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   saxelmZRvaneloSi warmodgenilia mcenareTa Tanamedrove  bioteq-

nologiebi, romlebic emyareba umaRles mcenareTa organoebis, qsovilebis, 
ujredebisa da  izolirebuli protoplastebis in vitro kultivirebas. 
aRwerilia martivi xerxebi: kalusebis, suspenziuri kulturebis miRebis; 
apikaluri meristemis meTodi; mcenare-regenerantebis miReba;  biologiu-
rad  aqtiur naerTTa biosinTezis regulaciis saSualebebi; mcenareTa 
somaturi hibridebis miRebis meTodologia; mcenareuli maRalroduqtiuli 
Stamebis miRebis saSualebebi qimiuri mutagenezis da ujredTa seleqciis 
gziT. aRwerilia aseve araujreduli sistemebis kultivirebis meTodebi da 
maTi bioteqnologiuri gamoyeneba. 

TiToeul Temaze gaTvaliswinebulia: Teoriuli masalis minimumi, 
samuSaos Sesrulebis meTodika, aucilebeli xelsawyoebisa da reaqtivebis 
nusxa. Aaseve TiToeul Temaze moyvanilia sergi durmiSiZis sax. bioqimiis 
da bioteqnologiis institutSi  Catarebuli kvlevis Sedegebi.  

saxemZRvanelo gankuTvnilia biologiuri da sasoflo-sameurneo spe-
cialobebis studentebisaTvis da doqtorantebisTvis, aseve biologiis da 
soflis-meurneobis sxvadasxva dargSi moRvawe specialistebisaTvis.  
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                             eZRvneba akademikos  
                                            sergi durmiSiZis dabadebis 
                             me – 100 wlisTavs 
S e s a v a l i  
 
Bbioteqnologia – es aris cocxali organizmebis, in vitro kulturebis da 

biologiuri procesebis saSualebiT adamianisaTvis aucilebeli produq-
tebis da biologiurad aqtiuri naerTebis warmoeba. 
  bioteqnologia uZvelesi droidan gamoiyeneboda meRvineobaSi, puris 

cxobaSi, rZis produqtebis miRebisas, selis da tyavis damuSavebisas, anu 
im procesebSi, romlebic efuZneboda mikroorganizmebis gamoyenebas. 
ukanasknel aTwleulebSi bioteqnologiis SesaZleblobebi mniSvnelovnad 
gafarTovda. 
  amJamad bioteqnologiis obieqtebs warmoadgenen: virusebi, baqteriebi, 

umartivesebi, safuvrebi, mcenareebi, cxovelebi an izolirebuli ujredebi 
da subujreduli struqturebi. 
   Tanamedrove bioteqnologia aris mecniereba da warmoebis dargi, romelic 

viTardeba sami ZiriTadi mimarTulebiT:                                                  
- molekuluri biologia da genuri inJineria; 
- mikrobiologia da mikrobiologiuri mrewveloba; 
- ujredebisa da qsovilTa in vitro kulturebi. 
“In vitroU”  pirdapiri mniSvnelobiT niSnavs “SuSaSi” da gulisxmobs 

xelovnur sakveb areze mikroorganizmebis, mcenareTa da cxovelTa izoli- 
rebuli qsovilebis, ujredebis da organoebis kultivirebas. ujredul 
teqnologiebs, romlebic emyareba umaRles mcenareTa organoebis, qsovi-
lebis, ujredebisa da  izolirebuli protoplastebis in vitro kultivire-
bas, SeuZliaT gaamartivon da daaCqaron axali jiSebisa da saxeobebis 
Seqmnis tradiciuli procesi. genetikuri mravalferovnebis Sesaqmnelad da 
saZiebeli niSan-Tvisebebis mqone formebis SesarCevad isini gvTavazoben 
principulad axal gzebs, rogoricaa somaklonuri cvalebadoba, mutage-
nezi ujredul doneze, ujreduli seleqcia da somaturi hibridi-
zacia.Ggarda amisa, ujreduli teqnologiebi efeqturia vegetatiurad 
gamravlebadi mcenareebis uviruso masalis Sesaqmnelad da aseve  biolo-
giurad aqtiuri naerTebis misaRebad,  maTi biosinTezis regulaciis da 
epigenetikuri cvlilebebis Sesaswavlad.B 
 termini “ujredTa, qsovilTa, organoTa kultura” mcenareTa bioteq- 

nologiaSi gamoiyeneba sterilur pirobebSi gazrdil mcenareTa nawile-
bisaTvis, rogorebicaa: 
  1. myar areze mzardi kalusuri qsovili; 
  2. Txevad areSi mzardi ujredebis da mcire agregatebis suspenziuri 
kultura; 
  3.  protoplastebis kultura; 
  4.  izolirebuli Canasaxebi; 
  5.  izolirebuli organoebi. 
    jer kidev didi xnis win iyo mcdeloba mcenareTa qsovilebis izoli- 

rebuli ujredebis kultivirebisa. Aam meTodis ganviTarebis istoriaSi 
SeiZleba gamovyoT ramdenime etapi: 
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I etapi (1892-1902 ww.) dakavSirebulia germanel mecnierTa xaberlandtis, 
fioxtingis da rexingeris saxelebTan. Ees mecnierebi cdilobdnen saqaro- 
zis xsnarSi mcenaris sxvadasxva qsovilis kultivirebas. ver miaRwies ra 
sasurvel mizans, mecnierebma gamoTqves ramdenime hipoTeza, romlebic 
mogvianebiT dadasturda. Aase magaliTad: xaberlandtma wamoayena mcenaris 
nebismieri somaturi ujredis totipotenturobis hipoTeza, anu am 
ujredTa unari moaxdinon realizeba Tavisi ganviTarebis potencialis da 
kultivirebis gansazRvrul pirobebSi dasabami micen mTliani mcenaris 
ganviTarebas. 

 II etapi (1902 – 1922 ww.) Seiqmna pirveli sakvebi areebi cxovelTa 
qsovilebis kultivirebisaTvis. Esakvebi areebi bunebrivi warmoSobis iyvnen 
da Seicavdnen sisxlis plazmas da Canasaxovan siTxes. Aamave dros mcena-
reTa izolirebuli qsovilebis mcenareul eqstraqtebze gazrdis mcdelo-
bebi warumateblad damTavrda. 

III etapi (1922 – 1932 ww.) Aamerikelma da germanelma mecnierebma robinsma 
da kottem aCvenes myar areze pomidvris da simindis fesvis wveris 
meristemis kultivirebis SesaZlebloba, Tumca garkveuli drois Semdeg 
mcenareuli qsovilebi iRupebodnen. 

IV etapi (1932 – 1940 ww.) Ffrangma mecnierma gotrem miaRwia mizans da 
SeZlo xangrZlivi drois ganmavlobaSi, perioduli gadaTesvebis saSuale- 
biT, in vitro pirobebSi mcenareuli qsovilebis kultivireba. mogvianebiT am 
meTodis saSualebiT mravali mcenaris qsovili iyo kultivirebuli. 

V etapi (1940 - 1960 ww.) 1955 w fitohormonebis axali klasis – citokini- 
nebis aRmoCenis Semdgom, zrdis stimulatorebis koncentraciis da urTi- 
erTSefardebisgan damokidebulebiT, SesaZlebeli gaxda eqsplantebis 
ujredebis dayofis stimulireba, kalusuri qsovilis zrdis xangrZlivi 
SenarCuneba, morfogenezis inducireba. 

VI etapi (1960 – 1975 ww.) Nnotingemis universitetis profesoris e. kokin-
gis mier damuSavebul iqna pomidvris fesvebidan da nayofidan izoli- 
rebuli protoplastebis gamoyofis fermentuli meTodi da SesaZlebeli 
gaxda kontrolirebad pirobebSi maTi kultivireba. misi TanamSromlis 
paueris mier ganxorcielda protoplastebis xelovnuri Serwyma, ramac 
gaxsna axali gza somaturi hibridebis Sesaqmnelad. Ffrangma mecnierma J. 
morelma daamuSava in vitro pirobebSi mcenareTa mikrogamravlebis meTodi da 
gamoiyena igi gajansaRebuli saTesi masalis misaRebad. 
VII etapi (1975 w. – Cvens dromde grZeldeba) xdeba in vitro teqnikis swrafi 

ganviTareba, kultivirebuli obieqtebis biologiis Seswavla, muSavdeba 
izolirebuli protoplastebis eleqtroSerwymis, mutagenezisa da ujre-
duli seleqciis meTodebi, haploiduri mcenareebis miRebis meTodebi, sul 
ufro srulyofili xdeba ujredTa siRrmuli kultivirebis meTodebi 
izolirebuli protoplastebis da veqtorebis gamoyenebiT. am ukanasknelTa 
Seqmna moxda Agrobacterium tumefaciens-is da Agrobacterium  rhizogenes-is Ti  da Ri 
plazmidebis safuZvelze. Ggenuri inJineriis meTodebiT damuSavebulia 
genebis gadatanis meTodi orlebniani mcenareebisaTvis. Aamgvarad, ukanask-  
nel aTwleulebSi gadadgmul iqna mniSvnelovani nabijebi mcenareTa 
izolirebul ujredebsa da qsovilebTan muSaobis teqnikis daxvewaSi.  
unda aRiniSnos, rom kvlevis obieqtebs ZiriTadad warmoadgenen 
erTlebniani da orlebniani balaxovani mcenareebi da iSviaTad merqnianebi. 

 winamdebare  saxelmZRvaneloSi warmodgenilia biologiuri da sasof-
lo-sameurneo specialobebis studentebisaTvis asaTviseblad mcenareTa in 
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vitro kultivirebis yvelaze ufro martivi xerxebi: kalusebis, suspenziuri 
kulturebis miReba; apikaluri meristemis meTodi; mcenare-regenerantebis 
miReba;  biologiurad  aqtiur naerTTa biosinTezis regulaciis saSuale-
bebi; mcenareTa somaturi hibridebis miRebis meTodologia; mcenareuli 
maRalproduqtiuli Stamebis miRebis saSualebebi qimiuri mutagenezis da 
ujredTa seleqciis gziT. 

TiToeul Temaze gaTvaliswinebulia: Teoriuli masalis minimumi, 
samuSaos Sesrulebis meTodika, aucilebeli xelsawyoebisa da reaqtivebis 
nusxa. Aaseve TiToeul Temaze moyvanilia sergi durmiSiZis sax. bioqimiis 
da bioteqnologiis institutSi  Catarebuli kvlevis Sedegebi.  moyvanilia 
aseve araujreduli   sistemebis kultivirebis meTodebi da maTi bioteqno-
logiuri gamoyeneba. 

 
                                                     

I. xelovnur sakveb areebze mcenareuli masalis kulti-
virebis teqnika  

  
                                                                  
    I. 1. bioteqnologiuri laboratoriis organizacia   
                                                                           
      bioteqnologiuri laboratoriis organizaciisaTvis aucilebelia 
vrceli izolirebuli oTaxebi, agreTve Tanamedrove mowyobiloba da 
maRali xarisxis reaqtivebi. 
      SenobaSi dezinfeqciis moxerxebulad Casatareblad, iataksa da 
kedlebs unda hqondes kafelis da metlaxis safari, xolo Weri unda 
iyos SeTeTrebuli. 
      samrecxao oTaxis mowyobiloba: niJara civi da cxeli wyliT; gamo-
xdili wylisTvis distilatori da bidistilatori; saSrobi karadebi 
WurWlis gasaSrobad 100 – 1300C samuSao reJimiT, instrumentebisaTvis _ 
1700 C-mde; karadebi sufTa WurWlisa da xelsawyo-iaraRebis Sesanaxad; 
saTavso gamrecxi saSualebebis Sesanaxad; amwovi karada eqsikatorebiT 
biqromatis Sesanaxad (konc. H2SO4 + K2Cr2O7). 
      sakvebi aris mosamzadebeli oTaxis mowyobiloba: laboratoriuli 
magidebi; macivari marilebis, hormonebisa da vitaminebis dedaxsnarebis 
Sesanaxad; analizuri da torziuli sasworebi; magnituri sarevelebi, 
eleqtroqurebi, gazis sanaTuri, qimiuri WurWlis nakrebi (kolbebi, 
Wiqebi, sazomi cilindrebi, menzurebi, sinjarebi da sxv.); qimiuri reaqti-
vebis aucilebeli nakrebi saTanado sisufTavis xarisxiT (qs,  s , qsa). 
        sasterilizacio oTaxis mowyobiloba: avtoklavebi samuSao reJimiT: 1 

– 2 atm. wneva da 1200 C temperaturა, stelaJebi sakveb areebiani 
StativebisaTvis, steriluri masalis Sesanaxi karadebi, Senoba mowyo-
bili unda iyos nakadur-gamwovi ventiliaciiT da hqondes sakanalizacio 
CasaSvebi  avtoklavidan kondensatis mosacileblad.  
    sakveb areze mcenareuli eqsplantebis dasaTesi oTaxis mowyobiloba: 
laminar-boqsebi, laboratoriuli magidebi, stelaJebi, baqteriociduli 
naTurebi, karadebi masalebisa da xelsawyo-iaraRebisaTvis.  
    sakultivacio  oTaxebis mowyobiloba: ganaTebuli ganyofileba _ 
ganaTebis wyaro, romlis speqtri axlosaa dRis sinaTlis speqtrTan (3 
_4 kiloluqsi) kondicioneris temperaturisa (25 ± 20C) da haeris 
tenianobis (70%) regulirebisaTvis, stelaJebi kultivirebuli masalebis 
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StativebisaTvis (sur.1) _ iseve mowyobili ganyofileba sinaTlis wyaros 
gareSe. sakveb areze eqsplantebis kultivirebisaTvis sasurvelia 
Termostatebi, romlebsac SeuZliaT maqsimaluri sizustiT SeinarCunon 
temperaturisa da haeris tenianobis mocemuli reJimi.  
                             

                               
 
                    sur.1   sakultivacio oTaxi 
 
WurWlis, xelsawyo-iaraRebisa da masalebis aucilebeli nakrebi 
bioteqnologiur laboratoriaSi: sazomi kolbebi, erlenmeieris kolbebi, 
qimiuri Wiqebi, sazomi cilindrebi, petris Tasebi, sinjarebi, boTlebi, 
pipetebi, lancetebi (maT Soris Tvalis, qirurgiuli, anatomiuri), 
makratlebi, pincetebi, danebi, samarTeblis pirebi, preparatuli nemsebi, 
Spadelebi, qaRaldi (gasaxvevi, pergamentis, filtris, aluminis folga, 
bamba, binti, kanafi).  
 
I. 2. sakvebi areebis momzadeba ujredebisa da qsovilebis in vitro 
kultivirebisaTvis 
                                                         
    mcenareuli ujredebisa da qsovilebis gamravlebisaTvis saWiro 
komponentebi SeiZleba davyoT 6 ZiriTad jgufad, rac rogorc wesi, 
gulisxmobs koncentrirebuli dedaxsnarebis momzadebis rigs: makroele- 
mentebi, mikroelementebi, rkinis wyaroebi, vitaminebi, naxSirbadis wyaro-
ebi, fitohormonebi. 
    Mmcenareuli eqsplantebis kultivirebisaTvis saWiro yvela sakvebi 
aris safuZvels mineraluri marilebi warmoadgens. Ees aris azotis 
mJavas marilebis- nitratebis, nitritebisa da amoniumis marilebis saxiT; 
fosforis _ fosfatebis saxiT; gogirdis _ sulfatebis saxiT; agreTve 
K+,  Na+, Ca2+, Mg2+-is xsnadi marilebi. rkina gamoiyeneba helatebis saxiT 

[FeO4 + edta (eTilendiamიntetraZmarmJava) an misi natriumis marili Nа 
edta (trilon Б)], romelic mcenareuli ujredisaTvis SesaTviseblad 
ufro misawvdomi formaa. rkina, cinki, manganumi, molibdeni, kobalti 
porfirinebTan SeTavsebiT warmoqmnis fotosinTezis pigmentebis (qlo-
rofili) da Jangva-aRdgeniTi fermentebis (katalazebi, peroqsidazebi, 
polifenoloqsidazebi) makromolekulebs. maSasadame, yvela es naerTi 
ujredebsa da qsovilebSi asrulebs struqturul funqcias. 
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imavdroulad, К+, Na+,  Ca2+, Сl-,  Н+  aucიlebelia sakvebi aris pH-is 
regulirebisaTvis  da ujredis fiziologiuri gradientebis SesanarCu-
neblad (turgori, osmosuri wneva, polaroba). Bbiologiuri makromole-
kulebisaTvis naxSirbadis wyaros saxiT, agreTve heterotrofuli qso-
vilebis (kalusebi da suspenziebi) kultivirebisas sakveb ares umateben 
naxSirwylebs koncentraciiT 20-60 g/l. Cveulebrivad, es aris disaqa-
ridebi (saqaroza), monosaqaridebi (heqsozebi: glukoza da fruqtoza, 
pentozebi: qsiloza da sxv.). sakveb areebSi polisaqaridebi praqtikulad 
ar gamoiyeneba. Nmxolod zogierTi tipis qsovils (simsivnuri), romlebic 
Seicavs hidrolizis fermentebs, zrdian saxameblis, rafinozas, 
celobiozas Semcvel areebze. ujredSi bioqimiuri reaqciebis stimuli-
rebisaTvis iyeneben biologiur katalizatorebs _ vitaminebs: В  jgufis  
(В1,  В6,  В12),   С (askorbinis mJavas),  РР (nikotinis mJavas), mezoinozits. 
     Tiamini (B1)  Sedis ferment piruvatdekarboqsilazas  SedgenilobaSi, 
monawileobs naxSirwylebis gardaqmnebSi. Tiaminpirofosfati Sedis 
ketomJavebis (piroyurZnis da ketoglutaris) JangviTi dekarboqsilirebis 
makatalizebeli fermentebis SedgenilobaSi, warmoadgens transketola- 
zas koferments. Ppiridoqsini (B1) Sedis aminomJavebis dekarboqsi- 
lirebisa da gadaaminirebis makatalizebeli fermentebis SedgenilobaSi. 
nikotinis mJava (PP)  amidis saxiT Sedis im dehidrogenazebis NAD da 
NADH-is SedgenilobaSi, romlebic akatalizeben donorul-aqceptorul 
H+ jaWvs (organuli naerTis molekulidan H+-is mowyveta).  
     qsovilTa kulturaSi struqturebis warmoqmnis procesebis marTvi-
saTvis aucilebelia zrdisa da ganviTarebis biologiuri regula- 
torebi _ fitohormonebi. Ees nivTierebebi zemoqmedeben ujredebisa da 
qsovilebis diferenciaciasa da dediferenciaciaze, ainicireben histo- 
genezs, ainducireben ujredebis dayofasa da gawelvas, monawileoben 
momwifebisa da daberebis procesebSi, astimulireben da ainhibireben 
kulturebis ujredebis zrdasa da ganviTarebas, ganapirobeben sqesis 
Camoyalibebas. Bbioteqnologiur kvlevebSi xSirad iyeneben zrdisa da 
ganviTarebis mastimulirebel hormonebs: auqsinebs, citokininebs, hibere-
linebs. 

    auqsinebia: iZm - β  -indolilZmarmJava, nZm -  αα-naftilZmarmJava, 2,4-d _ 
diqlorfenoqsiZmarmJava.  
   citokininebia: kinetin-6-furfurilaminopurini, zeatini, NN-difenil-
Sardovana, 6-bap _ 6-benzilaminopurini. 
    Hhiberelinebs miekuTvneba hiberelinis mJava. Ppirveladi kalusis 
induqciisaTvis biologiuri danamatis saxiT SeiZleba mcenareuli 
eqstraqtebis gamoyeneba (aris saerTo moculobis 10-15%): qoqosis rZe 
(qoqosis kaklis Txevadi endospermi), nedli simindis marcvlebis 
gamonawvlili (umjobesia rZis Semcvelobis periodSi), romelic Seicavs 
citokininebs _ kinetins da zeatins (6-Canacvlebuli aminopurinebi) da 
NN-difenilSardovana. 
    In vitro kulturebisas iyeneben Txevad da agarizebul (myar) areebs. 
Txevadi areebi gamoiyeneba suspenziebis, kalusebis, izolirebuli 
organoebisa da qsovilebis, mcenare-regenerantebis kultivirebisaTvis. 
amasTan erTad, zogjer, eqsplantebis SesanarCuneblad sakveb arean 
sinjarebSi aTavseben filtris qaRaldis an sinTezuri forovani masalis 
specialur damcav_Semakavebel xidebs. agarizebul areebs amzadeben 
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polisaqaridis _ agar-agarisagan, romelsac Seicavs zRvis wyalmcena-

reebi da romelic pH 5,6 _ 6,0 pirobebSi wyalTan warmoqmnis gels. 

zogjer gamamkvriveblad da agar-agaris Semcvlelad gamoiyeneba poliak-

ril-amidis geli (biogeli) P10 da P20. xelovnuri sakvebi areebisaTvis 
makro da mikromarilebis xsnarebs winaswar amzadeben da mravalgzis 
iyeneben. Ees aris koncentrirebuli dedaxsnarebi. isini inaxeba spe-

cialur pirobebSi: makro- da mikromarilebi _ miლeსilyelian WurWlebSi 

macivarSi 00  - 40 C – ze; vitaminebi, fitohormonebi, fermentebi, mcenareuli 
eqstraqtebi _ 200 C-ze 5 _ 10 ml sacobian WurWlebSi (penicilinis 
flakonebi). 
     makromarilebis dedaxsnarebis koncentracia, rogorc wesi, aRemateba 
samuSao xsnarebis koncentracias 10 _ 40-jer, mikromarilebisas _ 100 _ 
1000-jer, vitaminebisas _ 1000-jer. 
     fitohormonebis xsnarebi sasurvelia damzaddes uSualod sakvebi 
areebis damzadebis win.  
    Mmakro- da mikromarilebis dedaxsnarebis mosamzadeblad TiTeul 
marils xsnian calcalke WiqebSi gacxelebiT, Semdeg aerTeben da mihyavT 
saWiro moculobamde. Mmikromarilebis gaciebul xsnarebs bolos ama-
teben molibdenis marilis xsnars, xolo makromarilebis xsnarebs _ 
magniumis marilis xsnars (gamoleqis Tavidan asacileblad). 
    Kkalciumis qloridisa da rkinis helatis (rkinis sulfati + edta an 
Nа edta  - trilon Б) dedaxsnarebs amzadeben da inaxaven sxva marilebisa- 
gan gancalkevebiT.  
     vitaminebis koncentrirebul xsnarebs amzadeben Semdegnairad: 
aTjerad wonaks xsnian cal-calke 10-10 ml distirilebul wyalSi. Ffi-
tohormonebi cudad ixsneba wyalSi, amitom 100 mg nivTierebas winaswar 

xsnian mcire raodenobis (0,5 _ 2ml) eTanolSi (auqsinebi, hiberelinebi), 
0,5N  HCl an KOH (citokininebi). Semdeg acxeleben srul gaxsnamde 
(abscisis mJavisa da kinetinis garda) da mihyavT 100 ml moculobamde (1 
ml Seicavs 1 mg nivTierebas). 
                   
        BI. 3.  sterilizaciis xerxebi  mcenareTa bioteqnologiaSi  
                                        
     yvela samuSao in vitro qsovilebisa da ujredebis kulturebTan 
tardeba sterilur (aseptikur) pirobebSi sterilur boqsSi an laminar- 
boqsSi, steriluri instrumentebiT, sterilur WurWelSi, sterilur 
sakveb areebze. sterilobis darRvevis SemTxvevaSi sakveb areebze kargad 
mravldeba mikroorganizmebi (mikroskopuli sokoebi, baqteriebi), rac 
arRvevs sakvebi aris Sedgenilobas da iwvevs mcenareuli eqsplantebis 
zrdis daTrgunvas. xSirad oTaxis (qsovilebis gadasaTesi boqsebi, 
sakultivacio oTaxebi) sterilizaciisaTvis iyeneben baqtericiduli 
naTurebis ultraiisfer gamosxivebas 0,5 _ 2 sT ganmavlobaSi (saTavsis 
farTobis mixedviT). Ddasxivebul oTaxSi muSaobas iwyeben baqterici-
duli naTurebis gamorTvidan 15 _ 20 wT Semdeg, vinaidan ultraiisferi 
gamosxivebis moqmedebiT Jangbadis oratomiani molekula gardaiqmneba 
samatomian ozonad, romelic toqsikuria adamianisaTvis. maqsimaluri 
sterilobis misaRwevad ultraiisferi sinaTliT damuSa-vebis win 
yvelafris zedapiri gulmodgined unda gasufTavdes gamrecxi 
saSualebebiT, wyliT da qloris Semcveli nivTierebebiT, laminar-boqsis 
zedapirs muSavdeba 96% eTanoliT. 
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     WurWeli, xalaTebi, bamba, qaRaldi, gamoxdili wyali, sakvebi areebi 
sterildeba avtoklavSi 1 _ 2 atm. orTqlis wnevasa da 1200C temperature- 
ze 20 _ 60 wT ganmavlobaSi gasasterilebeli masalis moculobis mixe- 
dviT.  
     kolbebs, sakvebi aris Stativebs, bambas, qaRalds, xalaTebs avto-
klavirebis win axveven pergamentis qaRaldebSi an aTavseben biuqsebSi. 
metalis instrumentebis avtoklavireba ar SeiZleba, radgan orTqlis 
moqmedebiT warmoiqmneba Jangi, Aamitom maT asterileben TermostatSi 
mSralad 1700     – 2500 C  1 _ 2 sT ganmavlobaSi.  
 
         

I. 4. mcenareuli eqsplantebis sterilizaciis xerxebi 
 

     kalusuri da simsivnuri kulturebis misaRebad, mikroklonuri gam- 
ravlebisTvis da hormonaluri regulaciis Sesaswavlad saWiro 
eqsplantebis miRebis mizniT iyeneben sterilur nazardebs. Ggasazrdelad 
saWiro Teslebs Tesaven sterilur wyalze an sakveb areze. mcenareul 
obieqtebs sterilizaciis win gulmodgined recxaven gamdinare wyliT, 
xandaxan gamrecxi saSualebebiT. asufTaveben zedmeti qsovilisagan. 
Zirxvenebsa da fesvebs aclian kans, ylortebs qerqs, kvirtebs safar 
qerclebs.  eqsplantebs asterileben iseT nivTierebaTa xsnarebiT, rom- 
lebic Seicaven aqtiur qlors (qloramini, kalciumis da natriumis 
hipoqloridi, sulema), broms (bromiani wyali). aseve gamoiyeneba wyalba-
dis zeJangi, eTanoli, vercxlis nitrati, diacidi, antibiotikebi. 
eTanols xSirad xmaroben winaswari strilizaciisaTvis, masalis 

zedapirs wmenden an masalas rაmdenime wamiT aTavseben absolutur 
spirtSi. xandaxan aseTi sterilizacia sakmarisia, mas iyeneben nayofebTan, 
TeslebTan, ylortebTan, naskvebTan muSaobisas. Kkalciumis hipoqloridi 
(qloriani kiri) gamoiyeneba 5 -7% xsnaris saxiT kvirtebis, naskvebis, 
yvavilebis, Teslebis, ylortebis dasamuSaveblad 5-8 wT ganmavlobaSi. 
natriumis hipoqloridi gamoiyeneba 0,5 – 5% xsnaris saxiT nebismier 
eqsplantis dasamuSaveblad 1 – 20 wT ganmavlobaSi. es nivTiereba 
warmoadgens sawamlavs ujredisaTvis, amitom sterilizaciis dros misi 
xsnaris  koncentracias eqsperimentulad adgenen. Mmag: izolirebuli 
CanasaxebisaTvis iyeneben 2 – 3% xsnars 10 – 15 wT, xolo mSrali 
TeslebisaTvis 3 – 5% xsnars 1 sT ganmavlobaSi. natriumis hipoqloridis 
narCens gasterilebuli masalidan acileben jer 0,1 N HCl – iT, Semdeg 8_ 
jer recxaven avtoklavirebuli gamoxdili wyliT.  
     Qqloramini gamoiyeneba 1 – 6% koncentraciiT. Mmtvrianebs da 
axalgazrda Canasaxebs amuSaveben 1 – 3 wT ganmavlobaSi, mSral Teslebs  
_ 30 – 60 wT ganmavlobaSi, Semdeg 2 – 3 –jer recxaven steriluri 
gamoxdili wyliT.  
      sulema (HgCl2) toqsikuri nivTierebaa da moiTxovs gansakuTrebul 
yuradRebas, rogorc Senaxvis, aseve calkeuli obieqtebisaTvis 
koncentraciis SerCevis dros. Canasaxebis, foTlebis, ylortebis  steri- 
lizaciisaTvis gamoiyeneba 0,1% xsnari 1 – 3 wT ganmavlobaSi, Zirxve- 
nebisa da bolqvebisaTvis (tuberebisaTvis) _ 10 – 20 wT. 
     aqtiuri qloris Semcveli xsnarebi gamoiyeneba erTxel da maT 
amzadeben uSualod muSaobis win. 
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     Ddiacidis 0,2% xsnari gamoiyeneba Zirxvenebis, Teslebis, qsovilebis 
naWrebis, wveruli meristemis, izolirebuli Canasaxebis, mtvrianebis 
gasasterileblad. Ddiacidis xsnaris mosamzadeblad cal-calke xsnian  
330 mg eTanolmerkurqlorids da 660 mg acetilpiridinqlorids 330 ml 
cxel wyalSi, Semdeg Seureven erTmaneTs da mihyavT 1 l-mde, umateben 
detergent tvin-80 –is ramdenime wveTs, inaxaven sibneleSi mWidrod da- 
xurul kolbaSi. 
     Aantibiotikebs iyeneben baqteriebiT inficirebuli mcenareuli 
masalis sterilizaciisaTvis. Uufro xSirad gamoiyeneba streptomicini 
da tetramicini 10 – 80 mg/l, ampicilini _ 200 – 400 mg/l, levomicetini, 

kanაmicini da sxva.  
          
            BBBHI. 5.Llaminarul boqsSi muSaobis teqnika steriluri  
                       nazardebis kultivirebisas  
 
    
     steriluri nazardebis kultivirebisaTvis aucilebelia laminar-
boqsebis gamoyeneba (sur. 2), romlebic uzrunvelyofen eqsplantebis 
moTavsebas sakveb areze mikroorganizmebiT dasnebovnebis gareSe.  
L    laminaris mTeli zedapiri muSavdeba 96% eTanoliT, gasterilebuli 
instrumentebi, masalebi, mcenareuli masala Tavsdeba laminaris magidaze 
da CairTveba ui-gamosxiveba. 20 wuTis Semdeg gamoirTveba ui-gamosxiveba 
da CairTveba biofiltrebi. Llaminar-boqsSi samuSaod icvamen 
gasterilebul xalaTs da ixuraven quds, xelebi muSavdeba 96% 
eTanoliT. Ppincetebi, skalpelebi da sapreparacio nemsebi Tavsdeba 96% 
eTanolian WiqaSi. Yyoveli manipulaciis win instrumentebi gamowvaveba 

spirtქuris alze. 
 

                  
                                    

                                        sur..2. Llaminarბoqsi 
           

             II.  dediferenciacia da kalusogenezi  მcenareuli    
   M       ujredebisa da qsovilebis kulturaSi 
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 II. 1. kalusebis miReba  
    kalusuri ujredi, romlis dayofis Sedegadac warmoiqmneba kalusi, 
warmoadgens ujreduli diferencirebis erT-erT tips. In vivo 
mcenarisaTvis kalusi aris ujredebis jgufi, romelic warmoiqmneba 
travmebis dros da icavs dazianebis adgils (Wrilobis parenqima). masSi 
grovdeba sakvebi nivTierebebi anatomiuri struqturebis an dakarguli 
organos regeneraciisaTvis. mcenareuliDdiferencirebuli ujredebi 
erTiandeba qsovilebSi da asruleben gansazRvrul funqciebs. Uujredebi 
ganirCeva ara marto funqciurad, aramed morfologiuradac.  
     sakveb areebze, romlebic didi raodenobiT Seicaven auqsinebs (mag. 
2,4_d), eqsplantis ujredebi dediferencirdeba da iwyebs prolife-
rirebas. eqsplantis ujredebis dediferencirebis Taviseburebani damo-
kidebulia eqsplantis genetikasa da epigenetikaze. Uujredebi kargaven 
ZiriTad funqciebsa da morfologiur niSnebs. amasTan, ramdenadac 
eqsplantis ujredebi struqturulad da qimiurad naklebadaa 
diferencirebuli, imdenad ufro advilia kalusis miReba.  
  kalusis   ujredSi, romelic emzadeba gasayofad, stimulirdeba rnm-is 
yvela formis sinTezi, iwyeba dnm-is replikacia, qreba specifikuri 
qsovilovani cila – antigenebi, sinTezirdeba axlebi specifikuri 
kalusuri ujredebisaTvis. icvleba ujredebis struqturuli genebisa da 
cilovani aparatis aqtiuroba.  iwyeba maTi gamdidreba citoplazmis 
elementebiT: mikromilebiT, endoplazmaturi badis (epb) membranebiT da 
goljis kompleqsebiT, ribosomebiT, qreba qloro – da qromoplastebi, 
maTi moqmedebis produqtebi; SeiZleba warmoiqmnas bevri birTvi da 

gaizardos qromosomebis ricxvi (poliploidia), msxvildeba vakuolebi. 
     zedapiruli xerxiT (myar areze) gazrdili kalusi warmoadgens 
Txelkedliani parenqimuli ujredebis amorful masas, romelsac ara aqvs 
mkacrad gansazRvruli struqtura. Kkalusis ujredebi an uferoa, an aqvs 

moyviTalo elferi. warmoSobisa da kultivirebis pirobebis mixedviT, 
arCeven Semdeg kalusebs: faSari _ Zlier wyliani, romlis ujredebi 
erTmaneTs advilad scildebian; saSualo simkvrivis _ meristemuli 
aqtiurobis zonebiT; mkvrivi _ reducirebuli kambiumisa da gamtari 
WurWlebis zonebiT.  
     bioteqnologiaSi kultivirebis meTodis SesamuSaveblad yvelaze 
xSirad iyeneben mcenareTa im saxeobebs, romlebic Cveulebriv pirobebSi 
advilad fesviandeba, regenerirdeba da warmoqmnis kaluss. Aamitom, ka-
lusis miRebisa da kultivirebis meTodebis umravlesoba TambaqosaTvis 
aris damuSavebuli. kalusebis miReba SeiZleba praqtikulad mcenaris 
yvela nawilidan, vinaidan Tambaqos ujredebi advilad dediferencirdeba 
da iwyebs proliferirebas. Tambaqos foTlebidan kalusebis kultivi-

rebisaTvis gamoiyeneba murasige-skugis sakvebi are auqsiნis (2,4 – d) 
damatebiT.  

    saqarTvelos s. durmiSiZis სახ. bioqimiis da bioteqnologiis ins-

titutSi a. mesxis xelmZRvanelobiT miRebul iqna iuka didebulis – Yucca 
glorioza L. kalusuri kultura. iuka didebulis qsoviluri, anu kalusuri 
kulturis misaRebad gamoyenebuli iyo Yucca gloriosa L. mravalwliani 
mcenare, romelic saqarTvelos mecnierebaTa akademiis mcenareTa 

bioqimiis institutis sacdel nakveTze izrdeboდa. aRniSnuli mcenare 

kvlevisaTvis arCeuli iyo, rogorc steroiduli naerTebis, kerZod, 
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furostanoluri glikozidebis  producenti. Aam naerTebis bioteqno-
logiur mniSvnelobaze qvemoT gveqneba saubari. 

amocanas Seadgenda iuka didebulis intaqturi mcenaris sxvadasxva 
organodan, sterilur pirobebSi, izolirebuli kulturis miReba. vinai-
dan gruntSi gazrdili mcenare Seicavs ara marto garegan, aseve zogjer 
ujredSida infeqciasac, pirvel rigSi dadginda sterilizaciis pirobebi. 
eqsperimentisTvis aRebul iqna iuka didebulis foTlebi, Rero da kok-
rebi, romlebic jer sapniT  irecxeboda zedapiruli infeqciis 
mosaSoreblad, xolo Semdeg boqsSi damatebiT sterildeboda sxvadasxva 

koncentraciis sulemis ხsnarSi (0.1–dan 1%–mde), drois sxvadasxva 
intervaliT (2–dan 10wT–mde), optimaluri aRmoCnda 0.1–0.3%–iani sulemis 
xsnarSi 3–4 wT gasterileba. 

iuka didebulis sxvadasxva organos gasterilebuli nawilebi 
steriluri wyliT oTxjeradi garecxvis Semdeg Tavsdeba petris Tasze 
da sterilur pirobebSi iWreba nawilebad. foTlebi nawevrdeba 2sm 
siganisa da 2.5 sm sigrZis naWrebad, ganikveTeba ZarRvebze da dazianebu-
li adgilebiT Tavsdeba sakveb areze. Reroebi iWreba 0.8–1.0 sm sigrZis 
segmentebad da Tavsdeba sakveb arian sinjrebSi, ise rom, segmentis 
apikaluri bolo 1/3 sigrZiT unda eflobodes sakveb areSi. kokrebi 
ramdenime adgilas CaiWreba da aseve Tavsdebiann sinjrebSi. iuka 
didebulis yvela izolirebuli organo aTjeradi  ganmeorebiT gani-
Teseba murasigesa da skugis (Murashige, Skoog 1962), heleris (Heller, 1953), 
bolis (Boll,1965)  da eriqsonis (Erikson, 1965) sakveb areebze, kolbebi 
nimuSebiT Tavsdeba wylis  TermostatebSi kontaqturi TermometrebiT 

260±10-ze 70%–iani SefardebiTi tenianobiT. sakveb areebSi zrdis 

stimelatorebad emateba αα–naftilZmarmJava, indolZmarmJava da 2,4 –
diqlorfenoqsiZmarmJava raodenobiT 1 mg-1 l. cdis Sedegebi warmodge-
nilia cxril 1–Si. 

rogorc  cxrili 1-is monacemebidan Cans, foTlis eqsplantebze 
arcerT sakveb areze ar xdeba kalusis warmoqmna. yvelaze kargi 
pirveladi kalusebis warmoiqmneboda Reros naWrebsa da kokrebis bolo-

ebze. სamwuxarod, ujredSida infeqciam Reros kalusuri qsovilis kul-
turaSi gadayvana  SeuZlebeli gaxada. 

bolis da eriqsonis sakveb areebze warmoiqmna cudad mzardi 
kalusuri qsovilebi. yvelaze kargad mzardi qsovili ki miRebul iqna 
murasigesa da skugis (ms) sakveb areze. 

Semdgomi kvleva mimdinareobda kokris kalusur qsovilze (sur.3). 
kalusuri kulturis misaRebad zrdis stimulatorebidan saukeTesoa  
2,4–d. magram murasigesa da skugis modificirebul areze, romelic 2,4–d–
s Seicavs 1 mg.l-1   raodenobiT Semdgom pasaJebSi SeimCneva spontanuri 
morfogenezi (sur. 4). 
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        sur.3. iuka didebulis kokris pirveladi kalusi 
 
 
                                                                 
                                                                cxrili 1 
 
sxvadasxva sakveb areebze iuka didebulis izolirebul organoebze 
kalusuri qsovilis warmoqmna 
 
 
sakvebi    foToli  Rero   kokori 
areebi      
                                        zrdis stimelatorebi 
 
 
   2,4–d αnZm iZm 2,4–d  nZm iZm 2,4–d α nZm iZm 
 
bolis  –   – – +   +  +  +    +       + 
 

hელერის  –   –  – ++   +   –  –    –       – 

ერიqsoniს  –   – – +   +   +  –    –       –  
 
murasiges 
da skugis (ms) –  – – +++   ++   + +++    ++       +   
 
aRniSvnebi: +++ kalusis kargi zrda; 
   ++ kalusis saSualo zrda; 
    + kalusis neli zrda; 

– qsovilis nekrozi. 
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sur. 4. iuka didebulis kokris kalusur qsovilSi spontanuri 
morfogenezi 
 
    2.4–d–s TandaTanobiTi Semcireba koncentraciamde 0,025 mg.l-1 xels 
uwyobs spontanuri morfogenezis daTrgunvas, magram amasTanave auaresebs 
qsovilis zrdas. 

spontanuri morfogenezis dasaTrgunavad dayenebul iqna orfaqto-
riani eqsperimenti, romelSidac 2.4–d–s nacvlad zrdis stimulatorad 

gamoyenebul iqna αα–naftilZmarmJava da adeninis sxvadasxva koncentra-
cia.  

eqsperimentis Sedegi naCvenebia me-5 suraTze.  iuka didebulis kokris 

qsoviluri kultura iRupeba sakveb areSi ზrdis stimulatorebis ar 

arsebobisas. αα–naftilZmarmJavas sakveb areSi maRali koncentraciiT 10-
15 mg. l-1 Setana iwvevs spontanuri morfogenezis srul daTrgunvas da 
zrdis procesis Senelebas, xolo ufro maRali koncentraciebiT 

gamoyenebisas – qsovilis neკrozs. kalusis ზrdisaTvis saukeTesoa  10 
mg.l-1 αα–naftilZmarmJava da 0,3 mg.l-1 adenini. 6-7 pasaJis Semdeg 

SesaZlebelia  αα-nZm raodenobis Semcireba 2 mg.l-1 –mde. qsovili  sakma-

od mkvrivia, kompaqturi. Semdgomi pasirebisas αα–nZm kvlav Secvlil iqna 
2.4–d–Ti  2mg.l-1 raodenobiT. spontanuri morfogenezi aRar aRiniSneba da 
dediferencirebuli qsovili gaxda faSari da Ria spilosZvlisferi. 
Aamgvarad,  iuka didebulis kalusuri qsovilis normaluri ganvi-
TarebisaTvis sakvebi are modificirebul ms ares warmoadgens  (cxr.2) 

miRebuli qsovilis (sur. 6) citologiuri analizisas qsovili rbilia 

da advilad isriseba, ujredebi normalurad iRebeba. ujredebi dasresil 
preparatebSi kargad Canan, isini ZiriTadad parenqimuli tipisaa. maTi 

forma momrgvaloa, mkveTrad gamokveTiTli konturiT. citoplazmaSi 

vakuolebi ar Cans da igi sustad iRებeba. ujredebi Seicavs TiTo 
birTvs, mkveTrad gamoxatuli granularuli struqturebiT, erTi 
birTvakiT, SeimCneva saxameblis CanarTebi (sur. 7). 

 
 
                                                         cxrili 2 
iuka didebulis kalusuri qsovilis zrdisTvis SerCeuli are ( ms 

modificirebuli are) 
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Aaris 
komponentebi 

Aaris komponen-
tebis koncen-
tracia mg.l-1 

Aaris 
komponentebi 

aris komponen-
tebis koncen-
tracia mg.l-1 

NH4NO3 1850 agari 8000 - 9000 
KNO3 1900 saqaroza 30000 
CaCl2 *2H2 O 440 Kკazeinis 

hidrolizati 

500 

MgSO4*7 H2 O 330 B1 0,1 
KH2 PO4 170 B6 0,1 
H 3BO3 8,2 PP (nikotinis 

mJava) 
0,5 

MnSO4 * 5 H2 O 24,1 mezoinoziti 200 
ZnSO4* 7 H2 O 10,6 adenini 0,3 
 KI 0,83 2,4-d 2,0 

Na2 MoO4 * 2H2 
O 

0,25 kinetini 1,0 

Cu SO4 * 5 H2 O 0,025 Co Cl2* 6 H2 O 0,025 
FeSO4* 7 H2 O 27,8 Na2 EDTA 37,3 

 
 
                                                                                                                                           



                                                                              16 
 
                        a d e n i n i 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
  
 
                nekrozi 
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sur. 5. α-nZm da adeninis koncentraciebis gavlena iuka didebulis kokrebis kalusuri qsovilis spontanur morfigenezze. abscisTa 

RerZze – variantis nomeri, romelic marjvena sqemaSi α-nZm-s da adeninis – koncentraciebs Seesabameba 
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A sur.6. iuka didebulis kokrebis dediferencirebuli qsovili 
 
 
 

           
 
 
 
                                                           
    sur. 7. iuka didebulis kalusuri qsovilis ujredebi 

(16X2) 
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II. 2. kalusebis subkultivireba 
 
   zrdis ciklSi kalusuri ujredebi rigi dayofis Semdeg gadian 
Cveulebriv ontogenezs, izrdebian gawelviT da degradirdebian. kalusis 
zrdas asaxavs damaxasiaTebeli S formis mrudi (sur. 8). zrdis cikli 
iwyeba eqsplantis gadataniT sakveb areze (kultivirebis dasawyisi), 
xolo mTavrdeba mitozis Sewyvetis momentSi (stacionaluri faza). 
  Llag-fazaSi (latenturi faza) ujredebi ar iyofa, ar izrdeba zomebSi, 
aqvT dabali metaboluri aqtiuroba. eqsponencialur fazaSi 
(logariTmuli zrdis faza) ujredebi aqtiurad iyofa mitoziT. Aadreul 

eqsponencიაSi izrdeba mitoqondriebis (sinTezirdeba atf), ribosomebis, 
yvela saxis rnm-is raodenoba. sinTezirdeba cilebi, aqtiurdeba 
metabolizmi, intensiurad STainTqmeba Jangbadi. zrdis Senelebis faza 
xasiaTdeba zrdis xvedriTi siCqaris klebiT, ujreduli dayofis 
SenelebiT, ujredebis saSualo zomebis zrdiT gawelvis xarjze. 
stacionalur fazaSi ujredebis zoma ganagrZobs zrdas, xolo maTi 
dayofa wydeba. Ggviandel stacionalur fazaSi (degradaciis faza) 
sakvebi aris gamofitvis Sedegad ujredebi berdebian da 
kvdebian.Kkalusuri ujredebis zrdis ciklis xangrZlivoba 21 – 35 dRea. 
Kkultivirebis procesSi kaluss gadaTesaven yovel 4 – 6 kviraSi. 
tranplantis masa (qsovilis fragmenti, romelsac gadaTesaven axal  
sakveb areze) Seadgens 50 – 100 mg-s 20 – 40 ml sakveb areze. 
      
