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CÃÈ–ÍÖÑÑ, Îäåññà 
Ëàá. ìîëåêóë.-ãåíåò. èññëåä. «Ãåðìåäòåõ» 
e-mail: tg.verbitska@gmail.com 

ÄÍÊ-ÒÅÕÍÎËÎÃÈÈ Â ÑÅËÅÊÖÈÈ ÐÀÑÒÅÍÈÉ: ÎÒ ÊÈÍÅÒÈÊÈ 
ÐÅÀÑÑÎÖÈÀÖÈÈ ÄÎ ÃÅÍÍÎÉ ÈÍÆÅÍÅÐÈÈ 

Îñâåùåíû îñíîâíûå íàó÷íûå äîñòèæåíèÿ ëàáîðàòîðèè ìîëåêó-
ëÿðíîé áèîëîãèè ÂÑÃÈ â ïåðèîä åå ñòàíîâëåíèÿ. Èçó÷åíèå ìî-
ëåêóëÿðíîé ñòðóêòóðû ãåíîìîâ ñåëüñêîõîçÿéñòâåííûõ ðàñòåíèé 
áûëî íà÷àòî ïîä ðóêîâîäñòâîì Þ. Ì. Ñèâîëàïà. Êèíåòèêà ðåàñ-
ñîöèàöèè, àíàëèç ôðàêöèé ãåíîìà, èññëåäîâàíèå ïîëèìîðôèç-
ìà äëèí ðåñòðèêöèîííûõ ôðàãìåíòîâ ëåãëè â îñíîâó ñîçäàíèÿ 
ÄÍÊ-òåõíîëîãèé ïî ñîâåðøåíñòâîâàíèþ ñåëåêöèîííîãî ïðîöåñ-
ñà. Îäíèì èç íàïðàâëåíèé ðàáîòû ëàáîðàòîðèè ÿâèëîñü èçó÷åíèå 
âëèÿíèÿ ýêçîãåííîé ÄÍÊ íà íàñëåäñòâåííîñòü ðàñòåíèé. Ðàáîòû 
ëàáîðàòîðèè ñîçäàëè îñíîâó àíàëèçà îðãàíèçàöèè, ñïåöèôèêè è 
èçìåí÷èâîñòè ãåíîìà ñåëüñêîõîçÿéñòâåííûõ ðàñòåíèé. 

Êëþ÷åâûå ñëîâà: ãåíîì, êèíåòèêà ðåàññîöèàöèè, ãåííàÿ èíæåíå-
ðèÿ, ÄÍÊ-òåõíîëîãèÿ, ñåëüñêîõîçÿéñòâåííûå ðàñòåíèÿ. 

Ââåäåíèå. Â 1971 ãîäó â ÂÑÃÈ áûëà ñîçäàíà îäíà èç ïåðâûõ ïðî-
ôèëüíûõ ëàáîðàòîðèé â ñèñòåìå ÂÀÑÕÍÈË — ëàáîðàòîðèÿ ìîëåêó-
ëÿðíîé áèîëîãèè. Îñíîâàòåëåì è áåññìåííûì ðóêîâîäèòåëåì åå ñòàë 
ìîëîäîé, ýíåðãè÷íûé, âåðíóâøèéñÿ ñî ñòàæèðîâêè èç ÑØÀ, ê. ñ.-õ. í. 
Ñèâîëàï Þðèé Ìèõàéëîâè÷. 

Îòêðûòèå ãåíåòè÷åñêîé ðîëè ÄÍÊ, ìåõàíèçìîâ êîäèðîâàíèÿ è ñèí-
òåçà áåëêîâ, à òàêæå ìîëåêóëÿðíûõ ìåõàíèçìîâ îñíîâíûõ ãåíåòè÷åñêèõ 
ïðîöåññîâ ïîçâîëèëî ïîäîéòè ê èññëåäîâàíèþ íà ìîëåêóëÿðíî-ãåíåòè-
÷åñêîì óðîâíå ïðîöåññîâ, êîòîðûå ñ÷èòàëèñü îáúåêòîì ÷èñòî ãåíåòè÷å-
ñêîãî èçó÷åíèÿ. Îäíîé èç ïåðâîñòåïåííûõ çàäà÷ ÿâèëîñü èññëåäîâàíèå 
ñïåöèôè÷íîñòè ìîëåêóëû ÄÍÊ âàæíûõ äëÿ ñåëüñêîãî õîçÿéñòâà âûñøèõ 
ðàñòåíèé. 

Ïåðâûé ýòàï ñòàíîâëåíèÿ ëàáîðàòîðèè áûë îðãàíèçàöèîííî-ìå-
òîäè÷åñêèé. Íàø ìàëåíüêèé êîëëåêòèâ èç 6 ÷åëîâåê ñîñòàâèëè êàê ñî-
òðóäíèêè ñ îïðåäåëåííûì áàãàæîì çíàíèé Ë. Ô. Äüÿ÷åíêî, À. Í. Êîòëîâ, 
Ê. À. Ñåðîâà, òàê è ìîëîäûå, ñ óíèâåðñèòåòñêîé ñêàìüè, ïîëíûå ýíòó-
çèàçìà è æåëàíèÿ ñðàçó âñå ïîçíàòü. Ìû ñàìîîòâåðæåííî îâëàäåâàëè 
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âñåìè òîíêîñòÿìè ìåòîäîâ ìîëåêóëÿðíîé áèîëîãèè. Ýòî — ñïåêòðîôî-
òîìåòðèÿ, óëüòðàöåíòðèôóãèðîâàíèå, óëüòðàçâóêîâàÿ äåçèíòåãðàöèÿ, 
ýëåêòðîôîðåç, èçîòîïíûå ìåòîäû, ðàçíûå âàðèàíòû ïåðåãîíêè ðåàêòè-
âîâ, âêëþ÷àÿ âàêóóìíóþ, ëèîôèëüíàÿ ñóøêà è ò. ä. Íàäî îòìåòèòü, ÷òî, 
áëàãîäàðÿ ýíåðãèè Þðèÿ Ìèõàéëîâè÷à è ñîîòâåòñòâóþùåìó ôèíàíñè-
ðîâàíèþ, çà íåñêîëüêî ëåò ëàáîðàòîðèÿ áûëà ïðåêðàñíî îñíàùåíà è äî-
ñòîéíî êîíêóðèðîâàëà ñ íåìíîãî÷èñëåííûìè ïîäîáíûìè ëàáîðàòîðèÿ-
ìè Ìîñêâû, Ëåíèíãðàäà, Êèåâà. 

Îñíîâíûì ìàòåðèàëîì ìîëåêóëÿðíî-áèîëîãè÷åñêèõ èññëåäîâàíèé 
òîãî âðåìåíè, â ñèëó ëó÷øåé ãåíåòè÷åñêîé èçó÷åííîñòè è áîëåå ïðî-
ñòîãî ñîñòàâà, áûëè ïðîêàðèîòû. Âçÿâ â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ 
çëàêîâûå, ñðàçó ñòîëêíóëèñü ñ ìåòîäè÷åñêèìè òðóäíîñòÿìè. Ïåðâûé 
íàø ó÷èòåëü Þðèé Ìèõàéëîâè÷ îñíîâíûå ìåòîäû è ïîäõîäû àíàëèçà 
ÄÍÊ ðàñòåíèé îñâîèë â âåäóùåé â ìèðå ïî óðîâíþ èññëåäîâàíèé ìîëå-
êóëÿðíîé áèîëîãèè ðàñòåíèé è æèâîòíûõ ëàáîðàòîðèè äîêòîðà Äæ. Áîí-
íåðà (Êàëèôîðíèÿ, ÑØÀ). Íî ó Äæ. Áîííåðà ìîäåëüíûì ðàñòèòåëüíûì 
ìàòåðèàëîì áûë ãîðîõ, à òêàíè çëàêîâ îêàçàëèñü ãîðàçäî áîëåå ñëîæ-
íûì îáúåêòîì ìîëåêóëÿðíîé áèîëîãèè. Íåñîâåðøåíñòâî ìåòîäîâ ìîëå-
êóëÿðíî-ãåíåòè÷åñêîãî àíàëèçà ðàñòåíèé ïðèõîäèëîñü êîìïåíñèðîâàòü 
êîëè÷åñòâîì. Ñåé÷àñ äàæå òðóäíî ïðåäñòàâèòü, ÷òî äëÿ âûäåëåíèÿ ÄÍÊ 
èç êóêóðóçû íåîáõîäèìî áûëî âûðàñòèòü íà ïðîáêîâîé êðîøêå ãðàìì 
800 ýòèîëèðîâàííûõ ïðîðîñòêîâ è èçìåëü÷èòü èõ â ìåëüíèöå ñ æèäêèì 
àçîòîì. Ëèçèðóþùåãî áóôåðà òðåáîâàëîñü 3–4 ëèòðà, ðàñòâîðà äëÿ äè-
àëèçà 4–5 ëèòðîâ. Ìû áåçìåðíî ðàäîâàëèñü, êîãäà â ëèòðîâîì ñòàêàíå 
âñïëûâàëà «ìåäóçà» ÄÍÊ. Ðåçóëüòàòîì óïîðíîãî è òâîð÷åñêîãî òðóäà 
ñòàëè ïåðâûå ïå÷àòíûå ðàáîòû ïî âûäåëåíèþ ÄÍÊ è õðîìàòèíà è åãî ñî-
ñòàâíûõ ÷àñòåé èç òêàíåé ñåëüñêîõîçÿéñòâåííûõ ðàñòåíèé [1–3]. 

Ïî îáîðóäîâàíèþ è óðîâíþ êâàëèôèêàöèè íàó÷íûõ ðàáîòíèêîâ ëà-
áîðàòîðèÿ â ñåðåäèíå 70-õ ãîäîâ óæå çàíèìàëà îäíî èç âåäóùèõ ìåñò 
â áûâøåì ÑÑÑÐ è ñòàëà ìåòîäè÷åñêèì öåíòðîì ïî ìîëåêóëÿðíîé áèî-
ëîãèè ñåëüñêîõîçÿéñòâåííûõ ðàñòåíèé è èññëåäîâàíèþ èõ ãåíîìà. Ïî-
ñëå ïåðâûõ îïóáëèêîâàííûõ ðàáîò è ïåðâûõ êîíôåðåíöèé ìû óæå ïðèíè-
ìàëè ñòàæåðîâ èç ×åðíîâöîâ, Êèåâà, Óôû, Ìîñêâû, ðåñïóáëèê Ñðåäíåé 
Àçèè. Ðàçðàáîòàíû è èçäàíû ïåðâûå â ñòðàíå ìåòîäè÷åñêèå ïîñîáèÿ ïî 
âûäåëåíèþ è èññëåäîâàíèþ ìîëåêóëÿðíûõ ñîåäèíåíèé èç òêàíåé ðàñ-
òåíèé [4]. 

Îñíîâíûì íàïðàâëåíèåì ñòàëî îïðåäåëåíèå ñïåöèôè÷íîñòè ãåíî-
ìà ðàñòåíèé ìåòîäàìè ìîëåêóëÿðíîé áèîëîãèè è èññëåäîâàíèÿ ãåíîìà 
ïóòåì àíàëèçà âòîðè÷íîé ñòðóêòóðû ÄÍÊ. Èññëåäîâàíèå îðãàíèçàöèè 
ãåíîìà ìåòîäàìè äåíàòóðàöèè-ðåíàòóðàöèè ÄÍÊ, îñîáåííî àíàëèçà êè-
íåòèêè ðåàññîöèàöèè ÄÍÊ, ñôîðìèðîâàëè ñîâðåìåííîå ïðåäñòàâëåíèå 
î ãåíîìå ðàñòåíèé êàê ñëîæíîé äèíàìè÷åñêîé ñèñòåìå. Â îñíîâó ðàáîòû 
ïåðâîé àñïèðàíòêè ëàáîðàòîðèè Ò. Ã. Âåðáèöêîé ëåãëî èçó÷åíèå ìîëå-
êóëÿðíîé îðãàíèçàöèè ãåíîìà ÿ÷ìåíÿ. Â ðåçóëüòàòå èññëåäîâàíèÿ òåð-



ISSN 2409–5524. Çá³ðíèê íàóêîâèõ ïðàöü ÑÃ²–ÍÖÍÑ. 2015. Âèï. 25 (65)  11

ìàëüíîé äåíàòóðàöèè, êèíåòèêè ðåàññîöèàöèè, ÄÍÊ/ÄÍÊ ãèáðèäèçàöèè 
âûÿâëåíà èíòðàìîëåêóëÿðíàÿ ãåòåðîãåííîñòü ÄÍÊ ÿ÷ìåíÿ. Íà îñíîâå 
äàííûõ ýëåêòðîííî-ìèêðîñêîïè÷åñêîãî àíàëèçà, ðåçóëüòàòîâ ãèáðè-
äèçàöèè ôðàãìåíòîâ ðàçíîé äëèíû, äàííûõ ãèïåðõðîìèçìà, èçó÷åíèÿ 
ìàòåðèàëà, óñòîé÷èâîãî ê S

1- 
íóêëåàçå, îïðåäåëåí õàðàêòåð ðàñïðåäå-

ëåíèÿ ïîëèíóêëåîòèäíûõ ïîñëåäîâàòåëüíîñòåé â ãåíîìå è ðàçðàáîòàíà 
ìîäåëü ìîëåêóëÿðíîé îðãàíèçàöèè ãåíîìà âàæíîé ñåëüñêîõîçÿéñòâåí-
íîé êóëüòóðû — ÿ÷ìåíÿ, âêëþ÷àþùàÿ 9 êëàññîâ íóêëåîòèäíûõ ïîñëåäî-
âàòåëüíîñòåé [5, 6]. 

Ïðèìåíåíèå ìåòîäîâ àíàëèçà èíòðàìîëåêóëÿðíîé ãåòåðîãåííîñòè 
ãåíîìà ïîñëóæèëî âàæíûì èíñòðóìåíòîì ïðè óñòàíîâëåíèè ñïåöè-
ôè÷íîñòè ÄÍÊ, ÷òî ÿâëÿåòñÿ íåîáõîäèìûì äëÿ õàðàêòåðèñòèêè âèäîâ. 
Ïðè èçó÷åíèè ãåíîìà òðèòèêàëå (ãèáðèäà ïøåíèöû è ðæè), îòìå÷åíî, 
÷òî ýòîé êóëüòóðå ñâîéñòâåííû ÷åðòû êàæäîé èç ðîäèòåëüñêèõ ôîðì è 
ïðèñóù ðÿä èíäèâèäóàëüíûõ îñîáåííîñòåé. Àíàëèç äèôôåðåíöèàëü-
íûõ ïðîôèëåé ïëàâëåíèÿ ÄÍÊ ïîêàçàë íàëè÷èå îáùèõ ñóáêîìïîíåíòîâ 
ó òðèòèêàëå, ðæè è ïøåíèöû è èíäèâèäóàëüíûõ, õàðàêòåðíûõ òîëüêî äëÿ 
ãåíîìà òðèòèêàëå, ò. å. ãåíîì òðèòèêàëå ïðåäñòàâëÿåò ñîáîé ïðîäóêò 
âçàèìîäåéñòâèÿ, à íå ñóììó ãåíîìîâ èñõîäíûõ ðîäèòåëåé. Ñðàâíåíèå 
êèíåòèêè ðåàññîöèàöèè ÄÍÊ ó òðèòèêàëå è ðîäèòåëüñêèõ ôîðì ïøåíèöû 
è ðæè ïîêàçàëî, ÷òî ó òðèòèêàëå ïðîèçîøëî óâåëè÷åíèå ôðàêöèè íàè-
áîëåå ÷àñòîïîâòîðÿþùèõñÿ ïîñëåäîâàòåëüíîñòåé íóêëåîòèäîâ è óìåíü-
øåíèå ôðàêöèè ñðåäíèõ ïîâòîðîâ [7]. 

Îêàçàëîñü, ÷òî ó ðàñòåíèé ôðàêöèÿ ÷àñòî ïîâòîðÿþùèõñÿ ïîñëåäî-
âàòåëüíîñòåé çíà÷èòåëüíî áîëüøå, ÷åì ó æèâîòíûõ, è áûëà âûäâèíóòà 
ãèïîòåçà, ÷òî ýòà ðàçíèöà â îðãàíèçàöèè ÄÍÊ ñâÿçàíà ñ òåìè ïîñëåäîâà-
òåëüíîñòÿìè íóêëåîòèäîâ, êîòîðûå îòâå÷àþò çà ðåãóëÿòîðíûå ðåàêöèè, 
îáåñïå÷èâàÿ æèçíåäåÿòåëüíîñòü ðàñòåíèé â èçìåíÿþùèõñÿ óñëîâèÿõ 
îêðóæàþùåé ñðåäû. Îáíàðóæåíî èçáûòî÷íîå êîëè÷åñòâî ðèáîñîìíûõ 
ãåíîâ ó ðàñòåíèé è íåñêîëüêî òèïîâ ðåãóëÿöèè ðÄÍÊ. Áûëî óñòàíîâëå-
íî, ÷òî êîëè÷åñòâî ðèáîñîìíûõ ãåíîâ ìîæåò ìåíÿòüñÿ â çàâèñèìîñòè îò 
óðîâíÿ ìåòàáîëè÷åñêîé àêòèâíîñòè òêàíè. Êëàññ ñðåäíèõ ïîâòîðîâ çàíè-
ìàåò áîëüøóþ ÷àñòü ãåíîìà âûñøèõ ðàñòåíèé, â ÷àñòíîñòè çëàêîâ. Ãåíû, 
êîäèðóþùèå ðèáîñîìíóþ, òðàíñïîðòíóþ ÐÍÊ è ãèñòîíû, ñîñòàâëÿþò 
ñðàâíèòåëüíî íåáîëüøóþ ÷àñòü ÄÍÊ ñ ïðîìåæóòî÷íîé ïîâòîðÿå ìîñòüþ. 
Îñíîâíóþ äîëþ ýòîé ôðàêöèè ñîñòàâëÿþò ïîñëåäîâàòåëüíîñòè — ðå-
ãóëÿòîðû àêòèâíîñòè ãåíîìà, îáåñïå÷èâàþùèå ôóíêöèîíèðîâàíèå è 
ðåïðîäóêöèþ ðàñòåíèé â èçìåíÿþùèõñÿ óñëîâèÿõ îêðóæàþùåé ñðåäû. 
Ïîñëåäîâàòåëüíîñòè íóêëåîòèäîâ ìàëîêîïèéíîé ôðàêöèè çëàêîâ íå ÿâ-
ëÿþòñÿ óíèêàëüíûìè, à ïîâòîðÿþòñÿ â îïðåäåëåííîé ñòåïåíè, íàïðèìåð 
â ãåíîìå ÿ÷ìåíÿ 4-êðàòíîå ïîâòîðåíèå. Âûÿâëåíèå èíòðàìîëåêóëÿðíîé 
ãåòåðîãåííîñòè ÄÍÊ è âûäåëåíèå ôðàêöèé ïîñëåäîâàòåëüíîñòåé ðàç-
íûõ êàê ïî êîëè÷åñòâó êîïèé, òàê è ïî ôóíêöèÿì â ãåíåòè÷åñêîé ñèñòåìå 
êëåòêè, ñîçäàëî âîçìîæíîñòü äèôôåðåíöèàëüíîé îöåíêè ýâîëþöèîí-
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íîé èçìåí÷èâîñòè ãåíîìà. Èññëåäîâàíèå ôðàêöèé ÄÍÊ ïîçâîëèëî ïî-
íîâîìó ñôîðìèðîâàòü ïîíÿòèå «ãåíîì» è îñîçíàòü åãî èçìåí÷èâîñòü â 
ïðîöåññå ìàêðî- è ìèêðîýâîëþöèè [8–10]. 

Ñ ïîìîùüþ àíàëèçà äàííûõ ìîëåêóëÿðíîé ãèáðèäèçàöèè óñòàíîâ-
ëåí âíóòðèâèäîâîé äèàïàçîí èçìåí÷èâîñòè ôðàêöèè ìàëîêîïèéíîé 
ÄÍÊ ó âèäîâ êóëüòóðíûõ çëàêîâ ñðåäè ñîðòîâ Triticum aestivum è ôîðì 
Hordeum vulgare. Áûëî ïîêàçàíî, ÷òî ðàçíèöà ìåæäó øåñòèðÿäíûì è 
äâóõðÿäíûì ÿ÷ìåíåì íå ïðåâûøàåò óðîâíÿ âíóòðèâèäîâîé èçìåí÷èâî-
ñòè, ÷òî äàëî ïîâîä ñ÷èòàòü èõ ïîäâèäàìè, à íå îòäåëüíûìè âèäàìè. Ýòî 
áûëà îäíà èç ïåðâûõ ïîïûòîê îöåíêè âíóòðèâèäîâîé äèâåðãåíöèè ãåíî-
ìà êóëüòóðíûõ çëàêîâ. 

Â ôîðìèðîâàíèè áèîëîãè÷åñêîé ñïåöèôè÷íîñòè îðãàíèçìà çíà÷è-
òåëüíàÿ ðîëü ïðèíàäëåæèò õðîìîñîìíûì áåëêàì, êîòîðûå ó÷àñòâóþò â 
êîíòðîëå ãåííîé àêòèâíîñòè, îáåñïå÷èâàþò âûðàæåíèå ãåíåòè÷åñêîé 
èíôîðìàöèè è ïîääåðæèâàþò ñòðóêòóðó ÄÍÊ. Ïðè èçó÷åíèè íåãèñòîíî-
âûõ áåëêîâ õðîìàòèíà ÿ÷ìåíÿ Â. Â. ×àðñêèì îöåíåíà ìåæâèäîâàÿ, âíó-
òðèâèäîâàÿ è îíòîãåíåòè÷åñêàÿ ñïåöèôè÷íîñòü. Ñ ïîìîùüþ äâóìåð-
íîãî ýëåêòðîôîðåçà â ñîñòàâå íåãèñòîíîâûõ áåëêîâ õðîìàòèíà ÿ÷ìåíÿ 
îáíàðóæåíà ñïåöèôè÷íàÿ ñèñòåìà ïðîòåèíàçà — èíãèáèòîð. Áûëî âû-
ñêàçàíî ïðåäïîëîæåíèå, ÷òî îíà îòâåòñòâåííà çà êàòàáîëèçì ÿäåðíûõ 
áåëêîâ è ïîñðåäñòâîì ýòîãî ìîæåò îêàçûâàòü âëèÿíèå íà âûðàæåíèå 
ãåíîâ [11]. 

Ñ 1975 ãîäà íà÷àëîñü èçó÷åíèå âëèÿíèÿ ýêçîãåííîé ÄÍÊ íà íà-
ñëåäñòâåííîñòü ðàñòåíèé. Ðàçðàáîòêà ýôôåêòèâíîãî ìåòîäà òðàíñ-
ôîðìàöèè ïðèâëåêàëà âîçìîæíîñòüþ ñîçäàíèÿ ïðèíöèïèàëüíî íîâûõ 
ïîäõîäîâ â ñåëåêöèè, âîçìîæíîñòüþ ñîçäàíèÿ íåòðàäèöèîííûõ ìåòî-
äîâ ïîâûøåíèÿ èõ óðîæàéíîñòè, êà÷åñòâà ïðîäóêöèè, óñòîé÷èâîñòè ê 
 íåáëàãîïðèÿòíûì ôàêòîðàì. Îñîáóþ àêòóàëüíîñòü ïðèîáðåëà ïðîáëåìà 
ðàçðàáîòêè ìåòîäà ãåíåòè÷åñêîé òðàíñôîðìàöèè ó ðàñòåíèé â ñâÿçè ñ 
óñïåõàìè ãåíåòè÷åñêîé èíæåíåðèè ó áàêòåðèé, ïîçâîëÿþùåé in vitro ïî-
ëó÷àòü ãèáðèäíûå (ðåêîìáèíàíòíûå) ìîëåêóëû ÄÍÊ è ñèíòåçèðîâàòü íî-
âûå ãåíû. Îäíàêî âîïðîñ î âîçìîæíîñòè ãåíåòè÷åñêîé òðàíñôîðìàöèè 
ó âûñøèõ îðãàíèçìîâ îñòàâàëñÿ îòêðûòûì. Â 60-õ è íà÷àëå 70-õ ãîäîâ 
íà æèâîòíûõ áûëè ïîëó÷åíû ìíîãî÷èñëåííûå, íî ïëîõî âîñïðîèçâîäè-
ìûå ðåçóëüòàòû. Ïåðâàÿ ðàáîòà ïî òðàíñôîðìàöèè â íàøåé ëàáîðàòî-
ðèè ïîêàçàëà âîçìîæíîñòü èíäóöèðîâàíèÿ ïðèçíàêîâ ìîðîçîñòîéêîñòè 
â ÿ÷ìåíü ñ ïîìîùüþ ýêçîãåííîé ÄÍÊ ðæè, ñïîñîáíîé âûäåðæèâàòü íèç-
êèå òåìïåðàòóðû. Ðàñòâîðû ïðåïàðàòîâ ýêçîãåííîé ÄÍÊ ðæè ââîäèëè ñ 
ïîìîùüþ èíúåêöèé â çåðíîâêè ìîëî÷íîé ñïåëîñòè, ÷òî ïîçâîëèëî ïî-
ëó÷èòü 54–67 % ðàñòåíèé ÿ÷ìåíÿ, êîòîðûå âûæèâàëè ïîñëå ïðîìîðà-
æèâàíèÿ, 18 % — â êîíòðîëå. Ñåìüè ñ ïîâûøåííîé ìîðîçîñòîéêîñòüþ 
âûÿâëÿëèñü è â F

3
, ñ ÷àñòîòîé ïîÿâëåíèÿ äàííîãî ïðèçíàêà 30–40 %, ïðè 

ýòîì ñïåêòð çàïàñíûõ áåëêîâ ìîðîçîñòîéêèõ ðàñòåíèé âûõîäèë çà ïðå-
äåëû ïîëèìîðôèçìà áåëêîâ ñîðòà-ðåöèïèåíòà. Òàêèå ÿâëåíèÿ ïûòàëèñü 
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îáúÿñíÿòü âîçìîæíûì ïðèñóòñòâèåì ýïèñîì èëè ýêçîñîì, îáðàçóþùèõ-
ñÿ â êëåòêàõ ðåöèïèåíòà ñ ýêçîãåííîé ÄÍÊ, è èìåþùèõ ðåãóëÿòîðíîå 
âëèÿíèå íà åãî ãåíîì, à òàêæå âîçìîæíûìè ìóòàöèÿìè [12]. 

Èññëåäîâàíèå ïðîáëåìû ãåíåòè÷åñêîé òðàíñôîðìàöèè è äðóãèõ 
áèîëîãè÷åñêèõ ýôôåêòîâ ÷óæåðîäíîé ÄÍÊ ó ðàñòåíèé íåâîçìîæíî áåç 
èññëåäîâàíèÿ ìåõàíèçìîâ ïîãëîùåíèÿ è äàëüíåéøåé ñóäüáû ýêçîãåí-
íîãî ãåíåòè÷åñêîãî ìàòåðèàëà â êëåòêå. 

Âçàèìîäåéñòâèå ýêçîãåííîé ãîìîëîãè÷íîé ÄÍÊ ñ ÿäðàìè, âûäåëåí-
íûìè èç ïðîðîñòêîâ êóêóðóçû, èññëåäîâàíî â äèññåðòàöèîííîé ðàáîòå 
Â. À. Òîïòèêîâà. Ïîêàçàíî, ÷òî ïðè ïîãëîùåíèè ãîìîëîãè÷íîé ÄÍÊ èçî-
ëèðîâàííûìè ÿäðàìè íå ó÷àñòâóþò ñèñòåìû àêòèâíîãî òðàíñïîðòà èëè 
îáëåã÷åííîé äèôôóçèè. Áîëüøîå çíà÷åíèå â ïðîöåññå íàêîïëåíèÿ ýê-
çîãåííîãî ãîìîëîãè÷íîãî ìàòåðèàëà ÿäðàìè èìåþò ñîðáöèîííûå âçà-
èìîäåéñòâèÿ, â ïåðâóþ î÷åðåäü ýëåêòðîñòàòè÷åñêîé ïðèðîäû. Ïðîíèê-
íîâåíèå è íàêîïëåíèå ÄÍÊ ïðîèñõîäèò ïî îãðàíè÷åííîìó êîëè÷åñòâó 
ó÷àñòêîâ íà ïîâåðõíîñòè è ìåñò ñâÿçûâàíèÿ â ÿäðå ýêçîãåííîãî ìàòå-
ðèàëà. Ìàêñèìàëüíîå êîëè÷åñòâî ãîìîëîãè÷íîé ÄÍÊ, êîòîðîå ñïîñîá-
íî ïîãëîòèòü ðàñòèòåëüíîå ÿäðî in vitro, ñîîòâåòñòâóåò âåëè÷èíå ðåöè-
ïèåíòíîãî ãåíîìà. Ýêçîãåííàÿ ÄÍÊ ìîæåò âëèÿòü íà æèçíåííî âàæíûå 
ïðîöåññû, ñòèìóëèðóÿ ÐÍÊ-ïîëèìåðàçíóþ àêòèâíîñòü ÿäåð è èíäóöèðóÿ 
ÄÍÊàçíóþ àêòèâíîñòü. Âïåðâûå äëÿ ðàñòèòåëüíîé ñèñòåìû ïîêàçàíî, 
÷òî èíäóêöèÿ ÄÍÊàçíîé àêòèâíîñòè çàòðàãèâàåò íå òîëüêî ýêçîãåííûé, 
íî è ýíäîãåííûé ìàòåðèàë. Â öåëîì ïðîöåññ ïîãëîùåíèÿ ÄÍÊ ÿäðàìè — 
ýòî ôèçèîëîãè÷åñêèé ïðîöåññ, â êîòîðîì óðîâåíü íàêîïëåíèÿ ðåãóëè-
ðóåòñÿ ðåöèïèåíòíîé ñèñòåìîé è çàâèñèò îò åå ñîñòîÿíèÿ [13]. Èçó÷àëè 
òðàíñôîðìèðóþùåå äåéñòâèå íå òîëüêî òîòàëüíûõ ïðåïàðàòîâ ÄÍÊ, íî 
âûäåëåííûõ ãåíîìíûõ ôðàêöèé [14]. 

Ðàáîòû ïî òðàíñôîðìàöèè ïðîâîäèëèñü øèðîêîìàñøòàáíî è â ïî-
ëåâûõ óñëîâèÿõ. Ïðè ââåäåíèè ÄÍÊ èç ñîðòà ãîðîõà Îäåññêèé 58 (Le) â 
ñåìåíà ëèíèè 858 (le) È. Ñ. Îáðàçöîâûì â 1978 ã. ïîëó÷åíî ðàñòåíèå ñ 
õèìåðíûìè ìåæäîóçëèÿìè. ×àñòîòà ïîÿâëåíèÿ òàêèõ ðàñòåíèé ñîñòàâè-
ëà 2.5õ10–4. Îäíàêî âîçìîæíîñòü òðàíñôîðìàöèè ðàñòåíèé ýêçîãåííîé 
ÄÍÊ ïîäâåðãàëàñü ñîìíåíèþ â ñâÿçè ñ âåðîÿòíîé äåãðàäàöèåé ïîñëåä-
íåé ïîä äåéñòâèåì íóêëåàç òêàíåé ðàñòåíèÿ-õîçÿèíà [15]. Äëÿ ðàçðåøå-
íèÿ äàííîãî âîïðîñà È. Ñ. Îáðàçöîâûì è Í. Ì. Áàáàê ïðîâåäåíà èçÿù-
íàÿ ðàáîòà ïî èññëåäîâàíèþ áèîëîãè÷åñêîé àêòèâíîñòè ãåòåðîëîãè÷íîé 
áàêòåðèàëüíîé ÄÍÊ â òêàíÿõ ãîðîõà. Ñòåðèëüíûå ñåìåíà ãîðîõà èíêóáè-
ðîâàëè â ðàñòâîðå ÄÍÊ Baciullus subtillis SHgw. Ïîñëå èíêóáàöèè â ÄÍÊ 
cåìåíà çàìà÷èâàëè â âîäå è ÷åðåç îïðåäåëåííûå ïðîìåæóòêè âðåìåíè 
âûäåëÿëè òîòàëüíóþ ÄÍÊ è èñïîëüçîâàëè äëÿ òðàíñôîðìàöèè ðåöèïè-
åíòíîãî øòàììà B.subtillis trp-. Áûëî óñòàíîâëåíî, ÷òî ÄÍÊ ñåííîé ïà-
ëî÷êè ïðèñóòñòâóåò â òêàíÿõ ðàñòåíèé â íåäåãðàäèðîâàííîì ñîñòîÿíèè 
è ñîõðàíÿåò ïîòåíöèàëüíóþ ñïîñîáíîñòü ê òðàíñôîðìàöèè. Òðàíñôîð-
ìàöèîííàÿ àêòèâíîñòü ïðîñëåæèâàëàñü íà ïðîòÿæåíèè 240 ÷àñîâ ïîñëå 
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èíêóáàöèè, ÷òî ñâèäåòåëüñòâîâàëî î ïîëèìåðíîñòè ýêçîãåííîé ÄÍÊ è, 
ñëåäîâàòåëüíî, î òîì, ÷òî ÄÍÊàçû ãîðîõà åå íå äåãðàäèðîâàëè [16]. 

Îäíèì èç ãëàâíûõ óñëîâèé ïîëó÷åíèÿ áîëüøîãî êîëè÷åñòâà ãåíå-
òè÷åñêè ìîäèôèöèðîâàííûõ çëàêîâ ÿâëÿåòñÿ ðàçðàáîòêà ýôôåêòèâ-
íîãî ïðîòîêîëà ðåãåíåðàöèè ðàñòåíèé. Ïîêàçàíû ïåðñïåêòèâíûå ïóòè 
ïîëó÷åíèÿ íàïðàâëåííûõ íàñëåäñòâåííûõ èçìåíåíèé ó ñåëüñêîõîçÿé-
ñòâåííûõ ðàñòåíèé, â òîì ÷èñëå ñ èñïîëüçîâàíèåì êàëëóñíîé êóëüòóðû. 
Ò. Â. Àâðààìîâîé, Ì. Ñ. Áàëüâèíñêîé èññëåäîâàí ïîäáîð óñëîâèé îïòè-
ìèçàöèè êóëüòóðàëüíûõ ñðåä è ãîðìîíîâ, ïðè êóëüòèâèðîâàíèè êàëëóñîâ 
ÿ÷ìåíÿ äëÿ ðåàëèçàöèè èõ ðåãåíåðàöèîííîãî ïîòåíöèàëà. Îäíàêî ÷åò-
êèõ äàííûõ î òðàíñôîðìàöèè ïðè ââåäåíèè òîòàëüíîé ÄÍÊ â ðàñòåíèÿ 
â ýòîò ïåðèîä íå áûëî ïîëó÷åíî. Òðàíñôîðìàöèÿ ðàñòåíèé ñ ïîìîùüþ 
âûäåëåííîé ÄÍÊ ñòàëà âîçìîæíîé ïîñëå ðàçðàáîòêè ìåòîäîâ èäåíòè-
ôèêàöèè è âûäåëåíèÿ îòäåëüíûõ ãåíîâ, ñîçäàíèÿ âåêòîðîâ, îáåñïå÷è-
âàþùèõ ïåðåíîñ è âñòðàèâàíèå â ãåíåòè÷åñêóþ ñèñòåìó õîçÿèíà ãåííî-
èíæåíåðíûõ êîíñòðóêöèé, à òàêæå ñåëåêòèâíîé ñèñòåìû ðåãåíåðàöèè 
òðàíñôîðìèðîâàííûõ êëåòîê. 

Êîíå÷íî, ýòè ýêñïåðèìåíòû áûëè åùå äàëåêè îò âíåäðåíèÿ èõ ðå-
çóëüòàòîâ â ñåëåêöèîííóþ ïðàêòèêó, íî îíè ÿâëÿëèñü îñíîâîé àíàëèçà 
îðãàíèçàöèè, ñïåöèôèêè è èçìåí÷èâîñòè ãåíîìà ñåëüñêîõîçÿéñòâåííûõ 
ðàñòåíèé. Áîëüøîå çíà÷åíèå äëÿ ðåàëèçàöèè ðàáîò èìåëà âîçìîæíîñòü 
ñîòðóäíè÷àòü ñ ñåëåêöèîíåðàìè èíñòèòóòà, èìåòü ñîîòâåòñòâóþùèé ñå-
ëåêöèîííûé ìàòåðèàë. Ê ñåðåäèíå 70-õ ãîäîâ áåç ó÷àñòèÿ ñîòðóäíèêîâ 
ëàáîðàòîðèè «ìîëáè» íå ïðîõîäèëà íè îäíà íàó÷íàÿ êîíôåðåíöèÿ ïî 
ìîëåêóëÿðíîé áèîëîãèè. Ñîçäàëèñü òåñíûå òâîð÷åñêèå êîíòàêòû ñ ëàáî-
ðàòîðèåé àêàäåìèêà À. Ì. Áåëîçåðñêîãî (ÌÃÓ), Èíñòèòóòîì ìîëåêóëÿð-
íîé áèîëîãèè (ëàá. Ã. Ï. Ãåîðãèåâà, Ìîñêâà), Íàó÷íî-èññëåäîâàòåëüñêèì 
èíñòèòóòîì ãåíåòèêè è ñåëåêöèè ïðîìûøëåííûõ ìèêðîîðãàíèçìîâ (ëàá. 
Þ. Ï. Âèíåöêîãî, Ìîñêâà), Èíñòèòóòîì ôèçèîëîãèè ðàñòåíèé (Êèåâ), Èí-
ñòèòóòîì ìîëåêóëÿðíîé áèîëîãèè è ãåíåòèêè ÍÀÍ Óêðàèíû (Êèåâ), ×åðíî-
âèöêèì óíèâåðñèòåòîì. Ñîâìåñòíàÿ ðàáîòà ñ Èíñòèòóòîì ãåíåòèêè è öè-
òîëîãèè (Ìèíñê) áûëà ïðåäñòàâëåíà íà ÕIV Ìåæäóíàðîäíîì ãåíåòè÷åñêîì 
êîíãðåññå [17]. Íà áàçå ëàáîðàòîðèè ïðîõîäèëè çàñåäàíèÿ Ìåæäóíàðîä-
íîãî êîìèòåòà ïî èññëåäîâàíèþ ïåðñïåêòèâ ñåëåêöèè ðàñòåíèé, îðãêî-
ìèòåòà ïî ïðîãðàììå «Ãåíîì ðàñòåíèé», ìåæäóíàðîäíûå êîíôåðåíöèè. 

