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4
evoluciis meqanizmebi

interviu

evoluciis meqanizmebi

Tu Cven gvinda SeviswavloT evoluciis meqanizmebi 

da gaverkvioT maTSi, havais kunZulebi amisTvis erT-

erT yvelaze did bunebriv laboratorias warmoadgenen. 

doqtori kenes kaneSiro erT-erTi maTgania, visi wvlil-

ic am meqanizmebis SeswavlaSi Zalian didia. is swavlobs 

havais buzis drozofilas (Drosophila) mravalricxovan 

saxeobebs. profesori kaneSiro havais universitetis, 

(manoa), evoluciuri biologiis programis direqtoria. 

is agreTve konservaciuli kvlevebis da treiningebis 

centris direqtoria amave universitetSi. 2003 wels,Mme 

pirvelad Sevxvdi dr. kaneSiros. am dros me viyavi sti-

pendiani viziroti honolulus iolanis institutes 

fakultetze. amave fakultetze kaneSirom daiwyo misi 

ganaTlebis miReba. erTi wlis Semdeg didi sixaruliT 

davbrundi havaize imisTvis, rom es interviu Camewera. me 

Zalian miyvars es samuSao. 

rogor moxda havais kunZulebis 

formireba?

geologiuri TvalsazrisiT es Zalian axalgazrda kun-

Zulebia. kunZulebs Soris yvelaze Zvelia kunZuli Kauai. 

misi asaki mxolod 5-6 milion weliwads Seadgens. kunZulebi 

qronologiuri TanmimdevrobiT moulodnelad aRimaRld-

nen. es moxda wynari okeanis teqtonuri filis Crdilo-

dasavleTiT moZraobis da zRvis fskerze arsebuli vul-

kanurad aqtiuri arealis dafarvis Sedegad. havais didi 

kunZuli aris yvelaze axalgazrda daganlagebulia vul-

kanurad aqtiuri arealis maRla. axla mimdinareobs axali 

kunZulis loihis formireba. misi formireba daiwyo didi 

kunZulis samxreT-aRmosavleTiT, wyalqveSa mTis saxiT. 

ratom aris havais kunZulebi evoluciis 

Sesaswavlad aseTi mimzidveli adgili?

pirvel rigSi, msoflioSi es xmeleTis yvelaze izoli-

rebuli nawilia. is ganlagebulia wynari okeanis SuaSi, da 

kontinentebisgan yvela mxridan daaxloebiT 2 000 miliT 

aris daSorebuli. ase rom sawyisi populaciis Camoya-

libeba xdeboda organizmebis nebismieri saxeobis mier, 

romelsac SeeZlo kunZulebze moxvedra okenis gadakveTis 

Sedegad, magaliTad qaris daxmarebiT. SemdgomSi es popu-

lacia xdeboda izolirebuli genebis nakadisgan, anu amave 

saxeobis sxva populaciebisgan. 

aq damkvidrebulma zogma organizmma SemdgomSi da-

sabami misca mraval axal saxeobas. es xdeboda am orga-

nizmebiT havais sxva kunZulebnis kolonizaciis Sedegad. 

kunZulebi ganlagebulia erT mwkvrivad: auai-dan did 

kunZulamde, maTi amoweva aseTi qronologiiT xdeboda. 

qronologiuri Tanmimdevroba arsebobs saxeobaTa warmo-

SobaSic, vinaidan organizmebi gadadiodnen ufro Zveli 

kunZulebidan ufro axal kunZulebze. Drosophila-s Sem-

TxvevaSi, yvelaferi miuTiTebs imaze, rom erTma buzma 

(ganayofierebulma mdedrma), romelic moxvda kunZulze 

ramdenime milioni wlis win, dasabami misca havais dro-

zofilebis 500-ze met saxeobas. dResac yvela saxeoba ar 

aris aRwerili. es msoflios drozofilebis cnobili saxe-

obebis daaxlooebiT meoTxedia. 

drozofilebis saxeobebis raodenoba ga

cilebiT metia, vidre kunZulebis rao

denoba. pasuxismgebelia Tu ara yoveli 

kunZulis farglebSi arsebu li gansxva

vebuli garemo pirobebi saxeobebis aseT 

mravalferovnebaze?

diax, imis gamo, rom calkeuli kunZulis farglebSi ar-

sebobs sxvaoba simaRleSi, naleqebis raodenobasa da sxva 

faqtorebSi, yoveli kunZulis bunebrivi pirobebi Zalian 

mravaklferovania. yovel kunZulze arsebobs is, rasac 

Cven “kipukas” veZaxiT, e saris laviT garSemortymuli “ 

mcenareebis “kunZulebi”. ase rom kunZulebze damatebiT 

arseboben laviT garSemortymuli kunZulebi. lava ro-
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melic kipukasebs Soris qmnis baierebs. magaliTad, Cven 

vswavlobT did kunZulze mdebare or kipukas. lavis na-

kadma isini zustad 100 wlis win daacila erTmaneTs. iqa-

mde isini dakavSirebulebi iyvnen erTmaneTTan. Cven ukve 

vamCnevT mniSvnelovan genetikur sxvaobas am or kipukaze 

mobinadre  Drosophila-s populaciebs Soris. jer-jerobiT 

isini erT da imave saxeobas warmoadgenen, magram daTiSvis 

procesi dawyebulia. havais kunZulebze saxeobaTa warmo-

qmna axlac Zalian dinamiuri procesia. 

rogor ganviTarda Tqveni interesi  

biologiis mimarT?

Cemi interesi biologiis mimarT albaT warmoiqmna 

bavSvobaSi, roca aq, havais kunZulebze vizrdebodi. bavS-

vobaSi mamas davyvebodi saTevzaod oahus garSemo. mamas 

midgoma Tevzaobis mimarT Zalian mecnieruli iyo, Tumca 

im dros me amis gacnobiereba ar SemeZlo. mamaCemi Tevzao-

bisas mxedvelobaSi iRebda qaris siswrafes, moqcevebs. is 

ukavSirebda satyuaras ferebs Tevzis im nairsaxeobebis 

Seferilobas, romelic iq binadrobdnen. dResac vTevzao-

bisas, mivmarTav mamas gakveTilebs. me vfiqrob, rom Tevza-

obis mimarT isTma mecnierulma midgomam pirvelad gaaR-

viZa CemSi interesi biologiis mimarT. 

rodis gadaizarda es interesi interesSi 

evoluciuri biologiis mimarT?

 roca havais universitetis pirveli kursis studenti 

viyavi, mindoda zRvis biologiis Seswavla. magram ojaxis 

gavlenis gamo Cavabare samedicino programaze. swavlisT-

vis fulis gadasaxdelad saWiro iyo muSaoba. muSaoba da-

viwye havais Drosophila-s proeqtze. jer laboratoriuli 

WurWlis mrecxavi viyavi da Tan vswavlobdi buzebis gas-

amravleblad saWiro mkvebavi garemos momzadebas. ram-

denime TveSi CaverTe namdvil kvlevaSi, vaxorcielebdi 

sasqeso organoebis gakveTas. vswavlobdi sxva morfolo-

giur Tvisebebsac, romelTa saSualebiT SeiZleba havais 

Drosophila-s saxeobebis evoluciuri istoriis Seswavla. 

velze samuSaod gasvlis SesaZleblobac mqonda. amitom 

ekologiac Cemi sabakalavro ganaTlebis nawili gaxda. am 

ganxrebs auditoriidan ki ara, aramed uSualod Drosophi-
la-ze kvlevebis Catarebisas vswavlobdi. yovel wels Dro-
sophila-s sxvadasxva proeqtSi monawileobda 10-dan 12-mde 

sxvadasxva mimarTulebis wamyvani mecnieri. isini samuSaod 

havaiebze Camodiodnen. baklavriatSi swavlisas vakvird-

ebodi cnobili mecnierebis muSaobas. aman Cemze udidesi 

StabeWdileba moaxdina. bakalavriatis damTavrebis Sem-

deg, samagistro programa entomologiaSi aviRe. amitom 

SemeZlo havais Drosophila-s Seswavlis gagrZeleba. 

es samuSao moicavs Tqvens kvlevas 

Drosophilas Sewyvilebis qcevaze. me 

vfiqrom, mravali studenti gaocdeba 

roca gaigebs, rom es buzebi arSiyoben 

TavianT partniorebTan. 

arSiyobis procesi mamrebsa da mdedrebs Soris sakmaod 

srulyofilia. Sewyvilebis qceva aseve mamrebs Soris Se-

jibrs moicavs. mamrma unda daicvas teritoria, romelzec 

mdedrebi Sesawyvileblad grovdebian. magaliTad, Dro-
sophila-s erTi saxeobis mamrebs aqvT Zalian farTo Tavebi. 

ori mamri erTmaneTs Tavs urtyavs, ise, rogorc amas Txebi 

akeTeben. teritoriisTvis brZolisas mamri mowinaaRmde-

ges ukan an win gaadaagdebs. sxva saxeobis SemTxvevaSi Se-

jibri ufro sumos Widaobas waagavs. mamrebi ukana TaTebis 

“TiTis wverebze” dgebian, eWidebian erTmaneTs Sua da wina 

TaTebiT da TavebiT. magram iyo kargi mebrZoli, ar niS-

navs iyo kargi sayvareli. mamr buzs, Tu mas SeuZlia gaum-

kvlavdes sxva mamrebs da daicvas teritoria meti Sansi 

aqvs mdedrTan Sewvilebis, magram man aseve unda SeeZlos 

Zalian rTuli qcevis gamomJRavneba, romelic daakmayofi-

lebs mdedris saarSiyo qcevis moTxovnebs. 

magaliTad aseTi?

erT-erTi saxeobis mamri maRla wevs mucelis ukana 
nawils da iRebs morielis msgavs pozas. mdedri xedavs spe-
cializirebuli jagrisebis mwkvrivs, romlebic muclis 
qveda mxarezea ganlagebuli. yoveli jagrisi Sebrtyele-
bulia maraos msgavsad. Semdeg mamris muceli vibracias 
iwyebs, da jagrisebi avrceleben muclis jirkvlebidan 
gamoyofil sqesobrivad mimzidvel nivTierebas, feromo-
nis sekrets. amave dros, mamri Slis frTebs, irxeva win da 
ukan da warmoqmnis bgeras. cekvis da simReris dros mamri 
gamowevs win ybebis nawilebs da mdedri advilad amCnevs 
TeTri feris laqas. sapasuxod mdedri marTlac rom “koc-
nis” mamrs. Sewyvileba xdeba mxolod maSin, Tu mamrs Seu-
Zlia am demonstraciis yvela details ganxorcieleba. 

havais Drosophilas axali saxeobebis 

warmoqmnaSi Sewyvilebis qcevaSi cvli 

lebebi ZiriTad rols TamaSoben. es 

gamomdinareobs im modelidan, ro melsac 

dRes vicnobT `kaneSiros hopoTezis~ 
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sa xeliT. am cvlilebebis roli gansa

kuTrebiT didia saxeobaTawarmoqmnis 

adreul stadiebze. raSi  mdgomareobs  

am ideis arsi?

sxvaoba Sewyvilebis qcevaSi SeiZleba moxdes mcire 

populaciaSi, imis Semdeg, rc is axal adgilas daarsdeba. 

vTqvaT, yvelaze Zvel kunZulze, kauai-ze, arsebobs buze-

bis populacia. Semdeg moxda oahu-mis amoweva. ganayofi-

erebuli mdedri moxvda axal kunZulze. ramdenime aseuli 

STamomavlis gamoCekvis Semdeg mas SeuZlia daaarsos oa-

hu-ze buzebis axali populacia. sawyisi populaciisTvis 

damaxasiaTebeli saarSiyo qcevis mixedviT gansxvavebuli 

mamrebi gvxvdebian axal populaciaSi. maTi saarSiyo qceva 

SeiZleba naklebad srulyofili iyos. magram aseT patara 

populaciaSi, Zalian wunia mdedrebs STamomavlobis da-

tovebis naklebi SesaZlebloba aqvT, vidre naklebad “wun-

iebs”.  naklebad wunia mdedrebi Sexvdebian  met mewyviles, 

vidre maT SewyvilebisTvis sWirdebaT. aseTi gziT, gadar-

Ceva upiratesobas mianiWebs genebis axal kombinacias, sa-

dac iqneba adaptacia axal garemosTan, Kauai-s “mSobliur” 

populaciasTan SedarebiT Sewyvilebis naklebad rTul 

qcevasTan. rogorc Cans amis gamo Drosophila-s yvelaze 

Zvel saxeobebaSi Sewyvilebis qceva rogorc wesi yvelze 

rTulia. me vfiqrob, Sewyvilebis qcevaSi aseTi gadaxrebi 

havais Drosophila-s evoluciaSi Zalian mniSvnelovan rols 

TamaSobs. SesaZlebelia, rom ase xdeba organizmebis sxva 

jgufebSic. 

 maSin, roca biologebi havais kunZulebze swav-

loben saxeobebis aseTi mravalferovnebis evolucias, 

TviT kunZulebi moxvdnen  biomravalferovnebis cx-

deli wertilebis siaSi, rac niSnavs, rom kunZulebis 

mravali saxeoba gadaSenebis safrTxis winaSe aris. ra 

warmoadgens havais kunZulebis biomravalferovnebi-

sTvis yvelaze did safrTxes?

ra Tqma unda bunebrivi habitatis ngreva da Semoyvani-

li saxeobebis – ara adgilobrivi saxeobebis gavlena, 

romlebic kunZulebze SemTxveviT an Segnebulad moxvd-

nen. Semoyvanili saxeobebi albaT yvelaze didi safrTxea. 

nomer pirvel problemas albaT WianWvelebi warmoad-

genen. havaiebze mkvidri WianWvelebi ar iyvnen, yvela 

aris Semoyvanili. isini amjerad ikvebebian bunebriv tyis 

ekosistemebSi da es Zlierad moqmedebs mkvidri fexsas-

rianebis faunaze. Semoyvanili virTxebi anadgureben fr-

invelebs. aRweven ra maT budeebSi da ikvebebian barTye-

biT da kvercxebiT. gareuli Rorebi aseve did problemas 

qmnian. isini warmoadgenen im Rorebis STamomavlobas 

evropelebis mier Semoyvanili Rorebis, d aim Rorebis, 

romlebic havais mkvidrma mosaxleobam kunZulebze Semoi-

yvana. gareuli Rorebi Txrian bunebriv tyeebSi fesvebs. 

warmoiqmneba gubeebi, sadac mravldebian koRoebi. Tavis 

mxvriv koRoebi arian im paTogenis gadamtanebi, romelic 

frinvelebSi malarias iwvevs. introducirebuli mcena-

reebic devnian mraval bunebriv saxeobas. mcire zomis 

miuxedavad, saubedurod, havai SeerTebuli Statebis ga-

daSenebis safrTxis winaSe mdgomi saxeobebis dedaqalaqi 

gaxda. SeiZleba mTeli msoflios dedaqalaqic. 

erTerTi Tqveni Tanamdeboba aris 

havais universitetis konservaciuli 

kvlevebis da treinigis centris direq

toris Tanamdeboba. ra saxis samuSaoebs 

xelmZRvanelobs centri?

konservaciul biologiaSi Cveni kvlevis interesi 

ZiriTadad exeba ekosistemebs da ekoregionebs: is rac 

xdeba mTis mwvervalze, mTels gzaze - zevidan qveviT 

myof ekosistemaze moqmedebs. zemoqmedeba aRwevs marjnis 

rifebs da maT farglebs gareTac vrceldeba. me vfiqrob, 

Cven unda SevignoT, rom ekosistemebs Soris arsebobs 

mWidro kavSirebi, imisTvis, imisTvis, rom davicvaT kun-

Zulebis biomravalferovneba. centrs aseve aqvs didi gav-

lena ganaTlebaze. Cven gvaqvs erovnuli samecniero fon-

dis grantri, romelic afinansebs programebs, romelTa 

daxmarebiT Cveni studentebi muSaoben skolis mowafee-

bTan da maT pedagogebTan. K-12 studentebi monawileoben 

savele gasvlebSi da kvlevebSi. isini agroveben mecnierul 

monacemebs, aRmoaCenmen axal saxeobebs, da gvexmarebian 

imis gadawyvetaSi, Tu rogor aRmofvRraT zogi intro-

ducirebuli saxeoba. garkveuli monacemebis Segroveba 

SesaZlebelia mxolod imitom, rom aseTi studentebis 

sakmaod didi raodenoba monawileobs maT SegrovebaSi. 

sxvanairad es SeuZlebeli iqneboda. magaliTad, rogorc 

wesi, mkvlevarebi, romlebic axorcieleben mdinareebis 

sisufTavis monitorings nimuSebis agroveben mdinaris 

ramdenime gubidan. magram Cveni magistrantebs samuSaos 

SesrulebaSi exmareboda 320 meSvide klaseli. maT nimuSe-

bi Seagroves mdinaris mTels gayolebaze - mTis CanCqeri-

dan  im adgilamde, sadac mdinare okeanes uerTdeba. Cemi 

azriT, Tu garemodacviTi ganaTlebis SevudgebiT bavSvo-

bidan, es aamaRlebs mosaxleobis Segnebas da Cven yvelani 

gavxvdebiT ukeT davicavT wylis resursebs da bunebriv 

ekosistemebs. 
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Drosophila-s SemTxvevaSi, yvelaferi miuTiTebs imaze, rom erTma buzma (ganayofi-

erebulma mdedrma), romelic moxvda kunZulze ramdenime milioni wlis win, dasabami 

misca havais drozofilebis 500-ze met saxeobas.
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22saxecvlili  
STamomavloba

 Sesavali

darvinma SemogvTavaza 

revoluciuri Teoria

Carlz  darvinma  naSromi  `saxeobaTa  warmoSoba  bune-
brivi  gadarCevis  gziT  anu  ukeTSeguebuli  jiSebis  ga-
darCena  sicocxlisaTvis  brZolaSi~  1859  wlis  24  no-
embers  gamoaqveyna.  mas  Semdeg  biologiaSi  axali  era  
da iwyo.  darvinma  naSromSi  mogvca  sicocxlis  erTiano-
bis  idea.  darvinamdec  arsebobda  nairgvari  mosazreba  
sicocxlis  ganviTarebaze.  am  mosazrebebs  Soris  mec-
nierebi  kavSirs  ver  amyarebdnen.  darvinma  es  SeZlo.  
`saxeobaTa  warmoSobis~  gamoqveynebis  Semdeg  biologebma  
didi  yuradReba  miaqcies  organizmebTa  mravalferovne-
bas,  maT  warmoSobas,  maT  Soris  msgavseba-gansxvavebas,  
naTesaur  kavSirs,  geografiul  gavrcelebas  da  adapta-
cias  garemosTan  (suraTi  22.1).

saxeobaTa  warmoSobaSi  darvinma  ori  mTavari  idea  ga-
naviTara.  pirveli:  warmoadgina  uamravi  TvalsaCino  ma-
sala,  romlisgan  gamomdinareobda,  rom  dedamiwaze  dRes  
arsebuli  organizmebi  winapari  saxeobebis  STamomavlebi  
arian.  winapari  saxeobebi  ki  gansxvavdebodnen  Taname-
drove  sasxeobebisgan.  meore:  man  SemogvTavaza  evoluci-
uri  procesis  warmmarTveli  faqtori,  romelsac  bune-
brivi  gadarCeva  daarqva.  bunebrivi  gadarCevis  ZiriTadi  
idea  SemdegSi  mdgomareobs:  populacia  TaobaTa  ganmav-
lobaSi  SeiZleba  Seicvalos,  Tu  garkveuli  niSan-Tvise-

bebis  mqone  individebi  sxva  individebTan  SedarebiT  met  
STamomavlebs  datoveben.  bunebrivi  gadarCevis  saboloo  
Sedegi  aris  evoluciuri  adaptacia.  evoluciuri  adap-
tacia  aris  iseTi    memkvidreobiTi  niSan-Tvisebebis  dag-
roveba,  romlebic  Sesabamis  garemoSi  organizmis  ga-
darCenisa  da  gamravlebis  unars  zrdian.  Tanamedrove  

ganmartebiT  evolucia  aris  populaciis  genetikuri  

Semadgenlobis  cvlileba  droSi.  sabolood  ki  popu-
laciSi  imdenad  bevri  cvlileba  grovdeba,  rom  igi  ar-
sebobas  axali  saxeobis  saxiT  agrZelebs.  termini  evo-
lucia  Cven  aseve  SegviZlia  didi  masStabis  cvlilebebis  
aRsaniSnavad  gamoviyenoT.  vTqvaT,  mTeli  biologiuri  
mravalferovnebis  TanTadanobiTi  CamoyalibebisTvis:  
Tavdapirveli  mikrobebidan  moyolebuli  Tanamedrove  
mravalferovani  organizmebis  CaTvliT.  

evolucia  imdenad  fundamentur  koncefcias  warmoad-
gens,  rom  misi  codna  saWiroa  nebismieri  doneze  myofi  
sicocxlis  formebis  Seswavlis  dros:  mole kulebidan 
ekosistemamde. evoluciuri moZRvreba  dRe  sac  did  gav-
lenas  axdens  medicino  da  sasoflo-sameurneo  praqtika-
ze,  bioteqnologiaze,  aseve  konservaciul  biologiaze.  
am  wignis  gacnobisas  Tqven  aseve  mudmivad  SegxvdebaT  
evoluciis  Tema.  am  TavSi  ki  gaecnobiT  darvinis  Sexed-
ulebebis  organuli  samyaros  ganviTarebaze.  

koncefcia 22.1
darvinis revoluciurma Teori
am Secvala tradiciuli Sexed
uleba Tavdapirveli dedamiwis 
Sesaxeb. darvinamde miaCndaT, 
rom dedamiwaze dasaxlebuli  
saxeobebi ar Secvlila 

darvinma  moaxdina  inteleqtualuri  revolucia.  rev-
oluciuri  azris  gavlena  sazogadoebriv  azrovnebaze  

  suraTi 22.1 zRvis  iguana SesaniSnavadaa Seguebuli  
galapagosis  kunZulebis kldovan garemosTan. 

22.1 darvinis  Teoriam  revolucia  moaxdina,  man  
Secvala  tradiciuli  Sexedu leba  Tavdapir-
veli  dedamiwis  Sesaxeb.  darvinamde  miaCndaT,  

 rom  dedamiwaze  dasaxlebuli  saxeobebi  ar  
Secvlila.  

22.2 naSromSi  `saxeobaTa  warmoSoba~  darvinma  
ivarauda,  rom  saxeobebi buneb rivi  gadarCe-
vis  moqmedebiT  icvleba.

22.3   darvinis  TeoriiT  mravali  dakvirvebis  axna  
SeiZleba.  

 ZiriTadi koncefciebi
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damokidebulia  drois  im  momentze,  roca  es  idea  yal-
ibdeba  da  amasTan  erTad  sazogadoebis  azrovnebis  sim-
wifeze.  rom  gavigoT  raSi  mdgomareobda  darvinis  ideis  
revoluciuroba,  unda  SevadaroT  misi  Sexeduleba  si-
cocxleze,  sxva  dasavlur  ideebs  (suraTi  22.2).

winaaRmdegoba evoluciis ideis mimarT 

`saxeobaTa  warmoSobam~  Secvala  manamde  gabato-
nebuli  Sexeduleba.  amave  dros  man  Searyia  dasavle Tis  
kulturis  safuZvlebi.  darvinis  warmodgena  sicocx-
leze  mkveTrad  ewinaaRmdegeboda  tradiciul  Sexedule-
bas.  darvinamde  miaCndaT,  rom  dedamiwis  asa ki  mxolod  
ramdenime  aTas  wels  moicavs  da  masze  dasaxlebuli  
cocxali  formebi  ucvlelia.  aseve  iTvleboda,  rom  
Tavdapirvelad  Semoqmedma  Seqmna  sxvadasxva  saxeobebi,  
romlebmac  dRevandlamde  ucvlelad  moaRwies.  darvi-
nis  naSromma  Secvala  saukuneTa  manZilze  gabatonebuli  
warmodgenebi.  

bunebis  Skala  da  saxeobaTa  klasifikacia  

marTalia,  zogierTi  Zveli  berZeni  filosofosi  mi-
iCnevda,  rom  sicocxlis  ganviTareba  TandaTan  xdebo-
da,  magram  is  filosofosi,  romelmac  udidesi  gavlena  
moaxdina  dasavleTis  mecnierebaze  Tvlida,  rom  saxe-
obebi  ucvlelia.  es  filosofosi  iyo  aristotele  (384-
322  C.w).  aristotelem  Tavis  bunebis  mimoxilvaSi  aRniSna  
garkveuli  „msgavseba`  cocxal  arsebebs  Soris.  aqedan  man  
daaskvna,  rom  sicocxlis  formebi  kibis  msgavsad  arian  
dalagebulni.  `arsebaTa  kibis~  safexurebs  martividan  
rTulisken  mivyavarT.  mogvianebiT  am  kibes  bunebis  kibe  
(scala  naturae)  uwodes.  aristotele  Tvlida,  rom  si-
cocxlis  yoveli  forma  srulyofilia  da  ucvleli.  mas  
`arsebaTa  kibeze~  sakuTari  safexuri  ukavia.

Zvel  aRTqmaSi  arsebobs  debuleba  sicocxlis  Seqm-
naze,  is  Zalian  hgavs  aristoteles  ideas.  Zvel  aRTqmaSi  
gamoTqmuli  debulebis  Tanaxmad  saxeobebi  Seqmnilia  
RmerTis  mier  da  amitom  isini  srulyofilni  arian.  1700-
ian  wlebSi  bevri  mecnieri  Tvlida,  rom    organizmebis  
saocari  adaptacia  garemosTan  adasturebs  RmerTmis  
mier  am  saxeobebis  Seqmnas.  isini  fiqrobdnen,  rom  Rmer-
Tma  yvela  saxeoba  garkveuli  miznisTvis  Seqmna.  

erT-erTi  aseTi  mecnieri  iyo  Svedi  eqimi  da  bo-
tanikosi  karl  line  (1770-1778).  is  sicocxlis  mraval-
ferovnebas  `RmerTis  udidess  warmatebad~  miiCnevda.  
linem    ganaviTara  taqsonomia.  taqsonomia  aris  biolo-
giis  ganxra,  romelic  axdens  organizmTa  klasifika-
cias  da  aZlevs  saxelwodebas.  linem  daamkvidra  saxe-
obaTa  laTinuri  saxelwodebis  binominaluri  sistema  
(ori  laTinuri  sityvisgan  Semdgari  saxeli).  saxeobis  
saxeli  or  sityvas  Seicavs,  pirveli  gvaris  aRmniSvne-

lia,  romelsac  miekuTvneba  saxeoba,  meore  ki  _  Tavad  
saxeobis  saxelia.  es  principi  dResac  ZalaSia.  linem  ki-
bismagvari  ierarqiis  magivrad  Seqmna  urTierTdaqvemde-
barebuli  klasifikaciis  sistema.  am  sistemis  mixedviT  
msgavsi  saxeobebi  erTiandeba  ufro  did  kategoriaSi-
gvarSi,  msgavsi  gvarebi    ojaxSi  da  ase  Semdeg  (ixileT  
suraTi  1.14).

lines  mixedviT    zogierTi    saxeobis  urTierT  msga-
vseba,  ar  niSnavs  maT  evoluciur  naTesaobas.  es  msgavse-
ba    Semoqmedis  ideis  gansaxierebaa.  erTi  saukunis  Sem-
deg  darvinma  lines  taqsonomiuri  sistema  evoluciis  
damamtkicebel  argumentad  gamoiyena.  

namarxebi,  kiuve  da  katastrofebis  idea  

darvins    Teoriis  CamoyalibebaSi  namarxi  formebis  
Seswavlac  daexmara.  Gganamarxebuli  organizmebi    war -
moadgenen  geologiur  warsulSi  arsebul  organizm-
Ta  naSTebs.  ganamarxebuli  masalis  umetesoba  napovnia  
danaleq  qanebSi.  am  qanebis  formireba  moxda  zRvebis,  
tbebis  da  Waobebis  fskerze  drois  ganmavlobaSi  daleq-
ili  qviSisa  da  Slamisgan.  axali  fenebi  Zvel  fe nebze  
ileqeboda.  axali  fenebis  simZimis  Sedegad  qanebi  iwnexe-
boda.  erTmaneTze  dawyobil  qanebs  stratonebi  daarqves.  
droTa  ganmavlobaSi  erozia  Slis  SedarebiT  axalgaz-
rda  zedapirul  qanebs  da  gamoaCens    ufro  Zvels,  ma-
namde  dafarul  stratons.  yoveli  fenis  qanSi  daculia  
am  qanis  formirebis  dros  dedamiwaze  mcxovrebi  orga-
nizmebis  naSTebi.  stratonebi  gnsxvavdebian  masSi  asrse-
buli  organizmebis  naSTebis  mixedviT  (suraTi  22.3).    

paleontologia  anu  namarxi  naSTebis  Seswavla.  am  
dargis  ganaviTarebaSi  didi  wvlili  Seitana  frang ma  mec-
nierma  JorJ  kiuviem  (1769-1832).  kiuvie  ikvlevda  parizis  
SemogarenSi  arsebul  danaleq  qanebs.  man  SeamCnia,  rom  
rac  ufro  Rrmadaa  (ufro  Zvelia) stra toni,  miT  metia  
sxvaoba  am  stratonis  namarx  for mebsa  da  Tanamedrove  
formebs  Soris.  amave  dros  erTi  stratonidan  meoreze  
gadasvlisas  icvleba  ganamarxebul  formaTa  Semadgen-
loba  (Zveli  formebi  qrebian  da  Cndebian  axali  formebi).  
kiuviem  daaskvna,  rom  sicocxlis  formebis  gadaSeneba  
Cveulebrivi  movlena  iyo  sicocxlis  istoriaSi.  Tumca  
kiuvie  jiutad  uaryofda  evoluciuri _ TandaTanobi-
Ti  cvlilebebis  ideas.  is  anviTarebda  katastrofebis  
ideas.  am  ideis  Tanaxmad  stratonebs  Soris  yoveli  zR-
vari  Seesabameba  katastrofas,  vTqvaT,  wyaldidobas  an  
piriqiT  amoSrobas.  katastrofebis  Sedegad  bevri  im-
droindeli  saxeoba  nadgurdeboda.  kiuvie  Tvlida,  rom  
katastrofebi  periodulad  meordeboda  da  rogorc  wesi  
garkveul  geografiul  regions  moicavda.  katastrofis  
Semdeg    mezobeli  regionebidan  populaciebis  migracia  
mimdinareobda.  migrirebuli  populaciebi  dacariele-
bul  regions  xelmeored    iTvisebdnen.  
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gradualizmis (TandaTanobiTi  

procesebis) Teoriebi

sxva  mecnerebi  TavianT  naSromebSi  katastrofebis  
Teoriis  sapirispiro  gradualizmis  koncefcias  aviTa-
rebdnen.  am  koncefciis  mixedviT  didi  cvlilebebi  dro-
Si  gawelili,  neli,  Tanmimdevruli  cvlilebebis  jamuri  
efeqtis  Sedegia.  1795  wels  Sotlandieli  geologi  jeims  
hatoni  (1726-1797)  amtkicebda,  rom  dedamiwis  geologi-
uri  movlenebis  axsna  SesaZlebelia  samyaroSi  mudmivad  
mimdinare  procesebiT,  anu  gradualuri  meqanizmebiT.  
is  Tvlida,  rom  gaSlil  adgilebs  (vels)  qmnian  mdina-
reebi,  romlebic  mTebidan  moedinebian  da  Slian  qanebs.  
im  faqts,  rom  danaleqi  qanebi  xSirad  Seicavs  zRvis  
organizmebis  namarxebs,  is  xsnida  mdinareebis  dinebis  
gavleniT.

darvinis  Tanamedrovem  gamoCenilma  geologma  Carls  
laielma  (1797-1875)  ganaviTara  hatonis  idea.  laielis  
idea  cnobilia  uniformizmis  saxeliT.  la ieli  Tvlida,  
rom  dResac,  igive  masStabiT  mimdina reoben  geologiuri  
procesebi,  rasac  warsulSi  hqon daT  adgili.  

hatonis  da  laielis  ideebma  didi  gavlena  moaxdines  
darvinze.  darvini  eTanxmeboda  im  azrs,  rom  geolo-
giuri  cvlilebebi  neli,  droSi  gawelili  procesebis  
Sedegia  da  ara  uecari  movlenebis,  dedamiwa  ki,  Teolo-
gebis  Sexedulebis  sapirispirod,  6  000  welze  gacilebiT  
meti  asakis  unda  iyos.  mogvianebiT  darvinma  ivarauda,  
rom  albaT  drois  didi  periodis  ganmavlobaSi  momxdari  

neli  da  SeumCneveli  cvlilebis  procesebi  cocxal  or-
ganizmebzec  mimdinareobda.  sabolood  aseTi  zemoqmede-
ba  iwvevs  mniSvnelovan  cvlilebebs.  Tumca  darvini  ar  
iyo  pirveli,  vinc  gradualizmis  principebs  biologiur  
evolucias  ukavSirebda.  

lamarkis evoluciuri Teoria  

meTvramete  saukuneSi  zogirTi  naturalisti  (darvi-
nis  papis  erazm  darvinis  CaTvliT)  Tvlida,  rom  cocxa-
li  organizmebi  garemos  cvlilebebTan  erTad  icvleba.  
magram  darvinis  mxolod  erTma  winamorbedma  wamoayena  
cocxal  organizmTa  ganviTarebis  sruli  modeli.  es  iyo  
frangi  biologi  Jan  batist  lamarki  (1744-1829).  samwux-
arod,  dRes  ZiriTadad  isRa  axsovT,  rom  lamarks  aras-
wori  Sexeduleba  hqonda  evoluciur  procesebze.  amave  
dros  aviwydebaT,  rom  man  pirvelma  aRiara  evoluciis  
procesi.  is  mixvda,  rom  evoluciis  procesiT  SeiZleba  
aixsnas    ganamarxebul  formaTa  cvalebadoba  da  orga-
nizmis  garemosTan  adaptacia.  lamarkma  Tavisi  Teoria  
1809  wels  gamoaqveyna.  amave  wels  daibada  darvini.  la-
marki  adarebda  Tanamedrove  saxeobebs  ganamarxebul  
formebs.  man  aRmoaCina,  rom  namarxi  naSTebi  danaleq  qa-
nebSi  dalagebulia  qronologiis  mixedviT-  ufro  Zveli-
dan  ufro  axalgazrda  namarxebamde.  yvelaze  bolo  fe-
nas  Tanamedrove  saxeobis  naSTebi  qmnian.  lamarkis  dros  
sayovelTaod  miRebuli  iyo  ori  principi.  is  movlenebis  
axsnisas  am  principebiT  xelmZRvanelobda.  

 suraTi  22.2  darvinis  cxovrebis  da  ideebis  istoriuli  mniSvneloba.  drois  Skalaze  zeviT  gamoxatulia  muqi  lurji  xazebi.  lurji  
xazebiT  aRniSnulia  im  adamianebis  sicocxle,  romelTa  ideebma  gavlena  moaxdines  Tanamedrove  evoluciur  azrovnebaze.  
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pirveli:  organoTa  gamoyeneba  -  gamouyenlobis  prin-
cipi.  lamarki  Tvlida,  rom  sxeulis  is  nawilebi,  rom-
lebsac  cxoveli  intensiurad  iyenebs,  Zlierdeba  da  
zomaSi  izrdeba.  is  nawilebi  ki,  romlebsac  cxoveli  ar  
iyenebs  piriqiT  degradirdeba.  magaliTad:  Jirafs  ux-
deboda  xis  maRli  totebidan  foTlebiT  kveba.  amitom  
mudmivad  Wimavda  kisers.  aseTi  gamudmebuli  varjiSis  
Sedegad  kiseri  daugrZelda.  

meore  principi  aris  SeZenili  niSan-TvisebaTa  mem-
kvidreoba.  lamarki  Tvlida,  rom  organizmis  individuri  
ganviTarebis  periodSi  SeZenili  niSan-Tvisebebi  STa-
momavlobiT  gadacema.  aqedan  gamomdinareobs,  rom  Ji-
rafebs  kiseri  daugrZelda,  vinaidan  isini  kisers  mTeli  
sicocxlis  manZilze    avarjiSebdnen.  lamarkis  Sexedule-
biT  organizmebi  aseve  iclebian,  vinaidan  maT  aqvT  Sina-
gani  swrafva  garTulebisken.  darvinma  uaryo  lamarkis  
idea  da  mas  bunebrivi  gadarCevis  Teoria  daupirispira.  
magram  darvinic  miiCnevda,  rom  evoluciis  procesSi  cv-
lilebebi  SeZenili  niSan-Tvisebebis  memkvidreobis  gamo  
xdeba.  Tanamedrove  genetikuri  gamokvlevebi  uaryofen  
am  azrs;  sadReisod  SeZenil  niSan-TvisebaTa  memkvidreo-
biT  gadaecemis  arcerTi  argumenti  ar  moipoveba.  (su-
raTi  22.4).  

 suraTi  22.4  SeZenili  niSan-Tvisebebi  memkvidreobiT  ar  gadae-
cema.  es  juja  (bonzai)  xe  Zalian  patara  izrdeba.  aseTi  patara  
rom  gaizardos  mas  mudmivad  aWrian  fesvebis  daboloebasa  da  
totebs.  magram  am  juja  xis  Tesls  Tu  davTesavT,  normaluri    xe  
gaizrdeba.  

lamarks  mTeli  cxovrebis  manZilze  mravali  mecn-
ieri  kicxavda.  gansakuTrebiT  mas  kiuvie  upirispird-
eboda.  kiuvie  saerTod  uaryofda  saxeobaTa  evolucias.  
simarTle  rom  iTqvas,  sikvdilis  Semdeg  lamarkma  mec-
nieruli  sazogadoebis  didi  pativiscema  daimsaxura.  
man  mogvca  cocxali  bunebis  safuZvliani  mimoxilva  da  
aRiara  TandaTanobiTi  evoluciuri  cvlilebebis  mimdi-
nareoba.  evoluciuri  cvlilebebi  saukeTesod  xsnidnen  
mis  dakvirvebebs.  

koncefcia 22.1 Semowmeba
1.   am  TavSi  dasxelebul  mecnierTagan  romels  

miaCnda,  rom  saxeobebi  geologiur  droSi    

ucvlelia?  romeli  mecnieri  Tvlida,  rom  

saxeobebi  droTaAganmavlobaSi  icvleboda?  

2.   raSi  mdgomareos  lamarkis  evoluciis  Teor-

iis  arsi?  axseniT  misi  mniSvneloba.  

suraTi  22.3  namarxi  naSTebi  stratigrafiuli  
monakveTidan.  mdinare  koloradom,    daaxloebiT  
2000  m.  siRrmis,  didi  kanioni  warmoqmna.  danaleqi  
qanebi  gaSiSvlda.  is  sicocxlis  istoriis  wignis  
did  furclebs  mogvagonebs.  yovel  stratonSi  
daculia  ganamarxebuli  formebi.  isini  dedamiwis  
Sesabamis  geologiur  periodSi  gavrcelebul  or-
ganizmTa  naSTebs  warmoadgenen.  Teslovani  gvim-
ris  foTlis  (zeviT)Onamarxebi  aris  meCxeri  „hermiT  
Sale`  (Hermit  Shale)  fenidan  (265  milioni  wlis).  
trilobitis  namarxebi  (qveviT)  aris  ufro  Rrma  
„braiT  angel  Sale`  (Bright  Angel  Shale)  fenidan  
(530  milioni  wlis).   
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koncefcia 22.2
naSromSi `saxeobaTa~ warmo
Soba~ darvinma ivarauda, rom  
saxeobebi bunebrivi gadarCevis 
Sedegad icvlebian

mecxramete  saukunis  dasawyisisTvis  sazogadoe-
bas  sjeroda,  rom  saxeobebi  Seqmnis  droidan  ucvle-
lia.  marTalia  ramdenime  Rrubeli  gamoCnda  am  rwmenis  
caze,  magram  arc  erTi  ar  gadaizarda  namdvil  quxilSi,  
ZiriTadad  ca  kvlav  mowmendili  rCeboda.  

darvinis gamokvleva  

Carlz  darvini  (1809-1882)  daibada  dasavleT  inglis-
Si,  SruzberSi.  buneba  mas  bavSvobidan  ainteresebda.  
kiTxulobda  wignebs  bunebaze,  Tevzaobda,  nadirobda  
da  mwerebs  agrovebda.  darvinis  mama  cnobili  eqimi  iyo.  
mas  ver  warmoedgina,  rom  Svili  SeiZleba  naturalisti  
gamxdariyo.  amitom  16  wlis  darvini  ga agzavnes  edinbur-
gis  universitetSi  medicinis  Sesaswavlad.  magram  dar-
vinisTvis  medicina  mosabezrebeli  sagani  iyo.  anestezia  
darvinis  dros  ar  arsebobda,  amgvarad  qirurgiac  misT-
vis  miuRebeli  iyo.  amitom  man  xarisxis  gareSe  datova  
edinburgis  universiteti  da  Sevida  kembrijis  univer-

sitetSi.  darvinma  gadawyvita  RvTis  msaxuri  gamxdariyo.  
mecnierebis  bevri  dargi  imdroinel  inglisSi  eklesiaSi  
viTardeboda.  

kembrijSi  darvins  mfarvelobda  botanikis  profesori,  
reverend  jon  henslo.  darvins  bakalavris  xarisxi  mieniWa.  
Semdgom  henslom  axalgazrda  kursdamTavrebuls  rekomen-
dacia  gauwia  kapitan  robert  fic-roisTan.  Ffic-roi  amza-
debda  dedamiwis  garSemo  samogzaurod  sazRvao  xomald  
„bigls`.  darvini  ekuTvnoda  imave  socialur  fenas,  rac  
fic-roi,  iyo  axalgazrda  da  ganaTlebuli.  is  yvela  mxvriv  
awyobda  fic-rois  da  amitomac  ekipaJSi  Caricxa.  

Mmogzauroba  `bigliT~  

1831  welis  27  dekembers  „biglma`  22  wlis    darvin-
Tan  erTad inglisis  sanapiro  datova.  ekipaJis  ZiriTadi  
mizani  iyo  samxreTi  amerikis  naklebad  Seswavlili  sana-
piro  zolis  rukis  Sedgena.  sanam  mimdinareobda  sanapir-
os  geografiuli  Seswavla,  darvini  napirze  akvirdeboda  
samxreTi  amerikaSi  gavrcelebul  aTasobiT  mcenares  da  
cxovels,  amave  dros  koleqcias  agrovebda.  mas  saSu-
aleba  mieca  Caetarebina  gamokvleva  iseT  gansxvavebul  
garemoSi,  rogoricaa  braziliis  junglebi,  argentinis  
pampasebis  balaxeulobiT  dafaruli  vrceli  velebi,  an-
tarqtidasTan  axlos  mdebare  gaudabnoebuli  kunZulebi  
(tiera  del  fuego)  da  andebis    maRali  mTagrexilebi.  
yvela  am  adgilebSi  is  mcenareebisa  da  cxovelebis  
nairgvar  adaptaciebs  akvirdeboda.  darvinma  SeamCnia,  
rom  samxreT  amerikis  zomier  klimatur  pirobebSi  mo-

  suraTi  22.5   mogzauroba  „bigliT~  
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binadre  mcenareebi  da  cxovelebi  ufro  axlos  idgnen  
samxreT  amerikis  tropikebSi  gavrcelebul  saxeobebTan,  
vidre  evropis  zomieri  klimatis  saxeobebTan.  metic,  ga-
namarxebuli  formebi,  Tumca  cxadad  gansxvavdebodnen  
Tanamedrove  cxovelebisgan,  iyvnen  namdvilad  samxreT  
amerikulni.  isini  Zalian  hgavdnen  am  kontinentze  
gavrcelebul  cocxal  organizmebs.  

mogzaurobis  ganmavlobaSi  darvini  geologiur  dak-
virvebasac  awarmoebda.  „bigliT`  mogzaurobisas  darvins  
zRvis  daavadebam  ramdenjerme  Seutia.  miuxedavad  amisa  
man  waikiTxa  laielis  „geologiis  principebi`.  laielis  
gavleniT  darvinma  Ciles  sanapiro  zolSi  gamoikvlia  ge-
ologiuri  cvlilebebi.  es  cvlilebebi    Zlierma  miwisZ-
vram  gamoiwvia.  darvinma  SeamCnia,  rom  Ciles  sanapiro  
zolis  ramdenime  futiT  aweva  ramdenjerme  moxda.  man  
naxa  okeanis  organizmebi  andebis  mTebSi  da  daaskvna,  rom  
namarxebis  Semcveli  kldeebi  aq  aRimarTnen  miwisZvrebis  
mravali  seriis  Sedegad.  am  dakvirvebam  didi  gavlena  
moaxdina  mis  SexedulebaTa  Camoyalibebaze.  man    dainaxa,  
rom  dedamiwis  ucvlelobaze  da  axalgazrda  asakze  ar-
sebul  tradiciul  Sexedulebas  faqtobrivi  masala  ewi-
naaRmdegeba.  amis  Semdeg  darvinma  laielis  Sexedu leba,  
rom  dedamiwa  mudmivad  icvleboda  gaiziara.  

mogzaurobis  periodSi  „bigli`  galapagosze  SeCerda.  
darvinis  interesi  saxeobebis  geologiuri  gavrcelebis  
mimarT  gaaRrmava  galapagosis  kunZu lebis  Seswavlam.  
galapagosis  arqipelagi  geologiurad  axalgazrda,  vul-
kanuri  warmoSobis  kunZulebia.  is  ekvatorTan,  samxreTi  
amerikidan  dasavleTiT  daaxloebiT  900  kilometrSi,  

mdebareobs  (suraTi  22.5).  darvinze  didi  STabeWdileba  
moaxdina  arqipelagze  gavrcelebulma  ucnaurma  orga-
nizmebma.  galapagosze  man  Seagrova  frinvelTa  koleq-
cia,  romelTa  Soris  iyo  mTiulas  ramdenime  saxeoba.  es  
saxeobebi  Zalian  hgavdnen  erTmaneTs,  magram  msgavsebis  
miuxedavad  sxvadasxva  saxeobebs  warmoadgendnen.  zogi-
erTi  maTgani  mxolod  konkretul  kunZulze  saxlobda,  
sxvebi  gavrcelebulebi  iyvnen  or  an  met  mezoblad  mde-
bare  kunZulze.  darvini  Tavadac  ver  xvdeboda  am  da-
kvirvebis  mniSvnelobas,  vidre  1863  wels  ar  dabrunda  
inglisSi.  inglisSi  darvinmac  da  sxva  mecnierebmac  aR-
moaCines,  rom  galapagosze  mobinadre  saxeobebis  umete-
soba  msoflioSi  sxvagan  arsad  ar  gvxvdeba.  Tumca  isini    
kontinentze  mobinadre  saxeobebs  Camogavda.  darvin-
ma  ivarauda,  rom  galapagosze  mobinadre  organizmebi  
samxreT  amerikidan  iq  SemTxveiT  moxvdnen  da  Semdeg  
sxvadasxva  kunZulebze  gansaxldnen.  

darvini organizmTa    
adaptaciebze amaxvilebs   yuradRebas  

darvinma  Tavidan  gadaafasa  yvelaferi,  rac  naxa  
mogzaurobis  dros.  gadafasebis  Sedegad  is  mixvda,  rom    
garemosadmi  adaptacia  da  axal  saxeobaTa  warmoqmna  
axlo  monaTesave  procesebia.  SesaZlebelia  Tu  ara  axal  
saxeobaTa  Camoyalibeba  winapari  saxeobebidan  gansxvave-
bul  garemosTan  adaptaciebis  TandaTanobiTi  Camoyali-
bebis  Sedegad?  darvinis  mogzaurobis  Semdeg  mravali  
weli  gavida  sanam  biologebi  mividnen  daskvnamde,  rom  

 suraTi  22.6  niskartis  formis  varia-
ciebi  galapagosis  mTiulebSi.  gala-
pagosis  kunZulebze  daaxloebiT  mTi-
ulebis  12-mde  axlo  monaTesave  saxeoba  
binadrobs,  zogi  mxolod  konkretul  
kunZu lebze  gvxvdeba.  Zalian  STambeW-
davia  nis kartis  formebs  Soris  gansx-
vaveba.  niskartis  forma  specifikuri  
sakvebis  mopovebasTanaa  adaptirebuli.  

(a) ikvebeba kaktusebiT
kaktusis miwis mTiulas  
(Geospiza scandens) grZeli 
basri niskarti exmareba 
mas kaktusis yvavilebis da 
rbilobis danakuwebasa da 
WamaSi

(g) ikvebeba marcvlebiT
did miwis mTiulas  (Geospiza 
magnirostris) aqvs farTe niskarti, 
romelic adabtirebulia mcena-
reebidan miwaze Camovardnili 
marcvlebis dasamsxvrevad

(b) ikvebeba mwerebiT
mwvane mgalobeli mTiula  (Certhidea olivacea) iy-
enebs mis viwro basr niskarts mwerebis dasaWerad
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zustad  es  moxda  galapagosis  mTiulebis  SemTxvevaSi.  
mTiulebis  qceva  da  niskartis  forma  adaptirebulia  
ama  Tu  im  kunZulze  arsebul  sakvebTan  (suraTi  22.6).  
darvins  miaCnda,  rom  adaptaciis  warmoSobis  axsniT      
evoluciur  ganviTarebasac  daadgenda.  

1840  wlebis  dasawyisSi  darvini  muSaobda  Tavisi  
Teoriis  ZiriTad  debulebaze  -  bunebriv  gadarCevaze  
rogorc  evoluciis  mTavar  mamoZraveleb  faqtorze.  mas  
Tavisi  ideebi  jer  ar  hqonda  gamoqveynebuli.  darvini  
londnTan  axlos  daunSi  cxovrobda.  susti  janmrTelobis  
gamo  iSviaTad  tovebda  mamuls.  karCaketili  cxovrebis  
miuxedavad  is  gare  samyarosgan  ar  iyo  izolirebuli.  
„bigliT`  mogzaurobis  dros  is  agzavnida  inglisSi  weri-
lebs  da  sxvadasxva  saxeo bis  nimuSebs.  ris  gamoc  metad  
popularuli  natura listi  gaxda.  darvins  intensiuri  mi-
mowera  hqonda  msof lios  gamoCenil  naturalistebTan.  
mas  xSirad  stumrobdnen  laieli,  henslo  da  sxvebi.  

1844  wels  darvinma  saxeobaTa  warmoSobasa  da  bu-
nebriv  gadarCevaze  vrceli  narkvevi  dawera.  mas  ar  un-
doda  Tavisi  Teoriis  gamoqveyneba,  vinaidan  icoda,  rom  
misi  Teoriis  gamoqveynebas  uaryofiTi  reaqcia  mohyveba.  
darvinma  sTxova  meuRles  gamoeqveynebina  misi  naSromis  
narkvevi,  Tu  is  ufro  srulyofili  naS romis  damTavre-
bamde  mokvdeboda.

marTalia  darvinma  gadado  Tavisi  naSromis  gamo-
qveyneba,  magram  is  agrZelebda  Tavisi  Teoriis  dama-
dasturebeli  argumentebis  moZiebas.  laieli  Tavad  ar  
iziarebda  evoluciis  ideas,  miuxedavad  amisa    urCevda  
darvins  naSromis  gamoqveynebas,  sanam  vinme  sxva  ar  mivi-
doda  igive  daskvnamde  da  ar  gaaswrebda  mas.  

1858  wlis  ivnisSi  laielis  varaudi  gamarTlda.  dar-
vinma  miiRo  axalgazrda  britaneli  naturalistis  al-
fred  rasel  uolesis  (1823-1913)  manuskripti.  uolesi  
muSaobda  malais  arqipelagze  da  ganaviTara  darvinis  
ideis  msgavsi  bunebrivi  gadarCevis  Teoria.  uolesi  
sTxovda  darvins  ganexila  misi  naSromi  da  Tu  is  imsax-
urebda  gamoqveynebas  gadaeca  laielisTvis  dasabeWdad.  
darvinma  miswera  laiels:  „  Tqveni  sityvebi  sruliad  
gamarTlda.....  me  arasdros  minaxia  ufro  saocari  Tanx-
vedra.....  ase  rom  mTeli  Cemi  pirveloba,  raoden  didic  
ar  unda  yofiliyo  ganadgurda.`  1858  wlis  1  ivliss  lai-
elma  da  misma  kolegebma  londonis  lines  sazogadoe-
bas  warudgines  uolesis  naSromi,  darvinis  gamouqvey-
nebeli  naSromis  TezisebTan  erTad.  darvinma  swrafad  
daasrula  naSromi  „saxeobaTa  warmoSoba`  da  momdevno  
wels  gamoaqveyna.  marTalia  uolesma  pirvelma  waradgina  
gamosaqveyneblad  Tavisi  idea,  magram  is  Tvlida,  rom  
darvinma  ise  Rrmad  ganaviTara  bunebrivi  gadarCevis  
Teoria,  rom  prioriteti  mas  ekuTvnis.  uolesi  darvinis  
didi  Tayvanismcemeli  iyo.  

10  weli  dasWirda  imas,  rom  darvinis  wignSi  moy-
vanili  argumentebis  meSveobiT  biologebis  didi  na wili  
evoluciur  ganviTarebaSi  darwmunebuliyo.  10  weli-
wadSi  biologebis  umravlesobam  aRiara,  rom  sicocxlis  

mravalferovneba  organuli  samyaros  evoluciis  gan-
viTarebis  Sedegia.  darvinma  warmatebas  miaRwia.  bevri  
darvinamdel  evolucionisti  ZiriTadad  imitom  damar-
cxda,  rom  maT  ar  hqondaT  aseTi  uxvi  TvalsaCino  masala  
da  myari  logikiT  SeiaraRebuli  argumentebi.  darvinis  
pirvel  wigns  male  sxva  mniSvnelovani  naSromic  mohy-
va,  kerZod  ki  naSromi  sqesobriv  gadarCevaze,  romelic  
bunebrivi  gadarCevis  erT-erT  nairsaxeobas  warmoad-
gens.  (ixileT  Tavi  23).

saxeobaTa warmoSoba

saxeobaTa  warmoSobis  TeoriaSi    darvini  or  mTavar  
ideas  aviTarebda:  pirveli,  evoluciiT  SesaZlebelia  
sicocxlis  erTianobisa  da  mravalferovnebas  mizezis 
axsna,  da  meore, adaptaciuri  evoluciis  mi zezi  aris  
bunebrivi  gadarCeva.  

saxeSecvlili STamomavloba

saxeobaTa  warmoSobis  pirvel  gamocemaSi  darvins  si-
tyva  `evolucia~  wignis  dasarulamde  ar  uxmaria.  mis  
nacvlad  is  termin  `saxeSecvlili  STamomavlobas~  iy-
enebda.  es  fraza  ukeT  ajamebda  mis  mosazrebebs  sicocx-
lis  Sesaxeb.  darvini  aRiqvamda  sicocxlis  erTianobas.  
is  Tvlida,  rom  yvela  organizmi,  dawyebuli  uZveles  
warsulSi  mcxovrebi  winaprebidan  moyolebuli,  TaobaTa  
manZilze  erTmaneTs  enaTesaveba.  milionobiT  wlebis  gan-
mavlobaSi  winaparTa  STamomavlebi  sxvadasxva  garemoSi  
vrceldeboda.  gansxvavebul  garemoSi  maT  nairgvari  cv-
lilebebi  da  adaptaciebi  daugrovdaT.  es  adaptaciebi  
maT  gadarCenasa  da  konkretul  garemo  pirobebTan  Seg-
uebaSi  exmarebodnen.  

darvinis  SexedulebiT  sicocxlis  istoria  SeiZleba    
gantotvili  xes  SevadaroT.  saerTo  RerZidan  Tavdapir-
velad  ganStovdebian  martivi  da  uZvelesi  saxeobebi,  
totebis  kenweroebze  ki  rTuli  da  SedarebiT  gvian  Cam-
oyalibebuli  formebi  Tavsdebian.  amgvarad  kenweroebi  
amJamad  arsebul  organizmTa  mravalferovnebas  asaxas.  
yoveli  ganStoebis  adgili  warmoadgens  yvela  im  evolu-
ciuri  xazis  winapars,  romlebic  mogvianebiT  am  wertili-
dan  gantotdnen.  axlo  monaTesave  saxeobebi,  rogoricaa  
aziuri  da  afrikuli  spilo,  Zalian  gvanan  erTmaneTs.  arc  
Tu  ise  didi  xania  rac  isini  saerTo  winaprisgan  gan-
Stovdnen.  sanam  ganitotebobnen  erT  Stos  ekuTvnodnen.  
(suraTi  22.7).  ZiriTadad  evoluciis  ganStoebebis kenw-
eroebi amomwydari formebiT bolovdeba.  odesRac arse-
buli organizmebis daaxloebiT  99%  dRes  gadaSenebulia.  
ase  rom  amJamad  aRar  arseboben  cxovelebi,  romlebic  
Seavsebdnen  cariel  adgils  spi losa  da  mis  uaxloes  na-
Tesavs  -  lamantinsa  da  damans  Soris.  sadReisoT  mxolod  
zogierTi  ganamarxebuli  gardamavali  forma  aris  napovni.    

lines  xedavda  rom  zogi  saxeoba  erTmaneTs  ufro  
metad  Camohgavda,  vidre  sxva  saxeobebs. is  am  msgavsebas  
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evolucias  ar  ukavSirebda.  vinaidan  lines  esmoda  rom  
organizmTa  didi  mravalferovneba  SeiZleba  iyos  orga-
nizebuli  `jgufebad,  romlebSic  sxva  jgufebi  Sedian~  
(darvinis  gamoTqma).  amitom  dar  vinis  Teoria  ZiriTadad  
emTxveva  lines  taqso nomiur  sqemas.  darvini  Tvlida,  
rom  lines  ierarqia  asaxavs  sicocxlis  xis  ganStoebaTa  
istorias.  saerTo  winapridan  warmoSobis  gamo  sagvar-
tomo  xis  Semadgeneli  organizmebi  sxvadasxva  taqso-
nomiur  do neze  erTmaneTs  enaTesavebian.    

bunebrivi  gadarCeva  da  adaptacia  

rogor  moqmedebs  bunebrivi  gadarCeva  da  rogor  xs-
nis  is  adaptacias?  evolucionistma  ernst  mairma  darvi-
nis  bunebrivi  gadarCevis  Teoriis  daskvna  sam    daskvnad  
dayo.  es  daskvnebi  xuT  dakvirvebas  eyrdnoba: *    

 

dakvirveba  #1:  Tu  individTa  yvela  STamomavali  sqesm-
wife  asaks  miaRwevs  da  warmatebulaT  gamravlda,  ma-
Sin  nebismieri  saxeobis  populaciis  zoma  eqsponen-
ciurad  gaizrdeba  (suraTi  22.8).

dakvirveba #2:  sezonuri  fluqtuaciebis  da  gamrav-

lebis  didi  potencialis  miuxedavad,  populaciebs  
raodenobis  SenarCunebis  tendencia  aqvT.

dakvirveba #3:  saarsebo  resursebi  limitirebulia.
daskvna   #1:  Tu  populaciaSi    individTa  raodenoba  

Warbobs,  saarsebo  pirobebs,  maSin  individebs  So-
ris  iwyeba  brZola  arsebobisaTvis.  ris  gamoc  yovel  
TaobaSi  mxolod  STamomavalTa  mcire  nawili  gadar-
Ceba  da  miaRwevs  sqesmwife  asaks.  

dakvirveba #4:  populaciis  wevrebi  niSan-TvisebebiT  
Zlier  gansxvavdebian;  ar  moipoveba  ori  erTmaneTis  
absoluturad  msgavsi  individi  (suraTi  22.9).

dakvirveba #5:  warmoqmnil  variaciaTa  umetesoba  mem-
kvidrulia.  

daskvna #2:  individebis  gadarCena  nawilobriv  da-
mokidebulia  memkvidreobiT  Tvisebebze.  indivi debs,  
romelTa  memkvidreobiTi  niSan-Tvisebebi  mocemul  
garemoSi  maT  gadarCenisa  da  gamravlebis  met  Sans  
utoveben,  Seguebulobis  da  gadarCenis  meti  San si  
aqvT.  isini  met  STamomavlobas  toveben,  vidre  gare-
mosTan  naklebad  Seguebuli  individebi.  

daskvna #3:  individebis  gadarCenis  da  gamravlebis  
araTanabar  SesaZleblobas  populaciis  TandaTano-
biT  cvlilebamde  mivyavarT.  TaobaTa  manZilze  ug-
rovdebaT  arsebobisaTvis  sasargeblo  niSan-Tvisebebi.  

bunebrivi  gadarCeva  Sedegia  imisa,  rasac  Cven  arse-

 *   mairis  naSromi,  biologiuri  azrovnebis  zrda:  mravalferovneba,  
evolucia  da  memkvidreoba  (kembriji,  MA:  harvardis  universitetis  ga-
momcemloba,  1982).

  suraTi  22.7  saxeSecvlili  STamomavloba.  spilos  evoluciuri  xe  ZiriTadad  ganamarxebul  formebs – maT  anatomias,  stratonSi  gamoCe-
nis  Tanmimdevrobasa  da  geografiul  gavrcelebas  efuZneba.  gaiTvaliswineT,  rom  STamomavalTa  totebis  umetesoba  gadaSenebuli  formebiT  
sruldeba.  miuxedavad  didi  garegnuli  gansxvavebisa  (drois  masStabi  suraTze  ar  aris  daculi)  lamantini  da  damani  spilos  uaxloesi  Ta-
namedrove  naTesavebia.  
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bobisaTvis  brZolas  vuwodebT.  darvins  esmoda  im  kav-
Siris  mniSvneloba,  romelic  arsebobs  bunebriv  gadar-
Cevasa  da  organizmis  `Warbi  STamomavlobis  da tovebis~  
unars  Soris.  am  movlenis  gagebas  xeli  Seuwyo  1798  wels  
gamoqveynebulma  tomas  malTusis  narkvevma.  es  narkvevi  
populaciis  zrdas  exeba.  malTusi  adamianebis  ubedure-
bebis  umetesobas,  rogoricaa  avadmyofoba,  SimSili,  
usaxlkaroba  da  omi  ukavSirebda  imas,  rom  adamianis  
populacias  unari  aqvs  ufro  Cqari  tempiT  gaizardos,  
vidre  izrdeba  sakvebi  an  sxva  saarsebo  resursi.  Warbi  
STamomavlobis  datovebis  unari  rogorc  Cans  yvela  sax-
eobisTvis  aris  damaxasiaTebeli  (ix.  sur.  22.8).  

cxovelis  mravali  kvercxidan  gamoCekili  individe-
bidan,  an  mcenaris    mravalricxovani  Teslidan  mxolod  
umniSvnelo  nawili  aRwevs  sqesmwife  asaks  da  tovebs  
STamomavlobas.  danarCeni  nadgurdeba:  an  Wamen,  an  Sim-
SiliT  da  avadmyofobiT  iRupebian,  gamravlebisas  part-
ners  ver  pouloben,  an  sxva  mizezebis  gamo  ar  SeuZliaT  
STamomavlobis  datoveba.  

garemo  faqtorebi  yovel  TaobaSi  cxrilaven  indi-
videbs,  romelTa  memkvidreobiTi  Tvisebebi  mocemul  
garemo  pirobebSi  wamgebiania.  xandaxan  garemo  pirobebi  
ise  icvleba,  rom  zogi  niSan-Tviseba  sxvebTan    Sedare-
biT ufro  sasrgeblo  xdeba.  organizmebi,  romelTa  ni  San-
Tvisebebi ukeT  esadageba  konkretul  garemos  to  veben  
met  STamomavlobas,  vidre  is  organizmebi  romlebTac 
aseTi  Tvisebebi  ar  moepovebaT.  warmatebuli  gamrav-
lebis  unari  sasrgeblo  Tvisebis  mqone  individebs  aqvT  
da  amitom  es  Tvisebebi  Semdeg  TaobaSi  ufro  xSirad  
gvxvdeba.  sasargeblo,  arsebobisaTvis  mniSvnelovani  
niSan-Tvisebebis  sixSiris  zrdas  yovelTvis  aqvs  adgili  
populaciaSi,  imis  miuxedavad  icvleba  Tu  ara  garemo.  

es  evoluciuri  modifikaciis  mniSvnelovani  resursia.  
xelovnuri  gadarCeva.  darvinis  Teoriis  meore  na -

wili  mraval  yofiT  magaliTs  eyrdnoba.  magaliTad  ro-
goricaa  kulturul  mcenareTa  da  Sinaur  cxovelTa  
se leqcia.  adamiani  cvlis  sxva  saxeobebs.    mravali  Tao-
bis  ganmavlobaSi  misTvis  sasurveveli  niSan-Tvisebebis  
mflobel  individebs  amravlebs.  am  process  xelovnuri  
ga darCeva  ewodeba.  xelovnuri  gadarCevis  Sedegad  ada-
mians  mcenareTa  da  cxovelTa  axal  jiSebi  gamoyavs.  Se-
qmnil  jiSebs  garegnulad  velur  winaprebisagan  Zalian  
cota  ram  saerTo  moepovebaT  (suraTi  22.10).  

darvinma  daaskvna,  rom  Tu  xelovnuri  gadarCeva  
SedarebiT  mokle  droSi  aseT  STambeWdav  Sedegs  gvaZ-
levs,  maSin,  rasac  Cven  `bunebriv  gadarCevas~  vuwodebT,  
mravali  aseuli    Taobis  Semdeg  saxeobaTa  mniSvnelo-
van  cvli  lebas  gamoiwvevs.  Amas  adgili  eqneba  maSinac  ki,  
ro  ca  zogi  memkvidreobiTi  niSan-Tvisebis  upiratesoba  
sxvebTan  SedarebiT  mcirea.  sasrgeblo  Tvisebebi  Tan-
daTanobiT  grovdeba  populaciaSi.  nakleb  sasargeblo  
Tvisebebi  ki  qreba.  

bunebrivi  gadarCevis  Teoriis  Sejameba.  kidev  erT-
xel  gavimeoroT  bunebrivi  gadarCevis  mTavari  idea:

  bunebrivi  gadarCeva  individTa  gansxvavebul  
war matebul  gamravlebasTan  aris  dakavSire-
buli  (individebi  gadarCenisa  da  gamravlebis  
gansxvavebul  unars  flo ben).  es  SesaZleb lo-
ba  gansxva vebuli  ga remos  da  gansxvavebuli  
memk vid reuli  niSan-Tvisebis  mqone  indi vidTa  
urTierTkavSir zea  dam ya rebuli.  

  droTa  ganmavlobaSi  buneb ri vi  gadarCevis  mo-
qmedebiT  or ganizmTa  adaptacia    garemosTan  

izr deba (suraTi  22.11).
  Tu  garemo  droTa  ganmavlo baSi  icvleba,  an  

Tu  saxeobis  gar k veuli  jgufi  axal  garemoSi  
gan saxldeba,  bunebrivi  gadarCevis  moqmedeba  
axal  pirobebTan  adaptaciaSi  aisaxeba. zogjer  
adapta ciis  Sedegad  axali  saxeobebi  war mo iq-
mneba.  

sanam  gavagrZelebdeT,  avRniSnoT sami mcire, magram  
mniSvne lo vani  momenti,  romelic  axasia Tebs evolucias 
bunebrivi  ga darCevis  gziT.  pirveli:  Tum ca  bu nebrivi  
gadarCeva  organizmsa  da  saarsebo  ga remos  Soris  urT-
ierTkavSiris  Sedegad  moqmedebs,  magram  individi  ar  
evoluirebs.  populacia  aris  is  elementaruli  erTeuli,  
romelic  evoluirebs  (amjerad  Cven  SegviZlia  ganvmatoT  
populacia  rogorc  individTa  jgufi,  romelic  garkveul  
saxeobas  miekuTvneba,  erTmaneTs  Tavisuflad  ejvareba  da  
konkretul  teritoriaze _  arealSi  binadrobs).  

evolucias  vafasebT  memkvidreobiTi  cvlilebebiT,  
romlebic  xdeba  populaciaSi  warmatebuli  Taobebis  gan-
mavlobaSi.  am  dros  sasargeb lo    memkvidreobiTi  niSan-
Tvisebebis  mqo ne  indvidTa  ricxvi  populaciaSi  ma tulobs.

 S  suraTi  22.9 variaciebi  populaciebSi.  Wiamaiebis  am  po-
pulaciis  wevrebSi  Seferilobis  da  wertilebis  ganlagebis  
variaciebi  memkvidreobiTia,  amitom  bunebriv  gadarCevas  
masze  gavlenis  moxdena  SeuZlia.  

 X suraTi 22.8 
Warbi  STamomavloba.  
nekerCxlis  erTi  
to tic  ki  aTeulo-
biT  frTian  nayofs  
ikeTebs.  Tu  xis  yvela  
STamomavali  gadarCe-
ba,  Cven  male  garSe-
mortymulni  viqnebiT  
nekerCxlis  tyiT. 
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meore  mniSvnelovani  momenti  aris  is,  rom  bunebriv  
gadarCevas  mxolod  memkvidreobiTi  niSnebis  gazrda  an  
Semcireba  SeuZlia,  anu  im  niSnebis,  romlebsac  organiz-
mi    STamomavlobas  gadascems.  Tumca  TviT  organizmic  
sicocxlis  manZilze  garemos  moqmedebiT  SeiZleba  
Seicvalos.    individuri  ganviTarebisas  SeZenili  niSnebi  
zogjer  adapturi  xasiaTisaa.  sadReisoT  ar  arsebobs  
TvalsaCino  argumenti,  rom  aseTi  SeZenili  niSnebi  STa-

momavlobas  memkvidreobiT  gadaeces.  
Cven  unda  ganvasxvavoT  adaptacia,  
romelsac  organizmi  iZens  sicocx-
lis  ganmavlobaSi  da  memkvidreo-
biTi  adaptacia,  romelic  bunebrivi  
gadarCevis  Sedegad  mravali  Taobis  
ganmavlobaSi  grovdeba  populaciaSi.  

aseve  gaxsovdeT,  rom  garemo  faq-
torebi  adgilis  da  drois  mixedviT  
icvlebian.  erTi  da  igive  memkvidre-
obiTi  adaptacia  erT  SemTxvevaSi  
SeiZleba  sasrgeblo  aRmoCndes,  sxva  
SemTxvevaSi  ki  SeiZleba  saziano.  
bunebrivi  gadarCeva  mudmivad  moq-
medebs,  magram  Tu  ra  niSnebi  gamov-
len  wina  planze  garemozea  damokide-
buli.  

ase  rom,  darvins  hqonda  war-
modgenili  sicocxle  rogorc  am  
mcire  Tvisebebis  TandaTanobiTi  Se-
grovebis  Sedegad  miRebuli  ganviTa-
reba.  is  amtkicebda,  rom  drois  didi  
monakveTis  ganmavlobaSi  da  cva-
lebad  pirobebSi  moqmedi  bunebrivi  
gadarCeva  pasuxismgebelia  sicocx-
lis  mTel  mravalferovnebaze.  

koncefcia 22.2 Semowmeba
1.  aRwereT,  darvinis  TeoriiT,  evolucia  bune-

brivi  gadarCevis  gziT,  rogor  ukavSirdebi-

an  erTimeores  Semdegi  koncefciebi:  Warbi  

gamravleba  populaciebSi,  limitirebuli  

resursebi  da  memkvidreobiTi  cvlilebebi.  

2.  axesinT,  ratom  ar  SeiZleba  vTqvaT  konkre-

tul  organizmze,  rom  is  ar  evoluirebs.    

 suraTi  22.10 xelovnuri  gadarCeva.  erTi  velu ri  saxeobidan  xelovnuri  gadarCevis  Sede-
gad  kombostos  nairgvari  jiSi  gamoyvanili.  mcenaris  sxva dasxva  nawilis  (forma,  zoma)  
seleqcis  Sedegad  seleqcionerebma  mravali  gansxvavebuli  jiSi  gamoiyvanes. 

kombosto

yvaviledi

kenweros 
kvirti

gverdiTi 
kvirti

briuselis 
kombosto

foTlebi

foTlovani  kombosto

kolrabi

Rero

veluri mdogvibrokoli

yvavilebi 
da Rero

yvavilovani kombosto

 W suraTi  22.11 mimikria  (mimsgavseba) rogorc evoluciuri  
adap  taciis  magaliTi.  Coqelebis  (mwe  rebis)  monaTesave  saxe-
obebs  gans xvavebuli  zoma  da  Seferiloba  axa siaTebT.  gansx-
vavebuli  garegani  niSnebi gansxvavebul  garemosadmi  adapta-
ciis  Sedegad  CamouyalibdaT.  

(a)  malaiziis yvavilis 
  masgavsi Coqela, 

(b) afrikis joxis msgavsi 
  Coqela
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koncefcia 22.3
darvinis Teoriis meSveobiTbiT 
mravalimovlenis axna SeiZleba  

mecnierebi  eZeben  bunebrivi  movlenebis  asaxsnelad  
materialur  axsnas  (ixileT  Tavi  1).  evoluciis  Teoria  
am  movlenebis  mravalmxriv  da  Semajamebel  axsnas  iZl-
eva.  is  bunebrivi  movlenebiT  xsnis  biologiis  mravali  
dargis  mravalferovan  monacemebs.  msgavsad  ZiriTadi  
mecnieruli  Teoriebisa,  darvinis  evoluciis  Teoriac  
mudmivad  mowmdeba  mimdinare  dakvirvebebiT  da  eqsperi-
mentebis  SedegebiT.  mecni erebs  ainteresebT,  Tu  ramde-
nad  efeqturad  xsnis  is  am  dakvirvebebs.  iqneb  darvinis  
Teoriis  yvelaze  pirdapiri  mtkicebas  gvaZlevs  moqmed  
bunebriv  gadarCevaze  dakvirveba.    

bunebrivi gadarCeva moqmedebaSi

bunebrivi  gadarCeva  populaciaSi  evoluciis  meqa-
nizmia.  modiT  amis  sailustraciod  ori  magaliTi  gan-
vixiloT.  

gansxvavebuli  mtacebloba  
da  gupis  populaciebi  

gupi  (Poecilia  reticulata)  aris  mcire  zomis  mt-
knari  wylis  Tevzi.  albaT  ginaxavT.  moyvarulebs  gu-
piebi  akvariumSi  xSirad  hyavT.  jon  ebdleri  (kalifor-
niis  universiteti,  santa  barbara)  da  david  rezniki  
(kaliforniis  universiteti,  riversaidi)  mravali  wlis  
ganmavlobaSi  ikvlevdnen  gupis  bunebriv  populaciebs.  
es  populaciebi  kunZul  trinidadaze,  mdinare  aripos  
auzis  tborebSi,.  binadroben.

mkvelvarebi  akvirdebodnen  populaciebs  Soris  sx-
vaobas  saSualo  asakSi  da  zomaSi,  romlebSic  gupi  aRw-
evs  sqesobriv  simwifes.  sqesobrivi  simwifis  asakisa  da  
sxeulis  zomis  cvlilebebi  korelaciaSia  yvelaze  aqti-
uri  mtaceblis  tipTan,  romelic  am  populaciis  wevre-
bze  nadirobs.  zog  tborSi  ZiriTadi  mtacebeli  da  gu-
piebis  mTavari  mteri  aris  patara  Tevzi  gambuzia.  is  
ZiriTadad  mozardebiT  ikvebeba.  sxva  tborebSi  ZiriTa-
dad    qariylapia  –  cixlida  mtacebobs.  igi    gambuziaze  
gacilebiT  didi  zomisaa.  cixlida  Zi riTadad  Tavs  esx-
mis  sqesmwife  individebs.  im  popula ciebis  gupiebi,  rom-
lebzec  nadirobs  qariylapia  _  cixlida  ufro  adreul  
asakSi  iwyeben  gamravlebas  da  saSualod  ufro  mcire  
zomis  aRweven  sqesmwifobas,  vidre  gupiebi,  romlebzec  
gambuzia  nadirobs.

Tumca  mtaceblis  tipTan  korelacia  TvalsaCinoa,  ar  
aris  aucilebeli  is  gupiebis  zomis  da  wonis  mizezi  da  

Sedegi  iyos.  mecnierebma  gadawyvites  SeemowmebinaT  da-
kavSirebulia  Tu  ara  Tevzebis  zomisa  da  sxeulis  wonis  
sxvaoba  bunebriv  gadarCevasTan.  reznikma  da  endlerma  
gupiebi  qariylapia  _  cixlidas  gubeebidan  im  tborebSi  
gauSves,  romlebSic  gambuzia  saxlobda.  aRsaniSnavia,  
rom  gupiebi  am  tborebSi    saerTod  ar  binadrobdnen  
(suraTi  22.12).  momdevno  TerTmeti  wlis  ganmavlobaSi,  
mkvelvarebi  adarebdnen  gaSvebuli  sqesmwife  gupiebis  
asaksa  da  zomas,  sawyisi  populaciis  gupiebis  asaksa  
da  zomasTan.  30-60  Taobis  Semdeg  gadayvanili  sqesm-
wife  gupiebis  14%  ufro  mZime  wonis  aRmoCnda,  vidre  
individebi  romlebic  ar  iyvnen  gadasmulni.  gadayvanil  
TevzebSi  sqesmwifobis  saSualo  asakic  gaizarda.  es  
Sedegi  adasturebs  hipoTezas,  rom  bunebrivi  gadarCeva  
iwvevs  populaciebSi  sxvaobas.  daskvna:  vinaidan  qari-
ylapia  _  cixlidebi  ZiriTadad  nadiroben  sqesmwife  
zrdasrulebze,  gadarCenis  da  ramdenjerme  gamravlebis  
albaToba  gupisTvis  sakmaod  dabalia.  gadarCenis  da  
gamravlebis  meti  albaToba  amdagvar  tborebSi  aqvT  im  
gupiebs,  romelTa  zoma  da  asakic  sqesmwifobis  miRw-
evis  dros  mcirea.  adre  miRweuli  sqesmfwifobis  meS-
veobiT  isini  erTxel  mainc  aswreben  gamravlebas,  vidre  
im  zomas  miaRweven,  romelzec  qariylapia _ cixlidas  
uyvars  nadiroba.  gambuzian  tborebSi  ki  im  gupiebs  rom-
lebic  adreul  asakSi  mtacebels  gadaurCnen  SeuZliaT  
nela  gaizardon  da  patarebis  ramdenime  Taoba  dato-
von.  reznikis  da  endleris  kvleva  aris  erTi  im  mravali  
dafiqsirebuli  magaliTidan  romelic  xdeba  drois  Se-
darebiT  mcire  monakveTSi.  es  cda  bunebriv  pirobebSi  
ganxorcielebuli  evoluciis  magaliTia.

samkurnalo  preparatebisadmi   
rezistentuli  aiv-is  (adamianis   
imunodefecitis  virusis)  evolucia

imis  SemaSfoTebeli  magaliTi,  rom  bunebrivi  gadar-
Ceva  mudmivad  mimdinareobs  da  uSualo  gavlenas  ax-
dens  Cvens  sicocxleze  aris  samkurnalo  preparatebi-
sadmi  rezistentuli  paTogenur  formaTa  evolucia.  
baqteriebi  da  virusebi  Zalian  swrafad  mravldebian.  
amis  Sedegad  populaciaSi  Zalian  swrafad  izrdeba  im  
cvlilebis  sixSire, romlic individebs  gark veuli  pre-
paratis  mimarT  rezistentulobas  sZenen.

ganvixiloT  aiv  virusis  magaliTi,  romelic  iw vevs  
Sids  (ixileT  Tavi  18  da  Tavi  43).  mkvlevarebma  daa-
vadebis  aRsakveTad  mravali  saxis  samkurnalo  pre parati  
Seqmnes.  magram  am  wamlebis  gamoyenebis  Se degad  xdeba  
wamlis  mimarT  mdgradi  virusebis  ga  darCeva.  mkurnalo-
bis  dasawyisSi  virusebs  Soris  Se iZleba  SemTxveviT  aR-
moCndes  konkretuli  wamlis  mimarT  ramdenime  mdgradi  
virusi.  virusebi,  romlebic  mkurnalobis  dasawyisSi  pre-
parats  gadaurCebian,  wamlisadmi  rezistentobis  genebs  
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Tavis  STamomavlobas  gadacemen  amgvarad  wamlis  mimarT  
mdgradi  virusebis  raodenoba  swrafad  izrdeba.  

22.13  suraTze  naCvenebia  aiv-is  evolucia,  romelic  
preparat  3TC-s  mimarT  rezistentulia.  mecnierebma  Se-
qmnes  iseTi   3TC  preparati,  romelic    reversiul  (piru-
ku)  transkriptazaze  zemoqmedebs.  adamianis  maspinZel  
ujredSi  virusis  enzimiT  aiv-is  rnm  genomidan  dnm-is  
asli  warmoiqmneba  (ixileT  suraTi  18.10).  vinaidan   3TC  
molekula  C  (citozini)  nukleotidis  zomisaa,    aiv-is  
reversiuli  transkriptaza  dnm-is  sinTezisas  citozi-
nis  nacvlad  jaWvSi   3TC  molekulebis  CarTvas  axdens.  

Secdomis  Sedegad    virusis  dnm-is  
jaWvis  Semdgomi  sinTezi  iblokeba  
da  aiv-is  gamravleba  wydeba.  

aiv-is  3TC-s  mimarT  rezisten-
tul  formebs  sxva  tipis  rever-
suli  transkriptazac  moepovebaT.  
am  transkriptazas  SeuZlia  ganasx-
vaos  saxecvlili  da  normaluri  C  
nukleotidi.  roca   3TC  preparats  
ar  iyeneben  am  genis  mfloebel  vi-
rusebs  aranairi  seleqtiuri  upi-
ratesoba  ar  moepovebaT.  Cveu-
lebriv  garemoSi  isini  ufro  nela  
mravldebian,  vidre  Cveulebrivi  
genis  mflobeli  virusebi.  magram  
roca  saarsebo  garemoSi   3TC  pre-
paratia,  igi  gadarCevis  (seleqciis)  
mZlavri  faqtori  xdeba.  wamlis  moq-
medebis  Sedegad  mxolod    rezisten-
tuli  virusebi  mravldebian.  

bunebrivi  gadarCevis  es  mag-
aliTebi  or  mTavar  punqts  aSuqeben.  
pirveli:  bunebrivi  gadarCeva  ufro  
metad  dagrovebiTi  procesia,  vidre  
SemoqmedebiTi.  Preparati    ar  qmnis  
rezistentul  paTogenur  formas.  
igi  populaciaSi  arsebul  rezisten-
tul  individebs  gadaarCevs.  meore:  
bunebrivi  gadarCeva  damokidebulia  
drosa    da  sivrceze.  misi  moqmedeb-
iT  genetikurad  araerTgvarovani  
populaciidan  konkretuli  garemo-
sadmi  ufro    Seguebul  formebis  
gadaCeva  mimdinareobs.  konkretul  
garemoSi    sasurveli  niSani,    Sei-
Zleba  ar  iyos  misaRebi  da  mavnec  
ki  aRmoCndes  sxva  garemoSi.  gupis  
magaliTze,  individebi,  romle-
bic  sqesmwifobas  adreul  asakSi  
da  mcire  zomisas  aRweven,  kargad  
mravldebian  qariylapia-cixlidian  
tborebSi,  magram  cudad  mravldebi-
an  gambuzebian  garemoSi.

homologia, biogeografia  

da namarxebis registracia

axlaxan  ganxiluli  ori  magaliTi  mowmobs,  rom  bune-
briv  gadarCevas  sakmaod  swrafad  SeuZlia  Sedegis  moce-
ma.  Cvens  SemTxvevaSi  mkvlevarebis  Semdegi  Taobac  ki  ar  
gaxda  saWiro  Sedegis  mosapoveblad.  unda  vTqvaT,  rom  
darvinis  Teoria  erTianad  xsnis  anatomiur,  embriolo-
giur,  molekulur,  biogeografiul  da  paleontologiur  
dakvirvebebs.  

SekiTxva SeuZlia Tu ara mtacebels gavlena moaxdinos gu
piebis zomasa da asakze sqesobrivi simwifis miRwevisas?

suraTi  22.12 

eqsperimenti

Sedegebi

daskvna

rezniks da endlers gadahyavdaT gupiebi gubeebidan sadac binadrobda qariylapia cix-
lida gambuziis gubeebSi da sazRvravdenen sqesobriv simwifes miRweuli gupiebis saSualo asaks da zomas 11 
wlis ganmavlobaSi (30-dan 60 Taobamde)

mtacebeli: gambuzia; ikve-
beba ZiriTadad mcire zomis 
gupiebiT

gupiebi: sqesobrivi simwifis miRwevi-
sas ufro didi zomis arian, vidre isi-
ni, romlebic qariylapia cixlidebis 
gubeebSi binadroben 

eqsperimentis 
msvlelobis 

dros gupiebis 
gadayvana

gube sadac binadroben 
gambuziebi, magram 
gupiebi gadayvanamde 
ar binadrobdnen

mtacebeli: qariylapia cixlida ikvebeba ZiriTadad didi 
zommis gupiebiT

gupiebi: ufro mcire zomis arian sqesmwifobis miR-
wevisas, vidre isini, vinc `qariylapia cixlidebis 
gubeebSi~ arian

11 wlis Semdeg sqesmwife gupiebis saSualo asaki da zoma gadayvanil populaciaSi im gu-
piebTan SedarebiT gaizarda, romlebic iyvnen sakontrolo populaciaSi

reznikma da elderma daaskvnes, rom mtaceblis cvlileba aisaxeba populaciis sxvadasxva 
Tvisebebis (didi zoma da sqesmwifobis ufro swrafi miRweva) win wamowevaSi. eqsperi-

mentalur populaciaSi evoluciuri cvlilebi gadarCevis pirobebis Secvlis Sedegad moxda SedarebiT mcire 
droSi. 
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          mamrebi    mdedrebi

sakontrolo populacia: 
gupiebi gubeebidan, sadac 
mtacebelia qariylapia 
cixlida

eqsperimentaluri popu-
lacia: gupiebi, romlebic 
gadaiyvanes gubeebSi, sadac 
mtacebeli iyo gambuzia. 
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homologia

darvinis  koncefcias  saxeSecvlili  STamomavlo 
-bis  Sesaxeb  SeuZlia  axsnas,  Tu  ratom  hgvanan  gar-
kveuli  niSnebi  monaTesave  saxeobebSi,  miuxedavad  
imisa,  rom  am  niSnebs  SeiZleba  gansxvavebuli  funqci-
e bi  hqon deT.  aseTi  msgavseba  saerTo  winaprisgan  war-
moSobis  Sedegia.  is  cnobilia  homologiis  saxeliT.      
ana   tomiuri  homologiebi.  SedarebiT  anatomiaSi  mo-
po  vebuli  aRmo CenebiT  dasturdeba  rom  evolucia  gar-
daqmnis  process  warmoadgens.  es  Cans  saxeobebis  sxe-
ulis  nawilebis  Se darebiT.  yvela  ZuZumwovaris  kidurs:  
katis,  veSapis,  Ramuras  da  ada mianis  CaTvliT,  mxris    Zv-
lebis  msga v    si  agebuleba  gaaCnia.  amave  dros  am  kidurebs  
SeiZleba  Zalian  gan sxvavebuli  funqciebi  hqondeT:  _  
saxtomi,  sasiarulo,  sa  curao  da  safreni  (suraTi  22.14).  
aseTi  anatomiuri  msgavseba  ar  iqneboda,  yovel  saxeo-
baSi  kiduri  rom  damoukideb lad  da  xelaxla  ganviTare-
buliyo.  sxvadasxva  ZuZumwovris  xeli,  wina  fexi,  lasti  
da  frTaò homologiuri  struqturebia,  isini  im  struq-
turis  variaciebs  warmoadgenen,  romelic  maT  saerTo  
winapars  hqonda.  

SedarebiTi  embriologia  cxove lebis  ganviTarebis  
adreuli  stadiebis  urTierT  Sedarebas  axdens.  Se-
darebiTi  embriologiis  gamoyenebiT  vxvdebiT  im  dam-
atebiT  anatomiur  ho mologiebs,  romlebic  zrdasrul  
organizmSi  aRar  Cans.  magaliTad,  yve la  xerxemlianis  
embrions  ganviTarebis  romelime  etapze  aqvs  anusis  pos-
teriuli  kudi,  aseve  aqvs  faringuli  (xaxis)  jibakebi.  
es  embrionuli  struqturebi  viTardebian  Zalian  gansx-
vavebuli  funqciebis  mqone  homologiur  struqturebad.  

amis  magaliTia  layuCebi  TevzSi  da  yuris  an  xaxis  
nawilebi  adamiamSi.  

homologiuri  struqturebidan  yvelaze  damaintri-
gebelia  zogi  rudimentuli  organo.  rudimentuli  or-
gano  aris  im  struqturis  narCeni,  romelic  winapar  
organizmSi  mniSvnelovan  funqciebs  asrulebda.  magali-
Tad,  zogi  gvelis  ConCxis  daTvalierebisas  SeiZleba  da-
vinaxoT  menjis  da  kiduris  Zvlebis  narCenebi.  es  imis  
maCvenebelia,  rom  gvelis  winapars  siaruli  SeeZlo.

vinaidan  gvels  kidurebi  sul  ar  sWirdeba,  bunebriv-
ma  gadarCevam  upiratesoba  mianiWa  gvelis  im  winaprebs,  
romelTa  kidurebi  TaobebSi  TandaTanobiT  pataravde-
boda.  gveli  rom  Tavidanve  gamoyofiliyo  sxva  xerxem-
liani  cxovelebisgan,  mis  ConCxSi  am  rudimentur  struq-
turebs  ver  vnaxavdiT.    

vinaidan  evoluciis  Sedegad  mxolod  arsebuli  struq-
turebis  da  funqciebis  modificireba  xdeba,  is  xSirad  
gvaZlevs  arasrulyofil  Sedegs.  magaliTad:  ada mianis  
muxlis  saxsari  da  xerxemali  ganviTarda  im  winapari  
struqturebidan,  romlebic  xels  uwyobdnen  oTx  fexze  
siaruls.  amitom  TiTqmis  yvela  adamians  sibereSi  awuxebs  
muxlis  an  xerxemlis  problemebi.  es  struqturebi  Tavi-
danve  rom  zeamarTuli  siarulisTvis  ganviTarebuliyvnen,  
aseTi  malfuWebadebi  ar  iqnebodnen.  anatomiuri  gardaqm-
na,  romelmac  xeli  Seuwyo  Cveni  winaprebis  zeamarTul  
siaruls,  nawilobriv  gamowveuli  iyo  Cveni  evoluciis  
mimdinareobiT.  

molekuluri  homologiebi.  biologebi  organiz mebs  
Soris  msgavsebas  molekulur  donezec  afiqsi reben.  yve-
la  cocxal  organizms  msgavsi  genetikuri  aparati  (dnm  
da  rnm)  da  universaluri  genetikuri  ko di  gaaCnia  (ixi-
leT  Tavi  17).  

radganac  genetikuri  kodi  yvela  organizmisTvis  
saerToa,  ese  igi  yvela  arsebuli  saxeoba  erTi  saerTo  
winapris  STamomavalia.  molekuluri  homologiebi  uni-
versalur  kodze  ukeTesad  aCveneben  organizmebis  ms-
gavsebas.  organizmebi  gansxvavdebian,  Tumca  adamianebs  
da  baqteriebs  Soreuli  saerTo  winaprisgan  miRebuli  
bevri  saerTo  geni  aqvT.  adamianis  da  veSapis  wina  ki-
durebis  msgavsad,  es  genebic  xSirad  sxva dasxva  funq-
cias  asruleben.  

homologiebi  da  sicocxlis  xe. darvinis  sicocxlis  
xis  evoluciur  koncefcias  SeuZlia  homologiebis  axsna.  
zogi  homologia,  magaliTad  genetikuri  kodi,  yvela  sax-
eobisTvis  saerToa,  vinaidan  is  metad  Soreul  winapars  
gaaCnda.  SedarebiT  gviani  homologiebi,  saerToa  xis  
ufro  mcire  ganStoebebisTvis.  maga liTad,  yvela  tet-
rapoda  (oTxfexiani,  berZnulidan  tetra  _  oTxi  pod  _  
fexi)   _  Seadgens  xerxemlianebis  tots,  romelic  Sedgeba  
amfibiebisgan,  reptiliebisgan  (frinvelebis  CaTvliT)  da  
ZuZumwovrebisgan.  maT  aqvT  msgavsi  xuT-TiTiani  kiduri  
(kiduri  gamosaxlia  22.14  suraTze).  ase  rom  homologie-
bi  SeiZleba  warmovidginoT  Sreebian  sqemad.  ufro  Rrma  
Sre  saerToa  mTeli  sicocxlisTvis,  im  homologiebs,  

 suraTi  22.13  aiv-Si  wamlis  rezistentulobis  evolucia.  
roca pacientebs  anti  aiv  preparat  -  3TC  preparatiT  mkurnaloben  
maTSi  wamlis  mimarT  rezistentuli  virusebi  ufro  Cqara  mravl-
debian.    ramdenime  kviraSi  populaciaSi  3TC-s  mimarT  rezistentuli  
virusis  raodenoba  100%  -s  aRwevs.    