 
 
 

5 
 4 6 
 
  
 
 3 
 
 
 
 
 
 1  2  
 • 
 
 
 Ddro 
 sur. 8. kalusuri qsovilis zrdis mrudi 
 
1. latenturi faza; 2. eqsponencionaluri faza; 3. xazobrivi zrdis faza; 
4. zrdis Senelebis faza; 5. stacionaluri faza; 6. gviani stacionaluri 
anu degradaciis faza. 
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III.  suspenziuri kulturebi 
 
III. 1. . mcenareTa ujredebis suspenziuri kulturis miReba da 
kultivireba 

 
    wina saukunis 70–iani wlebidan sagrZnoblad gaizarda interesi 
mcenareTa somaturi ujredebis siRrmuli kultivirebis samecniero da 

gamoyenebიTi aspeqtebis mimarT. am meTodma mkvlevarTa winaSe gaxsna 
principulad axali SesaZleblobani umaRlesi mcenareebis ujredebis 
zrdis, diferencirebisa da biosinTezuri aparatis funqcionirebis 

Sesaswavlad. mcenareTa ujredebis siRrmuli kultivireba afarTovebs in 
vitro mcenareuli ujredebis zrdis da metabolizmis regulaciis 
Seswavlis SesaZleblobebs, aseve qmnis safuZvels sawarmoo masStabiT 
ujreduli kulturebis gazrdis teqnologiuri proeqtirebisaTvis. iqmne-
ba saSualeba ujreduli kulturebis gamoyenebisa biologiurad aqtiuri 
naerTebis sawarmoo masStabiT miRebisaTvis. 

mcenareuli ujredebis pirveladi suspenziis miReba xorcieldeba 
sami procesis Sedegad: 1. kalusuri qsovilis nawilis daSla ujredebad 
da mcire zomis ujredul agregatebad Txevad sakveb areSi Setanis 
momentSi; 2. pirveli subkultivirebis procesebis dros qsovilis 
zedapiridan ujredebis da ujreduli agregatebis gamoyofa; 3. pirveli 
ori saSualebiT gamoyofili ujredebis dayofa da zrda da msxvili 
ujreduli agregatebis daSla ufro mcire agregatebad da ujredebad. 
       suspenziis zrdis modelur mruds aqvs S – magvari forma da 
moicavs: lag- fazas, eqsponencialur, stacionarul da degradaciis 
fazebs. realuri zrdis mrudebis forma erTmaneTisagan gansxvavdeba 
fazebis xangrZlivobiT. Ees damokidebulia populaciis genetikaze, 
inokulumis raodenobaze da sakvebi aris Sedgenilobaze. Bbiomasis 
zrdis siCqare meryeobs 15 – 70 dRe-Rame. 
     suspenziebs iyeneben mniSvnelovani qimiuri naerTebis misaRebad, 
rogoricaa: organuli mJavebi, fermentebi, alkaloidebi, steroidebi, 
saRebavebi, cilebi, aminomJavebi, romlebic gamoiyeneba  farmakologiaSi, 
parfiumeriaSi, kvebis da qimiur mrewvelobaSi, soflis meurneobaSi. 
     suspenziur kulturebs didi mniSvneloba aqvs genetikaSi da gansa-
kuTrebiT molekulur biologiaSi. suspenziuri kulturebidan Rebulo-
ben protoplastebs, romelic aucilebelia somaturi hibridizacii-

saTvis, გeნური inJineriisaTvis da ujredebis metabolizmis Sesaswavlad. 
   
    III. 2.suspenziis simkvrivis gamoTvla 
 
     suspenziis simkvrivis mixedviT, SeiZleba ara marto ujreduli 
populaciis mdgomareobis daxasiaTeba, aramed subkultivirebis drois 
gansazRvra, inokulatis SerCeva da gadatana axal sakveb areze. 
umravles SemTxvevaSi subkultivirebisaTvis suspenzias arCeven 
eqsponencialuri fazis bolos (kultivirebis dawyebidan 14 – 16 dRis 
Semdeg). zrdis mrudis agebisas maCveneblebs iReben dRegamoSvebiT. 
kultivirebis 2 – 3 kviris ganmavlobaSi suspenziis simkvrive izrdeba 20 
– jer. suspenziis daTvla yvelaze moxerxebulia fuqsrozentalis 
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specialur gamomTvlel kamerebSi (hemocitometrebSi). suspenziis 
ujredebis dasaTvlelad xandaxan sargebloben droebiTi preparatebiT, 
magram es ufro Sromatevadi procesia, mniSvnelovnad izrdeba 
ganmeorebaTa ricxvi.  
    Uujredebis daTvla Zneldeba, Tu suspenziaSi sWarbobs agregatebis 
fraqcia. aseT SemTxvevaSi 1 moculoba kulturas umateben 2 moculoba 
8% qromis oqsids da acxeleben 700C - ze 2 – 15 wuTis gnmavlobaSi. 
gaciebis Semdeg kulturas anjRreven, rom agregatebi daiSalos. 
agregatebis dasaSlelad suspenziaSi umateben peqtinazas (0,25 
moculobiTi procenti). suspenziis simkvrive SeiZleba ganisazRvros 
agreTve biomasis moculobis SefardebiT suspenziis saerTo 
moculobasTan.  
 
III. 3. suspenziis agregaciis da sicocxlisunarianobis xarisxis 
gansazRvra 
   gamokvlevis miznis mixedviT, kultivirebis pirobebs da sakvebi aris 
Sedgenilobas arCeven ise, rom suspenziaSi sWarbobdes ujredebis 
garkveuli fraqcia. Cveulebrivad, suspenziaSi arCeven 4 ZiriTad 
fraqcias: calkeuli ujredebi, wvrili, saSualo da msxvili agregatebi. 
agregaciis xarisxs sazRvraven mikroskopis qveS ramdenime mxedvelobis 
areSi ujredebis daTvliT droebiT preparatebze (aranakleb 1000 
ujredisa). suspenziasTan muSaobisas aucilebelia mxedvelobaSi miviRoT 
misi sicocxlisunarianobac. Uujredebis sicocxlisunarianobaze SeiZle-
ba vimsjeloT: citoplazmis moZraobis mixedviT, saRebavebisTvis ujredis 
kedlis ganvladobis xarisxis mixedviT, fermentebis aqtiurobis mixedviT. 
cocxali ujredis SesaRebi saRebavebi, rogoricaa meTilenis lurji, 
ujredebs ar klaven da cocxali ujredis garsis gavliT citoplazmaSi 
ver aRweven. suspenzia iTvleba sicocxlisunarianad, Tu ujredebis 70% - 
ze meti ar iRebeba lurjad; agregati sicocxlisunariania, Tu misi 
ujredebis 50% - ze meti ar iRebeba.Uujredebis SeRebva tetrazolis 
marilebiT uflebas iZleva ganisazRvros ujredis sunTqvis intensivoba. 
  saqarTvelos s. durmiSiZis saxelobis bioqimiis da bioteqnologiis 
institutSi  suspenziuri kulturis misaRebad m. mamalaZis da m RoRobe-
riZis mier gamoyenebul iqna iuka didebulis faSari kalusuri qsovili, 

romelsac ar gaaCnდa histolo-giuri diferencirebis niSnebi. ujreduli 
suspenzia izrdeboda Txevad sakveb areSi, romlis safuZvels Seadgenda 
kalusuri qsovilisaTvis aRwerili are (cxr. 2). ujredebis suspenziuri 

kulturis zrda xdeboda brtyelZira 750 ml moculobis erlenmeიეris 
kolbebSi orplatformian, wriulad mbrunav sanjRrevelaze 

eqscentrisitetiT 8 ±± 2 mm brunvebze: 100, 150, 180 br. wT-1. kulturebis 

gazrda xdeboda 270 ±±1, 70% SefardebiTi tenianobisas, sibneleSi. 
gadaTesva xdeboda yovel me-17 dRes, ganzavebiT 1:5 (moculobiT), anu 
inokulatis 20 ml Seitaneboda 100 ml axal sakveb areSi. ujredis zrdis 

dinamikis analizi xdebოდა paralulurad 4 kolbidan. 
        pirveli subkultivirebisas ujredebis msxvili agregatebis 
mosacileblad warmoebda ujredebis fraqcionireba 100 ml–ian 
cilindrSi. msxvili da wvrili ujreduli agregatebis dayofa warmoebda 
maTi sedimentaciis siCqaris mixedviT. subkultivirebisaTvis irCeoda 
zeda fraqcia. 
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         sxvadasxva brunviTi siCqaris mqone sanjRrevelebze kultivirebisas 
iuka didebulis ujredebis zrdis unari araerTgvarovania. maRali 
brunviTi siCqaris sanjRrevelebze (150-180 br wT-1) suspenziaSi Warbobs 

erTeuli ujredebi da wvrili agregatebi (sur.9), magram, am dros 

ujredebis ზrdis intesnivoba dabalia  (6.0 x105 ujredi ml-1) amasTanave 
citologiuri gamokvlevisas SeiniSneba bevri dazianebuli ujredi. 
suspenziis kultivirebisas sanjRrevelaze 100 br.wT-1  ujreduli agre-
gatebis disociaciis xarisxi mcirdeba. am SemTxvevaSi agregatebis zomebi 
matulobs 20-30  ujredis Semcvelobamde (sur. 10 ), magram matulobs 
zrdis intensivobac (12.0 x105 ujredi ml-1). 
         miRebuli Sedegebidan gamomdinare dadgenil iqna, rom  Seswavlili 
variantebidan iuka didebulis suspenziuri kulturis ujredebisaTvis 
yvelaze optimalurs warmoadgens kultivireba  100 br. wT-1  siCqaris 

sanjRrevelaze, eqscentrisitetiT 8 ±± 2 mm. aqve unda aRiniSnos,  rom 
xangrZlivi pasirebisas ujredebis zrdis intensivobam sagrZnoblad 

imata –12–dan 19 x 105  ujr. ml-1 –mde. 
 
 
 
 

 
 

sur. 9. wvrili agregatebi iuka didebulis suspenziuri kulturis 
kultivirebisas sanjRrevelaze brunviTi siCqariT 180 br.wT-1 

 
 



                                                                              22 

 
 
 
sur.10. msxvili agregatebi iuka didebulis suspenziuri kulturis 
kultivirebisas sanjRrevelaze brunviTi siCqariT 100 br.wT-1 

 
III. 4. ujredebis klonebis miReba agarizebul areebze 

 
     calkeuli (erTeuli) ujredebis kultivireba saSualevas iZleva 
miRebul iqnas klonebi da gamokvleul iqnas klonuri masalis 
genetikuri da fiziologiuri stabiluroba an cvalobadoba. calkeuli 
ujredebi an izolirebuli protoplastebi gamoiyeneba mutantebis, 
hibridebis da transformirebuli xazebis klonur seleqciaSi. Aam 
ujredebSi SeiZleba SeviyvanoT axali genebi. imavdroulad es kargi 
modelia onTogenezisa da ujredis fiziologiis Sesaswavlad. 
     calkeuli ujredebis wyaros warmoadgens: Txevad sakveb areze 
gazrdili ujreduli suspenziebi; mcenaris macerirebuli ujredebi 
(foTlis mezofili); izolirebuli protoplastebi ujreduli kedlis 
aRdgenis Semdeg. 
     calkeuli ujredebis misaRebad yvelaze efeqtur meTodebs 
warmoadgens: kondicirebuli aris “mkvebavi fenis “ an “ZiZa-kulturebis “ 
meTodi; mikrowveTi. 
     Ggenetikurad mdgradi klonebis misaRebad da ujreduli 
seleqciisaTvis gamoiyeneba pleitingis meTodi. 
 
 IV. mcenareTa kalusuri da ujreduli kulturebis gamoyeneba 
biologiurad aqtiur metabolizmis meoreul naerTTa 
misaRebad 
 
IV.1. In vitro kulturebi bunebrivi qimiuri naerTebis alternatiulი wyaro. 
saxalxo-sameurneo mniSvnelobis bunebriv naerTTa umravlesoba 
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warmoadgenen e.w. metabolizmis meoreul naerTebs. gamoTvlilia, rom 
arsebul mcenareTa mxolod 10%-ia qimiurad Seswavlili da isic 2-3 

klasis naerTis Semcvelobaze. meoreuli naerTebi aRmoCenilia, rogorc 
mikroorganizmebSi, aseve mcenareul da cxovelur organizmebSi, magram 
maTi SemcvelobiT gansakuTrebiT mdidaria mcenareTa samyaro. meorad 
metabolitTa sinTezi ukavSirdeba mcenaris ontogenezis garkveul 
etapebs da gvxvdeba morfologiurad gansxvavebuli diferenciaciis mqone 
sxvadasxva organoTa ujredebSi. am naerTebs udidesi mniSvneloba aqvT 
mcenaris garemosTan urTierTkavSirisaTvis: SeuZliaT mavneblebis 
dafrTxoba, monawileoben mcenaris dacvaSi paTogenebisa da stresuli 
situaciebisagan. 

meoreuli naerTebi adamianis mier saxalxo meurneobaSic 

farTodaa gamoyenebuli: medicinaSi - rogoc samkurnalo nivTierebebi 
(maRali Terapevtuli aqtivobis gamo), soflis meurneobaSi - 
inseqticidebi, parfiumeriaSi - sunamos danamatebi, kvebis mrewvelobaSi - 
gemos mimcemi aromatuli nivTierebebi, sakvebi saRebavebi da sxva. 

mikrobiologiuri da qimiuri meTodebis Tanamedrove ganviTarebis 
pirobebSic ki maTi miRebis ZiriTadi wyaro mcenareebia. rogorc wesi, 
isini ZiriTadad miiRebian tropikuli mcenareebidan, romlebic Znelad 
introducirdebian. garda amisa, TandaTan mcirdeba maTi bunebrivi 
garemo, moSenebis siZneleebis gamo izrdeba TviTRirebuleba. yovelive es 
moiTxovs alternatiuli resursebis Ziebas. qimiuri sinTezis 
gansaxorcieleblad gaweuli Zalisxmeva xSirad warumateblad mTavrdeba 
produqtis dabali gamosavlis, maRali Rirebulebisa da qimiuri 
reaqciebis sirTulis gamo. amasTan saboloo produqti xSirad 
warmoadgens stereozomerTa narevs, maSin rodesac mcenareuli ujredi 
warmoqmnis erT steroizomers. 

daaxloebiT naxevari saukunis win gamoiTqva mosazreba, rom 
mcenareuli qsoviluri da ujreduli kulturebi gamoyenebul iqnan 
sasargeblo nivTierebebis wyarod. am nivTierebebis in vitro pirobebSi de 
novo sinTezi dReisaTvis dadasturebuli faqtia. cnobilia, rom zogierTi 
rTuli struqturis mqone nivTierebebis (indoluri alkaloidebi, 
morfinuli alkaloidebi, kardenolidebi) garda qsoviluri da 
ujreduli kulturebiT SesaZlebelia meoreuli metabolitebis 
praqtikulad yvela klasis naerTis sinTezi. 

arsebobs uamravi gamokvleva, romlebiTac warmoebda mcenareuli 
ujreduli kulturebis saSualebiT bunebriv naerTTa producirebis 
unaris Seswavla. am sakiTxTan dakavSirebiT dawvrilebiTi informaciebi 
SeiZleba miRebul iqnas mravalricxovani mimoxilviTi statiebiT.  

In vitro kulturebi bunebrivi qimiuri naerTebis alternatiul 
wyarod ganixilebian mravali mizezis gamo. es mizezebia: mTeli wlis 
ganmavlobaSi mcenareuli biomasis miRebis SesaZlebloba garemos 
sxvadasxva pirobebisgan damoukideblad (klimaturi pirobebi, 
geografiuli da sezonuri cvlilebebi, mavneblebis zemoqmedeba); 
warmoebis sistemebis sizuste, rac ganapirobebs aucilebeli produqtis 
mocemul vadebSi da saWiro raodenobiT warmoebas da aqedan gamomdinare 
bazris momaragebis kontrols; produqtis ufro maRali gamosavali da 
xarisxi; sasoflo-sameurneo kulturebisTvis gamoyenebuli farTobis 
Semcireba. 



                                                                              24 

kultivirebuli ujredebis genomebis variabiloba Warbobs 
intaqturi mcenaris saxeobrivi cvalebadobis SesaZleblobebs, rac 
saSualebas iZleva mcenareuli qsoviluri da ujreduli kulturebi 
ganvixiloT axali nivTierebebis wyarod. garda amisa, maT SeswevT unari 
moaxdinon iaffasiani winamorbedebis ZviradRirebul saboloo 
produqtebad biotransformacia. 

biotransformacia warmoadgens mcenareuli ujredebis sinTezuri 
SesaZleblobebis efeqturad gamoyenebis erT-erT meTods. kultvirebuli 
ujredebiT biotransformacia praqtikul interess warmoadgens im 
SemTxvevaSi, Tu misi ganxorcieleba ar xerxdeba mikrobuli ujredebiT, 
romlebic gacilebiT efeqturni arian. amasTan maTi saSualebiT 
nivTierebaTa miRebas upiratesoba unda hqondes qimiur sinTezTan 
SedarebiTac. 

samwuxarod, mcenareul ujredul kulturebTan muSaobisas Znelia 
gansazRvruli nivTierebebis masStaburi warmoebisas mikrobiologiur 
mrewvelobaSi miRweuli warmatebebis ganmeoreba. farTo masStabiani 
kultivirebisaTvis mcenareTa in vitro kulturebis gamoyenebas xels uSlis 
mraval faqtori: produqtis dabali gamosavali, ujredebis neli zrda, 
gadarCeuli ujreduli xazebis arastabiluroba, stresebisadmi 
mgrZnobiaroba, mikrobuli ujredebisagan gansxvavebiT maRali ujreduli 
organizacia da specializacia (cxr. 3). 
     umaRlesi mcenareebis qsoviluri da ujreduli kulturebidan 
meoreuli naerTebis miRebisas aucilebelia maqsimalurad iqnas 
gamoyenebuli konkretuli Stam-producentis genotipis SesaZleblobebi. 

amJamad, genetikuri informaciis realizaciis pirobebi, rogorc 
mcenareuli kulturebis zrdisTvis, aseve sasurveli produqtis 
sinTezisaTvis ZiriTadad empiriulad ganisazRvreba. sasurveli 
produqtis funqciebis Sesaxeb informaciaze da ujreduli 
populaciebisa da im faqtorebis urTierTqmedebis Seswavlaze 
dayrdnobiT, romlebic gavlenas axdenen maT arsebobaze, SesaZlebelia 
garkveuli fiziologiuri pirobebis algoriTmis Sedgena, romlis 
drosac srulad iqneba realizebuli Stamis SesaZleblobebi. algoriTmi 
Seicavs unificirebuli midgomebis kombinacias (msubuqi stresi, 
sxvadasxva qimiuri da fizikuri faqtorebis limitireba, zrdis 
inhibireba) da meoreuli metabolizmis specifikuri pirobebis 
gansazRvras. 

wlebis ganmavlobaSi ganixileboda sakiTxi: arsebobs Tu ara 
korelacia mcenarisa da izolirebuli kulturis produqtiulobas 
Soris. C.rouseus-is intaqtur mcenareebsa da in vitro kulturebSi 
alkaloidebis biosinTezis Seswavlam aCvena, rom maRalproduqtiuli 
mcenareebidan miRebuli kulturebi amJRavneben alkaloidebis 
mniSvnelovani raodenobiT sinTezis tendencias dabalproduqtiuli 

mcenareebidan warmoqmnil kulturebTan Sedarebiთ. radgan litera-
turaSi arsebobda sawinaaRmdego monacemebic, obieqturi informaciis 

misaRebad Catarebul iqnas specialuri gamokvlevebi, romlebითაc naCve-
nebia, rom naerTis warmoqmna mkacrad determinebulia sawyisi mcenaris 
genotipiT. 

mravalricxovani monacemebis mixedviT, izolirebul qsovilur 
kulturebSi sinTezirebul meoreuli naerTebis Tvisobriv da 
raodenobriv Semadgenlobaze gavlenas axdens eqsplantis epigenetikuri 
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maxasiaTeblebi. rig SemTxvevebSi isini warmoqmnian mxolod eqsplantis 
qsovilisaTvis damaxasiaTebel naerTebs. Tumca, ufro xSirad meoreuli 
                                                              
 
                                                               cxrili 3 

 
 

mikrobuli da mcenareuli ujredebis zogierTi 
maxasiaTeblebis Sedareba (Brodelius, 1985)  

 
 

 
maxasiaTeblebi mikrobuli 

ujredebi 

mcenareTa in vitro 

ujredebi 

zoma 2µ3 105 µ3 

stresi aramgrZnobiare mgrZnobiare 

wylis Semcveloba 75% 90% 

gaormagebis dro 1 sT dReebi 

kultivaciis dro dReebi kvirebi (2-3) 

produqti ujredgare ujredSida 

sakvebi aris fasi 6 aSS $ /m3 50 aSS $ /m3 

mutacia SesaZlebelia saWiroebs haploidur 

ujredebs 

 

naerTebis sinTezis mimarT in vitro kulturebi amJRavneben 
totipoten-turobas. Rauwolfia Serpentina-s Reroseuli warmoSobis kultura 
Seicavs, rogorc Reros ZiriTad alkaloids - serpentins, ise intaqturi 
mcenaris fesvSi aRmoCenil aimalicins. 

mcenareTa ujreduli kulturebi xasiaTdebian populaciaSi 
ujredebis mniSvnelovani heterogenurobiT. kultivirebuli ujredebis 
genetikuri arastabilurobis ramdenime mizezia: sawyisi masalis gene-
tikuri heterogenuloba; genetikuri cvlilebebis dagroveba qsovilur da 
ujredul kulturebSi xangrZlivi pasirebisas; korelaciuri kavSirebis 
darRveva mcenaris qsovilebis nawilebis izolaciisas da maTi sakveb 
areze moTavsebisas; kultivaciis pirobebis gavlena fitohormonebis 
mutagenuri moqmedeba da sxva.  

zemoTqmulidan gamomdinare dReisaTvis udavoa, rom mcenareTa in 
vitro kulturebi pesrspeqtiul nedleuls warmoadgenen biologiurad 
aqtiuri meoradi metabolitebis misaRebad. 

fiziologiuri da bioqimiuri meTodebis ganviTarebasTan erTad 
SesaZloa miiRwes bioteqnologiuri programis mizani - qsoviluri da 
ujreduli kulturebi gamoyenebul iqnan meoreuli metabolitebis wya-

rod. Tumca, dRevandeli codnis safuZvelze Znelia iTqvas, rodis 
ganxorcieldeba yovelive es.  
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 rogorc zemoT iyo aRniSnuli, iuka didebuli SerCeul iqna, ro-
gorc steroiduli glikozidebis producenti. steroiduli glikozidebi 
biologiurad aqtiuri steroiduli naerTebia, romelTa aranaxSirwylo-
vani nawili e.w. aglikoni - sapogeninebia (anu geninebi) – maT yofen 2 
ZiriTad Jgufad: spirostanolur (wyalSi uxsnad) da furostanolur 
(wyalSi xsnad) glikozidebad, anu igive furostanozidebad. 
   Ffurostanolur glikozidebs bolo xanebSi didi yuradReba mieqca, 
dadginda ra maTi mravalmxrivi biologiuri aqtivoba. gansakuTrebiT 
mniSvnelovania maTi antioqsidanturi Tviseba. In vitro cdebiT am 
glikozidebis sakmaod dabali koncentraciebisas (10 mg/ml) aRiniSneboda 
mniSvnelovani mateba antioqsidanturi sistemis fermentebis aqtivobisa: 
superoqsidismutazis, glutationreduqtazis, katalazis. xdeba kanis 
hidrotropuli da bioqimiuri maCveneblebis cvlileba ui dasxivebisas. am 
ukanaskneli maCveneblebiT furastanoluri glikozidebi rekomendire-

bulia, rogorc proteqtorebi kanis atmosferos mavne zegavlenebisgan da 
daberebisgan  dasacavad.  Ffurastanoluri glikozidebis antioqsida-
nturi Tvisebebi gamoyenebul iqna sasoflo-sameurneo cxovelebis 
spermis kriokonservaciisaTvis. naCvenebia, rom glikozidebis es forma 
aqveiTebs ra lipidebis daJangvas (9-15%) 40%-iT zrdis spermatozoidebis 
moZraobis unars gamoyinvis Semdeg,  garda amisa moqmedeben ra  cxovel-
Ta  reproduqtiul organoebze axdenen ovulaciis da spermatogenezis  
stimulirebas.  D. Deltoidea-s ujredul kulturidan gamoyofil 
furostanolur glikozidebs limfocitebis sxvadasxva subpopuliacieb-
ze zemoqmedebisas aRmoaCndaT maRali imunomoduluri aqtivoba. 
   Seswavlilia gulis kunTSi biopolimerebis (cila, rnm, dnm) sinTezze 
furostanoluri glikozidebis gavlena. Ddadginda, rom aRniSnuli 
steroiduli glikozidebis gavleniT gulis kunTSi xdeba cilebis 
aqtiuri sinTezi. SesaZloa amis gamo furostanolurma glikozidebma 
moipovon farTo moxmareba kardeologiaSi gulSi reparaciuli proce-
sebis dasaCqareblad miokardis infarqtis mkurnalobisas. 
    furastanoluri glikozidebi SeiZleba ganvixiloT rogorc buneb-
rivi adaptogenebi. am naerTebiT  xsnariT Teslebis damuSavebisas mniS-
vnelovnad izrdeba maTi gaRivebis da aRmocenebis siswrafe, mcenaris 
adaptaciis unari garemo pirobebis stresul faqtorebisadmi. Ppomidvris 
Teslebis damuSavebisas D. deltoidea –s  ujreduli kulturidan gamoyofili 

furastanoluri glikozidebis 1.- 10 MÌxsnariT maTi aRmoceneba daCqarda 
2-3 dRiT, xolo Saqris Warxlis mosavlianoba 30-40%-iT gaizarda. 
Tambaqos mcenare gaxda Tambaqos mozaikisa da sxva virusuli 
daavadebebis mimarT senSeuvali. Aam dros Tambaqos mcenaris ferment rnm- 
zis aqtivobis gazrdam SesaZlebeli gaxada gakeTebuliyo daskvna, rom 
rogorc Cans, am dros xdeba virusis rnm-is depolarizacia. dasenianebu-
li  mcenaris steroiduli glikozidebiT damuSavebisas xdeba virusuli 
infeqciiT darRveuli ujredebis ultrastruqturis aRdgena.  
 D  dadgenil iqna, rom furostanoluri glikozidebiT damuSaveba mcena-
reebis aris piroba maTi dacvisa galebiani nematodisgan, rac am naerTebs 
soflis meurneobisaTvis mniSvnelovani mcenareebis biologiuri 
saSualebiT dacvis saukeTeso saSualebad saxavs. 
  Yyovelive zemoTqmulidan gamomdinare steroiduli narTebis erTerTi 
producenti mcenaris iuka didebulis qsovilur da suspenziur kultu-



                                                                              27 

raSi Seswavlil iqna furastanoluri glikozidebis biosiTezis 
regulaciis pirobebi. 
     vinaidan meoreuli naerTebis regulucia imyofeba epigenetikuri 
kontrolis qveS, citoplazmaSi momxdarma nebismierma cvlilebebma 
SeiZleba gamoiwvion Tvisobrivi da raodenobrivi cvlilebebi am 
nivTierebebis warmoqmnaSi. genomis citoplazmuri garemocva dinamiuri 
sistemaa, romelic Tavad imyofeba garemo pirobebis gavlenis qveS. In vitro 
kulturebis SemTxvevaSi es niSnavs garemomcveli ujredebis da aseve 
garemomcveli atmosferos an Txevadi sakvebi aris gavlenas. amdenad, 
kultivaciis pirobebs (qimiur da fizikur faqtorebs) mniSvnelovani 
gavlena aqvs meoreuli naerTebis warmoqmnaze izolirebul ujredebSi. 
amitom mcenareuli ujredebis xelovnur pirobebSi gamravlebis 
meTodebis siZneleebis daZlevis Semdeg daiwyo muSaoba kultivirebis 
pirobebis optimizaciaze, rogorc biomasis aseve furostanolur 
glikozidebis dagrovebis xarisxis gasaumjobeseblad. 

 literaturaSi Zalze mwiri monacemebia izolirebuli kulturebis 
zrdasa da maT biosinTezur unarze sezonuri movlenebis gavleniT.  

me-4 cxrilSi asaxulia Y.gloriosa–s ujreduli kulturis zrdis 
sezonuri cvlilebebis monacemebi. rogorc cxrilidan Cans, zamTarSi, 
zafxulis periodTan SedarebiT, ml suspenziaSi ujredebis raodenobis 
zrdis indeqsi mcirdeba 86%-mde, nedli biomasis – 90%-mde, xolo mSrali 
biomasis – 92%-mde. 

zamTarSi latenturi fazis xangrZlivoba ujredebis raodenobis, 
nedli da mSrali biomasebis mixedviT Sesabamisad izrdeba 1-dan 2 
dRemde, 1.5-dan 2.6 dRemde da 1-dan 2.8 dRemde. 

kulturis zrdis dinamikaSi furostanolebis dagrovebis Seswavlam 
aCvena, rom sezonuroba ar axdens gavlenas maTi raodenobis maqsimalur 
mniSvnelobaze (sur.11). oligifurostanozidebis maqsimaluri Semcveloba 
Y.gloriosa–s suspenziuri kulturis ujredebSi zamTarsa da zafxulSi 0.20- 
22%-ia. weliwadis orive dros aRniSnuli naerTebis dagroveba 
kultivirebis adreul safexurze iwyeba. Tumca, Tu zamTarSi 
furostanoluri glikozidebis dagrovebis mrudi Tansdevs biomasis 
dagrovebis mruds da maTi maqsimumi stacionalur fazasa da 
degradaciis fazis dasawyisSi aRiniSneba, zafxulSi sxvagvari suraTi 
warmogvidgeba. weliwadis am dros furostanolebis dagroveba ufro in-
tesiurad mimdinareobs. ris Sedegad maTi raodenoba ukve eqsponencialur 
fazaSi aRwevs maqsimalur mniSvnelobas. 

rogorc Cans, Y.gloriosa–s suspenziuri kultura standartul pirobebSi 
didi xnis zrdis miuxedavad ama Tu im xarisxiT mainc inarCunebs 
genetikur informacias sawyisi mcenaris zrdis da ganviTarebis 
sezonurobaze. 
                                                                cxrili 4 
          Y.gloriosa–s suspenziuri kulturis zrdis ZiriTadi          
maxasiaTeblebi wlis sxvadasxva dros 
 
niSan-Tviseba wlis 

dro 
1989 

No 
Po 

Nm a x 
Pm a x 

Nt/ No 
Pt/ Po 

lag-fazis 
xangrZlivoba 

μm a x 
dRe-1 

qm i n 
dRe -

1 
ujredebis 
raodenoba ml 
105 

VI 
XII 

3.50 
3.50 

21.0 
18.2 

6.00 
5.20 

1.0 
2.0 

0.250 
0.203 

2.77 
3.41 
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nedli biomasa, 
g/100 ml 

VI 
XII 

3.70 
3.21 

23.3 
18.2 

6.29 
5.68 

1.5 
2.6 

0.193 
0.193 

3.59 
3.59 

mSrali biomasa, 
g/100 ml 

VI 
XII 

0.42 
0.36 

23.0 
18.5 

5.50 
5.10 

1.0 
1.8 

0.123 
0.163 

5.60 
4.25 

 
IV. 2. sakvebi aris komponentebis gavlena Yucca gloriora-s suspenziuri 
kulturis zrdaze da masSi furostanoluri glikozidebis dagrovebaze. 
cnobilia, rom biomasis dagrovebis done mWidrod aris dakavSirebuli 
sakveb areSi naxSirwylebis SemcvelobasTan, maTi gavlena iwvevs 
stacionaluri fazis dawyebas. literaturuli monacemebi miuTiTeben, 
rom in vitro kulturebs struqturulad Zlier gansxvavebuli mTeli rigi 
naxSirwylebis gamoyenebis unari SeswevT, rac izolirebuli ujredebis 
naxSirwyalbadovani cvlis farTo SesaZleblobebze metyvelebs. 

Y.gloriosa–s suspenziuri kulturisTvis naxSirbadis optimaluri 
wyaros dadgenis mizniT, saqarozis garda, gamocdil iqna 8 naxSirwyali, 
maT Soris monosaqaridebi:   heqsozebi – glukoza da fruqtoza, dezoqsi-
spirti – ramnoza, pentozebi – qsiloza da arabinoza; disaqaridebi – 
maltoza da laqtoza; polisaqaridi – saxamebeli. 

sakveb areSi aRniSnuli naxSirwylebis koncentracia 3%-s Seadgenda. 
gavlena zrdaze da furostanolebis dagrovebaze fasdeboda zrdis 
ciklis bolos, me-16 dRes. xdeboda  maTi moqmedebis efeqtis saqaroza-
sTan Sedareba. 

 m. gogavas mier Catarebuli eqsperimentis Sedegad miRebuli Sedege-
bi gviCveneben, rom Y.gloriosa–s suspenziuri kulturis ujredebs unari 
SeswevT gamoiyenon naxSirbadis sxvadasxva wyaro. amasTan unda 
aRiniSnos, rom Seswavlili naxSirwylebidan verc erTma ver SeZlo 
zrdisa da steroiduli glikozidebis dagrovebis uzrun-velyofa 
saqarozaze ukeTesad. 
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                                dReebi 
 
 
sur.11. Y.gloriosa–s suspenziuri kulturis ujredebSi furostanoluri 

glikozidebis dagrovebis sezonuri suraTi. 1. zamTarSi; 2. zaფxulSi 
 

    azotis Semcveli marilebi aucilebelia, rogorc in vitro kulturebis 
zrdisTvis, aseve maTSi meoreuli naerTebis warmoqmnisaTvis. amasTan 
naCvenebia, rom didi mniSvneloba eniWeba azotis wyarosa da 
koncentracias. 
     Y.gloriosa–s suspenziuri kulturis zrdaze da masSi furostanoluri  
glikozidebis dagrovebaze azotis mineraluri formebis gavlenis 
Seswavlis mizniT Secvlil iqna ms sakvebi aris Semadgenloba. nitratis 
ionebis gamoricxvis SemTxvevaSi NH4 NO3 –is nacvlad gamoiyeneboda NH4. 
H2 PO4 (2.37 g/l), xolo KNO3 –is nacvlad KCI (1.40 g/ლ). amoniumis ionebis 
gamoricxvisas nitratis ionebis deficiti ivseboda NaNo3 –iT (1.75 g/l). 
Sedegebi asaxulia me-5 cxrilSi 
 
                                                                  cxrili 5 

 
azotis mineraluri formebisa da maTi urTierTSefardebis gavlena 
Y.gloriosa–s suspenziuri kulturis zrdasa da masSi furostanoluri 

glikozidebis dagrovebaze (N0=3.5 . 105 ujredi/ml) 
 
 
   
nimuSi nedli 

biomasa 

g/100ml    

mSrali 

biomasa 

g/100 ml 

ujredebis  

raodenoba 

ml. 105 

glikozidebi 

% mSral 

biomasaze 

kontroli 

NH4+/NO3-(1/2) 

18.48±1.2 1.77±0.02 20.05±0.8 0.22±0.003 

 

NH4+-is gareSe 12.2 

±0.5 

1.01 ±0.02 10.10 ±0.4 0.02 ±0.004 

NO3- - is 

gareSe 

7.2 ±0.6 0.56 ±0.02 5.91 ±0.4 0.06 ±0.001 

NH4+/ NO3- 

(1/3) 

22.6 

±0.7 

1.88 ±0.03 22.40 ±0.5 0.18 ±0.002 

NH4+/ NO3- 

(1/4) 

16.4 

±0.4 

1.54 ±0.04 19.46 ±0.6 0.15 ±0.003 

NH4+/ NO3-(2/4) 16.7 

±0.3 

1.30 ±0.03 19.62 ±0.5 0.14 ±0.001 
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supenziuri kulturis ujredebi mkveTrad reagirebdnen sakveb areSi 
azotis mxolod erTi wyaros (an amoniumis, an nitratis) arsebobaze. 
amoniumis ionebis gareSe mniSvnelovnad mcirdeboda zrdis maCveneblebi, 
xolo steroiduli glikozidebi warmoiqmnebodnen kvalis saxiT. sakveb 
areSi azotis erTaderT wyarod amoniumis ionebis arsebobis SemTxvevaSi 
ki zrda ufro metad iTrguneboda, vidre maTi gamoricxvis dros. amasTan 
furostanolebis dagroveba sakontrolo nimuSTan SedarebiT 3.3-jer 
mcirdeboda. rogorc Cans, Y.gloriosa–s ujreduli kulturis zrdisTvis da 
masSi steroiduli glikozidebis warmoqmnisTvis aucilebelia azotis 
orive mineraluri forma. 
       sakvebi arisTvis damaxasiaTebelia garkveuli Sefardeba azotis 
amoniumisa da nitratul formebs Soris. ms arisTvis es Sefardeba aris 
1/2. NH4

+ da NO3
- ionebis Tanafardobis Secvlam 1/2-dan 1/3-mde, 1/4-mde da 

2/4-mde zrdis maCveneblebis mixedviT mogvca araerTgvarovani Sedegebi. 
Sefardeba 1/3 stimuls aZlevda biomasis dagrovebas, xolo 1/4 da 2/4 
odnav amcirebda suspenziuri kulturis zrdis maCveneblebs. azotis 
mineraluri formebis Tanafardobis cvlileba uaryofiTad moqmedebda 
oligofurostanozidebis dagrovebaze. 

zrdis hormonebi aucilebelia kulturis xangrZlivi Senar-
CunebisaTvis. meorad metabolizmze maTi gavlena araerTgvarovania da 
damokidebulia meoreuli naerTis klasze, kulturis fiziologiur 
mdgomareobaze, kultivaciis pirobebze da sxva. faqtorebze. 

kvlevis mizans warmoadgenda  Y.gloriosa–s suspenziuri kulturis 
ujredebis reaqcis Seswavla uhormono an hormonebis dabali koncen-
traciis Semcvel areze  zrdis dros (sakontrolo nimuSis sakveb areSi 
2.4-d -s raodenoba Seadgenda 1 mg/l) (cxrili 6). nimuSi, romlis sakvebi 
are ar Seicavda 2.4-d-s nedli biomasis dagroveba mcirdeboda 3.5 – jer, 
mSrali biomasis - 3.3-jer, xolo ujredebis raodenoba ml suspenziaSi – 
4.8-jer. Sesabamisad iTrguneboda furostanoluri glikozidebis 
dagroveba (3.1-jer). 

sakveb areSi 0.1 mg/l 2.4-d -s Setanis dros ukve SeiniSneboda zrdis 
maCveneblebis gamujobeseba. rac Seexeba oligofurostanozidebis 
warmoqmnas, zrdasTan SedarebiT igi naklebad iTrguneba. ukeTesi 
Sedegebi  miReba, rodesac 2.4-d -s Semcveloba izrdeba 0.5mg/l-mde, Tumca 
zrdis indeqsi da steroiduli glikozidebis dagroveba sakontrolo 
nimuSTan SedarebiT dabalia  Sesabamisad 1.4-jer da 1.3-jer. Cans, rom 
Y.gloriosa–s suspenziuri kulturis ujredebi ar izrdebian 2.4-d -s gareSe. 
am SemTxvevaSi ecema kulturis biosinTezis unaric. 2.4-d s 
koncentraciis gazrda 0.5 mg/l - mde iwvevs rogorc zrdis, aseve 
furostanoluri glikozidebis dagrovebis gaZlierebas. 

sakveb areSi giberelinis mJavis 10-5 M koncentraciiT gamoyenebis 
SemTxvevaSi mcirdeba, rogorc ujreduli kulturis zrdis maCveneblebi, 
aseve warmoqmnili furostanoluri glikozidebis raodenoba. misi 
dabali koncentracia (10-6 M an 10-7M MM) ki stimuls aZlevs ujredebis 
zrdas, magram xels ar uwyobs glikozidebis dagrovebas, romelTa 
gamosavali sakontrolo nimuSTan SedarebiT mcirdeba 1.4-jer. sakveb 
areSi giberelinis mJavisa (10-6 M) da 2.4 d (1 mg/l) erTdrouli Setana ki 
aZlierebs zrdasac da oligofurostanozidebis dagrovebasac (maTi 
raodenoba aRwevs sakontrolo nimuSis dones). 

ukanaskneli wlebis gamokvlevebma aCvenes, rom meoreuli naerTebis 
warmoqmna SeiZleba swrafad Seicvalos mcenareTaTvis stresuli 
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faqtorebis zegavleniT. am faqtorebiT mcenareul somatur ujredebSi 
meoreuli naerTebis induqciisTvis saukeTeso models warmoadgenen 
mcenareTa izolirebuli qsoviluri da ujreduli kulturebi. 
  In vitro kultivirebuli ujredebis magaliTze naCvenebia, rom aRniSnuli 
naerTebis sinTezis stimulireba xdeba eqstrmalur pirobebSi, 
rogoricaa sakvebi aris komponentebis deficitis, anoqsiis (Jangbadis 
deficiti), ultraiisferi dasxivebis, kultivirebis temperaturis 
cvlilebis da sxva faqtorTa zegavleniT. 

Seswavlil iqna anoqsiis gavlena Y.gloriosa–s suspenziuri kulturis 
zrdasa da masSi furostanoluri glikozidebis dagrovebaze. Jangbadis 
limitirebis mizniT xdeboda aeraciis reJimis darRveva suspenziuri 
ujredebis njRrevis SewyvetiT. anoqsia xelovnurad iqmneboda zrdis or 
sxvadasxva fazaSi: eqsponentcialursa (me-7 dRes) da stacionaluri 
fazis dasawyisSi (me-13 dRes). gamoicada stresuli faqtoris moqmedebis 
ori done: „rbili“ (24 sT-iani) da „mkacri“ (48 sT-iani). Sedegebi asaxulia 

me-12 suraTze. 
 
