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Sesavali 
 
   G genetika Tanamedrove biologiis erT-erTi wamyvani dargia, ro-
melsac gansakuTrebuli mniSvneloba aqvs sasoflo-sameurneo warmoe-
baSi momuSave  specialistebisaTvis. studenti kargad unda erkveodes 
Tanamedrove genetikis ZiriTad kanonzomierebebSi memkvidreobisa da 
cvalebadobis Sesaxeb. citoplazmuri mamrobiTi sterilobis, mutaci-
uri cvalebadobis Teoriis, poliploidiis movlenis, heterozisis Te-
oriis da sxva sakiTxebis damuSavebis Semdeg genetika seleqcia-
meTesleobis Teoriuli safuZveli gaxda, ramac xeli Seuwyo genetikis 
Seswavlisadmi specialistTa interesis zrdas. 
     saqarTvelos agraruli universitetis genetikisa da seleqcia-
meTesleobis mimarTulebaze sagan _ “genetikis” Seswavlis optimi-
zaciisaTvis ZiriTadi sakiTxebis irgvliv SemuSavda daprogramire-
buli swavlebis saswavlo-makontrolebeli meTodi, romelic students 
saSualebas aZlevs damoukideblad imuSaos genetikis kanonzomierebaTa 
aTvisebaze da Camouyalibdes mecnieruli kvlevis unar-Cvevebi. 
 

genetikis sagani, amocanebi da kvlevis meTodebi 
 
   Ggenetika aris biologiuri ciklis mecniereba,  romelic Seiswav-
lis memkvidreobis da cvalebadobis, rogorc or erTmaneTis sawi-
naaRmdego, magram amave dros urTierTSoris mWidrod dakavSirebul 
process, romelic uzrunvelyofs sicocxlis uwyvetobas dedamiwaze. 
    memkvidreobaSi Cveulebriv igulisxmeba mSoblebis Tviseba _ 
gadascen TavianTi  niSnebi, Tvisebebi da ganviTarebis specifikuri 
Taviseburebani Svileul Taobas. mcenareTa TiToeuli saxeoba TaobaTa 
manZilze inarCunebs misTvis damaxasiaTebel niSnebs, Tvisebebs da gan-
viTarebis specifikur Taviseburebebs; memkvidreoba dakavSirebulia 
gamravlebis procesTan, xolo gamravleba _ ujredis gayofasTan da 
misi struqturisa da funqciis kvlavwarmoebasTan. odesRac war-
moqmnili cocxali materiis meore Taoba msgavsia pirveli Taobisa. 
Oorganizmebis gamravlebisas xSirad warmoiqmneba metad msgavsi niS-
nebi da Tvisebebi: Svilebi gansacvifreblad msgavsia mSoblebisa, ma-
gram maT Soris absolutur msgavsebas ara aqvs adgili, isini erT-
maneTisagan ama Tu im niSniT mainc gansxvavdebian. Aamrigad, 
memkvidreoba ar aris ubralo gadaReba ama Tu im Seucvleli niSnebisa 
da Tvisebebis warmoqmnisa, aramed Mmas yovelTvis Tan sdevs cvaleba-
doba. Oorganizmebis gamravlebisas ama Tu im niSnis SenarCunebis 
paralelurad icvleba meore niSani, warmoiqmneba ara marto msgavsi, 
aramed axalic. 
     sqesobrivi gamravlebis dros memkvidruli gadacema xorcieldeba 
sasqeso ujredebis meSveobiT. vegetatiuri gamravlebis dros 
memkvidreoba uzrunvelyofilia somaturi ujredebis gayofiT. Ti-
Toeuli organizmis individualuri ganviTarebis gegma gansazRvrulia 
agreTve misi memkvidreobiT. 
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     mcenareebSi da cxovelebSi memkvidreobis da cvalebadobis mov-
lena adamianTa yuradRebas ipyrobda uxsovari droidan, mravali sau-
kunis ganmavlobaSi adamianebi cdilobdnen gaegoT da aexsnaT cocx-
ali bunebis es gansacvifrebeli movlena, risTvisac wamoyenebuli iyo 
mravali hipoTeza; magram am saqmeSi gadamwyveti nabiji gadadga Cexma 
mecnierma gregor mendelma. 
  M memkvidreobis materialur safuZvels warmoadgens ujredis yvela 
elementi, romelsac aqvs reproduqciis da gayofis dros Svileul 
ujredebSi gadanawilebis  unari. Ddadginda, rom memkvidreobaSi gansa-
kuTrebulad mniSvnelovan rols asruleben ujredis birTvis specifi-
kuri struqturuli komponentebi _ qromosomebi. Qqromosomebi 
memkvidreobis ZiriTadi matarebelia da uzrunvelyofs TaobaTa man-
Zilze niSan-TvisebaTa memkvidreobiT gadacemas. molekuliaruli ge-
netikis ganviTarebam SesaZlebeli gaxada zustad gangvesazRvra dnm-is 
roli memkvidreobaSi da dReisaTvis ukve cnobilia, rom memkvidreobis 
materialuri matarebelia ara qromosoma, aramed dezoqsiribonuk-
leinis mJava. 
   Bbiologiuri mecnierebis, kerZod genetikis ganviTarebis saqmeSi 
udides miRwevas warmoadgenda memkvidreobis qromosomuli Teoriis 
Seqmna; romlis Tanaxmad  samemkvidreo erTeulebi _ genebi imyofeba 
qromosomebSi da ganawildeba TaobebSi ujredis gayofis dros qromo-
somebis gadanawilebis Sesatyvisad. SemdgomSi dadgenil iqna, ujredis 
citoplazmuri komponentebis roli sxvadasxva niSnis da Tvisebis 
memkvidreobiT gadacemis saqmeSi. 

maSasadame, memkvidreoba uzrunvelyofs materialur da funqcion-
alur memkvidreobas TaobaTa manzilze. cvalebadoba mdgomareobs 
samemkvidreo Canasaxebis genebis SecvlaSi da maT gamovlenaSi or-
ganizmTa ganviTarebis procesSi. 

cvalebadoba SeiZleba moxdes erTi an ramdenime genis Secvlis 
safuZvelze, garemos zemoqmedebis Sedegad, romelTac mutaciebi 
ewodeba. aseT cvalebadobas aqvs naxtomisebri Tvisebrivi xasiaTi. ma-
galiTad, fxiani  xorblis Secvla ufxo formiT, maRalReroiani xor-
blis Secvla mokleReroianiT da sxv. 

cvalebadoba SeiZleba gamowveuli iqnes sxvadasxva genis SeerTe-
biT, romelTa axali kombinacia iwvevs organizmis garkveuli niSnis da 
Tvisebis Secvlas. cvalebadobis aseT tips kombinirebuli memkvidreo-
biTi cvalebadoba ewodeba. magaliTad, Sejvarebisas mSoblebisagan 
gansxvavebuli axali formebis miReba (transgresia). 

amrigad, rogorc sqesobrivi, aseve usqeso gamravlebis dros 
memkvidreoba gansazRvravs ara marto mSobliur da Svileul STamo-
mavalTa Soris msgavsebas, aramed maT Soris gansxvavebasac, romelic 
memkvidreobiTia. 

genetikis mTavar amocanas Seadgens daamuSaos   memkvidreobisa da 
cvalebadobis meTodebi _ mcenareTa, cxovelTa da mikroorganizmTa 
adamianisaTvis sasurveli formebis misaRebad da organizmebis indi-
vidualuri ganviTarebis marTvisaTvis. 

genetikas, rogorc yvela mecnierebas, aqvs Tavisi kvlevis meTo-
debi: 
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1. hibridologiuri meTodi _ Sejvarebis sistemis gamoyenebiT Tao-
baTa aRzrdis manZilze, romelic calkeuli niSnebisa da Tvisebe-
bis memkvidreobis Seswavlisa da agreTve memkvidruli cvlilebe-
bis aRmoCenis saSualebas iZleva. hibridologiuri analizi, mende-
lis Semdeg Seivso rigi specifikuri meTodebiTa da xerxebiT, ro-
melic gaerTianda genetikuri analizis meTodSi da warmoadgens 
genetikis ZiriTad da specifikur meTods; 

2. citologiuri meTodi _ Seiswavlis organizmebis gamravlebis da 
memkvidreobis informaciis gadacemasTan dakavSirebul, gansa-
kuTrebiT ki, qromosomebis da sxva submikroskopuli ujredis 
struqturas. Tanamedrove citologiaSi farTod gamoiyeneba cito- 
da bioqimiuri, biofizikuri da fiziologiuri meTodebi ujredis 
diskretuli elementebis Seswavlis saqmeSi. am meTodebis safuZ-
velze Camoyalibda mecniereba _ citogenetika; 

3. ontogenetikuri meTodi _Aam meTodiT Seiswavleba genis moqmedeba 
da misi gamovlena organizmis individualuri ganviTarebis dros, 
e.i. ontogenezSi; sadac farTod gamoiyeneba transplantacia _ 
gadanergva, birTvis gadatana erTi ujredidan meoreSi da sxv.; 

4. statistikuri meTodi. Aam meTodiT Seiswavleba memkvidreobisa da 
cvalebadobis statistikuri kanonzomierebani. 
 
 

memkvidreobis citologiuri safuZvlebi. 
organizmebis ujreduli agebuleba 

 
dedamiwaze arsebuli yvela cocxali organizmi Sedgeba ujrede-

bisagan. ujredTanaa dakavSirebuli organizmebis mniSvnelovani 
cxovelqmedebis gamovlena: zrda da gamravleba, nivTierebaTa STanTqma 
da gamoyofa, sunTqva da gaRizianeba. mwvanefoTliani mcenareuli 
ujredebi fotosinTezis procesSi haeridan STanTqaven naxSirorJangs 
da mzis sxivur energias gardaqmnian sinTezirebuli organuli niv-
Tierebis qimiuri bmebis energiad. ujredisaTvis damaxasiaTebelia 
cocxali materiis yvela Tviseba da, amitom mas uwodeben cocxali 
organizmis struqturisa da funqciis ZiriTad erTeuls. Mmecnierebas 
ujredis Sesaxeb citologia (citos – ujredi, logos – mecniereba) ewodeba. 

arsebobs ujreduli organizaciis ori ZiriTadi tipi: prokario-
tuli da eukariotuli. isini gansxvavdebian Tavisi struqturiT. 

prokariotebisaTvis ar aris damaxasiaTebeli birTvis membrana da 
ar gaaCnia mkveTrad SemosazRvruli organoidebi. Ggenetikuri infor-
macia moTavsebulia      erTaderT qromosomaSi, romelic uSualod 
CarTulia citoplazmaSi. aseTi ujredebiT xasiaTdeba baqteriebi, 
lurj-mwvane wyalmcenareebi. 

eukariotebs aqvT mkveTrad SemosazRvruli: birTvi, birTvaki, mi-
toqondriebi, qloroplastebi da sxva organoidebi. Eeukariotebi aR-
Wurvilia energiis gardamqmneli mTeli rigi rTuli sistemebiT da 
srulyofili mitozuri aparatiT. Eeukariotebs miekuTvneba: cxovelebi, 
mcenareebi, sokoebi da wyalmcenareebi (garda lurj-mwvane wyalmce-
nareebisa). 
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forma da sidide. Mmcenareuli ujredebi formebiT mravalferova-
nia, rac damokidebulia organizmSi maT funqciasa da adgilmdebareo-
baze. Tavisufali ujredebi momrgvalo an ovaluri formisaa. 
sxvadasxva qsovilSi isini SeiZleba iyos wagrZelebuli, wawvetebuli, 
samkuTxediseburi da sxv. 

ujredebi zomiTac mravalferovania. maTi diametri meryeobs ram-
denime mikronidan ramdenime santimetramde. farulTeslovanebSi ujre-
dis sigrZe meryeobs 100-dan 1000 mlmk-mde. MmagaliTad, Kkartofilis 
gorglis parenqimuli ujredebi SeiZleba iyos 1mm da metic,Bbambis _ 
65 mm-mde. 

ujredi ZiriTadad Sedgeba ori nawilisagan _ citoplazmisa da 
birTvisagan, romelic Semofarglulia garsiT. 

ujredis garsi. Uujredis citoplazma SemosazRvrulia mkvrivi 
garsiT. Ggarsi mraval mniSvnelovan biologiur funqcias asrulebs. 
igi aregulirebs mudmiv nivTierebaTa cvlas ujredsa da garemos So-
ris, aseve sxvadasxva ujredebs Soris. romelic safuZvlad udevs mem-
branis SeRwevadobis Taviseburebas, romelic xorcieldeba wvrili 
forebis meSveobiT. garsi monawileobs ujredis kvebaSi, romelic 
xorcieldeba membranis moZraobiT, garsi icavs ujreds meqanikuri 
dazianebisagan, gamoyofs maT garemosagan da dazianebis SemTxvevaSi 
aqvs advilad da swrafad aRdgenis unari. 

ujredis garsi yalibdeba ontogenezis procesSi citoplazmisa-
gan, sxvadasxva etapze mimdinare qimiuri da bioqimiuri procesebis 
Sedegad. axlad warmoqmnili garsi warmoadgens elastiur membranas, 
romelic xasiaTdeba gaWimvis unariT. igi samSriani agebulebisaa. Sua 
Sre Sedgeba ujredSorisi nivTierebisagan, rac mis orive mxareze 
ganlagebul or danarCen Sres amagrebs. Mmcenareul garsSi Sedis ci-
toplazmis nivTierebebi: cilebi, nukleinis mJavebi, lipidebi da ce-
lulozis, hemicelulozis da peqtinuri tipis naxSirwylebi. 

ujredis garsis naz adgilebSi  gadis plazmodesmuli arxebi, 
romliTac xorcieldeba kavSiri mezobel ujredebs Soris. 

 
 

ujredis qimiuri organizacia   
 
  evoluciis procesSi yvela saxis ujredi  aRmocenda romel-

iRac SedarebiT erTgvarovani sistemis diferencirebis Sedegad. Yy-
vela ujredi qimiuri SedgenilobiT hgavs erTmaneTs. Mmcenareebisa da 
cxovelebis ujredebi Seicaven sxvadasxvagvar, magram erTmaneTis 
msgavs, raodenobrivad TiTqmis erTnair nivTierebebs. ujredis elemen-
tarul SemadgenlobaSi aRmoCenilia 65-ze meti elementi. cocxali 
bunebisaTvis damaxasiaTebeli raime specialuri elementi aRmoCenili 
ar aris. Ees ki cocxali da aracocxali bunebis urTierTkavSirsa da 
erTianobas migvaniSnebs. raodenobrivi Sedgenilobis  mixedviT 
ujredSi Semavali elementebi SeiZleba davyoT sam jgufad: 1. Jangbadi, 
naxSirbadi, azoti da wyalbadi_elementebi, romelTa raodenoba gansa-
kuTrebiT didia. maT wilad modis mTeli qimiuri Semadgenlobis 98%. 
2. kaliumi, magniumi, natriumi, kalciumi, rkina, gogirdi. fosfori da 
qlori_romelTa Semadgenloba procentis meaTasedi an measedi nawi-
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lia. saerTo jamSi ujredis Semadgenlobis 1,9%-ia. maT makroelemen-
tebs uwodeben; 3. danarCeni elementebi 0,01%-ze naklebia da maT mik-
roelementebi ewodebaT (cxrili 1). 

 
qimiur elementTa Semadgenloba ujredSi 

(procentebi nedl wonaSi) 
                                                                   cxrili 

1  
Jangbadi _ 65-75 
naxSirbadi _15-18 
wyalbadi _ 8-10 
azoti  _ 1,5-3,0 
kaliumi _ 0,15-0,4 
gogirdi _ 0,15-0,2 
fosfori _ 0,20-1,00 
qlori _ 0,05-1,0 
 

Mmanganumi _ 0,02-0,03 
 natriumi _ 0,02-0,03 
 kalciumi _ 0,04-2,0 
 rkina _ 0,01 – 0,015 
 cinki _ 0,0003 
 spilenZi _ 0,0002 
 iodi  _ 0,0001 
 ftori _ 0,0001 

 
 

organizmebisa da araorganuli samyaros obieqtebis qimiur Se-
madgenlobas Soris mniSvnelovani gansxvavebaa, rac molekuliarul 
doneze vlindeba. ujredSi Semavali yvela naerTi ar aris damax-
asiaTebeli cocxali bunebisaTvis. iseTi nivTierebebi, rogoricaa 
wyali da marilebi, gavrcelebulia cocxalis gareSec, magram or-
ganizmebSi da maTi cxovelmoqmedebis produqtebSi ukve karga xania 
aRmoCenilia iseTi naxSirbad-Semcveli naerTebis sakmaod didi ricxvi, 
romlebic mxolod organuli samyarosaTvis aris damaxasiaTebeli, ris 
gamoc maT organuli naerTebi ewodeba (cxrili 2). 

qimiuri naerTebis Semadgenloba ujredSi 
(procentebi nedl wonaSi) 

                              
                                 cxrili 2 

      
     wyali _ 75-85 
     cilebi  _ 10-20 
     cximebi _ 1-5 
     naxSirwylebi _ 0,2-2,0 
     araorganuli nivTierebebi _ 1,0-1,5 

      
wyali. Uujredis nivTierebaTa Soris raodenobrivad pirvel 

adgilzea wyali, Tumca misi Semcveloba sxvadasxvanairia. umetes 
SemTxvevaSi wyali mTeli ujredis masis 2/3-s Seadgens. 

ujredSi wylis didi Semcveloba misi normaluri moqmedebis au-
cilebeli pirobaa. rac ufro intensiuria ujredis nivTierebaTa cvla, 
miT metia masSi wylis  Semcveloba. Ddidi raodenobiT wylis da-
kargvisas ujredi sasicocxlo yvela Tvisebas kargavs da gadadis 
anabiozur mdgomareobaSi. 

7 
 



wyali gansazRvravs ujredis fizikur Tvisebebs, maT raodenobasa 
da plastikurobas. wyali gamxsnelia. ujredSi nivTierebebi 
wyalxsnaris saxiT Sedis da gadamuSavebuli ujredidan wyalxsnaris 
saxiTve gamoiyofa. wyali monawileobs cilebis, cximebis, naxSir-
wylebis da sxva nivTierebebis daSlaSi. aseT reaqciebs hidrolizuri 
ewodeba. wyali did rols asrulebs ujredSi siTbos ganawilebasa da 
gadacemaSi. wyalSi xsnad nivTierebebs hidrofiluri nivTierebebi 
ewodeba, xolo nivTierebebs, romlebic ar ixsneba 
wyalSi_hidrofobuli. 

araorganuli nivTierebebi organuli naerTebis ZiriTadi Se-
madgeneli nawilebia. naxSirbadi, wyalbadi, Jangbadi da azoti Sedis 
cilebis, naxSirwylebis da cximebis SemadgenlobaSi. Ggogirdi  Sedis 
mravali cilis SemadgenlobaSi, fosfori _ nukleinis mJavebis da atf-
is SemadgenlobaSi, manganums Seicavs qlorofili, kobalti aRmoCe-
nilia vitamin B12 –Sic. nawili elementebisa imyofeba araorganuli 
nivTierebebis, ZiriTadadi marilebis  saxiT. kaTionebidan 
mniSvnelovania: K+, Na+, Ga²+, Mg²+, anionebidan _ HPO4²־ , H2PO4־, Gl ־,  da 
HCO3־. 

cilebi. Uujredis mSrali nivTierebebidan raodenobrivad da 
mniSvnelobiT pirvel adgilzea cilebi. cilebs sxvanairad proteinebs 
uwodeben. cilebs axasiaTebs Zalian didi molekuluri masa. Mmis Sene-
baSi aTasi atomi monawileobs. 

 organul naerTTa Soris cilebi yvelaze rTuli naerTia. 
cilebi ekuTvnis im naerTTa jgufs, romlebsac polimerebi ewodeba da 
igi Sedgeba erTidaigive SedarebiT martivi struqturis, e.w. monomere-
bisagan. Mmonomerebia aminomJavebi. aminomJavebi Sekrebilia NH-CO_bmiT, 
romelsac peptiduri bma ewodeba. aminomJavaTa raodenoba dadgenilia 
da igi 20 saxeobisaa. cilis struqturis dasadgenad saWiroa vicodeT 
Tu romeli aminomJava Sedis mis SemadgenlobaSi. 

yovel cilas axasiaTebs dagrexvis gansazRvruli, mowesrigebuli 
da mudmivi xerxi. Aam dros Camoyalibebuli struqtura damokidebulia 
polipeptiduri jaWvis xasiaTze, e.i. mis aminomJavur Sedgenilobaze da 
aminomJavaTa ganlagebis Tanmimdevrobaze. cilis yvelaze martivi 
struqturaa TviT polipeptiduri jaWvi, roca peptiduri bmebi Sekre-
bilia aminomJavuri rgolebis jaWviT. Mmas pirveladi struqtura 
ewodeba. ufro maRali safexuria meoreuli struqtura, sadac 
cilovani Zafi daxveulia spiralis msgavsad. Aam dros erTi spiralis 
CO jgufsa da meore spiralis NH jgufs Soris warmoiqmneba wyal-
baduri bmebi. cilis meoradi struqtura ganicdis Semdgom awyobas. 
cila rTulad, magram TiToeuli saxis cilisaTvis sruliad gansaz-
Rvruli da zusti specifikurobiT ganicdis spiralis daxvevas da 
warmoqmnis cilis rTul konfiguracias, romelsac cilis mesameuli 
struqtura ewodeba. mesameuli struqturis warmomqmneli bmebi wyal-
badur bmebze sustia da qmnis e.w. vandervalsis an hidrofobul bmebs. 

mesameuli struqturis ganmtkicebaSi gansakuTrebul rols as-
rulebs kovalenturi S-S  bmebi. mesameuli struqturac ar aris 
saboloo. Uujredis birTvSi cilis molekulebi dakavSirebulia nuk-
leinis maJavaTa kidev ufro did molekulasTan da maTgan warmoqmnil 
kompleqsebs nukleotidebi ewodeba. iseT warmonaqmnebs, sadac cila 
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Camoyalibebuli mesameuli struqturiT aris warmodgenili, meoTxeul 
struqturebs uwodeben. 

rogorc ukve avRniSneT, cilis makromolekulis struqturas 
akavebs susti bmebi. rac maRalia cilis organizaciis done, miT ufro 
sustia misi bmebi. garemo faqtorebis (temperatura, marilianoba, qimi-
uri naerTebi) gavleniT makromolekulebis bmebi wydeba da icvleba 
cilis Tvisebebi. Aam process denaturacia ewodeba. ris gamoc adgili 
aqvs cilis struqturis Rrma cvlilebebs da Sidaujreduli cilis 
konfiguracias. 

cilas ujredisaTvis didi sasicocxlo mniSvneloba aqvs. 
ujredSi mimdinare qimiur reaqciaTa umetesoba nela mimdinareobs. 
reaqciaTa siCqare damokidebulia katalizatorebis arsebobasTan. 
swored pirvel adgilzea cilis biokatalizuri funqcia. Aaq Zalian 
mniSvnelovania fermentebis katalizuri aqtivoba. Aamitom cila fer-
mentul funqciasac asrulebs. Ddidi mniSvneloba aqvs cilis sasig-
nalo funqcias. cila axorcielebs ujredis Sida da gare garemodan 
mosuli signalebis miRebas. Uujredis cilebis unari sxvadasxva fizi-
kuri da qimiuri faqtorebis zegavleniT ganicados struqturis uku-
qcevadi cvlilebebi, safuZvlad udevs cocxali sistemis iseT 
mniSvnelovan Tvisebas, rogoricaa misi gaRizianobadoba. ujredis 
yvela saxis mamoZravebeli reaqcia gansakuTrebuli kumSvadi cilebis 
monawileobiT xdeba. reaqciaSi atf-is daSlis dros ganTavisufle-
buli energia pirdapir meqanikur muSaobaSi gadadis. Aamitom cilis 
funqciaa kumSvadoba. mTel sxeulSi nivTierebaTa gadatana xor-
cieldeba amiduri bunebis nivTierebebiT. cilebis am funqcias sa-
transporto funqcia ewodeba. organizmSi ucxo sxeulebis an ujrede-
bis Seyvanis dros gamomuSavdeba gansakuTrebuli cilebi, romlebsac 
antisxeulebi ewodeba. isini Trgunaven da uvnebelyofen ucxo 
sxeulebs, rac damcvelobiTi funqciiT aris gamowveuli.  

cila aris yvelaze mniSvnelovani ZiriTadi masala, romlisganac 
Sendeba ujredebi da maTi struqturuli warmonaqmnebi. cilisganaa 
agebuli ujredis gare garsi da yvela Sidaujreduli membranebi. 
cilebi asrulebs samSeneblo (struqturul) funqciasac. 

naxSirwylebi. isini Sedis yvela ujredis SemadgenlobaSi. Mmce-
naris yvela nawilSi: FfoTolSi, TeslSi, bolqvSi. Qqimiuri organi-
zaciis mixedviT naxSirwylebi iyofa martiv da rTul naxSirwylebad. 
rTuli naxSirwylebi polimerebia, romlis monomerebi martivi naxSir-
wylebia. martivi naxSirwylebia: glukoza, fruqtoza, riboza da dezo-
qsiriboza. rTuli naxSirwylebia: saxamebeli, glikogeni, celuloza. 

naxSirwylebi energiis wyaroa, romelic aucilebelia ujredis 
aqtivobisaTvis. moZraoba, sekrecia, biosinTezis reaqciebi da sxv. 
saWiroebs energiis xarjvas, romelsac Rebulobs naxSirwylebis 
daSlisa da daJangvis Sedegad. Ggarda energetikuli funqciisa, nax-
Sirwylebi asruleben saamSeneblo funqciasac, Mromlisganac Sedgeba 
mcenaris ujredis kedlebi da merqani. 

cximebi da lipoidebi. Mmcenareul ujredebSi cximebis Sem-
cveloba didi ar aris. cximis damaxasiaTebeli Tvisebaa wyalSi 
uxsnadoba. Qqimiurad cximebi sam atomiani spirtis, glicerinis da 
maRalmolekuluri cximovani mJavebis rTuli eTerebia. cximebis  
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garda ujredSi gvxvdeba cximebis msgavsi nivTierebebi, romelsac lip-
idebs uwodeben. isini gvxvdebian araTavisufal mdgomareobaSi cileb-
Tan naerTSi. Llipidebis da cilebis aseT kompleqss lipoproteidebi 
ewodeba. 

cximebi asruleben energetikul funqcias. cximebisa da lipidebis 
Zalian Txeli gare Sre Sedis ujreduli membranis SedgenilobaSi, 
riTac iqmneba garemosTan ujredis SigTavsis an misi calkeuli 
nawilebis Serevis dabrkoleba, amitom maT damcvelobiTi funqciac 
aqvT.  

  
 

ujredis calkeuli struqturis roli 
    
citoplazma. axalgazrda mcenaris ujredSi didi nawili ukavia 

citoplazmas. umartivesi mikroorganizmebis citoplazmasa da umaRles 
mcenareTa citoplazmas Soris arsebobs zogierTi msgavseba. maTSi 
gvxvdeba erTi da igive komponentebi (sur.1).  
    

 
suraTi 1. mcenareuli ujredis struqturuli agebuleba 
 

evoluciis procesSi ujredSi warmoiqmna ujredSida membranebi 
da agreTve ujreduli organelebi, magaliTad, mitoqondriebi, plas-
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tidebi da centriolebi, romlebic citoplazmis did nawils 
Seadgenen. zogierTi mcenaris da cxovelis embrionaluri ujredis ci-
toplazma gamoirCeva ujredSida membranis susti ganviTarebiT, is 
TiTqmis Sedgeba citolplazmuri matriqsisa da ribosomisagan. 

citoplazmuri matriqsis komponentebis monawileobiT, romelic 
Seicavs energiis warmoqmnisaTvis aucilebel fermentebs, ujredSi 
xorcieldeba biosinTezis procesi, romelTanac dakavSirebulia 
cocxali ujredis koloiduri Tviseba, citoplazmis moZraoba, TiTis-
taras warmoqmna da ujredis dayofa.  

amrigad, citoplazmuri matriqsi ujredis erT-erTi mTavari 
nawilia da misi ZiriTadi Sinagani garemoa. 

citoplazmis fiziko-qimiuri Taviseburebebi ganisazRvreba misi 
koloiduri TvisebiT. citoplazmis koloidur Tvisebas ganapirobebs 
masSi mravali nawilakis arseboba, romelTa jami qmnis kolosalur 
saerTo zedapirs da ukavSirdeba garemos da masTan urTierTqmedebis 
Sedegad uzrunvelyofs sxavasxvagvari fizikur-qimiuri procesebis 
mimdinareobas. 

citoplazmis Seswavla SeiZleba rogorc cocxal, aseve fiqsire-
bul ujredSi. cocxali citoplazmis SeswavliT_is elastiuri, 
naxevrad gamWvirvale ufero nivTierebaa da aqvs blanti konsistencia. 
citoplazmis ramdenime kompaqturi nawili matriqsia, maSin roca mem-
branul sistemas aqvs mkvrivi struqtura. moculobiTi wona cvaleba-
dobs 1,025-dan 1,055-mde. iSviaTad gvxvdeba ufro patarac (1,010), an Se-
darebiT ufro didic (1,060). 

citoplazmis qimiuri Sedgeniloba metad rTulia, is Sedgeba mra-
val nivTierebaTa naerTisagan, amaTgan ki metad mniSvnelovani kompo-
nentebia martivi da rTuli cilebi, ribonukleinis mJava (rnm), naxSir-
wylebi da lipidebi (cximismagvari nivTiereba). martivi cilebidan ci-
toplazmaSi Sedis histoni, protamini, albumini, globulini, rTuli 
cilebi warmodgenilia martivi cilebis SenaerTebis saxiT _ li-
poidebTan, naxSirwylebTan, nukleinis mJavebTan (lipoproteidi, glu-
koproteidi, nukleoproteidi). 

ujredis fraqcirebis Semdeg birTvis, mitoqondriebis da mikro-
somebis Tanmimdevruli gamoyofisas rCeba xsnadi fraqcia, romelic 
Sedgeba citoplazmuri matriqsis xsnadi cilebisa da fermentebisagan. 
xsnad fermentebs Soris, umTavress warmoadgenen fermentebi,  romle-
bic monawileoben glikolizis da aminomJavaTa aqtivaciis procesSi 
cilis sinTezis dros. amave fraqcias miekuTvneba fermentebi, romle-
bic mravali reaqciis katalizatorebia da romlis arseboba aucile-
belia atf-sa da xsnadi (transportuli) rnm-saTvis. 

eleqtronul mikroskopSi citoplazmaturi matrica Cans, rogorc 
homogenuri da wvrilmarcvlovani nivTiereba, zogjer masSi SeiZleba 
SevniSnoT uwvrilesi Zafebi (100-ze naklebi), rogorc citoplazmis 
struqturis damkavebeli. Tanamedrove SexedulebiT citoplazmuri ma-
tricas es Zafisebri komponentebi warmoiqmneba struqturuli cilebis 
polipeptiduri jaWvisagan, romlebic dakavSirebulia gardigardmo 
wyalbaduri kavSirebiT vandervalsuri ZaliT an ufro metad mkvrivi 
valenturi kavSiriT. gardigardmo an sigrZivi jaWvis am kavSirebis 
darRvevam da agreTve dagrexvis xarisxma anu agregaciam SeiZleba ci-
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toplazmis ama Tu im nawilis zolidan gulSi an piriqiT gadasvla 
gamoiwvios. 

citoplazmaSi araorganuli nivTierebebidan didi raodenobiT 
gvxvdeba wyali (80-85%), romelic did rols asrulebs ujredis 
cxovelmyofelobaSi. citoplazmaSi wyali SeiZleba iyos Tavisuflad 
an wyalbaduri kavSirebiT dakavSirebuli _ polaruli cilebis mole-
kulebTan. 

araorganuli nivTierebebidan citoplazmaSi gvxvdeba kalciumi, 
fosfori, kaliumi da gogirdi, romelTac didi mniSvneloba aqvT. 
garda farTod gavrcelebuli elementebisa C,O,H,N,U,K,Ca,Mg,P,S,Fe,Na,Cl 
zogierTi organizmis ujredebSi gvxvdeba: Li,Ba,Cu,Zn,Si,F,Cr,Br,I,Ag.   
miuxedavad imisa, rom zogierTi maTgani Zalian mcire raodenobiTaa 
aucilebeli ujredis normaluri funqcionirebisaTvis, organizmis 
cxovelmyofelobis saqmeSi. 

 
endoplazmuri bade. axla citoplazmis agebuleba iswavleba 

molekulur doneze. eleqtronuli mikroskopis meSveobiT damtkice-
buli iqna manamde gamoTqmuli mosazreba_citoplazmis badisebri 
struqturis arsebobis Sesaxeb. gamokvlevebiT naTelia, misi age-
bulebis sirTules garda adre cnobili komponentebisa ganapirobebs 
Semdegi: 1. citoplazmuri matrica, anu citoplazmis ZiriTadi niv-
Tiereba; 2. mravalricxovani diskretuli nawilakebi diametriT 100-200 
N°; 3. mravalricxovani membranuli struqturebi uwvrilesi arxebis 
saxiT, romelTac naTeli konturebi aqvT. mcenareuli da cxoveluri 
ujredis citoplazmis am universalur submikroskopul agebulebas 
uwodeben endoplazmur retikulums.  

eleqtronuli mikroskopis daxmarebiT gamovlenili iqna cito-
plazmis Sida membranis rTuli agebuleba, romelic xasiaTdeba sam-
fenianobiT. ufro detaluri SeswavliT aRmoCenili iqna, rom milakebs 
aqvT Taviseburi gafarToeba_cisternebi, romlebic gardaiqmnebian 
ufro msxvil buStulebad, xolo Semdeg Seerwymian vakuolebSi. amri-
gad, endoplazmuri bade warmoadgens ujredis SigniTa arxebis siste-
mas vakuolebiT, cisternebiT, SemosazRvrulia citoplazmuri mem-
braniT, SeerTebulia anastomizmebiT da ujredis citoplazmaSia Se-
Wrili, endoplazmuri badis are amovsebulia sxvadasxvanairi gam-
Wvirvalobis eleqtronmkvrivi masaliT da gansxvavdeba mis irgvliv 
myofi citoplazmisagan. 

citoplazmuri membranis ZiriTadi Taviseburebaa masSi SeuRweva-
doba, rac ganisazRvreba, erTi mxriv _ normaluri cxovelmyofelo-
bisaTvis zogierTi aucilebeli nivTierebis masSi SesvliT da meores 
mxriv _ ujredidan am cxovelmyofelobis maregulirebeli produqte-
bisa da wylis gamoyvaniT. 

