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maia zibzibaZe _ biologis mecnierebaTa doqtori, maswavlebelTa profesiuli 

ganviTarebis erovnuli centris specialisti biologiaSi, mentori maswavlebeli:  

saxelmZRvanelos Sinaarsi mecnierulad gamarTulia da moswavlis asakis Sesabamisi 

eniTaa dawerili; avtori gvTavazobs genetikasa da evoluciaSi Tanamedrove 

mecnierul miRwevebs da saintereso magaliTebiT ukavSirebs cxovrebiseul 

praqtikas. moswavleebs rTuli biologiuri procesebisa da movlenebis aRqmaSi 

daexmareba mowodebuli ilustraciebi da sqemebi, eleqtronuli resursebi. vTvli, 

rom es wigni did daxmarebas gauwevs rogorc moswavleebs, ise maswavleblebs.

laura jimSeleiSvili _ mentori maswavlebeli, zogadi ganaTlebis reformis 

proeqtis farglebSi biologiis eqsperti: saxelmZRvanelo Tavisi SinaarsiT 

faravs erovnuli saswavlo gegmiT gaTvaliswinebul sagnis swavlebis miznebsa da 

misaRwev Sedegebs; saxelmZRvanelo Seicavs savarjiSoebs, konteqst-magaliTebs, 

amocanebs, kompleqsur da kompleqsuri Sinaarsis davalebebs, romlebic moswavles 

ubiZgebs miRebul gamocdilebaze dayrdnobiT axsnas/„aRmoaCinos“ biologiuri 

kanonzomierebebi, erTmaneTTan daakavSiros samizne cneba, qvecnebebi, sakiTxebi 

da qvesakiTxebi. mimaCnia, rom es wigni did daxmarebas gauwevs moswavleebs, 

abiturientebsa da maswavleblebs.

samecniero redaqtori: malxaz mayaSvili _ biologiis mecnierebaTa doqtori
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moswavlis wignSi gamoyenebuli pirobiTi niSnebi

davalebebi _ kiTxvebze pasuxebis gacema, muSaoba savar-
jiSoebsa da situaciur amocanebze; suraTebze, grafikeb-
sa da cxrilebSi mocemuli mona cemebis analizi, monace-
mebis organizeba sqemebSi.

praqtikuli davalebebi _ kvleviTi samuSao: dakvirveba, 
eqspe rimenti, Catarebuli kvlevis monacemebis analizi, 
daskvna, kvlevis angariSis momzadeba; modelis Seqmna da ga-
moyeneba.

samizne cnebebi, qvecnebebi, samecniero terminebi da maTTan 
dakavSirebuli sakiTxebi.

gaixsene, imsjele _ biologiaSi an sxva sagnebSi miRebuli 
codnis gaxseneba; problemur kiTxvaze/Temaze diskusia.

mecniereba praqtikaSi _ mecnieruli Teoriis kavSiri da 
gamo yeneba realur cxovrebaSi, mniSvnelovani mecnieruli 
aRmoCenebi da maTi Sefaseba, gavlena teqnologiebis ganvi-
Tarebaze, sazogadoebasa da ga remoze.

Sejameba _ paragrafis ZiriTadi ideebi.

amocanebisa da savarjiSoebis amoxsnis magaliTebi.
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Sesavali

ras Seiswavli XI klasis biologiis kursiT? 

XI klasSi gaecnobi genetikis safuZvlebsa da evoluciur Teorias. geneti-
ka Seiswavlis biologiuri memkvidreobiTobisa da cvalebadobis meqanizmsa da 
kanonzomierebebs. genetikis fuZemdeblad iTvleba gregor mendeli, romelmac 
pirvelma aRmoaCina memkvidreobiTobis genetikuri kanonzomierebebi (1866w.). bi-
ologiuri evolucia aris cocxali bunebis Seuqcevadi da mimarTuli istori-
uli ganviTareba. miiCneva, rom evoluciis mamoZravebeli faqtorebi pirvelad 
sworad axsna Carlz darvinma (1859w.).

mendelisa da sxva genetikosebis eqsperimentebTan erTad, wignSi ganxilulia 
sxva cnobili eqsperimentebic, magaliTad, iseTi, romelic exeba transgenuri 
organizmebis miRebas, klonirebas, adamianis organizmidan Rerovani ujredebis 
gamoyofasa da maTi rolis kvlevas sxvadasxva daavadebis gankurnebaSi; aseve, 
cxovelebis modelur organizmebad gamoyenebas adamianis romelime daavadebis 
mkurnalobis meTodebis SesamuSaveblad. aRsaniSnavia, rom kvleviTma dawese-
bulebebma aseTi tipis eqspe rimentebis Casatareblad unda miiRon qveynis kanon-
mdeblobiT gansazRvruli Sesabamisi nebarTva, romelic ar ewinaaRmdegeba bio-
eTikis sakiTxebs (ix. gv. 98).

wignSi warmodgenili arian is mecnierebi, romlebTanac dakavSirebulia mniS-
v  ne lovani mecnieruli aRmoCenebi biologiaSi. maT Soris Warboben mamakacebi. 
es imas ar niSnavs, rom qalebs kacebTan SedarebiT naklebi unarebi da gonebrivi 

♀
♂
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SesaZleblobebi hqondaT biologiisa da mecnierebis sxva dargebis Sesaswavlad. 
saukuneebis ganmavlobaSi araerTma qalma Seitana mecnierebis ganviTarebaSi 
wvlili. Tumca, xSir SemTxvevaSi, maT aRmoCenebs an saerTod ar aRiarebdnen, an, 
Tu aRiarebdnen, amasac didi dro sWirdeboda. es dakavSirebuli iyo sazogadoe-
baSi gavrcelebul genderul stereotipebTan _ qalis socialur mdgomareobasa 
da rolTan. dRes araerTi qali warmatebiT moRvaweobs mecnierebis sxvadasxva 
dargSi.

rogor unda isargeblo saxelmZRvaneloTi?

yovel adamians aqvs swavlis Tavisi xerxi, magram qvemoT mocemuli rCevebi, 
vfiqrobT, maqsimalurad dagexmareba saxelmZRvanelos efeqturad gamoyene-
baSi.

• yuradRebiT gaecani saxelmZRvaneloSi mocemuli rubrikebis aRwerilobas;
• gaecani Temis Sesaval nawils, romelic warmodgenas Segiqmnis misi Sinaarsi-

sa da ZiriTadi ideebis Sesaxeb;
• paragrafis Sinaarsis gacnobamde gaecani rubrikas `ZiriTadi cnebebi, qve-

cnebebi, mecnieruli terminebi da maTTan dakavSirebuli sakiTxebi~;
• saxelmZRvaneloSi mocemuli rubrika `gaixsene, imsjele~ dagexmareba bio-

logiasa da sxva sagnebSi adre miRebuli codnis gaaqtiurebaSi, axali sakiT-
xebis gaazrebulad da Rrmad SeswavlaSi; am rubrikaSi mocemulia sadisku-
sio Temebi da problemuri kiTxvebi, saintereso faqtebi Sesaswavli sakiTxis 
Sesaxeb; 

• gaecani paragrafis Sinaarss, teqstis garda, isargeble ilustraciebiTa da 
maTze mocemuli teqsturi informaciiT; paragrafis wakiTxvis Semdeg axse-
ni an ganmarte cnebebi, terminebi da maTTan dakavSirebuli sakiTxebi. amaSi 
dagexmareba paragrafSi mocemul davalebebze muSaoba (teqstSi `*~ iT aR-
niSnuli sityvebis ganmarteba ixile ganmartebiT leqsikonSi);

• yuradRebiT gaecani da kargad daimaxsovre paragrafis bolos `SejamebaSi~ 
mocemuli ZiriTadi ideebi;

• Teoriul masalasTan dakavSirebul saintereso istoriebs, am sakiTxebis 
teqnologiebsa da cxovrebiseul praqtikasTan kavSiris Sesaxeb Seityob 
rubri kaSi _ `mecniereba praqtikaSi~;

• Temis dasrulebis Semdeg mocemulia Temis Sejameba, romelSic Tavmoyri-
lia mTavari ideebi, mravalferovani davalebebi TviTSefasebisTvis. davale-
bebis Sesruleba dagexmareba Temis farglebSi Seswavlil ZiriTad cnebebs, 
qvecnebebsa da samecniero terminebs Soris kavSiris dadgenaSi;

• yuradReba miaqcie da saWiroebisamebr gamoiyene saxelmZRvanelos boloSi 
mocemuli danarTebi (mag., danarTi  1 _ eleqtronuli saswavlo resursebi). 

ra aqtivobebs Seasruleb? 

Sen gelis Zalian saintereso da mravalferovani aqtivobebi, romlebsac 
gTavazobT saxelmZRvaneloSi, magaliTad, samecniero moxsenebis momzadeba da 
Sesabamisi auditoriis winaSe wardgena, biologiuri sistemebisa da procesebis 
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mode lebis Seqmna, genetikuri amocanebis Seqmna da amoxsna, saprezentacio ma-
salis warmodgena flipCartebze an eleqtronul formatSi, biologiuri pro-
cesebis, movlenebis, kanonzomierebebis amsaxveli sqemebis Sedgena da wardge-
na klasis winaSe, argumentirebuli msjeloba da sxv. am aqtivobebis Sesruleba 
dagexmareba Teoriuli sakiTxebis cxovrebiseul praqtikasa da/an yoveldRiur 
cxovrebasTan dakavSirebaSi. 

sabunebismetyvelo sagnebis swavlebis erT -erTi prioritetuli mizania mos-
wavleebSi kvleviTi unar- Cvevebis ganviTareba. amitom XI klasis saxelmZRvane-
loSi bevri aqtivoba emsaxu reba am mizans. rogorc ici, biologiis kvlevis erT-
erTi meTodia samecniero meTodi, romelic moicavs eqsperimentebs TavianTi 
gansazRvruli nabijebiT. saxelmZRvaneloSi warmodgenilia aqtivobebi, romel-
Ta mixedviTac mogiwevs eqsperimentis, cdebis dagegmva da ganxorcieleba. kvle-
viTi samuSaos ganxorcielebisas dagWirdeba monacemebis Segroveba sxvadasxva 
xerxiT (monacemebis cxrili, suraTebi, videomasala da sxv.), monacemebis inter-
pretacia diagramebSi, analizi da daskvnis gamotana, kvlevis angariSis momza-
deba da gaziareba klasisTvis. mogiwevs cnobili eqsperimentebis analizi da 
daskvnebis gamotana, am kvlevebis mniSvnelobis Sefaseba. 

bioteqnologiis ganviTarebam da Cvens cxovrebaSi misma masStaburma SemoWram 
bioeTikis problemuri sakiTxebic wamoWra. amitom am sakiTxebze muSaobis pro-
cesSi mogiwevs msjeloba bioteqnologiis zogierTi mimarTulebis Tanamedrove 
miRwe vebisa da samomavlo ganviTarebasTan dakavSirebul bioeTikis sakiTxebze. 

vimedovnebT, rom mogewoneba am wigniT muSaoba!

gisurvebT warmatebebs!
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Tema 1. genetika

• organizmebis ra saerTo sasicocxlo Tvisebaze miuTiTebs suraTi?

• rasTanaa dakavSirebuli dnm-is mravalferovneba?

• rogor ganapirobebs dnm-is mravalferovneba biomravalferovnebas?

genetika mecnierebaa memkvidreobiTobisa da cvalebadobis kanonzomierebebis 
Sesaxeb. Sen am TemaSi Seiswavli memkvidreobiTobisa da cvalebadobis kanonzom-
ierebebs organizmis, ujredisa da molekulur doneze. praqtikuli Tvalsaz-
risiT ki ganvixilavT im revoluciur cvlilebebs, romlebic Tanamedrove ge-
netikam medicinasa da soflis meurneobaSi moaxdina. aseve vismjelebT zogierT 
socialur da eTikur sakiTxebze, romelic genetikuri masaliT manipulirebis 
SesaZleblobam wamoWra.
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 ra aris mendelis kvlevis Sedegebis warmatebis mizezi?

rodesac Cven vfiqrobT imaze, Tu STa-
momavali ramdenad hgavs an gansxvavdeba 
mSob lebisgan, am dros vgulisxmobT ise T 
niSan-Tvisebebs, romlebic memkvidreobiT 
gadaecema, magaliTad, rogoricaa Tva-
lis feri, kanisa da bewvis feri, Wor-
flianoba/uWorfloba, foTlebis forma, 
yvavilebis Seferiloba da sxv. memkvid-
reobiToba aris yvela cocxalis Tvise-
ba, SeinarCunos mSoblebisgan miRebuli 
niSan-Tvisebebi da gadasces igi STamo-
mavlobas. memkvidreobiTobis elementa-
rul funqciur erTeuls warmoadgens 
dnm-is ubani _ geni, romelic organizmis 
calkeuli niSan-Tvisebis Sesaxeb Seicavs 
informacias. niSan-TvisebaSi igulisxmeba 
organizmis (ujredis) agebulebis, fizio-
logiuri, bioqimiuri procesebis Tavise-
burebebi. 

cvalebadoba aris yvela organizmis-
Tvis damaxasiaTebeli zogadi Tviseba, 
individualuri ganviTarebis procesSi 
SeiZinos axali niSan-Tvisebebi. cvale-
badoba dakavSirebulia genebis cvlile-
basTan an maT axal kombinaciebTan, aseve, 

individualuri ganviTarebis procesSi 
genebis gamovlenaze garemo faqtorebis 
zemoqmedebasTan. biologiuri memkvid-
reobiTobisa da cvalebadobis meqanizmsa 
da kanonzomierebebs Seiswavlis mecnie-
rebis dargi _ genetika. 

mecnierebma, sanam axsnidnen memkvid-
ruli niSan-Tvisebebis gadacemis meqa-
nizms, iqamde gaiazres, rom niSan-Tvi-
sebebi memkvidreobiT gadaecemoda (ix. 
Sesabamisi informacia rubrikaSi _ 
`mec  niereba praqtikaSi~, gv.12). Taobe-
bis ganmav lobaSi memkvidruli niSne-
bis gadacemis saidumloeba yovelTvis 
aRZravda adamianebSi did interess. ra 
aris memkvidreobiToba? razea is damo-
kidebuli? ra gansazRvravs mas? ratom 
hgvanan STamomavlebi mSoblebs ara mar-
to garegnulad, aramed xasiaTiT, qce-
viT, niWiT? ratomaa zogierTi daavadeba 
memkvidruli? ra gziT gadascems mcena-
reTa da cxovelTa yoveli saxeoba Tu 
jiSi misTvis damaxasiaTebel Tavisebu-
rebebs STamo mavlebs? ra kanonzomiere-
bas emorCileba es procesi? 

1.1. mendelis kvlevis meTodebi

• ra sasicocxlo Tvisebebis gamovle-
nas asaxavs suraTi 1.1? 

• daaxasiaTe mSobliuri individebi da 
STamomavali garegani niSan-Tvisebebis 
mixedviT.

• daasaxele is niSan-Tvisebebi, romlebic 
axalma Taobam miiRo TiToeuli mSobliu-
ri individisgan. ra sasicocxlo Tviseba 
gamovlinda am SemTxvevaSi? 

• ra sasicocxlo Tvisebam uzrunvelyo 
mSoblebisgan STamomavalze niSan-Tvise-
bebis gadacema? 

• STamomavali aris romelime mSobliu-
ri individis zusti asli? ratom? ra 
sasicocxlo Tviseba gamovlinda am 
SemTxvevaSi? 

 sasicocxlo Tvisebebi: memkvid-
reobiToba da cvalebadoba; men   de lis 
eqsperimentebi da kvlevis meTodebi.

sur. 1.1.

mSobliuri individebi

STamomavali
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mekvidreobiTobis meqanizmebis 
swori mecnieruli axsna mxolod 
XIX da XX saukuneebis udidesi 
aRmoCenebis Sedegad gaxda SesaZ-
lebeli. yvelaferi es ki daiwyo 
avstrieli beris, gregor mende-
lis, eqsperimentebiT (sur. 1.2). 
misma Sromebma safuZveli Cauyara 
mecnierebis axal dargs _ geneti-
kas.

mendeli dainteresda mcenareebSi ni-
San-Tvisebebis memkvidreobis Seswav-
liT da gamokvlevebi daiwyo 1856 wlis 
zaf xulSi. cdis obieqtad SearCia bar-
da, romelsac axasiaTebs Semdegi Tvise-
bebi: arsebobs garegani niSan-Tvisebe-
biT mkveTrad gansxvavebuli mravali 
jiSi (cnobilia 34 jiSi), mcenare advi-
lad mravl deba, TviTmtveria mcenarea, 
SeiZleba xelovnuri jvaredini damtver-
viT sxvadasxva jiSis Sejvareba da miRe-
buli STamomavloba nayofieria.

mendelma SeimuSava da gamoiyena kvle-
vis hibridologiuri meTodi _ niSan-Tvi-
sebebiT gansxvavebuli organiz me bis Sej-
vareba _ hibridizacia. am Sejva  rebiT 
miRebul STamomavlobas ki hibridi 

ewodeba. man bardaSi SearCia 7 wyvili 
alter natiuli (urTierTgamomricxavi) 
niSan- Tviseba (sur. 1.3) da akvirdeboda 
maT memkvidreobas sxvadasxva TaobaSi. 
yvela es niSan-Tviseba aRmoCnda ur-
TierTgamomricxavi da ar amJRavnebda 
Sualedur xasiaTs (mcenaris Rero aris 
maRali an dabali, Tesli gluvi an da-
naoWebuli, yviTeli an mwvane). mendel-
ma ar icoda, rom mis mier SerCeuli 
niSan-Tvisebebis umravlesoba kontrol-
deba genebiT, romlebic gan Tavsebulia 
sxvadasxva homologiur qro mosomaSi. 
zustad am niSan-Tvisebebis SemTxveviT 
SerCevam gadamwyveti roli Seasrula mis 
mier zogierTi memkvid ruli kanonzomie-
rebis aRmoCenaSi. 

sur. 1.2.

sur. 1.3.

mendelamde sxva mecnierebic atareb-
dnen msgavs eqsperimentebs mcenareebze, 
mag ram maT ver miiRes aseTi zusti monace-
mebi. garda amisa, maT ver SeZles kvlevis 
Sedegebis axsna memkvid reobiTobis meqa-

nizmis TvalsazrisiT.
mendelis kvlevebis Taviseburebani 

SemdegSi mdgomareobs:
• sxva mecnierTagan gansxvavebiT, mcena-

ris yvela niSan-Tvisebis memkvidreobas 

Teslis 
forma

Teslis  
Seferiloba

nayofis 
Seferiloba

nayofis 
forma

yvavilis 
Seferiloba

yvavilis 
mdebareoba

Reros 
simaRle

gluvi yviTeli mwvane brtyeli mewamuli kenwruli maRali

danaoWebuli mwvane yviTeli datixruli TeTri gverdiTi dabali
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(Taobidan TaobaSi gadacemas) 
erT droulad ki ar Seiswavli-
da, aramed jer Seiswavla erTi 
niSan-Tvisebis (mag., Tes  lis 
for mis an Seferilobis), mere 
ori, sami niSan-Tvisebis memk-
vidreoba;

• eqsperimentis obieqtis gasac-
nobad winaswar atarebda ga-
mokvlevebs. magaliTad, man 
Sesajvareblad SearCia mewamu-
lyvaviliani da TeTryvavilia-
ni jiSebis barda, es mcenareebi 
jer TviTdamtverviT gaamravla 
da darwmunda, rom mewamulyva-
viliani jiSis mcenareebis yve-
la STamomavali mxolod mewa-
muli Seferilobis yvavilebs 
iviTarebda, TeTr yvaviliani 
jiSis mcenareebis yvela STa-
momavali ki mxolod – TeTri 
Seferilobis yvavilebs. ori 
wlis Semowmebis Semdeg mende-
li darwmunda, rom TiToeuli 
jiSi TviTdamtverviT gamrav-
lebisas mxolod Tavis msgavs 
STamomavlobas iZleoda. aseT 
jiSebs wminda xazebi ewodeba. 
radgan mendeli eqsperiments wminda xa-

mSobliuri individebi

mtvrianebis 
amoWra

xelovnuri jvaredini
damtverva

mtvrianebidan 
mtvris 
Segroveba

STamomavloba

butko

sur. 1.4.

mravali arqeologiuri gaTxris monacemebiT, ukve 6000 wlis win adamianebs esmodaT, 
rom zogierTi fizikuri niSani SeiZleba erTi Taobidan meores gadascemoda. memkvidreo-
biTobis meqanizmebis Sesaxeb pirvel ideebs gamoTqvamdnen berZeni mecnierebi _ demokrite, 
hipokrate, platoni, aristotele. `aRmoCenas~ imis Sesaxeb, rom cocxali organizmebis ni-
San-Tvisebebi maT STamomavlobas gadaecema, adamiani jer kidev uZveles droSi warmatebiT 
iyenebda soflis meurneobaSi: sasurveli niSan-Tvisebebis mqone individebis gadarCeviTa 
da erTmaneTTan SejvarebT cxovelTa da mcenareTa axal jiSebs iRebda. gadarCeva naxsene-
bia homerosis, virgiliusisa da sxva antikuri mwerlebis nawarmoebSi. Cv.w.-mde I saukuneSi 
celsusi werda: `Tu xorblis mosavali cudia, saTesled saukeTeso TavTavebi unda Sear-
CioT~. magram im periodis adamians, ra Tqma unda, ar SeeZlo aexsna, ratom hgavs Svileuli 
organizmi mSoblebs an ra kanonzomierebiT gadaecema niSan-Tviseba Taobidan Taobas. am 
kiTxvaze pasuxi kacobriobas Zalian didxans ar hqonda. 

yvela am kiTxvaze swori da dasabuTebuli pasuxis gacema SesaZlebeli gaxda mas Semdeg, 
rac 1900 wels daibada mecnierebis axali dargi _ genetika (am samecniero disciplinis sa-
xelwodeba Semoitana ingliselma naturalistma uiliam betsonma 1905 wels, xolo termini 
`geni~ _ 1909 wels iohansenma).1900 wels mendelis kanonebi meored aRmoaCina da saTanadod 
Seafasa mendelis Rvawli erTmaneTisgan damoukideblad samma mecnierma _ de frizma (ho-
landia), korensma (germania) da Cermakma (avstralia).  

zebis SejvarebiT iwyebda, is Tvlida, 
rom STamomavlobaSi nebismieri cvli-
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1. ras Seiswavlis mecnierebis dargi _ genetika?
2. daasaxele mendelis kvlevis meTodi. 
3. ra iyo mendelis warmatebis mizezi? 
4. ra aris TviTdamtverva? ra aris jvaredini damtverva?
5. ratom aclida yvavilSi erTi jiSis mcenareebs mtvrianebs?
6. xelovnurad damtveril yvavilebs ratom afarebda parkebs?
7. moipove damatebiTi informacia mendelis biografiisa da moRvaweobis Sesaxeb da war-

moadgine samecniero referatis saxiT.

gregor mendelis warmatebis ZiriTadi mizezebi: 

• kvlevis efeqturi obieqtisa (bardis) da meTodebis arCeva;
• sxva mecnierebisgan gansxvavebiT, man eqsperimentebi daiwyo erTi wyvili alternatiu-

li niSan-Tvisebis memkvidreobis SeswavliT; 
• Tavisi eqsperimentebis sawyis obieqtad hibridizaciisaTvis irCevda wminda xazebs/

jiSebs.

leba SejvarebiT iqneboda gamowveuli;
• mendeli yvela eqsperiments dawvrile-

biT gegmav da da, aseve, Tanmimdevro-
biT axorcielebda. magaliTad, jiSebis 
hibridizaciamde erTi jiSis mcenareebs 
yvavilSi aclida mtvrianebs (aqedan ga-
momdinare, mendeli aseT individebs 
`mdedrobiTs~ uwodebda), meore ji-
Sis mcenareebis mtvrianebidan funjiT 
agrovebda mtvers (`mamrobiTi~ indivi-
debi) da maT jvaredinad xelovnurad 
mtveravda; amis Semdeg xe lovnurad 
damtveril yvavilebs Camoacmevda pa-

tara parkebs (sur. 1.4);
• mecnieri aregistrirebda Catarebul 

eqsperiments da miRebul monacemebs 
maTematikuri sizustiT aRricxavda. 
ma galiTad, igi zustad iTvlida, Tu 
STa momav lobis ramden individSi gamom-
JRavnda gamosakvlevi niSan-Tviseba;

• igi ajvarebda gamosakvlev jiSTa wyvi-
lebis mraval mcenares da agrovebda 
didi raodenobis statistikur monace-
mebs, Semdeg aanalizebda am monacemebs, 
ris safuZvelzec gamohqonda daskvne-
bi.
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 rogor axsna mendelma Taobidan Taobaze memkvidruli 

 niSan-Tvisebebis gadacemis meqanizmi?

1.2. monohibriduli Sejvareba

• raSi mdgomareobs mendelis eqsperi-
mentebis warmatebis mizezebi?

• rogor fiqrob, ratom daiwyo mendel-
ma Tavisi eqsperimentebi wminda xazebis 
Sej varebiT?

• ra aris populacia?

• rogor uzrunvelyofs sqesobrivi 
gam      rav  leba populaciis genetikur mra-
valferovnebas?

pirveli eqsperimentis dros mendeli 
akvirdeboda erTi romelime niSnis, maga-
liTad, yvavilis an Teslis feris, Teslis 
an nayofis formis memkvidreobas TaobaTa 
ganmavlobaSi. mendeli arCevda bardis or 
sxvadasxva jiSs, ajvarebda maT da akvir-
deboda erTi wyvili konkretuli alter-
natiuli niSnis memkvidreobas. aseT Sejva-

rebas monohibriduli Sejvareba ewodeba.  
mendelma erTmaneTs Seajvara mewamul-

yvaviliani da TeTryvaviliani wminda ji-
Sis bardebi da daakvirda STamomavlobaSi 
am niSan-Tvisebis memkvidreobas. pirvel 
TaobaSi miRebul yvela hibrids mewamuli 
Seferilobis yvavili ganuviTarda (sur. 
1.5.a), e. i. yvela individi am niSan-Tvise-
bis mixedviT erTgvarovani iyo. amitom am 
movlenas pirveli Taobis erTgvarovnebis 
wess (mendelis pirvel kanons) uwodeben. 
niSan-Tvisebas, romelic hibridTa pirvel 
TaobaSi yvela mcenareSi gamomJRavnda, 
mendelma dominanturi (laTinurad, domi-

nans – gabatonebuli) uwoda.
pirveli Taobis mcenareebi TviT dam-

tverviT gaamravla da ase miiRo hibride-
bis meore Taoba. meore TaobaSi mendel-
ma mewamulyvaviliani mcenareebis garda 
TeTryvaviliani mcenareebic aRmoaCina, 
anu moxda am niSan-Tvisebis mixedviT da-
TiSva (sur. 1.5.b). man gaiazra, rom es ni-
San-Tviseba iyo pirvel TaobaSic dafaru-
li saxiT, magram ar SeeZlo gamomJRavneba. 
mendelma `dafarul~, daTrgunul ni-
San-Tvisebas recesiuli (laTin. recesius 

– ukuqceuli, daTrgunuli) uwoda.
mendelma zustad daiTvala mewamuly-

vaviliani da TeTryvaviliani mcenareebis 

1. suraT 1.5-ze ganxiluli magaliTis mixedviT, daasaxele dominanturi da recesiuli niSnebi.

mSobliuri 
individebi

pirveli 
Taoba

meore 
Taoba

705 mewamulyvaviliani
mcenare

224 TeTryvaviliani
mcenare

yvela mcenares mewamuli 
yvavilebi ganuviTarda

pirveli Taobis mcenareebis 
TviTdamtverviT gamravleba

mewamulyvaviliani TeTryvaviliani

a

b

sur. 1.5.

 struqtura da funqcia: dnm-
is struqtura da funqciebi _ 

geni, aleli, dominanturi aleli, rece-
siuli aleli; genotipi (homozigoturi, 
heterozigoturi).
 sasicocxlo Tvisebebi: memkvidreobiTo-
bis kanonzomierebebi – erTgvarovnebis 
wesi, daTiSvis kanoni. 
 biomravalferovneba: memkvidreobi Tobisa 
da cvalebadobis roli biomra valferov-
nebaSi.
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raodenoba. mewamulyvaviliani mcenaree-
bi aRmoCnda 705, xolo TeTryvaviliani _ 
224, anu  mewamulyvaviliani mcenareebis 
TeTryvavilian mcenareebTan Tanafardo-
bam Seadgina 3 : 1. 

kvlevis Sedegebis analizis safuZvelze 
mendelma Semdegi daskvnebi gamoitana:
• yovel organizmSi arsebobs memkvidru-

li ̀ faqtorebi~, romlebic marTaven ni-
San-Tvisebebis gamovlenas da TaobaTa 
ganmavlobaSi SenarCundebian. ivarauda, 
rom yvela mcenares calkeuli niSnis-
Tvis aqvs memkvid rul faqtorTa wyvi-
lebi;

• yvavilis mewamuli Seferilobis „faq-
torebi“ dominanturia, igi aRniSna la-
Tinuri didi asoTi (mag., A). TeTri ki 
– recesiuli, igi aRniSna Sesabamisi 
laTinuri patara asoTi (a);

• ramdenadac sawyisi mSobliuri indi-
videbi wminda xazebs miekuTvnebodnen, 
mewamulyvaviliani jiSis mcenareebs 
unda hqonoda 2 „mewamuli faqtori~ 
(AA), xolo TeTryvavilians – 2 ̀ TeTri 
faq tori~ (aa);

• mendelma miRebuli Sedegi axsna gameta-
Ta siwmindis hipoTeziT, rasac damtki-
cebis Semdeg gametaTa siwmindis wesi 
ewoda. sqesobrivi gamravlebis dros 
Taobebs Soris kavSiri gametebiT myar-
deba. erT gametaSi wyvili faqtoridan 
TiTo moxvdeba; amitom pirveli Taobis 
mcenareebi gametebis saSualebiT yove-

li mSoblisgan iReben TiTo memkvid-
rul faqtors (erTi mSoblisgan A-s da 
meorisgan – a-s); es faqtorebi pirvel 
TaobaSi ganayofierebis dros ar Seer-
w ymebian erTmaneTs, aramed inarCuneben 
TavianT individualobas; 

• radgan meore TaobaSi kvlav gamomJRav-
n da yvavilebis TeTri Seferiloba, es 
niSani pirvel TaobaSic ar gamqrala, 
aramed igi SeniRbuli iyo dominanturi 
niSniT _ mewamuli SeferilobiT.
zemoT aRwerili mendelis gamokvleve-

bi SeiZleba ganvixiloT Tanamedrove gene-
tikuri terminologiiTa da simboloebiT 
(ix. cxr. 1.1.). monohibriduli Sejvareba 
genetikuri terminologiiTa da simbo-
loebiT warmodgenilia suraT 1.6-ze. 

rogorc ukve ici, mendelis memkvidrul 
diskretul erTeuls geni ewo deba. gene-
bis umravlesoba gansxvavebuli formiT 
arsebobs. mendelis eqsperimentebSi genis 
gansxvavebuli formebis danax va advilia: 
mag., Teslis gluvi an danaoWebuli for-
mis, yvavilis mewamuli an TeTri, Teslis 
yviTeli an mwvane Seferilobis ganmsazRv-
reli genis saxiT da a.S. alternatiuli 
niSnebis ganmsazRvreli genis aseT saxe-
cvlilebebs alelebi ewodeba. amrigad, 
aleli aris genis arsebobis forma. 

diploiduri somaturi ujredis yo-
veli geni warmodgenilia ori aleliT. 
es alelebi SeiZleba iyos erT nairi an 
gansxvavebuli. termini `homozigoturi  

sur. 1.6.

TeTryvaviliani

monohibriduli Sejvarebis sqema

gametebi (yoveli 
wyvili alelidan 
yovel gametaSi TiTo 
xvdeba) F1 -is yvela individi 

heterozigoturia da 
fenotipurad mewamulyvaviliania, 
radgan mewamuli Seferilobis 
ganmsazRvreli aleli (A) 
dominirebs TeTri Seferilobis 
ganmsazRvrel alelze (a).

fenotipi

genotipi

SemTxveviTi 
ganayofiereba

F1-is genotipi

F1-is fenotipi

mewamulyvaviliani

homozigotahomozigota

Aa

A

P

A

AA

Aa Aa Aa

aa

a a
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2. cxrilSi mocemuli informaciis safuZvelze:1) Seadare da ganasxvave terminebi: aleli 
da lokusi; 2) axseni gansxvaveba genotipsa da fenotips Soris; 3) berZnulad `homo~ niS-
navs erTnairs, erTsa da imaves; rogor Seesabameba es sityva termins `homozigoturi~? 
4) berZnulad „heteros“ niSnavs gansxvavebuls. rogor Seesabameba es sitya termins „he-
terozigoturi“?

3. mocemulia Semdegi tipis genotipebi: AA, BB, Cc, Aa, CC, Bb. romelia maT Soris ho-
mozigoturi da romeli _ heterozigoturi? axseni Seni pasuxi.

genotipi~ niSnavs imas, rom igi  Seicavs   
mocemuli genis or identur alels. 
magaliTad, orive aleli gansazRv-
ravs yvavi lis TeTr Seferilobas (aa), 
an mewamul Seferilobas (AA). termini 

cxrili 1.1.                                              genetikuri simboloebi da terminebi

terminebi da 
simboloebi

ganmarteba/axsna magaliTi

geni
mocemuli niSan-Tvisebis ZiriTadi memkvidruli materia-
luri erTeuli

geni, romelic 
gansazRvravs yvavilis an  
Teslis Seferilobas

aleli
genis arsebobis forma, anu erTi da imave genis alterna-
tiuli formebi, romlebic gansazRvraven alternatiul 
(urTierTgamomricxav) niSan-Tvisebebs.

A (yvavilis mewamuli 

Seferiloba) an a (yvavi-
lis TeTri Seferiloba)

lokusi qromosomaSi alelis adgilmdebareoba IA

homozigota
diploidi organizmi Seicavs mocemuli genis or identur 
alels da warmoqmnis erTi tipis gametebs, Tavis msgav - 
s Tan SejvarebiT daTiSvas ar amJRavneben.

AA an aa

heterozigota
diploidi Seicavs mocemuli genis sxvadasxva alels da 
warmoqmnis sxvadasxva tipis gametebs, Tavis msgavsTan 
SejvarebiT daTiSvas amJRavneben.

Aa

genotipi
individis yvela genis erTobliobaa. viwro gagebiT, 
igulisxmeba mxolod is genebi, romlebic gamo sa kvlev 
niSan-Tvisebebs gansazRvraven.

AA, Aa, aa

fenotipi

individis garegani da Sinagani yvela niSan-Tvisebis 
erTobliobaa, romelic formirdeba misi genotipisa da 
garemos urTierTqmede biT. viwro gagebiT, gamosakvlevi 
niSan-Tvisebis gamovlenaa.

mewamuli Seferilobis 
yvavili an TeTri 
Seferilobis yvavili

dominanturi
aleli, romelic gansazRvravs fenotips rogorc homo-
zigotur, ise heterozigotur mdgomareobaSi. A

recesiuli
aleli, romelic gansazRvravs fenotips mxolod homo-
zigotur mdgomareobaSi. a

F1 Taoba pirveli hibriduli Taoba.

F2

meore hibriduli Taoba, romelic miiReba TviTdamtver-
viT an pirveli Taobis individebis erTmaneTTan Sejvare-
biT.

P mSobliuri organizmebi.

X Sejvarebis niSani.

mdedrobiTi sqesis niSani.

mamrobiTi sqesis niSani.

 ̀heterozigoturi   genotipi~ aRniSnavs, 
rom igi warmodgenilia genis gansxvavebu-
li alele biT, magaliTad, erTi gansazRv-
ravs yvavilis TeTr Seferilobas, meore 
ki _ mewamuls (Aa). 
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4. mendelma hibridebis pirvel TaobaSi mxolod mewamulyvaviliani mcenareebi miiRo, xolo 
meore TaobaSi _ rogorc mewamulyvaviliani, ise TeTryvaviliani mcenareebi. es faqti ra 
daskvnebis gamotanaSi daexmara mas?

5. ganixile suraT 1.9-ze mocemuli penetis cxrili da gansazRvre: 1) fenotipurad ramden-
gvari hibridia F2-Si? 2) rogori TanafardobiTaa warmodgenili dominanturi da rece-
siuli fenotipis hibridebi? 3) samuSao rveulSi amowere F2 hibridebis genotipis yvela 
SesaZlo varianti. 4) ra tipis genotipi aqvT mewamulyvavilian hibridebs da ra tipis _ 
TeTryvavilian hibridebs? ra daskvnis gamotana SeiZleba am faqtidan? 

6. ramdenad mniSvnelovania, rom mendelma eqsperimenti daiwyo wminda xazis mcenareebis 
SejvarebiT?  

7. mendelma ar icoda dnm-is, rogorc genetikuri materialuri masalis Sesaxeb, magram 
sworad iwinaswarmetyvela Taobebs Soris memkvidruli informaciis gadacemis xasiaTi. 
mendelis Sromebi rogor metyvelebs genetikis dargSi samecniero dakvirvebis mniSvne-
lobis Sesaxeb?

Zalian male mas Semdeg, rac mende-
lis eqsperimentebi mecnierebis far-
To wrisTvis gaxda cnobili, ingli-
selma genetikosma rejinald penetma 
SeimuSava cxrili (sur. 1.7), romlis 
saSualebiT SesaZlebelia Sejvare-
bis Sedegad miRebuli yvela SesaZ-
lo genotipis varaudi/gansazRvra. 
samec niero literaturaSi igi penetis 
cxrilis saxelwodebiTaa cnobili. 
ramdenadac Sejvarebasa da ganayofie-
rebas aqvs SemTxveviTi xasiaTi, amitom 
alelebis yoveli konkretuli kom-
binacia SeiZleba warmoiqmnas iseTive 
SesaZleblobiT, rogoriTac nebis mieri 
sxva kombinacia. yoveli genetikuri kom-
binaciis daTvliT Cven SeiZleba ganvsaz-
RvroT STamomavlobaSi genotipe bis Tana-
fardoba. aseve, Tu Cven viciT TiToeuli 
genotipi ra saxis fenotips Seesabameba, 
maSin am TaobaSi fenotipebis mosalodnel 

Tanafardobasac ganvsazRvravT.    
rogorc ici, mendelma Seaj vara pirve-

li Taobis heterozigoturi individebi da 
ase miiRo meore Taoba (F2). mendelis mo-
nohibriduli Sejvarebis Sedegebi SeiZle-
ba penetis cxrilis saSualebiT warmovad-
ginoT (sur. 1.8 da 1.9).      

AA Aa

Aa aa

A

A

a

a

penetis cxriliT STamomavlobis 

SesaZlo genotipebis gansazRvra

mSobeli 1-is gametebi

STamomavlobis 
SesaZlo 
genotipebi

mS
o
be

l
i 

2-
is

 

g
am

et
eb

i

sur. 1.7.

heterozigoturi 
mSobeli (Aa)

heterozigoturi 
mSobeli (Aa)

gametebi

gametebi

A

a

A a

AA Aa

aaAa

F2

homozigoturi 
recesiuli mSobeli (aa)

homozigoturi 
dominanti mSobeli (AA)

gametebi

gametebi

A

A

a a

Aa Aa

AaAa

F1

sur. 1.8. sur. 1.9.
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8. axseni, ratom SeiZleba, organizmis genotipi iyos dominanturi homozigoturi, rece-
siuli homozigoturi, dominanturi heterozigoturi da arasodes ar iqneba recesiuli 
heterozigoturi.

9. Worflianoba dominanturi aleliT aris ganpirobebu-

li, xolo uWorfloba _ recesiuliT. am alelebis wyvi-

lebidan _ CC, Cc da cc _ romeli ganapirobebs uWorflo 

fenotips?

10. rogori tipis gametebi warmoiqmneba aseTi genotipis 

individebSi: 1) AA,  2) Bb,  3) Cc.

11. suraTze mocemuli mSobliuri individebisa da hibri-

debis fenotipebis mixedviT gansazRvre; 1) STamomavlo-

bis genotipebi; 2) mSoblebis genotipebi; 3) genotipuri 

da fenotipuri daTiSvis Tanafardoba; penetis cxrili 

gadaitane samuSao rveulSi da Seavse. 

12. ori heterozigoturi mSobliuri individis SejvarebiT miRebuli recesiuli homozigo-

turi hibridebi mTeli STamomavlobis mxolod 1/4-s Seadgens. miuxedavad amisa, zogierT 

populaciaSi genis recesiuli aleli farTodaa gavrcelebuli. axseni, riT SeiZleba iyos 

gamowveuli es faqti? 

13. warmoidgine, rom ikvlev erT-erTi mcenaris gvirgvinis furclebis formis memkvidreo-

bas. gvirgvinis furclebis formas gansazRvravs erTi genis ori aleli. ajvareb ucnobi 

genotipis gluvfurclian or mcenares da miiRe Semdegi fenotipis STamomavloba: 23 

gvirgvinis danaoWebuli da 77 gluvi furclebiT. 1) ra daskvnis gamotana SegiZlia am ni-

San-Tvisebis memkvidreobis Sesaxeb? romeli alelia dominanturi? 2) rogoria mSobliuri 

individebis genotipi?

F2-Si  fenotipuri  daTiSva  yvavilis  
Seferilobis mixedviT moxda ase – 3 me-
wamulyvaviliani: 1 TeTryvaviliani. men-
delma sxva alternatiuli wyvili ni-
San-Tvisebebis memkvidreobac Seiswavla 
da yovel jerze F2-Si fenotipuri daTiS-
va miiRo TanafardobiT _ 3 :1.  es movlena  
cnobilia   daTiSvis   kanonis   (mendelis II 
kanoni) saxelwodebiT.

daTiSvis kanonis Tanaxmad, monohibri-

duli Sejvarebis dros miRebuli pirveli 
Taobis hibridebis TviTdamtvervis gziT 
an erTmaneTTan SejvarebiT gamravlebisas 
meore TaobaSi gamovlindeba rogorc do-
minanturi, ise recesiuli niSan-Tviseba 
TanafardobiT 3:1.

Tu penetis cxrils (sur. 1.9) daukvir-
debiT, naxavT, rom genotipuri daTiSvis 
Tanafardoba fenotipuri daTiSvis Ta-
nafardobisgan gansxvavdeba da igi ase-
Tia: 1AA : 2Aa : 1aa. es gamowveulia imiT, 
rom fenotipurad dominantur niSans 
gansazRv ravs ori SesaZlo genotipi: ho-
mozigota  – AA an heterozigota – Aa.

mendelis mier dadgenili memkvidreo-
bis kanonzomierebebi vrceldeba yve-
la cocxal organizmze, maT Soris ada-
mianzec. suraT 1.10-ze warmodgenilia 
evropis erT-erTi yvelaze Zlevamosili 
samefo sagvareulo dinastiis _ habsbur-
gebis warmomadgenlebi, romelTac hqon-
daT msxvili qveda tuCi da viwro, wamo-
weuli qveda yba. 

F

ferdinand I

rudolf II

karl II

habsburgebis dinastia
sur. 1.10.
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14. bardaSi nayofis (parkis) mwvane Seferilobis ganmsazRvreli aleli (C) dominirebs yvi-
Teli Seferilobis ganmsazRvrel alelze (c). erTmaneTs Seajvares am niSnis mixedviT 
heterozigoturi (Cc) mcenareebi. 1) rogori genotipi iqneba ufro metad gavrcelebuli 
STamomavlobaSi? 2) rogori fenotipi iqneba ufro metad gavrcelebuli STamomavlobaSi? 

masala: Tabaxis furceli, sawer-kalami, sarke.  
procedura: 
1. monacemTa cxrili (romelsac maswavlebeli dafaze an flipCartze warmoadgens) ga-

dawere Tabaxis furcelze/samuSao rveulSi; 
2. cxrilSi warmodgenilia is niSan-Tvisebebi, romlebic Sen unda gamoikvlio. sarkeSi 

Caixede, daakvirdi sakuTar Tavs da monacemTa cxrilis svetSi saTauriT „niSan-Tvise-
ba“, TiToeuli niSan-TvisebisaTvis Semoxaze Seni fenotipi. 

3. Seni monacemebi gadaitane dafaze/flipCartze mocemul cxrilSi, romelic maswavle-
belma Seqmna mTeli klasis monacemebis Sesagroveblad. 

4. mas Semdeg, rac klaselebi daitanen TavianT monacemebs saerTo cxrilSi, es informa-
cia gadaitane Seni cxrilis Sesabamis grafaSi. 

5. gansazRvre konkretuli niSan-Tvisebis matarebeli moswavleebis procentuli raode-
noba. 

 monacemTa cxrili

analizi da daskvna: 
1. TiToeuli niSan-TvisebisTvis romeli aleli _ dominanturi Tu recesiuli, vlindeba 

fenotipurad ufro xSirad? 
2. gamokvleuli niSan-Tvisebebidan romeli vlindeba fenotipurad ufro xSirad Tqvens 

klasSi? iSviaTad? 
3. dominanti niSan-Tvisebebi ufro xSirad mJRavndeba Tu recesiuli? rogor fiqrob, 

ratom? 

zogierTi mendeliseuli niSan-Tvisebis 
memkvidreobis Seswavla adamianSi

niSan-Tviseba moswavleebis ra-
odenoba, romelTac 
aqvT dominanturi 

fenotipi

moswavleebis ra-
odenoba, romelTac 

aqvT recesiuli 
fenotipi

dominanturi 
fenotipis 

%-uli maCven-
ebeli

recesiuli 
fenotipis 

% -uli 
maCvenebelidominanturi recesiuli

muqi Tmebi  
 A

Ria feris Tmebi 
a

muqi Tvalebi 
B

Ria feris Tvalebi
b

Tavisufali 
yuris bibilo        

E

Sezrdili bibilo
e

Tvalis didi 
Wrili  

D

Tvalis viwro 
Wrili  

d      

Worflianoba
C

uWorfloba
c

• gregor mendelma Catarebuli eqsperimentebis Sedegebis analizis safuZvelze pirvel-
ma axsna memkvidreobiTobis genetikuri safuZvlebi;

• mendelma Tavdapirvelad awarmova monohibriduli Sejvareba, anu Seiswavla erTi wyvi-
li alternatiuli niSan-Tvisebis memkvidreoba TaobaTa ganmavlobaSi; 

• mendelma Tavisi kvlevebis safuZvelze daadgina memkvidreobis genetikuri kanonzo-
mierebebi: erTgvarovnebis wesi da daTiSvis kanoni.  
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1. mendelma analogiuri eqsperimentebi Caatara sxva niSanTa wyvilzec. qvemoT mocemul 
cxrilSi ganixile mendelis eqsperimentebis statistikuri Sedegebi. gamoTvale meore 
TaobaSi dominanturi niSan-Tvisebis Tanafardoba recesiul niSan-TvisebasTan da Cawere 
Sesabamis grafaSi. gaaanalize miRebuli monacemebi, Tu TiToeuli SemTxvevisTvis daTiS-
vis Tanafardoba ramdenad axlosaa Teoriulad mosalodnel daTiSvasTan, anu 3:1-Tan. 
gamoitane daskvna.

 rogor fiqrob, mendeli ratom atarebda cdebs mraval 
 individze? 

1.3.
mendelis kanonebis statistikuri xasiaTi.                        
albaToba genetikaSi

• davuSvaT, rom Aa x Aa Sejvarebis 
Sedegad miRebulia mxolod oTxi 

STamomavali. rogor fiqrob, miiReba 
monohibriduli SejvarebisTvis damaxa-
siaTebeli Teoriulad mosalodneli 
genotipuri da fenotipuri daTiSvis Ta-
nafardoba? ra tipis genotipi SeiZleba 
hqondes hibridebs? am SemTxvevaSi dair-
Rva daTiSvis kanoni? 

• ratom vambobT `genotipis an fenotipis 
SesaZlo/mosalodneli varianti~? 

 sasicocxlo Tvisebebi: memk-
vidreobiToba da cvalebadoba, 

maTi genetikuri safuZvlebi.

mcirericxovani STamomavlobis miRebis 
dros araswori iqneba vifiqroT, rom geno-
tipebis Tanafardoba aucileblad iqneba: 
1AA:2Aa:1aa. SesaZlebelia ise moxdes, 
rom yvela STamomavals hqondes genoti-
pi – AA, an Aa. SesaZlebelia genotipebis 
Tanafardobis sxva SesaZleblobac, maga-
liTad, 2Aa:1aa. es imas niSnavs, rom moce-
mul momentSi daTiSvis kanoni irRveva? 
ratom vambobT – `SeiZleba iyos~ da ar 
vambobT, `aucileblad iqneba~? SemTxvevi-
Tia, Tu ganayofierebis dros romeli ale-
lis matarebeli gametebi Sexv debian erT-
maneTs. amitom genotipuri kombinaciebic 
– aa, AA, Aa SemTxveviTia. Teoriulad 
yvela mosalodnelia, magram ganayofie-

rebisas uciloblad romeli kombinacia 
Sedgeba, winaswar ver vityviT. amitom 
Cven SegviZlia ganvsazRv roT fenotipe-
bis mxolod SesaZlo variantebi. amrigad, 
mcirericxovani STamomavlobis dros 
genotipuri daTiSvis mosalodneli Tana-
fardobidan _ 1:2:1, gadaxra ar SeiZleba 
CaiTvalos daTiSvis kanonis darRvevad. 
am gadaxris mizezi aris is, rom geneti-

niSani

mSobliuri mcenareebi meore Taoba

Tanafardoba
dominanturi 

niSani
recesiuli 

niSani
dominanturi recesiuli

Reros simaRle maRali dabali 787 277

Teslis forma gluvi danaoWebuli 5474 1850

Teslis Seferiloba yviTeli mwvane 6022 2001

nayofis forma brtyeli datixruli 882 299

nayofis Seferiloba mwvane yviTeli 428 152

yvavilis mdebareoba kenwruli gverdiTi 651 207

yvavilis Seferiloba iisferi TeTri 705 224
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kis kanonebi statistikuri xasiaTisaa. es 
imas niSnavs, rom heterozigotebis Sej-
varebisas mosalodneli daTiSva genoti-
pis mixedviT 1:2:1, xolo fenotipis mixed-
viT _ 3:1, miT ufro zustad moxdeba, rac 
ufro didia STamomavlobis ricxvi. bar-
dis sxvadasxva jiSis _ mewamulyvaviliani 
da TeTryvaviliani mcenareebis Sejvare-
bisas mendelma F2-Si miiRo Zalian didi 
raodenobis STamomavali da amitom da-
TiSva aRmoCnda 3,14:1, e. i. daTiSva moxda 
Teoriul molodinTan _ 3 :1 _ axlos.

daTiSvis kanoni aris gansxvavebuli 
aleluri genebis matarebeli gametebis 
SemTxveviTi SeerTebis Sedegi, rac Seesa-
bameba albaTobis kanonebs. maTematikis 
codna gamogadgeba imisaTvis, rom ianga-
riSo konkretuli genotipisa da fenoti-
pis warmoqmnis albaToba. albaToba sazo-
gadod ase iangariSeba:

                   raime konkretuli movlenis/variantis SesaZlo raodenoba
 albaToba =  ----------------------------------------------------------------------------

        yvela SesaZlo movlenis/variantis raodenoba

magaliTad, monetas (sur. 1.11a) aqvs 
ori mxare: aversi (A) _ monetis wina mxa-
re, romelzedac gamosaxulia saxelmwi-
fo gerbi da gamoSvebis weli, reversi (R) 
_ monetis nominali, magaliTad, 1 lari, 
2 lari. e.i. moneta agdebis Semdeg ro-
meli mxariT davardeba, aris mxolod 
erTi varianti: aversi an reversi, magram 
SesaZlebelia ori varianti. maSasadame, 
TiToeuli variantis mosvlis albaToba 
aris 1/2. 

davuSvaT, rom Sen gaqvs ori moneta 
da orive erTdroulad aagde; Tu erTi 
moneta romeli mxriT davardeba, gavle-
nas ar axdens meore monetis davardnis 
variantze. rom gamovTvaloT ori damo-
ukidebeli movlenis erTdroulad mox-
denis albaToba, yoveli calkeuli mov-
lenis moxdenis albaToba erTmaneTze 
unda gavamravloT. magaliTad, orive mo-

netis aversis mxares dacemis albaToba = 
1/2 x 1/2 = 1/4 (sur. 1.11b). 

pirveli Taobis heterozigoturi (Aa) 
individis gameta iqneba dominanturi (A) 
an recesiuli (a) alelis matarebeli. 
radgan sul ori variantia SesaZlebeli, 
amitom TiToeuli saxis gametis warmoq-
mnis albaToba 1/2-ia, anu 50% iqneba 
dominanturi alelis – `A~-s matarebe-
li da 50% recesiuli alelis _ `a~-s 
matarebeli. Tu mocemuli mSobliuri 
individis gametebs Soris yoveli tipis 
gameta gvxvde ba 1/2 albaTobiT, maSin ga-
nayofierebisas gametebis oTxi SesaZlo 
kombinaciidan TiToeulis albaToba iq-
neba: 1/2×1/2=1/4. magram imisaTvis, rom 
yvela tipis gameta Tanabari raodenobiT 
warmoiqmnas da yvela SesaZlo kombina-
ciiT Sexvedris Tanabari albaToba hqon-
deT, maTi ricxvi didi unda iyos.

monetebi Tanabari 
albaTobiT ecema 

aversis (A) an 
reversis (R) mxares

1/2 A

1/4 AA 1/4 AR

1/4 AR 1/4 RR

1/2 A

1/2 R

1/2 R

sur. 1.11.

a

b
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2. Tu mendeli monohibridul Sejvarebas mcenareebis mcire ricxvze awarmoebda, igi aR-
moaCenda daTiSvis kanons?

3. ratomaa ufro axlos realuri daTiSvis Tanafardoba Teoriulad mosalodneli daTiS-
vis TanafardobasTan maSin, rodesac hibridizaciaSi monawile individebisa da STamomav-
lobis ricxvi didia?

4. monohibriduli Sejvarebis dros xSirad irRveva fenotipuri daTiSvis Tanafardoba 
Teoriulad mosalodnelTan SedarebiT. ra SeiZleba iyos amis mizezi? 

5. mendeli ajvarebda ori jiSis bardas: erTs gluvTeslians, meores – danaoWebulTes-
lians. meore TaobaSi miiRo 7324 Tesli, maTgan 5474 gluvi da 1850 danaoWebuli. dawere 
Sejvarebis sqema.

6. samecniero kvleva moicavs kvlevis gegmis SemuSavebas, dakvirvebasa da mis safuZvelze 
monacemebis Segrovebas, monacemebis analizsa da daskvnis gamotanas. gaaanalize mende-
lis Sromebi da mis magaliTze axseni, ramdenad Seesabameba misi Sromebi samecniero kvle-
vis am sqemas.

sakvlevi kiTxva: rogor moqmedebs gametebis SemTxve-
viTi da Tavisufali Serwyma genebis kombinaciaze?

varianti 1

saWiro masala: 2 cali qaRaldis parki, 100 cali wi-
Teli lobios Tesli da 100 cali TeTri lobios Tesli.

procedura:

1. qaRaldis erT parkSi moaTavse 50 wiTeli da 50 
TeTri lobios Tesli, meore parkSic moaTav-
se imave raodenobis wiTeli da TeTri Teslebi. 
yoveli Tesli Seesabameba yvavilis Seferilobis 
alels: wiTeli Tesli yvavilis wiTeli Seferilo-
bis ganmsazRvrel alels da TeTri — yvavilis 
TeTri Seferilobis ganmsazRvrel alels.

2. erT parks daawere mdedrobiTis aRmniSvneli pirobiTi niSani, meores ki — mamrobiTis.
 parkSi Caxedvis gareSe yoveli parkidan TiTo-TiTo Tesli amoiRe. ori Tesli asaxavs 

alelebis kombinacias kvercxujredisa da spermiis Serwymis dros.
3. gamoiyene penetis cxrili, rom iwinaswarmetyvelo wiTeli/wiTeli, wiTeli/TeTri da 

TeTri/TeTri SesaZlo kombinaciebis raodenoba.
4. gamoiyene monacemTa cxrili, rom CainiSno Teslebis kombinacia parkidan amoRebis 

yovel jerze. Sens cxrilSi 100 SemTxveva unda Caetios. CaniSvnis Semdeg Teslebi par-
kebSi unda daabruno (TiToeuli Tesli im parkSi, saidanac amoiRe).

5. daiTvale da CainiSne kombinaciebis saerTo ricxvi Sens monacemTa cxrilSi.
6. Seagrove da CainiSne klasis saerTo monacemebi.

monacemTa cxrili:

memkvidreobaSi SemTxveviTobis modelis Seqmna

♀ ♂

Seferilobis mixedviT Teslebi _ `alelebis~ kombinacia

wiTeli/wiTeli wiTeli/TeTri TeTri/TeTri

Seni Sedegi TiToeul jerze

Seni jamuri Sedegi

klasis saerTo Sedegi
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analizi da daskvna:

1. alelebis romeli kombinaciaa yvelaze xSiri?
2. gamoTvale alelebis wiTeli/wiTeli, wiTeli/TeTri da TeTri/TeTri kombinaciebis 

sixSireebis Sefardeba.
3. realurad miRebuli Sedegebi Seadare Sen mier prognozirebul (mosalodnel) Sede-

gebTan.
4. SemTxveviToba moqmedebs Tu ara alelebis kombinaciaze?  axseni pasuxi.
5. Seni jamuri Sedegebi Seadare klasis jamur Sedegebs. romel SemTxvevaSia alelebis 

kombinaciebis realuri Tanafardoba ufro axlos Teoriulad mosalodnel Tanafar-
dobasTan? ratom?

6. gamoTqvi hipoTeza, rogor unda miaRwio, rom realuri Sedegi ufro axlos iyos Teo-
riulad mosalodnel SedegTan?

varianti 2

saWiro masala: 2 mwvane da 2 yviTeli feris markeri/fanqari, plastmasis 
Wiqa.  

procedura:

1.  calke furcelze an samuSao rveulSi moamzade cxrili monacemebis 
aRricxvisaTvis; 

monacemTa cxrili:

2. bardaSi Teslis yviTeli Seferiloba (A) dominirebs Teslis mwvane Seferilobaze 
(a). gamoiyene penetis cxrili da gansazRvre im hibridebis mosalodneli genotipi da 
fenotipi, romelTa mSoblebic arian heterozigoturebi (Aa) Teslis Seferilobis 
mixedviT.

3. yviTeli da mwvane oTxive markeri/fanqari (TiToeuli or-ori) moaTavse WiqaSi. Ti-
Toeuli markeri/fanqari asaxavs alelebs heterozigotur mcenareebSi. 

4. Wiqa SeanjRrie da TvaldaxuWulma amoiRe romelime 2 markeri/fanqari. 2 markeri/
fanqari asaxavs alelebis kombinacias kvercxujredisa da spermiis  Serwymis dros. es 
procedura gaimeore 10-jer da markerebis/fanqrebis _ „alelebis“, kombinacia CainiS-
ne monacemTa cxrilSi (yoveli proceduris Semdeg markerebi/fanqrebi WiqaSi daabru-
ne).

5. me-4 nabiji gaimeore jer 50-jer da Semdeg 100-jer. 
6. daTvale TiToeuli tipis genotipi yvela seriisTvis.
7. monacemebis gamoyenebiT, TiToeuli seriisaTvis (10, 50 da 100) gansazRvre yviTeli 

fenotipebis raodenoba. 

fenotipi

yviTeli mwvane yviTeli 
Teslis 
saerTo 
ricxvi 
(AA+Aa) 

Teoriulad 
mosalodneli 

genotipuri 
daTiSvis 

Tanafardoba

Teoriulad 
mosalodneli 
fenotipuri 

daTiSvis 
Tanafardoba 

eqsperimen-
tSi miRebuli 
genotipuri 

daTiSvis 
Tanafardoba

eqsperimentSi 
miRebuli 

fenotipuri 
daTiSvis 

Tanafardoba
AA Aa aa

seria - 10

seria - 50

seria - 100

Tqveni jgufis 
jamuri Sedegi

klasis jamuri 
Sedegi
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8. monacemebis gamoyenebiT TiToeuli seriisaTvis (10, 50 da 100) gansazRvre genotipuri 
da fenotipuri daTiSvis Tanafardoba. daTiSvis Tanafardobis gamosaTvlelad Ti-
Toeuli genotipis/fenotipis raodenobis ganmsazRvreli ricxvi unda gayo yvelaze 
umcires ricxvze da daamrgvalo uaxloes mTel ricxvamde. magaliTad, davuSvaT, rom 
seriisaTvis _ 100, miRebuli gaqvs aseTi Sedegi: 23AA, 51Aa da 26aa; am SemTxvevisaTvis 
genotipuri daTiSvis Tanafardoba ase iangariSeba: 23/23 =1; 51/23=2,2;  26/23=1,1. e.i. 
genotipuri daTiSva aseTia: 1AA: 2Aa : 1aa.

dakvirveba 

1. romeli genotipi iyo miRebuli yvelaze xSirad? 
2. rogor genotipur da fenotipur daTiSvas moelodi 10, 50-ian da 100-ian seriaSi? 
analizi da daskvna/Sefaseba: 

• rogor Seesabameba eqsperimentSi miRebuli daTiSvis Tanafardoba Teoriulad mosa-
lodnel daTiSvas? 

• romeli seriis daTiSvis monacemebia yvelaze axlos Teoriulad mosalodnel daTiS-
vis TanafardobasTan? axseni Sedegi.  

• rogor aisaxeba albaTobis Teoria Seni eqsperimentis SedegTan? 
• Tqveni jgufis jamuri Sedegebi SeadareT klasis jamur SedegebTan. romel SemTxve-

vaSia genotipuri da fenotipuri daTiSvis realuri Tanafardoba ufro axlos Teo-
riulad mosalodnel TanafardobasTan? ratom? 

• gamoTqvi hipoTeza, rogor unda miaRwio, rom realuri Sedegi ufro axlos iyos Teo-
riulad mosalodnel SedegTan?   

• gaakeTe daskvna, ratom atarebda mendeli eqsperimentebs mraval individze da ratom 
agrovebda didi raodenobis monacemebs? 

• mendelis kanonebi efuZneba statistikuri monacemebis Segrovebas, monacemebis ana-
lizsa da analizis safuZvelze daskvnebis gamotanas;

• daTiSvis kanoni aris gansxvavebuli aleluri genebis matarebeli gametebis SemTxvevi-
Ti da Tavisufali Serwymis Sedegi, rac Seesabameba albaTobis kanonebs;

• imisaTvis, rom yvela tipis gameta Tanabari raodenobiT warmoiqmnas da yvela SesaZlo 
kombinaciiT Sexvedris Tanabari albaToba hqondeT, maTi ricxvi didi unda iyos.
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 ratom ver Seafases saTanadod mendelis aRmoCenebi misi

 epoqis mecnierebma?

1.4. daTiSvis kanonis citogenetikuri meqanizmi

• ras ewodeba qromosomaTa diploi duri 
kompleqti? haploiduri kom p leqti?

• meiozis romel periodSi da ratom ganaxev-
rdeba qromosomebis ricxvi?

 struqtura da funqcia: 
qromosomis struqtura da 

fun  qciebi; gametebis struqtura da fun-
qciebi.
 sasicocxlo Tvisebebi: memkvidreobi-
Tobis qromosomuli Teoria; meiozi 
– aleluri genebis sxvadasxva gameta-
Si ganawilebis safuZveli; usqeso da 
sqesobrivi gamravleba _ memkvidruli 
informaciis Taobidan Taobaze gadace-
mis meqanizmi.  

mendelma statia Tavisi kvlevis Se-
degebisa da aRmoCenili genetikuri ka-
nonzomierebebis Sesaxeb 1866 wels gamoa-
qveyna bunebismetyvelebis sazogadoebis 
JurnalSi, romelic egzavneboda sxva-
dasxva qveynis bunebismetyvelebis sazo-
gadoebis wevrebs. miuxedavad amisa, mec-
nierebma ver SeZles mis mier dadgenili 

genetikuri kanonzomierebebis saTanadod 
Sefaseba. SesaZlebelia es aixsneba imiT, 
rom im droisaTvis SeuZlebeli iyo men-
delis monacemebi daekavSirebinaT game-
tebSi raime konkretul struqturasTan, 
iseT struqturasTan, romlis saSualebi-
Tac SesaZlebeli iqneboda memkvidruli 
niSan-Tvisebis mSoblebidan STamomavlo-
baze gadacema. 

rodesac mendeli eqsperimentebs ata-
rebda, maSin araferi iyo cnobili arc 
qromosomebisa da genebis, arc mitozi-
sa da meiozis Sesaxeb. mxolod 1902-1903 
ww. amerikelma mecnierma u. setonma da 
germanelma mecnierma t. boverim gamoT-
qves mosazreba, rom qromosomebi arian 
memkvid ruli faqtorebis – genebis ma-
tarebelni da Camoayalibes e. w. memkvid-
reobiTobis qromosomuli Teoria. am 
Teoriis Tanaxmad, yovel gens aqvs homo-
logiur qromosomebSi gansazRvruli ad-
gili _ lokusi. 

genebis umravlesoba gansxvavebuli 
for miT arsebobs. rogorc ici, genis 
nebismier alternatiul formas aleli 
ewodeba. diploiduri somaturi ujredis 
yoveli geni warmodgenilia ori aleliT, 
romelTagan TiToeuli homologiuri 
wyvi lis sxvadasxva qromosomis erTsa da 
imave lokusSia. ramdenadac nebismier 
organizmSi niSan-TvisebaTa ricxvi gaci-
lebiT metia, vidre qromosomebis ricxvi, 
amitom yoveli qromosoma Seicavs mraval 
gens (sur. 1.12).

erTi genis alelebi SeiZleba iyos 
erT nairi an gansxvavebuli. termini `ho-
mozigoturi~ niSnavs genotipSi, Sesaba-
misad, homologiuri qromosomebis erTsa 
da imave lokusSi, genis erTnair/identur 
alelebs. magaliTad, orive aleli gan-
sazRvravs yvavilis TeTr Seferilobas. 
termini `heterozigoturi~  aRniSnavs 

homologiuri qromosomebis wyvilebi

aleluri genebi

ar
aa

l
e l

u
 r

i 
g

en
eb

i

genis lokusi

sur. 1.12.



26

gametebis warmoqmnisas, meiozis pro-
cesSi, homologiuri qromosomebi erT-
maneTs scildeba da sxvadasxva gametaSi 
aRmoCndeba da, Sesabamisad, alelebic sxva-
dasxva gametaSi ganawildeba. magaliTis-
Tvis ganvixiloT meiozis sqema (sur. 1.14), 
sadac momwifebamde wina sasqeso ujredSi, 
homologiur qromosomebSi moTavsebulia 
alelebi A da a. sqemaze pirobiTad gamo-
saxulia qromosomebis mxolod erTi wyvi-
li. interfazaSi, dnm-is gaormagebamde, su-
raTze ori qromosomaa TiTo qromatidiT 
da maTSi ganlagebulia alelebi A da a (1). 
dnm-is gaormagebasTan erTad ormagdeba 
alelebic – AA, aa (2). anafazaSi homolo-
giuri qromosomebi erTmaneTs scildeba da 
telofazis bolos Svileul ujredebSi aR-
moCndeba wyvilidan TiTo qromosoma ori 
qromatidiT. qromatidebSi iqneba alele-
bi AA erT ujredSi da aa meore  ujredSi 

(3). meore meiozuri gayofisas erTmaneTs 
scildeba qromatidebi da miRebul oTx 
gametaSi aRmoCndeba TiTo qromosoma. or 
gametaSi iqneba A alelis matarebeli qro-
mosoma, xolo danarCen orSi – a alelis 
matarebeli qromosoma (miaqcie yuradReba, 
gansxvavebuli alelebis (A da a) matarebe-
li sasqeso ujredebi Tanabari raodenobiT 
warmoiqmneba) (4).

zemoT ganxilulis safuZvelze mono-
hibriduli Sejvarebis citogenetikuri 
meqanizmi gamartivebuli saxiT SeiZleba 
warmovidginoT suraT 1.15-is mixedviT:

davuSvaT, rom bardis somaturi ujre-
debi Seicavs mxolod qromosomaTa erT 
homologiur wyvils, romelSic moTav-
sebulia yvavilis Seferilobis ganmsaz-
Rvreli geni, erT mSobliur individSi 
AA alelebiT da meoreSi aa alelebiT. 
meiozuri gayofis Sedegad gametebSi qro-

rogor SeiZleba monohibriduli Sejvarebis Sedegebis axsna ujredebis 

          meiozuri gamravlebis safuZvelze?

genotipSi, Sesabamisad, homologiuri 
qromosomebis erTsa da imave lokusSi, 
genis gansxvavebul alelebs, magaliTad, 

erTi aleli gansaz Rvravs yva vilis TeTr 
Seferilobas, meore ki _ mewamuls (sur. 
1.13).

gansxvavebuli alelebi

heterozigoturi 
organizmi

fenotipi

yvavilis 
mewamuli 

Seferiloba

yvavilis 
TeTri 
Seferiloba

A a

erTi genis erTnairi alelebi erTmaneTis 
identuria

erTnairi alelebi

yvavilis 
TeTri 
Seferiloba

yvavilis 
TeTri 

Seferiloba

homozigoturi 
organizmi

fenotipi

a a

sur. 1.13.
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1 2

3

4
sur. 1.14.

sur. 1.15.

P X

gametebi

gametebi

A

a

A a

AA Aa

aaAa

F2

A a agametebi A

aaAA

F1 Aa

homologiuri qromosomebis wyvili

P XAA a a

gametebi

F2

ganayofiereba

m e i o z i

A

A

A a a

a

a

F1

A

A

A A A

A

a

a

aaa

g  a  m  e  t  e  b  i

mosomebis ricxvi ganaxevrdeba, scilde-
bian erTmaneTs homologiuri qromoso-
mebi da maTTan erTad wyvili alelebic. 
ganayofierebis procesSi zigotaSi aRdge-
ba qromosomebis diploiduri ricxvi da 
alelebis wyviladobac: hibridi erT qro-

mosomasTan erTad miiRebs mewamuli Se-
ferilobis (A) alels, meoresTan erTad 
– TeTri Seferilobis (a) alels. amitom 
aris pirveli Taobis yvela individis 
genotipi heterozigoturi da fenotipu-
rad ki _  mewamulyvaviliani.
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genetikuri amocanebis amoxsnis meqanizmi

amocanis amoxsna iwyeba amocanis teqstis analiziT. yovel amocanaSi aris mocemuloba da 
moTxovna. mocemuloba gviCvenebs, ris mixedviT unda upasuxo moTxovnas. amocanis Sinaarsis 
mixedviT SesaZloa, Seqmna naxazebi, Sejvarebis genetikuri sqemebi, gamoiyeno genetikuri 
simboloebi.

genetikuri amocanebis amoxsnisaTvis unda isargeblo Semdegi wesebiT:
• upirvelesad Caiwere alelebis aRniSvnebi da niSan-Tvisebebis fenotipuri gamovlineba;
• recesiuli individis genotipi maSinve ganisazRvreba, ramdenadac misi mxolod erTi 

variantia SesaZlebeli;
• dominanturi niSan-Tvisebis mqone individs aucileblad erTi dominanturi aleli 

eqneba, xolo meore SeiZleba ganisazRvros, radgan viciT, rom yovel hibridSi erTi 
aleli – erTi mSobliuri individisgan aqvs miRebuli, xolo meore – meorisgan.

monohibridul Sejvarebaze genetikuri amocanebis amoxsnis xerxebi ganvixiloT konkre-
tul magaliTze.

amocana 1

 xilis buz drozofilaSi sxeulis ruxi Seferiloba dominanturi niSania, Savi _ recesiu-
li. ruxi da Savi buzebis Sejvarebisas STamomavlobis naxevars aqvs ruxi sxeuli, naxevars 
ki _ Savi. 1) gansazRvre mSoblebis genotipebi. 2) Seadgine Sejvarebis genetikuri sqema.

 amoxsna:

 aRvniSnoT sxeulis Seferilobis ganmsazRvreli alelebi: ruxi Seferiloba _ A, Savi _ a.
 mSobliuri Savi buzis genotipia aa, xolo rux buzs genotipSi aucileblad erTi aleli 

aqvs A. Savma hibridulma buzebma TiTo aleli miiRes yoveli mSoblisgan, aqedan gamom-
dinare, ruxi mSobliuri individis genotipi aris Aa. 

      P     Aa  X  aa

 
 gametebi:     A     a     a

       F     Aa       aa

amocana 2

 adamianSi muqi feris Tvalebi dominanturi niSania, cisferi _ recesiuli. cisferTva-
leba mamakaci, romlis mSoblebsac muqi Tvalebi aqvT, daqorwinda muqTvalebian qalze, 
romlis mamasac cisferi Tvalebi aqvs, xolo dedas _ muqi. rogori feris Tvalebi 
SeiZleba hqondeT maT bavSvebs? gansazRvre amocanaSi moxseniebuli yvela piris geno-
tipi.

 amoxsna: 
 aRvniSnoT Tvalis Seferilobis ganmsazRvreli alelebi: muqi feris ganmsazRvreli  

B, cisferi feris _ b. mamakaci cisferTvalebaa da misi genotipi aris bb; ramdena-

dac mis mSoblebs muqi Tvalebi aqvT, isini heterozigoturebi arian Bb. radgan qali 
muqTvalebiania, mas aucileblad unda hqondes genotipSi erTi aleli B, romelic 

memkvidreobiT miiRo dedisgan (romlis genotipi SeiZleba iyos BB, an Bb); meore ale-

li qalma miiRo mamisgan, romlis genotipia bb. amrigad, qalis genotipia Bb. wyvils 

genotipebiT Bb X bb Tanabari albaTobiT SeiZleba SeeZinos bavSvebi rogorc muqT-
valebiani, ise _ cisferTvalebiani. 
SeniSvna: monohibriduli Sejvarebis genetikuri sqemebis Sedgenasa da  STamomavlobaSi 

genotipuri da fenotipuri daTiSvis Tanafardobis gansazRvraSi dagexmareba virtualuri 
laboratoria _ „Mendel's Law of Heredity“ („mendelis memkvidreobis kanonzomierebebi“) _ 
https://bit.ly/3X8GQIK, sadac survilis mixedviT SegiZlia cvalo Sesajvarebeli individebis 
fenotipi da genotipi, daakvirde maT STamomavlobaSi genotipuri da fenotipuri daTiSvis 
Tanafardobas.
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1. ra kavSiria gens, lokussa da alels Soris? 

2. warmoidgine, rom Seiswavli xilis buzis dnm-s da me-2 qromosomaSi aRmoaCine ulvaSebis 
sigrZis ganmsazRvreli geni. ra sityva gansazRvravs am genis adgilmdebareobas da sad 
SeiZleba misi povna sxva xilis buzis dnm-Si?

3. riT gansxvavdeba homozigoturi genotipi heterozigoturisgan? Seni pasuxisTvis ga-
moiyene terminebi: geni, homologiuri qromosoma da alelebi.

4. mecnierebma erTmaneTs Seajvares A da B tipis Tagvebi. miRebul hibridebSi dnm-is naxe-
vari ekuTvnis A tipis Tagvebs da naxevari _ B tipis. axseni, ratom?

5. suraT 1.15-is mixedviT aRwere meore Taobis Sedegebi citologiuri meqanizmis safuZ-
velze, kerZod, Tu memkvidreobiToba romel citologiur struqturebTanaa dakavSire-
buli da ra roli aqvs meiozs.

6. Seadare niSan-TvisebaTa daTiSvis mendeliseuli axsna citologiur meqanizmTan.

7. daakvirdi qaTmebis Sejvarebis sqemas 
da gansaz Rvre:

  1) romeli niSania dominanturi da ro-
meli recesiuli?pasuxi daasabuTe;

 2) ra movlena gamomJRavnda pirvel 
TaobaSi;

  3) P-s, F1-isa da F2 -is genotipebi.