                                         
                                                               cxrili 6 
 

zrdis hormonebis sxvadasxva koncentraciis gavlena Y.gloriosa–s 
suspenziuri kulturis zrdasa da masSi furostanoluri glikozidebis 

dagrovebaze (NO=3.5 . 105 ujredi/ml) 
 
 
nimuSi nedli 

biomasa 
g/100ml    

mSrali 
biomasa 
g/100 ml 

ujredebis  
raodenoba 
ml. 105

  

glikozidebi 
% mSral 
biomasaze 

kontroli 
(1 mg/l 2.4 - D)
            

18.48±1.2 1.77±0.02 20.05±0.8 0.22±0.003 
 

2.4-D-s gareSe 5.33±0.7 0.54±0.03 4.20±0.4
  

0.07±0.004 

2.4-D-s (0.1 mg/l) 
 

8.42±0.6 1.02±0.03 7.70±0.3 0.13±0.006 
 

2.4-D-s (0.5 mg/l) 
 

12.52±0.9 1.20±0.05 14.70±0.6 0.17±0.001 
 

giberelinis 
mJava (10-5 m) 

14.00±0.1 1.22±0.01 16.10±0.4 0.13±0.005 
 

giberelinis 
mJava (10-6 m) 

22.40±0.3 1.85±0.03 23.80±0.8 0.16±0.001 
 

giberelinis 
mJava (10-7 m) 
 

19.70±0.2 1.72±0.04 22.00±0.8
  

   0.16±0.001 
 

giberelinis 
mJava (10-6 m) +2.4 
–D (1 mg/ml) 

23.80±0.9 1.88±0.02 23.50±0.7 0.23±0.003 
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suraTidan Cans, rom eqsponencialur zrdis fazaSi gamowveuli 

rogorc „rbili“, aseve „mkacri“ anoqsia umniSvnelod moqmedebs Y.gloriosa–
s zrdis indeqsis cvalebadobaze. amasTan Jangbadis deficiti pozitiur 
gavlenas axdens steroiduli glikozidebis dagrovebis doneze. 
A Seswavlilia  temperaturuli reJimis gavlena Y.gloriosa–s qsoviluri 

kulturis zrdasa da masSi fუrostanoluri glikozidebis dagrovebaze. 

sakontrolo nimuSi izrdeboda 260 C –ze. biomasis Segroveba da analizi 

xdeba kultivirebis 30-e dRes. aRniSnuli faqtორის Seswavlis mizniT 

kalusuri qsovili izrdeboda 190 C da 40 C  temperaturebze (cxrili 7) 
dabali temperatura (40C) uaryofiTad moqmedebs rogorc biomasis, aseve 
steroiduli glikozidebis დagrovebaze. temperaturis daweva 260 C–dan 
190 C–mde ki umniSvnelod cvlis oligofurostanozidebis gamosavals. 
 

cxrili 7 
 
temperaturuli reJimis gavlena Y.gloriosa–sÓ qsoviluri kulturis zrdasa 

da masSi furostanoluri glikozidebis dagrovebaze 
 
 
 
nimuSi nedli biomasa 

g/40 ml    

mSrali biomasa 

g/40 ml 

glikozidebi % mSral 

biomasaze 

kontroli  

(260C) 

21.13±0.7 0.6±0.01 0.18±0.003 

190C 17.92±±0..2 0.48±0.04 0.16±0.002 

40C 6.78±0.4 0.27±0.03 0.08±0.005 

260C-130C 14..22±0.5 0.40±0.06 0.13±0.001 

 
 
 

Semdgom cdebSi m. Ggogavas da x. varsimaSvilis mier Seswavlil iqna 
kultivirebis periodSi tempera-turis cvalebadobis gavlena Y.gloriosa–s 
kalusuri qsovilis zrdasa da masSi furostanoluri glikozidebis 
dagrovebaze. qsoviluri kultura ganviTarebis pirveli cxra dRis 
ganmavlobaSi izrdeboda Cveulebriv, 260C0 –ze. me-10 dRidan icvleboda 
temperatoruli reJimi – kultura 8sT-is ganmavlobaSi imyofeboda 130C–
ze, 48 sT–is ganmavlobaSi ki – 260C –ze. es procedura meordeboda 4-jer. 
Semdeg xdeboda biomasis Segroveba da analizi. rogorc me-7 cxrilidan 

Cans, izolirebuli qsovilis aseT pirobebSi zrdis dros xdeba, rogorc 
zrdis maCveneblebis, aseve kulturis biosinTezis unaris daqveiTeba. 
    miRebuli Sedegebidan Cans, rom temperaturis daweviT gamowveul 
stresul mdgomareobas Y.gloriosa–s qsoviluri kulturis ujredebi ar 
pasuxoben meoreuli naerTebis gaZlierebuli warmoqmniT. piriqiT, am 
dros xdeba izolirebuli qsovilis rogorc zrdis, aseve misi 
biosinTezis unaris daTrgunva. amasTan rac ufro dabalia temperatura, 
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miT ufro mkveTria es daTrgunva. Aaqedan gamotanil iqna daskvna, rom 
gamokvleuli steroiduli glikozidebi (oligofurostanolebi) ar  
 

 
 
 



                                                                              34 

 
 

 
emsaxurebian Seswavlili mcenaris dacvas temperaturis daweviT 

gamowveulი stresulი faqtorisgan. 
     sibneleSi kultivirebuli mcenareuli ujredebi heterotrofebs 
warmoadgenen. maTi naxSirbadis ZiriTadi wyaro sakveb areSi Setanili 
naxSirwylebia. ganaTebis gavleniT rigi qsoviluri kulturis ujredebi 

mwvandeba, es miuTiTebs imaze, rom sinaTleze mzard ujredebs SeuZlia 
fotosinTezuri reaqciebis ganxorcieleba nawilobriv an mTlianad. 
aqedan gamomdinare, rogorc modeluri sistemebi, isini SeiZleba 
gamoyenebul iqnan umaRles mcenareebSi fotosinTezis regulaciisa da 
naxSirbadis asimilaciis procesebis Sesaswavlad. garda amisa, sinaTleze 
kultivirebuli qsovilebis saSualebiT SesaZlebelia meorad 
metabolizmSi qloroplastebisa da fotosinTezis rolis garkveva. 
   kvlevis amocanas warmoadgenda sinaTlis rolis dadgena Y.gloriosa–s 
kalusuri qsovilis zrdis Taviseburebebsa da masSi qlorofilisa da 
furostanoluri glikozidebis dagrovebaze. am mizniT kultura 
izrdeboda ganaTebis sxvadasxva reJimis pirobebSi: 1. sibnele – sinaTle: 
qsovilebi 21 dRe izrdebodnen sibneleSi, 25 dRe – sinaTleze; 2. 
sinaTle- kalusuri qsovilis kultivireba mimdinareobda ganaTlebis 
reJimiT: 16sT sinaTle + 8 sT. sibnele, luminescenciuri naTurebis 
gamoyenebiT, 3,5 aTasi luqsis intensivobis ganaTebisas, 260C±1 tempe-
raturaze. sakontrolo nimuSs sibneleSi gazrdili qsoviluri kultura 
warmoadgenda.  
   sinaTleze kalusiuri qsovili sinaTleze moTavsebidan 25 dRis 
Semdeg iwyebs gaSavebas da nekrozdeba, amitom cdebi tardeboda 25 dRis 
ganmavlobaSi (sakontrolo nimuSic). cdis Sedegebi asaxulia me-8 cxril-
Si. 
   sibneleSi gazrdil da Semdom sinaTleze gadatanil kulturaSi 
qlorofilis warmoqmna ar SeiniSneba. sakontrolo nimuSis msgavsad igi 
kremisfer, faSar qsovils warmoadgens. pasaJis 0-ovani dRidan sinaTleze 
kultivirebuli qsovili heterotrofuli qsovilisgan morfologiurad 
gansxvavdeba. ganaTebis gavleniT Camoyalibda mkvrivi, Ria mwvane feris 
kalusi. vizualurad qlorofilis warmoqmna me-15 dRidan SeiniSneba, 
Semdeg misi Semcveloba TandaTan matulobs. zrdis ciklis 25-e dRes misi 
raodenoba Seadgens 0,022 mg/g nedl biomasaze. 
   ganaTeba iwvevs Y.gloriosa–s qsoviluri kulturis zrdis Zlier 
inhibirebas. nedli biomasis dagrovebis mixedviT zrda TiTqmis orjer 

iTrguneba, mSრaლi biomasis dagrovebis mixedviT ki - 1,5–jer zrdis 
Senelebas Tan sdevs furostanoluri glikozidebis raodenobis mateba 
(0,31%). 

   ganaTlebis xangrZlivobis gavlenis Seswavlis mizniT, mimdinareobda 
fotomiqsotrofuli qsovilis sinaTleze kultivireba 11 pasaJis ganmav-
lobaSi. xangrZlivi pasirebisas, sinaTleze erTi pasaJis ganmavlobaSi 
mzard qsovilTan SedarebiT, umniSvnelod icvleba zrdis maCveneblebi, 
izrdeba furostanolebisa da qlorofilis Semcveloba. rogorc Cans, 
citodiferencireba, romelic xdeba sinaTlis gavleniT, xels uwyobs 
furostanoluri glkozidebis dagrovebis process, Tumca, plastidebis 
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granebSi qlorofilis Semcveloba ar aris am procesis ganmsazRvreli 
piroba. 

 
                                                             

                                                                cxrili 8 
 

sinaTlis gavlena gansxvavebul pirobebSi kultivirebul Y.gloriosa–s 
kalusur qsovilSi biomasis, qlorofilisa da furostanoluri 

glikozidebis dagrovebaze 
 
nimuSi nedli 

biomasa 

g/400ml    

mSrali 

biomasa 

g/400 ml 

qlorofili

mg/nedl 

biomasaze  

glikozidebi 

% mSral 

biomasaze 

kontroli 

(sibnele) 

21.95±0.5 0.61±0.03 - 0.17±0.003 

sinaTle – 16 sT 

sibnele _ 8 sT.. 

15.64±0.6 0.50±0.04 - 0.019±0.002 

sinaTle (1 p) 13.18±0.2 0.44±0.06 0.022±±0.0005 0.31±0.004 

sinaTle (me-11 p)  11.28±0.5 0.37±0.01 0.030±0.0002 0.55±0.003 

 
 
 

IV. 3. mcenareuli maRalproduqtiuri Stamebis miRebis saSualebebi 
qimiuri mutagenezis da ujredTa seleqciis gziT 

 
seleqciuri miznebisTvis in vitro pirobebSi kultivirebul ujredebze 

qimiur mutagenTa zemoqmedebis Seswavlam, gansakuTrebiT supermuta-
genebis efeqtis gamovlenam safuZveli Cauyara sruliad axal mimarTule-
bas eqsperimentuli metagenezis sferoSi – mcenareTa somaturi 
ujredebis mutaciur seleqcias. 

klasikuri Sromebi mutantTa seleqciaSi ekuTvnis maligasa da mis 
kolegebs. eqsperimentul mutagenezis sawyis masalas warmoadgens 
kalusuri, suspenziuri kulturebi an izolirebuli protoplastebi. 
obieqtis SerCeva damokidebulia sxvadasxva mcenarisTvis SemuSavebul 
teqnologiaze, agreTve, kvlevis saboloo mizanze. 

seleqciis drois swori SerCeva eqvemdebareba mutaciis tips, 
ujreduli ciklis stadias, sawyis koloniaSi ujredTa ricxvs, seleq-
ciis dawyebamde mutantur ujredebSi dayofaTa savaraudo ricxvs. 

sxvadasxva mutantTa SesarCevad iyeneben  Semdegi saxis midgomebs: 
- pirdapiri (dadebiTi) seleqcia, roca gadarCeba ujredTa mxolod 
garkveuli saZebni tipi. 
- arapirdapiri (uaryofiTi), romelic emyareba veluri tipis gayo-
fisunarian ujredTa SerCeviT daRupvasa da metabolurad araaqtiur 
ujredTa gadarCenadobas, magram saWiroebs maTSi mutaciuri cvlilebebis 
damatebiT identifikacias. 
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- totaluri seleqcia, romlis drosac individualurad testirebu-
lia yvela ujreduli kloni. 
 vizualuri seleqcia da araseleqturi gadarCeva, roca variantuli 
xazi identificirebulia mTel populaciaSi vizualurad an bioqimiur 
meTodTa gamoyenebiT. 

mutagenezis da seleqciisTvis garkveuli upiratesoba eniWeba 
kalusuri qsovilis Txevad areSi resuspendirebiT miRebul suspenziur 
kulturas. ramdenime pasaJis Semdeg SeirCeva mdgradi ujreduli xazebi 
uSualod am kulturaSi. gansakuTrebuli yuradReba eTmoba aqtiur 
mutagenTa gavlenas ujredul kulturaTa gadarCenis unarze. nmS-s (ni-
trozomeTilSardovana) gamoyenebiT SerCeulia auqsotroful variantebi, 
romlebTac aRnSnuli mutagenis farglebSi maRali sicocxlisunarianoba 
gaaCnia. 

suspenziuri da kalusuri kulturis SemTxvevaSi sicocxlisuna-
rianoba SesaZloa gansxvavebuli iyos imis mixedviT, kulturis 
ganviTarebis romel stadiaze xdeba mutageniT damuSaveba. mutantur 
klonTa gamosayofad mizanSewonilia calkeul ujredTa mutageniT 
damuSaveba maT pirveldayofamde. letalurobis maRali procenti 
dakavSirebulia qimiur mutagenTa did dozebTan, rac sabolood iwvevs 
mTeli populaciis daRupvas. amdenad, sargebloben ZiriTadad mutagenis 
dabali doziT, Tumca literaturaSi moipoveba eqsperimentuli mona-
cemebi imis Taobaze, rom ujredTa gamZleobasa da mutagenis dozas 
Soris Seqcevadi damokidebuleba arsebobs. saWiroa dozuri efeqtis 
mrudebis ageba, romlebic gamoavlens yvelaze optimalur dozas 
ujredTa gadarCenis TvalsazrisiT. 

ujredTa sicocxlisunarianoba mutageniT damuSavebis SemTxvevaSi 
mniSvnelovan wilad aris damokidebuli ujredTa ploidurobaze. ukeTes 
Sedegebs iZleva haploidur ujredTa gamoyeneba, romelTa daTesvis 
efeqturoba SeimCneoda mutagenTa dabal dozebze. marTalia, variabilur 
klonTa warmoSobis sixSire izrdeba mutagenis dozis gadidebis 
Sesabamisad, magram am dozebs SeuZliaT arasasurvel mutaciur 
cvlilebaTa inducireba-ujredTa morfogenetikuri potencialis darRve-
va anda anomaliur morfologiur cvlilebaTa warmoSoba regenerirebul 

mcenareebSi. amitom maTi Tavidan acilebis mizniT, ujredul mutantTa 
se-leqciisas SemoTavazebulia mutagenebis SedarebiT dabali dozebiT 
muSaoba. 

ramdenadac qimiur mutagenTa da supermutagenTa moqmedeba 
xasiaTdeba maRali specifiurobiT, mniSvnelovani mowesrigebulobiT da 
mutagenuri efeqtis maRali intensivobiT, sakmaod gafarTovda 
inducirebuli mutagenezis  roli seleqciur samuSaoTa sawarmoeblad. 
kvlevis Tanamedrove etapze hibridizaciis da mutagenezis tradicivl 
meTodTa paralelurad didi warmatebiT sargeloben in vitro kulturebis 
meTodiT, romelic qmnis uSualod somatur ujredze eqsperimentuli 
zemoqmedebis pirobas, xolo totipotenturoba-kultivirebul 
ujredebidan mcenareTa regeneraciis unari-saSualebas iZleva Secvlili 
ujredebidan miRebul iqnas Secvlili formebi. 

magram mutageniT suspenziis damuSaveba, seleqtur pirobebSi 
daTesva da Secvlili koloniebis miReba rodi warmoadgens dasrulebul 
samuSaos ujredul doneze. aucilebelia miRebul cvlilebaTa 
genetikuri bunebis dasabuTeba. amisTvis sargebloben ramdenime 
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kriteriumiT, romelTa erToblioba Secvlili klonis genetikuri 
bunebis ucilobeli sabuTia. es kriteriumebia: 
1. Secvlil ujredTa sixSire unda iyos dabali (e.i. 1x10-4-10-5). 
2. Secvlil ujredebs xangrZlvi stabiluri zrdis unari aqvs. 
3. Secvlili niSnis stabiluroba SenarCunebulia seleqtiuri 
zewolis uqonlobisas; 
4. vlindeba genis Secvlili eqspresiis produqti. 
amaTgan yvelaze sarwmunoa swored bolo kriteriumi. 

somatur ujredTa genetikas da mutagenezSi dagrovli Teoriuli 
codnis sauZvelze xelsayreli xdeba axali bioteqnologiuri meTodebis 
gamoyeneba mcenareTa mizanmimarTuli seleqciis gansaxorcieleblad. 

literaturaSi ara erT gzis ganxilulia in vitro kulturaTa 
citogenetikuri cvalebadobis mizezebi, rac SesaZloa damokidebuli 
iyos sakvebi ares Semadgenlobasa da kultivirebis sxva pirobebze. misi 
gamomwvevi SeiZleba iyos ujredTa izolirebuli mdgomareoba. magram 
gadamwyvetad iTvleba saxeobis genetikuri konstitucia. SemCneulia, rom 
citogenetikur stabilurobas avlens is genetikuri populaciebi, 
romelTa qsovilovani diferenciacia ar ukavSirdeba ujredTa 
poliploidizacias. 

arsebobs gamokvlevebi in vitro gamravlebul mcenareebSi epigenetikur 
arastabilurobis Sesaxeb. savaraudoa, rom misi gamomwvevia regeneraciis 
procesi, gansakuTrebiT kalusis formirebis etapze. am literaturul 
monacemTa Tanaxmad, qsovilovan kulturebSi genetikuri arastabilurobis 
xarisxi gavlenas axdens regeneratTa stabilurobaze. amitom sasurvelia 
ujredul kulturaTa stabilizacia genetikurad, rogorc seleqciis 
ganmavlobaSi, aseve regeneraciis dawyebis win. 

qromosomTa stabiluri ricxvis mqone haploidur, diploidur da 
poliploidur ujredul xazTa miReba aucilebeli etapia genur 
mutaciaTa gamosavlenad da in vitro mcenareul kulturaTa samrewvelo 
miznebisaTvis gamosayeneblad. 

ujredebisTvis damaxasiaTebeli genetikuri da epigenetikuri 
arastabiluroba seriozul dabrkolebas qmnis ujreduli kulturebis 
mier biologiur naerTTa sinTezis procesisTvis. es ki, Tavis mxriv, 
arTulebs im ujredTa seleqcias, romleTac unari Seswevs warmoqmnas 
naerTebi maTi produqtiulobis SenarCunebis mizniT. im SemTxvevaSi, roca 
ujredebi xdeba specifiuri TavianTi produqtis mimarT, Sesabamisi 
naerTis warmoqmna SeiZleba moxdes yovel pasaJSi. 

yvelaze farTod gamoyenebuli procedura maRalproduqtiul 
kulturaTa misaRebad swored calkeul ujredTa momzadeba da Semdgom, 
produqtiulobis mixedviT maTi daxarisxebaa. am SemTxvevaSi sargebloben 
sxvadasxva midgomebiT, magram sakmaod efeqturi aRmoCnda imunoanalizze 

daფuZnebuli naxevraduwyveti meTodi. 
bolo xanebSi iaponiaSi farTod gavrcelda kalusuri kulturis 

seleqciis meTodi saintereso naerTis SedarebiT maRali SemcvelobiT 
misaRebad. es meTodi moicavs kalusis dayofas ramdenime naWrebad da 
subkultivirebis proceduras, romelic meordeba damakmayofilebeli 

Sedegis miRebamde. am gziT uzrunvelყოfilia SedarebiT mdgradi maRal-
produqtiuli ujreduli kulturebis Seqmna. 

literaturaSi citirebulia mravali magaliTi, romelTa mixedviT 
ama Tu im naerTis didi odenobiT masinTezirebeli mcenareebi warmoqmnis 
Cveulebriv maRali gamosavlianobis mqone kulturebs, xolo im 
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SemTxvevaSi, roca produqtTa sinTezi dakavSirebulia kulturaSi 
agregatTa zomasTan, maRalproduqtiul xazTa miReba SesaZlebelia 
Sesabamisi ujreduli agregatebis SerCeviT. aq adgili aqvs uwyvet 
seleqcias, rac gulisxmobs ganTesvis proceduris Catarebas axal sakveb 
areze yoveli gadatanisas. In vitro seleqcia saSualebas iZleva Catardes 
variantTa mimarTuli gadarCeva, Tumca gamokvleuli unda iqnas 
korelacia ujredul doneze mdgradobasa da mTliani mcenaris doneze 
am niSan-TvisebaTa Soris. kvlevis am mimarTulebis intensifikaciisTvis 
garkveuli mniSvneloba eniWeba somaklonalur cvalebadobis speqtris 
gafarToebas in vitro mutagenezis gziT. sxvadasxva mkvlevarTa mier 
farTodaa danergili in vitro inducirebuli somaklonaluri cvalebadobis 
praqtkuli gamoyenebis perspeqtivebi. 

Teoriulad saintereso da praqtkuli Rirebulebis mqone xazTa 
mimarTuli gadarCevis sawarmoeblad garkveuli daniSnuleba eniWeba 
somatur ujredTa populaciaSi inducirebuli mutagenezis raodenobriv 
Seswavlas. 

somatur ujredTa in vitro kultura principulad axali sistemaa 
mutagenuri efeqtis gamosavlenad, intensiurad mzardi suspenziuri 
kulturis miRebisa da klonirebis meTodis Casatareblad. Dioscorea 
deltoidea-s magaliTze naCvenebia mutagenis moqmedebisadmi ujredTa 
damokidebuleba maTi fiziologiuri mdgomareobis mixedviT da  

gamovlenilia mutanturi rezistentuloba. .mutagenis sxvadasxva dozebiT 
damuSavebis Semdeg xdeba Stamebis SerCeva „zrdis intensivobis“ niSnis  
mixedviT, xolo imis dasadgenad, aris Tu ara es niSani mutagenuri 
efeqtis Sedegi, tardeba aRniSnul populaciaTa statistikuri 

monacemebis analizi raodenobrivi niSnis „biomasis dagrovebis ’’   
mixedviT. 

intaqtur mcenareebze Catarebuli statistikuri meTodebiT 
dadasturda, rom mutagenebi mniSvnelovanwilad amaRlebs kontrolTan 
SedarebiT sxvadasxva morfologiuri niSnebis, agreTve produqtiulobis 
niSnis cvalebadobas mutageniT damuSavebul populaciebSi. am 
populaciaTa cvalebadobis Sesaxeb miRebuli monacemebis mixedviT 
savaraudoa, rom isini genetkurad gansxvavebuli populaciebia. 
analogiuri Sedegebi iqna miRebuli sxva mkvlevarTa mier Sesrulebel 
samuSaoebSic. 

Dioscorea deltoidea-s ujreduli kulturis nitrozomeTilSardovanas 

(nmS) sxvadasxva dozebiT damuSavebis Sedegad გamoyofilia intensiuri 

zrdis unaris mqone ori varianტi. maTTvis damaxasiaTebelia genetikuri 
cvalebadoba da Semdgomi pasirebisas sasurvelia seleqciis Catareba am 
niSnis mimarTulebiT qsovilis zrdis stabilizaciis misaRwevad. 

  M მutaგenezis Seswavlis procesSi xorcieldeba praqtikuli gamoyenebis 
TvalsazrisiT saintereso maRalproduqtiul ujredul xazTa miReba. 
cnobilia, rom produqtiuloba ganisazRvreba zrdis intensivobiT da 
sakvlevi nvTierebis dagrovebis xarisxiT. mniSvnelovan pirobas 
warmoadgens dezagregirebuli zrda gamartivebuli Semadgenlobis 

Txevad sakveb areSi. miRebuli უjრეduli xazebi da klonebi 
perspeqtiulia samrewvelo warmoebisTvis. 

იaponelma mecnierma iamadam daadgina, rom saukeTeso Sedegis 
momcemia ujredul klonTa miReba da maTi seleqciis Catareba. warmo-
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qmnil maRalproduqtiul ujredul xazTa umეtesoba arastabiluria, amis 

mizezi SesaZloa iyos subkultivirebisas zrdis mixedviT seleqcia, an 
qromosomuli aberaciebi. SemuSavebulia zogierTi meTodologiuri 
midgoma stabilur maRalproduqtiul ujredul xazTa misaRebad. ase 
magaliTad, warmatebiT iqna gamoyenebuli krioppezervaciis procesi 

Catharanthus roseus-is qსovilovani kulturebisTvis. 
yovelive zemoTqmulis SejamebiT SeiZleba davaskvnaT, rom 

inducirebuli mutagenezi qsovilovan kulturaTa praqtikul seleqciaSi 
TvalsaCino adgils ikavebs. 
 

IV. 4. Yucca gloriosa-s suspenziuri kulturis sakontrolo da mutantu-
ri Stamebis mier steroidul glikozidTa dagrovebis unaris Seswavla 

 
siRrmul pirobebSi kultivirebuli ujredebi, rogorc wesi, 

inarCunebs intaqturi mcenarisTvis damaxasiaTebel biosinTezur unars, 
Tumca gamoricxuli ar aris izolirebul mdgomareobaSi gadayvanisas ama 
Tu im naerTis Tvisobrivi da raodenobrivi cvlilebebi. 

Yucca gloriosa-s kulturis ujredebze m. jaoSvilis mier Catarebuli 
qimiuri analiziT gamovlinda, rom kalusuri qsovilis msgavsad, isini 
asinTezirebs mxolod furostanolur glikozidebs, rac 
dediferencirebul qsovilebSi _ β glukozidazuri aqtivobis uqonlobiT 
aixsneba. 

suspenziuri kulturis mutantur StamebSi steroiduli naerTebis 
eqstragirebis da identificirebis Sedegad qromatogramaze gamJRav-
nebuli laqebis Sefervis intensivoba miuTiTebs maT ujredebSi glikozi-
debis, saxeldobr, furostanoluri glikozidebis sakmarisi  odenobiT 
arsebobaze. 

sakvlev obieqtSi aRniSnuli naerTebis raodenobrivi gansazRvra 
imave principiT xorcieldeba, rac gamoiyeneboda kulusuri qsovilis 
SemTxvevaSi. 

aRmoCnda, rom suspenziuri kulturis sawyis populaciaSi furos-

tanoluri glikozidebis Semcveloba mSral biomasaze gaangarიSebiT 0.30-
0.35%-s Seadgens. 

mutageniT inducirebis Sedegad miebul Yucca gloriosa-s suspenziuri 
kulturis Stamebze Catarebulma kvlevam daasabuTa is faqti, rom 

mutagen nmS-s mastimulirebeli efeqti mJRavndeba, rogorc biomasis 
gamosavlianobis gadidebaSi, aseve furostanolur glikozidTa 

procentuli Semcvelobis matebaSi (cxr.9). 
rogorc me-9 cxrilis Sedegebi aCvenebs, mutageniT stimulacia 

arsebiTad aumjobesebs suspenziuri kulturis StamebSi steroidul  
glikozidTa biosinTezis process. maTSi furostanolTa raodenobrivi 
mateba sakontrolo populaciasTan SedarebiT, rac nulovan pasaJSive  

aRiniSneba, uSualod mutagenuri efeqtiT aris ganპirobebuli. amasTan 
gamoikveTa erTgvari kanonzomiereba: furostanolebs sinTezi 
intensificirdeba nmS-s dozis aqtiurobis Sesabamisad; mutagenis dabali 
dozebis fargalSi – 0.1-0.4 mM.sT glikozidTa Semcveloba 1.2-1.5-jer aris 
gazrdili. aRniSnuli dozebis gavleniT miRebul StamebSi biomasis 
gamosavlianoba sakontrolo populaciasTan SedarebiT Secvlili ar 

aris. rac Seexeba 0.5 da 2mM-sT dozebs, maTi moqmebedis eფeqturoba imaSi 
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gamoixateba, rom steroidul glikozidTa raodenoba momatebulia 2-2.4-
jer, amasTan biomasis dagrovebis unaric SesamCnevad aris gadidebuli. 
 
 
                                                               
                                                                    
 
                                                                cxrili 9 
 
Y.gloriosa –s suspenziuri kulturis sakontrolo da mutanturi Stamebis 
mier furostnolur glikozidTa dagroveba 

 
 

Stami 

glikozidTa %-uli Semcveloba 

0 pasaJi Mme-3 pasaJi 

K 0.30 ± 0.05 0.32 ± 0.03 

Y-0.1 0.42 ± 0.06 0.45 ± 0.05 

Y-0.2 0.45 ± 0.04 0.46 ± 0.07 

Y-0.3 0.47 ± 0.07 0.45 ± 0.05 

Y-0.4 0.54 ± 0.03 0.52 ± 0.04 

Y-0.5 0.72 ± 0.03 0.74 ± 0.03 

Y-2 0.63 ± 0.05 0.65 ± 0.02 

 
      produqtiulobis Sefaseba, rogorc iTqva, zrdis intensivobis da 
glikozidTa sinTezis mixedviT xdeba, amdenad Yucca gloriosa-s suspenziuri 
kulturis mutanturi Stamebi Y-0.5 da Y-2, romlebic aqtiuri zrdiT da 
gaZlierebuli metaboluri aqtivobiT xasiaTdeba, praqtikuli 
daniSnulebisaTvis yvelaze ufro perspeqtiul masalas warmoadgens. 

saerTo produqtiulobis gansazRvrisas, rac gulisxmobs yoveli 1l 
sakvebi aresTvis mSral biomasaze gaangariSebas, gamovlinda maTi 
upiratesoba sakontrolo populaciasTan SedarebiT. zrdis saSualo 

intenსivobis mixedviT, furostanolur glikozidTa namati Y-0.5 
StamisTvis 274%-s Seadgens, xolo Y StamisTvis – 212.6%-s. 

aRniSnul Stamebs mutagenuri moqmedebis mimarT rezistentuli  
buneba axasiaTebs. xangrZlivi kultivirebis procesSi dasabuTebulia 

gazrdili produqtiulobis mudmiv doneze SenarCunebis უnari (sur 13). 
miRebul monacemTa statistikurma damuSavebam sarwmuno gaxada, rom 

Y-0.5 da Y-2 Stamebi Secvlilia bioqimiuri niSnis mixedviT seleqciur-
genetikur samuSaoTa Catarebis Sedegad. 

steroidul naerTTa biosinTezis procesi garkveul korelaciaSia  
siRrmul pirobebSi kultivirebul ujredvTa zrdis intensivobasTan. 
saintereso iyo Yucca gloriosa-s suspenziuri kulturis mutantur Stamebis 
mier steroidul glikozidTa dagrovebis Seswavla ganviTarebis ciklSi. 

Yucca gloriosa-s suspenziuri kulturis zrdis dinamikaSi  steroidul 
glikozidTa raodenobrivi cvlilebebis analiziT naCvenebia, rom maTi 

raodenobis maqsimumi aRiniSneba stacionalur fazaSi. zrdis 
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intensivobis mrudi win uswrebs glikozidTa dagrovebis mruds (sur. 14), 
mutantur StamebSi ki glikozidTa maqsimaluri raodenoba sinTezirdeba 
eqsponencialur fazaSi. am periodSi ujredTa dayofisa da 
proliferaciuli procesebi gaZlierebuli intensivobiT mimdinareobs. 
aRniSnul StamTa zrdis indeqsis maCvenebelic Sesabamisad maRalia. 
aqedan gamomdinare, unda vifiqroT, rom furostanoluri glikozidebi  
 

 
    glikozidebi 

         % mSral biomasaze 
 
 
      Y-0.5Y Y-2 
 
 

0.8 
 
 

0.6 YY 

 
 
 0.4 
 
 
 0.2      
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    sur.13. Y. gloriosa-s suspenziuri kulturis produqtiul StamebSi 
furostanolur glikozidTa Semcveloba 

 
zrdasTan dakavSirebuli produqtebia. es ar Seesabameba adre 
gavrcelebul Sexedulebas imis Sesaxeb, rom zogadad meoradi 
metabolitebis dagroTeba in vitro kulturis ujredebSi zrdis Seferxebas 
iwvevs. 
   analogiuri Sedegebi miRebul iqna Dioscorea deltoidea-s sespenziuri 
kulturis mutatur StamebSi, sadac sawyisi populaciisagan gansxvavebiT 
mutagenuli zemoqmedebis Sedegad mxolod furostanoluri glikozidebi 
sinTezirdeba. arsebobs monacemebi, rom furostanoluri glikozidebi 
cilis sinTezis intensifikacias axdens, antioqsidanturi moqmedeba 
gaaCnia da zrdis procesebze dadebiTad reagirebs. mutagenuri faqtoris 
gavleniT zrdis procesTa gaZlierebis paralelurad matulobs 
sinTezirebul meorad metabolitTa raodenoba. 

Y.gloriosa-s suspenziur kulturis StamebSi Y-0.5 da Y-2, 
furostanolur glikozidTa Semcveloba momatebulia 0.65-0.72%-mde 
(mSral biomasaze). subkultivirebisas SeirCeva is ujredebi, romlebic 
aRniSnul naerTebs mniSvnelovani odenobiT asinTezirebs. 
proliferaciul procesebSi upiratesoba swored am ujredebs eniWeba. 
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literaturaSi citirebulia magaliTebi, romelTa mixedviT 
sinTezirebuli meoradi naerTebi yovelTvis rodi warmoadgens meoradi 
metabolizmis saboloo produqts. kulturis asakis matebis 
paralelurad masSi mimdinare sxvadasxva fermentul reaqciaTa xarjze 
adgili aqvs warmoqmnil metabolitTa raodenobriv klebas. 

mkvlevarTa azriT, intensiuri zrdis fazaSi sinTezirebuli 
naerTebis makatalizirebuli fermentuli reaqciebi blokirebulia 
mutagenuri inducirebis gziT. am mosazrebis Tanaxmad, mutantur 
StamebSi sawyisi populaciisgan gansxvavebiT warmoqmnil naerTebis done 

uცვleli rCeba. 

rogorc Catarebulma kvlevis Sedegebma cxadyo, Yucca gloriosa-s  
suspenziuri kulturis StamebSi Y-0.5 da Y-2, furostanoluri 
glikozidebis maqsimaluri raodenoba, rac kultivirebis me-12 dRes 
aRiniSneba, stacionalur fazaSic SenarCunebulia  e.i. mutagenis 
gavleniT aRniSnul naerTTa dagroveba imave xarisxiT aris 
uzrunvelyofili. 
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sur. 14. suspenziuri kulturis mutantur StamebSi - Y-0.5 da Y-2 
steroidul glikozidTa dagrovebis dinamika 

 
zrdis procesTa da meorad naerTTa warmoqmnas Soris kavSiris 

Sesaxeb cnobebi moipoveba sxvadasxva mkvlevarTa naSromebSi. zog Sem-
TxvevaSi meorad metabolitTa warmoqmna iwyeba moberebul kulturaSi, 

mაg. indolur alkaloidTa sinTezi; zogjer ki metaboluri procese-                                 
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bi gaZlierebuli intesnivobiT mimdinareobs kultivirebis adreul safe-
xurze. 
    amrigad, zrdis dinamikaSi SeswavliT naCvenebia, rom Y. gloriosa-s 
suspenziuri kulturis mutantur StamebSi furostanolur glikozidTa 
maRali gamosavlianoba miiRweva aqtiurad mzard suspenziaSi. Y -0.5 da Y -
2, Stamebi miCneulia yvelaze ufro produqtiulad, ramdenadac mas 

axasiaTebs biomasis dagroვebis da steroidul klikozidTa sinTezis 
gadidebuli unari. produqtiulobis Sefasebisas am StamTa upiratesoba 
sakontrolo populaciasTan SedarebiT imaSi gamoixateba, rom maTSi 
furostanolur glikozidTa raodenoba orjer aris momatebuli. 
xangrZili pasirebis procesSi Semowmebam aCvena, rom aRniSnul StamTa es 

specifiuroba mudmiვ xasiaTs atarebs (suspenziuri kulturis Stamebi 5 
wlis manZilzea SenarCunebuli da am periodSi ujredebma 212 generacia 
gaiares).      
 

 V.  Uujreduli  seleqcia  
 
V 1. ujreduli seleqciis meTodebi 
 
     ujreduli teqnologiis erT-erTi mimarTulebaa maTi gamoyeneba 
seleqciaSi, rac aadvilebs da aCqarebs tradiciul seleqciur procesebs 
mcenareTa axali formebisa da jiSebis SeqmnaSi. izolirebuli 
ujredebisa da qsovilebis in vitro kultivirebis arsebuli meTodebi 
pirobiTad SeiZleba or jgufad davyoT. Ppirveli jgufi aris damxmare 
teqnologiebi, romlebic ki ar cvlian Cveulebriv seleqcias, aramed 
emsaxurebian mas. maT SeiZleba mivakuTvnoT: in vitro ganayofiereba ( pro-
gamuriSeuTavseblobis gadalaxva), Teslkvirtebisa da moumwifebeli 
hibriduli Canasaxebis kultivireba (postgamuri SeuTavseblobis gada- 
laxva), haploidebis miReba mtvrianasa da mikrosporebis kultivirebis 
gziT, izolirebuli ujredebis, qsovilebisa da organoebis krioSenaxva, 
daSorebuli hibridebis klonuri mikrogamravleba. meTodebis meore 
jgufi mcenareTa axali formebisa da jiSebis miRebamde midis 
TavisTavadi, seleqciis tradiciuli meTodebisgan damoukidebeli gziT: 
ujreduli seleqcia kalusuri qsovilis gamoyenebis gziT, somaturi 
hibridizacia (izolirebuli protoplastebis Serwyma da usqeso 
hibridebis miReba) genuri inJineriis gamoyeneba. 
     daSorebul hibridizaciaSi gamoyenebas poulobs izolirebul 
qsovilTa kulturis iseTi meTodebi, rogoricaa in vitro ganayofiereba, 
embriokultura (izolirebuli Canasaxebis gamravleba xelovnur sakveb 
areebze), Zvirfasi hibridebis klonuri gamravleba, agreTve haploidebis 
in vitro miReba da krio -Senaxva. 
     In vitro ganayofiereba progamuli SeuTavseblobis gadalaxva) tardeba 
im SemTxvevaSi, rodesac SeuZlebelia SerCeul wyvilebs Soris 
ganayofierebis ganxorcieleba bunebriv pirobebSi. Ees gamowvelia 
ramdenime mizeziT: 

1. fiziologiuri Seusabamoba (mtvrianebis momwifebis sxvadasxva 
dro da a.S.); 

2. morfologiuri (mtvrianas mokle mili an misi zrdis blokireba 
ganviTarebis sxvadasxva etapebze da sxv.).  
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           In vitro ganayofiereba SeiZleba ganxorcieldes ori xerxiT: a)     
naskvis kultivireba xelovnur agarizebul sakveb areze masze datanili 
mza mtvrianaTi; b) naskvi ixsneba da sakveb areze gadaitaneba placentas 
naWrebi TeslkvirtebiT, romelTanac axlos, an uSualod placentas 
qsovilze gadaitaneba mza mtvriana. vizualurad imis gansazRvra moxda 
Tu ara in vitro ganayofiereba, SesaZlebelia Teslkvirtebis zomebis zrdis 
siCqaris mixedviT. Camoyalibebuli Canasaxi, rogorc wesi, ar gadadis 
mosvenebiT mdgomareobaSi, aramed swrafad izrdeba da dasabams aZlevs 
hibridul Taobas. Pplacenturma in vitro ganayofierebam saSualeba misca 
kulturuli jiSebis Tambaqos N. tabakum-s gadaelaxa Sejvarebisas 
SeuTavsebloba velur saxeobebTan N. rosulata   da N. Debney-sTan da 
SesaZlebeli gaxada Tambaqos saxeobaTSorisi hibridebis miReba.     
Ppostgamuri SeuTavsebloba daSorebuli hibridizaciisas aRiZvreba 
ganayofierebis Semdeg. Aam dros xSirad warmoiSveba susti, ara 
aRmocenebadi Teslebi. Mmizezi SeiZleba iyos Canasaxisa da endospermis 
ganviTarebis droSi dacileba. Eendospermis susti ganviTarebis gamo 
Canasaxs ara aqvs normaluri ganviTarebis unari. Aam SemTxvevaSi 
momwifebuli susti marcvlebidan gamoyofen Canasaxs da zrdian sakveb 
areze.  
     xelovnur sakveb areze gazrdil Canasaxs ewodeba embriokultura. 
Mmomwifebuli Canasaxis gasazrdelad saWiro are SeiZleba iyos martivi, 
fiziologiurad aqtiuri nivTierebebis danamatis gareSe, an nebismieri 
sxva, romelic Seicavs mineralur marilebsa da saqarozas. ufro 
daSorebul SejvarebebSi darRvevebi Canasaxis ganviTarebaSi SeiZleba 
SevniSnoT adreul etapebze, rac gamoixateba diferencirebis ar 
arsebobaSi da Senelebul zrdaSi. Aam SemTxvevaSi Canasaxis kultura 
Sedgeba ori etapisagan _ Canasaxis embrionaluri zrda, romlis drosac 
grZeldeba misi diferencireba, da Teslis aRmoceneba. Ppirveli 
etapisaTvis saWiroa ufro rTuli Sedgenilobis are saqarozis maRali 
SemcvelobiT, sxvadasxva aminomJavis, vitaminebisa da hormonebis 
danamatiT.  
     ukanasknel xans, embriokulturebis gamoyeneba seleqciaSi 
didmniSvnelobas iZens marcvleuli da sxva sasoflo-sameurneo 
kulturebis daSorebuli hibridebis misaRebad. naCvenebia xorbali-Wvavis 
hibridebis gamosavlis zrdis SesaZlebloba umwifari  Canasaxebis 
bolomde gazrdis gziT, agreTve embriokulturebis gamoyeneba 
postgamuri SeuTavseblobis gadasalaxad elimusTan xorblis 
hibridizaciis dros.  
     Eembriokulturis meTodi sul ufro farTod gamoiyeneba bostneuli 
mcenareebis saxeobaTSoris hibridizaciaSi. xaxvisaTvis damuSavebuli 
izolirebuli Canasaxebis kultura gamoiyeneba pamidvris da sxva 
bostneulis seleqciaSi. 
     gamokvleulia pamidvris Canasaxebis zrdisa da ganviTarebis 
hormonaluri regulacia in vitro. Gganixileba embriokulturis gamoyenebis 
SesaZlebloba. mzesumziris daSorebuli hibridebis misaRebad, Seiswav-
leba damtvervis Semdeg sxvadasxva vadaSi gamoyofili mzesumziris 
Canasaxebis in vitro zrdisa da ganviTarebis makontrolebeli faqtorebi.  
    izolirebuli Canasaxebis kultura, rogorc damxmare meTodi 
daSorebuli hibridizaciisTvis, gamoiyeneba ara marto postgamuri 
SeuTavseblobis gadasalaxad, aramed agreTve Zvirfasi hibridebis 
mikrogamravlebisaTvis. Aam SemTxvevaSi mikrogamravleba midis 
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kalusogenezis gziT, morfogenezis induqciiT da mcenare-regenerantebis 
miRebiT kalusuri qsovilidan. Mmoumwifebeli Canasaxebis klonirebis 
teqnika iZleva mcenaris Zvirfasi genotipebis gamravlebis saSualebas 
sasicocxlo ciklis adreul stadiebze. Canasaxebis kulturis kidev 
erTi SesaZleblobaa misi gamoyeneba ujredul seleqciaSi. 
 
