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                          S e s a v a l i 
 
  ontogenezi  aris organizmis individualuri ganviTareba, romelic 
warmoadgens morfologiuri, fiziologiuri da bioqimiuri gardaqmnebis 
erTobliobas organizmis dabadebidan sicocxlis bolomde. 
  ontogenezs miekuTvneba zrda anu sxeulis masis mateba, diferencireba. 
termini – “ontogenezi” SemoiRo e. hekelma 1866 wels biogenetikuri 
kanonis formirebisas. sqesobrivad mamravl mcenareebsa da cxovelebSi 
axali organizmis Casaxva xorcieldeba ganayofierebis procesSi, xolo 
ontogenezi uSualod iwyeba ganayofierebuli kvercxujredidan – 
zigotidan. usqesod mamravl organizmebSi ki ontogenezi iwyeba 
dediseuli sxeulis an specializebuli ujredebis dayofis Sedegad 
axali organizmis warmoqmniT. 
  ontogenezis procesSi yoveli organizmi gaivlis kanonzomier, 
Tanmimdevrul fazebs, stadiebs da ganviTarebis periodebs, romelTa 
Soris sqesobrivad mamravli organizmebisaTvis ZiriTads warmoadgens: 
Canasaxovani (embrionuli anu prenataluri), Canasaxis Semdgomi 
(postembrionuli anu postnataluri) da zrdasruli organizmis 
ganviTarebis periodebi. ontogenezs safuZvlad udevs organizmis 
ganviTarebis sxvadasxva stadiaze memkvidruli informaciis realizaciis 
rTuli procesi. ontogenezis memkvidrulobis programa xorcieldeba 
mravali faqtoris zemoqmedebiT (Sinagani garemo pirobebi, ujredSorisi 
da qsovilTaSorisi urTierTmoqmedeba, humorul-hormonuli da nervuli 
regulacia da a.S.) da vlindeba urTierTdakavSirebul procesebSi – 
ujredis dayofa, zrda da diferencireba. 
  ontogenezis kanonzomierebebi, ujreduli, qsoviluri da organizmuli 
diferencirebis meqanizmebi da faqtorebi Seiswavleba kompleqsurad – 
ganviTarebis biologiis, eqsperimentuli embriologiis, morfologiis, 
molekuluri biologiis, citologiis da genetikis meTodebis meSveobiT. 
ontogenezi da filogenezi (organizmTa istoriuli ganviTareba) 
warmoadgens cocxali bunebis ganviTarebis erTiani procesis urTierT- 
ganmapirobebel mxareebs. ontogenezisa da filogenezis urTierTdamo- 
kidebulebis problema ganxiluli iqna C.darvinis mier, xolo Semdgom 
f.miuleris, e.hekelis da sxvaTa mier. evoluciuri TvalsazrisiT 
axali memkvidruli niSnebi warmoiqmneba ontogenezSi. bunebrivi gadarCe- 
vis procesSi inaxeba da memkvidrulad gadaecema Taobebs mxolod is niS- 
nebi, romlebic ganapirobeben organizmis ukeT Seguebulobas saarsebo 
pirobebTan.  
  ontogenezis kanonzomierebebis mizezebisa da faqtorebis Seswavla 
warmoadgens safuZvels cocxali organizmebis ganviTarebis pirobebis 
dadgenisaTvis. 
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                                                    Tavi I.  
             
   ganviTarebis procesSi genTa diferencirebuli aqtivoba. 
 
   ganviTarebis biologiis _ ontogenetikis Seswavlis sagans 
warmoadgens erTi ujredidan (ganayofierebuli kvercxujredidan) 
mravali, sxvadasxva tipis ujredebis warmoSoba, romlebic Semdgom 
qmnian mravalujredian organizmis sxeuls. swored es aris ganviTa- 
rebis biologiis Seswavli obieqti anu -ganviTarebis genetikis 
centralur sakiTxs warmoadgens is, Tu rogor warmoiSoba erTi 
ujredis genotipidan mravali aseuli sxvadasxva ujreduli fenotipi. 
kvercxis ganayofierebis stadiidan dawyebuli mTlianad Canasaxis 
ganviTarebis procesSi xdeba ujreduli populaciebis rTuli 
Tanmimdevruli cvla. calkeuli ujredebi da maTgan warmoqmnili 
qsovilebi da organoebi gansazRvravs Canasaxis Tvisebas misi 
ganviTarebis yvela stadiaze. 
     embrionuli ganviTarebis-ontogenezis Seswavli istoriaSi 
ganixileba ori mimarTuleba: 1. TviTdiferencireba _ preformizmis 
Teoria; 2. qsovilTa diferencirebisa da morfogenezis damokidebuleba 
garemos pirobebsa da formaTawarmomqmneli aparatis gavlenaze _ 
epigenezis Teoria. genetikuri TvalsazrisiT aseTi dayofa pirobiTia, 
radgan organizmSi ar aris aramemkvidruli niSnebi da individualuri 
ganviTareba ganisazRvreba genotipis sistemiT, sadac daprogramebulia  
genTa moqmedebis Tanmimdevroba, specifikuroba, dro da adgili. xatov- 
nad rom vTqvaT, otogenezSi genTa moqmedebis programa, romelic 
gansazRvravs ontogenezs, mogvagonebs simfoniis partituras, romelic 
Cawerilia notebis (genebis) saxiT. kompozitoris rols asrulebs evo- 
luciuri procesi, orkestrisas _ ganviTarebadi organizmi, xolo diri- 
Jorisas _ garemo pirobebi. 
    individualuri ganviTareba warmoadgens garemo pirobebisa da orga- 
nizmis urTierTdamokidebulebis Sedegsa da anarekls, romelic ganmtki- 
cebulia fenotipSi. 
    XIX saukuneSi gamoTqmuli hipoTezis Tanaxmad, kvercxi Seicavs 
yvela im tipis ujredis determinantebs, romelic SeiZleba warmoiSvas  
Canasaxis ganviTarebis procesSi. es determinantebi nawildeba ujredis 
dayofis procesSi, ris Sedegad yvela ujredi iRebs determinantTa 
gansakuTrebul nakrebs. amgvarad, determinantebi specializdeba da misi 
Tviseba mtkicdeba. ujreduli diferencirebis aseTi meqanizmi, marTlac, 
damajerebeli Canda da TiTqos damakmayofileblad xsnida sxvadasxva 
tipis ujredebis waroSobas. dakvirvebam aCvena, rom uxerxemloebis 
mravali saxeobis Canasaxs axasiaTebs mkacrad gansazRvruli danawevrebis 
tipi. eqsperimentuli analizis Sedegebi amtkicebdnen hipoTezas determi- 
nantebis Sesaxeb: Canasaxis nawilis amocla ganviTarebis gvian stadiaze 
iwvevs garkveul defeqtebs, amasTanave, Canasaxis danarCeni nawilebis gan- 
viTareba TiTqmis ar irRveva. am dakvirvebam migviyvana im azramde, rom 
Canasaxi warmoadgens ujredebisagan Semdgar mozaikas, sadac TiToeuli 
maTgani erTmaneTisagan damoukideblad viTardeba, magram erTad qmnian 
sivrcobriv struqturas, romelic gansazRvravs ujredis dayofis 
programas. SemdgomSi eqsperimentulma kvlevebma aCvena, rom warmodgena 
determinantebis ganawilebis Sedegad, sxvadasxva tipis ujredebis 
warmoSobaze ar SeiZleba gavrceldes yvela cxovelis Canasaxze. 
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aRmoCnda, rom mravali cxovelis Canasaxi Sedgeba blastomerebisagan, 
romlebic floben Tanabar potencias, Tumca maTi ganviTarebis 
mimarTuleba SeiZleba Seicvalos sxvadasxva eqsperimentuli zemoqmedebis 
gavleniT. ganviTarebis aseTma tipma miiRo saxelwodeba-“regulaciuri.” 
    orujrediani ganviTarebis stadiaze zogierTi cxovelis blastome- 
rebis dayofa (zRvis zRarbebis) ganapirobebs TiToeuli blastomeridan 
normaluri matlis ganviTarebas, Tumca, maTi zoma normaluris naxevars 
aRwevs mxolod. eqsperimentuli Carevis gareSe TiToeuli blastomerisa- 
gan warmoiSoboda mxolod cxovelis naxevari. ganviTarebis SedarebiT 
gvian stadiaze, kerZod, blastulis stadiaze amfibiebis CanasaxSi  mikro- 
qirurgiis meTodiT SesaZlebeli gaxda ujredTa jgufebis adgilis 
Secvla da dakvirveba maT ganviTarebaze axal qsovilur garemocvaSi. 
gadanergili ujredebi xSirad diferencirdebodnen maTi axali 
mdebareobis Sesabamisad. aseve dadgenili iqna, rom Canasaxis calkeuli  
nawilis bedi ganisazRvreba ara determinantebis amorCeviTi ganawile- 
biT ujreduli dayofis procesSi, aramed  misi garemomcveli qsovilebis 
Tanmimdevrul urTierTzemoqmedebaze. aseTi Canasaxis yoveli ujredi, 
ganviTarebis regulaciuri tipiT, flobs sxvadasxva mimarTulebiT 
diferencirebis potencias, Tumca normaluri ganviTarebis procesSi is 
diferencirdeba erTi mimarTulebiT. 
     im warmodgenebma, rom ganviTarebis procesSi realizdeba potenciis 
umniSvnelo nawili, romelsac flobs ujredi, mecnierebis winaSe dasva 
Semdegi sakiTxi: ra ganapirobebs am potenciis arCevas? 
     ganviTarebis genetikis dargSi eqsperimentuli kvlevis erT-erTi Zi- 
riTadi amocanaa ujredis diferencirebis meqanizmis aRwera molekuluri 
biologiis terminebiT, romelic gansazRvravs potenciaTa ricxvis arCe- 
vas. Tanamedrove genetikuri Sexedulebis Tanaxmad, nebismieri diferenci- 
rebuli ujredis Tviseba sabolood asaxavs misi genis aqtivobas. cito- 
logiuri dakvirvebebisa da eqsperimentebis safuZvelze SeiZleba gavake- 
ToT daskvnebi: 1. ujreduli dayofis dros yoveli diseuli ujredi 
iRebs qromosomTa identur nakrebs da, Sesabamisad, genebis identur 
nakrebs; 2. ujredis Tanmimdevruli dayofis procesSi TandaTanobiT di- 
ferencirdebian ujredSi sxvadasxva fenotipis saxiT: kunTovani, nervuli, 
pigmenturi da jirkvlovani ujredebi, Tumca, es ujredebi fenotipurad 
aSkarad gansxvavdebian erTmaneTisagan isini Seicaven erTsa da imave 
genotips. eWvgareSea is faqti, rom yoveli ujredis diferencireba aris 
misi genis arc ise didi nawilis aqtivobis Sedegi. ujredTa Soris 
gansxvaveba dakavSirebulia ara genebis an qromosomebis araTanabar 
ganawilebasTan, aramed qromosomTa qimiuri garemocvis gansxvavebasTan, 
romelic sabolood gansazRvravs genis aqtivobis diferencirebul 
regulacias. 
      gansxvaveba diferencirebul ujredebs Soris ganisazRvreba fermen- 
tTa sxvadasxva nakrebiT. cnobilia, rom fermentTa struqtura, iseve, 
rogorc sxva cilebisa, kodirebulia nukleotiduri TanmimdevrobiT im 
dnm-as molekulaSi, romelic Seadgens qromosomebs. amitom sworia Semde- 
gi daskvna, rom ujredSi gansazRvruli cilis gaCena mowmobs Sesabamisi 
genis aqtivobas am ujredSi. cnobilia, rom mxolod mcire raodenobis 
cilebi gadadian erTi ujredidan meoreSi, mag., cilovani hormonebi. ma-
Sasadame, ujredTa Soris cilebis Semcvelobis xarisxobrivi gansxvaveba 
yovelTvis miuTiTebs am ujredebSi moqmed genTa nakrebs Soris arsebul 
saTanado gansxavebaze. magaliTad, genebi romlebic pasuxismgeblebi 
arian hemoglobinis sinTezze, funqcionireben mxolod axalgazrda 
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formebis eriTrocitebSi, magram ar moqmedeben sxva ujredebSi, xolo 
genebi, romlebic pasuxs ageben Tirozinazas sinTezze, funqcionireben 
mxolod melanoblastebis diferencirebis gvian stdiaze da sxva 
ujredebSi ar arian aqtiurni. genebi, romlebic pasuxismgebelia 
insulinis sinTezze, funqcionireben mxolod kuWqveSa jirkvlis 
langergansis kunZulis ujredebSi. 
        yoveli ujredi xasiaTdeba cilebis gansazRvruli nakrebiT, 
romelic specifikuria misi diferencirebis yvela stadiisaTvis. 
magaliTad, nayofis hemoglobini Cndeba ganviTarebis adreul stadiaze, 
xolo Semdeg qreba. Tirozinaza Cndeba ujreduli diferecnirebis bolo 
etapze. amrigad, genomis is nawili, romelic funqcionirebs da romlis 
identificirebac SeiZleba specifikuri cilebis warmosaqmnelad, 
specifikuria yvela ujrdisaTvis misi ganviTarebis yvela etapze. 
SeiZleba davaskvnaT, rom genTa diferencialuri aqtivoba aris 
ujreduli diferencirebis erT-erTi ZiriTadi Tviseba. faqtorebi, 
romlebic pasuxismgebelia genTa aqtivobis regulaciaze, aseve pasuxs 
ageben ujredul diferencirebaze da arapirdapir pasuxs ageben Canasaxis 
ganviTarebis procesSi morfologiur cvlilebebze. 
       ujredis fenotipi warmoadgens misi genis arCeviTi gamovlenis 
Sedegs. es arCeviTi gamovlena SeiZleba ganxorcieldes metabolizmis 
ramdenime etapze. genTa SedarebiTi aqtivoba SeiZleba Seicvalos zogier- 
Ti genis diferencirebuli replikaciis Sedegad. rnm-as sxvadasxva 
molekulis arCeviTi raodenobis regulacia SeiZleba ganxorcieldes 
birTvSi, sinTezis siCqaris cvlilebis xarjze an rnm-as diferencire- 
buli rRvevis xarjze. rnm-as gadasvla birTvidan citoplazmaSi SeiZleba 
regulirdebodes ise, rom rnm-as zogierTma formam imoqmedos ujredis 
fenotipis formirebaze. rnm-as funqciuri aqtivoba citoplazmaSi 
SeiZleba kontroldebodes sxvadasxva metaboluri sistemiT. genomis 
aqtivobis efeqturi regulacia SeiZleba ganxorcieldes rnm-as 
translaciis doneze. mas Semdeg, rac cila sinTezirebulia, man SeiZleba 
mogvces sxvadasxva modifikacia, ramac gamoiwvios misi struqturisa da 
funqciis mniSvnelovani cvlileba. aseT modifikaciebs ewodeba 
epigenetikuri. 
       biologebSi farTod aris gavrcelebuli azri imis Sesaxeb, rom 
ujredis dnm aris erTaderTi informaciis wyaro ujredis sicocxlis 
manZilze ujreduli diferencirebis procesSi. es Sexeduleba dafuZne- 
bulia imaze, rom dnm-Si nukleotidebis Tanmimdevroba gansazRvravs 
polipeptidur jsWvSi aminomJavebis Tanmimdevrobas anu mis pirvelad 
struqturas. aqedan gamomdinare, cilebis samganzomilebiani funqciuri 
struqtura yovelTvis ganisazRvreba pirveladi struqturiT da misi 
formirebisaTvis ar moiTxoveba raime damatebiTi informacia ujredis 
metaboluri sistemisagan. cilebi funqcionireben, rogorc fermentebi. 
rTuli organizaciis mqone struqturebi, magaliTad, mitoqondriebi, 
membranebi da sxva, warmoiqmnebian cilebisagan TviTawyobis gziT. es 
struqturebi molekulur produqtebTan erTad qmnian ujreds da 
gansazRvraven mis Tvisebebs. 
      ujredSi molekulaTa organizacias mivyavarT im azramde, rom dnm- 
Tan erTad kvercxi SeiZleba kidev Seicavdes informaciis damatebiT wya- 
ros, romelic mniSvnelovania Canasaxis ganviTarebisTvis. aseTi informa- 
ciis erT-erT wyaros, romelic gadaecema ujredidan ujredSi, warmoad- 
gens qimiuri reaqciebis rTuli cikluri sistemebi, sadac erTi reaqciis 
saboloo produqti aris meoris substrati. aseTi cikluri reaqciebis  
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magaliTs warmoadgens aminomJavebis fermentuli sinTezi, romlisganac, 
Tavis mxriv, warmoiSoba TviT fermentebi. am jaWvSi nebismieri rgolis 
darRvevas mivyavarT reaqciis mTliani Tanmimdevrobis darRvevasTan. 
       informaciis meore da ufro mniSvnelovan wyaros warmoadgens Se- 
darebiT maRali rigis makromolekulis struqturis organizacia, rogo- 
ricaa magaliTad, ujreduli organelebi, kerZod ki membranebi. am 
struqturaTa komponentebis sivrcobrivi ganlageba dakavSirebulia maT 
fiziko-qimiur TvisebebTan. savsebiT SesaZlebelia, rom zogierTi 
makromolekuluri struqtura asrulebs matricis rols damatebiTi 
molekulebisagan msgavsi struqturebis asawyobad. cnobilia, rom 
mitoqondriebi mravldebian replikaciis gziT. ujredSi yovelTvis aris 
membranebi, romelTa ricxvi SeiZleba swrafad gaizardos. Tu am 
organelTa agebulebas aqvs gadamwyveti mniSvneloba msgavsi struqture- 
bis didi raodenobiT warmoqmnisaTvis, maSin awyobis procesSi moleku- 
lurma darRvevebma SeiZleba Secvalos warmoqmnili organelebis 
agebuleba. axali “mutanturi”organeli SenarCunebuli iqneba, Tu is 
aRmoCndeba ujredisTvis sasargeblo. awyobis procesSi molekulur 
doneze aseTi mniSvnelovani darRvevebi SeiZleba iyos axali informaciis 
wyaro dnm-Si nukleotiduri Tanmimdevrobis cvlilebisaTvis. 
       ontogenezis genetikuri kanonzomirebebis Seswavlisas ZiriTad da 
sawyis moments warmoadgens genis moqmedebis diskretuli analizis Sesa- 
Zlebloba ama Tu im niSnis formirebaze. “erTi geni _ erTi niSani” 
Tanamedrove gageba SeiZleba Semdegnairad iqnas formulirebuli: “erTi 
geni _ erTi polipeptiduri jaWvi.” 
       individualuri ganviTarebis memkvidruli safuZvlis Seswavlisas 
genetikis mTavar problemas warmoadgens Sualeduri rgolis dadgena ja- 
WvSi geni_niSani. imisaTvis, rom gavigoT genis moqmedebis meqanizmi, 
genisa da garemos urTierTkavSiri, aucilebelia gvaxsovdes, rom geni 
uSualod ar warmoqmnis specifikur cilas da ar gansazRvravs 
konkretul niSans. 
      niSnis ganviTareba ganisazRvreba genotipis mTeli sistemiT mraval- 
safexuriani da urTierTdakavSirebuli aqtebis procesSi. swored amitom, 
genis moqmedeba SeiZleba Seswavlili iqnes ontogenezSi, rogorc mraval- 
ujrediani, aseve erTujrediani organizmebis SemTxvevaSi. 
      ontogenezSi genetikis Seswavla mimdinareobs sam doneze: moleku- 
lur, ujredul da organizmul doneze. kvlevis ZiriTad meTods warmo- 
adgens genetikuri meTodebi, romelTa saSualebiT SeZleba miviRoT geno- 
tipebisa da genomebis sxvadasxva kombinacia. 
      embriologiaSi miRebuli gansazRvrebis Tanaxmad, ontogenezis gage- 
bis qveS gulisxmoben ganviTarebis process - ganayofierebis aqtidan an 
kvercxis ganviTarebis aqtivaciidan dawyebuli organizmis sikvdilamde. 
      cxovelTa ontogenezis periodi moicavs gansxvavebul periodebs: 
embrionuls da postembrionuls. postembrionulSi gamoiyofa zrdisa da 
sqesobrivi simwifis etapebi. 
      ontogenezis genetikis Seswavlisas aucilebelia gaviTvaliswinoT 
ontogenezis is zogadi kanonzomierebani, romlebic dadgenilia embrio- 
logebis mier. aseT kanonzomierebebs miekuTvneba: 
      1. embriogenezSi ganviTarebis im fazis gavla, romelic 
axasiaTebdaT winaprebs, rac miuTiTebs mocemul cxovelTa klasis 
ganviTarebis saerTo gegmis genetikur winaswarganpirobebulobaze da 
saerTo warmoSobaze (biogenetikuri kanoni). 
      2. zrdisa da diferencirebis procesebis mimdinareobis araTanaswo- 
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roba, zrdis periodSi Warbobs ujredis mitozur aqtivobasTan dakavSi- 
rebuli procesebi. diferencirebis periodSi gaZlierebulad moqmedeben 
is genebi, romlebic gansazRvraven specifikuri cilebis sinTezs da 
romelic aucilebelia formaTawarmomqmneli procesebisaTvis. 
      3. somatur ujredTa da qsovilTa diferencirebis Seuqcevadoba da 
Seqcevadoba. diferencirebis Seuqcevadobas adgili aqvs im SemTxvevaSi, 
roca ujredSi ukve momxdaria birTvisa da citoplazmis genetikuri 
specializacia da maT dakarges mTliani organizmis Seqmnis 
SesaZlebloba. cnobilia iseTi SemTxvevebi, roca ujredTa jgufi an 
diferencirebuli qsovilis calkeuli ujredi inarCunebs SesaZleblobas 
dezintegraciisa da axali diferencirebis safuZvelze aRadginos 
mTliani organizmi an misi nawili. es imis dadasturebaa, rom am ujredTa 
birTvsa da citoplazmas genetikuri diferencireba ar ganucdia. aseT 
Seuqcevad diferencirebas uwodeben totipotenturobas, magram ufro 
swori iqneboda am movlenisaTvis somaturi embriogenezis darqmeva, 
romelic 1959wels SemoTavazebuli iqna b.p.tokinis mier. 
     4. qsovilTaSorisi induqcia embriogenezSi. morfogenezis cvlileba 
genetikurad determinirebuli ubnebis gadanergvis gziT iwvevs gadaner- 
gil adgilze im organoTa da misi Sesabamisi kompleqsis ganviTarebas, 
romelic, Cveulebriv, am ubnebis mier determinirdeba. 
    5. paralelizmi zogierT histologiur struqturaTa da qsovilTa 
funqciebs Soris (nervuli, kunTovani, epiTeluri da SemaerTebeli) gan- 
sxvavebul filogenetikur rigebSi. am kanonzomierebis arseboba dadgeni- 
li iqna a.a.zavarzinis mier da igi asaxavs ujredTa genetikuri determi- 
naciis erTianobas  ganviaTarebis adreul etapze dacilebul klasebs 
Soris. 
     zigotis pirveli dayofidan dawyebuli, ujredebi Seicaven genomebis 
erTnair nakrebs, magram miuxedavad amisa, embriogenezSi mkacrad gansaz- 
Rvruli TanmimdevrobiT safuZveli eyreba gansxvavebuli qsovilebisa da 
sxvadasxva funqciis mqone organoTa Camoyalibebas. 
     cnobilia, rom pirveladi morfologiuri diferencireba ganpirobe- 
bulia citoplazmis struqturiTa da kvercxis kortikuluri SriT 
(korteqsiT). korteqss gaaCnia funqciuri zonebi: animaluri, saidanac 
viTardeba eqtoderma; “ruxi namglis” zona, sadac safuZveli eyreba 
mezodermas da saidanac iwyeba gastrulacia; vegetaciuri zona, romelic 
warmoqmnis entodermas. kvercxis kortikuluri Sre gansazRvravs kvercxi- 
sa da Canasaxis polarobasa da dorso-ventralur orientacias. kvercxi 
aRmoCndeba diferncirebuli ganayofierebamde. ganayofierebis Semdeg 
vlindeba kvercxis ufro zusti diferencireba, romelic adeterminantebs 
Canasaxis ganviTarebis adreul stadias. 
     mitozuri dayofis Sedegad blastomerebi Seicaven erTnair genomebs, 
magram maTSi ar aris korteqsisa da citoplazmis erTnairi ubnebi. kver- 
cxis danawevrebis procesSi sxvadasxva blastomers gaaCnia gansxvavebu- 
lad preformirebuli citoplazma, romelic SeiZleba asrulebdes re- 
gulatoris rols sxvadasxva blastomerSi gansxvavebuli genebis dasa- 
Tvlelad da, amgvarad, zemoqmedebdes diferencirebis mimdinareobaze. es 
varaudi sakmaod dasabuTebulia da SeiZleba warmoadgendes diferenci- 
rebis procesSi birTvisa da citoplazmis urTierTdamokidebulebis karg 
hipoTezas. amasTanave, sayuradReboa isic, rom citoplazmisa da kvercxis 
kortikuluri Sris preformireba aris dedis organizmis genotipis moqme- 
debis Sedegi. dasturi imisa, rom dedis organizmis genotips Seswevs una- 
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ri, damoukideblad uzrunvelyos normaluri Taobis warmoqmna, aris 
mcenareebsa da cxovelebSi farTod gavrcelebuli parTenogenezis faqti. 
unda gaviTvaliswinoT is, rom dedis genomi, romelic gansazRvravs 
kvercxis struqturis formirebas, ar emTxveva TaobaTa genomebs. kver- 
cxis formirebaSi monawileobs diploiduri dedis organizmis genebis 
mTeli nakrebi. meiozis Semdgom kvercxSi rCeba haploidur qromosomTa 
nakrebis genebi. mxolod citoplazmasa da kortikulur SreSi rCeba yve- 
la dediseuli genuri produqtebi da formirebuli struqturebi. swored 
isini warmoadgenen kvercxis ganviTarebis sawyis fazebs, radganac 
Seicaven im informacias, romelic winaswar momzadebulia dedis 
organizmis mier. ramdenadac diploiduri dediseuli organizmi Seicavs 
mocemuli saxeobis dedisa da mamis qromosomTa da genebis nakrebs, 
amdenad, swored am gziT xorcieldeba ontogenezis gegmis realizacia.    
       amgvarad, ontogenezis memkvidreobiTobis determinacia SeiZleba 
ganxorcieldes ara mxolod zigotis sakuTari genebis moqmedebiT, ara- 
med dediseuli genotipis genuri produqtebiTac. am SemTxvevaSi imis da- 
maxsovreba, Tu ra unda xdebodes ontogenezis dasawyisSi, xorcieldeba 
ara genebiT, aramed kvercxis struqturiTa da genuri produqtebiT. bir- 
Tvis ararsebobis SemTxvevaSi ujredSi genuri produqtebis funqcioni- 
rebas adgili aqvs ara mxolod kvercxSi. amis magaliTs warmoadgens 
ZuZumwovrebis ubirTvo eriTrocitebi. sisxlis wiTeli sxeulakebis bir- 
Tvis dakargva xdeba retikulocitebis formirebisas, magram misi produq- 
tebis funqcionireba SenarCunebulia eriTrocitebSic. 
       ontogenezSi genetikuri mexsierebis meqanizmi dakavSirebulia i-
rnm-as sinTezTan. mocemul momentSi ujredSi i-rnm-as Warbi raodenobiT 
dagroveba raRac periodSi roca ar aris dnm, ganapirobebs specifikuri 
cilebis sinTezs. maSasadame, kvercxujredis diferencireba  da informa- 
ciuli rnm-as SenarCuneba aris dedis genebis funqcionirebis Sedegi, 
romelic asrulebis cilebis sinTezisaTvis matricis rols Canasaxis 
ganviTarebisa da diferencirebis procesSi. garda amisa, saWiroa gaTva- 
liswinebuli iqnes isic, rom ujredis organoidebs gaaCniaT sakuTari 
nukleinis mJaveebi-dnm da rnm, romlebsac SeswevT informaciis kodire- 
bisa da gadacemis unari, iseve, rogorc birTvis nukleinis mJavebs. 
       ontogenezis I etapi mTavrdeba ganayofierebisaTvis mza kvercxuj- 
redis CamoyalibebiT, xolo ganayofierebiT iwyeba ontogenezis axali 
etapi romelSic iwyeba mamis organizmis genebis moqmedeba. magram, ramde- 
nadac dediseuli genebi, romlebic gansazRvraven kvercxis struqturas, 
realizdeba ontogenezis dasawyisSi, amdenad, maTi pleiotropuli efeqti 
ufro Zlierad vlindeba diferencirebis momdevno etapze, vidre mamis ge- 
nebis efeqti. cxadia, rom im genTa jgufis moqmedeba, romelic gansazR- 
vravs saCanasaxo furclebis (eqtodermis an entodermis) Camoyalibebas, 
aisaxeba ufro Rrma SedegiT ganviTarebis procesSi, vidre im genebisa 
romlebic moqmedebaSi CaerTvebian mogvianebiT. genetikuri TvalsazrisiT, 
SeZleba Camoyalibdes zogadi principi: rac ufro adre vlindeba genebis 
moqmedeba ontogenezSi, miT ufro mniSvnelovania maTi pleiotropuli 
efeqti. Tu marTlac, genebi akontroleben ganviTarebis mTel gegmas da  
organizmis yvela niSansa da reaqcias, maSin ismis Semdegi kiTxvebi: 
 1. ontogenezis sxvadasxva etapze erTdroulad moqmedebs yvela erTnai- 
ri geni Tu sxvadasxva geni? 
 2. riT ganisazRvreba genebis CarTva moqmedebaSi (eqspresia)? 
 3. rogor xorcieldeba genebis specifikuri moqmedeba? 
  ontogenezis genetikuri determinaciis Sesaswavlad iyeneben sxvadasxva 
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meTods: transplantacias, citogenetikurs, bioqimiurs, imunologiurs, 
fiziologiurs da sxva.  
   birTvis transplantaciis meTodi  misi saSualebiT ikvleven ujredis 
ekvipotenciurobas. es meTodi mdgomareobs SemdegSi: bayayis gaunayofie- 
rebel kvercxs aaqtiureben da aclian birTvs. Semdeg mikropipetiT aseT 
kvercxSi gadanergaven birTvs Canasaxis ujredidan, romelic imyofeba ga- 
nviTarebis sxvadasxva stadiaze (blastulis, gastrulis an ganviTarebis 
ufro gvian stadiaze). im SemTxvevaSi, Tu donori ujredis birTvma dana- 
wevrebis procesSi ganicada raimenairi diferencireba, maSin recipientis 
kvercxi gadanergvis Semdeg aRar mogvcems normalur Canasaxs. Tu dono- 
ris birTvi ujreduli dayofis procesSi jer kidev ar iyo diferencire- 
buli da SeinarCuna sruli ganviTarebis unari (totipotenturoba), maSin 
recipienti kvercxujredi danawevrdeba normalurad da warmoSobs 
Tavkombalas. msgavsi cdebiT dadgenili iqna, rom Tu birTvi aRebuli 
iqneba donori ujredidan blastulis an adreuli gastrulis stadiaze, 
maSin kvercxi-recipientidan viTardeba normaluri Tavkombala. 
   maSasadame, ganviTarebis adreul stadiaze ujredis birTvi jer kidev 
ar aris diferencirebuli da zigotis birTvis ekvipotenciali mis sawyis 
mdgomareobaSia. Canasaxi ar viTardeba maSin, roca gadanergva xdeba gvia- 
ni gastrulis stadiaze. ganviTarebis dablokva xdeba blastulis an gas- 
trulis stadiaze. ganxilul SemTxvevaSi donori ujredis birTvi gast- 
rulis gvian stadiaze aRmoCnda ukve diferencirebuli, anu ganviTarebis 
procesSi ganicada Seuqcevadi cvlilebebi. 
   unda aRiniSnos, rom zogierTi qsovilis ujredTa birTvi Canasaxis 
diferencirebis procesSi sakmaod didxans inarCunebs totipotenturo- 
bas da ukvercxo ujredSi gadanergvisas uzrunvelyofen normalur gan- 
viTarebas. 
   citogenetikuri meTodiT  Seiswavleba sxvadasxva qsovilis ujredeb- 
Si calkeul qromosomTa mdgomareoba da heterocikluri cvalebado- 
ba. somaturi ujredebis diferencirebisa da funqcionirebis procesSi 
qromosomebi ganicdian mniSvnelovan cvlilebebs, rac dakavSirebulia 
nivTierebaTa cvlis specifikasTan. Tvlian, rom genebi funqcionire- 
ben mxolod interfazuli ujredis birTvSi, mitozSi isini ar funqci- 
onireben anu ar gamoyofen citoplazmaSi genur produqtebs. varaudoben, 
rom genis funqcionireba xdeba qromosomTa despiralizaciis dros. 
  zogierTi qsovilis ujredebSi (malpigis milakebi, saWmlis momnelebe- 
li epiTeli da sxva) xSirad SeimCneva endomitozis movlena, ris Sedega- 
dac ujredebi xdeba poliploiduri, rac ueWvelad dakavSirebulia am 
qsovilTa diferencirebis TaviseburebasTan. zogierTi saxeobis diferen- 
cirebul qsovilTa ujredebSi SeimCneva amitozis, politeniis, poliplo- 
diis da qromosomTa somaturi reduqciis movlena. yovelive es miuTi- 
Tebs imaze, rom birTvis mdgomareoba kavSirSia organizmis somaturi uj- 
redis qromosomTa morfo-fiziologiur diferencirebasTan. 
   ukanasknel periodSi aRmoCenili iqna sainterso movlena-qromosomTa 
calkeuli ubnis lokaluri cvlilebebi (qromosomTa heterocikluroba), 
rac damokidebulia organizmis ganviTarebis stadiaze. 
   orfrTiani matlis (xironemusi, drozofila) sanerwyve jirkvlis uj- 
redSi giganturi qromosomebis erTi da imave diskis mdgomareobis gamo- 
kvlevisas, mkvlevarebma aRmoaCines, rom ganviTarebis gansazRvrul sta- 
diaze zogierTi diskis adgilas warmoiqmneba gamoberiloba, qromosomu- 
li Zafebi am ubnebSi despiralizebulia anu iZenen iseT mdgomareobas, 
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romelic axasiaTebs interfazul funqciur birTvs. es mdgomareoba 
aramudmivi da Seqcevadia. SemCneuli iqna, rom gamoberilobis xasiaTi 
icvleboda matlis sicocxlis sxvadasxva periodSi jirkvlis sxvadas- 
xva nawilSi, amasTanave, yovel disks gaaCnia Tavisi gamoberilobis war- 
moqmnis “grafiki”. gamoberilobaTa warmoqmna da gaqroba dakavSirebulia 
nukleinis mJavebis dinamikasTan. ra Tqma unda, qromosomTa es lokaluri 
cvlilebebi bevrs arafers gveubneba genis moqmedebis bunebaze, magram 
msgavsi gamokvlevebi aRrmaveben codnas ujredis funqcionirebaSi qro- 
mosomTa da genebis rolis Seswavlis Sesaxeb. 
     amgvarad, qsovilTa morfo-fiziologiuri diferencirebis geneti- 
kuri da citogenetikuri Seswavla gvaZlevs saSualebas, gavakeToT 
Semdegi daskvna: ontogenezis procesSi somaturi qsovilis ujredebi 
ganicdian diferencirebas, ris gamoc somaturi ujredis birTvi 
embriogenezis adreul stadiaze kargavs Tavis sawyis totipotenturobas, 
xolo qromosomebi lokalurad icvlian spiralizaciis mdgomareobas. 
     somaturi ujredis genetika – mravalujredian organizmTa somaturi 
ujredebi sasqeso ujredebisagan principulad ar gansxvavdebian, maT So- 
ris gansxvaveba gamoixateba specializaciaSi, romelic dakavSirebulia 
gamravlebis funqciasTan. somatur da sasqeso ujredebs aqvT saerTo 
warmoSoba, orive maTgani agebulia genetikurad erTnairi embrionuli 
ujredebisagan da ar arian avtonomiuri organizmisagan. rigi genetikuri 
procesebisa, romelic axasiaTebs sasqeso ujredebs (meiozi, krosingo- 
veri, arahomologiur qromosomTa kombinireba) xorcieldeba somatur 
ujredSic, magram gansxvavebulad, rac damokidebulia ontogenezis bolo 
etapis diferencirebaze. 
     somatur ujredebSi warmoiSoba yvela tipis mutacia _ wertilovani, 
qromosomuri gardaqmnebi, heteroploidia, regularuli da araregula- 
ruli poliploidia rekombinacia da daTiSva (segregacia). somaturi 
ujredisaTvis SesaZlebelia sasqeso procesis analogiuri procesebi _ 
tranformacia, transduqcia, paraseqsualuri cikli (mitozuri daTiSva) 
da somaturi hibridizacia. 
     yoveli qsovili da gansakuTrebiT is, romelic inarCunebs Tavisi 
ujredebis ganaxlebis unars, warmoadgens ujredul populacias tipuri 
TvisebebiT. ujredTa es populacia icvleba organizmTa asakTan erTad 
da paTologiuri darRvevebis dros. 

        
     somatur ujredebSi genetikuri procesebis Seswavlis 
                              meTodebi 
     ukanasknel periodSi interesi somaturi ujredis genetikisadmi 
gaizarda Semdegi mizezebis gamo: 1) somaturi ujredisa da qsovilis 
kulturis genetikuri analizis meTodis SemuSaveba; 2) mravalujre- 
dian organizmTa qsovilebSi da somatur ujredebSi mravali mniSvne- 
lovani problemis Seswavlis aucilebloba; magaliTad. daberebis mize- 
zi aris zogierTi daavadebebis etiologia (kibo), organizmze farmako- 
logiuri preparatebisa da sxva agentebis moqmedeba da agreTve onto- 
genezSi ujredis embrionuli diferencirebis meqanizmisa da qsovile- 
bSi ujredTa integraciis Seswavla. somatur ujredebSi genetikuri pro-
cesebis Seswavla zogierT SemTxvevaSi daaCqarebs genetikur gamokvle- 
vebs adamianSi, sadac gamoricxulia eqsperimentuli Sejvareba eqsperi- 
mentatoris survilis mixedviT da aseve cxovelebSi, romlebic nela 
mravldebian. 
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     somaturi ujredis memkvidreobiTobis Sesaswavlad ASeiZleba gamo- 
yenebuli iqnes Cveulebrivi genetikuri meTodebi da qsovilisa da ujre- 
dis in vitro  kulturis meTodebi. mitozuri krosingoverisa da somaturi 
mutaciebis movlena gviCvenebs, rom heterozigotur organizmebSi sxva- 
dasxva gadabmuli mutaciebis kombinireba iwvevs mozaikur gamovlenas 
fenotipSi da rekombinacias. organizmis ganviTarebis adreul stadiaze 
mutagenebis zemoqmedebiT SeiZleba gamoviwvioT mutaciis mozaikuri 
gamovlena qsovilTa im ubnebSi, romlebic ganviTardnen mutanturi 
ujredebisagan. 
      somaturi ujredis genetikis Seswavlis efeqtur meTods warmoad- 
gens sxvadasxva mutantur xazebs Soris qsovilis gadanergva. am mizniT 
gamoiyeneba ujredisa da qsovilis kulturis in vitro  meTodi, romelic 
principulad msgavsia mikroorganizmebis genetikis meTodisa. ujredis 
in vitro  kulturis meTodis gamoyenebis SemTxvevaSi qsovilis ujredebs 
amravleben sinTezur sakveb areze, romelSic Sedis aminomJavebi, vitamin- 
nebi, zrdis regulatorebi, marilebi, glukoza, cilebi da sxva. yoveli 
qsovili warmoadgens ujredTa populacias im mniSvnelobiT, rom raRac 
farglebSi genetikurad araerTgvarovania. es gamowveulia memkvidruli 
cvalebadobis uwyveti procesebiT. garda amisa, erTi qsovilis ujredebi 
yovel momentSi SeiZleba imyofebodnen mitozuri ciklis xvadasxva sta- 
diaze. cxadia, rom organos ujredebisa da qsovilebis funqciuri moqme- 
deba integrirebulia sistemiT, romelic regulirdeba mTeli organizmis 
muSaobiT. 
      somaturi ujredis klons iReben mikroskalpelis saSualebiT 
calkeuli ujredis izolaciiT da Semdeg specialur flakonebSi maTi 
gazrdiT (inkubaciiT). klonebs zrdian aseve petris jamebze sxvadasxva 
sakveb areSi erTeuli ujredebis kultivirebiT. adamianisa da cxovelis 
ujredis kulturisaTvis iyeneben embrionul qsovils (epiTeluri, 
SemaerTebeli, kunTovani da sxva). somaturi ujredis genetikuri pro- 
cesebis specifikuroba ganpirobebulia imiT, rom maTSi ar mimdinareobs 
meiozi da genetikuri procesebi xorcieldeba ujredis mitozuri ciklis 
doneze. 
      cxovelTa ujredis kulturis Seswavlam gviCvena, rom maTSi war- 
moiSoba sxvadasxva mutacia: 1. morfologiuri: ori tipis -  epiTeluri, 
fibroblasturi da agreTve klonis warmoqmnis xasiaTis mixedviT; 2. bio- 
qimiuri _ kulturul areSi sxvadasxva zrdis hormonebis moTxovnilebiT 
da sxvadasxva fermentuli aqtivobiT in vitro  gamravlebis dros; 3. rezis- 
tentuli mutaciebi farmakologiuri nivTierebebisadmi, antibiotikebisad- 
mi, virusuli infeqciebisadmi da qimiuri mutagenebisadmi. 
     somatur ujredebs gansakuTrebiT Zlieri midrekileba aqvT qromo- 
somTa ricxvis cvlilebebisadmi anu xSirad vxvdebiT poliploidiasa 
da heteroploidias. adamianisa da ZuZumwovrebis somatur ujredebSi 
xSirad SeimCneva sxvadasxva qromosomuri gadajgufebebi _ fragmentacia, 
delecia, translokacia da sxva. organizmis asakis matebasTan erTad 
normaluri qsovilis ujredul populaciaSi izrdeba qromosomuri ga- 
dajgufebebis ricxvi. dReisaTvis arsebuli monacemebis safuZvelze Sei- 
Zleba davaskvnaT, rom somatur ujredebSi in vitro areSi xdeba genetikuri 
transformacia, ufro zustad ki - transduqcia. Tu normaluri genotipis 
mqone adamianis an cxoveli-recipientis organizmidan aRebul ujredul 
kulturaze vimoqmedebT donoris organizmidan aRebuli dnm-iT, 
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romelsac aqvs mutanturi genotipi, maSin ramdenime saaTis an dRis 
inkubaciis Semdeg recipientis ujredis nawili SeiZens donoris Tvisebas. 
     somaturi ujredis genetikur procesebs miekuTvneba agreTve somatu- 
ri ujredis hibridizacia. biologebi didi xania akvirdebian kariogramas 
somaturi ujredebis  da orbirTviani ujredebis Serwymis dros. aseTi 
cdebi Catarebuli iqna b.s.efrusis mier. man aiRo ori xazis Tagvebis 
ujredi:   1).  iZleoda kibos daavadebas maRali procentiT; 
           2).  iZleoda kibos daavadebas dabali procentiT; 
orive xazs gaaCnda hipotetraploiduri kariotipi. Semdeg am xazebis uj- 
redebs Tanabari raodenobiT urevdnen da 2,5 Tvis ganmavlobaSi aTavseb- 
denen sainkubaciod. metafazuri firfitis SeswavliT kulturaSi 
aRmoCenili iqna hibriduli ujredebi. maTi qromosomTa ricxvisa da 
morfologiis analiziT dadginda, rom erToblivi inkubaciiT moxda ori 
xazis ujredebis Serwyma. aseT hibridul ujredebs uwodes ujredi-M.  
zogierT Sereul kulturaSi maTi ricxvi 100%-s aRwevda. maTgan 
miRebuli iqna klonebi, romelic inaxeboda erTi wlis ganmavlobaSi. 
xangrZlivi kultivirebis Sedegad M  ujredebi kargavdnen TavianTi 
qromosomebis nawils. aRmoCnda, rom M ujredebSi aris Sereuli ara 
marto qromosomebi, aramed xazebis memkvidruli Tvisebebi, kerZod 
avTvisebiani simsivnis gamowvevis unari. SesaZlebelia aseTma hibridulma 
ujredebma sawyisi miscen paTologiur mitozs, sadac darRveulia 
ujredis normaluri mitozuri cikli. organizmis sqesobrivi gamravlebis 
dros somaturi ujredis hibridizacias ara aqvs araviTari roli 
evoluciur procesSi. somaturi ujredis hibridizacia mxolod garkveul 
mniSvnelobas iZens zogierT movlenaTa Seswavlis dros, kerZod, 
ontogenezis genetikuri procesebis, qsovilebSi ujreduli populaciis 
polimorfizmis da sxva. 
 

         genetikuri procesebis sistemuri kontroli 
 
   somatur da sasqeso ujredebSi genetikuri procesebi ar aris damouki- 
debeli organizmisagan. genetikaSi didi xania dagrovda faqtebi Sebrune- 
buli kavSiris Sesaxeb: organizmi-niSani-geni (cnobili iyo kavSiri: geni-
niSani-organizmi), Sebrunebuli kavSiris Sesaxeb anu genetikur proceseb- 
ze organizmis sistemis gavlenaze metyvelebs Semdegi faqtebi: 
1) genotipis fenotipuri relizaciis damokidebuleba citoplazmis stru- 
qturasa da citoplazmis metabolur nivTierebaze; 
2) ujredisa da organizmis fiziologiuri mdgomareobis damokidebuleba 
genetikur kodze anu specifikuri cilebis ganlagebaze; 
3) krosingoveris sixSirisa da sxvadasxva tipis mutaciuri procesis 
damokidebuleba organizmis asakze, sqesze da fiziologiur mdgomareo- 
baze; 
4) qromosomaTa reduplikaciisa da ujredis mitozuri ciklis damokide- 
buleba organizmis nervul-humorul gavlenaze; 
5) genotipis reaqciis normis gamovlenis damokidebuleba garemos faqto- 
rebze; 
    unda ganvasxvavoT genotipis realizaciis pirdapiri da Sebrunebuli 
kavSiri pirdapiri da Sebrunebuli genetikuri informaciisagan. genetiku- 
ri informacia, rogorc viciT, Cawerilia qromosomis dnm-aSi. dnm-as 
arseboba ujredis organoidebSi (mitoqondriebi, plastidebi) mowmobs 
imas, rom isini atareben memkvidrul informacias da am dnm-as gaaCnia 
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organuli mniSvneloba. jerjerobiT ar arsebobs araviTari faqtorebi, 
romlebic gviCvenebdnen ujredis citoplazmis an organizmis mTeli 
sistemis gavlenas qromosomur dnm-aSi memkvidruli informaciis 
kodirebaze. yovelive amis safuZvelze genetikaSi uaryofilia somaturi 
induqcia, romelSic esmiT garemos faqtorTa gavlena organizmze da 
romelic gamoiwvevda genotipis struqturaSi adekvatur cvlilebebs. 
    mravalujrediani organizmi warmoadgens rTul sistemas, sadac qso- 
vilis yoveli ujredi imyofeba ara mxolod genotipis, aramed garemos 
kontrolis qveS da romelic iqmneba yovel qsovilSi sxvadasxva siste- 
mis urTierTzemoqmedebiT da funqcionirebiT. es garemo Seqmnilia geno- 
tipis mier da warmoadgens sistemas. magaliTad, Tu erTeul ujreds mo- 
vaTavsebT in  vitro  kulturis pirobebSi, maSin ujredis dayofa Senelebu- 
lia, magram Tu movaTavsebT ujredTa jgufs, maSin es aRar SeimCneva. rac 
miuTiTebs imaze, rom ujredis dayofisaTvis aucilebelia metabolitebis 
gansazRvruli raodenoba, romelsac gamoimuSaveben msgavsi mezobeli 
ujredebi. 
   gamokvlevebiT dadgenili iqna, rom Tagvebis rentgenis sxivebiT dasxi- 
vebas adrenaleqtomiis pirobebSi mivyavarT Tvalis rqovana garsis epi- 
Telis ujredebSi da sxva qsovilebSi qromosomuri gadajgufebis sixSi- 
ris gazrdisaken. TviT adrenaleqtomia ar axdens qromosomuri gadajgu- 
febis stimulirebas. aseTi kavSiris meqanizmi gaurkvevelia. SeiZleba vi- 
varaudoT, rom is aixsneba ujredis mitozuri aqtivobis gaZlierebiT, 
ramdenadac adrenalinis inhibiruli gavlena mcirdeba. adrenaleqtomiis  
pirobebSi izrdeba ujredis dayofis siCqare da potenciuri wyvetilo- 
ba, romelic gamowveulia dasxivebis gavleniT da realizdeba swrafad. 
   genetikuri procesebis sistemuri kontrolis Seswavlis erT-erTi mTa- 
vari mimarTuleba aris cilis sinTezis meqanizmze hormonebisa da anti- 
biotikebis gavlenis Seswavla. dadginda, rom antibiotikebis rogoricaa: 
streptomicini, qloramfenikoli da sxva, inhibiruli moqmedebis ZiriTadi 
adgili baqteriul ujredSi aris ribosomebi. mocemulma antibiotikebma 
SeiZleba migviyvanos cilis pirvelad struqturaSi aminomJavebis CarTvis 
Secdomamde, kerZod ki i-rnm-as jaWvSi informaciis Tanmimdevrobis Sec- 
vlamde. Sedegad icvleba ribosomis struqtura ise, rom irRveva kanon- 
zomieri kavSiri i-rnm-asa da ribosomas Soris, rac iwvevs cilis sinTezs 
Secvlili formiT. sxva antibiotikebi, mag, purimicini iwvevs t-rnm-as Se- 
saZleblobis daqveiTebas da gaaqtiurebuli aminomJavebi  gadaaqvs 
ribosomebze. mitomicini-C  da aqtinomicini-D  moqmedeben uSualod i-rnm-
aze da iwveven nukleotidebis uSinaarso ganlagebas (nonsensi).  
   antibiotikebis sapirispirod, hormonebi axdenen mastimulirebel gav- 
lenas mitozur aqtivobaze da aregulireben genis aqtivobas. hormonebis  
moqmedebis meqanizmi ucnobia. fiqroben, rom steroiduli hormonebi xsni- 
an represoris efeqts, romlebic akontroleben i-rnm-as sinTezs, ris Se- 
degadac i-rnm warmoiqmneba geni-regulatoris gareSe da amgvarad icvle- 
ba specifikuri cilebis sinTezis mimarTuleba. 
 genetikuri procesebis sistemuri kontroli SeiZleba ganxorcieldes, 
rogorc ujredul, aseve organizmul doneze. 
 

                ontogenetikuri  adaptacia 
 adaptaciis unars flobs yvela cocxali organizmi, rogorc ujredul 
aseve organizmul doneze. Seguebulobis procesSi icvleba ujredisa da 
organizmis bioqimiuri procesebi da funqcionuri Tvisebebi.  
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calkeuli ujredebis funqcionireba da mTeli organizmis qceva xorci- 
eldeba specifikuri meqanizmebis safuZvelze. 
  genotipi, romelic agebulia xelovnuri da bunebrivi gadarCevis kon- 
troliT, gansazRvravs organizmis memkvidrul Seguebulobas garemo pi- 
robebTan, romelSic mimdinareobs misi ontogenezi. magram, radganac ga- 
remo faqtorebi mravalferovani da cvalebadia, amitom evoluciis pro- 
cesSi gadarCeva warmoSobs individualuri SeguebisaTvis specialur me- 
qanizmebs, anu erTnairi genotipebis organizmebi ufro advilad 
eguebian temperaturis Semcireba-momatebas, wnevis cvlilebas, haerSi 
Jangbadis Semcvelobis Secvlas da sxva. 
   organizmis unars, Seeguos individualuri ganviTarebis procesSi 
garemo pirobebis cvlilebas, uwodeben ontogenetikur adaptacias. 
   organizms SeuZlia individualuri ganviTarebis periodSi Seeguos 
rogorc mudmiv, sistematurad moqmed, aseve cvalebad garemo faqtorebs. 
ontogenetikuri adaptacia SeiZleba iyos genotipuri da fenotipuri. 
genotipuri adaptacia aris memkvidrulad determinirebuli, gadarCevis 
Sedegad warmoqmnili organizmis Seguebuloba garemos konkretul 
pirobebTan. fenotipur adaptacias  ar axlavs memkvidruli cvlilebebi, 
magram SezRudulia genotipis reaqciis normis farglebSi. 
   ontogenetikur adaptacias, erTi mxriv, pirobiTad yofen: qsovilur 
(ujredul) da organizmul anu “sistemur” adaptaciad, romelic exeba 
mTliani organizmis Seguebulobas. xolo meore mxriv, ontogenetikuri 
adaptacia SeiZleba daiyos: substanciurad da funqciurad. substanciuri 
adaptaciis SemTxvevaSi toqsikuri agentis moqmedebiT izrdeba protopla- 
zmis cilebis denaturaciis zRvari, ujredis agznebadoba da sikvdilis 
dadgoma. funqciuri adaptaciis dros xdeba ujredis, qsovilis, organos 
an mTeli organizmis funqciis cvlileba. 
   ujreduli adaptaciis sailustraciod SeiZleba gamoviyenoT Semdegi 
magaliTi: hipoqsiis (Jangbadis ukmarobis) dros Tbilsisxliani cxovele- 
bis organizmSi izrdeba eriTrocitebis ricxvi da ujredSi icvleba bio- 
qimiuri procesebi. 
   ontogenetikuri adaptaciis meqanizmi mkafiod Cans mravalujredian 
organizmebSi, gansakuTrebiT ki cxovelebSi. up. yovlisa, mas miekuTvneba 
fiziologiuri meqanizmebi, romlebic uzrunvelyofs organizmis Sinaga- 
ni garemos mudmivobas. mravalujrediani organizmi flobs Seguebulobis  
Semdeg meqanizmebs: 
   1. qsovilTa regeneracia da dakarguli funqciis Secvla (kompensacia). 
   2. imuniteti, romelic uzrunvelyofs organizmis gamZleobas ucxo Ca- 
narTebis, maT Soris, infeqciuri sawyisis winaaRmdeg.       
   3. organos funqciuri adaptacia organizmze gare gamRizianeble- 
bis gavlenasTan damokidebulebaSi. 
   magaliTisaTvis ganvixiloT imuniteti. imunitetis unariT xasiaTdeba 
yvela organizmi (cxovelebi, mcenareebi, mikroorganizmi). imuniteti 
SeiZleba iyos Tandayolili (genotipuri) da SeZenili (fenotipuri). 
organizmSi ucxo cilovani sxeulis SeWra, romelic warmoadgens anti- 
gens, cxovelis sisxlSi warmoSobs Sesabamis antisxeulebs, romlebic 
organizms xdian gamZles am antigenisadmi. damcvelobiTi imunologiuri 
meqanizmis mobilizacia parazitebiT dasnebovnebis, baqteriuli an viru- 
suli infeqciebis winaaRmdeg warmoadgens ontogenezis erT-erT ZiriTad 
adaptaciur meqanizms. organizmSi cilis Seyvanisas gamomuSavdeba Sesa- 
bamisi antisxeuli, romelic ganapirobebs organizmis imunologiur mex- 
sierebas anu dacvas infeqciisagan.  
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   imunitetis Tavisebur magaliTs warmoadgens rezus-faqtoris movlena, 
romelic iwvevs dedisa da bavSvis sisxlis SeuTavseblobas. admianebs, 
romlebsac gaaCniaT es faqtori, uwodeben rezus-dadebiTs ( Rh+) ,xolo, 
romlebsac ar gaaCniaT, - rezus-uaryofiTs  (Rh-). rezus-faqtori ganisaz- 
Rvreba dominanturi geniT-Rh,xolo rezus faqtoris ararseboba am genis 
recesiuli aleliT-rh. Tu deda da mama orTave rezus-dadebiTia an rezus-
uaryofiTi, maSin ar viTardeba axalSobilis sisxlis SeuTavsebloba. 
aRniSnuli daavadebiT avaddebian is axalSobilebi, romlebic ibadebian 
rezus-dadebiTi mamis da rezus-uaryofiTi dedis SemTxvevaSi. am SemTxve- 
vaSi embrioni rezus-faqtoris mixedviT aris heterozigoturi ( Rh  rh ) , 
amitom mas aqvs antigenis gamomuSavebis unari, romelic placentis 
saSualebiT xvdeba dedis sisxlSi. rezus-uaryofiTi dedis sisxlSi 
antigenis (rezus-dadebiTi embrionis) sapirispirod gamomuSavdeba 
antisxeuli, romelic embrionis sisxlSi moxvedrisas iwvevs masSi 
eriTrocitebis aglutinacias, rasac mivyavarT sisxlis hemolizamde da, 
rac ganapirobebs bavSvis anemias. pirveli orsulobis SemTxvevaSi yovel- 
Tvis ver aswrebs antisxeulebi didi raodenobiT gamomuSavebas,ris 
gamoc pirveli axalSobili naklebad ganicdis zegavlenas, magram meore 
orsulobis dros dedis sisxlSi grovdeba didi raodenobiT antisxe- 
uli, ramac SeiZleba gamoiwvios embrionis daRupva. 
    msgavsi movlena - dedis organizmis sisxlSi antisxeulebis gamomuSa- 
veba nayofis antigenis sapirispirod, SemCneulia cxovelTa umravlesoba-
Si: cxenSi, RorSi, ZaRlSi, qaTamSi, kataSi, kurdRelSi. dedis organizmi 
aseTi imunuri reaqciis wyalobiT icavs Tavs antigenis damRupveli 
zemoqmedebisagan. Tu gvecodineba am movlenis genetikuri da imunologi- 
uri mizezi SeiZleba aviciloT qorwinebis dros uaryofiTi Sedegebi da 
SevimuSaoT RonisZiebebi bavSvis gadasarCenad. 
   ganxiluli SemTxveva warmoadgens genotipuri adaptaciis magaliTs, 
radganac adapturi reaqcia rogorc antisxeulebis gamomuSaveba ise anti-
genis warmoqmna, ganpirobebulia gansazRvruli genotipiT. 
   