8. adamianSi recesiuli aleli b gana-
pirobebs siyrues, dominanturi ale-
li B _ smenas. yru qalis smenis mqone 
mamakacTan qorwinebiT daibada yru 
bavSvi. gansazRvre mSoblebis genoti-
pebi.

9. zRvis goWSi xveuli bewvi dominirebs 
swor bewvze. xveulbewviani mamrebi-
sa da mdedrebis SejvarebiT miiRes 
29 sworbewviani da 90 xveulbewviani 
individi. gansazRvre mSoblebisa da 
hibridebis genotipebi.

10. suraTze mocemuli Tagvebis Sejva-
rebis sqemis mixedviT gansazRvre:

  1) romeli niSani dominirebs TagvebSi 
_ bewvis TeTri Seferiloba Tu muqi;

  2) rogoria P-s da F1 genotipebi;

  3) rogori iqneba F2 hibridebi genoti-
pisa da fenotipis mixedviT. Seadgine 
penetis cxrili.

11. TagvebSi bewvis ruxi Seferilo-
ba dominirebs TeTr Seferilobaze. 
ruxi Tagvebis erTmaneTTan Sejvare-
biT STamomavlobaSi fenotipuri da-
TiSva moxda TanafardobiT: 7 ruxi: 
3 TeTri Tagvi. 1) gansazRvre mSob-
liuri individebis genotipebi. 2) 
fenotipuri daTiSvis Tanafardobi-
dan gamomdinare, SeiZleba vifiqroT, 
rom am SemTxvevaSi dairRva daTiSvis 
kanoni? pasuxi daasabuTe.

P

F1

P

F
1

F
2
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12. TagvebSi bewvis ruxi Seferiloba dominirebs TeTr Sefe-
rilobaze. TeTri mamri Seajvares sam rux mdedrTan. pir-
velma mdedrma Soba 10 ruxi wruwuna, meorem _ 5 TeTri da 
5 ruxi, mesamem _ 10 ruxi da 1 TeTri. gansazRvre mamrisa 
da yvela mdedris genotipi. 

13. pomidorSi nayofis mrgvali forma dominirebs msxlise-
burze. 

 1) rogoria mSobliuri mcenareebis genotipebi, Tu STa-
momav lobaSi mrgvali da msxlisebrnayofiani mcenareebi 
Tanabrad miiReba? 

  2) hibridebidan 118-ma mogvca msxlisebri nayofi, xolo  
382-ma _  mrgvali. am mcenareebs Soris ramdenia heterozigo-
turi?

14. bocverSi bewvis normaluri sigrZe dominirebs mokle 
bewvze. moklebewvianma mdedrma Soba 4 moklebewviani da 
3 normalurbewviani baWia. gansazRvre mamris fenotipi da 
genotipi.

15. Ria feris Tmiani axalgazrda vaJi, romlis mSoblebsac 
hqondaT muqi Tmebi, daqorwinda muqTmian qalze, romlis 
dedasac agreTve muqi Tmebi hqonda, xolo mamas _ Ria feris 
Tmebi. maT SeeZinaT muqTmiani bavSvi. SeiZleba Tu ara maT 
hyavdeT Ria feris Tmiani bavSvi?

• qromosomebi aris memkvidreobiTi faqtorebis _ genebis matarebelni;
• yovel gens qromosomaSi aqvs Tavisi gansazRvruli adgili _ lokusi;
• genis arsebobis formas aleli ewodeba; 
• diploiduri somaturi ujredis yoveli geni warmodgenilia ori aleliT, romelTagan 

TiToeuli homologiuri wyvilis sxvadasxva qromosomis erTsa da imave lokusSia;
• ramdenadac nebismier organizmSi niSan-TvisebaTa ricxvi gacilebiT metia, vidre qro-

mosomebis ricxvi, amitom yoveli qromosoma Seicavs mraval gens;
• erTi genis alelebi erTmaneTs scildeba meiozuri gayofis dros, rodesac erTmaneTs 

scildeba homologiuri qromosomebi, Sesabamisad, gameta yoveli aleluri wyvilidan 
Seicavs mxolod erTs;

• alelebis wyviladoba aRdgeba ganayofierebis dros, oRond erT alels iRebs erTi 
mSoblisgan da meores _ meore mSoblisgan.

P

F

1/2 1/2

382 118

F

1

2
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 alelur genTa urTierTqmedebis ra formebi arsebobs da 

 ra mniSvneloba aqvs mas biomravalferovnebisTvis?

1.5. alelur genTa urTierTqmedeba

daakvirdi suraT 1.16-ze gamosaxul monohibriduli 
Sejvarebis magaliTebs da upasuxe kiTxvebs:

• Seadare erTmaneTs bardisa da gulisabas pirveli Tao-
bis hibridebi, daadgine maT Soris msgavseba-gansxvaveba;

• gansazRvre daTiSvis Tanafardoba meore TaobaSi orive 
SemTxvevisaTvis rogorc genotipis, ise fenotipis 
mixed viT. daadgine maT Soris msgavseba-gansxvaveba;

• ras uwodebdi bardis magaliTze aleluri genebis 
 urTierTqmedebas da ras _ gulisabas SemTxvevaSi? 

monohibriduli Sejvareba gulisabaSi

C c

C

c

kv
er

c
xu

j
r
ed

eb
i

spermiebi

Cc

Cc

CC

cc

F2

CC

cc

Cc

F1

monohibriduli Sejvareba bardaSi

B

bkv
er

c
xu

j
r
ed

eb
i

B b

spermiebi

F2

F1

bb

bb

BB

BB

Bb

Bb

Bb

sur. 1.16.

 sasicocxlo 
Tvi sebebi: memkvid-

reobiToba – alelur genTa 
urTierTqmedeba: sruli da 
arasruli dominireba, kodo-
minireba.
 biomravalferovneba: ale-
lur genTa urTi erTqmedebis 
mniSvneloba biomravalferov-
nebisTvis.
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mendelma Tavisi eqsperimentebisaTvis 
SemTxveviT SearCia bardaSi Svidi wyvi-
li alternatiuli iseTi niSan-Tviseba, 
romelTa memkvidreobisas dominanturi 
aleli srulad axSobda recesiul alels. 
Semdgomma gamokvlevebma aCvena, rom yo-
velTvis ase ar xdeba. 

ilustraciaze (sur. 1.16) warmodge-
nili ori monohibriduli Sejvarebis 
Sedarebam aCvena, rom orive SemTxveva-
Si pirvel TaobaSi erTgvarovnebis wesi 
gamomJRavnda. magram bardis SemTxvevaSi 
fenotipurad hibridi erT-erTi mSob-
liuri formis msgavsia, xolo gulisa-
baSi – arcerT mSobliur formas ar 
hgavs. pirvel SemTxvevaSi genis dominan-
turi aleli srulad Trgunavs recesiul 
alels. am movlenas sruli dominireba 
ewodeba. meore SemTxvevaSi erTi genis 
aleli srulad ver Trgunavs meores. 
am movlenas arasruli dominireba ewo-
deba. niSan-Tvisebis aseT memkvidreobas 
ki Sualedur memkvidreobas uwodeben. 

meore TaobaSi miRebuli Sedegebis mixed-
viT, bardaSi fenotipuri daTiSva aris 
3 : 1, xolo genotipuri – 1BB:2Bb:1bb. 
guli sabas F2-Si fenotipurad miviReT 
aseTi daTiSva _ 1 wiTelyvaviliani : 2 
vardisferyvaviliani : 1 TeTryvavilia-
ni, xolo genotipurad aseTi daTiSva _  
1CC:2Cc:1cc. arasruli dominirebisas 
fenotipuri da genotipuri daTiSvis Tana-
fardoba erTnairia.

 amrigad, zogjer alelebi amJRavneben 
arasrul dominirebas, romlis drosac 
heterozigoturi fenotipi sadRac or 
sxvadasxva homozigotur fenotips Soris 
aris. aseT SemTxvevaSi Znelia msjeloba 
imis Sesaxeb, Tu romeli alelia dominan-
turi an recesiuli. Cven gulisabas maga-
liTze pirobiTad CavTvaleT, rom wiTe-
li Seferilobis ganmsazRvreli aleli 
dominanturia, xolo TeTri Seferilobis 
_ recesiuli. sinamdvileSi arasruli do-
minirebis dros genotips gamosaxaven, ma-
galiTad, ase: B1B1 an B2B2 (sur. 1.17).

arasruli dominireba

fenotipi genotipi fenotipi genotipi fenotipi genotipi

mwvane B1B1 Ria lurji B2B2 muqi lurji B1B2

homozigoturi Tevzi mwvane 
Seferilobis ganmsazRvreli 

alelebis mixedviT 

homozigoturi Tevzi Ria lurji 
Seferilobis ganmsazRvreli 

alelebis mixedviT

heterozigoturi Tevzi  
Seferilobis ganmsazRvreli 

orive alelis mixedviT

 Sen ukve gaecani alelebis urTierTqme-
debis or formas – srul dominirebasa 
da arasrul dominirebas. am formebis 
garda arCeven kodominirebas. kodomini-
reba iseTi movlenaa, rodesac genis ori-
ve dominanturi aleli tolfasovania da 
heterozigotur mdgomareobaSi orive 
funqcionirebs. davuSvaT, rom homozigo-

turi mcenare, romelsac aqvs wiTeli 
yvavilebi, Seajvares homozigotur TeT-
ryvavilian mcenaresTan. arasruli domi-
nirebis SemTxvevaSi hibridebs eqneboda 
vardisferi yvavilebi, xolo kodominire-
bis SemTxvevaSi ki _ orive aleli srulyo-
filad funqcionirebs da gamovlindeba; 
amitom yvavilebs eqneba rogorc wiTeli 

sur. 1.17.
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ar gaaCnia 
antigenebi

antigeni B

antigeni A

antigeni B

1. gaaanalize suraT 1.19-ze mocemuli informacia da/an gamoiyene virtualuri laborato-
ria „sisxlis ABO jgufebi“ (https://bit.ly/3l7Utuv) da upasuxe kiTxvebs:

 1) sisxlis romel jgufSi gvxvdeba kodominirebis movlena? axseni Seni pasuxi.
 2)  sisxlis romeli jgufebisTvis aris damaxasiaTebeli rogorc homozigoturi, ise he-

terozigoturi genotipi?
 3)  sisxlis romeli jgufisTvis aris damaxasiaTebeli mxolod homozigoturi genotipi? 

ratom?

Seferilobis, ise TeTri Seferilobis 
uba ni (sur. 1.18)

aleluri genebis aseTi urTierTqmede-
ba gvxvdeba adamianis sisxlis jgufebis 
memkvidreobaSic, Tumca am niSan-Tvisebis 
memkvidreobisaTvis sxva Taviseburebacaa 
damaxasiaTebeli. aqamde ganxilul maga-
liTebSi erTi geni warmodgenili iyo ori 
aleliT, magram cnobilia iseTi SemTxve-
vebi, rodesac erTi geni arsebobs orze 
meti alelis saxiT. am movlenas mravlo-
biTi alelizmi ewodeba. am alelebidan 
genotipSi nebismieri ori SeiZleba iyos 
homologiuri qromosomebis erTsa da 
imave lokusSi. 

mravlobiTi alelizmi damaxasiaTebe-
lia sisxlis jgufebis ganmsazRvreli 
genisaTvis, romelic adamianis me-9 qro-
mosomaSia lokalizebuli da warmodge-
nilia sami aleliT – A,B,O. O – rece-
siuli alelia, xolo A da B dominanturi 
alelebia. A da B tolfasovani alelebia 
da heterozigotur mdgomareobaSi orive 
funqcionirebs. am sami alelidan geno-
tipSi aris romelime oris kombinacia, 
rac gansazRvravs sisxlis jgufebs: O (I), 
A (II), B (III) da AB (IV). genotipebis kom-
binaciebi warmodgenilia suraT 1.19.-ze, 
sadac aseTi aRniSvnebia gamoyenebuli: IO, 
IA da a. S. `I~ miuTiTebs imaze, rom yvela 
es aleli lokalizebulia homologiuri 
qromosomebis erTsa da imave lokusSi – I 
(lokusis pirobiTi aRniSvna).

amrigad, aleluri genebis urTierTqme-
debis orive forma _ arasruli dominireba 
da kodominireba _ ganapirobebs mSobliu-
ri individebis fenotipisgan gansxvave-
buli axali fenotipebis warmoqmnas, rac 
biomravalferovnebis erT-erTi wyaroa.

sur. 1.18.

sur. 1.19.

antigeni A

sisxlis jgufis fenotipi genotipi

A
IAIA    

IAIO

B IBIB   IBIO

O IOIO

kodominireba

AB IAIB
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2. suraTebze mocemuli Sejvarebis magaliTebis mixedviT Seadare erTmaneTs sruli da 
arasruli dominireba da Sedarebis monacemebi Seitane cxrilSi:

3. wiTelnayofiani marwyvi Seaj vares TeTrnayofian marwyv Tan. pirvel Tao baSi yvela mcena-
rem vardisferi nayofi gaikeTa.

arasrul dominirebasa da kodominirebaze genetikuri amocanebis amoxsnis magaliTebi:

amocana 1

yviTeli zRvis goWis TeTrTan Sejvarebisas yvela STamomavali vardisferia. vardisfe-
ri goWebis erTmaneTTan SejvarebiT miRebul hibridebSi miiRes aseTi tipis fenotipuri 
daTiSva: 1 yviTeli : 2 vardisferi : 1 TeTri. rogori iqneba STamomavloba vardisferis 
Sejvarebisas _ 1) yviTelTan? 2) TeTrTan?  

amoxsna:

aRvniSnoT: A _ yviTeli feri, a _ TeTri. vardisferi heterozigoturia _ Aa. 

1) P Aa (vardisferi) X AA (yviTeli) SejvarebiT STamomavlebis naxevari yviTelia, naxe-
vari ki _ vardisferi.

2) P Aa (vardisferi) X aa (TeTri) SejvarebiT STamomavlebis naxevari vardisferia, naxe-
vari ki _ TeTri.

amocana 2

rogori jgufis sisxli SeiZleba hqondeT bavSvebs, Tu maT dedas meore jgufis sisxli 
aqvs, xolo mamas _ pirveli?

amoxsna:

pirs sisxlis II jgufiT SeiZleba hqondes genotipi AA  an  AO  amitom SesaZlebelia ori
varianti:

1. P AA   X  O O 

 F1  AO (II-jgufi)

2. P         AO  X  O O 

 F1  AO (II-jgufi), OO (I-jgufi)

amrigad, Svilebs SeiZleba hqondeT pirveli da meore jgufis sisxli.

X

X

F
1

F
1

alelur genTa 
urTierT qmedebis 
forma

P-s 
genotipebi

F1-is 
genotipi

F1-is 
fenotipi

genotipuri 
daTiSva F2 -Si

fenotipuri 
daTiSva F2 -Si

sruli dominireba

arasruli dominireba

AA

BB bb

aa
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  1) ra movlenasTan gvaqvs saq me?
   2) rogori genotipebi aqvT mSob-

liur formebsa da F1-is hibri-
debs?

   3) gansazRvre fenotipuri da ge-

notipuri daTiSva F2-Si.
4. gulisabas ori jiSis Sejvarebis 

Sedegad miRebulia 52 mcenare 
vardisferyvaviliani da 49 mcena-
re TeTryvaviliani. gansazRvre 
mSoblebis genotipebi da fenoti-
pebi.

5. Savi mamlis TeTr dedalTan Sej-

varebisas F1-is yvela individi Wrelia. meore TaobaSi miRebulia: 24 Wreli, 12 _ Savi da 
10 TeTri wiwila. rogori iqneba STamomavloba Semdegi Sejvarebisas:

   1) Wreli dedlisa Sav mamalTan; 
   2) Wreli mamlisa TeTr dedalTan? 

6. qalis  mamas aqvs O jgufis sisxli, dedas ki _ AB jgufi. qali daqorwinda mamakacze, ro-

melsac B jgufis sisxli aqvs. am qorwinebiT daibadnen bavSvebi O, A da B jgufis sisxliT. 

SesaZlebelia Tu ara AB jgufis sisxlis 
mqone bavSvis dabadeba? pasuxi daasabuTe.

7. ratom SeiZleba, rom sisxlis A da B jgufis 
heterozigotur mSoblebs hyavdeT sisxlis 
oTxive jgufis Svilebi? Seadgine Sesabamisi 
genetikuri sqema.

8. yuradRebiT gaecani suraTze mocemul in-
formacias da gansazRvre:

 1) romeli genetikuri kanonzomierebis Se-
degia aq gamosaxuli?

 2) mSoblebisa da STamomavlis genotipebi;
 3)  F2-Si genotipuri da fenotipuri daTiSvis 

Tanafardoba.
9. ra msgavseba-gansxvavebaa arasrul dominire-

basa da kodominirebas Soris?
10. Savi qaTmis TeTrTan Sejvarebisas F1 Taoba-

Si yvela individi cisferi Seferilobis miiRes. 1) riT aixsneba es movlena? 2) dawere 
mSobliuri individebisa da STamomavlebis genotipebi.

• aleluri genebis urTierTqmedebis formebia: sruli dominireba, arasruli dominire-
ba, kodominireba;

• arasruli dominirebis dros F2-Si genotipuri da fenotipuri daTiSvis Tanafardoba 
erTnairia;

• arasruli dominireba da kodominireba mniSvnelovnad zrdis genetikur mravalferov-
nebasa da, Sesabamisad, biomravalferovnebas. 
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1. daakvirdi suraT 1.21-ze 
mocemul dihibriduli Sej-
varebis sqemas da gansazRvre: 

 1) ramdeni tipis gametas 
warmoqmnis TiToeuli mSob-
liuri individi? ratom?

 2) rogoria F1-is genotipi 
da fenotipi? ra hqvia gamov-
lenil genetikur kanonzo-
mierebas?

 3) F1-is TiToeuli indivi-
di ramdeni saxis gametas 
warmoq mnis?

 4) F2-Si ramdeni tipis geno-
tipi warmoiqmneba? amowe-
re samuSao rveulSi yvela 
SesaZ lo varianti.

 5) orive niSnis mixedviT 
ramdeni tipis fenotipi da 
rogori TanafardobiT mii-
Reba F2-Si? samuSao rveulSi 
dawere fenotipuri daTiS-
vis Tanafardoba. 

 6) daiTvale TiToeuli wyvi-
li niSan-Tvisebis mixedviT 
fenotipuri daTiSvis Tana-
fardoba. Sedegi amowere 
sa muSao rveulSi. Sedegi 
Sea dare monohibriduli 
Sej varebis daTiSvis Tana-
fardobas.

 rogor axsna mendelma dihibriduli Sejvarebis Sedegebi?

1.6. dihibriduli Sejvareba

• ras niSnavs monohibriduli Sejvare-
ba?

• rogor fiqrob, bunebaSi mimdinareobs mo-
nohibriduli Sejvareba?

• rogor fiqrob, ras unda niSnavdes dihibri-
duli Sejvareba?

 gaaanalize suraT 1.20-ze mocemuli in-
formacia da upasuxe kiTxvebs: 

• ramdeni niSniT gansxvavdebian mSobliuri 
individebi?  

• ra niSnebiT gansxvavdebian mSobliuri in-
dividebi? 

• romeli niSan-Tvisebebia dominanturi da 
romeli _ recesiuli? daasabuTe Seni pa-
suxi. 

sur. 1.21.

X
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AB ab

AABB aabb
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AAbb
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aaBB

AaBb

AaBb

aabb

aaBb

Aabb

X

F1

P

sur. 1.20.

 struqtura da funqcia: qro-
mosomuli nakrebis (kariotipis) 

struqtura _ ara  homologiuri da ho-
mologiuri qromosomebi; qromo so   mebis 
diploiduri da haploiduri kompleqti. 
 sasicocxlo Tvisebebi: memkvidreobiTo-
ba _ genebis damoukideblad ganawilebis 
kanoni; cvalebadoba _ genebisa da qro-
mosomebis rekombinacia.
 biomravalferovneba: dihibriduli Sej-
varebis me-2 TaobaSi miRebuli axali 
fenotipebi da maTi roli biomravalfe-
rovnebis warmoqmnaSi.
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erTi wyvili niSnis memkvidreobis ka-
nonzomierebebis dadgenis Semdeg mendel-
ma daiwyo ori sxvadasxva alternatiuli 
niSan-Tvisebis wyvilis memkvidreobis 
Ses wavla, anu awarmova dihibriduli Sej-
vareba, romlis drosac Sesajvarebeli 
individebi erTmaneTisgan gansxvavdebian 
gamosakvlevi ori wyvili alternatiuli 
niSan-TvisebiT. ganvixiloT mendeliseu-
li erT-erTi klasikuri Sejvareba: man 
yviTeli gluvTesliani barda Seajvara 
mwvane naoWTeslian bardasTan. anu Se-
sajvarebeli individebi erTmaneTisgan 
gansxvavdebodnen ori niSniT – Teslis 
SeferilobiTa da Teslis formiT, xolo 
TiToeul niSans gansazRvravs TiTo wyvi-
li aleluri geni (sur. 1.21).

pirveli Taobis   yvela   hibridi   iyo   
yviTeli gluvTesliani. aqac gamomJRav-
nda pirveli Taobis erTgvarovnebis wesi. 
Teslis yviTeli Seferilobisa da gluvi 
formis ganmsazRvreli alelebi domo-
nanturia, xolo mwvane Seferilobisa da 
naoWiani formis – recesiuli (A/a aRniS-
navs Teslis Seferilobas, B/b ki – Tes-
lis formas). pirveli Taobis hibridebi 
diheterozigoturebia (AaBb) da isini 
oTxi tipis gametas warmoqmnian (AB, Ab, 

aB da ab).

pirveli Taobis hibridebi mendel-
ma TviTdamtverviT gaamravla da meore 
TaobaSi aseTi Sedegi miiRo: 315 yviTeli 
gluvi Tesli; 101 – yviTeli naoWiani; 
108 – mwvane gluvi; 35 – mwvane naoWia-
ni. anu fenotipurad daTiSva miiRo ase-
Ti TanafardobiT – 9 yviTeli gluvi : 
3 yviTeli naoWiani : 3 mwvane gluvi : 1 
mwvane naoWiani.

Tu meore TaobaSi miRebul Sedegs 
genotipis mixedviTac gavaanalizebT, 
davinaxavT, rom fenotipurad yviTeli 
gluvTeslianebi warmodgenilia oTxi 

gansxvavebuli saxis genotipiT Semdegi 
TanafardobiT – 1AABB : 2AaBB : 2AABb 

: 4AaBb; yviTeli naoWiani Tesli ori  sa-
xis  genotipiT  Semdegi  TanafardobiT  
– 1AAbb : 2Aabb; mwvane gluvTesliani 
ori saxis genotipiT – 1aaBB : 2aaBb; 

xolo mwvane naoWiani erTi saxis genoti-
piT – 1aabb.

amrigad, genotipis mixedviT daTiS-
va aseTia – 1:2:2:4:1:2:1:2:1. zogadad ki, 
fenotipuri da genotipuri daTiSva ase 
SeiZleba CavweroT – 9/16 A-B- (yviTeli 
gluvi): 3/16 A-bb (yviTeli danaoWebuli) : 
3/16 aaB- (mwvane gluvi) : 1/16 aabb (mwvane 
danaoWebuli).

fenotipuri daTiSva Teslis Sefe-
rilobis mixedviT F2-Si aris12/16 yviTe-
li da 4/16 mwvane. e.i. am niSnis mixedviT 
daTiSva aris 3 : 1, xolo Teslis for-
mis mixedviT fenotipuri daTiSvaa: 12/16 
gluvi da 4/16 – danaoWebuli. e.i. for-
mis mixedviTac daTiSva aris 3 :1.

radgan TiToeuli wyvili niSan-Tvi-
sebis mixedviT daTiSva moxda Tanafar-
dobiT – 3:1, rac damaxasiaTebelia mo-
nohibriduli SejvarebisTvis, mendelma 
gaakeTa daskvna: dihibriduli Sejvarebis 
dros, meore TaobaSi daTiSva erTi wyvili 
niSan-Tvisebis (magaliTad, Teslis Sefe-
rilobis) mixedviT xdeba sxva wyvili ni-
San-Tvisebisgan (magaliTad, Teslis for-
misgan) damoukideblad, anu erTi wyvili 
aleluri geni memkvidreobs sxva wyvili 
aleluri genisgan damoukideblad. am ka-
nonzomierebas genebis damoukideblad 
ganawilebis kanoni ewodeba (mendelis III 
kanoni). amrigad, dihibriduli Sejvare-
ba SeiZleba warmovidginoT, rogorc ori 
erTmaneTisgan   damoukideblad   mimdina-
re   monohibriduli   Sejvareba, rac maTe-
matikurad ase SeiZleba gamovsaxoT: (3 + 1)2 
= 32 + 2 . 3 + 12 = 9 : 3 : 3 : 1.

2. meore Taobis hibridebi fenotipurad ufro mravalferovania Tu genotipurad?
3. rogor fiqrob, rogori TanafardobiT moxdeboda fenotipuri daTiSva arasruli domi-

nirebis SemTxvevaSi?
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 rogor SeiZleba genebis damoukideblad ganawilebis kanonis axsna 

 citogenetikuri meqanizmiT?

davuSvaT, rom ujredSi aris homolo-
giuri qromosomebis ori wyvili da isini 
atareben alelebs: Aa-s erTi wyvili da 
Bb-s meore wyvili. ukve ici, rom qro-
mosomebis ramdeni wyvilic unda iyos de-

diseul ujredSi, yvela erTnairi wesiT 
nawildeba gametebSi. mivyveT meiozis sqe-
mas (sur. 1.22).

sqemaze naCvenebia Aa (Teslis Sefe-
rilobisa) da Bb (Teslis formis) ale-

sur. 1.22.

4. dihibriduli Sejvareba SeiZleba ganvixiloT 
cxovelebis magaliTzec. penetis cxrili ga-
daitane samuSao rveulSi da Seavse:

  1) Cawere, ramdeni tipis gametas warmoqmnian 
pirveli Taobis hibridebi;

   2) Cawere genotipebi da fenotipebi;
   3) gansazRvre fenotipuri daTiSva orive wyvi-

li niSnis mixedviT;
  4) gansazRvre daTiSva TiToeuli wyvili ni-

San-Tvisebis mixedviT. gamoitane daskvna.
5. mSoblebis rogori genotipebis SemTxvevaSi 

SeimCneva hibridebis erTgvarovneba:
   1) AaBb X AaBb; 2) AaBB X AaBB; 3) AABB X aabb; 

4) AaBb X aabb; 5) aabb X Aabb.
6. romeli Sejvarebis Sedegad xdeba STamomavlobaSi daTiSva TanafardobiT – 9:3:3:1, Tu 

genebi lokalizebulia sxvadasxva homolgiur qromosomaSi:
   1) AaBB X AaBb; 2) AaBb X aabb; 3) AaBb X AaBb; 4) AAbb X aaBB.
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lebis matarebeli winasasqeso ujredis 
meiozis ori varianti – I da II. sqemaze 
qromosomebSi dnm ukve gaormagebulia 
da TiToeuli qromosoma Sedgeba or-ori 
qromatidisagan (1). amdenad, alelebic 
gaormagebulia da warmodgenilia AA, aa, 

BB, bb alelebis saxiT.
rodesac orqromatidiani homologiu-

ri qromosomebi sxvadasxva polusze gadai-
nacvlebs (iwyeba anafazaSi da mTavrdeba 
telofazaSi), maT Tan erTad gadanawildeba 
aleluri wyvi lebic. davuSvaT, rom AA-Tan 
erTad uj redis erT polusze gadainacvla  
BB-m, Sesabamisad, meore polusze gadai-
nacvlebs aa da bb (sqemaze I, 2). citoki-
nezis Semdeg erT Svileul ujredSi mo-
xvdeba qromosomebi alelebiT AA da BB, 
meore ujredSi _ aa da bb (I, 3). meore 
meiozuri gayofis Sedegad, rodesac qro-
matidebi dascildeba erTmaneTs, miviRebT 
gametebs, romlebSic iqneba alelebi AB 
da ab (I, 4).

gametebSi erTad ar xvdeba erTi ho-
mologiuri wyvilis qromosomebi (Sesaba-
misad, arc erTi genis alelebi), isini sxva-
dasxva gametaSi nawildeba. samagierod, 
SemTxveviTia, Tu romeli qromosomebi 
moxvdebian erTad gametaSi sxvadasxva ho-
mologiuri wyvilidan. anu pirveli gayo-
fis dros AA-s SeiZleba gahyoloda ara 
BB, aramed bb (sqemaze II, 2). Sesabamisad, 
aa-sTan erT ujredSi aRmoCndeboda ara 
bb, aramed BB. citokinezis Semdeg mivi-
RebdiT ujredebs aleluri Sedgenilo-
biT AAbb da aaBB (II, 3). meore gayofis 
Sedegad gametebSi aRmoCndeboda Ab da 
aB (II, 4) alelebi.

erTi meiozuri gayofis dros rea-
lizdeba an erTi, an meore varianti, 
mag ram, zogadad, orive varianti Tanab-
rad mosalodnelia, amitom vambobT, rom 
ori niSniT heterozigotur, anu dihe-
terozigotur organizms SeuZlia Tana-
bari rao denobiT warmoqmnas gametebi AB, 

ab, Ab, aB. TiToeulis warmoqmnis alba-
Toba aris 1/4. homozigoturi AABB an 
aabb iZleva mxolod erTi saxis gametebs, 
Sesabamisad, AB da ab. individebi AaBB, 

Aabb, AABb, aaBb warmoqmnian ori saxis 
gametebs, radgan isini heterozigoturia 
erTi aleluri wyvilis mixedviT da ho-
mozigoturi – alelebis meore wyvilis 
mixedviT.

amrigad, mendelis genebis damoukideb-
lad ganawilebis kanoni aixsneba imiT, rom: 
1) sxvadasxva wyvili aleluri geni loka-
lizebulia qromosomebis arahomologiur 
wyvilebSi da 2) meiozis procesSi qromoso-
mebis ganawilebis TaviseburebebiT: erT 
wyvil homologiur qromosomaSi loka-
lizebuli alelebi gametebSi ganawildeba 
sruliad damoukideblad sxva wyvil ho-
mologiur qromosomaSi lokalizebuli 
alelebisgan. I meiozuri gayofis metafa-
zaSi TiTistaras ekvatorze arahomolo-
giuri qromosomebis wyvilebis SemTxvevi-
Ti ganlageba da aseve I meiozis anafazaSi 
maTi SemTxveviTi dacileba ganapirobebs 
gametebSi alelebis sxvadasxvanair kombi-
nacias. amas emateba gametebis Tavisufali 
Serwyma, romelic genetikuri rekombina-
ciis kidev erTi mizezia. es procesebi aris 
genetikuri mravalferovnebisa da biomra-
valferovnebis safuZveli.

dihibridul Sejvarebaze genetikuri amocanebis amoxsnis magaliTi:

amocana 

devispiras ori formis – TeTri da wiTelyvaviliani, Sejvarebisas yvela STamomavals 
aqvs vardisferi yvavilebi. wiTelyvaviliani da normalurgvirgviniani mcenaris da var-
disferyvaviliani da radialurgvirgviniani mcenaris Sejvareba iZleva mcenareebs mxolod 
normaluri gvirgviniT, magram maTgan naxevars vardisferi, naxevars ki wiTeli yvavilebi 
aqvs. Tu miRebul mcenares vardisfer normaluryvavilians TviTdamtverviT gaamravleben, 
maSin maTi STamomavlobis ra nawils eqneba vardisferi normaluri da ra nawils TeTri ra-
dialuri yvavilebi?
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7. rogori tipis gametebs warmoqmnian organizmebi Semdegnairi genotipebiT:
   1) AABB; 2) AaBB; 3) aaBB; 4) AABb; 5) AAbb; 6) AaBb.
8. pomidorSi nayofis wiTeli Seferiloba (A) dominirebs yviTelze (a), xolo nayofis mrgva-

li forma (B), msxliseburze (b). suraTze warmodgenili Sejvarebis mixedviT gansazRvre

amoxsna:

ramdenadac wiTelyvaviliani da TeTryvaviliani formebis Sejvarebisas Cndebian hibri-
debi vardisferi yvavilebiT, es imas niSnavs, rom mocemul SemTxvevaSi vlindeba arasruli 
dominireba. ramdenadac normalurgvirgviniani da radialurgvirgviniani mcenareebis Sej-
varebisas F1 TaobaSi Cndebian mcenareebi mxolod normaluri gvirgviniT, e.i. normaluri 
gvirgvini dominanturi niSania, xolo sawyisi formebi warmoadgenen homozigotebs am niSnis 
mixedviT.

mocemuli tipis amocanis amoxsnis ramdenime xerxi arsebobs:

aRvniSnoT A _ wiTeli feri, a _ TeTri, B _ normaluri gvirgvini, b _ radialuri.
Sejvarebis sqema:

  

 P   wiTeli normalurgvirgviniani  AABB  X   vardisferi radialurgvirgviniani Aabb

gametebi                AB                  Ab   ab

F1
                 AABb                                                           AaBb 

vardisferi 
normalurgvirgviniani

wiTeli 
normalurgvirgviniani             

 

amocanis pirobis mixedviT, vardisferyvaviliani normalurgvirgviniani mcenare TviT-
imtvereba: AaBb x AaBb

I xerxi _ penetis cxriliT ganisazRvreba, rom 6/16 anu 3/8 mcenares aqvs vardisferi nor-
malurgirgviniani yvavilebi, xolo 1/16-s _ TeTri radialuri yvavilebi.  

II xerxi _ gamoiyeneba albaTobis Teoriis kanoni: Tu ori movlena damoukidebelia erT-
maneTisgan, maSin albaToba imisa, rom isini moxvdebian erTdroulad, tolia TiToeuli 
maTganis albaTobis namravlisa.

mocemuli meTodiT rom visargebloT, unda vicodeT gansazRvruli fenotipis individe-
bis warmoSobis/gamovlenis albaToba monohibriduli Sejvarebisas:

sruli dominireba: individebis raodenoba dominanturi niSan-TvisebebiT _ 3/4; individe-
bi recesiuli niSan-TvisebebiT _ 1/4;

arasruli dominireba: individebi dominanturi niSan-TvisebebiT _ 1/4, individebi Su-
aleduri niSnebiT _ 1/2, individebi recesiuli niSnebiT _ 1/4.

amrigad, vardisferyvaviliani mcenareebis gamovlenis albaTobaa 1/2, normaluri gvir-
gvinianis _ 3/4. vardisferyvaviliani da normalurgvirgviniani mcenareebis gamovlenis al-
baToba tolia 1/2 X 3/4 = 3/8.

TeTryvaviliani mcenareebis gamovlenis albaTobaa 1/4, radialurgvirgvinianis _ 1/4. 
TeTryvavilebiani da radialurgvirgviniani mcenareebis gamovlenis albaTobaa: 1/4 X 1/4 = 
= 1/16.

III xerxi _ amoxsna formuliT: (3 normaluri gvirgvini + 1 radialuri) X (1 wiTeli + 2 
vardisferi + 1 TeTri) = 3 normaluri wiTeli + 6 normaluri vardisferi + 3 normaluri 
TeTri + 1 radialuri wiTeli + 2 radialuri vardisferi + 1 radialuri TeTri.

SeniSvna: dihibriduli Sejvarebis genetikuri sqemebis Sedgenasa da STamomavlobaSi 
genotipuri da fenotipuri daTiSvis Tanafardobis gansazRvraSi dagexmareba virtualuri 
laboratoria _ „Dihybrid cross“ („dihibriduli Sejvareba“) _ https://bit.ly/3JFoiwC, sadac sur-
vilis mixedviT SegiZlia cvalo Sesajvarebeli individebis fenotipi da genotipi, daakvir-
de maT STamomavlobaSi genotipuri da fenotipuri daTiSvis Tanafardobas. 
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  rogori iqneba pirveli Taobis hibridebi genotipisa da fenotipis mixedviT?

9. wiTeli mrgvalnayofiani jiSis pomidori Seajvares yviTeli mrgvali pomidvris jiS-
Tan. STamomavlobas aqvs wiTeli mrgvali da wiTeli msxliseburi nayofebi. gansazRvre 
mSoblebisa da hibridebis genotipebi.

 

10. cisferTvaleba memarjvene mamakaci, romlis mamac iyo memarcxene, daqorwinda SavTvala 
memarcxene qalze, romlis ojaxis wevrebsac ramdenime Taobis ganmavlobaSi hqondaT Savi 
Tvalebi. rogori bavSvebi SeiZleba hyavdeT maT?

11. mSoblebs, romelTac ar aqvT smenisa da kanis pigmentaciis problema, SeeZinaT yru al-
binosi bavSvi. gansazRvre mSoblebis genotipebi, Tu cnobilia, rom siyrue da albinizmi 
recesiuli niSnebia.

12. Seiswavle suraTze ilustrirebuli amocanis piroba (miTiTebuli niSan-Tvisebebi Tag-
vebSi memkvidreoben erTmaneTisgan damoukideblad) da gansazRvre: 1) romeli niSan-Tvi-
sebebi dominirebs TagvebSi (mokle Tu grZeli yurebi, bewvis Savi Tu yavisferi Sefe-

riloba); 2) rogoria P-s, F1-is, F2-is, F3-is genotipebi.

13. dedali da mamali Savi qoCrianebi arian. maTgan miiRes 12 wiwila: 6 Savi qoCriani, 3 mura 
qoCriani, 2 – Savi uqoCro, 1 – mura uqoCro. rogoria dedlisa da mamlis genotipebi?

14. adamianSi kanis pigmentacia (C) dominirebs albinizmze (c), Worflis arseboba (P) maT 
ararsebobaze (p). gansazRvre Semdegnairi genotipebis mqone adamianebis fenotipebi: 
CcPp, ccPP, CCpp, ccpp, ccPp.

Aabb aaBb

P F1 = ?

P F

X
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1 2

3

4 5 6 7

8 9

X

X



42

15. isargeble suraTiT da gansazRvre:
   1) gogris nayofis romeli niSan-Tvisebebi dominirebs;

  2) rogoria P-s, F1-is, da F2-is genotipebi (aRniSnuli niSan-Tvisebebis ganmsazRvreli 
genebi erTmaneTisagan damoukideblad memkvidreobs). daasabuTe pasuxebi mendelis kano-
nebis gamoyenebiT.

 3) fenotipuri daTiSvis Tanafardoba F2-Si.

16. isargeble mocemuli suraTiT da gansazRvre:

 P-s, F1-is, da F2-is genotipebi (niSan-Tvisebebi erTmaneTisagan damoukideblad memkvid-
reoben).

 
 
 
 
 
 
 
 
 
 
 

 

17. SavTvala da Ria feris Tmiani qali daqorwinda cisferTvala da muqTmian mamakacze. 
cnobilia, rom qalis mamas Savi Tvalebi aqvs, xolo dedas _ cisferi, da orives Ria feris 
Tmebi. mamakacis mamas aqvs muqi Tmebi da cisferi Tvalebi, xolo dedas _ Ria feris Tmebi 
da cisferi Tvalebi. gansazRvre amocanaSi moxseniebuli yvela piris genotipi. aRwerili 
niSan-Tvisebis mixedviT rogori bavSvebi SeiZleba daibadon am qorwinebiT?
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• dihibriduli Sejvarebis dros Seiswavleba ori wyvili alternatiuli niSan-Tvisebis 
memkvidreoba TaobaTa ganmavlobaSi;

• mendelma dihibriduli Sejvarebis dros daadgina genetikuri kanonzomiereba, romel-
sac ewodeba genebis damoukideblad ganawilebis kanoni;

• genebis damoukideblad ganawilebis kanonis citologiuri safuZveli imaSi mdgoma-
reobs, rom sxvadasxva alternatiuli niSnis ganmsazRvreli aleluri genebi loka-
lizebulia qromosomebis sxvadasxva homologiur wyvilSi;

• meiozis procesSi gametebSi homologiuri qromosomebis Tavisufali da SemTxveviTi 
ganawileba, gametebis Tavisufali da SemTxveviTi Serwyma aris genebis axali kombina-
ciis wyaro da, Sesabamisad, biomravalferovnebis safuZveli.  

18. adamianSi SavTvalianoba da Worflianoba dominanturi niSnebia. SavTvala uWorflo 
mamakaci daqorwinda cisferTvala Worflian qalze. gansazRvre, rogori niSan-Tisebe-
bis bavSvebi eyolebaT, Tu mamakaci heterozigoturia Tvalebis Seferilobis mixedviT, 
xolo qali heterozigoturia Worflianobis niSnis mixedviT.

19. adamianSi gvxvdeba siyruis ori forma — ganisazRvreba sxvadasxva genis recesiuli ale-
lebiT — a da b. gansazRvre smenis mqone bavSvis dabadebis albaToba ojaxSi, sadac ori-
ve mSobels aqvs siyruis sxvadasxva forma, xolo meore wyvili alelebis mixedviT he-
terozigoturebi arian.

20. pomidorSi nayofis mrgvali forma da wiTeli Seferiloba dominirebs msxlisebur for-
masa da yviTel Seferilobaze. Seajvares sxvadasxva jiSis homozigoturi mcenareebi:   
erTi wiTeli msxliseburi nayofiT, meore yviTeli mrgvali nayofiT. meore TaobaSi mi-
Rebulia 160 mcenare, maTgan ramdens eqneba wiTeli mrgvali nayofi?

21. mamri zRvis goWi, romelsac aqvs grZeli Savi bewvi, Seajvares moklebewvian Sav mded-
rTan. miiRes 15 goWi Savi moklebewviani, 13 _ Savi grZelbewviani, 4 TeTri moklebewviani, 
5 TeTri grZelbewviani. gansazRvre mSoblebis genotipebi.
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 rogor SeiZleba ucnobi genotipis gansazRvra?

1.7. gamaanalizebeli Sejvareba

• mewamulyvavilebian mcenares ram-
de ni saxis genotipi SeiZleba hqondes?

• yviTeli gluvTesliani mcenare ramde-
ni saxis genotipiT SeiZleba iyos 
war modgenili?

• ra SemTxvevaSi SeiZleba fenotipis 
mixedviT genotipis zusti gansazRvra? 
moiyvane Sesabamisi magaliTebi.

 struqtura da funqcia: feno-
tipi, genotipi (homozigoturi, 

heterozigoturi).
 sasicocxlo Tvisebebi: gamaanalizebeli 
Sejvareba _ ucnobi genotipis gansaz-
Rvris saSualeba.

wina paragrafebSi genotipuri da-
TiSvis sqemebis ganxilvam gviCvena, rom 
fenotipis mixedviT genotipis gansaz-
Rvra yovelTvis ar SeiZleba. ucnob geno-
tips gansazRvraven e.w. gamaanalizebeli 
SejvarebiT. am meTodis arsi Sem dgomSi 
mdgomareobs: gamosakvlevi genotipis in-
divids ajvareben recesiuli niSnis mqone 
individTan, radgan misi genotipi yovel-

Tvis cnobilia. magaliTad, mewamuli 
Seferi lobis yvaviliani barda SeiZleba 
iyos homozigoturi (AA) an heterozigo-
turi (Aa). misi genotipis gamosakvlevad 
Seajvares TeTryvavilebian bardasTan 
(aa). mosalodnelia hibriduli Taobis  
ori varianti (sur. 1.23).

I varianti. Tu mxolod mewamuli Sefe-
rilobis yvaviliani hibridebi iqna miRe-
buli, maSin ucnobi genotipis individi 
homozigoturia (AA). igi erTi saxis ga-
metebs warmoqmnis (A), rogorc recesiu-
li forma (a), gametebis SerwymiT miiReba 
Aa genotipis hibridebi da yvelas eqneba 
mewamuli yvavilebi.

II varianti. Tu gamosakvlevi indivi-

disa da recesiuli organizmis Sejvare-
bisas miRebuli STamomavlobis naxevars 
aqvs mewamuli yvavilebi, naxevars ki _ 
TeTri, maSin gamosakvlevi genotipi he-
terozigoturi (Aa) yofila. igi warmoq-
mnis ori saxis gametas A da a alelebiT, 
amitom hibridebi ori saxis genotipiT _ 
Aa da aa miiReba, Sesabamisad, fenotipu-
rad mewamulyvaviliani da TeTryvavilia-

sur. 1.23.

?
A AA a

a a

a a

I varianti II varianti

Aa Aa Aa aa

aaAaAaAa
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ni (TiToeuli 50%).
gamaanalizebeli Sejvareba ganvixiloT 

dihibriduli Sejvarebis magaliTzec.  
davuSvaT, gvaqvs yviTeli gluvTeslia-
ni bardis jiSi. misi genotipi SeiZleba 

ganisazRvros iseTi jiSis mcenaresTan 
Sejvarebis Sedegad, romelsac aqvs mwva-
ne danaoWebuli Tesli. mosalodnelia 
hibriduli Taobis oTxi varianti (sur. 
1.24).

I varianti. daTiSva STamomavlobaSi _ 25% 
yviTeli gluvi, 25% mwvane gluvi, 25% 
yviTeli danaoWebuli, 25% mwvane da-
naoWebuli. aabb _ individi warmoqmnis 
mxolod erTi tipis gametebs _ ab-s. am 
alelebs iRebs yoveli hibridi, xolo 
sxva alelebs iRebs meore mSobliuri 
individisagan da swored is ganapiro-
bebs fenotips. amitom hibridebs eqne-
baT aseTi genotipebi: yviTeli gluvi _ 
AaBb, mwvane gluvi _ aaBb, yviTeli da-
naoWebuli _ Aabb, mwvane danaoWebuli 
_ aabb. amrigad,  yviTelgluvTeslia-
ni  individi  warmoqmnis  oTxi  tipis  
gametas: AB, aB, Ab, ab. maSasadame, misi 
genotipia _ AaBb.

II varianti. STamomavlobaSi daTiSva ase-
Tia _ 50% yviTeli gluvi, 50% yviTeli 
danaoWebuli. ganvsazRvroT hibride-
bis genotipebi: yviTeli gluvi _ AaBb, 
yviTeli danaoWebuli _ Aabb. amrigad, 

yviTeli gluvTesliani individi war-
moqmnis AB da Ab gametebs. misi geno-
tipi iqneba AABb.

III varianti. STamomavlobaSi daTiSva ase-
Tia: 50% yviTeli gluvi, 50% mwvane 
gluvi. hibridebis genotipebia: yviTe-
li gluvi _ AaBb, mwvane gluvi _ aaBb. 
yviTeli gluvTesliani individi war-
moqmnis AB da aB gametebs; e. i. misi 
genotipia AaBB.

IV varianti. yvela STamomavals aqvs yviTe-
li gluvi Tesli. hibridis genotipia 
AaBb. yviTeli gluvTesliani individi 
war moqmnis erTi tipis gametebs _ AB,  
e. i. misi genotipia _ AABB.
aris SemTxvevebi, rodesac fenotipis 

mixedviT genotipis zusti gansaz Rvra 
SeiZleba, mag., 1) recesiuli formis; 2) 
arasruli dominirebiTa da 3) kodomi-
nirebiT gansazRvruli niSan-Tvisebebis 
mqone individis. 

sur. 1.24.

I varianti II varianti

ab ab

abAB Ab aB AB Ab

AaBb Aabb aaBb aabb

50%   50% 100%

?

III varianti IV varianti

aabb

aabb aabb

aabb

ab ab

ABAB aB

AaBb Aabb

AaBb aaBb AaBb

25%   25%   25%   25% 50%   50%
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1. rogori iqneba fenotipebis Tanafardoba gamaanalizebeli Sejvarebis Sedegad miRebul 
STamomavlobaSi, Tu individi heterozigoturia ori niSan-Tvisebis mixedviT. a) 1:1; b) 3:1; 
g) 1:1:1:1; d) 9:3:3:1?

2. rogori iqneba fenotipebis Tanafardoba gamaanalizebeli Sejvarebisas, Tu individs aqvs 
aseTi genotipi:

  1) Aa,2) AaBb, 3) AABb, 4) AaCC?
3. pomidorSi nayofis wiTeli Seferiloba dominirebs yviTelze. orbudiani nayofi mraval-

budianze, maRali Rero – jujaze. seleqcioners aqvs maRalReroiani wiTeli orbudia-
ni nayofis mqone jiSi. praqtikulad rogor SeiZleba ganisazRvros, mas homozigoturi 
genotipi aqvs Tu ara?

4. ZaRlebSi bewvis Savi Seferiloba dominirebs yavisferze, xolo mokle bewvi – grZelze. 
monadirem iyida Savi moklebewviani ZaRli da surs darwmundes, rom igi ar atarebs yavis-
feri da grZeli bewvis ganmsazRvrel alelebs. Sesajvareblad rogori partniori unda 
SeirCes, rom Semowmdes nayidi ZaRlis genotipi?

5. mwvane gluvTesliani da mwvane naoWTesliani mcenareebis Sejvarebisas miiRes 125 mwvane 
gluvi da 117 mwvane naoWiani Tesli, gansazRvre mSoblebisa da miRebuli Taobis savarau-
do genotipebi.

6. surnelovan bardaSi maRali Rero dominirebs jujaze; nayofis mwvane Seferiloba _ 
yviTelze. maRali mwvanenayofiani mcenare Seajvares juja yviTelnayofian mcenaresTan. 
STamomavlobaSi miiRes 52 maRali mwvanenayofiani mcenare da 49 juja mwvanenayofiani. 
gansazRvre mSobliuri individebis genotipebi.

gamaanalizebel Sejvarebaze orientirebuli genetikuri amocanebis amoxsnis magaliTi

amocana 

lemas yvavilis mewamuli Seferiloba (A) dominirebs TeTrze (a), xolo ekliani kolofi 
(B) gluvze (b). mewamulyvaviliani da ekliani kolofis mqone mcenare Seajvares mcenaresTan, 
romelsac aqvs TeTri yvavili da gluvi kolofi. STamomavlobaSi miRebulia 320 mcenare 
mewamuli yvaviliT da eklebiani kolofiT, 312 mcenare mewamuli yvaviliTa da gluvi ko-
lofebiT. rogori STamomavloba miiReba mewamuli yvavilisa da ekliani kolofis mqone 
mSobliuri mcenaris TviTdamtvervis gziT gamravlebisas?

amoxsna:

pirvel rigSi unda ganisazRvros mewamulyvaviliani da eklebiankolofiani mcenaris 
genotipi. STamomavlobaSi daTiSva moxda 1:1 TanafardobiT. hibridebis genotipebia: mewamu-
li ekliani – AABb; mewamuli gluvi – Aabb.

es imas niSnavs, rom mewamulyvaviliani da ekliani kolofebis mqone mSobliuri mcenare 
warmoqmnis AB da Ab gametebs. aqedan gamomdinare, misi genotipia – AABb. ganvsazRvroT am 
mcenaris TviTdamtvervis Sedegad miRebuli STamomavloba:

 

genotipis mixedviT daTiSva iqneba: 1AABB:2AABb:1AAbb, fenotipis mixedviT ki – 75% 
mewamuli ekliani, 25% mewamuli gluvi.

 P     AABb  X  AABb 

gametebi      AB       Ab  AB        Ab

♀ ♂F1

AB

AB

Ab

Ab

AABB

AABb

AABb

AAbb
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7. cxrilis cariel ujrebSi Cawere  gamaanalizebeli Sejvarebis Sesabamisi genetikuri sqe-
mebi.

8. ilustraciebze mocemuli Sejvarebis sqemebis mixedviT gansazRvre dominanturi mSob-
liuri individisa da hibridebis genotipebi (A/a – nayofis forma, B/b – Seferiloba).

                                  

F1 F1

50%

100%

50%

F1

F1

50% 50% 25% 25% 25% 25%

P

aabbA B aabbA B

P

2

P

aabbaabbA B A B

P
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• ucnobi genotipis gansazRvris mizniT, gamosakvlev mcenares ajvareben recesiul 
formasTan, radgan misi genotipi yovelTvis cnobilia;

• fenotipurad recesiuli individis garda, zusti genotipis gamocnoba SesaZlebelia 
arasruli dominirebiTa da kodominirebiT gansazRvruli fenotipis mqone individis.

genotipi gamaanalizebeli Sejvarebis sqema

AABBCC

AaBBCC

AABbCC

AaBbCC



48

 rogor memkvidreobs erT qromosomaSi lokalizebuli 

 sxvadasxva geni?

1.8. genTa SeWiduli memkvidreoba

gaaanalize suraT 1.25-ze mocemuli 
Sej varebis genetikuri sqema da upasuxe 
kiTxvebs:  

• daasaxele niSan-Tvisebebi, romelTa mem-
kvid reobas asaxavs mocemuli sqema;

• sqema monohibridul Sejvarebas asaxavs Tu 
dihibriduls? 

• daasaxele dominanturi da recesiuli ni-
San-Tvisebebi;

• rogor fiqrob, ra tipis fenotipi SeiZle-
ba hqondeT pirveli Taobisa da recesiuli 
individis SejvarebiT miRebul hibridebs?  
rogori %-uli maCvenebliT iqneba war-
modgenili TiToeuli fenotipi?

aqamde ganxiluli dihibriduli Sejva-
rebis yvela magaliTi exeboda iseTi ge-
nebis memkvidreobas, romlebic sxvadasxva 
homologiur qromosomebSi iyo loka-
lizebuli. magram organizmebisTvis ni-
San-Tvisebebis gacilebiT meti raodeno-
baa damaxasiaTebeli, vidre qromosomebis. 
amitom erT qromosomaSi lokalizebulia 
mravali geni. aqedan gamomdinare, mniS-
vnelovania imis garkveva, Tu rogoria 
erT qromosomaSi lokalizebuli genebis 
memkvidreoba.

am sakiTxis SeswavlaSi udidesi wvli-
li miuZRvis amerikel genetikoss Tomas 
morgans. man cdis obieqtad SearCia xilis 
buzi _ drozofila, romelic Zalian xel-
sayrelia hibridizaciisaTvis, vinaidan 
axasiaTebs garegnulad mkveTrad gamoxa-
tuli mravali memkvidruli niSan-Tvise-
ba; aqvs qromosomaTa mcire ricxvi (2n=8); 
axasiaTebs maRali nayofiereba da la-

boratoriul pirobebSi sakveb areSi 25- 
260C-ze swrafad mravldeba.

ganvixiloT morganis eqsperimentebi, 
romlebic mendelis dihibriduli Sej-
varebis msgavsi iyo _ man Seajvara ruxi 
normalurfrTiani da Savi Canasaxovan-
frTiani drozofilebi (A/a _ frTebis 
forma, B/b _ sxeulis Seferi loba). pirvel 
TaobaSi miiRo yvela ruxi grZel frTiani 
(sur. 1.26). Semdeg pirveli Taobis mded-
ri diheterozigota (AaBb) Seajvara mamr 
recesiul formasTan (aabb), e. i. awarmo-
va gamaanalizebeli Sejvareba (sur. 1.27.). 
Tu am alelebis memkvidreoba mendelis 
genebis damoukideblad ganawilebis ka-
nonis mixedviT moxdeboda, mas unda mie-
Ro aseTi fenotipuri Sedegi: 25% ruxi 
grZelfrTiani, 25% ruxi Canasaxovan-

F1

Savi
CanasaxovanfrTiani

ruxi 
grZelfrTiani

F1

AaBb

aabb

Savi
CanasaxovanfrTiani

AABB

ruxi 
grZelfrTiani

ruxi 
grZelfrTiani

sur. 1.25.

sur. 1.26.

 sasicocxlo Tvisebebi: mem-
kvidreobiToba _ SeWiduli 

mem kvid reoba; cvalebadoba _ krosove-
ruli gametebisa da hibridebis miReba.
 biomravalferovneba: krosingoveri _ 
genetikuri da biomravalferovnebis 
erT-erTi safuZveli.
 struqtura da funqciebi: qromosomis 
struqtura _ SeWidul genTa jgufebi, 
qromosomuli rukebi.
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frTiani, 25% Savi grZelfrTiani, 25% 
Savi CanasaxovanfrTiani. magram man mra-
valjer gaimeo ra aseTi Sejvareba da yo-
velTvis miiRo daaxloebiT aseTi Sede-
gi: 41,5% ruxi grZelfrTiani, 41,5% Savi 

Canasaxovan frTiani, 8,5% ruxi Canasaxo-
vanfrTiani, 8,5% Savi grZelfrTiani. anu, 
STamomav lobis 83% miiRo mSobliuri 
indi videbis msgavsi, xolo 17% axali kom-
binaciebi (sur. 1.27.).

41,5%

25% 25%

41,5%

25%

8,5%

25%

8,5%

F
1

gamaanalizebeli Sejvareba

AaBb

AabbAaBb aaBb

aabb

aabb

sur. 1.27.

ruxi 
grZelfrTiani

b

a

B

A

b

a

B

A

b

a

B

A

F1

b

a

B

A

Savi 
CanasaxovanfrTiani

ruxi 
grZelfrTiani

gametebi

sur. 1.28. sur. 1.29.

b

a

B

A

b

a

b

a

b

a

B

A

b

a

b

A

b

a

B

a

b

a

b

a

B

A

b

A

B

a

b

a

b

a

41,5% 41,5% 8,5% 8,5%

F1

I gamaanalizebeli Sejvareba

AaBb aabb

miRebuli Sedegebis analizis safuZ-
velze morganma daaskvna, rom: 
• Sesaswavli genebi lokalizebulia erT 

wyvil homologiur qromosomaSi; 
• erT qromosomaSi lokalizebuli gene bi 

Se Widulad memkvidreoben (sur. 1.28); 
• yoveli genis alelebi ganlagebulia 

homologiur qromosomebSi;
• meiozis procesSi homologiurma qro-

mosomebma SeiZleba gacvalon ubnebi 
(Sesabamisad, am ubnebSi lokalizebuli 
genebi) da dairRves genTa SeWiduloba 
(sur. 1.29). morganma STamomavlobaSi 
axali kombinaciebis miReba axsna kro-
singoveris movleniT.
erT qromosomaSi lokalizebul genebs 

SeWiduli genebis jgufs uwodeben. SeWi-
dul genTa jgufebis raodenoba sxvadasxva 

aabb
AaBb
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saxeobis organizmebisaTvis gansxva-
vebulia. igi maTTvis damaxasiaTe-
beli qromosomebis haploiduri 
ricxvis tolia. magaliTad, drozo-
filaSi SeWiduli genebis jgufis 
ricxvi 4-is tolia.

rogorc drozofilas magaliTze 
vnaxeT, dihibriduli Sejvarebis 
dros SeWiduli genebi (anu erT 
qromosomaSi lokalizebuli gene-
bi) mendelis kanonebs ar emorCile-
ba. meore mxriv, sruli SeWiduloba 
iSviaTia. STamomavlobaSi gvxvdeba 
genotipis axali da, Sesabamisad, 
fenotipis axali kombinaciebic. 
qromosomebSi alelebis sawyisi 
kombinacia iyo ab da AB, krosin-
goveris Sedegad miiReba alelebis 
axali kombinacia _ aB da Ab. Tu 
hibridebSi iSviaTad gvxvdeba axali 
kombinaciebi, es imis mimaniSnebe-
lia, rom saqme gvaqvs genebis SeWi-
dulobasTan.

gamaanalizebeli Sejvarebis meo-
re SemTxvevaSi morganma pirveli Taobis 
mamri drozofila Seujvara Sav Cana-
saxovan frTebian mdedrs. man pirveli 
SemTxvevisagan sruliad gansxvavebuli 
daTiSva miiRo (sur. 1.30). gamoirkva, rom 
sqesi gar kveulwilad moqmedebs kro-
singoverze. magaliTad, drozofilaSi 
krosingoveri xdeba mxolod mdedrebSi. 
mamrebSi ki _ ara da amitom maTSi erT 
qromosomaSi ganlagebuli genebis SeWi-
duloba srulia. 

Tu genebi lokalizebulia homolo-
giuri qromosomebis erT wyvilSi, maSin 
individis genotipi Caiwereba aseTi saxiT: 
AB//ab. es individi krosingoveris Sede-
gad warmoqmnis aseTi tipis gametebs: Ab 
da aB. es krosoveruli gametebia, xolo 
AB da ab _ arakrosoveruli. krosoveru-
li gametebi Seicaven alelebis axal kom-
binacias. amitom krosingoveri bunebaSi 
genetikuri mravalferovnebis erT-erTi 
safuZvelia.

morganis erT-erTma moswavlem  alfred 
stertevantma wamoayena hipoTeza, rom 

meiozis procesSi krosingoveris sixSi-
re dakavSirebulia qromosomaSi genebs 
Soris manZilTan. stertevantma drozo-
filaSi gamoikvlia sami niSan-Tvisebis _ 
sxeulis feris, Tvalis ferisa da frTe-
bis zomis _ ganmsazRvrel genebs Soris 
kavSiri. igi ajvarebda am niSan-Tvisebebis 
mixedviT heterozigotur mdedrebs re-
cesiul mamrebTan da gamoiTvlida axali 
fenotipis mqone hibridebis procents. 
es procenti warmoadgenda homologiu-
ri qromosomebis qromatidebs Soris 
krosingoveris sixSires. krosingoveris 
sixSiris gaTvaliswinebiT stertevantma 
Seadgina genTa SeWidulobis rukebi. es 
ruka asaxavs qromosomaSi genebis Sefar-
debiT ganlagebas. rukis magaliTi war-
modgenilia suraT 1.31-ze.   

warmoidgine A genis mdebareoba qro-
mosomaSi, rogorc swor xazze werti-
li. B geni mdebareobs A genis marcxniv 
an marjvniv. igive samarTliania B da C 
genebis mimarT. Tu SenTvis cnobilia 
manZili A da B genebs Soris da, aseve, 

sur. 1.30.

b
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B
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b
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b
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b

a

50% 50%

F1

II gamaanalizebeli Sejvareba

AaBb aabb
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da 6.5 erTeuli, 18.5 erTeulis nacvlad, 
maSin A genis mdebareoba iqneboda B da 
C genebs Soris. 

mocemul genebs Soris krosingoveris 
sixSire pirdapirproporciulia maT So-
ris manZilis, anu qromosomaSi rac ufro 
daSorebulia genebi erTmaneTisagan, miT 
ufro maRali sixSiriT xdeba maT Soris 
krosingoveri da dabalia am genebs Soris 
SeWidulobis xarisxi. manZili izomeba 
pirobiT erTeulebSi _ morganidebSi. 
erTi morganidi (santimorgani) es iseTi 
manZilia genebs Soris, romlis drosac 
krosingoveri xdeba 1% sixSiriT. moce-
mul genebs Soris krosingoveris sixSire 
ricxobrivad gamaanalizebeli Sejvare-
bis dros miRebuli krosoveruli indivi-
debis* %-is tolia. anu heterozigoturi 
mSobliuri individis mier warmoqmnili 
krosoveruli gametebis* %-is tolia.

12,5

6

A       B

A       B          C

B        C

6+12,5=18,5

xilis buzi _ drozofila qromosomis segmenti

frTis forma

sxeulis forma

ulvaSis forma

1001

102

104

106

108
frTis teqstura

Tvalis Sferiloba

niSan-Tvisebebi

sur. 1.31.

sur. 1.32.

manZili B da C genebs Soris, Sen ver 
gansazRvrav samive genis Tanmimdevrobas 
qromosomaSi. amisTvis aucileblad unda 
icode manZili A da C genebs Sorisac. 
rogorc suraTzea (sur. 1.32) naCvenebi, 
A da B genebs Soris, B da C genebs Soris 
manZilebis jami tolia A da C genebs So-
ris manZilis. Sesabamisad, rukaze B geni 
unda mdebareobdes A da C genebs Soris. 
Tu manZili A da C genebs Soris iqnebo-

1. ras udris  SeWiduli  genebis jgufis  ricxvi  adamianSi? axseni Seni pasuxi.
2. Seadare suraTebze (sur. 1.29 da 1.30) warmodgenili pirveli da meore gamaanalizebeli 

Sejvarebis Sedegebi erTmaneTs. axseni I I Sejvarebis Sedegad miRebuli daTiSvis Tanafar-
dobis gansxvaveba I Sejvarebis daTiSvis TanafardobasTan SedarebiT.

3. rodis moqmedebs genebis damoukideblad ganawilebis kanoni da rodis _ SeWidulobis 
kanoni?
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sakvlevi kiTxvebi:

• krosingoveris sixSire rogor aris damokidebuli erT qromosomaSi lokalizebul 
genebs Soris manZilze;

• rogor SeiZleba genebs Soris krosingoveris sixSire gamoyenebuli iyos qromosomuli 
rukis Sesadgenad.

saWiro masala: xis 15 sm sigrZis joxi, romlis qveda bolo Seferilia markeriT; saxazavi; 
sawer-kalami; Tabaxis furceli.

  monacemTa cxrili 1. krosingoveris modeli

genebi, 
romlebic A 

gens scildeba

ramdenjer 
dascilda  

A gens

krosingoveris 

sixSire

genebis adgilmdebareoba 

qromosomaSi A genis mimarT

gamoTvlili faqtobrivi

B 1

C 3

D 6

E 10

F 15

procedura:

1. Tabaxis furclis centrSi saxazaviT Camousvi 15 sm sigrZis xazi. xazis boloSi gaake-
Te patara horizontaluri xazi, aqedan gadazome da gaakeTe xazze moniSvnebi yovel 
1-3-6-10 da 15 sm-ze. 

2. TiToeuli horizontaluri moniSvna daasaTaure anbanis (A – F) mixedviT (daiwye bo-
lodan).  

3. vertikaluri xazi asaxavs qromosomas, romelSic ganlagebulia 6 geni (A, B, C, D, E, 

F). am qromosomis homologiuri qromosomaa moniSnulboloiani xis joxi.  
4. Tabaxis furceli ise moaTavse magidaze, rom misi qveda kuTxe 15 sm-iT iyos daSore-

buli magidis kididan. skami, romelzedac zixar, gaswie ukan ise, rom misi wina mxare 
30 sm-iT iyos daSorebuli magididan.  

5. gamoTqvi hipoTeza, romeli genebi ufro xSirad dascildebian  A  gens krosingoveris 
Sedegad?     

6. isrole xis joxi vertikaluri xazis mimarTulebiT ise, rom joxi daeces xazze an 
xa zis gaswvriv. es „krosingoveris process“ asaxavs.

7. rodesac „krosingoveri moxdeba“, Sexede joxis ferad kuTxes, raTa gansazRvro, Tu 
sad moxda krosingoveri A gensa da danarCen genebs Soris.  Sesabamisi aRricxva gaake-
Te monacemTa aRricxvis cxrilSi. magaliTad,  Tu joxis feradi kuTxe daecema D-sa 
da E-s Sua, cxrilSi aRniSvna gaakeTe  E da F  genebze, radgan A  gens es genebi gamoey-
vnen krosingoveris Sedegad. 

8. joxi isrole 100-jer da daafiqsire Sedegebi monacemebis cxrilSi.     
9. Seajame ricxvebi TiToeuli 5 genisaTvis. Seni cxrilis Sesabamis adgilze Cawere ram-

denjer dascilda TiToeuli geni A gens.
10. gamoiangariSe krosingoveris sixSire. amisaTvis TiToeuli genis A genidan  gamoyofis 

saerTo raodenoba gayavi 100-ze. Sedegi Cawere monacemTa cxrilis Sesabamis adgilas.  
11. gamoTvale adgilmdebareoba TiToeuli genis A genTan mimarTebiT Sens eqsperimentSi 

miRebuli krosingoveris sixSiris mixedviT: maTi krosingoveris sixSire gaamravle 
15-ze da daamrgvale uaxloes mTel ricxvamde. monacemTa cxrilSi CainiSne miRebuli 
Sedegi. 

krosingoveris modelis Seqmna
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analizi da daskvna:   
1. joxis yoveli srola iwvevs Tu ara „krosingovers“?
2. romeli geni scildeba yvelaze xSirad A  gens? 
3. romeli geni scildeba yvelaze iSviaTad  A  gens?   
4. Seadare miRebuli Sedegi Sen mier gamoTqmul hipoTezas.  
5. rogor aris damokidebuli krosingoveris Sedegad genebis dacilebis (anu krosingo-

veris) sixSire am genebs Soris manZilze?  
6. Sen mier gamoTvlili genis adgilmdebareoba zustad iseTia, rogoric faqtobrivi 

adgilmdebareoba (Tabaxis furcelze gakeTebuli naxazis mixedviT)? Tu ki, axseni,
 ratom warimarTa eqsperimenti ise, rogorc Teoriulad iyo mosalodneli. Tu ara, 

CamoTvale Secdomebis SesaZlo mizezebi. 
7. rogor SeiZleba genebs Soris krosingoveris sixSiris gamoyeneba  qromosomuli ruke-

bis Sesadgenad?

4. Seadgine DdKk genotipis organizmebisaTvis qromosomaSi genTa lokalizaciis sqemebi, 
Tu genebi memkvidreobs _ 1) erTmaneTisgan damoukideblad; 2) SeWidulad.

5. axseni, krosingoveri rogor zrdis genetikur mravalferovnebas.
6. niSan-Tvisebis memkvidreobaze dakvirvebis warmoebis safuZvelze rogor SeiZleba qro-

mosomuli/genTa SeWidulobis rukebis Sedgena?
7. genTa SeWidulobis rukebi rogoraa dakavSirebuli krosingoverTan?
8. qromosomebis diploiduri nakrebi adamianis ujredebSi 46-ia, mtredSi – 80, kataSi – 

38, bayaySi – 26, ZaRlSi – 78, askaridaSi – 4, SimpanzeSi – 48, ZroxaSi – 60, gansazRvre 
SeWidul genTa jgufebis ricxvi yvela CamoTvlil organizmSi.

genTa SeWidul memkvidreobaze genetikuri amocanebis amoxsnis magaliTebi
amocana 1
mamakacma  dedisagan  miiRo  qromosoma  A da  B  genebiT,  mamisagan  _  a da  b genebiT, 

Tanac es genebi SeWidulad memkvidreoben. misi meuRle recesiuli homozigotaa. rogori 
albaTobaa imisa, rom maTi bavSvi iqneba recesiuli orive genis mixedviT, Tu genebs Soris 
manZili 8 morganidia?

amoxsna
mamakacis genotipia AB//ab, misi colis ab//ab. AB//ab genotipis mamakaci warmoqmnis oTxi 

tipis gametas: arakrosoveruls AB da ab, krosoveruls Ab da aB.
krosoveruli gametebis _ Ab da aB _ ricxvi Seesabameba genebs Soris manZils. e. i. 8%-s. 

arakrosoveruli gametebis _ AB da ab _ ricxvi 92%-s. aqedan gamomdinare, yoveli tipi ga-
metebis ricxvi iqneba: AB _ 46%, ab _ 46%, Ab _ 4%, aB _ 4%. bavSvi recesiuli orive genis 
mixedviT iqneba ab da ab gametebis Serwymis dros, ris albaTobac Seadgens 46%-s.

amocana 2
B da C genebi SeWidulia da maT Soris krosingoveris sixSire aris 24%. E geni imyofeba 

SeWidulobis sxva jgufSi. BC//bc E//e genotipis mqone individi rogori tipis gametebs da 
rogori procentuli TanafardobiT warmoqmnis?

amoxsna:
Tavidan ganvsazRvroT krosoveruli da arakrosoveruli gametebis ricxvi: 76% arak-

rosoverulia _ BC da bc; 24% krosoverulia Bc da bC. cal-calke: BC _ 38%, bc _ 38%, Bc 

_ 12%, bC _ 12%. gametebis warmoqmnisas alelebis TiToeuli es kombinacia Tanabari  al-
baTobiT  ukavSirdeba  qromosomas E aleliT, anda e aleliT. amis Sedegad warmoiqmneba 
gametebis rva tipi: 19% (TiToeuli 19%) _ BCE, BCe, bcE, bce, 6% _ BcE, Bce, bCE, bCe (Ti-
Toeuli 6%).
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• mendelis genebis damoukideblad ganawilebis kanoni moqmedebs im SemTxvevaSi, rode-
sac sxvadasxva geni lokalizebulia arahomologiur qromosomebSi (AaBb _ A//a B//b);

• morganis genebis SeWidulobis kanoni moqmedebs maSin, rodesac sxvadasxva aleluri 
geni homologiuri wyvilis erT qromosomaSia lokalizebuli (AaBb – AB//ab);

• krosingoveri aris biomravalferovnebis erT-erTi safuZveli. 

9. oTxi diheterozigoturi individi warmoqmnis aseTi tipis gametebs: 
 1) AB - 40%, Ab – 10%, aB – 10%, ab – 40%;          2) AB – 50%, ab – 50%;
 3) AB – 25%, Ab – 25%, aB – 25%, ab – 25%;           4) AB – 30%, aB – 20%, Ab – 20%, ab – 30%. 

rogori tipis memkvidreobaa TiToeul zemoT aRniSnul SemTxvevaSi.
10. B da C genebi lokalizebulia homologiuri qromosomebis erT wyvilSi. dawere SesaZlo    

genotipebi: 1) homozigota dominanturi niSnis mixedviT; 2) homozigota recesiuli niSnis 
mixedviT; 3) heterozigota orive niSnis mixedviT.

11. A da B genebi lokalizebulia homologiuri qromosomebis erT wyvilSi da srulad SeWi-
dulni arian, e. i. maT Soris krosingoveri ar xdeba. rogori tipis da rogori procen- 
tuli TanafardobiT warmoqmnis gametebs orive niSnis mixedviT heterozigoti individi?

12. rogori tipis krosoverul da arakrosoverul gametebs warmoqmnian organizmebi, ro-
melTac aqvT aseTi genotipebi: 1) CB/cb; 2) cb/cB?

13. gansazRvre manZili C da E genebs Soris, Tu am genebis mixedviT heterozigotur indi-
vids Seajvareben recesiul homozigotasTan da miiReben 12% krosoverul individs?

14. rogori tipis gametebs da rogori procentuli TanafardobiT warmoqmnis A//a BC//bc 
genotipis individi, Tu SeWudul genebs Soris krosingoveris sixSire 20%-ia?

15. daakvirdi homologiuri qromosomebis sqemas:

  suraTze gamosaxulia homologiuri qromosomebis wyvili, romlebSic lokalizebulia 6 
wyvili aleluri geni.

1) romel alelur genebs aqvs erTad moxvedris meti albaToba qromosomebis koniugacii-
sas? 2) qromosomebis yvela monakveTSi xdeba krosingoveri? 3) sad da romel monakveTSia 
krosingoveris albaToba yvelaze maRali? ratom?

16. awarmoes Semdegi tipis Sejvareba:   

 gansazRvre, rogori tipis krosoveruli da arakrosoveruli genotipebis mqone STamomav-
loba miiReba am Sejvarebis Sedegad.

17. ZaRlebSi balnisa da normaluri kbilebis ganviTarebaze pasuxismgebeli genebi domini-
rebs ubalno da anomaliuri kbilebis genebze. Tu homozigot individebs (orive niSnis 
mixedviT) SevajvarebT erTmaneTTan, pirveli Taobis yvela individi iqneba balniani nor-
maluri kbilebiT. pirveli Taobis yvela individze Caatares gamaanalizebeli Sejvare-
ba da miiRes Semdegi Sedegi: balniani, normaluri kbilebiT – 390 individi; balniani, 
anomaliuri kbilebiT – 10; ubalno, anomaliuri kbilebiT – 380; ubalno, normaluri 
kbilebiT – 12.

 gamoiangariSe manZili balnis ganviTarebasa da kbilebis ganviTarebis genebs Soris.
 gamoiyene formula: 

D

d

AB

ab

d

d

ab

ab
X

A B C G D E

a b c g d e

krosoveruli individebis raodenoba X 100 

 individebis saerTo raodenoba
krosingoveris sixSire/manZili genebs Soris = 
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 rogor ganisazRvreba sqesi calsqesian organizmebSi?

1.9. sqesis gansazRvris qromosomuli meqanizmi

suraT 1.33-is mixedviT Seadare mdedri 
da mamri drozofilas qromosomuli 

nakrebi da upasuxe kiTxvebs:

• ramdeni wyvili qromosoma aqvT erTnairi? 
gansxvavebuli? 

