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ujredis gamravleba

pirobiTi niSnebi

Seni da Seni Tanatolebis interesebis gaTvaliswinebiT, wignSi 
mocemuli davalebebi gadaitane da Seasrule rveulSi.

moufrTxildi wigns!

_ cxrilebis, diagramebis, tabulebis, sqemebis, naxatebis Sedgena da 

analizi

_ kvleviTi samuSao, eqsperimentis dagegmva, Catareba, analizi

_ sxvadasxva saxis kiTxvebi da testebi

 _ daskvniTi nawili

_ damatebiTi informacia da rCevebi

_ teqstSi CarTuli kiTxvebi

_ QR kodebidan pirdapir bmulze gadasvla SesaZlebelia smart­

foniTa da planSetiT (CamotvirTeT programa _ QR Code reader) an 

miTiTebuli internetmisamarTiThttps://bit.ly/3MRHzdI
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ujredis gamravleba

sicocxlis aRsawerad mecnierebi yvela cocxalisTvis 

damaxasiaTebel ramdenime ZiriTad sasicocxlo Tvisebas 

Soris gamravlebas asaxeleben. rom ara es unari, sicocxle 

dedamiwaze Sewydeboda.

magram gamravleba ar niSnavs individebis mxolod 

ricxobriobis zrdas. gamravleba Tavisive msgavsis warmo-

qmnis procesia. am procesSi, mSoblebi STamomavlebs mem-

kvidruli informaciis matarebel molekulebs gadascemen.

1. ujredis sasicocxlo cikli. 

mitozi

2. meiozi

3. memkvidruli informaciis 

organizeba prokariotebSi

4. memkvidruli informaciis 
organizeba da realizeba 
eukariotebSi

5. Rerovani ujredebi da maTi 

praqtikuli gamoyeneba

Tema

dnm Seicavs yvela gens, romlebic ujreds SeiZleba 

dasWirdes sakuTari struqturis asagebad da sasicocx-

lo procesebis sxvadasxva situaciaSi warsamarTvad 

mTeli sicocxlis ganmavlobaSi. 

dnm-is molekulis nebismieri cvlileba SeiZleba 

aRmoCndes biomravalferovnebis safuZveli.

Tema - ujredis gamravleba
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ujredis gamravleba

gamravlebis formebis mravalferovnebis miuxe-

davad, yovel maTgans ujredebis gayofa udevs safuZ-

vlad. 

ujredebs gayofis kontrolis mkacri meqanizmi 

aqvs, romlis darRveva daavadebebis saxiT vlindeba.
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ujredis gamravleba

mravalwliani muSaobis Semdeg, mecnierebma SeZles laboratoriul pirobebSi qimiuri 

reprogramirebis gziT kanis Rerovani ujredebis sisxlis Rerovan ujredebad gardaqmna. 

isini imedovneben, rom es miRweva SesaZlebels gaxdis kanis Rerovani ujredebis gamoyene-

bas medicinaSi. is warmatebiT Caanacvlebs Zvlis tvinis gadanergvis meTods.

kanis Rerovani ujredebi
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ujredis gamravleba

zrdasruli adamianis organizmSi yoveldRe, daax­

loebiT, 25 000 000 axali ujredi warmoiqmneba, arse­

buli ujredebis orad gayofis gziT.

ujredis sasicocxlo cikli ujredis sicocxlis 

periodia, misi warmoqmnidan Svileul ujredebad 

dayofamde.

ujredis sasicocxlo ciklis xangrZlivoba ujredis tipsa 

da mis saarsebo garemozea damokidebuli. magaliTad, baqteri­

ul ujredebs SeuZliaT yovel 20 wuTSi erTxel gayofa, naw­

lavis epiTelis ujredebs _ yovel 8-10 saaTSi, xaxvis fesvis 

wveris ujredebs _ yovel 20 saaTSi, xolo nervuli sistemis 

ujredebis umravlesoba arasdros iyofa.

ujredis sasicocxlo cikls interfazad da mitozad yofen. 

mitozi eukariotuli ujredis gayofis ZiriTadi xerxia. 

mas ujredis arapirdapir gayofasac uwodeben. mitozuri gayo­

fisas dediseuli ujredi or Svileul ujredad ise iyofa, 

rom Svileul ujredebs Tavisi saxeobisTvis damaxasiaTebel 

qromosomul kompleqts gadascems. amis misaRwevad gayofamde 

dediseuli ujredi didxans emzadeba. mosamzadebel etaps in-

terfaza hqvia.

Sen SeZleb:

•	daasabuTo, rom gamravleba aris mniSvnelovani sasicocxlo Tviseba;
•	daasaxelo ujredis sasicocxlo ciklis xangrZlivoba sxvadasxva qsovilsa da orga­

nizmSi da axsna aseTi mravalferovnebis mizezi;
•	aRwero G1, S da G2 fazaSi mimdinare procesebi. imsjelo interfazis mniSvnelobaze 

ujredis sasicocxlo ciklSi da daakavSiro is ujredis sxva sasicocxlo TvisebebTan;
•	aRwero qromosomebis struqtura ujredis sasicocxlo ciklis sxvadasxva etapze da 

axsna misi cvlilebebis mizezebi;
•	detalurad aRwero ujredis mitozuri gayofis fazebi da axsna Svileul ujredebSi 

qromosomebis ganawilebis kanonzomierebebi;
•	ganasxvavo ujredis mitozuri gayofis mniSvneloba erTujrediani da mravalujredi­

ani organizmebisTvis;
•	daasabuTo rogor aisaxeba adamianis janmrTelobaze ujreduli ciklis kontrolis 

meqanizmebis moSla.

imetyvele rogorc 
mecnierma

ujredis sasicocxlo cikli

kariokinezi

citokinezi

interfaza

rogorc ilustraciaze xedav, interfaza ujredis sasicocxlo ciklis did nawils 

ikavebs. ujredi Tavis specifikur funqciebs swored interfazis periodSi asrulebs.

yvelaze mniSvnelovani procesi, romelic interfazaSi xdeba, dnm-is sinTezia. amitom 

am fazas S faza uwodes (ingl. Synthesis). is interfazis Sua periodSi mimdinareobs.

S fazamde qromatini dnm-is erTi molekulisgan Sedgeba. dnm-is gaormagebis Sedegad, 

warmoiqmneba dnm-is ori, absoluturad identuri molekula _ qromatida. interfazaSi 

qromatidebi aburdul Zafs hgvanan.

ujredis sasicocxlo 
cikli

  interfaza   mitozi

M

M

S

I

G2 G1

1 ujredis sasicocxlo cikli.
mitozi
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ujredis gamravleba

profaza

mitozi

ujreds Tu sasicocxlo ciklis sxvadasxva etapze mikroskopiT daakvirdebi, imdenad 
gansxvavebul suraTs dainaxav, Znelad daijereb, rom erTsa da imave ujreds aTvaliereb.

ujredis mitozuri gayofa uwyveti procesia, romlis yoveli faza SeumCnevlad ga­
dadis Semdgom fazaSi, magram misi aRweris moxerxebulobisTvis mas oTx fazad yofen.

mitozi profaziT iwyeba. is mitozis yvelaze xangrZlivi 
fazaa. am dros cvlilebebi xdeba rogorc birTvSi, ise cito­
plazmaSi. birTvi moculobaSi izrdeba, qromatidebi iwyeben 
spiralurad daxvevas imdenad Zlierad, rom sawyisi sigrZis 

mxolod 4% xdebian. S fazaSi warmoqmnili da erTmaneTTan 

centromerebiT (1) dakavSirebuli qromatidebi, romlebic erT 
mTlian qromosomas qmnian, ukve gansazRvrul, sxvebisgan gansx­
vavebul formas iZenen. ujredis birTvSi qreba birTvakebi, 
birTvis membrana iSleba da birTvis garsi qreba. interfazaSi gaormagebuli centriolebi 
Sordeba erTmaneTs da polusebisken miemarTeba. centriolebidan gamomavali mikromi­
lakebi iwyeben gayofis TiTistaras warmoqmnas. zogierTi mikromilaki birTvidan cito­
plazmaSi gadmosuli qromosomebis centromerebs ukavSirdeba da qromosomebs ujredis 
ekvatoruli ubnisken ubiZgebs. zogi mikromilaki sawinaaRmdego polusidan gamosul 
mikromilaks uerTdeba.

metafaza

am momentidan iwyeba mitozis meore faza _ metafaza, romelSic qromosomebi ekva­
torul sibrtyeSi, sabolood, erT mwkrivad lagdebian. miaqcie yuradReba, sapirispiro 
polusebidan gamosuli Zafebi TiToeuli qromosomis sxvadasxva qromatidasTanaa dakav­
Sirebuli.

rodesac surT, Seiswavlon qromosomebis struqtura, ricxvi, zoma da forma, dasa­
kvirveblad swored mitozis am fazas irCeven, vinaidan qromosomebi yvelaze kargad 
metafazaSi Cans. 

anafaza

metafazas anafaza mosdevs. anafazaSi qromatidebTan dakavSirebuli mikromilakebi 
mokldeba. amis gamo erTi qromosomis qromatidebi erTmaneTs scildeba da sabolood 
ujredis sxvadasxva polusze erTnairi genetikuri informaciis Semcveli qromatidebi, 
anu Svileuli qromosomebi, aRmoCndeba. 

interfazis periodebs S fazamde da mis Semdeg simbolurad G1 da G2 asoebiT aRniS­
naven (ingl. Gap _ naprali, intervali, gaCereba). rac yvelaze mniSvnelovania, simbolo 
G am fazebSi ujredis zrdazec miuTiTebs (ingl. Growth - zrda).

G1 fazaSi ujredi zomaSi matulobs. warmoiqmneba mitoqondriebi, lizosomebi, ribo­
somebi, ujredis sxva organoidebi; sinTezirdeba r-rnm, t-rnm, i-rnm; intensiurad mim­
dinareobs konkretuli ujredisTvis damaxasiaTebeli yvela metaboluri procesi; xdeba 
dnm-is replikaciisTvis saWiro fermentebisa da sxva struqturuli cilebis sinTezi. 

G2 fazaSi ujredi zrdas ganagrZobs. sinTezirdeba mikromilakebis Semadgeneli cile­
bi, atf; iyofa mitoqondriebi, qloroplastebi; ormagdeba centriolebi; izrdeba ujre­
dis energetikuli resursi. am fazis bolos ujredis gasayofad mzadeba damTavrebulia.

interfazaSi sxvadasxva nivTierebis sinTezi, ujreduli struqturebis warmoqmna, 
ujredis zrda damokidebulia ujredis iseT sxva sasicocxlo Tvisebebze, rogoricaa 
mag., kveba, sunTqva, moZraoba da a.S. 

1
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ujredis gamravleba

telofaza

mitozis bolo faza telofazaa. polusebze miRwevis Semdeg, qromatidebis Zafebi 
iwyeben gaSlas _ despiralizacias. sinaTlis mikroskopSi kargad SesamCnevi struqture­
bidan isini isev Txel, Zafisebr warmonaqmnebad gardaiqmnebian. TandaTan warmoiqmneba 
birTvis membranebi, birTvakebi da yalibdeba ori birTvi. amiT birTvis gayofis procesi, 
anu kariokinezi, mTavrdeba.

interfaza

profaza

metafaza

anafaza

telofaza da 

citokinezi

is mikromilakebi, romlebic qromosomebTan ar aris dakavSirebuli, anafazaSi grZel­
debian, rasac ujredis formis Secvla mohyveba _ isic grZeldeba da ovalis formas 
iRebs.
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ujredis gamravleba

kariokinezi _ (berZn. karion _ birTvi, kinezis _ moZraoba);

citokinezi _ (berZn. citos _ ujredi, kinezis _ moZraoba).

ras ambobs termini

ramdeni qromosoma da ramdeni qromatida iqneba adamianis axlad warmoqmnil soma-

tur Svileul ujredebSi?

amrigad, ujredis mitozuri gayofa dediseuli ujredidan iseTi ori ujredis warmo­

qmnis procesia, romlebic, genetikuri informaciis raodenobrivi da Tvisobrivi Semcve­

lobis TvalsazrisiT, rogorc erTmaneTis, ise dediseuli ujredis identuria.

ujredis mitozuri gayofa erTujrediani eukariotuli organizmebisTvis gamravlebis 

saSualebaa. mravalujredian organizmebSi ki ujredebis intensiuri gayofa aucilebelia, 

raTa erTaderTi ujredidan miliardobiT ujredebis Semcveli organizmi ganviTardes. 

amasTan, ujredebis mudmivi gayofa aucilebelia, raTa axladwarmoqmnilma ujredebma 

daRupuli ujredebi Secvalon, sxvadasxva dazianebis dros ki organoebi da qsovilebi 

aRadginon.

ujreduli ciklis fazebis monacvleoba regulirdeba e.w. ujreduli ciklis sakon-

trolo sistemiT, romelsac specifikuri cilebi warmoadgens. mutaciebi am cilebis 

Sesabamis genebSi iwvevs cilebis struqturis cvlilebas, rac ujredis ukontrolo 

gamravlebiT, anu sxvadasxvagvari simsivnis saxiT SeiZleba gamovlindes. magaliTad, da­

dasturebulia, rom Tambaqos kvamli ZiriTadad filtvebis, alkoholis Warbi moxmareba _ 

RviZlis, cximebiT mdidari sakvebi _ msxvili nawlavisa da winamdebare jirkvlis, ultrai­

isferi gamosxiveba ki kanis simsivnes iwvevs.

gamravleba ujredis erT-erTi umniSvnelovanesi sasicocxlo Tvisebaa.

ujredis erTi gayofidan meore gayofamde periods ujredis sasicocxlo cikli 

hqvia, romlis xangrZlivoba ujredis tipsa da mis saarsebo garemozea damokidebu-

li. ujredis sasicocxlo cikli interfazasa da mitozs moicavs. mitozuri gayofis 

Sedegad miRebul Svileul ujredebs raodenobrivad da Tvisobrivad erTnairi ge-

netikuri informacia aqvs da is zustad iseTia, rogoric dediseul ujreds hqonda.

ujredul cikls specifikuri cilebi warmarTavs. am meqanizmis moSla sxvadasxva 

faqtoriT, magaliTad, Tambaqosa da alkoholis Warbad moxmarebiT, arasrulfaso-

vani kvebiT, SeiZleba ujredis simsivnuri gadagvarebis mizezi gaxdes. 

mitozuri gayofis sxvadasxva fazaSi myofi ujredebi Senc SegiZlia dainaxo. 

amisTvis:

•	 moaTavse nivris kbili wylian sinjaraSi ise, rom misi fuZe wyalSi iyos. dato­

ve sinjara 3-4 dRe.

•	 nivris kbils ramdenime 1-2 sm sigrZis fesvi ganuviTardeba. frTxilad moa­

Weri am fesvebs wverebi.