 
 

                        Tavi II 
                     

                     genebi da morfogenezi. 
 
  genotipi da fenotipi  genotipi aris urTierTmoqmedi genebis 
gansazRvruli sistema. fenotipi aris organizmis niSan-TvisebaTa sistema, 
genotipis realizaciis Sedegi gansazRvrul garemo pirobebSi. fenotipSi 
arasodes ar vlindeba yvela genotipuri SesaZlebloba. yoveli organiz- 
mis fenotipi aris misi genotipis gamovlenis kerZo SemTxveva. amis damam- 
tkicebelia genotipurad msgavsi arsebebi. magaliTad, erTi kvercxujre- 
didan ganviTarebuli tyupebi cxovrebisa da ganviTarebis sxvadasxva 
pirobebSi SeiZleba asakovan mdgomareobaSi Zlier gansxvavdebodnen 
erTmaneTisagan. 
    genotipis realizacia fenotipSi ganpirobebulia TviT ontogenezis  
sistemiT da garemos konkretuli pirobebiT, sadac xdeba ganviTareba. 
    kvlevis genetikuri meTodebis aRmoCenam gviCvena ontogenezis Seswav- 
lis axali gzebi. calkeuli mutanturi genis moqmedebis analizma saSua- 
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leba mogvca, Segveswavla elementaruli procesebi da reaqciebi. roca 
saqme gvaqvs genebis pirdapir da Sebrunebul mutaciebTan, SeiZleba ganvi- 
Tarebis calkeuli rgolis CarTva da gamorTva, rac saSualebas iZleva, 
davadginoT diferencirebisa da morfogenezis procesebis Sedegi. memkvi- 
druli masalis zusti organizaciis Seswavlam mogvca SesaZleblobebi 
Segveswavla genis moqmedeba bioqimiur da morfologiur doneze. 
 geni da niSani 1935 wels goldSmidtis winadadebiT, genetikis im 
ganyofilebas, romelic swavlobda genis moqmedebas ewoda fiziologiu- 
ri genetika. genis moqmedebas ontogenezSi Seiswavlis ontogenetika, 
fiziologiuri genetika ki Seiswavlis TviT genis funqciur mdgomareo- 
bas, mis cvlilebas, urTierTkavSirs genotipis sistemaSi da genis 
moqmedebis analizs. maSasadame, fiziologiuri genetika Seiswavlis 
mTeli ujreduli sistemis urTierTkavSirs, romelic uzrunvelyofs 
TaobebSi materialur uwyvetobas. 
genis moqmedebis Seswavla niSnis an Tvisebis gansazRvrisas anu proble- 
ma geni-niSani, warmoadgens fiziologiuri genetikis erT-erT ganyofile- 
bas. jaWvSi_geni-niSani_mimdinareobs rTuli procesebi. genebma unda gau- 
keTos organizeba mTeli ujreduli sistemis muSaobas. genebi uzrunvel- 
yofen ara mxolod pirdapir kavSirs_birTvi-citoplazma, aramed ukukav- 
Sirsac_citoplazma-birTvi. genebi gansazRvraven garkveul dros, 
garkveuli SedegiT garkveuli produqtebis sinTezs. amave produqtebs 
SeuZliaT gavlena moaxdinon genebis funqcionirebaze. 
   Tanamedrove genetikis erT-erT ZiriTad sakiTxs warmoadgens is, Tu 
rodis da rogor iwyebs moqmedebas geni. cnobilia, rom cilis sinTezi 
xorcieldeba ribosomebSi. dnm-as jaWvSi nukleotidebis Tanmimdevroba 
gansazRvravs cilis molekulis polipeptidur jaWvSi aminomJavaTa 
Tanmimdevrobas da erT mutaciur cvlilebas mivyavarT cilis moleku- 
laSi erTi aminomJavis cvlilebamde. maSasadame, genis pirveladi 
moqmedeba iwyeba aminomJavis CarTvis adgilis gansazRvriT rTuli cilis 
molekulis sinTezisas. magram mxolod struqturuli genebi, romlebic 
monawileoben cilis sinTezSi, ver uzrunvelyofen ganviTarebas _ 
determinebas. genebis moqmedebisa da urTierTzemoqmedebis meqanizmis 
Seswavla diferencirebis morfologiur da funqciur procesebSi 
warmoadgens ontogenetikis ZiriTad amocanas. genis moqmedebis meqanizmis 
Seswavla tardeba genetikis, bioqimiis, imunogenetikis, citogenetikis, 
eqsperimentuli embriologiis da sxva mecnierebaTa meTodebiT. 
    cnobilia, rom calkeuli genis cvlileba iwvevs specifikur 
nivTierebaTa qimiuri Sedgenilobis cvlilebas.gens SeuZlia akontrolos 
rogorc gansazRvruli qimiuri nivTierebis sinTezi, aseve nivTierebaTa 
cvlis sxvadasxva reaqciaTa siCqare. ismis kiTxva: rogor iwvevs genis 
qimiuri cvlileba cvlilebas nivTierebaTa cvlaSi da Semdgom 
genotipSi? 
   metabolitebis biosinTezis procesze mutanturi genebis moqmedebis  
Sesaswavlad xelsayrel obieqts warmoadgenen mikroorganizmebi. am miz- 
niT Tavdapirvelad gamoyenebuli iqna neirosporebis sxvadasxva bioqimiu- 
ri mutanti. rogorc cnobilia, neirospora izrdeba iseT sakveb areze, 
romelic Seicavs mineralur marilebs, Saqars da vitamin “B”-s (biotins). 
veluri formebi zrdis procesSi asinTezeben yvela im nivTierebas, 
romlebic protoplazmis aucilebeli komponentia: aminomJavebi, 
vitaminebi, nukleinis mJavebi, polisaqaridebi, lipidebi da sxva 
nivTierebebi. 
   neorosporebis bioqimiuri mutantebi (auqsotrofebi) mutanturi genis  
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zemoqmedebis Sedegad kargaven zemoT CamoTvlil nivTierebaTa Soris ro- 
melime erTis sinTezis unars da sakveb areze misi damatebis gareSe ve- 
Rar izrdebian. dadgenili iqna, rom mocemuli Stamis moTxovna erTi 
romelime gansazRvruli nivTiereba dakavSirebulia erTi genis 
mutaciasTan. amis gamo SeiZleba miviRoT Stamebi calkeuli mutanturi 
genebiT, romlebic blokaven gansazRvruli nivTierebis sinTezs. magali- 
Tad, neirosporebSi Seswavlili iqna sami mutanti, romlebic gansaz- 
Rvravdnen moTxovnas argininze. erTi mutantis normaluri zrda 
ganpirobebulia sakveb areze argininis, ornitinis an citrulinis 
damatebiT. meore mutanti iTxovs sakveb areze argininis an citrulinis 
damatebas, xolo mesame mutanti, mxolod argininis damatebas. am 
monacemebis safuZvelze dgindeba argininis biosinTezis reaqciaTa seria. 
aRniSnul sam mutantSi iblokeba am bioqimiuri reaqciis jaWvis 
sxvadasxva safexuri, ris Sedegadac mutantebi agroveben Sualedur 
produqtebs blokirebamde amis gamo izrdebian sakveb areze mxolod im 
metabolitebis damatebisas, romlebic dablokvis Semdeg warmoiqmnebian. 
ganxiluli magaliTi gviCvenebs bioqimiuri genetikis meTodebiT genis 
moqmedebis Seswavlis erT-erT gzas. 
    Cven ukve aRvniSneT, rom organizmis nebismieri niSani gansazRvrulia 
mravali geniT an mTeli genotipiT, meore mxriv nebismier gens gaaCnia 
mravalmxrivi anu pleiotropuli efeqti. SesaZlebelia pleiotropuli 
efeqtis sidide damokidebuli iyos ontogenezis procesSi genis 
moqmedebis CarTvis droze. rac ufro adre erTveba geni moqmedebaSi, miT 
ufro Rrma bioqimiur cvlilebebs iwvevs da moqmedebs mraval niSan-
Tvisebaze. magaliTad, rac ufro adre iblokeba bioqimiur reqaciaTa 
jaWvi, miT ufro naklebi raodenobis metabolitebi sinTezdeba ujredSi. 
   dReisaTvis dadgenilia, rom adamianSi rigi memkvidruli daavadebebisa 
ganpirobebulia metabolizmis Tandayolili nakliT. es daavadebebi exeba 
naxSirwylovan, cilovan da cximovan nivTierebaTa cvlis darRvevas, rom- 
lebic iwveven mZime Sedegebs. magaliTad, adamianis organizms normaluri 
nivTierebaTa cvlisaTvis esaWiroeba aminomJavebi, kerZod, ki 
fenilalaninis da Tirozinis gansazRvruli raodenoba. am nivTierebebs 
adamiani iRebs sakvebiT, garda amisa, Tirozini sinTezdeba organizmSi 
Warbi fenilalaninisagan. biosinTezis jaWvSi Tirozini aris safuZveli 
zogierTi cilis warmoqmnisaTvis (Tiroqsini, noradrenalini, melanini da 
sxva) an iSleba naxSirmJavad da wylad. 
   pigmentebis biosinTezis jaWvSi romelime rgolis blokirebis Sedegad 
viTardeba  bioqimiuri mutaciebi_albinizmi, alkaptonuria da 
fenilketonuria, romlebic warmoadgenen adamianis memkvidrul 
daavadebebs. magaliTad, albinizmi viTardeba melaninis-romelic 
warmoiqmneba organizmSi Tirozinisagan MmTeli rigi rTuli gardaqmnebis 
Sedegad melanocitebSi ararsebobis SemTxvevaSi. alkaptonuria 
xasiaTdeba avadmyofebis SardSi Savi pigmentebis arsebobiT, rac 
gamowveulia homogenTizinis mJavas daJangviT haerze. fenilketonuria 
viTardeba fenilalaniniT Tirozinis sinTezis blokirebis Sedegad, ris 
gamoc organizmSi viTardeba Warbi fenilalanini, rac iwvevs bavSvebSi 
gonebriv CamorCenilobas. 
    Tu gvecodineba im genTa moqmedebis meqanizmi, romlebic blokaven 
biosinTezis jaWvis garkveul safexurs, maSin SegveZleba SevimuSaoT 
mkurnalobis meTodebi an SevasustoT memkvidruli daavadebani. 
magaliTad, bavSvebs, romlebsac adreul asakSi daesvaT fenilketonuriis 
diagnozi, SesaZlebeli iqna sakvebidan fenilalaninis amoRebiT maTi 
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gonebrivi CamorCenilobis Tavidan acileba. amgvarad, genis moqmedebis 
Seswavla did daxmarebas gauwevs medicinas memkvidrul daavadebaTa 
mkurnalobaSi. 
   bioqimiuri diferencireba aris winamorbedi morfologiuri diferen- 
cirebisa da morfogenezisa. genis moqmedebis bioqimiuri etapis Seswavla 
warmoadgens dasawyiss, sadac unda veZeboT kvlevis axali meTodebi da 
gzebi. genetikosebi embriologebTan erTad awarmoebdnen kvlevas 
embriogenezSi sawyisi mutanturi niSnebis gamovlenisaTvis. genis 
moqmedebisadmi genetiko_embriologiuri midgomiT cxadi gaxda, rom 
kombinirebuli mutanturi alelebi iZlevian embriogenezis modelirebis 
saSualebas anu SesaZlebeli xdeba SeCerba an Secvla ganviTarebis da 
ama Tu im niSnis diferencirebis dasawyisis dazusteba. 
  eqspresiuloba da penetrantoba genis moqmedebis gamovlenas aqvs gansa- 
zRvruli xasiaTi. erTsa da imave mutantur gens sxvadasxva organizmSi 
SeuZlia Tavisi efeqti gamoavlinos sxvadasxva saxiT. es ganpirobebu- 
lia mocemuli organizmis genotipiT da im garemo pirobebiT, sadac mim- 
dinareobs misi ontogenezi. genis fenotipuri gamovlineba SeiZleba vari- 
rebdes niSnis gamovlenis xasiaTis mixedviT. am movlenas jer kidev 
1927wels n.v.timofeev-resovskim uwoda genis eqspresiuloba. genis moqme- 
deba Tavisi gamovlinebiT SeiZleba iyos konstanturi, mdgradi an 
aramdgradi da cvalebadi. sxvadasxva organizmSi mutanturi genis 
gamovlinebis cvalebadobas xSirad vxvdebiT. drozofilaSi vxvdebiT 
“uTvalo” mutantur formas (eyeless)- fasetebis Zlier reducirebuli 
ricxviT. mSobelTa wyvilis erT TaobaSi SeimCneva, rom buzebis nawils 
fasetebi saerTod ara aqvs ganviTarebuli, xolo meore nawilSi 
fasetebis ricxvi normaluri raodenobis naxevaria. aseTi movlena 
SeimCneva mcenareebSi da cxovelebSi mravali niSnis realizaciisas. 
    monaTesavee jgufebSi erTi da igive mutanturi niSani SeiZleba erT 
nawils gamouvlindes da meores ara. am movlenas timofeev-resovskim uwo- 
da genis gamovlinebis penetrantuloba. penetrantobis procentuloba 
izomeba populaciaSi mutanturi fenotipis mqone individTa raodenobis 
mixedviT. sruli penetrantobis SemTxvevaSi (100%) mutanturi geni Tavis 
moqmedebas avlens yvela individSi, xolo arasruli penetrantobis dros 
(100% naklebi) geni Tavis fenotipur efeqts ar avlens yvela individSi. 
   eqspresiuloba, iseve rogorc penetrantoba, ganpirobebulia genotipSi 
genTa urTierTzemoqmedebiT da genotipis sxvadasxva reaqciiT garemos 
faqtorebze. eqspresiuloba da penetrantoba axasiaTebs genis fenotipur 
gamovlenas. penetrantoba asaxavs populaciis heterogenurobas ara im 
ZiriTadi genis mixedviT, romelic gansazRvravs konkretul niSans,aramed 
geni-modifikatoris mixedviT, romelic qmnis genis gamovlenisaTvis geno- 
tipur garemos. eqspresiuloba es aris msgavsi genotipebis reaqcia gare- 
moze. orive movlenas SeiZleba hqondes organizmis sicocxlisaTvis Se- 
guebiTi mniSvneloba, swored amitom, genis gamovlinebis eqspresiuloba 
da penetrantoba SenarCunebulia bunebrivi gadarCeviT. es orive movlena 
gaTvaliswinebuli unda iqnes xelovnuri gadarCevis drosac. 
    ganviTarebis procesSi genis eqspresiuloba damokidebulia garemos 
faqtorTa moqmedebaze. dakvirveba advilia maSin, rodesac SeimCneva sxva-
dasxva Sinagani agentis gavlena mutantur genze. magaliTad, cnobilia 
mutanturi geni dadebiTi geotropizmiT, romelic gansazRvravs juja 
formebs. am genis moqmedebas safuZvlad udevs Sesabamisi bioqimiuri 
cvlilebebi, magram Tu gvecodineba mutanturi genis moqmedebis meqanizmi, 
maSin SeiZleba gamovasworoT maT mier gamowveuli defeqtebi. 
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   maSasadame, garemos erTi da igive faqtoris moqmedeba sxvadasxva genze 
aisaxeba sxvadasxva formiT. sxvadasxva faqtori sxvadasxva formiT ze- 
moqmedebs erTi da igive genis gamovlenaze. garemos faqtorTa gavlenis  
Seswavlam gviCvena, rom zogierTi recesiuli geni, romlebic Cveulebriv 
pirobebSi heterozigotur mdgomareobaSia da fenotipurad ar vlindeba, 
SeiZleba gamovlindes Secvlil pirobebSi. 
  fenokopiebi  da morfozebi fenotipis zogierTi cvlilebeba, romelic 
ganpirobebulia mutaciiT an genebis kombinaciiT genotipSi, SeiZleba zu- 
stad kopirebuli iqnes aramemkvidruli cvlilebebiT. aseT kopirebul 
mutaciebs uwodeben fenokopiebs. maTi warmoSobis meqanizmi srulyofi- 
lad ar aris Seswavlili. zogierTi maTgani warmoiSoba gaurkveveli 
cxovrebis pirobebis zemoqmedebiT, xolo nawili miRebuli iqna 
eqsperimentuli zemoqmedebisas. iseT cvlilebebs, romlebic miRebuli 
iqna eqsperimentulad uwodeben morfozebs. fenokopiebisa da morfozebis 
warmoqmnis mizezs warmoadgens cvlilebebi formaTawarmomqmneli 
procesis jaWvSi. 
  individualuri ganviTarebis procesSi organizmi warmoadgens erT 
mTlian muSa sistemas. ar SeiZleba ontogenezSi erTi funqciis an ele- 
mentaruli struqturis Secvla ise, rom ar gamoiwvios cvlileba mTel 
sistemaSi, romelic agebulia Tanmimdevruli, mkacrad reglamentirebuli, 
morfo-fiziologiuri procesebisagan. 
  roca vambobT ontogenezis mTlianobas, ar unda dagvaviwydes garkveu- 
li wyvetiloba am procesis diskretuloba, romelic vlindeba morfo- 
genezSi. biologebi didi xania mividnen im daskvnamde, rom ontogenezSi 
SeimCneva procesebis xarisxobrivi cvlilebebi, rac vlindeba zrdisa da 
diferencirebis xasiaTis cvlilebaSi. ganviTarebis araTanabrobis gareSe 
SeuZlebeli iqneboda agvexsna organizmis sapasuxo SeguebiTi reaqciebi 
garemos sxvadasxva faqtorTa zemoqmedebaze, ontogenezis evoluciuri 
garTulebebi da misi diskretuli genetikuri determinacia. msgavs 
kanonzomierebebs cxovelTa ganviTarebaSi uwodeben fazobriobas, 
xolo mcenareTa ganviTarebaSi - stadiurobas. 
  ontogenezis diskretuloba gamovlenili iqna individualur ganviTare- 
baze garemos faqtorTa zemoqmedebis Seswavlis safuZvelze. i.v.miCurinma 
erT-erTma pirvelma miaqcia yuradReba imas, rom mravalwlovani mcenaree- 
bi gadian ganviTarebis sxvadasxva stadias. is iyenebda diskretulobis 
princips individualur pirobebSi mcenareTa gamozrdis meTodis Sesamu- 
Saveblad. mcenareebSi cnobilia saSemodgomo da sagazafxulo formebi. 
t.d.lisenkom jer kidev 20-ian wlebSi gviCvena, rom es Tviseba SeiZleba 
SevcvaloT ontogenezSi. igi ar gadaecema memkvidreobiT, magram 
aRniSnuli formebi baZaven memkvidruli formebis fenotips anu warmoad- 
genen fenokopiebs. 1929wels goldSmitma da iolosma SeamCnies fenoko- 
piebi drozofilaSi, romlebic gamowveuli iyo maRali temperaturiT. 
saSemodgomo da sagazafxulo memkvidruli Tvisebis Secvla marTlac 
SesaZlebelia temperaturuli faqtoris pirdapiri zemoqmedebiT. 100 wlis 
win gadarCevis mniSvnelobis sailustraciod, saSemodgomo jiSebis 
sagazafxulod gardaqmnisaTvis da piriqiT, C.darvini werda: “xorbali 
swrafad egueba axal sasicocxlo pirobebs. k.linem saSemodgomo da 
sagazafxulo jiSebi miakuTvna sxvadasxva jiSs, monem ki daamtkica rom 
maT Soris gansxvaveba droebiTia.” darvini da misi momxreebi aseT 
SemTxvevebs ganixilavdnen, rogorc genotipis xelovnuri gamorCevis 
Zlevamosilebis naTel dadasturebas. provokaciul fonze gamorCevis 
gziT (saSemodgomo daTesva gazafxulze da sagazafxulo_Semodgomaze) 
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iqmneba iluzia SeZenili niSnebis memkvidreobis Sesaxeb, radganac 
garemos faqtorebi warmoqmnian fenokopiebs da arTmeven Sesabamis 
genotips. gamorCevis aRniSnul tips n.i. Smalhauzenma uwoda mastabili- 
zebeli. Cveni SexedulebiT, adapturi fenokopiebis damTxvevas mutantur 
formebTan, SeiZleba ewodos gamorCeva provokaciul fonze an diferen- 
cirebuli gamorCeva seleqciur fonze. 
    fenokopiebi mcenareebSi SeiZleba gamowveuli iqnes sinaTlis faqto- 
riT. mcenaris yovel saxeobas normaluri ganviTarebisaTvis esaWiroeba 
sinaTlis dRis garkveuli xangrZlivoba (sinaTlis stadia). dadgenili 
iqna, rom garemo faqtorTa mimarT aseTive “mgrZnobiare” periodebi aris 
cxovelTa ontogenezSic da maT uwodeben ganviTarebis kritikul perio- 
debs. ontogenezSi kritikuli periodebis dros garemos faqtorTa moqme- 
deba iwvevs im niSanTa mniSvnelovan cvlilebebs, romelTa morfologiu- 
ri diferencireba xdeba am periodSi. kritikul periodSi niSnis cvaleba- 
dobis xarisxi ganisazRvreba agentis SesaZleblobis dazianebiT da orga- 
nizmis genotipiT. sxvadasxva organizmSi ontogenezis erTsa da imave 
kritikul periodze damzianebeli zemoqmedebis Sedegad warmoiqmneba er- 
Tnairi tipis mofrozebi. magaliTad, nebismieri damzianebeli agentis 
moqmedeba, romelic aferexebs Canasaxis wina tvinis buStis ganviTarebas, 
iwvevs anomalias ciklops adamiansa da cxovelebSi. Sinagan faqtorTa 
sust zemoqmedebasac ki SeuZlia gamoiwvios garkveuli tipis morfozebi. 
morfozebi xasiaTdebian imiT, rom isini SeiZleba warmoiqmnan masiurad, 
Tu agentis moqmedeba xdeba kritikul periodSi. magaliTad, rentgenis 
sxivebiT dasxivebisas da damatebiTi temperaturis zemoqmedebisas 
drozofilas matlze kritikul periodSi, miiReba 100%-mde erTnairi 
tipis morfozi (rentgenomorfozebi). msgavsi cvlilebebi SeiZleba 
gamowveuli iqnes sxva agentTa zemoqmedebisas, kerZod maRali tempera- 
turiT, matlebis kvebis reJimis SecvliT. es gviCvenebs, rom sxvadasxva 
agentis moqmedeba kritikul periodSi SeZleba iyos araspecifikuri. 
     fenokopiebi da morfozebi, romlebic emsgavsebian memkvidrul cvli- 
lebebs, ar gadaecemian memkvidreobiT, radganac es aris somatur ujred- 
Si momxdari cvlileba da isini warmoiqmnebian genis moqmedebis 
darRvevis Sedegad. midrekileba (ganwyoba) fenokopiebis warmoqmnisadmi 
ganpirobebulia genotipiT. fenokopiebis Seswavlas didi mniSvneloba 
aqvs, rogorc genis moqmedebis bunebis Sesaswavlad, aseve evoluciis 
meqanizmis gamosakvlevad. fenokopiebis warmoqmna gare agentis zemoqmede- 
biT miuTiTebs imaze, rom mutanturi genebi iwveven im procesTa blokire- 
bas an cvlilebas, romelzedac moqmedebs agenti ganviTarebis im 
periodSi, romelSic SesaZlebelia fenokopiebis miReba. 
     maSasadame, fenokopiebis miReba warmoadgens genis moqmedebis Seswav- 
lis erT-erT meTods. cnobilia SemTxvevebi, roca garemo faqtorebi iwve- 
ven fenokopiebs, romlebsac aqvT SeguebiTi mniSvneloba organizmisTvis. 
     ontogenezis diskretuloba SeimCneva ara marto morfologiur, ara- 
med fiziologiur procesebSic. dadgenilia, rom cxovelebSi moZraobi- 
Ti refleqsis Camoyalibebas aqvs Tavisi fazebi igive exeba cxovelTa 
rTuli qcevebis formirebas. ontogenezis morfologiuri da funqciuri 
diskretuloba exmareba mkvlevarebs ontogenezis marTvis gzebisa 
da meTodebis dadgenaSi. 
   memkvidreobis reaqciis norma genotipi gansazRvravs sxvadasxva 
nivTierebis sinTezis Tamimdevrobas, dros, bioqimiur reaqciaTa siCqa- 
res da mimarTulebas, romelic jaWvuri procesis TanmimdevrobiT reliz- 
deba organizmis ama Tu im niSan-TvisebaSi. 
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     cnobilia, rom rogorc ujreds, aseve organizms axasiaTebs garemos 
cvalebad faqtorebTan Seguebis unari (ontogenetikuri adaptacia). amis 
Sedegad genotipis realizacia cvalebadia da mimdinareobs konkretul 
saarsebo garemosTan SeguebiT. mocemuli genotipis Tvisebas, uzrunvel- 
yos ontogenezis cvlileba garkveul farglebSi garemos cvalebad piro- 
bebTan damokidebulebaSi, ewodeba reaqciis norma. sxvanairad rom vTqvaT, 
genotipis realizaciaSi cvalebadobis SesaZlo amplituda asaxavs reaq- 
ciis normas, e.i. genotipi gansazRvravs SesaZlo fenotipis ricxvs gare- 
mos sxvadasxva pirobebSi. magaliTad Tu kvercxismdebeli qaTmis jiSs 
SevinaxavT kvebis optimalur pirobebSi, maSin amaRldeba maTi saSualo 
kvercxmdebloba. Tu igive pirobebs SevuqmniT mexorculi jiSis qaTmebis, 
maTi kvercxmdebloba umniSvnelod gaizrdeba, magram gaizrdeba wona da 
xorcis xarisxi. amis sailustarciod SeiZleba moviyvanoT agreTve 
adamianebsa da cxovelebSi erTkvercxujredian da sxvadasxva kvercxuj- 
redian tyupebs Soris msgavseba-gansxvaveba. erTkvercxujrediani tyupebis 
genotipi identuria, xolo sxvadasxva kvercxujredianebis_gansxvavebuli, 
Tumca, calkeuli genebiT isinic met-naklebad msgavsni arian. 
    maSasadame, fenotipuri niSnebis msgavsebis (konkordatobis) proce- 
nti orive SemTxvevaSi ganpirobebulia genotipis msgavsebiT. roca erT- 
kvercxujrediani tyupebi erTnair garemoSi izrdebian, maSin maTi niSan- 
TvisebaTa umravlesoba msgavsia, vidre im SemTxvevaSi, roca isini sxva- 
dasxva pirobebSi izrdebian. am SemTxvevaSi genotipis reaqciis norma Sei- 
Zleba gamovlindes SedarebiT “sufTa” saxiT. organizmis Seguebuloba 
ganisazRvreba imiT, rom genis moqmedeba xorcieldeba, rogorc genotipu- 
ri sistemis, aseve garemos pirobebis zemoqmedebis mixedviT. memkvidreo- 
bis reaqciis normis genetikuri codnidan gamomdinare, organizmTa pro- 
duqtiulobis amaRleba xorcieldeba praqtikulad ori gziT: 1. sasurve- 
li genotipis SeqmniT anu mcenareTa da cxovelTa axali jiSebi; 2. orga- 
nizmis individualuri ganviTarebis meTodis marTviT. 
    organizmis ganviTarebaze garemos faqtorTa marTvis Seswavlis miz- 
niT, pirvel rigSi unda iqnas gamovlenili is pirobebi, romelSic Seda- 
rebiT srulyofilad realizdeba organizmis genotipuri SesaZleblobe- 
bi. winaaRmdeg SemTxvevaSi iqmneba arasruli warmodgena genotipis reaq- 
ciis normaze. kvebisa da Senaxvis cud pirobebSi memkvidrulad maRal- 
produqtiuli, magram garemo pirobebis sustad amtani cxovelebi, xasiaT- 
debian dabali produqtiulobiT. piriqiT SemTxvevaSi_memkvidrulad da- 
balproduqtiuli, magram garemo pirobebisadmi gamZle cxovelebi imave 
pirobebSi xasiaTdebian ukeTesi maCveneblebiT. 
    garemo faqtorTa gavlenas ontogenezze aqvs Tavisi kanonzomiereba, 
romelsac Seiswavlian fiziologebi, ekologebi da genetikosebi. kerZod, 
isini swavloben organizmis produqtiulobis regulaciis SesaZleblo- 
bebs garemo faqtorTa zemoqmedebiT. ganvixiloT ramdenime magaliTi. 
   cnobilia, rom frinvelebi inaxaven kvercxebs ganaTebisa da temperatu- 
ris gansazRvrul pirobebSi. mokle dRe amcirebs qaTmebSi kvercxismdeb- 
lobas da iwvevs bumbulic cvenas. rom gavzardoT kvercxmdebloba Semo- 
dogma-zamTris periodSi, mefrinveleebma gamoiyenes damatebiTi eleqtro- 
ganaTeba da xelovnurad gaaxangrZlives dRe. v.b. savataevis mixedviT 13- 
saaTiani ganaTebis dros qaTmebis samive sacdeli jgufi iZleoda kver- 
cxis erTnair raodenobas. 13-dan 10 saaTamde ganaTebis Semcirebis dros 
qaTmebSi mniSvnelovnad Semcirda kvercxmdebloba da maT ewyebodaT 
bumbulis cvena. 13-dan 14 saaTamde ganaTebis gaxangrZliveba zrdis 
kvercxmdeblobas 10,8-dan 23,5-mde (kvercxi) 40 dRis ganmavlobaSi da ar 
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axasiaTebT bumbulis cvena. maSasadame, sinaTlis reJimis regulirebam 
SeiZleba Secvalos fiziologiur funqciaTa mimarTuleba da Sesabami- 
sad, produqtiuloba cxovelebSi. garemos sxvadasxva faqtorTa 
moqmedebis xasiaTis Seswavla cxovelebSi iZleva ontogenezis marTvis 
saSualebas. cxovelTa zrda-ganviTarebis marTvis karg saSualebas 
warmoadgens vitaminebi. didia vitaminebis roli organizmis cxovelmyo- 
felibaSi. biologiuri moqmedebisa da qimiuri Sedgenilobis mixedviT 
Seswavlilia Semdegi jgufis vitaminebi: A,B,C,D,E,K da  P. magaliTisaTvis 
ganvixiloT B jgufis vitaminebis moqmedeba cxovelTa produqtiulobaze. 
es jgufi Sedgeba ramdenime nivTierebisagan: B1(Tiamini), B2(riboflavini), 
B3 B(pantotenis msgavsi axali nivTiereba), B4 (argininisa da glikokolis 
narevi),  B5 (nikotinis mJava an vitamini PP), B6(piridoqsini), naklebad 
aris Seswavlili vitaminebi_B 7, B11, B12  da sxva. B jgufis vitaminebis 
aucilebloba, up. yovlisa, ganisazRvreba saWmlis momnelebeli sistemis 
agebulebiT. cxovelebi mravalkameriani kuWiT (mcoxnelebi) mikroorga- 
nizmebis saSualebiT asinTezeben B jgufis vitaminebs da ar saWiroeben 
maT miRebas, xolo erTkameriani kuWis mqone cxovelebi ( Rori, qaTami da 
sxva) aucileblad saWiroeben B jgufis vitaminebis miRebas. amitomac, 
pirveli jgufis cxovelebs ara aqvT midrekileba B-avitaminozisadmi, 
meore jgufis cxovelebSi ki igi gvxvdeba. Catarebuli iqna cda Rorebis 
nayofierebaze, romlebic makeobis periodSi kvebis sxvadasxva racionze 
imyofebodnen. erTi jgufis Rorebis racionSi ar umatebdnen vitamin-B12-s, 

xolo meore jgufis racionSi umatebdnen 3 Tvis ganmavlobaSi. B12 
vitaminis ukmarobam Zlieri  gavlena moaxdina goWebis ricxvze, wonaze 
da maT sicocxlisunarianobaze. sxva cdebiT naCvenebi iqna, rom B12 

vitaminis ukmaroba iwvevs Canasaxis nawilis daRupvas 4 kviris asakSi. 
yovelive es miuTiTebs imaze, rom vitamini B12 xels uywobs Canasaxis 
ganviTarebas. msagavsi dakvirveba Catarebuli iqna qaTmebzec. vitaminebis 
damateba sakvebSi mniSvnelovnad zrdis qaTmis kvercxmdeblobas, 
wiwilebis zrdas da maT sicocxlisunarianobas. 
     B  jgufis vitaminebis aseTi didi gavlena sasicocxlo procesebze 
aixsneba imiT, rom isini erTvebian fermentul sistemaSi kofermentebis 
saxiT. kofermentebi aqtiurad monawileoben nivTierebaTa cvlaSi, amino- 
mJavebis, cilebis, purinebisa da sxva nivTierebaTa warmoqmnaSi. amitom vi- 
taminebis ukmaroba aucileblad aisaxeba ama Tu im funqciis gamovlenaze.  
     cxovelebSi ontogenezis procesis marTvis mniSvnelovan saSualebas 
warmoadgens agreTve hormonuli preparatebi, romlebic zemoqmedeben 
zrdaze, sqesobriv funqciaze da cxovelTa saerTo produqtiulobaze. ge- 
notipiT ganisazRvreba endokrinuli jirkvlis moqmedebis xasiaTi, fun- 
qciuri urTierTkavSiri da organizmis sxva sistemis moqmedeba. en- 
dokronuli jirkvlis moqmedeba SeiZleba advilad Seicvalos garemos 
faqtorTa zemoqmedebiT, kerZod, sinaTlis reJimis, temperaturis da sxva. 
cdebiT naCvenebi iqna, rom mamrobiTi hormonebiT mdedrze da mdedrobiTi 
hormonebiT mamrze zemoqmedebisas SeiZleba fenotipurad gansazRvruli 
iqnes cxovelis sqesi. 
    hipofizis hormonis funqciis SeswavliT dadgenili iqna misi zemoq- 
medeba organizmis sxvadasxva funqciaze, maT Soris Sinagani sekreciis 
jirkvlebis moqmedebaze. hipofizis hormonebi moqmedeben organizmis 
zrdaze da gamravlebaze, cilovan, naxSirwylovan, da cximovan cvlaze. 
farisebri, Tirkmelzeda da sasqeso jirkvlis hormonebi moqmedeben ag- 
reTve nivTierebaTa cvlis procesebze, meoradi sasqeso niSnebis ganviTa- 
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rebaze, gamravlebaze, gametogenezze, ovulaciaze da rZis sekreciaze. 
dReisaTvis dadgenilia, rom Tirkmelzeda jirkvlis hormoni adrenalini 
ganapirobebs somatur qsovilSi ujreduli dayofis sixSires. cxoveleb- 
Si gamravlebis regulaciis procesSi hormonebis mniSvnelobis sailus- 
traciod moviyvanoT ori magaliTi: 1. Tevzebis xelovnurad gamravlebas 
aferxebda qviriTis miReba sainkubaciod Tevzis gadamamuSavebel qarxneb- 
Si. am warmoebis intensifikaciisaTvis n.l.gerbilskim SeimuSava hipofizu- 
ri inieqciis meTodi, romelic iZleoda Zvirfas sawarmoo TevzebSi 
sasqeso produqtebis momwifebis daCqarebis saSualebas. es Tevzebi 
mdinareSi gasamravleblad Sesvlis dros Seicaven moumwifebel sasqeso 
produqtebs. mdinareSi xangrZlivi migraciis Semdeg xdeba sasqeso pro- 
duqtebis bunebrivad momwifeba. hipofizis eqstraqtis inieqciiT momwife- 
bis procesi Cqardeba da ramdenime saaTSi miiReba momwifebuli sasqeso 
produqtebi. hipofizis mSrali preparati aqtivobas inarCunebs 5 wlis 
manZilze. 2. es magaliTi exeba cxvrebSi nayofierebis gazrdas mdedro- 
biTi hormonis zegavleniT, romelic miRebuli iqna faSati cxenis si- 
sxlis Sratisagan. es meTodi SemuSavebuli iqna m.a.zavadovskis mier.  
    neirohumoruli zemoqmedebiT SeiZleba vareguliroT rZis sekrecia 
da misi cximianoba cxovelebSi, kvercxismdebloba da bumbulis cvena 
qaTmebSi da rigi sxva funqciebi cxovelebSi. aRwerili faqtebidan 
gamomdinareobs genotipis reaqciis farTo norma, rom genotipi ar aris 
fataluri (sabediswero) fenotipisaTvis. ontogenezSi garemo pirobebiT 
SeiZleba SevcvaloT formaTawarmomqmneli procesebis mimarTuleba. 
    qvemoT CamoTvlili faqtorebi uzrunvelyofen niSanTa cvlilebas 
reaqciis normis farglebSi: 
   1. niSnis poligenuri determinacia da organizmis reaqcia; 
   2. genis pleiotropuli efeqturoba; 
   3. mutaciis gamovlenis damokidebuleba garemo pirobebze; 
   4. organizmis heterozigoturoba, ris Sedegadac SeiZleba Seicvalos 
     zogierTi genis domonireba; 
   5. genTa urTierTqmedeba, romelic mimdinareobs genuri produqtebis 
     doneze cilis molekulis suberTeulebze; 
   5. ganviTarebisa da sinTezis alternatiuli gzebi ontogenezis siste- 
     maSi da ujredis biosinTezSi.  
 
 

                            Tavi III. 
 

           embrionuli induqcia da morfogenezi. 
 
  pleiotropia ganviTarebis genetikis adreul literaturaSi vxvdebiT 
genebis morfogenezze moqmedebis magaliTebs. kerZod, napovni iqna muta- 
ciebi, romlebic iwveven Tagvis kudis defeqtebs, zRvis goWebSi ciklops 
da anencefalias, xboebSi fexis ararsebobas, qaTmebSi niskartis defor- 
macias an RviZlis ganuviTarebloba da sxva mraval defeqts. aseTi 
simaxinjeebis ganviTarebis Semdgomi stadiebis Seswavla rTulia da 
iSviaTad iZleva zusti daskvnebis gakeTebis saSualebas.  magram 
miuxedavad amisa, aseT gamokvlevebs Zalian didi mniSvneloba aqvs 
adamianSi genetikurad kontrolirebadi Tandayolili simaxinjeebis 
SeswavlisaTvis. arasaziano simaxijeebis garda, rogoricaa magaliTad, 
sindaqtilia (fexis TiTebis Sezrda), adamianebSi aRwerilia Tandayo- 
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lili anomaliebi, romelic exeba ganviTarebis TiTqmis yvela process. am 
anomaliaTa genezisi gasagebi iqneba mxolod maSin, roca mTlianad da 
srulyofilad gvecodineba normaluri ganviTarebis procesebi. 
   dReisaTvis ZuZumwovrebis ganviTarebis genetikuri kontrolis Sesaxeb 
arsebobs mwiri monacemebi, ris gamoc Znelia gavarkvioT, Tu rogor iw- 
vevs genis cvlileba seriozul fenotipur darRvevas. amis samagaliTod 
SeiZleba ganvixiloT TagvebSi Tandayolili hidrocefalia. am sindromis 
damaxasiaTebeli niSnebia: hipofizis atipuri forma, Tavis qalas brtye- 
li mfaravi Zvlebis ararseboba da tvinSi sisxlCaqceva, rac iwvevs sik- 
vdils dabadebisTanave. axaldabadebul TagvebSi Tavis qalas Sublis wi- 
li SeSupebulia, savsea hemoragiuli siTxiT. gamoirCevian gonebaClun- 
gobiT. genetikuri monacemebi gviCveneben, rom es rTuli sindromi ganisa- 
zRvreba erTi geniT. rogorc wesi, morfologiurad gamovlenili geneti- 
kuri defeqtebi Tavisi bunebiT pleiotropulia anu isini iwveven mraval 
efeqts. yvela es efeqti SeiZleba ganxiluli iqnes ganviTarebis sawyisi 
etapidan da miyvanili iqnes ramdenime an erT pirvelsawyis genetikur 
efeqtamde. aseTi memkvidruli sindromi dadgenili iqna TagvebisaTvis, 
romlebsac aqvT genotipi_ch maTSi simptomebis mTeli jgufi dakavSi- 
rebulia erT genTan_ch. hidrocefalia gamowveulia Tavis qalas 
xrtilovani nawilis zrdis darRveviT. histologiuri gamokvleviT 
dadginda, rom Tavis qalas xrtilovani nawili aris defeqturi aseTive 
defeqti gamovlinda xerxemalSi, mkerdSi da ConCxis sxva nawilSi. 
aRwerili simptomis safuZveli aris cvlilebebi xrtilovani nawilis 
agebulebaSi, romlebic iwveven arsebiT darRvevebs morfogenezSi, rac 
Tavis mxriv iwvevs mraval meoreul da mesameul fenotipur efeqts. 
   zogierTi mutaciisaTvis, magaliTad., TagvebSi hipofizuri jujaobis 
SemTxveva (genotipiT-dw) Catarebuli iqna pleiotropiis detaluri 
analizi. am sindromis simptomebia jujaoba da steriluroba. 
histologiuri gamokvlevebiT dagenili iqna farisebri jirkvlis 
hipoplazia, Tirkmelzeda jirkvalze gazrdili qerqis arseboba da 
gviCvena, rom Senelebulia hipofizis wina nawilis zrda. mutanturi 
Tagvebis hipofizi Seicavs patara ujredebs piknozuri birTvebiT maTSi 
ar gvxvdeba msxvili acidofiluri ujredebi, romlebic normaluri 
raodenobiT aproducireben zrdis hormons. Teoriuli TvalsazrisiT es 
monacemebi ar SeiZleba CaiTvalos amomwuravad, ramdenadac CvenTvis 
ucnobia, Tu rogor zemoqmedebs dw aleli acidofiluri ujredis 
diferencirebaze. Tu pirvelad defeqts warmoadgens hormonebis sinTezis 
rRveva hipofizis acidofilur ujredebSi, maSin normaluri hipofizis 
hormonis Seyvanis Sedegad unda moxdes zogierTi an yvela meoreuli da 
mesameuli simptomis aRmofxvra. mkurnalobis es meTodi gamocdili iqna 
juja Tagvebze. Tagvebs dabadebidan yoveldRe unergavdnen veluri tipis 
hipofizs, ris Sedegadac maT miaRwies normalur zomas sqesobriv 
momwifebamde, ganuviTardaT normaluri zomis farisebri jirkvali da 
Tirkmelzeda jirkvlis qerqi, xolo TviT hipofizis zoma mainc ver 
aRwevda normalurs. es faqti amtkicebs im mosazrebas, rom mutanturi 
lokusis pir-veladi moqmedeba mdgomareobs hipofizis ujredis 
ganviTarebis darRvevaSi. maSasadame, ganviTarebis procesi warmoadgens 
movlenaTa grZel jaWvs, romelTagan mravali imyofeba genetikuri 
kontrolis qveS, xolo sxva danarCeni ganisazRvreba ujreduli 
garemocviT. mTavari ar aris is, Tu romel rgolSi irRveva movlenaTa 
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jaWvi. saboloo defeqtebi warmoiqmneba imis mixedviT, Tu  movlenaTa 
jaWvis romel rigSi warmoiSva sawyisi defeqti. 
    ganviTarebis procesebi xSirad warmoadgenen CanasaxSi sxvadasxva ti- 
pis ujredTa Soris urTierTzemoqmedebis Sedegs. SeiZleba vivaraudoT 
ujredTa urTierTzemoqmedebis SemTxevaSi ori tipis genetikuri moqmede- 
bis arseboba. genebs SeuZliaT akontrolon, pirvel rigSi, hormonis war- 
moqmna da gamoyofa, romelic aucilebelia ganviTarebis procesisaTvis 
da meore, ujredis SesaZlebloba, moaxdinon reagireba am hormonul 
stimulze. 
    mravali mkvlevarisaTvis samagaliTo iyo mwerebis ganviTarebis hor- 
monuli kontrolis sistema. mwerebSi ori hormoni uSualod aris da- 
kavSirebuli zrdasa da diferencirebasTan. maTgan erTi_zrdisa da di- 
ferencirebis hormoni akontrolebs ujrdis dayofas da gansazRvravs 
ujredTa specializaciis SesaZleblobis unars. meore_iuveniluri hor- 
moni gansazRvravs, darCeba Tu ara esa Tu is ujredi matlis mdgomareo- 
baSi an Seudgeba metamorfozs. drozofilaSi es ori hormoni warmoiqmne- 
ba arc Tu ise did organoSi_rkinis rgolSi. es rkina aRmoCenili iqna 
mutanturi genis lethal giant lerva-s meSveobiT, romelic xels uSlis matlis 
gadasvlas metamorfozSi. mutantur matlebSi veluri tipis sxvadasxva 
organoTa gadanergvis Sedegad dadgenili iqna, rom mxolod veluri 
tipis rkinis rgolebi iwvevdnen maTSi metamorfozs. sxva tipis ujredebi 
ki mutantur matlebSi inarCunebdnen reagirebis unars normalur 
hormonul stimulze. yovelive es dadasturebuli iqna reciprokuli 
cdebiT. sakvercxis Canasaxi (romelic ar uviTardeba mutantur matlebs) 
gadaunerges veluri tipis arsebas, romelSic gadanergili sakvercxeebi 
viTardeboda sinqronulad maspinZeli-arsebis sakuTar sakvercxeebTan 
erTad. ori tipis ujredebi rkinis rgoli da sasqeso ujredebi 
imyofebian mutanturi genis uSualo zemoqmedebis qveS. es geni moqmedebs 
aseve imaginaluri diskoebis ujrdebze anu Canasaxebze, romlisganac me- 
tamorfozis procesSi warmoiqmneba zrdasruli buzi. Canasaxebi degene- 
rirdebian matlis adreul stadiaze, xolo mutanturi matlis nawlave- 
bi, nervuli sistema da kunTebi rCeba normaluri. matlSi arsebuli sxva 
qsovilebi magaliTad. cximovani qsovili da sanerwyve jirkvali 
mniSvnelovnad Semcirebulia. Seswavlili mutacia gviCvenebs, rom 
rogorc hormonuli signalis warmoqmna, agreTve am signalze reagirebis 
unari kontroldeba genebiT.  
      Seswavlili iqna mravali sxva geni, romlebic aregulireben 
ujredul da qsovilur urTierTmoqmedebas. gansakuTrebu;l interss 
iwvevs mutacia_Danforth  shorttail  TagvebSi. mutantur Tagvebs xSirad ar 
uviTardebaT Tirkmlebi. normaluri ganviTarebis procesSi Tirkmle- 
bis warmoqmnis signals emsaxureba induqciuri urTierTmoqmedeba Sard- 
sawveTsa da mezenqimur metanefrons Soris. am Tagvebis histologiurma 
gamokvlevebma gviCvena, rom SardsawveTis arasakmarisi zrdis gamo isini 
ar Sedian kontaqtSi mezenqimasTan, ris Sedegad ar xdeba induqciuri 
urTierTmoqmedeba. 
      meore mutanturi geni, romelic arRvevs ganviTarebis procesSi in- 
duqciur urTierTmoqmedebas, aRwerili iqna zRvis goWebSi. xerxemlian 
cxovelTa Canasaxebze Catarebulma cdebma gviCvenes, rom pirveladi naw- 
lavis mezoderma ainducirebs im nervuli sruqturebis warmoqmnas, rome- 
lic devs eqtodermaze. pirveladi nawlavis dazianebas mivyavarT sxvada- 
sxva anomaliis warmoqmnamde, gansakuTrebiT Tavis areSi. amasTan, SeimCne- 
va anencefalia, mikrocefalia da ciklopia. 
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      drozofilaSi Canasaxis ganviTarebis adreul stadiaze eTerisa da 
maRali temperaturis zemoqmedeba iwvevs mutanturi formis-tetraptera-s war- 
moqmnas (buz  tetraptera-s aqvs 4 frTa: 2-Sua mkerdze da 2-segmentis ukana 
mkerdze, romelic mutantSi warmoadgens ara ukana mkerds, aramed meore 
Sua mkerds). es aris e.w. homoioturi mutaciebi, romlis drosac erTi se- 
gmentis ganviTareba xdeba meore tipis mixedviT. imisaTvis, rom gavigoT 
homoioturi mutantebis ontogenezi, unda ganvixiloT mwerebis normalu- 
ri ganviTareba. mwerebs axasiaTebT rTuli sasicocxlo cikli. ganayofi- 
erebidan erTi dRis Semdeg xdeba matlis gamoCeka_I asakis matli, kidev 
erTi dRis Semdeg es matli icilebs Zvel kutikulas da xdeba II asakis 
matli, romelic erTi dRis ganmavlobaSi icvlis kans da gardaiqmneba III 
asakis matlad. ori dRis Semdeg ikvebeba, izrdeba da matli Wuprdeba, 
misi kutikula sqeldeba da warmoqmnis Wupris garss. Wupris SigniT iwye- 
ba metamorfozis procesi. 4 dRis Semdeg matli iSleba da formirdeba 
zrdasruli buzi anu imago. imaginaluri struqturebis umravlesoba war- 
moiqmneba metamorfozis procesSi e.w. imaginaluri diskoebisagan anu Cana- 
saxebisagan. imaginaluri diskoebi_es aris ujredTa jgufi, romlebic ar- 
seboben matlis yvela stadiaze, magram ar asruleben aranair funqcias 
sicocxlis am periodSi. metamorfozis procesSi isini aZleven sawyiss 
imaginalur struqturebs anu zrdasruli organizmis struqturas. maga- 
liTad, mweris TiToeuli fexi warmoiqmneba imaginaluri diskosagan, yo- 
veli rTuli Tvali-Tvalis diskosagan, yoveli frTa-frTis diskosagan, 
yoveli sabzuala-sabzualas diskosagan da a.S. 
       imaginaluri diskoebi Sedgeba erTgvari epiTeluri ujrdebis ram- 
denime Srisagan. misi ujredebi yvela erTmaneTis msgavsia da ar SeimCne- 
va diferencirebis niSani maT axasiaTebT msxvili birTvi da citoplaz- 
mis arc Tu ise didi raodenoba, isini savsea Tavisufali ribosomebiT. 
arsebuli monacemebi gviCveneben, rom diskoTa ujredebi programirebulia 
diferencirebisaTvis gansazRvruli mimarTulebiT. am programirebis 
arseboba SeiZleba gamovlindes ramdenime doneze. magaliTad, Tu frTis 
mTlian diskos erTi matlidan gadavnergavT meore matlis sxeulis 
RruSi, maSin metamorfozis procesSi maspinZeli-matlisagan warmoiqmneba 
frTebi. es xdeba gadanergili diskosagan damoukideblad. zustad amis 
msgavsad matlis sxeulis Rrudan gadanergili Tvalis diskosagan 
avtonomiurad viTardeba Tvali. matli, romelsac amoacales frTis erTi 
disko, metamorfozis procesSi viTardeba arsebad, romelsac ara aqvs 
erTi frTa. maSasadame, imaginaluri diskoebi mkacrad detrminirebulia 
da SeuZliaT ucxo garemocvaSi TviTdiferencireba. 
    eqsperimentuli monacemebi gviCvenebs, rom yvela is organo, romlebic 
warmodgenilia imaginalur diskoebSi, viTardeba ganviTarebis adreul 
stadiaze. jer erTi, matlSi diskos nawilebis cal-calke kultivirebi- 
sas yoveli aseTi nawilisagan warmoiqmneba mxolod erTi struqtura, 
amasTan, diskis mcire nawilis dasxiveba ultraiisferi sxivebiT, migva-
niSnebs calkeul organoTa warmoqmnis Sesaxeb sxva matlSi diskis 
Tanmimdevruli gadanergvis dros. aseTi cdebis Sedegebis safuZvelze 
Sedgenili iqna Casaxvis ruka zogierTi imaginaluri diskebisaTvis. 
     transdeterminacia mutacia an qirurgiuli Careva iwvevs diskis zo- 
gierTi ujredis funqciis Secvlas, rac niSnavs axali saxis determina- 
ciis SeZenas. es procesi wodebuli iqna transdeterminaciad miRebuli 
iqna damamtkicebeli sabuTebi imis Sesaxeb, rom is namdvilad SeiZleba 
momxdariyo CvensAmier aRweril embriologiur cdebSi. 
     ismis kiTxva, aris Tu ara SenarCunebuli determinacia da Tu gadae- 
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cema igi ujreduli memkvidreobiT? am kiTxvaze rom gavceT pasuxi,  
saWiroa imaginaluri diskis romeliRac ubanze gamowveuli iqnes  
xangrZlivi proliferacia, xolo Semdeg movaxdiniT am ujredTa  
diferencirebis inducireba, raTa Sefasebuli iqnas maTi determinirebis  
unari. aseTi tipis cdisaTvis mwerebi warmoadgenen idealur obieqts.  
matls hormonuli garemo saSualebas aZlevs imaginaluri diskoebis  
proliferirebisaTvis da ara diferencirebisaTvis. imaginaluri diskebis  
ujredebiAswarafad diferencirdeba maSin, roca isini imyofebian WuprSi.  
proliferaciis stimulirebisaTvis donor-matls aclian disks, Wrian or  
nawilad da gadaaqvT matlSi an zrdasrul arsebaSi, romelSic SenarCu-  
nebulia proliferacia. proliferacia iwvevs transplantantis zomis  
uwyvet zrdas. laboratoriaSi zogierT qsovils amgvarad akultivireben  
in vivo-Si mravali wlis ganmavlobaSi. transplantantis ganviTarebis  
potencia SeiZleba ganisazRvros matlis gadanergviT nebismier momentSi  
roca matlebi gadian metamorfozs, transplantanti diferencirdeba. 
     erT-erT tipur cdaSi mamrobiTi genitaluri diskis naxevari gada- 
nerges zrdasruli buzis matlSi. sami kviris Semdeg transplantanti  
amoiRes am periodSi is ramdenjerme gaizarda. diski daWres fragmente- 
bad, romlebsac Semdgom ainducirebdnen metamorfoziT matlebSi mza Wu- 
pris gadanergvis gziT. diferencirebuli qsovili amoiRes maspinZeli 
buzis muclis Rrudan da Seiswavles mikroskopSi. zogierTi fragmente- 
bisagan warmoiqmna qitinovani struqturebi, magaliTad, analuri  
firfitebi an sasqeso danamatebi. sxva fragmentebisagan ganviTarda  
Teslgamomyofi arxi, damatebiTi sasqeso jirkvlebi. SesaZlebeli iyo  
qsovilTa masidan calkeul organoTa Canasaxis gamoyofa, romlebic  
diferencirdebodnen maTi determinaciis Sesabamisad. es determinacia  
SeiZleba SenarCunebuli iqnes proliferaciis xangrZlivi periodis  
manZilze. 
     cxadia, rom ujredul xazebs, romlebic saTaves iReben erTi imagi- 
naluri diskisagan, SeiZleba vaiZuloT nebismier struqturad diferen- 
cireba pirobebis Seqmnis SemTxvevaSi. amasTanave, arsebobs gansazRvruli 
Tanmimdevroba, romlis Sedegadac warmoiqmneba es sxvadasxva struqture- 
bi. romelime determinirebuli struqturis ganviTarebis axali programa 
SeiZleba ganmtkicdes da gadaeces ujreduli memkvidreobiT mravali pa- 
saJis manZilze. rac niSnavs, rom qsovili, romlisganac diferencirdeba  
fexi da romelic pirvel dasawyisSi iyo analuri firfitis masala, “ima- 
xsovrebs” Tavis axal programas xangrZlivi drois manZilze. 
    ismis kiTxva: warmoiqmneba Tu ara transdeterminirebuli ujredebi 
gadanergil imaginalur diskSi, Tu es ujredebi migrirdebian masSi mas- 
pinZeli organizmidan? am kiTxvaze pasuxi SeiZleba miviRoT cdebiT ge- 
netikuri markerebis gamoyenebiT. aRniSnul cdaSi transpalntanti gan- 
sxvavdeba maspinZelis qsovilisagan genotipis mixedviT. magaliTad,  
qsovili_ebony- is kultivireba SeiZleba  arsebaSi  -yellow. maspinZlis yvela  
ujredis disks aqvs genotipi- yellow da diferencirdeba yviTel qitinovan  
struqturebad. meore mxriv, yvela gadanergili diskis ujredebs aqvs  
genotipi-ebony da diferencirdebian Sav struqturebad. translantanti  
yovelTvis diferencirdeba Savi feris struqturad imisda miuxedavad  
transdeterminirebulia Tu ara is. 
    ismis meore kiTxva: xom ar Seicavs genitaluri diskis fexi Canasaxis 
ujredebis raRac raodenobas, romelic vlindeba eqsperimentul piro- 
bebSi iZulebiTi proliferaciiT? am SesaZleblobis gamoricxva Zalian  
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Znelia amisaTvis aucilebelia erTeuli ujredebis kloni, romlebic ar- 
ian determinirebuli, magaliTad,analuri firfitis diferencirebisaTvis. 
Tu aseT klonebSi moxdeboda transdeterminacia, maSin es mosazreba uar- 
yofili iqneboda. miuxedavad imisa, rom ar yofila mwerebis erTeuli  
ujredebisagan kloni miRebuli. mkvlevarebma genetikuri meTodebis  
gamoyenebiT SeZles SeeswavlaT kloni romelic sawyiss iRebs erTi  
ujredidan. 
amasTanave, gamoyenebuli iqna somaturi krosingoveris iSviaTi SemTxveve- 
bi, romelic aRwerili iqna Tvalis ganviTarebis ujreduli Taobis  
ganxilvisas. matlebze, heterozigoturi geniT_yellow (sxeulis yviTeli  
feri) da singed (jagris anomaluri forma) imoqmedes rentgenis sxivebiT.  
somaturi krosingoveris SemTxvevaSi centromerasa da gen-markerebs 
Soris warmoiqmneba ori ujredi sxvadasxva genotipiT. erTi maTgani or- 
magi homozigotaa ori markirebuli geniT, xolo meore_ormagi homozigo- 
taa maTi veluri tipis alelis mixedviT. aseTi ujredebis amocnoba Sei- 
Zleba diferencirebis Semdeg jagrebis ferisa da formis mixedviT. ram- 
denadac somaturi krosingoveri iSviaTi movlenaa, is mimdinareobs cal- 
keul ujredebSi, romlebic ganawilebulia qsovilSi SemTxveviT. es iSvi- 
aTi movlena mutaciis Tanabari mniSvnelobisaa, amitomac, is gadaecema im 
ujreduli TaobiT, romelSidac is warmoiSva. moniSnuli klonisagan  
amgvarad viTardeba rogorc normaluri, aseve transdeterminirebuli  
struqturebi. maSasadame, transdeterminacia ar SeiZleba iyos raRac  
saidumlo ujredis gamorCevis Sedegi, romelic sxva programas atarebs,  
aramed unda iyos programis cvlilebis Sedegi.   
    mesame kiTxva: xom ar aris ganpirobebuli transdeterminacia somatu- 
ri mutaciiT? erTi SexedviT es warmodgena Seesabameba sinamdviles,  
gansakuTrebiT maSin, Tu mxedvelobaSi miviRebT bithorax-is serias.  
transdeterminacia, romlis Sedegad frTebis nacvlad viTardeba  
sabzuala, iqneba b genis moqmedebis TanbarmniSvnelovani bithorax-is  
seriaSi. marTlac, Znelia somaturi mutaciis, rogorc transdetermi-  
naciis SesaZlo mizezis gamoricxva, magram unda gvaxsovdes, rom  
proliferirebuli diskis kulturaSi somaturi mutaciis sixSire ar  
yofila gansazRvruli. damajerebel mtkicebas warmoadgens is faqti, rom  
transdeterminaciis sixSire da misi mimarTuleba raRac xarisxiT  
winaswardagegmilia. magaliTad, mkerdi ufro xSirad warmoiqmneba frTis  
diskisagan, vidre Tvali analuri firfitisagan. maSasadame, ucnobia  
transdetreminaciis meqanizmi, erTa- derTi cnobili winaswari  
Setyobineba es aris ujreduli proliferacia. bithorax-is seriaTa  
gamokvlevebis safuZvelze gamoTqmuli iqna mosazreba raRac  
nivTierebaTa makontrolebeli genebis arsebobaze, romlebic xels  
uSlian veluri tipis diskebis sxva mimarTulebiT ganviTarebas.  
SesaZlebelia, gaZlierebuli proliferaciis procesSi Semcirdes raRac  
nivTierebis koncentracia, ris Sedegadac depresirdeba faruli morfo-  
genetikuri potenciali. 
   regeneracia da genTa aqtivobis programireba normaluri ganviTarebis 
procesSi ujreduli diferencireba ganpirobebulia genTa Tanmimdevru- 
li aqtivaciiTa da represiiT. amjerad CvenTvis ar aris mTavari imis  
garkveva, xorcieldeba Tu ara es efeqti genTa amplifikaciis,  
transkripciis Tu translaciis doneze. Cven ganvixilavT, aris Tu ara am  
movlenaTa Tanmimdevroba Seuqcevadi, daprogramebuli SemTxveva yoveli  
tipis ujredisaTvis. wina TavSi aRwerili iyo determinaciis dakargvis  
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SemTxveva, romelic ganpirobebulia imaginalur diskoebSi ujredTa  
swrafi proliferaciiT garda amisa, transdeterminirebulma ujredebma  
SeiZines axali programa. aris Tu ara SesaZlebeli aseTi cvlileba mas  
Semdeg, roca ujredi miaRwevs diferencirebul mdgomareobas? 
   genTa aqtivobis meoradi programirebis saukeTeso magaliTs warmoad- 
gens diferencirebuli organizmis nawilebis regeneracia. amisaTvis saWi- 
roa gaviTvaliswinoT sami sakiTxi: 1.kargaven Tu ara ujredebi diferen- 
cirebul mdgomareobas manam, sanam micems sawyiss regenerirebul qso- 
vils? 2. aris Tu ara aucilebeli piroba ujreduli dayofa regeneracia- 
Si monawileobisaTvis? 3. SeuZliaT Tu ara ujredebs regeneraciis pro- 
cesSi sawyisi miscen axali tipis ujredebs (metaplazia) Tu ujredebi 
yovelTvis warmoqmnian Tavisive msgavss? 
   aRniSnuli sakiTxebi ganvixiloT konkretul magaliTebze: 
   amfibiebis kiduris regeneracia Tu movaxdenT zrdasruli tritonis 
kiduris amputacias, Wrilobis zedapiri male daifareba epidermisiT. 
ramdenime xnis Semdeg warmoiqmneba regeneraciuli blastema, magram ara 
rogorc amputirebuli kiduris gamonazardi, aramed rogorc kiduris ku- 
ltis reorganizaciis Sedegi, romelic ikavebs mniSvnelovan farTobs 
amputaciis adgilis axlos. adre Tvlidnen, rom regeneraciuli  
blastemis warmoqmna ganpirobebulia “samarago embrionuli ujredebiT”  
anu fibroblastebiT. es aSkarad ar aris ase, sinamdvileSi kultis  
ujredebi kargaven diferencirebul mdgomareobas, asinTezeben axal dnm   
as da iyofian. eleqtronul mikroskopulma gamokvlevebma gviCvena, rom  
kultis kunTovani ujredebi TandaTanobiT kargaven miofibrilebs.  
moniSnuli tritium_Timidinis da radioavtografiis meSveobiT naCvenebi  
iqna, rom am ujredTa birTvSi iwyeba dnm-as sinTezi, swored es ujredebi  
Seadgenen regenerirebuli blastemis masas. tritonis matlebis kiduris  
amputaciis Semdeg xrtilovani ujredebi kargaven maTTvis  
damaxasiaTebel garegnul iers, xolo Semdeg ganicdian proliferacias.  
am ujredebisagan SemdgomSi warmoiqmneba blastemis ZiriTadi nawili.  
blastemis ujredebis regeneraciis Semdgom etapze xdeba diferencireba  
kunTovani, xrtilovani da SemaerTebelqsovilovani ujredebis regene  
rirebuli daboloebisa. epidermisi, sisxlZarRvebi da nervebi  
warmoiqmneba ara blastemis ujredebisagan, aramed kultSi darCenili  
dauzianebeli qsovilisagan. am SemTxvevaSi cxadia, rom zogierTi  
momwifebuli ujredi marTlac kargavs diferencirebul mdgomareobas  
manam, sanam miscemen sawyiss regenerirebul qsovils da gaZlierebulad  
iyofian. ar aris miRebuli pirdapiri mtkiceba metaplaziis arsebobisa.  
regenerirebuli organos yoveli tipis ujredi SeiZleba warmoiqmnas  
mxolod imave tipis arsebuli ujredisagan. 
     amfibiebis Tvalis brolis regeneracia zrdasruli aqsolotlis 
Tvalidan brolis amoclisas ramdenime dRis Semdeg SeiZleba SevamCnioT 
feradi garsis dorsaluri mxaris ujredebis cvlileba. birTvi xdeba 
mrgvali da daaxloebiT 5 dRis Semdeg masSi iwyeba dnm-as sinTezi. fera- 
di garsis or fenas Soris warmoiqmneba Suqi da ujredebi iwyeben depig- 
mentirebas. am stadiaze, brolis amoclidan daaxloebiT 10 dRis Semdeg 
mimdinareobs dnm-as sinTezi da ujreduli proliferacia. feradi garsis 
ventraluri fena xdeba mravalSriani da 3 kviris Semdeg warmoqmnis qso- 
vilTa grovebs, romelSic diferencirdeba brolis boWko. dnm-as sinTe- 

