rogorc X-ze, ise Y qromosomaze, iseve, rogorc autosomaTa 
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wyvilebi atareben erTnairi mdebareobis erTnair genebs, romelTagan 
TiTo TiToeuli mSoblisgan memkvidreobiT aris miRebuli.

rodesac X qromosoma inaqtivirdeba, es fsevdoautosomuri 
ubnebi SenarCundeba. es imas niSnavs, rom X-SeWiduli genebis didi 
nawilisgan gansxvavebiT fsevdoautosomuri ubnebis genebi ar 
gamoirTveba. amis Sedegad ki normaluri ujredebi am genebis or asls 
yvela ujredSi potenciurad eqspresireben. ori asli eqspresirdeba 
an janmrTeli qalis ori X qromosomidan, an janmrTeli mamakacis X 
da Y qromosomebidan. 

Tumca terneris sindromiT daavadebul qals mxolod erTi X 
qromosoma aqvs, amitom igi fsevdoautosomuri ubnis genebis mxolod 
erT asls eqspresirebs, anu normalurze orjer naklebs. meore mxriv, 
trisomia X-is dros fsevdoautosomur ubnebSi genebis sami aslia. 
amis Sedegad dazianebuli ubnis ujredebi am genebis cilebis iseTi 
raodenobiT warmoqmnas iwyeben, rac normalur dones 50 procentiT 
aRemateba.

X qromosomis fsevdoautosomuri ubnebis erT-erT gens SHOX 
ewodeba. am genSi momxdari mutaciebis mqone adamianebs tanmorCiloba 
axasiaTebT. albaT, swored amiT aixsneba is, rom terneris sindromiT 
daavadebulebi tanmorCilobiT gamoirCevian _ maT ujredebSi SHOX 
cila arasakmarisi raodenobiT warmoiqmneba. piriqiT, trisomia 
X-is mqone adamianebi, rogorc Cans, 50 procentiT met SHOX-
cilas warmoqmnian, vidre aucilebelia, rac, albaT, maT simaRles 
ganapirobebs28.

sasqeso qromosomebis trisomia mxolod adamianebSi rodi 
gvxvdeba. SesaZloa, erTxelac megobrebi damajerebeli gancxadebiT 
gaaocoT, rom maTi kusebri Seferilobis kata mdedria, Tumca isini 
gekamaTebian da jiutad amtkiceben, rom igi mamria, radgan maTi 
sayvareli cxoveli veterinarma gasinja da daarwmuna patronebi, 
rom maTi kata namdvilad tomia. am dros Tavmomwoned gaiRimeT da 
TqviT: `hoo, maSin Tqveni kata kariotipurad anomaluri yofila. mas 
XY-is nacvlad XXY aqvs~. da, Tu mogindebaT, megobrebze waruSleli 
STabeWdileba moaxdinoT, maSin SegiZliaT isic amcnoT, rom maTi 
tomi unayofoa da isinic myisve dadumdebian.
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Chapter 10

The Message is Not 
the Medium

Science commits suicide when it adopts a creed.
Thomas Henry Huxley

One of the most influential books on the philosophy of science is 
Thomas Kuhn’s The Structure of Scientific Revolutions, published 
in 1962. One of the claims in Kuhn’s book is that science does 
not proceed in an orderly, linear and polite fashion, with all new 
findings viewed in a completely unbiased way. Instead, there is a 
prevailing theory which dominates a field. When new conflicting 
data are generated, the theory doesn’t immediately topple. It may 
get tweaked slightly, but scientists can and often do continue to 
believe in a theory long after there is sufficient evidence to dis-
count it.

We can visualise the theory as a shed, and the new conflict-
ing piece of data as an oddly shaped bit of builder’s rubble that 
has been cemented onto the roof. Now, we can probably continue 
cementing bits of rubble onto the roof for quite some time, but 
eventually there will come a point when the shed collapses under 
the sheer weight of odd bits of masonry. In science, this is when 
a new theory develops, and all those bits of masonry are used to 
build the foundations of a new shed.

Kuhn described this collapse-and-rebuild as the paradigm 
shift, introducing the phrase that has now become such a cliché in 
the high-end media world. The paradigm shift isn’t just based on 
pure rationality. It involves emotional and sociological changes 
in the psyches of the upholders of the prevailing theory. Many 
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Tavi 10

mxolod informacia 
sakmarisi ar aris 
mecniereba TviTmkvlelobas sCadis, rodesac dogmad 
gadaiqceva.
Tomas henri haqsli

mecnierebis filosofiaSi erT-erT yvelaze fundamentur naSromad 
iTvleba Tomas kunis wigni `mecnierul revoluciaTa struqtura~, 
romelic 1962 wels gamoqveynda. kuni am naSromSi amtkicebs, rom 
mecniereba mowesrigebuli, sworxazovani da mSvidobiani gziT ar 
viTardeba, sadac yvela aRmoCenas aRtacebuli ovaciebi axlavs Tan. 
piriqiT, mecnierebaSi yovelTvis dominirebs gabatonebuli Teoria. 
rodesac misi sawinaaRmdego monacemebi grovdeba, Teoria uceb 
rodi ingreva. SesaZloa, is odnav Seiryes, magram mecnierebi Zalian 
didxans inarCuneben misi uryevobis rwmenas da mas imis Semdegac 
misdeven, rodesac misi arasrulyofilebis mtkicebulebani sakmarisi 
raodenobiT Cndeba. 

Tu xatovnad warmovidgenT Teorias, rogorc raRac Senobas, 
maSin axali sawinaaRmdego monacemebi SeiZleba ucnauri formis 
samSeneblo qvebis namsxvrevebs SevadaroT, romlebic mis saxuravzea 
dacementebuli. Cven SegviZlia saxuravze axali qvebi davamatoT da 
raRac droiT igi maT wonas gauZlebs, magram adre Tu gvian uzomo 
simZimisagan mTeli nageboba ubralod Camoiqceva. swored ase xdeba 
mecnierebaSic axali Teoriis wamoyenebisas, roca axali Senobis 
saZirkvlis Casayrelad qvis uamravi namsxvrevi gamoiyeneba. 

Zvelis ngrevis da axlis agebis am process kunma paradigmis cvla 
uwoda _ termini, romelic ukve maRali klasis media saSualebebis 
sametyvelo kliSe gaxda. paradigmis cvla mxolod racionalizms ar 
emyareba. igi SeuZlebelia moxdes gabatonebuli Teoriis mimdevarTa 
gonebaSi emociuri da sociologiuri cvlilebebis gareSe. Tomas 
kunis wignis gamoCenamde mravali wliT adre didma germanelma 
mecnierma maqs plankma (1918 wels nobelis premiis laureatma 
fizikis dargSi) am Temaze azri ufro lakonurad gamoTqva, roca 
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dawera, rom ̀ mecnieruli Teoriebi ar icvleba imis gamo, rom moxuci 
mecnierebi TavianT Sexedulebebs cvlian; isini icvleba, radgan 
moxuci mecnierebi kvdebian~1.

axla swored biologiaSi paradigmis aseTi cvlis SuagulSi vimyofebiT. 
1965 wels nobelis premia fiziologiisa da medicinis dargSi 

mieniWa fransua Jakobs, andre lvovs da Jak monos `aRmoCenisaTvis, 
romelic exeba fermentebis da virusebis sinTezis genetikur 
kontrols~. es formulireba moicavda sainformacio rnm-is (i-rnm) 
aRmoCenasac, romelsac me-3 TavSi ukve gavecaniT. i-rnm SedarebiT 
xanmokle arsebobis molekulaa, romelsac gadaaqvs informacia 
Cveni qromosomuli dnm-dan da Sualeduri matricis rols asrulebs 
cilis warmosaqmnelad.

ukve didi xania cnobilia, rom Cvens ujredebSi arsebobs rnm-
is sxva saxesxvaobebic _ specifikuri molekulebi, romelTac 
transportuli (t-rnm) rnm da ribosomuli rnm (r-rnm) ewodeba. 
t-rnm rnm-is patara molekulebia, romlebsac Tavis erT-erT boloze 
gansazRvruli aminomJavis dakavSirebis unari aqvT. rodesac i-rnm-is 
molekula cilis warmosaqmnelad `ikiTxeba~, t-rnm-s Tavisi aminomJava 
cilis mzard jaWvze saWiro adgilas miaqvs. es yvelaferi ujredis 
citoplazmis msxvil struqturebSi xdeba, romlebsac ribosomebi 
ewodeba. ribosomuli rnm ribosomis mTavari komponentia, sadac igi 
uzarmazari xaraCoebis rols asrulebs, romlebic rnm-is da cilebis 
sxvadasxva molekulebs TavianT adgilebze akaveben. amgvarad, rnm-
is samyaro savsebiT martivad da gasagebad warmogvidgeba. masSi aris 
struqturuli rnm (t-rnm da r-rnm) da informaciuli rnm.

aTwleulebis manZilze molekuluri biologiis podiumis mTavari 
varskvlavebi dnm (ZiriTadi kodi) da cilebi (ujredis funqciuri da 
Sromismoyvare molekulebi) iyo. rnm-s SedarebiT uintereso Suamavali 
molekulis, kurieris meorexarisxovan rols miakuTvnebdnen, 
romelsac informacia proeqtidan samuSao saamqroebSi gadaaqvs.

yvela, vinc molekulur biologiaSi muSaobs, aRiarebs, rom 
cilebi Zalian mniSvnelovania. isini funqciebis uzarmazar speqtrs 
axorcieleben, romelTa wyalobiT SesaZlebelia sicocxle. aqedan 
gamomdinare, cilebis makodirebeli genebic ukiduresad mniSvne-
lovania. cilebis makodirebel am genebSi umniSvnelo cvlilebebmac 
ki SeiZleba katastroful Sedegebamde migviyvanos, rogoricaa 
mutaciebi, romlebic hemofilias an kistur fibrozs iwveven. 
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magram es msoflmxedveloba samecniero sazogadoebis mier 
situaciis ramdenadme SezRudul xedvas iwvevs. is faqti, rom 
cilebi da, Sesabamisad, farTo gagebiT, maTi makodirebeli genebi 
sasicocxlod mniSvnelovania, ar gulisxmobs, rom sxva danarCens 
genomSi araviTari mniSvneloba ar aqvs. miuxedavad amisa, ukve 
ramdenime aTeuli welia, swored aseTi Teoriuli koncefcia 
batonobs; es marTlac ucnauria, radgan mravali welia monacemebs 
vflobT, romlebic adasturebs, rom cilebi yvelaferi ar aris.

ratom ar vyriT narCenebs
mecnierebma karga xania, daadgines, rom ganviTarebis 

programa, vidre igi `Semsruleblebs~ gadaecema, ujredebis 
mier `redaqtirdeba~. es intronebis wyalobiT xdeba, romlebsac 
Cven me-3 TavSi gavecaniT. isini Tanamimdevrobebs warmoadgenen, 
romlebic dnm-dan i-rnm-Si gadaiwereba, magram Semdeg, ribosomebis 
mier informaciis cilebis aminomJavur Tanamimdevrobad `gada-
Targmnamde~ (translacia), splaisings ganicdian (amoiWrebian). 
intronebi pirvelad 1975 wels aRmoaCines2 da 1993 wels riCard 
robertss da filip Sarps am aRmoCenisTvis nobelis premia mianiWes.

jer kidev 1970-ian wlebSi mecnierebi cdilobdnen SeedarebinaT 
umartivesi erTujrediani organizmebi da rTuli qmnilebebi _ 
adamianebi. ra gasaocaric ar unda iyos, dnm-is raodenoba maT 
ujredebSi TiTqmis erTnairi aRmoCnda, gansakuTrebiT, Tu 
gaviTvaliswinebT maTi organizmebis gansxvavebulobas. amaSi 
is igulisxmeboda, rom zogierTi genomi mraval umoqmedo 
dnm-s unda Seicavdes, ramac, Tavis mxriv, SesaZlebeli gaxada 
Camoyalibebuliyo idea ̀ usargeblo~ dnm-is Sesaxeb3 _ qromosomaSi 
arsebul Tanamimdevrobebze, romlebic sasargeblos arafers 
akeTeben, radgan ar kodireben cilebs. daaxloebiT am droisaTvis 
ramdenime laboratoriaSi miiRes imis mtkicebulebebi, rom 
ZuZumwovarTa mravali genomi Seicavs dnm-is Tanamimdevrobebs, 
romlebic sul meordeba da ar kodirebs cilebs (ganmeorebadi 
dnm). vinaidan es dnm-ebi cilebs ar kodirebs, gakeTda daskvna, 
rom isini ujredSi araviTar rols ar asruleben. TiTqos 
TavisTvis arsebobdnen4,5. frensis krikma da sxva mkvlevrebma am 
ubnebis aRsawerad moigones saxelwodeba `egoisturi dnm~. es ori 
modeli _ usargeblo dnm da egoisturi dnm _ axlaxan ironiulad 
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Crick and others coined the phrase ‘selfish DNA’ to describe these 
regions. These two models, of junk DNA and selfish DNA, have 
been delightfully described recently as ‘the emerging view of the 
genome as being largely populated by genetic hobos and evolu-
tionary debris6’.

We humans are remarkable, with our trillions of cells, our 
hundreds of cell types, our multitudes of tissues and organs. Let’s 
compare ourselves (a little smugly, perhaps) with a distant rela-
tive, a microscopic worm, the nematode Caenorhabditis elegans. 
C. elegans, as we usually call it, is only about one millimetre long 
and lives in soil. It has many of the same organs as higher animals, 
such as a gut, mouth and gonads. However, it only consists of 
around 1,000 cells. Remarkably, as C. elegans develops, scientists 
have been able to identify exactly how each of these cells arises.

This tiny worm is a powerful experimental tool, because it 
provides a roadmap for cell and tissue development. Scientists are 
able to alter expression of a gene and then plot out with great pre-
cision the effects of that mutated gene on normal development. In 
fact, C. elegans has laid the foundation for so many breakthroughs 
in developmental biology that in 2002 the Nobel Committee 
awarded the Prize in Physiology or Medicine to Sydney Brenner, 
Robert Horvitz and John Sulston for their work on this organism.

We can’t fault C. elegans on grounds of utility, but it is clearly 
a much less complex organism than our good selves. Why are we 
so much more sophisticated? Given the importance of proteins 
in cellular function, the original assumption was that complex 
organisms like mammals have more protein-coding genes than 
simple creatures like C. elegans. This was a perfectly reasonably 
hypothesis but it has fallen foul of a phenomenon described by 
Thomas Henry Huxley. He was Darwin’s great champion in the 
19th century and it was Huxley who first described ‘the slaying of 
a beautiful hypothesis by an ugly fact’.

As DNA sequencing technologies improved in cost and effi-
ciency, numerous labs throughout the world sequenced the 
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daaxasiaTes, rogorc ̀ imis moulodneli mtkicebuleba, rom genomi 
aris struqtura, romelic farTodaa gajerebuli genetikuri 
mawanwalebiT da evoluciuri nagviT~6.

Cven, adamianebi, saocari qmnilebebi varT, Cveni trilionobiT 
ujrediT, ujredebis aseulobiT tipiT, qsovilTa da organoTa 
mravalferovnebiT. modiT, Tavi SevadaroT (SesaZloa, cota 
qedmaRlurad) Cvens Soreul naTesavs, mikroskopul mrgval Wias _ 
nematodas _ Caenorhabditis elegans. C. elegans, rogorc mas, Cveulebriv, 
vuwodebT, sigrZiT mxolod erT mm-mdea da niadagSi binadrobs. am 
Wias aqvs mravali, umaRlesi cxovelisaTvis damaxasiaTebeli organo, 
rogoricaa nawlavebi, piri da gonadebi, miuxedavad imisa, rom misi 
organizmi daaxloebiT 1000 ujredisagan Sedgeba, aRsaniSnavia, 
rom C. elegans-is ganviTarebaze dakvirvebis wyalobiT mecnierebma 
zustad gansazRvres, Tu rogor viTardeba misi TiToeuli ujredi.

es pawawina Wia mZlavri eqsperimentuli instrumentia, radgan mas 
SeuZlia gzamkvlevi iyos ujredebis da qsovilebis ganviTarebaSi. 
mkvlevrebs SeuZliaT Secvalon romelime genis eqspresia da 
Semdgom ukiduresi sizustiT Seiswavlon am genis mutaciis 
Sedegebi normaluri ganviTarebis dros. ufro metic, C.elegans-ma 
ganviTarebis biologiaSi imden aRmoCenas Cauyara safuZveli, rom 
2002 wels nobelis komitetma fiziologiis da medicinis dargSi 
Tavisi premia sidnei breners, robert horvics da jon salstons 
swored am organizmze Catarebuli samuSaoebisaTvis mianiWa. 

Tumca Znelia ar davafasoT C.elegans-is mier mecnierebisaTvis 
gaweuli sargebeli, mainc unda vaRiaroT, rom igi bevrad ufro 
naklebad rTul organizms warmoadgens, vidre Cven, magram ratom 
aris CvenSi amdeni sirTule? ujredebis funqcionirebisTvis 
cilebis mniSvnelobis gaTvaliswinebiT amosavali debuleba iyo, 
rom iseT rTul organizmebs, rogoricaa ZuZumwovarebi, cilebis 
makodirebeli genebis ufro didi raodenoba aqvT, vidre iseT 
martiv arsebas, rogoricaa C. elegans. es absoluturad gonivruli 
hipoTeza iyo, magram is Tomas henri haqslis mier aRwerilma 
fenomenma gaaqarwyla. darvinis mxurvale damcvelma haqslim, jer 
kidev me-19 saukuneSi pirvelma aRwera `maxinji faqtiT lamazi 
hipoTezis mkvleloba~.

mas Semdeg, rac dnm-is sekvenirebis teqnologia sul ufro 
iafi da efeqturi gaxda, msoflios mraval laboratoriaSi 
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genomes of a number of different organisms. They were able to 
use various software tools to identify the likely protein-coding 
genes in these different genomes. What they found was really sur-
prising. There were far fewer protein-coding genes than expected. 
Before the human genome was decoded, scientists had predicted 
there would be over 100,000 such genes. We now know the real 
number is between 20,000 and 25,000 genes7. Even more oddly, 
C. elegans contains about 20,200 genes8, not so very different a 
number from us.

Not only do we and C. elegans have about the same number 
of genes, these genes tend to code for pretty much the same pro-
teins. By this we mean that if  we analyse the sequence of a gene in 
human cells, we can find a gene of broadly similar sequence in the 
nematode worm. So the phenotypic differences between worms 
and humans aren’t caused by Homo sapiens having more, differ-
ent or ‘better’ genes.

Admittedly, more complicated organisms tend to splice 
their genes in more ways than simpler creatures. Using our 
CARDIGAN example from Chapter 3 as an analogy once more, 
C. elegans might only be able to make the proteins DIG and DAN 
whereas mammals would be able to make those two proteins and 
also CARD, RIGA, CAIN and CARDIGAN.

This certainly would allow humans to generate a much greater 
repertoire of proteins than the 1mm worm, but it introduces a new 
problem. How do more complicated organisms regulate their more 
complicated splicing patterns? This regulation could in theory be 
controlled solely by proteins, but this in turn has difficulties. The 
more proteins a cell needs to regulate in a complicated network, the 
more proteins it needs to do the regulation. Mathematical models 
have shown that this rapidly leads to a situation where the number 
of proteins that we need begins to out-strip the number of proteins 
that we actually possess – clearly a non-starter.

Do we have an alternative? We do, and it’s indicated in 
Figure 10.1.
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daiwyes sxvadasxva organizmis genomebis Tanamimdevrobebis 
kvleva. mecnierebi yvelaze Tanamedrove kompiuterul programebs 
iyenebdnen am sxvadasxva genomSi cilebis makodirebeli 
genebis gansazRvrisTvis, magram rac maT gaiges, WeSmaritad 
gasaocari aRmoCnda. gairkva, rom cilebis makodirebeli genebi 
mosalodnelze gacilebiT mcirea. adamianis genomis gaSifvramde 
mecnierebi varaudobdnen, rom aseTi genebis ricxvi 100000-ze 
meti unda yofiliyo. axla CvenTvis cnobilia, rom maTi realuri 
raodenoba 20000-dan 25000-mde meryeobs7. kidev ufro ucnauri 
Cans is, rom C. elegans-s daaxloebiT 20200 geni aqvs8 _ Cvengan arc 
ise gansxvavebuli raodenoba. 

saqme marto is ki araa, Cven da C. elegan-s genebis daaxloebiT 
erTnairi raodenoba rom gvaqvs. ufro sainteresoa, rom es 
genebi TiTqmis imave cilebs kodireben. imas vgulisxmobT, rom 
Tu gavaanalizebT romelime genis Tanamimdevrobas adamianis 
ujredebSi, maSin SegviZlia daaxloebiT iseTive Tanamimdevrobebis 
mqone geni Wia nematodaSic vipovoT. gamodis, rom fenotipuri 
gansxvaveba Wiebsa da adamianebs Soris gamowveulia ara imiT, rom 
Homo Sapiens-s ufro meti, gansxvavebuli an `ukeTesi~ genebi aqvs. 

ueWvelia, rom ufro rTuli organizmebi TavianT genebs ufro 
mravalferovnad splaisireben, vidre martivi organizmebi. Tu 
erTxel kidev gamoviyenebT sityva CARDIGAN-is magaliTs me-3 
Tavidan da analogias mivmarTavT, maSin SeiZleba iTqvas, rom C. 
elegans mxolod DIG da DAN cilebs qmnis, maSin, roca ZuZumwovrebis 
ujredebs SeuZliaT ara mxolod es ori cila, agreTve CARD, 
RIGA, CAIN da CARDIGAN daasinTezon.

es, ra Tqma unda, adamianis organizms SesaZleblobas aZlevs 
warmoqmnas cilebis gacilebiT meti mravalferovneba, vidre 
1 mm sigrZis Wias, magram Cvens winaSe axali problema dgeba. 
rogori gziT aregulireben ufro rTuli organizmebi TavianTi 
splaisingis ufro rTul sqemebs? aseTi regulireba Teoriulad 
SeiZleba mxolod cilebiT kontroldebodes, magram amas axali 
sirTuleebi mosdevs. rac ufro metad sWirdebaT ujredebs 
cilebis regulireba maTi rTuli urTierTqmedebisaTvis, miT 
ufro meti cilaa saWiro am procesis ganxorcielebisaTvis. 
maTematikurma modelebma aCvena, rom aman SeiZleba swrafad 
migviyvanos situaciamde, rodesac CvenTvis saWiro cilebis 
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raodenoba gadaaWarbebs im cilebis raodenobas, romlebic Cven 
realurad gvaqvs, anu iqmneba patis mdgomareoba.

gvaqvs Tu ara alternativa? rasakvirvelia, da igi gamosaxulia 
suraTze 10.1.

□ - cilebis kodirebaSi monawile 

genomis raodenoba milion fuZe 

wyvilebSi

■ - genomis procenti, romelic 
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sur. 10.1. es grafiki gviCvenebs, rom cocxal organizmTa sirTule 
mniSvnelovanwilad ganisazRvreba genomis procentiT, romelic ar monawileobs 
cilebis kodirebaSi (Savi svetebi), vidre genomis im fuZeTa wyvilebis 
raodenobiT, romlebic kodireben cilebs (TeTri svetebi).
monacemebi aRebulia Mattick, J. (2007), Exp Biol. 210: 1526–1547-dan.

Skalis erT sazRvarze Cven ganvalageT baqteriebi. baqteriebs 
Zalian patara da maRali kompaqturobis genomebi aqvT. maTi cilebis 
makodirebeli genebi daaxloebiT 4000000 fuZeTa wyvils moicavs, 
rac daaxloebiT mTeli genomis 90%-s Seadgens. baqteriebi Zalian 
martivi organizmebia da sakmarisad inertuli genebis eqspresiis 
kontrolis mxriv, magram situacia icvleba imis mixedviT, Tu 
rogor gadavinacvlebT Cven zeviT evoluciur xeze.
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C. elegans-is cilebis makodirebeli genebi TiTqmis 24 000 000 
fuZeTa wyvils Seicavs, magram es misi genomis mxolod 25%- s 
moicavs. genebis danarCeni 75% cilebs ar kodirebs. adamianSi 
igive maCveneblebis gaanalizebisas aRmovaCenT, rom cilebis 
makodirebeli genebis ubnebi daaxloebiT 32 000 000 fuZeTa wyvils 
Seadgens, magram es mTeli genomis mxolod 2%-mdea. arsebobs 
cilebis makodirebeli ubnebis daTvlis sxvadasxva meTodi, Tumca 
yvela maTgani saocrad msgavs saboloo Sedegs iZleva. adamianis 
genomis daaxloebiT 98% ar monawileobs cilebis kodirebaSi. 
mTeli Cveni genomi raRac 2%-is garda `nagavia~.

sxva sityvebiT, arc genebis raodenoba, arc maTi zomebi 
ar gansazRvravs organizmis sirTules. genomis erTaderTi 
ganmasxvavebeli Tavisebureba, romelic organizmis garTulebis 
mixedviT izrdeba, is ubania, romelic cilebs ar kodirebs.

 metyvelebis tirania

maS, ras akeTeben genomis es aramakodirebeli ubnebi da ratom arian 
isini ase mniSvnelovani? rogorc ki amis ganxilvas SevudgebiT, maSinve 
vamCnevT, Tu ra Zlier gavlenas axdens ena da terminologia adamianis 
azrovnebis procesze. am ubnebs aramakodirebeli ewodeba, Tumca 
amaSi mxolod imas vgulisxmobT, rom isini cilebs ar kodireben da es 
srulebiTac ar niSnavs imas, rom isini saerTod arafers kodireben.

arsebobs kargad cnobili samecniero andaza: mtkicebulebis 
ararseboba ararsebobis mtkicebulebas ar niSnavs. magaliTad, 
rogorc ki astronomiaSi teleskopebi gamoigones, romelTac 
infrawiTeli gamosxivebis aRmoCena SeeZloT, mecnierebma aTasobiT 
varskvlavis aRmoCena SeZles, romlebic adre `uCinarni~ rCebodnen. 
es varskvlavebi adrec iyvnen iq, magram ar SegveZlo absoluturad 
darwmunebuli vyofiliyavi maT arsebobaSi, sanam mtkicebulebaTa 
miRebis xelsawyoebi ar gaCnda. ufro gavrcelebuli magaliTia 
mobiluri telefonis signali. es signalebi gamudmebiT Cvens 
garSemoa, magram maT ver aRmovaCenT, Tu mobiluri telefoni ar 
gveqneba, sxvagvarad rom vTqvaT, is, rasac vpoulobT, didad aris 
damokidebuli imaze, Tu rogor veZebT mas.

mecnierebma rnm-is molekulebis analizis meSveobiT gamoavlines 
genebi, romlebic gansazRvruli tipis ujredebSi eqspresirdeba. 
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amisaTvis ujredebidan mTel rnm-s gamoyofen, Semdeg masze sxvadasxva 
teqnologiebis gamoyenebiT yovelmxriv analizs atareben, romelic 
mTeli, arsebuli rnm-is yvela molekulis monacemTa bazas iZleva. 
1980-ian wlebSi, roca mkvlevrebi iwyebdnen imis gansazRvras, romeli 
genebi eqspresirdebian mocemuli tipis ujredebSi, maT xelT arsebuli 
meTodebi SedarebiT nakleb mgrZnobiare iyo. amasTan isini mxolod 
i-rnm-is molekulebis identifikaciisaTvis iyo gankuTvnili, radganac 
yvelaze mniSvnelovnad swored isini iTvlebodnen. es meTodebi kargi 
iyo aqtiurad eqspresirebadi i-rnm-is gansazRvrisaTvis, magram 
sakmaod araefeqturi aRmoCnda im TanamimdevrobaTa ZiebisaTvis, 
romlebic naklebad eqspresirdebian. kidev erTi nakli iyo is, rom 
i-rnm-is analizisaTvis gamoyenebuli programebi ise iyo Seqmnili, 
rom isini ugulebelyofdnen ganmeorebadi Tanamimdevrobebidan, anu 
`usargeblo~ dnm-dan mosul signalebs.

am meTodebma kargi samsaxuri gagviwia yvelasaTvis saintereso 
i-rnm-is profilirebisaTvis, anu cilebis makodirebel i-rnm-is 
molekulaTa analizisaTvis, magram rogorc ukve davrwmundiT, isini 
Cveni genomis mxolod 2%-s Seadgens da mxolod maSin, rodesac 
kvlevaTa axali teqnologiebis gankargulebaSi aRmoCnda kompiuterebi 
gazrdili simZlavreebiT, imis srulad gacnobiereba daviwyeT, rom 
darCenil 98%-Si, Cveni genomis swored im aramakodirebel nawilSi 
raRac Zalian saintereso xdeba. 

kvlevis am gaumjobesebuli meTodikebiT aRWurvilma samecniero 
samyarom TandaTanobiT daiwyo imis gageba, rom genomis cilebis 
aramakodirebel ubnebSi sinamdvileSi uzarmazari raodenobiT 
transkripciebi xdeba. Tavdapirvelad isini aRqmuli iyo, rogorc 
raRac `transkripciuli xmauri~. varaudobdnen, rom arsebobs 
saerTo fonuri xmauri, romelic mTeli genomis eqspresiis Sedegad 
warmoiqmneba, rodesac dnm-is es ubnebi periodulad qmnian rnm-
is molekulebs im raodenobiT, romelic maTi aRmoCenis zRurbls 
gadaaWarbebs. am Teoriis Tanaxmad, Cven SevZeliT gamogvevlina es 
molekulebi axali, ufro mgrZnobiare mowyobilobiT, magram isini 
biologiurad Rirebulni ar aRmoCdnen. 

sityvaTSeTanxmeba `transkripciuli xmauri~ raRac SemTxveviT, 
mouwesrigebel movlenas gulisxmobs. Tumca cilebis aramakodirebeli 
am rnm-ebis eqspresiis sqemebi sxvadasxvanairi aRmoCnda ujredTa 
sxvadasxva tipisTvis da aman gvaiZula gvevarauda, rom maTi 
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transkripcia srulebiTac araa SemTxveviTi9. magaliTad, aseTi 
eqspresia didi masStabiT dafiqsirda Tavis tvinSi. axla viciT, 
rom Tavis tvinis sxvadasxva ubanSi eqspresiis sqemebi sxvadasxvaa10. 
es fenomeni aRdgenas eqvemdebareba, rodesac sxvadasxva individis 
tvinis sxvadasxva ubans vadarebT. es ki sulac araa is, rasac im 
SemTxvevaSi velodiT, Tu rnm-is dabaldoniani transkripcia mxolod 
mouwesrigebeli procesi iqneboda. 

sul ufro cxadi xdeba, rom transkripcia im genebidan, romlebic 
cilebis kodirebaSi ar monawileoben, marTlac Zalze mniSvnelovania 
ujredebis funqcionirebisaTvis. Tumca, ra ucnauric ar unda iyos, 
uwindeburad Cvens mierve Seqmnili lingvisturi maxis tyveobaSi 
vrCebiT. am ubnebSi producirebul rnm-s, romelsac adre aseT 
yuradRebas vuTmobdiT, dRemde aramakodirebel rnm (ai-rnm) 
vuwodebT. es sakmaod daudevari abreviaturaa, radgan sinamdvileSi 
Cven mxedvelobaSi gvaqvs is, rom es cilebis aramakodirebeli rnm-
ia. faqtobrivad ki ai-rnm raRacas kodirebs, is Tavis Tavs kodirebs 
_ rnm-is funqciur molekulas. momwifebuli i-rnm-gan gansxvavebiT, 
romelic Sualeduri rgolia rnm-sa da cilas Soris, ai-rnm Tavad 
warmoadgens saboloo Sedegs.

`nagvis~ axali gansazRvreba

swored es aris paradigmis cvla. ukanaskneli 40 wlis manZilze 
molekuluri biologiis da genetikis specialistebis yuradReba 
TiTqmis mTlianad cilebis makodirebeli genebisa da Tavad 
cilebisken iyo mimarTuli. rasakvirvelia, gamonaklisebic xdeboda, 
magram gverCivna isini gangvexila, rogorc samSeneblo nagavi Senobis 
saxuravze. da ai, bolos da bolos dgeba is momenti, rodesac 
aramakodirebelma rnm-ebma Tavisi kanonieri adgilis dakaveba daiwyo 
cilebis gverdiT, rogorc srulyofilma funqciurma molekulebma. 
gansxvavebulebma, magram Tanasworebma.

es ai-rnm-ebi mTel genomSi gvxvdeba. zogi maTgani intronebisagan 
warmoiqmneba. adre iTvleboda, rom i-rnm-is splaisingis Sedegad 
miRebul intronebis nawilebs ujredebi Slida. axla ki ufro 
savaraudoa is, rom zogierTi maTgani mainc (umetesoba Tu ara) 
sinamdvileSi ujredebis mier gadamuSavdeba da sruluflebiani 
funqciuri ai-rnm xdeba. sxvebi cilebis makodirebeli i-rnm-is genebs 
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faravs da xSirad sapirispiro jaWvidan transkribirdeba. mesameni im 
ubnebSi arian, sadac saerTod ar aris cilebis makodirebeli genebi.

wina TavSi Cven or ai-rnm-s gavecaniT _ Xist da Tsix _, romlebic 
aucilebelia X qromosomis dasaTrgunad. orive es ai-rnm Zalian 
grZelia ramdenime aTasi kilobasis sigrZis (ramdenime milioni 
fuZisgan Sedgeba). amJamad arsebuli Sefasebis mixedviT, umaRlesi 
ZuZumwovrebis ujredebSi aTasobiT aseTi molekulaa, amasTan 30 000-
ze meti `grZeli~ ai-rnm (gansazRvruli imiT, rom maT 200-ze meti 
fuZe aqvT) aRmoCenilia TagvebSi11. grZel ai-rnm-ebi raodenobrivad 
SeiZleba cilebis makodirebel i-rnm-ebsac aRematebodnen.

rogorc irkveva, grZeli ai-rnm-ebi, garda imisa, rom X qromosomebis 
inaqtivaciaSi monawileoben, aseve mniSvnelovan rols asruleben 
imprintingSi. mravali imprintuli monakveTi Seicavs grZeli ai-rnm-is 
makodirebel ubans, romelic mezobeli genebis eqspresias Trgunavs. 
es Xist-is moqmedebis msgavsia. cilebis makodirebeli i-rnm iTrguneba 
im qromosomis aslze, romelic grZel ai-rnm-s eqspresirebs. 
magaliTad, ai-rnm, saxelwodebiT Air placentaSi mxolod mamri 
Tagvidan memkvidreobuli me-11 qromosomidan eqspresirdeba. ai-rnm-
is eqspresia iwvevs mezobeli Lgf/2r-genis represias, magram mxolod 
imave qromosomaze12. es meqanizmi uzrunvelyofs Lgf/2r-is eqspresias 
mxolod dedisgan memkvidreobiT miRebuli qromosomidan.

Air ai-rnm-is wyalobiT mecnierebma SeZles garkveuliyvnen imaSi, 
Tu rogor Trgunaven es grZeli ai-rnm-ebi genebis eqspresias. ai-
rnm lokalizebuli rCeba imprintinguli genebis klasterebis 
gansazRvrul ubanze da magnitiviT moqmedebs, romelic epigenetikur 
ferments, saxelad G9a-s miizidavs. G9a marepresirebel niSans 
(damRas) adebs cila H3 histons nukleosomebSi, dnm-is am ubanze. 
aseTi histonuri modifikacia qmnis represiul qromatinul ares, 
romelic genebs Trgunavs.

es aRmoCena Zalian mniSvnelovani iyo, radganac man saSualeba mogvca 
pirvelad CavwvdomodiT epigenetikosebisaTvis Tavsatex sakiTxs. 
rogor arian ganlagebuli genomis gansazRvrul ubnebSi histonebis 
modifikatori fermentebi, romlebic epigenetikur damRebs adeben 
an Slian? Tu histonebis modifikator fermentebs ar SeuZliaT 
uSualod gansazRvron dnm-is konkretuli Tanamimdevrobebi, maSin 
rogor aRmoCndebian isini genomis saWiro adgilas? 



188

epigenetikuri revolucia
188 The Epigenetics Revolution

The patterns of histone modifications are localised to different 
genes in different cell types, leading to exquisitely well-regulated 
gene expression. For example, the enzyme known as EZH2 meth-
ylates the amino acid called lysine at position 27 on histone H3, 
but it targets different histone H3 molecules in different cell types. 
To put it simply, it may methylate histone H3 proteins positioned 
on gene A in white blood cells but not in neurons. Alternatively, it 
may methylate histone H3 proteins positioned on gene B in neu-
rons, but not in white blood cells. It’s the same enzyme in both 
cells, but it’s being targeted differently.

There is increasing evidence that at least some of the target-
ing of epigenetic modifications can be explained by interactions 
with long ncRNAs. Jeannie Lee and her colleagues have recently 
investigated long ncRNAs that bind to a complex of proteins. The 
complex is called PRC2 and it generates repressive modifications 
on histones. PRC2 contains a number of proteins, and the one that 
interacts with the long ncRNAs is probably EZH2. The researchers 
found that the PRC2 complex bound to literally thousands of dif-
ferent long ncRNA molecules in embryonic stem cells from mice13. 
These long ncRNAs may act as bait. They can stay tethered to the 
specific region of the genome where they are produced, and then 
attract repressive enzymes to shut off gene expression. This hap-
pens because the repressive enzyme complexes contain proteins like 
EZH2 that are capable of binding to RNA.

Scientists love to build theories, and in some ways a nice one 
was shaping up around long ncRNAs. It seemed that they bind 
to the region from which they are transcribed, and repress gene 
expression on that same chromosome. But if  we go back to our 
analogy from the start of this chapter, we’d have to say that it’s 
now becoming clear we have built a pretty small shed and already 
cemented quite a bit of rubble to the roof.

There’s an amazing family of genes, called HOX genes. When 
they’re mutated in fruitflies the results are incredible phenotypes, 
such as legs growing out of the head14. There’s a long ncRNA 
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histonuri modifikaciebis sqemebi sxvadasxva tipis ujredSi 
sxvadasxva genTan aris lokalizebuli, amas ki mivyavarT genTa 
mkacrad regulirebad eqspresiasTan. magaliTad, fermenti, romelic 
cnobilia, rogorc EZH2, aminomJava lizins meTilirebs histon H3-
is 27-e poziciaSi, magram sxva tipis ujredebSi misi samiznea H3-is 
sxva molekulebi. ufro martivad rom vTqvaT, mas SeuZlia A-genTan 
lokalizebuli H3-histonuri cilebis meTilireba leikocitebSi da 
ara neironebSi. an mas SeuZlia B-genTan lokalizebuli H3-histonuri 
cilebis meTilireba neironebSi da ara _ leikocitebSi. orive tipis 
ujredebSi es erTi da igive fermentia, magram misi moqmedebis samizne 
_ gansxvavebuli. 

arsebobs imis sxva mtkicebulebebic, rom zogierTi epigenetikuri 
modifikacia mainc SeiZleba aixsnas grZel ai-rnm-Tan urTierTqmedebiT. 
jini lim kolegebTan erTad axlaxan Caatara kvlevebi grZel ai-rnm-
ze, romlebic dakavSirebuli iyvnen cilebis garkveul kompleqsTan. 
es kompleqsi saxelwodebiT PRC2 iwvevs represiul modifikacias 
histonebze. PRC2 moicavs ramdenime cilas, erT-erTi maTgani 
urTierTqmedebs grZel ai-rnm-Tan da, albaT, warmoadgens EZH2-s. 
mkvlevrebma aRmoaCines, rom Tagvebis embrionul Rerovan ujredebSi 
kompleqsi PRC2 grZeli ai-rnm-bis, gadauWarbeblad SeiZleba vTqvaT, 
aTasobiT sxvadasxva molekulasTan aris dakavSirebuli. es grZeli 
ai-rnm-ebi satyuaras rols asruleben. isini mimagrebuli rCebian 
genomis im ubanTan, sadac warmoiqmnen da Tavisken izidaven represiul 
fermentebs genebis eqspresiis dasaTrgunad. es xdeba im mizeziT, 
rom represiul fermentTa kompleqsebSi aris EZH2 msgavsi cilebi, 
romlebsac SeuZlia dnm-Tan dakavSireba. 

mecnierebs uyvarT Teoriebis ageba da maTgan erT-erTi, friad 
mimzidveli Teoria grZeli ai-rnm-Tvisac Seiqmna. rogorc Cans, 
isini ukavSirdebian im ubnebs, saidanac transkribirdebian da imave 
qromosomaze genebis eqspresias Trgunaven, magram Tu Cvens analogias 
davubrundebiT, saidanac es Tavi daiwyo, maSin unda vaRiaroT, 
rom patara, lamazi nageboba avaSeneT da mis saxuravze ukve didi 
raodenobiT nagavic davyareT. 

arsebobs genebis SesaniSnavi ojaxi, romelsac HOX genebs uwodeben. 
rodesac xilis buzebSi es genebi mutacias ganicdian, amis Sedegad Cndeba 
uCveulo fenotipebi, magaliTad, Tavze gazrdili fexebiT14. erT-erTi 
ai-rnm, saxelwodebiT HOTAIR, aregulirebs genebis ubans, romelic 
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cnobilia, rogorc HOX-D klasteri. jini lis mier gamokvleuli 
grZeli ai-rnm-is msgavsad, HOTAIR ukavSirdeba PRC2 kompleqss da qmnis 
qromatinul regions, romelic represiuli histonuri modifikaciebiT 
aris markirebuli, magram HOTAIR ar transkribirdeba me-12 qromosomis 
HOX-D poziciidan. sinamdvileSi igi kodirdeba me-2 qromosomis genebis 
sxva, HOX-C-d wodebul klasterSi15. aravin icis, Tu rogor da ratom 
ukavSirdeba HOTAIR HOX-D pozicias.

aseTive idumalebiT aris moculi grZeli ai-rnm-ebidan 
yvelaze metad Seswavlili Xist. Xist ai-rnm vrceldeba TiTqmis mTel 
inaqtivirebul X qromosomaze, magram CvenTvis ucnobia, amas rogor 
akeTebs. Cveulebriv, rnm-is molekulebi, ar axvevia gars qromosomas. 
aranairi aSkara mizezi ar arsebobs, ris gamoc Xist-rnm SeiZleba 
amgvarad daukavSirdes qromosomas, Tumca CvenTvis cnobilia, rom 
amas araviTari kavSiri ar aqvs qromosomul TanamimdevrobasTan. 
eqsperimentebma, romlebzec wina TavSi vsaubrobdiT (sadac 
Xist-s mTeli autosomis inaqtivacia SeeZlo im pirobiT, Tu mas X 
represiis centri eqneboda) daasabuTes, rom Tu Xist qromosomaze 
aRmoCndeba, igi ubralod masze gadaadgilebas agrZelebs. mecnierebi 
uwindeburad gaocebulebi arian yvelaze kargad Seswavlili ai-rnm-
is am fundamenturi maxasiaTeblebis gamo. 

ai, kidev erTi gasaocari faqti. jer kidev sul cota xnis win 
mecnierebi Tvlidnen, rom yvela ai-rnm genebis eqspresias Trgunavs. 
2010 wels proferosma ramin Sikhatarma filadelfiis uistaris 
institutidan adamianis zogierTi tipis ujredSi 3000-ze meti grZeli 
ai-rnm gamoavlina. es grZeli ai-rnm-ebi sxvadasxva tipis ujredebSi 
eqspresiis gansxavebul xasiaTs avlenen, rac maT gansakuTrebul 
rolze miuTiTebda. profesorma Sikhatarma kolegebTan erTad grZeli 
ai-rnm-ebis mcire raodenoba gamoikvlia maTi funqciis gansazRvris 
mizniT. ai-rnm-iT eqspresiis daTrgunvisaTvis maT Semowmebuli 
da saimedo eqsperimentuli meTodikebi gamoiyenes da Semdgom 
maTi mezobeli genebis eqspresiac gaaanalizes. am eqsperimentis 
mosalodneli da realuri Sedegebi naCvenebia suraTze 10.2.

Tormeti ai-rnm-is testireba moxda, Svid SemTxvevaSi mecnierebma 
miiRes Sedegebi, romlebic naCvenebia marjvniv. es molodins 
ewinaaRmdegeboda, radganac, rogorc aRmoCnda sinamdvileSi grZeli 
ai-rnm-ebis 50%-s SeuZlia mezobeli genebis eqspresiis gazrda da 
ara misi daqveiTeba16. 
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hipoTeza: prognozi: realuri Sedegi:

ai-rnm ai-rnm-is ai-rnm-ebis

Trgunavs samizne donis Semcireba donis Semcireba

genis eqspresias iwvevs samizne genis amcirebs samizne

 eqspresiis gazrdas genis eqspresias

sur. 10.2. iTvleboda, rom ai-rnm Trgunavs samizne genebis eqspresias. es 
hipoTeza rom swori iyos, maSin gansazRvruli ai-rnm-is eqspresiis daqveiTeba 
am genis eqspresiis gazrdamde migviyvanda, radgan misi represia Semcirdeboda. 
es naCvenebia Sua sqemaze. Tumca, rogorc gairkva ai-rnm-ebis didi raodenoba 
sinamdvileSi aZlierebs maTi samizne genebis eqspresias. es mtkicdeba 
eqsperimentebiT, romelTa msvlelobisas ai-rnm-ebis eqspresiis daqveiTebam 
suraTis marjvena mxares warmodgenil Sedegebamde migviyvana.

statiis avtorebma, sadac es eqsperimentia aRwerili, 
erTmniSvnelovnad ganacxades: ̀ zusti meqanizmi, romlis daxmarebiTac 
Cven ai-rnm-ebs SeuZliaT genebis eqspresia gaaZlieron, ucnobia~. 
Znelia, am Sexedulebas ar daveTanxmoT. igi pativiscemas imsaxurebs, 
radgan cxadyofs, rom am momentisaTvis ubralod warmodgenac ar 
gvaqvs, es rogor xdeba. ramin Sikhataris naSromebma damajereblad 
gviCvena, rom grZeli ai-rnm-ebis Sesaxeb mecnierebam jer kidev 
Zalian cota icis, amitom axali dogmatis Seqmna ar unda viCqaroT.

patara mSvenieria

aranaklebi windaxeduleba unda gamoviCinoT im azris gamoTqmisas, 
rom yvelafers wyvets zoma da didi ukeTesia. ueWvelia, rom grZeli 
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ai-rnm mniSvnelovan rols asrulebs ujredis funqcionirebaSi, 
magram arsebobs ai-rnm-is sxva, aranakleb mniSvnelovani klasi, 
romelic ujredze arsebiT gavlenas axdens. am klass ekuTvnis mokle 
ai-rnm (sigrZiT, Cveulebriv, 20-24 fuZe) da maTi samiznea ara dnm, 
aramed i-rnm-is molekula. pirvelad isini CvenTvis ukve sayvarel 
Wia C.elegans-Si aRmoaCines.

rogorc ukve vTqviT, C.elegans Zalze mosaxerxebel sistemur 
models warmoadgens, radgan zustad viciT, rogor viTardeba 
yvela misi ujredi. ganviTarebis sxvadasxva stadiis xangrZlivoba 
da Tanamimdevroba Zalian mkacrad aris daregulirebuli. amis erT-
erTi mTavari regulatori aris cila saxelwodebiT LIN-14. LIN-14 
geni Zalian aqtiurad eqspresirdeba (didi raodenobiT warmoqmnis 
cila LIN-14-s) embrionuli ganviTarebis yvelaze adreul stadiebze, 
magram I larvuli stadiidan II larvul stadiaze gadasvlisas misi 
regulacia qveiTdeba. Tu geni LIN-14 mutacias ganicdis, ganviTarebis 
sxvadasxva stadiebis xangrZlivoba irRveva. Tu cila LIN-14 Zalian 
didxans gamomuSavdeba, Wia iwyebs ganviTarebis adreuli stadiebis 
gameorebas. Tu cila LIN-14-is produqcia Zalian adre wydeba, Wia 
naadrevad gadadis gvian larvul stadiebze. nebismier SemTxvevaSi 
misi normaluri ganviTareba SeuZlebeli xdeba.

1993 wels orma, erTmaneTisagan damoukideblad momuSave 
laboratoriam aCvena, Tu rogor kontroldeba LIN-14-is eqspresia17,18. 
moulodnelad aRmoCnda, rom am procesis mTavari faqtori iyo mokle 
ai-rnm-is dakavSireba LIN-14-is i-rnm-Tan. es naCvenebia suraTze 10.3. 
es genis posttranskripciuli sailensingis (`gaCumebis~) magaliTia, 
romlis drosac i-rnm gamomuSavdeba, magram cilis warmoqmna ar 
SeuZlia. genis eqspresiis kontrolis es gza sruliad gansxvavdeba 
imisgan, romelsac grZeli ai-rnm-ebi mimarTaven.

am naSromis mniSvneloba is aris, rom man safuZveli Cauyara 
genebis eqspresiis regulaciis sruliad axal models. mokle ai-rnm-
ebi, rogorc amJamad cnobilia, warmoadgens meqanizms, romliTac 
mcenareTa da cxovelTa samyaros organizmebi sargebloben. 
arsebobs mokle ai-rnm-ebis sxvadasxva saxeebi, magram Cven ZiriTadad 
yuradRebas davuTmobT mikro-rnm-ebs (mi-rnm-ebs).

ZuZumwovarTa ujredebSi identificirebulia sul cota 1000 
sxvadasxva mi-rnm. mi-rnm-ebis sigrZe daaxloebiT 21 nukleotids 
(fuZes) iTvlis (zogi cota mokle an cota grZelia) da maTi umetesoba, 
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rogor Cans, genis eqspresiis posttranskripciuli regulatorebis 
rols asrulebs. isini ar aCereben i-rnm-is warmoqmnas, amis nacvlad, 
isini aregulireben mis `qcevas~. Cveulebriv, isini ukavSirdebian 
i-rnm-is molekulis aratranslirebad 3’ (3’ atr) ubans. es ubani 
naCvenebia suraTze 10.3. igi momwifebul i-rnmSia, magram arc erT 
aminomJavas ar kodirebs.

embrioni da pirveli larvuli stadia meore larvuli stadia

LIN-14 i-rnm 
translirdeba cilaSi

LIN-14 ai-rnm-is 
dakavSirebiT LIN-14-is
i-rnm-is 3’ atr-Tan 
acilebulia cilis 
translacia

LIN-14 i-rnm-is ubani, romelic 
cilaSi translirdeba

LIN-14 i-rnm-is ubani, romelic 
cilaSi ar translirdeba
ubani = atr regioni 3’ = atr 3’

LIN-14 cila

LIN-14-is 
aramakodirebeli 
rnm

sur. 10.3 ganviTarebis garkveul stadiebze mikro-rnm-is eqspresiiT samizne 
genis eqspresiis radikalurad Secvlis sqematuri gamosaxuleba

rodesac genomuri dnm-is transkripcia xdeba i-rnm-is misaRebad, 
originaluri transkripti, Cveulebriv, Zalian grZelia, radgan 
Seicavs rogorc ekzonebs (romlebic aminomJavebs kodirebs), ise 
intronebs (romlebic aminomJavebs ar kodirebs). rogorc ukve 
gavigeT me-3 Tavidan, intronebi splaisingis dros amoiWreba i-rnm-is 
warmosaqmnelad, romelic cilas kodirebs, magram me-3 TavSi am procesis 
aRwerisas raRac gamovtoveT. rnm-ze aris aseTi ubnebi _ mis dasawyisSi 
(aratranslirebadi _ 5’ atr) da boloSi (3’ atr) _, romlebic aminomJavebs 
ar kodireben, magram arc splaisings ganicdian, intronebis msgavsad. 
piriqiT, es aramakodirebeli ubnebi SenarCunebulia momwifebul 
i-rnm-Si da moqmedebs, rogorc regulatoruli Tanamimdevrobebi. 3’ 
atr-s erT-erTi funqcia, saxeldobr, regulatoruli molekulebis 
(mi-rnm-is CaTvliT) dakavSirebaa.

rogor ukavSirdeba mi-rnm i-rnm-s da ra xdeba amis Semdeg? mi-
rnm da i-rnmis 3’ atr urTierTqmedeben mxolod im SemTxvevaSi, Tu 
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erTmaneTs amoicnoben. amisaTvis isini iyeneben fuZeTa Sewyvilebas, 
msgavsad imisa, rogorc es xdeba dnm-is ormag jaWvze. g-s SeuZlia 
daukavSirdes c-s, a-s _ u-s (rnm-Si T-s nacvlad aris u). imis 
miuxedavad, rom mi-rnm-is sigrZe, Cveulebriv, 21 fuZes Seadgens, 
srulebiT ar aris saWiro, rom yvela misi 21 nukleotidi i-rnm-s 
Seesabamebodes. mi-rnm-ze mTavari ubani 2-dan 8-mde poziciebia. 

zogjer 2-dan 8-mde poziciebze Sesabamisoba srulyofili araa, 
Tumca sakmarisad miaxloebulia imisaTvis, rom orma molekulam 
wyvili warmoqmnas. aseT SemTxvevebSi mi-rnm-is dakavSireba xels 
uSlis i-rnm-is translacias cilaSi (swored es moxda situaciaSi, 
romelic naCvenebia suraTze 10.3). Tu Sesabamisoba srulyofilia, 
mi-rnm-is da i-rnm-is dakavSireba i-rnm-is daSlas iwvevs mi-rnm-ze 
mimagrebuli fermentebiT19. jerjerobiT CvenTvis naTeli ar aris, 
mi-rnm-ebze 9-dan 21-mde poziciebic gavlenas axdens Tu ara imaze, 
Tu rogor gansazRvraven es patara molekulebi TavianT samizneebs 
da ra aris amis Sedegebi. Tumca erTi ram, rac zustad viciT, is aris, 
rom calkeul mi-rnm-s erTze meti i-rnm-is molekulis regulireba 
SeuZlia. me-3 Tavidan SevityveT, rogor SeuZlia erT gens i-rnm-is 
splaisirebis xerxebis SecvliT mravali sxvadasxva cilis molekula 
akodiros. calkeul mi-rnm-s SeuZlia erTdroulad moaxdinos 
gavlena mraval sxvadasxvagvarad splaisirebul versiaze. garda 
amisa, calkeul mi-rnm-s Seswevs unari, srulebiT aramonaTesave 
cilebze imoqmedos, romlebic sxvadasxva geniT aris kodirebuli, 
magram msgavsi 3’-atr Tanamimdevrobebi aqvT. 

es yvelaferi Zalian arTulebs mi-rnm-is WeSmariti rolis 
gansazRvras ujredSi, radgan misi moqmedebis Sedegebi farTo 
farglebSi icvleba, rac damokidebulia ujredis tipze da sxva 
genebze (cilebis makodirebelze da aramakodierebelze), romlebsac 
ujredi drois yovel momentSi eqspresirebs. am saidumloebebis 
amoxsnas ara marto udidesi eqsperimentuli mniSvneloba aqvs, 
aramed seriozuli Sedegebic mohyveba normaluri janmrTelobis 
da daavadebebis bunebis gasagebad. magaliTad, situaciebSi, sadac 
qromosomTa anomaluri raodenobaa, icvleba ara marto cilebis 
makodirebeli genebis raodenoba. aq ai-rnm-is (grZeli da mokle) 
anomaluri produqciac SeimCneva. radganac mi-rnm-s, kerZod, mravali 
sxva genis regulireba SeuZlia, maSin mi-rnm-ebis aslebis raodenobis 
darRvevaTa Sedegebi SeiZleba Zalian mravalferovani iyos. 
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be protein-coding genes that change in number. There will also 
be abnormal production of ncRNAs (large and small). Because 
miRNAs in particular can regulate lots of other genes, the effects 
of disrupting miRNA copy numbers may be very extensive.

Room for manoeuvre

The fact that 98 per cent of the human genome does not code 
for protein suggests that there has been a huge evolutionary 
investment in the development of complicated ncRNA-mediated 
regulatory processes. Some authors have even gone so far as to 
speculate that ncRNAs are the genetic features that have under-
pinned the development of Homo sapiens’ greatest distinguishing 
feature – our higher thought processes20.

The chimpanzee is our closest relative and its genome was pub-
lished in 200521. There isn’t one simple, meaningful average figure 
that we can give to express how similar the human and chimp 
genomes are. The statistics are actually very complicated, because 
you have to take into account that different genomic regions (for 
example repetitive sections versus single copy protein-coding 
gene regions) affect the statistics differently. However, there are 
two things we can say quite firmly. One is that human and chimp 
proteins are incredibly similar. About a third of all proteins are 
exactly the same between us and our knuckle-dragging cousins, 
and the rest differ only by one or two amino acids. Another thing 
we have in common is that over 98 per cent of our genomes don’t 
code for protein. This suggests that both species use ncRNAs to 
create complex regulatory networks which govern gene and pro-
tein expression. But there is a particular difference which may 
be very important between chimps and humans. This lies in how 
ncRNA is treated in the cells of the two species.

It’s all to do with a process called editing. It seems that human 
cells just can’t leave well-enough alone, particularly when it comes 
to ncRNA22. Once a ncRNA has been produced, human cells use 
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sivrce manevrisaTvis

is faqti, rom adamianis genomis 98% cilebs ar kodirebs, 
gvaiZulebs davuSvaT, rom evoluciam kolosaluri Zalebi moaxmara 
rTuli maregulirebeli procesebis damuSavebas, romlebic ai-
rnm-ebis meSveobiT mimdinareobda. zogierTi avtori imdenad Sors 
midis, rom gamoTqvams mosazrebebs imis Sesaxeb, rom swored ai-rnm-
ebia genetikuri faqtorebi, romlebmac winaswar gansazRvres Homo 
Sapiens-is mTavari ganmasxvavebeli maxasiaTeblebis _ Cveni umaRlesi 
azrovnebis procesebis _ warmoSoba da ganviTareba20.