TiToeuli tipis ujreds  axasiaTebs endoplazmuri qselis gan-
sazRvruli struqtura. 

endoplazmuri membranis zedapirze ganlagebulia ribonukleo-
tiduri granulebi_ribosomebi. endoplazmuri bade ganxiluli unda 
iqnes, rogorc ujredis erTiani cirkulatoruli sistema, romliTac 
is urTierTkavSirSia: garsTan, birTvTan da organelebTan. 

arCeven endoplazmuri badis or tips: granulovans da gluvs. 
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granulirebuli endoplazmuri bade warmoadgens ujredis Siga 
rTuli sistemis erT-erT komponentTagans, romelic monawileobas Re-
bulobs proteolituri fermentebisa da cilebis sinTezSi. gluvi 
endoplazmuri bade monawileobs ujredis sxva metabolistur proce-
sebSi, magaliTad: sinTezSi, segregaciasa da ujredSi lipidebisa da 
glikogenis gadaadgilebaSi. 

endoplazmuri badis funqcionaluri mniSvneloba mravalmxrivia. 
misi membranebi gamWolia da ramdenime ujreds erT mTlianobaSi 
akavSirebs. endoplazmuri bade calkeuli ubnis arxebiT dakavSirebu-
lia citoplazmuri membranis zedapirTan. endoplazmuri badis arxebi 
monawileoben ujreduli cvlis regulaciaSi, ujredidan _ ujredSi 
gaRizianebis gadacemaSi da a. S. 

 
goljis kompleqsi. 1898 wels italielma citologma goljim, 

pirvelma aRmoaCina citoplazmaSi badiseburi struqtura da uwoda 
,,ujredSigniTa badisebri aparati”, romelmac SemdegSi miiRo ,,goljis 
kompleqsis” saxelwodeba. 

endoplazmuri badis membranebi aerTianeben ujredebs erTmaneT-
Tan erTian funqcionalur sistemad, goljis kompleqsi ki ZiriTadad 
warmoadgens ujredSigniTa membranis sistemas. Tanamedrove war-
modgeniT is iTvleba vakuoluri sistemis diferencirebul nawilad. 
cocxal ujredSi is Znelad SesamCnevia, radgan misi gardatexis maCve-
nebeli axlos aris gialoplazmis gardatexis maCvenebelTan. mxolod 
eleqtronuli mikroskopis gamoyenebiT gaxda SesaZlebeli misi 
namdvili struqturis dadgena da aRmoCenili iqna misi submik-
roskopuli agebuleba. magram goljis kompleqsis funqcia da biolo-
giuri Tvisebebi jer kidev aradamakamayofileblad aris Seswavlili. 

goljis kompleqsi imyofeba yvela mcenarisa da cxovelis 
ujredSi.  

goljis kompleqsi monawileobs ujredSi mimdinare yvela sekre-
torul procesSi. mcenareul ujredSi SeZles ujreduli tixris gan-
viTarebis procesSi goljis kompleqsis monawileobis SemCneva, gol-
jis kompleqsis vakuolebSi aRmoCenili iqna mkvrivi nivTiereba, ro-
melic xmardeba dayofis dros ujredis tixris agebas. 

aris monacemebi lipidebis dagrovebaSi goljis  kompleqsis 
monawileobis Sesaxeb. goljis kompleqsi memkvidruli struqturis 
dayofisas, gadadis deda ujredidan Svileul ujredSi, iSleba 
calkeul elementebad da Tanabrad nawildeba Svileul ujredebSi. 
magram aris agreTve mosazreba da varaudi imis Sesaxeb, rom goljis 
kompleqsi SeiZleba Camoyalibdes endoplazmuri badis membranebidan. 

goljis kompleqsisaTvis damaxasiaTebelia ribosomebis ar arse-
boba endoplazmuri badis granulovan membranaze. 

goljis kompleqsi gamoirCeva lipoproteiduri bunebiT. masSi aR-
moCenili iqna fosforlipidebisa da tute fosfatazis maRali Sem-
cveloba. igi sruliad ar Seicavs askorbinis  mJavas, dnm-s da cito-
qromoqsidazas.  

 
lizosomebi. lizosomebi warmoadgens wvril granulebs, Semo-

farglulia membranebiT da amovsebulia SigTavsiT, romlis 
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SedgenilobaSi Sedis didi raodenobiT hidrolaza. misi damaxasiaTe-
beli Tvisebaa mkveTrad gamosaxuli mJave fosfatazas reaqcia. 
lizosomuri   membrana Sedgeba hidrolizis moqmedebisadmi gamZle 
nivTierebisagan, es ki aucilebeli pirobaa ujredSi Semavali niv-
Tierebebis lokalizaciisaTvis.  

goljis kompleqssa da lizosomas Soris arsebobs kavSiri, 
radgan goljis Semadgeneli diqtosomi da buStulakebi iZlevian 
reaqcias mJave fosfatazaze. 

mcenareul ujredSi tipiuri lizosomebi ar aris aRmoCenili, ma-
gram mcenareuli ujredis citoplazmis ultrastruqturis Seswavli-
sas dafiqsirebuli iqna lizosomisebri struqturebi, romlebic 
sididiT da morfologiiT mogvagonebs cxoveluri ujredis lizoso-
mas. 

 
citosomebi. citosomebi warmoadgenen mrgval sxeulebs, wvril-

marcvlovani SedgenilobiT da elementaruli membranebiT. isini yov-
elTvis SeerTebuli arian endoplazmuri badis retikulumis arxebTan. 
riTac is gansxvavdeba Tavisuflad ganlagebuli lizosomebisa da 
sferosomebisagan. 

citosomebi pirvelad aRwerili iqna xaxvis fesvis ujredebSi. am-
Jamad isini aRmoCenilia mraval farulTeslovan mcenareSi, wyalmce-
nareebsa da sokoebSi. 

 
sferosomebi. sferosomebs adre uwodebdnen mikrosomebs, romle-

bic warmoadgenen wvril mrgval sxeulebs, sinaTlis mikroskopiT Ses-
wavlisas maT sinaTlis Zlieri gardatexis unari aqvT. eleqtronuli 
mikroskopiT gamovlenilia sferosomebis struqtura. misi Sinagani 
Sedgeniloba osmofiluri badisebri struqturisaa da membranaSia Ca-
moyalibebuli.   

osmiumiT fiqsirebisas, sferosomebis zoma 0,55-0,9 mikronia da 
kargad iRebeba kristalvioletiT mewamul ferad, maSin roca mito-
qondriebi da plastidebi iRebeba mkrTal iasamnisfrad. mitoqondrie-
bisagan gansxvavebiT sicocxleSi ar iRebeba ianus mwvaniT. 

sferosomebSi zogierTi avtoris mier aRmoCenilia sxvadasxva 
fermenti da hidrolazebi (lipaza, mJave fosfataza, dezoqsiribonuk-
leaza). sferosomebi warmoadgenen citoplazmaSi formirebul cxi-
movani wveTebis winamorbed struqturebs. 

 
ribosomebi. mcenareuli da cxoveluri ujredis endoplazmuri 

badis aucilebeli komponenti, sferosebri mkvrivi sxeulakebi, romle-
bic faravs endoplazmuri badis membranis zedapirs, ribosoma ewodeba. 

ribosomebi Zalian patara (100-300 N°) zomisaa da maTi Seswavla 
Cveulebrivi sinaTlis mikroskopiT SeuZlebelia. 

ribosomebi zomiT da molekuluri wonis mixedviT iyofa or 
jgufad: pirvel jgufs miekuTvneba wvrili ribosomebi, romlebic aR-
moCenilia baqteriebsa da lurj-mwvane wyalmcenareebSi; mSral mdgo-
mareobaSi maTi zoma 200X170-ia; meore jgufs miekuTvneba SedarebiT 
didi zomis ribosomebi, romelic axasiaTebs cxovelebs, umaRles mce-
nareebs, sokoebs, wyalmcenareebs, romelTa zoma 240X200X200- N°s aR-
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wevs. ribosomebis Taviseburebani dakavSirebulia rnm-is absoluturad 
didi raodenobiT SemcvelobasTan da meore jgufis ribosomaSi cilis 
SedarebiT didi raodenobiT SemcvelobasTan.      

ribosomebis unikaluri Tvisebaa araTanabari subnawilakuri anu 
suberTeuli struqtura. 

Tanamedrove SexedulebiT, TiToeuli suberTeuli Seicavs TiTo 
maRal polimerul rnm-is molekulas da agebulia rnm-is dagrexili 
WimiT, romelsac aqvs spiraluri ubnebi da ganlagebulia ZiriTadi 
jaWvis perpendikularulad. TiToeuli spiralis areSi da mTliani 
spiralis ubnebSi moTavsebulia ribosomis cilebi, romelic amagrebs 
(acementebs) ribosomis kompaqturi struqturis mTlian konstruqcias. 
ribosomuli  rnm-is fuZis ganlageba ar Seesabameba komplementarul 
wess, romelsac dnm-saTvis gvTavazoben uotsoni da kriki.  

maRalorganizebul ujredTa ribosomebi Cveulebriv dakavSire-
bulia granulovani endoplazmuri badis membranasTan. ribosomebi mi-
magrebulia endoplazmuri badis membranaze, gamoirCevian spiraluri 
ganlagebiT da erTmaneTTan bogirebiT arian dakavSirebuli. ri-
bosomebi gvxvdeba agreTve birTvis garsis zedapirze. isini ar aris 
dakavSirebuli membranuli struqturebiT da Tavisuflad sxedan ci-
toplazmur matricaze, ribosomebi citoplazmis ucvleli komponente-
bia. mcenareul ujredebSi ribosomebis warmoqmna win uZRvis membranis 
warmoqmnas. ribosomebis kavSirs endoplazmur badesTan Zalian didi 
mniSvneloba aqvs cilis sinTezis procesisaTvis, radgan am SemTxvevaSi 
ribosomebi metad aqtiuria.  

ribosomebs Cveulebriv citoplazmis komponentebad Tvlian, ro-
melTa raodenoba da koncentracia ganisazRvreba ujredSi rnm-is Sem-
cvelobiT. 

mcenareul ujredebsa da qsovilebSi ribosomis koncentracia 
icvleba ontogenezis procesSi da damokidebulia kvebis pirobebze, 
ganaTebaze, wylis reJimze, temperaturaze, sxva garemo faqtorebsa da 
ujredis funqciaze.    mcenareul, cxovelur da mikroorganizmebis 
ribosomebs TiTqmis erTi da igive Sedgeniloba aqvT, isini war-
moadgenen ribonukleoproteidebs  da TiTqmis Sedgebian ribosomuli 
rnm-isa da struqturuli ribosomuli cilisagan.  

damtkicebulia, rom ribosomebSi mimdinareobs aqtivizebul ami-
nomJavaTa kondensacia da maTi polipeptidur jaWvad dawyoba geneti-
kuri informaciis Sesabamisad, romelsac Rebulobs birTvidan infor-
maciuli rnm-is meSveobiT. rigi cilebi sinTezirebul iqna izolire-
bul ribosomebSi da naCvenebi iqna maTSi niSandebuli aminomJavas 
CarTva. matricis rols cilis sinTezSi asrulebs informaciuli rnm, 
romelic CaerTveba  ribosomebSi da maT zedapirze mimdinareobs ami-
nomJavas kompleqssa da transportul rnm-s Soris urTierTqmedeba, 
komplementaruli nukleotiduri TanmimdevrobiT informaciul rnm-
Tan, romelic funqcionirebs ribosomebze. erTjeradi da polipep-
tiduri jaWvi sinTezis Semdeg irRveva da axlad sinTezirebuli cila 
ribosomaSi grovdeba. 

ujredSi cilis sinTezi xorcieldeba ara marto izolirebulad 
moqmedi calkeuli ribosomiT, aramed ribosomebis masiTac, romlebic 
funqcionireben erTad da Tanmimdevrulad. ribosomebis aseTma 

15 
 



Tavmoyram miiRo saxelwodeba poliribosoma, anda polisoma; romlebic 
Sedgebian 5-70 ribosomisagan, romelic dakavSirebulia wvrili ZafebiT 
(diametriT 10-15 N°) da erTmaneTisagan daSorebulia 50-150 N° manZiliT. 
varaudoben, rom es Zafebi warmoiqmnian rnm-is molekulebidan. 

poliribosomebi aRmoCenilia, rogorc umdables, aseve umaRles 
organizmTa ujredebSi. poliribosomebi warmoadgenen gansakuTrebul 
universalur struqturas, romelsac organizmi iyenebs aminomJavebidan 
cilis sinTezisaTvis. ribosomebis ricxvi ujredSi Zlier cvalebadia. 

 
mitoqondriebi. mitoqondriebi (berZnulidan mito-Zafi da qon-

drion-granula) ewodeba granulovan da Zafisebr warmonaqmns, ro-
melic axasiaTebs yvela mcenarisa da cxovelis citoplazmas. 

mitoqondriebis forma da sidide mravalgvaria, TviT erTi ujre-
dis SigniTac ki erTmaneTisagan gansxvavdebian. xSirad maT aqvT: 
granulisebri, Cxiriebri, marcvlisebri da Zafisebri forma. 

mitoqondriebis sigrZe meryeobs 0,5-dan 5,7 mikronis farglebSi, 
magram Zafismagvarma _ SeiZleba met sigrZesac miaRwios. mitoqondrias 
sigane  saSualod 0,5-1 mikronamdea. 3 da meti mikronis sididis mito-
qondriis SemCneva SeiZleba Cveulebrivi sinaTlis mikroskopiT.   

mitoqondriebis zoma didad aris damokidebuli ujredis fun-
qcionalur mdgomareobaze, osmosur wnevasa da garemos PH-ze.  

mitoqondriebis ganlageba ujredSi Cveulebriv Tanabaria, magram 
zogjer grovdebian birTvis irgvliv (umetesad paTologiur 
SemTxvevaSi) an citoplazmis periferiul nawilebSi; ujredis dayofis 
win ki _ TiTistaradan, metad Tu naklebad nawildebian Svileul 
ujredebs Soris. mitoqondriebi, rogorc energiis wyaro, lokaliz-
deba ujredis im ubnebSi, sadac saWiroa misi didi raodenoba. mito-
qondriebs rTuli ultrastruqtura aqvT, romelTa gamorCeva SeiZleba 
mxolod eleqtronuli mikroskopiT. 

qimiuri analiziT cnobilia, rom mitoqondriebi Seicaven cilebs, 
lipidebs, sunTqvis fermentebs (citoqromebi), sulfidul jgufebs, 
rnm-s, mSrali nivTierebis 0,5%-s. mitoqondriebSi vitaminebi: A, B6, B12, K, 
E. folis da pantotenuri mJavebi, riboflavini da kofermenti, 
sunTqvis fermentebi (citoqromoqsidaza da sunqcinatdehidrogenaza), 
trikarbonuli mJavas fermentebi da rigi fermentebisa, romlebic 
monawileoben dafosforebis sunTqvasTan kavSirSi  (adenilatkinaza,  
adenozintrifosfataza). fermentebi lokalizebulia garegan membra-
nebSi, kristebsa da kristebs Soris matriqsze. fermentebs eleqtro-
nul transportuli jaWviT Seicaven garegani da Sinagani membranebis 
osmofiluri fenis burTisebri sxeulebi, romelTac aqvT diametri 80-
100N°, romlebic dakavSirebuli arian membranebis naTel fenasTan da 
uwodeben submitoqondriul nawilakebs, isini mitoqondriebis martivi 
struqturuli elementebia.  

mitoqondirebis fermentebis raodenoba da aqtivoba damokidebu-
lia ujredis funqcionalur mdgomareobaze da icvleba ganviTarebis 
procesSi. mitoqondriebis Sinagani membranebis jami warmoadgens 
udidesi zedapiris fermentul sistemas. mitoqondriebis aqtivobis 
xarisxi pirdapirproporciul damokidebulebaSia misi zedapiris 
sididesTan da ujredSi mitoqondriebis raodenoba Seesabameba niv-
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TirebaTa cvlis intensivobas. mitoqondriebis aqtivoba gansakuTrebiT 
naTlad vlindeba ujredis zrdisas. am dros maTi ricxvi izrdeba 
dayofis da axladwarmonaqmnebis Sedegad. mitoqondriebi loka-
lizebulia SedarebiT aqtiur zonaSi. 

mitoqondriebis funqciaa naxSirwylebis, rigi aminomJavebis da-
Jangva, cximovan da trikarbonatul mJavaTa da mJangavi fosforebis 
ciklis procesi, ris Sedegad gamomuSavdeba  atf _ energiis mTavari 
wyaro, rasac ujredi iyenebs sinTezisa da aqtiuri muSaobis (sekrecia, 
moZraoba, zrda da a.S.) procesSi, rac mitoqondriebis mTavari fun-
qciaa; maTSi agreTve xocieldeba purinis mJavebis fosfolipidebisa da 
cilebis sinTezi. sunTqvis intensivoba damokidebulia ujredSi mito-
qondriebis raodenobaze. 

mitoqondriebis sinTezi ujredSi mimdinareobs ganuwyvetliv, maTi 
arsebobis xangrZlivoba 5-10 dRea. varaudoben, rom mitoqondriebi ga-
naxldebian rogorc axali warmonaqmnebi da aseve  dayofamde arse-
buli struqturis dayofiT. aris agreTve monacemebi mitoqondriebis 
warmoSobis Sesaxeb citoplazmuri buStulakebidan, romlebic vi-
Tardeba endoplazmuri badis cisternebidan. 

mitoqondriebi iyofian dakvirtviT. rodesac mimdinareobs gare-
gani mitoqondriuli membranebis gamoweva, es warmonaqmni mowydeba 
deda mitoqondrias; erTsa da imave dros formirebul gamonazardebSi 
warmoiqmnebian kristebi da osmofiluri granulebi. 

 
plastidebi. mwvane mcenareebis ujredebis mudmivi ujreduli or-

ganelebi plastidebia. sokoebs, baqteriebs, miqsomicetebs (lorwovani 
sokoebi) da agreTve lurj-mwvane wyalmcenareebs plastidebi ara aqvT.  

yvela tipis plastidebi erTmaneTTan genetikurad aris dakavSire-
buli, Tumca maTi funqcia mkveTrad specifikuria.  

plastidebis ricxvi sxvadasxva mcenareSi mniSvnelovnad cvale-
badia. farulTeslovan mcenareTa foTlis ujredSi plastidebis 
raodenoba cvalebadobs 20-dan 100-mde. 

umaRles mcenareebSi plastidebis forma erTsaxovania_diskosebri 
(momrgvalo-elifsiseburi), xolo wyalmcenareTa plastidebi (qro-
matoforebi) sxvadasxva formisaa: Cxirisebri, bafTisebri, spiralise-
bri, fialisebri da sxv. 

farulTeslovan mcenareebSi plastidebis sidide meryeobs 3-dan 
10 mikronamde. sxva plastidebTan SedarebiT leikoplastebi patara 
zomisaa. 

feradi plastidebi Seicavs pigmentebs, magaliTad qloro-
plastebSi gvxvdeba: qlorofili, qsantofili da karotini. qromo-
plastebSi: likopini, qsantofili da karotini. pigmentebi gvxvdeba 
kristalebis an amorfuli saxiT. plastidebs, citoplazmasTan Sedare-
biT didi moculobiTi wona axasiaTebs. 

plastidebi didi raodenobiT Seicaven sxvadasxva fermentebs, 
romlebic Tanmimdevrulad Caebmebian nivTierebaTa cvlaSi. isini mce-
nareuli ujredis metabolisturi procesebisaTvis agroveben energias; 
plastidebi wamyvan rols asruleben ujredSi samarago nivTierebis 
warmoqmnasa da gardaqmnaSi. 
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leikoplastebi gvxvdeba farulTeslovan mcenareTa yvela 
nawilSi, amasTanave TiToeul ujredSi maTi ricxvi Zalian didia.  

leikoplastebi ufero plastidebia, romlebic monawileoben 
Saqrebidan saxameblis sinTezSi. leikoplastebi ufro mkvrivi konsis-
tenciis cilovani sxeulakebia, vidre citoplazma, cilasTan erTad 
igi Seicavs mraval lipids. 

qloroplastebi (mwvane plastidebi) warmoadgenen iseT organ-
elebs, romlebic sinaTlis energiis monawileobiT ujredSi axor-
cieleben naxSirwylebis pirvelad sinTezs. qloroplastebi didi 
raodenobiT Seicavs fotosinTezis kontrolis fermentebs da agreTve 
iseT fermentebs, romlebic axorcieleben cilebis, cximovani mJavebisa 
da fosforlipidebis (estrazebi, fosfohilazebi, karbohidrazebi) 
sinTezs.  

qloroplastebis mwvane Sefervas ganapirobebs masSi mravali pig-
mentis arseboba. am pigmentebs Soris didi adgili ukavia qlorofils, 
garda amisa, Seicaven karotins da qsantofils. qlorofili Tavisi 
qimiuri SedgenilobiT eTerisebri SenaerTia. cnobilia qlorofili 
a,b,c da d. amaTgan yvelaze metad gavrcelebulia qlorofili a, ro-
melic damaxasiaTebelia yvela avtotrofuli mcenarisaTvis.  

 
birTvi 

 
birTvi mcenareuli da cxoveluri ujredis mudmivi da aucile-

beli nawilia. mas  memkvidreobis gadacemasa da ujredSi cilebis 
sinTezis stimulaciaSi wamyvani roli miekuTvneba. birTvis kontrolis 
qveS imyofeba agreTve ujreduli sunTqva. 

qsovilebisa da mTeli organizmis zrda mimdinareobs ujredis 
dayofiT. dayofa ki ufro intensiurad mimdinareobs axalgazrda em-
brionalur qsovilebSi. ujredis dayofas Cveulebriv win uZRvis birT-
vis dayofa, romelic SeiZleba imyofebodes an dayofis fazaSi, an  or 
dayofas Soris SualedSi. romelsac ewodeba interfaza. mravali ma-
salis safuZvelze irkveva, rom warmodgena interfazur birTvze, 
rogorc mosvenebul mdgomareobaSi myofze, sinamdviles ar Seefereba, 
radganac birTvsa da ujredSi cvlis procesebi ufro intensiurad in-
terfazaSi xorcieldeba. birTvis forma sxvadasxva ujredSi metad 
cvalebadia. Cveulebriv birTvi sferosebri warmonaqmnia, romelic ga-
remoculia citoplazmiT. birTvis forma, araiSviaTad, Seesabameba 
ujredis formas. magaliTad, parenqimul ujredebSi birTvs iSviaTad 
wagrZelebuli, anda ospismagavari forma aqvs. birTvi xSirad 
momrgvaloa, xolo prozenqimul ujredSi ki _ wagrZelebulia da 
gaWimulia ujredis RerZis sigrZiv. ukiduresi gadaxris SemTxvevas 
warmoadgens wyalmcenare xaralebis rizoidebis birTvi, romelic 
Zlier wagrZelebuli an datotvilia. magram zog SemTxvevaSi birTvi 
Tavisi formiT mkveTrad gansxvavdeba maTi Semcveli ujredebisagan. 
birTvis forma SeiZleba Seicvalos ujredis cxovelmyofelobis 
procesSi. 

mcenareuli ujredis birTvi mcire zomisaa. umaRles mcenareTa 
birTvis diametri saSualod meryeobs 10-30 mikrons Soris, xolo 
umdables mcenareebSi birTvi mniSvnelovnad pataraa. wyalmcenaree-
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bidan gamonaklisia zemoaRniSnuli xaralebis rizoidebis birTvi, 
romlis sigrZe 2750 mikronia, xolo sigane 5-10 mikroni. aseve gigan-
turi birTvi aqvs lorwovanebs, romlis diametria 500-600 mikroni. 

birTvis sidide mudmivi araa da is icvleba garemo pirobebTan 
dakavSirebiT, fiziologiuri mdgomareobiT, ujredis asakiT, kvebiT da 
a. S. 

birTvisa da citoplazmis zomebis SeswavliT gamoirkva, rom 
arsebobs kanonzomiereba, romlis Tanaxmad birTvis gansazRvrul 
moculobas Seesabameba citoplazmas gansazRvruli moculoba. aseT 
Sefardebas ewodeba birTvul-plazmuri Sefardeba, romelic damax-
asiaTebelia arsebuli tipis ujredebisaTvis, romelic Sedis mraval-
ujrediani organizmebis qsovilsa da organoebSi da warmoadgens 
ujredul konstantas, wonasworobas ujredis birTvsa da citoplazmas 
Soris. am wonasworobaSi agreTve igulisxmeba ujredSi qimiur niv-
TierebaTa gansazRvruli Sefardebac.  

birTvul-plazmuri Sefardeba arastabiluria da  icvleba 
sicocxlis sxvadasxva pirobebSi (SimSilis, temperaturuli reJimis 
Secvlisas, avitaminozis dros da   a.S.) da agreTve xelovnuri 
faqtorebis (magaliTad, ionizebuli radiacia da sxv.) zemoqmedebiT.  

mcenareTa ujredi xSir SemTxvevaSi erTbirTviania, magram 
umdables mcenareebSi SeiZleba arsebobdes ujredebi, sadac Warbobs 
orbirTvianoba da mravalbirTvianobac. 

birTvis adgilmdebareoba mcenareul ujredebSi ar aris mudmivi; 
magram axalgazrda embrionul ujredSi xSirad igi mdebareobs ujre-
dis geometriul centrSi. birTvis ujredis romelime mxareze 
gadanacvleba xdeba misi diferenciaciisas da siberisas, rogori mde-
bareobac ar unda hqondes birTvs is garemoculia citoplazmiT. 

mcenareuli ujredis birTvis ZiriTad morfologiur elements 
warmoadgens qromatini (kariotini), birTvis matrica (kariolimfa), 
birTvaki (nukleoli) da birTvis garsi (karioteka). 

SeiZleba SevniSnoT birTvis gansxvavebuli struqturebi. Txeli 
qromatinuli bade, romelic gansxvavdeba aqromatuli aresagan da mo-
Tavsebulia Txevad aqromatul areSi. igi SeiZleba iyos mkvrivi an 
fxvieri, buStisebri da Seqmnas mkveTri birTvuli bade, romelic lo-
kalizebulia gansazRvrul lokusebSi, romlebsac qromocentrebi an 
proqromosomebi ewodeba. amgvari tipis birTvSi mTeli qromatini 
Tavmoyrilia gansazRvrul ubnebSi_qromocentrebSi. 

birTvis agebuleba warmoadgens im rTuli metabolisturi proce-
sebis asaxvas, romelic mimdinareobs ujredis sicocxlis sxvadasxva 
periodSi. amitom birTvis agebuleba damokidebulia, rogorc mTeli 
protoplastis fiziologiur mdgomareobaze, aseve ujredis ganviTare-
bis fazebze. ujredis ontogenezis procesSi birTvis agebuleba ganu-
wyvetliv icvleba. birTvuli nivTierebis struqtura gansakuTrebiT 
naTlad vlindeba birTvis dayofis wina periodSi da agreTve misi gaR-
izianebisas. 

mcenareuli ujredis birTvi gamoirCeva SedarebiT mkvrivi kon-
sistenciiT da didi siblantiT, vidre citoplazma. birTvis konsis-
tencia uaxlovdeba balzamisa da glicerinis konsistencias da war-
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moadgens zols. maSasadame, birTvi fizikurad heterogenur struqtu-
ras warmoadgens. 

birTvis gansakuTrebuli Taviseburebaa _ misi deformacis unari. 
birTvis xvedriTi wona meyeobs_1,03-dan 1,1-mm mde. 
mcenareuli da cxoveluri ujredis birTvi Seicavs: cilebs, nuk-

leinis mJavebs, lipidebs, fermentebs; garda amisa, masSi aRmoCenili 
iqna sxvadasxva mineraluri marili (umetesad fosfori, kalciumi da 
magniumi). 

birTvis SedgenilobaSi Sedis martivi da rTuli cilebi; martivi 
cilebi ori tipisaa: fuZeebi (histonebi da protaminebi) da mJavebi 
(globulinebi, narCeni cilebi). rTuli cilebi _ martivi cilebis 
SenaerTebi nuklein mJavebTan (nukleoproteidebi, nukleohistonebi). 
garda nukleoproteidebisa, birTvis SedgenilobaSi Sedis lipidebi 
cximis wveTebis saxiT, anda proteidebTan SenaerTiT warmoqmnili 
lipoproteidebi.  

birTvSi rTuli cilebis Semcveloba cvalebadobs ujredis 
cxovelmyofelobis sxvadasxva periodSi. cilebis sinTezi ufro metad 
intensiuria interfazaSi. 

nukleinis mJavebi warmodgenilia rogorc dezoqsiribonukleinisa 
(dnm) da ribonukleinis mJavebi (rnm) – ujredis metad rTuli makro-
molekulebis saxiT. 

birTvis ZiriTad qimiur komponents warmoadgens dnm, romelic 
Sedis qromosomebis elementaruli komponentis SedgenilobaSi, ro-
melic Tan axlavs birTvs interfazaSi. dnm gadascems genetikur in-
formacias erTi Taobis ujredidan meores; is akodirebs mocemuli 
saxeobis ujredisaTvis specifikuri cilebis sinTezs. 

ujreduli birTvidan dnm pirvelad gamoyo miSerma 1869 wels da 
uwoda nukleini. misi monacemebiT es nivTiereba lokalizebulia birT-
vSi da Seicavs azotsa da fosfors. 1914 wels feolgenma moaxerxa 
sinjariT eCvenebina dnm-s feradi reaqcia. aTi wlis Semdeg am reaqciis 
daxmarebiT feolgenma gviCvena, rom birTvuli dnm koncentrirebulia 
qromosomebSi. 

birTvuli dnm SedarebiT mudmivia, erTi ujredis gansazRvrul 
qromosomTa anawyobisaTvis. 

literaturaSi miTiTebulia, rom arsebobs dnm-is ori tipi. me-
tabolurad stabiluri_genomuri, romelic dakavSirebulia genetikur 
funqciasTan da metabolurad ufro metad aqtiuri, e.i. gacvliTi dnm. 
pirveli tipis dnm damaxasiaTebelia euqromatinisaTvis, meore tipi _ 
heteroqromatinisaTvis.  

rodesac birTvi ujredis ZiriTadi nawilia _ birTvis garsi 
atarebs droebiT xasiaTs. rogorc cnobilia, is qreba da kvlav 
aRdgeba birTvis dayofisas.     

birTvis garsi rTuli warmonaqmnia, axasiaTebs forebi da endo-
plazmur retikulumTan dakavSirebulia milakebiT. 

birTvuli garsis garegani membrana uwyvetliv gadadis endoplaz-
muri badis membranaSi. Sinagani membrana mWidro kontaqtSia birTvis 
periferiul qromatinTan. 

birTvuli garsi xasiaTdeba forebiT_momrgvalo RruebiT, ro-
melic Tanabarzomieradaa ganawilebuli birTvis zedapirze. 
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birTvuli garsi morfologiurad da funqciurad dakavSirebulia 
citoplazmis endoplazmur badesTan. 

b i r T v a k e b i ewodeba wvril, xSirad burTisebr, anda 
elifsur warmonaqmnebs, romlebic imyofebian birTvis saerTo masaSi 
da birTvis nivTierebebisagan gansxvavdebian Tavisi fizikur-qimuri 
TaviseburebebiT. birTvakebi iSviaTad arasworia, TaTiseburi, wagrZe-
lebuli da bafTiseburic. 

birTvSi birTvakebis ricxvi meryeobs erTidan samamde. SeiZleba 
iyos metic, magram xSir SemTxvevaSi mxolod erTi birTvakia; zogjer 
es birTvaki sakmaod msxvilia, mcenareTa Soris am mxriv gamonaklisia 
wyalmcenareebi, romelTa birTvakebis ricxvma SeiZleba 100-mdec miaR-
wios. 