zis done ecema, sinTezirdeba  α_ β _ da y  kristalinebi. maSasadame, 
brolis regeneraciis procesSi feradi garsis diferencirebuli ujre- 
debi gardaiqmnebian brolis ujredebad. aseTi gardaqmna rom moxdes fe- 
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radi garsis ujredebi unda asinTezirebdes dnm-as. am SemTxvevaSi regene-
racia dakavSirebulia diferencirebuli mdgomareobis dakargvasTan (de- 
pigmentacia) da proliferaciasTan. garda amisa, brolis regeneraciis 
procesSi xdeba metaplazia, ramdenadac normaluri broli warmoiqmneba 
epidermisisagan. regenerirebuli brolis warmoqmna xdeba feradi garsi-
sagan romelsac aqvs neitraluri warmoSoba. 
     ZuZumwovarTa RviZlis regeneracia ZuZumwovarTa RviZlis nawilis 
amoclisas darCenil nawilSi xdeba swrafi ujreduli proliferacia. 
dayofadi ujredebi asinTezeben dnm-as, rnm-as da RviZlis fermentebs. 
ultrastruqturul doneze diferencirebis niSnebi ar SeimCneva, mxolod 
arsebobs monacemebi imis Sesaxeb, rom regenerirebul ujredSi genTa 
aqtivobis droebiTi Tanmimdevrobis programa icvleba. es monacemebi 
miRebuli iqna nukleinis mJavebis hibridizaciis cdebSi. cxovelebs 
regenerirebuli RviZliT aZlevdnen niSandebuli rnm-as winamorbeds da 
regeneraciis Semdgom stadiebze kvlavwarmoqmnil rnm-as aanalizebdnen 
molekuluri hibridizaciis meTodiT. konkretuli hibridizaciis cdebSi 
gamoyenebuli iyo mouniSnavi rnm imave an regeneraciis sxva stadiidan. 
cdam gviCvena, rom regenerirebuli organos ujredebi gadian mTel rig 
stadiebs da TiToeulze sinTezirdeba rnm-as sxvadasxva nakrebi, bolo 
stadiaze sinTezirdeba zrdasruli organizmis RviZlisaTvis 
damaxasiaTebeli rnm. rnm-as sinTezis analogiuri Tanmimdevroba SeimCneva 
RviZlis embrionuli ganviTarebisas. cxadia, rom RviZlis regeneracia 
xorcieldeba zogierTi genis moqmedebis UuSualo daprogramebuli 
TanmimdevrobiT, romelic hgavs RviZlis normaluri ganviTarebis 
process. RviZlis regeneraciisaTvis aucilebelia ujredTa gaZlierebu- 
li proliferacia, magram TiTqmis araa saWiro  diferencirebis dakargva, 
rogorc mosalodneli iyo metaplaziis dros. 
     hidras ujredebis diferencirebuli mdgomareobis labiluroba  
hidra ubralo nawlavRruiani cxovelia, romelic mosaxerxebelia 
embriologiuri kvlevisaTvis, kerZod imitom, rom is Seicavs 10 
sxvadasxva tipis ujreds. hidrasaTvis advilia calkeuli ujredis 
mdgomareobis garkveva regeneraciis procesSi, vidre sxva organizme- 
bisaTvis, sadac regeneraciaSi 100-mde ujredi monawileobs. hidras 
zogierTi ujredi totipotenturia, rac niSnavs, rom maT SeuZliaT 
miscen sawyisi momwifebuli organizmis yvela tipis ujredebs. hidras 
diferencirebul ujredebs izolaciis SemTxvevaSic ki SeuZliaT 
normaluri zrdasruli arsebis regenerireba. 
    gastroderma Sedgeba ori tipis ujredebisagan: sakvebgadamamuSavebe- 
li da jirkvlovani. Tu movaxdenT am ori tipis ujredebis kultivirebas 
Sesabamis areSi, maTgan SeiZleba warmoiSvas mTliani hidra. am SemTxveva- 
Si ueWvelad xdeba metaplazia. eleqtronuli mikroskopiT orive tipis 
ujredTa ganviTarebis gamokvleviT dadginda, rom jirkvlovani ujredebi 
kargaven endoplazmur bades da saaSkaraoze gamoaqvT cximovani 
CanarTebi. es is struqturebia, romlebic axasiaTebs jirkvlovani 
ujredebis diferencirebul mdgomareobas. aseTi diferencireba xdeba 
ujreduli dayofis gareSe. Semdeg ujredebi iyofian da misi STamoma- 
vloba diferencirdeba tipur knidoblastebad da nematocistebad 
_maRalspecializebul ujredebad, romlebic sruliad ar gvanan TavianT 
mSoblebs_jirkvlovan ujredebs. 
    Tu movaxdenT sakvebgadamamuSavebeli ujredebis izolirebas, maSin 
simbiozuri wyalmcenareebi, romlebic am ujredebSi imyofebian, iSleba. 
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Semdeg formirebas iwyebs kunTovani boWkoebi da Cndeba lorwovani 
garsi, romelic axasiaTebs epidermul ujreds. es axali ujredebi 
mogvagoneben normalur epidermul ujredebs. sakvebgadamamuSavebeli 
ujredebis gardaqmna epidermul ujredebad SeiZleba ganxorcieldes 
ujreduli dayofis gareSe. savsebiT cxadia, rom metaplazias adgili 
aqvs orive tipis ujredebSi, magram maTSi mimdinare procesebi erTnairi 
ar aris. jirkvlovani ujredebis dediferencireba da maTi gardaqmna 
intersticialur ujredebad ujreduli dayofis Sedegad iwvevs, sruliad 
sxva tipis ujredTa warmoqmnas. sakvebgadamamuSavebeli ujredebis 
epidermul ujredebad gardaqmnas ar Wirdeba ujreduli dayofa. es 
erTaderTi magaliTia pirdapiri metaplaziisa mravalujredian 
organizmebSi, romelic mimdinareobs ujreduli dayofis gareSe. 
   ujredebis letaluri diferencireba diferencirebis erT-erTi sainte- 
reso tipi dakavSirebulia ujredis sikvdilTan diferencirebis bolo 
stadiaze. aseTi ujredebis sikvdili daprogramebulia da damaxasiaTe- 
belia normaluri ujredebisaTvis. ujredebis sikvdili mimdinareobs or- 
ganizmis mraval nawilSi da CanasaxSi. igi aris ZiriTadi maxasiaTebeli 
mravali organos normaluri morfogenezisa. imisaTvis, rom moxdes orga- 
noTa nawilebis SeerTeba an dacileba, aucilebelia gansazRvrul adgi- 
lebSi ujredebis daSla da sikvdili. magaliTad, ujredebis sikvdili 
aucilebelia xelebze da fexebze TiTebis dacilebisaTvis, tuCebis 
RrZilebisagan dacilebisaTvis. Tu ujredebis sikvdili ar xdeba  
programis Sesabamisad, maSin warmoiqmneba Tandayolili defeqtebi. erT-
erTi aseTi defeqtia sindaqtilia, meore adamianSi patara kudis 
SenarCuneba.  
    Canasaxis sxva nawilebSi ujredebis gadarCenam, romelic normaluri 
ganviTarebis dros unda daiRupos, SeiZleba gamoiwvios embrionuli 
simsivnis warmoqmna. magaliTad, meduloblastoma, romelic ZuZumwovrebs 
warmoeqmnebaT swrafad mzardi naTxemis gareTa marcvlovani fenisagan, 
raRac saxiT SeiZleba warmoadgendnen gadarCenil embrionalur 
ujredebs, romlebic unda daRupuliyo. amis msgavsad viTardeba 
embrionuli warmoSobis sxva simsivneebi: neiroblastoma, retinoblas- 
toma, nefroblastoma, hematoblastoma da embrionuli sarkomebi. es 
simsivneebi Sedgeba defeqturi ujredebisagan, romlebic warmoiSva im 
embrionuli ujredebisagan, romlebmac ganicades gardaqmnebi an im 
ujredebisagan, romlebic gadarCnen miuxedavad imisa, romMmaTi sikvdili 
gaTvaliswinebuli iyo programiT. 
    ujredis sikvdilis rolis Sesaxeb normaluri ganviTarebis proces- 
Si, saxasiaTo magaliTad SeiZleba gamoviyenoT metamorfozis dros mat- 
lis organoebis regresia. matlis kudis ujredebi an bayayis Tavkombalas 
ujredebi iRupebian matlis zrdasrul arsebad gardaqmnis Sedegad. ram- 
denadac ganviTarebadi Canasaxis yvela ujrds msgavsi genotipi aqvT, 
amdenad, ujredTa erTi nawilis regresia da meoris SenarCuneba ganisaz- 
Rvreba maTi diferencirebis xarisxiT. magaliTisaTvis SeiZleba moviyva- 
noT miuleris arxis ujredTa regresia mdedris sqesobrivi ganviTare- 
bis procesSi. ZuZumwovrebis Canasaxs aqvs orive sqesis sasqeso jirkvlis  
Canasaxi. genotipis Sesabamisad, erT-erTi sasqeso jirkvlis Canasaxi iTr- 
guneba hormonuli stimulaciis Sedegad. TiroqsiniT gamowveul procesSi 
bayayis Tavkombalas metamorfozis dros ujredTa erTi nawili iRupeba, 
meore ki mravldeba. maSasadame, ujredis reaqcia mniSvnelovan wilad 
ganisazRvreba misi diferencirebis doniT. 
    zrdasrul organizmSi ujredTa diferencirebam SeiZleba agreTve ga- 
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moiwvios misi sikvdili. am organizmebis Zvlis tvinis eriTroblasti ga- 
dis ganviTarebis rig stadiebs, romelic iwveves birTvis daRupvas, ris 
gamoc isic maleve iRupeba. asvea zustad xerxemlianebSi, maT epidermisis 
diferencirebis procesSi uviTardebaT Zlier keratinizeburi ujredebi, 
romlebic sabolood iRupebian. mravali sekretoruli ujredi iRupeba 
maTi sekretis gamoyofisas. ujredTa diferencirebis yvela es norma- 
luri tipi mTavrdeba maTi sikvdiliT. diferencirebis msgavsi tipebi Sei- 
Zleba gamoviwvioT eqsperimentulad. magaliTad, Canasaxis kiduris 
amocla iwvevs centraluri nervuli sistemis mravali ujredis daRupvas, 
romlebic normaluri ganviTarebis dros ganapirobeben am kiduris 
nervacias. amgvarad, am nervuli ujredebis gadarCenisaTvis aucilebelia 
specifikuri funqcionaluri kavSiri im ujredebTan, romlebic iwveven 
nervirebas. SeiZleba vifiqroT, rom es funqciuri kavSiri ganapirobebs 
nervuli ujredebis diferencirebis procesis mdgrad wonasworobas. 
roca irRveva es wonasworoba, nervuli ujredebi iwyeben cvlilebebs da 
diferencirebas, romelic maT daRupvamde miiyvans. 
   rogorc yvela sxva procesi, aseve ujreduli diferencirebis etape- 
bi, romlebic iwveven ujredis sikvdils, imyofeba genebis kontrolis 
qveS da SeiZleba Secvalos mutaciis Sedegad. magaliTad, sindaqtilia 
adamianebSi ganpirobebulia mutaciiT, ris Sedegadac TiTebs Soris 
moTavsebuli ujredebi gadarCebian, Tumca normaluri genotipis dros es 
ujredebi unda daRupuliyo. SeiZleba moviyvanoT mravali magaliTi 
iseTi mutaciisa, romlebic ganviTarebis gansazRvrul stadiaze da 
gansazRvrul ubanze iwveven ujredebis sikvdils, maSin, roca aseT 
pirobebSi SenarCundebodnen ujredebi normaluri genotipiT. magaliTad, 
adamianebs kariotipiT_X0  da   XXY, sxeulis umravles organoSi 
uviTardeba normaluri ujredebi, magram sasqeso jirkvlebSi ar 
warmoeqmnebaT sicocxlisunariani sasqeso ujredebi. ganviTarebadi 
sasqeso ujredebi iRupebian diferencirebis stadiaze maSin, roca 
sxeulis sxva ujredebi viTardebian normalurad. adamianebs genotipiT_ 

XXY  sasqeso ujredebi eRupebaT adreuli bavSvobis an sqesobrivi 
momwifebis sawyis periodSi. pirveladi sasqeso ujredebi aseTi 
defeqturi kariotipiT uunaroni arian diferencirebis damTavrebisaTvis, 
Tumca adreul stadiaze isini gadian diferencirebas. kariotipis ufro 
seriozul darRvevas warmoadgens me-2 qromosomis trisomia, romlis 
drosac ujredebi monawileoben garegnulad normaluri placentisa da 
Canasaxis ramdenime garsis warmoqmnaSi, magram maT ar SeuZliaT Canasaxis 
sxeulis warmoqmna. 
    cnobilia aseve calkeuli genebis cvlilebebi, romlebic akontro- 
leben ujredis sikvdils. magaliTisaTvis SeiZleba moviyvanoT mutacia_ 
tailless  TagvebSi. aseT Tagvebs ganviTarebis me-11 dRes kudis proqsimalur 
nawilSi warmoeqmneba naWdevi, Semdeg diferencirdeba kudis distaluri 
nawili da ibadebian Tagvebi mokle kudiT.  
    geni, romelic iwvevs TagvebSi baduris degeneracias, moqmedebs speci- 
fikur diferencirebul ujredebSi_baduras CxirebSi. es ujredbi iwyeben 
diferencirebas, magram diferencirebis damTavrebamde misi distaluri 
nawili wyvets ganviTarebas da maTSi iwyeba degeneraciuli cvlilebebi. 
unda aRiniSnos, rom es ujredebi normalurad viTardebian mTeli embri- 
ogenezis periodSi da dabadebidan pirveli 14 dRis manZilze. rogorc 
Cans, es geni ar moqmedebs sxva tipis ujredebze. cnobilia 6 geni, romle- 
bic iwveven labirinTis ujredebis degeneracias (valsis mocekvave Tagve- 



 34 

bis sindromi). axaldabadebuli Tagvebis labirinTs aqvs normaluri age- 
buleba, magram daaxloebiT 12 dRis Semdeg, roca mTavrdeba histologiu- 
ri diferencireba, vlindeba anomaliebi. am dros degenerirdeba spiralu- 
ri gangliebi da masTan dakavSirebuli sxva qsovilebi. degeneraciis 
xasiaTi icvleba imis mixedviT, Tu romeli geni mutirdeba. ujredTa 
sikvdilianobis es memkvidruli tipi axdens im saerTo principis 
ilustrirebas, romlis Tanaxmadac yovel mocemul momentSi CaerTveba 
ujredis genomis mxolod nawili. Tuki es nawili ar Seicavs mavne 
mutantur gens, maSin ujredi gadarCeba da agrZelebs normalur diferen- 
cirebas. YTu ujredis diferencirebis romeliRac stadiaze aqtiurdeba 
mutanturi geni, maSin vlindeba mutaciis efeqti. Tu am genis normaluri 
aleli aucilebelia ujredis gadarCenisaTvis, maSin ujredi aqtiuri 
mutanturi geniT degenerirdeba da iRupeba. saintersoa is faqti, rom 
aseTi ujredi ubralod ki ar wyvets ganviTarebas, aramed, rogorc Cans, 
aseTi diferencirebuli ujredebis saerTo metaboluri organizacia 
aRwevs iseT mdgomareobas, romlis drosac mutanturi genis normaluri 
funqcionireba aucilebelia gadarCenisaTvis da ara diferencirebis 
Semdgom etapze gadasvlisaTvis. 
 
 

                              Tavi IV. 
                      

         genis diferencirebuli aqtivoba_rnm-s sinTezi 
 
   genis moqmedebis produqtTa ricxvi Zlier cvalebadobs, rogorc 
sxvadasxva tipis ujredebSi, ise erTi da imave tipis ujredebSi 
diferencirebis bolo etapze. maSasadame, arsebobs damokidebuleba genis 
aqtivobis diferencirebuli gamovlenis stadiasa da organizmSi ujredis 
mdebareobas Soris gansazRvruli tipis ujredSi genuri produqtebis 
nakrebi gansazRvravs am ujredis diferencirebul mdgomareobas. 
magaliTad, eriTrociti xasiaTdeba hemoglobinis SemcvelobiT. TviT 
hemoglobinis sinTezisaTvis aucilebelia polipeptidur jaWvSi 
dediseuli rnm-as translacia, romelic Seadgens hemoglobinis 
molekulas. Tavis mxriv, es matriculi rnm Sejerebulia hemoglobinis 
genis struqturul lokusebTan. aqedan cxadia, rom eriTrocitebSi 
hemoglobinis molekulis gamoCena niSnavs genetikuri informaciis 
arsebobas, romelic hemoglobinis matriculi rnm-as sinTezisaTvis. 
martivi iqneboda es movlena agveRniSna erTi terminiT “genis moqmedeba”. 
imisaTvis, rom srulyofilad gavigoT hemoglobinis sinTezi, rogorc 
ujreduli diferencirebis gamovlena, aucilebelia Tanmimdevruli 
biosinTezuri procesebis jaWvSi yvela etapis Seswavla. kerZod, Seswav- 
lili iqnes transkripcia, romelic ganapirobebs hemoglobinis matricu- 
li rnm-as warmoqmnas. translacia, romelsac globinuri poliploidebi 
mihyavs sinTezamde da axdens maT dakavSirebebs hemTan, ris safuZvelzec 
warmoiSoba hemoglobinis sruli molekula. am bolo etaps SeiZleba 
ewodos epigenetikuri, radganac is ar ganisazRvreba im uSualo informa- 
ciiT, romelsac Seicavs dnm. swored am etapze transkripcia, translacia 
da epigenetikuri modifikacia moqmedeben is regulatoruli meqanizmebi, 
romlebic gansazRvraven, iqneba Tu ara mocemuli ujredi hemoglobinis 
Semcveli da eriTrocitebis ZiriTadi Tvisebis matarebeli. 
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    genis pirveladi moqmedebis Sesaswavlad mosaxerxebeli da martivia 
sistema, romliTac SesaZlebeli iqneboda matriculi rnm-as sinTezis da 
misi makodirebeli cilis (rogorc dnm-aze damokidebuli reaqciis) gansa- 
zRvra. aseTi sistema saSualebas mogvcemda im specifikuri regulatoru- 
li meqanizmebis identificirebisaTvis, romlebic ageben pasuxs diferen- 
cirebul transkripciasa da translaciaze. 
    
  ubirTvo mutant_Xenopus Laevis  genomis dazianeba da misi Sedegebi  
                   ganviTarebis procesSi 
 
   afrikuli bayayi Xenopus Laevis  dReisaTvis farTod gamoiyeneba mode- 
luri obieqtis saxiT mravali biologiuri kvlevis procesSi. 1958wels 
oqsfordis universitetis mkvlevarTa jgufma aRmoaCina Xenopus-is mu- 
tanti, romlis diploiduri ujredebi erTis nacvlad Seicavdnen or 
birTvs. genetikuri nomenklaturis Sesabamisad aseT cxovelebs aRniSna- 
ven 1-nu. meore birTvakis ararseboba xels ar uSlis cxovelis normalu- 
r ganviTarebas. amitomac, SesaZlebeli AaRmoCnda ori_sqesobrivad 
momwifebuli mutanturi arsebis Sejvareba (1-nu X 1-nu).aseTi mSoblebis 
TaobaSi miRebuli iqna sami tipis Canasaxi: homozigoturi veluri tipis 
(2-nu), heterozigoturi (1-nu) da homozigoturi mutanturi (0-nu).daTiSva, 
Sesabamisad, 1:2:1. ubirTvo arsebebi aRweven mxolod adreuli matlis 
stadiamde. 
   bioqimiuri darRvevebi roca letaluri Canasaxebi Seswavlili iqna 
cito- da bioqimiuri meTodebis meSveobT, aRmoCnda rom isini ufro mcire 
raodenobiT Seicaven rnm-as, vidre normaluri Canasaxebi. bolo periodSi 
zusti bioqimiuri meTodebiT dadginda, rom es gansxvaveba dakavSirebu- 
lia ribosomuli rnm-as ukmarobiT. es Sedegebi miRebuli iqna im kvleve- 
biT, romelic Catarebuli iqna imisaTvis, rom daedginaT, romeli tipis 
rnm sinTezirdeba homozigotur mutantebSi da veluri tipis normalur 
CanasaxSi. Catarebul cdebSi erTmaneTs ajvarebdnen or heterozigotur 
arsebas (1-nu), maTgan miRebuli kvercxi viTardeboda neirulis stadiamde, 
Semdeg axdendnen mis kultivirebas radiaqtiuri naxSirorJangis areSi 
20 sT-is ganmavlobaSi, xolo Semdeg kvlav gadahqondaT Cveulebriv 
areSi, sadac isini viTardebodnen kidev ori dRis manZilze. amis Semdeg 
erTmaneTs Sordebodnen sxvadasxva genotipis Canasaxebs. normaluri da 
mutanturi Canasaxebidan gamoyofdnen rnm-as, wmendnen da acentrifugireb- 
dnen saqarozis koncentraciis gradientiT. am meTodis saSualebiT rnm-as 
molekulas iRebdnen zomebis Sesabamisad. xerxemliani cxovelebis tipu- 
ri ujredebidan miRebuli iqna 3 tipis rnm, romlebic mkveTrad gansxva- 
vdebodnen molekulis zomiT. maTi sedimentaciis koeficienti Seadgenda 
_4 S, 18 S, da 28 S. samive tipis rnm vlindeba rogorc mutantur, aseve, 
normalur CanasaxSi. mxolod, ucnobia es molekulebi CanasaxSi 
sinTezirdnen Tu isini iyvnen kvercxSi ganayofierebamde. ramdenadac 
Canasaxebi viTardebodnen radiaqtiuri naxSirorJangis areSi, es sakiTxi 
SeiZleba garkveuli iqnes fraqciaTa radiaqtiurobis gazomviT. cxadia, 
rom yvela radiaqtiuri molekulebi sinTezirda mxolod CanasaxSi. rac 
naTlad mosCansa me-2 naxazze. normalur CanasaxSi sinTezirda rnm-as 
samive tipis mniSvnelovani raodenoba, xolo mutantur CanasaxebSi 18 S da 
28 S rnm-as sinTezi praqtikulad ar xorcieldeba, maTSi mxolod 
sinTezirda 4 S rnm-as garkveuli raodenoba. (nax.1) 
     ribosomuri rnm-as genebi zemoT aRniSnuli Sedegebi gviCvenebs, rom 
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mutantur CanasaxebSi ar arsebobs genetikuri informacia, romelic auci- 
lobelia 28 S da 18 S rnm-as sinTezisaTvis, an ar vlindeba ganviTarebis 
adreul stadiaze. Semdegma gamokvlevebma cxadyves, rom mutantebSi mar- 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

nax. 1. rnm-is sinTezi qsenofusis normalur (n) da mutantur (A) CanaxebSi.  

 
Tlac ar aris ribosomuri rnm-as genebi. 
    genTa transkripciis procesSi dnm-as erTi jaWvis nukleotiduri Tan- 
mimdevroba komplementarobis principiT kopirdeba rnm-as jaWvis saxiT. 
ramdenime wlis win SemCneuli iqna, rom gansazRvrul eqsperimentul 
pirobebSi rnm-as jaWvi SeiZleba SeuerTdes dnm-as jaWvis komplementa- 
rul ubnebs, ris Sedegadac miiReba hibriduli molekula, romelic 
Sedgeba dnm-as erTi da rnm-as erTi jaWvisagan. am movlenas uwodes 
molekuluri hibridizacia, romelmac Semdgom farTo gamoyeneba pova 
ganviTarebis biologiaSi, kerZod, ribosomuri rnm-as sinTezis Sesas- 
wavlad Xenopus-is normalur da mutantur CanasaxebSi. es meTodi gamo- 
yenebuli iqna imisaTvis, rom aexsnaT mutantur arsebebSi ribosomuri 
rnm-as genebis arseboba. 
    veluri tipis arsebidan gamoyofil normalur orjaWvian dnm-as yof- 
dnen calkeul jaWvebad, aTavsebdnen nitrocelulozovan membranul fi- 
ltrze da axdendnen inkubacias gasufTavebuli 28 S an 18 S rnm-iT, rome- 
lic aseve miRebuli iyo veluri tipis Xenopus-is arsebidan. rogorc mo- 
salodneli iyo, rnm-as molekulebi SeuerTdnen Sesabamis dnm-as da 
warmoiqmna orjaWviani hibriduli molekulebi. Semdeg acilebdnen maT 
darCenil Tavisufal rnm-as da atarebdnen siTxeSi nitrocelulozovan 
membranul filtrze. es filtri akavebs hibridul dnm-rnm-as moleku- 
lebs, magram atarebs Tavisufal erTjaWvian rnm-as. filtris garecxvis 
Semdeg misi radiaqtiurobis gazomviT SeiZleba dadgenili iqnes 
hibridizaciis xarisxi. roca aseTi cdisas iyenebdnen dnm-s, romelic 
gamoyofili iyo ubirTvako mutantidan (0-nu), maSin ar warmoiSoboda 
hibriduli molekulebi, rac miuTiTebda komplementarul 28 S-sa da 18 S 
rnm-Si dnm-as Tanmimdevrobis ararsebobaze. garda amisa 18 S da 28 S rnm 
hibridizirdeba normalur dnm-Tan erTmaneTisagan damoukideblad. 18 S 

rnm-as arseboba molekuluri hibridizaciis reaqciis dros ar moqmedebs 
28 S rnm-as hibridizaciaze da piriqiT. es savsebiT bunebrivia, radgan 28 
S da 18 S rnm gansxvavdebian nukleotiduri SemadgenlobiT  28 S Seicavs 
ufro met guanilisa da citidilis mJavas (g+c), vidre meore (nax.2) 
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    dReisaTvis cnobilia qromosomaSi ori genis lokalizacia, romle- 
bic akodireben 28 S da 18 S rnm-as. mas Semdeg, rac aRmoCenili iqna ubir- 
Tvako mutacia, SeniSnes, rom mutanturi arsebebis qromosomebSi ar aris 
meoreuli Wimi, romelic SeimCneva normaluri kariotipis mqone arsebaTa 
qromosomebSi. mraval organizmebSi naCvenebi iqna, rom qromosomTa meo- 
 
 
 
 
 
 
 
 
 
 
nax. 2. ribosomur rnm-aze kodirebuli dnm normalur (2-nu), 
heterozigotur (1-nu) da mutantur (0-nu) CanasaxebSi.  
 
 
reuli Wimis midamo aris birTvakis warmoSobis adgili. Cveulebriv, dip- 
loidur genomebSi qromosomTa meoreuli Wimis ricxvi Seesabameba uj- 
redSi birTvakis raodenobas. birTvakSi arsebuli rnm-as analizi gviCve- 
nebs, rom misi nukleotiduri Sedgeniloba mogvagonebs ribosomuri rnm- 
as Sedgenilobas. am dakvirvebiT dadginda, rom birTvakSi grovdeba ribo- 
somuri rnm. molekuluri hibridizaciis imave meTodiT dadgenili iqna, 
rom Xenopus  Canasaxis veluri tipi Seicavs orjer met ribosomur rnm-as, 
vidre heterozigoturi (1-nu) . ra Tqma unda mutanturi Canasaxebi (0-nu) 

saerTod ar Seicaven ribosomul dnm-s. 
    
  ganviTarebis procesSi ribosomuri rnm-as diferencirebuli sinTezi 
         ganxiluli cdebis SejamebiT SeiZleba iTqvas, rom dnm, 
romelSic kodirebulia 28 S da 18 S rnm, Sedgeba struqturuli 
genebisagan. maTi transkripciis produqts warmoadgens rnm-as 
metabolurad mdgradi molekula, romelic ribosomis arsebiTi 
komponentia. amgvarad, rnm-as am ori tipis molekulis sinTezis siCqaris 
gansazRvra iZleva saSualebas, Seswavlili iqnes genis aqtivoba 
cxovelTa ganviTarebis procesSi. 
      ismis kiTxva: aqtiuria Tu ara es ori geni ganviTarebis yvela eta- 
pze? da ribosomuri rnm-as sinTezis procesSi arsebobs Tu ara genebis 
“dumilis” periodi? am kiTxvebze pasuxi miRebuli iqna cdebiT ganviTare- 
bis xvadasxva stadiaze radiaqtiuri winamorbedis SeyvaniT da riboso- 
mur rnm-aSi misi CarTvis siCqaris gazomviT. ganvixiloT amfibiis ganviTa- 
rebis stadiebi. bayayis momwifebuli oociti warmoiqmneba oogenezis pro- 
cesSi, romelic grZeldeba ramdenime Tves. am periodis manZilze yoveli 
oociti izrdeba da ar iyofa. rodesac aRwevs simwifes da ivseba kverc- 
xis guli, oociti gadadis mosvenebis stadiaSi. birTvi am dros imyofe- 
ba profazaSi. oogenezis bolo etapze hormonuli stimulirebiT xdeba 
kvercxis gamoTavisufleba sakvercxidan da dgeba pirveli meiozuri 
dayofis dasasruli. I da II meiozuri dayofa erTad iwvevs pirveladi 
oocitis (4 n) tetraploiduri qromosomuri nakrebis reduqcias momwife- 
buli gametis (1 n)  haploidur nakrebamde. 
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      ganviTarebis sxvadasxva etapze ribosomuri rnm-as sinTezis Sesas- 
wavlad Xenopus-is sqesmwife dedlis dorsalur tomaraSi SehyavdaT rnm-
as radiaqtiuri winamorbedi. aseT dedalSi oociti imyofeba momwifebis 
sxvadasxva stadiaze. kvercxi, romlis ovulacia gamowveuli iqna niSan- 
debuli atomebis Seyvanidan ramdenime saaTis Semdeg, radiaqtiuri 
winamorbedis zegavlena ganicada ganviTarebis gvian stadiaze. ovulacia 
gamowveuli Tu iqneba ramdenime xnis Semdeg isev, maSin kvercxi niSande- 
buli atomebis zegavlenas ganicdis momwifebis ufro adreul stadiaze. 
igive Sedegs miviRebT maSinac, Tu dedalSi SeviyvanT niSandebul atoms, 
xolo Semdeg amovacliT oocits ganviTarebis sxvadasxva stdiaze. 
SeiZleba agreTve gavzomoT ribosomuri rnm-as radiaqtiuroba, romelic 
sinTezirdeba kvercxis momwifebis sxvadasxva etapze.  
     amrigad, me-6 naxazidan Cans, rom ribosomuri rnm swrafad sinTe- 
zirdeba moumwifebel oocitSi, magram rogorc Cans, ar sinTezirdeba 
ovulirebul gaunayofierebel kvercxSi. meiozuri dayofis procesSi ar 
SeimCneva ribosomuri rnm-as sinTezi. ganayofierebisTanave ribosomuri 
rnm-as sinTezi an ar mimdinareobs an sinTezirdeba umniSvnelod, xela- 
xla iwyeba misi sinTezi gastrulaciis procesSi. Tumca, SesaZlebelia, 
gastrulaciamde ribosomuri rnm-as sinTezi xdeboda Zalian nela, ise, 
rom misi SemCneva SeuZlebeli iyo. mkvlevarTa umravlesobis azriT 
ribosomuri rnm-as genebi diferencirebul aqtivobas avlenen ganviTare- 
bis sxvadasxva stadiaze. 
 
         ribosomuri rnm-as sinTezis kontroli 
  ismis kiTxva: riT aris ganpirobebuli is, rom ribosomuri rnm-as gene- 
bi avlenen diferencirebul aqtivobas ganviTarebis sxvadasxva etapze. 
miRebuli faqtebis mixedviT es SeiZleba aixsnas ori gansxvavebuli 
hipoTeziT. erTi hipoTezis Tanaxmad ribosomuri rnm-as yoveli geni 
aproducirebs ribosomuri rnm-as molekulis gansazRvrul ricxvs drois 
erTeulSi. amasTanave, ribosomuri rnm-as sinTezis zrda asaxavs riboso- 
mur rnm-aSi genebis ricxvis zrdas da maSasadame, is unda icvlebodes 
ganviTa-rebis procesSi. es ricxvi iqneba maRali moumwifebel oocitebSi, 
magram nulis tolia gaunayofierebel kvercxSi. 
    meore hipoTezis Tanaxmad  ribosomuri rnm-as yovel gens SeuZlia 
mcire an didi raodenobiT ribosomuri rnm-as producireba anu SeiZleba 
icvlebodes Sesabamis genTa sinTezuri aqtivoba, is Zalian maRalia 
moumwifebel oocitebSi da umniSvneloa ganayofierebul kvercxSi. 
savaraudoa, rom ganviTarebis procesSi moqmedebs orive meqanizmi.  
                          
                        genTa  ampflifikacia 
    oocitSi im stadiaze, roca ribosomuri rnm-as sinTezi xdeba inten- 
siurad, ribosomuri rnm-as geni warmodgenilia didi raodenobiTs 
aslebiT. miuxedavad imisa, rom oocitis genomi mTlianobaSi 
tetraploiduria, oociti Seicavs ara 4 birTvaks, aramed aTasamde. 
yoveli birTvaki ara marto Seicavs, aramed aqtiurad asinTezebs 
ribosomur rnm-as, rac naCvenebi iqna oocitis radioavtografuli 
Seswavlis Sedegad. maSasadame, ribosomuri rnm-as genebi lokalizebulia 
yovel birTvakSi, replicirdeba da gamoiyofa birTvakis organizatoris 
midamodan oocitis zrdis procesSi. amfibiebis sxva warmomadgenelSi 
_aqsolotlSi_ am procesze dakvirveba moxerxda fazur-kontrastuli 
mikroskopiT. 
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    mkvlevarebma SeZles amfibiis oocitis birTvakidan ribosomuri rnm-
as genis gamoyofa. oocitebis birTvs urevdnen deionizirebul wyalSi. 
birTvakebs acentrifugebdnen saqarozis sisqis gradientSi da aTavseb- 
dnen eleqtronuli mikroskopis badeze. Semdeg preparatebs Rebavdnen fo- 
sfor-volframis mJavaTi, aSrobdnen da eleqtronuli mikroskopis qveS 
axdendnen maT fotografirebas. suraTze TiToeuli ribosomuri warmo- 
naqmni transkripciis procesSi moCans bumbuliseburi struqturebis 
saxiT. transkribirdeba daaxloebiT 100 makromolekula, romlebic 
ribosomuri rnm-as winamorbedia. 
    yvela am dakvirvebas mivyavarT im daskvnamde, rom oociti Seicavs 
ribosomuri rnm-as genebis mravalricxovan asls. es daskvna SeiZleba Se- 
vamowmoT molekuluri hibridizaciis cdebiT, radganac oocitisagan ga- 
moyofil dnm-as nawilSi, romelic komplementarulia rnm-asi, unda iyos 
ufro meti ribosomuri rnm-as genebi, vidre somaturi ujredis birTvidan 
gamoyofil dnm-aSi, sadac mxolod ori birTvakia. es mosazreba 
damtkicebuli iqna cdebiT, sadac Cans, rom Xenopus-is oociti namdvilad 
Seicavs daaxloebiT 1000-jer met ribosomuri rnm-as gens, vidre somatu- 
ri ujredebi. ribosomuri rnm-as aseTi didi raodenoba metyvelebs 
oocitebSi ribosomuri rnm-as sinTezis maRal siCqareze. 
   garda amisa, molekuluri hibridizaciis meTodma saSualeba mogvca, 
gagvesazRvra diploidur genomSi ribosomuri rnm-saTvis matriculi dnm-
as absoluturi ricxvi. am cdisaTvis axdenen dnm-as gansazRvruli 
raodenobas da mzardi raodenobis radiaqtiuri ribosomuri rnm-as 
inkubacias da gansazRvraven dnm_rnm-as Tanafardobas, romlis drosac 
wydeba axali hibriduli molekulebis (dnm-rnm) warmoqmna. es, e.w. 
gajerebuli wertili (done) axasiaTebs dnm-as im nawils, romelic rnm-as 
komplementarulia. Xenopus-is CanasaxSi yoveli 100 mkg dnm ukavSirdeba 
daaxloebiT 0,07 mkg 28 S ribosomur-rnm-as. es niSnavs, rom genomis 
daaxloebiT 0,07% akodirebs 28 S ribosomul-rnm-as. Xenopus  diploiduri 
birTvi Seicavs 6mkg dnm-as an 3,6.1012 dalton dnm-as. am dnm-as 0,07% 
Seadgens 2,5.109 daltons. Tu am ricxvs gavyofT 28 S ribosomur-rnm-as 
molekulur masaze, romelic tolia 1,7.106 maSin miviRebT Semdeg 
sidides_1600. maSasadame, Xenopus-is  diploiduri genomi Seicavs 
ribosomuri rnm-as genTa daaxloebiT 1600 asls. yvela es ribosomuri 
rnm-as genTa mravalricxovani aslebi dajgufebulia birTvakis 
organizatoris midamoSi. 
 
                 gansxvaveba trankripciis siCqareSi 
  ganvixiloT ganviTarebis sxvadasxva stadiaze ribosomuri rnm-as sin- 
Tezis siCqaris sxvadasxvaobis ganmapirobebeli mizezi. Cven aRvniSneT,rom 
oocitebSi r-rnm-saTvis matriculi dnm-as ricxvi ufro metia, vidre 
ganayofierebul kvercxSi, magram r-rnm-as sinTezis siCqaris cvlileba 
SeimCneva im stadiebzec, romelzedac ucvlelia matricisa da birTvakis 
raodenoba. amrigad, transkripciis sxvadasxva siCqare ganpirobebulia 
genebis kontrolis meqanizmebiT. Tu aRmoCndeba, rom r-rnm –as sinTezis 
siCqare cvalebadobs homologiuri dnm-as erTeulis mixedviT, maSin 
SegviZlia darwmunebiT vilaparakoT diferencirebul transkripciaze. am 
doneze kontrols SeiZleba ewodos “genTa aqtivobis regulacia”. 
   diferencirebuli transkripciis arsebobis ufro efeqtur dadasture- 
bas warmoadgens is faqti, rom mutanturi mdedrisagan (1-n)  miRebuli kve- 
rcxi Seicavs ribosomebis iseTive ricxvs, rogorsac veluri tipis mded- 
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ris kvercxi. es niSnavs, rom kvercxi romelic Seicavs genebis r-rnm-as 
naxevars, asinTezebs r-rnm-as normalur raodenobas. 
    Tu Canasaxis ganviTarebis procesSi SeiZleba moxdes metabolurad 
aqtiuri da araaqtiuri etapebis cvla, maSin rnm-as sinTezis siCqaris cva- 
lebadoba ubralod asaxavs ujredis zogad metabolur mdgomareobas, ma- 
gram es ase ar aris, radganac gansxvavebulia sxvadasxva klasis rnm-is 
sinTezis fardobiTi siCqare ganviTarebis sxvadasxva stadiaze. arsebobs 
ganviTarebis iseTi periodebi, roca ar aris aRmoCenili r-rnm-as sinTezi 
da producirdeba mxolod “heterogenuri rnm”. 
 
        amfibiis ganviTarebis procesSi transkribirebuli                           
                       sxva saxis rnm 
     
    wina TavebSi Cven ganvixileT 28 S da 18 S rnm. rnm-as es ori forma, 
ZiriTadad Seadgens im rnm-as masas, romelic ribosomebSia, magram ribo- 
somebSi aris rnm-as kidev erTi forma 5 S- rnm, romelic kodirebulia 
dnm-aSi da ar aris uSualo kavSirSi 28 S  da   18 S rnm-as genebTan. miuxe- 
davad amisa 5 S- rnm-as sinTezi kontroldeba 28 S  da   18 S rnm-aTi. 
    cxoveluri ujredis rnm-as daaxloebiT 80% Seadgens ribosomur 
rnm-as, meore mxriv, is Seicavs im informaciis umcires nawils, romelic 
ujredis dnm-aSia. ra Tqma unda, ujredis diferencirebuli mdgomareoba 
ganpirobebulia ara r-rnm-aTi, aramed im klasis rnm-aTi romelsac 
xSirad uwodeben matricul rnm-as an sainformacio rnm-as an dnm-as 
msgavs rnm-as. am saxis rnm-as Sedgeniloba mogvagonebs ujredis saerTo 
dnm-as Sedgenilobas, magram gansxvavdeba r-rnm-as Sedgenilobisagan. 
centrifugirebisas saqarozas koncentraciis gradientSi sainformacio-
rnm ar iyofa gansazRvrul klasebad, rogorc r-rnm, aramed ikavebs 
gradientis farTo teritorias anu is heterogenuria zomis mixedviT. 
    aRwerili cdiT naCvenebi iqna, rom heterogenuri an dnm-as msgavsi rnm 
sinTezirdeba mxolod moumwifebel oocitSi. ovulaciis Semdeg sinTezi 
aRdgeba, Tavdapirvelad mimdinareobs dabal doneze da Zlierdeba dana- 
wevrebis bolos. am rnm-as intensiuri sinTezi grZeldeba manam, sanam gan- 
viTarebul CanasaxSi gamovlindeba r-rnm-asa da 4 S rnm-as sinTezi. hete-
rogenurobis gamo rTulia am rnm-as daxasiaTeba. sasargeblo aRmoCnda 
ubirTvako mutanti, ramdenadac is ar asinTezebs r-rnm-as.          
   maSasadame, mutanturi arsebis mTeli mZime rnm aris dnm-as msgavsi. 
mutanturi Canasaxis heterogenuri rnm-as bunebis Seswavlisas mis 
kultivirebas axdendnen niSandebuli rnm-as winamorbedis areSi drois 
xanmokle periodSi. magaliTad, gastrulaciis damTavrebisTanave. 
aRmoCenili iqna, rom zrdasruli organizmis organoTa Casaxis 
formirebamde sinTezdeba da grovdeba mZime rnm, romlis sedimentaciis 
koeficienti aris daaxloebiT 20 S. 
     naklebsaimedoa, rom am periodSi organizmSi darCes radiaqtiuri ni- 
Sani rnm-as winamorbedis molekulis saxiT. amave periodSi SemCneulia 
radiaqtiuri rnm-as gamoCena, romelic ufro mcire zomisaa (10-sa da 20 S-

s Soris). es imaze metyvelebs, rom organogenezis dawyebis Semdeg 
Tavdapirvelad sinTezirebuli rnm-as didi molekulebi ganicdian nel 
gardaqmnebs, ris Sedegadac warmoiqmneba mcire zomis molekulebi. 
    ganviTarebis sxvadasxva stadiaze Seswavlili iqna rnm-as sinTezi 
amfibiebis, mwerebis da nematodebis SemTxvevaSi, ris Sedegadac dadgi- 
nda, rom genTa aqtivoba nukleinis mJavebis doneze, ganviTarebis sxvada- 
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sxva stadiaze atarebs diferencirebul xasiaTs. magram ar unda dagvavi- 
wydes, rom calkeuli produqtis transkripciis buneba, r-rnm-as gamok- 
lebiT, bolomde jer kidev ar aris Seswavlili. ra Tqma unda, hetero- 
genuri rnm-as produqciiT ar SeiZleba SevafasoT calkeuli genis 
aqtivoba, swored am fraqciis SemadgenlobaSi Sedis is molekulebi, 
romlebic ganapirobeben ujredis mravalferovnebas. 
   Tanamedrove biologiis erT-erTi rTuli amocanaa matriculi rnm-as 
molekulebis gamoyofa da Seswavla. 
 
               
                 transkripciis qsoviluri specifikuroba 
   Cven aRvniSneT, rom rnm-as molekulebi ganviTarebis sxvadasxva sta- 
diaze sinTezdeba sxvadasxva siCqariT. imisaTvis, rom gavigoT rogor 
aris dakavSirebuli rnm-as sinTezis siCqaris cvlileba ujredis dife- 
rencirebasTan, aucilebelia, vicodeT organizmSi rnm-as sinTezis 
adgili da axdens Tu ara sinTezze gavlenas qsovilis morfologiuri 
gansxvaveba. es Seswavlili iqna amfibiebze, kerZod erT-erT cdaSi 
Canasaxis dorsalur da ventralur naxevrebs akultivirebdnen rnm-as 
niSandebul winamorbedTan erTad 1 saaTis manZilze. Semdeg Canasaxs 
asxamdnen parafins da Wridnen mikrotomze. radioavtografze sazRvrav- 
dnen axalwarmoqmnili rnm-as lokalizacias. miRebulma analizebma 
gviCvenes, rom sxvadasxva Canasaxovani furceli asinTezirebs rnm-as 
sxvadasxva raodenobas anu arsebobs rnm-as sinTezSi qsoviluri 
specifikurobis gansxvaveba. sxva, ufro perspeqtiul midgomas miekuTvneba 
nukleinis mJavebis hibridizaciaSi modificirebuli meTodis gamoyeneba. 
konkurentuli hibridizaciis meTodebSi, genis pirvelad produqtebs 
Soris msgavseba-gansxvaveba SeiZleba raRac xarisxiT gansazRvruli iqnes 
raodenobrivad. 
   Cveulebrivi hibridizaciis meTodis dros, radiaqtiuri rnm-as inku- 
bacias axdenen dnm-asTan erTad, magram hibridizaciisas inkubacia xdeba 
konkretuli anu niSandebul rnm-as mzard raodenobasTan erTad. Tu 
nativuri rnm Seicavs iseT nukleotidur Tanmimdevrobas, romelic msga- 
vsia radiaqtiuri rnm-as Tanmimdevrobisa, maSin is iqneba konkretuli 
dnm-as matricis adgili. sxva sityvebiT rom vTqvaT, inkubaciur narevSi 
konkretuli rnm-as raodenobis gazrdasTan erTad mcirdeba niSandebuli 
hibriduli molekulebis warmoqmna. Tu nativuri rnm mcired hgavs an 
saerTod ar hgavs moniSnuli rnm-as nukleotidur Tanmimdevrobas, maSin 
nativuri rnm-as didi raodenobac ki ar imoqmedebs warmoqmnili niSande- 
buli hibriduli molekulebis raodenobaze. maSasadame, konkurenciis 
xasiaTi raRac TvalsazrisiT damokidebulia rnm-as molekulebis 
msgavsebaze. 
   Tagvebze atarebdnen Semdeg cdebs: SehyavdaT rnm-as niSandebuli wina- 
morbedi da Semdeg elenTis, RviZlis, Tirkmlis sxvadasxva qsovilidan 
gamoyofdnen sinTezirebul rnm-as. im cxovelTa qsovilidan, romelSic 
ar iyo Seyvanili radiaqtiuri winamorbedi, gamoyofdnen rnm-as 
konkretuli nativuri rnm-as misaRebad. Semdeg axdendnen Tirkmlidan 
aRebuli radiaqtiuri rnm-as hibridizacias dnm-Tan, sxvadasxva 
qsovilidan aRebuli nativuri rnm-as mzardi raodenobis TanxlebiT. 
aRmoCnda, rom Tirkmlis rnm aris yvelaze efeqturi konkurenti 
Tirkmlis moniSnuli rnm-asa da dnm-as hibridizaciis reaqciaSi. RviZlis 
rnm naklebad efeqturia, ise, rogorc elenTis rnm. arsebuli 
monacemebidan Cans, rom am qsovilebSi ar sinTezirdeba rnm-as identuri 
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nakrebi, aramed vlindeba genTa diferencirebuli aqtivoba. miuxedavad 
imisa, rom am qsovilebSi transkribirebuli matriculi rnm-as 
molekulebis buneba naklebadaa Seswavlili, es dakvirveba eTanxmeba 
kargad dadgenil faqts, rom sxvadasxva tipis ujredebSi gansxvavebulia 
fermentTa Semcveloba. 
   amrigad, nukleinis mJavebisa da cilebis doneze Catarebuli gamo- 
kvlevebis Sedegebi gviCvenebs, rom genis diferencirebuli aqtivoba 
safuZvlad udevs ujredis specializacias. 
 