• raSi gamoixateba gansxvaveba?

 struqtura da funqciebi: qro-
mosomuli nakrebis struqtura 

da funqciebi _ autosomebi da sasqeso 
qromosomebi; homogameturi da hetero-
gameturi organizmebi.
 sasicocxlo Tvisebebi: gamravleba _ 
meiozi, ganayofie reba.

rebisa da mamrebis qromosomuli nakrebi, 
maT Soris msgavsebac aRmoaCines da gan-
sxvavebac. es sakiTxi Seiswavles drozo-
filas magaliTze, romelsac somatur 
ujredebSi aqvs 8 qromosoma, anu 4 wyvi-
li (sur. 1.34). aqedan mdedrsa da mamrs 
erTnairi aqvT 3 wyvili qromosoma, xolo 
gansxvavebuli _ 1 wyvili. qromosome-
bis wyvils, romlebic mdedrebsa da mam-
rebs erTnairi aqvT, autosomebi ewodeba, 
xolo qromosomul wyvils, romlebic maT 
gansxvavebuli aqvT, sasqeso qromosomebi 
ewodeba. 

im sasqeso qromosomebs, romlebic 
orive sqesisaTvis erTnairia da erT-erTi 
sqesis organizmSi igi wyvilia, uwodeben 
X-qromosomas, xolo romliTac gansxva-
vdebian _ Υ-qromosomas. sqesis formire-
bis qromosomuli meqanizmi ganvixiloT 

organizmis genotipi Seicavs iseT ge-
nebsac, romlebic gansazRvravs sqess da 
am sqesisaTvis damaxasiaTebel niSan-Tvi-
sebebs. sqesi aris organizmis niSan-Tvi-
sebaTa erToblioba, romelic uzrun-
velyofs STamomavlobis warmoqmnisa da 
memkvidruli informaciis gadacemis fun-
qcias gametebis saSualebiT. bevr saxeoba-
Si mamrobiTi da mdedrobiTi individebis 
Tanafardoba TiTqmis yovelTvis Tana-
baria, e. i. sqesis mixedviT daTiSva aris  
1 : 1. ratom xdeba ase?

rodesac Seadares erTi saxeobis mded-

                 ♂♀   

sur. 1.33.

sur. 1.34.

sasqeso qromosomebi autosomebi

drozofilas qromosomuli nakrebi
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drozofilas magaliTze (sur. 
1.35): meiozis Sedegad gametebi 
iReben qromosomebis haploi-
dur nakrebs, homologiuri 
qromosomebi scildebian erT-
maneTs, Sesaba misad, scildebian 
sasqeso qromosomebic. amitom 
mdedrobiTi individi warmoqm-
nis mxolod X-qromo somian game-
tebs, xolo mamrobiTi _  X-qro-
mosomiansa da Υ-qromo somians. 
Tu kvercxujredi ganayofier-
deba X-qromosomis matarebeli 
spermatozoidiT, ganviTarde-
ba mdedrobiTi or ga nizmi. Tu 
kvercxujredi ganayofierde-
ba Y-qromosomis ma tarebeli 
spermatozoidiT, ganviTardeba 
mamrobiTi organizmi.

cxr. 1.2                                         sasqeso qromosomebi sxvadasxva sistematikuri jgufis organizmSi

mdedrobiTi sqesi mamrobiTi sqesi magaliTi

homogameturi XX heterogameturi XY
ZuZumwovrebi, umravlesoba amfibiebi, Tev-
zebis nawili, mwerebi (zogierTSi).

homogameturi XX heterogameturi XO baRlinjoebi, kaliebi.

heterogameturi XY homogameturi XX
frinvelebi, qvewarmavlebi, Tevzebis nawi-
li, peplebi (mag., TuTis abreSum xvevia).

heterogameturi XO homogameturi XX CrCili

sqess, romelic sasqeso qromosomebis 
mixedviT erTnair gametebs warmoqmnis, 
homogameturi ewodeba, xolo, romelic 
gansxvavebul gametebs _ heterogametu-
ri. sqesi ganisazRvreba ganayofierebis 
momentSi da misi ganmsazRvreli aris hete-
rogameturi organizmi (sur. 1.36). es aris 
sqesis gansazRvris qromosomuli meqaniz-
mi.

umravlesoba saxeobis organizmSi mded -
robiTi sqesi homogameturia (XX), xolo 
mamrobiTi sqesi – heterogameturi (XY), 
zogierTi saxeobisaTvis piriqiTaa da-
maxasiaTebeli (sur. 1.37.), zogierTs ki 
sasqeso qromosomebidan mxolod erTi 
X-qromosoma aqvs, rasac SegiZliaT gaec-
noT qvemoT mocemul cxrilSi (cxr. 1.2).

X

X

Y

X

X

X X

XX

Y
 ( XY )

Y

X
mdedri mdedri

mamrimamri

mamri
mSobeli

mdedri mSobeli  ( XX )

heterogameturi individi  ( XY )
ganapirobebs STamomavlis sqess

sur. 1.36.

sur. 1.35.

gametebi

3 + X

6 + XX

3 + X 3 + Y

6 + XY
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ganviTarebadi organizmis sqesis dadgenis sakiTxs SeiZleba praqtikuli mniSvneloba 
hqondes. amis dasturs warmoadgens meabreSumeobis dargi. aq Zalian didi mniSvneloba aqvs 
jer kidev kvercxis stadiaze mdedrebisa da mamrebis garCevas, radgan cnobilia, rom mamri  
Wupri 30 %-iT ufro met abreSums warmoqmnis, vidre mdedri. amitom momgebiania mxolod 
mamrebis gamokveba. es sakiTxi gadawyvita genetikosma v.a. strunnikovma. 

 

rogorc cnobilia, abreSumxveviaSi heterogameturi sqesi mdedrobiTia (XY), xolo ho-

mogameturi _ mamrobiTi (XX). abreSumxvevias me-10 autosomaSi lokalizebulia geni, romlis 

dominanturi aleli (A) kvercxis muq Seferilobas ganapirobebs, xolo recesiuli (a) _ TeTr 

Seferilobas. strunnikovma Seqmna abreSumxvevias xazi, romelSic mdedris Y-qromosomas -

Tan mibmulia me-10 autosomis fragmenti, sadac aris kvercxis muqi Seferilobis alelis (A) 

XY XX

X Y X

XX XY

sqesis gansazRvris sqema frinvelebSi 

XY XX

X

XXXY

sqesis gansazRvris sqema ZuZumwovrebSi sur. 1.37.

                 ♂

                 ♂

♀   

♀   

P X
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1. daakvirdi suraTze (1.37.) mocemuli sqesis gansazRvris sqemebs frinvelebsa da ZuZumwov-
rebSi. 1) gaakeTe sqesis aRmniSvneli simboloebi rogorc mSoblebisTvis, ise STamomavle-
bisTvis orive sqemaSi. 2) aRniSne ra gansxvavebaa sqesis memkvidreobaSi frinvelebsa da 
ZuZumwovrebs Soris. 3) ganmarte, ra mniSvneloba aqvs saxeobisaTvis sqesTa Tanafardobas 
– 1:1.

2. Seadgine sqesis formirebis sqema kaliaSi: 22+XO x 22+XX.
3. Seadgine sqesis formirebis sqema TuTis abreSumxveviaSi:  54+XX x 54+XY.

4. sqesis gansazRvris qromosomuli meqanizmi adamianSi iseTivea, rogoric drozofilaSi. 
 1) adamianisaTvis ramdeni wyvili autosoma iqneba damaxasiaTebeli?
 2) Seadgine adamianebSi sqesis gansazRvris sqema.
 3) sqemis saSualebiT axseni, ratom aris adamianSi Tanabari albaTobiT mosalodneli go-

gos an biWis dabadeba.
5. rubrikaSi _ `mecniereba praqtikaSi~ _ mocemuli informaciis mixedviT, mdedri abreSum-

xvevia debs ori tipis kvercxs _ muq (Sav) da TeTr kvercxebs. Tanac muqi kercxebidan 
mxolod mdedrebi viTardebian, romlebic, Tavis mxriv, am niSan-Tvisebas mxolod mdedr 
STamomavlobas gadascemen. gansazRvre: 

 1) ratom gadaecema aRniSnuli niSan-Tviseba mxolod mdedrobiTi xaziT?
 2) abreSumxvevias kvercxebis ramden procents eqneba Ria Seferiloba?
 3) ra ekonomikur sargebels iZleva TuTis abreSumxveviaSi sqesis adreuli gansazRvris 

genetikuri meTodebi?

• sqesis gansazRvris qromosomuli meqanizmis mixedviT, sqesi ganisazRvreba ganayofie-
rebis momentSi da misi ganmsazRvreli aris heterogameturi organizmi;

• heterogameturi organizmi aris sqesis ganmsazRvreli, radgan igi, sasqeso qromoso-
mebis mixedviT, warmoqmnis ori tipis gametebs, xolo homogameturi organizmi _ mxo-
lod erTi tipis gametebs;

• organizmTa zogierT saxeobaSi mdedri heterogameturia da mamri homogameturi;
• momavali organizmis sqesis adreul etapze dadgenas SeiZleba praqtikuli mniSvnelo-

ba hqondes.

lokusi (igi ase aRvniSnoT _ YA).   muqi kvercxidan (genotipi _ XYA) ganviTarebuli mdedris 

SejvarebiT TeTri kvercxi dan (genotipi _ XX) ganviTarebul mamrTan warmoiqmneba TeTri da 
Savi kvercxebi. amis Sedegad advilia garCeva, Tu romeli kvercxebidan romeli sqesis matle-
bi ganviTardeba, radgan Savi kvercxebidan mxolod mdedrebi viTardeba, xolo TeTridan _ 
mamrebi. fotoeleqtruli swrafmoqmedi avtomatiT gancalkevdeba Savi da TeTri kvercxebi. 
aseTi maRalefeqturi meTodi saSualebas iZleva, rom izolirebul partiebad gamokvebon 
mamri da mdedri matlebi, an ufro metad gamokvebon mxolod mamri matlebi.
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 rogor memkvidreobs sasqeso qromosomebSi lokalizebuli 

 genebi?

1.10. sqesTan SeWiduli memkvidreoba

yuradRebiT daakvirdi suraT 1.38.-ze 
warmodgenil Sejvarebis sqemas da upa-

suxe kiTxvebs: 

• Tvalis rogori Seferilobaa dominanturi 
da rogori _ recesiuli?

• ratom ar gaCnda pirvel TaobaSi TeTrTva-
la hibridebi?

• gansazRvre F2-Si fenotipuri daTiSvis Ta-
nafardoba rogorc Tvalis Seferilobis, 
ise sqesis mixedviT; 

• rogor fiqrob, F2-Si TeTrTvala hibride-
bi ratom arian mxolod mamrebi?

sasqeso qromosomebi pasuxismgebel-
ni arian ara marto sqesis formirebaze, 
aramed sasqeso qromosomebSi lokalize-
bulia iseTi genebic, romlebic sxva ni-
San-Tvisebebs gansazRvraven. sasqeso qro-
mosomebSi lokalizebul genebs sqesTan 
SeWiduli genebi ewodeba, xolo aseTi ni-
San-Tvisebebis memkvidreobas – sqesTan 
SeWiduli memkvidreoba. 

im SemTxvevaSi, rodesac ama Tu im ni-
San-Tvisebis formirebaze pasuxismgebe-
li geni  lokalizebulia autosomebSi, 
igi memkvidreobs imis damoukideblad, Tu 
romeli sqesis mSobelia sakvlevi genis 
matarebeli. situacia mkveTrad icvle-
ba, rodesac niSan-Tviseba ganisazRvreba 
sasqeso qromosomebSi lokalizebuli ge-
nebiT. sqesTan SeWiduli memkvidreobis 
SeswavlaSi didi wvlili miuZRvis T. mor-
gansa da mis TanamSromlebs. maT SeamCnies, 
rom drozofilaSi Tvalis Seferilobis 

memkvidreoba damokidebuli iyo imaze, Tu 
mSobliuri individis romeli sqesi romeli 
alternatiuli alelis matarebeli iyo.

ganvixiloT suraTze (sur. 1.39) moce-
muli Sejvarebis pirveli SemTxveva. Seaj-
vares homozigoturi wiTelTvala mded-
ri TeTrTvala mamrTan. pirvel TaobaSi 
yvela hibridi – rogorc mdedri, ise 
mamri, wiTelTvalaa. meore TaobaSi aseTi 
fenotipuri daTiSva miiRes: 3 wiTelTva-
liani : 1 TeTrTvaliani. mendeliseuli 
memkvidreobisgan imiT gansxvavdeba, rom 
TeTrTvaliani mxolod mamrebia: 2 mded-
ri wiTelTvala : 1 mamri wiTelTvala : 1 
mamri TeTrTvala. genotipuri daTiSva ki 
aseTia: 1XWXW : 1XWXw : 1XWY : 1XwY.

meore SemTxvevaSi, rodesac TeTrTva-
la mdedrebi Seajvares wiTelTvala mam-
rebs, yvela mdedri wiTelTvalaa (XWXw), 
yvela mamri ki – TeTrTvala (XwY). meo-
re TaobaSi Tanabari raodenobiT miiRe-
ba wiTelTvala da TeTrTvala mdedrebi, 
aseve wiTelTvala da TeTrTvala mamre-
bi. mendeliseuli memkvidreobisgan gan-
sxvavebuli Sedegi gamowveulia imiT, rom 
drozofilaSi Tvalis wiTeli Seferilo-
bis dominanturi (W) da TeTri Seferilo-

F2

P X

F1

sur. 1.38.

 struqtura da funqciebi: qro-
mosomis struqtura da funqcia 

_ sasqeso qromosomebi da maTSi loka-
lizebuli genebi.
 sasicocxlo Tvisebebi: memkvidreobiToba 
_ sqesTan SeWiduli memkvidreoba. 
 janmrTeloba da daavadeba: daavadeba _ 
sqesTan SeWiduli memkvidruli daavadeba.
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bis  recesiuli (w) alelebi sqesTan SeWi-
dulia _ lokalizebulia X-qromosomaSi, 

romlis homologiuri ubani Y-qromosoma-
Si ar aris.

lokalizebulia X-qromosomis am ubanSi, 
ufro xSirad fenotipurad gamomJRavnde-
ba mamrobiT individebSi. mdedrebSi ki mxo-
lod maSin gamovlindeba, Tu orive X-qro-
mosoma Seicavs recesiul alelebs, rac 
sakmaod iSviaTia.

ganvixiloT katebSi kuseburi Sefe-
rilobis (sxeulze Savi da wiTuri bewvis 
monacvleoba) memkvidreoba. mamri katebi 
arian Savi an wiTuri Seferilobis, xolo 
kuseburi Seferilobis mamri ar arsebobs. 
aseTi Seferiloba aqvT mxolod mded-
rebs. saqme isaa, rom bewvis Seferilobis 
geni lokalizebulia X-qromosomaSi. Savi 
Seferiloba dominanturia (XB), xolo 
wiTuri Seferiloba –recesiuli (Xb). 
Y-qromosomaSi es geni ar aris. ramdena-
dac mamr katas aqvs mxolod erTi X-qro-
mosoma, ar SeiZleba hqondes kuseburi 
Seferiloba, radgan aseTi Seferilobis 

XBXB

XBXb

XbXb

XBY

XbY

♀   

♀   

♀   

♂

♂

B - bewvis Savi Seferiloba 

b - bewvis wiTuri Seferiloba

Savi

wiTuri

kusebura

sur. 1.40.

amrigad, X-qromosomaSi aris uba-
ni, romlis homologi Y-qromosomaSi ar 
aris. amitom recesiuli aleli, romelic 

I SemTxveva II SemTxveva

sur. 1.39.

W W

X X

W w

w

X Y

P

F1

gametebi

XWXw XWY

w W

P

F1

gametebi

XwXW XwY

w w

X X

W

X Y

gametebi

(XwY)

gametebi

XW

Xw

Xw

Y

F2

XWXw XWY

XwXw XwY

(XWXw )

gametebi

(XwY)

gametebi

XW

XW

Xw

Y

F2

XWXW XWY

XWXw XwY

(XWXw )
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ganviTarebisaTvis aucilebelia genotip-
Si B da b alelebis erTad arseboba (sur. 
1.40).

adamianebSi sqesTan SeWiduli mem-
kvidreოbis naTel magaliTs warmoadgens 
hemofiliis memkvidreოba (sisxlis Sede-
debis uunaroba). hemofi lia aris mZime 
memkvidruli daavadeba, romelic gamow-
veulia imiT, rom sisxlSi ar aris zogier-
Ti cila _ sisxlis Sededebis faqtorebi. 
sisxlis Sededebis ganmsazRvreli geni 
lokalizebulia X-qromosomaSi. rece-
siuli aleli h ganapirobebs hemofilias, 
xolo dominanturi aleli _ H, sisxlis 
normalur Sededebas. xSirad qalebi arian 
hemofiliis alelis matarebelni, romleb-
Sic daavadeba fenotipurad ar vlindeba, 
Tu meore X-qromosomaSi lokalizebulia 
H-aleli.

evropis samefo ojaxebSi gavrcelebu-
li iyo hemofilia, romelic memkvidreo-
biT miiRes inglisis dedofal viqtorias-
gan (1819-1901 ww.), amitom iTvleboda igi 
samefo daavadebad. am daavadebam ruseTis 
samefo karsac uwia (sur.1.41). hemofiliis 
mqone iyo nikoloz meoris vaJi – aleqsi.

hemofiliis memkvidreოbis sqemebi (sur. 
1.42)  gviC venebs, rom vaJi hemofiliis 
alels mxolod dedisgan iRebs, radgan es 
aleli X-qromosomaSia lokalizebuli da 
igi dedisgan iRebs yovelTvis X-qromoso-
mas.  gogom ki es aleli SeiZleba miiRos 
rogorc dedisgan, ise mamisgan, radgan igi 
yovelTvis erT X-qromosomas dedisgan 
iRebs da meores – mamisgan. qalebSi hemo-
filia fenotipurad mxolod homozigo-
tur mdgo mareobaSi gamovlindeba.

sur. 1.42.

hemofiliis alelis 

matarebeli qali

(XHXh)

hemofiliis alelis 

matarebeli qali

(XHXh)

janmrTeli mamakaci (XHY) hemofiliis mqone mamakaci (XhY)

I SemTxveva II SemTxveva

gametebi gametebi

gametebi gametebi

XH XH

Xh Xh

XH XhY Y

janmrTeli janmrTeli

janmrTeli

janmrTeli janmrTeli

hemofiliis 
mqone

hemofiliis 
mqone

hemofiliis 
mqone

XHXH XHXhXHY XHY

XhY XhYXHXh XhXh

F F

hemofiliis memkvidreobis sqemebi

romanovebis ojaxi

sur. 1.41.

moiZie genealogiuri sqema, romelic asaxavs hemofiliis memkvidreobis gzebs inglisis 
dedofal viqtorias STamomavlobaSi. am sqemis mixedviT gansazRvre:

1) rogoria viqtorias STamomavalTa ricxvi; 
2) ramdenia hemofiliis mqone da ramdeni hemofiliis genis matarebeli?
3) visgan gadaeca ruseTis mefis Svils aleqsis hemofiliis geni?

monacemebis analizi
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 sqesTan SeWiduli genebis memkvidreobis Sesaxeb genetikuri amocanebis amoxsnis 
 magaliTi

amocana 
hemofiliis mqone mamakacis Svili qorwindeba, aseve, hemofiliis mqone mamakacis vaJze. 

sacolesa da saqmroSi hemofilia fenotipurad ar aris gamovlenili. gansazRvre hemofi-
liis mqone bavSvis dabadebis albaToba am ojaxSi.

amoxsna:
hemofiliis mqone mamisgan sapartaZlom miiRo X-qromosoma hemofiliis recesiuli h 

aleliT, xolo, ramdenadac masSi ar aris gamovlenili hemofilia, amitom misi meore X-qro-
mosoma Seicavs dominantur H alels. amrigad, sapatarZlos genotipia – XHXh. sasiZom ma-
misagan miiRo Y-qromosoma, dedisagan X-qromosoma H aleliT. amrigad, misi genotipia XHY.

 
P     XHXh    ×     XHY

       XH   Xh          XH    Y

F     XHXH           XHXh         XHY          XhY

gametebi

janmrTeli janmrTeli janmrTeli hemofiliis mqone

hemofiliis mqone bavSvis dabadebis albaTobaa 1/4.

1. dedasa da mamas aqvT sisxlis Sededebis unari, xolo bavSvi hemofiliis mqonea. rogoria 
bavSvis sqesi?

2. janmrTeli qali, romlis mamac hemofiliis mqone iyo, daqorwinda janmrTel mamakacze. 
rogoria hemofiliis mqone bavSvis dabadebis albaToba?

3. daakvirdi suraTze warmodgenil or Sejvarebis sqemas (SeniSvna: qaTmebSi ruxi Seferilo-
bis aleli dominanturia, xolo Savi Seferilobis _ recesiuli).

 1) Seadare erTmaneTs I da II Sejvarebis Sedegebi.
 2) daadgine, mocemul SemTxvevaSi romeli genetikuri kanonzomiereba vlindeba.
 3) gansazRvre P-s, F1-is genotipebi.
 4) miuTiTe orive SejvarebisaTvis cal-calke fenotipuri daTiSvis Tanafardoba F1 da F2 

TaobebSi rogorc bumbulis Seferilobis, ise sqesis mixedviT.

X

X
F

1

P

F
2

X

X

F
2

F
1

P

I II
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• sasqeso qromosomebSi lokalizebuli genebis memkvidreobas sqesTan SeWidul memkvid-
reobas uwodeben;

• autosomaSi lokalizebuli genis Semdeg TaobaSi memkvidreoba ar aris dakaSirebuli 
imasTan, am genis matarebeli mdedria Tu mamri;

• sasqeso qromosomebSi lokalizebuli genis memkvidreoba Semdeg TaobaSi damokidebu-
lia imaze, am genis matarebeli mdedria Tu mamri; 

• mxolod qali SeiZleba iyos X-qromosomasTan SeWiduli recesiuli alelis matarebe-
li;

• X-qromosomasTan SeWiduli recesiuli aleli fenotipurad ufro xSirad vlindeba 
mamakacSi.

4. ratom mJRavndeba fenotipurad hemofilia ufro xSirad mamakacebSi, vidre qalebSi?
5. romeli sqesis warmomadgeneli SeiZleba iyos hemofiliis alelis matarebeli? ratom?
6. Tu deda hemofiliis alelis matarebelia _ 1) rogori albaTobiTaa mosalodneli, rom 

mas SeeZinos hemofiliis mqone Svili? 2) rogori albaTobiTaa mosalodneli, rom mas 
SeeZinos hemofiliis mqone biWi?

7. yuris niJarebis gadaWarbebuli Tmianoba (hipertriqozi) ganisazRvreba Y-qromosomaSi 
lokalizebuli geniT. Tu mamas aqvs es niSani, rogoria aseTi niSniT _ 1) bavSvis dabadebis 
albaToba? 2) biWis dabadebis albaToba?

davalebis piroba:

memkvidreobis genetikuri kanonzomierebebis aRqma advildeba Sesabamisi amocane-
bis ganxilviTa da amoxsniT. Seadgine TiTo amocana sakiTxebze: 1) daTiSvis kanoni; 2) 
alelur genTa urTierTqmedeba; 3) genebis damoukideblad ganawilebis kanoni; 4) genTa 
SeWiduloba; 5) sqesTan SeWiduloba. amoxseni Sen mier Sedgenili amocanebi genetikuri 
simboloebis gamoyenebiTa da msjelobiT ise, rom sxvebisTvisac gasagebi iyos. amocane-

bi, Tavisi amonaxseniT, daitane posterze, romelic SegiZlia warmoadgino flipCartze an 
eleqtronuli versiis saxiT.

posterze datanili genetikuri amocanebis prezentaciisas TvalsaCinod warmoaCine:

• ra aris memkvidreobiToba da cvalebadoba, rogorc sasicocxlo Tvisebebi? 
• raSi mdgomareobs mendelis mier kvlevebiT dadgenili niSan-Tvisebebis memkvid-

reobis genetikuri kanonzomierebis _ daTiSvis kanonis arsi? 
• raSi mdgomareobs mendelis mier kvlevebiT dadgenili niSan-Tvisebebis memkvid-

reobis genetikuri kanonzomierebis _ genebis damoukideblad ganawilebis kanonis 
arsi? 

• raSi mdgomareobs morganis mier kvlevebiT dadgenili niSan-Tvisebebis memkvid-
reobis genetikuri kanonzomierebebis _ genTa SeWidulobis kanonisa da sqesis 
gansazRvris qromosomuli meqanizmis arsi? 

• ra kavSiria ujredebis meiozur gamravlebasa da memkvidreobis genetikur ka-
nonzomierebebs Soris? 

• memkvidreobiToba ujredis ra struqturebs ukavSirdeba? 
• ra msgavseba-gansxvavebaa erTi saxeobis sxvadasxva sqesis individis kariotips So-

ris? 
• rogor xsnis kvlevebis Sedegad dadgenili genetikuri kanonzomierebebi memkvid-

reobiTobisa da cvalebadobis rols biomravalferovnebis warmoqmnasa da mis 
SenarCunebaSi? 

amocanebis Sedgena
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1.11. genebis mravlobiTi moqmedeba da urTierTqmedeba

 erTi geni yovelTvis mxolod erT niSans gansazRvravs?

• TagvebSi bewvis yviTeli Seferiloba 
dominirebs bewvis muq Seferilobaze. 

Seadgine heterozigoturi yviTeli Tagve-
bis Sejvarebis genetikuri sqema, gansazRvre 
rogorc fenotipuri, ise genotipuri da-
TiSva.

• Seadgine heterozigoturi yviTeli 
TagvisTvis gamaanalizebeli Sejvarebis ge-
netikuri sqema. gansazRvre genotipuri da 
fenotipuri daTiSva.

• mendelis romeli kanonis mixedviT imoqme-
de?

• Sen mier Sedgenili Sejvarebis genetikuri 
sqemebi da hibridebSi Teoriulad mosa-
lodneli daTiSva Seadare suraT 1.43-ze 
warmodgenil Sedegebs; gamoTqvi mosazre-
ba suraTze gamosaxuli Sedegebis mizezis 
Sesaxeb.

 sasicocxlo Tvisebebi: 
mem kvidreobiToba _ pleiotro-

pizmi, araalelur genTa urTierTqmedeba 
(komplementaroba, epis tazi, polimeria).
 biomravalferovneba: araalelur genTa 
urTierTqmedebis roli biomravalfero-
vnebis warmoqmnaSi.

mendelis kanonebis xelaxla aRmoCe-
nis Semdeg male frangma mecnierma kenom 
daadgina, rom yviTeli Tagvebis erTma-
neTTan Sejvarebisas SeimCneva STamomav-
lobaSi aseTi daTiSva 2/3 yviTeli Tag-
vebi: 1/3 muqi Tagvebi. gamaanalizebeli 
Sej varebisas, e. i. yviTeli da muqi Tagve-
bis Sejvarebisas xdeboda daTiSva – 1:1.

aseT Sedegs erTaderTi axsna aqvs, rom 
yviTeli Tagvebi he-
terozigoturebi arian. 
mendelis daTiSvisagan 
gadaxris mizezi ki aris 
is, rom homozigoturi 
yviTeli Tagvebi daba-
debamde CanasaxSi iRu-
pebian (sur. 1.44). 

make yviTeli Tagve-
bis (romelnic Sejva-
rebulni iyvnen, aseve, 
yviTel Tag vebTan) gak-
veTisas maT saSvilos-
noSi aRmoCnda mkvdari 
yviTeli Tagvebis Cana-
saxebi. Tu yviTel Tag-
vebs Seajvarebdnen rux 

P
X

X

F

2/3

1/2

1/3

1/2

gamaanalizebeli Sejvareba

sur. 1.43.

Y Yy y

Yy

Yy Yy

Yy

XP

1/4 YY 1/4 yy

2/4

yviTeli Seferilobis dominanti aleli
recesiuli letaluri efeqtiT

sur. 1.44.
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marfanis sindromi

brolis anomalia

mokle torsi

gulmkerdis aranormaluri forma, 
gulisa da filtvebis problemebi

dagrZelebuli kidurebi

dominanturi letaluri genebi Sesaswavlad rTulia da maT Sesaxeb cnobebi SezRudulia. 
piriqiT, letaluri recesiuli genebis moq-
medeba ukeTesadaa Seswavlili.  

adamianebSi gamovlenilia dominantu-
ri ge ni, romelic sayrden-mamoZravebeli 
sistemis damaxasiaTebel cvlilebebTan er-
Tad (dagrZe lebuli Zvlebi, zedmetad moZ-
ravi saxsrebi), iwvevs Tvalis brolis anoma-
liebsa da gulis manks. am daavadebis niSnebi 
pirvelad frangma eqimma a. marfanma aRwera 
1896 wels. amitom mas marfanis sindromi 
ewodeba. varaudoben, rom marfanis sindro-
miT iyvnen daavadebulni faraoni exnatoni, 
genialuri mevioline nikolo paganini, hans 
qristian anderseni, abraam linkolni da sxva 
cnobili adamianebi. amitom marfanis sin-
droms geniosebis sindromsac uwodeben. 

geni, romelic adamiansa da sxva ZuZum-
wovrebSi gavlenas axdens xrtilis ganviTare-
baze, homozigotur mdgomareobaSi ganapi-
robebs Tandayolil dazianebebs, romelic 
iwvevs nayo fis an axalSobilis sikv dils. 
adamianSi aris geni, romelic gan sazRvravs 
wiTur Tmebs, amave dros, ganapi robebs kanis 
ufro Ria Seferilobasa da Worflianobas.

TagvebTan, maSin make Tagvebis saSvilos-
noSi ar aRmoCndeboda yviTeli Tagvebis 
mkvdari Canasaxebi, radgan aseTi Sejvare-
bis Sedegad SeuZlebelia yviTeli bewvis 
genis mixedviT homozigoturi STamoma-
vlobis miReba.

zogjer genis aleli erT niSan-Tvise-
basTan mimarTebiT war moadgens dominan-
turs, xolo sxva ni San-TvisebasTan da-
mokidebulebis mixedviT _ recesiuls. 
gansakuTrebuli SemTxvevaa, rodesac 
dominantur alels aqvs recesiuli leta-
luri moqmedeba, e. i. homozigotur mdgo-
mareobaSi moqmedebs, rogorc recesiuli 
aleli da iwvevs individis sikvdils. gens, 
romelic organizmis sikvdils iwvevs, le-
taluri geni ewodeba.

Tagvebze zemoT ganxilul SemTxvevaSi 
aRmoCnda, rom TagvSi bewvis yviTeli Sefe-
rilobis ganmsazRvreli dominanti aleli 
gavlenas axdens or niSanze: gansazR vravs 
bewvis yviTel Seferilobas (dominan-
turi efeqti) da sicocxlis unarianobas 

(homozigotur mdgomareobaSi aqvs rece-
siuli letaluri efeqti). es geni loka-
lizebulia arasasqeso qromosomaSi _ au-
tosomaSi. movlenas, rodesac erTi geni 
gansazRvravs ramdenime gansxvavebuli 
niSnis ganviTarebas, genis mravlobiTi  
moqmedeba, anu pleiotropizmi ewodeba.

mcenareebSi pleiotropizmis pirveli 
magaliTi TviT mendelma aRwera. man Seam-
Cnia, rom bardaSi yvavilis mewamuli Se-
ferilobis ganmsazRvreli geni gav lenas 
axdens agreTve Teslis kanis rux Sefe-
rilobazec. Semdeg gamoirkva, rom mcena-
re wyalikrefiaSi dominanti geni iwvevs 
yvavilis wiTel Seferilobas, foTlis 
zedapiris iisfer elfers, Reros dagrZe-
lebasa da Teslis masiurobas. drozofi-
laSi geni, romelic gansazR vravs Tval-
Si pigmentis uqonlobas, amasTan erTad 
aqveiTebs nayofierebas, gavlenas axdens 
zogierTi Sinagani organos Seferilo-
basa da formaze, amcirebs sicocxlis 
xangrZli vobas. 
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xmelTaSuazRvispira qveynebSi, indoeTSi, afrikasa da CrdiloeT afro-amerikelebSi 
gavrcelebulia daavadeba namgliseburi anemia, romelic 1954-1959 ww-Si detalurad ga mo -
ik      v lia alisonma. am daavadebis dros genis mutaciis Sedegad eriTrocitebSi normalu ri (A) 
hemoglobinis nacvlad, misi saxeSecvlili varianti _ S-hemoglobini sinTezirdeba. S-hemog-
lobini naklebad xsnadia da eriTrocitebis SigniT gamoileqeba, ris gamoc sisxlis wiTeli 
ujredebi damaxasiaTebel namglisebr formas iReben. es ki eriTrocitebis mier Jangbadis 
transportirebis unaris daqveiTebas iwvevs. es mutacia recesiulia da letaluria homozigo-
tur mdgo mareobaSi. individebi, romelTac es alelebi homozigotur mdgomareobaSi aqvT, 
 rogorc wesi, iRupebian da ver aRweven sqesobriv simwifes. rac Seexeba heterozigotebs, 
isini ar iRupebian. dadgenilia, rom dedamiwis bevr adgilas namglisebri anemiis alelebis 
sixSire SedarebiT stabiluria. afrikis zogierT tomSi heterozigoturi genotipis sixSire 
40%-s aRwevs. gamokvlevebiT dadginda, rom afrikis bevr adgilas gavrcelebulia adamianis 
janmrTelobisa da sicocxlisaTvis saSiSi daavadeba malaria; adamiani, romelic namglisebri 
anemiis alelis matarebelia, mdgradia malariis mimarT. amrigad, namgliseburi anemiis alel-
sac pleiotropuli moqmedeba aqvs.

yviTeli Tagvis analogiuri sqemiT memkvidreobs platinisferi (Aa) da Savi (aa) Seferi-
loba meliebSi, ruxi da Savi Seferiloba sakarakule jiSis cxvrebSi. amitom seleqcionerebi, 
axali jiSebis gamoyvanis mizniT an sasurveli niSan-Tvisebebis individebis didi raodenobiT 
misaRebad, iTvaliswineben genebis mravlobiT moqmedebas. 

Sen gaecani aleluri genebis urTierT -
qmedebis sxvadasxva saxes: sruli domini-
reba, arasruli dominireba, kodomini-
reba. Tumca organizmis individualuri 
ganviTarebis procesSi araaleluri ge-
nebic urTierTqmedeben. magaliTad, sur-
nelovani bardis ori sxvadasxva wmin-
da jiSis TeTryvaviliani mcenareebis 

Sejvarebisas miiRes wiTelyvaviliani 
hibridebi. rodesac miRebuli hibridebi 
TviTdamtverviT (an erTmaneTTan Sejva-
rebiT) gaamravles, meore TaobaSi miiRes 
monohibriduli Sej varebisaTvis dama-
xasiaTebeli daTiSvisagan sruliad gan-
sxvavebuli Sedegi: 9 wiTelyvaviliani : 7 
TeTryvaviliani.

F2

AaBB aaBB

AaBb Aabb

Aabb

aaBb

aaBb

aabb

AaBb

AB

gametebi

P

F1

AAbb aaBB

X

Ab

ab

aB

F1

AB Ab abaB

AaBb

AAbbAABb AaBB

sur. 1.45.

AABB AABb AaBB AaBb

AaBb

  erT niSans yovelTvis mxolod erTi geni gansazRvravs?
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bioqimiurma analizma aCvena, rom sur-
nelovani bardis yvavilebis wiTeli Se-
feriloba or nivTierebas Soris qimiuri 
reaqciis Sedegia; TiToeuli am nivTiere-
bis sinTezi ki ganisazRvreba ori sxva-
dasxva geniT.  aRmoCnda, rom surnelovan 
bardaSi yvavilebis wiTeli Seferiloba 
ganisazRvreba genotipSi A da B alele-
bis erTdrouli arsebobiT. genotipSi 
erT-erTi maTganis an orives ararsebobis 
SemTxvevaSi yvavilebi TeTria. individe-
bis AAbb (TeTri) X aaBB (TeTri) Sejvare-
bisas F1 TaobaSi yvela mcenare wiTelyva-
viliania (AaBb), xolo F2-Si xdeba daTiSva 
_ 9/16 wiTeli : 7/16 TeTri (sur. 1.45).

yoveli organizmis genotipi warmoad-
gens genebis rTul sistemas. sxvadasxva 
geni xSirad moqmedebs ara erTmaneTisa-
gan damoukideblad, aramed urTierTqme-
deben. aseTi urTierTqmedebis ZiriTadi 
tipebia: komplementaroba, epistazi, po-
limeria. 

komplementaroba _ es aris is SemTxve-
va, rodesac niSan-Tvisebis gamovlenaze 
gavlenas axdens genotipSi sxvadasxva ge-

nis dominanturi alelebis erTdrouli 
arseboba. am SemTxvevaSi F2-TaobaSi SesaZ-
lebelia daTiSvis oTxi SemTxveva:
1. ori sxvadasxva dominanturi alelidan 

arcerTs ara aqvs fenotipurad damou-
kideblad gamovlinebis unari. komple-
mentaruli urTierTqmedebis am saxi-
saTvis meore TaobaSi damaxasiaTebelia 
daTiSva _ 9/16(A-B-):7/16 (A-bb; aaB-; 

aabb) amis magaliTia surnelovani bar-
disTvis zemoT ganxiluli SemTxveva.

2. erT-erT dominantur alels aqvs feno-
tipurad damoukideblad gamovlinebis 
unari, meores ki _ ara (sur.1.46). boc-
vrebSi A aleli gansazRvravs pigmentis 
arsebobas, a _ pigmentis ararsebobas; B 
aleli pigmentis araTanabar ganawile-
bas, b _ Tanabar ganawilebas. Tu bewvis 
gaswvriv pigmenti Tanabrad ganawilde-
ba, bewvis Seferiloba Savi iqneba, Tu 
araTanabrad _ ruxi. individebis AAbb 
(Savi) X aaBB (TeTri) Sejvarebisas F1-
Si yvela baWia ruxia (AaBb), xolo F2-
Si xdeba daTiSva _ 9/16 ruxi (A-B-):4/16 
TeTri (aaB- da aabb):3/16 Savi (A-bb). 

3. orive dominantur alels SeuZlia damo-
ukideblad gamovlena da Tanac fenoti-
purad gansxvavebulad. koker-spanielis 
jiSis ZaRlebSi A _ aleli gansaz Rvravs 
bewvis wablisfer Seferilobas, B _ wi-
Tur Seferilobas; genotipSi A da B 
alelebis Tanaarsebobisas bewvi Savia; 

individs aabb _ genotipiT aqvs Ria 
yviTeli Seferilobis bewvi. AAbb (wab-
lisferi) X aaBB (wiTuri) individebis 
Sejvarebisas F1-Si yvela ZaRls Savi Se-
feriloba aqvs, xolo F2-Si fenotipu-
rad miiReba Savi, wablisferi, wiTuri 
da Ria yviTeli (sur. 1.47).  

1. suraT 1.45-is mixedviT dawere F2-Si fenotipuri da genotipuri daTiSvis Tanafardoba.  
2. suraT 1.46-is mixedviT dawere F2-is ruxi bocvrebis genotipis yvela SesaZlo varianti.

P X F1

aaBB AAbb AaBb
sur. 1.46.
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4. orive dominantur alels aqvs damouki-
deblad gamovlinebis unari da  msgavs 
fenotipebs warmoqmnian. gograSi nayo-
fis sferoseburi forma (sur. 1.48.) 
ganisazRvreba sxvadasxva genis A da B 
dominanturi alelebiT. genotipSi A 

da B alelebis erTdrouli arsebo-
bisas nayofis forma diskoseburia, 

3. suraT 1.47.-is mixedviT dawere: 1) F2-is yvela hibridis SesaZlo genotipi, 2)  F2-Si feno-
tipuri da genotipuri daTiSvis Tanafardoaba.  

4. suraT 1.48-is mixedviT Seadgine Sejvarebis genetikuri sqema da gansazRvre hibridebis 
genotipebi da fenotipebi: 1) F1-is hibridebis erTmaneTTan Sejvarebisas; 2) F1-is disko-
seburi da wagrZelebuli formis gogrebis Sejvarebisas. 

mcenares aabb genotipiT aqvs wagrZe-
lebuli nayofi. AAbb (sferoseburi) da 
aaBB (sferoseburi) individebis Sej-
varebisas F1-Si yvela mcenares disko-
seburi nayofi aqvs (AaBb), xolo F2-Si 
xdeba daTiSva _ 9 diskoseburi (A-B-): 6 
sferoseburi (A-bb; aaB-) : 1 wagrZele-
buli (aabb).

genTa iseT urTierTqmedebas, rodesac 
erTi geni axSobs meore araaleluri ge-
nis moqmedebas, epistazi ewodeba. gens, 
romelic axSobs sxva genis moqmedebas, 
epistazurs/supresors uwodeben, xolo 
gens, romlis moqmedeba ixSoba _ hipos-
tazurs. ganasxvaveben dominantur da re-
cesiul epistazs. dominanturi epistazis 
dros erTi dominanti geni Trgunavs meo-
re araaleluri dominanti an recesiu-
li genis moqmedebas. geni _ supresorebi 
aRiniSneba I an S-iT. magaliTad, I > B an I 

> b. recesiuli epistazis dros recesiu-
li geni axSobs araaleluri dominanti an 
recesiuli genis moqmedebas). magaliTad, 

i > B an i > b. 
dominanturi epistazis dros, rode sac 

supresori geni damoukideblad fe no-

F2

AAbb aaBB AaBb

AaBb AaBb

sur. 1.47. sur. 1.48.

P X

F1

F2

AAbb aaBB

AaBb

9/16 A-B- 6/16 A-bb/aaB- 1/16 aabb
diskoseburi

diskoseburi

sferoseburi

sferoseburisferoseburi

wagrZelebuli

P

X

X F1

P

X

F1

F2

CCII

CcIi

ccii

C-I-/ccI-/ccii

13/16
C-ii

3/16

TeTrebi

TeTrebi
feradebi

TeTri TeTrisur. 1.49.
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tipurad ar gamovlindeba, meore Taoba-
Si miiReba daTiSva TanafardobiT 13:3. 
magaliTad, qaTmebSi ori gansxvavebuli 
jiSis TeTri individebis SejvarebiT pir-
vel TaobaSi kvlav TeTri Seferilobis 
STamomavloba miiRes (sur.1.49). meore 
TaobaSi qaTmebi SeferilobiT or feno-
tipur jgufad daiyo: 13 wili aRmoCnda 
TeTri, xolo 3 wili _ Savi. mSoblebidan 
erT-erTis genotipia _ CCII, sadac C geni 
gansazRvravs Savi pigmentis _ melaninis 
sinTezs, misi recesiuli c aleli pigmen-
tis sinTezs ver iwvevs. meore dominant 
supresor I gens damoukidebeli fenoti-

puri efeqti ar gaaCnia. igi axSobs C ge-
nis moqmedebas, recesiuli i aleli pigmen-
tis sinTezze gavlenas ar axdens. pirvel 
TaobaSi miRebuli diheterozigoti _ CcIi 

frinvelebis genotipSi I supresori genis 
arsebobis gamo TeTri Seferilobisani 
arian. meore TaobaSi, mendelis kanonidan 
gamomdinare, unda moxdes daTiSva Tana-
fadobiT _ 9C-I- : 3C-ii : 3ccI- : 1ccii. war-
moqmnili kombinaciebidan mxolod 3/16-s 

(CCii da Ccii) eqneba Savi Seferiloba, sa-
dac dominanti C geni funqcionirebs, 
xolo 13/16-s (C-I-, ccI- da ccii) eqneba TeT-
ri Seferiloba. 

dominanturi epistazis dros feno-
tipuri daTiSva meore TaobaSi SeiZleba 
iyos 12:3:1. am saxis daTiSva xdeba maSin, 
rodesac orive recesiuli genis mqone 
homozigot individs specifikuri feno-
tipi aqvs. magaliTad, gograSi nayofebi 
SeiZleba iyos yviTeli feris (A) an mwva-
ne (a). orive aleli SeiZleba daiTrgunos 
dominanturi I aleliT (| > A, | > a), ris 
Sedegadac warmoiqmneba TeTri nayofebi. 
recesiuli i aleli ar Trgunavs A da a 

alelebis gamovlenas (sur. 1.50).
genebis urTierTqmedebis kidev erTi 

tipia _ polimeria. aris SemTxvevebi, ro-

desac sxvadasxva geni amJRavnebs erTnair 
moqmedebas. maT aRniSnaven erTnairi sim-
boloebiT da indeqsad uweren cifrebs: 
A1 A2 a1 a2 da a.S. arsebobs polimeriis 
ori varianti _ arakumulaciuri da ku-
mulaciuri. arakumulaciuri polimeriis 
SemTxvevaSi niSan-Tvisebis gamovlenis 
xarisxi ar ganisazRvreba genotipSi do-
minanturi alelebis ricxvis mixedviT. 
qaTamSi fexebis Sebumbvla ganisazRvreba 
sxvadasxva genis dominanturi alelebiT: 
A1 da A2. kumulaciuri polimeriis dros 
niSan-Tvisebis gamovlenis xarisxi damoki-
debulia genotipSi dominanturi alele-

9/16 A-I-, 3/16 aaI- A-ii aaii

12 TeTri      :     3 yviTeli       :       1 mwvane

P X F1

F2

AAII AaIiaaii

sur. 1.50.



70

bis ricxvze. ase memkvidreobs, magaliTad, 
xorblis erT-erT jiSSi marcvlis Sefe-
riloba (sur. 1.51.) (F2-Si SeimCneva daTiSva 
_ 15 Seferili: 1 TeTri. marcvlebis Sefe-

amrigad, yoveli organizmis genotipi 
warmoadgens genebis rTul sistemas. sxva-
dasxva geni xSirad moqmedebs ara erTma-

riloba icvleba muqi wiTelidan vardis-
feramde dominanturi alelebis ricxvze 
damokidebulebiT). aseve memkvidreobs 
adamianSi kanis feri (sur. 1.52.). 

neTisgan damoukideblad, aramed urTierT-
qmedeben, rac genetikur mra valferovnebas 
qmnis.

sur. 1.51.

a1a1A2A2 / A1a1A2a2 / A1A1a2a2A1A1A2a2 / A1a1A2A2

a1a1 / a2a2A1a1a2a2 / a1a1A2a2

A1A1A2A2

muqi wiTeli

vardisferi TeTri

Ria wiTeliwiTeli

A1a1a2a2 / a1a1A2a2 A1A1A2A2 A1A1a2a2 / A1a1A2a2 / a1a1A2A2 a1a1a2a2

sur. 1.52.
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 genebis mravlobiT moqmedebasa da araaleluri genebis urTierTqmedebaze orientirebu-
li genetikuri amocanebis amoxsnis magaliTebi

amocana 1.
qaTmebSi mokle fexis ganmsazRvreli aleli (A) dominirebs grZeli fexis ganmsazRvrel 

alelze (a), magram igi letaluria homozigotur mdgomareobaSi da iwvevs STamomavlobis 
daRupvas Canasaxis stadiaze. moklefexeba dedlisa da mamlis SejvarebiT miRebulia 200 
kvercxi. ramdeni moklefexeba wiwili gamoiCekeba?

amoxsna: 

moklefexeba mSobliuri individebis genotipi SeiZleba iyos mxolod Aa.

Sejvarebis sqema:

  P Aa    X    Aa

  F1 1AA (iRupeba) : 2Aa (moklefexeba) : 1aa (grZelfexeba)

moklefexeba individebis wilia 1/2, e.i. 100 wiwila.

amocana 2.

qaTmebSi X-sasqeso qromosomasTan SeWiduli recesiuli alelis fenotipur gamovlenas 
aqvs letaluri Sedegi. STamomavlobis ra nawili daiRupeba, Tu dedals SevajvarebT he-
terozigotur mamalTan?

amoxsna:

frinvelebSi mdedrobiTi sqesi heterogameturia, xolo mamrobiTi _ homogameturi. ded-
lis genotipia XAY, mamlis _ XAXa.

Sejvarebis sqema:

                 P XAY          X             XAXa

gametebi:            XA     Y                    XA     Xa

             F1 XAXA          XAXa         XAY          XaY

mdedrobiTi individebi XaY genotipiT iRupebian, maTi wili Seadgens 25%-s.

amocana 3.
TuTiyuSSi A-aleli gansazRvravs bumbulis yviTel fers, B – cisfers, A da B gene-

bis urTierTqmedebisas bumbulis feri mwvanea, individebi aabb genotipiT TeTrebia. he-
terozigoturi yviTeli da cisferi individebis Sejvarebisas miRebulia 20 TuTiyuSi. ram-
denia maT Soris TeTri?

amoxsna:
davweroT Sejvarebis sqema:
  P Aabb         x aaBb

   yviTeli cisferi

gametebi  Ab, ab  aB, ab

      F1 AaBb  Aabb  aaBb  aabb

                 mwvane  yviTeli cisferi TeTri

Sesabamisad, TeTri individebis wilia – 1/4, e. i. 5 TuTiyuSi.

5. qoCriani ixvebis erTmaneTTan Sejvarebisas Wukebi iCekebian mxolod kvercxebis 3/4-dan, 
xolo embrionebis 1/4 iRupeba. gamoCekili Wukebis 2/3 qoCriania da 1/3 _ uqoCro. rogori 
iqneba STamomavloba qoCriani ixvis uqoCrosTan Sejvarebisas?
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6. fenotipis mixedviT rogori TanafardobiT moxdeba daTiSva STamomavlobaSi, romelic 
miRebulia heterozigoturi ruxi karakulisebri cxvrebis SejvarebiT, Tu homozigotebi 
dominanturi alelis mixedviT letalurebi, xolo recesiuli homozigotebi Savebi arian? 
axseni, ratom?

7. bewvis Seferilobis mixedviT rogori meliebis gadarCevaa Sesajvareblad ekonomiuri, 
rom erTdroulad rac SeiZleba bevri platinisferi da vercxlisferi meliebi miiRon 
imis gaTvaliswinebiT, rom homozigoturi platinisferi meliebi iRupebian.

8. ganixile suraTze mocemuli Sejvarebis sqema da gansazRvre: 
 1) gametebis aleluri Semadgenloba;  2) hibridebis genotipebi; 3) STamomavlobaSi rogorc 

genotipuri, ise fenotipuri daTiSva.

9. suraTze mocemuli qaTmebis Sejvarebis pirobis mixedviT gansazRvre:
   1) mocemuli ilustracia genTa urTierTqmedebis romel tips asaxavs;
   2) rogoria F1 da  F2  Taobebis hibridebis SesaZlo genotipebi;
 3) bardisebrbibiloiani individebis vardisebrbibiloian individebTan Sejvarebisas F1 -is 

yvela hibrids aqvs kakliseburi bibilo. rogori STamomavloba miiReba F1 -Taobis indivi-
dis homozigotur vardisebrbibiloian individTan Sejvarebisas?

10. Tu ZuZumwovrebis romelime saxeobis warmomadgenlebSi zogierTi maTgani atarebs sqes-
Tan SeWidul letalur gens, romelic ganviTarebis adreul periodSi iwvevs Canasaxis 
sikvdilsa da Sewovas, maSin sqesTa rogor Sefardebas unda movelodeT am genis matare-
beli normaluri mdedrisa da normaluri mamris Sejvarebisas? 

11. waulaSi bewvis Seferiloba gvxvdeba rogorc yavisferi, ise vercxlisferi. vercxlis-
ferebis yavisferebTan Sejvarebisas yovelTvis xdeba daTiSva Semdegi TanafardobiT: 

F

AaBb

aaBB

XP

P

F
1

F
2

bardisebri vardisebri

kakliseburi

9 kakliseburi 3 vardisebri 3 bardisebri 1 martivi

rrPP RRpp

X
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 50% yavisferi : 50% vercxlisferi. yavisferi waulebis gamravlebisas STamomavlobaSi 
vercxlisferi inividebi arasodes ar Cndebian. rogori iqneba STamomavloba vercxlisfe-
ri waulebis erTmaneTTan Sejvarebisas?

12. adamianSi siyruis erT-erTi forma ganisazRvreba sxvadasxva genis recesiuli d da e  
alelebiT. smenisaTvis aucilebelia ori dominanturi D da E alelebis arseboba, romel-
Taganac erTi gansazRvravs lokokinis, xolo meore smenis nervis ganviTarebas. ojaxSi 
mSoblebi yruebi arian, xolo maT bavSvebs smenis problema ar aqvT. gansazRvre ojaxis 
wevrebis genotipebi.

13. gograSi nayofis forma SeiZleba iyos sferoseburi (A an B), diskoseburi (AB) da wag-
rZelebuli (ab). diskoseburnayofiani da  wagrZelebulnayofiani jiSebis SejvarebiT STa-
momavlobaSi miiRes daTiSva: 49 diskoseburi : 102 sferoseburi : 51 wagrZelebuli. gansa-
zRvre mSoblebisa da STamomavlebis genotipebi.

14. homozigoturi mewamuli da yviTeli yvavilebis mqone mcenareebis SejvarebiT pirvel 
TaobaSi miiRes mwvane yvavilebis mqone mcenareebi. am Taobis mcenareebis TviTdamtvervis 
Sedegad  meore TaobaSi miiRes: 890 _ mwvane, 306 _ mewamuli, 300 _ yviTeli da 107 TeTri 
yvavilis mqone mcenareebi. axseni Sejvarebis Sedegebi.  rogoria mSobliuri da hibriduli 
formebis genotipebi?

15. adamianSi kanis feri ganisazRvreba ramdenime genis urTierTqmedebiT kumulaciuri po-
limeriis tipis mixedviT, e.i. kani miT ufro muqia, rac genotipSi ufro meti dominanturi 
alelia. Savkanianis genotipia A1A1A2A2. 1) SeiZleba Tu ara, rom muqkanian mSoblebs hyav-
deT Ria feris Svilebi, vidre TviTon arian? Tu ki, dawere mSoblebis Sesabamisi genoti-
pebi. 2) mocemuli genotipebis mqone adamianebidan visi kani iqneba ufro muqi? A1A1a2a2; 
A1a1A2a2; A1a1A2A2. 3) rogori STamomavlobaa mosalodneli mulati mamakacisa da qalis 
(A1a1A2a2) qorwinebiT?

16. suraTze mocemuli Rorebis Sejvarebis pirobis mixedviT gansazRvre: 1) mocemuli 
ilustracia genTa urTierTqmedebis romel tips asaxavs? 2) rogoria F1-is, F2-is SesaZlo 
genotipebi? 

• erTi geni yovelTvis erT niSans ar gansazRvravs, aramed SesaZlebelia, erTi geni sxva-
dasxva niSan-Tvisebas akontrolebdes; 

• erT niSan-Tvisebas zogjer ramdenime geni gansazRvravs;
• genotipi organizmisaTvis damaxasiaTebeli genebis meqanikuri jami ar aris, aramed igi 

aris genebis rTuli sistema, romelSic genebi erTmaneTTan urTierTqmedeben;
• araaleluri genebis urTierTqmedebis formebia: komplementaroba, epistazi da poli-

meria.  

Savi

Savi

TeTri

TeTri

12/16 3/16 1/16

wiTeli

F1

P

BBii

TeTri

bbII

F2
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 ra gavlenas axdens garemo organizmis niSan-Tvisebis 

 formirebaze?

1.12. cvalebadoba. modifikaciuri cvalebadoba

• ra aris genotipi da ra _ fenotipi?

• identuri tyupi erTi zigotidan vi-
Tardeba. 1) rogor axsni maT fenotipur 
msgavsebas? 2) SesaZlebelia maT Soris fe-
notipuri gansxvaveba iyos. rogor axsni am 
faqts?

 sasicocxlo Tvisebebi: cva-
lebadoba _ modifikaciuri 

cva  lebadoba; modifikaciuri cvalebado-
bis roli garemo pirobebTan adaptaciaSi.

cvalebadoba cocxali sistemebis zo-
gadi Tvisebaa. igi Tan axlavs gamravlebas, 
ris Sedegadac organizmebi gansxvavebuli 
formebiT – variaciebiT arseboben. igi 
memkvidreobis sapirispiro movlenaa da 
organizmTa nairgvarobaSi vlindeba. indi-

vidTa cvalebadobas maTi fenotipis Sec-
vlis mixedviT afaseben. 

termini `niSani~ gamoiyeneba fenotipu-
ri variaciebis aRwerisTvis. organizmis 
yvela niSani SeiZleba davajgufoT orad 
_ xarisxobrivad da raodenobrivad. xa-

yaryumisebr bocvers sxeulis rome-
lime adgilas hparsavdnen bewvs, am ad-
gils uqmnidnen sxvadasxva temperaturas 
da akvirdebodnen, Tu amosuli bewvis 
Seferiloba rogor icvleboda garemos 
temperaturaze damokidebulebiT.

eqsperimentis Sedegebi:

• mohparses TeTri bewvi zurgze 
(an gverdze); cxoveli amyofes 
20C-ze maRal temperaturaze, am adgilze kvlav TeTri bewvi amouvida. 

• meore SemTxvevaSi imave adgilze mohparses bewvi da cxoveli amyofes 20C-ze dabal 
temperaturaze. moparsuli TeTri bewvis adgilze  amoezarda Savi bewvi;

• bewvi mohparses yurze, maSin Cveulebriv temperaturaze kvlav Savi bewvi amouvida;
• yurze moparsuli adgili 300C-mde kompresoriT gaaTbes. am SemTxvevaSi amoezarda 

TeTri bewvi.
yuradRebiT gaecani kvlevis etapebsa da mis Sedegebs; Sedegebi gaaanalize da upasuxe 

kiTxvebs:

• ra aris eqsperimentis sakvlevi kiTxva?
• ra aris am eqsperimentSi damoukidebeli cvladi da ra damokidebuli? 
• rogor icvleba esqsperimentis sxvadasxva etapze yaryumisebri bocvris bewvis Sefe-

riloba?
• garemos romeli faqtoria am cvlilebis gamomwvevi?
• rogor fiqrob, am SemTxvevaSi niSnis fenotipuri cvlileba dakavSirebulia Tu ara 

genotipis cvlilebasTan?
• yaryumisebri bocvrebi sruliad TeTrebi ibadebian, Semdeg ki sxeulis zogierT ad-

gilas Savi bewvi amosdiT. rogor gamoiyeneb am faqtis asaxsnelad eqsperimentis Se-
degebs?

• rogor fiqrob, Tu aseTive eqspeiments albinos bocverze Caatarebdnen, imave Sede-
gebs miiRebdnen? ratom? 

kvlevis monacemebis analizi

yarayumisebri bocveri albinosi bocveri
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furisula oTaxis 
pirobebSi

furisula 

30-35oC-ze da tenian 
pirobebSisur. 1.53.

risxobrivs uwodeben niSnebs, romle-
bic dgindeba aRwerilobiTi gziT. aseTi 
niSnebis memkvidreobis aRwera, rogorc 
wesi, kargad SeiZleba mendeliseuli ka-
nonzomierebebiT. daTiSvis dros aseTi 
niSnebi fenotipurad advilad gasarCe-
via. magaliTad, Savi an wablisferi Zro-
xa, wiTeli an TeTri mela, surnelovani 
bardis TeTri an wiTeli yvavilebi da sxv. 
Tumca niSnis saxesxvaobas (variaciebs) 
aqvs raodenobrivi xasiaTic. raodenob-
rivi ewodeba niSnebs, romelTa Seswavla 
SeiZleba gazomvis, daTvlis gziT. qaTmeb-
Si mekvercxuloba, ZroxebSi merZeuloba, 
xorblis Teslis masa – es raodenobrivi 
niSnebis magaliTebia.

fenotipi imaze mets niSnavs, vidre 
gamovlenili/eqspresiuli genebis jami. 
magaliTad, zRvis kuebis sqesi damoki-
debulia rogorc genebze, aseve, garemo 
pirobebze. mdedri ku sanapiroze aSe-
nebs budes da kvercxebs flavs qviSaSi. 
kvercxi dan, romelic ufro maRal tem-
peraturaze mwifdeba, mdedri iCekeba, 
xolo ufro dabal temperaturaze momwi-
febuli kercxidan _ mamri. Cinuri furi-
sulas yvavilebis Seferiloba (sur. 1.53) 
damokidebulia garemos temperaturasa 
da tenianobaze. oTaxis pirobebSi viTar-
deba wiTeli yvavilebi. Tu kokrebis for-
mirebis momentSi mcenares Cveulebrivi 
oTaxis pirobebidan gadaitanen Tbil da 
tenian saTburis pirobebSi 30-35oC tempe-
raturaze, maSin ganviTardeba TeTri yva-
vi lebi. oTaxis pirobebSi dabrunebisas 
TeTri yvavilebi Seferilobas ar ic   v li  -
an, magram kokrebidan kvlav wiTeli yvavi-
lebi iSleba. am SemTxvevaSi icvleba niSani 
da ara am niSnis ganmsazRvreli geni, radgan 
es cvlileba Seqcevadia.

msgavs magaliTs warmoadgens tempe-
raturis gavlena yaryumisebri bocvris 
bewvis Seferilobaze. yaryumisebrsa da 
albinos bocvers dabadebisas aqvT TeTri 
bewvi. albinosebi TeTrebi rCebian mTeli 
si cocxlis ganmavlobaSi. xolo yaryumi-
sebr bocvers dabadebis Semdeg yurebi, 
Ta  Tebi, kudi da piri TandaTan Savi uxde ba.

adamianSic niSan-Tvisebebis fenoti-
puri gamovlena damokidebulia genebisa 
da garemo pirobebis urTierTqmedebaze, 
magaliTad, adamianis simaRle. genebi gan-
sazRvravs romeliRac individSi tenden-
cias, iyos dabali an maRali, magram am 
genebis eqspresiaze garemo faqtorebic, 
magaliTad, kvebis racioni, did gavlenas 
axdenს. genebsa da garemo faqtorebs So-
ris urTierTqmedebis Sesaxeb saintereso 
kiTxvaa: `erTi kvercxujredidan ganvi-
Tarebuli tyupebi fenotipurad yovel-
Tvis identuria?~ erTkvercxujredian/
identur tyupebze Catarebulma kvleveb-
ma aCvenes, rom maTi ganviTarebis adreul 
etapze garemo pirobebs SeiZleba hqondes 
niSan-Tvisebebis fenotipur gamovle-
naze xangrZlivi efeqti. saSvilosnoSi 
mdebareobidan gamomdinare, erT-erTma 
tyupiscalma SeiZleba ufro meti sakve-
bi nivTierebebi miiRos, vidre meorem. am 
faqtma SeiZleba gamoiwvios tyups Soris 
didi gansxvaveba masasa da simaRleSi mTe-
li sicocxlis ganmavlobaSi. garda amisa, 
Tu tyupi izrdeba gansxvavebuli, magali-
Tad, kvebisa da samedicino momsaxurebis 
pirobebSi, xSirad gansxvav debian simaR-
liTa da sxva fizikuri maxasiaTeb lebiT. 

erTma da imave genotipma SeiZleba ga-
remos sxvadasxva pirobebSi ganapirobos 
niSan-Tvisebis gansxvavebuli gamovle-
na. amrigad, niSan-Tvisebebis ganviTareba 
xdeba genotipisa da garemo pirobebis ur-
TierTqmedebiT. fenotipebis mravalfe-
rovnebas (genotipis Secvlis gareSe), ro-
melic warmoiqmneba organizmebSi garemo 
pirobebis gavleniT, modifikaciur cva-



76

variaciuli rigi (sur. 1.54.a) uCvenebs 
modifikaciuri cvalebadobis farglebs 
(reaqciis normas) da TiToeuli variantis 
sidides, xolo variaciuli mrudi (sur. 
1.54.b) – modifikaciuri cvalebadobis 
farglebs (reaqciis normas), TiToeuli 
variantis sididesa da misi Sexvedris six-
Sires.

modifikaciuri cvalebadoba SeiZleba 
iyos SeguebiTi – adapturi tipis. maga-
liTad, gnoli, yaryumi, yarsari, kurdRe-
li zamTarSi TeTria, zafxulSi ki _ ara 
(sur. 1.55). zogierT mwers, Tevzs, amfi-
bias, qvewarmavals da sxv. garemos fonis 
Sesabamisad ecvlebaT sxeulis Seferilo-
ba. 

xorblis TavTavSi TavTunebis

ricxvis variaciuli mrudi
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lebadobas uwodeben. modifikaciuri cva-
lebadoba aramemkvidruli cvalebado-
baa, romlis drosac individis genotipi  
ucvlelia, icvleba mxolod misi fenoti-
pi, radgan garemo faqtorebis gavleniT 
icvleba genebis, fermentebis muSaoba da 
aqtivoba. gamoyofen cvalebadobis or Zi-
riTad formas: aramemkvidrulsa (fenoti-
purs) da memkvidruls (genotipurs).

gansxvavebuli genotipis gamo msxvil-
fexa rqosani saqonlis jiSebi mkveT rad 
ganirCevian romelime niSan-Tvisebis, ma-
galiTad, sxeulis masis saSualo sidi-
dis, rZis wveladobis mixedviT. Tumca 
garemo pirobebi, sakvebis  raodeno ba  da 
xarisxi, aranakleb rols asruleben am 
niSan-TvisebaTa formirebaSi. magali-
Tad, arasaTanado kvebam SeiZleba ga-
moiwvios is, rom Zroxis jiSi, romelic 
weliwadSi 4500-5000 l rZes iwvelida, 
Seamciros rZis produqtiuloba 2500 
l-mde da ufro dablac. cnobilia, rom 
zogierTi jiSis Zroxa Cveulebriv piro-
bebSi weliwadSi iwveleba 800-1200 litr 
rZes. am cxovelebis kvebisa da sxva piro-
bebis gaumjobeseba mkveTrad aamaRlebs 
maT produqtiulobas, magram, rac unda 

gaumjobesdes misi kveba, am Zroxis rZis 
produqtiuloba ver miaRwevs merZeuli 
jiSis Zroxis rZis produqtiulobis maC-
venebels. es aixsneba imiT, rom Secvlil 
garemo pirobebSi niSan-Tvisebis cvlile-
bis farglebs genotipi gansazRvravs. 

mo  cemuli niSan-Tvisebis fenotipis 
cvli lebis farglebs genotipis cvlile-
bis gareSe reaqciis norma ewodeba. zogi-
erT niSans aqvs reaqciis farTo norma, 
zogs ki – viwro. magaliTad, farTo 
reaqciis norma aqvs mcenaris nayofebis 
an foTlebis zomas maSin, rodesac mwe-
rebiT dam  m tveravi yvavilis forma an 
zoma umniS v nelod icvleba. zogierTi 
niSnisTvis, magaliTad, sisxlis jgufe-
bis sistemisTvis, reaqciis norma sakmaod 
SezRudulia, anu mocemuli genotipi 
zustad gansazRvravs Zalian specifikur 
fenotips.

yoveli organizmis fenotipi aris misi 
genotipisa da garemo faqtorebis urTier-
Tqmedebis Sedegi. amdenad, memkvidreobiT 
gadaicema ara niSan-Tviseba, aramed or-
ganizmis unari, rom garemo pirobebsa da 
genotipis urTierTqmedebiT warmoqmnas 
garkveuli fenotipi.
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zemoT ganxilulis safuZvelze modi-
fikaciuri cvalebadoba Semdegi niSnebiT 
SeiZleba daxasiaTdes:

• modifikaciuri cvalebadobis dros 
ar icvleba genotipi, amitom igi 
memkvidreobiT ar gadaecema;

• modifikaciis mimarTulebiTi xasia-
Ti, anu konkretuli garemo faqto-
ris Sesabamisi – adeqvaturi cvli-
lebis warmoqmna (magaliTad, yvela 
janmrTel adamianSi, romlebsac Ria 
kanis feri aqvT, mzis sxivebi iwvevs 
kanis garujvas);

• modifikaciuri cvalebadobis in-
tensivoba garkveuli xarisxiT pro-
porciulia organizmze moqmedi faq-
toris Zalisa da xangrZlivobisa. 
magaliTad, adamianSi Worfliano-

bas iwvevs dominanturi geni, magram 
misi gamovlenis xarisxi mzian gare-
moSi adamianis yofnis xangrZlivo-
bazea damokidebuli;

• umravles SemTxvevaSi modifikacie-
bi organizmebisaTvis sasargeblo 
Seguebulobaa, gansakuTrebiT im 
SemTxvevaSi, rodesac organizmebze 
sakmaod regularulad moqmedebs 
esa Tu is faqtori;

• ufro xSirad cvlileba Seqceva-
dia, sawyis pirobebSi dabrunebisas 
individebi ibruneben pirvandel 
fenotips (magaliTad, avitaminoziT 
gamowveuli darRvevebi organizmSi 
aRdgeba vitaminebiT mdidari sakve-
bis miRebis Semdeg).

sur. 1.55.

kurdReli zafxulSi kurdReli zamTarSi

63

modifikaciuri cvalebadobis Seswavlas didi praqtikuli mniSvneloba aqvs. adamianisaTvis 
modifikaciuri cvalebadobis kanonzomierebebis codna gansakuTrebiT mniSvnelovania soflis 
meurneobis praqtikisTvis. kulturul mcenareebsa da Sinaur cxovelebSi produqtiulobis 
gazrda SesaZlebelia maTi saarsebo pirobebis gaumjobesebiT. modifikaciuri cvalebadobis 
kanonzomierebaTa codna aucilebelia medicinaSi. amJamad didi yuradReba eTmoba adamianis 
ara memkvidruli informaciis Secvlas, aramed reaqciis normis farglebSi orga nizmis ganvi-
Tarebas. janmrTeli bavSvi rom gaizardos, mniSvnelovania kvebis, fizikuri varjiSis, swori 
reJimisa da higienuri moTxovnilebebis dacva, anu jansaRi cxovrebis wesis dacva.

1. axseni, rogor SeiZleba genebisa da garemo faqtorebis urTierTqmedebam gavlena moaxdi-
nos fenotipze?

2. mzis sxivebis intensiurma zemoqmedebam SeiZleba gamoiwvios adamianSi Tmis feris gaxune-
ba. es aris genebisa da garemo faqtorebis urTierTqmedebis magaliTi? axseni Seni pasuxi. 
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• yvela organizmisTvis damaxasiaTebelia ori urTierTsawinaaRmdego Tviseba _ memkid-
reobiToba da cvalebadoba;

• fenotipi yalibdeba genotipisa da garemo faqtorebis urTierTqmedebiT;
• cvalebadoba SeiZleba iyos memkvidruli an aramemkvidruli;
• aramemkvidrul cvalebadobas modifikaciuri cvalebadoba ewodeba;
• modifikaciuri cvalebadoba organizms exmareba garemos cvlad pirobebTan SeguebaSi.

3. ra mniSvneloba aqvs kurdRlisTvis sezonis mixedviT bewvis Seferilobis Secvlas?
4. rogor icvleba adamianSi kanis Seferiloba mzis sxivebis intensiuri moq medebis sapa-

suxod da ra mniSvneloba aqvs mas? 
5. rogor fiqrob, zemoT aRweril magaliTebSi sxeulis Seferilobis modifikaciuri cvli-

leba Seqcevadi iqneba Tu Seuqcevadi? anu Tu am cvlilebis gamomwvevi faqtori moixsneba, 
organizmi SeinarCunebs niSan-Tvisebis am modifikacias? 

6. razea damokidebuli modifikaciuri cvalebadobis farglebi?
7. daaxasiaTe modifikaciuri cvalebadoba.
8. memkvidruli diabetiT daavadebul adamians uniSnaven specialur dietas da samkurnalo 

preparats _ insulins, ris Sedegadac daavadeba ar gamovlindeba an misi gamovlena sus-
tdeba. rogor fiqrob, am dros am daavadebis ganmsazRvreli geni icvleba Tu ara? pasuxi 
daasabuTe. 

9. rogor fiqrob, ra moxdeboda bunebaSi, Tu organizmebisTvis damaxasiaTebeli iqneboda 
mxolod: 1) memkvidreobiToba? 2) modifikaciuri cvalebadoba?

gazome erTi xis 50 foTlis firfitis sigrZe. monace-
mebi CainiSne.

a) miRebuli monacemebis mixedviT aage foTlis fir-
fitis sigrZis variaciebis gamomxatveli grafiki 
an diagrama.

b) daadgine foTlis firfitis sigrZis modifikaciu-
ri cvalebadobis farglebi _ reaqciis norma.

g) romeli variantia yvelaze iSviaTi da yvelaze xSi-
ri? gamoitane daskvna: riT SeiZleba iyos gamow-
veuli es cvlileba?

kvlevis ganxorcieleba da kvlevis angariSis momzadeba

eqsperimentis dagegmva

erTi fesvidan (fesvis Suaze gaWris Sedegad) 

gansxvavebul pirobebSi ganviTarebuli 

mcenareebi

dagegme eqsperimenti, romliTac daadgen, Tu 
garemo pirobebma ra gavlena SeiZleba moaxdinos 
babuawveras niSan-Tvisebebis fenotipur gamovle-
naze.

eqsperimentis gegmaSi warmoadgine:
• eqsperimentis sakvlevi kiTxva;
• hipoTeza;
• eqsperimentis etapebi;
• monacemebis Segrovebis saSualeba/saSuale-

bebi.
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 ra aris genebis rekombinaciis mizezebi da ra mniSvneloba aqvs  
 mas?

1.13. memkvidruli cvalebadoba

• sqesobrivi gamravlebiT miRebuli 
arcerTi organizmi ar aris romelime 

mSoblis identuri. axseni, ratom?

 suraT 1.56.-ze daakvirdi wiwakebis Sej-
varebis sqemas da upasuxe kiTxvebs:

• fenotipurad ramdeni tipis hibridi war-
moiqmna meore TaobaSi?

• maTgan romelia mSobliuri formebi da 
romeli _ axali formebi?

• rogor fiqrob, es modifikaciuri cvale-
badobis magaliTia Tu memkvidruli 
cva   lebadobis?