Åñëè àíàëèç êèíåòèêè ðåàññîöèàöèè ÄÍÊ âûÿâèë ñòðóêòóðíóþ îðãà-
íèçàöèþ âñåãî ãåíîìà, òî àíàëèç ïîëèìîðôèçìà äëèíû ðåñòðèêöèîí-
íûõ ôðàãìåíòîâ ÄÍÊ ïîçâîëèë îöåíèòü îðãàíèçàöèþ è èçìåí÷èâîñòü 
îòäåëüíûõ ãåíîâ. Îõàðàêòåðèçîâàí ïîëèìîðôèçì äëèíû ðåñòðèêöèîí-
íûõ ôðàãìåíòîâ ÄÍÊ ÿ÷ìåíÿ â ëîêóñå Íîã Â (Íîã 2) [18]. À. Ë. Êåíçèîðîì 
âûäåëåíû ãåíû òåïëîâîãî øîêà ÿ÷ìåíÿ è ïîêàçàí èõ ìåæ- è âíóòðèâèäî-
âîé ïîëèìîðôèçì. Ðåàëèçàöèÿ ðàáîò ïî ïîëèìîðôèçìó äëèí ðåñòðèê-
öèîííûõ ôðàãìåíòîâ íå áûëà áû âîçìîæíà áåç ñêðóïóëåçíîé ðàáîòû 
À. Ã. Áàõòóðèíîé ïî âûäåëåíèþ ôåðìåíòîâ ðåñòðèêöèè. 
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Èññëåäîâàíèÿ îñîáåííîñòåé îðãàíèçàöèè è èçìåí÷èâîñòè ãåíî-
ìà ðàñòåíèé ñïîñîáñòâîâàëè ðàçðàáîòêå â êîíöå 80-õ ãîäîâ ïåðâûõ 
 îòå÷åñòâåííûõ áèîòåõíîëîãèé â ðàñòåíèåâîäñòâå. Ë. À. Ñïîçèòî ðàç-
ðàáîòàí ñïîñîá îáíàðóæåíèÿ öèòîïëàçìû Håliànthus ðåtiîlàris â êëåòêàõ 
H. annuus ïóòåì ãèáðèäèçàöèè òîòàëüíîé ÄÍÊ èç ðàçäàâëåííûõ òêàíåé 
ñî ñïåöèôè÷åñêèì çîíäîì, ñêîíñòðóèðîâàííûì íà îñíîâå EcoRI-EcoRI-
ôðàãìåíòà ÄÍÊ H. annuus [19]. 

Å. Â. Áîéêî ðàçðàáîòàíà áèîòåõíîëîãèÿ ãîìåîñòàòè÷íîñòè ÿ÷ìåíÿ 
ïî ïîêàçàòåëÿì ðÄÍÊ [20]. Ñîçäàíà è âíåäðåíà ñîâìåñòíî ñ ó÷åíûìè 
Èíñòèòóòà âèíîãðàäàðñòâà è âèíîäåëèÿ èìåíè Â. Å. Òàèðîâà äèàãíîñòè-
êà áàêòåðèàëüíîãî ðàêà âèíîãðàäà [21]. Ê ýòîìó âðåìåíè ëàáîðàòîðèþ 
ïðåäñòàâëÿåò êîëëåêòèâ ìîëåêóëÿðíûõ ãåíåòèêîâ ñ áîëüøèì íàó÷íûì 
ïîòåíöèàëîì, îáëàäàþùèé êà÷åñòâàìè, íåîáõîäèìûìè, ïî ñëîâàì Þðèÿ 
Ìèõàéëîâè÷à, äëÿ ó÷åíîãî: îïòèìèçìîì, ôàíàòèçìîì è ýíòóçèàçìîì. 

Îäíèì èç ãëàâíûõ íàïðàâëåíèé ãåíåòèêè ÿâëÿåòñÿ èçó÷åíèå ñòðóê-
òóðíîé îðãàíèçàöèè è ôóíêöèîíèðîâàíèÿ íàñëåäñòâåííîãî àïïàðàòà, à 
òàêæå ðàçðàáîòêà ïðèåìîâ è ìåòîäîâ êîíñòðóèðîâàíèÿ íîâûõ ãåíåòè-
÷åñêèõ ñòðóêòóð ñ öåëüþ ñîçäàíèÿ êëåòîê è öåëûõ îðãàíèçìîâ ñ çàäàí-
íûìè ñâîéñòâàìè. Òðàäèöèîííûå ìåòîäû ñåëåêöèè íå ìîãóò ñîçäàòü 
ïðèíöèïèàëüíî íîâûå êîìáèíàöèè íàñëåäñòâåííîé èíôîðìàöèè èç-çà 
áàðüåðîâ ìåæâèäîâîé èçîëÿöèè. Óñïåøíîå èõ ïðåîäîëåíèå âîçìîæíî 
ñ ïðèìåíåíèåì ìåòîäîâ ãåíåòè÷åñêîé èíæåíåðèè ðàñòåíèé, îäíèì èç 
îñíîâíûõ ýëåìåíòîâ êîòîðûõ ÿâëÿåòñÿ âûäåëåíèå è ïîñëåäóþùåå êëî-
íèðîâàíèå îòäåëüíûõ ãåíîâ. Ïðîâåäåíû ðàáîòû ïî êëîíèðîâàíèþ êÄÍÊ, 
ñèíòåçèðîâàííîé íà ïîëè(À)+ìÐÍÊ èç ýíäîñïåðìîâ ÿ÷ìåíÿ [22], îñâîå-
íà áåñêëåòî÷íàÿ áåëîêñèíòåçèðóþùàÿ ñèñòåìà èç çàðîäûøåé ïøåíèöû. 
Ñ ïîìîùüþ òðàíñëÿöèè in vitro ïîëèñîì è ìÐÍÊ èç ðàçâèâàþùèõñÿ çåð-
íîâîê ÿ÷ìåíÿ ïîëó÷åíû äàííûå î ãåòåðîãåííîñòè è ñîðòîâîé ñïåöèôè÷-
íîñòè ãîðäåèíîâ [23]. Ò. Ã. Âåðáèöêîé, Ë. Ô. Äüÿ÷åíêî âåäåòñÿ ðàáîòà ïî 
ñîçäàíèþ ãåíîìíîé áèáëèîòåêè ÿ÷ìåíÿ ðåñòðèêòàçíî-ëèãàçíûì ìåòî-
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ñêèõ èññëåäîâàíèÿõ — ýðà ïîëèìåðàçíîé öåïíîé ðåàêöèè. 

ÑÏÈÑÎÊ ÈÑÏÎËÜÇÎÂÀÍÍÎÉ ËÈÒÅÐÀÒÓÐÛ 
1. Ñèâîëàï Þ. Ì. Ïîëó÷åíèå õðîìàòèíà è ðàñòâîðèìîãî äåçîêñèðèáîíóêëåî-

ïðîòåèíà èç òêàíåé çëàêîâûõ ðàñòåíèé / Þ. Ì. Ñèâîëàï, Ë. Ô. Äüÿ÷åíêî // 
Íàó÷íî-òåõí. áþëë. Âñåñ. ñåëåêö.-ãåíåò. èí-òà. — 1974. — ¹ 1. — Ñ. 67–75. 

2. Ñèâîëàï Þ. Ì. Âûäåëåíèå ÄÍÊ èç òêàíåé ðàñòåíèé è ôðàêöèîíèðîâàíèå åå 
ïðè ïîìîùè ãèäðîêñèàïàòèòà / Þ. Ì. Ñèâîëàï, À. Í. Êîòëîâ // Íàó÷.-òåõí. 
áþëëåòåíü Âñåñ. ñåëåêö.-ãåíåò. èí-òà. — 1974. — Âûï. 21. — Ñ. 76–81. 

3. Ñèâîëàï Þ. Ì. Îñîáåííîñòè âûäåëåíèÿ òîòàëüíîé ÄÍÊ èç òêàíåé çëàêîâûõ 
/ Þ. Ì. Ñèâîëàï, Î. Â. Áîãäàíîâà // Íàó÷í.-òåõí. áþëëåòåíü Âñåñ. ñåëåêö.-
ãåíåò. èí-òà. — 1975. — Âûï. 24. — Ñ. 20–24. 



16 ISSN 2409–5524. Çá³ðíèê íàóêîâèõ ïðàöü ÑÃ²–ÍÖÍÑ. 2015. Âèï. 25 (65)

4. Ìåòîäû âûäåëåíèÿ è àíàëèçà âûñîêîïîëèìåðíûõ ñîåäèíåíèé èç òêàíåé 
ñåëüñêîõîçÿéñòâåííûõ ðàñòåíèé : [ñá. íàó÷. òð.] / [íàó÷. ðåä. Ñèâîëàï Þ. Ì. 
è äð.]. — Îäåññà : ÂÑÃÈ, 1983. — 100 ñ. 

5. Ñèâîëàï Þ. Ì. Èçó÷åíèå ìîëåêóëÿðíîé îðãàíèçàöèè ãåíîìà ÿ÷ìåíÿ 
(Hordeum vulgare) / Þ. Ì. Ñèâîëàï, Ò. Ã. Âåðáèöêàÿ // Öèòîëîãèÿ è ãåíåòè-
êà. — 1976. — Ò.10, ¹ 6. — Ñ. 511–515. 

6. Ñèâîëàï Þ. Ì. Âûäåëåíèå è àíàëèç ôðàêöèé ãåíîìà ÿ÷ìåíÿ / Þ. Ì. Ñèâî-
ëàï, Ò. Ã. Âåðáèöêàÿ, Â. Ï. ×óåíêî // Öèòîëîãèÿ è ãåíåòèêà. — 1979. — Ò.13, 
¹ 3. — Ñ.175–180. 

7. Ñèâîëàï Þ. Ì. Ñðàâíèòåëüíûé àíàëèç èíòðàìîëåêóëÿðíîé ãåòåðîãåííîñòè 
ÄÍÊ 56-õðîìîñîìíîãî òðèòèêàëå è åãî ãåíîìíûõ äîíîðîâ / Þ. Ì. Ñèâîëàï, 
Â. Ï. Ïåòðàøåâè÷, È. À. Áàëàøîâà // Íàó÷íî-òåõíè÷åñêèé áþëëåòåíü Âñåñ. 
ñåëåêö.-ãåíåò. èí-òà. — 1983. — Âûï. 2(48). — C. 33–38. 

8. Ñèâîëàï Þ. Ì. Èññëåäîâàíèå èíòåðìîëåêóëÿðíîé ãåòåðîãåííîñòè ÄÍÊ 
ðàñòåíèé / Þ. Ì. Ñèâîëàï, Ë. Ô. Äüÿ÷åíêî, Ò. Ã. Âåðáèöêàÿ // Ñá. : Íàó÷í. òð. 
Âñåñ. ñåëåêö.-ãåíåò. èí-òà. — 1976. — Âûï. 13. — Ñ.48–59. 

9. Ñèâîëàï Þ. Ì. Íåêîòîðûå îñîáåííîñòè ìîëåêóëÿðíîé ñòðóêðóðû ãåíîìîâ 
ðàñòåíèé / Þ. Ì. Ñèâîëàï, Ë. Ô. Äüÿ÷åíêî, À. Í. Íîâîñåëîâ // Ìîë. áèîë. — 
1977. — Ò.11, ¹ 4. — Ñ.877– 883. 

10. Ñèâîëàï Þ. Ì. Ñòðóêòóðíûå îñîáåííîñòè è áèîëîãè÷åñêàÿ àêòèâíîñòü ÄÍÊ, 
ìå÷åíîé ðàäèîàêòèâíûìè èçîòîïàìè / Þ. Ì. Ñèâîëàï, B. Ë. Áàçåëÿí // Ìî-
ëåêóëÿðíàÿ áèîëîãèÿ. — Êèåâ : Íàóêîâà äóìêà, 1980. — Âûï. 26. — Ñ. 19–23. 

11. Ñèâîëàï Þ. Ì. Èññëåäîâàíèå ñïåöèôè÷íîñòè êîìïîíåíòíîãî ñîñòàâà íå-
ãèñòîíîâûõ áåëêîâ õðîìîñîì âûñøèõ ðàñòåíèé / Þ. Ì. Ñèâîëàï, Â. Â. ×àð-
ñêèé // Öèòîëîãèÿ è ãåíåòèêà. — 1983. — Ò.17, ¹ 1. — Ñ. 60–65. 

12. Ñèâîëàï Þ. Ì. Ýôôåêò ââåäåíèÿ ó÷àñòêîâ ãåíîìà ðæè ðàñòåíèÿì ÿ÷ìåíÿ / 
Þ. Ì. Ñèâîëàï, Ë. Ï. Õîðîøåâñêàÿ // Öèòîëîãèÿ è ãåíåòèêà. — 1976. — Ò.10, 
¹ 4. — Ñ. 320–325. 

13. Òîïòèêîâ Â. À. Âçàèìîäåéñòâèå ýêçîãåííîé ãîìîëîãè÷íîé ÄÍÊ ñ èçîëèðî-
âàííûìè êëåòî÷íûìè ÿäðàìè èç ïðîðîñòêîâ êóêóðóçû : aâòîðåô. äèñ. … 
êàíä. áèîë. íàóê : ñïåö. 03.00.03 «Ìîëåêóëÿðíàÿ áèîëîãèÿ» / Â. À. Òîïòè-
êîâ. — Êèåâ, 1983. — 24 c. 

14. Öèòîãåíåòè÷åñêîå äåéñòâèå òîòàëüíîãî ïðåïàðàòà ÄÍÊ è åãî ãåíîì-
íûõ ôðàêöèé íà îáëó÷åííûå ñåìåíà ÿ÷ìåíÿ / Î. Â. Êâèòêî, H. A. Êàðòåëü, 
Þ. Ì. Ñèâîëàï, Ò. Ã. Âåðáèöêàÿ // Ìîëåêóëÿð. áèîëîãèÿ. — Êèåâ : Íàóêîâà 
äóìêà, 1980. — ¹ 25. — Ñ. 15–17. 

15. Ñèâîëàï Þ. Ì. Âîçìîæíîñòü ãåíåòè÷åñêîé òðàíñôîðìàöèè ó âûñøèõ ðàñ-
òåíèé / Þ. Ì. Ñèâîëàï, È. Ñ. Îáðàçöîâ // Ìîëåêóëÿð. áèîëîãèÿ. — Êèåâ : 
Íàóêîâà äóìêà, 1980. — Âûï. 26. — Ñ. 3–8. 

16. Ñèâîëàï Þ. Ì. Ïîãëîùåíèå è îñîáåííîñòè ðàñïðåäåëåíèÿ ÄÍÊ Bacillus 
subtilis â òêàíÿõ Pisum sativum / Þ. Ì. Ñèâîëàï, È. Ñ. Îáðàçöîâ, Í. Ì. Áàáàê 
// Öèòîëîãèÿ è ãåíåòèêà. — 1979. — T.13, ¹ 4. — Ñ.309 –313. 

17. Äåéñòâèå ãåíîìíûõ ôðàêöèé ýêçîãåííîé ÄÍÊ íà ðàäèàöèîííûå ïîâðåæ-
äåíèÿ õðîìîñîì ó ÿ÷ìåíÿ / H. A. Êàðòåëü, Î. Â. Êâèòêî, Þ. Ì. Ñèâîëàï, 
Í. Â. Òóðáèí // ÕIV Ìåæä. ãåíåò. êîíãðåññ : Òåç. äîêë. ×àñòü II. — Ìîñêâà, 
1978. — Ñ. 236. 

18. Ïîëèìîðôèçì äëèíû ðåñòðèêöèîííûõ ôðàãìåíòîâ ÄÍÊ ÿ÷ìåíÿ â ëîêóñå 
Íîã Â (Íîã 2) / Ë. Ô. Äüÿ÷åíêî, Â. Ï. Íåöâåòàåâ, Â. Ï. Ïåòðàøåâè÷, À. È. Áóí-



ISSN 2409–5524. Çá³ðíèê íàóêîâèõ ïðàöü ÑÃ²–ÍÖÍÑ. 2015. Âèï. 25 (65)  17

òîâñêàÿ // Ãåíîì ÿ÷ìåíÿ è ïðîáëåìû åãî óëó÷øåíèÿ : ñá. íàó÷. òðóä. — Îäåñ-
ñà : ÂÑÃÈ, 1989. — Ñ.19–21. 

19. Ïàò. 1797625 Ðîññèéñêàÿ Ôåäåðàöèÿ, ê ïàò. 4901294/13. Ñïîñîá îáíàðó-
æåíèÿ öèòîïëàçìû Helianthus ðåòiîlàris â êëåòêàõ Helianthus annuus / Ñèâî-
ëàï Þ. Ì., Cïîçèòî Ë. À. ; çàÿâèòåëü è ïàòåíòîîáëàäàòåëü Âñåñîþçíûé ñå-
ëåêöèîííî ãåíåòè÷åñêèé èíñòèòóò; çàÿâë. 09.01.91 ; îïóáë. 23.02.93. Áþë. 
¹ 7. 

20. Ïàò. 1664846 Ðîññèéñêàÿ Ôåäåðàöèÿ, ê À.ñ.4400756/13. Ñïîñîá îïðåäåëå-
íèÿ ãîìåîñòàòè÷íîñòè ôîðì ÿðîâîãî ÿ÷ìåíÿ / Ñèâîëàï Þ. Ì., Áîéêî Å. Â. ; 
çàÿâèòåëü è ïàòåíòîîáëàäàòåëü Âñåñîþçíûé ñåëåêöèîííî-ãåíåòè÷åñêèé 
èíñòèòóò ; çàÿâë. 30.03.88 ; îïóáë. : 23.07.91. Áþë. ¹ 27. 

21. Áèîòåõíîëîãè÷åñêèé ìåòîä äèàãíîñòèêè áàêòåðèàëüíîãî ðàêà / Þ. Ì. Ñè-
âîëàï, Ë. Ô. Äüÿ÷åíêî, Á. Í. Ìèëêóñ [è äð.] // Áèîòåõíîëîãèÿ. — 1981. — 
¹ 5. — Ñ. 82–85. 

22. Äüÿ÷åíêî Ë. Ô. Èñïîëüçîâàíèå ïðèíöèïà âåêòîðíîé ñèñòåìû Îêàÿìû — 
Áåðãà äëÿ êëîíèðîâàíèÿ êÄÍÊ ÿ÷ìåíÿ / Ë. Ô. Äüÿ÷åíêî, Þ. Ì. Ñèâîëàï // 
Áèîïîëèìåðû è êëåòêà. — 1985. — Ò. 1, ¹ 5. — Ñ. 271–276. 

23. Òèõîíîâ Ï. Ñ. Îñîáåííîñòè áèîñèíòåçà ïðîëàìèíîâ ÿ÷ìåíÿ (Hordeum 
vulgare L.) : àâòîðåô. äèñ. … êàíä. áèîë. íàóê : ñïåö. 03.00.03 «Ìîëåêóëÿð-
íàÿ áèîëîãèÿ» / Ï. Ñ. Òèõîíîâ. — Êèåâ, 1986. — 17 ñ. 

Íàä³éøëà 08.06.2015. 

UDC 575.1 

Verbitska T. G. Plant Breeding and Genetics Institute — National Center 
of Seed and Cultivar Investigations 

DNA TECHNOLOGY IN PLANT BREEDING: FROM KINETICS 
OF REASSOCIATION TO GENETIC ENGINEERING 

The article highlights the major scientific achievements of the laboratory 
of molecular biology of the LIPBGJ in the period of formation. The study of the 
molecular structure of the genomes of economic agricultural plants started in 
the laboratory of molecular biology under the direction of Yuriy Sivolap. Reas-
sociation kinetics, analysis of the fractions of the genome, the study of re-
striction fragments length polymorphism inspired the creation of DNA-based 
technologies for improving the breeding process. One of the research areas 
of the laboratory was to study the effect of exogenous DNA in plant hered-
ity. Laboratory’s research formed the basis for analysis of the organization, 
specificity and variability of the genome of crop plants. 
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ÓÄÊ 575.1 

Âåðáèöüêà Ò. Ã. 

ÄÍÊ-ÒÅÕÍÎËÎÃ²¯ Â ÑÅËÅÊÖ²¯ ÐÎÑËÈÍ: 
Â²Ä Ê²ÍÅÒÈÊÈ ÐÅÀÑÎÖ²ÀÖ²¯ ÄÎ ÃÅÍÍÎ¯ ²ÍÆÅÍÅÐ²¯ 

Âèñâ³òëåí³ îñíîâí³ íàóêîâ³ äîñÿãíåííÿ ëàáîðàòîð³¿ ìîëåêóëÿðíî¿ á³î-
ëîã³¿ ÂÑÃ² â ïåð³îä ¿¿ ñòàíîâëåííÿ. Âèâ÷åííÿ ìîëåêóëÿðíî¿ ñòðóêòóðè ãå-
íîì³â ñ³ëüñüêîãîñïîäàðñüêèõ ðîñëèí áóëî ðîçïî÷àòî â ëàáîðàòîð³¿ ìîëå-
êóëÿðíî¿ á³îëîã³¿ ï³ä êåð³âíèöòâîì Þ. Ì. Ñèâîëàïà. Ê³íåòèêà ðåàñîö³àö³¿, 
àíàë³ç ôðàêö³é ãåíîìó, äîñë³äæåííÿ ïîë³ìîðô³çìó äîâæèí ðåñòðèêö³é-
íèõ ôðàãìåíò³â ñêëàëè îñíîâó ñòâîðåííÿ ÄÍÊ-òåõíîëîã³é äëÿ âäîñêîíà-
ëåííÿ ñåëåêö³éíîãî ïðîöåñó. Îäíèì ³ç íàïðÿì³â ðîáîòè ëàáîðàòîð³¿ áóëî 
âèâ÷åííÿ âïëèâó åêçîãåííî¿ ÄÍÊ íà ñïàäêîâ³ñòü ðîñëèí. Ðîáîòè ëàáîðà-
òîð³¿ ñòâîðèëè îñíîâó àíàë³çó îðãàí³çàö³¿, ñïåöèô³êè òà ì³íëèâîñò³ ãåíî-
ìó ñ³ëüñüêîãîñïîäàðñüêèõ ðîñëèí. 
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ÌÀÐÊÈÐÎÂÀÍÈÅ ÃÅÍÎÂ ÊÀ×ÅÑÒÂÅÍÍÛÕ 
È ÊÎËÈ×ÅÑÒÂÅÍÍÛÕ ÏÐÈÇÍÀÊÎÂ ÀÄÀÏÒÈÂÍÎÑÒÈ 
ÏØÅÍÈÖÛ ÌßÃÊÎÉ (Triticum aestivum L.) 

Îáñóæäàåòñÿ ìàðêèðîâàíèå ãëàâíûõ ãåíîâ Vrn-1, Ppd-1 è QTL òåì-
ïîâ êîëîøåíèÿ è ìîðîçîñòîéêîñòè. Âûÿâëåíû íîâûå ÄÍÊ-ìàðêåðû 
ãåíà Vrn-D1à è ìèêðîñàòåëëèòíûå ëîêóñû, àññîöèèðîâàííûå ñ ìî-
ðîçîñòîéêîñòüþ ðàñòåíèé è ïðîäîëæèòåëüíîñòüþ ïåðèîäà äî êî-
ëîøåíèÿ. Èäåíòèôèöèðîâàíî ãåíîòèïû îêîëî 200 ñîðòîâ ïøåíèöû 
ìÿãêîé îçèìîé ðàçíîãî ýêîëîãî-ãåîãðàôè÷åñêîãî ïðîèñõîæäåíèÿ 
è ïîêàçàíû äîñòîâåðíûå ðàçëè÷èÿ ÷àñòîò àëëåëåé ëîêóñîâ Ppd-D1, 
Xgwm182–5D è Xcfd7–5B, ÷òî ñâèäåòåëüñòâóåò î ñåëåêöèîííîé èëè 
àäàïòèâíîé öåííîñòè êîíêðåòíûõ àëëåëåé óêàçàííûõ ëîêóñîâ äëÿ 
îïðåäåë¸ííûõ óñëîâèé. 

Êëþ÷åâûå ñëîâà: ïøåíèöà, ÄÍÊ-ìàðêåðû, ãåíû, ìèêðîñàòåëëèò-
íûå ëîêóñû, ÿðîâèçàöèÿ, ôîòîïåðèîä, ìîðîçîñòîéêîñòü. 

Ââåäåíèå. Äëÿ îçèìûõ êóëüòóð àäàïòàöèÿ, â ïåðâóþ î÷åðåäü ñâÿçàíà 
ñ ôàêòîðàìè ïåðåçèìîâêè, â ÷àñòíîñòè ñ ðåàêöèåé íà íèçêîòåìïåðàòóð-
íûé ñòðåññ. Ãåíåòè÷åñêîå èçó÷åíèå ìîðîçîñòîéêîñòè ïîêàçàëî, ÷òî äàí-
íûé ïðèçíàê îòíîñèòñÿ ê ðàçðÿäó êîëè÷åñòâåííûõ [1] è êîíòðîëèðóåòñÿ 
íåñêîëüêèìè àääèòèâíûìè ãåíàìè [2], ôåíîòèïè÷åñêîå ïðîÿâëåíèå êî-
òîðîãî çàâèñèò îò äåéñòâèÿ ìíîãèõ ñîñòàâëÿþùèõ. Àäàïòàöèÿ ðàñòåíèé 
ê êîíêðåòíûì óñëîâèÿì ìîæåò áûòü ñóùåñòâåííî óëó÷øåíà ïóòåì ìàíè-
ïóëèðîâàíèÿ ãåíàìè Ppd, Vrn, Vrd è Eps. Óêàçàííûå ñèñòåìû ãåíîâ îïðå-
äåëÿþò òèï è òåìïû ðàçâèòèÿ è îáùóþ ïðîäîëæèòåëüíîñòü æèçíåííîãî 
öèêëà, âñëåäñòâèå ÷åãî ñóùåñòâåííî âëèÿþò íà óðîâåíü àäàïòèâíîñòè 
ðàñòåíèé ê óñëîâèÿì îñåííå-çèìíåãî, è âåñåííå-ëåòíåãî ïåðèîäà, à òàê-
æå íà ôîðìèðîâàíèå ðåàëüíîãî óðîæàÿ [3, 4]. Â ñâÿçè ñ ýòèì âîçíèêàåò 
íåîáõîäèìîñòü ïðèâëå÷åíèÿ ìåòîäîâ ìîëåêóëÿðíîãî ìàðêèðîâàíèÿ äëÿ 
èäåíòèôèêàöèè è îòáîðà õîçÿéñòâåííî öåííûõ ðåêîìáèíàíòîâ, íåñóùèõ 
îïðåäåëåííûå àëëåëè ãåíîâ Ppd, Vrn, Vrd è Eps èëè èõ ñî÷åòàíèÿ. Ýôôåê-
òèâíîñòü ïîäîáíîãî ïîäõîäà ê ðåøåíèþ ýêñïåðèìåíòàëüíûõ çàäà÷ áûëà 
ïîêàçàíà ðàíåå íà ïðèìåðå ïîëó÷åíèÿ ìîëåêóëÿðíûõ ìàðêåðîâ ê îïðåäå-
ëåííûì ãåíàì, îòâåòñòâåííûì çà òåìïû ðàçâèòèÿ ìÿãêîé ïøåíèöû [5, 6]. 

© Ôàéò Â. È., Áàëàøîâà È. À., Ãàëàåâà Ì. Â., 2015
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Â òî æå âðåìÿ òåìïû êîëîøåíèÿ, êàê è ìîðîçîñòîéêîñòü, ÿâëÿþòñÿ 
êëàññè÷åñêèì êîëè÷åñòâåííûì ïðèçíàêîì, ðàçëè÷èÿ êîòîðîãî êîíòðîëè-
ðóþòñÿ ïîëèãåííûìè ñèñòåìàìè, áîëüøèíñòâî ýôôåêòîâ èõ îòäåëüíûõ 
ëîêóñîâ ìèíîðíûå è íå èäåíòèôèöèðóþòñÿ ïî êà÷åñòâåííûì ïðèçíàêàì. 
Âñëåäñòâèå ýòîãî äëÿ îáùåãî ãåíåòè÷åñêîãî àíàëèçà òåìïîâ êîëîøåíèÿ, 
êàê è ìîðîçîñòîéêîñòè, öåëåñîîáðàçíî ïðèìåíÿòü ìåòîäû êîëè÷åñòâåí-
íîé ãåíåòèêè, â ÷àñòíîñòè èäåíòèôèêàöèþ QTL. Ðàçâèòèå ìåòîäîâ ìîëåêó-
ëÿðíî-ãåíåòè÷åñêîãî àíàëèçà ïîêàçàëî øèðîêèå âîçìîæíîñòè âûÿâëåíèÿ 
ÄÍÊ-ìàðêåðîâ QTL ìîðîçîñòîéêîñòè [7, 8] è òåìïîâ êîëîøåíèÿ [9, 10]. 

Â ñâÿçè ñ âûøåèçëîæåííûì, öåëü íàñòîÿùåé ðàáîòû — âûÿâëåíèå 
ìîëåêóëÿðíûõ ìàðêåðîâ ñöåïëåííûõ ñ ãåíàìè Vrn è Ppd, îòâå÷àþùèõ çà 
÷óâñòâèòåëüíîñòü ê ÿðîâèçàöèè è ôîòîïåðèîäó, à òàêæå QTL ïðîäîëæè-
òåëüíîñòè ïåðèîäà äî êîëîøåíèÿ è ìîðîçîñòîéêîñòè ïøåíèöû. 

Ìàòåðèàëû è ìåòîäû. Èññëåäîâàíèÿ ïðîâîäèëè â 2000–2014 ãã. 
Â êà÷åñòâå èñõîäíîãî ìàòåðèàëà äëÿ ìàðêèðîâàíèÿ ãåíîâ Vrn-1, Ppd-1, 
QTL ïðîäîëæèòåëüíîñòè ïåðèîäà äî êîëîøåíèÿ è ìîðîçîñòîéêîñòè èñ-
ïîëüçîâàëè: ïî÷òè èçîãåííûå ïî Vrn-A1, Vrn-B1, Vrn-D1 ëèíèè ñîðòîâ 
Ìèðîíîâñêàÿ 808, Îäåññêàÿ 16, Ñêîðîñïåëêà 3á, Triple Dirk C; íóëëè-
òåòðàñîìíûå (5-ÿ ãðóïïà õðîìîñîì) ëèíèè ñîðòà Chinese Spring; çàìå-
ùåííûå ïî 2-é ãðóïïå õðîìîñîì ëèíèè ñîðòà Mercia è ïî 2D õðîìîñîìå 
ëèíèè ñîðòîâ Avalon, Norman, Rendezvous, Brigant, Brimstone; ðàñùå-
ïëÿþùèåñÿ ïîïóëÿöèè îò ñêðåùèâàíèÿ ðàçëè÷àþùèõñÿ ïî íàëè÷èþ/îò-
ñóòñòâèþ îïðåäåëåííîãî ãåíà òåìïîâ ðàçâèòèÿ (F

2 
— Ìèðîíîâñêàÿ 808 õ 

Ìèðîíîâñêàÿ 808/Vrn-D1; F
2
 è F

3
 — Îäåññêàÿ 16 õ Avalon/2DÑiano-67) 

èëè ïî ïðîäîëæèòåëüíîñòè ïåðèîäà äî êîëîøåíèÿ (F
2
 — Îìñêàÿ îçèìàÿ/

Nambu-Komugi), èëè óðîâíþ ìîðîçîñòîéêîñòè (F
2
 — Îáðèé/Ïðîãðåññ, 

Ýðèòðîñïåðìóì 2917/Îäåññêàÿ 132, Àëüáèäóì 114/Îäåññêàÿ 132, Ëóçà-
íîâêà îäåññêàÿ/Îäåññêàÿ êðàñíîêîëîñàÿ) ãåíîòèïîâ; ðåêîìáèíàíòíî-
èíáðåäíûå ëèíèè (Mercia // Mercia/2D Ciano 67 è Ëóçàíîâêà îäåññêàÿ/
Îäåññêàÿ êðàñíîêîëîñàÿ), à òàêæå ÿðîâûå è îçèìûå ñîðòà ðàçíîãî ýêî-
ëîãî-ãåîãðàôè÷åñêîãî ïðîèñõîæäåíèÿ. 

Àíàëèç ìîëåêóëÿðíî-ãåíåòè÷åñêîãî ïîëèìîðôèçìà ïðîâîäèëè ñ 
ïîìîùüþ ðàçëè÷íûõ ìîäèôèêàöèé ïîëè- è ìîíîëîêóñíîé ÏÖÐ: RAPD, 
ISSR, SSR, STS. Ýêñòðàãèðîâàëè ÄÍÊ èç ïðîðîñòêîâ èëè çåðåí ìåòî-
äîì ÑÒÀÂ [11]. Àìïëèôèêàöèþ îñóùåñòâëÿëè íà ïðèáîðå Òåðöèê («ÄÍÊ-
òåõíîëîãèÿ», Ðîññèÿ). Ïðîäóêòû àìïëèôèêàöèè ôðàêöèîíèðîâàëè â 
2 %-ì àãàðîçíîì ãåëå ñ îêðàøèâàíèåì Et.Br è â 10–12 %-ì ïîëèàêðèë-
àìèäíîì ãåëå. Âèçóàëèçàöèþ ïðîäóêòîâ àìïëèôèêàöèè â ÏÀÀÃ ïðîâî-
äèëè ïóòåì èõ îêðàøèâàíèÿ 0,012 Ì AgNO

3
. Ìîëåêóëÿðíóþ ìàññó ïðî-

äóêòîâ àìïëèôèêàöèè îïðåäåëÿëè îòíîñèòåëüíî ìàðêåðîâ pUC18/MspI 
ñ ïîìîùüþ êîìïüþòåðíîé ïðîãðàììû «Image Master 1D Elite» (Amersham 
Pharmacia Biotech, USA). 

Â çàâèñèìîñòè îò çàäà÷ ýêñïåðèìåíòà ñåìåíà èçó÷àåìûõ ãåíîòèïîâ 
âûñåâàëè îñåíüþ íà îïûòíîì ïîëå îòäåëà îáùåé è ìîëåêóëÿðíîé ãåíåòè-
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êè ÑÃÈ — ÍÖÑÑ íà äåëÿíêàõ 3 ì2 ïî 500 âñõîæèõ çåðåí íà ì2 èëè íà îäíî-
ðÿäêîâûõ äåëÿíêàõ äëèíîé 1ì ïî 20 ðàñòåíèé â ðÿäó ñ ïëîùàäüþ ïèòàíèÿ 
30õ5 ñì2, èëè ïîñëå ïðîðàùèâàíèÿ è ÿðîâèçàöèè îïðåäåëåííîé ïðîäîë-
æèòåëüíîñòè ïðîðîñòêè âûñàæèâàëè â 5-ëèòðîâûå ñîñóäû ñ ïî÷âîé íà âå-
ãåòàöèîííîé ïëîùàäêå èëè â ñâåòëûõ êàìåðàõ ôèòîòðîíà. Îöåíêó óðîâ-
íÿ ôîòîïåðèîäè÷åñêîé ÷óâñòâèòåëüíîñòè îáðàçöîâ îñóùåñòâëÿëè ïðè 
ñðàâíåíèè äàòû êîëîøåíèÿ èçó÷àåìûõ ãåíîòèïîâ â óñëîâèÿõ óäëèíåííîãî 
è óêîðî÷åííîãî ôîòîïåðèîäà. Äëÿ èäåíòèôèêàöèè ãåíîòèïîâ ñîðòîâ, ëè-
íèé ïî ãåíàì Vrn è Ppd èñïîëüçîâàëè ãèáðèäîëîãè÷åñêèé àíàëèç [12, 13]. 

Äëÿ îïðåäåëåíèÿ ïðîäîëæèòåëüíîñòè ïåðèîäà äî êîëîøåíèÿ (ÏÂÊ) 
âî âðåìÿ âåãåòàöèè ó îòäåëüíûõ ðàñòåíèé â óñëîâèÿõ ôèòîòðîíà è ïðè âû-
ñàäêå ïðîðîñòêîâ íà âåãåòàöèîííîé ïëîùàäêå îòìå÷àëè äàòó êîëîøåíèÿ 
ñ èñïîëüçîâàíèåì ïåðãàìåíòíûõ ýòèêåòîê. Â ïîëå äàòó êîëîøåíèÿ îòìå-
÷àëè ïðè íàëè÷èè íà äåëÿíêå 75 % âûêîëîñèâøèõñÿ ðàñòåíèé. Ìîðîçî-
ñòîéêîñòü (75–90 ðàñòåíèé êàæäîãî ãåíîòèïà) îöåíèâàëè íà ñòàäèè ïðî-
ðîñòêîâ [14,15] è ðàñòåíèé â ôàçå êóùåíèÿ [16]. Ñòàòèñòè÷åñêèé àíàëèç 
ïîëó÷åííûõ ðåçóëüòàòîâ ïðîâîäèëè ïî îáùåïðèíÿòûì ìåòîäèêàì [17]. 