                           
 

                             Tavi V. 
 
         genTa diferencirebuli aqtivoba: cilis sinTezi 
 
    rodesac ganvixilavdiT rnm-as sinTezs, rogorc genis aqtivobis kri- 
teriums, Cven vaxseneT is sirTuleebi, romlebic gvxvdeba metabolizmis 
doneze genis aqtivobis Seswavlisas. saqme exeba sxvadasxva saxis rnm-as 
molekulis fiziologiuri funqciis gansazRvras, romelic sinTezirde- 
ba ujreduli diferencirebis calkeul etapze. am sirTuleebis gamo mra- 
vali mkvlevari miiCnevs, rom saWiroa genis aqtivobis Seswavla cilis  
sinTezis doneze. rac Seexeba cilebis, kerZod ki fermentebis rols 
ujredis diferencirebuli mdgomareobis Sesaswavlad, sakmaod kargadaa 
garkveuli. miuxedavad imisa, rom cilis sinTezi Sorsaa genis pirveladi 
aqtivobis gamovlenisagan, is mainc  iTvleba ujreduli diferencirebis 
genetikuri kontrolis mosaxerxebel maCveneblad. 
    sxvadaxva tipis ujredebi gansxvavdebian cilis SedgenilobiT: an 
erTi da imave cilis sxvadasxva TanafardobiT, an maTSi erTdroulad 
sxvadasxva cilis arsebobiT. fermentebis aqtivobaze msjeloben cilis 
raodenobis mixedviT. imis Semdeg, rac sinTezirdeba fermentis 
molekula, is sxvadasxva drois manZilze SeiZleba imyofebodes 
araaqtiur mdgomareobaSi. 
    maSasadame, ujredSi fermentTa aqtivoba efeqturad regulirdeba ge- 
nis transkripciis, rnm-as translaciis da TviT fermentis funqciis do- 
neze. calkeuli cilebis raodenobis regulirebis movlenis gansazRvra 
rTulia, amitomac genis aqtivobis Sesaswavlad pirvel nabijs warmoad- 
gens mTel CanasaxSi cilis sinTezis siCqaris gansazRvra. am mxriv daw- 
vrilebiT iqna Seswavlili zRvis zRarbis Canasaxi. 
  
 cilis sinTezi zRvis zRarbis Canasaxis adreul ganviTarebaSi 
   qvemoT aRniSnul cdaSi zRvis zRarbis kvercxisa da Canasaxis inkuba- 
cias axdendnen ganviTarebis sxvadasxva stadiaze zRvis wyalSi, radiaq- 
tiuri aminomJavaTi. niSandebuli aminomJavebi SeiZleba damatebuli iqnes 
dakvirvebis mTel periodSi an drois mcire monakveTSi cilis sinTezis 
siCqaris gansazRvrisas. me-3 naxatze naCvenebia aseTi cdis Sedegebi, ro- 
melic Catarebuli iqna zRvis zRarbis saxeobis – Arbacia punctulata-s Cana- 
saxze. ganviTarebis sxvadasxva stadiaze axdendnen Canasaxebis inkubacias 
niSAndebuli aminomJavaTi 1 saaTis ganmavlobaSi. Semdeg aminomJavebis 
CarTvas Trgunavdnen temperaturis daweviT, axdendnen Canasaxis 
homogenizacias da makromolekulebs gamoyofdnen gelfiltraciisa da 
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mJavas daleqviT ( am meTodiT SesaZlebelia molekulis dayofa zomebis 
Sesabamisad). 
    miRebuli makromolekulis fraqciaSi sazRvravdnen cilis raodeno- 
bas da mis radiaqtiurobas swavlobdnen daleqili cilis xvedriTi wo- 
nis damokidebulebas ganviTarebis im stadiasTan, romelzedac Canasaxeb- 
Si SehyavdaT aminomJavebi garkveuli drois SualedebiT (nax.3).  
   am cdis Sedegebma naTlad gviCvenes, rom cilebSi aminomJavebis Car- 
Tvis siCqare icvleba ganviTarebis  procesis mixedviT, kerZod, is tolia 
0-is ganayofierebis dros da ganayofierebidan 3-4 saaTis Semdeg izrdeba 
ramdenime aseuliT, mere cotaTi mcirdeba da kvlav aRdgeba Canasaxis 
gastrulaciis periodSi. 
 
          
            sinTezis siCqaris Secvla: faqti Tu artefaqti 
 
       zRvis zRarbebze Catarebuli cdebis Semdeg gamoiTqva sami sapiri- 
spiro mosazreba: I – cdebSi aminomJavebis CarTvis siCqaris cvalebadoba 
SeiZleba ganpirobebuli iyos Canasaxis ujredis mier niSandebuli amino- 
mJavebis gansxvavebuli StanTqmiT; 
        II – ganviTarebis procesSi SeiZleba icvlebodes aminomJavebis 
fondis Sedgeniloba da moculoba; 
        III – Canasaxis ganviTarebis procesSi SeiZleba icvlebodes meta- 
boluri aqtivobis done, rac Tavis mxriv, gamoiwvevs cilis sinTezis si- 
Cqaris cvlilebas.  
        yvela es mosazreba datovebuli iqna uyuradRebod, Tumca 
rogorc cnobilia, Canasaxis ganviTarebis adreul stadiaze aminomJavebis 
STanTqma Zlier cvalebadobs. magram ar SeiZleba mxolod am cvlilebebs 
mivakuTvnoT cilebSi aminomJavebis CarTvis intensivoba. sxva meTodiTac 
SeiZleba imis damtkiceba, rom CanasaxSi aminomJavebis SeRwevadoba, 
maSinac ki, Tu xdeba aminomJavebis sxvadasxva raodenobiT STanTqma, 
ar SeimCneva sinTezis siCqaris cvlileba (nax.3). erT-erTi aseTi meTodis 
SemTxvevaSi  aminomJavaTa fonds winaswar “damuxtaven” niSandebuli 
aminomJavebiT, iq sadac aminomJavebi axdenen zRvis zRarbis sxeulis Rrus 
inicirebas. amgvarad, kvercxis aminomJavaTa fondi niSandebuli rCeba 
ganayofierebamde karga xnis ganmavlobaSi. niSandebuli cilebis 
raodenoba, romelic sinTezirda aseT gaunayofierebel kvercxSi, 
umniSvnelo iyo miuxedavad imisa, rom kvercxSi xvdeboda niSandebuli 
aminomJavebis didi raodenoba. kvercxSi, romelic Seicavda niSandebul 
aminomJavebs, ganayofierebis Semdeg swrafad xdeboda cilebis CarTva. 
  meore mosazrebis uaryofisaTvis aucilebeli iyo Tavisufali ami- 
nomJavebis fondis moculobis gansazRvra, risTvisac axdendnen ganviTa- 
rebis sxvadasxva stadiaze Tavisufali aminomJavebis eqstragirebas da 
sazRvravdnen mis fardobiT raodenobas avtomatur aminomJavur analiza- 
tors. dadginda, rom aminomJavaTa fondis moculobis cvlileba, maT 
Soris cilebSi aminomJavebis CarTva, ar aris aRniSnul cvlilebaTa 
mizezi. am cdis Sedegebi mocemulia 1-l cxrilSi, sadac Cans, rom 
fondSi zogierTi aminomJavis Sedgeniloba icvleba 4-15 sT ganviTare- 
bis periodSi. 
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nax. 3. cilis sinTezi zRvis zRarbis ganviTarebis sxvadasxva stadiaze  

 
    yvelaze rTulia mesame mosazrebis uaryofa. Catarebuli iqna cda 
imis Sesaxeb, rom daedginaT, Tu ra saxis cilebi sinTezirdeba ganviTa- 
rebis sxvadasxva stadiaze. Tu cilis sinTezis siCqaris sxvaoba ganpiro- 
bebulia nivTierebaTa cvlis intensivobis saerTo cvalebadobiT, maSin 
mosalodneli iqneboda yvela saxis cilis sinTezis siCqaris cvlileba 
Tanabari xarisxiT, rac ar SeimCneva. Tu movaxdenT niSandebuli impulsu- 
ri Canasaxidan xsnadi cilebis eqstragirebas da davyofT maT qromato- 
grafis meSveobiT, maSin ganviTarebis nebismier stadiaze SeimCneva ram- 
denime piki. me-4 naxatidan Cans, rom ganviTarebis pirvel saaTebSi cilis 
ganviTareba warmodgenilia pikiT-А, romelic sinTezirdeba didi 
raodenobiT, vidre meore cila, romelsac Seesabameba piki-Д. 8 saaTis 
Semdeg ki xdeba piriqiT - cila Д sinTezirdeba ufro didi raodenobiT, 
vidre cila А. yovelive es naTlad gviCvenebs, rom cilis sinTezis 
siCqaris cvlileba ar ganisazRvreba metabolizmis saerTo doniT. 
       maSasadame, ganviTarebis procesSi cilis sinTezis siCqare namdvi- 
lad cvalebadobs. garda amisa, sxvadasxva stadiaze sinTezirdeba ara 
marto sxvadasxva raodenobis cila, aramed sxvadasxva saxis cila es 
kargad moCans me-4 naxatze, sadac naCvenebia cilis is saxeebi, romlebic 
miRebuli iqna CanasaxSi ganayofierebidan 18 saaTis Semdeg erTsaaTiani 
impulsuri niSnis Seyvanis Sedegad. am SemTxvevaSi gamovlinda xelaxla 
sinTezirebuli cilebis 5 mkveTrad gansxvavebuli piki. Catarebul 
analizs gaaCnia erTi seriozuli nakli, romelic aucileblad unda 
iqnes gaTvaliswinebuli miRebuli Sedegebis biologiuri Sefasebisas. 
kerZod, ucnobia am cilebis zusti molekuluri agebuleba da roli 
metabolizmis procesSi; gaurkvevelia, ra rols asruleben isini 
ganviTarebis procesSi, arian Tu ara isini fermentuli an struqturu- 
li cilebi? 
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nax. 4. sinTezirebuli cilis formebi zRvis zRarbis ganviTarebis 
sxvadasxva stadiaze. I - ganviTarebidan 1 sT-is. Semdeg; II-8sT-is, Semdeg, 
III-18sT-is. Semdeg.  
 
 
     makontrolebeli elementebi  gamokvlevebi saSualebas gvaZlevs, 
SeviswavloT cilis sinTezis makontrolebeli meqanizmebi. zRvis 
zRarbis Canasaxis Seswavlisas damtkicebuli iqna, rom cilis sinTezis 
siCqaris cvalebadoba kontroldeba rogorc genetikuri transkripciis, 
aseve genetikuri translaciis doneze.    
  
                  diferencirebuli transkripcia 
  
      cilis sinTezze genTa transkripciis blokirebis gavlenis Seswav- 
liT dadgenili iqna, rom genebis transkripciis blokireba SeiZleba 
ramdenime xerxiT: magaliTad, kvercxidan birTvis amocla im meTodiT, 
romelic SemuSavebuli iqna 30 wlis winaT. Tu movaxdenT zRvis zRarbis 
gaunayofierebeli kvercxis centrifugirebas iseT areSi, romlis sisqe 
daaxloebiT kvercxis sisqis tolia, isini jer gaiWimebian, xolo Semdeg 
iyofian or nawilad (nax.5) romelTagan erTi Seicavs birTvs. am meTodis 
mciredi modufikacia saSualebas iZleva, kvercxis es ori tipis fragmen- 
ti miRebuli iqnes didi raodenobiT. aseTi fragmentebis ganviTareba 
SeiZleba movaxdiniT qimiuri agentebis, magaliTad, zeTisxilis mJavas 
moqmedebiT, romelic iwvevs agreTve gaunayofierebeli kvercxis parTeno- 
genezur ganviTarebas. kvercxis aqtivaciis pirvel niSans warmoadgens ga- 
nayofierebuli garsis warmoqmna, romelic normalurad viTardeba kver- 
cxis ganayofierebis Semdeg, xolo amis Semdeg xdeba kvercxis an misi 
fragmentis danawevreba, ris Sedegadac viTardeba Canasaxis ori saxe: 
I-dediseuli birTviT, II-ubirTvod. mocemul cdaSi sainteresoa ubirTvo 
fragmentebi. isini SeiZleba ganviTardnen Canasaxis blastulas msgavsad, 
romelic Sedgeba ubirTvo ujredisagan. rodesac ikvlevdnen aseT 
ubirTvo CanasaxSi cilebSi aminomJavebis CarTvis sakiTxs, aRmoCnda, 
rom cilis sinTezis siCqare mkveTrad gaizarda aqtivaciis Semdeg, iseve 
rogorc normaluri ganviTarebis SemTxvevaSi. es faqti gviCvenebs, rom 
birTvuli informaciis transkripcia ar warmoadgens aucileblobas 
ganayofierebis Semdeg, cilis sinTezis dasawyisSi siCqaris gazrdi- 
saTvis. magram es ar SeiZleba CaiTvalos damtkicebulad, ramdenadac 
kvercxSi dnm gvxvdeba ara marto birTvSi, aramed citoplazmaSic. 
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nax. 5. zRvis zRarbis kvercxis ubirTvo fragmentebis miRebis meTodi.  
1- cximovani qudi; 2 –birTvi; 3. gamWvirvale fena; 4. mitoqondria;  
5. yviTris marcvlebi; 6. pigmentebi.  
 
       genebis transkripciis blokireba efeqturad SeiZleba antibiotik 
aqtinomicinis saSualebiT. cnobilia, rom aqtinomicinis molekula dnm- 
as guaninTan erTad qmnis kompleqss da efeqturad moqmedebs rnm-aSi 
genetikuri informaciis transkripciaze. rogorc mosalodneli iyo uma- 
Rlesi organizmebis ujredTa damuSaveba am antibiotikiT iwvevs metabo- 
luri procesebis mkveTr darRvevas. aqtinomicini ganayofierebis Semdeg 
ar zemoqmedebs cilis sinTezis siCqaris gazrdaze. amave dros gastru- 
laciis wina stadiaze aqtinomicinis monawileobisas ar xdeba cilis 
sinTezis siCqaris gazrda. am Sedegebis axsnis ramdenime SesaZlo 
varianti arsebobs. ufro cxadi xdeba daskvna imis Sesaxeb, rom ganayo- 
fierebis Semdeg cilis sinTezisaTvis ar aris aucilebeli rnm-as sinTe- 
zi, magram aucilebelia gastrulaciis winamorbedi stadiisaTvis. SeiZle- 
ba vivaraudoT, rom normaluri ganviTarebisas gastrulaciis dawyebamde 
saerTod ar xdeba rnm-as sinTezi. ar iqneba swori, Tu aseT daskvnas gava- 
keTebT mxolod aqtinomicinis cdis safuZvelze, miTumetes maSin, rode- 
sac arsebobs eqsperimentuli monacemebi, romlebic gviCveneben, rom rnm-
as sinTezi xdeba adreul stadiaze, magaliTad, 4 blastomeris stadiaze. 
am adreul stadiaze sinTezirebuli rnm-as nawili nukleotiduri 
SemadgenlobiT dnm-as msgavsia, ris gamoc Tvlian, rom es aris 
matriculi rnm. 
    aRniSnuli heterogenuri rnm hibridizirdeba dnm-as mniSvnelovan 
fraqciasTan, ris gamoc is SeiZleba ganxiluli iqnes rogorc matricu- 
li rnm. am rnm-as heterogenur bunebas swavlobdnen molekuluri hibri- 
dizaciis cdebis meSveobiT, cdebs atarebdnen zRvis zRarbis Canasaxidan 
aRebuli radiaqtiuri rnm-as eqstragirebiT prizmis stadiaze. mouniSnav 
rnm-as, romelic miRebuli iyo Canasaxis sxva stadiebidan, iyenebdnen kon- 
kurentis rolSi, rac naCvenebia me-6 naxatze.  
   danawevrebadi da gaunayofierebeli kvercxi Seicavs rnm-as sxvadasxva 
formas, romelic sinTezirdeba prizmis stadiaze. amgvarad, SeiZleba Cai- 
Tvalos rom zRvis zRarbis Canasaxis genomi sruliad araaqtiuria gas- 
trulaciis dawyebamde. garda amisa, ganviTarebis procesSi icvleba geno- 
mis sxvadasxva nawilis fardobiTi aqtivoba. 
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nax. 6. heterogenuri rnm – sinTezirebuli zRvis zRarbis ganviTarebis 
sxvadasxva stadiaze. I –baqteriuli rnm, II-blastulis rnm. III-
gaunayofierebeli kvercxis rnm; IV-gastrulis rnm, V. –Canasaxis rnm. 
 
    aRniSnuli daskvnebi Semowmda cilis sinTezis doneze miuxedavad 
imisa, rom cilis ZiriTadi masa warmoiqmneboda ujredSi aqtinomicinis 
arsebobis dros, es yvela cilis SemTxvevaSi ar SeimCneoda. zogierTi 
cila, romelic ganviTarebis adreul stadiaze sinTezirdeboda normalu- 
ri raodenobiT, ar gvxvdeboda im CanasaxSi, romelic viTardeboda 
aqtinomicinis areSi .(nax.7) savsebiT dasaSvebia, rom rnm-as sinTezis 
saerTo donis daqveiTebisas, aqtinomicinis monawileobiT, qveiTdeba 
agreTve im matriculi rnm-as sinTezi, romelic pasuxismgebelia am 
cilebis warmoqmnaze. cxadia isic, rom gastrulaciis stadiaze cilebis 
gviani intensiuri sinTezi, damokidebulia rnm-as sinTezze, aqtinomicini 
efeqturad blokavs am sinTezs. 

 aRniSnuli monacemebis safuZvelze SegviZlia gavakeToT Semdegi 
daskvnebi, rom mravali cilis sinTezi zRvis zRarbebis CanasaxSi 
gastrulaciis periodSi ganisazRvreba Sesabamisi rnm-as sinTeziT, magram 
cilis sinTezi ganayofierebis damTavrebis Semdeg, ar aris damokidebuli  
axali rnm-as sinTezze. es bolo faqti metyvelebs imaze, rom ganayofie- 
rebis Semdeg warmoSobili cilebi sinTezirdebian rnm-as matricis 
winamorbedze, romelic mdebareobs kvercxSi da ar monawileobda cilis 
adreul sinTezSi. 
    cilis sinTezis procesis mimdinareoba Seswavlili iqna Semdgom sxva 
organizmebSic. kerZod, cilis sinTezis siCqaris cvalebadoba SemCneuli 
iqna drozofilas ganviTarebis ciklSi, bayayis ganviTarebis adreul em- 
brionul periodSi, ris Sedegadac dadginda, rom sxvadasxva organiz- 
mebSi Canasaxis ganviTarebis procesSi mniSvnelovnad cvalebadobs genis 
aqtivoba.  
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nax. 7. aqtinomicin – D-s moqmedeba cilis sinTezze zRvis zRarbis 
CanasaxSi, A da B-sakontrolo sinTezi; B da r- aqtinomicinis 
zemoqmedeba.  
      
 
aminomJavebis Sedgeniloba zRvis zRarbebis ganviTarebis periodSi 
                                                                  cxrili 1. 
         
aminomJavebi  raodenoba mkml-Si  1 mln. Canasaxze 

 
dayofa (4sT) blastula (9 sT) mezenqimuri 

blastula (13sT) 

lizini 
histidini 
arginini 
asparagini 
triftofani 
serini 
glutamini 
prolini 
alanini 
cisteini 
valini 
meTionini 
izoleicini 
leicini 
Tirozini 
fenilalanini 
 
 

   1,87 
nakvalevis saxiT 
   1,40 
   0,40 
   0,67 
   3,26 
   0,67 
   132 
   151 
nakvalevis saxiT 
   0,30 
   0,34 
   0,24 
   0,43 
nakvalevis saxiT 
nakvalevis saxiT 
 

    1,96 
nakvalevis saxiT 
     1,56 
     0,22 
     0,93 
     4,84 
     1,21 
     201 
     21,6 
nakvalevis saxiT 
     0,38 
     0,32 
     0,30 
     0,46 
nakvalevis saxiT 
nakvalevis saxiT 
 

    1,76 
nakvalevis saxiT 
    1,61 
    0,19 
    0,75 
    4,46 
    1,06 
    214 
    17,6 
nakvalevis saxiT 
    0,54 
    0,33 
    0,36 
    0,55 
nakvalevis saxiT 
nakvalevis saxiT 
 

                        
                            



 49 

                         Tavi VI  
            fermentebis sinTezi da daSla 
  
   am TavSi ganvixilavT zogierTi genis rols erTi specifikuri cilis  
sinTezSi ujreduli diferencirebis dros. 
   cilebs Soris yvelaze ukeT Seswavlilia hemoglobini. dReisaTvis 
cnobilia, rom am tetrameruli cilis sinTezi kontroldeba ramdenime 
geniT. gamokvlevebi Sejamebu;li iqna ingremis (1963) SromebSi. adamianis 

hemoglobinis suberTeuli kodirdeba oTxi sxvadasxva geniT: α, β,γ, da σ. 
ukanasknel periodSi dadgenili iqna, rom Canasaxis adreul stadiaSi he- 

moglobinis sinTezSi monawileobs mexuTe geni – Є. aRniSnuli genebi 
funqcionireben ganviTarebis gansazRvrul stadiaze da maTi SefardebiTi 
aqtivoba ganisazRvreba hemoglobinis sxvadasxva teterameruli formis 

SedgenilobiT. hemoglobini _ α 2 γ2 axasiaTebs nayofs, magram zrdasrul 

organizmSi mas enacvleba α2 β2 da umniSvnelo xarisxiT α2 σ2. hemoglobi- 
nis es formebi xasiaTdebian gansxvavebuli TvisebebiT, rac ganapirobebs 
maT efeqtur funqcionirebas specifikur areSi. dReisaTvis mravali 
cnobaa dagrovili hemoglobinis genis struqturisa da funqciis Sesaxeb. 
 
                        laqtadehidrogenaza 
 
    genTa diferencirebuli aqtivobis Sesaswavlad ujreduli diferenci- 
rebis procesSi meore mniSvnelovan cilas warmoadgens fermenti-laqta- 
dehidrogenaza (ldh). am ferments mravali wlis manZilze Seiswavlidnen 
bevr laboratoriaSi, ris Sedegadac miRebuli iqna mravalricxovani 
monacemi am fermentis sinTezis makontrolebeli genis Sesaxeb. ldh-
gvxvdeba rogorc xerxemlian, aseve uxerxemlo cxovelebis ujredebSi. 
metabolur procesebSi misi roli mdgomareobs piruvatisa da laqtatas 
urTierTgardaqmnis regulaciaSi. piroyurZnis mJava warmoadgens 
Sualedur produqts glukozis metaboluri daJangvisas naxSirorJangam- 
de da wylamde, romlis drosac gamoTavisuflebuli energia gamoiyeneba 
sxvadasxva metabolur procesSi. saWiroa aRiniSnos, rom glukozis 
metabolizmis procesSi ramdenime reaqciis Sedegad gamoTavisufldeba 
energia. energiis gamoTavisufleba xdeba gvian etapebzec, magram am 
etapze mimdinare reaqciebisaTvis aucilebelia Jangbadi. glukozis 
metaboluri daSla swrafad Sewydeboda, rom ar yofiliyo fermenti-
laqtadehidrogenaza.   
   amgvarad, Jangbadis ararsebobisas wyalbadis daJangvis procesSi 
mTavari aris ldh. roca Jangbadis raodenoba sakmarisia, rZis mJava kvlav 
iJangeba piroyurZnismJavamde, Semdeg ki naxSirorJangamde da wylamde. 
cxadia, rom es fermenti saSualebas aZlevs ujreds efeqturi funqcioni- 
rebisaTvis Jangbadis droebiTi ukmarobis dros.  
   SeiZleba vivaraudoT, rom fermenti ldh evoluciis procesSi umni- 
Svnelod Seicvala da yvela organizmSi aqvs erTi da igive genetikuri 
safuZveli. eqsperimentiT dadginda, rom ldh gvxvdeba mraval moleku- 
lur formaSi (izofermentebi) sxvadasxva saxeobis da erTi da igive 
organizmis sxvadasxva qsovilSic ki. es tetrameri Sedgeba erTnairi 
zomis suberTeulebisagan, romelTa molekuluri masa daaxloebiT 35000-s 
Seadgens. maSasadame, mTeli tetrameris molekuluri masa tolia 140000-
is, rac savsebiT dasaSvebia polimeruli cilisaTvis. es Sedegebi 
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miRebuli iqna Semdegi cdebis safuZvelze: magaliTad, Tagvis ConCxis 
kunTebidan gamoyofili fermentis fraqcionirebas axdendnen eleqtro- 
foreziT, saxameblis an akrilamidis gelSi. es meTodi iZleva cilis 
molekulebis migraciis saSualebas molekuluri masis mixedviT, 
eleqtruli muxtis gavleniT cilis TiToeuli molekula lagdeba 
uxilav zolSi im adgilidan garkveuli manZilis daSorebiT, sadac iqna 
Seyvanili sinji. gelis bloki Semdeg Tavsdeba saRebavSi, calkeuli 
saxis molekulis mdebareobis aRmoCenisaTvis.. ldh-saRebavi Seicavs rZis 
mJavas, aucilebel kofaqtors da tetrazolis marils. Tu gelSi aris 
ldh, maSin rZis mJava iJangeba da tetrazolis marili aRdgeba 
intensiurad SeRebil formamde, romelic Seesabameba fermentis aqtivobis 
garkveul maCvenebels.. 
     Tagvis ConCxis kunTebis homogenatSi eleqtroforezuli dayofis 
Semdeg zimogramaze Cndeba 5 SeRebili zona.  es  niSnavs, rom yoveli 
aseTi zona warmoadgens ldh-s cakeul izoferments. dRemde Seswavlil 
ZuZumwovrebisa da frinvelebis TiTqmis yvela qsovilSi napovnia ldh-s 5 
izofermenti, romlebic warmoiqmneba ori suberTeulis А da В-s 
tetrameruli kombinaciiT da, romlis sinTezi kontroldeba ori 
Sesabamisi geniT. suberTeulis es ori saxe gaerTianebulia yvela 
SesaZlo oTx kombinaciaSi da iZleva ldh-s 5 izoferments. maTi 
formulebi Caiwereba Semdegnairad: 
    ldh_1=В4;  ldh_2=А1В3;  ldh_3=А2В2;  ldh_4= А3В1;   ldh_5= А4; 

    ldh_1 ganlagebulia anodTan axlos,  ldh_2  ki misi momdevnoa da 
a.S. ldh_5-mde.  
    ldh_5 izofermentis tetrameruli modelis Sesamowmeblad, ferments 
wmendnden da izofermentebs erTmaneTs acilebdnen. yovelive es 
SesaZlebelia ganxorcieldes rigi bioqimiuri meTodebiT: damarilebiT, 
qromatografiiT da preparatuli eleqtroforeziT. me-2 cxrilSi 
warmodgenilia ldh-s gawmendis erT-erTi yvelaze metad gavrcelebuli 
meTodi. 
               laqtadehidrogenazas gawmendis sqema                    
                                                               cxrili 2. 
gawmendis etapebi 
 
 

fermentTa 
jamuri 
aqtivoba, 

erT∙10³ 
 

xvedriTi 
aqtivoba 
 erT/mg. 
 

saerTo 
gamosavali 
   % 
 

gawmendili 
ldh-s 
raodenoba 
    % 
 

1.qsovilis eqstra- 
gireba buferiT 
2.gogirdmJava amoni- 
umiT daleqva 
3.qromatografia ce- 
luloza ДЭАЭ-Ti 
4.qromatografia ce- 
luloza km-iT 
5.qromatografia 
Zalin Txeli ce- 
luloziT km-iT 
6.gel-filtracia 
sefadeqsSi. 
 

 
180,7 
 
129,4 
 
 53,6 
 
 43,5 
 
  
 30,0 
 
 20,4 

 
 21,6 
 
 28,4 
 
 144 
 
 572 
 
 
1021 
 
1193 

 
  100 
 
   72 
 
   49 
 
   40 
 
    
   28 
 
   19 

 
    2 
 
    3 
 
   15 
 
   50 
 
    
   80 
 
  100 
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Sedegad miiReba “eleqtroforezulad sufTa” ldh. gasufTavebul ldh- 
gelis bloks eleqtroforezis Semdeg Rebaven cilis saRebaviT. ris 
Sedegadac vlindeba cilis 5 zoli, romelic Seesabameba ldh-s 5 formis 
mdebareobas. Tu movaxdenT aseTi sufTa preparatis centrifugirebas 
saqarozis gradientSi, maSin cilis STanTqmis pikuri mdgomareoba 
saSualebas mogvcems gamovTvaloT fermentis molekuluri wona. is 
daaxloebiT Seadgens 140000-s, amasTanave, vlindeba mxolod erTi piki 
rac imaze metyvelebs, rom xuTive izoferments aqvs erTnairi moleku- 
luri wona. Tu paralelurad Catarebul cdaSi preparatze vimoqmedebT 
iseTi agentiT, romelic Slis fermentis  molekulis samganzomilebian 
struqturas, maSin miRebuli masalis eleqtroforezuli da sedimenturi 
Tvisebebi gansxvavebuli iqneba fermentis naturi bunebisagan. moleku- 
luri wona mcirdeba 35000-mde, cilis gamosavleni saRebavis meSveobiT 
gelSi mJRavndeba ara 5, aramed 2 eleqtroforezuli zoli, romelic 
Seesabameba ldh-s denaturirebul suberTeulebs (А da В) (nax.8.). 
 
 
 
 
 
 
 
 
 
 
 
nax. 8. enzimograma, romelic gviCvenebs ldh izofermentebis Semcveli 
zolis mdebareobas. A da B-suberTeulebi.  
 
     garda amisa, arsebobs ldh tetrameris calkeul suberTeulebad  
disociaciis meTodi, romelic ar iwvevs misi struqturis seriozul dar- 
Rvevebs. aseTi disociacia miiRweva ldh-is molekulaTa gayinviTa da 
galRobiT Sesabamisi marilis xsnarSi. suberTeulebi jer scildebian 
erTmaneTs, Semdeg ki erTdebian SemTxveviTi TanxvedriT. amgvarad, А4  da   

В4  tetramerebidan SeiZleba miviRoT yvela 5 fermenti orwevriani 
ganlagebiT (nax.9.). 
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nax. 9. ldh – 1 (B4)isa  da ldh – 5 (A4)-is disociaciisa da rekombinaciis 
sqema I – narevi (ldh1+ldh5); II-disociacia; III da IV – SemTxveviTi 
rekombinacia; V_ eleqtroforezi.  
 
     ldh erTeulebis msgavsi SemTxveviTi kombinaciebi warmoiqmneba uj- 
redSi da izofermentebis saboloo Tanafardoba asaxavs ori saxis sub- 
erTeulis TanafardobiT Semcvelobas. Tu am suberTeulTa raodenoba 
Tanabaria, maSin 5 izofermentis Tanafardoba Seadgens 1 : 4 : 6 : 4 : 1. 
qsovilis eqstraqtSi ldh 5 ZiriTadi fermentis SefardebiTi Semadgen- 
lobis  gansazRvris Semdeg, cxadi xdeba, rom maTi ganlageba aris 
binomialuri (orwevriani), magram xSirad SeimCneva gadaxrebi Tanafar- 
dobidan (nax.10). 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 10. enzimograma, romelic gviCvenebs ldh izofermentebis ganawilebas 
Tagvis 8 sxvadasxva qsovilSi  
 
    maSasadame, es ori suberTeuli sinTezirdeba sxvadasxva raodenobiT. 
yoveli tipis qsovili xasiaTdeba izofermentTa Taviseburi Tanafardo- 
biT. saboloo SefardobiToba, romelic aRmoCenilia zrdasruli orga- 
nizmis qsovilebSi, warmoadgens im Tanmimdevruli cvlilebebis Sedegs, 
rac Tavdapirvelad SemCneuli iqna kvercxSi. aqedan gamomdinare, SeiZle- 
ba Semdegi daskvnis gakeTeba: yoveli izofermenti asrulebs gansazR- 
vrul rols, rogorc zrdasruli organizmis ujredebSi, ise Canasaxis 
ujredebSi diferencirebis sxvadasxva stadiaze. 
    zogierTi ZuZumwovris kvercxi, magaliTad, Tagvebis, Tavdapirvelad 
Seicavs 
ldh-1 tetramers. ontogenezis periodSi В-geni ufro aqtiuria, vidre А 

geni. ganviTarebis procesSi  В-geni inhibirdeba, xolo А geni aqtiurdeba. 
Tagvis Canasaxis ganviTarebis me-9 dReze А genis aqtiuroba ufro maRa- 
lia, vidre В-genisa. fermentTa Tanafardobis ldh-5-is mxareze gadaxris 
gamo. Canasaxis Semdgomi ganviTarebis procesSi, gansakuTrebiT dabade- 
bis momentSi da mis Semdeg, В-geni kvlav aqtiurdeba sxeulis mraval 
qsovilSi, ase rom, fermentTa Tanafardoba kvlav gadaixreba ldh-1-is 
mxareze. izofermentTa Tanafardobis cvlileba asaxavs А  da  В genis 
aqtivobis cvlilebas.  
     sxvadasxva qsovilSi ldh izofermentTa ganawilebis Seswavla gvi- 
Cvenebs, rom А  da  В genis TanafardobiTi aqtivoba SeiZleba icvlebodes 
did farglebSi. genebi ara marto inhibirdebian an aqtiurdebian, aramed 
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ujredSi aris meqanizmebi, romlebic aregulireben genTa aqtivobis xa- 
risxs. 
    rogorc Cans, ldh-5 izofermenti ar aris sakmarisi organizmis yvela 
tipis specializirebul ujredTa moTxovnebis dasakmayofileblad. adami- 
anis, ZuZumwovrebis da frinvelebis SemTxvevaSi erTi saxis specialize- 
bul ujreds Tavisi metaboluri procesebisaTvis esaWiroeba ldh-is 
gansakuTrebuli saxeoba es aris spermatociti, romlis winamorbedia 
spermatogonia. is Sedgeba, Cveulebriv, ldh-s А  da  В suberTeulebisagan. 
spermatocitebis diferencirebis dawyebis Semdeg А  da  В gamoirTvebian da 
CaerTveba mesame C – geni, romelic gansazRvravs ldh-s gansakuTrebuli 
formis sinTezs. tetrameri – C  Tavisi TvisebebiT mkveTrad gansxvavdeba 
yvela 5 izofermentisagan, romelic Sedgeba А  da  В suberTeulebisagan. 
geni-– C warmoadgens genTa aqtivobis ujreduli specifikurobis erT-erT 
sanimuSo magaliTs. is umoqmedoa organizmis yvela ujredSi, garda I ri- 
gis spermatocitebisa, romelSic is mxolod ramdenime  saaTiT CaerTveba. 
es daskvna gakeTebuli iqna mtredebze Catarebuli genetikuri gamokvle- 
vebis safuZvelze, romelTa nawili heterozigoturia C  lokusis mixed- 
viT. aseT mtredebs eleqtroforezuli dayofis Sedegad uvlindebaT 5 
izofermenti, romelic Sedgeba mutanturi da normaluri C suberTeuli- 
sagan. saTeslis homogenatSi 5 izofermentis Tanafardoba uaxlovdeba 
binominalur dayofas 1 : 4 : 6 : 4 : 1, rac gviCvenebs, rom orive aleli 
funqcionirebs erTdroulad, erTsa da imave ujredSi, Tanabari intensi- 
vobiT. I rigis spermatocitis gayofis Semdeg warmoiqmneba II rigis 
spermatociti, C  geni ki gamoirTveba. sapirispiro SemTxvevis dros 
mimdinare reduqciuli dayofis Sedegad 5 izofermentis Tanafardoba, 
romelic Sedgeba C suberTeulisagan, ar iqneba binominaluri dayofis 
Sesabamisi, aramed gadaixreba didi raodenobis homopolimerebis mxareze. 
geni—C aRmoCenili iqna mraval ZuZumwovarsa da frinvelebSi, magram ar  
gvxvdeba civsisxlian xerxemlianebSi. 
     maSasadame, Tbilsisxlian xerxemlianebSi arsebobs sami geni, romle- 
bic gansazRvraven ldh-as sinTezs. sami an meti geni gvxvdeba TevzebSic, 
romlebic kodirebulia ldh-is suberTeulebiT. mraval Tevzs badisebur 
(Tvalis garsis) da tvinis ujredebSi aReniSnebaT ldh-s damatebiTi izo- 
fermentebi. polipeptidi ldh, romelic kodirebulia E geniT, gvxvdeba 
mxolod zrdasruli organizmis ujredebSi da ar warmoiqmneba Canasaxis 
ujredebSi. C  genis msgavsad, romelic ZuZumwovrebisa da frinvelebis 
spermatocitebSia, E geni erTveba ganviTarebis gansazRvrul etapze da 
mxolod zogierTi tipis ujredSi. polipeptidi, romelic kodirebulia 
E  geniT, warmoqmnis E4 tetramers da polimerizdebian A da B  suber- 
TeulebTan, ris Sedegadac warmoqmnian izofermentebis damatebiT jgufs. 
   garda amisa, zogierTi saxeobis TevzSi A da B  suberTeulebi ar 
polimerizdebian, ris Sedegadac ar warmoqmnian A da B  heteropolime- 
rebs. E suberTeulis monawileobisas SesaZlebeli xdeba iseTi tetrame- 
rebis warmoqmna, romelic Seicavs rogorc A da B,  ise E suberTeulebs. 
    amrigad, E  genis aqtivaciis kvlevis Sedegad dadginda, rom am saxe- 
obis TevzebSi mniSvnelovnad izrdeba izofermentebis mravalferovneba. 
jerjerobiT ucnobia, ldh-s izofermentTa aseT did nakrebs aqvs 
Tu ara mniSvneloba ujredis normalur fiziologiur moqmedebaSi. am 
uCveulo fermentebis mniSvnelovan rolze, diferencirebisa da specia- 
lizebuli nervuli ujredebis cxovelmyofelobis procesze miuTi- 
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Tebs E  izofermentis farTo gavrceleba sxvadasxva saxeobis TevzSi. 
    ldh-s sxvadasxva genis amorCeviTi aqtivoba ganisazRvreba citoplaz- 
mis qimiuri SedgenilobiT. Tavis mxriv, citoplazmaze moqmedeben ldh-s 
ama Tu im suberTeulis sinTezis maregulirebeli genebi. aRwerili iqna 
mutanturi geni, romelic aregulirebs BB suberTeulis sinTezs Tagvebis 
eriTrocitebSi. Cveulebrivi geni-B aqtiuria Tagvis yvela ujredSi,magram 
mutanturi genis Tagvebis eriTrocitebSi B genis aqtivoba daTrgunulia. 
am ujredebSi daTrgunuli B genis danaxva SesaZlebelia genetikuri 
meTodebiT. gansakuTrebiT mniSvnelovania is, rom am geni-regulatorebis 
aqtivoba Semoifargleba erTi tipis ujredebiT-eriTricitebiT da Sesaba- 
misad, ganpirobebulia maRalspecializebuli ujreduli genotipiT. 
maSasadame, geni-regulatorebi da struqturuli genebi aaSkaraveben 
ujredis specifikurobas. 
    baqteriuli ujredisagan gansxvavebiT, xerxemlianTa xangrZliv sico- 
cxlisunarian ujredebSi cilis molekulebis nakrebi yovel stadiaze 
ganisazRvreba ara marto sinTeziT, aramed daSliTac, amitom ldh- 
izofermentebis nakrebi ujredSi ganpirobebulia sinTezisa da daSlis 
procesis wonasworobiT. ramdenadac icvleba  ujreduli diferencirebis 
procesSi izofermenetebis Tanafardoba, amdenad unda moxdes im  
izofermentebis arCeviTi mocileba, romelic ujreds aRar esaWiroeba. 
miRebuli iqna monacemebi aseTi diferencirebuli daSlis arsebobaze. 
   radiaqtiuri izotopebis gamoyenebiT Tagvebze Catarebuli cdebiT  
naCvenebi iqna, rom yoveli tipis ujreds axasiaTebs ldh-5 daSlis 
siCqaris Tavisebureba (cxrili 3). damaxasiaTebelia, aseve, sinTezis saku- 
Tari siCqare, romelic damokidebulia genTa aqtivobis doneze. 
 
   
ldh-5  metabolizmi Tagvis qsovilebSi                   cxrili 3. 
qsovili 
 

pikomolis  
sinTezi 
(sutk.sT) 

degradirebuli 
ldh raodenoba 
 1 sutk-Si. 

1gqsovilze 
raod.mkg-Si. 

sicocxlis 
xangrZl.sutk. 

gulis 
kunTi 
 

 
  15,4 
 

 
  0,399 
 

 
    5,4 
 

  
     1,6 
 

ConCxis 
kunTi 
 

  31,0 
 

  0,018 
 

  240,0 
 

    31,0 
 

RviZli 
 
 

  65,0   0,041   224,0     16,0 

 

  
  
sinTezi analogiuria 0-is maSin, roca ldh molekulis daSla aris I 
rigis reaqcia. ldh-s stacionaruli done nebismier ujredSi SeiZleba 
iyos momatebuli an Semcirebuli, Tu icvleba sinTezis an daSlis si- 
Cqare. orive procesis siCqare SeiZleba icvlebodes did diapazonSi 
da damokidebulia ujredis diferencirebis xarisxze. 
    laqtadehidrogenazas Seswavlis safuZvelze cxadi gaxda, rom geni_ 
romelic pasuxismgebelia romelime tipis cilis sinTezze, unda CaerTos  
ujredSi sinTezis dawyebamde. amasTanave, TviT genis aqtivobis produqti 
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SeiZleba daiSalos sxvadasxva siCqariT. Tanamedrove genetikis erT-erT 
mTavar kiTxvas warmoadgens imis garkveva, xorcieldeba Tu ara genis aq- 
tivobis pirveladi regulacia principiT “yvelaferi an araferi”. e.i. ge –
nis Semdgomi aqtivobis modulacia xorcieldeba gansakuTrebuli meqaniz- 
mis meSveobiT. maTi aqtivobis xarisxs gansazRvravs pirveladi aqtivobis 
meqanizmi an genTa inhibireba. am sakiTxis gadawyvetaSi SeiZleba mniSvne- 
lovani roli Seasrulos fermentma laqtadehidrogenazam, Tumca 
zogierTi sxva fermentic SeiZleba gamoyenebuli iqnes genis diferenci- 
rebuli aqtivobis Seswavlis mizniT. 
 
         qsantindehidrogenaza qaTmis embrionis RviZlSi 
 
    fermenti qsantindehidrogenaza (qdh) erT-erTi imaTTagania im mraval- 
ricxovan fermentTa Soris, romlis odenoba qaTmis CanasaxSi mkveTrad 
izrdeba gamoCekis momentSi (nax.11.). genTa aqtivobis Tanamedrove Sexedu- 
lebis Tanaxmad, SeiZleba daskvnis gakeTeba, rom es ganpirobebulia 
gamoCekis momentSi Sesabamisi genis “CarTviT”. ra Tqma unda, es mosa- 
zreba ar SeiZleba CaiTvalos sworad. iseTive efeqti anu specifikuri 
fermentebis aqtivobis mkveTri zrda SeiZleba iyves matriculi-rnm-as 
winamorbedis translaciis dawyebis Sedegi, fermentTa diferencirebuli 
dagrovebis (romelic sinTezirda organizmis sxva nawilSi) an fermentTa 
daSlis Sewyvetis Sedegi. am SemTxvevaSi aRniSnul cvlilebebSi, gamori- 
cxuli iqna fermentTa aqtivacia rogorc SesaZlo mizezi. Tu wiwilis  
RviZlis eqstraqts, qdh aqtivobis maRali doniT, ganviTarebis adreul  
stadiaze SeurevT qaTmis Canasaxis araaqtiur RviZlis eqstraqts, maSin 
narevis aqtivoba xasiaTdeba mkacri aditiuri xasiaTiT. maSasadame, qdh 
maRali aqtivoba gvian stadiaze ar aris ganpirobebuli mosvenebuli fer- 
mentebis aqtivaciiT, iseve rogorc adreul stadiaze aqtivobis dabali 
done ar aris inhibitorebis moqmedebis Sedegi. 
     ismis kiTxva, xom ar aris qdh aqtivobis momteba ganpirobebuli fer- 
mentuli cilis sinTeziT? am kiTxvaze pasuxis gasacemad Catarebuli iqna 
Semdegi cda: gawmendili qdh Seuyvanes bocvers ris Sedegadac miiRes spe- 
cifiuri antisxeuli qdh-Tan damokidebulebaSi. antisxeulebis aqtivobis 
gansazRvra xdeboda imunotitrirebiT. antisxeulebs mzardi raodenobiT 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 11. qsantidehidrogenazas (qdh) Semcveloba qaTmis ganviTarebadi 
Canasaxis RviZlSi 
 
umatebdnen gawmendil qdh-s. miRebul precipitatebs gamoyofdnen centri- 
fugirebiT da dasaleqi siTxiT sazRvravdnen qdh-s aqtivobas. cdidan 
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Cans, rom 30 mkl antisxeuli ukavSirdeba qdh-s aqtivobis 50 erTeuls.  
aRniSnul cdaSi 1 mkl antisxeuli ikavSirebs daaxloebiT 1,6 erTeul 
qdh-s. aRniSnulis safuZvelze SeiZleba imis garkveva, dakavSirebulia 
Tu ara ganviTarebis sxvadasxva stadiaze fermentTa aqtivobis specifi- 
kuri gansxvaveba imunologiurad aqtiuri masalis mzard raodenobasTan. 
yvela stadiaze xdeboda fermentis gawmenda da ekvivalentobis wertilis 
gansazRvra. aRmoCnda, rom qdh sxvadasxva preparatisaTvis ekvivalento- 
bis wertili erTnairia. arsebobs absoluturi Sesabamisoba yvela 
stadiaze fermentTa imunologiur Tvisebebsa da katlizur aqtivobas So- 
ris. aqedan gamomdinare, cxadia, rom qdh-s aqtivobis gazrda xdeba qdh 
molekulaTa ricxvis gazrdis paralelurad. 
      ismis kiTxva: ganpirobebulia Tu ara fermentTa ricxvis zrda misi 
sinTezis siCqaris gazrdiT an piriqiT fermentTa stabilizaciiT? am kiT- 
xvaze pasuxis gacemis mizniT gamoyenebuli iqna radioimunologiis meTo- 
di, raTa SeeswavlaT hormonebis moqmedeba fermentTa Semcvelobaze. gan- 
vixiloT am meTodiT gamoyenebuli cdis Sedegi: ganviTarebis sxvadasxva 
stadiaze qaTmis CanasaxSi SeyavdaT niSandebuli aminomJavebi, Semdeg ki 
sazRvravdnen precipitatis radiaqtiurobas, romelic miRebuli iqna spe-
cifikuri antisxeulebis reaqciis Sedegad. cdis Sedegebma aCvena, rom 
qaTmis ganviTarebadi Canasaxis RviZlSi qdh-s dagroveba ganpirobebulia 
qdh-s sinTezis siCqaris gazrdiT. roca miiRweva qdh-s maRali done, 
Cerdeba zrda fermentTa degradaciis dawyebis gamo. degradaciis es 
meqanizmi gadamwyvetia qdh-s stacionaruli donis dadgenis mizniT. 
 
               aldehidoqsidaza drozofilaSi 
 
    gadasawyvetia meore mTavari sakiTxi – ujredis avtonomiuroba (damo- 
ukidebloba) fermentebis sinTezTan mimarTulabaSi. zemoT aRwerili 
cdis SedegiT ar SeiZleba imis Tqma, namdvilad sinTezirdeba fermenti 
qdh RviZlSi Tu sinTezirdeba organizmis sxva nawilSi da Semdeg 
grovdeba RviZlSi. organoTa kulturebze Catarebuli cdebis gareSe 
TviT faqti qsovilebSi fermentTa arsebobis Sesaxeb ar aris avtonomiu- 
ri sinTezis damajerebeli mtkicebuleba. cnobilia ramdenime SemTxveva, 
roca erT qsovilSi sinTezirebuli cilebi grovdeba meoreSi. 
magaliTad, mwerebSi kvercxis gulis cilebi sinTezirdeba RviZlis 
ujredebSi da gvian transportirdeba kvercxSi ZuZumwovrebis cilebi 
Tavad asinTezebs mraval Sratisebur cilas “gadasagzavnad”. 
    imisaTvis, rom gavarkvioT, mocemuli cila sinTezirda ujredSi Tu 
tramsportirebuli iqna iq, gamoiyeneba ramdenime meTodi, maT Soris erT- 
erTia organoTa kulturis meTodi. magaliTad, SeiZleba organoTa Cana- 
saxi gadanergili iqnes erTi organizmidan meoreSi, romelic pirvelisa- 
gan gansxvavdeba fermentis ganmsazRvreli genis nakrebiT. magaliTisaT- 
vis ganvixiloT fermenti aldehidoqsidaza drozofilaSi. napovni iqna am 
fermentis mixedviT ramdenime mutanti erT-erTi iyo “uaryofiTi” alde- 
hidoqsidazas mixedviT, romelsac ara aqvs unari, awarmoos fermenti. Tu 
normaluri genotipis matlis Canasaxs gadavunergavT mutantur matls da 
amovacliT diferencirebul transplantants maspinZel-matlis metamor- 
fozis Semdeg, aRmoCndeba, rom transplantanti xasiaTdeba aldehidoqsi- 
dazas aqtivobis normaluri doniT. cxadia, rom gadanergilma sakvercxem 
TviT Seqmna es fermenti, ramdenadac maspinZeli organizmis qsovili 
genetikurad miklebulia aldehidoqsidazas sinTezis SesaZleblobas. 
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                        Tavi VII 
              genTa aqtivobis regulacia  

    ramdenadac genebi mniSvnelovan rols asruleben ujredis diferenci- 
rebaSi da gansazRvraven zrdasruli organizmis specializebuli ujre-
debis Tvisebas, amdenad, mosalodnelia, rom arsebobdes korelacia or- 
ganizmis ujredebSi dnm-as raodenobasa da organizmis Semadgenel dife- 
rencirebul ujredTa mravalferovnebas Soris. sxva sityvebiT rom 
vTqvaT organizmis informaciuli Semcveloba uSualo kavSirSia im in- 
formaciis saerTo raodenobasTan, romelic aucilebelia am organizmis 
agebisaTvis. sxvadasxva organizmSi dnm-as raodenobis gansazRvra gviC- 
venebs, rom arsebobs saerTo korelacia organizmis sirTulesa da masSi 
arsebul dnm-as raodenobas Soris, magram yovelTvis ar aRiniSneba aseTi 
korelacia, rac arTulebs qromosomebSi dnm-as organizaciisa da genebis 
rolis dadgenas calkeuli ujredis Tvisebis gansazRvraSi. 
   qvemoT mocemulia dnm-as raodenobis fardobiTi Semcveloba 14 sxvada- 
sxva saxeobaSi baqteriofagidan xerxemlian cxovelebamde. 