3T
C

-s
 m

im
ar

T
  r

ez
is

t
en

t
u

l
i 

ai
v 

pa
c

ie
nt

eb
i

pacienti 
#1 pacienti 

#2

pacienti 
#3

kvirebi



549

romlebic  msxvili  jgufeebisTvis  saerToa,  ufro  mcire  
jgufebSi  sxva  homologiebic  emateba.  mravalSriani  sqema  
Seesabameba  sicocxlis  saerTo  winaprisgan  ganviTarebis  
da  gamravalferovnebis  sqemas.    

saxeobebs  Soris  anatomiuri  msgavseba  aisaxeba  maT  
molekulebSi  _ genebSi  (dnm)  da  genis  moqme debis  
produqtSi (cilebi). 22.16 suraTze  gamosaxulia ada -
mianis  hemoglobinis  (cila  romelic  Jang badis  tran-
portirebas  axorcielebs)  Sedareba  sxva  xerxemlianebis  
hemoglobinTan  kerZod  ki  hemoglobinis  Se madgeneli  
aminomJavebis TanmimdevrobasTan.  Se-
degebi  gvaCvenebs  evoluciuri  naTe-
sauri  kavSirebis  igive  sqemas,  rogor-
sac  viRebT  sxva  cilebis  Sedarebisas,  
an  SedarebiT  anatomiaze  dafuZnebuli  
naTesauri  kavSirebis  Sefasebis  dros.  

darvinistuli Sexedulebebidan ga-
momdinare,  SeiZleba  vivaraudoT  rom  
monaTesave  organizmebis  jgu febSi  ho-
mologiuri  niSnebi  msgavsad  evolu-
ireben.  

biogeografia  

saxeobebis  geografiul  gavrcele-
bas  biogeografia  ikvlevs.  darvinis  
dakvirveba  saxeobebis  geogra fiul  
gavrcelebaze  warmoadgens  evoluciis  
istoriis  mniSvnelovan  nawils.  axlo  
monaTesave  saxeobebi  napovnia  erT  
da  igive  geografiul  regionSi.  sxva-
dasxva  geografiul  regionebSi  msgavsi  
ekologiuri  niSebi  ki  sxvadasxva  saxe-
obebiT  aris  dakavebuli  (Tum ca  zogi  
es  saxeoba  Zalian  hgavs  erTmaneTs).

avstralia  ZuZumwovrebis  erTi  
jgufis _  CanTos nebis  samosaxloa.  
CanTosnebi  gancalkevebulia  deda miwis  
danarCen  nawilSi  gavrcelebul  ZuZum-
wovarTa  sxva  jgufisgan  _  placen-
tianebisgan.  (placentianebi embrionul  
ganviTarebas  saSvilosnsoSi  gadian,  
CanTosnebi  ki  embrionis  stadiaze  
ibadebian  da  ganviTarebas  dedis  mu-
clis  nakecSi  _   CanTaSi  as  ruleben).  
zogierTi  avstraliuri  CanTosani  
garegnulad  Zalian  hgavs  placen-
tians,  msgavsi  adaptaciebic  gaaCnia.  
magaliTad  tyis  binadari CanTosani  
_  avstraliuri  mfri navi  ciyvi  erTi  
ieriT    Camogavs  placentian  mfrinav  
ciyvs.  placentiani  mfrinavi  ciyvebi  
Crdilo eTi  amerikis  tyeebSi  binadro-
ben  (suraTi  22.17).  mag ram  avstraliur  

CanTosan  mfrinav  ciyvs  moepoveba  bevri  sxva  niSani,  
romlebic  mas  placentiani  mfrinavi  ciyvisgan  ganasx-
vavebs.  is  gacilebiT  ufro  axlos  dgas  kengurusTan  da  
sxva  avstraliur  CanTosnebTan,  vidre  sxva  placentian  
mfrinav  ciyvebTan  an  sxva  placentianebTan.  darvinis  
TeoriiT  es  movlena  advilad  ixsneba.  

marTalia  es  ori  ZuZumwovari  msgavs  garemosTan  ms-
gavsad  aris  adaptirebuli,  magram  isini  sxvadasxva  wi-
naprisgan  damoukideblad  ganviTardnen.  avstraliuri  
mfrinavi  ciyvi  aris  CanTosani,  ara  imitom,  rom  Can-

 suraTi  22.15  xerxemlianTa  Canasaxebis  anatomiuri  msgavseba.  yvela  xerxemlianis  em-
brions,  embrionuli  ganviTarebis  garkveul  stadiebze  aqvs  anusis  posteriuli  kudi  da  
salayuCe  jibakebi.  embionebis  aseTi  msgavseba  aixneba  imiT,  rom  yvela  xerxemlians  saerTo  
winapari  hyavda.  

 suraTi  22.14  ZuZumwovrebis  wina  kidurebi:  homologiuri  struqturebi.  marTalia  ki-
durebi  adaptirebulia  sxvadasxva  funqciis  Sesasruleblad,  magram  yvela  ZuZumwovris  wina  
kiduri  warmoiqmna  erTi  da  igive  sabazo  ConCxis  elementebidan:  erTi  didi  Zvlidan  (ruxi  
feri)  romelic  mimagrebulia  or  ufro  mcire  Zvalze  (muqi  da  Ria  narinjisferi)  es  Zvlebi  
Tavis  mxvriv  dakavSirebulia  ramdenime  mcire  Zvalze  (yviTeli),  isini  ki  dakavSirebulia  5  
TiTTan  an  falangebTan  (yavisferi).

adamiani kata veSapi Ramura

qaTmis embrioni (sm) adamianis embrioni

layuCis 
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post-analuri 
kudi
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Tosnoba  aucilebelia  misi  `frenisTvs~,  ubralod  imi-
tom,  rom  misi  winapari  iyo  CanTosani.  avstraliis  uni-
kaluri  fauna  gaxda  ufro  mravalferovani  imis  Semdeg,  
rac  moxda  avstralia  danarCen  xmeleTs.  ga moeyo.  dan-
arCen  kontinentebze  placentianebis  gamravalferovneba  
moxda.  msgavseba  CanTosan  mfrinav  ciyvsa  da  placen-
tian  mfrinav  ciyvebs  Soris  ar  aris  homologia,  es  aris  
egreT  wodebuli  konvergentuli  evoluciis  magaliTi  
(konvergencias  Cven  25  TavSi  ufro  dawvrilebiT  gan-
vixilavT).

ar  aris  gasakviri,  rom  dakvirveba  galapagosis  kun-
Zulebis  cocxal  formebze  aseTi  mniSvnelovani  iyo  
darvinis  azrovnebisTvis.  darvinis  droidan  glapagosis  
kunZulebi  evoluciaze  geografiuli  gavlenis  klasi-
kuri  magaliTia.  galapagosis  kunZulebze  mcenareTa  da  
cxovelTa  mravali  endemuri  saxeoba  saxlobs.  

endemi  iseT  saxeobas  niSnavs,  romelic  msoflioSi,  
konkretuli  adgilis  garda,  sxvagan  arsad  ar  gvxvde-
ba.  metic,  mogzaurobis  dros  mopovebuli  koleqciis  
gadamowmebisas  darvinma  aRmoaCina,  rom  kunZulebze  
gavrcelebul  saxeobaTa  umetesoba    enaTesaveba  uax-
loesi  materikis  an  mezobeli  kunZulis  saxeobebs.  
amiT  aixneba,  rom  msoflios  sxvadasxva  nawilSi  ganla-
gebuli,  msgavsi  garemo  pirobebis  mqone  ori  kunZuli  
dasaxlebulia  aramonaTesave  saxeobebiT.  am  kun Zulebis  
saxeobebi,  ufro  gvanan  sakmaod  gansxvavebuli  garemo  
pirobebis  mqone  uaxloesi  materikis  saxeobebs.  biogeo-
grafiis  mxvriv  gansakuTrebiT  sainteresoa  galapagosis  

msgavsi  kunZulTa  jgufi  an  arqipelagi.  Tu  materiki-
dan  kunZulebze  gavrcelebuli  saxeobebi  axal  garemoSi  
warmatebulad  gamravldnen,  arqipelagis  sxva  kunZule-
bze  populaciaTa  gavrcelebis  Sedegad  SeiZleba  da-
sabami  mieces  ramdenime  axal  saxeobas.  galapagosis  kun-
Zulebis  mTiulebi  am  procesis  kargi  magaliTia  (ixileT  
suraTi  12.30).  

kenes  kaneSirom  havais  kunZulebze  gavrcelebuli  
drozofilas  ramdenime  aseuli  saxeoba  Seiswavla.  isini  
aseve  warmoadgenen  axal  garemoSi  saxeobebis  warmoqmnis  
magaliTs.  (ixileT  interviu  ------  gverdebze).

namarxebi

Nganamarxebul  formaTa  Saswavlisas  stratonebSi  g a-
mov lenil  formebis  Tanmimdevroba  Tanxvdeba  sicocx-
lis  xis  ZiriTadi  totebis  naTesaobis  hipoTezas.  magal-
iTad,  bioqimiis,  molekuluri  da  ujreduli  biologiis  
monacemebis  SedarebiT  im  daskvnamde  mivdivarT,  rom  
prokariotebi  yvela  cocxali  organizmebis  winaprebia.  
SegviZlia  vivaraudoT,  rom  qanebis  yvelaze  uZveles  
fenebSi  ganamarxebuli  formebidan  mxolod  prokari-
otuli  organizmebi  iqnebian.  marTlac,  cnobil  yvelaze  
Zvel  ganamarxebul  formas  prokariotebi  warmoadgenen  
(ixileT  Tavi  26).    

darvinis  sicocxleze  Sexedulebidan  gamomdin-
areobs,  rom  evoluciuri  gadasvlebi  unda  dafiqsire-
buliyvnen  ganamarxebul  formebSi.  marTlac,  mravali  

 S suraTi  22.16 sxvadasxva  ZuZumwovrebis  cilebis  Sedareba.  

 suraTi  22.17  gansxvavebuli  geografiuli  regionebi,  
ZuZumwovrebis  gansxvavebuli  `jiSebi~.    CanTosani  mfrinavi  
ciyvi  aris  gansxvavebuli  CanTosanis  arsebobis  magaliTi,  
romelic  kunZulis  msgavs  avstraliis  kontinentze  izoli-
rebulad  Camoyalibda.  garegnulad  CanTosani  mfrinavi  ciyvi  
saocrad  hgavs  CrdiloeTi  amerikis  placentian  mfrinav  
ciyvs.  am  or,  didi  manZiliT  daSorebul,  ZuZumwovrTa  jgufs  
haerSi  planirebis  unari  damoukideblad  CamouyalibdaT.  

adamianis hemoglobinis polipeptidis amino-

mJavebis identuri aminomJavebis procenti.

saxeobebi
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gardamavali    ganamarxebuli  formaa  paleontologebis  
mier  aRmoCenili.  isini  gadaSenebul  organizmebs  Taname-
drove  saxeobebTan  akavSireben.  magaliTad,  namarxebis  
Seswavlisas  mkvlevarebma  miagnes  imis  damamtkicebel  
masalas,  rom  frinvelebi  dinozavrebis  erT-erTi  totis  
STamomavlebia.  iseTi  veSapis  namarxi  naSTebs  miakvlies,  
romlebic  wylis  ZuZumwovrebs  maT  xmeleTis  winapre-
bTan  aerTianebs  (suraTi  22.18).

biologiaSi  darvinis  Teoriam  droTa  gamocdas  gauZ-
lo.  is  sarwmunoa,  vinaidan  xsnis  mraval  gansxvavebul  
dakvirvebas:  anatomiur  da  molekulur  homologiebs,  
romlebic  aerTianeben  Tvisebebs  sivrcesa  (biogeogra-
fia)  da  droSi  (namarxebi).  bunebrivi  gadarCeviT  SeiZle-
ba  avxsnaT  naTesaurad  dacilebul  saxeobebSi  msgavsi  
adaptaciebis  damoukidebelad  ganviTareba. magaliTad:  
CanTosani  mfrinavi  ciyvi  da  mfrinavi  ciyvi.  

maS ra araa sarwmuno darvinis   

SexedulebebSi? 

 zogi  adamiani  uaryofs  darvinis  Sexedulebas  si-
cocxleze  da  ambobs  rom  es  `mxolod  Teoria  aris~,  
Tumca  rogorc  Cven  vnaxeT,  darvinis  Teoria  uamrav  mo-
nacemebs  xsnis,  bunebrivi  gadarCevis  Sedegi  ki  SeiZleba  
bunebaSi  vnaxoT.  

maSin  ra  aris  spekulaciuri  evoluciaSi?  mecniere-
baSi  termini  `Teoria~  srulebiT  gansxvavebuli  mniS-

vnelobiT  ixmareba.  yoveldRiuri  cxovrebaSi  ki  sxva  
mniSvnelobiT  xmaroben  mas.  salaparako  enaSi  Teorias  
igive  mniSvneloba  aqvs,  rac  mecnierebaSi  aqvs  hipoTe-
zas.  mecnierebaSi  ki  Teoria  ufro  mravlis  momcvelia,  
vidre  hipoTeza.  Teoria,  magaliTad  niutonis  mizidu-
lobis  Teoria,  an  darvinis  Teoria  evoluciaze  bune-
brivi  gadarCevis  gziT,  eyrdnoba  mraval  dakvirvebas  da  
monacems,  is  cdilobs  axsnas  da  SeaerTos  uamravi  sx-
vadasxva  fenomeni.  aseT  kompleqsur  Teoriebs  farTod  
ar  aRiareben,  sanam  isini  mravalferovani  eqsperimete-
biT  da  damatebiTi  dakvirvebebiT  Semowmebis  grZel  gzas  
ar  gaivlian  (ixileT  Tavi  10).  

rogorc  Semdegi  3  Tavis  wakiTxvisas  vnaxavT,  uamra-
vi  monacemi  namdvilad  adasturebs  Teorias:  evolucia  
bunebrivi  gadarCevis  gziT.

mecnierebis  skepticizmi,  (mecnierebi  agrZeleben  
am  Teoriis  marTebulobis  Semowmebas)  darvinis  ideebs  
dogmebad  gadaqcevisgan  icavs.  magaliTad,  mraval  evo-
lucionists  ebadeba  kiTxva,  aris  Tu  ara  bunebrivi  ga-
darCeva  evoluciis  is  erTaderTi  meqanizmi,  romelic  
pasuxismgebelia  evoluciis  mimdinareobaze,  rac ga-
namarxebuli formebiTa da  molekuluri  monacemebiT  
das turdeba.  rogorc  mogvianebiT  am  ganyofilebaSi  
wavikiTxavT,  sxva  faqtorebic  mniSvnelovan  rols  Ta-
maSoben  genebis  da  cilebis  evoluciaSi.  evoluciis  Ses-
wavla  yovelTvis  mniSvnelovania,  mecnierebi  eZeben  dar-
vinis  Teoriis  sisworis  Semowmebis  axal  gzebs.  darvinma  
biologias  mecnieruli  safuZveli  Cauyara  imiT,  rom  
sicocxlis  mravalferovneba  bunebrivi  gadarCevis  moq-
medebiT  axsna.  darvinis  Semdeg  biologia  mecniereba  gax-
da.  miuxedavad  amisa  evoluciis  mravalferovani  Sedegi  
modaSi  rCeba  da  axal  SemoqmedebiT  azrebs  badebs.  ro-
gorc  darvinma  `saxeobaTa  warmoSobis~  daskniT  TavSi  
dawera  -  `sicocxlis  am  suraTSi  dideba  aris.....~

koncefcia 22.3 Semowmeba
1.   ratom  aris  mcdari  Semdegi  fraza:  `samkur-

nalo  preparatisadmi  virusis  rezistentu-
loba anti  aiv  wamalma  warmoqmna~ pasu xi  da-
asabuTeT.

2.   rogor axsniT darvinis TeoriiT orive  Ca-
monaTvals:  ZuZumwovrebSi  sxvadasxva  funq-
ciis  wina  kidurebis  agebulebis  msgavseba  
(suraTi  22.14)  da  naTesaurad  daSorebuli  
ZuZumwovris  ori  saxeobis  msgavsi  cxovrebis  
niri  (suraTi  22.17)?

3.   axseniT  rogor  iyeneben    ganamarxebul  naS-
Tebs  evoluciuri  Teoriidan  gamomdinare  

varaudebis  Sesamowmeblad.    

   suraTi  22.18.  gardamavali  namarxi,  forma  romelic  aka-
vSirebs  warsulsa  da  Tanamedroveobas.  
im  hipotezidan,  rom  veSapebi  ganviTardnen  xmeleTze  mo-
binadre  winaprebisgan  gamomdinareobs,  rom  veSapis  winapa-
ri  oTxkiduriani  unda  yofiliyo.  egvipteSi  da  pakistanSi  
gaTxrebis  dros  paleontologebma  SeZles  gadaSenebuli  veS-
apebis  identifikacia.  am  veSapebs  hqondaT  ukana  kidurebi.  
aq  naCvenebia  veSapis  erT-erTi  winapris  bazilozavris  ki-
durebis  Zvlebi.  paleponTologebma  sxva  ganamarxebuli  veS-
apTa  naSTebic  ipoves,  romlebTac  hqondaT  ufro  didi  an  
ufro  mcire  zomis  kidurebi.  yvela  es  cxoveli  im  winapari  
cxovelis  STamomavali  da  naTesavi  iyo,  romelic  drois  mx-
olod  raRac  nawils  wyalSi  atarebda.  
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ZiriTadi koncefciebis Semowmebaa:

koncefcia  22.1
darvinis Teoriam revolucia moax

dina, man Secvala tradiciuli Sexed

uleba Tavdapirveli dedamiwis Sesaxeb. 

darvinamde miaCndaT, rom dedamiwaze 

dasaxlebuli saxeobebi ar Secvlila.  

     skepticizmi  evoluciis  ideis  mimarT.    dar-

vinis  Teoriidan  gamomdinareobs,  rom  mraval-

ferovani  saxeobebi  ganviTardnen  ramdenime  

winapari  saxeobidan  bunebrivi  gadarCevis  mo-

qmedebis  Sedegad  Camoyalibda.  am  Sexedulebam  

radikalurad  Secvala  darvinamde  gabatonebuli  

Sexedulebebi.  

    gradualizmis  Teoriebi.  geologebma  haton-

ma  da  laielma  daaskvnes,  rom  dedamiwis  qerqi  

neli,  droSi  gawelili  movlenebis  Sedegad  icv-

leba.  es  procesi  dRemde  mimdinareobs.  

    lamarkis  evoluciis  Teoria.  lamarki  Tvlida,  

rom  organizmebi  viTardebian,  magram  mis  mier  

SemoTavazebuli  ganviTarebis  meqanizmi  faqto-

brivad  ar  dasturdeba.  

koncefcia  22.2
naSromSi ̀ saxeobebis warmoSoba~  darvin

ma ivarauda, rom saxeobebi  bunebrivi 

ga darCevis Sedegad icvlebian.

    darvinis  kvleva  
`bigliT~  mogzaurobisas  darvinma  gamokvlevebi  
Caatara.  am  kvlevebis  safuZvelze  mivida  daskvnam-
de,  rom  axali  saxeobebi  winapari  saxeobebidan  adap-
taciebis  TandaTanobiTi  dagrovebis  Sedegad  vi-
Tardebian.  inglisSi  dabrunebis  Semdeg  man  srulyo  
Tavisi  Teoria.  darvinma    Tavisi  Teoria  1859  wels  

gamoaqveyna.  alfred  uolesma  gamoTqva  igive  idea.  
es  darvinisTvis  stimuli  gaxda,  rom  sakuTari  Teo-
ria  gamoeqveynebina.  

    saxeobaTa  warmoSoba
darvinis  wignSi  mocemulia  Teoria  saxeSecvlil  STa-
momavlobaze.  darvini  mixvda,  rom  populaciisTvis  
niSandoblivia  memkvidreobiTi  saxecvlilebebi  da  
rom  zogi  saxeSecvlili  forma  sxvebTan  SedarebiT  
garemosTan  ukeT  aris  Seguebuli.  nebismieri  orga-
nizmi  bevrad  ufro  met  STamomavlobas  iZleva,  vidre  
garemo  itevs.  amitom  adgili  aqvs  brZolas  arsebo-
bisTvis.  imaT,  vinc  ukeT  aris  morgebuli  garemos,  
warmatebis,  gadarCenis  da  gamravlebis  meti  Sansi  
aqvT.  garemosTan  ukeT  Seguebuli  individebi  sxva  
individebTan  SedarebiT  met  STamomavlobas  toveben.  
bunebrivi  gadarCevis  es  procesi  mimdinareobs  didi  
drois  ganmavlobaSi.  is  aisaxeba  organizmis  ukeTes  
adaptaciaSi  mis  garemosTan.  

koncefcia  22.3
darvinis Teoriis daxmarebiT   

uamravi dakvirvebis axna SeiZleba 

    bunebrivi  gadarCeva  moqmedebaSi.
mkvlevarebi  akvirdebodnen  bunebrivi  gadarCev-
is  Sedegad  miRebul  adaptur  evolucias  gareuli  
gupis  populaciaSi.  adamianebSi  samkurnalo  prepa-
ratebis  g amoyenebis  Sedegad  im  paTogenebis  gadar-
Ceva  xdeba,  romlebic  spontanuri mutaciebis  gamo  
mdgradebi  arian  wamlis  mimarT.  baqteriebi  da  vi-
rusebi  swrafad  icvlebian.  es  unari  gavlenas  axdens  
Cvens  sazogadoebazec.  

    homologia,  biogeografia  da  namarxebi. evo-

luciis  TeoriiT  uamravi  dakvirvebis  axsna  

SeiZleba.  evoluciis  Teoria  xsnis  struqtu-

rul  da  molekulur  doneze  arsebul  msgavse-

bas,  organizmebis  geografiul  gavrcelebas  da  

namarx  naSTebs.  

    ratom  aris  darvinis  Sexeduleba  sicocxleze  

Teoria?  darvinis  Teoria:  `evolucia  bunebri-

vi  gadarCevis  gziT~  biologiuri  mecnierebis  

gansxvavebul  dargebs  aerTianebs.  es  Teoria  

mudmivad  badebs  axal  kiTxvebs.

22e Tavis Semowmeba
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SeamowmeT sakuTari codna

TviTSemowmeba

1.   gradualizmis  Teoriis  (hatoni  da  laeli)  rom-

eli  daskvnebi  aris  kavSirSi  darvinis  evolu-

ciis  TeoriasTan?

a)   populaciaSi  gadarCenisTvis  da  gamravle-

bisTvis  arsebobisaTvis  brZola  mimdina-

reobs;

b)   bunebrivi  gadarCeva  memkvidreobiT  cvli-

lebebis  gamoyenebiT  moqmedebs;

g)   xangrZlivi  drois  ganmavlobaSi  dagro-

vili  mcire  cvlilebebi  did  cvlilebebs  

iwveven.  

d)  organizms  sicocxlis  manZilze  sxvadasx-

va  Tvisebebi  uyalibdeba.  isini  Tavs  Tan-

daTanobiT  avlenen.  am  cvlilebebma  SeiZle-

ba Semdgomi    Taobebis  Tvisebebi  Sec valon.

e)   saerTo  winaparis  mqone  organizmebs  xSir-

ad  aqvT  homologiuri  struqturebi.  

2.   Semdegi  dakvirvebidan  an  daskvnebidan  romeli  

eyrdnoba  bunebriv  gadarCevas?

a)   individebs  Soris  aris  memkvidreobiTi  cv-

lilebebi;  

b)   cudad  adaptirebuli  individebi  arasdros  

ar  iZlevian  STamomavlobas;

g)   organizmebs  Soris  mimdinareobs  brZola  

li mitirebuli  resursebisTvis,  am  brZolaSi    

mxolod  STamomavlobis  nawili  gadarCeba.

d)   individebi,  romelTa  Tvisebebi  ukeT  esad-

ageba  garemos  rogorc  wesi  met  STamomav-

lobas  toveben  im  individebTan  SedarebiT  

romelTa  Tvisebebi  naklebad  misadagebu-

lia  garemos.  

e)   organizmebi  urTierTqmedeben  garemosTan;  

3.   adamianis,  Ramurebis  da  veSapebis  wina  kidu-

rebis  agebulebis  Sedarebis  Sedegad  aRmoCnda,  

rom  adamianis  da  Ramuras  kiduris  Zvlebis  age-

buleba  sarwmunod  msgavsia,  veSapebis  sxeulis  

zoma  da  Zvlebis  proporcia  ki  sakmaod  Secv-

lilia.  am  saxeobebSi  Catarda  ramdenime  genis  

analizi.  analizma  gvaCvena,  rom  samive  xazis  

ganStoeba  saerTo  winapridan  moxda  daaxloe-

biT  erT  da  imave  dros.  Semdegi  CamonaTvali-

dan  romeli  xsnis  saukeTesod  am  monacemebs?  

a)   adamiani  da  Ramurebi  Seicvalnen  bunebrivi  

gadarCevis  moqmedebis  Sedegad,  veSapebi  ki  

lamarkis  ideis  Tanaxmad.

b)   adamianisa  da  Ramurebis  wina  kidurebis  

evolucia  iyo  adapturi,  veSapebis  ki  ara;  

g)   bunebrivi  gadarCeva  wylis  garemoSi  aisaxa  

veSapis  wina  kiduris  agebulebis  mniS-

vnelovan  cvlilebaSi.

d)   veSapebSi  genebis  mutacia  ufro  swrafia,  

vidre  adamiansa  da  RamurebSi.  

e)   ar  aris  marTebuli  veSapebis  ZuZumwovreb-

Si  gavaerTianeba.

4.  Semdegi  dakvirvebebidan  romeli  daexmara  darvins  

saxeSecvlil  STamomavlobaze  koncefciis  Camo-

yalibebaSi?

a)   ekvatoridan  daSorebasTan  erTad  mcird-

eba  saxeobebis  mravalferovneba;  

b)  kunZulebze  uaxloes  kontinentebTan  Se-

darebiT  saxeobebis  mcire  raodenoba  bine-

drobs.  

g)   kunZulebze  SeiZleba  vnaxoT  is  frinvele-

bi,  romlebTac  meti  manZilis  dafarva  

sWirdebodaT  materikidan  kunZulamde  mis-

aRwevad,  vidre  maT  SeuZliaT.

d)   samxreTi  amerikis  zomieri  klimatis  mcena-

reebi  ufro  gvanan  samxreTi  amerikis  

tropikul  mcenareebs,  vidre  evropis  zom-

ieri  klimatis  mcenareebs.

e)   miwisZvrebi  iwveven  cocxali  organizmebis  

masobriv  gadaSenebas  da  amiT  cvlian  si-

cocxlis  formebs.

5.   darvini  ramdenime  wyarodan  miRebul  infor-

macias  aerTianebda.  ase  man  ganaviTara  Teoria  

evolucia  bunebrivi  gadarCevis  gziT.  Semdegi  

CamonaTvalidan    romelma  ar  moaxdina  gavlena  

mis  azrebze?

a)   lines  saxeobebis  ierarqiulma  klasifika-

ciam;  

b)   laielis  geologiis  principebma;

g)  dakvirvebam  homologiebze  molekulur  

doneze;

d)   moSinaurebul  saxeobebSi  xelovnuri  ga-

darCeviT  gamowveuli  mniSvnelovani  cvli-
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lebebis  magaliTebma.  

e)   saxeobebis  gavrcelebam  romelic  man  naxa  

galapagosis  kunZulebze  da  samxreTi  af-

rikis  garSemo  mogzaurobis  dros.      

6.   termins  `Teoria~  mecnierebaSi  ZiriTadad  iy-

eneben  ideisTvis  romelic:

a)   aris  spekulacia,  romelsac  aklia  eqsperi-

mentebis  da  dakvirvebebis  Sedegebi;

b)   cdilobs  mravali  monaTesave  movlenis  ax-

snas;

g)   aris  sinonimi  imisa,  rasac  biologebi  hipo-

Tezas  eZaxian;

d)  miRebulia  bunebis  kanonad;

e)  yvelaferi  zemoT  CamoTvlili  erTad.

7.   samkurnalo  preparati  3TC  –  Ti  ramdenime  

kviriani  mkurnalobis  Sedegad  pacientis  aiv  

populacia  mTlianad  Sedgeba  3TC  -s  mimarT  

rezistentuli  virusebisgan.  rogor  SeiZleba  

avxsnaT  es  Sedegi.

a)   aiv–s  aqvs  unari  Secvalos  misi  zeda-

piris  cilebi  da  mdgradi  gaxdes  vaqcinis  

mimarT.

b)   pacienti  SeiZleba  xelmeored  dainficirdes  

3TC  -s  mimarT  rezistentuli  virusiT.

g)   aiv-i  wamalze  sapasuxod  qmnis  wamlis  mi-

marT  reversuli  transkriptazis  mdgrad  

versias  

d)   mkurnalobis  dasawyisSi  virusebis  popula-

ciaSi  aris  wamlis  mimarT  rezistentuli  

ramdenime  virusi.  bunebrivi  gadarCeva  zr-

dis  am  virusebis  raodenobas.

e)   wamali  iwvevs  aiv-is  rnm-is  cvlilebas.

8.   elementaruli  biologiuri  erTeuli  romelsac  

droTa  ganmavlobaSi  evoluireba  SeuZlia aris:

   a)  ujredi;  g)  populacia;

b)  organizmi; d)  saxeoba;

e)  ekosistema;

9.  Semdegi  ideebidan  romelia  saerTo  darvinis  da  

lamarkis  evoluciuri  TeoriebisTvis?  

a)   adaptaciebi  gamravlebis  gansxvavebuli  

war  matebis  Sedegia.

b)   evoluciis  Sedegad  organizmebi  sul  ufro  

da  ufro  rTuldebian;

g)   evoluciuri  adaptacia  organizmebsa  da  maT  

garemos  Soris  urTierTqmedebis  Sedegia.

d)   adaptaciebi  anatomiuri  struqturebis  ga-

moyeneba  ar  gamoyenebis  Sedegia;  

e)  namarxi  naSTebiT  saxeobaTa  ucvlelobis  

idea  sabuTdeba.

10  struqturebis  Semdegi  wyvilidan  romelia  ho-

mologiuri  naklebi  albaTobiT?

a)  Ramuras  frTebi  da  adamianis  wina  kidurebi

b)  babuinis  da  gorilas  hemoglobini;

g)  mcenaris  da  cxovelis  mitoqondia;

d)  frinvelis  da  mweris  frTebi;

e)  katis  da  ZaRlis  tvini;

evoluciuri kavSiri

anatomiuri  da  molekuluri  homologiebi  xSirad  
msgavs  evoluciur  gzas  gaivlian.  axseniT  ratom.  

mecnieruli kvleva

darvinis  argumenti  evoluciis  mimdinareobaze  did  
wilad  induqciuria,  misi  argumenti  bunebrivi  gadar-
Cevis  meqanizmebze  ki  namdvilad  deduqciuria.  aRwer-
eT  Tqveni  sityvebiT  darvinis  Teoriis  induqciuri  da  
deduqciuri  komponentebi  (SegiZliaT  pirvel  Tavs  „in-
duqcia  da  deduqcia`  gadaxedoT).  

mecniereba, teqnologia
da sazogadoeba

mniSvnelovania  Tu  ara  bunebrivi  gadarCevis  koncef-
cia  ekonomiuri  an  politikuri  TvalsazrisiT?  sxva  si-
tyvebiT  rom  vTqvaT,  Tu  romelime  naciam,  an  korporaciam  
miaRwia  warmatebas,  niSnavs  Tu  ara  es,  rom  metoqeebTan  
SedarebiT  is  ukeT  aris  morgebuli  pirobebs  da  rom  misi  
dominantoba  marTebulia?  ratom,  an  ratom  ara?
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23
populaciebis evolucia

 Sesavali

evoluciis elementaruli  
erTeuli

evoluciaze msjelobisas Cveulebrivad uSveben Sec-
domas. Tavis droze am Secdomas darvinic uSvebda. xSirad 
Tvlian, rom konkretuli organizmebi sicocxlis ganmav-
lobaSi evoluireben. bunebrivi gadarCeva marTlac mo-
qmedebs calkeul organizmebze; yoveli organizms aqvs 
niSan-Tvisebebis garkveuli kombinacia; is ganapirobebs 
organizmis gadarCenasa da warmatebul gamravlebas sxva 
individebTan SedarebiT. magram bunebrivi gadarCevis mo-
qmedeba populaciis Semadgenel individebze ar cvlis am 
organizmis genotips misi sicocxlis ganmavlobaSi. bune-
brivi gadarCevis moqmedebis Sedegad populaciis Semad-
genloba droSi icvleba. magaliTad: kubaze gavrcele-
bulia xis lokokinebis (Polymita picta) populacia. 
ganvixiloT am lokokinebis niJarebis koleqcia. es koleq-
cia gamosaxulia 23.1 suraTze. 

niJarebis forma da Seferiloba gansxvavebulia. es 
individebs Soris arsebuli genetikuri cvalebadobis 
Sedegia. garkveuli Seferilobis mqone lokokinebs mtace-
belebi naklebad anadgureben. es lokokinebi garemosTan 
ukeT arian Sexamebulni, anu Seferilobis gamo konkretul 
garemoSi SeumCnevelia. amdagvari Seferilobis lokoki-
nebis raodenoba Taobidan Taobamde izrdeba. am gziT icv-
leba populacia. populaciaSi gaerTianebuli individebi, 
aseTi gziT ar icvlebian. droTa ganmavlobaSi zogi niSani 
ufro metad vrceldeba populaciaSi, sxva niSnebTan Se-
darebiT. sxva niSnebi ki ufro iSviaTad gvxvdeba. 

koncefcia 2.1
populaciuri genetika 

evoluciis Seswavlis 

safuZvelia 

dRes SesaZlebelia ganvsazRvroT evoluciuri cv-
lilebebi umcires an mikroevoluciur doneze. mikro-
evoluciuri cvlilebebi populaciis genetikuri Semad-
genlobis droSi cvlilebaa (suraTi 23.2). magram darvini 
evolucias sxvanairad gansazRvravda. man aRmoaCina saxeo-
bis droSi cvlilebis meqanizmi. Tumca is marTebulad ver 
xsnida, Tu rogor Cndeba populaciebSi bunebrivi gadar-
CevisTvis saWiro mravalferovneba anu memkvidreobiTi 
cvlilebebi; an rogor gadascemen organizmebi am cvlile-
bebs TavianT STamomavlebs. darvinis dros memkvidreobis 
meqanizmebze cota ram iyo cnobili. amitom mecnierebi ver 
xsnidnen, Tu rogor xdeba memkvidreobiTi cvlilebebis 
SenarCuneba populaciebSi. farTod gavrcelebuli iyo 
hipoTezebi STamomavlobaSi mSoblebis niSan-Tvisebebis 
Serevis (Serwymuli memkvidreobis hipoTeza) Sesaxeb. ma-
gram darvini da sxva mecnierebic acnobierebdnen, rom niS-
nebis Serevis Sedegad garkveuli drois Semdeg individTa 
Soris sxvaoba gaqreba. rogorc vTqviT, imis gamo, rom 
memkvidreobis meqanizmi ar iyo Seswavlili, darvinma ver 
SeimuSava memkvidrulobis axsnis iseTi modeli, romelic 
miesadageboda mis hipoTezas. Sejvarebaze Catarebuli 
eqsperimentebis da bunebaSi dakvirvebebis Sedegad moxda 
Serwymuli memkvidreobis  hipoTezis uaryofa. 

23.1  populaciuri genetika evoluciis Seswavlis safuZvelia.
23.2  mutaciebisa da sqesobrivi gamravlebis Sedegad genetikuri mra-

valferovneba (memkvidreobiTi cvalebadoba) warmoiqmneba. cva-
lebadobis safuZvelze ki mimdinareobs evolucia. 

23.3  bunebrivi gadarCeva, genTa dreifi da genTa nakadi populaciis 
genetikur Semadgenlobas cvlis.

23.4  bunebrivi gadarCeva adapturi evoluciis ZiriTadi meqanizmia. 

  suraTi 23.1  mravalferovneba 
bunebriv populaciebSi  ZiriTadi koncefciebi
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 suraTi 23.2 individebis gadarCevis Sedegad populacia icvleba. 

namikrefia (Agrostis tenuis). suraTze wina xazze Cans balaxovani mcenare, 
romelic yofili maRaros teritoriaze izrdeba. es balaxi niadagSi 
mZime liTonebis maRal koncentracias uZlebs. amave saxeobis sxva 
mcenareebisTvis es koncentracia  momwamlavia da isini Robis ukan, 
saZovarze izrdebian. saZovridan namikrefias Tesli yofili maRaros 
adgilas xvdeba. magram gadarCena da gamravldeba mxolod im mcena-
reebs SeuZlia, romelTa genebi aZleven maT saSualebas liTonebiT 
dabinZurebul niadagze arsebobas Seeguon.

darvinis naSromis `saxeobaTa warmoSobis~ gamoqvey-
nebidan ramdenime weliwadSi gregor mendelma miagno 
memkvidreobis diskretul erTeuls. memkvidreobis er-
Teulis aRmoCenis Semdeg cxadi gaxda, rom mSoblebi 
calkeuli memkvidreobiTi erTeulebis (genebis) meSveo-
biT gadascemen STamomavlobas TavianT niSan-Tvisebebs. 
mSoblebis niSnebi STamomavlobaSi sakuTar identurobas 
inarCuneben. darvini mendelis naSroms ar icnobda. men-
delis Tanamedrove ramdenime mecnieri gaecno am naSroms, 
magram naSromis arsi maTTvis gaugebari darCa. naxevari 
saukunis ganmavlobaSi mendelis aRmoCena da am aRmoCenis 
mniSvneloba evoluciuri Teoriis mimdevrebisTvis uc-
nobi rCeboda. 

Tanamedrove sinTezuri Teoria

saocaria, magram roca meoce saukunis dasawyisSi bo-
los da bolos aRiares mendelis naSromi, mravali gene-
tikosi miiCnevda, rom mendelis memkvidreobis kanonebi ar 
eTanxmeba darvinis Teorias. darvini Tvlida, rom bunevr-
ivi gadarCevaM”muSaobs” iseT niSan-Tvisebebze romlebic 
ganuwyvetliv icvleba. magaliTad: bewvis sigrZe ZuZum-
weovrebSi, an sirbilis siCqare im cxovelebSi, romlebic 
gaurbian mtaceblebs. magram mendeli da sxva adrindeli 
genetikosebi mxolod diskretul “ki an ara” niSnebs ikv-
levdnen, rogoricaa bardas yvavilebis Seferiloba: muqi 
wiTeli an TeTri feri. im dros ar iyo cxadi, rom metad 
umniSvnelo niSnebsac genetikuri safuZvli moepoveba. am 
umniSvnelo niSnebis genetikuri meqanizmis arseboba ki 

Zalian mniSvnelovania darvinis Teoriis sisworisTvis. 
ramdenime aTwleulis ganmavlobaSi genetikosebma daamt-
kices, rom uwyvetad cvalebad Tvisebebze gavlenas axdens 
mravali genetikuri lokusi da yoveli lokusis alelebi 
eqvemdebareba mendelis memkvidreobiTobis sqemas (ixi-
leT Tavi 14). 

am aRmoCenebma xeli Seuwyves mendelis da darvinis 
ideebis Serigebas da dasabami misces populaciuri gene-
tikis formalur daarsebas. populaciuri genetika aris 
mecniereba populaciebSi droSi mimdinare genetikur cv-
lilebebze. 

meoce saukunis Sua wlebisTvis populaciurma geneti-
kam dasabami daudo ganxras, romelsac Tanamedrove sin-
Tezuri Teoria daarqves. es aris biologis sxvadasxva 
dargebSi SemuSavebuli ideebis gamaerTianebeli evolu-
ciuri Teoria. Tanamedrove sinTezur Teoria ramdnime 
mecnierma daafuZna: statistikosi r. a. fiSeri (1890-1962). 
man daamuSava bunebrivi gadarCevis ZiriTadi Teorema, bi-
ologi j. b. s. holdeini (1892-1964) romelic swavlobda 
bunebrivi gadarCevis kanonzomierebs. mogvianebiT dam-
aarsebelTa sias Seemata feodosia dobJanski (1900-1975), 
suel raiti (1889-1988), biogeografi ernst mairi (1904- 
2005), paleontologi jorj jeilord simpsoni (1902-1984) 
da botanikoso j. lediard stebinsi (1906-2000).

ra Tqma unda mecnierul paradigmas iSviaTad iReben 
cvlilebis gareSe. Tanamedrove sinTezuri Teoria dRemde 
viTardeba. magaliTad: aRmoCnda, rom populaciaSi arseb-
uli zogi genetikuri cvlileba gamowveulia ara bunebri-
vi gadarCeviT, aramed sxva meqanizmebiT. Tanamedrove sin-
Tezuri Teoria agrZelebs ganviTarebas. misi yuradrebis 
obieqti populaciebia. is aerTianebs Tanamedrove ideebs 
evoluciur procesze.

genofondi da alelebis sixSire

populaciur genetikaze diskusiis gasagrZeleblad 
unda ganvsazRvroT populaciis raoba. populacia aris 
konkretul teritoriaze mobinadre individTa jgufi, 
romlebic  erTmaneTs Tavisufalad ejvareba da nayofi-
eri STamomavlobis iZleva. erTi da igive saxeobis popu-
laciebi SeiZleba izolirebulebi iyvnen erTmaneTisgan. 
am SemTxvevaSi genetikuri masalis mimocvla populaciebs 
Soris Zalian iSviaTad mimdinareobs. aseTi izolacia 
Cveulebrivi movlenaa im populaciebisTvis romelTa adg-
ilmdebareoba SemosazRvrulia mTagrexilebiT, saxlo-
ben  kunZulebze an tbebSi. magram  populacia yovelTvis 
erTmaneTisgan araa izolirebuli. amave dros izolacia 
SeiZleba ar iyos sruli, anu ar hqondes mkveTri sazRvrebi 
(suraTi 23.3). individebi, romlebic populaciis centrSi 
binadroben, meti albaTobiT ejvarebian Tavisive popula-
ciis wevrebs, vidre sxva populaciis wevrebs. aqedan gamom-
dinare isini saSualod ufro metad enaTesavebian erTma-
neTs, vidre populaciis sxva wevrebs.

populaciaSi arsebul genTa erTobliobas populaciis 
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genofondi ewodeba. populaciis genofondi Sedgeba popu-
laciis yvela individis yvela genetikuri lokusis yvela 
alelisgan. Tu populaciaSi, konkretul lokusSi mxolod 
erTi alelia warmodgenili, amboben rom mxolod es ale-
li dafiqsirebulia genofondSi.  yvela individi am ale-
lis mixedviT homozigotia. (gavixsenoT, rom homozigot 
individebs mocemul lokusSi aqvT ori identuri aleli, 
heterozigotebs ki _ ori gansxvavebuli aleli). magram 
Tu populaciaSi garkveul lokuss ori an  meti aleli mo-
epoveba, individebi SeiZleba iyvnen rogorc homozigote-
bi aseve heterozigotebi. 

populaciaSi yoveli aleli garkveuli sixSiriT aris 
warmodgenili. magaliTad: warmoidgineT bunebaSi velu-
rad mozardi yvavilovani mcenaris populacia, romelSic 

500 wevria. maT moepovebaT geni, ori: CR da CW aleliT, 

romelic yvavilis pigmentacias dansazRvravs. CR alelis 

mixedviT homozigoturi (CR CR) mcenare asinTezebs wiTel 

pigments da wiTel yvavilebs ikeTebs; CW alelis mixedviT 
( CW  CW  ) homozigoturi mcenare wiTeli pigmentis sin-

Tezs ver axdens da aqvT TeTri yvavilebi; heterozigoti 
(CR CW) wiTel pigments mcire raodenobiT asinTezebs da  
vardisferi yvavilebs isxams. Cvens populaciaSi aris 320 
mcenare wiTeli yvaviliT, 160 vardisferi yvaviliT da 20 

TeTri yvaviliT. Seferilobis ganmsazRvreli alelebi 
arasrulad dominantoben (ixileT Tavi 14). Cvens mier 
ganxiluli yvavilovani mcenare diploiduri organizmia 
da amitom 500 individisgan Semdgar populacias mTlianad  
yvavilis Seferilobis ganmsazRreli genis 1 000 aleli mo-

epoveba. aqedan 800 genSi aris CR aleli (320 × 2 = 640 CR CR 
mcenareSi, + 160 × 1 = 160 CR CW mcenareSi). 

roca garkveul lokusSi aris ori aleli, moxerxebu-

lia p - Ti erTi alelis sixSiris aRniSvna da q -Ti meore 
alelis sixSiris aRniSvna. am konkretul populaciis ge-
nofondSi p, anu C R alelis sixSire aris 800/1000 = 0.8 = 
80%. vinaidan am SemTxvevaSi gvaqvs mxolod ori aleli, 

CW alelis mqone genis sixSire, romelic q-Ti gamoixateba 
unda iyos 0,2 an 20%. im lokusSi, romelSic orze meti ale-
lia warmodgenili yvela alelis sixSireTa saerTo jami 
unda Seadgendes 1-s, anu (100%). 

am mcenareSi yvavilis Seferilobis lokusSi advilad 
SegviZlia ganvsazRroT genetikuri cvalebadoba, vinaidan 
yovel genotips Sesabamisi fenotipi aqvs. mraval lokuss 
zogjer erTze meti aleli moepoveba. rodesac lokusSi 
erTze meti alelia genetikuri calebadobis gansazRvra 
rTulia, vinaidan erTi aleli SeiZleba meoreze srulad 
dominantobdes, an am alelebis gavlena fenotipze SeiZle-
ba Znelad SesamCnevi iyos. 

hardi-vainbergis Teorema

amjerad ganvixiloT rogor icvleba droTa ganmav-
lobaSi genebis da alelebis sixSire. es cvlileba asaxavs 
evoluciur cvlilebebs. magram rom SevqmnaT etaloni, 
romlis mixedviT ganvsazRvravT am cvlilebebs,  jer unda 
ganvixiloT iseTi genofondis Tvisebebi, romelic droSi 
ucvlelia. aseTi genofondi aRwerilia hardi-vainber-
gis TeoremiT. Teoremas im ori mecnieris saxeli daar-
qves, romlebmac 1908 wels es principebi erTmaneTisgan 
damoukideblad daadgines. Teorema amtkicebs, rom maSin 
roca mxolod alelebis mendeliseul daTiSvas da rekom-
binacias aqvs adgili, populaciaSi alelebis da genoti-
pebis Tanafardoba droSi ar icvleba. (suraTi 23.4).

alelebTa sixSiris mudmivoba (Senaxva)

hardi-vainbergis Teorema gansazRvravs, Tu rogor 
inarCunebs genetikur mravalferovnebas droTa ganmav-
lobaSi mendeliseuri memkvidreoba rodesac populaciaSi 
ar xdeba evoluciuri cvlilebebi. magram realurad es 
Teorema metis momcemia. Cven SemdgomSi davinaxavT, rom 
es Teorema warmoadgens safuZvels romelze dayrdnobiT 
SegviZlia gavigoT, Tu rogor mimdinareobs xangrZlivi 
evoluciuri cvlilebebi. darvinis dros ar arsebobda  ge-
netika da ver ganixilavda grZelvadian cvalebadobas. ge-
netikuri mravalferovnebis SenarCunebis meSveobiT bune-
brivi gadarCeva moqmedebs mravali Taobis ganmavlobaSi. 

exla ki gamoviyenoT hardi-vainbergis Teorema Cveni 

 S suraTi 23.3 erTi saxeoba, ori populacia. iukonze gavrcele-
buli karibus es ori populacia sruliad izolirebuli ar 
aris. zogjer es populaciebi erT da imave areals iyofen. 
miuxedavad amisa erTi da imave populaciis wevrebi rogorc 
Cans ufro xSirad ejvarebian erTmaneTs, vidre mezobeli popu-
laciis wevrebs.
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warmosaxviTi  yvavilovan mcenareTa populaciisTvis. 
gavixsenoT, rom mcenareTa genofondSi yvavilebis Sefer-

ilobis ganmsazRvrel alelebis 80% (0,8) aris CR da 20% 

(0,2) aris CW. vinaidan mcenaris yoveli gameta aris hap-

loidi, mas yvavilis Seferilobis ganmsazRvreli mxolod 
erTi aleli moepoveba. albaToba, rom gametas eqneba CR 

aleli iqneba 0,8. albaToba, rom mas eqneba CW aleli aris 
0,2. populaciis yvela gametaSi alelebis sixSire igive 
iqneba, rac sawyis populaciaSi. Tu CavTvliT rom gametebi 
Semdeg Taobas SemTxveviT gadaecema, alelebis sixSire ar 
Seicvleba. 

hardi-vainbergis wonasworoba

davuSvaT, rom populaciis individebi ara marto Sem-
TxeveviT gadacemen gametebs Semdeg Taobas, aramed Sem-
TxveviT qmnian wyvilebs, rac imas niSnavs, rom Tanabrad 
SesaZlebelia gaCndes yoveli mamrobiTi - mdemdrobiTi 
wyvili. aseT populacias TaobaTa ganmavlobaSi ara mar-
to yvavilis Seferilobis ganmsazRvrel alelTa erTi da 
igive sixSire eqneba, aramed alelebis sixSiridan gamomdi-
nare maTi genotipis sixSiris winaswari gansazRvra aris 
SesaZlebeli. aseT populaciaze amboben rom is hardi-vain-
bergis wonasworobis mdgomareobaSia. 

rogorc Cans, Cveni velurad mozardi mcenareTa popu-
lacia  hardi-vainbergis wonasworobaSi imyofeba (suraTi 
23.5). binomuri kanonis gamoyenebiT (ixileT Tavi 14) Cven 
SegviZlia gamovTvaloT spermiisa da kvercxujredis Sem-
TxveviTi SerwymiT miRebuli sami SesaZ lo genotipis six-
Sire. albaToba, rom ori CR aleli erTmaneTs Sexvdeba 

aris 0.8 × 0.8 = p × p = p2 = 0.64. ase rom momdevno TaobaSi 

mcenareTa daaxloebiT 64% -s eqneba  CR  CR genotipi. 

CWCW individebis sixSire iqneba 0.2 × 0.2 = q2 = 0.04, 

an 4%. CRCW heterozigotis warmoqmna ori gansxvavebuli 
gziT xdeba. Tu spermia atarebs CR alels da kvercxujre-

di ki CW alels heterozigotebis raodenoba iqneba mTe-

lis 0.8 × 0.2 = 0.16%. Tu kvercxujredSi aris 

CR aleli da spermaSi  CW aleli, heterozigoti STa-

momavlobis raodenoba iqneba 0.8 × 0.2 = 0.16%. gametebis es 
kavSiri SegviZlia SevajamoT algebrul gantolebaSi:

   
(p+q)            x           (p+q)           =            p2 + 2pq +  q2

mamris  gametebis  
alelebis  sixSire

mdedris  gametebis  
alelebis  sixSire

Semdeg  TAobaSi  
genotipis  sixSire

rogorc alalebis sixSireTa saerTo jami, iseve yvela am 
genotipis sixSireebis jami erTis tolia. ase rom hardi-
vainbergis wonasworobis gantolebidan gamomdinareobs, 
rom or alelian lokusSi sami genotipi Semdegi Tanafar-
dobiT warmoiqmneba:

p2 + 2pq +  q2 =  1
Tu populacia iyo hardi-vainbergis wonaswo ro baSi da 

misi wevrebi agrZeleben drois  ganmav lobaSi SemTxveviT  
Sejvarebas,  alelebis  da  geno tipebis  six Sire mudmivi  
darCeba. sistemis  moqmedeba  hgavs banqos gaSlas: ara aqvs 
mniSvneloba ramdenjer da ra xeliT gaiSleba banqo,  das-
tis Semadgenloba rCeba igive.  rogorc ar unda gavSaloT 

 suraTi 23.4 mendeliseuri memkvidreoba inarCunebs droSi gene-
tikur cvalebadobas.

Taoba
      1

CR gametebis
50%

CR CR CW CW

Taoba
      2

yvela aris CR CW

yvela yvavili vardisferia

CW gametebis 
50^%

SemTxveviT erTiandeba

25% CR CR 25% CW CW50% CR CW

CR gametebis
50%

CW gam-
etebis 50^%

SemTxveviT erTiandeba

Taoba
      3

Taoba
      4

25% CR CR 50% CR CW 25% CW CW

alelebi calkevdeba, da Semdeg Tao-
bebs aseve aqvT samive tipis yvavilebi, 
igive proporciiT 
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banqo, tuzebis raodenoba valete bis raodenobaze meti 
ar gaxdeba. aseve Taobebis  ganmavlobaSi popula ciis geno-
fondis ganmeoreba di `gaSla~TavisTavad  ar  cvlis  erTi  
alelis  sixSires  meoresTan SefardebiT.  ar  aris aucile-
beli populaciaSi hardivainbergis wonas worobis yvela 
piroba Sesrulebuli iyos, rom populaciaSi alalebis 
sixSire mudmivi iyos. bevri saxeoba, rogoricaa mendelis 
mier cdebisTvis gamoyenebuli barda, SemTx veviT ar mrav-
ldeba. bardas mtveri rogorc wesi mwifdeba yvavilis 

gaxsnamde, ase rom is anayofierebs Tavis sakuTar yvavils 
(bardas jvaredin damtvervas mendeli xelovnurad axor-
cielebda). 

TviTdamtvervis gamo bardas populacia Sors aris har-
di-vainbergis wonasworobidan. yvela homozigoti mcenare 
gvaZlevs mxolod homozigotebs, im dros, roca hetero-
zigoti mcenareebis STamomavlobis daaxloebiT naxevari 
homozigotebi arian. aqedan gamomdinare sakmaod male yve-
la heterozigoti mcenare xdeba homozigoti. miuxedavad 
imisa, rom zogi saxeobis gamravleba ar aris SemTxveviTi, 
gametebis warmoqmna genofondidan mainc SemTxveviT xde-
ba. alelebis sixSire drois ganmavlobaSi ar Seicvleba, 
Tu sxva  faqtorTa zemoqmedebas ara aqvs adgili. iseve, 
rogorc is ar icvleba populaciebSi, sadac Sejvareba Sem-
TxveviTia. memkvidreobiTi cvalebadoba warmoadgens evo-
luciuri cvlilebebisTvis sawyis (gadaumuSavebel) masa-
las. memkvidreobiTi cvalebadoba arsebobs TviTmtveria 
bardas SemTxvevaSic. 

hardi-vainbergis wonasworobis pirobebi

hardi-vainbergis Teorema aRwers warmosaxviT ucv-
lel populacias. magram bunebriv populaciebSi alelebis 
da genotipebis sixSire droTa ganmavlobaSi icvleba. es 
imitom xdeba, rom xangrZlivi drois ganmavlobaSi popu-
laciis ucvlelobisTvis saWiroa daculi iyos Semdegi 
xuTi wesi. bunebaSi ki am wesebis dacva iSviaTad Tu xdeba. 
es wesebia:

1.  populaciis mravalricxovnoba. rac ufro mci-

re ricxovania populacia, miT metia alelebis 

sixSireSi SemTxveviTi gadaxrebi. sixSireSi ga-

daxrili alelebi Taobidan Taobaze gadadian. es 

movlena genTa dreifis saxeliTaa cnobili. 

2.  genTa nakadis ar arseboba. genebis nakadi, anu 

populaciaTa Soris alelebis mimocvla, moq-

medebs alelebis sixSireze.

3.  mutaciebis ar arseboba. mutaciebis Sedegad xde-

ba qromosomaSi genebis CarTva an qromosomebidan 

genebis amovardna, an erTi alelis meoreTi Secv-

la. am procesebis Sedegad genofondi icvleba.

4.  SemTxveviTi Sejvareba. Tu individebi upirate-

sobas garkveuli genotipis mqone partniorebs 

aniWeben da axlo naTesavebs (inbridingi), gam-

etebis SemTxveviTi kombinireba ar moxdeba. 

5.  bunebrivi gadarCevis moqmedebis ar arseboba. 

gansxvavebuli genotipis mqone  individebis re-

produqciuli warmateba da gadarCenis gansx-

vavebuli SesaZlebloba moqmedebs alelebis six-

Sireze. 
am wesebidan gadaxra aisaxeba evoluciaze. bunebrivi 

 suraTi 23.5 hardi-vainbergis Teorema. mcenareebis Cvens popula-
ciaSi genofondi Taobebis ganmavlobaSi ucvleli rCeba. mxolod men-
delis process ar SeuZlia genotipSi alelis sixSireebis cvlileba.

yoveli Taobis gametebi wina Taobis genofondidan 
SemTsveviT SerCeulia:

80% CR (p=0,8) 20% CW (p=0,2)

CW CW

CR CW

CR CR

CR

(80%)
CW

(20%)

64%
CR CR

16%
CR CW

C
R

(8
0%

)
C

W

(2
0%

)

16%
CR CW

4%
CW CW

p2 pq

q2

pq

Tu gametebi SemTxveviT erTiandeba, am Taobis genotipebis six-
Sireebi hardi-vainbergis wonasworobaSi iqneba

64% CR CR, 32% CR CW  da  4% CW CW

gametebi am TaobaSi:

CR CR,homozigo-
tebidan  64% CR

+ CR CW

heterozigotebidan  16% CR =80% CR=0,8=p

CW CWhomozigo-
tebidan 4% CW +

CR CW,

heterozigotebidan  16%CW =20% CW=0,8=q

SemTxveviTi dawyvilebisas es gametebi Semdeg TaobaSi genoti-
pebis igive nakrebs mogvcems

64% CR CR, 32% CR CW  da  4% CW CW
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populaciebi iSviaTad an TiTqmis arasodes imyofebian 
WeSmarit hardi-vainbergis wonasworobaSi, magram mra-
val populaciaSi evoluciuri cvlilebebis siCqare im-
denad nelia, rom isini axlos dganan wonasworobis mdgo-
mareobasTan. amitom SesaZlebelia miaxloebiT SevafasoT 
alelebis da genotipis sixSireebi. amas Semdegi magaliTe-
bi gvaCveneben. 

populaciuri genetika da  
adamianis janmrTeloba

hardi-vainbergis gantolebis gamoyeneba SeiZleba 
populaciis individebis im procentis dasadgenad, ro-
melic memkvidreobiTi daavade bebis alelebis mtare-
belia. magaliTad:  SeerTebul StatebSi dabadebuli 10 
000 bavSvidan daaxloebiT erTi aris fenolketonuri-
is (fku) mtarebeli. fenolketonuria metabolizmis 
darRvevaa, romelic viTardeba recesiuli genis ho-
mozigotur mdgomareobaSi yofnis Sedegad. mkurnalo-
bis gareSe fku iwvevs oligofrenias da janmrTelo-
bis sxva darRvevebs. (amJamad axalSobilebSi atareben 
tests fku-ze. daavadebis simptomebi SeiZleba Sevam-
ciroT dietiT, romelic gamoricxavs fenilanalins).  
hardi-vainbergis gantolebis gamosayeneblad unda mi-
viRoT, rom adamianebi ar irCeven partniors garkveuli 
genebis qona ar qonis mixedviT, magaliTad fku-s. rogorc 
wesi adamianebi ar irCeven partniorad axlo naTesavebs (in-
bridingi). amave dros unda vuaryoT SeerTebuli Statebis 
populaciaze sxva populaciebidan genebis nakadis gavlena, 
axali fku-s mutaciebis gaCena, gadarCenaSi gansxvaveba da 
fku genotipebis reproduqciu-li warmateba. es daSvebebi 
safuZvliania, radganac inbridingi SeerTebul StatebSi 
iSviaTia da SeerTebuli Statebis farglebs gareT mobi-
nadre populaciebs fku alelis igive sixSire axasiaTebT, 
rogorc SeerTebul StatebSi. amis garda fku genisTvis 
mutaciebis sixSire aris sakmaod dabali da gadarCeva mo-
qmedebs mxolod iSviaTi homozigotebis winaaRmdeg. Tu 
yvela es daSveba daculia, maSin fku –Ti dabadebuli in-
dividebis sixSire hardi-vainbergis gantolebaSi iqneba 
q2-is toli (q2 = homozigotebis sixSires am alelisTvis). 
vinaidan aleli recesiulia, Cven SegviZlia uSualod, ga-
moTvlis gareSe davadginoT heterozigotebis raodenoba, 
rogorc es vardisferi yvavilebis SemTxvevaSi gavakeTeT. 
Cven viciT, rom 10 000 dabadebulze erTi fku–s SemTxveva 
gvaqvs (q2=0,0001), recesiuli fku alelis sixSire iqneba:

 
q= 01,00001,0 =

dominanturi alelisTvis sixSire iqneba

p = 1 - q = 1 - 0,01 =0,99
fku-s matarebeli heterozigotebis sixSire, romle-

bic ar avaddebian fku-Ti, magram gadascemen fku alels 
STamomavlobas aris:

 2pq  =  2 ×0,99 × 0,01  =  0,0198 
(aSS-s populaciis daaxloebiT 2%)             

gaxsovdeT, rom hardi-vainbergis wonasworoba mx-
olod miaxloebiTia; fku-s mtareblebis realuri ricxvi 
SeiZleba gansxvavebuli iyos. miuxedavad amisa Cven Segvi-
Zlia davaskvnaT, rom adamianebis populaciaSi am da sxva 
lokusebSic farulad bevri saxifaTo recesiuli aleli 
imyofeba. am alelebis mtareblebi ki janmrTeli hetero-
zigotebi arian. 

koncefcia 23.1 Semowmeba
1.  ra Semata mendelis aRmoCenam darvinis evo-

luciur Teorias?

2.  warmoidgineT populacia, romlis TiToeul 

individs 500 genetikuri lokusi gaaCnia. am 

lokusebis naxevari erTaderTi aleliTaa 

warmodgenili, xolo danarCeni lokusi – ori 

aleliT. ramden alels Seicavs populaciis 

genofondi? axseniT

3.  hardi-vainbergi gantolebis (p2 + 2 pq + q2 = 1) 
romeli wevri dakavSirebulia fku alalebis 

mtarebeli individebis sixSiresTan?

 koncefcia  23.2
mutaciebis da sqesobrivi gam-
ravlebis Sedegad warmoiqmneba 
genetikuri mravalferovneba 
(memkvidreobiTi cvalebadoba). 
cvalebadobis Sedegad ki  
mimdinareobs evolucia 

rogorc ukve gaigeT, bunebrivi gadarCevis moqmedeba 
memkvidreobiT cvlilebebs emyareba. zogjer populaciis 
individebSi cvlilebebi metad umniuSvneloa. ori procesi: 
mutaciebi da sqesobrivi rekombinaciebi  genofondis cva-
lebadobas iwveven. genofondis cvlileba ki poulaciis in-
dividebSi momxdar cvlilebebTan aris dakavSirebuli. 

mutaciebi

axali genebi da axali alelebi mxolod mutaciis Sede-
gad warmoiqmneba (suraTi 23.6) mutacia warmoadgens dnm-is 
Tanamimdovrebis cvlilebas. mutacia hgavs Tofis gasrolas 
sibneleSi. SeuZlebelia ganvsazRvroT, Tu rogor Secvlis 
is dnm-s da ra iqneba am cvlilebis Sedegi. mutaciebis umete-
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soba  somatur (ara sasqeso) ujredebSi warmoiqmneba. indivi-
dis sikvdilTan erTad es mutaciebi ikarkebian. mxolod is 
mutaciebi, romlebic gametebis waqrmomqmnel sasqeso ujre-
debSi inducirdeba, SeiZleba gadaeces STamomavlobas. amave 
dros maTi mxolod mcire nawili vrceldeba populaciaSi. 

wertilovani  mutaciebi

iseT mcire cvlilebasac, rogoricaa erTi wyvili nuk-
leotidis Secvla, anu `wertilovani mutacia~ SeiZleba 
mniSvnelovani gavlena moaxdinos fenotipze. amis magali-
Tia namglisebrujredovani  anemia (memkvidruli daavade-
ba) (ixileT suraTi 5.21). magram wertilovani mutaciebis 
umetesoba savaraudod uvnebelia. amis erTi mizezia is, 
rom eukariotuli genomis dnm-is umetesi nawili ar ko-
direbs cilovan produqtebs. genetikuri kodSi arsebobs 
sinonimuri kodonebi, ris gamo cilebis makodirebel 
genebSi momxdari wertilovani mutaciebi cilis aminom-
Javur Semadgenlobas ar cvlian (ixileT suraTi 17.24) da 
amgvarad maTi gavlena mcirea. Tumca zogi, kodirebis una-
ris aramqone dnm-is regioni genebis eqspresias areguli-
rebs. amdagvar maregulirebel regionis dnm-Si momxdari 
cvlilebebi mniSvnelovan efeqts iZlevian. 

 suraTi 23.6 mutaciebi yvela memkvidreobiTi cvalebadobis wy-

aroa. am veluri mustangebis gansxvavebuli Seferiloba mravali Tao-

bis ganmavlobaSi momxdari mutaciebis Sedegia. 

calke aRebul organizmze aisaxeba  gadarCevis Sedegi, 
romelic aTasobiT Taobis ganmavlobaSi warsulSi xdebo-
da. amitom genomze erTi mutaciuri cvlilebis moqmedebis 
albaToba igivea, rac manqanis kapotis mimarTulebiT brma 
gasrolis Sedegad manqanis Zravas Tvisebebis gaaumjobe-
sebis albaToba. Tumca, iSviaT SemTxvevebSi mutanturi 
alelis mtarebeli ukeT esadageba garemos, vinaidan iz-
rdeba misi reproduqciuli warmateba. es xdeba maSin, Tu 
garemo pirobebi icvleba. is mutaciebi, romlebic adre 

organizmisTvis mavne iyvnen Secvlil garemoSi upirate-
sobas aniWeben mas. magaliTad: rogorc 22 TavSi waikiTxeT, 
mutaciebi, romlebic aiv-s viruss samkurnalo preparat-
is mimarT mdgradobas aniWeben, amave dros amcireben misi  
gamravlebis siCqares. am mutantur alelebs upiratesoba 
eniWebaT preparatis moqmedebis Semdeg. wamlis miRebis 
Semdeg bunebrivi gadarCevis moqmedebis Sedegad izrdeba 
mutanturi alelebis raodenoba. 

mutaciebi  romlebic  cvlian  genebis 
raodenobas  an  Tanamimdevrobas 

qromosomuli mutaciebi, romlebic erTbaSad Sli an, 
anawevreben an adgilebs ucvlian mraval lokuss TiTqmis 
yovelTvis saxifaToa organizmisTvis. Tumca, Tu genebi 
xelSeuxleblebi rCebian aseTi mutaciebis gavlena or-
ganizmze SeiZleba neitraluri iyos. iSviaT SemTxvevebSi 
qromosomaTa Soris ubnebis gadaatana warmatebulic ki 
aris. magaliTad, erTi qromosomis nawilis gadatanam sxva 
qromosomaze SeiZleba ise ga aerTianos genebi, rom maT er-
Tad meti pozitiuri efeqti eqnebaT. 

genebis duplikacia (gaormageba) cvalebadobis mniS-
vnelobvani resursia. sxva qromosomuli mutaciebis ms-
gavsad, qromosomebis segmentebis gaormagebac TiTqmis 
yovelTvis sazianoa organizmisTvis. Tu segmentebis aseT 
gaormagebas ara aqvs mkveTri efeqti, is SeiZleba Taobebis 
ganmavlobaSi grZeldebodes. amave dros sxvadasxva mobi-
luri genetikuri elementebis meSveobiT (ixileT Tavi 19) 
genomSi xSirad xvdeba dnm-is ufro mcire monakveTebi. 
yovelive amis gamo warmoiqmneba axali lokusebiT gaz-
rdili genomi. gazrdilma genomma Semdgomi mutaciebis da 
Semdgomi gadarCevis Sedegad SeiZleba axali funqciebi 
SeiZinos. axali genebi warmoiqmneba maSinac, roca makodi-
rebeli genebis (ekzonebis) garkveuli raodenoba genomSi 
gadaadgilebulia. 

genebis ricxvis nairgvari gazrda rogorc Cans mniS-
vnelovan rols TamaSobs evoluciaSi. magaliTad ZuZum-
wovrebis Soreul winapars surnelis gasarCevad erTeuli 
geni moepoveboda. mravali mutaciebis Sedegad geni du-
plicirda. amJamad Tanamedrove adamians ynosvis recep-
torebis 1 000-mde geni aqvs, Tagvs ki 1 300. Semdgomma muta-
ciebma adamianis ynosvis receptorTa genebis daaxloebiT 
60% inaqtivacia moaxdines. Tagvma ki dakarga genebis mx-
olod 20%. es mkeTri demonstraciaa imis, rom mravalmx-
vrivi da mZafri ynosva ufro mniSvnelovania TagvisTvis 
vidre CvenTvis!

mutaciebis sixSire

mutaciebis sixSire cxovelebSi da mcenareebSi daba-
lia, yovel TaobaSi saSualod yovel 100 000 genze erTi mu-
tacia modis. magram sicocxlis mcire xangrZliobis mqone 
mikroorganizmebSi da virusebSi mutaciebi swrafad qmnian 
genetikur cvlilebebs. magaliTad, aiv virusis Taobis 
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sicocxlis xangrZlivoba daaxloebiT ori dRea. virusis 
genomi warmoadgens rnm-s, romelsac mutaciis gacilebiT 
maRali sixSire axasiaTebs, vidre dnm-is genoms. am mizezis 

gamo erTi preparatis gamoyeneba aiv-is winaaRmdeg arae-

feqturia, vinaidan Zalian swrafad Cndebian konkretuli 

wamlis mimarT rezistentuli virusis mutanturi forme-

bi. ori wamliT mkurnalobasac ki ara aqvs xangrZlivi efeq-

ti, vinaidan ori mutaciis mqone da orive wamlis mimarT 

rezistentuli virusebi yoveldRe Cndebian. Sidsis wi-

naaRmdeg yvelaze ufro efeqturia wamlebis `kokteili~, 

anu ramdenime medikamentis narevi. naklebad mosalodne-

lia, rom xanmokle periodis ganmavlobaSi gaCndebian yve-

la wamlis mimarT mravali mutaciebis mqone virusebi. 

sqesobrivi rekombinacia

sqesobrivi gamravlebis unaris mqone populaciebSi 

sqesobrivi rekombinacia gacilebiT ufro mniSvnelovania 

vidre mutaciebi. droTa ganmavlobaSi sqesobrivi rekom-

binaciebis Sedegad warmoiqmneba cvlilebebi, romle-

bic zrdian organizmis adaptacias. fenotipuri mraval-

ferovneba dafuZnebulia organizmebs Soris genetikur 

gansxvavebaze. TiTqmis yvela fenotipuri variacia geno-

fondis alelebis rekombinaciuli gadaadgilebis Sede-

gia (alelebis es variaciebi Cndebian warsulSi momxdari 

mutaciebis Sedegad). populaciaSi partnioris SerCevis 

milionobiT varianti arsebobs. ganayofierebis Sedegad 

genetikuri SemadgenlobiT gansxvavebuli  individebis 

gametebi erTiandebian. sqesobrivi gamravlebis Sedegad 

yovel TaobaSi xdeba alelebis reorganizacia da axali 

kombinaciebis Seqmna. aseve genTa rekombinacia mimdin-

areobs mraval virussa da baqteriaSi. maTSi es procesi 

gacilebiT nakleb regularulad da sxva gziT xorcield-

eba, vidre cxovelebsa da mcenareebSi. amis saSualebiT maT 

SeuZliaT saxeobaTa Soris arsebuli barierebi gadalaxon 

(ixileT Tavi 18). saWmliT mowamvlis mraval SemTxvevebSi 

`damnaSavea~ colis baqteria escherichia-s O157:H7-s Stami. 

misi mravali geni sxvadasxva saxeobis baqteriebis genTa 

mozaikas warmoadgens. intensiuri rekombinaciis Sedegad 

paTogenebi swrafad icvlebian. mutaciebis maRal six-

SiresTan erTad recombinaciis unari, gansakuTrebiT sa-

SiSs  xdis paTogenebs. 

koncefcia 23.2 Semowmeba
1.  genofondSi vrceldeba yvela warmoqmnili mu-

taciebis mxolod mcire  nawili, ratom? 

2.  rogor warmoiqneba variaciebi sqesobrivi re-

kombinaciebis Sedegad?

koncefcia  23.3
bunebrivi gadarCeva, genTa 
dreifi da genTa nakadi cvlis 
populaciis genetikur 
Semadgenlobas

gadaxedeT isev xuT wess ...... gverdze. populacia rom 
hardi-vaingergis wonasworobaSi imyofebodes, am wesebis 
dacvaa saWiro. am mdgomareobidan nebismieri gadaxra 
evoluciis potenciuri mizezia. Tumca marTalia, rom 
axal mutaciebs SeuZliaT Secvalon alele bis sixSire, 
magram erTi Taobidan meoreze gadasvlisas, rogorc Cans 
mcire cvlilebebi xdeba. rekombinaciebis Sedegad xde-
ba alelebis gadaadgileba, magram ar icvleba maTi six-
Sire. im SemTxvevSi, roca Sejvareba ar aris SemTxveviTi, 
alelebis sixSireze SeiZleba imoqmedos homozigoti da 
heterozigoti genotipebis SefardebiTma sixSireebma. ro-
gorc wesi isini ar axdenen alelebis sixSireze gavlenas. 
alelebis sixSires cvlis sami ZiriTadi faqtori. igive 
faqtorebi gvaZleven evoluciuri cvlilebebis ZiriTad 
raodenobas. es aris bunebrivi gadarCeva, genTa dreifi da 
genTa nakadi. 

bunebrivi gadarCeva

rogorc 22 TavSi gaecaniT darvinis bunebrivi ga-
darCevis koncefcia emyareba gansxvavebul warmatebul 
gamravlebas. populaciaSi individebs memkvidreobiT 
niSan-Tvisebebis variaciebi axasiaTebT. garemosTan ukeT 
misadagebuli cvlilebebis mqone individebi met STamo-
mavlobas toveben, vidre isini, visi Tvisebebi naklebad 
morgebulia garemos pirobebs. 

Cven viciT, rom gadarCeva aisaxeba alelebis propor-
ciebSi, romlebic Semdeg Taobas gadaecemian. Semdgomi 
Taobebis alelebis SefardebiTi sixSireebi gansxvavedebi-
an wina Taobebis SefardebiTi sixSireebisgan. magaliTad 
Cveni warmosaxviTi yvavilovani mcenaris populaciis Sem-

TxvevaSi, TeTri yvavilebi (CW CW) mcenareWamia mwerebi-
sTvis SeiZleba ufro advilad Se samCnevi aRmoCndnen. 
amis Sedegad ZiriTadad TeTr yvaviliani mcenareebi nad-

gurdebian. dauSvaT, rom wiTeli yvavilebi (CR CR)   metad 
izidaven damtverav mwerebs. amis Sedegad wiTelyvavilian 
mcenareebs meti Sansi aqvT datovon STamomavloba. orive 
es sxvaoba _ gadarCenaSi da reproduqciul warmatebaSi 

arRvevs hardi-vain bergis wonasworobas: CW alelis six-

Sire genofondSi mcir deba da CR alelis sixSire ki izrde-
ba. mogvianebiT am TavSi ufro axlos ganvixilavT bunebri-
vi gadarCevis process.  
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genTa dreifi

aagdeT moneta 1 000 jer. Tu monetis davardnis Se-
degad miiRebT 700 averss da 300 reverss eWvi Segepare-
baT monetis sinamdvileSi (SeiZleba is yalbia). magram Tu 
aagdebT mxolod 10 jer da Sedegad miiRebT 7 averss da 
3 reverss es iqneba normaluri movlena. rac ufro mci-
rea nimuSi, miT metia mosalodneli Sedegidan gadaxra. 
Cvens SemTxvevaSi aversis da reversis warmoqmnis alba-
Tobidan gadaxra Tanabaria. msgavsi gadaxra mosalodneli 
Sedegidan (is imis Sedegia, rom realu ri populaciebis 
zoma gansazRvrulia da ara ganusazRvreli), xsnis erTi 
Taobidan meroremde alelebis sixSiris moulodneli cv-
lilebebs. aseT fluqtuaciebs (gadaxrebs) genTa dreifs 
uwodeben. ganvixiloT 23.7 suraTze gamosaxuli magaliTi. 
gaviTvaliswinoT, rom am SemTxvevaSi erT-erTi aleli 
gaurkveveli mizezis gamo daikarga; rac niSnavs, rom CW 
da ara CR alelis dakargva sufTa SemTxveviTobaa. drois 
ganmavlobaSi genebis dreifi aqrobs alelebs da amcirebs 
genofondis genetikur cvalebadobas. 

ori movlena, viwro yelis efeqti da damfuZneblis 
efeqti zrdis genetikuri dreifis populaciaze gavlenis 

albaTobas. 

boTlis (viwro)  yelis  efeqti

garemos pirobebis mkveTrma cvlilebam SeiZleba Zli-
er Seamciros populaciis  ricxovnoba. amis Sedegad ram-
denime gadarCenilma organizmma SeiZleba gaaRwios Sez-
Rudul `viwro yelSi~. am SemTxvevaSi maTi genofondi ukve 
ar asaxavs sawyisi populaciis genofonds; am movlenas vi-
wro yelis efeqts uwodeben (suraTi 23.8a). gadarCenilTa 
Soris garkveuli alelebi raRac albaTobiT SeiZleba 
Warbi raodenobiT iyvnen warmodgenilni. sxva alelebi 
SeiZleba ar iyvnen warmodgenilni, an Zalian mcire raode-
nobiT iyvnen warmodgenilni gadarCenilebs Soris. genTa 
dreifi mravali Taobis ganmavlobaSi sakmaod Zlierad cv-
lis genofonds, sanam populacia iqamde ar gizrdeba, rom 
fluqtuacias naklebi efeqti eqneba.

mniSvnelovania gvesmodes viwro yelis efeqtis gav lena. 
amis erTi mizezi imaSia, rom adamianis zemoqme debis Sede-
gad zogierTi saxeobebisTvis xandaxan warmoiqmneba viwro 
yelis efeqti. magaliTad 1890 wlebSi nadirobis Sedegad 
CrdiloeTis zRvis spilos kaliforniis populacia 20 in-
dividamde Semcirda. amis ga-moc is dacul saxeobaTa nusx-
aSi Seitanes. dacvis Sedegad populacia 30 000 individamde 
gaizarda (suraTi 23.8b). mkvlevarebma aiRes zRvis spilo-
ebis reprezentatiuli sinji da genebis 24 lokusi gamoikv-
lies. maT lokusTa cvlilebebi ver aRmoaCines.  TiToeuli 
genii  mxolod erTi aleli iyo warmodgenili. monacemebi 
samxreTis zRvis spiloebis populacias Seadares, romelic 
CrdiloeTis saxeobis axlo naTesavia. am ukanasknels viwro 
yeli ar gauvlia. samxreTis zRvis spiloebs mniSvnelovani 
genetikuri cvalebadoba aReniSneboda. 

damfuZneblis  efeqti

roca xdeba ramdenime individis izolireba ufro didi 
populaciidan, am mcire jgufma (ramdenime individma) 
SeiZleba daaarsos axali populacia. axali populaciis 
genofondi sawyisi populaciis genofondisgan gansxvave-
buli iqneba; am movlenas damfuZneblis efeqts uwodeben. 
magaliTad damfuZneblis efeqts SeiZleba adgili hqondes 
roca xdeba axal teritoriaze populaciis ramdenime 
wevris dasaxleba. es damfuZneblebi `izolaciis viwro 
yelSi~ gadian da damoukidebel genofonds qmnian. am geno-
fondSi alelebis sixSire gansxvavdeba sawyisi populaciis 
genofondis alelTa sixSirisgan. 

damfuZneblis efeqti gamovlenilia adamianis izo-
lirebul populaciaSic maT garkveuli memkvidreobiTi 
darRvevebis SedarebiT maRali sixSire aReniSnebaT. mag-
aliTad, 1814 wels 15 kolonistma daaarsa tristan de 
kuniaSi (afrikasa da samxreT amerikas Soris Sua gzaze, 
atlantikis okeaneSi, mdebare mcire kunZulebis jgufi) 
britanuli dasaxleba. ueWvelia, rom erT-erTi kolo-
nisti retinit pigmentozis recesiuli alelis mtarebe-
li iyo (sibrmavis progresuli forma, romelic vlindeba 
homozigot individebSi). gvian 1960 wlebSi am pirveli 
kolonistebis 240 STamomavalidan daavadeba oTxs aReniS-
nebda. am alelis sixSire tristan de kuniaze aTjer meti 
aRmoCnda, vidre im populaciaSi, saidanac damfuZneblebi 
movidnen. 

genTa nakadi 

genTa nakadis arsebobis gamo populaciam SeiZleba 
SeiZinos an dakargos garkveuli alelebi.  populacias 
genetikuri masala emateba an akldeba. es procesi xdeba 
fertiluri (nayofieri) individebis an gametebis gadaadg-
ilebis Sedegad. magaliTad: warmovidginoT, rom Cvens 
warmosaxviT yvavilovan mcenareTa populaciasTan axlos 
aris axlad dafuZnebuli velurad mozardi yvavilo-
van mcenareTa populacia. axali populacia ZiriTadad 

Sedgeba TeTryvaviliani individebisgan (CW CW). damt-
verav mwerebs SeuZliaT gadafrena da sawyisi populaciis 

mcenareebis damtverva. Semotanilma CW alelebma SiZle-
ba Secvalon alelebis sixSire Cveni  sawyisi  populaciis  
momdevno  TaobaSi.  

genebis nakads aqvs tendencia Seamciros populaciebs 
Soris genetikuri sxvaoba. Tu genTa nakadi sakmaod in-
tensiuria, mas SeuZlia mezobeli populaciebi saerTo 
genofondis mqone erT populaciad gaaerTianos. magali-
Tad: dRes adamianebi gacilebiT advilad gadaadgild-
ebian msoflios masStabiT, vidre es adre iyo. amis Sede-
gad genebis nakadi ufro mniSvnelovani gaxda adamianis 
populaciaSi arsebuli evoluciuri cvlilebebisTvis, vi-
dre im dros, roca adamianebi SedarebiT izolirebulebi 
iyvnen.
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koncefcia 23.3 Semowmeba
1.  erTi mxvriv bunebrivi gadarCeva ukeT gvaZlevs 

momavlis suraTs, vidre genTa dreifi. ratom? 

2.  ganasxvaveT genTa dreifi da genTa nakadi imis 

mixedviT Tu: (a) rogor mimdinareoben isini da 

(b) maTi wvlili populaciaSi mimdinare Semdgom 

genetikur cvalebadobaSi. 

koncefcia  23.4
bunebrivi gadarCeva 

adapturi evoluciis 

ZiriTadi meqanizmia

yvela im faqtoridan, romelsac SeuZlia genofondis 
Secvla, mxolod bunebriv gadarCevas SeuZlia moaxdinos 
populaciis adaptacia garemosTan. bunebrivi gadarCe-

  suraTi 23.7 genTa dreifi. am veluri yvavilovani mcenaris mcire popu-
lacia 10 mcenarisgan (stabiluri ricxvi) Sedgeba. aqedan pirvel TaobaSi 
mxolod 5 mcenare (TeTr CarCoSi arian) gvaZlevs fertilur (gamravlebis 
unaris mqone) STamomavlobas. meore Taobidan SemTxveviT mxolod 2 mcena-
re tovebs fertilur STamomavlobas. CW alelis raodenoba jer izrdeba 
meore TaobaSi, Semdeg ki nolamde ecema mesame TaobaSi. 

CR CR

CR CR

CR CR

CR CR CR CR

CR CR

CR CR

CR CR

CR CR

CR CR

CR CR

CR CR

CR CRCR CR

CR CRCR CR

CR CR

CR CR

CW CR
CW CR

CW CR

CW CR

CW CR

CW CR CW CR

CW CR

CW CW

CW CW

CW CW

CW CW

10 mcenari-
dan STamo-
mavloba mx-
olod 5-ma 
datova

10 mcenari-
dan STamo-
mavloba mx-
olod 2-ma 
datova

p (CR -is sixSire)=0,7

q (CW -is sixSire)=0,3

p=0,5

q=0,5

p=1,0

q=0,0

Taoba 1 Taoba 2 Taoba 3

 suraTi 23.8  viwro (boTlis) yelis efeqti

sawyisi
 populacia

boTlis yelis 
efeqti

gadarCenili 
populacia

(a) ramdenime burTulas boTlis viwro yelSi gatareba analogiuria 
garemos araxelsayreli cvlilebebis Sedegad populaciis zomis 
mniSvnelovani Semcirebis. sruliad SemTxveviT, lurji burTulebi 
axal populaciaSi ZvelTan SefardebiT bevria, yviTeli ki ar aris. 

 (b) organizmebis populaciis boTlis yelSi gatareba amcirebs gene-
tikur cvalebadobas. amis magaliTia kaliforniis CrdiloeTis zR-
vis zRvis lomebis populacia, romlebic gadaWarbebuli nadirobis 
gamo gadaSenebis piras iyvnen.
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vis Sedegad populaciaSi grovdebian wamyvani (favoriti) 
genotipebi. amave dros xdeba am genotipebis Senaxva. ro-
gorc adre waikiTxeT, bunebrivi gadarCevis procesi gene-
tikuri cvalebadobazea damokidebuli. 

genetikuri cvalebadoba

albaT ar gagiWirdebaT xalxSi megobrebis amocnoba. 
yvela adamians aqvs unikaluri genomi. genomi aisaxeba 
individualur fenotipur cvalebadobaSi, rogoricaa: 
garegnoba, xma da temperamenti da misT. individualuri 
cvalebadoba yvela saxeobis individisTvis aris damaxa-
siaTebeli. adamianebis umetesoba Zalian mgrZnobiarea 
sakuTari saxeobis cvalebadobis mimarT, magram naklebad 
mgrZnobiarea sxva saxeobebSi arsebuli individualizmis 
mimarT. magram cvalebadoba yovelTvis arsebobs yvela 
saxeobaSi. darvini aRniSnavda, rom memkvidreobiTi cva-
lebadoba masalas qmnis bunebrivi gadarCevisTvis. im gan-
sxvavebasTan erTad, romelTa danaxva an gagoneba Segvi-
Zlia, populaciebs axasiaTebT intensiuri genetikuri 
cvalebadoba. genetikuri cvalebadobis danaxva SesaZle-
belia mxolod molekulur doneze. magaliTad: SeuZlebe-
lia individis sisxlis jgufis dadgena (A, B, AB, an O), mxolod 
sisxlis garegnuli saxis mixedviT.  

yvela fenotipuiri cvlileba ar aris memkvidreobiTi 
(suraTi 23.9). fenotipi yalibdeba genotipis da ga-remos 
gavlenis erTiani moqmedebis Sedegad. magaliTad: atlete-
bi mniSvnelovnad cvlian sakuTar fenotips, magram maTi 
mZlavrad ganviTarebuli kunTebi momdevno Taobas mem-
kvidreobiT ar gadaecema. mniSvnelovania gvaxsovdeT, 
rom cvalebadobis mxolod genetikur komponents Seu-
Zlia evoluciuri roli hqondes da bunebrivi gadarCevis 
Sedegs warmoadgendes. 

 suraTi 23.9 aramemkvidreobiTi cvalebadoba populaciaSi. am 
suraTze gamosaxulia Wrelura (Araschnia levana), romelic igive saxe-
obis sezonuri formaa. gamomuSavebuli hormonebis sezonuri sxvaobis 
gamo (a) gazafxulobiT gamosuli individebi narinjisferni da yavis-
ferni arian (b). gvian zafxulSi gamosuli individebi ki TeTri da Savi 
Seferilobis. Seferilobis ganmsazRvreli lokusis mixedviT es ori 
forma genetikurad identuria. aqedan gamomdinare, Tu am ori formis 
reproduqciuli warmateba gansxvavebulia, Cven mainc ver miviRebT 
genotipSi cvlilebas.  

(a) gazafxulze gamosuli 
Wrelura: narinjisferi 
da yavisferia

(b) gvian zafxulSi gamosuli 
Wrelura: Savi da TeTria

cvalebadoba  populaciebSi

orive: diskretuli (wyvetili) da raodenobrivi (uw-
yveti) maCveneblebi  dakavSirebulia populaciaSi arse-
bul cvalebadobasTan. diskretuli Tvisebebia magali-
Tad: wiTeli, vardisferi da TeTri Seferiloba velurad 
mozard yvavilovan mcenareTa warmosaxviT populaciaSi. 
yvavilebis Seferiloba maSin iqneba Semdegi: yovel mcena-
res aqvs yvavili, romelic an yvela vardisferia, an wi-
Teli, an TeTri. diskretuli Tvisebebi xSirad  erTi genis  
gansxvavevuli alelebiT aris determinitebuli, romle-
bic gansxvavevul fenotips ayalibeben. rogorc 22 TavSi 
iyo naTqvami, genetikur mravalferovnebas ZiriTad uwyve-
ti (raodenobrivi) maxasiaTeblebi qmnian. raodenobrivi 
maxasiaTeblebi populaciis SigniT uwyvetad icvlebian. 
uwyveti memkvidreobiTi cvalebadoba erT fenotipur 
niSanze ori an meti genis zemoqmedebis Sedegia.  

polimorfizmi. rodesac individebi calkeuli ni-
San-Tvisebis mixedviT gansxvavdebian, isini gansxvavebul 
formebs qmnian. am gansxvavevul formebs morfebs uwo-
deben. amboben, rom populacia avlens  garkveuli niSan-
Tvisebis mixedviT fenotipur polimorfizms.  am SemTx-
vevaSi  ori an meti gansxvavebuli morfa sakmaod maRali 
sixSiriT aris warmodgenili populaciaSi. amave dros es 
morfebi advilad SesamCnevi arian populaciaSi. (gansaz-
Rvreba `advilad SesamCnevi~ garkveulwilad subieqturia, 
magram populacia ar aris polimorfuli, Tu is ZiriTadad 
erTi morfisgan Sedgeba, sxva morfebi ki Zalian iSviaTad 
gvxvdebian). sapirispirod, adamianis populaciaSi simaR-
lis cvaebadoba ar aCvenebs fenotipur polimorfizms, 
vinaidan adamianis populacia ar Sedgeba gansxvavebuli da 
gancalkevebuli morfebisgan _ fenotipi icvleba uwyve-
tad. anu simaRlis  cvlilebac uwyvetia adamianis popu-
laciaSi. Tumca genetikur doneze uwyvetad cvalebadi 
Tvisebebis formirebaSi polimorfizmi garkveul rols 
Ta maSobs. simaRlis ganmsazRvreli memkvidreobiTi kom-
ponenti genetikuri polimorfizmis Sedegia. genetikuri 
polimorfizmi arsebobs im ramdenime lokusis alelebi-
sTvis, romlebic gavlenas axdenen simaRle.

genetikuri  cvalebadobis  gazomva. populaciur 
genetikaSi arsebobs populaciaSi polimorfizmis ricx-
vis gansazRvris meTodi. amisTvis saWiroa ganisazRvros 
heterozigotebis raodenoba orive doneze:  genis doneze 
(genetikuri cvalebadoba) da molekulur, dnm-is doneze 
(nukleotiduri cvalebadoba). rom davinaxoT am meqaniz-
mis moqmedeba,  ganvixiloT xilis buzis (drozofilas) 
populacia. xilis buzis genomi Sedgeba daaxloebiT 13 000 
lokusisgan Sedgeba. drozofilas saSualo heterozigo-
tuloba izomeba, rogorc heterozigoti lokusebis saSu-
alo procenti. saSualod xilis buzi aris heterozigoti 
(aqvs ori gansxvavebuli aleli) lokusebis daaxloebiT 
14% mixedviT. ase rom, SegviZlia vTqvaT, rom buzis popu-
laciis saSualo heterozigotuloba 14%. anu rom tipi-
uri xilis buzi heterozigotulia 13 000 genis lokusidan 
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1 800 lokusiT, da homozigoturia yvela danarCeni loku-
sis mixedviT. 

nukleotiduri cvalebadoba izomeba ori individis 
dnm-is nimuSis nukleotiduri Tanmimdevrobis SedarebiT. 
Semdeg xdeba mravali aseTi monacemebis Sedarebis Sedegis 
gasaSualoeba. xilis buzis genomi Sedgeba daaxloebiT 180 
milioni nukleotidisgan. nebismieri ori buzis nukleo-
tidebis Tanmimdevroba saSualod daaxloebiT 1%-iT gan-
sxvavdeba.  

ratom aris saSualo heterozigotuloba ufro ma-
Rali, vidre nukleotiduri cvalebadoba? geni Sedgeba 
dnm-is aTasobiT fuZisgan. erT fuZeSic sxvaobis Sedegad 
ki genis ori aleli gansxvavebulad iTvleba da es zrdis 
populaciis heterozigotulobas. 

nukleotiduri cvalebadobis gazomvis safuZvelze 
aRmoCnda, rom adamianebs, saxeobebis umravlesobasTan Se-

darebiT SedarebiT mcire genetikuri cvalebadoba aqvT. 
ori adamiani maTi fuZeebis mxolod 0,1% gansxvavdeba, es 
drozofilis populaciaSi napovni nukleodituri cva-
lebadobis meaTedia. Cven, adamianebi, sarwmunod ufro 
msgavsni varT genetikurad, vidre gansxvavebulni. magram 
nukleotiduri cvalebadobis 0,1% moicavs mTel memkvi-
dreul komponents, anu yvela sxvaobas adamianebis ierSi, 
JReradobaSi da moqmedebaSi, bioqimiur cvalebadobasTan 
erTad. magaliTad: ABO sisxlis jgufobrioba, romelic mor-
fologiurad ar Cans. 

cvalebadoba  populaciebs  Soris 

saxeobebis umetesoba geografiul cvalebadobas av-
lens, sxvaobas populaciebis gancalkevebul genofondsa 
an populaciebis qvejgufebs Soris. suraTi 23.10 asaxavs 
geografiuli cvalebadobis magaliTs. geografiuli cva-
lebadoba nanaxia saxlis Tagvis (Mus musculus) izoli-
rebul populaciebSi. me-15 saukuneSi SemTxveviT moxda 
portugalieli kolonistebis mier am populaciaTa intro-
ducireba (Seyvana) atlantis okeanis kunZul madeiraze. 

erTi adgilidan meoreze gadasvlis dros ga remo faq-
torebi  icvleba, amitom bunebrivi  gadarCeva  xels uwyobs  
populaciebis  geografiul  cvalebadobas.  magaliTad,  
Cven  warmosaxviT,  bu ne baSi  velurad mozardi  yvavilo-

van mcenareTa erT populaciaSi CW alelis sixSire  Sei-
Zleba  maRali  iyos,  vidre  sxva  populaci ebSi, vinaidan  
adgilobrivi  damtveravi  mwerebi  TeTr yvavilebs  ufro  
irCeven.  amave  dros  genTa  dreifis moqmedebis  Sedegad  
gacilebiT  metad  warmoiqmneba sxvaoba populaciebis 
alelebis sixSireebs Soris, vidre bunebrivi gadarCeviT. 
(alelebis sixSireSi xdeba iSviaTi fluqtuaciebi. fluq-
tuaciebis erTiani efeqtis gamo  genTa  dreifis  gavlena  
populaciebis  alelebs sixSireebs  Soris  sxvaobaze  metia  
bunebrivi gadarCevis gavlenaze).

geografiuli cvalebadobis zog magaliTs klini war-
moadgens. klini aris geografiuli RerZis (ganedis an 
grZedis) gaswvriv niSnebis TandaTanobiTi cvlileba. zo-
gierT SemTxvevaSi klins qmnis gadafarvis regioni, sadac 
mezobeli populaciebis individebi erTmaneTs ejvarebian. 
sxva SemTxvevebSi garemos TandaTanobiTi cvlileba qm-
nis klins. magaliTad, CrdiloeT amerikaSi frinvelis da 
ZuZumwovris mraval saxeobaSi ganedis matebasTan erTad 
sxeulis saSualo zoma TandaTan izrdeba. rogorc Cans, 
sxeulis zedapiris farTobis moculobasTan Sefardebis 
Semcireba cxovelis tanis zrdis ukuproporciulia. es 
aris adaptacia, romlis meSveobiT cxoveli civ gare-
moSi mudmiv temperaturas advilad inarCunebs. klinebis 
eqsperimentuli SeswavliT dadginda, rom orive: gene-
tikuri cvalebadobac da garemoc Tavis rols asrulebs 
geografiulad daSorebul fenotipTa sxvaobaSi (suraTi 
23.11).

 suraTi 23.10  qromosomuli mutaciebis kavSiri geografiul cva-
lebadobasTan. kunZul madeiraze saxlis Tagvis ramdenime popula-
cia binadrobs. isini erTmaneTisgan mTebiT gancalkevebulni arian da 
amitom izolirebulad viTardebodnen. mkvlevrebma izlolirebuli 
populaciebis kariotipSi (qromosomTa nakrebi) sxvaoba naxes. zog 
populaciaSi sawyisi qromosomebis Serwyma moxda. magaliTad: “2,4”-iT 
avRniSnavT meore da meoTxe qromosomis Serwymas. Serwymuli qromo-
somebis tipi Tagvis sxvadasxva populaciaSi gansxvavdeba. Serwymuli 
qromosomebis nakrebis mqone Tagvebi oqrosferi wertilebiT aRniS-
nuli arealidan oqrosfer yuTSi moaTavses, Serwymis gansxvavebuli 
tipis mqone Tagvebi wiTeli wertilebiT aRniSnuli arealidan, wiTel 
yuTSi arian. es mutacia genebs xelSeuxeblebs tovebs, amitom misi gav-
lena Tagvze neitraluri rCeba. 
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ufro axlos gavecnoT 

bunebriv gadarCevas

populaciaSi arsebuli Secvlili 
genotipebidan bu  nebrivi gadarCevis 
moqmedebiT zogierTi maTganis six Sire 
izrdeba, anu im organizmebis raode-
noba, romlebic TaobaTa ganmavlobaSi 
ukeT Seeguen konkretul  garemos. am 
nawilSi ufro axlos gavecnobiT bune-
briv gadarCevas, rogorc evoluciuri 
adaptaciis meqanizms.

  

evoluciuri  warmateba

fraza `brZola arsebobisaTvis~ 
da ukeT SeguebulTa gadarCena~ Cveu-
lebrivad ixmareba bunebrivi gadarCe-
vis aRweris dros, Tumca es gamoTqma 
arasworia, Tu vgulisxmobT pirdapir 
brZolas individebs Soris. aris iseTi 
saxeobebi, sadac mamrebs moepovebaT 
rqebi. mamrebi (mdedris dasaufle-
blad) erTmaneTs rqebiT an sxvanai-
rad ebrZvian. magram reproduqciuli 
warmateba zogadad ufro nazia da md-
edrisTvis uSualo brZolis garda 
damokidebulia sxva faqtorebzec. 

ma galiTad: erT-erT kibosnairs (Cir-
ripedia) SeuZlia meti kvercxis dadeba, 
vidre mezobel kibosnairs, vinaidan 
ukeT SeuZlia sakvebis mopoveba wyalSi. 
populaciaSi erT-erT CrCils SeiZleba 
meti STamomavali hyavdes, vidre imave 
populaciis sxva CrCils, vinaidan  sxe-
ulis Seferiloba mas mtrisgan ukeT 
icavs. 

bunebaSi velurad mozardi yva-
vilovsni mcenaris reproduqciuli 
warmateba gansxvavebulia, vinaidan 
zogs (yvavilis SeferilobaSi, zomaSi 
an surnelSi arsebuli mcire cvaleba-
dobis gamo) meti damtveravi mweris 
mizidva SeuZlia. yovelive es adapturi 
upiratesobis magaliTia. amave dros 
komponentia imisa, rasac Cven warmate-
bas vuwodebT. individs  garkveuli 
wvlili Seaqvs Semdegi Taobis geno-
fondis formirebaSi. am Senatanis Se-
fardeba sxva individebis SenatanTan 
gvaZlevs warmatebas.  

bunebrivi gadarCevis efeqturobis 

mkvlevrebma SeamCnies, rom siera nevadas mTebis 

ferdobebze gazrdili asfurcelas (Achillea) sa-

Sualo zoma mcirdeba zRvis donidan simaRlis 
matebasTan erTad. imisTvis, rom gamoericxaT sxvadasxva simaRleze sxvadasxva 
garemos moqmedeba, mkvlevrebma Seagroves sxvadasxva simaRleze mzardi mcena-
reebis Tesli da erT  baRSi daTeses. Semdeg gazrdili mcenareebis simaRle 
gazomes. 

Cveulebriv baRSi gazrdili mcenareebis saSualo zoma aR-
moCnda maTi Teslis Segrovebis simaRlis ukuproprorciu-

li. Tumca am SemTxvevaSi cvlilebebi ufro mcire iyo, vidre bunebriv gare-
moSi gazrdil mcenareebSi.
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Teslis Segrovebis adgili

erT simaRleze gazrdili mcenareebis SedarebiT mcire, ma-
gram gazomvadi klinaluri cvalebadoba avlens rogorc  ge-
netikuri, aseve garemos faqtoris rols.

baRSi gazrdili mcenareebis saSualo simaRle

didi baseinis 
plato

siera nevadas 
mTagrexili

suraTi 23.11

kvleva: aqvs Tu ara asfurcelas geografiuli cvalebadobas 

genetikuri komponenti?

eqsperimenti

Sedegebi

daskvna
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ricxvebSi gamosaxatavad, populaciurma  genetikosebma 
gansazRvres fardobiTi warmatebis cneba. es aris geno-
tipis Senatani Semdeg TaobaSi Sefardebuli amave lokusis 
mixedviT alternatiuli genotipis SenatanTan. ganvixi-
loT kidev erTxel Cveni velurad mzardi yvavilovani mce-
naris populacia. CavTvaloT, rom wiTeli yvavilebis mqone 
individebi saSualod ufro mcire raodenobiT gvaZleven 
STamomavlobas, vidre TeTri an vardisferi yvavilebis 
mqone individebi. TeTri da vardisferi yvavilebis mqone 
individebi ki Tanabari raodenobis STamomavlobas iZle-
vian. reproduqciulad yvelaze warmatebuli variantis 
fardobiTi warmateba miviCnioT 1-is tolad. es iqneba 
safuZveli Sesadareblad, ase rom TeTryvaviliani an 
vardisfer yvaviliani mcenareebis fardobiTi warmateba 
aris 1. Tu wiTeli yvavilebi mogvcemen 80% -s wiTelyve-
vilian STamomavlobas, maTi fardobiTi warmateba iqneba 
0,8 toli da ara erTis. 

Tumca populaciuri genetikis mkvlevarebi xSirad ga-
nixilaven genotipis fardobiT warmatebas. mniSvnelova-
nia gvaxsovdes, rom bunebrivi gadarCeva amoqmedebs feno-
tipze da ara genotipze. is cocxali erTeuli, romelzec  
bunebrivi gadarCeva zemoqmedebs aris mTeli orga-
nizmi. ase rom garkveuli alelis fardobiTi warmateba 

damokidebulia garemosa da genetikur struqturaze, 
romelSic is Tavs avlens. magaliTad: gvaqvs aleli, ro-
melic akontrolebs xis zros da Reroebis zomas. am ale-
lis moqmedebiT  zrosa da Reroebis zoma izrdeba. Tu 
amave dros sxva lokusSi ar moipoveba alelebi, romelTa 
moqmedeba gazrdis fesvTa sistemas, pirveli alelis moq-
medeba xisTvis mavne iqneba. xes zro gaezrdeba, fesvebis ki 
ara. fesvebi ver daiWeren gazrdil xes. maRali warmatebis 
mqone individebSi SeiZleba vnaxoT alelebi an dnm-is sxva 
nawilebi, romlebsac araviTari wvlili ar SeaqvT orga-
nizmis warmatebaSi (an naklebad emorCilebian adaptacias). 
magaliTad: retrovirusebis aTasobiT nawili an sxva  urT-
ierTdakavSirebuli elementi agrZelebs integrirebas da 
dagrovebas  Cvens genomSi. dnm-is am monacveTebs ara aqvT 
funqcia. isini erTi Taobidan meore Taobaze gadadian, vi-
naidan  umetes SemTxvevaSi ar ayeneben organizms zians. 

TavisTavad gadarCena gamravlebis warmatebis garan-
tias ar qmnis. steriluri mcenareebis an cxovelis far-
dobiTi warmateba nulis tolia, maSinac Tu es organizmi 
Zlieria da populaciis sxva wevrebze ufro didxans cocx-
lobs. magram gadarCena aucilebelia gamravlebisTvis da 
xangrZlivi sicocxle ki zrdis organizmis warmatebas. 
anu es niSnavs, rom xangrZlivad mcxovrebi individi met 

 suraTi 23.12  gadarCevis meTodi. 
es SemTxveva aRwers sam gzas romli-
Tac irmis Tagvis (Peromyscus leucopus) 
warmosaxviTi populacia SeiZleba 
ganviTardes. populaciaSi arsebobs 
balnis Seferilobis memkvidreobiTi 
cvlilebebi: Ria feridan muq feramde. 
grafiki aCvenebs gansxvavebuli balnis 
Seferilobis mqone individebis six-
Siris cvlilebas drois ganmavlobaSi. 
farTo TeTri isrebiT aRniSnulia 
garkveuli fenotipis winaaRmdeg moq-
medi bunebrivi gadarCeva. 

sawyisi populacia
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fenotipebi (balnis Seferiloba)sawyisi populacia ganviTarebuli populacia

(a) pirdapiri gadarCeva. populaciis saerTo struq-
turis gadaweva gavrcelebis erTi polusis mqone  vari-
antebisTvis upiratesobis miniWebiT. am SemTxvevaSi 
upiratesoba eniWeba muq Tagvebs, vinaidan, roca isini 
muq kldeebSi binadroben Seferiloba icavs maT mtace-
blebisgan 

(b) dizruptiuli gadarCeva. upiratesobas 
aniWebs gavrcelebis orive polusis varian-
tebs. es Tagvi gavrcelda Sereul habitatSi 
sadac rogorc Ria aseve muqi feris kldeebia. 
amis Sedegad Sualeduri Seferilobis Tagve-
bi iCagrebian.