Tanamedrove gamokvlevebiT naTelia, rom birTvakis nivTiereba 
ZiriTadad Sedgeba submikroskopuli Zafebisagan (romelsac ewodeba 
nukleolonemebi) da amorfuli nawilisagan. nukleolonemebi birTvakis 
ZiriTadi Semadgeneli struqturaa da zogierTi citologis Sexed-
ulebiT monawileobs qromosomebis formirebaSi. 

birTvakSi garda nukleolonemisa aris zonebi, romlebsac ara 
aqvs granulebi (fibrilaruli adgilebi) da 50N° sisqis fibrilebisa-
gan Sedgeba.   

birTvaki mdidaria cilebiT (80-85%) da  rnm-iT (5%-mde) da war-
moadgens am nivTierebebis sinTezis aqtiur centrs; rnm-is Se-
madgenloba SesamCnevad cvalebadobs birTvsa da citoplazmaSi niv-
Tierebis cvlis aqtivobasTan dakavSirebiT. 

birTvaki aqtiur monawileobas Rebulobs nukleoproteidebis 
sinTezSi. is ujredSi warmoadgens rnm-is sinTezis erT-erT ZiriTad 
adgils. mravali gamokvleviT dasabuTebulia nivTierebaTa migracia 
birTvakidan citoplazmaSi. 

citologTa umetesoba varaudobs, rom birTvakebi warmoiqmnebian 
gansazRvruli qromosomis heteroqromatuli ubnebiT, e. w. birTvakebis 
,,organizatorebiT”. birTvakebis didi nawili dnm-s ar Seicavs, magram 
is gvxvdeba didi zomis birTvakebSi, romelic unda aixsnas heteroqro-
matinuli qromosomis calkeul nawilSi misi arsebobiT. 

birTvakebi ar xasiaTdebian uwyvetobiT. isini warmoiqmnebian 
yoveli mitozis telofazaSi. mitozis dros birTvakis gaqrobisas misi 
rnm da cilebi qromosomebSi gadadian, xolo axali birTvaki war-
moiqmneba qromosomaSi gadasuli Zveli birTvakis masalidan. meore 
mxriv, dadgenilia birTvakebisa da Tanamgzavriani qromosomebis 
kavSiri, amitom birTvakebis ricxvi Seesabameba Tanamgzavriani qromo-
somebis ricxvs. 

 
 

qromosomebi, maTi morfologia da struqtura 
 
qromosomebi birTvis mudmivi da aucilebeli komponentebia. Qqro-

mosomebis TviTwarmoqmnis unari dayofisas uzrunvelyofs maT 
memkvidreobas da mcenareuli da cxoveluri organizmebis erTi Tao-
bidan meoreSi am Tvisebebis memkvidreobiT gadacemas. 
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saxelwodeba “qromosomebi” SemoRebuli iqna germaneli mecnieris 
valdeieris mier 1888 wels, im Tvisebis gamo, rom fuZe saRebavebiT 
Zlierad iRebeba (qromo_feri, saRebavi, “soma”_sxeuli), qromosomebi 
Cveulebriv SesamCnevi xdeba mxolod birTvis dayofis dros. 1882 wels 
flemingma qromosomebi aRmoaCina cxovelur ujredebSi, xolo stras-
burgerma (1888) mcenareul ujredSi. 

ujredSi qromosomebis erTobliobas qromosomebis anawyobs 
uwodeben. organizmebSi asxvaveben ori tipis anawyobs _ haploidurs 
da diploidurs. haploiduri (erTmagi) anawyobi qromosomebis ricxviT 
orjer naklebia diploidurTan SedarebiT, romelic axasiaTebs 
sasqeso da mcenareTa gametofitis ujredebs da aRniSnaven n asoTi. 
Ddiploiduri (ormagi) anawyobi warmoiqmneba mdedrobiTi da mamrobiTi 
haploiduri anawyobidan. aseTi ricxviT xasiaTdebian mcenareuli da 
cxoveluri sxeulebis yvela somaturi ujredebi da aRiniSneba 2n-iT.  

qromosomebis ricxvi mcenareTa saxeobis mudmivi sistematikis 
erTeulia. misi ricxvi mcenareTa ujredebSi SeiZleba icvlebodes 2-
dan 100-mde an metic. Mmag.: veluri xorblebis diploidur anawyobSi 14 
qromosomaa, haploidebSi _7. magram magar xorbalSi Sesabamisad 28 da 
14, rbil xorbalSi 42 da 21, vaSlSi da msxalSi 34 da 17, WarxalSi 18 
da 9, simindSi 20 da 10.  

qromosomebis forma gamoirCeva didi mravalferovnebiT. Mmisi 
forma advili SesamCnevia birTvis dayofis periodSi, mitozis meta-
fazaSi da anafazaSi. qromosomebs xSirad Zafisebri an Cxirisebri 
forma aqvT. wagrZelebul qromosomebs SeiZleba hqondes Runi, ro-
melic mas V-sebr formas aZlevs, Tanabari an araTanabari mxrebiT. 
aseTi forma ganisazRvreba pirveladi SeSartvis (welis) mdebareobiT, 
romelic qromosomebis naTel, Seviwroebul nawils warmoadgens da 
dnm-s ar Seicavs. Aam nawilis SigniT imyofeba gansakuTrebuli stru-
qtura centromeris saxelwodebiT, romelic qromosomebs aZlevs for-
mas. 

qromosomaSi centromera yovelTvis gansazRvrul adgils ikavebs, 
misi funqcia dakavSirebulia qromosomebis moZraobasTan mitozis 
dros, Cveulebriv, yovel qromosomas erTi centromera aqvs da aseTi 
qromosomebi ekuTvnian monocentrul qromosomaTa jgufs. zogjer 
gvxvdeba orcentromeriani qromosomebi, romlebic ekuTvnian or cen-
tromerian qromosomaTa jgufs, aRwerilia ramdenime centromeriani 
qromosoma, romelTac policentruli ewodeba. isini mimagrebulia Ti-
Tistaraze mTeli Tavisi zedapiriT. 

centromeras metad rTuli struqtura aqvs da Sedgeba sami or-
magi zonisagan. Sua zona aregulirebs qromosomis kavSirs TiTista-
rasTan, xolo ori Svileuli qromatidi, romelic metafazaSi war-
moqmnis qromosomas, gansakuTrebuli dayofis ciklis unaris mqone 
nawilebad erTdebian. 

centromeris mdebareobiT qromosomebis sam formas arCeven: 1. ak-
rocentruli, roca centromera moTavsebulia qromosomis romelime 
boloze, xSirad maT Cxirisebri forma aqvT da erTi mxari naklebad 
emCnevaT; 2. submetacentruli _ araTanabarmxriani qromosoma, roca 
centromera gadaweulia centridan marjvniv an marcxniv; 3. metacen-
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truli _ centromerebi mdebareobs qromosomebis centrSi da Tanabar-
mxriania. 

qromosomebis meore damaxasiaTebeli Tvisebaa meoradi SeSartvis 
(welis) arseboba. Aamave dros maTi mdebareoba cvalebadobs sxvadasxva 
qromosomaSi, magram mudmivia TiToeuli maTganisaTvis. xSirad meorad 
welTan uwvrilesi ZafebiT mimagrebulia Tanamgzavrebi. zog 
SemTxvevaSi Tanamgzavrebis zoma imdenad mcirea, rom misi aRmoCena 
Znelia. Qqromosomas, romelsac Tanamgzavri aqvs, satelit qromosomas 
uwodeben.  

zogierT qromosomaSi meoradi SeSartva (weli) mWidrodaa da-
kavSirebuli birTvakebis warmoqmnasTan, amis gamo maT birTvakuli 
qromosomebi ewodeba. 

qromosomebis bolo ubnebi aRWurvilia specifikuri TvisebebiT 
da telomerebi ewodeba. qromosomebis sxva ubnebisagan isini polaru-
lobiT gamoirCevian. qromosomebis  fragmentebad daSlisas, isini 
moklebulia erTmaneTTan SeerTebis unars. 

qromosomebis morfologias gansazRvravs pirveladi SeSartva 
(weli), meoradi SeSartva, telomerebi da Tanamgzavrebi. Mmorfologi-
uri niSnebis jams, ricxvTan erTad, romlis saSualebiTac SeiZleba 
mocemul qromosomaTa anawyobis identifikacia, ewodeba kariotipi. 
Kkariotipis grafikul gamosaxvas kariograma, anu idiograma ewodeba. 

qromosomebis Sinagani agebuleba metad rTulia. Mmisi struqtura 
iswavleba sxvadasxva, urTierTSemowmebuli da erTimeoris Semavsebeli 
meTodebiT, rac SesaZleblobas gvaZlevs warmodgena viqonioT qromo-
somaze, rogorc ujreduli birTvis funqcionalur sistemaze. Qqromo-
somebis Sesaswavlad metad moxerxebuli obieqtia qsovilis kulturis 
meTodi da totaluri preparati. 

TiToeuli qromosoma Sedgeba ori qromatidisagan, TiToeuli 
qromatidi Sedgeba ori an ornaxevari qromonemisagan, xolo qromone-
mebi Sedgeba oris jeradi mikrofibrilebis konebisagan. TiToeul mik-
rofibrilis Zafs Seesabameba erTi molekula dnm. 

qromosomuli Zafebi warmoqmnian or sxvadasxvanairi tipis spi-
rals, erT-erTi Sedgeba advilad dasaSorebeli elementebisagan da 
ewodeba paranemuli spirali, meores, romelic Sedgeba akinZuli (gad-
axlarTuli) elementebisagan _ pleqtonuri, gaWimvisas is warmoqmnis 
e.w. relipcionur spirals, maTi spiralebis garCeva Znelia. 

 qromosomebis ubnebi xasiaTdeba gansxvavebuli SeRebvis unariT. 
Qqromosomis Zlier SeRebil ubnebs ewodeba heteroqromatinuli, xolo 
sustad SeRebil raionebs _ euqromatinuli. Hheteroqromatinuli 
raionebi genebs ar Seicavs, romlebic kontrols uweven organizmis 
niSnebis ganviTarebas, isini mxolod gavlenas axdenen maT ricxovnul 
gamovlinebaze. Ggenetikuri TvalsazrisiT heteroqromatinuli 
raionebi warmoadgens inertuls da maTi dakargva ujredis funqcioni-
rebaze gavlenas ar axdens. 

bioqimiuri gamokvlevebis Tanaxmad naTelia, rom qromosomebi 
Sedgeba dnm-is (45%) da histonebisagan (55%). Ggarda amisa, qromosomaSi 
gvxvdeba rnm, triftofani da narCeni cilebi. 

laboratoriuli mecadineobis mizania studentebis mier qromo-
somis ZiriTadi maCveneblebis, morfoligiisa da struqturis mixedviT 
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kariotipis gansazRvra. samuSaos msvleloba: romelime kulturis qro-
mosomaTa fotosuraTiT, romelic iWreba da ewebeba rveulSi, homolo-
giuri wyvilebis mixedviT cxrilis Sedgena, sadac students Seaqvs 
monacemebi (cxr.1). 

 
kariotipis gansazRvra 

                                                                  cxrili 
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qromosomaTa identifikaciis dasadgenad didi mniSvneloba aqvs spi-
ralizaciis xarisxs, amisaTvis sazRvraven spiralizaciis indeqss 
formuliT:  
 
        ori mokle qromosomis jami 

    Js =    _______________________________ 
         
        ori grZeli qromosomis jami 
 
   qromosomTa morfologiis dasaxasiaTeblad vsazRvravT qromosomTa 
absolutur sigrZes ( La) pirdapir mikroskopSi, an fotofirze. qromo-
somis (LLa) SefardebiTi sigrZe ganisazRvreba procentebSi:  
 
             Sesaswavli qromosomis sigrZe 
       LZ =  _________________________________          .100 
                         
           Kkariotipis yvela qromosomis sigrZe 
 
 
Mmxris indeqsi (JP) ganisazRvreba 
 
             Ddidi mxris sigrZe 
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        JP =   _________________________ 
              mokle mxris sigrZe 
 
 
 centromeruli indeqsi ganisazRvreba procentebSi: 
 
               mokle mxris sigrZe 
         JC = __________________________      .100 
             yvela qromosomis sigrZe 
 

kariotipis Sedgenisas xmaroben aRniSvnebs: grZeli qromosomebi 
aRiniSneba asoTi _ L, saSualo _ M, mokle _ S,  qromosomTa  tips:  
m_Mmetacentruli,  s_sub  metacentruli, a _ akrocentruli, meorad 
SeSartvas aRniSnaven _c, Tanamgzavrebs – t. mag., Tu gvaqvs 3Lm+1Lcm +aLS 
+1Mm+1Mst niSnavs, rom grZeli qromosomaa metacentruli, erTi grZeli 
_ meoradi SeSartvis, erTi grZeli submetacentruli, erTi grZeli 
submetacentruli meoradi SeSartvis, erTi saSualo metacentruli da 
saSualo submetacentruli TanamgzavriT.  

 
ujredis dayofa 

 
birTvisa da citoplazmis dayofa, romelsac Tan sdevs mTeli 

rigi rTuli cvlilebebi, ganxiluli unda iqnes, rogorc misi onto-
genezis dasruleba. 

arsebobs ujredis dayofis sxvadasxva tipi _ mitozi, amitozi, 
endomitozi da meiozi. 

 
mitozi  

 
mitozi birTvisa da ujredis dayofis ZiriTadi xerxia. igi erTu-

jredian organizmebSi uzrunvelyofs gamravlebas, xolo mravalujre-
dianebSi _ zrdasa da ganviTarebas. 

mcenareebSi birTvis dayofa pirvelad aRmoaCina i. Cistiakovma 
1874 wels likopidiumisa da Svetas sporis ganviTarebis Seswavlisas. 
birTvis dayofisTanave iwyeba mTeli ujredis dayofa da warmoiqmneba 
axali ujredis kedeli. Uujredis dayofis am stadias citokinezi 
ewodeba. 

mitozis Seswavlisas mxedvelobaSi unda miviRoT, rom ujredis 
dayofas win uZRvis mosamzadebeli periodi _ interfaza, rac Semdeg 
uzrunvelyofs ujredis dayofas. swored am dros birTvSi SeiniSneba 
metabolisturi procesebis maRali aqtiuroba, ris Sedegadac birTvi 
da citoplazma qmnis Tavisive msgavss _ damaxasiaTebeli agebulebiT 
da funqciebiT.   

mitozis rTuli da kanonzomieri meqanizmi gamomuSavdeba 
evoluciis procesSi. mitozis biologiuri mniSvneloba mdgomareobs 
axlad warmoqmnil ujredebSi qromosomebis memkvidruli masalis Ta-
nabrad ganawilebaSi. 

mitozis ganxorcielebisaTvis aucilebel pirobas warmoadgens 
qromosomebi, romelTac reduplikaciis unari aqvT. agreTve mitozuri 
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aparatis arseboba, romelic uzrunvelyofs qromosomebis polusebze 
gadaadgilebas. 

interfazaSi ganasxvaveben sam periods: 1. presinTezuri (G1), 2. 
sinTezuri (S) _ mTel periodSi xdeba dnm-is sinTezi, 3. postsinTezuri 
_(G2), igi Seesabameba preprofazas. Aam dros ujredSi mimdinareobs 
ZiriTadi procesebi _ qromosomebis reduplikacia da mitozis ganxor-
cielebisaTvis saWiro energiis dagroveba.  

interfazis xangrZlivoba mcenareul da cxovelur ujredebSi 
cvalebadobs 10-dan 20 sT-mde. sakuTriv mitozi xorcieldeba 1-2 da 
met sT-s. 

mitozi mimdinareobs erTmaneTisgan Tvisebrivad gansxvavebul 
ramdenime fazad. TiToeuli faza amzadebs SemdgomSi gadasvlas; roca 
ama Tu im fazis gasavlelad Sesabamisi pirobebi ar aris, mitozis 
procesi irRveva, rac gavlenas axdens ujredis Semdgom ganviTarebaze. 

ujredis dayofis mamoZravebeli Zalebia ujreduli centri da 
mitozuri aparati. 

ujreduli centri _ citoplazmuri organelia. Ddadgenilia, rom 
es organeli Sedgeba erTi da ori wvrili granulisagan, romelTac 
centriolebi ewodeba. maTi danaxva SeiZleba interfazaSi. centri-
olebi Cveulebriv SemosazRvrulia naTeli zoniT, romelsac uwodeben 
centromerebs, mis Semdeg ganlagebulia metad mkvrivi zona _ cen-
trosfera, romelTagan gamodian astrosferebi. profazaSi centri-
olebi miemarTebian polusebisaken, centrosoma gardaiqmneba wagrZele-
bul sxeulad _ centrodesmad, saidanac warmoiqmneba TiTistara. 

ujreduli centri TviTwarmoqmnadi sistemaa, romlis reprodu-
qcia win uZRvis qromosomebis reproduqcias, ris gamoc es ujreduli 
dayofis pirveli aqtia. 

mitozuri aparati ujredis mudmivi organeli araa da aramyar 
struqturas warmoadgens. Mmas mniSvnelovani adgili ukavia ujredis 
gayofaSi. mitozuri aparatis Camoyalibeba iwyeba profazis bolos da 
mTavrdeba metafazaSi. igi Sedgeba dayofis TiTistarasagan da qmnis 
Zafebis kompleqts. erTi kompleqtisagan yalibdeba sayrdeni Zafebi, 
romlebic akavSirebs ujredis polusebs erTmaneTTan, xolo meore 
kompleqtisagan yalibdeba gamwevi, anu qromosomuli Zafebi, romlebi-
Tac qromosomis centromebi mimagrebulia polusebTan.  
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nax.1. mitozuri cikli 
 
sayrdeni  Zafebi ganapirobeben TiTistaras saerTo struqturas, 

miemarTebian polusis erTi bolodan meoremde. Ggamwevi Zafebi uzrun-
velyofen qromosomebis ekvatoridan polusebisaken ganridebas, e.i. maT 
moZraobas metefazasa da anafazas dros. 

mitozur ciklSi gamoyofen profazas, metafazas, anafazis da 
telofazis periodebs. 

profaza _ mitozis pirveli fazaa. Aam fazaSi  birTvi moculo-
baSi izrdeba, Semdeg ki mimdinareobs qromosomebis ganviTarebis 
procesi. Pprofazis dros xorcieldeba ujredis birTvis struqture-
bis Zireuli gadajgufeba. romosomebs adreul profazaSi grZeli, 
wvrili Zafis saxe aqvT da radganac isini am dros naklebad spi-
ralur mdgomareobaSi imyofebian. Gganlagebuli arian birTvis mTlian 
RruSi. qromosomebis spiralizaciis xarisxi TandaTan Zlierdeba, ris 
gamoc isini xdebian kompaqturi struqturis, rac uzrunvelyofs maTi 
moZraobis SesaZleblobas mitozis Semdeg stadiaSi. Pprofazis bolos 
qromosomebi mokldebian, msxvildebian da gadainacvleben birTvis 
periferiebSi. profazis  dasasruls gvauwyebs birTvis garsis daSla 
da birTvakis gaqroba. Aam dros qromosomebis spiralizacia aRwevs 
maqsimums birTvakis gaqrobis dros ki misi SigTavsi gadainacvlebs 
Tanamgzavrian qromosomebSi, saidanac mitozuri ciklis dasrulebis 
Semdeg kvlav aRdgeba birTvaki.  

metafazaSi qromosomebi, romlebic jer kidev ar ganSorebulan, 
imyofebian polarizebuli mitozuri aparatis kontrolis qveS, isini 
Tavsdebian ekvatorul sibrtyeSi, gasayofi ujredis or poluss Soris. 
e.w. ekvatorul anu metafazur firfitaze. Mmetafazis ganmasxvavebelia 
centromerebis zusti ganlageba erT sibrtyeSi, polusebis mkveTrad 
Sua nawilSi. Mmitozis am periodSi TiToeuli qromosoma warmoiqmneba 
maqsimalurad damoklebuli ori qromatidisagan, romelTa Soris naT-
lad Cans gaswvrivi xvreli. 

Cveulebriv am fazaSi iTvlian qromosomebis ricxvs da swavloben 
maT morfologiur struqturas. 

im dros, rodesac Svileuli qromatidebi ganridebas iwyeben, gvi-
ani metafaza gadadis adreul anafazaSi. Aanafaza iwyeba centromere-
bis dayofis momentidan metafazaSi arsebuli wonasworobis Zalebis 
darRveviT da mTavrdeba Svileuli qromatidebis ori mopirdapire po-
lusisaken ganridebiT, jer centromerebi ubiZgeben erTmaneTs, Semdeg 
gamwevi Zafebi mokldeba da qromosomebi ganeridebian erTmaneTs, 
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sayrdeni Zafebi wydeba da qromosomebi TandaTan Tavs iyrian sawi-
naaRmdego polusebze. 

anafazas dasasruls, TiTistara ekvatorze mWidrovdeba da Rebu-
lobs kasrisebr formas, am dros yalibdeba fragmoplasti. 

telofaza iwyeba maSin, roca mTavrdeba qromosomebis ekvatori-
dan polusebisaken gadasvla. qromonemebi TandaTan despiralizdebian, 
grZeldebian da iseT mdgomareobas ubrundebian, rogoric hqondaT in-
terfazaSi. despiralizaciis paralelurad mimdinareobs qromosomebis 
irgvliv Tavmoyrili endoplazmuri badis nivTierebebidan axlad war-
moqmnili birTvebis garsis aRdgena. telofazis bolos Tanamgzavriani 
qromosomebidan xelaxla formirdeba birTvaki. 

amrigad, telofazis dasasruls warmoiqmneba ori birTvi, aRdgeba 
birTvis garsi da birTvi gadadis interfazul mdgomareobaSi. amiT 
mTavrdeba mitozi. 

mitozis xangrZlivoba damokidebulia qsovilis specifikaze, 
ujredis asakze, organizmis fiziologiur aqtiurobaze da garemos 
pirobebze. Mmitozis ganviTarebaze moqmedebs temperatura, ganaTeba, 
kveba, toqsikuri (narkotikebi da Sxamebi) nivTierebebi. 

mitozis asaTviseblad amovxsnaT amocanebi: 
a m o c a n a 1. 1-el nax.-ze mocemulia mitozuri dayofis perio-

debi da fazebi. cifrebis gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. interfazis romel periodSi xdeba dnm-is molekulis sinTezireba? 
2. mitozis romel fazaSi mTavrdeba dayofis TiTistaras Camoyalibeba? 
3. mitozis romel fazas ewodeba anafaza? 
4. mitozis romel fazebs moicavs dayofisa da moZraobis periodi? 
5. mitozis romel fazaSi aRdgeba birTvis garsi da birTvaki. 

                       
                            

amocanis gadawyveta 
 
students winaswar urigdeba trafareti cifrebiT. TiToeuli 

kiTxvis pasuxi aRiniSneba Sesabamis rigSi. 
1. mitozs win uZRvis dayofisaTvis saWiro momzadebis procesi, romel-

sac interfaza ewodeba. masSi asxvaveben sam periods: presinTezurs, 
sinTezurs, postsinTezurs. presinTezurSi mimdinareobs martivi 
cilebis _ histonebis sinTezi, sinTezurSi mimdinareobs dnm-is 
sinTezi, xolo postsinTezur periodSi xdeba dnm-is qromosomebis 
gaormageba da atf-is maragis dagroveba, e.i. pirveli kiTxvis 
pasuxia _ sinTezuri periodi. 1Nnax.-ze sinTezur periods Seesa-
bameba (S), romelic aRniSnulia cifriT 2.  

2. dayofis TiTistaras Camoyalibebis Sesaxeb literaturaSi 
sxvadasxva mosazreba arsebobs. mecnierebis erTi nawili miuTiTebs, 
rom misi Camoyalibeba iwyeba interfazaSi, xolo meoreni dasawy-
isad gvian profazas Tvlian, Cveni kiTxva, romelic dayofis Ti-
Tistaras damTavrebas exeba, yvela saxelmZRvaneloSi erTnairadaa 
miTiTebuli da aRiniSneba gvian profazaSi an adreul metafazaSi. 
suraTze naCvenebi gvaqvs mxolod gviani profaza da tipobrivi 
metafaza. Aamitom am kiTxvis pasuxi unda aRiniSnos cifriT 5. 
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3. anafaza iwyeba centromerebis dayofis momentidan. metafazaSi arse-
buli wonasworobis Zalebis darRveviT. centromerebi ubiZgeben 
erTmaneTs, Svileuli qromatidebi iwyeben moZraobas mopirdapire 
polusebisaken. jer scildebian centromerebis ubnebi, rasac 
swrafad mohyveba qromosomebis ganrideba polusebisaken. anafazis 
dasasruls TiTistara ekvatorze mWidrovdeba da Rebulobs kas-
risebr formas, romelsac fragmoplasti ewodeba. Tu es procesi 
studentma kargad icis, nax-ze advili mosaZebnia anafaza, romelic 
cifriT 7 aris aRniSnuli.   

4. mitozSi asxvaveben sam periods. Aa. reorganizaciis _ moicavs pro-
fazas, romlis drosac interfazaSi sinTezirebuli ujreduli ma-
salidan Sendeba qromosomis struqturuli elementebi da mito-
zuri aparati. amasTan, iSleba birTvaki da birTvis garsi. Bb. dayo-
fisa da moZraobis periodi _ metafaza da anafaza. Gg. rekonstru-
qciis periodi, romlis drosac ujredis tipobrivi organizacia 
aRdgeba _ telofaza. meoTxe kiTxvis pasuxi moicavs, metafazas da 
anafazas, amitom unda aRiniSnos orive cifriT _ 6-Ta da 7-iT.  

5. telofazis dasasruls warmoiqmneba ori birTvi, aRdgeba garsi; 
birTvaki da birTvi gadadis interfazul mdgomareobaSi. 
am periodSi birTvis dayofas Tan sdevs citoplazmis gayofac, 

romelic mTavrdeba citokineziT. suraTze telofazas Seesabameba ci-
fri 8 da 9, magram Cven gvekiTxebian garsisa da birTvakis aRdgenas, 
amitom unda aRiniSnos cifriT 9. 

a m o c a n a 2. suraTze mocemulia mitozuri dayofis periodebi 
da fazebi. cifrebis  gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. interfazis romel periods ewodeba presinTezi?  
2. interfazis romel periods ewodeba postinTezi? 
3. mitozis romel fazaSia ganlagebuli qromosomebi ekvatorze? 
4. mitozis romel fazaSi xdeba qromosomebis centromerebis mTliani 

daSoreba? 
5. mitozis romel fazaSi gvxvdeba birTvi, birTvaki da qromosomebi? 

a m o c a n a 3. suraTze mocemulia mitozuri dayofis periodebi 
da fazebi. cifrebis  gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. interfazis romel periodSi xdeba dnm-is molekulis reduplikacia? 
2. interfazis romel periodSi iwyeba mitozuri TiTistaras 

Camoyalibeba? 
3. mitozis romel fazaSi mTavrdeba mitozuri TiTistaras 

Camoyalibeba? 
4. mitozis romel fazaSi iwyeba qromosomebis spiralizacia? 
5. mitozis romel fazas ewodeba metafaza? 

a m o c a n a 4. suraTze mocemulia mitozuri dayofis periodebi 
da fazebi. cifrebis  gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. mitozis romel fazas ewodeba anafaza? 
2. interfazis romel periods ewodeba presinTezuri? 
3. mitozis romel fazas ewodeba telofaza? 
4. mitozis romel fazaSia  ukeT gamosaxuli qromosomebis agebuleba? 
5. mitozuri ciklis romel periodSi xdeba citoplazmis da misi or-

ganoidebis mTliani gancalkeveba Svileul ujredebSi? 
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a m o c a n a 5. suraTze mocemulia mitozuri dayofis periodebi 
da fazebi. cifrebis  gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. mitozis romel fazaSia qromosomebi ganlagebuli ujredis ekva-

torze? 
2. mitozis romel fazas ewodeba profaza? 
3. mitozis romel fazas moicavs rekonstruqciis periodi? 
4. interfazis romel periodSi xdeba dnm-is molekulis reduplikacia? 
5. mitozis romel fazaSi xdeba dayofis TiTistaras Zafebis mimagreba 

qromosomebis centromerebTan? 
a m o c a n a 6. suraTze mocemulia mitozuri dayofis periodebi 

da fazebi. cifrebis  gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. mitozis romeli fazis bolos xdeba birTvis garsis daSla? 
2. interfazis romel periods ewodeba postsinTezuri? 
3. mitozis romel fazas moicavs reorganizaciis periodi? 
4. mitozis romel fazas ewodeba metafaza? 

a m o c a n a 7. suraTze mocemulia mitozuri dayofis periodebi 
da fazebi.   cifrebis  gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. mitozis romel fazaSi xdeba qromosomebis despiralizacia? 
2. mitozis romel fazaSi xdeba birTvakis daSla? 
3. interfazis romel periodSi xdeba martivi cilebis dagroveba? 
4. mitozis romel fazas ewodeba anafaza? 
5. mitozis romel fazas moicavs dayofisa da moZraobis periodi? 

a m o c a n a 8. suraTze mocemulia mitozuri dayofis periodebi 
da fazebi. cifrebis  gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. mitozis romel fazas ewodeba metafaza? 
2. mitozis romel fazaSi iwyeba birTvis garsis da birTvakis aRdgena?  
3. interfazis romel periodSi xdeba birTvis memkvidruli masalis  

gaormageba? 
4. mitozis romel periodSi xdeba ujredis struqturis  reorgani-

zacia? 
5. romel fazas ewodeba citokinezi.  

a m o c a n a 9. suraTze mocemulia mitozuri dayofis periodebi 
da fazebi. cifrebis  gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. mitozis romel fazaSi xdeba kinetoqorebis mimagreba TiTistaras 

gamwev ZafebTan? 
2. mitozis romel fazaSi mTavrdeba citoplazmisa da misi organoide-

bis gadanawileba Svileul ujredebSi? 
3. interfazis romel periods ewodeba postsinTezuri? 
4. interfazis romel periodSi xdeba dnm-is sinTezireba? 
5. mitozis romel fazaSi iwyeba centromerebis dayofa? 

a m o c a n a 10. suraTze mocemulia mitozuri dayofis periodebi 
da fazebi.   cifrebis  gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. mitozis romel fazas ewodeba telofaza? 
2. mitozis romel fazaSi xdeba qromosomebis daTvla? 
3. mitozuri ciklis romel periodSi xdeba birTvis rekonstruqcia 

Svileul ujredebSi? 
4. mitozis romel fazaSi iwyeba birTvakis regeneracia? 
5. mitozis romel fazas ewodeba prometafaza? 
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a m o c a n a 11. suraTze mocemulia mitozuri dayofis periodebi 
da fazebi. cifrebis  gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. interfazis romel periodSi xdeba ujredis genetikuri masalis 

gaormageba? 
2. mitozis romel fazaSi xdeba aqromatinebuli TiTistaras Zafebis 

Camoyalibeba? 
3. mitozis romel fazaSi xdeba centromerebis ekvatoris sibrtyeSi 

ganlageba da qromosomebis morfologiis mkveTri gamosaxuleba? 
4. romel fazas ewodeba citokinezi? 
5. mitozuri ciklis romel periods ewodeba postsinTezuri? 

a m o c a n a 12. suraTze mocemulia mitozuri dayofis periodebi 
da fazebi.   cifrebis  gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. mitozis romel fazaSi Sedgeba qromosomebi ori qromatidisagan? 
2. interfazis romel periodSi xdeba martivi cilebis sinTezireba? 
3. mitozis romel fazaSi iwyeba qromosomebis spiralizacia? 
4. mitozis romel fazaSi iwyeba qromosomebis gadaadgileba po-

lusebze? 
5. mitozis romel fazas ewodeba metafaza? 