 
 
 
  V.2. mcenareTa ujredebis kulturis gamoyenebis genetikuri safuZvlebi 
seleqciuri miznebiT 
 
     ujredebi in vitro kulturaSi gansxvavdebian morfologiiT, bioqimiuri 
TvisebebiT, fiziologiuri mdgomareobiT da genetikurad. 
mravalferovnebas (variabeloba) ujredul xazebs Soris an mcenare-
regenerantebs Soris ewodeba somaklonuri variabeloba. somaklonuri 

cvalebadobis warmoSobis genetikuri buneba da mეqanizmi jer 
Seswavlili ar aris. Tumca, mkveTrad SegviZlia gamovyoT somaklonuri 
variantebis warmoSobis damokidebuleba, uwinare yovlisa, sawyisi 

(gamosavali) eqsplantis somatuრi ujredebis genetikur heterogenobaze, 

genetikur da epigenetikur cvalebadobaze, in vitro kultivirebis 
mainducirebel pirobebze, agreTve genotipze da sawyis eqsplantze. 
sakultivacio ujredebis polimorfizmi SeiZleba aixsnas saxeobrivi da 
asakobrivi TaviseburebebiT, ploidurobis doniT, sakvebi aris 

Sedgenilobisa da kultiვirebis pirobebis gavleniT, korelaciuri 
kavSirebis ararsebobiT. Uukanaskneli faqtori, romelic iwvevs mTlian 
mcenareSi arsebuli mkacri regulaciis darRvevas, rogorc Cans, 
warmoadgens in vitro ujredebis spontanuri cvalebadobis ZiriTad mizezs. 
mcenaris nebismieri fragmenti warmoadgens sxvadasxva qsovilTa mozaikas 
da imaze damokidebulebiT, romeli qsovili miscems dasabams kaluss, 
erTnairi eqsplantebidan warmoSobili kalusebic ki heterogenuli da 
erTmaneTisagan gansxvavebuli iqneba. zustad erTnairi eqsplantebis  
bunebaSi arseboba SeuZlebelia, maSasadame, sawyisi masalis 
araerTgvarovneba (saxeobrivi, asakobrivi, fiziologiuri) ganapirobebs 
ujredebis nairgvarobas kulturaSi. Ffiziologiuri heterogenoba 
mdgomareobs imaSi, rom ujredebi populaciaSi imyofebian sxvadasxva 
fiziologiur mdgomareobaSi, e.i. iyofian, izrdebian, berdebian, kvdebian. 
aseT kulturas asinqronuli ewodeba. aiZulo umaRles mcenareTa 
uredebis populacia ujreduli ciklis fazebi gaiaros erTdroulad, e.i. 

sinqronulad, TiTqmis SeuZlebelia. imitom, roმ ujredebis is nawili, 
romelsac SeuZlia mocemul momentSi gayofa, Seadgens 2-4%-s. 
arasasurveli pirobebi (dabali temperatura, mniSvnelovani sakvebi 
komponentebis gamoricxva), romelic aferxebs gayofas, garkveuli 

xarisxiT xels uwyobs gasayofad momzadebuli ujredebis dagroვebas. 
ufro efeqturia zogierTi qimiuri nivTiereba, romეlic abრkოლebს 
gayofisaTvis mosamzadebel ganszRvrul stadiebs. UukeTes SemTxvevaSi, 
sinqronizacia SesaZloa miRweul iqnas ujredebis 10-30%-Si, magram 
Semdgomi dayofisas populacia isev Cqara kargavs sinqronulobas. 
    xazi unda gaesvas, rom ujredebis fiziologiuri variabeloba 
suspenziur kulturaSi ufro naklebia, vidre agarze mzard qsovilTa 
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kalusur kulturaSi, rac dakvSirebulia kvebis ufro erTgvarovan 
pirobebTan, aeraciasTan da toqsikuri metabolitebis mocilebasTan 
ujredis garemocvidan Txevad moZrav areSi. sakultivacio ujredebis  
heterogenuloba ganpirobebulia genetikuri, epigenetikuri da 
modifikaciuri cvalebadobiT. Ggenetikuri anu mutaciuri cvlilebebi 
midis genotipis cvlilebamde, romelic SeiZleba memkvidrulad gadaeces.  
mutacia (dnm-is raodenobis an struqturis cvlileba) mimdinareobs 
genur, qromosomul da genomis doneebze.  
     genuri anu wertilovani mutacia niSnavs dnm-is cvlilebas erT 
lokusSi. Ggenuri mutaciebi iwveven ujredebis morfologiuri, 
bioqimiuri da fiziologiuri Tvisebebis Zlier an sust cvlilebas. 
mutacias, romelic aRiZvreba qromosomebis makrostruqturis cvlilebis 
Sedegad, ewodeba qromosomuli mutaciebi an qromosomuli aberaciebi.  
romosomebis struqturuli gardaqmnebi aRiZvreba inversiis, dayofis, 
dublikaciis, translokaciisa da transliaciis Sedegad. Ggenomis 
mutaciebi dakavSirebulia qromosomebis ricxvis cvlilebasTan birTvSi,  
e.i. cvlilebasTan kariotipSi. 
     Ddasaxelebuli genetikuri mutaciis yvela saxes adgili aqvs in vitro 
ujredebSi. Uufro dawvrilebiT aris gamokvleuli in vitro ujredebis 
qromosomuli cvalebedoba. EerTi da imave qsovilis ujredebic ki, 
gazrdili erT WurWelSi, SeiZleba mniSvnelovnad gansxvavdebodnen 
erTmaneTisagan qromosomuli nakrebis mixedviT (diloiduri, 
poliploiduri, aneuploiduri). Ggenetikuri cvalebadobis mizezi 
sxvadasxvagvaria:  

1. mcenaridan pirveli eqsplantis gamoyofisas korelaciuri 
kavSiris darRveva;  
2. aris komponemtebis moqmedeba;  

3. areSi dagrovili metabolizmis produqtebis gavlena;  
4. sawyisi masalis heterogenuloba da gansazRvruli tipis 

ujredebis seleqcia.  
     qromosomuli cvalebadoba warmoadgens mitozis darRvevis Sedegs, 
romelsac endomitozi da endoreduplikacia ewodeba. endomitozis dros 
xdeba qromosomebis spiralizacia da iwyeba mitozi, magram irRveva 
dayofis TiTistara, SenaCundeba birTvis garsi, qromosomebi ar gancal-
kevdeba da despiralizdeba birTvis garsis SigniT. Ees midis qromo-
somebis ricxvis zrdamde, birTvisa da ujredebis zomebis gadidebamde. 
Eendoreduplikacias ar axlavs qromosomebis gaormageba da birTvis 
dayofa, Tumca birTvSi dnm-is Semcveloba izrdeba. poliploiduri da 
aneuploiduri ujredebis warmoqmnas iwvevs agreTve darRvevebi mitozSi, 
rac dakavSirebulia qromosomebis araswor ganawilebasTan.  
     sxvadasxva donis ploidurobis ujredebi gansxvavdebian dayofisa 
da zrdis siCqaris mixedviT, arasasurveli zemoqmedebisadmi gamZleobis 
mixedviT, iwyeben konkurencias da erTi maTgani iwyebs moWarbebas. 
gansazRvruli tipis ujredebis populacia  dominirebs, aseT process 
ujreduli seleqcia ewodeba. dominireba SeiZleba gamowveuli iyos erTi 
saxis ujredebis upiratesi proliferaciiT an sxvebis eliminaciiT 
(mocilebiT). Uufro zustia aseT seleqcias vuwodoT avtoseleqcia, 
imitom, rom igi spontanurad mimdinareobs, raime stresuli faqtorebis 
specialuri zemoqmedebis gareSe. avtoseleqciis procesSi yalibdeba 
mocemuli pirobebisadmi ufro Semguebeli kariotipi. savaraudoa, rom 
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ujredebi axal saarsebo pirobebs eguebian ufro sicocxlisunariani 
poliploiduri ujredebis SerCevis gziT. 
          sainteresoa, rom gamravlebis pirobebis cvlileba cvlis SerCevis 

mimarTulebas. naCvenebia, magaliTad, rom 2,4 -d da kinetinis maRali kon-
centracia zrdis poliploidizaciis SesaZleblobas. 
     is, rom gamravlebis pirobebi TamaSoben mniSvnelovan rols 

cიtogenetikuri heterogenobis CamoyalibebaSi, kargad Cans haplopapusis 
qsovilze Catarebuli cdebidan. Mmoskovis timiriazevis saxelobis 

mcenareTa fiziologiis institutSi r. g. butenkos laboraტორიაSi ori 
wlis manZilze kultivirdeboda am mcenaris meristematuli ujredebi, 
gadargva xdeboda TveSi erTxel. saboloo jamSi, sawyisi diploiduri 
ujredebis 95%-ma SeiZina ploidurobis sxva done. Svedi mecnieri t. 
eriqsoni amave qsovilze muSaobosas yoveli ori dRis Semdeg mas Tesavda 
axal sakveb areze. Stamma SeinarCuna stabiluri diploiduri xasiaTi. 
Mmagram, gamravlebis xerxs ar SeuZlia mogvces genetikuri stabilurobis 
sruli garantia ujredebis populaciaSi, ramdenadac genetikur 
heterogenobas SeiZleba flobdes TviTon sawyisi masala. Mmravali 
mcenaris diferencirebul qsovilebs aqvT sxvadasxva ploidurobis 
ujredebi. magaliTad,  foTlis mwvane asimilirebuli parenqimis ujrede-
bi, romlebic amarageben sqeli fesvebis bolqvebis qsovilebs, 
nawilobrivad warmoadgenen poliploidebs. 
     spontanuri, an raime faqtorebiT inducirebuli mcenaris sxvadasxva 
variantuli formebis warmoqmna SeiZleba gamoviyenoT ukve arsebuli sa-
soflo-sameurneo kulturebis jiSebis gasaumjobeseblad.  
     rogorc ukve avRniSneT, in vitro ujredebi sxvadasxva Tvisebisani 
xdebian agreTve, epigenetikuri  Tvisebebis cvlilebiTac.  
     kulturaSi ujredebis aramemkvidrul cvlilebebs ekuTvnis 
modifikaciuri cvlilebebi, romlebsac umravles SemTxvevaSi aqvT 
adapturi, SemgueblobiTi xasiaTi. Ees cvlilebebi ar exeba ujredebis 
genetikur struqturas, isini Seesabameba fiziologiur adaptacias, 
romlis drosac cvlilebebis sazRvrebi ar aRemateba genotipiT gansaz-
Rvruli reaqciebis normebs.  
     ujredebis in vitro heterogenuloba izrdeba maTi kultivirebis 
xangrZlivobis zrdasTan erTad. Mmorfogenezis sxvadasxva tipebi _ 
somaturi embriogenezi an organogenezi, aseve SeiZleba sxvadasxvagvarad 
aisaxos genetikur cvlilebebze, da Sesabamisad, mcenaris fenotipze. 

Eეqsperimentulad dadgenilia, rom somaturi embriogenezis dros ciklis 
_ujredi-mcenare gavlis dro mniSvnelovnad xanmoklea, vidre 
organogenezis dros, amitom miRebuli masalisa da sawyisi mSobeli 

genotipis msgavsebis xarisxi SeiZleba mniSvnelovnad maRalი iyos. 
somaklonur variantebs ueWvelad aqvT praqtikuli gamoyeneba sasoflo-
sameurneo praqtikaSi, iseTi formebis warmoSobis gamo, romlebic 
mSoblisagan gansxvavdeba bioqimiuri Tvisebrivi da raodenobrivi 
niSnebiT, agreTve citogenetikuri maxasiaTeblebiT. mag, miRebulia 
zarevos jiSis kartofilis somaklonebi, romlebic gamoirCeva maRali 
mosavlianobiT, daavadebisadmi gaZlierebuli mdgradobiT, tuberebSi 
proteinisa da saxameblis maRali SemcvelobiT. amasTan erTad, 
mniSvnelovani niSan-Tvisebebis memkvidruloba bolqvebiT gamravlebisas 
SenarCunebuli iyo sami wlis ganmavlobaSi savele cdebis pirobebSi (v. v. 
sidorovi da sxv., 1984, 1985). Tambaqos mcenarisaTvis kalusuri kulturis 
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gziT miRebulia Tambaqos mozaikis virusisadmi mdgradi somaklonebi. 
amJamad daiwyo qsovilTa kulturis meTodis farTo gamoyeneba 
seleqciaSi, ara marto sakveb da teqnikur kulturebSi, aramed 
dekoratiul da samkurnalo mcenareebSic. Aamis magaliTad gamodgeba 
kalusuri kulturidan miRebuli pelargoniis Velvet  Rose axali jiSi.  
     amrigad, miRebuli dadebiTi Sedegebi mowmoben, rom somaklonuri 
variantebis miRebis sxvadasxva xerxebi ufro efeqturad unda dainergos 
seleqciuri muSaobis praqtikaSi. yvelaze realuria somaklonuri 
cvalebadobis gamoyeneba ukve arsebuli jiSebis an xazebis calkeuli 
naklovani Tvisebis gasaumjobeseblad an bolomde misayvanad.  
     miuxedavad imisa, rom arsebobs mcenareTa izolirebuli qsovilebisa 
da ujredebis kulturebis genetikuri aramdgradoba, mas ar SeuZlia 
uzrunvelyos seleqcionerTa moTxovnilebebi genetikur  
mravalferovnebaze. amasTan dakavSirebiT, seleqciuri procesis 
dasaCqareblad ujredTa kulturebSi gamoiyeneba qimiuri da fizikuri 
mutagenebi. gvelisebri rauolfiis qsovilis damuSavebam azotovani 
ipritis 2,5 . 10-3 M xsnariT, gamoiwvia qromosomebis aberaciis donis aweva 
pirvel pasaJSi 32%-mde da populaciis gadanacvleba triploidebis 
momatebis mimarTulebiT. Aamis Sedegad moxerxda gamosaval qsovilTan 
SedarebiT ufro maRali biosinTezuri aqtiurobis Stamis miReba. 
spontanuri da inducirebuli mutagenezi ujredebis, qsovilebisa da 
protoplastebis kulturaSi, seleqcionerebisaTvis praqtikulad 
saintereso mcenareebis miRebis saSualebas iZleva. Ddidi praqtikuli 
mniSvneloba aqvs mcenareTa iseTi formebis Seqmnas, romlebic mdgradia 
garemo faqtorebis arasasurveli moqmedebis mimarT. aseTi faqtorebia 
dabali temperatura, niadagis gamomarileba, garemos dabinZureba 
toqsikuri nivTierebebiT, dazianeba mavneblebiT an daavadebebis 
gamomwvevebiT. Ees faqtorebi SeiZleba gamoyenebul iqnas seleqciuri 
fonis saxiT ujreduli seleqciis procesSi. Uujredebi, romlebic 
amasTan erTad inarCuneben sicocxliunarianobas, SeiZleba  regenerirdes 
mTlian mcenared. 
     spontanuri da inducirebuli mutageneziT ujreduli seleqciis 

შedegebs Soris principuli gansxvaveba ar aris. somatur ujredebSi  
mutaciis sixSiris gasazrdelad Cveulebrivad iyeneben iseT mutagenebs, 
rogoricaa nitrozoguanidini, nitrozomeTilSardovana, meTilmeTansul-
fonati. iSviaTad iyeneben dasxivebas ultraiisferiT, qvantebiT da 
neitronebiT.  
     seleqciuri agentebis saxiT iyeneben antibiotokebs, nukleinis 
mJavebis sinTezis inhibitorebs, purinuli da pirimidinuli fuZeebis 
analogebs, fito- da paTotoqsinebs, marilovani stresebis gamomwvev agen-
tebs, aminomJavebis analogebs da a.S. 
     ujreduli seleqciis Casatareblad gamoiyeneba Semdegi xerxebi: 
_ pirdapiri (pozitiuri) seleqcia, romlis drosac gadarCeba mxolod 
gansazRvruli saZiebeli mutanturi ujredebis tipi; 
_ arapirdapiri (negatiuri) seleqcia, romelic emyareba veluri tipis 
gasayofi ujredebis SerCeviT daRupvas da metabolurad araaqtiuri  
ujredebis gadarCenas, magram moiTxovs maTi mutaciuri cvlilebebis  
damatebiT identifikacias; 
_ totaluri seleqcia, romlis drosac individualurad testirdeba 
yvela ujreduli kloni; 
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_ vizualuri seleqcia da araseleqciuri SerCeva, rodesac variantuli 
xazi SeiZleba identificirdes ujredis mTel populaciaSi vizualurad 
an bioqimiuri meTodebis gamoyenebiT (Txelfenovani an Txevadi 
qromatografia, radioimunuri analizi, mikrospeqtrofotometria da sxv.). 
     ujreduli seleqciis zemoT CamoTvlili xerxebidan yvelaze 
gavrcelebul meTods warmoadgens pirdapiri seleqcia da gamoiyeneba  
umTavresad mcenare-regenerantebis gamosayofad, romlebic mdgradia mag. 
herbicidebis, antibiotikebis, toqsinebis, mZime metalebis, marilebis da 
sxva antimetabolitebis mimarT. 
 
 MV. 3 ujredul seleqciaSi gamoyenebuli mcenareuliUujredebis kultu-
rebis saxeebi 
 
     mcenareTa ujredul seleqciaSi in vitro pirobebSi samuSaoTa 
Casatareblad sakvlevi obieqtis saxiT SeiZleba gamoyenebul iqnas 
kalusuri da suspenziuri kulturebi, an izolirebuli protoplastebi. 
obieqtis SerCeva damokidebulia mcenareTa sxvadasxva saxeobisaTvis 
SemuSavebuli teqnologiebis arsebobaze, agreTve kvlevis saboloo 
miznebze. 
     kalusuri qsovili warmoadgens advilad misawvdom masalas, 
romelsac yvelaze xSirad gamoiyeneben ujreduli seleqciisaTvis. ro-
gorc wesi, samuSaos atareben gadasanerg kalusur qsovilze, romelic ar 
kargavs regeneraciis unars rigi subkultivirebis manZilze. magram, 
kalusur kulturebze muSaobisas mravali mkvlevari aRniSnavs mocemuli 
obieqtis arsebiT naklovanebebs: qsovilTa neli zrda, yvela ujredze 
araTanabarfasovani moqmedeba toqsikuri nivTierebebisa, romlebic 
gamoiyeneba rogorc seleqciuri faqtorebi, agreTve regeneraciuli 
unaris dakargva kalusuri ujredebis kultivirebis procesSi. eWvs-
gareSea, rom seleqciis Catareba mizanSewonilia erTeuli ujredebis 
doneze (suspenziuri kultura, protoplastebi). Mmagram mcenareTa mra-
vali saxeobisTvis SemuSavebuli ar aris erTeuli ujredebis kulti-
virebis efeqturi teqnologiebi da xerxebi. Kkalusuri kulturis 
gamoyenebis zemoT CamoTvlil naklovanebaTa miuxedavad, seleqciis es 
xerxi mcenareTa zogierTi saxeobisTvis jerjerobiT erTaderTia. 

    stabilurad mdgradi xazis miReba xangrZlivi procesia. რogorc  
wesi, seleqcia iwyeba kalusuri masis sakmao raodenobis miRebiT izoლი- 
rebuli mcenareuli eqsplantebidan, romelic Semdgom gamoiyeneba 
seleqciuri faqtoris koncentraciis gansazRvrisaTvis (dozis mrudis 
ageba), romelzedac SeiniSneba kalusuri qsovilis zrda da imavdroulad 
iRupeba kalusuri koloniebis nawili. seleqciuri faqtoris SerCeuli 

koncentracia aRiarebulia, rogorc optimaluri da gamoiyeneba Semdgom 
eqsperimentebSi, radganac seleqciur faqtorebian areze pirvelad 
miRebuli ujredebis koloniebs SeeZloT warmoSobiliyvnen fizio-
logiuri adaptaciis an ujredis diferencirebis gansazRvruli 
mdgomareobis Sedegad, da ar yofiliyvnen genetikurad mdgradni, amitom 
seleqciur areze Semdgomi 4 – 6 subkultivirebis ganmavlobaSi mowmdeba 
miRebuli klonebis mdgradobis stabiluroba. Semdeg isini gadaaqvT 
seleqciuri faqtorebis armqone areze da axdenen kidev 2-3 pasaJis 
subkultivirebas. Mmxolod seleqciur pirobebSi ganmeorebiTi dabru-
nebis Semdeg SearCeven stabilur klonebs, romlebisganac cdiloben 
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miiRon mcenare-regenerantebi. Mmagram, Catarebulma samuSaoebma iseTi 
mcenareebis misaRebad, romlebic gamZlea aweuli marilianobis mimarT, 
agreTve daavadebis gamomwvevi sokoebidan gamoyofili toqsinebis mimarT, 
aCvena, rom Seswavlili seleqciuri faqtorisadmi ujredebisa da mcena-
reebis mdgradoba SeiZleba erTmaneTs daemTxves an ar daemTx-
ves.Ppirdapiri korelacia mcenarisa da in vitro ujredebis mdgradobas 
Soris aRiniSneba mxolod dabali temperaturis mimarT, aluminis maRali 
koncentraciis mimarT, aseve herbicidebisadmi mdgradobaSi.  
     axali seleqciuri masalis miRebis mizniT kalusis kultivirebaze 
mravali samuSaoa Catarebuli xorbalze, qerze, brinjze, sorgoze, 
kartofilze, pamidorze, ionjaze da Zalian iSviaTad merqnovanebze. Uukve 
miRebulia pirveli dadebiTi Sedegebi NaCl – isa da   Na2SO4  - sadmi 
mdgradi mcenareebis _ xorblis, brinjis, kartofilis misaRebad. 
miRebulia ujredebi, xolo iqidan stafilos mcenare, romelic 
asinTezebs 20 – jer met meTionins, 30 – jer met triftofans, 5 – jer 
met lizins sakveb areze aminomJavebis toqsikuri analogebis damatebis 
gziT. kartofilisTvis miRebulia wriuli sidamplis mimarT mdgradi 
mcenare. rac Seexeba merqnianebs, maTTvis am mimarTulebiT samuSaoebi 
Zalian iSviaTia da xSirad saZiebo xasiaTi aqvs. amrigad, kalusuri 
kulturebis gamoyeneba seleqciuri miznebiT xsnis mcenareTa axali 
formebis Seqmnis farTo SesaZleblobebs, romlebsac eqnebaT kacobrio-
bisaTvis aucilebeli Zvirfasi niSan-Tvisebebi. zemoT CamoTvlil 
obieqtebTan erTad (kalusuri da suspenziuri kulturebi, izolirebuli 
protoplastebi), seleqciisaTvis sawyis masalad SeiZleba gamoyenebul 
iqnas somaturi an androgenuli embrioidebis kulturebi, iseTi 
organogenuli eqsplantebi, rogoricaa foTlebis segmentebi an mcenaris 
sxvadasxva meristemuli da Rerovani nawilebi, agreTve izolirebuli 
Canasaxebis kultura. magaliTad, Canasaxebis in vitro kultivirebiTa da 

სeleqciiT Teslebidan miRebulia qeris mcenare, romelic mdgradia 
aminomJavebis analogebis mimarT da aqvs gaumjobesebuli cilis Semcve-
loba. miRebulia somaturi hibridebi, xolo Semdgom mcenare-regeneran-
tebi, romlebic avlenen marilisadmi gazrdil mdgradobas.  
A    amrigad, ujredis doneze seleqciis Catareba saSualebas iZleva mce- 
nareTa axali formebi Seiqmnas seleqciis tradiciul xerxebTan Sedare-
biT 2 – 4-jer ufro swrafad.   
     
    
 MV. 4. ujreduli seleqciis in vitro meTodis upiratesoba 
 
     mTliani mcenaris doneze eqsperimentul mutagenezTan SedarebiT, 
ujredis doneze mutagenezis meTods aqvs rigi upiratesobani: 
_ izogeba farTi, ramdenadac 10 sm diametris erT petris TasSi SeiZleba 
107 _ 108 ujredis kultivireba, xolo aseTive raodenobis mcenarisaTvis 
aucilebelia 1000 heqtarze meti farTi; 
_ mutanturi niSnebi calkeuli ujredebis doneze vlindeba Zalian 
swrafad; 
_ SesaZlebelia axali tipis mutaciebis miReba, maT Soris bioqimiuri 
xasiaTisa; 
_ axali sasurveli niSan-Tvisebis miRebaze izogeba dro da Sromis 
danaxarji. 
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     ujreduli mutagenezis warmatebiT gamoyenebisaTvis ZiriTadi 
moTxovnaa mcenaris regeneraciis kargad damuSavebuli sistema. MmniSvne-
lovan pirobas warmoadgens agreTve, ama Tu im saxeobis mcenaris  
hაploidebis miRebis SesaZlebloba. Semdgom seleqciur muSaobaSi erTveba 
mxolod is genotipebi, romlebSic mutaciebi vlindeba mTliani mcenaris 
doneze.  

     ujredis doneze mutagenezis Sedegad miRebulი SecvliliNniSnebis 
mqone mcenareebs ewodeba variantebi (termini “mutageni” gamoiyeneba maSin, 
rodesac mutacia dasturdeba genetikuri an molekulur-genetikuri 
meTodebiT). rekomendirebulia Semdegi aRniSvnebi: R0 _ mcenare-
regenerantebi, miRebuli Sesabamisi ujreduli klonidan, R1,  R2   da sxva _ 
pirveli da momdevno Taobebi TviTdamtvervis Semdeg.  
      
    
 MV. 5.  genofondis Senaxvis meTodebi 
    
     sasargeblo niSan-Tvisebebis mqone xazebis miRebisas wamoiWreba am 
niSan-Tvisebebis Senaxvis problema. Mmcenareebs genetikuri informaciis 
Senaxva SeuZliaT TeslebSi, magram es wyaro savsebiT saimedo ar aris, 
vinaidan droTa ganmavlobaSi mutaciis gamo Teslebis gaRivebis unari 
ecema. Ggarda amisa, zogierTi mcenare mxolod vegetatiurad mravldeba. 
amiT gapirobebulia masalis nawilis in vitro Senaxvis aucilebloba. Mmeore 
mxriv, zog SemTxvevaSi SesaZlebeli xdeba axali ujreduli xazebis 
miReba, romlebic asinTezireben meoradi metabolitebis met raodenobas, 
e.i. ufro produqtiulni arian da isinic saWiroeben dacvas. 
    qsovilebSi mimdinare fiziologiuri da bioqimiuri procesebis 
gamosakvlevad, aseve saWiroa standartuli sawyisi kulturebi, riTac 
gamowveulia masalis Senaxvis aucilebloba gansazRvruli drois 
ganmavlobaSi, rodesac midis seriuli eqsperimentebi. Ees yvelaferi 
genofondis Senaxvis problemas xdis friad aqtualurs. rasakvirvelia, 
SeiZleba ujredis kalusis pasireba daMmagram, am dros wamoiWreba 
somaklonuri cvalebadobis, mutaciebis dagrovebis, kontaminaciebis 
(ucxo genetikuri masaliT dasnebovneba) saSiSroeba. Eesec moiTxovs 
garkveul finansur da SromiT danaxarjebs (xSiri gadargvebis 
aucilebloba, sakveb aresTan dakavSirebuli xarjebi da sxv.). 
mkvlevarebis mizania gadargvebs Soris intervalebis gazrda. kulturis 
Senaxvisadmi arsebobs sxvadasxva midgoma: 
    _ kriodacva; 
    _ zrdis Seneleba; 
    _Sroba (gafrqveviT, da liofiluri _ mikroorganizmebis ujredebi-
saTvis);  
      
     krioSenaxva _ gayinva umdables temperaturaze. Cveulebriv amas 

atareben Txevad azotSi  _1960C  temperaturaze. dabaltemperaturuli 
konservaciis warmateba damokidebulia rig faqtorebze: 
    _ ujredebis saxeoba da tipi; 
    _ maTi koncentracia suspenziaSi;  
    _ konservirebisaTvis saWiro sakvebi aris Sedgeniloba; 
    _ krioproteqtoris saxeoba da koncentracia; 
    _ gaciebisa da gaTbobis reJimi; 
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    _ ujredebis reabilitaciis xerxi gaTbobis Semdeg. 
    Uujredebis warmatebiT gayinvisaTvis arsebiT rols TamaSobs maTi 
morfofiziologiuri mdgomareoba: zrdis stacionalur fazaSi myofi 
ujredebi ufro nakleb mdgradni arian dabaltemperaturuli 
konservaciis damazianebeli moqmedebisadmi, vidre zrdis eqsponencialur 
fazaSi myofni. Ggasayinad ujredebs arCeven zrdis mrudze eqsponencia-
luri fazis SuaSi.  
     arcTu mcire mniSvneloba aqvs gasayini suspenziis simkvrives. 
ujredebis aRdgenaSi optimaluri Sedegebi miRebuli iyo iseTi ujredu-
li suspenziis gayinvisas, romlis simkvrive iyo 1 . 105 _ 5 . 106 ujredi 1  

ml-Si. 
     Mmcenareuli kulturebisaTvis xSirad saWiroa winaswari kultivi-
reba gansakuTrebul pirobebSi. Aares umateben sxvadasxva nivTierebebs, 
magaliTad: 
    _ 2-6% manits an sorbits vakuolebis zomebis Sesamcireblad; 
    _ aminomJavebs, pirvel rigSi prolins, romelic emsaxureba wylis 
dakavSirebas ujredSi (koncentracia 1 molamde an 11,5%), asparagini, 
Y(gama)-aminoerbos mJava; 
    _ dimeTilsulfoqsidi, romelsac umateben ares winaswari kultivire-
bisaTvis, koncentracia 2,5 _ 10%  48 saaTze  citoplazmaturi membranebis 
ganvladobisaTvis. 
    _ garda amisa, iyeneben xelovnur wrTobas sicivisadmi Sesagueblad, 
risTvisac amcireben kultivirebis tempersturas, qmnian zamTris 
mosvenebiT periodze gadasasvlelad mosamzadebel bunebrivi saSemod-
gomo procesebis imitacias (gamoiyeneba mxolod zomieri klimatis 
mcenareebisaTvis). Uujreduli kulturebi Zleben ramdenime dRe-Rame  +8 
+100C-ze, xolo Semdeg  +2 +50C-ze, 1 – 6 kviris ganmavlobaSi.  
     mcenareuli ujredebis gayinvis procesi cxovelurisagan ganirCeva, 
ZiriTadad, winaswari kultivirebis etapis arsebobiT. 
     krioproteqtorebi nivTierebebia, romlebic saSualebas iZleva 
Seamciros fiziko-qimiuri faqtorebis damazianebeli moqmedeba kriokon-
servirebis procesSi. maT miekuTvneba saqaroza, deqstrani, eTilen-
glikoli, polivinilpirolidoni, dimeTilsulfoqsodi, glicerini. 
krioproteqtiris tiqsikurobis gansazRvrisaTvis ujredebs aTavseben mis 
sxvadasxva koncentraciaze, oTaxis temperaturaze 30 – 40 wuTiT, ris 
Semdegac amowmeben maT sicocxlis unarianobas. damatebiT, afaseben 
nivTierebis proteqtorul Tvisebas kulturis sacdeli gayinvisa da 
galRobis gziT. Kkrioproteqtorad yvelaze xSirad iyeneben glicerinsa 
da dimeTilsulfoqsids. proteqtoris damatebamde ujredebis suspenzias 
akoncentrireben centrifugirebiT, naleqzeda siTxes Rvrian. Kkriopro-
teqtori kulturaSi SeaqvT gayinvamde 1 saaTiT adre, rac cvlis 
membranis SeRwevadobas, da gayinvisa da lRobis wertilebs.  
     gaciebis programebi SeiZleba sxvadasxva iyos, magram yvelasaTvis 
damaxasiaTebelia gaciebis dabali siCqare. Ggayinvisas mimdinareobs 
yinulis warmoqmna ujredebs SigniT da gareT. Aam cvlilebebis xasiaTi 
damokidebulia Sesaswavl obieqtze da krioproteqtoriT damuSavebaze, 
magram ZiriTadad, gaciebis siCqareze. Nneli gaciebisas warmoiqmneba 
ujredgare yinuli, romelic midis ujredis gauwyloebamde manam, sanam 
ar dadgeba citoplazmis gayinvis wertili. swrafi gaciebisas ujredebi 
Signidan ufro Cqara iyineba, nela gauwylovdeba, rac iwvevs yinulis 
kristalebis warmoqmnas ujredis SigniT. Aam SemTxvevaSi ujredebi 
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ziandeba. Cveulebriv, gaciebas atareben or etapad (sur. 26): 1. 20-dan _ 
280C-mde wuTSi 1 gradusi siCqariT (mcenareuli ujredebisaTvis gayinvis 
siCqarea 0,5 gradusi wuTSi _350C-mde), am  temperaturaze aCereben 15 wuTs; 
2.  Txevad azotSi moTavseba (myisieri gacieba _1960C-mde). 
     gayinvas atareben specialur specialur aparatebSi. maT gareSe spir-
tis abazanaze (0,5 – 1 litr spirts asxaven TermosSi metaluri kolbiT, 
CauSveben masSi ampulebs 15 wuTiT da moreviT umateben Txevad azots an 
mSral yinuls; temperatura ar unda iyos _280C-ze  maRali da _320C-ze 
dabali). Semdeg ampulebi gadaaqvT Txevad azotSi. gayinvisas ampulebi 
pincetiT gadaaqvT wylian abazanaSi +37 +400C  temperaturaze, 1 ml-iani 
ampula iyineba 0,5 – 1 wuTis ganmavlobaSi. 
       gayinvis Semdeg ujredebs recxaven an gasazrdel areSi  an zrdis 
SesanarCunebel areSi . Mmcenareuli ujredebi aseve SeiZleba gairecxos 
saqarozis 3 – 10% xsnariT. 
     Semdeg ujredebs amowmeben sicocxlisunarianobaze vitaluri 
saRebavebis daxmarebiT, romlebic Rebaven mkvdar ujredebs. saboloo 
kriteriumia zrdis mkafio (mkveTri) ganaxleba standartul sakveb 
areebze, romlebic gamoiyeneba mocemuli kulturebisaTvis. 
     cxoveluri ujredebis gadasaTes kulturebs aqvT aweuli mgrZnobe-
loba virusebis mimarT, romelic vlindeba pirveli ori pasaJis ganmav-
lobaSi. Semdeg mgrZnobeloba ubrundeba sawyis mdgomareobas. 
zrdis Seneleba  SeiZleba miRweul iqnas Semdegi meTodebiT: 
 1. Senaxva mineraluri zeTis fenis  qveS (baqteriuli da sokovani 
kulturebisaTvis); 

              2. airadi nivTierebebis Sedgenilobisa da atmosferuli wnevis cvlileba 
kulturalur WurWelSi;  
3. sinaTlis reJimis cvlileba;     
4. gacieba aqtiuri zrdis Sewyvetis temperaturamde;     
5. hormonaluri da osmosuri inhibitorebis gamoyeneba. Hhormonaluri 
inhibitorebidan ufro xSirad iyeneben qlorqolinqlorids (mcenareuli 
ujredebisaTvis, osmosuridan _ 3 – 6% manits). 
6. sakveb areSi CaCl2-is Secvla    Ca(NO3)2-iT.     
    kartofilis genofondis dasacavad rekomendirebulia tuberebis 
warmoqmna sinjarebSi. 
 
V. 6. Yucca gloriosa-s  suspenziuri kulturis ujredul xazTa seleqcia 
 

ujredul kulturebSi produqtiulobis gazrda, rogorc cnobilia, 
eqmperimentuli mutagenezis garda, klonirebis saSualebiTac SeiZleba 
moxdes. In vitro pirobebSi myof populaciaTa heterogenulobis 
gaTvaliswinebiT mravalricxovani ujreduli klonebi iqmneba klonire-
bis safuZvelze. 

saqarTvelos bioqimiis da bioteqnologiis institutSi SemuSave-
bulia klonTa masobrivi miRebis meTodi Yucca gloriosa-s  suspenziuri 
kulturis sawyisi populaciisa da misi produqtiuli mutanturi Stame-
bisTvis. 

erTujredian klonTa SesarCevad upiratesoba nakleb agregirebul, 
aqtiuri proliferaciis mqone suspenzias eniWeba. winaswar xdeba 
sespenziuri kulturis fraqcionireba marlis ormagi Sris meSveobiT 
msxvili agregatebis mocilebis mizniT. 
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kvlevis procesSi gamoiyeneboda rogorc SviddRiani, aseve 
orkviriani kulturiT. SedarebiTi analiziT naCvenebia, rom aqtiur 
zrdis fazaSi Yucca gloriosa-s suspenzia yvelaze ufro nakleb agregire-
bulia da amdenad, klonirebisTvis ufro xelmisawvdomia. am faqtze 
dayrdnobiT Semdgomi kvleva aqtiurad mzard erTkvirian kulturaze 
warmoebda. Yucca gloriosa-s  suspenziuri kulturis ujredebis klonireba 
damyarebuli iyo bergmanis (Bergman, 1959) meTodze. Ees oretapiani 
procesia: 1. jamze ganTesva, anu platireba; 2. gamonawevreba, anu 
calkeuli koloniebis gamonawevreba. Sxvadasxva diametris minis an 
plastmasis jamebze iTeseba msxvili agegatebisagan gamonTavisuflebuli 
suspenziis ujredebi. 

klonirebis pirveli etapis – platirebis Catarebamde aucilebelia 
mocemuli sistemis analizi, rac gulisxmobs suspenziis simkvrivis, 
sicocxlisunarianobis da suspenziis Sedgenilobis dadgenas (cxr. 10a, 10 
b). 

                                                         cxrili 10 
           Y. gloriosa-s erTkviriani suspenziuri kulturis analizi 

a) sawyisi da mutanturi Stamebis suspenziis simkvrive da 
sicocxlis unarianoba fraqcionirebamde  

 
 

varian-

ti 

sicocxlisunarianoba % ujredTa raodenoba, ml*105 

 ფraqcionire-

bamde 

Fფraqcioni-

rebis Sem -

deg 

Fფraqcionire- 

bamde 

fraqcionirebis  

Semdeg 

K 70±1,3 70±1,3 70±1,3 70±1,3 

Y --0,5 1,3 ±0,02 1,3 ±0,02 1,3 ±0,02 1,3 ±0,02 

Y --2 1,2 ±0,01 1,2 ±0,01 1,2 ±0,01 1,2 ±0,01 

 
 

b) sawyisi da mutanturi Stamebi ფraqcionirebamde da fraqcionirebis 
Semdeg 

 
 

varianti 1 ujredi 2-5 ujredi 10 ujredi 10 ejredi 
 fraqc.-

mde 
fraqc. 
Semdeg 

fraqc.-
mde 

fraqc. 
Semdeg 

fraqc.-
mde 

fraqc. 
Semdeg 

fraqc.-
mde 

fraqc. 
Semdeg 

K 7 21 18 36 22 26 54 17 

Y --0,5 28 32 31 37 15 19 26 12 

Y -2 16 32 20 32 34 16 30 10 

aRmoCnda, rom fraqcionirebamde Yucca gloriosa-s  sawyisi da 
mutanturi Stamebis suspenziis simkvrivis maRali maCvenebeli klonTa 
efeqturi zrdisTvis arasasurvel Sedegs iZleoda, vinaidan 
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individualur koloniaTa ganviTareba ferxdeboda. fraqcionirebis 
Semdeg suspenziis simkvrivis sawyisi mniSvneloba Semcirda da amis 
safuZvelze SerCeul iqna optimaluri norma jamebze dasaTesad. igi 
1.1x105 ujr/ml-s utoldeba. 

cocxal ujredTa procentuli Semcvelobac garkveulwilad  
gloriosa-s sakontrolo  populaciaSi sicocxlsunarianobis maCvenebeli 
momatebulia, xolo mutantur StamebSi odnav Semcirebuli. amis mizezi 
sawyisi ujreduli heterogenuloba unda iyos. Yucca gloriosa-s  
suspenziuri kulturis sakontrolo StamSi cocxal ujredTa maRali 
procenti aixsneba fraqcionirebis Sedegad ujredebis intensiuri 
zrdisken tendenciiT. xolo mutantur StamebSi am procentis dakleba 
stresisadmi ujredTa Sesabamisi reaqciasTan aris dakavSirebuli. 

garda amisa, daTvlilia erT da ramdenime ujredian agregatTa 
raodenoba, miRebuli sidideebi procentuladaa gamosaxuli (cxr.10) am 
monacemebidan gamomdinare, dadgenil iqna, rom individualur ujredTa 
raodenoba sakontrolo populaciaSi fraqcionirebis Sedegad 3-jer 
matulobs, xolo 10-ze met ujredian agregatTa rcxvi amdenjerve 
mcirdeba. mutanturi Stami  Y - 0.5 individualur ujredTa maRali 
SemcvlobiT gamoirCeoda, amdenad, fraqcionireba maT raodenobas 
TiTqmis ucvlelad tovebda. 10-ze met ujredian agregatTa ricxvi ki 
orjer klebulobda. rac Seexeba Y -2, Stams, masSi mcire agregatebian da 

individualur ujredTa ricxvi ფraqcionirebis Semdeg orjer matulobs, 
xolo 10-ze met ujredian agregatTa raodenoba 3-jer mcirdeba. 

jamze daTesvidan 3-4 kviris Semdeg sxvadasxva zomis koloniebi 
Camoyalibda. SerCeul iqna 1-3 mm diametriani koloniebi. axal sakveb 
areze gadaTesvisas praqtkulad yvela maTgani gaizarda. 1mm-ze ufro 
mcire diametris mqone koloniebidan Semdgomi gamravlebis unari 

mxolod umniSvnelo nawilma SeinarCuna (sur.15). 
ujredul generaciaTa ricxvi – g gansazRvrulia Semdegi 

formulidan: Nt=Nox2g,  sadac No-koloniaSi ujredTa sawyisi ricxvia, Nt 
-ki saboloo ricxvi. 

aRmoCnda, rom sicocxlisunariani klonis warmosaqmnelad ujredma 
unda gaiaros dayofaTa 8-9 cikli mainc. daTesvis efeqturoba, anu 
kulturis reproduqtiuli gadarCenadoba, ganisazRvreba jamze gazrdil 
koloniaTa ricxvis cocxal ujredTa ricxvTan fardobis procentuli 
sididiT. igi sakmaod dabalia da sawyisi populaciisTvis 0.3%-s Seadgens, 
mutanturi StamebisTvis ki-0.5%-s. unda iTqvas, rom daTesvis efeqturobis 

aseTi dabali mაCvenebeli specifiuria zogadad somatur ujredTa in vitro 
populaciebisaTvis. SesaZloa daTesvis dabali efeqturoba 
dakavSirebuli iyos populaciis heterogenulobasTan, ris gamoc am 
populaciis ujredebi ganviTarebis ciklis sxvadasxva stadiaze imyofeba 
da maT garkveul nawils mravaljeradi dayofis unari aRar Seswevs. 

Y. gloriosa-s sakontrolo da mutantur StamebSi daTesvis efeqtu- 
robis dabali maCvenebeli, vfqrobT, aixsneba swored im garemoebiT 
rom yvela cocxali ujrebdi sicocxlsunarian klonad ver Camoyalib-
deba, Tuki man minimum rva generacia ar gaiara. 
kalusuri da suspenziuri kulturebidan miRebul ujredul xazebTan 
SedarebiT jamze gazrdil koloniebs seleqturi upiratesoba aqvs im   
mxriv, rom yoveli kolonia warmoqmnilia calkeuli ujredisgan da amiT 
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uzrunvelyofilia genetikuri da fiziologiuri erTgvarovnebis maRali 
done. imisTvis, rom sarwmuno iyos am koloniaTa calkeuli ujreduli 

warmoSoba. stritis mier SemoTavazebul iqna aseTi midgoma: ujreduli 
suspenziebi unda ganzavdes iseT sixSiremde, romelzec mcenareuli 
ujredebi praqtikulad ar izrdeba specialuri Carevis gareSe. sxva-
dasxva ujredul sixSireebze daTesil ujredebidan koloniaTa miRebis 
albaToba raodenobrivad isazRvreba daTesvis efeqturobis mixedviT. 

 
 
 

                       
 
 

           suraTi 15. Y. gloriosa-s ujreduli populaciis individualuri             
koloniebi (pirveli pasaJi)      
   
Teoriulad, kolonia SesaZloa warmoiqmnas yoveli daTesili ujreduli 
erTeulidan. ujreduli sixSire, romelzec daTesvis efeqturoba nulis 
tolia, warmoadgens minimalur efeqtur sixSires – sasurvelia umaRlesi 
daTesvis efeqturobis miRweva dabal sixSireebze. winaswari Carevis 
gareSe (mag. fraqcionireba), roca sixSireebi 5000 ujredul erTeul ml-
ze ufro dabalia, daTesvis efeqturoba aranayofieria. Tumca zogjer es 
sixSire SeiZleba maRalic iyos, radgan mzardi ujreduli erTeulebi 
TvalnaTliv gancalkevebuli ar aris. Sesabamisad saWiroa zrdis 
SenarCuneba dabal sixSireebze. am mizniT iyeneben calkeul ujredTa 
mikrokulturas, e.w. „gamdidrebul“ pirobiT sakveb areebs, anda popula-
ciebis sinqronizacias. 
    TavisTavad klonireba genetikuri variabelobis SesaZleblobas qmnis, 
magram klonebis izolirebisas ukeTes Sedegebs iZleva gadarCevis 
sistemaSi mutagenuri damuSavebis CarTva. igi, Tavis mxriv amaRlebs 
mutantebis sixSires populaciaSi, amasTan, afarToebs seleqciis 
masStabebs maRalproduqtiuli klonebis SesarCevad. 
memkvidrul cvlilebaTa inducirebisTvis gamoviyeneT nmS-s 
mastimulirebeli (2 mM. sT) da inhibitoruli (8 mM.sT) dozebi. cocxal 
ujredTa wili gansazRvrul iqna fazur-kontrastuli mikroskopiis 
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meTodiT. petris jamebze ganTesvidan erTi kviris Semdeg daviTvaleT 
gayofis fazaSi myofi ujredebi. vizualurad gansxvavebuli koloniebis 
warmoqmnis Semdeg, kultivirebis meoTxe kviris bolos, Sefasebul iqna 
daTesvis efeqturoba (cxr.11). rogorc me-11 cxrilis monacemebiT irkveva, 
Yucca gloriosa-s  ujredebis mutageniT damuSavebis Semdeg cocxal 
ujredTa procenti da gayofis fazaSi myof ujredTa ricxvi 

sakontrolo StamSi arsebuli sididisgan didad ar ganიrCeva. Tumca 
daTesvis efeqturoba mutagenis dozis gazrdis Sesabamisad kontrolis 
34%-s Seadgens. daTesvis efeqturobis maCvenebeli gacilebiT naklebia 
cocxali ujredebis ricxvTan SedarebiT.  amiT vrwmundebiT, rom yvela 
cocxal ujreds rodi SeuZla koloniis wamoqmna. nmS-s dozaTa 
letaluri moqmedebis SeswavliT SerCeul iqna efeqturi doza - 8mM.sT, 
romlis gavleniTac Y. gloriosa-s suspenziur ujredTa gadarCenadoba 
daaxloebiT 3-jer aris Semcirebuli. es unad gaviTvaliswinoT mutagenis 
raodenobrivi daxasiaTebisas, ramdenadac induqciis sidide 
ganisazRvreba populaciaSi sicocxlisunarian ujredTa wiliT. 
  amrigad, klonirebis meodiT miRebulia Yucca gloriosa-s  sawyisi da 

produqtiuli Stamebis (Y--0.5 da Y--2) ეrTujrediani klonebi, romelTa 
efeqturi zrdisTvis optimalur sixSires 105 ujr/ml warmoadgens. 
ujredul generaciaTa ricxvis gansazRvriT daadgines, rom 
sicocxlisunariani klonis warmosaqmnelad saWiroa ujredul dayofaTa  
cxra cikli. daTesvis efeqturobis Sefasebisas gamovTqviT azri, rom 
misi dabali sidide (0.3-0.5%) sakontrolo populaciaSi da mis 
produqtiul mutantur StamebSi (Y-С-0,5 da Y--2) dakavSirebulia 
ganviTarebis ciklis sxvadasxva stadiaze myof ujredTa mravaljeradi 

dayofis uunarobasTan. amaze migvaniSnebs swored is faqti, rom კlonebis 
formireba ujredTa cxra generaciis Semdeg xdeba. 
                                                               
                                                                cxrili 11 

 
 

nmS-s gansxvavebuli dozebis gavlena 
Y. gloriosa-suspenziuri kulturis ujredTa gadarCenilobaze 

 
varianti cocxal 

ujredTa 
ricxvi %-Si 
daTesvamde 

gayofis 
fazaSi 
myof 

ujredTa 
raodenoba % 

daTesviს 
efeqturoba 

% 

kontrolis 
mimarT % 

K 70±1,3 11±0,1 30.35±0,12 100 

Y --0,5 63.4±1,5 20 ±0.01 30.31 ±0,09 88,6 

Y --02 46.3 ±1,9 14±0.06 30.12 ±0,08 34.2 

 
                       
 

Yucca gloriosa-s  ujredTa gadarCenadobaze nmS-s dozaTa gavlenis 

SeswavliT gamovlinda efeqturi dozა 8 mM-sT, romlis inhibitoruli 
zemoqmebeda gadarCenadobis xarisxs samjer amcirebs. unda aRiniSnos, 
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rom mutagenuri faqtoris letaluri moqmedebis analizi inducirebuli 
mutagenezis raodenobrivi daxasiaTebis aucilebeli pirobaa. 