(g) mastabilizrebeli gadarCeva. popula-
ciidan xdeba eqstremaluri fenotipebis 
eliminacia da Seualdeuris damkvidreba. 
Tu garemoSi Warbobs Sualeduri Seferilo-
bis kldeebi TeTri da Savi Tagvebis gamor-
icxva moxdeba
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STamomavals tovebs vidre is organizmi, romelic ufro 
male kvdeba. sxva mxvriv, xanmokld mcxovreb individs Seu-
Zlia meti STamomavali datovos, Tu is ufro male xdeba 
sqesmwife da sqesobriv gamravlebas ufro adreul asakSi 
iwyebs. ase rom orive: gadarCenac da nayofierebac xels 
uwyobs evoluciur warmatebas. 

mamoZravebeli, dizruptiuli (damanawevrebeli) da 
mastabilizirebeli bunebrivi gadarCeva

memkvidreobiTi Tvisebebis gavrcelebis sixSire bune-
brivi gadarCevis Sedegad sami gziT icvleba. Tu romeliT, 
damokidebulia imaze, Tu romeli fenotipia dominanturi 
populaciaSi. arsebobs gadarCevis sami tipi: mamoZravebe-
li, dizruptiuli da mastabilizirebeli gadarCeva. 

mamoZravebli gadarCeva (suraTi 23.12a) yvelaze far-
Todaa gavrcelebuli. igi moqmedebs maSin, roca poulaci-
is garemo icvleba an roca populaciis wevrebi axal, gan-
sxvavebuli garemo pirobebis mqone habitatSi migrireben. 
mamoZravebeli gadarCeva zogi fenotipuri cvlilebebis 
ganawilebis mruds gadawevs erTi an meore mimarTulebiT. 
am dros upiratesoba eniWebaT im individebs, romlebic 
saSualo mniSvnelobidan gadaixrebian. magaliTad, ga-
namarxebuli naSTebidan Cans, rom evropaSi gavrcelebuli 
Savi daTvis saSualo zoma yovel gamyinvarebis periodSi 
izrdeboda, Semdeg gamyinvarebaTa Soris periodSi daTbo-
bis dros isev mcirdeboda. ufro didi zomis daTvebi, rom-
lebTac zedapiri/moculobis Sefardeba naklebi hqondaT 
ukeT inarCunebdnen sxeulis mudmiv temperaturas, eqs-
tremalur siciveSi maT gadarCenis meti Sansi gaaCndaT. 

dizruptiuli (damanawevrebeli) gadarCeva (suraTi 
23.12b) mimdinareobs maSin, roca garemo pirobebi aniWeben 
upiratesobas fenotipis romelime an orive eqstremums 
(ukiderusobas), Sualedur fenotipTan SedarebiT. magal-
iTad kamerunSi gavrcelebuli Savmucela, marcvleuliT 
mkvebavi mTiulebis populaciSi gvxvdeba orgvari, metad 
gansxvavebuli niskartis mqone frinvelebi. patara niskar-
tis mqone individebi ikvebebian ZiriTadad rbili marcv-
lebiT. didi niskartis mqone frinvelebi ki specializire-
bulebi arian mkvrivi marclebis mtvrevaze. rogorc Cans 
saSualo niskartiani frinvelebs uWirT orive tipis mar-
cvlebis mtvreva (rbilis da magaris), amitom aqvT ufro 
dabali fardobiTi warmateba. rogorc waikiTxavT Semdeg 
TavSi, dizruptuli gadarCeva SeiZleba mniSvnelovani 
iyos saxeobaTa warmoSobis adreul stadiebze. 

mastabilizirebeli gadarCeva (suraTi 23.12 ï) moq-
medebs eqstremaluri fenotipebis winaaRmdeg da upirate-
sobas aniWebs saSualo adre Camoyalibebul variantebs. 
gadarCevis es tipi amcirebs cvalebadobas da xels uwy-
obs garkveuli fenotipuri TvisebebisTvis status qvos 
(igive mdgomareobis) SenarCunebas. magaliTad: adamianebSi 
umetesi axalSobili bavSvis wona meryeobs 3-4 kg-is farg-
lebSi. bavSvebs, romelTa wona amaze bevrad mcire an didia 
aqvT daRupvis meti Sansi.

gadarCevis tipis miuxedavad, misi ZiriTadi meqanizmi 
igive rCeba. gadarCeva arCevs garkveul memkvidreobiT 

Tvisebebs, romlebTac gansxvavebuli reproduqciuli 
warmateba gaaCniaT.

genetikuri mravalferovnebis  

SenarCuneba

ra icavs genetikur mravalferovnebas Semcirebisgan 
Tu bunebriv gadarCevis mier xdeba yvela araxelsayreli 
genotipis eliminacia? mamoZravebeli da mastabilizire-
beli gadarCeva amcirebs cvalebadobas. amas ewinaaRmdege-
bian cvalebadobis damcavi an aRmdgeneli meqanizmebi.

diploiduroba

eukariotebis umetesoba diploiduri organizme-
bia. amitom memkvidreuli cvalebadobis sakmaod didi 
nawili gadarCevisgan dafarulia. is arsebobs recesiu-
li alelebis formiT. recesiuli alelebi dominantur 
alelebTan SedarebiT mocemul garemoSi an naklebad xel-
sayrelni arian, an srulebiTac mavnea. magram maTi dag-
roveba SesaZlebelia, vinaidan isini arian heterozigot 
individebSi. es faruli cvlileba marto maSin monawil-
eobs bunebriv gadarCevaSi, roca orive mSobeli erTi da 
igive recesiuli alelis mtarebelia da erT zigotaSi er-
Tiandeba orive recesiuli aleli. es iSviaTad xdeba maSin, 
Tu recesiuli alelis sixSire Zalian dabalia. rac ufro 
iSviaTia recesiuli alelis sixSire, miT ufro daculia 
bunebrivi gadarCevisgan. heterozigotebSi daculobis 
gamo xdeba didi raodenobis recesiuli alelebis dag-
roveba. arsebul pirobebSi recesiuli aleli SeiZleba ar 
iyos xelsaxreli, magram Secvlil garemo pirobebSi zogma 
organizmma SeiZleba warmatebas miaRwios. 

gamawonasworebeli  gadarCeva

 gadarCevis Sedegad zogi genis lokusSi SeiZleba mox-
des cvlilebis Senaxva. gamwonasworebeli gadarCeva 
bunebrivi gadarCevis Sedegad populaciaSi ori an meti 
fenotipis stabilur sixSires inarCunebs. am mdgomareo-
bas damabalansebel polimorfizms an wonasworul po-
limorfizms uwodeben. am tipis gadarCeva moicavs het-
erozigotul upiratesobas da sixSireze damokidebul 
gadarCevas.

heterozigotuli upiratesoba. Tu garkveuli ge-
nis lokusis mtarebel heterozigot individs aqvs meti 
warmateba, vidre homozigot individs, bunebrivi ga-
darCeva inarCunebs am lokusSi or an met alels. hetero-
zigotuli upiratesobis magaliTia adamianis genomis 
lokusi, romelic hemoglobinis (sisxlis wiTeli ujre-
dis Jangbadis gadamtani cila) erT –erT peptidur qveer-
Teuls akodirebs. homozigotur individebSi am lokusis 
recesiuli aleli iwvevs namglisebrujredovani anemias 
(ixileT suraTi 5.21 da 17.23). heterozigotebi  ar avad-
debianian malariiT (Tumca malariis  mimarT rezisten-
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virtualuri populaciis gamoyeneba gadarcevis efeqtis Sesaswavlad
suraTi  23.14
kvlevis meTodi

gamoyeneba

Sedegebi

virtualuri organizmebis gamoyenebiT, romlebic “mravldebian” da Tavis Tvisebebs Semdeg Taobas gadace-
men, genetikosebi drois SekumSuli monakveTisTvis gadarCevis efeqts modelireben. sinamdvileSi gadarCeva 

mravali Taobis ganmavlobaSi mimdinareobs. am meTodis saSulebiT mkvlevrebi calke gamoyofen Sesaswavli cvalebadis gavlenas, 
populaciis evoluciaze sxva moqmedi faqtorebis kontroliT. bunebaSi es TiTqmis SeuZlebelia. 

virtualuri populaciis gamoyenebiT kvleva ufro efeqturia, Tu is dafuZnebulia bunebriv sistemaze. magaliTad: alan 
bondma da alan kamilma (nebraskis universiteti) Seqmnes “virtualuri ekologia” mtacebeli-msxverplis dafuZnebul urT-

ierTkavSirze. es kavSiri kargad aris Seswavlili. mkvlevrebma gamoiyenes CrdiloeTi amerikis cisferi Cxikvisa da tyis pepelas Soris kavSiri. 
jer pepelas fotoebi digitalur gamosaxulebad gardaqmnes. frTebis Tvisebebs rTuli kompiuterizirebuli genomi ganapirobebda, romelic da-
fuZnebulia namdvili peplebis genetikaze. mkvlevrebma poligenuri memkvidreoba, krosingoveri da mutaciebi gaiTvaliswines. peplebi SeiZleba 
SevajvaroT. maTi STamomavlobis genotipi da fenotipi sxvadasxva maTematikuri 
modelebiT dgindeba. bondi da kamili cisfer Cxikvebs avarjiSebdnen. Cxikvebi 
SeeCvivnen digitalur peplebze nadirobas. peplebi Cndebodnen ekranze. ekranis 
foni bunebaSi arsebul fons, anu xis Reros hgavda. Cxikvis pepelaze nadiro-
bis efeqtis modelirebisTvis mkvlevarebi yovel Cxikvs pepelas gamosaxule-
bas aCvenebdnen da zomavdnen dros, romelSic Cxikvi gamosaxulebas cnobda (an 
ver cnobda). yoveli pepelas Sejvarebis albaTobis gamosaTvlelaT mkvlevrebi 
statistikur models iyenebdnen. amis Sedegad warmoiqmneba msxverplis Semdegi 
Taoba. am process isini 100 Taobis ganmavlobaSi pepelas yoveli eqsperimentuli 
jgufisTvis imeorebdnen (am dros Cxikvebi sixSireze damokidebul gadarCevas 
axorcielebdndn). cda ori sakontrolo jgufisTvis tardeboda ( am SemTxvevaSi 
Cxikvebi gadarCevas ar awarmoebdnen), mkvelvrebi yovel TaobaSi genotipebis 
SemTxveviT rekombinacias awarmoebdnen. sxva sakontrolo, sixSireze da-
moukidebel gadarCevaSi, Cxikvebi peplebs arCevdnen, magram kompiout-
eruli programa “gamosaxulebis Zebnis” efeqts Slida. 

pepelas gamosaxule-
baze daniskartebis Sem-
deg mkvlevrebi Cxikvs 
sakvebs aZlevdnen. Tu 
frinveli verc erT 
ekranze ver amCnevs pe-
pelas gamosaxulebas, 
is mwvane rgols uni-
skartebs. amis Semdeg 
ekranze gamosaxulebis 
axali seria Cndeba 
(kvebis axali SesaZle-
bloba).

virtualuri msxverplis populaciis gamoyenebiT mkvlevrebma SeZles real-
uri mtaceblis mier grZelvadiani gadarCevis Sedegad momxdari evoluciuri 
cvlilebebis modelireba. am kvlevaSi eqsperimentuli populaciis peplebis 
aRmoCena naklebad gadarCevad sakontrolo populaciis peplebTan Sedar-
ebiT rTulia (rogorc es sixSireze damoukidebeli gadarCevisas xdeba), ma-
gram rogorc naCvenebia qveviT moyvanil grafikze, sam cdaSi eqsperimentuli 
jgufi (feradi xazebi) ufro did fenotipur mravalferovnebas avlens vidre 
sixSireze damoukidebeli sakontrolo jgufi (Savi xazebi). Sedegebi bondis 
da kamilis hipoTezas adasturebs, rom mtaceblis mier sixSireze damokide-
buli gadarCeva msxverplis populaciaSi polimorfizms xels uwyobs. 

mSobliuri populaciis nimuSi

exsperimentuli jgufis nimuSi

erTferovani ekrani ornamentiani ekrani
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Taobebis raodenoba

sixSireze damoukidebeli 
kontroli.  

meTodi

tulebi ar arian). tropikul regionebSi, sadac adami-
anebi ZiriTadi malariiT iRupebian, aseTi damcveloba 
mniSvnelovan upiratesobas qmnis. 

am arealSi arsebuli garemo pirobebi upiratesobas an-
iWeben heterozigotebs, dominant homozigot individebT-
an SedarebiT. dominanti homozigoti individebi ufro 
mgrZnobiareni arian malariis mimarT, magram ar avad-
debian anemiiT. amave dros heterozigotebs upiratesoba 

aqvT homozigot recesiul individebTan SedarebiT, vi-
naidan recesiuli homozigotebi avaddebian namglisebru-
jredovani anemiiT da iRupebian. namglisebrujredovani 
anemiis ganmsazRvreli alelis sixSire yvelaze maRalia 
afrikis im regionebSi, sadac farTod aris gavrcelebuli 
malariis paraziti (suraTi 23.13). zog ojaxSi hemoglo-
binis alelebis genofondis 20% -s namglisebrujredo-
vani anemiis aleli Seadgens. es Zalian maRali sixSirea 
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aseTi saxifaTo alelisTvis. magram aseTi maRali sixSiris 

miuxedavad (q = 0,2), namglisebrujredovani anemiiT avad-

deba populaciis mxolod 4% (q2 = 0,04). gacilebiT maRa-
lia heterozigotebis ricxvi, romlebic rezistentule-

bi arian malariis mimarT (2pq = 2 x 0,8 x 0,2 = 0,32). Tumca 
heterozigotebis fardobiTi warmateba bevrad naklebia 
homozigotebis warumateblobasTan SedarebiT, popula-
ciaSi heterozigotebis raodenoba bevrad Warbobs ho-
mozigotebis raodenobas. amitom populaciaSi am alelis 
arsebobis sargebeli abalansebs mis mavne efeqts. 

 suraTi 23.13 malariis da namglisebrujredovani anemiis gavr-
celebis ruka. namglisebrujredovani anemiis aleli afrikaSi farTod 
gavrcelebulia. am polimorfizmis garda arsebobs sxva wonasworuli 
polimorfizmic, romlebic organizms malariisgan icavs.  gansxvavebu-
li saxis wonasworuli polimorfizmi aRFmoaCines msoflios sxva kuTx-
eebis populaciebSi, magaliTad xmelTaSua zRvis regionSi da samxreT 
– aRmosavleT aziaSi, sadac malaria farTod gavrcelebulia. 

sixSireze damokidebuli gadarCeva. sixSireze da-
mokidebuli gadarCevis SemTxvevSi nebismieri morfis 
warmateba mcirdeba, Tu is Zalian Cveulebrivi xdeba popu-
laciaSi. 23.14 suraTze gamosaxulia eqsperimenti, rom-
lis Catarebis dros moxerxda sixSireze damokidebuli 
gadarCevis simulireba. velur bunebaSi cisferi Cxikvebi 
nadiroben peplebze. isini pouloben im peplebis adgil-
samyofels, romlebic dRis ganmavlobaSi gaunZrevlad 
sxedan totebze. Cxikvebi Wamen am peplebs. datyvevebul 
Cxikvebs SeiZleba vaswavloT kompiuteris ekranze gamo-
saxuli virtualuri msxverplis povna. Cxikvebs uCvene-
ben kompiuteris ekranebis serias. am kompiuterebze aris 
wertilebisgan Semdgari foni, romelzec xandaxan Cndeba 
peplis gamosaxuleba. roca Cxikvi uniskartebs peplis ga-
mosaxulebas, mas aZleven saWmlis mcire ulufas. Cxikveb-
ma male daiswavles `gamosaxulebis povna~, miagnes swraf 

gzas yvelaze gavrcelebuli peplebis gamosacnobad. maTi 
codnis gaRrmavebasTan erTad kompiuteruli programa 
cvlida virtualuri msxverplis sixSires. 

Cveulebrivi tipis pepela xdeboda iSviaTi, iSvi aTi ti-
pis pepela ki Cveulebrivi. amas kompiuterSi ake Tebdnen 
zustad ise, rogorc bunebrivi gadarCeva ake Tebs bune-
baSi. mkvlevarebma aseve Seiyvanes progra maSi mutaciebi, 
romelTa Sedegad viRebT axali niS nebis mqone peplebs. 
rogorc ki axali peplis tipi Cve u lebrivi xdeba, Cxikvebi 
swrafad swavloben axal ga mosaxulebas da uniskarteben 
mas. am populaciaSi polimor fizmis SenarCuneba xdeba six-
Sireze damokidebuli gadarCevis gamo: nebismieri Tvise-
bebis mqone iSviaTi peplebi iReben upiratesobas Cveu-
lebriv peplebTan SedarebiT, nebismieri Tvisebebis mqone 
Cveulebrivi peplebi ki xdebian warumateblebi, vinaidan 
Cxikvebi ufro advilad swavloben Cveulebrivi peplebis 
moZebnas, vidre iSviaTi peplebis. velur bunebaSi mtace-
beli-msxverpli urTierTkavSirisas nanaxia msgavsi, six-
Sireze damokidebuli gadarCeva.

neitraluri  cvalebadoba

populaciaSi arsebul zog memkvidreobiT cvalebadobas 
albaT mcire gavlena aqvs an saerTod ara aqvs gavlena re-
produqciul warmatebaze, ase rom bunebrivi gadarCeva ar 
moqmedebs am alelebze. magaliTad: adamianis genomis dnm-is 
aratranslirebadi nawili sakmaod gansxvavebulia sxvadasx-
va adamianSi, magram es cvalebadoba ar iZleva upiratesobas 
gadarCevaSi. aseT cvalebadobas neitraluri cvalebadoba 
daarqves. psevdogenebSi, anu genebSi romlebic inaqtivire-
bulebi arian mutaciebiT, genis yvela nawilSi Tavisuflad 
grovdeba genetikuri “xmauri” anu neitraluri cvaleba-
doba. neitraluri cvalebadobis SefardebiTi sixSireebi ar 
eqvemdebarebian bunebriv gadarCevas; genetikuri dreifis 
arsebobis gamo, drois ganmavlobaSi zogi neitraluri ale-
lis sixSire izrdeba da sxvebis ki mcirdeba. cilis struq-
turis kodis Semcvleli mutaciuri cvlilebebic SeiZleba 
neitralurebi iyvnen. magaliTad: drozofilas genomSi 
warmoiqmnebian mutaciebi. xdeba am mutaciebis genomSi fiq-
sireba, magram drozofilis genetikuri monacemebidan Cans, 
rom aminomJavebis makodirebeli alelebis mutaciebis daax-
loebiT naxevari gadarCevis efeqts ar eqvemdebareba, anu es 
mutaciebi ar axdenen gavlenas cilebis funq ciebze. 

ra Tqma unda SesaZlebelia, rom neitralurma geneti-
kurma sxvaobam imoqmedos gadarCevaze da reproduqciul 
warmatebaze. am moqmedebis gzebis gansazRvra rTulia. 
ufro metic, Secvlili aleli SeiZleba iyos neitraluri 
erT garemoSi, magram sxva garemoSi ar iqneba neitraluri. 
debatebi neitraluri cvalebadobis masStabze grZeldeba 
(romelsac  25 TavSi gaecnobiT) magram erTi ram cxadia: 
maSinac, Tu genofondSi arsebuli intensiuri cvalebado-
bis mxolod nawili axdens mniSvnelovan gavlenas warmate-
baze, es cvlileba udides rezervs warmoadgens bunebrivi 
gadarCevisTvis da adapturi evoluciisTvis. 
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sqesobrivi gadarCeva

Carlz darvini pirveli iyo, romelmac gamoikvlia sqe-
sobrivi gadarCevis gavlena evoluciaze. warmatebul 
SejvarebaSi sqesobrivi gadarCeva igive rols asrulebs, 
raserac bunebriv gadarCeva. gadarCevis es tipi aisaxeba 
sqesobriv dimorfizmSi, anu sqesTa Soris sxvaobaSi. sqes-
Ta Soris sxvaoba ki gamoixateba meorad sqesqeso niSnebSi. 
meoradi sasqeso niSnebi pirdapir ar asocirdebian re-
produqciasTan (suraTi 23.15). am niSnebs miekuTvneba  sxe-
ulis zomaSi, SeferilobaSi da moxatulobaSi gansxvaveba. 
xerxemlianebSi mamrebi wesisamebr `Zlier sqess~ warmoad-
genen. mniSvnelovania SevZloT sqesTaSorisi (intraseqsu-
aluri)  da Sidasqesobrivi gadarCevis garCeva. Sidasqeso-
brivi gadarCeva niSnavs gadarCevas 
“erTi da imave sqess Soris”. am dros 
adgili aqvs pirdapir Sejibrs erTi 
sqesis individebs Soris mdedris 
dasaufleblad. Sidasqesobrivi ga-
darCeva yvelaze advilad SesamCnevia 
mamrebSi. magaliTad: mraval saxe-
obaSi erTi mamri mdedrebis jgufs 
patronobs. sxva mamrebs ar akarebs 
Tavis mdedrebs imitom, rom mis md-
edrebs ar Seejvaron. aseTi mamri 
icavs Tavis mdgomareobas da Cagravs 
ufro mcire zomis, sust an naklebad 
agresiul mamrebs; am Sejibris dros 
ufro xSiria fsiqologiuri gamar-
jveba ritualur SejibrSi. fsiqolo-
giuri gamarjvebis Sedegad meore 
metoqe ukan ixevs da Tavs aridebs 
tramvis risks. tramvebi amcireben mis 
sakuTar warmatebas (ixileT Tavi 51). 

rogorc Cans Sidasqesobrivi gadarCeva zogjer memdreb-
Sic mimdinareobs. magaliTad: mrgvalkuda lemurebSi dom-
inantebi arian mdedrebi da ara mamrebi. amitom ierarqias 
erTmaneTSi mdedrebi adgenen. 

sqesTaSorisi gadarCevis dros, romelsac aseve mam-
ris SerCevas uwodeben, erTi sqesis individebi (rogorc 
wesi mdedrebi) irCeven TavianT partniorebs meore sqesis 
warmomadgenlebs Soris. umetes SemTxvevaSi mdedris ar-
Cevani damokidebulia mamris garegnobaze an qcevaze (ixi-
leT suraTi 23.15). mdedrebi mamrebTan SedarebiT ufro 
iSviaTad uwyvildebian. amitom upiratesoba im mdedrs 
eqneba, romelic ufro met STamomavlebs datovebs, anu 
iseT mamrs SeirCevs, romlisgan meti naSieri eyoleba. 

sqesobrivi gadarCevis kvlevisas darvins aocebda is, 
rom zogi saxeobis mamris mkveTri garegnoba misTvis momge-
biania mxolod mdedris misazidad. sxva mxvriv is sul ar 
aris adapturi da uqmnis mis patrons gark veul risks. mag-
aliTad kaSkaSa Seferiloba mamr frin velebs ufro Sesa-
mCnevs xdis mtaceblebisTvis. magram Tu es meoradi sqe-
sobrivi maCvenebeli exmareba mamrs mdedris moxiblvas da 
sargebeli aqedan riskTan SedarebiT metia, maSin orive, 
kaSkaSa Seferilobac da mdedris arCevanic zrdian re-
produqciul warmatebas. amiT mtkicdeba darvinis ZiriTa-
di idea. mdedri yovel jerze partniors irCevs garkveuli 
garegnobis an qcevis mixedviT. ase xdeba im alelebis Senax-
va, romelTa arsebobis gamo mdedri akeTebs am arCevans. es 
ki aZlevs saSualebas gansakuTrebiT mkveTri fenotipis 
mqone mamrs gadasces STamomavlobas misi alelebi. 

rogor viTardeba mamris gark veuli niSan-Tvisebebis 
SerCeva mdedris mier? aqvs Tu ara mamrs Sesabamisi sarge-
beli mkafio ni San-Tvisebebisgan? ramdenime mkve l vari 
muSaobs hipoTezaze, rom mkveTri sqesobrivi niSnebi 
asaxaven cxovelis janmrTelobas. magaliTad: seriozuli 
parazituli infeqciebis matarebel mamr frinvelebs aqvT 

 suraTi 23.15  sqesobrivi dimorfizmi da sqesobrivi gadarCeva. 
farSevangebis SemTxvevaSi eqstremalur sqesobriv dimorfizms vxv-
davT. es mamrebs Soris arsebuli konkurenciis Sedegia. mamrebis Se-
jibri sqesTaSoris gadarCevas iwvevs. sqesTaSorisi gadarCevisas md-
edrebi mamrebs Soris yvelaze lamazsirCeven. 

 suraTi 23.16 sqesobivi gamravleba winaaRmdegobaSia repro duqciul warmatebasTan. es dia-
grama asaxavs oTxi Taobis Semdeg usqeso gamravlebis mqone mdedrebis reproduqciul warmate-
bas (cisferi wreebi). scenariT dasaSvebia erT mdedrze ori gadarCenili STamomavali modiodes. 
usqeso gamravlebis mqone populacia swrafad izrdeba sqesobrivad gamravlebadTan SedareboiT

usqeso gamravleba sqesobivi gamravleba

mamri

Taoba 3

Taoba 4

mdedri

Taoba 2

Taoba 1mdedri
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Seuxedavi, aCeCili bumbuli. rogorc wesi isini ver axerxe-
ben sakmarisi raodenobis mdedrebis moxiblvas. roca 
mded ri yvelaze lamaz mamrs irCevs, is amave dros part-
niorad irCevs janmrTel individs. amiT ki meti Sansi aqvs 
janmrTeli STamomavloba datovos. 

sqesobrivi gamravlebis  

evoluciuri gamocana 

biologebi ara marto sqesobrivi gamravlebis meqa-
nizmebs swavloben, aramed sqesis evoluciasac, rogorc 
calke aRebul movlenas. populaciis swrafi gamravlebi-
sTvis usqeso gamravleba sqesobriv gamravlebasTan Sedar-
ebiT ufro momgebiania. magaliTad: ganvixiloT mwerebis 
populacia, sadac mdedrebis naxevari mravldeba mxolod 
sqesobrivad da naxevari mxolod usqesod. maSinac, roca 
orive tipis mdedrebi yovel TaobaSi erTi da igive ra-
odenobis STamomavlobas toveben, usqesod momravle md-
edrebs upiratesoba eqnebaT. usqeso gamravlebis dros md-
edrebis yvela STamomavali iqneba mdedri, yvela mdedrs ki 
aseve STamomavlobis mocema SeuZlia. mdedrebis STamomav-
loba isev mdedrebi iqneba da a.S. sapirispirod, orsqesiani 
gamravlebisas mdedrebis STamomavlobis naxevars mamrebi 
Seadgenen. es aucilebelia gamravlebisTvis, magram mamre-
bi TviTon ar toveben STamomavlobas. 23.16 suraTze moce-
muli diagrama asaxavs sqesis arsebobis am `reproduqciul 
winaRobas~

eukariotuli saxeobebis umetesobaSi SenarCunebu-
lia sqesobrivi gamravleba. sqesobrivad mravldebian is 
eukariotuli organizmebic,  romlebTac usqeso gam-
ravlebis unari gaaCniaT. rogorc Cans sqesobrivi gamrav-
leba raRacnairad aZlierebs reproduqciul warmatebas. 
ase rom ar yofiliyo, bunebrivi gadarCeva iTamaSebda us-
qeso gamravlebis alalebis sasargeblod. magram ra upi-
ratesoba aqvs sqesobriv gamravlebas?

erTi versiiT meiozuri rekombinaciis da ganayofi-
erebis procesis Sedegad grovdeba memkvidreobiTi cva-
lebadoba (genetikuri mravalferovneba), romelzec 
moqmedebs bunebrivi gadarCeva. savaraudod, bunebrivi 
gadarCeva inarCunebs sqesis arsebobas, miuxedavad misi 
reproduqciuli naklisa, vinaidan momavalSi mas sargebe-
li moaqvs. memkvidreobiTi cvalebadoba sqesis arsebobis 
Sedegia. is iZleva organizmis adaptaciis SesaZleblobas 
cvalebad garemosTan. magram am varaudis dacva Znelia. 
bunebrivi gadarCeva yovelTvis moqmedebs `axla da aq~, is 
ar moqmedebs momavalze gaTvaliswinebiT, amitom im indi-
videbis reproduqciul warmatebas xels uwyobs, romle-
bic ukeT mravldebian  konkretul garemoSi. 

SeecadeT gansazRvroT, Tu ra gziT aniWebs upirateso-
bas gamravlebad individebs memkvidreobiTi cvalebadoba 
anu genetikuri mravalferovneba drois mcire monakve-
Tis, Taobidan –Taobamde, ganmavlobaSi. erTi hipoTeziT 
memkvidreobiTi cvalebadobis arseboba mniSvnelovan 
rols TamaSobs daavadebaTa  mimarT organizmis mdgra-

dobaSi. mravali baqteriuli da virusuli paTogeni cnobs 
maspinZels da ainficirebs. is ukavSirdeba maspinZelis re-
ceptorebis molekulebs. ase rom, momgebiani unda iyos sx-
vadasxva daavadebis mimarT cvalebadebi mdgradobis mqone 
STamomavloba. magaliTad: erT STamomavals SeiZleba 
hqondes ujreduli markeri, romelic mas A virusis mimarT 
rezistentuls xdis. meore SeiZleba rezistentuli iyos B 
virusis mimarT. am hipoTezidan gamomdinareobs, rom re-
ceptorebis (romlebsac emagrebian paTogenebi) makodire-
beli genis lokuss unda hqondes mravali aleli. rogorc 
Cans zustad es aris sqesobrivi gamravlebis warmatebis 
mimzezi. magaliTad: adamianebSi oridan yoveli genis 
lokusisTvis arsebobs aseulobiT aleli, romlebic ako-
direben cilebs. es cilebi ujredis zedapirs mis moleku-
lur unikalobas aniWe ben (am ujreduli markerebis Sesaxeb 
meti informacia mocemulia 43 TavSi). paTogenebis umete-
sobas unari aqvs swrafad ipovos maspinZelis specifikuri 
receptoris gasaRebi, amitom calkeuli genotipis mdgra-
doba mocemuli daavadebis mimarT ar aris mudmivi. magram 
sqesis arseboba iZleva `kliteebis Secvlis~ meqanizms da 
es meqanizmi cvalebadia STamomavalTa Soris. aseTi erT-
drouli koevoluciis (am dros maspinZeli da paraziti 
erTmaneTze upiratesobis SesanarCuneblad swrafad icv-
lebian) kargi ilustracia aris luis kerolis nawarmoebSi 
`alisa sarkis miRma~ aRwerili `wiTeli dedoflis rbola~. 
erT-erT epizodSi wiTeli dedofali Tavazobs alisas rac 
SeiZleba swrafad irbinos, rom erT adgilas darCes.

ratom ar warmoiqmnebian bunebrivi 

gadarCevis Sedegad srulyofili  

organizmebi?

rogorc 22 TavSi avRniSneT, bunebaSi arsebobs uamravi 
organizmi romelic arc ise kargad aris morgebuli Tavis 
cxovrebis nirTan. es xdeba ramdenime mizezis gamo.

1. evolucia SezRudulia istoriuli zewoliT. yovel 
saxeobas  winapari formebi yavs. winapari formebis STamo-
mavloba xangrZlivi drois ganmavlobaSi icvleboda. evo-
luciis Sedegad ar xdeba winapari organizmis agebulebis 
`waSla~ da TiTqmis arafrisgan axali struqturis Seqmna. 
evolucia operirebs arsebuli struqturis farglebSi da 
axdens am struqturis axal situaciasTan modificirebas. 
magaliTad: Cven SegviZlia warmovidginoT ra sargebeli 
eqnebodaT frinvelebs, rom safreni frTebis garda oris 
magivrad oTxi fexi hqonodaT. maSin isini xmeleTze swraf, 
manevrirebad sirbils SeZlebdnen. magram frinvelebi gan-
viTardnen reptiliebisgan, romlebTac aqvT mxolod ori 
wyvili kiduri. wina kidurebis frTebad gadaqcevis Semdeg 
xmeleTze sasiarulod mxolod erTi wyvili ukana kiduri 
darCa. 

2. adaptacia xSirad kompromiss warmoadgens. yovel or-
ganizms mravali sxvadasxva sagnis keTeba SeuZlia. selapi 
drois garkveul nawils atarebs xmeleTze; is albaT ukeT 
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SeZlebda siaruls lastebis magivrad kidurebi rom hqono-
da. magram am SemTxvevaSi ase kargad ver icurebda. adamian-
ebs universalobas da atletizms aniWeben moqnili kidure-
bi da sagnebis daWeris unaris mqone xelebi. amave dros Cven 
advilad viRebT kidurebis sxvadasxva tramvebs: xSiria 
saxsris gaWimva, fexis gadabruneba, kunTis dazianeba. ad-
vilad tramvirebis Tviseba sazRauria moqmnilobisTvis. 
3. bunebrivi gadarCevisa da Sansis urTierTgavlena. po-
pulaciis Semdgom evoluciaze moqmedeben SemTxveviTi 
movlenebi. magaliTad: xandaxan Storms gadaaqvs fr-
invelebi an mwerebi okeaneSi ganlagebul romelime kun-
Zulze pirvandeli adgilidan asobiT kilometrze. ar 
aris aucilebeli rom qarma gadaitanos axal garemosTan 
saukeTesod morgebuli saxeobebi an saxeobebis warmo-
madgenlebi. amis Sedegad kunZulze warmoiqmneba axali 
populacia. magram am populaciis genofondSi arsebuli 
alelebi ar iqnebian ukeT morgebulni axal garemos, vidre 
im organizmebis alelebi, romlebic `TamaSgareT darC-
nen~, anu ar moxvdenen axal garemoSi. 

4. gadarCeva mxolod arCevs arsebuli cvalebadobidan. 
bunebrivi  gadarCeva upiratesobas aniWebs populaciaSi 

arsebuli fenotipebidan mxolod warmatebulebs. aseTi 
moqmedeba SeiZleba ar iyos idealuri. axali alelebi ar 
warmoiqmnebian moTxovniT. yvela am faqtoris gaTval-
iswinebiT evolucias ar SeuZlia Seqmnas srulyofili 
organizmebi. bunebrivi gadarCeva operirebs `ukeTesi vi-
dre“ bazisze. evoluciis mtkicebis naxva SeiZleba im or-
ganizmebis arasrulyofilebaSi romlebsac is warmoqmnis. 

koncefcia 23.4 Semowmeba
1.  yovelTvis dakavSirebulia Tu ara popula-

ciaSi arsebuli nukleotiduri cvalebadoba 
fenotipur polimorfizmTan? ratom an ratom 
ara?

2.  raSi mdgomareobs steriluri joris fardo-
biTi warmateba? 

3.  axseniT rogor mivyevarT sqesobriv gadarCevas 

sqesobriv dimorfizmamde?

ZiriTadi koncefciebis Semowmebaa:

koncefcia  23.1
populaciuri genetika 

evoluciis Seswavlis safuZvelia 

    Tanamedrove sinTezuri Teoria. Tanamedrove sin-
Tezuri Teoria aerTianebs mendelur genetikas 
darvinis evoluciis TeoriasTan. Tanamedrove sin-
Tezuri Teoria fokusirebulia evoluciis ZiriTad 
erTeulze - populaciaze.

    genofondi da alelebis sixSire. populacia aris 
organizmebis jgufi, romlebic erT gark veul adgi-
las binadroben, ganekuTvnebian erT saxeobas da er-

Tiani genofondi gaaCniaT. genofonds qmnis popula-
ciaSi arsebuli yvela aleli erTad.

  hardi-vainbergis Teorema. hardi-vainbergis Te -
orema: Tu mendeliseuli izolacia da SemTxve-
viTi Sejvareba erTaderTi procesebia, romlebic 
genofondze moqmedeben alelebis da genotipebis 
sixSire populaciaSi rCeba mudmivi. Tu p da q - Ti 
Sesabamisad avRniSnavT calkeul lokusSi ori Ses-
aZlebeli alelis sixSireebs, maSin p2+2pq+q2 =1, sa-
dac p2 da q2 aris homozigoti genotipebis sixSire da 
2pq aris heterozigoti genotipebis sixSire. Tumca 
mravali populacia axlos aris hardi-vainbergis 
wonasworobasTan, magram WeSmariti wonasworoba 
SeiZleba miRweuli iyos Semdegi xuTi wesis dacvi-
sas: Tu populacia aris sakmaod didi, Sejvareba 
SemTxveviTia, mutaciebi ar warmoiqmneba, ar aris 
genebis nakadi sxva populaciebidan, da yvela indi-
vids erTnairi reproduqciuli warmateba gaaCnia 
(bunebrivi gadarCevis zewola erTnairia). 

 

23-e Tavis Semowmeba



575

koncefcia  23.2
mutaciebis da sqesobrivi 

gamravlebis Sedegad warmoiqmneba 

genetikuri mravalferovneba 

(memkvidreobiTi cvalebadoba). 

cvalebadobis Sedegad ki 

mimdinareobs evolucia

mutaciebi da rekombinaciebi qmnian genetikur mravalferovne-

bas, mravalferovnebis gamo ki SesaZlebeli xdeba evolucia. 

  mutacia. axali genebi da axali alelebi mxolod mutaciis 

gziT Cndebian. mutaciebis umetesobas an ara aqvs gavlena 

organizmze, an aris misTvis saziano, magram zogi mutacia 

zrdis organizmis adaptacias garemosTan. 

  sqesobrivi rekombinacia. sqesobrivad gamravlebad orga-

nizmebSi genetikuri rekombinaciis Sedegad viRebT memkvi-

dreobiT cvalebadobas (mravalferovnebas), romlis gamo 

adaptacia SesaZlebeli xdeba.

 aqtiuroba: memkvidreobiTi cvalebadoba (genetikuri mra-

valferovneba) sqesobrivi gamravlebidan gamomdinare 

koncefcia  23.3
bunebrivi gadarCeva, genTa dreifi 

da genTa nakadi cvlis populaciis 

genetikur Semadgenlobas.

  bunebrivi gadarCeva. reproduqciis gansxvave-
buli warmatebis Sedegad garkveuli alelebi sxva 
alelebTan SedarebiT Semdeg Taobas meti raodeno-
biT gadaecema. 

  genTa dreifi. drois ganmavlobaSi momxdari ale-
lebis sixSiris SemTxveviTi fluqtuaciebi amcire-
ben populaciis genetikur mravalferovnebas.

  genTa nakadi. drois ganmavlobaSi mimdinare popu-
laciebs Soris genetikuri masalis mimocvla amci-
rebs populaciebs Soris sxvaobas. 

koncefcia  23.4
bunebrivi gadarCeva adapturi 

evoluciis ZiriTadi meqanizmia

  memkvidreobiTi cvalebadoba (genetikuri mra-
valferovneba) memkvidreobiTi cvalebadoba moi-
cavs populaciis individebs Soris sxvaobas diskre-
tuli da uwyveti Tvisebebis mixedviT. amave dros is 
moicavs populaciebis geografiul cvalebadobas. 

  axlos davxedoT bunebriv gadarCevas. erT-erT 
organizms meoresTan SedarebiT meti fardobiTi 
warmateba gaaCnia, Tu is met STamomavlobas tovebs. 
gadarCeva upiratesobas aniWebs populaciaSi ar-
sebul garkveul genotipebs. is moqmedebs indi-
videbis fenotipze. bunebrivma gadarCevam SeiZleba 
upiratesoba mianiWos Seda rebiT iSviaT individebs. 
am iSviaT individebs aqvT ukiduresi fenotipuri 
niSani (mamoZravebeli gadarCeva). SeiZleba bune-
brivma gadarCevam upiratesoba mianiWos individebs 
orive eqstremaluri fenotipuri niSniT, (dizrup-
tiuli anu da manawilebeli gadarCeva). gadarCevam 
SeiZleba imoqmedos eqstremaluri genotipebis wi-
naaRmdeg (mastabilizirebeli gadarCeva) 

  genetikuri mravalferovnebis dacva. diploid-
ia qmnis heterozigotebSi dafaruli, recesiuli 
cvlilebebis rezervs. dabalansebuli polimor-
fizmi zog genetikur lokusSi inaxavs cvaleba-
dobas (mravalferovnebas). mravalferovneba 
hge   terozigotebis upiratesobis an alelebis six-
Si reze damokidebuli gadarCevis Sedegia.  

  sqesobrivi gadarCeva. sqesobrivi gadarCevis Sede-
gia meoradi sasqeso niSnebis evolucia. meoradi 
sasqeso niSnebi upiratesobas aniWeben gamravlebad 
individebs partnioris moZebnaSi. 

  sqesobrivi gamravlebis evoluciuri gamocana. 
daavadebaTa mimarT mdgradobis gazrda genetikur 
mravalferovnebazea dafuZnebuli. is sqesobrivi 
gamravlebis arsebobis erTaderTi SesaZlo axsnaa. 
sqesobriv gamravlebas usqeso gamravlebasTan Se-
darebiT naklebi reproduqciuli warmateba gaaC-
nia. 
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  ratom ar qmnis bunebrivi gadarCeva srulyo fil 
organizmebs. nebismieri Tanamedrove cocxali or-
ganizmis sxeulis agebuleba cariel adgilas ar war-
moiqmna. is Sedegia winapari organizmis agebulebis 
modifikaciis; adaptaciebi xSirad kompromisia; ge-
nofondi genetikuri dreifis gavlenis qveS aris da 
bunebrivi gadarCeva SeiZleba mxolod xelmisawv-
dom mravalferovnebis farglebSi `muSaobdes~.

SeamowmeT sakuTari codna

TviTSemowmeba

1.  100 individisgan Semdgari populaciis genofondis 
calkeuli genis lokusis fiqsirebuli alelis six-
Sire aris 
a)  0  g) 1
b)  0.5  d) 100
e)  SeuZlebelia daTvla, informacia 
 arasakmarisia.

2.  mkvlevarebma xilis buzis populaciaSi calke aRe-
buli geni gamoikvlies da aRmoaCines, rom gens Sei-
Zleba hqondes mcired gansxvavebuli ori Tanmim-
devroba. Tanmimdevrobebi aRniSnes A1 da A2. Semdegi 
gamokvlevis Sedegad aRmoCnda, rom populaciaSi 
gametebis 70% Seesabameba A1 Tanmimdevrobas. Tu 
populacia aris hardi-vainbergis wonasworobaSi 
buzebis ra raodenoba aris orive: A1 da A2 Tanmimdev-
robis matarebeli? 
a) 0.7  g) 0.21  e) 0.09
b) 0.49  d) 0.42

3.  dominanturi da recesiuli alelebis Semcvel 
lokusSi, romelic hardi vainbergis wonasworoba-
Sia individebis 16% homozigotia recesiuli ale-
lis mixedviT. ras udris dominanti alelis sixSire 
populaciaSi?
a) 0.84  g) 0.6  e) 0.48
b) 0.36  d) 0.4

4.  kaliforniuli Savkuda kurdRlis yurebis saSualo 
sigrZe gradualurad (TandaTan) mcirdeba ganedis 
zrdasTan erTad. es cvalebadoba magaliTia.
a) mamoZravebeli gadarCevis
b) diskretuli cvalebadobis
g) polimorfizmis
d) genTa dreifis
e) dizruptiuli (damanawevrebeli) gadarCevis  

5.  adamianebSi Semdegi Tvisebebidan romelia poli-
morfuli?
a) simaRlis cvalebadoba 

b) inteleqtis cvalebadoba 
g) mimagrebuli yuris bibilo 
     (ixileT suraTi 14.14)
d) TiTebis raodenobis cvalebadoba
e) TiTis anabeWdebis cvalebadoba

6.  bunebrivi gadarCevis Sedegad populaciaSi icvleba 
alelebis sixSire. vinaidan zogi individi sxvebTan 
SedarebiT ukeT gadarCeba da mravldeba 
a) alelebi   g) genofondi
b) calkeuli organizi d) genis lokusi
e) saxeoba

7.  soflis mercxlis mamlebs ufro grZeli kudi 
ganuviTarda, vinadan dedal mercxlebs urCevniaT 
grZelkudian mamlebTan Sejvareba. es procesi aR-
werilia rogorc
a)  genTa dreifi. is cvlis kudis sigrZis makodi-

rebeli alelebis sixSires  
b)  bunebrivi gadarCeva sqesobrivi gamravlebis 

dros. is inaxavs im genTa variaciebs, romlebic 
kudis sigrZeze moqmedeben.

g)  sqesTaSorisi gadarCeva iseTi TvisebebisTvis, 
rogoricaa kudis sigrZe. es Tvisebebi exmare-
bian mamrebs mdedrebis moxiblvaSi.

d)  Sidasqesobrivi gadarCeva iseTi TvisebebisT-
vis, rogoricaa grZeli kudi. is exmareba mam-
rebs moigon Sejibri mdedrisTvis

e)  mamoZravebeli gadarCeva iseTi Tvisebebis, ro-
goricaa grZeli kudi. grZeli kudi zrdis mam-
ris SesaZleblobas kargad ifrinos da uf ro 
farTo arealidan Seagrovos sakvebi. 

8.  ar arsebobs erTmaneTis identuri ori adamiani, Tu 
ar CavTvliT identur tyupebs. individebSi mraval-
ferovnebis mTavari mizezi aris
a)  axali mutaciebi, romlebic wina TaobebSi war-

moiqmnen
b)  sqesobrivi rekombinaciebi
g)  genTa dreifi, populaciis mcire zomasTan er-

Tad
d)  geografiuli cvalebadoba populaciaSi
e)  garemos zegavlena

9.  gzis mSeneblobis Sedegad xoWoebis populaciis mc-
ire nawili mTavari populaciidan izolirda. ram-
denime Taobis Semdeg axali populacia genetikurad 
mniSvnelovnad Zveli populaciisgan gansxvavebuli 
aRmoCnda. rogorc Cans es imitom moxda, rom
a)  axal garemoSi ufro iSviaTad xdeba mutaciebi
b)  mTavari populaciidan gamoyofili xoWoe-

bis alelebis sixSire SemTxveviT gansxvavdeba 
mSobliuri populaciis genofondSi arsebuli 
alelebis sixSirisgan. Semdgomi genetikuri 
dreifi qmnis met sxvaobas Tavdapirvel geno-
fondTan SedarebiT

g)  axali garemo gansxvavebulia Zvelisgan da upi-
ratesobas aniWebs mamoZravebel gadarCevas
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d)  axal garemoSi genTa nakadi izrdeba
e)  mcire zomis populaciis wevrebi migrireben, 

ris Sedegad genofondidan xdeba alelebis ga-
datana  

10.  saSualo zomis frTebis mqone mercxlebi grigals 
ukeT uZleven, vidre ufro grZeli an mokle frTebis 
mqone mercxlebi. rac ilustrirebs
a) viwro yelis efeqts
b) mastabilizirebel gadarCevas
g) sixSireze damokidebul gadarCevas
d) neitralur cvalebadobas
e) dizruptiul gadarCevas

evoluciuri kavSiri

rogor xsnis evoluciis process cocxali orga-
nizmebis arasrulyofileba?

mecnieruli kvleva

velurad mozardi mcenareebis populaciaSi, romelic 
Cven gamoviyeneT hardi-vainbergis Teoremis Sesamowme-

blad CR alelis sixSire aris 0.8 da CW alelis sixSire ki 
0.2. am yvavilebis gansxvavebul populaciebSi genotipis 
sixSireebi ar eTanxmeba hardi-vainbergis wonasworobas: 
mcenareebis 60% matarebelia CRCR alelebis da 40%  CW 

CW alelebis. aCveneT, rom genotipebi miaRweven wonaswor-
bas Semdeg TaobaSi im SemTxvevaSi, Tu hardi-vainbergis 
wonasworobis yvela wesi daculia,. Semdeg igulisxmeT, 
rom mcenareebi qmnian wyvilebs mxolod TviTdamtverviT. 
rogori iqmneba alelebis da genotipebis sixSire Semdgom 
TaobaSi?

mecniereba, teqnologia 
da sazogadoeba

ramdenad Tavisufalia bunebrivi gadarCevis moq-
medebisgan  Tanamedrove  adamiani? 
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24
saxeobaTa warmoSoba

 Sesavali

yvelaze didi misteria

galapagosis  kunZulebze  mogzaurobis  dros  darvini  
didi  interesiT  ikvlevda  xmeleTis  im  mobinadreebs,  
romlebmac  SedarebiT  gvian  datoves  zRvis  garemo.  dar-
vini  aRniSnavda,  rom  miuxedavad  imisa,  rom  galapagosis  
kuZulebi  SedarebiT  axali,  vulkanuri  warmoSobis  kun-
Zulebi  arian,  isini  mdidaria  mcenareTa  da  cxovelebis  
iseTi  saxeobebiT,  romlebic  arsad  msoflioSi  sxvagan  
ar  gvxvdebian.  darvini  mixvda,  rom  es  saxeobebi,  iseve  
rogorc  TviTon  kunZulebi,  axalad  warmoSobilia  (su
raTi  24.1).  man  Cawera  dRiurSi:  Cven  rogorc  Cans  mi-
vuaxlovdiT  droSi  da  sivrceSi  arsebul  udides  miste-
rias  _  dedamiwaze  axali  saxeobebis  gaCenas.  

axali  saxeobebi  ganuwyvetlad  warmoiqmnebian.  ami-
tom  bunebaSi  arsebobs  biologiuri  mravalferovneba.  
axali  saxeobebis  warmoqmna,  an  saxeobaTa  warmoSobao-
ba,  evoluciuri  Teoriis  ZiriTadi  sakiTxia.  evoluci-
is  asaxsnelad  ar  aris  sakmarisi  populaciaSi  adapta-
ciebis  Camoyalibebis  axsna  (es  procesi  Cven  23  TavSi  
ganvixileT;  cvlilebebs,  romlebic  erTi  genofondiTaa  
SemosazRvruli  mikroevolucia  swavlobs).  genofondis 
dayofis da Semdgomi divergenciis (daci lebis) Sedegad 
warmoiqmneba axali saxeobebi. evoluciuri Teoriis dax-
marebiT unda SevZloT am procesanais axsna. mikroevo-
luciuri cvlilebebis garda gvxdeba makroevoluciuri 
cvlilebebic. gnamarxebuli formrbidan Cans xangrZlivi 
drois ganmavlobaSi mim-dinare saxeobaTa warmoqmnis pro-
cesi da misi Sedegebic. termins `makroevolucia~ viyenebT 
sa xeobis donesTan SedarebiT, ufro maRal doneze momx-

dari evoluciuri cvlilebebis aRsaniSnavad. ma galiTad: 
frinvelebis evoluciis dros dinozavrebis erT jgufSi 
bumbulis gaCena makroevoluciuri cvlilebaa. makroevo-
lucia swavlobs aseTi saxis sxva `evoluciur siaxleebs~. 
es siaxleebi SeiZleba ga moviyenoT ufro didi taqsonis 
ganviTarebis  ganxilvisas.

Cven ganvansxvavebT evoluciuri cvlilebebis or 
ZiriTad models: anagenezs da kladogenezs (suraTi 24.2) 
anagenezs (berZnulidan: ana - axali genos - rasa) aseve fi-
letur evolucias uwodeben. is ikvlevs im cvlilebebis 
dagrovebis process, romlebic TandaTan gardaqmnian mo-
cemul saxeobas sxva niSnebis mqone saxeobad. kladogenezs 
(berZnulidan klados - toti) aseve ganStoebebis evolu-
cias uwodeben, is ikvlevs genofondis dayofas or an met 
gancalkevebul genofondad, yoveli axali genofondi Sem-
dgomSi dasabams aZlevs or an met axal saxeobas. klado-
genezi uzrunvelyofs biologiur mravalferovnebas sax-
eobebis raodeno bis  zrdiT.  

koncefcia 24.1
biologiuri saxeobis  

koncefciis Tanaxmad didi  
mniSvneloba eniWeba  

reproduqciul izolacias  

saxeoba  _  Species  aris  laTinuri  sityva.  is  niSnavs  
`garegnul  gamovlenas~.  Cven  SegviZlia  sxvadasxva  mcena-
res  da  cxovels  Soris  sxvaobis  dadgena  maTi  garegnobis  
mixedviT.  magaliTad:  Cven  vansxvavebT  Za Rls  da  katas,  

24.1  biologiuri saxeobis koncefciis Tanaxmad didi mniSvneloba 
eniWeba reproduqciul izolacias. 

24.2  saxeobaTa warmoqmna SeiZleba mimdinareobdes rogorc geo
grafiuli izolaciis pirobebSi, ise mis gareSe.

24.3  saxeobaTa warmoqmnis dros SeiZleba dagrovdes makroevoluci
uri cvlilebebi.

 suraTi 24.1 galapagosis Cvama (Nannopterum 
harrisi), mas frena ar SeuZlia. is erT-erTia im 
mravali saxeobidan, romlebic galapagosis 
kunZulebze warmoiSvnen. 

 ZiriTadi koncefciebi
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maTi  gansxvavebuli  garegnobis  mixedviT.  magram  marTlac  
jgufdebian  Tu  ara  organizmebi  diskretul  (calkeul)  
erTeulebad,  romlebTac  Cven  saxeobebs  vuwodebT?  an  
Cveni  klasifikacia  ubralod  mcdelobaa  raRac  wesrigi  
davamyaroT  organul  samyaroSi?  am  kiTxvas  biologebma  
rom  upasuxon,  maT  sxvadasxva  jgufebSi  gaerTianebuli  
organizmebis  ara  marto  morfologia  (sxeulis  forma)  
unda  Seadaron,  aramed  mxedvelobaSi  unda  miiRon  gare-
gnulad  naklebad  SesamCnevi  sxvaoba  fiziologiaSi,  bio-
qimiaSi  da  dnm-is  TanmimdevrobaSi.  aseTi  mravalmxvrivi  
Sedarebis  SedegebiT  ZiriTadad  dasturdeba,  rom  mor-
fologiurad  gansxvavebuli  saxeobebi  marTlac  diskre-
tul  jgufebs  warmoadgenen  da  morfologiuri  sxvaobis  
garda  bevri  sxva  sxvaoba  axasiaTebT.  

biologiuri  saxeobis  koncefcia  

yvelaze  xSirad  am  wignSi  vxmarobT  saxeobis  gan-
mar tebas,  romelic  SemoiRo  biologma  ernst  mairma  
1942  wels.  biologiuri  saxeobis  koncefciis  mixed-

viT  saxeoba  warmoadgens  populacias  an  populaciaTa  
jgufs,  romlis  wevrebs  bunebaSi  Sejvarebis  unari  ga-
aCniaT  da  sicocxlisunarian,  nayofier  STamomavlo bas  
gvaZleven.  magram  sxva  populaciebis  wevrebTan  Se j-
varebisas  ar  SeuZliaT  sicocxlisunariani  da  nayofieri  
STamomavlobis  datoveba.  (suraTi  24.3)  sxva  sityvebiT  
rom  vTqvaT  biologiuri  saxeobis  wevrebs  aerTianebs  
reproduqciuli  Sesabamisoba.  SesaZlebelia  is  mxolod  
potenciuri  iyos.  magaliTad:  yvela  adamiani  ekuTvnis  
erT  biologiur  saxeobas.  biznes  ledi  manhetenidan  co-

 suraTi 24.2 evoluciuri cvlilebebis ori modeli (a) anagenezi 
memkvidreobiTi cvlilebebis dagrovebis procesia. am dros xdeba 
saxeobebis Tvisebebis Secvla. (b) kladogenezi (ganStoebebis evo-
lucia) am dros populaciaSi axali saxeobebi mSobliuri saxeobidan 
warmo iqmnebian (gaiTvaliswineT, rom mSobliuri saxeobac SeiZleba 
Seicvalos). kladogenezi biologiuri mravalferovnebis safuZve-
lia. am TavSi ganvixilavT saxeobebis warmoSobis meqanizms. amave dros 
SegviZlia ganvixiloT axali Tvisebebis gaCena, romlebic ufro did 
taqsonomiur jgufebSi xdeba. magram upirveles yovlisa unda ganvsaz-
RvroT ras vgulisxmobT, roca vsaubrobT `saxeobaze~. 

(a) anagenezi (b) kladogenezi

 suraTi 24.3  biologiuri saxeobis koncefcia uf ro metad 
damyarebulia Sejvarebis unarze, vidre fizikur msgavsebaze

(a)  msgavseba  sxvadasxva  saxeobas  Soris.  aRmosavleTis  
mdelos  torolas  (Sturnella  magna,  marcxvniv)  da  dasavleTis  
torolas  (Sturnella  neglecta,  marjvniv)  sxeulis  msgavsi  age-
buleba  da  Seferiloba axasiaTebs.  amis  miuxedavad  es  gan-
sxvavebuli  biologiuri  saxeobebia.  maTi  galoba  da  qceva  
imdenad  gansxvavebulia,  rom bunebaSi Sejvarebisgan dacvas 
uzrunvelyofs.    .

(b)  mravalferovneba  saxeobeSi. garegnuli  mravalferovnebis  
miuxedavad  yvela  adamiani erT  biologiur  saxeobas ( Homo  
sapiens) ekuTvnis. yvela adamiani erTmaneTs  ejvareba, rac adas-
turebs, rom es erTi saxeobaa.
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lad  monRolel  fermers  Tavisi  nebiT  albaT  ar  gayveba,  
magram  Tu  isini  erTad  cxovrebas  gadawyveten,  maT  mra-
vali  Svili  eyolebaT.  yvela  maTi  Svili  ganviTarde-
ba  zrdasrul,  gamravlebad  organizmad.  sapirispirod,  
adamiani  da  SimpanZe  arian  sxvadasxva  biologiuri  saxe-
obebi,  Tundac  erT  habitats  iyofdnen.  maT  Sejvarebas  
da  nayofieri  STamomavlobis  datovebas  bevri  faqtori  
ewinaaRmdegeba.  

reproduqtiuli  izolacia

vinaidan  biologiur  saxeobebs  Soris  gansxvaveba  
rep roduqciul  SeuTavseblobaze  dafuZnebuli,  bio-
lo giuri  saxeobis  koncefcia  damyarebulia  repro
duqciul  izolaciaze  _  anu  biologiuri  faqto rebis  
(barierebis)  arsebobaze.  igi  xels  uSlis  ori  saxeobis  
warmomadgenlebs  datovon  sicocxlisuna riani,  nayoferi  
hibridebi.  erT  bariers  ar  ZaluZs  saxeobebs  Soris  ge-
netikuri  masalis  gaclvis  yvela  SesaZlebeli  variantis  
blokireba.  saxeobaTa  genofondebis  efeqtur  izolacias  
ramdenime  barieris  kombinacia  qmnis.  

cxadia  buzi  bayays  an  xavss  ver  Seejvareba.  magram  
ufro  axlo  monaTesave  saxeobebs  Soris  amdenad  cxadi  
reproduqciuli  barierebi  ar  arsebobs.  reproduqciu-
li  barierebis  klasifikacias  imis  mixedviT  axdenen,  Tu  
rodis  Camoyalibda  reproduqciuli  izolacia:  ganayo-
fierebis  win Tu  ganayofierebis  Sem deg. prezigoturi  
barieri (zigotis  warmoqmnam de)  moqmedebs im SemTxveva-
Si, Tu sxvadasxva sa xeobis individebi cdiloben  Sejvare-
bas. is  xels  uS   lis  saxeobebis  Sejvarebas an kvercxujre-
dis  gana yofierebas.  Tu erTi  saxeobis spermam daarRvia 
pre zigoturi  barieri  da  gaanayofiera  sxva  saxeobis  
kvercxujredi  maSin  xSirad  postzigoturi  barieri  
(zigotis  warmoqmnis  Semdeg) ar aZlevs hibridul zigo-
tas gan viTarebis  saSualebas. postzigoturi ba rieris mo-
qmedebis Sedegad hibriduli zigota  sicocxlisunarian, 
nayofier zigotad ver yalibdeba. 24.4 suraTze gamoxatu-
lia sxvadasxva prezigoturi  da postzigoturi barieri.  

biologiuri  saxeobebis   
koncefciis  imitaciebi

reproduqciul  izolaciaze  dafuZnebuli  biolo-
giuri  saxeobebis  koncefcia  did  gavlenas  axdens  evo-
luciur  Teoriaze,  magram  am  koncefcias  saxeobebis  
limitirebuli  raodenoba  esadageba.  magaliTad,  Seu-
Zlebelia  SeviswavloT  namarxi  formebis  an  sqesobri-
vi  gamravlebis  aramqone  organizmebis  reproduqciuli  
izolacia.  magaliTad  prokariotebis  reproduqciuli  
izolacia.  (bevr  prokariot  organizmSi  genebis  mimocv-
la  xdeba  koniugaciis  da  sxva  procesebis  meSveobiT  –  
ixileT  Tavi  18  –  magram  genetikuri  masalis  mimocvlis  
es  xerxebi  gansxvavdeba  sqesobrivi  rekombinaciisgan.  
genebis  mimocvla  xSirad  Soreul  aramonaTesave  pro-
kariotul  organizmebs  Sorisac  xdeba).  Znelia  

mivmarToT  biologiuri  saxeobebis  koncefcias  im  
sqesobrivad  gamravlebadi  saxeobebis  SemTxvevaSic,  rom-
lebze  cota  ram  aris  cnobili.  maT  xSirad  sxva  saxe-
obis  warmomadgenlebTan  Sejvareba  SeuZliaT.  yvela  am  
mizezis  gamo  garkveul  situaciebSi  marTebulia  vixma-
roT  saxeobis  alternatiuli  koncefcia.  

saxeobis sxva gansazRvreba

biologiuri  saxeobis  koncefcia  dafuZnevulia  saxe-
obebis  gancalkevebaze  reproduqciuli  barierebis  meS-
veobiT.  sxva  koncefciebi  dafuZnebulia  saxeobebs  So-
ris  kavSirze.  magaliTad:  morfologiuri  saxeo bis  
koncefciis  Tanaxmad  saxeobas  gansazRvraven  misi  sxe-
ulis  formis,  zomis  da  sxva  msgavsi  struqturuli  Tvise-
bebis  mixedviT.  morfologiuri  saxeobis  koncefcias  
aqvs  garkveuli  upiratesoba:  is  SeiZleba  gamoviyenoT  
rogorc  usqesod  ise  sqesobrivad  gamravlebadi  orga-
nizmebis  SemTxvevaSi,  is  SeiZleba  gamoviyenoT  maSinac,  
Tu  ara  gvaqvs  informacia  genTa  nakadis  sidideze.  am  
koncefciis  naklia,  rom  is  aris  damyarebuli  subieqtur  
kriteriumze.  mkvlevarebma  SeiZleba  ver  miaRwion  SeTanx-
mebas  im  struqturebis  Taobaze,  romelic  ganasxvavebs  
saxeobas. 

A. leucurusA. harrisi

   suraTi  24.6  alopatriuli  saxeobaTa  warmoqmna  didi  kanio
nis  mopirdapire  nawilebze  mobinadre  Trias  magaliTze.  harisis    
Tria  (Ammospermophilus  harrisi)  binadrobs  kanionis  samxreT  nawilSi  
(marcxvniv).  ramdenime  milis  daSorebiT,  kanionis  CrdiloeT  nawilSi  
(marjvniv)  cxovrobs  misi  axlo  monaTesave  TeTrkuda  Tria  (Ammo-
spermophilus  leucurus).

paleontologiuri  saxeobis  koncefcia.  es  kon-
cefcia  exeba  morfologiurad  gansxvavebul  saxeobebs,  
romelTa  naSTebi  mxolod  namarxebiT  aris  cnobili.  mra-
vali  saxeobis  dadgena  zustad  am  gziT  xdeba,  vinaidan  
maTi  Sejvarebis  SesaZleblobaze  informacia  an  Zalian  
cota  aris,  an  sul  ar  arsebobs.  

ekologiuri  saxeobis  koncefcia  saxeobebs  ga-
nixilavs  maTi  ekologiuri  niSebis  mixedviT  da  rolis  
mixedviT  biologiur  TanasazogadoebaSi  (ixileT  Tavi  
53).  magaliTad:  galapagosis  mTiulebis  ori  saxeoba  
garegnulad  SeiZleba  msgavsi  iyos,  magram  sxvaoba  maT  
Soris  dafuZnebulia  gansxvavebul  sakvebze.  saxeobis  
biologiuri  koncefciisgan  gansxvavebiT,  es  ganmarteba  
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SeiZleba  moergos  rogorc  sqesobrivad,  aseve  usqesod  
gamravlebad  saxeobebs.  

filogenetikuri saxeobis koncefcia. gansaz-
Rvravs  saxeobas,  rogorc  erTiani  genetikuri  warmo-
mavlobis  mqone  organizmebis  nakrebs  –  anu  sicocxlis  
xis  erTi  tots.  biologebi  saxeobebis  filogenetikuri  
istoriis  gamosakvlevad  adareben  maT  fizikur  Tvi-
sebebs  an  erTi  saxeobis  dnm-is  Tanmimdevrobas  sxva  
organizmebis  dnm-is  TanmimdevrobasTan.  aseTi  anal-
izis  Sedegad  SeiZleba  erTmaneTisgan  ganvasxvavoT  
sxva  mxvriv  erTmaneTTan  sakmaod  axlos  mdgomi  indi-
videbi  an  individTa  jgufebi.  am  meTodebis  gamoyenebis  
gareSe  ver  ganvixilavT  maT  calkeul  saxeobebad.  (ra  
Tqma  unda  Znelia  sxvaobis  im  xarisxis  dadgena,  rom-

lis  mixedviT  saxeoba  calkeul  saxeobad  ganisazRvreba).  
filogenetikuri  informaciis  meSveobiT  xandaxan  xdeba  
`monaTesave,  Svileuli  saxeobebis~  gamovlena.  es  saxe-
obebi  imdenad  msgavsni  arian,  rom  morfologiurad  maTi  
gansxvaveba  SeuZlebelia.  Tu  filogenetikuri  sxvaoba  
reproduqciuli  SeuTavseblobis  Sedegia,  mecnierebi  
saxeobis  gansazRvrisTvis  biologiuri  saxeobis  konce-
fcias  mimarTaven.  

am  ganmartebebis  gamoyenebis  warmateba  damokide-
bulia  situaciaze  da  Cvens  mier  dayenebul  kiTxvebze.  
reproduqciul  barierebze  damyarebuli  biologiuri  
saxeobis  koncefcia  sakmaod  gamosadegia  saxeobaTa  war-
moSobis  Sesaswavlad.  

koncefcia 24.1 Semowmeba
1.   tyis  ori  frinvelis  saxeobis  Sejvarebis  Se-

saxeb  araferi  ar  aris  cnobili.  erTi  saxeoba  
ikvebeba  da  mravldeba  xis  kenweroebze,  meore  
ki  xmeleTze.  tyveobaSi  es  ori  saxeoba  erT-
maneTs  ejvareba  da  gvaZlevs  sicocxliunar-
ian,  nayofier  STamomavlobas.  ra  tipis  re-
produqciuli  barieri  uSlis  am  frinvelebis  
Sejvarebas  bunebaSi?  axseniT.  

2.   a.  saxeobis  romeli  koncefcia  SeiZleba  gamov-
iyenoT  orive:  usqeso  da  sqesobrivi  gamrav-
lebis  unaris  mqone  saxeobisTvis?  b.  romeli  
exeba  mxolod  sqesobrivi  gamravlebis  mqone  
saxeobebs?  g.  romeli  koncefcia  yvelaze  gamo-
sadegia  velSi  muSaobis  dros  saxeobis  gansaz-
RvrisTvis?  

koncefcia  24.2
saxeobaTa warmoqmna  
SeiZleba rogorc geografiu-
li (sivrciT) izolaciisas, ise  
mis gareSe mimdinareobdes

saxeobis  warmoqmna  SeiZleba  ori  ZiriTadi  gziT  mim-
dinareobdes:  es  damokidebulia  imaze,  Tu  ra  gziT  xdeba  
populaciaSi  genTa  nakadis  Sewyveta  (suraTi  24.5).

alopatriuli  (sxva  qveyanaSi)   

saxeobaTa  warmoSoba

alopatriuli  saxeobaTa  warmoqmnis  SemTxvevaSi  

(berZnulidan  Aallos _  sxva  patris  _  samSoblo)  genebis  

diana  dodim  (ielis  universiteti)  xilis  buzis  popu-
lacia  or  nawilad dayo.    erT  nawils  is  saxamebelze 
zrdida, meores malTozaze.  mravali  Taobis  Semdeg  

bunebrivi  gadarCeva divergentul  evoluciaSi aisaxa:  saxamebelze  gazrdili  pop-
ulaciebi  ufro  racionalurad  saxamebels inelebdnen, malTozaze  gazrdilebi 
ki  malTozas. Semdeg  dodma  sxvadasxva  populaciis  buzebi  Sesajvareblad  erTad  
moaTavsa da  Sejvarebis  sixSireebi gazoma.  

xilis  buzis 
(Drosophila 
pseudoobscura) 
sawyisi  popu-
lacia

saxamebelze  gazrdi-
li zogierTi  buzi

malTozaze gazrdili 
zogierTi  buzi

Sejvarebis  eqsperimenti  
ramdenime  Taobis  Semdeg  

`saxamebelis  populaciis~ buzebi `malTozis  populaciis~ bu-
zebs Seerivnen,  magram  Sesajvareblad  mainc  sakuTari  popu-
laciis  wevrebs  irCevdnen.  sakontrolo  jgufSi  sxvadasxva  

populaciidan  aRebuli  buzebi iyvnen,  romlebic  erT  da  igive  sakvebze  izrde-
bodnen.  es buzebi  erTnairad rogorc  erTamneTs,  aseve  sxva  populaciis  wevrebs 
ejvarebodnen.
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populacia

Sejvarebis  sixSire 
eqsperimentul  jgufSi

Sejvarebis  sixSire  
sakontrolo  jgufSi

 `saxamebelis  buzebi~  da  `malTozas  buzebi~  upiratesobas 
Sejvarebisas  maT  msgavsad  adaptirebul  buzebs maSinac 
aniWebdnen, Tu isini  sxvadasxva  populaciebidan  arian.  cda  

aCvenebs,  rom buzebis  divergentul (gaTiSvad)  populaciebs  Soris reproduqci-
uli  barieris  Camoyalibeba mimdinareobda.  barieri  jer  gadaulaxavi  ar  aris 
(saxamebelze  gazrdili  buzebiis  garkveuli  raodenoba  ejvareba  malTozas  bu-
zebs), magram ramdenime  Taobis  ganmavlobaSi mimdinareobda Zlieri daTiSva, rac 
sxvadasxva  garemoSi alopatriuli  populaciebis  izolaciis  Sedegia.

suraTi 24.7

kvleva: iwvevs Tu ara reproduqciul izolacias xilis buzis

laboratoriul populaciaSi mimdinare daTiSva?

eqsperimenti

daskvna

Sedegebi
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ori  saxeoba,  romelic  erTi  
da  igive  arealis  sxvadasxva  
habitatSi  binadrobs  erTma-
neTs iSviaTad,  an  saerTod  
ar  xvdeba,  Tumca  namdvi-
li  fizikuri  barierebiT,  
magaliTad  mTagrexiliT, 
izolirebuli ar aris. 

magaliTi: gvari Thamnophis-
is Tasmiani  gvelis  ori  saxe-
oba erT  geografiul  areal-
Si binadrobs,  magram  erTi  
saxeoba  (a)  ZiriTadad  wylis,  
meore ki ZiriTadad  xmeleTis  
binadaria  (b)  

magaliTi:  CrdiloeTi  
amerikaSi gavrcelebuli  
aRmosavleTis  xalebiani  
skunsis  geografiuli  are-
ali  (Spilogale  putorius  (c)  da  
dasavleTis  xalebiani  skun-
sis  (Spilogale  gracilis)  (d)  are-
ali  gadaifareba,  magram  S.  
putorius–i mravldeba gvian  
zamTarSi S.  gracilis  kmi gvian  
zafxulSi

izolacia  droSihabitatiT izolacia

saxeobebi, romlebic erTma-
neTs wlis, dRis  an  sezonis  
sxvadasxva  dros ejvarebian.  
am  saxeobebis  gametebi  erT-
maneTs  ar  ereva.

qceviTi izolacia

saarSiyo ritualis magaliTi: 
galapagosze gvari Sula -s binad-
robs warmomadgeneli  lurjfexa  
Sula  nebouxii.  is  partniors  saar-
Siyo  ritualis  Semdeg ejvareba. 
es rituali am  saxeobisTvis uni-
kaluria.  ritualis  erT-erTi  
Semadgeneli  nawilis aRwera:  mam-
ri demonstrirebs  lurji  feris  
kidurebs, riTac  mdedris  yur-
adRebas  izidavs  (e).

partnioris  mosazidi  saarSiyo  
rituali  da  sxva  unikaluri  
qceviTi  Tvisebebi  axlo  monaTe-
save  saxeobebs  Sorisac ki efeq-
tur  reproduqciul  bariers  qm-
nian. 

meqanikuri izolacia

magaliTi: yvavilebi  gare-
gnulad  gansxvavebulia 
mcenareebis  axlo  monaTe-
save  saxeobebSic.  maT  gansx-
vaveuli  surneli  axasiaTebs 
da  amitom  sxvadasxva  dam-
tveravebs izidaven.  gvari  
Mimulus-is  es  ori  saxeoba    
yvavilebis  SeferilobiT  da  
formiT  (f,  g) gansxvavdeba.  
jvaredini  damtverva  am  
mcenareebSi  ar  xdeba.  

morfologiuri  izolacia 
gamoricxavs  warmatebul  
Sejvarebas

suraTi  24.4

reproduqciuli  barierebis  kvleva

prezigoturi  barierebi  abrkoleben  dawyvilebas,  Tu  dawyvileba  mainc  xdeba,  abrkoleben ganayofierebas  

habitatiT 
izolacia

izolacia  
droSi

q c e v i T i 
izolacia

meqanikuri 
izolacia

sxvadasxva 
s a x e o b i s 
individebi

dawyvilebis 
mcdeloba

(a)

(b)

(g)

(d)

(e)

(v)

(z)
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(T)

(m)

(n)

(l)

(k)

(i)

postzigoturi barierebi, romlebic zigotas ar aZleven saSualebas nayofier, 

zrdasrul organizmad ganviTardes.

g a m e t e b i s  
izolacia  hibridis  reducirebuli  

sicocxlisunarianoba
hibridis reducirebuli  
nayofiereba

hibridis  
daSla

sicocx-
lisunariani  
nayofieri  
STamomav-
loba

ganayofiereba

gamtebis  izolacia hibridebis  reducirebuli  
sicocxlisunarianoba

hibridebis  reducirebuli  
nayofiereba

h i b r i d e b i s  
sisuste

erTi saxeobis spermam Sei-
Zleba sxva saxeobis kver-
cujredi ver gaanayofie-
ros. am izolacias bevri  
mizezi aqvs. magaliTad, 
sperma  SeiZleba ver ga-
darCes sxva  saxeobis  md-
edris  reproduqciul 
traqtSi, an bioqimiuri 
meqanizmebmis  moqmedebis 
gamo  ver  SeaRwios sxva  
saxeobis  mdedris kvercxu-
jredis membranaSi. 

magaliTi: wylis  cxovelebis  
axlo  monaTesave  zog  saxe-
obas,  magaliTad  zRvis  zRar-
bebs  (h) gametebis  izolacia  
yofs. zRvis  zRarbebi sper-
masac  da  kvercxebsac wyalSi 
gamoyofen. ganayofierebac wy-
alSi  xdeba, ris Sedegad  zigo-
ta warmoiqmneba.  sxvadasxva  
saxeobis  gametebi,  magaliTad  
mowiTalo  da  witeli  zRvis  
zRarbebis  gametebi  ki,  erTma-
neTs  ar  erwymis.  

sxvadasxva saxeobebi SeiZleba 
Sejvardnen, magram hibridis 
ganviTareba Seferxebuli  
iqneba. 

magaliTi: gvari  Ensatina-s sal-
amandras zogi  qvesaxeoba  erT  
da  imave  regionSi da erT habi-
tatSi binadrobs. isini xandaxan  
wyvildebian, magram  hibridebis  
umetesoba  ganviTarebas  ar  am-
Tavrebs. is vinc viTardeba, Za-
lian sustia. 

Tu hibridi gamZlea, is  Sei-
Zleba  steriluri  iyos.  Tu  
ori  mSobliuri  saxeobebis  
qromosomebis  agebuleba  an  
ricxvi gansxvavdeba,  hibrideb-
Si  meiozi  ar  mimdinareobs  da 
normaluri  gametebi ar war-
moiqmneba. hibridi  unayofoa,  
anu  mSobliur  saxeobebTan  
Sejvarebisas STamomavlobas 
ar  iZleva. saxeobebs  Soris 
genebis  mimocvla SezRudu-
lia.  

magaliTi:  viris  (k) da cxenis  
(l)  hibriduli  STamomavloba 
- jori  (m)  gamZlea, magram  
steriluri.  

pirveli  Taobis  zogi  hi-
bridi  sicocxlisunariani  
da  nayofieria,  magram  Tu  
isini  erTmaneTs  an  mSob-
liuri  saxeobis  warmomad-
genels ejvarebian,  Semdegi  
Taobis  STamomavloba  sus-
ti  an  steriluria.

magaliTi: kulturuli brin-
jis  jiSebis  or  lokusSi 
dagrovda mutanturi  rece-
siuli  alelebi, rac  saerTo  
winapridan  daTiSvisas moxda. 
am jiSebis  hibridi  sicocx-
lisunariania  da  nayofieri  
(n  marcxvniv  da  marjvniv).  
Semdegi  Taobis  mcenareebi  
mraval  recesiul  alels at-
areben.  amitom  patarebi  da  
sterilurebi  arian (n  cen-
tri).  marTalia, brinjis  am  
jiSebs sxvadasxva  saxeobebad 
ar Tvlian.  maTi  izolacia  
postzigoturi  barierebis  
gamo daiwyo.  
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nakadi  wydeba,  roca  populacia  geografiulad  izo-
lirebul  qvepopulaciebad  iyofa.  magaliTad:  tbaSi  wy-
lis  donem  SeiZleba  daiwios,  amis  Sedegad  warmoiqmneba  
patara  zomis  gancalkevebuli  tbebi.  am  tbebSi  mobinad-
re  populaciebi  gancalkevebulebi  arian  erTmaneTisgan  
(ixileT  suraTi  24.5).  mdinaris  di nebis  mimarTuleba  
SeiZleba  Seicvalos.  amis  Sedegad  xdeba  im  cxovelebis  
populaciebis  gancalkeveba,  romlebTac  ar  SeuZliaT  
mdinaris  gadakveTa.  alopatriuli  saxeobaTa  warmoqmna  
SeiZleba  mimdinareobdes  geografiuli  cvlilebebis  ga-
reSec,  magaliTad  roca  erTi  saxeobis  individebi  migri-
reben  sacxovreblad  Soreul  regionSi.  am  individebis  
STamomavloba  xdeba  geografiulad  izolirebuli  mSob-
liuri  populaciidan.  amis  magaliTia galapagosis  kun-
Zulebze  momxdari  saxeobaTa  warmoqmna.  is  moxda  imis  
Semdeg,  rac  materikze  binadari  organizmebiT  dasaxlda  
galapagosis  kunZulebi.  

ramdenad  didi  unda  iyos  geografiuli  barieri,  
rom  alopatriuli  populaciebi  darCnen  erTmaneTisgan  
dacilebulebi  sakmaod  didi  drois  ganmavlobaSi?  pa-
suxi  damokidebulia  imaze,  Tu  ramdenad  gaaCniaT  or-
ganizmebs  am  barieris  gadalaxvis  unari.  frinvelebs,  
pumebs  da  koiotebs  SeuZliaT  mdinareebis,  mTebis  da  
kanionebis  gadalaxva.  es  barierebi  aseve  xels  ar  uSlian  
fiWvis  mtveris  an  uamravi  yvavilovani  mcenaris  Tes-
lis  gavrcelebas.  amisgan  gansxvavebiT  mcire  zomis  
mrRnelebisTvis  Rrma  kanioni  an  farTe  mdinare  gadau-
laxav  bariers  warmoqmnis  (suraTi  24.6).

frinvelebi  da  sxva  cxovelebi,  romlebTac  SeuZ-
liaT  kanionis  advilad  gadalaxva,  ar  qmnian  kanionis  
mo pirdapire  mxareebze  axal  saxeobebs.  

geografiuli  izolaciis  gaCenis  Semdeg,  izolire-
buli  genofondebi  yvela  im  wesis  mixedviT  ganicdian  
gaTiSvas,  romlebic  23  TavSi  aRwerilia:  warmoiqmneba  sx-
vadasxva  saxis  mutaciebi,  sqesobrivi  gadarCeva  Sesabamis  
populaciebSi  sxvadasxva  gziT  mimdinareobs,  sxva  gadar-
CeviTi  zewola  sxvadasxvanairad  moqmedebs  izolirebul  
organizmebze,  genetikuri  dreifi  ki  cvlis  alelebis  
sixSires.  izolirebuli  mcirericxovani  populacia  did  
populaciasTan  SedarebiT  ufro  advilad  ganicdis  mniS-
vnelovan  cvlilebebs,  amitom  misi  genofondi  SedarebiT  
mcire  drois  ganmavlobaSi  damokidebulia  gadarCevaze  
da  genetikur  dreifze.  mosalodnelia,  rom  ufro  mcire  
zomis  populaciebi,  ufro  didi  albaTobiT  ganicdian  
alopatriul  saxeobaTa  warmoqmnas.  samxreTi  amerikis  
materikidan  daaxloebiT  2  milioni  wlis  win  ramdenime  
cxoveli  da  mcenare  moxvda  galapagosis  kunZulebze.  
maT  dasabami  misces  yvela  im  axal  saxeobas,  romelic  
amJamad  am  kunZulebze  binadrobs.  magram  mcire  zomis  
izolirebuli  populaciis  daRupvis  Sansi  axal  garemoSi  
bevrad  didia,  vidre  axal  saxeobad  gadaqcevis  Sansi.

rom  davadasturoT  alopatriuli  saxeobaTa  warmo-
qmnis  SemTxveva,  aucilebelia  ganvsazRvroT,  sakmarisad  
Seicvalnen  alopatriuli  populaciebi  Tu  ara,  SeZleben  
Tu  ara  isini  Sejvarebas  da  nayofieri  STamomavlobis  
mocemas.  amis  gasarkvevad  zog  SemTxvevaSi  mkvlevare-
bi  Semdeg  cdas  atareben:  izolirebuli  populaciebis  
wevrebs  laboratoriul  pirobebSi  erTad  aTavseben  (su
raTi  24.7).  

biologebi  alopatriul  saxeobaTa  warmoqmnas  ve-
lur  bunebaSic  afaseben.  magaliTad:  galapagosis  miwis  

mTiulebis  Geospiza  difficilis  mdedrebs  aqvT  imave  
kunZulze  mobinadre  mamris  galobaze  garkveuli  sapa-
suxo  reaqcia,  magram  isini  ar  aqceven  yuradrebas  sxva  
kunZulidan  moyvanili  igive  saxeobis  mamris  galobas  
(alopatriuli  populacia).  am  dakvirvebidan  SeiZleba  

davaskvnaT,  rom  alopatriul.  difficilis  populaciaSi  Cam-
oyalibda  gansxvavebuli  qceviTi  (prezigoturi)  barieri.  
saboloo  jamSi  es  po pulaciebi  Seqmnian  or,  gansxvave-
bul  saxeobas.

unda  avRniSnoT,  rom  geografiuli  izolacia  Ta-
visTavad  ar  warmoadgens  biologiuri  izolaciis  me-
qanizms.  Tumca  naTelia,  rom  is  icavs  alopatriul  pop-
ulaciebs  Sejvarebisgan.  izolaciuri  meqanizmi  Se iZleba  
TviTon  organizms  axasiaTebdes,  anu  masSi  arsebobdes.  
is  maSinac  uSlis  xels  sxvadasxva  populaciebis  Sejva-
rebas,  roca  geografiuli  izolacia  aRar  arsebobs.  

ganvixiloT  meqanizmebi,  romelTa  moqmedebis  Se-
   degad  mSobliuri  populaciidan  geografiuli  izo-
    laciis gareSe warmoiqmneba axali saxeobebi.

(a)  alopatriuli  saxeobaTa
warmoSoba.  mSobliur  popu-
laciaSi  momxdari  geografi-
uli  izolaciis  Sedegad  
axali  saxeobebi warmoiqmneba.  