 
 

meiozi 
 
meiozi damaxasiaTebelia sqesobrivad mamravli yvela organiz-

misaTvis. termini “meiozi” warmodgeba berZnuli sityvidan “meiozis”, 
rac niSnavs Semcirebas. meiozis dros mimdinareobs qromosomebis 
ricxvis reduqcia (orjer Semcireba), amis gamo adre am process redu-
qciul dayofasac uwodebdnen. 

gametebis warmoqmnisas qromosomebis ricxvis orjer   Semcireba 
aucilebelia, radgan ganayofierebis (gametebis Serwymis) Sedegad 
(zigotaSi) mimdinareobs misi gaormageba. Tu gametebis warmoqmnisas 
qromosomebis gaormagebuli raodenoba orjer ar Semcirda, maSin maTi 
ricxvi Taobidan Taobamde gaizrdeba; amitom yvela organizmisaTvis, 
romelTac axasiaTebT sqesobrivi gziT gamravleba, aucilebelia qro-
mosomebis gansxvavebuli ricxviTi fazebis morigeobis aqti, haplofaza 
_ gametofitisa da diplofaza sporofitisa. 

meiozi Sedgeba erTmaneTis Tanmimdevi ori dayofisagan: redu-
qciuli, romelsac Tan sdevs qromosomebis ricxvis orjer Semcireba 
da ekvaciuri, romelic iseve mimdinareobs, rogorc Cveulebrivi mi-
tozi. Mmeiozis ciklis Tanmimdevar fazebs aRniSnaven reduqciuli I-
iT, xolo ekvaciurs _ II-iT. 

meiozi iwyeba reduqciuli dayofis profaza I-iT. romelic 
Sedgeba xuTi stadiisagan:    leptonema, zigonema, paqinema, diplonema, 
diakinezi (nax.2). 

leptonema _ qromosomebi am fazis dasawyisSi wvrili, grZeli da 
Znelad   gasarCevia. TandaTan qromosomebi erTmaneTisagan mkveTrad 
gansxvavdebian. Aadreul leptonemaSi qromatinuli Zafebi birTvis 
mTlian areSi uwesrigodaa gabneuli. leptonemas dasasruls iwyeba am 
Zafebis paralelurad ganlageba.  
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zigonema _ iwyeba homologiuri (homologiuri _ iseTi wyvili 
qromosomaa, sadac   erTi miRebulia, kvercxujredidan, xolo meore _ 
spermidan), qromatinuli Zafebis wyviladi ganlagebiT, e.i.xdeba 
koniugacia, ris Sedegadac miiReba bivalentebi, am dros qromosomebi 
SeiZleba SeerTdnen TavianTi polarizebuli boloebiT, maSin koniuga-
cia xorcieldeba mTeli sigrZiT an SeerTdebian calkeuli ubnebiT. 
koniugacia gamoirCeva gansakuTrebuli sizustiT da specifikurobiT. 
zigonemis dasasruls  iwyeba qromosomaTa spiralizacia. 

paqinema _ qromosomebis spiralizacia Zlierdeba, isini mokldeba 
da msxvildeba. spiralizacias Tan sdevs homologi qromosomebis 
urTierTgadagrexa, gadajvaredineba, rasac krosingoveri ewodeba. 
krosingoveris Sedegad qromatidebs Soris mimdinareobs ubnebis 
urTierTgacvla, segmentebis Serwyma. amas didi mniSvneloba aqvs maTi 
genetikuri daxasiaTebisaTvis. igi iwvevs Rrma gardaqmnebs, krosing-
overis saSualebiT xelsayreli pirobebi iqmneba SejvarebiT miRebuli 
iqnes TaobebSi mravalferovani genetikuri masala. 

diplonema _ grZeldeba qromosomebis Semokleba da gamsxvileba. 
centromerebi iwyeben ukugdebas, am dros qromatidebi, romlebic mTel 
sigrZezea SeerTebuli, erTmaneTs Sordebian da zog adgilas rCeba 
SeerTebuli. SeerTebis adgilebs qiazmebi ewodeba. qiazmebis ricxvi 
damokidebulia qromatidebis sigrZeze da spiralizaciis xarisxze. 
TviT qiazmebis raodenoba uzrunvelyofs krosingovers. rac metia qi-
azma, miT meti axali niSan-Tviseba warmoiqmneba. 

diakinezi _ bivalentebi maqsimalurad mokldeba, birTvaki 
mcirdeba da bolos qreba, TandaTan bivalentebi lagdeba birTvis 
periferiebSi, spiralizacia aRwevs maqsimums da iSleba birTvis garsi. 

 metafaza I _ formirdeba mitozuri aparati, romlis ZiriTadi 
elementia TiTistara da qromosomebi lagdebian TiTistaras ekva-
torze. homologiuri qromosomebi orientirebulia ise, rom bivalen-
tis erTi qromosomis centromeri mimarTulia erTi polusisaken, 
xolo meore _ meore polusisaken. amasTanave, centromerebi erTmaneTs 
Zlier ubiZgeben, gansxvavebiT mitozisa. meiozSi dayofis erTeuls 
warmoadgens ara qromatida, aramed qromosoma, amitom dayofis 
erTeulis orjer gamsxvileba iwvevs qromosomebis ricxvis orjer 
Semcirebas. 

 anafaza I _ homologiuri qromosomisagan Semdgari bivalentebi 
calkevdebian,     erTmaneTs ubiZgeben da sxvadasxva polusisaken mie-
marTebian. Aanafazur qromosomebs sxvadasxva forma aqvT, rac da-
mokidebulia maTi centromerebis mdgomareobaze. anafazaSi ganSorebis 
Semdeg mdedrobiT da mamrobiT qromosomaTa Semadgenloba gasxvavdeba 
sawyisisagan, radgan gadajvaredinebisas homologiuri qromatidebi ub-
nebs icvlian. 

telofaza I _ qromosomebi Tavs iyrian sawinaaRmdego polusebze. 
qromosomebi garkveuli droiT kondensirebul mdgomareobaSia da in-
arCuneben TavianT morfologiur Tvisebebs, amis Semdeg iwyeba Semok-
lebuli interkinezi _ or dayofas Soris mosvenebis periodi. zogierT 
mcenareebSi interkinezi gaxangrZlivebulia da am dros xdeba qromo-
somebis despiralizacia. 
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telofaza I –is bolos miiReba erT ujredSi ori birTvi, ro-
melic gamoyofilia tixriT, maT meiozis diada ewodeba. diadas Ti-
Toeul ujredSi qromosomebis ricxvi gansxvavebulia (haploiduri).  

profaza II. Mmeiozis meore dayofa mimdinareobs swrafad. 
Ppirveli dayofis Semdeg birTvebi momzadebulia. Mmokle profaza II-is 
Semdeg swrafad yalibdeba TiTistara da iwyeba metafaza II. Qqromo-
somebi, romlebic Sedgebian ori gancalkevebuli qromatidisagan da 
SeerTebulia centromerebiT, lagdebian TiTistaras ekvatorze. meta-
faza II-is bolos TiToeuli qromosomis qromatidebis  SemaerTebeli 
centromerebi calkevdebian da ori Svileuli qromatidi swrafad gan-
erideba sawinaaRmdego polusebisaken da iwyeba anafaza II. 

anafaza II. radgan meiozis meore dayofis dros qromosomebis 
sigrZivi naxevrebi (qromatidebi) ganeridebian erTmaneTs, telofaza 
II_Si warmoqmnili oTxi birTvidan TiToeulSi xdeba sawyisi qromo-
somis TiTo qromatida, amgvarad, TiToeuli es oTxi birTvi Seicavs 
qromosomebis haploidur ricxvs, amave dros TiToeuli qromosoma 
warmodgenilia erT egzemplarad. 

telofaza II –Si qromosomebi despiralizebulia, warmoiqmneba 
Svileuli birTvebi da Caisaxeba ujreduli tixari. Ees procesi 
diadis yovel ujredSi mimdinareobs sinqronulad. Aamrigad, Ti-
Toeuli mikro am megasporis dediseuli ujredi meiozis ori dayofis 
Semdeg warmoqmnis 4 sporas, Qqromosomebis haploiduri ricxviT. Amas 
meiozis tetrada ewodeba. 

meiozis asaTviseblad amovxsnaT amocanebi.   
a m o c a n a 1. me-2 nax.-ze mocemulia ujredebis meiozuri day-

ofa. cifrebis gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. meiozis romel fazaSi mimdinareobs qromosomebis koniugacia? 
2. meiozis romel fazaSi ganlagdebian bivalentebi ujredis ekva-

torze? 
 3. meiozis romel fazaSi miiReba diada? 
 4. meiozis romel fazas ewodeba metafaza II? 
 5. qeris sawyis arqesporialur ujredebSi 42 qromosomaa. ramdeni 

qromosoma iqneba mikrosporaSi? 
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nax. 2. meiozuri cikli 
 

amocanis gadawyveta 
 
1.  meiozis cikli Sedgeba ori Tanmimdevruli dayofisagan _ 

pirveli (I) da meore (II). Ppirveli, reduqciuli dayofis profaza I 
metad rTulia da igi dayofilia xuT stadiad: leptonema, zigonema, 
paqinema, diplonema da diakinezi. Lleptonema Seesabameba mitozis 
adreul fazas. qromosomebi am dros wvrili da Znelad gasarCevia. Sem-
degSi qromatinuli Zafebis saxe TandaTan SesamCnevi xdeba. qro-
matinuli Zafebi birTvis mTlian areSi uwesrigod danawildeba da 
iwyeba paralelurad ganlagebis tendencia. Lleptonemasa da zigonemas 
Soris xSirad arCeven Sualedur fazas, rasac sinapsisis stadia 
ewodeba. 

zigonema xasiaTdeba homologiuri qromatinuli Zafebis wyviladi 
ganlagebiT,   e.i. iwyeba qromosomebis koniugacia. Aam dros qromo-
somebi SeiZleba SeuerTdes polarizebuli boloebiT da iwyeba biva-
lentebis warmoqmna. Kkoniugacia gamoirCeva gansakuTrebuli sizustiT 
da specifikurobiT. TiToeul wyvilSi koniugirdeba ori homologiuri 
qromosoma (mdedrobiTi da mamrobiTi). 

aRniSnul kiTxvas Seesabameba zigonema. Mme-2 naxazze zigonema aR-
niSnulia cifriT 2. 

2. CvenTvis cnobilia, rom bivalentebi ujredis ekvatorze 
ganlagdebian metafazaSi. am dros bivalentis erTi centromera mimar-
Tulia erTi polusisaken, xolo meore _ meore polusisaken. imis gamo, 
rom meiozi ori dayofisagan Sedgeba _ metafaza I da metafaza II, 
sruli pasuxis gasacemad unda aRiniSnos orive metafaza. suraTze 
metafaza I-s Seesabameba cifri 7, xolo metafaza II-s _cifri 12. meore 
kiTxvis pasuxad aRiniSneba cifri 7 da 12. 

3. reduqciuli dayofis telofazaSi qromosomebi sawinaaRmdego 
polusebze nawildeba, imyofebian kondensirebul mdgomareobaSi, inar-
Cuneben TavianT morfologiur Tvisebebs, mcenareebSi warmoiqmneba ori 
birTvi, romelic gamocalkevebulia ujreduli tixriT. Aam dros 
miiReba diada (ori birTvi) qromosomebis haploiduri anawyobiT. Mme-2 
suraTze am periods Seesabameba cifri 10. SemdegSi iwyeba interkinezi 
(or dayofas Soris mosvenebis periodi). es periodi aRniSnulia ci-
friT 11, amitom mesame kiTxvis pasuxi SeiZleba aRiniSnos cifriT 11 an 
11-Ta da 10-iT. 

4. meore kiTxva msgavsia meoTxisa. Tu students myari codna ara 
aqvs, igi aRniSnavs cifr 7-s da 12-s. metafaza II-s ki Seesabameba cifri 
12. 

5. meiozis arsi mdgomareobs qromosomebis ricxvis ganaxevre-
baSi. Ddiplofaza am dros gadadis haplofazaSi. diadis ujredi ukve 
Seicavs qromosomebis n _ ricxvs.A amis  Semdeg mcenareebSi iwyeba mik-
rosporisa da makrosporis ganviTareba. Tuki qeris arqesporalur 
ujredSi qromosomebis ricxvia 42, maSin mikrosporaSi unda iyos qro-
mosomebis ricxvis naxevari, e.i. 21. kartotekaze aRiniSneba ricxvi 21. 
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a m o c a n a 2. suraTze mocemulia ujredis meiozuri dayofa. 
cifrebis gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. meiozis romel fazaSi Sedgeba qromosoma ori qromatidisagan? 
2. meiozis romel fazaSi mimdinareobs qromosomebis intensiuri spi-

ralizacia da bivalentebis warmoqmna? 
3. meiozis romel fazaSi iwyeba krosingoveri? 
4. krosingoveris romel tips ewodeba “ormagi krosingoveri qro-

matidebs Soris”? 
5. pomidoris sawyis arqesporalur ujredSi 24 qromosomaa. ramdeni 

qromosomaa mikrosporaSi? 
a m o c a n a 3. suraTze mocemulia ujredis meiozuri dayofa. 

cifrebis gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. meiozis romel fazas ewodeba zigonema? 
2. meiozis romel fazas ewodeba anafaza I? 
3. meiozis romel fazaSi iwyeba qiazmebis warmoqmna? 
4. meiozis romel fazaSi xdeba qromosomebis ricxvis ganaxevreba? 
5. simindis somatur ujredebSi 20 qromosomaa. ramden qromosomas Sei-

cavs diadis TiToeuli birTvi?  
a m o c a n a 4. suraTze mocemulia ujredis meiozuri dayofa. 

cifrebis gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. meiozis romel fazas ewodeba diakinezi? 
2. ramdeni qromatidi Sedis erT bivalentSi? 
3. meiozis romel fazas ewodeba metafaza I? 
4. meiozis romel fazas ewodeba telofaza II? 
5. simindis somatur ujredebSi 20 qromosomaa, aqedan naxevari dedi-

seulia. mikrosporaSi dediseuli qromosomebis maqsimaluri ra 
raodenoba SeiZleba iyos Tu krosingoveri ar momxdara? 

a m o c a n a 5. suraTze mocemulia ujredis meiozuri dayofa. 
cifrebis    gamoyenebiT upasuxeT Semdeg kiTxvebs: 

meiozis romel fazaSi iwyeba bivalentSi qromosomebis ukugdeba? 
1. meiozis romel fazas ewodeba metafaza II? 
2. meiozis romel fazas ewodeba interkinezi? 
3. meiozis romel fazaSi xdeba qromosomebis koniugacia? 
4. xaxvis somatur ujredebSi 16 qromosomaa. ramden qromosomas Sei-

cavs ujredi metafaza II-Si? 
a m o c a n a 6. suraTze mocemulia ujredis meiozuri dayofa. 

cifrebis gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. meiozis romel fazas ewodeba leptonema? 
2. meiozis romel fazaSi xdeba bivalentebis ganlageba birTvis 

periferiebSi? 
3. meiozis romel fazas ewodeba anafaza II? 
4. ramdeni Svileuli ujredi miiReba meiozis Sedegad? 
5. magari xorblis arqesporalur ujredSi 28 qromosomaa. ramden 

qromosomas Seicavs ujredi anafaza I-Si? 
a m o c a n a 7. suraTze mocemulia ujredis meiozuri dayofa. 

cifrebis gamoyenebiT upasuxeT Semdeg kiTxvebs: 
 

1. meiozis romel fazaSi xdeba qromosomebis despiralizacia? 
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2. meiozis romel fazaSi xdeba homologiuri qromosomebis koniuga-
cia? 

3. meiozis romel fazas ewodeba telofaza I? 
4. meiozis romel fazaSi xdeba qromosomebis polusebze gadanacv-

leba? 
5. Saqris Warxlis somatur ujredebSi 18 qromosomaa. ramdeni qromo-

somaa ujredSi metafaza I-Si? 
a m o c a n a 8. suraTze mocemulia ujredis meiozuri dayofa. 

cifrebis gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. meiozis profazis romel stadiaSi xdeba qromosomebis koniugacia?   
2. meiozis romel fazas ewodeba anafaza I? 
3. krosingoveris romel tips ewodeba “ormagi krosingoveri qro-

matidebs Soris”? 
4. meiozis romel fazaSi xdeba dayofis TiTistaras Camoyalibeba? 
5. kombostos somatur ujredebSi 18 qromosomaa. ramdeni qromosomaa 

mikrosporaSi? 
a m o c a n a 9. suraTze mocemulia ujredis meiozuri dayofa. 

cifrebis gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. meiozis romel fazaSi iwyeba qromosomebis ganrideba polusebze? 
2. meiozis romel fazaSi mimdinareobs krosingoveris movlena? 
3. meiozis romel fazaSi xdeba qromosomebis reduqcia? 
4. krosingoveris romel tips ewodeba “ormagi krosingoveri oTx qro-

matids Soris”? 
5. rbili xorblis arqesporaluri ujredi Seicavs 42 qromosomas. ram-

deni bivalenti SeiZleba warmoiqmnas paqinemaSi? 
a m o c a n a 10. suraTze mocemulia meiozuri dayofa. cifrebis 

gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. meiozis romel fazaSi mimdinareobs qromosomebis koniugacia?  
2. meiozis romel fazaSi ganlagdebian qromosomebi ekvatoris 

sibrtyeSi? 
3. meiozis romel fazaSi xdeba qromosomebis despiralizacia? 
4. krosingoveris romel tips ewodeba “erTmagi krosingoveri or qro-

matids Soris”? 
5. marwyvis somatur ujredSi 56 qromosomaa. maTgan naxevari dedi-

seulia. maqsimalurad ramdeni dediseuli qromosoma iqneba mikro-
sporaSi,  Tu krosingovers adgili ar hqonia? 
a m o c a n a 11. suraTze mocemulia ujredebis meiozuri dayofa. 

cifrebis gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. meiozis romel fazaSi aqvs qromosomebs wvrili, grZeli Zafis 

forma? 
2. meiozis romel fazaSi warmoiqmneba qiazmebi? 
3. meiozis romel fazas ewodeba anafaza II? 
4. meiozis romel fazaSi iwyeba diadebis warmoqmna? 
5. gogris somatur ujredSi 24 qromosomaa. ramdeni bivalenti miiReba 

zigonemaSi? 
a m o c a n a 12. suraTze mocemulia ujredebis meiozuri dayofa. 

cifrebis gamoyenebiT upasuxeT Semdeg kiTxvebs: 
1. reduqciuli dayofis romel fazaSi xdeba birTvis garsis daSla? 
2. meiozis romel fazas ewodeba metafaza II? 
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3. ramdeni qromosomaa anafaza II-is erT polusze, Tu nivris somatur 
ujredSi   16 qromosomaa? 

4. ramdeni bivalenti miiReba zigonemaSi, Tu Cveulebrivi kaklis 
sasqeso ujredSi 16 qromosomaa? 

5. meiozis romel fazaSi xdeba oTxi haploiduri birTvis miReba? 
 

mikrosporogenezi da mamrobiTi gametofitis ganviTareba 
 
mcenareebSi mamrobiTi generatiuli organo _ mtvriana warmoiqm-

neba yvavilis kvirtidan. Mtvriana Sedgeba samtvresagan da mtvrianas 
Zafisagan. ganviTarebul samtvres oTxi frTa aqvs. TiToeul frTaSi 
isaxeba samtvre bude, e.w. mikrosporangiumi. samtvre budis Semadgeneli 
ujredebi gaZlierebulad iyofa da warmoqmnian sporogenul qsovils, 
romelsac uwodeben samtvres arqesporiums. es ujredebi arqesporiumis 
pirveladi ujredis saxelwodebas atareben, ganicdian erT an ramoden-
ime dayofas. TiToeuli ujredidan warmoiqmneba garedan epidermisis 
mosazRvre kedlispira da Sinagani meoradi arqesporiumis ujredebi, 
romelic SemdgomSi gardaiqmneba mikrosporas deda ujredad. Ddeda 
ujredidan formirdeba mikrospora da am process mikrosporogenezi 
ewodeba. mikrosporogenezis dros xorcieldeba meiozi, romelic 
Sedgeba ori dayofisagan (I da II dayofa), ris Sedegadac warmoiqmneba 
mikrosporas tetradebi, saidanac SemdegSi viTardeba mamrobiTi 
gametebi, romlebsac axasiaTebs qromosomebis haploiduri ricxvi. 
Ddeda ujredis gardaqmna mikrosporas tetradad farulTeslian mce-
nareebSi sxvadasxvanairad mimdinareobs. amJamad dadgenilia mikrospo-
ras tetradebis warmoSobis sami tipi: suqcesiuri (Tanmimdevruli), Su-
aleduri  da simulanturi (erTdrouli). erTlebnian mcenareebSi War-
bobs suqcesiuri tipiT tetradis ganviTareba, xolo orlebnianebSi _ 
simulanturi, magram aris gamonaklisic. 

 

37 
 



 
 

nax.3. mikrosporogenezi mcenareebSi 
 
 
deda ujredis garsis gaxsnamde mikrospora garSemo warmoqmnis 

sakuTar garss _ ekzinas (gareT) da intinas (SigniT). mikrospora Sem-
deg gadaiqceva mtvris marcvlad, romelic dasawyisSi sqelcitoplaz-
miania; birTvi ujredis centrSia da naTlad araa gamosaxuli va-
kuolizacia (nax.3). 

mtvris marcvlis Semdegi cvlilebebi, romlebic iwveven mamro-
biTi gametebis warmoqmnas, xorcieldeba spermiogenezis procesSi. Yy-
vavilis gaSlamde ramdenime dRiT adre iwyeba pirveladi birTvis day-
ofa. Cveulebrivi mitozisagan gansxvavebiT, metafazaSi TiTistaras Ca-
saxva sxvadasxva polusze araerTdroulad mimdinareobs. erTi polu-
sis ujredis kedelTan, sadac mcire raodenobiTaa citoplazma, nel-
nela viTardeba generatiuli birTvi, xolo mis mopirdapire polusze 
citoplazma mniSvnelovani raodenobiTaa da viTardeba vegetatiuri 
birTvi. metafazaSi warmoqmnili TiTistaras asimetriuloba iwvevs 
sxvadasxva zomis birTvebis miRebas. 

mtvris marcvalSi pirveli birTvis dayofis procesi mTavrdeba 
citokineziT, romlis Sedegadac warmoiqmneba ori ujredi: 1. vegetati-
uri ujredi, romelic didi formisaa, Sedgeba msxvili, mrgvali, 
fxvieri birTvisagan da Txevadi vakuolizebuli citoplazmisagan. 
masSi gvxvdeba aminoplastebi, mitoqondriebi, goljis kompleqsi da 
datotvili endoplazmuri bade. 2. generaciuli ujredi, patara 
zomisaa mkvrivi birTviT, mdidari dnm-iT, sqelcitoplazmiani maRali 
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Semcvelobis rnm-iT. masSi sustad ganviTarebulia endoplazmuri bade, 
aqvs ribosomebi, mitoqondriebi da goljis kompleqsi. 

mtvris marcvlis ganviTarebis Semdgom etapze generaciuli 
ujredi iyofa da warmoiqmneba ori sperma, qromosomebis haploiduri 
anawyobiT. zogierT farulTeslovan mcenareTa mamrobiTi gametofitis 
gaformeba mTavrdeba samtvre milSi, zogierTSi _ mtvris marcvalSi. 
Uufro xSirad spermebis ganviTareba, e.w. spermiogenezi mimdinareobs 
mtvris marcvlis gaRivebisas samtvre milSi. 

mtvris marcvlis ganviTarebaze Zlier moqmedebs dabali tempera-
tura, haeris da niadagis simSrale, sakvebi nivTierebebis nakleboba da 
fitoperiodisadmi araxelsayreli pirobebi. 

 
megasporogenezi da mdedrobiTi gametofitis ganviTareba 

 
farulTesliani mcenareebis mdedrobiT organos warmoadgens 

butko, romelic Sedgeba: dingis, svetisa da naskvisagan. Teslkvirtis 
Casaxvis adgili atarebs lancetis saxelwodebas, SemdegSi Teslkvir-
tis borcvakebi Zlier izrdeba da viTardeba. Aam borcvakebis wveridan 
warmoiqmneba Teslkvirtis centraluri nawili _ nucelusis saxel-
wodebiT, xolo qveda nawilidan _ Teslsajdomi. 

nucelusis ujredebis gverdebze Caisaxeba borcvakebi da Teslk-
virtis safari, romelic viTardeba da ewodeba intergumentebi. inter-
gumentebis raodenobis mixedviT arCeven erTsafarian da orsafarian 
Teslkvirts; zogjer intergumentebi sruliad ar viTardeba (nax.4). 

 
nax.4.megasporogenezi mcenareebSi 

 
farulTeslovan mcenareTa umravlesobis Teslkvirtis wverTan 

intergumentebi erTmaneTs ar uerTdebian da warmoqmnian mils, romel-
sac Teslsavali, anu mikropile ewodeba, saidanac SemdgomSi Teslk-
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virtSi da Canasaxis parkSi Caizrdeba mtvris mili. Teslkvirtis  qveda 
nawili mikrulia Teslis yunwze, romelsac uwodeben qalaZas. 

nucelusis qsovilis erT-erTi fenidan Caisaxeba e.w. Teslkvirtis 
arqesporaluri ujredi, romelic ar iyofa da Zlier izrdeba, matu-
lobs moculobaSi, birTvi didia da citoplazma _ sqeli. Aarqespori-
umis ujredi ganicdis dayofas da formirdeba megasporis deda 
ujredi, romelic meiozis ori dayofis gziT gvaZlevs oTx megasporas; 
am process megasporogenezi ewodeba. 

megasporas oTxi ujredidan sami ganicdis degradacias, xolo 
erTi SemdgomSi ganicdis samjerad mitozur dayofas, saidanac Ca-
nasaxis parkSi birTvis dayofas Tan sdevs maTi polusebisaken gan-
Soreba da centraluri vakuolis warmoqmna. 

amitom mesame  dayofis Semdeg mikropilarul nawilSi Tavsdeba 
oTxi ujredi, romlebsac sinergidebi ewodeba. SemdegSi erTi siner-
gidi gadainacvlebs Canasaxis parkis centrisaken, xolo erTi gaiz-
rdeba, gamsxvildeba, Rebulobs msxlisebr formas da gadaiqceva kver-
cxujredad, romelic moTavsebulia sinergidebs Soris. mikropiles 
mxares moTavsebuli ori sinergidi da erTi kvercxujredi qmnis sak-
vercxe aparats. qalaZalur nawilSi moTavsebul oTx ujreds ewodeba 
antipodebi;A aqedan erTi antipodi gadainacvlebs Canasaxis parkis 
centrisaken, xolo danarCeni sami zogierT mcenareSi ganicdis dayo-
fas da miiReba eqvsi, Tormeti, ocdaTormeti an meti antipodi. 

polaruli birTvebi erwymian erTmaneTs da warmoqmnian meorad, 
anu centralur birTvs. Canasaxis parkSi meoradi, anu centraluri 
birTvi qromosomebis diploidur ricxvs atarebs, xolo antipodebi, 
sinergidebi da kverxujredi atarebs qromosomebis haploidur ricxvs.      
Aamrigad, momwifebuli Canasaxis parkSi Svidi ujredia: ori sinergidi, 
erTi kvercxujredi, sami antipodi da erTi centraluri ujredi. 

 
ganayofiereba 

 
mcenareTa ganayofiereba rTuli fiziologiuri procesia da 

Sedgeba rigi Tanmimdevruli etapisagan: 1. damtverianeba, 2. mtvris mi-
lis gaRiveba, 3. gametebis Serwyma. 

tvrianebis Serwymis Semdeg, samtvre parki skdeba da mtvris 
marcvlebi eyreba butkos dings. Aam ukanasknelze mtvris marcvlebis 
damagreba xdeba ekzinas saSualebiT. dingi danakvTuli an amoburcu-
lia, romelzedac gabneulia jirkvlovani bewvebi, romlebic gamoyofen 
mtvris damamagrebel mwebav nivTierebas (sekretors). mtvris marcvali 
iwyebs gaRivebas. Aadreul fazaSi mtvris mili ZiriTadad izrdeba da 
viTardeba. Mmis gaRivebaSi did rols asrulebs mtvrisa da butkos 
mier gamoyofili zrdis hormonebi. TandaTan intinas saSualebiT war-
moiqmneba mtvris mili, romelic Caizrdeba Canasaxis parkSi. Canasaxis 
parkSi mtvris milis Cazrdis sami tipi arsebobs _ porogamia, rodesac 
mtvris mili Caizrdeba kedlis gavliT, qalaZogamia _ rodesac mtvris 
marcvali Canasaxis parkSi xvdeba qalaZis mxridan. 

mtvris milSi generaciuli ujredi iyofa da miiReba ori sperma, 
ase rom naskvSi Canergvis momentSi spermebi ukve formirebulia. 

gaRivebuli mtvris marcvlis mili moxvdeba ra Canasaxis parkSi, 
CaeRvreba erT-erT sinergidSi, romlis SigTavsi aRwevs sakvercxe 
aparatis zonaSi, Cveulebriv kvercxujredisa da centraluri ujredis 
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xvrels Soris. Semdeg erTi sperma SeiWreba kvercxujredSi da mis 
birTvs Seerwymeba, xolo meore sperma Seerwymeba centraluri ujre-
dis birTvs. 

ganayofierebul kvercxujredSi aRdgeba qromosomaTa dip-
loiduri ricxvi da warmoiqmneba Canasaxi (kvercxujredi n X sperma 
n=zigota 2n), xolo centraluri ujredis birTvis ganayofierebiT 
miiReba endospermi, sadac qromosomuli anawyobi triploiduria (si-
nergidi n + antipodi nX sperma n= endospermi 3n) (nax.5). 

ormagi ganayofiereba axasiaTebs farulTeslovan mcenareTa yvela 
sistematikur jgufs. 

ganayofierebis asaTviseblad amovxsnaT amocanebi. 
a m o c a n a 1. Wvavis somaturi ujredi Seicavs 14 qromosomas; 

upasuxeT Semdeg kiTxvebs: (nax.3). 
1. ramden qromosomas Seicavs kvercxujredi? 
2. ramden qromosomas Seicavs Casaxis kedlis erTi ujredi Teslis 

gaRivebisas? 
3. ramdeni bivalenti warmoiqmneba meiozis paqinemaSi? 
4. ramdeni qromosomaa zigotaSi? 
5. ramdeni qromosomaa endospermis erT ujredSi? 

 

 
                    A 

nax.5. ormagi ganayofierebis procesi farulTeslianebSi 
 

 
amocanis gadawyveta 

 
1. Canasaxis parkSi megasporas deda ujredi ganicdis meiozur 

dayofas da miiReba oTxi megasporis birTvi, aqedan ufro xSirad erTi 
viTardeba, xolo sami ganicdis degradacias. samjeradi mitozuri day-
ofis Sedegad megasporis erTi birTvidan miiReba jer ori, mere _ 
oTxi, xolo Semdeg _ rva birTvi. isini xasiaTdeba polarobiT da 
oTxi gadainacvlebs mikropiles (Teslsavali) mxares, xolo oTxi _ 
qalaZis (Teslis yunwis) mxares. qalaZalur birTvebs _ antipodebi 

41 
 



2. Canasaxi Teslis is nawilia, romelic sawyiss aZlevs axal 
mcenares. igi Sedgeba Rerakis, fesvakisa da kvirtisagan. Yyvela maT-
ganSi qromosomuli anawyobi diploiduria an iseTivea, rogorc 
somaturi ujredis, Canasaxis kedlis ujredSi qromosomebis ricxvia 
14. 

3. paqinema meiozuri dayofis profaza I-is mesame stadiaa, roca 
mTavrdeba bivalentebis warmoqmna. Bbivalenti aris wyvili qromosoma, 
romelSic ori homologiuri qromosoma Sedis. Qqeris 14 qromosomian 
saxeobaSi bivalentebis ricxvi iqneba 7. 

4. kvercxujredis SeerTebiT spermasTan miiReba zigota. kver-
cxujredisaTvis damaxasiaTebelia haploiduri anawyobi, aseTive hap-
loiduri anawyobia spermaSi. maTi SeerTebis Sedegad miiReba kidev 
diploiduri anawyobi (7+7=14). Wvavis ganayofierebul kvercxujredSi, 
zigotaSi qromosomebis ricxvi iqneba 14. 

5. endospermis miReba xdeba centraluri ujredis ganayofiere-
bis Semdeg, rogorc avRniSneT, centraluri ujredi miiReba siner-
gidisa da antipodis SeerTebiT, e.i. n+n=2n. SemdegSi centraluri 
ujredis diploidur anawyobs emateba spermis kidev erTi haploiduri 
anawyobi. sabolood endospermisaTvis damaxasiaTebelia triploiduri 
anawyobi. 

n+n=2n+n=3n. Wvavis endospermis ujredSi qromosomaTa trip-
loiduri anawyobi iqneba 21 (7+7+7). 

a m o c a n a 2. stafilos somatur ujredSi 18 qromosomaa. 
upasuxeT Semdeg kiTxvebs: 
1. ramdeni qromosomaa zigotaSi? 
2. ramdeni qromosomaa spermaSi? 
3. ramden qromosomas Seicavs lebnis erTi ujredi? 
4. ramden qromosomas Seicavs antipodebi? 
5. ramdeni qromosomaa endospermis erT ujredSi? 

a m o c a n a 3. Taviani kombostos somatur ujredSi 18 qromo-
somaa. upasuxeT Semdeg kiTxvebs: 
1. ramdeni qromosomaa spermis birTvSi? 
2. ramdeni qromosomaa centraluri ujredis birTvSi? 
3. ramden qromosomas Seicavs zigota? 
4. ramdeni qromosomaa lebnis erT ujredSi? 
5. ramdeni qromosomaa zigotaSi, romelic miiReba qalwulebrivi 

(parTenogenuri) ganayofierebis Sedegad? 
a m o c a n a 4. magari xorblis somatur ujredSi 28 qromosomaa. 

upasuxeT Semdeg kiTxvebs: 
1. ramdeni qromosomaa erT sinergidSi? 
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2. ramdeni qromosomaa zigotaSi? 
3. ramdeni qromosomaa kvercxujredSi? 
4. ramdeni qromosoma iqneba zigotaSi, Tu meiozis dros ar miiReba 

reducirebuli gameta? 
5. ramdeni qromosomaa endospermis erT ujredSi? 

a m o c a n a 5. simindis somatur ujredSi 20 qromosomaa. 
upasuxeT Semdeg kiTxvebs: 
1. ramdeni qromosomaa kvercxujredSi? 
2. ramdeni qromosoma iqneba antipodebSi, romlebic iyofa endomi-

toziT? 
3. ramdeni qromosoma aqvs sinergids? 
4. ramdeni qromosoma iqneba nucelusis ujredSi? 
5. ramdeni qromosoma iqneba ganayofierebul kvercxujredSi?  

a m o c a n a 6. Saqris Warxlis somatur ujredSi 18 qromosomaa. 
upasuxeT Semdeg kiTxvebs: 
1. ramden qromosomas Seicavs sperma? 
2. ramden qromosomas Seicavs endospermis birTvi? 
3. ramdeni qromosomaa kvercxujredSi, romelic miRebulia normaluri 

ganviTarebis kvercxujredisa da nucelusis ujredis SeerTebis 
Sedegad? 