•	 moaTavse fesvis moWrili nawilebi sinjaraSi, romelSic ZmarmJava asxia. daa­

xure Tavi sinjaras da datove mTeli Rame oTaxis temperaturaze.

kariokinezs citokinezi mosdevs. citokinezs citoplazmis gayofas uwodeben. am 

dros or momaval ujreds Soris organoidebic gadanawildeba. citoplazma aqtinis 

ZafebiT ujredis Sua nawilSi viwrovdeba, gadaiRvedeba da orad iyofa. sabolood, ori 

erTnairi ujredi erTmaneTisgan gamoiyofa.
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ujredis gamravleba

•	 frTxilad gadaitane pincetiT fesvis nawilebi petris finjanSi, romelSic 

gamoxdili wyali asxia. gamocvale finjanSi wyali ramdenjerme.

•	 gadaitane fesvis wverebi sinjaraSi, romelSic marilmJavas erTmoluri xsnari 

asxia da gaaCere 3 wT 600 C temperaturaze.

•	 gadaitane fesvis wverebi sinjaridan petris finjanSi, romelSic gamoxdili 

wyali asxia. gamocvale finjanSi wyali ramdenjerme.

•	 gadaitane fesvis wverebi sinjaraSi, romelSic asxia fiolgenis reaqtivi da 

Tavi daaxure. moaTavse gril, bnel adgilas (umjobesia macivarSi) sul mcire, 

2 saaTi.

•	 amoiRe erTi wveri da moaTavse sasagne minaze erT wveT ZmarmJavaSi.

•	 moaWeri wvers bolo 1-2 mm.

•	 daafare anaTals safari mina. preparati moaTavse brtyel zedapirze, zemodan 

daafare ramdenime fena filtris qaRaldi da daaweqi cera TiTiT. ecade, rom 

safari mina adgilidan ar daiZras.

•	 daakvirdi preparats mikroskopis mcire da did gadidebaze da ipove ujrede­

bi, romlebic mitozis sxvadasxva stadiaze imyofebian.

•	 Caixate birTvebi mitozis sxvadasxva fazaSi da gaukeTe warwerebi.

1  Seavse sqema nimuSis mixedviT. 

Cawere diagramis isrebsa da segmenteb­

Si ujredis sasicocxlo ciklis fazebis 

dasaxeleba. ramdenime sityviT aRwere in­

terfazis mTavari movlenebi. 

2  ipove Secdoma ujredis sasicocxlo ciklis 

diagramaSi.

?

pir
vel

ad
i  z

r
d

is  f
az

a  

zrda 
da 

metabolizmiG1

13

Don
't c

op
y



ujredis gamravleba

A B C

5  imis mixedviT, romeli ujredebi ar eqvemdebarebian ujreduli ciklis kon­

trolis meqanizmebs, gamoyofen simsivnis ramdenime ZiriTad tips: 

karcinoma viTardeba epiTeluri, sarkoma _ kunTovani da SemaerTebeli, limfoma 

da leikemia _ sisxlmbadi qsovilebisgan. 

warmoidgine aseTi situacia: laboratoriaSi gamosakvlevad Semosulia A, B da C 

pacientis qsovilebi. erT-erT maTgans karcinoma daudasturda. rogor fiqrob, ro­

mels?

4  somatur ujredSi qromosomebis ricxvs 

2n-iT aRniSnaven, dnm-is molekulebis ricxvs 

ki 2c-Ti. am simboloebis gamoyenebiT Seadare 

erTmaneTs G1, S da G2 fazaSi myofi ujredebi. 

Cawere ferad isrebSi Sesabamisi simboloebi.
G1

G2

S

6  citokinezi mcenareul ujredSi cxoveluri ujredisgan gansxvavebulad mimdi­

nareobs. anafazis bolosa da telofazis dasawyisSi, mcenareuli ujredis centralur 

nawilSi Tavs iyrian mikromilakebi da endoplazmur badesa da goljis kompleqsSi 

formirebuli vezikulebi. isini iwyeben e.w. ujredis firfitis warmoqmnas, romelic 

centridan periferiisken izrdeba, TandaTan plazmur membranamde aRwevs da dedi­

seul ujreds or Svileul nawilad mijnavs. sabolood, ujredis firfitis bazaze 

ujredis kedeli yalibdeba da dediseuli ujredi or Svileul ujredad gardaiqmneba.

moifiqre, ra daniSnuleba aqvs mcenareuli ujredis citokinezSi endoplazmuri 

badisa da goljis kompleqsis sxvadasxva struqturis ujredis centralur nawilSi 

Tavmoyras.

3  daalage mitozis fazebi swori TanmimdevrobiT.

1 2 3 4
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ujredis gamravleba

1  rasTan unda iyos dakavSirebuli interfazaSi gansakuTrebiT didi raodenobiT 

mitoqondriis warmoqmna?

2   mitozis romel fazaSi Sedgeba qromosoma ori qromatidisgan?

3  interfazas adre ujredis ciklis mosvenebis periodad moixsenebdnen. ras emya­

reboda es mosazreba? romeli mecnierebis ganviTarebam Secvala warmodgena inter­

fazis Sesaxeb?

4  ujredis ConCxis romeli komponenti monawileobs citokinezis procesSi?

5  eTanxmebi Tu ara gamoTqmas: „anafazaSi TiTistaras Zafebi ikumSeba da qromo­

somebi centriolebisken gadaadgildeba~?

6  ujredis sasicocxlo ciklis romel etapze xdeba Sualeduri filamentebis 

destruqcia?

7  gadawere teqsti rveulSi da Casvi gamotovebuli sityvebi:

telofazas Sebrunebul profazas uwodeben, radgan mitozis am fazis dros xdeba 

............... garsis warmoqmna. ............... despiralizdebian, TiTistaras Zafebi ............... .

8  daalage qronologiurad qvemoT CamoTvlili procesebi ujredis mitozuri 

gayofisas:

a. birTvis garsi qreba;

b. qromosomebi lagdeba ujredis ekvatorze;

g. qromosomebi ormagdeba;

d. citoplazma iyofa;

e. warmoiqmneba gayofis TiTistara;

v. qromosomebi miemarTeba ujredis sawinaaRmdego polusebisken;

z. warmoqmneba birTvis garsi.

9  Camoayalibe mitozis biologiuri mniSvneloba. romel procesebs udevs safuZv­

lad ujredis mitozuri gayofa erTujredian da mravalujredian organizmebSi?
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ujredis gamravleba

 telomerebi qromatidebis boloebSi arsebuli nukleotidebis specifikuri 

Tanmimdevrobebia, romlebic xels uSlis qromosomebis boloebis erTmaneTTan Sewe­

bebas. ujredis yoveli gayofis Semdeg, qromosomebis boloebi mokldeba. am ubnebs 

fermenti telomeraza aRadgens. 

qromosomebis telomerebiTa da telomeraziT dacvis meqanizmis aRmoCenisTvis, 

2009 wlis nobelis premia fiziologiisa da medicinis dargSi mieniWaT elizabet 

blekberns, kerol greiders da jek Sostaks. 

qromosomebis telomerebiTa da telomeraziT dacvis meqanizmi

qromosoma

birTvi

ujredi

telomeri

telomeri

qromosoma

telomerebis damokleba ujredis 
TiToeuli gayofis Semdeg

telomerazas moqmedeba

telomeraza

telomeraza

kerol
greideri

elizabet 
blekberni

jek
Sostaki
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ujredis gamravleba

eukariotuli ujredebis gayofis meore gza meiozia.

meiozuri gayofiT mravalujredian organizmebSi sasqe­

so ujredebi _ gametebi yalibdeba, romlebic saxeobi­

saTvis damaxasiaTebel qromosomaTa ganaxevrebul ra­

odenobas, anu haploidur kompleqts Seicaven.

 sasqeso ujredebis warmoqmnis, ganviTarebisa da 

formirebis process gametogenezi hqvia.

vnaxoT, rogor mimdinareobs ovogenezi da spermato-

genezi _ kvercxujredebisa da spermatozoidebis warmoqmnis procesebi. 

gametogenezSi 3 fazas _ gamravlebis, zrdisa da momwifebis fazebs gamoyofen.

Sen SeZleb:

•	 aRwero da Seadaro erTmaneTs ovogenezisa da spermatogenezis fazebi, imsjelo 
maTi gansxvavebis mizezebze;

•	 Seadaro erTmaneTs meiozuri da mitozuri gayofis fazebi, imsjelo Svileul ujre­
debSi qromosomebis gadanawilebis kanonzomierebebze;

•	 axsna krosingoveris arsi da daakavSiro qromosomis struqturuli cvlileba biom­
ravalferovnebasTan;

•	 daasabuTo, meiozis biologiuri mniSvneloba da axsna, rogor aisaxeba misi msvle­
lobis darRveva adamianis janmrTelobaze.

imetyvele rogorc 
mecnierma

gametogenezi

ovogenezi

spermatogenezi

koniugacia

mimarTulebiTi sxeulaki

2 meiozi

gametogenezi gamravlebis faziT iwyeba. am fazaSi sasqeso jirkvlebis pirveladi sas­

qeso ujredebi mitozurad mravaljer iyofa.

zrdis fazaSi pirveladi sasqeso ujredebi wyveten gayofas da zomaSi matuloben.

amis Semdeg, ujredebi gadadian momwifebis fazaSi, sadac isini meiozurad iyofian. 

gamravlebis faza

zrdis faza

momwifebis faza

spermatozoidebi kvercxujredi

mimarTulebiTi sxeulakebi

ovogenezispermatogenezi
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ujredis gamravleba

meiozuri gayofis daniSnuleba gametebSi qromosomaTa ricxvis ganaxevrebaa, raTa 

maTi Serwymisas kvlav aRdges saxeobisTvis damaxasiaTebeli qromosomuli kompleqti.

meiozi ori, erTmaneTis momdevno gayofisgan _ pirveli da meore meiozuri gayo
fisgan Sedgeba. meiozis orive gayofa imave fazebs moicavs, romlebsac mitozi.

II profaza

II metafaza

II anafaza

II telofaza

+ citokinezi

I profaza I metafaza I anafaza

I telofaza 

+ citokinezi

A

A

B

B

I meiozuri gayofa

II meiozuri gayofa

pirveli meiozuri gayofis win, iseve rogorc mitozis dros, qromosomebSi dnm-is 

raodenoba ormagdeba.
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ujredis gamravleba

I meiozuri gayofa

II meiozuri gayofa

daakvirdi pirveli meiozuri gayofis ilustracias. qromosomaTa rogor kompleqts 

Seicavs Svileuli ujredebi? dnm-is ramden molekulas Seicavs TiToeuli qromosoma?

pirvel meiozur gayofas swrafadve mosdevs meore meiozuri gayofa. mas win uZRvis 
xanmokle interfaza, sadac dnm-is gaormageba ar xdeba. 

profazaSi irRveva orive ujredis birTvis garsi da qromosomebi citoplazmaSi ga­
dadis. qromosomebis centromerebs TiTistaras Zafebi ukavSirdebian.

metafazaSi orive ujredis qromosomebi ekvatorul sibrtyeSi lagdeba. 

anafazaSi TiTistaras Zafebi mokldeba da qromosomebis qromatidebi ujredis 
polusebisken gadaaqvs. am etapze, qromatidebs ukve qromosomebs uwodeben.

 telofazaSi, romelsac citokinezi mohyveba, TiToeuli ujredidan miiReba or-ori 
ujredi qromosomaTa haploiduri raodenobiT. 

sabolood, meiozis dasrulebisTvis, sawyisi, pirveladi sasqeso ujredidan war­
moiqmneba oTxi haploiduri ujredi, romelTac qromosomaTa ganaxevrebuli raodenoba 
aqvs.

mamrebis oTxive haploiduri ujredi momwifebis fazaSi spermatozoidebad yalibdeba 
_ warmoeqmneba Solti da SeuZlia moZraoba. oTxive spermatozoidi srulfasovania da 
kvercxujredis ganayofiereba SeuZlia.

mdedrebSi kvercxujredebis momwifebisas meiozuri gayofa gansxvavebulad mimdi­
nareobs. citokinezisas citoplazma Svileul ujredebs Soris araTanabrad nawildeba. 
gansakuTrebiT didi raodenobiT citoplazma mxolod erT ujredSi xvdeba, saidanac si­
cocxlisunariani kvercxujredi yalibdeba, danarCeni sami ujredi, e.w. mimarTulebiTi 
sxeulakebi ki iRupeba.

sami genetikurad srulfasovani ujredis daRupva ganpirobebulia mTeli samara­
go nivTierebis erT kvercxujredSi Senaxvis aucileblobiT. es maragi Canasaxis gan­
viTarebas xmardeba.

profazaSi spiralizebuli qromosomebi pouloben TavianT `partnior~ homologiur 

qromosomas da mas mWidrod Caegrixebian. am process koniugacia hqvia. koniugaciis dros 

zogjer homologiur qromosomebs Soris monakveTebis gacvla _ krosingoveri xdeba. 

amis Semdeg qromosomebi erTmaneTs Sordeba. krosingoveris Sedegad iqmneba qromosoma­

Si alelebis axali kombinaciebi, romlebic safuZvlad udevs organizmTa cvalebadobasa 

da biomravalferovnebas.

metafazaSi homologiuri qromosomebi erTmaneTis pirispir ujredis ekvatorul 

sibrtyeSi lagdeba. ekvatorul sibrtyeSi homologiuri qromosomebis SemTxveviTi urT­

ierTganlageba cvalebadobisa da biomravalferovnebis safuZvelia.

anafazaSi homologiuri qromosomebi erTmaneTs scildeba da TiTistaras Zafebs isi­

ni ujredis polusebisken gadaaqvT. miaqcie yuradReba, mitozisgan gansxvavebiT, erT­

maneTs homologiuri qromosomebi scildeba da ara erTi qromosomis Svileuli qromo­

somebi.

anafazasa da telofazas citokinezi mosdevs. warmoiqmneba ori Svileuli ujredi.
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ujredis gamravleba

1  ipove Sesabamisobebi ujredis gayofis tipebsa da am dros mimdinare pro­

cesebs Soris.

a. mitozi;

b. meiozi.

1. Sedgeba ujredis erTi gayofisgan;

2. Sedgeba ujredis ori gayofisgan;

3. profazaSi qromosomebi erTmaneTs egrixeba;

4. ar xdeba koniugacia;

5. qromosomaTa ricxvi naxevrdeba;

6. qromosomaTa ricxvi ucvlelia;

7. qromatidebis ricxvi 4-jer mcirdeba;

8. qromatidebis ricxvi 2-jer mcirdeba.

meiozi ujredebis gayofis gansakuTrebuli xerxia, romlis dros sasqeso jir

kvlebis sawyisi diploiduri ujredebidan haploiduri ujredebi _ gametebi war-

moiqmneba. spermatozoidebisa da kvercxujredebis Camoyalibebis process gameto-

genezi hqvia, romelic sam etapad mimdinareobs. meiozi or gayofas moicavs. pirveli 

meiozuri gayofis profazaSi krosingoveris Sedegad iqmneba genTa axali kombina-

ciebi, rac  organizmTa cvalebadobisa da biomravalferovnebis safuZvelia. cvale-

badobisa da biomravalferovnebis safuZvels qmnis aseve metafazaSi ekvatorul si-

brtyeSi homologiuri qromosomebis SemTxveviTi urTierTganlageba.