(b)  simatriuli  saxeoba
TawarmoSoba.  mcire  zomis  
populaciaSi  axali  saxeoba 
geografiuli  izolaciis  
gareSec warmoiqmneba

 S suraTi  24.5 saxeobaTa  warmoqmnis  ori  mTavari  gza 
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sim patriuli saxeobaTa warmoqmna 

(imave teritoriaze) 

 simpatriuli  saxeobaTa  warmoqmnisas  (berZnuli-

dan  syn  _  erTad)  saxeobebis  warmoqmna  xdeba  geografi-
ulad  gadafarvad  populaciebSi.  rogor  warmoiqmneba  
reproduqciuli  barierebi  simpatriul  po   pulaciaSi,  
Tu  populaciis  wevrebi  erTmaneTTan  kav Sirs  inarCu-
neben?  simpatriuli  sxeobaTa  warmoqmnis  meqanizms  qm-
nian  qromosomuli  cvlilebebi  da  SerCeviTi  Sejvareba,  
ukanaskneli  amcirebs  genebis  nakads.  

poliploidia

mcenaris  zogierT  saxeobaSi  ujredebis  gayofis  
dros  xdeba  Secdomebi.  gayofis  Secdomebi  aisaxeba  an  
qromosomebis  damatebiT  raodenobaSi,  an  mutaciur  cv-
lilebebSi.  amis  Sedegad  xSirad  viRebT  mdgomareobas,  
romelic  poliploidis  saxeliT  aris  aRwerili.  

autopoliploiduri  (berZnulidan  auto  -  TviTon)  
aris  individi,  romelsac  qromosomebis  or  nakrebze  meti  
aqvs.  am  movlenas  erTi  saxeobis  farglebSi  aqvs  adgili.  
magaliTad:  ujredis  dayofis  dros  momxdari  Secdomis  
Sedegad  qromosomebis  ricxvi  SeiZleba  diploiduridan  
(2n)  tetrapoloiduramde  (4n)  gaizardos  (suraTi  24.8).  

am  mutaciis  Sedegad  tetraploiduri  organizmi  xde-
ba  sawyisi  populaciis  diploidur  organizmTan  Sejva-
rebisgan  daculi.  Tu  Sejvareba  mainc  moxda,  miviRebT  
triploid  (3n)  STamomavlobas.  triploiduri  organizme-
bi  sterilurebi  arian,  vinaidan  sasqeso  ujredebSi  mei-
ozi  darRveulia.  tetraploidur  mcenareebs  ki  SeuZli-
aT  nayofieri  STamomavlobis  datoveba  TviTdamtvervis  
Sedegad  an  sxva  tetraploidebTan  Sejvarebis  Sedegad.  

ase  rom  autopoliploidias  erTi  Taobis  ganmav-
lobaSi  SeuZlia  warmoqmnas  reproduqciuli  izolacia,  
yovelgvari  geografiuli  izolaciis  gareSe.  

poliploidiis  yvelaze  Cveulebrivi  forma  gvaqvs,  
roca  ori  gansxvavebuli  saxeoba  jvardeba  da  warmoqm-
nis  hibrids.  saxeobaTa  Soris  hibridebi  xSirad  steri-
lurebi  arian,  vinaidan  erTi  saxeobis  qromosomuli  na-
krebi  meiozis  dros  ar  qmnis  wyvilebs  meore  saxeobis  
qromosomul  nakrebTan.  marTalia  es  hibridebi  unayo-
foa,  magram  maT  SeuZliaT  usqeso  gam ravlebis  meSveo-
biT  gavrceleba  (amas  bevri  mcenare  akeTebs).  Taobebis  
Semdeg  sxvadasxva  meqanizms  SeuZ lia  steriluri  hibridi  
nayofier  poliploidad  gadaaqcios.  

es  procesi  cnobilia  alopoliploidiis  saxeliT  
(suraTi  24.9  asaxavs  erT  aseT  movlenas)  alopolip-
loidi  nayofieria  roca  misive  msgavs  mcenareebs  ejva-
reba,  magram  mSobliur  saxeobasTan  Sejvareba  ar  Seu-
Zlia.  ase  rom  is  axal  biologiur  saxeobas  warmoadgens.  

axali  poliploiduri  saxeobebis  gaCena  sakmaod  Cveu-
lebrivi  movlenaa  da  sakmaod  swrafad  mimdinareobs.  

mecnierebi  sicocxleSive  aswreben  ramdenime  axali  saxe-
obaTa  warmoqmnis  procesis  dafiqsirebas.  magaliTad:  
1900  wlebSi  wynari  okeanis  Crdilo  dasavleTiT  mcenare 
famfaras  (gvari  Tragopogon)  ori  axali  saxeoba  Camoyal-
ibda.  Tragopogon  gvarSi  gaerTianebuli  saxeobebi  evro-
paSia  gavrcelebuli.  adreul  1900  wlebSi  adamianma  sami  
saxeoba  gaavrceles  amerikaSi.  es  saxeobebia:  T.  dubuis,  
T.  pratensis  da  T.  porrifolius.  amJamad  es  saxeobebi  parkebSi  
da  sxva  urbanul  adgilebSi  gavrcelebuli  sarevele-
bia.  1950-ian  wlebSi  aidaxos  da  vaSingtonis  regionebSi  
botanikosebma  gvar  famfaras  ori  axali  saxeoba  aRweres.  
amave  dros  aq  samive  evropuli  saxeoba  binadrobs.  erTi  
axali  saxeoba  T.  miscellus  aris  T.  dubiusis  da  T.  praten-
sis  hibriduli  tetraploidi.  meore  axali  saxeoba  _  T.  
mirus  alopoliploidia,  magram  misi  winaprebia  T.  dubius  
da  T.  porrifolius.  T.  mirus-is  populaciis  zrdis  ganmav-
lobaSi  (is  ZiriTadad  populaciis  wevrebis  gamravlebis  
Sedegad  izrdeba)  grZeldeba  mSobliuri  saxeobebis  hi-
bridizacia.  hibridebi  emateba  T.  mirusis  populacias.  es  
aris  mimdinare  saxeobaTa  warmoqmnis  erTi  magaliTi.  es  
procesi  Cvens  Tvalwin  mimdinareobs.  

mravali  mniSvnelovani  sasoflo-sameurneo  kultu-
ris  warmomadgeneli,  magaliTad:  qeri,  bamba,  kartofili,  
Tambaqo  da  xorbali  poliploidebia.  xorbali  _  Ttriti-
cum  aestivum,  romlisganac  purs  acxoben,  aris  aloheqsap-
loidi  (mas  qromosomebis  eqvsi  nakrebi  aqvs,  anu  sami  
gansxvavebuli  saxeobis  or-ori  nakrebi).  Tanamedrove  
xorblis  saxeobis  Camoyalibeba  daiwyo  poliploidiis  
pirveli  SemTxvevis  Sedegad.  es  moxda  daaxloebiT  8  
000  wlis  winaT,  Sua  aRmosavleTSi.  poliploidi  xor-
bali  spontanuri  hibridis  saxiT  warmoiqmna.  es  iyo  adre  
kultivirebuli  xorblis  da  velurad  mozardi  balaxis  
hibridi.  dRes  mecnierebi,  romlebic  swavloben  mcena-
reTa  genetikas,  qmnian  laboratoriebSi  axal  polip-
loidur  mcenareebs.  isini  iyeneben  iseT  nivTierebebs,  
romlebic  ujredis  mitozuri  da  meiozuri  dayofis  
darRvevas  iwveven.  evoluciuri  procesis  gaaqtiurebiT  
da  gaZlierebiT  mkvlevarebi  qmnian  axal  hibridul  saxe-
obebs.  am  saxeobebs  mkvelvarebisTvis  sasurveli  Tvise-
bebi  gaaCniaT.  

magaliTad:  mirebulia  hibridi,  romelSic  xorblis  
maRali  mosavlianoba  Wvavis  gamZleobasTan  aris  Sex-
amebuli.  

sxvaoba  saxeobebis   
qcevaSi  da  sqesobrivi   gadarCeva

saxeobaTa  poliploiduri  warmoqmna  cxovelebSic  
mimdinareobs.  mcenareebisgan  gansxvavebiT  cxovelebSi  
is  ufro  iSviaTia.  simpatriuli  saxeobaTa  warmoqmna  
rogorc  cxovelebSi,  ise  mcenareebSic  xorcieldeba,  
magram  gansxvavebuli  meqamnizmebis  moqmedebiT.  magali-
Tad:  reproduqciuli  izolaciis  Sedegad.  am  dros  qve-
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populacia  genetikuri  faqtorebis  moqmedebis  Sedegad  
iyenebs  im  resurs,  romelic  mSobliur  populacias  adre  
ar  gamouyenebia.  amis  magaliTia  CrdiloeT  amerikuli  

vaSlis  WrelfrTiani  buzi  Rhagoletis  pomonella.  bunebaSi  
buzi  Tavdapirvelad  velurad  mozard  kunelze  binad-
robda.  magram  daaxloebiT  200  wlis  win  evropelma  kol-
onistebma  Seitanes  buzis  gavrcelebis  arealSi  vaSlis  
xe.  buzis  zogi  populacia  dasaxlda  vaSlis  xeze.  vaSli  
kunelze  adre  mwifdeba.  amitom  buzebs  Soris  daiwyo  ga-
darCeva  swrafi  ganviTarebis  sasargeblod.  vaSlze  mkve-
bavi  populaciebi  droebiT  izolirebulebi  iyvnen  kun-

elze  mkvebavi  R.  pomonella-sgan.  dRemde  buzebis  am  or  
jgufs  ufro  qvesaxeobebad  miiCneven,  vidre  izolire-
bul  saxeobebad.  rogorc  am  magaliTidan  Cans  saxeobaTa  
warmoqmnis  procesi  amJamadac  mimdinareobs.  

cxovelTa  saxeobaTa  warmoqmnis  erT-erTi  cxeli  
wertili  aris  aRmosavleT  afrikaSi  mdebare  tba  viq-
toria.  es  didi  da  wyalmeCxeri  tba  xan  ivseba  wyliT,  
xan  ki  Sreba.  es  klimaturi  cvlilebebis  Sedegad  xdeba.  
tba  viqtoria  aris  mxolod  12  000  wlis.  is  war moadgens  
samSoblis  cixlidebis  500-ze  meti  saxeobisTvis.  es  
saxeobebi  genetikurad  Zalian  msgavsni  arian.  rogorc  
Cans  bevri  saxeoba  tbis  ukanaskneli  avsebis  Semdeg  war-
moiqmna.  Tavdapirvelad  Tevzebis  populacia  jgufebad  
daiyo  gansxvavebuli  kvebis  resursebis  asaTviseblad.  es  
sakvebis  asaTviseblad  saWiro  adaptacia  iyo.  am  adap-
taciam  sxva  faqtorebTan  erTad  swrafad  gamoiwvia  
saxeobaTa  war moqmna.  magram  laidenis  universitetis  
(holandia)  mkvlevarebma  aCvenes,  rom  saxeobaTa  warmo-
qmnis  kidev  erTi  faqtori  SeiZleba  yofiliyo  asortat-

 suraTi  24.8   autopoliploidiis  (autoploidia)  Sedegad mcenareebSi  mimdinare simpatriuli  
saxeobaTa  warmoSoba  

qromosomebis  gaormagebis  Semdeg dip-
loiduri  mcenaris  mzardi ujredi ar 
iyofa, rac sabolood tetraploidur  
Stos, an  sxva  qsovilebs  qmnis.  

tetraploiduri  gan-
Stoebis  yvavilebi 
diploidur  gametebs 
qmnian.

tetraploiduri  kario-
tipis  mqone  organizmis  
STamomavloba  SeiZleba    
sicocxlisunariani  da  
nayofieri iyos  –  axali  
biologiuri  saxeoba.  

 suraTi  24.9 mcenareebSi alopoliploiduri  (aloploidia)  saxeobaTa  warmoqmnis  erTi  meqanizmi.  ori  gansxvavebuli  saxeobis  hibridi  
rogorc  wesi  steriluria,  vinaidan  sxvadasxva  saxeobis  qromosomebi  homologiurni  ar  arian da  meiozis  dros  wyvilebs  ar  qmnian.  magram  aseT  
hibrids  usqeso  gamravleba SeuZlia.  es  diagrama nayofieri  hibridebis  (alopoliploidiis  Sedegad  axali  saxeobis)  warmoiqmnis  erT  meqanizms 
asaxavs. axal  saxeobas  aqvs  qromosomebis  diploiduri  nakrebi, romelic mSobliuri saxeobebis  qromosomebis diploiduri  nakrebis  jamis tolia. 

saxeoba A
2n=4

saxeoba B 
2n=6

2n=10

n=3n=3

sicocxlisunariani  
nayofieri  hibridi  
(alopoliploidi)

normaluri gameta
normaluri  gameta

meiozuri  gayofis  
Secdoma;  qromosomebis  
ricxvi  2n –dan  n-mde  ar  
mcirdeba

gameta, romlis 4 qromo-
soma ar aris reducire-
buli 7  qromosomis 

mqone hibridi

gameta, romlis 7 
qromosoma ar aris 
reducirebuli
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uli  (araSemTxveviTi)  Sejvareba  (sqesobrivi  gadarCeva).  
sqesobrivi  gadarCevis  dros  mdedrebi  mamrebs  maTi  
garegnobis  mixedviT  irCeven.  holandieli  mkvlevarebi  
ikvlevdnen  cixlidebis  or  axlomonaTesave  simpatri-
ul  saxeobas.  Tevzebis  es  saxeobebi  ZiriTadad  feriT  

gansxvavdebodnen:  Pundamilia  pundamilia-s  aqvs  mocisfro  

zurgi  da  Pundamilia  nyererei-s  aqvs  mowi Talo  zurgi.  
misaRebia  hipoTeza,  rom  Sejvarebis  dros  Seferilo-
bis  mixedviT  upiratesobis  miniWeba  warmoqmnis  qceviT  
bariers.  akvariumSi  bunebrivi  ganaTebisas  konkretuli  
saxeobis  mdedrebi  mxolod  amave  saxeobis  mamrebs  ejva-
rebian.  magram  monoqromatuli  narinjisferi  naTuriT  
ganaTebuli  akvariumSi  ganaTeba  iseTia,  rom  cixlidas  
orive  saxeobis  Seferiloba  ar  gansxvavdeba.  am  SemTx-

vevaSi  orive  saxeobis  mdedrebi  ver  arCeven  mamrebis  
Seferilobas  da  ganurCevlad  nebismieri  saxeobis  mam-

rebs  ejvarebian  (suraTi  24.10).  P.  pundamilia  x  P.nyererei  
hibridebi  sicocxlisunarianebi  da  nayofierebi  arian.  

am  eqsperimentis  Sedegebidan  SegviZlia  davaskvnaT  
rom  Seferilobaze  dafuZnebuli  Sejvarebis  dros  ar-
Cevani  mTavar  reproduqciul  bariers  warmoadgens.  ro-
gorc  wesi  misi  wyalobiT  SenarCunebulia  izolacia  ori  
saxeobis  genofondebs  Soris.  

laboratoriul  pirobebSi  Catarebuli  Sejvarebis  
Sedegad  SegviZlia  davaskvnaT,  rom  vaSlis  buzis  msgav-
sad,  cixlidebis  am  saxeobebma  mxolod  gancal keveba  
daiwyes.  rogorc  Cans,  cixlidebis  winapari  populacia  
Seferilobis  mixedviT  polimorfuli  iyo.  divergencia  
ori  ekologiuri  niSis  gaCenis  Semdeg  daiwyo.  ekologi-
urma  niSebma  dayves  Tevzebi  qve po pulaciebad.  qvepopu-
laciis  wevrebis  genetikur  SemadgenlobaSi  iyo  SemTx-
veviTi  sxvaoba.  igi  genetikuri  dreifis  Sedegia.  yvela  
am  procesebis jamuri  moqmedebis  Sedegad  erTi  qvepopu-
laciis  mdedrebma  upiratesoba  wiTel  fers,  meore  qve-
populaciis  mdedrebma  ki  upiratesoba  cisfers  mianiWes.  
sqesobrivi  gadarCevis  Semdgomma  moqmqdebam  Seferilo-
baSi  gansxvaveba  gaaZliera.  mdedrebi  agrZelebdnen  Se-
jvarebas  im  mamrebTan,  romlebTac  ufro  mkveTri  cis-
feri  an  wiTeli  Seferiloba  hqondaT.  (ixileT  Tavi  23  
sqesobrivi  gadarCevis  gasaxseneblad).  

amJamad  tba  viqtoria  binZurdeba.  SesaZlebelia,  
da binZurebis  gamo  cixlidebis  daTiSva  sapirispiro  
mimarTulebiT  wavides.  dabinZurebis  Sedegad  mdedr  

cixlidebs  uWirT  mamrebis  feris  garCeva.  amitom  punda-
milias  da  P.nyererei-s  genofondebi  SeiZleba  isev  erTma-
neTs  Seerwyas.  

alopatriuli da simpatriuli  

saxeobaTa warmoqmna: Sejameba

sanam  gavagrZelebdeT  diskusias,  gavixsenoT  is  ori  
mTavari  gza,  romliTac  axal  saxeobaTa  warmoqmna  mimdin-
areobs.  alopatriuli  saxeobaTa  warmoqmnisas  axali  sax-
eobebi  winapari  saxeobidan  yalibdeba.  es  procesi  mSobe-
li  populaciis  geografiuli  izolaciis  Sedegad  xdeba.  
izolirebuli  populacia  bunebrivi  gadarCevisa  da  ge-
netikuri  dreifis  Sedegad  viTardeba.  reproduqciuli  
izolacia  genetikuri  cvlilebebis  paralelurad  Sei-
Zleba  Camoyalibdes.  reproduqciuli  barieri  Svileul  
populacias  mSobeli  populaciis  wevrebTan  Sejvarebis-
gan  icavs.  es  dacva  grZeldeba  maSinac,  Tu  populaciis  
wevrebs  Soris  kontaqti  aRdgeba.  

simpatriuli  saxeobaTa  warmoqmnis  dros  repro-
duqciuli  barieri  moqmedebs  populaciebis  qveerT e -
 ulebze  mSobliuri  populaciidan  geografiuli  izo-
laciis  gareSec.  mcenareebSi  Cveulebrivad  gvxv de ba  al-
opoliploidia,  anu  axlo  monaTesave  saxeobebis  hibrid-

suraTi  24.10.

kvleva: gvaZlevs Tu ara reproduqciul  izolacias  cixlidebSi  mim-
dinare  sqesobrivi  gadarCeva?

eqsperimenti

daskvna

Sedegebi

P. pundamilia

P. nyerrerei

laidenis universitetis mkvlevrebma Pundamilia  pundamilia-
s da P.  nyererei-is mdedrebi or akvariumSi, erTad moaTavses. 
erTi akvariumi bunebrivad, meore ki monoqromatuli  narinj-
isferi  naTuriT naTdeboda.  bunebriv  sinaTleze  myofi  ori  
saxeoba    SesamCnevad  gansxvavdeba SeferilobiT;  mkvlevrebi 
yvela  akvariumSi  partnioris  SerCevas akvirdebodnen.  

bunebrivi  
ganaTeba

narinjisferi  
ganaTeba

bunebrivi ganaTebis pirobebSi  yoveli  saxeobis  mdedrebi mx-
olod  sakuTari  saxeobis mamrebs ejvarebian. magram narinjis-
feri ganaTebis SemTxvevaSi yoveli  saxeobis  mdedrebi  orive 
saxeobis mamrebs Seuferxeblad ejvarebian. miRebuli hibridu-
li STamomavloba sicocxlisunariani  da  nayofieria.

mecnierebma daaskvnes,  rom  mdedrebis  mier  partnioris  Ser-
Cevas  ganapirobebs  mamris Seferiloba.  Seferiloba  mTavari  
reproduqciuli  barieria.  amis gamo bunebaSi orive  saxeobis  
genofondi  izolirebuli rCeba.  laboratoriul  pirobebSi  
prezigoturi  qceviTi  barieri  dairRva. amitom saxeobebma erT-
maneTTan Sejvareba SeZles. rogorc  Cans, saxeobebs Soris gene-
tikuri  daTiSva  sakmaod mcirea. daskvna: am SemTxvevaSi bunebaSi 
saxeobaTawarmoSobis procesi mcire xans mimdinareobs.  
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izacia  sqromosomTa  ZiriTadi  kompleqtis gaormagebiT.  
qromosomuli  kompleqtis  je    radad  ga-
zrda  ujredis  normaluri  gayofis  darRvevis  Sedegia.  al-
opoliploidiis  Sedegad  nayofi eri  poliploidu ri  in-
dividebi  yalibdeba.  simpatriuli  saxeobaTa  warmoqmnas  
habitatis,  sakvebis  wyaros,  an  sxva  re sursis  Secvlis  
Sedegad  xorci eldeba.  am  dros  po pulaciis  qveerTeuli  
xdeba  rep ro duqciulad  izolirebuli,  vinaidan  iyenebs  
im  re sursebs,  romlebsac  mSobliuri  populacia  ar  iy-
enebda.  cxovelebSi  saxeobaTa  warmoqmna  xdeba  sqesobri-
vi  gadarCevis  Sedegad  polimorful  populaciaSi.

adaptaciuri radiacia

erTi  saerTo  winapridan  mravali  sxvadasxvanairad  
adaptirebuli  saxeobis  evolucia  aris  adaptaciuri  
radiacia.  is  xorcieldeba  axal  garemo  pirobebSi,  ax-
ali  SesaZleblobebis  gamoyenebiT.  rogorc  wesi  adap-
tirur  radiacias  adgili  aqvs,  roca  ramdenime  orga-
nizmi  gadainacvlebs  axal,  xSirad  Zvelisgan  dacilebul  
arealSi  (suraTi  24.11),  an  roca  garemos  cvlilebis  
Sedegad  xdeba  saxeobebis  gadaSeneba  da  gadarCenilebi-
sTvis  axali  ekologiuri  niSa  Cndeba.  magaliTad:  namarxi  
naSTebidan  Cans,  rom  ZuZumwovrebma  ganicades  Zlieri  
adaptaciuri  radiacia  dinozavrebis  gadaSenebis  Semdeg,  
romelic  65  milioni  wlis  win  moxda.  

rogorc  kenes  kaneSiro  ambobs  ......  gverdebze  mo -
cemul  interviuSi,  havais  arqipelagi  msoflioSi  adap -
taciuri  radiaciis  saukeTeso  asparezia.  havais  arqipe-
lagi  ganlagebulia  uaxloesi  kontinentidan  3  500  km-is  
daSorebiT.  es  axalgazrda  vulkanuri  warmoSobis  kun-
Zulebis  jaWvia.  jaWvis  boloSi,  samxreT  aRmosavleTiT,  
ganlagebulia  yvelaze  axalgazrda  kunZuli  havai.  misi  
asaki  erT  milion  welze  naklebia.  mas  dRemde  axasiaTebs  
vulkanuri  aqtivoba.  arqipelagis  kunZulebze  cocxali  
organizmebis  gansaxleba  xdeboda  sakmaod  swrafad,  kun-
Zulis  warmoqmnis  Semdeg.  es  procesi  TandaTan  xor-
cieldeboda  SedarebiT  Zvel  dasaxlebul  kunZulidan  
axal  dausaxlebel  kunZulamde.  kunZulze  saxldebodnen  
organizmebi,  romlebic  okenis  dinebis,  an  qaris  saSu-
alebiT  didi  manZiliT  daSorebuli  adgilidan,  an  ufro  
Zveli  kunZulidan  axal  kunZulze  aRwevdnen.  anu  yovel  
kunZulze  dasaxleba  iyo  SemTxveviTi.  

yoveli  kunZulis  simaRle  zRvis  donidan  da  mosuli  
naleqebis  raodenoba  gansxvavebulia,  anu  kunZulebs  axa-
siaTebT  fizikuri  maCveneblebis  mravalferovneba.  es  qm-
nis  bevr  SesaZleblobas  evoluciuri  mravalferovnebi-
sTvis  bunebrivi  gadarCevis  gziT  (suraTi  24.12).  

mravlobiTi  invazia  (SeWra).  alopatriuli  da  sim-
patriuli  saxeobaTa  warmoqmna  aZlierebs  adaptaciur  
radiacias.  TiTqos  xdeba  adaptaciuri  radiaciis  
afeTqeba.  warmoiqmneba  saxeobebi,  romlebic  kunZulis  
garda  sxvagan  msoflioSi  arsad  ar  gvxvdebian.  aseTia  
arqipelagze  mobinadre  saxeobaTa  umetesoba.  

  suraTi  24.11  nayofis  gabneva  did  manZilze.  mcenare  pizonias  (gv  
Pisonia)  nayofi  Sesakravi  `fxriwis~  msgavsad  Savi  Tevziylapias  bum-
buls emagreba da avstraliis sanapirodan Sors vrceldeba. am  meqaniz-
mis  daxmarebiT  Tesli  did  manZilze  vrceldeba.  (nayofis  bumbul-
Tan  mimagrebis  struqturis  Seswavlis Sedegad mkvlevrebma Sesakravi  
`fxriwi~  Seqmnes).

saxeobaTa warmoqmnis   

genetikis Seswavla

sadReisod  genetika  viTardeba  swrafi  nabijebiT.  
amis  saSualebiT  mkvlevarebs  SeuZliaT  didi  sizustiT  
gansazRvron  genebi,  romlebic  ZiriTad  rols  TamaSoben  
saxeobaTa  warmoqmnis  garkveul  pro  cesebSi.  duglas  Sem-
skem  da  misma  kolegebma  (mi Ci ganis  saxelmwifo  univer-
siteti)  Caatares  erT-erTi  aseTi  kvleva  maT  ganixiles  

gvari  Mimulus–is  ori  saxeoba  (Mimulus;  ixileT  sura

Ti  24.4  e  da  z)  Mimulus  lewisii-s  da  Mimulus  cardinalis-
s  Sesabamisad  futkrebi  da  kolibrebi  mtveraven.  maTi  
genofondebi  prezigotuli  izolaciiT  aris  ganmxoloe-
buli.  magram  es  saxeobebi  postzigotur  izolacias  ar  
floben;  oranJereaSi  isini  erTmaneTs  ejvarebian.  miRe-
bul  hibridebi  nairgvarad  Seferil  da  sxvadasxva  zomis  
yvavilebs  ikeTeben.  isini  nayofier  nayofier  STamoma-
vlobas  iZlevian.  mkvlevarebi  akvirdebodnen,  romeli  
damtveravi  cxoveli  romel  mcenares  irCevda.  mcenaree-
bs  Soris  genetikuri  sxvaobis  gamokvlevis  Sedegad  mkv-
levarebma  daadgines,  rom  cxovelis  mizidvaze  ori  genia  
pasuxismgeli.  erTi  lokusi  moqmedebs  yvavilis  Seferi-
lobaze,  meore  ki  _  neqtaris  raodenobaze,  romelsac  
mcenare  warmoqmnis.  mkvlevarebma  daadgines,  Tu  romeli  
mcenare  romeli  damtveravisTvis  aris  mimzidveli.  am  
lokusis  mixedviT  alelebis  mravalferovnebis  Sedegad  
mimdinareobs  saxeobaTa  warmoqmna.  

saxeobaTa warmoSobis sixSire

namarxi  naSTebidan  Cans,  rom  xSirad  geologiur  
strataSi  axali  saxeoba  myisierad  Cndeba.  ramdenime  
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strataSi  jiutad  rCeba  ucvleli  da  Semdeg  ki  qreba.  
paleontologebma  nils  eldrejma  (amerikis  bunebis  is-
toriis  muzeumi)  da  stefan  jei  gouldma  (harvardis  
universiteti)  Semoitanes  termini  periodulad  dar
Rvevadi  wonasworoba. am  terminiT  Seecadnen  aReweraT  
saxeobis  ucvlelobis  periodebi,  romlebic  dro  da  dro  
uecari  cvlilebebiT  irRveva.  

zogierTi  mkvlevari  Tvlis,  rom  am  movlenis  asax-
snelad  unda  gverdi  auaToT  darvinis  (STamomavloba  
TandaTanobiTi  modifikaciebiT)  models.  Tumca  ar  aris  
aucilebeli,  rom  marTlac  ase  iyos.  upirveles  yovlisa  
aseT  populaciebs  SeiZleba  naklebi  wyveta  hqondeT,  vi-
dre  es  ganamarxebuli  formebidan  Cans.  warmoidgineT,  
rom  saxeoba  arsebobs  5  milioni  wlis  ganmavlobaSi,  ma-
gram  Zireuli  morfologiuri  cvlilebebis  umetesoba  
moxda  misi  arsebobis  pirveli  50  000  wlis  ganmavlobaSi.  

rac  misi  arsebobis  erT  procents  war moadgens.  
drois  aseTi  mcire  monak veTebis  aRricxva  namarxebidan  
ver  xerxdeba.  amitom  SeiZleba  mogveCvenos,  rom  saxe-
oba  jer  uecrad  gaCnda,  Semdeg  mcireT  icvleboda,  an  
saerTod  ar  Secvlila  da  ase  arsebobda,  Semdeg  ki  ga-
daSenda.  saxeobis  ganviTarebas  albaT  ramdenime  aTeuli  
aTasi  weliwadi  dasWirda,  magram  cvlilebebis  am  peri-
odma  namarxebi  ver  Semogvinaxa  (suraTi  24.13).

sinamdvileSi  darvinma  SeamCnia  es  movlena  na mar-
xebis  Seswavlis  dros.  is  msjelobda  periodulad  dar-
Rveuli  wonasworobis  koncefciis  Tanaxmad,  roca  werda.  
`yoveli  saxeoba  garkveuli  raodenobis  gardamaval  sta-
diebs  gadis,  periodebi,  romelTa  ganmavlobaSi  yoveli  
saxeoba  ganicdis  modifikacias  wlebSi  rom  davTvaloT  
grZelia,  anu  es  procesi  mraval  weliwads  saWiroebs.  
magram  cvlilebis  periodebi  mcirea  im  periodebTan  Se-

  suraTi  24.12   adaptaciuri  radiacia.  molekuluri  analizidan gamomdinareobs,  rom  havais  mcenareebi  sxva mcenareebisgan  mniSvnelovnad  gansx-
vavdebian.  maT  ̀ vercxlisferi  mcenareebis  kavSiris~  saxeliT icnoben. yvela es mcenare erTi winapari  mcenaris  madias  (Madia  sativa)  STamomavlaia.  is  
havais  kunZulebze CrdiloeTi  amerikidan daaxloebiT  5  milioni  wlis  winaT  moxvda. vercxlis  mcenareebis  kavSiris  wevrebi  amJamad  sxvadasxva  kun-
Zulze,  gansxvavebul  habitatebSi binadroben.  alopatriuli  da  simpatriuli  saxeobaTa warmoSobisas   isini  gansxvavebul  formebad  Camoyalibdnen.   
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darebiT,  romelTa  ganmavlobaSi  saxeoba  rCeba  ucvlel  
mdgomareobaSi.~

SeiZleba  aseve  avxsnaT  ucvlelobis  (stazisis)  md-
gomareoba.  yvela  saxeoba  arsebobis  dasawyisidan  ga-
nagrZobs  adaptacias.  xSirad  adaptaciis  Sedegebs  
namarxebidan  Cven  ubralod  ver  vxedavT.  magaliTad  
Cven  ver  davinaxavT  organizmis  bioqimiur  procesebSi  
momdar  mcire  modifikacias.  amitom  ucvleli  STamoma-
vlobis  hipoteza  TiTqmis  mTlianad  morfologiur  niS-
nebzea  (ConCxi,  garegani  agebuleba)  damyarebuli.  

moCvenebiTi  garegnuli  wonasworobis  periodebis  
ganmavlobaSi  cvlilebebi  qcevaSi,  Sinagan  agebulebaSi  
da  fiziologiaSi  SeumCneveli  rCeba.  Tu  garemo  icvle-
ba,  uZravi  mdgomareoba  irRveva.  monacvleobiTi  rRveva  
xilvad  kvals  tovebs  namarxebSi.  

koncefcia 24.2 Semowmeba
1.   naklebad  mosalodnelia,  rom  alopatriuli  saxeobaTa  

warmoqmna  materikTan  axlos  ganlagebul  kunZulze  

moxdes,  vidre  imave  farTobis  ufro  metad  izolire-

bul  kunZulze.  axseniT  ratom

2.   Cveulebrivad  sazamTro  diploiduria  (2n=22).  magram  

sqesobrivi  gamravlebis  dros  warmoiqmneba  tetra-

ploidi  (4n=44)  mcenarec.  Tu  moxda  tetraploidi  mce-

naris  Sejvareba  diploidurTan,  warmoiqmneba  trip-

loidi  (3n=33)  Teslebi.  triploiduri  STamomavlobas  

SeuZlia  mogvces  triploiduri  uTeslo  sazamTro.  

maTi  gamravleba  SesaZlebelia  moWrili  ReroebiT  

(vegetatiurad).  SeiZleba  Tu  ara  diploiduri  da  tet-

raploiduri  sazamTro  gansxvavebul  saxeobaT  miviC-

nioT?  axseniT

3.   namarx  formebSi  SedarebiT  iSviaTad  gvxvdeba  iseTi  

gardamavali  namarxebi,  romlebic  SedarebiT  axal  sax-

eobebs  ufro  ZvelTan  aerTians.  Tqveni  azriT  ratom  

moxda  ase?  

koncefcia  24.3
saxeobaTa warmoqmnis  

procesis ganmavlobaSi  

SeiZleba dagrovdes  

makroevoluciuri cvlilebebi

saxeobaTa  warmoqmna  SeiZleba  umniSvnelo  sxva o bis  
safuZvelze  daiwyos.  amis  magaliTia  cixlidas  zur-
gis  Seferiloba.  Tumca  rac  ufro  izrdeba  dro is  gan-
mavlobaSi  sxvaoba  saxeobebs  Soris,  saxeobebi  ufro  
gamokveTilebi  xdebian.  ase  rom  saxeobaTa  warmoqmna  

makroevoluciuri  cvlilebebis  dasawyisia.  mikroevo-
luciur  cvlilebebs  adgili  aqvT  erTi  genofondis  
farglebSi.  

amis  msgavsad  makroevoluciuri  cvlileba  grovdeba  
im  procesebis  ganmavlobaSi,  romlebzec  saubari  gvqonda  
23  TavSi.  es  aris  bunebrivi  gadarCeva,  mutacia,  geneti-
kuri  dreifi  da  genTa  nakadi.  makroevoluciuri  cvli-
leba  Semajamebeli  cvlileba  aris.  is  saxeobaTa  warmo-
qmnis  mcire  epizodebis  dagrovebis  Sedegia.  yvelafers  
amas  mivyevarT  Zireul  evoluciur  cvlilebamde.  axla  
ganvixilavT  zogierT  gzas,  romliTac  mimdinareoben  
Zireuli  gardaqmnebi.  

evoluciuri siaxleebi

darvinis  koncefcia  saxeSecvlil  STamomavloba-
ze  SeiZleba  gamoviyenoT  ufro  Zireuli  morfologi-
uri  gardaqmnebis  ganxilvis  dros.  umetes  SemTxvevaSi  
rTuli  struqturebi  viTardebian  gacilebiT  martivi  

  suraTi  24.13  saxeobaTa  warmoqmnis  siswrafis  ori  modeli

(a) gradualizmis  (Tan
daTanobiTi  cvlilebis)  
modeli.  saerTo  winaprisgan  
warmoSobili  saxeobebi  mor-
fologiurad  erTmaneTs Tan-
daTan  cildebian.  es  procesi 
Rrmavdeba unikaluri  adapta-
ciebis warmoqmnis Semdeg

(b) periodulad  darRveuli  
wonasworobis  modeli.  axali  
saxeoba  mSobliur  saxeobas 
gamoeyofa.  Zireuli  cvlile-
bebi gamoyofis  Semdeg  mcire  
droSi mimdinareobs.  dan-
arCeni  drois  ganmavlobaSi  
saxeoba  mcired  icvleba.

dro
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struqturebidan,  romlebTac  igive  ZiriTadi  funqcia  
gaaCniaT.  magaliTad  ganvixiloT  adamianis  Tvali.  ada-
mianis  Tvali  rTuli  organoa.  is  ramdenime  nawilis-
gan  Sedgeba.  es  nawilebi  erTad  qmnian  gamosaxulebas  
da  romelsac  tvins  gadascemen.  rogor  warmoiqmna  ada-
mianis  Tvali  TandaTanobiTi  garTulebis  Sedegad?  Tu  
Tvals  funqcionirebiTvis  sWirdeba  yvela  komponenti,  
romelic  Tanamedrove  Tvals  gaaCnia,  maSin  rogor  See-
Zlo  `dausrulebel  Tvals`  igive  samsaxuri  gaewia  Cveni  
winaprisTvis?  

am  argumentis  nakli,  rasac  TviTon  darvini  amCnevda  
aris  imis  daSveba,  rom  mxolod  rTuli  Tvalis  gamoye-
neba  aris  SesaZlebeli.  sinamdvileSi  bevri  cxovelis  
sicocxle  damokidebulia  iseT  Tvalze,  romelic  Cvens  
TvalTan  SedarebiT,  gacilebiT  martivi  agebu lebisaa  

(suraTi  24.14).  yvelaze  martivi  Tvali  romelsac  Cven  
vicnobT  aris  fotoreceftoris  mqone  ujredis  Tva-
laki.  is  mgrZnobiarea  sinaTlis  mimarT.  martiv  Tvals  
rogorc  Cans  erTi  evoluciuri  warmomavloba  aqvT,  am-
jerad  isini  gansxvavebul  cxovelebSi  gvxvdebian.  magal-
iTad  mcier  zomis  mucelfexiani  moluskebSi  (tipi  Mol-
luska  -s  warmomadgenlebi).  aseT  Tvals  gamosaxulebis  
fokusirebisTvis  saWiro  linzebi  an  sxva  organoebi  ara  
aqvs,  magram  aseTi  Tvalis  saSualebiT  cxovels  SeuZlia  
sibnelis  da  sinaTlis  garCeva. rigi Patellogastropoda-s  
warmomadgenlebi  (lam baqis  formis  moluskebi)  kldeebs  
ufro  magrad  eWi debian,  roca  Crdili  efarebaT  an  bnel-
deba.  es  aris  qceviTi  adaptacia,  romelic  amcirebs  maTi  
ganadgurebis  (SeWmis)  risks.  rigi  Patellogastropoda  -s  war-
momadgenlebs  grZeli  evoluciuri  istoria  aqvT.  amitom  
SegviZlia  davaskvnaT,  rom  maTi  martivi  Tvali sakmari-
sia, rom uzrunvelyos maTi gadarCena da gamravleba.  

cxovelTa  samyaros  sxvadasxva  tipis  warmomadgen-
lebis  rTuli  Tvali  martivi  sabazo  struqturidan  
damoukideblad  mravaljer  ganviTarda.  zog  molusks  
(kalmarebis  da  rvafexianebis  CaTvliT)  aqvT  iseTive  
sirTulis  Tvali,  rogoric  adamians  an  sxva  xerxemlian  
cxovelebs  moepovebaT  (ixileT  suraTi  24.14).  marTalia  
moluskis  rTuli  Tvali  damoukideblad  ganviTarda  xe-
rxemlianebis  rTuli  Tvalisgan,  magram  orive  es  struq-
tura  ganviTarda  winapari  martivi  fotoreceptoruli  
ujredebisgan.  Tvalis  agebulebis  gamravalferovneba  
moxda  TandaTanobiTi  modifikaciebis Sedegad.  modifi-
kaciis  yovel  stadiaze  uf ro  rTuli  agebulebis  Tva-
lis  mflobeli  iRebda  upi ratesobas  gadarCenasa  da  gam-
ravlebaSi.  evoluciuri  divergenciis  damamtkicebeli  
argumentebs  viRebT  genebis  filogenetikuri  analizis  
Sedegad.  kerZod  ki  im  genebis,  romlebic  Tvalis  gan-
viTarebis  `ZiriTadi  maregulireblebi~  arian.  es  genebi  
Tvalis  mqone  yvela  cxovels  saerTo  aqvT.    

mTeli  Tavisi  evoluciuri  istoriis  ganmavlobaSi  
Tali  inarCunebs  mxedvelobis  funqcias.  magram  evo-
luciuri  siaxle  maSinac  SeiZleba  warmoiqmnas,  roca  
garkveuli  struqtura  TandaTanobiT  sxva  funqcias  
iZens.  struqturebi,  romlebic  erTi  funqciisTvis  vi-
Tardebodnen  gadavidnen  sxva  funqciis  Sesrulebaze.  
aseTi  struqturebi  zogjer  saWiroeben  gadasinjvas.  
mkvlevarebi  cdiloben  daadginon,  Tu  ra  iyo  sawyisi  
struqturis  adaptacia  da  ganasxvavon  sabo loo  struq-
tura  sawyisi  struqturidan.  

gaiTvaliswineT,  rom  funqciis  Secvla  ar  niSnavs  
imas,  rom  struqtura  mizanmimarTulad,  momavali  cvli-
lebis  gaTvaliswinebiT  viTardeboda.  bunebriv  gadarCev-
as  ar  SeuZlia  momavlis  gansWvreta;  mas  SeuZlia  mxolod  
gaaZlieros  struqtura,  romlis  gamoyeneba  mocemul  
momentSi  aris  aucilebeli.  magaliTad:  frinvelebis  
msubuqi,  forebiani  Zvlebi  homologiuria  xmeleTze  mo-
binadre  frinvelebis  winapris  Zvlebis.  Tumca  foriani  
Zvlebi  frinvelebis  winaprebSi  ar  ganviTarebulan,  mo-

 S suraTi  24.14  molusebis  sxvadasxva  sirTulis 
Tvali.

pigmenturi  ujredebi  
(fotoreceptorebi)

epiTeliumi

nervuli  boWkoebi

pigmenturi
ujredebi

nervuli  boWkoebi

(a)  pigmenturi  ujredebis  jgu
fi.  rigi  Patellogastropoda–s  war-
momadgenels  Patella-s   foto-
receftorebis  martivi  grova aqvs

 (b)  Tvalis  bude.  niJarian  molusks  
Pleurotomaria-s  aqvs  Tvalbude.  siTx-
iT  savse  Rru

epiTeliumi

optikuri  nervi

pigmenturi Sre (badura)

ujreduli  siTxe  (linza)

rqovana

rqovana

optikuri  nervi

(g)  patara naxvretis (nemsis  
Tavis xela) mqone kameris 
msgavsi Tvali.  Nautilus-is  
Tvali nemsis Tavis  naxvretis 
mqone kameris msgavsad fun-
qcionirebs (ulinzo kameris 
Zveli tipi).

(d) Tvali primitiuli  linziT. 
zRvis  lokokinas Murex–s aqvs 
primitiuli linza. is kristalis 
msgavsi ujredebisgan Sedgeba. 
rqovana epiTeliumis gamWvirvale 
regionia (epiderma). is Tvals icavs 
da sinaTlis fokusirebaSi exmareba. 
optikuri  nervi,  rqovana,  linza,  
badura

siTxiT amovsebuli Rru

mxedvelobis nervi
badura

linza

(e)  rTuli  kameris  msgavsi  Tvali.  kalmar  Loligo - s rTuli Tvali aqvs  
romlis nawilebi (rqovana linzebi da badura) xerxemlianebis Tvalis Ses-
abamisi nawilebis msgavsia, magram  damoukideblad ganviTardnen.
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mavali  frenisTvis  saWiro  adaptaciis  saxiT.  maT  
mflobelebs  albaT  sxva  sargebeli  hqondaT  am  
Zvlebisgan.  frinvelis  axlo  monaTesave  saxeobis  
namarxebi  napovni  iyo  CineTSi.  es  mcire  zomis  
cxovelebi  ar  dafrinavdnen.  maT  hqondaT  fexe-
bi,  romelTa  saSualebiT  daZvrebodnen  xeebze  
da  ijdnen  xis  totebze.  msubuqi  Zvlebi  albaT  
aadvilebdnen  xeze  moZraobas.  am  cxovelebs  fr-
Tis  msgavsi  wina  kidurebi  da  bumbuli  hqondaT.  
bumbuli  zrdida  am  mcire  zomis  cxovelebis  
wina  kidurebis  farTobs.  albaT  dasawyisSi  mas  
sxva  funqcia  honda,  magaliTad  saqorwino  ritu-
alis,  Termoregulaciis  an  SeniRbvis  (funqciebi  
romlebsac  bumbuli  dRemde  asrulebs).  Semdeg  
ki  daiwyo  misi  gamoyeneba  frenisTvis.  pirveli  
frena  albaT  mcire  manZilze  irao  iyo.  

marTlac,  pirveli  bumbuli,  romelsac  vx-
vdebiT  na marxebSi  iyo  mokle  da  RinRlismagvari.  
frenisTvis  adaptirebuli  bumbuli  mogvianebiT  
gaCnda.  drois  gan mavlobaSi  bunebrivi  gadarCe-
vis  Sedegad  gadairCa  damatebiTi  mutaciebi.  amis  
Semdeg  bumbuli  da  frTebi  iseTnairad  gardaqm-
na,  rom  ukeT  asrulebdnen  axal  funqcias.  

funqciis  Secvlis  koncefcia  gvTavazobs  axnas,  
Tu  rogor  moxda  TandaTan  axali  Tvisebebis  gan-
viTareba  mTeli  rigi  Suamavali  stadiebis  gavliT.  
yovel  stadiaze  am  Tvisebebs  organizmisTvis  im  
periodisTvis  sasargeblo  funqcia  hqondaT.  har-
vardis  universitetis  zoologis  karel  laiemis  
sityvebiT  ̀ evolucia  hgavs  manqanis  axali  modelis  
Seqmnis  process,  romelic  mimdinareobs  manqanis  
moZraobasTan  paralelurad~.

ganviTarebis makontrolebeli  

genebis evolucia  

rogorc  21  TavSi  waikiTxeT  evoluciur  bio-
logiasa  da  ganviTarebis  biologias  Soris  ka-
vSiriT  Suqdeba,  Tu  mcire  genetikuri  sxvaoba  
individebs  Soris  rogor  gardaqmneba  saxeobaTa  
Soris  did  morfologiur  gan sxvavebad.  gene-
bi,  romlebic  aprogrameben  ganviTarebas,  amave  
dros  akontroleben  struqturebis  ganviTarebis  
xarisxs,  dros  da  sivrcobrivi  ganlagebis  cvli-
lebebs.  es  kontroli  grZeldeba,  sanam  organiz-
mi  zi gotidan  zrdasrul  formamde  viTardeba.  

ganviTarebis  drois  monakveTis   
da  siCqaris  cvlileba

bevri  ganmacvifrebeli  evoluciuri  cvli-
leba  aris  heteroqroniis  Sedegi  (berZnuli-

dan  hetero  –  gansxvavebuli  da  chronos  –  dro).  
ganviTarebis  etapis  gavlisTvis  saWiro  drois  

 S suraTi  24.15   alometriuli  zrda.  sxeulis  sxvadasxva  nawilis  z
rdis  gansxvavebuli  siCqare  gansazRvravs  sxeulis  
propociebs.  

axalSobili zrdasruli

asaki  (wlebSi)

a)  adamianis  sxeulis  nawilebis  zrdis  sxvadasxva  siCqare.  
bavSvis zrdisas misi xelebi  da  fexebi  ufro  Cqara  izrdeba,  vi-
dre  Tavi  da  sxeuli.  am  diagramaze  naCvenebia  sxvadasxva  asakis  
individebi.  masStabi  erTnairia.

2 5 15

b)  adaminis  da  Simpanzes  Canasaxis  Tavis qalas  forma  
msgavsia.  alometriuli  zrdis  gamo  axalSobili  Simpanzes  
momrgvalebuli  qala  da  vertikaluri  pirisaxe  wagrZelebul  
qalad  da  CaWril  pirisaxed gadaiqceva.  es  forma  zrdasruli  
SimpanzesTvis damaxasiaTebelia.  zrdis  igive  alometriuli  
movlenebi  damaxasiaTebelia  adamianisTvisac,  magram  yba  Tavis 
qalas  sxva  nakvTebTan  SedarebiT  naklebad  grZeldeba.  

Simpanzes  Canasaxi
zrdasruli Simpanze

adamianis  Canasaxi zrdasruli adamiani
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monakveTis  an  sxeulis  na wilebis  fardobiTi  ganviTa-
rebis  evoluciuri  cvlilebebi.  magaliTad:  organiz-
mis  forma  nawilobriv  damokidebulia  sxeulis  gansx-
vavebuli  nawilebis  zrdis  siCqaris  Sefardebaze  sxva  
nawilebis  zrdis  siCqaresTan.  es  propocia  aniWebs  sx-
euls  specifikur  formas.  mas  uwodeben  alometriul  

zrdas  (berZnulidan  allos  _  sxva  da  metron  _  gazomva)  
24.15a  suraTze  naCvenebia  Tu  rogor  icvleba  alometri-
uli  zrdis  Sedegad  adamianis  sxeulis  proporciebi  misi  
ganviTarebis  dros.  zrdis  fardobiTi  siCqaris  mcire  

Secvlac  ki  mniSvnelovnad  cvlis  zrdas-
ruli  organizmis  formas.  magaliTad  gan-
sxvavebuli  alometriuli  Tvisebebis  gamo  
adamianis  da  Simpanzis  qalas  gansxvavebuli  
forma  gaaCniaT  (suraTi  24.15b).

heteroqronia  TamaSobs  rols sa la-
man dras  kiduris  evolucia Sic  (suraTi  
24.16).  salamandrebis  umetesoba  xmeleTze  
bi  nadrobs,  magram  zogi  saxeoba  cxovrobs  
xeeb ze.  xeze  mobinadre  salamandras  kiduri  
ufro  metad  adaptirebulia  xeze  verti-
kalurad  gadaadgilebasTan,  vid re  xmele-
Tze  siarulTan.  magaliTad:  xeze  mobinadre  
salamandras  TiTebi  moklea  da  intensiu-
rad  Sezrdili.  

amis  saSualebiT  salamandra  ukeT  emagre-
ba  xes.  am  adaptaciis  sawyisi  albaT  iyo  im  
alelebis  an  genebis  gadarCeva,  romlebic  
kiduris  ganviTarebis  dros  akontroleben.  
am  hipoTezis  Tanaxmad  winapari  salaman-
dras  kiduri  iqamde  izrdeboda,  sanam  zr-
dis  maregulirebeli  genebis  produqtma  ar  
Sewyvita  maTi  zrda.  amis  Sedegad  kiduri  
garkveuli  sididis  darCa.  erT  an  or  mare-
gulirebel  genSi  momxdari  mutacia  ufro  
male  wyvitavs  kiduris  zrdas,  rac  aisaxeba  
xeebze  mcxovrebi  salamandras  ufro  mokle  
terfSi.  am  meqanizmis  saSualebiT  geneti-
kuri  cvlilebebis  SedarebiT  mcire  ricxvs  
Seesabameba  mkveTri  da  mdgradi  morfolo-
giuri  cvlilebi.  

hetoroqroniis  Sedegad  icvleba  re-
produqciuli  organoebis  ganviTarebisTvis  
saWiro  drois  Sefardeba  somaturi  (arare-
produqciuli  organoebis)  ganviTarebis  
drosTan.  Tu  reproduqciuli  ganviTarebis  
sisCqare  somaturi  ganviTarebis  siCqares-
Tan  SedarebiT  didia,  sqesobrivi  simwifis  
stadiaze  organizms  mozardisTvis  damaxa-
siaTebeli  sxeulis  proporciebi  aqvs.  anu  
winapar  saxeobaSi  sxeulis  es  proporciebi  
mzardi  organizmisTvis  iyo  damaxasiaTebe-
li.  am  mdgomareobas  eZaxian  pedamorfozms  

(berZnulidan  paedos  -  bavSvis  da  morpho-
sis _  formireba).  magaliTad:  salamandras  

saxeobaTa  umetesobas  aqvs  larvuli  stadia.  larvuli  
stadiis  gavlis  Semdeg  is  gadis  metamorfozs  da  gar-
daiqceva  zrdasrul  formad.  magram  zogi  saxeoba  iz-
rdeba  zrdasrulis  zomamde  da  xdeba  sqesmwife,  magram  
amave  dros  aqvs  layuCebi  da  sxva  larvuli  Tvisebebi  
(suraTi  24.17).  

ganviTarebis  drois  am  evoluciuri  cvlilebis  Se-
degad  warmoiqmneba  cxovelebi,  romlebic  Zalian  gan-
sxvavdebian  TavianTi  winaprebisgan.  Tumca  am  dros  ar  

 S suraTi  24.16  heteroqronia  da  salamandras,  axlo  monaTesave  
saxeobebis kiduris  evolucia 

(a)  xmeleTze  mobinadre  salamandra. kiduris zrdis periodi ufro  grZelia, rac 

ufro  grZel da  naklebad  Sezrdil TiTebSi  aisaxeba

 (b)  xeze  mobinadre  salamandra.  kiduris  zrda  ufro  male  mTavrdeba.  evolu-

ciis ganmavlobaSi  TiTebis  sigrZe  d aSezrdoiloba icvleba.   amitom salamandra  

xis  totze  vertikalurad advilad adis.
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xdeba  didi  genetikuri  cvlilebebi.  marTlac,  bolo  da-
kvirevebebidan  Cans,  rom  aqsolotl  salamandraSi  ped-
amorfozi  warmoiqmna  erT  lokusSi  momxdari  mcire  ge-
netikuri  cvlilebebis  Sedegad.  sxva  genebSi  am  dros  
cvlilebebi  ar  momxdara.  

heteroqronia  moqmedebs  morfologiis  evoluciaze.  
is  cvlis  sxeulis  sxvadasxva  nawilebis  ganviTarebis  
siCqares,  an  cvlis  sxeulis  garkveuli  nawilebis  ganvi-
Tarebis  dawyebis  an  dasrulebis  dros.  

cvlilebebi  sivrcobriv  struqturaSi  

ZiriTadi  evoluciuri  cvlilebebi  SeiZleba  ga mow-
veuli  iyos  cvlilebebiT  im  genebSi,  romlebic  akon-
troleben  sxeulis  nawilebis  adgilmdebareobas  da  siv-
r cobriv  agebulebas.  magaliTad,  rogorc  aRwerilia  21  
TavSi,  homeozisuri  geni  gansazRvravs  frinvelebSi  
mniSvnelovani  struqturebis  _  wyvili  frTebis  da  
wyvili  kidurebis  ganviTarebas.  igive  geni  gansazRvravs,  
Tu  sad  ganviTardeba  an  rogor  iqneba  mowyobili  mcena-
ris  yvavilis  nawilebi.

Hhomeosizuri  genebis  (Hox  genebis)  produqtebi,  iZ-
levian  informacias  cxovelis  embrionSi  organoebis  
mdebareobaze.  am  informaciis  mixedviT  ujredebi  ikave-
ben  sivrceSi  garkveul  mdebareobas  da  Semdeg  Sesabamis  

struqturebad  viTardebian.  cvlilebas  Hox  genebSi  da  im  
genebSi,  romlebic  Hox  genebis  Tanmimdevrul  gamovlenas  
aregulireben,  udidesi  gavlena  aqvs  morfologiaze.  

ganvixiloT  magaliTad  oTxfexianebis  (xmeleTis  xe-
rxemlianebi  amfibiebis,  frinvelebis,  sxva  reptiliebis  
da  ZuZumwovrebis  CaTvliT)  evolucia  Tevzebidan,  rom-
lebic  wylis  xerxemlianebi  arian.  am  procesis  ganma-
vlobaSi  Tevzis  oTxi  farfli  kidurebad  gardaeqmna.  
oTxfexianis  kiduris  adaptaciebs  Soris  arian  TiTebi  
(xelis  da  fexis  TiTebi  adamianebSi,  isini  uzrunve-
lyofen  ConCxis  ukeTes  mdgradobas).  

Tevzis  embrionSi  Hox  geni  moqmedebs  farflis  Ca-
nasaxis  erTi  mxris  gaswvriv  ganlagebul  ujredebis  
jgufze  (suraTi  24.18).  oTxfexianebis  embrionSi  igive  

Hox  genebi  moqmedeben  Canasaxovani  kiduris  bolos  
formirebaze  (embrionuli  struqtura,  romelic  vi-

Tardeba  wina  an  ukana  kidurebSi).  Hox  genebi  iZlevian  
damatebiT  informacias  TiTebis  Zvlebis  da  sxva  Zvlebis  
sigrZis  Sesaxeb.  

uxerxemloebidan  xerxemlianebis  ganviTareba  di-di  
evoluciuri  cvlileba  iyo.  is  aseve  ukavSirdeba  cvli-

lebs  Hox  genebSi  da  Hox  genebis  maregulirebel  genebSi  
(suraTi  24.19).  cvlilebebi  ganviTarebis  dinamikaSi  qm-
nidnen  aseT  morfologiur  siaxleebs.  ueWvelia,  rom  es  
procesi  mniSvnelovan  rols  TamaSobda  makroevoluciaSi.  

 suraTi  24.17  pedamorfozi.  zogi  saxeoba  iuvenilur  Tvisebebs 
zrdasrulobaSic  inarCunebs.  es  salamandra  aqsolotlia,  romelic    
zrdasrulis  zomamde izrdeba,  aRwevs  sqesoriv bsimwifes da  mravl-
deba.  amave  dros  is  konkretul  larvul  Tvisebebs, maT  Soris  la-
yuCebac,  inarCunebs.  

 suraTi  24.18   Hox  genebi  da  oTxfexianebis  kidurebis  evolucia.  
wiTeli  zona im  regionebs aRniSnavs, sadac  Hox  genebis    ConCxis  gan-
viTarebaSi irTveba.

wiwilas  fexis  Canasaxi

Hox  genis  moqmedebis  regioni

zolebiani danios  
farflis  Canasaxi
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evolucia ar aris orientirebuli  

garkveuli amocanis Sesrulebaze 

 namarxebidan  TiTqos  Cans  tendencia  cocxali  orga-
nizmebis  evoluciaSi.  magaliTad:  zog  evoluciur  xazSi  
aris  ufro  didi  an  mcire  sxeulis  ganviTarebis  ten-
dencia.  amis  magaliTad  gamodgeba  Tanamedrove  cxenis  

(gvari  Equus)  evolucia.  
Tanamedrove  cxeni  40  milioni  wlis  win  mcxovrebi  

Hyracotherium-is  (suraTi  24.20)  STamomavalia.  Hyraco-
therium-i  didi  ZaRlis  xela  iyo,  wina  kidurebze  oTx-
oTxi  TiTi  hqonda,  ukana  kidurebze  ki  sam-sami.  kbilebi  
adaptirebuli  iyo  xeebidan  da  buCqebidan  axalgazrda  
ylortebis  mosawyvetad.  is  ylortebiT  ikvebeboda.  Ta-
namedrove  cxeni  ufro  didi  zomis  cxovelia,  yovel  
fexze  mxolod  erTi  TiTi  aqvs.  kbilebi  ki  adaptirebulia  
balaxiT  kvebasTan.  aqvT  Tu  ara  am  cvlilebebs  garkveuli  
mimarTuleba?  Tu  es  mimarTuleba  arsebobs,  rogor  unda  
gamovTvaloT  is?  

namarxebidan  evoluciuri  progresis  `amoReba~  cru  
STabeWdilebas  qmnis;  es  igivea,  rac  davaskvanT,  rom  buC-
qi  izrdeba  ylortebisTvis,  da  ganvixiloT  is  totebi,  
romelTa  boloebze  es  ylortebia  ganlagebuli.  mag-
aliTad:  namarxebidan  garkveuli  saxeobebis  gadarCe-

viT,  SeiZleba  davawyoT  is  warmatebuli  xazi,  romelsac  

Hyracotheriumi  -  dan  Tanamedrova  cxenebamde  mivyevarT.  
am  xazSi  gamoxatulia  sxeulis  zomis  gazrdis,  kbilebis  
raodenobis  Semcirebis  da  balaxiT  kvebisTvis  kbilebis  
gardaqmnis  tendencia  (yviTeli  xazi  24.20  suraTze).  
Tumca  Tu  ganvixilavT  cxenis  yvela  cnobil  namarxebs,  

es  tendencia  waiSleba.  gvari  Equus  ar  viTardebo-
da  swori  mimarTulebiT;  cxeni  aris  evoluciuri  xis  
erTaderTi  gadarCenili  toti.  TviTon  xe  ki  imdenad  
datotvilia,  rom  ufro  buCqs  waagavs.  cxeni  marTlac  
ganviTarda  saxeobaTa  warmoqmnis  mTeli  rigis  Semdeg,  
am  rigSi  aris  ramdenime  adaptaciuri  radiacia.  yvela  
radiacias  ar  mivyevarT  did  erT-TiTian  balaxismWamel  
cxenamde.  magaliTad:  24.20  suraTze  Cans,  rom  mxolod  

Parahippus  -  idan  ganviTarebul  evoluciur  xazebSi  ar-

ioan  mZoveli  cxovelebi;  Miohippus  –idan  ganviTarebuli  
sxva  xazis  yvela  warmomadgeneli  dReisTvis  gadaSenebu-
lia.  35  milioni  wlis  ganmavlobaSi  isini  mravalkbiliani  
mZovelebi  iyvnen.  

kladogenezis  (ganStoebebis  evoluciis)  Sedegad  vi-
RebT  evoluciur  gzas,  maSinac  Tu  zogi  axali  saxe-
oba  am  gzidan  uxvevs.  magaliTad:  stiven  stenlim  (jon  
hopkinsis  universiteti)  warmoadgina  grZeli  evoluci-
uri  gzis  erTi  modeli.  is  ganixilavs  saxeobas  iseve,  

 S suraTi  24.19 mutaciebi  Hox  genebSi  da  xerxemlianebis  warmoSoba

xerxemlianis hipoTetu-
ri (uxerxemlo) winapari 

erTi Hox nakrebiT.

Hox  genis  pirveli  
gaormageba

hipoTeturi  adreuli  
xerxemliani  (uybo)  

ori  Hox  nakrebiT.

Hox genebis meore  
gaormageba

ybiani  xerxemliani  

oTxi  Hox  nakrebiT

uxerxemloTa  umetesobas  gomeozisuri  genebis  (Hox  kom-
leqsi)  erTi  nakrebi aqvT.  qromosomaze  is  naCvenebia  fe-
radi  xaziT.  Hox  geni sxeulis  ZiriTadi  nawilebis  ganviTa-
rebas marTavs.  

erTi  Hox  kompleqsis  mutacia  (duplikacia  -  gaormageba)  
daaxloebiT  520  milioni  wlis  win moxda.    rogorc  Cans, 
man  damatebiTi  genetikuri  masala mogvca.  es  procesi  uka-
vSirdeba  pirveli  xerxemlianebis  gaCenas.  

adreul  xerxemlianebSi  genebis  gaormagebulma  nakrebma  
savsebiT  axali  roli  itvirTa,  magaliTad,  zurgis  Zvlis  
ganviTarebis  marTva.

Hox  genis Semdegi gaormagebis Sedegad oTxi  nakrebi war-
moiqmna, rac dRevandeli  xerxemlianebis  umetesobas axasi-
aTebs.  is daaxloebiT  425  milioni  wlis  win moxda da  albaT  
poliploidiis Sedegi iyo.misi saSualebiT ganviTarda ufro 
rTuli struqturebi, magaliTad, ybebi da  kidurebi.  

xerxemlianebis jeradad gazrdili Hox  genebis kompleqsi im 
genebis umetesobas Seicavs, romlebic  uxerxemloebis  erTi  
kompleqsis SemadgenlobaSia.  garegnulad  am  genebis  qromo-
somebSi ganlageba  msgavsia da isini sxeulis imave regionebis 
Semdgom ganviTarebas marTaven. amitom mecnierebma daas-
kvnes,  rom  xerxemlianebis Hox kompleqsis oTxi klasteridan 
TiToeuli uxerxemloebis erTi klasteris homologiuria.
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rogorc  calkeul  individs:  saxeobaTa  warmoqmna  aris  
saxeobis  dabadeba,  gadaSeneba  ki  aris  misi  sikvdili.  ax-
ali  saxeobebi,  romlebic  misgan  gamoiyofian,  arian  misi  
Svilebi.  am  modelis  mixedviT  stenli  varaudobs,  rom  
saxeoba  gnicdis  saxeobis  gadarCevas  iseve,  rogorc  
individualuri  organizmi  ganicdis  bunebriv  gadarCe-
vas.  ZiriTadi  evoluciuri  gzis  mimarTulebas  gansaz-

Rvraven  saxeobebi,  romlebic  yvelaze  did  xans  arse-
boben  da  yvelaze  met  axal  STamomaval  saxeobas  qmnian.  
saxeobebis  gadarCevis  modelis  mixedviT  igulisxmeba,  
rom  `diferencrebuli  saxeobaTa  warmoqmnis  warmate-
ba~  TamaSobs  makroevoluciaSi  igive  rols,  rasac  re-
produqciuli  warmateba  mikroevoluciaSi.  

Tu  saxeobaTa  warmoqmnis  siCqare  da  saxeobis  arse-

 S suraTi  24.20 cxenis  winapris  da  misi  ganStoebebis  evolucia.  yviTeli  niSnuliT  Sualeduri  formis  namarxi  cxenebis  
sixSirea  aRniSnuli.  es  Sualeduri  formebi  ganlagebulia  Tanamedrove  cxensa  (Equus)  da  eocenSi  mcxovreb  mis  winapars  
Hyracotherium-s  Soris.  suraTis  daTvalierebisas  warmoiqmneba  iluzia,  rom  arsebobs  tendencia  progresisken,  ufro  didi  zo-
mis  cxovelis  ganviTarebisken.  amave  dros  TiTebis  raodenoba  mcirdeba  da  kbilebi  balaxiT  sakvebad  modificirdeba.  sinamd-
vileSi  Tanamedrove  cxeni  mTeli  evoluciuri  buCqis  erTaderTi  gadarCenili  totia.  am  buCqze  mravali  sxva  gansxvavebuli  
totic  iyo.  

Nannippus
Piohippus

NeohipparionHipparion

Sinohippus Megahippus
Callippus

Archaeohippus

Anchitherium Hypohippus

Equus Hippidion da sxva gvarebi

Meryhippus

Parahippus

Miohippus

Mesohippus

Paleotheriom

Propalaeotheriom

Pachynolophus

Orohippus

Hyracotheriom

  Pachynolophus

Epihippus

bolo  periodi

pleistoceni

plioceni

mioceni

oligoceni

gasaRebi

mZovelebi

ylortebiT 
mkvebavebi

11 500 wel.

1,8 mln. wel.

5,3 mln. wel.

23 mln. wel.

33,9 mln. wel.
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bobis  vada  asaxavs  warmatebas,  analogia  bunebriv  ga-
darCevasTan  kidev  ufro  Zlierdeba.  SesaZlebelia,  rom  
is  Tvisebebi,  romlebic  garkveul  garemoSi  ar  uwyo-
ben  xels  organizmis  saerTo  warmatebas,  mniSvnelobas  
iZenen  saxeobis  gadarCevis  dros.  magaliTad:  Tu  saxe-
oba  advilad  vrceldeba  axal  garemoSi,  man  SeiZleba  da-
sabami  misces  `Svilobili  saxeobebis~  did  raodenobas.

ramdenadac  ar  iyos  faseuli  saxeobebis  gadarCevis  
modeli,  namarxebidan  Cans,  rom  arseboben  saxeobis  evo-
luciis  sxva  SesaZlebeli  mimarTulebebic.  magaliTad:  
sqesobrivi  gadarCeva  irlandiuri  (CrdiloeTi  evro-
pa)  cxeniremis  SemTxvevaSi.  am  gadarCevis  Sedegad  cx-
eniremis  rqebi  uaRresad  gaizardnen  –  Tumca  aman  ver  
gadaarCina  cxeniremi  gadaSenebisgan.  Seicvalnen  mcena-
reebi,  romliTac  is  ikvebeboda  da  adamiani  masze  inten-
siurad  nadirobda.  ZuZumwovrebis  xanaSi  Ria  sivrceebs  
didi  farTobi  ekavaT.  cxenis  winaprebi  iTvisebdnen  Ria  
sivrceebs.  paralelurad  mimdinareobda  intensiuri  ga-
darCeva  im  balaxismWameli  cxovelebis,  romlebTac  sir-
bili  sxebze  Cqara  SeeZloT.  sxvanairad  Tavis  daRweva  
mtaceblebisgan  SeuZlebeli  iyo.  am  tendencias  ar  eqne-
boda  adgili,  rom  ar  yofiliyvnen  didi,  balaxiT  dafa-
ruli  sivrceebi.  

rac  ar  unda  iyos  ganviTarebis  mizezi,  evoluciuri  
tendenciis  gaCena  ar  niSnavs  imas,  rom  arsebobs  ra-
Rac  Sinagani  mamoZravebeli  Zala,  romelic  moqmedebs  

garkveuli  fenotipis  sasargeblod.  evolucia  organiz-
mis  da  misi  garemos  urTierTqmedebis  Sedegia.  Tu  gare-
mos  pirobebi  Seicvleba,  gamoxatuli  evoluciuri  ten-
dencia  SeiZleba  Sewydes  an  mimarTulebac  ki  Secvalos.

Semdeg  TavSi  gavagrZelebT  organizmebis  da  saxeo-
bebis  Semdgomi  divergenciis  (daTiSvis)  ufro  detalur  
Seswavlas.  davakvirdebiT  namarxebs  da  garemos  piro-
bebis  gavlenas.    

koncefcia 24.3 Semowmeba
1.   rogor  avxsnaT  darvinis  saxeSecvlili  STa-

momavlobis  koncefciis  daxmarebiT  iseTi  

rTuli  struqturebis  evolucia,  rogori-

caa  xerxemlianebis  Tvali  an  guli?

2.   funqcis  Secvlis  koncefciis  mixedviT  ar  

igulisxmeba,  rom  garkveuli  struqtura  

unda  ganviTardes  garemos  momavali  cvli-

lebebis  Sesabamisad.  axseniT  ratom.  

3.   rogor  SeiZleba  gamoiwvios  heteroqroniam  

sxeulis  sxvadasxva  formis  evolucia?  

ZiriTadi koncefciebis Semowmebaa:

koncefcia  24.1
biologiuri saxeobis koncefciis  

mixedviT didi mniSvneloba eniWeba  

reproduqciul izolacias  

    biologiuri  saxeobis  koncefcia. biologiuri  

saxeoba  warmoadgens  populaciebis  jgufs.  pop-

ulaciebis  individebs  potenciurad  SeuZliaT  

erTmaneTTan  Sejvareba  da  nayofieri  STamomav-

lobis  datoveba.  isini  ar  ejvarebian  sxva  saxe-

obis  warmomadgenlebs.  biologiuri  saxeobis  

koncefciis  Tanaxmad  didi  mniSvneloba  eniWe-

ba  reproduqciul  izolacias.  reproduqciul  

izolacias  qmnian  prezigoturi  da  postzigo-

turi  barierebi.  geografiuli  izolaciis  Sede-

gad  xdeba  sxvadasxva  populaciis  genofondis  

izolacia.  

    saxeobis  sxvanairi  gansazRvra. marTalia  bi-

ologiuri  saxeobis  koncefcia  sasargebloa  

saxeobaTa  warmoqmnaze  msjelobisas,  magram  mas  

amave  dros  aqvs  ramdenime  mniSvnelovani  nakli.  

es  zRudavs  mis  gamoyenebas.  magaliTad:  mas  ver  

gamoviyenebT  im  organizmebis  SemTxvevaSi,  rom-

lebic  mxolod  namarxebis  saxiTaa  cnobili,  an  

im  organizmebis  SemTxvevaSi,  romlebic  mxolod  

usqesod  mravldebian.  amitom  mecnierebma  Sei-

24-e Tavis Semowmeba
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muSaves  saxeobaTa  alternatiuli  koncefciebi.  

magaliTad  morfologiuri  saxeobis  koncefcia.  

misi  gamoyeneba  ufro  mravlismomcvelia.  

 

koncefcia  24.2
saxeobaTa warmoqmna SeiZleba  

mimdinareobdes rogorc  

geografiuli izolaciis pirobebSi,

ise mis gareSe

    alopatriuli  (`sxva  qveynis~  )  saxeobaTa  war

moqmna. alopatriul  saxeobaTa  warmoqmna  maSin  

xdeba,  roca  erTi  saxeobis  ori  populacia  geo-

grafiulad  izolirebuli  xdeba  erTmaneTisgan.  

izolaciis  peroidos  ganmavlobaSi  icvleba  an  

erTi  populacia  an  orive.  Tu  garkveuli  pe-

riodis  Semdeg  maT  Soris  kontaqti  aRdgeba,  

Sejvareba  maT  Soris  ukve  ver  ganxorcield-

eba  Tu  izolaciis  periodi  sakmaod  didia,  

mis  ganmavlobaSi  grovdeba  prezigoturi  da  

postzigoturi  izolaciis  meqanizmebi.  

    simpatriuli (`igive  qveynis~)  saxeobaTa  war

moqmna. axali  saxeobis  warmoiqmna  maSinac  xde-

ba,  Tu  Svileuli  populaciis  geografiuli  

gavrcelebis  areali  gadaikveTeba  mSobeli  po-

pulaciis  gavrcelebis  arealTan.  magaliTad:  

mcenaris  bevri  saxeoba  gaCnda  simpatriulad,  

po liploidiis  Sedegad  (qromosomebis  ricxvis  

jeradjer  gazrda).  autopoliploidurebi  ari-

an  is  saxeobebi,  romlebic  am  gziT  warmoiSvnen  

erTi  winapari  saxeobidan.  alopoliploidiebi  

saxvadasxva  saxeobebidan  warmoqmnili  saxeobe-

bi  arian.  maTi  qromosomebis  ricxvic  jeradjer  

gazrdilia.  simpatriuli  saxeobaTa  warmoqmna  

SeiZleba  moxdes  axali  ekologiuri  niSis  war-

moqmnis  Sedegad  an  polimorful  populaciaSi  

araSemTxveviTi  Sejvarebis  Semdeg.  

    alopatriuli  da  simpatriuli  saxeobaTa  war

moqmna.  daskvna:  alopatriuli  saxeobaTa  war-

moqmnis  dros  axali  saxeobebi  warmoiqmneba  

mSobeli  populaciidan  Svileuli  populaciis  

geografiuli  izolaciis  Se degad.  simpatriuli  

waxeobaTa  warmoqmnis  dros  reproduqciuli  

barieri  populaciis  qveerTeulebs  yofs  geo-

grafiuli  izolaciis  gareSe.  

    adaptaciuri  radiacia. adaptaciur  radiacias  

adgili  aqvs,  roca  populacia  SemTxveviT  xvde-

ba  axal  ekologiur  niSaSi.  es  SeiZleba  mox-

des  axali  adgilis  dasaxlebis  dros.  magali-

Tad:  axlad  warmoqmnili  vulkanuri  kunZulebis  

dasaxlebisas,  an  garemos  cvlilebebis  Sedegad.  

garemo  pirobebis  cvlilebas  xSirad  mivyev-

arT  am  arealSi  mobinadre  sxva  saxeobebis  ga-

daSenebisken.  

    saxeobaTa  warmoqmnis  genetikis  Seswavla. ge-

nomis  afeTqebis  saSualebiT  mkvlevarebi  ikv-

leven  saxeobaTa  warmoqmaSi  monawile  specifi-

kur  genebs.  

    saxeobaTa  warmoqmnis  siCqare. namarxebis  Ses-

wavlis  Sedegad  eldrejma  da  gouldma  peri-

odulad  darRvevadi  wonasworobis  modeli  

Seqmnes.  am  modelis  Tanaxmad,  mSobliuri  saxe-

obidan  gamoyofis  Semdeg  Svilobili  saxeoba  

SedarebiT  swrafad  icvleba.  arsebobis  darCe-

nil  periodSi  saxeoba  ar  ganicdis  did  cvli-

lebebs.  es  modeli  upirispirdeba  TandaTano-

biTi  cvlilebebis  models.  

koncefcia  24.3
saxeobaTa warmoqmnis procesis  

ganmavlobaSi SeiZleba dagrovdes  

makroevoluciuri cvlilebebi

    evoluciuri  siaxleebi. organizmis  arsebobis  

yvela  etapze  axali  biologiuri  struqturebi  

viTardebian  adre  arsebuli  struqturebidan.  

zog  rTul  struqturas,  magaliTad  Tvals,  ar-

sebobis  yvela  safexurze  msgavsi  funqcia  hqon-

da.  sxva  struqturebis,  magaliTad  bumbulis,  

funqcia  Seicvala.  

    ganviTarebis  makontrolebeli  genebis  evo

lucia.  didi  evoluciuri  cvlilebebi  SeiZle-

ba  gavaigivoT  ganviTarebis  maregulirebel  
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genebSi  momxdar  mutaciebTan.  evoluciuri  

cvlilebis  Sedegad  icvleba  drois  peri-

odi,  romelSic  esa  Tu  is  ganviTarebis  sta-

dia  grZeldeba  (heteroqronia),  aseve  SeiZleba  

Seicvalos  sxeulis  nawilebis  sivrcobrivi  gan-

lageba.  zogi  aseTi  cvlileba  xdeba  gomeozi-

sur  genebSi  mutaciuri  cvlilebis  Sedegad,  an  

gomeozisuri  genebis  maregulirebel  genebSi  

mutaciebis  Sedegad.  

    evolucia  ar  aris  orientirebuli  garkveul  

Sedegze.  Secvlil  garemosTan  adaptaciis  gamo  

SeiZleba  gaCndes  grZelvadiani  evoluciuri  

tendencia.  saxeobaTa  gadarCevis  modelis  Se-

sabamisad  es  tendencia  gamoixateba  SemdegSi:  

garkveuli  Tvisebebis  mqonePsaxeobebi  ufro  

did  xans  arseboben  da  ufro  xSirad  warmo-

qmnian  axal  saxeobebs  vidre  sxva  Tvisebebis  

mqone  saxeobebi.  

SeamowmeT sakuTari codna

TviTSemowmeba

1.   biologiuri  saxeobebis  koncefcia  ar  esadage-

ba  mxolod  namarxebidan  cnobil  organizmebs,  

vinaidan

a)   namarxebze  dayrdnobiT  saxeobebs  morfo-

logiurad  Znelad  vansxvavebT.  (namarxebi  

iSviaTad  aris  kargad  Senaxuli)

b)   SeuZlebelia  davadginoT  reproduqciuli  

izolaciis  arseboba  namarx  formebSi

g)   SeuZlebelia  davadginoT  ra  tipis  habita-

tSi  arsebobdnen  namarxi  formebi  gada-

Senebamde

d)   namarxi  organizmebis  gamokvlevisas  Seu-

Zlebelia  maTi  sqesis  dadgena.

e)   namarxebis  gamoyeneba  mxolod  anagenezis  

Sesaswavlad  SeiZleba.  kladogenezs  namar-

xebis  meSveobiT  ver  ganvixilavT  

2.   yvelaze  didi  erTeuli,  romelSic  moqmedebs  

genTa  nakadi  aris  

a)  populacia b)  saxeoba

g)  gvari d)  hibridi e)  tipi

3.   frinvelebis  sarkvevSi  tyis  mgalobeli  (  Den-
droica  coronata)  da  udaubonis  mgalobeli  gansx-

vavebuli  saxeobebia.  bolo  drois  klasifikaci-

is  mixedviT  es  erTi  da  igive  saxeobis  (yviTel  

boloiani  mgalobelis)  aRmosavleTi  da  dasav-

leTi  formebia.  qvemoT  CamoTvlili  mizezebi-

dan  ra  aris  amis  mizezi?  

a) habitatebis  gadafarvis  dros  es  ori  forma

     SesaniSnavad  ejvareba  erTmaneTs.  

b)  orive  forma  msgavs  habitatSi  binadrobs

g)  orive  formas  bevri  saerTo  geni  aqvs

d)  orive  forma  erTnairi  sakvebiT  ikvebeba

e)  orive  formis  Seferiloba  Zalian  msgavsia.  

4.   havais  kunZulebis  erT  da  igive  nawilSi  mobi-

nadre  xilis  buzis  _  drozofilas  sxvadasxva  

sa xeobis  mamrebs  aqvT  sxvadasxva  saqorwino  ri-

tuali.  ritualSi  Sedis  brZola  sxva  mamrebTan  

da  garkveuli  moZraobebi,  romlebic  mdedrebs  

izidaven.  ra  tipis  reproduqciuli  izolaciis  

Sedegia  es?  

a)  habitatis  izolacia

b)  droebiTi  izolacia

g)  qceviTi  izolacia

d)  gametebis  izolacia

e)  postzigoturi  barierebi

5.   qvemoTCamoTvlili  faqtorebidan,  romlebi  ar  

uwyoben  xels  alopatriul  saxeobaTa  warmoqm-

nas?

a)   Svileuli  populaciis  mSobeli  populaci-

idan  geografiuli  izolacia

b)    izolirebuli  populaciis  simcire  da  gene-

tikuri  dreifi  

g)   winapari  populacia  izolirebuli  popula-

ciisgan  gansxvavebul  gadarCevis  dawolas  

ganicdis  

d)  izolirebuli  populaciebis  genofondebi  

gansxvavebuli  xdeba  sxvadasxva  mutaciebis  

Sedegad  

e)    or  populacias  Soris  mimdinare  intensiuri  

genebis  nakadi  

6.   mcenaris  A  saxeobas  aqvs  qromosomebis  dip-

loiduri  nakrebi  2n=12.  mcenaris  B  saxeobas  

aqvs  diploiduri  nakrebi  2n=16.  axali  saxeoba  

C  warmoiqmneba  A  da  B  saxeobebidan  alopolip-

loidiis  Sedegad.  C  saxeobisTvis  yvelaze  mo-

salodneli  qromosomebis  diploiduri  ricxvi  
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iqneba

a)  12 b)  14   g)  16

d)  28 e)  56

7.   meeqvse  sakiTxSi  aRwerili  saxeobaTa  warmoqm-

nis  epizodi  albaT  aris  

a)  alopatriuli  saxeobaTa  warmoqmnis  SemTx-

veva

b)  simpatriuli  saxeobaTa  warmoqmnis  SemTx-

veva

g)  sqesobriv  gadarCevaze  dafuZnebuli  saxe-

obaTa  warmoqmnis  SemTxveva

d)  adaptaciuri  radiaciis  SemTxveva

e)  anagenezisis  SemTxveva

8.   mcenareebi  Mimulus  lewisii  da  M.  carsinalis  bune-

baSi  hibridebs  ar  qmnian.  laboratoriul  piro-

bebSi  ki  maT  ajvareben  da  Sejvarebis  Sedegad  

iReben  nayofier  STamomavlobas.  ra  acilebs  

bunebaSi  am  mcenareebis  genofondebs  erTmane-

Tisgan?

a)  gametebis  SeuTavsebloba

b)  sxvadasxva  mimzidveloba  damtveravi  

     organizmebisTvis  

g)  sxvadasxva  ekologiuri  niSebi

d)  sxvadasxva  geografiuli  areali

e)  sezonuri  sxvaoba  yvavilobaSi

9.   periodulad  darRvevadi  wonasworobis  model-

is  Sesabamisad

a)   bunebrivi  gadarCeva  umniSvnelo  evoluci-

uri  meqanizmia

b)   gadaSenebuli  saxeobebis  umetesoba  Tan-

daTan  gardaiqceoda  axal  saxeobebad,  sak-

marisi  dro  rom  hqonodaT  amisTvis  

g)  axali  saxeobebis  umetesoba  Tavisi  arsebo-

bis  dasawyisSi  agrovebs  axal  unikalur  

Tvisebebs.  Semdegi  arsebobis  periodSi  

isini  mcired  icvlebian.

d)  evolucia  umeteswilad  mizanmimarTulia

e)   saxeobaTa  warmoqmna  damokidebulia  erTeul  

mutaciaze  

10.  genetikuri  cvlileba  romelsac  iwvevs  Hox  

geni.  is  marTavs  xerxemlianebSi  kidurebis  zr-

das.  misma  moqmedebam  gamoiwvia  oTxfexianebis  

kidurebis  evolucia.  gamovlenis  aseTi  cvli-

leba  gamosaxavs

a)  individis  ganviTarebaze  garemos  gavlenas  

b)   pedamorfozi  an  winaparis  iuveniluri  for-

mis  struqturis  Senaxva  zrdasrul  orga-

nizmSi  

g)   ganviTarebis  genSi  an  mis  maregulirebel  

genebSi  cvlileba,  romlis  Sedegad  icvle-

ba  sxeulis  nawilebis  sivrcobrivi  orga-

nizacia.  

d)   periodulad  darRveuli  wonasworoba

e)   alopoliploidiis  Sedegad  axali  saxeo-

bebis  warmoqmna

evoluciuri kavSiri

erT-erT  Tavis  rveulSi  darvinma  CainiSna,  rom  moma-
valSi  arasdros  ar  ganixilavs  saxeobas,  ufro  metad  an  
ufro  naklebad  ganviTarebuls.  dResac  zog  saxeobaze  
an  saxeobaTa  jgufze  adamianebi  fiqroben,  rom  sxvebTan  
SedarebiT  isini  ufro  ganviTarebulni  arian.  es  al-
baT  evoluciuri  `progresis~  cnebis  arsebobis  Sedegia.  

marTlac  arsebobs  evoluciuri  progresi?  ratom  Hox,  
an  ratom  ara?  daicaviT  Tqveni  pozicia,  warmoidgineT,  
rom  ekamaTebiT  pirovnebas,  romelic  sapirispiro  azrs  
amtkicebs.

mecnieruli kvleva

kulturul  amerikul  bambas  aqvs  52  qromosoma  

(2n=52).  yoveli  ujredis  13  wyvili  yromosoma  (26  qro-
mosoma)  ufro  mcire  zomisaa,  vidre  danarCeni  13  wyvili.  
aziaSi  gavrcelebul  kulturul  bambas  aqvs  26  qromo-

soma  (2n=26)  yvela  qromosoma  aris  didi  zomis.  velurad  
mzard  amerikul  bambas  aqvs  26  qromosoma,  yvela  qro-
mosima  aris  patara  zomis.  warmoadgineT  hipoTeza  da  
axseniT,  Tu  rogor  warmoiqmna  kulturuli  amerikuli  
bamba.  rogor  SegiZliaT  Tqveni  hipoTezis  Semowmeba?  

mecniereba, teqnologia 
da sazogadoeba

ra  aris  biologiuri  safuZveli  imisa,  rom  adamianis  
yvela  populacia  miCneulia  erT  saxeobad?  moifiqreT  
scenari,  romlis  mixedviT  momavalSi  kladogenezis  
Sedegad  SeiZleba  warmoiqmns  adamianis  meore  saxeoba.  
SegiZliaT  es  Tu  ara?
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25filogenezi da 
sistematika

 S suraTi 14.1  nemsiylapias namarxi braziliidan. 

misi asaki 100 milion wels aRemateba.

 ZiriTadi koncefciebi

25.1  filogenezis Sesaswavlad awarmoeben mor-
fologiur da molekulur kvlevebs, aseve 
saerTo winaparis namarxebis kvlevas

25.2  filogenetikuri sistematika aerTianebs kla-
sifikacias da evoluciis istorias 

25.3  filogenetikuri sistematikis safuZvelze 
ageben evoluciur xes evoluciuri xis ageb-
uleba efuZneba saxeobaTa saerTo Tvisebebs

25.4  evoluciuri istoris umetesi nawili Cawer-
ilia organizmis genomSi 

25.5  molekuluri saaTi gvexmareba davadginoT 
evoluciuri cvlilebis dro 

 Sesavali

sicocxlis xis kvleva

evoluciuri biologia ixilavs organizmebis ganvi-
Tarebis process da ganviTarebis istorias. wina TavebSi 
Cvenc am principiT vixilavdiT evoluciis process: ker-
Zod ki, bunebriv gadarCevas da populaciis genetikuri 
Semadgenlobis Semcvel sxva meqanizms (ixileT Tavi 23). 
sabolood, am meqanizmebis moqmedebis Sedegad Cndeba 
axali saxeoba (ixileT Tavi 24). evolucionistebi ki am 
meqanizmebis daxmarebiT cdiloben dedamiwaze sicocx-
lis arsebobis mTliani istoriis aRdgenas. 

am TavSi aRwerilia, Tu rogor ikvleven biologebi 

filogenezs (berZnulad phylon -ojaxia, genesis-da-
sabamia). filogenezi saxeobis an saxeobaTa jgufis evo-
luciis istoriaa. filogenezis dasadgenad biologebi 
namarxebs ixilaven da winapar organizmebze informa-
cias iReben (suraTi 25.1). 

biologebi aseve sistematikas iyeneben. es anali-
tikuri midgomaa Tanamedrove da gadaSenebuli orga-
nizmebis mravalferovnebisa da naTesaobis dasadgenad. 

tradiciulad, evoluciuri naTesaobis dasadgenad, 
sistematikosebi organizmebis morfologiur da bioqi-
miur msgavsebas swavlobdnen. bolo aTwleulebis ganma-
vlobaSi, sistematikosebis xelSi axali Zlieri instru-
menti, molekuluri sistematika, aRmoCnda. molekuluri 
sistematikosebi organizmebis dnm-is, rnm-is da sxva 
molekulebs adareben. am Sedarebis safuZvelze adgenen 
evoluciur naTesaobas sxvadasxva organizmebis mTlian 
genomebsa da genebs Soris (suraTi 25.2). mravalferovani 
informaciis safuZvelze evolucionistebi mTeli si-
cocxlis universalur xes qmnian. am xis ganaxleba mud-
mivad mimdinareobs, radganac dnm-is da rnm-is Tan-
mimdevrobis Seswavlis Sedegad miRebuli monacemebis 
raodenoba mudmivad izrdeba.

 S suraTi 25.2  moulodneli evoluciuri naTesauri kav-

Siri. ra evoluciuri naTesaobaa adamiansa, sokosa da titas 

Soris? molekulurma sistematikosebma daadgines, rom gare-

gnobis miuxedavad cxovelebi (adamianis CaTvliT) da sokoebi, 

ufro axlos enaTesavebian erTmaneTs, vidre mcenareebs.
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koncefcia 25.1
filogenezis Sesaswavlad awarmoeben 

morfologiur da molekulur kvlevebs, 

aseve saerTo winaparis namarxebis  

kvlevas

imisTvis, rom davadginoT filogenezi, unda Seva-
grovoT rac SeiZleba meti informacia Tanamedrove or-
ganizmebis morfologiaze, ganviTarebasa da bioqimiaze. 
aseve mniSvnelovania namarxebis Seswavla. namarxebis 
Seswavlilas, Cven vswavlobT dedamiwaze warsulSi mo-
binadre organizmebis narCnebs da gamogvyavs daskvna am 
organizmebis raobaze. namarxebis meSveobiT vadgenT na-
Tesaobas Tanamedrove organizmebs Soris. namarxebs, wi-
napari organizmebis is Tvisebebi aqvT, romlebic drois 
ganmavlobaSi zog evoluciur xazSi daikarga.

namarxebi

yvelaze mdidari namarxebis resursia danaleqi qa-
nebi. mdinareebis dinebis saSualebiT da eroziis Sede-
gad, qviSa da Slami xvdeba zRvebSi da WaobebSi. iq isi-
ni ileqebian fskerze organizmebis narCenebTan erTad. 
fskerze es narCenebi milionobiT wlis ganmavlobaSi 
grovdeba. ufro Zveli naleqebi fenebad iwnexeba. am fe-
nebs stratas eZaxian (suraTi 25.3) namarxebis aRricxva 
dafuZnebulia strataSi ganlagebuli namarxebis Tan-
mimdevrobaze. 

namarxebidan yvelaze gavrcelebulia danaleqi qa-
nebi, magram paleontologebi sxva tipis namarxebsac 
swavloben (suraTi 25.4). namarxebidan informacias vi-

RebT mxolod maSin, Tu SegviZlia maTi asakis dadgena. 
asakis dasadgenad unda davadginoT is Tanmimdevroba, 
romelSic Cndeba da qreba organizmebis sxvadasxva Tvi-
seba. 26 TavSi ganvixilavT namarxebis daTariRebis da 
geologiuri Tanmimdevrobis dadgenis meTodebs. axla 
ki davimaxsovroT, rom namarxebis aRricxva mniSvnelo-
vania evoluciuri cvlilebebis dasadgenad, magram es 
arasrulyofili meTodia. 

dedamiwaze gavrcelebuli saxeobebis didi nawili 
kvdeba iseT adgilas da iseT dros, rom maTi namarxebis 
povna SeuZlebelia; bevri formirebuli namarxi iSleba 
Semdgomi geologiuri procesebis zegavleniT; dReisT-
vis aRmoCenilia arsebuli namarxebis mxolod nawili; na-
marxebSi SeiZleba ar iyos asaxuli dedamiwaze arsebuli 
saxeobebis mravalferovneba. ufro xSirad namarxebSi 
gvxvdeba is saxeobebi, romlebic warsulSi drois didi 
periodis ganmavlobaSi arsebobdnen, iyvnen mravalri-
cxovanni da farTod gavrcelebulni, hqondaT mkvrivi 
niJarebi, ConCxi an sxva mkvrivi nawilebi. mkvrivi nawi-
lebi aadvilebdnen maT namarxebad gadaqcevas. yvela am 
SezRudvis miuxedavad namarxebi namdvilad detalurad 
asaxaven cocxali organizmebis cvlilebas drois ganma-
vlobaSi.  

morfologiuri da molekuluri  

homologiebi

filogenezi SeiZleba dadgindes ara marto namar-
xi organizmebis, aramed Tanamedrove organizmebis 
molekuluri da morfologiuri msgavsebis Seswavlis 
Sedegad. gavixsenoT, rom erTiani winapris arsebo-
ba molekulur da morfologiur msgavsebasTan erTad 
gvaZlevs homologiebs. magaliTad: ZuZumwovrebis wina 

1.  mdinareebi, romlebsac danaleqi qanebi 

okeanSi miaqvT. namarxebis Semcveli dan-

aleqi qanebis formireba okeanis fsker-

ze xdeba. 
2. garkveuli drois ganmavlobaSi axali 

stratebi warmoiqmneba. isini Seicaven 

namarxebs drois yvela periodidan.

3.  zRvis donis cvlilebasTan erTad zRvis 

fskeri SiSvldeba da danaleqi qanebi zedapirze 

gamodian. eroziis Sedegad stratas da namarxebs 

vxedavT. 

ufro axali namarxebis Semcve-

li axalgazrda strata. 

ufro Zveli namarxebis Semcveli 

Zveli strata. 

 S suraTi 25.3   namarxebis Semcveli danaleqi stratis 

formireba. 
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kidurebis Zvlebis raodenoba da Zvlebis ganlagebis ms-
gavseba Sedegia imisa, rom maT erTiani winapari hyavdaT. 

am winapris kidurebis Zvlebis agebuleba hgavda Ta-
namedrove saxeobebis kidurebis Zvlebis agebulebas; es 
aris morfologiuri homologiis magaliTi (ixileT su-
raTi 22.14). aseve, genebi an dnm-is sxva Tanmimdevrobebi 
homologiuria, Tu  maTi msgavsebis bunebidan gamomdi-

nareobs, rom saerTo winapars hqonda msgavsi Tanmimde-
vrobebi.

msgavsi morfologiis an dnm-is msgavsi Tanmimde-
vrobis mqone organizmebi, rogorc wesi, ufro axlos 
enaTesavebian erTmaneTs, vidre organizmebi, romelTa 
agebuleba an dnm-is Tanmimdevroba mkveTrad gansxvave-
bulia. zog SemTxvevaSi, monaTesave saxeobebSi SeiZleba 
iyos sakmaod didi morfologiuri daTiSva. genetikuri 

(a) qviSis qanebSi mopovebuli dinozavris 

Zvlebi

(b) daaxloebiT 190 milioni wlis asakis xis 

namarxi arizonidan.

(g) daaxloebiT 40 milioni 

wlis asakis foTlis namarxi

(d) daaxloebiT 375 wlis 

asakis amonitis anabeWdi

(e) kolorado. biWi, romelic 150 milioni 

wlis winandel dinozavris nakvalevze dgas

(v) qarvaSi Senaxuli 

mTliani mwerebi

(z) cimbiris yinulSi mTlianad gayinuli 23000 

aTasi wlis asakis mamontis eSvi. 

 S suraTi 25.4 sxvadasxva tipis namarxebi (a) mineralebis Semcveli mkvrivi nawilebis namarxebi, magaliTad Zvlebi, niJarebi 
an kbilebi, kargad inaxeba. (b) zogi namarxi imis Semdeg formirdeba, rac mineralebi organuli nivTierebis adgils ikaveben. (g) 
danaleq qanebSi aRmoCenili zogi namarxi organul nivTierebebs Seicavs da mecnierebs analizisTvis saWiro molekulebis gamoyofa 
SeuZliaT. (d) Camarxuli lpobadi organizmebi ise gamoiyurebian, TiTqos wyliT gajerebulni arian. wyalSi ki gauxsnad mineralebs 
Seicavs. am mineralebis gaqvavebisas yalibdeba cocxali organizmis aslebi. (e) nakvalevis namarxs TviTon kvali qmnis, soroebi da 
uZvelesi organizmis aqtiurobis sxva niSnebi. (v) qarvaSi (xis gaqvavebuli fisi) xandaxan mTlian, kargad Senaxul organizmebs pou-
loben. (z) kargad Senaxuli, sakmaod didi zomis organizmebi iSviaTad yinulSi an mJavis Semcvel WaobebSi gvxvdeba. 
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sxvaoba ki SeiZleba sakmaod mcire iyos (an piriqiT). ma-
galiTad: 24 TavSi ganvixileT havais vercxlisferi mce-
nareebis aliansi. kunZulis gaswvriv mobinadre saxeobe-
bi garegnulad mkveTrad gansxvavdebian erTmaneTisgan: 
zogi maRali, datotvili xea, sxvebi ki xSiri, miwasTan 
garTxmuli buCqebi (ixileT suraTi 24.12) mniSvnelovani 
fenotipuri sxvaobis miuxedavad, vercxliferi mcena-
reebis genebi Zalian msgavsia. mcire molekulur sxvao-
baze dayrdnobiT mecnierebs SeuZliaT daadginon, rom 
vercxlisferma mcenareebma daiwyes daTiSva 5 milioni 
wlis winaT. daaxloebiT am dros moxda Tanamedrove kun-
Zulebidan yvelaze Zveli kunZulis formireba. aqedan 
SegviZlia davaskvnaT, rom am mcenareebis SemTxvevaSi 
morfologiur mravalferovnebas akontrolebs Sedare-
biT mcire genetikuri sxvaoba.

sxvaoba homologiebsa da analogiebs Soris

filogenezis konstruqciis dros, mniSvnelovania, 
ar agverios homologiebi, anu saerTo winapris Tvisebe-
bi da analogia anu konvergentuli evolucia. rogorc 
22 TavSi waikiTxeT, konvergentul evolucias adgili 
aqvs, roca msgavsi garemos gavleniT da bunebrivi ga-
darCevis Sedegad gansxvavebuli evoluciuri xazis or-
ganizmebSi warmoiqmneba msgavsi (analogiuri) adapta-
ciebi (ixileT suraTi 22.17). magaliTad: avstraliuri 
da Crdilo amerikuli Txunelebi garegnulad Zalian 
hgvanan erTmaneTs (suraTi 25.5). Tumca maTi gamravleba 
Zalian gansxvavebulia: avstraliuri Txunelebi CanTo-
snebi arian (maTi axalSobili dedis sxeulis gareT gan-

lagebul muclis nakecSi – jibeSi amTavrebs embrionul 
ganviTarebas) maSin, roca Crdilo amerikuli Txunele-
bi arian placentarulebi (maTi Canasaxi dedis sxeulis 
SigniT ganlagebul saSvilosnoSi amTavrebs embrionul 
ganviTarebas) marTlac, namarxebidanac da genetikuri 
Sedarebidanac Cans, rom Txunelebis saerTo winapari 
binadrobda 120 milioni wlis winaT. daaxloebiT imave 
dros moxda CanTosani cxovelebis da placentarule-
bis daTiSva. Txunelebis winapari da misi STamomavlo-
bis umetesi nawili ar hgavda Tanamedrove Txunelebs. 
magram sanam Txunelebis es ori jgufi cxovrebis msgavs 
stilTan adaptacias ganicdida, maTSi damoukideblad 
ganviTarda msgavsi Tvisebebi.

rogorc vTqviT, filogenezis dasadgenad, mniSv-
nelovania, ganvasxvavoT homologia da analogia. maga-
liTad: Ramurebsac da frinvelebsac aqvT adaptaciebi, 
romelTa meSveobiT isini dafrinaven. maT aqvT garegnu-
li msgavseba. es SeiZleba niSnavdes, rom Ramurebi ufro 
axlos enaTesavebian frinvelebs, vidre vTqvaT, katebs. 
katebs xom frena ar SeuZliaT. magram ufro zusti Semow-
mebis Sedegad aRmoCnda, rom Ramurebis safreni aparati 

1  roca pirveli da meore 

saxeoba saerTo winapris-

gan daiTiSa, winaparuli 

homologiuri dnm-is seg-

mentebi identuri iyo.

2. amoSlis da CarTvis 

mutaciebi ori saxeobis 

Sesadarebel Tanmimdevro-

bebs cvlian. 

3. am mutaciebis gamo ho-

mologiuri regionebi (yvi-

Teli) ar qmnian Sesadare-

blad swor Tanmimdevrobas.

4 imis Semdeg, rac kompiut-

eruli programa muta-

ciebis magivrad cariel 

adgils Casvams da Tanmim-

devrobebs gadaalagebs, 

homologiuri regionebi 

isev erTmaneTs daemTxveva.

amoSla

CarTva

 S suraTi 25.5  Txunelas analogiuri Tvisebebis konvergen-

tuli evolucia. wagrZelebuli sxeuli, gafarToebuli wina 

kidurebi, mcire zomis Tvalebi da konusismagvari cxviris 

damcveli rbili, sqeli kani, damoukideblad ganviTarda CanTo-

sanSi _ avstraliur TxunelaSi (maRla) da placentarulSi _ 

Crdilo amerikul TxunelaSi (dabla).

 S gv. 495. suraTi 25.6 dnm-is erT xazad ganlagebuli 

Sesadarebeli monakveTebi. sistematikosebi dnm-is msgavsi 

Tanmimdevrobebis mosaZebnad da xelaxla dasalageblad kom-

piuterul programebs iyeneben (am magaliTis SemTxvevaSi, jer 

Sesadarebeli monakveTis sigrZe dadginda, Semdeg aRmoCnda, 

rom yvela Tanmimdevroba Seucvlelia da Sesadarebeli mon-

akveTebi identuria). 
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agebulebiT gacilebiT ufro axlos dgas katis da sxva 
ZuZumwovrebis wina kidurebis agebulebasTan, vidre 
frinvelis frTebis agebulebasTan. namarxebidanac Cans, 
rom Ramuras wina kidurebi da frinvelis frTebi ganvi-
Tardnen damoukideblad, sxvadasxva winaprebis sasia-
rulo kidurebidan. ase rom, SegviZlia davaskvnaT, rom 
Ramurebis wina kidurebi ZuZumwovrebis wina kidurebis 
homologiuria, magram funqciis mixedviT frinvelebis 
frTebis analogiuria. analogiuri struqturebi, rogo-
ricaa Ramuras wina kidurebi da frinvelis frTebi, vi-
Tardeba damoukideblad. xandaxan maT eZaxian homopla-
ziebs (berZnulidan _ erTi mimarTulebiT formireba). 

namarxebis msgavsebis garda, arsebobs homologie-
bis da analogiebis gansxvavebis sxva xerxi. am xerxis mi-
xedviT unda ganvsazRvoT im Tvisebis sirTule, romlis 
Sedarebas vapirebT. rac ufro metia or rTul stru-
qturas Soris msgavseba ZiriTadi niSnebis mixedviT, miT 
naklebad mosalodnelia, rom isini ganviTardnen damou-
kideblad. magaliTad: adamianisa da Simpanzis qala Sed-
geba ara erTi, aramed mravali, erTmaneTTan SeerTebuli 
Zvlisgan. orive qalas SemTxvevaSi, Zvlebi erTmaneTTan 
mWidrod aris SeerTebuli da zustad ergebian erTma-
neTs. TiTqmis warmoudgenelia, rom aseT rTul stru-
qturebs, romelTa detalebi ase kargad ergeba erTma-
neTs, aqvT erTmaneTisgan damoukidebeli warmoSoba. 
rogorc Cans, genebi, romlebic monawileoben am ori 
qalis ganviTarebaSi, memkvidreobiT miRebulia saerTo 
winaprisgan. igive argumenti muSaobs, roca erTmaneTs 
vadarebT aTasobiT nukleotiduri Tanmimdevrobis Sem-
cvel genebs. dnm-is oTxi fuZis ganlagebis Tanmimde-
vroba dnm-is an rnm-is jaWvSi eyrdnoba memkvidreobiT 
Tvisebebs. es fuZeebia: A(adenini), G (guanini). C (citozini) 
an T (Timini). Tu Sesadareblad viRebT ori saxeobis 1 000 
nukleotidis sigrZis dnm-is regions, miviRebT maT So-
ris msgavsebis an gansxvavebis 1 000 wertils. saxeobebs 
Soris naTesauri kavSiris dasadgenad sistematikosebi 
erTmaneTs adareben dnm-is grZel jaWvebs da mTlian ge-
nomebs. Tu ori organizmis genebs bevri saerTo nukle-
otidri Tanmimdevrobebi aqvT, mosalodnelia, rom es 
genebi homologiuria. 

molekuluri homologiebis Sefaseba

nukleinis mJavebis Sedareba xSirad dakavSirebu-
lia teqnikur sirTuleebTan. pirveli nabijis saxiT 
unda ganisazRvros im monakveTis nukleinis mJavebis 
Tanmimdevroba, romlis mixedviT vapirebT ori saxeobis 
Sedarebas. Tu es saxeobebi axlo naTesavebi arian, Tan-
mimdevrobebSi gansxvaveba mxolod ramdenime adgilas 
iqneba. aramonaTesave saxeobebSi ki nukleinis mJavebis 
Tanmimdevroba didad gansxvavdeba. am SemTxvevaSi jaWv-
Si iqneba warmodgenili sxvadasxva fuZe. jaWvis sigr-
Zec ki SeiZleba gansxvavebuli iyos. amis mizezi aris is, 
rom drois ufro didi monakveTis ganmavlobaSi, jaWvi-

dan xdeba bevri fuZis CarTva an amoSla. es ki moqmdebs 
jaWvis sigrZeze (ixileT Tavi 23). 

warmoidgineT, rom ori saxeobis garkveul genSi 
aramakodirebeli dnm-is Tanmimdevroba Zalian msgav-
sia. magram erT-erTi saxeobis SemTxvevaSi mutaciis Se-
degad amoiSala Tanmimdevrobis pirveli fuZe. amis Se-
degad danarCeni Tanmimdevroba gadaiwevs erTi fuZiT. 
Tu aseT or nukleotidur Tanmimdevrobas SevadarebT 
erTmaneTs, xelad mivxvdebiT, Tu ra siZnele warmoqmne-
ba Sedarebis dros. am problemis Tavidan asacileblad, 
dnm-is monakveTebis Sedarebis da Sedarebis Sedegebis 
analizis dros sistematikosebi iyeneben kompiuterul 
programas. kompiuteruli programis meSveobiT xdeba 
sxvaobis daadgena Sesadarebeli jaWvebis sigrZeebs So-
ris da maTi axlidan dalageba. (suraTi 25.6)

dnm-is fuZeebis Sedarebis Sedegad aRmoCnda, rom 
avstraliis da Crdilo amerikis Txunelebis genebSi be-
vri fuZe gansxvavebulia. amis garda, drois ganmavloba-
Si maT Soris sxva sxvaobac dagrovda. aqedan SegviZlia 
davaskvnaT, rom saerTo winaprisgan ganviTarebis Sem-
deg Txunelebis es ori xazi sakmaod dascilda erTa-
neTs. anu, Tanamedrove Txunelebis es saxeobebi ar arain 
erTmaneTis axlo naTesavebi. sapirispirod, vercxlis 
mcenareebis aliansis fuZeebis ganlageba Zalian hgavs 
erTmaneTs. es adasturebs hipotezas, rom gansxvavebuli 
agebulebis miuxedavad aliansis yvela wevri erTmaneTis 
axlo naTesavia. 

is faqti, rom sxvadasxva saxeobis molekuluri 
Tanmimdevroba gansxvavebulia, TavisTavad arafers 
ar gveubneba imaze, Tu rodis cocxlobda am saxeobe-
bis saerTo winapari. xandaxan, magaliTad Txunelebis 
SemTxvevaSi, amis gageba SesaZlebelia namarxebidan. ma-
gram vercxlis aliansis SemTxvevaSi, napovni namarxebi 
Zalian cotaa. aseT saxeobebTan muSaobisas mkvlevrebi 
adareben maT molekulur Tanmimdevrobas mcenareebis 
im xazis molekulur TanmimdevrobasTan, romelSic meti 
namarxebia napovni. ase qmnian molekulur sazoms. am sa-
zomiT miaxloebiT izomeba daTiSvis sxvadasxva xaris-
xis drois diapazoni (molekuluri sazomis gamoyenebis 
Sedegad mkvlevarebi Tvlian, rom vercxlis mcenaree-
bis aliansis saerTo winapari cxovrobda daaxloebiT 5 
milioni wlis winaT). imisTvis, rom ganvsazRvroT, ram-
denad gamosadegia evoluciis Sesaswavlad molekulu-
ri msgavseba, aucilebelia ganvasxvavoT homologiebi 
analogiebisgan. igive aris saWiro morfologiuri maxa-
siaTeblebis SemTxvevaSi. ori Tanmimdevroba, romelic 
Tavisi sigrZis gaswvriv bevr wertilSi aqvs erTmaneTs 
ufro metad homologiuria (ixileT suraTi 25.6). magram 
Soreulad monaTesave organizmebsac xandaxan axasia-
TebT Tanmimdevrobebis damTxveva. rogorc Cans, es Sem-
TxveviTi msgavsebaa an molekuluri homoplazia (suraTi 
25.7). mecnierebi aviTareben maTematikur meTodebs, rom 
ganasxvavon “daSorebuli” homologiebi SemTxveviTi ms-
gavsebisgan, romelsac adgili aqvT sakmaod dacilebul 



606

TanmimdevrobebSi. magaliTad: aseTi molekuluri ana-
lizis Sedegad miviReT, rom morfologiuri msgavsebis 
uqonlobis miuxedavad, adamianebs da baqteriebs namdvi-
lad hyavT saerTo winapari.  

mecnierebma daadgines aTasobiT saxeobebis 20 mi-
liardi nukleotiduri fuZis Tanmimdevroba. am uzar-
mazarma monacemTa koleqciam filogenezis SeswavlaSi 
bumi warmoqmna. dadginda bevri evoluciuri kavSiri. ma-
galiTad, avstraliur da Crdilo amerikul Txunelebs 
Soris da vercxlis mcenareebis aliansis gansxvavebul 
wevrebs Soris. am Tavis boloSi da Semdeg TavebSi Tqven 
naxavT molekulur sistematikaSi momxdari didi Zvre-
bis bevr magaliTs. 

 koncefcia testi 25.1
1.  Semdegi wyvili struqturidan, romeli ufro 

hgavs analogias an homologias? axseniT Tqveni 
daskvna: (a) maCvzRarbas da kaqtusis nemsebi: (b) 
katis TaTi da adamianis xeli; (g) bus frTa da kra-
zanas frTa. 

2.  Semdegidan, romlebi ufro axlos enaTesavebian 
erTmaneTs: ori saxeoba, romelic garegnulad 
msgavsia, magram maTi genebis Tanmimdevroba Zli-
er gansxvavebulia, an ori saxeoba, romelic ga-
regnulad Zalian gansxvavebulia, magram aqvT 
TiTqmis identuri genebi. axseniT. 

koncefcia 25.2
filogenetikuri sistematika 
aerTianebs klasifikacias  
da evoluciis istorias

sistematika, rogorc mecniereba, dasabams iRebs 
meTvramete saukuneSi. 1748 wels Svedma botanikosma da 
anatomma karl linem gamoaqveyna naSromi “Systema na-
turae” (“bunebis sistema”). es aris mis mier Sedgenili 

im droisTvis cnobili mcenareebis da cxovelebis taq-
sonomiuri klasifikacia. 

taqsonomia aris organizmebis dayofa katego-
riebad. es procesi dafuZnebulia mravali Tvisebis Ses-
wavlaze, romlebsac iyeneben sxvadasxva organizmebs 
Soris msgavsebis da gansxvavebis dasadgenad. lines kla-
sifikacia ar iyo dafuZnebuli evoluciur kavSirebze. 
mas safuZvlad edo organizmis agebuleba. miuxedavad 
amisa, misi sistematikis bevri aspeqti filogenetikur 
sistematikaSic gamoiyeneba. magaliTad, saxeobis binom-
inaluri saxeli da ierarqiuli klasifikacia. 

binominaluri nomenklatura 

organizmebis saxelebi, magaliTad: maimuni, Tevzi an 
iasamani, gamosadegia Cveulebrivi saubris dros. magram 
am saxelebs SeuZliaT Secdomis gamowvevac. am saxelebi-
dan, yoveli, erTze met saxeobas exeba. metic, zogi Cveu-
lebrivi saxeli organizmis tipsac ar asaxavs. magaliTad: 
viri (Cliqosani), Txa (Cliqosani) da virTxa (mRrRneli). 
amis garda, ra Tqma unda, sxvadasxva enaSi sxvadasxva or-
ganizmis aRsaniSnavad gamoiyeneba sxvadasxva sityva.

saxeobis kvlevisas Tavidan rom aviciloT gaugebro-
ba, biologebi mimarTaven saxeobis laTinur, mecnierul 
saxels. es aris ori sityvisgan Semdgari anu binominal-
uri mecnieruli saxeli. is iyo SemoTavazebuli lines 
mier. binominaluri saxelis pirveli nawili aRniSnavs 
im gvars genus - gvari (mravlobiTSi genera), romelsac 
saxeoba ekuTvnis. meore nawili specifikuri epiTeti 
aRniSnavs am gvaris erT saxeobas. binominaluri sistemis 

magaliTia Panthera pardus. es aris didi katis, romelsac 
Cveulebrivad leopards (jiqs) eZaxian, mecnieruli sax-
eli. miaqcieT yuradReba, rom saxeobis pirveli saxeli 
iwereba didi asoTi, mTliani saxeli ki daxriliT (mecni-
eruli saxelebi laTinizirebulia. Tu Tqven axali saxeo-
bis mwers aRmoCenT, SegiZliaT daarqvaT Tqveni amxanagis 
saxeli, magram saxelis daboloeba unda iyos laTinuri). 
linem SemoiRo 11000 binominaluri saxelwodeba. maTgan 
mravali dResac arsebobs. arsebobs is optimisturi sax-
elic, romelic man Cveni sakuTari saxeobisTvis SearCia: 

Homo sapiens, rac niSnavs: gonieri adamiani.

ierarqiuli klasifikacia

saxeobebis darqmevis garda, linem daajgufa isini 
ierarqiulad: mcire kategorebi gaaerTiana ufro did 
kategoriebSi. pirveli dajgufeba damyarebulia bi-
nominalur principze; ufro axlo monaTesave saxeobebi 
gaerTianebulebi arian erT da igive gvarSi. magaliTad, 

leopardi (Panthera pardus) ekuTvnis im gvars, sadac 

aseve Sedis afrikuli lomi (Panthera leo) vefxvi (Pan-

thera tigris) da iaguari (Panthera onca). gvaris garda 
sistematikosebi mimarTaven progresulad mzard kla-
sifikaciis erTeulebs (suraTi 25.8).