                      (dnm-as Semcveloba 1,00=7∙10‾¹² g. dnm) 
 
1. baqteriofagi  T2         _  0,00006 
2. baqteriebi                _   0,0014 
3. Rrublebi                _    0,016 
4. lorwovnebi             _    0,056 
5. nawlavRruianebi         _    0,096 
6. lanceta                  _    0,167 
7. msusxavkanianebi          _    0,26 
8. kambala                   _    0,23 
9. kalmaxi                   _    0,80 
10. Tagvi                     _    1,00 
11. bayayi                     _    2,17 
12. tritoni                  _    13,00 
13. aqsolotli               _    27,89 
14. orgvarad msunTqavi Tevzebi _ 35,40 
 
    imisaTvis, rom gavigoT am monacemebis mniSvneloba, saWiroa gavixse- 
noT nukleotiduri kodis moculoba. cnobilia, rom erTi aminomJavis 
kodirebisaTvis saWiroa sami nukleotidi. ujredSi arsebuli 4 nukle- 
otidi gvaZlevs 64 kodons, romelic mxolod 20 aminomJavas akodirebs. 
aqedan Cans, rom nukleotiduri kodi xasiaTdeba didi siWarbiT. 
erTi da igive aminomJava SeiZleba kodirebuli iyos nukleotidebis sxva- 
dasxva TanmimdevrobiT. Tu dauSvebT, rom cilis molekuluri wona saS- 
ualod Seadgens 30 000-s, maSin cilis molekulaze aminomJauri narCenis 
saSualo ricxvi toli iqneba 300-is, radganac aminomJavebis molekuluri 
wona saSualod 100-is tolia. aminomJavaTa aseTi ricxvi SeiZleba kodire- 
buli iqnes 900 nukleotidiT. maSasadame, SeiZleba CaiTvalos, rom cilis 
erT molekulas akodirebs 1000 nukleotidi. Tu ganvixilavT sxvadasxva 
organizmSi nukleotidebis an dnm-as Semcvelobas, davinaxavT, rom 
baqteriofag  T2- is dnm-as SeuZlia daakodiros saSualo zomis 
200 cila, baqterias-45, xolo ZuZumwovrebi adamianis CaTvliT, Seicavs 
dnm-as iseT raodenobas, romelsac SeuZlia daakodiros 3,2 mln. 
cila. aseTi gansxvaveba Seesabameba am organizmTa SefardebiT sirTu- 
les, magram daskvnas imis Sesaxeb, rom organizmis sirTule Seesabameba 
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masSi dnm-as Semcvelobas, ver davudebT safuZvlad xerxemlianebs, ro- 
gorc calkeul jgufs. magaliTad, kambala 5-jer nakleb dnm-as Seicavs, 
vidre ZuZumwovrebi; orgvaradmsunTqavi Tevzebi Seicaven 150-jer met dnm-
s vidre kambala da 35-jer mets, vidre ZuZumwovrebi. zogierTi amfi- 
bia, magaliTad, aqsolotli, Seicavs 25-jer met dnm-s, vidre adamiani. in- 
formaciis raodenobis TvalsazrisiT, warmoudgenlad gveCveneba is, rom 
orgvaradmsunTqavi Tevzebis an aqsolotlis ganviTarebis programa saWi- 
roebs ufro met informacias, vidre adamianis ganviTareba. aseTia pirve- 
li Seusabamoba am monacemebisa, romelic saWiroebs axsnas. 
     meore mniSvnelovan faqts warmoadgens is, rom ZuZumwovrebis ujre- 
debi Seicavs sakmao raodenobis dnm-as, raTa daakodiros 1000-jer meti 
cila, vidre dReisaTvis aris cnobili. ra Tqma unda ucnobia  yvela is 
cila, romelic sinTezirda ZuZumwovrebis ujredebSi, magram nakleb 
dasajerebelia is, rom yvela nacnob cilaze mosalodneli iyos 1000 
axali cilis aRmoCena. marTalia, ar aris srulyofili monacemebi 
organizmis bioqimiur Sedgenilobaze, magram arsebul monacemebze 
dayrdnobiT SeiZleba imis mtkiceba, rom fermentebis (romelic aucile- 
belia ujredis metabolizmisaTvis)  molekulaTa kodirebisaTvis ar 
aris saWiro dnm-as aseTi didi raodenoba.  
 aseTia meore Seusabamoba, romelic aseve saWiroebs axsnas. 
     dnm-as ZiriTadi raodenoba lokalizebulia qromosomebSi, magram 
mcire raodenobiTY aRmoCenilia ujredis organelebSic, rogoricaa 
mitoqondriebi, mcenareuli plastidebi da infuzoriebis bazaluri 
sxeulis pelikula. am organelebSi arsebuli dnm-as raodenoba arsebi- 
Tad ar moqmedebs calkeul organizmSi mis fardobiT Semcvelobaze. 
ramdenadac dnm-as Semcveloba xerxemlianebSi SeiZleba cvalebadobdes 
150-jer da metjer, amdenad, axsna unda veZeboT qromosomTa agebulebaSi 
an maT mravalricxovnebaSi.  
    I SesaZlebloba – es aris poliploidia, romelic gvxvdeba mraval 
organizmSi, maTSi dnm-as raodenoba icvleba ploidobis xarisxis 
Sesabamisad. haploiduri ujredebi Seicaven 2-jer ufro mcire raode- 
nobis dnm-as, vidre diploiduri ujredebi, romlebic, Tavis mxriv,  
Seicavs 2-jer mcire dnm-as, vidre tetraploiduri ujredi. rogorc 
vxedavT xerxemliani cxovelebis ujredis kariotipis gamokvleva ver 
amtkicebs daskvnas imis Sesaxeb, rom poliploidiiT SeiZleba aixsnas 
dnm-as raodenobaSi gansxvaveba. 
   II SesaZlebloba _ es aris politenia. politenuri qromosomebi axasi- 
aTebs zogierT orfrTian mwers, magaliTad, drozofilas. politenuri 
qromosomebis dnm replicirdeba, magram dnm-as Zafebi SeerTebuli rCeba 
mTel sigrZeze da warmoqmnian mravalZarRviani tipis struqturas. erTi  
politenuri qromosoma SeiZleba Sedgebodes dnm-as 1000-ze meti Zafisagan. 
SedarebiT rTulia, gamovricxoT politenia, rogorc SesaZlo axsna xer- 
xemlianTa ujredebSi dnm-as sxvadasxva raodenobis Semcvelobisa. amfi- 
biebis oocitSi lampis jagrisis tipis qromosomis gamokvlevam gviCvena, 
rom es qromosomebi Seicaven dnm-as mxolod erT ormag spirals, garda 
amisa, mutanturi genebis ganawileba savsebiT SeuTavsebelia gametebSi 
qromosomTa politenur agebulebasTan. 
    III SesaZlebloba _ es aris genTa xazobrivi mravalricxovneba. mrava- 
li geni SeiZleba arsebobdes mravali asliT, romelic SeerTebulia Tan- 
mimdevrobiT da warmoqmnis qromosomTa saerTo xazobriv struqturas. 
aseTi xazobrivi mravalricxovneba SeiZleba axasiaTebdes nebismier gens 
an genomis nawils. magaliTad, orgvaradmsunTqav TevzebSi qromosomTa 
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haploiduri nakrebi SeiZleba Seicavdes TiToeuli genis 150 asls, kamba- 
laSi ki _ TiTo asls. alternatiul SesaZleblobas warmoadgens-
sxvadasxva genebis aslebis gansxvavebuli raodenoba. garda amisa, Tu 
namdvilad arsebobs genTa diferencirebuli mravalricxovneba, is 
SeiZleba cvalebadobdes erTi da igive organizmis sxvadasxva qsovilSi 
da safuZvlad edos ujreduli diferencirebis procesSi genTa aqtivobis 
raodenobriv gansxvavebas. 
    genTa xazobrivi mravalricxovnebis monacemebis ganxilvamde saWiroa 
aRiniSnos, rom genTa damatebiTi aslebis arseboba unda uzrunvelyofdes 
didi raodenobiT matriculi rnm-as warmoqmnas, romelic daaCqarebs 
gansazRvruli cilebis sinTezs qromosomaSi. mxolod erTi genis 
mravali aslis arseboba, pirobas Seqmnida mutaciis Sedegad genTa 
uwyveti divergenciisa. aRniSnuli genis yovel asls SeuZlia damoukideb- 
lad mutireba da drois garkveul periodSi mutaciis dagroveba. 
gamorCevis zegavleniT, romelic mimarTuli iqneboda mutanturi genebis 
mocilebisaken, mniSvnelovnad Semcirdeboda aslebis raodenoba. ar 
arsebobs monacemebi, romlebic gviCvenebda xerxemlianebSi kavSirs cilis 
mravalricxovani formebis, kerZod, izofermentebis, arsebobasa da dnm-as 
did raodenobas Soris. 
    am sakiTxis gadawyveta moxerxda orgvaradmsunTqavi Tevzebisa da kam- 
balas eqstragirebul qsovilTa mravalricxovani tipis cilebis Sedare- 
biT. am ori saxeobis TevzebSi arc ise didia sxvaoba dnm-as Semcvelo- 
baSi, xolo xerxemlianebsa da orgvaradmsunTqav Tevzebs Soris 150-jer 
metia, vidre kambalaSi. am  monacemTa SejamebiT SeiZleba iTqvas, rom 
Tevzebis es ori saxeoba cilebis raodenobis mixedviT umniSvnelod 
gansxvavdebian. Tu orgvaradmsunTqavi Tevzebis ujredebi, kambalas 
ujredebisagan gansxvavebiT, Seicaven yoveli genis 150 asls, es ar 
zemoqmedebs am ori saxeobis mutanturi formis cilebis Sesabamis rao- 
denobaze. am gamokvlevaTa Sedegebs mivyavarT im daskvnamde, rom arse- 
bobs genTa xazobrivi mravalricxovneba rac organizebulia ise, rom 
mxolod TiToeuli genis erTi asli gadaecema Taobidan Taobas. 
     gamoTqmuli iyo ramdenime mosazreba imis Sesaxeb, Tu rogor iqnebo- 
da es miRweuli. erT-erTi hipoTezis Tanaxmad, arsebobs geni-“batoni”, 
ro- 
melic akontrolebs geni-“monis” struqturas. am hipoTezis mixedviT unda 
arsebobdes Secdomebis gasworebis an mutaciis meqanizmi yvela damone- 
bul genSi. am SemTxvevaSi erTi geni gadascems mxolod  informacias 
erTi Taobidan meoreze da amasTanave, genebis mravalricxovneba ar gamoi- 
wvevs cilebis mravalricxovnebas.  
     arsebobs meore hipoTezac, romelic efuZneba ribosomur rnm-aSi 
cistronebis qcevas. es cistronebi ara marto xazobrivad meordeba 
qromosomebSi, aramed replicirdeba oocitebSi da warmoqmnis 
mravalricxovan damatebiT asls, romlebic ar gadaecema ujredis 
Semdgom Taobas. am hipoTezis Tanaxmad, genebis mravalricxovneba (genebis 
eqstraaslebi) ujreduli dayofis anu gametogenezis procesSi ar 
monawileobs. amgvarad, replicirdeba mxolod pirveladi geni da Semdgom 
TaobebSi gamovlindeba mxolod am genis mutacia. 
    rig organizmebSi Catarebuli iqna gamokvlevebi genTa mravalricxov- 
nebis Sesaxeb dnm-as hibridizaciis meTodis saSualebiT. dnm-as orjaWvi- 
ani spiralis dacileba SeiZleba tutis an temperaturuli denaturaciis 
meSveobiT. Sesabamis pirobebSi inkubaciisas isini kvlav reasocirdebian 
orjaWvian kompleqsad. imisaTvis, rom SevafasoT genis mravalricxovnebis 
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xarisxi, jer axdenen agaris garemoSi dnm-as eqstragirebas, Semdeg dena- 
turacias da imobilizacias erTjaWviani dnm-as saxiT. dnm-as imobilize- 
buli jaWvis inkubacias axdenen imave organizmidan miRebuli radiaqtiu- 
ri dnm-as erTjaWvian fragmentebTan erTad. Tu SevarCevT Sesabamisi kon- 
centraciis kaTionebs, temperaturas inkubaciisaTvis, koncentracias dnm- 
-as jaWvisaTvis da dnm-as fragmentebis zomebs, SesaZlebelia miviRoT 
dnm-as kvlavwarmoqmnili kompleqsuri jaWvi. 
   reasociaciis xarisxis gansazRvra SeiZleba ramdenime meTodiT: Tu 
dnm-as erT-erTi jaWvi radiaqtiuria, maSin reasociaciis xarisxis gansaz- 
Rvra SeiZleba imobilizebuli jaWvisa da araradiaqtiuri dnm-as komple- 
qsis radiaqtiurobis gansazRvriT. kompleqsis warmoqmnis sazomad SeiZ- 
leba gamoviyenoT ultraiisferi sxivebis STanTqma, ramdenadac disoci- 
rebuli dnm STanTqavs ufro met sinaTles, vidre reasocirebuli hibri- 
duli orjaWviani dnm. Tu hibridizaciis reaqcia mimdinareobs xsnarSi, 
maSin warmoqmnili kompleqsebi SeiZleba davaSoroT erTjaWvian frag- 
ments, narevis fosfat-kalciumis gelSi gatarebiT, romelzedac 
adsorbcirdeba reasocirebuli dnm, erTjaWviani dnm ki gatardeba masSi 
Tavisuflad.  
      hibridizacia SesaZlebelia ganxorcieldes dnm-as ori jaWvis dabo- 
loebaTa Soris. daboloebaTa dawyvileba iqneba ufro zusti, roca daba- 
lia hibridizaciis temperatura. hibridizaciis procesi damokidebulia 
dnm-as komplementur jaWvebs Soris Sejaxebaze da amitom misi siCqare 
ganisazRvreba hibridizebuli Zafis koncentraciiT. Tu TiToeuli ge- 
ni warmodgenilia genomSi mxolod erTjer, maSin hibridizaciis siCqare 
ukuproporciuli iqneba genomis moculobisa da mcirea iseTi zomis geno- 
mebisaTvis, rogoric gaaCniaT xerxemlian cxovelebs. 
     yovelive es saSualebas gvaZlevs hibridizaciis meTodi gamoviyenoT 
genTa mravalricxovnebis xarisxis gansazRvrisaTvis. sxvadasxva organiz- 
mebidan dnm-as reasociaciis cdebiT naCvenebi iqna, rom umdablesi orga- 
nizmebis umravlesobas mkveTrad aqvT gamovlenili pirdapiri damokide- 
buleba hibridizaciis siCqaresa da genomis moculobas Soris. xerxemli- 
anebSi hibridizaciis siCqare aRmoCnda Zalian maRali. am Sedegebis safu- 
Zvelze SeiZleba vivaraudoT, rom maRalganviTarebuli organizmebis ge- 
nomSi dnm-as zogierTi Tanmimdevroba mravaljer meordeba. me-12 naxazze 
mocemuli Sedegebi gviCvenebs, rom xbos qsovilidan aRebuli dnm-as daa- 
xloebiT 40% Seicavs 10 000-dan 1 mln-mde ganmeorebad Tanmimdevrobas. 
 
 
 
 
 
 
 
 
 
 
 
                    nax. 12. dnm-as reasociacia xbos TimusSi 
 
Tagvebze Catarebuli hibridizaciis kinetikis analizma gviCvena, rom nuk- 
leotidebis calkeuli Tanmimdevrobis aslebi SeiZleba cvalebadobdes 
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100-dan 100 000-mde an milionamde. ujreduli diferencirebis Tvalsazri- 
siT mniSvnelovania imis codna, cvalebadobs Tu ara sxvadasxva qsovilSi 
an diferencirebis sxvadasxva stadiaze dnm-as ganmeorebebi. arsebuli 
monacemebi ar iZleva imis safuZvels, vifiqroT, rom ganviTarebis 
procesSi nukleotiduri Tanmimdevrobebis ganmeoreba sxvadasxva qsovi- 
lSi gansxvavebulia. dReisaTvis cnobilia, rom maRalganviTare- buli 
cxovelebis genomSi, gvxvdeba genebi, romelic meordeba ujredSi 
1000-dan 1 mln-mde. maSasadame, genomis mniSvnelovan nawils Seadgens 
ganmeorebadi genebi (nax.13). 
 
 
 
 
 
 
 
 
 
 
 

 

 

          nax. 13 mravlobiTi genebi Tagvis genomSi  

      rogorc aRvniSneT, garda qromosomebisaa dnm aRmoCenilia mcire 
ra- 
odenobiT ujredis sxva nawilebSic, kerZod mitoqondriebSi, bazalur 
sxeulSi, magram amiT ujredSi dnm-is saerTo raodenoba umniSvnelod 
izrdeba, radgan maT SemadgenlobaSi Semavali dnm Seadgens mTeli dnm-as 
1%-ze naklebs. mitoqondriuli dnm miekuTvneba iseT klass, romelSic 
calkeuli geni meordeba 1000-jer an imdenjer, ramdeni mitoqondriac 
aris ujredSi. arsebuli monacemebi gviCveneben, rom mitoqondriebi TviT- 
warmoiqmnebian da gadaecemian Taobebs ujredis dayofisas. Tu mitoqon- 
driul genSi xdeba mutacia, maSin es genebi TandaTanobiT unda Seic- 
valon iseT donemde, rom erTi organizmis mitoqondria gaxdes hetero- 
genuri. aqedan gamomdinare, mitoqondriaTa memkvidreobis Seswavla mog- 
vcemda warmodgenas imis Sesaxeb,  ganpirobebulia Tu ara mutaciebiT 
mitoqondriebis heterogenuroba. 
     gametogenezis procesSi qromosomebSi xdeba genebis gadanawileba, 
kerZod, meiozis dros homologiur qromosomebs Soris damoukidebeli 
ganawilebisa da krosingoveris Sedegad. jer kidev ucnobia, ra rols as- 
rulebs mitoqondriis dnm gametis saerTo genetikur informaciaSi. gana- 
yofierebis procesSi qromosomTa genetikuri cvalebadoba Zlierdeba 
kvercxisa da spermiis genomis SeerTebiT. maRalganviTarebuli organiz- 
mebis rogorc spermatozoidebi, aseve kvercxi Seicavs mitoqondriebs, 
romelTaganac TiToeuli Seicavs Tavis dnm-as, garda amisa, es mitoqon- 
driebi Seicaven dnm-as mTel sistemas, romelic damokidebulia rnm-as  
sinTezze. Tumca, dReisaTvis cota ram aris cnobili mitoqondriebis 
dnm-as biologiuri funqciis Sesaxeb, magram sainteresoa im informaciis 
bedi, romelic Seitana kvercxSi mitoqondriebma ganayofierebis dros. 
ZuZumwovrebSi mitoqondriebi ganlagebulia spermatozoidis Sua nawilSi 
ganayofierebis procesSi es nawili mitoqondriebTan erTad aRwevs 
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kvercxSi, garkveuli drois Semdeg es mitoqondriebi iSleba. es movlena 
Seswavlili iqna eleqtronul-mikroskopuli gamokvlevebiT ZuZumwovre- 
bis kvecxujredSi spermatozoidebis Serwymis Semdeg. cnobilia isic, rom 
spermatozoids ar Seaqvs aranairi informacia zigotaSi mitoqondriul 
dnm-asTan dakavSirebiT. amitomac, yvela is Tviseba, romelic ganpirobe- 
bulia mitoqondriuli dnm-aTi, memkvidreobs dedis xaziT. 
            
             operonis koncefcia umaRlesi organizmebisaTvis 
     ganviTarebis genetikis rogorc mecnierebis, ganviTarebaze Zlieri 
gavlena moaxdina baqteriebze Catarebuli genetikuri kvlevis safuZvelze 
SemuSavebulma koncefciam. dadgenilma Sexedulebam dnm_rnm_cila jaWvis 
Sesaxeb, misi regulatoruli meqanizmebiT, arsebiTi zegavlena iqonia 
ganviTarebis biologiaze. am Sexedulebis erTi aspeqti, romelic 
wodebulia operonis Teoriad, detalurad iqna ganxiluli xartmanis da 
saskaindis wignSi-“genis moqmedeba”. es Teoria mdgomareobs SemdegSi: 
operoni warmoadgens genomis transkripciis erTeuls da Sedgeba 
ramdenime komponentisagan (nax.14) _ struqturuli genebi, geni_ 
regulatori, operatoris lokusi da gamaZliereblis lokusi. 
struqturuli genebi qromosomaSi ganlagebulia erTmaneTis gverdiT, 
isini kontroldebian geni-regulatoris produqtis urTierTzemoqmedebiT 
lokus-operatorTan, romelic mdebareobs struqturuli genebis jgufis 
erT boloSi. TviT geni-regulatori SeiZleba ganlagebuli iyos genomis 
sxva adgilas, operonis sxva genebisagan SemousazRvravad. is akodirebs 
raRac nivTiereba-represors, romelic aqveiTebs operonis moqmedebas. 
aseTi genetikuri sistema SeiZleba kontroldebodes dabalmolekuluri 
nivTierebebiT, magaliTad, metaboluri gzis substratiT. am substratis 
molekula nivTiereba-represorTan kompleqsSi xels uSlis represoris 
dakavSirebas operatorTan da ganapirobebs matriculi rnm-is 
transkripcias struqurul genebTan erTad. 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              nax. 14. operonis struqtura da funqcia. 
 

    ismis kiTxva: gvxvdeba Tu ara umaRles organizmebSi bioqimiuri sis- 
temis struqturuli genebis dajgufebis SemTxvevebi? 
    genTa dajgufebis msgavsi SemTxvevebi aRmoCenili iqna baqteriebSi, is 
SeiZleba iyos safuara sokoSi histidinis biosinTezis gza, romelSic 
dajgufebuli genebi pasuxismgebelia sami fermentis sinTezze. neirospo- 
rebSi mWidrodaa dakavSirebuli 5 geni, romelic pasuxismgebelia aroma- 
tuli aminomJavebis sinTezze. ufro maRalganviTarebul organizmebSi 
genTa dajgufebis magaliTad gamodgeba Xenopus-Si ribosomuri rnm-as 
mTeli lokusi. Xenopus-s qromosomaSi aqvs 28S da 18S r-rnm, romelTagan 
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TiToeuli diploidur genomSi warmodgenilia daaxloebiT 1000 asliT. 
rogorc Cans, es genebi qromosomebSi ganlagebulia morigeobiT   
(28S_18S_ 28S_18S), xolo ribosomuri cistronebis SualedSi ganlagebu- 
lia dnm-as araribosomuri monakveTebi. dnm-as yvela Tanmimdevroba 
iTvleba rogorc erTi mTliani da amgvarad xorcieldeba koordinacia 
28S da 18S rnm-as sinTezs Soris. 
     arsebobs mravali magaliTi romelic gviCvenebs funqciurad dakav- 
Sirebuli lokusebis gaerTianebis ararsebobaze. magaliTad,  Xenopus-is 

ribosomuri rnm-as operonis SemadgenlobaSi ar Sedis 5S- rnm genebi, imis 
miuxedavad, rom es rnm sinTezirdeba 28S da 18S rnm-Tan koordinirebu- 
lad. erTmaneTTan ar aris dakavSirebuli is genebic, romlebic ZuZumwov- 

rebSi akodireben hemoglobinis molekulis α da β jaWvebs. es morfoge- 
netikuri sistema jer kidev ar aris dakavSirebuli bioqimiurTan, rac 
mogvcemda saSualebas, Segvedarebina is baqteriebSi genebis 
dajgufebasTan. 
     arsebobs Tu ara mtkicebuleba aseTi jgufis genebSi operatoris 
arsebobis Sesaxeb? 
     neirosporebisa da safuarebis genTa jgufebi kontroldeba koordi- 
nirebulad. amgvarad, isini warmoadgenen genetikur funqciur erTeulebs. 
am jgufebSi lokus-operatoris arseboba ar aris dadgenili, ramdenadac 
lokus-operatorebSi aranairi mutacia ar aris aRmoCenili. es samarTli- 
ania aseve Xenopus – is ribosomuri rnm-as operonis SemTxvevaSic, romelic 
warmoadgens funqciur erTeuls da romelSic ar gamovlenila lokus-
operatori. saeWvoa, rom koordinirebuli sinTezisaTvis aucilebeli 
iyos lokus-operatori. baqteriuli ujredisaTvis aRwerilia SemTxvevebi 
zogierTi fermentis koordinirebuli kontrolisaTvis, miuxedavad imisa, 
rom baqteriebSi struqturuli genebi gafantulia 
mTel genomSi. umaRles organizmebSi cnobilia zogierTi fermentis 
donis momatebis an Semcirebis SemTxvevebi, rac iTvleba genomis doneze 
koordinirebuli kontrolis mtkicebulebad, magram aseTi mosazreba 
saeWvoa mravali mizezis gamo: I – umaRles organizmebSi fermentTa 
aqtivoba kontroldeba sami sxvadasxva gziT-transkripiciis siCqariT, 
translaciiT da degradaciiT; II - umaRles organizmebSi transkripcia 
mimdinareobs birTvSi, translacia ki citoplazmaSi. amgvarad, koordi- 
nacia SeiZleba ganxorcieldes an dairRves ujredis sxvadasxva nawiliT. 
imisaTvis, rom davrwmundeT koordinirebul transkripciaSi, jer unda 
davamtkicoT is, rom birTvSi xdeba matriculi rnm-as sinTezi, romelic 
akodirebs ramdenime funqciurad dakavSirebul ferments. 
  arsebobs Tu ara mtkicebuleba geni-regulatorebis arsebobis Sesaxeb? 
  geni-regulatorebi uSualod moqmedeben struqturuli lokusebis pro- 
duqtiulobaze da ar axdenen gavlenas maTi produqciis xarisxze. garda 
amisa, isini ganlagebulni unda iyvnen am lokusebis Semdeg. am moTxov- 
nebs akmayofilebs ferment-qsantindehidrogenazas (qdh) sinTezi drozofi- 
laSi. es sistema imitom avirCieT, rom is miekuTvneba tips “ramdenime 
geni-erTi fermenti”. aRniSnuli fermenti kontroldeba sami genetikuri 
lokusiT: maroon-like(ma-l),  romelic ganlagebulia X- qromosomaze  rosy (ry), 
romelic ganlagebulia me-3 qromosomis 52-e lokusSi da low xanthin 

dehydrogenase (lxd), romelic aseve ganlagebulia me-3 qromosomis 33-e 
lokusSi, is 20 erTeuliT aris dacilebuli rosy-gan. buzebi genotipiT  ry 

an   ma-l xasiaTdebian Tvalis yavisferi SeferilobiT, maTSi ar aris 
aRmoCenili qdh, xolo buzebSi genotipiT lxd-qdh aqtivoba aRwevs 20%-s. 
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am genTa qdh-s struqturaze zemoqmedebis Seswavlis mizniT, ferments 
wmenddnen da inieqciiT SehyavdaT bocvrebSi, raTa gamoewviaT am 
fermentis sawinaaRmdegod antisxeulis warmoqmna. aRniSnuli bocvrebis 
Srati Seicavs antisxeuls, romelic aneitralebs qdh-s. Semdeg mutanturi 
buzebi Seswavlili iqna im masalis mixedviT, romelsac unari aqvs 
gaaneitralos qdh-s sawinaaRmdego antisxeulebi. aRmoCnda, rom buzebi 
genotipiT- ry mcired an sruliad ar Seicaven aseT masalas. yovelive es 
saSualebas gvaZlevs, gavakeToT daskvna, rom ry –warmoadgens struqtu- 
rul lokuss, romelic pasuxismgebelia qdh cilis sinTezze. meore mxriv, 
naCvenebi iqna, rom buzebi genotipiT ma-l  da lxd- Seicaven antisxeulebis 
gamaneitralebel masalas qdh-s Tanabari raodenobiT. miuxedavad amisa, es 
monacemebi ar gvaZlevs uflebas, CavTvaloT ma-l  da lxd namdvil lokus-
regulatorebad, ramdenadac isini ar zemoqmedeben sruqturuli lokusis 
makontrolebeli cilis raodenobaze, magram lxd lokusi imsaxurebs 
gansakuTrebul interess, radganac is moqmedebs qdh-s aqtivobis doneze 
da mdebareobs struqturuli lokusis Semdeg yovelive es ganapirobebs 
imas, rom es lokusi msgavsia geni-regulatoris. qdh-s makontrolebeli 
sxvadasxva genis regulatoruli moqmedebis zusti meqanizmi jer kidev 
ucnobia. es exeba mraval mutants, romlebic SeiZleba ganvixiloT, 
rogorc regulatoruli anu  e.w. supresoruli mutantebi. 
    arsebobs Tu ara mtkicebuleba nivTiereba-represoris arsebobis 
Sesaxeb? 
    genis moqmedebis regulaciis Teoriis Tanaxmad, nivTiereba-represo- 
ris rols qromosomebSi asrulebs histonebi. isini warmoadgenen Ziri- 
Tad cilebs, romlebic in vitro-Si inkubaciisas warmoqmnian ionur kom- 
pleqss dnm_asTan. aseTi kompleqsi ar warmoadgens matricas rnm-as sin- 
TezisaTvis. rnm-as sinTezis gazomvas axdendnen iseT cdebSi, sadac ma- 
tricis rols asrulebda dnm an qromatini. Cveulebrivi reaqciuli na- 
revis SedgenilobaSi Sedioda radiaqtiuri atf, gtf, ctf da utf, mag- 

niumi, eTanoli, rnm-polimeraza da 25 mkg dnm. narevis 37°C –ze inkuba- 
ciis Semdeg gamoyofdnen rnm-as da zomavdnen mis radiaqtiurobas. rea- 
qciul narevze 25 mkg histonis damatebisas rnm-as warmoqmna mkveTrad 
Semcirda, xolo 50 mkg histonis damatebisas, rnm-as sinTezi sruliad 
daiTrguna. aRniSnul cdaSi histoni Trgunavs rnm-as transkripcias mat- 
ricul dnm-asTan da warmoadgens nivTiereba-represors. 
     umaRlesi organizmebis ujredebSi identificirebulia histonebis 
ramdenime saxe, ris gamoc gaZnelebulia histonebis represoruli moqme- 
debis meqanizmis dadgena. aseve ar arsebobs monacemebi lokus-regulato- 
rebiT histonebis programirebis Sesaxeb. 
     maSasadame, genis aqtivobis molekuluri regulatori SeiZleba iyos 
qromosomis nawili amasTanave, yvela qromosomis SemadgenlobaSi Semaval 
molekulebs aqvT gansazRvruli mniSvneloba misi struqturisa da funq- 
ciisaTvis. Tanamedrove ganviTarebis biologiis erT-erT ZiriTad da sain 
tereso amocanas warmoadgens am molekulaTa identificireba, daxasiaTe- 
ba da TiToeuli maTganis rolis garkveva. 
 
               mdebareobis mozaikuri efeqti 
 
    baqteriebSi geni-regulatorebis zemoqmedeba operatorze xorciel- 
deba agentisn represoruli nivTierebis meSveobiT, magram es ar aris 
erTaderTi SesaZlebloba. SesaZlebelia, TviT genis mdebareoba qromo- 
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somaSi gavlenas axdens mezobeli genebis aqtivobaze, razec miuTiTebs 
rigi eqsperimentuli gamokvlevebisa. mravali wlis win aRwerili iqna 
erT-erTi mutacia, romelic iwvevda drozofilaSi Tvalis pigmentaciis 
cvlilebas. mutantur buzebs muqi-wiTeli feris nacvlad hqondaT TeTri 
feris Tvali, romelic damaxasiaTebelia veluri tipis individebisaTvis. 
am mutaciam miiRo saxelwodeba vaiT-white(w) da naCvenebi iqna, rom is lo-
kalizebulia X-qromosomis euqromatinul ubanSi. cnobilia, rom buzebSi 
rentgenuli dasxiveba iwvevs qromosomebis wyvetas. qromosomur fragmen-
tebs SeswevT unari, gawyvetili boloebiT SeuerTdnen erTmaneTs, rasac 
zogjer mivyavarT translokaciamde. X-qromosomis segmenti lokusiT-w, 

aRmoCnda tranlocirebuli me-4 qromosomaze amasTanave, lokusi aRmoCnda 
daaxloebuli heteroqromatinTan. Sesabamisi genetikuri Sejvarebis Sede- 
gad SeiZleba miviRoT buzebi Semdegi genotipiT: R(w+) /w,  sadac  R miuTi- 
Tebs gadajgufebas. mosalodneli iyo, rom aseTi genotipis buzebs Tva- 
lis pigmentacia eqnebodaT normaluri, ramdenadac white recesiuli muta- 
ciaa, magram maTi Tvalis feri aRmoCnda mozaikuri: erTs hqonda wiTeli 
feris Tvali, xolo meores TeTri. aseTi Tvalis feri axasiaTebs Semde- 
gi genotipis buzebs: R(w+)/R(w+), magram ar axasiaTebs buzebs genotipiT: 
R(w+)/(w+)   an   R(w)/(w+). sxva sityvebiT rom vTqvaT, mdebareobis mozaiku- 
ri efeqti SeimCneva mxolod im SemTxvevaSi, roca xdeba heterozigotis 
gardaqmna mutanturi alelis (w)-is mixedviT an roca buzi aris homozi- 
goturi am gardaqmnis mixedviT. 
     aRwerili iqna mdebareobis mozaikuri efeqtis ramdenime SemTxveva 
da gamovlinda zogadi kanonzomierebani: 1. qromosoma-recipienti ar as- 
rulebs arsebiT rols translokaciaSi. mniSvnelovania is, rom trans- 
lokaciis dros geni mdebareobdes heteroqromatinTan axlos. 
     2. mozaikuri efeqti yovelTvis dakavSirebulia qromosomebis wyve- 
tasTan da erT-erTi wyveta, romelic sabolood iwvevs translokacias, 
unda moxdes qromosomis heteroqromatinul ubanSi. amrigad, genebi, rom- 
lebic mdebareoben euqromatinSi, moxvdebian heteroqromatinSi da avle- 
nen mozaikur efeqts. gvxvdeba sapirispiro SemTxvevac, roca heteroqroma- 
tinSi mdebare genebi xvdebian euqromatinSi, ris Sedegadac icvleba maTi 
gamovlena. 
    ismis kiTxva: rogoria meqanizmi, romelic safuZvlad udevs genebis 
aseT Tavisebur moqmedebas? saWiroa, ganxiluli iqnes ori SesaZlo vari- 
anti: 1. SesaZlebelia, rom somaturi mutaciis Sedegad gansxvavebuli 
iyos, mdebareobis mozaikuri efeqtis SemTxvevaSi w genis mdebareoba 
Tvalis TeTri ujredis midamosa da genotipiT wiTeli midamos ujre- 
debs Soris, rac gamowveulia heteroqromatinTan siaxloviT. 
  2. SeiZleba vivaraudoT, rom wiTeli da TeTri midamos ujredebi gene- 
tikurad identuria, magram maTi genotipis gamovlenaze zegavlenas ax- 
dens heteroqromatini. 
   eqsperimentuli gamokvlevebis umravlesoba miuTiTebs meore ganmarte- 
bis marTebulobaze da ewinaaRmdegeba warmodgenas _ somaturi mutacia, 
rogorc mozaikuri Seferilobis gamomwvevi mizezi. 
  aRvniSnavT, rom mozaicizmi ar warmoadgens sxvadasxva ferad SeRebili 
ujredis an ujredTa jgufis SemTxveviTi ganawilebis Sedegs. yvela 
aRniSnuli tipis Seferiloba zustad lagdeba Tvalis seqtoris 
umniSvnelo raodenobaSi. naCvenebi iqna, rom mozaicizmi gamoixateba 
ubnebis gansazRvruli SexamebiT sxvadasxva pigmentaciasTan, romlebic 
erTmaneTs Seesabamebian dadebiTi da uaryofiTi gamosaxulebis msgavsad, 
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rac gvafiqrebi-nebs, rom arsebobs raRac zogadi organizacia. mravali 
mozaikuri Tvalis (romelTa mozaika gamowveulia mdebareobis efeqtiT) 
dawvrilebiTi    analizi gviCvenebs, rom yvela tipis Seferiloba 
SeiZleba davukavSiroT Tvalis 8 seqtors. 
   arsebobs monacemebi, romlebic ewinaaRmdegeba mosazrebas-somaturi 
mu- 
tacia, rogorc mozaikuri Seferilobis mizezi: 
   1. iseTi genotipis mqone buzebis miRebisas, romelsac mivyavarT mozai- 
cizmamde, dabali temperaturis pirobebSi TvalSi TeTri ujredebis rao- 
denoba mniSvnelovnad izrdeba. Tuki mozaicizmi gamowveuli iqneboda 
somaturi mutaciiT, es niSnavs, rom dabali temperatura xelsayrelia so- 
maturi mutaciis warmoqmnisaTvis, magram mutaciaTa ricxvi izrdeba tem- 
peraturis gazrdiT da ara piriqiT. aRniSnuli SemTxveva_ dabali tempe- 
raturis zegavlena mozaicizmis xarisxze ewinaaRmdegeba warmodgenas 
somaturi mutaciis Sesaxeb. 
   2. Tu mozaicizmi aris somaturi mutaciis Sedegi, maSin SesaZlebeli 
iqneboda aseTi mutaciebis SemTxveviTi gamovlena mTel sxeulSi Canasa- 
xovani gzebis ujredebis CaTvliT, magram aseTi mutaciebi ar SeimCneva. 
  3. mozaikuri Tvalis bioqimiuri analiziT vlindeba metaboluri nivTi-
erebebis Warbi raodenoba, romlebic mniSvnelovan rols asruleben ve- 
luri tipis individebSi Tvalis pigmentis warmoqmnaSi. mutantur buzebSi 
ki es nivTierebebi ar gvxvdeba. 
  hipoTezis Tanaxmad, rom mdebareobis efeqti asaxavs genis aqtivobis me- 
mkvidrul cvlilebas, heteroqromatini moqmedebs white lokusis aqtivoba- 
ze ujredTa erT nawilSi, magram ar moqmedebs sxva ujredebSi da es efe- 
qti gadaecema mraval ujredul Taobas. genis aqtivobis cvalebadobis 
xarisxi dakavSirebulia manZilze mocemul lokussa da heteroqromatins 
Soris amaze metyvelebs is SemTxvevebi, sadac SeimCneva gavrcelebuli 
efeqti. Catarebuli iqna gamokvleva, sadac erTmaneTs Seadares ori gene- 
tikuri lokusi white da  split , romlebic daSorebulni arian heteroqroma- 
tinidan sxvadasxva manZilze. split   aris mutacia, romelic zemoqmedebs Tva- 
lis fasetebis ganlagebaze. Tu xdeba translokacia, maSin Tvalis TeTri 
ubnebi yovelTvis Seicaven genotips – split zogierTi ubani genotipiT – 
split ar aris TeTri. sxva sityvebiT rom vTqvaT, fenotipi – split SeiZleba 
Secvlili iqnes fenotip – white- gan damoukideblad, magram Secvlili 
fenotipebi – white gvxvdeba mxolod Secvlil fenotip – split-Tan erTad. 
genTa aseTi gamoxatuli popularoba mowmobs im gavrcelebul efeqtze 
romelic iwyeba heteroqromatinidan da mimarTulia euqromatinuli ge- 
nebisadmi. Tuki iqneba SesaZlebeli iseTi qromosomis miReba, romelSic 
lokusebi split  da   white ganlagdebian heteroqromatinisagan Tanab ar manZi- 
lze, maSin mosalodnelia polarobis darRveva. Tu heteroqromatinSi 
SevitanT im euqromatinul ubnebs, romlebic Seicaven split  da   white loku- 
sebs, maSin warmoqmnil Tvalze ar gamovlindeba gavrcelebuli efeqti.  
aseTi mdebareobisas fenotipi white SeiZleba Seesabamebodes an ar Seesa- 
bamebodes fenotip split-, xolo splite  SeiZleba Seesabamos an ar Seesabamos 
fenotip white-s. 
   amrigad, mdebareobis efeqti warmoadgens iseT SemTxvevas, roca genTa 
aqtivoba genomis sxva komponentebis mimarT, imyofeba maTi mdebareobis 
zegavlenis qveS. genTa Soris urTierTzemoqmedebis zusti meqanizmi uc- 
nobia ucnobia isic, Tu ratom icvleba zogierTi ujredis fenotipi,  
zogierTisa ki _ ucvleli rCeba. 
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                        laionis hipoTeza  
   wina TavSi ganvixileT qromosomaSi genis mdebareobis zemoqmedeba mis 
gamovlenaze winamdebare TavSi ki ganvixilavT Sigagenomur zemoqmedebas 
genis gamovlenaze, faqtiurad ki mTliani X –qromosomis gamovlenaze. Zu- 
ZumwovrebSi mdedrebs aqvT ori X –qromosoma, xolo mamrebs erTi X –

qromosoma da erTi Y –qromosoma. amrigad, mdedrebSi X –qromosomis 
yvela geni aris ormagi raodenobiT, xolo mamrebSi _ erTmagi. amasTanave, 
is genebi, romlebic ganlagebulni arian X –qromosomaSi anu Wdomileba- 
Si arian sasqeso genebTan, funqcionireben Tanabari doniT, rogorc mde- 
drebSi, ise mamrebSi. didi xnis winaT gamoTqmuli iqna mosazreba, rom  
mdedrebs gaaCniaT genis dozis kompensaciis iseTi meqanizmi, romelic 
uzrunvelyofs mdedrebis X –qromosomis ormagi dozis genebis funqciur 
ekvivalentobas mamrebis imave genebis erTmag dozasTan. es iyo pirveli 
ganmarteba geni-modifikatorebis arsebobis Sesaxeb marTalia is iyo 
logikuri, magram naklebad damajerebeli, radgan eqsperimentuli 
monacemebiT naklebad mtkicdeboda es mosazreba. 
    Tagvebze Catarebuli genetikuri da fiziologiuri kvlevebis safuZ- 
velze Camoyalibda axali ganmarteba ZuZumwovrebSi  X –qromosomis qce- 
vis Sesaxeb. ganmartebas aqvs zogadi mniSvneloba, imisaTvis, rom axsnili 
iqnes qromosomTa da genTa funqciis regulacia ZuZumwovrebis ujredTa 
diferencirebis procesSi. barma SeniSna, rom mdedris ujredebi, Cveuleb- 
riv Seicaven heteropiknozur qromatins, romelsac amJamad baris sxeu- 
laks uwodeben da romelsac ar Seicaven mamris ujredebi. mkvlevarebis 
mier dadgenili iqna aseve, rom mdedri Tagvebis ujrdebi Seicaven erT 
heteropiknozur qromosomas da ivaraudes, rom e.w. sasqeso qromatini anu 
baris sxeulaki warmoadgens heteropiknozur X-qromosomas. am varaudze 
dayrdnobiT, SeiZleba aRiniSnos zogierTi genetikuri monacemi: jer 
erTi, Tagvebi genotipiT – X0  warmoadgenen normalur nayofier mded- 
rebs, rac amtkicebs imas, rom mdedri Tagvebis normaluri ganviTarebisa- 
Tvis aucilebelia mxolod erTi X-qromosoma, meore mniSvnelovani 
genetikuri faqti miRebuli iqna Tagvebis bewvis Seferilobis mutaciaze 
dakvirvebiT. yvela es mutacia aRwerilia saxelwodebiT _ brindled, mottled, 

dappled  da a.S. romelic mdedrebSi letaluria, xolo mamrebi am genis 
mixedviT arian heterozigoturebi da sicocxlisunarianobas inarCuneben 
garda amisa, pigmentaciis es tipi ganpirobebulia sxvadasxva feris bewvis 
SereviT. 
   sasqeso qromatinis buneba da am lokusebis genetikuri qceva Camoya- 
libebuli iqna Semdeg mosazrebebSi: 1. heteropiknozuri X-qromosoma ge- 
netikurad araaqtiuria; 2. aqtiuri qromosoma SeiZleba miRebuli iqnas 
nebismieri mSoblisagan; 3. erT-erTi X-qromosomis inaqtivacia xdeba Cana- 
saxovani ganviTarebis adreul stadiaze da SenarCunebulia yvela Sem- 
dgom ujredul TaobaSi.   
   am hipoTezas uwodeben  “erTi aqtiuri X-qromosomis” hipoTezas, rome- 
lic xsnis baris sxeulakis arsebobas da TagvebSi mravalnair Seferilo- 
bas. aRniSnuli hipoTezis Tanaxmad, mamri Tagvebis pigmenturi ujredebi 
Seicaven mxolod erT aqtiur X-qromosomas, romelic Seicavs genebs ara 
aqvT pigmentis sinTezis unari, ris gamoc melanocitebi rCeba ufero 
pigmenturi ujredebis Semcveli genotipebi iwveven mozaikuri Seferilo- 
bis warmoqmnas, romlebic asaxavs pigmenturi ujredebis ganlagebas, sa- 
dac aqtiuria sxvadasxva X-qromosoma. 
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  laionis hipoTeza Semowmebuli iqna fermentebis doneze. mis safuZvels 
wrmoadgens is faqti, rom fermenti glukoza-6 fosfat-dehidrogenaza, ko- 
dirdeba X-qromosomis erTi geniT, romelic arsebobs ori aleluri for- 
miT da akodirebs fermentis  im molekulebs, romlebic gansxvavdebian 
TavianTi eleqtroforezuli TvisebebiT. amrigad, izofermentebis gansaz- 
RvrisaTvis SesaZlebelia Cveulebrivi meTodikis gamoyeneba, romelic aR- 
werili iyo laqtadehidrogenazas monacemebis ganxilvisas. glukoza-6 
fosfat-dehidrogenazas Semcveli qsovilis homogenatebi SeiZleba dai- 
yos saxameblis JeleSi, rom gamovlindes fermentuli aqtivobis ori 
sxvadasxva mxare. am genis mixedviT heterozigotur mdedrebs uviTarde- 
baT fermentis orive forma, xolo mamrebSi sinTezirdeba mxolod erTi 
forma, radgan isini arian homozigoturebi da ar Seicaven erTdroulad 
gen-glukoza-6 fosfat-dehidrogenazas orive alels. laionis hipoTeza 
marTebuli rom yofiliyo, maSin mdedrebis ujredTa erTi nawili daasin- 
Tezebda fermentTa erT formas, xolo ujredTa meore nawili meore fo- 
rmas, magram arc erT ujredSi ar mimdinareobs erTdroulad orive for- 
mis sinTezi. 
 
                          heteroqromatini 
   heteroqromatinma citologebis yuradReba pirvelad 1928wels miipyro.  
pirvelad aRwerili iqna TagvebSi. heteroqromatini es aris qromatini, 
romelic rCeba kompaqturi ujreduli ciklis interfazis periodSi. 
qromatinis danarCeni nawili – euqromatini dispergirdeba. qromatinis es 
ori tipi iRebeba sruliad gansxvavebulad: heteroqromatini iRebeba 
Zalian intensiurad, xolo euqromatini praqtikulad ar iRebeba. cxadia, 
rom mTeli qromatini SeiZleba arsebobdes heteroqromatinuli da 
euqromatinuli formiT misi funqciuri mdgomareobis Sesabamisad. 
Tvlian, rom qromosomis heteroqromatinuli ubnebi araaqtiuria amaze 
miuTiTebs ramdenime dakvirveba: I – aqtiuri genebi iSviaTad lagdebian 
heteroqromatinul ubnebSi. heteroqromatinuli X-qromosoma mdedr 
ZuZumwovrebSi mTlianad inaqtivirebulia maTi unari, CarTos niSande- 
buli triTiumi rnm-as nukleotidebSi, mniSvnelovnad daqveiTebulia. 
naCvenebi iqna, rom mdedr WiayelaSi mamris qromosomTa nakrebi 
genetikurad araaqtiuria da es qromosomebi heteroqromatinulia (nax.15.). 
amgvarad, heteroqromatinSi, euqromatinisagan gansxvavebiT, ar xdeba 
trankripcia. e.i. heteroqromatizacias yovelTvis Tan axlavs rnm-as 
transkripciis Sewyveta. 
 
 
 
 
 
 
 
 
 
 
 
nax. 15. mdedri Wiayelas heteroqromatizebuli genomi 
 

    miuxedavad amisa, heteroqromatini replicirdeba, razec metyvelebs 
dnm-as winamorbedis CarTva, magram misi replikacia euqromatinTan Seda- 
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rebiT Senelebulia. am dakvirvebaTa safuZvelze gamoTqmuli iqna mosa- 
zreba, rom heteroqromatini da euqromatini warmoadgens qromatinis ur- 
TierTSebrunebul fizikur mdgomareobas. Tu es asea, maSin genis difere- 
ncirebuli aqtivoba warmoadgens heteroqromatizaciis zogadi efeqtis 
lokalur gamovlenas, romelic SeimCneva mTlian qromosomur nakrebze. 
heteroqromatizaciis safuZvlad arsebuli molekuluri meqanizmi 
akontrolebs qromosomis kondensaciis an spiralizaciis xarisxs, qmnis 
dnm-as Zafs rnm-as transkripciisaTvis miuwvdomlad da anelebs dnm-as 
replikacias. 
 
                 hormonebi da genTa moqmedeba 
    cnobilia, rom hormonebi astimulireben fermentTa aqtivobas. eqspe- 
rimentebiT naCvenebi iqna, rom zog SemTxvevaSi fermentTa aqtivobis gaZ- 
liereba ganpirobebulia misi sinTezis intensifikaciiT. inhibirebuli fe- 
rmentis molekulaTa aqtivacias damatebiTi sinTezis gareSe mivyavarT 
aseve fermentTa aqtivobis gaZlierebisaken. es erT-erTi Cveulebrivi me- 
taboluri meqanizmia fermentTa aqtivobis regulaciisaTvis. Catarebuli 
iqna cda Tagvis RviZlis ferment-triptofanpirulazaze. aRniSnuli fer- 
menti arRvevs triptofanis indolur rgols da iwvevs vitamin-nikotina- 
midis sinTezs. cdas atarebdnen zrdasrul Tagvebze. yovel 4 saaTSi mu- 
clis areSi inieqciiT SehyavdaT hidrokortizoni, triptofani an orive 
erTad da sazRvravdnen yovel 4 saaTSi triftofanpirolazas aqtivobas 
RviZlSi. rogorc naCvenebia me-16 naxazze, hidrokortizoni da trifto- 
fani erTad iwvevs fermentis aqtivobis gazrdas maTi erTdrouli 
moqmedebis Sedegad sagrZnoblad izrdeboda fermentis aqtivoba. am 
monacemebis safuZvelze mecnierebi aRniSnavdnen, rom es ori nivTiereba 
ainducirebs triftofanpirolazas aqtivobis gazrdas sxvadasxva meqa- 
nizmiT. gamoTqmuli iyo mosazreba, rom hidrokortizoni ainducirebs 
fermentis sinTezs, maSin, roca triftofani ewinaaRmdegeba mis degrada- 
cias. SemdgomSi cdebiT dadasturda am hipoTezis samarTlianoba, kerZod, 
niSandebuli triftofanpirolazis cdiT da specikfiuri antisxeulebis 
meSveobiT fermentis moqmedebis SeCerebis meTodiT. Tavdapirvelad 
asufTavebdnen ferments, xolo Semdeg inieqciiT SehyavdaT bocvrebSi, 
raTa mieRoT fermentis sawinaaRmdego antisxeuli. am antisxeulebis 
saSualebiT SeiZleboda imis dadgena, rom hormonis Seyvanis sapasuxod 
sinTezirda Tu ara triftofanpirolaza. Semdeg TagvebSi isev SehyavdaT 
fiziologiuri xsnari, hidrokortizoni an triftofani, 3 saaTis Semdeg 
ki - moniSnuli aminomJavebi. ramdenime xnis Semdeg iRebdnen cxovelis 
RviZls da ahomogenizirebdnen. rogorc mosalodneli iyo, yvela axlad 
sinTezirebuli cila aRmoCnda radiaqtiuri. amis Semdeg triftofanpi- 
rolazas acalkevebdnen sxva cilebisagan, specifiuri antisxeulebis 
moqmedebis gziT, romelsac umatebdnen RviZlis homogenats. unda 
aRiniSnos, rom triftofanpirolazas axali molekulebi sinTezirda 
hidrokortizonis da ara triftofanis Seyvanis sapasuxod, amitomac 
gakeTda Semdegi daskvna: hidrokortizoni ainducirebs fermentis 
sinTezs. 
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  nax. 16. triftofanpirolazas aqtivobis gazrda, gamowveuli     
    hidrokortizonis an triftofanis ganmeorebiTi SeyvaniT 
 

    analogiuri cdiT Semowmebuli iqna mosazreba, rom triftofanis moq- 
medeba mdgomareobs fermentis stabilizaciaSi misi sinTezis Semdeg. 
(nax.17). TagvebSi SehyavdaT niSandebuli aminomJavebi, xolo ramdenime 
xnis Semdeg _ fiziologiuri xsnari an triftofani, Semdeg axdendnen am 
cxovelis RviZlis homogenizirebas da sazRvravdnen radiaqtiuri 
triftofanpirolazis raodenobas antisxeulebis gziT. niSandebuli 
triftofan-pirolazas raodenoba mcirdeboda fiziologiuri xsnris 
Seyvanis Semdeg, magram mudmivi rCeboda triftofanis monawileobisas. 
genetikur-regulatorul meqanizmze hormonebis moqmedebis molekuluri 
safuZvlebi cnobili ar aris. 
 
 
 
 
 
 
 
 
 
 

    nax. 17. triftofanpirolazas stabilizacia triftofaniT 

    hidrokortizonis triftofanpirolazaze moqmedebis ganxilivis Sede- 
gad cxadi gaxda, rom hormonis Seyvana iwvevs fermentis sinTezis gaZli- 
erebas, rac niSnavs, rom hormoni aregulirebs genis aqtivobas. naCvenebi 
iqna agreTve, rom RviZlis sxva fermentebis aqtivoba izrdeba kortizo- 
nis Seyvanis Semdeg. msgavs moqmedebas avlenen sxva hormonebic. Tiroqsi- 
ni amfibiebSi akontrolebs matlis hemoglobinis gadasvlas zrdasruli 
cxovelis hemoglobinSi metamorfozis procesis dros. ZuZumwovrebis sa- 
SvilosnoSi cilis sinTezs akontrolebs estrogenebi, xolo sxva orga- 
noebSi _ androgenebi. 
   eqsperimentulad naCvenebi iqna, rom hormonebi ainducireben fermente- 
bis sinTezs da ara mxolod aaqtiureben ukve sinTezirebul molekulebs. 
aseT cdebs atarebdnen triftofanpirolazas msgavsi sqemis mixedviT. 
kvlevis sxva SemTxvevebSi gamoyenebuli iyo metabolizmis inhibitorebi 
kerZod, aqtinomicini romelic blokavs dnm-asTan damokidebuli rnm-as 
sinTezs da puromicini, romelic aqveiTebs cilis sinTezs translaciis 
doneze da ewinaaRmdegeba fermentTa aqtivobis amaRlebas. gamokvlevebiT 
dadginda, rom hormonebi moqmedeben genetikuri masalis derepresiiT an 
qromatinTa uSualo urTierTmoqmedebiT. 
   erT-erTi hipoTezis Tanaxmad, dasaSvebia kunTovan qsovilSi recepto- 
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ruli monakveTebis arseboba, romelsac amoicnoben da akavSireben hormo- 
nebi. es mosazreba mtkicdeba im faqtiT, rom sqesobrivad moumwifebel 
mdedr TagvebSi niSandebuli triTium_estradiolis Seyvanisas, is 
lokali- 
zdeba saSvilosnoSi da ara sxva qsovilSi. dadginda, rom hormonis 
dakavSireba damokidebulia konkurentuli hormonis koncentraciaze. Tu 
magaliTad, niSandebuli triTium_estradiols SeviyvanT dieTilstil- 
bestrolis sinTeziur estrogenTan erTad, maSin saSvilosnos qsovilTan 
dakavSirebul estradiolis raodenoba mcirdeba Seyvanili konkurentis 
koncentraciis gazrdasTan erTad. aseTi gamokveleviT gamoTvlili iqna 
daaxloebiT 2500 receptoruli ubani, romelSic xdeba estradiolis 
dakavSireba. bolo periodSi Catarebuli iqna mravali gamokvleva am 
dakavSirebis centrebis qimiuri bunebis Seswavlis mizniT. cdis erT 
variantSi saSvilosnos ujredebs niSandebuli eqstradiolis Seyvanis 
Semdeg fraqciebad yofdnen da sazRvravdnen, Tu romeli subujreduli 
fraqcia Seicavda moniSnul hormons. hormonis yvelaze didi raodenoba 
aRmoCenili iqna mZime subujredul fraqciaSi, romelic Seicavda birTvs 
da miofibrilebs. am xsnadi masis saqarozis sisqis gradientSi 
centrifugirebis Semdeg hormonis sedimentaciis koeficienti toli iyo 
9,5 S. es fraqcia miRebuli iyo saSvilosnos qsovilidan. ujredul 
fraqcias, romelic dakavSire- bulia hormonebTan, cilovani buneba aqvs, 
ramdenadac hormoni SeiZleba gamoTavisuflebuli iqnas kompleqsidan 
proteolizuri fermentebiT. sedimentaciis monacemebis Tanaxmad., am 
cilis molekuluri wona daax- loebiT Seadgens 200 000. 
    cdis sxva variantSi axdendnen organoTa gansazRvras kulturaSi. 
magaliTad, xbos saSvilosnos kedlidan aRebul endometriumi SehyavdaT 
kulturaSi radiaqtiuri estradiolis areSi. Semdeg gamoyofdnen 
sxvadasxva subujredul komponents da sazRvravdnen maTSi estradiolis 
Semcvelobas. miRebuli SedegebiT naCvenebi iqna, rom hormoni 
koncentrirdeba ujredis birTvSi, sadac is warmoqmnis kompleqss 
qromatinTan erTad. yvela eqsperimentuli monacemi cxadyofs, rom 
hormonebi warmoadgenen genis moqmedebis potenciur regulatorebs. 
hormonebi SeiZleba ainducirebdnen cilis sinTezs arapirdapiri gziTac, 
maTi moqmedebis meqanizmi SeiZleba iyos sxvadasxva magaliTad, hormonebi 
SeiZleba astimulirebdes matriculi rnm-as sinTezs an SeiZleba moqme- 
debdes, rogorc genis derepresorebi. cnobilia, rom Tagvebis RviZlSi 
rnm-as sinTezis siCqare izrdeba hidrokortizonis Seyvanis Semdeg, magram 
radganac rTulia specifikuri saxis matriculi rnm-as identificireba, 
amdenad, Znelia imis dadgena, iwvevs Tu ara lokus-specifiuri hormonis 
moqmedeba genis aqtivobis anu matriculi rnm-as sinTezis gazrdas. 
    hormonebis specifikuri moqmedeba calkeul fermentze ganxiluli 
iqna Tagvis RviZlis fermentebis magaliTze. me-18 naxazze mocemulia 
oTxi fermentis xvedriTi aqtivobis gazrda kortizonis Seyvanis Semdeg. 
SesamCnevia, rom triftofanpirolazas da Tirozintransaminazas aqtivoba 
sakmaod izrdeba, vidre alanin-aminotransferazas da arginazas. erTi 
SexedviT Cans, rom kortizoni amorCeviT astimulirebs pirveli sami 
fermentis aqtivobas, xolo meoTxe fermentis aqtivobas umniSvnelod an 
sruliad ar astimulirebs. analizma gviCvena, rom es oTxi fermenti 
sagrZnoblad gansxvavebulia mdgradobis mixedviT, miuxedavad amisa, 
oTxive fermentis  sinTezis siCqare izrdeba kortizonis moqmedebis 
Tanabrad, xolo Semdeg SeimCneva rnm-as sinTezis siCqaris gazrda. 
SeiZleba vivaraudoT, rom sxvadasxva fermentis aqtivobis erTdrouli 
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cvlileba ganpirobebulia transkripciis doneze koordinirebuli 
kontroliT. miRebuli monacemebi gviCvenebs, rom hormonebis moqmedebis 
sapasuxod warmoiqmneba rnm-as ZiriTadi tipebi, dnm-as msgavsi rnm, t-rnm 
da r-rnm. garda imisa, rom hormonebi astimulireben transkripcias, 
SesaZlebelia agreTve, rom isini moqmedebdnen fermentTa Sedgenilobaze 
translaciis doneze. hormonebi monawileoben genebis regulaciaSi, 
magram maTi moqmedeba aris organospecifikuri da ara genspecifikuri. 
isini moqmedeben specifikuri fermentebis sinTezze da lokalizebuli 
arian birTvSi, kerZod, ki qromatinSi. 
 