Ìåòåîðîëîãè÷åñêèå óñëîâèÿ çà ïåðèîä ïðîâåäåíèÿ èññëåäîâàíèé 
âêëþ÷àëè âåñü ñïåêòð ëèìèòèðóþùèõ ôàêòîðîâ ñðåäû, ðàñïðîñòðàí¸í-
íûõ â Ñòåïè Óêðàèíû. Ýòî ïîçâîëèëî îáúåêòèâíî îöåíèòü èñõîäíûé ìà-
òåðèàë ïî óñðåäíåííîé àäàïòèâíîñòè ê äàííûì óñëîâèÿì. 

Ðåçóëüòàòû è îáñóæäåíèå. Ýôôåêòèâíîñòü ïîèñêà ìàðêåðîâ, 
ñöåï ëåííûõ ñ ãåíàìè, êîíòðîëèðóþùèìè êà÷åñòâåííûå èëè êîëè÷å-
ñòâåííûå ïðèçíàêè, âî ìíîãîì îïðåäåëÿåòñÿ èñïîëüçóåìûì èñõîäíûì 
ãåíåòè÷åñ êèì ìàòåðèàëîì. Íàëè÷èå ðåêîìáèíàíòíî-èíáðåäíûõ, çàìå-
ùåííûõ, ïî÷òè èçîãåííûõ ëèíèé è ìîäåëüíûõ F

2
 ïîïóëÿöèé ïîçâîëèëî 

îöåíèòü âîçìîæíîñòè ìîëåêóëÿðíîãî ìàðêèðîâàíèÿ ãåíîâ Vrn-D1à è 
Ppd-D1a, à òàêæå QTL ìîðîçîñòîéêîñòè è òåìïîâ êîëîøåíèÿ. 

Ìàðêèðîâàíèå ãåíà Vrn-D1. Äëÿ âûÿâëåíèÿ ìàðêåðîâ ãåíîâ Vrn-1 
ïðîâîäèëè àíàëèç ÄÍÊ èçîãåííûõ ïî Vrn-A1, Vrn-B1, Vrn-D1 ëèíèé ÷å-
òûðåõ îçèìûõ ñîðòîâ Triple Dirk, Îäåññêàÿ 16, Ìèðîíîâñêàÿ 808, Ñêîðî-
ñïåëêà 3á, ÷òî ïîçâîëèëî íà ïåðâûõ ýòàïàõ ïîèñêà ïðîâîäèòü ñêðèíèíã 
äåòåêòèðóåìûõ ïîëèìîðôíûõ àìïëèêîíîâ. Èñïîëüçóåìûé èñõîäíûé ãå-
íåòè÷åñêèé ìàòåðèàë îòëè÷àåòñÿ êðàéíå íèçêèì óðîâíåì ïîëèìîðôèç-
ìà ïðè ïðàêòè÷åñêè ïîëíîì âîññòàíîâëåíèè ãåíîôîíà ðåêóððåíòíîãî 
ðîäèòåëÿ ó èçîãåííûõ ëèíèé. Ïðèìåíÿÿ ðàçëè÷íûå ìîäèôèêàöèè ïîëè- 
è ìîíîëîêóñíîé ÏÖÐ, â îáùåé ñëîæíîñòè, äåòåêòèðîâàíî áîëåå 2 òûñ. 
ïðîäóêòîâ àìïëèôèêàöèè, èç êîòîðûõ òîëüêî 8 ÿâëÿëèñü ïîëèìîðôíûìè 
[18]. Òàê, ïðè ïðîâåäåíèè RAPD-ÏÖÐ ñ ïðàéìåðîì ð.116 [19] ïîëèìîðô-
íûé àìïëèêîí 657 ï. í. îáíàðóæåí ó èçîãåííûõ ëèíèé ñîðòîâ Triple Dirk, 
Îäåññêàÿ 16, Ìèðîíîâñêàÿ 808, Ñêîðîñïåëêà 3á äîìèíàíòíûõ ïî Vrn-D1. 
Òàêæå ó äàííûõ ëèíèé îáíàðóæåí ïîëèìîðôíûé ó÷àñòîê ÄÍÊ ïðè ïðîâå-
äåíèè ISSR-ÏÖÐ ñ ïðàéìåðîì (ÀGC)

6
G. Ïîëèìîðôèçì âûðàæàëñÿ â îò-

ñóòñòâèè ïðîäóêòà 850 ï. í., ÷òî îáîçíà÷àåòñÿ, êàê null-àëëåëü. Äëÿ îöåí-
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êè ëîêàëèçàöèè ïîòåíöèàëüíûõ ìàðêåðîâ â 5D õðîìîñîìå èñïîëüçîâàëè 
íóëëè-òåòðàñîìíûå ëèíèè ñîðòà Chinese Spring, êîòîðûé ìîíîãåííî äî-
ìèíàíòåí ïî ãåíó Vrn-D1. Ïîñêîëüêó íå èñêëþ÷àåòñÿ âîçìîæíîñòü ïðå-
îáðàçîâàíèÿ äîìèíàíòíîãî ìàðêåðà â áîëåå ñîâåðøåííûé êîäîìèíàíò-
íûé, RAPD-ôðàãìåíò áûë ñåêâåíèðîâàí, ïðîâåäåí äèçàéí ïðàéìåðîâ, 
÷òî ïîçâîëèëî ïðåäëîæèòü êîäîìèíàíòíûé ÏÖÐ-òåñò, ïðè ïðîâåäåíèè 
êîòîðîãî äåòåêòèðóþòñÿ ôðàãìåíòû, èäåíòèôèöèðóþùèå ðåöåññèâíûé 
è äîìèíàíòíûé àëëåëè óêàçàííîãî ãåíà. 

Äëÿ óñòàíîâëåíèÿ ñöåïëåíèÿ äîìèíàíòíîãî è êîäîìèíàíòíîãî ìàð-
êåðîâ ñ ãåíîì ïðîâîäèëè àíàëèç ðàñòåíèé ðàñùåïëÿþùåéñÿ ïîïóëÿöèè 
F

2
 Ìèðîíîâñêàÿ 808/Ìèðîíîâñêàÿ 808-Vrn-D1, ñîïîñòàâëÿÿ ôåíîòèï è 

äàííûå RAPD- è STS-ÏÖÐ (ðèñ. 1). Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ñâè-
äåòåëüñòâîâàë, ÷òî ðàññòîÿíèå ìåæäó STS-ìàðêåðîì è ãåíîì ñîñòàâëÿåò 
1 ñÌ. Ïðèìåíåíèå ISSR-ìàðêåðà, êîòîðûì ÿâëÿëñÿ null-àëëåëü 850 ï. í., 
èìååò ñâîè îñîáåííîñòè è îãðàíè÷åíèÿ, ÷òî áûëî óñòàíîâëåíî áëàãîäà-
ðÿ íàëè÷èþ ðàçíîîáðàçíîãî ãåíåòè÷åñêîãî ìàòåðèàëà, à òàêæå äàííûì 
ïî èñïîëüçîâàíèþ RAPD- è STS-ìàðêåðîâ. Ïîêàçàíî, ÷òî â ãèáðèäíîé 
ïîïóëÿöèè null-àëëåëü äåòåêòèðóåòñÿ òîëüêî ó äîìèíàíòíûõ ãîìîçèãîò, à 
ïðè ïðîâåäåíèè àíàëèçà ñîðòîâ ðàçëè÷íîé ñåëåêöèè ìàðêèðóþòñÿ òîëü-
êî ìîíîãåííî äîìèíàíòíûå ãåíîòèïû, â äàííîì ñëó÷àå ìîíîãåííî äî-
ìèíàíòíûå ïî Vrn-D1à. Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé ïðåä-
ëîæåíî íåñêîëüêî ÄÍÊ-ìàðêåðîâ, ïðèìåíåíèå êîòîðûõ ñïîñîáñòâóåò 
îáúåêòèâíîé îöåíêå àëëåëüíîãî ñîñòîÿíèÿ ãåíà Vrn-D1 [18]. 

       1                2              3                4             5             6          

Ðèñ. 1. Ýëåêòðîôîðåãðàììà ïðîäóêòîâ STS-ÏÖÐ ÄÍÊ ðàñòåíèé ïîïóëÿöèè F
2
 

Ìèðîíîâñêàÿ 808 / Ìèðîíîâñêàÿ 808-Vrn-D1: 1, 3 — ÿðîâûå ãîìîçèãîòû  (ðàííåå 
êîëîøåíèå); 2, 4 — îçèìûå ãîìîçèãîòû (îòñóòñòâèå êîëîøåíèÿ); 5, 6 — ãåòåðî-

çèãîòû (ïîçäíåå êîëîøåíèå) 

Ìàðêèðîâàíèå ãåíà Ppd-D1a. Àïðîáèðîâàííàÿ ñõåìà ïîèñêà ìàð-
êåðîâ, ñöåïëåííûõ ñ êîíêðåòíûì ãåíîì, ïðèìåíÿëàñü è ïðè ìàðêèðî-
âàíèè ãåíà Ppd-D1a, ðàñïîëîæåííîãî íà 2D õðîìîñîìå. Ïðè ïðîâå-
äåíèè ISSR-ÏÖÐ ñ ïðàéìåðîì (AG)9C ó çàìåùåííûõ ïî 2D õðîìîñîìå 
ëèíèé ñîðòîâ Avalon, Brigant, Norman, Rendezvous è ñîðòà Ciano 67 âû-
ÿâëåí null-àëëåëü 350 ï. í. Òàêîãî ðîäà ìàðêåð ìîæåò äåòåêòèðîâàòüñÿ 
ó ìîíîãåííî äîìèíàíòíûõ ãåíîòèïîâ. Àíàëèç ÄÍÊ íàáîðà ÐÈË Mercia õ 
Mercia/2D Ciano 67, îõàðàêòåðèçîâàííûõ ïî ôîòî÷óâñòâèòåëüíîñòè, ïî-
êàçàë îòñóòñòâèå ïðîäóêòà 350 ï. í. ó ñëàáîôîòî÷óâñòâèòåëüíûõ ëèíèé. 
Òåñíîå ñöåïëåíèå ìàðêåðà ñ ãåíîì — 1,9 ñÌ óñòàíîâëåíî ïðè àíàëè-
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çå ïîïóëÿöèè F
2
 Îäåññêàÿ 16 // Avalon/2D Ciano 67. Îáúåêòèâíîñòü îò-

áîðà èç ïîïóëÿöèè F
2
 äîìèíàíòíûõ ãîìîçèãîò ïî óêàçàííîìó ìàðêåðó 

ïîäòâåðæäåíà ïðè àíàëèçå ïîêîëåíèÿ F
3
 [20]. Òåì íå ìåíåå ðåçóëüòàòû 

èäåíòèôèêàöèè Ppd-ãåíîòèïîâ ñîðòîâ îçèìîé ïøåíèöû ïóòåì ãèáðèäî-
ëîãè÷åñêîãî è ISSR àíàëèçà ñîâïàäàëè òîëüêî â 44 % ñëó÷àåâ. Ýôôåê-
òèâíîñòü èäåíòèôèêàöèè ãåíà Ppd-D1a ïî ISSR-ìàðêåðó îãðàíè÷åíà 
ãðóïïîé ñîðòîâ, èìåþùèõ îáùåå ïðîèñõîæäåíèå. Òàê, ó çàìåùåííûõ ïî 
2D õðîìîñîìå ëèíèé, íàáîðà ÐÈË è ãèáðèäíîé ïîïóëÿöèè äîíîðîì ãåíà 
Ppd-D1à ÿâëÿëñÿ ìåêñèêàíñêèé ÿðîâîé ñîðò Ciano 67. Ó îçèìûõ ñîðòîâ 
óêðàèíñêîé ñåëåêöèè null-àëëåëü 350 ï. í. äåòåêòèðîâàí èñêëþ÷èòåëüíî 
ó ñîðòîâ, â ðîäîñëîâíîé êîòîðûõ ïðèñóòñòâóåò Red River 68. Â ñâîþ î÷å-
ðåäü îáùèì ðîäèòåëåì ñîðòîâ Red River 68 (ÑØÀ) è Ciano 67 (Ìåêñèêà) 
ÿâëÿåòñÿ ìåêñèêàíñêèé ñîðò Sonora 64 (ãåíîòèï Ppd-D1a Ppd-B1a). Ñêî-
ðåå âñåãî ó ðÿäà ìåêñèêàíñêèõ ÿðîâûõ ñîðòîâ â çîíå ëîêàëèçàöèè ãåíà 
Ppd-D1 èìååòñÿ ìóòàöèÿ â îäíîì èç ó÷àñòêîâ ïðàéìèðîâàíèÿ (AG)9C, 
êîòîðàÿ âûÿâëÿåòñÿ ïðè ïðîâåäåíèè ISSR-ÏÖÐ. Äàííàÿ ìóòàöèÿ íàñëå-
äîâàëàñü ñîâìåñòíî ñ ó÷àñòêîì õðîìîñîìû è äîìèíàíòíûì Ppd-D1a, â 
òîì ÷èñëå ïðè ñîçäàíèè ñîðòà Red River 68 è äàëåå ãðóïïîé óêðàèíñêèõ 
îçèìûõ ñîðòîâ (ðèñ. 2). 

  1      2      3      4      5      6      7      8      9    10    11    12 

Ðèñ. 2. Ýëåêòðîôîðåãðàììà ISSR-ÏÖÐ ÄÍÊ ñîðòîâ îçèìîé ìÿãêîé ïøåíèöû ñ 
èñïîëüçîâàíèåì ïðàéìåðà (AG)9C: 2 — Áåçîñòàÿ 1; 3 — Îáðèé; 4 — Ñêîðîñïåë-
êà 3á; 5 — Ëàäà îäåññêàÿ; 6 — Ëóçàíîâêà îäåññêàÿ; 7 — Ôåäîðîâêà; 8 — Òèðà; 
9 — Çíàõèäêà; 10 — Mercia 2D; Ciano 67; 1, 12 — ìàðêåð ìîë. âåñà pUC-19/Msp1 

Âïîñëåäñòâèè Beales et al. [21] áûëà âûÿâëåíà äåëåöèÿ â ïðîìîòîðå 
äîìèíàíòíîãî ãåíà Ppd-D1 è ðàçðàáîòàíû àëëåëü-ñïåöèôè÷åñêèå ÏÖÐ-
òåñòû äëÿ èäåíòèôèêàöèè Ppd-D1a è Ppd-D1b ãåíîòèïîâ. Ïðè ïðîâåäåíèè 
ÄÍÊ-àíàëèçà îçèìûõ è ÿðîâûõ ñîðòîâ ïðîäóêò àìïëèôèêàöèè 288 ï. í., 
õàðàêòåðíûé äëÿ àëëåëÿ Ppd-D1à, áûë âûÿâëåí ó 122 (70,5±3,5 %), à ó 47 
îáðàçöîâ (27,2±3,4 %) — 414 ï. í., ÷òî ñâèäåòåëüñòâóåò î íàëè÷èè ðåöåñ-
ñèâíîãî àëëåëÿ Ppd-D1b [22]. Â âûáîðêå ÿðîâûõ ñîðòîâ ÷àñòîòû ãåíîòè-
ïîâ Ppd-D1a è Ppd-D1b íå ðàçëè÷àëèñü (îáà ïî 50,0±11,2 %). Ó îçèìûõ 
ñîðòîâ ÷àñòîòà àëëåëÿ Ppd-D1a (77,5±3,7 %) çíà÷èòåëüíî âûøå òàêîâîé 
Ppd-D1b (22,5±3,7 %). Ñëåäîâàòåëüíî, ñëàáàÿ ðåàêöèÿ íà ôîòîïåðèîä 
îáóñëîâëåííàÿ ïðèñóòñòâèåì â ãåíîòèïå ãåíà Ppd-D1à, ÿâëÿåòñÿ îäíèì 
èç íåîáõîäèìûõ óñëîâèé äëÿ ðåàëèçàöèè ïîòåíöèàëà óðîæàéíîñòè îçè-
ìûõ ñîðòîâ, êîòîðûå ÷àùå âñåãî âîçäåëûâàþò â áîëåå þæíûõ ðàéîíàõ 
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ñ îòíîñèòåëüíî ìÿãêîé çèìîé è óêîðî÷åííûì åñòåñòâåííûì äíåì. ßðî-
âóþ ïøåíèöó âîçäåëûâàþò, êàê ïðàâèëî, â ñåâåðíûõ ðàéîíàõ ñ ïðîäîë-
æèòåëüíûì åñòåñòâåííûì ëåòíèì äíåì, è ãåíîòèïû Ppd-D1à â äàííûõ 
óñëîâèÿõ íå îáëàäàþò ïðåèìóùåñòâîì ïî óðîæàþ çåðíà [23]. 

Ïðåâûøåíèå ÷àñòîòû ãåíîòèïà Ppd-D1a ïî ñðàâíåíèþ ñ òàêîâîé ãå-
íîòèïà Ppd-D1b îòìå÷åíî è â âûáîðêàõ îçèìûõ ñîðòîâ ðàçíûõ ðåãèîíîâ 
(òàáë. 1), çà èñêëþ÷åíèåì ñîðòîâ Âîñòîêà Óêðàèíû (Äîíåöê, Ëóãàíñê, 
Õàðüêîâ), ãäå ÷àñòîòû ãåíîòèïîâ Ppd-D1a è Ppd-D1b ðàâíû (50,0±11,8 %). 
Ïðè ýòîì ãåíîòèï Ppd-D1b íà Ñåâåðå (Áåëàÿ Öåðêîâü, Êèåâ, Ìèðîíîâêà) 
è Þãå (Îäåññà) Óêðàèíû èäåíòèôèöèðîâàí òîëüêî ó ñîðòîâ, ðàéîíèðî-
âàííûõ äî 60–70 ãîäîâ ÕÕ ñòîëåòèÿ. Ó ñîðòîâ áîëåå ïîçäíåãî ïåðèîäà 
ñåëåêöèè âûÿâëåí ãåíîòèï Ppd-D1a. Äîñòîâåðíûå ðàçëè÷èÿ ÷àñòîò Ppd-
D1à èëè Ppd-D1b ãåíîòèïîâ ó âûáîðêàõ ñîðòîâ ðàçíûõ ðåãèîíîâ è èõ îò-
ëè÷èå îò òàêîâûõ îáùåãî íàáîðà ñâèäåòåëüñòâóþò î ñåëåêöèîííîé öåí-
íîñòè óêàçàííûõ ãåíîòèïîâ äëÿ îïðåäåë¸ííûõ óñëîâèé âûðàùèâàíèÿ. 

Òàáëèöà 1 

×àñòîòû ãåíîòèïîâ Ppd-D1a è Ppd-D1b â âûáîðêàõ ñîðòîâ ðàçíûõ ðåãèîíîâ

Ðåãèîí
Âñåãî Ppd-D1a Ppd-D1b

n p±S
p
, % n p±S

p
, % n p±S

p
, %

Îáùàÿ âûáîðêà 129 100,0 100 77,5±3,7 29 22,5±3,7
Âîñòîê Óêðàèíû 18 100,0 9 50,0±11,8 9 50,0±11,8
Þã Óêðàèíû 64 100,0 60 93,7±3,1 4 6,3±3,1
Ñåâåð Óêðàèíû 7 100,0 6 85,7±13,2 1 14,3±13,2
Çàïàäíàÿ Ñèáèðü 7 100,0 5 71,4±17,1 2 28,6±17,1
Ñåâåðíûé Êàâêàç 15 100,0 15 100,0±5,6 0 0,0±5,6

Ìàðêèðîâàíèå QTL ïðîäîëæèòåëüíîñòè ïåðèîäà äî êîëîøåíèÿ. 
Ìàðêèðîâàíèå QTL ïðèíöèïèàëüíî íå îòëè÷àåòñÿ îò òàêîâîãî ãåíîâ êà÷å-
ñòâåííûõ ïðèçíàêîâ. Çàäà÷à ñîñòîèò â âûÿâëåíèè ðàçëè÷èé àëëåëüíîãî 
ñîñòîÿíèÿ ìèêðîñàòåëëèòíîãî ëîêóñà, êîòîðîå àññîöèèðóåòñÿ ñ ðàçëè÷èÿ-
ìè ïî ôåíîòèïè÷åñêîìó ïðîÿâëåíèþ ïðèçíàêà ó èññëåäóåìîãî ìàòåðèàëà. 
Äëÿ âûÿâëåíèÿ QTL òåìïîâ êîëîøåíèÿ ïðîâîäèëè SSR-ÏÖÐ ïî 25 ìèêðîñà-
òåëëèòíûì ëîêóñàì áîëåå ðàíî (Nambu Komugi — 9, Çíàõèäêà îäåññêàÿ — 
10, Ñêîðîñïåëêà 3á — 11, Triple Dirk C — 13 ìàÿ) è áîëåå ïîçäíî êîëîñÿùèõ-
ñÿ (Ìèðîíîâñêàÿ 808–20, Óëüÿíîâêà — 21, Ë326–25, Îìñêàÿ îçèìàÿ — 26 
ìàÿ) ñîðòîâ èç ðàáî÷åé êîëëåêöèè îòäåëà ãåíåòèêè ÑÃÈ-ÍÖÑÑ. Ïåðâè÷-
íûé ñêðèíèíã ïîçâîëèë ðàññìàòðèâàòü â êà÷åñòâå ïîòåíöèàëüíûõ ìàð-
êåðîâ QTL òåìïîâ êîëîøåíèÿ ìèêðîñàòåëëèòíûå ëîêóñû Xgwm512–2AS, 
Xgwm429–2B è Xbarc17–1À. Ñîïîñòàâëåíèå äàííûõ ìàðêåðíîãî àíàëèçà 
ÄÍÊ ðàñòåíèé ïîïóëÿöèè F

2
 Îìñêàÿ îçèìàÿ/Nambu Komugi (ðèñ. 3) ñ ïðî-

äîëæèòåëüíîñòüþ ïåðèîäà äî êîëîøåíèÿ ñâèäåòåëüñòâîâàëî, ÷òî àëüòåð-
íàòèâíûå àëëåëè ëîêóñîâ Xgwm512 è Xgwm429 îáóñëîâëèâàëè 10,4 è 8,9 % 
ðàçëè÷èé ïî óêàçàííîìó ïðèçíàêó ñîîòâåòñòâåííî. Àíàëîãè÷íûé àíàëèç ïî 
ëîêóñó Xbarc17 äîñòîâåðíûõ ðàçëè÷èé íå âûÿâèë [24]. 
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Â äàëüíåéøåì äëÿ âûÿâëåíèÿ QTL òåìïîâ êîëîøåíèÿ ïðîâîäèëè 
àíàëèç ÄÍÊ ïî ìèêðîñàòåëëèòíûì ëîêóñàì, êàðòèðîâàííûì íà õðîìî-
ñîìàõ 5-é ãîìåîëîãè÷åñêîé ãðóïïû, ðàçíûõ ïî ñðîêàì êîëîøåíèÿ 53 
ñîðòîâ îçèìîãî òèïà ðàçâèòèÿ. Íàèáîëåå èíòåðåñíûå ðåçóëüòàòû ïîëó-
÷åíû ïðè ïðîâåäåíèè SSR-ÏÖÐ ïî ëîêóñó Xbarñ286–5D. Â èçó÷åííîé âû-
áîðêå ñîðòîâ âûÿâëåíî äâà àëëåëÿ 290 è 272 ï. í. Ó ñîðòîâ, êîëîñèâøèõ-
ñÿ 9–15 ìàÿ, çà åäèíè÷íûì èñêëþ÷åíèåì, äåòåêòèðîâàí àëëåëü 290 ï. í., 
à êîëîñèâøèõñÿ 21–26 ìàÿ — àëëåëü 272 ï. í. Â ãðóïïå ñîðòîâ, êîëîñèâ-
øèõñÿ 16–20 ìàÿ, ñîîòíîøåíèå àëëåëåé 290 è 272 ï. í. ñîñòàâëÿëî 8 ê 10 
ñîîòâåòñòâåííî. Â ñðåäíåì çà òðè ãîäà èçó÷åíèÿ ñîðòà-íîñèòåëè àëëåëÿ 
290 ï. í. ëîêóñà Xbarñ286 êîëîñèëèñü íà 14,3, à àëëåëÿ 272 ï. í. — íà 20,1 
ñóòîê (îòñ÷åò îò äàòû 1 ìàÿ). Äàííîå ñîîòíîøåíèå ïî ïðîäîëæèòåëüíî-
ñòè ïåðèîäà äî êîëîøåíèÿ ìåæäó äâóìÿ ãðóïïàìè ñîðòîâ ñîõðàíÿëîñü 
âñå òðè ãîäà èçó÷åíèÿ. 
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Ðèñ. 3. Ýëåêòðîôîðåãðàììà ïðîäóêòîâ SSR-ÏÖÐ ïî ëîêóñó Xgwm429 ÄÍÊ ðàñ-
òåíèé ïîïóëÿöèè F

2
 êîìáèíàöèè ñêðåùèâàíèÿ Îìñêàÿ îçèìàÿ / Nambu-Komugi: 

1 — Nambu Komugi; 2 — Îìñêàÿ îçèìàÿ; 3 — ìàðêåð ìîë. âåñà pUC-19/Msp1; 
4, 5, 6, 7, 10 — ãåòåðîçèãîòû ïî ìàðêåðíîìó ëîêóñó; 8, 9 — ÄÍÊ ðàíî êîëîñÿ-

ùèõñÿ ðàñòåíèé F
2
; 11, 12 — ÄÍÊ ïîçäíî êîëîñÿùèõñÿ ðàñòåíèé F

2
 

Ìàðêåðíûé àíàëèç ïî ëîêóñó Xbarñ286 ñëåäóåò ïðîâîäèòü â êîì-
ïëåêñå ñ ìàðêèðîâàíèåì ãåíà Ppd-D1, ïîñêîëüêó ñî÷åòàíèå àëëå-
ëåé Ppd-D1b/272 ï. í. ñïîñîáñòâóåò óâåëè÷åíèþ ïåðèîäà äî êîëî-
øåíèÿ (ïîçäíåñïåëîñòè), à Ppd-D1a/290 ï. í. ñîêðàùåíèþ äàííîãî 
ïîêàçàòåëÿ (ñêîðîñïåëîñòè). Ïðèñóòñòâèå â ãåíîòèïå ñîðòà àëëåëåé 
Ppd-D1a/272 ï. í. õàðàêòåðíî ïðåèìóùåñòâåííî äëÿ ñðåäíåñïåëûõ è 
çíà÷èòåëüíî ðåæå ïîçäíî êîëîñÿùèõñÿ ñîðòîâ [25]. 

Ïðåèìóùåñòâåííîå ðàñïðîñòðàíåíèå àëëåëÿ 290 ï. í. ó ñîðòîâ ñ 
ðàííèìè, à àëëåëÿ 272 ï. í. ñ ïîçäíèìè ñðîêàìè êîëîøåíèÿ ïîçâîëÿåò 
ðåêîìåíäîâàòü äàííûé ìèêðîñàòåëëèòíûé ìàðêåð äëÿ ïðîãíîçèðîâà-
íèÿ ïðîäîëæèòåëüíîñòè ïåðèîäà äî êîëîøåíèÿ ó îçèìîãî ñîðòèìåíòà. 
Ó íàèáîëåå ðàíî êîëîñÿùèõñÿ ñîðòîâ ïðèñóòñòâóþò «ðàííèå» àëëåëè 
ëîêóñîâ Xgwm512 è Xgwm429. Â ÷àñòíîñòè, ó ñîðòà Numbu Komugi, êî-
òîðûé ÿâëÿåòñÿ íàèáîëåå ðàííåñïåëûì â èññëåäîâàííîì íàáîðå, äåòåê-
òèðîâàíû âñå òðè «ðàííèõ» àëëåëÿ ìèêðîñàòåëëèòíûõ ëîêóñîâ, êîòîðûå 
ðàññìàòðèâàëèñü â äàííîé ðàáîòå êàê ìàðêåðû QTL òåìïîâ êîëîøåíèÿ. 
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Âûÿâëåíèå ìèêðîñàòåëëèòíûõ ëîêóñîâ, àññîöèèðîâàííûõ ñ 
ìîðîçîñòîéêîñòüþ F

2
 ïîïóëÿöèé. Îöåíèâàëè ìîðîçîñòîéêîñòü F

2
 ïî-

ïóëÿöèé Îáðèé/Ïðîãðåññ, Ýðèòðîñïåðìóì 2917/Îäåññêàÿ 132, Àëüáè-
äóì 114/Îäåññêàÿ 132, Ëóçàíîâêà îäåññêàÿ/Îäåññêàÿ êðàñíîêîëîñàÿ è 
èõ ðîäèòåëüñêèå ôîðìû. Óðîâåíü ìîðîçîñòîéêîñòè ïðîðîñòêîâ F

2 
ïî-

ïóëÿöèè îïðåäåëÿåòñÿ óðîâíåì ìîðîçîñòîéêîñòè ðîäèòåëüñêèõ êîì-
ïîíåíòîâ è ïðîäîëæèòåëüíîñòüþ çàêàëèâàíèÿ [26]. Ìîðîçîñòîéêîñòü 
ïðîðîñòêîâ ïðè –12°Ñ èçó÷åííûõ ðîäèòåëüñêèõ ñîðòîâ ïðè çàêàëèâàíèè 
12 ñóòîê âàðüèðîâàëà îò 22 (Ýðèòðîñïåðìóì 2917) äî 67 % (Ëóçàíîâêà 
îäåññêàÿ), à ïðè 24 ñóòêàõ — îò 13 (Îáðèé) äî 74 % (Ëóçàíîâêà îäåññêàÿ). 
Ïðè ýòîì èç ÷åòûðåõ F

2 
ïîïóëÿöèé òîëüêî ó îäíîé Ëóçàíîâêà îäåññêàÿ/

Îäåññêàÿ êðàñíîêîëîñàÿ âûÿâëåíû äîñòîâåðíûå ðàçëè÷èÿ ìåæäó ðîäè-
òåëüñêèìè ôîðìàìè íåçàâèñèìî îò ïðîäîëæèòåëüíîñòè çàêàëèâàíèÿ 
(38 è 31 % ïðè 12 è 24 ñóòêàõ) è îòñóòñòâèå ðåàêöèè ðîäèòåëüñêèõ ñîðòîâ 
(67 è 74 % ñîîòâåòñòâåííî ó ñîðòà Ëóçàíîâêà îäåññêàÿ; 29 è 43 % ñîîò-
âåòñòâåííî ó ñîðòà Îäåññêàÿ êðàñíîêîëîñàÿ) è ðàñòåíèé F

2 
(44 è 40 % 

ñîîòâåòñòâåííî) íà ïðîäîëæèòåëüíîñòü çàêàëèâàíèÿ. 

Òàáëèöà 2 

Ìîðîçîñòîéêîñòü ãðóïï ðàñòåíèé ïîïóëÿöèè F
2
 

Ëóçàíîâêà îäåññêàÿ/Îäåññêàÿ êðàñíîêîëîñàÿ — íîñèòåëåé àëüòåðíàòèâíûõ 
àëëåëåé ëîêóñîâ Xbarc 117–5A è Xgwm 156–5A ïðè ïðîäîëæèòåëüíîñòè 

çàêàëèâàíèÿ 12 è 24 ñóòîê, 
% æèâûõ ðàñòåíèé

Ëîêóñ
Ãåíî-

òèï, ï. í.
12 ñóòîê 24 ñóòîê

æèâûõ âñåãî  % æèâûõ âñåãî  %

Xbarc 117–5A
224 
230

12 36 33 26 47 55
25 45 56 9 29 31

ÍÑÐ
0,05

22 23

Xgwm 156–5A
311 
290

9 29 31 15 39 38
23 39 59 13 39 33

ÍÑÐ
0,05

23 -

Ïðè èñïîëüçîâàíèè ïðàéìåðîâ ê 15 ÌÑ ëîêóñàì âûÿâëåíî ïîëèìîð-
ôèçì ÄÍÊ ñîðòîâ Ëóçàíîâêà îäåññêàÿ è Îäåññêàÿ êðàñíîêîëîñàÿ ïî 
ïÿòè èç íèõ: Xbarc 117–5A, Xbarc 330–5A, Xgwm 156–5A, Xbarc 319–5A 
è Xgwm 182–5D. Ñîïîñòàâëåíèå äâóõ ãðóïï ðàñòåíèé F

2 
— íîñèòåëåé 

àëüòåðíàòèâíûõ àëëåëåé ïî êàæäîìó èç ïÿòè ïîëèìîðôíûõ ëîêóñîâ ïî-
çâîëèëî âûÿâèòü äîñòîâåðíûå àëëåëüíûå ðàçëè÷èÿ ïî ìîðîçîñòîéêîñòè 
äëÿ äâóõ ëîêóñîâ Xbarc 117–5A è Xgwm 156–5A (òàáë. 2). 

Ïðîäîëæèòåëüíîñòü ïåðâîé ôàçû çàêàëèâàíèÿ 12 ñóòîê ñïîñîáñòâî-
âàëà ôîðìèðîâàíèþ äîñòîâåðíî áîëüøåé ìîðîçîñòîéêîñòè ðàñòåíèé 
F

2
-íîñèòåëåé àëëåëÿ 230 ï. í. ëîêóñà Xbarc 117–5A èëè àëëåëÿ 290 ï. í. 

ëîêóñà Xgwm 156–5A, õàðàêòåðíûõ äëÿ ñîðòà Îäåññêàÿ êðàñíîêîëîñàÿ. 
Óâåëè÷åíèå ïðîäîëæèòåëüíîñòè ïåðâîé ôàçû çàêàëèâàíèÿ ñ 12 äî 24 
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ñóòîê ïðèâîäèëî ê ñìåíå ðàíãîâ ïî ìîðîçîñòîéêîñòè ãåíîòèïîâ-íîñèòå-
ëåé àëüòåðíàòèâíûõ àëëåëåé êàæäîãî èç ëîêóñîâ. Òàê, ìîðîçîñòîéêîñòü 
ðàñòåíèé ñ àëëåëåì 224 ï. í. ëîêóñà Xbarc 117–5A îò ñîðòà Ëóçàíîâêà 
îäåññêàÿ â äàííîì âàðèàíòå áûëà ñóùåñòâåííî âûøå (íà 24 %) ìîðîçî-
ñòîéêîñòè ðàñòåíèé ñ àëëåëåì 230 ï. í. ñîðòà Îäåññêàÿ êðàñíîêîëîñàÿ. 
Ðàçëè÷èÿ äâóõ ãðóïï ðàñòåíèé F

2
 — íîñèòåëåé àëüòåðíàòèâíûõ àëëåëåé 

ëîêóñà Xgwm 156–5A ïðè ïðîäîëæèòåëüíîñòè çàêàëèâàíèÿ 24 ñóòîê îêà-
çàëèñü íåäîñòîâåðíûìè. 

Âûÿâëåíèå ìèêðîñàòåëëèòíûõ ëîêóñîâ, àññîöèèðîâàííûõ ñ 
ìîðîçîñòîéêîñòüþ ðåêîìáèíàíòíî-èíáðåäíûõ ëèíèé. Âñëåäñòâèå 
äîñòèæåíèÿ è ñîõðàíåíèÿ ãîìîçèãîòíîñòè ÐÈË, èñïûòàíèÿ ìîæíî ïðî-
âîäèòü â ðàçíûå ãîäû è ïðè ðàçíûõ óñëîâèÿõ. Èñõîäÿ èç ýòîãî, äëÿ âû-
ÿâëåíèÿ íîâûõ àññîöèèðîâàííûõ ñ ìîðîçîñòîéêîñòüþ ÌÑ-ëîêóñîâ èñ-
ïîëüçîâàëè ÐÈË F

7
 Ëóçàíîâêà îäåññêàÿ/Îäåññêàÿ êðàñíîêîëîñàÿ [27, 

28]. Àíàëèç ïî 40 ìèêðîñàòåëëèòíûì ëîêóñàì, ëîêàëèçîâàííûì íà õðî-
ìîñîìàõ ïÿòîé ãîìåîëîãè÷åñêîé ãðóïïû, ïîçâîëèë âûÿâèòü ïîëèìîð-
ôèçì ïî 11 èç íèõ: Xbarc319–5A, Xbarc330–5A, Xgwm156–5À, Xwmc415–
5B, Xbarc4–5Â, Xbarc88–5Â, Xbarc89–5Â, Xcfd7–5B, Xgpw3191–5B, 
Xgwm182–5D, Xcfd8–5D ìåæäó ñîðòàìè Ëóçàíîâêà îäåññêàÿ è Îäåñ-
ñêàÿ êðàñíîêîëîñàÿ. Ïî óêàçàííûì ïîëèìîðôíûì ëîêóñàì èäåíòèôè-
öèðîâàíà 101 ÐÈË. Ñîîòíîøåíèå ðàñùåïëåíèÿ ïî àëëåëÿì êàæäîãî 
ëîêóñà äîñòîâåðíî ñîîòâåòñòâîâàëî òåîðåòè÷åñêè îæèäàåìîìó (2 ðà-
âåí îò 0,13 äî 4,60, ïðè 2

0,05
=5,99 äëÿ df=2), ÷òî ñâèäåòåëüñòâóåò î äî-

ñòàòî÷íî ïîëíîì ñîõðàíåíèè ãåíåòè÷åñêîãî ðàçíîîáðàçèÿ â ïðîöåññå 
ñîçäàíèÿ ÐÈË. 