 S suraTi 25.7  molekuluri homoplazia. Soreulad monaTe-

save ori organizis dnm-is Tanmimdevrobis fuZeebis 25% Sem-

TxveviT saerToa. imis dasadgenad, homologiuria Tu mravali 

saerTo fuZis Semcveli dnm-is molekulebi, mravali xerxi 

SemuSavda. 
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isini aTavseben monaTesave gvarebs ojaxebSi, 
ojaxebs rigebSi, rigebs klasebSi, klasebs tipebSi 
tipebs samefoebSi, da iSviaTad, samefoebs domenebSi. 
yvela donis taqsonomiur erTeuls eZaxian taqsons 

(mravlobiTi taxa). magaliTad, Panthera aris taqsoni 
gvaris doneze, ZuZumwovrebi ki taqsonia klasis done-
ze. aq Sedian ZuZumwovrebis uamravi rigebi. miaqcieT 
yuradReba, rom gvaris donis zeviT myofi taqsonebi ar 
iwereba daxrilad, Tumca iwereba didi asoTi. calkeu-
li organizmis klasifikacia hgavs safosto misamarTs, 
romlis mixedviT vaxdenT individis identifikacias 
jer garkveul binaSi, Semdeg SenobaSi, sadac bevri binaa, 
quCaSi, sadac bevri Senobaa, qalaqSi sadac bevri quCaa, 
StatSi sadac bevri qalaqia, da a. S

rogorc Cans, adamianisTvis bunebrivia cocxali 
organizmebis amgvari klasifikacia. Cven ase vxedavT 
msoflios. Cven vaerTianebT xis ramdenime saxeobas, va-
ZlevT maT saerTo saxels, magaliTad muxas da ase vasx-
vavebT sxva saxeobebisgan, romlebsac varqmevT vTqvaT, 

wabls. taqsonomebma gadawyvites, rom muxa da wabli im-
denad gansxvavebulia, rom calke gvarebs unda mivakuT-
vnod. magram isini sakmaod msgavsni arian imisTvis, rom 
gavaerTianoT erT Fagaceae -s ojaxSi. 

es gadawyvetileba SemTxveviTia . ufro msxvili do-
neebis gansazRvrisTvis ZiriTadad gamoiyeneba mec-
nierebis mier SerCeuli mravalferovani morfologiuri 
Tvisebebi da ara romelime raodenobrivi maCveneble-
bi. raodenobrivi monacemebis mixedviT organizmebis 
gansazRvra ufro obieqturia, vinaidan isini yvela or-
ganizms unda miesadagon. amis gamo SeuZlebelia ufro 
didi kategoriebis Sedareba sxvadasxva evoluciur 
xazebSi. magaliTad, ar aris aucilebeli lokokinebis 
klasSi igive morfologiuri an genetikuri mraval-
ferovneba iyos, rogoric aris ZuZumwovrebis klasSi. es 
aZnelebs maT Sedarebas.

klasifikaciis da filogenetikis erToba

adre ganvixileT, rogor ikvleven filogenezs siste-

saxeoba

gvari

ojaxi

rigi

klasi

tipi

samefo

domeni

pantera

katisebrTa

ojaxi

mtaceblebi

ZuZumwovrebi

qordianebi

cxovelebi

eukariotebi

Panthera 
pardus

 S suraTi 25.8  ierarqiuli klasifikacia. saxeobebi gaer-

Tianebulia jgufebSi, romlebic Tavis mxvriv ufro did 

jgufebSi erTiandeba. 

Panthera 
pardus
(leopardi)

Mephitis mephitis
(zolebiani 
skunsi)

Lutra lutra
(evropuli 
wavi)

Canis 
familiaris
(ZaRli)

Canis
lupus
(mgeli)

Panthera Mephitis Lutra Canis

Felidae Mustelidae Canidae

Carnivora
sa

xe
o

ba
g

va
r

i
o

j
ax

i
r

ig
i

 S suraTi 25.9  kavSiri klasifikaciasa da filogenezs Soris. 

ierarqiuli klasifikacia asaxulia filogenetikuri xis mzard 

datotvaSi. am xeze gamoxatulia mtaceblebis rigis zogi 

taqsonis SesaZlo evoluciuri kavSirebi, TviT xe ki klasi 

ZuZumwovrebis ganStoebaa.  
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matikosebi, roca swav-
loben Tanamedrove da 
namarxi organizmebis 
sxvadasxva Tvisebebs. 
isini iyeneben datot-
vil diagramebs. am 
diagramebs eZax-
ian filogenetikur 
xeebs. filogeneti-
kuri xeebis meSveobiT 
gamoxataven TavianT 
hipoTezebs evolu-
ciur kavSirebze. xee-

bis ganStoebebi im jgufebis ierarqiul klasifikacias 
asaxaven, romlebic ufro did jgufebSia moTavsebuli 
(suraTi 25.9). filogenetikuri xe xSirad Sedgeba diqot-
omiuri, anu or-orad datotvili ganStoebebis seriidan; 
datotvis yoveli wertili asaxavs saerTo winaprisgan 
ori saxeobis daTiSvas. magaliTad: katisebrTa ojaxSi 
datotvis wartili SegviZila Semdegnairad gamovsaxoT: 
leopardi, Sinauri kata, saerTo winapari. 

rogorc es 25.9 suraTzea mocemuli, taqsonis 
diqotomiuri datotva, romelic saxeobaze ufro msx-
vil kategoriebs moicavs SeiZleba gamovsaxoT diagram-
aze. magaliTad: ojaxebi da rigebi. yoveli, ufro “Rrma” 
datotvis wertili, asaxavs progresulad met mraval-
ferovnebas (daTiSvas). 

ar agerioT filogenetikur xeze mocemuli da-
totvis Tanmimdevroba TiToeuli saxeobis arsebobis 
asakTan (faqtiur asakTan). 25.9 suraTze gamosaxul xeze 
ar aris aRniSnuli, rom mgeli evropuli wavTan Seda-
rebiT gvian ganviTarda, is aRniSnavs mxolod, rom maTi 
saerTo winapari ufro adre arsebobda, vidre mglis da 
ZaRlis saerTo winapari. 

filogenezis gansazRvris meTodebi dasabams iReben 
darvinis droidan. darvinma linesgan gansxvavebiT ie-
rarqiuli klasifikacia gaaerTiana evoluciasTan. man 
saxeobaTa warmoSobaSi warmogvidgina filogenetikuri 
sistematika, roca werda: ,,Cveni klasifikacia ramdena-
dac es SesaZlebelia genealogias unda warmoadgendes”.

 koncefcia testi 25.2
1.  25.8 suraTze gamosaxuli klasifikaciis romeli 

doneebi saerToa adamianisTvis da leopardis-
Tvis.

2.  ras gveubneba 25.9 suraTze gamosaxuli evolu-
ciuri xe leopardis, zolebiani skunsis da mglis 
evoluciur kavSirebze? 

koncefcia 25.3
filogenetikuri sistematikis 
safuZvelze ageben evoluciur 
xes evoluciuri xis agebule-
ba efuZneba saxeobaTa saerTo 
Tvisebebs

saerTo Tvisebebis modeli SeiZleba gamovsaxoT dia-
gramaze, romelsac kladogramas eZaxian (ixileT suraTi 
25.11b) TavisTavad kladograma ar asaxavs evoluciur 
istorias. magram Tu saerTo Tvisebebi organizmebs aqvT 
imis Sedegad, rom maT saerTo winapari hqondaT (Tu isi-
ni homologiebs warmoadgenen), maSin kladograma filo-
genetikuri xis fuZesac gvaZlevs. xis farglebSi klada 

(berZnulidan klados _ toti) ganisazRvreba, rogorc 
saxeobebis jgufi, romelSic Sedis winapari saxeoba da 
mis yvela STamomavali saxeoba. kladistika aris imis ana-
lizi, Tu rogor xdeba kladaSi saxeobebis dajgufeba.

kladistika

klada, iseve rogorc taqsonomiuri xazi, SeiZleba 
movaTavsoT ufro did kladaSi. magaliTad: katisebrTa 
ojaxi qmnis kladas, ufro did kladaSi, romelSic Se-
dis aseve ZaRlisebrTa ojaxi. magram organizmis yvela 
dajgufeba ar qmnis kladas. namdvili klada aris mono-
fileturi (`erTi gvaris warmomadgenlebi~), rac niS-
navs, rom is Sedgeba winapari saxeobidan da yvela misi 
STamomavlisgan (suraTi 25.10 a). Tu kladis zogierT 
wevrze informacia ar gvaqvs, viRebT parafiletur 
jgufs. is Sedgeba winapari saxeobidan da zogi, magram 
ara yvela, STamomavali saxeobidan. (suraTi 25. 10 b). an 
viRebT ramdenime saxeobis polifiletur jgufs. es im 
SemTxvevaSi iqneba, Tu jgufis saxeobebs ar aqvT saerTo 
winapari, an is ucnobia (suraTi 25.10 g). Tu gvaqvs aseTi 
viTareba, is moiTxovs Semdgom rekonstruqcias. unda 
SevavsoT jgufi iseTi saxeobebiT, rom miviRoT mono-
fileturi klada.

saerTo primitiuli da  
saerTo warmoqmnili Tvisebebi 

sistematikosebma gansazRvres homologiuri da ana-
lo giuri msgavseba. axla maT SeuZliaT homologiebis 
mixedviT ganasxvavon saerTo primitiuli da warmoqm-
nili Tvisebebi. ,,Tviseba” am SemTxvevaSi aris yoveli 
is Tviseba, romelic calkeul taqsons gaaCnia. filo-
genezisTvis ra Tqma unda mniSvnelovania homologiuri 
Tvisebebi. magaliTad: ZuZumwovrebis saerTo homolo-

Sinauri kata

saerTo winapari

leopardi
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giuri Tvisebaa xerxemlis mala. Tumca xerxemali ar 
ganasxvavebs ZuZumwovrebs sxva xerxemlianebisgan, vi-
naidan Tevzebs da reptiliebs aseve gaaCniaT xerxemali. 
xerxemali aris homologiuri struqtura, romelic win 
uswrebs ZuZumwovrebis kladis gamoyofas sxva xerxem-
lianebisgan; 

is aris saerTo primitiuli Tviseba, Tviseba, ro-
melic saerToa im taqsonis farglebs gareTac, ro-
melsac Cven ganvixilavT. sapirispirod, balani aris 
yvela ZuZumwovrisTvis saerTo Tviseba, magram is ar 
moiZebneba araZuZumwovar xerxemlianebSi. aseTi Tvise-
ba aris saerTo warmoqmnili Tviseba. igi warmoadgens 
garkveuli kladisTvis damaxasiaTebel evoluciur siax-
les. am SemTxvevaSi igi aris evoluciuri siaxle ZuZum-
wovrebis kladisTvis.

gaiTvaliswineT, rom ganStoebis ufro Rrma wertil-
Si xerxemali aseve SeiZleba ganxiluli iyos, rogorc 
saerTo warmoebuli Tviseba, romlis SeZenis Semdeg yve-
la xerxemliani gamoeyo sxva cxovelebs. xerxemlianebs 
Soris ki xerxemali aris saerTo primitiuli Tviseba, 
vinaidan is ganuviTarda yvela xerxemlianis saerTo wi-
napars.

jgufis farglebs gareTa saxeoba

sistematikosebi jgufis Sedarebisas iyeneben Ses-
adarebeli jgufis farglebs gareT mdgom saxeobebs. 
maT adareben jgufis SigniT myof saxeobebs imisTvis, 
rom ganasxvavon saerTo warmoqmnili Tvisebebi da saer-
To primitiuli Tvisebebi. am meTodis gansaxilvelad, 
modiT, SevadginoT xuTi xerxemlianis kladograma. es 
xerxemlianebia: leopardi, ku, salamandra, tuna da mi-
noga (wylis uybo xerxemliani). safuZvels SedarebisT-
vis unda warmoqmnides jgufis farglebs gareTa saxeo-
ba. es aris saxeoba an saxeobaTa jgufi, romlebic axlos 

enaTesavebian jgufis SigniT myof saxeobebs, anu im 
sxvadasxva saxeobebs, romlebsac Cven vswavlobT. jgu-
fis farglebs gareT myofi saxeoba naklebad enaTesaveba 
jgufis farglebSi myof saxeobebs, vidre jgufis SigniT 
myofi saxeobebi sxvadasxva Tvisebebis mixedviT, (anu 
paleontologiis, embrionuli ganviTarebis da genebis 
Tanmimdevrobis mixedviT) enaTesavebian erTmaneTs.

Cvens SemTxvevaSi jgufis farglebs gareT myofi sax-
eobis kargi arCevani aris lanceta. lanceta aris mcire 
zomis cxoveli, romelic binadrobs zRvis napirebTan da 
(xerxemlianebis msgavsad) aris tipi qordianebis wevri, 
magram ar aqvs xerxemali. jgufgare saxeobis jguf-
Sida saxeobebTan SedarebiT SegviZlia daviwyoT Cveni 
kladogramis Seneba.

jgufgare saxeobis Sedareba jgufSida saxeobebTan 
dafuZneblia imis daSvebaze, rom oriveSi, jgufgare sax-
eobaSic da jgufSida saxeobaSic arsebuli homologie-
bi, unda iyvnen is primitiuli Tvisebebi, romlebic win 
uswreben orive jgufis daTiSvas saerTo winaprisgan. 
Cvens SemTxvevaSi, aseTi Tvisebis magaliTia struqtura, 
romelsac notoqordas eZaxian. es aris moqnili Wimi, ro

melic gasdevs cxovelis zurgis mxares. lanceteb-
Si notoqorda arsebobs mTeli maTi sicocxlis ganma-
vlobaSi, magram xerxemlianebSi notoqorda arsebobs 
mxo lod embrionuli ganviTarebis periodSi.

Semdgomi ganviTarebis dros is icvleba xerxem-
liT. jgufis Sida saxeobebi aCveneben Sereul, saerTo 
primitiul da saerTo warmoqmnil Tvisebebs. jgufgare 
saxeobis Sedareba saSualebas gvaZlevs, yuradReba ga-
vamaxviloT iseT Tvisebebze, romlebic warmoiqmnen xe-
rxemlianebis evolucis dros ganStoebebis sxvadasxva 
wertilebSi. suraTi 25.11a gvaZlevs aseTi Tvisebebis 
CamonaTvals. gaiTvaliswineT, rom jgufis SigniT myof 
yvela xerxemlians aqvs xerxemali; es aris is saerTo 

dajgufeba 1.

(a) monofileturi. am xeze mocemuli 
pirveli dajgufeba Svidi saxeobisgan B-H 
Sedgeba da kladas monofileturi jgufia. 
monofiletur jgufs winapari saxeoba (am 
SemTxvevaSi B saxeoba B) da yvela misi STamo-
mavali saxeoba qmnis. kladistikis mixedviT 
legitimuri taqsoni mxolod monofile-
turi jgufia.

 dajgufeba 2.

(b) parafileturi. dajgufeba 2 ar akmayo-
filebs kladistikis kriteriums: is para-
fileturia, anu winapari (am SemTxvevaSi A) 
da zogi, magram ara yvela STamomavlisgan 
Sedgeba. dajgufeba 2 moicavs STamomav-
lobas I, J da K, magram ar moicavs B-H s rom-
lebic aseve A A-s STamomavali saxeobebia.

dajgufeba 3 (g)

(g) polifileturi. aseve ar akmayofilebs 
kladistikis kriteriums. is polifiletu-
ria, anu mas ara aqvs saerTo winapari (A). 
metic mniSvnelovani taqsoni, romelSic 
gadaSenebuli G G, H H, J da K K saxeobebi Sedis, 
aucileblad unda moicavdes aseve D D da 
E E saxeobebs, romlebic aseveAAA A saxeobis 
STamomavlobaa. 

 S suraTi 25.10  monofileturi, parafileturi da polifileturi jgufebi. 
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primitiuli Tviseba, romelic winapar xerxemlians 
gaaCnda, Tumca jgufgare saxeobaSi es Tviseba ar aris. 
axla gaiTvaliswineT, rom moZravad SeerTebuli ybebi 
aris Tviseba, romelic ar aqvs minogebs, magram aqvs jgu-
fis SigniT myof yvela sxva wevrs; es Tviseba gvexmareba, 
davadginoT adreuli ganStoebis adgili xerxemlianebis 
kladaSi. suraTi 25.11 b aseve aCvenebs, Tu ra gziT ga-
davaqcioT kladogramaSi homologiebis tabulaSi moce-
muli monacemebi. 

gaiTvaliswineT, rom 25-e suraTze gamosaxuli 
kladograma ar aris filogenetikuri xe. Cven SeiZleba 
vifiqroT, rom is gviyveba evoluciis istorias, magram 
filogenetikur xed rom gadavaqcioT, dagvWirdeba meti 
informacia. magaliTad imisTvis, rom gavigoT, rodis da 

romel jgufSi gaCndnen pirvelad esa Tu is Tvisebebi, 
unda ganvixiloT namarxebi.

filogenetikuri xe da drois dadgena

yvelanairi qronologia, romelsac filogenetikuri 
xis ganStoebebidan viRebT, ufro fardobiTia (,asze 
adre an masze gvian), vidre absoluturi (milioni wlebis 
win). magram xis zogi tipi SeiZleba gamoviyenoT imisT-

lanceta (jgufgare)

gvelTevza

Tinusi

salamandra

leopardi

balani

amnioturi kvercxi

oTxi sasiarulo kiduri

dakavSirebuli ybebi

xerxemlis sveti

l
eo
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i

T
in
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si
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kugv
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(j
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xerxemlis sveti

dakavSirebuli ybebi

oTxi sasiarulo kiduri

amnioturi kvercxi

balani

(Aa)  Tvisebebis cxrili: 0 niSnavs, rom konkretuli Tviseba ar 

arsebobs, 1, rom arsebobs.

T
v

i
s

e
b

a

taqsoni

ku

(Ab)  kladograma: am axali Tvisebebis ganawilebis analizi xerxem-

lianebis filogenzs asaxavs.

 S suraTi 25.12  filograma. am filogramaze mocemulia ho-

mologiuri hedghog genebis drozofilas genebTan Sedareba. 

drozofilas genebi gamoyenebulia jgufgare genebis saxiT. 

hedghog geni mniSvenlovania ganviTarebisTvis. ganStoebis sx-

vadasxva sigrZe miuTiTebs, rom sxvadasxva evoluciur StoebSi 

geni odnav gansxvavebuli siCqariT ganviTarda.

Tagvi

drozofila

frinveli

amfibia
Tevzi

adamiani

virTxa

lanceta

Tagvi

 S suraTi 25.11 kladogramis Seqmna.
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vis, rom ufro specifiuri informacia miviRoT ganviTa-
rebis drois Sesaxeb: filograma gvaZlevs informacias 
im movlenebis Tanmimdevrobaze, romlebic erTmaneTs 
enaTesavebian. ultrametruli xeebi gvaZleven informa-
cias im droze, sadac moxda esa Tu is movlena.

filograma

filogramaze ganStoebis sigrZis meS-
veobiT vigebT im cvlilebebis ricxvs, ro-
melic moxda dnm-is TanmimdevrobaSi am 
evoluciur xazSi (suraTi 25.12). gaiTval-
iswineT, rom 25.12 suraTze mocemul filo-
gramaze vertikaluri xazebis mTliani 
sigrZe ganStoebis adgilidan wveramde nak-
lebia, vidre im xazis, romelsac mivyavarT 
jgufis gareT myof saxeobamde, anu xilis 
buz drozofilamde. es metyvelebs imaze, 
rom drozofilas xazSi meti genetikuri 
cvlileba moxda, vidre frinvelebisa da Zu-
Zumwovrebis xazebSi, maTi daTiSvis Semdeg. 
mogvianebiT am TavSi waikiTxavT, rogor ad-
genen dros, romelic saWiro iyo, rom dnm-
is da rnm-is TanmimdevrobaSi momxdariyo 
cvlilebebis garkveuli raodenoba.

ultrametruli xeebi

miuxedavad imisa, rom filogramaze 
gamoxatul ganStoebebs SiZleba gansxvave-
buli sigrZe hqondeT, saerTo winaparis 
STamomavali yvela gansxvavebuli xazi ar-
sebobs erTi da igive drois ganmavlobaSi. 
magaliTad: adamianebsa da baqteriebs hy-
avda saerto winapari, romelic cocxlobda 
3 miliard welze meti xnis win.

faqtebi adasturebs, rom es winapari 
iyo erTujrediani prokarioti. bunebriv-
ia, rom is ufro hgavda baqterias, vidre 
Tanamedrove adamians. Tumca Tanamedrove 
baqteriebi struqturulad SedarebiT mci-
red Seicvalnen saerTo winaprisgan ganvi-
Tarebis Semdeg, maT evoluciur xazSic gav-
ida evoluciis 3 miliard welze meti. aseve 
3 miliard welze meti mimdinareobs evo-
lucia eukariotebis xazSi, romelic adami-
ans moicavs. drois es erTnairi monakveTi 
aisaxeba ultrametrul xeze. datotva ul-
trametrul xeze igivea, rogoric filogra-
maze, magram saerTo winapridan warmoSo-
bili da Tanamedrove saxeobebamde mosuli 
yvela ganStoeba aris erTnairi sigrZis (su-
raTi 25.13).

ultrametruli xeebi ar Seicavs infor-
macias evoluciis gansxvavebul siCqareze. 

amis naxva SeiZleba filogramaSi. ultrametrul xeebs 
SeuZliaT namarxebidan miRebuli monacemebi asaxon. amis 
saSualebiT SeiZleba Sesabamisi datotvis wertili mo-
vaTavsoT geologiuri drois konteqstSi. 
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 S suraTi 25.13  ultrametriuli xe. es ultrametriuli xe awyobilia imave 

molekuluri monacemebis safuZvelze, romlebzec avawyveT 25.12 suraTze ga-

mosaxuli filograma. datotvis drois dasadgenad es monacemebi namarxebidan 

miRe buli monacemebiT Seivso. am ultrametrul xeze xis fuZidan ganStoe-

buli yvela toti erTnairi sigrZisaa. isini gadian gansxvavebuli sigrZis ver-

tikalur segmentebs, romlebsac ganStoebis boloSi ganlagebul warwerebamde 

mivyevarT. xeze Cans, rom yvela es xazi saerTo winapridan drois erTsa da 

imave monakveTSi ganviTarda. gaiTaliswineT, rom, xis yoveli ganStoebis wer-

tilidan maRla erTi da igive sigrZis ori ganStoeba vrceldeba, rac saerTo 

winapridan daTiSvis erTsada imave droze miuTiTebs. xis fesvi emTxveva dros, 

saidanac namarxebi ara gvaqvs. amitom, misi warmoqmnisa da arsebobis periodi 

naklebad sarwmunoa.  
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maqsimaluri ekonomiuroba da maqsim-

aluri msgavseba
vinaidan dnm-is Tanmimdevrobaze arsebuli monace-

mebis raodenoba izrdeba, SesaZlebeli xdeba ufro meti 
saxeobis dakavSireba. amasTan ufro Zneli xdeba iseTi 
filogenetikuri xis ageba, romelic ukeT asaxavs evo-
luciur istorias. vTqvaT, atarebT 50 saxeobis analizs. 
arsebobs 3 × 1076 gansxvavebuli gza, rom davalagoT es 
50 saxeoba da miviRoT filogenetikuri xe! sakiTxavia, 
am uzarmazari tyis romeli xe ukeT asaxavs namdvil 
filogenias? sistematikosebi verasdros ityvian darw-
munebiT, romeli xea saukeTeso am uzarmazar raodeno-
baSi. magram maT SeuZliaT, Seamciron SesaZleblobebis 
raodenoba, Tu mimarTaven maqsimaluri ekonomiisa da 
maqsimaluri mimsgavsebis princips.

maqsimaluri ekonomiis principis Tanaxmad, pirve-
lad unda ganvixiloT faqtebiT dadasturebuli yve-
laze martivi axsna (ekonomiis princips aseve eZaxian 
okamis samarTebels, meToTxmete saukunis ingliseli 
filosofosis uiliam okamis sapativcemulod. man war-
moadgina problemis gadawyvetis minimalisturi gza 
araaucilebeli sirTuleebis “amoparsvis” meSveobiT). 
morfologiur Tvisebebze dafuZnebuli xeebis SemTx-
vevaSi, yvelaze ekonomiuri xe iqneba is, romlis asagebad 
sakmarisia mcire raodenobis evoluciuri movlenebi. 
amave dros evoluciuri movlenebis raodenoba sakma-
risi unda iyos, rom xem asaxos saerTo meoreuli Tvise-
bebi. dnm-is Tanmimdevrobaze dafuZnebuli filogramis 
SemTxvevaSi, yvelaze ekonomiuri xe iqneba is, romelic 
dafuZnebulia Tanmimdevrobebis raodenobis mcire cv-
lilebaze.

maqsimaluri mimsgavsebis principi amtkicebs, rom 
Tu gvaqvs garkveuli wesi, romlis mixedviT, dnm icv-
leba drois ganmavlobaSi, SeiZleba moiZebnos iseTi xe, 
romelic yvelaze zustad asaxavs evoluciuri cvlile-
bebis Tanmimdevrobas.  maqsimaluri mimsgavsebis prin-
cipi iyenebs yvela SesaZlebel informacias. ufro metad 
SesaZlebeli da naklebad SesaZlebeli xeebis martivi 
magaliTia filogenetikuri kavSirebis dadgena adami-
ans, sokosa da titas Soris. davubrundeT am magaliTs. 
25.14 suraTze gamosaxulia am sami saxeobis erTnairad 
ekonomiuri, ori SesaZlebeli xe. pirvel xeze adamiani 
ufro axlos enaTesaveba sokos, meore xis SemTxvevaSi, 
adamiani ufro axlos enaTesaveba titas. Tu davuSvebT, 
rom dnm-is cvlilebebi saerTo winapridan wamosuli 
yvela totis gaswvriv erTi siCqariT mimdinareobda, ma-
Sin ufro mosalodnelia pirveli xe. 

Tu davuSvebT meore xes, rac aseve SesaZlebelia, 
maSin unda miviRoT, rom sokos kladaSi evoluciis siC-
qare Zalian Senelda, titas kladaSi ki Zalian daCqarda. 
imis gaTvaliswinebiT, rom ganviTarebis erTnairi siC-
qare ufro Cveulebrivi movlenaa, vidre gansxvavebuli, 
ufro mosalodnelia pirveli xis varianti. male davi-

naxavT, rom sxvadasxva evoluciur xazSi mravali genis 
evolucia SedarebiT Tanabari siCqariT mimdinareobs. 
magram unda gaviTvaliswinoT, rom Tu gamoCndeba gan-
viTarebis araTanabari siCqaris arsebobis axali mona-
cemebi, meore xe gaxdeba ufro mosalodneli! xis tipis 
albaToba damokidebulia im daSvebaze, romelzec is age-
bulia. 

maqsimalurad ekonomiuri da ufro damajerebeli  
xeebis moZiebisTvis mravali kompiuteruli programa 
Seiqmna, es procesi Semdeg principebs eyrdnoba:

1. “distanciuri“  meTodebis saSualebiT xdeba yvela 
Tanmimdevrobebs Soris  yvela procentuli sxvaobis ja-
mis minimizacia.

2. ufro rTuli, Tvisebaze damyarebuli, meTodebis 
meSveobiT axdenen nukleotiduri fuZis cvlilebebis 
miRebuli ricxvis minimizacias an yvela Tanmimdevro-

adamiani soko tita

(a) Tanmimdevrobebs Soris procentuli sxvaoba

xe 1: ufro damajerebeli xe 2: naklebad damajerebeli

(b) SesaZlebeli xeebis Sedareba.

adamiani

soko

tita

 S gv. 501. suraTi 25.14  sxvadasxva mimsgavsebis mqone xeebi. es 

xeebi dafuZnebulia adamianis, sokosa da titas genebs Soris 

procentul sxvaobaze (a). SegviZlia SevadginoT totebis 

erTnairi sigrZis mqone ori filograma (b). xeze daTiSvis 

wertilebis procentebis jami (a)–ze gamosaxuli procentebis 

jamis tolia. magaliTad; pirveli xis SemTxvevaSi adamiani-

titas daTiSva udris 15%+5%+20%=40%. meore xis SemTxvevaSi 

es daTiSva aseve udris 40% (15%+25%). imis gaTvaliswinebiT, 

rom sxvadasxva totSi genebis evolucia erTi siCqariT mimdin-

areobs, pirveli xe ufro axloa sinamdvilesTan, vidre meore. 
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suraTi 25.15
kvlevis meTodi: ekonomiurobis principi molekuluri sistematikis problemebis gadawyvetaSi

gamoyeneba

saxeobebis jgufis filogenezis dadgenisas sistematikosebi adareben am saxeobebis molekulur monacemebs, sxvadasxva filogenetikuri 

hipoTezis SemowmebisTvis yvelaze efeqturia pirvel rigSi maqsimaluri ekonomiurobis pirncipis gamoyeneba anu im hipoTezis dadgena, 

romeli yvelaze nakleb molekulur (evoluciur ) cvlilebebs uSvebs. 

meTodi

mihyevi danomril nabijebs, roca 
axlo monaTesave frinvelebis oTxi 
saxeobis hipoTeturi filogeneti-
kuri problemis gadasawyvetisas 
maqsimaluri ekonomiurobis prin-
cips mimarTav. 

1. pirvel rigSi davxazoT 
yvela SesaZlebeli filogen-
ezuri xe (am oTxi saxeobis 15 
SesaZlebeli xidan aq mxolod 3 
-ia naCvenebi) 

saxeoba
I

saxeoba
II

saxeoba
III

saxeoba
IV

2. SeadgineT monaTesave saxeobebis molekuluri 
monacemebis cxrili (am martiv SemTxvevaSi gvaqvs dnm-
is Tanmimdevroba, romelic mxolod 7 fuZe nukleo-
tidisgan Sedgeba).  

sami SesaZlebeli filogenetikuri hipoTeza

saitebi dnm-is TanmimdevrobaSi. 

sa
xe

o
be

bi

3. axla ganvixiloT dnm-is Tanmimdevrobis pirve-
li saiti. fuZe nukleotidis Canacvlebis erTi 
SemTxveva aRniSnulia paraleluri xaziT totze, 
romelic pirvel saxeobasTan midis da sakmarisia, 
rom SevafasoT pirveli saitis monacemebi.

yvela saxeobis pirveli 
saitis fuZeebi

nukleotidis Canacvlebis 
movlena
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4. Tu gavagrZelebT 2,3 da 4 saite-
bze fuZeebis Sedarebas, miviRebT, 
rom yoveli SesaZlebeli xe oTxi 
fuZeTa Canacvebis movlenis Sej-
amebas iTxovs (es movlenebi parale-
luri xazebiT moniSnulia). ase rom 
dnm-is am Tanmimdevrobis pirveli 
oTxi saiti ar gvexmareba yvelaze 
ekonomiuri xis agebaSi. 

5. mexuTe da diagramis SemTx-
vevaSi viRebT, rom meeqvse saitebis 
analizis Semdeg, vxedavT, rom 
pirveli xe nakleb evoluciur mov-
lenas iTxovs, vidre danarCeni ori 
(fuZeTa Canacvlebis ori movlena 
oTxis nacvlad). gaiTaliswineT: am 
diagramis SemTxvevaSi vuSvebT, rom 
saerTo winapars, mexuTe da meeqvse 
saitebze hqonda GG. magram maSinac, 
Tu daviwyebT AA winapriT, pirveli 
xe mainc mxolod or Canacvlebas 
iTxovs, maSin roca sxva  hipoTeze-
bis asamuSaveblad unda davuSvaT 
oTxi Canacvleba. gaxsovdeT, rom 
maqsimaluri ekonomia movlenebis 
srul raodenobas AAiTvaliswinebs da 
ara movlenis konkretul Tvisebas 
(ra albaTobiT moxdeba konkretuli 
Canacvleba). 

6. meSvide saitze sami xe gansxvavde-
ba evoluciuri movlenebis raode-
nobiT, romlebic saWiroa dnm-is 
monacemebis asaxsnelad

yvelaze parsimoniuli (ekonomiuri) xis dasad-
genad, vajamebT fuZe Canacvlebebis yvela Sem-
Txsvevas, romlebic 3-6 movlenebSi aRniSnulia 
(ar dagaviwydeT pirveli saitis Canacvlebebis 
CarTva, romelic wina gverdzea mocenuli). 
vaskvniT, rom pirveli xe sami SesaZlo filo-
genezidan yvelaze ekonomiuria. (magram axla 
unda davasruloT kvleva 13 danarCeni SesaZle-
beli movlenis SemowmebiT).

Sedegebi

ori fuZis
Canacvleba

8 movlena 9 movlena 10 movlena
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bebSi eZeben fuZe nukleotidis yvelaze mosalodnel 
cvlilebebs.

 Tumca mkvlevrebi verasdros iqnebian darwmunebu-
li imaSi, romeli xe ufro srulad asaxavs filogenezs, 
Tu didi raodenobiT zust monacems Seagroveben da 
sxvadasxva meTods gamoyeneben, rogorc wesi, mainc mi-
iReben Sesabamis xeebs. 25.15 suraTze aris erT-erTi 
aseTi meTodis magaliTi. naCvenebia yvelaze ekonomiuri 
molekuluri xis Zebnis procesi oTxsaxeobiani proble-
mis SemTxvevaSi.

filogenetikuri xe rogorc hipoteza 

yoveli filogenetikuri xe warmoadgens hipoTezas 
imis Sesaxeb, rogor enaTesavebian erTmaneTs am xeze 
ganlagebuli sxvadasxva organizmebi. yvelaze kargi 
hipoTeza aris is, romelic saukeTesod iyenebs yvela 
arsebul monacems. filogenetikuri hipoTeza SeiZle-
ba Seicvalos maSin, roca axali monacemebi aiZuleben 
sistematikosebs gadaamowmon maTi xeebi. marTlac bevri 
Zveli filogenetikuri hipoTeza Seicvala an saerTod 
uaryofil iqna molekuluri meTodebis gaCenis Semdeg. 
maTi saSualebiT amjerad adareben saxeobebs da gansaz-
Rvraven filogenezs.

xSirad, sapirispiro informaciis uqonlobis SemTx-
vevaSi, yvelaze ekonomiuri xe amave dros yvelaze mosa-
lodnelia. magram zogjer gvaqvs sarwmuno monacemebi 
imisa, rom saukeTeso hipoTeza ar aris yvelaze ekonomi-
uri (suraTi 25.16). buneba yovelTvis ar iyenebs yvelaze 
martiv gzas. SesaZlebelia, rom Cvens mier taqsonis 
dasaxarisxeblad gamoyenebuli garkveuli morfolo-
giuri an molekuluri Tvisebebi sinamdvileSi ramden-
jerme gaCndnen. magaliTad, orives, frinvelebsac da Zu-
Zumwovrebs oTxsakniani guli aqvT, maSin, roca xvlikebs, 
gvelebs, kusa da niangebs aqvT samsakniani guli (ixileT 
Tavi 42). ekonomiuri modelidan gamomdinareobs, rom 
oTxsakniani guli erTxel ganviTarda da is hqonda fr-
invelebisa da ZuZumwovrebis saerTo winapars, magram 
ar hqonda xvlikebis, gvelebis, kusa da niangis saerTo 
winapars. Tumca mravalricxovani monacemebi adas-
turebs, rom frinvelebi ufro axlos dganan xvlikebT-
an, gvelebTan, kusTan da niangTan, vidre ZuZumwovrebT-
an. ase rom, oTxsakniani guli, rogorc Cans gv. 504. suraTi 

suraTi 25.16 parsimonmia da analogia/homologiebis maxe. 

Tu CavTvliT, rom frinvelebisa da ZuZumwovrebis oTx-

sakniani guli homologiebia da ara analogiebi da amave 

dros sxva informacias ar gamoviyenebT, maSin yvelaze 

ekonomiuri (a) suraTze gamosaxuli xe iqneba. sinamd-

vileSi uamravi monacemebiT dasturdeba hipoTeza, rom 

frinvelebi da xvlikebi ufro axlos enaTesavebian erT-

maneTs, vidre frinvelebi da ZuZumwovrebi. oTxsakniani 

guli ki araerTxel ganviTarda, rac asaxulia (b) xeze. 
frinvelebSi da ZuZumwovrebSi damoukideblad gan-

viTarda. marTlac, kvlevam aCvena, rom frinvelebisa da 

ZuZumwovrebis oTxsakniani guli ganviTarda gansxvave-
bulad. es eTanxmeba hipoTezas, rom is damoukideblad 
ganviTarda. cxadia, rom 25.16a suraTze gamosaxuli eko-
nomiuri xe ar eTanxmeba am faqts, maSin roca 25.16b su-
raTze gamosaxuli naklebad ekonomiuri xe eTanxmeba am 
faqtebs.

am SemTxvevaSi problema gvaqvs ara ekonomiuobis 
principTan, aramed analogia-homologiur moZRvrebas-
Tan. frinvelebisa da ZuZumwovrebis oTxsakniani guli, 
rogorc Cans, aris analogia, da ara homologia. Ses-
abamisi cvlilebebi, romlebic arsebobs ori saxeobis 
dnm-is fuZeebis TanmimdevrobaSi aseve SeiZleba iyos 
damoukideblad ganviTarebuli. magram rac ufro met 
fuZes ganvixilavT, miT naklebad mosalodnelia, rom Se-
sabamisi cvlilebebi aris damoukidebeli, da es ubralo 
Tanxvedraa. roca ekonomiis princips viyenebT moleku-
lur sistematikaSi, ukeTesia gamoviyenoT dnm-is ufro 
bevri da grZeli Tanmimdevroba, vidre ufro mcire da 
mokle. aseve morfologiaSi arsebuli analogiuri ms-
gavseba xandaxan erevaT saerTo warmoqmnil (homolo-
giur) TvisebebTan. naklebad mosalodnelia, rom erTi 

(a) ZuZumwovari-frinvelebis klada

(b) xvliki-frinvelebis klada

oTxsakniani 
guli

oTxsakniani 
guli

oTxsakniani 
guli

xvliki frinveli ZuZumwovari

ZuZumwovarifrinvelixvliki
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aseTi Secdoma daarRvevs filogenetikur xes, Tu yove-
li klada xeze ganisazRvreba ramdenime warmoqmnili 
TvisebiT. yvelaze mZlavria is filogenetikuri hipoTe-
zebi, romlebic dadsturebulia mravali molekuluri 
da morfologiuri TvalsaCinoebiT d

 koncefcia testi 25.3
1.  aris Tu ara Tma kargi Tviseba imisTvis, rom Zu-

Zumwovrebis did kladaSi ganvasxvavoT ufro 
mci re klada, romelic aseve Sedis ZuZumwovrebis 
klasSi? ratom, an ratom ara?

2.  ratom xdeba, rom ekonomiuri xeebis umetesoba 
ar warmoadgens zust xerxs saxeobebis garkveul 
jgufSi evoluciuri naTesauri kavSirebis dasa-
dgenad. 

koncefcia 25.4
evoluciuri istoriis umetesi 
nawili Cawerilia  
organizmis genomSi

am TavSi waikiTxeT, rom molekuluri sistema-
tikosebi organizmebis naTesaobis dasadgenad erTma-
neTs adareben am organizmebis nukleinis mJavebs an sxva 
molekulebs. molekuluri sistematika aris Zvirfasi 
iaraRi organizmebis evoluciuri istoriis dasadgenad. 
molekuluri midgomiT SegviZlia davadginoT filoge-
netikuri naTesauri kavSiri, romlis dadgena SeuZlebe-
lia ara molekuluri meTodebiT, magaliTad SedarebiTi 
anatomiiT. molekuluri sistematika gvexmareba da-
vadginoT evoluciuri kavSiri im jgufebs Soris, rom-
lebic morfologiurad sakmaod gansxvavebulebi arian. 
magaliTad: ZuZumwovrebi da baqteria. am meTodebiT 
SesaZlebelia filogenezis rekonstruqcia iseTi or-
ganizmebis, romelTa namarxebi sul ar arseboben. mag-
aliTad, Tanamedrove baqteriebisa da sxva mokroorga-
nizmebis.  

molekuluri sistematikis wyalobiT mecnierebs 
Se  uZliaT saxeobebis genetikuri daTiSvis Sedareba. 
molekuluri biologiis daxmarebiT SesaZlebelia ga-
vavrceloT sistematika, saxeobis donis maRla da dabla 
myof organizmebze da davadginoT maTi evoluciuri na-
Tesauri kavSiri. Tumca molekuluri meTodebis meSveo-
biT Catarebuli gamokvlevebi xSirad ar aris sarwmuno, 
gansakuTrebiT im SemTxvevebSi, roca taqsonis daTiSva 
moxda Soreul warsulSi, daaxloebiT erTsa da imave 
dros. sxvaoba organizmebs Soris SeiZleba iyos advilad 

dasanaxi, magram ver davadgenT axali Tvisebebis gaCenis 
Tanmimdevrobas.

molekuluri xeebis Tvisebaa, asaxon drois grZeli 
da mokle periodebi. es Tviseba damyarebulia im faqtze, 
rom sxvadasxva geni erT evoluciur xazSic ki sxvadasx-
va dros Cndeboda. magaliTad, dnm, romelic akodirebs 
ribosomul rnm-s (rrnm) icvleba SedarebiT nela. ami-
tom aseuli milioni wlis win daTiSuli taqsonebis ga-
mosakvlevad misaRebia am genis dnm-is Tanmimdevrobebis 
Sedareba. rrnm Tanmimdevrobis Seswavlis Sedegad dadg-
inda, rom sokoebi ufro axlos enaTesavebian cxovelebs, 
vidre mwvane mcenareebs (ixileT suraTi 25.2). sapirispi-
rod, mitoqondriuli dnm (mt-dnm) SedarebiT swrafad 
icvleba. is SeiZleba gamoviyenoT, rom SeviswavloT Se-
darebiT axlaxans momxdari evoluciuri movlenebi. mkv-
levrebis erT-erTma jgufma mt-dnm Tanmimdevrobebis 
saSualebiT gamoikvlia mkvidri amerikelebis naTesauri 
kavSiri. molekuluri meTodebiT damtkicda mosazreba, 
rom tomi pima arizonidan, maia meqsikidan da ianomamo 
venesuelidan axlo monaTesave tomebi arian. albaT isini 
arian im pirveli imigrantebis STamomavlebi, romlebmac 
gadalaxes beringis srute da aziidan amerikaSi gadavid-
nen daaxloebiT 13 000 wlis winaT.

genebis duplikaciebi da genTa ojaxebi

genebis duplikaciebi mutaciis erT-erTi yvelaze 
mniSvnelovani nairsaxeobaa evoluciaSi, vinaidan igi 
zrdis genomSi genebis raodenobas da Semdgomi evo-
luciuri cvlilebebis SesaZleblobas iZleva. axla 
SeiZleba detalurad ganxvixiloT genis duplikaciis 
molekuluri filogenezi da duplikaciis gavlena ge-
nomis evoluciaze. es filogenezi SeiZleba movargoT 
gameorebad duplikaciebs, romlebic aisaxeba genebis 
ojaxebze. genTa ojaxi aris organizmis genomSi monaTe-
save genebis jgufi (ixileT suraTi 19.17). iseve rogorc 
sxvadasxva saxeobis homologiur genebs, duplicirebul 
genebsac aqvT saerTo winapari. am tipis homologiur 
genebs Cven sxvadasxva saxelebiT ganvasxvavebT: or-
Tologiuri genebi da paralogiuri genebi.

termini orTologiuri genebi (berZnulidan or-
thos – swori) aris is  homologiuri genebi, romlebic 
pirdapiri xaziT gadaecemian erTi Taobidan meore Tao-
bas, magram saxeobaTa warmoqmnis gamo sxvadasxva geno-

fondebSi wydebian (suraTi 25.17a). adamianisa da Tagvis 
β hemoglobinis genebi orTologiurebi arian.

paralogiuri genebi (berZnulidan para – raRacis 
erT mxares) genebis duplikaciis Sedegia. isini genomSi 
erT aslze meti raodenobiT arseboben (suraTi 25.17b). 
23 TavSi iyo moyvanili amis magaliTi: ynosvis recepto-
ris genebma xerxemlian cxovelebSi gaiares genebis du-
plikaciis mravali SemTxveva. adamiansa da Tagvs aqvT 1 
000 meti paralogiuri geni, anu sakmaod  didi ojaxi.  

genomis Semadgeneli genebis umetesoba am ori tipi 
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homologiebis amsaxvelia. gaiTvaliswineT, rom orTo-
logiuri genebis daTiSva xdeba mxolod saxeobis war-
moqmnis Semdeg. amitom es genebi moiZebneba dacilebul 
genofondebSi. magaliTad: adamiansa da Tagvs orives 

aqvT erTi β hemoglobinis geni. es genebi emsaxureba er-
Tsa da imave funqcias, magram saerTo winapris arsebobis 
Semdeg maTi Tanmimdevrobebi daiTiSa. paralogiuri ge-
nebis daiTiSva maSinac SeiZleba moxdes, Tu isini erT da 
imave genofondSi arian, vinaidan genomSi arsebobs maTi 
erTze meti asli. paralogiuri genebi, romlebic adami-
anebSi qmnian ynosvis receptoris genebis ojaxs, daiTiS-
nen Cveni grZeli evoluciuri istoriis ganmavlobaSi. 
amjerad isini muSaoben im cilebis dasadgenad, romle-
bic gansazRvraven Cvens mgrZobelobas mravali surne-
lis mimarT. am genebis meSveobiT Cven varCevT sakvebis 
sunsac da sasqeso feromonebsac. 

genomis evolucia

axla, roca SegviZlia SevadaroT gansxvavebuli or-
ganizmebis mTliani genomebi, Cveni sakuTari genomis 
CaTvliT, Cndeba ori aRsaniSnavi movlena. pirveli: or-
Tologiuri genebi arian farTod gavrcelebulni. isini 
SeiZleba evoluciis did manZilze gavrceldnen. adami-
anisa da Tagvis genebis oTxmocdacxrameti procenti 
namdvilad orTologiuria. Cveni genebis 50% aris sa-
fuaris genebis orTologiuri. am STambeWdavi msgavse-
bidan gamomdinareobs, rom yvela cocxalma organizmma 

gaiara bioqimiuri ganviTarebis saerTo gzebi.
meore: genebis ricxvi duplikaciis Sedegad ar gai-

zarda igive siCqariT, ra siCqariTac gaizarda feno-
tipuri sirTule. adamians mxolod xuTjer meti geni 
aqvs, vidre safuars. am dros safuari aris erTujre-
diani eukarioti. safuaris ujredebisgan gansxvavebiT, 
Cven gvaqvs didi, rTuli tvini da Cveni sxeuli Sedgeba 
200 gansxvavebuli tipis qsovilisgan. Cndeba azri, rom 
adamianis bevri geni ufro mravalferovania, vidre sa-
fuaris. am genebs sxeulis sxvadasxva qsovilSi SeuZli-
aT mravali davalebis Sesruleba. Cvens win dgas didi da 
uaRresad saintereso mecnieruli gamocana: davadginoT 
meqanizmebi, romelTa meSveobiT arsebobs es genomuri 
mravalferovneba.

 koncefcia testi 25.4
1.  axseniT, rogor viRebT ori saxeobis cilebis 

SedarebiT monacemebs maT evoluciur naTesaur 
kavSirze. 

2. ganasxvaveT orTologiuri da paralogiuri ge-
nebi.

koncefcia 25.5
molekuluri saaTi gvexmareba 
davadginoT evoluciuri  
cvlilebis dro

rogorc am Tavis dasawyisSi vTqviT, evoluciuri 
bi ologiis erT-erTi mizania yvela cocxal organizms 
Soris, namarxi organizmebis CaTvliT, naTesauri kavSi-
ris dadgena. roca molekulur filogenezs vavrcelebT 
namarxebze, unda vimedovnoT, rom Cveni daSveba, rogor 
xdeboda cvlilebebi molekulur doneze, swori iqneba.

molekuluri saaTi

gavixsenoT mkvlevrebis daskvna, rom havais verclis 
mcenareebis aliansis saerTo winapari cocxlobda da-
axloebiT 5 milioni wlis winaT. rogor mividnen isini 
am daskvnamde? es daskvna damyarebulia molekuluri 
saaTis koncefciaze, evoluciuri cvlilebebis abso-
luturi drois gazomvaze. aseve im dakvirvebazec, rom 
zogi geni da genomis sxva regionebi ganicdian evolu-
cias mudmivi intensivobiT (tempiT). molekulur saaTs 
safuZvlad udevs is azri, rom orTologiur genebSi 
nukleotiduri Canacvlebis ricxvi im drois propor-
ciulia, romelic gavida saxeobebis saerTo winaprisgan 

(a)

(b)

orTologiuri genebi

winapari geni

saxeobaTa 
warmoSoba

genebis duplikacia

paralogiuri genebi

winapari geni

 S suraTi 25.17 homologiuri genebis ori tipi. feradi xaze-
biT aRniSnulia genebis regioni, sadac grovdeba sxvaoba fu-
Zeebis TanmimdevrobaSi. orTologiuri genebis daiTiSva xdeba 
mxolod saxeobaTa warmoqmnis Semdeg, maSin, roca paralogiuri 
genebis daiTSva xdeba erTi evoluciuri xazis farglebSi. 
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daTiSvis Semdeg. paralogiuri genebis SemTxvevaSi Ca-
nacvlebebis ricxvi im drois proporciulia, romelSic 
moxda genebis duplikacia.

Cven SegviZlia im genis molekuluri saaTis gradu-
ireba, romelsac evoluciis sarwmuno saSualo siCqare 
aqvs. amisTvis unda SevadginoT grafiki. davakavSiroT 
nukleotiduri sxvaobis ricxvi, evoluciuri datotvis 
wertilebis drosTan. evoluciuri datotvis dro cno-
bilia namarxebidan. grafikis xazi aCvenebs molekuluri 
saaTis evoluciis siCqares. is SeiZleba  Semdeg gamoviye-
noT im evoluciuri movlenebis drois dasadgenad, ro-
melTa drois dadgena SeuZlebelia namarxebidan. maga-
liTad: vercxlis mcenareebis aliansis daarsebis dro. 

ra Tqma unda genebi didi sizustiT ar asaxaven dros. 
sinamdvileSi zustad ver davadgenT, romel saaTze 
daiwyo muSaoba an ganviTareba genomis zogma nawilma. 
SedarebiT zusti molekuluri saaTis mqone genebic ki 
mxolod statistikis TvalsazrisiT arian zusti. isi-
ni obieqturad gviCveneben neli cvlilebebis saSualo 
siCqares. didi drois ganmavlobaSi ki SeiZleba adgili 
hqondes SemTxveviT gadaxrebs am saSualo siCqaridan. im 
genebSic ki, romlebic saaTis msgavsad zustad muSaoben, 
am saaTis siCqare sxvadasxva genSi SeiZleba gansxvavebu-
li iyos. zogi geni icvleba milionjer ufro swrafad, 
vidre sxvebi.  

neitraluri Teoria

cvlilebebis regularobis wyalobiT zogi geni SeiZ-
leba molekuluri saaTis saxiT gamoviyenoT. cvlile-
bebis regularoba zrdis imis albaTobas, rom Tanmim-
devrobebSi momxdari mravali cvlileba genTa dreifis 
Sedegia. es cvlilebebi ZiriTadad neitraluria. isini 
adaptaciebisTvis arc sasargebloa da arc mavne.

1960 wels jek kingma, Tomas jukma (kaliforniis 
universiteti, berkli) da meTiu kimuram (genetikis na-
cionaluri instituti, iaponia) gamoaqveynes statia, 
romelSic amtkiceben  neitralur Teorias.  isini am-
tkicebdnen, rom evoluciuri cvlilebebis umetesoba 
ar axdens gavlenas genebze da cilebze. ase rom, maT ar 
aqvT efeqti da maTze ar moqmedebs darvinis gadarCeva. 
kimura aRniSnavda, rom mravali axali mutacia aris ma-
vne da isini maleve nadgurdebian. magram Tu danarCeni 
mutaciebis umetesoba aris neitraluri da mcire efe-
qti aqvT an saerTod ar aqvT efeqti, maSin molekuluri 
cvlilebebis siCqare, saaTis msgavsad, marTlac unda 
iyos mudmivi. sxvadasxva genSi arsebuli cvlilebis siC-
qaris sxvaoba aris imis maCvenebeli, ramdenad mniSvne-
lovania esa Tu is geni. Tu gadarCenisTvis aucilebelia 
genSi aminomJavebis zusti Tanmimdevroba, mutaciuri 
cvlilebebis umetesoba iqneba mavne organizmisTvis da 
mxolod ramdenimes eqneba neitraluri efeqti. amis Se-
degad aseTi genebi nela icvleba. magram Tu aminomJave-
bis zusti Tanmimdevroba ar aris amdenad mniSvnelovani, 

maSin axali mutaciebis mxolod nawili iqneba mavne, mu-
taciebis umetesoba ki neitraluri iqneba. aseTi genebi 
ufro swrafad icvleba.  

molekulur saaTTan  
dakavSirebuli sirTuleebi

sinamdvileSi, molekuluri saaTi ar muSaobs ise zu-
stad, rogorc amas neitraluri Teoria amtkicebs. bevri 
uzustoba, rogorc Cans, bunebrivi gadarCevis Sedegia. 
bunebrivi gadarCevis Sedegad dnm-Si momxdar zog cvli-
lebas upiratesoba aqvT sxva cvlilebebTan SedarebiT. 
amitom, zogi mecnieri varaudobs, SeiZleba Tu ara evo-
luciis daTariRebisTvis molekuluri saaTis gamoye-
neba. didi debatebi imarTeba imis Taobaze, ramdenad 
axdens gavlenas neitraluri genetikuri cvlilebebi 
dnm-is mravalferovnebaze. marTlac, axali monaceme-
bidan gamomdinareobs, rom drozofilas or saxeobaSi 

S. simulans da S. yakuba aminomJavebis sxvaobis TiTqmis 
naxevari ar aris neitraluri.

es sxvaoba mimarTuli bunebrivi gadarCevis Sedegia. 
Tumca, Tu evoluciis siCqare drois Zalian didi perio-
dis ganmavlobaSi icvleba da amave dros gvaqvs gadar-
Cevis gavlena, es ori faqtori erTad saSualo sidides 
warmoqmnis. is genebic ki, romelTa saaTi araregularu-
lia, muSaoben rogorc gasuli drois miaxloebiTi mar-
kerebi. 

sxva sakiTxia, roca mkvlevrebi cdiloben, gaavrce-
lon molekuluri saaTi im drozec, romelic ar aris do-
kumentirebuli namarxebidan. marTalia, zogi namarxi 3 
miliard welze metisaa, magram es Zalian iSviaTi movle-
naa. namarxebis umetesoba 550 milioni wliT TariRdeba, 
magram molekuluri saaTis gamoyeneba xdeba im evolu-
ciuri daTiSvis dasaTariReblad, romelic miliard we-
liwadze adre moxda. es SesaZlebelia, Tu miviRebT, rom 
saaTi mTeli am drois ganmavlobaSi erTnairad muSaob-
da. aseTi daskvna ki naklebad damajerebelia.

adamianis imunodeficitis viru-
sis warmoSobis molekuluri saaTi

los alamosis (axali mexiko) nacionaluri labo-
ratoriis mkvlevrebma bolo dros gamoiyenes moleku-
luri saaTi, rom daedginaT adamianebSi HIV virusis  ga-
Cenis dro. HIV virusi iwvevs SeZenili imunodefecitis 
sindroms. filogenetikuri analizi aCvenebs, rom is 
aris im virusebis STamomavali, romliTac inficird-
eba Simpanze da sxva primatebi (am cxovelebSi virusi 
ar iwvevs Sidsis msgavs aranair daavadebas). rodis ga-
davida HIV adamianebze? am kiTxvaze ar arsebobs martivi 
pasuxi, vinaidan virusi araerTxel gavrcelda adamian-
ebSi. HIV-is gaCenis mravali faqti asaxulia virusis mra-
val xazSi (genetikur tipSi). HIV genomi Sedgeba rnm-sgan 
da sxva rnm-is virusebis msgavsad, igi swrafad icvleba.
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yvelaze gavrcelebuli virusis xazi adamianebSi 
aris HIV-1. zustad rom ganvsazRvroT HIV-1-iT gamowveuli 
infeqciis dro, mkvlevrebi adarebdnen epidemiis arse-
bobis sxvadaxva drois virusis nimuSebs. am SedarebaSi 
CarTes 1959 wlis virusis arasruli Tanmimdevrobac. 
nimuSebi aCveneben, rom 1959 wlis Semdeg virusis gan-
viTareba sakmaod hgavs saaTis muSaobis princips. anu 
drois erTeulSi xdeboda regularuli cvlilebebi. 
molekuluri saaTis principis daxmarebiT mkvlevrebma 
daadgines, rom HIV-1-iT adamianis inficireba pirvelad 
moxda 1930-an wlebSi.

sicocxlis universaluri xe

1960-ian wlebSi mkvlevrebma pirvelad gaSifres ge-
netikuri kodi da aRmoaCines, rom is sicocxlis yvela 
formisTvis universaluria. maT daaskvnes, rom yvela 
dRevandel organizms unda hyavdes saerTo winapari. 
dRes sistematikosebi cdiloben yvela organizmis gaer-
Tianebas sicocxlis xeSi (suraTi 25.18).

mkvlevrebi dnm-is molekulis im regionebis identi-
ficirebisTvis, romlebic am xis ganStoebebis models 
gvaZleven, iyeneben or SesaZlebel kriteriums: pirveli, 
unda dadgindes am regionebis Tanmimdevrobebi. meore, 
am regionebis evolucia ise nela unda mimdinareobdes, 
rom dResac SesaZlebeli iyos sakmaod daSorebuli or-
ganizmebis homologiebis dadgena. ribosomuli rnm-is 

nawilebis makodirebeli rrnm-is genebic aseve unda ak-
mayofilebdnen am moTxovnebs. ujredis funqcionirebi-
sTvis rrnm genebs fundamenturi mniSvneloba aqvT, vi-
naidan maTi molekuluri saaTi ise nela midis, rom maT 
SuZliaT safuZveli Seadginon sicocxlis universaluri 
xisTvis. am xes ufro axlos da detalurad Semdeg Taveb-
Si ganvixilavT. amjerad ki unda gavakeToT ori SeniSvna:

1.  sicocxlis xe Sedgeba sami didi domenisgan: baq-
teria, arqea da eukaria. domeni baqteria moicavs 
dReisTvis cnobili prokariotebis umetesobas, im 
baqteriebis CaTvliT, romlebic qloroplastebis 
da mitoqondriis axlo naTesavebi arian (26 TavSi 
ganvixilavT am organelebis baqteriul warmo-
Sobis ideas). meore domeni _ arqea, Sedgeba pro-
kariotuli organizmebis sxvadasxva jgufisgan. es 
prokariotebi gansxvavebul garemoSi binadroben. 
zogi arqea energiis resursad iyenebs wyalbads, 
zogi dedamiwis qerqSi aRmoCenili bunebrivi airis 
sabadoebis ZiriTadi resursia. ocdameSvide TavSi 
ufro detalurad ganvixilavT baqteriebs da arqee-
bs. mesame domeni, eukaria Sedgeba yvela organizmis-
gan, romlebsac aqvT ujredebi da namdvili birTvi. 
am domenSi Sedian bevri erTujrediani organizmi, 
iseve, rogorc mravalujrediani mcenareebi, sokoe-
bi da cxovelebi. es aris 28-34 Tavebis mTavari Tema. 

2.  am domenebis adreuli istoria dRemde ar aris 
cnobili. sami domenis mTliani genomis Sedareba 
aCvenebs, rom sicocxlis istoriis adreul etapze 
samive domenis organizmebSi moxda genebis mniS-
vnelovani cvlileba. moxda genebis horizontal-
uri gadaadgileba. am dros genebi erTi genomidan 
meore genomSi gadadian an gadamtani elementebis 
meSveobiT, an erTi organizmebis mier gansxvavebuli 
organizmebis STanTqmis Sedegad. SeiZleba pirveli 
eukarioti aseTi STanTqmis Semdeg gaCeniliyo. es 
procesi albaT moxda winapari baqteriisa da winapar 
arqeas Soris. filogenetikuri xeebi ki dafuZnebu-
lia im daSvebaze, rom genebi erTi Taobidan meore 
TaobaSi gadadian vertikalurad. maSin horizon-
taluri movlenebis arsebobidan gamomdinareobs, 
rom gansxvavebul genebze dayrdnobiT aSenebuli 
universaluri xeebi xSirad gvaZleven araTavsebad 
Sedegebs, gansakuTrebiT ki xis fuZesTan. amis Sede-
gad xis detalebi mudmivad gadaisinjeba. Tumca 
dayofa sam did domenad rCeba xeluxlebeli imis 
Semdeg, rac sistematikosebma pirvelad Seqmnes uni-
versaluri xis mTliani forma.

Semdeg or nawilSi Cven ganvixilavT biologiuri mra-
valferovnebis istorias da arsebul mravalferovne-
bas. Cveni kvleva gaSuqdeba evoluciis koncefciiT da 
sistematikiT, romelic Tqven am nawilSi iswavleT. 

1. qloroplastis 
winapris da mwvane 
mcenareebis winapris 
simbiozi

2. mitoqondriis wi-
napris da eukariotis 
winapris simbiozi

3. baqteriis da ar-
qeas SesaZlo Serwymam 
dasabami misca eu-
kariotis winapars

4. yvela cocxali 
arsebis pirveli 
saerTo winaparisicocxlis 

warmoSoba

mi
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Bacteria ArchaeaEukarya

 S suraTi 25.18 sicocxlis universaluri xe. yvela cocxali 

organizmi dayofilia sam domenad: baqteria, arqea da eukaria. 

organizmebze informaciis dagrovebasTan erTad xis ageb-

ulebis detalebi icvleba. magram xis ZiriTadi konturebi 

zustia da ucvlelia. 
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 koncefcia testi 25.5
1.  ra aris molekuluri saaTi? ra daSveba udevs 

safuZvlad molekuluri saaTis gamoyenebas? 
2.  axseniT, rogor xdeba, rom dnm-Si momxdar fuZe 

nukleotidebis cvlilebebs ar aqvT gavlena or-
ganizmze?

ZiriTadi koncefciebis Semowmeba

koncefcia 25.1
filogenezis Sesaswavlad awarmoeben 

morfologiur da molekulur kvlevebs,  

aseve saerTo winaparis namarxebis kvl-

evas

 X namarxebi namarxebis Seswavla damyarebulia namarxi 
organizmebis Seswavlaze. namarxi organizmebi moiZe-
bnebian sxvadasxva asakis geologiur stratebSi. maT 
aqvT winapris is Tvisebebi, romlebic amjerad dakar-
gulia. 

 X morfologiuri da molekuluri homologiebi ms-
gavsi agebulebis an dnm-is msgavsi Tanmimdevrobis 
mqone organizmebi, rogorc wesi, ufro axlo naTe-
savebi arian, vidre gansxvavebuli agebulebis da gan-
sxvavebuli dnm-is Tanmimdevrobis mqone organizmebi. 
magram homologia (saerTo winaparTan msgavseba) unda 
ganvasxvavoT analogiisgan (msgavseba, romelic war-
moiqmneba konvergentuli evoluciis Sedegad).

koncefcia 25.2
filogenetikuri sistematika aerTianebs 

klasifikacias da evoluciis istorias

 X binominaluri nomenklatura lines sistemis mixed-
viT organizms erqmeva ori nawilisgan Semdgari sax-
elebi: gvari da specifikuri epiTeti. 

 X ierarqiuli klasifikacia linem SemoiRo sistema, 
romlis mixedviT, ufro mcire kategoriebs vaer-
TianebT ufro did kategoriebSi. 

 X klasifikaciis da filogenetikis erToba sistema-
tikosebi evoluciur kavSirebs gamosaxaven datot-
vili filogenetikuri xis saxiT. filogenetikuri 
xis agebuleba damyarebulia sxvadasxva monacemebze, 
TvalsaCinoebasa da mosazrebebze. 

koncefcia 25.3
filogenetikuri sistematikis safuZ-

velze ageben evoluciur xes evoluci-

uri xis agebuleba efuZneba saxeobaTa 

saerTo Tvisebebs

 X kladistika klada aris saxeobebis monofiletu-
ri jgufi. jgufSi Sedis winapari organizmi da misi 
yvela STamomavali. kladisturi analizis mixedviT, 
kladebi ganisazRvreba evoluciuri siaxleebis, anu 
saerTo warmoqmnili Tvisebebis mixedviT. identi-
ficireba xdeba jgufis SigniT myofi saxeobebis Se-
darebiT jgufgare saxeobebTan. jgufgare saxeobas 
ar axasiaTebs saerTo warmoqmnili Tviseba.

 X filogenetikuri xe da drois dadgena filogramaze 
totis sigrZe asaxavs am evoluciur xazSi evoluci-
uri cvlilebebis raodenobas. ultrametruli xee-
bis SemTxvevaSi evoluciuri datotva geologiuri 
drois konteqstSi ganixileba.  rogor SeiZleba fi-
logenezis dagdgena cilebis SedarebiT? 

 X maqsimaluri ekonomiuroba da maqsimaluri ms-
gavseba filogenetikur xeebs Soris yvelaze eko-
nomiuri xe aris is, romelic iTxovs yvelaze nakleb 

25-e Tavis Semowmeba
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evoluciur cvlilebebs. yvelaze msgavsi xe aris is, 
romelic cvlilebebs yvelaze sarwmunod (msgavsad) 
asaxavs.

 X filogenetikuri xeebi da hipoTezebi saukeTeso 
filogenetikuri hipoTezebi eyrdnobian mraval mor-
fologiur, molekulur monacemebs da namarxebs.

koncefcia 25.4
evoluciuri istoris umetesi nawili 

Cawerilia organizmis genomSi 

 X genebis duplikacia da genebis ojaxebi orTolo-
giuri genebi genomSi erTi asliT aris warmodgenili. 
maT SeuZliaT daTiSva mxolod saxeobaTa warmoqmnis 
Semdeg. paralogiuri genebi warmoiqmneba genomSi ge-
nebis duplikaciis Semdeg da SeuZliaT kladis far-
glebSi daiTiSva. xSirad isini erT funqcias imateben.

 X genomis evolucia orTologiuri genebi xSirad 
saerToa Soreulad monaTesave saxeobebSi. sxvadasxva 
sirTulis organizmis genebis ricxvSi arsebobs Se-
darebiT mcire variaciebi, rac imis maCvenebelia, rom 
rTul organizmebSi genebi Zalian mravalmxvrivia da 
yovel gens mravali funqciis Sesruleba SeuZl

koncefcia 25.5
molekuluri saaTi gvexmareba davadgi-

noT evoluciuri cvlilebis dro

 

 X molekuluri saaTi dnm-is zogi regionis fuZe Tan-
mimdevrobebi icvleba im siCqariT, romlis mixedviT 
SegviZlia davadginoT, rodis moxda warsulSi esa Tu 
is movlena. es molekuluri saaTi SeiZleba Seiqmnas 
neitraluri mutaciebis dafiqsirebis Sedegad. maSin-
ac, roca gadarCeva garkveul rols TamaSobs, bevri 
geni drois didi monakveTis ganmavlobaSi icvleba 
saaTis msgavsi, regularuli siCqariT. mkvlevrebma 
gazomes zogi genis molekuluri saaTi da aCvenes, rom 
is sakmaod mudmivia. varaudi sxva genebis cvlilebis 
Sesaxeb naklebad SesaZlebelia.  

 X sicocxlis universaluri xe sicocxlis xe Sedgeba 
sami didi kladisgan (domenisgan): baqteria, arqea da 
eukaria.

SeamowmeT sa kuTari codna

TviTSefaseba

1.  Tu adamiani da panda erT klass ekuTvnian, maSin Ses-
aZlebelia, rom isini ekuTvnian erTsa da imave
a.   rigs  b. tips  g. ojaxs
d.  gvars e. saxeobas

2.  sam Tanamedrove X, Y da Z  saxeobas hyavT saerto wi-
napari T, igive winapari hyavT gadaSenebul U da V saxe-
obebs. T, X, Y da Z saxeobebis dajgufeba qmnis
a.  namdvil taqsons 
b.  monofiletur kladas
g. parafiletur jgufs
d.  polifiletur jgufs
e.  Sida jgufs, romelic Sesadarebelia jgufgareSe 

saxeobasTan

3. frinvelebs da ZuZumwovrebs oTxi gamonazardi (ki-
duri) aqvT, es niSani aris 
a.  saerTo primitiuli Tviseba
b.  saerTo warmoebuli Tviseba
g.  Tviseba, romlis mixedviT SegviZlia ganvasxvav-

oT frinvelebi da ZuZumwovrebi
d.  es analogiis magaliTia, da ara homologiis
e.  frinvelebis saxeobebis SesarCevad gamosadegi 

Tvisebaa 

4.  rogor mivmarToT ekonomiurobis princips filoge-
netikuri xis agebis dros?
a.  SevarCioT xe, romlis mixedviT evoluciuri cv-

lilebebi erTnairad SesaZlebelia
b.  SevarCioT xe, romelzec totebis ganStoebebis 

adgilebi dafuZnebulia yvela SesaZlebel saer-
To warmoebul Tvisebaze 

g.  filogenetikuri xe avagoT mxolod namarxebze, 
vinaidan isini evoluciis yvelaze martiv axsnas 
iZlevian 

d.  SevarCioT xe, romelzec rogorc dnm-is Tanmim-
devrobaSi, aseve morfologiaSi, mcire raodeno-
bis evoluciuri cvlilebebi aRiniSneba.

e.  SevarCioT xe datotvis wertilebiT mcire ra-
odenobiT. 

5.  protistebis, romlebic daiTiSnen aseuli milioni 
wlis winaT, evoluciur xazebSi filogenetikuri na-
Tesaobis dasadgenad, romeli monacemebia saukeTe-
so?
a.  proterozouri eonis namarxebi
b.  saerTo warmoebuli morfologiuri Tvisebebi
g.  qlorofilis molekulebis gansxvavebuli ami-

nomJavebis Tanmimdevrobebi
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d.  mitoqondriuli dnm-is Tanmimdevrobebi
e.  rrnm-is genis Tanmimdevrobebi

6.  Tu katebis filogenetikuri xis asagebad gamoiye-
nebT kladistikur analizs, romeli iqneba saukeTe-
so jgufgareSe saxeoba
a.  lomi b.  Sinauri kata  g.  mgeli
d.  leopardi  e.  vefxvi

7.  Tu gvinda avagoT Tevzis ramdenime saxeobis filo-
genetikuri xe, Semdegidan, romeli Tviseba iqneba 
yvelaze gamosadegi?
a.  yvela TevzisTvis saerTo ramdenime analogiuri 

Tviseba 
b.  yvela TevzisTvis saerTo erTi homologiuri 

Tviseba 
g.  sxvadasxva Tevzis saxeobaSi morfologiuri ms-

gavsebis sruli xarisxi 
d.  ramdenime Tviseba, romelic rogorc Cans, gaCnda 

imis Semdeg, rac Tevzebis sxvadasxva saxeobebi 
daiTiSnen

e.  erTi Tviseba, romelic yvela TevzSi gansxvave-
bulia

8.  25.12 suraTze mocemul filogramaze amfibiebis da 
Tagvebis totebis SefardebiTi sigrZe asaxavs imas, 
rom 
a.  amfibiebi ganviTardnen Tagvebze adre 
b.  Tagvebi amfibiebze adre ganviTardnen
g.  amfibiebis da Tagvebis genebs mxolod SemTxvevi-

Ti homoplaziebi gaaCniaT
d.  homologiuri genebi ufro Cqara amfibiebSi gan-

viTardnen 
e.  homologiuri genebi ufro Cqara ganviTardnen 

TagvebSi

9.  Semdegi CamonaTvalidan SearCie orTologiuri gene-
bis wyvili 
a.  adamianis α hemoglobini da Simpanzis α hemo-

globinis genebi
b.  adamianis α  hemoglobinis genis ori aleli
g.  Tagvis insulinis geni da safuaris Sejvarebis 

nairsaxeobis geni
d.  ori sxvadasxva virTxis ynosvis receptoris geni
e.  eukariotis genomSi rrnm-is genis mravali asli 

10.  bolo dros dadginda, rom pirvelad HIV–1 Simpanzidan 
adamianze gadavida 1930 wlebSi, es daskvna damyare-
bulia
a.  afrikis sofelSi naxes Sidsis pirveli klinikuri 

gamovlineba 

b.  molekuluri saaTi, romelic aRricxavda HIV genis 
Tanmimdevrobebis cvlilebas, damyarebulia pa-
cientebisgan bolo 40 wlis ganmavlobaSi aRebul 
sinjebze 

g.  aivis homologiuri genebis Sedareba, romlebic 
naxes adamianSi da SimpanzeSi

d.  adamianebSi nanaxi virusis sxvadasxva Stamebs So-
ris ekonomiurobis principis mixedviT evoluci-
uri kavSirebis axsna

e.  1930 wlis sisxlis nimuSSi ai virusis aRmoCena.

evoluciuri kavSiri

darvini Tvlida, rom Tu ganvixilavT saxeobis uax-
loes naTesavs, miviRebT informacias imis Sesaxeb, ro-
gor gamoiyureboda maTi winapari. rogor ganapirobebda 
misi rCeva kladistikuri analizisTvis jgufgareSe sax-
eobebis gamoyenebis meTods? 

mecnieruli kvleva

zogi nukleotiduri cvlileba iwvevs aminomJavis 
Canacvlebas cilaSi sxva aminomjaviT (arasinonimuri 
Canacvleba, romelic cvlis cilis bunebas) da nukleo-
tiduri cvlileba ki ar iwvevs am movlenas (sinonimuri 
Canacvleba, romelic ar cvlis cilis bunebas). mRrRne-
lis da adamianis genebis Sedarebisas, aRmoCnda, rom 
sinonimuri Canacvlebeblis dagroveba mRrRnelebSi 
xdeba 2.0 jer ufro swrafad, vidre adamianebSi. arasi-
nonimuri Canacvlebebi ki 1.3 jer ufro swrafad xdeba. 
ra faqtorebiT aixsneba es sxvaoba? ra gziT arTuleben 
es monacemebi evoluciuri movlenebis dasaTariRebeli 
molekuluri saaTis gamoyenebas?

mecniereba , teqnologia 

da sazogadoeba

genomis Sedareba iZleva axal SesaZleblobebs samed-
icino kvlevebSi. adamianebs da Tagvebs aqvT bevri saer-
To orTologiuri genebi. amitom,  SesaZlebelia adami-
anSi genis funqciis dadgena, Tagvis genomidan mezobeli 
orTologiuri genebis ,,gamogdebiT”. am gamokvlevebis 
Sedegad, ra samedicino miRwevebs miviRebT? rogoria 
aseTi aRmoCenis mniSvneloba sazogadoebisTvis? 
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interviu 

linda grehemTan

profesori linda grehemi droSi namdvilad mogzau-
robs. igi mokroskopiT im mcenareebis namarxebs akvird-
eba, romlebic dedamiwaze didi xnis win binadrobdnen. 
doqtori grehemi gadaSenebuli mcenareebis namarxebs maT 
uaxloes Tanamedrove naTesavebs adarebs. mikroskopis sa-
SualebiT mas im mcenareebis danaxvac SeuZlia,  romlebic 
naxevari miliardi wlis winaT arsebobdnen. is sicocxlis 
ganviTarebis drois dadgenas cdilobs. mas sicocxlis gan-
viTarebis ZiriTadi gardamtexi momentebic ainteresebs. 
magaliTad,  xmeleTis mcenareebis wyalmcenareebisgan 
warmoSoba. xmeleTze mobinadre pirveli mcenareebis zoma 
mikroskopuli iyo. grehemi da misi studentebi xmeleTis 
mcenareebis warmoSobasa da gamravalferovnebas ikvleven. 
amis garda maT ainteresebT mcenareebis,  gansakuTrebiT 
ki xavsebis biosferoze udidesi gavlena. mcenareebi bios-
feroze dResac moqmedeben. doqtori grehemi (viskinsin-
medisonis universiteti) botanikas da mcenareebze garemos 
gavlenas swavlobs. amave dros,  is warmatebuli maswavle-
belia. am interviuSi linda grehemi zogadi ganaTlebisTvis 
biologiuri mravalferovnebis Seswavlis mniSvnelobaze 
saubrobs.

romeli organizmi iyo xmeleTis  

mcenareebis winapari?

 xmeleTis mcenareebi wyalmcenareebis konkretuli 
jgufisgan warmoiSvnen. es jgufi cnobilia charophycea–
s saxeliT. dadasturebulia, rom am winaprebis agebuleba  
sakmaod rTuli iyo,  ramac maTi datotvis Tviseba ganapi-
roba. reproduqciac rTuli hqondaT. rogorc Cans,  uZve-
lesma xmeleTis mcenareebma es Tvisebebi maTgan memkvidre-
obiT miiRes.

rodis warmoiSvnen wyalmcenareebisgan 

xmeleTis mcenareebi?

xmeleTis mcenareebis warmoSobis zusti TariRi dRemde 
ar aris dadgenili. paleobiologebi SeTanxmdnen, rom 
mcenareebi xmeleTze daaxloebiT 475 milioni weli binad-

roben. es daskvna namarxi sporebisa da mcenareebis sxva ti-
pis namarxebis kvlevas efuZneba. Tumca, zogi kolega Tvlis, 
rom mcenareebi xmeleTze ukve Sua kembriumSi anu 500 mil-
ioni wlis winaT arsebobdnen. amas namarxi sporebis kvlevis 
safuZvelze askvnian. Cemi varaudiT momavalSi xmeleTis 
mcenareebis warmoSobis TariRi daaxloebiT kembriuli pe-
riodis SuaSi gadainaclebs. SesaZlebelia, rom mcenareebi 
xmeleTze ufro adrec arsebobdnen. 

Tqveni azriT romeli Tanamedrove  

mcenareebi ufro gvanan xmeleTis  

uZveles mcenareebs? 

molekuluri monacemebiT dasturdeba, rom xavsebi 
(bryophyta): RviZlis xavsi, rqafoTola da xavsebi mcena-
reebis samefos uZvelesi Stoebia. mTeli xavsis namarxi 
dRemde ver ipoves. uZvelesi WurWlovani mcenareebis am 
tipis namarxebi ki napovnia. am mcenareebs aqvT ZarRvebi, 
romelTa meSveobiT wyali da sakvebi nivTierebebi gadaadg-
ildeba. molekuluri monacemebidan gamomdinareobs, rom 
isini saerTo winapars xavsebis Semdeg gamoeyvnen. xavsebis 
namarxebis ar arsebobas imiT xsnian, rom isini cudad inaxe-
ba. Tumca viciT,  rom xavsebs aqvs sporebi da sxva rezisten-
tuli (mdgradi) masala. Cven im ideis Semowmeba gvindoda,  
rom xavsebsac SeeZloT namarxebis datoveba. 

rogor SeamowmeT es idea?

Cven gamoviyeneT meTodika, romlis meSveobiT daSlis 
efeqtis imitireba vcadeT. aseTi daSla mcenares sikvdilis 
da wyalSi Cavardnis Semdeg xdeba. mikrobebis moqmedebis 
Sedegad wyalSi mcenare nawilobriv iSleba. cocxali xavse-
bi pirvel rigSi eqstremaluri meTodiT davamuSaveT,  ro-
melic acetolizis saxeliT cnobilia. am dros gamosakvlev 
masalaze maRali temperaturis pirobebSi Zlieri mJavebiT 
moqmedeben. igive meTods paleobiologebic mimarTaven 
roca danaleqi qanebidan sporebs eqstragireben. Cveni 
hipoTezis Tanaxmad is mcenareuli masala,  romelic aseT 
damuSavebas gadaurCeba,  namarxebSic unda iyos. zogi Cve-
ni kolega Tvlida,  rom am damuSavebiT Cven TviTon vqmniT 
rezistentul masalas. amitom Cven am meTodSi lpobis faq-
tori CavrTeT. Tveebis ganmavlobaSi xavsis cocxali masala 
svel niadagSi davtoveT. Semdeg amoviReT da vnaxeT,  darCa 
iq rame,  Tu ara. aRmoCnda, rom imave tipis rezistentul-

biologiuri mravalferovnebis  
evoluciis istoria.  
organizmebis qimia
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ma masalam,  romelmac acetolizs gauZlo,  lpobis ufro 
naz processac gadaurCa. is nawilebi, romlebic lpobasac 
da acetolizsac gadaurCnen, Zveli ganmarxebuli orga-
nizmebis fragmentebis msgavsad gamoiyurebdnen. adami-
ani erTi SexedviT ver cnobda, rom odesRac es fragmenti 
mcenare iyo. 

am organizmebis fragmentebidan aris Tu 

ara romelime ufro Zveli, vidre WurW-

lovani mcenareebi? 

diax. es fragmentebi sporebisgan, milismagvari struq-
turebidan da ujredis nawilebisgan Sedgeba. aRmoCnda,  rom 
isini gacilebiT ufro Zvelia,  vidre WurWlovani mcena-
reebis narCenebi. Cven gvindoda damtkiceba, rom xavsebis 
msgavsi mcenareebi WurWlovanii mcenareebis warmoSobamde 
gavilebiT adre arsebobdnen. igives mowmobs molekuluri 
monacemebic.

rogor Seicvala biosfero xmeleTze uZve-

lesi mcenareebis gavrcelebis Sedegad?

pivel rigSi maTi daxmarebiT adreuli niadagi warmoiqm-
na. uZvelesi mcenareebis Semadgenel zog organul masalas 
mikrobebi ar Slida. igive Cvens cdaSic moxda. es dauSleli 
masala niadagSi organul fenas qmnida. meore,  fotosin-
Tezis Sedegad naxSirbadis orJangi (CO2) rezistentul or-
ganul masalad gadaiqceoda. amas mohyva atmosferoSi CO2-
is raodenobis Semcireba. atmosferoSi CO2-is Semcirebis 
tendenciam kulminacias qvanaxSiris periodis ganmavlobaSi 
miaRwia,  roca uZvelesi xeebi naxSiris sabadoebs qmnidnen. 
es periodi CO2-is yvelaze mcire raodenobiT xasiaTdeba. 
amave dros, uZvelesi mcenareebi asinTezebdnen organul 
mJavebs da niadagidan fosfatebs aTavisuflebdnen. amis 
Sedegad zRisa da mtkani wylis ekosistemebSi albaT gaiz-
arda fotosinTezis unaris mqone mikrooganizmebis raod-
neoba. sabolood xmeleTis uZvelesma mcenareebma xmeleTis 
ekosistema Seqmnes, romelic sakmariss organul produqts 
qmnida. ase rom,  xmeleTis uZveles cxovelebs sakvebis de-
feciti ar hqondaT.

Tqven swavlobT xmeleTis mcenareebis 

warmoSobas. amave dros torfis Wao-

bebis ekologiasac ikvlevT. ras warmoad-

gens torfis Waobi da ratomaa is mniS-

vnelovani? 

torfis Waobi daWaobebuli teritoriaa, romelzec 
dominanti mcenare sfagnumia, anu “torfis xavsi”. sfagnumi  
Zalian mniSvnelovani xavsia,  vinaidan is ekologiuri in-
Jineria. torfis Waobebis sfagnumi atmosferodan didi ra-
odenobis CO2-s absorbirebs da organuli nivTierebis sax-
iT inaxavs. am nivTierebas mikroorganizmebi rTulad Slian. 

igive exeba uZvelesi xavsebis organul nivTierebas,  razec 
ukve visaubreT. torfiani Waobebi mravladaa CrdiloeT 
naxevarsferoSi. CrdiloeTi regionebi naklebad dasaxle-
bulia, amitom mraval adamians ara aqvs warmodgena torfis 
Waobebis raodenobis Sesaxeb. CrdiloeTi amerikis,  evro-
pisa da aziis sakmaod didi farTobi torfis didi WaobebiT 
dafarulia. aq naxSirbadis uzarmazari maragi inaxeba. at-
mosferuli CO2-is raodenobis regulaciisas (romelsac 
aseve saTburis gazs eZaxian) torfis Waobebi globaluri 
Termostatebis rols asruleben. klimatis regulirebaSi 
xavsi gvexmareba. Tu temperatura odnav maRla iwevs, xavsi 
izrdeba da atmosferodan met CO2-s STanTqavs. amis Sede-
gad planeta civdeba. aciebisas xavsi nela izrdeba da  mi-
krobuli dehitrataciis Sedegad meti CO2 Tavisufleba. 
amitom klimati ufro Tbili xdeba. ase rom, Cven torfis 
did Waobebs unda vumadlodeT. isini Cveni planetis Termo-
statis funqcias asruleben.

rogor uvlis adamiani torfis Waobebis 

Zalian mniSvnelovan ekosistemas?

ekologebi,  romlebic torfis Waobebs swavloben,  wux-
an,  rom maT maRaroebis mSenebloba (samTo saqmianoba) da 
soflis meurneoba anadgurebs. magaliTad StoSis warmoeba. 
torfis Waobebis arealis Semcireba xels uwyobs global-
uri daTbobis efeqtis moaxloebas. torfis Waobebi Zalian 
did rols TamaSobs klimatis regulaciaSi.

doqtor grehem, rogor daiwyeT samecniero 

moRvaweoba? ratom dainteresdiT  

mcenareebiT?

dawyebiT, saSualo da umaRles skolebSi ramdenime 
araCveulebrivi maswavlebeli myavda. maT ganaviTares 
CemSi mecnierebis interesi. kerZod,  Cemi qimiis maswavle-
beli CemTvis misabaZi magaliTia. is ganaTlebuli da TviT-
dajerebuli adamiania. mis gakveTilebze vifiqre, rom mec 
SemiZlia mecnieri gavxvde. mikroskopi yovelTvis mizidav-
da da Sinagani struqturebis saocrebas kargad aRviqvam-
di. mcenareebis  Sinagani agebuleba Zalian sainteresoa. 
maTi naTesavebi, wyalmcenareebi, mikroskopSi aseve Zalian 
lamazad gamoihyurebian. ase rom,  mikroskopuli agebule-
biT gatacebam gaoiwvia interesi mcenareebis mimarTac. 

rogor moxda, rom es gataceba gadaizarda 

interesSi xmeleTis mcenareebis  

warmoSobis mimarT?

gadamwyveti momenti botanikis bolo gamocdisTvis 
samzadisi iyo. maSin wminda luisis iuniversitetis (vaS-
ingtoni) bakalavri viyavi. gamocdis erT-erTi sakiTxi 
mcenareebis sasicocxlo cikli iyo. am sasicocxlo ciklSi 
mravalujrediani haploidi da diploidi Taobebi monacv-
leobs. rogor gaCndnen es rTuli sasicocxlo ciklebi? am 
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sakiTxma Zalian damainteresa. aman ganapiroba Cemi interesi 
mcenareebis evoluciis mimarT.

ratom fiqrobT, rom bakalavriatis  

studenti biologisTvis pirvel welsve 

mniSvnelovania sicocxlis mraval-

ferovnebis, maT Soris mcenareebis  

mravalferovnebis Seswavla maSinac,  

Tu studenti momavalSi ujredul an 

molekulur biologiaSi specializacias,  

an samedicino skolaSi gadasvlas apirebs? 

viskonsinis universitetis kurikulumSi biologi-
uri mravalferovnebis kursis CarTvis pirveli mizezia 
is,   rom es SeiZleba studenti biologisTvis erTaderTi 
SesaZleblobaa, rom ganaTlebis miRebis periodSi orga-
nizmebis mravalferovnebas gaecnos. Cven gvesmis, rom bi-
ologiuri mravalferovnebis codna yvela moqalaqisTvis 
mniSvnelovania, vinaidan biologiuri mravalferovneba 
adamianis janrTelobazec moqmedebs. roca studentebi 
prokariotebs, umartivesebs, mcenareebs, sokoebsa da 
cxovelebs,  maT Soris uxerxemloebs ecnobian,  isini am mra-
valferovani organizmebis ekosistemaze gavlenas xvdebian. 
da sabolood: Cveni sakuTari janrTeloba damokidebulia 
ekosistemis janmrTelobaze, romelic adamians sxvadasxva 
resursebiT amaragebs. magaliTad, sufTa wyaliT da sufTa 
haeriT. 

romel Temebs aniWebT upiratesobas 

pirveli kursis ganmavlobaSi?

me vfiqrob, rom biologiaSi yvelaze sainteresoa sx-
vadasxva ierarqiul midgomas Soris kavSiri. magaliTad,  
molekuluri procesebisa da agebulebis gacnoba bevrs 
gveubneba organizmisa da ekologiur doneebze mimdin-
are procesebze. me vfiqrob, rom damwyebi biologebisT-
vis mniSvnelovania integrirebuli (rTuli) azrovnebis 
Camoyalibeba. maT unda iswavlon  ierarqiuli doneebis 
dakavSireba. Cem klasebSi vcdilob avxsna, rom biologia 
ar aris dayofili calkeul “oTaxebad”. yoveli Tema sxva 
TemasTan dakavSirebulia. maTi erTmaneTisgan gancalkev-
eba srulyofil ganaTlebas ar mogvcems. vcdilob pirveli 
kursis studentebis dainteresebas  globaluri TemebiT 
da mniSvnelovan problemebze pasuxebiT,  Tundac maTze 
pasuxis gacema erTi eqsperimentis an eqperimentebis erTi 
seriis Sedegad SeuZlebeli iyos. Cemi kvlevis sferoSi _ 
mcenareTa warmoSobaSi, uamravi SekiTxva arsebobs. uamravi 
kiTxva ufro globalur Temaze, sicocxlis warmoSobaze 
ibadeba. mravali adamiani Tvlis, rom am kiTxvebze pasuxis 
gacema SeuZlebelia. Cven xom am SemTxvevaSi ar SegviZlia 
pirdapiri dakvirveba. magram me unda wavaxaliso studente-
bi, rom am kiTxvebze pasuxi deduqciisa da integrirebuli 
azrovnebis meSveobiT cadon. biologiis arsis Cawvdomas 
ufro farTo azrovneba da sistemebis calkeul detalebze 
naklebi fokusireba sWirdeba. 

atmosferuli CO2-is (saTburis airi) regulaciiT torfis Wao-
bebi globaluri Termostatebis rols asruleben. xavsi mdgra-
di klimatis SenarCunebaSi gvexmareba.
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 ZiriTadi koncefciebi

26.1  adreul dedamiwaze sicocxlis warmoSobi saT-
vis xelsayreli pirobebi iyo.

26.2  dedamiwaze arsebuli cocxali organizmebis 
da TariReba  namarxebis  meSveobiT.

26.3  prokariotebis evolucia da maTi gavlena axal-
gazrda dedamiwaze. 

26.4  eukariotuli ujredebi simbiozisa da prokari-
otul ujredebs Soris genetikuri in for maciis 
mimocvlis Sedegad warmoiqmna.

26.5  eukariotebSi mravalujredianoba ramdenjer-
me ganviTarda. 

26.6  axalma informaciam Secvala Cveni warmodge na 
sicocxlis xis  Sesaxeb.

 Sesavali

cvalebadi sicocxle cvalebad 
dedamiwaze

sicocxle ganuwyveteli procesia. is daiwyo pirveli 
organizmebis warmoqmniT da dRemde grZeldeba. amJa-
mad dedamiwaze mcenareTa da cxovelTa uamravi saxeoba 
arsebobs. am nawilSi ganvixilavT sicocxlis mraval-
ferovnebas da evolucias. 

am wignSi ganxiluli mravali Temidan erT-erTi 
mTavaria organizmebisa da maTi saarsebo garemos urT-
ierTqmedeba (ix. Tavi 1). am TavSi gavecnobiT biolo-
giur istoriasa da geologiur istorias Soris kavSirs. 
geologiuri movlenebi garemoze Zlier moqmedebs da 
biologiuri evoluciis mimarTulebasac cvlis. roca 
didi tba ramdenime mcire zomis tbad iyofa, did tbaSi 
mobinadre saxeobebis populaciebi izolaciSi xvdebian 
da axal saxeobebs aZleven dasabams (ix.Tavi 24). amave 
dros cocxali organizmebis cxovelmoqmedebis Sedegad 

sakuTriv planetac icvleba. magaliTad, fotosinTezis 
unaris mqone organizmebis anu im organizmebis evolu-
ciam, romlebic haerSi Jangbads gamoyofen, dedamiwis 
atmosferos Semadgenloba gansazRvra (26.1 suraTze ga-
mosaxulia organizmebi, romlebic qvebis msgavss sqel 
masas qmnidnen. maT Soris albaT prokariotebic iyvnen).  
linda grehemis interviuSi naxsenebia, rom mcenareebis 
xmeleTze gamosvlis Sedegad pirobebi dedamiwaze isev 
mkveTrad Seicvala. uaxlesi cvliebebi ki moxda adamia-
nis warmoSobis Semdeg, romlis cxovelqmedebis Sedegad 
niadagis, wylisa da haeris Semadgenloba isev mkveTrad 
Secvala, Tan zogierTi saxeobisTvis sakmaod arasa-
surveli mimarTulebiT. dedamiwis da masze mobindare  
organizmebis sicocxlis istoria erTmaneTisgan ganuy-
ofelia. 

am nawilis TavebSi ganxilulia evoluciis is mo-
mentebi, romlebsac biologiuri mravalferovnebis 
istoriisTvis didi mniSvneloba aqvs. geologiur da 
biologiur istoriaSi xdeboda revoluciuri cvlile-
bebi, romlebic sicocxlis ganviTarebas axali gzebiT 
warmarTavdnen. 

nebismieri istoriuli disciplina ar aris zusti 
mecniereba. is damokidebulia TvalsaCino masalaze, misi 
Senaxvis xarisxze da warsuli movlenebis interpretaci-
aze. rac ufro Rrmad warsulSi vixedebiT, miT naklebad 
misawvdomia namarxebi, romlebic CvenTvis erTaderTi 
TvalsaCino masalaa. amave dros, Tanamedrove orga-
nizmis molekulebis agebulebaSi, nivTierebaTa cvlis 
formasa da anatomiaSi evoluciuri istoriis nakvale-
vis povna SeiZleba. SemdgomSi vnaxavT, rom es kvali war-
sulis gasaRebia da namarxebisgan miRebul monacemebs 
avsebs. magram Soreuli warsulis evoluciuri movle-
nebis umetesoba burusiT moculi rCeba. 

am Tavs sicocxlis warmoSobis ganxilviT viwyebT. 
sicocxlis warmoSoba yvelaze rTuli nawilia, radganac 
am movlenebis damadasturebeli namarxebi ar arsebobs. 
Semdeg ganvixilavT namarxebis daTariRebis xerxebs da 
kavSirs biologiur movlenebsa da dedamiwis istorias 
Soris. gavecnobiT dedamiwaze arsebuli sicocxlis 3,8 
miliardi wlis istoriis ZiriTad movlenebs. bolos 
visaubrebT biologebis mier sicocxlis xeebis agebis 

 S suraTi 26.1  mxatvris mier warmosaxuli dedamiwis 
zedapiri 3 miliardi wlis winaT. 

26sicocxlis xe da Sesavali  
biologiur mravalferovnebaSi
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xerxebze. es Sesavalia 27-34 TavebSi ganxilul biologiur 
mravalferovnebaSi. 

koncefcia 26.1
adreul dedamiwaze sicocxlis  
gaCenisTvis xelsayreli  
pirobebi iyo

mecnieruli kvlevebidan gamomdinareobs, rom qimiuri 
da fizikuri procesebis da gadarCevis Sedegad adreul 
dedamiwaze Zalian martivi ujredebi gaCnda. es procesi 
savaraudod, 4 mTavari stadiisgan Sedgeboda: 1. patara 
organuli molekulebis, magaliTad aminomJavebis da nuk-
leotidebis, abioturi (aracocxali) sinTezi; 2. maTi 
(monomerebis) SeerTeba polimerebad, cilisa da nuklei-
nis mJavebis warmoqmna; 3. am didi molekulebis membranis 
mqone protobiontebSi _ wveTebSi dalageba. membranis 
gamo protobiontebis Sinagani garemos qimiuri Semadgen-
loba gareganisgan gansxvavedeboda; 4. gamravlebis unaris 
mqone molekulebis anu memkvidreobiTobis warmoqmna. am 
sqemaSi bevri dauzustebeli momentia, magram SesaZlebelia 
am hipoTezis laboratoriaSi Semowmeba. aq ganvixilavT am 
oTxi punqtis Sesaxeb arsebul zogierT mosazrebas. 

organuli komponentebis sinTezi  

adreul dedamiwaze 

mzis sistemaSi Semavali pla  ne tebis, maT Soris dedami-
wis formireba daaxloebiT 4,6 miliardi wlis win moxda. es 
iyo axalgazrda mzis irgvliv arsebuli mtvris uzarmazari 
Rrubelisa da namsxvrevebis kondensirebis Sedegi. pirveli 
ramdenime aseuli milioni wlis ganmavlobaSi dedamiwaze si-
cocxle albaT ver gaCndeboda, vinaidan planetaze qvebisa da 
yinulis uzarmazari lodebi cvioda, romlebic mzis sistemis 
formirebis Semdeg sivrceSi darCa. Sejaxebebs Tan sdevda 
siTbos uzarmazari raodenobis gamoyofa, rac mTeli wylis 
aorTqlebas iwvevda. amitom zRvebi ver warmoiqmneboda. es 
faza daaxloebiT 3,9 miliardi wlis winaT damTavrda. dedami-
wis kldeebidan uZvelesia grenlandiis, isuas mxaris kldeebi, 
romelTa asaki 3,8 miliardi welia. maTi asaki dadgenilia qi-
miuri daTariRebis meSveobiT. SeiZleba BAam dros dedamiwaze 
sicocxle ukve arsebobda, magram  amas ver davasabuTebT, 
radgan am asakis namarxebi ar aris aRmoCenili. qvis uzarmaz-
ari lodebiTa da yinuliT dedamiwis `dabombva~TandaTan 
Senelda. magram planetaze arsebuli pirobebi dRevandeli 
pirobebisgan Zalian gansxvavdeboda. pirveladi atmosfero 
albaT wylis orTqliT iyo gajerebuli. mis SemadgenlobaSi 
kidev sxvadasxva nivTierebebi Sedioda, romlebic atmosfer-
oSi vulkanuri amofrqvevebis Sedegad moxvda. maT Soris azo-
ti da misi mJavebi, naxSirorJangi, meTani, amoniumi, wyalbadi 
da wyalbadis sulfidebi. dedamiwis gaciebasTan erTad wylis 
orTqlis kondensirdeboda okeaneebSi, wyalbadis Warbi ra-
odenoba ki garemoSi ifanteboda. 