• ra aris fenotipurad axali formebis war-
moqmnis mizezi?  

memkvidruli cvalebadobis SemTxveva-
Si niSan-Tvisebis Secvlas ganapirobebs 
genotipis cvlileba, romelic STamomav-
lobas gadaecema. genotipis cvlilebis 
gamo icvleba fenotipi. gamoyofen mem-
kvidruli cvalebadobis or formas: kom-
binaciursa da mutaciurs.

gavixsenoT dihibriduli Sejvareba 
(sur.1.22, gv.36), meore TaobaSi fenoti-
purad oTxi tipis hibridia miRebuli. 
maTgan mSobliuri formebia yviTeli 
gluvTesliani da mwvane danaoWebulTes-
liani, xolo yviTeli danaoWebuli da 
mwvane gluvi _ axali formebia. fenoti-
purad axali formebis warmoqmnis mizezi 
aris arsebuli aleluri genebis axali Se-
Tanawyoba _ rekombinacia: A–bb da aaB_, 

ramac Secvala genotipi da, Sesabamisad, 
fenotipi. es kombinaciuri memkvidruli 
cvalebadobaa.

kombinaciuri cvalebadobis safuZve-
lia genotipSi genebis axali SeTanawyobis 
warmoqmna, rasac rekombinacia ewodeba. 
amitom kombinaciur cvalebadobas re-
kombinaciur cvalebadobasac uwodeben. 
rekombinacia aris universaluri biolo-
giuri meqanizmi, romelic mTel cocxal 
sistemaSi – prokariotebsa da eukario-
tebSi moqmedebs. rekombinaciuri cva-
lebadoba aris mniSvnelovani wyaro ge-
netikuri mravalferovnebisa, romelic 

9
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sur. 1.56.

 sasicocxlo Tvisebebi: cvaleba-
doba _ memkvidruli cva le badoba; 

kombinaciuri cvalebadoba, genuri muta-
cia.
 biomravalferovneba: kombinaciuri cva-
lebadobisa da genuri mutaciis roli 
genetikuri mravalferovnebis warmoqmna-
Si.
 janmrTeloba da daavadeba: genetikuri 
darRvevebi da daavadebebi, simptomebi, 
gamomwvevi mizezebi.
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genebis axali kombinaciebi sqesobrivi gamravlebis Sedegad ara marto xSirad da advilad 
warmoiqmneba, aramed igi adviladve irRveva Taobidan TaobaSi gadacemis dros. amitom sa-
surveli niSan-Tvisebebis SenarCunebis mizniT, soflis meurneobaSi mimarTaven axlonaTe-
saur Sejvarebas. aseTi Sejvarebis dros izrdeba msgavsi genuri Semadgenlobis gametebis 
Sexvedris albaToba. amis Sedegad SesaZlebelia STamomavlobaSi genebis iseTi kombinaciis 
miReba, romelic mSoblebis genebis kombinaciasTan axlosaa. aseTi gziT Seqmnilia mcenaree-
bisa da cxovelebis zogierTi jiSi.

mravalricxovanma gamokvlevam da praqtikulma gamocdilebam aCvena, rom cxovelebSi 
axlonaTesauri Sejvarebisa da jvaredinmtveria mcenareebis xelovnuri TviTdamtvervisas, 
Zalian xSirad STamomavlobaSi sicocxlisunarianoba da nayofiereba qveiTdeba. amis erT-er-
Ti mizezi STamomavlobaSi homozigoturobis swrafi amaRleba da mavne recesiuli aleluri 
genebis fenotipuri gamovlenaa. amasTan, naTesauri Sejvareba homozigoturobis amaRlebis 
wyalobiT calkeuli individebis saukeTeso Tvisebebs ganamtkicebs. amis gamo, seleqcioneri 
xSirad mimarTavs axlonaTesaur Sejvarebas cxovelebSi raime niSan-Tvisebis SenarCunebis 
mizniT. am tipis Sejvarebas mimarTaven agreTve wminda xazebis gamosayvanad da Semdeg xaz-
TaSorisi SejvarebisaTvis. am dros vlindeba heterozisis movlena. memcenareobaSi, magali-
Tad, genetikurad dacilebul or simindis jiSSi gamohyavT wminda xazebi TviTdamtverviT. 
aseTi xazebis mcenareebi simaRliT dabali da naklebnayofieria. xazTaSorisi hibridizaciis 
Sedegad ki F1 hibridebi Zalian bevri genis mimarT heterozigoturni arian da mJRavndeba

SeimCneva cocxal organizmebSi. eukario-
tebSi rekombinaciuri cvalebadobis wya-
ro aris sqesobrivi gamravleba da misi 
Tanmdevi sami mniSvnelovani procesi:
1. homologiur qromosomebs Soris mo-

nakveTebis gacvla/krosingoveri, ri-
Tac SeWidul genTa jgufebSi gaer-
Tianebuli alelebi gadanawildeba da 
jgufebis axali variantebi Camoyalib-
deba;

2. meiozis procesSi homologiuri qro-
mosomebis dacileba, qromosomaTa 
SemT xveviTi da damoukidebeli ganawi-
leba, ris gamoc qromosomaTa kombina-
ciebis mixedviT gansxvavebuli gamete-
bi yalibdeba;

3. ganayofierebis dros mamrobiTi da 
mdedrobiTi gametebis SemTxveviTi 
Serwyma.

kombinaciuri cvalebadobis yvela sami 
ZiriTadi wyaro moqmedebs damoukideblad 
da erTdroulad da qmnian genotipebis 
mravalferovnebas. sqesobrivi gamravle-
bis dros genebis kombinacia iwvevs axali 
unikaluri genotipisa da fenotipis for-
mirebas. nebismier bavSvSi SeiZleba dedisa 
da mamis tipuri niSnis aRmoCena. miuxe-
davad amisa, axlo naTesavebs Sorisac ki 
SeuZlebelia absoluturad ori erTnairi 
adamianis povna, garda identuri tyupisa.

sqesobrivi gamravleba da misi Tanmxle-
bi movlenebi organizmTa mravalferovne-
bas iwvevs, radgan genTa axal SeTanawyoba-
Si Tavs iCens alelur genTa erT wyvilSi 
sxvadasxva alelis urTierTqmedeba (aras-
ruli dominireba, kodominireba) da sxva-
dasxva araaleluri genis urTierTqmedeba 
(komplementaroba, epistazi, polimeria). 

X

cxeni viri jori
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heterozisis movlena _ maRldeba sicocxlisunarianoba da TiTqmis 2-jer izrdeba mosavlia-
noba. heterozisis movlena vlindeba Soreuli hibridizaciis (sxvadasxva saxeobis organizme-
bis Sejvarebis) drosac.  heterozisis gamovlenis klasikur magaliTs warmoadgens jori, ro-
melic virisa da cxenis SejvarebiT miiReba. igi unayofoa, magram ufro sicocxlisunariania 
da gamZle araxelsayreli pirobebisadmi, vidre  mSoblebi.

  struqturuli genis ra cvlilebebi ganapirobebs genur mutaciebs?

mutaciuri cvalebadoba aris genoti-
puri cvalebadobis forma, romlis dro-
sac icvleba geni, qromosomis struqtura 
an maTi ricxvi. calkeuli genis struqtu-
ris cvlilebas genuri mutacia ewodeba. 
dnm-is molekulaSi erTi wyvili nukleo-
tidis cvlilebas wertilovan mutacias 

uwodeben. namglisebri anemia wertilo-
vani genuri mutaciis Sedegia (sur. 1.57). 
Sesabamisi genis erT tripletSi – CTT, 
erTi nukleotidi T Seicvala meoriT – 
A(CAT), ramac gamoiwvia polipeptidur 
jaWvSi aminomJava – glutaminis mJavas 
Secvla valiniT.

sur. 1.57.

dnm-is fragmenti

dnm-is fragmenti

namgliseburi formis 
eriTrociti

normaluri formis 
eriTrociti

m-rnm

m-rnm

aminomJavebis 
normaluri 
Tanmimdevroba 
hemoglobinis erT-erT 
polipeptidur jaWvSi

aminomJavebis 
anomaliuri 
Tanmimdevroba 
hemoglobinis imave 
polipeptidur jaWvSi

   valini   histidini  leicini  treonini  prolini glutaminis 
mJava

glutaminis 
mJava

   valini   histidini  leicini  treonini  prolini    valini glutaminis 
mJava

mutanti nukleotidi

G G G GU UU U U U U UUC C CA A A AA

G G G GU UU U U U U UC C CA A A AAA

G G GT T T T TC A A AA A A AA C CA

G G GT T T TT TC A A AA A A AA C C C

C

genuri mutaciebis modelireba virtualuri laboratoriis gamoyenebiT _ 
https://bit.ly/3DBeHTV (eqsperimenti 4). samuSao Seasrule instruqciis mixedviT, kvlevis 

angariSi warudgine maswavlebels.

genuri mutaciebis simulacia
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genuri mutaciis sxva mizezi SeiZleba 
iyos struqturul genSi romelime nuk-
leotiduri wyvilis amovardna an CarTva 
(sur. 1.58.). aseT genur mutacias triple-
tis aTvlis CarCos wanacvleba ewodeba. 
amrigad, genuri mutaciis dros cvlileba 
xdeba genis lokusSi. igi sxva tipis mu-
taciaTa Soris yvelaze maRali sixSiriT 
warmoiqmneba da iwvevs organizmis mor-
fologiuri da fiziologiuri, bioqimiu-
ri niSnebis cvlilebas. genuri mutaciis 
dros geni erTi aleluri mdgo mareobidan 
naxtomiseburad gadadis meore alelur 
mdgomareobaSi. es cvlileba iwvevs imas, 
rom mutagenuri geni an  wyvets muSaobas 
da maSin ar warmoiqmneba Sesabamisi m-rnm 
da cila, anda sinTezirdeba Secvlili 
Tvisebebis cila. es ki iwvevs organizmis 
romelime niSnis Secvlas. genuri muta-
ciebis Sedegad warmoqmnil axal alelebs  
didi evoluciuri mniSvneloba aqvs. 

genurma mutaciam SeiZleba mniSvne-
lovani gavlena moaxdinos organizmze. 
davuSvaT, rom dnm-kodoni AAG Seicva-
la ase: CAG. Sesabamisad, miRebul ci-
laSi, lizinis nacvlad, iqneba gluta-
mini. Tu es cvli leba exeba fermentis 
aqtiur centrs, SesaZlebelia fermenti 
ver daukav Sirdes Tavis substrats da ar 
warimarTeba Sesabamisi fermentuli reaq-
cia. Tu Secv lili aminomJava gansxvavdeba 
sawyisi aminomJavasgan zomiT an polaro-
biT, es cvlileba gavlenas moaxdens ci-
lis sivrcul struq turaze da SeiZleba 
daazianos cilis funqcia. tripletis 
cvlilebam, aseve, SeiZleba naadrevad ga-
moiwvios stop-kodonis warmoqmna. 

Tumca unda gvaxsovdes, rom zogjer 
genuri mutacia ar zemoqmedebs orga-
nizmis fenotipze. Tu gavixsenebT, rom 
sxvadasxva kodoni akodirebs erTsa da 
imave aminomJavas (sur. 1.63), Sesabamisad, 
tripletSi zogierT cvlilebas aranai-
ri efeqti ar aqvs, gansakuTrebiT maSin, 
Tu tripletSi Seicvala mesame nukeoti-
di. magaliTad, Tu tripleti AAG Seicva-
la AAA-Ti, miRebul cilaSi kvlav iqne-
ba aminomJava lizini. aseve, Tu mutaciis 
Sedegad cilaSi Secv lil aminomJavas aqvs 
iseTive zoma da polaroba, rogorc sawyis 
aminomJavas, naklebad axdens gavlenas ci-sur. 1.59.

genuri mutaciis tipebi
wertilovani mutacianormaluri

tripletis aTvlis CarCos wanacvleba
(nukleotidis amovardna)

tripletis aTvlis CarCos wanacvleba
(nukleotidis CarTva)

dnm

m-rnm

cila

dnm

m-rnm

cila

dnm

m-rnm

cila

dnm

m-rnm

cila

lei asp mJ asp mJserlei glu mJ asp mJser

lei glu mJ argval lei glu  mJ ileiser

mutanti 
nukleotidi

nukleotidis 
amovardna

nukleotidis 
CarTva

sur. 1.58.
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lis struqturasa da Tvisebebze, Sesaba-
misad, mis funqciaze.  

mutaciebi SemTxveviTi da spontanuria. 
e.i. mutacia SeiZleba nebismier dros ne-
bismieri niSan-Tvisebis ganmsazRvrel-
ma genma ganicados. genuri mutaciebi 
organizmisTvis SeiZleba iyos saziano, 
sasargeblo an mocemuli momentisTvis 
neitraluri. albaToba imisa, rom moce-
mul individSi ama Tu im genma ganicados 
mutacia, Zalian mcirea, radgan cocxal 
sistemebSi arsebobs sxvadasxva damcavi 
meqanizmi: dnm-is reparacia (me-10 klasis 
moswavlis wigni, I nawili, gv. 123), dnm-is 
kodis simaxinje (me-10 klasis moswavlis 
wigni, I nawili, gv.136); aseve, mravalujre-
dian cxovelur organizmebSi imunuri sis-
tema, romlis mTavari funqciaa genetiku-
rad ucxo ujredebis (maT Soris, sakuTari 
ujredebis) Secnoba da ganadgureba.

genuri mutaciebis memkvidreoba STa-
momavlobaSi damokidebulia imaze, Tu ra 
saxis mutacia moxda. genuri mutaciebis 
Semdeg saxeebs arCeven: heterozigotaSi 
gamovlenis mixedviT dominanturi, naxev-
rad dominanturi, recesiuli; sasqeso 
qromosomebTan SeWiduli da autosomu-
ri; generaciuli (gametebsa da sporebSi 
mom xdari mutaciebi) da somaturi (sxeu-
lis somatur ujredebSi warmoqmnili) 
da sxv.

genuri mutaciebis umravlesoba re-
cesiulia. magaliTad, albinizmi auto-
somur-recesiulia. am dros mutacia 
ga nicada genma, romelic ganapirobebs 
pigment-melaninis sinTezs kanSi, TmebSi 
(bumbulSi, bewvSi), TvalebSi. albinizmi 
cxovelur organizmebSi gavrcelebuli 
mutaciaa (sur. 1.59). aseve, recesiuli 
genuri mutaciaa SenTvis cnobili iseTi 

1. maRali produqtiulobis kulturul mcenareebSi sasurveli niSan-Tvisebis SenarCunebis 
mizniT, maT vegetatiurad amravleben. axseni, ratom?

2. romel genur mutacias SeiZleba hqondes ufro meti efeqti _ wertilovan mutacias Tu 
tripletis aTvlis CarCos wanacvlebas? axseni Seni pasuxi.

3. hemofilias genuri mutaciis romel formas miakuTvneb da ratom?
4. daakvirdi sqemas, romelic genSi momxdar cvlilebas asaxavs. gansazRvre: 1) TiToeul 

SemTxvevaSi ram gamoiwvia tripletis cvli leba? 2) romel SemTxvevaSi icvleba triplete-
bis umravlesoba? 3) mutaciis romel formas gamoiwvevs aRniSnuli cvlilebebi?

tripletebis normaluri Tanmimdevroba

I

II

III
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memkvidruli daavadeba, rogoricaa hemo-
filia.

autosomur-dominanturi mutaciaa 
aqon  d roplazia. am mutaciis adamianebi 
dablebi arian (kidurebi damoklebulia) 
da aqvT araproporciuli sxeuli, inte-
leqti Cveulebriv normaluri aqvT. igi 
gvxvdeba rogorc mamakacebSi, ise qaleb-
Si. espaneli mxatvris, diego velaskesis 
suraTis (1656w.) marjvena kuTxeSi ga-
mosaxulia aqondroplaziis mqone adamia-
ni (sur. 1.60). autosomur-dominanturi 
mutaciaa agreTve eqvsTiTianoba. am niS-
nis fenotipuri gamovlenis xarisxi sxva-
dasxvanairia: eqvsi TiTi SeiZleba hqondes 
adamians yvela kidurze an erT ze, orze, 
samze (sur. 1.61).

gvxvdeba mutaciebi, romlebic aRmoCeni-
lia mxolod zogierT somatur ujredSi 
da maT somaturi mutaciebi ewode ba. aseTi 
mutaciebi gavlenas axdens im qsovilebsa 
da organoebze, romlebic am mutanti uj-

redebidan viTardebian. amitom mocemuli 
qsovili an organos nawili raime Tvise-
biT gansxvavdeba danarCenisgan (sur. 1.62). 
somaturi mutaciebis Semdeg TaobaSi ga-
dacema SeiZleba mcenareebSi, Tu maT ga-
vamravlebT im vegetatiuri organodan, 
romelSic somaturi mutacia moxda.

amrigad, somaturi mutaciebi gavlenas 
axdens mxolod im organizmze, romelSic 
es mutacia moxda. gametebSi momxdari mu-
taciebi ki STamomavlobas gadaecema. ge-
neraciuli mutaciebi aris bunebaSi gene-
tikuri cvalebadobis ZiriTadi wyaro. 

5. rogor fiqrob, dnm-is molekulaSi nukleotidis Secvla yovelTvis gamoiwvevs genur 
mutacias? daasabuTe Seni pasuxi.

6. axseni, rogor asrulebs dnm-is simaxinje da reparacia organizmis genuri mutaciebisagan 
damcavi meqanizmis funqcias.

7. sxva mecnierebTan erTad, imunologebic muSaoben kiboTi daavadebis Tavidan acilebis 
sakiTxebze. axseni, ratom?

sur. 1.60. sur. 1.61.

sur. 1.62.
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• genotipuri calebadobis dros genotipi icvleba, amitom igi memkvidreobiT gadaece-
ma;

• genotipuri cvalebadobis formebia kombinaciuri cvalebadoba da mutaciuri cvale-
badoba;

• mutaciuri cvalebadobis erT-erTi saxea genuri mutacia;
• genuri mutaciis formebia wertilovani mutacia da tripletis aTvlis CarCos wanac-

vleba. 

8. aRorZinebis epoqis udidesi mxatvris – rafaelis suraT 1.61.-ze `siqstas madona~, mar-
c x niv gamosaxulia romis papi siqsT II, romelsac axasiaTebs eqvsTiTianoba. daakvirdi 
suraTs da gaarkvie, ra xarisxiT aris romis papSi eqvsTiTianoba gamoxatuli.

9. Tu m-rnm-is tripleti GUA Seicvala tripletiT GUU, moaxdens Tu ara  gavlenas es cvli-
leba am m-rnm-is mixedviT sinTezirebul cilaze (isargeble suraT 1.63.-ze mocemuli 
genetikuri kodis cxriliT)? axseni Seni pasuxi. 

10. 1) axseni, rogor SeiZleba mutanti genis mixedviT dasinTezirdes ufro mokle poli-
peptiduri jaWvi normaluri genis mixedviT sinTezirebul polipeptidur jaWvTan Se-
darebiT? 2) moiyvane ori magaliTi, rodesac GUA  tripletis mutacia gamoiwvevs cilis 
Secvlas.

genetikuri kodis cxrili
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CUU

CUC

CUA

CUG

stop-kodoni stop-kodoni

stop-kodoni

UUU
fenilala-

nini

leici ni

UCU

serini

UAU
Tirozini

UGU
cisteini

trifto-

fani

UUC UCC UAC UGC

UUA UCA UAA UGA

UUG UCG UAG UGG

leici ni

CCU

pro li ni

CAU

histidini

glutamini

CGU

arginini

CCC CAC CGC

CCA CAA CGA

CCG CAG CGG

AUU
izo lei-
cini

meTio nini 
start-kodoni

ACU

treonini

AAU
aspara gini

lizini

AGU
serini

arginini

AUC ACC AAC AGC

AUA ACA AAA AGA

AUG ACG AAG AGG

GUU

valini

GCU

alanini

GAU  
asparagi-

nis mJava

gluta minis 

mJava

GGU

glicini

GUC GCC GAC GGC

GUA GCA GAA GGA

GUG GCG GAG GGG

meore nukleotidi

sur. 1.63.
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 ra biologiuri Sedegebi SeiZleba gamoiwvios qromosomis   
 struqturisa da ricxvis cvlilebam?

1.14. ქრომოსომული და გენომური მუტაciebi

daakvirdi suraT 1.64-ze mocemul sqemas, rome-
lic asaxavs qromosomebis cvlilebas. marcxena 

mxares warmodgenilia normaluri qromosomebi. Sea-
dare marjvena mxares ganTavsebul qromosomebs da 
gansazRvre:

• ra saxis cvlileba ganicada qromosomam TiToeul 
SemTxvevaSi?

• ras exeba es cvlilebebi _ gens, qromosomis struq-
turas Tu qromosomis ricxvs?

• ras niSnavs qromosomebis diploiduri kompleqti? 
haploiduri?

• ra procesi uzrunvelyofs qromosomebis haploidu-
ri kompleqtis warmoqmnas?  

 sasicocxlo 
Tvisebebi: memkvidruli 

cvalebadoba _ qromosomuli da 
genomuri mutaciebi.
 struqtura da funqcia: genotipu-
ri cvalebadobis kavSiri ujredis 
struqturebis cvlilebasTan.
 biomravalferovneba: qromosomu-
li da genomuri mutaciebis roli 
biomravalferovnebaSi.
 janmrTeloba da daavadeba: gene-
tikuri darRvevebi - monosomia, 
trisomia.

mutaciebis erT-erTi saxea qromoso-
muli mutaciebi, anu qromosomuli abera-
ciebi, romlis drosac icvleba qromoso-
mis struqtura. aseTi cvlilebis dros 
qromosomis ubani SeiZleba gaormagdes, 
piriqiT, SeiZleba amovardes, anda ga-
daadgildes sxva adgilas. qromosomu-
li mutaciebis umravlesobis Seswavla 
SeiZleba mikroskopiT.

arCeven qromosomuli mutaciebis sxva-
dasxva saxes (sur. 1.64):

delecia _ qromosomis ubnis dakarg-

va, ris Sedegadac qromosoma mokldeba. 
Tu heterozigotaSi dominanturi gene-
bis mqone monakveTi daikarga, maSin maTi 
yvela recesiuli aleli fenotipurad 
gamov lindeba. qromosomis didi monakve-
Tis dakargva organizmisaTvis letalu-
ria _ individi iRupeba. mcire monakveTe-
bis dakargva ki qromosomis genetikuri 
sistemis darRvevas iwvevs, icvleba genTa 
ganlagebis xasiaTi da urTierTkavSiri. 
Tu delecia letaluria, miuTiTebs, rom 
qromosomas aRar gaaCnia sasicocxlo 

qromosomuli mutaciebi

1)

2)

3)

4)

1) delecia
2) duplikacia
3) inversia
4) translokacia

sur. 1.64.
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mniSvnelobis genebi. mokle deleciebi 
heterozigotaSi yovelTvis ar iwvevs si-
cocxlisunarianobis darRvevas.

duplikacia, anu gaormageba _ qromoso-
mis erT-erTi ubani qromosomul nakrebSi 
warmodgenilia erTze metad. duplika-
ciisas warmoiqmneba genetikuri masalis 
aslebi (erTi da igive genebi), romlebic  
erTimeoris gverdiTaa ganlagebuli.

inversia _ qromosomis erT-erT ubanSi 
normalurTan SedarebiT genebis ganlage-
bis Tanmimdevroba 1800-iT Sebrunebulia. 
inversia genTa SeWidul jgufSi iwvevs 
genTa Tanmimdevrobis Secvlas, xSiria e.w. 
mdebareobis efeqti (sicocxlis umniSvne-
lovanes genebs Soris kavSiris gawyve tas 
letaluri efeqti aqvs).

translokacia _ qromosomul nakrebSi 
qromosomis romelime ubnis mdebareo-
ba Secvlilia. translokaciis yvelaze 
gavrcelebuli tipia, rodesac or ho-
mologiur qromosomas Soris xdeba ub-
nebis gacvla. am saxis cvlileba iwvevs 
genTa SeWiduli jgufebis darRveva-
sa da Sec vlas. es movlena mcenareebSi 
ufro farTodaa gavrcelebuli.

qromosomuli mutaciebi xSirad bevr 
gens exeba da, rogorc wesi, mniSvne-
lovnad moqmedebs organizmze. muta-
ciam SeiZleba ise daazianos geni, rom 
man Sewyvitos moqmedeba an axali fun-
qciis matarebeli geni warmoiqmnas. 
qromosomis monakveTis translokacia 
iwvevs genebis axali kombinaciis war-
moqmnas, romelmac SeiZleba zogierTi 
geni imaze metad gaaaqtiuros an, piri-
qiT, daTrgu nos, vidre iyo. 

qromosomuli mutaciis mizezi xSi-
rad pirvel meiozSi koniugaciis proce-
sis darRvevaa. SegaxsenebT, rom pirveli 
meiozuri gayofis dros homologiuri 
qromosomebis qromatidebma SeiZleba 
gacvalon ubnebi. Tu arasworad warimar-
Ta es procesi, SesaZlebelia gansxvavebu-
li zomis qromosomebis miReba (erTi da-
mokldes, meore ki dagrZeldes). Sedegad, 
homologiuri qromosomebidan erT-erTs 
SeiZleba hqondes romelime genis/gene-
bis gaormagebuli kompleqti (es dupli-
kaciaa), xolo meores akldes garkveuli 
ubani (es deleciaa).  

mutacia gulisxmobs ara marto cvli-
lebas genSi da qromosomaTa struqtu-
raSi, aramed cvlilebas qromosomaTa 
raodenobaSic. aseT mutaciebs genomuri 
mutaciebi ewodeba (sur. 1.65). genomuri

1. daakvirdi suraT 1.64-ze mocemul sqemas da/an uyure animaciur films https://bit.ly/3wZ6jtH 
da upasuxe kiTxvebs: 1) sqemaze gamosaxuli mutaciis yvela saxe qromosomul mutaciebs 
miakuTvneben. axseni, ratom? 2) meiozis romeli procesis darRvevam SeiZleba gamoiw-
vios qromosomuli mutaciebi?

2. daakvirdi suraT 1.65.-ze warmodgenil qromosomaTa nakrebis sxvadasxva variants. `I~  
variantSi warmodgenilia qromosomebis normaluri nakrebi. gansazRvre _ 1) riT gan-
sxvavdeba sxva variantebSi (II-VII) warmodgenili qromosomaTa nakrebi normalurisgan?  2) 
rogor fiqrob, ra SeiZleba iyos qromosomaTa ricxvis cvlilebis mizezi?

sur. 1.65.

genomuri mutaciebi

I

II

III

IV

V

VI

VII
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meiozi I

n + 1 n + 1 n + 1n - 1 n - 1 n n n - 1

ar scildebian erTmaneTs 
homologiuri qromosomebi

ar scildebian 
erTmaneTs qromatidebi

qromosomebis 
ricxvi

meiozi II

gametebi

mutaciebis saxeebia aneuploidia da po-
liploidia. genomuri mutaciebis gavrce-
lebuli formaa aneuploidia. aneup-
loidiis dros qromosomul nakrebs, 
normalurTan SedarebiT, aklia erTi an 
meti qromosoma, anda erTi an meti qro-
mosomaa damatebuli.

aneuploidiis mizezia meiozis proce-
sis darRveva (sur. 1.66). xandaxan pirveli 
meiozis dros romelime homologiuri 
wyvilis qromosomebi ar dascildebian 
(ar ganeridebian) erTmaneTs (am SemTxve-
vaSi gametebis erT naxevarSi aRmoCndeba 
erTi qromosomiT meti _ n+1, meore na-
xevarSi ki – erTi qromosomiT nakle-

bi _ n-1), an meore meiozis procesSi ar 
ganeridebian erTi qromosomis qroma-
tidebi (am SemTxvevaSi gametebis 1/4-Si 
aRmoCndeba erTi qromosomiT meti _ 
n+1, 1/4-Si – erTi qromosomiT nakle-
bi _ n-1, 1/2-Si ki _ n). Tu ganayofiere-
bis dros, vTqvaT, kvercxujredi Sexvda 
meore mSoblis spermatozoids zedme-
ti qromosomiT, romelime qromosomul 
wyvilSi damatebuli iqneba qromoso-
ma, mutaciis am saxes trisomia ewodeba 
(2n+1). Tu kvercxujredi Sexvda meore 
mSoblis spermatozoids erTiT naklebi 
qromosomiT, zigotaSi aRmoCndeba erTi 
qromosomiT naklebi (2n-1). e. i. miiReba 

sur. 1.66.

normaluri 
haploiduri 
gameta

trisomia (2n+1) monosomia (2n-1)

normaluri 
haploiduri 
gameta

n + 1 n - 1n n 

sur. 1.67.
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monosomia (sur.1.67.).
qromosomebis normaluri 

nakrebidan mkveT ri gadaxra 
pirvelad aRmoaCines daunis 
sindromis* SemTxvevaSi. am 
dros adamians 46 qromoso-
mis nacvlad 47 qromosoma 
aqvs. trisomiiT gamowveuli 
Sedegebi damokidebulia ima-
ze, Tu qromosomebis romel  
wyvils daemateba erTi qro-
mosoma. daunis sindromi 21-e 
qromosomis trisomiis Sedegia. 
am sindromis simptomebia: da-
bali simaRle, mokle xel-fexi, 
Tvalebis damaxasiaTebeli Wrili, saxis 
specifikuri gamometyveleba (sur. 1.68.). 
bavSvebi aseTi sindromiT sakmaod xSi-
rad ibadebian – 500-600 axalSobilze 
erTi. daunis sindromis mqone adamianeb-
Si SeimCneva inteleqtualuri SezRudva, 
magram es aranairad ar niSnavs, rom am 
adamianebs ar SeuZliaT sazogadoebaSi 
warmatebiT integrireba (sur. 1.69.).

mamakacebSi aRmoCenilia sasqeso qro-
mosomebis trisomia – XXY, rac kli-

nefelteris sindromis saxelwodebiTaa 
cnobili (sur. 1.70.) igi aseTi sixSiriT 
gvxvdeba – erTi 1 000 axalSobil vaJ-
ze. aseT adamianebs sustad aqvT ganvi-
Tarebuli mamakacis meoreuli sasqeso 
niSnebi, saTesleebi, unayofoni arian, 
SeimCneva inteleqtualuri SezRudva, 
zogjer uviTardebaT sarZeve jirkvle-
bi. adamianebSi sxva saxis trisomiebi iS-
viaTad gvxvdeba, radgan isini embrionis 
daRupvas adreul etapze iwveven.

maikl jonsoni daunis sindromis mqonea. 
igi bavSvobidan xatavda.  maikl jonsonis 

naxatebi (marcxniv avtoportreti)

sur. 1.68. sur. 1.69.

sur. 1.69.

klinefelteris sindromi (44+XXY)

saxeze wveri 
naklebad an 
saerTod ar aris  
ganviTarebuli

zogjer 
viTardeba 
sarZeve 
jirkvlebi

sustad 
ganviTarebuli 
saTesle jirkvlebi

sur. 1.70.

XX

XXY

Y

3. suraT 1.66. da 1.67.-is mixedviT aRwere, rogor warmoiqmneba _ 1) monosomia; 2) trisomia.

4. axseni, rogor SeiZleba triploiduri (3n) da tetraploiduri (4n) qromosomuli nak-
rebis mqone individis miReba.

5. ra aris aneuploidia? daasaxele aneuploidiis saxeebi.
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monosomiis erT-erTi saxea SereSev   ski-
terneris sindromi – igi gamowveulia sas-
qeso qromosomebis monosomiiT (X0) (sur. 
1.71.). es sindromi 5000 axalSobili gogo-
nadan erTSi gvxvdeba. maT ar uviTardebaT 
qalisaTvis damaxasiaTebeli meoreuli 
sasqeso niSnebi, damaxasiaTebelia dabali 
tani, mokle kiseri, kiserze frTisebri 
formis kanis naoWebi, ganieri gulmkerdis 
Rru, unayofoba, gulsisxlZarRvTa ano-
maliebi, mxedvelobisa da smenis daqveiTe-
ba, inteleqtualuri SezRudva.

monoploidia da poliploidia (sur. 
1.66.) genomuri mutaciebis iseTi sa-
xeebia, rodesac qromosomebis nakre-
bis ricxvi diploidurisgan (2n) jeradi 
ricxviT gansxvavdeba. eukariotuli or-
ganizmebis umravlesoba diploiduria,  
e. i. yovel somatur ujredSi aris araho-
mologiuri qromosomebis ormagi nakrebi 
(2n), erTi nakrebi (1n) _ gametebSi. amasTan 
erTad, arseboben organizmebi, romlebic 
normaSi monoploidurni arian, e. i. maTi 
somaturi ujredebi Seicaven qromoso-
mebis erT nakrebs (magaliTad, xavsebis 
zrda sruli forma, zogierTi sazoga-
doebrivi mwerebis mamrebi).

poliploidebis gametebi ki Seicaven 
qro   mosomebis erT monoploidur/hap-

loi dur nakrebze mets. poliploidur 
organizmebs aqvT arahomologiuri qro-
mosomebis orze meti nakrebi. ufro gavr-
celebulia iseTi poliploiduri orga-
nizmebi, romelTac tetraploiduri (4n), 
heqsaploiduri (6n) da oqtaploiduri (8n) 
qromosomuli nakrebi aqvT. poliploidia 
dakavSirebulia mitozis an meiozis darR-
vevasTan. kerZod, meiozSi ar scildebian 
homologiuri qromosomebi da gametebSi 
qromosomebis ricxvi izrdeba. diploi-
dur organizmebSi aseTi procesis Sede-
gad SeiZleba warmoiqmnas diploiduri ga-
metebi. diploiduri gametebis SerwymiT 
miiReba tetraploiduri (4n) qromosomu-
li nakrebi.

SereSevski-terneris sindromi (44 + X)

sur. 1.71.

6. warmoidgine, rom Sen Seiswavli mcirericxovani qromosomuli kompleqtis mqone mwe-
rebis erT-erT saxeobas. erT-erTi individi, amave saxeobis sxva individebTan Sedare-
biT, garegnulad mkveTrad gansxvavdeboda. mizezis gasarkvevad am individis sxvadasxva 
qsovilis nimuSebi aiRe da gamoikvlie mikroskopiT. zogierTi qsovilis ujredebSi aR-
moaCine qromosomebis ricxvis cvlileba, qsovilebis didi nawilis ujredebSi ki _ qro-
mosomebis normaluri ricxvi.   

 1) suraTebze romeli asoTia aRniSnuli ujredi normaluri qromosomuli ricxviT?

 2) gamosakvlevi saxeobisTvis kariotipSi ramdeni qromosomaa damaxasiaTebeli?

 3) suraTebze romeli asoebiT aris aRniSnuli ujredebi darRveuli qromosomuli 
ricxviT? ras uwodeben aseTi tipis mutaciebs?

b ga
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poliploidia bunebrivadac warmoiqmneba da SeiZleba misi xelovnuradac gamowveva. po-
liploidias xelovnurad iwveven alkaloid kolxicinis daxmarebiT. misi 0,01% Trgunavs 
gayofis TiTistaras. mag., Tu interefazaSi dnm gaormagda da anafazaSi qromatidebi nor-
malurad dascildebian, magram citoplazma ar gaiyofa, maSin warmoiqmneba tetraploiduri 
(4n) ujredi didi birTviT. aseTi  ujredi Semdeg iyofa da warmoiqmneba tetraploiduri 
Svileuli ujredebi. am ujredebSi citoplazmis raodenoba izrdeba, rom SenarCundes bir-
Tvul-citoplazmuri moculobis Tanafardobis mudmivoba.

mcenareTa sruliad axali formebis misaRebad iseT mcenareebs ajvareben erTmaneTTan, 
romlebic sxvadasxva saxeobasa da gvarsac ki miekuTvnebian. magram pirveli Taobis hibride-
bi, rogorc wesi, unayofoa, radgan qromosomebis homologiuri wyvilebi ar warmoiqmneba 
da meiozSi ver koniugireben qromosomebi. Soreuli hibridebis poliploidizacia aRadgens 
meiozis process da nayofier STamomavlobas warmoqmnis.

saxeobaTaSoris hibridebSi unayofobis daZleva _ poliploidia 

magari xorbali

xorblis gameta _ n = 14 Wvavis gameta _ n = 7

Wvavi

xorbal-Wvavis saxeobaTaSorisi 
hibridi unayofoa, radgan 
meiozis proceSi xorblisa 
da Wvavis qromosomebi ver 
warmoqmnian homologiur wyvils.

2n - 28 2n - 14

21

poliploiduri xorbal-Wvavis 
nayofieri hibridi (homologiuri 
qromosomebis wyvilebi warmoiqmneba 
da meiozSi koniugireben).

qromosomebis ricxvis 
gaormageba _ poliploidia

42

bevri kulturuli mcenare poliploidia, e.i. Seicavs qromosomebis orze met haploidur 
nakrebs. poliploidebs Soris bevri mniSvnelovani sasoflo-sameurneo kulturaa: xorbali, 
kartofili, qeri, Wvavi, wiwibura, Saqris Warxali. ramdenadac poliploidebi ufro gam-
Zleebi arian araxelsayreli faqtorebis mimarT da maRalproduqtiulni, amitom seleqci-
aSi poliploiduri jiSebis gamoyvana gamarTlebulia. bunebrivi poliploidia cxo velebSi 
iSviaTia. mecnierebma Seqmnes TuTis abreSumxvevias poliploiduri forma, romelic Tavis 
kariotipSi ori sxvadasxva saxeobis qromosomebs aerTianebs.

imis Semdeg, rac dadginda, rom rentgenisa da ultraiisferi sxivebis zemoqmedebiT izr-
deba mutaciuri procesis tempi da iwvevs mTel rig axal mutaciebs, genetikosebi Seudgnen 
xelovnuri mutaciebis miRebis meTodebis damuSavebas seleqciaSi gamoyenebis mizniT. muta-
ciebis umravlesoba organizmisaTvis sazianoa. magram aris iseTi mutaciebic, romlebic SeiZ-
leba seleqcionerisaTvis saintereso iyos. es meTodi farTod gamoiyeneba mikroorganizme-
bis seleqciaSic. 

 4) rogor fiqrob, organizmis ganviTarebis romel etapze moxda es mutacia? romel 
pro cesSi da am procesis romel etapze SeiZleboda mom xdariyo Secdoma?

 5) rogor fiqrob, am individSi aRmoCenili axali niSan-Tvisebebi gadaecema mis STamo-
malobas? axseni Seni pasuxi
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davalebis piroba:

Seqmeni kombinaciuri da mutaciuri cvalebadobis (genuri, qromosomuli, genomuri) 
kognituri modelebi da moamzade posteri. posteri warmoadgine flipCartze an eleq-
tronuli formatiT.

modelebis Seqmna

mutaciebi SeiZleba ramdenime faqto-
riT iyos gamowveuli. miuxedavad uj-
redSi arsebuli damcavi meqanizmebisa, 
SesaZlebelia genuri mutacia gamoiwvios 
dnm-is replikaciis dros momxdarma Sec-
domam. droTa ganmavlobaSi grovdeba 
ase Ti cvli lebebi, romlebic gavlenas 
axdens ujredis funqcionirebaze. maga-
liTad, bevri kvlevis Sedegad mecnierebi 
gamoTqvamen mosazrebas, rom mutaciebi 
aris daberebis seriozuli mizezi.  

mutageni aris garemos faqtori/agen-
ti, romelmac SeiZleba gamoiwvios dnm-
is cvli leba. isini zrdian replikaciis 
Secdo mebis sixSires, zogierT SemTxveva-
Si ki dnm-is jaWvis gawyvetasac ki iwveven. 
Tu es Secdomebi gavlenas axdens ujre-
dis gamravlebis maregulirebel sistema-
ze, SeiZleba maT adamianebSi simsivneebi 
gamoiwvios. 

zogierTi mutageni bunebrivad warmo-
iqmneba garemoSi, magaliTad, mzis sxivebis 
ultraiisferi sxivebi. zogierTi mutage-
ni ki samrewvelo qimikatebs warmoadgens. 
ekologebi sazogadoebas afrT xileben 

sur. 1.72.

  ram SeiZleba gamoiwvios mutaciebi?

7. gaecani rubrikaSi _ ̀ mecniereba praqtikaSi~ _ mocemul informacias da upasuxe kiTxvebs: 
1) ratom mimarTaven xelovnurad poliploidiis gamowvevas? 

 2) poliploidur mcenareebSi SeimCneva Teslebis, nayofebisa da vegetatiuri organoe-
bis zomaSi zrda. rogor fiqrob, ratom unda axasiaTebdes poliploidur mcenareebs 
zomaSi zrda diploidur mcenareebTan SedarebiT? 

 3) ra aris saxeobaTSorisi hibridebis unayofobis mizezi? 

 4) aRwere saxeobaTSoris hibridebSi unayofobis daZlevis meqanizmi.

8. ra aris mutageni da rogor zemoqmedebs igi dnm-ze?

9. ra gavlenas axdens garemos dabinZureba adamianis janmrTelobaze?

mutagenebis Sesaxeb. magali Tad, reiCel 
karsoni (sur.1.72.) erT-erTi pirveli iyo, 
vinc ewinaaRmdegeboda pesticidebisa da 
sxva potenciuri mutagenebis _ Sxamqimi-
katebis _ farTod gamoyenebas.
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• mecnieruli kvlevebiT dadginda qromosomuli da genomuri mutaciebis sxvadasxva 
saxe;

• qromosomuli mutaciebis dros icvleba qromosomis struqtura, romelic SeiZleba 
dakavSirebuli iyos krosingoveris procesis darRvevasTan; 

• genomuri mutaciebi gamowveulia meiozis procesSi homologiuri qromosomebis an 
qromatidebis dacilebis darRveviT;

• qromosomul da genomur mutaciebs didi mniSvneloba aqvs biomravalferovnebisTvis;
• memkvidruli cvalebadobisa da niSan-TvisebaTa memkvidreobis kanonzomierebebs 

eyrdno ba Tanamedrove seleqcia;
• mutaciebma SeiZleba gamoiwvios genetikuri darRvevebi da daavadebebi.

Seni naSromis prezentaciisas xazgasmiT warmoaCine:

• cvalebadobis ra formebs arCeven? 
• ra aris modifikaciuri cvalebadobis mizezi da raSi gamoixateba garemo pirobebTan 

misi adapturi mniSvneloba?  
• rogor monawileobs meiozis procesi kombinaciuri cvalebadobis warmoqmnaSi? 
• ra aris genuri mutacia da genuri mutaciis ra formebs arCeven? 
• ra kavSiria meiozis procesis darRvevasa da qromosomul da genomur mutaciebs Soris? 
• memkvidruli cvalebadobis formebi rogor ukavSirdeba ujredis struqturul ele-

mentebs? 
• ra aris mutagenebi da ra rols asruleben isini mutaciis warmoqmnaSi? 
• ra mniSvneloba aqvs cvalebadobas biomravalferovnebis warmoqmnisTvis? 
• memkvidrulma cvalebadobam ra tipis genetikuri darRvevebi da daavadebebi SeiZleba 

gamoiwvios? 
• ra mniSvneloba aqvs garemos dacviT RonisZiebebs genetikuri darRvevebis prevenciis-

Tvis?  
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 ra aris bioteqnologia da ra mniSvneloba aqvs mas Cvens 

 yoveldRiurobaSi?

1.15. bioteqnologia da misi ZiriTadi mimarTulebebi

• Cven yoveldRe gvaqvs Sexeba 
bio teqnologiasTan. moiyvane bioteq-

nologiisa da misi Sedegebis magaliTebi;  

• ra funqcias asruleben polimerazebi?

• ra funqcias asruleben restriqtazebi?

 struqtura da funqcia: niv-
Tierebis struqtura da 

fun qcia _ dnm-is, genis, fermentebis 
(restriqtazebi, polimerazebi da liga-
zebi) struqtura da fun qcia.
 sasicocxlo Tvisebebi: gamravleba, rep-
likacia.

bioteqnologias uwodeben yvelaze 
ufro srulyofil biologiur proce-
sebze damyarebul warmoebas. am gansazRv-
rebidan gamomdinare, SeiZleba ifiqro, 
rom bioteqnologia SedarebiT axali 
dargia, magram sinamdvileSi igi uZvelesi 
droidan arsebobs adamianis praqtikul 
saqmianobasTan dakavSirebiT. rogorc 
istoriuli faqtebidan irkveva, adamia-
ni aqtiurad iyenebda bioteqnologiur 
procesebs jer kidev Cv.w. aRricxvamde 
2000 wlidan. Cveni winaprebi puris, yve-
lis, mawvnis, ludisa da Rvinis damzade-
bisas ise iyenebdnen mikroorganizmebSi 
mimdinare fermentaciis reaqciebs, rom 
maT arsebobaze warmodgenac ki ar hqon-
daT. aTaswleulebis ganmavlobaSi adamia-
nebi mimarTavdnen seleqciur Sejvarebas, 
rogorc bioteqnologiur xerxs, mosav-
lianobis asamaRleblad da cxovelebis 
jiSebis gasaumjobeseblad.

bioteqnologiis sferoSi axali era 
daiwyo mas Semdeg, rac Seiswavles dnm-
is struqtura, misi replikaciisa da re-
paraciis, cilebis sinTezis meqanizmebi; 
aRmoaCines fermentebi polimerazebi, 
restriq tazebi da ligazebi. safuZveli 
Caeyara bioteqnologiis axal dargebs: 
genuri inJineria, genis, ujredebisa da 
organizmebis klonireba, genuri Terapia 
da sxv. bioteqnologia Tanamedroveo-
bis erT-erT yvelaze swrafad ganviTa-
rebad sa mecniero sferod iqca. amitom 
zogierTma XXI saukunes `bioteqnolo-
giis saukune~ uwoda. bioteqnologiis 

mTavari mimarTulebebia: 1) samedicino 
bioteqnologia _ biologiurad aqtiuri 
naerTebis (fermentebis, vitaminebis, hor-
monebis), samkurnalo preparatebis (anti-
biotikebis, vaqcinebis, Sratebis, maRal-
specifikuri antisxeulebis da sxv.), 
agreTve, cilebis, aminomJavebis (rogorc 
sakvebi danamatebis saxiT gamoyeneba) war-
moeba; Rerovani ujredebis gamoyeneba 
sxvadasxva daavadebis samkurnalod, ge-
netikuri daavadebis diagnostireba, misi 
prevenciuli da samkurnalo RonisZiebe-
bis dagegmva; 2) kvebis teqnologia _ bio-
logiur procesebze damyarebuli sakvebi 
produqtebis warmoeba; 3) biologiuri me-
Todebis gamoyeneba garemos dabinZurebis 
sawinaaRmdegod (Camdinare wylebisa da 
dabinZurebuli niadagis biologiuri gaw-
menda) da mavneblebisa da daavadebisgan 
mcenareTa dacvisTvis; 4) transgenuri/
genmodificirebuli organizmebis miReba 
_ sasargeblo mikroorganizmebis axali 
Stamebis, mcenareTa da cxovelTa jiSebis 
gamoyvana da sxv.

warmoudgenelia bioteqnologiis Ta-
namedrove mimarTulebebsa (mag., labo-
ratoriul pirobebSi fermentaciuli 
procesebis ganxorcieleba da cilebis 
warmoeba, genuri inJineria, genuri Te-
rapia) da maT Sedegebze saubari, Tu ar 
gavixseneT dnm-is replikacia, zogierTi 
fermenti (restriqtazebi, polimerazebi, 
ligazebi) da maTi funqciebi. mas Semdeg, 
rac mecnierebma daaskvnes, rom dnm aris 
genetikuri masala, SemuSavda dnm-isa da 
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genebis kvlevis sxvadasxva 
samecniero meTodi. ro-
gorc ici, dnm aris didi 
molekula, xolo geni aris 
dnm-is konkretuli monak-
veTi; erTi dnm-is mole-
kula uamrav gens Seicavs. 
amitom mecnierisTvis rTu-
lia konkretuli genis nuk-
leotiduri Sedgenilobisa 
da funqciis kvleva, Tu ar 
miiRes dnm-is fragmentebi. 

dnm-is fragmentaciis-
Tvis mecnierebi iyeneben 
restriqtazebs. restriq-
tazebi baqteriebSi warmo-
iqmneba. baqteriuli ujre-
di ise, rogorc nebismieri 
sxva ujredi, SeiZleba dasnebovndes vi-
rusiT. baqteria gamoimuSavebs ferment 
restriqtazas, romelic virusis dnm-s 
fragmentebad Wris (sur. 1.73). virusis 
dnm-is fragmentacia zRudavs baqteria-
ze virusis damazianebel zemoqmedebas. 
restriqtazebi maSin Wrian dnm-s fragmen-
tebad, rodesac isini amoicnoben dnm-Si 
Sesabamis nukleotidur Tanmimdevrobas. 

dnm-Si nukleotidur Tanmimdevrobas, 
romelsac amoicnobs restriqtaza da 
wyvets maT Soris kavSirs, restriqciis 
saits uwodeben. 

aRmoCenili da Seswavlilia asobiT 
sxvadasxva saxeobis restriqtaza. sxvada-
sxva restriqtaza dnm-is erTsa da imave 
molekulas gansxvavebuli raodenobisa 
da sigrZis fragmentebad Wris (sur. 1.74). 

virusis dnm

fermenti - 
restriqtazebi

virusis dnm-is fragmentebi, 
romlebic baqterias zians 

veRar ayeneben

sur. 1.73.

sur. 1.74.restriqtaza 1 restriqtaza 2

restriqciis saitebi restriqciis saitebi

dnm dnm

dnm-is oTxi fragmenti dnm-is Svidi fragmenti

1. ra aris bioteqnologia da misi ZiriTadi mimarTulebebi?
2. suraT 1.74-ze mocemuli informaciis mixedviT upasuxe kiTxvebs: 1) dnm-is fragmentebis 

ricxvi da sigrZe erTnairia Tu gansxvavebuli, rodesac dnm-is erTi konkretuli mole-
kulis fragmentaciisTvis gamoiyeneba sxvadasxva saxeobis restriqtaza? 2) dnm-is frag-
mentebis ricxvi da sigrZe erTnairi iqneba Tu gansxvavebuli, rodesac dnm-is sxvadasxva 
molekulis fragmentaciisTvis gamoiyeneben erTi da imave restriqtazas? 3) ra gansazRv-
ravs, Tu restriqtazas zemoqmedebiT rogor daiWreba dnm fragmentebad? 
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zogierTi saxis restriqtaza dnm-s Wris 
yru daboloebian fragmentebad, zogierTi 
ki Wadrakiseburad Wris dnm-s (sur. 1.75) 
da warmoqmnis fragmentebSi nukleoti-
debisgan Tavisufal boloebs, romelTac 
webvadi boloebi ewodeba. dnm-is frag-
mentebi webvadi boloebiT advilad ukav-
Sirdebian dnm-is sxva fragmentis komple-

mentarul webvad boloebs. amitom iseT 
restriqtazebs, romlebic dnm-s Wrian 
webvad boloebian fragmentebad, farTod 
gamoiyeneben bioteqnologiaSi (Semdeg pa-
ragrafebSi Seityob). 

imisaTvis, rom dnm-is fragmeneti ga-
moiyenon sxvadasxva mizniT, saWiroa 
restriqtaziT daWrili dnm-is fragmen-

tebis erTmaneTisgan dacile-
ba. ფragmentebs erTmaneTisgan 
sxvadasxva meTodiT acileben. 
erT-erTi meTodia eleqtro-
forezi gelis saSualebiT 
(sur. 1.76). dnm-is fragmentebs 
moaTavseben JeleTi dafarul 
firfitaze. JeleSi gaatare-
ben eleqtrul dens. firfitis 
erT kideSi Jele uaryofiTad 
imuxteba, meore kideSi ki da-
debiTad. Tavad dnm-is frag-
mentebi uaryofiTad aris 
damuxtuli da amitom isini 
iwyeben moZraobas Jeles fir-
fitis dadebiTad damuxtuli 
bolosken. am meTods iyeneben 
sxvadasxva mizniT, magaliTad, 
dnm-is anabeWdebis dasamzadeb-
lad, genuri mutaciebis aR-
mosaCenad, genebis Tanmimdev-
robis dasadgenad.

genuri mutaciis aRmosaCe-
nad, adamianebsa da sxvadasxva 
saxeobas Soris naTesauri kav-
Siris dasadgenad, kriminalis-

restriqciis saiti

webvadi 
boloebiwebvadi 

boloebi

restriqciis saitebia

dnm

sur. 1.75.

-

+

restriqtaza dnm-s Wris sxvadasxva sigrZis fragmentebad

eleqtroforezis geliT dnm-is fragmentebi erTmaneTs 
scildeba, radgan gelis dadebiTad damuxtuli kidisken 

uaryofiTad damuxtuli dnm-is fragmentebidan yvelaze swrafad 
moZraobs mokle, xolo yvelaze nela _ grZeli fragmentebi.

dnm-is nimuSi

dnm-is fragmentebi dnm-is fragmentebi gelze

d
nm

-i
s 

f
r
ag

me
nt

eb
is

 
mo

Zr
ao

bi
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mi
ma

r
T
u
l

eb
a

sur. 1.76.

daTCGA      AGCT
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polimerazuli jaWvuri reaqcia

dnm-is mcire zomis nimuSi

dnm-is jaWvebis erTmanTisgan dacileba

praimeri 1

praimeri 2

polimeraza

praimerebi* (igi aucilebelia dnm-is 
replikaciisTvis) ukavSirdeba dnm-is jaWvebs

polimeraza erTjaWvian dnm-s ukavSirebs 
nukleotidebs komplementarobis principiT

polimerazuli jaWvuri reaqciis Sedegad 
dnm-is segmentis aslebis ricxvi izrdeba

nukleotidebi

1

3 4

2

sur. 1.77.

tikaSi savaraudo damnaSavis identifi-
cirebisTvis da sxva manipulaciebisTvis 
mecnierebs sWirde baT dnm-is aslebi. am 
mizniT xSirad mecnierebi amzadeben dnm-
is molekulis erTi da imave segmentis 
uamrav asls. am process uzrunvelyofs 

polimerazuli jaWvuri reaqcia, romel-
Sic did rols asruleben dnm-polimera-
zebi (sur. 1.77). polimerazuli jaWvuri 
reaqcia Zalian swrafad mimdinareobs da 
drois mcire monakeTSi dnm-is segmentis 
uamravi asli warmoiqmneba. 

kaliforniis bioteqnologiuri kompaniis TanamSromelma kari malisma 1983 wels SeimuSava 
sinjaraSi dnm-is segmentebis aslebis miRebis meTodi, anu polimerazuli jaWvuri reaqci-
is meTodi. igi mixvda, rom Tu dnm-polimerazas moqmedebisTvis saWiro pirobebs sinjaraSi 
sworad SearCevda, ujredis gareTac SeiZleboda dnm-is segmentebis aslebis miReba (man da-
sawyisSi gamoiyena nawlavis Cxiris dnm-polimeraza). Tumca ujredSi, vidre dnm-polime-
raza daiwyebs moqmedebas, dnm-is replikaciaSi monawileobs sxva fermentebic, magaliTad, 
fermenti helikaza, romelic dnm-is jaWvebs erTmaneTs acilebs. malisma am mizniT gamoiyena 
maRali temperatura (80oC), romelmac dnm-s jaWvebi ki daacila erTmaneTs, magram, aseve,  
gamoiwvia nawlavis Cxiris dnm-polimerazis denaturacia. mecnierma am problemis gadasaW-
relad, nawlavis Cxiris dnm-polimerazis nacvlad, gamoiyena 80oC-ze maRal temperaturaze 
mcxovrebi baqteriebis dnm-polimeraza. amrigad, man bioteqnologiaSi warmatebiT gamoiyena 
eqstrema lur pirobebTan organizmebSi bunebrivad gamomuSavebuli adaptacia.   

polimerazuli jaWvuri reaqciis meTodi karim msoflios warudgina 1985 wels, risTvisac 
1993 wels nobelis premia miiRo.   
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• mecnieruli kvlevebis Sedegad dadgenilma biologiuri sistemebis struqturisa da 
funqciebis, maTSi mimdinare biologiuri procesebis kanonzomierebebis gaazrebam 
xeli Seuwyo bioteqnologiis Tanamedrove mimdinareobebis ganviTarebas; 

• bioteqnologia efuZneba dnm-is replikaciisa da cilebis biosinTezis meqanizmebs, 
restriqtazebisa da polimerazebis moqmedebis Taviseburebas. 

3. aRwere, rogor iyeneben restriqtazebs dnm-is restriqciuli fragmentebisa da anabeWde-
bis misaRebad?

4. ra kavSiria restriqciis saitebsa da dnm-is anabeWdebs Soris?
5. ra praqtikuli gamoyeneba aqvs dnm-is anabeWdebs?
6. ra msgavseba-gansxvavebaa replikaciasa da polimerazul jaWvur reaqcias Soris?
7. gaecani rubrikaSi _ ̀ mecniereba praqtikaSi~ _ mocemul informacias da upasuxe kiTxvebs: 

1) ratom gamoiyena malisma maRali temperatura? 2) ratom Caanacvla nawlavis Cxiris 
dnm-polimeraza bunebrivad maRal temperaturaze mcxovrebi baqteriebis dnm-polimera-
ziT?

8. maRal temperaturaze dnm-is ori jaWvi erTmaneTs scildeba. axseni, ratom? axseni, bevr 
organizmSi maRal temperaturaze ratom xdeba dnm-polimeraza araaqtiuri? 

bioteqnologiis ganviTarebam da Cvens 
yoveldRiurobaSi misma masStaburma Se-
moWram bioeTikis problemuri sakiTxe-
bic wamoWra. bioeTika Seiswavlis mora-
lur sakiTxebs, romlebic aRmoCndeba 
biologiuri kvlevebisa da maTi Tanmxle-
bi procesebis dros. bioteqnologiis 
ganviTarebiT gamowveul mraval eTikur, 
sakanonmdeblo da socialur sakiTxze 
daoben sazogadoebis sxvadasxva fenis 
warmomadgenlebi _ mecnierebi, religiis 
msaxurebi, politikosebi, kanonmdeble-
bi da rigiTi moqalaqeebi. Senc mogiwevs 

msjeloba bioteqnologiis zogierTi mi-
marTulebis Tanamedrove miRwevebisa da 
samomavlo ganviTarebasTan dakavSirebul 
bioeTikur sakiTxebze. magaliTad, cxove-
lebze kvlevebis Catarebis wesebze. cxo-
velTa gamoyeneba kvlevebSi mkacrad unda 
kontroldebodes. cxovelebze kvle vis 
dawyebamde mecnierebi valdebulni arian, 
daasabuTon maTi gamoyenebis aucileblo-
ba, sworad SearCion saTanado saxeoba da 
SeimuSaon kvlevis iseTi gegma, romelic 
cxovelebis minimaluri raodenobis gamo-
yenebaze iqneba gaTvlili. 
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 ra aris genuri inJineria da ra praqtikuli mniSvneloba aqvs mas?

1.16. genuri inJineria. transgenuri organizmebi

• rogor fiqrob, ratom anaTebs es 
Tagvi (sur. 1.78)? am cxovelis sao-

car mwvane naTebas iwvevs cila, romelic  
ult ra iisfer sxivebze mwvaned anaTebs. 
gens, romelic akodirebs mwvane lumines-
cenciis* cilas, Seicavs manaTobeli meduza. 
meduzis am genis matarebelia manaTobeli 
Tagvic. rogor fiqrob, ra manipulaciebis 
Catareba mouwevdaT mecnierebs imisTvis, 
rom meduzis geni Tagvis genomSi SeetanaT? 
ras uwodebdi bioteqnologiis am dargs? 

• gaixsene, ra procesebi uzrunvelyofs 
baq teriebSi rekombinantuli dnm-is war-

moqmnas (https://bit.ly/3wUo9xI)? 

• raSi iyeneben mecnierebi rekombinantul 
plazmidas?

 struqtura da funqcia: 
plazmidebis, fermentebis (res-

triqtazebi, polimerazebi da ligazebi), 
rekombinantuli dnm-is struqtura da 
funqcia.
 biomravalferovneba:  genmodificirebuli 
organizmebis gavlena biomravalferov-
nebaze.

mecnierebma manaTobeli meduzis geni 
gadaitanes virusSi, romelic Semdeg ga-
moiyenes Tagvis kvercxujredSi am genis 
Sesatanad. am gziT es geni CaerTo Tag-
vis genomSi da mas SesZina luminescenciis 
cilis sinTezis unari. mecnierebi `mana-
Tobel~ Tagvebs iyeneben kibos kvlevis-
Tvis. 1999 wels britanelma mecnierebma 
warmoadgines manaTobeli safuaris ujre-
debi, romlebsac iyeneben dabinZurebuli 
wylis aRmosaCenad. safuaris ujredebi 
mxolod maSin anaTeben, rodesac garemo-
Si garkveuli qimiuri nivTierebebi arse-
bobs. naTeba miuTiTebs, Tu wyalsatevis 
romeli ubania dabinZurebuli.

zemoT aRwerili magaliTebi imaze miu-
TiTebs, rom organizmebs SeZenili aqvT 
maTTvis uCveulo axali niSan-Tvisebebi. 
es imas niSnavs, rom mecnierebma erTi or-

ganizmis geni CarTes meore organizmis 
genomSi, ris gamoc maT SeiZines axali ni-
San-Tvisebebi. aseT organizmebs transge-
nurs, anu genmodificirebuls uwodeben, 
xolo bioteqnologiis am dargs ki genur 
inJinerias. transgenur organizmebs aqvT 
sxva organizmis erTi an ramdenime geni. 
genuri inJineria SesaZlebelia, radgan 
genetikuri kodi saerToa yvela organiz-
misTvis. 

genuri inJineria emyareba rekombinan-
tuli dnm-is miRebisa da misi gamoyenebis 
teqnologias. rekombinantuli dnm aris 
dnm, romelic Seicavs sxva organizmis gens 
– misTvis ucxo gens. restriqciis fermen-
tebi, dnm-ligaza da plazmidebi (sur. 1.79) 
_ molekuluri biologiis komponentebi _ 
rekombinantuli dnm-is miRebis instru-
mentebia. genur inJineriaSi farTod sar-

sur. 1.78.

sur. 1.79.

baqteriuli 

qromosoma

plazmidebi
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gebloben baqteriebiT. erT-erTi mizezi 
aris is, rom baqteriebs aqvT mcire zomis 
rgoluri formis dnm, romelsac plaz-
midas uwodeben. rogorc suraT 1.79-ze 
Cans, plazmidebi gamoyofilia baqteriu-
li qromosomisgan da ujredSi damouki-
deblad ganicdian replikacias. plazmida 

rekombinantuli plazmida SehyavT baq-
teriaSi, Sesabamisad, baqteria SeiZens 
axal niSan-Tvisebas. zogierT SemTxveva-
Si transgenuri baqteriebi gadaiqcevian 
patara `genur fabrikebad~, romlebic 
warmoqmnian rekombinantuli plazmidebi-
sa da, Sesabamisad, axali genis bevr asls. 
baqteriebSi funqcionireben es genebi da 

mobiluria da koniugaciis dros SeiZleba 
erTi baqteriidan meoreSi gadavides. ami-
tom plazmidas genur inJineriaSi iyeneben 
baqteriaSi ucxo genis Sesayvanad. amisTvis 
ki jer iReben rekombinantul plazmidas, 
romlis xelovnurad miRebis procedura 
suraT 1.80-zea naCvenebi.

sinTezirdeba am genebis Sesabamisi ci-
lebi. magaliTad, insulinis sinTezze 
pa suxismgebeli adamianis geni  SeiZleba 
CarTon plazmidaSi, romelic SehyavT 
baqteriaSi da baqteriebi asinTezireben 
adamianis insulins, romelsac iyeneben 
diabetis samkurnalod. aseve, rekombi-
nantuli dnm- teqnologiis danergvis Se-

rekombinantuli plazmidas miRebis meqanizmi

ucxo dnm

mecnierisTvis saintereso 
dnm-is ubani

webvadi 
boloebi

gaxsnili plazmida

rekombinantuli dnm 
(plazmida)

restriqtazebi

plazmida

geni ucxo 
geni

sur. 1.80.

reninis sinTezze pasuxismgebeli genis Canergva baqteriaSi

reninis sinTezze 
pasuxismgebeli 
xbos geni

baqteriam SeiZina reninis sinTezis unari

baqteriuli
`qromosoma~

baqteriidan plazmidas gamoyofa

transgenuri 
baqteria

rekombinantuli 
plazmidas Canergva 
baqteriaSi

resriqtaziT 
gaxleCili 
plazmida

donoris 
genis CaSeneba 
plazmidaSi 
dnm-ligazas 
monawileobiT

restriqtaziT 
amoWrili reninis 
geni

baqteriis 
ujredi

xbos donori 
ujredi

plazmida

rekombinantuli 
plazmida

1

2

3

4
5

sur. 1.81.

ucxo dnm-sa da plazmidas 
gaxsna xdeba erTi da imave 
restriqtaziT

dnm-ligaza genisa da 
plazmidas webvad boloebs 
erTmaneTTan akavSirebs

genisa da plazmidas webvadi 
boloebi erTmaneTis 
komplementarulia
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degia, rom baqteriebidan iReben renins _ 
yvelis warmoebaSi gamoyenebul ferments 
(sur. 1.81). am teqnologiis ganviTarebam-
de mas xbos kuWidan gamoyofdnen, dRes ki 
reninis miReba baqteriebidan iafic jde-
ba da mcireasakiani xboebis dakvlis auci-
leblobac aRar aris. 

zogierTi fagi Tavad aris genuri in-
Jineriis „ubadlo ostati“. fagma SeiZle-
ba miitacos maspinZeli baqteriis dnm-is 
fragmenti da warmoiqmneba fagis rekom-
binantuli dnm. miiReba rekombinantuli 
dnm-is matarebeli fagis aslebi. Tu es fa-
gebi sxva baqteriaSi SeiWrebian, mis dnm-Si 
CaaSeneben sakuTar, rekombinantul dnm-s. 
amgvarad, moxdeba transduqcia. trans-
duqcia aris fagis saSualebiT erTi baq-

teriis genebis gadatana meore baqteriis 
dnm-Si. mecnierebi plazmidebsa da fagebs 
iyeneben `ucxo~ dnm-is gadasatanad erTi 
organizmidan sxva organizmSi, amitom maT 
veqtorebs uwodeben. 

laboratoriebSi mikroorganizmebs 
war   matebiT iyeneben cilebis misaRebad, 
radgan kargadaa Seswavlili maT ujre-
debSi mimdinare fermentaciuli proce-
sebi, maTi modificireba SedarebiT advi-
lia da mokle droSi SesaZ le belia didi 
raodenobiT kultivireba. baq teriebis 
bevri Stami monawileobs narCenebis daS-
laSi. genuri inJineriiT iReben mikroor-
ganizmebs, romlebic garemoSi moxvedris 
Semdeg narCenebs swra fad da efeqturad 
Slian.

Sen Seqmni rekombinantuli dnm-models da Seasruleb ge-
nuri inJineriis teqnologis rols. 

saWiro masala: 25 sm X 6 sm muyaos 2 naWeri, qaRaldis 80 
samagri (oTxi sxvadasxva feri), 4 feris markeri, makrateli.

SeniSvna: Tu samagrebi ar gaqvs, SegiZlia gamoiyeno mxo-
lod 4 gansxvavebuli feris markeri muyaos naWerze nukleo-
tidebis dasaxelebis dasawerad.

procedura:

 1. amoirCie qaRaldis oTxi sxvadasxva feris samagri, romlebic oTx gansxvavebul nuk-
leotids warmoadgens (A, T, C da G).

 2. muyaos kideze daamagre qaRaldis 20 samagri ferebis nebismieri TanmimdevrobiT, 
rogorc suraTzea naCvenebi. gaiTvaliswine, rom GAATTC Tanmimdevroba organ unda 
meordebodes (suraTze mxolod erTi aseTi Tanmimdevrobaa warmodgenili). samagrebTan 
Sesabamisi nukleotidebis saxelebi miawere. muyaos meore kideze qaRaldis samagrebi _ 
`nukleotidebi~, komplementarobis principiT ganalage. Caiwere Seni dnm-is fragmentis 
nukleotiduri Tanmimdevroba.

 3. moZebne pirveli GAATTC ubani da gaxaze zigzaguri xazi G-sa da A-s Soris, rogorc 
suraTzea naCvenebi. aseve moiqeci meore GAATTC ubnisTvisac.

 4. makratliT gaWeri ori zigzaguri xazis gaswvriv, raTa sami segmenti miiRo.
 5. 2-4 etapebi gaimeore muyaos me-2 naWrisTvisac.
 6. pirvel da meore muyaos naWrebis Sua segmentebs adgilebi Seucvale. muyaos TiToeu-

li naWrisTvis axali segmenti or `webovan boloebs~ Soris moaTavse. Caiwere dnm-is 
nukleotidebis axali Tanmimdevroba.

 7. dnm-is axali fragmenti Seadare sawyisi dnm-is fragments. CainiSne, ra tipis gansxva-
veba aRmoaCine. 
upasuxe kiTxvebs:
• ras uwodeb dnm-is molekulebs mas Semdeg, rac adgilebi Seucvale Sua segmentebs? 

bioteqnologiis romel dargSi iyeneben aseT dnm-s? 
• romeli fermentis rols asrulebs makrateli?

 • ra ewodeba GAATTC segmentebs?  
• romeli fermenti monawileobs webvadi boloebis erTmaneTTan dakavSirebaSi? 

rekombinantuli dnm-is molekulis modelis Seqmna
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genuri inJineriiT, transgenuri/gen-
modificirebuli (gm) mikroorganizmebis 
garda, maRalorganizebuli genmodifi-
cirebuli organizmebic gamohyavT. uka-
naskneli 50 wlis ganmavlobaSi msoflios 
mosaxleoba, TiTqmis, gaormagda maSin, 
rodesac miwebis sasoflo-sameurneo sa-
vargulebis farTobi mxolod 10%-iT 

 rogor iyeneben genur inJinerias genmodificirebuli mcenareebisa da 

 cxovelebis misaRebad?

gaizarda. rogoraa SesaZlebeli aseT pi-
robebSi amdeni adamianis gamokveba? 1996 
wlidan aqtiurad daiwyes gm mcenareebis 
gamoyvana da mkveTrad gaizarda bioteq-
nologiuri kulturebiT gaSenebuli mi-
wis farTobebi. gm mcenareebis gamosay-
vanad veqtorebad iyeneben baqteriebsa 
(sur. 1.82) da virusebs.

genuri inJineriis gziT gamoiyvanes po-
midvris, simindis, xorblis, kartofilis, 
soios, marwyvis, atmisa da sxva mcenareTa 
gm jiSebi. gm jiSebis gamoyvanis erT-erTi 
mizani aris mosavlianobis gazrda, gar-
da amisa, iseTi mcenaris miReba, romelic 
TviTon gamoimuSavebs pesticidebsa* da 
herbicidebs*, mdgradi iqneba virusebi-
sa da araxelsayreli abioturi faqto-
rebisadmi (yinva, dabali tenianoba). ma-
galiTad, gamoiyvanes kolorados xoWos 
mimarT mdgradi gm kartofili da pomi-
dori. pomidori bioinJineriis nam dvili 
xelovnebis nimuSia. swrafad izrdeba, 
iZleva uxv mosavals, nayofi itans tran-
sportirebas da didxans sZlebs maRaziis 
Taroebze, mdgradia daavadebebis mimarT.      

miuxedavad imisa, rom gm mcenareebma 
msoflios bevr qveyanaSi mosaxleoba Sim-
Sils aarida, gm organizmebis moyvanasa 
da gm produqtebis warmoebas bevri mo-

winaaRmdege hyavs. adamianTa garkveuli 
wreebi SeSfoTebuli arian imiT, rom gm 
produqtebma adamianis janmrTelobas 
SeiZleba ziani miayenos. Tumca, sanam ar 
Catardeba xangrZlivi kvlevebi adamianTa 
janmrTelobaze gm sakvebi produqtebis 
gavlenis Sesaswavlad, dabejiTebiT ve-
ravin ityvis, rom gm sakvebi usafrTxoa 
an safrTxis Semcvelia. cxrilSi warmod-
genilia gm mcenareebisa da maTi produq-
tebis dadebiTi mxareebi da mosalodneli 
riskebi (cxr. 1.3).

gm mcenareebTan SedarebiT, gm cxove-
lebis miReba rTulia, radgan cxovelebi 
ufro mdgradebi arian genetikuri mani-
pulaciebisadmi. transgenuri cxovele-
bis gamosayvanad dasawyisSi gamoyofen 
ganayofierebul kvercxujreds; Semdeg 
ucxo gens CarTaven kvercxujredis bir-
TvSi, kvercxujreds astimulireben, igi 
ramdenjerme iyofa da mravalujredian 

baqteriiT mcenareuli 
ujredis dasnebovneba

1

2

3

rekombinantuli 
plazmida

transgenuri baqteria

transgenuri ujredis 
kultivireba

transgenuri anu 
genmodificirebuli 
mcenaris ganviTarebasur. 1.82.
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Canasaxs Canergaven mdedrSi; viTardeba gm 
cxoveli; am cxovelSi sinTezirdeba ucxo 
genis Sesabamisi cila. ucxo gens Seicavs 
gm cxovelis yvela ujredi, maT Soris 
reproduqciuli ujredebic da amitom 
transgenuri niSani gadaecema mis STamo-
mavlobas. pirveli transgenuri cxoveli 
_ Tagvi, 1982 wels miiRes. gm cxovelebs, 
gansakuTrebiT ki Tagvebs, xSirad iyene-
ben modelebad adamianis genebis moqmede-
bis Sesaswavlad da maTSi mimdinare daava-
debebis mimdinareobis gamosakvlevad (ix. 
gv. 120 – samedicino bioteqnologia).

eqsperimentebi gm organizmebis gamoy-
vanis mizniT yovelTvis warmatebiT ar 
mTavrdeba. magaliTad, mecnierebma ada-
mianis zrdis hormonis geni gadanerges 
TagvSi, miiRes uzarmazari Tagvi, magram, 
rodesac igive geni gadanerges RorSi, 
miiRes avadmyofi, juja, elami da unayo-

fo cxoveli. analogiuri SemTxveva iyo 
oragulTan dakavSirebiT. mecnierebma mis 
dnm-Si gadanerges zrdis geni kitridan. 
amis Semdeg oraguli swrafad izrdeboda, 
magram misma xorcma mwvane Seferiloba 
miiRo.

dnm-isa da genebis moqmedebis mecnieru-
li safuZvlebi jer kidev bolomde srul-
yofilad ar aris Seswavlili. genebis ur-
TierTqmedebis mravali formaa cnobili. 
organizmis dnm-Si SeWra da masSi ucxo 
genis Canergva warmoSobs genTa urTier-
Tqmedebis axal formebsa da mutaciebs 
araprognozirebadi efeqtebiT. sanam ge-
nebs Soris arsebuli urTierTdamokide-
buleba srulyofilad ar iqneba Seswavli-
li da gaazrebuli, manamde eqsperimenti 
SeiZleba dasruldes iseTive warumatebe-
li SedegebiT, rogoric avadmyofi Roris 
an mwvane oragulis SemTxvevebi iyo.

cxrili 1.3.                       gm organizmebisa da sakvebi produqtebis upiratesoba da SesaZlo problemebi

dadebiTi mxare SesaZlo riskebi

gm organizmebi maRalproduqtiulebi arian; 
maT moyvanaze naklebi resursebi ixarjeba, 
magaliTad, amcireben pesticidebisa da sa-
suqebis moxmarebas.

SeiZleba gm mcenareebma damtveron veluri mcenareebi da 
Seiqmnas `supersarevelebis~ saxeobebi, uaryofiTi gav-
lena moaxdinos biomravalferovnebaze; mag., gm mcenarem, 
romelic TviTon warmoqmnis pesticidebs, SeiZleba 
mcenareebis dammtveravi mwerebic moklas (mag., futkre-
bi, peplebi); transgenuri organizmis populaciis yvela 
individs aqvs identuri genomi, amitom mecnierebi SiSo-
ben, rom SeiZleba aseTi populacia aramdgradi iyos axa-
li daavadebebisa da mavneblebis mimarT.

gm mcenareebi advilad eguebian araxel-
sayrel garemo pirobebs, amitom SeiZleba 
gafarTovdes maTi gavrcelebis areali da 
Seamciros mosaxleobis SimSilis riski.

gm mikroorganizmebma SeiZleba gamoaRwios laborato-
riebidan garemoSi da gamoiwvios gauTvaliswinebeli 
uaryofiTi Sedegebi.

seleqciuri SejvarebiT miRebul jiSebTan 
SedarebiT, genuri inJineriiT miRebuli or-
ganizmebis Tvisebebisa da maTi gamravlebis 
Sedegebi ufro prognozirebadia. 

`axali jiSebi~/ gm mcenareebi SeiZleba daapatentos kom-
paniam, romelmac didi fuli daxarja aseTi organizmis 
misaRebad da uari Tqvas Tavisi miRwevebis gaziarebaze; 
es ki am kompanias aqcevs Zlevamosilad.

gm sakvebi produqtebis moxmareba SeiZleba 
ufro mosaxerxebeli da sasargeblo iyos. 
mag., kartofili, romelic nakleb cxims Sei-
wovs Sewvis dros, gm mcenare SeiZleba Sei-
cavdes samkurnalo produqtebs, vaqcinebs.

gm sakvebma produqtma SeiZleba gamoiwvios alergia; 
SesaZ lebelia gm xili an bostneuli garegnulad kargad 
gamoiyurebodes, magram sinamdvileSi SeiZleba didi xnis 
mokrefili iyos da masSi cota sasargeblo nivTiereba 
iyos darCenili.

1. genuri inJineriis teqnologs ratom adareben filmis redaqtors, romelic Wris kino-
firs da awebebs kinofiris fragmentebs, rom miiRos sasurveli Sinaarsis filmi? 