Ñîïîñòàâëåíèå äâóõ ãðóïï ëèíèé-íîñèòåëåé àëüòåðíàòèâíûõ àë-
ëåëåé ïî êàæäîìó èç ïîëèìîðôíûõ ëîêóñîâ õðîìîñîì ïÿòîé ãðóïïû 
ïîçâîëèëî âûÿâèòü äîñòîâåðíîå âëèÿíèå àëëåëüíûõ ðàçëè÷èé ëîêó-
ñîâ Xbarc330-5A, Xcfd7-5B, Xwmc415-5B, Xgpw3191-5B, Xgwm182-5D, 
Xcfd8-5D íà ìîðîçîñòîéêîñòü (òàáë. 3).

Àëëåëüíûå ðàçëè÷èÿ ëîêóñà Xbarc330–5A îïðåäåëÿëè 12 % ôåíîòè-
ïè÷åñêîãî ðàçíîîáðàçèÿ ïîïóëÿöèè ÐÈË Ëóçàíîâêà îäåññêàÿ/Îäåññêàÿ 
êðàñíîêîëîñàÿ ïî ìîðîçîñòîéêîñòè ðàñòåíèé â ôàçå êóùåíèÿ òîëüêî â 
ìàðòå. Ìîðîçîñòîéêîñòü ëèíèé ñ àëëåëåì 104 ï. í. îò ìîðîçîñòîéêîé 
ðîäèòåëüñêîé ôîðìû Ëóçàíîâêà îäåññêàÿ áûëà áîëüøåé òàêîâîé ëèíèé 
ñ àëëåëåì 106 ï. í. îò ñîðòà Îäåññêàÿ êðàñíîêîëîñàÿ. 

Ëèíèè ñ ïðèñóòñòâèåì ñîîòâåòñòâóþùåãî àëëåëÿ ëîêóñà Xcfd7–5B, 
Xwmc415–5B è Xgpw3191–5B îò ñîðòà Ëóçàíîâêà îäåññêàÿ õàðàêòåðè-
çîâàëèñü áîëüøåé ìîðîçîñòîéêîñòüþ ïðîðîñòêîâ â îòëè÷èå îò ëèíèé ñ 
ïðèñóòñòâèåì àëëåëåé îò ñîðòà Îäåññêàÿ êðàñíîêîëîñàÿ. Ïðè ýòîì àë-
ëåëüíûå ðàçëè÷èÿ ïî ëîêóñàì Xcfd7–5B è Xgpw3191–5B äîñòîâåðíû âî 
âñåõ òðåõ îïûòàõ ïî ïðîìîðàæèâàíèþ ïðîðîñòêîâ, à ðàçëè÷èÿ ïî ìîðî-
çîñòîéêîñòè ñöåïëåííîãî ñ íèìè ëîêóñà Xwmc415–5B âûÿâëåíû òîëüêî 
â îäíîì èç òðåõ âàðèàíòîâ îïûòà. 
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Òàáëèöà 3

Ìîðîçîñòîéêîñòü ïðîðîñòêîâ (–12 °Ñ) è ðàñêóñòèâøèõñÿ ðàñòåíèé (–16 °Ñ) 
ãðóïï ÐÈË F

7
 Ëóçàíîâêà îäåññêàÿ/Îäåññêàÿ êðàñíîêîëîñàÿ, ðàçëè÷àþùèõñÿ 

ïî àëëåëÿì ìèêðîñàòåëëèòíûõ ëîêóñîâ, % æèâûõ ðàñòåíèé

Ëîêóñ Àëëåëü

Ïðîðîñòêè Êóùåíèå

1 2 3

ô
åâ

ðà
ëü

 
20

11

ì
àð

ò 
20

11

ÿí
âà

ðü
 

20
12

Xbarc330–5A
104 ï. í. Ë* 72 80 86 70 72 79
106 ï. í. Î* 76 83 88 69 60 78

ÍÑÐ
0,05

– – – – 12 –

Xcfd7–5B
194 ï. í. Ë 78 86 90 66 60 76
204 ï. í. Î 67 74 81 73 73 82

ÍÑÐ
0,05

9 9 8 – 11 –

Xwmc415–5B
174 ï. í. Ë 77 87 88 63 63 77
172 ï. í. Î 70 76 84 75 69 80

ÍÑÐ
0,05

– 9 – 10 – –

Xgpw3191–5B
178 ï. í. Ë 79 89 91 64 62 78
236 ï. í. Î 67 72 81 75 70 79

ÍÑÐ
0,05

8 9 7 10 – –

Xgwm182–5D
165 ï. í. Ë 79 86 92 69 69 77
162 ï. í. Î 68 76 82 68 62 80

ÍÑÐ
0,05

9 9 7 – – –

Xcfd8–5D
160 ï. í. Ë 77 86 89 71 67 77
162 ï. í. Î 70 76 84 66 65 80

ÍÑÐ
0,05

– 10 – – – –

Ïðèìå÷àíèå. 104 ï. í. Ë* — àëëåëü ðàçìåðîì 104 ï. í. îò ñîðòà Ëóçàíîâêà îäåñ-
ñêàÿ; 106 ï. í. Î* — àëëåëü ðàçìåðîì 106 ï. í. îò ñîðòà Îäåññêàÿ êðàñíîêîëîñàÿ è 
òàê äàëåå. 

Â òî æå âðåìÿ ïðè ïðîìîðàæèâàíèè ðàñêóñòèâøèõñÿ ðàñòåíèé ïðè 
–16 °Ñ áîëüøåé ìîðîçîñòîéêîñòüþ ïî âñåì òðåì ñöåïëåííûì ëîêóñàì 
õðîìîñîìû 5Â õàðàêòåðèçîâàëèñü ëèíèè-íîñèòåëè àëëåëåé ñîðòà Îäåñ-
ñêàÿ êðàñíîêîëîñàÿ. Âìåñòå ñ òåì äîñòîâåðíîå âëèÿíèå àëëåëüíûõ ðàç-
ëè÷èé íà ìîðîçîñòîéêîñòü â ôàçå êóùåíèÿ ÐÈË â ôåâðàëå 2011 ãîäà 
îòìå÷åíî ïî ëîêóñàì Xwmc415–5B è Xgpw3191–5B, à ïî ëîêóñó Xcfd7–
5B — â ìàðòå 2011 ãîäà. Ñìåíà ðàíãîâ ãåíîòèïîâ-íîñèòåëåé àëüòåðíà-
òèâíûõ àëëåëåé îäíîãî ëîêóñà ïðè ïðîìîðàæèâàíèè ïðîðîñòêîâ è ðàñ-
òåíèé â ôàçå êóùåíèÿ áûëà îòìå÷åíà ðàíåå [29] è, âèäèìî, îáúÿñíèìà 
èçìåíåíèÿìè óñëîâèé çàêàëèâàíèÿ ðàñòåíèé. 

Àëëåëüíûå ðàçëè÷èÿ ïî ëîêóñó Xgwm182–5D îáóñëîâëèâàëè 10–
11 % ðàçëè÷èé ïî ìîðîçîñòîéêîñòè ïðîðîñòêîâ äâóõ ãðóïï ÐÈË Ëóçà-
íîâêà îäåññêàÿ/Îäåññêàÿ êðàñíîêîëîñàÿ — íîñèòåëåé àëüòåðíàòèâíûõ 
àëëåëåé äàííîãî ëîêóñà. Ïðèñóòñòâèå àëëåëÿ 165 ï. í. îò ñîðòà Ëóçàíîâ-
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êà îäåññêàÿ ñïîñîáñòâîâàëî äîñòîâåðíîìó óâåëè÷åíèþ ìîðîçîñòîéêî-
ñòè ïðîðîñòêîâ è, â îòëè÷èå îò ëîêóñîâ õðîìîñîìû 5Â, ðàññìîòðåííûõ 
âûøå, íå ñóùåñòâåííîìó, íî óâåëè÷åíèþ ìîðîçîñòîéêîñòè ðàñòåíèé â 
ôàçå êóùåíèÿ. Ïî ëîêóñó Xcfd8–5D íàáëþäàëè ïîäîáíóþ òåíäåíöèþ, íî 
ðàçëè÷èÿ áûëè äîñòîâåðíûìè òîëüêî â îäíîì èç îïûòîâ ïî ïðîìîðàæè-
âàíèþ ïðîðîñòêîâ. 

×àñòîòû àëëåëåé ëîêóñîâ Xcfd7–5B è Xgwm182–5D. Ðàçíûé óðî-
âåíü ìîðîçîñòîéêîñòè ëèíèé F

7
 Ëóçàíîâêà îäåññêàÿ/Îäåññêàÿ êðàñíî-

êîëîñàÿ ñâèäåòåëüñòâîâàë î íåîäèíàêîâîé ñåëåêöèîííîé öåííîñòè êîí-
êðåòíûõ àëëåëåé ìèêðîñàòåëëèòíûõ ëîêóñîâ Xcfd7–5B, Xwmc415–5B, 
Xgpw3191–5B è Xgwm182–5D ïî ìîðîçîñòîéêîñòè. Âìåñòå ñ òåì ñåëåê-
öèîííàÿ öåííîñòü êîíêðåòíûõ àëëåëåé äëÿ îïðåäåëåííûõ óñëîâèé ìî-
æåò áûòü ïîëó÷åíà íà îñíîâå ñîïîñòàâëåíèÿ ÷àñòîòû âñòðå÷àåìîñòè â 
âûáîðêàõ ñîðòîâ ðàçíîãî ãåîãðàôè÷åñêîãî ïðîèñõîæäåíèÿ. 

Ïðè ìèêðîñàòåëëèòíîì àíàëèçå ó ñîðòîâ èçó÷åííîé âûáîðêè (163 
îáðàçöà) ïî ëîêóñó Xcfd7–5B âûÿâëåíî äâà àëëåëÿ: àëëåëü ðàçìåðîì 
194 ï. í. è null-àëëåëü (îòñóòñòâèå ïðîäóêòà àìïëèôèêàöèè) [30]. Ïî 
ìèêðîñàòåëëèòíîìó ëîêóñó Xgwm182–5D (âûáîðêà 180 ñîðòîâ) èäåí-
òèôèöèðîâàíî 5 àëëåëåé ðàçìåðîì 162, 165, 167, 169 è 174 ï. í. [31]. 
Áîëüøèíñòâî ñîðòîâ 85,9 è 87,1 % ïî ëîêóñó Xcfd7–5B è Xgwm182–5D, 
ñîîòâåòñòâåííî, áûëè ëèíåéíûìè ñ ïðèñóòñòâèåì îäíîãî èç âûøåóêà-
çàííûõ àëëåëåé êàæäîãî èç ëîêóñîâ. Âìåñòå ñ òåì 14,1 % ñîðòîâ ïî ëîêó-
ñó Xcfd7–5B è 12,9 % ïî ëîêóñó Xgwm182–5D îêàçàëèñü íåîäíîðîäíûìè. 
Êàæäûé èç íèõ ñîñòîÿë èç äâóõ ãåíîòèïîâ ñ ðàçíûì èõ ñîîòíîøåíèåì. 

×àñòîòà àëëåëÿ ðàçìåðîì 194 ï. í. ëîêóñà Xcfd7–5B â îáùåé âûáîðêå 
ñîðòîâ ñîñòàâëÿëà 29,3 %, ÷òî ïî÷òè â 2,5 ðàçà ìåíüøå òàêîâîé null-àëåëÿ 
(70,7 %). Àíàëîãè÷íîå ñîîòíîøåíèå ÷àñòîò äâóõ óêàçàííûõ àëëåëåé ñî-
õðàíÿëîñü è â âûáîðêàõ ñîðòîâ ðàçíûõ ðåãèîíîâ Óêðàèíû è Ðîññèè. Âìå-
ñòå ñ òåì îòíîñèòåëüíûå ðàçëè÷èÿ ÷àñòîò â ðàçíûõ ðåãèîíàõ íåñêîëü-
êî èçìåíÿëèñü îò 35,6±12,73 % â âûáîðêå ñîðòîâ Ñåâåðà Óêðàèíû äî 
66,2±14,71 — Ñåâåðíîãî Êàâêàçà. Ïðåèìóùåñòâåííîå ðàñïðîñòðàíåíèå 
null-àëëåëÿ ëîêóñà Xcfd7–5B â âûáîðêå ñîðòîâ ïøåíèöû îçèìîé Óêðàè-
íû è Ðîññèè ìîæåò ñâèäåòåëüñòâîâàòü î åãî ñåëåêöèîííîé è/èëè àäàï-
òèâíîé öåííîñòè äëÿ óñëîâèé óêàçàííûõ ñòðàí. Â òî æå âðåìÿ ó ñîðòîâ 
Þãà Óêðàèíû (â îñíîâíîì ÑÃÈ-ÍÖÑÑ), ðàéîíèðîâàííûõ èëè âíåñåííûõ 
â Ãîñóäàðñòâåííûé ðååñòð äî 1996 ãîäà, ðàçëè÷èÿ ÷àñòîò àëëåëåé ëîêóñà 
Xcfd7–5B îêàçàëèñü íåñóùåñòâåííûìè (49,8±7,6 è 50,2±7,6 %, ñîîòâåò-
ñòâåííî 194 ï. í. è null-àëëåëÿ). Â âûáîðêå ñîðòîâ, ðàéîíèðîâàííûõ èëè 
âíåñåííûõ â Ðååñòð ïîñëå 1996 ãîäà è äî íàñòîÿùåãî âðåìåíè, ÷àñòîòà 
null-àëëåëÿ ëîêóñà Xcfd7–5B óâåëè÷èëàñü íà 37,8 % â ñðàâíåíèè ñ òàêî-
âîé ïðåäûäóùåãî ïåðèîäà ñåëåêöèè, à àëëåëÿ 194 ï. í. ñîîòâåòñòâåííî 
óìåíüøèëàñü äî 12 % (ðàçëè÷èÿ äîñòîâåðíû, P<0,01). Ñëåäîâàòåëüíî, 
ñåëåêöèîííûé ïðîöåññ íà Þãå Óêðàèíû â ïîñëåäíèå äåñÿòèëåòèÿ íà-
ïðàâëåí íà îòáîð ãåíîòèïîâ ñ ïðèñóòñòâèåì null-àëëåëÿ ëîêóñà Xcfd7–5B. 
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Ïî ëîêóñó Xgwm 182–5D â îáùåé âûáîðêå ñîðòîâ è âûáîðêàõ ñîð-
òîâ îòäåëüíûõ ðåãèîíîâ ñ áîëüøåé ÷àñòîòîé îò 83 äî 53,6 % âñòðå-
÷àëñÿ àëëåëü 165 ï. í. (ðèñ. 4), ÷òî äîñòîâåðíî âûøå ÷àñòîò âñåõ äðó-
ãèõ àëëåëåé íà 38–83 %, çà èñêëþ÷åíèåì âûáîðêè ñîðòîâ Ïîâîëæüÿ 
è Çàïàäíîé Ñèáèðè. Â ïîñëåäíåì ñëó÷àå ÷àñòîòà àëëåëÿ 165 ï. í. 
(54 %) äîñòîâåðíî íå îòëè÷àëàñü îò òàêîâîé àëëåëÿ 169 ï. í. (39 %). 
Âìåñòå ñ òåì ÷àñòîòà àëëåëÿ 165 ï. í. íà ñåâåðå Óêðàèíû äîñòîâåð-
íî ïðåâûøàëà íà 25 % àíàëîãè÷íûé ïîêàçàòåëü íà Þãå Óêðàèíû (Ð < 
0,01). Ðàçëè÷èÿ ÷àñòîò àëëåëÿ 165 ï. í. â âûáîðêàõ ñîðòîâ óêàçàííûõ 
äâóõ ðåãèîíîâ ñ òàêîâîé âûáîðêè Ïîâîëæüÿ è Çàïàäíîé Ñèáèðè, Ñå-
âåðíîãî Êàâêàçà è äâóõ ïîñëåäíèõ ìåæäó ñîáîé áûëè íåñóùåñòâåííû-
ìè. Àëëåëü 165 ï. í. âûÿâëåí ïðàêòè÷åñêè ó âñåõ ñîðòîâ Þãà Óêðàèíû 
(ÑÃÈ–ÍÖÑÑ) I–V ñîðòîñìåí (1912–1975). Ó ñîðòîâ VI–VII ñîðòîñìåí 
(1976–2012) èäåíòèôèöèðîâàíû íîâûå àëëåëè ëîêóñà Xgwm182–5D ñ 
ìîëåêóëÿðíîé ìàññîé 162, 167 è 174 ï. í., ÷òî îáóñëîâëåíî ïðèâëå÷å-
íèåì â ñåëåêöèîííûé ïðîöåññ ñîðòîâ ÑØÀ, Ìåêñèêè, Åâðîïû. ×àñòî-
òà àëëåëÿ 174 ï. í. íà Þãå Óêðàèíû ñîñòàâëÿëà 18 %, ñ òåíäåíöèåé ê 
ñíèæåíèþ íà Ñåâåðå Óêðàèíû è Ñåâåðíîì Êàâêàçå. Àëëåëü 162 ï. í. ñ 
÷àñòîòîé 20 % âûÿâëåí èñêëþ÷èòåëüíî ó ñîðòîâ Þãà Óêðàèíû, ÷òî ìî-
æåò ñâèäåòåëüñòâîâàòü î ñåëåêöèîííîé öåííîñòè óêàçàííîãî àëëåëÿ 
äëÿ óñëîâèé äàííîãî ðåãèîíà ñ òî÷êè çðåíèÿ ïîëó÷åíèÿ ïîòåíöèàëüíî-
ãî óðîæàÿ. Â òî æå âðåìÿ àëëåëü 162 ï. í. èëè òåñíî ñöåïëåííûé ñ íèì 
ãåí, âèäèìî, íåãàòèâíî âëèÿåò íà óðîâåíü ìîðîçîñòîéêîñòè ðàñòåíèé 
ïøåíèöû. Ñëàáîìîðîçîñòîéêèå ñîðòà Îáðèé, Îäåññêàÿ êðàñíîêîëî-
ñàÿ, Îëüâèÿ è äðóãèå óíàñëåäîâàëè àëëåëü 162 ï. í. îò ÿðîâîãî ñîðòà 
Red River 68 (ÑØÀ). 

 

Ðèñ. 4. ×àñòîòû àëëåëåé ëîêóñà Xgwm182–5D â âûáîðêàõ ñîðòîâ ðàçíûõ 
ðåãèîíîâ 
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Â îòëè÷èå îò àëëåëÿ 162 ï. í., àëëåëü 167 ï. í. äåòåêòèðîâàí ó ñîð-
òîâ ðàçíûõ ðåãèîíîâ. Îäíàêî åãî ÷àñòîòà îêàçàëàñü íèçêîé (îêîëî 5 % â 
îáùåé âûáîðêå). Àëëåëü 169 ï. í. èäåíòèôèöèðîâàí ëèøü ó ëèíåéíûõ è 
íåîäíîðîäíûõ ñîðòîâ Çàïàäíîé Ñèáèðè è Ïîâîëæüÿ. Â äàííîé âûáîðêå 
íå âûÿâëåíî íè îäíîãî ñîðòà — íîñèòåëÿ àëëåëåé 162 èëè 174 ï. í. 

Âûâîäû. Èñïîëüçîâàíèå íåñêîëüêèõ ìåòîäîâ, îñíîâàííûõ íà ïðèí-
öèïàõ ÏÖÐ, ïîçâîëèëî âûÿâèòü íîâûå ÄÍÊ-ìàðêåðû ê ëîêóñó Vrn-D1à è 
ìèêðîñàòåëëèòíûå ëîêóñû Xbarc 117–5A, Xgwm 156–5A, Xwmc415–5B, 
Xgpw3191–5B, Xcfd7–5B, Xgwm182–5D, àññîöèèðîâàííûå ñ ìîðîçîñòîé-
êîñòüþ ïðîðîñòêîâ, Xwmc415–5B è Xgpw3191–5B — ñ ìîðîçîñòîéêîñòüþ 
ðàñêóñòèâøèõñÿ ðàñòåíèé â ñåðåäèíå çèìû, Xbarc330–5A è Xcfd7–5B — 
ñ ìîðîçîñòîéêîñòüþ ðàñêóñòèâøèõñÿ ðàñòåíèé â êîíöå çèìû è ëîêóñû 
Xgwm512, Xgwm429 — ñ ïðîäîëæèòåëüíîñòüþ ïåðèîäà äî êîëîøåíèÿ. 

Èäåíòèôèöèðîâàíû ãåíîòèïû îêîëî 200 ñîðòîâ ïøåíèöû ìÿãêîé 
îçèìîé ðàçíîãî ãåîãðàôè÷åñêîãî ïðîèñõîæäåíèÿ è ïåðèîäîâ ñîçäàíèÿ 
ïî àëëåëÿì ëîêóñîâ Ppd-D1, Xcfd7–5B è Xgwm182–5D. Ïîêàçàíû äî-
ñòîâåðíûå ðàçëè÷èÿ ÷àñòîò êîíêðåòíûõ àëëåëåé. Ïðåèìóùåñòâåííîå 
ðàñïðîñòðàíåíèå â èçó÷åííîé âûáîðêå ñîðòîâ ñ ïðèñóòñòâèåì àëëåëÿ 
Ppd-D1a, 165 ï. í. ëîêóñà Xgwm182–5D è null-àëëåëÿ ëîêóñà Xcfd7–5B 
îáóñëîâëåíî ñåëåêöèîííîé öåííîñòüþ òàêèõ ãåíîòèïîâ äëÿ óñëîâèé Þãà 
Óêðàèíû. Âûÿâëåííûå ìàðêåðíûå ëîêóñû ðåêîìåíäóåòñÿ èñïîëüçîâàòü 
âìåñòå ñ äðóãèìè ìåòîäàìè ïðè îòáîðå èç ãèáðèäíûõ ïîïóëÿöèé áîëåå 
ìîðîçîñòîéêèõ è ñêîðîñïåëûõ ãåíîòèïîâ íà ðàííèõ ýòàïàõ ñåëåêöèè. 
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UDC 575.16:577.2:58.036.5:633.11 

Fayt V. I., Balashova I. A., Galaeva M. V. Plant Breeding and Genetics 
Institute — National Center of Seed and Cultivar Investigations 

MARKING OF GENES FOR QUALITATIVE AND QUANTITATIVE TRAITS 
OF ADAPTABILITY FOR BREAD WHEAT (Triticum aestivum L.) 

The main genes Vrn-1, Ppd-1 and QTL for heading time and frost resis-
tance are being discussed. New DNA markers for gene Vrn-D1a and micro-
satellite loci associated with plant frost resistance and pre-heading period are 
revealed. Genotypes of 200 bread wheat varieties of different ecological and 
geographical origin are identified, and significant differences in the frequency 
of alleles for loci Ppd-D1, Xgwm182–5D and Xcfd7–5B are shown and indi-
cate the adaptive and breeding value of specific alleles of mentioned loci for 
certain conditions. 

ÓÄÊ 575.16:577.2:58.036.5:633.11 

Ôàéò Â. ²., Áàëàøîâà ². À., Ãàëàºâà Ì. Â. 

ÌÀÐÊÓÂÀÍÍß ÃÅÍ²Â ßÊ²ÑÍÈÕ ÒÀ Ê²ËÜÊ²ÑÍÈÕ ÎÇÍÀÊ 
ÀÄÀÏÒÈÂÍÎÑÒ² ÏØÅÍÈÖ² Ì’ßÊÎ¯ (Triticum aestivum L.) 

Îáãîâîðþºòüñÿ ìàðêóâàííÿ ãîëîâíèõ ãåí³â Vrn-1, Ppd-1 ³ QTL òåìï³â 
êîëîñ³ííÿ òà ìîðîçîñò³éêîñò³. Âèÿâëåíî íîâ³ ÄÍÊ-ìàðêåðè äî ãåíà Vrn-
D1à ³ ì³êðîñàòåë³òí³ ëîêóñè, àñîö³éîâàí³ ç ìîðîçîñò³éê³ñòþ ðîñëèí àáî 
òðèâàë³ñòþ ïåð³îäó äî êîëîñ³ííÿ. ²äåíòèô³êîâàíî ãåíîòèïè áëèçüêî 200 
ñîðò³â ïøåíèö³ ì’ÿêî¿ îçèìî¿ ð³çíîãî åêîëîãî-ãåîãðàô³÷íîãî ïîõîäæåííÿ 
³ ïîêàçàí³ äîñòîâ³ðí³ â³äì³ííîñò³ ÷àñòîò àëåë³â ëîêóñ³â Ppd-D1, Xgwm182–
5D ³ Xcfd7–5B, ùî ñâ³ä÷èòü ïðî ñåëåêö³éíó àáî àäàïòèâíó ö³íí³ñòü êîí-
êðåòíèõ àëåë³â âêàçàíèõ ëîêóñ³â äëÿ ïåâíèõ óìîâ. 
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ÏËÐ-ÀÍÀË²Ç ÏÎË²ÌÎÐÔ²ÇÌÓ ËÎÊÓÑ²Â, ÙÎ ÂÏËÈÂÀÞÒÜ 
ÍÀ ßÊ²ÑÒÜ ÇÅÐÍÀ ÏØÅÍÈÖ² Ì’ßÊÎ¯ (Triticum aestivum L.) 

Ó Ï³âäåííîìó á³îòåõíîëîã³÷íîìó öåíòð³ â ðîñëèííèöòâ³ ÍÀÀÍ (ÏÁÖ) 
ó ïåð³îä 2002–2012 ðð. äîñë³äæóâàëè ìîëåêóëÿðíî-ãåíåòè÷íèé 
ïîë³ìîðô³çì ó ëîêóñàõ Gli-A1, Gli-B1, Gli-D1 ³ Glu-À3, çà ãåíàìè ïó-
ðî³íäîë³í³â Pina-D1 òà Pinb-D1, ùî êîíòðîëþþòü îçíàêó «òâåðäî-
çåðí³ñòü», à òàêîæ çà ãåíàìè Wx, ÿê³ çóìîâëþþòü âì³ñò àì³ëîçè â 
êðîõìàë³ åíäîñïåðìó çåðíà ïøåíèö³ ì’ÿêî¿, ³ç çàñòîñóâàííÿì ÏËÐ-
àíàë³çó. Ç³ñòàâëåíî ðåçóëüòàòè âèçíà÷åíîãî ãåíåòè÷íîãî ïîë³ìîð-
ô³çìó ìåòîäîì ÏËÐ ç àëåëü-ñïåöèô³÷íèìè ïðàéìåðàìè äî ëîêóñ³â 
-ãë³àäèí³â, ç äàíèìè, îòðèìàíèìè åëåêòðîôîðåçîì çàïàñíèõ á³ë-
ê³â çåðíà ïøåíèö³. Ð³âåíü âèçíà÷åíîãî ÏËÐ ïîë³ìîðô³çìó áóâ íèæ-
÷èé â³ä âèÿâëåíîãî åëåêòðîôîðåçîì çàïàñíèõ á³ëê³â. ÏËÐ-àíàë³çîì 
ãåí³â Pina-D1 òà Pinb-D1 ó á³ëüøîñò³ äîñë³äæåíèõ óêðà¿íñüêèõ ñîðò³â 
ïøåíèö³ áóëè äåòåêòîâàí³ àëåë³, õàðàêòåðí³ äëÿ òâåðäîçåðíèõ ñîð-
ò³â, ëèøå òðè ñîðòè ìàëè àëåë³, ùî âëàñòèâ³ ì’ÿêîçåðíèì ïøåíè-
öÿì. Ñåðåä äîñë³äæåíèõ óêðà¿íñüêèõ ïøåíèöü-íîñ³¿â íóëü-àëåë³â çà 
Wx-ãåíàìè íå âèÿâëåíî. 

Êëþ÷îâ³ ñëîâà: ïøåíèöÿ ì’ÿêà, ÏËÐ-àíàë³ç, ëîêóñè Gli-A1, Gli-B1, 
Gli-D1 ³ Glu-À3, ãåíè Pina-D1 òà Pinb-D1, Wx-ãåíè. 

Âñòóï. Ó çâ’ÿçêó ç ðîçðîáêîþ ó â³äîìèõ íàóêîâèõ öåíòðàõ ñâ³òó íîâèõ 
ìåòîä³â äîñë³äæåííÿ ãåíåòè÷íîãî ïîë³ìîðô³çìó, çîêðåìà çà äîïîìîãîþ 
ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ), ÿêà äîçâîëÿº âèÿâëÿòè çì³íè â íó-
êëåîòèäí³é ïîñë³äîâíîñò³ ãåí³â, ùî âèêëèêàí³ ìóòàö³ÿìè, àáî â³äñòåæóâà-
òè ç÷åïëåíå óñïàäêîâóâàííÿ àëåë³â ãåíåòè÷íèõ ëîêóñ³â, ùî êîñåãðåãóþòü 
ç ãåíàìè, ÿê³ âèçíà÷àþòü ïðîÿâ ãîñïîäàðñüêî ö³ííèõ îçíàê ñ³ëüñüêîãîñïî-
äàðñüêèõ êóëüòóð, ó Ï³âäåííîìó á³îòåõíîëîã³÷íîìó öåíòð³ â ðîñëèííèöòâ³ 
ÍÀÀÍ (ÏÁÖ) íà ïî÷àòêó 2000-õ ðîê³â Þ. Ì. Ñèâîëàïîì òà Ñ. Â. ×åáîòàð 
áóëè ³í³ö³éîâàí³ äîñë³äæåííÿ ëîêóñ³â ãåíîìó ïøåíèö³ ì’ÿêî¿, ùî âïëèâà-
þòü íà ÿê³ñòü çåðíà. Çîêðåìà: 1) ñï³ëüíî ç àñï³ðàíòêîþ À. Ì. Ïîë³ùóê ïðî-
âåäåíî ìîëåêóëÿðíî-ãåíåòè÷íèé àíàë³ç ñîðò³â òà ìàéæå³çîãåííèõ ë³í³é 
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ïøåíèö³ ì’ÿêî¿ çà äîïîìîãîþ ÏËÐ ç àëåëü-ñïåöèô³÷íèìè ïðàéìåðàìè äî 
Gli- òà Glu-ëîêóñ³â, à ó äîñë³äæåííÿõ ç ôàõ³âöÿìè â³ää³ëó ãåíåòè÷íèõ îñíîâ 
ñåëåêö³¿ ÑÃ² í. ñ. Î. Ì. Áëàãîäàðîâîþ ³ çàâ³äóâà÷êîþ ëàáîðàòîð³¿ åêîëî-
ã³÷íî¿ ãåíåòèêè ³ á³îòåõíîëîã³¿ ê. á. í. Í. Î. Êîçóá òà ñ. í. ñ. ². Î. Ñîç³íîâèì 
ç ²íñòèòóòó çàõèñòó ðîñëèí ÍÀÀÍ ç³ñòàâëåíî âèçíà÷åí³ àëåë³ Gli- òà Glu-
ëîêóñ³â çà ÏËÐ ç àëåëüíèìè âàð³àíòàìè áëîê³â ãë³àäèí³â, ùî ñïîñòåð³ãà-
þòüñÿ çà åëåêòðîôîðåçîì ó ÏÀÀÃ [1, 2]; 2) ³äåíòèô³êîâàíî àëåëüíèé ñòàí 
ãåí³â ïóðî³íäîë³í³â â³ò÷èçíÿíèõ ñîðò³â ïøåíèö³ ì’ÿêî¿ òà ñï³ëüíî ³ç òîä³ø-
í³ì çàâ³äóâà÷åì ëàáîðàòîð³¿ íàóêîâèõ äîñë³äæåíü ³íòåëåêòóàëüíî¿ âëàñ-
íîñò³, ìàðêåòèíãó ³ííîâàö³é òà ñîðòîâèâ÷åííÿ ê. ñ.-ã. í. Î. Ì. Õîõëîâèì 
ïðîâåäåíî ç³ñòàâëåííÿ ç ô³çè÷íèìè ïîêàçíèêàìè òâåðäîçåðíîñò³, âèçíà-
÷åíèìè çà ìåòîäîì NIR [3, 4]; 3) ç àñï³ðàíòêîþ ². Â. Ïåòðîâîþ çä³éñíåíî 
ÏËÐ-äåòåêö³þ àëåë³â Wx-ãåí³â ó ñîðòàõ òà ïðîâåäåíî äîá³ð ñåëåêö³éíèõ 
ë³í³é ïøåíèö³, ùî ìàþòü íóëü-àëåë³ çà Wx-ãåíàìè, ñï³ëüíî ç çàâ³äóâà÷åì 
â³ää³ëó ãåíåòè÷íèõ îñíîâ ñåëåêö³¿ ÑÃ² ä. á. í. Î. ². Ðèáàëêîþ; îö³íåíî åôåê-
òè âïëèâó ôóíêö³îíàëüíèõ àëåë³â çà Wx-ãåíàìè íà âì³ñò àì³ëîçè â êðîõìà-
ë³ çåðíà ãåíîòèï³â ïøåíèö³, ùî ðîçð³çíÿþòüñÿ çà àëåëÿìè âêàçàíèõ ãåí³â ó 
ñï³ëüíèõ äîñë³äæåííÿõ ç ê. ñ.-ã. í. Î. Ì. Õîõëîâèì [5, 6]. 

Õë³áîïåêàðñüê³ âëàñòèâîñò³ ñîðò³â ïøåíèö³ âèçíà÷àþòüñÿ ô³çè÷íèìè 
âëàñòèâîñòÿìè êëåéêîâèííîãî êîìïëåêñó çåðíà, ÿêèé ñêëàäàþòü á³ëêè: 
ìîíîìåðí³ ãë³àäèíè òà âèñîêîïîë³ìåðí³ ãëþòåí³íè. Ãåíåòè÷íèé êîí òðîëü 
á³ëê³â êëåéêîâèíè ïøåíèö³ çä³éñíþºòüñÿ ìóëüòèàëåëüíèìè Glu-/Gli-
ëîêóñàìè, ëîêàë³çîâàíèìè â õðîìîñîìàõ ãîìåîëîã³÷íèõ ãðóï 1 òà 6, àëåë³ 
êîæíîãî ç ÿêèõ âíîñÿòü ïåâíèé ïîçèòèâíèé ÷è íåãàòèâíèé âêëàä â îçíà-
êè òåõíîëîã³÷íî¿ òà õë³áîïåêàðñüêî¿ ÿêîñò³ áîðîøíà [7–10]. Ñë³ä çâåðíóòè 
óâàãó, ùî çíà÷åííÿ ãëþòåí³í³â ó ôîðìóâàíí³ õë³áîïåêàðñüêèõ âëàñòèâîñ-
òåé ïøåíèö³ îö³íþºòüñÿ íàóêîâöÿìè (Paine et al. [11], Î. Ì. Áëàãîäàðîâà 
òà ³í. [9]) ÿê âèçíà÷àëüíå. Àëå ïîë³ìîðô³çì êóëüòóðíèõ ñîðò³â çà ëîêóñàìè 
HMW (âèñîêîìîëåêóëÿðíèõ) ãëþòåí³í³â äîñèòü íèçüêèé. Çà äàíèìè [9], 
ñîðòè Óêðà¿íè ìàþòü ïî òðè àëåë³ ëîêóñ³â Glu-A1 ³ Glu-B1, ³, îêð³ì 1–2 %, 
íå â³äð³çíÿþòüñÿ çà ëîêóñîì Glu-D1. Ó ÏÁÖ áóëî ðîçïî÷àòî äîñë³äæåííÿ 
ç âèçíà÷åííÿ àëåë³â ãåí³â çàïàñíèõ á³ëê³â çà ìîëåêóëÿðíèìè ìàðêåðàìè. 
Còàâèëîñü çàâäàííÿ: âèâ÷èòè, ÷è ìîæå ÏËÐ-àíàë³ç ãåí³â çàïàñíèõ á³ëê³â 
íà ð³âí³ íóêëåîòèäíèõ ïîñë³äîâíîñòåé äàòè íîâó ³íôîðìàö³þ ïðî ð³çí³ 
àëåëüí³ ñòàíè îêðåìèõ ãåí³â ç êëàñòåð³â ãåí³â çàïàñíèõ á³ëê³â. Ïðîâîäè-
ëîñÿ ïîð³âíÿííÿ ³ ç³ñòàâëÿííÿ ñèñòåì êëàñèô³êàö³¿ àëåëüíèõ ñòàí³â ãåí³â 
ãë³àäèí³â òà ãëþòåí³í³â çà äàíèìè ÄÍÊ-ìàðêåð³â òà çà äàíèìè åëåêòðî-
ôîðåçó á³ëê³â [2]. 

Òâåðäîçåðí³ñòü/ì’ÿêîçåðí³ñòü — òàêîæ îäíà ç íàéâàæëèâ³øèõ õà-
ðàêòåðèñòèê çåðíà ïøåíèö³, ÿêà ìàº ñòîñóíîê äî ïîìåëó çåðíà, çàì³ñó 
ò³ñòà òà âèãîòîâëåííÿ õë³áîáóëî÷íèõ âèðîá³â. Áîðîøíî òâåðäîçåðíèõ 
ïøåíèöü Triticum aestivum L. âèêîðèñòîâóþòü â õë³áîïåêàðñüê³é ïðîìèñ-
ëîâîñò³. Ì’ÿêîçåðíà ïøåíèöÿ T. aestivum L. á³ëüø ï³äõîäèòü äëÿ âèãîòîâ-
ëåííÿ ïå÷èâà òà á³ñêâ³ò³â ó êîíäèòåðñüê³é ãàëóç³ [12]. 
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Îçíàêà òâåðäîçåðí³ñòü/ì’ÿêîçåðí³ñòü êîíòðîëþºòüñÿ ãåíàìè, ùî 
ëîêàë³çîâàí³ ó Ha (Hardness) ëîêóñ³ íà êîðîòêîìó ïëå÷³ õðîìîñîìè 
5D. Ö³ ãåíè êîäóþòü òðè ïîë³ïåïòèäè, ç ÿêèõ ñêëàäàºòüñÿ á³ëîê ôð³àá³-
ë³í: ïóðî³íäîë³íè à (Pina-D1) ³ b (Pinb-D1) òà Grain Softnes Protein (GSP1) 
[13,14]. 