 
 
 
 
 
 
 
 
 
nax. 18. Tagvis RviZlSi hidrokortizonis Seyvanis Semdeg 4 fermentis 
Semcvelobis mimateba.  I –triftofanpirolazal II-Tirozintransaminaza; 
III –alaninaminotransferaza; IV –arginaza. 
 
 
 
                 makromolekulebi qromosomebSi   
    ujredis genetikuri informaciis didi nawili kodirebulia dnm-aSi, 
romelic Sedis qromosomebis SedgenilobaSi. dnm-asTan erTad qromosome- 
bi Seicaven cilebis ramdenime klass da dnm-as garkveul raodenobas. 
ganvixiloT qromosomebis SedgenilobaSi Semavali makromolekulebi, 
romlebic warmoadgenen ujredis metabolurad aqtiur qromosomebs. imi- 
saTvis, rom gavigoT qromosomTa struqtura da funqcia, saWiroa ganvi- 
xiloT qromatinis qimiuri buneba. qromatini is fraqciaa, romelic rCeba 
qsovilis fragmentebis, membranis da sxva arabirTvuli komponentebis 
amoclis Semdeg. is SeiZleba advilad daileqos centrifugirebiT 
da warmoqmnas gamWvirvale naleqi, romelic Sedgeba cilebisa da dnm-
asagan qromatinis cilovani komponentebi Sedgeba ramdenime cilisagan, 
romlebic naklebadaa Seswavlili. am fraqciaSi monawileobs agreTve 
rnm-polimeraza, romelic qromosomis ganuyofeli nawilia da aucile- 
belia genetikuri transkripciisaTvis. gamoyofili qromatini SeiZleba 
gamoyenebuli iqnes rnm-as sinTezisaTvis in vitro-Si rnm-polimerazas 
damatebis gareSe. 
    qromatinSi aris agreTve histonebi, romlis ZiriTadi jgufebi Seer- 
Tebulia dnm-as fosfaturi jgufebis marilovani kavSirebiT. Tu dauS- 
vebT, rom dnm-as yoveli fosfaturi jgufi ukavSirdeba histonis mole- 
kulis erT ZiriTad jgufs, maSin am SemTxvevaSi histonsa da dnm-as 
Soris unda arsebobdes Tanafadoba 1,35:1 es ricxvi gamoTvlili iqna 
histonebis aminomJauri Sedgenilobis monacemebis safuZvelze, sinamdvi- 
leSi aseTi Tanafardoba ar dafiqsirebula. 
   sxvadasxva warmoSobis qromatinis qimiuri Sedgenilobis  Seswavlam 
gviCvena, rom sxvadasxva organizmSi es Tanafardoba Zlier icvleba, rac 
niSnavs, rom mraval qsovilSi dnm ar SeiZleba mTlianad iyos 



 73 

kompleqsSi histonebTan. qimiuri TvalsazrisiT, histonebi warmoadgenen 
homogenur cilebs Tu sxvadasxva organizmis qromatinidan movaxdenT maT 
eqstragirebas, magaliTad, mcenare bardidan da xbos Timusis qsovilidan, 
maSin miiReba msgavsi fraqciebi. 
  cdis Sedegebi gviCvenebs, rom bardidan da xbos Timusidan aRebuli 
histonebis tipi msgavsia aminomJauri SedgenilobiT. amitom TviT histo- 
nebs ar gaaCniaT sakmao specifikuroba, calkeuli lokusebis genetikuri 
aqtivobis amorCeviTi represiis ganxorcielebisaTvis. qromatinidan 
histonebis mocileba ganapirobebs matriculi aqtivobis amaRlebas. 
   Tu histonebi matricul aqtivobaze raodenobriv kontrolTan erTad 
avlenen lokus-specifikur moqmedebas, maSin cxadia, xdeba raRac moleku- 
lebis modifikacia. dadgenili iqna, rom erT histonSi meorisagan gansxva 
vebiT xdeba qimiuri modifikacia, romelic mdgomareobs acetiluri jgu- 
fis SeyvanaSi. qromosomuri rnm-as meore molekula aseve dakavSirebulia 
histonebTan da monawileobs specifikur urTierTmoqmedebaSi dnm-asTan. 
qromatinTan dakavSirebuli rnm napovnia bardis, Tagvis RviZlis da xbos 
Timusis ujredebSi. es qromosomuri rnm gansxvavdeba sxva rnm-as 
molekulebisagan imiT, rom Seicavs didi raodenobiT 5-meTildihidroci- 
tidilur mJavas, romelic kovalenturi bmiT dakavSirebulia qromosomis 
cilebTan es kompleqsi ki histonebTan dakavSirebulia wyalbaduri bmiT. 
   qromosomuri rnm hibridizirdeba dnm-asTan Zalian nela, rac niSnavs, 
rom is sakmaod heterogenulia. hibridizaciis cdebiT naCvenebi iqna, rom 
t-rnm da r-rnm ver uweven efeqtur konkurencias qromosomur rnm-as imis 
gamo, rom is dakavSirebulia dnm-asTan. molekuluri hibridizaciis 
cdebiT miRebuli zogierTi monacemebi gviCvenebs, rom qromosomuri rnm 
qsovilspecifikuria (specifikuria calkeuli qsovilisaTvis), riTac 
mtkicdeba mosazreba imis Sesaxeb, rom qromosomuri rnm axdens dnm-as 
matricis amocnobas da warmarTavs histonebs dnm-as gansazRvruli 
Tanmimdevrobisaken. 
   histoqimiuri monacemebi gviCvenebs, rom giganturi qromosomebis aqtiu- 
ri lokusebi (pufebi) Seicaven ufro met arahistonur cilebs, vidre “ga- 
Cumebuli” lokusebi, maSin, roca pufebSi histonebis ricxvi ucvlelia. 
arahistonuri cilebis Warbi raodenoba aRmoCenili iqna agreTve RviZ- 
lis aRdgenil da simsivnis zogierT ujredSi. garda amisa naCvenebi iqna, 
rom arahistonuri cilebis SefardebiTi raodenoba qromatinSi, ro- 
melic gamoyofili iqna zRvis zRarbis ganviTarebis sxvadasxva stadiaze 
myofi Canasaxisagan, Zlier cvalebadia.  
    dReisaTvis garkveuli progresi aris miRweuli arahistonuri cile- 
bis da maTi rolis Seswavlis saqmeSi umaRles organizmebSi. es cilebi 
Seadgenen ujredis birTvis cilebis 50%-s ionmimocvliTi qromatogra- 
fiisa da eleqtroforezis Sedegad gelSi gamovlinda 20 sxvadasxva 
cilovani fraqcia gamokvleuli qsovilis mJave (arahistonuri) cilis 
preparatebSi. jer-jerobiT ar aris SesaZlebeli sxvadasxva qsovilis 
SemTxvevaSi miRebuli Sedegebis Sedareba, radganac kvlevebSi gamoyene- 
buli iyo cilis eqstraqciis sxvadasxva meTodi. erTi mxriv, mJave 
cilebis dabali xsnadoba warmoSobs mniSvnelovan sirTuleebs maTi 
analizis CatarebisaTvis, xolo meore mxriv, arsebobs mravali monacemi, 
romlebic miuTiTebs, rom es mJave cilebi urTierTmoqmedeben histonebze, 
kerZod ki maT represorul funqciaze. es Sedegebi gviCveneben, rom 
arahistonuri cilebi monawileoben dnm-damokidebuli rnm-as sinTezis 
kontrolSi anu genTa aqtivobis regulaciaze. 
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 Tavi VIII 
 
              qromosomTa diferencirebuli aqtivoba 
 
     mravalujredian organizmTa ujredebSi qromosomebi yvelaze rTuli 
organelebia. is aRwerili iqna 1888 wels valdeieris mier, xolo maTi 
roli genetikuri informaciis matareblobis Sesaxeb, cnobili gaxda 1900 
wels. cnobilia, rom qromosomis ZiriTad qimiur komponents warmoadgens 
dnm, romelic Seicavs genetikur informacias. dnm Seadgens mTeli 
qromosomis naxevars, xolo danarCens Seadgenen cilebi da sxva 
nivTierebebi. qromosomTa struqturisa da funqciis codnas aqvs udide- 
si mniSvneloba ganviTarebis genetikisaTvis. 
    qromosomTa Sedgenilobis qimiuri analizis Casatareblad saWiroa 
birTvis didi raodenoba. analizebiT dadginda, rom qromosomaTa mniSvne- 
lovan nawils Seadgens histonebi, romlebic monawileoben genetikur re- 
gulaciaSi. genuri funqciis specifikurobis gansazRvraSi histonebis ro- 
lis Sesaswavlad aucilebelia, movaxdinoT birTvebidan histonebis 
identificireba. aseTi analizisaTvis gamoyenebuli iqna SeRebvis his- to-
qimiuri meTodebi, gansakuTrebiT gamosadegi aRmoCnda ori saRebavi – 
myari mwvane da eozini, romliTac birTvis ujredis qsovilebi SeiZleba  
SeiRebos gansxvavebulad. kerZod, erT qsovilSi SeiZleba SeiRebos var- 
disfrad, meoreSi-mwvaned, mesameSi-iisfrad. SeRebvis am sxvadasxva reaq- 
ciis Tanafardoba mocemul qsovilSi mudmivia, rac miuTiTebs ujrede- 
bSi qromosomTa sruqturis gansxvavebulobaze. 
    saRebavebis meSveobiT gamovlenili qimiuri gansxvavebis biologiuri 
mniSvneloba ar aris bolomde srulyofilad garkveuli. arsebobs 
dasabuTebuli monacemebi, romlebic gviCveneben, rom eozini ukavSirdeba 
lizins, xolo myari mwvane _ histonebis arginins. eriTrocitebis 
ganviTarebis procesSi da Sesabamisad, rnm-as sinTezis Sesustebisas 
birTvi xdeba ufro metad eozinofiluri, rac mowmobs SedarebiT 
inertul qromosomebSi lizinis raodenobis gazrdas. histoqimiuri 
meTodebi gamosadegia im qromosomTa qimiuri Sedgenilobis 
SeswavlisaTvis, romlebic imyofebian sxvadasxva funqciour mdgomare- 
obaSi. aseTi kvlevisaTvis idealur obieqts warmoadgens drozofilas 
giganturi qromosoma, romelSic erTi geni imyofeba aqtiur mdgomare- 
obaSi, xolo meore _ araaqtiurSi. aqtiuri genebi, romelTaganac xdeba 
rnm-as transkripcia, SeiZleba identificirdes did qromoso- 
mul pufebTan, maSin, roca qromosomTa araaqtiuri ubnebi imyofebian kom 
paqtur mdgomareobaSi da ar asinTezeben rnm-as. Tu giganturi qromoso- 
mis pufebs da kompaqtur ubnebs SevRebavT cilisaTvis specifikuri 
saRebaviT, vnaxavT rom histonebis dnm-asTan Tanafardoba iqneba orive 
SemTxvevaSi erTnairi. Tu qromosomis pufebsa da kompaqtur ubnebs 
SevRebavT cilisaTvis araspecifikuri saRebaviT, maSin pufebSi cila-dnm-
as Tanafardoba aRmoCndeba sagrZnoblad maRali. feradi reaqcia ar 
iZleva histonebis aseT sxvaobas da amitom SeiZleba gavakeToT daskvna, 
rom es damatebiTi cila pufebSi ar miekuTvneba histonebs. 
     qromosomebis qimiurma analizma gviCvena, rom histonuri da arahisto 
nuri cilebis Tanafardoba mniSvnelovnad cvalebadobs sxvadasxva tipis 
ujredSi da diferencirebis bolo stadiaze _ erTi da igive tipis ujre- 
dSi. histonebis raodenoba ujredSi SedarebiT mudmivia, xolo arahisto- 
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nuri cilebisa_ cvalebadi. am monacemebs mivyavarT im daskvnamde, rom 
arahistonuri cilebi mWidrodaa dakavSirebuli qromosomTa diferen- 
cirebasTan da Sesabamisad genTa aqtivobasTan. 
 
    qromosomTa diferencirebuli mdgomareobis stabiluroba 
  genTa diferencirebuli aqtivobis Tanaxmad, genebi CaerTvebian da gamo- 
erTvebian ujredis fiziologiuri moTxovnis Sesabamisad qromosomur 
doneze es niSnavs, rom gaaqtivebuli geni romeliRac qromosomaSi apro- 
ducirebs rnm-as maSin, roca mezobeli genebi araaqtiuria. idealur obi- 
eqts, romelzedac SeiZleba pirdapir vaCvenoT, rom namdvilad arsebobs  
genebis diferencirebuli aqtivoba, warmoadgens orfrTianTa matlis gi- 
ganturi qromosoma. giganturi qromosoma Sedgeba mravali paralelu- 
ri boWkosagan (zogierT qromosomaSi is 1000-ze metia) yoveli boWko Sed- 
geba calkeuli qromatidisagan. aseTi qromosomebi warmoiqmneba TandaTa- 
nobiTi politenizaciis gziT da maTi danaxva SeiZleba SeuiaraRebeli 
TvaliT, maTi sigrZe – 1 mm-ia. diametri – 50 mkm. homologiuri lokusebis 
dawyvilebis meSveobiT aRniSnul boWkoebSi genTa Tanmimdevroba emTxveva 
(nax. 19). 
  orfrTianTa sanerwyve jirkvlis giganturi qromosoma, aRwerili iqna 
citologebis mier gasul saukuneSi. diskoebis ganawilebis suraTi gigan- 
tur qromosomaSi Sefasebuli iqna, rogorc genTa Wdomilobis citoge- 
netikuri mtkicebuloba, romelic mowmobs qromosomebSi maT sworxazob- 
riv ganlagebas. am daskvnam miiRo Semdegi eqsperimentuli mtkicebuleba 
naCvenebi iqna, rom rentgenis sxivebiT gamowveuli qromosomuri delecie- 
bi iwvevs fenotipur anomaliebs, romlebic emsgavseba mutaciebiT 
gamowveul anomaliebs da is lokalizebulia qromosomis imave 
monakveTSi. 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 19. diskoebis ganawileba drozofilas sanerwyve jirkvlis gigantur 
qromosomaSi 
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 citologebi amtkiceben, rom sxvadasxva organizmis qsovilebs gigan- 
tur qromosomebSi diskoebis ganawilebis xasiaTi msgavsia. genetikosebi 
am daskvnas iyenebdnen, rogorc mniSvnelovan sabuTs sxvadasxva tipis uj- 
redTa genetikuri identificirebisaTvis. detaluri dakvirvebis Sedegad 
SemCneuli iqna, rom zogjer diskoebis zogierTi Tanmimdevroba rTulad 
identificirdeba, am sirTules ukavSirebdnen kvlevis meTodis SesaZleb- 
lobis sazRvrebs, ris gamoc Tavdapirvelad ar aniWebdnen mniSvnelobas. 
   gadaxrebi diskoebis normaluri ganawilebisagan SeimCneoda gansazR- 
vruli tipis ujredebSi an ganviTarebis gansazRvrul stadiaze. erT-erT 
aseT darRvevas, romelsac uwodeben “pufebs”, aqvs gamoberilobis saxe 
qromosomaSi. zogjer es pufebi ganisazRvreba qromosomis erTi diskoTi, 
xolo zogjer exeba ramdenime mezobel diskos. Camoyalibebuli iqna 
hipoTeza, romlis Tanaxmad, “pufi” warmoadgens genetikurad aqtiur 
lokusebs. Tu mwerebis matlebSi rnm-as winamorbedi molekulis ineqcias 
vawarmoebT niSandebuli triTiumiT, xolo Semdeg movaxdenT sxvadasxva 
qsovilidan qromosomTa radioavtografiul gamokvlevas, aRmoCndeba, rom  
“pufebi” intensiurad axdenen niSnis CarTvas (nax. 19). naCvenebi iqna, rom 
rnm-as niSnis CarTva xdeba izolirebul qromosomebSic. es metyvelebs 
imaze, rom qromosoma Seicavs srul makromolekulur aparats rnm-as si- 
nTezisaTvis. drozofilas ganviTarebis procesSi, kerZod Chironomus-is 
sxvadasxva tipis ujredSi pufebis ganawilebis dawvrilebiTi gamokvle- 
viT dadgenili iqna, rom pufebis warmoqmna gansxvavdeba gansazRvruli 
qsoviluri da stadiospecifikurobiT, rac eTanxmeba warmodgenas genTa 
diferencirebuli aqtivobis Sesaxeb (nax.20). 
  erT-erT cdaSi sazRvravdnen calkeul “pufSi” sinTezirebuli rnm-as 
bunebas molekuluri hibridizaciis meTodiT naCvenebi iqna, rom drozo- 
filas gigantur qromosomaSi birTvis organizatoris ubani aproduci- 
rebs ribosomur rnm-as. rigi specialuri SejvarebebiT miRebuli iqna 
drozofilas xazebi, romlebic Seicavda birTvis organizatoris 1, 2, 3 
an 4 ubans. Semdeg yoveli xazis genomSi  sazRvravdnen ribosomuri rnm-as  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
nax. 20. hipoTezis –genTa diferencirebuli aqtivoba sqematuri 
gamosaxuleba 
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raodenobas, romelic SesaZlebelia hibridizirdes Sesabamis dnm-asTan.  
    Chironomus-Si napovni iqna genetikuri lokusi, romelic pasuxismgebe- 
li iyo sanerwyve jirkvlis ujredebSi mkveTrad SesamCnevi cilis granu- 
lebis warmoqmnaze. am or axlonaTasaur saxeobaSi – Chironomus tentans   da 
Chironomus palllidivittatus  sanerwyve jirkvlis  citologiurma gamokvlevam 
gviCvena, rom orive saxeobis mwerSi jirkvali garegnulad gansxvavdeba 
ramdenime ujrediT, romelsac uwodeben “specialur ujredebs” da 
romliTac garSemortymulia jirkvlis gamomtani toti (nax.21.). aRmoCnda, 
rom es ori saxeoba warmatebiT ejvareba erTmaneTs da Sejvarebis 
Sedegad miRebuli Taoba Seicavs specialur ujredebSi mcire raodeno- 
bis granulebs, vidre mSobliuri saxeoba - Chironomus palllidivittatus . meore 
TaobaSi miiReba sami tipis arseba: 1.specialur ujredebSi didi raodeno- 
bis granulebiT; 2. granulebis mcire raodenobiT; 3. arsebebi, romlebic 
moklebulia granulebs samive tipis arseba gvxvdeba Semdegi Tanafardo- 
biT 1 : 2 : 1. aseTi ganawileba migvaniSnebs imaze, rom es niSani 
memkvidreobs mendeli-seuli kanonzomierebiT. am arsebaTa giganturi 
qromosomebis analizis Sedegad gansazRvruli iqna genetikuri lokusi, 
romelic ganapirobebs granulis warmoqmnas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 21. xironomusis (chironomus) sanerwyve jirkvlis ,,specialuri 
ujredebi“. 
 
    detaluri citogenetikuri analiziT naCvenebi iqna, rom lokusi, ro- 
melic ganapirobebs cilis granulis warmoqmnas, lokalizebulia pufSi 
me-4 qromosomis distalur boloSi. orive saxeobaSi me-4 qromosomis da- 
wvrilebiTi SeswavliT aRmoCenili iqna, rom Chironomus tentans  -Si pufi ar 
aris. am saxeobis I Taobis hibridebs warmoeqmnebaT erTi pufi, xolo Chi- 

ronomus pallidivittatus – ori pufi. es aris pirveli SemTxveva, roca SesaZlebe- 
li gaxda rnm-as sinTezis dakavSireba qromosomuri pufis warmomqmnel 
genetikur lokusTan da citoplazmaSi gansakuTrebuli cilis produqtis 
warmoqmnasTan. miuxedavad imisa, rom ar aris cnobili citoplazmuri ci- 
lis qimiuri buneba, citogenetikurma meTodebma, rnm-as radioavtografi- 
rebam da cilebis analizma unda gviCvenos sxvadasxva matriculi rnm-as 
biologiuri funqcia.  
    dReisaTvis SesaZlebelia drozofilas genetikur rukaze struqturu- 
li genebis lokalizaciis garkveva, romlebic ganapirobeben gansazRvru- 
li fermentebis warmoqmnas. es SesaZlebelia im SemTxvevaSi, roca mutan- 
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turi fermentebi floben Secvlil eleqtroforezul moZraobas. magali- 
Tad, aseT ferments miekuTvneba alkoholdehidrogenaza, romelic iZleva 
or eleqtroforezul profiles: I da II. mSoblebTan SejvarebiT 
miRebuli Taoba, romelsac aqvs sxvadasxva formis fermentebi, Seicaven 
alkoholdehidrogenazas gansxvavebul nakrebs, romelSic Sedis yvela 
mSobliuri da sami hibriduli forma. genetikurma analizma gviCvena, rom 
geni, romelic ganapirobebs am fermentis sinTezs lokalizebulia me-2 
qromosomaSi.  
   qromosomis gamoberili ubnebi – pufebi, ar Seicaven ufro met dnm-as, 
vidre kompaqturi ubnebi. gamonakliss warmoadgens dnm-as pufebi – 
Rhynchosciana  da  Sciana-s qromosomebSi. am mwerebis ujredebSi SehyavdaT 
dnm-as winamorbedi niSandebuli triTium-TimidiniT, xolo Semdeg 
qromosomebs swavlobdnen radioavtografiis meTodiT. miRebuli Sedegebi 
gviCveneben, rom qromosomis erT ubanSi dnm replicirdeba swrafad da 
didi raodenobiT, vidre meoreSi. cnobilia, rom amfibiis birTvakuli 
organizatori Seicavs ribosomuri rnm-as molekulaTa mravalricxovan 
asls, aqedan gamomdinare, SesaZlebelia aseve, rom mwerebis qromosomis 
dnm-aSi pufebis warmoqmna ganpirobebuli iyos am ubnebSi genTa 
mravaljeradi replikaciiT. 
    kontrolis meqanizmi, romelic safuZvlad udevs pufebis warmoqmnas 
ar aris garkveuli. ramdenadac cnobilia, pufebis warmoqmnis xasiaTi 
gansxvavebulia sxvadasxva matlis SemTxvevaSi. wamoyenebuli iqna 
hipoTeza, romlis Tanaxmadac hormoni ekzidoni SeiZleba aregulirebdes 
genebis aqtivobas. ekzidonis Seyvana Chironomus-is matlSi iwvevs rnm-as 
pufebis warmoqmnas 1 saaTSi. antibiotiki – aqtinomicini Trgunavs 
qromosomis lokusebis aseT reaqcias hormonis Seyvanaze. zogierTi 
mkvlevaris azriT, ekzidoni aaqtiurebs gansazRvrul genebs, xolo sxvebi 
ki Tvlian, rom ekzidoni iwvevs Na-is da   K-is ionebis Tanafardobis 
cvlilebas, rac Tavis mxriv, iwvevs Sesabamisi lokusebis aqtivacias. 
    orfrTianTa qromosoma ar aris erTaderTi giganturi qromosoma 
romelic aRmoCenili iqna cxovelTa ujredebSi. gigantur qromosomTa 
ricxvs miekuTvneba agreTve e.w. lampis jagrisis tipis qromosomebi, rom- 
lis msgavsi napovni iqna mravali organizmis moluskebis, Wiebis, zRvis 
zRarbis da mwerebis oocitSi. xerxemlianTa Soris is aRwerili iqna 
mrgvalpirian zvigenSi, Zvlovan TevzebSi, kudian da ukudo amfibiebSi da 
frinvelebSi. lampis jagrisis tipis qromosomebi aRwerili iqna aseve 
drozofilaSi spermatogenezis procesSi. lampis jagrisis tipis qromo- 
soma Sedgeba centraluri mogrZo RerZisagan romelic Sedgeba didi 
raodenobiT “mZivebisagan” anu qromomerebisagan, romelTganac gamocal- 
kevdeba gverdiTi maryuJi (Rilkilo). mikroskopuli dakvirvebiT 
Seswavlili iqna sxvadasxva fermentis moqmedeba aseT qromosomebze. 
dadginda, rom centraluri RerZi Sedgeba dnm-as ori ormagi 
spiralisagan. qromomerebi warmoadgenen qromosomis ubnebs, romelSidac 
xdeba dnm-as superspiralizacia. maryuJi (Rilkilo) Sedgebad nm-as erTi 
ormagi spiralisagan, romelic dakavSirebulia masTan rnm-as cilebiT. 
qromosomur RerZze Rilkiloebis ganlageba specifikuria da msgavsia 
gigantur qromosomebze diskebis ganlagebisa. garda amisa, yvela 
Rilkilos gaaCnia Taviseburi struqtura. lampis jagrisis tipis 
qromosomasa da gigantur qromosomas Soris analogia vrceldeba maT 
funqcionalur aqtivobazec. 
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              qromosomis ultrastruqtura 
 
   teqnikuri mizezebis gamo qromosomTa struqturis zusti analizi 
eleqtronul-mikroskopuli meTodiT Zalian garTulebulia. eleqtro- 
nuli mikrofotografirebiT birTvis WrilSi SeiZleba davinaxoT 64 
fibrili, 
romelic orientirebulia qromosomis sigrZivi RerZis paralelurad. zo- 
gierTi mkvlevari mivida im daskvnamde, rom maTi aseTi ganlageba sxvada- 
sxva xarisxiT asaxavs qromosomTa polinemias. mkvlevarTa meore nawili 
Tvlis, rom mravali boWko eleqtronul mikrofotoze warmoadgens 
erTi da igive Zafis mravalricxovan nakecs, romelic gaWimulia 
qromosomis mTel sigrZeze. es sxvadasxva Sexedeuleba erTmaneTs emTxveva 
fibrilebis zomaTa Sefasebis mixedviT. fibrila warmoadgens 10nm 
diametris mqone struqturas, romelic iyofa 4nm diametris mqone or 
suberTeulad. eleqtronul-mikroskopuli monacemebis mixedviT, yoveli 
suberTeuli 4nm diametriT warmoadgens dnm-as erT ormag spirals masTan 
dakavSirebuli ciliT. aseTi martivi agebuleba mizanSewonilia yvela 
mniSvnelobiT: isini emTxvevian erTmaneTs meiozisa da mitozis procesSi 
replikaciis sizusteSi da genetikuri masalis ganawilebaSi. amfibiebSi 
lampis jagrisis tipis qromosomTa SemTxvevaSi isini emTxvevian aseve 
qromosomis sigrZis monacemiTac, romelic Seicavs dnm-as cnobil jamur 
ricxvs. magaliTad, aqsolotlis haploiduri genomis sigrZe tolia 10m. 
Tu CavTvliT, rom qromatinis ganivikveTi Seicavs dnm-as erT ormag 
spirals. 
   qromosomTa ultrastruqturis Seswavlis perspeqtiul xerxs warmo- 
adgens skanirebuli eleqtronuli mokroskopis gamoyeneba, romelic saSu- 
alebas iZleva zedapiruli konfiguraciis Sesaswavlad, radganac am xel- 
sawyos meSveobiT SesaZlebelia gamosaxuleba miRebuli iqnes eleqtrone- 
nebis arekvliT da ara obieqtSi gavlis Semdeg. 
 

                              Tavi IX 
 
            birTvisa da citoplazmis urTierTzemoqmedeba _   
            ujreduli diferencirebis mamoZravebeli Zala 
 

   ujredul diferencirebas safuZvlad udevs genTa diferencirebuli 
aqtivacia, Tumca, ucnobia masSi mimdinare procesebis molekuluri 
meqanizmebi. SeiZleba aRvniSnoT ramdenime zogadi principi. Tu kvercxSi 
genis garemomcveli garemo iqneboda sruliad erTgvarovani, maSin rTuli 
warmosadgeni iqneboda Canasaxis blastomerebs Soris gansxvavebis 
warmoSobis meqanizmi ganviTarebis adreul stadiaze. mravali saxeobis 
cxovelTa Canasaxebis blastomerebs Soris gansxvaveba naCvenebi iqna 
eqsperimentulad. kvercxi, ra Tqma unda, ar aris homogenuri ujredi misi 
citoplazma warmoadgens heterogenur nivTierebaTa narevs, romelic 
organizebulia sxvadasxva specifiur struqturebSi. garda amisa, es 
nivTierebebi ganawilebulia kvercxSi araTanabrad, kerZod, vegetaciuri 
naxevari Seicavs ufro met kvercxis guls, vidre animaluri. sxva 
masalaTa SemTxveviT ganawilebaze mowmobs pigmentaciis gradienti da 
siblante aSkara gansxvaveba SeimCneva ujreduli organelebis 
ganawilebaSic. 
    amgvarad, blastomerebis birTvSi ganviTarebis adreul stadiaze ge- 
nebi imyofebian sxvadasxva citoplazmur garemocvaSi. fiqroben, rom swo- 
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red es gansxvavebuli garemocva iwvevs sxvadasxva nakrebis genTa aqtiva- 
cias, xolo genis aqtivoba warmoSobs axal citoplazmur garemocvas ro- 
melic urTierTzemoqmedebs ujredis genomTan da iwvevs arCeviT aqtivaci- 
as an axali jgufis genTa inhibirebas. maSasadame, iwyeba Tanmimdevruli 
reciprokuli urTierTzemoqmedebis jaWvi genomsa da cvalebad citopla 
zmur garemocvas Soris, ris Sedegadac ujredi diferencirdeba gansazR- 
vruli mimarTulebiT da gardaiqmneba zrdasruli organizmis ama Tu im 
tipis ujredad. eqsperimentul pirobebSi SesaZlebelia, SevcvaloT ama 
Tu im ujredis bedi, Tu mas gadavitanT sxva qsovilSi. cxadia, rom 
axali qsoviluri garemo iwvevs gadanergili ujredis citoplazmis 
SedgenilobaSi cvlilebebs, rac kvlav ganapirobebs sxvadasxva nakrebis 
genTa aqtivacias. warmodgenili sqema saSualebas gvaZlevs, gavigoT 
urTierTzemoqme deba genebsa da maT qimiur garemocvas Soris, magram 
ucnobia CvenTvis is molekuluri movlenebi, romelic dakavSirebulia am 
urTierTzemoqmedebasTan. 
          
       birTvsa da citoplazmas Soris molekulaTa cvla 
   birTvsa da citoplazmas Soris molekulaTa cvla xorcieldeba sxva- 
dasxva saxis rnm-as molekulaTa formiT, romelic trankribirdeba birT- 
vul dnm-aze. rnm-as molekulis zogierTi nawili gadadis citoplazmaSi 
da  monawileobs cilis sinTezSi, romlis Sesaxeb informacia inaxeba aq- 
tivirebul genebSi. molekulaTa moZraobis es nawili birTvsa da cito- 
plazmas Soris advili SesamCnevia, magram cota ram aris cnobili Sebru- 
nebul moZraobaze citoplazmidan birTvSi. molekulebi, romlebic moZra- 
oben citoplazmidan raRac saxiT iwveven birTvuli genebis arCeviT aqti- 
vacias, amasTanave, iseTi rTuli molkulebi, rogoricaa nukleinis 
mJavebi da cilebi, Seicaven sakmao informacias, rom Seasrulon es roli. 
amitom arsebiTi mniSvneloba eqneboda informaciiT mdidari molekule- 
bis gadaadgilebas birTvsa da citoplazmas Soris orive mimarTulebiT. 
    Amoeba proteus-ze Catarebuli cdebiT dadgenili iqna aseTi klasis ci- 
lebis arseboba. ameba cdisaTvis metad mosaxerxebelia, radgan advilad 
SeiZleba misi birTvis gadanergva erTi amebidan meoreSi. birTvis gadane- 
rgvas axdenen mikrozondis saSualebiT ujreduli garsisi gavliT, 
Semdeg amebebs ganalageben gverdulad, raTa gadanergil birTvze ar 
imoqmedos ujredulma garemom. ase gadanergili birTvi agrZelebs nor 
malur funqcionirebas. am birTvisa da misi Semadgeneli molekulebis 
identificireba SesaZlebelia radiaqtiuri niSniT. donor-amebebs  
aZleven niSandebul sakvebs. aseTi ujredebis birTvSi radiaqtiuroba 
SeiZleba ganisazRvros radioavtografiis meTodiT an geigeris 
mricxveliT. aRniSnul cdaSi mniSvnelovania gadanergili birTvidan 
niSandebuli cilebis swrafi gadasvla maspinZeli ujredis birTvSi 
(nax.22). amasTanave, oriave birTvSi niSandebuli cilebis raodenoba 
swrafad xdeba mdgradi.  
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nax. 22. niSandebuli birTvebis gadanergva amebaSi goldsterinis cdis 
sqema 
 
niSandebuli cilebis raodenobis wonasworobis miRwevis Semdeg yovel 
birTvSi radiaqtiuri cilebis saerTo raodenoba xdeba Tanabari. 
radganac birTvis moculoba sakamaod mcirea citoplazmis moculobaze, 
amitom niSandebuli cilebis koncentracia birTvSi ufro metia (daaxlo- 
ebiT 50-jer) vidre citoplazmaSi. am movlenis martivi axsna mdgomareobs 
imaSi, rom zogierTi cila migrirdeba niSandebuli birTvidan citopla 
zmaSi, Semdeg brundeba gadanergil birTvSi an maspinZeli ujredis 
sakuTar birTvSi. aseve iqcevian is cilebi, romlebic pasuxismgeblebi 
arian citoplazmidan birTvSi informaciis gadacemaze. niSandebuli 
cilebis saerTo raodenobis daaxloebiT 60% fiqsirebuli iyo birTvSi. 
sinamdvileSi es cilac TandaTanobiT tovebda birTvs, magram SedarebiT 
nela, vidre is 40%, romlebic uwyvetad moZraoben birTvsa da citoplaz- 
mas Soris. aseT “nela ganaxlebad” cilebs, SesaZlebelia, mivakuTvnoT 
birTvis garsis cilebi, birTvakis struqturuli cilebi da sxvadasxva 
qromosomuri cilebi, magaliTad. histonebi. cxadia, rom aseTi “nela 
ganaxlebadi” cilebis sinTezi xdeba citoplazmaSi da ara birTvSi. maTi 
qcevis mixedviT aseTi tipis cilebs ar SeuZliaT Suamavlis rolis Ses- 
ruleba birTvuli genebis transkripciis citoplazmur regulaciaSi, es 
roli ZiriTadad akisriaT migrirebad cilebs. 
   birTvSi makromolekulaTa sinTezis citoplazmuri regulireba  
aRvniSneT, rom cilebi gadaadgildebian birTvsa da citoplazmas Soris 
da SesaZlebelia Seasrulon regulatoris rols genebis transkripciaSi. 
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magram arc erT cdaSi ar iqna naCvenebi, rom es cilebi namdvilad 
aregulireben genebis transkripcias, xolo birTvis funqciis damokide- 
buleba citoplazmis bunebaze dadgenili iqna ori cdiT, romelSidac 
gamoyenebulia eqsperimentulad miRebuli birTvisa da citoplazmis 
Sexameba. I cdaSi Catarebuli iqna amfibiis kvercxis gadanergva. II cdaSi 
in vitro-Si somaturi ujredebis Serwymis gziT miRebuli iqna birTvisa da 
citoplazmis uCveulo Sexameba ganviTarebis sxvadasxva stadiaze. am 
eqsperimenuli dakvirvebiT vlindeba birTvis funqciis zusti damokide- 
buleba citoplazmaze. 
   ganvixiloT SemTxveva, roca sxvadasxva saxis ujredis birTvi, mTlia- 
nad diferencirebulic ki, SeiZleba gadainergos enukleirebul oocitSi. 
zrdasrul xerxemlian cxovelebSi nervuli ujredebi ar iyofian da Se- 
sabamisad, am ujrdebis birTvSi ar mimdinareobs dnm-as sinTezi. Tu avi- 
RebT zrdasruli bayayis Tavis tvinis ujredis birTvs da inieqciiT Se- 
viyvanT intaqturi Canasaxovani buStukebis mqone CanasaxSi, vnaxavT, rom 
dnm-as sinTezi ar xdeba ramdenime dRis Semdegac ki. oocitebSi winaswar 
SehyavdaT niSandebul triTium-Timidini da naxes, rom dnm-as umniSvnelo 
sinTezis drosac ki moxda misi CarTva, romelsac aRmoaCendnen radioav- 
tografiis meTodiT. Tu birTvis inieqcias movaxdenT tvinis ujredidan 
oocitSi Canasaxovani buStukis daSlis momentSi, maSin gadanergil bir- 
TvSi xdeba dnm-as sinTezi. rogorc Cans, Canasaxovani buStuki citoplaz- 
maSi gamoyofs raRac faqtors, rac ganapirobebs dnm-as sinTezs iseTi  
ujredebis birTvSic ki, romlebic arasodes ar asinTezeben dnm-as. es 
faqtori SeiZleba iyos dnm-polimeraza. aseTive inieqcia, romelic iqna 
Catarebuli Canasaxovani buStukis daSlamde, ar iwvevs dnm-as sinTezs. es 
reaqciebi ar aris specifikuri, radganac zrdasruli Tagvis RviZlis 
ujredebis birTvi, romelTa inieqcia moxda oocitSi, iqcevian zustad 
aseve. 
    birTvisa da citoplazmis urTierTzemoqmedeba, romelic iwvevs bir- 
TvSi dnm-as sinTezs, iwvevs aseve birTvSi fizikur cvlilebebs. gadaner- 
gili birTvi blastomerebis birTvze mcirea, magram momwifebul oociteb- 
Si isini swrafad iberebian. birTvis ganayofierebis Semdeg spermatozoi- 
di 30 wuTis ganmavlobaSi izrdeba 50-jer da metad. aseve mniSvnelovnad 
matulobs moculobaSi sxvadasxva somaturi ujredis birTvic, moculo- 
bis gadideba damokidebulia gadanergvis momentSi am birTvis moculo- 
baze. blastulis ujredis msxvili birTvis izrdeba 3-jer, Tavkombalas 
nawlavis amomfeni epiTelis ujredi birTvi izrdeba 40-jer, xolo 
zrdasruli bayayis Tavis tvinis ujredis birTvi - 60-jer. 
     garda dnm-as sinTezis induqciisa, citoplazma akontrolebs agreTve 
birTvSi sinTezirebuli rnm-as bunebas. Tu birTvs, romelic aqtiurad 
asinTezebs ribosomur rnm-as gadavnergavT enukleirebul kvercxSi, 
sinTezi wydeba. es savsebiT Seesabameba ribosomuri rnm-as sinTezis ar- 
arsebobas adreuli Canasaxis ujredebis birTvSi. ribosomuri rnm-as 
sinTezi ganaxldeba mogvianebiT, roca Canasaxi aRwevs im stadias, 
romelzedac es sinTezi normalurad xorcieldeba. analogiuri 
monacemebi iqna miRebuli satransporto rnm-as drosac, romelic ar 
sinTezdeba adreuli ganviTarebis stadiaze myof birTvSi. saintereso 
monacemebi iqna miRebuli saSualo blastulis ujredTa birTvebis cdis 
SemTxvevaSi, aseT birTvebSi normaluri pirobebis dros sinTezdeba rnm-
as mcire raodenoba, magram mimdinareobs dnm-as swrafi replikacia. 
msgavsi birTvebis inieqciam moumwifebel oocitSi gamoiwvia didi 
reodenobis rnm-as sinTezi da dnm-as sinTezis Sewyveta. amgvarad, am 
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birTvebis metabolizmi gardaiqmna oocitis citoplazmis “instruqciis” 
Sesabamisad. 
   Wiayelas ujredebSi qromosomebis qceva warmoadgens magaliTs cito- 
plazmur garemoze qromosomTa urTierTmoqmedebis specifikurobis. 
qromosomTa dediseuli da mamiseuli nakrebi Wiayelas mdedrobiTi sqe- 
sis Canasaxis ujredebSi iqcevian erTnairad, xolo mamrobiTi sqesis Ca- 
nasaxSi mamiseuli qromosomis nakrebi xdeba heteroqromatinuli da 
Seaqvs umniSvnelo wvlili mamrebis genetikur xasiaTSi. dediseuli 
krebulis qromosomebi rCeba euqromatinuli da funqciurad aqtiuri. 
amitom SeiZleba vivaraudoT, rom kvercxis citoplazmis SedgenilobaSi 
(saidanac viTardebian mamrebi) aris raRac, romelsac Seswevs unari, 
gaarCios es ori krebuli da gamoiwvios fiziko-qimiuri cvlilebebi, es 
raRac vlindeba heteroqromatinizaciaSi (mamiseuli krebulis qromoso- 
maSi) an euqromatinizaciaSi (dediseuli krebulis qromosomaSi). (nax.23). 
zogierTi saxeobis WiayelaSi hetreoqromatinizacia mamrebis zogierT 
qsovilSi aRmoCndeba Sebrunebuli da orive nakrebis–dediseuli da 
mamiseuli qromosomebi xdeba euqromatinuli da funqciurad aqtiuri. 
amgvarad, mamiseuli nakrebis qromosomebs ara aqvT raime Sinagani 
naklovaneba, Tumca, aSkarad gansxvavdeba dediseuli nakrebisagan. cxadia, 
rom Wiayelas kvercxis citoplazmaSi arsebobs raRac mgrZnobiare, 
maRalspecifikuri molekuluri meqanizmi, romelsac aqvs unari 
ganasxvavos homologiuri qromosomebi da SezRudos mamiseuli nakrebis 
qromosomaTa heterosinTeziuri aqtivoba. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 23.  mdedr WiayelaSi mitozis dros mamrobiTi qromosomebis 
moqmedebis sqema 
 
                           hibridizacia 
 
   qromosomebis moTavseba sxva saxeobis citoplazmaSi SeiZleba agreT- 
ve hibridizaciiT. rogorc wesi, hibridul arsebebs ara aqvT srulyofi- 
li ganviTarebis unari, magram arsebobs gamonaklisi, magaliTad, jori 
(cxenisa da viris hibridi). iSviaTad miiReba hibridi lomsa da vefxvs 
Soris da sxvadasxva saxeobis daTvebs Soris. garda amisa, aseve miiReba 
hibridebi frinvelTa sxvadasxva saxeobis SejvarebiT. hibridTa warma- 
tebiT ganviTarebis SemTxvevaSi unda davuSvaT, rom regulatoruli 
molekulebi, magaliTad qromosomuri cilebi, ar floben saxeobriv 
specifikurobas, raTa vimoqmedoT qromosomaTa normalur funqcioni- 
rebaze nebismieri mSoblis genomidan. miuxedavad amisa, umravles 
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SemTxvevaSi hibridebs ara aqvT normaluri ganviTarebis unari, gansa- 
kuTrebiT amfibiebis hibridebs. hibridTa ganviTarebis Sewyveta 
ganpirobebulia mSobliuri saxeobis genomTa SeuTavseblobiT, magram es 
Sexeduleba SemdgomSi uaryofili iqna birTvis gadanergvis meTodis 
gamoyenebiT Catarebuli kvlevebis Sedegad. 
 
                    birTvis gadanergva 
  gamokvlevebma gviCvenes, rom birTvis qceva mniSvnelovanwilad damo- 
kidebulia citoplazmaze. gansazRvrul pirobebSi birTvs SeuZlia Sesa- 
bamisi saxiT upasuxos daprogramebul signalebs citoplazmis mxridan 
anu sxva sityvebiT rom vTqvaT, mocemuli arsebis yvela birTvs aqvs una- 
ri, miaRwios erTnair funqciur mdgomareobas erTsa da imave citoplaz- 
mur garemoSi. am mxriv, SedarebiT nayofieri aRmoCnda cilebi. Tavda- 
pirvelad Rana pipiens-is enukleirebul kvercxSi gadanerges adreuli Ca- 
nasaxis ujredis birTvi, kerZod, blastulis an adreuli gastrulis sta- 
diaze (nax.24). Semdeg kvercxi-recipienti nawevrdeba da TiToeulisagan vi- 
Tardeba normaluri Canasaxi. roca gadasanerg birTvs iReben ufro gviani 
stadiidan, mcirdeba normaluri ganviTarebis SemTxvevebi. amfibia Rana 

pipiens-is SemTxvevaSi ar iyo registrirebuli arc erTi SemTxveva sruli- 
normaluri ganviTarebisa. SesaZlebeli gaxda amfibia Xenopus  laevis –is  
normaluri ganviTareba, roca gamoyenebuli iyo Tavkombalas nawlavis 
epiTelis ujredebis birTvi. miuxedavad imisa, rom es ujredebi aris 
momwifebuli da funqciurad aqtiuri, miekuTvnebian zrdadasrulebul 
organizms (nax. 25). 
 
 
 
 
 
 
 
 

 
nax. 24. birTvis gadanergvis meTodika bayaySi. A – gaunayofierebeli kvercxis 
gaaqtiureba nemsiT. Б- donori Canasaxis disocireba calkeul ujredebad. B-
birTvi da citoplazmis garkveuli raodenoba enukleirebul kvercxSi. 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 25. birTvis SesaZleblobis Semcireba asakTan erTad, ganpirobebuli 
gadanergvis Semdgomi normaluri ganviTareba. I-mTliani blastula (Rana pipiens); 
II-mTliani blastula (Xenopus laevris); III-nawilobrivi blastula (Rana pipiens). 
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1 gviani blastula; 2 adreuli gastula; 3 gviani blastula, 4 neirula, 5 kudis 
ganviTarebis stadia, 6 gulis Semcirebis dawyeba, 7 mcuravi Tavkombala.  
     
   zrdasruli organizmis ujredis birTvis uunarobisa da kvercxis 
birTviT misi Secvlis dReisaTvis SedarebiT dasabuTebuli axsna 
mdgomareobs imaSi, rom gadanergil birTvSi rTulia qromosomTa dife- 
rencirebis Sedegis swrafi waSla. SesaZlebelia, gadanergili birTvis 
genisaTvis ar aris srulyofilad misaRwevi aqtivirebuli gavlena, 
romelic aRviZebs masSi normalur fiziologiur procesebs, rac 
Seesabameba ganviTarebis adreul stadias. 
    
    birTvebis saxeobaTaSorisi gadanergvis ujredTa hibridizacia 
                       in  vitro  areSi 
 in  vitro  areSi qsovilTa kulturis ujredTa hibridizaciaSi miRweuli 
mniSvnelovani warmatebebis miRwevis Sedegad SesaZlebeli gaxda 
ZuZumwovrebis sxvadasxva saxeobebis ujredTa warmatebuli Serwyma (mag, 
virTxisa da Tagvis, adamianisa da Tagvis da sxva) da calkeuli 
hibriduli ujredebis miReba. am saxeobis ujredTa Soris naTesauri 
kavSiri ufro naklebia, vidre bayayis saxeobaTa ujredebs Soris, 
romelTa hibridebis miReba ver xerxdeba. Tagvisa da virTxis ujredebis 
SeerTebiT miRebuli ujredebi ganagrZoben gamravlebas qsovilis 
kulturaSi. maTi enzimologiuri analizi gviCvenebs, rom orive mSoblis 
zogierTi geni erTdroulad funqcionirebs erTsa da imave hibridul 
ujredSi. dawvrilebiT iqna Seswavlili ori fermenti: laqtadehidro- 

genaza (ldh) da β- glukoronidaza. orive fermentis moqmedeba mowmobs 
WeSmariti hibriduli ujredis  arsebobas. hibridul ujredSi funqci- 
onirebs orive geni da uzrunvelyofs im suberTeulebis sinTezs, 
romlebic SemTxveviTi kombinirebis Sedegad warmoqmnian mosalodnel 
hibridul molekulebs. cxadia, rom ujredTa gaanalizebuli populacia 
aseT Sedegs iZleva mxolod im SemTxvevaSi, Tu calkeuli ujredebi 
Seicaven rogorc Tagvebis, ise virTxebis aqtiur genebs. imisaTvis, rom 
warmoiqmnas hibriduli tetrameruli molekulebi, saWiroa erTsa da 
imave ujredSi erTdroulad orive cxovelis ldh-as suberTeulis 
arseboba. 
    aRniSnul cdaSi miiReba spontanurad warmoqmnil hibridul ujredTa 
arc Tu ise didi ricxvi. ukanasknel periodSi SemuSavebuli iqna 
meTodebi, romliTac SesaZlebeli gaxda mniSvnelovnad gazrdiliyo 
warmoqmnili hibridebis raodenoba. kerZod, es miRweuli iqna sxvadasxva 
xazis ujredTa erToblivi inkubaciis da maTze sendais inaqtivirebuli 
virusis damatebiT. am meTodiT miRebuli iqna wiwilis eriTrocitebi. 
ujredTa hibridizaciis es meTodi efeqturia im SemTxvevaSic ki, roca 
ujredebi miekuTvnebian xerxemlianTa sxvadasxva rigs an saxeobas. 
miRebuli hibriduli ujredebi cocxloben xangrZlivi drois manZilze, 
zogierT SemTxvevaSi iyofian da iZlevian WeSmariti hibriduli 
ujredebis axal Taobas. 
    ismis kiTxva: riT aixsneba qsovilis kulturaSi ujredTa hibridiza- 
ciisas amfibiebis an ZuZumwovrebis sxvadasxva saxeobas Soris normaluri 
hibridebis miRebis warmateba Tu warumatebloba? saqme is aris, rom 
hibridebis normaluri ganviTarebisaTvis aucilebelia ara marto gene- 
bis CarTva-gamorTvis meqanizmi, aramed genTa aqtivobis Tanmimdevruli da 
detaluri daprogrameba mTeli Canasaxovani ganviTarebis procesSi. ne- 
bismieri gadaxra normaluri ganviTarebidan an genTa aqtivobis donidan 
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gamoiwvevs reaqciaTa Tanmimdevrobis rRvevas da ganviTarebis Sewyvetas.  
   sruliad gansxvavebul moTxovnebs ayeneben ujredebi kulturaSi aseT 
ujredebSi unda ganxorcieldes ZiriTadi metaboluri reaqciebi, romle- 
bic aucilebelia sicocxlis SenarCunebisaTvis progresuli cvlileb- 
ebi, romlebic iwvevs alternatiul mdgomareobaSi gadasvlas, ar aris 
aucilebeli. amrigad, erTsa da imave hibridul ujredSi SeiZleba 
funqcionirebdes genTa aqtivaciis sxvadasxva specifikuri meqanizmi, 
magram genTa aqtivobis progresirebis specifikuroba gamoricxavs erTi 
genotipis dnm-as molekulebis urTierTqmedebas meore genotipis 
citoplazmis molekulebTan. amdenad, hibriduli Canasaxis blokireba-es 
aris ganviTarebis blokireba, romelic ar abrkolebs ujredis gadarCe- 
nas. reaqciebi, romlebsac kritikuli mniSvneloba aqvT ujredis norma- 
luri funqcionirebisaTvis, dakavSirebuli arian ujredis garsTan. es 
mosazreba sarwmunoa, radgan hibriduli amfibiis ganviTarebis Sewyveta 
xdeba im stadiaze, roca aucilebelia ujredTa Soris asociaciuri 
cvlilebebi, raTa SesaZlebeli gaxdes gastrulaciisaTvis saWiro 
morfogenetikuri moZraobis dawyeba. kerZod, gavixsenoT is, rom amfibiis 
sxvadasxva saxeobis qsovilisagan qirurgiuli gziT miRebuli mozaikuri 
Canasaxis nawilebi warmatebiT urTierTmoqmedeben erTmaneTze da 
asruleben gastrulaciur moZraobebs. amrigad, ujreduli membranis 
saxeobrivi specifikuroba ar gamoricxavs sxvadasxva saxeobis ujredTa 
erTobliv aqtivobas, amitom nebismieri SeuTavseblobis mizezi unda 
veZeboT im procesebSi, romelic dakavSirebulia ujreduli garsis 
Tvisebebis aRdgenasTan. 
 
             birTvis saxeobaTaSorisi gadanergva 
   zemoT aRwerili meTodis gamoyenebiT SeiZleba erTi saxeobis ujre- 
dis diploiduri birTvi gadaunergoT meore saxeobis enukleirovan 
kvercxs. aseTi kvercxi viTardeba gastrulaciamde, xolo Semdeg wyve- 
ten gaviTarebas im stadiamde, sanam ar warmoiSoba namdvili hibriduli 
Canasaxebi. es Semdgomi ganviTarebis unari asaxavs SeuTavseblobas 
erTi saxeobis genomsa da meore saxeobis citoplazmas Soris. Canasaxi- 
dan, romelmac gastrulaciis stadiaze Sewyvita ganviTareba, SeieZleba  
aviRoT birTvi da gadavnergoT enukleirebul kvercxSi. aseTi gadanergi- 
li birTvis Semcveli kvercxis meore Taoba isev aRwevs gastrulaciis  
stadiamde, ris Semdegac wydeba ganviTareba, iseve rogorc pirvel 
SemTxvevaSi. es procedura SeiZleba gavimeoriT mravaljer. 
   maSasadame, erTi saxeobis organizmis birTvs SeuZlia icocxlos da  
mravaljer daiyos meore saxeobis citoplazmaSi, magram isini ver uzrun- 
velyofen gastrulis stadiis Semdgom ganviTarebas. im ujredTa cito- 
logiuri Seswavlisas, romelTa ganviTareba SeCerda gastrulis stadia- 
ze, aRmoCenili iqna seriozuli anomaliebi (dawyvetili qromosomebi, de- 
lecia, qromosomuri fragmentebi), es anomaliebi sakmarisia imis asaxsne- 
lad, Tu ratom ar SeuZliT Semdgomi ganviTareba. garda amisa, isini mow- 
moben qromosomebsa da citoplazmas Soris urTierTzemoqmedebis aranor- 
malur xasiaTze. cnobilia, hibridi Rana-s gvaris saxeobebs Soris: 
Rana palustris   da  Rana pipiens-isa romelsac aqvs warmatebiT ganviTarebis 
unari.es hibridi viTardeba normalur zrdasrul arsebad imitom, rom 
aqvs orive mSoblis Sualeduri niSnebi. Tu Rana pipiens-is ujredis birTvs 
gadavnergavT Rana palustris –is enukleirebul kvercxSi, maSin aseTi 
kvercxidan ar viTardeba zrdasruli arseba da ganviTareba wydeba 
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gamoCekisTanave. aRniSnul ujredTa citologiuri gamokvlevisas ar 
gamovlenila qromosomuri anomaliebi garda amisa, aseTi birTvul-
citoplazmuri hibridebis ujredis birTvs aqvs unari, uzrunvelyos 
normaluri ganviTareba, Tu kvlav gadavnergavT sakuTari saxeobis 
kvercxSi. es cda gviCvenebs, rom erTi saxeobis qromosomebSi, romlebic 
xvdebian sxva saxeobis citoplazmaSi, ar warmoiqmneba Seuqcevadi 
dazianebebi, magram maT ara aqvT normaluri ganviTarebis uzrunvelyofis 
unari. 
   hibridizaciis msgavsi cdebi Catarebuli iqna zRvis zRarbebze isini 
xelsayreli obieqtia warmoadgenen, ramdenadac ramdenime saxeobas 
Soris SesaZlebelia jvaredini ganayofiereba. aseTi Sejvarebis erT-erT 
saintereso Sedegs warmoadgens is, rom reciprokuli Sejvarebisas STa- 
momavlobis ganviTareba wydeba sxvadasxva stadiaze. magaliTad,Tu zRvis 
zRarbis-Sphaerechinus granularis   kvercxs gavanayofierebT – Paracentrotus lividus 

spermiT, viTardeba normaluri matlebi-pluteusi, romelTa ConCxi ga- 
regnuli niSnebiT Sualeduri xasiaTisaa mSobliuri organizmebis ConCxs 
Soris. reciprokuli Sejvarebisas hibriduli Taobis ganviTareba wydeba 
gastrulis stadiaze, rac SeiZleba aixsnas qromosomis mniSvnelovani na- 
wilis dakargviT. STamomavlobaTa sxvadasxvanairi qceva reciprokuli 
Sejvarebisas SeimCneva amfibiebSic. es cdebi saSualebas iZleva imis da- 
samtkiceblad, rom erTi saxeobis qromosomebi namdvilad zemoqmedeben 
meore saxeobis citoplazmaze. 
 