2. ra aris rekombinantuli dnm? romeli fermentebi monawileoben mis miRebaSi?
3. ratom aris mniSvnelovani dnm-is webvadi boloebi rekombinantuli dnm-is misaRebad?
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• genuri inJineriis Sedegad organizmis genomSi CarTaven ucxo gens da axali niSan-Tvi-
sebebis organizmi miiReba; mas genmodificirebul organizms (gmo) uwodeben;

• genuri inJineria emyareba rekombinantuli dnm-is miRebisa da misi gamoyenebis teqno-
logias;

• veqtori aris struqtura, romelsac erTi organizmis geni Seaqvs meoreSi;
• veqtoris rols asrulebs plazmidebi da virusebi;
• genur inJinerias aqvs rogorc dadebiTi Sedegebi, ise Seicavs riskebsac;
• gm organizmebma SeiZleba Seqmnan ekologiuri problemebi.

4. ratom iyeneben mecnierebi sxvadasxva restriqtazas, rodesac surT dnm-dan sxvadasxva 
genis amoWra?

5. ratom iyeneben mecnierebi erTsa da imave restriqtazas plazmidis gasaxsnelad da dono-
ris dnm-dan genis amosaWrelad?

6. saxelmZRvanelos teqstidan,  suraTebidan da animaciuri filmidan („genuri inJineria“  
_ https://bit.ly/3JGwtZR) miRebuli informaciis safuZvelze upasuxe kiTxvebs: 1) ra aris 
genuri inJineria? 2) ra rols asrulebs rekombinantuli dnm genur inJineriaSi? 3) ra as-
rulebs veqtorebis rols? 4) ras niSnavs transgenuri, anu genmodificirebuli organizmi 
(gmo)? 5) ra praqtikuli gamoyeneba aqvs gmo-s? 

7. samrewvelo warmoebisTvis adamianis X-hormonis geni Canerges plazmidaSi da baqterieb-
ma daiwyes X-hormonis sinTezi. am procesis etapebi araTanmimdevrulad warmodgenilia 
cxrilSi.  cxrilSi warmodgenili etapebi danomre ise, rom sworad aRwerdes am procesis 
Tanmimdevrobas.

procesis etapebi etapis nomeri

baqteriis plazmidas gaxleCa restriqtaziT

adamianis dnm-is gaxsna restriqtaziT

adamianis genis identifikacia, romelic X-hormons akodirebs 1

rekombinantuli plazmidas (romelSic adamianis genia CaSenebuli) mravali 
aslis warmoqmna baqteriis ujredSi

adamianis X-hormonis genis CaSeneba plazmidaSi

genmodificirebuli baqteriebidan laboratoriul pirobebSi iReben adamia-
nis X-hormons

rekombinantuli plazmida, rogorc veqtori, SehyavT baqteriaSi 

miiReba transgenuri/genmodificirebuli baqteria

8. mravali eqsperti Tvlis, rom gm sakvebi usafrTxoa, Tumca sazogadoebis nawils uaryofi-
Ti azri aqvs rogorc gm produqtebze, ise gm organizmebis gamoyvanasa da maT gamravle-
baze. gaecani paragrafis teqstsa da cxrilSi (cxr. 1.3) mocemul informacias da imsjele 
jgufSi:
• ra tipis ekologiuri problemebi SeiZleba Seqmnan gm organizmebma bunebaSi?
• gm sakvebma produqtebma janmrTelobis ra saxis problema SeiZleba Seuqmnas adamians?
• unda gagrZeldes Tu ara gm organizmebis gamoyvana? argumentirebuli msjelobiT daa-

sabuTe Seni mosazreba;
• saWiroa Tu ara produqtis etiketze imis miTiTeba, produqti genmodificirebulia Tu 

ara?
• Camowere yvela is kiTxva, romelzec pasuxi gainteresebs iqamde, sanam gadawyvet gm pro-

duqtis sakvebad moxmarebas.
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 ra aris kloni da ras niSnavs klonireba?

1.17.  klonireba

• ras niSnavs identuri tyupi (sur. 1. 
83)?

• nacnobebSi gyavs identuri tyupebi? Tu ki, 
ra SegiZlia Tqva maT Sesaxeb? arian Tu ara 
zustad erTnairi Tvisebebis matarebelni?  

 sasicocxlo Tvisebebi: klo-
nireba da masSi monawile 

procesebi _ replikacia, mitozi, usqeso 
gamravleba, kultivireba. 
 struqtura da funqcia: klonis _ geneti-
kurad identuri organizmis, ujredis, 
dnm-isa da genis aslebis _ struqtura 
da funqcia.
 biomravalferovneba: klonirebis gavle-
na biomravalferovnebaze. 

kloni aris genis, ujredis, organiz-
mis genetikurad identuri asli, xolo 
genetikurad identuri ramdenime aslis 
miRebis process ki klonireba ewodeba. 
es procesi sakmaod gavrcelebulia bu-
nebaSi. bevri mcenare TviTon awarmoebs 
Tavisi Tavis klonebs. magaliTad, zo-
gierTi mcenare fesvis amonayriT iviTa-
rebs Tavis klonebs; baqteriebi binaruli 
gayofiT warmoqmnian identur ujredebs; 
ujredis mitozuri gayofiT erTmaneTi-
sa da mSobliuri ujredis genetikurad 
identuri ujredebi _ klonebi _ warmoiq-
mneba; identuri tyupi erTmaneTis klone-
bi arian. adamiani saukuneebis ganmavloba-
Si qmnis mcenareTa klonebs. klonirebis 
pro cesi mcenareebSi martivad mimdina-

sur. 1.83.

1. buneba klonirebis ra magaliTebs gvTavazobs?
2. usqeso gamravlebiT miRebuli STamomavloba ratom iTvleba mSoblisa da erTmaneTis 

klonebad?
3. ratomaa advili mcenareebis klonireba?
4. ratomaa maRalganviTarebuli cxovelebis klonireba rTuli?
5. ZuZumwovrebis klonireba ratomaa ufro rTuli, vidre Tevzebisa da amfibiebis?
6. ra mizniT mimarTaven adamianebi klonirebas?
7. rogor fiqrob, kloni fenotipurad gamovlenili niSnebiTac iqneba donori organizmis 

identuri? ratom fiqrob ase?

reobs, radgan mcenaris qsovilebi Seica-
ven Rerovan ujredebs; maTgan sxvadasxva 
tipis ujredi viTardeba. zogierT martiv 
cxovels, magaliTad, zRvis varskvlavas, 
regeneraciis saSualebiT SeuZlia Tavisi 
Tavis klonebis Seqmna. cxovelebis umrav-
lesobas ki TviTklonireba ar SeuZlia. 
yvela zemoT ganxiluli magaliTi usqeso 
gamravlebis Sedegia. amrigad, usqeso gam-
ravleba organizmTa klonirebis biolo-
giuri safuZvelia da Tavad buneba iZle-
va mis uamrav magaliTs. adamiani usqeso 
gamravlebas xSirad iyenebs mcenareebSi 
sasurveli niSan-Tvisebebis SenarCunebis 
mizniT. xelovnur klonirebas cxovele-
bis mimarTac iyeneben, magram amisTvis 
specialuri meTodebi SeimuSaves, radgan 
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maRalorganizebuli cxovelebis kloni-
reba rTuli procesia da igi xSirad marc-
xiT mTavrdeba (sur. 1. 84). 

gansakuTrebiT rTulia ZuZumwovrebis 
klonireba. 1996 wels SotlandiaSi ZuZu-
mwovris klonireba pirvelad damTavrda 
warmatebiT 236-e mcdelobaze da daibada 
cxvris kloni, romelsac doli uwodes 
(suraT 1.85-ze doli da ian vilmuti, visi 
meTodiTac miiRes doli).

mecnierebs ufro metad ainteresebT 
im cxovelTa klonebis miReba, romelTac 
aqvT adamianisTvis saintereso niSan-Tvi-
sebebi da praqtikuli mniSvneloba, maga-
liTad, Zroxa rekorduli wveladobiT, 
cxvari matylis didi nakreWiT da sxv. 
ZuZumwovrebi da sxva maRalorganizebuli 
cxovelebi bunebrivad mxolod sqesobri-
vad mravldebian da amitom isini STamo-
mavlobas zustad ver gadascemen TavianT 
niSan-Tvisebebs, klonirebiT ki es SesaZ-
lebelia. 

mecnierebma cxovelebis, maT Soris 
ZuZumwovrebis, klonirebis sxvadasxva me-
Todi SeimuSaves (sur. 1.86). magaliTad, 
ZuZu mwovrebis klonirebisas, pirvel 
rig  Si, cxovelisgan iReben gaunayofiere-
bel kvercxujreds da misgan amoiReben 
 birTvs (enukleacia), Semdeg masSi Caner-
gaven adamianisTvis saintereso niSan-Tvi-
sebebis mqo ne cxovelis somaturi ujre-
dis  birTvs. kvercxujredi stimulirdeba 
da Tu warmatebiT warimarTa procesi, 
igi  dayofas iwyebs, Semdeg mravalujre-
dian embrions gadanergaven surogati de-
dis saSvilosnoSi (i. vilmutis meTodi). 
klonirebis erT-erTi meTodia embrionu-
li klonireba: 1) embrio nuli Rerovani 

bayayis klonirebis sqema jon herdonis meTodiT

albinosi bayayis ganayo-
fierebuli kvercxujredi

birTvis 
mocileba/
enukleacia

somaturi ujredebis birTvis 
Canergva kvercxujredSi

normaluri pigmentaciis 
somaturi ujredi

enukleacia

birTvis 
gadatana

blastula

normaluri pigmentaciis
bayayi _ 1-2% 98-99%

blastula
ar iyofa

degeneracia

sur. 1.84.

8. uyure animaciur films „dolis klonireba“ (https://bit.ly/3DGHTcc) da qvemoT mocemuli 
winadadebebi ise daalage, rom sworad aRwerdes dolis klonirebis procesis etapebis 
Tanamimdevrobas.

 1. kvercxujredis aqtivacia da recipienti cxvris saSvilosnoSi Canergva; 2. donori 
finuri dorsetis jiSis cxvris sarZeve jirkvlis diploiduri ujredebis gamoyofa;  
3. kvercxujredis enukleaciis operacia; 4. daibada doli, romelic donori cxvris gene-
tikuri informaciis matarebelia; 5. kvercxujredis gamoyofa Savcxvirpiriani Sotlan-
diuri jiSis cxvrisgan; 6. donoris diploiduri ujredis Serwyma enukleirebul (ubirT-
vo) kvercxujredTan.  

sur. 1.85.

ujre debis birTvebs gadaneregaven enuk-
leaciur kvercxujredebSi, Semdeg asti-
mulireben da mravalujrediani emb rioni 
gadaaqvT surogati dedebis  saSvilosnoSi; 
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II. Canasaxis ganviTarebis adreul etapze blastomerebad danawileba

morulas danawileba blastomerebad

k  l  o  n  e  b  i

sur. 1.86.

ZuZumwovara cxovelebis klonirebis meTodebi

I. kvercxujredis enukleacia da masSi donoris somaturi ujredis birTvis Canergva

kvercxujredisa da 
somaturi ujredis 
Serwyma

zigota 
somaturi 
ujredis 
birTviT

mravalujrediani 
embrioni

embrionis surogati dedis 
saSvilosnoSi Canergva

donoris somaturi ujredi

ibadeba 
donori 

organizmis 
genetikurad 

identuri 
individi

kvercxujredis 
enukleacia

surogati dedis 
kvercxujredi

blastomerebis 
Canergva surogati 

dedebis saSvilosnoSi
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• kloni aris genetikurad identuri geni, ujredi an organizmi;
• klonireba aris procesi, romlis Sedegadac miiReba genetikurad identuri geni, uj-

redi an organizmi;
• buneba Tavad iZleva klonirebis uamrav magaliTs usqeso gamravlebis safuZvelze;
• kloni SeiZleba fenotipuri niSnebiTa da TvisebebiT ar iyos originali organizmis 

identuri;
• klonirebis ganviTarebas aqvs rogorc dadebiTi Sedegebi,ise uaryofiTi da warmoqm-

nis bevr sakamaTo eTikur sakiTxs.

9. rogor fiqrob, kargi ideaa gadaSenebuli saxeobebis klonireba? ra gavlena SeiZleba 
moaxdinos aman biomravalferovnebasa da ekosistemaze?

10. Tu SesaZlebloba geqneboda, moisurvebdi Seni Sinauri cxovelis _ katis, ZaRlis _ 
klonis Seqmnas? ramdenad eTikuri iqneba Sinauri cxovelebis klonireba adamianis siamov-
nebisTvis an mkvdari cxovelis genetikurad identuri klonis misaRebad? axseni Seni pa-
suxi im codnis safuZvelze, romelic gaqvs genetikis, bioteqnologiisa da klonirebis 
sferoSi, aseve, gaixsene SeZenili refleqsebis warmoqmnis meqanizmi da maTi mniSvneloba.

11. kritikulad gaaanalize klonirebis dadebiTi da uaryofiTi Sedegebi. 

2) Canasaxis ganviTarebis adreul etapze 
anawileben blastomerebad, romlebic 
Semdeg gadaaqvT surogati dedebis saSvi-
losnoSi. 

dolis warmatebulma klonirebam biZ-
gi misca Zroxebis, Rorebisa da Tagvebis 
klonirebas. erT-erTma bioteqnologiur-
ma kompaniam katebisa da ZaRlebis klo-
nirebac SesTavaza adamianebs. erT-erTi 
pirveli iyo katis kloni saxelad `sisi~ 
(sur. 1.87 _ marcxniv originali kata, 
marjvniv ki misi kloni). magram adamians, 
romelic fumfula megobris zust asls 
eloda, SeiZleba imedi gaucruvdes. kloni 
SeiZleba garegnulad ise ar gamoiyurebo-
des, an ar avlendes iseT qcevebs, rogorc 
originali cxoveli. ratom? imitom, rom 
rogorc ukve iswavle, genis eqspresiaze 
garemos uamravi faqtori zemoqmedebs, 
faqtorebi ki SeiZleba gansxvavebuli iyos 
klonisa da originali organizmisTvis.

klonireba iZleva farTo SesaZleblo-
bebs. magaliTad, mecnierebi muSaoben 
imaze, Tu rogor gamoiyenon cxovele-
bis klonebi adamianebisTvis organoebis 
gadasanergad. klonirebis am mizniT ga-
moyenebam yoveldRiurad SeiZleba ga-
daarCinos uamravi adamianis sicocxle. 
klonirebam, aseve, SeiZleba gadaarCinos 
gadaSenebis piras myofi saxeoba. SesaZ-

lebelia aseTi saxeobebisgan ujredebis 
aReba da klonirebisTvis gamoyeneba, Se-
degad, gaizrdeba saxeobis populaciaSi 
individebis ricxvi.  

Tumca bioteqnologiis es dargi _ 
klonireba _ sazogadoebaSi kamaTsac iw-
vevs. zogierTi fiqrobs, rom klonis si-
cocxlisunarianoba dabalia da iwvevs 
naadrev daberebas. amis faqtad mohyavT 
doli, romelic axalgazrda mokvda. mag-
ram gairkva, rom doli mokvda virusu-
li kiboTi, romelic gavrcelebuli iyo 
mis faraSi. ramdenadac klonireba bolo 
wlebSi sakmaod ganviTarda, ekologiuri 
problemebic gaCnda. velur populaciaSi 
cxovelebis klonireba Seamcirebs biom-
ravalferovnebas, radgan klonebi gene-
tikurad identuria.  

sur. 1.87.
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 kvlevis ra Tanamedrove meTodebs iyeneben adamianis genetikis

  Sesaswavlad?  

1.18.  adamianis genetikis kvlevis meTodebi

• genetikuri kvlevis ra meTodebs iye-
nebdnen mendeli da morgani?

• SeiZleba imave meTodebis gamoyeneba ada-
mianis genetikis kvlevisTvis? ratom?

 sasicocxlo Tvisebebi: 
memkvidreobiToba _ niSan-Tvi-

sebebis memkvidreoba adamianSi. 
 janmrTeloba da daavadeba: genetiku-
ri daavadebebi adamianSi _ daavadebis 
simptomebi, diagnostireba, gamomwve-
vi mizezebi; memkvidruli daavadebebis 
kvlevis Tanamedrove meTodebi.

adamianis genetikur kvlevas didi mniS-
vneloba aqvs rogorc biologiuri, ise 
medicinis TvalsazrisiT. biologiuri 
TvalsazrisiT sainteresoa dedamiwaze 
yvelaze ganviTarebul organizmSi _ ada-
mianSi _ memkvidreobisa da cvalebadobis 
kanonzomierebebis Seswavla, xolo me-
dicinis TvalsazrisiT _ adamianSi mem-
kvidruli daavadebebis diagnostikisa da 
mkurnalobisaTvis.

mendelisa da morganis mier bardasa 
da drozofilaze Catarebuli genetiku-
ri kvlevebiT dadginda ZiriTadi geneti-

kuri kanonzomierebebi: erTgvarovnebis 
wesi, daTiSvis, genebis damoukideblad 
ganawilebisa da genTa SeWidulobis ka-
nonebi, sqesis gansazRvris qromosomuli 
meqanizmi da sqesTan SeWiduloba; yvela 
es genetikuri kanonzomiereba adamianSic 
moqmedebs. garda amisa, meiozi adamianis 
gametebSic uzrunvelyofs qromosomebis 
Tavisufal da SemTxveviT ganawilebas; 
adamianis memkvidreobaSi moqmedebs ale-
luri da araaleluri genebis urTierT-
qmedeba, genebis mravlobiTi moqmedeba. 
amrigad, sxva organizmebze Catarebuli 
genetikuri kvlevebis Sedegad dadgenili 
genetikuri kanonzomierebebi moqmedeben 
adamianis genetikaSic. 

adamianSi bevri niSan-Tviseba Taobeb-
Si memkvidreobs mendelis genetikuri 
kanonzomierebebis mixedviT. magaliTad, 
Worflianoba/uWorfloba, yuris bibilos 
forma, saxis forma da a.S. mendelis gene-
tikur kanonzomierebebis principiT mem-
kvidreobs zogierTi genetikuri darRve-
vac, romelmac SeiZleba gamoiwvios mZime 
genetikuri daavadeba. 

genetikuri daavadebis gamomwvevi SeiZ-
leba iyos rogorc dominanturi, ise re-

cesiuli aleluri geni. Tu 
genetikuri darRveva gamow-
veulia recesiuli aleliT, 
fenotipurad gamovlindeba 
mxolod homozigotur mdgo-
mareobaSi. Tumca aseTi daa-
vadeba xSirad gamovlindeba 
heterozigoturi mSoblebis 
SvilebSi. magaliTad, muko-
viscidozi warmoadgens auto-
somur-recesiul mZime gene-
tikur daavadebas (sur. 1.88.), 
romelic azianebs lorwovan 
jirkv lebs; filtvis ujrede-
bi gamoyofen didi raodeno-

sur. 1.88.

C

c

C c

dominanturi 
homozigoturi

heterozigo­
turi

heterozigo­
turi

recesiuli 
homozigoturi

CC

Cc

Cc

ccheterozigo turi mSobeli 

(Cc), mukoviscidozis 
recesiuli alelis 
matarebeli

heterozigo turi mSobeli (Cc), 
mukoviscidozis recesiuli 
alelis matarebeli

C _ normaluri aleli 
(dominanturi)

c _ mukoviscidozis 
gamomwvevi aleli 
(recesiuli)
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biT  lorwos, romelic grovdeba fil-
tvebSi da aZnelebs sunTqvas, xels uwyobs 
baqteriebis mier filtvebis dazianebas; 
ferxdeba saWmlis moneleba saWmlis mom-
nelebel arxSi didi raodenobiT lorwos 
dagrovebis gamo. amis mizezi aris is, rom 
organizmSi aRar gamomuSadeba cila, ro-
melic aregulirebs lorwovani jirkvle-
bis funqcionirebas. recesiul homozigo-
tur adamianSi es daavadeba gamovlindeba; 
heterozigoturi adamiani janmrTelia, 
magram am daavadebis recesiuli alelis 
matarebelia. recesiuli alelis matare-
belSi daavadebis simptomebi ar gamom-
JRavndeba, Tumca SeuZlia STamomavals 
gadasces es aleli. amrigad, letaluri 
recesiuli alelebic ki populaciaSi 
rCeba. 

dominanturi genetikuri darRveve-
bi ufro iSviaTia, vidre recesiuli. 
dominantur-autoso muri genetikuri daa-
vadebis magaliTia hantigtonis daavadeba. 
igi azianebs nervul sistemas da aqveiTebs 
adamianis inteleqtualur SesaZleblo-
bebs, zRudavs moZraobebs. Cveulebriv, 
daavadeba Tavs iCens 35-40 wlis asakSi. 

amrigad, zemoT ganxiluli magaliTe-
bidan SeiZleba gamovitanoT daskvna: zo-
gierTi genetikuri darRveva gamowveulia 

autosomuri geniT. autosomuri recesiu-
li daavadebis gamomwvevi alelis matare-
beli SeiZleba iyos rogorc qali, ise kaci. 

ra SemTxvevaSi SeiZleba iyos recesiuli 
alelis matarebeli mxolod qali?

rodesac sakvlevi niSnis geni X-qro-
mosomaSia lokalizebuli, unda gavix-
senoT sasqeso qromosomebisa da, aseve, 
masTan SeWiduli recesiuli genebis mem-
kvidreobis Sesaxeb (gv. 61). 

rogorc suraT 1.89-ze xedav, zogier-
Ti genetikuri darRveva X-qromosomaSi 
lokalizebuli genebiTaa gamowveuli. Se-
gaxsenebT, rom mamakacs aqvs XY genotipi. 
mamakacs, romelsac aqvs X-qromosomasTan 
SeWiduli daavadebis gamomwvevi rece-
siuli aleli, Y-qromosomaSi ar SeiZle-
ba hqondes am genis dominanturi aleli, 
romelic daTrgunavda recesiul alels. 
amitom erTi recesiuli alelic sakmari-
sia, rom mamakaci iyos daavadebuli; Se-
sabamisad, X-qromosomasTan SeWiduli 
recesiuli geni ufro xSirad fenotipu-
rad gamovlindeba mamrobiT sqesSi, vidre 
mdedrobiTSi; ar arsebobs X-qromosomas-
Tan SeWiduli genetikuri daavadebis ma-
tarebeli mamakaci; mxolod qali SeiZleba 
iyos X-qromosomasTan SeWiduli genetiku-
ri daavadebis matarebeli da fenotipurad 

X qromosoma Y qromosomagenebis magaliTebi

saTesleebis 
formireba

sqesis ganmsazRvreli 
zona

damoklebuli, gamsxvilebuli da 
gaormagebuli X da Y qromosomebi (15000X)

diuSenis kunTuri 

distrofia*

hemofilia

daltonizmi

X qromosomasTan 
SeWiduli siyrue

pigmenturi 

retiniti*

genebis magaliTebi sur. 1.89.
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janmrTeli. sqesTan SeWiduli memkvid-
reoba damokidebulia rogorc bavSvis 
sqesze, ise imaze, Tu romel mSobels aqvs 
daavadebis gamomwvevi aleli.

istoria mogviTxrobs biWze, romelmac 
ver SeZlo mSoblebis Txovnis Sesrule-
ba _ baRSi Seegrovebina mwife alubali. 
mSoblebma bavSvi eqimTan waiyvanes. bav-
Sv ze dakvirvebis Sedegad eqimma daask v na, 
rom mas ar SeeZlo wiTeli da mwvane fe-
rebis aRqma. es istoria aris sqesTan SeWi-
duli niSan-Tvisebis _ daltonizmis maga-
liTi (sur.1.90), romlis ganmsazRvreli 
recesiuli aleluri geni X-qromosomaSia 
lokalizebuli, amitom sakmarisia, biW-
ma dedisgan miiRos es recesiuli aleli, 
rom maSinve fenotipurad gamovlindeba. 
daltonizmis mqone mamakaci am alels 
mxolod gogos gadascems da ara biWs. 

bevri niSnis memkvidreoba Zalian rTu-
lia. erTi niSnis memkvidreobas SeiZleba 
ramdenime genis urTierTqmedeba an piri-
qiT, erTi geni ramdenime niSan-Tvisebas 
akontrolebdes, Sesabamisad, martivi araa 
yvela niSan-Tvisebis memkvidreobis xasia-
Tis dadgena. adamianis gentikis Seswav-
lisTvis xSirad kombinirebulad iyeneben 
rogorc klasikur, ise Tanamedrove kvle-

vis meTodebs, romlebic cxrilSia war-
modgenili (cxr. 1.4). adamianis genetikis 
kvlevis meTodebs iyeneben samedicino ge-
netikaSi. samedicino genetika Seiswavlis 
adamianis daavadebaTa memkvidreobasa da 
maTi warmoSobis sakiTxebs, saxavs am daa-
vadebaTa diagnostirebisa da mkurnalo-
bis perspeqtivebs.

cxrili 1.4.                                                      adamianis genetikis kvlevis meTodebi

meTodi                                                                         meTodis arsi

genealo-
giuri

genealogiuri _ sagvartomo nusxis Sedgena da sakvlevi niSan-Tvisebis memkvidreobis Ses-
wavla TaobaTa ganmavlobaSi. am meTodiT dgindeba niSan-Tvisebis memkvidreobis xasiaTi: 
dominanturia Tu recesiuli, autosomuria Tu sasqeso qromosomasTan SeWiduli.

tyupebis
identur tyupSi niSan-Tvisebebis fenotipuri gamovlenis kvleva. am meTodiT ikvleven 
genotipis fenotipur gamovlenaze Sinagani da garegani garemo faqtorebis (ekologiuri 
da socialuri) gavlenas.

popula-
ciuri

am meTodiT ikvleven adamianTa populaciis genur Semadgenlobas, populaciaSi calkeuli 

genis/genotipis gavrcelebis sixSires, TaobaTa ganmavlobaSi maTi cvlilebis mizezebs.

dermato-
glifikis

yovel adamians TiTis baliSebze unikaluri, mxolod misTvis damaxasiaTebeli kanis re-
liefi uviTardeba. amitom adamianis TiTis anabeWdebs iyeneben pirovnebis identificire-
bisTvis. garda amisa, zogierTi memkvidruli daavadebis dros kanis reliefi specifikurad 
icvleba da medicinaSi gamoiyeneba, rogorc diagnostikis erT-erTi damatebiTi testi.

citogene-
tikuri

adamianis organizmidan gamoyofen somatur ujredebs (sisxlis, kanis, Zvlis tvinis, embri-
onis, simsivnis da sxv.), aTavseben specialur sakveb areSi, uqmnian gayofisaTvis xelsayrel 
pirobebs da ikvleven qromosomul kompleqts _ kariotips. am meTodiT SeiZleba qromo-
somuli da genomuri mutaciebis dadgena.

bioqimiuri
am meTodiT swavloben genuri mutaciebiTa da nivTierebaTa cvlis darRveviT gamowveul 
daavadebebs.

moleku-
luri
 biologiis

gamoyofen struqturul genebs da ikvleven maT nukleotidur Semadgenlobas; aseve, amza-
deben dnm-is anabeWdebs. am meTodiT SesaZlebelia genuri mutaciebis aRmoCena,  mutanturi 
alelis normaluriT Secvla da pirovnebis identificireba.

feriTi mxedvelobis adamiani advilad arCevs 
sxvadasxva fers, xolo daltonizmis mqones 

es ar SeuZlia

fenotipi genotipi fenotipi genotipi

feriTi 
mxedveloba

XDXd , XDXD, 

XDY
daltonizmi XdXd, XdY

sur. 1.90.
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genealogiuri meTodi. Tu or adamians 
surs gaigos, maT momaval bavSvs eqneba Tu 
ara konkretuli genetikuri daavadeba, 
ar SeiZleba mxolod sakuTar fenotipze 
dayrdnoba, aramed, aseve, unda icodnen 
TavianTi ojaxis sxva wevrebis fenoti-
pebi, romelTa mixedviTac SesaZlebelia 
savaraudo genotipebis gansazRvra. ada-
mianis genealogiuri sqemis saSualebiT 
SesaZlebelia ojaxSi fenotipisa da geno-
tipis memkvidreobis Tvalis midevneba, 
rom ganisazRvros, arian Tu ara ojaxis 

wevrebi recesiuli alelis matarebelni. 
Se gaxsenebT, rom britaneTis dedofali 
viqtoria iyo sqesTan SeWiduli hemofi-
liis gamomwvevi recesiuli alelis mata-
rebeli, romelic gamoirkva misi samefo 
ojaxis genealogiis SeswavliT. adamianis 
genealogiuri sqema Seicavs ramdenime 
tipis informacias (cxr. 1.5). mecnierebi 
Seiswavlian iseTi adamianebis genealogia-
sac, romelTa Soris ar aris naTesauri 
kavSiri, magram didi raodenobis ojaxe-
bis genealogiis kvleva exmareba maT ni-

cxrili 1.5                                     adamianis genetikis kvlevis genealogiuri meTodi

sagvartomo nusxa/genealogiuri sqema mosaxerxebelia fenotipis mixedviT savaraudo genotipis dasadgenad

_ gamosakvlevi niSnis matarebeli

_ gamosakvlevi niSnis fenotipuri gamovlena

_ qorwineba

papa papa

biZa biZamama deda

bebia bebia

mamida

Svilebi

deida

autosomur-dominanturi niSnis (polidaqtiliis) memkvidreoba

mama unda iyos recesiuli homozigota, deda ki he-
terozigota (Bb), radgan maT hyavT recesiuli niSnis 
gogona (5).

STamomavlebidan 4 da 6-s aqvT fenotipurad gamov-
lenili sakvlevi niSani, maT aucileblad eqnebaT 
genotipi _ Bb, radgan recesiuli aleli miiRes ma-
misgan, xolo dominanturi _ dedisgan.

meore Taobis STamomavlebidan 8-sa da 10-s, romleb-
Sic gamomJRavnda sakvlevi niSani, heterozigoturi 
genotipi aqvT, radgan maT mSoblebisgan SeeZloT mxo-
lod erTi dominanturi alelis miReba. SvilebSi _ 11, 
12, 13 _ gamovlinda sakvlevi niSani, magram sqema maTi 
genotipebis zusti gansazRvris saSualebas ar iZleva.

sqesTan SeWiduli recesiuli niSnis (hemofiliis) memkvidreoba

mamis genotipi unda iyos XHY, radgan igi janmrTe-
lia, deda ki hemofiliis alelis matarebelia (XHXh), 
radgan maT hyavT hemofiliis mqone biWebi (6 da 7).

fenotipurad janmrTeli qali (4) unda iyos hemo-
filiis alelis matarebeli (XHXh), radgan mas hyavs 
hemofiliis mqone biWi (12). biWebis (6 da 7) genotipi 
unda iyos XhY. gogonebSi (5 da 8) hemofilia ar ga-
movlinda, magram genealogiuri sqema ar iZleva maTi 
genotipebis zusti gansazRvris saSualebas.

gogonebi 13 da 14 unda iyvnen hemofiliis alelis 
matarebelni, radgan maTi mama hemofiliis mqonea 
da erT X qromosomas gogona aucileblad mamisgan 
iRebs. gogonebSi (9 da 11) hemofilia ar gamovlin-
da, magram sqema maTi genotipebis zusti gansazRvris 
saSualebas ar iZleva.

1

13?

2

11?

bb

bb bb

Bb

Bb

Bb Bb Bb Bb Bb

Bb

bb

BB

BB BB BB

Bb

mSoblebi

F1 Taoba

F2 Taoba

B _ dominanturi
b _ recesiuli

12?8 9

11?

10

3 64 5 7?

an an

an

an

1

15

2

13

XH 
Y

XH 
Y

XH 
YXH 

Y

XH 
Xh 

XH 
Xh 

XH 
Xh 

XH 
Xh 

XH 
Xh 

XH 
Xh 

XH 
Xh 

XH 
Xh 

Xh 
Y

Xh 
Y

Xh 
Y

XH 
XH 

XH 
XH 

XH 
XH 

XH 
XH 

mSoblebi

F1 Taoba

F2 Taoba

XH 
_ dominanturi

Xh 
 _ recesiuli

8?

9? 10

3 6 75?

an an

anan

4

ki

12 14
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San-Tvisebis memkvidreobis kanonzomiere-
bis dasadgenad. 

saWiroa logikuri msjeloba, rom fe-
notipis mixedviT gansazRvro ojaxis 
Ti Toeuli wevris savaraudo genotipi; 
aseve, gamosakvlevi niSan-Tvisebis ganmsaz-
Rvreli geni dominanturia Tu recesiuli, 
autosomuria Tu sasqeso qromosomasTan 
SeWiduli. Tu gamosakvlevi niSani feno-

tipurad Tanabrad vlindeba orive sqesis 
adamianebSi, es metyvelebs imaze, rom didi 
albaTobiT geni autosomuria; Tu fenoti-
purad ufro xSirad mJRavndeba romelime 
sqesSi, maSin geni sqesTan SeWidulia. ma-
galiTad, Tu recesiuli niSani upirate-
sad mJRavndeba ojaxis mamrobiTi sqesis 
wevrebSi _ maSin geni X-qromosomasTanaa 
SeWiduli. 

autosomuri genebis memkvidreobaze Tvalis midevneba genealogiuri sqemis saSualebiT. 

Zalian advilia genealogiuri sqemis mixedviT TaobebSi im niSnis memkvidreobis Seswavla, 

romlis ganmsazRv reli geni autosomur-dominanturia. ratom? radgan es niSani mJRav n-

deba mxolod fenotipurad am niSnis mSoblis STamomavalSi (sur. 1.91. a). magaliTad, grZe-

li wamwamebis ganmsaz Rvreli aleluri geni dominanturia, xolo mokle wamwamebis _ re-

cesiuli. im adamianis genotipi, romelsac aqvs grZeli wamwamebi, aris homozigoturi (AA) 

an heterozigoturi (Aa); Tu mSoblebi recesiuli homozigotebi arian (aa), ar SeiZleba 

maT Svilebs hqondeT grZeli wamwamebi; heterozigotur mSoblebs (Aa) SeiZleba hyavdeT 

Svili, romelSic es niSani fenotipurad ar mJRavndeba (aa). 

Tu niSani fenotipurad gamovlinda im mSoblebis STamomavalSi, romlebSic es gamosak-

vlevi niSani fenotipurad ar aris gamovlenili, e.i. niSani autosomur-recesiulia. aseTi 

adamianebis genotipi iqneba recesiuli homozigoturi, xolo maTi orive mSoblis genotipi 

recesiuli homozigoturia an _ heterozigoturi (sur. 1.91. b). rogorc qali, ise mamakaci 

SeiZleba iyos autosomur-recesiuli alelis matarebeli.

autosomur-dominanturi niSnis memkvidreoba autosomur-recesiuli niSnis memkvidreoba

ba

sur. 1.91.

sqesTan SeWidul memkvidreobaze Tvalis midevneba genealogiuri sqemis saSualebiT. su-
raT 1.92-ze warmodgenili genealogiuri sqemis magaliTze ganvixiloT, Tu rogor SeiZleba 
fenotipebis mixedviT savaraudo genotipebis gansazRvra. qvemoT aRwerili nabijebis gamo-
yeneba SeiZleba sqesTan SeWiduli nebismieri niSan-TvisebisTvis. pirvel rigSi, daukvirdi 

genealogiur sqemaze gamosaxuli individebis fenotipebs.

• daltonizmis mqone qalis genotipi aucileblad iqneba recesiuli homozigota _ XdXd.

• daltonizmis mqone kacis genotipi aucileblad iqneba XdY.

• heterozigotur qalSi (XDXd) daltonizmi fenotipurad ar gamovlindeba, magram am niSnis 

ganmsazRvreli alelis matarebelia.
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sur. 1.92.

X-qromosomasTan SeWiduli dominanturi niSnis 
memkvidreoba

X-qromosomasTan SeWiduli recesiuli niSnis (daltonizmis) 
memkvidreoba

a
1 2

76543

8 9 10 11 12 13

b

• Tu kaci daltonizmis mqonea (2), xolo qali homozigoturi feriTi mxedvelobis (1), maTi 

yvela sqesis Svils eqneba feriTi mxedveloba, magram gogo aucileblad iqneba dalto-

nizmis alelis matarebeli (6).

• Tu qali aris daltonizmis gamomwvevi alelis matarebeli (6 - XDXd), xolo mamakacs aqvs 

normaluri feriTi mxed velo ba (5 - XDY), maTi Svilebidan biWebSi 50%-iT mosalodnelia 

daltonizmis gamovlena (12 - XdY), xolo 50%-iT daltonizmis alelis matarebeli gogo-

nas dabadeba (11 - XDXd).

• Tu qali daltonizmis mqonea (3), xolo kaci _ feriTi mxedvelobis (4), maTi Svilebidan 

yvela gogo iqneba daltonizmis alelis matarebeli (9 - XDXd), xolo yvela biWi dalto-

nizmis mqone (8 - XdY). 

• Tu orive mSobeli daltonizmis mqonea  (XdXd da (XdY), maTi yvela Svili iqneba dal-

tonizmis mqone, radgan orive mSoblisgan aucileblad iReben daltonizmis gamomwvev 

recesiul alels.

tyupebis meTodi. rogorc ici, genebis 
eqspresiaze zemoqmedebs rogorc Sinaga-
ni, ise garegani faqtorebi (ekologiuri 
da socialuri). amitom identuri tyupi 
efeqturi saSualebaa adamianSi genotipis 
fenotipur gamovlenaze moqmedi faqto-
rebis gamosavlenad.

populaciuri meTodi. Zalian mniSvne-
lovania statistikuri monacemebi gene-
tikuri darRvevebis gavrcelebis geogra-
fiuli arealis Sesaxeb. mecnierebi amiT 
iReben informacias, Tu ra pirobebSia 
ufro mosalodneli genetikuri darRve-
vebis mqone bavSvis dabadeba, rogoria po-
pulaciaSi am daavadebis gamomwvevi alelis 
Sexvedris sixSire, gansazRvraven mutaciis 
gamomwvev risk-faqtorebs; magaliTad, Tu 
am populaciis adamianebs uwevT muSaoba 
mZime metalebTan an sxva momwamvlel qi-
miur nivTierebasTan, saxaven prevenciul 

RonisZiebebs.  
citogenetikuri meTodi. citogeneti-

kuri meTodiT uSualod ikvleven kario-
tips (sur.1.93 _ adamianis kariotipi). 
SegaxsenebT, rom kariotipi aris saxeo-
bisaTvis damaxasiaTebeli qromosomuli 
kompleqti. qromosomebis gamosakvlevad 
maT Rebaven qimiuri nivTierebiT. qimiuri 
saRebavi qromosomebze qmnis sxvadasxva 
ferad SeRebil zolebs. zolebis zoma da 
qromosomaze ganlageba Zalian specifiku-
ria yoveli qromosomisTvis. am niSnebiT 
mkveTrad gansxvavdeba erTmaneTisgan sxva-
dasxva qromosoma da amitom advilia ka-
riotipSi maTi amocnoba. kariotipis kvle-
vam SeiZleba aRmoaCinos qromosomebis 
ricxvsa da struqturaSi cvlileba. mec-
nierebi kariotipis kvlevas iyeneben qro-
mosomaSi genebs Soris savaraudo manZilis 
gansazRvrisTvisac. kariotipSi cvlileba 
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SeiZleba iyos Zalian TvalsaCino, ro-
desac romelime wyvilSi qromosoma da-
matebulia an piriqiT _ aklia. magali-
Tad, suraT 1.94-ze warmodgenilia me-18 
qromosomis trisomia (aseT SemTxvevaSi 
aRiniSneba inteleqtualuri SezRudva, 
zrda-ganviTarebaSi Seferxeba, gulis 
anatomiuri defeqti, sicocxlisunaria-
nobis dabali done) da 21-e qromosomis 
trisomia, romelic daunis sindroms  
iwvevs (gv. 88); aseve, suraTze gamosaxu-
lia qromosomuli struqturis cvlile-
bis magaliTi _ me-5 qromosomis speci-
fikuri fragmentis delecia, romelic 
iwvevs Cri-du-chat-is (`katis knavilis~) 
sindroms (am sindromis mqone bavSvs aqvs 
inteleqtualuri darRveva, mcire zo-
mis qala saxis damaxasiaTebeli niSnebiT, 

orsul qals SeiZleba ainteresebdes, 
wesrigSia Tu ara nayofis qromosomuli 
nakrebi _ kariotipi _ da am mizniT Cai-
taros citogenetikuri gamokvleva. eqi-
mi specialuri nemsis saSualebiT amoi-
Rebs nayofis garSemo arsebul siTxes. 
am proceduras amniocentezi ewodeba 
(sur. 1.95). procedura aucileblad kon-
troldeba ultrabgeriTi kvlevis teqni-
kiT, rom ar daziandes nayofi. amnionur 
siTxeSi yovelTvis aris nayofis Rerovani 
ujredebi. genetikosi am ujredebs mik-
roskopiT Seiswavlis, akvirdeba kario-
tips da (arsebobis SemTxvevaSi) adgens 
qromosomul an genomur mutaciebs. Tu 

nayofs daudginda genetikuri darRveva, 
mSoblebma unda gadawyviton, undaT Tu 
ara nayofis SenarCuneba. arCevani mraval 
problemasTan aris dakavSirebuli. Cven 
Tavs SevikavebT maTi CamoTvlisgan. jguf-
Si imsjeleT am sakiTxze da Tavad gaake-
TeT SesaZlo problemebis CamonaTvali. 

memkvidruli daavadebebis ganviTarebis 
bioqimiuri meqanizmebis codna avadmyofe-
bis mdgomareobis Semsubuqebis saSualebas 
iZleva. magaliTad, maT uniSnaven fermen-
tebs, romlebic organizmSi ar sinTezir-
deba, an maTi sakvebi racionidan amoiReben 
im produqtebs, romelTac ver moineleben 
am fermentis gareSe.

sur. 1.93.

sur. 1.95.

an

misi tirili katis knavils mogvagonebs; 
aseTi individebi xSirad dabadebisTanave 
an Cvilobis asakSive iRupebian). 

sur. 1.94.
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adamianis genetikis kvlevis axali eta-
pi _ genetikuri daavadebebis molekuluri 
diagnostireba _ daiwyo 1990 wlidan, ro-
desac safuZveli Caeyara adamianis genomis 
proeqts (adamianis genomi aris somaturi 
ujredisTvis damaxasiaTebeli mTeli dnm-
is erToblioba). es proeqti 2003 wlis 14 
aprils dasrulebulad gamocxadda. pro-
eqtis Sedegad genetikosebma bevri infor-
macia miiRes (X klasis I nawili, gv. 137), 
maT Soris, mniSvnelovania Semdegi: adamia-
nis genomi, daaxloebiT, 3,1 miliardi nuk-
leotidisgan Sedgeba da Seicavs 20 000-dan 
25 000-mde cilamakodirebel gens; genomis 
proeqtma didi gavlena iqonia samedici-
no genetikaze. identificirebulia ada-
mianis daavadebaTa gamomwvevi aTasobiT 

geni, gansazRvrulia maTi lokalizaciis 
adgili qromosomebSi da nukleotiduri 
Tanmimdevroba. magaliTad, dadginda, rom 
hantigtonis daavadebas iwvevs me-4 auto-
somaSi lokalizebuli genis mutacia. es 
geni pasuxismgebelia garkveul cilaze, 
romelSic mravaljer meordeba  aminomJava 
glutamini. glutamins akodirebs triple-
ti CAG, romelic genSi daaxloebiT 30-
jer meordeba, magram mutaciis Sedegad 

genSi CAG ufro xSirad (asjerac ki) 
meordeba. aseve, adamianis genomis pro-
eqtma SesaZlebeli gaxada genetikuri daa-
vadebis diagnostireba _ SeiZleba konkre-
tuli daavadebis gamomwvevi genis povna. 
am mizniT dnm-is testirebis sxvadasxva 
meTods iyeneben (sur. 1.96). 

gamosakvlevi genis _ orjaWviani dnm-is 
fragmenti.

SehyavT dnm-zondi. mas aqvs 
nukleotidebis mokle Tanmimdevroba. 
zondi Sedgeba niSnuli atomebisagan, 
magaliTad, SeiZleba iyos radiaqtiuri 
izotopi ( ), romelic gamoCndeba 
ultraiisfer an rentgenis sxivebze.

dnm-zondi im SemTxvevaSi daukavSirdeba 
erTjaWvian dnm-s, Tu maT aqvT komplementuri 
Tanmimdevroba (e.i. sakvlev dnm-Si aris Sesabamisi 
`geni~). aseT SemTxvevaSi aRmoaCenen mxolod 
dnm-zondis komplementur nukleotidebis 
Tanmimdevrobas.

pacientis genomis 
gaSifvrisTvis 

iyeneben bioCips

dnm-is gamoyofa 
pacientis sisxlidan

adamianis genomSi genetikuri daavadebis gamomwvevi genis povnis meTodebi

I. genuri zondebis gamoyeneba II. bioCipis gamoyeneba

sam sxvadasxva adamianSi 
aRmoCenili dkd

adamians ar aqvs 
dkd

suraTze naCvenebia diuSenis 
kunTuri distrofiis (dkd) 
aRmoCena

janmrTeli adamianis dnm-is 
fragmentebi, romlebic ar 
aris pacientebis dnm-Si (es 
ubnebi Semoxazulia _  )

III. pacientis dnm-is anabeWdebis Sedareba 
janmrTeli adamianis dnm-is anabeWdebTan

bioCips ukavSireben 
kompiuters, romelic 

askanerebs genoms, specialuri 
programis saSualebiT 

(arsebobis SemTxvevaSi) dnm-Si 
aRmoaCens cvlilebas.

1

2

3

dnm-is jaWvebs ganacalkeveben 
erTmaneTisgan, rom miiRon erTjaWviani 
dnm webvadi boloebiT.

sur. 1.96.
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genomis proeqti momavalSic did gav-
lenas iqoniebs samedicino genetikaze. 
adamianis genebis naxevarze metis funqcia 
jer kidev ucnobia; adamianis yvela genis 
identificirebiT gairkveva, ras akeTeben 
da rogor funqcionireben. yvelaze mniS-

vne lovani Sedegi uTuod adamianis gene-
tikur daavadebebTan asocirebuli gene-
bis identifikacia iqneba da, Sesabamisad, 
genetikuri daavadebebis molekuluri 
diagnostireba da mkurnalobis inovaciu-
ri strategiebis SemuSaveba.

1. riT gansxvavdeba erTmaneTisgan genealogiuri sqema da penetis cxrili?
2. rogor SeiZleba mendelis kvlevis principebis gamoyeneba adamianis niSan-Tvisebebis mem-

kvidreobis Sesaswavlad?
3. axseni, ratom ar aris SesaZlebeli genealogiuri sqemis saSualebiT sqemaze warmodge-

nili yvela adamianis genotipis gansazRvra? cxril 1.5-Si warmodgenili pirveli sqemis 
SemTxvevaSi, kidev ra informacia gWirdeba, rom gansazRvro yvela adamianis genotipi?  

4. recesiuli genetikuri daavadebis mqone pirs SeiZleba vuwodoT am alelis matarebeli? 
axseni Seni pasuxi.

5. ra aris kariotipi da rogor SeiZleba misi gamoyeneba adamianSi qromosomuli da genomu-
ri mutaciebis gamosakvlevad?

6. davuSvaT, rom kaci daltonizmis mqonea, xolo qali homozigoturi feriTi mxedvelobis 
mixedviT. rogori albaTobaa imisa, rom maT hyavdeT daltonizmis mqone Svili? Seadgine 
am ojaxisTvis Sesabamisi genetikuri sqema.

7. ra gansxvavebaa autosomuri genisa da sqesTan SeWiduli memkvidreobis genealogiur sqe-
mebs Soris? daasaxele erTi msgavseba da erTi gansxvaveba autosomuri da sqesTan SeWidu-
li genebis memkvidreobis genealogiur sqemebs Soris?

8. janmrTel mSoblebs ra SemTxvevaSi SeiZleba SeeZinoT recesiuli genetikuri daavadebiT 
Svili? 

9. giorgis ojaxis zogierT wevrs aqvs autosomur-recesiuli daavadeba. giorgi, misi mSoble-
bi da ori Zma janmrTelebi arian. am daavadebiT daavadebulia giorgis da, papa dedis mxri-
dan da bebia mamis xaziT. Seqmeni am ojaxis genealogiuri sqema, sqemaze miuTiTe ojaxis 
yvela wevris fenotipi da savaraudo genotipi. 

10. warmodgenili genealogiuri sqema gadaitane samuSao 
rveulSi, rom upasuxo qvemoT mocemul kiTxvebs. ga-
mosakvlevi genis dominanturi aleli aRniSne A aso-
Ti, xolo recesiuli aleli _ a-Ti. 1) genealogiuri 
sqemis mixedviT gansazRvre gamosakvlev niSan-Tvisebas 
dominanturi aleli gansazRv ravs Tu recesiuli. axse-
ni Seni pasuxi. 2) gansazRvre genealogiur sqemaze war-
modgenili TiToeuli individis genotipi. axseni Seni 
pasuxi.

11. genealogiuri sqema aCvenebs, rom ojaxis 239 wevris fenotipi da genotipi miuTiTebs 
ojaxSi recesiuli genetikuri daavadebis arsebobaze. Tumca ojaxis erTi mdedrobiTi 
sqesis wevri ar Seesabameba kvlevis models, romlis demonstrirebasac axdenen danarCeni 
wevrebi. qvemoT CamoTvlilidan yvelaze metad romeli mosazreba Seesabameba am adamians?

 a. igi mkurnalobs am daavadebaze; b. man damatebiT daagrova sxva mutaciebic; g. is ar aris 
mimRebi aseTi daavadebisadmi; d. misi genotipi arasworadaa gansazRvruli.

12. hantigtons iwvevs dominantur-autosomuri aleli. rogori albaTobiTaa mosalodneli am 
ojaxSi hantigtonis mqone bavSvis dabadeba, Tu — 1) erT mSobelSi fenotipurad ar vlin-
deba hantigtoni, xolo meore am niSnis mixedviT heterozigoturia? 2) orive mSobeli am 
niSnis mixedviT heterozigoturia?

13. qals, romelsac hqonda sisxlis Sededebis unari da feriTi mxedveloba, SeeZina sami vaJi: 
erTi hemofiliisa da daltonizmis mqone, meore — hemofiliis mqone da feriTi mxedvelo-
bis, mesame — aqvs sisxlis Sededebis unari da feriTi mxedveloba. riT SeiZleba aixsnas es? 
gaiTvaliswine, rom daltonizmis ganmsazRvreli allelic X-qromosomaSia lokalizebuli 
da recesiulia.

14. feriTi mxedvelobis qali, romlis mamac daltonizmis mqonea, daqorwinda hipertriqozis

1 2

6543
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  mqone da feriTi mxedvelobis mamakacze. rogo-
ria am ojaxSi daltonizmisa da hiper triqozis 
mqone vaJis dabadebis albaToba?

15. warmoidgine, rom Sen xar eqimi-genetikosi da 
mogmarTaven adamianebi konsultaciisaTvis. 
gaecani TiToeul kiTxvas, moifiqre pasuxi da 
konsultaciis Sinaarsi: 1)  qali — Cemi qmari 
albinosia, me ki kanis pigmentacia maqvs. Seg-
veZina tyupi, romelTaganac erTi albinosia. 
ratom moxda ase? rogoria SemdgomSi _kvlav 
albinosi bavSvis dabadebis albaToba? 2) mu-
koviscidozis aleli naCvenebia mwvane ferSi, xolo normaluri aleli _ iasamnisferSi. 
mSoblebi mukoviscidozis alelis matareblebi arian. warmoidgine, rom genetikosi xar 
da sqemaze miTiTebulma wyvil ma mogmarTa genetikuri konsultaciisaTvis. ras etyvi maT: 
rogoria mukoviscidozis mqone da recesiuli alelis matarebeli bavSvis dabadebis al-
baToba?

16. axlonaTesauri qorwinebebi xels uwyobs recesiuli mutaciebiT ganpirobebuli daavade-
bebis ganviTarebas. axseni, ratom?

17. rogorc ici, bioeTika Seiswavlis moralur sakiTxebs, romlebic aRmocendeba biologiu-
ri kvlevebisa da maTi Tanmxlebi procesebis dros. rodesac genetikuri informacia ufro 
xelmisawvdomi gaxda, Cndeba axali kiTxvebi. magaliTad, 

 •  SesaZlebelia, vendoT dnm-is testirebis centrs, rom Sedegebi konfidencialuri iq-
neba? visTvis iqneba igi xelmisawvdomi? iqneba Tu ara es informacia xelmisawvdomi 
ojaxis wevrebisaTvis? rogor fiqrob, ra garemoebebis gaTvaliswinebiT SeiZleba kon-
fidencialuri informaciis gamJRavneba pacientis Tanxmobis gareSe?

 •  mecnierebi dainteresdnen dnm-is „biblioTekis“ SeqmniT. magaliTad, daavadebis mkur-
nalobis dros SeiZleba mniSvnelovani iyos „biblioTekaSi“ Secvlili genis aslis ar-
seboba daavadebuli adamianis nimuSTan Sesadareblad. mecnierma yvelaferi unda gaa-
keTos, ris saSualebasac teqnologia aZlevs?

• zogjer ramdenime meTodis erTdrouli gamoiyenebaa saWiro adamianis genetikis kvlevis-
Tvis; 

• genealogiuri sqema _ es aris ojaxSi genis memkvidreobis amsaxveli sqema;
• dominanturi genetikuri darRvevebi ufro iSviaTia, vidre recesiuli;
• recesiul-autosomuri daavadebis matarebeli SeiZleba iyos qalic da kacic;
• mxolod qalebi SeiZleba iyvnen sqesTan SeWiduli genetikuri darRvevis matarebelni;
• samedicino genetika aris erT-erTi yvelaze ufro ganviTarebadi mecnierebis dargi;
• dRes samedicino genetika medicinis Teoriuli safuZvelia, romelic xsnis genetikuri 

daavadebebis biologiur safuZvels;
• daavadebis genetikuri bunebis codna iZleva zusti diagnostirebisa da saWiro mkurna-

lobis ganxorcielebis SesaZleblobas;
• samedicino genetikis miRwevebi bioeTikasTan dakavSirebul bevr sakamaTo kiTxvasac aCens. 

C

Cc Cc

c
mukoviscidozis
aleli

normaluri
aleli

mama deda

dawere sareklamo teqsti da vizualurad gaaforme _ warmoidgine, rom Sen iwyeb bizness, 
romelic exeba genealogiuri sqemis Sedgenas adamianebisTvis, romelTac surT TavianT sag-
vareulo ojaxSi garkveuli niSan-Tvisebis memkvidreobis gamokvleva. sareklamo gancxadeba 
dawere iseTi martivi eniT, rom yvela wamkiTxvelisTvis gasagebi iyos. reklamam unda aC-
venos, rom Sen gaqvs adamianis genetikis Sesaxeb aucilebeli codna biznesis warmatebisTvis.

reklamis Seqmna
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 ra mniSvneloba aqvs Tanamedrove bioteqnologiis ganviTarebas

  samedicino sferoSi?

1.19. samedicino bioteqnologia

zogierT cxovelSi, magaliTad, 
Tag vebSi, mecnierebis mier specia-

lurad `gamorTulia~/`nokautirebulia~ 
romeli me geni. suraT 1.97-ze marcxniv 
warmodgenilia nokautirebuli Tagvi, ro-
melSic ar funqcionirebs cila leptinis 
makodirebeli geni. es cila akontrolebs 
organizmis mier sakvebis moxmarebas.  

• rogor fiqrob, ra mizniT axdenen cxove-
lebSi genebis nokautirebas?

• suraTze gamosaxul nokautirebul Tagvs 
adamianis ra problemis gamosakvlevad ga-
moiyeneben? 

samedicino bioteqnologia samedici-
no mimarTulebaa, romelic gulisxmobs 
ara marto daavadebis diagnostirebasa 
da prevenciul RonisZiebebs, aramed sxva-
dasxva daavadebis mkurnalobasac. samedi-
cino bioteqnologia ganviTarebis aTobiT 
wels iTvlis. mag., aleqsandre flemingma 
1928 wels soko peniciliumSi pirvelma 
aRmoaCina antibiotiki penicilini; jer 
kidev asi wlis win medicinaSi iyenebd-
nen wurbelas, rogorc `sisxlgamomSveb~ 
saSualebas; Tumca dRes mecnierebis yu-
radRebas es cxoveli ipyrobs sxva ramis 
gamo: misi nerwyvi Seicavs Sededebuli 
sisxlis dam Slel fermentebs, romelTa 
efeqturad gamoyeneba SesaZlebelia tvi-
nis insultisa da gulis infarqtis dros. 

rekombinantuli dnm-is teqnologiebis 
danergvam didi gavlena iqonia medici-
nis sferoze. adamianis genomis proeqt ma 

usaz Rvro SesaZleblobebi Seqmna geneti-
kur daavadebaTa diagnostirebisa da 
daavadebaTa mkurnalobis molekulu-
ri saSualebebisTvis. axlaxan gaiSifra 
futkris genomic, romelsac gamoiyeneben 
ara marto futkris genetikisa da qcevis 
Sesaswav lad, aramed futkris SxamiT ga-
mowveuli alergiuli reaqciebis mizeze-
bis dasadgenadac. qvemoT gTavazobT Ta-
namedrove samedicino bioteqnologiaSi 
miRwevis ramdenime magaliTs.

mniSvnelovania iseTi meTodebis gamo-
yeneba, romlebic memkvidruli daavadebis 
fenotipur gamovlenas Seasustebs. or-
ganizmSi SehyavT nivTierebebi, romelTa 
sinTezi dazianebuli/defeqturi genis 
gamo ver xerxdeba. magaliTad, memkvidru-
li diabetis mqone adamianebs eniSnebaT 
specialuri dieta da iReben hormon insu-
lins. fenilketonuriis mqone adamianebs 
ar aqvT fermentebi, romlebic saWiroa 
tkbili gemos xelovnuri nivTierebe-
bis Semcveli sasmelebis mosaneleblad. 
amitom am problemis mqone adamianebs 
ekrZalebaT aseTi sasmelebis miReba. 

samedicino bioteqnologiaSi did rols 
asruleben mik roorganizmebi. mag., geneti-
kuri inJineriiT Seqmnili genmodificire-
buli mik roorganizmebi gamoiyeneba sam-
kurnalo mizniT iseTi cilebis misaRebad, 
rogoricaa insulini, sisxlis Sededebis 

sur. 1.97.

 janmrTeloba da daavadeba:  
samedicino bioteqnologia, 

vaqcinebi, genetikuri daavadebebis 
diagnostireba, adamianis daavadebaTa 
mo de lireba, modeluri cxoveluri 
organizmebi, `nokautirebuli~ cxo-
velebi, qsenotransplantacia, genuri 
Terapia, nanoteqnologia.
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faqtorebi, zrdis hormoni, fermentebi, 
aseve, iyeneben vaqcinebisa da antisxeule-
bis sawarmoeblad da sxv. 

sxvadasxva organizmidan miRebul zo-
gierT qimiur nivTierebas warmatebiT iye-
neben medicinaSi. mag., zRvis qvaze miwebe-
buli niJaris mocileba Tu gicdiaT, maSin 
mixvdebiT, Tu ramdenad Zlieria bunebri-
vi cilovani webo. aseTi cilebis gamoye-
nebis didi perspeqtivaa medicinaSi. igi 
advilad emorCileba daSlas/degradacias 
da iSviaTad iwvevs imunur pasuxs. amitom 
aseTi bunebrivi cilovani webos gamoyene-
ba SeiZleba myesebisa da motexili Zvle-
bis `Sesawebeblad~, kbilis karieruli 
Rrmulis amosavsebad. 

adamianTa daavadebebis mimdinareobi-
sa da mkurnalobis saSualebebis kvlevis 
saq meSi did rols asruleben e.w. modelu-
ri cxovelebi. xSirad am mizniT Tagvebs 
iyeneben, magaliTad, transgenur Tagvebs. 
pirvel aseT cxovels `onkoTagvi~ uwo-
des. maT yovelTvis uviTardebodaT kibo, 
radgan Seicavdnen ujredebis gamravle-
bisa da diferencirebis makontrolebel 
mutant gens. mecnierebi onkoTagvs iye-

neben kibos mimdinareobis Seswavlisa da 
kibos sawinaaRmdego samkurnalo prepara-
tebis gamocdis mizniT. sxva trans genur 
Tagvebs iyeneben diabetis, Tavis tvinis 
ganviTarebisa da funqciebis Sesaswavlad 
da sxv. 

zogierT TagvSi ki specialurad/wi-
naswarganzraxviT `gamorTulia~/`nokau-
tirebulia~ zogierTi geni. aseT Tagvebs 
`nokautirebuls~ uwodeben. isini Zalian 
sasargebloa genebis funqciebisa da gene-
tikuri daavadebebis Sesaswavlad, radgan 
mkvlevars SeuZlia konkretuli genebis 
eqspresiisa da niSan-Tvisebebis cvlile-
baze dakvirveba. magaliTad, mecnierebi 
nokautirebul Tagvebs iyeneben adamian-
Si simsuqnis ganviTarebis gamosakvlevad 
(sur. 1.98). 

Rerovani ujredebis* teqnologiebi 
samedicino bioteqnologiis erT-erTi 
yvelaze axali da imedis momcemi mimarTu-
lebaa, magram maTi danergvac farTo dis-
kusiis sagania. laboratoriul pirobebSi 
SesaZlebelia `aiZulo~ Rerovani ujre-
debi, Camoyalibdnen nebismier qsovilad 
(sur. 1.98.); maTi gamoyeneba ki SesaZle-

sisxli Zvlovani 
qsovili

kunTovani 
qsovili

nervuli 
qsovili

jirkvlovani 
epiTeluri 
qsovili

embrionuli Rerovani ujredebi

transplantaciis gziT SesaZlebelia 
dazianebuli qsovilis regeneracia

diferenciaciis Sedegad maTgan 
mravali tipis ujredi da, 

Sesabamisad, qsovili yalibdeba

wamwamovani 
epiTeluri 
qsovili

sur. 1.98.
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beli iqneba dazianebuli qsovilebisa  
da organoebis CanacvlebisTvis/regene-
raciisTvis (ix. X kl. wigni, II nawili, gv.40). 

dazianebuli organoebisa da qsovile-
bis gamo itanjeba milionobiT adamiani, 
romlebic wlobiT elodebian transplan-
taciisTvis* donor organoebsa da qsovi-
lebs. transpalntaciisTvis organoebis 
potenciur wyarod iTvlebian Rorebi, 
radgan maTi da adamianis organoebi ro-
gorc zomis, ise funqciebis mixedviT, 
TiTqmis erTnairia. magram adamianis 
imunuri sistema ebrZvis yvelafers, ra-
sac ucxod aRiqvams. imunuri sistema 
amoicnobs Roris ujredebis plazmuri 
membranis glikoproteinebs, ramdenime 
saaTSi gadanergili organos sisxlZar-
RvebSi sisxli Sededdeba da transplan-
tati* kvdeba. 

mecnierebma Seqmnes genetikurad modi-
ficirebuli Rorebi, romelTa ujredebs 
ar aqvT iseTi glikoproteinebi, romleb-
sac adamianis imunuri sistema ucxod 
aRiq vamda. Sesabamisad, aseTi Rorebis 
orga  noebisa da qsovilebis adamianSi 
trans plantaciisTvis gamoyeneba SeiZle-
ba. erTi saxeobidan meoreSi organos ga-
danergvas qsenotransplantacia ewodeba. 
qsenotransplantaciis kritikosebi imiT 
arian SeSfoTebulni, rom Rorebidan ada-
mianSi transplantaciis Sedegad Roris 

virusebma SeiZleba gadalaxon saxeobrivi 
barieri da igi adamianebSi katastrofu-
li masStabiT gavrceldes. maTi SeSfo-
Teba ar aris safuZvels moklebuli. amis 
damadasturebel faqtebad mohyaT is, rom 
zogierTi yvelaze saSiSi pandemia ganvi-
Tarda imis Sedegad, rom cxovelebis vi-
rusebma ganicades axal maspinZelTan _ 
adamianebTan _ adaptacia. 

avtomobilis an kompiuteris daziane-
buli detalis Secvla advilia. Tu ada-
mians aqvs dazianebuli/defeqturi geni, 
romelic daavadebas iwvevs, SeiZleba Tu 
ara am genis Secvla? samedicino bioteq-
nologiis erT-erTi yvelaze ganviTare-
badi da perspeqtiulia genuri Terapia. 
medikamenturi mkurnalobis nacvlad, 
genuri Terapia pacientebs mkurnalobis 
sxva instruments sTavazobs. genuri Te-
rapia aris adamianis genomSi defeqturi 
genis Secvla an axali genis damateba daa-
vadebisgan gankurnebis mizniT. mas safuZ-
vlad genuri inJineria udevs. 

genur Terapias bevri teqnikuri prob-
lema axlavs. pirvel rigSi, saWiroa nor-
maluri, anu e.w. Terapiuli genis klo-
nireba; unda daitestos, Tu ramdenad 
usafrTxoa igi adamianisTvis; Semdeg es 
geni unda moxvdes saWiro ujredebSi da 
amisTvis unda SeirCes organizmSi gadata-
nis meTodi (sur.1.99). 

Terapiuli genis organizmSi Seyvanis meTodebi

Terapiuli genis Semcveli 
ujredebi

pacientis ujredebis 
kultivireba

pacientisgan defeqturi 
genebis matarebeli  
ujredebis gamoyofa

Terapiuli genis 
Canergva virusSi

transgenuri virusebis 
pacientis paTologiuri 

organos ujredebSi 
Seyvana inieqciiT

transgenuri virusebiT 
pacientis ujredebis 
dasnebovneba

genetikurad modificirebuli 
ujredebis dabruneba 

pacientis sxeulSi

Terapiuli genis 
Canergva virusSi

sur. 1.99.

III
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Tumca imis Semdegac, rac mecnierebma 
SeimuSaves sasurveli genis gadatanis me-
Todebi, saWiroa genis eqspresiis regu-
lacia, rom am genis mixedviT Zalian bev-
ri an Zalian cota cila ar sinTezirdes. 
mecnierebma isic unda gansazRvron, axali 
geni imoqmedebs Tu ara sxva genebze. bev-
rma eqsperimentma gamoavlina dadebiTi 
xangrZlivi moqmedebis Sedegebi. genuri 
Terapiis maRali dadebiTi potencialis 
gamo, am sferoSi gamokvlevebi grZelde-
ba. 

genuri Terapiis pirveli warmatebu-
li gamocda Sedga 1990 wels. am meTodiT 
mkurnaloba gamoiyenes imunodeficitis 
mZime formiT daavadebuli 4 wlis gogo-
nas, aSanTi de silvas, samkurnalod. mas 
dazianebuli hqonda geni, romlis gareSe 
sisxlis TeTri ujredebi iRupeba; amitom 
organizmi virusebisa da baqteriebisad-
mi daucveli iyo. gogonas Zvlis wiTeli 
tvinis Rerovan ujredebSi modificire-
buli virusis saSualebiT Seiyvanes Tera-
piuli genis asli (sur. 1.100). es Rerova-
ni ujredebi mravldebian da warmoqmnian 
sis xlis ujredebs axali geniT. 6 Tvis 
Semdeg aSanTis organizmSi sisxlis TeT-
ri ujredebis raodenobam normas miaRwia. 
axla is zrda sruli adamiania da norma-
luri cxov rebiT agrZelebs sicocxles. 

pacientSi Terapiuli genis Seyvanis 
kidev erTi saSualebaa aerozoli. mag., 
mukoviscidoziT (sur. 1.101) daavadebul 
avadmyofs cxviris RruSi Seasxureben 
aerozols (1), romelic Seicavs donoris 
ujredebidan gamoyofil normalur gens 
(X). aerozoli SeaRwevs cxviris lorwova-
ni da filtvis qsovilebis ujredebSi (2), 
masTan erTad ujredebSi, kerZod, birTv-
Si SeaRwevs Terapiuli genic (3) da ujre-
debSi daiwyeba saWiro cilis sinTezi.

genuri Terapiis didi nawili jer kidev 
eqsperimentebis donezea. magaliTad, mec-
nierebi amuSaveben genuri TerapiiT kibos 
mkurnalobis sxvadasxva meTods. erT-er-
Ti meTodis arsi mdgomareobs iseTi ge-
nis CarTvaSi, romelic astimulirebs ada-
mianis imunur sistemas kibos ujredebis 

winaaRmdeg. meore meTodi ki gulisxmobs 
kibos ujredebSi `TviTmkvleli~ genebis 
Setanas. es genebi am ujredebSi aaqtiu-
reben kibos sawinaaRmdego preparats, 
amrigad, klaven mxolod kibos ujredebs. 

mimdinareobs alchaimeris* mkurnalo-
bis klinikuri gamocda, rodesac opera-

imunodeficitis genuri Terapia

Terapiuli genis kloni

virusSi Terapiuli 
genis CarTva

pacientis Zvlis wiTeli 
tvinidan Rerovani ujredebis 
gamoyofa da maTi kultivireba; 
pacientis ujredebis virusiT 
dasnebovneba

genmodificirebuli Rerovani 
ujredebis pacientis Zvlis wiTel 

tvinSi Canergva

sur. 1.100.

mukoviscidozis genuri Terapia

1

2

3

sur. 1.101.
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ciis dros Tavis tvinis dazianebul uj-
redebSi SehyavT Terapiuli geni. axali 
geni nervul ujredebs aiZulebs daasin-
Teziros meti raodenobiT iseTi cila, 
romelic axangrZlivebs neironebis si-
cocxles. mecnierebi, aseve, iwyeben he-
mofiliis mkurnalobas genuri TerapiiT. 
erT-erTi meTodi mdgomareobs RviZlSi 
Terapiuli genebis SeyvanaSi: rekombinan-
tuli dnm SehyavT virusSi, romliTac 
Semdeg asnebovneben pacientis RviZlis 
daavadebul ujredebs. 

miuxedavad imisa, rom ukve cnobilia 
adamianis genomi, Seswavlilia bevri ro-
gorc memkvidruli, ise SeZenili daavade-
bis genetikuri safuZveli, jerjerobiT 
genuri Terapia bevr kiTxvas badebs: 

• ramdenad usafrTxo iqneba veqtori _ 
igi mxolod gansazRvrul ujredeb-
Si SeiWreba? iqneba usafrTxo, ar ga-
moiwvevs imunuri sistemis damcvelo-
biT pasuxs? 

• Seyvanili genis moqmedeba mdgradi 
iqneba Tu droebiTi? 

• rogor SeiZleba gavakontroloT Se-
tanili genis aqtivoba ise, rom uj-

redma cilovani produqti Sesabamisi 
raodenobiT warmoqmnas swor dros 
da swor adgilas? 

• rogor SeiZleba darwmunebuli vi-
yoT, rom Terapiuli genis Casma uj-
redis sxva aucilebel funqciebs ar 
miayenebs zians? 

dnm-is kontrolis elementebisa da 
genTa urTierTqmedebebis ufro Rrmad 
da ukeTesad Seswavla daexmareba mecnie-
rebs am kiTxvebze pasuxis gacemaSi.

samedicino bioteqnologiis uaxlesi 
saintereso sferoa nanomedicina*, ro-
melic ikvlevs nanoteqnologiis* gamo-
yenebas adamianis janmrTelobis sfero-
Si. mecnierebi fiqroben, rom es pawawina 
struqturebi (romlebic nanometreb-
Si izomeba) organizmSi uamrav funqcias 
Seasruleben, magaliTad, sisxlis wnevis, 
sisxlSi Jangbadis Semcvelobisa da hormo-
nebis koncentraciaze monitoringisTvis 
nanosensorebis funqcias. aseve gamoiyene-
ben kanceroujredebis aRmosaCenad (sur. 
1.102), sisxlZarRvebidan qolesterolis 
folaqis mosacileblad (sur. 1.103), Tera-
piuli genis organizmSi Sesayvanad da sxv. 

qvemoT mocemuli davalebis sami pirobidan SearCie erT-erTi da Seasrule.

davalebis piroba 1.

dRes mendels rom waekiTxa nebismieri qveynis gazeTebi da popularuli samecniero Jur-
nalebi, moesmina telegadacemebi genetikaSi miRweuli siaxleebis Sesaxeb, is, albaT, Zalian 
gaocebuli darCeboda. termini `geni~ erT-erT yvelaze gavrcelebul sityvad gadaiqca. 
TiTqmis yoveldRiurad mowmeni varT bioteqnologiaSi miRweuli axal-axali warmatebisa. 

sur. 1.103.sur. 1.102.
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1. ra meTodebiT xdeba genetikuri darRvevebisa da daavadebebis diagnostireba?
2. ra aris samedicino bioteqnologia? aRwere misi ZiriTadi mimarTulebebi.
3. ra mniSvneloba aqvs restriqciul fermentebsa da rekombinantul dnm-s genuri Terapiis-

Tvis?  
4. genuri Terapia riT hgavs da riT gansxvavdeba transgenuri/genmodificirebuli orga-

nizmis Seqmnis teqnologiisgan?
5. genuri Terapia rogoraa damokidebuli genetikur testirebaze?

moiZie qarTul da ucxour  presaSi da/an internetSi ganTavsebuli statiebi, romelTa 
saTaurSi aris sityvebi: `bioteqnologia~, `klonireba~, `transgenuri organizmebi~, `ada-
mianis genomis proeqti~ da/an ̀ genuri inJineria~. moamzade samecniero moxseneba, romelSic 
mokled mimoixilav bioteqnologiis ZiriTad mimarTulebebsa da Tanamedrove miRwevebs. 

davalebis piroba 2.
bolo wlebSi didi aRmavlobiT viTardeba transgenuri/genmodificirebuli organizme-

bis (gmo) Seqmnis teqnologia. gmo-s qmnian rogorc maTgan gm sakvebi produqtebis misaRe-
bad, aseve, farTod iyeneben medicinaSi. sazogadoebis azri gmo da gm sakvebis miRebis 
Sesaxeb gansxvavebulia. 

awarmoe sociologiuri kvleva. Seadgine gamokiTxvis kiTxvari, SearCie sazogadoebidan 
respondentebi, awarmoe gamokiTxva da Semdeg gamokiTxulis Sedegebis analizi. kiTxvari 
ise Seadgine, rom daadgino respondentebis azri: raSi iyeneben gmo-s? mecnierebma unda 
gaagrZelon Tu ara gmo-s Seqmna? iyeneben an momavalSi gamoiyeneben Tu ara gm sakveb pro-
duqtebs? ramdenad usafrTxod miaCniaT gm produqtebi? ramdenad saWiroa gm organiz-
mebidan miRebuli sakvebi produqtis etiketze miTiTebuli iyos: „gm sakvebi produqti“? 
moamzade Catarebuli kvlevis angariSi da warudgine maswavlebels.

davalebis piroba 3.
mas Semdeg, rac bioteqnologia ise ganviTarda, rom SesaZlebelia memkvidreobiT mate-

rialur masalaze _ dnm-ze _ sxvadasxva manipulaciis warmoeba, magaliTad, dnm-is anabeW-
debisa da rekombinantuli dnm-is damzadeba, genetikuri testireba, sazogadoebaSi ara-
erTgavrovani damokidebuleba gaCnda am sferos Semdegi ganviTarebis mimarT. davuSvaT, 
Sen muSaob bioteqnologiis laboratoriaSi, romelic specializebulia dnm-ze sxvadasxva 
manipulaciis Catarebaze. Seqmeni sainformacio bukleti da masSi popularuli samecniero 
eniT aRwere dnm-is anabeWdebisa da rekombinantuli dnm-is gamoyenebis sferoebi. axseni, 
ratomaa genetikuri testireba sando da zogjer aucilebelic ki.