Cveni uaxloesi naTesavis, Simpanzes, genomi 2005 wels aRweres21. ar 
arsebobs raime erTaderTi an universaluri cifri, romlis moyvana 
SeiZlebodes, raTa davamtkicoT, ramdenad axlosaa Simpanzes da adamianis 
genomebi. statistikuri monacemebis ganzogadeba warmoudgenlad 
Znelia, radgan unda gaviTvaliswinoT genomis sxvadasxva ubani (mag., 
ganmeorebadi ubnebi da cilis makodirebeli genis erTaderTi asli), 
romlebic sxvadasxvanairad moqmedeben statistikur maCveneblebze. 
Tumca aris ori faqtori, romlebSic SegviZlia darwmunebuli viyoT. 
pirveli is aris, rom adamianis da Simpanzes cilebi saocrad msgavsebi 
arian. Cven da Cven grZelxeleba TanamoZmeebs yvela cilis daaxloebiT 
erTi mesamedi absoluturad erTnairi gvaqvs, xolo danarCeni mxolod 
erTi an ori aminomJaviT gansxvavdeba. meore saerTo niSani ki is aris, rom 
Cveni genomebis 98%-ze meti ar kodirebs cilebs. es imaze metyvelebs, 
rom orive saxeoba iyenebs ai-rnm-ebs rTuli regulatoruli qselis 
Sesaqmnelad, romelic genis da cilis eqspresias marTavs. Tumca 
adamiansa da Simpanzes Soris aris gansakuTrebuli gansxvavebac, 
romelsac SeiZleba didi mniSvneloba hqondes. igi imaSi mdgomareobs, 
Tu rogor gardaiqmneba ai-rnm-ebi am ori saxeobis ujredebSi. 

es dakavSirebulia procesTan, romelsac redaqtireba ewodeba. 
STabeWdileba iqmneba, rom adamianis ujreds ubralod ar SeuZlia 
wynarad arseboba, gansakuTrebiT maSin, roca saqme ai-rnm-ebs 
exeba22. rogorc ki ai-rnm iwyebs warmoqmnas, ujredebi maSinve 
maT modificirebas iwyeben yvelaze mravalferovani meqanizmebis 
meSveobiT. kerZod, isini xSirad cvlian fuZe a-s fuZe i-iT (inoziniT). 
fuZe a-s SeuZlia dnm-Si dakavSireba T-Tan an u-Tan rnm-Si, xolo 
fuZe i-s aqvs unari warmoqmnas wyvilebi a-Tan, c-Tan da g-Tan. es 
cvlis Tanamimdevrobebs, romlebTanac ai-rnm SeZlebs SeerTebas. 
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Cven, adamianebi, ufro metad vawarmoebT ai-rnm-bis molekulebis 
redaqtirebas, vidre nebismieri sxva saxeoba. amaSi sxva primatebic 
ki ver Segvedrebian23. gansakuTrebiT aqtiuri redaqtireba xdeba 
Tavis tvinSi. swored ai-rnm-is redaqtirebis procesebiT SeiZleba 
aixsnas, ratom ganvsxvavdebiT azrovnebiT ase Zalian Cveni uaxloesi 
naTesavebisgan _ primatebisgan, Cveni dnm-is matricebis aseTi 
saocari msgavsebis miuxedavad.

garkveuli azriT, ai-rnm-ebis mSvenierebac swored es aris. isini 
organizmisTvis SedarebiT uvnebel sistemebs qmnian ujreduli 
regulaciis sxvadasxva aspeqtis Sesacvlelad. evoluciam am meqanizms 
upiratesoba, albaT, imitom mianiWa, rom ubralod, funqciis 
gaumjobeseba cilebis Secvlis gziT Zalian sariskoa. Tqven iciT, 
rom cilebi ujredebis `meri popinsia~. isini `TviT srulyofilebaa 
yvela mimarTebaSi~.

yvela CaquCi, principSi, erTmaneTs hgavs. isini SeiZleba iyos didi, 
SeiZleba iyos patara, magram, rac Seexeba mis mowyobilobas, saeWvoa, 
CaquCSi raime cvlilebis Setana SeZloT, ris Sedegad igi gacilebiT 
ukeTesi gaxdeba. es samarTliania cilebis mimarTac. Cveni organizmis 
cilebi miliardi wlis manZilze evolucias ganicdidnen. modiT, mxolod 
erTi magaliTi moviyvanoT. hemoglobini eriTrocitebSi arsebuli 
pigmentia, romelsac Jangbadi gadaaqvs Cvens organizmSi. mSvenivrad 
aris Seguebuli imasTan, rom Jangbadi filtvebidan Seagrovos da 
gadaitanos qsovilebSi, sadac misi saWiroebaa. arasdros da veravin 
moaxerxa laboratoriul pirobebSi Seeqmna hemoglobinis Secvlili 
versia, romelic am samuSaos bunebriv cilaze ukeT gaarTmevda Tavs. 

samwuxarod, normalur hemoglobinze uaresi hemoglobinis 
molekulis Seqmna saocrad iolia. swored es xdeba iseTi darRvevebis 
dros, rogoricaa namglisebrujredovani anemia, rodesac mutaciis 
Sedegad hemoglobinis `cudi~ cilebi gamomuSavdeba. igive SeiZleba 
iTqvas cilebis umetesobazec. ase rom, Tu garemo pirobebi mkveTrad ar 
icvleba, cilebis cvlilebebma SesaZloa savalalo Sedegebi gamoiwvios. 

maS, rogor gadaWra evoluciam ufro rTuli da srulyofili 
organizmebis Seqmnis amocana? pirvel yovlisa, cilebis regulaciis 
da ara Tavad cilebis SecvliT. amis miRweva ki ai-rnm-is molekulebis 
rTuli qselebis daxmarebiT SeiZleba, romelic gansazRvravs rogor, 
rodis da ra donemde unda eqspresirdebodes konkretuli cilebi, 
Cven ki imis mtkicebulebebi gvaqvs, rom yvelaferi swored ase xdeba.
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So how has evolution solved the problem of creating ever 
more complex and sophisticated organisms? Basically, by altering 
the regulation of  proteins, rather than altering the proteins them-
selves. This is what can be achieved using complicated networks 
of ncRNA molecules to influence how, when and to what degree 
specific proteins are expressed – and there is evidence to show this 
actually happens.

miRNAs play major roles in control of pluripotency and 
control of cellular differentiation. ES cells can be encouraged to 
differentiate into other cell types by changing the culture condi-
tions in which they’re grown. When they begin to differentiate, 
it’s essential that ES cells switch off  the gene expression pathways 
that normally allow them to keep producing additional ES cells 
(self-renewal). There is an miRNA family called let-7 which is 
essential for this switch-off  process24.

One of the mechanisms the let-7 family uses is the down-
regulation of a protein called Lin28. This implies that Lin28 is a 
pro-pluripotency protein. It’s therefore not that surprising to dis-
cover that Lin28 can act as a Yamanaka factor. Over-expression 
of Lin28 protein in somatic cells increases the chances of repro-
gramming them to iPS cells25.

Conversely, there are other miRNA families that help ES cells 
to stay pluripotent and self-renewing. Unlike let-7, these miRNAs 
promote the pluripotent state. In ES cells, the key pluripotency 
factors such as Oct4 and Sox2 are bound to the promoters of 
these miRNAs, activating their expression. As the ES cells start 
to differentiate, these factors fall off  the miRNA promoters, and 
stop driving their expression26. Just like the Lin28 protein, these 
miRNAs also improve reprogramming of somatic cells into iPS 
cells27.

When we compare stem cells with their differentiated descend-
ants, we find that they express very different populations of 
mRNA molecules. This seems reasonable, as the stem and dif-
ferentiated cells express different proteins. But some mRNAs can 
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mi-rnm-ebi mTavar rols asruleben ujredebis pluripotentobisa 
da maTi diferenciaciis regulaciaSi. Tu maTi gamozrdis 
kultivirebis pirobebs SevcvliT, maSin embrionuli Rerovani 
ujredebi SeiZleba sxva tipis ujredebad diferencirdes. maTi 
diferencirebis dawyebisas Zalian mniSvnelovania, rom embrionulma 
Rerovanma ujredebma daTrgunon im genTa eqspresia, romlebic 
normalur pirobebSi damatebiTi embrionuli Rerovani ujredebis 
warmoqmnas ganapirobeben (TviTganaxleba). represiis am procesSi 
mniSvnelovan adgils ikavebs mi-rnm-ebis ojaxi, saxelwodebiT let-7 24.

erT-erTi meqanizmi, romelsac let-7 ojaxi amisaTvis iyenebs, 
aris Lin28 cilis down-regulacia. es imas niSnavs, rom Lin28 pro-
pluripotenturi cilaa da amitomac ar gvikvirs, rom Lin28-s iamanakas 
faqtoris msgavsad moqmedeba SeuZlia. Lin28 cilis zeeqspresia 
somatur ujredebSi zrdis maTi iPS ujredebad gadaprogramebis 
Sanss25.

meore mxriv, mi-rnm-ebis sxva ojaxebic arsebobs, romlebic embrionul 
Rerovan ujredebs pluripotentobis SenarCunebasa da TviTganaxlebaSi 
exmarebian. let-7-gan gansxvavebiT, es mi-rnm-ebi pluripotentobis 
mdgomareobas xels uwyoben. pluripotentobis mTavari faqtorebi 
embrionul Rerovan ujredebSi, rogoricaa Oct4 da SOX2, dakavSirebulebi 
arian am mi-rnm-ebis promotorebTan da maT eqspresias aaqtiureben. 
rodesac embrionuli Rerovani ujredebi diferencirebas iwyeben, mi-
rnm-ebis promotorebi kargaven am faqtorebs, romlebic maTi eqspresiis 
inducirebas wyveten26. cila Lin28-s msgavsad, es mi-rnm-ebic aumjobeseben 
somaturi ujredebis iPS ujredebad gadaprogramebas27. 

rodesac Rerovan ujredebs maT diferencirebul STamomavlebs 
vadarebT, aRmovaCenT, rom isini i-rnm-is molekulebis yvelaze gansxvavebul 
populaciebs eqspresireben. erTi SexedviT, amis sarwmuno mizezebi arsebobs, 
radgan Rerovani da diferencirebuli ujredebi sxvadasxva cilebs 
eqspresireben, magram zogierT i-rnm-s ujredSi dasaSlelad SedarebiT didi 
dro sWirdeba. es imas niSnavs, rom rodesac Rerovani ujredi diferencirebas 
iwyebs, raRac drois ganmavlobaSi igi jer kidev Seicavs Rerovani ujredis 
bevr i-rnm-s. sabednierod, diferenciaciis dasawyisidanve Rerovani ujredi 
aaqtiurebs mi-rnm-bis axal nakrebs, romelic Rerovani ujredis narCeni 
i-rnm-ken miemarTeba da maT daSlas aCqarebs. pirveladi i-rnm-ebis swrafi 
ganadgureba diferencirebis mdgomareobaSi ujredis rac SeiZleba swrafad 
da Seuqcevadad gadasvlas uzrunvelyofs28. 
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es mniSvnelovani dacviTi maxasiaTebelia. ujredebisaTvis sulac 
ar moaqvs sargebloba Rerovani ujredebis maTTvis Seusabamo 
niSnebis SenarCunebas _ es imis Sanss zrdis, rom maT SeuZliaT 
kibos ujredebis ganviTarebis gzaze gadavidnen. es meqanizmi kidev 
ufro aqtiurad gamoiyeneba im saxeobebSic, romlebic Zalian swrafi 
embrionuli ganviTarebiT gamoirCevian, rogorebicaa drozofilebi 
an `zebra Tevzebi~. am saxeobebSi, rogorc ki ganayofierebuli 
kvercxujredi pluripotentur zigotad gardaiqmneba, swored am 
procesis wyalobiT dedis xaziT kvercxujredidan memkvidrulad 
miRebuli i-rnm-ebis transkriptebi swrafad nadgurdeba29. 

mi-rnm-ebi aseve sasicocxlod aucilebelia imprintingis 
kontrolis umniSvnelovanesi fazisTvis _ pirveladi sasqeso ujredebis 
formirebisaTvis. pirveladi sasqeso ujredebis produqciaSi 
umTavresi stadiaa cila Blimp1-is aqtivacia, romelsac Cven me-8 TavSi 
SevxvdiT. cila Blimp1-is eqspresia Lin28 da let7-is aqtivobis rTuli 
urTierTqmedebiT kontroldeba30. cila Blimp1 aseve aregulirebs 
histonebis meTilirebis ferments da rnm-is cilebis klass PIWI31. 
PIWI cilebi, Tavis mxriv, mokle am-mrn-ebis sxva tips ukavSirdeba, 
romelTac PIWI rnm-ebi ewodeba. mi-rnm-ebi da PIWI cilebi, albaT, 
did rols ar asruleben somatur ujredebSi, Tumca isini saWiroa 
ujredebis mamrobiTi embrionuli xazis produqciisaTvis32. PIWI 
abreviaturaa sityvaTSeTanxmebisa “P element-induced wimpy testis” (P 
elementiT inducirebuli dasustebuli saTesleebi). Tu PIWI ai-rnm-
ebi da PIWI cilebi saTanadod ar urTierTqmedeben, mamrobiTi sqesis 
nayofis saTesleebi normalurad ar ganviTardeba. 

Cven ai-rnm-is da epigenetikuri movlenebis urTierTqmedebisa 
da gadakveTis sul ufro met SemTxvevas vawydebiT. gaixseneT, rom 
genetikuri kontrabandistebi, retrotranspozonebi, Cveulebriv, 
meTilirdebian ujredTa embrionul xazSi, rac xels uSlis maT 
aqtivacias. PIWI aqtiurad monawileobs dnm-is meTilirebis 
samizneebis gansazRvraSi 33,34. epigenetikuri cilebis mniSvnelovan 
nawils SeuZlia rnm-Tan urTierTqmedeba. ai-rnm-is dakavSireba 
genomTan SesaZloa saerTo meqanizms warmoadgendes, romelic 
gansazRvruli tipis ujredebSi epigenetikur modifikaciebs saWiro 
qromatinul ubanze mimarTavs35.

axlaxan ai-rnm-ebi CarTuli aRmoCnda memkvidruli niSnebis 
gadacemis lamarkiseul TeoriaSi. erT-erTi eqsperimentis dros 
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Tagvis ganayofierebul kvercxujredebSi mi-rnm Seiyvanes, romlis 
samizne mTavari geni pasuxismgebeli iyo gulis qsovilebis zrdaze. am 
kvercxujredidan ganviTarebul Tagvebs gulis kunTebi gadidebuli 
hqondaT (kardialuri hipertrofia) imis gamo, rom ganviTarebis 
adreul stadiebze mi-rnm-is Seyvanam misi normaluri ganviTarebis 
procesebi daarRvia. yuradsaRebia is faqti, rom am Tagvebis 
STamomavlobamac kardialuri hipertrofiis maRali sixSire aCvena. 
albaT, es imiT iyo gamowveuli, rom am TagvebSi spermatozoidebis 
warmoqmnis procesSi mi-rnm-is anomaluri eqspresia aRdga. dnm-is 
kodis Secvla maT ar aReniSnebodaT, ase rom, es mi-rnm-is daxmarebiT 
epigenetikuri memkvidreobis mkafio SemTxveva iyo36. 

merfis kanoni (Tu SesaZlebelia, rom usiamovneba 
moxdes, is aucileblad moxdeba)

radgan ai-rnm aseTi mniSvnelovania ujredebis funqcionire-
bisaTvis, ueWvelia, SevZlebT daavadebaTa mTeli rigis gamovlenas, 
romlebic dakavSirebulia maTi moqmedebis darRvevasTan. gana 
imis mravali magaliTiT garemoculni ar unda viyoT, rom ai-
rnm-is warmoebasa an eqspresiaSi gadaxrebi klinikur darRvevebs 
iwvevs, romlebic gansxvavdebian imprintingTan an X qromosomis 
inaqtivaciasTan dakavSirebuli daavadebebisgan? kic da arac. vinaidan 
es ai-rnm-ebi upiratesad maregulirebeli molekulebi arian, romlebic 
kompensatoruli meqanizmebiT gajerebul qselSi moqmedeben, amitom 
maTi defeqtebi SeiZleba SedarebiT msubuqi xarisxiT gamovlindes. 
aqedan gamomdinare, problema mkvlevrisaTvis imaSi mdgomareobs, rom 
genetikur eqsperimentTa umravlesoba efeqturia cilebis mutaciebiT 
gamowveuli ZiriTadi fenotipebis identifikaciisaTvis, xolo ufro 
sustad gamoxatuli gadaxrebis gamosavlenad naklebad gamodgeba. 

arsebobs aseTi mokle ai-rnm-i, saxelad BCI, romelic eqspresirdeba 
Tagvebis gansazRvrul neironebSi. rodesac germaniaSi, miunsteris 
universitetis mkvlevrebma Tagvebs es ai-rnm dauzianes, isini mSvenivrad 
gamoiyurebodnen. Semdgom mecnierebma es cxoveli-mutantebi mkacrad 
kontrolirebadi laboratoriidan maTTvis ufro bunebriv garemoSi 
gadaiyvanes. cxadi gaxda, rom mutantebi normalur Tagvebs ar hgavdnen. 
isini uxalisod ikvlevdnen TavianT garemos da mousvenrad iyvnen37. 
isini ubralod galiebSi rom daetovebinaT, verasodes gavigebdiT, rom 
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BCI-is ai-rnm-is dakargva Zalian did gavlenas axdens maT qcevaze. es 
kidev erTi mtkicebulebaa CvenTvis cnobili WeSmaritebisa: rasac Cven 
vxedavT, damokidebulia imaze, Tu rogor vuyurebT mas.

ai-rnm-ebis zemoqmedeba klinikur mdgomareobebze TandaTan met 
yuradRebas iqcevs, rasac zogierTi magaliTi adasturebs. arsebobs 
cxvris aseTi jiSi, romelsac teqseli ewodeba da misi aRwerisTvis, 
rbilad rom vTqvaT, sityva `jmuxi~ gamodgeba. teqselis jiSis 
cxvrebi kunTovani masis siuxviT gamoirCevian, rac sakvebad 
gamoyvanili jiSisTvis kargi Tvisebaa. es jiSi Tavis muskulaturas 
garkveulwilad unda umadlodes specifikuri genis 3’-atr-Tan mi-
rnm-is dakavSirebis adgilis Secvlas. am genis mier kodirebul cilas 
miostatini ewodeba da igi, Cveulebriv, kunTovani qsovilis zrdas 
anelebs38. Sedegi, romelic erTaderTi fuZis SecvliT aris miRebuli, 
Sejamebuladaa warmodgenili suraTze 10.4 TvalsaCinoebisaTvis 
teqselis cxvris zoma sagangebod gadidebulia.

miostatinis i-rnm

cila 
miostatini

Cveulebivi cxvari

msxvilkunTovani 
teqselis cxvari

miostatinis i-rnm 
g Secvlilia a-Ti 3’atr-Si

kunTovani 
masis zrdis 
Seferxeba

miostatinis i-rnm 
ikavSirebs or mi-rnm-s, 

romlebic aqtiurad 
eqspresirebs kunTebSi

miostatinis i-rnm-is
daqveiTebul 
translacias mivyavarT 
cila miostatinis 
Semcirebamde

kunTovani 
masis zrdis 
naklebad 
Seferxeba

suraTi 10.4 miostatinis genis cilis aramakodirebeli ubnis wertilovani 
mutacia Zalze mniSvnelovan gavlenas axdens teqselis jiSis cxvris fenotipze. 
fuZe g-s Canacvlebas a-Ti miostatinis i-rnm-Si ori specifikuri mi-rnm-is 
dakavSirebasTan mivyavarT. es cvlis miostatinis eqspresias, ris Sedegadac 
cxvris kunTovani masa mkveTrad izrdeba.

turetis sindromi fsiqomotoruli ganviTarebis darRvevaa, 
romlis dros saxis, kisris da mxris kunTebis uneblie krunCxviTi 
moZraobebi (tikebi) zog SemTxvevaSi Sexamebulia uneblie 
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lanZRvasTan. am daavadebis mqone ori damoukidebeli pacientis 
gamokvlevisas SLITRKI-saxelwodebis mqone genis 3’atr-Si 
erTaderTi fuZis erTnairi cvlileba aRmoCnda39. maSasadame, geni 
SLITRKI aucilebelia normaluri nevrologiuri ganviTarebisaTvis. 
turetis sindromis mqone avadmyofebSi fuZis cvlileba moicavs 
mokle ai-rnm-Tan, romelsac miR-189 ewodeba, dakavSirebis ubans. 
es imas mowmobs, rom ganviTarebis kritikul momentebSi SLITRKI 
eqspresia SeiZleba anomalurad daqveiTdes aseTi dakavSirebis gziT. 
aseTi cvlileba turetis sindromis mxolod ramdenime SemTxvevaSi 
SeiniSneba. Tumca arsebobs mosazreba, rom sxva pacientebSic, 
albaT, mi-rnm-is damakavSirebeli ubnebis regulaciis darRveva 
neironebis sxva genebSic SesaZlebelia xdebodes. 

am Tavis dasawyisSi Cven movixsenieT Teoria, romlis Tanaxmad 
ai-rnm-s SeuZlia gadamwyveti roli Seasrulos adamianSi tvinis 
urTulesi funqciebis formirebasa da ganviTarebaSi. Tu es Teoria 
sworia, maSin SeiZleba vivaraudoT, rom tvini ukiduresad mgrZnobiare 
iqneba ai-rnm-is aqtivobasa da funqcionirebaSi momxdari nebismieri 
darRvevis mimarT da, aseT SemTxvevaSi, wina abzacSi aRwerili 
turetis sindromi am scenars damaintrigebel elfers sZens.

sxva daavadebis dros, romelsac di jorjis sindromi ewodeba, 
22-e qromosomis ori aslidan erTSi dakargulia ubani, romelic 
3 000 000 fuZisgan Sedgeba40. am ubanSi 25-ze meti genia. albaT, 
ar gagvikvirdeba, rom am daavadebis mqone pacientebs sruliad 
gansxvavebuli organoTa sistemebi uziandebaT, maT Soris, Sard-
sasqeso, gul-sisxlZarRvTa da ConCxi. di jorjis sindromiani 
pacientebis 40%-s epilefsiuri gulyrebi aReniSneba, xolo 
zrdasruli pacientebis 25%-s Sizofrenia uviTardeba. maT Soris 
aseve sakmaod gavrcelebulia Wkuasustobis msubuqi da saSualo 
formebi. 3 000 000 fuZeTa wyvilis ubanSi mravali genia, romelTac 
albaT, wvlili SeaqvT daavadebis sxvadasxva aspeqtSi. erT 
maTgans DGCR8 ewodeba, xolo cila DGCR8 aucilebelia mi-rnm-is 
normaluri produqciisaTvis. laboratoriul pirobebSi gamoiyvanes 
genetikurad modificirebuli Tagvebi, romlebsac Dgcr8 genis erTi 
funqciuri asli hqondaT. am Tagvebs aReniSnebodaT kognituri 
darRvevebi, rac gansakuTrebiT daswavlasa da sivrcobriv aRqmas 
Seexeboda41. es faqtebi amtkicebs hipoTezas imis Sesaxeb, rom mi-rnm-
is produqcia nevrologiuri moqmedebis mniSvnelovani faqtoria.
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Cven viciT, rom ai-rnm aucilebelia ujredebis 
pluripotentobisa da maTi diferenciaciis kontrolisaTvis. 
aqedan arc ise Soria varaudamde, rom mi-rnm-ebs SeuZliaT 
mniSvnelovani roli Seasrulon kibos ganviTarebaSi. kibo aris 
daavadeba, romlis drosac ujredebs SeuZliaT proliferacia. 
aq SeiZleba paraleli gavavloT Rerovan ujredebTan. garda 
amisa, kibos dros simsivneebi mikroskopSi xSirad SedarebiT 
aradiferencirebuli da dezorganizebuli Cans. es maT mkveTrad 
ganasxvavebs normaluri, janmrTeli qsovilis sruliad 
diferencirebuli da mkacrad organizebuli gamosaxulebisagan. 
axla imis sakmaod Zlieri mtkicebulebebi gvaqvs, rom ai-rnm 
mniSvnelovan rols asrulebs kibos ganviTarebaSi, rac SeiZleba 
gamoixatebodes calkeuli mi-rnm-ebis dakargvaSi an sxva mi-rnm-
ebis zeeqspresiaSi, rogorc es naCvenebia suraTze 10.5. 

ujredebi wonasworobaSia

janmrTeli 
ujredi

mi-rnm-ebis 
dakargva, 

romlebic am 
genebs Trgunaven

 mi-rnm-ebis 
zeeqspresia, 
romlebic am 
genebs Trgunaven

kibos ujredi

kibos ujredi

+ genebi, romlebic iwveven ujredebis proliferacias

- genebi, romlebic aferxeben ujredebis proliferacias

suraTi 10.5 zogi tipis mikro-rnm-is donis Semcireba an sxva mikro-rnm-ebis 
donis momateba saboloo jamSi SesaZloa erTnairad negatiurad aisaxos genis 
eqspresiaze. saboloo Sedegi SeiZleba iyos genis eqspresiis gazrda, romelsac 
ujredebi aqtiuri proliferaciis mdgomareobaSi gadahyavs, rac kibos 
ganviTarebis albaTobas zrdis. 



202

epigenetikuri revolucia

adamianSi leikemiis yvelaze gavrcelebuli saxesxvaobaa 
qronikuli limfocituri leikemia. kibos am saxis SemTxvevaTa 
daaxloebiT 70%-Si42 avadmyofebs aReniSnebaT ai-rnm-ebis 
ararseboba, romlebsac miR-15a da miR-16-1 ewodeba. kibo 
mravalsafexuriani daavadebaa da calkeul ujredebSi sakmaod 
bevri darRveva unda warmoiqmnas, vidre is simsivnuri gaxdeba. is 
faqti, rom adamianis leikemiis yvelaze gavrcelebul saxeobaSi 
swored es mi-rnm-ebi aRmoCnda dakarguli, gvaiZulebs vivaraudoT, 
rom am TanamimdevrobaTa dakargva daavadebis ganviTarebis 
adreul stadiebSi moxda. 

alternatiuli meqanizmis magaliTi _ kibos dros mi-rnm-ebis 
zeeqspresia _ SeiZleba miR-17-92 klasteris SemTxveva iyos.. es 
klasteri kibos mTeli rigi saxesxvaobebis dros zeeqspresirebs43. 
faqtobrivad, amJamad ukve sakmaod bevri statiaa gamoqveynebuli 
kibos dros mi-rnm-ebis anomalur eqspresiaze44. amasTan, geni 
TARBP2 mutirebuli aRmoCnda zogi saxis kibos dros, romelic 
memkvidreobiT gadaecema. cila TARBP2 mniSvnelovania mi-rnm-
ebis normaluri funqcionirebisaTvis. es kidev ufro gvarwmunebs 
imaSi, rom mi-rnm-ebi adamianSi kibos gansazRvruli saxeebis 
warmoSobasa da ganviTarebaSi gadamwyvet rols asrulebs. 

imedi Tu imedgacrueba?

Tu gaviTvaliswinebT monacemTa mudmivad mzard raodenobas, 
rac kibos ganviTarebaSi mi-rnm-is mniSvnelovan rolze miuTiTebs, 
gasakviri ar aris, rom mecnierebma daiwyes am molekulebis 
kibos mkurnalobisTvis gamoyenebis SesaZleblobebis kvleva. 
idea mdgomareobda an `nakluli~ mi-rnm-ebis SevsebaSi, an Warbad 
eqspresirebulebis daTrgunvaSi. imedovnebdnen, rom amas kiboTi 
daavadebul pacientebSi damatebiTi mi-rnm-ebis an maTi xelovnuri 
Semcvlelebis SeyvaniT miaRwevdnen. es meTodika SeiZleba sxva 
daavadebebis samkurnalodac gamoviyenoT, romelTa dros mi-rnm-
is eqspresia anomaluri xdeba.

msxvili farmacevtuli kompaniebi mniSvnelovan saxsrebs 
deben am kvlevebSi. “Sanofi-Aventis”-ma da “GlaxoSmithKline”-ma 
mravalmilioniani kontraqtebi dades san-diegos kompaniasTan 
“Regulus Therapeutics”. isini aqtiurad swavloben mi-rnm-ebis 
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Semcvlelebis an maTi inhibitorebis gamoyenebis SesaZleblobebs 
sxvadasxva daavadebebis samkurnalod _ kibodan dawyebuli, 
autoimunuri darRvevebiT damTavrebuli.

arsebobs molekulebi, romlebic mi-rnm-s Zalian hgavs, maT 
patara interferirebuli rnm (small interfering RNA) anu si-rnm 
ewodeba. genis eqspresiis daTrgunvisaTvis, gansakuTrebiT ki 
i-rnm-is degradaciisTvis, isini umetesad imave procesebs iyeneben, 
rasac mi-rnm-ebis molekulebi. si-rnm moxerxebuli instrumenti 
aRmoCnda kvlevebis Casatareblad, radgan eqsperimentuli 
kvlevebisaTvis romelime genis represiisaTvis maTi kulturis 
ujredebSi Seyvana iolia. 2006 wels mecnierebi endriu faieri 
da kreig melo, romelTac es teqnologia aRmoaCines, nobelis 
premiiT dajildovdnen fiziologiasa da medicinaSi.

farmacevtuli kompaniebi did interess iCendnen mcire pi 
-rnm-ebis, rogorc axali potenciuri samkurnalo saSualebis, 
gamoyenebis mimarT. Teoriulad si -rnm-is molekulebis gamoyeneba 
nebismieri cilis eqspresiis dasaTrgunad SeiZleba, romelic 
ama Tu im daavadebis ganviTarebis xelSemwyobad iTvleba. 
imave wels, rodesac faierma da melom nobelis premia miiRes, 
giganturma farmacevtulma kompaniam “Merck” miliard dolarze 
meti gadaixada kaliforniuli kompaniisaTvis “Sirna Therapeutics”, 
romelic dakavebulia si-rnm-ebis kvlevebiT. sxva msxvili 
farmacevtuli kompaniebi aranakleb mniSvnelovan investiciebs 
debdnen samecniero samuSaoebSi.

Tumca 2010 wels farmacevtul industriaSi imedgacruebis 
pirvelma niSnebma iCina Tavi. giganturma Sveicariulma 
farmacevtulma kompaniam “Roche” si-rnm-ebis kvlevis programebis 
SeCerebis Sesaxeb ganacxada, miuxedavad imisa, rom sam welze meti 
xnis manZilze maTze 500 mln dolari daixarja. meore Sveicariulma 
kompaniam “Novartis” TanamSromloba Sewyvita kompania “Alnylam”-Tan 
masaCusetsidan, romelic si-rnm-ebis kvelevebiT iyo dakavebuli. 
marTalia, bevri sxva kompaniaa, romelic TamaSs agrZelebs, 
Tumca samarTlianoba moiTxovs aRiniSnos, rom am teqnologiebis 
perspeqtivebi naklebad saimedo Cans, vidre es axlo warsulSi iyo. 

si-rnm-ebis Terapiuli gamoyenebis erT-erTi mTavari problema 
sakmaod martivad aixsneba. nukleinis mJavebis, rogoricaa dnm da 
rnm, gardaqmna efeqtur preparatebad Zalian Znelia. arsebuli 
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204 The Epigenetics Revolution

One of the major problems with using this kind of approach 
therapeutically may sound rather mundane. Nucleic acids, such as 
DNA and RNA, are just difficult to turn into good drugs. Most 
good existing drugs – ibuprofen, Viagra, anti-histamines – have 
certain characteristics in common. You can swallow them, they 
get across your gut wall, they get distributed around your body, 
they don’t get destroyed too quickly by your liver, they get taken 
up by cells, and they work their effects on the molecules in or 
on the cells. Those all sound like really simple things, but they’re 
often the most difficult things to get right when developing a new 
drug. Companies will spend tens of millions of dollars – at least 
– getting this bit right, and it is still a surprisingly hit-and-miss 
process.

It’s so much worse when trying to create drugs around nucleic 
acids. This is partly because of their size. An average siRNA mol-
ecule is over 50 times larger than a drug like ibuprofen. When cre-
ating drugs (especially ones to be taken orally rather than injected) 
the general rule is, the smaller the better. The larger a drug is, the 
greater the problems with getting high enough doses into patients, 
and keeping them in the body for long enough. This may be why 
a company like Roche has decided it can spend its money more 
effectively elsewhere. This doesn’t mean that siRNA won’t ever 
work in the treatment of illnesses, it’s just quite high risk as a 
business venture. miRNA essentially faces all the same problems, 
because the nucleic acids are so similar for both approaches.

Luckily, there is usually more than one way to treat a cat and in 
the next chapter, we’ll see how drugs targeting epigenetic enzymes 
are already treating patients with severe cancer conditions.
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efeqturi preparatebis umetesobas, rogoricaa: ibuprofeni, 
viagra, antihistaminebi, zogierTi saerTo maxasiaTebeli aqvT. 
gadaylapvis Semdeg isini nawlavis kedlidan sisxlSi Seiwovebian, 
organizmSi vrceldebian, Zalian swrafad ar iSlebian RviZlSi, 
ujredebis mier STainTqmebian da moqmedeben ujredebis 
molekulebze an TviT ujredebze. erTi SexedviT yvelaferi 
sakmaod martivad gamoiyureba, Tumca es simartive moCvenebiTia 
da axali saSualebebis Sesaqmnelad xSirad urTulesi safexurebis 
gavlaa saWiro. sasurveli Sedegebis misaRebad kompaniebi 
aTeulobiT milion dolars xarjaven, Tumca, ra gasakviric ar 
unda iyos, dResac upiratesad cdis da Secdomis meTods viyenebT. 

es problema ufro seriozuli xdeba nukleinis mJavebis 
safuZvelze samkurnalo saSualebebis Seqmnis mcdelobisas. 
nawilobriv es ganpirobebulia maTi zomebiT. si-rnm-is molekula 
ibuprofenis abze saSualod 50-jer didia. wamlebis Seqmnisas 
(gansakuTrebiT oralurad misaRebis da ara saineqciosi) 
moqmedebs saerTo wesi _ rac pataraa, miT ukeTesia. rac ufro 
didia samkurnalo forma, miT ufro Znelia pacientis organizmSi 
preparatis sakmarisad efeqturi dozebis Seyvana, romlebic iq 
TavianT Tvisebebs sakmaod xangrZlivad SeinarCunebdnen. albaT, 
swored amitomac gadawyvita iseTma kompaniam, rogoric aris 
“Roche”, rom maTi fuli SeiZleba sxva saqmeSi ufro efeqturad 
daixarjos. es imas ar niSnavs, rom si-rnm-ebi daavadebaTa 
samkurnalod arasodes unda gamoviyenoT; es mxolod imas niSnavs, 
rom maTSi investiciebis Cadeba biznesisaTvis Zalze sarisko 
wamowyebaa. mi-rnm-Tan dakavSirebuli problemebi arsebiTad 
igivea, radgan yvela nukleinis mJava Zalian hgavs erTmaneTs.

sabednierod, zogjer Cixidanac SeiZleba gamosavali vipovoT 
da Semdeg TavSi Cven gavigebT, Tu epigenetikur fermentebze 
moqmedi romeli samkurnalo saSualebebi gamoiyeneba ukve 
warmatebiT kibos rTuli mdgomareobebis samkurnalod. 
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Tavi 11

omi Sinagan mterTan
mecnierebaSi axali aRmoCenebis mauwyebeli yvelaze 
amaRlvebeli frazaa ara `evrika!~, aramed `ra 
sasaciloa...~
aizek azimovi

mecnierebaSi mravali magaliTia imisa, roca SemTxveviT movlenas 
did aRmoCenamde mivyavarT. albaT, aseT magaliTebs Soris yvelaze 
cnobilia aleqsandre flemingis dakvirveba _ rogor gamoiwvies 
eqsperimentul petris jamebSi SemTxveviT moxvedrilma obis sokoebma 
iq gamozrdili baqteriebis sikvdili. es swored is SemTxveviTi 
movlena iyo, romelmac penicilinis aRmoCena da antibiotikebis 
mTeli speqtris ganviTareba ganapiroba. am SemTxveviTma aRmoCenam 
milionobiT adamianis sicocxle ixsna.

1945 wels aleqsandre flemingi ernst CeinTan da hovard florisTan 
erTad nobelis premiiT dajilovda fiziologiis da medicinis dargSi. 
maT penicilinis didi raodenobiT miRebis xerxebi SeimuSaves, ramac 
SesaZlebeli gaxada misi samkurnalod gamoyeneba. am Tavis epigrafad 
gamotanili aizek azimovis cnobili formulireba gveubneba, rom 
aleqsandre flemingi ar iyo ubralod erTi iRbliani adamiani, 
romelsac bedma gauRima. arc misi intuicia yofila SemTxveviTi. 
naklebad sarwmunoa isic, rom flemingi iyo pirveli mecnieri, romlis 
baqteriuli kulturebi inficirebuli aRmoCnda obis sokoebiT. misi 
aRmoCena raRac uCveulo movlenis arsebobis aRiarebis da am movlenis 
mniSvnelobis Sefasebis Sedegi iyo. codnis da gamocdilebis wyalobiT 
flemingis goneba momzadebuli iyo SemTxveviTi movlenidan saTanado 
daskvnebis gasakeTeblad. igi imas xedavda, rasac SesaZloa sxvebic 
xedavdnen, magram imaze fiqrobda, razec aravis ufiqria.

SesaZloa im azrs daveTanxmoT, rom SemTxveviTi movlenebi 
mniSvnelovan rols asruleben samecniero kvlevebSi, da mainc, 
ufro Tavdajerebulebi viqnebiT, Tu CavTvliT, rom mecniereba, 
Cveulebriv, logikuri da mowesrigebuli gziT viTardeba. ai, erT-
erTi is gza, romlis gavliT SevZlebT warmovidginoT epigenetikis 
amgvari progresi...
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epigenetikuri modifikaciebi, romlebic akontroleben ujredebis 
beds, is procesebia, romelTa wyalobiT, magaliTad, RviZlis 
ujredebi RviZlis ujredebad rCebian da ar gardaiqmnebian sxva tipis 
ujredebad. kibo ujredis bedis normaluri kontrolirebis mkveTri 
darRvevaa, romlis Sedegad RviZlis ujredebi RviZlis ujredebi 
aRar aris da kibos ujredebad gardaiqmneba. aqedan gamomdinareobs 
is, rom kibos dros epigenetikuri regulacia anomaluri xdeba. 
maSasadame, Cven mTeli Zalisxmeva unda mivmarToT im preparatebis 
SemuSavebaze, romlebic SeewinaaRmdegeba epigenetikuri regulaciis 
darRvevas. aseTi samkurnalo preparatebi Zalze sasargeblo iqneboda 
kibos mkurnalobisa da gakontrolebisTvis.

es faqizi da daxvewili procesi, romelic did yuradRebas iTxovs. 
faqtobrivad, globaluri farmacevtuli industria aseulobiT 
milion dolars xarjavs epigenetikuri preparatebis swored am 
mizniT ganviTarebaze. Tumca zemoT ase martivad aRwerili procesi 
sruliad gansxvavdeba im procesisgan, saidanac kibos wamlis aRmoCena 
daiwyo.

kibos samkurnalo licenzirebuli preparatebi ukve arsebobs, 
romel Ta moqmedebis principi damyarebulia epigenetikuri fermen-
tebis inhibirebaze. am nivTierebebma kibos sawinaaRmdego aqtivoba 
manam aCvenes, vidre maTi epigenetikur fermentebze moqmedeba 
gamovlindeboda. faqtobrivad, es am nivTierebebis warmatebaa, rom-
lebmac epigenetikuri Terapiis da, saerTod, epigenetikis sferos 
mimarT interesi gaaRvives, Tumca warmatebisken savali gza ioli ar 
yofila. 

SemTxveviTi epigenetikosi

jer kidev 1970-iani wlebis dasawyisSi axalgazrda samxreTafrikeli 
mecnieri piter jonsi muSaobda qimiur nivTierebaze saxelwodebiT 
5-azacitidini. im droisaTvis ukve cnobili iyo, rom am nivTierebas 
kibos sawinaaRmdego moqmedeba hqonda, radganac leikemiis dros 
kibos ujredebis gayofis SeCereba SeeZlo da leikemiiT daavadebul 
bavSvebze gamocdisas dadebiTi Sedegebi aCvena1.

amJamad piter jonsi kibos samkurnalod epigenetikuri meTodebis 
gamoyenebis fuZemdeblad iTvleba. maRali, gamxdari, garujuli, 
mokled SeWrili xSiri, WaRara TmiT, is myisve ipyrobs nebismieri 
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konferenciis monawileTa yuradRebas. am wignSi moxseniebuli mravali 
WeSmariti mecnieris msgavsad, man TiTqmis ganuviTarebeli sferos 
kvlevebs aTeulobiT weli miuZRvna; piter jonsi dResac rCeba im 
mowinave mecnierebis rigSi, romlebic Zal-Rones ar iSureben, raTa 
epigenomis janmrTelobaze gavlena Seiswavlon. amJamad misi Zalisxmeva 
mimarTulia yvela epigenetikuri modifikaciis maxasiaTeblebis 
Sedgenaze, romlebic sxvadasxva tipis mraval ujredsa da 
sxvadasxva daavadebebis dros aRiniSneba. dRes mis gankargulebaSia 
teqnologiebi, rac mis gunds saSualebas aZlevs maRalspecifikuri 
da specializebuli aparaturiT miRebuli milionobiT monacemi 
gaaanalizos. maSin ki, 1970-ian wlebSi, mecnierma Tavisi pirveli 
aRmoCena arnaxuli dakvirvebulobis da gulmodginebis wyalobiT 
gaakeTa, rac gonebis mzaobis klasikuri SemTxvevaa.

ormoci wlis win bolomde aravis esmoda, Tu rogor moqmedebda 
5-azacitidini. qimiuri aRnagobiT igi Zalian hgavs dnm-is da rnm-
is fuZe c-s (citidins). rogorc varaudobdnen, 5-azacitidini dnm-
is da rnm-is jaWvebs emateboda. iq moxvedrisas igi raRacnairad 
arRvevda dnm-is normalur replikacias da rnm-is transkripcias 
an aqtivobas. kibos iseTi ujredebi, romlebic leikemiis dros 
warmoiqmneba, metismetad aqtiuria. maT didi raodenobiT cilebis 
sinTezi esaWiroebaT, rac imas niSnavs, rom maT didi raodenobiT 
i-rnm-is transkripcia unda ganaxorcielon. vinaidan isini swrafad 
iyofian, maTi dnm-is replikaciac Zalian efeqturad unda moxdes, 
magram Tu 5-azacitidini erT-erT an orive am procesSi iyo CarTuli 
maSin igi, albaT, xels SeuSlida kibos ujredebis zrdas da gayofas.

piter jonsi kolegebTan erTad ZuZumwovarTa mTel rig 
ujredebze 5-azacitidinis gavlenas swavlobda. mravali tipis 
ujredis gamozrda laboratoriul pirobebSi uCveulod Znelia, 
Tu isini aRebulia uSualod adamianisgan an cxovelisgan. maSinac 
ki, Tu ujredebis zrdisTvis yvela aucilebel pirobas SevqmniT, 
maT SeuZliaT ramdenime ciklis Semdeg uecrad Sewyviton gayofa 
da daiRupon, rac sakmaod xSirad xdeba. am problemis dasaZlevad 
piter jonsi ujredul xazebze muSaobda. ujreduli xazebi 
Tavdapirvelad cxovelebisgan an adamianisgan miiReba, Tumca 
SemTxvevis an eqsperimentuli manipulaciebis Sedegad, aucilebeli 
sakvebi nivTierebebis, saTanado temperaturis da garemo pirobebis 
arsebobisas, maT SeuZliaT kulturaSi ganusazRvreli droiT 
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gaizardon. ujreduli xazebi organizmis ujredebisgan gansxvavdebian, 
Tumca isini savsebiT gamosadegi eqsperimentuli sistemebia.

ujredTa tipebi, romlebsac piter jonsi da misi TanamSromlebi 
ikvlevdnen, Cveulebriv, plastmasis brtyel kolbebSi izrdeba, 
romlebic viskis an brendis gverdulad dawolil, gamWvirvale, 
brtyel maTarebs waagavs. ZuZumwovarTa ujredebi aseTi kolbebis 
Sida, brtyel zedapirze izrdeba. isini erTmaneTTan mWidrod 
mijril ujredTa erT Sres warmoqmnian da ramdenime fenad arasodes 
izrdebian.

erTxel, diliT, mas Semdeg, rac ujredebi ramdenime kviris 
ganmavlobaSi 5-azacitidinTan erTad kultivirdebodnen, mkvlevrebma 
erT-erT kulturis Semcvel kolbaSi ucnauri grova aRmoaCines. 
SeuiaraRebeli TvalisTvis, erTi SexedviT, igi sokovan infeqcias 
hgavda. aseT situaciaSi umravlesoba kolbas gadaagdebda da pirobas 
dadebda, rom momavalSi ujredebis kultivirebisas ufro frTxilad 
iqneboda, raTa aseTi ram arasodes gameorebuliyo, magram piter 
jonsi sxvagvarad moiqca. man guldasmiT gamoikvlia es grova da 
daadgina, rom igi sulac ar iyo soko. es gaxldaT ujredebis didi masa, 
romlebic gigantur, mravalbirTvian ujredebad iyvnen Serwymuli. iq 
iyo patara kunTovani boWkoebi, sincitialuri qsovilebi, romlebsac 
X inaqtivaciis ganxilvisas SevxvdiT. es patara kunTovani boWkoebi 
zogjer ikumSebodnen kidec2.

es marTlac Zalze ucnauri iyo. miuxedavad imisa, rom ujredebis 
xazi Tavdapirvelad Tagvis embrionidan iyo miRebuli, kunTovani 
ujredis msgavsi ram adre arasodes warmoqmnila. rogorc wesi, is 
epiTelur ujredebad gardaiqmneboda _ im ujredebad, romlebiTac 
amofenilia Cveni organoebis umravlesobis zedapiri. piter jonsis 
eqsperimentma aCvena, rom 5-azacitidins SeuZlia Secvalos am 
embrionuli ujredebis potenciali da aiZulos isini, epiTeluri 
ujredebis nacvlad kunTovan ujredebad gardaiqmnan. magram 
ratom hqonda aseTi efeqti nivTierebas, romelic kibos ujredebs, 
savaraudod, maTSi dnm-is da i-rnm-is produqciis darRveviT klavs?

piter jonsma am sakiTxze muSaoba samxreT afrikidan samxreT 
kaliforniis universitetSi gadasvlis Semdeg ganagrZo. ori wlis 
Semdeg man da misma doqtorantma Sirli teilorma aCvenes, rom 
5-azacitidiniT damuSavebuli ujreduli xazebi ara marto kunTovan 
ujredebs warmoqmnis, maT sxva tipis ujredebis warmoqmnac SeuZliaT. 
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maT Soris aris cximovani ujredebi (adipocitebi) da qondrocitebi. 
es ujredebi xrtilis cilebs gamoimuSaveben, romlebic sasaxsre 
zedapirebs ise amofenen, rom ori sibrtyis erTimeoreze Tavisufali 
sriali SesaZlebeli xdeba.

am monacemebma aCvenes, rom 5-azacitidini kunTebisaTvis 
specifikuri faqtori ar iyo. am samuSaosadmi miZRvnil statiaSi 
profesorma jonsma friad winaswarmetyveluri varaudi gamoTqva: 
`5-azacitidini... ufro metad pluripotentur mdgomareobaSi 
dabrunebas iwvevs~3. sxva sityvebiT, es nivTiereba burTulas 
uodingtonis epigenetikuri landSaftis ferdobebze cota zeviT 
ubiZgebda. amis Semdeg burTula isev Zirs, gorakebs Soris xevebSi 
eSveboda, oRond sxva saboloo wertilSi.

Tumca jer kidev ar arsebobda Teoria imis Sesaxeb, Tu ratom 
iwvevda 5-azacitidini aseT uCveulo efeqts. Tavad piter jonsi 
amasTan dakavSirebiT mSvenier TviTkritikul ambavs gviyveba Cvens 
SemecnebaSi gardamtexi momentis Sesaxeb. igi Tavdapirvelad samxreT 
kaliforniis universitetis pediatriis departamentSi dainiSna, 
Tumca Zalian undoda bioqimiis departamentSi SeTavsebiT muSaobac. 
am adgilis misaRebad mas damatebiTi gasaubreba unda gaevlo, 
romelsac savsebiT uazrod miiCnevda. piter jonsma 5-azacitidinze 
Tavisi naSromis aRwerisas gasaubrebaze aRniSna, rom aravin icis, 
Tu ratom moqmedebs es nivTiereba ujredTa pluripotentobaze. 
amave universitetis sxva mecnierma robert stelvagenma, romelic 
aseve monawileobda gasaubrebaSi, hkiTxa: `dnm-is meTilirebaze ar 
gifiqriaT?~ Cveni kandidati gamotyda, rom mas ara Tu ar ufiqria, 
aramed arc ki smenia mis Sesaxeb4.

piter jonsi da Sirli teilori dauyovnebliv Seudgnen dnm-is 
meTilirebas da Zalian male aCvenes, rom swored es iyo 5-azacitidinis 
aseTi efeqtebis mizezi. 5-azacitidini dnm-is meTilirebas 
Trgunavda. piter jonsma da Sirli teilorma misi monaTesave mTeli 
rigi qimiuri naerTebi Seqmnes da ujredul kulturaze maTi gavlena 
gamoikvlies. is naerTebi, romlebic dnm-is meTilirebas Trgunavdnen, 
fenotipis im cvlilebebsac iwvevdnen, romlebic Tavdapirvelad 
5-azacitidinis zemoqmedebisas iyo SemCneuli. naerTebi, romlebic 
dnm-is meTilirebas ar Trgunavdnen, fenotipze araviTar gavlenas 
ar axdendnen5.
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meTilirebis `Cixi~

citidini (fuZe c) da 5-azacitidini qimiuri struqturiT Zalian 
msgavsni arian. isini naCvenebia suraTze 11.1, sadac simartivisaTvis 
miTiTebulia maTi struqturis mxolod mTavari komponentebi (maT, 
Sesabamisad, citozini da 5-azacitozini ewodeba). 

diagramis zeda nawilSi, romelic Zalian hgavs suraTs 4.1, 
naCvenebia, rom 5-meTilcitozinis misaRebad citozini SeiZleba dnm 
meTil transferazaTi (DNMT1, DNMT3A an DNMT3B) meTilirdes. 
5-meTilcitozinSi azotis (N) atomi Caanacvlebs naxSirbadis (C) 
ZiriTad atoms, romelic Cveulebriv meTilirdeba xolme. dnm meTil-
transferazebs azotis am atomze meTilis jgufis damateba ar SeuZliaT.

citozini 5-meTilcitozini

DNMT1  
DNMT3A 
DNMT3B

DNMT1  
DNMT3A 
DNMT3B5-azacitozini, 

5 poziciaSi 
naxSirbadi 
Canacvlebulia 
azotiT 

DNMT1-s ar 
SeuZlia azotis 
atomze meTilis 
jgufis 
damateba

sur.11.1 5-azacitozini SeiZleba CairTos dnm-Si misi replikaciis dros, 
romelic ujredis gayofis win xdeba. 5-azacitozini ikavebs fuZe c-s adgils, 
radgan masSi azotis atomi im poziciaSia, sadac naxSirbadis atomi unda iyos. 
ucxo fuZe ver meTilirdeba DNMT1-iT, rogorc es naCvenebia suraTze 4.2. 

gavixsenoT me-4 Tavi da warmovidginoT dnm-is meTilirebuli 
ubani. ujredis gayofis win dnm-is ormagi spiralis ori Zafi 
ganacalkevdeba da TiToeulis asli warmoiqmneba. magram fermentebs, 
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romlebic dnm-is replikacias axorcieleben, damoukideblad dnm-is 
meTilirebis kopireba ar SeuZliaT. amis gamo, TiToeul axal ormag 
spiralSi erTi meTilirebuli da meore arameTilirebuli jaWvia. 
dnm meTiltransferazas (DNMT1) SeuZlia amoicnos dnm, romelsac 
mxolod erT jaWvi aqvs meTilirebuli da SeuZlia igi meore jaWvze 
aRadginos, riTac dnm-is meTilirebis sawyiss sqemas aRadgens.

magram Tu ujredebi gayofisas 5-azacitidiniT damuSavda, maSin es 
anomaluri citidinuri fuZe genomis kopirebisas dnm-is axal jaWvs 
daemateba. vinaidan anomalur fuZeSi naxSirbadis atomis adgils 
azotis atomi ikavebs, DNMT1 ferments ararsebuli meTilis jgufis 
aRdgena ar SeuZlia. Tu es movlena ujredebis gayofisas meordeba, 
dnm-is meTilireba dasustebas daiwyebs.

5-azacitidiniT damuSavebuli ujredebis gayofisas kidev raRac 
xdeba. axla cnobilia, rom roca DNMT1 ukavSirdeba dnm-is ubans, 
romelic Cveulebrivi citidinis nacvlad 5-azacitidins Seicavs, 
DNMT1 mas miekvreba6. es CixSi moxvedrili fermenti Semdgom ujredis 
sxva nawilSi gadaigzavneba da iSleba, amis gamo ki DNMT1 fermentis 
saerTo done ujredSi klebulobs7,8. DNMT1-s raodenobis Semcireba 
im faqtTan kombinaciaSi, rom 5-azacitidins ar SeuZlia meTilireba, 
niSnavs, rom meTilirebuli dnm-is moculoba ujredSi TandaTan 
Semcirdeba. cota xanSi isev davubrundebiT sakiTxs, Tu ratom aqvs 
meTilirebuli dnm-is donis aseT daklebas anti-simsivnuri efeqti.

amrigad, 5-azacitidini imis magaliTia, kibos sawinaaRmdego 
agenti moulodnelad rogor avlens epigenetikur moqmedebas. 
ucnauria, magram msgavsi ram moxda sxva naerTTan dakavSirebiTac, 
romelic axla ukve kibos samkurnalo licenzirebuli saSualebaa9. 

kidev erTi bednieri SemTxveviToba

1971 wels mecnierma Sarlota frendma aCvena, rom Zalze martivi 
nivTiereba, saxelad DMSO (misi sruli saxelwodebaa dimeTil sulf-
oqsidi dimethyl sulfoxide), ucnaur gavlenas axdenda Tagvebis leikemiuri 
modelis kibos ujredebze. roca am ujredebs DMSO-Ti daamuSavebdnen, 
isini wiTldebodnen. es im mizeziT xdeboda, rom isini `CarTavdnen~ 
(aaqtivebdnen) cila hemoglobinis gens, romelic sisxlis wiTel 
ujredebs fers aZlevs10. Cveulebriv, leikemiuri ujredebi arasodes 
aaqtiveben am gens da DMSO-s am efeqtis meqanizmi savsebiT ucnobi iyo.
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When these cells were treated with DMSO, they turned red. This 
was because they had switched on the gene for haemoglobin, the 
pigment that gives red blood cells their colour10. Leukaemia cells 
normally never switch on this gene and the mechanism behind 
this effect of DMSO was completely unknown.

Ronald Breslow at Columbia University and Paul Marks and 
Richard Rifkind at Memorial Sloan-Kettering Cancer Center 
were intrigued by Charlotte Friend’s research. Ronald Breslow 
began to design and create a new set of chemicals, using the struc-
ture of DMSO as his starting point, and then adding or chang-
ing bits, a little like making new combinations of Lego bricks. 
Paul Marks and Richard Rifkind began to test these chemicals in 
various cell models. Some of the compounds had a different effect 
from DMSO. They stopped cells from growing.

After many iterations, learning from each new and more com-
plicated set of structures, the scientists created a molecule called 
SAHA (suberoylanilide hydroxamic acid). This compound was 
really effective at stopping growth and/or causing cell death in 
cancer cell lines11. However, it was another two years before 
the team were able to identify what SAHA was doing in cells. 
The key moment happened more than 25 years after Charlotte 
Friend’s breakthrough publication, when Victoria Richon in Paul 
Marks’ team, read a 1990 paper from a group at the University 
of Tokyo.

The Japanese group had been working on a compound called 
Trichostatin A or TSA. TSA was known to be able to stop cells 
proliferating. The Japanese group showed that treatment with 
TSA altered the extent to which histone proteins are decorated 
with the acetyl chemical group in cancer cell lines. Histone 
acetylation is another epigenetic modification that we first met 
in Chapter 4. When cells were treated with TSA, the levels of his-
tone acetylation went up. This wasn’t because the compound was 
activating the enzymes that put the acetyl groups on histones. It 
was because TSA was inhibiting the enzymes that remove acetyl 
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donald breslou kolumbiis universitetidan da pol marksi da 
riCard rifkingi sloun-ketiringis memorialuri kibos centridan 
Zalian dainteresdnen Sarlota frendis kvlevebiT. ronald breslou 
qimiuri nivTierebebis axali nakrebis SemuSavebas da Seqmnas Seudga, 
risTvisac DMSO-s struqtura amosaval wertilad gamoiyena da masze 
patara detalebs amatebda an cvlida, rogorc legos nawilebisgan 
axali konstruqciebis agebisas xdeba. pol marksma da riCard rifkingma 
sxvadasxva ujredul modelze am qimiuri nivTierebebis testireba 
daiwyes. zogierTi maTgani ujredebze DMSO-gan gansxvavebul 
gavlenas axdenda. isini ujredebis zrdas aCerebdnen. 

axali da ufro rTuli struqturebis mravalricxovani 
ganmeorebadi Seswavlis Semdeg mecnierebma Seqmnes molekula 
saxelad SAHA (suberoylanilide hydroxamic acid). es naerTi friad 
efeqturad Trgunavda kibos ujredul xazSi zrdas da/an ujredebis 
sikvdils iwvevda11. Tumca mecnierebs kidev ori weli dasWirdaT imis 
gasarkvevad, Tu ras akeTebs SAHA ujredebSi. am kvlevaSi gadamwyveti 
momenti mxolod Sarlota frendis publikaciidan 25-ze meti wlis 
Semdeg dadga, rodesac viqtoria riConma pol marksis gundidan jer 
kidev 1990 wels tokios universitetis mkvlevarTa jgufis saxeliT 
moxseneba gaakeTa. 

iaponelTa jgufi muSaobda nivTierebaze, romelsac triqostatin 
A anu TCA ewodeba. rogorc im momentisaTvis iyo cnobili, TCA 
ujredebis gamravlebas abrkolebda. iaponelTa jgufma aCvena, 
rom TCA-s gamoyeneba kibos ujredebis xazebSi histonuri cilebis 
acetili jgufebiT dekorirebis (morTvis) farglebs cvlida. 
histonuri acetilireba sxva epigenetikuri modifikaciaa, romelsac 
ukve SevxvdiT me-4 TavSi. rodesac ujredebi TCA-Ti muSavdeboda, 
histonuri acetilirebis done matulobda. es xdeboda ara imitom, 
rom es nivTiereba histonebze acetili jgufebis gadamtan fermentebs 
aaqtivebda. mizezi is iyo, rom TCA Trgunavda im fermentebs, 
romlebic acetilis jgufebs am qromatinul cilebs aSorebda. am 
cilebs histondezacetilazebi an mokled _ HDAC ewodeba12.

viqtoria riConma TCA-s aRnagoba SAHA-s aRnagobas Seadara, rac 
naCvenebia suraTze 11.2. 
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suraTi. 11.2 TCA-s da SAHA-s aRnagoba, sadac msgavsi ubnebi moqceulia 
wreebSi. C-naxSirbadi; N-azoti; O-Jangbadi. sqemis gasamartiveblad naxSirbadis 
zogierTi atomi gamiznulad ar aris naCvenebi, magram isini ormagi xaziTaa 
gamosaxuli. 

qimiaSi samecniero xarisxi ar sWirdeba imis SemCnevas, rom TCA da 
SAHA Zalian hgvanan erTmaneTs, gansakuTrebiT im ubnebiT, romlebic 
jaWvis marjvniv aris. viqtoria riConma ivarauda, rom TCA-s 
msgavsad SAHA-c HDAC-is inhibitoria. 1998 wels man kolegebTan 
erTad gamoaqveyna moxseneba, romelmac daadastura, rom yvelaferi 
marTlac asea13. SAHA HDAC-is fermentebs histonuri cilebidan 
acetili jgufebis moSorebis saSualebas ar aZlevs da amis gamo 
histonebze bevri acetili jgufi grovdeba.

damTxvevaTa miRma

amgvarad, orive naerTi _ 5-azacitidinic da SAHA-c _ amcirebs 
kibos ujredebis proliferacias da Trgunavs epigenetikuri 
fermentebis aqtivobas. TiTqos es im Teoriis sasargeblod 
metyvelebs, rom epigenetikuri cilebi mniSvnelovania kibosTvis, 
Tumca iqneb Cveni daskvnebi naCqarevia? xom SeiZleba, mxolod 
ubralo damTxveva iyos is, rom orive es preparati epigenetikur 
cilebze moqmedebs? bolos da bolos, am ori naerTis samizne 
Zalian gansxvavebuli fermentebia. 5-azacitidini DNMT fermentebs 
inhibirebs, romlebic dnm-s meTilis jgufebs amateben. SAHA, Tavis 
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leaping to conclusions? It might just be a coincidence that both 
drugs affect epigenetic proteins. After all, the enzymes targeted 
by the two compounds are very different. 5-azacytidine inhibits 
the DNMT enzymes, which add methyl groups to DNA. SAHA, 
on the other hand, inhibits the HDAC family of enzymes, which 
remove acetyl groups from histone proteins. Superficially, these 
seem like very different processes. Maybe it’s just coincidence that 
both 5-azacytidine and SAHA inhibit epigenetic enzymes?

