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A high correlation was established between the allelic status of several microsatellite loci in chromosomes 2A, 
2B, 5A, 5B and the capacity of triticale anther for androgenesis in in vitro culture. In addition, we demonstrated a 
possibility of effi cient use of SSR markers developed for wheat to study the embryogenic potential of triticale. In 
F2 triticale populations resulted from crossing genotypes that were contrasting in terms of in vitro androgenesis, 
forms with low responsiveness prevailed. Most of them were plants with heterozygous microsatellite loci. Although 
the examined microsatellite loci are not genes directly responsible for embryogenesis and in vitro regeneration, but 
are only linked to such, the information acquired can be used to map desirable genes.

Ìåòîä êóëüòóðû ïûëüíèêîâ ëåæèò â îñíîâå 
ñîâðåìåííûõ òåõíîëîãèé ñîçäàíèÿ íîâûõ ðåêîì-
áèíàíòíûõ ãåíîòèïîâ è ñîðòîâ ðàñòåíèé è ÿâëÿ-
åòñÿ ïåðñïåêòèâíûì äëÿ ïîâûøåíèÿ ýôôåêòèâ-
íîñòè ñåëåêöèè òðèòèêàëå. Îäíàêî ìàñøòàáû 
ïðèìåíåíèÿ áèîòåõíîëîãè÷åñêèõ ïîäõîäîâ ïðè 
ñîçäàíèè ëèíèé óäâîåííûõ ãàïëîèäîâ îñòàþòñÿ 
íåâûñîêèìè, â òîì ÷èñëå èç-çà òîãî, ÷òî äî íà-
ñòîÿùåãî âðåìåíè íå èäåíòèôèöèðîâàíû ãåíû, 
êîíòðîëèðóþùèå ïðèçíàêè, õàðàêòåðèçóþùèå 
ñïîñîáíîñòü ðàñòåíèé ê ïåðåñòðîéêå ìîðôîãåíå-
òè÷åñêèõ ïðîöåññîâ â êóëüòóðå ãàìåòîôèòíûõ 
òêàíåé è ïîñëåäóþùåé ðåãåíåðàöèè ðàñòåíèé. 

Ãåêñàïëîèäíîå òðèòèêàëå ÿâëÿåòñÿ ñëîæíûì 
îáúåêòîì äëÿ ãåíåòè÷åñêèõ èññëåäîâàíèé, òàê 
êàê ïðåäñòàâëÿåò ñîáîé ïøåíè÷íî-ðæàíîé àëëî-
ïîëèïëîèä. Â ñâÿçè ñ òåì, ÷òî òðèòèêàëå âêëþ-
÷àåò À- è Â- ãåíîìû ïøåíèöû, äëÿ ñêðèíèíãà 
ïî ëîêóñàì, ñâÿçàííûì ñ êîíòðîëåì ïàðàìåòðîâ 
ïûëüöåâîãî ýìáðèîãåíåçà ó òðèòèêàëå, öåëåñîî-
áðàçíî èñïîëüçîâàòü ÄÍÊ-ìàðêåðû, ðàçðàáîòàí-
íûå äëÿ ïøåíèöû. 

Ìàòåðèàëîì äëÿ èññëåäîâàíèé ñëóæèëè ÷å-
òûðå ëèíèè óäâîåííûõ ãàïëîèäîâ ÿðîâîãî ãåê-
ñàïëîèäíîãî òðèòèêàëå, ïîëó÷åííûå ìåòîäîì 
êóëüòóðû ïûëüíèêîâ in vitro (Dh-3-1-09, Dh-11-2-
09, Dh-12-1-09, Dh-27-1-08-1), êîíòðàñòíûå ïî ïà-
ðàìåòðàì àíäðîãåíåçà in vitro, à òàêæå ãèáðèäû 
F

2.
, ïîëó÷åííûå íà èõ îñíîâå. Ãèáðèäû F

2
 (÷åòû-

ðå ïîïóëÿöèè) âûðàùåíû â ôèòîòðîííî-òåïëè÷-
íîì êîìïëåêñå. Íàìè îòîáðàíû 35 ìèêðîñàòåë-
ëèòíûõ ëîêóñîâ, êîòîðûå íå èìåþò ïîâòîðîâ íà 
äðóãèõ õðîìîñîìàõ: 8 äëÿ õðîìîñîìû 2À, 7 äëÿ 
õðîìîñîìû 2Â è ïî 10 äëÿ õðîìîñîì 5À è 5Â. 