4. ramden qromosomas Seicavs ormagi (centraluri) ujredi? 
5.  ramden qromosomas Seicavs kvercxujredi? 

a m o c a n a 7. pomidoris somatur ujredSi 24 qromosomaa. 
upasuxeT Semdeg kiTxvebs: 
1. ramdeni qromosomaa pomidoris ujredis sinergidSi? 
2. ramdeni ujredia momwifebuli Canasaxis parkSi? 
3. ramdeni qromosomaa centralur ujredSi? 
4. ramdeni qromosomaa gaunayofierebel kvercxujredSi? 
5. ramdeni qromosomaa endospermis ujredSi? 

a m o c a n a 8. vaSlis somatur ujredSi 34 qromosomaa. upasuxeT 
Semdeg kiTxvebs: 
1. ramden qromosomas Seicavs sperma? 
2. ramdeni qromosomaa zigotaSi, romelic miRebulia androgeneziT? 
3. ramdeni qromosomaa vaSlis damwifebuli nayofis ujredSi? 
4. ramdeni ujredi miiReba antipodebis erTjeradi mitozuri dayofiT? 
5. ramdeni qromosomaa zigotaSi? 

a m o c a n a 9. erTmarcvala xorblis somatur ujredSi 14 qro-
mosomaa. upasuxeT Semdeg kiTxvebs: 
1. ramden qromosomas Seicavs vegetatiuri birTvi? 
2. ramdeni qromosoma iqneba zigotaSi, Tu damtverva moxda 28 qromo-

somiani magari xorbliT? 
3. ramdeni qromosoma iqneba sinergidSi? 
4. ramdeni qromosomaa endospermis ujredSi? 
5. ramdeni qromosomaa ganayofierebul kvercxujredSi? 

a m o c a n a 10. marwyvis gametaSi 7 qromosomaa. upasuxeT Semdeg 
kiTxvebs: 
1. ramdeni qromosomaa ganayofierebul kvercxujredSi? 
2. ramdeni qromosoma iqneba zigotaSi, Tu ganayofiereba moxda 56 qro-

mosomiani marwyvis mtvris marcvlebiT? 
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3. ramdeni qromosomaa sinergidSi? 
4. ramdeni ujredisagan Sedgeba sakvercxe aparati? 
5. ramdeni qromosoma iqneba foTlis ujredSi? 

a m o c a n a 11. forToxlis somatur ujredSi 18 qromosomaa. 
upasuxeT Semdeg kiTxvebs: 
1. ramden qromosomas Seicavs erTi antipodi? 
2. ramden qromosomas Seicavs centraluri ujredi spermis Serwymamde? 
3. ramdeni qromosoma iqneba zigotaSi? 
4. ramdeni qromosoma iqneba zigotaSi, romelic miRebulia arareduci-

rebuli gametebis SerwymiT? 
5.  ramden qromosomas Seicavs mikrospora? 

a m o c a n a 12. tritikales somatur ujredSi 42 qromosomaa. 
upasuxeT Semdeg kiTxvebs: 
1. ramden qromosomas Seicavs sperma? 
2. ramdeni qromosomaa zigotaSi? 
3. ramdeni qromosoma iqneba zigotaSi, Tu ganayofiereba moxda 42 qro-

mosomiani rbili xorblis mtvris marcvlebiT? 
4. ramdeni qromosomaa endospermis ujredebSi? 
5. ramdeni qromosoma iqneba arareducirebul kvercxujredSi? 

 
 

memkvidruli kanonzomierebani Sidasaxeobrivi  
Sejvarebis dros 

 
adamianebs Uuxsovari droidan ainteresebdaT memkvidruli kanon-

zomierebani. 
yoveli cocxali organizmi xasiaTdeba TvisebiT _ gadasces mom-

devno Taobas winaprebisagan miRebuli niSan-Tvisebebi da ganviTarebis 
specifikuri Taviseburebani.   C. darvini memkvidreobas bunebis 
saocrebas uwodebda. 

memkvidreobis ZiriTad kanonzomierebaTa Seswavlis pirveli 
cdebi dakavSirebulia gregor mendelTan. mecnierma g. mendelma 
kvlevis obieqtad airCia barda da 1856 wlidan 1863 wlamde awarmoebda 
calkeuli niSnebis memkvidreobis Seswavlas. 

 
genetikuri analizis meTodi 

 
genetikuri analizi niSnavs memkvidreobisa da cvalebadobis ka-

nonzomierebaTa dadgenas iseT hibridebSi, romlebic miRebulia mkveT-
rad gansxvavebuli memkvidreobiTi niSnebis mqone mSoblebis Sejvare-
biT. mcenareTa da cxovelTa memkvidreobiT gansxvavebuli organizme-
bis SejvarebiT vRebulobT hibridul organizms, anu hibrids (hibridi 
niSnavs narevs). Ggenetikuri analizi, romelic mendelma Seavso 
memkvidrul kanonzomierebaTa Seswavlis Sedegad, Tanamedrove geneti-
kis erT-erTi ZiriTadi specifikuri meTodia. 

  mendeli hibridologiuri analizis G(genetikuri analizis) 
Casatareblad moiTxovda Semdegi pirobebis dacvas:  

1. Sesajvarebeli mSobeli formebi unda xasiaTdebodes mkveTrad 
gansxvavebuli (alternatiuli) niSnebiT, mag.: wiTeli da TeTri 
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2. mSobel formebSi yuradReba unda mivaqcioT mxolod im niS-
nebs, romelsac vswavlobT, sxva niSnebs yuradReba ar eqceva. 

3. yoveli momdevno Taoba unda aRizardos TviTdamtverviT 
(izolirebulad). 

4. aucilebelia miRebuli eqsperimentuli masalis zusti maTe-
matikuri gaangariSeba. garda aRniSnulisa, mendeli Tvlida, rom ori-
sami wlis manZilze saWiroa mSobel formebSi SeviswavloT saanalizo 
niSnebi. niSani, romelic garemos zemoqmedebiT icvleba, saanalizod 
ar gamodgeba. mSobeli formebi unda xasiaTdebodes konstanturi niS-
nebiT. 

genetikuri analizis meTodiT mendelma daadgina memkvidreobis 
rigi kanonzomierebani Sidasaxeobrivi Sejvarebis dros, romelic 
Tanamedrove genetikis safuZveli gaxda. 

genetikuri analizis Casatareblad SemoRebulia aRniSvnebi, mSo-
bel formebs aRniSnaven asoTi _ PP (parents – mSobeli), mdedrobiT for-
mebs niSniT _ ♀(veneras sarke), mamrobiT formas _ ♂ ( marsisi fari da 
Subi), Sejvarebas X. hibridul Taobas _ asoTi  F (falialis _ Svileuli), 
TaobaTa morigeobas _ cifr-indeqsiT mag.: F1 _pirveli,  F2  _meore da 
a.S. 

 
 

monohibriduli Sejvareba 
 
monihibriduli iseTi Sejvarebaa, rodesac Sesajvarebel mSobel 

formebSi saanalizod viRebT erT gansxvavebul niSans. mendeli 
saanalizod iRebda bardas, romelsac hqonda yvavilis wiTeli da 
TeTri Seferva. wiTelyvaviliani da TeTryvaviliani bardas Sejvare-
biT pirvel TaobaSi miiRo mcenareebi mxolod wiTeli feris yvavile-
biT. cdis ramdenjerme ganmeorebis Semdeg man Camoayaliba ZiriTadi 
kanonzomiereba _ pirveli Taobis mcenareTa erTgvarovnebis wesi. 

mendeli swavlobda ra aRniSnul movlenas, SeniSna, rom yvavilis 
wiTeli feri pirvel TaobaSi gamovlinda, xolo TeTri _ ara. niSans, 
romelic gamovlinda, gabatonebuli anu dominanturi uwoda, xolo 
romelic CaixSo _ recesiuli. dominantur niSans avRniSnavT didi 
asoTi (A), xolo recesiuls _ pataraTi (a).   

mendelma pirveli Taobis mcenareTa TviTdamtverviT meore Tao-
baSi miiRo mcenareebi, romelTac hqondaT rogorc wiTeli, ise TeTri 
Sefervis yvavilebi. gamoiangariSa - ra ferTa gamomJRavnebis geneti-
kuri Zala, aRmoCnda, rom yovel sam wiTel yvavilze modioda erTi 
wili TeTri yvavilebisa; yovelive zemoT aRniSnuli SeiZleba Caiweros 
Semdegnairad: 

                
            ♀  AA X ♂  aa Aa F1 
                A              a    
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  meore TaobaSi TviTdamtverviT miiReba AaXAa, gametebi iqneba A 
da a. mivmarToT penetis cxrils (cxr.2). penetis cxrilSi erT mxares 
iwereba dedis gametebi, meore mxares _ mamis gametebi. 

 
                                                          cxrili 2 

           ♀              A               a 
         
                                                                                                                                   AA        Aa 
                       A    
 
                        a                       
           
                       ♂ 

A   

  
  Aa 

  
 aa 

 
 
   cxrilidan Cans, rom sami wili mcenareebisa (AA, Aa, aA) Seicavs domi-
nantur niSans da amitom wiTelyvaviliania, xolo erTi wili (aa) war-
modgenilia recesivebiT da   TeTryvaviliania. Mmendelma aseTive 
Sedegebi miiRo yvela sxva SemTxvevebSic, mag. marcvlis yviTeli da 
mwvane Sefervisas, marcvlis gluvi da danaoWebuli zedapirisa da sxv. 
Sejvarebebisas.Mmendelma dominanturi da recesiuli niSnis aseT ka-
nonzomierebas hibridul mcenareTa meore TaobaSi daTiSvis kanoni 
uwoda. 
 Ppirveli Taobis mcenareebis erTgvarovnebis wesis da meore Taobis 
daTiSvis kanonis asaxsnelad g. mendelma SemoiRo e.w. gametaTa siwmin-
dis hipoTeza. Aamis mixedviT, TiToeuli niSnis ganviTareba ganisaz-
Rvreba faqtoriT (dRes mas genebs vuwodebT), wiTeli _ dominanturi 
niSniT (A), xolo TeTri _ recesiuliT (a). hibridSi gametebi erTmaneTs 
ki ar Seerevian, aramed Seerwymian da TaobebSi  gamovlindebian. 
pirveli Taobis mcenareebSi TeTri Seferva ki ar daikarga, aramed 
Seinaxa da meore TaobaSi gamovlinda iseTive saxiT, rogoric iyo 
mSobel formaSi. 
eqsperimentuli monacemebiT dadgenilia, rom hibridul TaobaSi 
gacilebiT rTuli procesebi mimdinareobs da romelime mSoblisadmi 
msgavseba ar miiReba. 
   g. mendelma gamoiangariSa ra meore TaobaSi hibridul mcenareTa 
feris gamomJRavnebis Zala, daafiqsira, rom yovel sam wil wiTely-
vavilian mcenareze modioda erTi wili TeTryvaviliani mcenare, e.i. 
daTiSva Seesabameba 3 : 1-s. aRniSnuli daTiSva Catarebulia garegnuli 
Sexedulebis mixedviT, magram cxrilidan Cans, rom wiTelyvavilian 
mcenareTa Soris aris gansxvavebac (Aa an AA), e.i. Sinagani bunebiT es 
organizmebi gansxvavebulia. imisaTvis, rom ganvasxvaoT mcenareTa ga-
regani da Sinagani buneba, SemoRebulia terminebi _ genotipi da feno-
tipi. 
Ggenotipi  organizmis Sinagan niSan-TvisebaTa (qromosomaTa) erTo-
bliobaa, romelic mas gansazRvravs. 
Ffenotipi es aris organizmis garegnuli Sexeduleba am momentSi, ro-
melic ganpirobebulia genotipiT da garemo pirobebis urTierTgav-
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leniT (terminebi: genotipi, fenotipi SemoiRo danielma genetikosma 
iohansenma). 
 Tu fenotipuri daTiSva aris 3 : 1 (1AA + 2Aa : 1aa), genotipuri daTiSva 
iqneba 1 : 2 : 1 (1AA + 2Aa : 1aa). Mmendelma daamtkica, rom meore Taobis 
mcenareTa mesame TaobaSi aRzrdiT, nawili mcenareebisa iseTive Tao-
bas iZleva, rogoric TviTonaa, xolo nawili iseve iTiSeba, rogorc 
pirveli Taobis mcenare, e.i. nawili mcenareebisa hibriduli bunebiT 
xasiaTdeba, nawili ki _ ara. mcenareTa bunebis gansasxvaveblad Se-
moRebulia termini heterozigota, homozigota. 
 heterozigotuli  iseTi organizmia, romelic gansxvavebuli qromo-
somuli anawyobiT xasiaTdeba da TaobaSi daiTiSeba (mag. Aa).  
Hhomozigoturi  iseTi organizmia, romelic erTnairi qromosomuli 
anawyobiT xasiaTdeba da TaobaSi ar daiTiSeba (mag. AA an aa).  
 g. mendelma monohibriduli Sejvarebis dros mogvca ori ZiriTadi 
debuleba: 1. niSnebi ganisazRvreba samemkvidreo faqtorebiT (genebiT) 
da gadaecema Taobas sasqeso ujredebis meSveobiT. 2. niSnebi ki ar 
ikargeba, aramed inaxeba da Semdgom TaobebSi gamovlindeba iseTive 
saxiT, rogoric iyo mSobel formebSi. 
 

reciproknuli, maanalizebeli da aRmavali Sejvareba 
 

monohibriduli Sejvarebis dros Tu wiTelyvavilian organizms 
viRebT mdedrad, xolo TeTryvavilians _ mamrad, aseT Sejvarebas 
ewodeba pirdapiri, Tu mSoblebs SevucvliT adgils da TeTryvavil-
ians aviRebT mdedrad, xolo wiTelyvavilians _ mamrad, miviRebT Se-
brunebul Sejvarebas. Oorive Sejvarebas erTad ewodeba reciproknuli 
najvari. 
                
              ♀AA+♂aa    pirdapiri  
                                          (reciproknuli) 
                            ♀aa+ ♂AA    Sebrunebuli  
 

Tanamedrove genetikur-seleqciur muSaobaSi dadgenilia, rom 
pirdapiri da Sebrunebuli SejvarebiT miiReba mkveTrad gansxvavebuli 
Sedegebi. Ees movlena gamowveulia imiT, rom ganayofierebis dros 
monawileobs mdedrobiTi formis rogorc citoplazma, ise birTvi, 
mamrobiTi formis _ mxolod birTvi. 

Tu pirveli Taobis hibridul formas SevujvarebT recesiuli 
niSnis matarebel mSobels, miviRebT maanalizebel (an analizur) Se-
jvarebas (Aa X aa  maanalizebeli Sejvareba) (cxr.3). 

                                    cxrili 3 
                A       a                                                            
                                        
       Aa  
                                2 : 2 
           
        a                               1 : 1   

 AAa  aa        

  Aa  aa 
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cxrilidan Cans, rom yovel or wil wiTelyvavilian mcenareebze 
modis ori wili TeTryvaviliani mcenareebisa, e.i. daTiSva 2 : 2, anu 1 : 
1. roca maanalizebeli Sejvarebis dros miviRebT daTiSvas 1 : 1-Tan an 
masTan axlos, vambobT, rom SejvarebaSi monawileobs heterozigoturi 
organizmi. maSasadame, gavarkvieT hibridebis genetikuri  struqtura, 
amitom maanalizebeli Sejvareba gamoiyeneba genetikur kvlevaSi. 

Tu pirveli Taobis hibridul mcenares SevujvarebT dominanturi 
niSnis matarebel mSobels, miviRebT aRmaval, anu bekrosul Sejvare-
bas (Aa X AA  bekrosi) (cxr.4).  
             

cxrili 4 
                A       a                                        
                                     

   AA 
   

 Aa        AA    4 : 0 
                                
           
        A                                

 AA  Aa 

  
 

  cxrilidan Cans, rom bekrosuli Sejvarebis dros yvela mcenare 
erTnairi Sefervisaa da daTiSvas adgili ara aqvs. aRmavali Sejvareba 
hibridis genetikuri struqturis gasarkvevad ar gamogvadgeba. aRmaval 
bekrosul Sejvarebas gamoiyeneben seleqciur kvlevaSi, roca undaT 
dominanturi niSnis gaZliereba, an misi homozigotur mdgomareobaSi 
gadayvana. 

monohibriduli Sejvarebis asaTviseblad amovxsnaT amocanebi: 
a m o c a n a 1. bardaSi maRalmozardoba dominirebs dabalmo-

zardobaze. heterozigoturi maRalmozardi mcenare daimtvera dabal-
mozardi mcenaris mtveriT. Aanalizuri SejvarebiT miRebulia 96 mce-
nare. 
1. ramdeni tipis  gametas warmoqmnis heterozigoturi mcenare? 
2. ramdeni tipis  gameta SeiZleba warmoqmnas dabalmozardma mce-

narem? 
3. ramdeni genotipi miiReba analizuri SejvarebiT? 
4. ramdeni mcenare miiReba dabalmozardi? 
5. ramdeni fenotipi miiReba analizuri SejvarebiT? 

amocanis gadawyveta 
 
1. pirvel rigSi unda ganisazRvros dominanturi da recesiuli 

niSani. pirobaSi naTqvamia, rom maRalmozardoba dominirebs da igi 
avRniSnoT A-Ti. dabalmozardi, recesiuli _ a-Ti. mSoblebi Caiwereba 
AA da aa. Hheterozigoturi maRalmozardi mcenaris genotipi iqneba Aa 
(heterozigoturi iseTi organizmia, romlis somatur ujredSic ale-
luri wyvilis sxvadasxva genia). Ggameta es aris sasqeso ujredi an 
qromosomebis ganaxevrebuli anawyobi. Cvens SemTxvevaSi heterozigo-
turma organizmma (Aa) SeiZleba warmoqmnas ori tipis gameta A an a,  e.i. 
kartotekaze unda aRiniSnos cifri 2. 
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2. dabalmozardi mcenaris genotipi aris aa. aseT organizms 
SeuZlia mogvces mxolod erTi tipis gameta a. amitom aRvniSnavT 
cifrs 1. 

3. Cven viciT, rom genotipi es aris organizmis Sinagan 
memkvidrul niSan-TvisebaTa (genebis) erToblioba. pirobaSi naTqvamia, 
heterozigoturi Aa mcenare Seajvares homozigotur dabalmozard mce-
nares aa. Ee.i. gvaqvs maanalizebeli Sejvareba Aa X aa. mivmarToT penetis 
cxrils (cxr.5).   
 

cxrili 5 
          ♀          A              a                                                                                                                    
 
                     a 
  
 
                     a           

 AAa  aa 

  Aa  aa 

         ♂ 
 

 
cxrilidan Cans, rom mcenareebs aqvT ori genotipi: erTi –Aa da 

meore _ aa. amitom unda aRvniSnoT cifri 2. 
4. mcenareTa raodenoba  sul 96-ia. cxrilis mixedviT daTiSva 

aris 2 : 2 an 1 : 1 (Aa : 1aa ). Nnaxevari dabalmozardia, Nnaxevari maRal-
mozardi, _ 96 : 2 = 48, e.i. 48 mcenare dabalmozardia, xolo 48 _ 
maRalmozardi.   

5. fenotipi es aris organizmis garegnuli  Sexeduleba, romelic 
ganpirobebulia genotipiT da garemo pirobebis urTierTmoqmedebiT. 
Cvens SejvarebaSi fenotipurad gvaqvs dabalmozardi (erTi tipi) da 
maRalmozardi (meore tipi) mcenareebi, e.i. sul ori tipi. Aamitom    
aRvniSnavT cifriT 2. 

a m o c a n a 2. bardaSi marcvlis sigluve dominirebs danaoWe-
bul zedapirze, Seajvares homozigoturi gluvTesliani mcenareebi, 
danaoWebulmarcvlian mcenareebs. pirvel TaobaSi miiRes 8 mcenare, 
romelTa TviTdamtverviT meore TaobaSi miiRes 240 marcvali. 
1. ramdeni mcenare SeiZleba iyos pirvel TaobaSi heterozigoturi? 
2. ramdeni fenotipi miiReba pirvel TaobaSi? 
3. ramden marcvals SeuZlia meore TaobaSi mogvces dauTiSavi Taoba 

dominanturi niSnebiT? 
4. ramdeni marcvalia heterozigoturi meore TaobaSi? 
5. ramdeni danaoWebuli marcvalia meore TaobaSi? 

a m o c a n a 3. stafilos Zirxvenis yviTeli Seferva dominirebs 
wiTel Sefervaze. wiTelZirxveniani homozigoturi mcenareebi Sea-
jvares yviTelZirxvenian stafilos mcenareebs da miiRes 5 mcenare 
pirvel TaobaSi, xolo meore TaobaSi 112 mcenare.  
1. ramdeni tipis gametas warmoqmnis pirveli  Taobis mcenareebi? 
2. ramdeni mcenare iqneba recesiuli niSniT meore TaobaSi? 
3. ramdeni mcenare iqneba heterozigoturi meore TaobaSi? 
4. ramdeni dominanturi homozigoturi mcenarea meore TaobaSi? 
5. ramden mcenares aqvs wiTeli Zirxvena meore TaobaSi? 
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a m o c a n a 4. yviTelZirxveniani stafilos mcenareebi Seajvares 
wiTelZirxvenian stafilos da pirvel TaobaSi miiRes 5 mcenare 
yviTeli ZirxveniT, xolo meore TaobaSi _ 80 mcenare. 
1. ramdeni tipis gametas warmoqmnis heterozigoturi mcenare? 
2. ramdeni mcenare iqneba meore TaobaSi recesiuri niSniT? 
3.  ramdeni mcenare iqneba heterozigoturi meore TaobaSi? 
4. ramdeni iqneba dominanturi homozigoturi mcenare meore TaobaSi? 
5. ramden mcenares eqneba wiTeli feris Zirxvenebi meore TaobaSi? 

a m o c a n a  5. xorbalSi TavTavis wiTeli Seferva dominan-
turia TeTrTan, heterozigoturi wiTelTavTaviani mcenareebi Sea-
jvares TeTrTavTavian mcenareebs. analizuri SejvarebiT miiRes 28 
mcenare. 
1. ramdeni tipis gametas warmoqmnis wiTelTavTaviani mcenareebi? 
2. ramdeni tipis gametas warmoqmnis TeTrTavTaviani mcenareebi? 
3. ramdeni mcenarea heterozigoturi maanalizebeli Sejvarebisas? 
4. ramdeni wiTelTavTaviani mcenare miiReba maanalizebeli SejvarebiT? 
5. ramdeni genotipis mcenareebia maanalizebeli Sejvarebisas? 

a m o c a n a  6. Seajvares ori jiSis xorbali. erTi imunuria 
yviTeli Jangasadmi, meore ki _ avaddeba. pirvel TaobaSi miRebulia 20 
daavadebuli mcenare, meore TaobaSi _ 96. 
1. ramdeni fenotipi miiReba meore TaobaSi? 
2. ramdeni mcenare iyo heterozigoturi pirvel TaobaSi? 
3. ramdeni mcenare iyo heterozigoturi meore TaobaSi? 
4. ramdeni mcenare iyo  meore TaobaSi imunuri da iZleoda dauTiSav 

Taobas? 
5. ramdeni tipis gametas warmoqmnis heterozigoturi mcenareebi? 

a m o c a n a  7. pomidoris wiTeli nayofis Seferva dominan-
turia yviTelze. Hheterozigoturi mcenareebi daimtvera yviTelnayofi-
ani mcenareebiT da maanalizebeli SejvarebiT miiRes 60 mcenare.  
1. ramdeni tipis gametas warmoqmnis mdedrobiTi forma? 
2. ramdeni tipis gametas warmoqmnis mamrobiTi forma? 
3. ramdeni tipis gameta miiReba analizuri Sejvarebisas? 
4. ramdeni yviTelnayofiani mcenare miiReba analizuri Sejvarebisas? 
5. ramdeni mcenarea heterozigoturi maanalizebeli Sejvarebisas? 

a m o c a n a  8. pomidoris nayofis mrgvali forma dominirebs 
ovalurze. Hhomozigoturi mrgvalnayofa pomidori Seajvares ovalur-
nayofians. Ppirvel TaobaSi miiRes 24 mcenare, xolo meore TaobaSi 
_124 mcenare.  
1. ramdeni tipis gametas warmoqmnis ovalurnayofiani mcenareebi? 
2. ramdeni mcenarea pirvel TaobaSi mrgvalnayofiani? 
3. meore Taobis ramdeni mrgvalnayofiani mcenare mogvcems mesame Tao-

baSi dauTiSav mcenareebs? 
4. ramdeni mrgvalnayofiani mcenarea meore TaobaSi? 
5. ramdeni genotipia meore TaobaSi? 

a m o c a n a  9. wiTel da TeTrkenkriani marwyvis SejvarebiT 
pirvel TaobaSi miRebulia 12 mcenare. Yyvela isini vardisferia. 
Mmeore TaobaSi miviReT 144 mcenare. 
1. ramdeni tipis gametas warmoqmnis vardisferkenkriani marwyvi? 
2. ramdeni fenotipi miiReba meore TaobaSi? 
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3. ramden mcenares eqneba TeTri kenkra meore TaobaSi? 
4. meore Taobis ramden wiTelkenkrian mcenares SeuZlia mogvces mesame 

TaobaSi dauTiSavi mcenareebi? 
5. ramdeni mcenarea heterozigoturi meore TaobaSi? 

a m o c a n a 10. figuruli gogris nayofis TeTri Seferva 
dominirebs yviTelze. homozigoturi TeTrnayofiani mcenareebi Seu-
jvares yviTelnayofians da miiRes 12 mcenare. Bbekrosuli SejvarebiT 
miiRes 120 mcenare.  
1. ramdeni tipis gametas warmoqmnis mcenareebi pirvel TaobaSi? 
2. ramden mcenares eqneba TeTri feris nayofi pirvel TaobaSi? 
3. ramden mcenares eqneba TeTri nayofi bekrosul najvarSi? 
4. ramden mcenares eqneba homozigoturi genotipi meore TaobaSi? 
5. ramden mcenares eqneba yviTeli feris nayofi bekrosSi? 

a m o c a n a  11. qerSi adreuloba dominirebs sagvianoobaze? 
Ppirveli Taobis mcenareebi daimtvera sagvianoobis matarebeli niSnis 
mcenareebiT. Aanalizuri SejvarebiT miRebulia 74 mcenare.  
1. ramdeni fenotipia miRebuli analizuri Sejvarebisas? 
2. ramdeni genotipia miRebuli analizuri Sejvarebisas? 
3. ramdeni mcenare miiReba adreuli analizuri Sejvarebisas? 
4. ramdenia homozigoturi mcenare analizuri Sejvarebisas? 
5. ramden fenotips iZleva homozigoturi mcenareebi? 

a m o c a n a  12. simindis Jangas mimarT mimRebiani jiSis Se-
jvarebiT imunur jiSTan pirvel TaobaSi miiRes 20 mcenare, romlebic 
xasiaTdebodnen imunitetiT. meore TaobaSi miiRes 120 mcenare.  
1. ramdeni genotipis mcenarea miRebuli pirvel TaobaSi? 
2. ramdeni mcenare iyo meore TaobaSi imunuri Jangas mimarT da 

iZleoda dauTiSav Taobas? 
3. ramdeni mcenare iyo Jangas mimRebiani meore TaobaSi? 
2. ramdeni tipis gametas warmoqmnis pirveli Taobis mcenareebi? 
5. ramdeni mcenare iyo heterozigoturi meore TaobaSi? 

  
 
 

dihibriduli  Sejvareba 
 
dihibriduli iseTi Sejvarebaa, roca Sesajvarebel mSobel for-

mebSi saanalizod viRebT or gansxvavebul niSans, mag. marcvlis feri 
da forma (bardaSi), TavTavis feri da fxianoba (xorbalSi), mcenaris 
simaRle da yvavilis Seferva (bardaSi) da sxv. 

g. mendelma saanalizod aiRo barda, romelsac hqonda marcvlis 
yviTeli da mwvane feri da gluvi da danaoWebuli forma. yviTeli 
feri dominanturia (A), xolo mwvane recesiuli (a). Aaseve marcvlis 
gluvi zedapiri dominanturia (B), xolo danaoWebuli _ recesiuli (b). 
mSobeli formebi SeiZleba CavweroT: AABB da aabb. SejvarebiT yovel 
TaobaSi miviRebT: 

       
         AABB         aabb 
                 ---------   X  -------   AaBb yviTeli da gluvi 
                      AB            ab 
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meore TaobaSi TviTdamtverviT miviRebT AaBbXAaBb.  
gamovweroT gametebi; gameta ise unda gamoiweros, rom yvela ni-

Sani Sediodes qromosomebis haploiduri anawyobiT; maSin dedis 
gametebi iqneba AB; Ab; aB; ab, mamis gametebi igivea, radgan gvaqvs TviT-
damtverva. vnaxoT penetis cxrili (cxr.6). 

 
cxrili 6  

 
                     AB                    Ab                    aB                            ab 

AABB 
yviTeli 
gluvi 

AABb 
yviTeli 
gluvi 

AaBB 
yviTeli 
gluvi 

AaBb 
yviTeli 
gluvi 

AABb 
yviTeli 
gluvi 

AAbb 
yviTeli 

danaoWebuli 

AaBb 
yviTeli 
gluvi 

Aabb 
yviTeli 

danaoWebuli 

AaBB 
yviTeli 
gluvi 

AaBb 
yviTeli 
gluvi 

aaBB 
Mmwvane 
gluvi 

aaBb 
Mmwvane 
gluvi 

 
     AB  
 
                           

Ab    
 
 
 
           aB 
 
 
 
           ab 

AaBb 
yviTeli 
gluvi 

Aabb 
yviTeli 

danaoWebuli 

aaBb 
Mmwvane 
gluvi 

M aabb 
mwvane 

danaoWebuli 

 
 

  cxrilis analizi gviCvenebs, rom 9 nawili mcenareebisa war-
modgenilia orive dominanturi niSniT (A da B) da yviTeli da gluvia. 
3 nawili iqneba A dominanturi niSniT da b recesiuli niSniT da 
yviTeli da danaoWebulia. sami nawili B dominanturi niSniT da a re-
cesiuli niSniT da mcenareebi mwvane da gluvia. erTi nawili mce-
nareebisa warmodgenilia orive recesiuli niSniT (a da b)  da mce-
nareebi mwvane da danaoWebulia. Ddihibriduli daTiSvis dros miviReT 
fenotipuri daTiSva 9 : 3 : 3 : 1. genotipuri daTiSva gacilebiT 
rTulia, miviRebT 9 klass SefardebiT 1 : 2 : 2 : 1 : 4 : 1 : 2 : 2 : 1. 

Tu cxrilis mixedviT movaxdenT daTiSvas, TiToeuli niSnis 
mixedviT vnaxavT, rom yovel 12 wil yviTel marcvalze modis oTxi 
wili mwvane Sefervis marcvali, 12 wil gluv marcvalze_ 4 wili 
danaoWebulzedapiriani marcvali, daTiSva 12 : 4, igivea rac 3 : 1. amiT 
g. mendelma daadgina genebis damoukideblad ganawilebis kanoni (cxr. 
4). 

 
 

trihibriduli da polihibriduli Sejvareba 
 
trihibriduli iseTi Sejvarebaa, roca mSobel formebSi saanal-

izod viRebT sam niSans (A, B, C  da a, b, c). mSobel formebSi Caiwereba 
AABBCC  da aabbcc. SejvarebiT miviRebT 
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         AABBCC         aabbcc 
                  -----------    X  ----------   AaBbCc  
                      ABC               abc 
 

meore TaobaSi TviTdamtverviT miviRebT 
              AaBbCc X AaBbCc 

trihibriduli Sejvarebis dros gametebis raodenoba SeiZleba 
ganisazRvros formuliT 2n, n _ niSnebis raodenobaa, Cvens SemTxvevaSi 

igi udris 3-s, e.i. 2³=8. gametebis gamoweris martivi wesi aseTia: erT 
niSans viRebT (8:2=4) yoveli oTxis morigeobiT, meores _ (4:2=2) yoveli 
oris morigeobiT, mesames _ yoveli (2:2=1) erTis morigeobiT. vnaxoT 
penetis cxrili (7). 
 

cxrili 7 
                                                                                     

 
   
 

cxrilis analizi gviCvenebs, rom meore TaobaSi fenotipis mixed-
viT SeiZleba ganvasxvaoT mcenareebis dominanturi niSniT: 27 _ A, B, C;  
9 _ A, B, c; 9 – a, B, C; 3 – A, b, c; 3 – a, B, c; 3 – a, b, C; 1 – a, b, c;  trihibriduli 
Sejvarebis dros fenotipuri daTiSva iqneba: 27 : 9 : 9 : 9 : 3 : 3 : 3 : 1 
saerTo formuliT ( 3 : 1 ) X ( 3 : 1 ) X ( 3 : 1 ). 