Epigeneticists believe that it is far from being a coincidence. 
DNA methyltransferase enzymes add a methyl group to the cyti-
dine base. High concentrations of this base are found in the long 
CG-rich stretches of DNA known as CpG islands. These islands 
are found upstream of genes, in the promoter regions that con-
trol gene expression. When the DNA of a CpG island is heav-
ily methylated, the gene controlled by that promoter is switched 
off. In other words, DNA methylation is a repressive modifica-
tion. DNMT activity increases DNA methylation and there-
fore represses gene expression. By inhibiting these enzymes with 
5-azacytidine, we can drive gene expression up.

Histone proteins are also found at the promoters of genes. 
Histone modifications can be very complex, as we saw in Chapter 4. 
But histone acetylation is the most straightforward in terms of its 
effects on gene expression. If  the histones upstream of a gene are 
heavily acetylated, the gene is likely to be highly expressed. If  the 
histones are lacking acetylation, the gene is likely to be switched 
off. Histone deacetylation is a repressive change. Histone deacety-
lases (HDACs) remove the acetyl groups from histone proteins 
and will therefore repress gene expression. By inhibiting these 
enzymes with SAHA, we can drive gene expression up.

So there is a consistent finding. Our two unrelated com-
pounds, which control growth of cancer cells in culture and which 
have now been licensed for use in human treatment, inhibit epi-
genetic enzymes. In doing so, they both drive up gene expression 
which raises the obvious question of why this is useful for treating 
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mxriv, inhibirebs HDAC-s ojaxis fermentebs, romlebic histonuri 
cilebis acetilis jgufebs aSoreben. erTi SexedviT, es ori procesi 
Zalian gansxvavebulia. SeiZleba rogorc 5-azacitidinis, aseve SAHA-s 
mier epigenetikuri fermentebis inhibireba mxolod damTxveva iyos?

epigenetikosebi miiCneven, rom es sulac ar aris damTxveva. 
dnm-meTiltransferazas fermentebi citidinis fuZes meTilis 
jgufs amateben. am fuZis maRali koncentraciebi aRmoCenilia dnm-
is grZel, cg (CG)-Ti gajerebul jaWvebSi, romlebic cnobilia 
CpG kunZulebis saxiT. es kunZulebi genebis dasawyisSi, genebis 
eqspresiis makontrolebel promotorul ubanSi mdebareobs. 
rodesac CpG kunZulis dnm Zlier meTilirdeba, am promotoriT 
kontrolirebadi geni gamoirTveba. sxva sityvebiT rom vTqvaT, dnm-
is meTilireba represiuli modifikaciaa. DNMT-is aqtivoba zrdis 
dnm-is meTilirebas da, Sesabamisad, aqveiTebs genebis eqspresias. 
5-azacitidinis meSveobiT am fermentebis inhibirebiT SegviZlia 
genis eqspresia gavzardoT.

histonuri cilebi genebis promotorebTanac arian. histonuri 
modifikaciebi SeiZleba Zalian rTuli iyos, rogorc es me-4 TavSi 
vnaxeT, magram histonuri acetilireba yvelaze pirdapir gavlenas 
axdens genis eqspresiaze. Tu genis dasawyisSi myofi histonebi Zlier 
acetilirebulebi arian, maSin es geni aqtiurad eqspresirdeba. 
Tu histonebi arasakmarisad acetilirebulebi arian, maSin geni 
gamoirTveba. histonuri deacetilireba represiuli cvlilebaa. 
histonuri deacetilazebi (HDACs) acetilis jgufebs histonuri 
cilebidan aSoreben da, Sesabamisad, genis eqspresias aqveiTeben. Tu 
am fermentebs SAHA-s daxmarebiT davTrgunavT, genis eqspresiasac 
gavzrdiT. 

maS, ase, Tanxvedra dadgenilia. es aramonaTesave ori nivTiereba, 
romelic kulturaSi kibos ujredebis zrdas akontrolebs da 
adamianis samkurnalo licenzirebuli preparatebia, epigenetikur 
fermentebs Trgunavs. amasTan, orive es nivTiereba zrdis genis 
eqspresias da aq kiTxva Cndeba: ratom aris es ase mniSvnelovani 
kibos mkurnalobisaTvis? pasuxis gasacemad kibos biologiis mokle 
mimoxilva dagvWirdeba. 
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kibos biologia 101

kibo ujredebis anomaluri da ukontrolo proliferaciis 
Sedegia. Cveulebriv, Cveni sxeulis ujredebi zustad gansazRvruli 
tempiT iyofian da mravldebian. es Cvens ujredebSi sxvadasxva jgufis 
genebis rTulad gawonasworebuli urTierTqmedebiT kontroldeba. 
gansazRvruli genebi xels uwyoben ujredTa proliferacias. zogjer 
maT protoonkogenebs uwodeben. es genebi wina TavSi diagramaze 
`plus~ niSniT iyo aRniSnuli. sxva genebi Seakaveben ujredebs da xels 
uSlian maT aqtiur proliferacias. am genebs simsivnis supresorebs 
uwodeben. imave diagramaze isini `minus~ niSniTaa warmodgenili. 

TavisTavad protoonkogenebi da simsivnis supresori genebi arc 
kargebi arian da arc cudebi. janmrTel ujredebSi am ori klasis 
genebis aqtivoba erTmaneTs awonasworebs, magram Tu am qselebis 
regulacia arasworad xdeba, ujredTa proliferaciis regulaciac 
irRveva. Tu protoonkogenebi Zalian gaaqtivdebian, maT SeuZliaT 
ubiZgon ujreds kibos mdgomareobisken. meore mxriv, Tu simsivnis 
supresori genebi inaqtivirdebian, isini ujredebis gayofas veRar 
Seakaveben. Sedegi orive SemTxvevaSi erTnairia _ ujredma SeiZleba 
Zalian swrafad daiwyos proliferacia.

Tumca kibo mxolod ujredebis gaZlierebuli proliferaciis 
Sedegi ar aris. Tu ujredebi Zalian swrafad iyofa, magram sxva 
mxriv yvelaferi rigzea, maSin isini warmoqmnian struqturebs, 
romlebsac keTilTvisebiani simsivneebi ewodeba. aseTi simsivne 
SeiZleba Seuxedavi da arasasiamovno iyos, magram Tu is sasicocxlo 
organoebs ar awveba da maT aqtivobaze ar moqmedebs, TavisTavad 
letalur Sedegs ar iwvevs. srulad ganviTarebuli kibos dros 
ujredebi ara marto xSirad iyofian, aramed isini anomalurebi 
xdebian da sxva qsovilebSi SeWras iwyeben. 

keTilTvisebiani simsivneebis magaliTia xali. maT miekuTvneba 
agreTve mcire gamonazardebi msxvili nawlavis Sida zedapirze 
_ polipebi. arc xali da arc polipi saSiSroebas ar warmoadgens. 
problema is aris, rom rac ufro bevri xali da polipi gaqvs, miT 
metia imis albaToba, rom erTi maTgani Semdeg nabijs gadadgams 
da anomaliebi ganviTardeba, rac Semdgom srulmasStabiani kibos 
Camoyalibebas iwvevs.
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aqedan mniSvnelovani daskvna gamomdinareobs, rac araerTxel 
damtkicda mravali cdiT. kibo ar aris erTjeradi movlena. 
igi mravalsafexuriani procesia, romlis drosac yoveli axali 
etapi ujreds sul ufro aaxloebs simsivnurTan. es simarTlea im 
SemTxvevebSic ki, roca pacienti memkvidreobiT kibosadmi Zalian 
Zlier winaswarganwyobas iRebs. amis magaliTia preklimaqteruli 
ZuZus kibo, romelic zogierT ojaxSi Taobidan Taobas gadaecema. 
qalebi, romlebic memkvidreobiT iReben BRCA1 genis mutirebul 
asls, ZuZus kibos agresiuli formis adreuli ganviTarebis didi 
saSiSroebis winaSe dganan, romelic cudad eqvemdebareba mkurnalobas. 
Tumca es qalebic ki ar ibadebian ZuZus kibos aqtiuri formiT. 
misi ganviTarebisTvis mravali welia saWiro, radgan amisTvis sxva 
darRvevebic unda dagrovdes. 

amgvarad, ujredebi agroveben darRvevebs da TandaTan 
uaxlovdebian simsivnur mdgomareobas. es defeqtebi dediseuli 
ujredidan Svileul ujredebs unda gadaeces, winaaRmdeg SemTxvevaSi 
isini ujredis yoveli dayofisas daikargebodnen. es defeqtebi 
memkvidruli unda iyos, rom kibo ganviTardes. savsebiT gasagebia, 
rom mravali weli samecniero sazogadoebis yuradReba mimarTuli 
iyo kibos ganviTarebaSi CarTuli genebis mutaciebis gamovlenisaken. 
isini eZebdnen cvlilebebs genetikur kodSi, ZiriTad sqemaSi. 
mecnierebis gansakuTrebul interess simsivnis supresorebi iwvevda, 
radgan kibos memkvidruli sindromebis dros, rogorc wesi, swored 
am genebis mutaciebi xdeba.

Cveulebriv, adamians, autosomebSi ganlagebuli sxva genebis 
umravlesobis msgavsad, simsivnis supresori TiToeuli genis ori 
asli aqvs. ujredis simsivnurad gardaqmnasTan erTad, simsivnis 
supresori genebis orive asli gamoirTveba (inaqtivirdeba) xolme. 
mraval SemTxvevaSi es im mizeziT xdeba, rom kibos ujredebSi geni 
mutacias ganicdis. es cnobilia, rogorc somaturi mutacia da 
ujredebSi sicocxlis jer kidev im etapze xdeba, roca organizmi 
janmrTelia. maT somaturi mutaciebi imitom ewodebaT, rom 
genetikuri mutaciebisgan ganvasxvavoT, romlebic mSoblebisgan 
Svilebs gadaecema. mutaciebi, romlebic simsivnuri supresori genis 
orive aslis inaqtivacias iwvevs, SeiZleba Zalze mravalferovani 
iyos. zog SemTxvevaSi isini aminomJavebis Tanamimdevrobis Secvlas 
iwveven da geni funqciur cilas veRar warmoqmnis. sxva SemTxvevaSi 
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simsivnurisken midrekil ujredSi SeiZleba qromosomis saTanado 
ubani daikargos. calkeul individSi gansazRvruli simsivnis 
supresori genis erTi asli SeiZleba mutacias Seicavdes, romelic 
cvlis aminomJavaTa Tanamimdevrobas maSin, roca meore asli 
mikrodelecias ganicdis. 

sruliad cxadia, rom aseTi movlenebi xdeba da Tan sakmaod 
xSirad, magram aseve xSirad Zalian Znelia zustad ganisazRvros, 
Tu rogori mutacia moxda simsivnis supresor genSi. ukanaskneli 
TxuTmeti wlis ganmavlobaSi gavacnobiereT, rom arsebobs sxva gza, 
romliTac SeiZleba simsivnis supresori genis inaqtivacia moxdes. 
geni SeiZleba epigenetikurad gaCumdes. Tu dnm promotorTan 
metismetad meTilirebulia an histonebi represiuli modifikaciebiT 
aris dafaruli, maSin simsivnis supresorebi gamoirTvebian. geni 
genetikur kodSi cvlilebebis gareSe inaqtivirdeba. 

kibos epigenetikuri zRvari 

sxvadasxva laboratoriebma gamoavlines simsivneebi, romlebSic 
swored es procesi xdeboda. erT-erTi pirveli ganacxadi Tirkmlis 
kibos erT-erT formas exeboda, romelsac Tirkmlis hipernefroiduli 
karcinoma ewodeba. am tipis kibos ganviTarebaSi gadamwyveti 
etapi specifikuri simsivnis supresori genis VHL-is inaqtivaciaa. 
1994 wels mkvlevarTa jgufma cnobili mecnieris stiven beilinis 
xelmZRvanelobiT baltimoris jon hopkinsis saxelmwifo samedicino 
institutidan gaaanaliza VHL genis win mdebare CpG kunZuli. maT 
mier Seswavlili Tirkmlis hipernefroiduli karcinomis SemTxvevaTa 
nimuSebis 19 procentSi dnm-Si es CpG kunZuli hipermeTilirebuli 
iyo. amis Sedegad ki simsivnis supresori mTavari genis eqspresia 
daTrgunuli aRmoCnda, rac TiTqmis udavod mecnierTa mier 
Seswavlil am individebSi kibos ganviTarebis ZiriTadi mizezi gaxda14.

promotoris meTilireba ar Semoifargleba VHL simsivnis 
supresoriT da Tirkmlis hipernefroiduli karcinomiT. samuSaos 
Semdeg etapze profesorma beilinma kolegebTan erTad gaaanaliza 
simsivnis supresori BRCA1 geni ZuZus kibos dros. isini ikvlevdnen 
SemTxvevebs, sadac pacientebs aseTi daavadebis mqone winaprebi ar 
hyavdaT, Tavad somsivne ki BRCA1-is mutaciiT ar iyo gamowveuli, 
romelic ramdenime abzaciT zeviT ganvixileT. ZuZus kibos am 
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cancer. They analysed cases where there was no family history 
of this disease, and the cancer wasn’t caused by the mutations in 
BRCA1 that we discussed a few paragraphs ago. In 13 per cent 
of these sporadic cases of breast cancer, the BRCA1 CpG island 
was hypermethylated15. Broader abnormal patterns of DNA 
methylation in cancer were reported by Jean-Pierre Issa from the 
MD Anderson Cancer Center in Houston, in collaboration with 
Stephen Baylin. Their collaborative work showed that over 20 per 
cent of colon cancers had high levels of promoter DNA methyla-
tion, at many different genes simultaneously16.

Follow-on work showed that it’s not just DNA methylation 
that changes in cancer. There is also direct evidence for histone 
modifications leading to repression of tumour suppressor genes. 
For example, the histones associated with a tumour suppressor 
gene called ARHI had low levels of acetylation in breast cancer17. 
A similar relationship exists for the PER1 tumour suppressor in 
a form of lung cancer called non-small cell18. In both cases, there 
was a relationship between the levels of histone acetylation and 
the expression of the tumour suppressor – the lower the levels of 
acetylation, the lower the expression of the gene. Because these 
genes are both tumour suppressors, their decreased expression 
would mean that the cell would find it harder to put the brakes on 
proliferation. 

This realisation – that tumour suppressor genes are often 
silenced by epigenetic mechanisms – has led to considerable 
excitement in the field, because this potentially creates a new way 
of treating cancer. If  you can turn one or more tumour suppres-
sor genes back on in cancer cells, there is a fighting chance of 
reining in the crazy proliferation rate of those cells. The runaway 
train may not run away quite so fast down the track.

When scientists thought that tumour suppressors were inac-
tivated by mutations or deletions, we didn’t have many options 
for turning these genes back on. There are trials in progress to 
test if  gene therapy can be used to achieve this. There may be 
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sporadul SemTxvevaTa 13 procentSi gen BRCA1-ze CpG kunZuli 
hipermeTilirebuli iyo15. kibos dros dnm-is meTilirebaSi anomaliaTa 
ufro farTo speqtri warmoadgina Jan-pier isam hiustonis andersonis 
kibos centridan, romelic stiven beilinTan TanamSromlobda. 
erToblivad Catarebuli kvlevebis Sedegad maT aRmoaCines, rom 
msxvili nawlavis kibos SemTxvevaTa 20%-Si erTdroulad mraval 
sxvadasxva genze dnm-is promotoris meTilirebis maRali doneebi 
aRiniSneba16. 

Semdgomma Sromebma aCvena, rom dnm-is meTilireba ar aris erTaderTi 
cvlileba kibos dros. arsebobs imis pirdapiri mtkicebulebani, rom 
simsivnis supresori genebis represias histonuri modifikaciebic 
iwveven. magaliTad, histonebi, romlebic dakavSirebulia simsivnis 
supresor genTan ARH1, ZuZus kibos dros acetilirebis dabali 
doniT gamoirCevian17. msgavsi urTierTdamokidebuleba aRiniSneba 
PERI simsivnis supresorSi filtvis kibos erT-erTi saxeobisas, 
romelsac filtvis arawvrilujredovan karcinomas uwodeben18. 
orive SemTxvevaSi urTierTkavSiri iyo histonur acetilirebasa 
da simsivnis supresoris eqspresias Soris _ rac ufro dabalia 
acetilirebis done, miT ufro sustia genis eqspresia. vinaidan orive 
es geni simsivnis supresorebia, maTi daqveiTebuli eqspresia imas 
iwvevs, rom ujreds ufro uWirs proliferaciis SeCereba. 

imis gacnobiereba, rom simsivnis supresori genebi xSirad 
gaCumebulebi arian epigenetikuri meqanizmebiT, mniSvnelovani 
impulsi aRmoCnda am sferoSi, radgan is potenciurad kibos 
mkurnalobis axal gzebs qmnis. Tu SesaZlebeli iqneboda erTi an 
ramdenime supresori genis Tavidan gaaqtiveba kibos ujredebSi, maSin 
am ujredebis zRvargadasuli proliferaciis alagmvis realuri Sansi 
gaCndeboda. albaT, daZrul matarebels ara marto SevaCerebdiT, 
aramed ukanac davabrunebdiT.

rodesac mecnierebi fiqrobdnen, rom simsivneTa supresorebi 
mutaciebiT an deleciebiT inaqtivirdebodnen, am genebis xelmeored 
CarTvis bevri SesaZlebloba ar gvqonda. dReisaTvis kvlevebi 
tardeba imis Sesamowmeblad, SeiZleba Tu ara am miznis misaRwevad 
genuri Terapia gamoviyenoT. gansazRvrul pirobebSi SesaZloa 
genuri Terapia Zalian efeqturi aRmoCndes, Tumca saimedod 
mainc ar CaiTvleba. genuri Terapia ukve araerTxel gamoiyenes 
sxvadasxva saxis daavadebebis dros. Tumca Zalian Znelia genebis 
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saWiro ujredebSi Seyvana da Semdgom, roca isini Tavis adgilas 
aRmoCndebian, maTi gaaqtiveba. maSinac ki, rodesac es xorcieldeba, 
xSirad organizmi gandevnis misTvis zedmet genebs da mTeli sargebeli 
ikargeba. SedarebiT iSviaTi SemTxvevebic iyo, rodesac genurma 
Terapiam TviTon gamoiwvia kibo, radgan moulodneli efeqtebi 
hqonda, romelmac ujredTa proliferacia gaaZliera. samecniero 
sazogadoeba genuri Terapiis gamoyenebis imeds ar iZleva, Tumca 
gansazRvrul SemTxvevebSi swored is gvTavazobs Cixidan gamosavals19, 
magram iseTi daavadebebisas, rogoricaa kibo, rodesac mkurnalobas 
mravali adamiani saWiroebs, genuri Terapia Zalze Zviri da rTulia.

ai, ratom aris kibos samkurnalod epigenetikuri preparatebis 
damuSavebis garSemo aseTi mRelvareba. gansazRvrebis Tanaxmad, 
epigenetikuri cvlilebebi ar exeba dnm-is sawyis kods. rogorc 
ukve davrwmundiT, zogierT pacientSi simsivnis supresoris erTi 
asli epigenetikuri fermentebis zemoqmedebiT gaCumebulia. am 
pacientebs simsivnis supresori normaluri cilis kodi mutaciiT 
ar aqvT dazianebuli, e.i. SesaZlebelia maTi mkurnaloba Sesabamisi 
epigenetikuri preparatebiT, romlebic dnm-is meTilirebis an 
histonuri acetilirebis anomalur sqemas Secvlian. Tu amas 
mivaRwevT, simsivnis normaluri supresori geni kvlav CairTveba, 
rac organizms kibos ujredebze kontrolis dabrunebaSi daexmareba. 

aSS-s sursaTisa da medikamentebis saagentom (FDA) ukve gasca 
aSS-Si kibos samkurnalod klinikuri gamoyenebis licenzia or 
preparatze, romlebic DNMT1 ferments inhibirebs. es aris 
5-azacitidini (savaWro saxelwodeba Vidaza) da misi monaTesave 2-aza-
5’-deoqsicitidini (savaWro saxelwodeba Dacogen). licenzia miiRo 
kidev orma preparatma, HDAC-s inhibitorma. esenia SAHA (savaWro 
saxelwodeba Zolinza), romelsac zemoT ukve SevxvdiT da nivTiereba 
saxelad romidepsini (savaWro saxelwodeba Istodax), romelic qimiuri 
struqturiT SAHA-gan Zalian gansxvavdeba, magram isic HDAC-s 
fermentebs inhibirebs.

5-azacitidinis molekuluri funqciis warmatebuli amoxsnis Sedegad 
piter jonsis, stiven beilinis da Jan-pier isas Sromebma ukanaskneli 
ocdaaTi wlis manZilze udidesi roli Seasrules am nivTierebis 
winsvlaSi, laboratoriidan klinikur gamocdamde da sabolood 
licenzirebul produqtamde. viqtoria riConma ki didi roli Seasrula 
SAHA-s samkurnalo preparatis Seqmnis analogiur procesSi.
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am oTxi nivTierebis warmatebuli licenzireba, romlebic ori 
sxvadasxva tipis fermentze moqmedeben, epigenetikuri Terapiis 
sferos ganviTarebisTvis didi stimuli iyo. Tumca isini ver 
aRmoCndnen universaluri saocari preparatebi, is oqros standartebi, 
romlebiTac kibos nebismieri saxeobis mkurnaloba SeiZleboda.

saswaulis imedi nu gveqneba

es ar iyo siurprizi maTTvis, vinc kibos kvlevis da mkurnalobis 
sferoSi muSaobs. zogjer gveCveneba, rom popularuli presis 
zogierTi Jurnalisti akviatebuli ideiT aris Sepyrobili, yvelas 
amcnos wamlis aRmoCenis Sesaxeb, romelic kibosgan kurnavs. saerTod, 
unda iTqvas, rom mecnierebi cdiloben dogmaturobas Tavi aaridon, 
Tumca erT sakiTxze maTi umravlesoba SeTanxmebulia _ kibos raime 
erTaderTi wamali arasodes Seiqmneba.

amis mizezia is, rom kibos erTi forma ar arsebobs. albaT, am 
dasaxelebis asze meti daavadeba arsebobs. magaliTisaTvis rom 
aviRoT, vTqvaT, ZuZus kibo, aRmovaCenT, rom am erTi konkretul 
daavadebas mravali saxesxvaoba aqvs. zogi maTgani qalis hormonis 
estrogenis sapasuxod viTardeba, sxva ufro mkveTrad reagirebs 
cilaze saxelwodebiT zrdis epidermuli faqtori. ZuZus kibos zog 
SemTxvevebSi geni BRCA1 inaqtivirdeba an mutacias ganicdis, xolo 
sxva SemTxvevebSi _ ara. ZuZus kibos zogierTi saxeoba ar reagirebs 
simsivnuri zrdis arc erT cnobil faqtorze, magram SesaZloa 
isini mgrZnobiareni aRmoCndnen sxva signalebisadmi, romelTa 
identificireba Cven jer ar SegviZlia.

vinaidan kibo mravalsafexuriani procesia, ori pacienti, romelTa 
daavadebis simptomebi Zalian msgavsia, SesaZloa sruliad gansxvavebuli 
molekuluri procesebis gamo itanjebodnen. maTi daavadebebi SeiZleba 
mutaciebis, epigenetikuri modifikaciebis da simsivnuri zrdisa da 
ganviTarebis sxva faqtorTa sxvadasxva Sexamebis Sedegi iyos. es imas 
niSnavs, rom sxvadasxva pacients kibos sawinaaRmdego preparatebis 
sxvadasxva saxe da kombinaciebi esaWiroeba. 

Tumca amis gaTvaliswinebiTac ki DNMT-s da HDAC-s inhibitorebis 
klinikuri gamocdis Sedegebi friad gasakviri aRmoCnda. arc erTi 
maTgani ar axdenda gavlenas solidur simsivneebze, romelTac 
miekuTvneba ZuZus, msxvili nawlavis an prostatis kibo, samagierod, 
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isini yvelaze efeqturebi aRmoCndnen kibos im saxeebis winaaRmdeg, 
romlebic leikocitebis warmomqmneli ujredebidan viTardebian. am 
ujredebis cirkulacia Cveni organizmis paTogenuri mikrobebisgan 
dacvis sistemis nawilia. kibos am saxesxvaobebs hematologiuri 
simsivneebi ewodeba. jer ar aris naTeli, Tu ratom aRmoCnda 
epigenetikuri preparatebi araefeqturi soliduri simsivneebis 
mimarT. SesaZloa amis mizezi is iyos, rom am saxis kibos dros 
hematologiuri simsivneebisgan gansxvavebuli molekuluri 
meqanizmebi moqmedebs. amasTan, imis albaTobac arsebobs, rom 
preparatebi solidur simsivneSi sakmarisad maRali koncentraciiT 
ver aRweven, rom kibos ujredebis did nawilze imoqmedon. 

hematologiuri simsivneebis Sedarebis drosac ki aris sxvaoba 
maTze inhibitoruli preparatebis DNMT-s da HDAC-s moqmedebebs 
Soris. orive DNMT inhibitoris gamoyeneba daSvebulia mdgomareobis 
SemTxvevaSi, romelsac mielodisplaziuri sindromi ewodeba20,21. es 
Zvlis tvinis daavadebaa.

HDAC-is orive inhibitorma licenzia miiRo sxva keTilTvisebiani 
hematologiuri simsivnis samkurnalod, romelsac kanis T-ujreduli 
limfoma ewodeba22. am daavadebis dros kanSi proliferirebadi 
imunologiuri ujredebi aRwevs, romelTac T-ujredebi ewodeba, da 
kanze SesamCnevi wylulebi da didi dazianebuli ubnebi warmoiqmneba.

es preparatebi mielodisplaziuri sindromiT an kanis T-ujreduli 
limfomiT daavadebul yvela pacientze dadebiT klinikur Sedegs ar 
iwvevs. is pacientebic ki, romlebic am preparatebze reagireben, arc 
erTi am preparatiT srulad ar ikurnebian. Tu pacientebi wyveten 
wamlis miRebas, daavadeba ganaxldeba. rogorc Cans, DNMT1-is da 
HDAC-is inhibitorebi mxolod akaveben kibos ujredebis zrdas, 
aneleben da Trgunaven mas. isini ufro akontroleben, vidre kurnaven. 

Tumca aseTi Sedegebic ki xSirad mniSvnelovnad aumjobesebs 
pacientebis mdgomareobas, maT sicocxlis gaxangrZlivebis da/an 
sicocxlis xarisxis amaRlebis imedi uCndebaT. magaliTad, kanis 
T-ujreduli limfomiT daavadebuli bevri pacienti autanel tkivils 
ganicdis da dazianebuli ubnebis daucxromeli, Semawuxebeli 
qavilisgan itanjeba. HDAC-is inhibitorebi xSirad Zalian efeqturi 
damamSvidebeli saSualebaa am simptomebis mimarT im pacientebSic ki, 
romelTa sicocxlis xangrZlivobaze maT ver imoqmedes.



222

epigenetikuri revolucia
222 The Epigenetics Revolution

However, this often represents a significant improvement for 
the patients, bringing prolonged life expectancy and/or improved 
quality of life. For example, many patients with cutaneous T cell 
lymphoma suffer significant pain and distress because their 
lesions are constantly and excruciatingly itchy. The HDAC inhibi-
tors are often very effective at calming this aspect of the cancer, 
even in patients whose survival times aren’t improved by these 
drugs.

Generally speaking, it’s often very difficult to know which 
patients will benefit from a specific new anti-cancer drug. This 
is one of the biggest problems facing the companies working on 
new epigenetic therapies for the treatment of cancer. Even now, 
several years after the first licences were granted by the FDA for 
5-azacytidine and SAHA, we still don’t know why they work so 
much better in myelodysplastic syndrome and cutaneous T cell 
lymphoma than in other cancers. It just so happened that in the 
early clinical trials in humans, patients who had these conditions 
responded more strongly than patients with other types of can-
cers. Once the clinicians running the trials noticed this, later trials 
were designed that focused around these patient groups.

This may not sound like a major difficulty. It might seem 
straightforward for companies to develop drugs and then test 
them in all sorts of cancers and with all sorts of combinations of 
other cancer drugs, to work out how to use them best.

The problem with this is the expense. If  we check out the web-
site of the National Cancer Institute, we can look for the number 
of trials that are in progress for a specific drug. In February 2011, 
there were 88 trials to test SAHA23. It’s difficult to get definitive 
costs for how much clinical trials cost, but based on data from 
2007, a value of $20,000 per patient is probably a conservative 
estimate24. Assuming each trial contains twenty patients, this 
would mean that the costs just for testing SAHA in the trials at 
the National Cancer Institute are over $35,000,000. And this is 
almost certainly an under-estimate of the overall cost.
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zogadad unda iTqvas, rom xSirad Zalian rTulia gageba, romel 
pacients moutans sargeblobas simsivnis sawinaaRmdego esa Tu is 
preparati. es aris erT-erTi udidesi problema im kompaniebisaTvis, 
romlebic kibos mkurnalobis axal epigenetikur Terapiul meTodebze 
muSaoben. axlac ki, FDA-s mier 5-azacitidinze da SAHA-ze pirveli 
licenziebis gacemidan ramdenime wlis Semdeg, CvenTvis kvlav ucnobia, 
ratom arian isini ufro efeqturebi mielodisplaziuri sindromis 
da kanis T-ujreduli limfomis dros, vidre kibos sxva saxeobebis 
mimarT. ubralod, ise moxda, rom adamianebze pirveli klinikuri 
gamocdebisas swored am daavadebebis mqone pacientebi ufro 
aqtiurad reagirebdnen am preparatebze, vidre kibos sxva saxeobiT 
daavadebulebi. raki mkvlevrebma es SeniSnes, Semdgomi cdebi ise 
dagegmes, rom isini am jgufis pacientebze yofiliyo fokusirebuli.

aq araviTari seriozuli problema ar aris. kompaniebma unda 
gaagrZelon preparatebis damuSaveba, Semdeg maTi gamocda kibos 
sxvadasxva saxeobaze, unda gamoiyenon yvela saxis kombinacia sxva 
kibos sawinaaRmdego saSualebebTan erTad da gansazRvron, rogor 
gamoiyenon isini ukeTesad.

problema xarjebia. Tu simsivnur daavadebaTa erovnuli 
institutis vebgverdze SevalT, SegviZlia gamocdebis raodenoba 
moviZioT, romelTac specifikuri preparati gadis. 2011 wlis 
TebervalSi SAHA-ze 88 testireba Catarda23. Znelia zustad 
SevafasoT klinikuri gamocdebis Rirebuleba, Tumca 2007 wlis 
monacemebis safuZvelze igi TiToeul pacientze daaxloebiT 20 
000 dolars Seadgens24. Tu CaTvliT, rom TiToeul gamocdaSi oci 
pacienti monawileobs, maSin SAHA-s mxolod klinikuri gamocda 
kibos daavadebaTa erovnul instituts 35 milion dolarze meti 
daujda. Tanac es, albaT, SesaZlo danaxarjebis qveda zRvaria.

kolumbiis universitetis da sloun-keteringis kibos centris 
TanamSromlebma, romlebmac pirvelebma daamuSaves SAHA, maSinve 
miiRes masze patenti. Semdeg ki kompanias ”Aton Pharma” mimarTes SAHA-
sgan preparatis Sesaqmnelad. 2004 wels, rodesac preparatma kanis 
T-ujreduli limfomis mkurnalobisas pirveli imedismomcemi Sedegebi 
aCvena, ”Aton Pharma” giganturma farmacevtulma kompaniam `Merck~ SeiZina 
120 milion dolarad. ueWvelia, ”Aton Pharma”-m milionobiT dolari 
daxarja preparatis stadiamde SAHA-s misayvanad. samkurnalo preparatis 
aRmoCena da misi damuSaveba ZviradRirebuli saqmianobaa. ori kompania, 



223

11. omi Sinagan mterTan

romlebmac bazarze DNMT1-is inhibitorebi gamouSves, axlaxan msxvilma 
farmacevtuli kompaniebma SeiZines, amasTan TiToeulis fasi daaxloebiT 
3 miliard dolars Seadgenda25. Tu kompania astronomiul fass ixdis 
axali preparatis ganviTarebaze an SeZenaze, is mTvrali mezRvauriviT 
ar gaflangavs fuls, roca saqme klinikur gamocdas exeba.

bunebrivia, umjobesi iqneboda, klinikuri gamocdis Catarebamde 
ukeT gaviazroT, romel pacientebs moutans sargeblobas esa Tu 
is preparati, vidre brmad vimoqmedoT. samwuxarod, mkvlevarTa 
umravlesoba Tvlis, rom antisimsivnuri preparatebis gamosacdelad 
gamoyenebuli cxovelebis modelebis SesaZleblobebi Zalian 
SezRudulia kibos im saxeobebis prognozirebaSi, romelTa mimarT 
adamianis organizmi yvelaze mgrZnobiarea. Tu bolomde samarTliani 
viqnebiT, es mxolod kibos sawinaaRmdego im preparatebs ki ar 
exeba, romlebic epigenetikur fermentebzea gamiznuli, aramed 
praqtikulad yvela onkologiuri preparatis aRmoCenas.

rogorc samecniero, aseve industriuli samyaros mkvlevrebi am 
problemisgan Tavis daRwevas onkologiaSi epigenetikuri samizneebis 
momdevno Taobis moZiebiT cdiloben. DNMT1 SedarebiT farTo 
moqmedebis fermentia. dnm-is meTilireba ufro yvelaferi an araferia 
_ CpG an meTilirebulia, an ara. rogorc wesi, gansakuTrebuli 
SerCeviToba HDAC-ebsac ar axasiaTebT. Tu isini histonis kudze 
acetilirebul lizins miaRweven, mas am acetilis jgufs moaSoreben. 
histonis kudze didi raodenobiT lizinia, magaliTad, histon H3-ze 
maTi raodenoba Svidis tolia. SAHA-s SeuZlia HDAC-is sul cota 
aTi sxvadasxva fermentis inhibireba. savsebiT mosalodnelia, rom am 
aTeulidan TiToeuls H3-is kudze arsebuli Svidi lizinidan nebismieris 
deacetilirebis unari aqvs. Znelia amas natifi regulacia vuwodoT.

ioli gamarjveba ar arsebobs

ai, ratom muSaobs axla es sfero sxvadasxva epigenetikuri 
fermentebis Sefasebis mimarTulebiT, romelTa moqmedebis are 
SedarebiT SezRudulia, _ imisaTvis, rom ganisazRvros, romeli 
maTgani TamaSobs mniSvnelovan rols kibos sxvadasxva saxeobis 
dros. ufro iolia SedarebiT SezRuduli moqmedebis fermentebis 
ujreduli biologiis Seswavla, rac dagvexmareba imis gansazRvraSi, 
romeli pacienti ukeT romel preparatze reagirebs. 
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pirveli problema am gegmis ganxorcielebis gzaze sakmaod 
damabnevelia. romeli cilebi unda gamovikvlioT? albaT, asamde 
fermenti arsebobs, romlebic histonur modifikaciebs amateben an 
Slian (epigenetikuri kodis `mwerlebi~ da `saSlelebi~). savaraudod, 
amave raodenobiT cilaa, romelic epigenetikur kods kiTxulobs. saqmes 
kidev arTulebs is, rom bevri `mwerali~, `saSleli~ da `mkiTxveli~ 
erTmaneTTan urTierTqmedebs. rogor ganvsazRvroT preparatebis 
aRmoCenis axali programebisTvis ufro misaRebi kandidatebi?

Cven ar gvaqvs iseTi gamosadegi nivTierebebi, rogoricaa 
5-azacitidini da SAHA, romlebsac gzamkvlevad gamoviyenebdiT, 
amitom kibosa da epigenetikaSi Cvens SedarebiT arasrulyofil 
codnas unda vendoT. erT-erTi sasargeblo aspeqti imis ganxilvaa, 
Tu rogor moqmedeben tandemSi histonuri da dnm modifikaciebi.

genomis yvelaze Zlier represirebul ubnebs dnm-is meTilirebis 
maRali doneebi aqvT da ukiduresad kompaqturia. dnm Zalian 
mWidrod aris daxveuli da gansakuTrebulad miuwvdomelia im 
fermentebisaTvis, romlebic genebis transkripcias awarmoeben. 
magram yvelaze mniSvnelovania kiTxva, rogor moxda am ubnebis aseTi 
Zlieri represia. modeli naCvenebia suraTze 11.3.

am modelSi movlenaTa mankieri ciklia, ris Sedegadac sul ufro 
represiuli mdgomareoba iqmneba. am modelis Tanaxmad, represiuli 
histonuri modifikaciebi izidaven dnm-is meTiltransferazebs, 
romlebic am histonebis maxloblad dnm-is meTilirebas 
axorcieleben. es meTilireba ki, Tavis mxriv, ufro met ferments 
izidavs, romlebic represiuli histonebis modifikacias awarmoeben, 
warmoiqmneba mudmivi cikli, rasac genebis eqspresiisTvis sul ufro 
metad arasasurveli ubnis Seqmnamde mivyavarT.

eqsperimentuli monacemebi asabuTeben, rom bevr SemTxvevaSi es 
modeli sinamdviles Seesabameba. represiul histonur modifikaciebs 
SeuZliaT satyuaras roli Seasrulon dnm-is meTilirebis simsivnis 
supresori genis promotorTan misazidad. amis naTeli magaliTia 
epigenetikuri fermenti, romelsac wina TavSi ukve SevxvdiT, mas 
EZH2 ewodeba. cila EZH2 meTilis jgufebs aminomJava lizins amatebs 
histon H3-is 27-e poziciaSi. es aminomJava cnobilia, rogorc H3K27. 
K _ lizinis erTasoiani kodia (L sxva aminomJavis kodia, romelsac 
leicini ewodeba).
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dnm-is gazrdili me-
 Tilireba ufro met

 ferments da qromatinis
remodelirebis komple-

 qsebs izidavs, romlebic
 histonebis modifikacias

awarmoeben

 qromatinuli
 remodelirebis kompleqsebi
 cvlian qromatinis daxvevis
 xarisxs, ris gamoc Semdgomi
 modifikaciebis albaToba
icvleba

histonuri modifikaciebi
izidavs dnm-meTiltransferazebs
da qromatinis remodelirebis kompleqsebs

mTlianad represirebuli 
qromosoma

sur. 11.3 sqematuri gamosaxuleba, Tu rogor urTierTqmedebs sxvadasxva saxis 
epigenetikuri modifikacia, qromosomis ufro mzardi represiis da mWidrod 
kondensirebuli ubnis Sesaqmnelad, ris Sedegadac ujreds metismetad 
uZneldeba am ubnis genebis eqspresia

H3K27-is meTilirebas TavisTavad SeuZlia daTrgunos genis 
eqspresia. Tumca ZuZumwovarTa zogierTi tipis ujredSi es 
histonuri meTilireba dnm meTiltransferazebs qromatinis imave 
ubnisken miizidavs26,27. dnm meTiltransferazebis ricxvSi Sedis 
DNMT3A da DNMT3B. es mniSvnelovania, radgan DNMT3A da DNMT3B 
SeuZliaT warmarTon procesi, romelic cnobilia, rogorc dnm-is de 
novo meTilireba anu maT sufTa (daumuSavebeli) dnm-is meTilireba da 
Zlier represirebuli qromatinis sruliad axali ubnebis warmoqmna 
SeuZliaT. amis Sedegad ujreds SeuZlia SedarebiT arastabiluri 
represiuli markeri (H3K27-is meTilireba) ufro stabilur dnm-is 
meTilirebad gardaqmnas.

sxva fermentebic aranakleb mniSvnelovania. fermenti saxel-
wodebiT LSD1 histonebidan meTilis jgufebs Slis _epigenetikuri 
modifikaciebis `saSlelia~28. amas gansakuTrebiT aqtiurad histon 
H3-is me-4 poziciaSi akeTebs (H3K4). H3K4 H3K27-is sapirispiroa, 
radgan rodesac H3K4 meTilis jgufebisgan Tavisufalia, genebi 
gamorTuli rCeba.
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arameTilirebul H3K4-s SeuZlia daikavSiros cilebi; erT-erT 
maTgans DNMT3L ewodeba. albaT, ar gagvikvirdeba, rom es cila 
DNMT3A-s da DNMT3B-s monaTesavea. DNMT3L Tavad ar axdens dnm-
is meTilirebas, magram DNMT3A-s da DNMT3B-s arameTilirebuli 
H3K4-isken izidavs. es dnm-is sruliad xeluxlebel ubanze misi 
stabiluri meTilirebis sxva gzis arsebobas uzrunvelyofs29.

sruli albaTobiT dasaSvebia, rom simsivnis supresori genebis 
promotorTan ganTavsebuli mravali histoni orive represiuli 
histonuri niSnis matarebelia _ meTilirebuli H3K27-is da 
arameTilirebuli H3K4-is, _ romlebic erTdroulad ufro Zlierad 
moqmedeben dnm meTiltransferazebze. 

rogorc EZH2-s, aseve LSD1-s aqtivoba kibos gansazRvruli 
formis dros izrdeba da maTi eqspresia TanafardobaSia kibos 
agresiulobasa da pacientTa sikvdilianobasTan30,31. arsebiTad, rac 
metia am fermentTa aqtivoba, prognozi miT uaresia.

maSasadame, histonuri modifikaciebisa da dnm-is meTilirebis 
gzebi urTierTqmedeben. amas nawilobriv mainc SeuZlia axsnas 
Tanamedrove epigenetikuri Terapiis erTi saidumlo. ratom aris, 
rom iseTi nivTierebebi, rogoricaa 5-azacitidini da SAHA, mxolod 
akontroleben da mTlianad ar anadgureben kibos ujredebs?

Cvens modelSi 5-azacitidiniT mkurnalobam SeiZleba dnm-is 
meTilireba daTrgunos, oRond mxolod im periodSi, roca pacienti 
preparats iRebs. samwuxarod, mraval simsivnis sawinaaRmdego 
preparats seriozuli gverdiTi efeqtebi aqvs da DNMT-s 
inhibitorebic gamonaklisebs ar warmoadgenen. sabolood es 
gverdiTi efeqtebi SeiZleba iseT problemad gadaiqces, rom pacientma 
preparatis miReba Sewyvitos. amis miuxedavad, daavadebulTa kibos 
ujredebs, albaT, isev SenarCunebuli aqvT histonuri modifikaciebi 
simsivnis supresor genebTan. rogorc ki pacienti 5-azacitidinis 
miRebas Sewyvets, es histonuri modifikaciebi, rasakvirvelia, 
TiTqmis maSinve iwyeben DNMT-s TiTqmis yvela fermentis mizidvas 
da genebis eqspresiis stabiluri represiis aRdgenas.

zogierTi mkvlevari klinikuri gamocdisas erTdroulad 
iyenebs 5-azacitidins da SAHA-s da am ciklSi CareviT isini dnm-is 
da histonebis epigenetikuri CaxSobis komponentebs arRveven. jer 
naTeli ar aris, warmatebuli iqneba Tu ara maTi mcdeloba. winaaRmdeg 
SemTxvevaSi SeiZleba vivaraudoT, rom histonuri acetilirebis 
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dabali doneebi dnm-is meTilirebis xelaxali stabilizaciisTvis 
did rols ar asrulebs. SesaZloa, amisaTvis ufro mniSvnelovani iyos 
im tipis specifikuri histonuri modifikaciebi, romlebic axlaxan 
aRvwereT. Tumca jer ar gvaqvs preparatebi sxva epigenetikuri 
fermentebis inhibirebisaTvis, amitomac am momentisaTvis hobson-is 
arCevaniT SemovifarglebiT, rac imas niSnavs, rom arCevani saerTod 
ar arsebobs. 

momavalSi SeiZleba DNMT-is inhibitorebis gamoyeneba aRarc 
dagvWirdes. kavSiri kibos dros dnm-is meTilirebasa da histonur 
modifikaciebs Soris absoluturi ar aris. Tu CpG kunZuli 
meTilirebulia, maSin mis qvemoT ganlagebuli geni gamorTuli 
iqneba. Tumca arsebobs simsivnis supresori genebic, romlebic 
ganlagebulia arameTilirebuli CpG kunZulebis Semdgom da 
iseTebic, romlebsac saerTod ara aqvT CpG kunZulebi. es genebi aseve 
represirdeba, oRond mxolod histonuri modifikaciebis wyalobiT32. 
es Jan pier isam warmoadgina hiustonis andersonis kibos centrSi 
da man epigenetikuri Terapiis klinikuri meTodebis damkvidrebaSi 
didi wvlili Seitana. am SemTxvevebSi, Tu inhibitorebis samizneebad 
Sesabamis epigenetikur fermentebs aRmovaCenT, albaT, simsivnis 
supresorebis reeqspresiis marTvas dnm-is meTilirebis saWiroebaze 
fiqris gareSec SevZlebT.

mZime zavi

aris Tu ara raRac gansakuTrebuli simsivnis supresor genebSi, 
romlebic epigenetikuri modifikaciebiT iTrgunebian? amis Taobaze 
ori sapirispiro Teoria arsebobs. pirvelis Tanaxmad, es genebi 
arafriT gamoirCevian da procesi sruliad SemTxveviTia. am modelSi 
drodadro simsivnis supresorebi SemTxveviT ganicdian anomalur 
epigenetikur modificirebas. Tu amis Sedegad genis eqspresia icvleba, 
maSin aseTi epigenetikuri modifikaciis mqone ujredebi mezobel 
ujredebTan SedarebiT ufro swrafad an ukeTesad izrdebian. es 
ujredebs upiratesobas aZlevs da isini garSemomyof ujredebs 
zrdaSi aswreben, TandaTan sul ufro met epigenetikur da genetikur 
cvlilebas agroveben, rac maT kidev ufro kancerogenurad gardaqmnis.

meore Teoriis Tanaxmad, simsivnis supresorebi, romlebic 
epigenetikurad represirdebian, rogorRac am procesis samizneebad 
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contrasting theories about this. The first is that there’s nothing 
special about these genes and the process is completely random. 
In this model, every once in a while a random tumour suppres-
sor gets abnormally modified epigenetically. If  this changes the 
expression of the gene, it may mean that cells with that epigenetic 
modification grow a bit faster or a bit better than their neighbours. 
This gives the cells a growth advantage and they keep outgrowing 
the cells around them, gradually accumulating more epigenetic 
and genetic changes that make them ever more cancerous.

The other theory is that the tumour suppressors that become 
repressed epigenetically are somehow targeted in this process. It’s 
not just random bad luck, these genes are actually at a higher 
than average risk of epigenetic silencing.

In recent years, as we’ve had the technology to profile the epi-
genetic modifications in more and more cell types, and at higher 
and higher resolutions, the field has shifted in favour of the sec-
ond model. There are a set of genes that seem to be rather prone 
to getting themselves switched off  epigenetically.

At first this seems incredibly counter-intuitive. Why on earth 
would billions of years of evolution leave us with cellular sys-
tems that render us prone to cancerous changes? Well, we have 
to put this in context. Most evolutionary pressures are connected 
with the drive to leave behind as many offspring as possible. For 
a human to reach reproductive age, it’s incredibly important that 
early development occur as efficiently as possible. After all, you 
can’t reproduce if  you never make it past the embryo stage. Once 
we’ve reached reproductive age and had the opportunity to repro-
duce, there is little to be gained in evolutionary terms in us staying 
alive for several decades afterwards.

Evolution has favoured cellular mechanisms that promote 
effective early growth and development, including the production 
of multiple different tissue types. Many of these tissue types con-
tain reservoirs of stem cells which are specific to that tissue. Our 
bodies need these for tissue growth as we mature, and for tissue 
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iqcevian. es mxolod garemoebaTa sabediswero damTxveva ar aris, 
sinamdvileSi am genebis epigenetikuri represiis riski ufro maRalia, 
vidre riskis saSualo maCvenebeli.

ukanasknel wlebSi, roca Cvens gankargulebaSi axali teqno-
logiebia sul ufro gansxvavebuli tipis ujredebSi epigenetikuri 
modifikaciebis TandaTan ufro zusti profilis dasadgenad, meore 
modelis mxares gadavixareT. arsebobs genebis mTeli nakrebi, 
romlebic rogorc Cans, epigenetikuri represiisken sxvebze ufro 
midrekilia. 

erTi SexedviT, es Zalian aralogikuri Cans _ rogor moxda, rom 
miliardobiT wlebis evoluciis Sedegad iseTi ujreduli sistemebis 
amara aRmovCndiT, romelTa wyalobiTac simsivnuri cvlilebebis 
mimarT ase mgrZnobiareebi varT? Tumca es sakiTxi konteqstSi unda 
ganvixiloT. evoluciuri wnexebis umravlesoba dakavSirebulia 
individis swrafvasTan, rac SeiZleba meti STamomavali datovos. 
adamianisTvis, romelmac reproduqciul asaks miaRwia, Zalze 
mniSvnelovania, rom misi adreuli ganviTareba SeZlebisdagvarad 
efeqturi iyos. bolos da bolos, ra reproduqciazea laparaki, Tu 
warsulSi embrionuli stadia ar gagivliaT? rogorc ki reproduqciul 
asaks mivaRwevT da reproduqciis SemTxveva mogvecema, evoluciuri 
TvalsazrisiT, amis Semdeg kidev ramdenime aTeuli weli sicocxle 
sulac aRar aris aucilebeli.

evolucia upiratesobas aniWebda ujredul meqanizmebs, romlebic 
adreul zrdas da ganviTarebas uzrunvelyofda, mravali sxvadasxva 
tipis qsovilis produqciis CaTvliT. qsovilebis am tipebidan bevri 
Seicavs Rerovani ujredebis marags, romelic TiToeuli qsovilisaTvis 
specifikuria. es ujredebi Cvens sxeuls qsovilebis zrdisTvis, 
momwifebisTvis da dazianebis Semdeg qsovilebis regeneraciisaTvis 
sWirdeba. sxvadasxva qsovilisTvis specifikuri Rerovani ujredebis 
bedi da identuroba epigenetikuri modifikaciebis daxvewili 
meqanizmebiT kontroldeba. genis eqspresiis kontrolisTvis 
epigenetikuri modifikaciebis gamoyenebisas ujredebi inarCuneben 
garkveul moqnilobas. magaliTad, maT aqvs SesaZlebloba, ufro 
specializebul ujredebad gardaiqmnan. albaT, kibos ganxilvisas 
kidev ufro mniSvnelovania is, rom epigenetikuri modifikaciebi 
saSualebas aZleven ujredebs daiyon da bevri Rerovani ujredi 
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warmoqmnan. swored amitom ar amoiwureba Cvens organizmSi kanis an 
Zvlis tvinis ujredebis maragi, Tundac 100 wlamde vicocxloT.

albaT, es moTxovna genis eqspresiis sqemebze, romlebic sulac 
ar aris qvaze amotvifruli, gaxlavT is mizezi, ris gamoc simsivnis 
supresori genebis epigenetikuri represia SemTxveviTi procesi ar 
aris. SeuZlebelia erTdroulad ori gziT viaroT. maregulirebeli 
sistemebi, romlebic ujredebs moqnilobas aniWebs, igive sistemebia, 
romlebic maT aiZuleben, arasworad moiqcnen. evoluciuri 
TvalsazrisiT, es is safasuria, romelsac Cveni ̀ sami daTvis zRapris~ 
scenarisaTvis vixdiT. epigenetikuri meqanizmebi gvarwmunebs, rom 
Cveni zogierTi ujredi sruliad pluripotenturi, an sruliad 
diferencirebuli ar aris. ufro swori iqneba, Tu vityviT, rom 
isini sadRac uodingtonis epigenetikuri landSaftis mwvervalis 
maxloblad irxevian, magram mzad arian, nebismier dros swrafad 
daeSvan qvemoT.

piter lerdma, romelic piter jonsis msgavsad, samxreT 
kaliforniis universitetSi muSaobs, simsivnur ujredebSi am 
sistemis dominos efeqti warmoadgina. misma gundma gaaanaliza 
simsivnur ujredebSi dnm-is meTilirebis sqemebi da gansakuTrebuli 
yuradReba gaamaxvila simsivnis supresori genebis promotorebze. 
simsivnis supresori genebi, romelTa histonebi embrionul Rerovan 
ujredebSi meTilirebuli iyo EZH2 kompleqsiT, dnm-is meTilirebis 
anomalur, Tormetjer ufro maRal dones aCvenebdnen, vidre genebi, 
romlebic EZH2-is samizneebi ar gaxdnen. piter lerdma Zalze 
moxdenilad aRwera es efeqti, roca ganacxada, rom ̀ genebis Seqcevadi 
represia Canacvlebulia maTi mudmivi `sailensingiT~, romelic 
ujreds mudmivi TviTganaxlebis mdgomareobaSi moaqcevs da amiT mas 
winaswar ganawyobs Semdgomi avTvisebiani transformaciisaTvis~33. es 
savsebiT Tanxvdeba ideas, rom kibos Rerovani ujredebis Tviseba 
aqvs. Tuki ujredebi Caketili iqnebian Rerovani ujredebis msgavs 
mdgomareobaSi, roca veRar SeZleben epigenetikuri landSaftis 
fskeris ujredebad diferencirebas, maSin isini Zalian saSiSi 
xdebian, radgan yovelTvis SeuZliaT daiyon da rac SeiZleba meti 
Tavisi msgavsi ujredi warmoqmnan. 

Jan pier isam genebi, romlebic epigenetikurad iTrgunebian msxvili 
nawlavis kibos dros, mekareebs Seadara. es ufro xSirad is genebia, 
romelTa normaluri funqciaa ujredebis dacva TviTganaxlebisgan 
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very dangerous because they will always be able to keep on divid-
ing to form yet more cells like themselves.

Jean-Pierre Issa has described the genes that are epigeneti-
cally silenced in colon cancer as the gatekeepers. They are fre-
quently genes whose normal role is to move the cells away from 
self-renewal, and into fully differentiated cell types. Inactivation 
of these genes in cancer locks the cells in a self-renewing stem 
cell-like state. This creates a population of cells that are able to 
keep dividing, keep accumulating further epigenetic changes and 
mutations, and keep inching towards a full-blown cancer state34.

When we visualise the cells in Waddington’s landscape, it’s 
quite difficult to visualise the ones that linger somewhere near 
the top. That’s because instinctively we know that that’s a really 
unstable place to be. A ball that has started rolling down a slope 
is always likely to keep going, unless something can hold it back. 
And even if  such a ball does come to a halt, there’s always the 
chance it will start moving again, rolling on down that hill.

What holds cells in this teetering position? In 2006, a group 
headed by Eric Lander at the Broad Institute in Boston, found 
at least part of the answer. A key set of genes in ES cells, the 
pluripotent cells we have come to know so well, were found to 
have a really strange histone modification pattern. These were 
genes that were very important for controlling if  an ES cell stayed 
pluripotent, or differentiated. Histone H3K4 was methylated at 
these genes, which normally is associated with switching on gene 
expression. H3K27 was also methylated. This is normally associ-
ated with switching off  gene expression. So, which modification 
would turn out to be stronger? Would the genes be switched on 
or off ?