1920 wels rusma qimikosma i. oparinma da britanelma mec-
nierma J. S. heldenma erTmaneTisgan damoukideblad wamoay-
enes idea, rom dedamiwis pirveladi atmosfero aRdgeniTi 
(Warbi eleqtronebis Semcveli) garemo iyo, romelSic mar-
tivi molekulebidan organuli komponentebis formireba 
xdeboda. organuli sinTezisTvis saWiro energias albaT 
sinaTle da ultraiisferi gamosxiveba uzrunvelyofda. 
heldeni fiqrobda, rom pirveladi okeaneebi organuli 

suraTi 26.2

kvleva  SesaZlebelia Tu ara aRdgeniT atmosferoSi organuli 
molekulebis warmoqmna?

Eqsperimenti

milerma da ureim adreul dedamiwaze savaraudod arsebuli 
pirobebis gasameoreblad TavianT laboratoriaSi daxuruli 
sistema Seqmnes. Tbili wylis Semcvel kolbas pirveladi zR-
vis magivrad iyenebdnen. sistemis Zlieri aRdgeniTi Tvisebebis 
mqone “atmosfero” wyalbadis (H2), meTanis (NH4), amiakisa (NH3) da 
wylis orTqlisgan Sedgeboda. xelovnur atmosferoSi elvis ma-
givrobas eleqtro ganmuxtva uwevda. KkondicionerSi atmosfer-
os aciebdnen, rac miniaturul zRvaSi wylisa da masSi gaxsnili 
nivTierebebis nakads uzrunvelyofda. 

wylis orTqli

eleqtrodi

kondencioneri

civi 
wyali

gaciveuli 
wyali organuli 
molekulebiT

Sedegebi

daskvna

nimuSi qimiuri 
analizisTvis. 

sanam es masala aparatSi cirkulirebda, mileri da urei anal-
izisTvis periodulad nimuSebs iRebdnen. maT sxvadasxva or-
ganuli molekulis, (magaliTad organizmis cilebSi gavrcele-
buli aminomJavebis alaninis da glutaminis mJavis) arseboba 
daadgines. mravali sxva aminomJava da rTuli cximovani hidro-
karbonatebic aRmoaCines. 

organuli molekulebi, romlebic sicocxlis warmoSobis pirveli 
etapia, SeiZleba Zlier aRdgenad atmosferoSi warmoiqmnas. 
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molekulebis narevi (primitiuli bulioni) iyo, da sicocx-
le swored iq warmoiqmna. 1953 wels Cikagos universitetis 
TanamSromlebma stenli milerma da harold ureim oparin-
heldenis hipoTeza eqsperimetulad Seamowmes. maT adreul 
dedamiwaze savaraudod arswebuli pirobebis msgavsi piro-
bebi  laboratoriaSi Seqmnes. xelsawyoebis daxmarebiT mox-
erxda Tanamedrove organizmebSi arsebuli mravali aminom-
Javis da sxva organuli komponentebis miReba (suraTi 26.2, 
aseve suraTi 4.2) 

es eqsperimenti mraval laboratoriaSi gameorda. sx-
vadasxva eqsperimentebSi gansxvavdeboda ZiriTadad atmos-
feros Semadgenloba. zogierTi eqsperimentis Sedegad or-
ganuli naerTebi marTlac miiRes. magram gaurkvevelia iyo 
Tu ara adreuli dedamiwis atmosferoSi sakmarisi meTani 
da amoniumi, rom is aRdgeniTi yofiliyo. axla iTvleba, rom 
pirveladi atmosfero ZiriTadad azotisa da naxSirormJa-
visgan Sedgeboda da arc daJangviTi (eleqtronebis gamo-
myofi) da arc aRdgeniTi iyo. roca miler-ureis eqsperi-
menti aseT atmosferoSi Caatares, organuli molekulebi 
ver miiRes. rogorc Cans, pirveladi atmosferos mcire 
ubnebs (im ubnebs, romlebic vulkanebis kraterebTan ax-
los iyo), aRdgeniTi Tvisebebi hqonda. SesaZlebelia, rom 
pirveli organuli naerTebi dedamiwaze sinTezirdeboda 

ara atmosferoSi, aramed wyalqveSa vulkanebTan da zRvis 
fskerze arsebul dedamiwis qerqis gaxleCis adgilebTan 
axlos  (dedamiwis qerqis susti wertilebi, saidanac cx-
eli wyali da mineralebi okeaneSi Caedineba, suraTi 26.3) 
es regionebi mdidaria araorganuli gogirdisa da rkinis 
SenaerTebiT, romlebic Tanamedrove organizmebSi atf-is 
sinTezis Semadgeneli nawilia. 

dedamiwis farglebs gareT arsebuli 

organuli nivTierebebis wyaroebi  

SesaZlebelia, rom pirveladi sicoccxlis Semadgeneli 
zogierTi organuli naerTi dedamiwaze kosmosidan moxvda. 
dedamiwaze dacemul meteoritebs Soris iyo naxSirbadis 
Semcveli qondritebia anu qvebi, romelTa masis 1-2% nax-
Sirbadis naerTebi Seadgens. 1969 wels samxreT avstraliaSi 
aRmoaCines 4,5 miliardi wlis asakis qondriti, romelic 80 
aminomJavas Seicavs. zogi aminomJavas raodenoba qondirTSi 
sakmaod didia. aRsaniSnavia, rom am aminomJavebis Sefarde-
ba im Sefardebis msgavsia, romelic miler-ureis eqsperi-
mentSi miiRes. am aminomJavebs qondriti dedamiwaze ver 
SeiZenda (gaWuWyianebis Sedegad), vinaidan isini Sedgebian-
Tanabari raodenobis D da L izomerebsgan (ix. Tavi 4.) orga-
nizmebi, mcire gamonaklisis garda, asinTezeben da iyeneben 
mxolod L  izomerebs. aminomJavebi, romlebic dedamiwaze 
qondritTan erTad moxvda, albaT Sevida pirveladi bulio-
nis SemadgenlobaSi. magram ukanaskneli kvlevebis Tanaxmad 
maTi roli sicocxlis warmoqmnaSi Zalian umniSvnelo iyo. 

sicocxlis niSnebis Zieba dedamiwis gareT

amJamad SesaZlebelia im varaudis Semowmeba, rom si-
cocxle ara maro dedamiwaze arsebobs. marsidan aRebuli 
nimuSebis gamoyenebiT SesaZlebelia adreuli dedamiwisT-
vis (sicocxlis gaCenamde-prebioturi qimia) damaxasiaTe-
beli qimiuri Semadgenlobis Sesaswavla. marsis zedapiri 
amJamad civi, mSrali da usicocxlo udabnoa. magram dRes 
aRiarebulia, rom miliardi wlis winaT mokle periodis 
ganmavlobaSi marsi SedarebiT Tbili iyo. masze iyo wyali 
da naxSirorJangis Semcveli atmosfero. albaT marszec 
arsebobda adreuli dedamiwis msgavsi prebioturi qimi-
uri struqturebi. ganviTarda Tu ara marsze sicocxle, 
romelic SemdegSi ganadgurda, Tu prebioturi qimiuri 
ganviTareba temperaturis dacemisa da atmosferos SeTx-
elebis gamo sicocxlis gaCenamde Sewyda? robotebi marsze 
agroveben axal masalas, mecnierebi mas ikvleven da am kiTx-
vebze pasuxi Semdeg aTwleulSi SesaZlebeli gaxdeba. 

kosmosurma xomaldma `galileom~ Catarebuli dak-
virvebis Sedegad yinuliT dafaruli evropis (iupiteris 
erT-erTi mTvaris) zedapirze Txevadi wyali daafiqsira. 
evropis okeaneSi albaT aris prokariotuli sicocxle. 
mzis sistemis farglebs gareT aRmoaCines asze meti plane-
ta, romlebic TavianTi mzis orbitebis irgvliv trialeben. 
es planetebi iupiteris tolebi an ufro didebia. uaxlesi 
aTwleulebis ganmavlobaSi kosmosuri obserbatoriebi 
apireben ufro mgrZnobiare teleskopebis gamoyenebas da 

 S suraTi 26.3 sarkmeli adreul sicocxleSi? kvleviGTi wyalqve-
Sa navis alvinis instrumenti, romelsac robotis xeli marTavs, 
kortesis zRvis hidroTermul gasasvlelTan wylis nimuSebs 
iRebs. wylis zedapiridan 1,5 km siRrmeze  gasasvlelidan wyalSi 
wyalbadisa da rkinis sulfidebi xvdeba, romlebic reaqciaSi 
Sedian da pirits da wyalbadis gazs qmnian. gasasvlelTan axlos 
mobinadre prokariotebi wyalbads energiis resursad iyeneben. es 
erT-erTi yvelaze eqstrmaluri pirobebia, romelSic sicocxles 
arseboba SeuZlia. zogierTi mecnieri Tvlis, rom adreul dedami-
waze sicocxle zustad aseT adgilebSi warmoiqmna.
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patara planetebis, an iupiteris msgavsi didi planetebis 
mTvareebze dakvirvebas. Tu romelime observatoria mi-
iRebs am planetebis atmosferoebSi Tavisufali Jangba-
dis arsebobis damadasturebel mZlavr speqtroskopiul 
signals, es daadasturebs, rom iq Jangbadis warmomqmneli 
fotosinTezis unaris mqone organizmebi arsebobs. amJamad 
sicocxlis arsebobis damadasturebeli sxva atmosferuli 
niSnebi ar aris cnobili. 

polimerebis abioturi sinTezi

cxadia, cocxali ujredi ar aris mxolod aminomJa-
vebis ubralo erToba. yovel ujredSi makromolekulebis 
didi asortimentia. es TviTganaxlebisaTvis aucilebeli 
cilebi da nukleinis mJavebia. warmoudgenelia sicocxlis 
gaCena garemoSi, sadac msgavs makromolekulebs ar aris. 
mkvlevrebma cxel qviSaze, Tixasa an qvaze aminomJavebis 
dawveTebiT aminomJavebis polimerebis sinTezi SeZles. po-
limeri spontanurad, enzimebisa da ribosomebis daxmarebis 
gareSe warmoiqmneba. magram cilebisgan gansxvavvebiT, es 
polimerebi dakavSirebuli, an jvaredinad dakavSirebuli 
aminomJavebis rTul narevia. narevis yoveli polimeri gan-
sxvavebulia. miuxedavad amisa, adreul dedamiwaze mimdin-
are sxvadasxva qimiuri reaqciaSi am makromolekulebs See-
ZloT susti katalizatoris rolis Sesruleba.

protobiontebi

sicocxle nawilobriv ori TvisebiT, zusti replika-
ciiTa da metabolizmiT, ganisazRvreba. erTi Tviseba meo-
ris gareSe ar arsebobs. dnm-is molekulebi Seicavs geneti-
kur informacias. im instruqciis CaTvliT, romelic zusti 
TviTreplikaciisTvis saWiroa. magram dnm-is replikacias 
uzrunvelyofs rTuli fermentuli meqanizmi da nukleo-

tiduri samSeneblo `blokebiT~ uxvi 
momarageba. es blokebi ki ujredis 
metabolizmis anu nivTierebaTa cv-
lis Sedegad warmoiqmneba (ix. Tavi 
16). miler-ureis eqsperimentebSi 
SegviZlia zogierTi dnm-is da rnm-is 
azotovani fuZeebis miReba. magram am 
eqsperimentebis Sedegad ver viRebT 
nukleotidebs. ase rom, nukleinmJa-
vebisgan Semdgari saSeneblo `bloke-
bi~ albaT pirveladi organuli bu-
lionis SedgenilobaSi ar Sedioda. 
metabolizmis msgavsi procesebi da 
samSeneblo blokebis Sesaqmnelad 
saWiro TviTgamravlebadi molekule-
bi erTdroulad unda warmoqmniliyo. 
rogor moxda es?

yvela am pirobas protobiontebi 
akmayofilebs. es abioturad warmo-
qmnili molekulebis erTobliobaa, 
romelic membraniT an membranis ms-
gavsi struqturiT garSemortymulia. 
protobiontebs sicocxlesTan aso-
cirebuli zogierTi Tviseba aqvs. am 

Tvisebebs Soris martivi reproduqcia da metabolizmia. maTi 
Sinagani qimiuri Semadgenloba gansxvavdeba garemos qimiuri 
Semadgenlobisgan. 

eqsperimentebiT dasturdeba, rom protobiontebi abio-
turad warmoqmnili organuli struqturebisgan spontanu-
rad gaCnda. magaliTad, patara, membraniT SemosazRvruli 

fosforilaza

maltoza

amilaza

saxamebeli

glikozas fosfati 

glikozas fosfati 

maltoza

(a) martivi gamravleba. es liposima 

“Sobs ufro patara liposomas (LM)
(b) martivi metabolizmi. Tu fermentebi, am SemTx-
vevaSi fosforilza da amilaza, damatebulia xsnar-
Si, romelSic wveTebi warmoiqmneba, zogi liposoma 
iwyebs martivi metaboluri reaqciebis warmoebas da 
qimiuri naerTebis garemoSi gamoyofas

 S suraTi 26.4 protobiontebis laboratoriuli versia.

ribozima 

(rnm-is molekula)

Sabloni

komple-

mentaruli 

rnm-is asli

nukleoti

debi

 S suraTi 26.5 rnm-is replikaciaze pasuxismgebeli ri-

bozima. rnm-is am molekulas SeuZlia meore molekulis, 

daaxloebiT 14 nukleotidis Semcveli monakveTis, komple-

mentaruli aslis Seqmna.
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wveTebi, liposomebi, SeiZleba lipidebis an sxva organuli 
molekulebis wyalTan Serevis Sedegad gaCndes (suraTi 
26.4). narevis wveTis zedapiris hidrofoburi molekulebi 
ormag Sres qmnian, romelic plazmis membranis lipiduri 
ormagi Sris msgavsia. ormagi Sris SerCeviTi SeRwevadobis 
gamo liposomebi osmosis Sedegad farTovdeba an ikumSeba, 
roca maT sxvadasxva koncentraciis xsnarebSi aTavseben. 
zogi liposoma energias membranuli potencialis formiT 
(membranis zedapiris gaswvriv arsebuli eleqtruli muxti) 
inaxavs. aseT liposomebs, nervuli ujredebis msgavsad aRg-
zneba SeuZlia. am tipis aRgznebadoba yvela cocxali form-
isTvis damaxasiaTebelia (es ar niSnavs, rom liposomebi 
cocxalia, ubralod maT cocxali organizmis zogi Tviseba 
axasiaTebs). Tu adreuli dedamiwis gubeebSi warmoqmnili 
es wveTebi TavianT membranebSi aminomJavebis SemTxveviTad 
SerCeul polimerebs CarTavdnen, da Tu zogi dakavSirebu-
li polimeri konkretuli organuli molekulebisTvis SeR-
wevad membranebs Seqmnida, maSin aseTi wveTebi SeZlebdnen 
garemodan organuli molekulebis SerCeviT aTvisebas. 

pirveli genetikuri masala albaT rnm da ara dnm iyo. 
Tomas Cexma (kolorados universiteti) da sidnei altman-
ma (ielis universiteti) gamoikvlies, rom rnm-s, romelic 
cilebis sinTezSi mTavar rols asrulebs, SeuZlia fer-
mentis msgav si ramdenime katalizuri funqciis Sesruleba. 
Cexma maT rnm fermentebi uwoda. zogierTi ribozima nuk-
leotiduri samSeneblo blokebiT momara gebisas mcire 
monakveTebis komplementalur aslebs qmnis (suraTi 26.5) 
sxvebi Tvi Ton gadaadgileben sakuTar seg mentebs (TviT-
modificirebadi intronebi, ix. Tavi 17), moqmedeben sxva-
dasxva molekulebze, magaliTad satransporto rnm-ze, an 
Slian molekulebis nawilebs. es maT srulfasova ni funq-
cionirebis unars aniWebs. ribozimebiT ka talizirebuli 
reaqciebi SedarebiT nelia. magram ribozimebTan dakavSire-
bul cilebs reaqciis siCqaris aTasjer gazrda SeuZlia. 

rnm-is molekulebis bunebriv gadarCevaze laborato-
riul pirobebSi eqsperimenti tardeboda. dnm-is ormagi 
jaWvisgan gansxvavebiT, romelic ormagi spiralis stand-
artul formas iRebs, rnm-is erTjaWviani molekulebi sx-
vadasxva samganzomilebian formas iRebs, romelsac maTi nuk-
leotiduri Tanmimdevroba gansazRvravs. aseT molekulas 
aqvs orive:  _ genotipuri (misi nukleotiduri Tanmimdev-
roba) da fenotipuri (misi struqtura, romelic konkret-
uli mimarTulebiT garSemo myof molekulebTan urTierT-
moqmedebs) Tvisebebi. garemos eqstremalur pirobebSi 
rnm-is molekulebi, romlebsac zusti ZiriTadi Tanmimdev-
roba aqvs, ufro stabiluria. maTi replikaciac ufro swra-
fia da naklebi SecdomebiT mimdinareobs, vidre sxva Tanmim-
devrobebis replikacia. rnm-is gansxvaveuli  molekulebi 
konkurireben replikaciisTvis saWiro monomerebisTvis. 
imarjvebs Tanmimdevroba, romelic ukeT Seguebulia tem-
peraturas, marilis koncentraciasa da xsnaris sxva Tvise-
bebs, da saukeTeso TviTkatalizuri aqtioba axasiaTebs. ase-
Ti molekulebis STamomavloba erTi rnm-is absoluturad 
identuri asli ar aris. axlomonaTesave TanmimdevrobaTa 
ojaxs Svileuli rnm-ebi qmnian. maT TanmimdevrobaSi gan-
sxvaveba mainc iqneba, vinaidan replikaciisas gardauvalia 

Secdomebi. gadarCeva pirvelad TanmimdevrobaSi mutaciebs 
cxrilavs. kopirebisas daSvebuli SemTxveviTi Secdomebi 
aisaxeba molekulebze. gadarCeva ufro stabiluri formis  
molekulebs arCevs, an maT, vinc winapar TanmimdevrobebTan 
SedarebiT ukeT TviTreplicirdeba. msgavi gadarCeva albaT 
adreul dedamiwazec iyo. ase rom, dRevandeli molekuluri 
biologiis safuZveli  rnm-is `samyaroa~. am samyaroSi pata-
ra rnm-is molekulebs, romlebic genetikuri informaciis 
matareblebi iyvnen, SeeZloT replikacia da rnm-is matareb-
el protobiontebze informaciis gadatana. 

prinstonis universitetis fizikosi friman disoni Tv-
lis, rom rnm-is pirveli molekulebi albaT mokle, virusis 
magvari Tanmimdevrobeba iyo. am TanmimdevrobaTa replika-
ciisas katalizur funqcias SemTxveviTad SerCeuli ami-
nomJavuri polimerebi asrulebda, magram maTi katalizuri 
Tvisebebi susti iyo. savaraudod, es adreuli replikacia 
protobiontebis SigniT mimdinareobda, romlebmac didi 
raodenobiT organuli monomerebi Seagroves. Tu rnm-is 
zog molekulas SeeZlo  specifikuri aminomJvebis dakav-
Sirebariv maTi sigrZis nawilis gaswvriv ganlagebul fuZee-
bTan, es kavSiri ramdenime aminomJavas im drois ganmavloba-
Si daikavebda, ramdenic saWiroa peptidis formirebisTvis 
marTlac, es Tanamedrove ribosomebSi (cilis sinTezis 
adgilebi ujredSi) ribosomuli rnm-is erT-erTi funqciaa. 
zogi peptidi fermentis magvar funqcias asrulebda _ 
rnm-is molekulis replikaciis daxmareba. sxvebi protobi-
onturi membranis SemadgenlobaSi Sevidnen, ris gamoc mem-
branam maRalenergiuli araorganuli molekulebis, magal-
iTad wyalbaTis sulfidis gamoyeneba SeZlo da organuli 
reaqciebis, maT Soris rnm-is samSeneblo `blokebis ~  Seqmna 
bolomde miiyvana. 

TviTreplikaciis unaris mqone katalizuri rnm-is 
Semcveli protobiontebi unda gansxvavdebodnen mezo-
blebisgan, romlebsac ar hqondaT rnm, an romelTa rnm-s 
es Tvisebebi ar hqonda. Tu aseTi protobiontebi izrdebo-
da, ixliCeboda da rnm-is molekulebs Svileul ujredebs 
gadascemda, maT mSoblebis zogi Tvisebac unda mieRoT. 
pirvelad protobiontebi albaT SezRudul genetikur 
informacias atarebdnen. es informacia ramdenime Tvise-
bas akontrolebda, romelic maT memkvidreobiT miiRes 
da romelzec bunebrivi gadarCeva moqmedebda. yvelaze 
warmatebuli protobiontebis raodenoba nel-nela izrde-
boda, vinaidan isini resursebs ufro efeqturad iyenebdnen 
da Semdgom Taobebsac am Tvisebas gadacemdnen. aseTi pro-
tobiontebis gaCena SeiZleba ararealurad geCvenebaT, ma-
gram gaxsovdeT, rom adreuli dedamiwis wylebSi miliardo-
biT protobionti arsebobda. memkvidreobiTobis Tundac 
SezRuduli unaris mqones sxvebTan SedarebiT uzarmazari 
upiratesoba hqonda. 

protobiontebSi genetikuri informaciis matarebeli 
rnm-is Tanmimdevrobis gaCenis Semdeg bevri sxva cvlile-
bac gaxda SesaZlebeli. magaliTad, rnm iseT matricas qm-
nida, romelSic grovdeboda dnm-is nukleotidebi. geneti-
kuri informaciis Sesanaxad dnm-is ormagi spirali rnm-is 
erTmag jaWvze gacilebiT stabiluria. dnm-is replikaciac 
ufro zustia. genomis zrdasTan erTad zusti replikacia-
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li aucilebeli xdeba genis gaormagebisa da sxva procesebi-
sTvis. is aucilebelia, Tu saWiroa mravali Tvisebis gene-
tikuri kodireba. dnm-is gaCenis Semdeg rnm-is molekulebs 
sxva funqciebi daekisra. es funqciebi maTi amJamindeli 
funqciebis msgavsi iyo. kerZod, genetikuri informaciis 
gadatanisas Suamdgomloba. `rnm-is samyarom~ adgili `dnm-
is samyaros~ dauTmo. bunebrivi gadarCevis procesSi gaCnda 
sicocxlis sxvadasxva formebis gaCenisaTvis aucilebeli 
pirobebi. es procesi dRemde mimdinareobs. 

 koncefcia testi 26.1
1.  ra hipoTeza Seamowmes milerma da ureim TavianTi 

eqsperimentebiT?
2.  ratom iyo membraniT SemosazRvruli protobi-

ontebis gaCena sicocxlis warmoSobis ZiriTadi 
piroba?

3.  ra aris ribozima? 

koncefcia 26.2
dedamiwaze arsebuli sicocxlis 
daTariReba namarxebis meSveobiT 

sicocxlis warmoSobasTan dakavSirebul kiTxvebze 
srul pasuxs ver miviRebT, vinaidan am procesis damadas-
turebeli namarxebi dReisTvis ar arsebobs. ufro gviani 
mravali movlena namarxebSi kargad dokumentirebulia. 
namarxebis zedmiwevniTi Seswavla gvaZlevs informacias 
dedamiwaze didi xnis win arsebul organizmebze da miliar-
dobiT wlis ganmavlobaSi mimdinare sicocxlis evoluciaze. 

rogor aTariReben danaleq qanebsa  

da namarxebs

25-e TavSi waikiTxeT, rom namarxebis umravlesoba aR-
moCenilia danaleq qanebSi. aq Senaxuli namarxebi TiTqos 
droSi gayinulia. qanebis yoveli fenis namarxebi am qanis 
formirebis periodis organizmebs Seicavs. ufro axali qa-
nebi ufro Zvelze ileqeba. danaleqi fenebi TiTqos wignis 
gverdebs qmnian, romlebzec Cawerilia namarxebis miaxloe-
biTi asaki (suraTi 25.3).

erT geografiul wertilSi ganlagebul fenaSi SeiZle-
ba sxva adgilas ganlagebuli fenis msgavsi namarxebi iyos. 
aseTi namarxebi cnobilia indeqsuri namarxebis saxeliT. 
saukeTeso indeqsuri namarxebi warsulSi dedamiwaze far-
Tod gavrceloebuli wylis niJariani organizmebia (su-
raTi 26.6). indeqsuri namarxebidan Cans, rom yvela adgils 
axasiaTebs namarxebis Tanmimdevrobis darRvevebi. zogi 
adgili garkveuli periodis ganmavlobaSi zRvis doneze 

maRla iyo ganlagebuli da niJariani organizmebis Semcve-
li daleqili qanebi iq ar Camoyalibda. zogi danaleqi qanis 
Srem adgili Seicvala (romelic yalibdeboda, roca es ad-
gili wyliT iyo dafaruli). 

danaleq SreebSi arsebuli namarxebis Se darebiT vxe-
davT na  marxebis dalagebis Tanmimdevrobas, magram maT 

 S suraTi 26.6 namarxebis indeqsireba. niJariani cxovelebi 

braqiopodebi (mxarfexianebi) uZveles zRvebSi farTod 

iyvnen gavrcelebulni. maTi namarxebi SesaniSnavi saSuale-

baa sxvadasxva adgilis danaleqi qanebis fardobiTi asakis 

dasadgenad.

Svilobili@ izoto-

pis dagroveba
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 S suraTi 26.7  raioaqtiuri daTariReba. radioaqtiuri mSobeli 
izotopi Svilobil izotopebad mudmivi siCqariT iSleba. daSlis 
siCqare gamoixateba sicocxlis naxevrad-periodiT. es aris mSob-
liuri izotopis 50% daSlisTvis saWiro dro (am saaTze yoveli 
danayofi naxevrad periods Seesabameba). yoveli tipis radioaq-
tiur izotops misTvis damaxasiaTebeli naxevrad daSlis periodi 
aqvs. magaliTad, naxSirbad -14 SedarebiT swrafad iSleba, misi 
naxevrad daSlis periodi 5 730 welia. uranium 238  nela iSleba. 
misi naxevrad daSlis periodi 4, 5 miliardi welia.
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asaks ver vigebT. qa nebSi namarxebis adgilmdebareobis dad-
gena SeiZleba SevadaroT Zalian Zveli saxlis kedlidan 
qaRaldis fenebis mocilebas. SevZlebT kedelze gakruli 
qaRaldis Tanmimdevrobis dadgenas, magram misi kedelze 
dawebebis dros ver daadgenT. geologebma namarxebis zus-
ti asakis dasadgenad ramdenime meTodi SeimuSaves. (zusti 
an `absoluturi~ TariRi ar niSnavs marTlac zust TariRs. 
ubralod am SemTxvevaSi asaki mocemulia wlebSi da ar aris 
dadgenili rame movlenasTan SedarebiT. magaliTad, iqamde 
da imis Semdeg). yvelaze gavrcelebuli meTodia radiome-
triuli daTariReba. is dafuZnebulia radioaqtiuli izo-
topebis daSlis siCqareze. yovel radioaqtiul elements 
daSlis zusti periodi axasiaTebs. izotopis naxevrad daS-
lis periodi aris dro, romelic sawyisi nivTierebis 50%-is 
daSlas sWirdeba. daSlis procesze temperatura, wneva da 
garemos sxva faqtorebi ar moqmedebs (suraTi 26.7).

namarxebi Seicavs organizmSi misi sicocxlis ganmav-
lobaSi dagrovil izotopebs. magaliTad, coc xal orga-
nizmSi Semavali naxSirbadi Seicavs naxSirbadis yvelaze 
gavrcelebul izotops, naxSirbad-12-s da radioaqtiur 
naxSirbad-14 izotops. roca organizmi kvdeba naxSirbadis 
dagrovebac wydeba. naxSirbad-14, romelsac is sikvdilis 
momentSi Seicavda, nela iSleba da sxva elementad _ azot-
14-ad gardaiqmneba. naxSirbad-14-is mTel naxSirbadTan an 
azot 14-Tan Sefardebis gamoangariSebiT namarxis asakis 
dadgena SeiZleba. naxSirbad-14, romlis naxevrad daSlis 
periodi 5 730 welia, 75 000 wlis namarxebis daTariRebi-
sTvis gamodgeba. amaze Zveli namarxebi naxSirbad-14-is 
imdenad mcire raodenobas Seicavs, rom misi dafiqsireba 
xelsawyoebiT SeuZlebelia (13 naxevrad daSlis periodis 
anu 74 490 wlis Semdeg namarxi im naxSirbad-14-is mxolod 
1/213 anu 0.012% Seicavs, romelic am namarxSi formirebis 
momentSi iyo). ufro didi naxevraddaSlis peroidis mqone 
radioaqtiur izotopebs ufro Zveli namarxebis dasaTari-
Reblad iyeneben. 

vulkanuri danaleqi qanebis  namarxebis asakis dadgena 
paleontologebs vulkanur fenebSi radioaqtiuri izoto-
pis potasium-40-is raodenobis gansazRvriT SeuZlia. po-
tasium-40 qimiurad neitralur gazad - argon-40-ad iSleba, 
romelic vulkanur qanebSi TiTqos `daWerilia~. vulkanuri 
amofrqvevisas qanebi cxeldeba, argoni qanebidan gamoid-
evneba, magram potasiumi iq rCeba. amiT SegviZlia potasi-
um-40-is daSlis dasawyisis dro davadginoT. vulkanur 
SreebSi potasium-40-is argon-40-ad daSlis siCaris mixed-
viT am Sris formirebis TariRs gansazRvraven. ase rom, Tu 
namarxebi napovnia or vulkanur Sres Soris ganlagebul da-
naleq qanebSi, romelTa asaki Sesabamisad 530 da 520 milioni 
welia, SegviZlia davadginoT, rom isini daaxloebiT 525 
milioni wlis asakis organizmebs ekuTvnis. 

qanebis magnetizmis saSualebiT aseve SegviZlia maTi 
daTariReba. vulkanuri an danaleqi qanebis for mirebis mo-
mentSi am qanebSi Semavali rkinis nawilakebi ganlagebuli 
iyo dedamiwis magnituri velis Sesabamisad. roca qanebi 
qvavdeba, rkinis nawilakebis orientacia `droSi iyineba~. am 
qanebis magnetizms magnitometris meSveobiT zomaven. am xe-
rxis gamoyenebiT geologebma gansazRvres, rom dedamiwis 

CrdiloeTis da samxreTis magnituri polusebi warsulSi 
adgils mravaljer icvlidnen. magnituri polusebis cvli-
leba mTel planetaze moqmedebda da danaleq qanebzec sa-
kuTari kvali datova. erT adgilas magnituri polusebis 
cvlilebis struqtura msgavsia nebismier sxva adgilas Ses-
abamisi struqturis. amitom sxva meTodebis miuwvdomlobis 
SemTxvevaSi qanebis daTariReba am meTodiTac SeiZleba. 

geologiuri matiane

dedamiwis istoriis aRwerisTvis geologebma geolo-
giuri matiane SemoiRes. dedamiwis istoria sam eonad dai-
yo (cxrili 26.1 pirvel gverdze). pirveli ori, arqeis da 
proterozouri eoni, daaxloebiT 4 miliard wels grZel-
deboda. erTad am or eons prekembiul periods uwodeben. 
fanerozouri eoni, romelic ukanasknel naxevar mili-
ard wels grZeldeba, emTxveva dedamiwaze eukariotuli 
organizmebis arsebobis umetes nawils. am eons sam _ pa-
leozour, mezozour da kainozour erebad yofen. yoveli 
era dedamiwis istoriis gansxvavebul dros warmadgens. 
magaliTad: mezozour eras xandaxan `reptiliebis eras~ 
eZaxian, didi raodenobis reptiliebis, maT Soris dinoza-
vrebis namarxebis gamo. erebs Soris arsebuli drois saz-
Rvrebi masobriv gadaSenebebs ukavSirdeba, romelTa kvals 
namarxebis kvlevisas vxedavT. dedamiwaze odesme arsebuli 
mravali organizmi mTlianad gadaSenda, gadarCenilebma 
ki axali formebi mogvces. erebs periodebad yofen. bevri 
periodis sazRvrebs SedarebiT mcire masStabis katastro-
febis mixedviT adgenen. periodebi iyofa intervalebad, 
romlebsac epoqebs eZaxian. kainozouri eris epoqebis 
CamonaTvali mocemulia 26.1 cxrilSi. 

masobrivi gadaSenebebi

saxeobebis gadaSenebas SeiZleba uamravi mizezi hqondes: 
sabindro areali SeiZleba ganadgurdes an garemo saxe-
obisTvis arasasurveli mimarTulebiT Seicvalos. okeanis 
temperatura ramdenime gradusiT Tu daiwevs, Tanamedrove 
pirobebTan kargad adaptirebuli mravali saxeoba gadaS-
endeba. garemos fizikuri faqtorebis stabilurobis Sem-
TxvevaSi SeiZleba Seicvalos biologiuri faqtorebic. 
erTi saxeobis sabinadro garemoSi sxva saxeobebic binad-
roben. amitom erTi saxeobis evoluciuri cvlileba sxve-
bzec aisaxeba. 

namarxebis SeswavliT dasturdeba garemos swrafi da 
gamanadgurebeli cvlilebebis ramdenime SemTxveva, rom-
lis Sedegad saxeobebis umravlesoba gadaSenda (suraTi 
26.8). masobrivi gadaSenebis magaliTia sxeulis mkvrivi sa-
faris mqone cxovelebis gadaSeneba, romlebic wyalmarCx 
zRvebSi binadrobdnen. sxvebTan SedarebiT am organizmebis 
namarxebi ufro srulyofilia. did interess ori masobrivi 
gadaSeneba – permuli da carculi iwvevs. permuli masobri-
vi gadaSeneba paleozouri da mezozouri erebis sazRvarze 
moxda da zRvis saxeobebis 96%-mde Seiwira. man imoqmeda 
dedamiwis zedapirze gavrcelebul sicocxlezec. magali-
Tad, mwerebis 27 rigidan 8 gadaSenda. es masobrivi gadaSene-
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cxrili 26.1 geologiuri aTvla

eonebis 
fardobiTi 
xangrZlivoba

era periodi epoqa asaki (milio-
ni wlebis win

sicocxlis istoriis 
zogi mniSvnelovani  
movlena

fanero-
zouri

p r o -
t e r o -
zouri

k a o n i -
zouri

m e z o -
zouri

p a l e o -
zouri

a r q e u -
li

neogeni

p a l e o -
geni

carcis

iuruli

triasuli

permuli

qvanaxSiris

devonuri

siluruli

ordovikuli

kembriuli

holoceni

pleistoceni

plioceni

mioceni

oligoceni

eoceni

p a l e o v -
ceni

Tanamedroveoba

gamyinvareba: adamianis warmoSoba

gvari Homo-s warmoSoba

ZuZumwovrebis da farulTeslovanebis daTiS-
vis gagrZeleba. adamianis winapris adamianis-
magvari maimunis warmoSoba

primatebis mravali jfufis, maT Soris 
adamianismagvari maimunebis warmoSoba

izrdeba farulTeslovanebis upiratesoba. Zu-
Zumwovrebis umetesi Tanamedrove rigis daTiSvis 
gagrZeleba

ZuZumwovrebis, frinvelebisa da damt-
veravi mwerebis ZiriTadi daTiSva

yvavilovani mcenareebis (farulTeslovaniebis) war-
moSoba; mravali organizmis, dinozavrebbis CaTvliT, 
gadaSeneba peiodis bolos (carculi gadaSeneba)

SiSvelTeslovaniebis dominanto-
bis gagrZeleba; dinozavrebi mraval-
ricxovani da mravalferovania

girCiani (SiSvelTeslovani) mcenareebis 
dominireba; dinozavrebis daTiSva; ZuZUm-
wovrebismagvari reptiliebis warmoSoba

reptiliebis daTiSva; mwerebis Tanamerdove 
rigebis umetesobis warmoSoba; periodis bolos 
uamravi zRvis da xmeleTis organizmis gadaSeneba

WurWlovani mcenareebis didi tyeebi; 
pirveli Teslovani mcenareebi; reptili-
ebis warmoSoba; amfibiebis dominantoba

Zvlovani Tevzebis gamra-
valferovneba; pirveli oTx-
fexianebi da mwerebi

adreuli  WurWlovani mcenareebis 
gamravalferovneba

zRvis mravalricxovani wyalmcena-
reebi; fexsaxrianebi da mcenareebi 
xmeleTs iTviseben

cxovelebis mravali tipis mraval-
ferovnebis swrafi zrda (kembriuli 
afeTqeba)

mravalferovani wyalmcenareebi da 
rbiltaniani uxerxemlo cxovelebi

eukariotuli ujredebis uZve-
lesi namarxebi

atmosferuli Jangbadis koncentracia izrdeba

prokariotuli ujredebis uZvelesi namarxebi

dedamiwis zedapiris yvelaze Zveli cnobili qanebi

dedamiwis warmoSobadaaxloebiT
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permuli masobrivi 
gadaSeneba

t a q s o n o m i u r i  
ojaxebis raodenoba

carculi 
masobrivi
 gadaSeneba

milioni wlebis win

(_
)

(_
)

gadaSenebis sixSire

 W suraTi 26.8 sicocxlis mravalferovneba da maso-
brivi gadaSenebis periodebi. xmeleTisa da zRvis or-
ganizmebis namarxebi drois ganmavlobaSi organizmebis 
mravalferovnebis zrdis maCenebelia (wiTeli xazi da 
marjvena vertikaluri RerZi) masobriovi gadaSene-
bebi naCvenebia gadaSenebis sixSiris mwvervalebiT 
(lurji xazi da marcxena vertikaluri RerZi) romle-
bic mravalferovnebis mudmiv zrdas wyvets. yoveli 
geologiuri periodis ganmavlobaSi gadaSenebuli taq-
sonomiuri ojaxebis dadgenili procenti gadaSenebis 
sixSirea. 

ba 5 milionze naklebi wlis win moxda. geologiuri drois 
TvalsazrisiT es wamebia. carcis masobrivi gadaSeneba 65 
milioni wlis winaT mezozouri da kainozouri erebis saz-
Rvarze moxda. zRvis saxeobebis naxevarze meti da xmeleTis 
binadarTi mravali mcenare da cxoveli gadaSenda. am dros 
gadaSenda dinozavrebis umetesobac. 

permuli masobrivi gadaSeneba daemTxva uzarmazar vul-
kanur amofrqvevebs, romlebic tamanedrove cimbiris adgilas 
moxda. bolo naxevari miliardi wlis ganmavlobaSi es yvelaze 
masStaburi vulkanuri amofrqvevebi iyo. lavis gamosvlisa da 
atmosferoSi nacris amofrqvevis garda, atmosferoSi didi 
raodenobiT naxSirorJangi moxvda, ramac globaluri klima-
turi cvlilebebi, kerZod ki globaluri daTboba gamoiwvia. 
ekvatorsa da polusebs Soris temperaturis sxvaoba Semcir-
da, ramac okeanuri wylebis Serevis Seneleba gamoiwvia. aman 
Tavis mxriv Seamcira zRvis cxovelebisTvis saWiro Jangbadis 
raodenoba. okeaneebSi Jangbadis deficitma permul gadaSene-
baSi didi roli Seasrula. 

carcis masobrivi gadaSenebis SesaZlebeli mizezis 
asaxsnelad ikvleven iridiumiT gamdidrebul Tixis Txel 
fenas, romelic ganlagebulia mezozouri da carcis erebis 
danaleqi qanebis sazRvarze. iridiumi dedamiwaze Zalian 
iSviaTad gvxvdeba, magram bevria dedamiwaze moxverili me-
teoritebis da sxva kosmosuri obieqtebis SemadgenlobaSi. 
valter da luis alvarezebma da maTma kolegebma (kalifor-
niis universiteti) ivaraudes, rom es Sre sxvadasxvanairi 
namsxvrevebis Semcveli uzarmazari Rrublis daleqvis 
Sedegad warmoiqmna, romelic asteroidis an didi kometis 
dedamiwasTan Sejaxebis Sedegad atmosferoSi gavrcelda. 
am Rrubels mzis sinaTlis dafarva da ramdenime Tvis gan-
mavlobaSi globaluri klimatis seriozuli cvlilebis 

gamowveva SeeZlo. sad Camovarda es asteroidi an kometa? 
mkvlevrebi Tvlian, rom is Ciqsulubis krateris, 65 mil-
ioni wlis winaT warmoqmnili Rrmulis, adgilas Camovarda, 
romelic meqsikaSi, iukatanis sanapirosTan, danaleqi qa-
nebis qveviT mdebareobs (suraTi 26.9). krateris diametri - 
180 km-ia, aseTi Rmulis datovebas 10 kilometri diametris 
obieqts SeeZlo.  

masobrivi gadaSenebis sxvadasxva mizezebze arsebuli 
hipoTezebis ganxilva dResac grZeldeba. carcul peri-
odSi momxdari masobrivi gadaSenebisas vulkanuri aqti-
vobis piki Tanamedrove indoeTis adgilas iyo. gamoiwvia 
Tu ara es piki Ciqsulubis gavlenam? zogi mecnieri Tvlis, 
rom permul masobriv gadaSenebasTan dakavSirebuli cimbi-
ruli vulkanuri aqtivoba SeiZleba kosmosurma movlenebma 
gamoiwvia. am dros didi avstraliis napirTanac Camovarda 
meteoriti, ramac avstraliaze gavlena iqonia. es mosaz-
reba daudasturebelia. permul danaleq qanebSi iridiumiT 
mdidari Sreebi ar aris aRniSnuli. magram vulkanuri aqti-
vobis gamosawvevad sakmarisia meteoritis an sxva didi sxe-
ulis siaxlove an iribi dartyma.  

masobrivi gadaSenebebis mizezebi jer gamosakvlevia. 
magram am periodSi sicocxles ganTavisuflebul ekolo-
giur niSebSi adaptaciuri radiaciis SesaniSnavi SesaZle-
bloba uCndeboda. Tavis boloSi sicocxlis istoriis Ziri-
Tad momentebze visaubrebT. 26.10 suraTze asaxulia am 
movlenebis geologiur aRricxvasTan SesabamisobaSi mosay-
vanad saaTis principis gamoyeneba. am saaTs Tavis sxvadasx-
va nawilSic gamoviyenebT. is ama Tu im movlenis TariRis 
swraf gaxsenebaSi dagvexmareba. k

c e
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 koncefcia testi 26.2
1.  analizis saSualebiT daadgineT, rom Tqvens mier aR-

moCenili Tavis qalaSi naxSirbad-14/naxSirbad-12-
Tan, Tanamedrove cxovelebis Tavis qalebis msgavsi 
Semardebis 1/16-ia. ras udris gaqvavebuli namarxis 
miaxloebiTi asaki?

2.  26.1 cxrilze dayrdnobiT gamoTvaleT, ramden xans 
iyo dedamiwa mxolod prokariotebiT dasaxlebuli? 

koncefcia 26.3
prokariotebis evolucia da maTi 
gavlena axlagazrda dedamiwaze  

yvelaze Zveli namarxi formebi stromatoliTebia, 
romelTa asaki 3,5 miliar-
di welia. stromatoliTebi 
kldovani struqturebia, 
rom lebic baqteriebisa da 
misi sedimentebis mravali 
Srisgan Sedgeba  (sur. 26.11). 
dResdReobiT stromato-
liTebi mcire zomis Tbil 
gubeebSi, wyalmarCx adgileb-
Si da mlaSe wylebSi gvxvdeba. 

Tu miviCnevT, rom baqteriebi 3.5 miliardi wlis win arse-
bobda, unda vivaraudoT, rom sicocxle dedamiwaze gac-
ilebiT adre, daaxloebiT 3.9 miliardi wlis win warmoiSva, 
roca dedamiwa imdenad gacivda, rom wyali Txevadi gaxda. 
amdenad, prokariotebi warmoiSva da ganviTarda, roca 
dedamiwa Zalian `axalgazrda iyo~. faqtiurad prokari-
otebis ganviTarebis adreul stadiaSi Camoyalibda ori 
ZiriTadi evoluciuri xazi _ baqteriebi da arqebaqterie-
bi. rogorc 27-e TavSi naxavT, es ori xazi arsebobas dResac 
ganagrZobs da sxvadasxva bunebriv pirobebSi gvxvdeba.

pirveli prokariotebi 
gamravlebis unaris mqone adreuli protobiontebi me-

tabolizmisTvis primitiul bulionSi arsebul molekulebs 
iyenebdnen. umartives protobiontebsac ki arebobisTvis 
garemos konkretuli pirobebi esaWiroeboda. sicocxlis 
es formebi iZulebuli iyvnen sinTezis gziT SeeqmnaT maT-
Tvis sasicocxlod aucilebeli nivTierebebi.  mogvianebiT, 
protobiontTa Soris iseTi organizmebi gaCnda, romlebic 
sinaTlis energiis gamoyenebiT saarsebo garemos araor-
ganuli molekulebidan, organuli naerTebis sinTezs awar-
moeben anu pirveli autotrofebi ganviTardnen. autotro-
febis Semdgom ganviTarebam xeli Seuwyo heterotrofebis 
warmoSobas, radganac isini sakvebad swored autotrofebis 
mier warmoebul nivTierebebs iyenebdnen.

3,5 – 2 miliardi wlis win heterotrofebi da autotro-
febi dedamiwis pirveli prokariotuli organizmebi da si-
cocxlis erTaderTi formebi iyvnen. swored isini arian 
Cveni planetis yvela cocxali organizmis winaprebi. 

miliardi wlebis win

atmosferuli 
Jangbadi

CrdiloeTi 
amerika

Ciqsulubis 
krateri

iukatanis nax-
evarkunZuli

 T suraTi 26.9 dedamiwaze momxdari katastrofa da carculi periodis sicocxle. 65 milioni wlis asakis Ciqsulubis krateri ganla-
gebulia meqsikaSi, iukatanis naxevarkunZulTan axlos karibis zRvaSi. krateris nalis forma da danaleqi qanebis Semadgeneli nawilebis 
Tvisebebi adasturebs, rom dedamiwaze samxreT-aRmosavleTidan mcire kuTxiT asteroidi an kometa Camovarda. mxatvarma gamosaxa Sejaxe-
ba da misi myisieri Sedegi: cxeli orTqlis  Rrubeli da namsvrevebi, romlebmac saaTebis ganmavlobaSi CrdiloeTi amerikis cxovelebisa 
da mcenareebis  umetesoba gaanadgures. 
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kaino
zouri

mezozouri

paleozouri

proterozouli 
eoni

arqeuli eoni

miliardi wlebis win

mzis sistemisa da 
dedamiwis warmoSoba

adamiani

x m e l e T i s 
mcenareebi

cxovelebi

a t m o s f e r u l i 
Jangbadi

e r T u j r e d i a n i 
eukarioti

mravalujredi-
ani eukarioti

prokariotebi

 S suraTi 26.10 dedamiwis istoriis zogierTi ZiriTadi movle-
nis amsaxveli saaTi. am saaTze naCvenebia aTvla dedamiwis warmo-
Sobis momentidan dRemde

(b) kdovani struqturis zogierT baqteriul namarx Sres 
stromatoliti ewodeba. es stromatoliti mopovebulia 
dasavleTi avstraliis zvigenis yureSi. zvigenis yures 
stromatolitebis formireba 3 miliardi wlis winaT dai-
wyo. niSnuli miuTiTebs gaqvavebuli stromatolitis gas-
wvriv ganlagebul seqciaze, romlis asaki daaxloebiT 3,5 
miliardi welia. 

???????????????????????????????????????????????

 S suraTi 26.11 baqteriebis namarxi fenebi da stromatolitebi (a) lin margulisi (marjvniv zeviT) masaCusetis universitetidan da kenes 
nelsoni samxreTi karolinis univeristetidan baxa kaliforniis lagunasTan Segrovebul baqteriul namarxebs aTvaliereben. namarxebi 
baqteriebis koloniebs ekuTvnis, romlebic binadrobdnen sxva organizmebisTvis araxelsayrel garemoSi. namarxis gaswvriv ganlagebuli 
zoli naleqebis Srea romelic mieweba baqterias, roca is maRla moZraobda.
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eleqtronebis gadacemis sistemebi

atf-s sinTezis qemiosmosuri meqanizmi, romelSic 
membranasTan dakavSirebuli cilebi monawileobs, eleq-
tronebis transports da adenindifosfatidan adenintri-
fosfats warmoqmnas ganapirobebs. es sicocxlis samive 
formas _ baqteriebs, arqebaqteriebsa da eukariotebs axa-
siaTebs. gvaqvs utyuari mtkicebuleba, rom  eleqtronebis 
gadacemis meqanizmi pirvelad im cocxal organizmebSi 
gaCnda, romlebic Tanamedrove sasicocxlo formebis wina-
prebi iyvnen. eleqtronebis gadacemis meqanizmis evolucia 
savaraudod maSin daiwyo, roca fotosinTezis Sedegad war-
moqmnili Tavisufali Jangbadis molekulebi atmosferoSi 
jer ar arsebobda. im dros organizmebi energiis wyarod 
meTans da wyalbadis sulfids iyenebdnen.  sicocxlis war-
moSobis Semswavleli mecnierebi cdi loben eleqtronebis 
gadacemis meqanizmebis warmoSobis etapebisa da pirvelad  
ujredebSi maTi funqciebis dadgenas. 

prokariotebis metabolizmsa da eleqtronebis ga-
dacemis meqanizmebs detalurad 27-e TavSi ganvixilavT.  
erTi ram cxadia: sxvadasxva garemo pirobebSi mobinadre 
prokariotebis evolucia 3 miliardi wlis win daiwyo. ma-
gram  prokariotebis agebulebis evolucia mniSvnelovnad 
CamorCeboda maTi metabolizmis evolucias. 

fotosinTezi da Jangbaduri revolucia

savaraudoT, fotosinTezi 
prokariotebis gan  vi Ta re bis 
adreul stadiaze warmoiqmna, 
magram Tavdapirvelad metabo-
lizmis dros wylis molekule-
bi ar iSleboda da Tavisufal 
Jangbadis -O O2

-is molekulebs 
ar warmoqmnida. 27-e TavSi de-
talurad ganxilulia pro-
kariotebSi arsebuli ~araJang-
baduri~ fotosinTezi. dRes 

prokariotebidan fotosinTezs mxolod cianobaqteriebi 
(lurj-mwvane wyalmcenareebi) awarmoeben.

atmosferoSi arsebuli Jangbadis - O2
-is didi nawili 

biologiuri warmoSobisaa da wylis molekulebis gaxleCiT 
warmoiqmna. piveli Jangbaduri fotosinTezias Tavisufa-
li Jangbadi jer wyalSi dagrovda, ris Sedegad zRvebi da 
tbebi Jangbadis molekulebiT gajerda. Jangbadi reaqciaSi 
rkinasTan Sedioda da rkinis oqsids warmoqmnida. rkinis 
oqsidi wiTelia da dResac rkinis wyaroa (suraTi 26.12).  
roca  Tavisufali rkinis koncentracia okeaneSi pirvelad 
Semcirda, O O2 -is  molekulebi wylidan atmoferoSi moxvda.  
rkinis daJangva daaxloebiT 2.7 miliardi wlis win rkiniT 
mdidar kldovan SreebSic mimdinareobda. rkinis daJangvis 
qronologiis mixedviT SegviZlia cianobaqteriebis evo-
luciaze msjeloba. isini daaxloebiT 3,5 miliardi wlis win 
warmoiSvnen, roca stromatoliTebis formireba daiwyo.

atmosferuli Jangbadis raodenoba 2.7 - 2.2 miliardi 
wlis intervalSi mniSvnelovnad gaizarda, magram maSin is  
atmosferos mxolod 10% -s Seadgenda. am `Jangbadurma rev-
oluciam~ maSindel cocxal organizmebze mniSvnelovnad 
imoqmeda. Jangbadis Tavisufali da ionizirebuli 
molekulebi da misi komponentebi, magaliTad wyalbadis ze-

Jangi (H2O2),  arRvevs qimiur kavSirebs da inhibirebs (akavebs) 
fermentebs, rac ujreds azianebs. Jangbadis ionebis kon-
centraciis zrdam atmosferoSi prokariotebis didi jgu-
fis gadaSeneba gamoiwvia. prokariotebis saxeobaTa nawili 
anaerobul habitatSi (garemoSi) gadarCa. maTi nawili dRe-
sac obligaturi anaerobis (dakavSirebuli anaerobis) sax-
iT arsebobs (ix. Tavi 27).  prokariotebis zogierTma formam 
atmosferos cvlilebis Sedegad sxvadasxvagvari adaptacia 
SeiZina anu ujreduli sunqvisTvis energiis wyarod Jangba-
dis da organuli molekulebis gamoyeneba daiwyo. 

atmosferoSi Jangbadis koncentraciis momateba ci-
anobaqteriebis winaprebis mier fotosinTezis warmoe-
bam gamoiwvia. magram ram gamoiwvia Jangbadis raodeno-
bis swrafi momateba ramdenime aseuli milioni wlis win? 
erT-erTi hipotezis Tanaxmad es eukariotebis evoluciis 
Sedegi iyo, romelTa ujredebi qloroplastebs Seicavda. 
eukariotebis evolucias Semdeg nawilSi ganvixilavT. 

 koncefcia testi 26.3
1. ra informacias viRebT namarxi stromatoliTe-

bidan prokariotebis evoluciis Sesaxeb? 

2.  atmosferoSi Tavisufali Jangbadis (O2) warmoSo-
bam prokariotebis masobrivi gadaSeneba gamoi-
wvia. ratom? 

miliardi wlebis win

atmosferuli 

Jangbadi

 S suraTi 26.12 dakavSirebuli rkinis formacia: Jangba-
duri fotosinTezis dadastureba. danaleqi qanis wiTeli 
CanarTebi rkinis oqsidis zolebia. 
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koncefcia 26.4
eukariotuli ujredebi warmoiqm-
na simbiozisa da prokariotul 
ujredebs Soris genetikuri  
informaciis mimocvlis Sedegad

eukariotuli ujredebis mravali Tviseba gansxvavde-
ba ufro mcire zomis baqteriebis an arqeebis ujredebis  
Tvisebebisgan (ix. Tavi 6). yvelaze patara erTujrediani eu-
kariotebis agebulebac ki ufro rTulia, vidre nebismieri 
prokariotis. biologiis erT-erTi fundamenturi sakiTxia 
martivi prokariotuli ujredisgan gavilebiT ufro rTu-
li eukariotuli ujredebis warmoqmna.

pirveli eukariotebi

mkvlevrebis umrav-
lesoba Tvlis, rom yve-
laze Zveli eukariotebis 
namarxebi 2,1 miliardi 
wliT TariRdeba. mec-
nierebma aRmoaCines sxva 
namarxebic, romlebic 
erTujrediani algis 
(wyalmcenaris) spiral-
uri formis martiv or-
ganizmebs ekuTvnis. am 
namarxebis asaki odnav 

didia (2,2 miliardi weli), magram gaurkvevelia iyvnen  Tu 
ara es organizmebi eukariotebi. zogi mkvlevari amtkicebs, 
rom eukariotebi gacilebiT adre arsebobdnen, rsTvisac 
isini qolesterolis msgavsi molekulebis nakvalevs eyrd-
nobian,  romlebic 2,7 miliardi wlis asakis danaleq qaneb-
Si aRmoaCines. am molekulebis sinTezi mxolod aerobuli 
(sunTqva) nivTierebaTa cvlis mqone eukariotul ujre-
debSi mimdinareobs. Tu es simarTlea, eukariotebi im rev-
oluciis dros warmoiSvnen, romelmac dedamiwis saarsebo 
garemo (Jangbadis atmosferoSi dagrovebiT) Zirfesvianad 
Secvala. 

mitoqondriebisa da plastidebis  

endosimbiozuri warmoSoba

prokariotebis ujredebSi ar gvxvdeba mravali struq-
tura. essenia: birT vis garsi, endoplazmuri bade da 
goljis aparati. es struqturebi damaxasiaTebelia eukari-
otuli ujredebisTvis. prokariotebs ara aqvs ujreduli 
ConCxi (citoplazmis sayrdeni struqturebi) da ujredis 
formis Secvla maT ar SeuLZlia. eukariotul ujreds ki 
aqvs es struqturebi. maT formis SecvliT  sxva ujredis 
datyveveba da STanTqma SeuZlia. marTlac, pirveli eukari-
otebi albaT sxva ujredebze monadire mtaceblebi iyvnen. 

sayrdeni ConCxis saSualebiT eukariotul ujreds SeuZlia 
Sinagani struqturebis adgilmdebareoba Secvla, ujredis 
erTi nawilidan meore nawilSi maTi gadaadgilebiT. sayrde-
ni struqtura xels uwyobs mitozisa da meozis msvlelobi-
sas qromosomebis mwyobr moZraobas (ix.Tavebi 12 da 13). mi-
tozis gamo SesaZlebeli gaxda eukariotebis didi genomis 
reproduqcia. am procesTan mWidrod dakavSirebulia mei-
ozis meqanizmi, romelic sqesobrivi gamravlebis Sedegad 
miRebuli genebis rekombinaciis ganuyofeli nawilia.

rogor ganviTarda eukariotuli uj redebis ufro rTu-
li organizacia martivi prokariotuli ujredebisgan? mi-
toqondriebis da plastidebis (plastidebi  zogadi saxelia 
rogorc fotosinTezis unaris mqone, aseve am unaris ar-
mqone qloroplastebisa da maTi monaTesave organelebis) 
warmoqmna ganapiroba endosimbiozma. endosimbiozis Teor-
iis mixedviT, adre mitoqondriebi da plastidebi patara 
prokariotebis saxiT arsebobnen da ufro did ujredebSi 
cxovrobdnen. termini endosimbioti sxva ujredSi mobinad-
re ujreds niSnavs. ujreds, romelSic sxva ujredi cxov-
robs, maspinZels uwodeben. mitoqondriebis savaraudo 
winapari aerobuli heterotrofuli prokariotebia, rom-
lebic SemdgomSi endosimbiontebi gaxdnen; plastidebis sa-
varaudo winapari ki fotosinTezis unaris mqone prokario-
tia, romelic aseve endosimbionti gaxda.  

rogorc Cans, mitoqondriebisa da plastidebis winapre-
bi maspinZel ujredSi mounelebeli msxverplis an Sinagani 
parazitis saxiT moxvdnen. am hipoTezidan endomembranuli 
sistemisa da sayrdeni ConCxis adreuli evolucia gamom-
dinareobs, romlis Sedegad ufro didma zomis ujredma pa-
tara prokariotebi STanTqa da buStukebSi (vezikulebSi) 
Caalaga. advili warmosadgenia, rom aseTi urTierTobis 
Camoyalibebis Semdeg simbiozi urTierTsasargeblo gaxda. 
heterotroful maspinZeli endosimbiontebis cxovelmoq-
medebis - fotosinTezis Sedegad miRebul sakvebs iyenebda.  
Jangbadis koncentraciis zrdasTan erTad garemo aero-
buli gaxda, anaerobuli ujredi ki aerobuli endosimbion-
tiT sargeblobda. es endosimbi ontebi Jangbads mas pinZeli 
ujredis sasargeblod iyenebdnen. mas pinZelisa da parazitis 
urTierTdamokidebuleba izrdeboda. am procesis Sedegad 
erTiani organizmi warmoiqmna, romlis nawilebi ganuyofeli 
gaxda. heterotroful da autotroful eukariotsac an sa-
kuTriv mitoqondria, an misi msgavsi organizmis arsebobis 
genetikuri kvali aqvs. magram zog eukariots plastidebi 
ar  hqonda. seriuli endosimbiozis (endosimbiozuri movle-
nebis Tanmimdevroba) hipoTezis Tanaxmad plastidebze adre 
am procesSi mitoqondria Caeba (suraTi 26.13).

plastidebisa da mitoqondriebis endosimbiozuri bu-
nebis damamtkicebeli mravali argumenti arsebobs. orive or-
ganelas Sinagan membranas aqvs fermentebi da satransporto 
sistema, romelic prokariotebis plazmuri membranis igive 
struqturebis homologiuria. mitoqondriebisa da plas-
tidebis replikacia gaxleCis gziT, zogi prokariotis gayo-
fis msgavsad mimdinareobs. yoveli organela dnm-is erTmag 
rgolisebr molekulas Seicavs, romelic baqteriis qromo-
somis msgavsad histonebTan an sxva cilebTan ar aris dakav-
Sirebuli. es organelebi Seicavs satransporto rnm-s, ribo-

miliardi wlebis win

pirveli eu-
kariotuli 
ujredi
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somebs an maTi dnm-is cilebSi gadawerisa da kodirebisTvis 
saWiro sxva molekulebs. zomiT, nukleotiduri Tanmimdev-
robiTa an gark veuli antibiotikebis mimarT mgrZnobelobis 
mixedviT mitoqondriebis da plastidebis ribosomebi ufro 
waagavs prokariotebis ribosomebs, vidre  eukariotuli 
ujredis citoplazmur ribosomebs. 

prokariotebis romelma Stom misca dasabami mito-
qondriebs da plastidebs? am kiTxvaze pasuxis gasacemad 
sistematikosebma ribosomis erTi suberTeulis rnm-is 
nukleotidebis Tanmimdevroba Seiswavles. geni am mcire 
ribosomuli suberTeulis rnm-is geni (SSU–rRNA) yvela or-
ganizmSi arsebobs da sicocxlis xis ganStoebebis ufro 
dawvrilebiTi Seswavlis saSualebas iZleva (ix. Tavi 25). 
mitoqondriebis, plastidebisa da sxvadasxva Taname-
drove prokariotebis SSU-rRNA-is Sedarebidan Cans, rom 
baqteriebis jgufi - alfa proteobaqteriebi mitoqon-
driebis uaxloesi naTesavebia.  lurj-mwvane wyalmcenaree-
bi ki plastidebis uaxloesi naTesavebia. 

droTa ganmavlobaSi zogi geni, romelic dasawyisSi mi-
toqondriebsa  da plastidebSi iyo lokalizebuli, birTvSi 
gadainacvla. am procesis dasrulebas albaT xeli Seuwyo 
mobilurma genetikurma elementma (ix. Tavi 18). amis Sede-
gad zog mitoqondriul da plastidur cilas dnm-is mqone 
organelebi akodirebs, sxva cilebs ki birTvis genebi. zogi 
cila dResac polipeptidebis kombinaciaa, romelsac orive 
adgilas (organelebSic da birTvSic) mdebare genebi ako-
direbs: magaliTad, mitoqondriuli Aatf-sinTaza, cilebis 
komleqsi, romelic ujreduli sunTqvisas atf-s warmoqmnis 
(ix. Tavi 9). genebis birTvSi gadatanis procesi zog eukari-
otSi ufro Sors wavida. mtknari wylis umartivesis Reclimo-
nas-is mitoqondrias 97 geni aqvs (im genebis CaTvliT, romle-
bic sxva eukariotebSi birTvSi gadainacvla), xerxemlianebis 
mitoqondrias ki mxolod 34 geni. eukariotul ujreds amJa-
mad erTi, ZiriTadad birTvuli genomi aqvs, magram am genoms 
avsebs mitoqondriebsa da plastidebSi SemorCenili dnm.

eukariotuli ujredi  

genetikuri qimeraa 

 berZnul miTologiaSi qimera monstria, romelsac sxeulis 
erTi nawili Txis, meore lomis, mesame ki gvelis aqvs. eu-
kariotuli ujredebi prokariotebis nawilebisgan Semd-
gari qimerebia. maTi mitoqondriebi erTi tipis baqteriebi-
dan, plastidebi sxva tipis baqteriebidan, birTvuli genomi 
ki endosimbiontebis genomis nawilebidan da endosimbion-
tebis maspinZeli ujredis genomidan warmoiqmna. mitoqon-
driebisa da plastidebis warmoSobis dadgena SesaZlebelia, 
raDdganac maTSi dRemde SemorCa dnm-is patara molekulebi, 
romelTa genebi prokariotuli organizmebis orTologi-
uria (ix. suraTi 25.17) (orTologiuri genebi, filogene-
tikurad monaTesave organizmebis genebis homologiuri 
genebia). eukariotuli ujredebis warmoqmnis sxva sakiTxe-
bi gacilebiT ufro mravalferovani da damabnevelia. zogi 
mkvlevari amtkicebs, rom birTvi arqeas domenSi Semavali 
endosimbiotebidan warmoiqmna. eukariotebis birTvSi aR-
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 S suraTi 26.13   ramdenime endosimbiozis Sedegad eukario-
tis warmoSobis modeli
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moaCines erTdroulad baqteriebisa da arqeebis genebis 
axlo monaTesave genebi. magram am mtkicebulebis damadas-
turebeli masala ar arsebobs, vinaidan sxvadasxva birTvs 
am genebis gansxvavebuli kombinaciebi aqvs.

eukariotuli ujredis genomi SeiZleba genetikuri 
anilingis produqti iyos (dnm-is da rnm-is SemTxvevaSi 
anilingi wyalbaduri bmebis meSveobiT komplementaluri 
Tanmimdevrobebisa da ormagi spiralis formis polinuk-
leotidis warmoqmnas niSnavs). baqteriebisa da arqeebis 
bevr StoSi am dros genebis horizontalur gadatana xdeba. 
karl voisi (ilinois universiteti) Tvlis, rom am gadata-
nis umetesi nawili sicocxlis evoluciis adreul etapebze 
moxda. Tumca,  axali gamokvlevebi adasturebs, rom genebis 
horizontaluri gadatana dro da dro dRemde xdeba. ford 
dulitlma (dalhausis universiteti) genebis ganmeorebadi 
gadaadgilebis cneba gamoiyena da genetikuri anilingis 
sakuTari varianti SemogvTavaza. misi hipoTeza agebulia 
cnobil gamoTqmaze: `is xar, rasac Wam~. is Tvlis, rom eu-
kariotebis mier sxvadasxva baqteriis da arqeas monelebi-
sas, am baqteriebis genebi (SemTxveviTad SerCeuli) eu-
kariotebis birTvSi xvdeboda. eukariotebis ujredis sxva 
organelebis warmoSobis sakiTxi dRemde aqtiuri kvlevebis 
sagania. goljis aparati da endoplazmuri bade albaT 
plazmis membranis nakecebidan warmoiqmna. aqtinisa da tu-
bulinis (ujreduli ConCxis cilebis) homologiuri cilebi 
baqteriebSi aRmoaCines. es cilebi baqteriuli ujredis 
dayofaSi monawileobs. baqteriuli cilebisa da maTi fun-
qciebis Semdgomi Seswavlis Sedegad eukariuti ujredis 
ConCxis warmoSobis Sesaxeb informacias viRebT. zogi mkv-
levari Tvlis, rom eukariotuli ujredebis Solti da 
wamwamebi simbioturi baqteriebisgan warmoiqmna. am ideis 
dasamtkiceblad baqteriebsa da zog umartivess SorisSe 

darebiT gvian Camoyalibebul simbiotur kavSirs iyeneben 
(suraTi 26.14). eukariotebis Soltebisa da wamwa mebis mik-
romilakebis 9+2 struqtura (ix.  Tavi 6) prokariotebSi aR-
moCenili ar aris.

did orkestrs, erT meviolinesTan SedarebiT, meti 
musikaluri nawarmoebis Sesruleba SeuZlia. rTul or-
ganizms, martivTan SedarebiT, meti SesaZlebloba aqvs. 
euka riotuli ujredebis warmoqmnam agebulebis mra-
valferovnebis evolucia daaCqara. prokariotul orga-
nizmebTan SedarebiT eukariots amis meti SesaZlebloba 
aqvs. am evoluciis Sedegad warmoiqmna pirveli didi adap-
taciuri radiacia, prokariotebis nivTierebaTa cvlis di-
versifikacia (gamravalferovneba). diversifikaciis mesame 
talRa eukariotis zogierT evoluciur StoSi mravalu-
jrediani sxeulis warmoqmnas mohyva.

 koncefcia testi 26.4
1.  ra adasturebs im hipoTezisa, romlis mixedviT 

eukariotuli ujredis evoluciisas plastide-
bze adre mitoqondria warmoiqmna? 

2.  riTi hgavs qimeras eukariotuli ujredi?

koncefcia 26.5
eukariotebSi mravalujredianoba 
ramdenjerme ganviTarda

pirveli eukariotebis wwarmoSobis Semdeg didi ra-
odenobiT erTujrediani or-
ganizmebi gaCnda. maT dasabami 
misces erTujrediani eukari-
otebis mravalferovnebis gan-
viTarebas. zogi es organizmi 
dResac arsebobs. amasTan erTad, 
mravalujrediani prganizmebic 
warmoiSva, romelTa STamomav-
lobaa sxvadasxva wyalmcenaree-
bi, xmeleTis mcenareebi, sokoebi 
da cxovelebi.

mravalujrediani eukariotebis  

adreuli formebi

molekuluri saaTis mixedviT mravalujrediani euka-
riotebis saerTo winaprebi 1,5 miliardi wlis winaT arse-
bobdnen. pirveli namarxi mravalujrediani eukariotebi 
SedarebiT mcire zomis wyalmcenareebia, romlebic dedami-
waze 1,2 miliardi wlis winaT cxovrobdnen. ufro didi orga-
nizmebis namarxebi ramdenime aseuli milioni wlis asakisaa 
anu mravalujrediani organizmebis namarxebi mxolod pro-

 S suraTi 26.14 rTuli simbiozi. termitebis nawlavebSi cxov-
robs saintereso umartivesi Mixotricha paradoxa. mis zedapirze mi-
magrebulia sami tipis baqteria, romelic uzrunvelyofs mis moZ-
raobas (SEM). meoTxe tipis baqteria umartivesis SigniT cxovrobs 
da exmareba termits misi sakvebis - xis nawilakebis monelebaSi. 

miliardi wlebis win

cxovelebi
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terozouli bolodan gvaqvs. Cinelma paleontologebma ax-
laxans wyalmcenareebisa da cxovelebis namarxebiT gansa-
kuTrebiT mdidari adgilsamyofeli aRmoaCines. misi asaki 
570 milioni welia da namarxebi aq SesaniSnavad Senaxulia. 
savaraudod maT Soris cxovelTa embrionebis namarxebicaa 
(suraTi 26.15).

ratom iyo prote rozouli eris bolomde mravalujre-
diani eukariotebis zoma, gavr celeba da mraval ferovneba 
SedarebiT SezRu duli? ge olo giuri monace mebiT dadas-
turda, rom mkacri gam yinvare bis periodi 750 milioni wlis 
win daiwyo da 570 milioni wlis win dam Tavrda. am periodis 
ganmavlobaSi dedamiwa polusidan polusamde yi nuliT 
iyo dafaruli da zRve bic gai yina. dedamiwaze, romelic 
am hipoTezis Tanaxmad yinulis burTs hgavdAa, sicocxle 
ZiriTadad zRvebSi, Rrma kraterebsa da cxel wyaroebTan 
axlos arsebobda, an okeaneSi, yinulis Txeli safaris adgi-
lebSi, sadac mzis sxivebs SeRweva SeeZlo. mravalujredi-
ani eukariotebis namarxebis pirveli didi sabado yinulis 

dnobis periodiT TariRdeba.

koloniuri organizmebi

pirveli mravalujredianebi koloniuri organizmebi 
iyvnen anu ujredebis erToblioba, romlebic erTmaneTis-
gan damoukideblad mravldeboda (suraTi 26.16). droTa 
ganmavlobaSi koloniis zogma ujredma specifikuri fun-
qcia SeiZina. speci alizacia prokariotul or  ga  nizmebSi 
adrec arsebobda. magaliTad, gvari Nostoc-is, Zafisebri 
lurj-mwvane wyalmcenaris zogierTi ujredi diferen-
cirdeba da azotis Semkavebis funqcias iZens. aseT ujreds 
hete ro cits uwodeben. man dakarga gamravlebis unari; ara-
diferencirebul ujredebs ki fotosinTezisa da gamrav-
lebis unari aqvs. gamravlebisas dros Zafi grZeldeba da 
Semdeg mcire zomis monakveTebad iyofa. Nostoc-s 7 000-ze 
meti geni aqvs, orjer meti, vidre  monaTesave  erTujredian  
organizmebs, magaliTad   Synechocyt-is.  am genebis umravleso-
ba ujredebis diferencirebis re gu lacias uzrunvelyofs.

koloniebis ganviTareba da ujreduli specializacia 
eukariotebSi mkveTrad ga moxatulia. nebismieri mravalu-
jrediani eukarioti, magaliTad, cxo veli, sqesobrivi gam-

ravlebis Sedegad erTi ujredidan, ganayofierebu li 
kvercxujredidan anu zigotadan, viTardeba (suraTi 13.5). 
ujredebis gayofisa da diferencirebis Sedegad erTi 
ujredi mravalujredian organizmad viTardeba.  orga-
nizmi ki mravali, sxvadasxva funqciebis mqone ujredebis-
gan Sedgeba. ujredebis mzardi specializaciis daxmarebiT 
mravalujredianma organizmma sasicocxlo funqciebi spe-
cializebuli ujredebis jgufebs Soris gaanawila, maT So-
ris sakvebis miReba da garemos SegrZneba. eukariotul or-
ganizmSi funqciebis ganawileba qsovilebis, organoebisa 
da organoTa sistemebis evolucias iwvevs.

erTujrediani eukariotebis evoluciis Sedegad ujre-
dis agebulebis sirTule gaizarda. mravalujrediani eu-
kariotebis ganviTarebam ki struqturuli organizaciis 
barierebi gaarRvia da dasabami misca mravalferovnebis 
ganviTarebis axal etaps. uZveles eukariotebSi mravalu-
jredianobis evolucia ramdenjer me moxda. ris Sedegad 
wyalmcenareebis, xmeleTis mcenareebis, sokoebisa da 
cxovelebis saxeobebi warmoiSva. 

`kembriuli afeTqeba~ 

cxovelebis tipebis umete-
sobis namarxebi kembriuli pe-
riodis pirveli 20 milioni 
wlis danalaq qanebSi aRma-
Cines. am fenomens `kembriuli 
afeTqeba~ uwodes. cxovelebis 
ori tipis, msusxvaebis (zRvis 
anemomebi da monaTesave orga-
nizmebi) da Rrubelebis (Rru-
bela) namarxebi gviani protero-
zouli periodiT TariRdeba 
anu odnav Zvelia (suraTi 26.17). 

(a) ori ujredis stadia (b) mogvianebiTi stadia

 S suraTi 26.15  proterozouli cxovelis 

embrionis namarxi

miliardi wlebis win

cxovelebi

 S suraTi 26.16 koloniuri eukarioti. Pediastrum fo-

tosinTezis unaris mqone eukariotia, romelic kolo-

niebs warmoqmnis
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magram molekulur saaTze dayrdnobiT varaudoben, rom 
cxovelebis tipebis umetesi nawili warmoiSva da ganviTarda 
gacilebiT adre, 1 miliardi - 700 milioni wlis winaT. kem-
brijis universitetis paleontologs saimon konvei moriss 
SesaniSnavi fraza ekuTvnis: `kembriul afeTqebas grZeli pa-
truqi (fitili) hqonda~. CvenTvis ucnobi mizezebis gamo kem-
briuli periodis dasawyisSi organizmebis sxvadasxva tipebi 
erTdroulad da uecrad Seicvala anu  saxeobaTa diversi-
fikacia (gamravalferovneba) moxda. mravali didi cxovelis 
mravalferovnebac gaizarda, magaliTad mkvrivi niJarisa 
(javSnis) da garegani ConCxis mqone cxovelebis, rac namarxe-
biT dasturdeba. mravalferovnebis zrdis mizezebis hipo-
Tezas 32-e TavSi ganvixilavT.

xmeleTis kolonizacia mcenareebis,  

sokoebisa da cxovelebis mier

organizmebis mier xmeleTis aTviseba sicocx-
lis istoriis yvelaze mniSvnelovani periodi iyo. 
namarxebi adasturebs,  rom miliardze meti wlis wi-
naT lurj-mwvane wyalmcenareebi da fotosintezis 
unaris mqone sxva umartivesebi dedamiwis tenian 
zedapirs faravdenen. didi organizmebi:  mcenareebi, 
so koebi da cxovelebi, adreul paleozour eramde anu 
500 milioni wlis winaT dedamiwaze ar arsebobdnen. 
wylis garemodan gasaxwevad saWiro iyo dehidrata-
ciis damabrkolebeli adaptaciuri meqanizmebis Tan-
daTanobiTi evolucia. aseTi meqanizmebis Camoyali-
bebis Semdeg SesaZlebeli gaxda xmeleTze gamravleba. 
magaliTad, zRvis mwvane wyalmcenareebidan ganviTa-
rebuli xmeleTis mcenareebis foTlebi dafarulia 
wyalgaumtari cviliT, romelic wylis aorTqlebas 
aferxebs.

mcenareebma da sokoebma xmeleTi erTdroulad 
daipyres. mravali mcenaris fesvebi dResac dakavSire-
bulia sokoebTan, romlebic maT exmarebian niadagi-
dan wylisa da sasargeblo nivTierebebis miRebaSi (ix.
Tavi 31). fesvebTan mobinadre sokoebi ki  mcenarisa-
gan organul sakveb nivTierebebs iReben. mcenaresa da 
sokoebis amgvari simbiozuri kavSiri zogierT faes-
vis uZveles namarxSi gvxvdeba, romelic xmeleTze si-
cocxlis gavrcelebis uZvelesi peri
odiT TariRdeba.

xmeleTze cxovelebis mravali jgufi binadrobs, 
magram yvelaze mravalricxovani da mravalferovania 
fexsaxsrianebi (gansakuT rebiT mwerebi da obobas-
nairebi) da xerxemlianebi (amfibiebi, reptiliebi, fr-
invelebi da ZuZumwovrebi). xmeleTis xerxemlianebs 
oTxfexianebs (tetrapoda) uwodeben, vinaidan maT 

oTxi kiduri aqvs. amiT isini sxva, wyalSi mobinadre xerx-
emlianebisagan ganasxvavdebian. adamianic oTxfexianebSi 
Sedis, magram Cven `asparezze~ SedarebiT gvian gamovediT. 
adamianis evoluciuri Sto sxva hominidebs (adamianismagvar 
maimunebs) mxolod 6-7 milioni wlis win gamoeyo. dedamiwis 
istoriis saaTi Cveulebrivi saaTi rom yofiliyo, adamiani 
gaCenidan mxolod erTi wami gavidoda.
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 X suraTi 26.18 dedamiwis qerqis ZiriGTadi filebi. filebi 
mudmivad icvleba. magaliTad, filebis axali sazRvaris formire-
ba mimdinareobs aRmosavleT afrikasa da danarCen kontinents 
Soris. wiTeli wertilebi saxifaTo teqtonikur zonebs aRniSnavs, 
romelTagan mravali subduqciis zonebia (ixileT sur. 26.19)

adreuli 
paleozouri 
era (kembriuli 
periodiO)

gviani protero-
zouli eoni

mi
l

io
ni

 w
l

eb
is

 w
in

R
r

u
be

l
eb

i

ms
u

sx
av

eb
i

ka
ne

kl
ia

ne
bi

qo
r

d
ia

ne
bi

mx
ar

f
ex

ia
ne

bi

mo
l

u
sk

eb
i

f
ex

sa
xs

r
ia

ne
bi

r
g

o
l

o
va

ni
 W

ie
bi

 S suraTi 26.17 cxovelebis kembriuli daTiSva. am diagramis monakveTe-
bi miuTiTebs namarxebSi cxovelebis ramdenime tipis gamoCenaze. Tumca 
molekuluri monacemebis Tanaxmad es tipebi gacilebiT adre warmoiSva.
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kontinentebis gadaadgileba

dedamiwaze sicocxlis gavrcelebis am mimoxilvaSi unda 
avRniSnoT, rom evolucia rogorc droSi aseve sivrceSi 
mimdinareobda. darvini da uolesi sicocxlis ganviTare-
bas mraval adgilebSi ikvlevdnen, ramac dasabami misca  si-
cocxlis evoluciis moZRvrebis Camoyalibebas. amJamad es 
biogeografiis sagania. globalurad rom vimsjeloT, kon-
tinentebis gadaadgileba is mTavari faqtoria, romelic 
sicocxlis sivrceSi ganawilebas gansazRvarvs. dedamiwis 
kontinentebi moZraobs. isini dedamiwis zedapiris garSemo, 
misi qerqis uzarmazar sibrtyeze (filebze) gadaadgil-
deba. filebi mantiis qveS moqceul gavarvarebul lavaze 
tivtiveben. xSir SemTxvevaSi es sibrtyeebi erTmaneTs Sor-
deba an uaxlovdeba da ejaxeba kidevac (suraTi 26.18). mag-
aliTad, CrdiloeTi amerika da evropa amJamad erTmaneTis 
sawinaaRmdego mimarTulebiT, weliwadSi 2 sm siCqariT, 
gadaadgildeba da kaliforniis, cudi reputaciis mqone san 
andreasis bzari, im sazRvris nawilia, romezec ori fila 
erTmaneTis mimarT moZraobs. filebis gadaadgileba nel-
nela cvlis geografias. am procesis saboloo efeqti Zalze 
STambeWdavia. mravali mniSvnelovani geologiuri procesi, 
magaliTad mTebisa da kunZulebis warmoqmna, filebis sazR-
varze an uSualod maT sust adgilebSi xdeba (suraTi 26.19).

kontinentebis cvlilebis or moments sicocxlis gan-
viTarebisTvis gansakuTrebuli mniSvneloba hqonda. daax-
loebiT 250 milioni wlis win, paleozouri eris bolos, 
dedamiwis qerqis sibrtyeebis gadaadgilebis Sedegad 
mTeli xmeleTi erT kontinentad SeerTda. am kontinents 
pangea uwodes, rac `mTel xmeleTs~ niSnavs (suraTi 26.20). 
okeanis Rrmulebi ufro gaRrmavda, ramac wylis done dawia 
da mcire sanapiro zRvebis drenaJi gamoiwvia. wyalmarCx 

adgilebSi maSinac mravali zRvis organizmi cxovrobda. 
pangeas Camoyali bebam am organizmebis saarsebo garemo 
mniSvnelovnad daarRvia. vrceli kontinentis Sida re-
gionebi civi da mSrali iyo. albaT iq ufro mkacri saarsebo 
pirobebi iyo, vidre dRes centralur aziaSi gvaqvs. pangeas 
Camoyalibebam didi gavlena iqonia biologiuri mraval-
ferovnebis zrdaze. zogi saxeoba gadaSenda. gadarCenili 
taqsonebisTvis ki ganviTarebis xelSemwyobi axali piro-
bebi Seiqmna.

kontinentebis cvlilebis istoriis meore Tavi daaxloe-
biT 180 milioni wlis win, mezozour eraSi `daiwera~. konti-
nentebi erTmaneTs Sordebodnen da organizmebis saarsebo 
garemo ufro mravalferovani gaxda, ramac mcenareebis da 
cxovelebis ganviTarebis SesaZlebloba gazarda. kontinen-
tebis gaerTianebisa da dacilebis sqema biogeografiis mra-
vali gamocanis axsnis SesaZleblobas iZleva. magaliTad, 
ganasa (dasavleTi afrika) da braziliaSi paleontologebma 
mtknari wylis reptiliebis erT-erTi saxeobis permiuli pe-
riodis namarxebi aRmoaCines. dedamiwis es ori nawili amJamad 
3.000 kilometriT daSorebulia okeaniT. gvian paleozour 

vulkanebi da vul-
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okeanes qedi

okeanuri qerqi

okeanis fskeris gavrceleba

subduqcis zona

 S suraTi 26.19 filebis sazRvrebze momxdari movlenebi. zo-
gierTi filis sazRvarze, magaliTad okeanes fskeris qedze (26.18 
suraTze aRniSnulia wyvili mopirdapire isrebiT) filebi calkev-
deba da gamdnari qanebi napralidan gadmoedineba. SemdgomSi qanebi 
mkvrivdeba da orive filas simetriulad qerqi emateba. subduq-
ciis zonebSi, sadac filebi erTmaneTis Sesaxvedrad moZraobs, 
ufro mkvrivi fena naklebad mkvrivis qveviT eqceva da naprali 
warmoiqmneba. subduqciis zonaSi dagrovili daZabulobis uecari 
ganTavisufleba miwisZvrebs iwvevs. roca sxvadasxva filebze 
ganlagebuli kontinentebi erTmaneTs ejaxeba, kontinenturi da 
okeanis fskeris masala maRla iwevs da mTagrexilebs warmoqmnis.
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evraziasTan Sejaxebis 
Sedegad. kontinen-
tebi moZraobas dResac 
agrZeleben

 S suraTi 26.20 kontinentibis moZraobis istoria fanerozois 
ganmavlobaSi.
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da adreul mezozour erebSi ki gaerTianebuli iyo. konti-
nentebis cvlileba organizmebis dRevandel ganawilebas-
Tan dakavSirebul mraval koTxvaze pasuxobs; magaliTad, 
ratom gansxvavdeba avstraliis fauna da flora danarCeni 
samyaros faunisa da florisgan? avstraliis ekologiur ni-
Sas CanTosani ZuZumwovrebi avseben, danarCeni kontinentebis 
ekologiur niSebs ki placenturi ZuZumwovrebi (suraTi 25.5). 
savaraudod CanTosnebi dRevandeli CrdiloeTi amerikis 
teritoriaze ganviTardnen da avstralias samxreTi amerikisa 
da antarqtikis gavliT miaRwies. es maSin moxda, roca es kon-
tinentebi erTmaneTs ukavSirdeboda. kontinentebis Semdgom-
ma dacilebam avstralia CanTosnebis `motivtive~ did kidob-
nad gadaaqcia. avstraliaSi CanTosnebis mravalferovani 
saxeobebi ganviTardnen, sxva ZuZumwovrebi ki gadaSendnen. 
sxva kontinentebze ki piriqiT moxda; CanTosnebis umetesoba 
gadaSenda da ganTavisuflebuli adgili placenturi ZuZum-
wovrebis mravalferovanma saxeobebma daikava.

 koncefcia testi 26.5
1.  riTi gansxvavdeba erTujrediani da mravalujre-

diani organizmebisM ujredebis funqciebis gana-
wileba?

2.  `kembriuli afeTqeba~ iZleva uZvelesi drois 
cxovelebis namarxebis karg CamonaTvals. ratom? 
ras igolismxeba gamonaTqvamSi `grZeli patruqi~ 
kembriul afeTqebasTan dakavSirebiT?

koncefcia 26.6
axalma informaciam Secvala  
Cveni warmodgena sicocxlis  
xis  Sesaxeb

rogorc 25-e TavSi vTqviT, sistematika maT Soris anal-
itikuri midgomaa, romelsac sicocxlis mravalferovani 
formebis evoluciuri naTesauri kavSirebis dasadgenad 
viyenebT. bolo aTwleulebSi molekulur-genetikuri mo-
nacemebis analizis Sedegad sicocxlis xis yvelaze ucnob 
ganStoebebze warmodgena Seicvala. mimdinare kvlevebis  
masalebze dayrdobiT mimdinareobs sicocxlis xis gan-
Stoebebis mudmivi gadasinjva.

warsulis taqsonomiuri  

(klasifikaciis) sistemebi

ufrosi Tasoba cocxali organizmebis mxolod or same-
fos, mcenareebsa da cxovelebs icnobda. adamiani ZiriTa-
dad dedamiwis makroskopul samyaros ikvlevs da iSviaTad 
akvirdeba im organizmebs, romlebic arc mcenareebi da arc 
cxovelebia. formalur taqsonomiaSi cocxali samyaros or 

samefod dayofas xangrZlivi tradicia aqvs; karl linei si-
cocxlis yvela formas cxovelebsa da mcenareebs miakuT-
vnebda.

mikroorganiz mebis mravalferovani samyaros aRmoCenis 
Semdegac cocxali organizmebis or samefod dayofis siste-
ma mainc arsebobda. taqsonomistebma baqteriebi mcenareTa 
samefos miakuTvnes, vinaidan maT ujredebs mkvrivi garsi 
aqvs. qloroplastebis mqone erTujrediani eukariotebic 
mcenareebSi moxvndnen. sokoebs  fotosinTezis unari ara 
aqvs da agebulebiTac mcenareebisgan mniSvnelovnad gan-
sxvavdebian, magram isinic mcenareebs miakuTvnes, vinaidan 
maT umravlesobas, iseve rogorc mcenareebis umravleso-
bas, gadaadgileba ar SeuZlia. erTujrediani organizmebi, 
umartivesebi, romlebic gadaadgildebian da sakvebs iT-
viseben cxovelTa samefoSi Seiyvanes. gadaad gilebisa da-
fotosinTezis unari mqone evglena rogorc botanikosebis, 
ase ve zoologebis  moTxovnebs akmayofilebs, amitom is  ro-
gorc cxovelebis,  aseve  mcenareebis sa mefoSi gvxvdeba.

1969 wlamde orze meti samefos mqone taqsonomiuri 
sqemebi biologebSi popularulobiT ar sargeblobda. 1969 
wels robert h. uitekerma (kornelis universiteti) kargad 
argumentirebuli sistema Seqmna. am sistemaSi xuTi samefo 
Sedioda: monera, umartivesebi, mcenareebi, sokoebi da 
cxovelebi (Monera, Protista, Plantae, Fungi, Animalia) (suraTi 
26.21). uitekeri ujredebis or fundamenturad gansxvave-
bul tips, prokariotebs da eukariotebs gamoyofda. man 
prokatriotebi eukariotebisgan calke, moneras jgufSi 
moaTavsa.

 S suraTi 26.21 uittekeris xuTi samefos sistema

mcenare soko cxoveli

umartivesi

monera

eukarioti

prokarioti
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uitekerma mravalujrediani eukariotebis sami, mcena-
reebis, sokoebisa da cxovelebis samefo gamoyo. es kla-
sifikacia ZiriTadad kvebis Taviseburebebs efuZneboda. 
mcenareebi autotrofebia, romlebic TavianT sakvebs fo-
tosinTezis gziT qmnian. sokoebi da cxovelebi heterotro-
febia. sokoebis umravlesoba reducentis (damSleli). is 
sakveb obieqtSi iWreba, saWmlis momnelebel fermentebs 
gamoyofs da monelebuli sakvebis mcire molekulebs iwovs. 

cxovelebis umravlesoba sakvebs garemodan iRebs da orga-
nizmSi arsebul specialur  RruSi inelebs.

uitekeris xuTi samefos sistemaSi umartivesebis 
samefo SedarebiT bundovnad gansazRvrulia. umar-
tivesebis samefoSi yvela eukarioti Sedioda, romlebic 
mcenareebis, sokoebisa an cxovelebis gansazRvras ar See-
sabameboda. umartivesTa umravlesoba erTujrediania, ma-
gram maTi samefos sazRvrebi gaafarToes damasSi zogierTi 

 S suraTi 26.22 biologiuri mravalferovenbis erT-erTi Tanamedrove sqema. am xeze asaxulia sicocxlis gamravalferovneba evoluci-
uri drois ganmavlobaSi. cxare kamaTi mimdinareobs aq asaxul zogierT naTesaur kavSirze, rasac sqemaze miTiTebul TavebSi gaecnobiT.
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mravalujrediani organizmic moaTavses, magaliTad zRvis 
wyalmcenareebi, romlebic erTujrediani umartivesebis 
naTesavebia. xuTi samefos sistemam biologiaSi 20 welze 
meti iarseba.

sicocxlis xis aRdgena. samuSao grZeldeba

taqsonomiuri sistemebi adamianis Seqmnilia. es si-
cocxlis mravalferovnebis sqemis Seqmnis mcdelobaaM. 
aseTi sqema filogenetikur kavSirebs asaxavs da xmare-
baSi mosaxerxebelia. bolo sami aTwleulis ganmavlobaSi 
sistematikosebi taqsonomiuri sakiTxebis gadasawyvetad 

molekulur-genetikur monacemebs iyeneben. am monacemebze 
dayrdnobiT saxeobaTa genealogiur xeebs, kladogramebs 
ageben. 25-e TavSi vnaxeT, rom am monacemebze dayrdnobiT 
biologebma sami domenisgan (samflobelosgan) Semdgari 
sistema Seqmnes. baqteriebis, arqeebisa da eukariebis (Bac-
teria, Archaea, Eukarya) domenebi faqtobrivad zesamefoebia. 
domeni taqsonomiurad ufro maRali rangia, vidre samefo. 
baqteriebi arqeebisagan mravali ZiriTadi maxasiaTebliT, 
agebulebiT, bioqimiiT da fiziologiiT gansxvavdeba. am 
maxasiaTeblebs 27-e TavSi ganvixilavT. am sxvaobaze dayrd-
nobiT baqteriebi da arqeebi sxvadasxva zesamefoSi (do-
menSi) moaTavses. sami domenis sistemis SemoRebis Semdeg 
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monerebis samefo amovarda, radgan misi warmomadgenlebi 
or gansxvavebul domenSi aRmoCndnen. dRes molekuluri 
monacemebis filogenezuri analizis safuZvelze mravali 
mikrobiologi orive prokariotul domens mraval samefod 
yofs (suraTi 26.22).

xuTi samefos sistemis mimarT sxva mniSvnelovani SeniS-
vnebi im sistematikosebmac gamoTqves, romlebic umarti-
vesebis samefoSi Semavali eukariotebis filogenezs ikv-
leven. amjamad am organizmebs xuT an met samefod yofen, 
romlebsac sicocxlis xis eukariotuli Stos fuZeSi 
saerTo winapari hyavT. kamaTi zogierTi erTujrediani 
umartivesis mcenareebis, sokoebis an cxovelebis samefoSi 
gadayvanaze dRemde grZeldeba. sruli Tanxmobis miRwevas 
mravali kvleva dasWirdeba. dasadgenia sicocxlis sam do-
mens Soris arsebuli kavSiri da maTSi Semavali samefoebis 
raodenoba. mecnierebi ganagrZoben organizmebis kolo-
niebis aRmoCenas da Seswavlas, magaliTad Rrmad miwisqveS 
mobinadre organizmebis da maT kultivirebas cdiloben. 

ueWvelia, rom am procesSi organizmebis axal jgufebs aR-
movaCenT, rac taqsonomiis modernizacias gamoiwvevs. 27-34 
Tavebis kiTxvisas sicocxlis mravalferovnebas gaecnobiT. 
gaxsovdeT, rom filogenezuri xe da taqsonomiuri jgufebi 
Cvens xelT arsebul monacemebze agebuli hipoTezaa. Semow-
mebadi hipoTezebis kvleva uwyvetad mimdinareobs, rac 
adasturebs, rom evoluciur biologia sabunebismetyvelo 
mecnierebaa.

 koncefcia testi 26.6
1.  xuTi samefos sistemis romel samefoSia organizme-

bi, romlebic amJamad eukariotebis domenSi Sedian?
2.  26.22 suraTze dayrdnobiT axseniT, ratom aRar iT-

vleba monerebis samefo srulfasovan taqso nad.

ZiriTadi koncefciebis Semowmeba

koncefcia 26.1
axalgazrda dedamiwaze sicocxlis  

warmoSobisTvis xelsayreli  

pirobebi iyo

  organuli komponentebis sinTezi uZveles 
dedamiwaze dedamiwis formireba daaxloebiT 4.6 
miliardi wlis win moxda. laboratoriul eqsperi-
mentebSi mecnierebma reducirebuli atmosferos 
Seqmnes. am eqsperimetSi araorganuli nivTierebebi-
sgan organuli molekulebi warmoiqmna. aminomJavebi 
uZveles dedamiwaze dacemuli meteoritebis Semad-
genlobaSic aRmoaCines. 

  
 polimerebis abioturi sinTezi aminomJavebis po-

limerazas dawveTebisas Tbil qvi Saze, Tixaze an 
qvaze. 

  protobiontebi  laboratoriul cdebSi, organuli 
komponentebi TavisTavad lagdebian da qmnian pro-
tobiontebs _ cximovan wveTebs, romlebsac ujredis 
zogi Tviseba aqvs.

 rnm-is samyaro da bunebrivi seleqciis gariJraJi
 pirvel genetikuri masala albaT rnm-is mokle 

molekulebi iyo. isini qmnidnen trafarets aminom-
JavebisTvis polipeptidebis sinTezis dros da nuk-
leotidebisTvis _ primitiuli TviTreplikaciisas. 
adreuli protobiontebi, romlebic TviTreplici-

rebad katalizur rnm-s Seicavdnen, ufro efeqturad 
iyenebdnen resursebs. amis gamo bunebrivi gadarCevis 
Sedegad maTi ricxvi unda gazrdiliyo.

koncefcia 26.2
dedamiwis sicocxlis  

daTariReba namarxebiT

 rogor xdeba danaleqi qanebisa da namarxebis da-
TariReba namarxebis miaxloebiT asakze informacia 
danaleq qanebSia. namarxebis absoluturi asaki Sei-
Zleba radiometriuli da sxva meTodebis saSualebiT 
davadginoT.

 geologiuri matiane dedamiwis istorias geolo-
giur eonebad, erebad da periodebad yofen. am peri-
odebSi cocxal bunebaSi mniSvnelovani cvlilebebi 
moxda, rac namarxebSi aisaxeba.  

 masobrivi gadaSenebebi evoluciis istoriaSi ram-
denime masobrivi gadaSeneba moxda, rac mkveTrad zr-
dida adaptaciur radiacias. es gadaSenebebi albaT 
vulkanurma aqtivobam an meteoritis Tu kometis Cam-
ovardnam gamoiwvia.

koncefcia 26.3
prokariotebis evolucia da maTi gavlena 

axalgazrda dedamiwaze

 pirveli prokariotebi
 3.5-2 miliardi wlis win dedamiwaze mxolod prokari-

otebi arsebobdnen.
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 eleqtronebis gadatanis sistemebi eleqtronebis 
pirveli satransporto jaWvebi albaT atf-is Senax-
vas emsaxureboda, rac organuli mJavebis daJangvasa 
da H+-is ujredis farglebs gareT tranportirebas 
Soris kavSiris SeqmniT xdeboda. 

 fotosinTezis warmoSoba da Jangbadis revolucia
 adreuli fotosinTezis sxvadsxva formis arsebobis 

periodSi, Jangbadi albaT ar warmoqmneboda. savarau-
dod, Jangbadis warmomqneli fotosinTezi lurj-
mwvane baqteriebSi 3,5 miliardi wlis win ganviTarda. 
Jangbadis dagroveba atmosferoSi daaxloebiT 2.7 
miliardi wlis win moxda, ramac organizmebis saarse-
bo garemo Secvala. am procesis Sedegad konkretuli 
adaptaciebi gaCnda, magaliTad, ujreduli sunTqva 
Jangbadis gamoyenebiT. 

koncefcia 26.4
eukariotuli ujredebi simbiozisa da  

prokariotul ujredebs Soris genetikuri 

informaciis mimocvlis Sedegad  

warmoiqmna

 piveli eukariotebi eukariotuli ujredebis uZve-
lesi namarxebi 2.1 miliardi wliT TariRdeba.

 mitoqondriebisa da plastidebis endosimbiozuri 
warmoSoba pirveli eukariotebi sxva ujredebze 
monadire mtaceblebi iyvnen. mitoqondria da plas-
tidebi eukariotul ujredebSi albaT prokariote-
bidan moxvdnen. eukariotuli ujredebi ufro mcire 
prokariotuli ujredebiT ikvebebodnen. zogi pro-
kariotuli ujredis ar moinela da maspinZeli eu-
kariotuli ujredis SemadgenlobaSi Sevida. ganvi-
Tarda simbiozi. prokariotulma ujredebma arseboba 
eukariotuli ujredebis SemadgenlobaSi ganagrZes.

 eukariotuli ujredebi genetikuri qimerebia. 
 endosimbiozma da genebis horizontalurma gadata-

nam xeli Seuwyo eukariotuli ujredebis agebulebis 
sirTulis zrdas.

koncefcia 26.5
eukariotebSi mravalujredianoba  

ramdenjerme ganviTarda 

 mravalujrediani eukariotebis adreuli formebi
 mravalujrediani eukariotebis uZvelesi namarxebi 

1.2 miliardi wliT TariRdeba, magram molekuluri 
saaTis mixedviT mravalujrediani eukariotebis saer-
To winapari 1.5 miliardi wlis win ukve arsebobda. 

 koloniuri organizmebi pirveli mravalujrediani 
organizmebi specializebuli ujredebis mqone kol-
oniebia.