 
 
 
V. 7.  aqtiur variantTa gadarCeva 

 
praqtikul seleqciaSi warmatebiT gamoiyeneba ujreduli xazebisa 

da klonebidan miRebuli somaklonaluri variantebi, romlebic sawyisi 

ujreduli populaciisgan gamoirCevian, rogorc fenotipurad, aseve 

genetikuri niSan-TvisebebiT. maTi warmoqmna dakavSirebulia in vitro 
kultivirebis procesSi heterogenuli populaciis ujredTa 
araorganizebul zrdasTan. aRniSnul variantebs mniSvneloba eniWeba ara 
marto agronomiulad sasurveli mutanturi mcenaris gamosayofad, aramed 
bunebriv naerTTa sinTezisTvis maRalproduqtiul xazTa gamosavlenad . 

mizanSewonilia ganvasxvavoT terminebi „variani“ da mutanti“. 
variantiT aRiniSneba nebismieri ujreduli xazi, romelsac gaaCnia 
fenotipuri cvalebadoba, magram gansazRvruli ar aris igi genuri 
gamoxatulebis Sedegia Tu epigenetikuri cvlilebis. cneba „mutanti“ 

adeqvaturad aRniSnavs im xazs, romlisTvisac dაsabuTebulia cvaleba-

dobis genetikuri saფuZveli. 
     mutantebis seleqcia gansakuTrebiT efeqturia, roca mutageniT 
damuSavebis Semdeg ujredebi ramdenime dayofis stadias gadian. 
suspenziuri da kulusuri qsovilebis ujredebisTvis, rogorc wesi, 
gadarCenadobis procentis Sefaseba biomasis dagrovebis mixedviT xdeba 
(isazRvreba mSral da nedli biomasa). gamoiyeneba cocxal da mkvdar 
ujredTa SeRebvis meTodi da vizualurad identificirdeba ujredebi, 
romlebic sawyiss aZlevs axal koloniebs. 

Y. gloriosa-s sakontrolo da mutanturi Stamebidan klonirebis 
Sedegad miRebuli iyo 300-mde kolonia, romelTa Semdgomi 
subkultivirebis Sedegad biomasis matebis mixedviT 60-mde Secvlili 
varianti iqna gamoyofili. maTi gadarCeva warmoebs fenotipurad gamov-
lenili niSnis mixedviT. variantebis specifiuri Tavisebureba iyo gans-
xvavebuli zrda (kultivirebis erTdaimave pirobebSi). rogorc sakon-
trolo, aseve mutanturi klonebis garkveuli nawili kargi zrdis 
unariT da TeTri, fxvieri qsoviliT gamoirCeoda, xolo cudad mzardi 
klonebisTvis damaxasiaTebeli iyo moyavisro, gamkvrivebuli qsovili, 

rac nekrozul procesTa dawyეbiT iyo gamowveuli. 

aRniSnul variantebs Soris SerCeul iqna iseTebi, romleბic 
maRali intensivobiT izrdeboda. kulturis ganviTarebis ramdenime 
ciklSi SeviswavleT maTi zrdis indeqsis maCveneblebi nedli da mSrali 
biomasis mixedviT. zrdis indeqsis sidide Seesabameba kultivirebis 30-e 
dRes. amis Semdeg, rogorc cnobilia, kultura gadadis stacionalur 
fazaSi (cxr.12). 

rogorc me-12 cxrilis monacemebi gviCvenebs sakontrolo 
StamisTvis zrdis indeqsis maCvenebeli varirebs 7.5-10.1-s Soris nedli 
biomasis mixedviT, xolo mSral biomasis cvlilebebis mixedviT – 1.3-5.2-s 
Soris. mutanturi Stamis Y-0.5-is klonebi SedarebiT mdgradobiT xasiaT-
deba, nedli biomasis zrdis indeqsi Nt /N0 icvleba 9.0-dan 10.6-mde, mSrali 

biomasisTvis -2.7-dan 3.2-mde. klonebSi Nt /N0 sididis sazRvrebi 
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gadidebulia 7.1-dan 13.1-mde  (nedli biomasis mixedviT) da 2.7-dan 4.1-mde 
(mSrali biomasis mixedviT). rac Seexeba aRniSnul variantebSi 

furostanoluri გlikozidebis dagrovebis unars, Catarebuli bioqimiuri 
analiziT naCvenebia, rom isini steroiduli glikozidebis sinTezis 
mxriv produqtiulobis maRali maCveneblebiT ar gamoirCeva. Tumca 
adgili aqvs erTgvar kanonzomerebas: cudad mzard klonebSi metaboluri 
aqtivobac dabalia. misi gaumjobeseba zrdis procesis kvaldakval xdeba, 
Sesabamisad, ukeT mzard variantebSi biosinTezuri potencialic 
gaumjobesebulia. es faqti TavisTavad biosinTezis procesebis zrdis 
procesebze damokidebulebis damasabuTebelia. 
     sakontrolo Stamis klonebSi, romelTa zrdis intensivobis sidide 
arc Tu ise maRalia, furostanolur glkozidTa minimaluri Semcveloba 
SeiniSneba (daaxl. 0.2%). 

Y -0.5 da Y -2 mutanturi Stamebis klonebSi ki maTi raodenoba 
momatebulia da garkveulwilad sawyis StamSi arsebul sidides 
aRemateba (daaxl. 0.4-0.5%). unda iTqvas, rom am klonebSi mutagenis mas-

timulirebeli dozis efeqturoba arsebiTad zrdis procesTa იntensifi-
kaciaSi gamoixateba. 
    produqtiulobis TvalsazrisiT, optimaluria rogorc biomasis, aseve 
sinTezirebul naerTTa maRali gamosavlianobis miRweva. Tumca 
praqtikul seleqciaSi SesaZlebelia an erTi an meore niSnis mixedviT 
gadarCeva. 
    aRniSnul faqtze dayrdnobiT yuradReba gamaxvilda Y. gloriosa-s 
suspenziuri kulturis sawyisi da mutanturi Stamebis klonebSi biomasis 
dagrovebis unarze. dasaxelebul klonebs Soris varianti  SeirCa zrdis 
indeqsis niSniT. kerZod, Nt/N0-is minimaluri, saSualo da maqsimaluri 
 mniSvnelobebiT. dakvirveba warmoebda maT mier sinTezirebul furosta- 
nolur glikozidebis raodenobriv Semcvelobaze (cxr.13). 
    rogorc me-13 cxrilis monacemebi gviCvenebs, ukeTesi Sedegebi iqna 
miRebuli zrdis indeqsis maRali maCveneblis mqone klonebSi. am mxriv 
aRsaniSnavia sakontrolo Stamis kloni N-16, mutanturi Stamis Y -0.5-is 
kloni N-14 da Y -2 Stamis kloni N N-16, magram unda iTqvas, rom maTSi 
furostanolebis gamosavlianoba praqtkuli daniSnulebisTvis saxar-
bielo Sedegs ver amJRavnebs. aRniSnul klonebSi saerTo produqtiu-
loba gaumjobesebulia ZiriTadad biomasis gadidebuli dagrovebis 
unaris xarjze. amitom mizanSewonilad migvaCnia, rom maTi Semdgomi 
gadarCeva swored am niSniT warimarTos. rogorc vxedavT, biomasis 
maRali gamosavlianoba uzrunvelyofs steroiduli naerTebis Semcve-
lobis gazrdas. es faqti gvafiqrebinebs, rom zrdis procesTa regula-
ciiT safuZveli iqmneba metaboluri aqtivaciisTvis. 
      mutageneziT miRebul somaklonalur variantebSi xdeba sasurveli 
morfologiuri da citogenetikuri cvlilebebis gaZliereba. xangrZlivi 
mravaljeradi pasireba ganamtkicebs mocemuli fenotipuri 
gamoxatulebis sixSiris matebas. amas mowmobs literaturaSi  citirebu-
li magaliTebi, romelTa Tanaxmad sxvadasxva ujredul xazebSi 
mutageniT zemoqmedebis Sedegad SeirCeva dadebiTad Secvlili varian-
tebi. maT upiratesobas Seadegs meorad metabolitTa sinTezis gaZlie-
reba.  
     is meqanizmebi, romelTa mizeziTac kultura Seicavs rogorc dabal, 
aseve paRalproduqtiul ujredebs, jerjerobiT srulyofilad axsnili 
ar aris. SesaZloa es imiT iyos ganpirobebuli, rom dediferencirebul 
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ujredebSi totaluri genetikuri informaciis mxolod nawilia 
gamoxatuli. amdenad, produqtiulobis asamaRleblad ujredTa 
klonireba rogorc sawyis, aseve mutageniT damuSavebul populaciaSi 
moiTxovs seleqciis da gadarCevis rTuli meqanizmebis Catarebas. 
     pirdapiri analitikuri gadarCevis safuZvelze mimdinareobs dabal 
da maRalproduqtiul ujredul xazebad daxarisxeba. ramdenime pasaJis 
Semdeg isini xelaxla klonirdeba jamze ganTesvis saSualebiT. kvlav 
xdeba maRalproduqtiuli klonis dayofa dabal da maRalproduqtiul 
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Y. gloriosa-s sawyisi da produqtiuli Stamis zogierTi klonisTvis 
zrdis indeqsis cvlilebebi (Nt/N0) 
 
 
 

Stami klonebi nedli biomasis mixedviT mSrali biomasis mixedviT 

 
 

K 

2 7.5 1.3 
4 7.9 1.5 
5 8.0 1.7 
13 9.6 2.9 
14 9.0 2.4 
16 10.1 3.2 

 
 
 
 

Y-0.5 

1 10.6 3.2 
2 10.9 3.3 
4 10.9 3.1 
5 10.8 3.3 
9 9.6 2.9 
10 9.2 2.7 
11 9.4 2.7 
14 9.0 2.4 
17 9.7 2.8 

 
Y-2 

 
 

2 7.9 2.7 
7 7.5 2.4 
9 10.1 3.1 
10 8.0 2.5 
11 7.1 2.3 
15 9.1 2.9 
16 13.1 4.1 
17 9.5 3.2 

 
 
subklonebad da a.S. yoveli momdevno maRalproduqtiuli kloni ufro 
meti mdgradobiT gamoirCeva. 
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      arapirdapiri gadarCevisaს SerCeuli kloni Sefasdeba ujreduli 
eqstraqtis analizis Semdeg da misi mxolod nawili subkultivirdeba. 
aseTi aucilebloba ganpirobebulia klonis TvisebaTa gamosavlenad. 

analitikuri gadarCeva sasurvel Sedegebs iZleva, roca Secvlili 
niSani sakmarisad aris gamoxatuli sawyis populaciaSi. iSviaTi 
variantebis dadgena xdeba dadebiTi, aqtiuri seleqturi sistemiT, 
romelic uzrunvelyofs variantis gadarCenadobas danarCen ujredTa 
daRupvis xarjze. gasaTvaliswinebelia maTi stabiluroba da rezisten-
toba. sirTuleebs qmnis agreTve, kultivirebul ujredTa ploidurobis 
arasasurveli done. aneuploiduri, poliploiduri ujredebisTvis 
bioqimiur variantTa gadarCeva xdeba mxolod rezistentobis gziT . 

     
                                                              cxrili 13 

 
Y. gloriosa-s sakontrolo da mutanturi Stamebis sxvadasxva klonis mier 
glikozidTa sinTezis unari 
 

 

variantebi 

steroiduli glikozidTa Semcveloba pasaJebSi, % 

 

I 

 

 

V 

 

VII 

K
 

2 0.17±0.06 0.18±0.04 0.22±0.03 

4 0.23±0.04 0.27±0.02 0.25±0.05 

16 0.32±0.08 0.35±0.03 0.37±0.04 

Y
-
0
.
5
 

2 0.31±0.03 0.30±0.04 0.32±0.02 

9 0.38±0.02 0.37±0.04 0.38±0.03 

4 0.51±0.02 0.54±0.01 0.53±0.02 

 
Y
-
2
  

9 0.29±0.05 0.31±0.05 0.30±0.07 

11 0.37±0.04 0.39±0.02 0.39±0.03 

16 0.470.05 0.490.04 0.490.05 

 
mutageniT damuSavebis Semdeg ki, rogorc cnobilia, seleqciis 
mimarTuleba icvleba ploidurobis garkveul doneze stabilizaciisken. 
metabolitTa producenti genetikuri variantebis seleqciaSi 
ploidurobis sidide damokidebulia metabolur procesTa regulaciaze. 
ploidurobis erT doneze SenarCunebiT izrdeba sasurveli niSnis 
mixedviT variantTa gadarCevis Sansi. 
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klasikuri mikrobuli genetikis Tanaxmad, tradiciulia miRebul 
mutantur zeproduqtiul xazebs Soris seleqciis warmarTva ujredul 
doneze. 

Cvens mier Y. gloriosa-s sakontrolo da mutantur Stamebidan 
gamovlenilia intensiuri zrdis mqone klonebi. maTi gadarCeva 
mimdinareobs biomasis dagrovebis niSnis mixedviT. mutanturi 
StamebisTvis gamoyofilia yvelaze ufro aqtiuri variantebi, romelTa 
stabiluroba mutagenuri faqtoriT aris uzrunvelyofili. sasurvelia 
aRniSnul variantebSi furostanoluri glikozidebis dagrovebis maRali 
   SesaZleblobis miRweva, rac moiTxovs maT gadarCevas furostanolTa 
sinTezis gaZlierebuli unaris mixedviT. 
 VI. mcenareuli ujredis totipotenturoba. mcenareTa 
morfogenezis fiziologiuri aspeqtebi         
 
    mcenareTa izolirebuli fragmentebis kultivirebis meTodebi 
dafuZnebulia mcenareuli ujredis mniSvnelovani Tvisebis – 
totipotenturobis unarze.  

totipotenturoba ( laT. totus - mTliani , potential – unari, Zala) - es 
aris ujredis Tviseba moaxdinos genetikuri informaciis realizeba, 
rac uzrunvelyofs mis diferencirebas da ganviTarebas mTlian mcena-
remde. 

totipotenturobis unari gaaCnia mcenaris ganayofierebul kvercx-
ujreds da cxoveluri organizmis kvercxs. cxovelebSi diferenci-
rebul ujredebSi totipotenturobis unari mxolod nawlavRruianebis 
garkveul ujredebs gaaCnia.. umaRles cxovelur organizmebs embrio-
genezis adreuli etapidan, ujredTa specializaciis dawyebis mere toti-
potenturoba ar realizdeba. Mmagram cxovelTa embrionebidan izoli-
rebul ujredebs, kultivirebis pirobebSi gaaCniaT unari ganicadon 
diferencireba, rogorc sakuTriv Canasaxis yvela tipis ujredad, aseve 
embrionalur qsovilad. aseTma ujredebma miiRes embrionaluri Rerovani 
ujredebis saxelwodeba, maT ukavSireben qsovilTa gadanergvis proble-
mebis gadawyvetas.  

mcenareebSi bunebriv pirobebSi totipotenturoba SesaZloa gamoav-
linon specializirebulma ujredebmac, anu diferencirebulma somatur-
ma ujredebmac. Aamis magaliTia vegetatiuri gamravleba. Bbegoniis da ka-
lanxoes foTlis ujredebidan SesaZlebelia mTliani mcenaris 
ganviTareba.  totipotenturoba mcenareebSi realizdeba Wrilobebis 
Sexorcebisas. Mmcenaris Wrilobis zedapirZe ujredebis araorganize-
buli proliferaciis Sedegad xdeba kalusis ganviTareba (laT. Callus – 
koJri, sqeli kani). Kkalusi xels uwyobs Wrilobis Sexorcebas. aRsani-
Snavia, rom mravalma erTlebnianma mcenarem dakarga kalusis warmoqmnis 
da vegetatiuri gamravlebis unari.  
    In vitro  eqsperimentul pirobebSi xelovnur sakveb areze mcenareTa 
ujredebis, qsovilTa fragmentebis, organoTa gazrdisas SesaZlebelia in 
vivo supresirebuli (daTrgunuli) totipotenturobis realizacia. es 
xorcieldeba  zrdis regulatorebis da fitohormonebis gavleniT. In vivo 
supresirebuli totipotenturobis realizacia yvelaze advilad xor-
cieldeba  fesvis wveridan da kvirtidan izolirebuli meristemuli 
ujredebis aseve kalusebis kultivirebisas rTuli sakvebi areebis 
gamoyene.biT. es midgoma warmatebulad iyo realizebuli me-20 saukunis 
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30-ian wlebSi amerikeli mkvlevaris fillip uaitis da frangi mecnieris 
roJe gotres mier, romlebsac izolirebuli qsovilebis da organoebis 
kultivirebis Tanamedrove meTodebis mamamTavrebad Tvlian.   
 
VI.1.  mcenareTa mikroklonuri gamravleba da virusisgan Tavi-
sufali masalis miReba 
   mcenareTa mikroklonuri gamravlebis uპiratesoba gamravlebis tra-
diciul xerxebTan SedarebiT.  meTodis istoria 
 
     bunebaSi arsebobs mcenareTa gamravlebis ori xerxi: sqesobrivi (Te-
sliT) da vegetatiuri. Oorive meTods aqvs rogorc Tavisi upiratesobani, 
aseve naklovanebani. TesliT gamravlebis naklia Teslovani masalis 
genetikuri siWrele da iuveniluri (axalgazrda) periodis xangrZlivoba.  
     vegetatiuri gamravlebisas dedamcenaris genotipi inaxeba, agreTve 
mcirdeba iuveniluri periodis xangrZlivoba. Mmagram saxeobaTa umravle- 
soba vegetatiuri meTodiT cudad mravldeba, maT miekuTvneba mravali 
merqniani jiSi. magaliTad, muxis, fiWvis, naZvis, kaklis gamravlebis 
efeqturoba iuvenilur stadiazec ki arc ise maRalia. Aamas garda, da-
kalmebiT SeuZlebelia merqniani mcenareebis mravali saxeobis gamrvleba 
10 _ 15 wlis asakis zeviT. Znelia standartuli dasargavi masalis miReba, 
radgan arsebobs infeqciis dagrovebisa da gadacemis SesaZlebloba. G 
mynobiT gamravlebis operaciebi Zneli da Sromatevadia.  
    miRwevebma ujredebisa da qsovilTa kulturebis sferoSi migviyvana 
vegetatiuri gamravlebis principulad axali meTodis Seqmnamde_ klonur 
mikrogamravlebamde. Ees aris arasqesobrivi gziT sawyisi egzemplaris 

genetikurad identuri mcenareebis miReba. In vitro meTodis safuZvelSi 
devs mcenareuli ujredis unikaluri unari ganaxorcielos misTvis 
damaxasiaTebeli totipotenturoba. termini “kloni” mowodebuli iyo 1903 
wels uebsteris mier (berZnuli Klon _ kalami an ylorti, romelic vargi- 
sia mcenareTa gamravlebisaTvis).  

samecniero terminologiis Sesabamisad, klonireba gulisxmobs iden-
turi organizmis miRebas erTeuli ujredebidan. Aam meTods aqvs rigi 
upiratesobani gamravlebis arsebul tradiciul xerxebTan SedarebiT 
rac SemdegSi mdgomareobs: 
_ miiReba genetikurad erTgvarovani gadasanergi masala; 
_ xdeba mcenaris ganTavisufleba virusebisagan meristemuli kulturis 
gamoyenebis xarjze; 
_ damaxasiaTebelia gamravlebis maRali koeficienti (105 - 106 _ 
balaxovnebisTvis, 104 - 105  buCqovani merqniani mcenareebisaTvis da 104 _ 
wiwvovanebisaTvis); 
_xdeba saseleqcio periodis xangrZlivobis Semokleba;  
_warmoebs mcenaris gadasvlis daCqareba ganviTarebis iuveniluri fazi-
dan reproduqciul fazaSi; 
_ SesaZlebeli xdeba gamravleba mcenareebisa, romlebic Znelad mravl-
deba tradiciuli meTodebiT; 
_ SesaZlebelia samuSaoebis Catareba mTeli wlis ganmavlobaSi da gam-
ravlebis procesis avtomatizacia. 
    klonuri mikrogamravlebis pionerad iTvleba frangi mecnieri Jan 
moreli, romelmac XX saukunis 50-ian wlebSi miiRo orqideas pirveli 
mcenare-regeneranti. Aam droisaTvis apikaluri meristemis in vitro 
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kultivirebis teqnika ukve kargad iyo damuSavebuli. რogorc wesi, 
mkvlevarebi pirvelad eqsplantad iyenebdnen balaxovani mcenareebis: 
mixakis, qrizantemas, mzesumziras, bardis, simindisa da sxvaTa wveris 
meristemas.  
  Tavdapirvelad Seswavlili iyo kartofilis, Saqris Warxlis, mixakis, 
herberas da sxva mcemareTa mikrogamravlebis pirobebi da mowodebuli 
iyo sawarmoo teqnologiebi. SemdgomSi, klonur mikrogamravlebaSi 
Catarebulma kvlevebma moicva merqniani mcenareebic. pirveli samuSaoebi 
merqniani mcenareebis qsovilTa kulturebze gamoqveynda XX saukunis 20-
ian wlebSi da dakavSirebuli iyo gotres saxelTan, romelmac aCvena, 
rom zogierTi mcenaris kambialur qsovilebs aqvT kalusogenezis unari 
in vitro. magram verxvis pirveli mcenare-regenerantebi, romlebic dayvanil 
iqna niadagis kulturamde, miRebul iqna 60-ian wlebSi materis mier. 
    wiwvovani jiSebis in vitro qsovilebis kultivireba didi xnis 
ganmavlobaSi iSviaTad gamoiyeneboda kvlevis obieqtad. Ees dakavSirebu- 
li iyo mcenareebidan izolirebuli qsovilebis kultivirebis speci- 
fikur siZneleebTan. cnobilia, rom merqniani, gansakuTrebiT wiwviani 
mcenareebi xasiaTdeba neli zrdiT, Znelad fesviandeba, Seicavs didi 
raodenobiT meorad naerTebs (fenolebi, terpenebi da a.S.), romlebic 
izolirebul qsovilebSi aqtiurdebian. daJanguli fenolebi Cveuleb- 
rivad ainhibireben ujredis gayofasa da zrdas, rac iwvevs pirveladi 
eqsplantis daRupvas, an merqnian mcenareebSi gverdiTi kvirtebis 
regeneraciis unaris Semcirebas, romlebic mcenare-donoris zrdasTan 
erTad praqtikulad mTlianad qreba. amJamad, miuxedavad CamoTvlili 
siZneleebisa, 40 ojaxis warmomadgeneli 200-ze meti merqniani mcenarea 
gamravlebuli in vitro kultivirebis meTodiT (wabli, muxa, aryis xe, 
nekerCxali, fiWvi, naZvi, seqvoia da sxv.). 
 
 
 
VI. 2. faqtorebi, romlebic gavlenas axdenen klonuriMmikrogamravlebis 
procesze 

 
     mikroklonuri gamravlebis efeqturobaze gavlenas axdens mravali  
sxvadasxva faqtori. es aris kulturaSi Sesayvani mcenaris fiziologi- 
uri Taviseburebani, kultivirebis fizikuri da qimiuri pirobebi. 
erTerTiYyvelaze mniSvnelovani momentia dedamcenarisa da eqsplantis 
SerCeva. 
     dedamcenaris SerCevisas aucileblad mxedvelobaSia misaRebi misi 
fiziologiuri, jiSobrivi da saxeobrivi Taviseburebani. sawyisi mcenare 

unda iyos jansaRi, ar unda iyos dazianebuli sokovani, baqterიuli da 
virusuli daavadebebiT. Aamas garda, igi unda imyofebodes intensiuri 
zrdis mdgomareobaSi (mosvenebiTi fazidan gamosvla da aqtiur zrdaze 
gadasvla). Bbolqvebi, fesurebi da tuberebi mosvenebiT mdgomareobaSi 
uvargisia. kulturaSi Seyvanamde maT winaswar amuSaveben maRali an 
dabali temperaturiT. gamravlebis unari determinirebulia agreTve 
genetikurad. magaliTad, marwyvi mravldeba yvela xerxiT, qacvi _ 
arcerTiT, Tumca bunebaSi maTi dakalmeba xdeba. Oorlebnianebs aqvT 
regeneraciis ufro maRali unari, vidre erTlebnianebs da merqnianebs. 
     eqsplantis SerCevisas aucileblad mxedvelobaSia misaRebi misi asa- 
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ki, aRnagoba da warmoSoba. Kklonirebuli masalis maqsimaluri 
stabilurobis uzrunvelsayofad, Tavidan rom aviciloT anomaliuri mce- 
nareebis warmoqmna, sasurvelia eqsplantis saxiT gamoviyenoT axalgazr- 
da, sustad diferencirebuli qsovilebi. amas garda, axalgazrda mcenare- 
ebidan miRebuli eqsplantebi ukeTesad fesviandeba, vidre zrdasrulidan 
miRebuli, es gansakuTrebiT exeba merqnian jiSebs. yvelaze ukeTesia 
gamoviyenoT Reros wveroebi, iRliuri kvirtebi, Canasaxebi, axalgazrda 
foTlebi, kalmebi, bolqvebi, qerclebi, yvaviledebi, e.i. meristemis 
Semcveli eqsplantebi. Ggrinis da filipsis mier 1975 wels simindis 
embrionebze Catarebulma cdebma aCvena, rom zrdasruli (mowifuli) 
Teslebidan amoRebuli embrionebi warmoqmnian kaluss da fesvebs. Tu 
damtvervidan 2-3 kviris Semdeg isini izolirebuli iqnebian, maSin 
warmoiqmneba kalusic da mcenarec. rogorc Cans, es dakavSirebulia  
mcenaris ontogenezSi genetikuri programis amoqmedebasTan. Uunda 
aRiniSnos, rom axalgazrda qsovilebi yovelTvis ar warmoadgens 
gamravlebisTvis xelsayrel obieqtebs. eqeverias axalgazrda foTlebidan 
miRebul eqsplantebze warmoiqmneba mxolod fesvebi, xnieridan _ mxolod 
ylortebi, saSualo asakidan _ fesvebic da ylortebic. rac ufro mcirea 
eqsplantis zoma, miT ufro naklebia misi regeneraciis unari. Mmeore 
mxriv, msxvil eqsplantebSi izrdeba SesaZlebloba mis ujredebSi 
gaCndes virusebi da sxva paTogenebi, rac abrkolebs qsovilebis 
gajansaRebas. 
     kultivirebis xangrZlivoba gavlenas axdens agreTve mikrogamrav-
lebis efeqturobaze. Eeqsplantis fiziogogiuri mdgomareoba icvleba 
pasaJebis mimdinareobisas, xangrZlivi kultivirebisas ylortebis dafe-
svianebis sixSire izrdeba. amasTan, SesaZlebelia, rom eqsplantma 
SeiZinos axalgazrduli niSan-Tvisebebi, rac midis misi morfogenetikuri 
potencialis gazrdamde. 
     kulturaSi Seyvanis warmateba xSirad ganisazRvreba sterilizaciis 
efeqturobiT. Gmasterilizirebeli unaris mqone naerTis SerCeva xSirad 
ganisazRvreba eqsplantis TaviseburebebiT. Nnazi qsovilebisaTvis aseTi 
naerTis koncentracia unda Semcirdes, raTa SevinarCunoT eqsplantis 
sicocxlisunarianoba. xSirad sawyisi eqsplantebis Sinagani dasnebovneba 
gacilebiT Zlieria, vidre zedapiruli, amitom eqsplantebs winaswar 
amuSaveben fungicidebiTa da antibiotikebiT sokovani da baqteriuli 
infeqciebis winaaRmdeg. karg Sedegebs iZleva mcenaris damuSaveba 
natriumis benzoatiT.  
     mcenareTa saxeobis mixedviT aucilebelia gamoicados rogorc 
myari, aseve Txevadi sakvebi areebi. xandaxan Txevad areebs aqvT 
upiratesoba, radganac uzrunvelyofen trofikuli elementebis 
moZraobas. magaliTad, vardebis gamravlebis dros ufro warmatebuli 
iyo ylortebis kultivireba orfazian sakveb areze: qveda fena _ 
agarizebuli, zeda _ Txevadi. Ggamravlebis efeqturobaze SeuZlia gav-
lena moaxdinos agreTve eqsplantis ganlagebam (horizontaluri an 
vertikaluri), sacobis tipma (bambis, plastmasis, minis, liTonis da a.S.), 
agreTve Tanafardobam eqsplantis moculobasa da sakvebi aris 
raodenobas Soris, eqsplantebis optimaluri ganaTebam da gazuri cvlis 
pirobebma. 
    sakvebi aris Sedgeniloba aucileblad unda SeirCes TiToeuli saxeo-
bis mcenarisaTvis. Kklonur mikrogamravlebaze gavlenas axdenen 
hormonebi, mineraluri marilebi, vitaminebi da naxSirwylebi.  
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        In  vitro  mikrogamravlebis dros xSirad sargebloben murasiges da 
skugis, Senkis da xildebrantis, niCis, hamborgis, xelerisa da sxvaTa 
sakvebi areebiT. Cveulebrivad iyeneben murasige-skugis ares, romelic 
Seicavs bevr araorganul azots, rac astimulirebs organogenezisa da 
somaturi embriogenezis procesebs. eqsplantebSi  xorblis marcvlebis 

morfogenezuri kalusebiს gamosavali murasige-skugis areze ufro 
maRalia hamborgis aresTan SedarebiT, romelic Seicavs azotis daJan-
gul formebs. 
murasige-skugis - ms are xels uwyobs agreTve xorblis marcvlebis 
ujredebis qromosomuli nakrebis stabilizacias auqsinis maRali 
Semcvelobisas areSi. saerTod, NH4  :  NO3  optimaluri Tanafardobis  
sakiTxi Riad rCeba, radganac literaturuli monacemebi uaRresad 
urTierT sapirispiroa da ar arsebobs universaluri recepti yvela saxis 
mcenarisaTvis. naxSirbadovani kvebis wyarod iyeneben sxvadasxva 
naxSirwylebs: saqarozas, glukozas, fruqtozas, galaqtozas. sxvadasxva 
kulturebi klonuri mikrogamravlebis sxvadasxva etapebze moiTxoven 
naxSirwylebis sxvadasxva koncentracias. Ggamravlebis fizikur 
faqtorebs miekuTvneba temperatura da ganaTebis pirobebi. Ppirvel or 
etapze ganaTeba meryeobs 1000 _ 3000 luqsis farglebSi, fotoperiodi 14 
_ 16 sT. magram es parametrebi damokidebulia kulturaze. sinaTlis 
maRal intensivobas SeuZlia gamoiwvos qlorozi da Seaferxos ganviTa-
reba. magram niadagSi gadatanisas es mcenareebi Tavs ukeT grZoben da 
aqtiurad izrdebian. sinaTlis speqtruli Sedgenilobac mniSvnelovan 
rols TamaSobs. zogierTi mkvlevari muTiTeben lurj sinaTleze, 
rogorc morfogenezis ZiriTad komponentze. wiTeli sinaTle astimuli-
rebs Tambaqos kvirtebis warmoqmnas, aryis xis dafesvianebas, salaTis 
ylortebis warmoqmnas.  
     t. n. konstantinovisa da Tanaavtorebis mier 1987 w. naCvemebia, rom 
lurji sinaTle aZlierebs vegetatiuri kvirtebis Camoyalibebas Tambaqos 
ylortebze in vitro pirobebSi, xolo wiTeli astimulirebs sayvavile 
kvirtebis ganviTarebas. Mmagram sxvadasxva koncentraciis citokininebisa 
da auqsinebis damatebiT, sayvavile da vegetatiuri kvirtebis 
diferenciaciis procesebis Tanafardoba icvleba. zog SemTxvevaSi 
SeiniSneba sapirispiro efeqtic ki. r. a. karnaCukisa da e. s. gvozdevis  
gamokvlevebis mixedviT, upiratesi gamosavali xorblis morfogenezuri 
kalusebisa, saidanac yalibdeba mcenare da ylortebi, aRiniSneba mwvane 
sinaTleze. Ddidi mniSvneloba aqvs agreTve sinaTlis speqtruli 
Sedgenilobisa da sakvebi aris hormonaluri faqtorebis Sexamebas.  

     kultivirebis temperatura Cveulebriv meryeobs 22 – 260C inter- 
valSi dRisiT da 18 _ 220 C RamiT. zog SemTxvevaSi temperaturis daweva 
iwvevs gamravlebis efeqturobis awevas. gamravlebis koeficientis 
asawevad aucilebelia TiToeul saxeobas Tavisi aRmocenebis bunebrivi 
arealis gaTvaliswinebiT SevurCioT kultivirebis individualuri 
pirobebi. haeris fardobiTi tenianoba rogorc wesi _ 65 _ 70% Seadgens.  
 
 V. 3.  klonuri gamravlebis etapebi. arsebobs klonuri mikrogamrav-
lebis mravali meTodi, agreTve am meTodebis sxvadasxva klasifikacia. 
erT-erTi maTganis mixedviT, romelic mowodebulia murasiges mier 1977 
wels, procesi SeiZleba ganxorcieldes Semdegi gzebiT: 

1. iRliuri meristemis gaaqtiureba; 
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2. gverdiTi ylortebis warmoqmna eqaplantis qsovilebiT;  
3. gverdiTi ylortebis warmoqmna kalusSi;  
4. eqsplantis ujredebSi somaturi embriogenezis induqcia; 
5. somaturi embriogenezi kalusur qsovilSi;  
6. damatebiTi embrioidebis formireba pirveladi somaturi Canasaxebis 

qsovilSi (pirveladi embrioidebis dayofa) 
n. v. kataeva da r. g. butenko  gamoyofen klonuri mikrogamrაvlebis 
or ZiriTad, principulad sxvadasxva tips: 
1. mcenareSi ukve arsebuli meristemis aqtivacia (Reros apeqsi, Reros 

iRliuri da mZinare kvirtebi). 
   2. kvirtebis an embrioidebis induqcia de novo: a) adventuri ylortebis 
warmoqmna uSualod eqsplantis qsovilTa mier; b) somaturi 
embriogenezis induqcia; g) gverdiTi kvirtebis diferenciacia pirvelad 
da gadasanerg kalusur qsovilSi. 

   ZiriTadi meTodi, romelic gamoiyeneba mcenaris klonuri mikrogam-
ravlebisas, aris mcenareSi ukve arsebuli meristemis ganviTarebis 
gaaqtiureba. is damyarebulia apikaluri dominirebis moxsnaze. amis 
miRweva SeiZleba ori gziT: a) Reros wveris meristemis mocilebiT da 
ylortis Semdgomi in vitro dakalmebiT uhormono areze; 
b) sakveb areze citokininebis tipis moqmedebis nivTierebebis damateba, 
romlebic ainducireben mravalricxovani iRliuri ylortebis 
ganviTarebas. rogorc wesi, citokininebad iyeneben baps an kinetins (6-
fosfoaminopurins) da zeatins. amgvarad miRebul ylortebs acileben 
pirveladi eqsplantidan da xelaxla damoukideblad akultivireben 
axlad momzadebul sakveb areze, romelic astimulirebs iRliuri meri-
stemis proliferacias da ufro maRali rigis ylortebis aRmocenebas. 
     xSirad eqsplantad iyeneben wveros an iRliur kvirtebs, romlebsac 
acileben ylortebidan da aTavseben citokininebis Semcvel sakveb areze. 
warmoqmnil ylortebis kvirtebs acalkeveben, aucileblobis SemTxvevaSi 
akalmeben da gadaaqvT axlad momzadebul sakveb areze. ramdenime pasaJis 

Semdeg sakveb ares amateben auqsinebs da ylortebs afesvianeben in vitro, 
xolo Semdeg gadaaqvT niadagSi, sadac qmnian mcenaris adaptaciisaTvis 

xelSemwyob pirobebs.  
    amJamad es meTodi farTod gamoiyeneba sasoflo-sameurneo kulturebis 
gadasanergi masalis warmoebaSi, rogorc teqnikuri, ise bostneulis, 
agreTve sawarmoo meyvavileobis kultivirebisaTvis, tropikuli da 
subtropikuli mcenareebis, nayofiani da kenkrovani kulturebis, merq-
niani mcenareebis gamravlebisaTvis. zogierTi kulturisaTvis, rogoricaa 
kartofili, klonuri gamravlebis teqnologia dayenebulia warmoebis 
safuZvelze. Aarsebuli meristemis ganviTarebis gaaqtiurebis meTodis 
gamoyeneba kartofilis erTi meristemidan weliwadSi 100 000-ze meti 
mcenaris miRebis saSualebas iZleva, amasTan, teqnologia iTvaliswinebs 
sinjarebSi mikrotuberebis _ Zvirfasi uviruso saTesle masalis miRebas.  
M  meore meTodia gverdiTi kvirtebis warmoSobis induqcia uSualod 
eqsplantis qsovilebiT. is emyareba mcenaris izolirebuli nawilebis 
unars, sakvebi aris xelsayrel pirobebSi aRadginos is organoebi, 
romelic aklia da amgvarad moaxdinos mTliani mcenaris regenerireba. 
SeiZleba mivaRwioT gverdiTi kvirtebis warmoqmnas mcenaris TiTqmis 
nebismier organosa da qsovilisagan (izolirebuli Canasaxi, foToli, 
Rero, lebani, qercli,  bolqvis Ziri, fesvebis segmentebi da 
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yvaviledebis Canasaxebi). es procesi midis sakveb areze, romelic Seicavs 
citokininebis narevs auqsinebTan 10:1 an 100:1 TanafardobiT. auqsinebad 
iyeneben iZm-s da nZm-s. aseTi xerxiT gamravlebuli iyo SroSanis, 
pamidvris, merqniani mcenareebis (momwifebuli da moumwifebeli Cana-
saxebidan) ojaxebis mravali warmomadgeneli. sakmaod kargadaa damuSave-  
buli marwyvis klonuri gamravlebis teqnologia, romelic damyarebulia 
apikaluri meristemis kultivirebaze. Mmeristemul wvero-ebs acileben 
axalgazrda, virusuli daavadebisagan Tavisufal mcenareebs da zrdian 
ms sakveb areze, romelic Seicavs bap-s 0,1 – 0,5 mg/l koncentraciiT. 3 – 4 
kviris Semdeg kultivirebuli meristema yalibdeba nazardad, romlis 
safuZvelzec formirdeba swrafad mzardi gverdiTi kvirtebi da isini 
dasabams aZleven axal kvirtebs. 6 – 8 kviris ganmavlobaSi warmoiqmneba 
erTmaneTTan SemaerTebeli qsoviliT dakav-Sirebuli da ganviTarebis 
sxvadasxva stadiaze myofi kvirtebis konglomerati. gamoCndeba foTlebi 
mokle yunwebiT, romelTa qveda nawilSi formirdeba axali gverdiTi 
kvirtebi. Aam kvirtebs acalkeveben da gadargaven axal sakveb areze. 
zrdis regulatorebis gareSe 4 – 5 kviris ganavlobaSi formirdeba 
normaluri mcenare fesvebiTa da foTlebiT. aseTi wesiT erTi 
dedamcenarisagan SegviZlia miviRoT weli-wadSi ramdenime milioni 
mcenare-regeneranti.  
    klonuri mikrogamravlebis praqtikaSi gamoyenebuli mesame meTodi 
emyareba Canasaxis msgavsi struqturebis somaturi ujredebis 

diferenciacias, romlebic Sesaxedad mogvagoneben zigotur Canasaxebs.  
Aam meTodma miiRo somaturi embriogenezis saxelwodeba. gansxvavebiT in 
vivo zrdisagan, somaturi Canasaxebi viTardeba aseqsualurad _ Canasa-
xovani parkis gareSe da Tavisi garegnuli saxiT mogvagoneben bi-
polarul struqturebs, romlebzec erTdroulad SeimCneva Rerosa da 
fesvis apikaluri meristemis ganviTareba. stevardis mixedviT, somaturi 
Canasaxebi gadian ganviTarebis sam stadias: globularuls, gulismagvars, 
torpedosmagvars, da saboloo jamSi, aqvT ganviTarebis tendencia 
aRmonacenisaken (nazardisaken).   
   somaturi embriogenezis meTodma yvelaze StambeWdavi gamoyeneba hpova 
gvineis zeTisxilis palmis (Elaeis guineensis) gamravlebaSi, romlis zeTi 
farTod gamoiyeneba margarinisa da sakvebi zeTis warmoebaSi. zeTisxilis 
(zeTovani) palma bunebaSi ar warmoqmnis ylortebs da gverdiT 
aRmonacenebs (nazardebs), rac aZnelebs mis vegetatiur gamravlebas. 
Kkalmebis kultivireba in vitro aseve SeuZlebelia. gadawyda mieRoT 
aradiferencirebuli qsovilis (kalusis) ujredebis grova specifikuri 
qsovilebis dediferencirebis gziT, xolo Semdgom moexdinaT maTi 
kultivireba mTlian nazardebad regeneraciamde. Ppirvel kulturalur 
areSi foTlebis fragmentebidan miRebuli kalusebi viTardeboda 90 dRe, 
meore da mesame kulturalur areze gardaiqmneboda “embrioidebad”. 
embrioidebi TavisTavad mravldebodnen, erT TveSi embrioidebis ricxvi 
gasammagda, xolo erTi wlis ganmavlobaSi 10 embrioididan SeiZleboda 
STamomavlobis miReba, romelic 500 000 mcenares iTvlida.  
     qsovilTa kulturaSi embrioidebis formireba xorcieldeba 
ramdenime etapad. Tavdapirvelad sakveb areze damatebuli auqsinebis 

(2,4_დ) gavleniT mimdinareobs ujredebis diferenciacia da maTi 
gardaqmna embrionalur  ujredebad. Aam ujredebidan embrioidebis miReba 
SeiZleba auqsinebis koncentraciis SemcirebiT an maTi gamoricxviT 
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sakvebi aredan. somaturi Canasaxebi warmoadgenen srulad formirebul 
Canasaxebs, saidanac Sesabamisi kafsulirebiT SeiZleba miviRoT xelov-
nuri Tesli.  
     klonuri mikrogamravlebis meoTxe meTodia gverdiTi kvirtebis 

diferenciacia pirvelad da gadasaTes kalusur qsovilSi. 
    praqtikulad is naklebad gamoiyeneba gadasaTesi masalis in vitro miRe- 
bis mizniT. Ees dakavSirebulia imasTan, rom kalusuri qsovilis xSiri 
pasirebisas SeiZleba Seicvalos regenerirebadi mcenaris ploiduroba, 
SeiniSneba qromosomebis struqturuli gardaqmnebi da genuri mutaciebis 
dagroveba. Ggenetikur cvlilebebTan erTad aRiniSneba morfologiuric: 

dabali zrdadoba,  foTlebis araswori ZarRvianoba, damoklebuli mux-
lTaSorisebis warmoqmna, avadmyofobisadmi da mavneblebisadmi gam-
Zleobis Sesusteba. imavdroulad, am meTodis zogierTi nakli seleqciur 
muSaobaSi Semobrundeba upiratesobad. Aamas garda, zog SemTxvevaSi is 
iTvleba qsovilTa kulturaSi mcenaris gamravlebis erTaderT meTodad.  
 