Seni naSromis prezentaciisas xazgasmiT wamoaCine:
• ujredis romel struqturebsa da maT funqciebTan dakavSirebul aRmoCenebs iyene-

ben bioteqnologiaSi? 
• molekuluri biologiis romel komponentebsa da maT funqciebTan dakavSirebul 

aRmoCenebs iyeneben bioteqnologiaSi? 
• ra safrTxe SeiZleba Seuqmnas biomravalferovnebas transgenurma organizmebma? 
• ra dadebiTi mniSvneloba aqvs veluri saxeobebis klonirebas gadaSenebis piras myo-

fi saxeobisTvis da ra safrTxe SeiZleba Seuqmnas man biomravalferovnebas? 
• gamravlebis romeli forma iZleva bunebrivi klonirebis magaliTebs? 
• ra meTodebi SeimuSaves xelovnurad organizmebis klonebis misaRebad? 
• ra gavlena SeiZleba moaxdinos gm sakvebma produqtebma adamianis janmrTelobaze?
• ra aris samedicino bioteqnologiis ZiriTadi mimarTulebebi da ra mniSvneloba aqvs 

mis ganviTarebas adamianis janmrTelobis sferoSi? 
• genurma Terapiam ra dadebiTi da uaryofiTi gavlena SeiZleba iqonios adamianis 

janmrTelobaze.
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• samedicino bioteqnologia aris bioteqnologiis erT-erTi yvelaze ganviTarebadi mi-
marTuleba;

• samedicino biologia iyenebs genetikis sferoSi miRweul mecnierul warmatebebsa da 
Tanamedroe teqnologiebs;

• samedicino biologiis sferoebia: 1) genetikuri daavadebebis diagnostireba; 2) or-
ganizmebidan (maT Soris gmo-dan) biologiurad aqtiuri nivTierebebis (fermentebis, 
hormonebis, vitaminebis, antisxeulebis) warmoeba samkurnalo mizniT; 3) modeluri 
cxovelebis gamoyeneba genetikuri daavadebis mimdinareobis Sesaswavlad da samku-
ranalo saSualebebis gamosacdelad; 4) organoebisa da qsovilebis transplantaciis-
Tvis gmo-s gamoyeneba; 5) Rerovani ujredebis gamoyeneba dazianebuli qsovilebisa da 
organoebis regeneraciisTvis; 6) genuri Terapia; 7) nanomedicina (samedicino bioteq-
nologiis yvelaze axali da saintereso sfero).

6. 1990-ian wlebSi qsoviluri inJineriis fuZemdebelma doqtor Carlz vakantma da misma 
kolegebma msoflio sazogadoebas warudgines Tagvi, romelsac zurgze `dasxmuli~ hqon-
da yurebi. Tagvs zurgze miamagres adamianis yuris niJaris formis biodegradirebadi 
yalibi da masSi ganaTavses Zroxis xrtilovani qsovilis ujredebi. yalibSi warmoiqmna 
xrtili; rodesac yalibi daiSala, xrtili ukve sakmaod myari iyo da yuris niJaris for-
ma hqonda. ra Tqma unda, es ar gadaunergavT adamianisTvis, radgan Zroxis ujredebisgan 
iyo Seqmnili. am eqsperimentma aCvena, rom qsovilTa inJineria SesaZlebelia da mas didi 
perspeqtiva aqvs. jgufSi imsjeleT am eqsperimentis Sesaxeb da upasuxeT kiTxvebs: 1) ra-
tom ar SeiZleboda misi adamianisTvis gadanergva? 2) Tu adamianis ujredebisgan iqneboda 
miRebuli es struqtura, misi gadanergvis SemTxvevaSi ra tipis problemas mougvarebda 
adamians da ras vera? ratom fiqrob ase? 3) momavalSi ra perspeqtiva aqvs aseTi tipis 
qsoviluri inJineriis produqts? 4) bioeTikis ra tipis kiTxvebs badebs zemoT ganxilu-
li eqsperimenti? rogor regulirdeba igi kanonmdeblobiT?  

7. rva wlis gogonas dasWirda Tavisi axalSobili Zmis Wiplaridan Rerovani ujredebis 
gadanergva, radgan igi sisxlis mZime genetikuri daavadebiT iyo daavadebuli. magram am 
ambis gansakuTrebuloba imaSia, rom gogonas Zma ar daibadeboda, Tu ara dis avadmyofo-
ba. biWi in vitro ganayofierebiT Caisaxa da eqimebma sagangebod gamoarCies sxva embrio-
nebisgan dedis saSvilosnoSi gadasanergad. SerCeva mas Semdeg moxda, rodesac testebma 
aCvenes, rom igi ar iyo am daavadebis matarebeli da misi Rerovani ujredebi yvelaze Tav-
sebadi iqneboda disTvis. jgufSi ganixile es istoria da imsjeleT bioeTikis ra tipis 
kiTxvebs aRZravs igi. Sen rogor moiqceodi, gogonas mSobeli rom yofiliyavi.

8. Tu genetikurad modificirebuli mcenare gamoyvanilia adamianis zrdis hormonis misaRe-
bad, ra eTikuri sirTuleebi SeiZleba mohyves amas da ra sakiTxebi unda gaviTaliswinoT?

9. am Temidan SearCie, mag., genuri inJineria, klonireba an transgenuri organizmebi. ga-
nixile/imsjele, es sakiTxebi rogoraa dakavSirebuli memkvidreobis Sesaxeb mendelis 
SromebTan da dnm-is struqturasa da funqciebTan.
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Tema 1-is Sejameba

საკითხის mimoxilva

mTavari ideebi

• gregor mendelma Catarebuli eqsperimentebis Sedegebis analizis safuZvelze 
pirvelma axsna memkvidreobiTobis genetikuri safuZvlebi; mendelma Tavisi kvle-
vebis safuZvelze aRmoaCina memkvidreobis genetikuri kanonzomierebebi: erT-
gvarovnebis wesi, daTiSvis kanoni da genebis damoukideblad ganawilebis kanoni;

• daTiSvis kanoni aris gansxvavebuli aleluri genebis matarebeli gametebis 
SemTxveviTi da Tavisufali Serwymis Sedegi, rac Seesabameba albaTobis 
kanonebs; imisaTvis, rom yvela tipis gameta Tanabari raodenobiT warmoiqmnas 
da yvela SesaZlo kombinaciiT Sexvedris Tanabari albaToba hqondeT, maTi 
ricxvi didi unda iyos;

• erTi genis alelebi erTmaneTs scildeba meiozuri gayofis dros, rodesac 
erTmaneTs scildebian homologiuri qromosomebi, Sesabamisad, gameta yove-
li aleluri wyvilidan Seicavs mxolod erTs; alelebis wyviladoba aRdgeba 
ganayofierebis dros, oRond erT alels iRebs erTi mSoblisgan da meores _ 
meore mSoblisgan;

• aleluri genebis urTierTqmedebis formebia: sruli dominireba, arasruli 
dominireba, kodominireba; arasruli dominirebis dros F2-Si genotipuri da 
fenotipuri daTiSvis Tanafardoba erTnairia;

• mendelis genebis damoukideblad ganawilebis kanoni moqmedebs im SemTxvevaSi, 
rodesac sxvadasxva geni lokalizebulia arahomologiur qromosomebSi; mor-
ganis genebis SeWidulobis kanoni ki moqmedebs im SemTxvevaSi, rodesac sxva-
dasxva geni homologiuri wyvilis erT qromosomaSia lokalizebuli;

• sqesis gansazRvris qromosomuli meqanizmis mixedviT, sqesi ganisazRvreba ganay-
ofierebis momentSi da sqesis ganmsazRvreli aris heterogameturi organizmi;

• momavali organizmis sqesis adreul etapze dadgenas SeiZleba praqtikuli 
mniSvneloba hqondes;

• sasqeso qromosomebSi lokalizebuli genebis memkvidreobas sqesTan SeWidul 
memkvidreobas uwodeben;

• genotipi organizmisaTvis damaxasiaTebeli genebis meqanikuri jami ar aris, 
aramed igi aris genebis rTuli sistema, romelSic genebi erTmaneTTan urTi-
erTqmedeben; araaleluri genebis urTierTqmedebis formebia: komplementaro-
ba, epistazi da polimeria;  

• fenotipi yalibdeba genotipisa da garemo faqtorebis urTierTqmedebiT;

• cvalebadoba SeiZleba iyos memkvidruli an aramemkvidruli; aramemkvidrul 
cvalebadobas modifikaciuri cvalebadoba ewodeba;

• genotipuri calebadobis dros genotipi icvleba, amitom igi memkvidreobiT 
gadaecema; genotipuri cvalebadobis formebia kombinaciuri da mutaciuri 
cvalebadoba;

• mutaciebi, arasruli dominireba da kodominireba, kombinaciuri cvalebado-
ba mniSvnelovnad zrdis genetikur mravalferovnebasa da, Sesabamisad, biom-
ravalferovnebas;

• mutaciebma SeiZleba gamoiwvios genetikuri darRvevebi da daavadebebi;
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• mecnieruli kvlevebis Sedegad dadgenilma biologiuri sistemebis struqturi-
sa da funqciebis, maTSi mimdinare biologiuri procesebis kanonzomierebebis 
gaazrebam xeli Seuwyo bioteqnologiis Tanamedrove mimdinareobebis ganvi-
Tarebas; 

• bioteqnologia efuZneba dnm-is replikaciisa da cilebis biosinTezis meqa-
nizmebs, restriqtazebisa da polimerazebis moqmedebis Taviseburebebs;

• genuri inJineriis Sedegad organizmis genomSi CarTaven ucxo gens da axali 
niSan-Tvisebebis organizmi miiReba; mas transgenur/genmodificirebul orga-
nizms (gmo) uwodeben;

• gmo-m SeiZleba Seqmnas ekologiuri problemebi da safrTxe Seuqmnas adamianis 
janmrTelobas; 

• kloni aris genetikurad identuri geni, ujredi an organizmi, xolo kloni-
reba aris procesi, romlis Sedegadac miiReba genetikurad identuri geni, 
ujredi an organizmi (Sesabamisad, dnm-is replikaciis, ujredebis mitozuri 
gayofisa da organizmTa usqeso gamravlebis Sedegad);

• buneba Tavad iZleva klonirebis uamrav magaliTs (dnm-is replikacia, ujre-
debis mitozuri gamravleba, usqeso gamravleba);

• recesiul-autosomuri daavadebis matarebeli SeiZleba iyos qalic da ka-
cic; mxolod qalebi SeiZleba iyvnen sqesTan SeWiduli genetikuri darRvevis 
matarebelni;

• daavadebis genetikuri bunebis codna iZleva zusti diagnostirebisa da saWiro 
mkurnalobis ganxorcielebis SesaZleblobas; 

• samedicino bioteqnologia aris bioteqnologiis erT-erTi yvelaze ganvi-
Tarebadi mimarTuleba; samedicino bioteqnologia iyenebs genetikis sferoSi 
miRweul mecnierul warmatebebsa da Tanamedroe teqnologiebs; samedicino 
bioteqnologiis yvelaze axali da saintereso sferoa nanomedicina.

• bioteqnologiis Tanamedrove miRwevebi bioeTikasTan dakavSirebul bevr saka-
maTo kiTxvasac aCens.

davalebebi TviTSefasebisTvis

testuri davalebebi

1. recesiuli niSani:

 a. gamovlindeba mxolod homozigotur mdgomareobaSi;

 b. gamovlindeba  nebismier TaobaSi;

 g. gamovlindeba mxolod heterozigotur mdgomareobaSi;

 d. pirvel TaobaSi SeniRbulia.

2. niSan-Tvisebebis memkvidreobis romeli kanoni gamovlindeba organizmebis ase-
Ti Sejvarebisas: Aa X Aa?

 a. erTgvarovnebis; g. genTa SeWidulobis;

 b. daTiSvis;  d. genTa damoukidebeli memkvidreobis.

3. bardaSi maRali Reros makodirebeli aleluri geni dominirebs dabali Re-
ros makodirebel alelze. Seajvares erTmaneTTan am niSniT heterozigoturi 
mcenareebi. STamomavlobaSi dabalReroiani mcenaris miRebis albaTobaa:
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 a. 100%; b. 75%;  g. 50%;  d. 25%.

4. gansazRvre genotipuri daTiSvis Tanafardoba F1 Taobis hibridebSi ruxi (Aa) 
da TeTri bocvrebis (aa) Sejvarebisas. 

 a. 25% Аа : 75% аа; g. 50% Аа : 50% аа;

 b. 25% аа : 75% Аа; d. 25% АА : 50% Аа : 25% аа.

5. romeli debulebaa marTebuli?

 a. aleluri genebi erTsa da imave qromosomaSia lokalizebuli.

 b. aleluri genebi qromosomaTa homologiur wyvilSia lokalizebuli.

 g. aleluri genebi arahomologiur qromosomebSia lokalizebuli.

6. sruli dominirebis dros heterozigotebis monohibriduli Sejvarebis dros 
pirvel TaobaSi fenotipuri daTiSvis Tanafardoba iqneba:

 a. 3:1; b. 1:3;  g. 1:2:1; d. 1:1:1.

7. dominanturi da recesiuli homozigoturi klasikuri dihibriduli Sejvare-
bis Sedegad miRebul meore TaobaSi fenotipebis ricxvi aris:

 a. 1;  b. 2;  g. 3;  d. 4.

8. diheterozigoturi individebis klasikuri dihibriduli Sejvarebis Sedegad 
miRebul pirvel TaobaSi _

 1) fenotipebis ricxvi aris:

  a. 1;  b. 2;  g. 3;  d. 4.

 2)  diheterozigotebis wili aris:

  a. 1/2;  b. 1/4;  g. 1/8;  d. 1/16.

 3) homozigotebis wili aris:

  a. 1/2;  b. 1/4;  g. 1/8;  d. 1/16.

 4) monohomozigotebis wili aris:

  a. 1/2;  b. 1/4;  g. 1/8;  d. 1/16.

9. dominanturi homozigoturi genotipia:

 a. Aabb; g. AABB; e. AaBb; z. AaBB;

 b. aaBB; d. aabb; v. AABb; T. aaBb.

10. recesiuli homozigoturi genotipia:

 a. Aabb; g. AABB; e. AaBb; z. AaBB;

 b. aaBB; d. aabb; v. AABb; T. aaBb.

11. diheterozigoturi genotipia:

 a. Aabb; g. AABB; e. AaBb; z. AaBB;

 b. aaBB; d. aabb; v. AABb; T. aaBb.

12. monoheterozigoturi genotipia:

 a. Aabb; g. AABB; e. AaBb; z. AaBB;

 b. aaBB; d. aabb; v. AABb; T. aaBb.

13. mendelis genebis damoukidebeli ganawilebis kanoni samarTliania:

 a. aleluri genebis mimarT;

 b. araaleluri genebis mimarT, romlebic arahomologiur qromosomebSi arian 
lokalizebuli;

 g. erT qromosomaSi lokalizebuli genebis mimarT;
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 d.araaleluri genebis mimarT, romlebic sasqeso qromosomebSi arian lokali-
zebuli.

14. rogoria diheterozigotur organizmSi _

 1) Ab gametis warmoqmnis albaToba? 

 a. 2%; b. 16%; g. g. 25%; d. 100%.

 2) AB gametis warmoqmnis albaToba? 

 a. 2%; b. 16%;  g. 25%; d. 100%.

15. adamianis erT-erTi memkvidruli daavadeba ganpirobebulia X-qromosomaSi 
moTavsebuli dominanturi geniT. daavadebis mqone mamakaci daqorwinda jan-
mrTel qalze. maTi Svilebidan _

 1) vaJebis ra nawili SeiZleba iyos am ojaxSi daavadebis mqone?

 a. 0%; b. 25%;  g. 50%; d. 100%.

 2) gogoebis ra nawili SeiZleba iyos am ojaxSi daavadebis mqone?

 a. 100%; b. 25%;  g. 50%; d. 75%.

16. janmrTeli mamakaci daqorwinda janmrTel qalze, romelic hemofiliis genis 
matarebelia. aseTi qorwinebiT _ 

 1) janmrTeli bavSvis dabadebis albaTobaa:

 a. 100%; b. 75%;  g. 50%; d. 25%.

 2) hemofiliis mqone bavSvis dabadebis albaTobaa:

 a. 100%; b. 75%;  g. 50%; d. 25%.

 3) hemofiliis mqone biWis dabadebis albaTobaa:

 a. 100%; b. 75%;  g. 50%; d. 25%.

 4) janmrTeli biWis dabadebis albaTobaa:

 a. 100%; b. 75%;  g. 50%; d. 25%.

 5) hemofiliis mqone gogos dabadebis albaTobaa:

 a. 0%; b. 75%;  g. 50%; d. 25%.

 6) janmrTeli gogos dabadebis albaTobaa:

 a. 100%; b. 75%;  g. 50%; d. 25%.

17. moniSneT modifikaciuri cvalebadobis Taviseburebani:

 a. uecrad aRmocendeba;

 b. saxeobis calkeul individebSi mJRavndeba;

 g. cvalebadoba reaqciis normiT ganisazRvreba;

 d. erTi saxeobis yvela individSi msgavsad gamovlindeba;

 e. axasiaTebs SeguebiTi/adapturi xasiaTi;

 v. memkvidreobiT gadaecema STamomavlobas. 

 pasuxi:   

18. qromosomis ABCD monakveTma ganicada aseTi cvlileba _ ABCCDD.

 1) mutaciis romel formas miekuTvneba aRniSnuli cvlileba?

 a. genomurs; b. qromosomuls; g. genurs; d. wertilovans.

 2) qromosomuli mutaciis romeli saxea?
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 a. delecia; b. inversia; g. translokacia;   d. duplikacia.

19. qromosomis ABCDEFG monakveTis mocemuli cvlileba _ AEDCBFG,

 1) mutaciis romel formas miekuTvneba aRniSnuli cvlileba?

 a. genomurs;     b. qromosomuls;    g. genurs; d. wertilovans.

 2) qromosomuli mutaciis romeli saxea?

 a. delecia;       b. inversia;     g. translokacia; d. duplikacia.

20. qromosomis mocemuli monakveTi _ ABCDKF, ganicdis Semdegnair cvlilebas: 
ABCD.

 1) mutaciis romel formas miekuTvneba aRniSnuli cvlileba?

 a. genomurs; b. qromosomuls; g. genurs; d. wertilovans.

 2) qromosomuli mutaciis romeli saxea?

 a. delecia;  b. inversia; g. translokacia; d. duplikacia.

sworia Tu mcdari?

gansazRvre debuleba/mtkicebuleba sworia Tu mcdari. Tu sworad migaCnia, 
dawere „sworia“; Tu mcdarad, gaxazuli sityva Secvale iseTi sityviT/sityvebiT, 
rom mtkicebuleba swori iyos.

 1. butkos dingze sxva mcenaris mtvris marcvlis moxvedras TviTdamtverva 
ewodeba.

 2. recesiuli alelis efeqti Cans heterozigotur organizmSi.

 3. sasqeso ujredebs gametebsac uwodeben. 

 4. Teoriulad mosalodneli daTiSva gamovlindeba mxolod mcirericxovan 
STamomavlobaSi.

 5. ganayofierebis dros spermatozoidi da kvercxujredi erwymis erTmaneTs 
da gameta warmoiqmneba.

 6. adamiani, romelsac aqvs genotipi Rh+Rh-, rezusuaryofiTiania. 

 7. mendelis genebis damoukideblad ganawilebis kanoni moqmedebs im SemTxveva-
Si, rodesac sxvadasxva geni lokalizebulia homologiur qromosomebSi.  

 8. morganis genebis SeWidulobis kanoni moqmedebs im SemTxvevaSi, rodesac 
sxva dasxva geni arahomologiur qromosomebSia lokalizebuli.

 9. namglisebranemiis mixedviT heterozigoturi adamianebi malariisadmi mdgra-
debi arian.

 10. Tu kaci hemofiliis mqonea, mas diploidur ujredebSi aqvs am niSnis erTi 
aleluri geni.

 11. genuri mutaciebi gamowveulia qromosomis struqturis cvlilebiT.

 12. qromosomuli mutaciebi gamowveulia qromosomebis ricxvis cvlilebiT.

 13. genotipi yalibdeba genotipisa da garemo faqtorebis urTierTqmedebiT.

 14. daunis sindromis mqone adamians damatebiTi qromosoma aqvs qromosomebis 
me-16 wyvilSi. 

 15. citogenetikur meTods iyeneben genis eqspresiaze garemos gavlenis gamo-
sakvlevad.
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davalebebi kritikuli da SemoqmedebiTi azrovnebisTvis

1. erT nakveTze daTesili genetikurad erTgvarovani lobios parkebSi (nayofeb-
Si) Teslebis raodenoba meryeobda 6-dan 12-mde. Teslebi aiRes im mcenaree-
bidan, romlebic 8, 9, 10 Teslian parkebs ikeTebda da daTeses imave nakveTze. 
1) ramden Teslian parkebs ganiviTareben aRmocenebuli mcenareebi? a. mxolod 
8, 9, 10-s; b. Tu kargi pirobebi iqneba 12-s; g. cud pirobebSi 6-s; d. nebismier 
SemTxvevaSi 6-dan 12-is CaTvliT. axseni Seni pasuxi. 2) cvalebadobis romeli 
formis magaliTia aRwerili situacia?

2. geni, romelic cnobilia saxelwodebiT Bt, akodirebs cilas, romelic mwerebs 
xocavs. amitom mas bunebriv pesticids uwodeben. mecnierebma gamoiyvanes kar-
tofilisa da simindis gm jiSebi, romlebic Seicaven Bt gens. 1) ra dadebiT Se-
degs gamoiwvevda Bt genis Semcveli mcenareebis jiSebis gamoyvana? 2) ra gavlena 
SeiZleba moaxdinos am faqtma biomravalferovnebaze? 3) ra gavlena SeiZleba 
moaxdinos aman mezobel nakveTze daTesil aragenmodificirebuli mcenareebis 
mosavalze?

3. warmoidgine, rom ori mezobeli nakveTidan erTze daTesilia gm soio, rome lic 
mdgradia sarevela mcenareebis mimarT, xolo meore nakveTze _ Cveulebrivi 
aragenmodificirebuli jiSis soio. 1) ra gavlenas moaxdens es faqti sarevela 
mcenareebze momavalSi? 2) ra problema SeiZleba Seeqmnas aragenmodificire-
bul jiSs? 

4. rogorc ici, X-qromosomaSi ufro meti genebia lokalizebuli, vidre Y-qro-
mosomaSi, Sesabamisad, X-qromosomaSi dnm-is masa gacilebiT metia Y-qromoso-
masTan SedarebiT. genetikuri teqnologiebis gamoyenebiT  dRes SesaZlebelia 
spermis dayofa or fraqciad: romelic Seicavs X-qromosomian spermatozoidebs 
da romelic Seicavs Y-qromosomian spermatozoidebs. am miRwevas warmatebiT 
iyeneben Sinaur cxovelebSi sasurveli sqesis misaRebad, rasac didi sameurneo 
mniSvneloba aqvs. ramdenad misaRebad migaCnia sasurveli sqesis bavSvis Casax-
vis mizniT teqnologiis am miRwevis gamoyeneba adamianis spermis gadarCevis-
Tvis? imsjele jgufSi.

5. genetikuri inJineriis Sedegad Seqmnilia sami saxis „dnm-doping“ preparati. 
erT-erTi geni zrdis eriTrocitebSi hemoglobinis, xolo kunTebSi mioglobi-
nis raodenobas. amitom aseTi preparatiT sargeblobis SemTxvevaSi kunTebs didi 
raodenobiT Jangbadi miewodeba da izrdeba organizmis amtanoba. mecnierebma 
preparati anemiiT daavadebuli avadmyofebis samkurnalod Seqmnes, magram am 
preparats gaumarTleblad iyeneben sportsmenebi. amJamad, sportis zogierT 
saxeobaSi rekordulma Sedegebma biologiuri SesaZleblobebis  zRvars miaR-
wia. ramdenad gamarTlebulad migaCnia genuri dopingebis sportsmenebis mier 
gamoyeneba? ra SeiZleba daupirispiron mecnierebma sportsmenebSi am tenden-
cias?

monacemebis gansja (analizi da daskvna)

1. ZaRlebSi mokle bewvi dominanturi niSania, xolo grZeli bewvi _ recesiuli. 
moklebewviani mSoblebis 8 lekvidan 6 moklebewviania, 2 ki _ grZelbewviani. 
rogoria mSoblebis genotipebi?

2. maRali gluvTesliani mcenare Seajvares dabal danaoWebulTeslian mcena-
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F1

F2

75% 25%
{

resTan. miRebuli STamomavali Seajvares ucnob mcenaresTan, miRebuli hib-
ridebidan 1/2 maRali mrgvalnayofiania, xolo 1/2 maRali danaoWebulTesliani. 
gansazRvre hibridisa da ucnobi mcenaris genotipi da fenotipi.

3. sisxlis A da B jgufis heterozigoturi mSoblebis Svilebs romeli jgufis 
sisxli SeiZleba hqondeT? 

4. Seqmeni SeWidul genTa ruka, Tu genebs Soris krosingoveris sixSire aris ase-
Ti: A-B – 8%, B-C – 10% da A-C – 2%. 

5. saofle jirkvlebis uqonloba memkvidreobiT gadaecema, rogorc X-qromoso-
masTan SeWiduli recesiuli niSani. am niSnis mixedviT janmrTeli kaci daqor-
winda qalze, romlis mamas ar hqonda saofle jirkvlebi, xolo deda da misi 
winaprebi janmrTelebi iyvnen. rogoria am ojaxSi saofle jirkvlebis gareSe 
bavSvis dabadebis albaToba?

vizualuri masalis gansja

 

3. Seiswavle suraTze ilust ri  rebuli genetikuri Sejva rebis sqema (miTiTebuli 
ni    San-Tvisebebi gogrebSi memkvidreoben damoukideblad) da gansazRvre:        

1) rogori genotipebi eqne-
baT F2-Si miRebul grZel 
TeTrnayofian hibridebs? 2) 
rogori genotipebi eqnebaT 
F2-Si miRebul diskosebur 
TeTrnayofian hibridebs? 
3) rogori genotipebi eqne-
baT F2-Si miRebul grZel 
yviTelnayofian hibridebs? 

F
1

F
2

9/16 3/16 3/16 1/16

P

F1 ?

1. suraTze mocemuli meore Tao-
baSi miRebuli Sedegebis gamoye-
nebiT gansazRvre pomidorSi:

 1) mSoblebis genotipebi; 2) pir-
veli Taobis genotipi; 3) meo-
re Taobis genotipuri daTiSvis 
Tanafardoba.

2. andaluziuri jiSis qaTmebSi 
Savi Seferiloba arasrulad 
dominirebs TeTrze, maTi hib-
ridebi cisferi Seferilo bisaa. 
suraT ze mocemuli informaci-
is mixedviT gansazRvre:

 1) mSoblebis genotipebi; 2) 
fe notipuri daTiSva pirvel 
TaobaSi; 3) pirveli Taobis ge-
notipuri daTiSvis Tanafar-
doba.
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4) rogori genotipebi eqnebaT F2-Si miRebul diskosebur yviTel nayofian 
 hibridebs?

4. 1) romeli genebia ganTavsebuli homolo-
giuri qromosomebis TiToeul wyvilSi? 

 2) romeli genebia SeWiduli?

 3) romeli genebi ar aris SeWiduli?

5. suraTze mocemuli informaciis mixedviT dawere _

    1) arakrosoveruli gametebi; 

    2) krosoveruli gametebi.

6. daadgine Sesabamiso ba qromosomuli mu ta ciebis saxeebsa da suraTze mo cemul 
qro mosomul mu taciebs Soris.

1. inversia                                          

2. delecia

3. duplikacia

4. translokacia 

 

a

bB

D dA

C c

A B C  D  E F G  H F  G  HA B  C E

A B  C D  E F  G  H A B  C  B  C D  E F  G  H

A  B  C  D  E F  G  H G  H

E  D F

A  B  C

A  B  C  D  E F  G  H A E

D  C  B

F  G  H

A  B  C  D  E

R

F  G  H  M N  O  C  D E F  G  H

 M N  O  P  Q A  B  P  Q R

A  B  C  D  E F  G  H F  G  H F  B  C  G H

a)

b)

g)

d)

e)

v)

a b g d e v

1

2

3

4

pasuxi:

A

B b

a
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7. suraTze mocemulia genomuri mutaciebi. daadgine genomuri mutaciis 
saxeebi da Sesabamisi aRniSvnebi Seitane cxrilSi (gaiTvaliswine, rom `a~ 
qromosomebis normaluri nakrebia).

1. monosomia                                                               

2. tetrasomia       

3. tetraploidia

4. triploidia

5. trisomia 

a b g d e v

1

2

3

4

5

pasuxi:

1 2

7 86543

13 14 15 169 10 11 12

8. Seiswavle genealogiur sqemaze mocemuli informacia da gansazRvre:  
1) gamosakvlevi niSan-Tvisebis memkvidreobis tipi _ autosomuria Tu 
sqesTan SeWiduli; 2) gamosakvlev niSan-Tvisebas dominanturi aleli gan-
sazRvravs Tu recesiuli; 3) genealogiur sqemaze warmodgenili TiToeu-
li individis genotipi (dominanturi aleli aRniSne A asoTi, xolo rece-
siuli aleli _ a-Ti).

9. Seiswavle genealogiur sqemaze mocemuli informacia da gansazRvre:  
1) gamosakvlevi niSan-Tvisebis memkvidreobis tipi _ autosomuria Tu 
sqesTan SeWiduli; 2) gamosakvlev niSan-Tvisebas dominanturi aleli gan-
sazRvravs Tu recesiuli; 3) genealogiur sqemaze warmodgenili TiToeu-
li individis genotipi.

1 2

7 86543

13 14 15 169 10 11 12
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monacemebis organizeba sqemebSi 

1. sqema samuSao rveulSi gadaitane da Seavse: sqesis gansazRvris qromosomuli 
meqanizmi.

amfibiebi, ZuZumwovrebi, mwerebisa da 

mcenareebis bevri jgufi

kutkaliebi, taraknebi, kaliebi

qvewarmavlebi, frinvelebi, peplebi, 

zogierTi Tevzi

CrCili

sqesis gansazRvris qromosomuli meqanizmi

mdedrobiTi sqesi mamrobiTi sqesi
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2. sqema samuSao rveulSi gadaitane da Seavse:

3. sqema samuSao rveulSi gadaitane da Seavse:

 

4. sqema samuSao rveulSi gadaitane da Seavse:

cvalebadoba

cvalebadobis formebi

eukariotebSi kombinaciuri cvalebadobis wyaro

mutaciis saxeebi
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Tema 2. evolucia

es ucnauri ZuZumwovara cxoveli varskvlavcxviraa, romelic Crdi-
loeT amerikaSi cxovrobs. mas aqvs vardisferi grZeli dingi, romelic 
bolovdeba varskvlavis formis kanis 24 gamonazardiT. dingis aseTi age-
bulebis gamo mas SeuZlia erTdroulad sxvadasxva mimarTulebiT gare-
mosTan SexebiT miiRos informacia. varskvlavcxviras susti mxedveloba, 
magram Zalian kargad ganviTarebuli smena da ynosva aqvs. sxeuli xSiri da 
grZeli bewviTaa dafaruli. misi sakvebia wylisa da xmeleTis mcire zomis 
uxerxemlo cxovelebi. kargad curavs, xmeleTze ki gvirabebs Txris.     

daakvirdi varskvlavcxviras suraTs, teqstSi gaecani mis Sesaxeb 
mowodebul mcire informacias da upasuxe kiTxvebs:
• rogor fiqrob, rogoria misi sacxovrebeli garemo? SeZlebisdagvarad 

aRwere igi.
• ra Seguebuloba aqvs aseT garemoSi cxovrebasTan?
• ra exmareba sakvebis mopovebaSi? 
• ratom arseboben iseTi ucnauri cxovelebi, rogoric varskvlavcxvi-

raa?
• rogor fiqrob, ra roli SeiZleba Seesrulebina evolucias am cxove-

lis garegnobisa da qcevebis CamoyalibebaSi?  
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 ra mniSvneloba aqvs klasifikacias? 

2.1. organuli samyaros klasifikacia

 iqamde, sanam organizmebis dajgufe-
bisa da dasaxelebis sayovelTaod 

miRebuli xerxi ar arsebobda, natura-
listebi TavianT aRmoCenil organizmebs 
ise ajgufebdnen da aZlevdnen dasaxele-
bas, rogorc maT surdaT. 

• ra problemebs uqmnida es mecnierebasa da 
am dargSi momuSave mecnierebs?

 biomravalferovneba: sistema-
tika, taqsonomia _ sistematikis 

erTeulebi (saxeoba, gvari, ojaxi, rigi, 
klasi, tipi, samefo, domeni). 
 struqtura da funqcia: saxeobis struq-
tura.

klasi

Tanamedrove 
klasifikaciis 

erTeulebi

saxeoba

rigi

ojaxi

tipi

samefo

domeni

gvari

klasi

saxeoba

lineseuli 
klasifikaciis 

erTeulebi

rigi

gvari

sur. 2.1.

sur. 2.2. Viola silvestris _ tyis ia Viola odorata _ surnelovani ia

garemoze Seni sakuTari dakvirvebidan, 
biologiis gakveTilebze miRebuli in-
formaciidan ici, rom dedamiwaze orga-
nizmebis uamravi saxeoba cxovrobs. dRem-
de mecnierebma gamoavlines, daaxloebiT, 
or milion-naxevari saxeoba da jer kidev 
bevri samuSaoa am mimarTulebiT Casata-
rebeli. zogierTi biologis SefasebiT, 
tropikul tyeebSi kidev erTi milioni 
saxeobis aRmoCenaa SesaZlebeli, aseve, 
Seuswavlelia wylebis siRrmeebSi mcxov-
rebi organizmebi. 

imisTvis, rom gaadvildes sicocxlis 
aseTi mravalferovnebis Seswavla, mecnie-
rebi maT ajgufeben. mecnierebis dargs,  
romelic organizmebs jgufebSi anawi-
lebs, maT Soris msgavseba-gansxvavebis 
mixedviT, sistematika/klasifikacia ewo-
deba. Tanamedrove sistematikis fuZem-
deblad miiCneva Svedi botanikosi karl 
line. man SeimuSava sistematikis/klasi-
fikaciis sistema, romelic mecnierebaSi 
1750 wlidan damkvidrda. man gamoikvlia 
da aRwera aTiaTasobiT mcenare da cxove-
li. isini msgavseba-gansxvavebis mixedviT 
gaaerTiana jgufebSi, romelTac klasifi-
kaciis erTeulebi ewodeba. suraT 2.1-ze 
warmodgenilia karl linesa da Tanamed-
rove sistematikis/klasifikaciis erTeu-
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lebi. yoveli klasifikaciis erTeuli ga-
erTianebulia zemdgomi donis erTeulSi. 
mag., samefoSi gaerTianebulia ramdenime 
tipi, tipSi ramdenime klasi da a.S.

linem sistematikis umcires erTeulad 
saxeoba miiCnia da, aseve,  mogvca saxeo-
bis ganmarteba. lines mixedviT, saxeoba 
aris individTa jgufi, romelTac aqvT 
msgavsi agebuleba da Sejvarebisas nayo-
fier STamomavlobas iZlevian. manve Se-
moiRo saxeobis saxelwodebis aRniSvnis 
ormagi/binaluri nomenklatura. binaluri 
nomenklatura aris yoveli saxeobisTvis 
laTinur enaze saxelwodebis miniWebis 
sistema, romelic ori sityvisgan Sedgeba. 

aqedan erTi miuTiTebs gvarze, romelsac 
es saxeoba miekuTvneba, xolo meore _ am 
gvaris konkretul saxeobaze. mag., saxeoba 
Viola silvestris (tyis ia) _ Viola (ia) gvaria, 
xolo silvestris (tyis) ki am gvaris erT-erT 
saxeobaze miuTiTebs (sur. 2.2). saxeobebis 
saxelwodebebis saerTaSorisod aRiare-
buli sistema mravalmxriv sasargebloa. 
pirvel rigSi, laTinur enaze aRniSnuli 
saxeobis saxelwodeba yvela erovnebis me-
cnierisTvis gasagebia, da meorec, sayo-
velTaod aRiarebuli saxelebi mecnierebs 
aZlevs saSualebas, erTmaneTSi isaubron 
konkretul saxeobebze yovelgari gaugeb-
robisa da dabneulobis gareSe. 

saxeobisTvis damaxasiaTebel niSan- 
Tvisebebs kriteriumebs uwodeben. ga-
nasxvave ben morfologiur, fiziologiur, 
bio qimiur, genetikur, ekologiur, geogra-
fiul kriteriumebs.

morfologiuri kriteriumi gansaz-
Rv ravs garegani da Sinagani agebulebis 
msgav sebas, Tumca mxolod am kriteriumiT 
ver xerxdeba saxeobis gansazRvra. buneba-
Si arsebobs saxeoba _ oreulebi, romle-
bic msgavsia agebulebis TaviseburebebiT, 
magram ar ejvarebian erTmaneTs, radgan 
gansxvavdebian qromosomaTa ricxviT. mag., 
arsebobs malariis koRos 6 da Savi virTag-
vas 2 saxeoba-oreuli (38 da 48 qromosi-
miT), aseve, bugrebis, xoWoebis, Tevzebisa 
(sur. 2.4) da sxv. saxeoba-oreulebi. 

 ra kriteriumebis mixedviT SeiZleba saxeobis daxasiaTeba?

sur. 2.3.

sur. 2.4.

saxeoba oreulebi: 
Puntius pentazona da Puntius hexazona

Triturus cristatus _ savarcxliani tritoni Triturus vulgaris _ Cveulebrivi tritoni

fiziologiuri kriteriumi gansaz-
Rv ravs erTi saxeobis individebis sasi-
cocxlo Tvisebebis msgavsebas, upirveles 
yovlisa, gamravlebis xerxis, vadebisa da 
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qcevebis msgavsebas. sxvadasxva saxeobis 
individebi, rogorc wesi, ar ejvarebian 
erTmaneTs an ejvarebian da unayofo STa-
momavlobas iZlevian. Tumca bunebaSi ar-
sebobs iseTi saxeobebic (kanaris Citis, 
skvinCas, alvis xis, tirifis zogierTi 
saxeoba), romlebic ejvarebian erTmaneTs 
da nayofier STamomavlobas iZlevian. ma-
Sasadame, arc fi ziologiuri kriteriumia 
sakmarisi imis dasadgenad, romel saxeo-
bas ekuTvnis individi.

bioqimiuri kriteriumi efuZneba or-
ganizmis unars, warmoqmnas specifikuri 
cilebi, romlebic, Tavis mxriv, ganpiro-
bebulia dnm-molekulaSi nukleotidebis 
unikaluri TanmimdevrobiT. 

genetikuri kriteriumi eyrdnoba im  
faqts, rom yoveli saxeobisTvis dama-
xasiaTebelia garkveuli saxis qromoso-
muli kompleqti _ kariotipi. radgan sxva-
dasxva saxeobas gansxvavebuli kariotipi 
aqvs, isini erTmaneTTan Sejvarebisas, Zi-
riTadad (gamonaklisebis garda), unayofo 
STamomavlobas toveben.

ekologiuri kriteriumis safuZvelia 
im garemo faqtorTa erToblioba, ro-
melSic saxeoba arsebobs. bunebaSi saxeoba 
ikavebs im areals, romelSic misi arsebo-
bisaTvis saWiro garemo pirobebia: sakve-
bi, TavSesafari, temperatura, teniano-

ba da sxv. Tumca erTsa da imave arealSi 
cxovrebas sxvadasxva saxeobaa Seguebuli.

geografiuli kriteriumi gansaz Rvravs 
saxeobis gavrcelebis geografiul 
areals. gvxvdeba saxeobebi, romlebsac 
gavr celebis farTo geografiuli areali 
aqvs, magram gvxvdeba iseTi saxeobebic, 
romlebic mxolod garkveul geografiul 
teritoriaze arsebobs da maT endemuri 
saxeobebi ewodeba. 

amrigad, imisTvis, rom dadgindes, ro-
mel saxeobas ekuTvnis esa Tu is indi-
vidi, sakmarisi ar aris erTi romelime 
kriteriumis gamoyeneba. mxolod maTi 
erTob lioba iZleva saxeobis srulyofi-
li daxasiaTebisa da maTi sistematikur 
erTeu lebSi swori ganawilebis saSuale-
bas.

zemoT naTqvamidan gamomdinare, saxeo-
bis Tanamedrove gansazRvreba SemdegSi 
mdgomareobs: saxeobas uwodeben indivi-
dTa erTobliobas, romlebic erTmaneTs 
hgvanan morfologiuri, fiziologiuri 
da bioqimiuri niSan-TvisebebiT, Tavi-
suflad ejvarebian erTmaneTs da iZle-
vian nayofier STamomavlobas, Seguebulni 
arian garemos gansazRvrul pirobebTan 
da bunebaSi garkveul areals ikaveben.

yovel saxeobas bunebaSi garkveuli 
areali ukavia, sadac saxeobis indivi-

debi araTanabrad 
arian ganawilebulni 
da calkeul dajgu-
febebs warmoqmnian. 
gavr  celebis arealSi 
saxeobis individebis 
araTanabari gavrce-
leba dakavSire bu lia 
imasTan, rom area-
lis farglebSi sa-
xeobis arsebobisaT-
vis saWiro pirobebi 
gan sxvavebulia: zogan 
pi robebis umravleso-
ba xelsayrelia, zogan 
nawilobriv da zoga-
nac araxelsayreli. 
erTi sa xeobis Tavi-

saxeoba

populacia sur. 2.5.
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cxrili 2.1.                       samefos, rogorc sistematikis erTeulis, istoria

istoriis aRwera samefoebi da maTi raodenoba

1753 weli _ mecnierebi organizmebs mxolod or same-
foSi _ mcenareebsa da cxovelebSi _  aerTianebdnen; 
aseT klasifikacias aRiarebdnen 1866 wlamde.

1866 weli _ germanelma biologma ernest hekelma mec-
nierebs SesTavaza, yvela erTujrediani organizmi 
gaeerTianebinaT samefo protistebSi.

1938 weli _ amerikelma biologma herbert kouplen-
di amtkicebda, rom prokariotebi imsaxurebdnen 
protistebisgan gamoyofas da calke samefoSi _ mo-
nerebSi _ gaerTianebas, radgan maT ujreds ar aqvs 
ujreduli membranebiT dafaruli birTvi da or-
ganoidebi.

1959 weli _ amerikelma ekologma robert vitaker-
ma mecnierebs SesTavaza, kvebis Taviseburebis gamo, 
mcenareebisgan sokoebis calke samefod gamoyofa.

1977 weli _ karl voesis mier r-rnm-is kvlevam ga-
moavlina prokariotebis genetikurad gansxvavebuli 
ori jgufi. misma aRmoCenam mecnierebi aiZula, same-
fo monerebi or samefod _ baqteriebad da arqeebad 
_ gaeyoT. 

mcenareebi protistebi

mcenareebi

cxovelebi

cxovelebi

mcenareebi protistebi

monerebi

cxovelebi

cxovelebi

mcenareebi protistebi

monerebisokoebi

cxovelebi

mcenareebi protistebi

arqeebisokoebi

baqteriebi

suflad Sejvarebad individTa erToblio-
bas/dajgu febas, romelic xangrZlivad 
arsebobs garkveul teritoriaze da Se-
darebiT gamocalkevebulia amave saxeobis 
sxva dajgufebisgan, populacia ewodeba. 
amrigad, saxeoba Sedgeba populaciebis-
gan. sxvanairad rom vTqvaT, populacia sa-

xeobis arsebobis formaa (sur. 2.5).
Tu daakvirdebi suraT 2.5-ze mocemul 

populaciebs, SeamCnev, rom isini erTmane-
Tisgan gansxvavdebian: 1. dakavebuli teri-
toriiTa da misi farTobiT, 2. individebis 
ricxviT, 3. individebis fenotipis mraval-
ferovnebiT. 
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• organizmTa klasifikacia aadvilebs mravalferovani organuli samyaros Seswavlas;
• klaსifikaciis umciresi donea saxeoba, xolo umaRlesi _ domeni;
• populacia aris saxeobis arsebobis forma;
• Tanamedrove sistematikiT organizmebs ajgufeben sam domenad da eqvs samefod;
• sistematika icvleba da progresirebs biologiaSi mecnieruli aRmoCenebis kvalda-

kval.  

1. ras gulisxmobs terminebi: „sistematika/klasifikacia“ da „sistematikis erTeuli“?
2. Seadare lineseuli da Tanamedrove klasifikaciis erTeulebi; ra msgavseba-gansxvavebaa 

maT Soris? 
3. aRwere gansxvaveba saxeobasa da gvars Soris?
4. ra kriteriumebiT axasiaTeben saxeobas?
5. ratom ar aris sakmarisi erTi kriteriumis gamoyeneba imisTvis, rom individi miakuTvno 

romelime saxeobas? Seni pasuxi daasabuTe konkretuli magaliTebiT.
6. bunebaSi ra saxiT arsebobs saxeoba?  
7. Seiswavle suraT 2.5-ze mocemuli informacia da upasuxe kiTxvebs: 1) saxeoba ramdeni 

po pulaciisgan Sedgeba? 2) romeli populacia ikavebs yvelaze did teritorias? yvelaze 
mcire teritorias? 3) romeli populacia gamoirCeva individebis yvelaze didi ricxviT? 
4) romeli populacia gamoirCeva individebis mravalferovnebiT?

8. gaecani cxrilSi (cxr. 2.1) mocemul informacias da upasuxe kiTxvas: cocxali organiz-
mebis klasifikacia ratom ganicdis progress?

9. Seavse qvemoT mocemuli sqema:
 
 
 

domenis dasaxeleba domenSi Semavali samefoebi

10. ratomaa, rom protistebi, mcenareebi, sokoebi da cxovelebi erT domenSia gaerTianebu-
li, magram sxvadasxva samefoSi?

11. ris mixedviT ajgufeben organizmebs mcenareebad da cxovelebad?
12. ratom gamoyves mcenareebisgan sokoebi calke jgufad?
13. axseni, ratom aris rTuli liqenebis/mRierebis, mweriWamia mcenareebisa da virusebis 

klasifikacia?

mTavari faqtori, rac ganapirobebs po-
pulaciis erTianobas, aris individebis 
Tavisufali Sejvareba. saxeobis erTiano-
bas ki ganapirobebs is, rom erTi saxeobis 
sxvadasxva populaciis individebi kontaq-
tis SemTxvevaSi ejvarebian erTmaneTs da 
nayofier STamomavlobas warmoqmnian.

iseve, rogorc saxeobis lineseuli gan-
marteba Seivso da ganviTarda biologiu-
ri mecnierebis ganviTarebasTan erTad, 

aseve ganviTarda klasifikaciis sistemac. 
amaze metyvelebs suraT 2.1-ze warmodge-
nili sistematikis erTeulebi; aseve, sxva-
dasxva periodSi mecnierebi aviTarebdnen 
TavianT Sexedulebebs samefoebis Sesaxeb 
(cxr. 2.1). samefoze maRali klasifikaciis 
erTeulia domeni. Tavdapirvelad ori 
domeni gamoyves, dRes ki aRiareben sam 
domens: baqteriebi, arqeebi da eukario-
tebi. 



143

 ra uZRoda win darvinis evoluciuri Teoriis Seqmnas?

2.2. pirveli evoluciuri ideebi

rogorc ukve ici IX klasidan, evo-
luciuri Teoriis SeqmnaSi didi 

roli Seasrula Carlz darvinma, magram 
pirveli evoluciuri Teoria Jan-batist 
lamarks ekuTvnis. igi gamoTqvams mosazre-
bas, rom evuluciis mamoZravebeli Zala 
aris Secvlili garemo pirobebi, romle-
bic organizmebSi mxolod sasargeblo 
da memkvidruli cvlilebebis warmoqmnas 
iwvevs. gamoiyene genetikaSi miRebuli Seni 
codna da argumentirebuli msjelobiT 
daeTanxme an uaryavi lamarkis es idea. 

 biomravalferovneba: mec-
nieruli ideebi dedamiwaze 

organizmTa biomravalferovnebis mize-
zebis Sesaxeb. 
 sasicocxlo Tvisebebi: gamravlebis in-
tensivoba, memkvidruli cvalebadoba,  
arsebobisaTvis brZola  (bu nebrivi ga-
darCevis winapirobebi).

evolucia niSnavs romelime sistemis 
cvlilebis Seuqcevad process, romlis 
Sedegadac warmoiqmneba raRac axali, gan-
sxvavebuli, ganviTarebis ufro maRal 
doneze mdgomi sistema, arasrulyofi-
li ki iSleba.  evolucia exeba bunebaSi 
mimdinare sxvadasxva movlenas. magali-
Tad, astronomi saubrobs planetebisa 
da varskvlavebis evoluciaze, geologi_ 
dedamiwis evoluciaze, biologi _ cocxa-
li organizmebis evoluciaze. saubro-
ben, agreTve, sazogadoebrivi sistemebis, 
Sexedulebebisa da a.S. evoluciaze.

biologiuri evolucia aris cocxali 
bunebis Seuqcevadi da mimarTuli isto-
riuli ganviTareba, romelsac Tan ax lavs 
populaciis genetikuri Sedgenilobis 
cvlileba, Seguebulobebis Camoyalibeba, 
axal saxeobaTa warmoqmna da sxvadasxva 
saxeobis gadaSeneba, biocenozebisa da 
mTlianad biosferos gardaqmna. 

ratom arseboben varskvlavcxvirasnai-
ri ucnauri cxovelebi, romlebic ufro 
samecniero fantastikuri Janris filmis 
arsebebs hgvanan, vidre realurs? ratom 
arsebobs dedamiwaze organizmebis aseTi 
didi mravalferovneba? adamianebi yovel-
Tvis svamdnen msgavsi Sinaarsis kiTxvebs. 
Tumca am kiTxvebze yvelaze srulyofi-
li pasuxi Carlz darvinma gasca da didi 
wvlili miuZRvis evoluciuri Teoriis 
SeqmnaSi, magram igi pirveli ar yofi-
la, vinc wamoayena evoluciuri ideebi. 
erTi formis organizmTa TandaTanobiTi 

cvli lebis gziT gardaqmnis, `pirveladi 
materiidan~ samyaros warmoSobisa da gan-
viTarebis ideas jer kidev antikuri epo-
qis moazrovneebi iziarebdnen (herakli-
te, empidokle, demokrite, lukreciusi, 
aristotele da sxv.).

XVIII saukuneSi samyaroze axali Sexedu-
lebebi gaCnda mecnierebis sxvadasxva mi-
marTulebiT. gansakuTrebiT mniSvnelo-
vania oTxi mecnieris ideebi da Teoriebi. 
maT ara marto didi wvlili Seitanes bio-
logiis ganviTarebaSi, aramed maT ideebze 
darvinma aago Tavisi evoluciuri Teoria 
(ix. cxr. 2.2 _ warmodgenilia am mecniere-
bis yvelaze mniSvnelovani ideebi).  

rogorc ukve ici, 1750 wels karl 
li nem mecnierTa sazogadoebas SesTava-
za organizmTa klasifikaciis sistema. 
miuxedavad imisa, rom linem organizmebi 
daajgufa, mxolod maT Soris msgavsebis 
mixedviT, es sistema evoluciasac asa xavs. 
amitomaa, rom lines klasifikaciis sis-
temas dRemde iyeneben mecnierebi. linem, 
Tavisi moRvaweobis bolo wlebSi, uar yo 
im droisaTvis gavrcelebuli idea, rom 
saxeobebi ar icvlebian. man aRiara, rom 
saxeobebi icvlebian da SesaZlebelia axa-
li saxeobis gaCena.     

frangma naturalistma JorJ bufonma 
(1794-1796 ww.) gamoTqva mosazreba, rom 
Tanamedrove saxeobebs hyavda saerTo wi-
napari. es iyo gamowveva im droisaTvis 
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aRiarebuli SexedulebebisTvis. man, ase-
ve, uaryo im droisaTvis gavrcelebuli 
Sexeduleba imis Sesaxeb, rom dedamiwa 
mxolod 6000 wlis iyo; misi azriT, deda-
miwa gacilebiT `xnieria~.   

erazm darvini (daibada 1731 wels) 
inglis Si iyo pativsacemi eqimi da poeti. 
man ivarauda, rom yvela cocxali orga-
nizmi warmoiSva saerTo winaprisgan, rom 
sicocxlis ufro rTuli formebi gan-
viTardnen ufro dabali organizaciis 
formebisgan. es idea 65 wlis Semdeg ga-
naviTara da axsna misma SviliSvilma _ 
Carzl darvinma.  

frangma mecnierma Jan-baptist lamar-
kma1809 wels Tavisi Sexedulebebi sam-
ya ros istoriuli ganviTarebis Sesaxeb 
Camoayaliba naSromSi ̀ zoologiis filo-
sofia~. lamarkis evoluciuri Teoriis 
ZiriTadi arsi SemdegSi mdgomareobs: sa-
xeobebi cvalebadia, pirobiTia da Tanda-
TanobiT sxva saxeobebad gardaiqmnebian; 
organizmebi viTardebian martividan 
rTulisken, organizaciis donis amaRle-
bis – `gradaciis~ gziT; evoluciis ma-
moZravebel Zalad lamarks miaCnda TviT 
organizmebSi arsebuli ̀ Sinagani swrafva 
srulyofisken~, garemo faqtorebis or-
ganizmze zemoqmedebiT organizmSi ga-
mowveuli cvlilebebi; lamarkis azriT, 
organizmTa reaqcia garemos zemoqmede-
baze atarebs mizanSewonil xasiaTs (ga-

remos cvlilebis adekvaturia): garemo 
faqtorebis cvlileba organizmSi yovel-
Tvis sasargeblo cvlilebebs iwvevs da 
memkvidreobiT gadaecema STamomavlobas. 
Secvlil garemo pirobebSi organizmis 
organoebi, romlebsac cxoveli inten-
siurad iyenebs, gavarjiSdeba, Zlierde-
ba da zomaSi izrdeba. is organoebi ki, 
romlebsac cxoveli ar iyenebs, piriqiT, 
sustdeba da ukuganviTarebas ganicdis. 
mag,. dabali mcenareulobis naklebobis 
gamo Jirafi iZulebuli iyo foTlebi 
moewyvita maRali xeebidan, mudmivi var-
jiSis gamo misi kiseri dagrZelda (sur. 
2.6).

amgvarad, lamarki Tvlida, rom Sec-
vlili garemo pirobebis zemoqmedebiT 
organizmSi warmoqmnili axali niSan-Tvi-
sebebi yovelTvis sasargebloa da STamo-
mavlobas memkvidreobiT gadaecema. misi 
Sexedulebebi araswori aRmoCnda, radgan 
organizmebSi Cndeba rogorc sasargeblo, 
ise saziano, rogorc memkvidruli, ise 
aramemkvidruli cvalebadoba; SeZenili 
niSan-Tvisebebi yovelTvis memkvidreobiT 
ar gadaecema.  mag., suraT 2.7-ze warmod-
genili juja xe Zalian pataraa, radgan 
mas mudmivad aWrian fesvebisa da totebis 
wveroebs. magram am juja xis Tesls Tu 
davTesavT, normaluri xe gaizrdeba. e.i. 
lamarkma marTebulad ver axsna evolu-
ciis mamoZravebeli faqtorebi.

cxrili 2.2.  mecnieruli ideebi, romelTac didi roli Seasrules Carlz darvinis 
evoluciuri Teoriis CamoyalibebaSi

1735 w. _ organuli samyaros 
sistematika 

1794-96 ww. _ zoonomia 1749 w. _ bunebis istoria
1809 w. _ zoologiis 

filosofia

karl linem Seqmna klas-
ifikaciis sistema, romel-
Sic organizmebi gaaerTi-
ana maT Soris msgavsebis 
mixedviT; aRiara saxeobis 
cvlileba.

JorJ bufonma ganixila mniS-
  v ne  lovani ideebi organizmebs 
Soris kavSiris, organizmTa 
mravalferovnebis wyarosa da 
SesaZlo evoluciis Sesaxeb.

erazm darvini ganixilavda, 
Tu organizmebi rogor 
SeiZleba Seicvalon iseTi 
meqanizmis saSualebiT, 
rogoric konkurenciaa.

Jan-baptist lamarki 
evolucias ganixilavda, 
rogorc organizmze gare-
mos xangrZlivi clilebis 
zemoqmedebis Sedegs.
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1. cxrilSi (cxr. 2.2) mocemuli informaciis safuZvelze gansazRvre, ra saerTo Sexedule-
ba hqonda am mecnierebs organizmebis Sesaxeb?

2. suraT 2.9-is mixedviT axseni, darvinma ra Seguebulobani dainaxa kuebsa da mTiulebSi?

sur. 2.6. sur. 2.7.

sur. 2.8.

kaqtusis mTiuli 
grZeli da 
wvrili niskartiT 
Teslebs moipovebs 
kaqtusebidan

mgalobeli 
mTiuli  wvrili 
da basri 
niskartiT 
mwerebiT 
ikvebeba

samxreT 
amerika

wynari 
okeane

galapagosi

miwis didi mTiuli  
mokle da Zlieri 
niskartiT msxvili 
TesliT ikvebeba

gumbaTovan kuebs aqvT mokle kiseri da fexebi, 
cxovroben dabali mcenareulobis adgilebSi.

unagirisebur kuebs aqvT baknis maRali kide, 
romelic grZeli kisris gaWimvis saSualebas aZlevs; 

cxovroben maRal balaxovan adgilebSi.

sur. 2.9.

1859 wels Carlz darvinma (sur. 2.8) ga-
moaqveyna naSromi `saxeobaTa warmoSoba 
bunebrivi gadarCevis gziT~, romelSic 
Camoayaliba Tavisi evoluciuri ideebi. 
naSromis daweramde man bevri dakvirveba 
awarmova bunebaze. darvinma saintereso 
monacemi Seagrova dedamiwis garSemo mog-
zaurobis dros (1831-1836 ww.). sam xreT 
amerikaSi man yuradReba miaqcia cxovel-
Ta namarx da Tanamedrove formebs Soris 
msgavsebas. igi im daskvnamde mivida, rom 
maT Soris naTesauri kavSiri iyo. dar-
vinze yvelaze didi STabeWdileba ki moa-
xdina vulkanuri warmoSobis galapagosis 
kunZulis organizmebma. darvini akvir-

deboda galapagosis 
kunZulze reptilie-
bisa da frinvelebis 
saocar saxeobebs 
(sur. 2. 9). maT So-
ris gansakuTrebuli 
yuradReba miipy ro 
mTiulebis mraval-
gvarobam. es frinve-
lebi sxva gan arsad 
gvxvdebian, magram 
isini emsgavsebian 
mTiu lebis im saxeobebs, romlebic sam-
xreT amerikis kontinentze binadroben.
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im droidan, roca adamianma xeli mohkida 
miwaTmoqmedebasa da cxovelTa moSinau-
rebas. gamoyvanili jiSebis niSan-Tvise-
bebi Seguebulia adamianis interesebTan, 
radgan adamiani gadaarCevs individebs 
misTvis saintereso memkvidruli ni-
San-Tvisebis mixedviT da gadarCevis moq-
medebas warmarTavs misTvis sasurveli 
mimarTulebiT. am dros individebis Ser-
Ceuli niSnidan zogi SesaZloa sazianoc 
ki aRmoCndes organizmisTvis. mag., Roris 
saukeTeso jiSebi an merZeuli Zroxebi 
ver SeZlebdnen bunebaSi arsebobas ada-
mianis zrunvis gareSe.

darvinma daayena sakiTxi – buneba-
Si xom ar arsebobs gadarCevis procesi, 
romelic warmoqmnis garemo pirobebTan 
Seguebul organizmebs? man yuradReba 
miaqcia aseT faqts: miuxedavad imisa, rom 
saxeobaTa umravlesobas axasiaTebs maRa-
li reproduqciuli (gamravlebis) unari 
(didi raodenobiT warmoqmnas STamomav-
loba), maT populaciebSi individebis 
ricxvi SefardebiT mudmivi rCeba, radgan 
populaciaSi iqmneba Seusabamoba individ-

Ta ricxvsa da maT saarsebo saSualebaTa 
Soris. yvela populaciis ricxovnobas 
zRudavs an akontrolebs garemos sxva-
dasxva faqtori, rogoricaa, magaliTad, 
sakvebi resursebi, sacxovrebeli teri-
toria, ganaTeba da sxv. populaciis indi-
videbs Soris ganuwyvetlivi konkurencia 
garemos faqtorebisaTvis iwvevs `arsebo-
bisaTvis brZolas~. bevri individi ver ga-
darCeba da/an ver axerxebs STamomavlo-
bis datovebas.

TeTrTaviani kombosto

kolrabi

yvavilovani kombosto

veluri kombosto

briuselis kombosto

brokoli

sur. 2.10.

darvini inglisSi dabrunebis Semdeg 
dainteresda mtredebisa da sxva Sinau-
ri cxovelebis, kulturuli mcenareebis 
jiSebis gamoyvaniT, ramac igi xelovnuri 
gadarCevis koncefciamde miiyvana: kul-
turul mcenareTa da Sinaur cxovelTa 
jiSebi adamianma gamoiyvana misTvis sain-
tereso memkvidrul niSan-TvisebaTa sxva-
dasxva mimarTulebiT gadarCevis Sede-
gad. SesaZlebelia mravali jiSis winapari 
erTi veluri saxeoba yofiliyo (sur. 
2.10). darvinamde mecnierebi fiqrobdnen, 
rom yovel jiSs Seesabameba TiTo veluri 
saxeoba. xelovnuri gadarCeva moqmedebs 
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yvela populaciaSi xdeba cvlilebe-
bi. uamravi monacemis Sejerebis Sedegad 
darvini mixvda, ramdenadac populaciis 
yvela individi ganicdis niSan-Tvisebebis 
cvalebadobas da yvela maTgani CarTulia 
arsebobisaTvis brZolaSi, gadarCeba da 
STamomavlobas datoveben is individebi, 
romelTac aqvT garemosTan ukeT Seguebis 
niSan-Tvisebebi (sur. 2.11). gadamwyveti 

faqtori, romelic gansazRvravs gadarCe-
nas, es aris garemosTan Segueba. nebismie-
ri, Tundac umniSvnelo morfologiuri, 
fiziologiuri an qceviTi memkvidruli 
cvlileba, romelic mocemul organizms 
upiratesobas aZlevs sxvasTan SedarebiT, 
arsebobisaTvis brZolis procesSi aniWebs 
mas gadarCenis met SesaZleblobas.

arsebobisaTvis brZola aris bunebrivi 
gadarCevis winapiroba. darvinma bunebri-
vi gadarCeva uwoda `xelsayrel indivi-
dualur gansxvavebaTa SenarCunebasa da 
sazianoTa mospobas~. darvinis evoluci-
uri Teoriis mixedviT, bunebrivi gadarCe-
va memkvidruli cvalebadobis safuZvelze 
warmoadgens cocxali samyaros evolu-
ciis mTavar mamoZravebel faqtors. buneb-
rivi gadarCevis Sedegia saarsebo garemos-
Tan axali Seguebulobebis Camoyalibeba 
da axal saxeobaTa warmoqmna. amitom bu-
nebrivi gadarCeva moqmedebs populaciisa 
da saxeobis sasargeblod. igi warmoebs 

organuli samyaros mTeli istoriis gan-
mavlobaSi.

darvinis moRvaweobis periodSi sxva 
bunebismetyveli, alfred rasel uolesic 
mivida imave daskvnamde bunebrivi gadar-
Cevis Sesaxeb. 1858 wlis ivlisSi darvini 
da uolesi TavianTi ideebis Sesaxeb er-
Toblivi moxsenebiT gamovidnen london-
Si lines sazogadoebis sxdomaze. 

darvinma axsna evoluciis mamoZravebe-
li faqtorebi, igi ar cdilobda dedamiwa-
ze  sicocxlis warmoSobis axsnas; mas ain-
teresebda, rogor SeiZleboda arsebuli 
saxeobebidan axali saxeobebis warmoqm na.

maRalma reproduqciam 
gamoiwvia populaciaSi 
individebis ricxvis 
zrda

genetikuri 
mravalferovneba 
_ populaciis 
individebi 
erTmaneTisgan 
gansxvavdebian 
sxeulis zomiTa 
da SeferilobiT, 
sakvebis 
mopovebis unariT, 
daavadebisadmi 
mdgradobiT da sxv.

Seguebulobis amaRleba _ 
arsebobisaTvis brZolis 
procesSi upiratesad is 

individebi gadarCebian da 
datoveben STamomavlobas, 

romelTac aqvT sasargeblo 
memkvidruli niSan-Tvisebebi; 

droTa ganmavlobaSi 
populaciaSi ufro imatebs 

am niSan-Tvisebebis mqone 
individebis ricxvi

arsebobisaTvis brZola _ 
populaciaSi individebis 
ricxvsa da saarsebo 
pirobebs Soris 
Seusabamobis gamo iwyeba 
arsebobisaTvis brZola, 
romlis drosac zogierTi 
individi iRupeba

2

3

4

sur. 2.11.

3. Seni warmodgeniT aRwere xelovnuri gadarCevis procedura brokolis gamosayvanad, ro-
melsac aqvs mokle Rero da patara yvavilebi. 

4. ratom Seiswavla darvinma kulturuli mcenareebisa da Sinauri cxovelebis jiSebis ga-
moyvanis meqanizmi? rogor gamoiyena es Tavisi evoluciuri Teoriis CamoyalibebisTvis?   

5. suraT 2.11-is mixedviT aRwere populaciis cvlilebis meqanizmi.
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darvinamde arsebobda Teoriebi biologiuri da geologiuri cvalebadobis Sesaxeb:

• gamoTqvamdnen mosazrebebs, rom sxvadasxva saxeobas SeiZleba saerTo winapari hyavdes;
• namarx formebsa da Tanamedrove saxeobebs Soris aris naTesauri kavSiri;
• Secvlili garemo pirobebi organizmebSi ayalibebs axal Seguebulobebs.
mogzaurobis dros dakvirvebis Sedegad Segrovebuli monacemebis safuZvelze darvinma 

daaskvna: 

• saxeobebi ganicdian cvlilebebs, magaliTad, galapagosis kunZulebze mcxovrebi sa-
xeobebi naTesaur kavSirSi arian samxreT amerikis kontinentis saxeobebTan, magram 
gauCndaT Secvlil garemo pirobebTan axali Seguebulobebi;

• namarx formebze dakvirvebis safuZvelze gamoitana daskvna, rom saxeobebi icvleba 
droTa ganmavlobaSi.

darvinis evoluciuri Teoriis ZiriTadi debulebebi:

• maRali reproduqciuloba iwvevs arsebobisaTvis brZolas, romelic bunebrivi gadar-
Cevis winapirobaa;

• bunebrivi gadarCeva da memkvidruli cvalebadoba aris evoluciis mamoZravebeli faq-
torebi;

• bunebrivi gadarCeva aris meqanizmi, romlis saSualebiTac umetesad gadarCebian da 
ufro met STamomavlobas toveben sasargeblo memkvidruli cvlilebebis matarebeli 
individebi, vidre sxva.

6. Seadare lamarkisa da darvinis 
Sexedulebebi saxeobaTa mraval-
ferovnebisa da garemos kon-
kretul pirobebTan organiz-
mebis Seguebulobis warmoqmnis 
Taobaze. 

7. axseni, ratom moqmedebs buneb-
rivi gadarCeva memkvidruli 
cvalebadobis safuZvelze?

8. axseni, rogor xsnian lamarki da 
darvini Jirafis grZeli kisris 
ganviTarebas. darvinis mixed-
viT, ratom daiRupnen mokleki-
sera Jirafebi? 

9. bunebrivi da xelovnuri gadar-
Cevis Sedarebisas SegiZlia aR-
moaCino msgavseba: orive proce-
sis safuZvelia memkvidruli 
cvalebadoba, warmoiqmneba axa-
li formebi: xelovnuri gadarCevis Sedegad _ axali jiSebi, bunebrivi gadarCevis Sede-
gad _ saxeobebi. Tumca am or process Soris uamravi gansxvavebaa. Seadare erTmaneTs 
xelovnuri da bunebrivi gadarCeva, daadgine maT Soris saerTo da gansxvavebuli niSnebi. 
Sedarebis monacemebi warmoadgine sqemis saxiT.
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 mecnierebis ra mimarTulebebia Tanamedrove evoluciuri 

 Teoriis sayrdeni?

2.3. mikroevolucia da misi mamoZravebeli faqtorebi

• ras ewodeba memkvidreobiToba? 
cvalebadoba?

• daasaxele cvalebadobis formebi da 
aRwere maTi biologiuri mniSvneloba?

• ra aris populacia da ra niSnebiT xasiaT-
deba igi?

 struqtura da funqcia: 
populaciis struqtura, popu-

laciis genofondi. 
 biomravalferovneba: mikroevoluciis 
faqtorebi memkvidruli cvalebadoba 
(mutaciebi, kombinaciuri cvalebadoba), 
genTa dreifi, genTa nakadi.

XX saukunis 40-ianი wlebidan Caisaxa 
da dRemde viTardeba evoluciis Tanamed-
rove Teoria _ populaciuri evolucia, 
romelic eyrdnoba klasikur darvinizms, 
Tanamedrove genetikisa da molekuluri 
biologiis, ekologiis, paleontologiis 
monacemebs.

populacia xasiaTdeba dakavebuli te-
ritoriiT, individebis ricxobriobiTa 
da misi dinamikiT, asakobrivi da sqesob-
rivi struqturiT, erTiani genetikuri 
struqturiT – genofondiT. rogorc ici, 
mTavari faqtori, rac ganapirobebs po-
pulaciis erTianobas, aris individebis 
Tavisufali Sejvareba. populaciis Sig-
niT erTi sqesis yovel organizms Tana-
bari Sansi aqvs, Seejvaros sapirispiro 
sqesis nebismier organizms.

evoluciis erTeuli aris populacia 
da ara organizmi. calkeuli organizmi ar 
SeiZleba iyos evoluciis erTeuli, rad-
gan erTi individis sicocxlis xangrZli-
voba Zalian xanmoklea populaciasTan 
SedarebiT. amitom evolucias ganicdis 
organizmTa jgufi. populaciaSi gamud-
mebiT warmoiSoba mutaciebi, populaciis 
individebis Tavisufali Sejvarebis gamo 
is vrceldeba populaciaSi, Sedegad, po-
pulacia genotipurad araerTgvarovani 
xdeba. masSi mimdinareobs brZola arse-
bobisTvis da bunebrivi gadarCeva, ris ga-
moc gadarCebian da upiratesad STamoma-
vlobas toveben is individebi, romelTac 
mocemul pirobebSi sasargeblo cvlile-
bebi aRmoaCndebaT. amrigad, populacia 
evoluciis elementaruli erTeulia.

magaliTad, antilopis populaciaSi, 
individebi gansxvavdebian sxeulis zomiT, 
kidurebis simaRliT, rqebis formiT da 
a.S. (sur. 2. 12) es im fenotipis magaliTe-
bia, romelsac erTi an ramdenime geni ga-
napirobebs. zogierTi populacia xasiaT-
deba fenotipis didi, zogierTi naklebi 
mravalferovnebiT, populaciis mraval-
ferovani fenotipi ki genetikuri mra-
valferovnebiTaa gamowveuli. bunebrivi 
gadarCeva moqmedebs populaciaSi sxva-
dasxva fenotipze. rac mravalferovania 
populacia fenotipurad, miT Secvlil 
garemoSi populacias gadarCenis meti 
Sansi aqvs. magaliTad, stepebSi gvalvis 
dros gadarCenis meti Sansi aqvs im anti-

sur. 2.12.
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lopas, romlisTvisac damaxasiaTebelia 
Zlieri kidurebi da xangrZlivi sirbili 
SeuZlia wylisa da sakvebis mosapoveblad.  

 memkvidruli cvalebadoba inaxeba po-
pulaciis genofondSi. genofondi aris 
populaciis yvela individis aleluri 
genebis erToblioba. genofondSi ale-
lebis sxvadasxva kombinacia warmoiqmneba 
individebis Sejvarebisas (sur. 2.13). po-
pulaciaSi TiToeuli aleli gansazRvru-
li sixSiriT aris warmodgenili. alelis 
sixSire aCvenebs, Tu ramdenad gavrcele-
bulia igi populaciaSi. amitom mniSvne-
lovania populaciaSi alelebis sixSiris 
gamoangariSeba (ix. rubrikaSi _ `amocane-
bisa da savarjiSoebis amoxsnis magaliTe-
bi~). 

evoluciur process xSirad yofen 
mik roevoluciad da makroevoluciad. 
mikroevolucia aris saxeobis SigniT 
mimdinare evoluciuri gardaqmnebi – 
memkvidruli cvalebadobis warmoqmnidan 
axali adaptaciebis Camoyalibebamde. mik-
roevoluciis Sedegad axali saxeoba war-
moiqmneba. makroevolucia aris evoluci-
uri gardaqmnebi, romlebic mimdinareobs 
zesaxeobriv doneze da ganapirobebs axali 
gvarebis, rigebis, klasebis, tipebis da a.S. 

sur. 2.13.

sawyisi populacia
populaciaSi gaCnda axali 

fenotipi mutaciis Sedegad

sur. 2.14.

alelis sixSiris gamoTvla

suraT 2.13-ze A aleli gansazRvravs xoWos wiTel Seferilobas, a _ yviTels.
genofondSi A alelis raodenoba = 20, xolo a alelis raodenoba = 14, alelebis saerTo 

raodenoba = 34.  
A alelis sixSire = 20/34 = 0.588 = 58.8% 
a alelis sixSire = 14/34 = 0.412 = 41.2%

warmoqmnas. mikroevoluciis mamoZravebe-
li faqtorebia memkvidruli cvalebado-
ba, genTa dreifi, genTa nakadi, izolacia 
da bunebrivi gadarCeva. rogorc mikroe-
voluciis, ise makroevoluciis mTavari 
mamoZravebeli faqtorebia memkvidruli 
cvalebadoba da bunebrivi gadarCeva.

rogorc ukve ici, memkvidruli cva-
lebadobis wyaro aris kombinaciuri cva-
lebadoba da mutaciebi. mutaciuri cva-
lebadoba aris populaciaSi memkvidruli 
cvalebadobis ZiriTadi wyaro. mutaciu-
ri procesi cocxal organizmebSi spon-
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tanurad da mudmivad mimdinareobs. igi 
zrdis populaciis genetikur heteroge-
nurobas (sur. 2.14). es mravalferovneba 
Zlierdeba Sejvarebis dros axali gene-
tikuri kombinaciebis warmoqmnis safuZ-
velze. dominanturi mutaciebi maSinve 
gamomJRavndeba fenotipurad da moeq-
ceva bunebrivi gadarCevis zemoqmedebis 
qveS. recesiuli mutaciebi ki grovdeba 
heterozigotebSi da mxolod homozigo-
tur mdgomareobaSi gamovlindeba fe no-
tipurad. amis Semdeg moeqceva bunebri-
vi gadarCevis kontrolis qveS. amitom 
recesiul mutaciebs heterozigotur 
mdgomareobaSi memkvidruli cvalebado-
bis farul rezervs uwodeben. mutaciu-
ri procesi, sxva faqtorebis moqmedebis 
gareSe, ar aZlevs mimarTulebas popula-
ciis cvlilebas, magram iZleva masalas 

bunebrivi gadarCevisTvis.
genTa nakads populaciaTa Soris gen-

Ta mimocvlas uwodeben. populacia Ria 
genetikuri sistemaa, rac imas niSnavs, 
rom populaciaTa Soris xdeba migracia, 
Sesabamisad, maT Soris genetikuri in-
formacia gaicvleba (genTa nakadi). gen-
Ta nakadi aramimarTuli da SemTxveviTi 
procesia. erTi populaciidan meoreSi 
individTa mcire jgufis migracia iwvevs 
masSi gansxvavebul alelTa SemTxveviT 
moxvedras, rac alelTa koncentraciis 
cvlilebas ganapirobebs (sur. 2.15). amave 
dros, populaciaTaSorisi migraciebis 
wyalobiT, saxeobis genofondi erTiani 
xdeba. gansakuTrebiT iseTi saxeobis po-
pulaciebSi, romelic miekuTvneba mfri-
nav cxovelebs (mwerebi, frinvelebi) anda 
qariTa da mweriTmtveria mcenareebs.