Ãðàäàö³ÿ îçíàêè «òâåðäîçåðí³ñòü» çåðíà ïøåíèö³ çíà÷íîþ ì³ðîþ 
çóìîâëåíà ð³çíîìàí³òíèìè ñïîëó÷åííÿìè àëåë³â ïóðî³íäîë³íîâèõ ãåí³â 
Pina-D1 òà Pinb-D1. Äèêèé òèï ì’ÿêèõ ïøåíèöü ìàº ì’ÿêó òåêñòóðó åí-
äîñïåðìó, öå ïîâ’ÿçàíî ç àëåëÿìè Pinà-D1a òà Pinb-D1a. Ó òâåðäîçåðíèõ 
ïøåíèöü T. aestivum L. ïåðøèé àáî äðóãèé ïóðî³íäîë³íîâèé ãåí àáî îáè-
äâà ìàþòü ìóòàö³¿, äîñèòü ïîâíà õàðàêòåðèñòèêà ÿêèõ íàâåäåíà ó ðîáî-
òàõ [4, 15]. 

Êîëèâàííÿ âì³ñòó àì³ëîçè ç òåíäåíöiºþ äî çíèæåííÿ (âiä 20 äî 0 %) 
òàêîæ ñóòòºâî âïëèâàº íà òåõíîëîã³÷í³ ÿêîñò³ êðîõìàëþ òà áîðîøíà ïøå-
íèö³. Êëþ÷îâèì ôåðìåíòîì ñèíòåçó àì³ëîçè ó êðîõìàëüíèõ ãðàíóëàõ º 
ôåðìåíò GBSS1 (granule-bound starch synthase), ÿêèé ùå íàçèâàþòü Wx-
ïðîòå¿íîì (ìîëåêóëÿðíà ìàñà 60 êÄà). Wx-ïðîòå¿íè êîäóþòüñÿ ãåíàìè, 
ùî áóëè ³äåíòèô³êîâàí³ ó ïøåíèö³ [16] ÿê Wx-À1 (7AS), Wx-Â1 (4AL), Wx-
D1 (7DS). ßê ïîâ³äîìëåíî ². Â. Ïåòðîâîþ ³ç ñï³âàâòîðàìè [5], çàçíà÷åí³ 
ãåíè ìàþòü ôóíêö³îíàëüí³ ³ íåôóíêö³îíàëüí³ (íóëü) àëåë³. Äëÿ ëîêóñó Wx-
À1 ôóíêö³îíàëüíèìè º àëåë³ Wx-A1a, Wx-A1c, íåôóíêö³îíàëüíèì íóëü-
àëåëü — Wx-A1b. Ëîêóñ Wx-Â1 ó Triticum aestivum L. ìàº Wx-B1a, Wx-B1c, 
Wx-B1e, Wx-B1f ôóíêö³îíàëüí³ àëåë³ òà íåôóíêö³îíàëüíèé àëåëü Wx-B1b. 
Ëîêóñ Wx-D1 â³äð³çíÿºòüñÿ àëåëüíèì ñêëàäîì â³ä ïîïåðåäí³õ íàÿâí³ñòþ 
äâîõ íóëü-àëåë³â — Wx-D1b, Wx-D1e òà ôóíêö³îíàëüíèõ Wx-D1a, Wx-D1c, 
Wx-D1d, Wx-D1f. Âñ³ òðè íóëü-àëåë³ íå ð³âíîö³íí³ çà âïëèâîì íà âì³ñò àì³-
ëîçè â êðîõìàë³. Íàéñóòòºâ³øå çíèæåííÿ âì³ñòó àì³ëîçè, ó ïîð³âíÿíí³ ç 
ä³ºþ íåôóíêö³îíàëüíèõ àëåë³â ãåí³â Wx-À1 òà Wx-D1, ñïðè÷èíþº íóëü-
àëåëü ãåíà Wx-Â1. 

Ìåòîþ íàøî¿ ðîáîòè áóëî ç’ÿñóâàííÿ ãåíåòè÷íîãî ïîë³ìîðô³çìó çà 
ëîêóñàìè Gli-A1, Gli-B1, Gli-D1 òà Glu-À3, Pina-D1, Pinb-D1 òà Wx-À1, Wx-
Â1, Wx-D1 ó â³ò÷èçíÿíèõ ñîðò³â ì’ÿêî¿ ïøåíèö³; ç³ñòàâëÿííÿ ðåçóëüòàò³â 
âèçíà÷åííÿ àëåë³â çà ëîêóñàìè Gli-A1, Gli-B1, Gli-D1 òà Glu-À3, ³äåíòèô³-
êîâàíèõ çà äîïîìîãîþ ÏËÐ òà åëåêòðîôîðåçó ãë³àäèí³â ó ÏÀÀÃ. 

Ó íàø³é ðîáîò³ [2] ï³äêðåñëåíî, ùî âàæëèâ³ñòü ÏËÐ ³äåíòèô³êàö³¿ àëå-
ë³â çàïàñíèõ á³ëê³â ïîâ’ÿçàíà: ïî-ïåðøå, ç³ ñêëàäí³ñòþ á³ëêîâèõ ñïåêòð³â, 
êîëè åëåêòðîôîðåãðàìè ì³ñòÿòü îäíî÷àñíî ïðîäóêòè åêñïðåñ³¿ äåê³ëüêîõ 
ëîêóñ³â (7 äëÿ ãë³àäèí³â, ïî 3 äëÿ LMW ³ HMW ãëþòåí³í³â), ùî ðîáèòü ïå-
ðåõ³ä äî ¿õíüî¿ ³äåíòèô³êàö³¿ â àâòîìàòè÷íîìó ðåæèì³ íåìîæëèâèì; ïî-
äðóãå, ò³ëüêè òàê áóäå ìîæëèâî ³äåíòèô³êóâàòè àëåë³, ùî ðîçð³çíÿþòüñÿ 
çà ê³ëüê³ñòþ êîï³é ãåí³â; ³, ïî-òðåòº, ìîæëèâî ïîë³ïåïòèäè ç îäíàêîâîþ 
ðóõëèâ³ñòþ ïðè ¿õíüîìó ïîä³ë³ çà ìàñîþ (SDS-åëåêòðîôîðåç) ³ çà ïîêàç-
íèêîì ìàñà + çàðÿä (êèñëèé åëåêòðîôîðåç) áóäóòü âñå æ â³äð³çíÿòèñÿ 
ïîñë³äîâí³ñòþ íóêëåîòèä³â êîäóþ÷èõ ¿õ ãåí³â. 
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Ìàòåð³àëè òà ìåòîäè. Ó ðîáîò³ ç âèâ÷åííÿ ãåíåòè÷íîãî ïîë³ìîð-
ô³çìó ãåí³â çàïàñíèõ á³ëê³â âèêîðèñòàíî ñîðòè ì’ÿêî¿ ïøåíèö³: Ëóçàí³â-
êà îäåñüêà, Çóñòð³÷ îäåñüêà, Ñòðóìîê, Îäåñüêà 267, Çíàõ³äêà îäåñüêà, 
Ëþáàâà îäåñüêà, Ôàíòàç³ÿ îäåñüêà, Ïðèìà îäåñüêà, Ëàäà îäåñüêà, Çà-
ñòàâà îäåñüêà, Â³êòîð³ÿ, Àëüáàòðîñ îäåñüêèé; ø³ñòü ìàéæå³çîãåííèõ ë³í³é 
ì’ÿêî¿ ïøåíèö³, ùî áóëè çàïðîïîíîâàí³ òà íàäàí³ äëÿ äîñë³äæåííÿ ê. á. í. 
Í. Î. Êîçóá ³ ñ. í. ñ. ². Î. Ñîç³íîâèì, çîêðåìà ë³í³¿ GLI-D1–5, GLI-B1–3, 
GLI-B1–4, GLI-A1–1, GLI-D1–4, GLI-B1–12, ùî â³äð³çíÿþòüñÿ çà ïåâíèìè 
àëåëÿìè ãë³àäèíîâèõ ëîêóñ³â. Çàçíà÷åí³ ë³í³¿ ñòâîðåíî ä. á. í. Ì. Ì. Êî-
ïóñåì [17] íà îñíîâ³ ñîðòó Áåçîñòà 1 â ðåçóëüòàò³ øåñòè áåêðîñ³â òà äî-
áîðó çà ãë³àäèíîâèìè ìàðêåðàìè. Äîíîðàìè àëåëüíèõ âàð³àíò³â ëîêóñ³â 
çàïàñíèõ á³ëê³â ïðè ñõðåùóâàíí³ ç ñîðòîì Áåçîñòà 1 (ãåíåòè÷íà ôîðìóëà 
Gli-A1b Glu-B1b Glu-D1b) º ñîðòè Êðèìêà ì³ñöåâà (àëåë³ Gli-D1j, Gli-A1m), 
Ëåâåíò (Gli-B1o), Zg2689/74 (Gli-B1g), Òð³óìô (Gli-B1g), Àâðîðà (Gli-B1l). 
Òàêîæ âèêîðèñòàíî âèõ³äíèé ñîðò Áåçîñòà 1 ³ ñîðò Îäåñüêà ÷åðâîíîêîëî-
ñà òà ë³í³þ Á-16, ÿêà íåñå òðàíñëîêàö³þ 1RS.1BL. 

Çåðí³âêè äîñë³äæóâàíèõ ñîðò³â áóëî ïîä³ëåíî íà äâ³ ÷àñòèíè. Òà, ùî ç çà-
ðîäêîì, âèêîðèñòîâóâàëàñü äëÿ ïðîðîùóâàííÿ ³ âèä³ëåííÿ ÄÍÊ, à äðóãà — 
äëÿ åëåêòðîôîðåçó çàïàñíèõ á³ëê³â. ÄÍÊ âèä³ëÿëè â³äïîâ³äíî ìåòîäè÷íèì 
ðåêîìåíäàö³ÿì [18]. Àìïë³ô³êàö³þ ïðîâîäèëè çà äîïîìîãîþ àëåëü-ñïåöè-
ô³÷íèõ ïðàéìåð³â äî àëåë³â GliA-1.1, GliA-1.2, GliB-1.1, GliB-1.2, GliD-1.1, 
GliD-1.2, çã³äíî Zhang et al. [19] òà àëåëü-ñïåöèô³÷íèõ ïðàéìåð³â Glu-A3a, 
Glu-A3e, Glu-A3ac, Glu-A3d, Glu-A3f ³ Glu-A3g [20]. Ïðîäóêòè àìïë³ô³êàö³¿ 
ðîçä³ëÿëè â 8 % íåäåíàòóðóþ÷îìó ÏÀÀÃ. Äëÿ â³çóàë³çàö³¿ ïðîäóêò³â àìïë³-
ô³êàö³¿ âèêîðèñòîâóâàëè çàáàðâëåííÿ çà äîïîìîãîþ AgNO

3 
[21]. 

Åëåêòðîôîðåç çàïàñíèõ á³ëê³â âèêîíóâàâñÿ íàóêîâèì ñï³âðîá³òíèêîì 
â³ää³ëó ãåíåòè÷íèõ îñíîâ ñåëåêö³¿ ÑÃ² Î. Ì. Áëàãîäàðîâîþ çà ìåòîäè-
êîþ Ô. Î. Ïîïåðåë³ [7]. Äëÿ àíàë³çó áðàëè ïî òðè çåðíà êîæíîãî ñîðòó. 
Àëåë³ ãë³àäèí³â ïîçíà÷åíî çà êàòàëîãîì Å. Â. Ìåòàêîâñüêîãî [22]. 

Äëÿ âèçíà÷åííÿ àëåë³â ãåí³â Pina-D1 òà Pinb-D1 âèêîðèñòîâóâàëè: 
ñïðÿìîâàíó ÏËÐ ç ïðàéìåðàìè äî ãåíà Pina-D1 [23], ÿê³ äîçâîëÿþòü òåñ-
òóâàòè Pina-D1a àëåëü, òà ç ïàðàìè ïðàéìåð³â àëåëü-ñïåöèô³÷íèìè äî 
Pinb-D1a òà äî Pinb-D1b àëåë³â [24]. ÏËÐ âèêîíóâàëè ó 20 ìêë ðåàêö³éíî¿ 
ñóì³ø³, ÿêà ì³ñòèëà 1õ Hotstar áóôåð, 1õ Hotstar Q ðîç÷èí, 100 íã ÄÍÊ, 
4 íìîëü dNTP, ïî 10 ïìîëü ïðÿìîãî òà çâîðîòíîãî ïðàéìåð³â, 1 U Hotstar 
Taq ïîë³ìåðàçè (Qiagen, Hilden, Í³ìå÷÷èíà). Âèêîðèñòîâóâàëè òàê³ óìîâè 
àìïë³ô³êàö³¿: ïåðâèííà äåíàòóðàö³ÿ — 95 °Ñ 5 õâ, ïîò³ì 35 öèêë³â: 94 °Ñ — 
0,5 õâ; 60 °Ñ — 0,5 õâ; 72 °Ñ — 0,75 õâ; çàêëþ÷íà åëîíãàö³ÿ –72 °Ñ — 7 õâ. 
Ïðîäóêòè ÏËÐ ðîçä³ëÿëè ó 2 % àãàðîçíîìó ãåë³, â³çóàë³çóâàëè ³ç çàáàðâ-
ëåííÿì áðîìèñòèì åòèä³ºì çà ñòàíäàðòíîþ ïðîöåäóðîþ. 

Â³äíîñí³ ïîêàçíèêè òâåðäîçåðíîñò³ ó çåðí³ ñîðò³â ïøåíèö³ áóëè âè-
çíà÷åí³ ìåòîäîì NIR (³íôðà÷åðâîíèé êîåô³ö³ºíò â³äáèòòÿ) íà ïðèëàä³ 
Infrapid 61 (êîìï’þòåðèçîâàíà âåðñ³ÿ; Labor MIM, Óãîðùèíà), à òàêîæ íà 
ïðèëàä³ Ñïåêòðàí-119Ì (ËÎÌÎ Ôîòîí³êà, Ðîñ³ÿ) ÿê îïèñàíî [4]. 
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Àíàë³çóâàëè 46 ñîðò³â òà ë³í³¿ Wx-15, Wx-12 çà äîïîìîãîþ àëåëü-ñïå-
öèô³÷íèõ ïðàéìåð³â äî Wx-À1à [5, 6, 25], ïðàéìåð³â Wx98F1 ³ Wx98R1 äî 
Wx-B1 òà ïðàéìåð³â WxD1b1F ³ WxD1b1R äî ëîêóñó Wx-D1 [26]. 

Ïðîâîäèëè ìàðêåðíèé äîá³ð ñåëåêö³éíèõ ë³í³é ç ïîïóëÿö³¿ F
5
 â³ä 

ñõðåùóâàííÿ ñîðòó Êóÿëüíèê (íîñ³é à-àëåë³â çà òðüîìà ëîêóñàìè Wx-À1, 
Wx-Â1, Wx-D1) òà ë³í³¿ Wx-12 (íîñ³é b-àëåë³â çà òðüîìà ëîêóñàìè Wx-À1, 
Wx-Â1, Wx-D1) (ïîïóëÿö³ÿ ñòâîðåíà çàâ³äóâà÷åì â³ää³ëó ãåíåòè÷íèõ îñíîâ 
ñåëåêö³¿ ÑÃ² ä. á. í. Î. ². Ðèáàëêîþ) òà çä³éñíþâàëè ñïåêòðîôîòîìåòðè÷íå 
âèçíà÷åííÿ âì³ñòó àì³ëîçè â êðîõìàë³ çåðíà â³ä³áðàíèõ ë³í³é çà äîïîìî-
ãîþ ñïåêòðîôîòîìåòðó Cary win UV «Varian» (Àâñòð³ÿ) çà ìåòîäèêîþ, ùî 
íàâåäåíà [28]. 

Ðåçóëüòàòè òà îáãîâîðåííÿ. Çà ðåçóëüòàòàìè ÏËÐ-àíàë³çó ç àëåëü-
ñïåöèô³÷íèìè ïðàéìåðàìè, ùî ðîçðîáëåí³ Zhang et al. [19], ÿê áóëî 
ïîêàçàíî â íàø³é ðîáîò³ [2], äîñë³äæåí³ ñîðòè ðîçä³ëèëèñÿ íà 4 ãðóïè 
(òàáë. 1). Ïåðøà ãðóïà — ñîðòè ç àëåëÿìè Gli-A1.1, Gli-B1.1, Gli-D1.2: 
Ëóçàí³âêà îäåñüêà, Çóñòð³÷ îäåñüêà, Çíàõ³äêà îäåñüêà, Ëþáàâà îäåñüêà, 
Ôàíòàç³ÿ îäåñüêà, Àëüáàòðîñ îäåñüêèé. Äðóãà ãðóïà — ñîðòè ç Gli-A1.1, 
Gli-B1.1, Gli-D1.1: Îäåñüêà 267, Â³êòîð³ÿ. Òðåòÿ ãðóïà — ñîðòè ç Gli-A1.1, 
Gli-B1.2, Gli-D1.1: Ïðèìà îäåñüêà ³ Çàñòàâà îäåñüêà. ×åòâåðòà ãðóïà — 
ñîðòè ç Gli-A1.2, Gli-B1.1, Gli-D1.2: Ñòðóìîê ³ Ëàäà îäåñüêà. Çà ëîêóñîì 
Glu-À3 ñîðò Çóñòð³÷ îäåñüêà ìàâ àëåëü Glu-À3f, Çàñòàâà îäåñüêà — Glu-
À3a, Ñòðóìîê ³ Ëàäà îäåñüêà — Glu-À3d, à ³íø³ ñîðòè ìàëè àëåëü Glu-À3ñ. 

Çà äàíèìè åëåêòðîôîðåçó çàïàñíèõ á³ëê³â, ïîë³ìîðô³çì ãë³àäèí³â ó 
äîñë³äæóâàíèõ ñîðò³â áóâ íàáàãàòî á³ëüøèì. Òàê, çà ëîêóñîì Gli-A1 âè-
ÿâëåíî 4 àëåëüí³ âàð³àíòè áëîê³â ãë³àäèí³â, ¿ì â³äïîâ³äàëî ò³ëüêè 2 àëåëÿ 
çã³äíî ÏËÐ-àíàë³çó. Ãåíîòèïè ç áëîêàìè ãë³àäèí³â Gli-À1f, Gli-À1b ³ Gli-
À1c ìàëè ºäèíèé àëåëü Gli A1.1, çà äàíèìè ÏËÐ. ßê çàóâàæåíî Î. Ì. Áëà-
ãîäàðîâîþ òà íàâåäåíî ó [2], ùî, çã³äíî êàòàëîãó àëåëüíèõ âàð³àíò³â 
áëîê³â ãë³àäèí³â Ô. Î. Ïîïåðåë³ [27], Gli-À1b ³ Gli-À1c ïðåäñòàâëåí³ áëî-
êàìè êîìïîíåíò³â á³ëê³â, áëèçüêèõ çà ðóõëèâ³ñòþ ïðè åëåêòðîôîðåç³ â 
ÏÀÀÃ, à àëåëüí³ âàð³àíòè Gli-À1f ³ Gli-À1o — äóæå â³äð³çíÿþòüñÿ áëîêàìè 
êîìïîíåíò³â á³ëê³â îäèí â³ä îäíîãî ³ â³ä Gli-À1b ³ Gli-À1c. Ó äîñë³äæåí³é 
ãðóï³ ñîðò³â çà äîïîìîãîþ ÏËÐ-àíàë³çó ìîæíà áóëî äèôåðåíö³þâàòè ãå-
íîòèïè ç àëåëüíèì âàð³àíòîì áëîê³â ãë³àäèí³â Gli-À1o — àëåëü Gli A1.2 çà 
äàíèìè ÏËÐ. 

Ïðè àíàë³ç³ åëåêòðîôîðåãðàì ãë³àäèí³â çà ëîêóñîì Gli-B1 ó äîñë³äæó-
âàíèõ ñîðò³â âèÿâëåí³ 3 àëåëüí³ âàð³àíòè áëîê³â çàïàñíèõ á³ëê³â — Gli-B1b, 
Gli-B1d, Gli-B1e, çã³äíî ÏËÐ-àíàë³çó, ïåðøèì äâîì áëîêàì â³äïîâ³äàº 
àëåëü Gli-B1.1, à òðåòüîìó — Gli-B1.2. Îñê³ëüêè àëåëüíèé âàð³àíò ãë³àäè-
íó Gli-B1e çíà÷íî âïëèâàº íà ÿê³ñòü áîðîøíà, ìîæëèâ³ñòü éîãî ³äåíòè-
ô³êàö³¿ çà äîïîìîãîþ ÏËÐ-àíàë³çó ìàº áóòè ï³äòâåðäæåíà íà á³ëüøîìó 
íàáîð³ ñîðò³â. 
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Çà ëîêóñîì Gli-D1 íå âäàëîñÿ âèÿâèòè â³äïîâ³äíîñò³ ì³æ àëåëüíèìè 
âàð³àíòàìè áëîê³â ãë³àäèí³â íà åëåêòðîôîðåç³ á³ëê³â ³ çà ïðîäóêòàìè ÏËÐ-
ðåàêö³¿. 

Òàáëèöÿ 1 

Àëåëüíèé ñòàí ëîêóñ³â Gli-A1, Gli-B1, Gli-D1 òà Glu-A3 ó ãåíîòèïàõ ñîðò³â 
òà ìàéæå ³çîãåííèõ ë³í³é ïøåíèö³ çà äàíèìè àëåëü-ñïåöèô³÷íî¿ ÏËÐ òà àëåëüí³ 

âàð³àíòè áëîê³â ãë³àäèí³â 

Ñîðò
Àëåë³ çà äàíèìè 

ÏËÐ-àíàë³çó
Àëåëüí³ âàð³àíòè 
áëîê³â ãë³àäèí³â 

Àëåë³ 
ëîêóñó 

Gli-A1 Gli-B1 Gli-D1 Gli-A1 Gli-B1 Gli-D1 Glu-A3
Ëóçàí³âêà îä. 1 1 2 b d g c
Çóñòð³÷ îä. 1 1 2 f b x f
Çíàõ³äêà îä. 1 1 2 b b j c
Ëþáàâà îä. 1 1 2 b b, d b, j c
Ôàíòàç³ÿ îä. 1 1 2 b b j c
Àëüáàòðîñ îä. 1 1 2 b b j c
Îäåñüêà 267 1 1 1 b b g c
Â³êòîð³ÿ 1 1 1 b b j c
Ïðèìà îä. 1 2 1 c e f c
Çàñòàâà îä. 1 2 1 b e j a
Ñòðóìîê 2 1 2 o d b d
Ëàäà îä. 2 1 2 o b j d

Ìàéæå³çîãåíí³ ë³í³¿ ïøåíèö³, âèõ³äíèé ñîðò òà îêðåì³ äîíîðè àëåë³â
GLI-D1–5 1 1 1 b b g c
GLI-B1–3 1 -- 2 b l b c
GLI-B1–4 1 2 2 b g b c
GLI-A1–1 2 1 2 m b b e
GLI-D1–4 1 1 2 b b j c

GLI-B1–12 1
Íîâèé 
àëåëü

2 b o b c

Áåçîñòà 1 1 1 2 b b b c
Á-16 1 -- 2 x l j c
Îäåñüêà 
÷åðâîíîêîëîñà

1 2 2 g c f c

Çà ðåçóëüòàòàìè ÏËÐ-àíàë³çó ëîêóñó Glu-À3 âèçíà÷åí³ àëåë³ à ³ ñ, 
ïðèñóòí³ â ãåíîòèïàõ, äëÿ ÿêèõ äåòåêòîâàíèé àëåëü Gli-À1.1. Glu-À3à ³ 
Glu-À3ñ àëåë³ âèÿâëåí³ ó ñîðò³â ç àëåëüíèìè âàð³àíòàìè áëîê³â ãë³àäèí³â 
Gli-À1b ³ Gli-À1c. Àëåëü Glu-À3d ÷³òêî â³äïîâ³äàº àëåëüíîìó âàð³àíòó ãë³-
àäèíà Gli-À1o ³ ÏËÐ-àëåëþ Gli-A1.2. Àëåëü Glu-À3f ïðåäñòàâëåíèé ò³ëüêè 
ó ãåíîòèï³ ñîðòó Çóñòð³÷ îäåñüêà (äëÿ öüîãî ñîðòó õàðàêòåðíèé àëåëüíèé 
âàð³àíò áëîêó ãë³àäèí³â (Gli-À1f). Àëå öåé ñîðò íå â³äð³çíÿºòüñÿ â³ä óñ³õ ³í-
øèõ ñîðò³â, êð³ì Ñòðóìêà ³ Ëàäè îäåñüêî¿, çà ÏËÐ-àíàë³çîì ëîêóñó Gli-À1. 

Ïðè äîñë³äæåíí³ ìåòîäàìè ÏËÐ òà åëåêòðîôîðåçó çàïàñíèõ á³ëê³â 
àëåëüíîãî ñêëàäó ëîêóñ³â, ùî êîäóþòü çàïàñí³ á³ëêè ó ìàéæå ³çîãåííèõ 
ë³í³é, à òàêîæ ó ë³í³¿ Á16 ³ ñîðòó Îäåñüêà ÷åðâîíîêîëîñà, íàìè âèÿâëåíî 
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ó ë³í³¿ GLI-B1–12 íîâèé àëåëü, ÿêîìó â³äïîâ³äàº ïðîäóêò àìïë³ô³êàö³¿ ðîç-
ì³ðîì 399 ï. í., ùå íå îïèñàíèé â ë³òåðàòóð³ [1, 2]. Ïðè ÏËÐ-àíàë³ç³ ó ë³í³é 
ç æèòíüîþ òðàíñëîêàö³ºþ ïðîäóêò³â àìïë³ô³êàö³¿ íå âèÿâëåíî, òîìó ùî 
ïðàéìåðè, âèêîðèñòàí³ ó ðîáîò³, ðîçðîáëåí³ äî íóêëåîòèäíèõ ïîñë³äîâ-
íîñòåé Gli-1 ëîêóñ³â, ÿê³ íå ì³ñòÿòüñÿ ó æèòí³õ òðàíñëîêàö³ÿõ; îòðèìàí³ çà 
ÏËÐ äàí³ óçãîäæóþòüñÿ ç äàíèìè åëåêòðîôîðåçó çàïàñíèõ á³ëê³â. 

Ó ðåçóëüòàò³ ìîëåêóëÿðíî-ãåíåòè÷íîãî àíàë³çó çà äîïîìîãîþ ïðàé-
ìåð³â äî ëîêóñó Glu-À3 ìàéæå ó âñ³õ ë³í³ÿõ âèÿâëåíî àëåëü Glu-À3ñ. Ò³ëüêè 
ë³í³ÿ GLI-A1–1 ìàëà Glu-À3å. Îòðèìàí³ ðåçóëüòàòè óçãîäæóþòüñÿ ç äàíè-
ìè ïðî íàÿâí³ñòü ÏËÐ-àëåëÿ Gli-A1.2 ó ö³º¿ ë³í³¿. Çà äàíèìè Zhang et al. 
[20], íàÿâí³ñòü öüîãî àëåëÿ çá³ãàºòüñÿ ç ïðèñóòí³ñòþ àëåë³â Glu-À3d ³ Glu-
À3å äëÿ ëîêóñó Glu-À3. Ñë³ä çâåðíóòè óâàãó íà íàÿâí³ñòü ó ö³º¿ ë³í³¿ áëîêó 
êîìïîíåíò³â ãë³àäèí³â Gli-À²m çà äàíèìè åëåêòðîôîðåçó çàïàñíèõ á³ëê³â. 

Îòæå, ó âèêîíàíèõ ó ÏÁÖ ñï³ëüíèõ äîñë³äæåííÿõ áóëà ïîêàçàíà ìîæ-
ëèâ³ñòü äèôåðåíö³þâàòè ÏËÐ-ìåòîäîì ãåíîòèïè ì’ÿêî¿ ïøåíèö³ ç àëåëü-
íèìè âàð³àíòàìè áëîê³â ãë³àäèí³â Gli-À1m ³ Gli-À1o, ÿê³ ìàþòü çà ÏËÐ 
àëåëü Gli-À1.2, â³ä ãåíîòèï³â ç âàð³àíòàìè áëîê³â ãë³àäèí³â Gli-À1f, Gli-
À1b, Gli- À1c, Gli-À1x, Gli-À1g; à òàêîæ ãåíîòèïè ç âàð³àíòàìè áëîê³â ãë³à-
äèí³â Gli-B1e, Gli-B1g ³ Gli-B1c, ÿê³, çà äàíèìè ÏËÐ, ìàþòü Gli-B1.2 àëåëü, 
â³ä ãåíîòèï³â ç àëåëüíèìè âàð³àíòàìè áëîê³â ãë³àäèí³â Gli-B1b ³ Gli-B1d ³ ç 
àëåëåì Gli-B1.1. çà ÏËÐ. 

Çà äîïîìîãîþ ìîëåêóëÿðíèõ ìàðêåð³â äî ãåí³â ïóðî³íäîë³í³â a ³ b, ùî 
êîíòðîëþþòü ÿê³ñíó îçíàêó çåðíà ì’ÿêî¿ ïøåíèö³ — òâåðäîçåðí³ñòü, âè-
çíà÷åíî àëåë³ ãåí³â Pina-D1 òà Pinb-D1 ó ãåíîòèïàõ óêðà¿íñüêèõ ñîðò³â, 
ñòâîðåíèõ ñåëåêö³éíèìè óñòàíîâàìè ð³çíèõ êë³ìàòè÷íèõ çîí (òàáë. 2). 
Äîñë³äæåíî òàêîæ òðè ðîñ³éñüê³ ñîðòè, ùî áóëè ñâîãî ÷àñó øèðîêî ðîç-
ïîâñþäæåí³ â Óêðà¿í³. Çà ðåçóëüòàòàìè àíàë³çó äâà ñîðòè — Ìèðîí³âñüêà 
33 ³ Ìèðëåáåí òà ë³í³ÿ Á16ðð õàðàêòåðèçóâàëèñÿ àëåëÿìè Pina-D1a òà 
Pinb-D1a, ÿê³ ðîçïîâñþäæåí³ ó ñâ³ò³ ñåðåä ì’ÿêîçåðíèõ ñîðò³â. Öå çíàõî-
äèòüñÿ ó ïîâí³é â³äïîâ³äíîñò³ ç ¿õí³ì ôåíîòèïîì, âèçíà÷åíèì ìåòîäîì 
NIR [4, 15]. 93 % ñîðò³â íàëåæèòü äî íàéá³ëüø ðîçïîâñþäæåíîãî ó ñâ³ò³ 
òâåðäîçåðíîãî òèïó ñîðò³â òà ìàº àëåë³ Pina-D1a; Pinb-D1b. 

Çã³äíî äàíèõ àíàë³çó îçíàêè òâåðäîçåðí³ñòü, âèçíà÷åíî¿ äëÿ 85 ñîð-
ò³â ïøåíèö³ ì’ÿêî¿ ìåòîäîì NIR (ðèñ.1), ÷³òêî âèð³çíÿþòüñÿ äâ³ ãðóïè 
ñîðò³â; óìîâíî âèä³ëåíà ãðóïà çíà÷åíü äî 45 îäèíèöü â³äïîâ³äàº ãðóï³ 
ì’ÿêîçåðíèõ ñîðò³â, ãðóïà çíà÷åíü â³ä 50 îäèíèöü ³ âèùå — ãðóï³ òâåð-
äîçåðíèõ ñîðò³â. Ïîêàçíèê 2 ñâ³ä÷èòü ïðî òå, ùî ðîçïîä³ë çà îçíàêîþ 
òâåðäîçåðí³ñòü â³äð³çíÿºòüñÿ â³ä íîðìàëüíîãî (÷åðåç î÷åâèäíó á³ìî-
äàëüí³ñòü). 

ßê ìè âæå çàçíà÷àëè [4], íåâåëèêà ð³çíèöÿ ó òâåðäîçåðíîñò³ äëÿ ñîð-
ò³â ç îäíàêîâèì àëåëüíèì ñòàíîì ãåí³â ïóðî³íäîë³í³â à ³ b ìîæå ïîÿñíþ-
âàòèñÿ ð³çíèìè óìîâàìè âèðîùóâàííÿ, çíà÷íà æ ð³çíèöÿ ìîæå çóìîâ-
ëþâàòèñÿ âïëèâîì ³íøèõ ãåí³â, ó òîìó ÷èñë³ òàêèõ, ÿê³ äîñ³ îñòàòî÷íî íå 
âèçíà÷åí³. 
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Òàáëèöÿ 2 

Ïàðàìåòðè òâåðäîçåðíîñò³ òà àëåëüíèé ñòàí ãåí³â ïóðî³íäîë³í³â, 
âèçíà÷åíèé ó äîñë³äæåíèõ ñîðò³â çã³äíî [4]

Òåêñòóðà åíäîñïåðìó 
çåðíà çà êëàñèô³êàö³ºþ 

Williams (1998)

Òâåðäî-
çåðí³ñòü

Àëåë³ 
ãåí³â ïóðî³í-

äîë³í³â
Ñîðòè / ë³í³¿

Very soft 20–30 Ðina-D1a 
Ðinb-D1b

Ôàðàíäîëü

Soft 33,6–38,6 Ðina-D1a 
Ðinb-D1a

Ìèðîí³âñüêà 33, Á16pp

Medium hard 50–65 
Ðina-D1a 
Ðinb-D1b 

Äàëüíèöüêà, Çíàõ³äêà îäåñü-
êà, Âîëîäàðêà, Ïîðàäà, 
Âäàëà, Çàñòàâà, Ñâ³òàíîê, 
Âèìïåë, Ôåäîð³âêà, Ñòðóìîê, 
Áàòüêî, Ñèðåíà, Ôàíòàç³ÿ, 
Âàñèëèíà, Äèêàíüêà, Í³êîí³ÿ, 
Ñåëÿíêà, Â³êòîð³ÿ îäåñüêà, 
Ëåëÿ, Âåñíÿíêà

Hard 65–78 
Ðina-D1a 
Ðinb-D1b 

Á16 gg, Îäåñüêà 51, Ëàäà, 
Ëèá³äü, Á³ëîñí³æêà, Êðàñóíÿ, 
Îäåñüêà 132, Ò³ðà, Õåðñîíñüêà 
îñòèñòà, Àïîãåé ëóãàíñüêèé, 
Îäåñüêà 133, Äîíåöüêà 46, 
Ïèñàíêà, Ëþáàâà, Îäåñü-
êà 265, Ðåíàí, Çåìëÿ÷êà 
îäåñüêà, Îäåñüêà 162, Îáð³é, 
Óêðà¿íêà îäåñüêà, Àëüáàòðîñ 
îäåñüêèé, Äîí÷àíêà 3, Ñó-
ïóòíèöÿ, Êðàñíîäàðñüêà 99, 
Ôàâîðèòêà, ßñî÷êà, Ïîáåäà 
50, Çîëîòîêîëîñà, Ñòàíè÷íà, 
Á³ëîöåðê³âñüêà íàï³âêàðëèêî-
âà, Ïðèìà, Çóñòð³÷

Very hard 78,8–90,0 
Ðina-D1a 

Ðinb-D1b/c 
Äîíñüêèé ñþðïðèç, Ëóçàí³âêà 
îäåñüêà, Ìèðõàä, Ìèðîí³â-
ñüêà 27, Ìèðè÷, Öèãàíêà

Extra hard 93 ? Ìèðîí³âñüêà 65

Çà ëîêóñîì Wx-À1 ó âñ³õ ñîðò³â âèÿâëåíî àëåëü Wx-À1à, íóëü-àëåë³ 
Wx-Â1b ³ Wx-D1b íå âèÿâëåí³ [5, 6]. Äëÿ ë³í³é Wx-15 ³ Wx-12 òåñòîâàí³ Wx-Â1b 
³ Wx-D1b àëåë³ ³ íå îòðèìàíî ñïåöèô³÷íèé ïðîäóêò àìïë³ô³êàö³¿ äëÿ Wx-À1à. 

Îòðèìàí³ íàìè äàí³ óçãîäæóþòüñÿ ç õàðàêòåðèñòèêîþ óêðà¿íñüêèõ 
ñîðò³â ì’ÿêî¿ ïøåíèö³, ùî ìàþòü íîðìàëüíèé âì³ñò àì³ëîçè — 20–30 %. 
Ó òîé æå ÷àñ ïðîâåäåí³ äîñë³äæåííÿ º íåîáõ³äíèì åòàïîì äëÿ ââåäåí-
íÿ ìàðêåðíî¿ ñåëåêö³¿ çà Wx-ãåíàìè ó ñåëåêö³éí³ ïðîãðàìè ÑÃ². Òàê, â 
ÑÃ² ä. á. í. Î. ². Ðèáàëêîþ áóëè ñòâîðåí³ ïîïóëÿö³¿ F

4
–F

5
 ðåêîìá³íàíò-

íèõ ³íáðåäíèõ ë³í³é â³ä ñõðåùóâàííÿ ñîðòó Êóÿëüíèê (Wx-À1àWx-À1à,
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Ðèñ. 1. Ðîçïîä³ë çà îçíàêîþ òâåðäîçåðí³ñòü ó çåðí³ ñîðò³â ïøåíèö³, 
ùî âèçíà÷åí³ ìåòîäîì NIR 2=24,52 (df=6, p=0,00042) çã³äíî [4] 

Wx-Â1àWx-Â1à, Wx-D1àWx-D1à) õ ë³í³ÿ Wx-12 (Wx-À1bWx-À1b, 
Wx-Â1bWx-Â1b, Wx-D1bWx-D1b). 