VI. 4. apikaluri meristemis ganStoeba da mcenaris regeneracia 

 
     qsovilTa kulturaSi SeiZleba gamravldes mcenare da miviRoT 
gajansaRebuli (uviruso) masala. Mmcenaris gasajansaReblad iyeneben 
apeqsebis kulturas an apikaluri meristemis kulturas, vinaidan Reros 
apeqsSi virusebi aRweven ufro nela, vidre mcenaris sxva nawilSi. 
apeqsebis kultivirebisas virusebis gamravleba iTrguneba mcenareuli 
organizmis reaqciiT travmaze, romelic gamowveulia wveros mokveTiT. 

Cveulebrivad sakveb areze gamoiTeseba meristemis mcirე nawili 0,5 mm-mde. 
mTlianobaSi aseTi kanonzomierebaa: rac ufro mcirea meristemis sidide, 
miT metia uviruso mcenaris miRebis albaToba. Bbioteqnologia 
saSualebas iZleva miRebul iqnas praqtikulad yvela sasoflo-sameurneo 
kulturis uviruso gajansaRebuli dasargavi masala. Uufro sruladaa 
damuSavebuli uviruso kartofilis miRebis teqnologia. Ppirveladi  
meTesleobisa da kartofilis dasargavi masalis gajansaRebis sistema 
moicavs Semdeg etapebs: tuberebis momzadeba apikaluri meristemis 
amokveTisaTvis, apikaluri meristemis ganStoeba, mcenaris regeneracia 
meristemidan, mcenare-regenerantebis adaptacia dacul gruntSi, uviruso 
masalis pirveli produqciis miReba Ria gruntSi, uviruso dasargavi 
masalis gamravleba meTesleobis pirvel rgolebSi, jiSebis koleqciis 
Senaxva. qsovilTa kulturaSi gamoiyeneba wveroebisa da gverdiTi 
kvirtebis apeqsebi. imisaTvis, rom gamoiricxos tuberis metabolitebis 
gavlena nazardebze da amaRldes gamosavali masalis regeneraciuli 
unari, tuberis Sua nawilidan Wrian naWdevebs parenqimis nawilTan erTad 
(1,5 sm). naWdevebs aRmoaceneben winaswar mSrali gacxelebiT damuSavebul 
qviSaze. eTiolirebul aRmonacenebs zrdian sibneleSi 25+-20C 
temperaturaze, haerSi 70 – 80% tenis Semcvelobis pirobebSi. qviSas 
dReSi orjer asveleben, 7 – 8 dRis Semdeg amateben knopis sakveb ares. 
     aRmonacenebis apikalur meristemas gamoyofen 12 – 13 plastoxronze. 
izolirebul meristemas akultivireben aseptikur pirobebSi makro- da 
mikromarilebiT mdidar sakveb areebze, citokininebis maRali 

koncentraciiT (6-ბაპ 2mg/l). kondicirebul haerian sakultivacio 

oTaxebSi amyareben 25+- 20C temperaturas, 70% haeris sinestes, ganaTeba 5 
kiloluqsi da fotoperiodi 16 sT.saSualod, sakveb areze meristemis 
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daTesvidan 5 – 6 foTliani nazardebis Camoyalibebamde gadis 30 – 40 
dRe, zogjer 2 – 8 Tvemde. sakveb areebs gamofitvis mixedviT aaxleben da 
nazardebs periodulad gadargaven axal sakveb areebze sterilur 
pirobebSi.  
 
VI. 5. ylortebis proliferacia da steriluri  nazardebis mikrodakal- 
      meba 
       
     sinjaris mcenareebis mikroklonur gamravlebas axorcieleben 
dakalmebiT. aseTi gamravleba emyareba apikaluri dominirebis 
daTrgunvas da iRliuri meristemis gaaqtiurebas ylortis wveris 
mocilebis dros. iRliuri kvirtebidan sakveb areebze warmoiqmneba 
ylortebi. Mmcenareebs, romlebsac uyalibdebaT 5 – 6 foToli, steri-
lur pirobebSi iReben sinjaridan da Wrian nawilebad (Reros naWeri 
foTliT da iRliuri kvirtiT). kalmebs aTavseben muxlTaSoris tol 
siRrmeze uhormono sakveb areze an auqsinebis Semcvelze danamatiT. 
     kalmebs akultivireben imave pirobebSi, romelSic meristemas: 24 – 
260C temperaturaze dRisiT da 19 – 200C RamiT, ganaTeba 5 – 6 kiloluqsi, 
fotoperiodis xangrZlivoba 16 sT. 
     Rerosa da fesvebis zrda iwyeba sakveb areze dargvidan 3 – 4 dReSi, 

xolo mcenare mTlianad yalibdeba 12 – 15 dReSi. Yყoveli Semdegi 
dakalmeba tardeba 14 – 20 dRis Semdeg. erTi mcenaridan SeiZleba 
miviRoT 5 – 8 kvirti, xolo 2 – 3 Tvis Semdeg _ 3 – 5 aTasi. M virusebiT 
dasnebovnebul mcenareebs iwuneben, xolo janmrTelebi dasabams aZleven 
meriklonebs (meristemul klonebs). Tu kvirtebi an kalmebi gadairgveba 
citokininebis maRali Semcvelobis sakveb areze, warmoiqmneba kvirtebisa 
da ylortebis konglomerati. miRebuli ylortebi advilad scildebian 
erTmaneTs, isini SeiZleba dafesviandes da gamoyenebul iqnas Semdgomi 
dakalmebisTvis. 
 
VI. 6. fesvebis warmoqmnis induqcia mcenaris mikroklonuri gamravlebis 
dros 
 
     mikrodakalmebiT warmoqmnili mcenaris dasafesvianeblad isini 
aucileblad unda gadavrgaT axal sakveb areze. Kkalmebi da ylortebi 
advilad fesviandeba mineraluri marilebiT Rarib sakveb areebze 
(uaitis, murasige-skugis orjer ganzavebuli) an iseT sakveb areebze, 
romlebsac damatebuli aqvT auqsinebi: iZm, nZm, imk. 
     simjarebSi sakveb areebze Camoyalibebuli aRmonacenebi SeiZleba 
ganvixiloT rogorc patara dafesvianebuli mcenareebi, romelTa 
adaptireba zrdis Cveulebriv pirobebTan aucilebelia. AaseTi mcenareebi 
umjobesia gadairgos gruntSi, rodesac mTlianad Camoyalibdeba 5 – 6 
foToli da sakmaod gaizrdeba fesvebi. Tumca, kulturuli mcenareebis 
sxvadasxva saxeobebi sxvadasxvagvarad eguebian garemo pirobebis 
cvlilebas. TviTeuli mcenare moiTxovs gruntSi kultivirebis 
specialurad SerCeul pirobebs, romlebic eqsperimentulad dgindeba. 
 

VI. 7. Stevia rebaudiana-s  mikroklonaruli gamravlebis teqnologia. 
    miuxedavad imisa, rom in vitro morfogenezis Seswavlas miZRvnilia 
uamravi eqsperimentaluri kvleva, klonuri gamravlebis teqnologiis 
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SemuSaveba umetesi sasoflo-sameurneo mniSvnelobis mcenareebisaTvis 
rTulia, amis mizezebi ki Semdegia:  

1) erTi da igive meTodi yvela mcenarisTvis ar gamodgeba, saWiroa 
misi modificireba; 2) meTodis Sromatevadoba da sirTule.  

miuxedavad amisa, ujreduli teqnologiis upiratesoba, mainc 
Zalian didia da aqtualuri gansakuTrebiT iseTi mcenaris morfogenezis 
SeswavlisaTvis, rogoricaa stevia. stevia Seicavs nivTiereba «stevio-
zids», romelic 300-jer ufro tkbilia, vidre saqaroza. am nivTierebas 
Seicavs  mcenaris yvela organo, magram yvelaze meti raodenobiT gvxvde-
ba foTlebSi. misi sitkbo aRemateba saqarinis sitkbos, magram ukanaskne-
lisagan gansxvavebiT sruliad araa mavne nebismier doziT da gacilebiT 
iafia. SaqarTan erTad narevSi misi gamoyenebisas, sakvebi  produqtebis 
konservirebisas, dadgenil iqna konservantebisTvis damaxasiaTebeli 
Zvirfasi Tviseba _ SeaCeros obis sokoebisa da baqteriebis ganviTareba. 
   stevia naklebad cnobili tropikuli endemuri kulturaa. igi didi 
raodenobiT gvxvdeba samxreT paragvaiSi velur buCqovan nazardebSi. 
stevia Zveli droidan cnobilia guaranis tomis indielebisaTvis da 
farTod gamoiyeneba Cais da sxva sasmelebis datkbobisaTvis. A          
adgilobrivi  mosaxleoba iyenebs ZiriTadad pirdapir wvrilad daWril 
(rogorc Tambaqo) an fxvnilisebrad dafqvil  mSral foTols. kultura 
gamohyavT mcire odenobiT mxolod paragvaiSi da warmoadgens 
monopolias ramdenime kerZo sas. sam. dawesebulebisaTvis. warmoebis 
SezRudvasTan dakavSirebiT produqciam ver naxa gamoyeneba sakveb 
mrewvelobaSi da gamoiyeneba ZiriTadad Tavis samSobloSi. 

stevia siTbos moyvaruli mravalwlovani tropikuli mcenarea. 
amitom misi ganviTareba CvenTan SezRudulia. is mxolod erTwliani 
kulturis saxiT mohyavT Savi zRvispira zolSi. amis gamo saWiro xdeba 
yovelwliurad misi farTobebis aRdgena axali sargavi masaliT, rac 
ekonomiurad araxelsayrelia. amasTanave es mcenare moiTxovs 
agroteqnikis zust dacvas, gamoricxulia raime saxis qimikatebis da 
herbicidebis gamoyeneba.  
   s.durmiSiZis saxelobis  bioqimiis da bioteqnologiis  institutSi, 
Cais subtropikul kulturaTa da Cais mrewvelobis samecniero-sawarmoo 
gaerTianebis Caqvis filialSi, baTumis agraruli bioteqnologiebisa da 
biznesis institutSi xaTuna gamyreliZis n. zarnaZis da mecnierTa 
jgufis mier Catarda steviis izolirebuli qsoviluri kulturis miReba, 
morfogenezis TaviseburebaTa Seswavla in vitro sistemaSi da 
mikroklonaruli gamravlebis teqnologiis  SemuSaveba. 
  kvlevis obieqts warmoadgenda stevia (orfoTola tkbili) -  Stevia 
rebaudiana. eqsperimentisaTvis pirveladi masalis izolireba warmoebda 
mcenareebidan (sur. 16). eqsplantis saxiT gamoyenebuli iqna vegetirebadi 

ylortebis apikaluri da iRliuri kvirtebi. xolo  mikroგamravlebis 

Semdeg etapebze ki  in vitro kultivirebadi masalis kenwruli da 
lateraluri kvirtebi. 
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        sur. 16. steviis zrdasruli moyvavile mcenare 
   steviis pirveladi kulturis zrda-ganviTarebasa da morfogenetikur 
procesebze in vitro  sistemaSi kultivirebisas gavlenas axdens eqsplantis 
tipi da xnovaneba anu eqsplantis fiziologiuri mdgomareoba. 
   pirveladi masalis izolireba xdeba  intaqturi  mcenareebidan  
rogorc iuvenilur, aseve zrdasrul anu generaciul fazaSi. 
   rogorc eqsplantebis  Sedarebam aCvena zrdasruli mcenaris axali 
vegetirebadi kvirtebi in vitro kulturaSi ufro  swrafi zrda-ganviTare-
biT xasiaTdeboda, vidre  saSualo fiziologiuri asakis mqone kvirtebi. 
  eqsplantebi, romelTa izolireba moxda ganviTarebis iuvenilur 
fazaSi myofi mcenare-donoridan, xasiaTdebian proliferaciis da 
regeneraciis maRali tempiT (cxrili 14).  mikrogamravlebis sawyis 
etapze,  pirveladi eqsplantis mier mwvane masis regeneracia kulturaSi 
gacilebiT swrafad da energiulad mimdinareobs vidre generaciul, fa- 
zaSi myofi mcenaridan izolirebul eqsplantebis SemTxvevaSi. 
Sesabamisad subkultivirebis xangrZlivobac moklea.  
 steviis sxvadasxva tipis eqsplantebis (kvirti, foToli, yvavili, 
fesvi) Seyvanam kulturaSi aCvena, rom yvelaze saukeTesoa kvirtis 
(rogorc apikaluri, aseve iRliuri) kultura. es logikuricaa, radgan  
kvirtebi, foTolebisa da yvavilebisagan gansxvavebiT,  didi raodenobiT 
Seicaven meristemul qsovils, romelsac dediferenciaciis da 
proliferaciis farTo diapazoni gaaCnia. fesvis fragmentebis Seyvanam 
kulturaSi sasurveli Sedegi ar moitana. 
  eqsperimentis Sedegebma aCvena, rom steviis eqsplantebis Seyvana in vitro 
sistemaSi SesaZlebelia  wlis nebismier dros,  magram proliferaciis 
tempi ramdenadme gansxvavdebulia. swrafi tempiT es procesi aRiniSneba 
saTburSi gazafxulidan, kerZod martis mesame dekadidan ivnisis 
bolomde.   
  mikrogamravlebis sawyis etapebze eqsplantis saxiT gamoyeneba  in vitro 
kultivirebadi mcenaris kenwuruli da iRliuri kvirtebi.  
  Mmikrogamravlebis maqsimaluri koeficientis miRwevis mizniT warmoebs 
sakvebi aris komponentebis, zrdis hormonebis da kultivirebis fizikuri 
pirobebis optimizireba. 
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steviis apikalur da iRliur kvirtebs Tavsdeba sxvadasxva mine-
raluri Sedgenilobis sakveb areebze. kerZod: gamborgis (B5), murasige da 
skugis (ms) da niCi-niCis (nn) [Nichi S., Nichi T.1969). zrdis regulatorebidan 
sakveb areebs emateboda benzilaminopurinis (bap) erTi da igive (10 mkm) 
koncentracia. 
  sxvadasxva Sedgenilobis sakveb areze eqsplantTa kultivirebam aCvena, 
rom gamoyenebuli sakvebi areebidan yvlaze nakleb efeqturi iyo niCisa 
da niCis  (nn) sakvebi are.  nn sakveb areze ganviTarda susti ylortebi, 
romelTa sigrZe Seadgenda saSualod 20 mm-s, magram muxlTaSorisebis 
raodenoba (2-3)  mcirea  da warmoqmnil foTlebs sxvadasxva forma aqvT. 
axali foTlebis warmoqmna nela da sustad mimdinareobs, xolo iRliuri 
kvirtebis   warmoqmna  ar xdeba.  eqsplantebis  umetesoba simaRleSi 
izrdeba Reros dagrZelebis xarjze da ara muxlTaSorisebis warmoqmniT. 
araefeqturi aRmoCnda nn sakveb areSi hormonebis koncentraciis 
cvlilebac.                                                           
                                                            
 
 
 
 
                                                              cxrili 14 

eqsplantis asakis gavlena ylortis zrda-ganviTarebaze 

      
   gamborgis da murasige da skugis sakvebi areebis gamoyenebam aCvena, 
rom orive tipis sakvebi efeqturad moqmedebda stevias rogorc kalu-
sogenezis, aseve mikrogamravlebasa da regeneraciul procesebze. 
kvirtebis ganviTarebis faza Semcirda. warmoqmnili ylortebi norma-
luri habitusiT xasiaTdeba. foTlebs aqvT maTTvis damaxasiaTebeli 
forma da morfologia. kalusis warmoqmna Cqari tempiT mimdinareobs 
orive Seswavlil sakveb areze. adgili aqvs kalusis meristematizacias 
da  difuziurad ganlagebuli uxvi raodenobis  meristemul kvanZebidan 
normaluri sicocxlisunariani kvirtebis ganviTarebas. xdeba apikalurad 
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20 25 saSualo saSualo 20 6 
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dominirebadi ylortebis datotianeba iRluri kvirtebis warmoqmnis 
xarjze (sur. 17 –b). ZiriTadi eqsplantis bazalur nawilSi SeimCneva  
adventuri kvirtwarmoqmna. kvirtebis saSualo raodenoba Seadgens 
gamborgis  Semcvel sakveb areze 26,8, xolo  ms sakveb areze 25,1 (cxr. 15).  
Mmiuxedavad imisa, rom gansxvaveba gamoyenebul sakvebi areebis efeqts 
Soris umniSvneloa,  azotovani kvebis wyaros da vitaminebis sxva-
dasxvaobam mainc gamoiwvia regenerirebuli mcenareebSi zogierTi 
morfologiuri cvlileba. B5 sakveb areze ganviTarebuli mikroylortebi 
ufro lamazi da ganviTarebuli arian,  aqvT msxvili Rero da intaqturi 
mcenarisaTvis damaxasiaTebeli  mkveTri mwvane foTlebi. ylortebis 
saSualo simaRle Seadgens 126 mm. eqsplantebs bazalur nawilSi 
viTardeba morfogenuri kalusi, romelzec mravali kvirti 
proliferirdeba, xolo mikroylortebis foTlis iRliidan axali 
aqselaruli meristemis ganviTareba aRniSneba. es movlena 
mikrogamravlebis koeficientis zrdazec aisaxeba. rac Seexeba murasige 

da skugis sakveb areze formirebul kvirtebს, isini xasiaTdebian ufro  

 
 
 
sur.17 a-apikaluri kvirtis bazalur nawilSi damatebiTi kvirtebis 
ganviTareba; b -apikaluri dominirebadi datotianebuli ylorti.                                                                                                                                         
 
wvrili ReroTi, SedarebiT viwro safoTle kvirtebiT da Semoklebuli 
muxlTSorisebiT. 
   kvirtebis ganviTarebisTvis aucilebel pirobas warmoadgenda sakveb 
areSi hormonis arseboba. amas adasturebs is faqti, rom uhormono sakveb 
areze kvirtebi Zalian cudad viTardeboda an ganviTarebis tempi mniSvne-
lovnad Senelebulia. gamocdili citokininebidan yvelaze efeqturi 
aRmoCnda bap. I subkultivirebis bolos mTavari ylortis simaRle 5 mkm 

bap Semcvel sakveb areze Seadgens 118-138 mm, xolo zogierTი mikro-
ylorti apikalur zrdasTan erTad mis bazalur nawilSi inviTarebs 1-3 
damatebiT kvirts (sur.17 a). 
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 steviis mikrogamravlebis potencialis maqsimaluri gamovlenisaTvis 
Seswavlili iyo kultivirebis fizikuri pirobebis gavlena. 
  eqsplantTa kultivireba xorcieldeboda 2-3 kiloluqsis lumine-
scenciuri ganaTebis pirobebSi (naTura: dRis grZeli naTeba-40k luqsi): 

a) fitoperiodiT – 12 saaTi ganaTeba : 12 sibnele 
b) fitoperiodiT – 16 saaTi  ganaTeba : 8 saaTi  sibnele 
g) 24 saaTi uwyveti ganaTeba 

 samive SemTxvevaSi haeris temperatura fitotronSi Seadgenda 26±10C . 
   sxvadasxva eqsperimentul pirobebSi eqsplantTa kultivirebam aCvena, 
rom saukeTeso Sedegi axlda ganaTebis reJims fotoperiodiT 16/8 saaTi.   

intensiur kvirtwarmoqmnas, rogorc adventuri, aseve iRliuri 
meristemis gaaqtivebiT, adgili aqvs uwyveti ganaTebis pirobebSi. 
Aadventuri kvirtebis induqcia da kvirtebis apikaluri dominireba 
korelaciurad mimdinareobs 16/8 saaTi fotoperiodis pirobebSi (sur.18) 
kvirtebis saSualo simaRle Seadgens 100 mm-s, apikalurad  dominirabad                                                     
kvirtebidan ganviTarebul ylortebze mimdinareobs iRliuri kvirtebis 
                                                            
                                                             
                                                             cxrili # 15 
 
sakvebi aris Semadgenlobis gavlena kvirtebis warmoqmnasa da induqciaze  
(III subkultivireba) 

                                                            n=10                                                                                                                                                                              
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adventuri 
kvirtebis 
saSualo 
raodenoba 

gaaqtiurebuli 
monacemebis 
saSualo 
raodenoba 

kvirtebis 
saSualo 
raodenoba 

mm 

Mmorfolo-
giuri 

kalusis 
ganviTareba 

niCisa da 

niCis (nn) 

2,1 6,6 - 2,9 + 

gamborgis  

B5  

8,0 26,8 16,8 120,0 ++ 

Mmurasige 
da skugis 

(ms) 

8,2 25,1 12,0 115,0 ++ 

 
+     - cudi zrda,  
++   - kargi zrda 
 
induqcia. regenerantebs aqvT mkveTri mwvane Seferiloba, lamazi lance-
tiseburi foTlebiT. 

    kultivirebis Semdegi reJimi: 12/12 saaTi fotoperiodiT aZlierebs 
kvirtebis apikalur zrdas da zRudavs kvirtwarmoqmnas (sur. 19). 
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 sur.18.  ylortebis ganviTareba 16/8 saaTi fitoperiodis pirobebSi 
 
 

                
 
 
sur. 19.  ylortebis ganviTareba 12/12 saaTi fitoperiodis pirobebSi. 
 

kargad proliferirebadi masalis kultivireba sibneleSi iwvevs 
adventuri kvirtwarmoqmnis SeCerebas. ylortebi TandaTanobiT eTiolir- 
debian. subkultivirebis bolos xdeba maTi vitrificireba _iwelebian 
sigrZeSi muxlTaSorisebis warmoqmnis gareSe. eqsplantis bazalur 
nawilSi viTardeba gaurkveveli etimologiis kalusi. misi moTavsebisas 
organogenezis mainducirebel sakveb areze, mimdinareobs kvirtebis 
masiuri regeneracia. 
    zemoaRniSnulidan SeiZleba davaskvnaT, rom 10-14 dRis ganmavlobaSi 
kulturaTa sibneleSi moTavseba dadebiTad moqmedebs mikroylortebis 
bazalur nawilSi warmoqmnil kalusSi kvirtebis Casaxvaze. Tumca, maTi 
ufro xangrZlivad sibneleSi moTavsebisas (20 dRe) adgili aqvs organo-
Ta formirebis SeCerebas. 
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   mikroylortebisaTvis ganviTarebisTvis optimaluria  2-3 kiloluqsi 
ganaTebis intensivoba.  

eqsplantTa inkubaciisaTvis optimalur temperaturas warmoadgens 

26±10C. fitotronis temperaturuli intervali meryeobs 24_260C-s Soris. 

am intervalze maRal an dabal temperaturaze mcenareebis zrda-
ganviTareba izRudeba. 
   steviis mikroylortebis dafesvianebis TaviseburebaTa Seswavli-

saTvis mcenare-regenerantebis miRebis mizniT, sawyis masalad gamoiyeneba 
steviis mcenaris muxlTaSorisebi, romelic Seicavs 2 lateralur da 1 
apikalur zrdis wertils. dafesvianebisaTvis sakveb ares emateba zrdis 
regulatorebi Semdegi koncentraciebiT: indolilerbomJava (3, 5, 8 mkm), 
αα- naftilZmarJava  (3, 5, 8 mkmoli), indolil ZmarmJava (3, 5, 8 mkm). 

ZiriTadi sakvebi are Sedgeba gamborgis (B5) mineraluri marilebisagan, 
rogorc sruli, aseve ganaxevrebuli  SemadgenlobiT. rogorc Sedgebma  
aCvena mineraluri marilebisa da vitaminebis sruli Semadgenloba 
auqsinebis TanaobiT iwvevs masiur kalusogenezs eqsplantis (kvirtis)   
bazalur nawilSi. subkultivirebis bolos xSir SemTxvevaSi eqsplanti 
mTlianad gardaiqmneba kalusad da misi zrda simaRleSi aRar xdeba. 
iSviaTad adgili aqvs kalusis mikrogenezs, magram aseTi eqsplantebi 
aklimatizaciisTvis gamousadegaria. 

D dafesvianebis procesis SeswavlisaTvis gamoyeneba  sxvadasxva piro-
bebi: 

1. ylortebi Tavsdeba auqsinebian 0,5  B5 sakveb areze.   
2. kvirtebi Tavsdeba uhormono  0,5 B5 sakveb areze 
3.  ylortebi 5-8 saaTis ganmavlobaSi aseptikur pirobebSi muSavde- 

ba auqsinTa maRali koncentraciis (80-100 mkm) Semcvelobis xsnariT da 
Semdeg dasafesvianeblad gadaitaneba uhormono sakveb areze.  
     dafesvianebisTvis  yvelaze efeqturia  I xerxi, romelis dros xdeba 
ylortebis simaRleSi maqsimaluri zrda-ganviTareba, paralelurad 
Zlieri fesvTa sistemis warmoqmniT. sakveb areze eqsplantis daTesvidan 
me-3-4 dRes SeiniSneba apikaluri kvirtebis inicireba, romelic 
grZeldeba 3-4 kviris ganmavlobaSi da subkultivirebis bolos miiReba 
dafesvianebuli mcenare regenerantebi. TiToeul ylortze muxlTa-
Sorisebis raodenoba Seadgens saSualod 12 erTeuls. ylortze 
foTolganlageba  paraleluria, e.i. erTi mcenare-regeneranti saSualod 
Seicavs 22-24 iRliur kvirts. Ddafesvianebuli mcenaris mikroylortebi 
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              a                                   b 

 
sur.20. a _ dafesvianebuli mcenare-regenerantebi; b _ iRliuri 

kvirtidan ganviTarebuli ylortebi saerTo fesvebiT 
 
 SeiZleba gamoyenebuli iqnas gamravlebis Semdegi ciklisaTvis, rogorc 
sawyisi eqsplanti. gamravlebis meore etapze  erTi wyvili foTlebisa da 
erTi muxlTaSorisis Semcveli mikrokalmidan  warmoiqmneba  ori 
Tanabrad  mzardi  mcenare-regeneranti.  
  gamravlebis koeficienti yvela Semdgom subkultivirebisas izrdeba 
ariTmetikuli progresis Sesabamisad. dafesvianebul mcenare-
regenerantebs, romelTa muxlTaSorisebis raodenoba Seadgens 10-15 
erTeuls ecvleba 8-10 muxlTaSoris mqone apikalur nawili, iyofa erT 
muxlis Semcvel mikrokalmebad da Tavsdeba axal sakveb areze 
gamravlebis Semdegi ciklisaTvis. xolo 3-5 muxlTaSorisis Semcveli 
dafesvianebuli mcenare-regeneranti gadaitaneba arasterilur pirobebSi 
aklimatizaciisaTvis. 
   fesvwarmoqmnis intensiuroba, morfologia da datotianeba damokide- 
bulia  auqsinebis bunebasa da koncentraciaze. iZm-s gamocdili kon-
centraciebi (3-5 –8 mkm) naklebefeqturi aRmoCnda, vidre nZm da iem. 
  nZm-s Setana sakveb areSi iwvevs iZm-sTan SedarebiT ufro Zlier fesvTa 
sistemis ganviTarebas. DDDDD 

dafesvianebisTvis saukeTeso Sedegs iZlva sakveb areSi   indolil- 
erboJavas Setana. yvela gamocdili koncentracia uzrunvelyofs 
mikrokalmebis dafesvianebas da zrda-ganviTarebas. dafesvianebis 
xangrZlivoba,Seadgens 25-30 dRes. mcenare-regenerantebs subkultiviebis 
bolos kargad ganviTarebuli datotvili  da bususebiani fesvTa sistema 
aqvT.  fesvTwarmoqmnas Tan axlavs fesviszeda mwvane nawilis  zrda-
ganviTareba, zogierT SemTxvevaSi iRliuri mZinare kvirtebis zrdis 
inicirebac (sur. 20 a, b). mcenare-regenerantTa aseTi xarisxis morfo-
genetikuri potencialis gamovlineba mowmobs steviis maRal 
plastikurobasa da tolerantobas sakvebi aris koncentratebis da 
fitohormonebis mimarT. 
   mcenare-regenerantTa aklimatizaciis procesis optimizaciisaTvis        
steviis dafesvianebuli mcenare-regenerantebi, romelTac gaaCniaT kargad 
ganviTerebuli fesvTa sistema, 4-6 gverdiTi foToli, iRliuri kvirtebis 
CanasaxiT da kargad mzardi apikaluri nawiliT, gadaitaneba aklimati 
zaciisTvis specialur oTaxSi maRali tenianobiT, an  saTburSi.steviis 
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mcenare-regenerantebis dargvisaTvis mzaddeba orgvari substrati: 1. 
miwisa da qviSis narevi 1:1 TanafardobiT; 2. qviSisa da perlitis narevi 
1:3 TanafardobiT.aklimatizaciis Sedegebma aCvena, rom substratis saxiT 
umjobesia gamoviyenoT miwisa da qviSis narevi 1:1 TanafardobiT. 
substratze aklimatizaciis koeficienti Seadgens 80%, maSin roca 
qviSisa da perlitis narevis gamoyenebisas es maCvenebeli 65-70% 
utoldeba, amasTanave  pirvel substratze mcenareebi ufro intensiurad 
izrdeba, vidre meore substratze. dadebiTi efeqti aqvs  sasuqebis saxiT 
mine-raluri marilebis da vitaminebis wyalxsnarebis gamoyenebas. Kkargi 
Sedegi miiReba , rogorc ms aseve B5 arebiis Sedgenilobis xsnarebis 
gamoyenebisas. saukeTesoa  am areebis mixedviT 1/2 Sedgenilobis minera-
luri marilebis xsnarebi. aklimatizirebuli mcenareebi normalurad 
izrdebian, intensiurad iZlevian mwvane masas da Tavisuflad yvaviloben.  
mokle dRis mcenaree-bisTvis damaxasiaTebelad Semodgomaze miwis zeda 
nawilebi xmeba da meore wels fesurebidan viTardeba axali mcenareebi ( 
sur. 21). 

                       
 
    
         sur. 21. steviis aklimatizirebuli mcenare-regenerantebi 
 
 
 
VI. 8. gadasargavi masalis gajansaReba virusebisgan      
             
     klonuri mikrogamravlebis ZiriTadi upiratesobaa genetikurad 
erTgvarovani, uviruso gadasargavi masalis miReba. mosazreba, avadmyofi 
mcenaris meristematul qsovilebSi virusebis ararsebobis 
SesaZleblobebis Sesaxeb, pirvelad gamoTqva Cungma 1936 wels, xolo 

mogvianebiT, 1943 wels, uaitma. 1949 wels es faqti eqsperimეntulad iqna 
dadasturebuli. 1952 wels morelma da martenma  nacionalur 

agronomiul institutSi (safrangeTi) SeZles uviruso georgიnebis  
miReba daavadebuli mcenaridan. 
 
     klonuri mikrogamravlebis procesi SeiZleba davyoT oTx etapad: 

1. mcenare-donoris SerCeva, eqsplantebis izolireba da kargad 
mzardi steriluri kulturis miReba. 

2. sakuTriv mikrogamravleba, rodesac miRweulia meristemuli 
klonebis maqsimaluri raodenobis miReba. 
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3. gamravlebuli ylortebis dafesvianeba da Semdgom niadagis 
pirobebTan adaptacia, xolo saWiro SemTxvevaSi mcenare-
regenerantis deponireba dabal temperaturaze (+20C + 100C). 

4. mcenaris gamravleba sasaTbure pirobebSi da maTi momzadeba 
sarealizaciod an mindorSi gadasargavad. 

     qsovilTa kultivirebisaTvis oTxidan TiToeul etapze gamoyenebul 
unda iqnas gansazRvruli Sedgenilobis sakvebi are. 
     pirvel etapze aucilebelia kargad mzardi steriluri kulturis 
miReba. im SemTxvevaSi, rodesac Znelia eqsplantis sawyisi steriluri 

kulturis miReba, rekomendიrebulia sakvebi aris SedgenilobaSi 
antibiotikebis (tetraciklini, benzilpenicilini) Setana 100 _ 200 mg/l 
koncentraciiT. Ees pirvel rigSi exeba merqnian mcenareebs, romlebSic 
SeiniSneba Sinagani infeqciis dagrovebis tendencia. 
     pirvel etapze, rogorc wesi, iyeneben mineraluri marilebis 
Semcvel ares murasigesa da skugis receptis mixedviT, agreTve 
sxvadasxva biologiurad aqtiur nivTierebebs da zrdis stimulatirebs 
(auqsinebi, citokininebi) sxvadasxva SexamebiT obieqtze damokidebulebiT. 
im SemTxvevaSi, rodesac SeimCneva pirveladi eqsplantis zrdis 
inhibireba, mis mier sakveb areSi toqsikuri nivTierebebis (fenolebis, 
terpenebis da sxva meoradi naerTebis) gamoyofis Sedegad, inhibirebis 
moxsna SeiZleba antioqsidantebis gamoyenebiT. Ees SesaZlebelia ori 
xerxiT: an eqsplantis garecxva antioqsidantis susti xsnariT 4 _ 24 sT 
ganmavlobaSi, an sakveb areze misi pirdapir damateba. antioqsidantebad 
gamoiyeneba: askorbinis mJava (1 mg/l), glutaTioni (4 _ 5 mg/l), 

diTiotrieToli (1 _ 3 mg/l), dიeTildiTiokarbamati (2 _ 5 mg/l), 
polivinilpirolidoni (5000 _ 10000 mg/l). zog SemTxvevaSi 
mizanSewonilia sakveb ares daematos adsorbenti _ gaaqtivebuli xis 
naxSiri 0,5 _ 1%. Ppirveli etapis xangrZlivoba SeiZleba meryeobdes 1 _ 
2 Tve. ris Sedegadac SeimCneva meristemuli qsovilebis zrda da 
pirveladi ylortebis formireba. 
     meore etapi _ sakuTriv mikrogamravleba. Aam etapze aucilebelia 
miRweul iqnas meriklonebis maqsimaluri raodenobis miReba. amasTan 
erTad, gaTvaliswinebul unda iqnas, rom subkultivirebis gazrdiT 
izrdeba aranormaluri morfologiis mqone mcenare-regenerantebis 
ricxvi da SesaZloa SevniSnoT mcenare mutantebis warmoqmna. Ppirveli 
etapis msgavsad, aqac iyeneben sakveb ares murasige da skugis receptis 
mixedviT, romelic Seicavs sxvadasxva biologiurad aqtiur nivTierebebs, 
agreTve zrdis regulatorebs. Eeqsplantis kultivirebis optimaluri 
pirobebis SerCevaSi ZiriTad rols TamaSobs sakveb areSi Setanili 
citokininebisa da auqsinebis Tanafardoba da koncentracia. 
citokininebidan yvelaze xSirad gamoiyeneba 6-benzilaminopurini (bap) 1 _ 
10 mg/l koncentraciiT, xolo auqsinebidan indolilZmarmJava (iZm) da 
naftilZmarmJava (nZm) 0,5 mg/l.  
    mcenareuli qsovilebis xangrZlivi kultivirebiT citokininebis 
maRali Semcvelobis (5 _ 10 mg/l) sakveb areebze, xdeba maTi 
TandaTanobiTi dagroveba qsovilebSi aucilebel fiziologiur doneze 
maRla, rac iwvevs toqsikur moqmedebas da yalibdeba Secvlili 
morfologiis mqone mcenareebi. amasTan erTad, SesaZloa SevamCnioT klo-
nuri mikrogamravlebisTvis iseTi arasasurveli efeqtebi, rogoricaa 
iRliuri meristemis proliferaciis daTrgunva, vitrificirebuli - 
gauwylovebuli ylortebis warmoqmna da mcenaris dafesvianebis unaris 
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Semcireba. citokininebis uaryofiTi moqmedebis gadalaxva SesaZlebelia 
minimaluri koncentraciiT citokininebis Semcveli sakvebi areebis 
gamoyenebiT, romelic uzrunvelyofs mikrogamravlebis stabilur 
koeficients, ankultivirebis ciklebis monacvleobiT fitohormonebis 
dabali da maRali donis areebze.  
     mesame da meoTxe etapebi _ mikroylortebis dafesvianeba, maTi 

Semdgomi adaptacia niadagis pirobebTan da mindorშi gadargva, 
warmoadgens gacilebiT Sromatevad etapebs, romelzec damokidebulia 
warmatebebi klonur mikrogamravlebaSi. Mmesame etapze, rogorc wesi, 
cvlian aris ZiriTad Sedgenilobas: amcireben orjer, zogjer oTxjerac, 
mineraluri marilebis koncentracias murasige da skugis receptis 
mixedviT, an cvlian uaitis ariT, amcireben Saqris raodenobas 0,5 _ 1%-
mde da mTlianad gamoricxaven citokininebs, toveben mxolod auqsins. 
Ddafesvianebis stimulatorad iyeneben  β  _ indolil-3-erbomJavas (iem), 
iZm-s da nZm-s.  
     mikroylortebis dafesvianebas atareben ori xerxiT: 

1. mikroylortebis dayovneba auqsinis sterilur koncentrirebul 
(20 _ 50 mg/l) xsnarSi 2 _24 sT ganmavlobaSi da maTi Semdgomi 
kultivireba agarizebul xsnarSi hormonebis gareSe, an uSualod 

Sesaferis niadagian substratSi (impulsuri damuSaveba). 
2. mikroylortebis uSualo kultivireba 3 _ 4 kviris ganmavlobaSi 

auqsinis dabali koncentraciis (1 _ 5mg/l sakvlevi obieqtis 
mixedviT) Semcvel sakveb areze.  

     ukanasknel xans, mowodebulia sinjaris mcenareebis dafesvianebis 
meTodi hidroponikis pirobebSi. Ees meTodi saSualebas iZleva 
mniSvnelovnad gamartivdes dafesvianebis etapi da imavdroulad miviRoT 
bunebriv pirobebTan adaptirebuli mcenare. kartofilisTvis 
SesaZlebelia usubstrato hidroponikis gamoyeneba mini-tuberebis 
misaRebad. kulturaluri WurWlis qveda nawilis dabneleba mkvrivi Savi 
qaRaldiT, an sakveb areze gaaqtiurebuli naxSiris damateba xels uwyobs 
mikroylortebis dafesvianebas. 
     mcenare-regenerantis gadargva substratSi warmoadgens 
sapasuxismgeblo etaps, romelzedac mTavrdeba klonuri 
mikrogamravlebis procesi. Yyvelaze xelsayreli dro sinjaris 
mcenareebis gadargvisaTvis, aris gazafxuli an zafxulis dasawyisi.  
     or-sam foTlian mcenares kargad ganviTarebuli fesvuri sistemiT, 
frTxilad iReben kolbidan an sinjaridan grZeli pincetiT an 
specialuri kaviT. Ffesvebs recxaven agaris narCenebis mosacileblad da 
rgaven niadagian substratSi, romelic winaswar gasterilebulia 85 _ 
900C-ze 1 - 2 sT ganmavlobaSi. mcenareTa umravlesobisaTvis substratad 

iyeneben torfs, qviSas (3 : 1); torfs, kordis niadags, perlits (1 : 1 : 1).  
gamonakliss warmoadgens orqideas ojaxi, romlisTvisac mzaddeba aseTi 
Sedgenilobis substrati: sfangumis xavsis, torfis, fiWvis qerqis da 
wifelis an muxis foTlebis narevi (1 : 1 : 1). winaswar momzadebuli 
niadagis substratiT avseben sapikire (gadasargavi) yuTebs an torfian 
qoTnebs, romlebSic zrdian mcenare-regenerantebs. Mmcenareebian qoTnebs 
aTavseben saTburSi daregulirebuli temperaturuli reJimiT (20 _ 220C), 
ganaTebiT araumetes 5000 luqsisa da 65 – 90% sinestiT. Mmcenaris ukeT 
gasazrdelad qmnian xelovnur nisls. im SemTxvevaSi, rodesac ar aris 
saSualeba Seiqmnas aseTi pirobebi, mcenareebian qoTnebs axuraven minis 
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qilebs an polieTilenis parkebs, romlebsac TandaTan xdian mcenaris 
mTlian adaptaciamde. 
     gadargvidan 20 – 30 dRis Semdeg kargad dafesvianebul mcenareebs 
knudsonis, murasige-skugis, Cesnokovis, knopis mineraluri marilebis 
xsnarebiT (mcenareTa saxeobis mixedviT) an kompleqsuri mineraluri 
sasuqiT. mcenaris zrdis kvalobaze maTgadargaven did moculobaSi 
axali substratiT. Aaklimatizirebuli mcenaris Semdgomi gamravleba 
Seesabameba agroteqnikaSi miRebul gamravlebas mcenaris TiToeuli 
individualuri saxeobisaTvis.  
     niadagis pirobebTan sinjaris mcenareebis adaptaciis procesi 

warmoadgens metad Zvirad Rirebul da Sromatevad operacias. Aაra iSvი- 
aTad, mcenaris niadagSi gadargvis Semdeg, SeimCneva zrdis SeCereba, ფოთ- 
lebis cvena da mcenaris daRupva. es movlenebi, pirvel rigSi, დაკავშირე-  
bulia imasTan, rom sinjaris mcenareebs darRveuli aqvT bageebis 
aparatis moqmedeba, ris Sedegadac ikargeba didi raodenobiT wyali. 
meorec, zogierT mcenares in vitro pirobebSi ar warmoeqmneba fesvebis 
bususebi, rac Tavis mxriv iwvevs niadagidan wylisa da mineraluri 
marilebis STanTqmis darRvevas. amitom, mizanSewonilia klonuri 
mikrogamravlebis mesame an meoTxe etapze gamoviyenoT mcenareTa 
xelovnuri mikorizacia (mikrotrofulebisTvis), gaviTvaliswinoT maTi 
dadebiTi roli mcenaris momaragebaSi organuli da mineraluri sakvebi 
nivTierebebiT, wyliT, biologiurad aqtiuri nivTierebebiT, agreTve 
paTogenebisagan mcenaris dacvaSi.  
    indoeli mecnierebis mier mowodebulia martivi meTodi in vitro 
pirobebSi gazrdili mcenaris foTlebis swrafi gauwyloebis Tavidan 
asacileblad. meTodi mdgomareobs imaSi, rom mTeli aklimatizaciis 
periodSi foTlebi unda moirwyas glicerinis 50%-iani wyalxsnariT, an 
dieTilis eTerTan parafinis an cximis nareviT (1 : 1). es meTodi 
gvexmareba Tavidan aviciloT sinjaris mcenaris wrTobis xangrZlivi da 
Zneli procesebi da uzrunvelyofs maT 100%-ian Seguebas.  
 