TiToeuli aleluri wyvilisaTvis genotipuri daTiSva iqneba ( 1 : 
2 : 1 ) X 1 : 2 : 1 ) X ( 1 : 2 : 1 ). daTiSva Seesabameba 1 : 2 : 1 : 1 : 2 : 1 : 
2 : 4 : 2 : 2 : 4 : 2 : 1 : 2 : 1 : 2 : 1 : 1 : 2 : 1 : 2 : 4 : 2 : 1 : 2 : 1 : 1, e.i. 
sul vRebulobT 27 klass. 

polihibriduli iseTi Sejvarebaa, roca Sesajvarebeli mSobeli 
formebi gansxvavdeba ramdenime niSniT. polihibriduli Sejvarebis 
dros Tuki davicavT hibridologiuri analizis yvela pirobas, vRebu-
lobT Sesabamis daTiSvebs. 

dihibriduli da polihibriduli Sejvarebis asaTviseblad 
amovxsnaT amocanebi: 

a m o c a n a 1. bardaSi ori wyvili niSani maRali da dabali 
mozardi, wiTeli da TeTri feris yvavili memkvidreobs damoukide-
blad. Hhomozigoturi maRalmozardi TeTryvaviliani mcenareebi Sea-
jvares homozigotur dabalmozard wiTelyvavilian mcenareebs. pirvel 

53 
 



TaobaSi miviReT 20 maRalmozardi wiTelyvaviliani mcenare. meore  
TaobaSi aRizarda 320 mcenare. 
1. ramdeni genotipis mcenareebi miiReba pirvel TaobaSi? 
2. ramdeni tipis gametas warmoqmnis pirveli Taobis mcenareebi? 
3. ramdeni mcenare iqneba maRalmozardi da wiTelyvaviliani meore 

TaobaSi? 
4. ramdeni mcenare iqneba dabalmozardi da wiTelyvaviliani meore 

TaobaSi?  
5. ramdeni genotipis mcenareebia meore TaobaSi? 

 
                  

amocanis  gadawyveta 
 
dihibriduli Sejvarebis dros mTavaria sworad ganisazRvros 

mSobeli formebis genotipi. Cvens amocanaSi dominanturi niSania 
maRalmozardi (A) da wiTeli yvavili (B), xolo recesiuli _ dabalmo-
zardi (a) da TeTri yvavili (b). pirobidan Cans, rom homozigoturi 
erTi mSoblis genotipSi aris maRalmozardobis (A) da TeTri yvavilis 
(b) ganmapirobebeli geni. Ggenotipi iqneba AAbb, Sesabamisad meore 
mSoblis iqneba aaBB. maSasadame, saqme gvaqvs araalelur genebTan 
(aleluri iseTi genebia, romlebic homologiuri qromosomis erTsa da 
imave wertilebSi imyofebian), raki viciT mSoblebis genotipi, Se-
jvareba SeiZleba CavweroT  
 
          AABB         aaBB 
                  -----------    X  -------   AaBb    F1 
                      AB              aB 
 

homozigoturi mSoblebi warmoqmnis erTi tipis gametas (Ab da aB) 
da pirveli Taobis yvela mcenares eqneba erTnairi genotipi; Aamitom 
kartotekaze unda aRiniSnos cifri 1. 

2. dihibriduli Sejvarebisas gametis gamoweris dros aucilebe-
lia gvaxsovdes, rom yovel gametaSi unda Sediodes orive niSani. 
Ppirveli Taobis mcenaris genotipia AaBb. Ggameta (qromosomaTa ga-
naxevrebuli anawyobi an sasqeso ujredi) unda iyos AB an ab, Ab an aB, 
e.i. pirveli Taobis mcenareebSi SeiZleba mogvces oTxi tipis gameta. 
kartotekaze aRiniSneba cifri 4. 

3. maRalmozardi da  wiTelyvaviliani mcenareebis raodenobis 
gansazRvrisaTvis meore TaobaSi saWiroa avagoT penetis cxrili. 
TviTdamtverva meore TaobaSi SeiZleba CavweroT ase: AaBb X AaBb. 
Ddedis gametebi AB, Ab, aB, ab; mamis gametebi igivea, radgan gvaqvs TviT-
damtverva. 

CvenTvis saintereso mcenare unda Seicavdes A da B gens. me-8 
cxrilidan Cans, rom aseTi 9 wilia. Cvens SemTxvevaSi sul 720 mce-
narea. Tu 720-s gavyofT 16-ze, miviRebT 1 wils _ 720 : 16 = 45, e.i. erTi 
wili 45 mcenarea. maSin 9 wili iqneba cxrajer meti 45 X 9 = 405. 405 
mcenares eqneba maRalmozardi Rero da wiTeli yvavili.  
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       cxrili 8 
 
                      AB                        Ab                    aB                       ab 

    
  AABB 

    
  AABb  

     
  AaBB  

   
  AaBb 
   

   
  AABb 
 

  
  AAbb 
  

   
 AaBb 
  

  
  Aabb 
 

   
  AaBB 
  

  
  AaBb 
  

  
 aaBB  
  

  
  aaBb 
  

 
     ABAB 
 
 
              Ab 
 
              
              aB 
 
 
              ab 

   
  AaBb 
  

   
  Aabb 
  

   
 aaBb 
  

M  
  aabb 
   

4. dabalmozardi da wiTelyvaviliani mcenaris genotipSi unda 
iyos a da B. cxrilidan Cans, rom aseTi mcenareebis raodenoba 3 wilia. 
45 X 3 = 135. 

5. genotipuri daTiSva dihibriduli Sejvarebis dros aseTia 1 : 2 
: 2 : 1 : 4 : 1 : 2  : 2 : 1, e.i. miiReba 9 klasi. Amitom kartotekaze unda 
aRiniSnos cifri 9.    

a m o c a n a 2. qerSi ori wyvili niSani: orrigiani da mraval-
rigiani TavTavi,   mkvriv da meCxerTavTavianoba memkvidreobs damou-
kideblad. Oorrigiani, meCxerTavTaviani jiSis SejvarebiT mraval-
rigian mkvrivTavTavian mcenaresTan pirvel TaobaSi MmiRebulia 20 mce-
nare, romelTac hqondaT orrigiani MmeCxeri TavTavi. Mmeore TaobaSi 
miiRes 144 mcenare. 
1. ramdeni tipis gametas warmoqmnis pirveli Taobis mcenare? 
2. ramden mcenares eqneba mravalrigiani, meCxeri TavTavi meore Tao-

baSi? 
3. ramdeni genotipia meore TaobaSi? 
4. ramdeni fenotipia meore TaobaSi? 
5. ramdeni mcenare iqneba mravalrigiani da mkvrivTavTaviani meore 

TaobaSi? 
a m o c a n a 3. sazamTroSi nayofis forma da Seferiloba 

memkvidreobs damoukideblad. Hhomozigoturi grZelnayofa, mwvane Se-
fervis mcenareebi Seajvares homozigotur mrgval, zolebian sazam-
Tros mcenareebs. pirvel TaobaSi miiRes 20 mcenare, romelTac yvelas 
hqonda mrgvali, mwvane Sefervis nayofi. Mmeore TaobaSi miiRes 260 
mcenare. 
1. ramdeni tipis gametas warmoqmnis pirveli Taobis mcenare? 
2. ramdeni mcenare iqneba  pirvel TaobaSi heterozigoturi? 
3. ramdeni  tipis fenotipia meore TaobaSi? 
4. ramdeni tipis genotipi miiReba meore TaobaSi? 
5. ramden mcenares eqneba mrgvali da zoliani nayofi meore TaobaSi? 

a m o c a n a 4. TambaqoSi nacris daavadeba da fesvis sidample 
memkvidreobs damoukideblad. Nnacrisadmi gamZle, fesvis sidamplis 
mimRebiani jiSis SejvarebiT fesvis sidamplisadmi gamZle, magram 
nacris daavadebisadmi mimRebian jiSTan, pirvel TaobaSi miiRes orive 
daavadebisadmi gamZle 12 mcenare, xolo meore TaobaSi _ 112. 
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1. ramdeni mcenare iqneba nacrisa da fesvis sidamplisadmi gamZle 
pirvel TaobaSi? 

2. ramdeni tipis gametas warmoqmnis pirveli Taobis mcenareebi? 
3. ramdeni mcenare iqneba nacrisa da fesvis sidamplisadmi gamZle 

meore TaobaSi, romelic mogvcems dauTiSav Taobas? 
4. ramdeni tipis genotipi miiReba meore TaobaSi? 
5. ramdeni mcenare iqneba meore TaobaSi nacrisadmi gamZle da fesvis 

sidamplisadmi mimRebiani? 
a m o c a n a 5. simindSi helmiosporozisa da Jangasadmi 

gamZleoba dominirebs mimRebianobaze. Oorive niSani memkvidreobs da-
moukideblad, homozigoturi helmiosporozisa da Jangasadmi gamZle 
xazis SejvarebiT mimRebian xazTan. Ppirvel TaobaSi miiRes 16 mcenare, 
xolo meore TaobaSi _ 280. 
1. ramdeni tipis gametas warmoqmnis pirveli Taobis mcenareebi? 
2. ramdeni mcenare iqneba pirvel TaobaSi gamZle helmiosporozisa da 

Jangasadmi? 
3. ramdeni mcenare iqneboda meore TaobaSi helmiosporozisa da Jan-

gasadmi gamZle, romelic iZleva dauTiSav Taobas? 
4. ramdeni genotipis mcenare miiReba meore TaobaSi? 
5. ramdeni mcenare iqneba meore TaobaSi mimRebiani helmiosporozisa 

da Jangasi? 
a m  o c a n a 6. lobios yviTelparkiani da SavTesliani mce-

nareebi Seajvares mwvaneparkian da TeTrmarcvlian mcenareebTan. 
Ppirvel TaobaSi miiRes 20 mcenare. Yyvela maTgans hqonda yviTeli 
parki da Savi Tesli. Mmeore TaobaSi miiRes 180 mcenare. 
1. ramdeni tipis gametas warmoqmnis pirveli Taobis mcenareebi? 
2. ramdeni mcenare iqneba  heterozigoturi pirvel TaobaSi? 
3. ramden mcenares eqneba iseTive genotipi meore TaobaSi, rogoric 

hqonda pirvel TaobaSi? 
4. ramdeni tipis genotipia meore TaobaSi? 
5. ramden mcenares eqneba meore TaobaSi mwvane parki da TeTri 

marcvali? 
a m o c a n a 7. marwyvSi ulvaSianoba da nayofis Seferva 

memkvidreobs damoukideblad. Mmcenareebi, romelTac hqondaT nayofis 
TeTri Seferva da ar iviTarebda ulvaSs, Seajvares wiTelnayofian da 
ulvaSganviTarebul mcenareebs. pirvel TaobaSi miiRes 12 mcenare, 
yvela maTgans ganuviTarda ulvaSi da vardisferi nayofi. Ppirveli 
Taobis mcenareebis SejvarebiT TeTrnayofian da ulvaSganuviTarebel 
mcenareebTan maanalizebeli SejvarebiT miiRes 160 mcenare.    
1. ramdeni tipis gametas warmoqmnis pirveli Taobis mcenareebi? 
2.  ramdeni tipis genotipi miiReba analizur SejvarebaSi? 
3. ramdeni tipis fenotipi miiReba analizur SejvarebaSi? 
4. ramden mcenares eqneba vardisferi nayofi da ganuviTarebeli ul-

vaSi analizur SejvarebaSi? 
5. ramden mcenares eqneba TeTri nayofi da ulvaSi analizur Sejvare-

baSi? 
aAm o c a n a 8. pomidorSi maRalmozardoba dominirebs dabalze, 

nayofis wiTeli Seferva _ yviTelze, xolo nayofis mrgvali forma _ 
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msxlisebrze. pirveli Taobis mcenareebi Seajvares iseT formas, ro-
melic atarebda yvela dominantur niSans. bekrosSi miiRes 120 mcenare. 
1.  ramdeni tipis gametas warmoqmnis pirveli Taobis mcenareebi? 
2. ramdeni tipis genotipi miiReba bekrosul najvarSi? 
3. ramdeni tipis fenotipi miiReba bekrosul najvarSi? 
4. ramdeni mcenare iqneba bekrosSi homozigoturi samive dominanturi 

niSniT? 
5. ramden mcenares eqneba bekrosSi iseTive genotipi, rogoric hqonda 

pirveli Taobis mcenares? 
aAm o c a n a 9. pomidorSi maRalmozardoba dominirebs dabalze, 

nayofis wiTeli Seferva _ yviTelze, nayofis mrgvali forma _ 
msxlisebrze. pirveli Taobis mcenareebi Seajvares recesiuli niSnis 
matarebel mSoblebs. maanalizebel SejvarebaSi miiRes 128 mcenare. 
1.  ramdeni tipis gametas warmoqmnis pirveli Taobis mcenareebi? 
2. ramdeni tipis genotipi miiReba analizur SejvarebaSi? 
3. ramdeni tipis fenotipi miiReba analizur SejvarebaSi? 
4. ramdeni mcenare iqneba maRalmozardi, wiTeli feris da msxlisebri 

formis nayofiT? 
5. ramdeni mcenare iqneba dabalmozardi, wiTeli feris da msxlisebri 

formis nayofiT? 
a m o c a n a 10. surnelovan bardaSi yvavilis wiTeli Seferva 

dominanturia TeTris mimarT. Mmarcvlis yviTeli Seferva _ mwvanis 
mimarT, xolo parkis mwvane Seferva _ yviTelis mimarT. Ppirveli Tao-
bis heterozigoturi mcenareebis TviTdamtverviT meore TaobaSi miRe-
bulia 256 mcenare. 
1. ramdeni tipis gametas warmoqmnis pirveli Taobis mcenare? 
2. ramdeni  tipis fenotipi miiReba meore TaobaSi? 
3. ramdeni tipis genotipi miiReba meore TaobaSi? 
4. meore Taobis ramden mcenares eqneba yvavilis TeTri Seferva, 

marcvlis  yviTeli Seferva da mwvane parki? 
5. meore Taobis ramden mcenares eqneba yvela dominanturi niSani, ro-

melic mogvcems dauTiSav Taobas? 
a m o c a n a 11. bardaSi parkis mwvane Seferva dominanturia 

yviTelze, xolo marcvlis gluvi forma _ danaoWebulze. Ppirvel 
TaobaSi miiRes 18 mcenare, romelTac hqondaT mwvane parki da gluvi 
marcvali. Mmeore TaobaSi miiRes 160 mcenare.  
1. ramdeni tipis gametas warmoqmnis pirveli Taobis mcenare? 
2. meore Taobis ramdeni mcenare iqneba mwvaneparkiani da gluvmarcv-

liani? 
3. ramdeni mcenare iqneba meore TaobaSi  mwvaneparkiani da glu-

vmarcvliani,   romelic mogvcems dauTiSav Taobas? 
4. meore Taobis ramden mcenares eqneba yviTeli parki da danaoWebuli 

marcvali? 
5. ramdeni  tipis fenotipi miiReba meore TaobaSi? 

a m o c a n a 12.  xorbalSi TavTavis wiTeli Seferva dominan-
turia TeTris mimarT, xolo ufxooba _ fxianobis mimarT. Uufxo, 
wiTelTaviani homozigoturi mcenaris SejvarebiT TeTrfxian xorbal-
Tan pirvel TaobaSi miiRes 10, xolo meore TaobaSi 164 mcenare.  
1. ramdeni tipis gametas warmoqmnis pirveli Taobis mcenare? 
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2. ramdeni tipis gametas warmoqmnis meore Taobis homozigoturi mce-
nare? 

3. ramden mcenares eqneba ufxo, wiTeli TavTavi? 
4. ramden mcenares eqneba fxiani, TeTri TavTavi? 
5. ramdeni  tipis genotipi miiReba meore TaobaSi? 

 
 

genTa urTierTqmedeba 
  
tipiuri mono-, di- da sxva daTiSvebis garda, aRmoCenili iqna 

SemTxvevebi, romlebic ganpirobebulia arasruli dominirebiT an gene-
bis urTierTqmedebiT. 

genTa urTierTqmedebis SemTxvevebs ufro xSirad adgili aqvs 
araalelur genebs Soris. yvelaze metad gavrcelebulia komplemen-
taroba, epistazi, polimeria.     

 
 
 

genTa komplementaruli urTierTqmedeba 
  
  genebis komplementaruli urTierTqmedebis dros ori araale-

luri dominanturi genis erTad moxvedra iwvevs axali niSnis ganvi-
Tarebas. Ees movlena yvelaze ukeTesad Seswavlilia surnelovan bar-
daSi. Bbetsoni da peneti rodesac ajvarebdnen or TeTryvavilian 
surnelovan bardas, pirvel TaobaSi Rebulobdnen yvavilis mewamul 
Sefervas. maT dauSves, rom TiToeuli mSobeli atarebs erT dominan-
tur araalelur gens, maSin mSoblebi SeiZleba Caiweros AAbb da 
aaBB.Ppirvel TaobaSi miviRebT: 
                 

                AAbb       X      aaBB         AaBb 
                                TeTri      TeTri    wiTeli   
        meore  TaobaSi TviTdamtverviT miviReT: 
                     AaBbX AaBb 

 
mivmarToT penetis cxrils (cxr. 9).   

cxrili 9 
                      AB                        Ab                     aB                         ab 

    
   AABB 
  wiTeli 

    
  AABb 
 wiTeli 

     
  AaBB 
 wiTeli  

   
  AaBb 
  wiTeli 

   
   AABb 
  wiTeli 

  
  AAbb 
 TeTri 

   
  AaBb 
 wiTeli 

  
  Aabb 
 TeTri 

   
  AaBB 
   wiTeli 
  

  
  AaBb 
 wiTeli 

  
  aaBB  
 TeTri 

  
  aaBb 
 TeTri 

 
     ABAB 
 

 
              Ab 
 
 

              
              aB 
 
 
 
              ab 

   
  AaBb 
 wiTeli 

   
  Aabb 
 TeTri 

   
 aaBb 
TeTri  

M  
  aabb 
 TeTri  

58 
 



      
cxrilis analizi gviCvenebs, rom 9 wili mcenareebisa atarebs 

orive dominantur (A da B) niSans da amitom wiTeli Sefervisaa, xolo 
7 nawili warmodgenilia TiTo dominanturi niSniT an ormagi rece-
sivebiT da amitom  TeTryvaviliania. Ggenebis komplementaruli 
urTierTqmedebis dros fenotipuri daTiSva iqneba 9:7-Tan. Mmendelis 
kanonebis am movlenis axsna ar SeiZleba. aRniSnuli SemTxveva ga-
moTiSavs genebis damoukidebel ganawilebas da miuTiTebs genebis 
erTdroul moqmedebaze, romelzedac saubari iqneba Semdeg TavSi.  

aseTive daTiSva SeiniSneba ori sferuli formis gogris Sejvare-
biT. Ppirvel TaobaSi miiReba diskosebri gogra, xolo meore TaobaSi 
9/16 iqneba diskosebri (A, B), 6/16 sferuli (A da B) da 1/16 veluri 
formis msgavsi, wagrZelebuli (a,b). komplementaruli urTierTmoqmede-
bis dros veluri formisaTvis damaxasiaTebeli niSnebis gamovlenas,  
reversia ewodeba. 

genebis komplementaruli urTierTqmedeba kulturul mcenareebSi 
iwvevs sxvadasxva daavadebebs, rogoricaa hibriduli nekrozi da hi-
briduli qlorozi. xorblis sxvadasxva jiSebis da saxeobebis Se-
jvarebis dros pirveli Taobis mcenareebi xSirad iRupeboda. Ppirve-
lad msoflioSi es movlena aRwera da Seiswavla prof. l. 
dekapreleviCma (1929), SemdegSi mravali genetikuri, citologiuri da 
seleqciuri gamokvlevebiT dadginda, rom aRniSnul movlenas iwvevs 
hibriduli nekrozis (Ne1+Ne2) da hiriduli qlorozis (Ch1+Ch2) kom-
plementaruli genebi. 

cnobilia, rom xorbali maxa atarebs hibriduli nekrozis domi-
nantur araalelur Ne1 gens, misi SejvarebiT rbili xorblis jiS 
Tbilisur 5-Tan pirvel TaobaSi miiReba daavadebuli mcenareebi, mSo-
beli formebi Caiwereba Semdegnairad: maxas _ Ne1 Ne1 ne2 ne2, Tbilisur 
5-Tan _ ne1 ne1 Ne2 Ne2 SejvarebiT miviRebT:   
          Ne1 Ne1 ne2 ne2  X  ne1 ne1 Ne2 Ne2  Ne1 ne1 Ne2 n]2 
         Nnormaluri       normaluri     daavadebuli 
         
      TviTdamtverviT miRebul meore TaobaSi adgili aqvs daTiSvas 

        Ne1 ne1 Ne2 ne2 + Ne1 ne1 Ne2 ne2. 
gamovweroT gemetebi:  Ne1 Ne2;  Ne1 ne2 ; ne1Ne2; ne1ne2  mivmarToT 

penetis cxrils (cxr. 10). 
cxrili 10 

 
                          Ne1Ne2                         Ne1 ne2                      ne1Ne2                  ne1ne2 
    

Ne1 Ne1 Ne2 Ne2 
Ddaavadebuli 
 
Ne1Ne1 Ne2 ne2 
Ddaavadebuli 
 
Ne1 ne1 Ne2 Ne2 
Ddaavadebuli 
 
Ne1 ne1 Ne2 ne2 
daavadebuli 

 
Ne1 Ne1 Ne2 ne2 
Ddaavadebuli 
 
Ne1 Ne1ne2 ne2 
normaluri 
 
Ne1 ne1 Ne2  ne2 
Ddaavadebuli 
 
Ne1 ne1 ne2  ne2 
normaluri 
 

 
Ne1 ne1 Ne2 Ne2 
daavadebuli 
 
Ne1 ne1 Ne2 ne2 
daavadebuli 
 
ne1 ne1 Ne2  Ne2 
normaluri 
 
ne1 ne1 Ne2  ne2 
normaluri 
 

 
Ne1 ne1 Ne2  ne2 
Ddaavadebuli 
 
ne1 ne1 Ne2  ne2 
normaluri 
 
Ne1 ne1 ne2  ne2 
normaluri 
 
ne1 ne1 ne2  ne2 
normaluri 
 
 

    Ne1Ne2 
 
 
   Ne1Ne2 
 
                
 Ne1 ne2 
  
        
  ne1Ne2 
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ne1 ne2 
 

cxrilidan Cans, rom 9 nawili mcenareebisa warmodgenilia 
Ne1+Ne2 dominanturi geniT da daavadebulia, xolo 7 nawili atarebs 
erT dominantur gens (Ne1an Ne2) an ormag recesivs (ne1+ ne2 ) da nor-
maluria. daTiSva Seesabameba 9:7. 

hibriduli nekrozis da qlorozis genebis urTierTmoqmedebis 
dros didi mniSvneloba aqvs imas, Tu ramdeni dominanturi genia 
zigotaSi. Tu zigotaSi 4 dominanturi genia (Ne1 Ne1 Ne2 Ne2), maSin 
mcenareebSi daavadeba Zlierad vlindeba da ewodeba oTxdoziani. 3 
dominanturi genis matarebeli (Ne Ne1Ne ne2  an   Ne1 ne1 Ne2 Ne2) sam-
doziania da daavadebac naklebi xarisxiT vlindeba. 2 dominanturi 
niSniT (Ne1 ne1 Ne2  ne2) warmodgenili organizmi ordoziania da 
daavadeba kidev ufro naklebad vlindeba. Ddozebis mixedviT daTiSva 
iqneba: oTxdoziani _ 1, samdoziani _ 4, ordoziani _ 4. 

aseTive daTiSvas adgili aqvs hibriduli qlorozis dros. hi-
briduli qlorozis da hibriduli nekrozis movlenis Seswavlas aqvs 
didi Teoriuli da praqtikuli mniSvneloba. xorblis saxeobebSi da 
jiSebSi am genebis Seswavla saSualebas gvaZlevs ufro efeqturad ga-
moviyenoT hibridizacia axali jiSebisa da formebis misaRebad. 

 
epistazis movlena 

 
epistazi genebis iseTi urTierTqmedebaa, rodesac erTi geni ax-

Sobs meore genis gamovlenas. qerSi TavTunis kilis Sefervas gansaz-
Rvravs ori dominanturi geni A (Savi) da B (nacrisferi). Kkilis Savi 
Seferva epistazuria nacrisferis mimarT. mSobeli formebi SeiZleba 
Caiweros AABB (Savi) da aabb (nacrisferi). pirvel TaobaSi miviRebT 

AAbb X aaBB AaBb. Mmeore TaobaSi TviTdamtverviT miviRebT (AaBb X 
AaBb) (cxr.11). 

cxrilidan Cans, rom 12 wili mcenareebisa Seicavs A dominantur 
gens da amitom Savi Sefervis kili aqvs, xolo 3 nawili war-
modgenilia B dominanturi geniT da nacrisferkiliania. Oorive rece-
sivi TeTri Sefervisaa da 1 nawili TeTrkiliania (aabb). genTa epista-
zuri zemoqmedebis dros daTiSva aris 12 : 3 : 1.  
   
                                                                cxrili 11 
                  AB                  Ab                   aB                       ab 

    
   AABB 
   Savi  

    
  AABb 
  Savi 

     
  AaBB 
  Savi 

   
  AaBb 
    Savi 

   
   AABb 
   Savi 

  
  AAbb 
  Savi 

   
  AaBb 
  Savi 

  
  Aabb 
  Savi 

   
  AaBB 
    Savi  

  
  AaBb 
  Savi 

  
  aaBB  
nacrisferi 

  
  aaBb 
nacrisferi 

 
     ABAB 
 
 
              Ab 
 
 
              
              aB 
 
 
              ab 

   
  AaBb 
  Savi 

   
  Aabb 
  Savi 

   
  aaBb 
nacrisferi 

M  
  aabb 
 TeTri  
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xSiria iseTi SemTxvevebi, roca adgili aqvs mCagvreli faqtore-

bis, anu supresorebis moqmedebas. aseT dros dominanturi genebi Ta-
visTavad ar moqmedebs garegan niSanze, magram axSobs sxva genis mo-
qmedebas da daTiSva miiReba 13 : 3; mag. xorbalSi aris geni ingibi-
torebi J, romlebic meore TaobaSi axSoben mokleReroianobis genebis 
moqmedebas da ori dominanturi genis urTierTqmedebis dros miiReba 
daTiSva 13 : 3. 

zogierT mcenareSi aRmoCnda iseTi recesiuli genebi, romlebic 
axSoben dominantur gens, es movlena cnobilia kriptomeriis saxel-
wodebiT. Aam SemTxvevaSic daTiSvis xasiaTi gansxvavebulia da feno-
tipis mixedviT Seesabameba _ 9 : 3 : 4. 

 
                      

polimeria 
 
xSiria SemTxvevebi, rodesac niSnis ganviTarebas emsaxureba ori 

an meti geni. Aaraalelur an alelur genTa iseT moqmedebas, rodesac 
erTi niSnis ganviTarebas emsaxureba ori an meti geni, ewodeba genTa 
mravlobiTi moqmedeba, anu polimeria. 

Svedi mecnieri nilson-ele, romelic ajvarebda wiTel da TeTr-
marcvlian xorbals, meore TaobaSi Rebulobda daTiSvas 15 : 1, Sefer-
vaze moqmedi geni aRvniSnoT A asoTi, xolo maTi raodenoba indeqsiT 
A1 da A2, maSin wiTelmarcvliani mSoblis genotipi iqneba A1 A1 A2 A2, 
TeTrmarcvlianisa _ a1a1a2a2. SejvarebiT miviRebT: 

 

    A1A1A2A2         X       a1a1a2a2              A1a1A2a2 
    muqi wiTeli        TeTri          Ria wiTeli 
 

meore TaobaSi TviTdamtverviT miiReba A1a1A2a2  X A1a1A2a2   (cxr. 
12).  
                                                            
 
 
  

                                                           cxrili 12 
 

                    A1 A1                      A1 a2                      a1 A2                          a1 a2 
 

A1A1A2A2 
wiTeli 

 
A1A1A2a2 
wiTeli 

 
A1a1A2A2 
wiTeli 

 
A1a1A2a2 
wiTeli 

 
A1A1A2a2 
wiTeli 

 
A1A1a2a2 
wiTeli 

 
A1a1A2a2 
wiTeli 

 
A1a1a2a2 
wiTeli 

 
A1a1A2A2         
wiTeli 

 
A1a1A2a2  
wiTeli 

 
A1a1A2a2 wi-

Teli 

 
a1a1A2a2 
wiTeli 

 
      A1 A1 
 
 
          A1 a2  
 
 

              
          a1 A2 
 
 
          a1 a2   

 
A1a1A2a2 
wiTeli 

 
A1a1a2a2  
wiTeli 

 
a1a1A2a2 wi-

Teli 

M 
a1a1a2a2 
wiTeli 
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cxrilis analizi gviCvenebs, rom 15 zigota Seicavs dominantur 
gens da amitom wiTeli Sefervis marcvali viTardeba. erTi nawili 
a1a1a2a2  atarebs yvela recesiul gens da TeTrmarcvliania. 

Tu niSnis ganviTarebas emsaxureba sami dominanturi niSani, maSin 
meore TaobaSi daTiSva iqneba 63 : 1. 

polimeruli genebi xSirad xasiaTdeba dagrovebis unariT. 
Ggenebs, romelTa erTad moxvedra iwvevs niSnis gaZlierebas, ewodeba 
geni-kumulatorebi. Aamis gamo, is organizmi, romelic oTxive dominan-
tur gens Seicavs (A1A1A2A2 ) muqi wiTeli Sefervisaa; romelic sams _ 
(A1A1A2a2 an A1a1A2A2) wiTelia; romelic ors (A1a1A2a2) _ Ria wiTeli, 
xolo erTgeniani (A1a1a2a2 an a1a1A2a2) _ gardamavali wiTeli. 

genebs, romlebic gavlenas axdenen sxva niSnebis ganviTarebaze, 
ewodeba oligenebi, maTgan, romlebic aqveiTeben genis gamovlenas, 
ewodebaT supresorebi an ingibitorebi, xolo genebs, romlebic 
aZliereben niSnis gamovlenas, ewodebaT geni-gamaZliereblebi. 

 garemo pirobebis gavleniT feris siZliere xSirad icvleba da 
amitom polimeriis movlenis Seswavla metad gaZnelebulia. Ppolim-
eriis tipiT memkvidreobs iseTi niSan-Tvisebebi, rogoricaa: mcenaris 
simaRle, savegetacio periodis xangrZlivoba, cilis xarisxi, bioqimi-
uri reaqciebis siswrafe da sxv. 

genTa urTierTqmedebis asaTviseblad amovxsnaT amocanebi: 
a m o c a n a 1. xorbalSi daavadeba nekrozi gamowveulia ori 

dominanturi genis (Ne1 da Ne2) komplementaruli urTierTqmedebiT, 
rbili xorblis aborigenuli jiSi Tbilisuri 5 (Ne2) Seajvares ameri-
kul jiS preludes (Ne1). pirvel TaobaSi miiRes 16, xolo meore Tao-
baSi 120 mcenare. 
1. ramdeni mcenarea daavadebuli pirvel TaobaSi? 
2. ramdeni mcenarea daavadebuli meore TaobaSi? 
3. ramdeni mcenarea meore TaobaSi normaluri ganviTarebis? 
4. ramdeni mcenarea oTxive dominanturi niSniT warmodgenili? 
5. ramdeni genotipis mcenare miiReba meore TaobaSi? 

 
amocanis gadawyveta 

   
  1. araaleluri genebis Caweris dros aucilebelia mSoblebis 

Cawera moxdes TiTo dominanturi da recesiuli niSniT, magaliTad: 
Tbilisuri _ 5-is genotipi iqneba ne1ne1 Ne2Ne2, xolo jiS preludesi 
Ne1Ne1 ne2ne2, SejvarebiT pirvel TaobaSi miviRebT: 

     Ne1Ne1 ne2ne2      X     ne1ne1 Ne2Ne2         Ne1ne1 Ne2ne2 
     Pprelude          Tbilisuri 5       hibridi 

preludes erTi gameta (Ne1ne2) aqvs, Tbilisursac erTi (ne1 Ne2). 
yvela hibrids eqneba erTnairi genotipi (pirveli Taobis erTgvarovne-
bis wesis Tanaxmad). radgan pirobaSi naTqvamia, rom nekrozis geni Ne1 
da Ne2 xasiaTdeba komplementaruli urTierTmoqmedebiT, amitom hi-
bridSi orive genis erTad Tavmoyra gamoiwvevs axali niSnis ganvi-
Tarebas, kerZod, daavadeba nekrozs. Ee.i. Tormetive mcenare iqneba 
daavadebuli. kartotekaze aRvniSnavT cifrs 12. 
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2. Cven viciT, rom meore TaobaSi, roca gvaqvs genTa komplementa-
ruli urTierTqmedeba, daTiSva aris 9:7-Tan. Aaqedan 9 wili Seicavs 
orive dominantur gens da daavadebulia. sul mcenareTa raodenoba 
aris 80. erTi wili iqneba 5 (80:16=5). sul cxra wili iqneba 45 (9X5=45). 

3. normaluri ganviTarebis mcenareTa raodenoba 7 nawilia, 
radgan maT genotipSi mxolod erTi dominanturi niSani an recesivebia. 
Cvens SemTxvevaSi 7 wili iqneba 35 (7X5=35) (cxr.13).  

                                                                                                                                  cxrili 
13 

 
 

4. penetis cxrilis, mixedviT oTxive dominanturi niSniT war-
modgenilia mcenareebi genotipiT Ne1 Ne1 Ne2 Ne2 e.i. erTi wili. 80 mce-
naridan erTi wili aris 5 mcenare. kartotekaze unda aRiniSnos cifri 
5. 