Ìè çàñòîñóâàëè àëåëü-ñïåöèô³÷í³ ïðàéìåðè äëÿ ã³áðèäîëîã³÷íîãî 
àíàë³çó ïîïóëÿö³¿ F

5
, äå âèÿâëåíî ðîçùåïëåííÿ, ùî â³äïîâ³äàº òåîðåòè÷-

íî î÷³êóâàíîìó — 15: 2: 15 çà ëîêóñîì Wx-A1 (2 = 5,05; 0,20> P> 0,05), çà 
ëîêóñîì Wx-Â1 (2 = 7,65; 0,05> P> 0,01), çà ëîêóñîì Wx-D1 (2 = 2,352; 
0,50> P> 0,20) [6]. Â³ä³áðàíî 10 ñåëåêö³éíèõ ôîðì íîñ³¿â — àëåë³â 
Wx-À1bWx-À1b, Wx-Â1bWx-Â1b, Wx-D1bWx-D1b, ÿê³ ïðîïîíóþòüñÿ äëÿ 
ïîäàëüøîãî âèêîðèñòàííÿ ïðè ñòâîðåíí³ â³ò÷èçíÿíèõ ñîðò³â ç íèçüêèì 
âì³ñòîì àì³ëîçè. Âèçíà÷åíî åôåêòè âïëèâó àëåëüíîãî ñòàíó Wx-ëîêóñ³â 
íà âì³ñò àì³ëîçè â êðîõìàë³ çåðíà ãåíîòèï³â ã³áðèäíî¿ ïîïóëÿö³¿. Ïîêàçà-
íî íåïîâíå â³äòâîðåííÿ Wx-ôåíîòèïó çà íàÿâíîñò³ íóëü-àëåë³â çà ëîêó-
ñàìè Wx-A1, Wx-Â1, Wx-D1 ó ñåëåêö³éíèõ ôîðì (ðèñ. 2). 

Âèçíà÷åíî íåïðîïîðö³éíèé õàðàêòåð åôåêò³â âïëèâó àêòèâíèõ àëå-
ë³â Wx-ãåí³â íà âì³ñò àì³ëîçè â êðîõìàë³ äîñë³äæåíèõ ãåíîòèï³â òà â³äõè-
ëåííÿ â³ä àäèòèâíîñò³, ñïðè÷èíåí³ åôåêòîì êîìïåíñàö³¿ àëåë³â öèõ ãåí³â. 
Ì³í³ìàëüíà àáñîðáö³ÿ ñïîñòåð³ãàëàñÿ ó ã³áðèä³â ç òðüîìà íóëü-àëåëÿìè 
çà ëîêóñàìè Wx-A1, Wx-B1, Wx-D1. Çà íàÿâíîñò³ ëèøå îäíîãî ôóíêö³î-
íàëüíîãî àëåëÿ «a» ó áóäü-ÿêîìó ç òðüîõ ëîêóñ³â àáñîðáö³ÿ â ñåðåäíüîìó 
ï³äâèùóâàëàñü íà 0,138 îäèíèö³. Ãåíîòèïè ç òðüîìà àëåëÿìè «a a a» ìàëè 
ð³âåíü àáñîðáö³¿, õàðàêòåðíèé äëÿ áàòüê³âñüêî¿ ôîðìè — ñîðòó Êóÿëüíèê. 
Ó ñåëåêö³éíèõ ôîðì ³ç ïîâíèì íàáîðîì ìóòàíòíèõ àëåë³â Wx-A1b, Wx-B1b, 
Wx-D1b ñïåêòðè àáñîðáö³¿ áóëè ïîì³òíî âèù³, í³æ ó áàòüê³âñüêî¿ ë³í³¿ Wx-12. 

Íåïîâíå â³äòâîðåííÿ Wx-ôåíîòèïó çà íàÿâíîñò³ íóëü-àëåë³â çà ëîêó-
ñàìè Wx-A1, Wx-B1, Wx-D1 ìîæå çóìîâëþâàòèñÿ äîäàòêîâèìè ÷èííèêà-
ìè, ÿê³ âïëèâàþòü íà âì³ñò àì³ëîçè â êðîõìàë³ çåðíà ïøåíèö³ ì’ÿêî¿. 
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Ðèñ. 2. Ïîð³âíÿííÿ åôåêò³â âïëèâó àëåëüíîãî ñòàíó Wx-ëîêóñ³â (Wx-A1, Wx-B1, 
Wx-D1) íà âì³ñò àì³ëîçè â êðîõìàë³ ãåíîòèï³â, îá÷èñëåíèõ çà àäèòèâíîþ ìîäåë-
ëþ âçàºìîä³¿ ãåí³â ³ç ôàêòè÷íèìè äàíèìè àáñîðáö³¿ çã³äíî [28]: a –ôóíêö³îíàëü-
í³ àëåë³ Wx-ëîêóñ³â, b — íóëü-àëåë³ Wx-ëîêóñ³â. Ïî îñ³ îðäèíàò äàí³ àáñîðáö³¿ 

ïðè äîâæèí³ õâèë³ 600 íì 

Âèñíîâêè. 
Îòæå, íàóêîâöÿìè ÏÁÖ ñï³ëüíî ç ïðîâ³äíèìè ôàõ³âöÿìè ÑÃ² òà ²íñòè-

òóòó çàõèñòó ðîñëèí ÍÀÀÍ äîñë³äæåíî ïîë³ìîðô³çì íèçêè ãåíåòè÷íèõ 
ëîêóñ³â, ÿê³ äåòåðì³íóþòü ÿê³ñí³ ïîêàçíèêè çåðíà ïøåíèö³ ì’ÿêî¿. Âèçíà-
÷åíî àëåëüíèé ñòàí óêðà¿íñüêèõ ñîðò³â ïøåíèö³ çà Gli-A1, Gli-B1, Gli-D1 
òà Glu-A3 ëîêóñàìè. Ç³ñòàâëåíî ãåíåòè÷íèé ïîë³ìîðô³çì, âèçíà÷åíèé ³ç 
çàñòîñóâàííÿì ÏËÐ-àíàë³çó çà çàçíà÷åíèìè âèùå ëîêóñàìè, òà ïîë³ìîð-
ô³çì, ÿêèé äåòåêòóºòüñÿ çà äîïîìîãîþ åëåêòðîôîðåçó ãë³àäèí³â ó ÏÀÀÃ 
(òîáòî, çâè÷àéíèì ìåòîäîì îö³íêè ñåëåêö³éíîãî ìàòåð³àëó ïøåíèö³ çà 
ñïåêòðîì çàïàñíèõ á³ëê³â — ãë³àäèí³â, ùî âèêîðèñòîâóþòü ó â³ää³ë³ ãåíå-
òè÷íèõ îñíîâ ñåëåêö³¿ ÑÃ²–ÍÖÍÑ óæå ïðîòÿãîì 40 ðîê³â ç óñï³øíèì âè-
õîäîì íà ïðàêòè÷íó ñåëåêö³þ). 

Ïîð³âíÿëüíèìè äîñë³äæåííÿìè ïîêàçàíî, ùî ð³âåíü ãåíåòè÷íîãî ïî-
ë³ìîðô³çìó çà Gli-1 òà Glu-A3 ëîêóñàìè, ÿê³ äåòåêòóâàëè ó ÏËÐ ç ïðàéìå-
ðàìè, ðîçðîáëåíèìè Zhang et al. [19, 20], íèæ÷èé, í³æ ñïåêòð ñïîñòåðåæó-
âàíîãî ð³çíîìàí³òòÿ àëåëüíèõ âàð³àíò³â áëîê³â ãë³àäèí³â. Öå ïîÿñíþºòüñÿ 
òèì, ùî âèêîðèñòàí³ ó äîñë³äæåíí³ àëåëü-ñïåöèô³÷í³ ïðàéìåðè, ðîçðî-
áëåí³ Zhang et al. [19, 20] íà îñíîâ³ ïîïåðåäíüî¿ äåòåêö³¿ îäíîíóêëåî-
òèäíèõ çàì³í â ïîñë³äîâíîñò³ Gli-1 òà Glu-A3 ëîêóñ³â. Òîáòî, âèêîðèñòàíó 
ïàíåëü ïðàéìåð³â íåîáõ³äíî äîïîâíþâàòè ³íøèìè ÏËÐ-ìàðêåðàìè, ÿê³ 
äîçâîëÿòü äåòåêòóâàòè ïîë³ìîðô³çì çà íóêëåîòèäíîþ ïîñë³äîâí³ñòþ â ³í-
øèõ ñàéòàõ ãåííèõ êëàñòåð³â ãë³àäèí³â. 

Çàñòîñóâàííÿ ÏËÐ-àíàë³çó àëåëüíîãî ñòàíó ãåí³â ïóðî³íäîë³í³â 
ó ãåíîòèïàõ â³ò÷èçíÿíèõ ñîðò³â äîçâîëèëî âèçíà÷èòè, ùî ïåðåâàæ-
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íà á³ëüø³ñòü ñîðò³â ìàº àëåë³ Ðina-D1a òà Ðinb-D1b, ÿê³ õàðàêòåðí³ äëÿ 
òâåðäîçåðíèõ ïøåíèöü, àëå ó ñîðò³â ç çàçíà÷åíèìè àëåëÿìè ô³çè÷íèé 
ïîêàçíèê òâåðäîçåðíîñò³ çíà÷íî âàð³þº. Òîìó ïðèïóñêàºìî, ùî, îêð³ì 
ãåí³â ïóðî³íäîë³í³â, íà îçíàêó òâåðäîçåðí³ñòü âïëèâàþòü é ³íø³ ãåíåòè÷í³ 
äåòåðì³íàíòè, ÿê³ ïîòð³áíî âèâ÷àòè. Òàêîæ äîö³ëüíî áóëî á âèÿâèòè ñîð-
òè ïøåíèö³, ïîêàçíèêè òåðäîçåðíîñò³ ÿêèõ â³äïîâ³äàþòü âèùèì õë³áîïå-
êàðñüêèì òåõíîëîã³÷íèì âëàñòèâîñòÿì, ÿêùî òàêîæ âðàõîâóâàòè äëÿ öèõ 
ñîðò³â àëåëüíèé ñòàí ëîêóñ³â Gli-1 òà Glu-A3 òà àëåëüí³ âàð³àíòè áëîê³â 
ãë³àäèí³â. 

Çà ðåçóëüòàòàìè àíàë³çó âèêîíàíèõ ðîá³ò ç äîñë³äæåííÿ ïîë³ìîðô³ç-
ìó Wx-ãåí³â ïîêàçàíî, ùî ïåðåâàæíà á³ëüø³ñòü óêðà¿íñüêèõ ñîðò³â ïøå-
íèö³ íå ìàº íóëü-àëåë³â çà Wx-ãåíàìè. Çàëó÷åííÿ ó ñåëåêö³éí³ ïðîãðàìè 
ñîðò³â-äîíîð³â íóëü-àëåë³â çà Wx-ãåíàìè ìîæå áóòè åôåêòèâíî êîíòðî-
ëüîâàíî òà ïðèñêîðåíî çà ìàðêåðíîþ ñåëåêö³ºþ íà îñíîâ³ çàñòîñóâàííÿ 
ÏËÐ-àíàë³çó Wx-ãåí³â, çîêðåìà äëÿ äîáîðó ñåëåêö³éíèõ ë³í³é ç íèçüêèì 
âì³ñòîì àì³ëîçè ó çåðí³. 
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UDC 577:2:633.11:575 

Chebotar S. V., Blagodarova O. M., Kozub N. O., Sozinov I. O. Plant 
Breeding and Genetics Institute — National Center of Seed and Cultivar In-
vestigations 

PCR-ANALYSIS OF POLYMORPHISM LOCI AFFECTING THE QUALITY 
GRAINS OF BREAD WHEAT (Triticum aestivum L.) 

In South Plant Biotechnology Center NAAS during the 2002–2012 there 
were carried out PCR-analysis of molecular genetic polymorphisms in loci Gli-
A1, Gli-B1, Gli-D1 and Glu-A3, Pina-D1 and Pinb-D1 genes of puroindolines, 
that determine «hardness», as well as genes Wx, which determine the con-
tent of amylose in starch of the endosperm of bread wheat. There were done 
comparison of the level of the genetic polymorphism that have been revealed 
by PCR with allele-specific primers for -gliadin loci and the polymorphisms 
of storage proteins of wheat. The level of polymorphism that have been de-
tected by PCR was lower than polymorphism of storage proteins. PCR-analy-
sis of gene Pina-D1 and Pinb-D1 have detected alleles which are specific for 
«hard» and «very hard» wheat varieties mostly among investigated Ukrainian 
varieties, only for few varieties have been identified alleles that are specific for 
«soft wheat». Among the tested Ukrainian wheat were not found null alleles of 
Wx-genes. 

ÓÄÊ 577:2:633.11:575 

×åáîòàðü Ñ. Â., Áëàãîäàðîâà Å. Ì., Êîçóá Í. À., Ñîçèíîâ È. À. 

ÏÖÐ-ÀÍÀËÈÇ ÏÎËÈÌÎÐÔÈÇÌÀ ËÎÊÓÑÎÂ, ÂËÈßÞÙÈÕ 
ÍÀ ÊÀ×ÅÑÒÂÎ ÇÅÐÍÀ ÏØÅÍÈÖÛ ÌßÃÊÎÉ (Triticum aestivum L.) 

Â Þæíîì áèîòåõíîëîãè÷åñêîì öåíòðå â ðàñòåíèåâîäñòâå ÍÀÀÍ â 
ïåðèîä 2002–2012 ãã. ñ ïîìîùüþ ÏÖÐ ïðîâîäèëèñü èññëåäîâàíèÿ ìî-
ëåêóëÿðíî-ãåíåòè÷åñêîãî ïîëèìîðôèçìà â ëîêóñàõ Gli-A1, Gli-B1, Gli-D1 
è Glu-À3 ïî ãåíàì ïóðîèíäîëèíîâ Pina-D1 è Pinb-D1, êîíòðîëèðóþùèì 
ïðèçíàê «òâåðäîçåðíîñòü», à òàêæå ïî ãåíàì Wx, îáóñëîâëèâàþùèì ñî-
äåðæàíèå àìèëîçû â êðàõìàëå ýíäîñïåðìà ïøåíèöû ìÿãêîé. Ïðîâåäå-
íî ñîïîñòàâëåíèå ðåçóëüòàòîâ ÏÖÐ-îïðåäåëåíèÿ ãåíåòè÷åñêîãî ïîëè-
ìîðôèçìà ñ àëëåëü-ñïåöèôè÷íûìè ïðàéìåðàìè ê ëîêóñàì -ãëèàäèíîâ 
ñ äàííûìè, ïîëó÷åííûìè ìåòîäîì ýëåêòðîôîðåçà çàïàñíûõ áåëêîâ 
çåðíà ïøåíèöû. Óðîâåíü âûÿâëåííîãî ïîëèìîðôèçìà ñ ïîìîùüþ ÏÖÐ 
áûë íèæå, ÷åì äåòåêòèðîâàííîãî ñ ïîìîùüþ ýëåêòðîôîðåçà çàïàñíûõ 
áåëêîâ. Ìåòîäîì ÏÖÐ-àíàëèçà ãåíîâ Pina-D1 è Pinb-D1 â áîëüøèíñòâå 
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èññëåäîâàííûõ óêðàèíñêèõ ñîðòîâ ïøåíèöû áûëè îïðåäåëåíû àëëåëè, 
õàðàêòåðíûå äëÿ òâåðäîçåðíûõ ñîðòîâ, òîëüêî â òðåõ ñîðòàõ îáíàðó-
æåíû àëëåëè, ïðèñóùèå ìÿãêîçåðíîé ïøåíèöå. Ñðåäè èññëåäîâàííûõ 
óêðàèíñêèõ ïøåíèö íå áûëî îáíàðóæåíî íîñèòåëåé íóëü-àëëåëåé ïî 
Wx-ãåíàì. 
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MOLECULAR-GENETIC EVIDENCE OF WHEAT-RYE CHROMOSOME 
SUBSTITUTION AND TRANSLOCATION IN WHEAT CULTIVARS 
AND INTROGRESSION STOCKS 

With use of molecular-genetic and cytological analysis 1AL.1RS and 
1BL.1RS translocations, (1B)1R wheat-rye chromosome substitution, 
as well as modified 1BL.1RS translocation with locus Sec1 replaced by 
wheat Gli-B1 locus, have been identified in new wheat cultivars, original 
introgression stocks and F

4
 hybrid families. The translocations were sug-

gested to support a resistance to leaf rust caused by the Lr genes, being 
not related to them, and to determine confident resistance to stem rust. 
The substitution stocks were susceptible to leaf and moderately suscep-
tible or low resistant to stem rusts because of other than the wheat-rye 
chromosome translocation origination of the 1RS chromosome. 

Key words: Triticum aestivum, STS-markers, substitution, translocation. 

Introduction. The short arm of chromosome 1R of S. cereale carries a 
number of genes of agronomic importance, and when transferred to bread 
wheat in the form of 1BL.1RS or 1AL.1RS translocations has improved the 
adaptation of wheat plants and has resulted in valuable new cultivars. Derived 
from cv. Avrora a wheat-rye translocation 1BL.1RS, which carries chromo-
some arm 1RS from rye cv. Petkus, is the most widespread. This arm carries 
a gene cluster Pm8/Yr9/Lr26/Sr31 conferring resistance to diseases [1]. De-
rived from cv. Amigo a 1AL.1RS translocation, which short arm originated from 
rye cv. Insave, is in the second place according its distribution among wheat 
cultivars, as reported in the rye gene map database (http://www.rye-gene-
map.de/ryeintrogression/). The rye arm in this translocation determined 
the resistance to drought, greenbug (Schizaphis graminum) (gene Gb2), 
mite (Aceria tosicheslla) (Cm3), powdery mildew (Pm17), leaf and stem rust 
(SrR) [1]. Some other translocations (including a 1AL.1RS, a 1BL.1RS and a 
1DL.1RS) involving 1RS from rye cv. Imperial have been isolated in Australia in 

© Motsny I. I., Sudarchuk L. V., Chebotar S. V., 2015
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different wheat backgrounds [2]. These translocations conferred resistance 
to all Australian strains of the stem rust pathogen, but were susceptible to leaf 
rust, stripe rust and powdery mildew. In Japan, cv. Salmon that has a translo-
cation 1BL.1RS was obtained in the progeny of a hybrid between two strains 
of octoploid Triticale. The translocation is somewhat different from Avrora’s 
one and carries a recognizably different allele at the Sec1 locus [3]. The rye 
parent and breeding use of the Salmon’s translocation are not considered in 
literature. Due to its increasing effect on wheat adaptability and productivity, 
numerous wheat cultivars and lines, carrying the 1RS as 1AL.1RS, 1BL.1RS 
or 1DL.1RS Robertsonian translocation, have been released worldwide [4]. 

The introduction of the translocations into Ukrainian bread wheat culti-
vars is a result following the utilization of the Avrora’s and Amigo`s offspring 
in the hybridization programs. So, the translocated chromosomes 1BL.1RS 
(1RS from Petkus rye) and 1AL.1RS (1RS from Insave rye) have been identi-
fied in a number of cultivars developed in Ukraine [5]. In addition, a number 
of introgression stocks with high resistance to leaf and stem rust, high protein 
content and some morphological characters were developed as a result of 
wide crosses; and the 1BL.1RS translocation from Avrora had been identi-
fied among them [6]. Besides, within the stocks, chromosome 1R of rye cv. 
Voronezhskaya SHI substituted for chromosome 1B in a mixed cv. Hostianum 
237/T. durum cv. Chernomor background. Recently we found that this rye 
chromosome does not confer resistance to leaf rust, carries a different allele 
at the Sec1 locus, and moreover it has a new addition secalin locus 22.9 ± 3.1 
cM distally from the Sec1 in the 1RS arm [7]. 

Unfortunately, in contrast to their desirable agronomic traits, wheats car-
rying these translocations generally produce a flour with low quality. Doughs 
derived from them show marked stickiness, reduced dough strength and in-
tolerance to overmixing, and this seriously limited their use in Ukraine where 
leavened bread is the main end-product of the flour [8]. Recently a program 
was started to reduce the amount of rye chromatin in 1BL.1RS translocation 
by induction of homoeologous pairing between 1RS and 1BS chromosomes, 
with the aim of separating the quality defects from the stem rust resistance 
gene Sr31 [9]. Similar attempts are now being made to introduce the recom-
bined rye arm of Pavon MA1 line into Odessa`s cvs [10] to separate the sticky 
dough problem from the disease resistance and high yield associated with the 
1BL.1RS translocation derived from rye cv. Petkus. 

Various methods have been employed to detect the wheat-rye translo-
cations, however the abundance of DNA markers in cereal genomes provid-
ed a powerful tool to detect or verify the presence of rye chromatin in wheat 
backgrounds [11]. The aim of the work was to detect the (1B)1R wheat-rye 
chromosome substitution, 1AL.1RS and 1BL.1RS translocation in Ukrainian 
cultivars, introgression stocks and hybrid families with PCR markers. 

Material and methods. A sets of 30 winter bread wheat cvs, 10 original 
primary introgression stocks (2n=42) and 13 F

4
 hybrid families have been in-
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vestigated. The cvs were of different pedigree and mainly of Ukrainian breed-
ing. Among them Odesskaya 267 (Od.267), Kuyal`nik and Pavon as a negative 
control for 1AL.1RS and 1BL.1RS translocations, Amigo as a positive control 
for 1AL.1RS translocation and Avrora as a positive control for 1BL.1RS trans-
location, were included in this study. 

The majority of the introgression stocks (F) were developed from a cross: 
triticale (8x) cv. AD825/T. durum Desf. cv. Chernomor and following sponta-
neous hybridization of the F

3
 hybrids with the collection sib-strain H74_90–

245 or H74_90–258, or without it. Triticale AD825 is a primary amphidiploid 
(T. aestivum L. cv. Hostianum 237/S. cereale L. cv. Voronezhskaya SHI) [12]. 
The strains H74_90–245 and H74_90–258 were derived in Dobroudja Agri-
cultural Institute (General Toshevo, Bulgaria) from the step cross: Dr. Savov`s 
synthetic (T. timopheevii Zhuk./Ae. tauschii Coss.)/Tom Pouce Blanc//Avro-
ra/3/Rusalka and received from Dr. Ivan Panayotov. 

The stocks CWXs and CWXr were derived from a cross between the prima-
ry introgression stocks H273_97, having a (1B)1R chromosome substitution, 
and H242_97–2, carrying a 1BL.1RS translocation [Kozub, unpublished]. 

The F
4
 hybrid families were obtained from a cross Kuyal`nik/Pavon MA1 

and provided by Dr. A. I. Rybalka [10]. The line Pavon MA1, having a modified 
1BL.1RS translocation, was created by Dr. A. J. Lukaszewski [13] and kindly 
supplied to Dr. Rybalka for exclusive exploiting (Rybalka 2005, personal com-
munication). 

The material was evaluated to contain a field resistance to leaf and stem 
rusts and was investigated by PCR-analysis with microsatellite markers. The 
F

1
 hybrids between some of the introgression stocks or the F

4
 families and 

corresponding bread wheat tester (Od.267 or Kuyal`nik, respectively) were 
studied cytologically with routine acetocarmine methods. Plant pathological 
evaluations were carried out by the plant infection intensity in field (at the adult 
plant stage) with use of a unified international scale based on modified Cobb 
scale [14]. Were ‘VR’, ‘R’ and ‘MR’ characterized high, simple and moder-
ate resistance, and ‘VS’, ‘S’ and ‘MS’ — respectively, susceptibility. The leaf 
and stem rust resistance were scored both at natural epiphytotic conditions 
and under an artificial infection pressure. Herewith, population mixtures of the 
most aggressive local races of both diseases were used. 

All lines were analyzed by using DNA-markers. DNA was isolated from 
leaf material of adult plants and seedlings according to standard CTAB-
methods [15]. Rye microsatellites: Xrems1303, SR1R003, a secalin-spe-
cific STS-marker — -sec-P3+-sec-P4, wheat microsatellites: Xgwm18 
(1BS), Xgwm550 (1BS), Xgwm140 (1BL), Xgwm153 (1BL), Xbarc263 
(1AS), Xgwm357 (1AL), Taglut (1AS) and allele-specific molecular mark-
ers: GliB1.b and GliB1.d have been applied for the PCR-analysis. The PCR 
products were analyzed with using standard electrophoresis procedure in 
2 % agarose gel. The fragment sizes were calculated by comparison with 
molecular weight marker — pUC19/MspI. Detailed characteristics of the 
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markers and molecular procedure used is described at methodical recom-
mendations [16]. 

1RS chromosome presence was detected with the rye microsatellites and 
the secalin-specific STS-marker. Substitution or translocation was identified 
by the absence of 1A or 1B chromosome corresponding arm via applica-
tion of the wheat microsatellites. The (1B)1R chromosome substitution and 
1BL.1RS translocation presence in some introgression stocks was confirmed 
cytologically for meiotic configurations at metaphase I (MI) in pollen mother 
cells (PMCs) of the F

1
 hybrids. 

Results and discussion. The presence of 1RS chromosome was de-
tected in the cvs, introgression stocks and the F

4
 hybrid families studied 

when specific products with the markers: Xrems1303, SR1R003, -sec-P3 
+ -sec-P4 had been found. The absence of PCR products with the mark-
ers Xbarc263 (1AS) or Xgwm550 (1BS) evidenced the substitution of corre-
sponded wheat chromosome arm 1AS or 1BS by the short arm of rye chro-
mosome 1R and allowed to differentiate wheat cultivars with 1AL.1RS and 
1BL.1RS translocations (Table 1). Thus, several cvs carry the arm 1RS from 
Insave rye as a 1AL.1RS translocation, and the others have a 1BL.1RS trans-
location. Two bread wheat cultivars without the translocations and negative 
controls for both translocations also were presented. 

Within the introgression stocks the microsatellite markers Xgwm18 (1BS), 
Xgwm550 (1BS), as well as Xgwm140 (1BL) and Xgwm153 (1BL) have been 
applied for the identification and differentiation of 1B chromosome transloca-
tion or substitution. The detection of PCR-products of the Taglut (1AS) and 
Xgwm357 (1AL) markers, irrespective of the polymorphism, proved the pres-
ence of intact 1A chromosome in the investigated introgression stocks. 

The amplification products with the markers Xgwm140 and Xgwm153 
were not detected for the stocks H273_97, H274_97 and H269_97–5, but were 
obtained within the stocks Å200_97–1, Å200_97–2, H242_97–1, H242_97–2, 
CWXs and CWXr, as well (Table 2). Thus, the stocks H273_97, H274_97 and 
H269_97–5 carry a (1B)1R substitution, and all the others carry a 1BL.1RS 
translocation chromosome. As for E217_97, the translocation 1BL.1RS het-
erozygosis was revealed in this stock at the previous investigation [6]. So 
that, an individual selection of a plant with a big spike was carried out in the 
E217_97. Evidently, the plant without the translocation was chosen and, cor-
respondently, the stock E217_97 without the translocation has been derived 
(table 2). 

Meiotic observations revealed the presence of 19 closed bivalents (the 
maximum) plus an open bivalent and 2 univalents (19II

C
+1II

Î
+2I) at meiotic 

MI in the F
1
 of H273_97/Od.267 and H274_97/Od.267 hybrids (Fig. 1 a), 

and 20II
C
+1II

Î
 (Fig. 1 b) as the highest chromosome association in the test 

crosses Od.267/translocation stocks, supporting the molecular-genetic evi-
dence. There were only one PMC (0.3 %) with 20II

C
+2I as the highest meiotic 

association (Fig. 1 c) and complete absence of pairing between 1R and 1B 
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Table 1 

Results of PCR-analysis of the winter bread wheat cultivars studied 

Cultivar
Trans-

location

Presence of amplification products of the marker loci a

Xrems1303 
(1RS)

-secalin-P3/
P4 (1RS)

Xgwm550 
(1BS)

Xbarc263 
(1AS)

Amigo (control) 1AL.1RS + + + –
Rastavitsa 1AL.1RS + + + –
Vikhovanka 1AL.1RS + + + –
Zolotokolosa 1AL.1RS + + + –
Vesnyanka 1AL.1RS + + + –
Columbia 1AL.1RS + + + –
Smuglyanka 1AL.1RS + + + –
Etude 1AL.1RS + + + –
Knyaginya Ol`ga 1AL.1RS + + + –
Avrora (control) 1BL.1RS + + – +
Bilosnizhka 1BL.1RS + + – +
Veselka 1BL.1RS + + – +
Krizhinka 1BL.1RS + + – +
Libid` 1BL.1RS + + – +
Mirich 1BL.1RS + + – +
Mirleben 1BL.1RS + + – +
Mironivs`ka 33 1BL.1RS + + – +
Mironivs`ka 61 1BL.1RS + + – +
Mironivs`ka 65 1BL.1RS + + – +
Pobeda-50 1BL.1RS + + – +
Favoritka 1BL.1RS + + – +
Kharkivs`ka 96 1BL.1RS + + – +
Elegia 1BL.1RS + + – +
Shchedrist` od. 1BL.1RS + + – +
Pavon ÌÀ1 1BL.1RS + – – +
Antonivka – – – + +
Bezostaya 1 – – – + +
Od.267 (control) – – – + +
Kuyal`nik (control) – – – + +
Pavon (control) – – – + +

a + primer amplification product presence (irrespective of the polymorphism), — primer 
product absence. 

chromosomes in all 322 PMCs studied in the test crosses Od.267/substitu-
tion stocks. On the contrary, a quite regular meiosis (21II

C
 the highest associa-

tion) in the F
1
 plants (Fig. 1 d) and a high level of pairing were observed in the 

Od.267/E217_97 test cross. 
Thereby, the original primary introgression stocks studied have (1B)1R 

wheat-rye chromosome substitution or 1BL.1RS translocation. That was 
determined with PCR-markers (Table 2) and confirmed cytologically (Fig. 
1). The translocation was contributed by the collection sib-strain H74_90–
245 or H74_90–258 and originated from cv. Avrora. Therefore, the rye 1RS 
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Table 2 

Results of plant pathological evaluations and PCR-analysis of the introgression stocks 

Introgressi-
on stock a

Resistance to
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53
 (1

B
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Ta
g-

lu
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(1
AS

)

Xg
w

m
35

7 
(1

AL
)

Leaf 
rust

Stem 
rust

Å200_97–1 MS-R VR + b + + – – + + + +
Å200_97–2 VR(S) VR + + + – – + + + +
Å217_97 VS-S VS – – – + + + + + +
H242_97–1 R-VR VR + + + – – + + + +
H242_97–2 R-VR VR + + + – – + + + +
H273_97 VS-MS MS + + + – – – – + +
H274_97 S-MS MS + + + – – – – + +
H269_97–5 S-MS MS + + + – – – – + +
CWXs S MR + + + – – + + + +
CWXr MR MR + + + – – + + + +

a H — Hostianum, E — Erythrospermum; b + primer amplification product presence 
(irrespective of the polymorphism), — primer amplification product absence. 

a b

dc 

Fig. 1. The highest chromosome associations at meiotic MI of F1 hybrids derives 
in test-crosses (590): a) H274_97/Od.267–19II

C
+1II

Î
+2I; b) Od.267/H242_97–2–

20II
C
+1II

Î
; c) H273_97/Od.267–20II

C
+2I; d) Od.267/E217_97–21II

C
 

chromosome originated from Petkus rye. The intact rye chromosome 1R for 
the substitution was contributed by triticale (8x) cv. AD825 and, therefore, 
originated from rye cv. Voronezhskaya SHI. 
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Depending on the rye chromosome arm pedigree the stocks were con-
siderably different for resistance to leaf and stem rusts (Table 2). The stocks 
E200_97–1, E200_97–2, H242_97–1 and H242_97–2, carrying 1BL.1RS trans-
location from cv. Avrora, had a high resistance to both diseases with a prefer-
ence of E200_97–2 under E200_97–1. However, the stock E200_97–2, that has 
been confirming the rust resistance for years, segregated susceptible plants in 
2013 and has been subjected to individual selection. E217_97 was susceptible. 
The substitution stocks, carrying 1R chromosome from rye Voronezhskaya SHI, 
were moderately defeated by stem rust (MS) and did not have any leaf rust re-
sistance (S-MS). The introgression stocks CWXs and CWXr were isolated from 
the same cross H273_97/H242_97–2 [Kozub, unpublished] as, respectively, 
susceptible and resistant (MR) to leaf rust. Both sib-stocks contain a long arm 
of 1B chromosome and a short arm of 1R chromosome (Table 2), so, carrying 
an original 1BL.1RS recombinant translocation. The stocks are susceptible to 
powdery mildew [Kozub 2014, personal communication] and were moderately 
resistant to stem rust in weak infectious background of 2014. 

13 F
4
 hybrid families from a cross Kuyal`nik/Pavon MA1 were studied by 

using PCR-analysis [10]. Among them 6 families had a Dr. Lukaszewski modi-
fied 1BL.1RS translocation [13] with wheat locus Gli-B1 and without rye locus 
Sec1 and one more was heterogeneous. 4 (6.6 % of 61 studied) F

4
 hybrid 

plants were found to have a recombination because of pairing between short 
arms of modified 1BL.1RS translocation and intact wheat chromosome 1B. Of 
them 3 recombinants carried the modified wheat-rye translocation with allele 
Gli-B1b (is preferred for a high flour quality) from cv. Kuyal`nik instead of Pa-
von MA1’s Gli-B1d allele (determined a low flour quality). 

Cytological observations, generally, supported the heterogeneity of the 
hybrid families. 4 of 8 evidently studied plants from 4 resistant to leaf rust 
families had 20II

C
+1II

Î
 as the highest chromosome association and probably 

were heterozygous for the translocation. The rest plants had 21II
C
 and were 

homozygous. However, no PMC (of 253 studied) with 21II
C
 as the highest mei-

otic association proving the pairing between modified 1RS and 1BS chromo-
somes were observed at MI of the F

1
 hybrid

 
plants Kuyal`nik/Pavon MA1, as 

well as of 730 PMCs at MI of the F
4
 plants heterozygous for the translocation. 

The F
4
 recombinant plants were isolated and F

5
 families from them to-

gether with parental forms were verified for resistance to rusts. In 2013, de-
scendants of the recombinant plant 3–4_13 without the rye translocation 
(Xrems1303 amplification product absence) were susceptible to leaf rust, but 
segregated plants moderately resistant to stem rust. The other recombinants 
carried the modified translocation (Xrems1303 amplification product pres-
ence), as well as the allele Gli-B1b from cv. Kuyal`nik, and their progenies 
were moderately resistant to leaf rust, but defeated by stem rust (Table 3). 
However, in the progeny of the plant 8–2_13 a resistant to stem rust segregant 
was also found. As a result, the plants with reactions ‘MS’ or ‘MR’ to leaf and 
‘MR’ or ‘R’ to stem rust were isolated respectively in progenies of recombi-
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nants 3–4_13 or 8–2_13, and 2 recombinant stocks with different level of re-
sistance to both diseases were derived in 2014. 

Table 3 

Results of plant pathological evaluations and PCR-analysis of progenies 
of the F

4
 recombinant plants isolated

Line or F
5
 

family
Resistance to Xrems1303 

(1RS)
Xgwm18 

(1BS)
Xgwm 

550 (1BS)
GliB1.b 
(1BS)

GliB1.d 
(1BS)Leaf rust Stem rust

Kuyal`nik VS-S VS-S – b + + + –
Pavon 
MA1

R MR + – – – +

 3–4_13
S(MS)-

MS a S;MR-MR – + + – +

 8–2_13 MR MS(R)-R + – – + –
 8–3_13 MR VS + – + + –
10–3_13 MR VS + – – + –

a S(MS) — majority of plants had ‘S’ reaction and single plants had ‘MS’ reaction, S;MR — 
segregation; b + primer amplification product presence, — primer amplification product 
absence. 

Generally, the gene Sr31 was determined to be effective in South Ukraine 
[17], and the 1BL.1RS translocation from cv. Avrora was the source of the 
resistance of the studied cultivars, introgression stocks and hybrid families 
to stem rust. Unfortunately, the gene Lr26 was determined to be ineffec-
tive [18], but usually the lines with the translocation confirmed any level of 
leaf rust resistance. Therefore, the presence of the 1BL.1RS translocation is 
thought to be a factor supporting other genes for the resistance. Due to their 
agronomic advantages, the translocations with 1RS are more widespread in 
wheat cultivars from Forest-Steppe zone of Ukraine, but not from South. In 
South Ukraine, the 1RS chromosome has not been used in wheat breeding, 
because of traditional for PBGI — NCSCI storage protein composition selec-
tion for the high technological quality [19]. However, a program for the wheat-
rye translocation involvement in wheat breeding for disease resistance has 
been started at the end of last century [20], and the cvs Vikhovanka, Knyag-
inya Ol`ga and Zhitnitsa (with 1AL.1RS translocation, leaf and stem rust re-
sistance and middle quality) and Schedrist` (with 1BL.1RS translocation and 
low quality) have been developed [21]. Because leaf-disease resistance of 
rye chromosome 1RS had been overcome by new mildew and leaf rust races, 
breeders may select only for stem rust resistance in order to use the translo-
cations in breeding programs. This is of great advantage, since cytological, 
biochemical of molecular-genetic methods is not needed for the successful 
introduction of the desired segment of rye chromosome 1R into bread wheat. 