1 2 3 4 5 6 7 8

a 

b

2  Seavse sqemis carieli ujrebi miniSnebebis mixedviT.

adamianis sasicocxlo cikli

meiozi ?

?

?

?

 mravalujrediani zrdasruli, 
diploiduri organizmi (2n=46)

n

n

?

20

Don
't c

op
y



ujredis gamravleba

7  Casvi gamotovebuli sityvebi:

a. sasqeso ujredebis gayofis procesi, romlis drosac qromosomebis raodenoba 

orjer mcirdeba, aris ............... .

b. pirveli meiozuri gayofis profazaSi homologiuri qromosomebis monakve­

Tebis gacvlas hqvia ............... .

g. ujredis mosamzadebeli periodi gayofisTvis aris ............... .

d. homologiuri qromosomebis gadajvaredinebas ewodeba ............... .

e. qromosomaTa ormag nakrebs hqvia ............... .

v. qromosomaTa erTmag nakrebs hqvia ............... .

1  romel gayofas gagonebs meore meiozuri gayofis procesi?

2  aris Tu ara erTi qromosomis ori qromatidis genuri Sedgeniloba erTnairi? 

ratom migaCnia ase?

3  ramdenjer nakleb dnm-is molekulas Seicavs momwifebuli spermatozoidi 

momwifebis fazis dasawyisSi myof sasqeso ujredTan SedarebiT?

4  ganasxvave pirveli meiozuri gayofis profaza mitozis profazisgan da ims­

jele am gansxvavebis Sedegebze.

5  SearCie swori pasuxi:

CamoTvlili procesebidan, rodis Sordeba erTmaneTs qromatidebi?

1. I meiozuri gayofis anafazaSi; 

2. II meiozuri gayofis telofazaSi; 

3. mitozuri gayofis anafazaSi;

4. II meiozuri gayofis anafazaSi.

a. mxolod 1; 

b. mxolod 2; 

g. 1 da 3; 

d. 3 da 4.

6  davuSvaT, zrdis zonaSi m raodenobis kvercxujredi da spermatozoidia. 

ramdeni kvercxujredi da spermatozoidi iqneba momwifebis zonaSi?

a. kvercxujredi m, spermatozoidi m;

b. kvercxujredi 4m, spermatozoidi m;

g. kvercxujredi 2m, spermatozoidi 2m;

d. kvercxujredi m, spermatozoidi 4m.
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ujredis gamravleba

8  daalage I meiozuri gayofis movlenebi swori TanmimdevrobiT:

1. citokinezi; 2. koniugacia; 3. birTvis garsis daSla; 4. krosingoveri; 5. me­

tafazuri firfitis warmoqmna; 6. birTvebis garsis warmoqmna; 7. qromosomebis 

gadaadgileba polusebisken.

9  ipove zedmeti termini: 

zrdis faza, mimarTulebiTi sxeulaki, krosingoveri, koniugacia.

10  aneuploidia movlenaa, rodesac organizmis ujredebi Seicavs qromosomaTa 

haploiduri nakrebis jeradi mniSvnelobisgan gansxvavebul qromosomaTa ricxvs.

daasaxele aneuploidiis SenTvis cnobili magaliTebi da axseni maTi warmoqmnis 

meqanizmi.

 1983 wlis nobelis premia, fiziologiisa da medicinis dargSi mieniWa ameri­

kel citogenetikoss barbara mak-klintoks, genetikuri informaciis rekombinaciis 

vizualizaciis meTodis SemuSavebisTvis. 

mak-klintoki citogenetikaSi mravali fundamenturi aRmoCenis avtoria. is 

mikroskopiiT ikvlevda simindis ujredebSi qromosomebisa da centromerebis morfo­

logias, krosingoverisas memkvidruli informaciis rekombinacias meiozis procesSi.

barbara mak-klintoki barbara mak-klintokis kvlevis obieqti
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ujredis gamravleba

prokariotuli organizmebis agebulebis simartive maTi 

genetikuri masalis martiv organizebasac gulisxmobs.

prokariotuli ujredis TiTqmis sruli genetikuri mas­

ala Tavmoyrilia mis erTaderT `qromosomaSi~ (1), romelic 

dnm-sa da masTan asocirebul cilebs Seicavs. es cilebi 

dnm-is sivrcul orientacias ganapirobebs. gaxsnil mdgo­

mareobaSi `qromosomis~ sigrZe 1mm-s aRwevs. 

baqteriebis `qromosomaSi~ daaxloebiT 4000-mde genia, 

romlebic aucilebelia maTi cxovelqmedebisa da gamravlebisTvis. 

adgils ujredSi, sadac prokariotebis ̀ qromosomaa~ moTavsebuli, nukleoids uwode­

ben. nukleoidi citoplazmis daaxloebiT 20%-s ikavebs da ar aris SemosazRvruli mem­

braniT.

 zogierT baqterias araqromosomuli dnm-ic gaaCnia. mas plazmidas (2) uwodeben.

3 memkvidruli informaciis 
organizeba prokariotebSi

imetyvele rogorc 
mecnierma

nukleoidi

plazmida

transformacia

koniugacia

transduqcia

Sen SeZleb:

•	 ganmarto, rogor aris organizebuli genetikuri masala prokariotul ujredSi;

•	 aRwero da Seadaro erTmaneTs baqteriuli `qromosomisa~ da plazmidis struqtu­
ra, imsjelo maT gansxvavebul rolze ujredis sasicocxlo Tvisebebis Camoyali­
bebaSi;

•	 Seadaro prokariotuli ujredis binaruli gayofa eukariotuli ujredis mito­
zur gayofas da axsna amis mizezi;

•	 daasaxelo da aRwero kvlevebi, romlebsac saetapo mniSvneloba hqonda prokari­
otebSi memkvidruli informaciis gadacemis gzebis dadgenaSi;

•	 imsjelo memkvidruli informaciis gadacemis gzebze prokariotebSi da mis mniS­
vnelobaze prokariotebis mravalferovnebis CamoyalibebaSi;

•	 sqematurad warmoadgino transformaciis, koniugaciisa da transduqciis proce­
si prokariotebSi.

plazmidebi dnm-is mcire zomis wriuli molekulebia, romlebic fizikurad gancalke­

vebulia `qromosomisgan~ da SeuZliaT damoukidebeli replikacia. plazmidebi mxolod 

40-50-mde gens Seicavs, romlebSic ar aris kodirebuli informacia baqteriis plastikur 

da energetikul cvlaSi monawile fermentebis Sesaxeb, Tumca  isini monawileoben metad 

mniSvnelovan sxva procesebSi. magaliTad, plazmidebi uzrunvelyofs baqteriebis mdgra­

dobas antibiotikebis, madezinficirebeli agentebisa da mZime metalebisadmi; CarTulia 

cilovani egzotoqsinebis warmoqmnaSi, romlebic Trgunaven konkurent baqteriebs; zogi­

erTi plazmida Seicavs informacias im cilebis Sesaxeb, romlebic monawileoben garemos 

damabinZureblebis _ toluolisa da naftalinis degradaciaSi. 

baqteriis genetikuri masala

1 2
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ujredis gamravleba

memkvidruli informaciis gadacemis gzebi prokariotebSi

didi xnis ganmavlobaSi veravis warmoedgina, rom baqteriebs, romlebic mxolod us­

qesod _ ujredis binaruli gayofis gziT mravldebian, SeeZloT genetikuri masalis 

mimocvla ise, rogorc es eukariotul organizmebSi sqesobrivi gamravlebis dros xdeba.

rogorc aRmoCnda, baqteriebic „mravldebian sqesobrivad“. eukariotebisgan gansx­

vavebiT, isini ar warmoqmnian gametebs, romlebic erTmaneTs erwymian, Tumca genetikuri 

masalis mimocvla, rac yvelaze mniSvnelovania sqesobrivi gamravlebisas, am SemTxveva­

Sic xdeba.

am dros dnm-is nawili (iSviaTad mTeli dnm-ic) dono­

ri baqteriis ujredidan recipientis ujredSi gadaitane­

ba da misi dnm-is garkveul fragments Caenacvleba. war­

moiqmneba dnm, romelic orive „mSobeli“ baqteriis genebs 

Seicavs. am process genetikuri rekombinacia ewodeba, 

xolo dnm-s _ rekombinantuli dnm.

rekombinacia

prokariotuli ujredebi usqeso gam­

ravlebis specifikuri xerxiT _ e.w. ujre-

dis binaruli gayofiT mravldeba. ujre­

dis gayofis es xerxi gacilebiT martivia 

mitozur gayofasTan SedarebiT. 

am dros baqteriuli `qromosoma~, ro­

melic Cveulebriv citoplazmaSia moTav­

sebuli ukavSirdeba plazmur membranas da 

replikaciis procesSi warmoqmnis Tavis 

msgavs meore `qromosomas~. Svileul `qro­

mosomebs~ motoruli cilebi ukavSirde­

ba, romlebic erTmaneTis sawinaaRmdego 

mimarTulebiT moZraoben. amis gamo `qro­

mosomebi~ erTmaneTs scildeba da manZili 

maT Soris TandaTan izrdeba. ujredi zo­

maSi matulobs.

amis Semdeg plazmuri membrana cito­

plazmaSi Caizniqeba da or Svileul `qro­

mosomas~ sabolood gamijnavs erTmaneTis­

gan. amavdroulad, plazmur membranaze 

ujredis kedelic warmoqmneba da sa­

bolood erTi baqteriuli ujredidan 

zustad ori erTmaneTis msgavsi Svileuli 

ujredi warmoiSoba. 

prokariotebSi cnobilia memkvidruli informaciis gadacemis 3 mTavari xerxi _ 

transformacia, koniugacia da transduqcia.

baqteriis usqeso gamravleba 

ujredis binaruli gayofiT
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ujredis gamravleba

 f. grifitma ivarauda, rom mkvdari S-baqteriebidan 

R baqteriebs gadaecemoda raRac faqtori, romlis 

gamo maT kapsulis warmoqmnis unari uCndebodaT da pa­

Togenurebi xdebodnen. 

fiqrobdnen, rom es faqtori cila unda yofili­

yo. Tumca mravali kvleviT dadasturda, rom tran­

formaciisas donori ujredidan gamodis dnm-is pa­

tara fragmenti (1), romelic aqtiurad STainTqmeba 

recipienti ujredis mier da erTveba misi dnm-is (2) 

struqturaSi. transformacia

1

2

transformaciisas donorisa da recipientis ujredebi erTmaneTs fizikurad ar 

exeba, Tumca genetikuri masalis mimocvlas mainc axerxebs. es movlena 1928 wels brita­

nelma eqimma, f. grifitma aRmoaCina pnevmoniis gamomwvev baqteriebze _ pnevmokokebze 

dakvirvebisas.

arsebobs pnevmokokebis S da R forma. S-pnevmokokebi (1) paTogenurebi arian. maT 

ujreds, ujredis kedlis garda, kafsulac faravs. amis gamo isini ukeT arian daculi 

garemos zemoqmedebisgan. R-pnevmokokebs (2) ar aqvT kapsula da ar arian paTogenurebi.

erT-erT eqsperimentSi (3), TagvebSi maRal temperaturaze daxocili S baqteriebi 

SehyavdaT. rogorc mosalodneli iyo, aseT pirobebSi Tagvebi ar avaddebodnen. Tumca, 

rodesac TagvebSi cocxali R da mkvdari S baqteriebi Seiyvanes (4), maT sisxlSi ratom­

Rac cocxali kapsulirebuli baqteriebi gaCnda da Tagvebi daavaddnen.

f. grifitis cda

1 2 3 4
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ujredis gamravleba

koniugaciisas prokariotuli ujredebi fizikurad ukavSirdeba da dnm-is mniSv­

nelovan nawils ucvlis erTmaneTs. es procesi amerikelma mecnierebma j. lederbergma 

da e. tatumma aRmoaCines, risTvisac maT 1958 wels nobelis premia mieniWaT. 

cnobilia, rom baqteria E.Coli, anu nawlavis Cxiri, 
misTvis aucilebel yvela aminomJavas asinTezirebs, Tu 

are, romelSic is binadrobs, glukozas da mineralur 

marilebs Seicavs. 

mecnierebma dasxivebiT Seqmnes baqteriis ori mutan­

turi forma: erTi maTgani (A) ver asinTezirebda vitamin 

B7-s, romelic aucilebelia baqteriebis zrdisTvis, da 

aminomJava meTionins, xolo meore mutanti (B) _ aminomJava 

treoninsa da leicins. 

orive mutanturi baqteria mecnierebma moaTavses erT 

areSi, romelic ar Seicavda zemoCamoTvlil arcerT niv­

Tierebas. Teoriulad ujredebi aseT areSi ar unda gam­

ravlebuliyo, Tumca maT sawinaaRmdego Sedegi miiRes. 

baqteriebi gamravlda da TiToeul maTgans aRmoaCnda yve­

la geni oTxive nivTierebis dasamzadeblad.

A B

AB

j. lederbergis da e. tatumis 
eqsperimenti

rogorc eleqtronuli mikroskopiiT dadginda, koni­

ugaciisas baqteriis ujredebi erTmaneTs e.w. F-pilebis, 

anu sasqeso pilebis saSualebiT ekontaqteba. am dros 

baqteriebs Soris warmoiqmneba erTgvari xidaki, romlis 

gavliT donori baqteriidan dnm-i recipientis ujredSi 

gadainacvlebs da amis gamo recipienti donoris Tvisebebs 

iZens.

F pili
koniugacia

transduqcia baqteriofagis meSveobiT dnm-is jaWvis gansazRvruli monakveTis gadata­

naa erTi baqteriidan meoreSi.

maspinZlis ujredSi gamravlebisas zogierTi baqteriofagis dnm-Si SesaZloa SemTxveviT 

baqteriis dnm-is garkveuli fragmenti aRmoCndes. rodesac aseTi baqteriofagi datovebs 

maspinZlis dazianebul ujreds da sxva ujreds daainficirebs, baqteriuli dnm-is es mona­

kveTi axali maspinZlis ujredSi aRmoCndeba.

transduqcia

1. pirveli maspinZeli; 2. maspinZlis dnm; 3. virusis dnm; 4. maspinZlis dnm-is fragmentebi; 
5. `normaluri~ virusebi; 6. virusi maspinZlis dnm-is fragmentiT; 

7. maspinZlis dazianebuli ujredi; 8. meore maspinZeli; 9. rekombinantuli dnm.