The answer turned out to be both. Or neither, depending on 
which way we look at it. These genes were in a state called ‘poised’. 
Given the slightest encouragement – a change in culture condi-
tions that pushed cells towards differentiation for example – and 
one or other of these methylations was lost. The gene was fully 
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da maTi srulad gardaqmna diferencirebul ujredis tipebad. kibos 
dros am genebis daTrgunva ujredebs Rerovani ujredebisaTvis 
damaxasiaTebeli mudmivi ganaxlebis mdgomareobaSi blokavs. 
amis gamo warmoiqmneba ujredTa populacia, romelsac gayofis, 
Semdgomi epigenetikuri cvlilebebis da mutaciebis dagrovebis da 
TandaTanobiT srulmasStabian simsivnur mdgomareobaSi gadasvlis 
unari aqvs34. 

rodesac ujredebs uodingtonis landSaftSi gamovsaxavT, 
sakmaod Znelia iseTi ujredebis warmodgena, romlebic mwvervalTan 
axlos dayovndebian imitom, rom intuiciiT vgrZnobT _ es adgili 
aramdgradia. Tu burTulam daRmarTze daSveba daiwyo, moZraobas 
ganagrZobs, vidre raime ar Seakavebs. im SemTxvevaSic ki, Tu burTula 
gaCerdeba, yovelTvis rCeba imis Sansi, rom is mTis Zirisken moZraobas 
ganaaxlebs.

ra akavebs ujredebs aseT aramdgrad poziciaSi? 2006 wels 
mecnierTa jgufma bostonis broudis institutidan erik landeris 
xelmZRvanelobiT amaze nawilobriv pasuxi gasca. genebis mTavar 
nakrebs embrionul Rerovan ujredebSi, CvenTvis ase kargad nacnob 
pluripotentur ujredebSi, histonuri modifikaciebis marTlac 
ucnauri sqema aRmoaCnda. es is genebi iyo, romlebic Zalian 
mniSvnelovania imis gasakontroleblad, embrionuli Rerovani 
ujredebi pluripotenturebad darCebian Tu diferencirdebian. am 
genebSi meTilirebuli iyo histon H3K4, romelic Cveulebriv, genebis 
eqspresiis gaaqtivebasTan asocirdeba. aseve meTilirebuli aRmoCnda 
H3K27. igi, Cveulebriv, genebis eqspresiis gamorTvasTan asocirdeba. 
romeli modifikacia iqneboda aq ufro Zlieri? CarTuli iqneboda 
genebi Tu gamorTuli? 

kic da arac, an arc ki da arc ara, imis mixedviT, romeli mxridan 
SevxedavT am sakiTxs. es genebi imyofebodnen mdgomareobaSi, 
romelsac `gawonasworebuli~ ewodeba. sakmarisi iyo patara biZgi 
_ kultivirebis pirobebis cvlileba, imisaTvis, rom ujreds 
aerCia, magaliTad, diferenciaciis gza, _ da erT-erTi meTilireba 
ikargeboda. epigenetikuri modifikaciidan gamomdinare, geni srulad 
CairTveboda an Zlierad represirdeboda35.

kibos dros amas Zalian didi mniSvneloba aqvs. stiven beilini mesame 
mecnieria, piter jonsTan da Jan-pier isasTan erTad, romelmac didi 
wvlili Seitana imaSi, rom epigenetikuri Terapia realobad eqcia. man 
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aCvena, rom es gawonasworebuli histonuri modifikaciebi adreuli 
stadiis kibos Rerovan ujredebSia da marTlac mniSvnelovania kibos 
ujredebSi dnm-is meTilirebis sqemebis CamoyalibebisaTvis36.

cxadia, adgili aqvs sxva movlenebsac. mraval adamians kibo ar 
uviTardeba, ramdeni welic ar unda icocxlos. raRac gansakuTrebuli 
unda xdebodes im adamianSi, romelsac kibo uviTardeba, rac normalur 
Rerovan ujredebs aiZulebs, swor gzas ascdnen da gardaiqmnan ise, rom 
agresiuli da anomaluri proliferaciis mdgomareobaSi aRmoCndnen. 
Cven viciT, rom garemo did gavlenas axdens kibos ganviTarebis riskze 
(sakmarisia gavixsenoT, rogor izrdeba mwevelebSi filtvis kibos 
riski), Tumca CvenTvis cxadi ar aris, Tu rogor da sad gadaikveTeba 
garemo pirobebi da epigenetikuri procesebi. 

ar SeiZleba ar gaviTvaliswinoT iseTi aspeqtic, rogoric im 
adamianebis uiRblobaa, romlebic kiboTi avaddebian. albaT, TiToeul 
Cvengans axasiaTebs cilis doneebis, aqtivobisa da lokalizaciis 
SemTxveviTi ryevebi, romelTa samizneebs Cveni epigenetikuri 
kodebi, maTi wakiTxva, interpretacia da waSla warmoadgens. Tanac, 
aramakodirebeli rnm-ebic xom arsebobs. 

rogorc DNMT3A-s, ise DNMT3B-s i-rnm 3’-atr (3’UTR)-ze Seicavs 
damakavSirebel ubans mi-rnm-is ojaxisTvis, romelsac miR-29 ewodeba. 
Cveulebriv, es mi-rnm-ebi ukavSirdebian DNMT3A-s da DNMT3B-s 
i-rnm-is molekulebs da Trgunaven maT. filtvis kibos dros mi-
rnm-is done ecema da, Sesabamisad, DNMT3A-s da DNMT3B-s i-rnm-
is da Sesabamisad cilis eqspresia izrdeba. amis Sedegad matulobs 
simsivnis supresori genebis mgrZnobiare promotorebis de novo 
meTilireba37.

savsebiT SesaZlebelia, rom mi-rnm-ebsa da epigenetikur fermentebs 
Soris, romlebsac isini akontroleben, arsebobdes ukukavSiri, Tu 
am jaWvSi romelime komponentis regulacia dairRveva. es aZlierebs 
ujredSi kontrolis anomalur meqanizmebs da is momdevno mankier 
ciklamde mihyavs, rogorc es naCvenebia suraTze 11.4. am magaliTSi 
mi-rnm aregulirebs specifikur epigenetikur ferments, romelic 
Tavis mxriv, mi-rnm-is promotoris modifikacias iwvevs. am SemTxvevaSi 
epigenetikuri fermenti qmnis represiul modifikacias.
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represiuli modifikaciebis

momateba mi-rnm-is 

promotorze

mi-rnm-is 
daqveiTebuli doneebi

represiuli
epigenetikuri 
modificikaciis
fermentis
gazrdili doneebi

dadebiTi ukukavSiri

sur. 11.4. dadebiTi ukukavSiri, romelic gamudmebiT aqveiTebs mi-rnm-
is eqspresias. igi, Cveulebriv, im epigenetikuri fermentis eqspresias 
akontrolebs, romelic qromatinis represiul mdgomareobas qmnis.

 
kidev bevri ram unda gavigoT, Tu kiboTi daaavadebulTa 

samkurnalod epigenetikuri preparatebis Semdgomi Taobis 
ganviTareba gvinda. unda vicodeT, romeli preparati romeli 
daavadebisTvis aris saukeTeso da romel pacients moutans is 
yvelaze met sargeblobas. es amocana droulad unda gadavWraT, 
rom mravalricxovani klinikuri kvlevebis imedad ar davrCeT. 
yovel SemTxvevaSi, 5-azacitidinma da SAHA-m imis rwmena Segvmates, 
rom kibos dros epigenetikuri Terapia SesaZlebelia, Tumca mas 
srulyofa esaWiroeba.

rogorc Semdegi Tavidan SevityobT, epigenetikuri problemebi 
mxolod kiboTi ar Semoifargleba, magram samwuxarod, Cven isev 
Sors varT imis codnisagan, rogor unda gamoviyenoT epigenetikuri 
Terapia dasavluri samyaros udidesi klinikuri saWiroebis 
dasakmayofileblad _ fsiqikuri daavadebebis samkurnalod.
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yvelaferi gonebaSia 
goneba WeSmariti Semoqmedia, mas SeuZlia samoTxisgan 
jojoxeTi Seqmnas, jojoxeTisgan ki _ samoTxe
jon miltoni `dakarguli samoTxe~

erT-erTi yvelaze TvalsaCino literaturuli tendencia, 
romelic ukanasknel aTwleulSi sul ufro aRmavlobas ganicdis, 
`mtanjveli memuarebia~. am JanrSi moRvawe avtorebi bavSvobis mZime 
wlebs igoneben da imazec mogviTxroben, rogor gadalaxes yvela 
dabrkoleba da rogor gaxdnen warmatebuli da SeZlebuli adamianebi. 
es Janri SeiZleba or kategoriad davyoT: pirvel kategoriaSi Sedis 
moTxrobebi Raribebze, magram bednierebze _ `Cven araferi gvqonda, 
garda siyvarulisa~. meore, sadac siRaribezec SeiZleba iyos 
laparaki, ufro naRvlian ambebs aerTianebs. aq avtorebi bavSvobis 
SemaZrwunebel epizodebs mogviTxroben mSoblebis gulgrilobisa 
da Zaladobis Sesaxeb da amgvari memuarebis zogierTi wigni Zalian 
warmatebuli aRmoCnda. am kategoriis wignebs Soris, albaT, yvelaze 
cnobilia deiv pelceris wigni ̀ bavSvi, romelsac eZaxdnen ̀ igi”.  wigni 
eqvs welze met xans Sedioda `niu-iork Taimsis~ bestselerTa siaSi.

aseTi literaturiT mkiTxvelTa cxoveli dainteresebis mizezi, 
albaT, gaWirvebasa da ubedurebaze gamarjvebis suliskveTebaa. 
rogorc Cans, mkiTxvels gulTan axlos miaqvs im adamianebis 
istoriebi, romlebic miuxedavad imisa, rom maTi cxovreba ase 
saSinlad daiwyo, bolos bednier da warmatebul individebad 
Camoyalibdnen. Cven aRtacebas gamovxatavT maT mimarT, romlebmac 
`miuxedavad yvelafrisa~ gamarjveba moipoves. 

es movlena raRac mniSvnelovanze migvaniSnebs. Cven, rogorc 
sazogadoebis wevrebi, miviCnevT, rom adreuli bavSvobis movlenebi 
Rrma gavlenas axdens zrdasrul cxovrebaze. garda amisa, vTvliT, 
rom adreuli travmebis Sedegebis daZleva Zalian rTulia, xolo 
rogorc mkiTxvelebi, warmatebiT gadarCenilebs vafasebT, radgan 
vxvdebiT, rom sinamdvileSi ase SedarebiT iSviaTad xdeba.
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Cveni varaudebi sruliad gamarTlebulia, iseve, rogorc simarTlea 
is, rom adreul bavSvobaSi miRebul saSinel emociebs SeuZlia 
dramatuli gavlena moaxdinos zrdasruli adamianis cxovrebaze. 
am urTierTkavSiris Sefasebis bevri meTodi arsebobs da sxvadasxva 
kvleviT miRebuli zusti monacemebi SesaZloa gansxvavebuli iyos. 
Tumca zogi tendencia mainc gamoikveTeba. TviTmkvlelobis riski 
samjer metia im zrdasrulebSi, romlebic bavSvobaSi ufrosebis 
mxridan Zaladobis an gulgrili damokidebulebis msxverplni 
iyvnen, vidre mTel mosaxleobaSi. maTi 50%-ze meti seriozuli 
depresiiT itanjeba da am daavadebisgan Tavis daRweva Zalian uWirT. 
zrdasrulebi, romlebmac bavSvobaSi uyuradReboba an sisastike 
gamoscades, iseTi seriozuli daavadebebis ganviTarebis maRali 
riskis jgufSi Sedian, rogoricaa: Sizofrenia, kvebiTi moSliloba, 
pirovnebis Secvla, bipolaruli daavadeba (maniakuri depresia) da 
generalizebuli SiSi. garda amisa, isini, savaraudod, narkotikebis 
an alkoholisadmi midrekilebic arian1.

sastiki da gulgrili damokidebuleba bavSvebisadmi, udavod, 
SemdgomSi ganviTarebuli fsiqonevrologiuri darRvevebis erT-
erTi didi risk-faqtoria. Cven, rogorc sazogadoebis wevrebi, ise 
varT amaSi darwmunebuli, rom kiTxvasac ar vsvamT _ ratom xdeba 
ase? es TiTqos TavisTavad igulisxmeba, magram ase ar aris. rogor 
SeiZleba, vTqvaT, ori wlis manZilze momxdari movlenebi ramdenime 
aTeuli wlis Semdeg aseT damangrevel Sedegebs iwvevdes? 

erT-erTi axsna, romelic yvelaze xSirad gvesmis xolme, is aris, 
rom adreuli cxovrebiseuli gamocdileba bavSvebs `fsiqologiur 
zians~ ayenebs. es simarTlea, Tumca aseTi ganmarteba usargebloa. 
usargeblo ki im mizeziT aris, rom fraza `fsiqologiuri ziani~ 
sulac ar gaxlavT axsna, es aRweraa. is savsebiT damajereblad JRers, 
magram sinamdvileSi arafers gveubneba.

am problemiT dainteresebuli nebismieri mecnieri moindomebs am 
aRwerilobis sxva doneze gamokvlevas. ra molekuleuri movlenebi 
udevs safuZvlad am fsiqologiur travmas? ra xdeba Seuracxyofili 
da ugulebelyofili bavSvebis tvinSi, rac mozrdilobaSi maT ase 
mgrZnobiares xdis fsiqikuri darRvevebisadmi.

zogjer sxva disciplinebis warmomadgenlebi, romlebic sxva 
konceptualuri sistemebiT moqmedeben, aseTi midgomis winaaRmdegi 
arian da es sakmaod ucnauria. Tu ar SevTanxmdebiT, rom biologiur 
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movlenas molekuluri safuZveli aqvs, ras mivaRwevT? religiur 
adamians SeuZlia suls mianiWos upiratesoba, froidis mimdevari 
Terapevti ki fsiqikas moixmobs, magram orive mosazreba Teoriulia, 
gansazRvruli fizikuri bazisis gareSe. aseTi samodelo sistemis 
aRiareba, sadac hipoTezis eqsperimentuli Semowmeba SeuZlebelia, rac 
yvela samecniero kvlevis qvakuTxedia, mecnierTa umetesobisaTvis 
miuRebelia. Cven upiratesobas vaniWebT im meqanizmebis gamokvlevas, 
romlebsac fizikuri safuZveli aqvT, vidre ararsebul scenarebs, 
sadac, raRac arsebobs, rac, ase Tu ise, Cveni nawilia, Tumca 
fizikurad ar arsebobs.

aman SeiZleba kulturuli konfliqti gamoiwvios, magram misi 
mizezia gaugebroba. mecnieri Tvlis, rom nebismier Sesaswavl movlenas 
fizikuri safuZveli unda hqondes. am Tavis Temas rac Seexeba, Cvens 
mier SemoTavazebuli hipoTeza imaSi mdgomareobs, rom adreuli mZime 
bavSvobis gamocdileba ganviTarebis kritikuli periodebis dros 
tvinis zogierT fizikur aspeqts cvlis, es ki, Tavis mxriv, zrdasrul 
asakSi fsiqikuri janmrTelobis darRvevebis albaTobas zrdis. es 
meqanisturi axsnaa. rasakvirvelia, mas detalebi aklia, romelTagan 
zogierTs ukve am TavSi SevavsebT. xSirad meqanisturi ganmartebebi 
Cveni sazogadoebis mier usiamovnod aRiqmeba, radgan metismetad 
deterministulad JRers. meqanisturi ganmartebebis interpretacia 
arasworad xdeba xolme da gulisxmobs, rom adamianebi arsebiTad 
robotebi arian, romlebic SezRudulebi da daprogramebulebi arian, 
romlebsac mxolod konkretul gamRizianeblebze gansazRvruli 
pasuxis gacema SeuZliaT. 

Tumca es sulac ar aris ase. Tu sistema sakmaod moqnilia, 
maSin erTi gamRizianebeli erTsa da imave Sedegs ar unda iwvevdes. 
yvela bavSvi, romelic Zaladobis da gulgrilobis msxverpli iyo, 
zrdasrul asakSi ubeduri da avadmyofi ar aris. am fenomens SeiZleba 
hqondes meqanisturi, magram ara deterministuli safuZveli. 

adamianis tvini sakmarisad moqnilia imisaTvis, rom bavSvobis 
erTnair gamocdilebaze zrdasrul asakSi sxvadasxva reaqcia 
gamoavlinos. Cvens tvinSi asi miliardi nervuli ujredia (neironi). 
TiToeuli neironi aTeulobiT aTas sxva neirons ukavSirdeba, ris 
Sedegadac gansacvifrebeli samganzomilebiani meseri iqmneba. am 
meserSi aTasi trilioni anu 1 000 000 000 000 000  (kvadrilioni) 
kavSiria. amis warmodgena Zalian Znelia, amitom vizualurad 
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grid therefore contains a thousand trillion connections – that’s 
1,000,000,000,000,000 (a quadrillion). It’s hard to imagine this, 
so let’s visualise each connection as a disc that’s 1mm thick. Stack 
up the quadrillion discs on top of each other and they will reach 
to the sun (which is ninety-three million miles from the earth) and 
back, three times over.

That’s a lot of connections, so it’s perfectly possible to imag-
ine that our brains have a lot of flexibility. But the connections 
are not random. There are networks of cells within the giant grid 
which are more likely to link to each other than to anywhere else. 
It’s this combination of huge flexibility, but constrained within 
certain groupings, that is compatible with a system that is mecha-
nistic but not entirely deterministic.

The child is (epigenetically) father to the man

The reason scientists have hypothesised that the adult sequelae 
of early childhood abuse may have an epigenetic component is 
that we’re dealing with scenarios where a triggering event con-
tinues to have consequences long after the trigger itself  has dis-
appeared. The long-term consequences of childhood trauma 
are very reminiscent of many of the effects that are mediated by 
epigenetic systems. We have seen some examples of this already. 
Differentiated cells remember what cell type they are, even after 
the signal that told them to become kidney cells or skin cells has 
long since vanished. Audrey Hepburn suffered from ill-health her 
whole life because of the malnutrition she suffered as a teenager 
during the Dutch Hunger Winter. Imprinted genes get switched 
off  at certain stages in development, and stay off  throughout the 
rest of life. Indeed, epigenetic modifications are the only known 
mechanism for maintaining cells in a particular state for excep-
tionally long periods of time.

The hypothesis that epigeneticists are testing is that early 
childhood trauma causes an alteration in gene expression in the 
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TiToeuli es SeerTeba 1 mm sisqis  diskad unda gamovsaxoT. Tu 
aseT kvadrilion disks erTmaneTze svetebad davawyobT, samjer 
mivwvdebiT mzes (romelic dedamiwas oTxmocdacameti milioni miliT 
aris  daSorebuli) da ukanac davbrundebiT.

es marTlac uamravi kavSiria, amitomac sul ar aris Zneli imis 
war modgena, rom Cvens tvins SesaSuri moqniloba aqvs. Tumca yvela 
kavSiri SemTxveviTi ar aris. am gigantur meserSi aris ujredTa 
gansazRvruli qselebi, romlebic mxolod erTmaneTTan dakavSirebas 
cdiloben da ara sxva ramesTan. swored gansakuTrebuli moqnilobis 
da ujredTa gansazRvrul dajgufebaTa Serwymis Sedegad iqmneba aseTi 
sistema, romelic meqanisturia, magram mTlianad deterministuli 
ar aris.

bavSvi (epigenetikurad) zrdasruli adamianis 
mSobelia

mecnierebis mier daSvebuli varaudis mizezi, rom mozrdili 
bavSvobaSi gadatanili Zaladobis Sedegebs imkis, radgan mas 
SesaZloa raRac epigenetikuri komponenti edos safuZvlad, imiT 
aixsneba, rom Cven vxvdebiT pirobebSi, sadac es movlena `gamSvebis~ 
rols asrulebs da misi gavlena grZeldeba, Tumca Tavad movlenis 
moqmedeba didi xnis win damTavrda. bavSvobaSi gadatanili travmebis 
grZelvadiani Sedegebi Zalian gvagonebs epigenetikuri sistemebiT 
ganpirobebul movlenebs. amis ramdenime magaliTi ukve ganvixileT. 
diferencirebuli ujredebi imaxsovreben, romeli tipis ujredebs 
miekuTvnebian isini, signalis moqmedebis Sewyvetidan didi xnis 
Semdegac ki, romelic maT ubiZgebs Tirkmlis an kanis ujredebad 
gardaiqmnan. odri hepberni mTeli cxovreba sust janmrTelobas 
uCioda mozardobisas, holandiuri mSieri zamTris dros gadatanili 
SimSilis gamo. imprintinguli genebi ganviTarebis garkveul 
stadiebze iTrgunebian da adamianis mTeli sicocxlis manZilze 
ase rCebian. sinamdvileSi epigenetikuri modifikaciebi erTaderTi 
cnobili meqanizmia, romelic ujreds drois gansakuTrebulad 
xangrZliv periodebSi gansazRvrul mdgomareobaSi inarCunebs.

epigenetikosebis hipoTeza gveubneba, rom adreul bavSvobaSi 
gadatanili travma tvinSi genebis eqspresiis Secvlas iwvevs da 
es cvlilebebi an amoqmeddebian an SenarCundebian (an orive) 
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epigenetikuri meqanizmebiT. genebis eqspresiaSi epigenetikurad 
ganpirobebuli anomaliebi zrdasrulebSi fsiqikur daavadebaTa 
mimarT maRali riskiT winaswar ganwyobas iwvevs. 

ukanasknel wlebSi mecnierebma daiwyes im monacemebis Segroveba, 
romlebic adastureben, rom es ufro metia, vidre ubralod mim-
zidveli hipoTeza. epigenetikuri cilebi mniSvnelovan rols 
asruleben adreuli travmebis Sedegebis programirebaSi da amasTan, 
isini monawileoben mozrdilTa depresiis, narkotikebze damokide-
bulebisa da `normaluri~ mexsierebis Camoyalibebis procesebSic.

am sferoSi Catarebuli mravali kvlevis yuradRebis centrSi 
aRmoCnda hormoni saxelwodebiT kortizoli. igi Tirkmelzeda 
jirkvlebSi gamomuSavdeba, romlebic Tirkmelebis mimdebaredaa 
ganlagebuli. kortizoli stresis sapasuxod gamomuSavdeba. rac 
ufro met stress ganvicdiT, miT met kortizols gamovimuSavebT. 
bavSvobaSi travmirebul zrdasrul individebs kortizolis 
produqciis saSualo done ufro maRali aqvT, im SemTxvevaSic ki, 
rodesac hormonuli analizis dros isini janmrTelebi iyvnen2,3. 
es imas adasturebs, rom bavSvobaSi ZaladobiT an uyuradRebobiT 
travmirebul zrdasrulebs TanatolebTan SedarebiT stresuli 
doneebis maRali foni aqvT. maTi sistemebi qronikuli stresis qveS 
aris. fsiqikuri daavadebebis ganviTareba mraval SemTxvevaSi, albaT, 
kibos ganviTarebas waagavs. bevri sxvadasxva faqtoris cvlileba unda 
moxdes molekulur doneze, rom individs klinikuri mdgomareoba 
ganuviTardes. bavSvobaSi travmirebul zrdasrulebSi qronikuli 
stresis doneebi maT sul ufro aaxloebs am kritikul zRurblTan. 
es ki daavadebisadmi winaswar ganwyobas zrdis. 

rogor xdeba kortizolis zeeqspresia? es im movlenaTa Sedegia, 
romlebic Tirkmelebisgan moSorebiT, Cvens tvinSi xdeba. aq 
signalebis mTeli kaskadia CarTuli. tvinis erT ubanSi warmoqmnili 
qimiuri nivTierebebi mis sxva ubnebze moqmedebs. es ubnebi, Tavis 
mxriv, sapasuxod sxva qimiur nivTierebebs gamoimuSaveben da procesi 
grZeldeba. sabolood, romelime qimiuri nivTiereba tvins tovebs, 
Tirkmelzeda jirkvlebs signals gadascems da isini kortizols 
warmoqmnian. mZime bavSvobis periodSi es sasignalo sistema Zalian 
aqtiuria. Zaladobas gadarCenil bevr zrdasrulSi es sistema 
agrZelebs signalebis gadacemas, TiTqos pirovneba kvlav travmul 
situaciaSi imyofebodes. es SeiZleba centraluri gaTbobis sistemas 
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to pump out heat in August, based on the weather from the previ-
ous February.

The process starts in a region of the brain called the hippoc-
ampus, which gets its name from the ancient Greek term for sea-
horse, it being shaped a little like this creature. The hippocampus 
acts as a master switch in controlling how much the cortisol sys-
tem becomes activated. This is shown in Figure 12.1. In this fig-
ure, a plus symbol indicates that one event acts to stimulate the 
next link in the chain. A minus symbol shows the opposite effect, 
where one event decreases the level of activity of the next event 
in the chain.

Because of changes in the activities of the hippocampus in 
response to stress, the hypothalamus produces and releases 
two hormones, called corticotrophin-releasing hormone and 

Figure 12.1 Signalling events in response to stress set up a cascade of events 
in selected regions of the brain that ultimately result in release of the stress 
hormone cortisol from the adrenal glands. Under normal circumstances, this 
system is controlled by a set of negative feedback loops that act to dampen 
down and limit the activation of the stress response pathways.
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SevadaroT, sadac Termostati ar muSaobs da agvistos sicxeSi 
qvabi radiatorebSi cxeli wylis miwodebas agrZelebs, TiTqos isev 
Tebervali iyos.

procesi tvinis ubanSi iwyeba, romelsac hipokami ewodeba. es 
termini ZvelberZnuli enidan warmodgeba da `zRvis cxens~ niSnavs, 
radgan formiT am arsebas waagavs. hipokampi CamrTvelis rols 
asrulebs, romelic akontrolebs, ramdenad aqtiuria kortizolis 
gamomuSavebis sistema. es naCvenebia suraTze 12.1. masze plius niSniT 
aRniSnulia SemTxvevebi, roca erTi movlena am jaWvis momdevno 
rgolis gaaqtivebas iwvevs, xolo minusiT _ sapirispiro movlenebi, 
roca erTi SemTxveva jaWvis momdevno rgolebis aqtiurobis dones 
aqveiTebs.

struqtura ras gamoimuSavebs is

hipokampi
(tvinSi)

hipoTalamusi kortikotropinis
(tvinSi)  gamaTavisuflebeli
  hormoni da arginin-vazopresini

hipofizi adrenokortikotropuli   
(tvinSi)  hormoni

Tirkmelzeda kortizoli
jirkvali

sur. 12.1. sasignalo sistema stresis sapasuxod movlenaTa mTel jaWvs iwvevs 
tvinis konkretul ubanSi, romelsac sabolood Tirkmelzeda jirkvlidan 
stresuli hormonis kortizolis gamoyofamde mivyavarT. normalur pirobebSi 
es sistema kontroldeba uaryofiTi ukukavSiris principiT, romlebic stresze 
reaqciis gaaqtivebas Trgunaven da akaveben.
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stresis sapasuxod hipokampis aqtivobis cvlilebebis gamo 
hipoTalamusi warmoqmnis da gamoyofs or hormons: kortikotropin-
gamaTavisuflebel hormons da vazopresins. es ori hormoni 
astimulirebs hipofizs, romelic sapasuxod gamoyofs nivTierebas, 
adrenokortikotropul hormons da igi sisxlis mimoqcevis sistemaSi 
xvdeba. rodesac Tirkmelzeda jirkvlebis ujredebSi es hormoni 
moxvdeba, isini kortizols gamoyofen. 

am sistemaSi `Wkviani~ meqanizmia CaSenebuli. kortizoli 
sisxlis mimoqcevis sistemiT mTel organizmSi cirkulirebs, misi 
nawili ki tvinSi brundeba. Cvens suraTze gamosaxul tvinis am sami 
struqturidan TiToeulSi aris kortizolis amomcnobi receptorebi. 
roca kortizoli am receptorebs ukavSirdeba, warmoiqmneba 
signali, romelic am struqturebs `simSvidisaken mouwodebs~. es 
gansakuTrebiT mniSvnelovania hipokamisTvis, radganac swored 
am struqturas SeuZlia gaagzavnos sasignalo sistemis yvela sxva 
nawilis aqtivobis damaqveiTebeli signalebi. es aris uaryofiTi 
ukukavSiris klasikuri magaliTi. kortizoli brundeba sxvadasxva 
qsovilSi da saboloo jamSi misi warmoqmna qveiTdeba. swored amis 
gamo vicilebT Tavidan mudmiv zedmetad daZabul mdgomareobas. 

Tumca viciT, rom bavSvobaSi travmirebuli zrdasrulebi, faq-
tobrivad, zedmetad daZabulni arian. isini gamudmebiT gamoimuSaveben 
metismetad bevr kortizols. maSasadame, maTi uaryofiTi uku-
kavSiris meqanizmSi raRac Secdomaa. axlaxan Catarebulma 
kvlevebma adamianebis jgufze es varaudi daamtkices. eqsperimentis 
msvlelobaSi Seiswavleboda kortikotropin-gamaTavisuflebeli 
hormonis doneebi siTxeSi, romliTac garSemortymulia Tavisa 
da zurgis tvini. rogorc varaudobdnen, kortikotropin-gamaTa-
visuflebeli hormonis done ufro maRali aRmoaCndaT bavSvobaSi 
fsiqikurad travmirebul individebs imaTTan SedarebiT, romlebic 
travmirebulebi ar yofilan. es im pirebsac exeboda, romlebic 
eqsperimentis dros janmrTelebi iyvnen4,5. vinaidan Zalian Znelia 
adamianSi am urTierTkavSiris srulad gamokvleva, bevri mniSvnelovani 
aRmoCena am sferoSi gakeTda cxovelTa gansazRvruli mdgomareobebis 
modelebis gamoyenebiT da Semdgom, sadac es SesaZlebeli iyo, maTi 
korelaciiT adamianebis CvenTvis cnobil SemTxvevebTan.
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mSvidi virTagvebi da uwyinari Tagvebi

erT-erTi sasargeblo modeli virTagvebis mier dedobrivi 
mzrunvelobis gamovlenis Seswavlas emyareboda. sicocxlis pirvel 
kviras patara virTagvebi moiTxoven, rom dedam galokos da mouaros. 
zogi deda virTagva bunebiT dajildoebulia mzrunvelobis unariT, 
zogi ki _ naklebad. Tu deda mzrunvelia, is am unars yvela Taobis 
mimarT amJRavnebs da, piriqiT, Tu deda  pasiuria _ ar lokavs, ar 
uvlis STamomavlobas, maSin misi yvela nayari moklebulia zrunvas. 

dedebis am ori gansxvavebuli jgufis ukve zrdasrul da 
damoukidebel Taobaze Catarebulma dakvirvebebma saintereso 
Sedegebi aCvena. rodesac ukve zrdasruli virTagvebi zomierad 
stresul situaciaSi aRmoCdnen, ufro mSvidad iyvnen isini, 
romlebzec ufro zrunavdnen. is virTagvebi ki, romlebic SedarebiT 
moklebulni iyvnen `dedis siyvaruls~, zomier streszec Zalian 
mwvaved reagirebdnen. anu, virTagvebi, romelTa mimarT deda ufro 
met yuradRebas iCenda, Tavis zrdasrul asakSi ufro mSvidebi iyvnen.

mkvlevrebma Caatares eqsperimentebi, romelTa msvlelobaSic 
axalSobili virTagvebi `kargi~ dedebisgan `cud~ dedebTan 
gadahyavdaT da piriqiT. am eqsperimentebma aCvenes, rom zrdasruli 
individebis saboloo reaqciebi stresze mTlianad aris damokidebuli 
maTi sicocxlis pirvel kviras miRebul siyvarulze da zrunvaze. 
patara virTagvebi, romlebic naklebad mzrunvelma dedebma gaaCines, 
zrdasrulobaSi savsebiT mSvidebi iyvnen, Tu isini mzrunvel 
dedobilebTan izrdebodnen. 

zrdasrul, mzrunvelobaSi aRzrdil virTagvebze zomieri 
gamRizianeblebis gavleniT maTi qcevis  Seswavlisas dabali stresuli 
doneebi gamovlinda. garda amisa, akvirdebodnen maT hormonul 
doneebs da Sedegebi savsebiT mosalodneli aRmoCnda. mSvid virTagvebs 
hipoTalamusSi kortikotropin-gamaTavisuflebeli hormonis, xolo 
sisxlSi adrenokortikotropuli hormonis dabali doneebi hqondaT. 
maTi kortizolis doneebic dabali iyo im cxovelebTan SedarebiT, 
romlebic naklebi mzrunvelobiT iyvnen garemoculni.

ZiriTadi molekuluri faqtori, romelic `kargad” (an 
mzrunvelobiT) aRzrdil virTagvebSi stresze reaqcias aqveiTebda, 
maT hipokampSi kortizolis receptoris eqspresia iyo. am virTagvebSi 
receptoris eqspresia maRali iyo. amis Sedegad hipokampis ujredebi 
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Zalian efeqturad iWerdnen kortizolis mcire raodenobasac ki da 
mas, rogorc `gamSvebs~ iyenebda hormonebis gamoyofis Sesakaveblad, 
uaryofiT ukukavSiris principiT.

am kvlevebma daadastura, rom patara virTagvebisTvis Zalze 
mniSvnelovani dedobrivi mzrunvelobis periodis damTavrebidan 
mravali Tvis Semdegac kortizolis receptoris doneebi hipokampSi 
maRali rCeboda. arsebiTad, movlenebi, romlebic dabadebidan 
mxolod Svidi dRis manZilze aRiniSneboda, virTagvaze gavlenas 
axdenda  mTeli sicocxlis manZilze. 

mizezi, ris gamoc es gavlena aseTi xangrZlivi aRmoCnda, sawyisi 
stimulia _ dedis alersi da zrunva, romelmac dasabami misca 
movlenaTa jaWvs, ramac kortizolis receptoris epigenetikur 
cvlilebebamde migviyvana. es cvlilebebi ganviTarebis Zalian 
adreul  stadiebze moxda, rodesac tvini yvelze `plastikuri~ iyo. 
plastikurobis qveS im mdgomareobas vgulisxmobT, roca martivad 
SeiZleba genebis eqspresiis sqemebis da ujreduli aqtivobis 
modificireba. rodesac cxovelebi zrdasrulebi xdebian, es sqemebi 
ucvleli rCeba. ai, ratom aris virTagvebisaTvis aseTi mniSvnelovani 
pirveli kvira. 

cvlilebebi, romlebic am dros xdeba, naCvenebia suraTze 12.2. Tu 
patara virTagvebs lokaven da maTze zrunaven, maT gamoumuSavdebaT 
serotonini _ keTildReobis SegrZnebis erT-erTi qimiuri nivTiereba 
ZuZumwovarTa tvinSi. igi astimulirebs epigenetikuri fermentebis 
eqspresias hipokampiSi, rac sabolood kortizolis receptoris 
genze dnm-is meTilirebis daqveiTebas iwvevs. dnm-is meTilirebis 
dabali doneebi dakavSirebulia genis eqspresiis maRal doneebTan. 
maSasadame, kortizolis receptori maRali doneebiT eqspresirdeba 
hipokampiSi, rac virTagvebis simSvidis SenarCunebas uzrunvelyofs6.

es Zalian saintereso modelia imis asaxsnelad, adreuli 
cxovrebis movlenebs rogor SeuZliaT imoqmedon qcevaze didi xnis 
Semdegac, magram nakleb savaraudoa, rom mxolod erT epigenetikur 
cvlilebas _ Zalze mniSvnelovani genis dnm-is meTilirebis doneebs 
tvinis kritikul ubanSi _ SeuZlia erTaderTi pasuxi gagvces. zemoT 
aRwerili eqsperimentidan xuTi wlis Semdeg mkvlevarTa sxva jgufma 
gamoaqveyna moxseneba. maT aseve aCvenes epigenetikuri cvlilebebis 
mniSvneloba, magram ukve sxva genSi.
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es jgufi iyenebda adreuli cxovrebis stresis models Tagvebze. 
am modelSi wruwunebs dabadebidan pirveli aTi dRis manZilze 
yoveldRiurad sami saaTiT aSorebdnen TavianT dedebs. mzurnvelobas 
moklebuli patara virTagvebis msgavsad, es wruwunebic `maRal-
stresul” zrdasrulebad viTardebodnen. am Tagvebsac, uyuradRebod 
aRzrdili virTagvebis msgavsad, momatebuli hqondaT kortizolis 
done, gansakuTrebiT, msubuqi stresis sapasuxod.

dedis mzrunvelobis 
qveS myofi patara 
virTagva

daqveiTebulia dnm-is 
meTilireba, rac iwvevs 
kortizolis receptoris 
eqspresiis momatebas

serotoninis, `bednierebis~ 
neirotransmiteris, 
momatebuli produqcia 
tvinSi

mSvidi virTagva

histonebis acetilireba 
iwvevs qromatinis 
relaqsaciis ganviTarebas. 
dnm-is meTilacia qreba

serotonini agzavnis signals 
hipokampSi histonebis 
acetilirebis fermentis (HAT) 
warmoqmnis gasazrdelad

HAT ukavSirdeba 
kortizolis receptoris 
gens da umatebs acetilis 
jgufebs histonur cilebs

sur.12.2 dedis aqtiuri zrunva STamomavlobaze molekuluri movlenebis jaWvs 
iwvevs, ris Sedegadac imatebs kortizolis receptoris genis eqspresia tvinSi. 
eqspresiis aseTi momateba SesaZleblobas aZlevs tvins Zalian efeqturad 
upasuxos kortizolis arsebobas da daaqveiTos reaqcia stresze uaryofiTi 
ukukavSiris principiT, rac gamosaxulia suraTze 12.1. 

mkvlevrebi, romlebic Tagvebze muSaobdnen, swavlobdnen arginin-
vazopresinis gens. arginin-vazopresini gamoiyofa hipoTalamusis 



243

12. yvelaferi gonebaSia

mier da hipofizidan mis sekrecias astimulirebs. es naCvenebia 
suraTze 12.1. stresis qveS myofi Tagvebs, romlebsac sicocxlis 
dasawyisSi dedebs aSorebdnen, aReniSnebodaT arginin-vazopresinis 
genis dnm-is meTilirebis daqveiTeba. amis Sedegad imatebda arginin-
vazopresinis produqcia, rac stresze reaqcias astimulirebda7.

virTagvebze da Tagvebze Catarebuli eqsperimentuli kvlevebi 
ori mniSvnelovani daskvnis safuZvels gvaZlevs. pirveli, rodesac 
sicocxlis dasawyisSi momxdar movlenebs zrdasrulebSi stresamde 
mivyavarT, albaT, amaSi CarTulia erTze meti geni. kortizolis 
receptoris gensac da arginin-vazopresinis gensac SeuZliaT 
mRrRnelebis am fenotipze zemoqmedeba.

meore, kvlevebma aseve gviCvena, rom epigenetikuri modifikaciebis 
gansazRvruli klasi TavisTavad kargi an cudi ar aris. mTavaria, 
sad xdeba es modifikacia. virTagvebis modelSi kortizolis genis 
receptoris dnm-is meTilirebis daqveiTeba `kargia~, radgan es am 
receptoris produqciis gazrdas da, zogadad, stresze reaqciis 
daqveiTebas iwvevs. Tagvebis modelSi ki arginin-vazopresinis genis 
dnm-is meTilirebis daqveiTeba `cudia~, radgan mas am hormonis 
eqspresiis gazrdis da stresze reaqciis stimulaciisken mivyavarT.

arginin-vazopresinis genis dnm-is meTilirebis daqveiTeba 
Tagvebis modelSi sul sxva gziT xdeba, vidre is, rac virTagvebis 
modelSia gamoyenebuli hipokampSi kortizolis receptoris genis 
gaaqtivebisas.

Tagvebze kvlevebSi dedisgan moSoreba maTi hipoTalamusis 
neironebis gaaqtivebas iwvevda. es rTavda sasignalo kaskads, 
romelic cila MeCP2-ze moqmedebda. cila MeCP2, romelsac me-4 
TavSi SevxvdiT, ukavSirdeba meTilirebul dnm-s da xels uwyobs genis 
eqspresiis daTrgunvas. es igive genia, romelic mutacias ganicdis 
mZime nevrologiuri darRvevis da retis sindromis dros. edrian 
berdma aCvena, rom cila MeCP2 metismetad aqtiurad eqspresirdeba 
neironebSi8.

Cveulebriv, cila MeCP2 arginin-vazopresinis genis meTilirebul 
dnm-s ukavSirdeba. axalSobil wruwunebSi stresis dros zemo 
abzacSi naxsenebi sasignalo kaskadi cila MeCP2-ze mcire qimiur 
jgufs amatebs, romelsac fosfati ewodeba da amis gamo cila 
MeCP2 arginin-vazopresinis gens mocildeba. MeCP2-is erT-erTi 
mniSvnelovani funqcia is aris, rom miizidos sxva epigenetikuri 
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cilebi im ubanSi, sadac igi gens ukavSirdeba. es is cilebia, romlebic 
urTierTqmedeben erTmaneTTan da genomis mocemul ubans sul ufro 
met represiul markerebs amateben. rodesac fosforilirebuli 
MeCP2 moSordeba arginin-vazopresinis gens, igi cota xniT kargavs 
am sxvadasxva epigenetikuri cilebis mizidvis unars. amis Sedegad 
ki qromatini kargavs Tavis represiul markerebs. samagierod, masze 
gamaaqtivebeli modifikaciebi ganTavsdeba, rogoricaa histonuri 
acetilirebis maRali doneebi. sabolood, dnm-is meTilirebac ki 
samudamod `ikargeba~.

gansacvifrebelia, rom es yvelaferi wruwunebis dabadebidan 
pirveli 10 dRis manZilze xdeba. aTi dRis Semdeg neironebi 
ZiriTadad kargaven plastikurobas. am droisaTvis Camoyalibebuli 
dnm-is meTilirebis sqema am ubanze stabiluri rCeba. Tu dnm-is 
meTilirebis doneebi dabalia, es, Cveulebriv, arginin-vazopresinis 
genis anomalurad maRal eqspresias ukavSirdeba. amrigad, sicocxlis 
adreuli periodis movlenebi epigenetikuri cvlilebebis amoqmedebas 
iwvevs, romlebic efeqturad `mkvidrdebian~. amis gamo cxovelebi, 
hormonebis anomaluri produqciiT, stresis gamomwvevi movlenis 
damTavrebidan didi xnis Semdegac maRali daZabulobis mdgomareobaSi 
rCebian. sinamdvileSi, es reaqcia maSinac ki SenarCunebulia, roca 
cxovels, rogorc wesi, aRar `aRelvebs~, deda masTan erTad aris 
Tu ara. bolos da bolo cnobilia, rom Tagvebi imaT ricxvs xom ar 
ganekuTvnebian, vinc Tavis asakovan mSoblebs uvlis.

siRrmeebSi

mkvlevrebi TandaTan agroveben monacemebs, romlebic 
adastureben, rom mRrRnelebis modelebSi aRmoCenili, adreuli 
stresiT gamowveuli cvlilebebi SesaZloa marTebuli iyos 
adamianebisTvisac. rogorc ukve aRvniSneT, arsebobs mravali 
sxvadasxva da, rac mTavaria, eTikuri sakiTxi, ris gamoc SeuZlebelia 
igive kvlevebis adamianebze Catareba. Tumca, amis miuxedavad, zogi 
saintereso korelacia mainc gamovlinda.

virTagvebis modelze pirveli cdebi monrealis makhilis 
universitetis profesorma maikl minim Caatara. Semdeg misi 
xelmZRvanelobiT mkvlevarTa jgufma saintereso kvlevebi 
Seasrula adamianis tvinis nimuSebze, romlebic, samwuxarod, 
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TviTmkvlelTagan aiRes. jgufma gaanaliza am nimuSebis hipokampSi 
kortizolis receptoris genis dnm-is meTilirebis doneebi. 
maT mier miRebulma monacemebma dnm-is meTilirebis momatebis 
tendencia aCvenes im adamianTa nimuSebSi, romelTa anamnezSi adreul 
bavSvobaSi gadatanili sisastike da gulgriloba aRiniSneboda. da 
piriqiT, am genis dnm-is meTilirebis doneebi SedarebiT dabali 
iyo TviTmkvlelobis msxverplTa nimuSebSi, romlebic bavSvobaSi 
travmirebuli ar yofilan9. dnm-is meTilirebis maRali doneebi 
Zaladobis msxverplebSi kortizolis receptoris genis eqspresiis 
daqveiTebas iwvevda, rac uaryofiTi ukukavSiris efeqturobas 
amcirebda, xolo cirkulaciaSi arsebuli kortizolis doneebs 
zrdida. es Sedegebi savsebiT Seesabameba virTagvebis kvlevebis dros 
miRebul monacemebs, sadac naklebad mzrunveli dedebis stresis qveS 
myofi cxovelebis hipokampSi kortizolis receptoris genis dnm-is 
meTilirebis maRali doneebi aRiniSneboda. 

rasakvirvelia, fsiqikuri daavadebebi ara mxolod im adamianebs 
uviTardeba, romlebic bavSvobaSi Zaladobis msxverpli iyo. 
depresiis globaluri monacemebi SemaZrwunebelia. janmrTelobis 
dacvis msoflio organizaciis SefasebiT, 120 milionze meti adamiani 
msoflioSi depresiiT aris daavadebuli. yovelwliurad msoflioSi 
depresiis gamo TviTmkvlelobis 850 000 SemTxveva registrirdeba. 
varaudoben, rom 2020 wlisaTvis depresia msoflioSi yvelaze 
gavrcelebul daavadebaTa Soris meore adgilze iqneba10. 

depresiis efeqturad mkurnalobaSi didi nabiji gadaidga 
1990-iani wlebis dasawyisSi, roca aSS-s sakvebi produqtebis da 
wamlebis kontrolis sammarTvelom licenzia gasca preparatebis 
seriis warmoebaze, romelsac SSRI (selective serotonin re-uptake inhibitors 
serotoninis ukumitacebis SerCeviTi inhibitori) ewodeba. serotonini 
neirotransmiteria _ igi neironebs Soris signalebs gadascems. 
serotonini tvinSi sasiamovno gamRizianeblebis sapasuxod gamoiyofa; 
es swored is `kargi ganwyobis~ molekulaa, romelsac Cvens bednier 
patara virTagvebSi ukve SevxvdiT. serotoninis doneebi depresiiT 
daavadebuli pacientebis tvinSi dabalia. SSRI-is preparatebi tvinSi 
serotoninis dones zrdian. 

Sexeduleba, rom serotoninis doneebis asamaRlebeli preparatebi 
sasargebloa depresiis samkurnalod, marTebulia. Tumca maT 
moqmedebaSi raRac ucnauri xdeba. rodesac pacientebi SSRI-s 
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preparatebs iReben, maT tvinSi serotoninis done sakmaod swrafad 
imatebs, magram saWiroa aranakleb 4-6 kvira, rom mZime depresiis 
saSinelma simptomebma gaqroba daiwyos. 

savaraudod, depresia ar aris ganpirobebuli tvinSi mxolod erTi 
qimiuri nivTierebis donis daqveiTebiT, rac albaT, gasakviri araa. 
depresiisaTvis Zalian uCveuloa adamianis erT RameSi daavadeba, 
es gripi araa, romelic uecrad gatydeba Tavs. dReisaTvis sakmao 
raodenobiT monacemebi gvaqvs, romlebic amtkicebs, rom depresiis 
ganviTarebisas tvinSi droSi gawelili cvlilebebi xdeba. maT Soris 
neironebs Soris damyarebuli kavSirebis raodenobis cvlilebebic. 
es ki, Tavis mxriv, uSualod damokidebulia qimiuri nivTierebebis 
doneebze, romelTac neirotrofikuli faqtorebi ewodeba11. am 
qimiuri nivTierebebiT SenarCunebulia nervuli ujredebis sijansaRe 
da funqciuri aqtivoba.

depresiis mkvlevrebi neirotransmiterebis doneebze 
dafuZnebuli martivi modelidan kvlevis ufro rTul, qselur 
sistemaze gadavidnen. igi moicavs rTul urTierTdamokidebulebas 
neironTa aqtivobasa da mTel rig sxva faqtorebs Soris. maT 
ricxvSi Sedis stresi, neirotransmiterebis produqcia, genis 
eqspresiis Sedegebi, neironebze grZelvadiani zemoqmedeba da yvela 
am faqtoris urTierTqmedeba. sanam es sistema gawonasworebulia, 
tvini normalurad muSaobs. Tu sistemaSi wonasworoba irRveva, es 
rTuli qseli daSlas iwyebs, rac tvinSi bioqimiur da funqciur 
Zvrebs iwvevs, romlebsac darRvevebamde da daavadebamde mivyavarT. 

am sferoSi momuSave mecnierebi sul ufro met yuradRebas 
uTmoben epigenetikas, radgan mas potenciurad SeuZlia Seqmnas 
genis eqspresiis xangrZlivad moqmedi sqemebi. mRrRnelebi am 
kvlevebisaTvis yvelaze gavrcelebuli samodelo sistemebia. vinaidan 
Tagvebs an virTavgebs ar SeuZliaT gviambon, rogor grZnoben Tavs, 
mkvlevrebma gansazRvruli qceviTi testebi SeimuSaves, romlebsac 
adamianis depresiis sxvadasxva aspeqtis modelirebisaTvis iyeneben.

yvelani vaRiarebT, rom sxvadasxva adamianebi stresze 
sxvadasxvanairad reagireben. zogi, rogorc Cans, sakmaod kargad itans 
mas. sxvebi ki igive stresul situacias Zalian mZimed aRiqvamen, ris 
Sedegadac maT depresia uviTardebaT. sxvadasxva inbreduli xazebis 
Tagvebic amis msgavsad iqcevian. mkvlevrebma ori sxvadasxva xazis 
Tagvebze zomieri stresuli gamRizianebliT imoqmedes. stresuli 
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situaciis Seqmnis Semdeg mkvlevrebma Tagvebis qceva gamoikvlies 
testebiT, romlebic adamianis depresiis gansazRvruli aspeqtebis 
imitacias axdenda. erTi xazi SedarebiT mSvidad iyo, maSin roca 
meore xazis Tagvebi ufro mousvenrad iyvnen. am xazebs ewoda B6 
da BALB, magram moxerxebulobisTvis maT Sesabamisad `mSvidebs~ da 
`mousvenrebs” vuwodebT.

mkvlevrebma Seswavlis mTavar obieqtad airCies tvinis 
ubani, romelsac nucleus accumbens, mimdebare birTvi ewodeba. es 
ubani mniSvnelovan rols asrulebs tvinis sxvadasxva emociur 
funqciebSi. amaSi Sedis agresia, SiSi, siamovneba da kmayofileba. 
mkvlevrebma gaaanalizes n.accumben-Si sxvadasxva neirotrofikuli 
faqtoris eqspresia. yvelaze saintereso Sedegebi miiRes genze 
saxelwodebiT Gdnf (glial cell-derived neurotrophic factor gliuri ujredebis 
neirotrofikuli faqtori). 

stresi mSvid TagvebSi Gdnf genis eqspresiis gazrdas iwvevda, 
mousvenar TagvebSi ki igi imave genis eqspresias aqveiTebda. Tagvebis 
sxvadasxva inbredul xazs SesaZloa dnm-is sxvadasxva kodi hqondes, 
amitomac mkvlevrebma gaaanalizes promotoruli ubani, romelic 
Gdnf genis eqspresias akontrolebs. Gdnf genis promotorze dnm-
is erTnairi Tanamimdevroba aRmoaCnda rogorc mSvid, ise e.w. 
mousvenari xazis Tagvebs. magram roca mecnierebma am promotoris 
epigenetikuri modifikaciebi Seiswavles, garkveuli gansxvavebebi 
gamoavlines. mousvenari Tagvebis histonebs acetili jgufebi ufro 
naklebi hqondaT, vidre mSvidi Tagvebis histonebs. rogorc ukve 
viciT, histonebis acetilirebis dabali doneebi genis eqspresiis 
dabal doneebs ukavSirdeba, rac savsebiT Seesabameba Gdnf genis 
eqspresiis daqveiTebas mousvenar TagvebSi.

am monacemebma mecnierebi aiZules dafiqrebuliyvnen imaze, Tu 
ra moxda n.accumben-is neironebSi. ratom daqveiTda histonebis 
acetilirebis doneebi mousvenari Tagvebis Gdnf genSi? mecnierebma 
Seiswavles im fermentebis doneebi, romlebic histonebs acetilis 
jgufebs amateben an aSoreben. maT Tagvebis am or xazSi erTaderTi 
gansxvaveba aRmoaCines. specifikuri histon deacetilaza (miekuTvneba 
cilebis klass, romelic acetilis jgufebs aSorebs), saxelad 
Hdac2, bevrad ufro aqtiurad eqspresirdeboda mousvenari Tagvebis 
neironebSi12, vidre mSvidi Tagvebis neironebSi.
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mkvlevarTa meore jgufi swavlobda Tagvebs depresiis gansxva-
vebul modelze, saxelwodebiT ̀ socialuri marcxi~. am eqsperimentebSi 
Tagvebs arsebiTad `amcirebdnen~. maT aTavsebdnen garemoSi, sadac 
ar SeeZloT Tavi daeRwiaT didi, saSiSi Tagvisgan, Tumca mkvlevrebi 
maT fizikuri zianis miyenebamde aTavisuflebdnen. zogi TagvisTvis 
es situacia namdvilad stresuli iyo, zogi ki misgan Tavis daRwevas 
axerxebda. 

am eqsperimentebSi zrdasruli Tagvebi aTi dRis manZilze 
`socialur marcxs~ ganicdidnen. am vadis gasvlis Semdeg 
isini klasificirdebodnen, rogorc mgrZnobiareni an rogorc 
rezistentulni, imis mixedviT, Tu ramdenad kargad uZlebdnen am 
eqsperiments. ori kviris Semdeg Tagvebs sinjavdnen. rezistentul 
Tagvebs kortikotropin-gamaTavisuflebeli hormonis done 
normaluri hqondaT. es qimiuri nivTiereba gamoiyofa hipoTalamusis 
mier. igi saboloo jamSi astimulirebs stresis hormonis _ 
kortizolis _ produqcias. mgrZnobiare Tagvebma kortikotropin-
gamaTavisuflebeli hormonis maRali da am genis promotoris dnm-is 
meTilirebis dabali doneebi aCvenes. es monacemebi Seesabameboda am 
genis gazrdil eqspresias. maT aseve aRmoaCndaT Hdac2-is dabali da 
histonebis acetilirebis maRali doneebi, rac savsebiT Seesabameboda 
kortikotropin-gamaTavisuflebeli hormonis  zeeqspresias13.

SeiZleba ucnaurad mogveCvenos, rom erT-erT modelSi mgrZnobiare 
TagvebSi Hdac2-is doneebi imatebda, maSin roca meoreSi _ iklebda, 
magram radgan saqme gvaqvs sxvadasxva epigenetikur movlenasTan, 
yovelTvis unda gvaxsovdes maTi erToblivi moqmedeba. ar arsebobs 
erTaderTi gza, romelic Hdac2-is (an nebismieri sxva epigenetikuri 
genis) dones akontrolebs. maTi kontroli damokidebulia tvinis 
ubanze, sasignalo sistemebis zust moqmedebaze, romlebic 
gamRizianeblebis sapasuxod aqtiurdebian.  

preparatebi moqmedeben

sxva mtkicebulebebic arsebobs imis dasasabuTeblad, rom 
epigenetika mniSvnelovan rols asrulebs stresze sapasuxo 
reaqciebSi. Cveulebriv, B6 kategoriis stresirebuli Tagvebis 
n.accumbens-Si Hdac2-is eqspresiis momateba da Gdnf genis eqspresiis 
daqveiTeba iyo gamoxatuli. SegviZlia am Tagvebs SAHA _ histon-
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deacetilazas inhibitori _ mivceT. SAHA-Ti damuSaveba Gdnf genis 
promotoris acetilirebis gazrdas iwvevs, es ki dakavSirebulia 
Gdnf genis eqspresiis gazrdasTan. mniSvnelovani Sedegi is aris, 
rom preparatis miRebis Semdeg Tagvebi nakleb aqtiuri arian da 
mSviddebian14, e.i. genis histonuri acetilirebis doneebis cvlileba 
gavlenas axdens Tagvebis qcevazec. es im ideas adasturebs, rom 
stresze Tagvebis sapasuxo reaqciebis modulaciisaTvis histonuri 
acetilireba marTlac mniSvnelovania.

erT-erT tests, romelic TagvebSi stresis sapasuxod depresiis 
xarisxis gansazRvrisaTvis gamoiyeneba, saqarozis upiratesobis 
testi ewodeba. normalur, bednier Tagvebs damtkbari wyali uyvarT, 
Tumca, rodesac isini depresiulebi arian, damtkbari wyali aRar 
ain teresebT. dadebiT gamRizianebelze reaqciis aseT daqveiTebas 
anhedonia ewodeba. rogorc Cans, swored is SeiZleba iyos cxovelis 
da adamianis depresiis erT-erTi saukeTeso markeri15. mZime 
depresiiT daavadebuli adamianebis umravlesoba yvelafrisadmi 
interesis dakargvas uCivis, rac maT cxovrebas axalisebda, vidre 
avad gaxdebodnen. rodesac stresis qveS myof Tagvebs SSRI-is anti-
depresantebs aZlevdnen, maTi interesi damtkbari wylisadmi TandaTan 
izrdeboda, magram HDAC-s inhibitoris, SAHA-s, micemisas maTi 
interesi sayvareli sasmelisadmi gacilebiT swrafad aRdgeboda16.

histondeacetilazas inhibitorebs ara marto mousvenar da mSvid 
TagvebSi SeuZliaT cxovelTa qceva Secvalon. es marTebulia patara 
virTagvebis SemTxvevaSic, romlebic moklebulni iyvnen dediseul 
mzrunvelobas. Cveulebriv, isini izrdebian qronikuli stresis 
mdgomareobaSi, kortizolis zeaqtiuri produqciis fonze. Tu 
es `usiyvarulo~ cxovelebi miiReben TSA-s, histondeacetilazas 
pirvelad identificirebul inhibitors, isini naklebad dastresilebi 
izrdebian da gaRizianebazec TiTqmis iseve reagireben, rogorc dedis 
mzrunvelobiT garemoculi cxovelebi. hipokampSi kortizolis genis 
receptoris dnm-is meTilirebis done qveiTdeba, ris gamoc izrdeba 
am receptoris eqspresia da umjobesdeba yvelaze mniSvnelovani 
faqtori _ uaryofiTi ukukavSiris meqanizmi. igulisxmeba, rom 
es xdeba histonuri acetilirebisa da dnm-is meTilirebis gzebis 
jvaredini urTierTqmedebis Sedegad17.

Tagvebis `socialuri marcxis~ modelSi mgrZnobiare Tagvebi 
SSRI-is antidepresantebs iRebdnen. miRebidan sami kviris Semdeg 
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maTi qceva Zalian emsgavseboda rezistentuli Tagvebis qcevas. 
Tumca antidepresantebis miReba tvinSi mxolod serotoninis donis 
momatebas ki ar iwvevda, aramed kortikotropin-gamaTavisuflebeli 
hormonis promotorze dnm-is meTilirebis gazrdasac. 

yvela es kvleva savsebiT Seesabameba models, romlis Tanaxmadac 
jvaredini urTierTqmedeba arsebobs neirotransmiterebidan 
mosul myisier signalebsa da epigenetikuri fermentebis ujredul 
funqciebze xangrZliv zemoqmedebas Soris. rodesac depresiis dros 
SSRI preparatebs iReben, serotoninis done maT tvinSi momatebas 
iwyebs da neironebisken mimarTuli signalebi ufro mZlavri xdeba. 
zemo abzacSi aRwerili cxovelebze Catarebuli cdebi adasturebs, 
rom am signalebs ramdenime kvira sWirdeba yvela gzis asamoqmedeblad, 
rac saboloo jamSi ujredebSi epigenetikuri modifikaciebis sqemis 
Secvlas gamoiwvevs. es stadia aucilebelia Tavis tvinis normaluri 
funqciis aRsadgenad.

epigenetika gonivruli hipoTezaa aseve mZime depresiis sxva 
saintereso, Tumca ki samwuxaro Taviseburebis asaxsnelad. Tu odesme 
depresiiT itanjebodiT, axla mTel mosaxleobasTan SedarebiT 
mniSvnelovnad meti Sansi gaqvT, rom momavalSi es mdgomareoba 
kvlav gamoscadoT. albaT, Zalian Znelia zogierTi epigenetikuri 
modifikaciis ukan dabruneba, iseve, rogorc neironebis winaswar 
Semzadeba imisaTvis, rom daavadebis momdevno gamwvavebisas nakleb 
mgrZnobiareni iyvnen.