 `kembriuli afeTqeba~  cxovelTa tipebis umetesobis 
uZvelesi namarxebi kembriuli periodiT TariRdeba, 
magram molekulur-genetikuri kvlevebi miuTiTebs, 
rom am tipebis umravlesoba gacilebiT adre, daax-
loebiT 1 miliardi - 700 milioni wlis win gaCnda. 

 xmeleTis kolonizacia mcenareebis, sokoebisa da 
cxovelebis mier mcenareebi, sokoebi da cxovelebi 
xmeleTze daaxloebiT 500 milioni wlis win dasaxld-
nen. mcenareebis fesvebsa da sokoebs Soris simbiozu-
ri kavSiris Camoyalibeba zustad am dro iT TariRd-
eba da dResac gavrcelebuli movlenaa. 

 kontinentebis gadaadgileba dedamiwis filebis 
moZraobam evoluciaze didi gavlena iqonia. super-
kontinent pangeas formireba, Semdeg ki sxvadasxva 
kontinentebad daSla, bevr biogeografiul gamoca-
nas xsnis.

koncefcia 26.6
sicocxlis xeze warmodgena axlma 
informaciam Secvala

 warsulis taqsonomuri sistemebi warsulis taq-
sonomiur sistemebSi or, mcenareebisa da cxovelebis 
samefos, gamoyofdnen. SemdegSi Camoyalibda 5 same-
fosgan Semdgari sistema. esenia: monera, umartivese-
bi, mcenareebi, sokoebi da cxovelebi.

 sicocxlis xis ganaxleba. samuSao grZeldeba  sami 
domenis sistemam (baqteriebi, arqeebi da eukari-
otebi) xuTi samefos sistema Secvala. yoveli domeni 
sistematikosebma mraval samefod dayves.

SeamowmeT sa kuTari codna

TviTSefaseba

1.  sicocxlis warmoSobaze erT-erTi mosazrebidan gamom-
dinareobs, rom dedamiwaze pirveli organuli naerTebi 
atmosferoSi ki ara aramed warmoiqmna....
a)  mSral miwaze;
b)  zRvaSi Rrma napralebTan axlos;
g)  virusebisgan;
d) samxreT afrikaSi;
e)  dedamiwaze mTvaris namsxvrevebis Camoc venisas.

2. risi Seswavla dRemde ver daasrules sicocxlis warmo-
Sobis sakiTxebze momuSave mecnierebma?
a)  ribozimebis mier rnm-is patara polimerebis sin-

Tezis;
b)  polipeptidebis abioturi sinTezis;
g)  molekuluri erTobliobebis, romlebic membranis 

SerCeviT SeRwevadobas uzrunvelyofen;
d)  protobiontebis formirebis, romlebic aminomJa-
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vebis sinTezisTvis dnm-s iyeneben;
e)  organuli molekulebis abioturi sinTezis.

3.  bunebrivi gadarCevis Sedegad protobiontebis popu-
laciSi evoluciuri cvlilebebi mxolod maSin mimdin-
areobda, roca
a) maT pirvelad SeZles qimiuri reaqciebis katalizi;
b) memkvidreobiTobis zogi meqanizmi ganviTarda;
g)  maT zrda da orad dayofa SeZles;
d)  fotosinTezi warmoiqmna;
e) dnm pirvelad gaCnda.

4.  romeli mosazreba ar eTanxmeba hipotezas, rom rnm iyo 
uZvelesi protobiontebis genetikuri masala da am sax-
iT funqcionirebda?
a)  rnm-is mokle Tanmimdevrobebs dnm-is jaWvisTvis 

mxolod SezRuduli raodenobis komplementaluri 
fuZeebis damateba SeuZlia;   

b)  cocxal ujredebSi rnm-s katalizuri aqtivoba aqvs;
g)  Tanmimdevrobebis SemadgenlobaSi cvlilebebis 

Sedegad garemos sxvadasxva pirobebis mimarT sx-
vadasxva mdgradobis mqone molekulebs viRebT;

d)   dRevandel ujredebSi cilebis sinTezisTvis rnm ma-
tricis rols asrulebs;

e)  dRevandel ujredebSi rnm matricaa, romlis mixed-
viT dnm-is nukleotidebi lagdeba.

5.  konkretul danaleq qanebSi maTi formirebisas pota-
sium-40-is 12mg iyo. amJamad es qanebi 3mg potasium-40-s 
Seicavs. potasiumis naxevrad daSlis periodi 1.3 mili-
ardi welia. ras udris am qanebis asaki?
a) 0.4 miliardi weli; b) 0.3 miliardi weli;
g) 1.3 miliardi weli; d) 2.6 miliardi weli;
e) 5.2 miliardi weli.

6.   namarxi stromatolitebi
a)  2.7 miliardi wliT TariRdeba;
b)  maTi formireba zRvebSi, napralebis axlos moxda;
g)  isini baqteriebis Tanasazogadoebebs hgvanan, rom-

lebic dRes zogierT Tbil, marilian, wyalmarCx 
yureebSi binadroben;

d)  mowmoben, rom mcenareebi xmeleTze sokoebTan er-
Tad, daaxloebiT 500 milioni wlis win dasaxldnen;

e)  Seicaven pirveli namdvili eukariotebis namarxebs, 
romlebic 2.1 miliardi wliT TariRdeba.

7.   Jangbadis revoluciam dedamiwis saarsebo garemo mkve-
Trad Secvala. okeaneebsa da atmosferoSi Tavisufali 
Jangbadis arsebobam gamoiwvia:
a)  qloroplastebis evolucia, imis Semdeg, rac ad-

reulma umartivesebma fotosinTezis unaris mqone 
lurj-mwvane wyalmcenareebi STanTqes;

b)  anaerobul adgilebSi mobinadre cxovelebis zogi 
jgufis mdgradobis gazrda; 

g)  fotosinTezuri pigmentebis evolucia, romlebic 
adreul wyalmcenares Jangbadis koroziuli (Jangvi-
Ti) moqmedebisgan icavdnen;

d) ujreduli sunTqvis evolucia: Jangbadis gamoyeneba 
sakvebi molekulebisgan energiis misaRebad;

e)  prokariotebis simbioturi Tanasazogadoebebidan 
mravalujrediani eukariotebis koloniebis ganvi-
Tareba.

8.  Semdegi CamonaTvalidan, romeli asaxavs dedamiwis bi-
ologiuri istoriis movlenebis SesaZlo Tanmimdevro-
bas? 
a)  jer metabolizmi, Semdeg mitozi;
b)  jer Jangbadis Semcveli atmosfero, Semdeg reduci-

rebuli atmosfero;
g)  jer eukariotebi, Semdeg prokariotebi;
d) jer dnm genebi, Semdeg rnm genebi;
e)  jer cxovelebi, Semdeg wyalmcenareebi.

9.  indoeTis mcenareebi da cxovelebi SesamCnevad gansx-
vavdebian masTan mezoblad mdebare samxreT-aRmosavle-
Ti aziis saxeobebisgan. imitom, rom: 
a) saxeobebi konvergentuli evoluciis Sedegad erT-

maneTs da cildnen;
b)  ori regionis klimati absoluturad gansxvavdeba;
g)  indoeTi danarCeni aziidan gamoyofis procesSia;
d)  vulkanuri  aqtivobis Sedegad sicocxle indoeTSi 

didi xnis win  Seicvala;
e)  indoeTi SedarebiT axlaxans calke kontinenti iyo.

10. kamaTi sicocxlis samefoebis ricxvsa da sazRvrebze 
ZiriTadad organizmebis Semdeg jgufebs exeba: 
a)  mcenareebsa da cxovelebs;
b)  mcenareebsa da sokoebs;
g)  prokariotebsa da erTujredian eukariotebs;
d)  sokoebsa da cxovelebs;
e)  amfibiebsa da reptiliebs.

 
evoluciuri kavSiri

aRwereT agebulebis, metaboluri da genetikuri ele-
mentebis minimumi, romlebic protobionts esaWiroeba nam-
dvil ujredad ganviTarebisTvis.

 

mecnieruli kvleva

Tu mzis sistemis farglebSi sicocxles kidev sadme 
aRmoaCenT, gaCndeba kiTxva: warmoiSva Tu ara dedamiwaze 
arsebuli da es aRmoCenili sicocxle erTmaneTisgan da-
moukideblad? axalad aRmoCenili sicocxlis fizikuri da 
qimiuri Tvisebebis Sesawavlis Sedegad, ra Tvisebebi daa-
dasturebs maT erTian warmoSobas? ra kiTxvebi gaCndeba, 
Tu aRmoCndeba, rom es sicocxleebi saerTo  an sxvadasxva 
warmoSobisaa?
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mecniereba , teqnologia 

da sazogadoeba

eqspertebis mtkicebiT, adamianis cxovelqmedebis Sede-
gad yovelwliurad aseulobiT saxeoba nadgurdeba. saxeo-
bebis gadaSenebis bunebrivi sixSire ki weliwadSi saSualod 
ramdenime saxeobas udris. adamiani garemoze zemoqmedebas, 
magaliTad, tropikuli tyeebis ganadgurebas agrZelebs 

da xels uwyobs dedamiwaze klimatis cvlilebas. amis gamo 
saxeobebis jamuri gadaSeneba SeiZleba carculi periodis 
bolos moxdar gadaSenebas gautoldes. unda gvaRelvebdes 
Tu ara mosalodneli masobrivi gadaSeneba? pasuxisas gaiT-
valiswinoT, rom sicocxlem dedamiwaze ramdenime masobriv 
gadaSenebas gauZlo. riTi gansxvavdeba wina masobrivi ga-
daSenebebi mosalodneli gadaSenebisgan? ra bedi elis ga-
darCenil saxeobebs, maT Soris Cvensac?
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27
prokariotebi

 S suraTi 27.1N `siTbos moyvaruli~ prokariotebis narin-
jisferi da yviTeli koloniebi. nevada, cxeli geizeri. 

 ZiriTadi koncefciebi

27.1 prokariotebis warmatebaSi did rols asrule-
ben struqturuli, funqcionaluri da geneti-
kuri adaptaciebi 

27.2 prokariotebSi ganviTarda mravalferovani 
kvebiTi da metaboluri adaptaciebi

27.3 prokariotebis filogenezis Seswavlas awar-
moeben molekuluri sistematikis safuZvelze 

27.4 prokariotebis roli biosferos formirebaSi 
Zalian didia 

27.5 prokariotebis aqvT adamianebze rogorc 
uaryofiTi, aseve dadebiTi gavlena.

 Sesavali

isini TiTqmis yvelgan  
arseboben

prokariotebis umravlesobis zoma mikroskopulia. 
zomis danakliss isini mravalricxovnobiT akompensi-
reben. yvela prokariotis biologiuri masa (biomasa) 
eukariotebis masaze aTjer metia. prokariotebis ra-
odenoba noyieri niadagis erT muWaSi metia, vidre ada-
mianebis raodenoba, romlebic misi warmoSobis Semdeg 
dedamiwaze binadrobdnen. Tavisi arsebobis istoriis 
ganmavlobaSi es nazi organizmebi biosferoSi batono-
ben. ratom da riT aris es gamowveuli? prokariotebis 
warmatebis erT-erTi mizezia adaptaciebis didi ra-
odenoba, romelTGa saSualebiT sxvadasxva prokarioti 
sxvadasxva garemos advilad iTvisebs. prokariotebi 
TiTqmis yvelgan gvxvdebian, sadac sxva organizmebi ver 
Zleben: Zalian mJave an Zalian marilian garemoSi, Zalian 
civ an Zalian cxel adgilebSi  (suraTi 27.1). isini dan-
aleq qanebSi, 2 kilometris siRrmezec aRmoaCines. roca 
biologebi cdilobdnen prokariotebis evoluciis in-
storiis rekonstruqcias, romelic safuZvlad udevs 

maTi tipebis mravalferovnebas, aRmoaCines, rom maT 
gasaocari genetikuri mravalferovnebac axasiaTebs. 
magaliTad: ribosomuli rnm-is Sedareba aCvenebs, rom 

baqteriis, Escherichia cloli-s ori Stami genetikurad ufro 
gansxvdeba, vidre ixvniskarta da adamiani.

rogorc 26-e TavSi waikiTxeT, prokariotebs yofen 
or domenad: baqteriebad da arqeebad. es domenebi gan-
sxvavdebian erTmaneTisgan mravali struqturuli, 
fiziologiuri da bioqimiuri maCveneblebiT. am TavSi 
prokariotebis biologiur mniSvnelobaze da maT Ziri-
Tad adaptaciebze waikiTxavT. magaliTad, prokariote-
bi monawileoben qimiuri nivTierebebis wrebrunvaSi. 
waikiTxavT prokariotebis im saxeobebze, romlebic 
adamianis seriozul daavadebebs iwveven. sabolood ki 
gaecnobiT adamianebis sicocxlis damokidebulebas 
`keTil~ prokariotebze  da bioteqnologiiis miera am 
farTod gavrcelebuli organizmebis metaboluri (niv-
TierebaTa cvlis) aqtiobis gamoyenebas.

koncefcia 27.1
funqcionaluri da  
genetikuri adaptaciebis roli  
prokariotebis ganviTarebaSi

prokariotebis umetesoba erTujrediani organizmia, 
Tumca zogi saxeoba mcire droiT agregaciebs (mravali 
ujredis grova) qmnis. xandaxan agregacia mudmivia da 
koloniebi warmoiqmneba. prokariotuli ujredebis di-

ametri, rogorc wesi, 1-5 μm-ia. eukariotuli ujredebis 

diametri ki saSualod 10-100 μm–ia. prokariotuli ujre-
debi zoma eukariotuli ukredebis zomaze bevrad mcirea 

(erTi gamonaklisia giganti prokarioti Thiomargarita na-
mibiensis, romlis diametri 750 μm-ia. mas SeuiaraRebeli 
TvaliTac naxavT). prokariotuli ujredebis forma sx-
vadasxvaa. yvelze gavrcelebuli formebia; sfero (koki), 
Cxiri (bacila) da spirali (suraTi 27.2).
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ujredis zedapiris struqturebi

ujredis garsi TiTqmis yvela porkariotuli ujre-
dis erT-erTi ZiriTadi struqturaa, romlis saSuale-
biT ujredi stabilur formas inarCunebs. is aseve qmnis 
fizikur bariers da ujreds hipotoniur garemoSi gask-
domisgan icavs (ixileT Tavi 7). hipertoniul garemoSi 
prokariotebis umetesoba, iseve rogorc garsis mqone 
sxva ujredebi, wyals kargavs da ikumSeba - misi SigTavsi 
ujredis garss Sordeba (plazmolizi). wylis didi da-
naklisi prokariotebis reproduqcias (gamravlebas) 
abrkolebs. marilis gamoyeneba konkretuli sakvebis 
Sesanaxad, magaliTad lorisa da Tevzis, zustad am 
TvisebiT aixsneba. 

prokariotuli ujredis garsis molekuluri ageb-
uleba da Semadgenloba eukariotuli ujredis garsis-
gan gansxvavdeba. mexuTe TavSi waikiTxeT, rom eukari-
otebis ujredis garsi ZiriTadad celulozisgan an 
qitinisgan Sedgeba. 

baqteriebis umetesobis ujredis garsi ki pepti-
doglikans, Saqris modificirebul polimers, Seicavs. 
polimeri qmnis bades, romelic mokle polipeptidebiT 
jvaredinad SeerTebulia. es molekuluri masala baqte-
riis SigTavsis Sekvras emsaxureba da baqteriis zeda-

pirs mosgan moSorebul molekulebsac abavs. arqeebis 
ujredis garsi mravalferovani polisaqaridebisa da 
cilebisgan Sedgeba, magram peptidoglikans anu mukope-
ptids ar Seicavs. 

mecxramete saukuneSi danielma eqimma, hans qristian 
gramma baqteriuli ujredis garsis SeRebvis meTodika ga-
naviTara, romelsac gramis saxeli uwodes. am meTodika-
ze (gramis saRebavi) dayrdnobiT mecnierebi baqteriebs 
or jgufad yofen, rac ujredis garsis sxvadasxva Semad-
genlobas efuZneba. gramdadebiTi baqteriebis garsi 
martivi agebulebisaa da SedarebiT didi raodenobis 
peptidoglikans Seicavs (suraTi 27.3 a). gramuaryofiTi 
baqteriebis garsi nakleb peptidoglikans Seicavs da misi 
agebuleba ufro rTulia. maT aqvT garegani membrana, ro-
melic lipopolisaqaridebs Seicavs (naxSirwyalbadebis 
naerTi  lipidebTan) (suraTi 27.3 b).

medicinaSi gramis mixedviT SeRebva Zalian mniS-
vnelovani saidentifikacio meTodia. baqteriebis pa-
Togenuri da daavadebis gamomwvevi gramuaryofiTi 
saxeobebi ZiriTadad ufro saxifaToni arian, vidre 
gramdadebiTi saxeobebi. gramuaryofiTi baqteriebis 
kedlebze arsebuli lipopolisaqaridebi xSirad to-
qsikuria. garegani membrana ki exmareba baqterias 
maspinZelis TavdacviTi meqanizmebisgan dcvaSi. met-
ic, gramuaryofiTi baqteriebi gramdadebiTebTan Se-
darebiT antibiotikebis mimarT ufro rezistentulni 
(mdgradebi) arian. maTi garegani membrana xels uSlis 
wamlis SeRwevas ujredSi.

konkretuli antibiotikebis efeqturobas, peni-
cilinis CaTvliT, ganapirobebs maTi unari daabrkolon  
peptidoglikanis jvaredini Sekvris procesi. antibio-
tiki blokavs srulyofili baqteriuli garsis Camo-
yalibebas. gansakuTrebiT efeqturia antibiotikebis 
gamoyeneba gramdadebiTi baqteriebis winaaRmdeg. an-
tibiotikebi uamrav sxvadasxva paTogenur baqterias 
Slian,  magram ar azianeben adamianis sxeulis ujredebs, 
romlebic peptidoglikans ar Seicaven. 

mravali prokariotis ujredis garsi dafarulia 
kapsuliT. kapsula polisaqaridebis an cilebis we-
bovani Srea (suraTi 27.40). misi saSualebiT prokariote-
bi substrats, an koloniis sxva individebs emagrebian. 
paTogenur prokariotebs kapsula maspinZlis imunuri 
sistemis ieriSisgan icavs.

zogi prokarioti erTmaneTs an substrats Tmis-
magvari gamonazardebis saSualebiT emagreba. am gamon-
azardebs fimbriebs – wamwamebs eZaxian. zogi ki amisTvis 
pilebs iyenebs. rogorc wesi, fimbriebi ufro mraval-

ricxovania da moklea, vidre pilebi (suraTi 27.5) Neisse-
ria gonorrhoeae _ baqteria, romelic gonoreas iwvevs, fim-
briebs maspinZelis ujredebis lorwovan membranasTan 
misamagreblad iyenebs. specializirebuli pilebi, rom-
lebsac sasqeso pilebs uwodeben, prokariotebs koniuga-
ciis msvlelobisas aerTianeben. am procesis dros erTi 
ujredis dnm meore ujredSi gadadis (ix. suraTi 18.17).

(a) sferuli koki (b) Cxiris formis bacila (g) spirali

 S suraTi 27.2 prokariotebis yvelaze gavrcelebuli formebi 

(a) koki, sferuli formis prokariotia. kokebi calkeuli or-
ganizmebia, wyvilebs (diplokokebi) da mravalujredebian 
Zewkvs (am suraTze naCvenebi streptokokebi) an qmnian. 
kokebi xandaxan mtevnebad grovdebian (stafilokokebi). (b) 
bacila Cxirismagvari prokariotia. rogorc wesi, calkeu-
li ujredebis saxiT gvxvdeba. xandaxan Cxirebi Zewkvs 
(streptobacilebi) qmnian. (g) spiraluri prokariotebi, 
spirilas CaTvliT. maTi forma mZivismagvari formidan  _ 
grZel spiralamde meryeobs.  aq naCvenebia spiralis formis 
spiroqetebi. (SeRebilia SEM)
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moZraobis unari

prokariotebidan daaxloebiT naxevars mimarTuli 
moZraoba SeuZlia. zogi saxeoba uzarmazari siCqariT, 

50 μm/wamSi moZraobs. es 50-jer aRemateba maTi sxeulis 
sigrZis toli manZilis wamSi gavlis siCqares. 

prokariotis samoZrao mravalferovani struq-
turebidan yvelaze gavrcelebulia Solti. is SeiZleba 
ujredis mTel zedapirze vrceldebodes, an ujredis 
erT, an orive boloze mdebareobdes. prokariotebis 

Solti eukariotebis Soltisgan rogorc struqturu-
lad, aseve biZgebis meqanizmiT gansxvavdeba (suraTi 
27.6). prokariotis Soltis sisqe eukariotis Soltis 
erTi meaTedia. is ar aris dafaruli plazmuri membranis 
gamonazardebiT (ixileT suraTi 6.24 da 6.25 eukariotis 
Soltis agebulebis gasaxseneblad)

SedarebiT erTgvarovan garemoSi Soltiani pro-
kariotebi qaoturad moZraoben. heterogenur garemoSi 
ki bevr prokariots taqsisi axasiaTebs. taqsisi aris 
moZraoba stimulis, an stimulis sapirispiro mimar-
TulebiT (berZnulad taqsisi wesrigSi moyvanaa). mag-
aliTad, qemotaqsisis mqone prokariotebi konkretul 
qimiur nivTierebebze moZraobis mimarTulebis SecvliT 
pasuxoben. isini sakvebis an Jangbadis mimarTulebiT 

(a) gramdadebiTi. gramdadebiT baqterias aqvs didi raode-
nobis peptidoglikanis Semcveli ujredis garsi, romelic 
iisfer saRebavs citoplazmaSi ikavebs. spirtiT gamorecxva 
damatebuli wiTel saRebavis mfarav iisfer saRebavs ar 
auferulebs.

20 μm

(b) gramuaryofiTi. gramuaryofiTi baqteria peptidog-
likans naklebi raodenobiT Seicavs da is ganlagebulia 
plazmuri membranisa da garegani membranis SuaSi. iisferi 
saRebavis amorecxva ar aris rTuli, ris Sedegad ujredi 
wiTel an vardisfer fers iZens.

ujredis 
garsi

peptido
glikanis Sre

plazmuri 
membrana

cila

 gram
dadebiTi 
baqteria

gram
uaryofiTi 
baqteria

lipopolisaqaridebi

ujredis 
garsi

garegani 
membrana

peptido
glikanis Sre

plazmuri 
membrana

cila

 S suraTi 27.3 SeRebva gramis mixedviT. baqteriebi SeRebilia lilisferi saRebaviT da spirtSi gaxsniliT iodiT, Semdeg 
ki wiTeli saRebaviT, fuqsiniT. garsis agebuleba misi SeRebvis unars ganapirobebs (lm). 

kapsula

 S suraTi 27.4 kapsula. streptokokis baqterias gars er-
tymis polisaqaridis kapsula, romlis saSualebiT paTo-
genuri prokarioti adamianis traqtis SemomsazRvrel 
ujredebs emagreba. am suraTze naCvenebia streptokokis 
mimagreba nuSisebri jirkvlis ujredTan (SeRebili trans-
misiuli eleqtronuli mikroskopisTvis).

fimbria

200 nm

 S suraTi 27.5 fimbria. mravalricxovani gamonazardebis 
saSualebiT zogi prokarioti eukariotuli ujredebis 
zedapirs an sxva prokariotebs emagreba (SeRebili TEM)
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moZraoben (dadebiTi qemotaqsisi) an piriqiT, toqsi-
kur nivTierebas gaurbian (uaryofiTi qemotaqsisi). 2003 
wels prinstonis universitetis da kiuris institutis 

(parizi) TanamSroblebma aCvenes, rom E. coli-s ujredi 
misi saxeobis sxva warmomadgenlebis mimarT dadebiT qe-
motaqsiss avlens, ris gamoc koloniebs warmoiqmnis. 

Sinagani da geneti-

kuri Semadgenloba

prokariotis ujredis Sina-
gani agebuleba da genetikuri 
Semadgenloba ufro martivia, 
vidre eukariotis.  prokari-
otul ujreds ar axasiaTebs 
calkeuli struqturebi, rom-
lebic eukariotul ujredSi 
arsebobs (ixileT suraTi 6.6). 
zog prokariotul ujreds aqvs 
specializirebuli membranebi, 
romlebic metabolur fun-
qciebs asrulebs (suraTi 27.7). 
rogorc wesi, es membranebi 
plazmuri membranis nakecebia.

prokariotebis genomis 
agebuleba eukariotebis gen-
omisgan Zalian gansxvavebulia. 
maTi dnm eukariotebis dnm-is 
saSualod meaTaseds Seadgens. 
prokariotebis umetesobis 
genomis udidesi nawili rgo-
lovani dnm-gan Sedgeba. mas-
Tan dakavSirebulia SedarebiT 
naklebi raodenobis cila. ge-

netikuri masalis am rgols prokariotul qromosomas 

eZaxian (suraTi 27.8). eukariotebis qromosomebi ganla-
gebulia birTvSi, prokariotuli qromosoma ki birTvis 
regionSi. birTvis regioni citoplazmis adgilia, ro-
melic eleqtronul mokrosuraTze ufro Riaa, vidre 
mis garSemo myofi citoplazma.

qromosomas garda, tipuri prokariotuli ujredi 
SeiZleba dnm-is mcire rgolebsac Seicavdes, romleb-

Solti

ujredis garsi

plazmuri 
membrana

bazaluri aparati

kauWi

Zafi – filamenti

50 nm

 S suraTi 27.6 prokariotis Solti. bazaluri meqanizmi, prokariotis Soltis mamoZrave-
beli aparati, rgolebis sistemaa, romelic Casmulia ujredis keledSi da plazmur membra-
naSi (TEM). atf-iT marTul tumbos gadaaqvs protonebi ujredis gareT. protonebis difuzia 
ujredSi ki energias aniWebs bazalur aparats da is kauWad igrixeba. kauWi mimagrebulia 
Zafebze, romlebici flagelinis, globularuli cilis, Zewkvisgan Sedgeba. (am diagramaze 
naCvenebia gramuaryofiTi baqteriebisTvis damaxasiaTebeli Soltis agebuleba).

sasunTqi 
membrana

(a) aerobuli prokarioti.

Tilakoiduri 
membrana

 (b) fotosinTezis unaris   
prokarioti 

0,2 μm 1 μm

 S suraTi 27.7  rokariotebis specializebuli membranebi (a) 
plazmuri membranis nakecebi mitoqondriis kristebs waagavs. 
zog aerobul prokariotSi isini ujredis sunTqvaSi monaw-
ileoben (TEM) (b) cianobaqteriebs, fotosinTezis unaris mqone 
prokariotuli ujredebs, Tilakoiduri membrana aqvs, romelic 
Zalian hgavs qloroplastebis membranas. (TEM)

1 μm

qromosoma

 S suraTi 27.8 prokariotuli qromosoma. E. coli-s 
daSlil ujreds gars ertymis Txeli daxveuli maryu-

Jebi. es dnm-is erTi rgolis nawilebia (SeRebili TEM).
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sac plazmidebs uwodeben. plazmidebis umetesoba mx-
olod ramdenime genisgan Sedgeba, romlebic antibio-
tikebis mimarT mdgradobas ganapirobebs. isini agreTve 
iSviaTi sakvebi nivTierebebis metabolizms marTaven, an 
sxva ,,iSviaT~ funqcias asruleben. xSirad prokariotul 
ujreds plazmidebis gareSec SeuZlia arseboba, vinaidan 
misi qromosoma yvela mniSvnelovan funqcias akodirebs. 
magram, konkretul pirobebSi, magaliTad infeqciis wi-
naaRmdeg antibiotikebis gamoyenebisas, plazmidam pro-
kariotis gadarCenis Sansi SeiZleba mniSvnelovand gaz-
ardos. plazmidebis replikacia mTavari qromosomisgan 
damoukidebelia. mravali plazmida koniugaciis pro-
cesSi sxva ujdredSi advilad aRwevs (ix. suraTi 18.18).

meTeqvsmete da meCvidmete TavebSi vaxseneT, rom 
prokariotebSi da eukariotebSi dnm-is replikacia, 
traskripcia da translacia ZiriTadad msgavsad mimdi-
nareobs. Tumca aris garkveuli sxvaobac. magaliTad, 
prokariotebis ribosomebi odnav mcire zomisaa, vidre 
eukariotebis. isini aseve cilebisa da rnm-is Semad-
genlobiT gansxvavdebian. es sxvaoba sakmarisia, rom 
konkretuli antibioti, magaliTad eriTromicini da 
tetraciklini, prokariotebis, da ara eukariotebis ri-
bosomas daukavSirdes da cilebis sinTezis dablokos. 
amitom baqteriebis mosaklavad adamians SeuZlia am an-
tibiotikebis gamoyeneba sakuTari TavisTvis zianis miy-
enebis gareSe. 

reproduqcia da adaptacia

erTi mxvriv, prokariotebi Zalian warmatebuli or-
ganizmebia. xelsayrel garemoSi isini swrafad, gayofiT  
mravldebian (ixileT suraTi 12.11) gayofis Sedegad 
erTi prokariotuli ujredi 2 ujreds, Semdeg ki Ses-
abamisad 4, 8, 16 da a.S gvaZlevs. prokariotebis umrav-
lesoba yovel 1-3 saaTSi erTxel iyofa. karg pirobebSi 
zogi saxeoba axal Taobas yovel 20 wuTSi erTxel iZl-
eva. Tu erTi prokariotuli ujredi aseTi siswrafiT 
dabrkolebis gareSe gamravldeba, misi kolonia dedami-
was sam dReSi dafaravs!. sinamdvileSi prokariotebis 
gamravleba SezRudulia. prokariotul ujreds sakve-
biT momarageba sWirdeba, sakvebi ki milevadi resursia. 
amis garda, ujredi nivTierebaTa cvlis Sedegad war-
moqmnili narCenebiT iwamleba, an mas sxva organizmebi 
anadgureben. bunebaSi prokariotebTan sxva mikroorga-
nizmebi konkurirebs. bevri maTgani TviTon asinTezebs 
antibiotikebs, romlebic prokariotebis reproduqcias 
aneleben. 

zogi prokarioti sakmaod mZime pirobebs uZlevs, 
rac aseve zrdis maT warmatebas. magaliTad, konkretuli 
baqteriebi rezistentul ujreds – endosporas qmnian, 
roca garemoSi baqteriisTvis saWiro sakvebi ar aris 
(suraTi 27.9). 

endosporis Camoyalibebisas baqteria mkvrivi gar-
siT daculi, sakuTari qromosomebis aslebs warmoqm-

nis. am procesSi ujredi wyals kargavs, nivTierebaTa 
cvla masSi wydeba, misi danarCeni nawili iSleba da sa-
kuTari Tavis magivrad ujredi endosporas tovebs. en-
dosporebis umetesoba imdenad mdgradia, rom mduRare 
wyals uZlevs. maT mosaklavad mikrobiologebi labora-

torul instrumentebs 121oC - ze gacxelebuli orTqliT 
maRali wnevis qveS amuSaveben. cud pirobebSi endospora 
saukuneebis ganmavlobaSi SeiZleba miZinebuli, magram 
cocxali iyos da rehidrataciis unars inarCunebdes. 
xelsayrel garemo pirobebSi misi nivTierebaTa cvla 
aRdgeba.

prokariotebs bunebrivi gadarCevis Sedegad garemo 
pirobebis cvlilebebTan swrafi adaptacia SeuZlia. isi-
ni swrafad mravldebian, amitom populaciaSi swrafad 
vrceldeba mutaciebi, romlebic zrdian maT  war matebas 
garemos axal pirobebSi. laboratorul pirobebSi evo-
luciis Semswavleli mecnierebebisTvis prokariotebi 
SesaniSnavi modelia.

magaliTad, riCard lenski da misi gundi (miCiganis 

saxelmwifo universiteti) E. coli-s koloniebs 988 wli-
dan, 1 20 000-ze meti Taobis ganmavlobaSi akvirdebian. 
mkvlevrebi koloniebis nimuSebs regularulad yinaven, 
Semdeg alRoben da maT Tvisebebs Semdgomi Taobebis 
Tvisebebs adareben. Sedarebam aCvena, rom erTsa da imave 
pirobebSi, dRevandeli kolonia 1988 wlis koloniaze 
60%-iT swrafad izrdeba. lenskis gundi im genetikur 
cvlilebebs swavlobs, romlebic koloniis garemosTan 
evoluciuri adaptaciis safuZvelia. 2003 wels mkv-
levrebma gamoavlines, rom or koloniaSi, sawyis kolo-
niebTan SedarebiT, erTi da igive 59 genis eqspresiis 

paraleluri cvlilebebi moxda. E. coli swrafad mravl-
deba da mecnierebs adaptaciuri evoluciis dafiqsireba 
SeuZliaT. 

genebis horizontaluri gadatana (ixileT Tavi 25) 

endospora

 S suraTi 27.9  endospora. baqteria Bacillus anthracis sasikvdi-
lo daavadebas, cimbirul wyluls, iwvevs. misi endospora (TEM) 
sqeli, damcveli garsis gamo, niadagSi wlebis ganmavlobaSi 
cocxali rCeba.
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prokariotebis swraf evolucias aseve aadvilebs. mag-
aliTad, koniugaciis Sedegad plazmidebis gacvla xde-
ba. plazmidebi ramdenime gens, an Tundac genebis ufro 
farTe jgufs Seicaven. gadatanili genebi prokariotis 
genomSi aRwevs. dayofis seriebis msvlelobisas isini 
bunebrivi gadarCevis subieqtebi xdebian. genebis hori-
zontaluri gadatana paTogenuri baqteriebis grZel -
vadiani evoluciis ZiriTadi mamoZravebeli Za laa. am 
Temas mogvianebiT ganvixilavT. 

 koncefcia testi 27.1
1.  prokariotebs SeuZlia sxva organiz mebisTvis 

Zalian cud pirobebSi gadarCena. daadgineT da 
axseniT im adaptaciis ori magaliTi, romlis meS-
veobiT es SesaZlebelia.

2.  ganasxvaveT prokariotebisa da eukariotebis 
ujre duli da genomuri organizacia. 

3.  axseniT, rogor adaptirdebian prokariotebi 
swrafi reproduqciis saSualebiT cvalebad 
garemosTan.

koncefcia 27.2
prokariotebSi ganviTarda  
mravalferovani kvebiTi  
da metaboluri adaptaciebi

yvela organizmis klasifikacia kvebis tipis mixedviT 
SeiZleba, anu maT mier energiisa da naxSirbadis miRebis 
saSualebis mixedviT. energia da naxSirbadi organuli 
molekulebis asaSeneblad saWiroa, romlebisganac ujredi 
Sedgeba. prokariotebis kvebiTi tipebis mravalferovneba 
eukariotebTan SedarebiT metia: eukariotebis kvebis yve-
la tipi prokariotebSic arsebobs. magram aris mxolod 
prokariotebisTvis damaxasiaTebeli kvebis tipebic.

fototrofebi organizmebia, romlebic energias 

sinaTlidan iReben. qemotrofebi  ki energias qimiuri 
nivTierebebisgan iReben. orgnizmebi, romlebsac nax-

Sirbadis wyarod mxolod araorganuli komponenti CO2 

sWirdeba, autotrofebia. heterotrofebs ki, rogorc 
minimum, erTi organuli sakvebi, magaliTad glukoza 
sWirdeba, sxvanairad isini organul naerTebs ver Seqm-
nian. energiisa da naxSirbadis wyaros mixedviT kvebis 
oTx ZiriTad meTods gamoyofen. 27.1 cxrilSi es meTo-
debi aRwerilia da Sejamebuli.

1. fotoautotrofebi  fotosinTezis unaris mqone 
organizmebia. isini sinaTlis energias `iWeren~ da 

CO2-sgan  organuli naerTebis sinTezisTvis iyeneben. 
cianobaqteriebi da mravali sxva prokarioti foto-
autotrofia. fotoautotrofebia mcenareebic da wy-
almcenareebic. 

2. qemoautotrofebi naxSirbadis resursis saxiT 

mxolod CO2-s saWiroeben. Tumca energiis wyarod sina-
Tles ar iyeneben. isini araorganul nivTierebebs Jan-

gaven, magaliTad, gogirdwyalbads (H2S), amiaks (NH3) an 

rkinis ionebs (Fe2
+). kvebis es tipi unikaluria konkre-

tuli prokariotebisTvis.
3. fotoheterotrofebi  sinaTles energiis wyarod 

iyeneben, magram naxSirbadi unda organuli nivTiere-
bebis SemadgenlobaSi miiRon. zRvis prokariotebis 
nawili ase ikvebeba. 

4. qemoheterotrofebi organuli molekulebis 
gamoiyeneba rogorc energiisTvis, aseve naxSirbadis 
wyaros saxiT SeuZlia. kvebis es tipi farTod gavrcele-
bulia prokariotebSi, umartivesebSi, sokoebSi, cxove-
lebSi da zog parazitul mcenareSic. 

metaboluri kavSiri JangbadTan

 Jangbadis mxvriv prokariotebis metabolizmi aseve 

gansxvavdeba (ixileT Tavi 9). obligaturi aerobebi O2-s 

ujreduli sunTqvisTvis iyeneben da O2-is gareSe zrda 

ar SeuZlia. fakultaturi anaerobebi O2-s iyeneben, Tu 
is garemoSia, magram fermentaciis Sedegad uJangbado 
(anaerobul) garemoSic izrdebian. obligaturi an-

aerobebi O2-iT iwamlebian. zogi obligaturi anaerobi 
mxolod fermentaciis gamo cocxlobs; sxvebi qimiur 
energias anaerobuli sunTqvis gziT iReben. am dros 

sxva nivTierebebi, da ara O2, magaliTad nitratebis 

ionebi (NO3
-) an sulfatis ionebi (SO4

2-), eleqtronebs 
eleqtronebis satransporto jaWvis boloSi iZenen.

azoturi metabolizmi

azoti mTel rig organizmebs aminomJavebisa da nuk-
leinis mJavebis sinTezisTvis sWirdeba. eukariotebis 
SesaZlebloba azotis sxvadasxva naerTebis SeTvisebis 
SezRudulia. prokariotebi ki azots mravali formiT 
iReben. magaliTad, konkretuli prokariotebi, zogi 
cianobaqteriis (lurj-mwvane wyalmcenaris) CaTvliT, 

atmosferul azots _ (N2) amiakad (NH3) gardaqmnian. 
am process azotis fiqsacia hqvia. `fiqsirebuli~ az-
oti Semdeg ujredis aminomJavebisa da sxva organuli 
molekulebis SemadgenlobaSi Sedis. azotis fiqsirebad 
cianobaqteriebs, sxva organizmebTan SedarebiT, TviT-
dakmayofilebis yvelaze meti unari aqvT. maT zrdisTvis 

mxolod sinaTle, CO2, O2, wyali da zogi minerali sWird-
eba. 54 TavSi ganxilulia ekosistemaSi mimdinare azotis 
ciklisTvis prokariotebis didi mniSvneloba.
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metaboluri kooperacia

prokariotebi kooperaciis (TanamSromlobis) sa-
SualebiT garemos im resursebs iyeneben, romlebsac 
calkeuli ujredi ver iyenebs. zog SemTxvevaSi koloni-
is specializebuli ujredebi TanamSromloben. magali-

Tad, cianobaqteria Anabaena-s aqvs genebi, romlebic 
fotosinTezisTvis da azotis fiqsaciisTvis saWiro ci-
lebs akodirebs. calkeul ujreds erTsa da imave dros 
orive procesis Sesruleba ar SeuZlia, imitom, rom fo-

tosinTezis Sedegad O2 warmoiqmneba, romelic azotis 
fiqsaciaSi monawile fermentebs dezaqtivirebs. amitom 

Anabaena ara izolirebuli ujredebis saxiT arsebobs, 
aramed Zafisebr koloniebs qmnis (suraTi 27.10). Zafis 
Semadgeneli ujredebis umetesoba mxolod fotosin-

TeziT dakavebulia.  ram-
denime specializebuli 
ujredi, heterocisti, ki 
mxolod azots fiqsirebs. 
heterocistebi garSemor-
tymulia ujredis sqeli 
garsiT. es garsi zRu-
davs ujredSi fotosin-
tezis unaris mqone mezo-

beli ujredebidan O2-is 
SeRwevas. ujredSorisi 
kavSirebis saSualebiT 
heterocistebs mezobel 
ujredebSi fiqsirebuli 
azoti gadaaqvT da naxSir-
wylebSi cvlian.

zog prokariotul sax-
eobaSi metaboluri kavSiri 
zedapiruli Sris Semqm-
nel koloniebSi arsebobs. 
zedapiruli Sre cnobi-
lia bioapkis saxeliT (su-

raTi 27.11). koloniis ujredebi asinTezebs sasignalo 
molekulebs, romlebic ujredebis irgvliv grovdeba 
da koloniis zrdas astimulirebs. amis garda, ujre-
debi cilebs asinTezebs romelTa saSualebiT ujredebi 
substrats da erTmaneTs emagreba. bioapkebSi arsebobs 
arxebi, romelTa saSualebiT sakvebi ujredis SigniT 
aRwevs, cxovelmoqmedebis narCenebi ki gareT gamoid-
evneba.

sxvadasxva saxeobis prokariotebi aseve TanamSrom-
loben. magaliTad, baqteria, romelic gogirds STanTqa-
vs da arqea, romelic meTans STanTqavs, okeanis fskerze 
sferos formis grovas qmnian. rogorc Cans, baqteria 
arqeas narCen produqtebs, magaliTad, organul kompo-
nentebsa da wyalbads iyenebs. sapirispirod, baqteria 
warmoqmnis komponentebs, romlebic arqeas uadvilebs 
meTanis gamoyenebas. am TanamSromlobas globaluri 

cxrili 27.1 kvebis ZiriTadi tipebi

kvebis
tipi

energiis 
resursi

naxSirbadis 
resursi organizmebis tipebi

autotrofebi

sinaTle CO2
mafotosinTezirebeli   prokarioti (mag. 
cianobaqteria), xmeleTis mcenareebi, zogi 
umartivesi (wyalmcenare)

fotoautotrofebi

qemoautotrofebi araorganu-
li qim. nivT CO2

konkretuli prokarioti                                                 

magaliTad (Sulfolobus)

heterotrofebi

fotoheterotrofebi sinaTle organuli 
nivT

konkretuli prokariotebi (mag                                                    

Rhodobacter, Chloroflexus)

qemoautotrofebi organuli 
nivT

organuli 
nivT

mravali prokarioti (mag. 
Clostridium) da protisti;                                                                  
sokoebi, cxovelebi, zogi mcenare.. 

 fotosinTezis 
mwarmoebeli 
ujredi

heterocisti

 S suraTi 27.10 metaboluri TanamSromloba koloniur 
prokariotebSi. Zafismagvari cianobaqteriis Anabaena-s 
ujredebi, heterocistebi, azots afiqsirebs, sxva ujdredebi 
ki mxolod fotosinTezireben (L M sinaTlis mikroskopi) Anabaena 
mtknari wylis tbebSi binadrobs.

 S suraTi 27.11.  bioapki. yviTeli masa, romelic skanirebul 
elektronul mikroskopSi Cans, dentaluri nadebia. dentaluri 
nadebi bioapkia, romelic kbilis zedapirze warmoiqmneba.
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mniSvneloba aqvs: yovel wels arqeebi da axloebiT 300 
miliard kg meTans spoben, romelic saTburis efeqtis 
ZiriTadi monawilea (ixileT Tavi 54).

 koncefcia testi 27.2
1.  bnel gamoqvabulebSi mobinadre baqterias orga-

nuli sakvebis saxiT mxolod aminomJava meTioni-
ni sWirdeba. kvebis ra tipTan gvaqvs saqme?

2.  ra Seadgens naxSirbadis wyaros azotis cianobaq-

teria Anabaena-sTvis?

.

koncefcia 27.3
prokariotebis filogene-
zs molekuluri sistematikis 
safuZvelze swavloben

meoce saukunis bolomde prokariotebis taqsonomi-
is dasadgenad sistematikosebi fe notipuri kriteriume-
biT xelmZRvanelobdnen, magaliTad,  formiT, moZraobis 
unariT, kvebis tipiTa da gramis meTodiT SeRebvaze sa-
pasuxo reaqciiT. garkveuli TvalsazrisiT es kriteri-
umebi dRemde mniSvnelovania, magaliTad, roca saWiroa 
pacientis sisxlis paTogenuri baqteriebis klasifi-
kacia. magram, roca saqme prokariotebis filogenezs 
exeba, maTi Tvisebebis Sedareba naTel suraTs ar iZleva. 
mo lekuluri sistematika ki prokariotebis filogene-
zis kvlevisas saocar Sedegebs iZleva. 

molekuluri sistematikis gamoyenebidan 

miRebuli gakveTilebi 

rogorc 25 TavSi vTqviT, mokrobiologebma pro-
kariotuli genebis Tanmimdevrobebis Sedareba 1970 
wels daiwyes. evoluciuri naTesauri kavSiris dasa-
dgenad markeris saxiT ribosomul rnm-s mcire qveer-

Teuls (SSU–rRNA) iyenebdnen. karl uozem da misma ko-
legebma am meTodis gamoyenebiT daaskvnes, rom mravali 
prokarioti, romlebsac adre baqteriebad Tvlidnen, 
sinamdvileSi ufro axlos eukariotebs enaTesavebian. 
es organizmebi calke domenad _ arqeebad gamoyves. 
dRes mikrobiologebma genetikuri monacemebis didi 
baza Seiswavles, zogi organizmis mTliani genomic gaS-
ifres. maT daaskvnes, rom  ramdenime tradiciuli taq-
sonomiuri jgufi, magaliTad cianobaqteriebi, marT-
lac monofileturi jgufia. sxva jgufebi, magaliTad  

gramuaryofiTi baqteriebi, ramdenime evoluciur Stos 
Soris gafantulia (suraTi 27.12. am suraTze naCvenebia 
prokariotebis zogi ZiriTadi taqsonis filogenezis 
frTxili mcdeloba, romelic molekulur sistematikas 
efuZneba).

prokariotebis filogenezi dRemde kvlevis saga nia, 
magram ori mniSvnelovani gakveTili ukve miviReT. pirve-
li: prokariotebis genetikuri mravalfe ro vneba sao-
crad didia. roca mkvlevrebma pro kariotebis genebis 
sekvenireba daiwyes, maT mxolod laboratoriul piro-
bebSi gamravlebadi saxeobebis gamokvleva SeZles. ra 
Tqma unda, es prokariotuli saxeobebis mxolod mcire 
nawilia.

norman feisma (kolorados universiti) 1980-ian 
wlebSi SeimuSava meTodebi, romelTa saSualebiT mkv-
levrebs genetikuri masalis aReba pirdapir garemo-
dan SeuZliaT. am `genetikuri kvlevis~ saSualebiT, si-
cocxlis xis ZiriTad nawils yovel wels axali totebi 
emateba (zogi mkvlevari Tvlis, rom konkretuli totebi 
sinamdvileSi axali samefoebia). dReisTvis mTlianad 
aRwerilia prokariotebis mxolod 4 500 saxeoba. zogi 
monacemebis mixedviT ki erTi muWa niadagi SeiZleba 
prokariotebis 10 000 saxeobas Seicavdes. cxadia, rom am 
mravalferovnebidan sruli monacemebis SegrovebisT-
vis kvlevis mravali welia saWiro.

meore mniSvnelovani gakveTilia prokariotebis evo -
luciaSi genebis horizontaluri gadatanis mniSvneloba. 
aseulobiT milioni wlis ganmavlobaSi pro kariotebi 
genebs Soreulad monaTesave saxe obebidan iReb dnen da es 
procesi dResac frZeldeba. amitom mravali prokario-
tis genomis mniSvnelovani wili sxva saxeobebidan im-
portirebuli genebis mozaikaa.

kvlav daxedeT 27.12 suraTs, romelic molekulur 
sistematikas efuZneba: prokariotebis or mTavar xazad, 
baqteriebad da arqead adreuli daTiSva.

baqteriebi

prokariotebis umetesoba baqteriebia, romlebsac 
mravali adamiani kargad icnobs. es rogor paTogenuri 
saxeobebia, romlebic yelis streptokokul infeqcias 
da sxva daavadebebs iwvevs, aseve saxeobebi, romlebsac 
magaliTad Sveicariuli yvelis damzadebaSi iyeneben. 
baqteriebSi da baqteriebis mcire taqsonomiuri jgufic 
ki  kvebisa da metabolizmis yvela ZiriTadi tipi gvsvde-
ba. daakvirdiT 27.13 suraTs, rom ufro axlos gaicnoT 
baqteriebis ramdenime ZiriTadi jgufi.

arqeebi

arqeebs zogi Tviseba baqteriis, zogi ki eukariotis  
aqvs (cxrili 27.2). Tumca arqeebs mravali unikaluri 
Tvisebac axasiaTebs, rogorc es mosalodnelia grZeli, 
izolirebuli evoluciuri gzis mqone taqsonisgan. 
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pirveli prokariotebi, romlebic arqeas domenSi 
Seiyvanes, saxeobebia, romlebic sxva organizmebisTvis 
momakvdinebel eqstremalur garemoSi binadroben. aseT 
organizmebi cnobilia eqstremofilebis saxeliT, rac 
eqstremaluri pirobebis moyvarulebs niSnavs (berZnu-

lad philos _ moyvarulia). eqstremofilebSi eqstremal-
uri Termofilebi, eqstremaluri galofilebi da meTa-
nogenebi Sedian. 

eqstremaluri Termofilebi (berZnulad thermos _ 
cxelia) Zalian cxel garemoSi yvavian (ixileT suraTi 

27.1). magaliTad, arqea, gvari Sulfolobus-is warmomad-

geneli, gogirdiT mdidar vulkanur wyaroebSi 90°C -ze 

met temeperaturaze binadrobs. Pyrolobus fumarii, eqs-
tremaluri Termofili, Sua atlantikuri mTagrexilis 

Rrma hidroTermul gasasvlelTan binadrobs. is 113°C-
ze met temperaturaze cocxlobs. sxva magaliTia Ter-

mofili Pyrococcus furiosus-is bioteqnologiebSi gamoiy-

eneba polimerazas jaWvuri reaqciis (PCR) meTodikaSi 
dnm polimerazas resursis saxiT (ixileT Tavi 20).

eqstremaluri  halofilebi (berZnulad halo – ma ri-
liani) Zalian marilian garemoSi binadroben, rogoricaa 
didi mariliani tba da mkvdari zRva. zogi saxeoba mari-

lis mimarT ubralod mdgradia, sxvebs ki sWirdeba zRvis 
wyalze ramdenjerme mariliani garemo. zogi eqstremal-
uri halofitis kolonia qmnis lilisfer qafs, romlis 
Seferilobas baqteriorodofini, xerxemlianebis ba-
duris mxedvelobiTi pigmentis msgavsi fotosinTezuri 
pigmenti ganapirobebs (suraTi 27.14).

meTanogenebs im unikaluri xerxis gamo daerqvaT, 

romliTac isini energias iReben. isini H2-is dasaJangad 

CO2-s iyeneben da narCeni produqtis saxiT meTans gamo-
yofen. meTanogenebi mkveTrad gamoxatuli anaerobebiam 

romlebic O2-iT iwamlebian. zogi saxeoba WaobebSi da 

daWaobebul adgilebSi binadrobs, sadac mTel O2-s sxva 
mikroorganizmebi iyeneben. am adgilebis `Jaobis airi” 
am arqeebis mier gamoyofili meTania. meTanogenebis sxva 
saxeobebi anaerobul garemoSi binadroben. magaliTad  
msxvilfexa rqosani saqonelis nawlavebSi, termitebisa 
da mcenareebiT mkvebavi sxva cxovelebis nawlavebSi da 
am cxovelebis kvebaSi mniSvnelovan rols TamaSoben. 
meTanogenebi agreTve damSlelebia da dabinZurebuli 
wylis gawmendaSic monawileoben.

yvela cnobili eqstremaluri halofilebi da meTa-

nogenebi im kladas wevrebia, romelsac Euryarchaeo-

domeni baqteria
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 S suraTi 27.12  prokariotebis gamartivebuli filogenezi. es filogenetikuri xe efuZneba molekulur monacemebs. masze 
naCvenebia prokariotebis ZiriTad jgufebs Soris naTesauri kavSiri, romlebsac am TavSi ganvixilaeT.
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ta qvia (berZnulad eurys _ farTe, am prokariotebis 

gavrcelebis SesaZleblbas aRniSnavs). Euryarchaeota-Si 
zogi eqstremaluri Termofilic Sedis, Tumca Termo-

filuri saxeobebis umetesoba meore kladas Crenarchaeo-
ta-s ekuTvnis (cren _ `nakaduls” niSnavs, isini hidro-
Termul nakadulebSi binadroben). genetikuri kvlevebis 

Sedegad dadginda, rom orive kladi Euryarchaeota da 

Crenarchaeota - Si Sedis arqeebis mravali saxeoba, rom-
lebsac aeqstremaluri pirobebi ar uyvars. es saxeobebi 
binadroben mravalferovan adgilebSi, magaliTad fer-
mermis niadagSi, tbis SlamSi da Ria okeanis zedapirul 
wylebSi. 

axali aRmoCenebis Sedegad arqeebis filogenezis 
suraTi Seicvala. 1996 wels mkvlevrebma ielovstonis 
nacionaluri parkis cxeli nakadulebidan nimuSebi ai-
Res da aRmoaCines arqea, romelic arc erT kladaSi ar 

Sedis. mkvlevrebma is axal kladaSi Korarchaeota-Si moaT-

avses (berZnulad koron – axalgazrda kaci). domen arqeaSi 

Koararchaeota yvelaze Zveli evoluciuri Stoa da misi 
Seswavlis Sedegad SeiZleba dedamiwis mTeli sicocxlis 
evolucias ukeT CavwvdeT. 2002 wels mkvlevrebma, rom-
lebic islandiis sanapirosTan mdebare hidroTermul 

wylebs ikvlevdnen, aRmoaCines mxolod 0.4 μm diametris 

arqeas ujredebi, romlebic gacilebiT ufro did crenar-
chaeote-s emagrebian.

am patara arqeebs sxva organizmebTan SedarebiT 
yvelaze mcire genomi aqvs. masSi mxolod 500 000 fuZe 
wyvilia. genomis analizi aCvenebs, rom es prokariotebi 

arqeebis meoTxe kladas ekuTvnis, romelsac axla Nano-
archaeota-s uwodeben (berZnulad nanos _ juja). am kla-

das darqmevidan erT weliwadSi Nanoarchaeote-s sxva sami 
saxeobis dnm-is Tanmimdevroba gamoyves: erTi ielous-
tonis cxeli nakadulebidan, esTo cimbiris cxeli na-
kadulebidan da erTi wynar okeaneSi hidreoTermuli 
gasasvlelidan. kvleva grZeldeba, da 27.12 suraTze ga-
mosaxuli xe, rogorc Cans, uaxloes wlebSi isev Seicv-
leba.

 koncefcia testi 27.3
1.  axseniT, ramdenad zrdis molekuluri sistema-

tika prokariotebis filogenezis sizustes?
2.  ra aqvT saerTo sifilissa da laimis daavadebas? 
3.  ra Tvisebebis saSualebiYT arqeebis garkveui saxe-

obebi eqstremalur garemoSi arseboben?

koncefcia 27.4
prokariotebi biosferoSi 
udides rols TamaSoben

Tu adamiani dedamiwis zurgidan dResve gaqreba, 
saxeobebis umetesoba arsebobas, ra Tqma unda, gaagrZe-
lebs. prokariotebis mniSvneloba biosferosTvis ki 
imdenad didia, rom maTi gadaSenebis SemTxvevaSi yvela 
sxva saxeobac gaqreba.

narCenebis qimiuri gadamuSaveba

atomebi, romlebic yvela cocxali organizmis or-
ganul molekulebs qmnian, erT dros niadagis, haerisa 
da wylis araorganuli komponentebis SemadgenlobaSi 
Sedioda. adre Tu gvian, isini ukan brundebian. eko-
sistemebi damokidebulia garemos cocxalsa da ara-
cocxal komponentebs Soris qimiuri elementebis mi-
moqcevaze. am procesSi ZiriTad rols prokariotebi 
TamaSoben. magaliTad, qemoheterotrofuli prokari-
otebi damSlelebis saxiT funqcionireben, isini leSs, 
azotsa da sxva elementebs Slian (ixileT Tavi 54 qimi-
uri ciklis detaluri ganxilvisTvis).

prokariotebi araorganul komponentebs iseT 

Tviseba   domeni

baqteria arqea eukaria

birTvis garsi ara ara aris

membranis mqone 
organelebi

araara aris

ujredis garsis 
peptidoglikani

aris ara ara

membranis lipidebi aradatotvili 
naxSirwyal-
badebi 

zogi   ara-
datotvili                                      
naxSirwyal-
badi

aradatotvili 
naxSirwyal-
badebi

rnm polimeraza erTi tipis ramdenime 
tipis

ramdenime 
tipis

cilis sinTezis ini-
ciatori aminomJava

formalmeTio-
nini

meTionini meTionini

intronebi (genis 
aramakodirebeli 
nawilebi)  

iSviaTi aris ramden-
ime genSi

aris

antibiotikebze 
reaqcia
streptomicini da 
qloramfenikoli

zrda 
iTrguneba

zrda ar 
iTrguneba

zrda ar 
iTrguneba

dnm-Tan asocirebuli 
histonebi  

aris arisar aris

rgolisebri qromosima aris aris ar aris

>100oC –ze zrdis unari ara zog saxeobas  ara

cxrili 27.2 sicocxlis sami domenis Sedareba
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proteobaqteriebi

gramuaryofiTi baqteriebis didi da mravalferovani klada fotoavtotrofebs, qemoavtotrofebs da heterotrofebs 
moicavs. zogi proteobaqteria anaerobia, sxvebi aerobebi. molekuluri sistematikosebi proteobaqteriebs xuT qvejgufad 
yofen. 

qvejgufi alfa proteobaqteriebi

am qvejgufis mravali saxeoba mWidrod asocirebulia eukariotul maspinZlebTan. magali-
Tad, Rhizobium species binadrobs legume-s fesvis kvanZebSi (cercvis/bardis jgufis mcenaree-
bi). aq mobinadre baqteriebi atmosferul N2-s mcenaresTvis advilad SesaTvisebel  kompo-
nentad gardaqmnian da mcenares cilebis sinTezi SeuZlia. gvari Agrobacterium-is saxeobebi 
mcenareebis simsivneebs iwvevs; genur inJineriaSi am baqterias ucxo dnm -is mcenareuli 
ujredis genomSi gadasatanad iyeneben (ixileT suraTi 20.19) rogorc 26 TavSi vTqviT, mec-
nierebi varaudoben, rom mitoqondria aerobuli alfa proteobaqteriidan endosimbiozis 
gziT ganviTarda. 

qvejgufi: beta proteobaqteria

kvebis mravalferovani tipebi axasiaTebs jgufs, romelSic Nitrosomosa, niadagis 
baqteriebis gvari Sedis, romlebic azotis wrebrunvaSi mniSvnelovan rols TamaSoben. am 
dros amoniumi (NH4

+) -iJangeba da narCeni produqtis saxiT nitriti (NO2 
-) warmoiqmneba.

qvejgufi gama proteobaqteria

am qvejgufis fotosinTezis unaris mqone organizmebia, maT Soris gogirdis baqteriebi, 
magaliTad, Chromatiom, romlebic energias H2S-is daJangvisT iReben, gogirdi ki narCeni 
produqtis saxiT warmoqmneba. zogi heterotrofi gama proteobaqteria paTogenia, magali-
Tad, Legionella daavadeba legionelozs iwvevs, Salmonella sakvebiT mowamvlas, da Vibrio chol-
erae qoleras iwvevs. Escherichia coli, adamianis da sxva ZuZumwovrebis nawlavebis Cveulebrivi 
binadaria da rogorc wesi ar aris paTogeni.

qvejgufi delta proteobaqteria

am qvejgufSi lorwos sinTezis unaris mqone miqso-
baqteriebi Sedian, romlebic koloniebs qmnian. niadagis 
gamoSrobisas, an sakvebis gamolevisas ujredebi nayofsx-
eulSi grovdeba, romelic rezistentul sporebs aTavisu-
flebs. garemos Sesabamis pirobebSi sporebi aqtiurdebian  
da axal koloniebs qmnian. Bdellovibrios delta proteo-
baqteriebia, romlebic sxva baqteriebze nadiroben. isini 
msxverpls 100 mm/wamSi siCqariT esxmian. (adamianisTvis 
es 600 km/sT-Si siCqariT sirbilis tolia) da msxverplis 
sxeulSi wamSi 100 brunviTi moZraobiT ixraxnebian. 

kvleva: beaqteriebis ZiriTadi jgufebi

suraTi 27.13

jgufi/aRwera magaliTi

qvejgufi efsilon proteobaqteriebi

am qvejgufis saxeobebis umetesoba  adamianisa da sxva cxovelebis paTogenebia. 
efsilon proteobaqteriebSi Sedis Campylobacter, romelic sisxlis mowamvlas da 
nawlavebis anTebas iwvevs da Heliobacter pylari, romelic kuWis wyluls iwvevs.

Rhizobium (isari) 
bardisebrTa fesvis 
ujredSi (TEM)

Nitrosomonas (SeRebili 
TEM)

Chromatium; patara 
burTebi gogirdis nar-
Cenebia (LM)

Bdellovibrio bacteriopho-
rus, ufro didi zomis 
baqterias utevs (SeRe-
bili TEM)

miqsobaqteria  Chon-
dromyces crocatus -is 
nayofsxeulebi (SEM)

Heliobacter pylori (SeRebili TEM)
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qlamidiebi

es parazitebi mxolod cxovelebis ujredebSi binadroben, isini atf -is mixedviT maspinZelze 
arian damokidebulebi. qlamidiebis gramuaryofiTi garsi an Seicavs peptidoglikans. erTi 
saxeoba Chlamydia trachomatis sibrmavis erT-erTi Cveulebrivi gamomwvevia, aseve aragono-
kokur ureTriTs iwvevs. SeerTebul StatebSi erT-erTi yvelaze gavrcelebul daavadebas. 
gadados sqesobrivi gziT

Chlamydia (isrebi) 
cxoveluri ujredis 
SigniT (SeRebili TEM)

spiroqetebi

spiraluri formis heterotrofebi garemoSi Sinagani Soltis msgavsi Zafebis brunvis saSu-
alebiT gadaadgildebian. spiroqetas bevri saxeoba Tavisuflad mcxovrebia, sxvebi gamokveTi-
li paTogenuri parazitebia: Treponema pallidum sifiliss iwvevs, Borrelia burgdorferi ki laimis 
daavadebas 

Leptospira, spiroqeta 
(SeRebili TEM)

gramdadebiTi baqteriebi

mravalferovnebis mixedviT proteobaqteriebis konkurentia. erTi qvejgufis saxeobebi, 
aqtinomicetebi (berZnulad mykes – soko, romelSic es baqteriebi warsulSi eSlebodaT) 
koloniebs qmnian, romlebic ujredebis datotvili Zewkvisgan Sedgeba. aqtinomicetebis ori 
saxeoba tuberkulozsa da leprozs iwvevs: Tumca maTi umetesoba Tavisuflad mcxovrebi 
organizmebia da niadagSi organul masalas Slis: noyieri niadagis damaxasiaTebel suns maTi  
sekreti iwvevs. gvari Streptomyces-is niadagSi mobinadre saxeobebs farmacevtuli kompaniebi 
mravali antibiotikis, streptomicinis CaTvliT, resursis saxiT iyeneben . 
kolonialur aqtinomicetebTan erTad gramdadebiT baqteriebSi individualuri orga-
nizmebis mravali saxeoba Sedis. magaliTad Bacillus anthracis (ixileT suraTi 27.9), romelic 
cimbirul wyluls iwvevs da Clostridium botulinum, romelic botulizms iwvevs. Staphylococ-
cus-is da Streptococcus-is mravali saxeoba aseve gramdadebiTi baqteriebia. mikoplazmebi 
baqteriebia, romlebsac ujredis garsi. ara aqvs. maTi ujredebi sxva cnobil ujredebTan 
SedarebiT yvelaze pataraa, maTi sxeuli ribosomaze mxolod xuTjer didia da diametri 0.1 
μm -s Seadgens. mikoplazmebis genomic pataraa. Mycoplasma genitalium-s mxolod 517 geni aqvs. 
mravali mikoplazma niadagis Tavisuflad mcxovrebi baqteriaa, sxvebi paTogenebia, im saxe-
obebis CaTvliT, romlebic adamianSi ,,moxetiale pnevmonias” iwveven. adamianis fibroblastis 

ujreds asobiT miko-
plazma faravs (SeRebilia 
SEM)

Streptomyces mravali 
antibiotikis resursi 
(SeRebilia SEM)

cianobaqteriebi (lurj-mwvane wyalmcenareebi

Oscillatoria-s Zafisebri ciano-
baqteriaa ori saxeoba (LM)

es fotoavtotrofebi Jangbadis warmomqmneli fotosinTezis mqone mcenaresmagvari prokari-
otebia  (qloroplastebi, rogorc Cans, endosimbiozuri cianobaqteriebisgan warmoiqmnen: 
ixileT Tavi 26). rogorc individualuri, aseve koloniuri cianobaqteria wyalSia gavrcele-
buli. isini mtknari wylisa da zRvis akosistemebisTvis didi raodenobis sakvebs warmoqmnian. 
zog Zafisebr koloniebs azotis fiqsaciis specializirebuli ujredebi aqvs; procesi, rom-
lis dros atmosferuli N2-i gardaqmneba nivTierebebad, romelic cilebSi da sxva organul 
molekulebSi CarTulia (ixileT suraTi 27.10).

jgufi/aRwera magaliTi
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naerTebad cvlian, romelTa SeTviseba sxva organizmeb-
sac SeuZlia. magaliTad, autotrofuli prokariotebi, 

organuli nivTierebebis Sesaqmnelad CO2-s iyeneben, 
Semdeg es nivTierebebi kvebiT jaWvSi maRla gadadis. ci-

anobaqteriebi aTavisufleben atmosferoSi O2-s. zogi 
saxeoba azots iseTi formiT afiqsirebs, romlis SeT-
viseba sxva organizmebs cilis sinTezisTvis SeuZlia.

simbiozuri naTesauri kavSiri

prokariotebis konkretul saxeobebs momgebiani 
kavSiri aqvs sxva prokariotebTan (metaboluri koop-
eracia), zogi prokarioti ki msgavs intimur kavSirs eu-
kariotebTan qmnis. pirdapiri kavSiris mqone sxvadasxva 
saxeobis organizmebis ekologiuri kavSiri simbiozis 
saxeliT cnobilia (berZnulad ` erTad cxovreba”). Tu 
erTi simbioturi organizmi meoreze bevrad didia, 
ufro dids maspinZels uwodeben, patarsa ki simbionts. 
simbiozur kavSirebs yofen mutualizmad, komensaliz-
mad da parazitizmad. mutualizmis SemTxvevaSi orive 
simbionti sargebels iRebs (suraTi 27.15). komensaliz-
mis SemTxvevaSi sargebels erTi organizmi iRebs, meore 
ki arc zindeba da arc sargeblobs (komensalizmi bune-
baSi iSviaTia, rogorc amas 53 TavSi vnaxavT). parazitiz-
mis SemTxvevaSi erTi organizmi, paraziti, maspinZelis 
xarjze iRebs sargebels.

mravali eukariotis keTildReoba, maT Soris Cvenic, 
damokidebulia mitualistur prokariotebze. magali-
Tad, adamianis nawlavebi daaxloebiT 500-1000 saxeobis 

baqteriis saxlia; maTi ujredebis raodenoba adamianis 
xseulis yvela ujredis raodenobaze metia. aqedan mra-
vali saxeoba mutualistia, isini im sakvebs ineleben, 
romelsac Cveni nawlavebi ver Slian. 2003 wels vaSingto-
nis universitetis (sent luisi) mecnierebma nawlavebis 

erT-erTi mutualistis, Bacteroides thetaiotaomicron-is 
pirveli sruli genomi gaSifres.

genomSi genebis farTo speqtria, romlebic nax-
Sirwyalbadebis, vitaminebisa da adaminisTvis saWiro 
sxva sakvebis sinTezSi monawileobs. baqteriis signali 
sakvebis absorbciisTvis aucilebel, adamianis naw-
lavebis sisxlZarRvebis badis genebs aaqtiurebs. sxva 
signalebi iwvevs adamianis ujredebis induqcias da 
isini iseTi antimikrobuli komponentis sinTezs iwye-
ben, romlis mimarT B.thetaiotaomicron ar aris mgrZnobi-

are. B. thetaiotaomicron-is warmatebisTvis saWiroa sxva 
konkurenti baqteriebis mocileba, rac adamianisTvisac 
sasargebloa.

 koncefcia testi 27.4
1.  calkeuli prokariotebis mcire zomis miuxeda-

vad, dedamiwaze arsebul sicocxleze maTi erTo-
blivi gavlena uzarmazaria. axseniT ratom. 

2.  B. thetaiotaomicron-sa da adamians Soris kavSiri 
mutalizmis magaliTia. axseniT, ratom. 

 S gv. 544. suraTi 27.14  eqstremaluri halofilebi.  `marilis 
moyvaruli~ feradi arqea san franciskosTan axlos ganlage-
bul tbebSi yvavis. tbebs marilis komerciuli mopovebisTvis 
iyeneben, vinaidan maTSi wylis marilianoba daaxloebiT eqvs-
jer aRemateba zRvis wylis marilianobas. 

 S gv. 545. suraTi 27.15  mutualizmi: baqteriebis Seqmnili  
`proJeqtorebi~.  manaTebeli Tevzis (Photoblepharon palpebra-
tus) Tvalis qveS aorganoa, romelSic bioluminescenciis unaris 
mqone baqteriebi imalebian. Tevzi am sinaTles msxverplis misa-
zidad da potenciuri partnioris mosaZebnad iyenebs. baqteria 
ki Tevzisgan sakvebs iRebs.
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koncefcia 27.5
prokariotebs adamianebze orive, 
kargi da cudi gavlena aqvs

yvelaze kargad cnobilia is prokariotebi, romle-
bic adamianis daavadebebis gamomwvevia. paTogenebi pro-
kariotebis mxolod mcire nawilia. mraval prokariots 
adamianTan dadebiTi kavSiri aqvs da sasoflo-sameurneo 
saqianobisa da industriis mniSvnelovani instrumentia.

paTogenuri prokariotebi

adamianis parazit prokariotul saxeobebs cudi 
reputacia aqvs. isini adamianis naxevarze meti daa-
vadebis mizezia. weliwadSi 2-3 milioni adamiani filt-
vebis daavadebiT tuberkuloziT iRupeba, romelsac 

bacila Mycobacterium tuberculosis  iwvevs. kidev 2 milioni 
sxva prokariotebiT gamowveuli sxvadasxva diareuli 
daavadebebiT iRupeba. SeerTebul StatebSi parazite-
biT gamowveuli daavadebebidan yvelaze gavrcelebu-
lia laimis daavadeba (suraTi 27.16). mas iwvevs baqteria, 
romlis gadamtania irmisa da mindvris Tagvis tkipebi. 
laimis daavadeba, Tu droze s ar umkurnalebT, artriTs, 
gulis daavadebasa da nervul aSlilobas iwvevs.

rogorc wesi, paTogenuri prokariotebi da avadebas 
imiT iwveven, rom Sxams, egzotoqsins an endotoqsins gam-
oyofen. egzotoqsini prokariotebis mier sinTezire-
buli cilebia. saxifaTo diareuli daavadeba qolera, 
gamowveulia ekzotoqsiniT, romelsac proteobaqteria 

Vibrio cholerae asinTezebs. egzotoqsini nawlavis ujre-
debs astimulirebs da isini nawlavebSi da wyalSi, osmo-
sis Sedegad, qloris ionebs aTavisufleben. egzotoq-
sinis moqmedebis Sedegad daavadeba maSinac viTardeba, 
roca egzotoqsinis mwarmoebeli prokarioti organizm-
Si aRar aris. magaliTad, sasikvdilo daavadeba botu-
lizms iwvevs botulini. es egzotoqsinia, romelsac 

gramdadebiTi baqteria Clostridium botulinum gamoyofs, 
romelic arasworad daxufuli sakvebis duRils iwvevs.

endotoqsinebi gramuaryofiTi baqteriis garega ni 
membranis lipopolisaqariduli komponentebia. egzo-
toqsinebisgan gansxvavebiT, endotoqsinebi mxolod  
baqteriis sikvdilis da misi uj redis garsis daSlis 
Semdeg gamoiyofa. endotoqsinis mwarmoebeli baq teriis 

magaliTia Salmonella-s gvaris TiTqmis yvela sa xeoba, 
romlebic, rogorc wesi, jamrTel cxovelebSi ar bi-

nadroben. Salmonella typhi tifis cieb-cxelebas iwvevs. 

Salmonellas ramdenime sxva saxeoba, (zogi maTgani xSiria 
frinvelebSi) sakvebiT mowamvlas iwvevs. 

mecxramete saukunidan ganviTarebad qveynebSi dai-
wyo kana lizaciis sistemis gaumjobeseba, ramac paTo-
genuri prokariotebis mavne gavlena mniSvnelovnad 
Seamcira. mravali sicocxle antibiotikebma gadaarCina 
da aman daavadebebis SemTxvevebi Seamcira. Tumca anti-
biotikebis mimarT mdgradoba prokariotebis mraval 
StamSi viTardeba. rogorc ukve waikiTxeT, prokari-
otebis swrafi gamravlebis gamo bunebrivi gadarCe-
vis Sedegad prokariotis populaciaSi rezistentuli 
genebi swrafad vrceldeba. es genebi SeiZleba sxva saxe-
obebSic gavrceldes, genebis horizontaluri gadatanis 
Sedegad. 

genebis horizontaluri gadatanis Sedegad viru-
lentobasTan asocirebuli genebic vrceldeba,amitom  
uvnebeli prokarioti gaxdes fataluri paTogeni Sei-

Zleba. magaliTad, E. coli, Cveulebriv, adamianis naw-
lavebis uvnebeli simbiontia. magram warmoiSva paTogen-
uri Stami, romelic sisxlian diareas iwvevs. erT-erTi 

yvelaze saxifaTo Stami, O157:H7, mikrobiologebis yu-
radRebis centrSi pirvelad 1982 wels moxvda.

dRes man globaluri safrTxe Seqmna. mxolod 

SeerTebul StatebSi O157:H7-iT yovelwliurad 75 000 
adamiani inficirdeba, infeqcia xSirad xorcidan xvdeba. 

2001 wels mecnierebis saerTaSoriso gundma O157:H7-is 

genomis sekvenireba gaakeTa da E. coli-s uvnebeli Sta-

mis genoms, K-12, Seadara. maT aRmoaCines, rom O157:H7-

is 5,416 genidans 1,387 gens K-12-Si oreuli ara aqvs. es 

1 387 geni O157:H7 genomSi unda genebis horizontaluri 
gadatanis Sedegad moxvedriliyo. rogorc Cans, baqte-
riofagebis moqmedebis Sedegad (ixileT suraTi 18.16). 
mravali Semotanili geni asocrebulia paTogenuri 
baqteriebiT maspinZlis invaziasTan. magaliTad, zogi 

geni akodirebs egzotoqsins, romlis meSveobiT O157:H7 
ukavSirdeba nawlavis kedels da iRebs iqidan sakvebs.

 S suraTi 27.16 laimis daavadeba. Ixodes-s gvaris tkipebi 
daavadebas spiroqeta Borrelia burgdorferi-s gadataniT avrcele-
ben (SeRebili maskanirebuli eleqtronuli mikroskopisTvis). 
nakbenis adgilas farTe rgolis formis gamonayari SeiZleba 
ganviTardes, rac adamianis fexis qveda nawilze Cans.
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paTogenuri prokariotebi bioterorizmis mxvrivac 
potenci uri safrTxea. 2001 wlis oqtoberSi cimbiruli 
wylulis gamomwvevi baqteriis, Bacillus anthracis-is en-
dosporebi, ipoves konvertebSi, romlebic mediisa da 
SeerTebuli Statebis senatis warmomadgenlebma mi-
iRes. cimbiruli wyluliT Tvrameti adamiani daavadda 
da xuTi aqedan gardaicvala. aseT iaraRad gadaqcevis 

kandidatebia sxva prokariotebic.  C. botulinum-isa da 

Yersinia pestis-is CaTvliT, romelic Sav Wirs iwvevs. es 
safrTxe gaxda paTogenuri prokariotebis saxeobebis 
intensiuri kvlevis stimuli. axali vaqcinebisa da anti-
biotikebis ganviTarebis imediT, 2003 wlis maisSi, mer-
ilendis genetikuri kvlevebis institutis mecnierebma, 
2001 wlis ieriSSi gamoyenebuli B. anthracis-is sruli ge-
nomi gamoaqveynes. 

prokariotebi kvlevasa  

da teqnologiebSi

prokariotebis metaboluri SesaZleblobebis xarj-
ze uamrav sargebels viRebT. magaliTad, rZidan yvelisa 
da iogurtis misaRebad baqteriebs didi xania viyenebT. 
Cveni codnis gaRrmavebasTan erTad bolo wlebSi pro-
kariotebis gamoyeneba bioteqnologiaSic daviwyeT. 

magaliTad, E. coli-s genebis klonirebaSi, Agrobacterium 
tumefaciens ki transgenuri mcenareebis SeqmnaSi iyeneben 
(ixileT Tavi 20).

prokariotebis ZiriTadi roli bioaRdgenaa. isini 
narCenebisgan niadags, haers an wyals aTavisufleben. mag-
aliTad, anaerobuli baqteriebi da arqeebi dabinZure-
bul organul masalas Slian, magaliTad, kanalizaciis 
dabinZurebul wyals asufTaveben, da iq arsebul masa-
las gardaqmnian nivTierebad, romlis gamoyeneba, qimi-
uri sterilizaciis Semdeg, rogorc narCenebis gadasa-
muSaveblad, aseve sasuqad SeiZleba. bioaRdgenis sxva 
meTodebSi radioaqtiuri narCenebis daSla da navTobis 
daRvris Sedegebis neitralizacia (Sedis suraTi 27.17).

samTo warmoebaSi prokariotebi madneulidan meta-
le bis eqstraqciaSi gvexmareba. baqteria spilenZis 
sulfidebidan yovel wels 30 miliardi kg spilenZis 
miRebaSi gvexmareba. sxva prokariotebis monawileoben 
madneulidan oqros eqstraqciaSi. ganas (afrika) erTi 
qarxana 1 milioni kg oqros koncentrats awarmoebs, rac 
ganas yoveldRiuri eqsprtis naxevaris tolia.

genuri inJineriis daxmarebiT adamians SeuZlia pro-
kariotebis gardaqmna vitaminebis, antibiotikebis, hor-

monebisa da sxva produqtebis misaRebad (ixileT Tavi 
20). prokariotebis modificirebis erT-erTi yvelaze 
radikaluri idea kraig venters ekuTvnis (adamianis ge-
nomis proeqtis erT-erTi lideri), romelmac gamoacxa-
da, rom is da misi kolegebi prokariotebis `xelovnuri 
qromosomebi”-s aSenebas cdiloben, rac sinamdvileSi  
carieli adgilidan mTlianad axali saxeobebis Seqmnas 
niSnavs. venteris imedovnebs iseTi prokariotebis Seqm-
nas, romlebic specifikur samuSaos, magaliTad didi ra-
odenobis wyalbadis warmoebas, Seasruleben, rac namarx 
sawvavze adamianis damokidebulebas Seamcirebs.

prokariotebis gamoyenebis SesaZ lebloba didad 
damokidebulia maTi kvebisa da meta bolizmis mraval-
ferovan formaze. es metaboluri mravalferovneba im 
struqturuli siaxleebis gaCenamde ganviTarda, rom-
lebmac eukariotuli organizmebis evolucias win uZ-
Roda.

 koncefcia testi 27.5
1.  ganasxvaveT egzotoqsini da endotoqsini.
2.  ra Tvisebebis gamo prokariotebi bioteror-

istebis potenciuri iaraRia?
3.  gansazRvreT, rogorc minimum, ori gza, romliTac 

prokariotebi Tqvens cxovrebaze dRes dadebiTad 
moqmedeben

 S suraTi 27.17  navTobis daRvris Sedegebis biogawmena.  
alaskis sanapirosTan muSa xsnars navTobiT dabinZurebul 
adgils asxurebs. xsnari bunebrivi baqteriebis zrdas astimu-
lirebs, romlebic navTobs Slian da zog SemTxvevaSi bunebrivi 
daSlis process xuTjer aCqareben..
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ZiriTadi koncefciebis Semowmeba

koncefcia 27.1
prokariotebis warmatebas xels  

uwyobs struqturuli, funqcionaluri 

da genetikuri adaptaciebi 

ujredis zedapiris struqturebi. TiTqmis yvela 
prokariots aqvs ujredis garsi. gram dadebiTi da 
gramuaryofiTi baqteriebi gansxvav debian garsis ageb-
ulebiT. bevr saxeobas ujredis garsis gareTa nawilze 
aqvs kafsula, fimbriebi (foCismagvari gamonazardebi) 
da pilebi, romelTa daxmarebiT ujredebi erTmaneTs an 
substrats emagrebian.

 X moZraoba yvelaze moZravi baqteriebi Soltis meS-
veobiT moZraoben. Soltebi agebulebiTa da fun-
qciebiT eukariotebis Soltebisgan gansxvavdeba. 
heterogenur (mravalferovan) garemoSi bevr pro-
kariots garkveuli stimulis an misi sawinaaRmdego 
mimarTulebiT moZraoba SeuZlia. 

 X Sinagani da genetikuri agebuleba rogorc wesi, 
prokariotebis ujredebis agebuleba martivia. tipu-
ri prokariotuli genomi dnm-is rgolia, romelic ar 
aris membraniT garSemortymuli. zog saxeobas aseve 
aqvs dnm-is mcire rgolebi, plazmidebi. 

 X reproduqcia da adaptacia prokariotebi swrafad 
mravldebian martivi dayofiT. endosporis mrava-
li forma mZime pirobebs saukuneebis ganmavlobaSi 
uZlevs. swrafi reproduqcia da genebis horizonta-
luri gadatana prokariotebis evolucias cvalebad 
garemoSi aadvilebs. 

koncefcia 27.2
prokariotebSi kvebiTi  

da metaboluri adaptaciebis didi  

mravalferovneba ganviTarda

 X PprokariotebSi aRmoCenilia kvebis oTxi tipi: foto-
autotrofia, qemoautotrofia, fotoheterotrofia 
da qemohete rotrofia.   

 X metaboluri kavSiri JangbadTan obligatur aero-

bebs O2 sWirdeba, obligaturi anaerobebi ki O2-iT 

iwamlebian. fakultatur anaerobebs O2-is gareSe ar-
seboba SeuZlia. 

 X azotis metabolizmi prokariotebs farTo speqtris 
azotovani komponentebis metabolizmi SeuZlia. zogi 
azotis fiqsaciis procesSi atmosferul azots ami-
akad gardaqmnis.

 X metaboluri TanamSromloba mravali prokarioti 
damo kidebulia sxva prokariotebis metabolur aq-

tiobaze. cianobaqteria Anabaena-Si fotosinTezis 
unaris mqone da azotis fiqsaciis ujredebi metabo-
lizmis produqtebs cvlian. zogi prokarioti zeda-
piris mfarav koloniebs, bioapks qmnis, sadac xandaxan  
sxvadasxva saxeobebi Sedis. 

koncefcia 27.3
molekuluri sistematika prokariotebis 

filogenezs aSuqebs

 X gakveTilebi molekuluri sistematikidan moleku-
luri sistematikis roli prokariotebis filoge-
netikur klasifikaciaSi udidesia. misi saSualebiT 
sistematikosebs axali ZiriTadi kladebis identifi-
kacia SeuZliaT.

 X baqteria baqteriebis sxvadasxva jgufisTvis dam-
axasiaTebelia kvebis sxvadasxva tipi. ori yvelaze 
didi jgufi protobaqteriebi da gramdadebiTi 
baqteriebia.

 X arqeebi arqeebsa da baqteriebs, agreTve arqeebsa da 
eukariotebs zogi Tviseba saerTo aqvs. zogi arqea 
eqstremalur garemoSi binadrobs. esenia; eqstrem-
aluri Termofilebi, eqstremaluri halofilebi da 
meTanogenebi (meTanis warmomqmneli baqteriebi)

koncefcia 27.4
prokariotebi biosferoSi udidess  

rols TamaSoben

 X qimiuri wrebrunva heterotrofuli prokariote-
bis, autotrofebisa da azotis fiqsatori prokari-

27-e Tavis Semowmeba
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otebis mier warmoebuli sinTezi xels uwyobs eko-
sistemaSi nivTierebaTa wrebrunvas. 

 X simbiozuri kavSirebi mravali prokarioti sxva or-
ganizmebTan simbiozur kavSirs qmnis an maTSi paraz-
itobs. esenia: mutualistebi, komensalistebi an para-
zitebi 

koncefcia 27.5
prokariotebs adamianebze rogorc 

uaryofiTi, aseve dadebiTi gavlena aqvT

 X paTogenuri prokariotebi paTogenuri prokari o-
tebi egzotoqsinebsa da endotoqsinebs gamoyofen  da 
daavadebebs riwveven, amitom bioterorizmis poten-
ciur iaraRs warmoadgenen. saxifaTo Stamebis viru-
lentobasTan dakavSirebuli genebi horizontaluri 
gadacemis saSualebiT vrceldeba.

 X prokariotebi kvlevaSi da ateqnologiebSi E. coli 
da A. tumefaciens -is msgavs prokariotebze Catare-
buli xels uwyobs dnm-is teqnologiebis mniSvnelo-
van progress. prokariotebs iyeneben bioaRdgenaSi da 
maRaroebis, vitaminebis, antibiotikebisa da sxva niv-
Tierebebis  sinTezSi.

SeamowmeT sa kuTari codna

TviTSefaseba

1. qveoT CamoTvlilidan ra ar Seesabameba peptidog-
likans?
a.  is Saqris modificirebuli polimerisgan Sedge-

ba.
b.  is baqteriis zedapirzesxva molekulebs ierTebs.
g.  gramdadebiT baqteriebSi misi raodenoba Sedar-

ebiT didia.
d.  is yvela prokariotis ujredis garsSia.
e.  is baqteriebis umetesobis plazmuri membranis 

gareT mdebareobs.

2. fotoautotrofebi iyeneben
a.  energiis wyarod sinaTles da naxSirbadis wyarod 

CO2-s.
b.  energiis wyarod sinaTles da naxSirbadis wyarod 

meTans.

g.  energiis wyarod N2-s da naxSirbadis wyarod CO2-
s.

d.  energiis wyarod H2S-s da naxSirbadis wyarod 

CO2-s.

3.  Semdegi debulebidan romeli ar aris swori?
a.  arqeebsa da baqteriebs gansxvavebuli membranu-

li lipidebi aqvs.
b.  orives, arqeebisa da baqteriebis organelebs 

ZiriTadad membrana ara aqvs.
g.  arqeebis ujredis garss ara aqvs peptidoglikani.
d.  mxolod baqterias aqvs dnm-Tan asocirebuli 

histonebi.
e.    baqteriebSi spiroqetebi Sedian.

4. prokariotebis biologiis Semdegi Tvisebebidan rom-
eli moicavs ujredebs Soris metabolur koopera-
cias?
a.  ujredis orad dayofa.
b. endospermis formireba.
g.  endotoqsinis ganTavisufleba.
d.  bioapki.
e.  fotoautotrofia.

5.  Semdegi debulebebidan romeli ar aris swori?
a.  arqeebSi euriarqeotebi da krenarqeo tebi Sedi-

an.
b.  arqeebSi meTanogenebi da eqstremaluri Termo-

filebi Sedian.
g.  arqeebi xmeleTis habitatebSi ar binadroben.
d.  arqeebis Tvisebebi rogorc baqteriebis, aseve 

eukariotebis Tvisebebis msgavsia.
e.  arqeebi baqteriebisgan nawilobriv molekuluri 

sistematikis wyalobiT ganasxvaves.

6.  prokariotebis romeli jgufi ar Seesabameba mis 
wevrebs?
a.  p r o t e o b a q t e r i a _ m r a v a l f e r o v a n i 

gramuaryofiTi baqteriebia.
b.  qlamidia _ Sidaujreduli parazitebia.
g.  spiroqeta _ spiraluri heterotrofebia.
d.  gramdadebiTi baqteria _ simbiontebia. 
e.  cianobaqteria _ individualuri da koloniuri 

fo toautotrofebia.

7.  ra tipis kaviSiria laimis daavadebis gamomwvev B. 
burgdorferi-sa da adamians Soris? 
a. mutualizmi.
b.  komensalizmi.
g.  parazitizmi.
d.  metaboluri kooperacia.
e.  arc erTi.

8.  antibiotiki eritromicini amcirebs zogierTi pro-
kariotis SesaZleblobas
a.  sporebis Seqmnis.
b.  dnm-is replikaciis.
g.  ujredis normaluri garsis sinTezis.
d.  ribosomebSi cilebis sinTezis.
e.  atf-is sinTezis.

9.  mcenareebis fotosinTezis msgavsi fotosinTezi, 
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romlis Sedegad O2 Tavisufldeba,  mimdinareibs
a.  cianobaqteriebSi.
b.  qlamidiebSi.
g.  arqeebSi.
d.  aqtinomicetebSi.
e.  qemoautotroful baqteriebSi.

10.   bioaRdgenis magaliTia
a. prokariotebis gamoyeneba da bin Zurebuli wyle-

bisa an daRvrili navTobis gasawmendad.
b. antibiotikebis producireba kultivirebuli 

pro kariotebis mier.
g. baqteriis gamoyeneba transgenuri mcenareebis 

misarebad. 
d. parazituli baqteriis SeRweva sxva baqteriis mo-

saklavad.
e.  yvelaferi erTad.

evoluciuri kavSiri

jandacvis muSakebs aRelvebT im daavadebebis aRdge-
na, romelTa gamomwvevi baqteriebi mdgradebia standar-
tuli antibiotikebis mimarT. magaliTad, antibiotikis 

mimarT rezistentuli baqteria tuberkulozis (TB) epi-
demias iwvevs. es filtvebis daavadeba haeris wveTebiT 

vrceldeba. wamali TB simptomebs ramdenime kviraSi xs-

nis, magram infeqciis ganadgurebas gacilebiT meti dro 
sWirdeba. pacientebi xSirad bqteriis ganadgurebamde 
wyveten mkurnalobas. ratom SeuZlia prokariots paci-
entis swrafi reinficireba, Tu is ar aris mTlianad ga-
nadgurebuli? rogor aisaxeba es movlena wamlis mimarT 
rezistentuli paTogenebis evoluciaze? 

mecnieruli kvleva

Tqven waikiTxeT, rom zogi mecnieri ikvlevs sruli-
ad axali prokariotuli saxeobebis Seqmnis SesaZleblo-
bas. rSia am proeqtis riski da potenciuri sargebeli? 
riTi daexmareba am kvlevas prokariotebis bunebis is-
toria da evolucia?

mecniereba , teqnologia 

da sazogadoeba

mravali adgilobrivi gazeTi regularulad aqvey-
nebs im restornebis CamonaTvals, romlebic sanitar-
ulma inspeqciam aRricxa. gaecaniT aseT moxsenebas da 
daadgineT SemTxvevebi, romlebic marTlac ukavSirdeba 
paTogenuri prokariotebiT sakvebis dabinZurebis Sesa-
Zleblobas.
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28
 S suraTi 28.1   erTujrediani da koloniuri eukariotebi 

gubis wylis wveTSi (sinaTlis mikroskopi LM).

umartivesebi (Protista)

 ZiriTadi koncefciebi

28.1  umartivesebi eukariotebis uaRresad mraval-
ferovani jgufia

28.2  diplomonadebisa da parabazaliebis mitoqon-
dria modificirebulia 

28.3  evglenasnairebis Solti unikaluri Sinagani 
agebulebisaa 

28.4  alveolatebis plazmur membranasTan ganlage-
bulia tomarakebi 

28.5  stramenofilebs aqvT `bususiani~ da gluvi 
Soltebi

28.6  cerkozoas da radiolariebis fsevdopodiebi 
Zafisebria 

28.7  amebasnairebis fsevdopodia momrgvaloa 

28.8  Zoweuli da mwvane wyalmcenareebi xmeleTis 
mce nareebis uaxloesi naTesavebia.

 Sesavali

samyaro wylis wveTSi

gubes wylis wveTze dabali simZlavris sinaTlis mik-
roskopiT dakvirvebisas saocrad mravalferovan orga-
nizmebs aRmoaCenT (suraTi 28.1). am patara organizmebi-
dan zogi Soltis saSualebiT moZraobs, sxvebi ki wveTis 
formis gamonazardebiT. zogi miniaturul saiuveliro 
namuSevars hgavs, sxvebi ki mbrunav mwvane burTebs. am mS-
venier arsebebs mraval gansxvavebul samefoSi aerTiane-
ben, sadac ZiriTadad erTujrediani eukariotebi Sedi-
an. yvela maTgans protistebs – umartivesebs uwodeben. 
300 wlis winaT es organizmebi pirvelma mikroskopis 
gamomgonebelma, holandielma, anton van levenhukma 
dainaxa. man dawera: `amaze lamazi sanaxaoba me dRemde 

ar minaxia”. am droidan moyolebuli umartivesebi mec-
nierebSi did interess iwveven. 

adre sistematikosebi yvela erTujredian organizms  

erT samefoSi - umartivesebSi (Protista) aerTianebdnen. 
magram eukariotebis sistematikis ganviTarebasTan er-
Tad es samefo daiSala. cxadi gaxda, rom sinamdvileSi 
umartivesebi parafileturi samefoa (ixileT suraTi 
25.10). zogi umartivesi ufro axlos enaTesaveba mcena-
reebs, sokoebs an cxovelebs, vidre sxva umartivesebs. 
amitom zogi Tanamedrove biologi umartivesebis sx-
vadasxva evoluciur Stos damoukidebel samefod Tv-
lis. biologebis umetesoba termin protistas axlac iy-
enebs, magram mxolod im eukariotebis mimarT, romlebic 
arc mcenareebi, arc cxovelebi da arc sokoebia.

am TavSi gaecnobiT umartivesebis yvelaze mniS-
vnelovan jgufebs, maT struqturul da bioqimiur adap-
taciebsa da ekosistemaze, industriaze da adamianis 
janmrTelobaze maT udides gavlenas. 

koncefcia 28.1
umartivesebi eukariotebis 
ukiduresad mravalferovani 
jgufia

vinaidan umartivesebi aRmoCnda parafileturi jgu-
fi logikuria, rom maTi mxolod ramdenime ZiriTadi 
Tviseba moviyvanoT. sinamdvileSi imartivesebs meti 
struqturuli da funqcionaluri mravalferovneba axa-
siaTebs, vidre organizmebis nebismier sxva jgufs.

umartivesebis umetesoba erTujrediania, Tumca am 
jgufSi Sedis ramdenime koloniuri da mravalujredi-
ani saxeobac. erTujrediani umartivesebi namdvilad 
yvelaze martivi eukariotebia, magram ujredul done-
ze mravali maTganis agebuleba Zalian rTulia - sxva 
ujredebTan SedarebiT albaT yvelaze ufro. es mosa-
lodnelia, vinaidan am organizmebis SemTxvevaSi erTma 
ujredma yvela es ZiriTadi funqcia unda Seasrulos, 
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romelsac mravalujredian organizmSi specializebuli 
ujredebi asruleben. 

sxva eukariotul organizmebTan SedarebiT umarti-
vesebis kvebis tipi yvelaze mravalferovania. zogi 
qloroplastebs Seicavs da fotoautotrofia. zogi 
heterotrofia, isini organul molekulebs STanTqa-
ven, an sakvebis ufro did nawilakebs ineleben. sxvebi 
– miqsotrofebia, isini erTdroulad fotosinTeziT 
da heterotrofulad ikvebebian. umartivesebis mraval 
evoluciur StoSi fotoautotrofia, heterotrofia 
da miqsotrofia damoukideblad ganviTarda. kvebis 
tipSi sxvaobis daxmarebiT SegviZlia biologiur Tana-
sazogadoebaSi umartivesebis rolis ukeTersi gansaz-
Rvra. ekologiur konteqstSi umartivesebi SegviZlia 
sam kategoriad davyoT: fotosinTezis unaris mqone 
(mcenareebis msgavsi) umartivesebi an zRvis wyalmcena-
reebi (alga); monelebis unaris mqone (cxovelebis msgav-
si) umartivesebi an protozoanebi; da STanTqmis unaris 
mqone (sokoebis msgavsi) umartivesebi, romlebsac sxva 
zogadi saxeli ara aqvT. gaxsovdeT, rom Tumca umarti-

vesebis ekologiaze saubrisas iyeneben terminebs alga 

da umartivesi cxoveli, am terminebiT monofiletur 
jgufebs ar aRniSnaven.

umartivesebis habitati Zalian mravalferovania 
(su raTi 28.2). maTi umetesoba wyalSi TiTqmis yvelgan 
binadrobs. isini xmeleTzec, tenian adgilebSi binadro-
ben, magaliTad svel niadagSi da dacvenil, lpobad  fo-
TlebSi. okeaneebSi, wyalsatevebSi da tbebSi gavrcele-
buli umartivesebis umetesoba fskeris binadaria. isini 
kldeebsa da sxva substrats emagrebian, an silasa da 
SlamSi daxoxaven. planqtonic ZiriTadad umartivesebi-

sgan Sedgeba (berZnulad planktos _ moxetialea). planq-
toni organizmebis erTobliobaa, romlebic wylis zeda-
pirTan axlos pasiurad tivtiveben. fitoplanqtoni 
(planqtonuri wyalmcenareebi da lurj-mwvane wyalm-

cenareebi-cyanobacteria) zRvisa da mtknari wylis ume-
tesi kvebiTi jaWvis safuZvelia. Tavisuflad mcxovrebi 
saxeobebis garda, gvxvdeba mravali umartivesi, ro-
melic sxva organizmebSi simbiontis saxiT binadros.

umartivesebis gamravleba da sasicocxlo cikli 
aseve Zalian mravalferovania. zogi mxolod usqesod 
mravldeba. sxvebi sqesobrivad mravldebian an rogorc 
minimum, meiozisa da singamiis sqesobriv meqanizmebs iy-
eneben. umartivesebSi vxvdebiT sqesobrivi sasicocxlo 
ciklis samive ZiriTad tips (ixileT suraTi 13.6) da amas-
Tan erTad ramdenime variacias, romelic samidan arc 
erT tips ar uxdeba. am TavSi umartivesebis ramdenime 
jgufis sasicocxlo cikls ganvixilavT. 

endosimbiozi eukariotebis evoluciaSi

ram ganapiroba umartivesebis saocari mraval-
ferovneba? dRes mravali mtkicebuleba gagvaCnia, rom 
umartivesebis mravalferovnebas dasabami endosimbi-

(a) mtknari wylis 
umartivesi wamwamiani er-

Tujrediani Stentor (LM) 

100μm

(b) Ceratium tripos, zRvis erTujrediani 
pirofituli wyalmcenare (LM).