1

7 8

2

4
5 6

9

3
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prokariotul ujredSi genebis didi umravlesoba Tavmoyrilia baqteriul 

`qromosomaSi~. plazmidebi dnm-is mcire zomis wriuli molekulebia. isini ar Sei-

caven informacias ujredis sasicocxlo Tvisebebis CamoyalibebaSi monawile fer-

mentebis Sesaxeb, Tumca monawileoben baqteriebisTvis mniSvnelovan sxva proceseb-

Si.

prokariotebi usqesod _ ujredis binaruli gayofiT mravldebian,  Tumca isini 

axerxeben genetikuri masalis mimocvlas transformaciis, koniugaciisa da trans-

duqciis saSualebiT, rac maT mravalferovnebas ayalibebs.

transformacia _ (laT. transformacio _ gardaqmna, gardasaxva);

koniugacia _ (laT. koniugacio _ SeerTeba);

transduqcia _ (laT. transduqcio _ gadaadgileba).

ras ambobs termini

Tivis Cxiri sporis warmomqmneli baqteriaa.

•	 daWeri makratliT Tiva, moaTavse cecxlgamZle qimiur WiqaSi, daasxi wyali 

da aduRe 20-30 wT;

•	 gafiltre nayeni;

•	 gadaitane nayenis erTi wveTi sasagne minaze da daaTvaliere sinaTlis 

mikroskopiT. mikroskopSi SeamCnev ovalur mbrwyinav uZrav warmonaqmnebs. 

es baqteriis sporebia;

•	 datove nayeniani Tavdaxuruli WurWeli 5-6 dRe oTaxis temperaturaze;

•	 moamzade filtratidan preparati da daaTvaliere mikroskopSi;

•	 ras xedav? axseni ra moxda;

•	 Seadare erTmaneTs baqteriisa da sokos sporebi. ra ZiriTad gansxvavebas 

xedav maT Soris?

baqteriis ujredSi dnm-is rekombinaciis proce­

si fermentebis monawileobiT mimdinareobs. rogor 

fiqrob, ra saxis samuSaoSi arian isini CarTuli?
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1  eukariotuli organizmebis daaxloebiT 99% sqesobrivad mravldeba.

a. raSi mdgomareobs sqesobrivi gamravlebis mTavari upiratesoba usqesosTan 

SedarebiT?

b. ra aris usqeso gamravlebis Zlieri mxareebi?

2  ra ganasxvavebs transduqcias, transformaciasa da koniugacias tipuri sqeso­

brivi gamravlebisgan?

3  mecnierebi saprofitul baqteriebs radiaqtiuri gogirdis Semcvel xelovnur 

organul sakveb areSi amravlebdnen. 

baqteriis romel organul nivTierebaSi da romel struqturul komponentSi 

iqneboda SesaZlebeli gogirdis aRmoCena?

4  swori pasuxis Sesabamis ujraSi Cawere niSani X. 

CamoTvlili struqturebidan, romeli ar monawileobs baqteriis ujredis Sene­

baSi?

a. ujredis kedeli;

b. endoplazmuri bade;

g. centraluri vakuoli; 

d. birTvi; 

e. plazmuri membrana; 

v. ribosoma. 

5  SearCie swori pasuxi:

mitozurad mravldeba:

a. adamianis imunodeficitis gamomwvevi; 

b. tetanusis gamomwvevi; 

g. botulizmis gamomwvevi;  

d. osteociti.

  informacias im „molekuluri iaraRis“ Sesaxeb, romliTac Cvens nawlavSi 

binadari baqteriebi paTogenur baqteriebs ebrZvian, plazmidebi Seicavs.

a b g d e v

dRes cxovelebze eqsperimentebi eTikis komisiis daskvnis safuZvelze tardeba.
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4 memkvidruli informaciis organizeba 
da realizeba eukariotebSi

imetyvele rogorc 
mecnierma

nukleosoma

histoni

transkripciis faqtori

introni

egzoni

splaisingi

Sen SeZleb:

•	 Seadaro erTmaneTs prokarituli da eukariotuli organizmebis genomis struqtura;

•	 ganmarto, rogor xsnida qsovilTa diferencirebis molekulur meqanizms ori sxva­

dasxva hipoTeza;

•	 sqematurad warmoadgino T.kingisa da r. brigis eqsperimenti da Seajamo misi mniSvne­

loba;

•	 aRwero qromatinis struqtura, imsjelo histonebis rolze mis organizebaSi, ujre­

dis sasicocxlo procesebisa da Tvisebebis marTvaSi;

•	 detalurad aRwero da Camoayalibo, rogor kontroldeba eukariotul ujredSi 

transkripciisa da translaciis procesi da daakavSiro es biomravalferovnebasTan;

•	 imsjelo antibiotikebis moqmedebis meqanizmebze da maT rolze medicinaSi;

•	 imsjelo, ra gavlena aqvs memkvidruli informaciis realizebis procesis darRvevas 

adamianis janmrTelobaze.

eukariotuli organizmebi radikalurad gansxvavde­

ba prokariotebisgan memkvidruli informaciis organi­

zebiTa da misi realizebiT, rac, upirveles yovlisa, maTi 

agebulebis sirTulidan gamomdinareobs.

•• eukariotebis genomi bevrad didia prokariotebTan 

SedarebiT.

•• eukariotebis genomi sxvadasxva qromosomaSia gada-

nawilebuli, baqteriuli ujredis erTaderTi qromo­

somisgan gansxvavebiT.

•• eukariotebis udidesi umravlesoba mravalujrediani 

organizmebia, romlebic specializebuli, anu dife­

rencirebuli ujredebisgan Sedgeba. 

cxadia, aseT Zlier Tvisebriv cvlilebebs ujredebSi mimdinare qimiuri procese­

bis Rrma da maTTvis specifikuri gardaqmnebi unda edos safuZvlad.

yoveli mravalujrediani organizmi arsebobas erTi ujredidan _ zigotidan iwyebs. 

zigotis dayofis pirvel etapze, ujredebi erTmaneTisgan sruliad ar gansxvavdeba. Ca­

nasaxis ganviTarebasTan erTad, ujredebi gansxvavebul Tvisebebs iZenen da zrdasrul 

organizmSi ukve garkveuli funqciebis Sesasruleblad arian specializebuli, anu di

ferencirebuli. magaliTad, nervuli ujredis funqcia informaciis miReba da gadace­

maa. saamisod neirons dendriti da aqsoni aqvs; kunTovani ujredis funqcia moZraobaSi 

monawileobaa, amitom es grZeli ujredebi SekumSvad cilebs Seicaven; Zvlovani qsovi­

li organizmis sayrdenia, amitom masSi myari mineraluri nivTierebebia CarTuli.

nervuli qsovili kunTovani qsovili Zvlovani qsovili
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1

3

4

5

6

7

8

5

9

2

qsovilTa diferenciaciis molekuluri meqanizmis asaxsnelad gasuli saukunis ormoc­

daaTian wlebSi ori hipoTeza iyo wamoyenebuli.

pirveli hipoTezis Tanaxmad, zigotidan Canasaxis ganviTarebis sxvadasxva etapze, qso­

vilTa diferenciaciis procesSi, ujredebi genebis nawils kargaven da mxolod im genebs 

inarCuneben, romlebic maTi funqciebis SenarCunebas uzrunvelyofs. magaliTad, kun­

Tovani ujredebi mxolod im genebs Seicavs, romlebSic SekumSvadi cilebis sinTezzea 

brZaneba, sxva genebi am ujredebSi saerTod ar arsebobs.

es hipoTeza maleve uaryves, rogorc ki dagrovda monacemebi, rom erTi organizmis 

yvela somaturi ujredi erTi da imave raodenobis dnm-s Seicavs.

meore hipoTezis Tanaxmad, zigotidan ganviTarebuli mravalujrediani organizmis 

nebismier ujredSi mTlianadaa SenarCunebuli zigotis genebis sruli krebuli. diferen­

ciaciis procesSi mocemuli ujredisTvis „arasaWiro genebis“ gamoirTveba da aqtiur 

mdgomareobaSi mxolod is genebi rCeba, romlebic ujreds misTvis specifikuri fun­

qciebis SesrulebaSi exmareba.

am hipoTezis sisworeSi dasarwmuneblad saWiro iyo iseTi eqsperimentis 

mofiqreba, romelic saSualebas miscemda ukve garkveuli funqciebis Sesa­

sruleblad daspecialebul ujreds, gamoevlina Tavisi mTliani genuri 

SesaZleblobebi, anu aemoqmedebina „gamorTuli“ genebi, Tuki isini marTla 

arsebobdnen diferencirebul ujredSi.

teqnikurad es amocana sakmaod rTuli Sesasrulebeli aRmoCnda, Tumca 

amerikelma embriologebma, Tomas kingma da robert brigma, SeZles misi 

gadawyveta. maT ultraiisferi sxivebis zemoqmedebiT daSales bayayis 

kvercxujredis birTvi, romelic Seicavda srul genetikur instruqcias 

bayayis organizmis ganviTarebis Sesaxeb. ubirTvo ujredSi, sadac mxolod 

am instruqciis gaxorcielebisTvis aucilebeli nivTierebebi darCa, maT 

Tavkombalas nawlavis diferencirebuli ujredidan gamoyofili birTvi 

gadaitanes. amiT kvercxujredSi axali brZaneba gaCnda.

eqsperimenti gasaocari SedegiT dasrulda _ birTvis transplantaciis 

Sedegad kvercxujredidan Tavkombala gamoiCeka, romelic Semdeg zrda­

srul bayayad gadaiqca.

am eqsperimentiT erTmniSvnelovnad dadasturda, rom yoveli diferen­

cirebuli ujredi genebis Semcvelobis TvalsazrisiT erTnairia da unda 

arsebobdes meqanizmi, romelic mis sxvadasxva ujredSi genebis gansxvave­

bul aqtivobas gaakontrolebs.

birTvis transplantaciis eqsperimenti:

1. bayayis kvercxujredi; 2. birTvi; 3. ultraiisferi sxivi; 4. ubirTvo kvercxujredi; 5. Tavkombala; 
6. nawlavis ujredi; 7. bayayis kvercxujredi nawlavis ujredis birTviT; 8. Canasaxi; 

9. zrdasruli bayayi.

T. kingi

r. brigi
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qromatinis struqtura

 eukariotuli ujredis dnm qromatinis saxiTaa organizebuli, romelic warmoadgens  

dnm-isa da cila histonebis kompleqss. adamianis erTi somaturi ujredis genomi Sei­

cavs dnm-is 6 miliard nukleotidur wyvils. TiToeuli nukleotidis zoma daaxloebiT 

0,34 nanometria. amitom TiToeuli diploiduri ujredis saerTo dnm-is sigrZe saSualod 

3 metramde aRwevs.

rogor Tavsdeba aseTi zomis dnm adamianis ujredSi?

am saocar samuSaos cila histonebi asrulebs.

histonebi dadebiTad damuxtuli mcire zomis cilebia, romlebic advilad uerTdeba 

dnm-is molekulas, masSi didi raodenobiT uaryofiTi muxtis Semcveli fosformJavas 

naSTebis gamo.

nukleosomebi, maTze Semoxveuli dnm-is molekulebiT, qromatinis struqturuli da 

funqciuri elementebia. TiToeuli qromosoma asobiT aTasi nukleosomisgan Sedgeba da 

swored es iwvevs dnm-is molekulebis ase kompaqturad Calagebas ujredebSi. 

imisTvis rom geni CairTos, anu moxdes misi transkripcia, is rogorme unda gaTavi­

sufldes histonebisgan, radgan isini xels uSlian dnm-is ori jaWvis erTmaneTisgan daci­

lebas da bariers warmoadgenen trankripciaSi monawile fermentebisTvis, anu rnm-poli­

merazas dnm-is matricaze muSaobis SesaZlebloba unda mieces. 

gamodis, rom ujreds SeuZlia akontrolos genebis aqtivoba histonebsa da dnm-s Soris 

kavSiris gaZlierebiTa da SesustebiT.

aseTi meqanizmi marTlac arsebobs, romelic genebis moqmedebis yvela etaps tran­

skripciidan translaciis Semdgomi periodis CaTvliT, akontrolebs.

qromosomis struqturaanukleosoma

histonebi

nukleosoma

qromatini

qromosoma

dnm

dnm

H1

eleqtronul mikroskopSi qromatini Zafze asxmul patara burTulebis mZivs hgavs.

am burTulebs nukleosomebs uwodeben. TiToeuli nukleosoma 8 molekula histons 

Seicavs. H1 histoni garedan aris mimagrebuli nukleosomaze. is mezobel nukleosomebs 

erTmaneTTan akavSirebs da aaxloebs. dnm-i nukleosomas gars exveva da mis garSemo or 

xveuls akeTebs.

romel aminomJavebs unda Seicavdes histonebi gansakuTrebiT didi raodenobiT?

H2A

H4

H2B

H3
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transkripciis kontroli

transkripciis Sedegad miiReba e.w. 

pre i-rnm, romelic splaisings eqvem­

debareba. 

splaisingis procesi gulisxmobs 

intronebis amoWras da darCenili eg­

zonebis erTmaneTze gadakerebas.

intronebis funqcia bolomde ar 

aris Seswavlili. bevri ram maT Sesaxeb 

mecnierebma jer kidev ar ician, Tumca 

magaliTad cnobilia, rom isini monawi­

leoben splaisingis procesSi, aseve 

icaven egzonebs dazianebisgan.

informacias imis Sesaxeb, Tu rogor unda warimarTos saqmianoba, ujredi specialuri 
informaciuli molekulebis saSualebiT iRebs. isini mocemuli ujredis cila-recep­
torebze zemoqmedebiT agzavnian signals dnm-isken.

eukariotuli genis CarTvas awarmoeben cilebi, romlebsac transkripciis faqtorebs 
uwodeben. dReisTvis aRmoCenilia ramdenime aseuli aseTi tipis cila. erT genze mraval­
ma transkripciis faqtorma SeiZleba moaxdinos gavlena. 

mecnierebma mravali transkripciis faqtoris struqtura gaSifres da ukve cnobilia 
maTi dnm-Tan dakavSirebis sxvadasxva meqanizmi. gairkva, rom zogi maTganis konformacia 
zustad Seesabameba dnm-is garkveuli monakveTis konformacias, zogi amoicnobs nukle­
otidTa specifikur Tanmimdevrobebs, zogi ki dnm-Tan dasakavSireblad dabalmolekulur 
nivTierebebs, mag., TuTias iyenebs.

dadginda, rom transkripciuli faqtorebis moqmedeba maT koncentraciazea damoki­
debuli. Tu transripciuli faqtoris geni gaZlierebulad asinTezirebs faqtors, is 
didi raodenobiT grovdeba birTvSi da genis CarTvas iwvevs. transkripciuli faqto­
ris genis mutacias ujredi arakontrolirebad mdgomareobaSi gadahyavs, rasac SesaZloa 
ujredis simsivnuri gadagvareba mohyves. nervuli sistemis ganviTarebis darRveva _ e.w. 
retis sindromi, diabetis erT-erTi iSviaTi forma, romelic autosomur dominanturi 
daavadebis saxiT mimdinareobs, metyvelebis specifikuri darRveva aseve transkripciuli 
faqtorebis genebis mutaciiT gamowveuli daavadebebia. 

eukariotuli geni e.w. egzonebisa da intronebisgan Sedgeba. 

egzonebi (1) genis is monakveTebia, romlebSic nukleotiduri Tanmimdevrobebis saxiT 
Cawerilia informacia cilis aminomJavuri Sedgenilobis Sesaxeb. 

intronebs (2) genis im ubnebs uwodeben, romlebic ar Seicaven amgvar informacias, Tum­
ca zogjer intronebis jamuri sigrZe mTeli genis 60-70%-s aRwevs. 

transkripciis procesSi genis orive ubani monawileobs.

splaisingi:

1. egzoni; 2. introni; 3. pre i-rnm; 4. i-rnm.