SeTanxmeba ar arsebobs

jerjerobiT yvelaferi kargad aris. yvelaferi savsebiT 
Seesabameba Cvens Teorias imis Sesaxeb, rom cxovrebiseuli 
gamocdileba, romelic TandaTan grovdeba, epigenetikis gziT myar 
da xangrZliv zegavlenas axdens Cvens qcevaze. Tumca problema is 
aris, rom mTeli es sfero, romelsac zogjer neiroepigenetikas 
vuwodebT, epigenetikur kvlevaTa Soris, albaT, yvelaze sadavoa.

imisaTvis, rom warmovidginoT, aq ramdeni winaaRmdegobaa, 
erTi sakiTxi ganvixiloT. am wignSi Cven ukve SevxvdiT profesor 
edrien berds. is aRiarebulia, rogorc dnm-is meTilirebis sferos 
mamamTavari. dnm-is meTilirebis sakiTxebSi meore, aseve maRali 
reputaciis mqone mecnieria niu-iorkis kolumbiis universitetis 
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samedicino centris profesori tim besTori. edrieni da timi 
TiTqmis Tanatolebi arian, fizikuradac hgvanan erTmaneTs, orive 
mecnieri moazrovne da sityvaZunwia, magram dnm-is meTilirebis 
nebismier sakiTxTan dakavSirebiT gansxvavebuli mosazreba aqvT. 
daeswariT nebismier konferencias, sadac orive erTsa da imave 
sxdomaze gamodis sityviT da darwmunebuli iyaviT, rom am ori 
mecnieris cxare da STamagonebeli diskusiis mowme gaxdebiT. amis 
miuxedavad, erTaderTi sakiTxi, razec  isini sajarod Tanxmdebian, 
neiroepigenetikis sferoSi gamoqveynebuli zogierTi moxsenebis 
mimarT skepticizmia18. 

sami mizezi arsebobs, rac maT da bevr maT kolegas skeptikurad 
ganawyobs. pirveli is aris, rom bevri aRwerili epigenetikuri 
cvlileba SedarebiT umniSvneloa. skeptikosebi eWvoben, rom aseT 
mcire molekulur cvlilebebs mkveTrad  gamoxatuli fenotipebis 
Seqmna ar SeuZlia. maTi azriT, mxolod cvlilebaTa arseboba ar 
metyvelebs imaze, rom isini aucileblad funqciur Sedegs gamoiwvevs. 
isini SiSoben, rom cvlilebebi epigenetikur modifikaciebSi mxolod 
korelaciur, magram ara kauzatiur xasiaTs atarebs. 

mecnierebi, romlebic qceviT reaqciebs ikvleven mRrRnelebis  
sxvadasxva sistemaze, pasuxad aRniSnaven, rom molekulur biologiaSi 
mTeli samuSao mxolod xelovnur eqsperimentul modelebze sruldeba, 
sadac gavrcelebuli molekuluri cvlilebebi Seiswavleba da maT 
safuZvelze friad kategoriuli daskvnebi keTdeba. biheviorizmis 
mimdevrebi eWvoben, rom amis gamo molekuluri biologiis sferos 
warmomadgenlebs realuri, cxovrebiseuli eqsperimentebis 
metnaklebad swori interpretacia ar SeuZliaT. maTi Sedegebi ufro 
`bundovani~ da variabelobisadmi ufro midrekilia.

skepticizmis meore mizezi epigenetikur cvlilebaTa Zalze 
lokalizebul bunebaSi mdgomareobs. bavSvobisas gadatanili stresi 
zemoqmedebs tvinis garkveul ubnebze, magaliTad, n.accumbens-ze, 
magram ara sxva ubnebze. epigenetikuri markerebi icvleba mxolod 
zogierT genze, sxvebze ki _ ara. skepticizmisaTvis es nakleb 
sarwmuno mizezia. marTalia, am organos, ubralod, `tvinis~ saxeliT 
movixseniebT, magram sinamdvileSi iq uamravi maRalspecializebuli 
centri da ubania, romlebic asobiT milioni wlis manZilze mimdinare 
evoluciis produqtia. asea Tu ise, yvela es calkeuli ubani 
ganviTarebis procesSi yalibdeba da srulyofas ganicdis, Tanac 
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unari aqvs, gamRizianeblebs sxvadasxvagvarad upasuxos. es Cveni yvela 
qsovilis yvela gens Seexeba. marTlac, bolomde ar gvesmis, rogor 
gansazRvraven ase zustad epigenetikuri modifikaciebi TavianT 
samizneebs da neirotransmiterebis msgavsi nivTierebebidan wamosuli 
signalebi rogor aRweven am samizneebs. Tumca Cven viciT, rom Tu 
msgavsi specifikuri movlenebi normaluri ganviTarebis procesSi 
xdeba, ratom ar SeiZleba stresis anomalur periodSi an sxva bunebrivi 
kataklizmebis dros moxdes? Tu romelime movlenis meqanizmi 
CvenTvis ar aris cnobili, es imas rodi niSnavs, rom igi ar arsebobs. 
bolos da bolos, jon gardonma ar icoda, rogor gadaprogramdeboda 
zrdasruli birTvebi kvercxujredebis citoplazmis mier, magram es 
imas ki ar niSnavs, rom misi eqsperimentebisas gakeTebuli aRmoCenebi 
mcdari iyo. 

skepticizmis mesame, magram albaT, yvelaze mniSvnelovani  mizezi 
uSualod ukavSirdeba TviT dnm-is meTilirebas. mRrRnelebis tvinSi 
samizne genebis dnm-is meTilireba SesaZloa jer kidev dabadebamde 
yalibdebodes, magram ukve dabadebis pirvelsave dRes namdvilad 
Camoyalibebulia. es ki imas niSnavs, rom eqsperimentuli axalSobili 
wruwunebi an virTagvebi cxovrebas hipokampSi kortizolis recep to-
ris genis dnm-is meTilirebis gansazRvruli sabaziso sqemiT iwyeben. 
am promotorze dnm-is meTilirebis done sicocxlis pirveli kviris 
Semdeg icvleba imis mixedviT, Tu rogor zrunavs deda axal Sobil 
mRrRnelebze. rogorc ukve vnaxeT, dnm-is meTilirebis doneebi 
ufro maRali aRmoCnda mzrunvelobas moklebul TagvebSi, vidre 
siy varu liT aRzrdilebSi. Tumca amis mizezi zrunvamoklebul 
TagvebSi dnm-is meTilireba gazrdili ar aris. piriqiT, saqme is 
aris, rom dnm-is meTilirebis doneebi zrunviT aRzrdil cxove-
lebSi qveiTdeba. es samarTliania arginin-vazopresinis genis mimar-
Tac dedisgan daSorebul axalSobil TagvebSi. igive SeiZleba 
iTqvas kortikotropin-gamaTavisuflebeli hormonis genis mimarT 
zrda sruli Tagvebis SemTxvevaSic, romlebmac “socialuri marcxi” 
ganicades. 

amrigad, is, rasac mecnierebi yvela SemTxvevaSi akvirdebodnen, 
gamRizianeblis sapasuxod dnm-is meTilirebis Semcireba iyo. 
problema molekuluri TvalsazrisiT swored amaSia, radgan 
aravin icis, es rogor xdeba. meoTxe TavSi vnaxeT, meTilirebuli 
dnm-is gaormagebas rogor mivyavarT iqamde, rom mis erT jaWvze 
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aris meTilis jgufebi, meoreze ki _ ara. fermenti DNMT1 axlad 
dasinTezebuli jaWvis gaswvriv moZraobs da masze meTilis jgufebs 
amatebs meTilirebis sqemis aRsadgenad, risTvisac sawyis jaWvs 
modelad iyenebs. SegviZlia vivaraudoT, rom Cvens eqsperimentul 
cxovelebs DNMT1 fermentis nakleboba hqondaT da amitomac 
meTilirebis doneebi genze qveiTdeboda. amas dnm-is pasiuri 
demeTilireba ewodeba.

problema is aris, rom es meqanizmi neironebSi ar muSaobs. neironebi 
Seuqcevadad diferencirebuli ujredebi arian _ isini uodingtonis 
landSaftis fskerze imyofebian da ar SeuZliaT gayofa, amitomac 
neironebi dnm-s ver aormageben, radgan amis mizezi ar arsebobs. amis 
Sedegad maT ar SeuZliaT dnm-is meTilirebis dakargva im meTodiT, 
romelic aRwerilia meoTxe TavSi.

SesaZlebelia, neironebi ubralod aSoreben meTilis jgufebs 
dnm-s. bolos da bolos, histondeacetilazebic xom histonebs 
acetilis jgufebs aSoreben, magram meTilis jgufi dnm-ze 
gansxvavebulia. qimiuri TvalsazrisiT histonebis acetilireba 
SeiZleba legos ufro did agurze legos patara aguris damatebas 
SevadaroT. maTi isev gancalkeveba sakmaod advilia, magram dnm-is 
meTilirebis dros es SeuZlebelia. is legos ori aguris superZlieri 
weboTi Sewebebas ufro hgavs. 

meTilis jgufsa da dnm-is citozins Soris qimiuri bma 
imdenad Zlieria, rom is mravalis wlis ganmavlobaSi savsebiT 
urRvevad iTvleboda. 2000 wels berlinis maqs plankis institutis 
mkvlevarTa jgufma daamtkica, rom es ase ar aris. maT aCvenes, rom 
ZuZumwovrebSi ganviTarebis adreul stadiebze mamiseuli genomi 
eqstensiur demeTilirebas ganicdis. Cven amas ukve wavawydiT me-7 
da me-8 TavebSi. maSin mxolod is aRvniSneT, rom es demeTilireba 
xdeba manam, vidre zigota dayofas daiwyebs. sxva sityvebiT, dnm-is 
meTilireba amoRebuli iyo dnm-is replikaciis gareSe19. amas dnm-is 
aqtiur demeTilirebas uwodeben.

es imas niSnavs, rom aradayofad ujredebSi dnm-is meTilirebis 
amoRebis precedenti arsebobs. SeiZleba neironebSi msgavsi meqanizmi 
moqmedebs. jer kidev ar cxreba kamaTi imaze, Tu rogor xdeba 
dnm-is meTilirebis aqtiuri amoReba kargad Seswavlili adreuli 
ganviTarebis etapebis drosac ki. kidev ufro naklebi Tanxmobaa 
miRweuli sakiTxSi, Tu rogor xdeba es neironebSi. erT-erTi mizezi, 
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ris gamoc amis dadgena aseTi rTulia is aris, rom dnm-is aqtiuri 
demeTilirebis procesSi CarTulia bevri sxvadasxva cila, romlebic 
am process nabij-nabij axorcieleben. es Zalian arTulebs procesis 
aRdgenas laboratoriaSi, rac amgvari kvlevebisTvis oqros 
standarts warmoadgens.

`sailenseris” inhibireba 

rogorc ukve araerTxel vnaxeT, mecnieruli kvlevebi xSirad 
Zalian moulodneli aRmoCenebia da am SemTxvevaSic ase moxda. vidre 
bevri epigenetikosi eZebda ferments, romelic dnm-is demeTilirebas 
moaxdenda, mkvlevarTa erTma jgufma aRmoaCina fermentebi, romlebic 
meTilirebul dnm-s raRac gansakuTrebuls amatebdnen. es naCvenebia 
suraTze 12.3. yvelaze sakvirvelia is, rom amiT bevri iseTive Sedegi 
miviReT, rogoric nukleinis mJavebis demeTilirebis dros.

5-hidroqsimeTilcitozini5-meTilcitozinicitozini

 

sur. 12.3  5-meTilcitozinis gardaqmna 5-hidroqsimeTilcitozinad C: naxSir-
badi; H: wyalbadi; N: azoti; O: Jangbadi. simartivisTvis naxSirbadis zogierTi 
atomi sagangebod ar aris naCvenebi, magram isini ormagi xazebiT SeerTebul 
adgilebSi arian.
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patara molekula hidroqsilis saxelwodebiT, romelic Jangbadis 
erTi da wyalbadis erTi atomisagan Sedgeba, emateba meTilis jgufs 
da warmoiqmneba 5-hidroqsimeTilcitozini. es reaqcia xorcieldeba 
fermentebiT, romelTa saxelwodebebia TET1, TET2 an TET320.

es Zalze aqtualuria dnm-is demeTilirebis sakiTxis 
gadasawyvetad, vinaidan swored dnm-is meTilirebis Sedegebi aqcevs 
am cvlilebas mniSvnelovnad. citozinis meTilireba moqmedebs genis 
eqspresiaze, radgan meTilirebuli citozini ikavSirebs gansazRvrul 
cilebs, rogoricaa MeCP2. sxva cilebTan urTierTqmedebisas MeCP2.
Trgunavs genis eqspresias da sxva represiul modifikaciebs iwvevs, 
magaliTad, histonebis deacetilirebas. rodesac romelime fermenti, 
magaliTad, TET1, amatebs hidroqsilis jgufs meTilcitozinze 
5-hidroqsimeTilcitozinis molekulis warmosaqmnelad, es cvlis 
epigenetikuri modifikaciis formas. Tu meTilirebuli citozini 
SeiZleba SevadaroT yurZnis marcvals CogburTis burTze, maSin 
5-hidromeTilcitozini lobios Tesls mogvagonebs, romelic 
CogburTis burTze mimagrebul yurZnis marcvalzea miwebebuli. formis 
aseTi cvlilebis gamo MeCP2 cilas ukve aRar SeuZlia daukavSirdes 
modificirebul dnm-s, amitomac ujredi 5-hidroqsimeTilcitozins 
zustad ise `kiTxulobs~, rogorc arameTilirebul dnm-s.

bolo wlebSi gamoyenebuli mravali meTodi mimarTuli iyo dnm-
is meTilirebis arsebobis dasadgenad, Tumca maTi saSualebiT xSirad 
SeuZlebelia gamovlindes gansxvaveba arameTilirebul dnm-sa da 
5-hidroqsimeTilirebul dnm-s Soris. es imas niSnavs, rom mraval 
statiaSi, romelic dnm-is meTilirebis daqveiTebas exeboda, SesaZloa 
sinamdvileSi avtorebs gazrdil 5-hidroqsimeTilirebasTan hqondaT 
saqme da amis Sesaxeb arc icodnen. marTalia, es dReisaTvis damtki-
cebuli ar aris, magram savsebiT dasaSvebia, rom qcevebis Semswav-
leli zogierTi kvlevisadmi miZRvnil moxsenebaSi aRwerili dnm-
is faqtobrivi demeTilirebis nacvlad, sinamdvileSi, neironebis 
mier 5-meTilcitozinis 5-hidroqsimeTilcitozinad gardaqmna 
xdeboda. 5-hidroqsimeTilcitozinis Seswavlis meTodebi jer kidev 
damuSavebis stadiaSia, magram Cven viciT, rom neironebSi am qimiuri 
nivTi erebis done gacilebiT maRalia, vidre nebismieri sxva tipis 
ujredSi21.
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gaxsovdes, gaxsovdes

am sadavo sakiTxebis arsebobis miuxedavad, Tavis tvinis 
funqciebze epigenetikuri modifikaciebis gavlenis Seswavla 
grZeldeba. erT-erTi sfero, romelic gansakuTrebul yuradRebas 
iqcevs, mexsierebaa. mexsiereba ganuzomlad rTuli fenomenia. 
mexsierebaSi CarTulia rogorc hipokampi, aseve ubani, romelsac Tavis 
tvinis qerqi ewodeba, Tumca sxvadasxvagvarad. hipokampi ZiriTadad 
CarTulia myar mexsierebaSi _ roca Cveni tvini TviTon wyvets, ra 
unda daimaxsovros. hipokampi sakmaod moqnilia Tavisi samoqmedo 
gzebis arCevaSi da, rogorc Cans, es gzebi, romlebic gansakiTrebuli 
meqanizmebiT imarTeba, dnm-is meTilirebaSi xanmokle cvlilebebs 
ukavSirdeba. Tavis tvinis qerqi mexsierebis xangrZlivad Senaxvas 
emsaxureba. rodesac qerqSi mogonebebi inaxeba, dnm-is meTilirebaSi 
xangrZlivi cvlilebebi aRiniSneba. 

Tavis tvinis qerqi SeiZleba kompiuteris ramdenime gigabaitis 
moculobis mexsierebis mqone myar disks SevadaroT. hipokampi ki 
ufro Cips anu RAM-s (random access memory operatiuli damaxsovrebis 
mowyobilobas) waagavs, sadac informacia gadamuSavdeba, vidre 
waiSleba an mudmivad Sesanaxad myar diskze gadainacvlebs. Cveni tvini 
Tavis sxvadasxva funqcias ujredTa SerCeul populaciebs Soris 
sxvadasxva anatomiur ubanSi gadaanawilebs. amitomac mexsierebis 
dakargva yovlismomcveli iSviaTad aris. magaliTad, klinikuri 
mdgomareobis mixedviT SeiZleba aRiniSnebodes rogorc xanmokle, 
ise xangrZlivi mexsierebis SedarebiTi dakargva an SefardebiTi 
SenarCuneba. Cveni tvinis gansxvavebuli funqciebis gadanawilebas 
didi mniSvneloba aqvs. warmoidgineT, rogori iqneboda Cveni cxovreba, 
rom yvelaferi gvaxsovdes, rac Tavs gadagvxdenia _ telefonis 
nomeri, romelic mxolod erTxel agvikrifavs, TiToeuli sityva, 
romelic matarebelSi momabezrebeli Tanamgzavrisgan mogvismenia an 
sasadilos meniu sami wlis winandel wvimian oTxSabaTs.

Cveni mexsierebis sistemebis sirTule imis erT-erTi mizezia, 
rom misi Seswavla advili ar aris, radgan Zalian Znelia iseTi 
eqsperimentebis dagegmva, romlis drosac absoluturad darwmune-
bulebi viqnebiT, mexsierebis romeli aspeqtisadmia Cveni eqsperimen-
tuli meTodebi mimarTuli. Tumca CvenTvis zustad cnobilia, rom 
mexsiereba genis eqspresiis da neironebs Soris kavSirebis warmoqmnis 
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gzebis xangrZliv cvlilebebs moicavs, rac kidev erTxel gvaiZulebs 
vivaraudoT, rom amaSi epigenetikuri meqanizmebi garkveul rols 
asruleben.

ZuZumwovrebSi dnm-is meTilirebac da histonebis modifikaciac 
monawileoben damaxsovrebasa da daswavlaSi. mRrRnelebis modelebze 
Catarebulma kvlevebma aCvenes, rom es cvlilebebi mimarTuli iyo 
Zalian specifikuri genebisadmi tvinis calkeul ubnebSi, rasac 
Cven vvaraudobdiT kidec. magaliTad, dnm-is meTiltransferazebis 
DNMT3A da DNMT3B cilebis eqspresia zrdasruli virTagvebis 
hipokampSi daswavlis da damaxsovrebis gansazRvrul modelebze 
izrdeba. piriqiT, imave virTagvebSi dnm-meTiltransferazas 
inhibitoris, 5-azacitidinis, Seyvanisas mexsierebis formireba 
iblokeba, rac gavlenas axdens oriveze _ hipokampzec da tvinis 
qerqzec22.

adamianis daavadebis _ rubenStein-Teibis sindromis _ dros 
mutacias ganicdis histon-acetiltransferazas (cila, romelic 
histonebze acetilis jgufebs amatebs) gansazRvruli geni. am 
daavadebis Cveulebrivi simptomia Wkuasustoba. am genis mutanturi 
variantis mqone Tagvebs aseve aReniSnebodaT hipokampSi histonebis 
acetilirebis dabali doneebi, rogorc vvaraudobdiT. garda 
amisa, maT didi problemebi aqvT xangrZlivi mexsierebis hipokampSi 
gadamuSavebisas23. rodesac am TagvebSi SAHA SehyavdaT, histon-
deacetilazas inhibitori, acetilirebis doneebi hipokampSi imatebda 
da mexsiereba umjobesdeboda24.

SAHA-s SeuZlia mravali sxvadasxva histondeacetilazas 
inhibireba, magram tvinSi misi erT-erTi samizne sxvebze mniSvnelovani 
Cans. am klasis yvelaze aqtiurad eqspresirebadi ori fermentia HDAC1 
da HDAC2. isini gansxvavdebian im gzebiT, romlebiTac Tavis tvinSi 
eqspresirdebian. HDAC1 upiratesad eqspresirdeba nervul Rerovan 
ujredebSi da damxmare, damcvel araneironul populaciebSi, gliur 
ujredebSi. HDAC2 ZiriTadad eqspresirdeba neironul ujredebSi25, 
amitomac araa gasakviri, rom es swored is histondeacetilazaa, 
romelic yvelaze mniSvnelovania daswavlisa da damaxsovrebisaTvis.

Tagvebi, romelTa neironebi zeeqspresireben Hdac2-s, gamoirCevian 
susti xangrZlivi mexsierebiT, maSinac ki, Tu maTi xanmokle mexsiereba 
Zalian kargia. Tagvebi, romelTa neironebi saerTod ar eqspresireben 
Hdac2-s, xasiaTdebian SesaniSnavi mexsierebiT. es monacemebi imaze 
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miuTiTeben, rom Hdac2 uaryofiT gavlenas axdens mexsierebis 
Senaxvaze. neironebi, romlebic zeeqspresireben Hdac2-s, gacilebiT 
nakleb kavSirebs warmoqmnian, vidre normalurebi, maSin, rodesac 
Hdac2-s moklebul neironebSi sapirispiro situacia SeimCneva. es 
savsebiT Seesabameba Cvens models, romlis Tanaxmad genis eqspresiaSi 
epigenetikuri faqtorebiT ganpirobebul cvlilebebi sabolood 
tvinSi kompleqsuri qselebis cvlilebas iwvevs. SAHA aumjobesebs im 
Tagvebis mexsirebas, romlebic zeeqspresireben Hdac2-s, albaT, imis 
gamo, rom axSobs mis gavlenas histonebis acetilirebaze da genebis 
eqspresiaze. SAHA normaluri Tagvebis mexsierebasac aumjobesebs26.

sinamdvileSi, Tavis tvinSi acetilirebis doneebis momateba, 
rogorc Cans, uSualod ukavSirdeba mexsierebis gaumjobesebas. 
daswavlac da mexsierebac gaumjobesda im TagvebSi, romlebic e.w. 
`gamdidrebul garemo pirobebSi~ imyofebodnen. es, cota ar iyos, 
ucnauri termini imas niSnavs, rom maT xeli miuwvdebodaT or sarben 
borbalze da tualetis qaRaldis rulonis muyaos xvrelze. hipokampSi 
da Tavis tvinis qerqSi histonebis acetilirebis doneebi izrdeboda 
im TagvebSi, romlebic ufro TavSesaqcev garemoSi imyofebodnen. am 
TagvebSic ki SAHA-s miRebisas histonebis acetilirebis doneebi da 
mexsierebis unari kidev ufro gaumjobesda27.

rogorc vxedavT, Tanmimdevruli tendencia ikveTeba. sxvadasxva 
mravalferovan samodelo sistemebSi daswavlis da mexsierebis unari 
imatebs, rodesac cxovelebi dnm-meTiltransferazas inhibitorebs 
da, gansakuTrebiT, histon-deacetilazas inhibitorebs iReben. 
rogorc wina TavSi SevityveT, ukve arsebobs am orive klasis 
licenzirebuli samkurnalo preparatebi, Sesabamisad, 5-azacitidini 
da SAHA. Zalze macdunebelia am kibos sawinaaRmdego preparatebis 
gamoyenebaze fiqri iseTi mdgomareobebis samkurnalod, romelTa 
mTavari klinikuri problema mexsierebis dakargvaa, magaliTad, 
alchaimeris daavadebis dros. SesaZlebelia maTi, rogorc zogadad 
mexsierebis gasaumjobesebeli saSualebebis, farTod gamoyenebac. 

samwuxarod, amis ganxorcielebas win seriozuli sirTuleebi 
eRobeba. am preparatebs iseTi gverdiTi efeqtebi aqvT, rogoricaa 
swrafi daRla, gulisreva da infeqciebis maRali riski. es gverdiTi 
efeqtebi misaRebad CaiTvleba, Tu maTi alternativa kiboTi 
gamowveuli gardauvali swrafi sikvdili iqneba. Tumca maTi 
gamoyeneba naklebad dasaSvebia Wkuasustobis adreuli stadiebis 
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samkurnalod, rodesac pacientis sicocxlis xarisxi SedarebiT 
damakmayofilebelia da, rasakvirvelia, es preparatebi sruliad 
miuRebelia mTeli mosaxleobis mkurnalobisaTvis.

kidev erTi problema arsebobs. am preparatebis umravlesoba, 
faqtobrivad, cudad aRwevs Tavis tvinSi. mRrRnelebSi Catarebul 
mraval cdaSi wamlebi pirdapir tvinSi SehyavdaT, ufro xSirad ki 
mis gansazRvrul ubnebSi, magaliTad, hipokampSi. adamianebisaTvis 
mkurnalobis aseTi xerxi ararealuria.

arsebobs histondeacetilazas inhibitorebis ramdenime saxeoba, 
romlebic SeiZleba tvinSi SeviyvanoT. preparati saxelwodebiT 
natriumis valproati aTeuli wlebia epilefsiis samkurnalod 
gamoiyeneba, amisaTvis ki man, cxadia, tvinSi unda SeaRwios. axlaxan 
SevityveT, rom es nivTierebac histondeacetilazas inhibitoria. 
Zalian saintereso iqneboda epigenetikuri preparatebis gamocda 
alchaimeris daavadebis samkurnalod, magram, samwuxarod, natriumis 
valproati Zalian sustad Trgunavs histondeacetilazebs. 
cxovelebze Catarebuli daswavlis da mexsierebis kvlevebis 
monacemebma daadastura, rom am deficitis aRmosafxvrelad Zlieri 
inhibitorebi sustebze gacilebiT ukeT moqmedeben. 

Tu saWiro samkurnalo saSualebebis Seqmnas movaxerxebT, 
epigenetikuri Terapia SeiZleba ara mxolod alchaimeris msgavsi 
daavadebebis samkurnalod gamodges. kokainis regularulad 
momxmarebelTa 5-dan 10 procentamde dauokebel ltolvas ganicdis 
am narkotikisadmi, radgan isini kokainze damokidebulebi xdebian. 
msgavsi fenomeni aReniSnebaT mRrRnelebsac, romelTac preparatze 
xeli SeuzRudavad miuwvdebaT. kokainis msgavs stimulatorebze 
damo kidebuleba mexsierebisa da `dajildoebis sistemaSi~ Seusabamo 
adap taciis klasikuri magaliTia. es ̀ cudi~ adaptacia genebis eqspre-
siaSi xangrZlivi cvlilebebiT regulirdeba. miCvevis  safuZvels 
warmoadgens cvlilebebi dnm-is meTilirebasa da am meTilirebis 
formebis MeCP2-is mier wakiTxvaSi. es naklebad Seswavlili urTierT-
qmedebebis daxmarebiT xdeba, romlebic sasignalo faqtorebs, dnm-
is da histonebis mamodificirebel fermentebsa da mikro-rnm-s 
Soris myardeba. msgavsi sqemebi udevs safuZvlad amfetaminebze 
damokidebulebasac28,29. 

Tu am Tavis dasawyisSi dasmul kiTxvas davubrundebiT, cxadia, 
Cveni umTavresi amocanaa, ar davuSvaT, rom bavSvebi, romelTac 
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travma gadaitanes, zrdasrul asakSi fsiqikuri daavadebebis 
ganviTarebis saSualoze maRali riskis jgufSi aRmoCndnen.  Zalian 
mimzidvelia imis warmodgena, rom SegveZlos epigenetikuri 
preparatebiT mkurnaloba maTi cxovrebis xarisxis gasaumjobeseblad 
gamogveyenebina. samwuxarod, erT-erTi problema iseTi bavSvebis 
mkurnalobis meTodebis SemuSavebisas, romlebic Zaladobis an 
gulgrilobis msxverplni arian, is aris, rom sakmaod Znelia imis 
gansazRvra, zrdasrul asakSi romeli maTgani darCeba travmirebuli 
da romels eqneba janmrTeli, bednieri da srulfasovani cxovreba. 
uzarmazari eTikuri dilemaa bavSvebisaTvis wamlebis daniSvna, 
rodesac ar SegviZlia darwmunebulebi viyoT imaSi, rom am bavSvs 
mkurnaloba namdvilad sWirdeba. amasTan, preparatebis efeqturobis 
gansazRvrisaTvis saWiro klinikuri gamocdebi aTeulobiT weli 
grZeldeba, rac TiTqmis yvela farmacevtuli kompaniisaTvis 
ekonomikurad araxelsayrelia.

Tumca ar gvinda, es Tavi metismetad minoruli notiT 
davasruloT, amitomac epigenetikuri movlenis da qcevis  Sesaxeb 
SesaniSnav ambavs gTavazobT. aris aseTi geni saxelwodebiT Grb10, 
romelic sxvadasxva sasignalo sqemaSia CarTuli. es imprintinguli 
genia da tvinSi mxolod mamisgan miRebuli asli eqspresirdeba. Tu 
Cven gamovrTavT (davTrgunavT) am mamiseul asls, Tagvebi veRar 
SeZleben cila Grb10-is warmoqmnas da cxovelebs Zalian uCveulo 
fenotipi ganuviTardebaT. isini galiaSi myofi sxva Tagvebis saxeze 
bewvis da ulvaSebis gamowiwkvnas iwyeben. es agresiuli grumingis 
(zrunvis) saxesxvaobaa, qaTmebSi Caniskartebis msgavsi. garda amisa, 
ufro did, ucnob TagvTan Sexvedrisas mutanturi Grb10 genis mqone 
Tagvebi ukan ar ixeven da Tavis teritorias icaven30.

Grb10 genis daTrgunva Tavis tvinSi Tagvebis sakmaod STambeWdav 
`TavdasxmiT~ (`panRuris kvris~) qcevas iwvevs. SeiZleba ucnauradac 
ki mogveCvenos, rom Tavis tvinSi es geni, rogorc wesi, CarTulia. 
gana Tagvebi, romelTac Grb10 geni gamorTuli eqnebodaT, ufro 
mamacebi da Rirseulebi ar gaxdebodnen? sinamdvileSi ufro didi 
albaTobiT es is Tagvebia, romlebic marcxdebian. amqveynad mravali 
Tagvia da isini erTmaneTs xSirad xvdebian, wesebis darRvevisTvis ki 
safasuric unda gaviRoT.

rodesac Grb10 geni Tavis tvinSi gamorTulia, Tagvebs Savi 
dRe uTendebaT. CvenTvis ufro gasagebi rom iyos, adamianebisTvis 
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Cveuli situacia warmovidginoT. ludis barSi sasmeli aiReT da 
am dros viRac Tqvenze orjer ufro didi da dakunTuli mamakaci 
gejaxebaT da Tqveni ludi iRvreba. Tu es geni gamorTulia, TiTqos 
megobris xma CagesmiT, romelic ambobs: `aba, midi, mosde erTi magas, 
ar gauSva!” yvelam kargad viciT, aseT dros ra samwuxaro scenari 
TamaSdeba. amitom modi, es Tavi madlierebis grZnobiT davamTavroT 
imprintinguli Grb10 genis mimarT, romelic xSirad gimeorebT xolme: 
`Tavi daanebe, megobaro, is amad ar Rirs~. 
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TavdaRmarTSi
daberebis imdenad ar meSinia,
ramdenadac gasuqebis da daZabunebis.
benjamin franklini

 dro midis, Cven vberdebiT da es gardauvali procesia. asakis 
matebasTan erTac Cveni sxeuli icvleba. oTx aTeul wels rom 
mivuaxlovdebiT, da amaSi bevri dameTanxmeba, gviZneldeba adrindeli 
fizikuri aqtivobis SenarCuneba. saqme mxolod is ar aris, ramden 
xans davrbivarT an ra siswrafiT vabrunebT velodipedis pedals, 
sanam iZulebuli gavxdebiT SevisvenoT, an mxiarulad gatarebuli 
Ramis wveulebis Semdeg ra dro dagvWirdeba energiis aRsadgenad. 
asakis matebasTan erTad ufro rTuldeba realoba, Cndeba tkivilebi, 
daZabuneba, ufro iolad gvereva mcire da momabezrebeli infeqciebi.

dabereba (sibere) adamianebSi iseT advilad SesamCnev cvlilebebs 
iwvevs, rom patara bavSvebic ki advilad amCneven moxucsa da 
axalgazrdas Soris arsebul gansxvavebas. mozrdilebi advilad 
axsnian gansxvavebas oci da ormoci an ormoci da samocdaxuTi wlis 
adamianebSi. daberebiT gamowveul cvlilebebs adamianebs advilad 
vamCnevT. Cven qvecnobierad vakuTvnebT ucnob adamianebs sxvadasxva 
asakobriv jgufs, Tumca isini ar asxiveben maTi asakis Sesabamis 
radiosignalebs. es daberebis fizikuri niSnebis mixedviT xdeba. maT 
upirvelesad miekuTvneba kanqveSa cximovani qsovilis ganleva, ris 
gamoc saxe naklebad ̀ qorfaa~, naoWebiania, nakvTebi maxvilia, kunTovani 
tonusi _ daqveiTebuli da xerxemali _ msubuqad gamrudebuli.

kosmetikuri qirurgiis swrafi ganviTareba naTlad adasturebs, 
Tu ra TavganwirviT vebrZviT daberebis niSnebs. esTetikuri 
plastikuri qirurgiis saerTaSoriso asociaciis 2010 wlis 
monacemebis mixedviT, 2009 wels 25 wamyvan qveyanaSi 8,5 mln-ze 
meti operacia Catarda plastikur qirurgiaSi da TiTqmis amdenive 
_ araqirurgiuli procedura, rogoricaa botoqsis ineqcia da 
lazeruli dermabrazia. siis saTaveSia aSS, meore adgils ki brazilia 
da CineTi iyofen1.
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 zogadad sazogadoeba mSvidad aRiqvams ganvlili wlebis 
simravles, magram ver egueba siberis Tanmxleb fizikur degradacias 
da es ubralo trivialuri gulnakluloba ar aris, vinaidan dabereba 
erT-erT yvelaze seriozul risk-faqtors warmoadgens kibos, 
alchaimeris an insultis ganviTarebisTvis. 

bolo periodis aRmoCenebma da janmrTelobis dacvis sferoSi 
uaxlesma meTodebma mniSvnelovnad gazardes sicocxlis xangrZlivoba 
da cxovrebis xarisxi. nawilobriv es ganapiroba bavSvTa sikvdilianobis 
winaaRmdeg mimarTulma RonisZiebebma. iseTi mZime daavadebis 
sawinaaRmdego vaqcinaciam, rogoric, magaliTad, poliomielitia, 
mniSvnelovnad Seamcira sikvdilianoba bavSvTa asakSi (naklebi bavSvi 
iRupeboda) da gaaumjobesa daavadebagadatanilTa sicocxlis xarisxi 
(poliomielitis gamo ufro naklebi bavSvi gaxda unarSezRuduli).

ar wydeba aqtiuri diskusiebi sicocxlis gaxangrZlivebis 
sakiTxTan dakavSirebiT, romlis arsia siberis bolo, mxcovani asakis 
stadiis gaxangrZliveba. sicocxlis gaxangrZlivebis SesaZlebloba 
dafuZnebulia koncefciaze, gamoyenebul iqnas sxvadasxva saxis 
Carevebi, romlebic didxans sicocxlis SesaZleblobas mogvcems. 
Tumca am sakiTxis ganxilvisas rogorc socialurad, aseve 
mecnierulad arasrulad Seswavlil sferoSi viWrebiT. misi mizezebis 
amosaxsnelad saWiroa gavarkvioT, Tu ras warmoadgens sibere da 
ratom aris igi bevrad meti, vidre ubralod, dRegrZeloba.

erT-erTi gansazRvrebis Tanaxmad, `sibere aris qsovilebis fun-
qciis progresuli gauareseba, romelic sikvdiliT mTavrdeba~2. adami-
anTa umravlesobisaTvis swored rom funqciuri daqveiTeba da ara 
sicocxlidan wasvla warmoadgens siberis periodis damTrgunvel aspeqts.

zogadad, Cvens umravlesobas kargad esmis, rom mniSvnelovania 
ara ubralod arseboba, aramed sicocxlis xarisxi. 2010 wels 605 
gamokiTxuli zrdasruli avstralielebis naxevarma aRniSna, rom 
ar miiReben daberebis sawinaaRmdego preparatebs, Tu aseT rames 
gamoigoneben, Tu isini sicocxlis xarisxs ar gaaumjobeseben. aRniSnuli 
respodentebi ar iyvnen darwmunebuli, rom aseTi preparatebi 
janmrTeli sicocxlis gaxangrZlivebas SeZleben. ubralod 
didxans sicocxlis idea maT ar izidavda, Tuki is janmrTelobis 
gauresebas da dauZlurebas gulisxmobda. respodentebi sicocxlis 
gaxangrZlivebaze im SemTxvveaSi iyvnen Tanaxma, Tu sicocxlis bolo 
wlebSi Tavs sruliad janmrTelad igrZnobdnen3.
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amdenad, sicocxlis gaxangrZlivebasTan dakavSirebuli nebismieri 
samecniero diskusiis dros ikveTeba ori gansxvavebuli aspeqti: 
sakuTriv sicocxlis gaxangrZliveba da siberis Tanmxleb asakobriv 
cvlilebebze kontroli. sicocxlis gaxangrZlivebaze msjelobisas 
bundovania, sanam aris SesaZlebeli an gonivruli am ori aspeqtis 
gancalkeveba, ZiriTadad adamianebTan mimarTebaSi.

epigenetikas daberebis procesSi udavod gansakuTrebuli roli 
ekisreba. is am procesis ara erTaderTi, magram mniSvnelovani faqtoria. 
epigenetikis moqmedebis im arealma, rac daberebas ukavSirdeba, bolo 
wlebSi farmacevtul mrewvelobaSi umZafresi debatebi gamoiwvia. am 
sakiTxs Tavis bolo nawilSi isev davubrundebiT.

unda gavarkvioT, ratom ver asruleben daberebuli ujredebi 
TavianT funqcias, ris gamoc organizmSi izrdeba simsivnis, II tipis 
diabetis, gul-sisxlZarRvTa sistemis daavadebebis, Wkuasustobisa 
da mravali sxva mdgomareobis ganviTarebis riski. am problemebis 
erTi mizezia is, rom Cveni organizmis ujredebSi arsebuli dnm-is 
programa icvleba da Tan ara ukeTesobisaken. dnm-Si TanamimdevrobaTa 
SemTxveviTi cvlilebebi grovdeba, maT Soris, somaturi mutaciebi. isini 
organizmis qsovilis ujredebze zemoqmedeben, oRond ara Canasaxovan 
stadiaSi. simsivnis bevri formis dros Secvlilia Tanamimdevroba dnm-
Si, umetesad gamowveuli qromosomTa arsebiTi aberaciebiT, romelTa 
drosac genetikuri masala erTi qromosomidan meores gadaecema.

asociaciurad damnaSavea 
ukve darwmunebiT SeiZleba iTqvas, rom Cveni ujredebis 

mravalricxovan meqanizmebs maqsimalurad ucvlelad SeuZliaT dnm-
is programis SenarCuneba. sadac ki es SesaZlebelia, mTeli ZaliT 
inarCuneben genoms pirvandel mdgomareobaSi. epigenomTan ki sxva 
mdgomareobaa. genomTan SedarebiT igi Tavisi bunebiT ufro moqnili 
da plastikuria. aqedan gamomdinare, araferia gasakviri imaSi, rom 
organizmebSi epigenetikuri modifikaciebi asakTan dakavSirebiT 
cvlilebebs ganicdis, vinaidan genomTan SedarebiT epigenomi 
ufro mniSvnelovnad cvladi da arastabiluria, magram organizmis 
daberebasTan erTad genomTan SedarebiT kidev ufro advilad icvleba.

Sesabamisi magaliTebi vixileT me-5 TavSi, rodesac vmsjelobdiT 
genetikurad identuri tyupebi asakis matebasTan erTad ratom 
xdebian gansxvavebulebi epigenetikuri TvalsazrisiT. mecnierebma 
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pirdapiri gziT gamoikvlies, Tu rogor icvleba epigenomi asakTan 
dakavSirebiT. Seiswavles adamianTa ori didi jgufi islandiidan 
da amerikis iutas Statidan, romlebic grZelvadian demografiul 
kvlevebSi monawileobdnen. maT 11 da 16-wliani periodulobiT 
uRebdnen sisxlis nimuSebs, saidanac dnm-s gamoyofdnen. sisxli 
Seicavs wiTel (eriTrocitebi) da TeTr (leikocitebi) ujredebs. 
eriTrocitebi mTeli organizmis ujredebs JangbadiT amarageben 
da arsebiTad hemoglobinis pawawina tomsikebs warmoadgenen. 
leikocitebi infeqciebis sapasuxod imunur reaqciebs warmoqmnian. 
isini Seicaven birTvs da, Sesabamisad, dnm-s.

mkvlevrebma aRmoaCines, rom dnm-is meTilirebis absoluturi done 
zogierTi nimuSebis leikocitebSi droTa ganmavlobaSi icvleboda 
da es cvlilebebi yovelTvis ar iyo erTnairi. rig adamianebSi dnm-is 
meTilirebis xarisxi asakTan erTad izrdeboda, xolo sxva jgufebSi 
_ mcirdeboda. amasTan, gairkva, rom cvlilebebis mimarTuleba erTi 
ojaxis wevrebSi identuri iyo. es SesaZloa imas niSnavdes, rom dnm-
is meTilirebis asakTan dakavSirebuli cvlilebebi gamowveuli iyo 
genetikuri an ojaxisTvis saerTo garemo faqtorebiT. mecnierebma 
aseve detalurad Seiswavles genomSi 1500-ze meti ZiriTadad 
cilis masinTezebel genebTan dakavSirebuli calkeuli CpG ubnis 
meTilireba. am gansakuTrebul ubnebSi aRmoaCines igive tendencia, 
romelic daafiqsires dnm-is meTilirebis absoluturi donis 
Seswavlisas. rig jgufebSi dnm-is meTilireba gansakuTrebul ubnebSi 
momatebuli aRmoCnda, sxvebSi _ daqveiTebuli. dnm-is meTilirebis 
done ara umcires 20%-iT momatebuli an Semcirebuli iyo kvlevaSi 
monawile individebis daaxloebiT meaTed nawilSi. 

eqsperimentis Sedegebis mixedviT mkvlevrebma ganacxades, rom ̀maTi 
monacemebi adasturebs mosazrebas, rom normaluri epigenetikuri 
sqemebis dakargva, rac asakTan aris dakavSirebuli, warmoadgens 
meqanizms, romelic gavrcelebuli asakobrivi daavadebebis ganvi-
Tarebas ganapirobebs~4. marTalia, es monacemebi Seesabameba models, 
romlis Tanaxmadac janmrTelobis asakTan dakavSirebuli gauareseba 
provocirebulia epigenetikuri meqanizmebiT, Tumca arsebobs 
SezRudvebi, romlebsac angariSi unda gavuwioT. 

kerZod, msgavsi kvlevebi mniSvnelovan urTierTkavSirs warmoaCens 
epigenetikur cvlilebebsa da asakTan dakavSirebul daavadebebs 
Soris, magram es ar amtkicebs imas, rom erTi movlena meoris Sedegia. 
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mechanism for late onset of common human diseases’4. It’s true 
that the data are consistent with this model of epigenetic mecha-
nisms leading to late onset disease, but there are limitations, which 
we should bear in mind.

In particular, these types of studies highlight important cor-
relations between epigenetic change and diseases of old age, but 
they don’t prove that one event causes the other. Deaths through 
drowning are most common when sales of suntan lotion are 
highest. From this one could infer that sun tan lotions have some 
effect on people that makes them more likely to drown. The real-
ity of course is that sales of suntan lotion rise during hot weather, 
which is also when people are most likely to go swimming. The 
more people who swim, the greater the number who will drown, 
on average. There is a correlation between the two factors we have 
monitored (sales of sun block and deaths by drowning) but this 
isn’t because one factor causes the other.

So, although we know that epigenetic modifications change 
over time, this doesn’t prove that these alterations cause the ill-
nesses and degeneration associated with old age. In theory, the 
changes could just be random variations with no functional conse-
quences. They could just be changes in the epigenetic background 
noise in a cell. In many cases, we don’t even yet know whether 
the altered patterns of epigenetic modifications lead to changes in 
gene expression. Addressing this question is hugely challenging, 
and particularly difficult to assess in human populations.

Guilt by more than association

Having said that, there are some epigenetic modifications that are 
definitely involved in disease initiation or progression. The case 
for these is strongest in cancer, as we saw in Chapter 11. The evi-
dence includes the epigenetic drugs which can treat certain specific 
types of cancer. It also includes the substantial amounts of data 
from experimental systems. These show that altering epigenetic 
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adamianebi ufro xSirad ixrCobian wyalSi wlis im periodSi, rodesac 
gasaruji losionebis moxmareba izrdeba. am faqtis mixedviT SeiZleba 
davaskvnaT, rom gasaruji losioni raRacnairad moqmedebs adamianebze 
da maT daxrCobisken ubiZgebs. Tumca sinamdvileSi gasaruji losionis 
moxmareba cxeli amindebis periodSi izrdeba, rodesac bevri adamiani 
wylis piras dasvenebas arCevs, rac meti adamiani curavs, miT meti 
adamiani ixrCoba. zemoT ganxilul or faqtors Soris (losionebis 
gayidva da sikvdilianoba banaobis dros) urTierTkavSiri arsebobs, 
magram es imas ar niSnavs, rom erTi movlena meores iwvevs.

amrigad, Tumca viciT, rom epigenetikuri modifikaciebi 
droTa ganmavlobaSi icvleba, mxolod es ar SeiZleba sakmaris 
mtkicebulebad miviCnioT, rom isini xandazmuli asakisTvis 
damaxasiaTebeli daavadebebis gamomwvev da janmrTelobis gauaresebis 
mizezebs warmoadgenen. Teoriulad es cvlilebebi SeiZleba mxolod 
SemTxveviTi variaciebi iyos, romelTac aranairi funqciuri Sedegi 
ar aqvT. isini SesaZloa mxolod ujredSi epigenetikuri fonuri 
xmauris cvlilebebi iyos. bevr SemTxvevaSi CvenTvis isic ki ucnobia, 
epigenetikuri modifikaciebis Secvlili sqemebi iwvevs Tu ara genebis 
eqspresiis Secvlas. am kiTxvaze pasuxis gacema Zalian rTulia, 
gansakuTrebiT ki adamianTan mimarTebaSi.

asociaciurze ufro damnaSavea 

arsebobs zogierTi epigenetikuri modifikaciebi, romlebic 
monawileoben daavadebaTa warmoSobaSi an ganviTarebaSi. amis yvelaze 
naTeli magaliTia me-11 TavSi ganxiluli onkologiuri daavadebebi. 
amas adasturebs is epigenetikuri preparatebi, romelTac SeuZliaT 
ramdenime saxis specifikuri simsivnis gankurneba. garda amisa, arsebobs 
sxvadasxva eqsperimentidan miRebuli mniSvnelovnad bevri monacemi. 
isini adastureben, rom ujredSi epigenetikuri regulaciis cvlileba 
zrdis mis avTvisebian warmonaqmnad gadaqcevis SesaZleblobas an ukve 
arsebuli simsivnuri ujredi ufro agresiuli xdeba.

me-11 TavSi ganxiluli erT-erTi sakiTxi iyo dnm-is meTilirebis 
zrda, rac xSirad SeimCneva simsivnis supresori genebis promotorebSi. 
dnm-is aseTi gaZlierebuli meTilireba Trgunavs simsivnis 
supresori genebis eqspresias. ucnauria, magram dnm-is specifikuri 
ubnebis hipermeTilireba xSirad SeimCneva dnm-is meTilirebis 
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daqveiTebis zogad fonze imave simsivnuri ujredis genomis sxva 
ubnebSi. meTilirebis daqveiTeba SeiZleba savaraudod gamowveuli 
iyos eqspresiis daqveiTebiT an dnm meTiltransferazas _ DNMT1-
is gaaqtivebiT. dnm-is meTilirebis donis globalurma daqveiTebam 
aseve SeiZleba xeli Seuwyos simsivnis ganviTarebas.

am sakiTxis Sesaswavlad rudi jeniSma Seqmna Tagvebis xazi, 
romelTa ujredebSi DNMT1 cilis eqspresia mxolod 10% aRwevda. am 
ujredebSi sakontrolo cxovelebTan SedarebiT dnm-is meTilirebis 
done Zalian dabali iyo. amasTan, am Tagvebs mutaciuri DNMT1 geniT, 
romlebic dabadebisas patara zomis da sustebi iyvnen, oTxidan rva 
Tvemde asakSi imunuri sistemis agresiuli avTvisebiani warmonaqmni (T 
ujredebis limfoma) ganuviTardaT. es dakavSirebuli iyo garkveuli 
qromosomebis aberaciebTan, gansakuTrebiT, simsivnuri ujredebis 
me-15 qromosomis damatebiT aslTan.

profesor jeniSis varaudiT, dnm-is meTilirebis daqveiTebis 
gamo qromosomebi arastabiluri da daxleCvisken midrekilebi 
xdebian, ris Sedegac izrdeba qromosomTa arasworad SeerTebis 
saSiSroeba. warmoidgineT, rom Suaze gatexeT vardisferi da mwvane 
karamelis kanfetebi da miiReT 4 nawili. gamdnari Saqris saSualebiT 
SesaZlebelia maTi pirvandeli formis aRdgena da kvlav ori cali 
axali nugbari gveqneba, romelic kariess iwvevs. magram Tu amas 
sibneleSi gavakeTebT, SesaZlebelia miviRoT ̀ hibridi~, romlis erTi 
naxevari mwvane iqneba, meore _ vardisferi. 

qromosomTa arastabilurobis saboloo Sedegi rudi jeniSis 
TagvebSi genebis anomaluri eqspresia gaxda, ramac Tavis mxriv, 
maRalinvaziuri da Zalze agresiuli ujredebis elviseburi 
gamravleba da kibo gamoiwvia5,6. swored es monacemebia imis erT-erTi 
mizezi, ris gamoc saeWvoa, DNMT-s inhibitorebi kibos garda sxva 
daavadebebis samkurnalod gamodges. arsebobs imis safrTxe, rom am 
preparatebma SesaZloa normalur ujredebSi dnm-is meTilirebis 
daqveiTeba gamoiwvion, ramac SeiZleba zogi tipis ujredebi 
simsivnisadmi midrekili gaxados. 

es monacemebi imas mowmobs, rom TavisTavad dnm-is meTilirebis 
done mniSvnelovan faqtors ar warmoadgens. gacilebiT ufro 
mniSvnelovania, genomis ra ubnebSi icvleba dnm-is meTilireba. 

dnm-is meTilirebis donis zogadi daqveiTeba, rac daberebas axlavs 
Tan, aRmoaCines ara mxolod adamianebsa da TagvebSi, aramed sxva bevri 
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resulting in cancer5,6. These data are one of the reasons why 
DNMT inhibitors are unlikely to be used as drugs in anything 
other than cancer. The fear is that the drugs would cause decreased 
DNA methylation in normal cells, which might pre-dispose some 
cells types towards cancer.

These data suggest that the DNA methylation level per se is 
not the critical issue. What matters is where the changes in DNA 
methylation take place in the genome.

The generalised decrease in DNA methylation levels that 
comes with age has also been reported in other species than 
humans and mice, ranging from rats to humpback salmon7. It’s 
not entirely clear why low levels of DNA methylation are associ-
ated with instability of the genome. It may be because high levels 
of DNA methylation can lead to a very compacted DNA struc-
ture, which may be more structurally stable. After all, it’s easy to 
snip through a single extended wire with a pair of cutters, but 
much harder if  that wire has been squashed down into a dense 
knot of metal.

It’s important to appreciate just how much effort cells put into 
looking after their chromosomes. If  a chromosome breaks, the 
cell will repair the break if  it can. If  it can’t, the cell may trigger an 
auto-destruct mechanism, essentially committing cellular suicide. 
That’s because damaged chromosomes can be dangerous. It’s bet-
ter to kill one cell, than for it to survive with damaged genetic 
material. For instance, imagine one copy of chromosome 9 and 
one copy of chromosome 22 break in the same cell. They could 
get repaired properly, but sometimes the repair goes wrong and 
part of chromosome 9 joins up with part of chromosome 22.

This rearrangement of chromosomes 9 and 22 actually hap-
pens relatively frequently in cells of the immune system. In fact 
it happens so often that this 9:22 hybrid has a specific name. 
It’s called the Philadelphia chromosome, after the city where it 
was first described. 95 per cent of people who have a form of 
cancer called chronic myeloid leukaemia have the Philadelphia 
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saxeobis warmomadgenlebSic, virTxebidan oragulebamde7. jer kidev 
bolomde ar aris garkveuli, Tu ratom asocirdeba dnm-is meTilirebis 
dabali done genomis arastabilurobasTan. savaraudod, dnm-is 
meTilirebis maRali done dnm-is kompaqturobis gazrdas gamoiwvevs, 
romelic struqturulad ufro stabiluri iqneba. bolos da bolos, 
erTi mavTulis gadaWra bevrad ufro iolia, vidre ramdenime, erTmaneTze 
gadawnuli mavTulisgan gakeTebuli liTonis mtkice kvanZis.

mniSvnelovania warmovidginoT, ra titanur energias xarjaven 
ujredebi Tavisi qromosomebisTvis. roca qromosoma ixliCeba, ujredi 
SeZlebisdagvarad saswrafod aRadgens dazianebas, magram Tu amas ver 
axerxebs, maSin TviTganadgurebis meqanizms CarTavs, rac sabolood 
ujredis `TviTmkvlelobiT~ mTavrdeba. es imitom xdeba, rom 
dazianebuli qromosomebi SeiZleba saSiSi aRmoCndes. umjobesia erTi 
ujredi daiRupos, vidre gadaarCino dazianebuli genetikuri masalis 
mqone ujredi. magaliTad, warmovidginoT, rom erTsa da imave ujredSi 
ixliCeba me-9 da 22-e qromosomebis TiTo asli. maTi aRdgena SeiZleba 
srulad moxdes, magram zogjer aRdgena arasworad mimdinareobs da 
me-9 qromosomis nawili 22-e qromosomis nawils uerTdeba.

me-9 da 22-e qromosomebis aseTi gadajgufeba sinamdvileSi sakmaod 
xSirad gvxvdeba imunuri sistemis ujredebSi. ufro metic, es ise 
xSirad xdeba, rom am 9:22 hibrids konkretuli saxeliT moixsenieben. 
mas filadelfiuri qromosoma hqvia im qalaqis pativsacemad, sadac 
pirvelad aRweres. adamianTa 95%-s, romlebic daavadebuli arian kibos 
erT-erTi formiT, qronikuli granulocituri leikemiiT, simsivnur 
ujredebSi aqvT filadelfiuri qromosoma. es anomaluri qromosoma 
imunuri sistemis aseTi formis simsivnes im mizeziT iwvevs, rom genomis 
garkveul ubnebSi qromosomaTa gaxleCa da Semdeg SeerTeba xdeba. ori 
qromosomuli ubnis SeerTebisas warmoiqmneba hibriduli Bcr-Abl geni, 
romelic ujredebis Zalze agresiul gayofas iwvevs. 

Cvens ujredebSi swored amitom Camoyalibda Zalian rTuli 
da swrafad moqmedi meTodebi gaxleCili qromosomebis swrafi 
aRdgenisaTvis, romelTa mizania Tavidan aicilos qromosomebis 
msgavsi anomaliuri SeerTeba. amisaTvis ujredebma unda SeZlon dnm-
is Tavisufali boloebis amocnoba, romlebic qromosomebis orad 
gaxleCis Sedegad warmoiqmneba.

Tumca yvelaferi ase martivad ar aris. Cveni ujredebis yovel 
qromosoma sruliad bunebrivad aqvs dnm-is ori Tavisufali bolo 
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_ orive mxares TiTo. raRacam unda SeuSalos xeli dnm-is aRmdgen 
meqanizms, CaTvalos, rom es boloebi SekeTebas saWiroeben. es 
`raRaca~ viwrod specializebuli struqturaa, romelsac telomeri 
ewodeba. yovel qromosomas orive boloze gaaCnia telomeri, e.i. 
adamianis yovel ujredSi 92 telomeria. swored isini blokaven 
qromosomis boloebze dnm-is aRdgenis process.

kudis boloebi 

telomerebs mniSvnelovani funqcia akisriaT daberebis winaaRmdeg 
brZolaSi. ujredis gayofis sixSiris Sesabamisad isini mokldeba. 
amdenad, organizmis daberebasTan erTad telomerebi TandaTan 
mokldebian. sabolood, telomerebis zoma ise mcirdeba, rom isini 
Tavis funqcias saTanadod veRar asruleben. ujredebi wyveten 
gayofas da SeiZleba TviTganadgurebis meqanizmi gaaqtiuron. ujredis 
erTaderTi tipi, romelic ar eqvemdebareba am kanonzomierebas, aris 
germinaciuli (sasqeso) ujredebi, romelTaganac kvercxujredebi an 
spermatozoidebi formirdeba. am ujredebSi telomerebi ar mokldeba, 
ase rom, Semdegi Taobis dRegrZelobas araferi emuqreba. 2009 wels 
telomerebiTa da ferment telomerazas saSualebiT qromosomebis 
dacvis meqanizmebis aRmoCenisaTvis elizabet blekberns, kerol 
greiders da jek Sostaks nobelis premia mieniWaT fiziologiisa da 
medicinis dargSi. 

vinaidan daberebis procesisaTvis telomerebi aseTi 
mniSvnelovania, aucilebelia ganvixiloT rogor urTierTqmedeben 
isini epigenetikur sistemasTan. xerxemlianebis dnm-is telomerebi 
Seicaven aseuljer ganmeorebad TTaggg Tanamimdevrobebs. 
telomerebs ar aqvT genebi. garda amisa, es Tanamimdevrobebi 
migvaniSneben, rom telomerebze СрG-s motivebi ar aris, Sesabamisad, 
aq ar SeiZleba iyos dnm-is meTilireba. Tu mainc arsebobs raime 
epigenetikuri efeqtebi, romlebic telomerebisTvis mniSvnelovania, 
isini histonebis modifikaciaze unda iyos dafuZnebuli.

telomerebsa da qromosomebis ZiriTad nawils Soris moTavsebul 
dnm-is monakveTebs, ewodebaT subtelomeruli ubnebi. isini 
ganmeorebadi dnm-is mraval jaWvs Seicavs. es ganmeorebebi naklebad 
SezRudulia TanamimdevrobebSi, vidre telomerebi. subtelomerul 
ubnebSi mcire raodenobiT genebia lokalizebuli. isini СрG-s ramdenime 
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motivsac Seicaven, ase rom, es ubnebi SeiZleba daeqvemdebaros ara 
mxolod histonur modifikaciebs, aramed dnm-is meTilirebasac.

telomerebsa da subtelomerul ubnebSi arsebuli epigenetikur 
modifikaciaTa saxeebi, savaraudod Zlier represirebulia miCneuli. 
imdenad, ramdenadac am ubnebSi genebi mcire raodenobiTaa da es 
modifikaciebi, albaT, ar aris gankuTvnili calkeuli genebis 
inhibirebisaTvis. samagierod, es represiulad epigenetikuri 
modifikaciebi, savaraudod, qromosomaTa boloebis `gaWyletaSi~ 
monawileoben. epigenetikuri modifikaciebi izidaven qromosomis 
boloebis Semomgarsvel cilebs da maqsimalurad uzrunvelyofen 
maTi mWidrod daxveuli, mkvrivi da daculi formiT SenarCunebas. 
es daaxloebiT mogvagonebs sadenis boloebs, romlebic saizolacio 
lentiT mWidrodaa SefuTuli. 

ujredisaTvis potenciuri saSiSroeba mdgomareobs imaSi, rom 
mis yvela telomerul dnm-s erTnairi Tanamimdevroba aqvs, birTvSi 
ki identuri Tanamimdevrobebi Tavisive msgavsis povnis da masTan 
dakavSirebis tendencias amJRavneben. aseTi mWidro mezobloba sxvadasxva 
qromosomebis boloebis erTmaneTTan SeerTebis saSiSroebas qmnis, 
gansakuTrebiT im SemTxvevaSi, Tu isini dazianebuli da Riaa. es SeiZleba 
mravalnairi Secdomebis mizezi gaxdes im dros, rodesac ujredi 
cdilobs daaxarisxos qromosomebis jaWvebi, `Sereul~ qromosomebs 
qmnis, romlebic qronikuli granulocituri leikemiis gamomwvevi 
qromosomis msgavsia. telomerebis dafarva represiuli modifikaciebiT, 
romlebic qromosomis boloebs mWidrod SefuTaven, mniSvnelovnad 
amcirebs sxvadasxva qromosomebis SecdomiT SeerTebis albaTobas.

amgvarad, ujredi 13.1. suraTze warmodgenili dilemis winaSe 
aRmoCndeba. 

qromosomis sxeuli telomeri

normaluri telomeri

telomeris damoklebis 
gamomwvevi modifikaciebi zrdis 
ujredis gaTiSvis risks

telomeris dagrZelebis gamomwvevi 
modifikaciebi zrdis simsivnis 
ganviTarebis risks

sur. 13.1. telomerebis anomaluri damokleba an dagrZeleba Tanabrad saSiSia 
ujredisaTvis
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Tu telomerebi Zalian damoklda, es SeiZleba ujredis gaTiSvis 
mizezi gaxdes, xolo Tu telomerebi Zalian dagrZeldeba, izrdeba 
riski, rom sxvadasxva qromosomebi daiwyeben erTmaneTTan SeerTebas 
da Seiqmneba simsivnuri zrdis mastimulirebeli axali genebi. 
ujredis represia, savaraudod, damcvelobiT meqanizms warmoadgens 
da Camoyalibda simsivnis maprovocirebeli axali genebis warmoqmnis 
riskis minimumamde Sesamcireblad. swored es aris erT-erTi mizezi, 
romlis gamoc Zalian gaZneldeba sicocxlis gamaxangrZlivebeli 
preparatebis Seqmna ise, rom ar gaizardos simsivnis ganviTarebis 
saSiSroeba.

ra xdeba, rodesac axal pluripotentur ujredebs vqmniT? es 
SeiZleba gakeTdes somaturi ujredis birTvis gadataniT, risi 
mowmec viyaviT I TavSi an iPS ujredebis Seqmnis dros, raSic II 
TavSi davrwmundiT. SegviZlia visargebloT am teqnikiT da SevqmnaT 
degeneraciuli daavadebebis samkurnalod gankuTvnili cxovelebis 
klonebi an adamianis Rerovani ujredebi. orive SemTxvevaSi 
aucilebelia SevqmnaT normaluri sicocxlis xangrZlivobis mqone 
ujredebi. bolos da bolos aranairi azri ar aqvs axali saprizo 
ulayis an ujredebis Seqmnas diabetiT daavadebuli mozardis kuWqveSa 
jirkvalSi gadanergvisaTvis, Tu ulayi an ujredebi telomerebis 
`daberebis~ gamo mokle droSi daiRupebian.

es imas niSnavs, rom Cven unda SevqmnaT ujredebi telomerebiT, 
romelTa zoma daaxloebiT Cveulebrivi embrionis telomerebis 
sigrZis iqneba. bunebriv pirobebSi asec aris imis gamo, rom Canasaxis 
ujredebis qromosomebi daculia telomerebis damoklebisagan. 
Tu pluripotentur ujredebs SedarebiT zrdasruli ujredidan 
SevqmniT, saqme gveqneba birTvTan, romlis telomerebi didi 
albaTobiT ukve damoklebulia, radgan sawyisi (dediseuli) ujredi 
aviReT mozrdilidan, romlis telomerebi asakis Sesabamisad ukve 
damoklebuli iyo.

sabednierod, raRac ucnauri xdeba, rodesac pluripotentur 
ujreds laboratoriul pirobebSi vqmniT. rodesac iPS ujredebi 
iqmneba, isini aaqtiveben telomerazas genis eqspresias. Cveulebriv, 
telomeraza telomerebis saWiro sigrZis SenarCunebas uzrunvelyofs, 
Tumca asakis matebasTan erTad, Cvens ujredebSi telomerazas aqtivoba 
TandaTan qveiTdeba. mniSvnelovania, gaavaqtiuroT telomeraza iPS 
ujredebSi, winaaRmdeg SemTxvevaSi, maT Zalian mokle telomerebi 
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the telomeres are already likely to be relatively short, because the 
‘starter’ cells were taken from adults, whose chromosomes are 
getting shorter with age.