Ïðè èçó÷åíèè ïîëèìîðôèçìà ëîêóñà Xgwm312 
õðîìîñîìû 2À ó ëèíèé Dh-3-1-09, Dh-11-2-09 è 
Dh-12-1-09 âûÿâëåí ôðàãìåíò ðàçìåðîì 189 ï.í., 
ó ëèíèè Dh-27-1-08-1 âûÿâëÿëñÿ äîïîëíèòåëü-
íûé ôðàãìåíò ðàçìåðîì 234 ï.í.

Ïîëèìîðôèçì ïî ëîêóñó Xbarc318 õðîìîñîìû 
2Â ïðîÿâèëñÿ â íàëè÷èè ôðàãìåíòà ðàçìåðîì 
284 ï.í. ó ëèíèé Dh-3-1-09, Dh-11-2-09 è Dh-27-
1-08-1 è ôðàãìåíòà 256 ï.í. ó ëèíèè Dh-12-1-09.

Àíàëèç ìèêðîñàòåëëèòíûõ ëîêóñîâ õðîìîñî-
ìû 5À âûÿâèë íàëè÷èå ïîëèìîðôèçìà ïî ëîêóñó 
Xgwm156, ïðîÿâèâøååñÿ â îòñóòñòâèè ôðàãìåí-
òà ðàçìåðîì 321 ï.í. Òàêæå îáíàðóæåí ïîëèìîð-
ôèçì ïî ëîêóñó Xgwm291: ó ëèíèé Dh 3-1-09 è 
Dh 27-1-08-1 äåòåêòèðîâàëñÿ ôðàãìåíò ðàçìåðîì 
137 ï.í., òîãäà êàê ó ëèíèé Dh 11-2-09 è Dh 12-1-
09 îáíàðóæåí ôðàãìåíò ðàçìåðîì 183 ï.í.

Èçó÷åíèå ïîëèìîðôèçìà ìèêðîñàòåëëèòíûõ 
ëîêóñîâ õðîìîñîìû 5Â ïîçâîëèëî âûÿâèòü ó èñ-
ñëåäóåìûõ ãåíîòèïîâ äâà ïîëèìîðôíûõ ëîêóñà. 
Ïî ëîêóñó Xgwm67 ðàçìåð ïîëó÷åííûõ ôðàãìåí-
òîâ ñîñòàâèë 118 ï.í. äëÿ ëèíèé Dh-3-1-09, Dh-12-
1-09, Dh-27-1-08-1 è 10 ï.í. äëÿ ëèíèè Dh-11-2-09.

Ïðè àíàëèçå ëîêóñà Xgwm 540 äåòåêòèðîâà-
ëèñü ôðàãìåíòû ðàçìåðîì 114 ï.í. äëÿ ëèíèé 
Dh-3-1-09, Dh-12-1-09, Dh-27-1-08-1 è 125 ï.í. äëÿ 
ëèíèè Dh-11-2-09, îòñóòñòâèå ó ëèíèè Dh-27-1-
08-1 ôðàãìåíòà ðàçìåðîì 278 ï.í., ïðèñóòñòâó-
þùåãî ó îñòàëüíûõ èññëåäóåìûõ ëèíèé, è íà-
ëè÷èè ó äàííîé ëèíèè óíèêàëüíîãî ôðàãìåíòà.

Ïîëó÷åííûå äàííûå ñâèäåòåëüñòâóþò î ïðè-
ñóòñòâèè ó èçó÷åííûõ ëèíèé óäâîåííûõ ãàïëî-
èäîâ, êîíòðàñòíûõ ïî ïàðàìåòðàì àíäðîãåíåçà 
in vitro, ìåæëèíåéíîãî ïîëèìîðôèçìà ïî 6-òè 
èç 35 ïðîàíàëèçèðîâàííûõ ìèêðîñàòåëëèòíûõ 
ëîêóñîâ: Xgwm312 õðîìîñîìû 2À, Xbarc318 õðî-
ìîñîìû 2Â, Xgwm156èXgwm291 õðîìîñîìû 5À, 
Xgwm67èXgwm540 õðîìîñîìû 5Â. Âûÿâëåíèå 
ìåæëèíåéíîãî ïîëèìîðôèçìà ñâèäåòåëüñòâóåò î 
âîçìîæíîñòè ýôôåêòèâíîãî èñïîëüçîâàíèÿ ðàç-
ðàáîòàííûõ äëÿ ïøåíèöû SSR-ìàðêåðîâ äëÿ èñ-
ñëåäîâàíèÿ ýìáðèîãåííîãî ïîòåíöèàëà òðèòèêàëå. 