21 3

4

trankripcia

transkripciis Semdgomi kontroli

am etapze kontroldeba, Tu ra siCqariT unda datovos warmoqmnilma i-rnm-ma birT­

vi da gadaadgildes citoplazmaSi. am procesis daCqarebiT an SeferxebiT SesaZlebelia 

cilebis koncentraciis marTva ujredSi.
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translaciis kontroli

am dros regulirdeba i-rnm-is „sicocxlis xangrZlivoba“ da aseve ribosomebTan misi 

dakavSirebis unari.

prokariotuli i-rnm fermentebis zemoqmedebiT sul ramdenime wuTSi iSleba. swored 

amis gamoa, rom baqteriebi swrafad upasuxeben garemos cvlilebebs axali cilebis sin­

TeziT. eukariotuli i-rnm-is sicocxlis xangrZlioba ki SesaZloa ramdenime kvirasac 

aRwevdes. 

cilis sinTezis Zlieri inhibitorebi antibiotikebia. isini specifikurad zemoqmede­

ben replikaciis, transkripciisa da translaciis procesebze. magaliTad, zogierTi 

maTgani Trgunavs rnm-polimerazas, zogi xels uSlis ribosomebTan t-rnm-is dakavSire­

bas, zogi _ i-rnm-is gaswvriv ribosomebis moZraobas da a.S.

translaciis Semdgomi kontroli

sinTezis Semdeg cilis molekula garkveul cvlilebebs ganicdis misTvis specifiku­

ri funqciebis SesaZenad. kontrolis meqanizmis bolo etapi am gardaqmnebs aregulirebs.

eukariotuli organizmebi radikalurad gansxvavdeba prokariotebisgan mem-

kvidruli informaciis organizebiTa da misi realizaciiT. amas maTi agebulebis 

sirTule ganapirobebs. eukariotuli ujredis  qromatini dnm-isa da histonebis 

kompleqsia. eukariotuli mravalujrediani organizmebis diferencirebul ujre-

debSi sruladaa SenarCunebuli organizmisTvis damaxasiaTebeli genebis sru-

li krebuli, Tumca aqtiuri mxolod is genebia, romlebic mocemuli ujredebis 

specifikuri sasicocxlo funqciebis Sesrulebas uzrunvelyofs. genebis CarTvas 

transkripciis faqtorebi awarmoeben. mutaciebi transkripciis faqtorebis genebSi 

arRvevs genTa moqmedebas, ujredi arakontrolirebad mdgomareobaSi gadadis, rac 

daavadebebis saxiT vlindeba.

1  miuTiTe, romeli genebia aqtiuri kuWqveSa jirkvalSi, hipofizSi, Zvlis wi­

Tel tvinSi? 

pankreasi hipofizi
Zvlis wiTeli 

tvini

insulinis geni

zrdis hormonis geni

hemoglobinis geni
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1  ra ewodeba eukariotuli genis ubnebs, romelTa transkripciac xdeba da 

translaciac?

2  ujredi Tavisi saqmianobis warmarTvis Sesaxeb informacias sasignalo moleku­

lebis saSualebiT iRebs. 

a. romel aseT informaciul molekulebs icnob? 

b. ra ewodeba, zogadad, aseT nivTierebebs?

g. ujredis romeli struqturebi aRiqvams sasignalo molekulebis brZanebas?

d. rogor axsni im faqts, rom cilovani hormonebis receptorebi plazmur mem­

branaze mdebareobs, steroiduli hormonebisa ki _ citoplazmaSi?

e. romel cilovan da steroidul hormons icnob?

3  daasaxele adamianis ujredebi, romlebSic transkripciisa da translaciis 

procesi saerTod ar mimdinareobs. axseni, ras efuZneba Seni mosazreba?

2  ribosomaze sinTezirebuli insulinis 

molekula grZeli polipeptiduri jaWvia, ro­

melsac hormonaluri aqtivoba ar gaaCnia. in­

sulinis molekulis gasaaqtiveblad erT-erTi 

fermenti mas or polipeptidur jaWvad xleCs. 

genebis regulaciis romel etapze xdeba es 

cvlileba?

insulini

S
S

S
S

S
S

3  zogjer i-rnm-is molekulasTan ramdeni­

me ribosomaa dakavSirebuli. aseT kompleqss 

polisoma ewodeba. rogor fiqrob:

a. ra daniSnuleba aqvs polisomas?

b. ra SemTxvevaSi warmoiqmneba is ujredSi?

g. regulaciis romeli etapi akontrolebs 

polisomebis warmoqmnas? 
polisoma
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4  swori pasuxis Sesabamis ujraSi Cawere niSani X. 

hemoglobinis gens Seicavs zrdasruli:

a. eriTrociti;

b. limfociti;

g. fagociti;

d. Trombociti;

e. osteociti.    

5  
a. gaSifre termini: `posttranslaciuri modifikacia~;

b. daasaxele am modifikaciis SenTvis cnobili magaliTi;

g. ujredis romel organoidebSi xdeba aseTi cvlilebebi?

d. raSi mdgomareobs aseTi cvlilebebis daniSnuleba?

6  romeli qsovilebis genebis transkripcia xdeba androgenebis zemoqmedebiT?

7  dnm-is zogierT gens protoonkogens uwodeben. gaSifre termini da ivaraude 

romelma genebma `daimsaxures~ aseTi Sefaseba.

a b g d e
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XXI saukunes oqros xanas uwodeben biologiaSi im 

udidesi miRwevebis gamo, romelic Seexo Cveni yofa-

cxovrebis yvela sferos _ medicinas, farmakologias, kve­

bis mrewvelobas, garemos dacvas da radikalurad Secvala 

is. udidesi wvlili am warmatebebSi Rerovan ujredebze 

damyarebul teqnologiebs ekuTvnis.

Rerovan ujredebs iseT aradiferencirebul ujre­

debs uwodeben, romlebsac mudmivi gamravlebisa da sxvadasxva saxis ujredebad speciali­

zaciis unari aqvT. 

sainteresoa, rom Rerovani ujredis mitozurad gayofisas warmoqmnili ori ujredidan, 

erTi kvlav aradiferencirebul mdgomareobaSi rCeba da gamravlebis unars inarCunebs, meore 

ki ama Tu im saxis zrdasrul, diferencirebul ujredad gardaiqmneba.

5 Rerovani ujredebi da maTi 
praqtikuli gamoyeneba

Sen SeZleb:

•	 ganmarto, rogor ujredebs uwodeben Rerovan ujredebs;

•	 ganasxvao erTmaneTisgan somaturi da embrionuli Rerovani ujredebi;

•	 imsjelo Rerovani ujredebis plastikurobaze;

•	 Seadaro erTmaneTs Zvlis wiTeli tvinis hematopoeturi da stromaluri ujredebis 

SesaZleblobebi, gardaiqmnan sxva saxis ujredebad;

•	 moiyvano argumentebi Wiplaris Rerovani ujredebis upiratesobebis sasargeblod, 

maTi samkurnalod gamoyenebis TvalsazrisiT;

•	 Seajamo embrionuli ujredebis gamoyenebis perspeqtivebi da siZneleebi TerapiaSi.

imetyvele rogorc 
mecnierma

hematopoeturi ujredebi

stromaluri ujredebi

adamianis organizmSi arsebobs Rerovani ujredebis ori tipi _ somaturi da embrio-

nuli.

Rerovani ujredebis gamravleba da diferencireba
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somaturi Rerovani ujredebi

somaturi Rerovani ujredebi aradiferencirebuli ujredebis Zalian mcire grove­

bis saxiT aris CarTuli zrdasruli organizmis sxvadasxva qsovilebis diferencirebul 

ujredebs Soris. aq, isini yovelTvis ar arian aqtiuri _ dayofasa da diferencirebas 

mxolod maSin iwyeben, rodesac qsovili ziandeba. rogorc Cans, organizmSi maTi ZiriT­

adi daniSnuleba im qsovilis aRdgenaa, romelSic isini mdebareoben. amitom gasakviri 

ar unda iyos, rom somatur Rerovan ujredebs Seicavs saWmlis momnelebeli sistemisa 

da kanis epiTeli, romelTa ujredebi sakvebisa da garemos meqanikuri zemoqmedebis gamo 

mudmivad iRupeba.  

somaturi Rerovani ujredebi iseT qsovilebSic aris nanaxi, sadac maT arsebobas 

mecnierebi ar moelodnen. samecniero wreebSi didxans iyo damkvidrebuli azri imis 

Sesaxeb, rom nervul ujredebs gamravlebis unari ar SeswevT. 1960 wels mkvlevrebma 

virTagvas Tavis tvinSi aRmoaCines ori ubani, romlebic gamravlebis unaris mqone ujre­

debs Seicavda. magram isini darwmunebuli iyvnen, rom es ujredebi nervul ujredebad 

ver diferencirdeboda. dReisTvis ukve sadavo aRaraa is faqti, rom Tavis tvini Seicavs 

Rerovan ujredebs, romelTac gamravlebisa da nervul qsovilad diferencirebis unari 

aqvT.

im qsovilebis ricxvi, romlebSic somaturi Rerovani ujredebia aRmoCenili, sul 

ufro da ufro izrdeba. es ujredebi nanaxia sisxlZarRvebSi mocirkulire sisxlSi, 

zurgis tvinSi, RviZlSi, pankreasSi, ConCxis kunTSi, pulpaSi, rqovanaSi, baduraSi da a.S.

somaturi Rerovani ujredebi

1. Tavis tvini; 2. badura, rqovana; 3. pulpa; 4. sisxlZarRvebi; 5. kani; 6. ConCxis kunTi; 7. pankreasi; 

8. sisxlZarRvebSi mocirkulire sisxli; 9. Zvlis wiTeli tvini; 10. RviZli.

8

2

5

7

9

10

4

1

3

6
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Zvlis wiTeli tvini gansakuTrebiT mdidaria somaturi Rerovani ujredebiT. misi 

daniSnuleba xom sisxlis formiani elementebis _ eriTrocitebis, leikocitebisa da 

Trombocitebis warmoqmnaa, romelTac sicocxlis mcire xangrZlivoba aqvT. 

 Zvlis wiTeli tvini ori tipis Rerovan ujredebs Seicavs _ hematopoetursa da 

stromalurs. 

hematopoeturi Rerovani ujredebi warmoqmnian sisxlis yvela saxis ujreds da aseve 

SeuZliaT diferencireba nervul, ConCxis, kunTisa da RviZlis ujredebad. 

stromaluri embrionuli ujredebi ki warmoqmnian Zvals, myesebs, cximovan qsovils, 

gulis kunTisa da ConCxis kunTis ujredebs. 

rogorc eqsperimentuli monacemebi mowmobs, laboratoriul pirobebSi e.w. qimiuri 

reprogramirebis gziT, somatur Rerovan ujredebs SeuZliaT gardaiqmnan ara mxolod 

im qsovilis ujredebad, romelSic imyofebian, aramed warmoqmnan sxva saxis ujredebic. 

somaturi Rerovani ujredebis aseT Tvisebas plastikuroba Searqves. magaliTad, Tavis 

tvinis Rerovan ujredebs SeuZliaT sisxlisa da kunTis ujredebad gardaqmna. qimiuri 

reprogramireba gulisxmobs qsoviluri kulturis sakveb areSi sxvadasxva saxis sasigna­

lo nivTierebebis damatebas.

mecnierebi cdiloben Rerovani ujredebis es unikaluri unari iseTi daavadebebis 

samkurnalod gamoiyenon, romelTa mizezi ujredebis degeneracia an nekrozia. aseTi 

daavadebebis ricxvi ki sakmaod didia. magaliTad, gulis infarqtisas ziandeba da iRu­

peba gulis kunTis ujredebi; insultis, Tavisa da zurgis tvinis travmebis, aseve nei­

rodegeneraciuli daavadebebis _ parkinsonis, alchaimeris, gafantuli sklerozisas _ 

nervuli ujredebi; hepatitebisa da cirozis dros _ RviZlis ujredebi; diabetis dros 

_ kuWqveSa jirkvlis ujredebi da a.S. amitom aseTi daavadebisas, mkvdari ujredebis 

Casanacvleblad da dazianebuli qsovilis aRsadgenad, pacientis organizmSi Rerovani 

ujredebis Seyvana Zalze perspeqtiulia.

insultigulis infarqti
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9

somaturi Rerovani 
ujredebis plastikuroba:

1. Zvlis wiTeli tvini; 
2. hematopoeturi ujredebi; 
3. stromaluri ujredebi; 
4. sisxlis ujredebi; 
5. ConCxis kunTis ujredebi; 
6. gulis kunTis ujredebi; 
7. RviZlis ujredebi; 
8. neironebi; 
9. Zvlovani qsovili; 
10. myesis ujredebi; 
11.	 cximovani qsovili; 
12. Tavis tvini.