Conclusion. The use of molecular-genetic and cytological analysis per-
mit to identify the 1AL.1RS and 1BL.1RS translocation, 1B-1R wheat-rye chro-
mosome substitution, particularly modified 1BL.1RS translocation with locus 
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Sec1 replaced by wheat Gli-B1 locus, in the original introgression stocks, cul-
tivars and F

4
 hybrid families. The 1AL.1RS translocation was contributed by 

the collection cultivars, derived from wheat cv. Amigo and originated from rye 
cv. Insave. The 1BL.1RS translocation, including the modified 1BL.1RS trans-
location, contributed by cv. Avrora and originated from Petkus rye. All these 
translocations were suggested to support a resistance to leaf rust caused by 
the other Lr genes and to determine confident resistance to stem rust. The in-
tact rye chromosome 1R for the substitution was contributed by triticale (8x) 
cv. AD825 and originated from rye cv. Voronezhskaya SHI. The substitution 
stocks were susceptible to leaf and moderately susceptible or low resistant to 
stem rusts because of another origination of the 1R chromosome. 
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ÌÎËÅÊÓËßÐÍÎ-ÃÅÍÅÒÈ×Í² ÌÀÐÊÅÐÈ ÄËß ²ÄÅÍÒÈÔ²ÊÀÖ²¯ ÃÅÍ²Â 
ÑÒ²ÉÊÎÑÒ² ÄÎ ÃÐÈÁÊÎÂÈÕ ÇÀÕÂÎÐÞÂÀÍÜ ÏØÅÍÈÖ² Ì’ßÊÎ¯ 
(Triticum aestivum L.) 

Ïîäàþòüñÿ ðåçóëüòàòè çàñòîñóâàííÿ ìîëåêóëÿðíî-ãåíåòèíèõ ìàð-
êåð³â äëÿ ìàðêóâàííÿ òà êàðòóâàííÿ íîâîãî ãåíà ñò³éêîñò³ äî òâåð-
äî¿ ñàæêè, ùî ïåðåíåñåíèé â³ä Ae. cylindrica â ãåíîì ïøåíèö³, ³äåí-
òèô³êàö³¿ ãîëîâíèõ ðàñîñïåöèô³÷íèõ ãåí³â ñò³éêîñò³ äî ëèñòîâî¿ òà 
ñòåáëîâî¿ ³ðæ³ ó 80 ñîðòàõ òà 15 ë³í³ÿõ ïøåíèö³ ì’ÿêî¿, ÿê³ ñòâîðåí³ 
ç 1991 ðîêó ó ÑÃ²–ÍÖÍÑ òà âèÿâëåííÿ ãåíà ìóëüòèïàòîãåííî¿ íåðà-
ñîñïåöèô³÷íî¿ ñò³éêîñò³ Lr34/Yr18/Pm38 ó ñîðò³â ïøåíèö³ óêðà¿í-
ñüêî¿ ³ ðîñ³éñüêî¿ ñåëåêö³¿. Ó âèâ÷åíèõ ñîðò³â òà ë³í³é âèÿâëåí³ ãåíè 
Lr21, Lr24/Sr24, Lr26/Sr31 (1BL.1RS), Lr34/Yr18/Pm38 òà LrAmigo/
SrAmigo (1ÀL.1RS) îêðåìî ³ â êîìá³íàö³ÿõ. Ïîêàçàíî, ùî ñîðòè òà ë³í³¿ 
ç êîìá³íàö³ºþ ãåí³â Lr24+Lr34+LrAmigo, Lr21+Lr24+Lr34, Lr24+LrAmigo òà 
Lr21+Lr24+LrAmigo çàáåçïå÷óþòü åôåêòèâíèé ³ íàä³éíèé ð³âåíü ñò³é-
êîñò³ íà Ï³âäí³ Óêðà¿íè ³ ìîæóòü âèêîðèñòîâóâàòèñü â ÿêîñò³ äîíîð³â 
â ñåëåêö³éíèõ ïðîãðàìàõ Óêðà¿íè. 

Êëþ÷îâ³ ñëîâà: ïøåíèöÿ ì’ÿêà, ãåíè ñò³éêîñò³, òâåðäà ñàæêà, ìîëå-
êóëÿðí³ ìàðêåðè, Lr-ãåíè, ÷óæîð³äíèé ãåíåòè÷íèé ìàòåð³àë. 

Âñòóï. Ïîë³ïøåííÿ ñò³éêîñò³ äî ïàòîãåííèõ ãðèáê³â — îäíå ç ãîëîâ-
íèõ çàâäàíü, ÿêå ñòî¿òü ïåðåä ñåëåêö³îíåðàìè ïøåíèö³ â óñüîìó ñâ³ò³. 
Áóðà ëèñòîâà, ñòåáëîâà òà æîâòà ³ðæà, áîðîøíèñòà ðîñà é òâåðäà ñàæêà 
º îñíîâíèìè øêîäî÷èííèìè çàõâîðþâàííÿìè ïøåíèö³ â óñ³õ çîíàõ Óêðà-
¿íè, ùî ïðèçâîäÿòü äî ðåãóëÿðíî¿ âòðàòè âðîæàþ òà çíèæåííÿ éîãî ÿêîñ-
ò³ ÷åðåç ì³êîòîêñèíè. Çàõèñò ðîñëèí â³ä ïàòîãåí³â çä³éñíþºòüñÿ òðüîìà 
ñïîñîáàìè: 1) çàñòîñóâàííÿì àãðîòåõí³÷íèõ çàõîä³â; 2) âèêîðèñòàííÿì 
øèðîêîãî ñïåêòðó õ³ì³÷íèõ ïðåïàðàò³â; 3) ñåëåêö³ºþ íà ñò³éê³ñòü ðîñëèí. 
Âíåñåííÿ õ³ì³÷íèõ çàñîá³â çàõèñòó ïîñ³â³â ïðèçâîäèòü äî çá³ëüøåííÿ 
ïåñòèöèäíîãî íàâàíòàæåííÿ íà äîâê³ëëÿ. Êð³ì òîãî, â ïîïóëÿö³ÿõ øê³ä-
ëèâèõ îðãàí³çì³â íàêîïè÷óþòüñÿ ãåíîòèïè ç ìóòàö³ÿìè ðåçèñòåíòíîñò³ 
äî ôóíã³öèä³â, ùî çíèæóº åôåêòèâí³ñòü ¿õíüîãî çàñòîñóâàííÿ ³ ïîòðåáóº 
ðîçðîáêè é çàñòîñóâàííÿ íîâèõ ïðåïàðàò³â. Îòîæ, ìåíø êîøòîâíèì òà 
åêîëîã³÷íî ÷èñòèì ñïîñîáîì áîðîòüáè ç õâîðîáàìè é øê³äíèêàìè º ñòâî-
ðåííÿ ³ âïðîâàäæåííÿ ñò³éêèõ ñîðò³â [1]. 

© Ãàëàºâ Î. Â., Áàáàÿíö Ë. Ò., 2015
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Ïîøóê äæåðåë ñò³éêîñò³, ìàðêåðóâàííÿ òà ³äåíòèô³êàö³ÿ ãåí³â, ùî 
â³äïîâ³äàþòü çà ñò³éê³ñòü ðîñëèí äî çàõâîðþâàíü, º îñíîâîþ òåõíîëîã³¿ 
ñòâîðåííÿ íîâèõ ñîðò³â áàãàòüîõ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð ç âèñî-
êèì ð³âíåì ñò³éêîñò³ äî ð³çíèõ ô³òîçàõâîðþâàíü. Ñòðàòåã³ÿ ñåëåêö³¿ ïøå-
íèö³ ì’ÿêî¿ íà ñò³éê³ñòü äî ãðèáêîâèõ çàõâîðþâàíü ïåðåäáà÷àº âèêîðèñ-
òàííÿ íîâèõ òà â³äîìèõ ³ ðàí³øå åôåêòèâíèõ ãåí³â â³ä äèêèõ ñï³âðîäè÷³â 
ïøåíèö³. Äîâîë³ çíà÷íîãî ïîøèðåííÿ íàáóëà ïðàêòèêà âèêîðèñòàííÿ â³-
äîìèõ ãîëîâíèõ ãåí³â ³ ¿õí³õ êîìá³íàö³é (ï³ðàì³äóâàííÿ), ùî ïîâ’ÿçàíî ç 
íàÿâí³ñòþ ìîëåêóëÿðíèõ ìàðêåð³â äî öèõ ãåí³â ³, â³äïîâ³äíî, ç ìîæëèâ³ñ-
òþ âèêîðèñòàííÿ ¿õ ó ÌAS (marker-assisted selection; äîá³ð çà äîïîìîãîþ 
ìîëåêóëÿðíèõ ìàðêåð³â). Çàëó÷àííÿ â ñåëåêö³éíèé ïðîöåñ íîâèõ ãåí³â 
ñò³éêîñò³ ïîòðåáóº ïðîâåäåííÿ äîäàòêîâî¿ òðèâàëî¿ ³ êîøòîâíî¿ ðîáîòè 
ç ïîøóêó ãåíåòè÷íèõ ìàðêåð³â, ÿê³ ç÷åïëåí³ àáî àñîö³éîâàí³ ç ö³ëüîâèìè 
ãåíîì/ãåíàìè. 

Äî ï³ðàì³äóâàííÿ ìîæíà âäàâàòèñÿ ³ ïðè âèêîðèñòàíí³ ïîäîëàíèõ ãî-
ëîâíèõ ãåí³â. Ó öüîìó âèïàäêó ïðèéíÿòíèé ð³âåíü ñò³éêîñò³ äîñÿãàºòüñÿ 
çà ðàõóíîê çàëèøêîâèõ åôåêò³â íà ñò³éê³ñòü, ÿê³ ïðîÿâëÿþòüñÿ êîæíèì 
ïîäîëàíèì ãåíîì ³ ¿õíüîþ àäèòèâíîþ ä³ºþ [2]. Çã³äíî ç ë³òåðàòóðíèìè 
äàíèìè, òðèâàë³ñòü çáåðåæåííÿ ñò³éêîñò³ ñîðò³â çàáåçïå÷óºòüñÿ, êîëè 
âåðòèêàëüíà (ðàñîñïåöèô³÷íà) ñò³éê³ñòü áàçóºòüñÿ íà âèêîðèñòàíí³ ãîëî-
âíèõ ãåí³â ³ ïîºäíóºòüñÿ ç ãîðèçîíòàëüíîþ (íåðàñîñïåöèô³÷íîþ) ñò³éê³ñ-
òþ [3, 4]. Ñòâîðåííÿ ñîðò³â ç òàêîþ ñò³éê³ñòþ á³ëüø ñêëàäíèé ³ òðèâàëèé 
ïðîöåñ, ùî ïåðåäáà÷àº çàëó÷åííÿ ìîëåêóëÿðíèõ ìàðêåð³â. 

Âèêîðèñòàííÿ â³äîìèõ ãîëîâíèõ ãåí³â ñò³éêîñò³, äî ÿêèõ ðîçðîáëåí³ 
ìîëåêóëÿðí³ ìàðêåðè, ïîëåãøóº ¿õíº êîìá³íóâàííÿ â îäíîìó ñîðò³ ³ çà-
áåçïå÷óº ìàéæå ³äåàëüíó ãåíåòè÷íó ñò³éê³ñòü, ÿêà çíèæóº éìîâ³ðí³ñòü 
òîãî, ùî âåñü êîìïëåêñ ãåí³â ñò³éêîñò³, íàÿâíèé ó ñîðò³, áóäå øâèäêî 
ïîäîëàíèé íåçàëåæíèìè ìóòàö³ÿìè ïàòîãåíà. Ó çâ’ÿçêó ç öèì ðîçðîáêà 
ÄÍÊ-òåõíîëîã³¿ äîáîðó ãåíîòèï³â ì’ÿêî¿ ïøåíèö³ ç ïåâíèìè êîìïëåêñàìè 
àëåë³â ãåí³â ñò³éêîñò³ äî îñíîâíèõ øêîäî÷èííèõ çàõâîðþâàíü ïøåíèö³ º 
íàäòî àêòóàëüíîþ. 

Ìåòà äàíîãî äîñë³äæåííÿ ïîëÿãàëà ó âèâ÷åíí³ ìîæëèâîñòåé âèêî-
ðèñòàííÿ ìîëåêóëÿðíèõ ìàðêåð³â äëÿ: 1) ìàðêóâàííÿ òà êàðòóâàííÿ ãåíà 
ñò³éêîñò³ äî òâåðäî¿ ñàæêè, ïåðåíåñåíîãî ç Aegilops cylindrica â ãåíîì 
ì’ÿêî¿ ïøåíèö³; 2) ³äåíòèô³êàö³¿ ãåí³â ñò³éêîñò³ äî ëèñòîâî¿ òà ñòåáëîâî¿ 
³ðæ³ ó ñîðò³â òà ë³í³é ïøåíèö³ ì’ÿêî¿ îçèìî¿ ñåëåêö³¿ ÑÃ²; 3) ³äåíòèô³êà-
ö³¿ àëåë³â ëîêóñó csLV34, ç÷åïëåíîãî ç ãåíîì ìóëüòèïàòîãåííî¿ ñò³éêîñò³ 
Lr34/Yr18/Pm38, ó 228 ñîðò³â ïøåíèö³ ì’ÿêî¿ îçèìî¿ ð³çíîãî ãåîãðàô³÷íî-
ãî ïîõîäæåííÿ; 4) âèÿâëåííÿ êîìá³íàö³¿ ãåí³â, ùî çàáåçïå÷óþòü ñò³éê³ñòü 
äî ëèñòîâî¿ ³ðæ³, ó ñîðò³â òà ë³í³é ïøåíèö³ ì’ÿêî¿ îçèìî¿ â óìîâàõ Ï³âäíÿ 
Óêðà¿íè. 

Ìàòåð³àëè ³ ìåòîäè. Ðîñëèííèé ìàòåð³àë. Ìàòåð³àëîì äëÿ ìàðêå-
ðóâàííÿ òà êàðòóâàííÿ ãåíà ñò³éêîñò³ äî òâåðäî¿ ñàæêè, ïåðåíåñåíîãî â³ä 
Aegilops cylindrica â ãåíîì ì’ÿêî¿ ïøåíèö³, áóëè çðàçêè ì³ñöåâî¿ ïîïóëÿö³¿ 
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âèäó Ae. cylindrica Host (CCDD, 2n = 28), ðåêóðåíòíèé ñîðò ì’ÿêî¿ ïøåíè-
ö³ Îäåñüêà íàï³âêàðëèêîâà ³ ë³í³ÿ Ëþòåñöåíñ 23397, ³íòðîãðåñèâíà ë³í³ÿ 
ïøåíèö³ 5/55–91 — [(Îäåñüêà íàï³âêàðëèêîâà x Ae. cylindrica) x Îäåñü-
êà íàï³âêàðëèêîâà] F

9 
(2n = 42), ³íòðîãðåñèâíà ë³í³ÿ ïøåíèö³ 378/2000 — 

(5/55–91 õ Îäåñüêà íàï³âêàðëèêîâà) F
9 
(2n = 42), ïîïóëÿö³¿ BC

3
F

2
 òà BC

3
F

3
, 

ùî îòðèìàí³ â³ä ñõðåùóâàííÿ 378/2000 õ Ëþòåñöåíñ 23397. 
²äåíòèô³êóâàëè ãåíè ñò³éêîñò³ äî ëèñòîâî¿ òà ñòåáëîâî¿ ³ðæ³ Lr9, Lr19/

Sr25, Lr21, Lr24/Sr24, Lr26/Sr31, Lr37, Lr39, Lr42, LrAmigo/SrAmigo ó 80 ñîðò³â 
ïøåíèö³ ì’ÿêî¿ îçèìî¿, ÿê³ ñòâîðåí³ ç 2000 ðîêó ó ÑÃ² òà 15 ë³í³é îòðèìà-
íèõ â³ä ì³æâèäîâèõ ñõðåùóâàíü 5/55–91, 5/20–91, 378/2000, ÊÏ 3/12, ÊÏ 
15/12, ÊÏ 16/12, ÊÏ 28/12, ÊÏ 42/12, ÊÏ 64/12, ÊÏ 82/12, ÊÏ 83/12, ÊÏ 
84/12, ÊÏ 153/12, CÏ 519/12, CÏ 520/12, ÿê³ ñòâîðåíî ó â³ää³ë³ ô³òîïàòî-
ëîã³¿ òà åíòîìîëîã³¿ ÑÃ²-ÍÖÍÑ. 

Ìàòåð³àëîì äëÿ ³äåíòèô³êàö³¿ àëåë³â ëîêóñó csLV34, ç÷åïëåíîãî ç ãå-
íîì ìóëüòèïàòîãåííî¿ ñò³éêîñò³ Lr34/Yr18/Pm38, áóëè 228 ñîðò³â ïøåíè-
ö³ ì’ÿêî¿ îçèìî¿ ð³çíîãî ãåîãðàô³÷íîãî ïîõîäæåííÿ. 

Äëÿ âèÿâëåííÿ êîìá³íàö³¿ ãåí³â, ùî çàáåçïå÷óþòü ñò³éê³ñòü äî ëèñòî-
âî¿ ³ðæ³ â óìîâàõ Ï³âäíÿ Óêðà¿íè, äîñë³äæóâàëè ñîðòè Âèõîâàíêà òà Êíÿ-
ãèíÿ Îëüãà ³ 15 ë³í³é, îòðèìàíèõ â³ä ì³æâèäîâèõ ñõðåùóâàíü. 

Ïîçèòèâíèì êîíòðîëåì äëÿ âèçíà÷åííÿ â³äîìèõ ãåí³â áóëè âèêîðèñ-
òàí³ ìàéæå ³çîãåíí³ ë³í³¿ ñîðòó Thatcher ç ãåíàìè ñò³éêîñò³ äî ëèñòîâî¿ ³ðæ³ 
Lr9 (TcLr9), Lr19 (TcLr19), Lr21 (TcLr21), Lr24 (TcLr24), Lr26 (TcLr26), Lr34 
(TcLr34), Lr37 (TcLr37) òà ñîðòè/ë³í³¿ íîñ³¿ ãåí³â ñò³éêîñò³: Amigo (LrAmigo/
SrAmigo), Ae. squarrosa KS86WGRC02 (Lr39), Ae. squarrosa KS91WGRC11 
(Lr42), OK75Abd-386-Oklahoma (Sr24), OK75Abd-380-Oklahoma (Sr25), 
ÿê³ íàäàí³ National Plant Germplasm System (ÑØÀ). 

Âèä³ëåííÿ ÄÍÊ. ÄÍÊ âèä³ëÿëè ç 5-äåííèõ ïàðîñòê³â, çåëåíîãî ëèñòÿ 
àáî ñóõîãî çåðíà ç çàñòîñóâàííÿì ÑÒÀÂ-áóôåðà [5]. 

Óìîâè àìïë³ô³êàö³¿ ÄÍÊ òà â³çóàë³çàö³¿ ïðîäóêò³â àìïë³ô³êàö³¿ ïðè 
ìàðêåðóâàíí³ òà êàðòóâàíí³ ãåíà ñò³éêîñò³ äî òâåðäî¿ ñàæêè, ïåðåíåñå-
íîãî â³ä Aegilops cylindrica â ãåíîì ì’ÿêî¿ ïøåíèö³, îïèñàíî Ãàëàºâèì òà 
³í. [6], ïðè ³äåíòèô³êàö³¿ ãåí³â ñò³éêîñò³ äî ëèñòîâî¿ òà ñòåáëîâî¿ ³ðæ³ íà-
âåäåíî ó ðîáîò³ Ãîðàøà òà ³í. [7], ïðè ³äåíòèô³êàö³¿ àëåë³â ëîêóñó csLV34, 
ç÷åïëåíîãî ç ãåíîì ìóëüòèïàòîãåííî¿ ñò³éêîñò³ Lr34/Yr18/Pm38, îïèñàíî 
Ãàëàºâèì òà ³í. [8]. 

Ô³òîïàòîëîã³÷íèé àíàë³ç. Ñò³éê³ñòü íà äîðîñëèõ ðîñëèíàõ îö³íþâàëè 
çà 9-áàëüíîþ øêàëîþ [9]. Åôåêòèâí³ñòü ãåí³â ñò³éêîñò³ äî ëèñòîâî¿ ³ðæ³ 
âèâ÷àëè íà ñòàä³¿ ïðîðîñòê³â ó òåïëèö³ ³ íà äîðîñëèõ ðîñëèíàõ ó ïîëüîâèõ 
óìîâàõ ðàçîì ç íàóêîâèìè ñï³âðîá³òíèêàìè â³ää³ëó ô³òîïàòîëîã³¿ òà åíòî-
ìîëîã³¿ ÑÃ² çà ¿õí³ìè ìåòîäèêàìè. Îö³íþâàëè ñò³éê³ñòü äî ëèñòîâî¿ ³ðæ³ íà 
ñòàä³¿ ïðîðîñòê³â çà øêàëîþ: VR — äóæå ñò³éê³, R — ñò³éê³, ÌR — ïîì³ðíî 
ñò³éê³, ÌS — ïîì³ðíî ÷óòëèâ³, S — ÷óòëèâ³, VS — äóæå ÷óòëèâ³. 

Ñòàòèñòè÷íà îáðîáêà ðåçóëüòàò³â — çà çàãàëüíîïðèéíÿòèìè ìåòîäè-
êàìè [10]. 
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Ðåçóëüòàòè é îáãîâîðåííÿ. 1. Ìàðêóâàííÿ òà êàðòóâàííÿ ãåíà 
ñò³éêîñò³ äî òâåðäî¿ ñàæêè, ïåðåíåñåíîãî â³ä Aegilops cylindrica â 
ãåíîì ì’ÿêî¿ ïøåíèö³. Îäí³ºþ ç ñòðàòåã³é ñåëåêö³¿ ì’ÿêî¿ ïøåíèö³ íà 
ñò³éê³ñòü äî ãðèáêîâèõ çàõâîðþâàíü º çàëó÷åííÿ íîâèõ ãîëîâíèõ ãåí³â 
ñò³éêîñò³ â³ä äèêèõ ñï³âðîäè÷³â ïøåíèö³, ùî ïîòðåáóº ïîïåðåäíüîãî ìàð-
êåðóâàííÿ ö³ëüîâîãî ãåíà/ãåí³â. 

Ìàðêóâàííÿ ÷óæîð³äíèõ ãåí³â ñò³éêîñò³ ïîòðåáóº äåê³ëüêîõ åòàï³â: 
1) ïîøóê ïîë³ìîðôíèõ ëîêóñ³â ÄÍÊ ì³æ áàòüê³âñüêèìè ôîðìàìè; 2) äåòåê-
ö³ÿ ³íòðîãðåñèâíèõ ôðàãìåíò³â ó ë³í³é ïøåíèö³; 3) âèÿâëåííÿ ñòàá³ëüíèõ 
³íòðîãðåñèâíèõ ôðàãìåíò³â; 4) ñêðèí³íã ïîïóëÿö³é, ùî ðîçùåïëþþòüñÿ, 
ç âèêîðèñòàííÿì ÌÑ ìàðêåð³â äî ñòàá³ëüíèõ ³íòðîãðåñèâíèõ ôðàãìåíò³â 
äëÿ âèÿâëåííÿ ¿õíüîãî ç÷åïëåííÿ ç ãåíîì (ãåíàìè) ñò³éêîñò³ äî ô³òîïàòî-
ãåí³â, ïåðåíåñåíèõ â³ä äèêîãî ñï³âðîäè÷à. 

Ìîëåêóëÿðíî-ãåíåòè÷íèé ïîë³ìîðô³çì ãåíîòèï³â áàòüê³âñüêèõ ôîðì. 
Äëÿ ïîøóêó ìîëåêóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó ãåíîòèï³â áàòüê³â-
ñüêèõ ôîðì ñîðòó Îäåñüêà íàï³âêàðëèêîâà òà âèäó Ae. cylindrica âèêî-
ðèñòàíî 115 ïàð ïðàéìåð³â äî 148 ÌÑ ëîêóñ³â ïøåíèö³. Çà ðåçóëüòàòàìè 
SSR-àíàëèçó çà 93 ì³êðîñàòåë³òíèìè (ÌÑ) ëîêóñàìè ïøåíèö³ (62,8 %) 
âèÿâèëè ïðîäóêòè àìïë³ô³êàö³¿ ó Ae. cylindrica. Ïîêàçàíà ìîæëèâ³ñòü 
âèêîðèñòàííÿ ÌÑ ìàðêåð³â ì’ÿêî¿ ïøåíèö³ äëÿ êàðòóâàííÿ ãåíîìó Ae. 
cylindrica [11]. 63 ÌÑ ëîêóñè (42,0 %) äîçâîëèëè âèÿâèòè ïîë³ìîðô³çì 
ì³æ ïøåíèöåþ òà Ae. cylindrica [12, 13]. Âèÿâëåí³ ïîë³ìîðôí³ ì³æ áàòüê³â-
ñüêèìè ôîðìàìè ÌÑ ëîêóñè º îñíîâîþ äëÿ äåòåêö³¿ ÷óæîð³äíîãî ãåíå-
òè÷íîãî ìàòåð³àëó â ã³áðèäíîìó ãåíîì³. 

Äåòåêö³ÿ ³íòðîãðåñèâíèõ ôðàãìåíò³â ó ë³í³¿ ïøåíèö³ 5/55–91. ÏËÐ-
àíàë³çîì ç âèêîðèñòàííÿì 63 ÌÑ ìàðêåð³â ïøåíèö³ âäàëîñÿ âèÿâèòè 
ó ë³í³¿ 5/55–91 16 ³íòðîãðåñèâíèõ ôðàãìåíò³â (òàáë. 1) [14]. Îñòàíí³ì 
÷àñîì ³ñíóº ïðîáëåìà ìîæëèâîñò³ ïåðåíîñó ãåí³â ñò³éêîñò³ äî ãåðá³öè-
ä³â â³ä òðàíñãåííî¿ ïøåíèö³ äî Ae. cylindrica çà ñïîíòàííî¿ ã³áðèäèçàö³¿ 
â ïîëüîâèõ óìîâàõ. Ó çâ’ÿçêó ç öèì ðÿä àâòîð³â [15] ïðîïîíóº ââîäèòè 
òðàíñãåíè â íåãîìîëîã³÷í³ äî Ae. cylindrica ãåíîìè À òà Â ïøåíèö³, ùî 
çàïîá³æèòü ïîòîêó ãåí³â â³ä òðàíñãåííî¿ ïøåíèö³ äî äèêèõ âèä³â. Îäíàê 
ó íàøèõ ðîáîòàõ âèÿâëåí³ ³íòðîãðåñèâí³ ôðàãìåíòè ó ã³áðèäíèõ ë³í³ÿõ íå 
ò³ëüêè â ãåíîì³ D ïøåíèö³ ãîìîëîã³÷íîìó ãåíîìó D Ae. cylindrica, àëå ³ â 
íåãîìîëîã³÷íèõ ãåíîìàõ À òà Â, ùî ñâ³ä÷èòü ïðî ìîæëèâ³ñòü ³íòðîãðåñ³¿ 
ÄÍÊ ãåíîì³â Ñ òà D Ae. cylindrica â ì’ÿêó ïøåíèöþ ³ íàâïàêè, — ÄÍÊ ç ãå-
íîì³â À, Â òà D ì’ÿêî¿ ïøåíèö³ ìîæå áóòè ³íòðîãðåñîâàíà â Ae. cylindrica 
[13]. 

Ñòàá³ëüí³ñòü ³íòðîãðåñèâíèõ ôðàãìåíò³â. ÌÑ ìàðêåðè, ÿê³ âèÿâèëè 
³íòðîãðåñèâí³ ôðàãìåíòè ó ë³í³¿ 5/55–91, áóëî âèêîðèñòàíî äëÿ äîñë³-
äæåííÿ ¿¿ áåêðîñíîãî íàùàäêà ë³í³¿ 378/2000. Çà äâàíàäöÿòè ÌÑ ëîêóñà-
ìè âèÿâëåíî ñòàá³ëüíó ³íòðîãðåñ³þ (òàáë. 1); çà äàíèìè ìàðêåðàìè ìîæ-
íà âèÿâèòè ïðîäóêòè ³íòðîãðåñ³¿ ç÷åïëåíèõ ç ãåíîì (ãåíàìè) ñò³éêîñò³ äî 
ô³òîïàòîãåí³â, ùî ïåðåíåñåí³ â³ä åã³ëîïñó äî ïøåíèö³ [12, 14]. 
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Òàáëèöÿ 1 

Ì³êðîñàòåë³òí³ ìàðêåðè, ùî âèÿâèëè ôðàãìåíòè ãåíîìó åã³ëîïñó â ãåíîìàõ 
áåêðîñíèõ íàùàäê³â ïøåíè÷íî-åã³ëîïñíèõ ã³áðèä³â 

Ëîêóñ Ëîêàë³çàö³ÿ
Àëåëü, 

ï. í.

Ë³í³ÿ
5/55–91 
(BC

1
F

9
)

378/2000 
(BC

2
F

5
)

Taglut 1AS 126 + +
Barc17 1ÀL 300 + +
Barc213 1ÀL 170 + +
Xgwm18 1BS 196 + +
Xgwm259 1BL 99 + +
Xgwm33 1DS null + +
Xgwm 619 2BL 184 + –
Xgwm389 3BS 114 + +
Xgwm314 3DL 171 + +
Xgwm383 3DL 218 + –
Xgwm499 5BL 140 + +
Xcfd7 5BL 190 + +
Xbarc88 5BL 94 + +
Xgwm182 5DL 167 + +
Xgwm427 6AL null + –
Xgwm617 6AL null + –

Ïðèì³òêà : «+» — ïðèñóòí³ñòü ³íòðîãðåñèâíîãî àëåëÿ, «–» — â³äñóòí³ñòü ³íòðîãðå-
ñèâíîãî àëåëÿ. 

Óñïàäêóâàííÿ ñò³éêîñò³ äî òâåðäî¿ ñàæêè. Ôåíîòèïîâèé ïðîÿâ ñò³é-
êîñò³ äî òâåðäî¿ ñàæêè âèçíà÷àëè íà 170 ðîñëèíàõ ïîïóëÿö³¿ BC

3
F

2
, ùî 

îòðèìàí³ â³ä ñõðåùóâàííÿ 378/2000 õ Ëþòåñöåíñ 23397. Ñò³éê³ñòü óñïàä-
êîâóâàëàñü ÿê ìîíîãåííî äîì³íàíòíà îçíàêà 3:1, ç ðîçùåïëåííÿì ó F

2
 

138 ñò³éêèõ òà 32 ÷óòëèâèõ ðîñëèí (2 = 3,16). Ç 138 ñò³éêèõ ðîñëèí F
2
 â 

F
3
: 34 ñ³ì’¿ — ãîìîçèãîòí³ çà ñò³éê³ñòþ äî òâåðäî¿ ñàæêè òà 104 — ãåòåðî-

çèãîòí³. Îäíàê ñï³ââ³äíîøåííÿ êëàñ³â ðîçùåïëåííÿ F
2
 íå â³äïîâ³äàº î÷³-

êóâàíîìó 1:2:1 (2 = 7,66). Â äàíîìó âèïàäêó ñïîñòåð³ãàºòüñÿ â³äõèëåí-
íÿ òåîðåòè÷íèõ êëàñ³â â³ä åìï³ðè÷íèõ: íåñòà÷à îáîõ òèï³â ãîìîçèãîò òà 
íàäëèøîê ãåòåðîçèãîò. ×èííèê, ùî ñïîòâîðþº ðîçùåïëåííÿ, ìîæëèâî, 
ïîâ’ÿçàíèé ç ðîçòàøóâàííÿì ãåíà ñò³éêîñò³ â ñêëàä³ ÷óæîð³äíî¿ òðàíñëî-
êàö³¿, âíàñë³äîê ÷îãî ìîæóòü âèíèêàòè ïåâí³ â³äõèëåííÿ ó ñï³ââ³äíîøåíí³ 
ðîçùåïëåííÿ çà äîñë³äæóâàíîþ îçíàêîþ. 

Ìîëåêóëÿðíå ìàðêóâàííÿ òà êàðòóâàííÿ ãåíà ñò³éêîñò³ äî òâåðäî¿ 
ñàæêè, ïåðåíåñåíîãî â³ä Ae. cylindrica â ì’ÿêó ïøåíèöþ. Ïðè ãåíîòèïó-
âàíí³ ðåêîìá³íàíò³â BC

3
F

2
 ³ ôåíîòèïîâîãî ïðîÿâó ñò³éêîñò³ äî òâåðäî¿ 

ñàæêè çà äîïîìîãîþ ïðîãðàìè «JOINMAP» ver. 2.0 ç êàðòóþ÷îþ ôóíê ö³ºþ 
Êîçàìá³ [16] âèçíà÷èëè â³äñòàíü ÌÑ ìàðêåðà Xgwm259 â³ä ãåíà ñò³é-
êîñò³ äî òâåðäî¿ ñàæêè, ÿêà ñêëàëà íà õðîìîñîìí³é êàðò³ ïøåíèö³ 7,6 ñÌ 
(ðèñ. 1). Äàíèé ìàðêåð ìîæíà âèêîðèñòàòè â ñåëåêö³¿ íà ïîë³ïøåííÿ ãå-
íîòèï³â ïøåíèö³ ùîäî ñò³éêîñò³ äî òâåðäî¿ ñàæêè [6, 17]. 
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Ðèñ. 1. Ãåíåòè÷íà êàðòà 1Â õðîìîñîìè ïøåíèö³ ç ëîêàë³çàö³ºþ ³íòðîãðåñèâíîãî 
ãåíà ñò³éêîñò³ äî òâåðäî¿ ñàæêè 

2. ²äåíòèô³êàö³ÿ ãåí³â ñò³éêîñò³ äî ëèñòîâî¿ òà ñòåáëîâî¿ ³ðæ³ â 
ñîðòàõ òà ë³í³ÿõ ïøåíèö³ ì’ÿêî¿ îçèìî¿ ñåëåêö³¿ ÑÃ². Ïîøóê ìîëåêó-
ëÿðíèõ ìàðêåð³â, ç÷åïëåíèõ ç íîâèì åôåêòèâíèì ãåíîì/ãåíàìè ñò³éêîñò³ 
äî ô³òîïàòîãåí³â, öå äîñèòü òðèâàëà òà êîøòîâíà ðîáîòà. Òàêîæ äîâîë³ 
ð³äêî âäàºòüñÿ âèêîðèñòàòè íîâ³ ãåíè â³ä äèêèõ âèä³â ç êîìåðö³éíîþ ìå-
òîþ ÷åðåç òå, ùî ³íòðîãðåñèâí³ ä³ëÿíêè õðîìîñîì, êð³ì êîðèñíèõ ãåí³â, 
÷àñòî ì³ñòÿòü ãåíåòè÷íèé ìàòåð³àë, ÿêèé ìîæå íåãàòèâíî âïëèâàòè íà 
ïðîÿâ àãðîíîì³÷íî ö³ííèõ îçíàê. 

Òîìó íàé÷àñò³øå â ñåëåêö³¿ íà ñò³éê³ñòü ÿê äîíîð³â âèêîðèñòîâóþòü 
ñîðòè òà ë³í³¿ ç â³äîìèìè åôåêòèâíèìè ãîëîâíèìè ãåíàìè ñò³éêîñò³, ùîäî 
ÿêèõ ðîçðîáëåí³ ìîëåêóëÿðí³ ìàðêåðè. 

×åðåç íåçíà÷íó ê³ëüê³ñòü ³íôîðìàö³¿, ùî ñòîñóºòüñÿ ³äåíòèô³êàö³¿ 
åôåêòèâíèõ ãåí³â ñò³éêîñò³ ó ñîðò³â ïøåíèö³ óêðà¿íñüêî¿ ñåëåêö³¿, àêòóàëü-
íèì º ðîçøèðåííÿ â³äïîâ³äíèõ äîñë³äæåíü ç çàñòîñóâàííÿì ìîëåêóëÿð-
íèõ ìàðêåð³â. 

Çà äàíèìè â³ää³ëó ô³òîïàòîëîã³¿ òà åíòîìîëîã³¿ ÑÃ² â Óêðà¿í³ âèñîêî- 
åôåêòèâíèìè ãåíàìè ñò³éêîñò³ äî ëèñòîâî¿ òà ñòåáëîâî¿ ³ðæ³ º Lr9, Lr19/
Sr25, ÷àñòêîâî åôåêòèâíèìè — Lr24/Sr24, Lr37/Sr38, Lr39 (=Lr41), Lr42 
³ òàê³, ùî çàáåçïå÷óþòü ïîì³ðíó ñò³éê³ñòü, — Lr26/Sr31 (1BL.1RS) [18], 
LrAmigo/SrAmigo (1ÀL.1RS) [18, 19, 20]. 