 
 VI. 9.  imunofermentuli analizi. Mmcenareuli masalis  testireba viru-
sis Semcvelobaze 
     ifas (imunofermentuli analizi) principi mdgomareobs SemdegSi: 
antigeni-antisxeulis erT-erT komponents uerTeben ferments, xolo 
meore komponents aadsorbireben myar fazaze. Semdeg atareben 
neitralizaciis reaqcias, umateben substrats da sazRvraven kompleqsis 
aqtiurobas. Ffermentis aqtiuroba anu warmoqmnili kompleqsis _ 
antigeni-antisxeuli raodenoba proporciulia virusis Semcvelobisa. 
analizisaTbis iyeneben polistirolis platebs, romelTa fosoebSi 
amateben Sratsa da antisxeuls, romelic miRebulia ZuZumwovrebis 

sisxlidan gamoyofili testirebadi virusebis safuZvelze. Aაntisxeulebi 
adsorbirdeba platas ujredebis zedapirze 6 saaTis ganmavlobaSi. 
Sratis narCenebs acileben specialuri buferiT. Semdeg fosoebSi SeaqvT 
mcenaris gamosakvlevi gamonawvlilebi (foTlebisa da fesvebis wveni). 
virusuli dasnebovnebis SemTxvevaSi warmoiqmneba kompleqsi virusi-
antisxeuli. Aaucileblad amzadeben sakontrolo platas 
(dausnebovanebels). buferiT garecxvis Semdeg ujredebSi amateben 
antisxeulebs fermentebTan _ fosfatazasa da peroqsidazasTan 
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kompleqsSi. Pplatas zedapirze virusis arsebobis SemTxvevaSi 
warmoiqmneba kompleqsi antigeni-antisxeuli-fermenti. Tu masala 
steriluria, kompleqsi ar warmoiqmneba, xolo fermentis narCeni 
irecxeba buferiT. zemoaRwerili manipulaciebis Semdeg platas 
fosoebSi amateben ferments, romelzec muSaobs fermenti 
(fosfatazasaTvis aucilebelia sisxlis eriTrocitebi, romlebic iSleba 
misi Tanamyofobisas). Ffermentsa da substrats Soris reaqciis Sedegad 
platas fosoebSi xsnarebis Seferiloba icvleba virusiT dasnebovnebis 
xarisxze damokidebulebiT: ar aris Seferva _ “ _ “ _ virusi ar 
arsebobs, Ria yavisferi Seferva _ “ + “ _ virusiT saSualo 
dasnebovnebis maCvenebelia, kaSkaSa yavisferi _ “ ++ “ _ virusiT 
dasnebovnebis maRali xarisxisa. virusebis warmatebiT testirebisaTvis 
aucilebelia Seiqmnas standartuli pirobebi, gamoyenebul iqnas 
maRalxarisxovani antisxeulebi, fermentebi.  
      
VI. 10. sanerge masalis miReba apikaluri meristemis kultivirebasTan 
Sexamebuli  TermoTerapiis meTodiT 
      
     Ddasargavi masalis virusebiT dasnebovnebis SemTxvevaSi iyeneben 
TermoTerapias. Bbaqteriuli da sokovani infeqciebisagan 
dausnebovnebeli bolqvebi winaswar gadis ifa testirebas. Semdeg maT 
aTavseben sterilur qviSian kiuvetebSi da aRmoaceneben 1 – 2 kviris 
ganmavlobaSi 28 – 300C temperaturaze, 4 kviris ganmavlobaSi 37 – 380C - 
ze da 70 – 80% tenianobis haerze. dReSi orjer qviSas asveleben, 7 – 10 
dRis Semdeg aZliereben kvebas knopisa da murasige-skugis mixedviT 
Sedgenil mikroelementebis xsnarebiT: 5 ml deda xsnari 1 l knopis 
areze. sicxisamtani jiSebis bolqvebi SeiZleba pirdapir aRmovacenoT 37 
– 380C – ze da 70% tenianobis haerze. TviTeuli jiSisaTvis Tburi 
damuSavebis reJims eqsperimentulad arCeven. Mmozaikuri, 
TiTistariseburi, Zafismagvari, joxismagvari virusebiT mcenaris 
dasnebobnebis SemTxvevaSi Termuli damuSaveba nakleb efeqturia. Aamitom 
damatebiT iyeneben bioteqnologiur meTodebs, mag. Aapikaluri meristemis 
meTodi. amisaTvis, TermodamuSavebis win kartofilis mcenaris wverebs 
Wrian da 5 sT ganmavlobaSi aTavseben heteroauqsinis xsnarSi (50 mg/l). 
damoklebul nazardebs aTavseben kulturalur kamerebSi an oTaxSi, 
sadac haeris temperaturaa 370C, niadagisa _ 30 - 320C, fotoperiodi 16 sT 
4 - 6 kviris ganmavlobaSi.  
     TermodamuSavebas Cveulebriv atareben Semodgomasa da zamTarSi. G 
gazafxulze mcenaridan amokveTen iRliur kvirtebs 0,3 - 1 mm _ mde da 

rgaven sakveb areze ( მს hormonebis gareSe, PH 5,7). 
 
VI. 11. uviruso dasargavi masalis miReba apikaluri meristemis meTodTan 
SeuRlebuli qimioTerapiis meTodiT 
 
     qimioTerapiisaTvis iyeneben specialur nivTierebebs _ virusebis 
inhibitorebs, fermentebs, romlebic gavlenas axdenen nukleinis mJavebze 
(rnm-azebi).Bbolqvebis (tuberebis) uSualo damuSaveba fermentebiT 
SeiZleba Catardes vakuum-kameraSi infiltraciis meTodiT 20 wT 
ganmavlobaSi, rac iwvevs nivTierebis did danaxarjs. Aamitom ufro 
efeqturia rnm-azas damateba sakveb areze, romelic gankuTvnilia 
apeqsebis kultivirebisaTvis. rnm-aza astimulirebs apeqsebidan mcenaris 
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zrda-ganviTarebas da ainhibirebs virusebis ganviTarebas. Ggamravlebis 
aseTi teqnologiis gamoyenebis Sedegad 10 – 35% - iT izrdeba meristemis 
Semguebloba sakveb areebze, mcenare-regenerantebi warmoiqmneba 30 – 40% - 
iT meti.  
 

VII.   Mmcenareuli ujredebis protoplastebi, rogorc 
Bbiologiuri konstruirebis obieqtebi 

 
     VII. 1.Pprotoplastebis Serwyma _ paraseqsualuri hibridizacia 
 
     izolirebul protoplastebs, romlebsac jer ar warmoqmniaT 
ujreduli kedeli, SeuZliaT erTmaneTTan Serwyma. Pprotoplastebis 
Serwyma aris hibridizaciis Taviseburi meTodi, e. w. paraseqsualuri anu 
somaturi hibridizacia. Cveulebrivisagan gansxvavebiT, rodesac 
erTmaneTs erwymeba sasqeso ujredebi (gametebi), paraseqsualuri 
hibridizaciis dros mSobliur ujredebad gamoiyeneba mcenaris 
diploiduri ujredebi.     P   
paraseqsualuri hibridizaciis teqnikas SeuZlia moaxdinos: 
_ mcenaris  filogenetikurad daSorebuli saxeobebis  Sejvareba; 
_ asimetriuli hibridebis miReba, romlebic erT-erTi mSoblis genebis   
nakrebis matarebelia, meore mSoblis ramdenime qromosomis, organoidis  
an citoplazmasTan erTad; 
_ sami an ramdenime ujredis Serwyma; 
_ hibridebis miReba, romlebic warmoadgens mSoblis genotipebis jams;  
_ mutaciebis gadayvana heterozigotur mdgomareobaSi, rac saSualebas 
iZleva protoplastebis SerwymiT miviRoT sicocxlisunariani formebi, 
ramdenadac mutagenezi sakmaod xSirad iZleva morfogenezulad 
defeqtur mcenares; 
_ mcenareebis miReba, romlebic heterozigoturia ubirTvogenebis 
mixedviT da a. S. 
     paraseqsualuri hibridizacia mniSvnelovania rogorc birTvuli 

genebis, aseve ubirთvo genomebis analizisaTvis. ცitoplazmuri genomi 
kodirebs rig niSan-Tvisebebs _ fotosinTezis siCqares, halogenebis 
mimarT mdgradobas, abiotur faqtorebs da sxv. Ggenebis kosegregsciis 

arseboba (niSan-Tvisebebi, romlebic akontroleben birთvsgareშe genoms,  
segregirdeba erToblivad )  mowmobs genebis fizikurad gadabmas. 
     Serwyma aris spontanuri da inducirebuli (xSirad axalgazrda 
qsovilebis an suspenziuri kulturebis protoplastebis). Protoplaste-
bis Serwymis stimulirebisaTvis SemoTavazebulia rigi meToebisa, ro-
gorc fizikuri, aseve qimiuri. 
     protoplastebis Serwymis fizikuri meTodis mixedviT, romelic 

damuSavebulia g. cimermanisa da მისი TanamSromlebis mier 1981 wels, 
protoplastebs aTavseben  araerTgvarovan eleqtrul velian kameraSi. 
eleqtrodebze 2-3 protoplastidan warmoiqmneba agregatebi, an 5-6 
prtoplastidan jaWvebi eleqtrodebs Soris. Mmudmivi denis damatebiTi 
erTeuli impulsi warmoqmnis forebs Zlierad SekumSul membranebSi, 
mimdinareobs citoplazmis gadadineba, ramdenadac cvladi deni garkveu-
li droiT erTad akavebs protoplastebs da aseT agregatebSi proto-

plastebi erTmaneTs ეrwymian. Mmilevadi deni Serwymul protoplastebs 
ubrunebs sferul formas. 
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     Serwymis safuZvelia mudmivi da cvladi eleqtruli denis sxva-
dasxvagvari moqmedeba plazmalemaze. Mmudmivi eleqtruli deni kumSavs 
membranebs, mihyavs isini lokalurad daSlisaken, xolo cvladi 

eleqtruli veli iwvevs membranis cilebis lateralur difuzias, წარმო- 
iqmneba glikoproteidebisagan Tavisufali lipiduri areebi, sadac 
sapirispiro membranebs SeuZliaT kontaqtis damyareba. xSirad proto-
plastebis Serwymis induqciisaTvis iyeneben meTodikas “peg (polieTi-
lenglikoli) _  РН – is maRali konc.,  Са2+  - is maRali  konc.”, romelic 
iZleva 50% - mde Serwymul protoplastebs (PH 9 – 11,  Ca2+ - is konc. 100 – 
300 mmoli/l). polieTilenglikolis Tanaarsebobisas SeimCneva 
protoplastebis Zlieri adgezia, polieTilenglikolis mocilebisa da 

kalciumis damatebis Semdeg _ maTi Serwyma. სxvadasხva mcenaris 
protoplastebis Serwymisas, mag. a da b, SeiZleba Tanabari albaTobiT 
warmoiqmnas kombinaciebi aa, bb da ab. Serwymis sasurveli produqtia ab, 
amitom muSavdeba saxeldobr aseTi tipis Serwymis sixSiris gazrdisa da 
mxolod ab produqtis SerCeviTad gamoyofis xerxebi. erT-erTi aseTi 
meTodi mdgomareobs SemdegSi: 
protoplastis zedapiri Cvulebrivad uaryofiTi muxtis matarebelia. misi 
damuSavebiT fosfolipidiT, romelic dadebiTadaa damuxtuli, SesaZloa 
protoplastis zedapirs droebiT mivaniWoT dadebiTi muxti. Aaxla Tu a 
protoplastebs, romlebsac aqvT dadebiTi muxti, SeurevT daumuSavebel 
b protoplastebs, romlebsac aqvT uaryofiTi muxti, sxvadasxva 
saxeliani muxtebis mizidvis Sedegad warmoiqmneba ZiriTadad ab 
kombinacia. 
     sxvadasxva fluorescenciuli saRebavis daxmarebiT SemuSavebulia, 
agreTve ama Tu im mcenaris protoplastebis markirebis meTodebi.  Tu er-
Ti mcenaris protoplastebs davamuSavebT fluoresceinizoTiocianatiT 
(FITC), xolo sxva mcenaris protoplastebs rodaminizoTiocianatiT  
(RITC), SesaZlebeli iqneba ujredebis aqtiurobis Seucvlelad movniSnoT 
isini yviTel-mwvane (FITC) an wiTeli  (RITC) fluoresceiniT. Hhibridebs, 
romlebic warmoqmnilia sxvadasxva tipis ujredebis SerwymiT, eqnebaT 
orive feris fluorescencia _ wiTeli da yviTel-mwvane. 
     protoplastebs SeuZliaT Serwyma rogorc wyvil-wyvilad, aseve di- 
di raodenobiT. Serwymis mravalbirTviani produqtebi, rogorc wesi, 
iSleba. pirveli cnoba mcenaris doneze somaturi hibridebis miRebis 

შესაxeb, gamoqveyნda 1972 wels. sabWoTa kavSirSi aseTi ram ganxorcielda 
r. g. butenkos laboratoriaSi 1975 wels. 
     genomis (birTvuli da citoplazmuri) bedi protoplastebis 
Serwymis Semdeg SeiZleba sxvadasxva iyos:  

  1. birTvuli genetikuri determinantebi memkvidreobiT gadaecema 
rogorc orive, aseve erTi mSoblisagan. ukanasknel SemTxvevaSi birT- 

vebi ar erwymian erTmaneTs da Semdgom segregireben gayofis procesSi.                                                                              
2. ubirTvo genetikuri determinantebi memkvidreoben orive mSoblis 
xaziT. amasTan erTad, saxeobaTSoris kombinaciebSi SeiniSneba tendencia  

erT-erTi mSoblis citoplazmuri genomis eliminiciiსaken. 
     3. hibriduli ujredebisa da mcenareebis warmoSoba orze meti mSo- 
beli ujredebis Serwymis Sedegad. 
     amrigad, protoplastebis Serwyma midis an hibridis, an cibridis 
warmoqmnisaken. somaturi hibridi aris orive protoplastis rogorc ci- 
toplazmis, aseve birTvis Serwymis produqti. cibridi (citoplazmuri 
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hibridi) _ mcenare regenerantia, romelic Seicavs orive mSoblis 

ცitoplazmas da erTi maTganis birTvs. cibridis misaRebad, birTvis 
dangrevis mizniT erT-erT protoplasts asxiveben ui sxivebiT. aseTi 

ujredebis skriningi xdeba birTvuli da citoplazmaturi (mitoqondria- 
luri da qloroplasturi) genomebis markeruli genebis mixedviT. Aaris  
miTiTeba mitoqondriebisa da qloropastebis dnm-is rekombinaciis Sesaxeb 
hibridul ujredebSi.  
     Serwymisas SeiZleba warmoiqmnas e. w. asimetriuli hibridebi _ 
Serwymis produqtebi, romlebsac aqvT erT-erTi partnioris sruli qro- 
mosomuli nakrebi meore partnioris qromosomebis nawili. aseTi hibride- 
bi xSirad warmoiqmneba filogenezurad daSorebuli organizmebis ujre- 
debis SerwymiT. am SemTxvevaSi ujredebis araswori gayofis Sedegad, 
romelic gamowveulia qromosomebis sxvadasxvagvari nakrebis arakoordi- 
nirebuli qceviT, rig TaobebSi mTlianad an nawilobriv ikargeba erT-
erTi mSoblis qromosomebi. Aasimetriuli hibridebi aris ufro mdgradi, 
vidre simetriuli, romlebsac aqvT mSobliuri ujredebis  genebis sru-
li nakrebi. Aasimetriuli hibridizaciis mizniT erT-erTi mSoblis Ser-
CeviTi damuSaveba misi qromosomebis nawilis daSlis  gziT.          
SesaZlebelia saWiro qromosomebis damiznebiTi gadatana ujredSi. H    
hibridebi SeiZleba miRebul iqnas sami an meti mSobeli ujredebis Serwy-   

miT. aseTi hibriduli ujredebidan SeiZleba gaizardos mcenare regenera-  
tebi. 
            
                 
 
   VII. 2.  somaturi hibridebis saxeobebi 
 
     momwifebuli saxeobaTSorisi hibridi, miRebuli Tambaqos ori jiSis 
(Nikotiana glauca 24 qromosomiT da N. Langsdorfii 18 qromosomiT) 
protoplastebis paraseqsualuri hibridizaciis Sedegad, pirvelad 
aRwera karlsonma 1972 wels. amfiploiduri hibridis kaluss SeeZlo 
zrda uhormono areSi. Hhibriduli mcenare  yvavilobda. Mmas Semdeg 
miRebul iqna sicocxlisunariani Sidasaxeobrivi, saxeobaTSorisi da 
gvarTaSorisi hibridebi.  
     ganxorcielebulia priekulskis saadreo jiSis (Salanum tuberosum) 
kulturuli kartofilis protoplastebis Serwyma veluri kartofilis  
(S. Chacoense)  protoplastebTan. cnobilia, rom veluri kartofilis 
tuberebi Zalian wvrilia. amasTan erTad, mcenare gamZlea mravali 

დაავადეbisadmi. Ppriekulskis saadreo jiSis kartofili warmoqmnis 
msxvil bolqvebs, magram am jiSis mcenare daavadebebis amTvisebelia. Aam 
mcenareebis protoplastebis zomebi sxvadasxvaa. somaturma hibridebma  
foTlebisa da buCqebis formis, agreTve tuberebis zomis mixedviT 
daikaves Sualeduri mdgomareoba kulturul da velur mcenareebs Soris. 
amasTan erTad, somaturi hibridizaciis Sedegad miRebuli hibridi 
gamZle aRmoCnda “Y”-virusis mimarT, riTac gansxvavdeboda sasqeso 
ჰიბრიdisagan.  
     gvarTaSorisi hibridebis Seqmnis pirveli mcdeloba ekuTvnis 
melxerss, romelmac 1978 wels Seqmna hibridi kartofili + pamidori,  
e. w. tomatofeli. Hhibridi steriluri iyo, morfologiurad anomaliuri: 
sqeli fesvebi, tipiuri stolonebi,  bususiani  foTlebi. aseTi hibride- 
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bis miRebis kidev ramdenime mcdeloba iyo, magram yvela mcenare ste-
riluri aRmoCnda. Aam eqsperimentebma aCvena paraseqsualuri 
hibridizaciis SesaZleblobebis SezRuduloba gamoyenebiT seleqciaSi. 
iaponeli mkvlevarebis (x. kisaka da Tanaavtorebi, 1977) mier qerisa da 
brinjis protoplastebis eleqtroSerwymiT miRebul iqna gvarTaSorisi 
somaturi hibridi. Bbrinjis protoplastebs Rebulobdnen suspenziuri 

კultureბიდან, xolo qeris protoplastebi izolirebuli iyo norCi 
foTlebidan. miRebuli kalusebis nawils Camouyalibda mwvane ubnebi da 
ylortebi. mxolod erT ylorts Camouyalibda fesvebi da es mcenare 
warmatebiT iqna gadatanili niadagSi. igi morfologiurad axlos iyo 
brinjis mcenaresTan. citologiurma analizma aCvena, rom mcenares hqonda 
brinjis patara da qeris didi qromosomebi. Ggaanalizebuli iyo agreTve 
mitoqondriuli da qloroplasturi dnm. Mmcenare Seicavda axal 
Tanamimdevrobebs rogorc mitoqondriulis, aseve qloroplastur dnm-Si,  
romlebic ar SeiniSneboda arc erT mSobelSi. 
     i. i. glebam da misma TanamSromlebma Caatares mravalricxovani 
eqsperimentebi tribebs Sorisi hibridebis Sesaqmnelad. triba 
taqsonomiuri erTeulia ojaxebsa da gvarebs Soris. miRebulia 
warmatebuli hibridebi Arabidopsis da Brassica – s Soris _  Arabidobrassica.  
     ganxorcielda ori gvaris ZaRlyurZenas Datura innoxia + Astora  
belladonna-s hibridizacia. moxerxda mcenaris regenerireba. yvela SemT- 
xvevaSi gamovlinda orive gvaris mSoblebis qromosomebi. amfiploidebs 
ar aRmoaCndaT Reros morfogenezis unari. xazebSi, romlebsac hqonda 
qromosomebis poliploiduri da aneuploiduri nakrebebi, Rebulobdnen 
anomaliur Reroebs. regenerirebuli mcenareebi steriluri iyo, hgavda 
lemas, magram Seicavda mcire raodenobiT beladonas qromosomebs.  
     sxva eqsperimentebSi beladonas protoplastebi Serwymul iqna 
Cinuri Tambaqos kalusur qsovilebTan. miiRes 12 kloni. yvela klonis 
ujredebSi aRmoaCines orive mSoblis qromosomebis tipi. erTi wlis 
Semdeg mxolod or klonSi moxda beladonas qromosomebis sruli 
eliminacia. 
     stafilo + mariamsxala: warmoqmnili kalusuri qsovilidan naxevari 
wlis Semdeg regenerirebul iqna anomaliuri mcenareebi. erTi maTgani 
ayvavilda, magram yvavilebs ar hqondaT mtvriana da butko.  
     imave laboratoriaSi saintereso eqsperimentebi Catarda qlorofil-
defeqturi Tambaqos beladonasTan hibridizaciaze. Serwymis Semdeg mii- 
Res 40 fotomasinTezirebeli kolonia, maTgan oTxma ujredulma xazma 
warmoSva beladonas normaluri mcenare, oTxma morfologiurad anoma-
liuri fibridebi Tambaqo + beladona. danarCenma mwvane, xandaxan 
WrelfoTlebiani mcenare, Tambaqos identuri, romlebic yvavilobdnen, 
iZleodnen Tesls. isini Seicavdnen Tambaqos qromosomebs da beladonas 
plastidebs. Ees iyo pirveli fertiluri tribebsSorisi hibridebi.  
     pirveli samuSaoebi ojaxTSorisi hibridebis misaRebad Catarebulia 
k. kaos da v. veteris mier 1976 – 1977 ww. (soia + Tambaqo). mogvianebiT i. i. 
glebis laboratoriaSi Caatares analogiuri eqsperimentebi barda + 
Tambaqo da xaxvi + Tambaqo. i. f. kanevskim SeZlo Rerosmagvari teratomis 
morfogenezis inducireba N. tabacum + Vicia faba – s ojaxTSorisi hibridebis 
kulturebSi.  
     praqtikulad yvela SemTxvevaSi SeimCneoda erT-erTi mSoblis qromo- 
somebis saxeobrivad specifikuri eliminacia. ojaxTSorisi hibridebis 
kulturebSi SeiniSneba mravali mravalbirTviani ujredi, ujrdebi mini 
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birTvebiT, dayofis metafazebSi gvxvdeboda giganturi qromosomebi. 
aRniSnulia asinqronuloba mSoblebis qromosomebis dacilebaSi 
(daSorebaSi) anafazaSi. aseT masalas morfogenezi ar aReniSneboda.  
     daSorebul hibridebs axasiaTebs:                            
     1.hibriduli mdgomareobis SedarebiTi stabiluroba, romlis drosac 
ar SeiniSneba erT-erTi mSoblis genetikuri masalis sruli eliminacia.  
     2. genetikuri gardaqmnebi (qromosomebis rekonstruqcia da 
nawilobrivi eliminacia).  

     3. hibriduli ujredebis klonebis genetikurad gansxvavebuli Tvisoბ-
rioba. 
     4. SezRuduli morfogenetikuri unari.  
     ujredebis “cxoveli + mcenare” samefoTaSorisi hibridebis 
Seswavlam aCvena, rom Serwymis etapze saxeobrivi specifikuroba ar 
vlindeba, amitom SeiZleba erTmaneTs Seerwyas mcenareuli da cxoveluri 
ujredebic ki. OonTogenezis ufro gviandel etapebze es gansxvavebebi 
aisaxeba, rac eqsperimentiTaa dadgenili adamianis limfocitebTan 
arabidopsisis da Tambaqos protoplastebis Serwymisas. amasTan, xdeboda 
citoplazmis Serwyma, birTvebisa ara. edvard kokingi paralelurad 
swavlobda aseTi hibridebis ultrastruqturas amfibiebis ujredebze da 
stafilos protoplastebze muSaobisas. ujredebis gaerTianebis Semdeg 
amfibiebis birTvebi garSemortymuli iyo sakuTari citoplazmis Txeli 
feniT, magram 48saaTis Semdeg ukve aRiniSneboda citoplazmis mTliani 
Sereva da ujredis kedlis regeneracia heterokarionis irgvliv. 
 
VII. 3. citrusovanTa winapris Poncirus  trifoliate-s (samyura limoni) da 
“qarTuli” limonis somaturi hiibriizacia 
 
  saqarTvelos s. durmiSiZis bioqimiis da bioteqnologiis institutSi n.  
WeliZis da m. RoRoberiZis mier Catarebulia citrusovanTa winapris 
Poncirus  trifoliate-s (samyura limoni) da “qarTuli” limonis somaturi 

hibriდizacia.  
   citrusovanTa nayofebi TavianTi kvebiTi da samkurnalo-dieturi 
RirebulebiT yovelTvis ipyrobdnen adamianTa yuradRebas. magram 
samwuxarod, citrusovnebi Znelad itanen yinvebs da daavadebebisadmi 
mcire gamZleobiT xasiaTdebian. dReisaTvis arsebuli agroteqnikuri 
RonisZiebebi citrusovanTa yinvebisagan dasacavad, sakmarisi ar aris am 
problemis warmatebis gadasaWrelad. 

amitom am sakiTxis gadawyveta unda moxdes ara marto mcenareTa 
garemomcveli pirobebis SecvliT, aramed TviT mcenaris gardaqmniT, rac 
SeiZleba miRweul iqnas hibridizaciisa da seleqciis gziT. 

mravalwliani seleqciuri muSaobiT dadgenilia, rom citrusovanTa 
yinvagamZleobis sakiTxis gadawyveta ar SeiZleba Sida saxeobrivi 
hibridizaciis gziT, imdenad ramdenadac maTi genetikuri sistemebi 

TiTqmis erTnairia da genetikuri balansebi mcired, umniშvnelod 
gansxvavdebian. dReisaTvis cnobilia, rom citrusovanTa yinvagamZle 
hibriduli formebis miReba SeiZleba mxolod Soreuli hibridizaciis 
gziT. e.i. citrusovanTa kulturuli formebi aucilebelia SevajvaroT 
maT velur yinvagamZle formebTan, iseTebTan rogorebicaa: Poncirus 
trifoliata, Ichangensis da sxva. am gziT SeiZleba miviRoT axali jiSebi, 
saxeobebi, romlebic adre bunebaSi ar arsebobdnen. 
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imdenad, ramdenadac citoplazmis genebi akodireben iseT Tvisebebs, 
rogoricaa: yinvagamZleoba, antibiotikebisa da paTogenebis mimarT 
gamZleoba da sxva. „qarTuli“ limonisa da samyura limonis  proto-
plastebis Serwymis gziT, e.i. paraseqsualuri hibridizaciis meTodis 
gamoyenebiT, SeiZleba miRweul iqnas mcenaris yinvagamZleobis sakiTxis 
gadawyveta.                U    
    “qarTuli’’ limoni miekuTvneba Citrus-is gvars, Rutaceae ojaxs. igi 
adgilobrivi warmoSobisaa. xe Zlier mzardia, warmoqmnis bevr ylorts, 
ylortebi ekliania. yvavilebi msxvilia, lilisferi elferiT. nayofebi 
msxvilia, erTi nayofis saSualo wona  120-g-ia, zedapiri gluvia, qerqis 
saSualo sisqea 5 mm, rbilobi wvniania, mJave, Teslebis raodenoba 1-7-
mdea. rbilobis bioqimiuri Semadgenloba: Saqrebi 1-7%, mJavianoba – 6%-
mde, vitamini C – 70mg/%-mde. mcenaris yinvagamZleoba –70C-mde. 
malsekosamdmi imuniteti dabali aqvs. 
         samyura limoni  iTvleba citrusovanTa velur winaprad. igi miekuT-
vneba Poncirus -is gvars. mcenares axasiaTebs eklebis arseboba. foToli 
sami foTolakisagan Sedgeba, foTolmcvenia. yvavilebi TeTria an 
vardisferi elferi dakravs. nayofi wvrilia, saWmelad uvargisi. erTi 
nayofi Seicavs 13-dan 49 calamde Tesls. unda aRiniSnos, rom samyura 
limonis  yvavilobis dro, ar emTxveva citrusovanTa kulturuli 
formebis yvavilobis dros, rac garkveul wilad arTulebs seleqciuri 
muSaobis warmarTvas. 

vinaidan „qarTuli“ limonis foTlis kalusur qsovilSi ver iqna 
stimulirebuli saTanado doniT morfogenezi, amitom miRebul iqna 
„qarTuli“ limonis Reros da epikotiles kalusuri qsovili da masSi 
inducirebul iqna morfogenezi da mTliani mcenaris regeneracia. 

eqsperimentSi gamoiyeneboda ’’ქarTuli“ limonis Teslebidan miRebul 

steriluri aRmonacenebis Rerosa da epikotiles qsovilebis in vitro 
kulturebi. murasigesa da tukeris modificirebul ZiriTad sakveb ares 
emateboda bap da nZm sxvadasxva raodenobiT. aRniSnul areze gadatanili 
kalusuri qsovilebi izrdebodnen fitotronSi 8 sT sibnele, 16 sT dRe 
fotoperiodis pirobebSi. epikotiles kalusur qsovilSi, iseve rogorc 
foTlis kalusur qsovilSi I pasaJidan aRiniSneba  aqtiuri 
citodiferencireba, rac qlorofilis dagrovebasa da qsovilis mkveTr 
gamwvanebaSi gamoixateba. qsovilebis Semdgomi subkultivirebisas iwyeba 
meristemuli kerebis aqtiuri warmoqmna, romlebic Semdgom aRmonacenebad 
viTardebian. 

  saukeTeso Sedegi miiReba, rodesac sakveb areSi ნaftilZmarmJavas 
raodegnoba Seesabameba 1 mg.l-1, xolo benmzilaminopurinis – 2.5 mg.l-1 
(cxrili 11). am dros qsovili mkveTr mwvane fers iRebs da masSi mravali 
meristemuli kerebi SeiniSneba. Semdgomi subkultivirebisas saSualod 
kalusebis 75%-Si viTardeba 3 - 4 aRmonaceni. aRmonacens kargad 

ganviTarebuli Rero, ფoთlebi da sustad ganviTarebuli fesvebi aqvT 
(suraTi 8). sakveb areSi, romelSidac mxolod nZm  Seitaneba, aRmona-
cenebi saerTod ar viTardebian, Tumca kalusebis 75%-Si adgili aqvs 
meristemuli kerebis warmoSobas (cxrili 11). 
  sakveb areSi bap-is mg.l-1 da nZm-as 2 mg.l-1 raodenobiT Setanisas, 

„qarTuli“ limonis epikotiles kalusur qsovilSi morfogeneზis procesi 
SedarebiT sustdeba, embrionaluri kvirtebic naklebad  
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                                                                                                                             cxrilი11    
                                                       

 

~qarთuli~ limonis epikotilesa da Reros kalusur 
qsovilebSi regeneraciul procesze bap-is da nZm-s gavla 

 
qsovilis 

tipi 
koncentracia 

mg.l--1 
kalusebis raodenoba 

 bap nZm სaerთo 
raodenoba 

meristemuli 
kerebiT 

aRmonacenis 
warmoSobiT 

epikotiles 
kalusuri 
qsovili 

- 
1 
2.5 
5 

0.2 
0.5 
1.0 
2.0 

20 
20 
20 
20 

50.0 
75.0 
80.0 
73.0 
 

- 
- 
75 
66 

Reros 
kalusuri 
qsovili 

 

- 
1 
2.5 
5 

0.2 
0.5 
1.0 
2.0 

15 
15 
15 
15 

46.6 
60.0. 
80.0 
66.6 

- 
- 

66.6 
53.6 

 
 

  formirdebian da aRmonacenTa ricxvic TiToeul kolbaSi 1 - 2 ar 
aRemateba. 
 TiTqmis igive suraTi  miiReba “qarTuli“ limonis Reros kalusur 
qsovilSi morfogenezis stimulirebisas (sur. 22). gansxvaveba mxolod 
imaSi gamoixateba, rom vegetatiuri kvirtebi da Semdgom aRmonacenebi 
SedarebiT naklebi raodenobiT warmoiqmneba. maTi ricxvi TiToeul 
kalusur qsovilze 1-2 ar aRemateba sakvebi aris yvelaze optimalur 
pirobebSic ki (2.5 mg.l-1 bap da 1mg.l-1 nZm). 

„qarTuli“ limonis rogorc epikotiles aseve Reros kalusuri qso-
vilis ujredebidan regenerirebuli mcenareebi xasiaTdebian Rerosa da 
foTlebis kargi ganviTarebiT, magram orive SemTxvevaSi mcenareebs 
sustad ganviTarebuli fesvebi aqvT. amasTanave maTi Semdgomi subkul-
tivirebisas axal sakveb areze, SeiniSneba aRmonacenTa fuZesTan da 
fesvebze kalusis warmoqmna da misi masis mkveTri zrda (suraTi 23). 
aRniSnuli movlena ufro metad Reros kalusuri qsovilis ujredebidan 
regenerirebul mcenareebze vlindeba. warmoSobili kalusuri qsovili, 

rogorc Cans, sakmaod nela izrdebა.  
aRniSnuli movlenis aRmofxvra SesaZlebelia Semdegnairad: aRmona-

cenebi fesvze warmoSobili kalusebiT gadaitaneba sakveb areze, romli-
danac nZm gamoiricxeba, xolo bap-i 2,5 mg. l-1 raodenobiT Seitaneba. L  L 

2-3 subkultivirebis Semdeg aRmonaceni gadaitaneba bap-is da nZm-s opti- 
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sur.22. morfogenezi `qarTuli~ limonis epikotiles kalusur      
            qsovilSi 
 
 

 
 
 

 
     sur.23. morfogenezi `qarTuli~ limonis Reros kalusur qsovilSi 
 
maluri raodenobis Semcvel areze (bap -2.5 mg.l-1, nZm - 1 mg.l-1). ukve 2 
Tvis  Semdeg, aRniSnuli cikliT sakvebi areebis SecvliT kultivirebi-
sas regenerirebuli mcenareebis fesvebsa da aRmonacenis fuZesTan 
kalusuri masa aRar warmoiSoba. 

   fesvTa sistemis gaსaZliereblad sakveb areSi emateba nZm sami sxva-
dasxva koncentraciiT: 0.5 mg.l-1, 1 mg.l-1 da  mg.l-1. aRniSnuli varian-

tebidan saukeTeso Sedegi miRebul iqna sakveb  areze, romelSic nZm 0.5 
mg.l-1 da 1 mg.l-1 raodenoბiT Sedioda. gansakuTrebiT mZlavri fesvi 

`qarTuli~ limonis epikotiles kalusis ujredidan in vitro pirobebSi 
ganviTarebul mcenares hqonda (sur. 24). 
 
 



                                                                              92 

                   
 
sur.24. “qarTuli” limonis epikotiles kalusur qsovilidan 
ganviTarebuli mcenare 
 
 

  
VII 4. “qarTuli~ limonis epikotiles da Reros kalusur qsovilSi 
morfogenezze kultivirebis pirobebis gavlena 

 
izolirebuli qsovilebis zrdis da maTSi morfogenetikuri 

potencialis SesanarCuneblad zrdis regulatorebis Tvisobrivi da 
raodenobrivi SerCevis garda, didi mniSvneloba aqvs fizikuri pirobebis 
SerCevas. 

rogorc zemoT iyo aRniSnuli, eqsperimentaluri mcenareebis 
vegetatiuri  organoebis in vitro qsoviluri kultrebi miiReba sibneleSi, 
maTSi  morfogenezis stimulirebisaTvis  isini gadaitaneba Sesabamis sak- 

 
veb areebze da Tavsdebian fitotronSi, anu savegetacio oTaxSi, 16 sT 
sinaTle  8 sT sibnele fotoperiodis pirobebSi (260C). 

fizikuri pirobebis gavlenis Sesaswavlad unda Catardes  Semdegi 
eqsperimenti: nawili „qarTuli“ limonis Reros da epikotiles 

kalusebisa bap-is, nZm-as Semcvel sakveb areze subkultivirebis Semdeg, 
pirdapir Tavsdebian zemodaRwerili fotoperiodis pirobebSi, nawili ki 
pirveli ori kvira imyofebian sibneleSi, TermostatSi da Semdgom 
kultivireba grZeldeba fitotronSi. im SemTxvevaSi, rodesac kalusuri 

qsovili pirdapir fიtotronSi Tavსdeba, masSi SeimCneva qlorofilis 
dagroveba da Semdgom xdeba meristemuli kerebis gaCena, romlebic embri-
onalur kvirtebad yalibdeba. fizikuri pirobebis monacvleobisas anu 
qsovilebis jer sibneleSi ganzrdisas da Semdgom fotoperiodis 
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pirobebSi gadatanisas, SeimCneva embrionuli kvirtebis ricxobrivi mateba 
(cxrili 12). 
    am cxrilis monacemebidan Cans, rom fizikuri pirobebis monacvleoba 

kultivirebisas ukეTes Sedegs iZleoda ara marto meristemuli kerebis 
da maTgan ganviTarebuli embrionuli kvirtebis raodenobrivi 
zrdisaTvis, aramed aRmonacenTa ricxvis momatebisTvisac. 
 

 
                                                              cxrili 12 
 

kultivirebis pirobebis gavlena ’’qarTuli“ limonis 
Rerosa da epikotiles kalusuri qsovilis  

morfogenezul potencialze 
 

Kultiვirebis 
pirobebi 

qsovilis 
tipi 

embrionaluri 
kvirtebis 
saSualo 
raodenoba 

ganviTarebuli 
aRmonacenebis 

saSualo 
raodenoba 

kultivireba Reros kalusuri 
qsovili 

     6 – 0.34 2 – 0.32 

FფიtotronSi epikotiles 
kalusuri qsovili 

9 – 0.41 4 - 0.61 

 
winaswari 

kultivireba 
sibneleSi 

Reros kalusuri 
qsovili 

10 – 0.78 4 – 0.21 

epikolites 
kalusuri qsovili 

15 – 0.63 6 – 0.98 

 
 

 
VII. 5. “qarTuli“ limonis da samyura limonis mezofiluri da kalusuri 
qsovilebis   protoplastebis gamoyofa 
 
 

kvlevis am etapze cxadi gaxda, rom „qarTuli“ limonis da  samyura 
limonis somaturi hibrodizaciis Casatareblad gamoyenebul unda iqnas 
„qarTuli“ limonis Reros an epikotiles kalusuri qsovili (romelSic 
maqsimalurad iyo miRweuli totipotenturobis inducireba) da samyura 
limonis mezofiluri ujredebi.  pirvel rigSi gamoyofil iyo zეmo 
xsenebuli obieqtebis protoplastebi. im SemTxvevis gaTvaliswinebiT, 
rom SesaZloa somaturi hibridizacia ukeT Catarebuliyo „qarTuli“ 
limonis mezofiluri protoplastebis gamoyenebiT, damuSavebul iqna 
maTi gamoyofis optimaluri pirobac. 

„qarTuli“ limonis Reros da epikotiles kalusuri qsovilebis 
protoplastebis gamoyofisaTvis optimaluri aRmoCnda is fermentuli 

xsnarebi, romelTa Semadgenloba Semdegi iyo: ცelulaza – onozuka R-10 
(„serვa“ germ.) – 0.3% da driselaza („sigma“ aSS) – 0.4%, peqtinaza – 
macerozini R-10 („serva“ germ.) – 0.2%, manitoli – 0.45M, glukoza – 0.1%, 
saqaroza – 0.1%, CaCl2– 55 mg/100 ml. es fermentuli xsnari orjer zavdeba 

W – 5 (Medgyesetal., 1980)  sakveბi ariT. safermentacio xsnarSi 
inkubirebisaTvis optimaluri droa  15-16 sT da 27-280C temperatura. 
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me-25 suraTze naCvenebia „qarTuli“ limonis epikotiles kalusuri 
qsovilis protoplastebi. 

Catarebuli cdebis Sedegad dadginda, rom „qarTuli“ limonis 

mezofiluri protoplastebis mიRebisas aucileblad gaTvaliswinebuli 
unda iyos is garemoeba, Tu rogor pirobebSi gazrdili mcenaris 
foTlebidan xdeba maTi gamoyofa. aseptikur pirobebSi aRmocenebul 
mcenaris foTlis mezofiluri protoplastebis gamoyofisaTvis (sur.26) 
saukeTeso gamodga Semdegi Sedgenilobis safermentacio xsnari: 
 

 
 
 

sur. 25. `qarTuli~ limonis kalusuri protoplastebi 
/gadideba 1000-2000/ 

 
 

ცelulაza – onozuka R-10 („serva“ gfr) – 3%, peqtიnaza - macerozini R-
10 („serva“ gfr) – 0.3%,  manitoli 0.7 M, saqaroza – 5%, CaCl2 – 55 mg/100 
ml, xolo qoTanSi, anu gruntSi gazrdili mcenaris foTlis მeზofiluri 
protoplastebis misaRebad ukeTesi aRmoCnda ukve sxva Semadgenlobis 
fermentaciuli xsnari: celulaza – onozuka R-10 („serva“ germ.) – 0.3%, 
driselaza („serva“ - germ.) – 0.4%, peqtinaza – macerozini R-10 („serva“ 
germ.) – 0.2%, manitoli – 0.45 M, glukoza – 1%,  saqaroza – 1%, CaCl2 – 55 
mg/100 ml. 

mezofoluri protoplastubis miRebisaTvis saWiroa fermentul xsnar-
Si inkubaciis drois 18-20 sT-mde gazrda. 

kalusuri qsovilebis protoplastეbi (sur. 24) inversiul mikroskopSi 
kargad Canan, aqvT mkveTri sferosebri forma da birTvs, vakuolebs da 
sxva organelebs Seicaven. maTgan gansxvavebiT mezofiluri proto-
plastebi mwvane Seferilobis arian, dauzianebeli qloroplastebis 
Semcvelobis gamo. 
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sur. 26. `qarTuli~ limonis foTlis mezofiluri 
protoplastebi /gadideba 1000-2000/ 

 
 

samyura limonis mezofiluri protoplastebis (სur..27) misaRebad 
gamoyeneba  Semdegi Sedgenilobis safermentacio xsnari: onuzuka R-10 
(„serva“ gfr) – 3%, macerozini R-10 („serva“ gfr) – 0.3%, manitoli – 0.7M, 
saqaroza – 5%, CaCl2 – 55 mg/100 ml. samyura limonis mezoფიluri 

protoplastebi ’’qarTuli’’ limonis mezofilur protoplastebTan 

SedarebiT, mikroskopSi erTi da igive gadidebiT daTvalierebisas uფro- 
wvrilebia. 

samyura limonis mezofiluri protoplastebis gamoyofa SeiZleba 
Semdegi fermentaciuli xsnariT: mem (2-morpholino eTanolsulfonis 

mJava) -1MM, manitolი – 0.6M, onozuka R-10 („serva“ germ.) – 3%, macerozini 

R-10 („serva“ germ.) – 3%, ms (Murashige, Tucker, 1969) sakvebi aris 
makroelementebi. foTlebi am safermentacio xsnarSi moTavsebamde 1sT 
Tavsdeba Semdegi Sedgenilobis xsnarSi: mem – 1 MM, manitoli – 0.6M, MT 
sakvebi aris makroelementebi (Ohgawara et al., 1985). 

safermentacio xsnarebis Semadgenlobis aseTi monacvleoba Sesa-
Zlebels xdis samyura limonis mezofiluri protoplastebis gamoyofis 
dro 19-20 sT-dan 14-15 sT-mde Semcirdes. 
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sur. 27. samyura limonis mezofiluri 
protoplastebi /gadideba 1200-2000/ 

 
VII. 6. gamoyofili protoplastebis kultivirebis pirobebis dadgena 
 
 

protoplastebis kultivirebisaTvis aucilebelia sakvebi aris SerCeva. 

amisaTvis arCeul iqna 5 sxvadasxva are. TiToeuli მaTgani 6-10 ml 
raodenobiT isxmeva 6-10 sm diametris petris Tasebze da maTSi frTxilad 
pipetiT Seitaneba 0.5 ml Sesabamis areSi resuspendirebuli proto-
plastebi. am dros protoplastebis optimaluri simkvrive Seesabameba 103 

protoplasti 1 ml-Si. me-13 cxrilSi mocemulia ’’qarTuli’’ limonis 
Reros da epikotiles kalusuri qsovilebidan izolirebuli 
protoplastebis kultivirebisaTvis gamocdili sakvebi areebis Semadgen-
loba. 
CL - Separdis mier gamoyenebuli sakvebi are kartofilis mezofiluri 
protoplastebis kultivirebisaTvis (Shepard, Yolten, 1977). 
K - kobaiaSisa da misi TanamSromlebis mier forToxlis kalusuri 
protoplastebis kultivirebisaTvis SemoTavazebuli sakvebi are ( Koba-
uashi s., et al., 1985). 
T -tomasis sakvebi are kartofilis kalusuri qsovilis protoplastebis 

kultivirebisaTvis (Сидоров В.А.. 1981). 
 