11
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Zvlis wiTeli tvinis ujredebis gamoyenebas leikemiis samkurnalod ukve didi xnis 

istoria aqvs.

 leikemia simsivnuri daavadebaa, romlis dros leikocitebi kargaven mTavar funq­

cias _ ebrZolon organizmSi SeWril mikrobebs. daavadebas qimioTerapiiT mkurnalo­

ben. am dros organizmSi Zlieri qimiuri preparatebi SehyavT, romlebic gadagvarebul 

leikocitebze damRupvelad moqmedeben. Tu es sakmarisi ar aRmoCnda maT sabolood 

gasanadgureblad, maSin saWiro xdeba Zvlis tvinsa da leikocitebze radiaciiTa da 

qimiuri preparatebiT erTdrouli zemoqmedeba. amis Semdeg pacientis sisxlSi janmr­

Teli adamianis Zvlis wiTeli tvinis ujredebi SehyavT. Rerovani ujredebi migrireben 

pacientis Zvlis wiTeli tvinisken, ikaveben ganadgurebuli ujredebis adgils da iwyeben 

normalur funqcionirebas.

magram Zvlis wiTeli tvinis gadanergvas Tan garkveuli siZneleebi axlavs. Zvlis 

tvinis aReba arasasiamovno proceduraa, ris gamoc adamianebi xSirad uars amboben do­

norobaze, garda amisa, zogjer pacientebi wlebis ganmavlobaSi elodebian iseTi dono­

ris SerCevas, romlis Zvlis tvinis gadanergva maTSi Zlier imunur pasuxs ar gamoiwvevs, 

rac SesaZloa axlad gadanergili organos mocilebiT damTavrdes.
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Wiplaris Rerovani ujredebis transplantacia aseT problemebs ar qmnis, amitom 

eqimebi mas mkurnalobis erT-erT yvelaze perspeqtiul mimarTulebad miiCneven.

bavSvis dabadebis Semdeg Wiplarsa da placentaSi mcire raodenobiT sisxli rCeba, 

romelic axalSobils aRar esaWiroeba. gairkva, rom is Seicavs sisxlis Semadgenel yvela 

normalur elements da, amasTanave, Zalian mdidaria Rerovani ujredebiT. 

aRmoCnda, rom Wiplaris Rerovan ujredebs ara mxolod sisxlis yvela ujredis war­

moqmnis unari aqvT, aramed plastikurobiTac gamoirCevian da sxva saxis ujredebad 

diferencirebis unaric SeswevT.

Wiplaris Rerovani ujredebis aseTi unikaluri Tvisebebis gamo iqmneba am ujredebis 

bankebi: dabadebis Semdeg eqimebi cdiloben Wiplaridan da placentidan danakargebis 

gareSe amoiRon sisxli. es aris martivi da umtkivneulo procedura, romelic ram­

denime wuTs grZeldeba. miRebul sisxls etikets ukeTeben da Txevad azotSi yinaven. 

aseT mdgomareobaSi Rerovani ujredebis Senaxva didi xnis ganmavlobaSi SeiZleba. es 

ujredebi SesaZloa gamoyenebul iqnes bavSvis, misi mSoblebis, da-Zmebis, naTesavebisa 

da sruliad ucxo adamianebisTvis sxvadasxva daavadebis samkurnalod. Wiplaris ujre­

debis transplantaciisas pacientebSi alergiuli reaqciebi praqtikulad ar aRiniS­

neba. Wiplaris Rerovan ujredebs `axalSobilis yvela adamianisTvis miZRvnil pirvel 

saCuqars~ uwodeben.

mecnierebma jer kidev bevri ram ar ician somaturi Rerovani ujredebis Sesaxeb. 

arsebobs kiTxvebi, romlebzec zusti da amomwuravi saboloo pasuxi mecnierebs jerje­

robiT ar aqvT. magaliTad: 

•• ramdeni saxis somaturi Rerovani ujredi arsebobs adamianis organizmSi da ro­

mel qsovilebSi arian isini moTavsebuli? 

•• saidan warmoiqmna somaturi Rerovani ujredebi _ embrionuli ujredebidan, Tu 

organizmSi arsebobs maTi warmoqmnis sxva gzebic? 

•• rogor rCebian isini aradiferencirebul mdgomareobaSi, rodesac maT garSemo 

yvela ujredi specializebulia garkveuli funqciis Sesasruleblad? 

•• organizmSic inarCuneben isini plastikurobas, Tu am unars mxolod labo­

ratoriul pirobebSi avlenen? 

•• romeli sasignalo molekulebi hkarnaxobs da aregulirebs somaturi Rerovani 

ujredebis gamravlebasa da specializacias?

Wiplaris Rerovani ujredebis miRebisa da Senaxvis procedura
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embrionuli Rerovani ujredebi

embrionul Rerovan ujredebs Canasaxi ganviTarebis Zalian adreul etapebze Sei­

cavs. maT praqtikulad yvela saxis ujredad gardaqmnis unari aqvT. swored am aradi­

ferencirebuli ujredebis gamravlebiTa da specializaciiT warmoiqmneba zrdasrul 

organizmSi arsebuli sxvadasxva saxis ujredebi. amitom mecnierebi daavadebebis samkur­

nalod embrionuli ujredebis gamoyenebasac cdiloben. am mizniT embrionul Rerovan 

ujredebs laboratoriul pirobebSi amravleben, anu qmnian embrionuli Rerovani ujre­

debis qsovilur kulturas.

embrionuli Rerovani ujredebis qsoviluri kulturis miReba

es samuSao Semdeg etapebs moicavs:

adamianis kvercxujreds xelovnurad anayofiereben.zogota Cveni organizmis pirve­

li Rerovani ujredia. is dayofas iwyebs da ganayofierebidan 4-5 dRis Semdeg Canasaxi 

ujredebisgan aSenebuli siTxiT savse mikroskopuli sferoa, romelsac blastocisti (1)

hqvia. blastocistis siRrueSi ocdaaTamde Canasaxovani ujredia. es ujredebi pipetiT 

gadaaqvT sakvebi aris Semcvel petris finjanze, sadac isini intensiur dayofas iwyeben.

Rerovani ujredebi Semdgomi gamravlebis mizniT, didi zomis WurWlebSi gadaaqvT da 

standartul pirobebSi amyofeben. am gziT aradiferencirebuli Rerovani ujredebis 

didi raodenobiT miRebaa SesaZlebeli.

embrionuli Rerovani ujredebis gamravleba

1
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Tu am ujredebis sxvadasxva qsovilebad diferencireba surT, isini sxvadasxva sakvebi 

arisa da sasignalo nivTierebebis Semcvel petris finjnebze gadaaqvT. am meTodiT, em­

brionuli Rerovani ujredebidan qimiuri reprogramirebis gziT, SesaZloa nervuli (1), 

kunTovani (2), SemaerTebeli (3) da epiTeluri (4) qsovilebis miReba. 

embrionuli Rerovani ujredebis diferencireba sxvasadxva saxis qsovilad

1

3

2

4

am gziT miRebuli qsovilebis transplantaciiT pacientis organizmSi SesaZloa 

aRdges sxvadasxva dazianebuli qsovilisa da organos funqciebi.

eqsperimentul cxovelebze Catarebuli cdebiT dadasturda, rom embrionuli Rero­

vani ujredebis Seyvana gulis kunTis dazianebul qsovils aRadgens. Tumca aseTi eqspe­

rimentebi zogjer sxvadasxva saxis simsivnur daavadebas iwvevda.

ase rom, mecnierebs jer kidev bevri ram aqvT dasazustebeli. maT ar ician, ra aris is 

nivTiereba, romelic embrionul Rerovan ujredebs aiZulebs gadaadgildnen dazianebu­

li qsovilisken. aseve ar arian darwmunebuli, rom ujredebi yovelTvis SeZleben sa­

survel, da ara nebismier sxva qsovilad diferencirebas. yovelive amis gamo, embrionul 

ujredebze eqsperimentebi bevr qveyanaSi kanoniT ikrZaleba.

ras ambobs termini

blastocisti _ (berZn. blastos _ ylorti, cistos _ buSti);

stroma _ (berZn. _ fuZe, noxi, safeni);

hematopoeturi _ (berZn. hematos _ sisxli, poezis _ Semonaqmedi, warmoqmna).

Rerovani ujredebi aradiferencirebuli ujredebia, romlebsac mudmivi gam-

ravlebisa da sxvadasxva saxis ujredebad diferencirebis unari aqvT. somaturi Re-

rovani ujredebi CarTulia sxvadasxva qsovilis diferencirebul ujredebs Soris. 

maTi daniSnuleba am qsovilis dazianebuli ujredebis Canacvlebaa.

embrionul Rerovan ujredebs Canasaxi Seicavs ganviTarebis adreul etapebze. 

maT yvela saxis ujredad gardaqmnis unari aqvT.

Cveni organizmis pirveli Rerovani ujredi zigotaa.

mecnierebi cdiloben Rerovani ujredebis gamoyenebas medicinaSi mravali daa-

vadebis samkurnalod.
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Rerovani ujredebisTvis damaxasiaTebel Tvisebebs 

zogjer aseTi ilustraciiT warmoadgenen. 

a. rogor fiqrob, ras aRniSnavs ilustraciaze sxva­

dasxva feris burTebi? sworad asaxavs saxelwodeba am 

ujredebis funqcias?

b. qarTuli termini `Rerovani ujredebi~ warmodga 

inglisuri terminisgan `stem cells~. moZebne leqsikon­

Si sityva `stem~-is sxva qarTuli Sesatyvisebi. iqneb 

am ujredebisTvis ufro marTebuli terminic SearCio.

1  daasaxele Rerovani ujredebis sami ZiriTadi Tviseba.

2  ama Tu im organos seriozuli dazianebisa da funqciis dakargvis SemTxvevaSi 

eqimebi organoTa transplantaciis meTods mimarTaven. dReisTvis SesaZlebelia gu­

lis, nawlavis, RviZlis, pankreasis, filtvis, Tirkmlis transplantacia. 

romel meTods SeuZlia gauwios mas konkurencia momavalSi da ra upiratesobis 

gamo?

3  embrionul Rerovan ujredebze Catarebul cdebs cxare kamaTi axlavs. bevri 

adamiani miiCnevs, rom es ara marto amoraluri, aramed mkvlelobis tolfasicaa. 

ifiqre, ramdenad Rirebulia kvlevis mizani? gadawonis is Tu ara aseT Sexedule­

bebs?

4  somaturi Rerovani ujredebis ricxvi asakTan erTad mcirdeba. rogor fiqrob, 

ra SeiZleba iyos amis mizezi?
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 germanelma mecnierebma laboratoriaSi adamianis somaturi Rerovani ujre­

debidan e.w. `mini tvinebi~ gamozardes, romlebzec sinaTlis mimarT mgrZnobiare 

primitiuli Tvalis msgavsi struqturebi warmoiqmna.

`mini tvinebi~ ujredTa jgufebia, romlebic organoebis struqturebsa da fun­

qciebs imeoreben. mecnierebs sjeraT, rom es kvleva garRvevis momaswavebelia 

ofTalmologiaSi, radgan is SesaZlebels xdis gadanergvisTvis gamosadegi Tvalis 

badurebis laboratoriaSi Seqmnas. 

5  swori pasuxis Sesabamis ujraSi Cawere niSani X. 

Teoriulad, romeli daavadebebi SeZleba daeqvemdebaros Rerovani ujredebiT 

mkurnalobas?

a. parkinsonis daavadeba;

b. hiperTireozi;

g. damwvroba;

d. arTrozi;

e. wiTela;

v. aTerosklerozi;

z. anemia;

T. Sard-kenWovani daavadeba.

6  ilustraciaze sayrden-mamoZravebeli 

sistemis mkurnalobis erT-erTi meTodia:

a. ra ewodeba mkurnalobis am meTods?

b. romeli daavadebebis dros mimarTaven 

mas?

g. daasaxele am daavadebebis gamomwvevi 

mizezebi.

d. romeli saxsaria ilustraciaze?

e. ratom ziandeba es saxsari yvelaze xSirad?

v. ratom iTvleba mkurnalobis es meTodi yvelaze radikalur meTodad?

z. mkurnalobis romeli meTodi SeiZleba aRmoCndes naklebad travmuli momaval-

Si am daavadebis winaaRmdeg?

a b g d e v z T
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 SvedeTSi moRvawe qarTveli mecnierebi, lundis universitetis neiromecnie­

rebis centris direqtori merab kokaia da lundis universitetis Rerovani ujre­

debis centris direqtori zaal kokaia, awarmoeben kvlevebs neirodegeneraciuli 

daavadebebis mkurnalobis axali strategiebis SemuSavebaze Rerovani ujredebis ga­

moyenebiT.

 mkvlevrebma adamianis Tmis Ziridan SeZles embionuli ujredebis msgavsi uj­

redebis miReba.

merab kokaia zaal kokaia
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ujredis gamravleba

Seajame Seni codna da gamocade Seni unarebi

1. dnm-is ramden molekulas Seicavs somaturi ujredis TiToeuli qromosoma pro­

fazisa da telofazis stadiebze?

a) profazaSi _1, telofazaSi _ 1;

b) profazaSi _1, telofazaSi _ 2;

g) profazaSi _2, telofazaSi _ 1;

d) profazaSi _2, telofazaSi _ 2.

2. grafiki gamoxatavs dnm-is raodenobis cvlilebas ujreduli ciklis sxvadasxva 

etapze. 

amoicani ujreduli ciklis romel fazebs Seesabameba grafikze A, B, C da D segmen­
tebi?

3. interfazaSi memkvidruli masala qromatinis saxiT amorful mdgomareobaSi grZeli 

Zafebis saxiT arsebobs. ujredis gayofis win, profazaSi qromatini spiralizacias iwyebs 

da kompaqtur struqturas _ qromosomas warmoqmnis. ujredis gayofis damTavrebis Sem­

deg qromosoma isev sawyis, qromatinis mdgomareobas ubrundeba. 

rogor fiqrob, risTvis sWirdeba ujreds misi memkvidruli masalis aseTi saxecvli­

leba?

A B dro

dnm-is Semcveloba

4c

2c

0

C D
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4. simsivnis sawinaaRmdego qimioTerapiaSi gamoyenebuli preparati A xels uSlis cila 

tubulinis polimerizacias, meore preparati B ki _ mis depolimerizacias. axseni:

a. ratom aqvT maT simsivnis sawinaaRmdego moqmedeba?

b. rogor aferxebs preparati A ujredis gayofas?

g.	 mitozis romel fazaze moqmedebs is?

d. rogor aferxebs preparati B ujredis gayofas?

e. mitozis romel fazaze moqmedebs is?

5. pirveladi sasqeso ujredebi, romlebic momwifebis fazaSi erTvebian, Seicaven 

qromosomebis diploidur kompleqts _ 2n-s da dnm-is gaormagebul raodenobas _ 4c-s. 
aRwere am simboloebiT momwifebuli spermatozoidi.

6. SearCie swori pasuxi:

ramden qromatidas Seicavs adamianis pirveladi sasqeso ujredi momwifebis fazaSi da 

misgan warmoqmnili sami mimarTulebiTi sxeulaki?

a. 92 da 23;

b. 46 da 23; 

g. 92 da 46; 

d. 46 da 46.

7. Seafase citoConCxis TiToeuli komponentis roli mitozisa da meiozis sxvadasxva 

fazaSi.

+ -G
F

A

+ -

B

C
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9. daasaxele meiozis procesSi ori movlena, romlebic genetikuri biomraval­

ferovnebis mizezia. 

10. sqema aRwers eukariotuli ujredis dnm-Si Cawerili informaciis realizaciis 

process. amoicani procesis etapebi da masSi monawile struqturebi. axseni, ras unda 

niSnavdes termini `alternatiuli splaisingi~.