1. ratom Tvlian populacias da ara individs evoluciis elementarul erTeulad?
2. ra gansxvavebaa genofondsa da alelebis sixSires Soris?
3. Secvlil garemo pirobebSi genetikuri mravalferovneba ratom zrdis populaciaSi zo-

gierTi individis gadarCenis albaTobas?
4. aRwere genetikuri mravalferovnebis ori ZiriTadi wyaro.
5. suraT 2.13-is mixedviT gansazRvre rogor Seicvleba A da a alelis sixSire am popula-

ciis genofondSi, Tu sxeulis wiTeli Seferiloba sasargeblo iqneba individebisTvis?
6. genTa nakadi ra gavlenas axdens mezobel populaciebze?

sur. 2.15.
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amrigad, genTa nakadi, erTi mxriv, popu-
laciaSi genetikuri cvalebadobis wyaroa, 
meore mxriv, arsebiT rols asrulebs sa-
xeobis mdgradobis SenarCunebaSi. popu-
laciebs Soris genTa nakadis Sewyveta axa-
li saxeobebis warmoqmnis winapirobaa.

genTa dreifi warmoadgens TaobaTa 
ganmavlobaSi SemTxveviTi procesebiT ga-
mowveul alelTa sixSiris cvlilebas po-
pulaciaSi. genTa dreifi gansakuTrebiT 

sawyisi populacia organizmis sikvdilTan erTad populaciidan gaqra aleli, romlis 
erTaderTi matarebeli iyo es organizmi

SesamCnevia mcirericxovan populacieb-
Si. saarsebo garemos cvlilebebis Sede-
gad populaciis individebis raodenoba 
mkveT rad izrdeba an mcirdeba. SemTxve-
viTma romelime movlenam (xanZarma, wyal-
didobam, nadirobam da sxv.) SeiZleba 
gamoiwvios im organizmis sikvdili, rome-
lic iyo romeliRaca alelis erTaderTi 
matarebeli (sur. 2.16). 

sur. 2.17.

genetikuri dreifis erT-erTi saxea 
damfuZneblis efeqti. es maSin xdeba, ro-
desac populaciis mcire individebis 
ricxvi ikavebs axal teritorias. aseTi 
populaciebis genofondi xSirad mkveT-
rad gansxvavdeba sawyisi, ufro didi 
zomis populaciisgan. genTa dreifis Se-

degad SeiZleba gaizardos populaciis 
genetikuri erTgvarovneba (sur. 2.17 da 
sur. 2.18).

boTlis yelis efeqti genTa dreifis ki-
dev erTi saxea, romelic mniSvnelovnad 
amcirebs populaciis zomas. boTlis efeq-
tis erT-erTi magaliTia 1800-ian wlebSi 

sur. 2.16

frinvels axal teritoriaze 
gadaaqvs Teslebi, romlebmac 
`daafuZnes~ axali populacia; 

axal populaciaSi 
Warbobs yvavilis yviTeli 

Seferilobis alelebi

populaciis genofondi 
genetikurad 
mravalferovania, rac 
ganapirobebs yvavilebis 
wiTel, yviTel da cisfer 
fenotips
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sawyisi populacia

axali populacia

sur. 2.18.

Si aRmocendeba sxvadasxva SemTxveviTi 
procesis Sedegad da populaciis geno-
tipuri struqturis evoluciur gardaq   - 
mnaSi monawileobs: zrdis an amcirebs masa-
las evoluciuri procesisTvis, magram igi  
SemTxveviTi movlenaa da mimarTulebas ar 
aZlevs evolucias.

izolacia ganpirobebulia sxvadasxva 
zRudis warmoqmniT, romlebic xels uS-
lis Tavisufal Sejvarebas. wydeba gene-
tikuri informaciis cvla populaciebs 
Soris. amdagvari populaciebis diferen-
cirebam SesaZloa axali saxeobebis war-
moqmna gamoiwvios. ganasxvaveben izola-
ciis or ZiriTad formas: sivrcobrivsa 
da biologiurs. sivrcobrivi (geografiu-
li) izolacia gulisxmobs populaciebis 
gamijvnas geografiuli (klde, mdinare, 
srute, mTa, xrami. zRva da a.S.) zRudee-
biT (sur. 2.19).

sivrcobrivi izolacia ar niSnavs re-
produqciul izolacias. Tu individebma 
gadalaxes zRude, maSin isini ejvarebian 
erTmaneTs. magram Tu didi xnis ganma-
vlobaSi populaciebi gamijnulia erTma-
neTisgan, TiToeul maTganSi damoukideb-
lad mimdinareobs bunebrivi gadarCeva, 
ramac SesaZlebelia genetikurad ise Sec-
valos populaciebi, rom zRudis aR-
mofxvris SemTxvevaSi da erTmaneTTan 
kontaqtis drosac aRar Seejvaron erT-
maneTs.

reproduqciuli/biologiuri izola-
ciis dros SeuZlebelia Tavisufali Sej-
vareba. biologiuri izolaciis mizezia 
qcevis Taviseburebebi, gamravlebis or-
ganoebis agebulebis cvlileba, gamrav-
lebis vadebis gansxvaveba, qromosomuli 
kompleqsis cvli leba. SejvarebisaTvis 
seriozuli barieria gansxvaveba gamrav-
lebis vadasa da adgilSi. magaliTad, Tu 
populaciis erTi jvaredinmtveria  mcena-
re yvavilobs adre gazaf xulze, meore 
ki gvian gazafxulze, maSin SeuZlebelia, 
mox des maT Soris jvaredini damtverva.

zRvis lomebze ukontrolo nadiroba. 
1890 wlisTvis maTi populacia, daaxloe-
biT, 20 individamde Semcirda. es indivi-
debi genetikurad iseTi mravalferovanni 
ar iyvnen, rogoric sawyisi popu laciis 
individebi. maTze nadirobis Sewyvetis 
Semdeg populaciaSi individebis ricxvi 
100000-mde gaizarda, magram igi genetiku-
ri mravalferovnebiT ar gamoirCeoda. 

genTa dreifis mosalodneli Sedege-
bia:

• SemTxveviTma romelime movlenam 
SeiZleba gamoiwvios populaciaSi 
romeliRaca alelis saerTod gaq-
roba; 

• SeiZleba gaizardos populaciis ge-
netikuri erTgvarovneba;

• SesaZlebelia populaciaSi gaizar-
dos iseTi alelebis koncentracia, 
romlebic amcirebs individTa si-
cocxlisunarianobas; 

• SeiZleba populaciaSi swrafad da 
mkveTrad gaizardos iSviaTi alele-
bis koncentracia.

amgvarad, genTa dreifi populacia-
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geografiuli barieri _ mTa

populacia 1 populacia 2

geografiuli barieri _ mTa

sxvadasxva populaciis individebi kontaqtis SemTxvevaSi erTmaneTs 
ejvarebian da saxeoba mTlianobas inarCunebs

xangrZlivi geografiuli izolaciis gamo TiToeul populacias bunebrivi gadarCeva 
genetikurad ise cvlis, rom yalibdeba biologiuri izolacia; Sedegad, individebi kontaqtis 

SemTxvevaSic ki aRar ejvarebian erTmaneTs da yalibdeba damoukidebeli saxeobebi

sur. 2.19.

7. ra rols asrulebs evoluciaSi genTa dreifi?
8. daasaxele genTa dreifis gamovlenis minimum ori magaliTi. 
9. genTa dreifi romel populaciaze moaxdens ufro mkveTr gavlenas _ populaciaze, rome-

lic 10 individisgan Sedgeba, Tu populaciaze, romelic 100 individisgan Sedgeba? axseni 
Seni pasuxi.

saxeoba 1 saxeoba 2
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warmoidgine, rom mindorSi aris 100 

balaxovani yvavilovani mcenare, maTgan 

50-s iisferi da 50-s TeTri yvavile-

bi aqvs. Sen gadawyvite SemTxveviTobis 

principiT SegerCia yvavilebi Taigulis 

Sesakvrelad. rogor fiqrob, TaigulSi 

zustad naxevari iisferi da naxevari 

TeTri yvavilebi iqneba? ra SemTxvevaSia 

mosalodneli, rom iisferi da TeTri 

yvavilebi TaigulSi Tanabari iyos _   

rac ufro met yvavils mowyvet, Tu rac 

cotas Seagroveb? SesaZlebelia, sul 

erTi feris yvavilebi iyos TaigulSi?  

saWiro masala: 4 feris feradi pata-

ra furceli, TiToeuli 10 cali (sul 

40), ori gaumWvirvale parki.

SeniSvna: warmoidgine, rom 40 furclis erToblioba kunZulze dasaxlebuli frinvele-

bis populacias warmoadgens, 4 sxvadasxva feris furceli ki _ am populaciis sxvadasxva 

alels.

procedura:

1. feradi furclebi warmoadgenen sawyisi populaciis individebis SemTxveviTi Sej-

varebis Sedegad miRebul 20 STamomavals 40 aleliT; gamoTvale TiToeuli alelis 

sixSire sawyiss populaciaSi.

2. feradi furclebi Cayare erT-erT parkSi da aurie. 

3. warmoidgene, rom qariSxalma ramdenime individi waiRo sxva kunZulze. isini izoli-

rebulni aRmoCndnen da dasabami misces axal populacias. amisTvis parkSi Cayrili 40 

furclidan SemTxveviT saTiTaod amoiRe 10 furceli ise, rom masSi ar Caixedo da 

moaTavse meore parkSi.

4. meore parkSi moTavsebuli 10 furceli warmoidgine, rogorc 5 individis 10 aleli; 

am individebma axal teritoriaze Seqmnes mcire zomis populacia. 

5. axal populaciaSi gamoTvale TiToeuli alelis Sexvedris sixSire.

analizi  da daskvna:

1. me-5 nabijSi gamoTvlili alelebis sixSire Seadare sawyisi populaciis alelebis 

sixSires. rogor icvleba isini?

2. sawyis populaciasTan SedarebiT, axal populaciaSi genetikuri mravalferovneba 

gaizarda Tu Semcirda?

3. romel evoluciur movlenas asaxavs me-3-4 nabiji?

4. Seafase, Sen mier Sesrulebuli moqmedeba aris Tu ara evoluciuri procesis de-

monstrireba? ratom? 

5. aris Tu ara igi bunebrivi gadarCevis demonstrireba? pasuxi daasabuTe.

modelis Seqmna

10. rogorc ici, genebis dreifma SeiZleba SemTxveviT, biologiuri Rirebulebis miuxe-
davad, populaciaSi Seamciros an gazardos romelime alelis sixSire, saerTod gaqres 
kidec. davuSvaT, erTi populacia Sedgeba 1 000 000 individisgan, xolo amave saxeobis 
meore populacia _ 100 individisgan; erTi da imave genis konkretuli alelis sixSire 
orive populaciaSi 1%-ia. awarmoe maTematikuri gamoTvla da gansazRvre _ 1) TiToeul 
populaciaSi ramden individSi iqneba es aleli; 2) romel populaciaSia misi SemTxveviTi 
dakargvis albaToba maRali?  
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evoluciis Tanamedrove Teoriis ZiriTadi arsi mdgomareobs SemdegSi:

• evolucia TandaTanobiT mimdinare xangrZlivi procesia;
• evoluciis elementaruli erTeulia populacia;
• mikroevoluciis faqtorebia: mutacia, genTa nakadi, genTa dreifi, geografiuli da 

reproduqciuli izolacia da bunebrivi gadarCeva;
• evoluciis masalas qmnis memkvidruli cvalebadoba _ mutaciebi, romlebic SemTxve-

viT da aramimarTul xasiaTs atarebs;
• evoluciis mTavari mamoZravebeli faqtoria bunebrivi gadarCeva. 

11. suraTze mocemuli informaciis mixedviT _ 1) gamoTvale TiToeuli alelis sixSire; 
2) romeli alelis sixSirea ufro maRali? rogor fenotips gansazRvravs es aleli? 3) 
rogor fiqrob, momavalSi rogor SeiZleba Seicvalos am populaciaSi alelebis sixSire, 
Tu yavisferi Seferiloba aRmoCndeba sasargeblo? axseni Seni pasuxi. 

Mm
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mm
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  ratom iTvleba arsebobisaTvis brZola bunebrivi gadarCevis

  winapirobad?

2.4. arsebobisaTvis brZola 

• ra aris mikroevolucia? makroevo-
lucia?

• ra aris mikroevoluciis faqtorebi?

suraT 2.20-ze asaxulia fiWvnari.  

• riT gansxvadebian fiWvebi erTmaneTisgan? 

• riT SeiZleba iyos gamowveuli es gansxvave-
ba?

• romel mcenareebs aqvs gadarCenisa da STa-
momavlobis datovebis meti Sansi? ratom 
fiqrob ase?

 sasicocxlo Tvisebebi: 
arsebobisaTvis brZola _ Sida-

saxeobrivi, saxeobaTSorisi da brZola 
aracocxali garemos araxelsayrel pi-
robebTan.

bunebrivi gadarCevis winapirobebia: 
populaciis genetikuri nairgvaroba; gam-
ravlebis progresia; brZola arsebobi-
saTvis.

Cven ukve ganvixileT, mutaciuri pro-
cesi, genTa dreifi da genTa nakadi 
SemTxveviT rogor cvlis populaciis ge-
nur Sedgenilobas _ genofonds. mutaci-
uri procesi, genTa dreifi, genTa nakadi, 
izolacia aramimarTuli xasiaTis faqto-
rebia, romlebic populaciebis geneti-
kuri mravalgvarobis warmoqmnas uwyobs 
xels an xels uSlis, Sesabamisad, zrdis 
an amcirebs masalas bunebrivi gadarCevis-
Tvis. 

Sen ukve ici, rom populaciis geneti-
kur mravalferovnebas ganapirobebs sqe-
sobrivi gamravlebis dros genebis axali 
kombinaciis warmoqmna da mutaciebi; isic 
ici, rom saxeobaTa umravlesobisTvis 
damaxasiaTebelia gamravlebis maRali 
intensiuroba, romelic populaciaSi in-
dividebis ricxvsa da saarsebo pirobebs 
Soris qmnis Seusabamobas; es ki iwvevs ar-

sebobisaTvis brZolas, romlis drosac 
upiratesad gadarCebian sasargeblo mem-
kvidruli niSan-Tvisebis mqone individe-
bi. amrigad, bunebrivi gadarCeva warmoebs 
arsebobisaTvis brZolis safuZvelze.

arsebobisaTvis brZola aris rTuli da 
mravalferovani urTierTdamokidebule-
ba individebisa saxeobis SigniT, sxvadasxva 
saxeobas Soris da bunebis aracocxal 
faqtorebTan. amave dros, am procesSi 
igulisxmeba ara marto erTi individis 
sicocxle, aramed isic, Tu ramdenad uz-
runvelyofs igi Tavis Tavs STamomavlo-
biT. darvini arsebobisaTvis brZolis sam 
formas arCevda: Sidasaxeobrivs, saxeo-
baTSorissa da brZolas araorganuli bu-
nebis araxelsayrel pirobebTan.

arsebobisaTvis Sidasaxeobrivi brZo-
la gulisxmobs erTi saxeobis indivi-
debs Soris mravalferovan urTierTo-
bebs. arsebobisaTvis brZolis es forma 
gansakuTrebuli simZafriT xasiaTdeba, 
radgan erTi saxeobis individebs msgavsi 
interesebi aqvT. konkurenciaa terito-

sur. 2.20.
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riisTvis, ganaTebisTvis, tenianobisTvis, 
mdedrisTvis, sakvebisTvis. konkurenciis 
nacvlad, zogjer individebi erTmaneT-
Tan pirdapir brZolaSi ebmebian (sur. 
2.21). meTovliebi, sakvebis naklebobis 
SemTxvevaSi, spoben zogierT marTves, 
wiwkanebi safenis qveS Wyleten erT an or 
bartys, raTa danarCenebi gamokvebon. es 
magaliTebi mowmobs, rom arsebobisTvis 
brZola SesaZloa, saziano iyos calkeu-
li individisTvis, magram sasargebloa 
mTlianad populaciisTvis. magram erTi 
saxeobis individebs Soris arsebobs ara 
marto konkurencia da brZola, aramed 
exmarebian kidec erTmaneTs: erToblivad 

 zrunaven STamomavlobaze, erTad icaven 
Tavs mtris gan (sur. 2.22) an erTad moipo-
veben sakvebs (sur. 2.23).

saxeobaTaSorisi arsebobisaTvis brZo-
la mimdinareobs sxvadasxva saxeobis in-
dividebs Soris. igi, ZiriTadad, pirdapir 
xasiaTs atarebs. saxeobaTSorisi brZo-
lis magaliTia organizmebs Soris iseTi 
urTierToba, rogoricaa parazitsa da 

maspinZels, mtacebelsa da msxverpls So-
ris (sur. 2.24). zogjer es brZola arapir-
da piri xasiaTisaa, rac konkurenciis sa-
xiT vlindeba. tyeSi sinaTlis moyvaruli 
saxeobebis – fiWvis, aryisa da verxvis 
totebis qveS kargad viTardeba naZvis 
aRmonaceni, romelic gaSlil adgilze 
daiRupeboda. Semdeg ki, norCi naZvebis 
varjis SemWidrovebis gamo, sinaTlis  
moyvaruli mcenareebis aRmonacenebi iRu-
peba. 

farTo gagebiT, arsebobisTvis brZolis 
magaliTia agreTve isic, rodesac erTi sa-
xeoba sakuTari Tavis dauzianeblad xels 
uwyobs meores (mag., frinvelebisa da ZuZu-
mwovrebis mier Teslebisa da nayofebis 
gav rceleba), an rodesac sxvadasxva saxeo-
bis individebs Soris urTierTsasargeblo 
damokidebulebaa (mag., yvavilovani mcena-
reebi da maTi dammtveravebi, sur. 2.25).

sur. 2.21.

sur. 2.23.sur. 2.22.

sur. 2.24.
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brZola garemos araxelsayrel abiotur 
faqtorebTan (dabali an maRali tempera-
tura, niadagis marilianoba, gvalva da 
a.S.) gamoixateba TavdacviTi Seguebulo-
bis warmoqmnaSi. mag., udabnos mcenare 
kaq tuss foTlebi eklebad aqvs gadaqceu-
li, raTa Seamciros wylis aorTqleba, 
tropikuli mcenareebis foTlebi ki didi 
zomisaa didi raodenobis bageebiT, raTa 
intesiurad aorTqldes wyali. im cxove-
lebis umravlesobas, romlebsac dabali 
temperaturis pirobebSi uxdebaT cxov-
reba, xSiri bewvi aqvT, kanqveS cximis 
sqeli fena uviTardebaT da/an sxeulis 
mcire wanazardebi aqvT, rac icavs maT 
siTbos dakargvisagan. cxel klimatur 
garemoSi mcxovreb cxovelebs ki Txeli 
bewvi da sxeulis didi wanazardebi aqvT, 
rac zrdis sxeulis mier siTbos gacemas 
(sur. 2.26 _ polaruli mela da udabnos 
mela).

brZolis am formasac didi mniSvneloba 
aqvs evoluciisaTvis, radgan igi amZafrebs 
Sidasaxeobriv brZolas. magaliTad, tenis 
naklebobis dros mcenaris populaciaSi 
mZafrdeba konkurencia am faqtorisadmi 
da gamarjvebulni gamodian is individe-
bi, romelTac eqnebaT iseTi memkvidreo-

sur. 2.25.

sur. 2.26.

biTi cvlilebebi, romlebic ganapirobebs 
wylis ukeT Sewovasa da SenarCunebas. es, 
saboloo jamSi, saxeobis saarsebo piro-
bebTan Seguebis amaRlebas gamoiwvevs, 
radgan arsebobisaTvis brZolis procesSi 
upiratesad gadarCebian is individebi, ro-
melTac mocemul saarsebo pirobebSi sa-
sargeblo memkvidruli cvlilebebi aqvT.

1. daasaxele arsebobisaTvis brZolis formebi. romeli forma mimdinareobs yvelaze mZaf-
rad da ratom?

2. ra aris arsebobisaTvis brZolis mizezebi da Sedegebi?
3. ra rols asrulebs arsebobisaTvis brZola evoluciaSi? 
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• arsebobisaTvis brZolis mizezi aris organizmebSi maRali reproduqciis unari, ris 
Sedegadac warmoiqmneba Seusabamoba individebis ricxvsa da saarsebo pirobebs Soris;

• yvelaze mZafrad mimdinareobs Sidasaxeobrivi da saxeobaTaSorisi brZola axlo mdgom 
saxeobebs Soris, radgan maT msgavsi saarsebo pirobebi sWirdebaT;

• arsebobisaTvis brZola bunebrivi gadarCevis winapirobaa.

4. moiyvane arsebobisaTvis brZolis iseTi magaliTebi, romlebic uSualod brZolas da/an 
konkurencias ki ara, aramed asaxaven organizmebs Soris sasargeblo damokidebulebas.

5. gaecani organizmebs Soris, organizmebsa da garemos Soris urTierTobis magaliTebs, 
TiToeuli magaliTi Seusabame arsebobisaTvis brZolis formebs, monacemebi Seitane 
cxrilSi.

magaliTebi: 1. tropikuli mcenareebis didi foToli da bageebis didi ricxvi; 2. abeda soko 
cxovrobs xemcenareze; 3. polarul kurdRels xSiri bewvi aqvs; 4. mRieri sokosa da 
wyalmcenaris Tanacxovrebis Sedegia; 5. mSieri mgeli misdevs irmebs; 6. irmebi ejibre-
bian erTmaneTs, romeli gaaswrebs mters; 7. avstraliaSi Cayvanilma evropulma futkarma 
adgilobrivi futkari gandevna; 8. udabnos mcenareebs eklebi da grZeli fesvi aqvT; 9. 
zRvis loms kanqveSa cximis sqeli Sre aqvs; 10. aqlemi kuzSi cxims igrovebs; 11. rwyili 
cxovrobs ZaRlis kanze; 12. tropikul tyeebSi lianebi sayrdenad iyeneben xemcenareebs; 
13. mwerebi monawileoben mcenareebis damtvervaSi; 14. wiwkanebi safenis qveS  Wyleten 
erT an or bartys; 15. orqidea emagreba xemcenaris Reros. 

 
 

arsebobisaTvis brZolis forma magaliTis nomeri
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 ratom aris mxolod bunebrivi gadarCeva mimarTulebiTi 

 xasiaTis evoluciuri faqtori?

2.5. bunebrivi gadarCeva

• ras ewodeba bunebrivi gadarCeva?

• mikroevoluciis faqtorebidan ro-
melia aramimarTulebiTi xasiaTis da 
ratom?

zogjer bunebrivi gadarCevis Sedegi une-
burad adamianis saqmianobasTan aris 
dakavSirebuli. amis klasikur magaliTad 
iTvleba IX klasidan SenTvis nacnobi e.w. 
industriuli melanizmis movlena, romel-
sac suraTi 2.27 asaxavs. suraTze mocemuli 
informaciis gaanalizebis safuZvelze 
upasuxe kiTxvebs: 

• mweris romeli fenotipi eqceva bunebrivi 
gadarCevis kontrolis qveS TiToeul _ a 
da b _ SemTxvevaSi da ratom? axseni Seni 
pasuxi.

• romeli organizmia bunebrivi gadamrCev-
lis rolSi? axseni Seni pasuxi.

 biomravalferovneba: buneb-
rivi gadarCevis formebi _ 

mamoZravebeli, mastabilizebeli da diz-
ruptuli; sqesobrivi gadarCeva.
 janmrTeloba da daavadeba: daavadebis 
ga momwvei baqteriebis evolucia _ anti-
biotiki, rezistentuli baqteriebi.

SegaxsenebT, rom bunebrivi gadarCeva 
aris procesi, romlis Sedegadac gadar-
Cebian da Tavis Semdgom STamomavlobas 
datoveben upiratesad is individebi, 
romlebsac mocemul pirobebSi sasar-
geblo memkvidruli cvlilebebi aqvT. 
bu nebrivi gadarCeva ar qmnis axal feno-
tipebs an genotipebs. igi arsebobisaTvis 
brZolis procesSi asrulebs naklebad Se-
guebuli formebis gacxrilvisa da ukeT 
Seguebuli formebis gadarCevis meqaniz-
mis rols.

amrigad, bunebrivi gadarCeva warmoad-
gens organuli samyaros evoluciis 

 wam  y   van, mimarTuli xasiaTis erTaderT 
mamoZravebel faqtors. es aixsneba imiT, 
rom misi moqmedebis Sedegad upiratesad 
gadarCebian da STamomavlobas datoveben 
garemosTan ukeT Seguebuli individebi; 
Sesabamisad, konkretul saarsebo garemo-
Si garkveuli genotipebi SerCeviT Senar-
Cundeba da gadaecema momdevno Taobas.

bunebrivi gadarCeva moqmedebs popula-
ciebSi. misi obieqtia calkeuli individe-
bis fenotipebi. bunebriv gadarCevas aqvs 
SemoqmedebiTi roli, radgan aramimarTu-
li memkvidruli cvlilebebidan SenarCun-
deba isini, romelTac SesaZloa gamoiw-
vion axali, ufro srul yofili jgufebis 
warmoqmna mocemul saarsebo pirobebSi. 
ganarCeven bunebrivi gadarCevis sam for-
mas: mastabilizebels, mamoZravebelsa da 
dizruptuls (sur. 2.28).

mastabilizebeli bunebrivi gadarCeva 
mimarTulia ukve arsebuli fenotipebis 
SenarCunebisken. magaliTad, tbis bayayis 
Seferiloba, romelic cxovrobs mtknari 

sur. 2.27

a b
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wyalsatevebis maxloblad, SeumCnevels 
xdis mas mcenareebs Soris (sur. 2.29). 
Tumca drodadro maT populaciebSi mu-
taciebis Sedegad Cndeba gansxvavebuli 
Seferilobis individebic. axali Sefe-
riloba memkvidreobiT gadaecema, magram 
aseTi mutantebis ricxvi ar izrdeba: maT 
swrafad anadgureben mtacebeli frinve-

lebi, radgan mcenareul fonze kargad 
SeimCnevian. Sesabamisad, isini iSviaTad 
aRweven zrdasrul asaks da iSviaTad to-
veben STamomavlobas.

mastabilizebeli bunebrivi gadarCevis 
moqmedebis Sedegad mweriTmtveria mcena-
reebis yvavilebis formas mcire cvaleba-
doba axasiaTebs (sur. 2. 30). es imis gamo, 

bunebrivi gadarCevis formebi

mastabilizebeli

bunebrivi gadarCevis 
zewola kidura 

fenotipis individebze

bunebrivi gadarCevis zewola 
Sualedur da erT-erT kidura 

fenotipis individebze

bunebrivi gadarCevis zewola 
Sualeduri fenotipis 

individebze

mamoZravebeli dizruptuli

sur. 2.28

sur. 2.30sur. 2.29
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antibiotikebisadmi 
dabali rezistentuloba

antibiotikebisadmi 
maRali rezistentuloba

rom yvavilis proporciebi Seguebulia 
dammtveravi mwerebisa da sxva organiz-
mebis piris aparatis/niskartis zomasa 
da formasTan; farTo cvalebadoba, am 
SemTxvevaSi, araxelsayrel gavlenas moax-
denda maT damtvervaze. mastabilizebeli 
gadarCevis xangrZlivi moqmedebis Sede-

e.i. mastabilizebeli gadarCeva moqme-
debs iq, sadac xangrZlivi drois ganmavlo-
baSi sasicocxlo pirobebi mniSvnelovnad 
ar icvleba. mastabilizebeli gadarCeva 
uzrunvelyofs saxeobis niSan-Tvisebebis 
SenarCunebas garemos stabilur pirobeb-
Si. igi gacxrilavs im organizmebs, romel-
Tac Camoyalibebuli fenotipebis varian-
tebidan mkveTri gadaxra axasiaTebT.

mamoZravebeli bunebrivi gadarCeva, 
mastabilizebeli bunebrivi gadarCevis 
sa winaaRmdegod, iwvevs Camoyalibebuli 
fenotipis cvlilebas. mamoZravebeli bu-
nebrivi gadarCevis moqmedeba swrafad 
mJRavndeba garemo pirobebis mkveTri 

gad mravali Taobis ganmavlobaSi TiTqmis 
ucv leli darCa zogierTi saxeoba. amgvari 
saxeobebia: moluski nautilusi (daaxloe-
biT 500 mln weli _ sur. 2.31), hateria (230 
mln weli _ sur.2.32), ginko (daaxloebiT 
240 mln. weli), cianobaqteriis zogierTi 
saxeoba (aranakleb 1,5-2 mlrd weli). 

cvli lebebis dros an roca populaciis 
wevrebi axal, gansxvavebul areals ikave-
ben. mamoZravebeli gadarCevis moqmedebis 
magaliTia antibiotikebisadmi mdgradi 
baqteriebis, pesticidebisadmi gamZle 
mwerebis saxeobebis Camoyalibeba da a.S.

antibiotikebisadmi mdgradi/rezisten-
tuli baqteriebis saxeobebis warmoqmna 
mamoZravebeli bunebrivi gadarCevis kla-
sikuri magaliTia (sur. 2.33). mutaciebi 
yovelTvis xdeba da SesaZlebelia 1940 
wlamdec (sanam flemingi penicilins aR-
moaCenda) zogierTi baqteria garkveuli 
xarisxiT iyo mdgradi antibiotikebisad-
mi, magram am droisTvis es Tviseba maT 

sur. 2.32sur. 2.31

sur. 2.33

sawyisi populacia

mamoZravebeli bunebrivi gadarCeva moqmedebs erT-erTi kidura fenotipis sasargeblod

baqteriis 
populaciaze zewolas 
axdens antibiotikebi

mamoZravebeli bunebrivi 
gadarCevis zemoqmedebiT 
warmoqmnili axali 
populacia
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raime saxis upiratesobas ar aniWebda. 
rogorc ki intensiurad daiwyes antibio-
tikebis gamoyeneba, antibiotikebisadmi 
rezistentulma baqteriebma upiratesoba 
moipoves. 

infeqciuri daavadebis samkurnalod 
antibiotikebis gamoyenebis warmatebam am 
preparatebis gadaWarbebuli moxmareba, 
baqteriebSi ki antibiotikebisadmi rezis-
tentuli fenotipis upiratesoba gamoiw-
via. farmakologebi rezistentul baqte-
riebTan sabrZolvelad qmnian axal-axal 
samkurnalo preparetebs; Sedegad, gaC - 
n d      nen „superbaqteriebi“: maT sxvada sxva 
preparatisadmi maRali mdgradoba aqvT. 
dRes baqteriebis 200-mde saxeoba avlens 
antibiotikebisadmi rezistentulobas.

bunebaSi mamoZravebeli da mastabi-
lizebeli gadarCevis formebi mudmivad 
moqmedebs da erTmaneTisagan damouki-
deblad ar mimdinareobs – mastabilize-
beli inaxavs da amyarebs im evoluciur 
cvlilebebs, romlebic mamoZravebeli ga-
darCevis Sedegad miiReba.

dizruptuli (damanawevrebeli) buneb-
rivi gadarCeva iwvevs kidura fenotipe-
bis individebis SenarCunebas populacia-
Si da gacxrilavs Sualeduri fenotipis 
individebs. mas damanawevrebel gadar-
Cevasac uwode ben. Sualeduri formebis 

gacxrilvis Sedegad populacia ramde-
nime jgufad iyofa. Tu raRac mizeziT 
am jgufebs Soris genTa nakadi Sewyda, 
TiToeulma maTganma SeiZleba dasabami 
misces axal saxeobas. magaliTad, kame-
runSi gavrcelebuli marcvleuliT mkve-
bavi mTiulebis populaciaSi gvxvdeba 
orgvari, metad gansxvavebuli niskartis 
mqone frinvelebi. patara niskartiani 
individebi ikve bebian, ZiriTadad, rbili 
marcvlebiT. didniskartiani frinvelebi 
ki didi zomis  mkvriv marcvlebs niskar-
tiT amtvreven (sur. 2.34). rogorc Cans, 
saSualo niskartian frinvelebs uWirT 
orive tipis marcvlebiT kveba. amrigad, 
dizruptuli gadarCeva iwvevs niSan-Tvi-
sebaTa dacilebas – divergencias da igi, 
mamoZravebeli gadarCevis msgavsad, prog-
resul fun qcias asrulebs.

sqesobrivi gadarCeva gulisxmobs, rom 
Sejvarebis dros populaciis individe-
bi upiratesobas aniWeben sawinaaRmde-
go sqesis romelime warmomadgenels da 
amgvarad, Sejvareba SemTxveviTi ki ar 
aris, aramed SerCevis safuZvelze xde-
ba. sqesobrivi gadarCevis procesSi war-
matebuli organizmebis genebi bunebrivi 
gadarCevis gziT Zlierdeba – mravldeba 
populaciaSi. Zalian bevr saxeobaSi par-
tniors mdedrebi irCeven. arCeven sqesob-
rivi gadarCevis or tips: 

• intrasqesobrivi gadarCeva, rodesac 
mamrebs Soris mimdinareobs konku-

 ras niSnavs sqesobrivi gadarCeva da ra rols asrulebs igi evoluciaSi?

rencia mdedrisTvis da zogjer fizi-
kurad upirispirdebian erTmaneTs, 
konkursSi gamarjvebuli ki mdedrs 
uwyvildeba.  

• intersqesobrivi gadarCeva, rodesac 
mamrebs mdedrebis misazidad uvi-
Tardeba specifikuri niSnebi. maga-
liTad, zog mamrs gacilebiT kaSkaSa 
Seferiloba aqvs mdedrTan Sedare-
biT (sur. 2.35). 

niSnebi, romlebic mamrs Sejvarebis 
upiratesobas aniWebs, zogjer individis 
gadarCenisTvis sazianoa. magaliTad, mam-
ri xoxobi Tavisi kaSkaSa ferebiT ufro 

sur. 2.34
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grafikze mocemuli monacemebi Segrov-
da keniaSi Catarebuli eqsperimentis safuZ-
velze. mecnierebi cdilobdnen frinvelebis 
erT-erT saxeobaSi ganesazRvraT kavSiri 
mamris saWis bumbulis sigrZesa da mis rep-
roduqciul warmatebas Soris. reproduqci-
uli warmatebis sazomad gamoiyenes budeebis 
ricxvi, romelic gansazRvres frinvelTa 
oTxi jgufisTvis: I jgufi: mamrebs xelov-
nurad daumokles saWis bumbuli ufro me-
tad, vidre bunebrivad hqonda mokle saWis 
bumbulian frinvels, II jgufi: bunebrivad 
grZeli saWis bumbuliani, III jgufi: bunebri-
vad mokle saWis bumbuliani, IV jgufi: mam-
rebs xelovnurad daugrZeles saWis bumbuli 
imaze metad, vidre bunebrivad hqonda grZel 
saWis bumbulian frinvels.

gaaanalize grafikze mocemuli monacemebi:
• daasaxele damoukidebeli da damoki-

debuli cvladebi aRwerili eqsperi-
mentisTvis;

• frinvelTa romel jgufs/jgufebs CaTvli sakontrolod? axseni, ratom?
• frinvlebs Soris arsebobisaTvis brZolis romeli forma mimdinareobs? 
• cvalebadobis romeli forma ganapirobebs saWis bumbulis sigrZis cvlilebas? 
• ra mniSvneloba aqvs evoluciis procesisaTvis cvalebadobis am formas? 
• gamoavline kanonzomiereba:  rogori fenotipis mamri individebi moipoveben upi-

ratesobas? Seni pasuxi daasabuTe eqspediciis Sedegad mopovebuli monacemebis sa-
fuZvelze. 

• romeli evoluciuri faqtoris models warmoadgens mocemuli eqsperimenti? 

monacemebis analizi

advili SesamCnevia mtaceblisa da mona-
dirisTvis, vidre mdedri. maSin rogor 
SenarCundeba aseTi niSnebi populaciis 
mamrebSi? kvlevebma aCvenes, rom aseTi 
efeqtis niSnebi (kaSkaSa Seferiloba, lo-
mebSi didi fafari, xariremSi didi da 
Zlieri rqebi, frinvelebSi grZeli saWis 
bumbuli) SeiZleba dakavSirebuli iyos 
karg janmrTelobasTan, maRalnayofie-
rebasTan, STamomavlobaze zrunvisa da 
mtaceblebisgan dacvis ganmsazRvrel ge-
nebTan. magaliTad, lomebis populaciaSi 
mdedrebi upiratesobas aniWeben mamrebs 
ukeT ganviTarebuli fafriT. rac metia 
mamris organizmSi mamrobiTi hormonebis 
raodenoba, miT ufro kargad viTardeba 
ara marto fafari, aramed kunTovani sis-
temac. amgvarad, fafris zomebis mixedviT 

sqesobrivi gadarCeva fizikurad Zlieri 
STamomavlobis datovebis sawindaria.

aseTi efeqturi niSnebis mqone mamreb-
Tan mdedrebis upiratesad Sejvarebam 
SeiZleba gamoiwvios am niSnis gadaWarbe-
buli ganviTarebac ki.

sur. 2.35

frinvelTa jgufebi 
saWis bumbulis sigrZis 
mixedviT

I jg. xelov. damokl.

II jg. bunebr. grZeli

III jg. bunebr. mokle

IV jg. xelovn. dagrZ.
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1. ipove Sesabamisoba bunebrivi gadarCevis formebsa da maT maxasiaTeblebs Soris:
 
 1. mastabilizebeli gadarCeva;
                  
 
 2. mamoZravebeli gadarCeva;                        

 3. dizruptuli gadarCeva.   

    
1 2 3

a

b
g  

2. razea damokidebuli organizmebis reproduqciuli warmateba?
3. ra SedegiT mTavrdeba bunebrivi gadarCeva populaciaSi?
4. qvemoT CamoTvlili magaliTebi miusadage mrudebiT gamosaxul evoluciur movlenebs. 
 1) kunZulze, sadac ganuwyvetliv qroda qari, gadaSendnen maRaltaniani da upiratesad 

gadarCnen miwaze garTxmuli mcenareebi. 2) udabnos pirobebSi gadaSendnen moklefesviani 
da upiratesad gadarCnen grZelfesviani mcenareebi. 3) xSir qariSxlian pirobebSi upira-
tesad gadarCnen saSualofrTiani, xolo daiRupnen grZel da moklefrTiani beRurebi.

 SeniSvna: abscisaze gadazomilia fenotipebis cvalebadoba, ordinataze gadazomilia in-
dividTa ricxvi. isrebiT miTiTebulia bunebrivi gadarCevis zewolis mimarTuleba.

5. amoicani suraTebze gamosaxuli mamoZravebeli, mastabilizirebeli da dizruptuli ga-
darCeva da daasabuTe Seni pasuxi.

6. daasaxele upiratesoba da nakli, romlebic, Seni SexedulebiT, cxovelebSi „Tavis mowo-
nebis“ meqanizmebs/saSualebebs aqvs.

a) moqmedebs garemos cvalebad pirobebSi da xels 
uwyobs Sualeduri fenotipidan gadaxrebis Senar-
Cunebas;

b) xels uwyobs Camoyalibebuli fenotipis SenarCu-
nebas garemos SedarebiT mudmiv pirobebSi;

g) moqmedebs garemos gansxvavebul pirobebSi da xels 
uwyobs kidura fenotipebis Camoyalibebas.

a b g
1 2 3

a

b

g

(sawyisi populacia )

a b g
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• evuluciis faqtorebidan mxolod bunebrivi gadarCevaa mimarTulebiTi xasiaTis, rad-
gan upiratesad gadairCeva sasargeblo memkvidruli niSan-Tvisebebis mqone individebi 
da maRldeba populaciis Segueba saarsebo pirobebTan;

• bunebrivi gadarCevis formebia mamoZraebeli, mastabilizebeli da dizruptuli;
• sqesobrivi gadarCevis procesSi warmatebuli organizmebis genebi Zlierdeba – mravl-

deba populaciaSi.

7. rogorc zemoT ganvixileT, mastabilizebeli bunebrivi gadarCevis moqmedebis Sedegad 
mweriTmtveria mcenareebis yvavilebs mcire cvalebadoba axasiaTebs. rogor fiqrob, am 
dros mastabilizebeli gadarCeva mxolod yvavilebze moqmedebs Tu dammtverav organiz-
mebzec? daasabuTe Seni pasuxi. 

8. ratom moqmedebs bunebrivi gadarCeva uSualod fenotipze da ara genotipze?
9. flemingi mogviwodebs: sanam daavadebis diagnozi ar daismeba, penicilinis gamoyeneba ar 

Rirs; magram Tu amas ver aarideT Tavi, nu gamoiyenebT mas mcire dozebiTa da xanmokle 
vadiT. axseni, ras gulixmobda flemingi, rodesac aseT rCevas gvaZlevda.

davalebis piroba: warmoidgine, rom Sen xar samecniero jgufis wevri. Tqveni mizania 
kvlevis Sedegad sqesobrivi gadarCevis moqmedebis dasabuTeba. rom gagerkviaT mdedri gu-
piebi upiratesobas aniWebdnen Tu ara mamrebs kudis farflis zomis mixedviT, Tqven Caa-
tareT sami eqsperimenti gupiebze. yovel eqsperimentSi mdedr gupiebs aZlevdiT kudis 
farflis sigrZis mixedviT ori tipis mamrebs Soris arCevanis saSualebas: I. grZeli kudis 
farflianebi da mokle kudis farflianebi, II. grZeli kudis farflianebi da saSualo zomis 
kudis farflianebi, III. saSualo zomis kudis farflianebi da mokle kudis farflianebi. 

TiToeuli eqsperimentisTvis Tqven gamoTvaleT mdedris arCevanis procenti da aseTi 
Sedegi miiReT: I. 80%/20%, II. 65%/30%, III. 60%/40%.    

zemoT aRwerili eqspediciis Sedegebis mixedviT moamzade kvlevis angariSi, romelSic
unda warmoadgino eqspediciis kvlevis monacemebis safuZvelze Seqmnili svetovani diag-

rama da kvlevis Sedegebis analizi: 1) daasaxele damoukidebeli da damokidebuli cvlade-
bi; 2) Tevzebs Soris arsebobisaTvis brZolis romeli forma mimdinareobs? 3) cvalebadobis 
romeli forma ganapirobebs kudis farflis sigrZis cvlilebas? evoluciis procesisaTvis 
ra mniSvneloba aqvs cvalebadobis am formas? 4) ra niSan-Tvisebis matarebeli mamri indi-
videbi moipoveben upiratesobas? Seni pasuxi daasabuTe eqspediciis Sedegad mopovebuli 
monacemebis safuZvelze. 5) gamoitane daskvna: ra kavSiria mamrebis kudis farflis sigrZesa 
da mdedrebis mier gakeTebul arCevans Soris? ratom aris mdedrebis arCevanis procente-
bis Tanafardoba ufro didi I eqsperimentSi II eqsperimentTan SedarebiT? 

kvlevis angariSis prezentaciisas xazgasmiT warmoaCine:
• rogoria saxeobis struqtura? 
• ratom aris evoluciis elementaruli erTeuli populacia da ara individi? 
• darvinma mecnieruli kvlevebisa da dakvirvebis sauZvelze ratom miiCnia  organizmTa  

reproduqciis maRali done da arsebobisaTvis brZola bunebrivi gadarCevis winapi-
robad? 

• darvinma mecnieruli kvlevebisa da dakvirvebis sauZvelze ratom miiCnia memkvidru-
li masala bunebrivi gadarCevis safuZvlad? 

• ra aris mikroevoluciis mamoZravebeli faqtorebi?  
• ra mniSvneloba aqvs bunebriv gadarCevas saxeobaTa mravalferovnebis warmoqmnaSi? 
• eqspediciis monacemebis analizis safuZvelze rogor daakavSireb erTmaneTTan gene-

tikuri da evoluciuri faqtorebis rols evoluciis procesSi? 
• Catarebuli eqspediciis Sedegebi ramdenad asabuTebs bunebaSi sqesobrivi gadarCe-

vis mimdinareobas? 

kvlevis angariSis momzadeba
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 Seguebulobis ra formebi gvxvdeba bunebaSi?

2.6. Seguebuloba 

• ras niSnavs bunebrivi gadarCevis mi-
marTulebiTi xasiaTi? 

• suraT 2.36-is mixedviT aRwere, rogor 
moipovebs qameleoni sakvebs.

• aRwere procesi, romelic asaxavs bunebri-
vi gadarCevis rols qameleonSi sakvebis 
mopovebasTan dakavSirebuli Seguebulo-
bis ganviTarebaSi.  

 biomravalferovneba: mikroevo-
luciis Sedegi _ Se guebuloba 

(struqturuli, fiziologiu ri da qce-
viTi).

mikroevoluciis erT-erTi Sedegia Se-
guebuloba (adaptacia). evoluciis pro-
cesSi organizmebi iZenen sxvadasxva ni-
San-Tvisebas, rac saSualebas aZlevT 
maT ufro warmatebiT Seeguon saarsebo 
pirobebs. magaliTad, xSiri da TeTri 
Seferilobis CrdiloeTis cxovelebis 
(polaruli meliebis, daTvebis) bewvi, 
romelic maT sicivisgan icavs da Seum-
C nevels xdis Tovlis fonze; cxovele-
bis piris aparatis agebuleba Seesabameba 
kvebis formasa da sakvebis tips; sela-
pebis sxeulis forma da fex-farflebi 
xels uwyobs maT wyalSi gadaadgilebas; 
Jirafebi cxovroben savanebSi da ikvebe-
bian maRali xeebis foTlebiT, raSic maT 
exmareba grZeli kiseri.

Seguebulobis aseTi magaliTebis moy-
vana bevri SeiZleba. Seguebuloba zrdis 
organizmebis gadarCenisa da STamomav-
lobis datovebis SesaZ leblobas. Segue-
buloba exeba organi zme bis garegan da 
Sinagan niSan-Tvisebebs, gamravlebisa da 
qcevebis Taviseburebebs, rac ganapiro-
bebs garemosTan organizmTa Seguebulo-
bis sxvadasxva formas: fiziologiur, 
qceviT da morfologiur, anu struqtu-
rul adaptaciebs. amrigad, Seguebuloba, 
anu adaptacia aris organizmis morfolo-

giur, fiziologiur, qceviT Tavisebure-
baTa erToblioba, romelic xels uwyobs 
konkretul saarsebo garemoSi saxeobis 
arsebobas.

fiziologiuri adaptaciebi mniSvne-
lovania Secvlil garemo pirobebSi or-
ganizmis sicocxlisTvis. fiziologiuri 
adaptaciis magaliTia homeostazi – or-
ganizmis unari, SeinarCunos Sinagani ga-
remos stabiluroba mudmivad cvalebad 
garemo pirobebSi (sxeulis temperatura, 
wylis Semcveloba, pH da sxv.); magali-
Tad, TeTri daTvi eZleva zamTris Zils 
da igi erTi Tve Zlebs sakvebis gareSe; 
zogierTi organizmi specifikuri sunis 
mqone nivTierebas gamoimuSavebs, mag., 
yvavilovani mcenareebi dammtveravebis, 
xolo cxovelebi sqesobrivi partnioris 
misazidad; cximis dagroveba sxeulSi; 
foTolcvena da zamTarSi transpiraciis 
Semcireba; frinvelebsa da qvewarmavlebs 
aqvT specialuri jirkvlebi, romlebic 
uzrun velyofs Warbi marilebis swraf 
gamoyofas. delfinebsa da Ramurebs aqvT 
eqolokaciis unari.

bunebrivi gadarCevis moqmedebis Sede-
gia qceviTi adaptaciebic. qceviTi adap-
taciebi Zalian mravalferovania: sakve-
bis mopovebasTan dakavSirebuli qcevebi, 
SiSisa da agresiis gamoxatva (mag., kata 
saSiSroebis momentSi iRebs muqaris – 
gamafrTxilebel pozas; avstraliuri 

sur. 2.36
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labadiani xvliki farTod gaSlis mka-
fio laqebiT dafarul sayelos da am 
qceviT cdilobs moaxloebuli mteri 
daafrTxos), cxovelTa migraciebi, gam-
ravlebasTan dakavSirebuli saqorwino 

ritualebi (igi Zalian rTulia da mkveT-
radaa gamoxatuli frinvelebSi, ZuZu-
mwovrebSi), orTabrZola mdedrisTvis, 
zrunva STamomavlobaze da a.S. (sur. 
2.37).

morfologiuri (struqturuli) adap-
taciebi (sur. 2.38) – es Seguebulobani 
dakavSirebulia sxeulis agebulebis Ta-
viseburebebTan. magaliTad, ciyvi tye-
Si xeze cxovrebas aris Seguebuli: Tva-
lebis ganlageba exmareba Sors myofi 
sagnebis danaxvaSi, grZeli ukana fexebi 
totidan totze xtomaSi, basri klanWe-
biT xes eWideba, grZeli fumfula kudi 
wonasworobas unarCunebs; Tevzebs wyalSi 
cxovrebasTan dakavSirebiT aqvT sxeulis 

TiTistariseburi forma, layuCebi, far-
flebi da sxv. xmeleTze cxovrebasTan 
dakavSirebiT qvewarmavlebis kani rqo-
vani qerclebiT daifara, filtvebi kar-
gad aqvT ganviTarebuli, kvercxi kiriani 
naWuWiTaa dafaruli da a.S. mcenareebSic 
uamravi struqturuli adaptacia aRi-
niSneba. yvavilovan mcenareebSi yvavilis 
warmoqmnam xmeleTze maT farTo gavrce-
lebas Seuwyo xeli, warmoeqmnaT damtver-
vis sxvadasxva saSualeba. mweriTmtveria 

sur. 2.38

struqturuli adaptaciebi

sur. 2.37

qceviTi adaptaciebi

brZola mamr individebs Soris

savanis cxovelTa migracia 
gvalvis periodSi

udabnos cxel dRes soroSi 
damalva

muqaris poza

saqorwino cekva zrunva STamomavlobaze
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mcenareebi, mkafiod Seferili didi yva-
viliT an yvavilediT gamoirCevian, yvavi-
lebi mdidaria saneqtreebiT, rac izidavs 
dammtverav mwerebsa da sxva cxovelebs.

mfarvelobiTi Seferiloba (sur. 2.39) 
– aseTi Seferiloba cxovelebs nakleb 
SesamCnevs xdis da warmatebiT icavs mtre-
bisgan, anda mtacebel cxovels SeumCne-
vels xdis msxverplisTvis. mwvane garemoSi 
mcxovrebi cxovelebis umetesoba mwvanea. 

magaliTad, kutkalia, mwvane bayayi, vasaka, 
mwvane xvliki da sxv. udabnos cxovelebi 
moyviTalo an mura-yviTelia, polarul 
mxareSi cxovelebi TeTrad arian Sefe-
rilni (TeTri daTvi, TeTri mela, TeTri 
bu da sxv.). zog cxovels Seferiloba ga-
remos fonis mixedviT ecvleba (qameleo-
ni). CrdiloeTis cxovelebs axasiaTebT 
Seferilobis sezonuri cvlileba (siasa-
muri, kurdReli, gnoli da sxv.).

gamafrTxilebeli Seferilobis (sur. 
2. 40) SemTxvevaSi organizms aqvs mkveT-
ri, TvalSisacemi Seferiloba. mkveTrad 
Seferili sxeuliT organizmi TiTqos 
afrTxilebs sxvebs, ar momekaroTo. aseTi 
Seferilobis organizmebs aqvT msusxavi 

ujredebi (aqtiniebi), Sxamiani jirkvle-
bi (gvelebi, obobebi) da eklebi (zogier-
Ti Tevzi), Sxamiani sxeuli (mag., Sxamiani 
bayayebi, sokoebi), arasasiamovno sunis an 
mwveli siTxis gamoyofis unari (Wiamaia, 
zogierTi pepela).

mimikria (mimbaZveloba) (sur. 2.41) _ 
Tavdacvis uunaro saxeobis organizmebi 
garegnulad emsgavsebian kargad Tavda-
culi saxeobis organizmebs, an organiz-
mi sxeulis formiTa da SeferilobiT 
emsgavseba aracocxali bunebis sagnebs. 
magaliTad, mimikriis arsi mdgomareobs 
imaSi, rom evoluciis procesSi uwyinari 

cxovelebi iZenen msgavsebas saSiS (mag., 
Sxamian) cxovelebTan. amiT isini Tavidan 
icileben mtaceblebisagan Tavdasxmas. 
magaliTad, buzebis zogierTi saxeoba 
emsgavseba kra zanebs; samxreTafrikuli 
qvis yvavili miwiszeda nawilebiT namd-
vil qvebs hgavs, amitom cxovelebi mas 
gars uvlian da ar Wamen.

gamafrTxilebeli Seferiloba

mfarvelobiTi Seferiloba

sur. 2.39

sur. 2.40
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nebismieri adaptacia yalibdeba saar-
sebo garemos konkretul pirobebSi. am 
pirobebis Secvlis dros (gansakuTrebiT, 
mkveTri cvlilebisas) adaptacia SesaZle-
belia sazianoc ki aRmoCndes. magaliTad, 
cxovelebis TeTri Seferiloba gaTvli-
lia garemos Tovlian safarvelze, magram 
Tovlis uecari dnobis Sedegad Secvlil 
garemos an xis muqi qerqis fonze isini Se-
samCnevni xdebian (sur. 2.42). amrigad, yve-
la adaptacias aqvs SefardebiTi xasiaTi. 
es problema gansakuTrebiT mwvaved dgas 
xmeleTze binadar organizmebTan dakavSi-
rebiT, radgan saarsebo garemos pirobebi 
xmeleTze swrafad icvleba.

 Seguebuloba ramdenad uzrunvelyofs organizmis absolutur 

 daculobas?

sur. 2.41

sur. 2.42

mimikria

krazana buzi

1. qvemoT mocemulia mcenareTa da cxovelTa adaptaciebi gvalvasTan. maT Soris amoicani 
fiziologiuri, struqturuli da qceviTi adaptaciebi: 1) foTlebi gadaqceulia ekle-
bad; 2) cviliT  dafaruli foTlebi; 3) foTolcvena gvalvisas; 4) bageebi dRisiT ixureba, 
RamiT ki ixsneba; 5) cxovelTa migracia; 6) transpiraciisa da oflis gamoyofis Semcireba; 
7) cxovelebis damalva soroebSi; 8) grZeli fesvebi; 9) zafxulis Zili.

2. buzis bevri saxeoba daemsgavsa krazanas, magaliTad, ise bzuis, rogorc krazana. gamoiyene 
Seni codna genetikasa da evoluciaSi da wamoayene hipoTezebi buzebSi aseTi Seguebulo-
bis warmoqmnis asaxsnelad.

3. Seguebulobis romeli formis magaliTia baqteriebSi antibiotikebisadmi rezinstentu-
lobis ganviTareba?

4. mcenareWamia cxovelebisgan damcveli qimiuri nivTierebebi aris mkvaxe da ara mwife nayo-
febSi. axseni, ratom ganuviTarda mcenareebs aseTi Seguebuloba?

pepela xis morze

buebi xis fuRuroSi

mweri

qvis yvavili
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SeguebulobiTi Seferilobis warmoq-
mnis meqanizmi aris bunebrivi gadarCeva. 
magaliTad, ganvixiloT gamafrTxilebeli 
Seferilobis warmoqmnis meqanizmi (sur. 
2.43). populaciis evoluciis procesSi 
xdeba mutaciebi, magaliTad, mutaciis Se-
degad zogierT mwers ganuviTarda Sxamis 
gamomuSavebis unari, romelic mweriWamia 
cxovelebisgan icavs mas. aseve, mutaciis 
Sedegad populaciaSi warmoiqmneba sxeu-
lis Seferilobis farTo speqtri (a). da-
sawyisSi frinvelebi advilad pouloben da 
Wamen mkveTri Seferilobis mwerebs (b). Tu 

es mwerebi Sxamiani aRmoCndeba, frinvele-
bi advilad imaxsovreben, rom maT ar unda 
miekaron da upiratesobas aZleven ufro 
SeumCneveli Seferilobis mwerebs (g, d). 
Sedegad, kaSkaSa Seferilobis mwerebis 
identificireba SxamianebTan gaadvilebu-
lia, amitom upiratesad isini gadarCebian 
da datoveben STamomavlobas. Sedegad, 
Sesabamisi genotipebis wili populacia-
Si izrdeba (e). SemdgomSi ki fenotipi da 
Sesabamisi genotipi droTa ganmavlobaSi 
mastabilizebeli bunebrivi gadarCevis 
moqmedebiT ganmtkicdeba populaciaSi (v).  

5. ra Seguebulobani aqvs ganviTarebuli yvavilovan mcenareebs, romlebic _ 1) qariT imtve-
rebian; 2) mwerebiT da an sxva cxovelebiT imtverebian.

6. SoSiebSi zrdasrul asaks umetesad aRweven im frinvelebis bartyebi, romlebic nakleb 
kvercxs deben (9-10 kvercxis nacvlad, 4-5 kvercxs). es imitom, rom SoSias ar SeuZlia 
5-ze meti bartyis gamokveba. amgvarad, sakvebis simciris pirobebSi gadarCebian im So-
Siebis bart yebi, romlebsac cota kver-
cxis dadebis ganmapirobebeli genebi 
aqvT. es genebi maT bartyebsac gadae-
cema. gaecani zemoT aRweril magaliTs 
da upasuxe kiTxvebs: 1) arsebobisaTvis 
brZolis romeli formebia moxseniebu-
li teqstSi? 2) ra tipis Seguebuloba-
zea saubari? 3) ra kavSirs xedav geneti-
kur da evolu ciur faqtorebs Soris?     

7. yuradRebiT gaecani gama   f r Txi  lebeli 
Seferilobis warmoqmnis meqanizms xo-
Woebis magaliTze (sur. 2.43.), rveulSi 
gadaitane mocemuli mizezSedegobrivi 
sqema da Seav se:

a

d

b

e

g

v

mutacia

sur. 2.43

 rogoria Seguebulobis warmoqmnis evoluciuri meqanizmi?

xoWos populaciis 
genetikuri mravalferovneba...

arsebobisTvis brZolis 
formis aRwera: ...

Seguebulobis warmoqmna...

bunebrivi gadarCevis 
moqmedebis mimarTuleba...
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mecnierebma aRmoaCines mcenareebi, romlebic izrdebodnen spilenZis, TuTiis an tyviis 
Semcvel niadagze. es nivTierebebi toqsikuria mcenareebis didi nawilisTvis. mezobel 
teritoriaze gavrcelebuli amave saxeobis sxva populacia am toqsikuri metalebis mi-
marT tolerantulebi ar arian. rodesac aseTi mcenareebis 7000 Tesli daTeses spilenZis 
Semcvel niadagze, mxolod erTi Teslidan aRmocenebulma mcenarem SeZlo ganviTareba.

 aseve, mecnierebma Caatares sxva kvlevebic da Semdegi monacemebi Seagroves: spilenZis 
mimarT tolerantuli marcvleulis yovel momdevno TaobaSi iRupeba mcenareTa garkveu-
li nawili. es imas niSnavs, rom yovel axal TaobaSi Cndebian garkveuli genotipis indivi-
debi, romlebic ver gadarCebian. amgvarad, niadagSi liTonis (am SemTxvevaSi spilenZi) ar-
seboba Taobidan TaobaSi  mxolod im mcenareebs gadaarCevs, romelTa genotipi spilenZis 
mimarT gamZleobas ganapirobebs.   

gaaanalize zemoT aRwerili kvlevebis aRweriloba da upasuxe kiTxvebs:
• ra iyo kvlevis mizani?
• arsebobisaTvis brZolis ra formaa aRwerili? axseni Seni pasuxi.
• Seguebulobis ra formis magaliTia mZime metalebisadmi mcenareebSi gamomuSavebu-

li tolerantoba?
• rogor fiqrob, spilenZisadmi tolerantobas dominanturi aleli ganapirobebs Tu 

recesiuli? daasabuTe Seni pasuxi kvlevaSi aRwerili Sedegebis safuZvelze. 

monacemebis analizi

udabno dedamiwis yvelaze mSrali adgi-
lia. aq Zalian cota mdinarea da iSviaTad 
wvims. magaliTad, saharaSi aris adgilebi, 
sadac wlobiT ar modis wvima. miwis zeda-
piri qviSiani an qviania, rac garemos mo-
yviTalo an moruxo Seferilobas aZlevs. 
udabnoSi xSiria cxeli qarebi. qari xve tavs 
qviSas da gorakebad axvavebs. udabnoe-
bi metwilad cxelia. zafxulSi saSualo 
temperatura 35oC-ze zeviTaa, gansakuT-
rebiT cxeli dRis saaTebSi _ tropikul 
udabnoebSi 56-58oC-mdec adis. dRe-Ramis 
ganmavlobaSi temperatura did farglebSi 
meryeobs _ sxvaoba 15-20oC-mde aRwevs. Sua 
aziis udabnoebSi zamTari Zalian civia _ 
yinviani da Tovliania.

udabnoSi cxovreba yvela organizms ar SeuZlia. aq cxovroben is organizmebi, romle-
bic udabnos mkacr pirobebTan arian Seguebulni. aseTia magaliTad, aqlemi. aqlems aqvs 
moyviTalo Seferilobis xSiri bewvi. xSiri bewvi zamTarSi gacivebisgan icavs. CliqiT da-
faruli ganieri terfi uadvilebs qviSaSi gadaadgilebas. isini sicxeSi gamoyofen mcire 
raodenobis Sards da ar oflianoben. SeuZliaT dakargon 30% siTxe, rac sxva organizme-
bisaTvis momakvdinebelia. aqlemi wylis gareSe 45 dRe Zlebs, magram erTbaSad 50 litram-
de wylis daleva SeuZlia da swrafad aRidgens dakargul Zalebs. dRe-Ramis ganmavlobaSi 
aqlemis sxeulis temperatura did farglebSi meryeobs _ dRisiT mzeze 40,5oC SeiZleba 
miaRwios, RamiT ki 34-35oC-mde mcirdeba. kuzSi igrovebs 110-120 kg-mde cxims, romelsac 
aqvs sakvebisa da wylis maragis funqcia. aqlems aqvs nestoebis sarqvelebi da qviSiani qa-
rebis dros cxviris Rru ixureba, rac mis filtvebs icavs qviSis moxvedrisagan, Tvalebs 
ki qviSisgan icavs xSiri wamwamebi.

teqstis gaazrebuli kiTxva
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1) gaecani 173-e gv.-ze mocemul teqsts, cxrili gadaitane samuSao rveulSi da Seavse:

udabno

garemos faqtorebi aqlemis Seguebulobani

garemos moyviTalo an moruxo 
Seferiloba

CliqiT dafaruli ganieri terfi

qviSiani qarebi

tenianobis nakleboba

mcire raodenobis Sards gamoyofs, ar 
oflianobs; dRe-Ramis ganmavlobaSi misi 
sxeulis temperatura did farglebSi 
meryeobs

zamTari yunuliani da Tovliani

2) gansazRvre, am Seguebulobebidan romeli miekuTvneba struqturul da fiziolo-
giur Seguebas. monacemebi Seitane monacemTa cxrilSi.

Seguebuloba

struqturuli fiziologiuri

• Seguebuloba aris mikroevoluciis erT-erTi Sedegi;
• Seguebuloba yalibdeba arsebobisaTvis brZolis safuZvelze mimdinare bunebrivi ga-

darCevis moqmedebiT;
• mTavari moqmedi Zala aris bunebrivi gadarCeva, radgan misi zemoqmedebis Sedegad 

susti da saarsebo pirobebs cudad Seguebuli organizmebi iRupebian. ZiriTadad, si-
cocxles inarCuneben da STamomavlobas toveben mocemul saarsebo pirobebSi sasar-
geblo memkvidruli niSan-Tvisebebis mqone individebi; amis safuZelze maRldeba gare-
mosTan Seguebuloba.
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mecnierebma Seiswavles xilis buzis ds2 geni. es geni ganapirobebs buzebis Seguebas ga-
remos temperaturasTan. xilis buzebs, romlebic binadroben tropikul regionebSi, aqvT 
am genis e.w. tropikuli aleli. igi xels uwyobs maT arsebobas maRal temperaturaze. xilis 
buzebs, romlebic binadroben ufro gril regionebSi, aqvT am genis e.w. zomieri aleli. 
igi xels uwyobs maT arsebobas dabal temperaturaze. aRmoCnda, rom ds2 geni, aseve, akont-
rolebs feromenebis warmoqmnas. feromeni aris sunis mqone qimiuri nivTiereba, romelic 
xilis buzebSi izidavs sawinaaRmdego sqesis individs (eqsperimenti aRwerilia suraTze).  

SeniSvna: 

es eqsperimenti uCvenebs, Tu rogor SeiZleba warmoiqmnas axali saxeoba xilis buzis 
bunebriv populaciebSi. xilis buzebi samxreTidan, sadac ufro maRali temperaturaa, 
gav rceldnen CrdiloeTSi, sadac ufro dabali temperaturaa. ds2 genSi SeiZleba moxda 
mutacia, romelmac gamoiwvia zomieri alelis warmoqmna. am alelma ganapiroba xilis buze-
bis dabal temperaturasTan Segueba. radganac ds2 geni aseve gavlenas axdens feromenebis

monacemebis analizi

 ra aris axali saxeobaTwarmoqmnis mTavari mizezi?

2.7. saxeobaTwarmoqmna

• ra gansxvavebaa saxeobasa da populacias So-
ris?

• ra aris genofondi?

• mikroevoluciis faqtorebma rogor SeiZ leba Sec-
valos genofondi? 

• ra moxdeba, Tu or populacias Soris Sewyda genTa 
nakadi?

 biomravalferovneba: 
saxeobaTwarmoqmna _ mikroe-

voluciis Sedegi; reproduqciuli 
izolacia; sa xeo baT warmoqmnis gze-
bi: alopatriuli, sim patriuli.

xilis buzs aqvs ds2 
genis tropikuli 

aleli

xilis buzs aqvs 
ds2 genis zomieri 

aleli

 mecnierebma gamoiyenes genetikurad msgavsi 
laboratoriuli xilis buzebi; xilis buzis yovel 
individSi Secvales ds2 geni ise, rom zogierTSi 
iyo am genis tropikuli aleli, xolo zogierTSi _ 
zomieri aleli.

 mamrebi, romlebmac miiRes tropikuli 
aleli, izidavdnen da uwyvildebodnen mxolod 
im mdedrebs, romelTac aseve miiRes tropikuli 
aleli; mamrebi, romlebmac miiRes zomieri aleli, 
izidavdnen da uwyvildebodnen, aseve, mxolod am 
alelis matarebel mdedrebs.

ds2

ds2

ds2

ds2

ds2 ds2

ds2ds2

ds2 ds2 ds2

ds2
ds2

ds2

ds2

ds2

ds2

ds2

_ tropikuli aleli

_ zomieri aleli
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warmoqmnaze, maTSi gamravlebasTan dakavSirebuli qcevebic Seicvala. zomieri alelis 
matarebeli buzebi da tropikuli alelis matarebeli buzebi sul ufro iSviaTad ejvare-
bodnen erTmaneTs. sabolood es populaciebi reproduqciulad izolirebulni gaxdnen. 

gaecani eqsperimentis Sinaarss da upasuxe kiTxvebs:
• ra aris eqsperimentis mizani?
• geni, romelsac ikvlevdnen mecnierebi, ramden niSan-Tvisebas akontrolebs? ra ewo-

deba genis aseT moqmedebas?
• ra aris axali saxeobis warmoqmnis procesis sawyisi etapi?
• axseni axali saxeobis warmoqmnis procesSi mikroevoluciis faqtorebis roli.
• ds2 genis mutacia mutaciebis romeli saxeobis magaliTia? axseni Seni pasuxi.
• ra aris axali saxeobis warmoqmnis procesis bolo etapi?

populaciebs Soris genTa nakadis 
Sewyveta axali saxeobis/saxeobebis war-
moqmnis erT-erTi mizezia. sawyisi saxeo-
bidan ori an meti saxeobis warmoqmnis 
process sxeobaTwarmoqmna ewodeba. axali 
saxeobis warmoqmna mikroevoluciis kidev 
erTi Sedegia.

Tu or populacias Soris romelime mi-
zeziT Sewyda genTa nakadi, amboben, rom 
populaciebi erTmaneTisgan izolirebu-
lia. populaciebis erTmaneTisgan izola-
ciam SeiZleba gamoiwvios saxeobaTwar-
moqmna, radgan TandaTan maTi genofondi 
icvleba. SemTxveviT procesebs, rogori-

caa mutaciebi da genTa dreifi, SeuZliaT 
genofondis cvlileba. yvela es cvlile-
ba grovdeba mravali Taobis ganmavloba-
Si. droTa ganmavlobaSi or izolirebul 
populacias Soris yalibdeba genetikuri 
gansxvaveba, Sesabamisad, xdeba niSan-Tvise-
baTa dacileba — divergencia. genetikur-
ma gansxvavebam ki SeiZleba populaciebs 
Soris reproduqciuli izolacia gamoiw-
vios. reproduqciuli izolaciis dros 
sxvadasxva populaciis warmomadgenlebi 
erTmaneTs aRar ejvarebian. saxeobaTwar-
moqmnis procesSi populaciebs Soris rep-
roduqciuli izolacia aris bolo etapi. 

 ram SeiZleba gamoiwvios populaciebis izolacia? 

populaciebis izolacia erTmaneTisgan 
da maTgan axali saxeobebis Camoyalibeba 
ramdenime gziT SeiZleba. es SeiZleba iyos 
geografiuli/alopatriuli (allos _ sxva, 
patris _ samSoblo) da simpatriuli (sym _ 
erTad, patris _ samSoblo). alopatriuli, 
anu geografiuli saxeobaTwarmoqmna aris 
sivrcobrivad izolirebuli populcie-
bisgan sxvadasxva saxeobis Camoyalibeba. 
igi SesaZlebelia ganxorcieldes arealis 
gafarToebiT an saarsebo arealis danawe-
vrebiT sxvadasxva zRudiT (mdinare, zRva, 
mTebi). 

arealis gafarToebis SemTxvevaSi po-
pulaciebi gansxvavebul saarsebo gare-
moSi (mag., gansxvavebuli klimaturi pi-
robebi, sakvebi da sxv.) aRmoCndebian. 

populaciis individebSi mudmivad Cndeba 
mutaciebi, Sejvarebis Sedegad warmoiq-
mneba genTa axali kombinaciebi. bunebrivi 
gadarCeva axal saarsebo pirobebSi upi-
ratesobas aniWebs sawyisi populaciisgan 
gansxvavebul fenotipebs. radgan popu-
laciebi aRmoCndebian erTmaneTisgan geo-
grafiuli zRudiT izolirebuli, amitom 
wydeba maT Soris genTa nakadi. xangrZli-
vi drois ganmavlobaSi mikroevoluciuri 
faqtorebis moqmedeba xels uwyobs popu-
laciebs Soris mkveTri genetikuri gan-
sxvavebebis Camoyalibebas da sabolood 
biologiuri/reproduqciuli izolaciis 
warmoqmnas. Sede gad, warmoiqmneba axali 
saxeoba/saxeobebi. 
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gavrcelebis arealis 
farglebs gareT gansax-
lebis gziT saxeobaTa 
warmoSobis mniSvnelova-
ni magaliTia galapago-
sis arqipelagze gavr-
celebuli darviniseuli 
mTiulebis saxeobebi. 
dnm-is analizma daadas-
tura, rom, miuxedavad 
didi morfologiuri gan-
sxvavebisa, galapagosis 
mTiulebi erTi winapris 
STamomavlebi arian. isi-
ni samxreT amerikis kon-
tinentidan aq SemTxveviT 
moxvdnen, gamravldnen da 
sxvadasxva kunZulze gan-
saxldnen. sivr cob rivad 
izo lirebuli popula-
ciebis kon kretul saarsebo garemosTan 
Seguebam axali saxeobebis warmoqmna ga-
moiwvia. mag., mTiulebis saxeobebi gan-
sxvavdebian niskartis formiTa da zomiT, 
rac gansxvavebulma sakvebma gamoiwvia 
(sur. 2.44.). 

aseTive gziT axali saxeobis warmoqm-
nis magaliTia lariqsis saxeobebi. cimbi-

ruli lariqsi sakmaod Sors gavrcelda 
aRmosavleTiT. misi populaciebi ura-
lidan baikalamde arsebul teritoriaze 
gansax lda da arsebobis gansxvavebul pi-
robebSi aRmoCnda. xangrZlivi drois gan-
mavlobaSi mik roevoluciuri faqtore-
bis moqmedebam xeli Seuwyo populaciebs 
Soris mkveT ri genetikuri gansxvavebebis 

gaCenasa da, sabolood, 
biologiuri izo laciis 
warmoqmnas. amis Sedegad 
Camoyalibda axali sa-
xeoba dauruli lariqsi.

SesaZlebelia saxeo-
baTwarmoqmnis mize zi 
iyos gavrcelebis are-
al Si geografiuli ba-
rieris warmoqmna. mag., 
pa namis yelis gaCenam Se-
qmna geog rafiuli ba rie-
ri atlantisa da wynari 
okeanis popula ciebs So-
ris. droTa ganmavlo-
baSi izolirebuli po-
pulaciebi genetikurad 
gansxvavebuli gaxda da 
damoukidebel saxeobe-
bad Camoyalibda (sur. 
2.45.).

kenkra

Teslebi

kaqtusi
miwis 
mTiuli

kaqtusis 
didi 
mTiuli

xis patara
mTiuli

xis vegetarianeli
mTiuli

sur. 2.44

sur. 2.45

wynari okeane

atlantis okeane

Anisotremus taeniatus

Anisotremus virginicus
karibis 
zRvapanamis yeli gaCnda 

3,5 mln. wlis win
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 es saxeobebi SeiZleba garegnulad msgav-
sad gamoiyurebodnen, magram rodesac me-
cnierebma specialurad erTad moaTavses 

atlantisa da wynari okeaneebis krevete-
bis axlomdgomi saxeobebi, isini erTma-
neTs ar Seejvarnen. 

alublis yvavilis neqtriT mkvebavi mwerebis populaciaSi zogierT individs gauCnda 
mutacia, romlis gamo isini mgrZnobiareni gaxdnen vaSlis yvavilis sunis mimarT. amitom es 
mwerebi maSinve vaSlis xeze gadasaxldnen. populacia orad gaiyo. izolacias xeli Seuwyo 
ara mxolod iman, rom sxvadasxva mcenaris yvavilis neqtriT ikvebebian, aramed imanac, 
rom sadac ikvebebian, iqve mravldebian da deben kvercxebs. mwerebis momwifebis periodi 
emTxveva maTi mkvebavi xis yvavilobis periods. vaSlis yvaviloba alubalze gvian iwyeba. 
amitom maTi gamravlebis periodis droSi izolirebac moxda. amis Sedegad am or popula-
cias Soris gaCnda reproduqciuli izolacia da or damoukidebel saxeobad Camoyalibda.

gaecani saxeobaTwarmoqmnis zemoT aRweril magaliTs da upasuxe kiTxvebs:
• mikroevoluciis romeli faqtoriT iwyeba saxeobaTwarmoqmnis procesi?
• aRwere populaciebs Soris izolaciis mizezebi?
• aris es geografiuli saxeobaTwarmoqmnis magaliTi? daasabuTe Seni pasuxi.

teqstis gaazrebuli kiTxva

simpatriuli saxeobaTwarmoqmna xor-
cieldeba sawyisi saxeobis saarsebo area-
lis farglebSi. arsebobs ramdenime gza: 
1. mutacia. mag., poliploidiis gziT 

axa li saxeobis swrafad warmoqmna – 
Tamba qos saxeobaSi qromosomTa sawyi-
si rao denobaa 12, magram arsebobs 
formebi, romlebsac aqvT 24, 48, 72 
qromosoma, bunebrivi poliploiduri 
rigebi gvxvdeba vardis, marwyvis, Wan-
gas, Svriisa da sxva gvarSi. isini rep-
roduqciulad izolirebulni arian 
sawyi si diploidi saxeobisgan.