 
                                                               cxrili 13 

 
 

’’qarTuli’’ limonis Reros da epikotiles kalusuri protoplastebis 
kultivirebisaTvis gamoyenebuli sakvebi areebi mg/l 
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komponentebi CL K T W-S-s KM 
makroelementebi;      
NH4Cl -  268   
NH4No3  33.000  1280 600 
KCL    300 300 
KNO3 7600 38.000 1900  1900 
CaCl2*2H2O 1760 8800 440 600 600 
MgSO4*7H2O 1480 7400 370 300 300 
KH2PO4 680 3400 170 170 170 
mikroelementebi;      
H3BO3 3.1 6200 3.1 3.0 3.0 
MnCl2*4H2O 9.9 2.2300 9.9   
MnSO4*H2O    10.0 10.0 
ZnSO4*7H2O 4.6 6800 4.6 2.0 2.0 
KI 0.42 830 0.42 0.75 0.75 
Na2MoO4*2H2O 0.13 250 0.13 0.25 0.25 
CuSO4*5H2O 0.013 25 0.013 0.025 0.025 
CaSO4*7H2O 0.015 25 0.015   
CoCl2*6H2O    0.025 0.025 
Fe – helati;      
FeSO4*7H2O 278.5 5570 278.5 28.0 5570 
Na2EDTA 372.5 74.50 372.5  7450 
vitaminebi, hormonebi da sxva      
mezoinoziti 4500 100 100 100 100 
nikotinis mJava (PP) 5 5 5 1 1 
glutamini    100  
glicini 2  2   
kazeinis hidrolizati 50   500  
safuaris eqstrati     100  
biotini 0.05  0.05  0.01 
askorbinis mJava (C)   40  2 
A     0.01 
D3     0.01 
B1 0.5 10 1 10 10 
B6 0.5 10 0.5 1 1 
riboflavini B(B2)     0.2 
2,4-d    0.2 0.2 

 
 
 
 
 
 
 

me-13 cxrilis gagrZeleba 
 

komponentebi CL K T W-S-s KM 
zeatini     0.5 
nZm 1   2 1 
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bap 0.4   0.5  
mes 2- (N-morfolin) 
eTalonsulfonis mJava 

  975   

natriumis piruvati     20 
limonis mJava     40 
malonis mJava     40 
fumarinis mJava     40 
folis mJava 0.5  0.5  0.4 
n-amonobenzonis mJava      
saqaroza 68400 0.15 58140 72000 250 
glukoza     68400 
fruqtoza     250 
riboza     250 
qsiloza 3750   250 250 
manoza     250 
ramnoza     250 
celobioza     250 
sorbitoli 4550    250 
manitoli 1550 0.25   250 
kozaminis mJava     250 
qoqosis rZe     20 ml 
agari 0.4%  0.5%   
PH-5.6-5.7      
 
 
 
  W-S-s - sidorovisa da misi TanamSromlebis mier gamoyenebuli sakvebi 
are kartofilis mezofiluri da kalusuri protoplastebis 

kultivirebisaTvis (Thomas, 1985). 
KM - kaosa da mixailukis mier gamoyenebuli sakvebi are Tambaqos 
mezofiluri protoplastebis kultivirebisaTvis (Kao, Michayluk, 1975). 
   eqsperimentebSi sasurveli Sedegi miRweul iqna kao-mixailukis sakvebi 

aris modiფicirebiT. protoplastebis dayofa SeimCneva me-3 dRes (სur. 28). 
kao-mixailukis aris modificireba mdgomareobs SemdegSi: organuli 
mJavebidan damatebiT Setaneba  NNa-is malati 400 mg/50 ml, qarva mJava – 
400 mg/50 ml, aseve iZm – 0.1 mg/100 ml, safuari – 10 mg/100 ml, albumini – 
100 mg/100ml, glukoza 250/100ml. 
   samyura limonis mezofiluri protoplastebis kultivireba ver 
moxerxda vercerT nacad sakveb areze, maT Soris kao-mixailukis 
modificirebul arezedac. aRniSnuli protoplastebi ar iyofodnen, isini 

inviTarebdnen ujredul garss da droTa ganmavlobaSi iRupebodnen (sur. 
29). 
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sur. 28. „qarTuli“ limonis epikotiles kalusiuri 
protoprlastis pirveladi dayofa 

 /gadideba 3200-4000/ 
 

 
 

 
 
sur.29. samyura limonis mezofiluri protoplasti kuprakis Tasis 
ujredSi /gadideba 3200-4000/ 
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VII.7. „qarTuli“ limonis kalusuri da samyura limonis mezofiluri 
protoplastebis Serwyma 

 
„qarTuli“ limonis Reros, epikotiles kalusuri da samyura 

limonis mezofiluri protoplastebis SerwymisaTvis gamoiyeneba  mence-
lis meTodi (Menzel et al., 1981). partniori mcenareebis protoplastebi, 106 

ujredi/ml simkvrivis suspenziiT, erTmaneTs ereva 1 :1 an 1 :2 (samyura 
limonis mezofiluri da ~qarთuli~ limonis kalusuri protoplastebi) 

SefardebiT, ris Sedegadac miiReba 1-2 ml W -5 sakveb areSi 

protoplastebis suspenzia, romelic pasteris pipetiთ gadaitaneba 4 sm 

diametris mqone petris Tasze. wveTis diametri Seesabameba 1 sm. 20wT-is 
Semdeg protoplastebi ekvrian Tasis fskers. maT frთxilad 
mikropipetiT ematebaT 1-3 wveTi polieTilenglikolis xsnari. peg-is 
xsnarSi prtoplastebi imyofebian 5-15 wT. amis Sedegad xdeba petris 
Tasis fskerTan SeWiduli protoplastebis Serwyma da agregacia isini 
icvlian TavianT sferul formas, aRiniSneba plazmolizi. xdeba 
protoplastebis 2-3 fenovani Sreebis gardaqmna erTSrian baded. 
protoplastebis Sesaswavlad gamoiyenebuli iyo „opton“ (gfr) tipis 
eleqtronuli mikroskopi (suraTi 30). misive gamoyenebiT xdeboda 
suraTebis gadaReba rogorc partniori mcenareebis protoplastebi-

saTvis, aseve hibriduli ujreდeბisaTvis. 
     5-15 wT-is Semdeg protoplastebi muSavdeba buferuli xsnariT (ma- 
Rali  pH da Ca2+ ionebiT) da 30 wT-is Semdeg ki xdeba maTi garecxva 

ramodenimejer W–5 sakvebi ariT. garecxvis Semdeg, protoplastebi 

gadaitanebian kao-mixailukis (Kao, Michayluk, 1975) sakveb areze. petris 
Tasi protoplastebiT Tavsdeba inventirebuli mikroskopis qveS da xdeba 
hibriduli ujredebis identifikacia. 31-e suraTze warmodgenilia 
hibridizaciis proceduris Catarebis Semdeg miRebuli protoplastebis 
narevi. kalusur protorplastebs aqvT uferuli plastidebi, Warbad 

Seicaven citoplazmur gadasaWerebs. maTgan advilad gamoirჩevian 
mezofiluri protoplastebi, romlebic qlorofilss Seicavdnen. 

ჰeterokariocitebs, eleqtronul mikroskopSi – „Opton“ 3200-4000 
gadidebiT daTvalierebisas morfologiurad kalusuri protorlastebis 

agebuleba aqvT, amasTanave Seicaven qloroplastebs, rac ჰibridizaciis 
utyuari sabuTia. 
  ramodenime Tasi protoplastebis nareviT (mSobeli da hibriduli 
protoplastebiT) Tavsdeba TermostatSi 26 ± 10C temperaturaze. kao-
mixailukis modificirebuli sakvebi are SeirCa  im mizeziT, rom masze 

kargad warიmarTeba erT-erTi partnioris, kerZod ’’qarTuli’’ limonis 
kalusuri protoplastebis kultivireba. ukve sami oTxi dRis Semdeg 
SeimCneva „qarTuli“ limonis kalusuri protoplastebis da zogierTi 
hibriduli ujredis dayofa. 
 
 
 



                                                                              101 

           
 

sur. 30 `Opton~  tipis eleqtronuli mikroskopi 
protoplastebze mikromanipulaciebis  

Casatareblad da suraTebis gadasaRebad 
 
 
 

 
 
 
sur.  31. a-samyura limonis mezofiluri protoplastebi; b-„qarTuli“ 
limonis kalusuri protoplastebi; g- hibriduli ujredebi 
 

32-e suraTze warmodgenilia partniori protoplastebis da 

ჰibriduli ujredebis narevis suraTi. qvemoT marjvena kuTxeSi Cans 
heterokariocitis 1 dayofis telofaza, xolo 33-e suraTze hibriduli 
ujredis I dayofa. 
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sur. 32. partniorTa protoplastebis da somaturi hibridebis narevi. 
heterokarionis I dayofis telofaza /gadideba 3210-4000/ 

 

 
 

sur. 33. „qarTuli“ limonis da samyura limonis somaturi hibridis  
dayofa /gadideba 3200-4000/ 
 
 
VI.7.„qarTuli“ limonis kalusuri protoplastebis da samyura limonis 
somaturi ჰibridebis meqanikuri gamocalkeveba da kultivireba 

 
somaturi hibridebis citologiuri identifikaciis Semdgom xdeba 

maTi meqanikuri gamocalkeveba. paraseqsualuri hibridizaciis stimuli-
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reba sakmaod efeqturad iqna Catarebuli, ramdenadac yoveli me-4, me-5 
ujredi hibriduli aRmoCnda. 

mikropipetiT xdeba Segroveba im hibriduli ujredebis, romlebmac 

2-3 dayofa ganicades da Tavსdebodnen kuprakis Sida saknis ujrebSi 

(suraTi 34). somaturi hibridebis kultivireba warმოebs kao-mixailukis 

modificirebul sakveb areze. rogorc ზemoT iyo aRniSnuli, am sakvebze 

warmatebiT mimdinareobda qarTuli ’’limonis’’ kalusuri protoplastebis 
kultivireba. 6-8 dRis Semdeg yovel ujras emateba axali sakvebi are 
TiTo ml-is odenobiT. kao-mixailukis modificirebul areze somaturi 

hibridebis proliferaciis procesi normalurad warimarTeba. ukve 14-20 
dRis Semdeg SeiniSneba aqtiuri dayofis Sedegad ujredTa koloniis 

warmoqmna (sur.35). eleqtronul mikroskopiT  dakvirvebam cxadyo, rom 
aRniSnuli koloniis SemadgenlobaSi Semaval ujredebma ganicades 
srulyofili citodiferencireba. aqvT vizualurad normalurad 

Camoyalibebuli organoidebi: ბirTvi, mitoqondriebi, vakuolebi da 
qloroplastebi. 

 
VII. 8. „qarTuli“ limonis da samyura limonis somaturi hibrididan 
kalusuri qsovilis Camoyalibeba da masSi embriogenezis procesis stimu-
lireba 
 Kკao-mixაilukis modificirebul sakveb areze 14-20 dRis somaturi 

ჰibridebis ujreduli koloniis miRebis Semdgom xdeba maTi gadatana ko- 
 

 
 
 

sur. 34 „qarTuli“ limonis da samyura limonis hibriduli ujredis 3-

jeradi dayofa kuprakis Taსis ujraSi /gadideba 3200-4000/ 
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sur. 35 „qarTuli“ limonis da samyura limonis somaturi hibridis 
dayofis Sedegad ganviTarebuli ujredTa kolonia 

 /gadideba 3200-4000/ 
 
 
ncetracia daklebuli osmotikis (0.2M –0.3 M) Semcvel sakveb areze. 6-8 
jeradi generaciis Semdgom ujredul koloniaTa masa gadaitaneba 
murasigesa da tukeris n. WeliZis mier modificirebul sakveb areze. 
agaris Semcveloba iyo Seadgens 0,.2%. kalusis ukeT formirebisaTvis 
sakveb areSi zrdis stimulatorad emateba  nZm 2mg.l-1 da kinetini 0.3mg. 
l-1 raodenobiT. ujredTa proliferaciis inducirebisaTvis petris 
Tasebi Tavsdeba sibneleSi 26 ± 10C  pirobebSi. kultivireba axal sakveb 
areze warmoebs yovel or kviraSi erTxel. erTi Tvis Sedeg miRebuli 
kalusuri qsovilebis masa gadaitaneba  modificirebul sakveb areze, 
romelSidac bap-is da nZm-s raodenoba Seesabameba im sidides, romelic 
optimaluri iyo erT - erTi partniori mcenaris (‘’qarTuli’’ limonis 
epikotile) kalusur qsovilSi embriogenezis procesis 

stimulirebisaTvis. isini Tavsdebian fitotronSi 16 sT sinaTle/8sT 
sibnele fotoperiodis pirobebSi. kultivireba axal sakveb areze 
warmoebs yovel 2-3 kviraSi erTxel. sinaTleze moTavsebisas hibriduli 
ujredebidan formirebuli kalusuri qsovilis ujredebSi iwyeba 
qlorofilis dagroveba, rac qsovilis gamwvanebiT gamoixateba. 

3000 luqsis intensivobis ganaTebisas ukve erTi Tvis Tavze 
warmoiqmneba meristemuli kerebi, romlebic momrgvalo formis 
embrionalur kvirtebad gadaiqcevian. 2-3 Tvis kultivirebis Semdgom 
embrionul kvirtebidan xdeba, morfogenezis gziT, hibriduli mcenaris 
Camoyalibeba. mas kargad ganviTarebuli Rero, foTlebi da sustad 

ganviTarebuli fesvebi aqvs (sur. 36). 
amgvarad, SemuSavebul iqna ’’qarTuli“ limonis da samyura limonis 

somaturi hibridis in  vitro pirobebSi miRebis meTodika (sqema № 1). 
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                                                                 sqema #1 
 
’’qarTuli~ limonis da samyura limons Soris somaturi hibridizaciis 

sqema 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 

 
 
 
 
 

 
 

somaturi hibridebis ujreduli 
kolonia 

’’qarTuli~ limonis 
steriluri 
aRmonaceni  

Reros kalusi samyura limonis 
steriluri aRmonaceni 

epikolites 
kalusi 

foTlis 
eqsplanti 

kalusuri 
protoplastebi 

fermentuli 
damuSaveba 

mezofiluri 
protoplastebi 

polieTilenglikoliT damuSaveba 

homokarioni homokarioni 

 heterokarioni 

hibriduli ujredebis meqanikuri gamocalkeveba da kultivireba 
kao-mixailukis modificirebul areze 

somaturi hibridebis ujreduli 
kolonia 

   ujredTa koloniis kultivireba მს modificirebul  
                   myar sakveb areze 

kalusuri qsovili 

morfogenezis induqcia 
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ujredebis konstr 
 
                                        

 
 

sur. 36. ’’qarTuli“ limonis da samyura limonis 
somaturi hibridi 

 
        VIII. uujredo   sistemebi 
 
        VIII.1.Qqloroplastebis membranebi  
 
    amerikelma mecnierma m. kalvinma, romlis gamokvlevebs fotosinTezis 
meqanizmis Seswavlis sferoSi mieniWa nobelis premia, 1972 wels wamoayena 
fotoelementis Seqmnis idea, romelSic eleqtruli denis wyaros 
warmoadgenda qloroplastebis membranebi. aseTi membranebis ZiriTadi 
komponenti iyo qlorofili, romelsac SeuZlia ganaTebis pirobebSi 
gasces da miiRos eleqtronebi. Ggamtaris rolSi, romelic kontaqts 
amyarebs qlorofilTan, kalvinma gamoiyena cinkis oqsidi. Qqlorofilis 
Semcvel membranebs aTavseben fermentebis xsnarSi, romlebic moqm-
edebdnen rogorc katalizatorebi. sinaTleze xdeba wylis fotolizi: 

ujredTa koloniis kultivireba მს modificirebul  
                   myar sakveb areze 

kalusuri qsovili 

morfogenezis induqcia 

hibriduli mcenare 
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H2O - H2  + ½ O2 . am sistemis ganaTebisas masSi aRiZvreba agreTve 

eleqtruli deni simkvriviT 0,1 mkamp  სმ2 – ze. aseTi fotoelementi       
funqcionirebs cota xans, radganac qlorofili male kargavs 
eleqtronebis gacemis unars. imisaTvis, rom gaexangrZlivebinaT 
fotoelementis moqmedeba, gamoiyenes eleqtronebis damatebiTi wyaro_ 
hidroqinoni. aseT sistemaSi qlorofili gascems ara marto Tavis 
eleqtronebs, aramed hidroqinonis eleqtronebsac. aseTi gziT miRebuli 
10 m2 farTobis fotoelementi SeiZleba flobdes 1 kvt  simZlavres.  
     iaponelma mecnierma fuZio takaxasim eleqtroenergiis misaRebad 
gamoiyena salaTis foTlebis qloroplastebi. tranzistoruli mimRebi, 
romelTanac mierTebuli iyo aseTi mzis batarea, warmatebiT muSaobda.     
     Tu sistemidan moscildeba gamtari da inducirdeba wyalbadisa da 
Jangbadis warmoqmna, maSin sistemam SeiZleba imuSaos agreTve rogorc 
fotoreaqtoris prototipma, romlis daxmarebiT mzis energia inaxeba 
Zvirfas sawvavSi _ wyalbadSi. 
     sistemis upiratesobani:     
     _ Warbi substratis _ wylis arseboba; 
     _ energiis aralimitirebuli wyaro _ mze;  
     _ produqtis (wyalbadi) Senaxva SeiZleba ise, rom ar gaWuWyiandes 
atmosfero;  
     _ produqts aqvs maRali siTboswarmoqmnis unari (29 kkal/g) 
naxSirwyalbadebTan SedarebiT (3,5 kkal/g). 
     _ procesi mimdinareobs normalur temperaturaze Sualeduri 
toqsikuri nivTierebebis warmoqmnis gareSe;  
     _ procesi cikluria, radganac produqtis daJangvis Sedegad 
warmoiqmneba substrati _ wyali. 
     qloroplastebis membranebis imobilizeba SeiZleba gelSi 
CamagrebiT. 
 
       VIII. 2. U  uujredo cilamasinTezebeli sistemebi (ucms) 
 
     ucms gamoiyeneba informaciuli ribonukleinis mJavis (irnm-is) 
matriculi aqtiurobis Sesaswavlad da misgan translirebuli 
polipeptidis analizisaTvis. maT SedgenilobaSi Sedis: ribosomebi, 
matrica (xelovnuri an bunebrivi rnm), transliaciis cilovani 
faqtorebi, aminoacil t-rnm, atf, erTvalentiani da orvalentiani 
kaTionebi (K+, Ca2+), buferuli xsnari homeostazis SesanarCuneblad, 
aminomJavebi. Ggenur inJineriaSi uujredo cilamasinTezebeli sistemebi 
gamoiyeneba klonirebuli genebis in vitro makodirebeli potencialisa da 
eqspresiis meqanizmebis gamokvlevisaTvis, agreTve  rekombinantuli genebis 
konstruirebis Sualedur etapebze matriculi rnm-is an dnm-is 
fragmentebis identifikaciisaTvis kodirebuli cilebis mixedviT. 
     komponentebis warmoSobis mixedviT ucms SeiZleba klasificirdes 
rogorc prokariotuli da eukariotuli. Yyvelaze gavrcelebuli proka-
riotuli cilamasinTezebeli sistemebia nawlavis Cxiris (E. coli) 
eqstraqtebis safuZvelze mიRebuli. eukariotuli cilamasinTezebeli 
sistemebidan eukariotebis matricis transliaciisaTvis iyeneben or 
ZiriTad sistemas: bocveris retikulocitebidan da xorblis 
Canasaxebidan. Ees sistemebi universaluria, maTze nebismieri matricis 
translireba SeiZleba.  
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     analizis Casatareblad amzadeben sareaqcio narevs, romelic 
Sedgeba retikulocitebis lizatis an Canasaxebis eqstraqtisa da  
aminomJavebis narevisgan, niSandebuli aminomJavebis, atf-is, buferis, 
matriculi rnm-isa da sxva komponentebisagan. narevs ainkubireben, ris 
Semdegac amowmeben radioaqtiuri niSnis CarTvas axlad sinTezirebul 
cilaSi da akeTeben cilebis testirebas eleqtroforezis daxmarebiT.  
    transliacia in vitro sasargebloa cilis sinTezis sistemis calkeuli 
komponentebis rolis dasazusteblad, radganac SesaZlebelia maTi 
mocileba da damateba saWiroebis mixedviT. Mmisi  gamoyeneba gvexmareba 
genetikuri kodis gaSifraSi. zogierT uujredo sistemaSi translireben 
winaswar gawmendil m-rnm-s an iyeneben polisomebSi arsebul endogenur 
m-rnm. sxva cilamasinTezebel sistemebSi _ SeuRlebuli transkripciisa 
da transliaciis sistemebSi m-rnm-is sinTezi da misi transliacia 
ribosomebiT, midis erTdroulad. matricul rnm-ad gamoiyeneba agreTve 
cnobili Sedgenilobis xelovnuri polinukleotidebi. amJamad, 
transliaciis in vitro  meqanizmebi gamoiyeneba agreTve cilebis ganawilebis 
meqanizmebis gansazRvrisaTvis sxvadasxva Sinagani kompartmentebis 
mixedviT.  
       IX. meoradi metabolitebis sinTezis Sesaswavlad mce-
naris qsovilTa kulturebis gamoyenebiT Seqmnili axali eqspe-
rimentuli sistemebi 
  
    IX. 1. imobilizebuli ujredebis kultivirebis sistemebi 
 
    arsebobs imobilizebuli ujredebis kultivirebis ori tipis sistema: 

1. kulturis sistema brtyeli ZiriT, ujredebi mravldeba 
horizontalurad ganTavsebul WurWelSi; 

2. svetis kulturis sistema, sadac ujredebi mravldeba vertikalur 
WurWelSi.  

     orive sistemaSi Txevadi are cirkulirebs fizikurad uZravi 

ujredebis garSemo ( sur. 37). 
 
 

   

 
 

             sur. 37. kulturis sistema brtyeli ZiriT 
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    sakvebi are wveTavs simZimis Zalis moqmedebiT 70 ml moculobis 
cilindruli WurWlidan (1) kultivirebisaTvis gankuTvnil 350 ml 
moculobis minis WurWelSi (3), sadac moTavsebulia ujredebi (40-50 g 
nedli masa), daTesili aratoqsikuri polipropilenis qsovilis 
substrat-safenze. sakvebi are aRwevs qsovilis SigniT kapilaruli 
Zalebis moqmedebiT da amaragebs ujredebs. Aamis Semdeg gamoyenebuli 
sakvebi are peristaltikuri tumbos (2) daxmarebiT gadaiqaCeba isev 
rezervuarSi da gamoiyeneba ganmeorebiT. Aam sistemiT Catarebulma 
gamokvlevebma aCvena, rom brtyel Zirze (sayrdenze) kultivirebul 
(murasige-skugis are, romelsac damatebuli aqvs 2 ,4 _ D da kinetini) 
Solanum niger-is ujredebs SeuZliaT sakvebi aris moxmareba da swrafad 
reagireben orTofosfatis ukmarisobaze. nedli masis mateba midis ufro 

nela,  vidre suspenziur kulturebSi. სიcocxlisunariani ujredebis 
raodenoba aseTivea da aRwevs 70-80%. alkaloidebis raodenoba 7 dRe-Rame 
kultivirebis Semdeg aRwevs 12 mg/g mSral masaze, xolo suspenziaSi, 18 
dRe-Rame kultivirebis Semdeg igi Seadgens 10 mg/g mSral masaze. 
adgilebSi, sadac sakvebi are wveTavs pirdapir ujredebze, 3 - 4 dRis 
Semdeg kultivirebuli qsovili muqdeba da ganirCeva danarCenisagan, 
romelic S. noger-s Seferili aqvs Ria Calisfrad. CamowveTvis zonaSi 
ujredebi xSirad ufro kompaqturia, Seicaven met alkaloidebs. Tu 
ujredebs movacilebT wveTvis zonidan da movaTavsebT agarian petris 
TasebSi, alkaloidebis Semcveloba ecema, xolo kultivirebis Zvel 
pirobebSi dabrunebisas xelaxla akumulirdeba metabolitebis didi 
raodenoba.  
     amas garda, ujredebSi SeaqvT meoradi metabolitebis winamorbedebi. 
aRniSnulia, rom kapsacinis sinTezi Capsicum frutencens-is ujredebiT, 
aTasjer izrdeba areze 5 ml izokapsacinis mJavis damatebiT. amasTan 
erTad, kapsacini ar grovdeba ujredebis SigniT, aramed sekretirdeba 
sakveb areSi. dadgenilia, rom brtyel Zirze immobilizebul ujredebs, 
romlebsac SeuZliaT sakveb aredan moixmaron sakvebi nivTierebebi da 
Jangbadi, aqvT zrdis dabali siCqare, kalusismagvari ganlageba, da 
ujredebs Soris mWidro kontaqtis unari. mTlianobaSi, maT aqvT 
meoreuli naerTebis sinTezis gacilebiT maRali unari.  
     miuxedavad am upiratesobisa, sawarmoo kultivirebas aqvs arsebiTi 
nakli: aparatis horizontaluri konstruqcia uxerxulobas qmnis muSao-
baSi da moiTxovs did farTobs. es nakli Tavidanaa acilebulis xva sis-

temaSi. Ees aris svetis kulturis sistema ( sur. 38). 
    aseT sistemaSi izrdeba ujredebis ricxvi, romelzec wveTavs are, 
rac zrdis “wveTvis zonas”, sadac xdeba didi raodenobiT meoradi 
metabolitebis dagroveba.  
   kultivirebisaTis gankuTvnili WurWeli horizontaluridan gardaiq-
mneba vertikalurSi. sakveb arean WurWelSi (1) 50 ml Txevadi are simZimis 
Zalis moqmedebiT wveTavs immobilizebuli ujredebis Semcvel 
vertikalur minis svetSi (3). ares agroveben svetis fskeridan da 
xelaxla iyeneben ciklSi sakveb arean rezervuarebSi peristaltikuri 
tumboTi gadaqaCvis gziT. rogor movaTavsoT ujredebi svetSi ise, rom 
mwveTavma arem isini mkvriv masad ar dawnexos svetis fskerze. neilonis 
badeSi CavamagroT kalaTebi, amisaTvis gamoviyenoT inertuli, gamtari da 
stabiluri geli. kalaTebs Soris warmoiqmneba sahaero sivrce, bade 
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ayalibebs  gels, xolo ujredebs SeuZliaT zrda kalaTebis saSualebiT  
da ukavSirdebian erTmaneTs.    
 
 
 
 

                           
 

                      sur. 38. kulturis sistema svetSi  
 
     ujredebis mosaTavseblad Sesaferisi masala aRmoCnda neilonis  
Rrubeli. masala aratoqsikuria, advilad iWreba, uZlebs avtoklavirebas. 
Uujredebis CatvirTvisaTvis substratad iyeneben agars da kalciumis 
alginats.  
     tradiciulad, agari gamoiyeneba ujredebisa da qsovilebis 
kulturebTan samuSaod. 2%-ian (masa moculobasTan) xsnars 
distilirebul wyalSi aavtoklavireben 1 atm. wnevaze 20 wuTiT da 
acieben wylis abazanaze 35 – 400C-mde. suspenziuri kulturis ujredebs 
zrdis stacionalur fazaSi atareben 1 mm diametris forebian sacerSi 
da ureven gaumyarebel agars 1 : 1 (v : v) proporciiT. 2 – 3 х 1 х 1 sm 
Rrublis sterilur raWrebs steriluri pincetiT uSveben ujredebisa da 
agaris narevSi, xolo rodesac agari daiwyebs gamagrebas, aTavseben 
sterilur svetebSi, romelTa Sida diametria 1,5 – 2,5 sm. TiToeul 
svetSi aTavseben daaxloebiT 10 bades, amrigad, TiToeul svetze modis 5 
-7 g ujredebis nedli masa.  
     analogiurad akeTeben ujredebis immobilizacias kalciumis 
alginatis gamoyenebiT. am inertul substratSi a. alfermanisa da 
TanamSromlebis mier warmatebiT iyo immobilizebuli xaoiani futkaras 
(Digitalis lanata) ujredebi. kalciumis alginatis 2% xsnars avtoklavSi 
asterileben, acieben oTaxis temperaturamde, ureven ujredebs da 
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gadaaqvT 0,05 M CaCl2-is sterilur xsnarSi 10 wuTiT, rom warmoqmnili 
kalciumis alginati gamyardes Rrublis naWrebis SigniT da irgvliv, Tan 
gadaekras ujredebs. Aalginatis molekulebi kalciumis kaTionebiT 
gardigardmo ikereba, amasTanave xdeba misi stabilizacia. gamyarebul 
masalas samjer recxaven sterilur distilirebul wyalSi da SeaqvT 
minis svetebSi. rogorc Semdgomma gamokvlevebma aCvena, ujredebis zrda 
alginatSi ukeTesi iyo, vidre agarSi, rac albaT dakavSirebulia 
immobilizaciis procesSi ujredebze gamlRvali agaris negatiur 
moqmedebasTan, radgan agaris temperatura Seadgens 400 C. amitom, 
eqsperimentebi garemo pirobebis cvlilebis Taobaze, tardeboda svetebSi, 
sadac Datura innoxia  da Capsicum frutences-is ujredebi immobilizebuli iyvnen 
kalciumis alginatze. 
     orTofosfatis, nitratebis, amoniumis da saqarozis moxmarebis 
siCqare ujredebSi svetis kulturebSi ufro naklebia, vidre 
horizontalur sistemaSi. ujredebis sicocxlisunarianoba suspenziur 
kulturebTan SedarebiT, SesamCnevad ar mcirdeba (60 – 65%), 
alkaloidebis Semcveloba 8 – 10 dRe-Ramis Semdeg Seadgens ujredebis 
mSrali masis 12 -13 mg/g-s, alkaloidebi sakveb areSi ar gamoiyofa, xolo 
aris PH  8 dRe-Rame kultivirebis Semdeg ecema 0,4 erTeuliT, 5,4-mde. 
Jangbadis moxmarebis siCqaris gansazRvram aCvena savaraudod misi nakle-
boba kultivirebis 4 – 8 dRe-Rames.  
     luminescenciuri naTurebiT ganaTebuli kulturebi sakveb 
nivTierebebs moixmaren ufro intensiurad, ujredebis zrdac ganaTebul 
kulturebSi ukeTesia. sinaTlis kulturebSi izrdeba ujredebis sicoc-
xlisunarianoba da alkaloidebis Semcveloba. radganac ujredebi ar 
mwvandeba, normaluri ujreduli metabolizmis SesanarCuneblad aucile-
belia sinaTlis sxva efeqtebic.  
     winamorbedebis damateba yovelTvis erTmniSvnelovnad ar moqmedebs 
zrdaze, sakvebi nivTierebebis moxmarebasa da metabolitebis sinTezze. 
MmagaliTad, ornitinis moqmedeba Datura innoxia-s ujredebze uaryofiTi 
ufroa, xolo izokaprinis mJavis moqmedeba Capsicum  frutence-s ujredebze 
ufro dadebiTia, radgan nedli masa izrdeba, magram kapromicinis 
gamosavlianoba ucvleli rCeba. orive SemTxvevaSi metabolitebis sin-
Tezi ar inhibirdeba alginatiuri geliT.  
     miRebuli Sedegebi mowmobs, rom mravali saxeobis mcenaris 
ujredebi inarCuneben sicocxlisunarianobas immobilizaciis dros. 
faSari, swrafad mzardi suspenziuri kulturebidan miRebuli 
immobilizebuli ujredebi aneleben zrdas da emsgavsebian kalusuri 
kulturebis ujredebs. es ujredebi ufro metadaa erTmaneTTan 
dakavSirebuli, vidre Txevad kulturebSi, rac iwvevs garkveuli 
fizikuri da qimiuri gradientebis aRZvras.  
     immobilizebuli ujredebi agroveben met alkaloidebs, vidre 
Txevad kulturebSi, rac iwvevs gansazRvruli fizikuri da qimiuri 
gradientebis aRZvras. Ees xels uwyobs ujredebis gadasvlas 
stacionalur fazaSi, rac iwvevs alkaloidebisa da sxva meoradi 
warmoSobis naerTebis warmoqmnis daCqarebas. 
    zogadi rekomendaciebi ujredebis kultivirebisaTvis miRebuli 
Sedegebis safuZvelze:  

1. ujredebi unda gaizardos fizikurad stacionalurad, erTmaneTTan 
mWidro kavSirSi, rom stimulirdes fizikuri da qimiuri gradient-
tebis ganviTareba da uzrunvelyofil iqnas kulturis nawilobrivi 
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diferenciacia. Mmcenaris zogierTi saxeoba aucileblad unda 
kultivirdes ganaTebis pirobebSi da inducirdes qloroplastebis 
warmoqmna, raTa uzrunvelyofil iqnas metabolizmis iseTi done, 
romelic axlosaa intaqturi mcenaris ujredebSi mimdinare 
procesebTan; 

2. sakvebi aris Sedgeniloba da Jangbadis done aucileblad unda 
daregulirdes kulturis zrdis SenelebisaTvis. rekomendirebulia 
zrdis regulatorebis gamoyeneba diferenciaciis procesebis 
imitaciisaTvis, romelic mimdinareobs in vivo;  

3. ujredebi unda momaragdes winamorbedebiT, magram dabali 
koncentraciiT. winamorbedebi gardaqmnis jaWvSi maqsimalurad 
axlos unda iyvnen gamosaval produqtTan; 

4. sasruvelia iseTi ujredebis gamoyeneba, romlebic sakveb areSi 
asekretireben saWiro metabolitebs, an romlebSic aseTi sekrecia 
SeiZleba inducirdes.   
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t e r m i n o l o g i a 
 
1. adventuri  kvirtebi _ mcenaris qsovilebidan da ujredebidan aRmoce 
  nebuli iseTi kvirtebi, romlebic Cveulebrivad ar warmoiqmnebian. 
2. aneuploiduri _ birTvi, ujredebi, organizmi, qromosomebis iseTi  
   ricxviT, romelic gadaxrilia X-dan an X-is jeradi ricxvidan. 
 3. apeqsi _ Reros an fesvis wveros nawili. 
 4. apikaluri dominireba _ ylortis gverdiTi kvirtebis zrdis daTr 
   gunva. 
 5. auqsinebi _ fitohormonebi (iZm, nZm, 2,4 _ D), romlebic aaqtiureben   
   Reroebisa da fesvebis zrdas, astimulireben fesvebis zrdas       
   aRmonacenebSi. 
 6. 6-bap _ 6 – benzilaminopurini.  
 7. birTvis Oomnipotenturoba _ mcenaris somaturi ujredebis birTvebis 
   mier zigotis mTeli potenciis SenarCuneba, anu mTeli genetikuri      
  informaciis Senaxva (SenarCuneba). 
 8. dediferenciacia _ specializebuli ujredebis gadaxra (gadasvla)  
   proliferaciisa da araorganizebuli kalusuri zrdis mimarTulebiT 
   (ujredebis specializaciis dakargva).  
 9. gamravlebis cikli _ periodi ujreduli inokuliumis an kalusuri  
   transplantis sakveb areze moTavsebidan Semdgom subkultividebamde. 
 10. diploidi _ birTvi, ujredebi, organizmi, romelic xasiaTdeba homo 
    logiuri qromosomebis ormagi nakrebiT, romelTagan TiToeuli  
    warmodgenilia mocemuli saxeobisTvis damaxasiaTebeli ricxviT   
    (simbolo 2n). 
 11. diferenciacia _ procesebis kompleqsi, romelic midis ujredebs          
    Soris gansxvavebamde. 
 12. diferencireba _ ujredis specializaciis mdgomareoba, romelic  
        ganasxvavebs maT sxva ujredebisagan. 
 13. 2,4_d _ 2,4 – diqlorfenoqsiZmarmJava.     
 14. dominanti _ geni, romelic vlindeba rogorc niSani , iseT   
     pirobebSi, rodesac homologiur nakrebebs aqvT sxvadasxva genebi. 
 15. eqsplanti _ qsovilis an organos fragmenti, romelic inkubirebulia 
    sakveb areze damoukideblad, an gamoiyeneba pirveli kalusis  
    misaRebad.  
 16. embrioidogenezi _ Canasaxismagvari struqturis (embrioidebis) 
    warmoqmnis procesi arasqesobrivi gziT qsovilebisa da in vitro 
        kulturebSi.  
 17. epigenetikuri variaciebi _ genebis diferencialuri aqtiurobis feno 
    tipuri gamoxatva. Mmutaciisa da somaklonuri variaciebisagan  
    gansxvavdeba imiT, rom ar inaxeba ciklSi ujredi –mcenare-ujredi. 
 18. euploidi _ birTvi, ujredebi, organizmi X-is jeradi qromosomebis 
    ricxviT. 
  19. zigoturi Canasaxebis in vitro kultura _ moumwifebeli an  momwifebu-  
          Lli izolirebuli Canasaxebis aseptikuri gamravleba xelovnur 
      sakveb areze.  
 20. zrdis cikli _ ujredebis populaciis zrda perioduli gamravlebis 

    ciklSi, romlis fazebi xasiaTdeba sigmoiduri (S-magvari) mrudiT. 
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 21. izolirebuli protoplastebis kultura _ ukedlebo ujredebis    
    gamravleba Txevad an agarizebul areze, romelic damatebiTi  
    komponentis saxiT Seicavs osmosurad aqtiur nivTierebas (stabili 
    zators) mocemuli saxeobisTvis optimaluri koncentraciiT.  
    kedlebis regeneraciis SemTxvevaSi izolirebuli protoplastebi 
   gardaiqmneba kulturad.  
 22. izolirebuli protoplasti _ mcenareuli ujredi, romelsac  
    dakarguli aqvs ujreduli kedeli fermentuli an meqanikuri 
    daSlis Sedegad.  
 23. izolirebuli protoplastebis Serwyma _ erTi ujredis formireba 
     erTi an ramdenime ujredidan maTi zedapiruli membranebis SeerTe-    
     biT. 
 24. In vitro _ cocxali obieqtis gazrda “SuSaSi” (sinjaraSi, kolba 
    Si, bioreaqtorSi) xelovnur sakveb areze, aseptikur pirobebSi. 
. 25. inokulumi – ujreduli suspenziis nawili, romelic gamoiyeneba 
    axal sakveb areze gadasatanad. 
 26. iZm _ β -indolilZmarmJava. 
 27. kalusi _ dediferencirebuli ujredebis jgufi, romelic warmoiqm- 

    neba in vitro an in vivo araorganizebuli proliferaciis Sedegad. 
 28. kariotini _ mocemuli saxeobisTvis damaxasiaTebeli qromosomebis na 
    krebi.  
 29. kloni _ erTi ujredidan aRmocenebuli kultura.  
 30. klonaluri mikrogamravleba anu mikroklonuri gamravleba _ arasqe 
    sobrivi gziT mcenaris in vitro miReba, romelic genetikurad sawyisi  
    mcenaris identuria (mcenaris vegetatiuri gamravlebis meTodi in vitro  
    kulturaSi). 
 31. kalusuri kultura in vitro _dediferencirebuli qsovilis in vitro 
        ( SuSaSi) mzardi kultura.   
 32. meristema _ qsovili, warmoqmnis (Camoyalibebis) procesSi wvrili,  
     aqtiurad  gayofadi ujredebiT. 
 33. morfogenezi _ ujredebis (cistogenezi), qsovilebis (histogenezi) 
      da organoebis (organogenezi) struqturebis warmoqmna anu zrdisa  
      da ganviTarebis procesis dawyeba. 
 34. mutacia _ cvlileba ujredebis genetikur masalaSi birTvisa da or      
    ganelebis dnm-is gardaqmnis gziT, cvlilebebi qromosomebis struqtu 
    raSi anu organizmis ploidurobis doneze. 
 35. meristemis in vitro kultura _ izolirebuli apeqsis an ylortis iRli-  
     uri  kvirtebis aseptikuri gamravleba xelovmur sakveb areze. 
   . 36. organoTa in vitro kultura _ izolirebuli fesvebis, ReroTa apeqse 
    bis, yvavilebis moumwifebeli nawilebis, mkvaxe nayofebis aseptikuri 
    zrda-gamravleba xelovnur sakveb areze gadargvis reJimSi. 
 37. poliploidi _ birTvi, ujredebi, organizmi, romelic xasiaTdeba 

    qromosomebis ZiriTadi ricxvis gamravlebiT (simboloebi 3X, 4X da 
    a.S.). 
 38. proliferacia _ ujredebisa da qsovilebis warmoqmna ukve arsebu 
     lis gamravlebis gziT.                                                   
 39. regeneracia _ mTliani organizmis aRdgena ujredebidan, qsovilidan, 
    organodan. 
 40. rediferenciacia _ specializebuli ujredebis gadasvla diferenci 
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     rebis erTi mdgomareobidan meoreSi winaswari dayofiT an uSualod. 
41. recesivi _ geni an genetikurad ganpirobebuli niSani, romelic vli 
   ndeba diploidur ujredSi an organizmSi im pirobebSi, rodesac qro 
   mosomis orive nakrebi flobs mocemul genebs. 
42. rizogenezi _ dafesvianebis, zrdisa da ganviTarebis procesi. 
43. somaklonuri variaciebi da variantebi _ kultivirebuli ujredebis 
birTvuli da organeluri citoplazmaturi genomebis cvalebadobis 
fenitipuri gamoxatva. 
44. somaturi hibridi _ izolirebuli protoplastebis hibridizaciis  
   gziT miRebuli mcenare.  
45. somaturi (paraseqsualuri) hibridi _ mcenaris hibriduli ujreduli  
   xazisa da somaturi hibridebis Seqmnis xerxi birTvisa da organele 
   bis qromosomebisa da genebis rekombinaciis gziT seqsualuri ciklis  
   gareSe, magaliTad, izolirebuli protoplastebis serwymis gziT. 
46. subkultivireba _ transplantis an inokuliumis gadatanis procesi  
   kulturalur WurWelSi axal sakveb areze.  
 47. subprotoplasti _ izolirebuli protoplasti, romelmac dakarga 
    citoplazmis nawili da SeinarCuna birTvi. 
 48. suspenziuri kultura anu ujredebis in vitro kultura _ calkeuli 
    ujredebis an maTi mcire jgufebis aseptikuri gamravleba Sewonil  
    mdgomareobaSi Txevad sakveb areze. 
 49 totipotenturoba _ mcenaris somatur ujredTa unari moaxdinon rea- 
    lizeba Tavisi ganviTarebis potencialis da kultivirebis gansazRv-    
    rul pirobebSi dasabami micen mTliani mcenaris ganviTarebas.      
 50. transplanti _ kalusuri qsovilis nawili, romelic gamoiyeneba  
    axal sakveb areze gadasatanad. 
 51. ujreduli seleqcia in vitro _ mutanturi ujredebis gamoyofis da 
    somaklonuri variaciebis meTodi seleqciuri pirobebis gamoyenebiT.  
 52. fesvebis in vitro kultura _ izolirebuli fesvebis aseptikuri gamra 
    vleba xelovnur sakveb areze gadargvis reJimSi. 
 53. fitohormonebi (mcenaris hormonebi) _ biologiursd aqtiuri  
naerTebi,  romlebic mcenareSi warmoiqmneba mcire raodenobiT, 
    iwveven specifikur zrdis an struqturiswarmomqmnel efeqts. 
 54. fsevdodiploidi _ birTvi, ujredebi, organizmi, romlebic xasiaTde- 
    ba qromosomebis diploiduri ricxviT da mocemuli saxeobis zigoti 
    sagan gansxvavdeba kariotipis mixedviT.                                 
 55. qsovilTa in vitro  kultura _ xangrZliv gadasargav kulturaSi  
    gamravleba qsovilebisa, romlebic warmoqmnilia mcenaris sxvadasxva  
    organoebis izolirebuli segmentebis ujredebis, an TviTon organoe- 
    bis ujredebis proliferaciiT.   
 56. cibridi _ mcenare, romelic miRebulia izolirebuli protoplastis 
    SerwymiT citoplastTan, inaqtivirebuli birTvis mqone protoplast 
    Tan. 
 57. citokininebi _ fitohormonebi (kinetini, 6 _ bap), romlebic aaqtiure 
    ben meristemis ganviTarebas, astimulireben kvirtebis warmoqmnas. 
 58. citoplasti _ membraniT SemosazRvruli citoplazmis nawili, rome 
    lic warmoqmnilia izolirebuli protoplastis fragmentirebisas. 
 60. “SeCveul” qsovilTa kultura _ qsovilebis gazrda, romlebic 
     warmoqmnilia normaluri kalusuri qsovilis ujredebis redi 
     ferenciiT an mutaciiT da SeuZliaT zrda uhormono sakveb areebze. 
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 61. Stami _ kultura, romelic warmoSobilia pirveli subkultivirebis  
    Semdeg da Sedgeba pirveladi kalusis ujredebidan warmoqmnili 
    Mmravali ujreduli xazisagan. 
 62. xazi _ kultura, romelic warmoqmnilia Stamidan seleqciis an  
    klonirebis gziT da aqvs markeruli niSnebi. 
 63. haploidi _ birTvi, ujredebi, organizmi qromosomebis iseTi nakre 
    biT, romelic warmoadgens mocemuli saxeobisTvis damaxasiaTebeli 
    nakrebis naxevars (simbolo n). 
 64. hiberelinebi _ fitohormonebia (hiberelinis mJava da sxv.), romlebic  
    Aaqtiureben Reroebis zrdas, iwveven Teslis gaRivebas. 
 65. hm _ hiberelinis mJava. 
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