5. genotipuri daTiSva alelur da araalelur genTa 
urTierTqmedebis dros yovelTvis erTnairia da igi Seesabameba 1 : 2 : 
2 : 1 : 4 : 1 : 2 : 2 : 1, e.i. miiReba 9 klasi. kartotekaze unda aRiniSnos 
cifri 9. 

 Aa m o c a n a 2. xorbalSi hibriduli qlorozi gamowveulia 
ori dominanturi genis komplementaruli urTierTqmedebiT. xorbal 
maxas (Ch1) SejvarebiT korboulis dolis purTan (Ch2) pirvel Tao-
baSi miiRes 20 mcenare, romelic daavadebuli iyo hibriduli qloro-
ziT. Mmeore TaobaSi aRizarda 194 mcenare. 
1. ramdeni tipis gametas warmoqmnis pirveli Taobis mcenare? 
2. ramdeni mcenarea daavadebuli meore TaobaSi? 
3. ramdeni  tipis fenotipia meore TaobaSi? 
4. ramdeni tipis genotipia meore TaobaSi? 
5. ramdeni mcenare iqneba sami dominanturi niSniT warmodgenili? 

a m o c a n a 3. qerSi qlorofilis mwvane Sefervas gansazRvravs 
ori (A da  B) komplementaruli geni. Tu genotipSi TiTo dominanturi 
genia an orive geni  recesiul mdgomareobaSia, maSin mcenare TeTri 
Sefervisaa. ori TeTri Sefervis homozigoturi mcenaris SejvarebiT 
miiRes 16, xolo meore TaobaSi 120 mcenare. 
1. ramden mcenares eqneba mwvane Seferva pirvel TaobaSi? 
2. ramden mcenares eqneba TeTri Seferva meore TaobaSi? 
3. ramdeni genotipi iqneba meore TaobaSi? 
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4. ramdeni  tipis fenotipi miiReba meore TaobaSi? 
5. ramdeni tipis gametas warmoqmnis meore Taobis mSobeli forma? 

a m o c a n a 4. simindSi marcvlis aleironis Sefervas gansaz-
Rvravs ori  dominanturi genis komplementaruli urTierTqmedeba. 
Ddominantur mdgomareobaSi isini iZleva Seferil aleirons, xolo 
recesiul mdgomareobaSi _ Seuferavs. 

ori Seuferavi aleironis mqone xazis SejvarebiT miiRes pirvel 
TaobaSi 20 mcenare Seferili aleironiT, xolo meore TaobaSi _ 180 
mcenare.  
1. ramden mcenares hqonda meore TaobaSi Seferili aleironi? 
2. ramdeni fenotipi iqneba meore TaobaSi? 
3. ramdeni genotipi iqneba meore TaobaSi? 
4. ramden homozigotur mcenares eqneba Seuferavi aleironi? 
5. ramden homozigotur mcenares eqneba Seferili aleironi? 

aA m o c a n a 5. xorbalSi muq wiTel Sefervas gansazRvravs ori 
wyvili dominanturi polimeruli geni, TeTrs _ ori wyvili recesiuli 
geni. Tu genotipSi sami dominanturi genia, marcvali wiTelia, Tu ori 
_ Ria wiTeli, Tu erTi _ maSin gardamavali wiTeli. 

Seajvares heterozigoturi Ria wiTelmarcvliani mcenareebi 
TeTrmarcvlian mSobel formasTan. miiRes 180 mcenare bekrosul na-
jvarSi. 
1. ramdeni genotipis mcenare miiReba aseTi Sejvarebisas? 
2. ramden mcenares eqneba Ria wiTeli Sefervis marcvali? 
3. ramden mcenares eqneba TeTri Sefervis marcvali? 
4. ramdeni fenotipi miiReba bekrosSi? 
5. ramden mcenares eqneba gardamavali wiTeli Sefervis marcvali? 

a m o c a n a 6. xorbalSi mcenaris simaRles gansazRvravs mok-
leRerianobis 3 wyvili recesiuli polimeruli geni. vTqvaT, yvela is-
ini erTnairi moqmedebiT xasiaTdeba da aqvT kumulatoruli efeqti. 
mokleRerianobis 3 wyvili genis mqone mcenareebs hqonda 18 sm, xolo 
yvela dominanturi genis mqone mcenareebs _ 120 sm simaRle. 

Seajvares maqsimaluri da minimaluri simaRlis mcenareebi.  
pirvel TaobaSi miiRes 18 mcenare, meore TaobaSi _ 164 mcenare. 

1. ra simaRlisaa pirveli Taobis mcenareebi? 
2. ramdeni fenotipi iqneba meore TaobaSi? 
3. ra simaRlis iqneba mcenareebi, romelTa genotipSi oTxi dominan-

turi da ori recesiuli genia? 
4. ramden mcenares eqneba 60 sm-ze naklebi simaRle? 
5. ramdeni mcenare mogvcems dauTiSav Taobas? 

a m o c a n a 7. xorbalSi mcenaris simaRles gansazRvravs qon-
darobis 3 wyvili recesiuli polimeruli geni. vTqvaT, yvela isini 
erTnairi moqmedebiT xasiaTdeba da aqvs kumulatoruli efeqti. samive 
wyvili recesiuli genis mqone mcenareebi 18 sm simaRlisaa, xolo 
samive   wyvili dominanturgeniani mcenareebi _ 120 sm. warmoebisaTvis 
mniSvnelovania 60-70 sm simaRlis mcenareebi. Mmcenareebi genotipiT 
oTxi dominanturi da ori recesiuli geniT daamtverianes oTxi rece-
siuli da ori dominanturi genis mqone mcenareebiT. pirvel TaobaSi 
miiRes 18 mcenare, xolo meore TaobaSi 94. 
1. ra simaRlisaa mdedrobiTi forma? 
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2. ra simaRlisaa mamrobiTi forma? 
3. ra simaRlisaa pirveli Taobis mcenare? 
4. ramden mcenares eqneba 60_80 sm simaRle meore TaobaSi? 
5. ramdeni maTgani mogvcems dauTiSav Taobas? 

a m o c a n a 8. simindSi taros marcvlis rigebis ricxvs gansaz-
Rvravs oTxi wyvili polimeruli geni, romelTac aqvs kumulatoruli 
efeqti. isini yvela erTnairi gavleniT xasiaTdeba. 

Tu genotipSi oTxive wyvili recesiuli genia, taroSi marcvlis 
rigebis ricxvi 8-s udris, xolo Tu oTxive wyvili dominanturia, ma-
Sin 24 rigia. 

simindis xazi, romelSic ori wyvili dominanturi da ori wyvili 
recesiuli genia, daamtverianes mcenareebiT, romelSic sami wyvili 
dominanturi da erTi wyvili recesiuli genia. Ppirvel TaobaSi miiRes 
12 mcenare, meore TaobaSi _ 120. 
1. ramdeni rigia mdedrobiTi formis taroSi? 
2. ramdeni rigia mamrobiTi formis taroSi? 
3. ramden mcenares eqneboda meore TaobaSi 24 rigi? 
4. ramden mcenares eqneboda meore TaobaSi 8 rigi? 
5. ramdeni mcenare mogvcems meore TaobaSi dauTiSav Taobas? 

Aa m o c a n a 9. SvriaSi yvavilis kilis Seferva memkvidreobs 
epistazis tipiT. Ddominanturi A geni gansazRvravs Sav Sefervas, B geni 
_ nacrisfers. recesiul mdgomareobaSi orive geni TeTr Sefervas 
iZleva. Seajvares mcenareebi genotipiT Aabb X aaBb. Ppirvel TaobaSi 
miiRes 94 mcenare. 
1. ramdeni fenotipi miiReba aseTi Sejvarebisas? 
2. ramdeni genotipi miiReba aseTi Sejvarebisas? 
3. ramden mcenares SeuZlia dauTiSavi Taobis mocema? 
4. ramden mcenares aqvs Savi Seferva? 
5. ramden mcenares aqvs kilis nacrisferi Seferva? 

a m o c a n a 10. SvriaSi yvavilis kilis Seferva memkvidreobs 
epistazis tipiT:  dominanturi A geni gansazRvravs Sav Sefervas, B geni 
_ nacrisfers. recesiul mdgomareobaSi orive geni TeTr Sefervas 
iZleva. Mmcenare genotipiT Aabb Seajvares homozigotur dominanturi 
niSnebis mqone mcenareebs . bekrosSi miiRes 120 mcenare. 
1. ramdeni fenotipi miiReba bekrosSi? 
2. ramdeni genotipi miiReba bekrosSi? 
3. ramden mcenares eqneba kilis Savi Seferva bekrosSi? 
4. ramdeni mcenare mogvcems meore TaobaSi dauTiSav Taobas? 
5. ramden mcenares eqneba nacrisferi Sefervis kilebi? 

a m o c a n a 11. GgograSi nayofis feri memkvidreobs epistazis 
tipiT. A geni ganapirobebs nayofis yviTel fers, xolo a _ mwvanes. 
Eepistazuri geni J dominantur mdgomareobaSi _ fers axSobs da iwvevs 
nayofis TeTr Sefervas. recesiuli i geni Sefervaze gavlenas ar 
axdens. 

TeTrnayofiani mcenare genotipiT Jiaa, Seajvares yviTelnayofian 
mcenareebs genotipiT iiAa. miiRes 112 hibriduli mcenare. 
1. ramdeni tipis gametas warmoqmnis mdedrobiTi forma? 
2. ramdeni genotipi miiReba aseTi Sejvarebisas? 
3. ramdeni fenotipi eqneba hibridul mcenareebs? 
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4. ramden mcenares eqneba mwvane feris nayofi? 
5. ramden mcenares eqneba yviTeli feris nayofi? 

a m o c a n a 12. simindSi marcvlis Seferva memkvidreobs epis-
tazis tipiT. geni A ganapirobebs wiTel Sefervas, recesiuli a _ 
TeTrs. E geni ingibitori J aqveiTebs wiTel Sefervas, geni i ar axdens 
gavlenas. 

xazis SejvarebiT genotipiT JJAA xazTan genotipiT iiaa pirvel 
TaobaSi miiRes 20, xolo meore TaobaSi _ 144 mcenare.  
1. ramden mcenares hqonda pirvel TaobaSi marcvlis TeTri Seferva? 
2. ramdeni fenotipi miiReba meore TaobaSi? 
3. ramden mcenares hqonda meore TaobaSi marcvlis wiTeli Seferva? 
4. ramden mcenares hqonda meore TaobaSi TeTri marcvali da iZleoda 

dauTiSav Taobas? 
5. ramden mcenares hqonda meore TaobaSi TeTri marcvali? 

 
 

daTiSvis statistikuri xasiaTis Sefaseba 
 
hibridul TaobebSi niSnebis mixedviT daTiSvis statistikuri 

xasiaTis Seswavla metad rTulia. xSir SemTxvevaSi daTiSva 9 : 3 : 3 : 1 
zustad ar miiReba. hibridul mcnareTa daTiSva biologiuri movlenaa, 
ris Sedegadac meiozis procesSi da ganayofierebis dros miRebul 
mcenareTa gacilebiT naklebi raodenoba miiReba, vidre Teoriuladaa 
mosalodneli. Sinagani da garegani faqtorebis zemoqmedebiT SesaZle-
belia zogierTi niSani ar gamovlindes an zogierTi zigota adreul 
stadiaSi daiRupos. 

Teoriulad mosalodneli da eqsperimentulad miRebuli monace-

mebis statistikuri SefasebisaTvis iyeneben X²(xi-kvadrati)-is 
mniSvnelobas, romelic pirvelad gamoiyena ingliselma statistikosma 

k. firsonma. X²-iT adgenen Seesabameba Tu ara miRebuli daTiSva Te-
oriulad mosalodnel Sefardebas, mas angariSoben formuliT: 

 q

d
X

2
2  

sadac d² aris gadaxris kvadrati Teoriulad mosalodneli 
daTiSvidan calkeuli fenotipis mixedviT; q _ Teoriulad mosalod-

neli daTiSvis ricxvi; Σ _ Sejamebis niSani. 

X²-is gamosaangariSeblad visargebloT cxr. 14-iT;  
1. yoveli fenotipis mixedviT davadginoT gansxvaveba Teoriul da 

miRebul maCveneblebs Soris (P – q)  da gamoviangariSoT sixSire d.  
2. gansxvaveba_ d aviyvaneT kvadratSi yvela fenotipuri klasis mixed-

viT. 
3. Sefardebebi SevajameT. 

 
meore Taobis mcenareTa daTiSvis analizi  

monohibriduli Sejvarebis dros 
                                                                cxrili 14 
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monacemebi 

Mmcenareebi 
ufxo 

TavTavebiT 

mcenareebi 
fxiani 

TavTavebiT 
jami 

1.eqsperimentulad miRebuli 
2.Teoriulad mosalodneli 
(q) 
3.Teoriulidan eqsperimen-
talurad 
miRebuli monacenebis gad-
axra (d) 
4.gadaxris kvadrati  (d²) 
5. gadaxris kvadratis Se-
fardeba Teoriulad mosa-
lodnel  

daTiSvasTan (  d²  ) 
                q 

 
385 
 

390 
 
 

+5 
 
25 
 
 

25  =0,063 
 395 

 
125 

 
130 

 
 

-5 
 

25 
 
 

25   =0,2 
     125 

 
520 

 
520 

 
 

0 
 

_ 
 
 

0,263 

 

   cxrilidan Cans, rom  q

d
X

2
2 = 0,063 + 0,2 = 0,263 Tu Σ( p-q ) =0 , ma-

Sin X²=0.  es imas niSnavs, rom Teoriuli da eqsperimentulad miRe-

buli monacemebi erTmaneTs emTxveva. Tu X² ar aris nuli, maSin misi 
Sefaseba xdeba miRebuli r. fiSeris cxrilis mixedviT (cxr.15). 
                      

cxrili 15 
 

      Dd a m a j e r e b l o b a    (p)       
   dt 

 
       0,05 

 
      0,01 

 
     0,01 

    1 
    2 
    3 
    4 
    5 
    6 
    7 
    8 
    9 
   10   

       3,84 
       5,99 
       7,81 
       9,49 
      11,67 
      12,59 
      14,07 
      15,51 
      16,92 
      18,81 

      6,63 
      9,21 
     11,4 
     13,28 
     15,09 
     16,81 
     18,48 
     20,09 
     21,67 
     23,31 

     10,83 
     13,82 
     16,27 
     18,47 
     20,50 
     22,50 
     24,30 
     26,0 
     27,90 
     29,60 

 

Cvens mier miRebuli X²=0,264, roca df  tolia 1-is Seadgens 3,84-s, 

P=0,01. aqedan gamomdinare, raki X²= 0,264 naklebia standartul MmaCve-
nebelze, miRebuli daTiSva Sesabameba 3 : 1-s. 

saxelmZRvaneloSi motanili yvela amocanis mixedviT viangariSoT 

X²-is mniSvneloba. 
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memkvidreobis  molekuliaruli safuZvlebi 

 
genetikuri kvlevis uzarmazar miRwevas warmoadgenda qromosome-

bis, rogorc memkvidruli organizaciis Seswavla. Mmendelisa da mor-
ganis Teoriebma, romelTac axsnes memkvidreobis da cvalebadobis ka-
nonzomierebani, saSualebas ar iZleoda pasuxi gaeca niSan-TvisebaTa 
memkvidreobis calkeul SemTxvevebze. Nn. kolcovis idea, rom qromo-
soma es aris giganturi bioqimiuri molekula, romelsac Seswevs 
TviTgaormagebis unari, sadac cilis Semadgenloba da misi moleku-
lebis urTieTqmedeba ganapirobebs organizmis niSan-Tvisebebs, 
moiTxovda ufro Rrma Seswavlas molekuliarul doneze. bioqimiis 
procesebis Seswavla umaRlesi organizmebis ujredebSi metad 
gaZnelebulia, mikroorganizmebsa da baqteriebSi ki TiToeuli ujredi 
warmoadgens damoukidebel organizms, ris gamoc isini genetikuri 
kvlevis ZiriTadi obieqtebi gaxdnen. 

 
dnm _   memkvidreobis materialuri matarebeli 

 
yvela organizmis dnm-s (dezoqsiribonukleinis mJava) agebulebis 

individualobam daayena hipoTeza _ misi, rogorc memkvidreobis Ziri-
Tadi matareblis Sesaxeb. TandaTanobiT dagrovda faqtebi, rom erTti-
pobriobas Tan axlavs organizmTa specifikuri gansxvavebuloba, rasac 
mosdevs purinuli da pirimidanuli fuZeebis gadanawileba dnm-s mole-
kulaSi. SemdegSi dnm-s genetikuri mniSvneloba mravali faqtiT 
dasabuTda. magaliTad, 1. erTi organizmis funqciis ujredebisaTvis 
dnm-is raodenoba konstanturia. 2. ujredis dayofis dros dnm-s 
raodenoba zustad nawildeba sasqeso ujredebSi, gametebis warmoqmnis 
dros misi raodenoba naxevrdeba, xolo zigotaSi, ganayofierebis Sem-
deg zustad aRdgeba sawyisi raodenoba. Ee.i. dnm-s regulireba xdeba 
meioziT da ganayofierebiT. 3. dnm ZiriTadad moTavsebulia qromo-
somebSi _ birTvis struqturaSi, romelTanac dakavSirebulia or-
ganizmis ZiriTadi memkvidreoba. 4. sxvadasxva organizmi sxvadasxva 
raodenobiT Seicavs dnm-s. 5. organizmze yovelgvari mutaciuri cvale-
badoba pirvel rigSi iwvevs dnm-s Secvlas. dadgenilia, rom mutagenebi 
cilis struqturaze ufro nakleb gavlenas axdenen, vidre dnm-ze. 6. 
yvelaze mniSvnelovani Tviseba ujredisa _ TviTgaormageba mTlianad 
dakavSirebulia dnm-Tan, ramdenadac dnm ujredis erTaderTi kompo-
nentia, romlebsac SeswevT gaormagebis unari. 

 
 

nukleinmJavebis struqtura da funqcia 
 
  mas Semdeg, rac dadginda dnm-is roli memkvidreobaSi, dadga 

nukleinmJavebis qimiuri organizaciis Seswavlis sakiTxi. Nnukleinis 
mJavas saxelwodeba warmodgeba laTinuri sityvisgan “nukleus”, rac 
qarTulad niSnavs birTvs. arsebobs nukleinmJavebis ori ZiriTadi 
tipi: 1.  dezoqsiribonukleinis mJava (dnm) da 2. ribonukleinis mJava 
(rnm). 
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Ddnm Tavisi bunebiT biologiuri polimeria, gamoirCeva rTuli 
xazovani struqturiT. Ddnm-s molekulis wona udris 4_8 mln-s, magram 
SeiZleba miaRwios 10_15 mln-s. 

Ddnm-is makromolekula grZel dautotav jaWvs warmoadgens, 
romlis ConCxi Sedgeba monomeruli erTeulebisagan _ dezoqsiribo-
nukleotidebis morigeobiT. nukleotidebi agebulia sami komponentisa-
gan: purinuli an pirimidinuli fuZeebisagan, pentozuri Saqrisa (dezo-
qsiriboza) da fosfaturi jgufisagan. universalurad gavrcelebulia 
azotovani fuZeebi, romlebic Cveulebriv dnm-is molekulaSi oTxia: 
adenini da guanini (purinis warmoebuli) citozini da Timini (pirimid-
inulis warmoebuli). gamosaxvis gasamartiveblad maT SemoklebiT aR-
niSnaven asoebiT: a. g. c. T. 

rnm-s agebuleba ZiriTadad msgavsia dnm-sa. Aamitom miuxedavad 
gansxvavebisa, SeiZleba maTi agebuleba gamovsaxoT saerTo formuliT: 

 
azotovani fuZeebi   Saqrebi (dezoqsiri-  fosforis mJava 
 (purinuli da piro-    boza da riboza)     
     Mmidinuli)  
 
Aazotovani fuZeebis mixedviT (purinuli da pirimidinuli) dnm da rnm 
warmodgenilia Semdegnairad:  
  Ppirimidinuli           citozini           citozini 
   fuZeebi                  Timini              uracilini 
   purinuli                adenini             adenini                 
   fuZeebi                  guanini              guanini 
 

uotsonis  da krikis (1953) Sromebis Tanaxmad axla dadgenilia, 
rom dnm-s molekula Sedgeba didi raodenobis nukleotidebis 
urTierTSoris SeerTebiT warmoqmnili ori polinukleotiduri jaW-
visagan. maT Soris kavSiri dnm-s jaWvSi xorcieldeba mezobel dezo-
qsiribozul narCenebsa da hidroqsils Soris fosfaturi bogirebis 
warmoqmnis Sedegad, romelSic ganapira radikalebiT SeerTebulia 
azotovani fuZeebi. Saqris narCenebi da fosfaturi jgufebi yvela 
nukleinmJavaSi erTnairia, maSin rodesac wyalbaduri kavSirebiT 
SeerTebuli fuZeebi icvleba. amasTanave, adenini yovelTvis TiminTanaa 
SeerTebuli, xolo guanini _ citozinTan, miuxedavad imisa, rom dnm-s 
molekulaSi azotovani fuZe mxolod oTxia, SesaZlebel kombinaciaTa 
ricxvi didia. Aase magaliTad: gansazRvruli iqna, rom fagur dnm-s 
nawilakis ubnis Zafebi daaxloebiT 200 000 nukleotids Seicavs, 
umaRles organizmebSi ki es ricxvi ufro meti unda iyos. 

dnm-s molekula warmoqmnilia ara erTi, aramed ori nukleo-
tiduri jaWviT da SeerTebulia ormag spiralad. isini erTmaneTTan 
iseTnairadaa SeerTebuli, rom TiToeuli nukleotidi erTi jaWviT 
uerTdeba purinul fuZes, xolo meoreTi _ pirimidinul fuZes. Amisi 
meoxeobiT dnm-s orive Zafi erTimeoris Semavsebelia, e.i. komplemen-
tarebia. maSasadame, Tu davuSvebT, rom ama Tu im jaWvis romelime erT 
segments, aqvs agebuleba Sesabamisi aRniSvnebiT _ ggaTcTTacaT, maSin 
am segmentebs ormag jaWvSi eqneba Semcveloba: 
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   uotsonisa da krikis modelze (sur. 2) aris ori spirali _ fos-
fatur dezoqsi ribozuli jaWvi. Hhorizontaluri xazi _ azotovani 
fuZeebis wyvilia, romlebic aerTeben orive jaWvs, SemdgomSi am ori 
Zafis komplementaruli agebuleba uzrunvelyofs zust re-
duplikacias. qromosomebis warmoqmnis sqemaze SeiZleba davinaxoT, 
rom ormagi jaWvis TiToeulad daSlis Semdeg (spiralis gaSlis 
Sedegad) ukanaskneli ivseba Tavisufali fuZeebis xarjze. amasTanave, 
TiToeuli jgufi g _ ierTebs c jgufs, xolo TiToeuli jgufi a _ 
jgufi T-s da a.S. 
 
 
 

 
  
 
 
 
 

sur.2. uotsonisa da krikis dnm-is modeli 
    

 
 
dnm molekulis reduplikacia dakavSirebulia polinukleotidur 

jaWvebs Soris wyalbaduri kavSirebis SewyvetasTan da purinuli da 
pirimidinuli fuZeebis ganTavisuflebasTan, amasTanave mimdinareobs 
ori polinukleotiduri jaWvis gaSla, irgvliv myofi garemodan 
Tavisufali fuZeebis mizidva da ukve arsebuli tipis mixedviT axali 
polinukleotiduri jaWvis  warmoiqmna (sur.2). 
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nax. 6.  dnm-is gaormagebis sqema 
 
    

  a_T                T_T                a_T 
  c_g                c_g                c_g 
  T_a                a_T                T_a 
  T_a                 a                   T 
  c_g                 c                   g 
  g_s                 g                   c 
 

aRmoCnda, rom sxvadasxva biologiuri warmoSobis nukleinmJavebi 
TavianTi nukleotidebis sxvadasxva odenobiTi TanafardobebiT 
xasiaTdebian. monacemebiT umaRlesi mcenareebisa da cxovelebis dnm-s 
Sedgeniloba ufro naklebad meryevia saxeobidan saxeobamde, vidre da-
bali organizmebis Sedgeniloba. Mmcenareuli dnm xasiaTdeba 5 _ 
meTilzitozinis ufro maRali SemcvelobiT, vidre cxoveluri warmo-
Sobis dnm. 

dnm-s erT-erTi bioqimiuri funqciaa monawileoba cilis sinTezSi, 
romelic SeiZleba moxdes rogorc birTvSi, ise citoplazmaSi. birT-
vSi dnm-is saSualo Semcveloba mudmivad icvleba, Tu qromosomebis 
gaormageba ar xdeba da miRebuli Sexedulebis Tanaxmad ar icvleba 
ujredSi dnm-is Semcveloba fiziologiuri cvlilebebis SemTxvevaSic. 
aRniSnuli Sexeduleba rasakvirvelia, ar aris yovelTvis swori. Ddnm-
is sakmao raodenoba aRmoCenilia citoplazmaSic. 

polinukleotidebis biosinTezi Sedgeba sami mTavari fazisagan: 1. 
nukleozi _ monofosfatis biosinTezi, 2. misi dafosforeba trifos-
fatis stadiamde, 3. nukleotiduri erTeulebis polimerizacia (maRali 
molekuluri wonis mqone organuli nivTierebebis warmoqmna dabal-
molekulur nivTierebaTagan). 
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griunberg-monagom da oCoiam (1955) aRmoaCines fermenti polinuk-
leotid-fosforilaza, romelic nukleotid-difosfatebs gardaqmnis 
poliribonukleotidebad. sinTezurad miRebuli polimerebi bunebriv 
rnm-is msgavsia. 

polinukleotid fosforilaza, rogorc Cans axorcielebs rnm-s 
Sidaujredul sinTezs mikroorganizmebSi. Ees fermentiDgavrcelebuli 
aRmoCnda sxvadasxva baqteriebSi da agreTve zogierT mcenareul da 
cxovelur qsovilSi. oCoias Semdgomi gamokvlevebiT rnm aRmoCenilia 
yvela purinuli da pirimidinuli fuZeebidan. miRebuli rnm-s buneba 
mniSvnelovnad eqvemdebareba mcire raodenobiT sareaqcio narevSi 
Setanil bunebriv rnm-s. 

1957 wels a. korbergma gamoyo dnm-s tipis polinukleotidis 
sinTezirebis unaris mqone fermenti polimeraza, romelic iwvevda 
mxolod dezoqsiribozuli bunebis nukleotiduri erTeulebis polim-
erizacias, risTvisac dezoqsiribonukleotiduri monomerebi unda yo-
filiyvnen warmodgenili 5 trifosfatebis saxiT. calkeuli nukleo-
tidebis SeerTebas nukleinmJavebis molekulad, ewodeba polimeri-
zacia. 

rnm uxvadaa aRmoCenili citoplazmis fraqciebsa da birTvakSi. 
birTvSi dnm-s da rnm-s fardoba cvalebadobs, mag. Timusis qromo-
somebSi Sefardebaa 40 : 1, xolo RviZlSi _ 10 : 1. adre iTvleboda, rom 
rnm-s raodenoba birTvSi ise mcirea, rom misi aRmoCena SesaZlebelia 
mxolod dnm-s birTvidan enzimuri gamoyofis Semdeg. savickim da 
stendim aRmoaCines, rom rnm-s mniSvnelovani raodenoba aris birTvSi, 
e.i. ufro meti, vidre aqamde miaCndaT (erT procentze meti). 

qimiuri TvisebebiT rnm Zlier emsgavseba dnm-s da molekuluri 
konfiguraciiT misgan arcTu ise gansxvavebulia. rnm-s molekulebi 
Zlier daxveulia. saTanado Seswavlis safuZvelze dadgenilia, rom 
rnm-s jaWvs SeuZlia miiRos dnm-s cnobili konfiguraciis msgavsi 
konfiguracia, rnm molekula erTWimiani polinukleotidia. amJamad, 
metad Tu naklebad gadaWrilia sakiTxi, rom rnm-s molekula spiral-
isebria. 

rnm-s sami saxea cnobili: informaciuli (i-rnm), e.w. matriculi 
anu Sualeduri rnm, satrasporto (s-rnm) da ribosomuli (r-rnm). sain-
formacio rnm Sedgeba 100-mde nukleotidisagan, igi sigrZiT aTasidan 
ramdenime aTasamde nanometris tolia. Mmas gadaaqvs informacia birT-
vidan citoplazmaSi. transportuli rnm warmodgenilia ocive aminom-
Javas formaSi. sigrZiT _ 260 nanometri, Sedgeba 70-mde nukleotidisa-
gan. maTi daxmarebiT aminomJavebi midis cilis sinTezis adgilamde. 
ribosomuli rnm Sedis ribosomis SemadgenlobaSi, 1,5_2 mln moleku-
liaruli masiT, romelic Sedgeba 4000-6000 nukleotidisagan. 

ukanaskneli gamokvlevebis safuZvelze dadgenilia, rom dnm-s 
jaWvi SeiZleba warmodgenili iyos ara ormagi spiraliT, aramed erT-
magi spiraliT, zustad ise, rogorc rnm-s jaWvi. Ggansxvaveba mxolod 
isaa, rom rnm-s jaWvi uraciliniTaa warmodgenili, xolo dnm-is_ Timi-
niT. 
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nax.7. dnm-s matricaze rnm-s sinTezi 
 

zemoT ukve aRvniSneT, rom dnm monawileobs yvela saxis cilis 
sinTezSi. dnm ZiriTadad moTavsebulia birTvis struqturebSi _ qro-
mosomebSi. cilis sinTezi mimdinareobs citoplazmaSi, kerZod _ ri-
bosomebSi. savaraudod, unda arsebobdes Suamavali, romelic dnm-s in-
formacias miitans ribosomamde. 

e. volkinma da l. astraxanma pirvelad qromosomebze aRmoaCines, 
rom dnm-s da cilis Suamavali iyo rnm. baqteriebSi dnm-s da niSando-
blivi (winaswar SerCeuli) atomebis SeyvaniT dadginda, rom dnm-s fa-
gis forma warmodgenili iyo Cveulebrivi komplementarobis principiT: 
a_T da g_c, xolo rnm xelaxla warmoiqmna zustad misi Sesatyvisi 
komplementarobiT: a_u da g_c. radioavtografiis saSualebiT zustad 
iqna dadgenili, rom dnm-sa da cilas Soris Suamavlis rols as-
rulebs rnm (nax. 7). zusti cdebiT dadgenilia, rom rnm-s raodenoba 
zustad Seesabameba sinTezirebuli cilebis raodenobas. ujredebi Tu 
mdidaria rnm-iT, warmoiqmneba meti cila, xolo Tu Raribia _ 
sinTezirdeba naklebi. 

memkvidreobis matriculi Teoria sqematurad SeiZleba gamovs-
axoT Semdegnairad: 
(replikacia) dnm  (transkripcia) rnm  (translacia) cila  

  replikacia _ es aris dnm-s TviTgaormageba, sadac matricaa 
TviT dnm (dnm-s gaormageba xdeba TviTwarmoqmniT). transkripcia _ 
gadaweraa (informaciisa dnm-dan rnm-ze, rnm-s warmoqmna xdeba dnm-s 
matricaze). translacia _ es aris procesi, rodesac cilis bios-
inTezSi matricas warmoadgens rnm. igi gansazRvravs aminomJavebis Tan-
mimdevrobas cilis molekulaSi. Ddnm-s matricaze memkvidrul infor-
macias Rebulobs i-rnm, romelic s_rnm-s saSualebiT miemarTeba cito-
plazmaSi ribosomaze (nax.8). amis Sesabamisad iwyeba cilebis sinTezi. 
cilis sinTezamde gavecnoT genetikur kods.  
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nax. 8. memkvidruli informaciis Sesabamisi cilebis  
sinTezirebis sqema 

 
 
 
 

Ggenetikuri kodi 
 

yoveli organizmi erTmaneTisagan gansxvavdeba cilebis stru-
qturiTa da raodenobiT, Aamitom mTavaria gaverkveT Tu rogor xdeba 
genetikuri informaciis Cawera dnm-s qimiur struqturiTa da raodeno-
biT. cilis makromolekulebi Sedgeba 20 monomeris aminomJavisagan. 
aminomJavebis Tanmimdevroba, raodenoba da ganlageba gansazRvravs 
cilis specifikurobas. ramac SeiZleba mogvces 1024  kombinacia. Aamde-
nad, cilis milekulis niSan-TvisebaTa gansxvaveba, praqtikulad daus-
rulebelia. SesaZlebloba arsebobs dedamiwaze sicocxlis evolucia 
gagrZeldes 10 mlrd wels, radgan erTi aminomJavis Secvlac ki iwvevs 
cilis Tvisebis Secvlas. 

dnm biopolimeria, romelic Sedgeba monomerisagan, magram aq 
nacvlad 20 aminomJavisa, gvaqvs oTxi nukleotidi: a, T, g, c; Saqrebi 
da yvelgan erTnairi fosforis mJava. Ddnm-s gansxvaveba mxolod 
azotovani fuZeebiT ganisazRvreba. dnm-s molekulaSi azotovani 
fuZeebis morigeoba gansazRvravs cilis molekulaSi aminomJavebis 
morigeobas. aqedan gamomdinare yvela organizmis forma da funqcia, 
maTi msgavseba da gansxvaveba ganpirobebulia dnm-s molekulaSi oTxi 
azotovani fuZiT. Aazotovani fuZeebis ganlagebas dnm-Si, romelic 
gansazRvravs aminomJavebis morigeobas cilis molekulaSi, ewodeba 
genetikuri kodi an memkvidreobis kodi. Yyvela memkvidruli infor-
macia “Cawerilia” oTxi niSniT. saWiro gaxda genetikuri kodis 
gaSifvra, romelic genetikosebis, fizikosebis, qimikosebisa da maTe-
matikosebis erTdrouli monawileobiT moxda. Aam problemis gadawyve-
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taSi didi roli Seasrula g. gamovam da f. krikma. Ggenetikuri kodis 
gasaSifrad mTavaria dadgindes nukleotidebis minimaluri raodenoba, 
romelic gansazRvravs aminomJavas. ra Tqma unda, ori azotovani fuZe 
mogvcems mxolod 16 kombinacias, aminomJava ki ocia. sam azotovan 
fuZes SeuZlia mogvces 64 sxvadasxva kombinacia (4³=64). sami nukleo-
tidis aseT SeTanwyobas ewodeba tripleturi kodi. aminomJavebi dnm-s 
molekulaSi mocemulia sami nukleotidiT, mag. aaa, cgc da a.S. 