Ñ èñïîëüçîâàíèåì ÏÖÐ-àíàëèçà 35 SSR-ëîêóñîâ 
ó èññëåäîâàííûõ ëèíèéòðèòèêàëå âûÿâëåíî 
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5 ïîëèìîðôíûõ ìàðêåðíûõ ëîêóñîâ Xgwm156, 
Xgwm291 (õðîìîñîìà 5À); Xgwm540, (õðîìîñîìà 
5Â); Xgwm312 (õðîìîñîìà 2À); Xbarc318 (õðîìîñî-
ìà 2Â). Îáíàðóæåíà âûñîêàÿ ñòåïåíü êîððåëÿöèè 
ìåæäó àëëåëüíûì ñîñòîÿíèåì óêàçàííûõ ìèêðî-
ñàòåëëèòíûõ ëîêóñîâ è ýôôåêòèâíîñòüþ àíäðîãå-
íåçà in vitro ó ãåêñàïëîèäíîãî òðèòèêàëå. Íàè-
áîëåå âûñîêàÿ êîððåëÿöèÿ (äî 99%) íàáëþäàëàñü 
äëÿ ëîêóñîâ Xgwm291, Xgwm540 è Xbarc318 è òà-
êèõ ïàðàìåòðîâ àíäðîãåíåçà in vitro êàê «âûõîä 
ðàñòåíèé-ðåãåíåðàíòîâ», «÷àñòîòà ðåãåíåðàöèè çå-
ëåíûõ ðàñòåíèé», «÷àñòîòà ðåãåíåðàöèè àëüáèíîñ-
íûõ ðàñòåíèé». Óñòàíîâëåíî, ÷òî ãåòåðîçèãîòíîå 
àëëåëüíîå ñîñòîÿíèå èññëåäóåìûõ ëîêóñîâ, êàê 
ïðàâèëî, êîððåëèðóåò ñ íèçêèìè çíà÷åíèÿìè ïà-
ðàìåòðîâ àíäðîãåíåçà in vitro ó òðèòèêàëå.

Äëÿ îöåíêè íàëè÷èÿ ëèáî îòñóòñòâèÿ ñâÿ-
çè ìåæäó àëëåëüíûì ñîñòîÿíèåì ìèêðîñàòåë-
ëèòíûõ ëîêóñîâ è ïàðàìåòðàìè àíäðîãåíåçà in 
vitro áûëè ðàññ÷èòàíû ëèíåéíûå êîýôôèöèåí-
òû êîððåëÿöèè Ïèðñîíà (r-Ïèðñîíà). Âûÿâëåíà 
êîððåëÿöèîííàÿ çàâèñèìîñòü ìåæäó àëëåëüíûì 
ñîñòîÿíèåì èññëåäóåìûõ ìèêðîñàòåëëèòíûõ ëî-
êóñîâ è ïàðàìåòðàìè àíäðîãåíåçà in vitro.

Òàêèì îáðàçîì, óñòàíîâëåíà âûñîêàÿ êîððåëÿ-
öèÿ ìåæäó àëëåëüíûì ñîñòîÿíèåì ðÿäà ìèêðî-
ñàòåëëèòíûõ ëîêóñîâ, ðàñïîëîæåííûõ íà õðîìî-
ñîìàõ 2À, 2Â, 5À, 5Â è ñïîñîáíîñòüþ ê àíäðîãå-
íåçó â êóëüòóðå ïûëüíèêîâ in vitro òðèòèêàëå, 
à òàêæå ïîêàçàíà âîçìîæíîñòü ýôôåêòèâíîãî 

èñïîëüçîâàíèÿ SSR-ìàðêåðîâ, ðàçðàáîòàííûõ íà 
ïøåíèöå, äëÿ èññëåäîâàíèÿ ýìáðèîãåííîãî ïî-
òåíöèàëà òðèòèêàëå. 