8.  homologiuri qromosomebis wyvils pirveli 

meiozuri gayofis profazaSi tetradas uwodeben. 

rogor fiqrob, saidan warmodga es saxelwodeba?

tetrada

qromosomuli 

dnm

1 2 3 4 5 6

1 2 3 4 5 6

1 12 314 435 556

6

5

2 3 3

4 4
1 1 1

5 5

6 6

66

? ? ?

?

?

?

? ? ?

?

?

? ? ?
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11. Cveni organizmis sxva cilebs Soris gansakuTrebiT maRali sicocxlis xangr­

ZlivobiT hemoglobini gamoirCeva. rogor fiqrob, ra aris amis mizezi? daaxloebiT 

ramden xans cocxlobs hemoglobini?

eriTrociti  hemoglobini

O O

C

C
C

C
C

C

C

C

CC2

C C

OH OH

N

N

N

N
Fe

hemi

12. gamravleba yvela organizmis unaria, warmoqmnas Tavisive msgavsi. bunebaSi misi 

mravali forma arsebobs, Tumca maTgan or ZiriTads gamoyofen _ usqesosa da sqeso­

brivs. orive maTgans safuZvlad eukariotuli ujredebis gayofis ori mTavari tipi _ 

mitozi da meiozi udevs.

Seadare erTmaneTs ujredis gayofis es ori gansxvavebuli gza. SearCie Sedarebis Se­

degad gamokveTili niSnebi da Seqmeni cxrili, romelic gamoxatavs Sen mier aRmoCenil 

gansxvavebebs.

cxrilis prezentaciisas xazgasmiT warmoaCine:

1.	 adamianis organizmis romeli ujredebi mravldebian mitozurad;

2.	 raSi mdgomareobs ujredebis mitozurad dayofis biologiuri daniSnuleba;

3.	 rogor axerxebs dediseuli ujredi  masSi arsebuli informaciis  srulad gadace­

mas Svileul ujredebze;

4.	 adamianis romeli ujredebi mimarTaven meiozur gayofas;

5.	 ra biologiuri daniSnuleba aqvs ujredis meiozur gayofas;

6.	 rogor miiRweva meiozuri gayofiT saxeobisTvis damaxasiaTebeli qromosomaTa 

ricxvis SenarCuneba;

7.	 rodis da romel ujredSi aRdgeba saxeobisTvis damaxasiaTebeli qromosomaTa  

diploiduri kompleqti.
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13. ilustraciaze eukariotuli ujredebis gayofis ori mTavari xerxia. Seadare isi­

ni erTmaneTs, Cawere cariel ujrebSi gayofis tipi , misi fazebi  

da qromosomaTa ricxvi .

?

?

?

?

?

?

?

?

? ?

? ? ? ?

?

?

sawyisi ujredi qromosomis 
gaormagebamde

?
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15. upasuxe kiTxvebs, Cawere terminebi, amoicani daSifruli sityva da ganmarte misi 

Sinaarsi:

1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19

20 21 22 23 24 25

26 27 28 29 30 31 32 33 34 35 36 37

38 39 40 41 42 43 44 45

•	 prokariotul ujredSi struqtura, ro­

melsac  eukariotuli ujredis  birTvis 

msgavsi funqcia aqvs

•	 prokariotebSi memkvidruli informaci­

is gadacemis gza, romelic maTi bio­

mravalferovnebis  erT-erTi mizezia

•	 eukariotul ujredSi sasicocxlo pro­

cesi, romelic safuZvlad udevs mis sa­

sicocxlo Tvisebas _ gamravlebas

•	 meiozis profazaSi procesi, rome­

lic biomravalferovnebis warmoq­

mnis erT-erTi faqtoria

•	 daavadeba, romelic ujredis arakon­

trolirebadi gayofis Sedegia

3 19 27 39 23 10 39 31 45 24 18

daSifruli sityva

14. moifiqre, ratom asinTezireben Tmis 

Ziris ujredebi gansakuTrebiT didi raode­

nobiT Sualedur filamentebs? genebis aq­

tivobis romeli etapiT regulirdeba misi 

raodenoba?
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proeqti
endoproTezireba

menj-barZayis saxsris dazianeba mraval adamians 

uqmnida da dResac uqmnis problemas. am daavadebis 

dros adamianis cxovrebis xarisxi mniSvnelovnad 

uaresdeba, is sxvaze damokidebuli xdeba da amitom 

bevr saqmianobaze  uwevs uaris Tqma. 

menj-barZayis dazianebuli saxsris Secvla pirve­

lad germanelma eqimma, T. glukma mecxramete saukunis 

miwuruls scada. dRes menj-barZayis saxsars metalisa 

da plastmasisgan damzadebuli konstruqciiT cvlian, 

romlis agebuleba maqsimaluradaa miaxloebuli buneb­

rivTan. 

adamianebis garkveuli jgufi skeptikurad aris gan­

wyobili operaciis mimarT. 

jgufis wevrebTan erTad daamzade sainformacio 

xasiaTis posteri endoproTezirebis Sesaxeb.

davalebis prezentaciisas naTlad warmoaCine: 

•	 ratom unda mimarTos pacientma mkurnalobis am 

meTods, miuxedavad misi travmulobisa;

•	 ra perspeqtiva aqvs Rerovani ujredebiT am daava­

debis mkurnalobas.

posteri unda Seicavdes Semdeg informacias:

•	 daavadebis gamomwvevi im mizezebis Sesaxeb, romelTa samkurnalodac gamoiyene­

ba endoproTezireba;

•	 ratom ziandeba upiratesad menj-barZayis saxsari;

•	 ratom eqmnebaT am mxriv problemebi ufro xSirad qalebs mamakacebTan Sedare­

biT?

•	 ratom iTvleba mkurnalobis es meTodi radikalur meTodad;

•	 ra SemTxvevaSi mimarTaven mkurnalobis aRniSnul meTods;

•	 ra unda icodes pacientma endoproTezirebis Sesaxeb;

•	 raSi mdgomareobs Rerovani ujredebis gamoyenebis upiratesoba am daavadebis 

samkurnalod.

dazianebuli saxsari

endoproTezi
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aqtivoba 1: proeqtis wardgenis Semdeg gaerTiandi romelime jgufSi;

aqtivoba 2: jgufis wevrebTan erTad gaixsene merve klasSi gavlili masala da moi­

Zie damatebiTi informacia autoimunuri daavadebebis Sesaxeb, aseve informacia Tu 

ratom ziandeba saxsari upiratesad qalebSi; 

aqtivoba 3:  jgufis wevrebTan erTad, aqtiuri kiTxvis meTodis gamoyenebiT 

daamuSave samecniero samedicino statiebi.

aqtivoba 4:  jgufis wevrebTan  erTad Seqmeni kiTxvari daavadebisa da mkurnalobis 

am meTodTan dakavSirebiT eqimisTvis da pacientisTvis, romelmac es operacia gadai­

tana; 

aqtivoba 5: jgufis wevrebTan erTad, Sedgenili kiTxvaris mixedviT aiRe interviu 

eqimTan da endoproTezirebiT namkurnalev adamianTan; 

(gaiTvaliswine, rom intervius Caweras nebarTva sWirdeba).

aqtivoba 6: jgufis wevrebTan erTad Seqmeni posteri. SegiZlia gamoiyeno bmulebze 

mocemuli masala:

proeqtis mimdinareobis etapebi:

https://bit.ly/3MRHzdI _ posteris Seqmnis instruqcia Canva.com -ze.

https://bit.ly/3JhxS68 _ posteris Seqmnis instruqcia _ easel.ly -ze.
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proeqtis aqtivobebis  droSi ganawilebis sqema

Sexvedra 

1

Sexvedra 

2

Sexvedra 

3

Sexvedra 

4

Sexvedra 

5

Sexvedra 

6

Sexvedra 

7

aqtivoba 1

aqtivoba 2

aqtivoba 3

aqtivoba 4

aqtivoba 5

aqtivoba 6

aqtivoba 7

aqtivoba 8

aqtivoba 7: jgufebis mier Seqmnili posterebi ganaTavseT kedlebze. 

(sasurvelia prezentaciaSi yvela moswavlem miiRos monawileoba).

 posterebi ganaTavseT iseT adgilas, sadac xeli miuwvdeba yvela dainteresebul 

adamians skolis Temidan;

aqtivoba 8: proeqtis Sejameba. 

am etapze upasuxe mniSvnelovan SekiTxvebs, romlebic samomavlod axali proeqtis 

dagegmvasa da SesrulebaSi dagexmareba:

•	 ra codna da gamocdileba miiRe davalebaze muSaobis procesSi?

•	 ra sirTuleebs waawydi proeqtze muSaobisas?

•	 ramdenad komfortuli iyo jgufis wevrebTan erTad muSaoba?

•	 raSi dagexmaraT jgufSi funqciebis gadanawileba?

•	 ras Secvlidi Tavidan rom iwyebde proeqtze muSaobas?

•	 ras urCevdi Sens Tanatolebs proeqtze muSaobis sainteresod warsamarTavad?
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proeqti

laboratoriuli xorci _ momxreebi da mowinaaRmdegebi

`absurdulia mTeli qaTami gazardo,   

Tu mxolod file da frTa unda gamoiye­

no saWmelad~ - uinston  CerCili, 1931 w. 

sakvebis industriaSi bolo wlebia 

didi cvlilebebi xdeba. msoflioSi ukve 

asamde kompaniaa, romlebic cdiloben 

laboratoriuli xorcis warmoebas. xor­

cis warmoebis es meTodi gulisxmobs 

cxovelis kunTis Rerovani ujredebis 

gamravlebas didi moculobis avzebSi _ 

bioreaqtorebSi. mwarmoeblebs imedi aqvT, rom aseTi xorci momavalSi, srulad Tu 

ara, nawilobriv mainc Caanacvlebs bunebriv xorcs, romlis warmoeba, maTi gaTvlebiT, 

ekonomiurad da garemoze zemoqmedebis TvalsazrisiT, bevrad momgebiania.  

Seni mizania, moamzado sainformacio xasiaTis sqema (T sqema), romelzec asaxav saku­

Tar mosazrebebs laboratoriuli xorcis warmoebasTan dakavSirebiT da Semdeg mona­

wileobas miiReb saklaso diskusiaSi. 

T sqemis prezentaciisas xazgasmiT warmoaCine:

•	 ra gavlenas axdens mesaqonleobis ganviTareba garemosa da adamianis janmrTe­

lobaze;

•	 ra sargebeli SeiZleba hqondes xorcis laboratoriul warmoebas mdgradi gan­

viTarebisTvis;

•	 ra perspeqtiva aqvs Rerovani ujredebis  gamoyenebaze dafuZnebul xorcis 

warmoebas.

proeqtis mimdinareobis etapebi:

aqtivoba 1: proeqtis wardgenis Semdeg Seqmeni samuSao gegma, romlis mixedviTac 

warmarTav samuSaos;
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aqtivoba 2: maswavleblis mier mowodebuli video ganixileT klasSi an mcire 

jgufebSi:

aqtivoba 3: moiZie laboratoriuli xorcis warmoebasTan dakavSirebuli infor­

macia: 

•	 ratom gauCndaT mecnierebs idea, rom aseTi xorcis damzadeba daewyoT;

•	 ratom iTvleba laboratoriuli xorcis warmoeba ufro metad bioeTikurad, 

vidre saqonlis an frinvelisgan xorcis miReba;

aqtivoba 4: airCie mewyvile da masTan erTad daamuSave informacia saqarTveloSi 

mesaqonleobis ganviTarebasTan dakavSirebiT:

•	 romeli resursebis gamoyenebas moiTxovs mesaqonleobis ganviTareba;

•	 rogor cvlis mesaqonleoba atmosferos qimiur Sedgenilobas;

•	 romel globalur ekologiur problemebTan aris dakavSirebuli es cvlileba;

•	 ra mdgomareobaa msoflioSi wylis resursebTan dakavSirebiT;

aqtivoba 5:  Seqmeni T sqema.

dadebiTi uaryofiTi

aqtivoba 6: monawileoba miiRe diskusiaSi. 

(gaiTvaliswine, rom, Tu momxreebis jgufSi aRmoCndebi, Seni piradi mosazrebebis 

miuxedavad, unda moiyvano argumentebi laboratoriuli xorcis warmoebis sasargeb­

lod, Tu mowinaaRmdegeebis jgufSi _ Seni argumentebi mimarTuli unda iyos labo­

ratoriuli xorcis warmoebis sawinaaRmdegod);

aqtivoba 7: proeqtis Sejameba. 

am etapze upasuxe mniSvnelovan SekiTxvebs, romlebic samomavlod axali proeqtis 

dagegmvasa da SesrulebaSi dagexmareba:

•	 ra codna da gamocdileba miiRe davalebaze muSaobis procesSi?

•	 ra sirTuleebs waawydi proeqtze muSaobisas?

•	 ramdenad komfortuli iyo jgufis wevrebTan erTad muSaoba?
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•	 raSi dagexmaraT jgufSi funqciebis gadanawileba?

•	 ras Secvlidi, Tavidan rom iwyebde proeqtze muSaobas?

•	 ras urCevdi Sens Tanatolebs, proeqtze muSaobis sainteresod warsamarTavad?

proeqtis aqtivobebis  droSi ganawilebis sqema

Sexvedra 

1

Sexvedra 

2

Sexvedra 

3

Sexvedra 

4

Sexvedra 

5

Sexvedra 

6

aqtivoba 1

aqtivoba 2

aqtivoba 3

aqtivoba 4

aqtivoba 5

aqtivoba 6

aqtivoba 7
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proeqti

revolucia stomatologiaSi

kolumbielma mecnierebma stomato­

logiaSi namdvili revolucia daaa­

nonses. maT SeimuSaves meTodi, rome­

lic SesaZlebels gaxdis dazianebuli 

kbilis nacvlad, adamianis nebismier 

asakSi, sasurveli formis axali kbi­

lis warmoqmnas da formirebas ybis 

Zvlis fosoSi. mecnierebma daamza­

des kbilis formis, 200 mkm diametris 

forebis mqone karkasi, romelic lab­

oratoriuli cxovelis ybis ZvalSi 

moaTavses. Semdeg, karkasi ujredis zrdis stimulatorebis Semcveli siTxiT amoavses. 

9 kviris ganmavlobaSi gaizarda da formirda sasurveli formis kbili, romelic ide­

alurad dafiqsirda ybis Zvlis fosoSi. 