1961-62 wlebSi m. nirenbergma da g. mateim moaxdines yvela amonom-
Javas tripletis gaSifvra. SemdgomSi dadginda, rom erTi da imave ami-
nomJavas SeiZleba gansazRvravdes ramdenime tripleti (cxr 16). 

          
cxrili 16 

   aminomJavebis tripletSi nukleotidebis Tanmimdevroba 

  
SeniSvna: aRniSnuli kodonebi translaciis Sewyveta an dasasrulia. 
maTi daniSnuleba ganisazRvreba Sesabamisi mutantiT. 
 

cilebis sinTezireba 
 

 cilis sinTezireba rTuli biologiuri procesia. Mmisi 
sinTezireba mowmobs ujredis yvela komponentis erTianobas. gansa-
kuTrebiT sainteresoa dnm-sa da rnm-s urTierTwarmoqmna da birTvisa 
da citoplazmis aucilebloba. 

rogorc wina sakiTxSi iyo aRniSnuli dnm-s matricaze mimdi-
nareobs rnm-s sinTezi, magram 1960 wels s. gerSezonis mier aRmoCenili 
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iqna rnm-s matricaze dnm-s sinTezi. ferment revertazas daxmarebiT 
xdeba SebrunebiTi transkrifcia. maSasadame, cilebis formulireba 
SeiZleba gamovsaxoT: dnm  rnm  cila. 

orive SemTxvevaSi jer informacia gadaiwereba rnm-ze, xolo Sem-
deg gadadis cilaSi aminomJavebis Tanmimdevrobaze. Yyoveli cilis 
sinTezireba xdeba gansakuTrebul matricaze, Tavis i-rnm-is saSuale-
biT, amitom cilis sinTezi mimdinareobs ramdenime safexurad.  

 pirvel etapze xdeba aminomJavebis gaaqtiureba. isini advilad 
urTierTqmedeben erTmaneTze, qmnian aqtiur grZel polipeptidur 
jaWvs.Ggaaqtiureba xdeba adenozintrifosformJavas (atf) SeerTebiT, 
romelsac emsaxureba fermenti aminoacil _ rnm _ sinTetaza. 

 meore etapze informaciuli rnm-s miRebuli kodi saWiroa gadae-
ces s_rnm-s, romelic birTvidan ribosomamde miitans saWiro nuk-
leotids. rogorc viciT, s _ rnm gacilebiT pataraa, vidre i_rnm.  mis 
erT mxares moTavsebulia saWiro nukleotidi, xolo meore boloze _ 
gansazRvruli aminomJava, romelsac Seswevs unari Seicnos saWiro 
nukleotidi. Yyvela s_rnm-s Seesabameba gansazRvruli aminomJava. 
Aaqedan gamomdinare, s _ rnm unda iyos oci sxvadasxva saxis. 

 mesame  etapze iwyeba aminomJavebis awyoba gansazRvruli Tanmim-
devrobiT. poliribosomaSi peptidpolimerazis daxmarebiT xdeba i_rnm-
s matricaze cilis molekulis sinTezi. awyobaSi monawileobas unda 
iRebdes r_rnm, Tumca es sakiTxi bolomde garkveuli ar aris. moitans 
ra s_rnm i_rnm-s  anu aqtiur aminomJavas, iwyeba polipeptiduri jaWvis 
sinTezi. a. spirinis mixedviT r_rnm konveieruli sistemiT axdens 
cilis molekulis awyobas. 

meoTxe etapze cilis molekula, rogorc sworxazovani stru-
qtura, igrixeba spiralad da iRebs biologiurad aqtiur konfigura-
cias. 

aRniSnulidan naTlad Cans, rom mTliani memkvidruli informacia 
inaxeba dnm-is molekulis struqturaSi, xolo memkvidreobis reali-
zacia xdeba cilis molekulis sinTezis procesSi. 

cilebis sinTezirebaSi did rols asrulebs nivTierebebi, romle-
bic aregulireben am process. aseT nivTierebebs ewodebaT indu-
qtorebi. calkeuli cilis sinTezisaTvis saWiroa gansazRvruli fer-
menti da garemo. induqtorebis moqmedebiT xdeba calkeuli cilebis 
sinTezis daCqareba, magram ujredSi SeiZleba gamomuSavdes ujreduli 
nivTiereba, romelic axSobs aminomJavebis aqtiurobas, maT represorebi 
ewodebaT. Uujredis metabolizmis procesSi cilebis sinTezis indu-
qcia da represia imyofeba genebis kontrolSi. Ffermentis sinTezis 
genetikuri kontrolis meqanizmis sqema mogvca k. Jakobom da J. monom 
(1961) (nax.9).   
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nax.9 cilis sinTezirebis sqema 
 

 yvela genebi imyofebian dnm-s TviTgaormagebad struqturaSi, ma-
gram isini Tavisi funqciebiT erTmaneTisgan gansxvavebulia. erTni gan-
sazRvraven aminomJavebis morigeobas cilis molekulaSi da ewodebaT 
struqturuli genebi, xolo meoreni awarmoeben aminomJavebis gaaqti-
urebas da ewodebaT regulatorebi. Ddnm-s struqturaSi aris iseTi 
nawilic, romelic ar monawileobs cilebis sinTezSi, maT introgenebi 
ewodebaT. struqturul genTa Sesabamisi morigeobis kavSirs awarmoe-
ben geni-operatorebi, xolo maTTan cilis bunebisaTvis damaxasiaTe-
bel genebs Soris manZils kontrols uweven geni-regulatorebi. 

amrigad, cilis sinTezi da misi meqanizmis regulacia aris TviT-
maregulirebeli kibernetikuli sistema, romelsac aqvs Seqcevadi 
xasiaTi. 

memkvidreobis  molekuluri safuZvlebis asaTviseblad amovxsnaT 
amocanebi. 

a m o c a n a 1.  dnm-s erT jaWvSi nukleotidebis morigeoba 
aseTia: 

T_a_a_T_c_c_T_g_c_g_a_T_a_g_c_T_c_g_T_a 
1. aageT dnm-is molekulis komplemantaruli jaWvi; 
2. aageT rnm-s jaWvi; 
3. ramdeni molekula triftofania dnm-s jaWvSi? 

a m o c a n a 2. dnm-s erT jaWvSi nukleotidebis morigeoba 
aseTia: 

a_c_a_T_a_a_c_c_a_c_T_a_T_T_T_c_T_T_g_T_T_c_T_a_a_a 
1. ramden aminomJavas Seicavs dnm-is molekula? 
2. aageT rnm-is jaWvi? 
3. ramdeni molekula lizinia dnm-s jaWvSi? 

a m o c a n a 3. dnm-s erT jaWvSi nukleotidebis morigeoba 
aseTia: 

a_g_a_a_c_c_c_T_T_T_T_T_c_T_a_c_g_a_c_T_a_a_T_a_a_c_a_a_T
_a_a_T_T 
1. ramdeni s_rnm monawileobs cilis sinTezis dros? 
2. ramdeni molekula asparagins Seicavs dnm-is molekula? 
3. aageT dnm-is komplementaruli jaWvi; 
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a m o c a n a 4. dnm-is molekulaSi aminomJavebis morigeoba 
aseTia: 

glutamini _ glicini _ asparaginis mJava _ valini _ tirozini _ 
valini _ prolini _ alanini _ asparagini. 
1. avagoT dnm-is Sesabamisi jaWvi; 
2. avagoT i_rnm-is molekula; 
3. ramdeni s_rnm monawileobs dnm-is jaWvSi? 

a m o c a n a 5. dnm-is molekulaSi aminomJavebis morigeoba 
aseTia: 

valini _ histidini _ leicini _ treonini _ prolini _ gluta-
minis mJava _ lizini _ triftofani _ valini. 
1. aageT aminomJavebis mixedviT dnm-is molekulis yvela SesaZlebeli 

jaWvi; 
2. gansazRvreT dnm-is molekulis komplementaruli jaWvi; 
3. ramdeni kodoni gansazRvravs arsebul jaWvSi valins? 

a m o c a n a 6. dnm-is molekulaSi aminomJavebis morigeoba 
aseTia: 

izoleicini _ valini _ glutamini _ glutamini _ cisteini _ 
cisteini _treonini _ lizini _ triftofani _ cisteini. 
1. aageT aminomJavebis mixedviT dnm-is molekulis jaWvi; 
2. aageT i_rnm-is Sesabamisi jaWvi; 
3. ramden s_rnm Seicavs dnm-is jaWvi? 

a m o c a n a 7.  dnm-is erT jaWvSi nukleotidebis morigeoba 
aseTia: 

a_a_a_T_g_c_T_T_T_g_g_a_c_a_a_c_c_c_T_T_a_a   
1. avagoT dnm-is molekulis komplementaruli jaWvi; 
 
                                  A   a + T 
2. ganvsazRvroT dnm-is jaWvSi --------------- Sefardebis ricxvi;          

g + c 
3. ramdeni aminomJavaa dnm-is molekulis jaWvSi? 

a m o c a n a 8.  i_rnm-is erT jaWvSi nukleotidebis morigeoba 
aseTia: 

u_a_c_c_a_a_g_u_a_g_g_a_a_u_a_g_g_a_c_u_u_g_g_a_c_a_a 
1. avagoT dnm-is molekulis jaWvi; 
2. ganvsazRvroT aminomJavebis raodenoba; 
                                   
                                 A   a + T 
3. dnm-is molekulaSi rogoria --------------- Sefardebis ricxvi;          

Gg + c 
 
a m o c a n a 9.  i_rnm-is jaWvSi nukleotidebis morigeoba 

aseTia: 
c_u_g_a_u_u_u_a_u_a_u_a_u_c_c_a_a_u_a_a_c_k_g_g_c_u_a 

1. ramdeni molekula citozinia dnm-is molekulaze? 
2. aageT dnm-is molekulis jaWvi; 
3. ramdeni s_rnm monawileobs dnm-is jaWvSi? 

a m o c a n a 10.  dnm-is jaWvSi nukleotidebis morigeoba aseTia: 
T_T_T_a_T_T_a_T_c_a_T_a_a_T_g_g_T_T_g_T_c_g_T_a_c_a_T 
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1. moZebneT meTioninis kodoni? 
2. ramdeni kodoni gansazRvravs valins? 
3. ramdeni s_rnm monawileobs dnm-is jaWvSi? 

 
 

heterozisi da heterozisis tipebi 
 

hibriduli Zala anu heterozisi zogadbiologiuri movlenaa, ro-
melic iwvevs pirveli Taobis mcenareTa simZlavres, sicocxlisu-
narianobas da produqtiulobas. heterozisis cneba mecnierebaSi 
pirvelad SemoRebulia amerikeli genetikosis Selis mier (1914). het-
erozisi uZvelesi movlenaa, romelic dakavSirebulia evoluciis 
procesSi jvaredinmtveria mcenareTa warmoSobasTan. jer kidev 
darvini aRniSnavda, rom TviTdamtvervasTan SedarebiT jvaredini 
damtverva evoluciis maRali safexuria. am dros izrdeba heterozigo-
turoba, rac uzrunvelyofs organizmTa cvalebadobas da maT cxovel-
myofelobas. i. kerleiteris mier Tambaqos ori saxeobis (virjiniis 
Cveulebrivi Tambaqo X perus Tambaqo) SejvarebiT pirvel TaobaSi aRi-
niSna mcenareTa  Zlieri zrda, adreuloba da meti namxrevebis ganvi-
Tareba. memkvidrulad gansxvavebuli sxvadasxva formis SejvarebiT 
miRebuli hibriduli organizmebis heterozigoturobis Sedegia het-
erozisis movlena. hibrids mSoblebTan SedarebiT aqvs genebis meti 
raodenoba, romlebic avseben erTmaneTs. hibridebSi heterozisi ga-
moixateba: zrdis gaZlierebiT, mwvane masis maRali mosavlianobiT, 
nivTirebaTa cvlis ufro intensivobiT, adreulobiT. 

d. Selma, romelmac axsna heterozisis buneba daasabuTa, rom igi 
SeiZleba ganvixiloT rogorc genetikuri, citoplazmuri, bioqimiuri 
da fiziologiuri faqtorebis kompleqsuri moqmedebis Sedegi. amitom 
Svedma genetikosma a. gustafsonma heterozisis movlena dayo sam Ziri-
Tad tipad: reproduqciuli, somaturi, adapturi. reproduqciuli het-
erozisis dros xdeba gasamravlebeli organoebis ukeT ganviTareba, 
gadidebuli fertiloba da nayofiereba, Teslis gazrdili mosavli-
anoba. somaturi heterozisis dros izrdeba vegetatiuri 
nawilebis_Reros, foTlebis, Zirxvenebis gaZlierebuli ganviTareba. 
adapturi anu SemgueblobiTi heterozisi iwvevs cxovelmyofelobis 
gaZlierebas, maT ukeT Seguebulobas garemo pirobebTan, amas ki didi 
mniSvneloba aqvs arsebobisaTvis brZolaSi. 

heterozisis gamovlenis donis mixedviT heterozisi SeiZleba 
iyos WeSmariti da hipoTeturi. WeSmariti heterozisia, roca pirveli 
Taobis hibridi garkveuli niSnebiT aRemateba umjobes mSobel formas, 
xolo hipoTeturia, roca aRemateba orive mSoblis saSualo maCvene-
bels. winaswar gansazRvruli niSan-Tvisebebis mixedviT heterozisi 
SeiZleba iyos dadebiTi an uaryofiTi. 

   heterozisis yvelaze damaxasiaTebeli Tvisebaa Zlieri gamov-
lena pirveli Taobis hibridebSi, xolo meore TaobaSi mkveTrad da-
cema, SemdgomSi ki mTlianad gaqroba. es movlena dakavSirebulia mce-
nareTa  heterozigotebis SemcirebasTan. meore TaobaSi mosavlianoba 
SeiZleba Semcirdes 35%-iT, xolo momdevnoSi 50%-iT (Seli). meore 
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TaobaSi mosavlianobis Semcirebis sididis  gamosaangariSeblad s. 
raitis mier SemoTavazebulia formula: 

F2= F1-
n

PF 1  

sadac FF2 _ meore Taobis hibridebis mosavalia, F1 _ pirveli 
Taobis hibridebis faqtiuri mosavalia, P _ Sesajvarebeli xazebis 
saSualo mosavali, n _ xazebis raodenoba. amitom heterozisuli hi-
bridebi warmoebaSi gamoiyeneba mxolod pirvel TaobaSi, xolo 
erTwlian kulturebSi maTi gamoyvana saWiroa yovel wels. 

 
 

mutaciebis ZiriTadi tipebi da maTi  
klasifikaciis principebi 

 
mutaciebi bunebaSi mimdinareobs sxvadasxva mimarTulebiT, ro-

melTa gamovlena SemTxveviTi movlenaa. amasTanve mutaciuri procesi 
mTlianad emorCileba garkveul kanonzomierebebs, rom nebismieri or-
ganizmis SesaZlo mutaciebis buneba gansazRvrulia saxeobis (gvaris) 
genetikuri sistemiT. aqedan gamomdinare mutaciebis klasifikacia 
metad rTulia da damokidebulia organizmis morfologiur, 
fiziologiur da bioqimiur agebulebaze. 

mutaciebis klasifikacia memkvidreobiT struqturaze maTi mo-
qmedebis mixedviT. ujredis birTvis memkvidreobiT struqturaze mo-
qmedebis mixedviT, mutaciis sam tips ganasxvaveben: 1. qromosomTa ricx-
vis SecvliT: a) qromosomebis ricxvis jeradi gadideba-poliploidia; 
b) erTi an ramdenime qromosomis dakargva an damateba-aneuploidia; g) 
qromosomebis ricxvis jeradi Semcireba _ haploidia; 2. qromosomTa 
struqturis Secvla (qromosomuli aberaciebi). igi vlindeba: a) qromo-
somis romelime ubnis dakargviT (delecia); b) qromosomebis romelime  
ubnis gaormagebiT (duplikacia); g) qromosomis romelime ubnis 1800-iT 
SemobrunebiT (inversia); d) or arahomologiur qromosomas Soris ub-
nebis gacvliT (translokacia). 3. genis struqturis Secvla (genuri 
mutacia). misi gamomwvevi mizezebia nukleotidis dakargva, gaormageba, 
CarTva an Tanmimdevrobis Secvla. mutagenebi ujredis struqturaze 
erTnairad ar moqmedeben da amitom warmoiqmneba gansxvavebuli muta-
ciebi. 

mutaciebis klasifikacia organizmze maTi moqmedebis da gavlenis 
mixedviT. organizmze moqmedebis mixedviT mutacia SeiZleba iyos: mor-
fologiuri, fiziologiuri da bioqimiuri. mutagenebis moqmedebiT 
icvleba organizmis garegnuli niSnis gamovlena, icvleba organoTa 
funqciebi, zrda-ganviTareba, ujredis da qsovilis qimiuri Se-
madgenloba. isini xSirad xasiaTdebian urTierTSenacvlebiT. foTlis 
zomebis zrda iwvevs fiziologiuri procesebis gaaqtiurebas, xolo es 
ukanaskneli aZlierebs bioqimiur procesebs. gamovlenis mixedviT mu-
taciebi SeiZleba iyos dominanturi da recesiuli. ufro xSiria rece-
siuli mutaciebi, vidre dominanturi. 

organizmebis sicocxlisunarianobasa da nayofierebaze moqmedebis 
mixedviT mutaciebi SeiZleba iyos: sasargeblo, neitraluri da mavne. 
sasargeblo mutaciebi aZlierebs organizmis cxovelmyofelobas da 
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zrdas. neitraluri _ araviTar gavlenas ar axdens, xolo mavne muta-
ciebi _ amuxruWeben da amcireben organizmSi ganviTarebas. xSir 
SemTxvevaSi isini iwveven  sikvdils, amitom maT letalur mutaciebs 
uwodeben. mutaciebis erTobliobas, romelic organizmSi warmoiqmneba 
garkveuli mutagenezis zemoqmedebiT, ewodeba mutaciis speqtri.  

 generatiuli da somaturi mutaciebi. gansakuTrebiT mgrZnobiarea 
organizmi mutagenebis mimarT gamravlebis procesSi. mutaciebs, rom-
lebic warmoiqmnebian gametasa da ujredebSi, romlebisganac isini vi-
Tardebian _ ewodeba generatiuli mutaciebi, xolo somatur ujre-
debSi warmoqmnil mutaciebs ki ewodeba somaturi mutaciebi. orive 
saxis mutacia erTmaneTisagan arafriT ar gansxvavdebian, magram ga-
movlenis xasiaTiT da evoluciuri da seleqciuri mniSvnelobiT 
gansxvaveba Zalian arsebiTia. 

mcenareTa  umetesoba  mravldeba vegetatiurad. nebismieri 
somaturi  mutacia warmoqmnili im mcenareTa qsovilSi, saidanac ax-
ali mcenare viTardeba, gadaecema momdevno Taobas. kargadaa Seswav-
lili xexilovani mcenareebis mutaciebi, romlebic zrdis wertilis  
ujredebSi warmoiqmneba da uwodeben kvirtis mutacias anu sportebs.  

pirdapiri da Sebrunebuli mutaciebi.  mutacia aris axali 
memkvidruli cvalebadobis erTaderTi pirveladi wyaro. mutacia sa-
sargebloa da sazianoc. bevri organizmi mavne recesiuli mutaciebis 
matarebelia. amitom bunebrivi gadarCeviT ganuwyvetliv unda xdebodes 
mavne mutaciebis mocileba. veluri tipis genis mutaciis dros da amis 
Semdgom warmoqmnili cvalebadobis Tavdapirvel mdgomareobaSi 
gadasvlas, SeiZleba vuwodoT pirdapiri da Sebrunebuli mutaciebi. 
sqematurad SeiZleba gamovxatoT ase: A↔ pirdapiri mutaciebi rece-
siulia, xolo Sebrunebuli dominanturi. amitom genebis umetesobisaT-
vis pirdapiri mutaciebis sixSire ufro maRalia, vidre Sebrunebulis. 

msxvili da mcire mutaciebi. msxvil mutaciebs miekuTvneba de 
frizis mier aRwerili enoTeras mutacia. msxvili mutaciebi da-
kavSirebulia mTeli organos ganviTarebis saxecvlilebasTan, 
sxvadasxva saxis simaxinjeebis warmoSobasTan da sxv. isini advilad 
SesamCnevia calkeul mutaciur individebSi. xSiria iseTi mutaciebic, 
romelTac SeuZliaT umniSvnelod Secvalon organizmis fiziologi-
uri, morfologiuri da nebismieri raodenobrivi cvlileba. isini e. w. 
mcire mutaciebia. 

xelovnuri mutaciebis dros msxvil mutaciebs gamoyofen meore 
mutantur TaobaSi (M2), xolo mcire mutaciebs mesame TaobaSi (M3). 
mcire mutaciebi iZlevian sameurneo-sasargeblo da biologiuri niSne-
bis uzarmazar memkvidreobiT cvlilebebs, romlebsac didi 
mniSvneloba aqvs seleqciaSi. cnobilia, rom msxvil mutaciebs, garda 
mcire gamonaklisisa, ar SeuZliaT axali saxeobis mocema.  

    
 
 
 
 
 

poliploidia da poliploidebis klasifikacia 
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adamiani uxsovari droidan gamoarCevda Tavisi interesebis Sesa-

bamisad Secvlil mcenareTa praqtikulad saintereso formebs.  
memkvidreobiT cvalebadobas, romelic dakavSirebulia qromoso-

maTa bazisuri ricxvis jerad gadidebasTan uwodeben poliploidias. 
poliploidia niSnavs qromosomebis ricxvis cvalebadobas. xalxuri 
da mecnieruli seleqciiT mravali kulturis poliploiduri forma 
Seiqmna. poliploidiis, rogorc mcenareTa qimiuri seleqciis meTodis 
Segnebulma gamoyenebam da eqsperimentaluri poliploidiis problemam 
gansakuTrebiT mas Semdeg miiqcia mravali qveynis genetikosTa da se-
leqcionerTa yuradReba, rac amerikeli mecnieris blefsis mier aRmo-
Cenili iqna poliploidebis miRebis kolxicinis xsnaris gamoyenebis 
martivi meTodi. amJamad poliploidebi, rogorc saseleqcio masala, 
miRebulia TiTqmis yvela kulturul mcenareSi. 

poliploidiis istoria daiwyo i. gerasimovis mier wyalmcenare 
spirogiraze dabali temperaturis da zogierTi narkotikis zemo-
qmedebiT ujredis dayofis SeferxebiT. SemdegSi dadginda, rom ujre-
dis aseTi cvlileba iwvevda qromosomebis ricxvis gadidebas. am mov-
lenas g. finklerma poliploidia uwoda. citologiuri gamokvlevebiT 
dadginda, rom farulTeslovan mcenareTa umravlesobas axasiaTebs 
poliploidebi. poliploiduri rigis qromosomebis sawyis anawyobs 
warmoadgens maTi haploiduri ricxvi,  mas bazisur ricxvs uwodeben, 
xolo misi jeradi gadidebiT miiReba poliploiduri rigi. qromosome-
bis haploiduri ricxvis genebis jams ewodeba genomi. zogierT kul-
turul mcenareTa poliploiduri rigi aseTia:   

xorbali _ 14, 28, 42 
Wanga _ 14, 28, 42, 56, 70 
Warxali _ 18, 36, 54 
qliavi _ 16, 32, 48 
marwyvi _ 14, 28, 42, 56 
kartofili _ 12, 24, 36, 48, 56 
qeri _ 14, 28, 42  

poliploidia SeiZleba iyos: balansirebuli (2n,4n,6n)  da ara-
balansirebuli  (3n,5n,7n). 

 poliploidia did rols asrulebs mcenareTa evoluciaSi. dip-
loiduri mdgomareoba SeiZleba ganvixiloT, rogorc poliploidiis 
ganviTarebis pirveli nabiji, zigota ki pirveli poliploiduri 
forma. poliploidia iwvevs mcenaris bunebis Rrma da mrvalmxriv 
cvlilebas, birTvis da ujredis zomebis, bageebis da qloroplastebis 
ricxvis _ foTlis, yvavilis nayofis, Teslis, vegetatiuri masis 
zrdas, mcenaris saerTo siZlieres, teqnologiuri Tvisebebis gaum-
jobesebas. swored amitom, p. Jukovski ambobda: adamiani umeteswilad 
ikvebeba poliploidiis produqtebiT. ufro xSirad veluri formebi 
qromosomebis naklebi ricxviT xasiaTdeba, Tumca aris iseTi 
SemTxvevebic, roca kulturuli saxeobebis qromosomTa ricxvi nakle-
bia veluri saxeobebis qromosomTa ricxvze. mag. kulturuli qeris 
qromosomTa ricxvi 14-ia, xolo velur saxeobebs aqvT 14, 28 da 42 qro-
mosoma. aris iseTi gvarebic, romelTa yvela saxeobas qromosomebis 
erTnairi ricxvi aqvs. mag. Wvavi, barda, lobio, romelTa evolucia 
mimdinareobda qromosomebis ricxvis Seucvlelad, erTi da imave  ge-
nomis qromosomis struqturuli gadaxalisebis safuZvelze. 
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evoluciis procesSi da eqsperimentuli zemoqmedebisas, polip-
loiduri formebi umeteswilad warmoiqmnebian mitozis da meiozis 
darRvevis Sedegad. aqedan gamomdinare arCeven poliploidiis war-
moqmnis or tips: mitozurs da meiozurs. mitozuri dakavSirebulia 
somatur ujredebSi mitozis darRvevasTan, xolo meiozuri  mikro da 
makrosporogenezis warmoqmnis procesSi meiozis darRvevasTan. pol-
iploiduri formebi ufro xSirad warmoiqmneba mitozuri darRvevis 
Sedegad, meiozuri darRvevebi, romelic exeba arareducirebuli 
gametebis warmoqmnas da maTi Serwyma xSirad uSedegoa da polip-
loidia iSviaTad xdeba. 

   poliploidebi iyofa sam ZiriTad jgufad: avtopoliploidebi, 
alopoliploidebi da aneuploidebi. qromosomuli cvlilebebis gansa-
kuTrebul jgufs Seadgens is organizmebi, romelTa somatur ujre-
debSi qromosomebis ricxvi diploidurTan SedarebiT orjer Semcire-
bulia da maT haploidebi ewodeba. 

   avtopoliploidebi iseTi poliploidebia, romlebic miiReba 
erTsa da imave saxeobaSi qromosomebis haploiduri ricxvis jeradi 
gadidebiT. haploiduri anawyobis oTxjeradi gadidebiT miiReba 
tetraploidebi, eqvsjeradiT_heqsaloidebi, rvajeradiT_oqtaploidebi. 
Tu haploiduri anawyobi izrdeba samjer miiReba triploidi, Tu xuT-
jer_pentaploidi. avtopoliploidia kulturul mcenareebSi gvaZlevs 
vegetatiuri organoebis zrdas, nayofis da Teslis zomis gadidebas, 
Saqrianobis zrdas, teqnologiuri Tvisebebis gaumjobesebas. bunebrivi 
poliploidebi, xelovnurisagan gansxvavebiT, gacilebiT maRali nay-
ofierebiT xasiaTdebian. es imitom, rom bunebrivi avtopoliploidebi 
gadian xangrZliv bunebriv gadarCevas da axasiaTebT balansirebuli 
meiozi.  

   avtopoliploidebi gamoiyeneba mravali kulturis seleqciur 
muSaobaSi. misi daxmarebiT SeiZleba miviRoT sawyisi masala, axali 
konstanturi formebis misaRebad. mizanSewonilia avtopoliploidebis 
miReba usqeso da vegetatiuri gamravlebis dros. 

   alopoliploidebi iseTi organizmebia, romlebic warmoiqmneba 
qromosomebis sxvadasxva anawyobis jeradi gadidebiT. alopolip-
loidebs, romlebic miRebulia qromosomuli anawyobis jeradi 
gadidebiT, ori saxeobis an gvaris SejvarebiT, amfidiploidebi 
ewodeba. alopoliploidebSi meiozis process aqvs Tavisi Tavisebure-
bebi, romlebic ganisazRvreba qromosomebis koniugaciiT. ori 
sxvadasxva saxeobis an gvaris Sejvarebisas, Cveulebriv, miiReba unay-
ofo Taoba, radgan aramonaTesave  genomebs qromosomebis normaluri 
koniugacia ar SeuZliaT da warmoqmnian arasicocxlisunarian 
gametebs.  qromosomebis koniugaciis ori saxe arsebobs: avtosinTezi, 
roca xdeba erT mSobliur formaSi qromosomebis erTmaneTs Soris 
koniugacia da alosinTezi, roca xdeba saxvadasxva genomis qromo-
somebs Soris koniugacia. es ki miuTiTebs, rom amfidiploidebs aqvT 
SesaZlebloba genomebis axali koniugaciis dros moaxdinon lokuse-
bis rekombinacia da warmoqmnan axali formebi. alopoliplodebs ax-
asiaTebs mkveTrad gamoxatuli hibriduli siZliere, romelic sta-
bilurad SenarCundeba Semdgom TaobebSi. 
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am TvalsazrisiT gasuli saukunis 30-wlebSi ganxorcielda mra-
vali gvarTaSorisi Sejvarebebi: xorbali da Wvavi, xorbali da Wanga, 
xorbali da qeri, bali da alubali, vaSli da msxali, msxali da 
komSi.  alopoliploidebis yvelaze didi miRwevaa pirveli kuturuli 
gvaris tritikales Seqmna, romelic miRebulia xorblis da Wvavis Se-
jvarebiT. 

aneuploidebi _ iseTi organizmebia, romelTa qromosomebis Ziri-
Tad anawyobs  emateba an akldeba erTi an ramdenime qromosoma.  ane-
uploidebs, romelTac akliaT erTi wyvili homologiuri qromosoma 
ewodeba monosomikebi (2n-1). Tu qromosomTa anawyobs emateba erTi qro-
mosoma miiReba trisomikebi  (2n+1), xolo Tu qromosomTa anawyobs ak-
lia ori homologiuri qromosoma ewodeba nulisomikebi (2n-2). yovel 
gadaxras aRniSnaven polisomikebiT. bunebaSi aneuploidebis sixSire 
metad dabalia, magaliTad: r. railis monacemebiT xorbalSi igi 1%-s 
utoldeba. aneuploidebi xasiaTdeba sicocxlisunarianobisa da nay-
ofierebis dabali doniT. igi gamowveulia meiozis darRveviT, radgan 
miiReba aranormalurad ganviTarebuli gametebiT.  

monosomikebis gamoyenebiT kolumbiis iniversitetSi e. sirsma 
pirvelad Caatara Cainiz springis  (Cinuri xorbali) monosomuri ge-
netikuri analizi. am MmeTodiT SesaZlebeli gaxda moexdinaT Ti-
Toeuli qromosomis genetikuri da citologiuri identificireba. am 
meTodiT xorbalsa da sxva kulturebSi SesaZlebelia dadgindes mra-
vali sxvadasxva genis lokalizacia. monosomuri analizis saSualebiT 
SesaZlebeli gaxda ,,genetikuri inJineriis” gamoyeneba, erTi jiSidan 
meoreSi  saWiro qromosomebis gadatana an damateba.  

poliploidiis sapirispiro procesia haploidia. haploidebi iseTi 
organizmebia, romlebSic sawyis formasTan SedarebiT ganaxevrebulia 
qromosomebis ricxvi. haploidebi viTardeba erTi ujredidan ganayofi-
erebis gareSe (kvercxujredi sinergidi, antipodi, mtvris marcvali). 
haploidebi xasiaTdeba dabali sicocxlisunarianobiT da ujredisa da 
yvela organos Semcirebuli zomebiT. maT fenotipSi SeiZleba gamov-
lindes, rogorc dominanturi, ise recesiuli genebi.  

ukanasknel xans genetikasa da seleqciaSi haploidebis gamoyene-
bas Zalian didi mniSvneloba aqvs. mas warmatebiT iyeneben Soreul hi-
bridizaciaSi. misi daxmarebiT maqsimalurad izrdeba homozigoturi 
formebis miReba da Cqardeba konstanturi formebis warmoqmna, gamor-
Cevisas ki mcirdeba sawyisi masalis moculoba. 
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