Luckily, something unusual happens when we create pluripo-
tent cells experimentally. When iPS cells are created, they switch 
on expression of a gene called telomerase. Telomerase normally 
keeps telomeres at a healthy long length. However, as we get older, 
the telomerase activity in our cells starts to drop. It’s important 
to switch on telomerase in iPS cells, or the cells would have very 
short telomeres and wouldn’t create very many generations of 
daughter cells. The Yamanaka factors induce the expression of 
high levels of telomerase in iPS cells.

But we can’t use telomerase to try to reverse or slow human 
ageing. Even if  we could introduce this enzyme into cells, perhaps 
by using gene therapy, the chances of inducing cancers would be 
too great. The telomere system is finely balanced, and so is the 
trade-off  between ageing and cancer.

Both histone deacetylase inhibitors and DNA methyltrans-
ferase inhibitors improve the efficiency of the Yamanaka factors. 
This might be partly because these compounds help to remove 
some of the repressive modifications at the telomeres and sub-
telomeric regions. This may make it easier for telomerase to build 
up the telomeres as the cells are reprogrammed. 

The interaction of epigenetic modifications with the telomere 
system takes us a little further away from a simple correlation 
between epigenetics and ageing. It moves us closer to a model 
where we can start to develop confidence that epigenetic mecha-
nisms may actually play a causative role in at least some aspects 
of ageing.

Is your beer getting old?

To investigate this more fully, scientists have made extensive use 
of an organism we all encounter every day of our lives, whenever 

ER.indd   272 05/07/2011   14:13:01

eqnebaT da ver SeZleben Svileuli ujredebis Taobebis sakmarisi 
raodenobiT Seqmnas. iamanakas faqtori astimulirebs telomerazas 
intensiur eqspresias iPS ujredebSi. 

Tumca Cven ar SegviZlia gamoviyenoT telomeraza imisaTvis, rom 
gavaaxalgazrdoT adamiani an SevaneloT adamianis dabereba. im SemTxvevaSic 
ki, Tu SevZlebdiT am fermentis ujredidan amoRebas da amisTvis genur 
Terapias gamoviyenebdiT, simsivnis provocirebis SesaZlebloba Zalian 
gaizrdeboda. telomerebis sistema zustadaa gawonasworebuli iseve, 
rogorc alternativa siberesa da simsivnes Soris.

histondeacetilazasa da dnm-is meTiltransferazas inhibitorebi 
aZliereben iamanakas faqtoris efeqturobas. es SeiZleba 
garkveulwilad imiT iyos gamowveuli, rom orive qimiuri naerTi 
telomerebsa da subtelomerul ubnebze nawilobriv CamoaSoreben 
represiul modifikaciebs. amis Sedegad ujredis gadaprogramebisas 
telomerazas telomerebis Sevseba uadvildeba. 

epigenetikuri modifikaciebis telomerebis sistemasTan 
urTierTqmedebis ganxilvam cota ar iyos dagvaSora epigenetikisa 
da daberebis procesis urTierTkavSiris martiv gamovlinebasTan. 
amasTan, man migvaaxlova modelTan, romlis meSveobiTac Cven 
SeviZineT Tavdajerebuloba, rom epigenetikur meqanizmebs daberebis 
Tundac zogierTi aspeqtisTvis mainc marTlac SeuZliaT kauzaluri 
rolis Sesruleba. 

xom ar berdeba Tqveni ludi?

daberebis sakiTxis ufro Rrmad SeswavlisaTvis mecnierebi 
aqtiurad iyeneben organizmebs, romlebTanac mTeli sicocxlis 
ganmavlobaSi yoveldRiuri kontaqti gvaqvs puris an ludis 
mirTmevisas. am modeluri organizmis aRsaniSnavi mecnieruli 
terminia laTinuri sityvaTSeTanxmeba Saccharimyces cerevisiae. CvenTvis 
igi cnobilia ufro gavrcelebuli saxelwodebiT _ ludis safuari. 
SemdegSi mas ufro Semoklebulad movixseniebT _ safuari. 

imis miuxedavad, rom safuari martivi erTujrediani organizmia, 
is ramdenime fundamentur aspeqtSi saocrad gvgavs. safuaris 
ujredebs aqvs birTvi (gansxvavebiT baqteriebisagan), garda amisa, aqvT 
umaRlesi organizmebisaTvis, ZuZumwovrebisaTvis, damaxasiaTebeli 
bevri cila da bioqimiuri kavSirebi.
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safuari umartivesi, erTujrediani organizmia, amitom 
laboratoriul pirobebSi masTan muSaoba Zalian advilia, safuaris 
deda ujredi pirdapiri gziT iZleva axal, Svileul ujredebs. 
dediseuli ujredi warmoqmnis Tavisi dnm-is aslebs. axali ujredi 
dediseulisagan dakvirtvis gziT miiReba. Svileuli ujredi, romelic 
dnm-is saWiro raodenobas Seicavs, Camoscildeba dediseul ujreds 
da viTardeba, rogorc sruliad damoukidebeli axali erTujrediani 
organizmi. safuari Zalian swrafad iyofa da warmoqmnis axal 
ujredebs. amdenad, eqsperimentisaTvis sakmarisia ramdenime kvira 
da ara Tveebi an wlebi, rogorc es saWiro iqneboda umaRles 
organizmebTan, upirvelesad ZuZumwovrebTan muSaobis SemTxvevaSi. 
safuari SeiZleba gamovzardoT Txevad garemoSi an petris finjnebze, 
rac Zalian aadvilebs maTze manipulacias. amasTanave, safuaris 
CvenTvis saintereso genebSi sakmaod advilia mutaciis gamowveva.

safuars aqvs gansakuTrebuli Tviseba, ris gamoc isini 
epigenetikuri kvlevebisaTvis saukeTeso modeluri sistemebs 
warmoadgenen. safuarebi arasodes ar axdenen dnm-is meTilirebas, 
amitom maTSi nebismieri epigenetikuri efeqti mxolod histonebis 
modifikaciis Sedegia. safuars kidev erTi sasargeblo Tviseba aqvs. 
yoveli Svileuli kvirtis moSorebis Semdeg dediseul organizmze 
rCeba nawiburi. es Tavisebureba saSualebas gvaZlevs ganvsazRvroT, 
ramdenjer gaiyo deda ujredi. safuarebisTvis daberebis ori tipia 
damaxasiaTebeli da orive maTgani SeiZleba adamianis daberebas 
SevadaroT, rogorc es naCvenebia sur. 13.2.-ze.

daberebis sakiTxebis Seswavlisas udidesi yuradReba eTmoba 
replikaciur tips, da imis amoxsnas, Tu ratom kargaven ujredebi 
gamravlebis unars. replikaciuri dabereba ZuZumwovrebSi uSualo 
kavSirSia asakobrivi cvlilebebis udavo simptomebTan. mag., ConCxis 
kunTebSi arsebobs specifikuri Rerovani ujredebi, e.w. satelituri 
ujredebi. maT dayofa SeuZliaT mxolod SezRuduli raodenobiT, 
rogorc ki am unars dakargaven, axali kunTovani boWkoebis warmoqmna 
wydeba.

safuarebSi replikaciuri daberebis garkvevaSi miRweulia 
garkveuli progresi. am procesis makontrolebeli erT-erTi 
ZiriTadi fermentia Sir2. igi epigenetikuri cilaa da safuaris 
replikaciur daberebaze ori gziT zemoqmedebs. erTi maTgani 
mxolod safuarisTvis aris damaxasiaTebeli, meore ki aRmoCenilia 
evoluciuri xis mraval saxeobaSi adamianis CaTvliT.
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obvious symptoms of getting older. For example, skeletal muscle 
contains specialised stem cells called satellite cells. These can only 
divide a certain number of times. Once they are exhausted, you 
can’t create new muscle fibres.

Substantial progress has been made in understanding replica-
tive ageing in yeast. One of the key enzymes in controlling this 
process is called Sir2 and it’s an epigenetic protein. It affects rep-
licative ageing in yeast through two pathways. One seems to be 
specific to yeast, but the other is found in numerous species right 
through the evolutionary tree, all the way up to humans.

Sir2 is a histone deacetylase. Mutant yeast that over-express 
Sir2 have a replicative lifespan that is at least 30 per cent longer 
than normal8. Conversely, yeast that don’t express Sir2 have a 
reduced lifespan9, about 50 per cent shorter than usual. In 2009, 
Professor Shelley Berger, an incredibly dynamic scientist at the 
University of Pennsylvania whose group has been very influential 
in molecular epigenetics, published the results of a really elegant 
set of genetic and molecular experiments in yeast.

Her research showed that the Sir2 protein influences ageing 
by taking acetyl groups off  histone proteins, and not through 
any other roles this enzyme might carry out10. This was a key 

Figure 13.2 The two models of ageing in yeast, relevant for dividing and 
non-dividing cells.
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replikaciuri dabereba:
gamravlebis unaris 
dakargvamde ramdenjer 
SeZlebs dediseuli ujredi 
Svileuli ujredebis 
warmoqmnas?

qronologiuri dabereba: 
daberebis modeli adamianis 
ujredSi, romelsac ar aqvs 
gamravlebis unari, mag., 
neironSi

sur. 13. 2. safuaris daberebis ori modeli _ gamravlebis unaris mqone da 
gamravlebis unars moklebuli ujredebisTvis

Sir2 aris histondeacetilaza. mutanturi safuari, romelic 
mis hipereqspresias axdens, gamoirCeva replikaciuri sicocxlis-
unarianobiT, romelic sicocxlis Cveulebriv xangrZlivobas sul 
mcire 30%-iT aRemateba8. da, piriqiT, safuars, romelic ar asinTezebs 
Sir2-s, sicocxlis xangrZlivoba Cveulebrivze 50%-iT ufro naklebi 
aqvs9. 2009 wels profesorma Seli bergerma, saocrad Sromisunarianma 
mkvlevarma pensilvaniis universitetidan, romlis jgufmac didi 
gavlena iqonia molekuluri epigenetikis ganviTarebaze, gamoaqveyna 
WeSmaritad unikaluri genetikuri da molekuluri eqsperimentebis 
Sedegebis cikli safuarze.

Seli bergeris kvlevebma gviCvena, rom cila Sir2 moqmedebs 
daberebaze. kerZod, histonuri cilebidan acetilis jgufebis 
Camocilebis gziT da es am fermentis erTaderTi daniSnulebaa10. 
es iyo mTavari eqsperimenti, vinaidan Sir2-s, iseve, rogorc sxva 
histondeacetilazebs, garkveuli molekuluri `TavaSvebuloba~ 
axasiaTebs. igi acetilis jgufebs ara marto histonur cilebs 
Camoacilebs, aramed ujredis 60-mde sxva cilasac. am cilebis 
umetesobas aranairi kavSiri ara aqvs qromatinTan an genebis 
eqspresiasTan. Seli bergeris Sromebma damajereblad daadastures, 
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rom Sir2 daberebaze gavlenas swored histonur cilebze zemoqmedebiT 
axdens. histonebSi epigenetikuri sqemis Secvla, Tavis mxriv, cvlis 
genebis eqspresias.

miRebuli monacemebi gviCvenebs, rom histonebis epigenetikuri 
modifikaciebi gadamwyvet rols TamaSoben daberebis procesebSi. am 
Sromebma daberebis problemebis Semswavleli mecnierebi daarwmuna, 
rom maT kvlevis swori mimarTuleba airCies. Sir2-is mniSvneloba ar 
Semoifargleba mxolod safuariT. Tu Sir-2 eqspresiis dones Zalian 
gavzrdiT CvenTvis ukve sayvarel Wia C. elegans-Si11, igi ufro didxans 
icocxlebs. Sir2-is intensiuri eqspresiis Sedegad drozofilebis 
sicocxle daaxloebiT 57%-iT xangrZlivdeba12. SesaZlebelia Tu ara, 
rom es geni aseTi mniSvnelovani iyos adamianis daberebisTvisac?

ZuZumwovrebSi aRwerilia Sir2 genis Svidi saxesxvaoba SIRT1-
dan SIRT7-mde. adamianSi daberebis Seswavlisas mecnierebi 
gansakuTrebul yuradRebas uTmoben SIRT6-s, romelic uCveulo 
histodeacetilazas warmoadgens. am sferoSi WeSmariti garRveva 
moxda stenfordis dRegrZelobis centris axalgazrda docentis 
katrin Cuas laboratoriaSi (katrini emi Cuas da gaxlavT, memuarebis 
avtorisa ̀ deda vefxvis sabrZolo simRera~, romelmac sazogadoebaSi 
gacxovelebuli polemika gamoiwvia).

katrin Cuam gamoiyvana Tagvebis xazi, romlebic arasodes 
asinTezebdnen Sirt6 cilas, sakuTari ganviTarebis periodSic ki (maT 
Sinrt6 genis nokaut Tagvebi Searqves). dabadebisas maT absoluturad 
normaluri ieri hqondaT da Cveulebriv Tagvebs mxolod zomiT 
CamorCebodnen, magram ori kviris asakidan uviTardebodaT daberebis 
procesisaTvis damaxasiaTebeli mTeli rigi niSnebi, maT Soris, 
kanqveSa cximovani Sris gaqroba, xerxemlis gamrudeba da metabolizmis 
darRveva. erTi Tvis asakSi es Tagvebi ixocebodnen maSin, roca 
Cveulebrivi Tagvebi laboratoriul pirobebSi ori weli cocxloben.

histondeacetilazebis umravlesoba ukiduresad mouwes rige-
belia, rac imas gulisxmobs, rom isini nebismier acetilirebul 
histons, romelsac ki moixelTeben, Camoacileben acetilis jgufs. 
ufro metic, rogorc ukve avRniSneT, bevri maTgani mxolod 
histonebiT ar Semoifargleba da acetilis jgufs nebismier cilas 
Camoacileben. am mxriv, SIRT6 unikaluria. igi acetilis jgufs acilebs 
or gansakuTrebul aminomJavas _ lizin 9-s da lizin 56-s, orive 
H3 histonze mdebareobs. es fermenti, rogorc Cans, upiratesobas 
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telomerebze ganlagebul histonebs aniWebs. rodesac katrin Cua 
adamianis ujredebSi SIRT6-is genis ̀ nokauts~ iwvevda, aRmoaCina, rom 
maTi telomerebi dazianebuli iyo da maTi qromosomebi SeerTebas 
iwyebdnen. ujredebma dakarges gamravlebis unari da funqciaTa 
umetesi nawilis Sesruleba Sewyvites13. 

zemoTqmulidan gamomdinare, adamianis ujredebs SIRT6 
telomerebis normaluri struqturis SesanarCuneblad sWirdebaT, 
magram am cilis funqcia mxolod es ar aris. histon 3-is acetilireba 
aminomJava 9-ze dakavSirebulia genebis eqspresiasTan. rodesac 
SIRT6 acilebs am modifikacias, aRniSnuli aminomJavis meTilireba 
SeuZliaT ujredSi arsebul sxva fermentebsac. histonur cilaSi 
aRniSnuli poziciis meTilireba kavSirSia genebis represiasTan. 
katrin Cuam ganagrZo eqsperimentebi, romlis Sedegebma daadastura, 
rom SIRT6 eqspresiis donis cvlilebebis Sesabamisad calkeuli 
genebis eqspresia icvleba. 

gansazRvrul cilasTan kompleqsis warmoqmnis gziT SIRT6 Tavis 
samizned irCevs specifikur genebs. Tu es cila asocirebulia am 
genebTan, maSin SIRT6 monawileobs ukukavSiris principiT, romelic 
xels uwyobs genis eqspresiis daTrgunvas da klasikur mankier wreSi 
erTveba. TagvebSi, romelTac nokautirebuli SIRT6 geni aqvT, histonuri 
acetilirebis done am genebSi rCeba maRali, radgan ukukavSiri ar xor-
cieldeba. am movlenis gamo TagvebSi nokautirebuli SIRT6-iT samizne 
genebis eqspresia momatebulia. samizne genebs warmoadgenen isini, 
romlebic uzrunvelyofen TviTganadgurebas an ujredi gadahyavT 
permanentuli stazis (Segubebis) mdgomareobaSi, romelic cnobilia 
rogorc daCaCanakeba, daZabuneba. aseTi Sedegebi xsnis da aCvenebs, 
Tu ratom iwvevs SIRT6 genis `nokauti~ naadrev daberebas14. saqme is 
aris, rom daberebis procesis daCqarebasTan dakavSirebuli genebi 
gaaqtiurdebian axalgazrda asakSi an Zalian adre, an Zalian mZafrad.

warmoidgineT gaqnili mewarme, romelic Tavis nakeTobaSi 
farulad CaamontaJebs naadrevi cveTis meqanizms. garkveuli wlebis 
ganmavlobaSi es meqanizmi umoqmedodaa, radgan Tu cveTis procesi 
Zalian adre daiwyeba, mewarmes uxarisxo produqciis mkeTeblis 
reputacia eqneba da mis nakeTobasac aravin SeiZens. SIRT6 genis 
nokauti ujredebSi nawilobriv hgavs programul amovardnas, 
romelic CamontaJebul cveTis meqanizms ori wlis nacvlad, vTqvaT, 
erT TveSi aaqtiurebs.
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SIRT6-is sxva samizne genebi asocirebulia anTebiTi procesebis 
an imunuri reaqciebis provocirebasTan. amas didi mniSvneloba aqvs 
daberebis procesisTvisac, vinaidan am gzebis aqtivobis amaRlebiT 
gansazRvruli mdgomareobebi asakis momatebasTan erTad sul ufro 
xSirdeba. maT miekuTvneba gul-sisxlZarRvTa sistemis daavadebebis 
specifikuri niSnebi da iseTi qronikuli darRveva, rogoric aris 
revmatoiduli arTriti.

arsebobs iSviaTi genetikuri daavadeba _ verneris sindromi. am 
seniT daavadebuli pacientebi janmrTel TanatolebTan SedarebiT 
bevrad ufro adre da swrafad berdebian. verneris sindroms iwvevs 
genis mutacia, romelic dnm-is samganzomilebian struqturaSia 
lokalizebuli da dnm-s unarCunebs normalur konfiguracias 
da garkveuli tipis ujredisaTvis damaxasiaTebel daxvevisa da 
kompaqtizaciis xarisxs15. Cveulebrivi cila ukavSirdeba telomerebs 
da es sakmaod efeqturad xdeba, rodesac telomerebis histonebi 
kargaven acetilis jgufebs histon H3-is me-9 aminomJavaze. swored am 
modifikacias amoagdebs SIRT6 fermenti, rac erTxel kidev gvarwmunebs, 
Tu ra roli ekisreba SIRT6 cilas daberebis procesis marTvaSi16. 

imis gaTvaliswinebiT, rom SIRT6 histondeacetilazas warmoadgens, 
saintereso iqneboda daberebis procesze histondeacetilazas 
inhibitoris gavlenis Seswavla. SegviZlia vivaraudoT, rom SIRT6 
fermentis eqspresiis nokautis efeqts miviRebT anu daberebis 
procesis daCqarebas. es ki gvaiZulebs kidev erTxel davfiqrdeT, 
sanam pacientebis mkurnalobas histondeacetilazas iseTi 
inhibitoriT daviwyebT, rogoricaa SAHA. bolos da bolos, simsivnis 
sawinaaRmdego preparati, romelic pacientis daberebas daaCqarebs, 
saeWvoa efeqtur samkurnalo saSualebad CaiTvalos.

sabednierod, onkologiuri pacientebis mkurnalobis 
TvalsazrisiT, SIRT6 miekuTvneba ferment histondeacetilazebis 
gansakuTrebul klass, romelTa saxelwodebaa sirtuinebi. 
gansxvavebiT me-11 TavSi ganxiluli fermentebisagan, sirtuinebi 
ar eqvemdebareba SAHA-s an sxva nebismieri histondeacitilazebis 
inhibitori preparatebis zegavlenas.
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naklebi miirTviT da didxans icocxlebT

isev vubrundebiT sakiTxs, cotaTi mainc mivuaxlovdiT Tu 
ara im saSualebis aRmoCenas, romelic SegviZlia xalxs sicocxlis 
gasaxangrZliveblad SevTavazoT. dReisaTvis arsebuli monacemebi 
bevrs arafers gvpirdeba, gansakuTrebiT Tu gaviTvaliswinebT 
imas, rom daberebis gamomwvevi bevri meqanizmi simsivnisgan damcavs 
warmoadgens. ra azri aqvs samkurnalo saSualebebis Seqmnas, romlebic 
sicocxles 50 wliT gaaxangrZlivebs, Tu es preparatebi simsivnes 
gamoiwvevs da xuT weliwadSi movkvdebiT? Tumca arsebobs sicocxlis 
gaxangrZlivebis erTi meTodi, romlis gasaocari efeqturoba 
damtkicebulia ara mxolod safuaris an drozofilas, aramed Wiebisa 
da ZuZumwovrebis SemTxvevaSic. es kaloriebis SezRudva gaxlavT. 

SeuzRudavi kvebis pirobebSi mRrRnelebis racionSi kaloriebis 
60%-iT Semcireba gasaocar efeqts axdens sicocxlis xangrZlivobisa 
da asakTan dakavSirebuli daavadebebis ganvi Tarebaze17. Sedegi rom 
udavod cxadi iyos, kaloriebis SezRudva adreuli asakidan unda 
daiwyos da mTeli sicocxlis manZilze gagrZeldes. safuaris 
sakveb areSi glukozis SezRudva 2-dan 0,5%-mde, maTi sicocxlis 
xangrZlivobas daaxloebiT 30%-iT zrdis18. 

ar wydeba gacxovelebuli diskusiebi Temaze, kaloriebis SemcirebiT 
gamowveuli efeqti ganpirobebulia Tu ara iseTi sirtuinebiT, 
rogoricaa Sir2 safuarebSi an Sir2-is variantebi cxovelebSi. Sir2 
nawilobriv regulirdeba ZiriTadi qimiuri nivTierebiT, romlis done 
damokidebulia ujredSi Semosuli sakvebi nivTierebebis raodenobaze. 
am mizeziT zogi avtori varaudobs, rom zemoT aRweril or komponents 
Soris urTierTkavSiri arsebobs da es mimzidveli hipoTezaa. 
udavoa is faqti, rom Sir2 namdvilad mniSvnelovania sicocxlis 
gaxangrZlivebisaTvis. kaloriebis SezRudvac Zalze mniSvnelovan 
rols asrulebs. gasarkvevia, es ori faqtori SeTanxmebulad moqmedebs 
Tu erTmaneTisagan damoukideblad. am sakiTxTan dakavSirebiT erTiani 
azri jerjerobiT ar arsebobs, xolo eqsperimentebis Sedegebi didad 
aris damokidebuli SerCeul samodelo sistemaze. aq iseT detalebSi 
CaRrmaveba mogviwevs, romlebic erTi SexedviT umniSvnelod gveCveneba, 
magaliTad, ludis safuaris romeli Stami gamoiyeneba, an rogoria 
sakveb areSi glukozis zusti raodenoba. 
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sakiTxi, Tu ra gavlenas axdens kaloriebis SezRudva, Tavad 
faqtTan SedarebiT umniSvneloa, Tumca es meqanizmi CvenTvis Zalian 
bevrs niSnavs, Tuki daberebasTan brZolis strategias veZebT, radgan 
kaloriebis SezRudvis sakiTxi adamianTan mimarTebaSi gansazRvrul 
problemebs ukavSirdeba. kveba kolosaluri raodenobis socialur 
da kulturul aspeqtebs moicavs, vinaidan sakvebi CvenTvis mxolod 
sawvavs ar warmoadgens. sociologiuri da fsiqologiuri barierebis 
miRma, kaloriebis Semcirebas gverdiTi movlenebic gaaCnia. maTgan 
yvelaze TvalsaCino kunTovani qsovilis ganleva da libidos 
dakargvaa. amitom gasakviri ar aris, Tu am gverdiTi movlenebis gamo 
adamianebis umetesoba uars ityvis sicocxlis gaxangrZlivebaze19.

swored es gaxldaT erT-erTi mizezi, ris gamoc 2006 wels 
Jurnal Nature-Si devid sinkleris (harvardis samedicino skola) mier 
gamoqveynebulma statiam furori gamoiwvia. mkvlevrebi swavlobdnen 
im Tagvebis janmrTelobis mdgomareobas da sicocxlis xangrZlivobas, 
romlebsac qimiur nivTiereba resveratrols aZlevdnen. resveratroli 
kompleqsuri mcenareuli antioqsidantia, romelsac yurZeni Seicavs. 
igi wiTel RvinoSic gvxvdeba. im droisaTvis, roca statia gamoqveynda, 
ukve dadgenili iyo, rom resveratroli safuaris, C.elegans-isa da 
drozofilebis sicocxles axangrZlivebs20,21.

profesorma sinklerma da misma kolegebma Tagvebi Zalze 
maRalkaloriul dietaze `dasves~ da eqvsi Tvis ganmavlobaSi 
resveratrols aZlevdnen. naxevari wlis Semdeg mecnierebma 
gamoikvlies eqsperimentuli Tagvebis janmrTelobis mdgomareoba. 
yvela Tagvi, romelic maRalkaloriul dietaze iyo, gasuqda, imis 
miuxedavad, aZlevdnen maT resveratrols Tu ara, magram is Tagvebi, 
romlebic resveratrols iRebdnen, ufro janmrTelebi iyvnen, vidre 
preparatiT daumuSavebeli maTi TanamoZmeebi. maTi RviZli imdenad 
gacximovnebuli ar iyo, ufro damajereblad da Tamamad asrulebdnen 
moZraobebs da diabetis simptomebic naklebad hqondaT gamoxatuli. 
114 kviris asakisaTvis im Tagvebis sikvdilianobis done, romlebic 
resveratrols iRebdnen, 31 %-iT dabali iyo, vidre Tagvebisa, 
romlebic igive dietas icavdnen, magram resveratrols ar iRebdnen22.

ukve gasagebia, ratom gamoiwvia zemoT aRniSnulma statiam 
mkvlevrebis didi interesi. SesaZlebeli rom iyos igive Sedegis 
miReba adamianebSi, resveratroli simsuqnis gareSe cxovrebis 
garantia iqneboda. miirTviT, ramdenic gnebavT, imdeni cximi miiReT, 



280

epigenetikuri revolucia

280 The Epigenetics Revolution

life. No leaving behind one-third of every meal and losing your 
muscles and your libido.

How was resveratrol doing this? A previous paper from the 
same group showed that resveratrol activated a sirtuin protein, in 
this case Sirt123. Sirt1 is believed to be important for the control 
of sugar and fat metabolism.

Professor Sinclair set up a company called Sirtris 
Pharmaceuticals, which continued to make new compounds based 
around the structure of resveratrol. In 2008 GlaxoSmithKline 
paid $720 million dollars for Sirtris Pharmaceuticals to gain 
access to its expertise and portfolio of compounds for treating 
diseases of ageing.

This deal was considered expensive by many industry observ-
ers, and it hasn’t been without its problems. In 2009, a group from 
rival pharmaceutical company Amgen published a paper. They 
claimed that resveratrol did not activate Sirt1, and that the original 
findings represented an artefact caused by technical problems24. 
Shortly afterwards, scientists from Pfizer, another pharmaceutical 
giant, published very similar findings to Amgen25.

It’s actually very unusual for large pharmaceutical compa-
nies to publish work that simply contradicts another compa-
ny’s findings. There’s nothing much to be gained by doing so. 
Pharmaceutical companies are ultimately judged by the drugs 
they manage to launch successfully, and criticising a competitor 
in the early stages of a drug discovery programme gives them no 
commercial advantage. The fact that both Amgen and Pfizer went 
public with their findings is a demonstration of how controversial 
the resveratrol story had become.

Does it matter how resveratrol works? Isn’t the most impor-
tant feature the fact that it has such dramatic effects? If  you are 
trying to develop new drugs to treat human conditions, it unfortu-
nately matters quite a lot. The authorities who license new drugs 
are much keener on compounds when they know how they work. 
This is partly because this makes it much easier to monitor for 
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ramdenic gindaT da didxans da janmrTelad icocxleT. SegiZliaT 
TefSze yoveli kerZis mesamedi aRar datovoT da libidosa da 
kunTebis dakargvisac ar SegeSindeT.

rogor axerxebs resveratroli am efeqtis miRwevas? mecnierTa 
igive jgufis wina statiaSi aRniSnuli iyo, rom resveratroli 
aaqtivebs cila sirtuins, am konkretul SemTxvevaSi Sirt123, romelic 
rogorc varaudoben, mniSvnelovania Saqris da cximebis metabolizmis 
kontrolisTvis. 

profesorma sinklerma daafuZna kompania Sirtris Pharmaceuticals. 
kompaniam muSaoba gaagrZela axali naerTebis Seqmnaze, romelTa 
safuZveli iyo resveratrolis struqtura. 2008 wels korporacia 
GlaxoSmithKline-ma 720 mln dolarad SeiZina kompania da miiRo 
ufleba, esargebla kompaniis mier daberebis Tanmdevi daavadebebis 
samkurnalo saSualebebis SemuSavebis Teoriuli da praqtikuli 
miRwevebiT.

bevrma eqpertma es SeTanxmeba metismetad ZviradRirebulad 
miiCnia, Tumca es ar yofila erTaderTi problema. 2009 wels 
konkurenti farmacevtuli kompania Amgen-is mecnierTa jgufma 
moxseneba gamoaqveyna. isini amtkicebdnen, rom resveratroli ar 
aaqtivebs Sirt1-s da pirveladi eqsperimentebis imedismomcemi Sedegebi 
gamowveuli iyo teqnikuri xarvezebiT24. male meore farmacevtuli 
giganti kompania Pfizer-is mkvlevrebma gamoaqveynes statia, romelSic 
Amgen-is mecnierTa mosazrebebs eTanxmebodnen25.

rogorc wesi, msxvili farmacevtuli kompaniebisTvis uCveuloa 
publikaciebis gamoqveyneba, romlebSic ubralod uaryofilia 
sxva kompaniis aRmoCenebi. aseTi saqcieli yvelasaTvis sazianoa. 
saboloo jamSi farmacevtuli kompaniebis saqmianobas afaseben 
sarealizaciod gamotanili medikamentebis mixedviT, amitom 
konkurentebis gakritikeba preparatis damuSavebis sawyis stadiaze 
komerciuli upiratesobis garanti ar aris. is faqti, rom Amgen-
ma da Pfizer-ma saxalxod gamoaqveynes TavianTi mosazrebebi, erTxel 
kidev adasturebs, ramdenad sakamaTo gaxda resveratrolis istoria. 

aqvs ki mniSvneloba rogor moqmedebs resveratroli? ufro 
mniSvnelovani is faqti xom ar aris, rom igi gansacvifrebel Sedegs 
iZleva? Tu Tqven apirebT SeqmnaT adamianis daavadebaTa samkurnalo 
axali preparati, samwuxarod, zemoT dasmul kiTxvebze pasuxebis gacemas 
didi mniSvneloba eqneba. maregulirebeli organoebi, romlebic axali 
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preparatis warmoebaze licenzias gascemen, gadawyvetilebis miRebisas 
ufro keTilganwyobili iqnebian, Tu preparatis moqmedebis meqanizmi 
ecodinebaT. nawilobriv es ganpirobebulia imiT, rom am SemTxvevaSi 
mniSvnelovnad aris gamartivebuli gverdiT movlenebze dakvirveba, 
vinaidan winaswar aris cnobili, Tu ras unda velodoT am preparatisgan. 
magram meores mxriv, SesaZloa Tavad resveratroli samkurnalo 
preparatebis dasamzadeblad idealuri nivTiereba ar aRmoCndes. 

es problema xSirad aris damaxasiaTebeli mcenareebidan miRebuli 
bunebrivi naerTebisaTvis, rogoric resveratrolia. bunebriv qimiur 
naerTebSi saWiro xdeba garkveuli mniSvnelovani Tu umniSvnelo 
cvlilebebis Setana, raTa organizmSi maTi cirkulacia gaadvildes 
da arasasurveli gverdiTi efeqtebi ar gamoiwvion. magaliTad, 
qimiuri naerTi artemizini Cinuri abzindisgan miiReba da malariis 
samkurnalod gamoiyeneba. Tavad bunebriv artemizins adamianis 
organizmi cudad iTvisebs, amitomac mkvlevrebma Seqmnes sawyisi 
naturaluri produqtis struqturulad axali variantebi. aseTi 
formiT miRebuli naerTebi klavs malariis gamomwvev parazitebs da 
maT adamianis organizmi artemizinze gacilebiT ukeT iTvisebs26. 

Zalian Znelia axali preparatebis Seqmna da gamocda, rodesac 
zustad ar viciT, esa Tu is naerTi rogor moqmedebs organizmze, 
radgan cnobili ar aris, rogor SevamowmoT, agrZeleben Tu ara isini 
zemoqmedebas samizne cilaze.

GlaxoSmithKline agrZelebs sirturinis kvlevis programebs, magram 
ufrTxildeba ra kompaniis reputacias, Sewyvita resveratrolis 
gansakuTrebuli formulis klinikuri gamocda iseTi daavadebis 
mkurnalobisTvis, rogoricaa mravlobiTi mieloma Tirkmlis 
toqsikurobis gverdiTi efeqtis gamo27.

progresi sirtuinuli histondeacetilazas aqtivatorebis 
kvlevis saqmeSi farmacevtuli warmoebis yvela msxvili kompaniis 
cxovel interess iwvevs. Cven jer kidev ar viciT, es epigenetikuri 
modifikatorebi dRis wesrigSi darCebian Tu daviwyebis ferfli 
mieyrebaT imis niSnad, rom isini ar Seesabamebian maTTvis wayenebul 
specifikur amocanas _ gaaxangrZlivon sicocxle da ebrZolon 
asakobriv daavadebebs. ase, rom jerjerobiT gvijobs Zvel, gamocdil 
recepts mivdioT: meti xili da bostneuli mivirTvaT, bevri 
vivarjiSoT da SevecadoT, mzis mkveTr gamosxivebas Tavi avaridoT 
_ mas jer aravisTvis moutania sikeTe.
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dRegrZeli iyos 
dedofali
mTeli Cemi samflobelo sicocxlis
erTi wuTis sanacvlod!
miewereba dedofal elisabed I-s

 
kvebis gavlena ZuZumwovrebis janmrTelobisa da sicocxlis 

xangrZlivobaze uaRresad mniSvnelovania. rogorc wina TavSi 
vnaxeT, kaloriebis xangrZlivi SezRudva Tagvebis sicocxles sul 
cota 1/3-iT axangrZlivebs1. me-6 Tavidan isic SevityveT, rom Cvens 
janmrTelobasa da dRegrZelobaze SeiZleba arsebiTi gavlena iqonios 
Cveni winaprebis _ mSoblebisa da bebia-babuebis kvebis racionma, 
rac saocari aRmoCenaa, Tumca Tavad buneba kvebis dRegrZelobaze 
gavlenis ufro gansacvifrebel magaliTs gvTavazobs. SeecadeT 
warmoidginoT, rom kvebis Sesabamisi reJimis pirobebSi zogierTi 
saxeobis SezRuduli raodenobis rCeuli individis sicocxle ocjer 
ufro xangrZlivia maTi Cveulebrivi TanamoZmeebis sicocxlesTan 
SedarebiT. ocjer! es rom adamianebisTvis iyos SesaZlebeli, maSin 
didi britaneTis taxtze dResac dedofali elisabed I ijdeboda da 
es kidev 400 weli mainc gagrZeldeboda. 

cxadia, adamianebSi ase ar xdeba, Tumca bunebaSi farTod 
gavrcelebuli erTi saxeobisTvis es SesaZlebelia. am qmnilebas 
gazafxulobiT da zafxulobiT yvelani vxvdebiT. Cven misi Sromis 
produqtiT vsargeblobT, rodesac vamzadebT sanTels, avejis laqs 
da misi dauRalavi SromiT mopovebul, guluxv saCuqarsac didi 
siamovnebiT viyenebT sakvebad kacobriobis mTeli istoriis manZilze. 
es saxeoba futkari gaxlavT. 

futkari _ Apis mellifera _ WeSmaritad saocari qmnilebaa. igi 
socialuri mwerebis klasikuri magaliTia. futkrebi koloniebad 
cxovroben, romelic aTeul aTasobiT individs aerTianebs. koloniis 
wevrTa did umravlesobas muSa futkrebi Seadgenen. es steriluri 
mdedrebia, romlebic sagangebo daniSnulebis mravalferovan 
samuSaos asruleben, rogoric aris yvavilis mtvris Segroveba, 
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fiWis aSeneba da axlad gamoCekil larvebze zrunva. maT Soris arian 
SedarebiT mcire raodenobiT mamrebi, romlebic, Tu bedma gauRimaT, 
SeuRlebis garda arafers akeTeben, da dedofali _ deda futkari. 

axali koloniis formirebis procesSi qalwuli deda futkari muSa 
futkrebis gundis TanxlebiT skas tovebs. igi ramdenime mamrs Seejvareba 
da iwyeba axali koloniis Seqmna. mdedri aTasobiT kvercxs debs, romelTa 
didi nawilidan axali muSa futkrebi da ramdenime mdedri iCekeba. 
zrdasruli axali mdedri Tavad iwyebs axali koloniis formirebas.

koloniis damaarsebeli mdedri ramdenimejer SeuRldeba. 
Sesabamisad, koloniis yvela wevri genetikurad identuri ver iqneba, 
vinaidan zogierT maTgans sxvadasxva mama hyavs. Tumca koloniaSi 
aTasobiT genetikurad identuri futkaria. genetikuri identuroba 
mxolod muSa futkrebze ar vrceldeba. axali deda futkrebic 
genetikurad aTasobiT muSa futkris identurebi arian da SeiZleba 
maT debic vuwodoT, magram am terminiT maT srulyofilad ver 
davaxasiaTebT. sinamdvileSi yvelani klonebi arian. 

axali deda da misi kloni debi _ muSa futkrebi _ mkveTrad 
gansxvavdebian erTmaneTisagan, rogorc fizikuri formiT, ise 
saqmianobiT. mdedri zomiT SeiZleba orjer aRematebodes muSa 
futkrebs. e.w. `saqorwino frenis~ Semdeg, rodesac dedofali 
pirvelad datovebs kolonias da SeuRldeba, is skas aRarasodes 
tovebs, mTel cxovrebas dabindul, Caketil sivrceSi atarebs da 
zafxulis TveebSi dReSi 2000-de kvercxs debs. mas ara aqvs nestari, 
cvilis jirkvlebi, mtvris Sesagrovebeli kalaTebi (ra saWiroa 
CanTebi, Tu saxlidan arasodes gamodixarT). muSa futkrebis 
sicocxlis xangrZlivoba, Cveulebriv, kvirebiT izomeba, deda 
futkari ki ramdenime weli cocxlobs2.

meore mxriv, muSa futkrebi mraval iseT samuSaos asruleben, 
risi unaric deda futkars ar aqvs. maTi mTavari daniSnulebaa 
sakvebis Segroveba, mere ki koloniis danarCeni wevrebisaTvis sakvebis 
adgilmdebareobis Sesaxeb informaciis miwodeba. TanamoZmeebs 
informacias cnobili `cekviT~ acnobeben. deda futkari mTel 
sicocxles bindiani skis fufunebaSi atarebs, Tumca `saqorwino 
cekvis~ ritualze aRarasodes iwveven.

amrigad, futkris koloniaSi aTasobiT individia, romlebic 
genetikurad identuria, Tumca zogi maTgani mkveTrad gansxvavebulia 
fizikurad da qceviT. am gansxvavebis mizezia larvebis kvebis 



284

epigenetikuri revolucia

284 The Epigenetics Revolution

For honeybees the DNA script is constant but the outcome 
is variable. The outcome is controlled by an early event (feeding 
pattern) which sets a phenotype that is maintained throughout 
the rest of life. This is a scenario that just shrieks epigenetics at 
us, and in the last few years scientists have started to unravel the 
molecular events that underpin this process.

The critical roll of the dice for honeybees happens after the 
third day of life, as a fairly immobile grub or larva. Until day 
three, all honeybee larvae are given the same food. This is a sub-
stance called royal jelly, which is produced by a specialised group 
of workers. These young workers are known as nurse bees and 
they secrete royal jelly from glands in their heads. Royal jelly is 
a highly nutritious food source. It is a concentrated mix of a lot 
of different components, including key amino acids, unusual fats, 
specific proteins, vitamins and other nutrients that haven’t been 
well-characterised yet.

Once the larvae are three days old, the nurse bees stop feed-
ing royal jelly to most of them. Instead, most larvae are switched 
onto a diet of pollen and nectar. These are the larvae which will 
grow up to be worker bees.

But for reasons that nobody really understands, the nurse 
bees continue feeding royal jelly to a select few larvae. We don’t 
know how these larvae are chosen or why. Genetically they are 
identical to the ones that are switched onto the less sophisticated 
diet. But this small group of larvae that continue to be nourished 
with royal jelly grow up to be queens, and they’re fed this same 
substance throughout their lives. The royal jelly is essential for 
the production of mature ovaries in the queens. Worker females 
never develop proper ovaries, which is one of the reasons they are 
infertile. Royal jelly also prevents the queen from developing the 
organs that she won’t ever need, like those pollen baskets.

We understand some of the mechanisms behind this process. 
Bee larvae contain an organ that has some of the same func-
tions as our liver. When a larva receives royal jelly continuously, 

ER.indd   284 05/07/2011   14:13:02

Tavisebureba. ganviTarebis adreul stadiaze larvebis kvebis 
tipi srulad gansazRvravs, momavalSi am larvidan muSa futkari 
ganviTardeba Tu deda. 

futkris dnm-is scenari ucvlelia, saboloo Sedegebi ki _ 
variabeluri. es Sedegebi ganviTarebis adreul etapze garkveuli 
movleniT (lavrebis kvebis tipiT) ganisazRvreba. kveba ayalibebs 
fenotips, romelic mTeli sicocxle SenarCundeba. aseTi scenaris 
ganviTareba erTmniSvnelovnad epigenetikaze migviTiTebs da bolo 
ramdenime welia, mecnierebma im molekuluri movlenebis gaSifrva 
daiwyes, rac am process udevs safuZvlad. 

futkrebis bedi maTi sicocxlis mesame dRis bolos irkveva, 
rodesac isini jer kidev umweo, umoZrao matlebi an lavrebi 
arian. mesame dRemde yvela larva erTnairad ikvebeba. maTi sakvebia 
gansakuTrebuli substancia _ futkris rZe, romelic axalgazrda muSa 
futkrebis sagangebo jgufis _ ZiZa-futkrebis _ TavSi ganlagebul 
jirkvlebSi gamomuSavdeba. futkris rZe Zalian noyieri sakvebia. 
igi mravalkomponentian, koncentrirebul nazavs warmoadgens, 
romelic mdidaria mniSvnelovani aminomJavebiT, iSviaTi cximebiT, 
gansakuTrebuli cilebiT, vitaminebiT da sxva sakvebi nivTierebebiT, 
romelTa Semadgenloba jer kidev ar aris garkveuli.

sami dRis Semdeg ZiZa-futkrebi lavrebis did nawils rZiT aRar 
kvebaven. samagierod, isini axal sakvebze _ mtverze da neqtarze _ 
gadahyavT. es is larvebia, romelTagan Semdeg muSa futkrebi viTardeba. 

raRac mizeziT, romelsac damajerebeli axsna ver mouZebnes, ZiZa-
futkrebi ramdenime rCeuli lavris rZiT kvebas agrZeleben. ucnobia, 
Tu rogor da ra kriteriumebiT arCeven am lavrebs. isini genetikurad 
ar gansxvavdebian im lavrebisagan, romlebic naklebad rCeul 
skvebze gadaiyvanes, magram larvebis am mcirericxovani jgufidan, 
romlebic rZiT kvebas ganagrZoben, deda futkrebi ganviTardeba. 
isini am substanciiT sicocxlis bolomde ikvebebian. aseTi noyieri 
sakvebi aucilebelia deda futkris organizmSi kvercxujredebis 
momwifebisaTvis. mdedr muSa futkrebSi kvercxujredebi bolomde 
ver viTardeba, rac maTi unayofobis erT-erTi mizezia. garda amisa, 
futkris rZe xels uSlis deda futkarSi im organoebis, magaliTad, 
samtvre kalaTebis, ganviTarebas, romlebic mas arasodes dasWirdeba.

dReisTvis cnobilia am procesis zogierTi meqanizmi. futkris 
lavrebs aqvT organo, romelic Cveni RviZlisTvis damaxasiaTebel 
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zogierT funqcias asrulebs. Tu larva rZiT mudmivad ikvebeba, es 
organo gadaamuSavebs kompleqsur sakvebs da insulins aqtiurad 
gamoimuSavebs. es Zalian hgavs ZuZumwovrebSi hormonebis warmoqmnas, 
romlis daxmarebiT sisxlSi Saqris done regulirdeba. futkrebSi 
insulinis aqtiuri gamomuSaveba zrdis iuveniluri hormonis dones, 
romelic Tavis mxriv, sxva reaqciebs aaqtiurebs. zogi qsovilebis 
zrda-ganviTarebas aZlierebs, magaliTad, kvercxujredebis 
momwifebas. sxvebi ki deda futkrisTvis usargeblo, gamouyenebeli 
struqturebis formirebas amuxruWeben3. 

mimbaZvelebis samefo 

vinaidan futkrebis momwifebis procesSi mudmivad arsebobs 
epigenetikuri fenomeni, mkvlevrebma wamoayenes mosazreba, rom am 
movlenis ukan epigenetikuri meqanizmi imaleba. pirveli cnoba am 
hipoTezis sasargeblod 2006 wels gamoqveynda. am wels mkvlevrebma 
gaSifres futkris genomis Tanamimdevroba da misi ZiriTadi 
genetikuri sqema Seiswavles4. kvlevis Sedegad gairkva, rom futkris 
genomSi arseboben genebi, romlebic Zalian hgvanan ufro rTuli 
organizmebis, xerxemlianebis dnm meTiltransferazas genebs. amasTan 
futkris genomSi mravali CpG motivic aRmoCnda. es ornukleotidiani 
Tanamimdevrobaa, romelic Cveulebriv, dnm meTiltransferazebis 
samiznea. 

imave wels ilinoiseli mecnierebis jgufma jin robinsonis 
xelmZRvanelobiT daadgina, rom futkris genomSi kodirebuli, 
navaraudevi dnm meTiltransferazas cilebi aqtiuria. maT dnm-
is CpG motivis citozinis radikalze meTilis jgufebis damateba 
SeeZloT5. garda amisa, futkrebi eqspresirebdnen cilebs, romelTac 
meTilirebul dnm-Tan mierTebis unari hqondaT. mTlianobaSi am 
monacemebma gvaCvenes, rom futkrebs epigenetikuri kodis `dawerac~ 
SeeZloT da `wakiTxvac~. 

am monacemebis gamoqveynebamde arc erT mkvlevars ar ucdia, 
evarauda, floben Tu ara futkrebi dnm-is meTilirebis sistemas. es 
imitom xdeboda, rom ufro farTod gavrcelebuli eqsperimentuli 
sistema mwerebSi, saxeldobr, drozofilebSi, Drozopihla melanogaster, 
romelTac am wignSi ukve SevxvdiT, Tavisi dnm-is meTilirebas ar 
axdens. 
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It’s interesting to discover that honeybees have an intact DNA 
methylation system. But this doesn’t prove that DNA methylation 
is involved in the responses to royal jelly, or the persistant effects 
of this foodstuff  on the physical form and behaviour of mature 
bees. This issue was addressed by some elegant work from the 
laboratory of Dr Ryszard Maleszka at the Australian National 
University in Canberra. 

Dr Maleszka and his colleagues knocked down the expression 
of one of the DNA methyltransferases in honeybee larvae, by 
switching off  the Dnmt3 gene. Dnmt3 is responsible for adding 
methyl groups to regions of DNA that haven’t been methylated 
before. The results of this experiment are shown in Figure 14.1.

Figure 14.1 When royal jelly is fed to honeybee larvae for extended periods, 
the larvae develop into queens. The same effect is seen in the absence of 
prolonged feeding with royal jelly if the expression of the Dnmt3 gene is decreased 
experimentally in the larvae. Dnmt3 protein adds methyl groups to DNA. 
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sainteresoa imis aRniSvna, rom futkrebi dnm-is meTilirebis 
srul sistemas floben, Tumca es ar amtkicebs, rom dnm-is meTilireba 
futkris rZeze sapasuxo reaqciebSi monawileobs an raime rols 
asrulebs am sakvebis zemoqmedebaSi zrdasruli fut krebis agebulebaze 
an qcevaze. am sakiTxis gamokvlevas friad dax ve wili eqsperimenti 
mieZRvna, romelic doqtor riSard maleSkas laboratoriaSi Catarda 
kanberaSi, avstraliis erovnul universitetSi. 

doqtorma maleSkam da misma kolegebma futkris larvebSi Dnmt3 
genis inhibirebiT daTrgunes erT-erTi dnm meTiltransferazas genis 
eqspresia. Dnmt3 pasuxismgebelia meTilis jgufebis damatebaze dnm-
is im ubnebze, romlebic adre meTilirebuli ar iyo. am eqsperimentis 
Sedegebi naCvenebia suraTze 14.1.

larva

futkris rZiT kveba an Dnmt3 
genis eqspresiis daTrgunva 
deda futkrebis meti 
raodenobiT gaCenas iwvevs.

suraTi 14.1 rodesac larvebi futkris rZiT xangrZlivad ikvebebian, deda 
futkrebad gadaiqcevian. igive Sedegi miiReba, Tu larvebs futkris rZiT didi 
xnis ganmavlobaSi ar gamokvebaven, magram eqsperimentulad maTi Dnmt3 genis 
eqspresiis daqveiTeba moxdeba. Dnmt3 cila dnm-ze meTilis jgufebs amatebs.
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rodesac mkvlevrebi futkris lavrebSi Dnmt3 genis eqspresias 
aqveiTebdnen, eqsperimentis Sedegebi iseTive iyo, TiTqos maT futkris 
rZiT kvebavdnen. aseTi lavrebidan ganviTarebuli zrdasruli 
futkrebis umetesoba deda futkari xdeboda da ara _ muSa futkari. 
amrigad, Dnmt3 genis eqspresiis daTrgunva igive Sedegebs iwvevs, 
rasac futkris rZiT gamokveba, rac imas mowmobs, rom futkris rZis 
erT-erT mTavari funqciaa dnm-is mniSvnelovan genebze meTilirebis 
sqemebis Secvla6.

am hipoTezis Sesamowmeblad mecnierebma futkrebis sxvadasxva 
saeqsperimento jgufSi dnm-is meTilirebis realuri sqemebi da 
genebis eqspresiis modelebi gamoikvlies. aRmoCnda, rom dnm-
is meTilirebis sqema deda da muSa futkrebis Tavis tvinSi 
gansxvavebulia. dnm-is meTilirebis sqema futkrebSi, romelTac 
Dnmt3 genis eqspresia dauqveiTes, ar gansxvavdeboda Cveulebrivi 
deda futkris meTilirebis sqemisagan, romelic futkris rZiT 
ikvebeboda. swored amas movelodiT imis gaTvaliswinebiT, rom orive 
jgufis individebs msgavsi fenotipebi hqondaT. genebis eqspresiis 
sqemebic rogorc Cveulebriv deda futkrebs, ise deda futkrebs 
daTrgunuli Dnmt3 geniT, Zalian msgavsi hqondaT. am monacemebis 
safuZvelze mkvlevrebma daaskvnes, rom futkris rZiT xangrZlivi 
gamokvebiT miRebuli Sedegebi dnm-is meTilirebis damsaxurebaa. 

Cveni warmodgena imis Sesaxeb, rogor cvlis futkris larvebis 
kveba dnm-is meTilirebis sqemebs, kidev bevr upasuxo kiTxvas 
Seicavs. zemoT aRwerili eqsperimentebis Sedegebis safuZvelze 
wamoyenebuli erT-erTi hipoTezis Tanaxmad, futkris rZe dnm 
meTiltransferazas inhibitors warmoadgens, Tumca jerjerobiT 
am varaudis eqsperimentulad damtkiceba veravin SeZlo. amitom 
SesaZloa, rom futkris rZis zemoqmedeba dnm-is meTilirebaze 
arapirdapiri gziTac xorcieldebodes. 

zustad mxolod is viciT, rom futkris rZe futkris hormonul 
sasignalo sistemaze moqmedebs, ris gamoc genebis eqspresiis sqemebi 
icvleba. genis eqspresiis doneebis cvlileba xSirad axdens gavlenas 
am genis epigenetikur modifikaciaze. rac ufro aqtiuria esa Tu 
is geni, miT ufro Zlierad modificirdeba misi histonuri cilebi. 
albaT, futkrebis SemTxvevaSic raRac msgavs movlenas aqvs adgili.

CvenTvis isic cnobilia, rom dnm-is meTilirebisa da 
histonuri modifikaciis sistemebi xSirad erTad moqmedeben, 
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interest in the role of histone-modifying enzymes in the control of 
honeybee development and activity. When the honeybee genome 
was sequenced, four histone deacetylase enzymes were identified. 
This was intriguing because it has been known for some time that 
royal jelly contains a compound called phenyl butyrate7. This 
very small molecule can inhibit histone deacetylases but it does so 
rather weakly. In 2011, a group led by Dr Mark Bedford from the 
MD Anderson Cancer Center in Houston published an intrigu-
ing study on another component of royal jelly. One of the other 
senior authors on this paper was Professor Jean-Pierre Issa, who 
has been so influential in promoting use of epigenetic drugs for 
the treatment of cancer.

The researchers analysed a compound found in royal jelly 
called (E)-10-hydroxy-2-decenoic acid, or 10HDA for short. The 
structure of this compound is shown in Figure 14.2, along with 
SAHA, the histone deacetylase inhibitor we saw in Chapter 11 
that is licensed for the treatment of cancer.

The two structures aren’t identical by any means, but they do 
share some similarities. Each has a long chain of carbon atoms 
(the bit that looks like a crocodile’s back in profile), and the right 
hand side of each compound also looks fairly similar. Mark 
Bedford and his colleagues hypothesised that 10HDA might be 

Figure 14.2 The chemical structure of the histone deacetylase inhibitor 
SAHA and 10HDA, a compound found in royal jelly. C: carbon; H: hydrogen; 
N: nitrogen; O: oxygen. For simplicity, some carbon atoms have not been 
explicitly shown, but are present where there is a junction of two lines.
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ramac interesi gamoiwvia, SeeswavlaT histonebis modifikaciaSi 
monawile fermentebis roli futkrebis ganviTarebisa da aqtivobis 
gakontrolebaSi. futkris genomis nukleotiduri Tanamimdevrobebis 
gansazRvris Semdeg SesaZlebeli gaxda histondeacetilazas oTxi 
fermentis identificireba. es aRmoCena sakmaod moulodneli iyo, 
vinaidan cnobilia, rom futkris rZe Seicavs nivTierebas, romelsac 
fenilbutirati ewodeba7. es Zalian mcire zomis molekula 
histondeacetilazas susti inhibitoria. 2011 wels mecnierTa jgufma 
doqtor mark bedfordis xelmZRvanelobiT hiustonis andersonis 
kibos centridan saintereso kvleva gamoaqveyna futkris rZis kidev 
erTi gasaocari komponentis Sesaxeb. am statiis erT-erTi avtori 
profesori Jan-pier isa gaxldaT, romelmac didi roli Seasrula 
simsivnis samkurnalod epigenetikuri preparatebis danergvaSi.

mkvlevrebma futkris rZeSi aRmoCenili nivTierebis qimiuri 
analizi Caatares da mas (E) _ 10-hidroqsi-2_decenis mJava, anu 
SemoklebiT 10HDA daarqves. am nivTierebis aRnagoba naCvenebia 
suraTze 14.2 SAHA-sTan erTad, romelic histondeacetilazas 
inhibitoria da simsivnis sawinaaRmdegod samkurnalo preparatis 
licenzia miiRo (ix. Tavi 11).