100μm

(g) Delesseria sanguinea, zRis mravalujredeani 
Zoweuli wyalmcenare.

500μm

(d) Spirogyra, mtknari wylis mwvane 
Zafisebri wyalmcenare

  4sm

 S suraTi 28.2  umartivesebis mravalferovnebis 
mcire nimuSi. 
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ozma daudo. es procesia, roca zogi erTujrediani or-
ganizmi sxva ujredebs STanTqavs, romlebic SemdgomSi 
maspinZel ujredebSi endosimbiontebad, sabolood ki 
organelebad gadaiqceva. magaliTad, rogorc 26 TavSi 
vTqviT, mitoqondria uZvelesma eukariotebma albaT 
alfa proteobaqteriebis STanTqmis Sedegad SeiZines. 
dReisTvis yvela Seswavlil eukariotSi mitoqondria an 
gvxvdeba, an gvaqvs imis niSnebi, rom warsulSi arsebobda. 
es mitoqondriis Zalian Zvel warmoSobas adasturebs. 

biologebi amtkiceben, rom mogvianebiT het-
erotrofuli eukariotebis evoluciurma Stom dam-
atebiTi endosimbiontebi – fotosinTezis unaris mqone 
lurj-mwvane wyalmcenareebic SeiZina, romlebic Sem-
dgomSi plastidebad ganviTardnen. 28.3 suraTze moce-
mul modelze naCvenebia plastidebis matarebeli evo-
luciuri Sto, romelmac sabolood dasabami mwvane da 
Zoweul wyalmcenareebs misca. am hipoTezas adasturebs 
monacemi, rom Zoweuli da mwvane wyalmcenareebis plas-
tidebis genebis dnm Zalian hgavs lurj-mwvane wyalm-
cenareebis dnm-s. amasTan erTad, Zoweuli da mwvane wy-

almcenareebis plastidebs aqvs ori membrana, romlebic 
gram-uaryofiTi lurj-mwvane wyalmcenareebis endosim-
biontebis Sida da gare membranebs Seesabameba. 

eukariotebis evoluciis msvlelobisas ramdenime 
SemTxvevaSi Zoweulma da mwvane wyalmcenareebma meo-
radi endosimbiozi ganicades. isini heterotrofuli 
eukariotis sakveb vakuolSi moxvdnen da TviTon gax-
dnen endosimbiontebi. magaliTad, qloraraqniofitas 
saxeliT cnobili wyalmcenare maSin warmoiqmna, roca 
heterotrofulma eukariotma mwvane wyalmcenare 
STanTqa. evoluciuri drois Skalaze es SedarebiT axal 
movlenad gveCveneba, vinaidan STanTqmuli wyalmcena-
ris plastidebSi fotosinTezi axlac mimdinareobs da 
mas sakuTari patara, rudimentuli birTvic – nukleo-
morfi aqvs. qloraraqniofitebis plastidebs oTxi mem-
brana aqvs, rac Seesabameba im hipoTezis, rom qloraraq-
niofitebi ganviTardnen eukariotisgan, romelmac sxva 
eukarioti STanTqa. ori Sida membrana winapari ciano-
baqteriis Sida da gare membranisgan warmoiqmna, mesame 
STanTqmuli wyalmcenaris plazmuri membranisgan da 

 X suraTi 28.3 meoradi endosimbiozis Sedegad warmoiqmnili plas-

tidebis mravalferovneba. plastidebis mqone eukariotebis Seswavla 

cxadyofs, rom yvela plastida gram-uaryofiTi cianobaqteriidan 

ganviTarda, romelic winaparma heterotrofulma eukariotma STanTqa 

(pirveladi endosibmiozi). SemdgomSi winapari eukarioti Zoweul da 

mwvane wyalmcenarebad daiTiSa. zogi maTgani Semdeg sxva eukariotebma 

STanTqes (meoradi endosimbiozi).

l u r j - m w v a n e 

wyalmcenare

heterotrofuli 

eukarioti

pirveladi en-

dosimbiozi

Zoweuli wyal

mcenare

meoradi en-

dosimbiozi

plastida

p i r o f i t u l i 

wyalmcenare

apikomleqsa

wamwamiani 

stramenofili  

mwvane wyalm-

cenare

meoradi en-

dosimbiozi

plastida

evglena

mwvane wyalmcenare
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yvelaze gare membrana heterotrofuli eukariotis 
sakvebi vakuolisgan.

im evoluciur StoebSi, sadac meoradi endosimbiozi 
Soreul warsulSi moxda, STanTqmuli wyalmcenaris bev-
ri nawili reducirda, an mTlianad daikarga. magaliTad, 
am Stoebis umetesobaSi nukleomorfi ubralod gaqra.

 koncefcia testi 28.1
1.  moiyvaneT umartivesebis struqturuli da funq-

cionaluri mravalferovnebis oTxi magaliTi.
2.  mas Semdeg, rac pirveladi endosimbiozis Sedegad 

eukariotulma ujredma gram-uaryofiTi cianobaq-
teria STanTqa, ramdeni membrana gamoyofs baqte-
riis citoplazmas eukariotuli ujredis gareT 
arsebuli siTxisgan? CamoTvale yvela membrana.

koncefcia 28.2
diplomonadebisa da parabaza-
liebis mitoqondria modifici-
rebulia 

axla, roca ganvixileT eukariotebis evoluciis zogi 
konkretuli Tviseba, SegviZlia ufro axlos gavecnoT 
umartivesebis ramdenime mTavar kladas (suraTi 28.4).

mimoxilvas viwyebT Diplomonadida (diplomonadeb-

iT) da Parabasala (parabazaliebiT). am or kladaSi gaer-
Tianebul umartivesebs ara aqvT plastidebi, maT mito-
qondrias ara aqvs dnm, eleqtronebis gadatanis jaWvi, an 
krebsis ciklisTvis saWiro fermentebi. zog saxeobaSi 
mitoqondria Zalian pataraa da im fermentebisTvis ko-
faqtorebs awarmoebs, romlebic CarTulia citozolSi 
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 S suraTi 28.4 eukariotebis warmosaxviTi filogenezi. totebze aRniSnuli eukariotebi dajgufebulia ufro msxvil kladeb-
Si, romelTa saxelebi mocemulia filogenetikuri xis kenweroSi. xuTi samefos klasifikaciis sistemidan SemorCnen sokoebis, 
cxovelebisa da mcenareebis samefoebi, Tumca maTi sazRvrebi Seicvala. umartivesebis samefoSi Setanili kladebi aRniSnulia 
yviTlad.
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mimdinare atf-is sinTezSi. diplomonadebisa da paraba-
zaliebis umetesoba anaerobul garemoSi binadrobs.

diplomonadebi

diplomonadebs ori erTnairi zomis birTvi da mra-
vali Solti aqvT. gaixseneT, rom eukariotebis Solti 
citoplazmis wagrZelebaa da ujredis plazmuri mem-
braniT dafaruli mikromilakebis konebisgan Sedgeba 
(ixileT suraTi 6.24). is sakmaod gansxvavdeba prokari-
otebis Soltisgan, romelic ujredis zedapirTan mi-
magrebuli globularuli cila flagelinisgan Semd-
gari boWkoebia (ixileT suraTi 27.6) .

zog diplomonadas aqvs cudi saxeli. magaliTad, Zu-
Zumwovrebis nawlavebSi mobinadre parazits - nawlavis 
lamblias (suraTi 28.5a). adamiani lamblioziT xSirad 

avaddeba, roca cistis stadiaSi myofi parazitis Sem-
cveli fekaliebiT dabinZurebul wyals dalevs. paraz-
itiT dabinZurebuli nakadulis an mdinaris wyali gare-
gnulad sufTaa, magram misi dalevis Semdeg viTardeba 
diarea, romelsac turistuli laSqrobis CaSla namd-
vilad SeuZlia. Tu dalevis win wyals aaduRebT, cista 
mokvdeba.

parabazaliebi

parabazaliebSi umartivesebi - triqomonadebi Se-

dian. yvelaze cnobili saxeoba Trichomonas vaginalis qalis 

vaginis Cveulebrivi binadaria (suraTi 28.5b) T. vagina-
lis maspinZlis sasqeso da gamomyofi sistemis lorwovan 
zedapirze Soltis saSualebiT da plazmuri membranis 
nawilis talRisebri moZraobiT gadaadgildeba. Tu vag-
inis normaluri mJave garemo darRveulia, triqomona 
sxva sasargeblo mikrobebs Cagravs da vaginis garss aa-
vadebs. sqesobrivi gziT gadamdebi es infeqcia SeiZleba 
aseve mamris SardsadenSi ganviTardes, Tumca am Sem-
TxvevaSi daavadeba xSirad simptomebis gareSe mimdin-
areobs. 

T. vaginalis-is genetikurma Seswavlam aCvena, rom es 
saxeoba paTogenuri gaxda, roca zogma parabazaliam 
vaginaSi mobinadre erT-erTi baqteriisgan garkveuli 
geni genebis horizontaluri gadacemis Sedegad SeiZina. 

am genis saSualebiT T. vaginalis-s epiTeliur ujredebze 
kveba SeuZlia, rac infeqciis ganviTarebas iwvevs.

 koncefcia testi 28.2
1.  ratom Tvlis zogi biologi diplomonadebisa da 

parabazaliebis mitoqondrias “Zalian reduci-
rebulad”?

2.  ramdenad Seesabameba Trichomonas vaginalis-is age-
buleba maspinZlis gamravlebisa da saSarde sis-
temebSi mis parazitul cxovrebis nirs?

koncefcia 28.3
evglenasnairebis Solti  
unikaluri Sinagani  
agebulebisaa 

evglenasnairebi (Euglenozoa) mravalferovani kla-
daa, sadac mtacebeli heterotrofebi, fotosinTez-
is unaris mqone autotrofebi da paTogenuri para-
zitebi Sedian. mTavari niSani, romelic am kladaSi 
gaerTianebul umartivesebs ganasxvavebs, SoltSi gan-

(a) Giardia intestinalis diplomonada  (SeRebili SEM) 

talRovani membrana.

Solti

(b) Trichomonas vaginalis – parabazalia (SeRebili SEM).

5 μm

5 μm

 S suraTi 28.5 diplomonadebi da parabazaliebi
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lagebuli spiraluri an kristaluri RerZia, romlis 
funqcia dRemde ucnobia (suraTi 28.6). evglenasnairebis 
umetesobas aqvs diskis formis mitoqondriuli krista. 
kinetoplastidebi da evglenebi ori yvelaze ukeT Ses-
wavlili jgufia.

kinetoplastidebi

kinetoplastidebs aqvT erTi didi mitoqondria, 
romelic dalagebul dnm-s - kinetoplasts Seicavs. am 
umartivesebSi Sedian mtknari wylis, mlaSe wylisa da 
nestiani niadagis ekosistemebis Tavisuflad mcxovre-
bi organizmebi, romlebic prokariotebiT ikvebebian. 
agreTve cxovelebis, mcenareebisa da sxva umartivesebis 

parazitebi. magaliTad, gvari Trypanosoma-s kinetoplas-

tidebi adamianSi Zilis daavadebas iwveven, romelsac 
afrikuli buzi _ cece avrcelebs. mkurnalobis gareSe 
es daavadeba sasikvdiloa (suraTi 28.7) tripanosomebi 
Cagas daavadebasac iwveven, romelic sisxlismwovel 
mwerebs gadaaqvT da romelmac SeiZleba gulis gaCereba 
gamoiwvios.

tripanosomebs imunuri sistemisgan efeqturi stra-
tegia - `miizide da moatyue~ icavs. tripanosomas ukre-
dis zedapirze erTi cilis milionobiT aslia ganlage-
buli. sanam maspinZlis imunuri sistema cilas amoicnobs 
da Seutevs, parazitis axali Taoba sxva zedapiruli ci-
lis sinTesze gadadis, romlis molekuluri struqtura 
mcired gansxvavebulia. zedapiruli cilis agebuleba 
xSirad icvleba, amitom maspinZeli imunitets ver iviTa-
rebs. tripanosomas genomis mesamedi dakavebulia zeda-
piruli cilebis sinTeziT.

evglenasnairebi

evglenasnairebs ujredis erT-erT boloze aqvs 
jibe, romlidanac erTi an ori Solti gamodis (suraTi 
28.8). evglenasnairebis damaxasiaTebeli niSania para-
miloni _ glukozis polimeri, romelic samarago mo-

lekulis saxiT funqcionirebs. evglenasnairis Euglena-s 
mravali saxeoba autotrofia, magram sibneleSi het-
erotrofebad gadaiqceva da garemodan organul sakvebs 
absorbirebs. mraval evglenansairs msxverplis STanTq-
ma fagocitozis gziTac SeuZlia.

 koncefcia testi 28.3
1. tripanosomas gadarCenisTvis riTia sasargeblo 

ujredis zedapirze ganlagebuli cilebis sin-
Tezis unari?

2. aris Tu ara evglena wyalmcenare? axseniT Tqveni 
pasuxi.

koncefcia 28.4
alveolatebis plazmur  
membranasTan ganlagebulia 
tomarakebi

alveolatebi (Alveolata) umartivesebis kladaa, rom-
lis identifikacia molekuluri sistematikis safuZ-
velze moxda. maTTvis damaxasiaTebelia plazmuri 
membranis SigniT ganlagebuli da masTan mimagrebuli 
tomarakebi (alveolebi) (suraTi 28.9). alveolebis fun-
qcia ucnobia; mkvlevrebi varaudoben, rom isini al-

Solti

kristalebis 
mwkvrivi

mikromilakebis 
rgoli

0,2μm

 S suraTi 28.6 evglenasnairebis Soltebi. evglenasnairebis 
umetesobas erT-erT SoltSi aqvs kristaluri RerZi (TEM). es 
RerZi ganlagebulia 9 + 2 mokromilakebis rgolis gaswvriv, 
romelic yvela eukariotis SoltSi arsebobs (SeadareT 6.24 
suraTTan).

9 μm

 S suraTi 28.7 kinetoplasida tripanosoma, romelic Zilis 
daavadebas iwvevs. sisxlis wiTel ujredebs Soris ganlagebuli 
arsebebi tripanosomebia (SeRebilia SEM). 
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baT xels uwyoben ujredis zedapiris stabilurobas an 
ujredSi wylisa da ionebis Semcvelobas aregulireben.   
alveolatebSi gaerTianebulia sami jgufi: Soltianebi 

(dinoflagellates) parazitebi (apicompexans) da wamwamebis 

saSualebiT moZravi umartivesebi (ciliates).

pirofituli wyalmcenareebi  
(dinoflagellates)

pirofituli wyalmcenareebi rogorc mlaSe, aseve 
mtknari wylis fitoplanqtonis mravalricxovani orga-
nizmebia. xSirAAad gvxvdeba heterotrofuli pirofitu-
li wyalmcenareebic. amjerad cnobilia pirofituli wy-
almcenareebis ramdenime aTasi saxeoba. maTi umetesoba 
erTujrediania, zogi koloniuria. yovel saxeobas aqvs 
damaxasiaTebeli forma, romelsac met simyares xSirad 
celulozis Sinagani Sreebi aniWeben. am Sreebis perpen-
dikularul RarebSi ganlagebulia ori Solti, romelTa 
saSualebiT organizmi wyalSi moZraobisas brunavs (ber-

Znulad dinos – mbrunavia) (suraTi 28.10).
pirofituli wyalmcenareebis yvavilobam – popu-

laciis demografiuli afeTqebis epizodma – SeiZleba 
warmoqmnas fenomeni, romelic cnobilia sanapiros 
wylebis ,,wiTeli moqcevis” saxeliT. yvaviloba moyav-
isfro wiTeli an movardisfro-narinjisferia, am Se-
ferilobas ganapirobebs karotinoidebi - pirofituli 
wyalmcenareebis plastidebis yvelaze mravalricxovani 
pigmentebi. zogi pirofituli wyalmcenare gamoyofs 
toqsinebs, romlebmac SeiZleba uxerxemloebisa da Tev-

evglena (LM) 5 μm

grZeli Solti

mokle 
Solti

birTvi

kumSvadi 
vakuoli

qloroplasti

paramilonis
 granula

Tvalaki: pigmentire-
buli organelaa, ro-
melic sinaTlis amreklav 
funqcias asrulebs. 
misi meSveobiT sinaTle 
fotomimRebze mxolod 
garkveuli mimarTulebi-
dan moqmedebs.

fotomimRebi: grZeli Soltis 
fuZis axlos mdebare amo-
burculi adgili; grZnobs 
sinaTles, romelic TvalakiT 
ar iblokeba. amis Sedegad 
evglena sinaTlis mimarTule-
biT Sesabamisi intensiurobiT 
moZraobs. es mniSvnelovani 
adaptacia fotosinTezis alba-
Tobas zrdis.

pelikula: plazmuri membranis ukan 
ganlagebuli cilis Sre, romelic simk-
virivesa da moqnilobas uzrunvelyofs 
(evglenas ujredis kedeli ara aqvs).

 S suraTi 28.8 evglena - evglenasnairi, romelsac Cveulebriv gubeSi pouloben.

alveolaSolti
0,2μm

 S suraTi 28.9 alveolatebi. alveolatebis ganmasxvavebeli 
niSania plazmur membranasTan ganlagebuli tomarakebi (TEM).
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zebis masobrivi daxocva gamoiwvion. Tu adamiani SeWams 
moluskebs, romlebSic es Sxami dagrovda, is maszec imo-
qmedebs da xandaxan mis sikvdilsac iwvevs.

zogi pirofituli wyalmcenare efeqturi biolumi-
nescentia: RamiT, roca talRebi, navebi an mocuravee-
bi pirofituli wyalmcenareebis mWidro populaciis 
adgilas moZraoben, atf-is gadatanis qimiuri reaqciis 
Sedegad zebunebrivi naTeba warmoiqmneba. biolumi-
nescenciis erT-erTi SesaZlebeli funqciaa pirofi-
tuli wyalmcenareebiT mkvebavi organizmebisgan dacva, 
radganac sinaTle izidavs Tevzebs, romlebic pirofi-
tuli wyalmcenareebis moyvarulebiT ikvebebian.  

zogi pirofituli wyalmcenare marjnis polipebis 
- cxovelebis, romlebic marjnis rifebs aSeneben - mu-
tualisti simbiontia. pirofituli wyalmcenareebis 
fotosinTezis produqti rifebis Tanasazogadoebebis 
mTavari sakvebia.

apikompleqsebi anu sporianebi

yvela sporiani cxovelebis parazitia, zogi maT-
gani adaminis seriozul daavadebebs iwvevs. parazitebi 
maspinZlebSi patara, infeqciis gadamtani ujredebis 
- sporozoitebis saxiT vrceldebian. apikompleqsebs 
es saxeli imitom daarqves, rom sporiani ujredis erT 
boloze (apeqsze) maspinZlis ujredebisa da qsovilebis 
gasarRvevad specializirebuli organelebis komleqsi 
aqvT. sporianebs aqvT plastida – apikoplasti, romelic 
fotosinTezs ar awarmoebs. amis miuxedavad, spori-
anebis apikiplasti sasicocxlo mniSvnelobis funqciebs 
mainc asrulebs, magaliTad cxomovani mJavebis sinTezs.

apikompleqsebis umetesobis sasicocxlo cikli Za-
lian rTulia da rogorc sqesobriv, aseve usqeso sta-
diebs moicavs. aseTi sasicocxlo ciklis dasamTavre-
blad xSirad saWiroa ori an meti sxvadasxva saxeobis 

maspinZeli. magaliTad,P malariis gamomwvevi paraziti 
- plazmodiumi rogorc koRoebSi, aseve adamianebSi bi-
nadrobs (suraTi 28.11, Semdeg gverdze).

1960 wlebSi daiwyes malariis gamavrcelebeli koRo 
anofelesis sawinaaRmdego inseqcitidebis warmoeba 
da malariis sawinaaRmdego wamlebis gamoyeneba, rom-
lebic dainficirebul adamianSi plazmodiums klaven. 
amis Sedegad malariis SemTxvevebis raodenoba mniS-
vnelovnad Semcirda. magram malaria nel-nela aRdga, 
vinaidan gaizarda rogorc inseqcitidebis mimarT rez-
istentuli koRoebis, aseve wamlis mimarT rezistentu-
li plazmodiumebis raodenoba. tropikul qveynebSi am-
Jamad malariiT daavadebulia daaxloebiT 300 milioni 
adamiani, romelTagan yovel wels 2 milioni iRupeba.

malariis sawinaaRmdego vaqcinis Seqmnas is arTu-
lebs, rom plazmodiumi umetes dros adamianis ujre-
debSi atarebs da imunuri sistemis moqmedebisTvis 
miuwvdomelia. tripanosomas msgavsad, plazmodiumic 
ganuwyvetliv cvlis ujredis zedapirze ganlagebul 
cilebs. malariis sawinaaRmdego axali meTodebis Se-
muSavebis aucileblobam ganapiroba plazmodiumis gen-
omis sekvenireba. mkvlevrebma 2003 wlisTvis daadgines 
parazitis genebis umetesobis gamovlena misi sasicocx-
lo ciklis sxvadasxva etapze. kvlevam unda daexmaros 
mecnierebs vaqcinis moqmedebis axali SesaZlo mizanis 
gamoavlenaSi.

wamwamianebi 

wamwamianebi umartivesebis mravalferovani jgu-
fia, romlebic moZraobisas da sakvebis mosapoveblad 
wamwamebs iyeneben. es saxelic amitom daerqvaT. wamw-
amebi ujredis zedapirs an mTlianad faraven, an ram-
denime mwkvrivs an konas qmnian. zog saxeobaSi, magali-

Tad Stentor (ixileT suraTi 28.2a) mWidrod ganlagebuli 
wamwamebis mwkvrivebi moZraobisas erTad funqcionire-
ben. sxva wamwamianebi swrafad moZraoben fexismagvari 
struqturebis saSualebiT, romlebsac erTmaneTTan 
SeerTebuli mravali wamwami qmnis. wamwamebis moZraobas 
mikromilakebis submembranuli sistema aregulwamwami-
anebis saidentifikacio Tvisebaa ori tipis birTvi: didi 
-makronukleusi da mcire - mikronukleusi. ujredSi 
SeiZleba yoveli tipis erTi an meti birTvi iyos. ro-
gorc wesi, yovel makronukleusSi wamwamianis genomis 
aTeulobiT aslia. genebi qromosomebSi ar lagdebian, 
isini mcire kopleqtebs qmnian, romelTagan yoveli ram-
denime genis mravali aslis matarebelia. makronukleu-
sis genebi yoveldRiur funqciebs akontroleben, mag-
aliTad kvebas, narCenebis gandevnasa da wylis balansis 
SenarCunebas. 28.12 suraTis zeda nawilze gamosaxulia 
wamwamiani parameciumi, romlis magaliTze ganxilulia 
es funqciebi.

wamwamianebi ZiriTadad usqesod, orad dayofiT, 

Solti

3 
μm

 S suraTi 28.10 Pfiesteria shumwayae, pirofituli wyalm-
cenare. alveolata brunavs spiraluri Soltis dartymebiT, 
romelic ganlagebulia ujredis garSemo arsebul RarSi (SeRe-
bilia SEM).
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mravldebian. am dros makronukleusi grZeldeba da 
ufro ixliCeba, vidre mitozur dayofas gadis. geneti-
kuri cvalebadoba koniugaciis (sqesobrivi procesis, 
romlis dros ori individi haploidur mikronukle-
usebs cvlis) Sedegia. miaqcieT yuradRebaEB A28.12 suraTis 
qveda nawils, sadac Cans, rom wamwamianebSi reproduq-
cia da koniugacia damoukidebeli procesebia. 2003 wels 
fred hatCinsonis kibos kvlevis centris (sietli) mec-

nierebis gundma aRmoaCina, rom kuniugaciis gziT wam-
wamianebs SeuZliaT transpozonebisa da ,,egoisturi” 
dnm-is sxva tipebis raodenobis Semcireba, romelsac ge-
nomis SigniT replikacia SeuZliaT. koniugaciis dros, 
roca mikronukleusi makronukleusad viTardeba, ucxo 
genetikuri elementebis amoSla mimdinareobs. am gziT 
yoveli koniugaciis msvlelobisas wamwamianis genomis 
TiTqmis 15% procenti SeiZleba amoiSalos.

adamianis sxeulSi koRos sxeulSi

RviZli

R v i Z l i s 

ujredi

merozoiti (n) 

sisxlis wiTe-

li ujredebi

m e r o z o i t i 

(n)

sisxlis wiTe-

li ujredi

gametoc-

itebi (n)aRniSvna

haploidi (n)

diploidi (2n)

gametebi

zigota (2n)

oocisti

sporozoiti (2n)

meiozi

ganayofiereba

1. inficirebuli koRo anofelesi kbens adamians. mis ner-
wyvTan erTad adamianis sxeulSi sporozoitebi xvdeba. 

2. sporozoitebi adamianis RviZlis ujredebSi aRweven. ramdenime dRis 
Semdeg isini ramdenime dayofas gadian da merozoitebad gardaiqm-
nebian, romlebic apikaluri aparatis daxmarebiT sisxlis wiTeli 
ujredebis kedels xvreten (ixileT qveviT TEM).

3. merozoitebi sisxlis 
wiTel ujredebSi 48 an 
72 saaTis intervaliT 
(damokidebulia saxe-
obaze) usqesod mravl-
debian. Semdeg mravali 
merozoiti sisxlis 
ujredebidan gamodis, 
rac periodul cieb-
cxelebas iwvevs. zogi 
merozoiti axal sisxlis 
ujredebs inficirebs. 

4. zogi merozoiti gardai-
qmneba gametocitad.

5. sxva koRo anofelesi kbens daavade-
bul adamians da sisxlTan erTad 
plazmodiumis gametocitebs iwovs.

6. gametebi ylibdeba gametocitebiadan, ganayofi-
ereba koRos momnelebel traqtSi mimdinareobs da 
zigota formirdeba. zigota mTeli sasicocxlo 
ciklis erTaderTi diploiduri stadiaa. 

7. oocista koRos nawla-
vis kedelSi zigotidan 
viTardeba. is aTasobiT 
sporozoits aTavisuf-
lebs, romlebic koRos 
sanerwyve jirkvalSi ga-
dadian.

merozoiti

 S suraTi 28.11  plazmodiumis, malariis gamomwvevi sporianis, orsaxliani sasicocxlo cikli. 
(feri bunebrivs ar Seesabameba).

apeqsi

0,5μm
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 koncefcia testi 28.4
1. ra morfologiuri Tviseba Seesabameba moleku-

lur monacemebs, romelTa mixedviT pirofitu-
li wyalmcenareebi, sporianebi da wamwamianebi 
erT kladaSi Sedian?

2.  `wiTelma moqcevam~ SeiZleba janmrTelobis 
problema Seuqmnas adamianebs, romlebic am 
adgilas mopovebuli zRvis produqtebiT ikve-
bebian. ratom?

3 ratom ar aris swori wamwamebSi mimdinare ko-
niugacia reproduqciis formad CavTvaloT?

koncefcia 28.5
stramenofilebs aqvT  
,,bususebiani~ da gluvi Soltebi

klada stramenofilebSi (Stramenopila, igive hetero-
kontebi) Sedis rogorc heterotrofebis ramdenime jgu-
fi, aseve wyalmcenareebis konkretuli jgufebi. kladas 

saxeli (laTinurad stramen – Cala, da pilos _ Tma) daer-
qva im Soltis gamo, romelsac mravali, nazi, Tmismagvari 
gamonazardi aqvs, rac am umartivesebis damaxasiaTebeli 
niSania. stramenofilebis umetesobaSi ,,bususebiani” 
Solti ,,gluv” (uTmo) SoltTan dawyvilebulia (suraTi 
28.13). stramenofilebis zog jgufSi Soltiania mxolod 
moZravi, reproduqciuli ujredebi.

oomicetebi (wylis obi da naTesavebi)

oomicetebSi Sedis wylis obi, TeTri Jangi da vazis 
Wraqi. adreuli morfologiuri kvlevebidan gamomdi-

nareobda, rom es organizmebi sokoebia (oomyce ,,sokos 
kvercxs” niSnavs). oomicetebis umetesobas aqvs mraval-

birTviani Zafebi (hifebi) romlebic sokoebis hifebs gva-
nan. Tumca oomicetebsa da sokoebs Soris mniSvnelovani 
sxvaobaa. rogorc wesi, oomicetebis ujredis kedeli ce-
lulozisgan Sedgeba, sokoebis ujredis kedeli ki sxva 
polisaqaridisgan _ qitinisgan. oomicetebis umeteso-
bis sasicocxlo ciklSi diploiduri mdgomareoba War-
bobs, romelic sokoebSi reducirebulia. oomicetebs 
aqvs Soltiani ujredebi, TiTqmis yvela sokos ki Solti 
ara aqvs. molekuluri sistematikis saSualebiT dadg-
inda, rom oomicetebi sokoebis axlo naTesavebi ar arin. 
maTi garegnuli msgavseba ki konvergentuli evoluciis 
Sedegia (ixileT Tavi 25). oriveSi, oomicetebsa da so-
koebSic, Zafismagvari struqturebis zedapiris mocu-
lobasTan Sefardebis maRali koeficienti zrdis orga-
nizmis garemodan sakvebis aTvisebis unars.

Tumca oomicetebi plastidebis matarebeli wina-
prebis STamomavlebia, maT arc plastidebi da arc fo-
tosinTezis unari aRar aqvT. isini ZiriTadad parazite-
bia an reducentebi. wylis obis saxeobebis umetesoba 
reducentia, isini ZiriTadad mtknar wyalSi, mkvdar wy-
almcenareebsa da cxovelebze bususebiani masis saxiT 
izrdebian (suraTi 28.14). TeTri Jangi da vazis Wraqi 
xmeleTze mobinadre mcenareebis parazitebia. maTi 
sporebi ZiriTadad qariT vrceldeba, Tumca sasicocx-
lo ciklis garkveul momentSi isini Soltian zoo-
sporebs qmnian.

oomicetebis ekologiuri gavlena SeiZleba Zalian 

didi iyos. magaliTad, oomiceta phytophthora infestans 
kartofilis daavadebas, fitoftorozs iwvevs, romlis 
Sedegad kartofilis Rero da yunwi Sav lorwod ga-
daiqceva. fitoftorozi iyo mecxramete saukuneSi ir-
landiaSi momxdari gamanadgurebeli SimSilis mizezi, 
romlis Sedegad milioni adamiani daiRupa da TiTqmis 
amdenivem irlandia datova. es daavadeba dResac didi 
problemaa. is iwvevs SeerTebul StatebSi mosavlis 15%-
ian danakargs. ruseTis im nawilebSi, sadac pesticidebs 
ar iyeneben ki 70%-ans. paTogenis ukeTesi kvlevisTvis 
molekulurma biologebma 1840 wlis irlandiuri daa-
vadebuli kartofilidan fitoftoras dnm gamoyves. 
genetikuri kvlevebiT dadasturda, rom oomicetam 
bolo aTwleulebis ganmavlobaSi meti paTogenurobis 
da pesticidebis mimarT meti mdgradobis genebi SeiZina. 
mecnierebi daavadebis winaaRmdeg axali saSualebebis 
Sesaqmnelad rogorc fitoftoras, aseve kartofilis 
genoms ikvleven.. magaliTad, 2003 wels mkvlevrebis 
gundma fitoftorizis mimarT rezistentuli gareu-
li kartofilidan genebi gadaitana da fitoftorizis 
mimarT rezistentuli kartofilis xazi gamoiyvana. 

kaJovani wyalmcenareebi (Diatomeae)
kaJovani wyalmcenareebi (laT. Diatomeae, anu Bac-

illariophyta) erTujrediani wyalmcenareebia, romelTa 
ujreds organul matriqsSi moTavsebuli da hidrat-

gluvi Solti

bususiani Solti

5 μm

 S suraTi 28.13 stramenofilas Solti. stramenofilebis 
umetesobas, magaliTad Synura petersenii - s, aqvs ori Solti: 
erTi dafarulia Txeli, xSiri bususebiT, erTi ki gluvia.  
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suraTi 28.12

kvleva: wamwamiani Paramecium caudatum-is struqtura da funqcia

kveba, narCenebis gamoyofa da wylis balansi.

koniugacia da gamravleba

parameciumi mtknari wylis sxva 
umartivesebis msgavsad, hipoton-
uri garemodan wyals osmosis gziT 
mudmivad iRebs. radialuri arxebi-
dan buStis msgavs kumSvad vakuolSi 
zedmeti wyali grovdeba da plazmuri 
membranis gavliT gareT periodulad 
gamoidevneba.

parameciumi ZirTadad baqteriebiT ikvebeba. wam-
wamebis rigebi ganlagebulia Zabris formis piris 
CaRrmavebasTan, sakvebi ujredis ,,pirSi” wamw-
amebis moZraobiT xvdeba. aq mas sakvebi vakuolebiT 
fagocitozis saSualebiT STainTqavs. 

sakvebi vakuolebi dakavSirebulia 
lizosomebTan. sakvebis monelebis 
Semdeg vakuoli ujredSi maryuJis 
formis gziT moZraobs. 

sakvebi vakuolis mounelebeli 
nawili gamoiyofa, roca vakuoli 
plazmuri membranis specializire-
bul regions emagreba, romelic 
analuri xvrelis msgavsad funq-
cionirebs. 

parameciumis zedapirs 
aTasobiT wamwami faravs.

k u m S v a d i 
vakuoli

piris Rari

ujredis piri

mikrobirTvi

makrobirTvi
50 μm

1. dawyvilebad ori ujredi 
erTmaneTis gverdi-gverd 
lagdeba da erTmaneTs 
nawilobriv erwymis.

2. mikrobirTvi gadis mei-
ozs. yovel ujredSi oTxi 
haploiduri mikrobirTvi 
warmoiqmneba. 

3. oTxidan sami mikro-
birTvi iSleba. dar-
Cenili mikrobirTvi 
mitoziT iyofa.

4. ujredebi erT 
mikrobirTvs 
cvlian.

5. ujredebi 
calkevdeba.

6. mikrobirTvebi 
erTdeba da dip-
loiduri mikro-
birTvi warmoiqm-
neba.

7. citokinezis gareSe 
mimdinare sami 
mitozuri dayofis 
Sedegad rva mikro-
birTvi warmoiqm-
neba.

8. pirveladi makro-
birTvi iSleba. 
iTxi mikrobirTvi 
makrobirTvebad 
gardaiqmneba, 
danarCeni oTxi 
mikrobirTvebad 
rCeba. 

9. citokinezis ori 
raundis Sedegad 
ujredi oTxad 
iyofa. TiToeulSi 
erTi makrobirTvi 
da erTi mikrobirT-
vi xvdeba.

S e s a b a m i s i 
mewyvileebi

makrobirTvi

meiozi

diploiduri 
mikrobirTvi

diploiduri 
mikrobirTvi

haploiduri 
mikrobirTvi

m i k r o b i r T -
vebis Serwyma

gasaRebi

koniugacia

gamravleba
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irebuli kvarcisgan Semdgari unikaluri, SuSis msgavsi 
kedeli aqvs. is ori nawilisgan Sedgeba, romlebic fex-
sacmlis kolofisa da misi saxuravis msgavsad gadai-
fareba (suraTi 28.15). kedlebi mtaceblis ybebisgan 
efeqtur dacvas uzeunvekyofen: 2003 wels germanelma 
mkvlevrebma aRmoaCines, rom cocxali kaJovani wyalm-
cenareebi daaxloebiT 1,4 milion kg/m2 wnevas uZleven. 
es igive wnevaa, romelic magidis fexze mova, Tu masze 
spilo dadgeba! diatomebis Zalis umetes nawils uzrun-
velyofs maTi ujredis kedelSi arsebuli naxvretebisa 
da Rarebis natifi bade. ujredis kedeli gluvi rom 
yofiliyo, mis dasamtvrevad 60%-iT naklebi Zala iqne-
boda saWiro. 

wlis umetesi nawilis ganmavlobaSi kaJovani wy-
almcenareebi usqesod, mitoziT mravldebian. am dros 
yoveli Svilobili ujredi mSobliuri ujredis kedel-

1. kapsulirebuli zoosporebi 
substratze ileqeba da kvirtebs 
iZleva, romlebic hipebis datot-
vil sxeulad izrdeba. 

2. ramdenime dReSi 
hifebSi sqesobri-
vi struqturebis 
formireba iwyeba. 

3. meiozis Sedegad 
oogoniumSi kver-
cxi warmoiqmneba.

4. igive an sxva individis sxva 
totebze meiozis Sedegad spermis 
ramdenime haploiduri birTvi war-
moiqmneba, romlebic anTeridiul 
hifaSi Cerdeba.

5. anTeridiuli hifa oogoniumis 
irgvliv kauWebis magvar struatu-
rad izrdeba. ganayofierebis 
milebis gavliT misi birTvebi 
gadadian kvercxebTan. ganayofi-
erebis Semdeg zigotas (oosporam) 
SeiZleba rezistentuli kedlebi 
ganuviTardes, magram mas SeiZleba 
aseve oogoniumis garsi icavdes.

6. Semdegia Sesvenebis 
periodi, roca ro-
gorc wesi, oogoniumi 
iSleba. 

7. zigota Rvivdeba da 
hifas qmnis. cikli 
mTavrdeba.

8. hifas boloebze mi-
lakovani zoosporan-
giumi warmoiqmneba. 

9. yoveli zoospo-
rangiumi usqeso 
gamravlebiTY 
daaxloebiT 30 
orSoltian zoo-
sporas iZleva.

usqeso  
gamravleba

sqesobrivi 
gamravleba

meiozi

ganayofiereba

aRniSvna

haploidi (n)
diploidi (2n)

cista
g a R v i v e b i s 
milaki

zoospora (2n)

zoosporangiumi (2n)

oogoniumi

kvercxis birTvebi (n)

anTeridiuli 
hifa spermis 
birTviT (n)

zigota (oosporebi) (2n) 

zigotis gaRviveba

 S suraTi 28.14 wylis obis sasicocxlo cikli. mtknar wyalSi wylis obi mwerebs, Te-
vzebsa da sxva mkvdar cxovelebs Slis. (yuradReba miaqcieT suraTze marcxniv, qveviT, 
oqros Tevzze gamosaxul hifebs) .

 S suraTi 28.15  mtknari wylis kaJovani wyalmcenareebi 
(SeRebili SEM).

3μ
m



682

is naxevars iRebs da axal kedels qmnis, romelic Zvelze 
Signidan morgebulia. zogi saxeobas cistis saxiT rez-
istentuli stadia axasiaTebs. kaJovan wyalmcenareebSi 
sqesobrivi gamravleba iSviaTia. am dros warmoqmneba 
kvercxujredi da sperma; sxvadasxva saxeobebSi spermis 
ujredebi SeiZleba ameboiduri an Soltiani iyos.

kaJovani wyalmcenareebi umartivesebis Zalian mra-
valferovani jgufia. dReisTvis identificirebulia 
100,000 saxeoba (suraTi 28.16). isini rogorc okeaneebis, 
aseve tbebis fitoplanqtonis ZiriTadi Semadgeneli 
nawilia: zRvis zedapiridan aRebuli wylis erTi kasri 
SeiZleba milionobiT mikroskopul wyalmcenares Sei-
cavdes. oqrosferi da mura wyalmcenareebis msgavsad, 
kaJovanebi sakvebs glukozis polimeris - laminarinis 
formiT inaxaven. zogi kaJovani wyalmcenare sakvebs ze-
Tovani nivTierebis saxiT inaxavs.

danaleqi qanebis ZiriTadi komponentia namarxi ka-
Jovani wyalmenareebis kedlebis uzarmazari raodenoba, 
romelic cnobilia kizelguris saxeliT. mas filtrebis 
mosamzadeblad da sxva mravali miznisTvis moipoveben. 
aRsaniSnavia kaJovanebis Senatani nanoteqnologiis gan-
viTarebaSi, sxvadasxva formis mikroskopuli detalebis 
saxiT. kaJovanebi niJarebis mSeneblobisas mikrosko-
puli komponentebis rTul, samganzomilebian erTobas 
qmnian. nano-inJinerebisTvis es procesi miniaturuli 
Zravebis, lazerebisa da samedicino aRWurvilobis sis-
temebis Seqmnis xerxia. isini imazec ki fiqroben, rom 
Secvalon kaJovanebis dnm adamianisTvis specifikuri 
struqturebis Sesaqmnelad.

oqrosferi wyalmcenareebi

oqrosfer wyalmcenareebs anu chrysophyta-s (ber-

Znulad chrysos – oqrosferi), saxeli feris gamo dae-
rqva, romelsac yviTeli da yavisferi karotinoidebi 
ganapirobebs. rogorc wesi, oqrosferi wyalmcenaree-
bis ujredebi orSoltiania. orive Solti mimagrebulia 
ujredis erT bolosTan. mravali oqrosferi wyalmcena-

re mtknari wylisa da zRvis planqtonis Semadgeneli 
nawilia. yvela oqrosferi wyalmcenare fotosinTezs 
awarmoebs, magram, amave dros zogi saxeoba miqsotro-
fia. maT gaxsnili organuli komponentebis absorbcia 
an fagocitozis gziT sakvebis nawilakebisa da prokari-
otebis moneleba SeuZlia. saxeobebis umetesoba erTu-
jrediania, magram zogi, magaliTad mtknari wylis gvari 

Dinobryon-i, koloniuria (suraTi 28.17). Tu ujredebis 
simWidrovem garkveul dones gadaaWarba, bevri saxeoba 
qmnis rezistentul cistas, romelic aTwleulebis gan-

mavlobaSi arsebobs. 

mura wyalmcenareebi

yvelaze didi da rTuli agebulebis wyalmcenarea 

mura wyalmcenare -phaeophyta (berZnulad phaios _ muqi, 
yavisferi). yvela maTgani mravalujrediania, umete-
soba zRvis binadaria. mura wyalmcenareebi farTod 
gavrcelebulia zomieri sartyelis sanapiro zolis civ 
wylebSi. maTTvis damaxasiaTebelia yavisferi an muqi Se-
feriloba, romelsac plastidebSi arsebuli karotinebi 
ganapirobebs. maTi plastidebi oqrosferia da kaJovani 
wyalmcenareebis plastidebis homologiuria.

mura wyalmcenareebSi Sedis mravali saxeoba, 
romelsac Cveulebriv zRvis wyalmcenareebs eZaxian 
(zogi didi Zoweuli da mwvane wyalmcenareebis mravalu-
jredian saxeobebsac wyalmcenareebs miakuTvneben. Cven 

 50μm

 S suraTi 28.16  kaJovani wyalmcenareebis 
mravalferovneba (LM).

 S suraTi 28.17 oqrosferi koloniuri wyalmcenare _ dino-
brioni, romelic mtknar wyalSi binadrobs (LM).

25μm
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maTze am TavSi, mogvianebiT, visaubrebT). am wyalmcena-
reebs yvela sxva wyalmcenareebTan SedarebiT rTuli, 
mravalujrediani agebuleba axasiaTebs. zogs special-
izirebuli qsovilebic da organoebic aqvs, romlebic 
xmeleTis mcenareebis Sesabamis organoebs waagavs. ma-
gram mravali kvleva adasturebs, rom  wyalmcenarebisa 
da xmeleTis mcenareebis evoluciur StoebSi msgavseba 
damoukideblad ganviTarda da analogias, da ara homo-
logias warmoadgens. 

Talusi (berZnulad thallos – ylortia) wyalmcenaris 
sxeuls daerqva, romelic xmeleTis mcenareebis sxeulis 
msgavsia. xmeleTis mcenaris sxeulisgan gansxvavebiT, 
Taluss namdvili fesvebi, Reroebi da foTlebi ara aqvs. 
wyalmcenaris tipuri Talusi Sedgeba fesvismagvari “ka-
visgan”, romliTac is niadags emagreba, Rerosmagvari Re-
rZisgan, romelsac emagreba foTlismagvari firfitebi 
(suraTi 28.18). fotosinTezi ZiriTadad foTlismagvar 
firfitebSi xdeba. zog mura wyalmcenares aqvs “tivti-
va”, romlis saSualebiT firfitebi wylis zedapirTan 
axlos Cerdebian. mimoqcevis zonidan moSorebiT, Rrma 
wylebSi, giganturi wyalmcenare laminaria binadrobs 
(suraTi 28.19). am mura wyalmcenaris RerZma SeiZleba 
sigrZeSi 60 metrs miaRwios.

mimoqcevis zonaSi mobinadre wyalmcenareebma unda 
talRebis dartyis Zalas da ukuqcevas gauZlon (dReSi 
orjer), romlis Sedegad wyalmcenare mSrali atmos-
ferosa da intensiuri gamosxivebis gavlenis qveS eqce-
va. unikaluri adaptaciebi xels uwyobs wyalmcenareebis 
gadarCenas. magaliTad, maTi ujredebis garsi celu-

lozisgan da Jeles magvari polisaqaridebisgan Sedgeba, 
rac Talusze talRebis dartymas amcirebs da ukuqcevi-
sas wyalmcenares amoSrobisgan icavs.

adaminis mier wyalmcenareebis gamoyeneba

wyalmcenareebi – mura da mravalujrediani Zoweuli 
da mwvane wyalmcenareebi - adamianisTvis mniSvnelovani 
resursia. mraval wyalmcenares sakvebad iyeneben. magal-

iTad, mura wyalmcenare laminarias (iaponurad ,,kombu”) 
wvnianis mosamzadeblad iyeneben, Zoweuli wyalmcenare 

porfirasgan (iaponurad ,,nori”) xraSuna firfitebs 
amzadeben an mis firfitebSi suSis axveven (suraTi 28.20). 
wyalmcenaris ujredis garsis Jelesmagvar nivTierebas 
(mura wyalmcenareebSi - algini, Zoweul wyalmcenaree-
bSi - agari da karaginani) mravali sakvebis momzadebisas 
iyeneben, magaliTad: pudingis, nayinisa da salaTis sawe-
blebis.

firfita

fexi

kavi

 S suraTi 28.18 okeanis napirTan cxovrebasTan 
adaptirebuli wyalmcenareebi. zRvis palma (Postelsia) 
Crdilo-dasavleTi SeerTebuli Statebisa da dasav-
leTi kanadis sanapirosTan, kldeebze binadrobs. am 
mura wyalmcenaris Talusi kargadaa adaptirebuli. 
is mtkicedaa damagrebuli da mimoqcevis did talRebs 
SesaniSnavad uZlevs.

 S suraTi 28.19 laminariis tye. zomier sanapiro wylebSi 
mobinadre laminaria uamravi organizmis habitatia da sakvebis 
wyaroc (sarewao mniSvnelobis Tevzebis mravali saxeobis 
CaTvliT),.M Macrocystis gvaris warmomadgeneli, Cveulebrivi 
laminaria, romelic Seertebuli Statebis sanapiroebTan wynar 
okeaneSi binadrobs, SeiZleba erT sezonSi 60 metramde gaizar-
dos. sxva organizmTan SedarebiT  is yvelaze swraf xazobriv 
zrdas avlens.
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TaobaTa monacvleoba

mravalujredian wyalmcenareebSi sxvadasxva sa-
sicocxlo cikli ganviTarda. yvelaze rTulia sasicocx-
lo cikli, romelsac TaobaTa monacvleoba axlavs anu 
haploiduri da diploiduri formebi erTmaneTs enacv-
leba. magram haploiduri da diploiduri mdgomareo-
bis monacvleoba yvela sqesobrivi sasicocxlo ciklis 
Semadgeneli nawilia. magaliTad, adamianis gameta hap-
loiduria. magram TaobaTa monacvleobaze saubrisas mx-
olod iseT sasicocxlo cikls vgulisxmobT, roca hap-
loiduri da diploiduri stadiac mravalujrediania. 
rogorc 29-e TavSi naxavT, TaobaTa monacvleoba yvela 
mcenaris sasicocxlo ciklSi ganviTarda.

mura wyalmcenaris - laminarias rTuli sasicocxlo 
cikli TaobaTa monacvleobis malagiTia (suraTi 28.21). 
diploidur individs sporofiti daarqves, vinaidan is 
reproduqciul ujredebs - zoosporebs iZleva. zoos-
pora mdedr da mamr haploid gametofitad viTardeba, 
romlebic gametebs qmnian. ori gametas Serwymis Sede-
gad (ganayofiereba an singamia) diploidur zigotas 
viRebT, romelic axal sporofits aZlevs dasabams. 
laminariis SemTxvevaSi ori Taoba heteromorfulia, 
anu sporofiti da gametofiti struqturulad gansx-
vavebdeba. sxva wyalmcenareebis sasicocxlo ciklSi 
gvaqvs izomorfuli Taobebis monacvleoba, roca spo-
rofiti da gametofiti garegnulad erTmaneTis msgav-
sia, Tumca maTi qromosomebis ricxvi gansxvavdeba.

 koncefcia testi 28.5
1.  romeli unikaluri ujreduli Tviseba saerToa 

yvela stramenofilisTvis?
2.  SeadareT oomicetebisa da oqrosferi wyalm-

cenareebis kveba.
3.  rogoraa morgebuli mura wyalmcenaris - lami-

narias agebuleba mis habitats, mimoqcevis zo-
nas?

koncefcia 28.6
cerkozoas da radiolariebis 
fsevdopodiebi Zafisebria 

axal klada cerkozoaSi (Cercozoa) Sedis mravali 
saxeoba. isini im organizmebs miekuTvnebian, romelsac 
zogadad amebebs veZaxiT. amebas adre fsevdopodiebis 
(crufexebis) meSveobiT moZrav da mkvebav umartivesebs 
miakuTvnebdnen. fsevdopoda wagrZelebaa, romelic ujre-
dis zedapiris nebismier adgilas SeiZleba gaCndes. amebas 
gadaadgilebisas fsevdopodia iweleba, garkveul wer-
tilze fiqsirdeba da Semdeg iq danarCeni citoplazmac 
gadaiRvreba. molekulur sistematikaze dayrdnobiT 
cxadi gaxda, rom ameba ar aris monofileturi jgufi. es 
organizmebi eukariotebis Soreulad monaTesave mraval 
taqsons Soris gabneulia. klada cerkozoas warmomadgen-
lebi sxva amebebisgan Zafismagvari fsevdopodiebiT gansx-
vavdeba. cerkozoaSi Sedian qloraraqniofitebi (isini am 
TavSi adrec vaxseneT, roca meorad endosimbiozze vsau-

brobdiT) da foraminiferebi. meore kladas, radiolarias 
(Radiolaria) warmomadgenlebs aseve aqvT Zafismagvari fsev-
dopodia da cerkozoas axlo naTesavebi arian. 

foraminiferebi 

foraminiferebs (laTinurad foramen _ patara nax-

vreti da ferre _ matarebeli) an foramebs saxeli forebi-
ani niJaris _  testis gamo daerqvaT (suraTi 28.22). for-
amebis testebi mravalsakniania da organuli masalisgan 
Sedgeba, romelsac simkvrives kalciumis karbonati an-
iWebs. forebidan gaSverili fsevdopodiebi curvaSi, 
niJaris formirebasa da kvebaSi monawileobs. niJaraSi 
mobinadre foTosinTezis unaris mqone wyalmcenare 

mravali foramis simbiontia da mas sakvebs aseve awvdis.
foraminiferebi rogorc okeaneSi, aseve mtknar wyalSi 
binadroben. saxeobebis umetesoba qviSaSi cxovrobs an 
kldeebsa da wyalmcenareebs emagreba, zogi ki planq-
tonis mravalricxovani binadaria. yvelaze didi fora-

(a) wyalmcenareebi 
badeze napiris wy-
almarCx adgileze 
izrdeba.

(b) muSa wyalmcena-
reebs bambukis fi-
crebze gasaSrobad 
aTavsebs.

(g) qaRaldis fur-
clis sisqis noris 
priala, minarelebiT 
mdidar firfitebs zRvis 
produqtebisgan da bost-
neulisgan suSis momza-
debisas iyeneben.

 S suraTi 28.20 sakvebad vargisi wyalmcenareebi. nori 
tradiciuli iaponuri sakvebia, romelsac wyalmcenare por-
firasgan amzadeben (Zoweuli wyalmcenare, romelzec am TavSi 
ufro dawvrilebiT visaubrebT).
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miniferebi diametrSi ramdenime santimetrs aRweven, 
Tumca erTujrediani organizmebi arian.

foraminiferebis dadgenili saxeobebis oTxmocdaa-
Ti procenti cnobilia namarxebidan. sxva umartivesebis 
kirovan namarxebTan erTad,  foraminiferebis niJar-
ebi zRvis danaleqi qanebis (xmeleTze ganlagebuli da-
naleqi kldeebis CaTvliT) Semadgeneli nawilia. fora-
miniferebis namarxebi msoflios sxvadasxva adgilas 
ganlagebuli danaleqi qanebis asakis dadgenisTvis Ses-
aniSnavi markeria.

radiolariebi

radiolariebi kvarcisgan Semdgari natifi ageb-
ulebis niJarebis mqone zRvis umartivesebia. radiolar-
iebis fsevdopodiebi – aqsopodiebi - centraluri sxe-
ulidan itoteba. simtkices maT mikromilakebis Sekvrebi 
aniWebs (suraTi 28.23). mikromilakebi dafarulia ci-
toplazmis Txeli feniT. fagocitozisas citoplazma 
gars ertymis mcire mikroorganizmebs, romlebic aqso-
podias exebian. STanTqmuli msxverpli citoplazmis na-

1. rogorc wesi, wyalmcenareebis 

sporofitebs wyalSi yvelze da-

bali moqcevis zonis qveS naxu-

loben. isini kldeebs datotvili 

kavebiT emagrebian. 

2. adre gazafxulze, zrdis ZiriTa-

di sezonis bolos, firfitis zede-

piris ujredebi sporangiumebad 

viTardeba. 

3. sporangiumi zoosporebs 

meiozis gziT warmoqmnis.

4. yvela zoospora struqturu-

lad msgavsia, magram maTi nax-

evari viTardeba mamrobiT game-

tofitad, naxevari ki mdedrobiT 

gametofitad, romlebic spo-

rofitebs ar gvanan. es mokle 

datotvili Zafebia, romlebic 

moqcevis zonis kldeebis zeda-

pirze izrdeba. 

5. mamrobiTi gametofitebidan Ta-

visufldeba sperma, mdedrobiTi 

gametofitebi ki kvercxebs iZleva, 

romlebic mimagrebulni rCebian 

mdedrobiT gametofitze. kvercxu-

jredebi asinTezeben qimiur sasig-

nalo nivTierebas, romelic igive 

saxeobis spermas izidavs. es zrdis 

okeanSi ganayofierebis albaTo-

bas. 

6. sperma kvercxu-

jreds anayofi-

erebs. 

7. zigota iz-

rdeba axal 

s p o r o f i t a d 

da sicocxles 

m d e d r o b i T 

gametofitTan 

m i m a g r e b u l 

mdgomareobaSi 

iwyebs. 

gasaRebi: 

haploidi (n)
diploidi (2n)

sporangiumi

meiozi

ganayofiereba

zoosporebi

mdedri

gametofi -

ti (n)

mamri

kvercxi

sperma

mwife mdre-

drobiTi game-

tofiti (n)

zigota (2n)

ganviTarebadi 

sporofiti

sporofiti (2n)

 S suraTi 28.21 laminarias sasicocxlo cikli TaobaTa monacvleobis magaliTia. 
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kads ujredis mTavari nawilisken miaqvs. radiolariebis 
sikvdilis Semdeg maTi niJarebi zRvis fskerze ileqeba 
da Slamis masas qmnis. zogierT adgilas Slamis sisqe 
ramdenime aseul metrs aRwevs.

 koncefcia testi 28.6
1.  foraminiferebis namarxebi kargad Semonaxu-

lia. ratom? 
2.  Seadare foraminiferebisa da radiolariebia 

kveba.

koncefcia 28.7
amebasnairebis fsevdopodia 
momrgvaloa

amebas mravali saxeoba, romelsac ufro momrgvale-

buli, vidre Zafismagvari fsevdopodiebi aqvs, klada 
amebozoaSi (Amoebozoa) Sedis. am kladaSi gaerTianebu-

lia SiSveli lobozuri amebebi (Gymnamoeba),  amebiozis 

gamomwvevi amebebi (Entamoeba)  da miksomicetebi. 

SiSveli lobozuri amebebi

Gymnamoeba amebebis didi da mravalferovani 
jgufia. es erTujrediani umartivesebi niadagSi, mt-
knar wyalSi da zRvaSic gvxvdeba. maTi umetesoba het-
erotrofia, romlebic baqteriebsa da sxva umartivesebs 
aqtiurad eZeben da spoben (suraTi 28.24). zogi SiSveli 
ameba detritiT (mkvdari organizmebiT) ikvebeba.

amebiazis gamomwvevi amebebi

amebebis umetesoba Tavisuflad mcxovrebi orga-

nizmia. gvar Entamoeba-Si ki Sedian parazitebi, romle-
bic rogorc xerxemlianebis yvela klasis warmomad-
genlebs, aseve uxerxemloebsac ainficireben. adamiani, 

rogorc minimum, Entamoeba-s eqvsi saxeobis maspinZelia, 

magram paTogenad mxolod erTia - E. histolytica aRiareb-
uli. is amebis dizenterias iwvevs da daiinficirebuli 
sasmeli wyaliT, sakvebiT an WurWeliT vrceledeba. am 
daavadebiT msoflioSi yovel wels 100000 adamiani iRu-
peba. parazitebiT gamowveuli sikvdilianobis mixedviT 
is, malariisa da Sistosomozis Semdeg, mesame adgilze 
imyofeba (ixileT Tavi 33).

miqsomicetebi

miqsomicetebi an mycetozoa (rac laTinurad ,,soko 
cxovels” niSnavs) adre sokod iTvleboda, vinaidan 
sokos msgavsad nayofsxeuls warmoqmnis, romelic 
sporebis gavrcelebas exmareba. Tumca msgavseba miqso-
micetebsa da sokoebs Soris evoluciuri konvergenciis 
kidev erTi magaliTia. molekulurma sistematikosebma 

moaTavses miqsomicetebi klada Amoebozoa –Si da Tv-

lian, rom isini erTujrediani gymnamoeba-s msgavsi wi-

20μm

 S suraTi 28.22 globigerina (rigi Globigerinida) forami 
lokokinas msgavsi niJaris mqone foraminiferaa. Zafis-
magvari fsevdopodiebi niJaris forebidan vrceldeba (LM). 
eleqtronul mikroskopSi Cans foraminiferas kirovani niJara.

aqsopodia

200μm

 S suraTi 28.23 radiolaria. wiTel zRvaSi napovni radio-
larias centraluri sxeulidan mravali Zafismagvari aqsopo-
dia itoteba (LM). 
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naprebis STamomavlebia. miqsomicetebi or mTavar Stod, 
plazmodiur miqsomicetebad da ujredul miqsomice-
tebad daiTiSnen, romlebsac nawilobriv sasicocxlo 
ciklis 

plazmodiuri miqsomicetebi

plazmodiuri miqsomicetebis mravali saxeoba 
mkveTrad pigmentirebulia da xSirad yviTeli an narin-
jisferia (suraTi 28.25). sasicocxlo ciklis erT-erT 
stadiaze isini masas - plazmodiums qmnian, romelmac 
diametrSi SeiZleba mraval santimetrs miaRwios (su-
raTi 28.26). (ar agerioT miqsomicetas plazmodiumi 
apikompleqsebis parazit plazmodiumTan). 

zomis miuxedavad, plazmodiumi ar aris mravalu-
jrediani. es citoplazmis masaa, romelsac membranebi ar 

yofen da romelsac mravali diploiduri birTvi aqvs. es 
,,superujredi” birTvis mitozuri dayofis produqtia, 
romelsac citokinezi (citoplazmis dayofa) ar axlavs. 
plazmodiuri miqsomicetebis saxeobaTa umetesobaSi 
mitozuri dayofa sinqronulia anu aTasobiT birTvi mi-
tozis yovel fazas erTdroulad gadis. am Tvisebis gamo 
plazmodiur miqsomicetebs ujredis ciklis moleku-
luri detalebis Sesaswavlad iyeneben.  

plazmodiumis wvril arxebSi citoplazma pulsaci-
is msgavsi nakadebiT jer erTi gziT, Semdeg ki meoreTi 
miedineba. mikroskopSi es Zalian lamazi sanaxaobaa. ci-
toplazmuri nakadebi sakvebisa da Jangbadis gadatanaSi 
monawileobs. plazmodiumi fsevdopodias svel niadagSi, 
lpobad foTlebSi da kunZebSic avrcelebs. is sakvebis 
nawilakebs fagocitozis gziT STanTqavs da izrdeba. 
Tu habitati Sreba, an sakvebi ileva, plazmodiumis zrda 
Cerdeba da iwyeba sasicocxlo ciklis sxva stadia - nay-
ofsxeulis warmoqmna, romelic sqesobriv gamravlebaSi 
monawilebs. plazmodiuri miqsomicetebis umetesobaSi 
diploiduri mdgomareoba sasicocxlo ciklis ZiriTadi 
stadiaa. 

ujreduli miqsomicetebi

ujredul miqsomicetebze dakvirvebisas ibadeba 
filosofiuri SekiTxva: ras niSnavs iyo individualuri 
organizmi? sasicocxlo ciklis kvebis stadia calkeuli 
ujredebisgan Sedgeba, romlebic individualurad fun-
qcionireben. magram, roca sakvebi qreba, ujredebi erTi-
andebian da erTad funqcionireben (suraTi 28.27 Semdeg 
gverdze). garegnulad es masa plazmodiur miqsomicetas 
waagavs, magram am SemTxvevaSi ujredebs membranebi yofen. 
ujreduli miqsomicetebi plazmodiuri miqsomicetebi-
sgan imiTac gansxvavdebian, rom haploiduri organizme-
bi arian (diploidi mxolod zigotaa). maT aqvT nayofsx-
eulebi, romlebic ZiriTadad usqeso da ara sqesobrivi 

fsevdopodia

40μm

 S suraTi 28.24 SiSveli lobozuri amebas kveba. videofiri-
dan SerCeul gamosaxulebebze naCvenebia Amoeba sp., romelic 
momrgvalo fsevdopodias misi msxverplis, wamwamianis 
STanTqmisTvis iyenebs.

 S suraTi 28.25 p lazmodiuri miqsomiceta  -  Physarum poly-
cephalum

4sm
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gamravlebis dros funqcionireben. metic, ujredovan 
miqsomicetebs Soltiani stadia ar aqvs.  

Dictyostelium discoideum, tyeebis niadagis Cveulebrivi 
ujreduli miqsomiceta mravalujredianobis evolu-
ciis Seswavlis obieqtia. zogi mkvlevari nayofsxeulis 
stadias ikvlevs. am stadiisas “Reros” Semqmneli ujre-
debi gaSrobisas kvdebian, maSin, roca kenweroSi ganla-
gebuli sporis ujredebi gadarCebian da gamravlebis 
SesaZlebloba aqvT. mecnierebma aRmoaCines, rom erT 

genSi momxdari mutaciis Sedegad Dictyostelium-is zogi 
ujredi “matyuarad” gadaiqceva da Reros Semadgenlo-
baSi arasdros ar Sedis. am ujredebs “patiosnebTan” 
SedarebiT didi reproduqciuli upiratesoba aqvT, ami-

tom gasakviria, rom Dictyostelium -is  yvela ujredi ar 

aris matyuara. 
2003 wels raisisa da turinis universitetebis mec-

nierebma (italia) aRmoaCines, Tu ratom ar arian sxva 
ujredebic matyuarebi. matyuara mutantebs ujredis 
zedapirze ara aqvT cila da patiosan ujredebs Seu-
ZliaT maTi amocnoba. patiosnebi upiratesobas sxva pa-
tiosnebTan gaerTianebas aniWeben da matyuarebs Tavisi 
eqsploataciis saSualebas ar aZleven. amnocnobis aseTi 
sistema mravalujrediani eukariotebis, magaliTad 
mcenareebisa da cxovelebis, evoluciisas albaT Zalian 
mniSvnelovani iyo. 

 S suraTi 28.26 plazmodiuri miqsomicetas sasicocxlo cikli.

1.  mkvebavi stadia mravalu-
jrediani plazmodiumia, 
romelic organul narCe-
nebze binadrobs. 

2. plazmodiumi 
badisebr formas 
iRebs. 

3.  cud pirobebSi plazmodiumidan 
fexebiani nayofsxeulebi (sporan-
giumi), izrdeba. 

4.  sporangiumis 
bolqvisebr bo-
loebSi meiozis 
Sedegad haploi-
duri sporebi 
warmoiqmneba.

5.  rezistentuli sporebi hae-
riT axal adgilebSi xvdeba da 
Rvivdeba. karg pirobebSi aq-
tiur haploidur ujredebad 
gadaiqceva. 

6.  es ujredebi an amebas 
formis an Soltianebi 
arian. es ori forma 
erTmaneTSi swrafad 
gadadis. 

7.  ujredebi wyvil-
deba (Soltianebi 
SoltianebTan da 
amebis formis amebis 
formianebTan) da 
diploiduri zigotebi 
warmoiqmneba. 

8.  zigotis birTvis gan-
meorebadi mitozuri 
dayofa, romelic cito-
plazmis dayofis gareSe 
mimdinareobs, iZleva 
mkvebav plazmodiums, 
riTac sasicocxlo 
cikli mTavrdeba. 

mkvebavi 

plazmodiumi momwifebuli plazmo-

diumi (gamzadebuli 

nayofsxeuliebis warmo-

saqmnelad)

axalgazrda sporangiumi

mwife sporangiumi

meiozi

fexi

gasaRebi

haploidi (n)
diploidi (2n)

sporebi (n)gaRivebuli 

spora

amebis formis 

ujredi (n)

Soltiani 

ujredi (n)

zigota (2n) 

singamia

1mm
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 koncefcia testi 28.7
1.  ganasxvaveT amoebozoa -s da foraminiferebis 

fsevdopodiebi.
2.  ratom uxdeba miqsomicetebs ganmarteba ,,soko 

cxoveli” da ratom ar uxdeba? 
3.  arsebobs Tu ara amoebozoa-Si ujredebis Tanam-

Sromloba? axseniT.

koncefcia 28.8
Zoweuli da mwvane wyalmcena-
reebi xmeleTis mcenareebis 
uaxloesi naTesavebia 

rogorc 26-e TavSi avRwereT, molekuluri siste-
matikisa da ujredis agebulebis Seswavlis Sedegebi 
Semdeg filogenetikur suraTs adasturebs: miliard 
welze meti gavida, rac lurj-mwvane wyalmcenare (ci-
anobaqteria) heterotroful umartivesSi simbiontis 

 S suraTi 28.27 ujreduli miqsomicetas, Dictyostelium-is, sasicocxlo cikli

1.  sasicocxlo cik-
lis kvebis sta-
diaze individu-
aluri haploidi 
ameba STanTqavs 
baqterias. 

2.  sqesobrivi gam-
ravlebisas ori 
haploiduri ameba 
erTmaneTs erwymis 
da qmnis zigotas. 

3.  zigota gardai-
qmneba gigantur 
ujredad haploi-
duri amebebis 
STanTqmis Sedegad. 
rezistentuli ked-
lis Camoyalibebis 
Semdeg giganturi 
ujredi gadis mei-
ozs, romelsac ram-
denime mitozuri 
dayofa axlavs. 

4. rezistentuli kedeli 
irRveva da axali 
haploiduri amebebi 
Tavisufldeba. 

5.  roca sakvebi ileva, asobiT ameba 
mimzidveli qimiuri nivTierebis 
moqmedebis sapasuxod grovdeba da 
loqoras msgavs erTobas ayalibebs 
(foto qveviT marcxniv). erTobis 
formireba usqeso gamravlebis 
dasawyisia.

6. grova mcire drois ganmav-
lobaSi gadaadgildeba da 
Semdeg Cerdeba. zogi ujredi 
monawileobs fexis formire-
baSi, romelsac nayofsxeuli 
uWiravs da Semdeg Sreba.

7.  sxva ujredebi fexze 
miZvrebian wverisken 
da sporebad viTardeba.

8.  sporebi Tavisufl-
deba. 

9  karg garemo piro-
bebSi ameba sporis 
garsidan Tavisu-
fldeba da kvebas 
iwyebs. 

singamia

zigota 
(2n)

meiozi

sqesobrivi 
gamravleba

amebebi

individualuri 
ameba (kvebis 
stadia)

amebas gamonTavi-
sufleba

grovis mi-
graci

sporebi (n)

nayofsxe-
uliebi

amebebis 
grova 

gasaRebi

haploidi (n)

diploidi (2n)

 600μm

 200 μm

usqeso 
gamravleba
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saxiT damkvidrda. am umartivesis fotosinTezis unaris 
mqone STamomavloba Zoweul da mwvane wyalmcenareeebad 
ganviTarda (ixileT suraTi 28.3). daaxloebiT 475 mil-
ioni wlis winaT, mwvane wyalmcenareebis evoluciurma 
Stom dasabami misca xmeleTis mcenareebis ganviTarebas. 
xmeleTis mcenareebze 29 da 30 TavebSi visaubrebT. am 
TavSi ki ganvixilavT maTi uaxloesi naTesavebis, Zoweu-
li da mwvane wyalmcenareebis mravalferovnebas. 

Zoweuli wyalmcenareebi

Zoweuli wyalmcenareebis (berZnulad rhodo-
phytes–rhodos _ wiTelia) 6 000 cnobili saxeobidan 
bevri mowiTalo Seferilobisaa, rac gamowveulia dam-
atebiTi pigmentiT - fikoeriTriniT, romelic qloro-
filis mwvane fers faravs. Tumca, wyalmarCx adgilebSi 
cxovrebas adaptirebuli saxeobebi fikoeriTrins nak-
lebi raodenobiT Seicavs. amitom Zoweuli wyalmcena-
reebis saxeobebi Rrma wyalSi TiTqmis Savi feris Stabe-
Wdilebas toveben, saSualo siRrmis wyalSi - mkveTri 
wiTelisa da wyalmarCx adgilebSi - momwvanosi. zogi-
erTi saxeoba saerTod ar aris pigmentirebuli da sxva 
Zoweuli wyalmcenareebis heterotrofi parazitia. 

Zoweuli wyalmcenare tropikuli okeanis Tbil sana-
piros wylebSi yvelaze gavrcelebuli didi wyalmcena-
rea. damatebiTi pigmentebis saSualebiT mas SeuZlia 
cisferi da mwvane sinaTlis STanTqma,  romelic wyalSi 
SedarebiT Rrmad aRwevs. axlaxans aRmoaCines, rom  baha-
mas axlos mobinadre Zoweuli wyalmcenareebis saxeobe-
bi 260 metris siRrmezec cxovroben. identificireulia 
mtknari wylisa da xmeleTis saxeobebic.

Zoweuli wyalmcenareebis umetesoba mravalujre-
diania, yvelaze didebs ubralod “wyalmcenareebs” eZa-
xian (suraTi 28.28), Tumca verc erTi Zoweuli wyalm-

(a) Bonnemaisonia hamifera. es Zoweuliu wy-
almcenare Zafisebri agebulebisaa.

(b) Dmuqi wiTeli feris sakvebad vargisi 
wyalmcenare (Palmaria palmata). am wyalm-
cenares aqvs foTlis forma

(g) marjnisebri wyalmcenare. am wyalmce-
naris ujredis kedlebs simagres kalciu-
mis karbonati aniWebs. zogi marjnisebri 
wyalmcenare marjnis rifebTan arsebuli 
biologiuri Tanasazogadoebis wevria.

 S suraTi 28.29 sazamTros Tovli. TovlSi mobi-
nadre zogi wyalmcenaris, rogoricaa Chlamydomo-
nas nivalis, karotinoidebi Tovls wiTlad Rebaven.
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cenare giganturi mura laminariis zomas ver aRwevs. 
mravali Zoweuli wyalmcenaris Talusi boWkovania, 
xSirad datotvilia da totebi erTmaneTSi gadaxlarTu-
lia. Talusis fuZe xSirad ubralo kaviviT gamoiyureba.

Zoweul wyalmcenares gansakuTrebiT mraval-
ferovani sasicocxlo cikli axasiaTebs, sadac Taobebis 
monacvleoba Cveulebrivi movlenaa. magram sxva wyalm-
cenareebisgan gansxvavebiT, maT sasicocxlo ciklSi 
Soltiani stadia ar aris. gamravlebisas maTi gametebis 
daaxloeba wylis nakadzea damukidebulni.

mwvane wyalmcenareebi

mwvane wyalmcenarebs saxeli mwvane qloroplas-
tebis gamo daerqvaT. ultrastruqturiTa da pigmentis 
SemadgenlobiT isini im organizmebis qloroplastebs 
Zalian hgvanan, romlebsac Cven tradiciulad ubralod 
mcenareebs veZaxiT. molekuluri sistematikisa da 
ujreduli morfologiis gamokvlevebis Sedegad cxadi 

gaxda, rom mwvane wyalmcenareebi da xmeleTis mcena-
reebi axlo naTesavebia. zogi sistematikosi moiTxovs 
kidevac mwvane wyalmcenareebis ,,mcenareebis” samefoSi, 

Viridiplantae-Si CarTvas (laTinurad viridis – mwvanea).
mwvane wyalmcenareebi or mTavar jgufad – mwvane 

wyalmcenareebad _ chlorophyta (berZnulidan chloros _ 

mwvane) da xarovanebad _ charophycea (ixileT suraTi 

28.4) iyofa. dReisTvis identificirebulia chlorophyta 
–s 7 000 saxeobaze meti. maTi umetesoba mtknar wyalSi 
binadrobs, magram bevria zRvis saxeobac. yvelaze mar-
tivi agebulebis mwvane wyalmenareebi orSoltiani er-
Tujrediani organizmebia, magaliTad qlamidomonada, 
romelic ufro rTuli agebulebis mwvane wyalmcena-
reebis gametebsa da zoosporebs waagavs. erTujrediani 
qlorofitebis mravali saxeoba planqtonis saxiT ar-
sebobs an tenian niadagSi binadrobs. zogi sxva saxeoba 
eukariotebSi simbiotis saxiT arsebobs da fotosin-
Tezis Sedegad miRebuli produqtis nawils maspinZels 
sakvebad uwiladebs. sokoebis simbiontebi, sxva wyalm-

a) volvoqsi, mtknari wylis koloniuri mwvane wy-
almcenare. kolonia Rruiani burTia, romlis kedeli 
Jelatinisebr matriqsSi (citoplazmis ZiriTadi masa) 
CarTuli asobiT an aTasobiT orSoltiani ujredis-
gan Sedgeba (ixileT CarTva L M). rogorc wesi, ujredebi 
dakavSirebulia citoplazmuri WimebiT; izolire-
bul ujredebs gamravleba ar SeuZlia. aq gamosaxul 
did koloniebSi sabolood mcire zomis ,,Svilobili 
kolonibi” yalibdeba (LM) 

(b) Caulerpa, mimoqcevis 
zonis mwvane wyalm-
cenare. datotvil 
Zafebs ar aqvs ganivi 
kedlebi da amitom mra-
valbirTvianebia. amitom 
Talusi erT did ,,supe-
rujreds” warmoadgens.

 (g) Ulva, an zRvis latuki. saWmelad vargis wyalm-
cenares aqvs mravalbirTviani Talusi, romelic 
diferencirebulia foTlismagvar firfitebad da 
fesvismagvar kavebaT, romelTa daxmarebiT wyalm-
cenare talRebsa da mimoqcevas uZlevs.

50 μm
20 μm

 S suraTi 28.30 kolonialuri da mravalujrediani mwvane wyalmcnareebi.
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cenareebis garda, mwvane wyalmcenareebic arian. aseTi 
simbiozis produqts liqenebs eZaxian. (ixileT suraTi 
31.24).

zogi mwvane wyalmcenare iseT adgilebSi cxovrebas 
Seegua, sadac maT naxvas namdvilad ar elodebiT. magal-

iTad, wyalmcenare Chlamydomonas nivalis did simaRleze 
ganlagebul myinvarebsa da Tovlis mdeloebze ,,yvavi-
lobs”, misi mowiTalo pigmenti aq ,,sazamTros Tovlis” 
saxeliT cnobil efeqts iZleva (suraTi 28.29). am wyalm-
cenareebSi fotosinTezi mimdinareobs yinvisa da xil-
vadi da ultraiisferi intensiuri gamosxivebis miuxe-
davad. maT icavs citoplazmaSi arsebuli radiaciis 
damblokavi naerTebi da TviT Tovlic, romelic damcavi 
faris rols asrulebs.

mwvane wyalmcenareebis didi zoma da rTuli ageb-
uleba sami sxvadasxva meqanizmiT ganviTarda: (1) indi-
vidualuri ujredebis koloniebis, magaliTad vol-
voqsi, (suraTi 28.30) da Zafisebri formebis wamoqmniT 
romlebic ,,gubis qafis” saxeliT cnobil Zafismagvar ma-
sas qmnian (2) birTvis ganmeorebadi dayofiT, romelsac 

citoplazmis dayofa ar axlavs, magaliTad, Caulerpa-s 
mravalbirTviani Zafebi (suraTi 28.30b); (3) ujredis 
dayofisa da ujreduli diferencirebis gziT namdvili 

mravalujrediani formebis CamoyalibebiT, magaliTad 
Ulva (suraTi 28.30g). zRvis zogi mravalujrediani mwvane 
wyalmcenare imdenad didi da rTuli agebulebisaa, rom 
wyalmcenaris saxels imsaxurebs.  

mwvane wyalmcenareebis umetesobas aqvs sqesobrivi 

1.  qlamidomonaSi mwife 
ujredebi haploiduria 
da Wiqis formis erT 
qloroplasts Seicavs 
(ixileT TEM marcxniv). 

2.  sakvebis naklebobis, 
gubis amoSrobisa an 
sxva stresis sapa-
suxod ujredebi 
gametebad viTardeba. 3.  mewyvileebis gametebi 

(aRniSnulia + da _ 
-iT) wyvildeba da erT-
maneTs ewebeba. game-
tebis Serwymis Sedegad 
(singamia) diploiduri 
zigota warmoiqmneba. 

4.  zigota asinTezebs safars, 
romelic ujreds cudi 
pirobebisgan icavs. 

5.  Sesvenebis periodis Semdeg, meiozis Sedegad 
oTxi haploiduri individi (or-ori yoveli mew-
yvilesagn) warmoiqmneba, romlebic safarisgan 
Tavisufldeba da mwife ujredebad viTardeba. 

6.  zrdasruli ujredis usqeso gamravlebisas misi 
Solti iSleba da ujredi or mitozs gadis. formird-
eba oTxi ujredi (zog saxeobaSi meti). 

7.  Svilobil ujredebs Soltebi da 
ujredis kedeli uviTardeba da isini 
mSobliuri ujredis kedelidan, sadac 
aqamde Caketilni iyvnen, mcuravi zoo-
sporebis saxiT gamodian. zoosporebi 
izrdeba zrdasrul haploidur 
ujredebad, riTac usqeso sasicocxlo 
cikli mTavrdeba. 

diploidi (2n)
haploidi (n)

gasaRebi

erTi 
qloro-
plastis 
regioni

Solti

ujredis 
kedeli

birTvi

1 μm

zoosporebi

usqeso gam-
ravleba

zrdasruli 

ujredi (n)

sqesobrivi 
gamravleba zigota (2n)

singamia

meiozi

 S suraTi 28.31 erTujrediani mwvane wyalmcenaris - qlamidomonadas sasicocxlo cikli.
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da usqeso gamravlebis stadiebis Semcveli rTuli sa-
sicocxlo cikli. TiTqmis yvela mravldeba sqesobrivad, 
Wiqis formis qloroplastebis mqone orSoltiani gam-
etebiT (suraTi 28.31). gamonaklisia koniugaciis mqone 

wyalmcenare Spirogyra, romelic ameboidur gametebs 
warmoqmnis (ixileT suraTi 28.2d). TaobaTa monacvleo-
ba zogi mwvane wyalmcenaris sasicocxlo ciklSi ganvi-

Tarda, maT Soris Ulva-s SemTxvevaSic, sadac es Taobebi 
izomorfulia.

mwvane wyalmcenareebis meore ZiriTadi jgufia 

xarovanebi, romlebic yvelaze axlos xmeleTis mcena-
reebs enaTesavebian. amis gamo maT 29 TavSi,  xmeleTis 
mcenareebTan erTad ganvixilavT.

 koncefcia testi 28.8
1.  daadgineT ori gza, romliTac Zoweuli wyalm-

cenareebi mura wyalmcenareebisgan gansxvav-
deba.

2.  ratom aris swori, rom Ulva namdvili mravalu-

jrediani organizmia da Caulerpa ara?

ZiriTadi koncefciebis Semowmeba

koncefcia 28.1
umartivesebi eukariotebis ukiduresad 

mravalferovani jgufia

 X umartivesebi eukariotebis yvelaze mravalfe rovani 
jgufia. erT samefoSi maT aRar aerTianeben. umar-
tivesebis umetesoba erTujrediania, zogi organiz-
mi koloniuri an mravalujrediania. umartivesebSi 
Sedian fitoautotrofebi, heterotrofebi da miq-
sotrofebi. saxeobebis umetesoba wyalSi binadrobs, 
sxvebi xmeleTis teniani adgilebis binadrebia. zogi 
saxeoba mxolod usqesod mravldeba, sxvebi ki sqeso-
brivad. 28.1 cxrilSi moyvanilia am TavSi ganxiluli 
umartivesebis jgufebi.

 X endosimbiozi eukariotebis evoluciaSi zogi bi-
ologi Tvlis, rom mitoqondria da plastidebi Ses-
abamisad alfa proteobaqteriebisa da lurj-mwvane 
wyalmcenareebis STamomavlobaa, romlebic eukari-
otulma ujredma STanTqa, ris Semdeg isini endosim-
biontebad gadaiqcenen. sabolood ki plastidebis 
matarebeli evoluciuri Sto Zoweul da mwvane wyalm-
cenareebad ganviTarda. umartivesebis sxva jgufebi 
meoradi endosimbioturi movlenebis Sedegad gan-
viTardnen, roca sxva organizmebma TviT Zoweuli an 
mwvane wyalmcenareebi STanTqes.

koncefcia 28.2
diplomonadebs da parabazalidebs aqvT 

modificirebuli mitoqondria

 X diplomonadebisa da parabazaliebis mitoqondria 
mo dificirebulia diplomonadebi da parabazali-
ebi adaptirebulia anaerobul garemosTan. maT ara 
aqvT plastidebi. maT mitoqondrias ara aqvs dnm, 
eleqtronebis gadacemis jaWvi, an krebsis cilkis 
fermentebi. 

 X diplomonadebi diplomonadebs aqvT mravali Solti 
da ori birTvi. 

 X parabazaliebi parabazaliebSi Sedian triqomonebi, 
romlebic Soltisa da plazmuri membranis talRise-
bri moZraobiT gadaadgildebian.

koncefcia 28.3
Euglenozoan-ebs aqvT Solti 

unikaluri Sinagani struqtura

 X evglenasnairebis Solti unikaluri Sinagani ageb-
ulebisaa. evglenasnairebis Soltis SigniT ganlage-
bulia spiraluri an kristaluri RerZi. saxeobebis 
umetesobas aqvs diskis formis mitoqondrialuri 
krista. evglennasnairebSi Sedian autotrofebi, mta-
cebeli heterotrofebi da parazitebi. 

28-e Tavis Semowmeba
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 X konetoplastidebi konetoplastidebis did mito-
qondriaSi ganlagebulia dnm-is dalagebuli masa - ki-
netoplasti. parazituli kinetoplastidebi Zilisa 
da Cagas daavadebas iwveven. 

 X evglenebi evglenebs aqvT erTi an ori Solti, rom-
lebic ujredis erT boloSi arsebuli jibidan vr-
celdeba. es umartivesebi agroveben glukozis po-
limeris - paramilonis marags. evglenas zog saxeobas 
sibneleSi autotrofiuli kvebidan heterotrofi-
ulze gadarTva Seulia. 

koncefcia 28.4
alveolatebis plazmur membranasTan 

ganlagebulia tomarakebi

 X alveolebi, plazmuri membranis Sida mxridan mibmuli 
tomarakebia, romlebic alveolatebs sxva umarti-
vesebisgan ganasxvaveben. 

 X pirofituli wyalmcenareebi (dinoflagellatae) pi-
rofituli wyalmcenareebi wylis fotoautotro-
febisa da heterotrofebis mravalferovani jgu-
fia. maTTvis damaxasiaTebelia brunvadi moZraoba, 
romelsac ujredis zedapirze perpendikularul 
RarebSi ganlagebuli ori SoltiT axorcieleben. 
zogi pirofituli wyalmcenaris populaciis swrafi 
zrda wiTeli moqcevis efeqts iZleva.

 X apikompleqsebi anu sporianebi apikompleqsebi 
parazitebia, romlebsac maspinZelis ujredSi Ses-
aRwevad specializirebuli organelebis apikaluri 
kompleqsi aqvT. maT aseve axasiaTebs apikoplasti - 
fotosinTezis unaris armqone plastida. sporiani 
plazmodiumi malarias iwvevs. 

 X wamwamianebi wamwamianebi wamwamebis saSualebiT moZ-
raoben da ikvebebian. maT aqvT didi makrobirTvi da 
mcire mikrobirTvi. mikrobirTvi funqcionirebs ko-
niugaciisas - sqesobrivi procesis dros, romelic 
xels uwyobs genetikur mravalferovnebas. koniuga-
cia gansxvavdeba reproduqciisgan, romelic ZiriTa-
dad orad dayofiT xorcieldeba. 

koncefcia 28.5
stramenofilebs aqvT `bususebiani~ da 

gluvi Soltebi

 X oomicetebi (`wylis obi~ da naTesavebi) oomice-
tebis umetesoba Zafebis (hifebis) mqone lpobis or-

ganizmi an parazitia. hipebi sakvebis SeTvisebas aad-

vilebs. oomiceta Phytophthora infestans kartofilis 
lpobas iwvevs.

 X kaJovani wyalmcenareebi (Diatomeae) kaJovani wyalm-
cenareebis ujredi garSemortymulia ori nawilisgan 
Semdgari SuSismagvari kedliT. es wyalmcenareebi 
fitoplanqtonis ZiriTadi komponentia. namarxi di-
atomebis ujredebis kedlebi danaleqi qanebis umetes 
nawils Seadgens, maT kaJis saxeliT icnoben. 

 X oqrosferi wyalmcenareebi rogorc wesi, oqrosfer 
wyalmcenares aqvs ori Solti, romlebic ujredis 
erT bolosTan mimagrebulia. mravali saxeoba plan-
qtonuria. maT fers karotinoidebi ganapirobebs.

 X mura wyalmcenereebi mura wyalmcenareebi mrava-
lu j rediani umartivesebia, romlebic  ZiriTadad 
zRvaSi binadroben. maT Soris aris yvelaze rTulad 
agebuli zRvis wyalmcenareebi. mraval saxeobas ada-
miani meurneobaSi iyenebs. zogi mura wyalmcenaris sa-
sicocxlo cikli TaobaTa monacvleobiT xasiaTdeba, 
iseve, rogorc zogi Zoweuli da mwvane wyalmcenaris 
da yvela xmeleTis mcenaris sasicocxlo cikli. mra-
valujredian diploidur formas mravalujrediani 
haploiduri forma cvlis.

 X
koncefcia 28.6

cerkozoasa da radiolariebis fsevdopo-

diebi Zafisebria 

 X foraminiferanebi (foramebi) foramebi zRvisa da 
mtknari wylis amebebia, romelTa mravalsakniani 
forebiani niJarebi organuli masalisgan da kalciu-
mis karbonatisgan Sedgeba. fsevdopodiebs forebi-
dan avrcelebs. danaleqi qanebis namarxebis umetes 
nawils foramebis niJarebi warmoadgens.

 X radiolariebi radiolariebis Serwymuli niJara, 
rogorc wesi, kvarcisgan Sedgeba. isini sxvadasxva mi-
kroorganizmebs centraluri sxeulidan gavrceleb-
uli fsevdopodiebis saSualebiT iWeren da ineleben.

koncefcia 28.7
amebasnairebis fsevdopodia momrgvaloa 

 X SiSveli lobozuri amebebi (Gymnamoeba) SiSveli 
lobozuri ameba Cveulebrivi erTujrediani amebas-
nairia, romelic gavrcelebulia niadagSi da mtknarsa 
da mlaSe wyalSi. maTi umetesoba heterotrofia.

 X amebiazis gamomwvevi amebebi. (Entamoeba) xerxem-
lianebis da zogi uxerxemlos amebiazis gamomwvevi 
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parazitebia. Entamoeba histolytica adamianis amebas di-
zenteriis gamomwvevia.

 X miqsomicetebi plazmodiuri miqsomicetebi cito-
plazmis mravalbirTvian masaSi - plazmodiumSi erTi-
andeba, romelsac ujredis membranebi yofen. plazmo-
diumi crufexebs lpobad masaSi avrcelebs da sakvebs 
fagocitozis saSualebiT STanTqavs. ujreduli 

miqsomicetebi mravalujredian organizms qmnian, 
romelSic ujredebi gamoyofilia membranebiT. 

ujreduli miqsomiceta Dictyostelium discoideum 

mravalujredianebis evoluciis Seswavlis eqsperimen-
tuli modelia.

cxrili 28.1
umartivesebis mravalferovnebis nimuSi

ZiriTadi klada ZiriTadi Tvisebebi magaliTebi am Tavidan

Diplomonadida (diplomonadebi) Giardiaori, erTnairi sididis  birTvi; modificirebuli mitoqondria

Parabasala (parabazalebi) TrichomonastalRisebrimembrana; modificirebuli mitoqondria

Euglenozoa (evglenebi) spiraluri an kristaluri mwkvrivi Soltis SigniT Trypanosoma
Kinetoplastida (kinetoplastidebi)  kinetoplasti (dnm mitoqondriaSi) 

Euglenophyta (evglenidebi) maragi molekulebi paramiloni
Euglena

Alveolata (alveolatebi) alveola plazmuri membranis SigniT

Dinoflagellata (pirofituli 
wyalmcenareebi)

Ceratium, PhyesteriaSeiaraRebulia celulozis  firfitebiT

Apicomplexa (apikompleqebi) organelebis apikaluri kompleqsi Plasmodium

Ciliophora (infuzoriebi) Paramecium  Stentor wamwamebs iyeneben moZraobisas  
da kvebisas. makro da mikrobirTvebi

Stramenopila (heterokontebi) bususiani da gluvi Solti

Oomycota (oomicetebi) hifebi, romlebic absorbireben sakvebs wylis obi, TeTri 
Jangi, vazis Wraqi

Bacillariophyta (kaJovani wyalm-
cenareebi)    

SuSisebri, ornawiliani kedeli

Chysophyta (oqrosferi wyalmcenare)  DinobryonSolti ujredis erT bolosTan mimagrebuli  

Phaeophyta (mura wyalmcenare) yvela mravalujrediani, zogi 
TaobaTa monacvleobiT 

Laminaria, Macrocystis, 
Postelsia    

Cercozoa (cerkozoebi) da Radio-
laria (radiolariebi) 

ameba Zafismagvari fsevdopodiebiT

Foraminifera (foramebi) foriani niJara

GlobigerinaRadiolaria (radiolariebi) fsevdopodia centraluri sxeulidan gamodis

Amoebozia (amebebi) ameba momrgvalo fsevdopodiebiT
Gymnamoeba (SiSveli lobozuri 
ameba)

Amoebaniadagis, mknari da mlaSe wylis binadari

Entamoeba (amebiazis gamomwvevi) parazitebi
Entamoeba

Myxogastrida (plazmodiuri lor-
wovanebi)

Physarummravalujrediani plazmodiumi; nayofsxeuli 
monawileobs sqesobriv gamravlebaSi

Dictyostelida (ujredul ilorwovanebi) Dictyosteliummravalujrediani agregati romelic usqeso nay-
ofsxeulebs warmoqmnis

Rhodophyta (Zoweuli wyalmcenare) fikoeriTrini (damatebiTi pigmenti) ar aris 
Soltiani stadia

Bonnemaisonia, De-
lesseria, Palmaria

Chlorophyta (mwvane wyalmcenare) mwvane wyalmcenares  qloroplasti  smeleTis 
mcenaris tipisaa

Caulerpa, Chlamydomonas 
Spirogyra, Ulva, Volvox



696

koncefcia 28.8
Zoweuli da mwvane wyalmcenareebi 

xmeleTis mcenareebis uaxloesi  

naTesavebia

 X Zoweuli wyalmcenareebi Zoweuli wyalmcenaree-
bis Seferiloba mwvanedan Sav feramde meryeobs, rac 
damokidebulia damatebiTi pigmentis fikoeriTrinis 
raodenobaze. Zoweuli zRvis wyalmcenaris umete-
soba mravalujrediania, yvelaze didebs ubralod 
wyalmcenareebis saxeliT icnoben. didi Zoweuli wy-
almcenareebi farTod gavrcelebulia tropikul 
sanapiro wylebSi. 

 X mwvane wyalmcenareebi mwvane wyalmcenareeebi (chlo-
rophytae da charophycea) xmeleTis mcenareebis axlo 
naTesavebia. mwvane wyalmcewnareebis umetesoba mt-
knari wylis binadaria, Tumca bevria zRvis saxeobac. 
sxvebi tenian niadagSi da TovlSic binadroben an 

liqenebis simbiontebi arian. mwvane wyalmcenareebSi  
Sedis erTujrediani, koloniuri da mravalujredi-
ani formebi. umetesobis sasicocxlo cikli rTulia.

SeamowmeT sa kuTari codna

TviTSefaseba

1.  orze meti membraniT SemosazRvruli plastidebi 
maniSnebelia: 
a.  mitoqondriidan ganviTarebis;
b.  plastidebis Serwymis;
g.  plastidebis arqeadan warmoSobis;
d.  meoradi endosimbiozis;
e.  plastidebis birTvis membranidan gamoyofis;

2.  biologebi varaudoben, rom plastidebamde endosim-
biozis gziT mitoqondriebi warmoiqmnen, vinaidan: 
a.  mitoqondriuli fermentebis gareSe ar xdeba fo-

tosinTezis produqtebis metabolizmi;
b.  TiTqmis yvela eukariots aqvs mitoqondria, 

plastidebi ki mxolod autotroful eukari-
otebs aqvs;

g.  plastidebis dnm ufro hgavs umartivesebis dnm-
s, vidre mitoqondriuli dnm;

d.  mitoqondriebis mier warmoebuli CO2-is gareSe 
fotosinTezi ar mimdinareobs;

e.  mitoqondriuli cilebis sinTezi xdeba citozo-
lis ribosomebze, plastidebi ki sakuTar ribo-
somebs iyeneben;

3.  Semdegi eukariotebidan, romels aqvs eleqtronebis 
gadatanis jaWvis ar mqone mitoqondria?
a.  oqrosfer wyalmcenares;
b.  diplomonadebs;
g.  apikompleqsebs;
d.  kinetoplastidebs;
e.  kaJovan wyalmcenareebs;

4.  romeli organizmebi ar Seesabameba TavianT aRweras?
a.  cerkozoa – Zafismagvari fsevdopodiebis mqone 

amebebia;
b.  evglenebi – paramilonis maragis Semgrovebeli 

umartivesebia;
g.  foramebi – mravali mikrobirTvis mqone wamwami-

ani wyalmcenareebia;
d. apikompleqsebi – rTuli sasicocxlo ciklis 

mqone parazitebia;
e.  diplomonadebi – modificirebuli mitoqondri-

is mqone umqrtivesebia.

5.  klada alveolataSi moaTavses pirofituli wyalm-
cenareebi, apikopleqsebi da wamwamianebi, vinaidan 
yvelas aqvs:
a.  Solti an wamwamebi;
b.  cxovelebis parazitebia;
g.  mxolod zRvisa an mtknari wylis habitatSi arse-

boben;
d.  aqvT mitoqondria;
e.  plazmuri membranis Sida mxares membranasTan 

mibmuli tomarakebi aqvT;

6.  wamwamianebSi birTvebis gacvla uzrunvelyobs gene-
tikuri mravalferovnebis warmomqmnas. es procesia:
a.  miqsotrofia;  b.  endosimbiozi;
g.  meiozi;   d. koniugacia;
e.  orad dayofa;

7. umartivesi, romelmac irlandiaSi kartofilis Sim-
Sili gamoiwvia iyo:
a. forami;   b. wamwamianii;
g. oomiceti; d. plazmodiuri miqsomiceta;
e. ujreduli miqsomiceta;

8.  wyalmcenareebis romel jgufs ar Seesabameba misi 
aRwera:
a.  pirofituli wyalmcenareebi – SuSismagvari, ori 

nawilisgan Semdgari niJara;
b.  mwvane wyalmcenare – xmeleTis mcenareebis uax-

loesi naTesavia;
g. Zoweul wyalmcenares sasicocxlo ciklSi 

Soltiani stadia ara aqvs;
d.  mura wyalmcenareebSi udidesi wyalmcenareebi 

Sedian;
e.  kaJovani wyalmcenareebi fitoplanqtonis Ziri-

Ta di komponentia;

9.  TaobaTa monacvleobiT mimdinare sasicocxlo 
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ciklSi mravalujredian haploidur formas cvlis:
a.  erTujrediani haploiduri forma;
b.  erTujrediani diploiduri forma;
g.  mravalujrediani haploiduri forma;
d.  mravalujrediani diploiduri forma;
e.  mravalujrediani poliploiduri forma;

10. romeli umartivesebi qmnian mkveTri Seferilobis 
mqone mravalbirTvian masas:
a.  evglenebi;
b.  plazmodiuri miqsomiceta;
g.  ujreduli miqsomiceta;
d.  foramebi;
e.  wylis obi;

evoluciuri kavSiri

sistematikosebma gadawyvites, rom samefo umarti-
vesebi daZvelebuli taqsonia

mecnieruli kvleva

mecnieruli `Tu...maSin~ logikidan gamomdinare 
(ixileT Tavi 1) ra prognozebamde mivyevarT hipoTezas, 
rom xmeleTis mcenareebi mwvane wyalmcenareebisgan gan-
viTardnen? rogor SegiZliaT am hipoTezis sxva gziT 
Semowmeba?

mecniereba , teqnologia 

da sazogadoeba

paTogenPplazmodiums SeuZlia adamianis imunuri 
sistemis moqmedebis arideba. amitom malariis sawinaaR-
mdego vaqcinis SemuSaveba sakmaod rTulia. meore mx-
vriv, malariis kvlevaze naklebi fuli ixarjeba, vidre 
im daavadebebis, romlebic gacilebiT nakleb adamians 
emarTeba, magaliTad, Sardis buStis fibrozis. ra mize-
zebi iwvevs am kvlevebis disbalanss? 
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