Seni mizania, moamzado sainformacio xasiaTis posteri stomatologiaSi am inovaci­

uri mimarTulebis perspeqtivis Sesaxeb.

posteris prezentaciisas xazgasmiT warmoCine: 

•	 ra mniSvneloba aqvs Rerovani ujredebis gamravlebisa da sxva ujredebad 

diferencirebis specifikur unars  axali kbilis Camoyalibebis procesSi;

•	 rogori Sedgeniloba unda hqondes zrdis stimulatorebis Semcvel siTxes;

•	 ratom iTvleba mkurnalobis es meTodi `revoluciur meTodad~.

posterze daitane informacia:

•	 kbilebis mkurnalobis dRes gavrcelebul meTodebTan dakavSirebiT;

•	 Rerovani ujredebis Sesaxeb;

•	 rogor iqcevian Rerovani ujredebi axali kbilis formirebis procesSi.
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aqtivoba 1: proeqtis wardgenis Semdeg gaerTiandi romelime jgufSi;

aqtivoba 2: maswavleblis monawileobiT, klaselebTan erTad gaixsene mitozis mim­

dinareobis etapebi, interfazis roli ujredebis gayofis procesis sworad warmarT­

vaSi da SeqmeniT sqema;  daasaxele is nivTierebebi, romlebsac unda Seicavdes kbilis 

karkasSi Sesayvani siTxe.  

aqtivoba 3: jgufis wevrebTan erTad Seqmeni kognituri sqema Rerovan ujredebTan 

dakavSirebiT da waradgineT klasSi;

aqtivoba 4: klasSi SeafaseT kbilis karkasis agebulebis Sesabamisoba mis funqci­

asTan da ybis Zvlis ujredebis roli axali kbilis formirebaSi;

aqtivoba 5: jgufis wevrebTan erTad daamzade sainformacio xasiaTis posteri da 

waradgine klasSi; 

aqtivoba 6: proeqtis Sejameba. 

am etapze upasuxe mniSvnelovan SekiTxvebs, romlebic samomavlod axali proeqtis 

dagegmvasa da SesrulebaSi dagexmareba:

•	 ra codna da gamocdileba miiRe davalebaze muSaobis procesSi?

•	 ra sirTuleebs waawydi proeqtze muSaobisas?

•	 ramdenad komfortuli iyo jgufis wevrebTan erTad muSaoba?

•	 raSi dagexmaraT jgufSi funqciebis gadanawileba?

•	 ras Secvlidi, Tavidan rom iwyebde proeqtze muSaobas?

•	 ras urCevdi Sens Tanatolebs, proeqtze muSaobis sainteresod warsamarTavad?

proeqtis mimdinareobis etapebi:

proeqtis aqtivobebis  droSi ganawilebis sqema

Sexvedra 

1

Sexvedra 

2

Sexvedra 

3

Sexvedra 

4

Sexvedra 

5

aqtivoba 1

aqtivoba 2

aqtivoba 3

aqtivoba 4

aqtivoba 5

aqtivoba 6
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leqsikoni

a

anTocianebi _ pigmentebi, romlebic mcenareebis nayofs, yvavilebsa da foTlebs lurj, 

wiTel da iasamnisfer Seferilobas aniWeben.

aqtiuri centri _ fermentis molekulaSi ubani, romelsac sub­

strati ukavSirdeba.

aqtiuri transporti _ membranaSi koncentraciuli gradientis sawinaaRmdego mimar­

TulebiT qimiuri nivTierebebis gadaadgileba, romelic energiis xarjviT mimdinareobs.

aminomJava _ organuli nivTiereba, romelic Seicavs amino da kar­

boqsilis jgufs. cilis monomeri.

antikodoni _ transportuli rnm-is ubani, romelic informaci­

uli rnm-is kodonis komplementarulia.

atf _ adenozintrifosformJava _ organuli 

nivTiereba, romelic Sedgeba azotovani fu­

Zis, naxSirwylisa da fosformJavas naSTisgan. 

Seicavs makrorgul bmebs. warmoadgens ujre­

dis  energiis mTavar wyaros.

H2N       CH     COOH          

R

1

1. antikodoni

adenozini

amf

adf

atf

adenini

riboza
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atf-sinTaza _ fermentebis kompleqsi, romelic mdebareobs mi­

toqondriis SigniTa membranasa da  qloroplastis Tilakoidis 

membranaSi da asinTezirebs atf-s wyalbadis ionebis moZraobis 

xarjze.

aqvaporini _ wylis gamtari cilovani arxi membranaSi.

alfa spirali _ cilis meoreuli struqtura, romelic wyalbaduri 

bmebiT fiqsirdeba.

                                                   

b

bazaluri sxeuli _ eukariotuli ujredis organoidi _ centriolebis struqturuli 

analogi, romelic Sedgeba mikromilakebis cxra tripletisgan. monawileobs wamwamebisa 

da Soltebis formirebaSi.

buferi _ qimiuri nivTiereba, romelic ewinaaRmdegeba garemos pH-is cvlilebas, garemoSi 

wyalbadis ionebis mitacebis an gamoTavisuflebis gziT.

binaruli gayofa _ prokariotuli ujredis gayofis martivi xerxi.

C

O

C

O C

O

C
O

C

O

C

O

H
N

H
N

H

NH

N

H

N

H

N

H

N
C

O

H+

adf atf
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g

gaadvilebuli difuzia _ nivTierebaTa transportireba membranis gavliT, gadamtani 

cilebis monawileobiT, koncentraciuli gradientis mimarTulebiT. pasiuri transporti.

d

disaqaridi _ Saqari, romelic Sedgeba ori 

monosaqaridisgan.

dnm-polimeraza _ fermenti, romelic monawileobs dnm-is molekulis sinTezSi.

denaturacia _ cilis meoTxeuli, mesameuli 

da meoreuli struqturis rRveva pirvelad 

struqturamde.

e

eleqtronebis gadamtani jaWvi _ molekulebi mitoqondriis Sida membranasa da qloro­

plastis Tilakoidebis membranebze, romlebsac gadaaqvT eleqtronebi da amiT xels uwyo­

ben protonebisa da eleqtronebis gadanawilebas membranis sxvadasxva mxares.

endocitozi _ membranaSi SefuTuli nivTierebebis 

garemodan ujredSi SeRweva.

egzocitozi _ membranaSi SefuTuli nivTierebebis 

ujredidan membranebis Serwymis gziT gamoyofa.

glukoza
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egzoni  _  eukariotuli ujredis genis ubani,romlis transkripciac xdeba da  transla­

ciac.

endoplazmuri bade _ eukariotuli ujredis citoplazmaSi membranebis qseli, romelic 

monawileobs cilebis, lipidebisa da naxSirwylebis sinTezsa da transportirebaSi.

eleqtroforezi _ meTodi, romelic  gamoiyeneba gansxvavebuli zomisa da muxtis mqone  

nivTierebebis, magaliTad, cilebis erTmaneTisagan dasacileblad.

T

Tilakoidi _ qloroplastis membranuli struq­

tura, romelic Seicavs qlorofilsa da  foto­

sinTezis sinaTlis fazis fermentebs.

                                                         

i

interfaza _ periodi ujredis or mitozur an meiozur gayofas Soris, romlis drosac 

ujredi zomaSi izrdeba, masSi sinTezirdeba cilebi da dnm.

introni _ eukariotebSi struqturuli genis segmenti, romlis trankripcia xdeba, magram 

ar translirdeba.

ionuri arxi _ membranaSi cilebis kompleqsi, rom­

lis gavliT ionebi gadaadgildebian.

Tilakoidi

K+ Na+
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k

  

keratini _ fibrilaruli struqturuli cila, romelic Sedis Tmis, frCxilis, bumbulisa 

da rqebis SedgenilobaSi.

krebsis cikli _ mitoqondriis matriqsSi reaqciebis er­

Toblioba, romelic ZmarmJavas gardaqmnis naxSirorJangad 

da wyalbadebad. nivTierebaTa daJangvis mTavari gza eukar­

iotul ujredebSi. awvdis wyalbadis atomebs eleqtronebis 

gadamtan jaWvs.

koncentraciuli gradienti _ sxvaoba nivTierebaTa koncentraciebSi garkveul distan­

ciaze.

kalvinis cikli _ qloroplastis stromaSi mimdinare fotosinTezis sibnelis faza, rome­

lic iyenebs fotosinTezis sinaTlis fazaSi warmoqmnil atf-sa da wyalbads, aseve atmos­

ferul naxSirorJangs naxSirwylis warmosaqmnelad.

m

mfeTqavi vakuoli _ protistis ujredSi organoidi, romelSic 

grovdeba da periodulad gareT idevneba wyali. aregulirebs 

ujredis osmosur wnevas.

 

metabolizmi _ qimiuri reaqciebis erToblioba ujredsa da organizmSi.

mikrofilamentebi _ ujredSi citoConCxis Semadgeneli cilebi (mag.aqtini), romlebic 

ZiriTadad monawileoben ujredis formis cvlilebasa da moZraobaSi.

mfeTqavi vakuoli

H2O

H2O

7

1

6

2

3

5

8

4

ZmarmJava

CO2

CO2

H

HH

H
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mikromilaki _ citoConCxis Semadgeneli komponen­

ti. Sedgeba cila tubulinisgan. ayalibebs ujre­

dis struqturas, monawileobs nivTierebaTa da 

organoidebis gadaadgilebaSi.

      

n

nukleotidi _ nukleinis mJavas monomeri. Sedgeba azotovani 

fuZis, naxSirwylisa da fosformJavas naSTisagan.

nukleoidi _ prokariotul ujredSi regioni, romelic Seicavs qromosomas.

nukleosoma _ eukariotuli ujredis dnm-is mZivis burTulis msgavsi erTeuli, romelic 

Sedgeba cila histonebis garSemo daxveuli dnm-is Zafisgan.

                                                     

o

obligaturi anaerobi _ organizmi, romelic sasicocxlod uJangbado ares moiTxovs.

osmosi _ wylis difuzia membranis gavliT.

p

pasiuri transporti _ nivTierebaTa gadaadgileba membranaSi  energiis xarjvis gareSe.

cila tubulini
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peptiduri bma _ qimiuri bma, romelic 

yalibdeba erTi aminomJavas karboqsilis 

jgufsa da meore aminomJavas aminojgufs 

Soris.

pinocitozi _ ujredgare siTxis aqtiuri STanTqma plazmuri membranis saSualebiT.

plazmida _ baqteriis ujredSi dnm-is wriuli, mcire 

zomis molekula, romelsac baqteriuli qromosomisgan 

damoukideblad replikaciis unari aqvs.

prioni _ infeqciuri struqtura, romelic Sedgeba mxolod cilisgan da ar Seicavs ro­

melime nukleinis mJavas.

purinebi _ azotovani fuZeebi (adenini, guanini), romlebic Seicaven orrgolian birTvs.

Sedian dnm-isa da rnm-is SedgenilobaSi.

pirimidinebi _ azotovani fuZeebi (citozini, Timini, uracili). Seicaven erTrgolian 

birTvs. Sedian dnm-isa da rnm-is SedgenilobaSi.

polipeptidi _ jaWvi, romelic Sedgeba erTmaneTTan 

peptiduri bmebiT dakavSirebuli aminomJavebisgan.
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r

rekombinanturi dnm _ dnm, romelic Seqmnilia sxvadasxva organizmis dnm-isagan.

rnm-polimeraza _ fermenti, romelic akatalizebs rnm-is jaWvis warmoqmnas dnm-is 

molekulaze.

s

spermatogenezi _ spermatozoidebis warmoqmnis procesi.

stop kodoni _ i.rnm-is tripleti (uag, uaa, uga), romelic blokavs translaciis process.

start kodoni _ i.rnm-is tripleti (aug), romelis Seicavs brZanebas translaciis daw­

yebis Sesaxeb.

stroma _ qloroplastis Jelesmagvari SigTavsi, romelSic mimdinareobs kalvinis cikli.

  

t

transkripciuli faqtorebi _ regulatoruli cilebi, romlebic ukavSirdebian dnm-s da 

iwveven garkveuli genebis transkripcias.

transduqcia _ baqteriuli genis gadatana erTi baqteriidan 

meoreSi baqteriofagis  saSualebiT.
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transformacia _ dnm-is fragmentis gadatana erTi baqteriidan meoreSi.

transporteri _ membranuli cila, ro­

melsac gadaaqvs nivTierebebi membranis 

gavliT.

u

ujreduli diferencireba  _ organizmis ganviTarebis procesSi ujredebis struq­

turisa da funqciis specializacia, romelsac safuZvlad udevs genebis SerCeviTi 

aqtivacia.

ujreduli sunTqva _ glukozis aerobuli daSla, romelic sam etaps moicavs _ gliko­

lizs, krebsis ciklsa da eleqtronebis gadamtan jaWvs.

f

fakultaturi anaerobi _ organizmi, romelsac aqvs cxovelqmedebis unari rogorc 

aerobul, aseve anaerobul garemoSi.

q 

qitini _ naxSirwyali, romelic monawileobs fexsaxsrianebisa da moluskebis garegani 

ConCxis SenebaSi, Sedis sokosa da zogierTi baqteriis ujredis kedlis SedgenilobaSi.

qromatini _ dnm-isa da cilis kompleqsi, qromosomis qimiuri bazisi.
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S

                                                  

Sualeduri filamentebi _ citoConCxis Semadgeneli cilovani Zafebi, romlebic uz­

runvelyofen ujredis simtkicesa da formis SenarCunebas.

c

citokinezi _ citoplazmis gayofa mitozisa da meiozis procesSi.

centraluri vakuoli (1) _ sokosa da mcenaris ujredSi 

siTxiT savse organoidi, romelic Seicavs wyals, marilebs, 

fermentebs, pigmentebs, metabolizmis produqtebs.

centrioli _ cxoveluri ujredis organoidi, romelic 

Sedgeba erTmaneTis mimarT perpendikularulad ganlage­

buli mokle mikromilakebisagan. monawileobs mitozsa da 

meiozSi.

citoConCxi _ citoplazmaSi cilebis qseli, romelic uzrulvelyofs ujredis for­

mis SenarCunebas, mis moZraobas da gayofas.

citozoli _ citoplazmis Txevadi nawili.

centromera _ qromosomaSi ubani, romelic erTmaneTTan akav­

Sirebs qromatidebs.

1

centromera
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h

hidrofoburi nivTierebebi _  arapolaruli molekulebi, romlebic ar ixsnebian 

wyalSi.

hidrofiluri nivTierebebi _ polaruli an damuxtuli nivTierebebi, romlebic ixsne­

bian wyalSi.

histonebi _ cilebi, romlebic Sedian eukario­

tuli ujredebis qromosomebis SedgenilobaSi. 

prokariotuli ujredebi maT ar Seicaven.

H1 histoni

dnm

histonebi

H2A

H4

H2B

H3
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sakvanZo sityvebi

ujredis sasicocxlo cikli Life cycle of cell

mitozi Mitosis

interfaza Interphase

qromatidi Chromatid

profaza Prophase

metafaza Metaphase

anafaza Anaphase

telofaza Telophase

sqesobrivi gamravleba Sexual reproduction

meiozi Meiosis

koniugacia Conjugation

krosingoveri Crossing over

gametogenezi Gametogenesis

ganayofiereba Fertilization

ontogenezi Ontogenesis

metamorfozi Metamorphosis

Rerovani ujredebi Stem cells

Wiplaris Rerovani ujredebi Umbilical stem cells
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