                         meiozi da mitozi   
   X qromosomis heteroqromatinizacia mdedr ZuZumwovrebSi an mamr 
WiebSi warmoadgens qromosomebis SerCevis kontrolis magaliTs. unda 
aRiniSnos, rom sqesobrivad mamravl mravalujredian organizmebSi 
arsebobs qromosomTa qcevis regulaciis zogadi tipi, romelic vlindeba 
ujredis meiozur da mitozur dayofebs Soris sxvaobaSi. somaturi 
ujredebisagan warmoiqmneba gametebi qromosomTa diploiduri nakrebiT. 
ramdenime mitozuri dayofis Semdeg ujredSi iwyeba meiozuri dayofa, 
romelic xasiaTdeba homologiuri qromosomebis koniugaciiT da 
centromerebis dagvianebuli replikaciiT. es ori procesi imyofeba 
genetikuri kontrolis qveS, magram ucnobia am kontrolis molekuleuri 
safuZveli. meiozis makontrolebeli meqanizmis Sesaxeb SeiZleba 
warmodgena Segveqmnas sqesobrivi procesis gareSe kvercxis parTeno- 
genezuri ganviTarebisas mimdinare movlenebis Seswavlis safuZvelze. 
parTenogenezis citologiuri safuZveli sxvadasxva saxeobaSi metad 
mravalferovania, magram is xSirad dakavSirebulia meiozis daTrgun- 
vasTan romelime stadiaze, Tu es daTrgunva  xdeba gametogenezis 
dasawyisSi, maSin warmoiqmneba diploiduri gametebi, romlebic genotipiT 
dediseuli organizmis identuria. meiozis daTrgunva SeiZleba moxdes 
sxvadasxva stadiaze, rac  miuTiTebs am molekuluri procesis 
mravalferovnebaze. specifikuri molekuluri procesebi, romlebic 
ganasxvaveben meiozs mitozisagan, kontroldeba ramdenime geniT. kvlevis 
mniSvnelovan da rTul mimarTulebas warmoadgens genis Sesabamisi 
produqtis identifikacia. unda aRiniSnos, rom qromosomTa koniugacia 
da centromerebis dayofis Seneleba axasiaTebs ara mxolod gametur 
meiozs, aramed drozofilas ujredebSi cnobilia qrosomTa somaturi 
koniugacia da somaturi krosingoveri. amrigad, meiozTan da mitozTan 
dakavSirebuli molekuluri procesebi msgavsia, magram calkeul 
SemTxvevaSi daprogramebulia sxvadasxvanairad. 
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                         dediseuli efeqti 
  birTvisa da citoplazmis urTierTmoqmedebis ilustrireba xdeba  
reciprokuli Sejvarebis, STamomavlobaTa fenotipuri gansxvavebulobis 
drosac. Waki cxenisa da viris SejvarebiT miRebuli Taoba gansxva 
vdeba woniTa da garegnuli niSnebiT im Taobisagan, romelic miRebuli 
iqna reciprokuli Sejvarebisas anu Waki virisa da ulayis SejvarebiT. 
orive SemTxvevaSi Taoba ufro hgavs dedas, vidre mamas. aseT SemTxvevas 
uwodes dediseuli efeqti anu dediseuli memkvidreoba, radganac STamo- 
mavlobis ganviTarebaze gavlenas axdens saSvilosno, romelSidac is vi- 
Tardeba. Sesabamisi eqsperimentuli obieqtis SerCeviT SesaZlebeli gaxda 
dediseuli memkvidreobis meqanizmis gamovlena. drozofilaSi cnobilia 
erTi fermenti, romelic funqcionirebs ganviTarebis adreul stadiaze 
da aqvs dediseuli warmoSoba. am fermentis aRmoCena SesaZlebeli gaxda 
ferment-aldehidoqsidazis struqturuli variantebis gamoyenebiT, rom- 
lebic gansxvavdebian eleqtroforezuli moZraobiT. 26-e naxazze SeniSnu- 
li iqna, rom hibridebs, romlebic miRebuli iqna drozofilas am ori 
saxe obis SejvarebiT, ganviTarebis adreul stadiaze warmoadgenen 
aldehidoqsidazis dediseuli tipis eleqtroforezul variants fermen- 
tis mamiseuli forma vlindeba hibriduli organizmis ganviTarebis gvian 
stadiaze. ucnobia, gadadian Tu ara fermentis intaqturi molekulebi 
ganviTarebad kvercxujredSi dediseuli organizmidan. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
 

nax. 26. dediseuli efeqti drozofilaSi aldehidoqsidazas magaliTze. I-
kvercxi; II 1-li matlis stadia; III – me-2 matlis stadia; IV me-3 matlis 
stadia;  V – Wupri; VI _ zrdasruli forma.  
 
drozofilas meore fermentisaTvis-qsantindehidrogenaza, naCvenebi iqna, 
rom am fermentisaTvis tipuri dediseuli efeqti ar SeiZleba aixs- 
nas funqciurad aqtiuri fermentuli molekulebis gadacemiT dediseuli  
organizmidan. aRwerili iqna sxvadasxva mutacia, romlebic dakavSire- 
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buli iyo qsantindehidrogenazas sinTezis genetikur kontrolTan. Tu 
ma-l geniT heterozigotur mdedrs SevajvarebT am genis mixedviT hemi- 
zigotur mamrTan, maSin mosalodneli unda yofiliyo veluri tipis STa- 
momavlobaSi Tanabari raodenobis mutantebi. sinamdvileSi aseTi 
SejvarebiT miRebuli yvela Taoba xasiaTdeba veluri tipis fenotipiT 
anu yvela buzi mdedris msgavsia. iqmneba mosazreba, rom qsantinde- 
hidrogenazas intaqturi molekulebi gadadian dediseuli orgnizmidan 
kvercxSi. 
   dediseuli organizmis saxiT iReben mdedrs, heterozigoturs ma-l 
geniT  da homozogoturs ry geniT ( ry  aris qsantindehidrogenazas sruqtu- 
ruli geni). arsebebSi, romlebic homozigoturebia mutanturi alelis ry 

mixedviT, ar xdeba qsantindehidrogenazas sinTezi. maSasadame, Sejvare- 
bisaTvis gamoyenebuli dediseuli organizmebi ver SeZlebdnen TavianTi 
STamomavlobisaTvis gadaecaT fermentis mza molekulebi. Tu ra gadae- 
cema am SemTxvevaSi dediseuli efeqtiT, ucnobia. 
   gamoTqmuli mosazreba, rom ara mxolod birTvi, aramed citoplazmac 
Seicavs informaciul masalas, romelic SeiZleba replicirdes da gadae- 
ces diseul ujredebs ujreduli dayofis dros, dadasturebuli iqna 
imiT, rom citoplazmuri dnm moTavsebulia mitoqondriebSi da qloro- 
plastebSi is warmoadgens beWdisebur molekulas sigrZiT-5mkm da  
ramdenime mln. molekuluri woniT. mitoqondriul dnm-as SeuZlia cilis 
sinTezSi monawile rnm-as replicireba da transkribireba, amitomac ar 
iqneba gasaocari, Tu mitoqondriuli dnm iqneba citoplazmuri memkvi- 
dreobis da zogjer dediseuli efeqtis matarebeli.  
    
   genebis urTierTmoqmedeba ujreduli diferencirebis procesSi      
     
     genebi gadamwyvet rols asruleben ujreduli diferencirebisa da 
zrdasruli organizmis ujredis Tvisebis gansazRvraSi. calkeuli genis 
funqcia SeiZleba iyos martivi, magram mravali genis erToblivi aqtivo- 
bis regulacia da moqmedebaSi maTi CarTvis dro, romelzedac damokide- 
bulia diferencirebuli ujredis Tviseba, Zalian rTulia. dawvrilebiT 
SeiZleba gavigoT genebis roli ujreduli diferencirebis regulaciaSi, 
Tu gavaanalizebT romelime maxasaiaTebeli “genis produqtis” warmoqmnas 
gansazRvruli tipis ujredis diferencirebis procesSi. erT-erTi aseTi 
genuri produqti, romelic detalurad aris Seswavlili, aris pigmenti-
melanini, romelic sinTezirdeba mxolod melanocitebSi. melanini 
warmoiqmneba rigi Tanmimdevruli bioqimiuri reaqciebis Sedegad, 
romelSic mniSvnelovan rols asrulebs fermenti Tirozinaza. ZuZumwov- 
rebSi es fermenti imyofeba erTi genis _ C (Color)  kontrolis qveS. erT-
erTi mutacia am genis mixedviT xasiaTdeba Tirozinazas ararsebobiT. 
arsebebs, romlebic am genis mixedviT homozigoturia, ara aqvT melaninis 
sinTezis unari da arian albinosebi. 
                    
                  melanocitebis diferencireba.  
  xerexemlianebSi warmoiqmneba ori tipis melanocitebi: erTi aris epiTe- 
luri, romlebic warmoiqmneba Tvalis garsis proqsimalur naxevarSi da 
ganapirobebs Tvalis baduraSi pigmenturi Sris warmoSobas; meore war- 
moiqmneba nervuli ujredebisagan dendrituli melanoblastebis saxiT, 
romlebic migrirdebian mraval qsovilSi, rogoricaa magaliTad: kani, 
Tmis folikulebi da sisxlZarRvovani garsi. am qsovilebSi maT SeuZ- 
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liaT daasrulon TavianTi diferencireba pigmentirebul melanocitad 
gardaqmnisas. diferencirebis adreul stadiaze, migraciis periodis CaT- 
vliT, melanoblastebi ar warmoqmnian arc Tirozinazas da arc melanins, 
ris gamoc rTulia maTi identificireba. momwifebul, mTlianad pigmenti- 
rebul melanocitebSi mitozuri figurebi iSviaTad gvxvdeba da maSasada- 
me, ujredis gamravleba mimdinareobs melanoblastebis stadiaze. am ujre 
debis diferencireba yvela etapze kontroldeba genebiT. melanocitebis 
ricxvi da ganawileba, melanosomis morfologia, melaninis feri da pig- 
mentirebuli melanosomis gamocalkeveba ujredidan _ yovelive es  aris 
genebis kontrolis qveS, romlebic ukve identificirebulia. 
    melanoblastebidan melanosomis warmoqmna aris niSani melanocitebis 
ukanaskneli etapis diferencirebisa. melanosomebi warmoadgenen rTul 
ujredul organelebs, romlebic Sedgebian fibriluri cilis suber- 
Teulebisagan. membraniT SemosazRvrul buStukebSi es cila organizde- 
ba matriqsad fenis saxiT, romelSic, Cveulebriv, moTavsebulia Tirozi- 
naza. melanini ganlagebulia am cilovan struqturebze manam, sanam mela- 
nosoma ar xdeba mTlianad pigmentirebuli da ar wydeba fermentuli  
aqtivoba. melanosomis matriqsis organizacia da melaninis melanosomaSi 
gadalagebis xasiaTi imyofeba ramdenime gansxvavebuli genis kontrol 
qveS. erT-erTi geni, romelic moqmedebs melanosomis agebulebaze, aris 
geni _ p(pink-eyed dilution)  is iwvevs Tvalis vardisferi Seferilobis Sesus- 
tebas. am genis mixedviT homozigotur arsebebs (pp) matriqsis organiza- 
cia darRveuli aqvT, radganac melanosomis fibrilebs ar SeuZliaT er- 
TmaneTTan normaluri ganivi kavSirebis warmoqmna, ris Sedegad aseT arse 
bebSi melanosoma pigmentirebulia sustad. in vitro-Si inkubaciisas Tirozi 
nis monawileobis dros es melanosomebi aproducireben damatebiT mela- 
nins, magram matriqsis darRveuli struqtura ar aRdgeba. maSasadame, am 
genis erT-erTi efeqti mdgomareobs balniani safarvelis saerTo pigmenta 
ciis SesustebaSi. 
   ZuZumwovrebSi balniani safarvelis saerTo pigmentaciaze arapirdapir 
zemoqmedebas axdens geni-d (dilution-ganzaveba) es geni ar akontrolebs war- 
moqmnili pigmentis raodenobas, aramed gansazRvravs melanocitis formas 
melanocitebs genotipiT-dd dendritebis ricxvi SedarebiT mcire aqvT, vi- 
dre Cveulebrivad, xolo ujredis sxeuli gadidebulia. aseTi melanoci- 
tebi gadascemen garSemo myofT mcire raodenobis melanosomas, romelic 
gankuTvnilia Tmebis warmoqmnisaTvis. garda amisa, es melanocitebi ara- 
myarad arian damagrebuli Tmis folikulebSi, ris gamoc gvxvdebian 
ganviTarebadi Tmis ReroSi. keratinocitebi melanosomebSi ganlagebulia 
araTanabrad, didi lokaluri grovebis saxiT. melanosomebis ase- 
Ti ganawileba qmnis pigmentaciis Sesustebis STabeWdilebas, Tumca pigmen 
taciis saerTo raodenoba am dros ar sustdeba. 
   melanocitebis qcevaze SeiZleba aseve moqmedebdnen sxvadasxva aragene- 
tikuri faqtori, romlebic iwveven warmoqmnili pigmentebis raodenobis 

cvlilebas. Tagvebi genotipiT _CհCհ atareben struqturuli genis-Tiro- 
zinazas mutantur alels da aproducireben fermentis Secvlil Termo- 
labilur formas. aseTi genotipis Tagvebs maRal temperaturaze warmoeq- 
mnebaT SedarebiT mcire raodenobis pigmentebi, vidre SedarebiT dabal 

(10°C) temperaturaze. amgvarad, temperatura gavlenas axdens am alelis, 
C-lokusSi fenotipur gamovlenaze. cnobilia agreTve, rom melanoblas- 
tebi reagireben ultraiisfer sxivebze. mzis sxivebis moqmedebiT adamia- 
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nebSi garujva dakavSirebulia, rogorc pigmentirebuli melanocitebis 
ricxvis gazrdasTan, aseve melanosomebis ricxvis gazrdasTan 
ujredSi.  
   mravali cxovelis Seferiloba icvleba wlis drosTan Sesabamisoba- 
Si. zogierT cxovels zamTarSi aqvs TeTri bewvi, xolo zafxulSi Savi 
an yavisferi. am cvalebadobaSi monawileobs zogierTi hormoni: gonado- 
tropini, kortikotropini da melanocit-mastimulirebeli hormoni. 
adamianebSi hormonuli cvlilebebi, romelic Tan axlavs orsulobis 
periods, iwvevs sxeulis sxvadasxva nawilis pigmentaciis gaZlierebas, 
magaliTad. rTuli ZuZus Tavi, magram ucnobia moqmedeben Tu ara es 
hormonebi uSualod melanocitebze. savsebiT SesaZlebelia, rom es hormo 
nebi moqmedebdnen garemomcveli qsovilebis ujredebis meSveobiT. 
  normis SemTxvevaSi melanocitebi ar iyofa da misi populacia mudmivad 
unda ivsebodes melanoblastebis diferencirebis xarjze. melanoblas- 
tebi warmoiqmnebian mitozis gziT, magram asakTan erTad melanoblaste- 
bis maragi mcirdeba, razec mowmobs xanSiSesuli adamianebis gaWaRarave- 
ba. meore mxriv,SesaZlebelia, rom organizmis daberebasTan erTad mela- 
noblastebis Semcveli qsovilebi kargaven  diferencirebul melano- 
citebad inducirebis unars. xanSiSesuli adamianebis TmebSi arsebul 
ujredebSi ar gvxvdeba keratinociti da maTSi ar xdeba melanosomis 
diferencireba. rogorc Cans, genetikuri kontroli pigmentaciaze 
damokidebuli araa. 
   melanocitebis diferencirebaze moqmed genebs Soris yvelaze mniSvne- 
lovania ferment Tirozinazas struqturuli geni _ C. am genis homozigo- 
turoba araaqtiuri alelis mixedviT iwvevs albinizms. albinosebs gaaC- 
niaT orive tipis melanocitebi-epiTeluri da dendrituli, magram ara 
aqvT TavianTi diferencirebis dasrulebis unari. maT ar SeswevT unari,  
asinTeziron Tirozinaza da maTSi ar warmoiqmneba melanini, magram dife- 
rencirebis yvela wina etapi iwvevs “upigmento melanocitebis” warmoq- 
mnas. aseTi melanocitebis amocnoba SeiZleba damaxasiaTebeli morfolo- 
giiT, ganlagebiTa da maTSi melanosomis arsebobiT, romelic moklebu- 
lia Cveulebriv pigments. eleqtronul-mikroskopuli gamokvleviT 
dadgenili iqna, rom albinosebis melanosomebi xasiaTdebian normaluri 
agebulebiT. gene- 
bi, romlebic pasuxismgebelni arian melaninis warmoqmnaze, moqmedeben 
rogorc epiTelur, aseve dendritul melanocitebSi. amgvarad, albi- 
nosebs aqvT Tvalebi-vardisferi, kani-TeTri, bewvi-TeTri. faqtia, rom Ti- 
rozinazas gens aqvs didi mniSvneloba melanocitebis diferencirebis 
dasrulebisaTvis, magram es geni araviTar rols ar asrulebs sxva tipis 
ujredTa diferencirebaSi. albinosebis sxva danarCeni ujredi normalu- 
ria. rogorc mosalodneli iyo, Tirozinaza aRmoCenili iqna mxolod 
melanocitebSi. SeiZleba gavakeToT daskvna, rom sxeulis yvela ujredSi, 
garda imisa, romlebic normalur SemTxvevaSi asinTezeben melanins, es 
geni aris araaqtiur mdgomareobaSi.  
    melanocits aqvs mravali gansxvavebuli Tviseba, maT Soris sxvada- 
sxva feris melaninis producirebis unari. yvela misi Tviseba imyofeba 
genebis kontrolis qveS, maT Soris erTi geni funqcionirebs TviT me- 
lanocitSi, xolo danarCenebi misi ujredis garSemo genotipsa da 
melanicitis ujredul garemocvas Soris SefardebiTi roli naCvenebi 
iyo sxvadasxva genotipis mqone Tagvebs Soris kanis gadanergvis dros. 
zrdasruli Tagvebis kanSi melanoblastebi ar gadaadgildebian did 
manZilze im adgilidan, sadac isini aRmoCndnen embriogenezis dros. 
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alxalSobili Tagvebis kanis agebuleba arc Tu ise mdgradia, ris 
Sedegadac kanis nawilebis gadanergvis dros kanis mTlianobis darRveva 
iZleva melanoblastebis migraciis SesaZleblobas Tmis folikulis 
dazianebuli adgilidan garkveuli manZilis daSorebiT. maSasadame, 
pigmentirebuli cxovelidan albinosSi kanis nawilebis gadanergvisas 
melanoblastebi migrirdebian pigmentirebuli kanidan albinosis Tmis 
folikulebSi da iq warmoqmnian pigments. erT-erT cdaSi melanociti 
genotipiT - yellow (Aya)  - yviTeli gadunerges arsebas genotipiT -“non-

agout” (aa)  Savi gadanergili melanocitebi Aya   migrirdebian transplan- 
tantidan Tmis folikulSi (maspinZlis mezobeli qsovili), sadac isini 
TavianTi genotipis miuxedavad gamoimuSaveben Savi feris pigments. 
Sebrunebuli gadanergvis cda gvaZlevs Sebrunebul Sedegs-melanocitebi 
genotipiT- aa migrirdebian donoris Savi feris kanidan recipientis Aya  

garemomcvel Tmis folikulSi da iq warmoqmnian yviTeli feris pigments. 
donoris melanocitebi, romlebic migrirdebian recipientis qsovilSi, 
magram ar xvdebian Tmis folikulebSi, agrZeleben Savi feris pigmentis 
sinTezs miuxedavad imisa, rom isini garemoculi arian Aya  genotipis 
mqone ujredebiT. gadanergvis aseTi cdebi gviCveneben, rom yviTeli feris 
pigmentis warmoqmna ganisazRvreba ara melanocitis genebiT, aramed Tmis 
folikulis ujredis genebiT. Tmis folikulis ujredebi genotipiT - Aya   

gamoimuSaveben raRac faqtors, romelic aiZulebs melanocits aprodu- 
ciros yviTeli feris pigmenti. am faqtoris ararsebobis SemTxvevaSi 
melanocitebSi yovelTvis warmoiqmneba Savi feris pigmenti. maSasadame, 
geni lokusiT-A, romelsac didi mniSvneloba aqvs melanocitebis 
diferencirebisaTvis, efeqturad funqcionireben Tmis folikulis 
ujredebSi, xolo sxva ujredebSi, TviT melanocitis CaTvliT, arian 
“dadumebulni”. 
    Tagvebis melanocitebs SeuZliaT warmoqmnan ara marto yviTeli da 
Savi, aramed yavisferi pigmentic. asinTezebs Tu ara ujredi yavisfer an 
Savi feris pigments, damokidebulia B lokusis zogierT alelze: Bet(light 

Ria feris), B(black-Savi), bc(cordovan-mTrimlavi kanis feri) da b(brown-yavis- 
feri). Tu melanocitebi homozigoturia yavisferi alelis (bb) mixedviT, 
maSin isini gamoimuSaveben yavisfer pigments. melanocitebi genotipiT – 
(BB) asinTezeben Savi feris pigments. Tmis folikulis ujredebSi xde- 
ba mxolod am alelebis moqmedeba, romlebic aiZuleben yviTeli feris 
pigmentis gamomuSavebas. rogorc Cans, ujredebi genotipiT BB da  bb, gamo- 
imuSaveben erTsa da imave yviTeli feris pigments. rodesac melanocite- 
bi iReben “instruqcias”, gamoimuSaon yviTeli feris pigmenti, maSin isini 
iwyeben mis sinTezirebas, Tu ra Tqma unda, Seicavs gen-C - s (color-feri). 
Tu yviTeli feris pigmentis warmoqmnisaTvis aucilebelia melanocitis 
fermentuli aqtivoba, maSin mosalodnelia iseTi mutaciebis warmoSo- 
ba, romlebic moqmedeben melanocitebis, unarze da asinTezon yviTeli 
feris pigmenti, magram aseTi mutaciebi ar iqna aRmoCenili. SeiZleba 
davaskvnaT, rom yviTeli feris pigmentis warmosaqmnelad ar aris saWiro 
sxva fermentebi, garda imisa, romlebic monawileoben Savi feris 
pigmentis sinTezSi. genetikosebi mividnen im daskvnamde, rom yviTeli 
feris pigmenti warmoiqmneba ujredis raRac produqtis gadasvliT 
melanocitis Tmis folikulSi, sadac is axdens warmoqmnili pigmentis 
feris Secvlas Savidan an yavisferidan yviTlamde. 
   Tmis folikulebi zurgze da mucelze gamoimuSaveben  melanocite- 
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bisaTvis gansxvavebul “instruqcias”, miuxedavad imisa, rom yvela 
ujredis genotipi erTnairia. dReisaTvis mkvlevarebi ver pouloben 
gansxvavebas zurgisa da muclis Tmis folikulis ujredebs Soris, 
garda at-alelis gansxvavebuli moqmedebisa, romelic gamovlenili iqna 
biologiuri testebis meSveobiT. magram Tmis folikulis ujredTa 
diferencireba kanis sxvadasxva nawilSi mainc gansxvavebuli unda iyves. 
muclis Tmis folikulis ujredebSi gen-black and tan-is moqmedebiT 
gamomuSavdeba faqtori, romelic astimulirebs yviTeli feris pigmenis 
sinTezs, maSin, roca Sesabamisi ujredebi iqcevian zurgze ise, TiTqos 
Seicavdnen alels non-agouti (aa). es magaliTi mniSvnelovania Semdegi 
kvlevisaTvis, radganac is gviCvenebs, Tu rogor mivaRwioT specifiku- 
robis aseT maRal xarisxs ujreduli diferencirebis mimarTulebis 
regulaciaSi sxvadasxva fenotipis ujredTa urTierTmoqmedebiT 
erTnairi genotipis miuxedavad. 
   melanocitebis moqmedebis alternatiuli formis yvelaze naTel maga- 
liTs warmoadgens msgavs qsovilur garemoSi TeTri laqianoba, romelic 
axasiaTebs mravali ZuZumwovrisa da frinvelis Seferilobas. aseTi 
Seferilobis cxovelebs ueWvelad warmoeqmnebaT melanocitebi sxeulis 
mraval nawilSi. TeTri laqebis warmoqmnis garda, maT gaaCniaT melani- 
nis sinTezis unari. TeTri laqebis adgilze ujredebi ewinaaRmdegebian 
melanocitebis diferencirebas. TeTr laqebSi ganlagebuli Tmis foli- 
kulebis citologiuri gamokvlevisas albinosebis Tmis folikulisa- 
gan gansxvavebiT, ar iqna aRmoCenili melanocitebi, romlebic moklebul- 
ni arian melanins, xolo melanoblastebi, romlebic aRweven TeTri laqe- 
bis monakveTebSi, ganviTarebis adreul stadiaze ver aRweven diferenci- 
rebis iseT dones, rom SesaZlebeli iyos maTi identificireba garegnu- 
lad an SesaZlebelia TeTrma laqebma moaxdinon letaluri gavlena 
Canasaxis melanoblastebze. cxovelis, dabadebis Semdeg kanis gadaner- 
gvis meSveobiT SeiZleba melanoblastebi vaiZuloT, gadavidnen pigmenti- 
rebuli qsovilidan TeTri laqis adgilas. melanoblastebi, romlebic 
imyofebian diferencirebis SedarebiT wina stadiaze, migrirdebian kanis 
gadanergili monakveTidan TeTri laqebis ubnebSi da iq asinTezeben 
pigments. maSasadame, TeTri laqebis ubnebs gaaCniaT melanocitebis dife- 
rencirebis SesaZlebloba imis Semdeg, roca isini gaivlian diferenci- 
rebis  adreul kritikul stadias. am  ubnebs damoukideblad ar 
SeuZliaT am stadiis gavla. 
  aRniSnuli magaliTebi gviCveneben im sirTulesa da sizustes, romelic 
arsebobs diferencirebadi ujredis garemocvasa da genotips Soris. es 
urTierTmoqmedebani ganapirobeben calkeuli ujredis specifikur dife- 
rencirebas cxovelis organizmis gansazRvrul ubnebSi. savsebiT naTelia, 
rom diferencirebuli ujredis saboloo Tviseba ganisazRvreba rogorc 
maTi genebis aqtivobiT, aseve im nivTierebebiT, romlebic erTvebian gare- 
modan. ZiriTad problemas warmoadgens molekuluri meqanizmi, romelic  
arCeviT aaqtiurebs erT gens, xolo danarCens amyofebs mosvenebis mdgo- 
mareobaSi. genis aqtivobis gamoxatuleba icvleba sustad SesamCnevidan 
aSkarad gamoxatulamde es exeba im genebsac, romlebic aregulireben me- 
laninis sinTezs. 
                        alofenuri  Tagvebi  
 ukanasknel periodSi eqsperimentuli meTodebis warmatebam SesaZleblo- 
ba mogvca, ujredul diferencirebaSi genebis rolis SeswavlisaTvis 
migveRo masala alofenur Tagvebis saxiT. 
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  alofenuri Tagvebi-es aris genetikurad mozaikuri formebi, romlebic 
warmoiqmnebian sxvadasxva genotipis CanasaxTa blastomerebis kombini- 
rebis Sedegad. aseTi Canasaxebis miReba adviladaa SesaZlebeli labora- 
toriul pirobebSi. Tavdapirvelad orsuli Tagvebis kvercxidan iReben 
Canasaxs daaxloebiT 8 blastomeris stadiaze, axdenen mis disocirebas  
calkeul blastomerebad ferment-pronazas meSveobiT. Semdeg SesaZlebe- 
lia ori an meti Canasaxis rekombinireba da roca isini mtkiced SeuerT- 
debian erTmaneTs, amis Semdeg xdeba maTi reimplantacia Sesabamisad mom- 
zadebul mdedr TagvSi. aseTi Canasaxi Cveulebriv, viTardeba da misgan 
miiReba mozaikuri Tagvi, romelic 4 an meti mSoblis STamomavlobas war- 
moadgens (nax.27). 
  aseTi Tagvebis Seswavla SesaZleblobas iZleva, detalurad gamovi- 
kvlioT genebis roli ujredTa diferencirebaSi da Canasaxovani 
ganviTarebis procesSi ujredTa urTierTmoqmedebis regulaciaSi. maTi 
Seswavlis Sedegad ganviTarebis genetikaSi SesaZlebeli gaxda ramdenime 
kiTxvaze pasuxis gacema. cnobilia, rom Tagvebis ganivzoliani ujredebi  
 
 
 
 
 
 
 
 
 
 
 

 

 

     

                nax. 27. alofenuri Tagvebis miRebis sqema 

Seicavs mraval birTvs, magram momwifebuli ujredebSi ar SeimCneva 
mitozuri dayofa maS rogor warmoiqmnebian es mravalbirTviani ujre- 
debi? isini SeiZleba warmoiqmnas mioblastebSi birTvis mravaljeradi 
dayofis Sedegad (Tagvis embrionul ujredebSi) an erTbirTviani 
mioblastebis Serwymis Sedegad. alofenuri Tagvebis SeswavliT moxerxda 
am problemis gadaWra: ganivzoliani Tagvebis ujredebi warmoiqmneba 
erTbirTviani ujredebis SerwymiT. es daskvna gakeTebuli iqna im 
alofenuri Tagvebis Seswavlis Semdeg, romelTa genotipi gansxvavdeboda 
izoferment izocitratdehidrogenazis (idh) mixedviT. es fermenti, 
rogorc laqtadehidrogenaza, aris polimeri. genis Sesabamisi aleluri 
formebi akodireben am fermentis calkeul suberTeuls, romlebic 
gansxvavdebian erTmaneTisagan eleqtroforezuli TvisebiT. heterozigo- 
tur formebs warmoeqmnebaT idh-s sami forma maTgan Sualeduri forma 
miekuTvneba hibridul molekulas, romelic Sedgeba ori alelisagan 
producirebuli suberTeuliT. ori sxvadasxva homozigoturi Canasaxis 
blastomeris kombinacia iwvevs alofenuri Tagvebis ganviTarebas, 
romelTa diferencireba xdeba im Tagvebis ujredebSi, sadac sinTezir- 
deba idh-s sami forma. hibriduli idh-s warmoqmna SesaZlebelia mxolod 
im ujredebSi, romelic Seicavs erTdroulad funqcionirebul orive 
alels. maSasadame, unda moxdes orTave genotipis ujredTa Serwyma, raTa 
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warmoiqmnas orive genotipis birTvis Semcveli mravalbirTviani Tagvis 
ujredebi. 
   meore mniSvnelovani problema, romelic jer jerobiT ar aris gadaW- 
rili alofenuri Tagvebis saSualebiT, dakavSirebulia imunoqimiuri to- 
lerantobis meqanizmis SeswavlasTan. ujredSi ucxo warmoSobis antige- 
nis Seyvanisas organizmSi mimdinare normalur imunur reaqciaSi monawi- 
leobs ramdenime sxvadasxva tipis maRaldiferencirebuli ujredebi. imu- 
nur reaqciaze pasuxismgebel ujredTa kooperirebuli moqmedeba 
ganapirobebs ucxo warmoSobis ujredTa da antigenTa CamoSorebas. 
alofenuri Tagvebi SeiZleba Sedgebodes imunurad SeuTavsebeli 
arsebebis ujredebisagan, rasac mowmobs erTi zrdasruli arsebidan 
meoreSi gadanergvisas transplantantis mocileba. alofenuri Tagvebi, 
romlebic Sedgebian imunoqimiurad SeuTavsebadi ujredebisagan, 
viTardebian da funqcionireben normalurad-imunuri konfliqtis gareSe. 
am Tagvebis saerTo imunologiuri potencia ar aris daqveiTebuli, 
ramdenadac postnatalur periodSi axal antigenebTan Sexvedrisas isini 
CamoSordebian Cveulebrivi reaqciiT. amrigad, alofenur TagvebSi 
genotipurad gansxvavebuli ujredebis erTmaneTTan axlos mdebareoba 
imunuri sistemis diferencirebamde, miuTiTebs rogorc erTi, ise meore 
tipis ujredTa Tanmimdevrul CamoSorebaze. miuxedavad imisa, rom 
organizmi Seicavs ori sxvadasxva genotipis ujredebs, isini erTmaneTze 
ar reagireben da ganagrZoben maTTvis damaxasiaTebeli antigenis sinTezs. 
aseTi TagvebisaTvis Tavidanve damaxasiaTebelia yvela antigenisadmi 
tolerantoba, radgan isini producirebulni arian ori - sxvadasxva 
tipis ujredebisagan, romliTac agebulia maTi organizmi. maSasadame, 
imunologiuri tolerantoba warmoadgens iseT movlenas, romelic 
mniSvnelovnad dakavSirebulia ganviTarebasTan da ara cxovelis 
genotipis uSualo gamovlinebasTan. 
   alofenuri Tagvebis gamokvlevam naTeli mohfina ganviTarebis geneti- 
kis kidev erT problemas zrdasrul cxovelSi dadgenili iqna ujredTa 
topografiuli urTierTdamokidebuleba, rogorc Canasaxovani ganviTare- 
bis procesSi maTi urTierTzemoqmedebis Sedegi. alofenuri Tagvebis pig- 
mentaciis xasiaTi, romelic gamomdinareobs sxvadasxva genotipis mSoble- 
bisagan, gviCvenebs, rom zogadi Seferiloba warmoiSoba melanoblastebis 
mravaljeradi dayofis Sedegad, romelic gansazRvruli raodenobiT gan- 
lagebulia ganviTarebadi Canasaxis ubnebSi. TiToeul am ubanSi mdebare- 
obs mxolod erTi melanoblasti, romelic ganapirobebs ganviTarebis ad- 
reul stadias. alofenur TagvebSi zrdasruli arsebebis Seferiloba ga- 
moxatavs ori sxvadasxva tipis melanoblastis Tvisebas, romelic SemTx- 
veviTobis principiT aris ganawilebuli TiToeul ubanSi. magaliTad, 
Tagvs SeiZleba SeiZleba hqondes mozaikuri (zolebiani) Seferiloba Tu 
ganviTarebis adreul stadiaze genotipis Canasaxovani melanoblastebi 
morigeobiT arian ganlagebuli CanasaxSi. 
   alofenuri Tagvebis Sewavlam saSualeba mogvca axleburad agvexsna 
genetikisa da embriologiis Zveli problemebi. cxadia, rom es ucnauri 
Tagvebi isev rCebian monacemTa mniSvnelovan wyarod, romelic iZleva sa- 
Sualebas gavaanalizoT genetikuri da ujreduli urTierTzemoqmedeba 
Canasaxovani ganviTarebis procesSi. 
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                              Tavi X 
 
                  translaciisa da epigenetikuri modifikaciis 
                    regulatoruli meqanizmebi 
 
     genTa ativobis done anu rnm-as transkripciis siCqare, warmoadgens 
erT-erT malimitirebel da makontrolebel rgols ujredis metabolur 
aqtivobaSi. mas Semdeg, rac sinTezirdeba matriculi rnm, mas SeuZlia 
funqcionireba araerTjer da misi funqcionirebis xangrZlivobas iseTive 
didi mniSvneloba aqvs ujredis sinTezuri aqtivobisaTvis, rogorc im 
siCqares, romliTac Tavdapirvelad sinTezirda es rnm. garda amisa, m-rnm 
SeiZleba Senaxuli iqnes araaqtiur formaSi da dagrovdes garkveuli 
periodis gamnavlobaSi, xolo Semdeg aqtivobis gaZlierebis periodSi 
gamoTavisufldes. mravalricxovani monacemebi gviCvenebs, rom m-rnm-as  
molekulebi Zlier gansxvavdebian sicocxlis xangrZlivobiT, garda 
amisa, m-rnm-as mravali saxeoba xangrZlivi periodis manZilze SeiZleba 
inaxebodes oocitSi da aqtiur mdgomareobaSi gadavides momwifebuli 
kvercxis ganayofierebis Semdeg. warmodgena im meqanizmebis bunebis 
Sesaxeb, romlebsac iyenebs ujredi m-rnm-as fermentuli degradaciis 
gasafrTxileblad, aris sruliad sawinaaRmdego. 
   rnm-as translacia cilaze xSir SemTxvevaSi gamoyofilia sawyisi tra- 
nskripciisagan garkveuli drois SualedebiT es SesamCnevia ara marto 
zRvis zRarbisa da bayayis ganviTarebadi Canasaxis SemTxvevaSi, aramed 
diferencirebuli ujredisTvisac. magaliTisaTvis ganvixiloT 
eriTrociti. 
             
               eriTrocitis ganviTareba 
  sxvadasxva mkvlevari iyenebs sxvadasxva nomenklaturas eriTrocitebis 
ganviTarebis stadiaTa Tanmimdevrobis aRsaniSnavad. ganvixiloT  
yvelaze metad gavrcelebuli sqema: Rerovani ujredi_proeriTroblas- 
ti_bazofiluri eriTroblasti_poliqromatofiluri eriTroblasti _ 
orToqromatuli eriTroblasti_retikulociti_eriTrociti (nax. 28) 
 
 
 
 
 
 
 
 
 
 
 

 
 
nax. 28. eriTrocitebis gamravleba.  C–Resovani ujredebi. Рц– 
retikulocitebi. Эц –eriTrocitebi. 
 
  gamoTvlili iqna, rom adamianSi yoveldRiurad warmoiqmneba 2⋅1011 eri- 
Trociti TiToeuli maTgani cocxlobs 100 dRe. es niSnavs, rom eriTro- 

citebis saerTo populacia saSualod Seadgens 25 ⋅1012 ujreds. Rerovani 
ujredi ar Seicavs hemoglobins. ganviTarebis Semdgom etapebze mimdi- 
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nareobs 2-3 damatebiTi ujreduli dayofa. rnm-as sinTezi ZiriTadad 
SeimCneva bazofiluri eriTroblastebis stadiamde. kerZod, zogierT or- 
ganizmSi bioqimiuri da radioavtografiuli meTodebiT naCvenebi iqna, 
rom retikulocitebi ar asinTezeben rnm-as, magram retikulocitebis 
stadiaze cilis sinTezi aqtiuria, gansakuTrebiT ki cila-hemoglo- 
binis sinTezi. amitom is matriculi rnm, romelic pasuxismgebelia hemo- 
globinis sinTezze, sinTezirdeba SedarebiT adre, vidre gmoiyeneba is 
cilis sinTezSi da cxadia, daculia fermentebis zemoqmedebisagan. 
  eqsperimentiT gansazRvruli iqna hemoglobinis matriculi rnm-as sta- 
bilurobis xarisxi. bocvrebSi SehyavdaT niSandebuli rnm-as winamorbedi, 
xolo Semdeg garkveuli drois SualedebSi axdendnen sisxlis nacxis 
radioavtografirebas. imisaTvis, rom gamovlindes sisxlSi niSandebuli 
rnm-as Semcveli retikulocitebi, saWiroa ori dRe. cnobilia, rom cik- 
lirebadi retikulocitebi ar asinTezeben rnm-as, ZuZumwovrebSi ki isini 
ar Seicaven birTvs. maSasadame, matriculi rnm sinTezirdeba bazo- 
filuri eriTrocitebis stadiaze an am stadiis dawyebamde da misi si- 
cocxlis xangrZlivoba ori dRea. 
   ramdenadac eriTrocitebis ganviTarebis procesSi transkripcia da 
translacia mkveTrad aris droSi gayofili, imdenad es ujreduli sis- 
tema xelsayreli iqneba matriculi rnm-as stabilizaciis meqanizmis ax- 
snisas. eriTrocitebis ganviTarebis eleqtronul mikroskopulma gamo- 
kvlevebma gviCvenes, rom erTeul ribosomebsa da polisomebs Soris Ta- 
nafardoba cvalebadobs ganviTarebis sxvadasxva stadiaze. birTvul sta- 
diaze erTeuli ribosomebi Seadgenen saerTo raodenobis mxolod 1%-s, 
xolo polisomebi, romlebic 4 ribosomisagan Sedgeba _ 43%-s. adreuli 
retikulocitis stadiaze am formaTa Tanafardoba tolia 1:1, ganviTa- 
rebis SedarebiT gvian stadiaze isev Warbobs erTeuli ribosomebis 
ricxvi. retikulocitebis momwifebis procesSi ribosomTa koncentracia 
mkveTrad ecema, xolo sabolood formirebuli eriTrocitebi saerTod 
ar Seicaven ribosomebs. amrigad, matriculi rnm, romelic sinTezirdeba 
eriTroblastebSi, asocirdeba ribosomebTan, qmnis polisomas da am 
formiT inaxeba adreuli retikulocitebis stadiamde, Semdgom ki 
xmardeba cilis sinTezs. gamoTqmuli iqna mosazreba, rom matriculi 
rnm-as stabilizaciis aseTi meqanizmi damaxasiaTebelia sxva ujreduli 
sistemebisaTvis, magaliTad, xerxemlianTa Tvalis brolis diferenci- 
rebisaTvis. 
              
                  Tvalis brolis diferencireba 
   xerxemlianTa Tvalis broli warmoadgens boWkoebis erTobliobas, 
romlebic warmoiqmneba erTi epiTeluri ujredis diferencirebis Sede- 
gad. brolis boWkoebi, iseve, rogorc momwifebuli eriTrocitebi, mokle- 
bulni arian ujredul birTvs. bioqimiuri procesebi, romlebic Tan ax- 
lavs boWkoebis diferencirebas, detalurad iqna Seswavlili cilis da 
nukleinis mJavebis sinTezis doneze. aRwerili iqna is cdebi, romlebic 
axdenen brolis ujredebis matriculi rnm-as stabilizebas, cdebi Ca- 
tarebuli iyo xbos Tvalze, romlis broli Seicavda rogorc diferen- 
cirebul boWkos, aseve epiTelur ujredebs. es ori tipis ujredebi erT- 
maneTs daaciles da moaxdines maTi inkubacia iseT garemoSi, romelic 
Seicavda niSandebul aminomJavebs an niSandebul rnm-as winamorbeds. aseT 
pirobebSi in  vitro  garemoSi sinTezirebul cilebs ikvlevdnen qromatogra- 
fiis meSveobiT. am gziT aRmoCenili iqna sami tipis cila, romlebic aRi- 
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niSneba α, β da γ –kristalebiT. 29-e naxazidan Cans, rom epiTeluri ujre- 
debi asinTezeben cilis samive tips im SemTxvevaSi, Tu rnm-as sinTezi  
ar iqneba blokirebuli aqtinomiciniT. aqtinomicinis monawileobisas am 
cilebis sinTezi mniSvnelovnad iyo daTrgunuli. difrencirebul boWko- 
ebze igive cdebis Catarebis SemTxvevaSi samive tipis cilis sinTezi mim- 
dinareobda inhibitoris monawileobis drosac. rodesac analogiur cdeb- 
Si gazomes sinTezirebuli rnm da ara sinTezirebuli cila, aRmoCnda, 
rom rnm sinTezirdeba ara boWkoebze, aramed mxolod epiTelur ujredeb- 
ze inhibitoris ararsebobisas. es Sedegebi mowmoben, rom matrica auci- 
lebelia cilis sinTezisaTvis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 29. brolis diferencireba epiTelur ujredebSi sami tipis cilis α , 
β  da у sinTezi 
 
 
     matricis stabilizaciis gansazRvris Semdeg saWiroa Sefasdes is 
dro, romlis ganmavlobaSic rnm rCeba stbilizebuli. klasikuri war- 
modgenis Tanaxmad (kinetikis kanoni), matriculi rnm sinTezirebisTanave 
unda daiSalos. aseTi xanmokle sicocxlisunariani rnm damaxasiaTebelia 
baqteriebisaTvis da gvxvdeba agreTve cxovelTa ujredebSi. 
    cdebSi, sadac CarTuli iyo rnm-as impulsuri niSani aqtinomicinis mo 
nawileobis an maT gareSe, naCvenebi iqna, rom m-rnm sinTetazis (aminole- 
vulinis mJavis) arsebobis naxevariperiodi Tagvebis RviZlSi Seadgens 
daaxloebiT erT saaTs. zRvis zRarbisa da bayayis oocitebSi aRniSnu- 
li iqna m-rnm-as maRali sicocxlis xangrZlivoba. Sualeduri mdgoma- 
reoba am mxriv uWiravs im m-rnm-as romelsac SeiZleba ewodos zomeiri 
sicocxlis xangrZlivarsebobisunariani, aseTia magaliTad rnm, romelic 
pasuxismgebelia brolis boWkoebis hemoglobinis da cilis sinTezze. 
   naklebsarwmunoa, rom yoveli tipis ujredi xasiaTdeba m-rnm-as sicoc- 
xlis xangrZlivobis mudmivi sididiT. arsebobs monacemebi, romlebic 
gviCveneben, rom m-rnm-as molekulebis stabilurobis xarisxi, romelsac 
Seicavs nebismieri tipis ujredi, SeiZleba iyos sxvadasxva. magaliTad, 
ZuZumwovrebis RviZlis ujredebi. cxadia, rom transkripciisa da 
translaciis dayofa drois mixedviT warmoadgens im regulatorul 
meqanizms, romelic farTod gamoiyeneba maRalganviTarebul organiz- 
mebSi. molekuluri meqanizmis dadgena, romelic gansazRvravs m-rnm-as 
molekulis sicocxlis xangrZlivobas, aris mniSvnelovani amocana, 
romelic dgas Tanamedrove biologiis winaSe. 
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         matriculi rnm-is stabilizaciis meqanizmi 
  rogorc ukve aRvniSneT, zRvis zRarbebSi cilis sinTezis siCqare swra- 
fad izrdeba ganayofierebis Semdeg, rnm-as ararsebobis SemTxvevaSic ki. 
kvercxis aseTma swrafma metabolurma reaqciam ganayofierebaze, mecniere- 
bi miiyvana im azramde, rom cilis sinTezi kvercxSi mimdinareobs im mat- 
ricul rnm-ze, romelic dagrovda oogenezis procesSi. dReisaTvis arse- 
bobs pirdapiri mtkicebuleba imisa, rom m-rnm namdvilad arsebobs, Tun- 
dac, mosvenebis mdgomareobaSi myof gaunayofierebel kvercxSi. 
  gaunayofierebeli kvercxidan gamoyofili rnm cilis sinTezSi matri- 
cul aqtivobas amJRavnebs araujreduli baqteriuli eqstraqtis damate- 
bis Semdeg. aseT araujredul eqstraqtze m-rnm-as damatebisas mimdinare- 
obs cilebSi aminomJavebis CarTva. rnm-as damatebis Semdeg zRvis zRarbis 
gaunayofierebel kvercxSi serini iwyebs swrafad CarTvas, rac mowmobs 
imas, rom gaunayofierebeli kvercxi namdvilad Seicavs matricul rnm-as. 
30-e naxazidan Cans, rom niSandebuli serini ar CaerTveba cilaSi rnm-as 
ar arsebobis dros. 
  Tu matriculi rnm aris gaunayofierebel kvercxSi, maSin ismis kiTxva: 
ratom ar gamoiyeneba is cilis sinTezis dros? cxadia, rom matriculi 
rnm-as translacia raRac formiT iblokeba, amitom daiwyes laboratori- 
ul pirobebSi gaunayofierebeli kvercxis gamokvleva im mizniT, rom 
gamovlenili iqnes translaciis procesis komponentTa arseboba an 
ararseboba. aseTi gamokvlevebiT dadgenili iqna zogadi daskvna, rom 
zRvis zRarbis gaunayofierebeli kvercxis postribosomur fraqcias anu 
ujredul komponentebs, romlebic daileqa centrifugirebisas, SeswevT 
unari, moaxdinon cilis sinTezis stimulireba. amrigad, malimitirebel 
rgols warmoadgens ribosomebi an ufro mZime Sidamolekuluri 
komponentebi. mikrosomebze Catarebuli cdebidan Cans, rom mikrosomebs,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 30. zRvis zRarbis gaunayofierebeli kvercxis dediseuli aqtivoba. I- 
gaunayofierebeli kvercxidan 50 mkg rnm-as damatebisas, II – rnm-as 
damatebis gareSe. 
 
romlebic Seicavs ribosomebs da, sxva erTeulebs da, romlebic gamoyo- 
fili iyo gaunayofierebeli kvercxidan an blastomeris stadiaze myofi 
kvercxidan axdendnen, inkubacias postribosomur fraqciasTan erTad, 
romelic miRebuli iyo ganviTarebis am ori stadiidan erT-erTze myofi 
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kvercxisagan. inkubacias axdendnen niSandebuli leicinis TanxlebiT, 
xolo Semdgom sazRvravdnen mis CarTvas cilaSi. gaunayofierebeli 
kvercxidan aRebuli mikrosomis gamoyenebis SemTxvevaSi ar aRiniSneboda, 
Tu ganviTarebis romeli stadiidan iyo aRebuli postribosomuri 
fraqcia gaunayofierebeli Tu ganayofierebuli kvercxidan. magram 
blastomeris satdiaze myofi Canasaxidan gamoyofili ribosomis 
monawileobisas leicinis CarTva xdeboda postribosomuri fraqciisagan 
damoukideblad. es monacemebi mowmoben, rom cilis sinTezis blokireba 
dakavSirebulia mikrosomis fraqciasTan. 
  mikrosomis fraqcia Seicavs rogorc ribosomebs, aseve matricul rnm-
as, magram iseTi formiT, romelsac ar SeuZlia translacia gaunayofie- 
rebeli kvercxis cilaSi. Tu mikrosomis fraqcias winaswar davamuSavebT 
trifsiniT, xolo Semdeg gamoviyenebT mas araujredul inkubaciur narev- 
Si, moxdeba aminomJavebis CarTva cilaSi. am cdebis Sedegebis safuZvel- 
ze gakeTebuli iqna daskvna, rom gaunayofierebel kvercxSi riboso- 
mebi iblokeba inhibitor-trifsiniT. ganayofierebis an kvercxis aqtivaci- 
is SemTxvevaSi bloki _ matriculi rnm da translaciis aparati iSleba  
da isini iwyeben aqtiur funqcionirebas. gaurkveveli rCeba is, Tu rogor 
xdeba kvercxSi Tavdapirvelad matricis stabilizacia da Semdgom 
kvercxis aqtivaciis blokis mocileba. SevecadoT am sakiTxis ganxi- 
lva ujredSi m-rnm-as Senaxvis hipoTezuri sqemis da masTan dakavSirebu- 
li eqsperimentuli monacemebis saSualebiT. aRniSnuli sqemis Tanaxmad, 
birTvSi sinTezirebuli matriculi rnm inaxeba citoplazmur informoso- 
mebSi. informosomebi erTeulebia, romlebic Seicaven rnm-as da cilebs 
maTi gamoyofa SesaZlebelia postribosomuri fraqciis xangrZlivi 
centrifugirebiT. informosomebis zoma Seadgens 20 da 65 S. cilis 
masinTezirebel araujredul sistemebSi es erTeulebi avlenen matricul 
aqtivobas es niSnavs, rom isini Seicaven informaciul an matricul rnm-
as. TiToeuli maTgani Seicavs cilebisa da gansazRvruli klasis rnm-as. 
magaliTad, aRmoCnda, rom 31 S-erTeuli Seicavs 13 S rnm-s, maSin, roca 49 
S  erTeuli Seicavs 22 S rnm-as. 
    molekuluri hibridizaciis meTodiT naCvenebi iqna, rom zRvis zRar- 
bebSi informosomebSi Semavali rnm advilad ganicdis hibridizacias dnm-
asTan. es mowmobs imas, rom informosomebis rnm-as aqvs informaciuli 
buneba, saidanac warmosdegba maTi saxelwodeba – informosoma.    
  informosomebis arseboba pirvelad naCvenebi iqna im mTliani Canasaxis 
homogenatSi, romlis inkubacia moxda niSandebuli rnm-as winamorbedis 
garemoSi. informosomebis yvela klasi Seicavda xelaxla sinTezirebul, 
magram stabilur rnm-as. 
   am agregatTa sxva komponents miekuTvneba e.w. oligosomebi, romlebsac 
gaaCniaT 90-dan 200 S –mde sedimentaciis koeficienti da SeuZliaT 
warmoqmnan informosomebi. cdebSi, sadac xdeboda rnm-as winamorbedTa 
impulsuri CarTva, xelaxla sinTezirebuli rnm asocirdeba oligosome- 
bis saxiT da ara iseTi mZime fraqciiT, rogoricaa-polisomebi. 
  polisomebs gaaCniaT 200 S-ze ufro maRali sedimentaciis koeficienti 
cilis sinTezi xorcieldeba swored am erTeulebze, razedac mowmobs 
cilebSi moniSnuli aminomJavebis CarTva. unda aRiniSnos, rom mZime po- 
lisomebi mcired asocirdeba xelaxla sinTezirebul matricul rnm-
asTan isini daprogramebulia winamorbedi matricebiT. am dakvirvebis 
safuZvelze gamoTqmuli iqna mosazreba, rom xelaxla sinTezirebuli m-
rnm droebiT inaxeba oligoribosomebis araaqtiur kompleqsebSi. kerZod, 
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gamoTqmuli iqna Semdegi postulati: informosomebi kompleqsdebian 
ribosomebTan da qmnian oligoribosomis fraqcias. Tu  movacilebT 
informosomul cilas, romelic faravs am kompleqss, maSin gamoTavi- 
sufldeba aqtiuri erTeulebi, romelTa SedgenilobaSi Sedis m-rnm da 
ribosoma. isini qmnian polisomas da axorcielebeen cilis sinTezs. am 
modelis Tanaxmad, swored araaqtiuri oligosomebi (ribosomas + infor- 
mosoma) derepresirdeba cilovani garsis mocilebiT. miRebuli Sedegis 
mixedviT is erTeulebi, romlebic moklebulni arian cilovan garss, 
warmoqmnian polisomas. am koncefcias adasturebs is faqti, rom aqtiuri 
polisomebis ricxvi izrdeba ganayofierebis Semdeg dayofis periodis 
ganmavlobaSi. 
 
             cilebis epigenetikuri modifikacia 
   cilebis struqturisa da funqciis regulacia ar mTavrdeba polipe- 
ptidur jaWvSi matriculi rnm-as translaciiT am dros Cveulebriv, mi- 
mdinareobs cilebis struqturis epigenetikuri modifikacia. ramdenadac 
cilis molekula Zalian didi zomisaa, is SeiZleba sxvadasxva formiT  
aewyos, warmoqmnas mravali samganzomilebiani konformacia, romelTaga- 
nac TiToeuli xasaiaTdeba gansazRvruli TvisebiT. 
  fizikuri qimiis dargis mravali specialisti eWvis qveS ayenebs cilis 
molekulis sxvadasxva _ mdgrad mdgomareobaSi arsebobis SesaZleblo- 
bas. miuxedavad amisa, arsebuli monacemebi miuTiTeben sxvadasxva mdgo- 
mareobis fermentTa arsebobaze. SesaZlebelia, es sxvadasxva forma 
warmoiqmneba cilebis romelime jgufTan SeerTebisas, romelic cvlis 
mis sawyis konformacias. 
 fermentebi, rogorc cnobilia, polimerebia da kontrolis erT-erT tips 
miekuTvneba polimeris zomis regulacia. magaliTad, fermenti-glutamat- 
dehidrogenaza arsebobs polimerebis narevis saxiT, romlis molekuluri 
masa Seadgens 250 000 –dan 1 mln-mde. am fermentis agregaciis xarisxze 
zegavlenas axdens TviTon fermentis koncentracia da mravali dabalmo- 
lekuluri nivTiereba, iseTebi, rogoricaa: steroidebi, nukleotidebi, 
da kofermentebi. yvela es nivTiereba moqmedebs polimeris zomaze 
in vitro areSi da SesaZlebelia aseve, igive molekulebi aregulireben fer- 
mentis agregaciis xarisxs ujredSi. agregaciis xarisxs udidesi mniSvne- 
loba aqvs metabolur sistemaSi am fermentis funqciis regulaciisaTvis, 
romlis nawilsac Tavad miekuTvneba. 
  epigenetikuri modifikaciis erT-erTi tipi dakavSirebulia peptiduri 
jaWvis nawilis mocilebasTan. es naTlad aris naCvenebi tripsinogenis da 
prokarboqsipeptidazis magaliTze. orive fermentis gaaqtiveba xdeba im  
proteoliTuri peptiduri fragmentis mocilebis Sedegad, romelic asru- 
lebs inhibitoris rols. swored es procesi warmoadgens epigenetikur 
modifikacias. daJangvisa da aRdgenis xarisxis cvalebadoba, aseve, zegav- 
lenas axdens mravali fermentis struqturaze. magaliTad, maltadehid-
rogenaza da laqtadehidrogenaza, romlebic warmodgenili arian 
ramdenime izofermentiT sxvadasxva konfiguraciaSi, SeswevT unari 
gardaiqmnan erTmaneTSi damJangveli da aRmdgeni agentebis zemoqmede- 
bisas. epigenetikuri modifikacia  zogjer dakavSirebulia fermentTan 
romelime dabalmolekuluri nivTierebis mierTebaze. magaliTad, tutiani 
fosfatazebis SemTxvevaSi. tutian fosfatazebTan mJavas narCenebis 
mierTebisas warmoiqmneba am fermentis mravali molekuluri forma, 
romlebic gansxvavdebian eleqtroforezuli moZraobiT da ujredis 
metaboluri procesebiT. mJavas mocileba SeiZleba neiraminidazaTi 
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damuSavebiT, ris Semdegac fermentis yvela forma gardaiqmneba  erT, 
SedarebiT nela migrirebad formad. 
   amrigad, sawyisi gansxvaveba moZraobaSi dakavSirebulia mJavas raode- 
nobriv sxvaobasTan. igive cvlilebebi xdeba mJava fosfatazis SemTxveva- 
Si, romelic gamoyofilia adamianis sxvadasxva organoebidan. 
   glikogenfosforilaza arsebobs ramdenime izofermenetis saxiT zogi- 
erTi maTgani warmoiqmneba rTuli urTierTzemoqmedebis Sedegad, polime- 
rizaciisa da fosfaturi jgufebis SeerTebiT, magram yvela izoferments 
gaCnia erTnairi xvedriTi  aqtivoba. erTi formis meore formad garda- 
qma aregulirebs ujredSi zogadi fosforilazis aqtivobas. 
  amdenad, gamovlenili iqna calkeuli polipepdtiduri jaWvis mravali 
epigenetikuri transformacia, romelTa meSveobiT izrdeba izofermentu- 
li formebis ricxvi. TiToeuli izofermenti xasiaTdeba Taviseburi 
kinetikuri TvisebiT da asrulebs gansakuTrebul rols ujredis 
metabolizmSi. 
 