 

suraTi 14.2 histondeacetilazas inhibitoris SAHA-s da futkris rZeSi 
aRmoCenili nivTierebis 10HDA-s qimiuri aRnagobebi. C _ naxSirbadi; H _ 
wyalbadi; N _ azoti; O _ Jangbadi. sqemis gasamartiveblad naxSirbadis 
zogierTi atomi naCvenebi ar aris, magram warmodgenilia ori xaziT SeerTebul 
adgilebSi. 

es ori struqtura, rasakvirvelia, identuri ar aris, magram 
raRaciT Zalian hgavs erTmaneTs. TiToeul maTgans gaaCnia naxSirbadis 
atomTa grZeli jaWvi (romelic cotaTi niangis zurgs mogvagonebs 
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profilSi), orive naerTis marjvena nawilic sakmaod msgavsia. mark 
bedfordma da misma kolegebma ivaraudes, rom 10HDA SesaZloa 
histondeacetilazas inhibitori iyos. maT sinjaraSi da ujredebze 
cdebis seria Caatares da daadastures, rom es varaudi swori iyo, 
rac imas niSnavs, rom futkris rZeSi aRmoCenili erT-erTi ZiriTadi 
nivTiereba epigenetikuri fermentebis mTavari inhibitoris klass 
warmoadgens8.

gulmaviwyi futkrebi da xelsawyoebis moqnili 
nakrebi

epigenetika mxolod imaze ki ar axdens gavlenas, larvebidan muSa 
futkrebi ganviTardeba Tu deda futkrebi. riSard maleSkam aseve 
daadgina dnm-is meTilirebis mniSvneloba futkrebis mexsierebaSi 
aRbeWdili informaciis gadamuSavebaSi. futkari mtvris an neqtaris 
uxvi wyaros aRmoCenis Semdeg skaSi brundeba da koloniis sxva wevrebs 
mis adgilmdebareobas atyobinebs. aqedan gamomdinare, SegviZlia 
gavakeToT mniSvnelovani daskvna, rom futkrebs aqvT informaciis 
damaxsovrebis unari. mexsierebis gareSe isini ver SeZlebdnen sxva 
futkrebisTvis mieniSnebinaT, saiT unda gafreniliyvnen sakvebis 
mosapoveblad. maTTvis aranakleb mniSvnelovania arasaWiro 
informaciis daviwyeba da misi axali monacemebiT Canacvleba. 
aranairi azri ar aqvs TanamoZmeTa gagzavnas narSavas didi buCqisken, 
romelic erTi kviris win yvaoda, magram dRes virebis sakvebad 
qceula. futkrebisTvis aucilebelia daiviwyon wina kviris narSava, 
da axlaxan aRmoCenili lavandis mdebareoba daimaxsovron. 

faqtobrivad, futkrebs SeiZleba vaswavloT sakvebTan 
dakavSirebul garkveul gamRizianeblebze reaqciis gamomuSaveba. 
doqtorma maleSkam da misma kolegebma aCvenes, rom Tu futkrebs 
am mimarTulebiT vavarjiSebT, Tavis tvinis im ubnebSi, romlebic 
daswavlazea pasuxismgebeli, Dnmt3 cilis done gaizrdeba. Tu 
futkrebs Dnmt3 cilis damTrgunvel preparats mivcemT, es nivTiereba 
informaciis Senaxvis da damaxsovrebis unars Secvlis iseve, rogorc 
informaciis waSlis siswrafes9.

cnobilia, rom dnm-is meTilireba Zalian mniSvnelovania 
futkrebis mexsierebisaTvis, magram daudgenelia misi moqmedebis 
meqanizmi. amis mizezia is, rom jer kidev bolomde ar aris naTeli, 
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konkretulad romeli genebis meTilireba xdeba informaciis 
damaxsovrebis procesSi.

dReisaTvis miCneulia, rom futkrebi da umaRlesi organizmebi, maT 
Soris Cveni ZuZumwovari naTesavebic, dnm-is meTilirebas erTnairad 
iyeneben. absoluturad sworia mosazreba, rom dnm-is meTilireba 
cvlis rogorc adamianis, ise futkris ganviTarebis process. aseve 
faqtia, rom ZuZumwovrebic da futkrebic dnm-is meTilirebas Tavis 
tvinSi Senaxuli informaciis gadamuSavebis dros iyeneben. 

saocaria, rom futkrebi da ZuZumwovrebi dnm-is meTilirebas 
gansxvavebuli gzebiT gamoiyeneben. durgals xelsawyoebis yuTSi 
xerxi aqvs, romelsac wignis karadis dasamzadeblad iyenebs. qirurg-
orTopeds igive xerxi kiduris amputaciisaTvis sWirdeba. zogjer 
erTi da igive instrumenti SeiZleba absoluturad gansxvavebuli 
miznis misaRwevad gamoviyenoT. ZuZumwovrebi da futkrebi dnm-is 
meTilirebas instrumentad iyeneben, magram evoluciis procesSi 
misi gamoyenebis gansxvavebuli meqanizmi gamoumuSavdaT. 

ZuZumwovrebSi dnm-is meTilirebis samizne ZiriTadad genebis 
promotori ubnebia da ara _ aminomJavebis makodirebuli ubnebi. 
ZuZumwovrebSi meTilirebas aseve eqvemdebareba dnm-is ganmeorebadi 
elementebi da transpozonebi, raSic me-5-e TavSi emi uaiTlos naSromis 
ganxilvis dros davrwmundiT. ZuZumwovrebSi dnm-is meTilireba 
ZiriTadad dakavSirebulia genebis eqspresiis da transpozonebis, 
am saSiSi elementebis, daTrgunvasTan. winaaRmdeg SemTxvevaSi 
transpozonebma SeiZleba Cvens genoms problemebi Seuqmnan. 

futkrebi dnm-is meTilirebiT sruliad sxvagvarad sargebloben. 
isini ganmeorebadi ubnebis an transpozonebis meTilirebas ar 
awarmoeben. ase rom, albaT, isini am potenciurad saSiSi elementebis 
gakontrolebis sxva meTodebs floben. futkrebi genebis aminomJavebis 
makodirebel ubnebze awarmoeben CpG motivebis meTilirebas da 
ara _ promotorul ubnebze. futkrebi dnm-is meTilirebas genebis 
gamosarTavad ar iyeneben. maTSi meTilireba aRmoCenilia genebze, 
romlebic yvela qsovilSi eqspresirdeba da aseve im genebze, romlebic 
Cveulebriv, sxva mravali saxeobis mwerSi eqspresirdeba. futkrebSi 
meTilireba moqmedebs, rogorc qsovilebis awyobis natifi meqanizmi. 
is genebis aqtivobas `xmis~ odnav CaweviT an aweviT aregulirebs da 
ara ̀ CarTva-gamorTviT~ 10. futkrebis qsovilebSi dnm-is meTilirebis 
sqema mkacr TanafardobaSia i-rnm-is splaisingis kontrolTanac, 
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Tumca CvenTvis jer isev ucnobia, konkretulad rogor moqmedebs 
es epigenetikuri modifikacia futkrebSi informaciis damuSavebis 
procesze11. 

amJamad Cven mxolod gzis dasawyiSi vimyofebiT da am gzaze 
msvlelobisas futkrebSi epigenetikuri regulaciis yvela natifi 
meqanizmis amoxsna mogviwevs. magaliTad, futkrebis genomSi 10 000 000-
mde CpG kunZuli arsebobs, magram yoveli tipis qsovilSi meTilirebas 
maTi 1%-ze naklebi eqvemdebareba. samwuxarod, meTilirebis 
aseTi dabali xarisxi mniSvnelovnad arTulebs am epigenetikuri 
modifikaciis Sedegebis analizs. Dnmt3 genis eqspresiis daqveiTebis 
Sedegebi gvkarnaxobs, rom dnm-is meTilireba Zalze mniSvnelovania 
futkrebis ganviTarebisTvis. Tumca Tu gaviTvaliswinebT, rom dnm-
is meTilireba am saxeobisaTvis natifi awyobis meqanizmia, sruliad 
dasaSvebia, rom Dnmt3 genis eqspresiis daqveiTeba genebis SedarebiT 
did raodenobaSi calkeul, umniSvnelo cvlilebebs iwvevdes da ara 
ramdenime genis mkveTr cvlilebas. aseTi saxis susti cvlilebebis 
gaanalizeba da eqsperimentuli gamokvleva bevrad rTulia.

futkrebi ar warmoadgenen mwerebis erTaderT saxeobas, 
romelTac gansxvavebuli formisa da funqciis mqone genetikurad 
identuri individebis rTuli sazogadoeba Camoayalibes. aseTi 
modeli araerTgzis da damoukideblad meordeba sxvadasxva 
saxeobis krazanebSi, termitebSi, futkrebsa da WianWvelebSi. jer 
ar viciT, yvela es saxeoba erTi da igive epigenetikur procesebs 
iyenebs Tu ara. Seli bergeri pensilvaniis universitetidan, romlis 
kvlevasac daberebis problemebis Sesaxeb me-13 TavSi gavecaniT, 
monawileobs erTobliv proeqtSi, romelic WianWvelebis genetikas 
da epigenetikas Seiswavlis. am proeqtis farglebSi Catarebuli 
eqsperimentebis Sedegebidan ukve gairkva, rom WianWvelebis sul 
cota or saxeobasac SeuZlia genomuri dnm-is meTilireba. mwerebis 
koloniebis gansxvavebuli socialuri jgufebis warmomadgenlebSi 
sxvadasxva epigenetikuri fermentebis eqspresia variabeluria12. es 
monacemebi safuZvels gvaZlevs vivaraudoT, rom socialuri mwerebis 
koloniis wevrebis epigenetikuri kontroli SesaZloa is meqanizmi 
aRmoCndes, romelmac evoluciis msvlelobisas araerTxel ganicada 
cvlilebebi. 

Tumca epigenetikuri laboratoriis farglebs Tu gavcdebiT, 
dReisaTvis msoflioSi ufro did interess futkris rZe iwvevs. 
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misi, rogorc gamajansaRebeli saSualebis, gamoyenebas didi xnis 
istoria aqvs. aqve unda aRiniSnos, rom Zalian mwiria futkris 
rZis gansakuTrebuli sargeblianobis damadasturebeli saimedo 
informacia. 10HDA, romelic rogorc mark bedfordma da misma 
kolegebma daadgines, histondeacetilazas inhibatoria, SeiZleba 
sisxlZarRvebis ujredebis zrdaze axdendes gavlenas13. Teoriulad 
es SesaZloa sasargeblo aRmoCndes kibos mkurnalobisas, vinaidan 
simsivnuri ujredebis zrdis gasagrZeleblad aucilebelia maTi 
intensiuri momarageba sisxliT. Tumca jer Zalian Sors varT imis 
mtkicebisagan, rom futkris rZes namdvilad SeuZlia kibos damarcxeba 
an raime sxva gziT adamianis jamrTelobis SenarCuneba. CvenTvis 
WeSmariteba mxolod is aris, rom epigenetikuri TvalsazrisiT 
futkrebi da adamianebi gansxvavebulebi arian da amaSi cudi araferia, 
Tu ra Tqma unda, monarqiis didi Tayvanismcemeli ar brZandebiT.
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dainaxo samyaro qviSis marcvalSi
da mTeli kosmosi _ balaxis RerSi,
daitio xelisgulze usasruloba
da warmaval wamSi maradisoba.…
uiliam bleiki,
`umankoebis simRerebi~-dan

inglisurenovan qveynebSi popularulia viqtorina `cxovelebi, 
mcenareebi an mineralebi~. am TamaSis saxelwodebaSi ukve devs 
daSveba, rom mcenareebi da cxovelebi sruliad gansxvavdebian 
erTmaneTisgan. marTalia, erTnic da meorenic cocxali organizmebi 
arian, magram CvenTvis maTi msgavseba mxolod amiT amoiwureba. 
SegviZlia vivaraudoT, rom odesRac, Zalian Soreul warsulSi, 
evoluciis gariJraJze, adamianebs da mikroskopul Wiebs saerTo 
winapari hyavdaT, Tumca xSirad davfiqrebulvarT, biologiuri 
memkvidreobis TvalsazrisiT ra saerTo gvaqvs mcenareebTan? ratom 
ar miviCnevT mixaks Cvens Soreul naTesavad?

da mainc, cxovelebi da mcenareebi bevri aspeqtiT saocrad 
hgvanan erTmaneTs. es msgavseba ufro TvalsaCino xdeba, rodesac 
ganvixilavT Cvens yvelaze ganviTarebul `mwvane naTesavebs~ _ 
yvavilovan mcenareebs. maT miekuTvneba balaxebi da marcvleuli 
kulturebi, romlebic Cveni sakvebis ZiriTad wyaros warmoadgenen; 
aseve farTofoTlovani mcenareebi kombostodan muxamde da Sqeridan 
wiwmatamde. 

cxovelebi da yvavilovani mcenareebi mravalujredovani orga-
nizmebia. maTi ujredebis umetesoba specializebulia garkveuli 
funqciis Sesasruleblad. yvavilovan mcenareebSi aseTia gamtari 
ujredebi. isini wyals da Saqars mTel organizmSi gada adgileben; 
ujredebi, romlebic foTlebSi fotosinTezs uzrunvel yofen; 
fesvebis samarago ujredebi, sakvebi nivTierebebis dasagroveblad. 
cxovelebis msgavsad, mcenareebsac gaaCniaT specializebuli 
ujredebi, romlebic sqesobriv gamravlebaSi monawileoben. 
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in pollen and fertilise a large egg cell, which ultimately gives rise 
to a zygote and a new individual plant.

The similarities between plants and animals are more funda-
mental than these visible features. There are many genes in plants 
which have equivalents in animals. Crucially, for our topic, plants 
also have a highly developed epigenetic system. They can modify 
histone proteins and DNA, just like animal cells can, and in many 
cases use very similar epigenetic enzymes to those used by ani-
mals, including humans.

These genetic and epigenetic similarities all suggest that ani-
mals and plants have common ancestors. Because of our common 
ancestry, we’ve inherited similar genetic and epigenetic tool kits.

Of course, there are also really important differences between 
plants and animals. Plants can create their own food, but animals 
can’t do this. Plants take in basic chemicals in the environment, 
especially water and carbon dioxide. Using energy from sunlight, 
plants can convert these simple chemicals into complex sug-
ars such as glucose. Nearly all life on planet earth is dependent 
directly or indirectly on this amazing process of photosynthesis.

There are two other ways in which plants and animals are very 
different. Most gardeners know that you can take a cutting from 
a growing plant – maybe just a small shoot – and create an entire 
new plant from this. There are very few animals where this is pos-
sible, and certainly no advanced ones. True, if  certain species of 
lizard lose their tail, the animal can grow a new one. But they 
can’t do this the other way around. We can’t grow a new lizard 
from a discarded bit of tail.

This is because in most adult animals the only genuinely 
pluripotent stem cells are the tightly controlled cells of the germ-
line which give rise to eggs or sperm. But active pluripotent stem 
cells are a completely normal part of a plant. In plants these 
pluripotent stem cells are found at the tips of stems and the tips 
of roots. Under the right conditions, these stem cells can keep 
dividing to allow the plant to grow. But under other conditions, 
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mcenareTa spermia ujredebis birTvebi mtvers gadaaqvs da didi 
zomis kvercxujreds gaanayofierebs, ris Sedegadac miiReba zigota, 
romelic damoukidebel mcenares aZlevs dasabams.

mcenareebs da cxovelebs Soris msgavseba ufro fundamenturia, 
vidre es TvalsaCino niSnebi. mcenareebis bevri geni cxovelebis 
genebis ekvivalenturia. Cveni TemisTvis ki mTavaria, rom mcenareebs 
kargad ganviTarebuli epigenetikuri sistema aqvT. maT praqtikulad 
cxovelebis msgavsad SeuZliaT histonuri cilebisa da dnm-
is modificireba da bevr SemTxvevaSi epigenetikur fermentebs 
iyeneben, romlebic Zalian hgavs cxovelebisa da adamianisTvisac 
damaxasiaTebel fermentebs. 

aseTi genetikuri da epigenetikuri msgavseba gvaiZulebs 
vivaraudoT, rom cxovelebs da mcenareebs saerTo winaprebi 
hyavdaT, romelTagan memkvidreobiT gadmogveca msgavsi genetikuri 
da epigenetikuri sistemebi.

rasakvirvelia, mcenareebs da cxovelebs Soris Zalze 
mniSvnelovani gansxvavebebic arsebobs. mcenareebs Tavad SeuZliaT 
Tavisi sakvebis Seqmna, rasac cxovelebi moklebulebi arian. mcenareebi 
garemodan iTviseben ZiriTad qimiur nivTierebebs, gansakuTrebiT 
wyalsa da naxSirorJangs. mzis energiis gamoyenebiT mcenareebi am 
martiv nivTierebebs rTul naxSirwylad, glukozad gardaqmnian. 
Cvens planetaze sicocxlis arseboba TiTqmis mTlianad, pirdapir an 
arapirdapir, damokidebulia am saocar procesze _ fotosinTezze.

arsebobs kidev ori aspeqti, riTac mcenareebi da cxovelebi 
mkveTrad gansxvavdebian. lamis yoveli mebaRisaTvis cnobilia, rom 
Tu mzard mcenares Tundac patara ylorts movacilebT, misgan 
sruliad axali mcenare gaizrdeba. msgavsi unaris mqone cxovelebi 
Zalian iSviaTia da isini umaRles cxovelebs ar miekuTvnebian. mar-
Talia, xvlikis zogi saxeoba kuds kargavs da mis nacvlad axali kudi 
gaizrdeba, magram procesis sapirispiro mimarTulebiT warmarTva 
SeuZlebelia _ sxeuls mocilebuli kudidan xvliki ar ganviTardeba.

es SeuZlebelia im mizezis gamo, rom zrdasruli cxovelebis 
umetesobaSi WeSmaritad pluripotenturi Rerovani ujredebi mkacrad 
gakontrolebuli Canasaxovani xazis ujredebia, romelTaganac 
kvercxujredebi an spermatozoidebi warmoiqmneba. mcenareebSi 
ki aqtiuri pluripotenturi Rerovani ujredebi maTi sruliad 
normaluri nawilia. maT es ujredebi Reroebisa da fesvebis wveroebze 
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aqvT. xelsayrel pirobebSi Rerovani ujredebi gayofas agrZeleben 
da mcenare mudmivad izrdeba. sxva pirobebSi ki Rerovani ujredebi 
specializebuli tipis ujredebad diferencirdebian, rogoric 
aris yvavilebi. Tu Rerovani ujredi `miiRebs gadawyvetilebas~, 
rom magaliTad, gvirgvinis furclad gadaiqces da diferencirdeba 
gvirgvinis furclad, isev Rerovan ujredad veRar gadaiqceva. 
mcenareTa ujredebic ki saboloo jamSi uodingtonis epigenetikuri 
landSaftis fskerisaken mieqanebian. 

meore gansxvaveba mcenareebsa da cxovelebs Soris Zalian aSkaraa. 
mcenareebi ar gadaadgildebian. garemo pirobebis Secvlisas isini an 
adaptacias ganicdian, an iRupebian. maT ar SeuZliaT araxelsayreli 
klimaturi zonidan gaiqcnen an gadafrindnen. mcenareebma unda 
ipovon garemos gamRizianeblebze reagirebis saSualebebi, unda 
darwmundnen, rom imden xans gaZleben, vidre wlis saWiro dros 
ar gamravldebian, rodesac maT axladaRmocenebul STamomavlobas 
yvelaze didi Sansi eqneba, rom srulfasovan mcenared Camoyalibdes.

SevadaroT es evropuli mercxlis (Hirundo rustika) cxovrebis nirs, 
romelic samxreT afrikaSi izamTrebs xolme, zafxulis moaxloebasTan 
erTad, rodesac garemo pirobebi mercxlisTvis gausaZlisi xdeba, is 
dedamiwis irgvliv iwyebs mogzaurobas. gadaufrens mTel afrikas da 
evropas, rom zafxuli did britaneTSi gaataros, sadac axal Taobas 
gamozrdis da eqvsi Tvis Semdeg isev samxreT afrikaSi brundeba. 

mcenareebis bevri reaqcia garemo pirobebze dakavSirebulia 
ujredis bedisweris cvlilebasTan. aseTi cvlilebebis ricxvSi 
Sedis pluripotenturi Rerovani ujredebis gardaqmna sabolood 
diferencirebul ujredad, romelic sqesobrivi gamravlebis 
organos _ yvavilis _ nawili xdeba. orive SemTxvevaSi didia 
epigenetikuri procesebis mniSvneloba, romlebic ujredSi mimdinare 
sxva movlenebTan urTierTqmedebiT gamravlebis SesaZleblobas 
maqsimalurad zrdian.

yvela mcenare erTsa da imave epigenetikur strategiebs ar iyenebs. 
erT-erT yvelaze kargad Seswavlil samodelo sistemas warmoadgens 
sakmaod Seuxedavi patara yvavilovani mcenare Arabidopsis thaliana. es 
mcenare mdogvisebrTa ojaxidan aris da xriok miwaze gavrcelebul 
nebismier sarevelas waagavs. misi rozetis formis foTlebis 
umetesoba niadagzea garTxmuli. 20-25 sm simaRlis Reroze patara 
TeTri yvavilebia ganlagebuli. es mcenare moxerxebuli samodelo 
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well-developed techniques for genetically modifying Arabidopsis 
thaliana. This makes it relatively straightforward for scientists to 
introduce mutations into genes to investigate their function.

Arabidopsis thaliana seeds typically germinate in early summer 
in the wild. The seedlings grow, creating the rosette of leaves. This 
is called the vegetative phase of plant growth. In order to produce 
offspring, Arabidopsis thaliana generates flowers. It is structures 
in the flowers that will generate the new eggs and sperm that will 
eventually lead to new zygotes, which will be dispersed in seeds.

But here’s the problem for the plant. If  it flowers late in the 
year, the seeds it produces will be wasted. That’s because the 
weather conditions won’t be right for the new seeds to germinate. 
Even if  the seeds do manage to germinate, the tender little seed-
lings are likely to be killed off  by harsh weather like frost.

The adult Arabidopsis thaliana needs to keep its powder dry. 
It has a much greater chance of lots of its offspring surviving if  it 
waits until the next spring until it flowers. The adult plant can sur-
vive winter weather that would kill off  a seedling. This is exactly 
what Arabidopsis thaliana does. The plant ‘waits’ for spring and 
only then does it produce flowers.

The rites of spring

The technical term for this is vernalisation. Vernalisation means 
that a plant has to undergo a prolonged cold period (winter, usu-
ally) before it can flower. This is very common in plants with an 
annual life-cycle, especially in the temperate regions of the earth 
where the seasons are well-defined. Vernalisation doesn’t just 
affect broad-leaved plants like Arabidopsis thaliana. Many cere-
als also show this effect, especially crops like winter barley and 
winter wheat. In many cases, the prolonged period of cold needs 
to be followed by an increase in day length if  flowering is to take 
place. The combination of the two stimuli ensures that flowering 
occurs at the most appropriate time of year.
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sistemaa mkvlevrebisTvis, radgan kompaqturi genomi aqvs, sadac 
advilia Tanamimdevrobebis gansazRvra da genebis identificireba. 
amasTan Arabidopsis thaliana-s genetikuri modificirebisaTvis efeqturi 
meTodebi arsebobs, rac mecnierebs uadvilebs genebSi mutaciebis 
gamowvevas da maTi funqciis dadgenas.

bunebaSi Arabidopsis thaliana-s Teslebi, Cveulebriv, zafxulis 
dasawyisSi mwifdeba. Tesli aRmocendeba da foTlebis axal 
rozetebs warmoqmnis. es mcenaris ganviTarebis vegetatiuri fazaa.
STamomavlobis mosacemad Arabidopsis thaliana yvavilebs ikeTebs. 
swored yvavilebSia gansakuTrebuli struqturebi, saidanac axali 
kvercxujredebi da spermatozoidebi formirdeba; maTgan ki axali 
zigotebi warmoiqmneba, romlebic TeslebSi gadanawildeba. 

Tumca am mcenares erTi problema aqvs. Tu is wlis bolosken 
ayvavda, misi Teslebi unayofo iqneba, radgan araxelsayreli 
klimaturi pirobebis gamo momwifebas ver SeZlebs. im SemTxvevaSic 
ki, Tu Teslebi mainc momwifda, misgan aRmocenebul norC, patara 
nazardebs yinva gaanadgurebs. 

zrdasruli Arabidopsis thaliana-s sifxizle marTebs, rom denTi 
mudam mSralad hqondes Senaxuli. mis mravalricxovan aRmonacens 
gadarCenis meti Sansi eqneba, Tu mcenare momaval gazafxuls 
daelodeba da mxolod maSin iyvavilebs. zrdasruli mcenare ukeT 
gadaitans zamTars, vidre axlad aRmocenebuli. Arabidopsis thaliana-c 
swored ase iqceva _ gazafxuls ̀ elodeba~ da mxolod maSin yvavilobs.

sagazafxulo wes-Cveulebebi 

samecniero enaze amas vernalizacia (gamozamTreba) ewodeba. 
termini imas gulisxmobs, rom yvavilobamde mcenarem xangrZlivi civi 
periodi (Cveulebriv, zamTari) unda gadaitanos. es movlena farTod 
aris gavrcelebuli wliuri sasicocxlo ciklis mqone mcenareebSi, 
gansakuTrebiT, dedamiwis zomieri klimatis zonaSi, sadac wlis 
periodebi mkveTradaa gamijnuli. vernalizacia damaxasiaTebelia 
ara mxolod foTlovani mcenareebisaTvis, rogoric aris Arabidopsis 
thaliana, aramed marcvleulis mravali saxeobisTvis, gansakuTrebiT ki 
iseTi kulturebisaTvis, rogoric saSemodgomo qeri da saSemodgomo 
xorbalia. bevr SemTxvevaSi mcenaris yvavilobisaTvis aucilebelia, 
rom xangrZlivi civi periodi dRis xangrZlivobis zrdam Secvalos. 
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swored am ori faqtoris Serwyma ganapirobebs mcenareebis yvavilobas 
wlis yvelaze xelsayrel periodSi.

vernalizacia ramdenime sakmaod saintereso TaviseburebiT 
xasiaTdeba. im momentidan, rodesac mcenare pirvelad aRiqvams 
civ periods da masze reagirebs, yvavilobis dawyebamde SeiZleba 
ramdenime kvira an Tvec gavides. wlis civ periodSi SesaZlebelia 
mcenarem ujredebis dayofis gziT vegetatiuri zrda ganagrZos. 
gamozamTrebis Semdeg dediseul mcenareze warmoqmnili Teslebi 
`gadaitvirTeba~. am Teslebidan aRmocenebulma axalma mcenareebma 
ayvavebamde Tavadac unda gamoizamTron1.

vernalizaciis es Taviseburebebi Zalian hgavs epigenetikuri 
movlenebs cxovelebSi. kerZod:

1. mcenareebs molekuluri mexsierebis raRac forma gaaCniaT, 
vinaidan gamRizianebeli da saboloo pasuxi erTmaneTisgan 
kvirebiT an TveebiT aris daSorebuli. es SeiZleba SevadaroT 
stresul gamRizianebelze im mozrdili virTagvebis 
anomalur reaqcias, romlebzec dabadebis Semdeg mSoblebi ar 
zrunavdnen.

2. mexsiereba ujredebis gayofis Semdegac SenarCunebulia. es 
SegviZlia cxoveluri ujredebis qcevas SevadaroT mas Semdeg, 
rac dediseulma ujredma raime gamRizianeblis zemoqmedeba 
ganicada, rogorc normaluri ganviTarebis an simsivnis dros 
xdeba.

3. mexsiereba Semdeg TaobaSi (TeslebSi) ikargeba, rac 
analogiuria cxovelebis SemTxvevasTan, rodesac somatur 
ujredebSi cvlilebebis umetesoba ukvalod qreba. ase rom, 
lamarkiseuli memkvidreoba gamonaklisia da ara wesi.

amrigad, vernalizaciis fenomeni Zalian hgavs epigenetikas. 
bolo wlebis mTeli rigi laboratoriuli kvlevebiT dadasturda, 
rom vernalizacias, qromatinis modifikaciis doneze, swored 
epigenetikuri procesebi udevs safuZvlad.

vernalizaciaze pasuxismgebel ZiriTad gens FLOWERING LOCUS 
C an SemoklebiT FLC ewodeba. FLC kodirebs cilas, romelsac 
transkripciis represori ewodeba. igi ukavSirdeba sxva genebs 
da maT aqtivacias blokavs. Arabidopsis thaliana-s yvavilobisaTvis 
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gansakuTrebiT mniSvnelovania sami geni FT, SOCI da FD. suraTze 15.1 
naCvenebia am genebisa da FLC-s urTierTqmedeba da am urTierTqmedebis 
gavlena yvavilobaze. aqvea naCvenebi, rogor icvleba FLC-is 
epigenetikuri statusi xangrZlivi sicivis damTavrebis Semdeg.

mze

civi amindebis dawyebamde civi amindebis Semdeg

FLC FLC

FT SOC1 FD FT SOC1 FD

FT

FLC FLC

Warbi FLC, yvavilobis 
genebi iTrguneba

cota FLC, yvavilobis 
genebi aRar iTrguneba

gamaaqtivebeli histonuri 
modifikaciebi FLC gens 
aaqtivebs

represiuli histonuri 
modifikaciebi FLC gens 
Trgunavs

 

sur. 15.1. epigenetikuri modifikaciebi aregulirebs FLC genis eqspresias, 
romelic yvavilobis xelSemwyob genebs Trgunavs. epigenetikuri modifikaciebi 
FLC genze temperaturiT kontroldeba.

zamTris dadgomamde FLC genis promotori histonebis 
mravlobiT modifikaciebs atarebs, romlebic genis eqspresias 
uzrunvelyofen. amis gamo FLC geni zeeqspresirdeba, mis mier 
kodirebuli cila ukavSirdeba samizne genebs da maT represias 
iwvevs. am procesis wyalobiT mcenare normalurad viTardeba 
vegetatiuri zrdis fazaSi. zamTris damTavrebis Semdeg FLC 
genis promotorze histonuri modifikaciebi represiuli 
modifikaciebiT icvleba da FLC gens Trgunavs. FLC cilis done 
ecema da samizne genebis aqtivoba aRdgeba. gazafxulis dadgoma 
da dRis xangrZlivobis gazrda FT genis eqspresias aaqtivebs. 
Zalze mniSvnelovania, rom am stadiis dawyebamde FLC cilis 
done daqveiTdes. winaaRmdeg SemTxvevaSi FT gens mzis sinaTlis 
gamRizianebelze reagireba Zalian gauWirdeba2.
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epigenetikuri fermentebis mutaciur versiebze Catarebuli 
eqsperimentebiT dadasturda, rom FLC genze histonuri 
modifikaciebis cvlilebas gadamwyveti mniSvneloba aqvs 
yvavilobis gakontrolebisTvis. magaliTad, SDG27 geni H3-is me-4 
poziciaSi arsebul aminomJava lizins meTilis jgufebs amatebs, 
e.i. SDG27 geni epigenetikuri `mwerlis” Semqmnelia. aRniSnuli 
meTilireba kavSirSia aqtiuri genis eqspresiasTan. laboratoriul 
pirobebSi SDG27 genma SeiZleba mutacia ganicados, amis Semdeg ki 
is aqtiur cilas aRar kodirebs. mcenareebs am mutaciiT FLC genis 
promotorul ubanSi aseTi aqtiuri histonuri modifikaciebi 
naklebi aqvT, amitom isini nakleb FLC cilas asinTezeben da, 
Sesabamisad, aqtiurad ver axerxeben yvavilobis gamomwvevi 
genebis represias. mcenare mutanturi SDG27 geniT normalur 
mcenareze adre yvavilobs3. es imas adasturebs, rom epigenetikuri 
modifikaciebi FLC genis promotorze ara marto genis aqtivobis 
doneebs asaxavs, aramed realurad cvlis eqspresias. eqspresiis 
cvlilebas swored es modifikaciebi iwvevs.

civi amindi mcenareebSi aaqtiurebs VIN3 cilas, romelic FLC 
genis promotors ukavSirdeba. VIN3 cila amasTanave monawileobs 
qromatinis rekonstruqciaSi da qromatinis kompaqtizaciis Secvla 
SeuZlia. VIN3-is dakavSireba FLC genis promotorTan qromatinis 
lokalur struqturas cvlis da igi ufro xelmisawvdomi xdeba 
sxva cilebisaTvis. qromatinis gaxsna xSirad genis aqtiuri 
eqspresiis mizezia. Tumca am konkretul SemTxvevaSi VIN3 kidev 
erT ferments miierTebs, romelic histonur cilebze meTilis 
jgufebs amatebs. swored es fermenti meTilis jgufebs amatebs 
aminomJava lizins histon 3-is 27-e poziciaSi. es modifikacia 
genis eqspresias Trgunavs da erT-erTi yvelaze efeqturi 
meTodia, romelsac mcenareuli ujredi FLC genis aqtivobis 
dasaqveiTeblad iyenebs4,5.

kvlav gaurkveveli rCeba sakiTxi, rogor iwvevs civi amindi 
konkretulad FLC genis epigenetikur cvlilebebs. ra meqanizmi 
uzrunvelyofs am movlenas? bevri detali jer kidev ar aris 
cnobili, Tumca am procesis erTi stadia garkveulia. civi 
amindebis dawyebis Semdeg Arabidopsis thaliana-s ujredebi grZel 
rnm-ebs gamoimuSaveben, romlebic cilas ar kodireben. mas 
COLDAIR rnm ewodeba. aramakodirebeli COLDAIR rnm mxolod FLC 



300

epigenetikuri revolucia

genze lokalizdeba, sadac is ukavSirdeba fermentebis kompleqss, 
romelic histon H3-ze 27-e poziciaSi mniSvnelovan represiul 
markers qmnis. amrigad, COLDAIR fermentebis kompleqsze samizne 
meqanizmiviT moqmedebs6.

rodesac Arabidopsis thaliana axali Teslebs warmoqmnis, FLC 
gens represiuli histonuri markerebi Camoscildeba, romlebic 
qromatinis gamaaqtivebeli modifikaciebiT Seicvleba. amis 
Sedegad Teslis momwifebis periodSi FLC geni gaaqtiurdeba da 
yvavilobas im dromde aferxebs, vidre axali mcenareebi zamTris 
periods ar gadaitanen. 

am monacemebidan Cans, rom yvavilovani mcenareebi zogierT im 
epigenetikur meqanizms iyeneben, rasac bevri cxoveluri ujredi. 
am meqanizmebis ricxvSi Sedis histonuri cilebis modifikaciebi 
da am mizniT grZeli aramakodirebeli rnm-ebis gamoyeneba. mar-
Talia, cxovelebis da mcenareebis ujredebi am instrumentebs 
gansxva vebuli miznis misaRwevad iyeneben _ gavixsenoT durgali da 
qirurg-orTopedi wina Tavidan _, magram es yvelaferi imis dama-
jerebeli mtkicebulebaa, rom mcenareebs da cxovelebs saerTo 
winapari hyavT da instrumentebis ZiriTadi nakrebi saerTo aqvT.

mcenareebis da cxovelebis epigenetikuri msgavseba amiT ar 
amoiwureba. cxovelebis msgavsad, mcenareebic warmoqmnian mokle 
rnm-is aTasobiT gansxvavebul molekulas, romlebic cilebs ar 
kodireben, magram genebis supresorebs warmoadgenen. pirvelad 
swored im mecnierebma, romlebic mcenareul organizmebs 
ikvlevdnen, daadgines, rom rnm-is es Zalian patara molekulebi 
ujredidan ujredSi gadadian da genebis eqspresias Trgunaven7,8. 
amis wyalobiT epigenetikuri pasuxi gamRizianebelze erTi sawyisi 
adgilidan organizmis yvelaze Soreul ubnebamde vrceldeba.

marcvali `kamikaZe”

Arabidopsis thaliana-s Seswavlam daadastura, rom mcenareebi 
epigenetikuri modifikaciebiT aTasobiT gens aregulireben9. es 
regulacia, albaT, igive miznebs emsaxureba, rasac cxovelebis 
ujredebSi. kerZod, ujredebs garemos gamRizianebelze aucilebeli, 
Tumca xanmokle reaqciebis SenarCunebaSi exmareba, aseve 
diferencirebuli ujredebis specifikuri genebis eqspresiis mudmiv 
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sqemebSi Caketvas iwvevs. epigenetikuri meqanizmebis wyalobiT Cven, 
adamianebs, kbilebi Tvalis kaklebze ar gvezrdeba, xolo mcenareebs 
foTlebi pirdapir fesvebidan ar amosdiT.

yvavilovani mcenareebisa da ZuZumwovrebisTvis damaxasiaTebeli 
saerTo epigenetikuri fenomeni cxovelTa samyaros sxva 
warmomadgenlebSi ar gvxvdeba. yvavilovani mcenareebis erTaderTi 
CvenTvis cnobili organizmebia, placenturi ZuZumwovrebis gamoklebiT, 
romelTac imprintinguli genebi aqvT. imprintingi, rogorc me-8 
Tavidan SevityveT, aris procesi, sadac genis eqspresiis sqema imazea 
damokidebuli, dedisgan iyo igi memkvidreobiT miRebuli Tu mamisgan.

erTi SexedviT, es msgavseba yvavilovan mcenareebsa da ZuZumwovrebs 
Soris sakmaod ucnauri Cans. Tumca Cvensa da Cvens yvavilovan 
naTesavebs erTi Zalian saintereso saerTo Tavisebureba gvaqvs. 
yvela umaRlesi ZuZumwovris ganayofierebuli zigotidan embrionic 
viTardeba da placentac. placenta ganviTarebad embrions kvebavs, 
magram sabolood axali individis Semadgenel nawilad ar gadaiqceva. 
raRac msgavsi xdeba yvavilovani mcenareebis ganayofierebis drosac. 
procesi cota ufro rTulia, Tumca mis Sedegad ganayofierebuli 
Tesli Seicavs Canasaxs da damxmare qsovils _ endosperms. Teslis 
agebuleba gamosaxulia suraTze 15.2.

boWkovani 

safarveli

endospermi

Canasaxi

 

sur. 15.2 Teslis ZiriTadi anatomiuri komponentebi. endospermi kvebavs 
SedarebiT patara Canasaxs, romlisganac axali mcenare viTardeba, garkveul-
wilad, placentis msgavsad, romelic ZuZumwovrebis embrions kvebavs.
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generation. The presence of any accessory tissues during devel-
opment, be this a placenta or an endosperm, seems to favour 
the generation of imprinted control of the expression of a select 
group of genes.

In fact, something very sophisticated happens in the endosperm 
of seeds. Just like most animal genomes, the genomes of flower-
ing plants contain retrotransposons. These are usually referred 
to as TEs – transposable elements. These are the repetitive ele-
ments that don’t encode proteins, but can cause havoc if  they are 
activated. This is especially because they can move around in the 
genome and disrupt gene expression.

Normally such TEs are tightly repressed, but in the endosperm 
these sequences are switched on. The cells of the endosperm create 
small RNA molecules from these TEs. These small RNAs travel 
out from the endosperm into the embryo. They find the TEs in 
the embryo’s genome that have the same sequence as themselves. 
These TE small RNA molecules then seem to recruit the machin-
ery that permanently inactivates these potentially dangerous 
genomic elements. The risk to the endosperm genome through re-
activation of the TEs is high. But because the endosperm doesn’t 
contribute to the next generation genetically, it can undertake this 
suicide mission, for the greater good10,11,12,13.

Although mammals and flowering plants both carry out 
imprinting, they seem to use slightly different mechanisms. 
Mammals inactivate the appropriate copy of the imprinted gene 
by using DNA methylation. In plants, the paternally-derived copy 
of the gene is always the one that carries the DNA methylation. 
However, it’s not always this methylated copy of the gene that 
is inactivated14. In plant imprinting, therefore, DNA methylation 
tells the cell how a gene was inherited, not how the gene should 
be expressed.

There are some fundamental aspects of DNA methylation 
that are quite similar between plants and animals. Plant genomes 
encode active DNA methyltransferase enzymes, and also proteins 
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ZuZumwovrebis placentis msgavsad, endospermi mcenaris Canasaxs 
kvebavs. is uzrunvelyofs Canasaxis zrda-ganviTarebas, magram 
momaval Taobas aranair genetikur informacias ar gadascems.

nebismieri damxmare qsovilis arseboba ganviTarebis dros, 
placenta iqneba es Tu endospermi, momaval Taobas genebis SerCeuli 
jgufis eqspresiis imprintinguli kontrolis meqanizms uboZebs. 

realurad, Teslis endospermSi Zalian rTuli procesebi 
mimdinareobs. cxovelebis umetesobis genomis analogiurad, 
yvavilovan mcenareTa genomSic arseboben retrotranspozonebi. 
Cveulebriv, maT mobiluri genetikuri elementebi _ mge _ ewodebaT. 
es ganmeorebadi elementebia, romlebic cilebs ar kodireben, magram 
gaaqtiurebis SemTxvevaSi katastrofis gamowveva SeuZliaT. amis 
ZiriTadi mizezi is aris, rom mge-s mTel genomSi gadaadgilebis da 
genebis eqspresiis darRvevis unari aqvT.

Cveulebriv, mge-ebi mkveTrad represirdebian, magram endospermSi 
es Tanamimdevrobebi aqtiurdebian. endospermis ujredebi am 
mge-ebisgan rnm-is patara molekulebs asinTezeben, romlebic 
endospermidan Canasaxis ujredebSi gadadian. Canasaxis genomSi isini 
mge-ebs aRmoaCenen, romelTac maTi analogiuri Tanamimdevrobebi 
aqvT. Semdeg rnm-is patara molekulebis es mge-ebi, savaraudod, 
aRadgenen im meqanizms, romelic permanentulad Trgunavs genomis 
am potenciurad saSiS elementebs. endospermis genomisTvis mge-
ebis reaqtivacia did saSiSroebas warmoadgens. Tumca, radganac 
endospermi momdevno Taobaze genetikurad ar zemoqmedebs, momavali 
Taobis sakeTildReod SeuZlia `TviTmkvleloba” Caidinos10,11,12,13. 

ZuZumwovrebic da yvavilovani mcenareebic imprintings 
axorcieleben, magram, rogor Cans, isini amisaTvis odnav gansxvavebul 
meqanizmebs iyeneben. ZuZumwovrebi imprintinguli genis Sesabamis asls 
dnm-is meTilirebiT Trgunaven. mcenareebi mamisgan genis mxolod 
im asls iReben, romelic meTilirebuli dnm-is matarebelia. Tumca 
yovelTvis meTilirebuli genis swored es asli ar inaqtivirdeba14. 
amrigad, mcenareebSi imprintingis dros dnm-is meTilireba ujreds 
amcnobs, ra gziT (romeli mSoblisgan) iyo geni memkvidreobiT 
miRebuli da ara imas, es geni rogor unda eqspresirdes.

arsebobs dnm-is meTilirebis ramdenime fundamenturi aspeqti, 
romlebic msgavsia mcenareebisa da cxovelebisaTvis. mcenareuli 
genomi kodirebs dnm-meTiltransferazebis aqtiur fermentebs da 
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aseve meTilirebuli dnm-is `wamkiTxvel~ cilebs. ZuZumwovrebis 
pirveladi sasqeso ujredebis msgavsad, mcenareTa garkveul 
ujredebs SeuZliaT dnm-s aqtiurad Camoacilon meTilireba. isic 
ki viciT, zustad romeli mcenareuli fermentebi axorcieleben 
am reaqcias15. erT-erTi maTganis saxelia DEMETER (demetra), 
ZvelberZnuli miTologiis mixedviT, persefones dedis pativsacemad. 
demetra mosavlis mfarveli RvaTaeba iyo da miwisqveSa samyaros 
mbrZanebelTan, hadesTan, misi SeTanxmebis wyalobiT kacobriobas 
weliwadis droebi aqvs. 

Tumca dnm-is meTilireba epigenetikuri aspeqtic aris da aq 
TvalSisacemia erTi da igive sabaziso sistemis mcenareebisa da 
cxovelebis mier gansxvavebulad gamoyenebis unari. yvelaze mkveTrad 
gamoxatuli gansxvaveba is aris, rom mcenareebSi mxolod CpG 
motivebis meTilireba ar xdeba (rodesac citozins guanini mosdevs). 
marTalia, es yvelaze gavrcelebuli Tanamimdevrobaa, romelzec maTi 
dnm-is meTiltransferazebia damiznebuli, mcenareebSi citozinic 
meTilirdeba, romelsac nebismieri sxva fuZe mosdevs16.

mcenareebSi, iseve, rogorc ZuZumwovrebSi dnm-is meTilireba 
xSirad araeqspresirebuli ganmeorebadi elementebis irgvliv aris 
Tavmoyrili. gansxvaveba ufro TvalsaCino iqneba, Tu eqspresirebuli 
genebis dnm-is meTilirebas gamovikvlevT. eqspresirebuli mcenareuli 
genebis daaxloebiT 5%-Si dnm-is meTilireba maT promotorebzea 
aRmoCenili, magram dnm-is 30%-ze meti meTilirebulia aminomJavebis 
makodirebel ubnebSi, e.w. genis sxeulebSi. genebs, romlebic sxeulis 
ubnebSia meTilirebuli, nebismieri tipis qsovilSi SeuZliaT 
eqspresia. am qsovilebSi maTi eqspresiis doneebi saSualodan maRal 
donemdea17.

dnm-is meTilirebis maRali doneebi mcenareebis ganmeorebad 
elementebSi Zalian hgavs ZuZumwovrebis qromatinSi ganmeorebadi 
elementebis sqemas. amisgan gansxvavebiT, aqtiurad eqspresirebuli 
genebis sxeulebis meTilireba kidev ufro hgavs imas, rasac futkrebSi 
vxvdebiT (futkrebSi ganmeorebadi elementebis meTilireba ar 
xdeba). es imas ar niSnavs, rom mcenare mwerebisa da ZuZumwovrebis 
raRac ucnaur epigenetikur hibrids warmoadgens. es mxolod 
imaze migvaniSnebs, rom evolucia SezRudul masalas da am masalis 
gamoyenebis mravalferovan SesaZleblobebs flobs. 
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The Ways Ahead

Prediction is very difficult, especially about the future.
Niels Bohr

One of the most exciting things about epigenetics is the fact that 
in some ways it’s very accessible to non-specialists. We can’t all 
have access to the latest experimental techniques, so not all of 
us will unravel the chromatin changes that underlie epigenetic 
events. But all of us can examine the world around us and make 
predictions. All we need to do is look to see if  a phenomenon 
meets the two most essential criteria in epigenetics. By doing this, 
we can view the natural world, including humans, in a completely 
new light. These two criteria are the ones we have returned to over 
and over again throughout this book. A phenomenon is likely be 
influenced by epigenetic alterations in DNA and its accompany-
ing proteins if  one or both of the following conditions are met:

1. Two things are genetically identical, but phenotypically variable;
2. An organism continues to be influenced by an event long after 

this initiating event has occurred.

We always have to apply a common sense filter, of course. If  
someone loses their leg in a motorbike accident, the fact that they 
are still minus a leg twenty years later doesn’t mean that we can 
invoke an epigenetic mechanism. On the other hand, that per-
son may continue to have the sensation that they have both legs. 
This phantom limb syndrome might well be influenced by pro-
grammed gene expression patterns in the central nervous system 
that are maintained in part by epigenetic modifications.
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Tavi 16

momavlis xedva 

Znelia raime winaswar ganWvrito, 
gansakuTrebiT  _ momavali.
nils bori

epigenetikis erT-erTi yvelaze aRsaniSnavi Taviseburebaa is, rom 
mecnierebis es sfero araspecialistebisTvisac metnaklebad gasagebia. 
rasakvirvelia, yvelasaTvis ar aris xelmisawvdomi Tanamedrove 
eqsperimentuli meTodebi, amitom yvelas ar SeuZlia zustad gansazRvros, 
qromatinis rogori tipis cvlilebebi udevs safuZvlad ama Tu im saxis 
epigenetikur movlenas. Tumca nebismier Cvengans SeuZlia daakvirdes 
garemomcvel samyaros da prognozi gaakeTos. amisaTvis mxolod 
imis danaxvaa saWiro, ganvsazRvroT, romeli fenomeni akmayofilebs 
epigenetikis or mniSvnelovan kriteriums. amis wyalobiT mTel samyaros, 
adamianis CaTvliT, sruliad axleburad davinaxavT. am or kriteriums 
wignis wina TavebSi ganvixilavdiT da xSirad vubrundebodiT. nebismieri 
movlena dnm-is da misi Tanmxlebi cilebis epigenetikuri cvlilebebis 
gavlenas ganicdis, Tu is akmayofilebs orive an Tundac erT pirobas:

1. ori individi genetikurad identuri, magram fenotipurad 
gansxvavebulia.

2. organizmi raime SemTxvevis gavlenas ganicdis, romelic 
mravali wlis win moxda.

ra Tqma unda, saRi azris gaTvaliswineba yovelTvis saWiroa. 
Tu vinmem ubeduri SemTxvevis gamo fexi dakarga, faqti, rom is 
oci wlis Semdegac ufexo iqneba, imas ar niSnavs, rom am SemTxvevaSi 
epigenetikuri meqanizmi unda CavrToT. meores mxriv, am adamians 
SeiZleba mudmivad hqondes SegrZneba, rom orive fexi aqvs. fantomuri 
kiduris sindromi SesaZloa centralur nervul sistemaSi genebis 
eqspresiis daprogramebuli sqemebis gavleniT iyos gamowveuli, 
romlebic nawilobriv epigenetikuri modifikaciebiT SenarCundeba.

zogjer imdenad varT gatacebuli Tanamedrove biologiaSi 
gamoyenebuli teqnologiebiT, rom gvaviwydeba, ramdeni ram SeiZleba 
viswavloT, Tu yuradRebiT davakvirdebiT garemomcvel samyaros. 
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magaliTad, yovelTvis ar gvWirdeba rTuli laboratoriuli 
aRWurviloba, rom ganvsazRvroT fenotipurad gansxvavebuli ori 
organizmi aris Tu ara genetikurad identuri. matlisgan buzi 
viTardeba, muxluxosgan _ pepela. matlsa da misgan ganviTarebul 
zrdasrul buzs erTnairi genetikuri kodi unda hqondeT. metamorfozis 
procesSi matli axal genoms ver SeiZens, e.i matlic da buzic erTsa da 
imave genoms sruliad gansxvavebuli gziT iyeneben. pepela admiralis 
muxluxos Seuxedavi sxeuli grZeli bewvebiTaa dafaruli da matlis 
msgavsad isic ufrToa. Tavad pepela admirali saocrad lamazi 
qmnilebaa uzarmazari, Savi da mkveTri narinjisferi frTebiT da ubewvo 
sxeuliT. am SemTxvevaSic muxluxos da misgan ganviTarebul pepelas 
dnm-is erTi da igive scenari aqvT. Tumca erTi scenariT dadgmuli ori 
piesa radikalurad gansxvavdeba erTmaneTisgan. SegviZlia vivaraudoT, 
rom amis mizezi, albaT, epigenetikuri movlenebia.

evropasa da CrdiloeT amerikaSi gavrcelebulia saxeoba yaryumi 
_ Mustela erminea. zafxulobiT kvernisebrTa ojaxis am Zlieri da 
moxerxebuli mtaceblis bewvi zurgze baci yavisferia, mkerdze 
ki _ spilosZvlisferi. siciveebis dadgomisTanave bewvi TiTqmis 
mTlianad TeTri xdeba da mTeli zamTris ganmavlobaSi aseTi 
rCeba, kudis bolos garda, romelic Savia. gazafxulze bewvi isev 
sazafxulo elfers ibrunebs. cnobilia, rom bewvis Seferilobis 
sezonuri cvlileba gamowveulia hormonebis gavleniT. gonivruli 
iqneba, vivaraudoT, rom am movlenas safuZvlad udevs bewvis feris 
ganmsazRvreli Sesabamisi genebis eqspresiis cvlileba, romelic 
gamowveulia qromatinis epigenetikuri modifikaciiT.

ZuZumwovrebSi, rogorc wesi, gasagebi genetikuri mizezi arsebobs, 
ris gamoc mamrebi mamrebi arian, xolo mdedrebi _ mdedrebi. funqciuri 
Y qromosoma mamrobiTi fenotipis formirebas uzrunvelyofs. 
qvewarmavlebis bevri saxeobis, magaliTad, niangebisa da aligatorebis, 
orive sqesis inidividi genetikurad identuria. qromosomebis mixedviT 
niangis sqesis gansazRvra SeuZlebelia. niangisa da aligatoris 
momavali sqesi damokidebulia kvercxis ganviTarebis kritikuli 
etapebis dros garemoSi arsebul temperaturaze _ rogorc mamri, 
aseve mdedri niangis Sesaqmnelad erTi da igive genetikuri programa 
gamoiyeneba1. cnobilia, rom am procesSi hormonuli sasignalo sistema 
monawileobs. jerjerobiT safuZvlianad ar aris Seswavlili, ra rols 
asrulebs epigenetikuri modifikaciebi sqesis ganmsazRvreli genebis 
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eqspresiis sqemebis Camoyalibebasa an stabilizaciaSi, magram amis 
SesaZlebloba sruliad dasaSvebia.