2. saxeobaTaSorisi hibridizaciis Se-
degad miiReba unayofo hibridebi, 
radgan sxvadasxva saxeobis qromo-
somebi ver warmoqmnian homologiur 
wyvilebs da meiozi irRveva. magram Tu 
aseT hibridSi moxda poliploidia, ma-
Sin meiozi normalurad mimdina reobs, 
hibriduli forma nayofier STamo-
mavlobas warmoq mnis da mSob liur 
formebTan Sejvarebis unars kargavs. 
saxeobaTaSorisi hibridizaciiT axa-
li saxeo bebis warmoSoba aRmoCeni-
lia zogierTi saxeo bis cxovelebSic 
(zogierT xvlik Si, amfibiasa da Tevz-

Si). magali Tad, zogierT kavkasiur 
qvewarmavals aqvs hibridogenuri 
warmoSoba, arian trip loidurni da 
gaunayofierebeli kvercx ujrediT 
(parTenogenezurad*) mravldebian. 

3. sezonuri izolacia – mcenare xria-
laSi gvxvdeba adremoyvavile da gvian-
moyvavile formebi. sevanis kalma xis 
populaciebi gansxvavdeba tofobis 
vadebiT, saqviriTe adgiliTa da siRr-
miT (sur. 2.46.). isini erTmaneTisgan 
genetikurad izolirebulebi arian. 
afrikaSi, tba viqtoriaSi, romlis asa-
ki mxolod 12 aTasi welia, cxovrobs 
Tevz ciqlidebis 500-ze meti saxeoba, 
romlebic erTmaneTisgan gansxvavde-
ba morfologiurad, cxovrebis nir-
iT, qceviT (sur. 2.47.). Tumca moleku-
lur-genetikuri analizi aCvenebs, rom 
isini saerTo winaprisgan warmoiSvnen.
mikroevoluciis sxvadasxva etapze 

erT gzas cvlis meore an isini erTob li-
vad  moq medeben. alopatriul saxeobaT-
warmoqm nas SesaZloa SemdegSi Tan daer-
Tos simpatriuli saxeobaTwarmoqmna, 
amitom Znelia saxeobaTa warmoqmnis yove-
li gzis sazRvrebis dadgena.
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1. ra aris divergencia?
2. Seadare erTmaneTs saxeobaTwarmoqmnis gzebi. aRmoaCine msgavseba da gansxvaveba. Sedare-

bis monacemebi warmoadgine sqemis saxiT.
3. moiyvane axali saxeobis sxvadasxva gziT warmoqmnis magaliTebi da ganmarte mimdinare 

procesebi.
4. geografiulma izolaciam ra gavlena moaxdina galapagosis mTiulebze?
5. Tanmimdevrulad daalage saxeobaTwarmoqmnis stadiebi: 1. populaciebs Soris dgeba rep-

roduqciuli izolacia. 2. axali saxeobebis warmoqmna. 3. orive SemTxvevaSi axali saxeo-
bis warmoqmnisaTvis aucilebelia populaciebis garkveuli xniT raime formis izolacia. 
4. yovel izolirebul populaciaSi mikroevoluciis faqtorebis (mutaciebi, genTa drei-
fi, genTa nakadi, bunebrivi gadarCeva) zemoqmedebiT genofondis cvlileba. 

6. ratom Tvlian populaciebs Soris reproduqciul izolacias saxeobaTwarmoqmnis bolo 
stadiad?

7. 1) populaciebs Soris genTa nakadis Sewyvetam ratom SeiZleba gamoiwvios saxeobaTwar-
moqmna? 2) daasaxele barieris sami tipi, romlebic populaciebs Soris reproduqciul 
izolacias iwvevs.    

8. rogor fiqrob, saxeobaTwarmoqmnis romeli gziT warmoiqmna suraTze gamosaxuli saxeo-
bebi? Seni TvalsazrisiT aRwere am saxeobebis warmoqmnis stadiebi.

Seguebulia tute niadagSi 

arsebobasTan

Viola arvensis Viola tricolor

Seguebulia mJava niadagSi 

arsebobasTan

9. ra aris mikroevoluciis Sedegebi?

sevanis kalmaxis 
populaciebis gavrceleba ciqlidebis saxeobebi

sur. 2.46 sur. 2.47

1

2

3

4

5
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• mikroevoluciis Sedegebia: garemo pirobebTan organizmTa Seguebuloba; saxeobaTwar-
moqmna da saxeobaTa mravalferovneba;

• saxeobaTwarmoqmnis procesi iwyeba populaciaTa izolaciiT;
• populaciis geografiuli izolaciis mizezi SeiZleba iyos sawyisi saxeobis mier axali 

geografiuli arealis dakaveba an arealis farglebSi raime tipis geografiuli barie-
ris warmoqmna;

• yovel izolirebul populaciaSi mikroevoluciis faqtorebis (mutaciebi, genTa 
dreifi, genTa nakadi, bunebrivi gadarCeva) zemoqmedebiT genofondis cvlileba iwvevs 
populaciebs Soris reproduqciul izolacias. 

davalebis piroba: 
bunebaSi zogierTi axali saxeobis warmoqmna adamianis saqmianobasTan aris dakavSire-

buli. magaliTad, mravali Taobis ganmavlobaSi mwerebis zogierTi saxeoba ufro da ufro 
mdgradi/rezistentuli gaxda pesticidebisadmi. aseTive magaliTia antibiotikebisadmi 
rezistentuli baqteriebis saxeobebis warmoqmna. aseTi baqteriebi ufro gavrcelebulia 
saavadmyofoebSi da did safrTxes uqmnis adamianis janmrTelobas. Sxamqimikatebisadmi 
rezistentuli mwerebis saxeobebis warmoqmnis paralelurad, adamiani mavne mwerebis sawi-
naaRmdegod qmnis axal-axal Sxamqimikatebs, romlebmac SeiZleba adamianis janmrTelobasa 
da biomravalferovnebaze imoqmedos. aseve, antibiotikebisadmi rezistentuli baqterie-
bis gamravlebis gamo, farmakologebi baqteriuli infeqciebis samkurnalod qmnian axal-
axal preparatebs.

Seqmeni kognituri sqema, romlis saSualebiT warmoadgen antibiotikebisadmi rezis-
tentuli baqteriis saxeobis warmoqmnis procesis etapebs, aseve, axsni mizezSedegobriv 
kavSirs baqteriebis populaciis genetikur mravalferovnebas, arsebobisaTvis brZolas, 
bunebrivi gadarCevis moqmedebis mimarTulebasa da garemo faqtorTan Seguebis war  moq-
mnas Soris.

kognituri sqemis prezentaciisas xazgasmiT warmoaCine:
• Seguebulobis ra forma Camouyalibda antibiotikebisadmi rezistentul baqteri-

ebs da ra mniSvneloba aqvs mas saxeobis mdgradobis SenarCunebaSi? 
• bunebrivi gadarCevis romeli formis moqmedebis Sedegia antibiotikebisadmi rezis-

tentuli baqteriebis saxeobebis warmoqmna  da riT gansxvavdeba bunebrivi gadar-
Cevis sxva formebisgan? 

• antibiotikebisadmi rezistentuli baqteriebis saxeobebis warmoqmna  saxeobaTwar-
moqmnis romeli formis magaliTia? 

• saxeobaTwarmoqmnis ra etapebs gaivlis antibiotikebisadmi rezistentuli baqteri-
ebis saxeobis warmoqmnis procesi? 

• Tanamedrove teqnologiebi, kerZod, farmakologia da infeqciuri daavadebebis 
samkurnalod antibiotikebis farTod gamoyeneba  ra gavlenas axdens mikroorga-
nizmebis evoluciaze? 

• antibiotikebisadmi rezistentuli baqteriebi ra safrTxes uqmnis adamianis jan-
mrTelobas? 

kognituri sqemis Seqmna
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 ra kanonzomierebebi axasiaTebs evoluciis process?

2.8.
evoluciis kanonzomierebebi da damamtkicebeli 

sabuTebi

• ra aris mikroevolucia da misi Sedegebi?

• riT gansxvavdeba bunebrivi gadarCeva evo-
luciis sxva faqtorebis moqmedebisgan?

• suraT 2.48-ze burTulebi aRniSnaven sxeulis Se-
ferilobis makodirebeli ge nis alelebs. aRwere 
populaciis genofondis cvlileba TaobebSi. 
sxeulis rogori Seferilobis sasargeblod moq-
medebs bunebrivi gadarCeva? suraT ze aRwerili 
genofondis cvlileba bunebrivi gadarCevis ra 
xasiaTze metyvelebs? bunebrivi gadarCevis ro-
meli formis magaliTia warmodgenili suraTze?

 biomravalferovneba: 
evoluciis ZiriTadi ka-

nonzomierebebi _ divergencia, 
konvergencia; evoluciis ZiriTadi 
mimarTulebebi _ arogenezi, aloge-
nezi, katagenezi.
 struqtura da funqcia: evoluciis 
damamtkicebeli sabuTebi _ mole-
kuluri biologia, citologia, 
SedarebiTi anatomia da embriolo-
gia, paleontologia.

evolucias aqvs mkveTrad gamoxatuli 
kanonzomierebebi. bunebrivi gadarCevis 
gziT mimdinare evolucias SemTxveviTi 
xasiaTi ar aqvs. ramdenadac mutaciebisa 
da genTa dreifis mimdinareobis progno-
zireba ar SeiZleba, maT SemTxveviT mov-
lenebs uwodeben. es SemTxveviTi movle-
nebi aris genetikuri mravalferovnebis 
wyaro. samagierod, bunebrivi gadarCeva, 
romelic zemoqmedebs genetikur mraval-
ferovnebaze, SemTxveviTi ar aris. indi-
videbs, romelTa niSan-Tvisebebi garemos-
Tan ukeT Seguebulobas uzrunvelyofs, 
aqvT gadarCenisa da STamomavlobis da-
tovebis meti Sansi im individebTan Se-
darebiT, romelTac aseTi niSan-Tvisebebi 
ar aqvT. Sen iswavle bunebrivi gadarCe-

vis formebi _ mamoZravebeli, mastabili-
zebeli da dizruptuli. yoveli formis 
bunebrivi gadarCevis Sedegebi bevri Tao-
bis ganmavlobaSi grovdeba. sxva sityve-
biT rom vTqvaT, bunebrivi gadarCeva popu-
laciis niSan-Tvisebebs aZlevs sasargeblo 
mimarTulebas. 

garemo pirobebi akontrolebs buneb-
rivi gadarCevis mimarTulebas. bunebrivi 
gadarCeva procesia, romelic populacias 
unarCunebs adaptaciur niSan-Tvisebebs. 
Tumca garemoSi momxdari moulodneli 
mkveTri cvlilebebi swrafad anadgurebs 
saxeobas. amrigad, evoluciuri procesis 
Sedegi ara marto axali saxeobebis warmoq-
mnaa, aramed zogierTi saxeobis gadaSene-
bac. es SeiZleba maSin moxdes, rodesac 

virtualuri populaciis genofondis cvlileba TaobaTa ganmavlobaSi

Taoba 1 Taoba 2 Taoba 3
sur. 2.48
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garemo pirobebi swrafad icvleba da 
saxeoba ver aswrebs Seguebulobis ganvi-
Tarebas. mag., gadaSenda xenairi gvimrebi 
da Svitebi, uZvelesi amfibiebi da qve-
warmavlebi. amrigad, evoluciis procesi 
iwvevs zogierTi saxeobis ricxob riobis 
zrdasa da misi arealis gafarToebas, anu 
saxeoba ganicdis biologiur progress. 
zogierT saxeobaze ki evoluciu ri pro-
cesi sawinaaRmdegod moqmedebs: saxeobis 
ricxobrioba mcirdeba da misi areali 
izRudeba. am SemTxvevaSi saxeoba ganic-
dis biologiur regress da mas gadaSeneba 
emuqreba.   

sxvadasxva saxeoba xSirad Seguebulia 
msgavs saarsebo garemoSi arsebobasTan 
 da msgavsi niSan-Tvisebebi axasiaTebT.   es  
 aixsneba imiT, rom bunebrivi  gadarCeva 
maT ze erTi mimarTulebiT moqmedebs. 
xdeba niSan-TvisebaTa damTxveva, rasac 
konvergencia ewodeba (sur. 2.49). es evo-
luciis kidev erTi kanonzomierebis ga-
moxatulebaa.  

rodesac axlonaTesauri saxeo bebi 
gansxva vebul garemo pirobebSi viTar-
debian sxvadasxva mi mar  TulebiT, maTi 
niSan-Tvisebebi scildeba erTmaneTs. am 

divergencia

ruxi mgeli

winapari

wiTeli mgeli

sur. 2.50

konvergencia

zvigenis kudis 
farfli

delfinis kudis 
farfli

sur. 2.49

SemTxvevaSi mJRavndeba evoluciis ka-
nonzomiereba _ divergencia (sur. 2.50). 
divergencia iwvevs axali saxeobebisa da 
sxva sistematikuri jgufebis warmoqmnas. 

evoluciis procesi sami mimarTulebiT 
mimdinareobs: arogenezi, alogenezi da 
katagenezi (cxr. 2.3). biologiuri prog-
resi SeiZ leba samive mimarTulebam gamoi-
wvios. evoluciis procesis kanonzomier-
ebebis kvleva aCvenebs, rom evoluciis 
procesSi erTmaneTs cvlis evoluciis 
sxvadasxva mimarTuleba.
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cxrili 2.3.                                               evoluciis ZiriTadi mimarTulebebi

evoluciis 
mimarTuleba

damaxasiaTebeli niSnebi magaliTebi

arogenezi

iwvevs cocxal arsebaTa or-
ganizaciis saerTo amaRlebas, 
sasicocxlo procesebis inten-
sivobis zrdas. mniSvnelovan 
upiratesobas aZlevs organizms 
arsebobisaTvis brZolaSi da 
SesaZlebels xdis mis gadasvlas 
axal saarsebo garemoSi. xels 
uwyobs msxvili sistematikuri 
jgufebis – samefos, tipebis, 
klasebis warmoqmnas. 

fotosistemis warmoqmna; mravalujredianoba 
da qsovilebis Camoyalibeba; yvavilis, nayo-
fis, Teslis gaCena; filtvebis, gulis gar-
Tuleba, sisxlis mimoqcevis ori wris gaCena, 
Sinagani ganayofiereba, cocxalmSobiaroba da 
sxv.

alogenezi

mcire evoluciuri cvlilebebi, 
romlebic xels uwyobs konkre-
tul garemo pirobebTan viwro 
Seguebulobebis warmoqmnas. ar 
icvleba organizaciis ZiriTadi 
niSnebi da ar izrdeba cxovel-
qmedebis intensivoba. warmoiq-
mneba mcire sistematikuri 
jgufebi _ saxeobebi, gvarebi, 
ojaxebi, rigebi.

kvebis TaviseburebebTan dakavSirebiT mwe-
rebSi sxvadasxva tipis piris aparatebisa da 
frinvelebSi sxvadasxva formis niskartis, 
qariTa da mwerebiT yvavilis damtvervis 
mravalricxo vani Seguebulobebis warmoqmna; 
nayofebisa da Teslebis gavrcelebis, tran-
spiraciis Semcirebis Seguebulobebi da sxv.

katagenezi

iwvevs organizaciis donis 
gamartivebas. xSirad dakavSire-
bulia parazitul cxovrebaze, 
aqtiuri kvebidan pasiurze ga-
dasvlasTan. organizmis gamar-
tivebas, Cveulebriv, Tan axlavs 
saarsebo garemosTan sxvadasxva 
Seguebulobis warmoqmna.

endoparazituli Wiebi _ sustad aqvT ganvi-
Tarebuli nervuli sistema, ar aqvT sunTqvis 
sistema, Tumca maT parazitul cxovrebasTan 
dakavSirebiT ganuviTardaT misawovrebi da 
kauWebi; parazitul mcenare abreSumas _ ar 
aqvs qloroplastebi da foTlebi, samagierod 
fesvebis nacvlad uviTardeba misawovrebi; 
Txunela, gamoqvabulis Tevzebi _ Tvalebis 
atrofia.

makroevolucia zesaxeobrivi evo-
luciaa. igi mimdinareobs istoriulad 
drois grandiozul SualedebSi da uSua-
lo SeswavlisaTvis miuwvdomelia. makroe-
voluciis mimdinareobaze msjeloben im 
faqtebis mixedviT, romlebic dagrovda 
biologiis sxvadasxva dargsa da paleon-
tologiaSi. aseT faqtebs evoluciis da-
mamtkicebel sabuTebs uwodeben.

molekuluri biologiis argumentebi _ 
sxvadasxva organizmis ujredebis qimiu-
ri  Sedgenilobisa da nivTierebaTa cvlis 
 msgavseba miuTiTebs organuli samyaros 
erTian warmoSobaze. mag., erTiani geneti-
kuri kodi: virusebidan dawyebuli adamia-
nis CaTvliT memkvidreobiTi informaciis 
Senaxva da gadacema nukleinis mJavebTan 
aris dakavSirebuli, xolo niSan-Tvisebe-

 ris mixedviT msjeloben evoluciis mimdinareobis Sesaxeb? 

bis gamovlena _ cilebTan. dnm-is anabeW-
debis SeswavliT SesaZlebelia sxvadasxva 
saxeobis organizmebs Soris naTesauri kav-
Siris dadgena. magaliTad, dnm-is analizma 
aCvena, rom umaRlesi maimunebis Tanamed-
rove saxeobebs erTi winapari hyavdaT. 

citologiuri argumentebi _ adgens 
sxvadasxva organizmis ujredebs Soris 
msgavsebas. miuxedavad imisa, rom bunebaSi 
arsebobs ujredTa didi mravalferovne-
ba, yvela saxis ujreds agebulebis er-
Tiani gegma axasiaTebs: aqvT citoplaza, 
romelic gare garemodan plazmuri membra-
niTaa SemosazRvruli. yvela orga nizmis 
plazmur membranas aqvs msgavsi struqtu-
ra da funqciebi. am kuTxiT sainte resoa 
endo simbioturi hipoTeza, romelic  xsnis 
aerobuli da fotoavtotrofuli orga-
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nizmebis  evolucias (sur. 2.51). ra faq-
tebi metyvelebs endosimbioturi hipo-
Tezis sasargeblod? 1) qloroplastebsa 
da mitoqondriaSi sakuTari dnm-is arse-
boba; 2) qloroplastsa da mitoqondrias, 

baqteriebis msgavsad, aqvT wriuli for-
mis dnm; 3) qloroplasti da mitoqondria 
Seicavs baqteriis msgavs ribosomebs.  
4) es organoidebi gayofiT mravldebian.

SedarebiTi embriologiis argumentebi 
_ embriologia organizmebs Canasaxis sta-
diaze Seiswavlis. sqesobrivi gamrav le -
bisas yvela mravalujrediani organizmi 
ganviTarebas erTi ujredidan – zigo-
tidan iwyebs, rac mravalujredianebis 
erTujredianebidan warmoSobaze met-

yvelebs. mravalujrediani cxoveluri 
organizebis orSriani Canasaxi gastru-
lis stadiaze nawlavRruianebs mogvago-
nebs. xerxemlianebis Canasaxebi adreul 
stadiaze erTmaneTs Zalian hgavs (sur. 
2.52): sxeulis forma, kudi, xaxis orive 
mxares layuCebis jibeebi da sxv. Canasa-

xebis ganviTarebasTan erTad, 
maT Soris msgavseba sustde-
ba da TandaTan gamovlindeba 
im klasis niSnebi, romelTac 
isini ekuTvnian da bolos, ga-
movlindeba saxeobis niSnebi.

SedarebiTi anatomiis ar-
gumentebi _ SedarebiTi ana-
tomia Seiswavlis da adarebs 
sxvadasxva sistematikuri 
jgu  fis organizmis agebule-
bas. organizmebis erTiani 
warmoSoba dasturdeba homo-
logiuri organoebis arsebo-
biT. homologiuri organoe-
bia, romelTac Sesrulebuli 
funqciis miuxedavad, erT-
nairi agebuleba da warmo Soba 
aqvT. magaliTad, ZuZumwovar-
Ta kidurebis agebulebisa da 
warmoSobis msgavseba, miuxe-

Tevzi amfibia qvewarmavali frinveli ZuZumwovari 
(adamiani)

sur. 2.52

aerobuli 
prokarioti 
(baqteria)

eukariotulma ujredma  
STanTqa aerobuli 
baqteria

baqteriasa da 
eukariotul ujreds 
Soris damyarda 
simbiozuri urTierToba

droTa ganmavlobaSi baqteria Camoyalibda 
mitoqondriad da warmoiqmna aerobuli 

erTujrediani eukarioti organizmi

anaerobuli 
erTujrediani

eukarioti
organizmi

sur. 2.51
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davad imisa, rom am kidurebiT zo-
gierTi cxoveli daxoxavs, curavs, 
darbis, dadis, daxtis, frens (sur. 
2.53). mcenareebSi homologiuri or-
ganoebis magaliTia Reros (sur. 2.54), 
foTlis, fesvis saxecvlilebebi. 

organoebs, romelTac aqvT gareg-
nuli msgavseba da erTnair funqciebs 
asruleben, magram gansxvavdebian 
age bulebisa da warmoSobis mixedviT, 
analogiuri organoebi ewodeba.  ma-
galiTad, kibosa da Tevzis layuCebi, 
Tevzisa da delfinis kudis farfli (sur. 
2.49), frinvelisa da peplis frTebi, Txu-
nelasa da maxras wina kidurebi, mcenaris 

fesvgorglebi da gorglebi (sur. 2.55) da 
sxv. analogiuri organoebi konvergenciis 
magaliTia.  

evoluciis procesSi, Secvlil gare-

wina kidurebis homologiuri struqturebi

adamiani

mxari

sxivi

idayvi

maja

nebi

TiTebis 
falangebi

kata cxeni Ramura delfini
sur. 2.53

Reros homologiuri organoebi

bwkali fesura gorgali bolqvi

sur. 2.54

kartofilis gorglebi
(Reros saxecvlileba)

analogiuri organoebi

batatis fesvgorglebi
(fesvis saxecvlileba)

sur. 2.55
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zogjer organizmSi Cndeba iseTi niSa-
ni, romelic misi Soreuli winaprisTvis 
iyo damaxasiaTebeli, am movlenas atavizmi 
ewo deba. magaliTad, cxenSi _ zebriseburi 
Seferiloba da samTiTianoba, adamianSi _ 
kudi, mTeli sxeulis TmiT dafarva da sxv.

gamovlenilia iseTi organizebi, ro-
melTac sxvadasxva klasis niSnebi axasia-

Tebs. maT gardamavali formebi ewodeba. 
magaliTad, kvercxismdebeli ZuZumwovre-
bisTvis (sur. 2.57) damaxasiaTebelia 
qvewarmavlebisa (kloaka, kvercxis deba) 
da ZuZumwovrebis (kanis agebuleba, naSi-
ers rZiT kvebaven) niSnebi; evglenas axa-
siaTebs mcenarisa da cxovelisaTvis da-
maxasiaTebeli niSnebi.

paleontologiuri argumentebi _ pa-
leontologia gadaSenebuli organizmebis 
namarx formebs Seiswavlis da adgens maT 
msgavseba-gansxvavebas Tanamedrove for-
mebTan. ufro Zvel qanebSi aRmoCenilia 
dabali organizaciis organizmebi, xolo 
axalgazrda qanebSi _ ufro maRalorgani-
zebuli formebi. es miuTiTebs imaze, rom 
evoluciis Sedegad organuli samyaro 
icvleboda da TandaTan rTuldeboda. pa-
leontologia adgens namarx gardamaval 

formebs. mag., arqeopteriqsi aris garda-
mavali forma qvewarmavlebsa da frinve-
lebs Soris (sur. 2.58), xolo mxeckbila 
qvewarmavlebsa da ZuZumwovrebs Soris 
(igi ZuZumwovrebs emsgavseba  Tavis qalis, 
xerxemlis, kidurebisa da kbilebis agebu-
lebiT), fsilofitebi wyalmcenareebsa da 
gvimranairebs Soris. zogierTi saxeobi-
saTvis aRdgenilia filogenezuri rigebi, 
romlebic konkretuli saxeobis evoluci-
uri ganviTarebis gzas asaxavs (sur. 2.59).

menjis sartylis naSTi veSapSi

kivs garegnulad gamoxatuli frTebi ar 
aqvs, magram ConCxSi SenarCunebulia wina 

kiduris ConCxis naSTi

sur. 2.56

sur. 2.57

mo pirobebSi, zogierTi organo kargavs 
Tavis funqcias da TandaTan knindeba, ga-
dagvardeba da qreba. zogjer organizmSi 
rCeba funqciadakarguli organos naSTi 

da mas rudimenti ewodeba (sur. 2.56). maga-
liTad, veSapebSi ukana kiduris sartylis 
naSTi, adamianSi kudusunis malebi, yuris 
niJaris kunTebi, sibrZnis kbilebi da sxv.

ixvniskarta iqedna
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1. axseni, mutaciebi da genTa dreifi ratom iTvleba SemTxveviT movlenebad. 
2. axseni, ras niSnavs mtkiceba: bunebrivi gadarCeva ar aris SemTxveviTi procesi.
3. pingvinebisa da veSapebis sisxlSi hemoglobinis, xolo ConCxis kunTebSi mioglobinis Za-

lian maRali koncentraciaa (mioglobinis funqciaa Jangbadis dagroveba da misi ujred-
Sida transportis xelSewyoba). axseni: 1) raSi exmareba am organizmebs aseTi Seguebulo-
ba? 2) aRwerili magaliTi konvergenciis magaliTia Tu divergenciis? 3) Seguebulobis ra 
formis magaliTia?    

4. ipove Sesabamisoba evoluciis mimarTulebebsa da moyvanil magaliTebs Soris:

evoluciis 
mimarTuleba

magaliTebi

arogenezi

1. damtvervis sxvadasxva formis gaCena;
2. xerxemlianebis parkuWSi tixris gaCena;
3. nayofisa da Teslis gavrcelebis saSualebebis warmoqmna;
4. sisxlis mimoqcevis ori wris ganviTareba;
5. mcenare abreSumaSi foTlebisa da fesvebis ganuviTarebloba;
6. Sinagani ganayofierebis ganviTareba;
7. cocxalmSobiarobis gaCena;
8. mfarvelobiTi da gamafrTxilebeli Seferilobis warmoqmna;
9. sqesobrivi gamravlebis warmoqmna;
10. erTi gvaris frinvelebSi gansxvavebuli formis niskartis ganviTareba; 
11. mravalujredianobis warmoqmna;
12. parazit WiebSi nervuli da saWmlis momnelebeli sistemebis susti gan 

viTareba.

alogenezi

katagenezi

sur. 2.58

sur. 2.59

cxenis Soreuli winapari iyo mcire zomis, hqonda oTxTiTiani wina da samTiTiani ukana 

kiduri, cxovrobda maRalbalaxian garemoSi, romelic misTvis sakvebic iyo da TavSesafa-

ric. Semdeg hava ufro mSrali gaxda da maT sacxovrebel garemoSi maRali balaxi Seic-

vala dabaliT, amitom maTi Tavdacvis saSualeba gaxda swrafi sirbili. swrafi sirbilis 

ganviTarebas xeli Seuwyo kidurebis dagrZelebam da TiTebis raodenobis erT TiTamde 

Semcirebam. 
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5. havais meTafliebis, daaxloebiT, 40-mde saxeoba, didi albaTobiT, saerTo winaprisgan 
warmoiqmna. es saxeobebi havais kunZulebze bevr gansxvavebul niSs ikavebs. isini erTma-
neTisgan gansxvavdebian niskartis formiT, galobiTa da gamravlebasTan dakavSirebuli 
qcevebiT. 1) axseni, es konvergenciis Tu divergenciis magaliTia; 2) rogor fiqrob, ram 
gamoiwvia aseTi mravalferovani saxeobebis warmoqmna erTi gvaris farglebSi? 3) romeli 
evoluciuri mimarTulebis magaliTia? 4) ra tipis Seguebulobebzea saubari teqstSi?   

6. analogiuri organoebi konvergenciis magaliTia Tu divergenciis?
7. homologiuri organoebi konvergenciis magaliTia Tu divergenciis?
8. rogori organoebia _ homologiuri Tu analogiuri: 1) mercxlisa da futkris frTebi? 2) 

fesura da Zirxvena?
9. raze metyvelebs homologiuri organoebis arseboba?
10. ra aris analogiuri organoebis warmoqmnis mizezi?
11. kus javSani da vazis lokokinas niJara konvergenciis magaliTia Tu divergenciis? axseni 

Seni pasuxi.
12. axseni, konvergencia da divergencia rogor 

axdens bunebrivi gadarCevis mimarTulebiTi 
xasiaTis demonstrirebas?

13. suraT 2.52-ze warmodgenilia xerxemlianTa 
sxvadasxva klasis Canasaxebis ganviTarebis 
stadiebi. 1) ra msgavseba-gansxvavebaa maT So-
ris? 2) raze metyvelebs adreul etapze Cana-
saxebis msgavseba?

14. raze miuTiTebs peplebis muxluxis msgavse-
ba rgolovan WiebTan?

15. gaaanalize suraTze mocemuli informacia 
da upasuxe kiTxvebs: 1) evoluciis damamt-
kicebel romel arguments asaxavs suraTi? 2) 
ras uwodeb suraTze cifrebiT _ 2 da 3 _ aR-
niSnul organizmebs? ratom? 3) SenTvis ukve 
nacnob romel hipoTezas asaxavs suraTi?

 4)  ra faqtebze dayrdnobiT Seiqmna es hipo-
Teza?

16. ra mniSvneloba aqvs filogenezuri rigebis 
gamokvlevas?

birTvi

aerobuli prokarioti

mitoqondria

mitoqondria

qloroplasti

fotoavtotrofuli 
prokarioti

anaerobuli 
heterotrofuli 
eukarioti

2

3
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• evolucias aqvs mkveTrad gamoxatuli kanonzomierebebi: bunebrivi gadarCevis mimar-
TulebiTi xasiaTi, divergencia, konvergencia, gadaSeneba;

• evuluciis procesis mimarTulebebia: arogenezi, alogenezi, katagenezi;
• makroevoluciis mimdinareobaze msjeloben im faqtebis mixedviT, romlebic dagrov-

da biologiis sxvadasxva dargsa da paleontologiaSi. aseT faqtebs evoluciis da-
mamtkicebel sabuTebs uwodeben;

• evoluciuri procesis mniSvnelovani Sedegebia: 1) organizmebis Segueba saarsebo ga-
remosTan; 2) saxeobaTa mravalferovneba.

17. dReisTvis yvela saxeobisTvis ar aris dadgenili fiologenezuri rigebi. rogor fiq-
rob, ra SeiZleba iyos amis mizezi?

18. arqeopteriqss ganviTarebuli hqonda frTebi da bumbuliT dafaruli sxeuli, fexze 
oTxi TiTi, sami _ win mimarTuli, erTi _ ukan, xerxemlis kudis ganyofilebaSi malebis 
grZeli rigi, ybebze kbilebi, utropo mkerdis Zvali. 
CamoTvlilTagan romelia frinvelebisa da romeli 
qvewarmavlebis niSnebi?

19. qvemoT dasaxelebuli terminebisTvis gamoiyene 
martivi figurebi, xazebi an isrebi imisTvis, rom 
aRwero maTi mniSvneloba. Sen mier Seqmnili suraTis 
qveS gaakeTe mokle warwera ise, rogorc suraTzea 
mocemuli. 1. genTa nakadi; 2. geografiuli izola-
cia; 3. divergencia; 4. konvergencia; 5. genTa dreifi.

evolucionisti biologebi da paleontologebi iSviaTad pouloben sakv  levi obieqtis 
yvela nawils. 

jgufSi am samuSaos Sesrulebis dros maswavleblisgan miiRebT suraTis fragmentebs, 
rogorc faqtebs, rom awarmooT maTze dakvirveba, gamoTqvaT varaudebi da daskvnebi mis 
Sesaxeb.  

saWiro masala: sigrZiv zolebad daWrili suraTis fragmentebi.
sakvlevi kiTxva: rogor ganicdis mecnieruli daskvnebi cvlilebas/modificirebas 

axal-axali faqtebis aRmoCenisa da informaciis miRebis Sedegad? 
procedura:
1. gamoiyene maswavleblisgan miRebuli suraTis sami fragmenti dakvirvebisTvis, 

Caiwere dakvirvebis Sedegad mopovebuli Sedegebi da daskvnebi, romlebic SegiZ-
liaT am etapze gamoitanoT am suraTis Sesaxeb;

2. Seni dakvirvebis Sedegebi gamoiyeneT, rogorc „mtkicebulebani/faqtebi“ da gamoT-
qvi varaudi, Tu ra Temas Seexeba suraTi; 

3. rodesac maswavleblisgan miiRebT suraTis danarCen fragmentebsac, daakvirdiT 
yovel axal fragments, CaiwereT dakvirvebis Sedegebi, daskvnebi da varaudebi am 
fragmentebze, rogorc „axlad mopovebul mtkicebulebebze/faqtebze“ dayrdno-
biT.

gaaanalize da gamoitane daskvna:
1. analizi _ rogor Seicvala Tqveni daskvnebi, rodesac meti mtkicebulebebi miiReT? 
2. daskvna _ evoluciis mimdinareobis dasamtkiceblad ratom iyeneben mecnierebi bio-

logiasa da paleontologiaSi mopovebul mraval faqts?
3. moiyvane magaliTi: paleontologebma ra saxis mtkicebulebebi unda moipovon, rom 

dainaxon saxeobis evoluciis zogadi suraTi?

evoluciis damamtkicebel faqtebze muSaoba

X
X

X

X

genTa dreifi: organizmTa mcire 

jgufi qmnis mcire zomis populacias. 
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Tema 2-is Sejameba

საკითხის mimoxilva

mTavari ideebi

• organizmTa klasifikacia aadvilebs mravalferovani organuli samyaros Ses-
wavlas;

• Tanamedrove sistematikiT organizmebs ajgufeben sam domenad da eqvs samefod;

• sistematika icvleba da progresirebs biologiaSi mecnieruli aRmoCenebis 
kvaldakval; 

• maRali reproduqciuloba iwvevs arsebobisaTvis brZolas, romelic bunebrivi 
gadarCevis winapirobaa;

• arsebobisaTvis brZolis formebia: Sidasaxeobrivi, saxeobaTaSorisi da brZo-
la garemos araxelsayrel aracocxal faqtorebTan; 

• bunebrivi gadarCeva da memkvidruli cvalebadoba aris evoluciis ZiriTa-
di mamoZravebeli faqtorebi; bunebrivi gadarCeva aris meqanizmi, romlis 
saSualebi Tac umetesad gadarCebian da ufro met STamomavlobas toveben sa-
sargeblo memkvidruli cvlilebebis matarebeli individebi; evolucia Tan-
daTanobiT mimdinare xangrZlivi procesia;

• evoluciis elementaruli erTeulia populacia; evoluciis masalas warmoad-
gens memkvidruli cvalebadoba _ mutaciebi, romlebic SemTxveviT da aramimar-
Tul xasiaTs atarebs; evoluciis aramimarTuli faqtorebia, aseve, genTa na-
kadi, genTa dreifi da izolacia; evuluciis faqtorebidan mxolod bunebrivi 
gadarCevaa mimarTulebiTi xasiaTis, radgan upiratesad gadairCeva sasargeb-
lo memkvidruli niSan-Tvisebebis mqone individebi da maRldeba populaciis 
Segueba saarsebo pirobebTan;

• bunebrivi gadarCevis formebia: mamoZravebeli, mastabilizebeli da dizrup-
tuli; sqesobrivi gadarCevis procesSi warmatebuli organizmebis genebi buneb-
rivi gadarCevis gziT Zlierdeba – mravldeba populaciaSi; 

• Seguebuloba yalibdeba arsebobisaTvis brZolis safuZvelze mimdinare buneb-
rivi gadarCevis moqmedebiT; mikroevoluciis Sedegebia: garemos pirobebTan 
organizmTa Seguebuloba; saxeobaTwarmoqmna da saxeobaTa mravalferovneba;

• saxeobaTwarmoqmnis procesi iwyeba populaciaTa izolaciiT;

• populaciis geografiuli izolaciis mizezi SeiZleba iyos sawyisi saxeobis 
mier axali geografiuli arealis dakaveba, an arealis farglebSi raime tipis 
geografiuli barieris warmoqmna;

• yovel izolirebul populaciaSi mikroevoluciis faqtorebis (mutaciebi, gen-
Ta dreifi, genTa nakadi, bunebrivi gadarCeva) zemoqmedebiT genofondis cvli-
leba iwvevs populaciebs Soris reproduqciul izolacias; evolucias aqvs 
mkveTrad gamoxatuli kanonzomierebebi: bunebrivi gadarCevis mimarTulebiTi 
xasiaTi, divergencia, konvergencia, gadaSeneba;

• evuluciis procesis mimarTulebebia: arogenezi, alogenezi, katagenezi;

• makroevoluciis mimdinareobaze msjeloben im faqtebis mixedviT, romlebic 
dagrovda biologiis sxvadasxva dargsa da paleontologiaSi. aseT faqtebs 
evoluciis damamtkicebel sabuTebs uwodeben;

• evoluciuri procesis mniSvnelovani Sedegebia: 1) organizmTa organizaciis 
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TandaTan garTuleba da amaRleba; 2) organizmebis Segueba saarsebo garemos-
Tan; 3) saxeobaTa mravalferovneba.

davalebebi TviTSefasebisTvis

testuri davalebebi

1. populaciis araswori maxasiaTebelia:

 a. Sedgeba sxvadasxva saxeobis organizmebisgan;

 b. saxeobis yoveli populacia arealSi garkveul teritorias ikavebs;

 g. Sedgeba sxva populaciebisgan SefardebiT izolirebuli individebisagan;

 d. TiToeul populacias aqvs genebis damaxasiaTebeli nakrebi;

 e. axsiaTebs amave saxeobis sxva populaciebTan genebis gacvla.

2. sxvadasxva populaciis individebis Sejvarebisas nayofieri STamomavlobis 
miRebis yvelaze xelis SemSleli barieri iqneba:

 a. niSan-Tvisebebis divergencia;

 b. geografiuli izolacia; 

 g. gansxvaveba saqorwino ritualebSi;

 d. gansxvaveba kariotipSi (qromosomul nakrebSi).

3. evoluciis erTeuli aris:

 a. calkeuli individi;  g. organizmebis saxeoba; 

 b. populacia;   d. organizmis genotipi.

4. organizmTa jgufebi SeiZleba CaiTvalos erTi saxeobis sxvadasxva popula-
ciad, Tu isini erTmaneTisgan gansxvavdebian:

 a. mxolod dakavebuli teritoriiT; 

 b. mxolod genofondiT;  

 g. dakavebuli teritoriiTa da genofondiT;

 d. genofondiTa da genotipiT.

5. SemTxveviTi movlenebis Sedegebi yvelaze SesamCnevi iqneba populaciaSi, ro-
melSic individebis ricxvi aris:

 a. 21; b. 120;  g. 2100; d. 12 aTasi;      e. 120 aTasi.

6. mendelis kanonebi ufro zustad gamomJRavndeba im populaciebSi, romleb-
Sic individebis ricxvi aris:

 a. 21; b. 120;  g. 2100; d. 12 aTasi;      e. 120 aTasi.

7. SezRudul populaciaSi genebis dreifis SesaZlo Sedegia:

 a. populaciis homozigoturobis amaRleba;

 b. alelis SenarCuneba, romelic amcirebs sicocxlisunarianobas;

 g. iSviaTi alelebis koncentraciis mkveTri gazrda;

 d. yvela pasuxi sworia.

8. populaciaSi individebis ricxvis gazrdisas sakvebi resursis Semcireba 
iwvevs:

 a. arsebobisaTvis brZolis gamZafrebas; g. genebis dreifs;

 b. mutacias;     d. kombinaciur cvalebadobas.
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9. populaciaSi mutaciebidan memkvidruli cvalebadobis farul rezervs  
qmnis:

 a. dominanturi;   b. recesiuli;    g. genomuri; d. citoplazmuri.

10. rogori niSnebi axasiaTebs mamoZravebel bunebriv gadarCevas?

   a. moqmedebs sicocxlisaTvis SedardebiT mudmiv pirobebSi;

   b. gacxrilavs niSan-Tvisebis saSualo mniSvnelobis mqone individebs;

   g. xels uwyobs Secvlili genotipis mqone individebis gamravlebas;

   d. inarCunebs niSan-Tvisebis saSualo mniSvnelobidan gadaxril individebs;

   e. inarCunebs niSan-Tvisebis Camoyalibebuli reaqciis normis mqone indi-
videbs;

   v. moqmedebs Secvlil garemo pirobebSi.

   

 pasuxi:   

11. populaciaSi individebis genetikur mravalferovnebas aZlierebs:

   a. mutaciuri cvalebadoba;  g. brZola arsebobisaTvis;

   b. geografiuli izolacia;        d. xelovnuri gadarCeva.

12. saxeobaTa warmoSoba moxda:

 a. bunebrivi gadarCevis gziT;

 b. xelovnuri gadarCevis gziT;

 g. ganviTarebisaken organizmTa Sinagani swrafvis Sedegad. 

13. saxeobis gadarCenisaTvis ufro mniSvnelovania:

   a. debs 10 kvercxs da zrdasrul formas 2 individi aRwevs;

 b. debs 3 kvercxs da zrdasrul formas 3 aRwevs.

14. meliis lekvebidan gadarCenis meti Sansi aqvs mas, romelic:

   a. kargad xedavs, swrafad darbis da kargi monadirea;

   b. kargad xedavs, ver darbis da uWirs monadireba;

   g. cudad xedavs, kargad darbis da kargi monadirea.

15. sevanis kalmaxis populaciebis gansxvaveba tofobis vadebis mixedviT aris 
maga liTi:

 a. geografiuli izolaciis;  g. genebis dreifis;

 b. sezonuri izolaciis;  d. populaciuri talRebis.

16. samrewvelo raionebSi muqi peplebi ufro gavrcelebulia, vidre Ria feris, 
radgan:

 a. ufro mdgradebi arian dabinZurebuli garemosadmi; 

 b. nakleb SesamCnevni arian frinvelebisaTvis;  

 g. bevr kvercxs deben;

 d. garemodan STanTqaven WuWys.

17. Tovliani qariSxlis Sedegad upiratesad gadarCnen saSualo frTiani frin-
velebi, xolo mokle da grZelfrTianebi daiRupnen. bunebrivi gadarCevis 
romeli forma moqmedebs am SemTxvevaSi?

 a. mamoZravebeli; b. mastabilizebeli;  g. dizruptuli.
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18. mwvane mindorze mimdinareobs sxeulis Seferilobis mixedviT mwvane kaliebis 
gadarCeva. bunebrivi gadarCevis romeli forma moqmedebs am SemTxvevaSi?

 a. mamoZravebeli; b. mastabilizebeli;  g. dizruptuli.

19. mikroevoluciis faqtorebidan mimarTulebiTi xasiaTisaa:

 a. mutacia;  g. bunebrivi gadarCeva;    e. izolacia.

 b. genTa dreifi;  d. genTa nakadi.

20. ipoveT mcdari debuleba _ individebis erT populaciad gamaerTianebeli 
mTavari faqtoria:

 a. erT teritoriaze binadroba;

 b. arealSi maTi Tanabari ganawileba;

 g. individTa Tavisufali Sejvareba erTmaneTTan;

 d. individTa Soris xangrZlivi drois ganmavlobaSi Camoyalibebuli urTier-
Tobebi.

21. ipoveT mcdari debuleba _ arsebobisaTvis saxeobaTSorisi brZola mimdina-
reobs: 

 a. erTi populaciis individebs Soris;

 b. mtaceblebsa da msxverpls Soris; 

 g. parazitsa da maspinZels Soris.

22. saxeobaTaSoris arsebobisaTvis brZolas asaxavs:

 a. avstraliaSi evropidan Cayvanili futkris mier adgilobrivi unestro 
fut kris gaZeveba;

 b. udabnoSi mcenareebis `brZola~ gvalvis mimarT;

 g. meTovliebis mier marTveebis nawilis mospoba, roca STamomavlobaSi indi-
videbis didi raodenobaa;

 d. metoqeoba mdedrisaTvis. 

23. brZola garemos araxelsayrel pirobebTan gulisxmobs:

 a. brZolas populaciis individebs Soris;

 b. brZolas erTi gvaris sxvadasxva saxeobas Soris;

 g. brZolas gvalvasTan, sicivesTan, Warb tenianobasTan;

 d. brZolas sxvadasxva populaciis individebs Soris.

24. bunebrivi gadarCevis mamoZravebeli forma moqmedebs:

 a. garemos met-naklebad mudmiv pirobebSi;

 b. garemo faqtorTa optimaluri intensivobis dros;

 g. garemo faqtorTa minimaluri intensivobis dros;

 d. garemos cvalebad pirobebSi.

25. bunebrivi gadarCevis mastabilizebeli forma moqmedebs:

 a. garemos met-naklebad mudmiv pirobebSi;

 b. garemo faqtorebis optimaluri intensivobis dros;

 g. garemo faqtorTa minimaluri intensivobis dros;

 d. garemos cvalebad pirobebSi.
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sworia Tu mcdari?

gansazRvre debuleba/mtkicebuleba sworia Tu mcdari. Tu sworad migaCnia, 
dawere „sworia“; Tu mcdarad, gaxazuli sityva Secvale iseTi sityviT/sityvebiT, 
rom mtkicebuleba swori iyos.

1. Carlz darvini Tvlida, rom organizmze Secvlili garemo pirobebis xan- 
gr Z livi zemoqmedeba yovelTvis iwvevs sasargeblo memkvidrul cvlilebebs.

2. lamarkma da C. darvinma Camoayalibes evoluciuri Teoria, romlis mixedvi-
Tac evoluciis mTavari mamoZravebeli faqtori aris bunebrivi gadarCeva. 

3. genofondi aris populaciis calkeuli wevris aleluri genebis erToblioba.

4. populaciaSi SemTxveviTi procesebiT gamowveul alelTa sixSiris cvlile-
bas saxeobaTwarmoqmna ewodeba. 

5. mikroevoluciis Sedegia Seguebulobisa da axali saxeobebis warmoqmna. 

6. divergenciam gamoiwvia Tanamedrove organizmebSi bevri analogiuri organos 
arseboba.

7. paleontologebi namarx formebs Seiswalian.

8. erTi saxeobis populaciaTa Soris genebis mimocvlas genTa dreifi ewodeba.

9. embrioni aris organizmis ganviTarebis adreuli etapi.

10. rodesac xeebis qerqi gamuqda fabrika-qarxnebis gamonabolqviT garemos 
dabinZurebis gamo, populaciaSi ufro moimata sxeulis muqi Seferilobis 
mwerebma. es aris dizruptuli bunebrivi gadarCevis magaliTi.  

davalebebi kritikuli da SemoqmedebiTi azrovnebisTvis

1. Sinauri frinvelebi saWiroeben adamianisgan mzrunvelobas, radgan TavianTi 
niSan-TvisebebiT Seguebulni arian adamianis interesebTan; isini bevri ni-
San-TvisebiT gansxvavdebian TavianTi veluri winaprisgan, mag., maT ar SeuZ-
liaT kargad frena. warmoidgine, rom Sinauri qaTamebis garkveuli nawili 
gaiqca fermidan da aRmoCnda tyeSi. 1) axseni, ra problemebi SexvdebaT maT 
TavianTi niSan-Tvisebebidan gamomdinare? 2) ra niSan-Tvisebebis matarebeli 
individebis sasargeblod SeiZleba imoqmedos bunebrivma gadarCevam?  

2. adamianebis mxridan zrunva gadaSenebis piras mdgomi saxeobebis mimarT xom 
ar ewinaaRmdegeba bunebriv gadarCevas? axseni Seni pasuxi.

3. giganturi panda, romelic mxolod bambukiT ikvebeba, ikavebs Zalian patara 
saarsebo niSas. aseT mcire niSasTan Segueba rogor SeiZleba daemuqros am 
saxeobis arsebobas?

4. axseni, genofondis erTferovnebam rogor SeiZleba saxeoba miiyvanos ga-
daSenebamde?

5. axseni, bunebrivi gadarCevis ganmartebaSi ratom aris es fraza: „upiratesad 
gadarCebian garemosTan ukeTesad Seguebuli organizmebi“?

6. rogorc iswavle, garemo pirobebis zemoqmedebiT organizmebi TandaTan 
icvle bian TaobaTa ganmavlobaSi. rogor axsni dRes arsebobas iseTi saxeo-
bebisas, romlebic ar Secvlilan milionobiT wlebis ganmavlobaSi? 

7. herbicidebis gamoyenebam sarevelebis populaciis 99% gaanadgura. axseni, ra 
unda iyos populaciaSi zogierTi individis gadarCenis mizezi? 
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patara niskartis zoma

niskartis zomis ganawileba

si
xS

ir
e

didi

8. irlandiur mamr losebs (gadaSenebulia es saxeoba) hqondaT, daaxloebiT, 3,65 m 
siganis rqebi. axseni: 1) gadarCevis romeli formis moqmedebis Sedegad SeiZle-
boda ganviTareboda maT aseTi sigrZis rqebi? 2) rogor SeiZleboda gadarCevis 
am formas gamoewvia aseTi grandiozuli zomis rqebis ganviTareba?

9. frinvelebic da niangebic aSeneben budes, zrunaven TavianT STamomavloba-
ze da „mRerian“, rom daicvan teritoria da miizidon partniori. es qcevebi 
maT memkvidreobiT miiRes saerTo winaprisgan. rogor fiqrob, es analogiuri 
qcevis magaliTia Tu homologiuris? axseni Seni pasuxi.

monacemebis gansja (analizi da daskvna)

qvemoT mocemulia niskartis zomis sixSiris ganawileba frinvelebis hipoTe-
tur populaciaSi. isargeble mocemuli grafikiT, rom kiTxvebs upasuxo.  

 1) grafiki bunebrivi ga-
dar Cevis romeli formis 
demonstrirebaa? axseni 
Se  ni pasuxi.

 2) romeli fenotipebia 
ufro metad gavrcelebu-
li am populaciaSi?

 3) aRwere scenari, rome-
lic SeiZleba realurad 
momxdariyo frinvelebis 
populaciaSi aseTi tipis 
bunebrivi gadarCevis moq-
medebis dros.

vizualuri masalis gansja

1. 1) ra tipis Seguebulobas asaxavs suraTi? 2) suraTis mixedviT axseni, ramde-
nad uzrunvelyofs cxovelis absolutur daculobas aseTi Seguebuloba?
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2. suraTebze amoicani mikroevoluciis faqtorebi da axseni TiToeuli maTga-
nis roli populaciis evoluciaSi.

 

1.

populacia 1 populacia 2

2.

 

3. suraTi bunebrivi gadarCevis romel formas asaxavs? ra mniSvneloba aqvs 
buneb rivi gadarCevis am formas evoluciis procesSi?
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geografiuli gziT saxeobaTwarmoqmnis procesis etapebi

monacemebis organizeba sqemebSi

sqema gadaitane rveulSi da qvemoT mocemuli teqsti sqemaSi ise gaanawile, rom 
Tanmimdevrulad aRwerdes geografiuli gziT saxeobaTwarmoqmnas.

• xangrZlivi drois ganmavlobaSi mikroevoluciuri faqtorebis moqmedeba 
xels uwyobs populaciebs Soris mkveTri gansxvavebebis gaCenas _ niSan-Tvise-
baTa divergencias. 

• populaciis individebi xvdebian gansxvavebul saarsebo pirobebSi.

• TandaTan icvleba populaciis genofondi da, Sesabamisad, fenotipi.

• populaciis zogierTi individi ikavebs axal geografiul areals. 

• warmoiqmneba populaciebs Soris reproduqciuli izolacia. 

• populaciaSi gamudmebiT warmoiqmneba mutaciebi, populaciaSi individebs 
Soris Tavisufali Sejvareba warmoqmnis genTa axal kombinaciebs.

• Sedegad, yalibdeba axali saxeoba/saxeobebi.
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danarTi 1 _ eleqtronuli saswavlo resursebi

virtualuri laboratoria:

„mendelis memkvidreobis kanonzomierebebi“

 („Mendel’s Law of Heredity“ ) _         

https://bit.ly/3X8GQIK

„sisxlis ABO jgufebi“ _                   

https://bit.ly/3l7Utuv

„dihibriduli Sejvareba“ („Dihybrid cross“) _       

https://bit.ly/3JFoiwC

genuri mutaciebis simulacia (eqsperimenti 4) _     

https://bit.ly/3DBeHTV

biologiuri procesebis amsaxveli animaciuri filmebi:

qromosomuli mutaciebi _         

https://bit.ly/3wZ6jtH

rekombinantuli dnm-is miReba _        

https://bit.ly/3wUo9xI
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genuri inJineria _        

https://bit.ly/3JGwtZR

dolis klonireba _       

 
 
 
 

damxmare masala: 

kvlevis gegmisa da angariSis nimuSebi _     

https://bit.ly/3hC7KYC

 
  

samecniero moxseneba _       

https://bit.ly/3IipvJe

kvlevis angariSi _          

https://bit.ly/3lpMPMd

  
 

gamokiTxva _               

https://bit.ly/3HWIl7u

https://bit.ly/3DGHTcc
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danarTi 2.

zogierTi niSnis memkvidreoba adamianSi

niSnebi
memkvidreobiTi tipi

dominanturi recesiuli
1 2 3

Tvalis feri yavisferi (Taflisferi) cisferi

Tvalis Wrili swori araba

Tavlis zoma didi patara
Tvalis tipi mongoloiduri Cveulebrivi

mxedveloba axlomxedveli
mxedvelobis problema 
ar aris

cxviris zoma didi saSualo an patara
cxviris forma kexiani (`romauli~) swori

nestoebi farTo viwro
yuris sigane farTo viwro
yuris sigrZe grZeli mokle
yuris bibilo Sezrdili ar aris Sezrdili
loyis Rrmulebi aris ar aris
Tmis forma patara kululebiT swori an talRovani

Tmis feri muqi feris Ria feris
siqaCle mamakacebSi qalebSi
Tmis gaTeTreba 25 wlis asakSi 40 wlis Semdeg

TeTri Tmis kululi
SublTan

aris ar aris 

saxis forma mrgvali ovaluri

qveda tuCi msxvili Txeli

gaburZgnili warbebi aris ar aris

enis Cazneqa miliseburad aris ar aris

enis ukan moxris unari aris ar aris

kbilebi dabadebisas aris ar aris

Worflianoba aris ar aris
qalas forma mokle wagrZelebuli

simaRle asakis Sesaferisi proporciuli juja

simaRle
disproporciuli ConCxi
(aqondroplazia)

asakis Sesaferisi da pro-
porciuli ConCxi

xelis xmareba memarjvene memarcxene

TiTebis zoma mokle (braqidaqtilia) normis farglebSi

hipertriqozi aris ar aris
xma (qalebSi) soprano alti
xma (kacebSi) bani tenori
kanis pigmentacia kanis pigmentaciis problema ar aris albinizmi
TiTebis raodenoba polidaqtilia xuTi TiTi
smena smenis problema ar aris siyrue

sisxlSi glukozis
Semcveloba

normis farglebSi Saqriani diabeti

sisxli rezusdadebiTiani rezusuaryofiTiani
mtevani sindaqtilia (TiTebis Sezrda) TiTebi ar aris Sezrdili

Tvalis rqovana
mogvianebiTi degeneracia (viTar-
deba 50 wlis Semdeg)

normis farglebSi

Tvalis feradi garsi ar aris _ aniridia aris
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danarTi 3.

damokidebuleba aleluri wyvili genebis ricxvsa da F
2 

 – Si fenotipuri da 

genotipuri klasebis ricxvs Soris

genebis 
wyvilebis 
raodenoba

gametebi F
2

klasebis raodenoba

sxvadasxva 
tipebis 
raodenoba

SesaZlo 
kombinaciebis 
raodenoba

fenotipuri 
(sruli 
dominirebisas)

genotipuri

1
2
.
.
.

.
n

2
4
.
.
.

.
2n

4
16
.
.
.

.
4n

2
4
.
.
.

.
2n

3
9
.
.
.

.
3n
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ganmartebiTi leqsikoni

a 
aleli _ genis arsebobis forma, anu erTi 
da imave genis alternatiuli formebi, rom­
lebic alternatiul (urTierTgamomricxav) 
niSanTvisebebs gansazRvravs.

alogenezi _ evoluciuri cvlilebebi, 
romlebic ganapirobebs konkretul saarse­
bo pirobebTan organizmebis viwro Seguebu­
lobas. 

alternatiuli niSan-Tvisebebi _ ur­
TierTgamomricxavi, kontrastuli niSan­ 
Tvisebebi.

*alchaimeri _  neirodegeneraciuli paTo­
logiaa, romlisTvisac kognituri (maT­
Soris, mexsierebis) da qceviTi funqciis 
darRveva aris damaxasiaTebeli; alchaime­
ris daavadebis SemTxvevaTa umravlesoba 
SeZenilia, magram alchaimeris daavadebis 
SemTxvevaTa 5%­ze naklebi autosomur 
domi nanturi mutaciiTaa gamowveuli, ro­
melic, TiTqmis yovelTvis adreul asakSi 
vlindeba.

amnionuri siTxe _ placentis SigniT nayo­
fis garSemo arsebuli siTxe.

amniocentezi _ amnionuri siTxis amoReba 
kvlevisTvis. 

analogiuri organoebi _ romelTac aqvT 
garegnuli msgavseba da erTnair funqciebs 
asruleben, magram gansxvavdebian agebu le­
bisa da warmoSobis mixedviT.

aneuploidia _ normalur qromosomul 
nakrebTan SedarebiT aklia erTi an meti 
qromosoma, an erTi an meti qromosomaa da­
matebuli.

arasruli dominireba _ erTi aleli sru­
lad ver Trgunavs meores.

arogenezi _ evoluciuri cvlilebebi, 
romlebic organizmebis organiza ciis saer­
To amaRlebasa da maRali sistematikuri 
jgufebis warmoqmnas iwvevs.

autbridingi _ erTi saxeobis aranaTesau­
ri formebis Sejvareba.

autosomebi _ arasasqeso qromosomebi, 
romlebic erTnairia erTi saxeobis sxva­
dasxva sqesis individis kariotipSi.

autosomuri mutacia _ arasasqeso qromo­
somaSi lokalizebuli genis mutacia.

b
biologiuri evolucia _ cocxali bunebis 
Seuqcevadi da mimarTuli istoriuli ganvi­

Tareba.

bioteqnologia _ srulyofil biologiur 
procesebze damyarebuli warmoeba.

g

gamaanalizebeli Sejvareba _ recesiuli 
alelis mixedviT homozigoturi individis 
Sejvareba ucnobi genotipis dominantur in­
dividTan.

gameta _ sasqeso ujredi. mcenaris, soko­
ebis da cxovelebis reproduqciuli ujredi.

gamravleba _ yvela cocxali organizmis 
erT­erTi ZiriTadi Tviseba, warmoqmnas Ta­
visi msgavsi axali organizmi.

geni _ dnm­is ubani (zogierT virusSi rnm­is), 
romelic Seicavs informacias gan sazRvruli 
cilis pirveladi struqturis, satranspor­
to an ribosomuli rnm­is Sesaxeb.

genebis SeWiduloba _ erT qromosomaSi 
lokalizebuli genebis memkvidreobis for­
ma.

generaciuli mutacia _ gametebsa da spo­
rebSi momxdari mutacia.

genetikuri kodi _ nukleinis mJavebis 
molekulaSi memkvidruli informaciis 
Caweris sistema. viwro gagebiT, i­rnm­is 
tripletebis leqsikoni, romelic akodi­
rebs gansazRvrul aminomJavas an asrulebs 
translaciis damTavrebis signalis fun­
qcias.

genTa dreifi _ populaciaSi alelTa six­
Siris SemTxveviTi cvlileba.

genTa nakadi _ populaciaTa Soris genTa 
mimocvla.

genomi _ mocemuli saxeobis organizmis 
somaturi ujredis mTeli dnm­is saerTo 
rao denoba. 

genomuri mutacia _ kariotipSi qromo­
somebis ricxvis cvlileba. 

genotipi _ individis yvela genis erTob­
lioba. viwro gagebiT, igulisxmeba mxo­
lod is genebi, romlebic gamosakvlev ni­
San­Tvisebebs gansazRvraven.

genofondi _ mocemuli populaciis an 
saxeo bis Semadgeneli individebis genebis 
erToblioba.

genmodificirebuli organizmi /trans-
genuri _ genuri inJineriiT miRebuli or­
ganizmi, romlis genomi Seicavs ucxo gens.

genuri Terapia _ adamianis genomSi defeq­
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turi genis Secvla normaluri/Terapiuli 
geniT.

genuri inJineria _ erTi organizmis genis 
CaSeneba sxva organizmis genomSi.

genuri mutacia _ calkeuli genis struq­
turis cvlileba.

d

dezoqsiribonukleaza _ fermenti, rome­
lic dnm­is polimers Slis.

delecia _ qromosomis ubnis dakargva.

dnm-is replikacia _ dnm­is gaormageba.

divergencia _ niSan­TvisebaTa dacileba.

dizruptuli (damanawevrebeli) bunebrivi

gadarCeva _ bunebrivi gadarCeva moqmedebs 
Sualeduri formebis/fenotipis sawinaaR­
mdegod da kidura formebis/fenotipis sa­
sargeblod.

dihibriduli Sejvareba _ ori sxvadasxva 
alternatiuli niSan­Tvisebis wyvilis mem­
kvidreobis Seswavla.

diploiduri kompleqti _ qromosomebis 
ormagi kompleqti.

*diuSenis kunTuri distrofia _ X­qro­
mosomasTan SeWiduli iSviaTi genetikuri 
daava debaa, romelic kunTebis atrofiiT 
(ganleviT) da sisustiT gamoixateba. gvxvde­
ba umetesad biWebSi (statistikis Tanaxmad, 
msoflioSi yoveli 3000 biWidan erTs es sin­
dromi aqvs) da sakmaod mZimed mimdinareobs.

dnm-polimeraza _ fermenti, romelic dnm­
is jaWvebis sinTezSi Rebuloben monawileo­
bas.

dominanturi _ aleli, romelic fenotips 
gansazRvravs rogorc homozigotur, ise 
heterozigotur mdgomareobaSi.

duplikacia _ qromosomis erT­erTi ubnis 
gaormageba.

e
evolucia biologiuri _ cocxali bunebis 
Seuqcevadi da mimarTuli istoriuli ganvi­
Tareba. 

embriogenezi _ organizmis Canasaxovani 
ganviTarebis periodi.

*embrionuli Rerovani ujredebi _ maTgan 
embrionis ganviTarebis procesSi mraval­
ujrediani organizmisTvis damaxasiaTebeli 
yvela tipis ujredi viTardeba. 

eukariotuli ujredi _ birTviani ujredi 
(berZn. karyon _ birTvi).

epistazi _ genebis urTierTqmedebis tipi, 
romlis drosac erTi genis alelebi axSoben 
meore genis alelebis gamomJRavnebas.

v
variaciuli rigi _ ricxobrivi monaceme­
bis rigi, romelic gamoxatavs niSan­Tvise­
bis gansazRvruli mniSvnelobis Sexvedris 
sixSi res.

z

zigota _ ujredi, romelic warmoiqmneba 
sasqeso ujredebis (gametebis) Serwymis Se­
degad.

*zrdasruli (somaturi) Rerovani ujre-
debi _ sxvadasxva qsovilsa da organoSi gan­
lagebuli nawilobriv aradiferencirebuli 
ujredebi, romlebic mxolod garkveuli ti­
pis ujredebad diferencirdeba.

i
inbridingi _ erTi saxeobis monaTesave 
formebis Sejvareba.

inversia _ qromosomis erT­erT ubanSi ge­
nebis ganlagebis Tanmimdevroba 1800­iT Seb­
runebulia.

k
kariotipi _ qromosomuli kompleqtis ni­
San­Tvisebebis (ricxvi, zoma, forma, qromo­
somebis struqtura) erToblioba, romelic 
damaxasiaTebelia mocemuli saxeobis soma­
turi ujredebisaTvis.

katagenezi _ evoluciuri cvlilebebi, 
romlebic organizmebis organizaciis donis 
gamartivebas iwvevs.

kloni _ genis, ujredis an organizmis gene­
tikurad identuri asli.

klonireba _ genetikurad identuri genis, 
ujredis an organizmis genetikurad iden­
turi ramdenime aslis miRebis procesi. 

klonirebadi veqtori _ saSualeba, riTac 
ujredSi xdeba ucxo genis Setana.

kodominantoba _ heterozigotaSi ni­
San­Tvisebis gansazRvraSi erTi genis ori 
sxvadasxva dominanturi alelis monawileo­
ba. am SemTxvevaSi genis orive aleli tol­
fasovania.

kombinaciuri cvalebadoba _ romlis sa­
fuZvelia genpotipSi genebis axali kombi­
naciis warmoqmna.
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komplementaruli urTierTqmedeba _ 
araaleluri genebis urTierTqmedebis 
tipi, romlis drosac Cndeba sruliad axali 
niSan­Tviseba genotipSi sxvadasxva genis 
dominanturi alelebis erTdrouli arse­
bobis Sedegad.

konvergencia _ niSan­TvisebaTa damTxveva.

koniugacia (zogadad) _ genetikuri masa­
lis mimocvlis gza.

koniugacia baqteriebSi _ baqteriebis 
uSualo kontaqtis meSveobiT erTi baqte­
riis genetikuri masalis meore baqteriaSi 
gadacemis gza.

koniugacia qromosomebis _ homolo­
giuri qromosomebis qromatidebis erTma­
neTTan gadaWdoba/gadajvaredineba.

krosingoveri _ koniugaciis dros ho­
mologiuri Qqromosomebis qromatidebs So­
ris homologiuri ubnebis gacvla, rac gene­
bis rekombinacias iwvevs.

* krosoveruli gameta _ gameta, romelic 
Seicavs krosingoveris Sedegad warmoqmni­
li genebis axal kombinacias.

*krosoveruli individi _ romelic war­
moiqmneba krosoveruli gametis/gametebis 
monawileobiT.

l
letaluri geni _ geni, romelic orga­
nizmis sikvdils iwvevs.

lokusi _ qromosomis ubani, romelSic ge­
nia lokalizebuli.

*luminescencia anu civi naTeba _ zogi­
erTi nivTierebis gaxurebis gareSe, oTaxis 
temperaturaze naTebis unari.

m
makroevolucia _ evoluciuri gardaqmne­
bi, romlebic mimdinareobs zesaxeobriv do­
neze da ganapirobebs zesaxeobrivi siste­
matikuri jgufebis warmoqmnas.

meiozi _ ujredis ori Tanmimdevruli 
gayo fa, romlis drosac qromosomebis 
ricxvi ganaxevrdeba da Sedegad oTxi hap­
loiduri ujredi warmoiqmneba.

memkvidreobiToba _ organizmis Tviseba, 
SeinarCunos mSoblebisagan miRebuli ni­
San­Tvisebebi da gadasces igi Tavis STamo­
mavlobas. 

memkvidruli cvalebadoba _ rodesac ni­
San­Tvisebis cvlileba gamowveulia geno­
tipis cvlilebiT. 

mikroevolucia _ saxeobis SigniT mimdina­
re evoluciuri gardaqmnebi, romelTa Se­
degia Seguebulobis amaRleba da axali sa­
xeo bis warmoqmna.

mitozi _ eukariotuli ujredebis ara­
pirdapiri gayofa, romelic uzrunvelyofs 
Svileul ujredebSi dediseuli ujredi­
saTvis damaxasiaTebeli qromosomuli nak­
rebisa da, Sesabamisad, imave memkvidreobi­
Ti informaciis gadacemas.

modifikaciuri cvalebadoba _ fenoti­
pis cvlileba genotipis cvlilebis gareSe, 
anu genotipis reaqcia garemo faqtoris 
cvlilebaze.

monosomia _ normaluri diploiduri qro­
mosomuli nakrebisgan gansxvavebiT, qromo­
somaTa romelime wyvilSi erTi qromosomaa 

(2n  - 1).

morganida/santimorganida _ erT qromo­
somaSi lokalizebul genebs Soris manZilis 
sazomi pirobiTi erTeuli.

mravlobiTi alelizmi _ erTi geni arse­
bobs orze meti alelis saxiT.

mutacia _ genotipis cvlileba, romelic 
gamowveulia qromosomis ricxvis, misi ro­
melime ubnis an calkeuli genis cvlilebiT.

mutagenebi _ mutaciis gamomwvevi faq­
torebi.

n
*nanoteqnologia _ mecnierebis mimar­
Tuleba, romelic manipulirebs nanomet­
rul skalaze Seqmnili struqturebiT 
(nanometri (nm) metris memiliardedi nawi­
lia).

* nanomedicina _ nanoteqnologiiT Seqm­
nili umciresi struqturebis gamoyeneba 
adamianis janmrTelobis samsaxurSi. 

niSan-Tviseba _ organizmis (ujredis) age­
bulebis, fiziologiuri, bioqimiuri pro­
cesebis Taviseburebebi. 

o
oogenezi _ kvercxujredis warmoqmnis 
procesi.

ontogenezi _ individis individualuri 
ganviTarebis periodi zigotidan sicoc­
xlis bolomde.

p

panmiqsia _ populaciaSi individebs Soris 
Tavisufali Sejvareba.
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*parTenogenezi _ sqesobrivi gamravlebis 
saxeoba _ axali organizmis ganviTareba 
gaunayofierebeli kvercxujredidan.

*pesticidi ­ qimiuri nivTiereba mcenareTa 
mavne organizmebisgan (mag., mavne mwere bi sgan, 
tkipebisa da mRrRnelebisgan) dasacavad.

*pigmenturi retiniti ­ X-qromosomasTan 
SeWiduli genetikuri daavadeba, romelic 
iwvevs baduris dazianebas.

pleiotropia _ genebis mravlobiTi moq­
medeba: genis unari, gavlena moaxdinos ram­
denime niSanze.

polimeria _ movlena, romlis drosac ram­
denime erTnairi moqmedebis araaleluri 
geni erTi da imave niSan­Tvisebis ganviTare­
bas gansazRvravs.

poliploidia _ rodesac kariotipSi 
qromosomebis erTi an ramdenime nakrebia 
damatebuli.

populaciuri genetika _ genetikis ganyo­
fileba, romelic populaciebis genur da 
genotipur Semadgenlobas Seiswavlis.

populacia _ erTi saxeobis Tavisuflad 
Sejvarebad individTa erToblioba, rome­
lic xangrZlivad arsebobs garkveul teri­
toriaze da xasiaTdeba erTiani genetikuri 
sistemiT – genofondiT.

*praimeri _ rnm­is mcire zomis segmenti, 
romelic aucilebelia dnm­is replikaciis 
dasawyebad.

prokariotuli ujredi _ birTvamdeli/
ubirTvo ujredi (laT. pro _ winare, 

berZn. karyon _ birTvi).

r 
reaqciis norma _ niSan­Tvisebis fenotipis 
cvlilebis farglebi genotipis cvlilebis 
gareSe.

rezistentoba _ (laT. „resisto“ winaaRmde­
gobis gaweva) _ aq baqteriebis mdgradoba 
antibiotikebisadmi.

rekombinacia _ qromosomebis, genebis axa­
li kombinaciis warmoqmna.

rekombinantuli dnm _ Seicavs sxva orga­
nizmis gens _ ucxo gens.

reparacia _ dazianebuli adgilis aRdgena.

replikacia _ nukleinis mJavebis TviT­
gaormageba.

reproduqciuli organo _ gamravlebis 
organo.

restriqtazebi _ fermentebi, romlebic 

amoicnoben dnm­is Sesabamis ubnebs da mas 
Wrian fragmentebad.

recesiuli _ aleli, romelic fenotips 
gansazRvravs mxolod homozigotur mdgo­
mareobaSi.

s
sasqeso qromosomebi _ romlebic gan sxva­
vebulia erTi saxeobis sxvadasxa sqesis in­
dividSi. 

*sindromi _ biologiasa da medicinaSi niS­
navs raime daavadebisTvis damaxasiaTebeli 
tipuri niSnebisa da simptomebis erTob­
liobas.

somaturi ujredi _ mravalujredian or­
ganizmebSi arasasqeso ujredebi.

somaturi mutacia _ somatur ujredSi 
momxdari mutacia.

spermatogenezi _ spermatozoidebis war­
moqmnis procesi.

sruli dominireba _ dominanturi aleli 
srulad Trgunavs recesiul alels.

surogati deda _ organizmi, romlis saSvi­
losnoSi viTardeba sxva mSoblebis embrioni.

sqesTan SeWiduli genebi _ sasqeso qromo­
somebSi lokalizebuli genebi.

t
transduqcia _ fagis saSualebiT erTi 
baqteriis genebis gadatana meore baqteria­
Si.

translacia _ m­rnm­is matricaze poli­
peptiduri jaWvis sinTezis procesi.

translokacia _ qromosomul nakrebSi 
qromosomis romelime ubnis mdebareobis 
Secvla.

trisomia _ normaluri diploiduri qro­
mosomuli nakrebisgan gansxvavebiT, qromo­
somaTa romelime wyvilSi damatebulia erTi 
qromosoma (2n + 1).

*transplantacia _ erTi organizmidan 
meoreSi organos/qsovilis gadanergva.

*transplantanti_ gadanergili organo/
qsovili.

transformacia _ dnm ­is fragmentis sa­
SualebiT genebis erTi ujredidan sxva 
ujredSi gadacema.

tripleti _ nukleinis mJavebSi Tanmim­
devrulad ganlagebuli sami nukleotidis 
erToblioba.
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u

ujreduli kultura _ specialur steri­
lur sakveb areSi gamozrdili ujredebis 
erToblioba.

f
fenotipi _ organizmis niSan­Tvisebebis 
erTob lioba, romelic genotipis garemosTan 
urTierTqmedebis Sedegad gamomJRavndeba.

q
qromatidi _ qromosomis struqturuli 
erTeuli, romelic orjaWviani dnm­ is erTi 
molekulisgan Sedgeba.

qromosoma _ dnm ­isa da cilis urTierTkav­
Siri _ ujreduli birTvis komponenti, ro­
melic warmoadgens memkvidruli (genetiku­
ri) informaciis matarebels. 

qsenotransplantacia _ erTi saxeobis or­
ganizmidan meore saxeobis organizmSi orga­
nos/qsovilis gadanergva.  

S
SeWiduli genebis jgufi _ erT qromoso­
maSi lokalizebul genTa erToblioba.

c

cvalebadoba _ organizmis Tviseba, SeiZi­
nos amave saxeobis sxva individebTan Sedare­
biT gansxvavebuli niSan­Tvisebebi.

w

wertilovani mutacia _ genSi erTi wyvili 

nukleotidis Secvla.

h

haploiduri kompleqti _ qromosomebis 
erTmagi kompleqti. aRiniSneba n ­ asoTi.

*herbicidi ­ qimiuri nivTiereba, romelic 
sarevela mcenareebs anadgurebs.

heterogameturi _ sqesi, romelic sasqeso 
qromosomebis mixedviT gansxvavebul game­
tebs warmoqmnis.

heterozigota _ diploidi organizmi, 
romlis homologiuri qromosomebi Seicavs 
mocemuli genis sxvadasxva alels da war­
moqmnis sxvadasxva tipis gametebs.

hibridi _ organizmi, romelic miRebulia 
genetikurad nairgvari mSobliuri forme­
bis Sejvarebis Sedegad.

hibridologiuri meTodi _ Sejvarebis 
sistemis meSveobiT niSan­Tvisebebis Dmem­
kvidreobis xasiaTis analizi.

homogameturi _ sqesi, romelic sasqeso 
qromosomebis mixedviT erTnair gametebs 
warmoqmnis.

homozigota _ diploidi organizmi, rom­
lis homologiuri qromosomebi Seicaven ama 
Tu im genis erTnair alelebs da warmoqmnis 
erTi tipis gametebs.

homologiuri organoebi _ Sesrulebuli 
funqciis miuxedavad, erTnairi agebuleba 
da warmoSoba aqvT.

homologiuri qromosomebi _ wyvili qro­
mosomebi, romlebic msgavsni arian mor­
fologiuri niSan­Tvisebebis mixedviT da 
Seicaven genebis erTnair kompleqts.