                        Tavi XI 
 
                         atipuri ganviTareba da kibo 

 
                                            axalwarmonaqmnebi 
   Canasaxovani ganviTarebis procesSi, kerZod, ujreduli diferencire- 
bis dros zogjer SeimCneva normidan gadaxrebi. aseTi SemTxveviTi 
gadaxrebi SesaZlebelia nebismieri biologiuri procesis dros. simsivnis 
ujredebi miuxedavad imisa, rom atipuria, warmoadgenen diferencirebuli 
ujredebis uCveulo tips. simsivnis ujredebi iyofa keTilTvisebian da 
avTvisebian ujredebad, magram aseTi klasifikacia ar asaxavs maT Ziri- 
Tad Tvisebas rom gavigoT maTi Tviseba, ganvixiloT sami niSani: 1. dayo- 
fis siCqare, 2. ujreduli membranis adheziuri Tviseba, romelzedac aris 
damokidebuli  es ujredi rCeba romelime erT qsovilSi, Tu migrirdeba 
sxva qsovilSi anu metastazireba, 3. ujreduli metabolizmi. 
  es sami niSani sxvadasxva tipis ujredSi raodenobrivad cvalebadobs 
sakmaod farTo farglebSi da gvxvdeba sxvadasxva SefardebiT rogorc 
simsivnis, aseve normalur ujredebSi. saWiroa dadgindes,  rom ar arse- 
bobs specialuri geni, romelic akodirebdes kibos ganviTarebas. TiTqos 
iqmneba iseTi STabeWdileba, rom simsivnis ujredebi warmoiqmnebian genTa 
aqtivobis programis damaxinjebis Sedegad, epigenetikuri an genetikuri 
meqanizmebis moqmedebis Sedegad, rac aZlevs dasabams simsivnis ganviTare- 
bis diferencirebis mimarTulebas. 
 
                   regulaciis darRvevis doneebi 
  simsivnis Tvisebis ilustrirebas axdens regulaciis darRveva erT an 
yvela doneze maSin, roca mutanturi genebi pasuxismgebelni arian norma- 
luri ujredebis simsivnis ujredebad gardaqmnaze. magaliTad, retino- 
blastomis dros es genebi moqmedeben regulatorul meqanizmze, ris 
Sedegadac cvlian normaluri genomis programirebas. simsivnis pirveli 
ZiriTadi Tviseba mdgomareobs uwyvet ujredul dayofaSi, romelic 
grZeldeba imis Semdegac, roca normalur mdgomareobaSi unda Sewydes. 
simsivnis mravali saxeobisaTvis aRwerilia ujreduli dayofis Zalian 
maRali siCqare, magram is ar scildeba normaluri ujredisaTvis 
aRwerili dayofis siCqaris diapazonis zRvars. marTlac, mravali 
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normaluri ujredi, magaliTad, sisxlmbadi qsovilis ujredebi iyofian 
ufro swrafad, vidre zogierTi simsivnuri ujredi. uwyvetma ujredulma 
dayofam SeiZleba TavisTavad gamoiwvios keTilTvisebiani simsivnis 
warmoqmna, Tumca, xangrZlivi zrdis Sedegad aseTi simsivneebi iwveven 
sikvdils. magaliTad, zogierTi histologiurad keTilTvisebiani glioma, 
iwvevs tvinis meqanikur dazianebas, rac iwvevs sikvdils. gliozis dros, 
romelic xSirad warmoiqmneba Tavis tvinis travmis Sedegad, prolife-
rirdebian igive ujredebi, romlebic gliomis dros. gansxvaveba mxolod 
imaSia, rom gliozis dros proliferacia raRac momentSi wydeba, xolo 
gliomis dros proliferacia grZeldeba. ra Tqma unda, ar aris 
aucilebeli, rom keTilTvisebianma simsivnem gamoiwvios sikvdili. 
magaliTad, leikomiomebi SeiZleba izrdebodes ganusazRvrelad didxans 
da ar moaxdinon araviTari mavne zemoqmedeba, Tu ar CavTvliT im 
uxerxulobas, rac gamowveulia maTi didi zomiT. 
    neoplaziis meore ZiriTadi Tviseba aris ujredTa migracia, romelic 
axasiaTebs Canasaxis mraval normalur ujreds da zrdasruli 
organizmis zogierT ujreds. erT-erT kargad Seswavlil aseT ujredTa 
ricxvs miekuTvneba melanoblastebi. es ujredebi warmoiSobian Canasaxis 
nervul TxemSi, Semdeg migrirdebian da gadian ramdenime qsovilSi, vidre 
miaRweven TavianTi lokalizaciis saboloo adgils, sadac isini AamTavre 
ben diferencirebas da gardaiqmnebian dayofis unaris armqone umoZrao 
melanocitebad. mocemul SemTxvevaSi migracia qmnis pirobebs pigmenturi 
ujredebis normaluri ganawilebisaTvis da ar axasiaTebs aranairi mavne 
Sedegi, radganac melanoblastebi aRweven ra lokalizaciis saboloo 
adgils, wyveten dayofas. Tu migrirebadi ujredebi gadaixrebian norma- 
luri gzidan, SeiZleba warmoiqmnas atipurad ganlagebuli pigmenturi 
laqebi, magaliTad, xalebi. mxolod im SemTxvevaSi, roca erTdroulad 
xdeba uwyveti dayofa da migracia, warmoiqmneba kibos erT-erTi avTvise- 
biani forma_melanoma. maSasadame, imisda mixedviT, agrZeleben Tu ara es 
ujredebi dayofas, SeiZleba warmoiqmnas keTilTvisebiani pigmenturi la- 
qebi an avTvisebiani melanoma. 
   mesame ZiriTadi Tviseba aris ujredTa bioqimiuri aqtivoba, romel- 
sac aqvs mTavari mniSvneloba simsivnis warmoSobis gasagebad, rogorc 
genis aqtivobis programis darRvevis gamovlenas. ganvixiloT magaliTad, 
feoqromocitebi. es aris adrenaluri an eqstraadrenaluri qromofilu- 
ri qsovilis simsivne maT SeiZleba hqondeT letaluri efetqi maSin, 
roca maTi zomebi jer kidev mcirea da ar aRemateba mikroskopuls. 
aRniSnuli simsivne aproducirebs didi raodenobiT adrenalins an 
noradrenalins. maTi ujredebi TiTqmis ar moZraoben, amdenad, is ar 
iZleva metastazebs. simsivnis saSiS donemde sekretoruli aqtivobis 
gaZlierebisaTvis sakmarisia ujreduli dayofis SedarebiT didi ricxvi. 
am tipis letaluri simsivneebi gamoyofen didi raodenobiT hormonebs, 
vidre Tirkmelzeda jirkvlis normaluri ujredebi. maSasadame, 
sekretoruli aqtivobis done erT ujredze ar aris aucilebeli, iyos 
Zalian didi aucilebelia mxolod, rom simsivnis mier gamoyofili 
hormonis saerTo raodenoba iyos sakmarisad didi. 
 
              regulaciis darRvevis doneebi 
    imisaTvis, rom amovicnoT simsivne, aucilebelia ujreduli dayofis 
raRac minimaluri siCqaris arseboba. simsivnis ujredebis ZiriTad maxa- 
siaTebel Tvisebas warmoadgens atipuri migracia an bioqimiuri moqmede-
ba. es niSnebi mniSvnelovnad meryeobs sxvadasxva simsivnis dros. 
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simsivnis ujredebi SeiZleba iyos TiTqmis uZravi an flobdnen maRal 
migraciul aqtivobas, rac SeimCneva zrdasruli organizmis normalur 
ujredebSi. bioqimiuri aqtivoba SeiZleba meryeobdes sruliad uvne- 
blidan organizmisaTvis Zalin saSiS mdgomareobamde. 
    fariseburi jirkvlis karcinomisaTvis damaxasiaTebelia uwyveti uj- 
reduli dayofisa da metabolizmis darRvevis Serwyma. es simsivne amar- 
cxebs fariseburi jirkvlis hormons Warbi sekreciiT da Warbi prolife- 
raciis Sedegad. insulinis masinTezirebeli ujredebis karcinomisaTvis 
damaxasiaTebelia ujredTa migracia (metastazebi) da insulinis Warbi 
raodenobiT warmoqmna. proliferacia minimaluria, radganac ar aris di- 
di ujreduli dayofis siCqare, swored amitom letaluri sawyisi dgeba 
maSin, roca simsivne jer kidev pataraa.  
    samive ZiriTadi maxasiaTeblis mixedviT normidan gadaxra gansakuT- 
rebiT SeimCneva filtvis simsivnis dros, romelic aproducirebs hor- 
monebs. aRniSnuli simsivnis ujredebi swrafad iyofian, metastazireben 
da gamoyofen sxvadasxva hormonis anomalur raodenobas. normaluri 
niSnebis anomaluri Serwymisas xdeba simsivnis warmoqmna. 
    genis aqtivobis programis damaxinjebis xarisxi SeiZleba iyos sru- 
liad sxvadasxva, razedac metyvelebs paTologiuri mdgomareobis farTo 
speqtri, romelic dakavSirebulia eriTroiduli rigis ujredTa Warb 
proliferaciasTan. am speqtris erT boloze aris eriTroleikemia, ro- 
mlis drosac SeiniSneba eriTroiduli ujredebis aqtiuri migracia da 
swrafi, uwyveti proliferacia. Sualedur SemTxvevaSi aris WeSmariti 
policitemia, romlis drosac xdeba eriTroiduli rigis RerZovani uj- 
redebis mudmivi dayofa, magram migracia umniSvneloa. speqtris meore, 
normalur boloze aris policitemia, romelic warmoeqmneba adamians 
did simaRleebze yofnis dros da warmoadgens organizmis normalur 
reaqcias fiziologiur pirobebze, rac xasiaTdeba mitozis daCqarebiT. 
   amitomac, SeiZleba dabejiTebiT vTqvaT, rom simsivnis ujredebis bio- 
logiuri organizacia xarisxobrivad arafriT ar gansxvavdeba normalu- 
ri ujredis organizaciisgan. piriqiT, neoplazia SeiZleba ganvixiloT, 
rogorc genis aqtivobis programis damaxinjeba, romelic iwvevs raodeno- 
brivi xasiaTis anomaliebs. maSasadame, garagani zemoqmedebis sapasuxod 
ujredebis unari migarciisaken da dayofisaken, warmoSobs uwyvet 
speqtrs fiziologiur pirobebze – normaluri reaqciidan seriozul 
gadaxrebamde, normidan avTvisebian zrdamde. 
 
                      teratomebi 
   teratoma es aris simsivne, romelic sawyiss iRebs pirveladi sasqeso 
ujrdebidan. igi warmoadgens mravali tipis ujredisa da qsovilTa qao- 
osur grovebs. araiSviaTad ujredebi warmoqmnilia msgavsi funqcionire- 
bis qsovilebidan. diferencirebuli qsovilebi, romlebic sawyiss iReben 
teratomis tanis  ujredebisagan, Cveulebriv, proliferireben dabali 
siCqariT an saerTod ar proliferireben da ara aqvT avTvisebiani xasia- 
Ti. TviT tanis ujredebi agrZeleben proliferacias da sawyiss aZleven 
mravali diferencirebuli qsovilis da avTvisebiani ujredebis Tanmimde- 
vrul Taobas. teratomis genetikuri safuZveli naCvenebi iqna Tagvebze Ca- 
tarebul cedbSi. erTi xazis (Taobis) TagvebSi sakmaod xSirad warmoiq- 
mneba saTeslis teratoma, magram ra Tqma unda, teratoma ar uviTardeba 
am Taobis yvela Tagvs amasTan, yvela pirveladi sasqeso ujredi ar 
gardaiqmneba simsivned. rogorc Cans, aucilebelia raRac garegani 
faqtoris moqmedeba, raTa gardaiqmnes Canasaxis tanis ujredebi tera- 
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tomis tanis ujredebad. Sejvarebis cdebiT dadgenili iqna am Taobis 
Tagvebis genetikuri winaswarganpirobebuloba simsivnis ujredebad 
diferencirebisaTvis. embrionuli karcinomis ujredebi warmoadgenen 
teratokarcinomis potenciur tanis ujredebs, rac naCvenebi iqna 
disocirebuli teratomis calkeuli ujredis klonirebis cdebSi. 
calkeuli klonis ganviTarebis potencia gansxvavebulia, magram yvela 
maTgani sawyiss aZlevs mraval diferencirebul qsovils. 
   aRniSnuli Taobis TagvebSi teratomis gadanergvisas zogjer viTar- 
deba msxvili buStukiseburi embrionulis msgavsi sxeuli, romelic ar 
Seicavs embrionuli karcinomis ujredebs. aseTi sxeulebi diferencir- 
debian mravali tipis qsovilSi: xrtilovani, Zvlovani, kunTovani da ner- 
vuli da sxvadasxva entodermuli warmoSobis jirkvalSi. es sxeulebi 
wyveten zrdas maSin, roca maTi Semadgeneli ujredebi iwyeben diferenci- 
rebas. cxadia, rom es ujredebi araa avTvisebiani, Tumca, maTi winamo- 
rbedebi aseTebi iyvnen. yvela Seswavlil simsivnes Soris teratomebs 
uWiravT gansakuTrebuli adgili, ramdenadac isini warmoadgenen genuri 
programis darRvevis unikalur saxeobas. am SemTxvevaSi darRveulia ara 
marto calkeuli genis aqtivobis programa, aramed programirebis Ziri- 
Tadi meqanizmi. kritikuli “neoplastikuri movlenebi” teratomebis war- 
mosaqmnelad xdeba jer kidev pirveladi sasqeso ujredebis diferencire- 
bis procesSi. is rom, es pirveladi movlena xdeba aseT adreul 
stadiaze, muTiTebs genis aqtivobis programirebis raRac erTian ZiriTad 
meqanizmze. am meqanizmis darRveva iwvevs qsovilebis qaotur ganlagebas, 
romelic damaxasiaTebelia teratomisaTvis anu, sxva sityvebiT rom 
vTqvaT, teratomaSi SeiZleba kidev realizdes maRaldiferencirebuli 
ujredebis genTa aqtivobis regulaciis specifikuri programebi. am 
programaTa arCeva xdeba ukontrolod da normidan gadaxriT. terato- 
mis warmoqmnis ufro dawvrilebiTi Seswavla dagvexmareba im bioqimiuri 
meqanizmebis moZebnaSi, romlebic monawileoben normaluri ujredebis 
diferencirebaSi. 
                  kancerogenuli faqtorebi  
   Cveni Sexedulebis Sesabamisad, avTvisebian zrdaze, rogorc genTa aq- 
tivobis programis darRvevis Sedegze, unda moqmedebdes kancerogenuli 
faqtorebi. magram ismis kiTxva: romel doneze da romeli molekuluri 
procesebis monawileobiT? 
    cnobilia kibos warmoSobis oTxi ZiriTadi mizezi: genuri mutacia, 
fiziologiuri stresi, kancerogenebis moqmedeba da virusuli infeqcia. 
    genebi da kibo adamianSi retinoblastomis warmoSoba dakavSirebu- 
lia dominantur-autosomur genTan. aseTi genebi gvxvdeba daavadebulis 
TiTqmis yvela ujredSi, magram isini vlindebian mxolod baduras ujre- 
debSi. mutanturi genis gamovlena SesaZlebelia mas Semdeg, roca badu- 
ras ujredebi miaRweven diferencirebis SedarebiT maRal stadias. zogi- 
erTi simsivnis magaliTze, romelic gvxvdeba inbriduli Taobis TagvebSi, 
naCvenebi iqna, rom simsivnur zrdas aqvs poligenuri safuZveli. aseTi 
simsivneebi ganpirobebulia ramdenime genis specifikur alelur formaSi 
monawileobiT. TiToeuli es geni calke uvnebelia, rac naCvenebi iqna 
aranaTesauri Tagvebis SejvarebiT. magram zogjer ramdenime genis erTo- 
blivi efeqti daZravs metabolizmis process neoplastikuri diferenci- 
rebis mxares es daZvra xdeba ara yvela ujredSi, aramed mxolod im uj- 
redebSi, romlebmac miaRwies diferencirebis SedarebiT maRal stadias. 
   sxvadasxva saxeobis Sejvarebisas SeiZleba miviRoT genTa uCveulo 
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Sexameba. magaliTad, maxvilosnebis ori saxeobis hibridebs (Xiphophorus  

maculatus  х    Xiphophorus  montezumae)  TiTqmis yovelTvis warmoeqmnebaT mela- 
noma, romelic diferencirdeba makromelanocitebisagan. yvela sxva tipis 
ujredebi, maT Soris mikromelanocitebi da sxva pigmenturi ujredebi, am 
hibridebSi rCeba normaluri. cxadia, rom gadamwyvet pirobas im ujrede- 
bis avTvisebianad gardaqmnisaTvis, romlebmac miaRwies diferencirebis 
specifikur stadias, makromelanocitebis stadias, warmoadgens ramdenime 
genis urTierTzemoqmedeba da ara erTi genis moqmedeba. sxva tipis ujre- 
debi ar gardaiqmnebian simsivnur ujredebad, miuxedavd imisa, rom aRniS- 
nuli hibridis yvela ujreds aqvs erTi da igive genotipi. 
   hibriduli Tevzebis melanomebi da agreTve specifikuri simsivneebi, 
romlebic gvxvdeba inbriduli Taobis TagvebSi, warmoiqmnebian ara raRac 
axali genebis an axali reaqciebis Sedegad, aramed gansazRvrul genTa 
Sexamebis erToblivi moqmedebiT. maSasadame, neoplaziis genetikuri 
safuZveli ganisazRvreba ara calkeuli “kibos” genebiT, aramed genTa 
normaluri aqtivobis defeqturi programirebiT. 
  fiziologiuri stresi sakvercxis gadanergva elenTaSi iwvevs ukukavSi- 
ris Sewyvetas, romelic aregulirebs sakvercxeSi hormonebis sinTezs da 
iwvevs hipofizis intensiur mastimulirebel moqmedebas sakvercxeze, rac 
xSirad ganapirobebs sakvercxis simsivnis ganviTarebas. fiziologiuri 
stresi garedan stimulaciis Sedegad iwvevs ujredis metabolizmis daZ- 
vras normaluri mdgomareobidan. am dros warmoqmnilma ujreduli 
metabolizmis anomaliebma SeiZleba gamoiwvios genis aqtivobis mdgradi 
cvlileba. normaluri metabolizmi ar aRdgeba sawyisi stimulis 
mocilebis Semdegac. 
 kancerogenuli nivTierebebi nivTierebis msgavsi kancerogenebi, romle- 
bic iwveven fiziologiur stress, arRveven ujredis metabolur aqtivo- 
bas, romelzedac isini zemoqmedeben. ujredTa specifikuri Tvisebebi, 
romlebic warmoiqmneba kancerogenebis moqmedebiT, SesaZlebelia, gamo- 
vlindes normaluri diferencirebis procesSic, magram sxva Tanmimdev- 
robiT an sxva SexamebiT. kerZod, es exeba adheziurobas da ujreduli 
dayofis siCqares. kancerogenis moqmedebis zusti meqanizmi dRemde 
ucnobia, Tumca am mimarTulebiT tardeba intensiuri gamokvlevebi. 
SeiZleba maTi moqmedebis adgils warmoadgens genebi da ujredis gare 
membrana. Tu raRac kancerogenis moqmedebiT ujredulma membranam dakar- 
ga Tavisi adheziuroba, maSin sxva danarCeni dayofadi normaluri ujredi 
gardaiqmneba avTvisebian ujredebad. 
   onkogenuri virusebi virusuli infeqcia cvlis ujredis metabolizms. 
amitom virusebis onkogenurma moqmedebam SeiZleba migviyvanos im Sexedu- 
lebamde, rom kritikul momentSi metaboluri aqtivobis Secvlam SeiZle- 
ba gamoiwvios avTvisebiani zrda. SesaZlebelia, virusebi astimulireben 
transformacias, xolo Semdeg qrebian transformirebuli ujredidan. 
zogierT SemTxvevaSi SeiZleba virusebi arsebobdnen ujredSi mudmivad 
da ganapirobebdnen virusuli genomis makodirebeli axali molekulebis 
cvlilebas. es virusuli molekulebi uzrunvelyofen metabolizmis neo- 
plastikur tips. 
        simsivnuri zrda, rogorc ujreduli membranis avadmyofoba 
  ujredis adheziuri Tviseba asrulebs gadamwyvet rols ujredis aso- 
ciaciis regulirebaSi. aqvT Tu ara ujredebs gansakuTrebuli mdeba- 
reoba mezobel ujredebTan damokidebulebaSi, rCebian uZravad Tu iwye- 
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ben migrirebas _ yovelive amas aqvs udidesi mniSvneloba Canasaxovani 
ganviTarebisaTvis. avTvisebiani simsivnis metastazirebis unaric 
damokidebulia ujreduli membranis adheziur Tvisebaze. normaluri 
ganviTarebis procesSi xdeba mniSvnelovani Zvrebi ujredTa urTierT- 
ganlagebaSi. amis Sesabamisad unda icvlebodes ujreduli membranis 
adheziuri Tvisebebi. es SeiZleba vTqvaT maSin, Tu movaxdenT Canasaxis 
qsovilis disocirebas, SevurevT miRebul ujredebs sxvadasxva Tanafar- 
dobiT da Semdeg davakvirdebiT Sereul agregatSi sxvadasxva tipis 
ujredTa moqmedebas. ujredebi SemTxveviTobis principiT pirvel dasaw- 
yisSi ganawilebulni arian agregatis mixedviT, Semdeg xarisxdebian 
migraciisa da arCeviTi adgeziis mixedviT. RviZlis ujredebi upiratesad 
asocirdebian RviZlis ujredebTan, xrtilovani ujredebi-xrtilovanTan, 
Tirkmlis ujredebi-Tirkmelis ujredebTan da a.S. fardobiTi ganlageba 
Tirkmlis, RviZlis da xrtilis agregatSi ganisazRvreba agreTve 
calkeuli ujredebis TvisebebiT. radganac ujredebs gaaCniaT moZraobis 
unari, imyofebian erTmaneTTan kontaqtSi. ujredebi, romlebic floben 
adheziis did SesaZleblobas, aucileblad erevian centrSi aseT Sereul 
agregatebSi, xolo nakleb adheziuri ujredebi gadaadgildebian perife- 
riisaken. Canasaxis ujredebis aseTi moqmedeba xazs usvams im garemoebas, 
rom ujreduli membranis struqtura uzrunvelyofs sxvadasxvanair 
adheziurobas da SeuZlia areguliros ujredis specifikuri asociacia, 
romelic xels Seuwyobs an xels SeuSlis maT migracias. 
   normaluri ujredis metastazirebad simsivned gardaqmnis procesSi 
ujreduli membrana xdeba nakleb adheziuri, riTac aadvilebs simsivnis 
ujredis gamoyofas garSemo myofi ujredebisagan da mis migrcias sxva 
organoebSi. swored es migracia uwyvet proliferaciasTan SerwymiT xdis 
simsivnes avTvisebians. aseTi kibos ujredebis zedapiruli membrana Zali- 
an gavs Canasaxis mravali saxis ujredis ujredul membranas. zrdasruli 
organizmis normaluri ujredebis erTi saxeobis leikocitebis ujredu- 
li membrana araadheziuria, rac maT saSualebas aZlevs imoZraon sxva 
qsovilTa gavliT. Tu leikocitebi daiwyebdnen dayofas im adgilebSi, 
sadac isini migrirdebian, maSin isini aucileblad aRmoCndebodnen 
avTvisebiani, magram sabednierod, isini ar iyofian. maSasadame, gasagebia, 
rom kibos ujredebis membranebi SefardebiTad araadheziuria, magram ar 
SeiZleba isini anomalurad CaiTvalos. leikocitebis avTvisebianoba 
ganpirobebulia membranis araadheziurobiT da uwyveti ujreduli 
dayofis SexamebiT. 
  membranebi unda izrdebodes ujredis zrdis Sesabamisad im dros, roca 
ujredi iyofa, ujreduli membranis saerTo ujreduli masa izrdeba da- 
axloebiT orjer. ujredis diferencirebasTan da membranis zrdasTan 
erTad icvleba maTi specifikuri struqtura. unda ganvixiloT aseTi 
cvlilebis ori sawyisi: pirvel rigSi Tu sxvadasxva ujredis membrane- 
bi gansxvavebulia, kerZod, sxvadasxva saxis molekulebis arsebobiT, ma- 
Sin genTa diferencirebul aqtivobas eqneba arsebiTi mniSvneloba axali 
membranebis warmoqmnaSi, meore membranis struqtura SeiZleba Seicvalos 
molekulaTa Soris damokidebulebis cvlilebis an maTi  urTierTganla- 
gebis Sedegad, am SemTxvevaSi membranis Tvisebis cvlilebisaTvis ar iqne- 
boda saWiro genebis axali aqtivoba. 
  infuzoriebis pelikulis gamokvleviT dadgenili iqna, rom pelikula 
(ujreduli membranis homologi) mniSvnelovnad damokidebulia genomze 
ismis kiTxva: xom ar aris ujreduli membranis kvlavwarmoqmna avtonomi- 
uri mravalujredian organizmebSi? es SeiZleba Semowmebuli iqnes qsovi- 
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lis kulturasTan ujredebis SerwymiT, erTi tipis ujredTa membranis 
SexamebiT sxva tipis ujredis genomTan. avTvisebiani da normaluri ujre- 
dis SerwymiT miRebuli iqna erTi hibriduli ujredi, romelic aRmoCnda 
simsivnuri, magram am cdiT ver moxerxda membranis avtonomiis sakiTxis 
gadawyveta. ramdenadac hibriduli ujredi Seicavs rogorc avTvisebiani, 
ise normaluri ujredis genoms, SesaZlebelia, rom misi membranis Tvise- 
bas gansazRvravs avTvisebiani ujredis genomis dominanturi aqtivoba da  
ar asaxavs srulad membranis avtonomiurobas. 
 
 

                        Tavi XII  
 
            diferencirebis memkvidrulobis SesaZlebloba   
 
          keTilTvisebiani da avTvisebiani simsivne, rogorc 
                   ujredis diferencirebis produqti 
   simsivnis ujredi aris diferencirebuli ujredi. arsebobs simsivnis 
mravali tipi: tvinis, kanis, Tirkmlebis, fariseburi jirkvlis, Tikmleze- 
da jirkvlis da mravali sxva qsovilisa Tu organosi. sxvadasxva simsiv- 
nis ujredebi gansxvavdebian morfologiuri da bioqimiuri niSnebiT ro- 
gorc erTmaneTisagan, ise qsovilisa Tu organos im normaluri ujrede- 
bisagan, romlisganac isini warmoiSvnen. simsivne SeiZleba iyos kompaqtu- 
ri an Sedgebodes im ujredebisagan, romlebic mTel organizmSia gabneu- 
li. amis magaliTad SeiZleba moviyvanoT leikomebi, romlebic amarcxeben 
sisxlis TeTr ujredebs. simsivnis ujredebs SeswevT unari, Seasrulon 
qsovilis an organos normaluri ujredebis zogierTi specifikuri 
funqcia. isini SeiZleba mdebareobdnen erTi qsovilis an organos 
farglebSi an mraval organoSi. am TvisebiT xasiaTdebian simsivnis 
metastazuri formebi. yvela es Tviseba stabilurad memkvidreobs. 
    teratoma – “veluri” Canasaxi, warmoadgens keTilTvisebian an av- 
Tvisebian simsivnes, romelic Sedgeba ujredTa qaosuri narevisagan da 
mogvagonebs zrdasruli organizmis sxvadasxva normalur qsovils. tera- 
toma SeiZleba iyos burTismagvari ujredTa grova, romlis SigniT 
erTmaneTSi areulia Tirkmlis milakebi, kunTovani qsovili, kbilebi, 
xrtilebi da neironebi, xolo garedan dafarulia Tmiani safarveliT. 
gasul saukuneSi mecnierTa nawils miaCnda, rom teratoma viTardeba 
sasqeso ujredebisagan, romlebic Semdgom gardaiqmnebian simsivned. ase 
Tvlidnen Semdegi ori mizezis gamo: 1. yvelaze xSirad teratoma 
viTardeba sasqeso jirkvlebSi-saTesleebsa da sakvercxeebSi; 2. tanis 
ujredebs Soris sasqeso ujredebs SeswevT unari mogvcen qsovilTa 
aseTi mravalferovneba. 
         
        gansxvaveba normalur da simsivnur ujredebs Soris 
   
 gansxvaveba 1. in vivo  areSi normaluri ujredebis zrda mkveTrad kontro- 
ldeba, xolo simsivnis ujredebis zrda ganusazRvrelia (SeuzRudavia). 
amdenad, ganviTarebadi organizmis TirkmlebSi simsivnis ujredebi izrde 
bian damaxasiaTebeli siCqariT, romelic icvleba ganviTarebis mixedviT 
sabolood, roca organizmi aRwevs zrdasrul mdgomareobas, ujredebis 
zrdis siCqare da maTi gadanacvleba TirkmlebSi Cerdeba im donemde, rom 
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organos zomebi metad aRar matulobs. metaboluri meqanizmis arsebo- 
baze, romelic zRudavs Tirkmlebis zrdas, miuTiTebs is faqti, rom erT-
erTi Tirkmlis amoWrisas meore matulobs zomaSi (aRniSnuli movlena 
Cveulebriv axasiaTebs wyvil organoebs), magram es metaboluri meqanizmi 
ver aregulirebs simsivnis Semcveli Tirkmlis zrdas. isini izrdebian 
usistemod, SeuCerebliv. xSirad maTi zrda xorcieldeba normaluri 
qsovilis ujredebis xarjze, romlebic degenerirdeba da kvdeba. zogier- 
Ti  simsivne izrdeba Zalian nela da mkacrad lokalizebulia, xolo 
zogierTi ki izrdeba swrafad da SeuZlia yvelgan SeRweva. cxadia, 
arsebobs raRac gansxvaveba simsivnis ujredebis metabolizmSi, romlebic 
xSirad gansazRvraven maTi zrdis siCqaris sxvaobas. es gansxvaveba 
memkvidrulad gadaecema mraval ujredul Taobas. dReisaTvis ucnobia is 
bioqimiuri meqanizmebi, romlebic gansazRvraven am Tvisebas. 
 gansxvaveba 2. simsivnis ujredebis membranis zedapiri xasiaTdeba im 
TvisebebiT, riTac mkveTrad gansxvavdeba normaluri ujredebis membrani- 
sagan, kerZod: a) simsivnis ujredis membranas ar axasiaTebs kontaq- 
turi uzrunvelyofa, ris Sedegadac arsebiTad icvleba ujreduli meta- 
bolizmis procesebi; b) simsivnis ujredebi ar cnoben im qsovilis ujre- 
debs, romlisganac warmoiSvnen. sxvadasxva qsovilis ujredebisagan war- 
moqmnili Sereuli agregatebis narevSi ujredebi iyofian da xarisxde- 
bian. simsivnis ujredebs ki ar SeswevT aseTi moqmedebis unari. g). TiTq- 
mis yvela tipis simsivnis ujredebi aglutinirdeba specifikuri 
glikoproteidiT, romelic miRebulia xorblisagan, xolo Sesabamisi 
normaluri qsovilis ujredebi ar aglutinirdebian. rogorc Cans, 
aglutinini ukavSirdeba ujredis zedapirze arsebul polisaqaridebs. 
 gansxvaveba 3. simsivnis ujredebSi arsebobs makromolekuluri komponen- 
tebi, romlebic ar axasiaTebs arsebul organizms, ramdenadac man 
SeiZleba gamoimuSavos mis sawinaaRmdegod antisxeulebi. 
 
                   ratom warmoiqmneba simsivne? 
 
  SesaZlebelia, simsivnis warmoqmnis mizezi iyos imunuri sistemis dar- 
Rveva. arsebobs rigi preparatebisa, romlebic moqmedeben, rogorc imuno- 
depresantebi anu iwveven imunuri sistemis paralizebas da Tavidan 
acileben antisxeulebis dagrovebas. SemCneulia, rom cxovelebSi imuno- 
depresantebis xangrZlivi Seyvanisas warmoiqmneba spontanuri simsivne 
(spontanuria simsivne, romelic warmoiqmneba bunebriv an xelovnur 
pirobebSi koncerogenuli faqtorebis moqmedebis gareSe). intaqtur 
cxovelebSi spontanuri simsivne ar viTardeba, imitom, rom simsivnis 
ujredebi iRupebian gamomuSavebuli antisxeulebis moqmedebis Sedegad. 
normaluri imunuri sistemis organizmebSi aRniSnuli simsivne viTardeba 
imitom, rom simsivnis ujredebs SeswevT unari, Tavidan aicilon imunuri 
pasuxi an imitom, rom mocemuli organizmis imunur sistemaSi aris raRac 
genetikuri defeqti. 
 
                      simsivnis mizezebi  
 
   simsivnis  mizezi - mutacia. mutacias SeuZlia zemoqmedeba populaciis 
zrdis siCqareze, intensivobasa da xasiaTze, amasTanave, maTi erToblivi 
moqmedeba SeiZleba iyos Zalin rTuli. es exeba rogorc baqtriis, ise 
cxovelTa ujredebs. amitomac, ar iqneba gasaocari, Tu gairkveva, rom 
simsivnis ujredebi warmoiqmnebian sruliad normalur organizmSi erTi 
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an ramdenime mutaciis Sedegad. cnobilia, rom arsebobs rigi antigenebi- 
sa, romlebic gansakuTrebiT efeqturad axdenen simsivnis inducirebas. 
mas miekuTvneba: rentgenis sxivebi, radiaqtiuri gamosxiveba,ultraiisferi 
sxivebi, ipriti, nitrozoguanidini, sxvadasxva  saxis rTuli naxSirwyle- 
bi da heterocikluri bmebi. yvela am antigens aqvs erTi saerTo Tviseba-
isini kargi mutagenebia, rac niSnavs, rom maTi zemoqmedebisas sxvadasxva 
mutaciis warmoqmnis sixSire mniSvnelovnad izrdeba, magram ar arsebobs 
am hipoTezis pirdapiri mtkicebuleba. 
  simsivnis mizezi – virusebi. SV 40 – polioma virusebs Soris erT-erTia, 
romelic iwvevs simsivnes maimunebSi. amis damamtkicebelia: 
1. maimunSi SV 40 –virusis Seyvanisas warmoiqmneba poliomis tipis virusi; 
2. normaluri maimunis ujredis qsovilebi, romelTa zrda xdeba petris 
jamSi, SeiZleba dainficirdes virusiT. Tu am ujredul Taobebs maimunSi 
SeviyvanT inieqciiT, maSin isini mravldebian da iwveven poliomis tipis 
simsivnis warmoqmnas.  
  SV 40 –virusi martivad aris agebuli. misi sferuli gareTa garsi yovel- 
Tvis Sedgeba 72 identuri suberTeulisagan, romelic Seicavs 5 an 6 ci- 
lis molekulis polimers (misi saerTo ricxvi virusSi aris 420). garsis 
SigniT aris wriuli orjaWviani molekula, romlis molekuluri wona  
3 mln.-is tolia is Sedgeba daaxloebiT 2500 wyvili nukleotidisagan. 
dnm-asTan dakavSirebulia dadebiTad damuxtuli arc Tu ise didi cilis 
molekulebi. TviTon dnm masSi Semavali fosfatebis Sedegad damuxtulia 
uaryofiTad. 
  cnobilia poliomis virusis 5 geni. erTi maTgani akodirebs dnm-polime- 
razas, romelic specifikuria virusuli dnm-asaTvis; meore  garsis  
cilebs; mesame-cilebTan dakavSirebul dnm-as; meoTxe-inicirebuli  
ujredebis zedapirze lokalizebul cilebs; mexuTe-inicirebuli  
ujredebis birTvSi arsebul cilebs. danarCeni genebi jerjerobiT  
ucnobia, magram Tu gaviTvaliswinebT imas, rom dnm arc Tu ise didi  
zomisaa, maSin  SeiZleba vifiqroT, rom darCenilia identificirebisa-  
Tvis sami geni. 
  SV 40 –virusiT ujredis dasnebovnebis procesis Seswavla SesaZlebelia 
maimunis ujredebis kulturaSi, romelic virusis SemTvisebelia. virio- 
nebi aRweven ujredSi, sadac sinTezirdeba virusis kimponentebi virusis 
erTeulebis Sekrebis adgils warmoadgens birTvi, romelSic sabolood 
grovdeba milionamde virusis erTeuli, ris Sedegadac bunebrivia,  
irRveva birTvis funqcia da ujredi iRupeba. daaxloebiT 1000 dasnebov-  
nebuli ujredidan mxolod erTis moqmedeba aris gansxvavebuli. virusi  
Cveulebriv ujredSi SiSvldeba (icilebs garss), magram ar sinTezirdeba  
virusis axali komponentebi da ar irRveva misi funqcia. aseve, mkveTrad  
icvleba ujredis morfologia da misi zrdis xasiaTi. Tu inieqciiT  
SeviyvanT diseul ujredSi, warmoiqmneba poliomis tipis simsivne. am  
SemTxvevaSi virusuli infeqciis Sedegad normaluri ujredi gardaiqmna  
invaziur simsivned anu moxda transformacia, romelic gadaecema  
memkvidrulad. 
   transformirebul ujredebSi, romlebic izrdebian mravali Taobis 
manZilze in vivo  an   in vitro areSi, arasodes ar yofila SemCneuli SV 40 viru 
sis momwifebuli erTeulebi. arsebobs mtkicebuleba imisa, rom virusis  
dnm mTlianad SenarCunebulia da misi nawili aqtiuria transformirebul 
ujredSi. transformirebul ujredebsa da mis TaobebSi yovelTvis  
gvxvdeba birTvisa da garsis cilebi, romlebic kodirebulia SV 40 
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virusis geniT. maSasadame, ujredis zrdisa da dayofis procesSi xdeba am  
genebis transkripcia. transformirebul ujredebSi virusuli matriculi  
rnm-as aRmoCena SesaZlebelia virusul dnm-asTan misi hibridizaciis  
meTodiT. garda amisa, transformirebuli ujredebis SemTvisebel  
ujredebTan Serwymisas miRebul hibridul ujredebSi iwyeba virusis  
axali komponentebis sinTezi da virusuli erTeulebis Sekreba. yovelive  
amis Sedegad iRupeba ujredi, xolo Tavisufal SV 40 - viruss SeuZlia  
sxva ujredebis dasnebovneba. es mowmobs imas, rom SV 40 - virusis dnm  
aewyoba ujredis dnm-asTan romelime qromosomaSi. maimunis transfor-  
mirebul ujredebSi aris 5-dan 50- mde SV 40  - virusis dnm-as asli,  
romlebic Sekrebilia erT adgilas. 
   maSasadame, SV 40 -virusis Sesaxeb cnobilia bevri ram, misi struqtura, 
Sedgeniloba, genetika, dasnebovnebis xasiaTi, ujredis SigniT ganviTare- 
ba, magram ucnobia, Tu rogor iwvevs is simsivnes. aRsaniSnavia isic, rom 
dnm-as Semcvel virusebs Soris mxolod poliomis virusebi iwveven  
simsivnes cxovelTa farTo jgufSi. 
 
                    maspinZlis genomis modifikacia 
  molekuluri genetikis dogmas warmoadgenda is, rom dnm-aze sinTezir-  
deba rnm, xolo rnm-aze – cilebi, magram es ar niSnavs, rom informaciis  
nakadi ar SeiZleba miedinebodes sapirispirod anu ujredis genomi ar  
SeiZleba iyos modificirebuli im informaciiT, romelsac Seicavs rnm-as  
molekulebi an cilebi. 
  Bbolo periodSi naCvenebi iqna, rom rnm SeiZleba iyos matrica dnm-as 
sinTezisaTvis. swored es iyo mniSvnelovani miRweva adamianis simsivnis 
biologiis SeswavlaSi. cxovelTa mravali virusi da zogierTi baqterio- 
fagi dnm-asTan erTad Seicavs rnm-as am jgufs miekuTvneba virusebi,  
romlebic iwveven poliomielits, yvavils, wiTelas, grips da sxva  
daavadebebs. zogierT maTganSi rnm erTjaWviania, xolo nawilSi –wyvil-  
jaWviani.  
   virusul ujredSi SeRwevis Semdeg virusulma rnm-ma unda Seasrulos 
ori funqcia: 1. rogorc m-rnm-ma, gaerTiandes ribosomebTan da uzrunvel- 
yos virusuli cilebis sinTezi; 2.unda Seasrulos matricis roli axali 
virusuli rnm-as sinTezisaTvis. rodesac gaCndeba rnm-as aslebi da sin- 
Tezirebuli cilebi, iwyeba virusuli nawilakebis Sekreba da ujredidan 
gamoTavisufleba. 
  Yyvela zemoT CamoTvlil virusSi rnm-as kopirebis procesi xorciel- 
deba im fermentis meSveobiT, romelic moZraobs m-rnm-as gaswvriv da  
asinTezirs axal rnm-as dnm-as monawileobis gareSe. 
  zogierTi rnm-Semcveli virusebi cxovelebSi iwvevs simsivnes mas mie- 
kuTvneba rausis sarkomis da TagvebSi leikemiis gamomwvevi virusebi. le- 
ikemiiT daavadebul adamianebSic aRmoCenilia virusuli erTeulebi, e.w. C   
erTeulebi, romlebic mogvagoneben Tagvis leikemiis viruss. rnm-Semcve- 
li da dnm-Semcveli poliomis virusebi praqtikulad erTnairia, ujredSi  
moxvedrisas warmoqmnian mravalricxovan Taobebs, iwveven ujredis  
sikvdils da axdenen normaluri ujredis transformirebas simsivnis 
ujredad. 
   Ddidi xnis manZilze mecnierebs miaCndaT, rom transformaciaSi raRac 
saxiT monawileobs dnm-as sinTezi. dadasturebuli iqna, rom ujredebi,  
romlebic damuSavebuli iyo dnm-as masinTezirebeli specifikuri inhibi- 
torebiT, xolo Semdeg-dasnebovnebuli leikemiis virusebiT, uzrunvel- 
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yofdnen normaluri raodenobis virusuli erTeulebis warmoqmnas, magram 
arasodes ar transformirdebian. es sakiTxi gadawyvetili iqna mas  
Semdeg, roca erTdroulad sam laboratoriaSi aRmoCenili iqna rausis  
sarkomis virusul erTeulebSi da Tagvebis leikemiaSi arc Tu ise didi  
raodenobis cilebi, romlebic akatalizebdnen Semdeg reaqcias: 
  virusuli rnm+fermenti = virusuli rnm+orjaWviani dnm+pirofosfati  
  maSasadame, am fermentis meSveobiT rnm-as matricaze 4 dezoqsiribotri- 
fosfatisagan sinTezirdeba dnm. ramdenadac es fermenti akatalizebs Se- 
brunebul reaqcias, mas uwodes “ukutranskriptaza”. is gvxvdeba mxolod 
transformirebul simsivnur ujredebSi da ar gvxvdeba normalur qsovi- 
lebSi. Aam fermentis arseboba safuZvels gvaZlevs, gamovTqvaT Semdegi  
mosazreba, rom transformaciamde virusuli genomis rnm transkribirde- 
ba orjaWvian dnm-asTan, romelic Sedis ujredis birTvSi da Tavsedeba  
genomSi, iseve rogorc SV 40- virusis dnm. dadgenili iqna, rom adamianis  
leikemiuri ujredebi Seicaven ferment ukutranskriptazas. 
 
       Ggenetikuri kontroli mowesrigebulobasa da formaTa 
                        warmoSobaze 
   cxadia, rom organizmSi sxvadasxva tipis ujredTa ganawileba ar aris 
SemTxveviTi ujredebi, Cveulebriv, organizebulia qsovilebsa da organo- 
ebSi, romlebsac aqvT garkveuli zoma da forma. cnobilia rigi embrio- 
logiuri meqanizmebisa, romlebic garkveulwilad xsnian mowesrigebu- 
lobis warmoSobas. erT-erT aseT meqanizms miekuTvneba embrionuli in- 
duqciis damokidebuleba mainducirebel stimulze, romelic uzrunvel- 
yofs ganviTarebis sxvadasxva gzis harmonul integracias amdenad, yove- 
li tipis ujredi warmoiqmneba gansazRvrul adgilas da gansazRvrul 
dros. sxva embriologiur meqanizms miekuTvneba morfogenetikuri moZra- 
oba. orive meqanizmi SeiZleba mivakuTvnoT epigenetikurs pirveli 
maTgani iwvevs diferencirebis specifikur tips im nivTierebebis meSveo- 
biT, romlebic diferencirdebian garedan. meore maTgani erTmaneTSi Se- 
urevs ganviTarebis sxvadasxva potenciis ujredebs da amdenad, arapirda- 
pir uzrunvelyofs droebiT gamovlenaTa Tanmimdevrul efeqturobas.  
  Aaqedan naTlad Cans, rom geni SeiZleba zemoqmedebas axdendes organi- 
zmis formasa da mowesrigebulobaze, morfogenetikur moZraobaze an ga- 
moTavisuflebaze. cnobilia mutaciebi, romlebic amdagvar zemoqmedebas  
axdenen ganviTarebis procesze. magaliTad, anomaliebi ganviTarebis  
procesSi – malebis Tandayolili dayofa da mglis xaxa adamianSi  
ganpirobebulia morfogenetikuri moZraobis darRveviT. 
  Aarsebobs sruliad gansxvavebuli gza sxvadasxva tipis ujredTa ara- 
SemTxveviTi ganawilebis Sesaxeb. diferencirebis specifikuri tipebi  
SeiZleba mimdinareobdes winamorbed ujredebSi lokalurad da  
avtonomiurad sxva ujredTa yovelgvari gavlenis gareSe. Amis magaliTad  
SeiZleba moviyvanoT mcenaris foToli. misi zedapiri warmoqmnilia  
umTavresad epdermisiT, romelic Sedgeba erTi tipis ujredebisagan. imave  
zedapirze ganlagebulia foTlis bageebi, romlebic emsaxureba sunTqvas  
da Sedgeba iseTi ujredebisagan, romlebic gansxvavebulia garemomcveli  
epdermuli ujredebisagan. maT SemadgenlobaSi Sedis, magaliTad, Camketi  
ujredebi, romlebic ganapirobeben bageebis daxurvas da gaxsnas.  
diferencirebis es tipi anu bageebis ujredTa diferencireba lokalurad  
unda iyos bageebis winamorbed ujredebSi. bageebis ujredebis warmoqmna  
mcenaris sxva nawilSi da Semdgom maTi migrireba foTlis gansazRvrul  
adgilas SeuZlebelia, imitom, rom ganviTarebad foTolSi ar xdeba  
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ujredTa migracia. maSasadame, bageebis warmoqmna inicirdeba lokalurad  
jer kidev ucnobi meqanizmis meSveobiT. 
  ismis kiTxva: gansazRvraven Tu ara genebi lokalurad inicirebuli di- 
ferencirebis xarisxs? gansazRvraven Tu ara genebi adgils, sadac ini- 
cirdeba mocemuli tipis diferencireba?  
  Aam kiTxvebze pasuxis gasacemad yvelaze mosaxerxebelia xilis buz - 
drozofilaSi jagrebis ganawilebis magaliTi,. cnobilia, rom zrda- 
srul buzebSi mfaravi qsovili warmoiqmneba metamorfozis procesSi 
imaginaluri diskoebisagn. aRniSnuli diskoebi histologiurad war- 
moadgenen brtyel epiTels, romelic Sedgeba erTi an ramdenime ujredu- 
li Srisagan. epiTelis yvela ujredis ultrastruqtura erTnairia da  
ar aris diferencirebuli matlis stadiaze.  
  ismis Semdegi kiTxva: ratom warmoqmnis jagrebs am ujredTa nawili? 
Tu davakvirdebiT drozofilas, SevamCnevT, rom jagrebi uviTardeba mker- 
Dze mkacrad gansazRvrul ubnebSi. rogor xdeba maTi warmoqmna da xdeba 
Tu ara jagrebis winamorbedi ujredebis migrireba Sesabamis ubnebSi, 
sadac isini diferencirdebian, Tu ki jagrebis warmoSoba inicirdeba 
lokalurad ujredTa diferencirebis gareSe. dReisaTvis am kiTxvebze 
amomwuravi pasuxis gacema SeuZlebelia, magram unda aRiniSnos, rom  
mendeliseuli cnobili kanonzomierebebiT genebi gavlenas axdnen 
jagrebis ganlagebis Taviseburebaze. erT-erTma aseTma “sivrciTi ganla- 
gebis mutaciam” miiRo achaete-s saxelwodeba mutanturi formebi moklebu- 
lni arian ukana dorsocentralur jagrebs. am mutaciis meore Tavisebu- 
reba mdgomareobs imaSi, rom zogierTi jagris ganlageba gansxvavebulia 
veluri tipis formebSi jagrebis ganlagebisagan. 
   aRniSnuli ganlagebis cvalebadobis genetikuri kontrolis gamokvle- 
vis Sejameba xdeba im qsovilTa SeswavliT, romlebsac Seicavs rogorc 
mutanturi, aseve normaluri ujredebi. aseTi mozaikuri qsovilis miReba 
SeuZlebelia qirurgiuli gadanergvis meTodebiT maTi miReba SesaZlebe- 
lia mxolod im genetikuri meTodebiT, romelic gamoiyeneba drozofilas 
Tvalze Catarebuli gamokvlevebis dros anu ganviTarebis adreul sta- 
diaze somaturi krosingoveris induqciis saSualebiT. Catarebuli cdis 
Sedegebma gviCvenes, rom ukana dorsocentraluri jagari warmoiqmneba 
im SemTxvevaSi, roca mkerdis Sesabamisi ubani Sedgeba veluri tipis qso- 
vilisagan da ar warmoiqmneba im SemTxvevaSi, Tu mkerdis es ubani Sedgeba 
mutanturi qsovilisagan. 
   amrigad, gen achaete-s moqmedeba atarebs lokalur xasiaTs da mas ar 
SeuZlia sistemuri kontroli jagrebis ganlagebaze. 
 
                    molekulaTa TviTawyoba 
   ismis kiTxva:  Canasaxis ujredebis dnm-aSi mTliani Canasaxia  
kodirebuli Tu misi Semadgeneli makromolekulebi? 
  drozofilaSi ganxiluli jagrebis ganlagebis analizis safuZvelze 
Cven SegviZlia am kiTxvas vupasuxoT dadebiTad. erTujredianebSi, maga- 
liTad Paramecium-Si kortikuluri Sris forma da organizacia Taobebs 
gadaecema dnm-as monawilebis gareSe. amdenad, aseT umartivesebSi erTna- 
iri genotipis SemTxvevaSic ki SesaZlebelia alternatiuli tipis arse- 
boba. zogadad es daskvna samarTliania genuri produqtebis epigenetiku- 
ri modifikaciis dros. magaliTisaTvis SeiZleba moviyvanoT kargad Ses- 
wavlili fermenti-ribonukleaza misi mesameuli sruqtura stabilizir- 
deba 4 disulfiduri xidiT rodesac irRveva es xidebi, molekula kar- 
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gavs mesameul struqturas da bioqimiur aqtivobas. dadgenili iqna iseTi 
pirobebi, romlis drosac aRdgenili fermenti ribonukleaza SeiZleba 
isev daiJangos bioqimiurad aqtiuri fermentiT da rogorc fiziko-qimiu- 
rma monacemebma gviCvena, ribonukleazam daJangvis procesSi aRidgina misi 
mesameuli struqtura. Tu es pirobebi ar iqneba mkacrad SenarCunebuli,  
maSin disulfiduri xidebis warmoqmna xdeba iq, sadac ar aris aucilebe- 
li da warmoiqmneba moelkulebi, romlebsac ara aqvT fermentuli  
aqtivoba. savsebiT cxadia, rom dnm-as Semcveli informacia ar gansaz-  
Rvravs, iqneba Tu ara renaturacia swori an araswori. Ddnm-as informa-  
cia gansazRvravs, ribonukleazis pirvelad struqturas da im CarCoebs,  
romelSic SeiZleba mimdinareobdes ufro maRali rigis struqturis  
warmoqmna. Tu  romeli maRali rigis struqturis realizeba moxdeba,  
ganpirobebulia garemos parametrebiT, kerZod ki marilis koncentraciiT  
da mJavianobiT. 
  ribonukleaza- es aris erTaderTi genuri produqti, romelic garemos  
mixedviT iRebs sxvadasxva konformacias. msgavsi cdebi renaturaciasa da  
denaturaciaze Catarebuli iqna ufro rTul biologiur struqturebze,  
rogoricaa ribosomebi. magaliTad, Eschrichia  coli-is ribosomebis disoci-  
reba SesaZlebelia ufro mcire, biologiurad araaqtiur komponentebad.  
warmoqmnili erTeulebis renaturacia SesaZlebelia in vitro-Si da maTgan  
kvlav warmoiqmneba aqtiuri ribosomebi. 
  amrigad, makromolekulebs SeuZliaT warmoqmnan sxvadasxva konforma-  
cia, romlebic zRudaven maT pirvelad struqturas rac ganisazRvreba 
dnm-iT. konkretuli konformacia, romelic miRebulia rogorc molekula 
ganisazRvreba im garemoTi, romelSic es molekula imyofeba am mniSvne- 
lobiT, ganviTarebas biologiuri organizaciis nebismier doneze aqvs  
epigenetikuri xasiaTi. 
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