SesaZloa niangebis da maTi monaTesave qvewarmavlebis sqesis 
gansazRvris meqanizmebSi garkvevas axlo momavalSi didi mniSvneloba 
hqondes am saxeobebis gadarCenisaTvis. klimatis cvlilebebiT 
gamowveulma temperaturis globalurma cvlilebam SeiZleba 
qvewarmavlebisTvis uaryofiTi Sedegebi gamoiwvios, Tuki maT 
populaciebSi romelime sqesis individTa wili mkveTrad Semcirdeba. 
zogi avtori imasac ki varaudobs, rom dinozavrebis gadaSenebas, 
albaT, swored msgavsma movlenam Seuwyo xeli2. 

zemoT gamoTqmuli ideebi sruliad konkretul da advilad 
Sesamowmebel hipoTezebs warmoadgenen. samyaros yuradRebiT Tu 
davakvirdebiT, msgavsi varaudebis gamoTqma kolosaluri raodenobiT 
SegviZlia. gacilebiT sariskoa raime masStaburi gancxadebebis 
gakeTeba imis Taobaze, Tu rogor aRmoCenebs unda velodoT epigene-
tikis sferoSi Catarebuli axali kvlevebis Sedegad. es jer kidev 
axalgazrda mecnierebaa, romelic sxvadasxva da sruliad mou-
lodneli mimarTulebebiT viTardeba, magram gambedaobas movuxmoT 
da ramdenime mosazreba gamovTqvaT, ra SeiZleba uaxloes momavalSi 
epigenetikis sferoSi moxdes. 

daviwyoT yvelaze aSkara prognoziT. 2016 wlamde nobelis premia 
fiziologiasa da medicinaSi erTxel mainc mieniWebaT epigenetikis 
sferoSi moRvawe wamyvan specialistebs. sakiTxavi mxolod is aris, 
vis, radgan Rirseuli kandidati sakmaod bevria.

bevri epigenetikosisaTvis gulwrfelad gaugebaria, ratom 
ar mieniWa dRemde es premia meri laions misi gansacvifreblad 
winaswarmetyveluri naSromisaTvis, romelic X qromosomis inaqti vacias 
eZRvneboda. marTalia, misi mTavari moxsenebebi, romelTac X qromosomis 
inaqtivaciis koncefcias Cauyares safuZveli, bevr axal eqsperimentul 
monacems ar Seicavda, magram igive SeiZleba iTqvas jeims uotsonis da 
frensis krikis Tavdapirveli statiis SemTxve vaSic dnm-is aRnagobis 
Sesaxeb3. yovelTvis macdunebelia im TemiT spekulacia, nobelis premiis 
misaRebad samecniero miRwevebis garda mniSvnelovania Tu ara genderuli 
kuTvnileba, Tumca es nawilobriv rozalind franklinis irgvliv 
Seqmnili miTis damsaxurebaa. rentgenul kristalografiaSi muSaobisas 
franklinma iseTi monacemebi miiRo, romlebmac mniSvnelovani roli 
Seasrules uotson-krikis dnm-is modelis ganviTarebaSi. 1962 wels 
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nobelis premia uotsonTan da krikTan erTad rozalind franklinis 
laboratoriis xelmZRvanelma, londonis samefo kolejis profesorma, 
moris uilkinsmac miiRo. roza lind franklins premia ar miuRia _ 
imitom ki ara, rom qali iyo, aramed imis gamo, rom, samwuxarod, 37 
wlis asakSi sakvercxeebis kiboTi gardaicvala, xolo nobelis premias 
gardacvalebis Semdeg aravis aniWeben. 

am wignis furclebze ukve SevxvdiT kidev erT mecniers, brius 
katenaCs. garda naSromisa sawyisi mSoblis efeqtebis Sesaxeb, man 
ramdenime mniSvnelovani eqsperimentuli kvleva Caatara molekulur 
meqanizmebze, romlebic X qromosomis inaqtivacias udevs safuZvlad4. 
mkvlevarTa umetesoba mas, meri laionTan erTad, nobelis premiis 
Rirseul kandidatad miiCnevs. meri laionma da brius katenaCma 
kvlevebis umetesoba 1960-ian wlebSi Caatares da ukve didi xania, 
pensiaze arian. Tumca 2010 wels es premia laboratoriul pirobebSi 
(in vitro) ganayofierebis pioners, 85 wlis robert edvardss mieniWa. ase 
rom, profesorebs laionsa da katenaCs jer kidev aqvT dro da imedi.

jon gardonisa da Sinia iamanakis Sromebma ujredis gadaprog-
ramebasTan dakavSirebiT saerTod Secvala Cveni warmodgena ujreduli 
bedisweris kontrolis Sesaxeb. amitom uaxloes momavalSi stokholmSi 
gamgzavrebas orive imsaxurebs*. albaT, nakleb TvalsaCino, Tumca 
mimzidveli wyvili iqneboda azim surani da ema uaiTloc. maT erTobliv 
naSromSi ara marto is aris naTlad warmodgenili, rogor xdeba, 
Cveulebriv, epigenomis gadatvirTva sqesobrivi gamravlebis dros, 
aramed isic, rom zogjer es procesi SeiZleba dairRves, rac SeZenili 
niSan-Tvisebebis memkvidreobis mizezi xdeba. devid elisi wamyvani 
specialistia histonebis epigenetikuri cvlilebebis Seswavlis sferoSi 
da dnm-is meTilirebis korifeebTan, upirvelesad, edrian berdTan da 
piter jonsTan erTad, urigo, albaT, arc misi kandidatura iqneboda. 

piter jonsma epigenetikuri meTodebiT mkurnalobis ganvi-
Tarebas Cauyara safuZveli. es epigenetikis kidev erTi, swrafad 
mzardi mimarTulebaa. epigenetikuri Terapiis pirvel rigebSi 
histondeacitilazasa da dnm-is meTiltransferazas inhibitorebi 
moabi jeben. am ori nivTierebis kibos sawinaaRmdego efeqtis dasa-
dgenad kolosaluri raodenobiT klinikuri kvlevebia Catarebuli, 

* 2012 wels jon gardonma da Sinia iamanakam miiRes nobelis premia fiziologiasa 

da medicinaSi (red. SeniSvna)
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magram axla situacia icvleba. dReisaTvis ukve dawyebulia sir-
tuinebis klasis histondeacetilazas inhibitoris klinikuri 
gamocda mZime memkvidruli neirodegeneraciuli darRvevis _ 
hanting tonis daavadebis samkurnalod5. amJamad mTeli yuradReba 
mimarTulia iseTi samkurnalo preparatebis Seqmnisaken, romlebic 
viwrod specializebul epigenetikur fermentebs daTrgunaven, 
rac xels SeuSlis ara marto simsivnis, aramed araonkologiuri 
davadebebis ganviTarebasac. aseTi fermentebi histonuri cilebis 
aminomJavebis erT konkretul poziciaSi mxolod erT modifikacias 
cvlian. mTel msoflioSi am mimarTulebis ganviTarebisaTvis axali 
bioteqnologiuri kompaniebisa da farmacevtuli mrewvelobis 
gigantebis mier asobiT milioni dolaria gamoyofili. albaT, uaxloes 
xuT weliwadSi imis mowmeebi gavxdebiT, rogor gaivlian klinikur 
gamocdebs am kvlevebis Sedegad Seqmnili simsivnis samkurnalo axali 
preparatebi, xolo aTi wlis ganmavlobaSi sicocxlisTvis naklebad 
saSiSi daavadebebis samkurnalo preparatebic gamoCndeba6.

epigenetikaSi, gansakuTrebiT, transgeneraciul memkvidreobaSi 
dagrovili codna axal SesaZleblobebTan erTad, axali preparatebis 
aRmoCenisas garkveul problemebsac qmnis. Tu axal preparatebs 
SevqmniT, romlebic epigenetikur procesebSi Caerevian, es preparatebi 
gadaprogramebazec xom ar imoqmedeben, romelic, Cveulebriv, sasqeso 
ujredebis warmoqmnis dros xdeba? Teoriulad es fiziologiur 
cvlilebebs gamoiwvevda, romlebic ara marto pacients, aramed mis 
Svilebsa da SviliSvilebsac Seexeboda. albaT, Cveni SeSfoTeba mxolod 
im qimiuri nivTierebebiT ar unda Semoifarglos, romlebic konkretul 
epigenetikur fermentebze zemoqmedeben. rogorc me-8 TavSi vnaxeT, 
damabinZurebeli nivTiereba vinklozolini damRupvelad moqmedebs 
mRrRnelebis mraval Taobaze. Tu axali samkurnalo preparatebis 
warmoebaze licenziis gacemis maregulirebeli saxelisuflebo organoebi 
maT transgeneraciul kvlevas daJinebiT moiTxoven, maSin axali wamlebis 
Seqmna Zalian garTuldeba da xarjebic mniSvnelovnad gaizrdeba.

erTi SexedviT, aseTi midgoma Zalian gonivruli Cans, radgan Cveni 
moTxovnaa, wamlebi maqsimalurad usafrTxo iyos. Tumca gasaTvalis-
winebelia im avadmyofebis mdgomareoba, romelTac haeriviT sWirdebaT 
sasikvdilo daavadebisagan msxsneli axali preparatebi. an im pacientebs 
ra mouvaT, romlebsac axali, ufro srulyofili medikamenti sWir-
debaT, romelic maT tanjvas da usasoo mdgomareobas bolos mouRebs 
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da xangrZliv, srulfasovan sicocxles uzrunvelyofs? rac ufro 
didi dro sWirdeba preparats laboratoriidan afTiaqamde, miT ufro 
didxans daitanjebian misi momlodine avadmyofebi. saintereso iqneba 
imis naxva, rogor SeZleben 10-15 weliwadSi am sakmaod rTuli sakiTxis 
gadaWras dainteresebuli mxareebi _ farmacevtuli kompaniebi, 
maregulirebeli organoebi da pacientTa warmomadgenlebi.

epigenetikuri cvlilebebis transgeneraciul efeqtebs uaxloes 
aTwleulSi adamianis janmrTelobaze uzarmazari zegavlenis moxdena 
SeuZlia. amis mizezi wamlebTan da damabinZurebel agentebTan erTad 
SeiZleba iyos produqtebi da kveba. epigenetikur landSaftSi 
mogzauroba holandiuri mSieri zamTris mokle aRweriT daviwyeT. 
misi Sedegebi ara marto im adamianebSi gamovlinda, romelTac es 
periodi gadaitanes, aramed maT STamomavlebSic. dReisaTvis ki 
msoflio globaluri simsuqnis epidemiis marwuxebSia moqceuli. im 
SemTxvevaSic ki, Tu sazogadoeba momavalSi am problemis marTvas 
SeZlebs (dasavleTSi am mimarTulebiT saimedo niSnebi jer ar Cans), 
dRes ukve arsebobs saSiSroeba, Cvens Svilebs da SviliSvilebs 
arasasurveli epigenetikuri memkvidreoba davutovoT. 

kveba zogadad im sferos warmoadgens, sadac sakmaod damajereblad 
SeiZleba viwinaswarmetyveloT epigenetikis wamyvani roli, romelsac 
is aucileblad Seasrulebs momaval aTwleulSi. ai, am droisaTvis 
CvenTvis cnobili ramdenime magaliTi.

foliumis mJava sakvebi danamatia, romelic orsulebisTvis aris 
rekomendebuli. orsulobis adreul etapebze organizmSi foliumis 
mJavas maragis gazrda sazogadoebrivi janmrTelobis dacvis triumfi 
gaxda, radganac misma miRebam mkveTrad Seamcira axalSobilebSi 
xerxemlis milebis nawilobrivi defeqti (Spina bifida) ganviTarebis 
riski7. foliumis mJava aucilebelia S-adenozil meTioninis _ SAM _ 
sinTezisaTvis. SAM molekulaa, romelic dnm meTiltransferazebs 
dnm-is modificirebisaTvis saWiro meTilis jgufs gadascems. Tu 
axalSobili virTagvebis kvebis racionSi foliumis mJavis deficitia, 
maTi genomis imprintinguli ubnebis normaluri regulacia irRveva8. 
amJamad mxolod imis gacnobierebas viwyebT, ra dadebiTi gavlena 
SeiZleba iqonios foliumis mJavam epigenetikur meqanizmebze.

sakvebSi histondeacilazas inhibitorebis Semcvelobam SeiZleba 
mniSvnelovani roli Seasrulos kibosa da sxva daavadebaTa preven-
ci aSic. am sakiTxze jer mxolod Teoriul informacias vflobT. 
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garlic are all weak inhibitors of histone deacetylases. Researchers 
have hypothesised that the release of these compounds from food 
during digestion may help to modulate gene expression and cell 
proliferation in the gut9. In theory, this could lower the risk of 
developing cancerous changes in the colon. The bacteria in our 
intestines also naturally produce butyrate from the breakdown of 
foodstuffs10, especially plant-derived materials, which is another 
good reason to eat our greens.

There’s a speculative but fascinating case study from Iceland 
on how diet may epigenetically influence a disease. It concerns 
a rare genetic disease called hereditary cystatin C amyloid angi-
opathy, which causes premature death through strokes. In the 
Icelandic families in which some people suffer from the disease, 
the patients carry a particular mutation in the key gene. Because 
of the relatively isolated nature of Icelandic societies, and the 
country’s excellent record keeping, researchers were able to trace 
this disease back through the affected families. What they found 
was quite remarkable. Until about 1820, people with this muta-
tion lived until around the age of 60 before they succumbed to 
the disease. Between 1820 and 1900, the life expectancy for those 
with the same disorder dropped to about 30 years of age, which 
is where it has remained. The scientists speculated in their origi-
nal paper that an environmental change in the period from 1820 
onwards altered the way that cells respond to and control the 
effects of the mutation11.

At a conference in Cambridge in 2010, the same authors 
reported that one of the major environmental changes in Iceland 
from 1820 to the present day was a shift from a traditional diet 
to more mainstream European fare12. The traditional Icelandic 
diet contained exceptionally high quantities of dried fish and fer-
mented butter. The latter is very high in butyric acid, the weak 
histone deacetylase inhibitor. Histone deacetylase inhibitors can 
alter the function of muscle fibres in blood vessels13, which is rel-
evant to the type of stroke that patients with this mutation suffer. 
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histonde acetilazas sust inhibitorebs Seicaven Semdegi produqtebi: 
yveli _ erbomJava natriumis marils, brokoli _ sulforafans, niori _ 
dialilis disulfids. mkvlevrebi varaudoben, rom saWmlis monelebis 
procesSi kvebis produqtebidan am nivTierebebis gamoTavisufleba 
xels uwyobs genebis eqspresiis regulacias da saWmlis momnelebeli 
traqtis ujredebis gamravlebas9. Teoriulad aman SeiZleba msxvil 
nawlavSi kancerogenuli cvlilebebis ganviTarebis riski Seamciros. 
nawlavuri baqteriebi sakvebis nawilakebisgan, gansakuTrebiT, mcena-
reuli sakvebidan, erbomJavas bunebrivi gziT asinTezeben10, rac 
erTxel kidev adasturebs imas, rom saWiroa, rac SeiZleba meti 
mwvanili miirTvaT. 

daavadebaze kvebis racionis epigenetikur gavlenas islandiaSi 
Catarebuli saintereso kvlevac adasturebs. kvleva iSviaT genetikur 
daavadebas _ cistatin-C amiloidur angiopaTias _ exeba, romelic 
insultis ganviTarebas da, Sesabamisad, naadrev sikvdils iwvevs. 
daavadebulebs ZiriTadi genis gansazRvruli mutacia aRmoaCndaT. 
islandiuri sazogadoebrivi jgufebis SedarebiT izolaciuri 
xasiaTisa da qveyanaSi saaRricxvo Canawerebis didi sizustiT warmoebis 
wyalobiT mkvlevrebs saSualeba miecaT pacientebis ojaxebis 
winaparTa sxvadasxva TaobaSi daavadebul individebs dakvirvebodnen. 
miRebuli Sedegebi gamaognebeli aRmoCnda. daaxloebiT 1820 wlamde am 
mutaciis matareblebi saSualod 60 wlamde cocxlobdnen. 1820-1900 
wlebSi daavadebulTa sicocxlis xangrZlivoba mkveTrad daqveiTda 
30 wlamde, rac dRemde SenarCunebulia. mkvlevrebma gamoqveynebul 
statiaSi ivaraudes, rom garemos Secvlam, rac 1820 wlidan daiwyo 
da dRemde grZeldeba, is meqanizmebi Secvala, romlebiTac ujredebi 
mutaciis efeqtebs akontrolebdnen da maTze reagirebdnen11.

kembrijis 2010 wlis konferenciaze mkvlevarTa aRniSnulma 
jgufma islandiaSi 1820 wlidan dRemde garemos Secvlis upirveles 
mizezad mosaxleobisaTvis tradiciuli kvebis racionis kontinenturi 
evropisaTvis damaxasiaTebeli racioniT Canacvleba miiCnia12. 
islandielTa tradiciuli sakvebi ZiriTadad gamxmari Tevzisa da 
fermentirebuli karaqisgan (erbosgan) Sedgeboda. es ukanaskneli 
Zalian mdidaria erbomJaviT _ histondeacetilazas susti inhibitoriT. 
histondeacetilazas inhibitorebs sisxlZarRvebSi kunTovani 
boWkoebis funqciebis Secvla SeuZliaT13, rac damaxasiaTebelia 
aRniSnuli mutaciis dros ganviTarebuli insultis tipisaTvis. jer 
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oficialurad dadasturebuli ar aris, rom pacientebis gamokvleul 
jgufSi sikvdilianobis gaaxalgazrdaveba swored sakvebTan erTad 
histondeacetilazas inhibitoris moxmarebis Semcirebam gamoiwvia, 
Tumca es hipoTeza damajereblobas moklebuli ar aris. 

fundamenturi epigenetika mecnierebis is dargia, sadac 
raime prognozis gakeTeba yvelaze rTulia. mxolod is SeiZleba 
vamtkicoT, rom epigenetikuri meqanizmebi yovelTvis SeiZleba 
gamovlindnen mecnierebis sruliad moulodnel mimarTulebebSi. amis 
TvalsaCino magaliTia arc ise didi xnis win cirkaduli ritmebis 
sferoSi gakeTebuli aRmoCena _ fiziologiuri da bioqimiuri 
procesebis bunebrivi sadReRamiso cikluri cvlilebebi, romlebic 
damaxasiaTebelia cocxali organizmebis saxeobaTa umetesobisaTvis. 
damtkicda, rom am ritmis CamoyalibebaSi monawile ZiriTad cilas 
histonuri acetiltransferaza warmoadgens14, Tavad ritmi ki sul cota 
kidev erTi gansxvavebuli epigenetikuri fermentiT regulirdeba15. 

savsebiT SesaZlebelia isic SevityoT, rom zogierTi epigenetikur 
ferments ujredze zemoqmedeba absoluturad gansxvavebuli 
meTodebiT SeuZlia. am varaudis safuZvels iZleva is, rom bevri es 
fermenti mxolod qromatinis modifikacias ar iwvevs. maT ujredis 
sxva cilebis modifikaciis unaric aqvT, e.i. erTdroulad ramdenime 
mimarTulebiT moqmedeben. ufro metic, arsebobs mosazreba, rom 
histonis mamodificirebeli zogierTi geni ujredSi histonebis 
arsebobamde gaCnda16. es gvafiqrebinebs, rom Tavdapirvelad am 
fermentebs sxva funqcia hqondaT, magram evoluciis procesSi 
iZulebiT genis eqspresiis makontroleblebad gardaiqmnen. amdenad, 
Zalian ar unda gagvikvirdes imis aRmoCena, rom zogierT ferments 
Cvens ujredebSi ormagi funqcia aqvs.

epigenetikis molekuluri meqanikis zogierTi yvelaze fundamenturi 
sakiTxi jerjerobiT amouxsneli rCeba. Cveni codna imis Sesaxeb, 
Tu rogor yalibdeba konkretuli modifikaciebi genomis SerCeul 
poziciebze, Zalian fragmentulia. Cven mxolod axla viwyebT am procesSi 
aramakodirebeli rnm-ebis funqciis Seswavlas. am sakiTxis irgvliv 
mecnierebaSi bevri TeTri laqaa. bolomde arc is viciT, rogor gadaecema 
histonuri modifikaciebi dediseulidan Svileul ujredebs. udavoa, 
rom aseTi ram xdeba, vinaidan es ujredis molekuluri mexsierebis 
nawils warmoadgens. mis safuZvelze ujreds SeuZlia Tavisi funqcia 
SeinarCunos, magram jer ucnobia, es rogor xdeba. dnm-is replikaciis 
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dros histonuri cilebi erT mxares gadaadgildebian da dnm-is 
axal aslSi SeiZleba modificirebuli histonebis SedarebiT mcire 
raodenoba aRmoCndes. amis nacvlad dnm-is asli SesaZloa pirveladi 
histonebis garemocvaSi aRmoCndes, romlebic TiTqmis mTlianad 
aramodificirebulia. mdgomareoba Zalian swrafad gamoswordeba, 
Tumca CvenTvis sruliad gaugebaria, es rogor xdeba, imis miuxedavad, 
rom es movlena mTeli epigenetikis erT-erTi fundamenturi sakiTxia.

dasaSvebia, rom am kiTxvaze pasuxs iqamde ver gavcemT, vidre 
im teqnologiebiT da azrovnebiT ar aRviWurvebiT, romlebic 
tradiciuli organzomilebiani sivrcidan axal, samganzomilebian 
samyaroSi gadagviyvans. Cveulebriv, genoms xazovan ganzomilebaSi, 
fuZeTa jaWvis saxiT warmovidgenT xolme, romlis wakiTxva mxolod 
TanamimdevrobiT SeiZleba. realurad ki genomis sxvadasxva ubani 
moRunuli da daxveulia. erTmaneTTan kontaqtis dros es ubnebi 
axal kombinaciebs da maregulirebel qvejgufebs warmoqmnian. Cveni 
genetikuri masala Cveulebrivi scenari gvgonia. sinamdvileSi ki 
igi Jurnal “Mad”-is garkveuli wesiT dakecili furclebs ufro 
waagavs, romelTa sxvadasxva kuTxiT dalagebisas mudmivad axal 
suraTs miviRebT. am procesis arsSi wvdoma SeiZleba principulad 
mniSvnelovani piroba aRmoCndes im saidumlos amosaxsnelad, rogor 
urTierTqmedeben epigenetikuri modifikaciebi da genebis kombinaciebi 
iseTi saocrebis Sesaqmnelad, rogoricaa Wia, muxa, niangi an adamiani.

da ai, imis Sejameba, Tu ras unda velodoT Semdeg aTwleulSi 
epigenetikuri kvelevebisagan. adamianebs axali imedebi gauCndebaT, 
romelTagan mravali ver gamarTldeba, zogi zedmetad optimisturi 
iqneba, bolos CixSi rom mogvaqcevs, iqneba araswori arCevani, 
romelic mcdari gziT gvatarebs da zogjer gvaiZulebs, saeWvo 
Rirebulebis kvlevebic ki CavataroT. mecniereba adamianis Seqmnilia 
da zogjer misTvisac damaxasiaTebelia Secdomebi, magram Semdegi 
aTwleulis dasasrulisTvis aucilebelad miviRebT gacilebiT 
met pasuxs biologiis yvelaze saWirboroto kiTxvebze. amJamad 
Znelia vivaraudoT, rogori iqneba es pasuxebi, zog SemTxvevaSi ki 
warmodgenac ar gvaqvs, romel kiTxvebze gveqneba pasuxebi, Tumca 
erTi ram ueWvelad viciT. 

epigenetikuri revolucia grZeldeba.
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terminebis ganmarteba

CpG motivebi (kunZulebi) _ dnm-is nukleotiduri Tanamimdevroba, 
sadac nukleotid citozins mosdevs nukleotidi guanini. CpG 
motivebi SesaZlebelia meTilirdes C-ze (citozinze).

ES ujredebi _ embrionuli Rerovani ujredebi -Sidaujreduli 
masisgan eqsperimentulad miRebuli pluripotenturi ujredebi.

iPS  ujredebi _ inducirebuli pluripotenturi Rerovani ujredebi. 
warmoiqmnebian momwifebuli ujredebis gadaprogramebiT speci-
fikuri genebis saSualebiT, romlebic sabolood diferencirebul 
ujredebs isev pluripotentur ujredebad gardaqmnian. 

ai-rnm _ aramakodirebeli rnm. kopirebulia dnm-idan da ar kodirebs 
cilebs. 

autosomebi _ arasasqeso qromosomebi. adamians aqvs 22 wyvili 
autosoma.

blastocisti _ Zalian adreuli embrioni ZuZumwovrebSi, romelic 
Seicavs daaxloebiT 100 ujreds. blastocisti Seicavs ujredebs, 
romlebic dasabams aZleven placentas. es ujredebi gars akravs 
ufro mkvriv Sidaujredul masas, romlisganac warmoiqmneba 
embrionis sxeuli. 

gameta _ kvercxujredi an spermatozoidi.

genomi (birTvuli) _ ujredis birTvSi arsebuli dnm-is sruli 
Tanamimdevroba. 

germinaciuli _ ujredebi, romelTa saSualebiT genetikuri 
informacia gadaecema mSoblidan Svils. esenia kvercxujredebi 
da spermatozoidebi (da maTi winamorbedi ujredebi).

diskordantoba _ mdgomareoba, rodesac or individs aqvs araidenturi 
fenotipi. 
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Germline The cells that pass on genetic information from par-
ent to child. These are the eggs and the sperm (and their 
precursors).

HDAC Histone deacetylase. An enzyme that can remove acetyl 
groups from histone proteins.

Histones Globular proteins that are closely associated with 
DNA, and which can be epigenetically modified.

Imprinting Phenomenon in which expression of certain genes 
depends on whether they were inherited from the mother or 
the father.

Inner Cell Mass (ICM) The pluripotent cells in the inside of the 
early blastocyst that will give rise to all the cells of the body.    

Intron Region of a gene that codes for a section that is removed 
from the final version of the mRNA copied from that gene.

iPS Cells Induced pluripotent stem cells.  Produced by repro-
gramming mature cells with specific genes that cause termi-
nally differentiated cells to revert into pluripotent ones.

kb Kilobase. 1000 base pairs.
miRNA Micro RNA. Small RNA molecules that are copied 

from DNA but that don’t code for proteins. miRNAs are a 
subset of ncRNAs

mRNA Messenger RNA. Copied from DNA and codes for 
proteins.

ncRNA Non-coding RNA. Copied from DNA and doesn’t code 
for proteins.

MZ Twins Monozygotic/ identical twins, formed when an early 
embryo splits in two. 

Neurotransmitter A chemical produced by one brain cell that 
acts on another brain cell to alter its behaviour.

Nucleosome Combination of eight specific histone molecules 
with DNA wrapped around them.

Phenotype The observable characteristics or traits of an 
organism.
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dnm-is replikacia _ dnm-is molekulis aslis warmoqmna, romlis 
drosac sinTezdeba sawyisis identuri axali dnm-is molekula.

dnm-meTiltrantferaza (DNMT) _ fermenti, romelsac SeuZlia dnm-
Si citozinis fuZeze meTilis jgufis damateba.

egzoni _ genis makodirebeli ubani, romelic warmodgenilia am 
genidan  gadmoweril  i-rnm-is saboloo versiaSi.  egzonebis 
umetesoba, magram yvela ara, kodirebs aminmJavebs, romlebic  am 
genis saboloo prdoduqts, cilas  warmoqmnian.

vernalizacia _ procesi, romelic saWiroa mcenareebisTvis civ 
periodSi yvavilobamde.

epigenomi _ genomuri dnm-is da masTan asocirebuli histonuri 
cilebis sruli epigenetikuri modifikacia. 

zigota _ spermatozoidisa da kvercxujredis Serwymis Sedegad 
miRebuli totipotenturi ujredi.

TaobaTaSorisi (transgeneraciuli)  memkvidreoba _ fenomeni, romlis 
drosac fenotipuri cvlilebebi erTi Taobidan meore Taobas 
gadaecema genetikuri kodis raime cvlilebis gareSe.   

imprintingi _ fenomeni, romlis drosac garkveuli genebis eqspresia 
damokidebulia dedisgan aris memkvidreobiT miRebuli Tu 
mamisgan.

introni _ genis ubani, romelic am genidan  miRebuli  i-rnm -is 
saboloo  versiidan amoWrilia.

i-rnm  _ informaciuli rnm. kopirebulia dnm-idan da kodirebs 
cilebs. 

kilobasi  kb _ 1000 fuZe wyvili.

konkordantoba _ garkveuli niSan-Tvisebis fenotipuri identuroba 
individTa wyvilSi.

mikro rnm _ (mi-rnm) _ mcire zomis rnm-s molekulebi, romlebic 
dnm-idan miiReba, magram ar kodirebs cilebs. mi-rnm aris 
aramakodirebeli rnm-is (ai-rnm) qvejgufi. 

monozigoturi (mz) tyupebi _ erTi zigotidan ganviTarebuli, 
genetikurad identuri tyupebi. 
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terminebis ganmarteba

neirotransmiteri _ qimiuri nivTiereba, romelic warmoiqmneba 
Tavis tvinis ujredebSi, zemoqmedebs Tavis tvinis sxva 
ujredebze da cvlis maT moqmedebebs. 

nukleosoma _ rva specifikuri histonuri molekulis da maTze 
daxveuli dnm-is molekulis kombinacia.

pluripotentoba _ ujredis unari dasabami misces sxva tipis 
ujredebis umetesobas. tipurad, ZuZumwovarTa pluripotenturi 
ujredebi dasabams aZlevs organizmis yvela ujreds, magram ara 
placentis ujredebs.

primordiuli ujredebi _ maRal specializebuli ujredebi, romlebic 
warmoiqmnebian ganviTarebis adreul etapze da saboloo jamSi 
dasabams aZleven gametebs. 

promotori _ genis win mdebare ubani, romelic gansazRvravs Tu 
rogor `CairTveba~ geni. 

pronukleusi _ spermatozoidis kvercxujredSi SeWris Semdgomi 
spermatozoidis an kvercxujredis birTvebi, sanam moxdeba maTi 
erTmaneTTan Serwyma.

retrotranspozonebi _ dnm-is uCveulo segmentebi, romlebic 
ar kodireben cilebs da SeuZliaT genomis sxvadasxva ubanSi 
gadaadgileba. savaraudod, warmoqmnilia virusebisgan. 

sasqeso qromosoma _ X da Y qromosoma, romlebic gansazRvraven 
sqess  ZuZumwovrebSi. Cveulebriv,  mdedrobiT sqess aqvs ori X 
qromosoma da mamrobiT sqess erTi X da Y qromosoma.

somaturi mutaciebi _ mutaciebi, romlebic xdeba somatur ujredSi, 
gansxvavebiT kvercxujredsa da spermatozoidSi momxdari 
mutaciebisgan, memkvidreobiT ar gadaecema.

somaturi ujredi _ organizmis arasasqeso ujredebi.

somaturi ujredis birTvis gadatana (SCNT) _ birTvis gadatana 
zrdasruli ujredidan sxva ujredSi, rogorc wesi 
ganayofierebul kvercxujredSi.

stoqastikuri variacia _ SemTxveviTi cvlileba an fluqtuacia. 
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Vernalisation The process where plants need a period of cold 
before they will flower.

Zygote The totipotent cell formed when an egg and a sperm 
fuse.
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totipotentoba _ ujredis unari dasabami misces organizmis yvela 
ujreds da placentis ujredebs.

transkripcia _ dnm-dan rnm-is aslis warmoqmna.

uniparentuli disomia _ situacia, rodesac qromosomuli wyvilis 
orive wevri memkvidreobiT aris miRebuli erT-erTi mSoblisgan, 
nacvlad  TiTo wevri TiTo mSoblisgan.  magaliTad, me-11-e 
qromosomis dediseuli uniparentuli disomia niSnavs, rom me-
11-e qromosomis  orive asli memkvidreobiT miRebulia dedisgan.

fenotipi _ organizmis garegnuli maxasiaTeblebi an niSan-Tvisebebi.

qromatini _ dnm-is da masTan asocirebuli cilebis, gansakuTrebiT, 
histonuri cilebis,  kombinacia.

Sida ujreduli masa (Sum; ICM) _ pluripotenturi ujredebi adreuli 
blastocistis SigniT, romlebic dasabams aZleven organizmis 
yvela ujreds.

histondeacetilaza  (HDAC) _ fermenti, romelic acetilis jgufs 
histonuri cilidan acilebs.

histoni _ globuluri cilebi, romlebic mWidrod arian 
asocirebulni dnm-Tan, da romlebic SesaZlebelia epigenetikurad 
modificirdnen.

 



329

ABO sisxlis jgufis sistema 40 
ADH geni 50
Air rnm 187
Apis mellifera,  ix. futkrebi 
Arabidopsis thaliana 295-300
ARH1 geni 218
Aton Pharma 223
Ary geni 84-6, 106-9
AxinFu geni, 109, 148
2-aza-5’-deoqsicitidini 219

BCI rnm 198-9
Ber-Abl geni 269 b
BLIMP1 144, 197
BLIMP1 geni 144
BRCA1 geni 216, 217-18, 220

C. elegans ix. Caenorhabitis elegans c-Myc 
geni 32, 35, 38

Caenorhabitis elegans 181-2, 184, 191, 275
Carausius morosus 129-31
A child called it 133
COLDAIR rnm 299
CpG kunZulebi 58, 214, 227, 265, 291
CpG acetilireba 57
CpG motivebi 58, 270, 290, 303

Dacogen ix. 2-aza-5’-deoqsicitidini 
DEMETER 303
DGCR8 201
DGCR8 geni 200, 201
Dlk-1-Dio3 ubani 147-8
DMSO 211-12
DNMT1 57, 73, 89-90, 210, 225-6, 231, 

257
DNMT1 inhibitorebi 211, 22
Dnmt1 mutanturi 267 3
Dnmt3 286, 289

Dnm3 geni 286-7, 291
DNMT3A 57, 73, 89-90, 210, 225-6, 231, 

257
DNMT3B 57, 73, 210, 225-6, 231, 257
DNMT3L 226
DNMTs 57, 210-11, 225
Drosopila melanogaster ix. drozofila/

xilis buzi

ES ujredebi 27-30, 147, 162, 168
EZH2 188, 225, 226, 229

FD geni 297-8
FLC 297-9
FLC geni 297-300
FLC genis promotori 298-9
FLOWERING LOCUS (FLC) geni 297-300
FT geni 297-8

G9a fermenti 187
Gdnf geni 247, 248-9
GlaxoSmitKleine 203, 280-1
Grb10 260
Grb10 geni 260-1
Grb10 mutanturi 260-1

H2A 65, 165
H2B 65
H3 65, 187-8, 223, 225-6, 276-7, 299
H3K4 226, 230
H3K27 225-6, 230
H4 65
HDAC1 257
HDAC2 257, 247-8, 257-8
HDACs 213, 247, 288
HDAC inhibitorebi 213-14, 219, 221, 

258-9, 307-8, 309-11
Hirundo rustica 295

indeqsi
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HOTAIR rnm 189
HOX genebi 188-9
HOX-C klasteri 189
HOX-D klasteri 189
(E)-10-hidroqsi-2-decenis mJava 

(10HDA) 288-9, 292

IAP retrotranspozonebi 127, 148, 
150-1

Ict4 geni 32, 35-6, 71
IGF2 139, 135
IGF2 geni 135, 139
Igf2r 135
Igf2r geni 135, 140, 187
in vitro ganayofiereba 116
iPS ujredebi 32-2, 36-41, 147, 196, 

271-2

Klf4 geni 32, 35

let-7 rnm 196, 197
LIN-14 191
LIN-14 geni 191
lin28 196, 197
LSD1 226

MeCP2 58-9, 61-2, 174, 243-4, 255, 259
MeCP2 geni 62-3, 173-4
MEFs 31
Merck 203, 223
MeCP2 mutaciiT 63-4
miR-15a rnm 201
miR-6-1 rnm 201
miR-17-92 klasteri 201
miR-189 rnm 199
MLL2 71-2
MLL2 geni 71
MMR vaqcina 61-2
MPSII 172
Mustela erminea 305
MZ monozigoturi tyupebi ix. 

identuri tyupebi

Nanog 168

Oct4 71, 122, 168, 196

Pfizer 280
PHF8 72
PHF8 geni 72

PIWI cilebi 197
PIWI rnm-ebi 197
PRC2 188-9

Rana pipiens 16
Regulus Therapeutics 203
Roche 203-4

S-adenozil meTionini (SAM) 309
Saccharomyces cerevisiae ix. safuari
SAHA 212-14, 219-20, 222-3, 249, 277-8
 kibos makontrolebeli 212-14, 

219-20, 222, 226-7, 277-8
 da mexsiereba 257-8
 gverdiTi efeqtebi 258
 struqtura 213, 288
SAM 309
Sanofi-Aventis 203
SCNT 15, 21, 271
SDG27 geni 299
SOX 177
SHOX geni 177
Sir2 274-5, 278
Sirna Theraputics 203
siRNAs (si-rnm) 203-4
SIRT1 275, 280
SIRT2 275
SIRT3 275
SIRT4 275
SIRT5 275
Sirt6 nokaut-Tagvebi 275-6
SIRT6 275-7, 275
SIRT6 geni 276-7
SIRT7 275
Sirtris Pharmaceuticals 280
SLITRK1 geni 199
SNORD116 geni 139
SOC1 geni 297-8
Sox2 168, 196
Sox2 geni 32, 35
SRY 154
SRY geni 154
SSRIs 245, 249-50

TARBP2 201
TARBP2 geni 201
TEs 302
TET1 255
TET2 255
TET3 255
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Trim28 89
TSA 212-13, 249
Tsix rnm 167-9, 187
TTAGGG Tanamimdevroba 270
T ujredebis limfomebi 267
T ujredebi 221

UBE3A 139, 143
UBE3A geni 138-40, 143

VHL geni 217
Vidaza ix. 5-azacitidini
VIN3 299

waggle cekva 283

Xenopus laevis 15 
X inaqtivacia 156-60, 162-5, 306
 eqsperimentebi 162-3
 SemTxveviTi 158-9
 Xist eqspresia 165-9, 187
X inaqtivaciis centri 163, 167, 174
X inaqtivaciis centris transgeni 

166
X qromosoma 155, 176
 daTvla 161-2, 166, 174-7
 genebi ix. X-SeWiduli genebi
X-SeWiduli genebi 155-7
X-SeWiduli hipohidruli 

eqtodermuli displazia 171-2

Xist geni 163-6
 eqspresiis kontroli 165-70
Xist rnm 163-4, 167-8, 187, 189

Y qromosoma 154-5, 176, 305
 genebi 154
 fsevdoautosomuri ubnebi 176

zip 43-4

abzinda 281 
agresia 247
aguti 83-7, 95, 106-10, 127, 148-9
 Avy 84-6
 Avyla 84-6
 B6 xazi  247, 248

 BALB xazi 247
aguti geni 83-7, 106-8
adamianis genomi, cilis 

makodirebeli ubnebi 184
adamianis me-11 qromosoma 139
adamianis me-15 qromosoma 137-9, 143, 

146
adamianis 21-e qromosoma 154, 155
adamianis 22-e qromosoma 200
adamianis sicocxlis gaxangrZliveba 

263
adenini (A) 43
adipociti 208
adrenokortikotropuli hormoni 239
adreuli asakis stresis modeli 241-3
5-azacitidini 206-11, 213-14, 219-20, 

222, 257
 simsivnis makontrolebeli 226-7
 da mexsiereba 258
 gverdiTi efeqtebi 258
 struqtura 210
5-azacitozini 210
aligatorebi 305-6
alkohol dehidrogenaza (ADH) 50
alcheimeris daavadeba 258-9, 263
amgeni 280
aminomJavebi 48
ai-rnm ncRNAs 164, 167, 185-202, 311
amfetaminisadmi damokidebuleba 259
angelmanis sindromi (AS) 136-9, 146
androgenis receptori 113
anTebiTi pasuxebi 277
anomaluri warmoqmna 194
 defeqtebi 198-101
 redaqtireba 194-5
antibiotikebi 205
anhedonia 249
aramakodirebeli rnm ix.  ai-rnm
argininis vazopresinis geni 242-4
artemizini 281
asTma 78
autizmi 61
autosomebi 152
aqondroplazia 76
aRmoCena 179
acetil-lizini 67-8
acetilireba 67-8, 212-14, 218
 stresi 247-9
 ix agreTve histonis modifikacia
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baqteria 11
bavSvTa asakis travmebi 233-4
 genis eqspresia Tavis tvinSi 236-7
bavSvTa sikvdilianoba 263
beilini, stiven 217-18, 220, 231
bergeri, Seli 274-5, 291
berdi, edrian 57-8, 63-4, 243, 251, 307
bestor, tim 251
beta ujredebi 36-8
bipolaruli daavadeba 78
bisfenol A 95
bleqberni, elizabet 269
blastocisti 27, 121, 130-1
beqviT-videmanis sindromi 139
belfordi, mark 288-9, 292
bewvis feri 305
birTvi 26
botoqsi 263
breneri, sidni 181
breslou, ronald 212
brigs, robert 16
buzebi 305
burRuleuli 296
buStukovani orsuloba 119-20

gametebi 115, 121
 imprintebi maTi warmoqmnis dros 

147
ganviTareba 79-80
ganviTarebis biologia 20, 69
ganviTarebis programireba 90, 92-5, 

100
ganmeorebadi dnm 180, 270, 290, 303
gapobili sasa 71-2
gardoni, jon 13-19, 21, 25, 40, 117-18, 

123
 laskeris premia 14, 35
 nobelis premiis kandidati 307
garemo toqsinebi 113-14, 308
genebi
 sxeuli 51
geni 84
genis gaCumeba/sailensingi, post-

transkripciuli 191
genis eqspresia, cvlilebebi 8, 276
genis eqspresiis gazrda/Semcireba 

189-90
 grZeli 186-90
 mokle 191-2
 ix. mi-rnm

genis represia 58, 165
genomebi 183
genomebi 47, 53, 312
genomis seqvenireba 181-2
genotipebi 76
genuri Terapia 38, 218-10
germinaciuli 197, 264, 271, 294 
germinaciuli ujredebi 269
gliuri ujredebi 257
gliuri ujredidan miRebuli 

neirotropuli faqtori ix. Gdnf 
geni

glukoza 278-9
gombeSoebi 99-100
gombeSos kvercxebi 14-15
gonadebi 144-5
gonebrivi CamorCeniloba 71-2
gordoni, piter 174
greideri, qerol 269
guanini (G) 43
gulis daavadeba 24-5
gulis/kardialuri hipertrofia 198
gul-sisxlZarRvTa daavadeba 105, 277
gulyrebi 200
dabereba 276
dabereba 262-81
 kaloriebis SezRudva 278-81
 ganmarteba 263
damokidebuleba wamlis mimarT 259
damxmare reproduqciuli 

teqnologiebi 150
darvini, Carlz 98, 181
daunis sindromi 154, 155, 175
deda futkrebi
 aqtivoba/saqmianoba 283-4
 tvini 287
 fizikuri forma 283-5
dedis janmrTeloba, mniSvneloba 90-1
dezoqsiribonukleinis mJava ix. dnm
depresia 245-8
de novo dnm-is meTilireba 225-6, 321
dermo-abrazia 263
deteqcia 185
diabeti 105, 279
 I tipi 25, 36-9
 II tipi 111, 112
dialil disulfidi 309
dieta 309-11 ix. kvebis racioni
dizigoturi tyupebi, dnm 

meTilirebis tipi 81
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dimeTil sulfoqsidi (DMSO) 211-12
diploiduri genomi 115
diskordantoba 77, 79
distrofini 173
diuSenis kunTovani distrofia 173
diferenciacia 11
di-jorjis sindromi 200-1
dnm 
 ormagi spirali 43-4
 orjaWviani 43
dnm demeTilireba 122, 253-5
 aqtiuri 253-4
 pasiuri 253
dnm meTilireba 56-60, 64-5, 72-3
 asakze damokidebuli cvlilebebi 

265, 268
 aguti TagvebSi 109
 WianWvelebSi 291
 simsivnis dros 217-18, 267-8
 de novo 225-6, 231
 mcirdeba stimulis sapasuxod 252-

3
 histonuri modifikaciebi 226-7
 futkrebSi 285-7, 289-91, 303
 inhibireba 5-azacitidiniT 209
 ZuZumwovrebSi 290
 mSobliseuli efeqti 124-6
 mcenareebSi 302-3
 stresis dros 249-50
dnm meTiltransferaza ix. DNMTs
dnm meTiltransferazas 

inhibitorebi (DNMT inibitorebi) 
211, 214, 219, 221, 258, 268, 308

 simsivnis mkurnalobaSi 221, 227, 
308

 iamanakas faqtoris efeqturoba 
272

dnm replikacia 45, 60, 79, 210
dozis kompensacia 157
doli, cxvari 21, 123

`egoisti~ dnm 181
edvardsi, robert 116, 307
eiveri, osvald 55
elisi, devid 67-8, 307
embrionuli Rerovani (ES) ujredebi 

27-30, 147, 162, 168 
endosperma 301-2
epigenetika, molekuluri daxasiaTeba 

7 

epigenetikuri Terapia/mkurnaloba 
264 

epigenetikuri landSafti 19-21
epigenetikuri mozaikebi 160
epigenetikuri mkurnaloba/Terapiebi 

9, 217-20, 307-8
 ix. ujreduli Terapia; genuri 

Terapia
epigenetikuri fermentebi, inhibireba 

213-14 101
epigenomebi 80-1
epidermisi 54
epidermuli zrdis faqtori 220
epiTeluri ujredebi 208
epilefsia 259
erbomJava 310
esTetiuri plastikuri qirurgiis 

saerTaSoriso sazogadoeba 263
esteleri, manel 80-1
evoluciuri Teoria 18, 98
evoluciuri imperativi 131
evropuli mercxali 295
ekzonebi 51-2, 192
estrogeni 73, 100, 220
eqtodisplazin-A 171-2

vazopresini 239
vaqcinacia 263
vernalizacia 296-300
verneris sindromi 277
veqtorebi 31
vinklozini 113-14, 308
virTagvebi
 dnm-is meTilirebis asakTan 

dakavSirebuli cvlileba 268
 foliumis mJava 309
 dedobrivi mzrunveloba 239-42, 

243, 249
 Sprague-Dawley 111-2
virusebi 127

”zebra Tevzi” 197
zigota 11, 20, 26-7, 121, 301
 warmoqmna 115
 epigenomi 123
 mcenareebi 294, 296
 XX 161
 XY 161
zogbi, huda 62
zolinza, ix. SAHA
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Tagvebi
 asakTan-dakavSirebuli cvlilebebi 

dnm meTilirebaSi 267-8
Tagvis me-7 qromosoma 135
Tagvis me-11 qromosoma 133-4, 187
Tagvis me-12 qromosoma 147
Tagvis me-15 qromosoma 147
Tagvis me-17 qromosoma 135
Tagvis embrionuli fibroblastebi 

(MEFs) 31
Tavis tvini
 kompleqsuroba adamianebSi 194,
Tavis tvinis qerqi 256-7 200
TaobaTaSorisi memkvidreoba 101-10, 

127-8, 308-9
Terapiuli klonireba 25
Tesli 301-2
TviTmkvleloba/suicidi 234, 244-5
Timini (T) 43 
Tirkmelebis toqsiuroba 281
Tirkmelzeda jirkvlebi 237, 239
Tirkmlis simsivne  217 
Tirkmlis wvrilujredovani 

karcinoma 217

iamanakas faqtoris efeqturoba 272
iamanaka, Sinia 28, 29-35, 40, 71, 122-3, 

168
 nobelis premiis kandidati 307
 patentebi 35-6
ibuprofeni 204
identuri tyupebi 5, 75-83, 93
 dnm-is meTilireba 81
imunuri pasuxi 277
imprintingi 126, 134-5, 140-7, 158, 

301-3
 damatebis da waSlis procesi 142-7
 daavadebebi 136-9
 dnm-is meTilireba 140-2
 yvavilovan mcenareebSi 301-3
 grZeli (am-rnm) ncRNA 187
imprintingis dros 141-2
imprintingis makontrolirebeli 

ubnebi 140-2
imprintinguli qromosomebi 134
inducirebuli pluripotenturi (iPS) 

ujredebi 32-3, 36-41, 147, 196, 271-
2

inozini (I) 195
insulini 36-7, 73

insulinis-msgavsi zrdis faqtori 2 
(Igf2) geni 135,139

insulinis metabolizmi  285
insulti 263, 310
intronebi 51-2, 180, 186, 192
informaciuli rnm ix. i-rnm
i-rnm/ mRNA 49
 3’ UTR/aratranslirebuli ubani 

192-3, 231
 5’ UTR/aratranslirebuli ubani 

192
 destruqcia 193
isa, Jan-pier 218, 220, 227, 230-1, 288
islandia 310-11
istodaqsi ix. romidepsini
iuveniluri hormoni 285
iqedne 130
ixvniskarta 130

kabukis sindromi 71-2
kaloriebis SezRudva 278-81
kamereri, pol 99-100
kanis T- ujredebis limfoma 221-2
kardiomiocitebi 25, 28
kariotipi 152-4, 161
 45,X 175
 47, XXX 175-6
 47, XX 165-6
katenaCi, brius 119, 131-3, 307
kenguru 130
keTilTvisebiani simsivneebi 215
kveba  309-11
 futkrebSi  282-92
 ix. kaloriuli SezRudva; kvebis 

deficiti
kvebis deficiti 94, 102-3
kvercxujredebi 115, 120-1
   citoplazma 26, 40-1, 103-4
kibos erovnuli instituti 222
kilobasi (kb) 187
kingi, Tomas 16
klainfelteris sindromi 175
klonireba 21, 23, 149-50, 271
 anomaliebi 123
 fermis cxovelebi 149
 idealur samyaroSi 23-4
 Terapiuli 25
kodonebi 48, 163-4
kokainze damokidebuleba 259
konkordantoba 76
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kortizoli 237-9
kortizolis receptori geni 240-1, 

243, 244-5
kortikotropinis gamaTavisuflebeli 

hormoni 238-9, 248
kosmetikuri qirurgia 262-3
krazanebi 291
kreigi, jefri 81
kriki, frensis 180-1, 306-7
kronis daavadeba 24-5
kunTi 173
kunTis ganleva 279
kunTovani boWkoebi 208
kuni, Tomas 178-9
kusebri Seferilobis katebi 170-1, 

177

laioni, meri 156-7, 160, 169, 306-7
laionizacia 156, 160 
lamarki, Jan-batist 96, 97-8
landeri, erik 230 
larva 284
 mexsiereba 289-91
 ix. deda futkari; muSa futkari
laskeris prizi 14
lego 48
leicini (L) 225
lerdi, piter 229

leikemia 201, 206, 211-12, 268-9
lvovi, andre 170
libidos dakargva 279
lizini (K) 48, 67-8, 188, 299
 H3 kudze 223
lizini 9 276
lizini 56 276
lizosomuri iduronat-2-sulfati 

172-3
li, jini 167, 188-9

malariis paraziti 281
maleSka, riSard 286-7, 289
marksi, pol 212
matlebi 305
meTilis donori 108 
5-meTilcitozini 210
meTilcitozini 254-5
meqanisturi axsna 235
melanocituri Rerovani ujredebi 

170

melanocitebi 170
melo, kreig 203
memkvidruli faqtorebi 18
mendeli, gregor 18, 98
`mecnierul revoluciaTa 

struqtura~ The Structure of Scientific 
Revolutions  178

mexsiereba 256-61
 xangrZlivi 256
 mokle 256
mexsiereba 257-8
mielodisplaziuri sindromi 221-2
mikro H2A 165
mikro-rnm 201-4, 231-2
 prevencia 309-10
 Rerovani ujredebis aspeqti 229-

31
 mkurnaloba 206-32, 292
mikro-rnm ix. mi-rnm/miRNA
mimdebare birTvi 247
mini, maikl 244
miostatini 199
mi-rnm/miRNA 192-204
 simsivnis dros 201-4, 231-2
 ujreduli diferenciaciis 

kontrolSi 196
mitoqondria 26
mniSvneloba 179-80
 regulacia 196
 ix. histonebi
mogrexili kudi (axin-Serwyma) 88, 109, 
molekuluri mexsiereba 297
molekuluri wona 56
mono, Jak 179
moZravi elementebi (TEs) 302
`mtanjveli memuarebi~ 233
mukopolisaqaridozi II (MPSII) 172
muri, gudrun 141-2
muSa futkrebi
 saqmianoba 282-4
 tvini 287
 fizikuri forma 282-4
muxluxoebi 305
mravlobiTi mieloma 281
mravlobiTi sklerozi 78
mutagenebi 99
mutaciebi 47
 sixSire 98
mSobliseuli efeqti 124, 134, 137, 
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mcenareebi 293-303
 gansxvaveba cxovelebisgan 294-5
 sqesobrivi gamravleba 295
 msgavseba cxovelebTan 293-4, 300-3
 specializebuli ujredebi 293
 vernalizacia 296-300
mcire interferenciuli rnm ix. si-rnm

`nagavi~ junk dnm 180
namglisebrujredovani daavadeba 195
natriumis erbomJavas marili 309-10
natriumis valproati 259
neiro-epigenetika 250-4
neironebi 54, 235
 diferencirebuli 253
neirotransmiterebi 245-6, 250, 252
neirotrofuli faqtorebi 246-7
neli zrdis periodi (SGP) 104-5
nematoda ix. Caenorhabditis elegans
neomicini 31
neomicinisadmi rezistentuli (neoR) 

geni 31-2
nervuli ujredebi 257
nervuli Rerovani ujredebi 257
niangi 305-6
novartisi 203
nukleinis mJavebi 204
nukleosoma 65-6

overkaliqsi 104-5, 111
oraguli 268
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pankreasi (kuWqveSa jirkvali) 36-7
paradigmuli Zvrebi 178-9, 186
parTenogenezi 129
patentebi 35-6
pelceri, deiv 233
penicilini 205
pepela admiralis muxluxo 305
peplebi 305
piraias tomi 174
planki, maqs 179
placenta 27, 130-1, 301
 imprintingi 141
pluripotentoba 28
pluripotentobis kontrolSi 196
pluripotenturi genebi 30
pluripotenturi ujredebi, 

warmoqmna 271-2

poliomieliti 263
polipebi 215-6
post-transkipciuli genis gaCumeba 

191
prader-vilis sindromi (PWS) 136-9, 

146
primordiuli germinaciuli 

ujredebi 144-5, 148, 197
promotorebi 51, 58, 214
pronukleusi 117-9
prostatis kibo 221
proto-onkogenebi 215

Jakobi, fransua 179

raodenoba 50-1, 182
redaqtireba 194-5
revmatoiduli arTriti 277 
replikaciuri kompleqsi 45
reprogramireba 25-6, 40-1, 122-4, 142-

3, 146-50, 307
resveratroli 279-81
resvetaroliT moqmedeba 279
retis sindromi 62-4, 173-4, 243
retrotranspozonebi 86, 95, 106, 127, 

197
 mcenareebSi 302
ribonukleinis mJava ix. rnm
ribosomuli rnm ix. r-rnm
ribosomebi 163, 179
rifkini, riCard 212
riConi, viqtoria 212-13, 220
rnm 49, 163
 ix. i-rnm/informaciuli-rnm; ai-

rnm /aramakodirebeli rnm
rnm-is transkripciis dros 185-6
robertsi, riCard 180
robinsoni, jin 285
romidepsini 219
r-rnm 179
rubinStein-Teibis sindromi 257

saTesleebi, Camoyalibeba 197 
salstoni, jon 181 
sasqeso qromosomebi 154
 ricxobrivi anomaliebi 175
 ix. X qromosoma; Y qromosoma
satelituri ujredebi 274
safuari 273-4, 278-9
saqarozis upiratesobis testi 249



337

indeqsi

saSemodgomo qeri 296
saSemodgomo xorbali 296
saSvilosnosSida garemo 103-4, 108-9
sent-dierdi, albert 14
serotonini 241, 245, 250
serotoninis seleqtiuri 

ukumitacebis inhibitorebi (SSRIs) 
245, 249-50

siamovneba 247
siTburi dakvra 171
silver-raselis sindromi 139
simsivne/kibo 38, 146, 197
 asaki, rogorc risk-faqtori 263
 biologia 215-17
 dnm-is meTilireba 217-18, 267-8
 dnm-is Tanamimdevrobis cvlileba 

264
simsivnis supresori genebi 215-17, 

229, 267
simsuqne, epigenetika 110-13, 309
sinkleri, devid 279-80
sincitialuri qsovili 173
si-rnm 203, 204 sirtuns 278-81, 308
sistemuri wiTeli mglura 78
sisxlis wiTeli ujredebi 39-40, 265
sisxlZarRvovani ujredebis zrda 292
sicocxlis xarisxi 263-4
skripti 2, 42, 46-7, 55
 redaqtireba 51-3
 wakiTxva 48-51
smiti, austin 28
sobeli, davor 131-2
solteri, davor 119, 161
somaturi 216-17, 264
somaturi mutaciebi 216-7, 264
somaturi ujredebi 71, 158-9, 168-9
somaturi ujredebis gadatana (SCNT) 

15, 21, 271
socialuri damarcxeba 248, 250
socialuri dacvis modeli 248, 250
sperma 115, 120-1
 epigenomi 123
 birTvi 40
spina bifida/spina bifida 309
splaisingi 51-2, 182
stelvageni, robert 209
stop kodonebi 48, 51
stoqasturi procesebi 93
stresi 237

suberoilanilid hidroqsamuri mJava 
ix. SAHA 

subtelomeruli ubnebi 270  
suli 235
sulforafani 309
surani, azim 28, 116-9, 125-6, 128, 131-

2, 143
 nobelis premiis kandidati 307
sqesis determinacia 305-6
`swored aseTi moTxrobebi~ 97
swori nawlavis simsivne/kibo 218, 221, 

230, 310 
sxeulis masa 88-90 
sxeulis wona 88-90

takahaSi, kazutoSi 29-33
tasmanuri eSmaki 130
teilor, Sirli 208-9
telomeraza 272
telomerebi 269-72, 276, 277
telomerebis kontroli 269-72
termitebi 291
terneris sindromi 175-7
testosteroni 113, 154
teqselis cxvari 199-200
tikebi 199
totipotentoba 26-7
transkripciuli represorebi 297
transkripcia 57-9
transkripciuli xmauri 89-90, 185
transpozonebi 290
 ix. retrotranspozonebi
transportuli-rnm ix. t-rnm
trisomia 21 154-5, 175
trisomia X 175-7
trisomiebi 155
triqotatini A (TSA) 212-13, 249
t-rnm 179
trofeqtoderma 27, 69
turetis sindromi 199-200
tyupebi ix. identuri/monozigoturi 

da dizigoturi tyupebi

uaiTlo, ema 88-90, 93, 106-7, 126, 290, 
307

uaryofiTi ukukavSiri 239
ubnebi 251-2
uilardi, ian 21, 25-6, 40, 123
uilkinsi, moris 307
unayofoba 172
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uniparentuli disomia 138, 148
uodingtoni, konrad 19-20, 116
uodingtonis epigenetikuri 

landSafti 19-21
uotsoni, jeims 306-7
ujredebi, ricxvi adamianebSi 11
ujredis gayofa 44-5
ujredis TviTganadgurebis meqanizmi 

268, 269, 271
ujredis xazebi 207-8, 212
ujreduli Terapia 38
ujreduli ciklis mcveli genebi 230

faieri, endriu 203
fantomuri kiduris sindromi 304
farmacevtuli kompaniebi 203, 280
fenil-butirati 288
fenotipebi 76
fetaluri alkoholis sindromi 95
fibroblastebi 31, 32
filadelfiuri qromosoma 268-9
filtvis arawvrilujredovani  kibo 

218
filtvis kibo 231
fici 199
flemingi, aleqsandre 205
flori, hovard 205
foliumis mJava 309
fosfati 243
fotosinTezi 294
franklini, rozalind 307
freizeri, piter 53
frendi, Sarlota 211-12
fsevdoautosomuri ubnebi 176-7
fsiqikuri daavadeba, ganviTareba 237
fsiqologiuri ziani 234
futkrebi 281-92
 CpG motivebi 285
 dnm-is meTilireba 285-7, 289-91, 

303
 genomi 285
 mamri 282
futkris mtveri 294
futkris rZe 284-9, 291-2
fuZeebi 43
fuZeTa-dawyvilebis principi 44-5
fuZeTa wyvilebi 43, 53, 193

qemfbeli, qiT 21, 25-6, 40, 123 
qondrocitebi 209

qromatini 70
qromatinis kondensaciis sqema 80
qromatinis remodelireba 299
qromosomebi 47
 daTvla 161-2, 166
 imprintinguli 134
 ix. agreTve autosomebi; sasqeso 

qromosomebi; X qromosoma; 
qromosoma

qronikuli limfocituri leikemia 
201

qronikuli mieloiduri leikemia 268-
9

qsovilis regeneracia 228-9

Rerovani ujredebi 24, 196-7, 228-9, 
271

 simsivnis dros 229-31
 pluripotenturi 294
RviZli 13, 112

yaryumi 305
yvavilebi 295
yvavilovani mcenareebi ix. mcenareebi

Sarpi, filip 180
Saqris metabolizmi 280
SemTxveviTi variacia 98
SeZenili niSan-Tvisebebi 57, 99-100, 

198, 307
Sidaujreduli masa  (ICM) 27, 69, 121-

2, 144-6
Sizofrenia 4-5, 200, 234
 konkordantobis sixSire 77-8
 dedis arasakmarisi kveba 92
Sikhatari, ramin 189-90
Simpanzes genomi 194
SimSili 2-4, 90-2, 94, 101-4, 236, 309
SiSi 247
Sostaki, jek 269

CanTa 130
CanTosnebi 130
Ceini, ernest 205
CineTis didi SimSiloba 92
ConCxis kunTi 274
Cua, emi 275
Cua, ketrin 275-6
Cxiriseburi mwerebi 129
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cilebi 43, 48
 evolucia 195
cirkaduli riTmebi 311
citidini (fuZe C) 207, 210
citozini (C) 43, 210, 303
citoplazma 17, 26
 kvercxujredebis 26, 40-1, 103-4
cocxali organizmebi, kompleqsuroba 

183 
cxvari, teqseli 199-200
cximis metabolizmi 280
cximovani ujredebi 208
cxovelebze dakvirveba, 82

Zaladoba, bavSvTa mimarT 5-6
Zvlis tvini 44
ZiZa futkrebi  284
ZuZumwovarTa gamravleba 115-19
ZuZumwovrebi 130, 156
ZuZumwovrebi
 kvercxismdeblebi 130
 placenturi 130, 156
ZuZus/sarZeve jirkvlis kibo 218, 

220, 221
 pre-menopauzuri 216

WianWvelebi 291
xalebi 215-16
xafangi 70
xvlikebi 294
xilis buzebi 188-97, 275, 279, 285
xrtilovani cilebi 209

jansaRi cxovreba 113
jeniSi, rudolf 28, 34, 63, 165-7, 267
 pacientebi 35-6
jildo 247
jonsi, piter 206-9, 220, 231, 307-8

hantingtonis daavadeba 308
haploiduri genomi 115
haqsli, Tomas henri 181
hematologiuri simsivneebi 221
hemoglobini 13, 53, 195, 212
hepberni, odri 2, 236
hidroqsili 254-5
5-hidroqsi-meTil-citozini 255
hipoTalamusi 238-9, 249
hipoTezis uaryofa 16-17

hipokampi 237, 239, 240-1, 256-7
hipofizi 239
histonebi 65-6, 147
histonis kudebi 65-6
histonis modifikacia 287-9
histonuri acetiltransferaza 257, 

311
histonuri deacetilaza ix. HDACs
histon-deacetilazas inhibitorebi
histonuri kodi 68
histonuri modifikaciebi 67-9, 72-3, 

147, 212-14
 simsivnis dros 218-9
 dnm meTilireba 226-7
 mcenareebSi 300
 represiuli 89, 149, 187-9
 stresi 247-9
histonuri oqtameri 65
holandiuri mSieri zamTari 2-4, 90-2, 

94, 101-4, 236, 309  277
horvici, robert 181
hormonuli signali 73, 100
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