Ñëåäóåò îòìåòèòü, ÷òî â ïîïóëÿöèÿõ F
2
 òðè-

òèêàëå, ïîëó÷åííûõ â ðåçóëüòàòå ñêðåùèâàíèÿ 
êîíòðàñòíûõ ïî ïàðàìåòðàì àíäðîãåíåçà in vitro 
ãåíîòèïîâ, ïðåîáëàäàëè ôîðìû ñ íèçêîé îòçûâ-
÷èâîñòüþ. Ïðè ýòîì áîëüøóþ èõ ÷àñòü ñîñòàâ-
ëÿëè ðàñòåíèÿ, ó êîòîðûõ ìèêðîñàòåëëèòíûå 
ëîêóñû íàõîäèëèñü â ãåòåðîçèãîòíîì ñîñòîÿíèè. 
Ïî-âèäèìîìó, ýòî ñâÿçàíî ñ äîìèíèðîâàíèåì àë-
ëåëåé, îáóñëàâëèâàþùèõ íèçêóþ îòçûâ÷èâîñòü 
â êóëüòóðå ïûëüíèêîâ invitro, ÷òî çíà÷èòåëüíî 
çàòðóäíÿåò ïðåîäîëåíèå ïðîáëåìû íèçêîãî âû-
õîäà ýìáðèîèäîâ è ðàñòåíèé-ðåãåíåðàíòîâ ó òðè-
òèêàëå. Ýòî íåîáõîäèìî ó÷èòûâàòü ïðè ïëàíèðî-
âàíèè êîìáèíàöèé ñêðåùèâàíèé, çàðàíåå îòñå-
èâàÿ ãåíîòèïû ñ íèçêîé îòçûâ÷èâîñòüþ in vitro.

Íåñìîòðÿ íà òî, ÷òî èññëåäîâàííûå ìèêðîñà-
òåëëèòíûå ëîêóñû íå ÿâëÿþòñÿ ãåíàìè, íåïî-
ñðåäñòâåííî îòâå÷àþùèìè çà ýìáðèîãåíåç è ðåãå-
íåðàöèþ invitro, à òîëüêî ñöåïëåíû ñ òàêîâûìè, 
ïîëó÷åííàÿ èíôîðìàöèÿ ìîæåò áûòü ïðèìåíåíà 
äëÿ êàðòèðîâàíèÿ èñêîìûõ ãåíîâ. Ïðè ýòîì óêà-
çàííûå ëîêóñû ìîãóò áûòü èñïîëüçîâàíû â êà÷å-
ñòâå ìàðêåðîâ äëÿ îòáðàêîâêè íèçêîîòçûâ÷èâûõ 
ãåíîòèïîâ è ïîëó÷åíèÿ âûñîêîîòçûâ÷èâûõ ñî-
ðòîâ è ëèíèé òðèòèêàëå â êóëüòóðå ïûëüíèêîâ 
in vitro, ÷òî ïîçâîëèò ñóùåñòâåííî ïîâûñèòü ýô-
ôåêòèâíîñòü äàííîãî ìåòîäà. 

We present here the results of hybridization and 
morphotype formation studies in the generated hy-
brid populations (F

1
 – F

5
) obtained from the cross 

between hexaploid triticale ABDR and synthetic 
wheat ABD and their comparision with other hy-
brid combinations derived by the employing of the 
same hexaploid triticale accession. Triticale ABR 
(genome AABBRR, 2n = 42) is locally produced in 
the Genetic Resources Institute of ANAS by the 
second author of this abstract in 1974 and was 
used in all crosses of current study as a female 
or maternal plant. This triticale differentiated 
from other triticales by its originating from hy-
bridization between Kihara’s synthetic wheat ABS 
(T.durum × Ae. squarrosa, genome AABBDD, 2n = 
42) and Secale cereale ssp. segetale (genome RR, 
2n = 14). The paternal synthetic wheat plant ABD 
[(T.beoticum× Ae.taushii) × Ae.speltoides, genome 
AADDSS, 2n = 42)], which is used in the cross to 
triticale ABDR, also have been locally produced 
in the Genetic Resources Institute of ANAS by 
the same author in 1982. Other employed paternal 

plants were presented by 3 botanical varieties of T. 
aestivum species: var. lutescens (cultivar Bezostaya 
1, genome AABBDD, 2n = 42), var. graecum (lo-
cal cultivar Grekum 75/50, genome AABBDD, 2n 
= 42), var. velutinum (genome AABBDD, 2n = 42) 
and by local Georgian wheat species T. macha Dek. 
et Men. (2n = 42, AABBDD). Field works includ-
ing hybridization and phenotype analysis of hybrid 
populations within five generations carried out for 
a period of 6 years (2007-2013). The emasculation 
and pollination in the field were carried out during 
the months of April-May 2007. No embryo rescue 
or hormone treatment was applied for the produc-
tion of F

0
 seeds. Seeds (shriveled and weak) were 

obtained from all hybrid combinations, with the 
average seed set 17,82% ranging from 11,79% to 
22,45% and average seed germination rate 36,15% 
ranging from 12,5% to 52,5%. The combination of 
ABDR with synthetic wheat ABD showed nearly the 
high seed set (22,37%) and germination rate equal 
to 45%. F

1
 hybrids from all subjected crosses had 

a morphology that is intermediate between that of 
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