²äåíòèô³êàö³þ ãåí³â äîñë³äæóâàíî¿ ñò³éêîñò³ Lr9, Lr19/Sr25, Lr24/Sr24, 
Lr26/Sr31, Lr37/Sr38, Lr39, Lr42, LrAmigo/SrAmigo ïðîâîäèëè ó 80 ñîðò³â òà 15 
ë³í³é ïøåíèö³ ì’ÿêî¿ îçèìî¿, ñòâîðåíèõ ç 2000 ðîêó ó ÑÃ² çà äîïîìîãîþ 
ìîëåêóëÿðíèõ ìàðêåð³â [7]. Ó çâ’ÿçêó ç òèì, ùî â ÿêîñò³ äæåðåë ñò³éêîñò³ 
ïðè ñòâîðåíí³ ñîðò³â Êíÿãèíÿ Îëüãà, Âèõîâàíêà òà â³äïîâ³äíèõ ë³í³é âè-
êîðèñòîâóâàëè âèäè Triticum tauschii, Aegilops cylindrica, Triticum erebuni, 
ÿê³ ìàþòü D ãåíîì, ïðîâîäèëè ³äåíòèô³êàö³þ ãåí³â Lr21, Lr22à, Lr32. ²äåí-
òèô³êóâàëè òàêîæ ãåí Lr53 ó ë³í³é, îòðèìàíèõ â³ä ì³æâèäîâèõ ñõðåùóâàíü 
çà ó÷àñò³ Triticum dicoccoides. 
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Ó ðåçóëüòàò³ äîñë³äæåííÿ âèÿâëåíî, ùî â ñîðòàõ òà ë³í³ÿõ, ñòâîðåíèõ 
ç 1991 ðîêó ó â³ää³ë³ ô³òîïàòîëîã³¿ òà åíòîìîëîã³¿ ÑÃ², íå ³äåíòèô³êîâà-
í³ ãåíè Lr9, Lr19/Sr25, Lr37/Sr38, Lr39 òà Lr42. Ó ñîðòàõ Êíÿãèíÿ Îëüãà, 
Âèõîâàíêà òà 15 ë³í³ÿõ íå âèÿâëåíî òàêîæ ãåí³â Lr22à, Lr32 òà Lr53. Ñå-
ðåä âèâ÷åíèõ ñîðò³â òà ë³í³é âèÿâëåí³ íîñ³¿ ãåí³â Lr21, Lr24/Sr24, Lr26/
Sr31 (1BL.1RS) òà LrAmigo/SrAmigo (1ÀL.1RS) îêðåìî ³ â êîìá³íàö³¿: Ùåäð³ñòü 
(Lr26/Sr31); ÊÏ 153/12 (LrAmigo/SrAmigo, LrAmigo/SrAmigo+Lr24/Sr24); Êíÿãèíÿ 
Îëüãà, Âèõîâàíêà îäåñüêà, ÊÏ 3/12, ÊÏ 15/12, ÊÏ 16/12, ÊÏ 64/12, ÑÏ 
519/12, 5/55–91, 5/20–91 (LrAmigo/SrAmigo+Lr24/Sr24); ÊÏ 28/12 òà ÊÏ 42/12 
(Lr21, LrAmigo/SrAmigo+Lr24/Sr24); ÊÏ 82/12 (Lr21+LrAmigo/SrAmigo+Lr24/Sr24); 
ÊÏ 83/12 (LrAmigo/SrAmigo, Lr21+LrAmigo/SrAmigo, Lr21+Lr24/Sr24, Lr21+LrAmigo/
SrAmigo+Lr24/Sr24); ÊÏ 84/12 (LrAmigo/SrAmigo, Lr21+Lr24/Sr24, LrAmigo/SrAmigo + 
Lr24/Sr24); ÑÏ 520/12 (Lr24/Sr24, LrAmigo/SrAmigo+Lr24/Sr24). Íà ðèñóíêó 2 
ïîêàçàíî ðåçóëüòàòè àìïë³ô³êàö³¿ ïðè âèêîðèñòàíí³ óí³âåðñàëüíîãî ìàð-
êåðà Xscm9, ÿêèé äîçâîëÿº, çà äàíèìè Weng et al. [19], îäíî÷àñíî âè-
ÿâëÿòè òðàíñëîêàö³¿ 1BL.1RS â³ä ñîðòó Êàâêàç ³ 1AL.1RS â³ä ñîðòó Amigo. 

Îòæå, â ðåçóëüòàò³ ïðîâåäåíîãî ñêðèí³íãó çà íàÿâí³ñòþ åôåêòèâíèõ 
ãåí³â ñò³éêîñò³ äî ëèñòîâî¿ òà ñòåáëîâî¿ ³ðæ³ âèÿâëåí³ ñîðòè òà ë³í³¿ — íî-
ñ³¿ ÷óæîð³äíèõ ãåí³â ³ ¿õí³õ êîìá³íàö³é, ÿê³ ìîæíà áóäå âèêîðèñòîâóâàòè â 
ñåëåêö³¿. 

Îäíàê äîñë³äæåí³ ñîðòè ïøåíèö³, â ÿêèõ íå âèÿâëåíî åôåêòèâíèõ â 
Óêðà¿í³ ãåí³â ñò³éêîñò³, âñå æ âîëîä³þòü ïîëüîâîþ ñò³éê³ñòþ, ÿêà, ñêîð³ø 
çà âñå, çàáåçïå÷óºòüñÿ çàëèøêîâèìè åôåêòàìè ñò³éêîñò³, ÿê³ ïðîÿâëÿ-
þòüñÿ êîæíèì ïîäîëàíèì ãåíîì òà ¿õíüîþ àäèòèâíîþ ä³ºþ, à òàêîæ ïî-
ºäíàííÿì ç ãåíàìè çàãàëüíî¿ íåðàñîñïåöèô³÷íî¿ ñò³éêîñò³. 

        1    2    3     4     5     6     7     8     9    10    11        12    13    14   15    16 

1 L.1RS 
1 L.1RS 

Ðèñ. 2. Åëåêòðîôîðåãðàìà â 12 % íåäåíàòóðóþ÷îìó ÏÀÀÃ ïðîäóêò³â àìïë³ô³êà-
ö³¿ ÄÍÊ ñîðò³â ³ ë³í³é ÑÃ² ç ïðàéìåðàìè äî ëîêóñó Xscm9: Ì — ìàðêåð ìîëåêó-
ëÿðíî¿ ìàñè pUC19/MspI; 1– Amigo, 2, 3 — Ùåäð³ñòü; 4–6 — Âèõîâàíêà îäåñüêà; 
7–8 — Àíòîí³âêà; 9–10 — Êíÿãèíÿ Îëüãà; 11–12 — Çîðåïàä; 13–17 — ÑÏ 520/12 

3. ²äåíòèô³êàö³ÿ àëåë³â ëîêóñó csLV34, ç÷åïëåíîãî ç ãåíîì ìóëü-
òèïàòîãåííî¿ íåðàñîñïåöèô³÷íî¿ ñò³éêîñò³ Lr34/Yr18/Pm38 ó ñîðò³â 
ïøåíèö³ óêðà¿íñüêî¿ ³ ðîñ³éñüêî¿ ñåëåêö³¿. 

Îñòàíí³ì äåñÿòèð³÷÷ÿì ïîïóëÿðíîñò³ íàáóâàº ñòðàòåã³ÿ ñåëåêö³¿ ïøå-
íèö³ ì’ÿêî¿ íà ñò³éê³ñòü äî ãðèáêîâèõ çàõâîðþâàíü, ÿêà áàçóºòüñÿ íà ïî-
ºäíàíí³ ó ñîðòàõ ãåí³â âåðòèêàëüíî¿ (ðàñîñïåöèô³÷íî¿) òà ãîðèçîíòàëüíî¿ 
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(íåðàñîñïåöèô³÷íî¿) ñò³éêîñò³, ùî çàáåçïå÷óº âèñîêèé ð³âåíü ñò³éêîñò³ 
ïðîòÿãîì òðèâàëîãî ÷àñó. 

Íåçâàæàþ÷è íà òå, ùî ðàñîñïåöèô³÷íà ñò³éê³ñòü çàáåçïå÷óº âèñî-
êîåôåêòèâíèé çàõèñò, ïðîòå ñò³éê³ñòü, ÿêà íå ´ðóíòóºòüñÿ íà ñïåöèô³÷-
íîìó óï³çíàâàíí³ ì³æ ãîñïîäàðåì ³ çáóäíèêîì, ÷àñòî âèÿâëÿºòüñÿ á³ëüø 
ñòàá³ëüíîþ òà äîâãîòðèâàëîþ. Íåðàñîñïåöèô³÷íà ñò³éê³ñòü õàðàêòåðèçó-
ºòüñÿ íå íàä÷óòëèâ³ñòþ, à ÷àñòêîâîþ ñò³éê³ñòþ, ïîâ’ÿçàíîþ ç òðèâàëèì 
ëàòåíòíèì ïåð³îäîì ðîçâèòêó çàõâîðþâàííÿ [21, 22]. Íàéá³ëüø âàæëèâå 
çíà÷åííÿ â ñåëåêö³¿ ïøåíèö³ ìàþòü ëîêóñè çàãàëüíî¿ ñò³éêîñò³ äî ëèñòîâî¿ 
òà æîâòî¿ ³ðæ³ ³ áîðîøíèñòî¿ ðîñè Lr34/Yr18/Pm38 (ëîêàë³çîâàíî íà õðî-
ìîñîì³ 7DS) ³ Lr46/Yr29/Pm39 (ëîêàë³çîâàíî íà õðîìîñîì³ 1ÂL), îñê³ëüêè 
âîíè äîçâîëÿþòü îäíî÷àñíî äîáèðàòè íåðàñîñïåöèô³÷íó ³ ïîòåíö³éíî 
òðèâàëó ñò³éê³ñòü äî òðüîõ íàéá³ëüø âàæëèâèõ á³îòðîôíèõ ïàòîãåí³â ó 
ïøåíèö³, ùî çàâæäè óñïàäêîâóºòüñÿ ðàçîì, ÿê îäíà ìåíäåëþþ÷à îçíàêà 
[23, 24]. Ëîêóñ Lr34/Yr18/Pm38 â êîìá³íàö³¿ ç ³íøèìè ðàñîñïåöèô³÷íèìè 
ãåíàìè çàáåçïå÷óº âèñîêèé ð³âåíü ñò³éêîñò³ ïðîòÿãîì áàãàòüîõ äåñÿòèð³÷ 
[3,4], òàêîæ àñîö³éîâàíèé ç òîëåðàíòí³ñòþ äî â³ðóñó æîâòî¿ êàðëèêîâîñò³ 
ÿ÷ìåíþ Bdv1 [25, 26]. Ó çâ’ÿçêó ç öèì íàáóâàº âåëèêîãî çíà÷åííÿ ãåíî-
òèïóâàííÿ ñîðò³â ïøåíèö³ ì’ÿêî¿ ð³çíîãî ãåîãðàô³÷íîãî ïîõîäæåííÿ çà 
àëåëÿìè ëîêóñó csLV34 äëÿ âèÿâëåííÿ ãåíà Lr34/Yr18/Pm38. 

Ïðîàíàë³çîâàíî êîëåêö³þ ³ç 198 ñîðò³â óêðà¿íñüêî¿ òà 30 ðîñ³éñüêî¿ 
ñåëåêö³¿, ÿê³ ñòâîðåí³ â îñíîâíèõ ñåëåêö³éíèõ öåíòðàõ ç 1959 ðîêó (âè-
âåäåííÿ Áåçîñòî¿ 1) ïî 2011-é ð³ê, íà íàÿâí³ñòü ãåíà ñò³éêîñò³ Lr34/Yr18/
Pm38 [8]. Çà ðåçóëüòàòàìè ÏËÐ ç ïàðîþ ïðàéìåð³â äî ëîêóñó csLV34 [27] 
âèÿâëåíî ò³ëüêè äâà îäíîçíà÷í³ àëåë³: csLV34à äîâæèíîþ 229 ï. í. òà 
csLV34b äîâæèíîþ 150 ï. í., àñîö³éîâàíèõ, â³äïîâ³äíî, ç â³äñóòí³ñòþ òà 
ïðèñóòí³ñòþ ãåíà Lr34/Yr18/Pm38. 

Ó á³ëüøîñò³ óêðà¿íñüêèõ òà ðîñ³éñüêèõ ñîðò³â ïøåíèö³, â³äïîâ³ä-
íî 87,9 % òà 93,3 %, âèÿâëåíî îäèí ç äâîõ àëåë³â ëîêóñó csLV34. Ãåòå-
ðîãåíí³ çà öèì ãåíîì ñîðòè ñêëàäàëèñÿ ç äâîõ ãåíîòèï³â àa òà bb ç ð³ç-
íèì ñï³ââ³äíîøåííÿì ÷àñòîê ãåíîòèï³â. Íàéá³ëüøîãî ïîøèðåííÿ àëåëü 
csLV34b íàáóâ ñåðåä ñîðò³â Ï³âäíÿ Óêðà¿íè (67,8±3,9 %). Íà Ï³âíî÷³ ³ â 
Öåíòð³ Óêðà¿íè ñåðåä ñîðò³â ïøåíèö³ ì’ÿêî¿ îçèìî¿ íàéá³ëüø ïîøèðå-
íèé àëåëü csLV34à (â³ä 58,3 äî 80,0 %) (ðèñ. 3). Íà Ñõîä³ Óêðà¿íè ÷àñòîòà 
àëåë³â csLV34à (54,5±15,0 %) òà csLV34b (45,5±15,0 %) äîñòîâ³ðíî îä-
íàêîâà. Ó ðîñ³éñüêèõ ñîðòàõ Çàõ³äíîãî Ñèá³ðó òà Ïîâîëæÿ ÷àñòîòà àëå-
ëÿ csLV34b äîð³âíþº 29,4±11,0 %, íà Ï³âí³÷íîìó Êàâêàç³ — 38,5±13,5 %. 
Âèñîêà ÷àñòîòà àëåëÿ csLV34b, àñîö³éîâàíîãî ç ãåíîì Lr34/Yr18/Pm38, 
â ñîðòàõ Ï³âäíÿ Óêðà¿íè ïîâ’ÿçàíà ç àêòèâíèì âèêîðèñòàííÿì â ñåëåêö³é-
íèõ ïðîãðàìàõ ñîðò³â–íîñ³¿â çàçíà÷åíîãî àëåëÿ: Áåçîñòà 1, Îäåñüêà 51, 
Îäåñüêà íàï³âêàðëèêîâà, Ç³ðêà, Àëüáàòðîñ îäåñüêèé, Â³êòîð³ÿ îäåñüêà, 
Óêðà¿íêà îäåñüêà òà Ñåëÿíêà. Âèñîêà ÷àñòîòà àëåëÿ csLV34à, àñîö³éîâà-
íîãî ç â³äñóòí³ñòþ ãåíà Lr34/Yr18/Pm38, ó ñîðòàõ Ï³âíî÷³, Öåíòðó Óêðà¿íè 
òà Çàõ³äíîãî Ñèá³ðó ïîâ’ÿçàíà ç àêòèâíèì âèêîðèñòàííÿì â ñåëåêö³éíèõ 
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Ðèñ. 3. Ðîçïîä³ë àëåëåé ëîêóñó csLV34 ó ñîðò³â ì’ÿêî¿ ïøåíèö³ Óêðà¿íè òà Ðîñ³¿: 
      — àëåëü csLV34a;       — àëåëü csLV34b 

ïðîãðàìàõ àäàïòîâàíèõ äëÿ äàíèõ ðåã³îí³â ìîðîçî-çèìîñò³éêèõ ñîðò³â-
íîñ³¿â çàçíà÷åíîãî àëåëÿ: Óëüÿí³âêà, Ìèðîí³âñüêà 808, Áàãðàò³îí³âêà. 

Ñë³ä çàóâàæèòè, ùî ãåí Lr34/Yr18/Pm38 íå º åôåêòèâíèì ó ñîðòàõ 
Óêðà¿íè òà Ðîñ³¿. Òàê³ ïøåíèö³ óðàæàþòüñÿ ëèñòîâîþ ³ðæåþ â ìåæàõ 15–
90 % [4; 28; 29]. Åêñïðåñ³ÿ ãåíà Lr34/Yr18/Pm38 çàëåæèòü â³ä òåìïåðà-
òóðè äîâê³ëëÿ òà ñòàä³¿ îíòîãåíåçó ðîñëèíè. Ïðîÿâ ãåíà Lr34/Yr18/Pm38 
â³äáóâàºòüñÿ ó ïîëüîâèõ óìîâàõ ó ä³àïàçîí³ â³ä 0 äî 20°Ñ, ïðè çá³ëüøåí-
í³ òåìïåðàòóðè åêñïðåñ³ÿ ãåíà ³íã³áóºòüñÿ [30]. Íåçâàæàþ÷è íà íèçüêó 
åôåêòèâí³ñòü ãåíà Lr34/Yr18/Pm38, ðÿäîì àâòîð³â ïîêàçàíî, ùî êîìá³-
íàö³ÿ éîãî ç ³íøèìè ðàñîñïåöèô³÷íèìè ãåíàìè, òàêèìè ÿê Lr13, Lr22a, 
Lr26, Lr35 òà Lr37, çíà÷íî ï³äâèùóº ð³âåíü ïîëüîâî¿ ñò³éêîñò³ [6, 7]. Òà-
êîæ â³äîìèé ïîçèòèâíèé âïëèâ ãåíà Lr34/Yr18/Pm38 íà ãåíè ñò³éêîñò³ 
äî ñòåáëîâî¿ ³ðæ³ [31]. Ïðè ðîçïîä³ë³ äîñë³äæåíèõ ñîðò³â ïøåíèö³ ì’ÿêî¿ 
îçèìî¿, ñòâîðåíèõ ó ÑÃ² çà åòàïàìè ñåëåêö³¿, çã³äíî ç Ì. À. Ëèòâèíåíêîì 
[32], âèÿâëåíî çðîñòàííÿ ÷àñòîòè àëåëÿ csLV34b ç êîæíèì íîâèì åòàïîì 
(ðèñ. 4). Öå ñâ³ä÷èòü ïðî çáåðåæåííÿ åôåêòèâíîñò³ ãåíà Lr34/Yr18/Pm38 
íà Ï³âäí³ Óêðà¿íè (çà ïðèñóòíîñò³ ³íøèõ ãåí³â ðàñîñïåöèô³÷íî¿ ñò³éêîñò³), 
ÿêà ïîâ’ÿçàíà ç³ ñò³éê³ñòþ äî ëèñòîâî¿ ³ æîâòî¿ ³ðæ³, áîðîøíèñòî¿ ðîñè òà 
â³ðóñó æîâòî¿ êàðëèêîâîñò³ ÿ÷ìåíþ, ùî ñïðèÿëî äîáîðó ñåëåêö³îíåðàìè 
ãåíîòèï³â ðîñëèí ç öèì ãåíîì. 

4. Âèÿâëåííÿ êîìá³íàö³¿ ãåí³â, ùî çàáåçïå÷óþòü ñò³éê³ñòü äî 
ëèñòîâî¿ ³ðæ³ â óìîâàõ Ï³âäíÿ Óêðà¿íè. Ó ðåçóëüòàò³ ïðîâåäåíîãî 
ñêðèí³íãó çà íàÿâí³ñòþ åôåêòèâíèõ ãåí³â ñò³éêîñò³ äî ëèñòîâî¿ ³ðæ³ âèÿâ-
ëåíî ñîðòè òà ë³í³¿ — íîñ³¿ ÷óæîð³äíèõ ãåí³â Lr21, Lr24, Lr26 òà LrAmigo ³ ¿õ 
êîìá³íàö³é (ïóíêò. 2). Ó çâ’ÿçêó ç òèì, ùî â ñîðòàõ ì’ÿêî¿ ïøåíèö³ ñåëåê-
ö³¿ ÑÃ² íàéá³ëüø ïîøèðåíèé àëåëü csLV34b, àñîö³éîâàíèé ç ïðèñóòí³ñòþ 
ãåíà Lr34/Yr18/Pm38 (67,8±3,9 %) [8], òî äîö³ëüíî áóëî ïðîâåñòè ³äåí-
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òèô³êàö³þ öüîãî ãåíà â 15 ë³í³ÿõ, îòðèìàíèõ â³ä ì³æâèäîâèõ ñõðåùóâàíü. 
Ç-ïîì³æ ë³í³é âèÿâëåí³ íîñ³¿ ãåíà Lr34: ÊÏ 3/12, ÊÏ 16/12, ÊÏ 28/12, ÊÏ 
42/12, ÊÏ 64/12, ÊÏ 82/12, ÊÏ 84/12, ÊÏ 153/12 òà 378/2000. Íàéá³ëüø 
âàæëèâ³ äëÿ âèâ÷åííÿ âçàºìîä³¿ ãåí³â ñò³éêîñò³ Lr21, Lr24, Lr34, LrAmigo º 
ãåòåðîãåíí³ ë³í³¿, â ÿêèõ âèÿâëåí³ ê³ëüêà êîìá³íàö³é Lr ãåí³â. 
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Ðèñ. 4. Ã³ñòîãðàìà ðîçïîä³ëó ÷àñòîò àëåëåé ëîêóñó csLV34 â ñîðòàõ ïøåíèö³ 
ì’ÿêî¿ ÑÃ² ð³çíèõ åòàï³â ñåëåêö³¿ 

Ðîñëèíè ãåòåðîãåííèõ ñåëåêö³éíèõ ë³í³é ïî-ð³çíîìó ðåàãóâàëè íà 
ëèñòîâó ³ðæó. Ïîð³âíÿííÿ ðåçóëüòàò³â ìîëåêóëÿðíî-ãåíåòè÷íîãî àíàë³çó ç 
ôåíîòèïîâèì ïðîÿâîì ñò³éêîñò³ äî ëèñòîâî¿ ³ðæ³ íà ñòàä³¿ ïðîðîñòê³â ïî-
êàçàëî, ùî ñò³éê³ñòü çàáåçïå÷óºòüñÿ ð³çíèìè êîìá³íàö³ÿìè Lr ãåí³â. Ðîñ-
ëèíè ç êîìá³íàö³ºþ Lr24+Lr34+LrAmigo (T1AL.1RS) áóëè ñò³éê³. Ñåðåä ðîñëèí 
ç êîìá³íàö³ºþ Lr21+Lr24+Lr34 òðè áóëè ñò³éê³ ³ äâ³ ïîì³ðíî ñò³éê³. Ðîñëèíè 
ç êîìá³íàö³ºþ LrAmigo+Lr24 áóëè ñò³éê³, ç êîìá³íàö³ÿìè Lr21+LrAmigo+Lr24 ³ 
Lr21+Lr24 — ïîì³ðíî ñò³éê³. Ç-ïîì³æ ðîñëèí ç êîìá³íàö³ºþ LrAmigo+Lr34 äâ³ 
áóëè ñò³éê³, îäíà — ÷óòëèâà. Ðîñëèíè ç êîìá³íàö³ºþ Lr21+LrAmigo, à òàêîæ ç 
îäíèì ãåíîì Lr24 — ïîì³ðíî ÷óòëèâ³. Ðîñëèíè ç êîìá³íàö³ºþ Lr21+Lr34, à 
òàêîæ ç îäíèì ãåíîì LrAmigo ÷è Lr34 áóëè ÷óòëèâ³ (òàáë. 2) [7]. 

Ó äîñë³äæóâàíîìó ìàòåð³àë³ êëþ÷îâèì ãåíîì, ùî çàáåçïå÷óº ñò³é-
ê³ñòü äî áóðî¿ ³ðæ³, áóâ Lr24 (T1BL.1BS — 3Ae # 1L), ÿêèé â îêðåìîìó âè-
êîðèñòàíí³ çàáåçïå÷óº ïîì³ðíî ÷óòëèâèé òèï ñò³éêîñò³. Ãåíè Lr21, Lr34 ³ 
òðàíñëîêàö³ÿ T1AL.1RS â îêðåìîìó âèêîðèñòàíí³ äàþòü ÷óòëèâ³ñòü. Ó ïî-
ºäíàíí³ ¿õ ç Lr24 (T1BL.1BS — 3Ae # 1L) ðîñëèíè ïîêàçàëè ñò³éê³ñòü àáî 
ïîì³ðíó ñò³éê³ñòü. Çã³äíî ç ïîâ³äîìëåííÿì Huerta — Espino et al. [33], Lr21 
çàëèøàºòüñÿ åôåêòèâíèì ó Êàíàä³, Ï³âí³÷í³é Àìåðèö³, Ï³âäåíí³é Àôðèö³, 
íà Ñåðåäíüîìó Ñõîä³, ó Ï³âí³÷í³é Àôðèö³ òà Öåíòðàëüí³é Àç³¿; ëîêàëüíî 
â³ðóëåíòí³ñòü äî ãåíà Lr21 áóëà âèÿâëåíà â ªâðîï³, äå â³í ïðîäîâæóº çà-
ëèøàòèñÿ åôåêòèâíèì ó áàãàòüîõ êðà¿íàõ. Ãåí Lr34 çàëèøàºòüñÿ åôåê-
òèâíèì ó Ï³âí³÷í³é Àìåðèö³, Ï³âäåíí³é òà Ï³âí³÷í³é Àôðèö³, íà Áëèçüêîìó 
Ñõîä³, â Öåíòðàëüí³é Àç³¿. Òàêîæ, çã³äíî ç ïîâ³äîìëåííÿìè áàãàòüîõ äî-
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ñë³äíèê³â, Lr34 â êîìá³íàö³¿ ç ³íøèìè ãåíàìè ìîæå ïîñèëþâàòè ñò³éê³ñòü 
äî áóðî¿ ³ðæ³ [34, 35]. Ó íàøèõ äîñë³äæåííÿõ âèÿâëåíî òàêîæ, ùî ïîºä-
íàííÿ ãåí³â ç ÷àñòêîâîþ ñò³éê³ñòþ àáî ê³ëüêîõ íååôåêòèâíèõ/åôåêòèâíèõ 
ãåí³â ç ãåíîì Lr34 çàáåçïå÷óº äîñòàòí³é ð³âåíü ñò³éêîñò³ [7]. 

Òàáëèöÿ 2 

Ïîð³âíÿííÿ ðåçóëüòàò³â ìîëåêóëÿðíî-ãåíåòè÷íîãî àíàë³çó ç ôåíîòèïîâèì ïðî-
ÿâîì ñò³éêîñò³ äî ëèñòîâî¿ ³ðæ³ ãåòåðîãåííèõ ñåëåêö³éíèõ ë³í³é [7]
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ÊÏ 28/12
1 R – + + + 4 S + – – +
2 R – + + + 5 R – + + +
3 R – + + + 6 R – + + +

ÊÏ 42/12
1 R – + + + 4 R – + + +
2 S + – – + 5 R – + + +
3 R – + + +

ÊÏ 83/12

1 MR + + + – 6 S – + – –
2 MS + – + – 7 MS + + – –
3 MS + + – – 8 MR + + + –
4 MR + + + – 9 MS + + – –
5 MR + + + – 10 MR + + + –

ÊÏ 84/12

1 R + – + + 7 R – + + +
2 R – + + + 8 R + – + +
3 MR + – + + 9 R – + + +
4 S – + – + 10 S – + – +
5 MS + – + + 11 R + – + +
6 S – – – +

ÊÏ 153/12

1 R – + – + 5 R – + + +
2 R – + + + 6 S + – – +
3 R – + + + 7 R – + + +
4 R – + + + 8 R – + + +

ÑÏ 520/12
1 MS – – + – 4 R – + + –
2 R – + + – 5 MS – – + –
3 MS – – + – 6 R – + + –

Ïðèì³òêà: R — ñò³éê³, ÌR — ïîì³ðíî ñò³éê³, ÌS — ïîì³ðíî ÷óòëèâ³, S — ÷óòëèâ³. 

Âèõîäÿ÷è ç öüîãî, ìè ìîæåìî ïðèïóñòèòè, ùî ñåëåêö³éíèé ìàòåð³-
àë ç êîìá³íàö³ºþ ãåí³â Lr24+Lr34+LrAmigo, Lr21+Lr24+Lr34, Lr24+LrAmigo òà 
Lr21+Lr24+LrAmigo ìîæå ìàòè åôåêòèâíèé ³ íàä³éíèé ð³âåíü ñò³éêîñò³ íå 
ò³ëüêè íà Ï³âäí³ Óêðà¿íè, à é ó áàãàòüîõ ³íøèõ êë³ìàòè÷íèõ çîíàõ. Ë³í³¿ ç 
òàêîþ êîìá³íàö³ºþ ãåí³â º ö³ííèì âèõ³äíèì ìàòåð³àëîì äëÿ ñåëåêö³¿ ïøå-
íèö³ íà ñò³éê³ñòü äî áóðî¿ ³ðæ³. 

Âèñíîâêè. Îòæå, â ðåçóëüòàò³ äîñë³äæåíü äîâåäåíà ðåàëüíà åôåê-
òèâí³ñòü âèêîðèñòàííÿ ìîëåêóëÿðíèõ ìàðêåð³â äëÿ ìàðêóâàííÿ òà 
êàðòóâàííÿ íîâîãî ãåíà ñò³éêîñò³ äî òâåðäî¿ ñàæêè, ïåðåíåñåíîãî â³ä 
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Ae. cylindrica â ãåíîì ïøåíèö³, ³äåíòèô³êàö³¿ ãîëîâíèõ ðàñîñïåöèô³÷íèõ 
òà íåðàñîñïåöèô³÷íèõ ãåí³â ñò³éêîñò³ äî ëèñòîâî¿ òà ñòåáëîâî¿ ³ðæ³ ó ñîð-
òàõ òà ë³í³ÿõ ïøåíèö³ ì’ÿêî¿. 

Ïðîâåäåíèì ñêðèí³íãîì ñò³éêîñò³ äî ëèñòîâî¿ ³ðæ³ âèÿâëåí³ êîìá³íà-
ö³¿ ãåí³â òà çðàçêè ñîðò³â ³ ë³í³é — íîñ³¿â öèõ êîìá³íàö³é, ÿê³ âàðòî âèêî-
ðèñòîâóâàòè ó â³ò÷èçíÿí³é ñåëåêö³¿ ïðè çàëó÷åíí³ ñòðàòåã³¿ MAS. 
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Galaev Î. V., Babayanz L. T. Plant Breeding and Genetics Institute — 
National Center of Seed and Cultivar Investigations 

MOLECULAR-GENETIC MARKERS FOR IDENTIFICATION OF GENES 
RESISTANCE TO FUNGAL DISEASES OF BREAD WHEAT 

(Triticum aestivum L.) 

Molecular-genetic markers was used for marking and mapping the new 
gene resistance to common bunt transferred from Ae. cylindrica into wheat 
genome, identification of the main raso-specific genes for resistance to leaf 
and stem rust in 80 varieties and 15 lines of bread wheat created 1991 in the 
PBGI-NCSCI, and identifying the gene multi pathogenic non race-specific re-
sistance Lr34/Yr18/Pm38 in wheat varieties Ukrainian and Russian breeding. 
Varieties and lines with genes Lr21, Lr24 / Sr24, Lr26 / Sr31 (1BL.1RS), Lr34 
/ Yr18 / Pm38 and LrAmigo/SrAmigo (1AL.1RS) individually or in combination were 
found. The combination of genes Lr24+Lr34+T1AL.1RS, Lr24+Lr34+Lr21, 
T1AL.1RS+Lr24 and Lr21+T1AL.1RS+Lr24 conferred resistance varieties and 
lines in South Ukraine are promising donors in Ukrainian breeding programs. 

ÓÄÊ 577.21:575.113:632.4 
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ÌÎËÅÊÓËßÐÍÎ-ÃÅÍÅÒÈ×ÅÑÊÈÅ ÌÀÐÊÅÐÛ ÄËß 
ÈÄÅÍÒÈÔÈÊÀÖÈÈ ÃÅÍÎÂ ÓÑÒÎÉ×ÈÂÎÑÒÈ Ê ÃÐÈÁÊÎÂÛÌ 
ÇÀÁÎËÅÂÀÍÈßÌ ÏØÅÍÈÖÛ ÌßÃÊÎÉ (Triticum aestivum L.) 

Ïðåäñòàâëåíû ðåçóëüòàòû èñïîëüçîâàíèÿ ìîëåêóëÿðíî-ãåíåòè÷åñ-
êèõ ìàðêåðîâ äëÿ ìàðêèðîâàíèÿ è êàðòèðîâàíèÿ íîâîãî ãåíà óñòîé÷è-
âîñòè ê òâåðäîé ãîëîâíå, ïåðåíåñåííîãî èç Ae. cylindrica â ãåíîì ïøå-
íèöû, èäåíòèôèêàöèè ãëàâíûõ ðàñîñïåöèôè÷åñêèõ ãåíîâ óñòîé÷èâîñòè 
ê ëèñòîâîé è ñòåáëåâîé ðæàâ÷èíå â 80 ñîðòàõ è 15 ëèíèÿõ ïøåíèöû ìÿã-
êîé, ñîçäàííûå ñ 1991 ãîäà â ÑÃÈ–ÍÖÑÑ, à òàêæå âûÿâëåíèå ãåíà ìóëü-
òèïàòîãåííîé íåðàñîñïåöèôè÷åñêîé óñòîé÷èâîñòè Lr34/Yr18/Pm38 â 
ñîðòàõ ïøåíèöû óêðàèíñêîé è ðîññèéñêîé ñåëåêöèè. Âûÿâëåíî íàëè÷èå 
ó èçó÷åííûõ ñîðòîâ è ëèíèé ãåíîâ Lr21, Lr24/Sr24, Lr26/Sr31 (1BL.1RS), 
Lr34/Yr18/Pm38 è LrAmigo/SrAmigo (1ÀL.1RS) îòäåëüíî è â êîìáèíàöèÿõ. 
Ïîêàçàíî, ÷òî ñîðòà è ëèíèè ñ êîìáèíàöèåé ãåíîâ Lr24+Lr34+LrAmigo, 
Lr21+Lr24+Lr34, Lr24+LrAmigo è Lr21+Lr24+LrAmigo îáåñïå÷èâàþò ýôôåêòèâ-
íûé è íàäåæíûé óðîâåíü óñòîé÷èâîñòè íà Þãå Óêðàèíû è ìîãóò èñïîëü-
çîâàòüñÿ â êà÷åñòâå äîíîðîâ â ñåëåêöèîííûõ ïðîãðàììàõ Óêðàèíû. 
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ÄÍÊ-ÒÅÕÍÎËÎÃ²¯ Â ÃÅÍÅÒÈÊÎ-ÑÅËÅÊÖ²ÉÍÈÕ ÄÎÑË²ÄÆÅÍÍßÕ 
ß×ÌÅÍÞ (Hordeum vulgare L.) Â ÑÃ²–ÍÖÍÑ 

Íà îñíîâ³ ÏËÐ-àíàë³çó ìîëåêóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó 
ð³çíîìàí³òíèõ ãåíîòèï³â ÿ÷ìåíþ îäåðæàíî ÄÍÊ-ìàðêåðè äëÿ òå-
îðåòè÷íîãî ³ ïðàêòè÷íîãî âèêîðèñòàííÿ. Ç çàëó÷åííÿì ìåòîä³â 
ìîëåêóëÿðíî¿ ãåíåòèêè ³ ãåíîì³êè ïðîâåäåíî êàðòóâàííÿ ãåíîìó, 
äèôåðåíö³àö³þ ãåíîòèï³â çà ñòóïåíåì ¿õíüî¿ ñïîð³äíåíîñò³ íà âíó-
òð³øíüîâèäîâîìó ð³âí³, âèçíà÷åííÿ îäíîð³äíîñò³ ãåíåòè÷íîãî ìà-
òåð³àëó ³ äåòåêö³þ àëåë³â âàæëèâèõ ãåí³â ÿ÷ìåíþ, çîêðåìà â-àì³ëàç, 
òèï³â ³ òåìï³â ðîçâèòêó, ãîðäå¿í³â, âì³ñòó àì³ëîç.Ïîêàçàíà ìîæëè-
â³ñòü äåòåêö³¿ ïîòåíö³éíèõ ÄÍÊ-ìàðêåð³â ãåí³â íèçüêîòåìïåðàòóðíî¿ 
÷óòëèâîñò³, àíäðîãåííî¿ çäàòíîñò³ ÿ÷ìåíþ. 

Êëþ÷îâ³ ñëîâà: ÿ÷ì³íü, ìîëåêóëÿðíî-ãåíåòè÷íèé ïîë³ìîðô³çì, ÏËÐ, 
ìîëåêóëÿðí³ ìàðêåðè, êàðòóâàííÿ ãåíîìó, ìàðêóâàííÿ ãåí³â. 

Âñòóï. ß÷ì³íü — åêîíîì³÷íî âàæëèâà êóëüòóðà â Óêðà¿í³ ³ â ñâ³ò³, º 
âäàëèì ìîäåëüíèì îá’ºêòîì äëÿ âèâ÷åííÿ ìîëåêóëÿðíèõ, ãåíåòè÷íèõ ³ 
ô³ç³îëîã³÷íèõ îñîáëèâîñòåé çëàê³â, çîêðåìà Triticeae. Â ãåíåòè÷íîìó â³ä-
íîøåíí³ ÿ÷ì³íü — öå ñàìîçàïèëüíèé äèïëî¿ä. Ãåíîôîíäó öüîãî ö³ííîãî 
çëàêó âëàñòèâà çíà÷íà ãåíåòè÷íà âàð³àáåëüí³ñòü [1, 2]. 

Íàðàç³ ìîëåêóëÿðíî-ãåíåòè÷í³ äîñë³äæåííÿ â³äíîñÿòüñÿ äî ïð³îðè-
òåòíèõ íàïðÿì³â ðîçâèòêó òåîð³¿ ³ ïðàêòèêè ñåëåêö³¿ íàéâàæëèâ³øèõ âèä³â 
ðîñëèí, çîêðåìà ÿ÷ìåíþ. Çíà÷íà ê³ëüê³ñòü äîñë³äæåíü ãåíîìó ÿ÷ìåíþ 

©  Áàëüâ³íñüêà Ì. Ñ., Êàëåíäàð Ð. Ì., Áàëàøîâà ². À., Ñòðàòóëà Î. Ð., 
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çàñíîâàíà íà ðåçóëüòàòàõ àíàë³çó çì³í òèõ ÷è ³íøèõ ä³ëÿíîê ÄÍÊ. Ïîë³-
ìîðô³çì íóêëåîòèäíèõ ïîñë³äîâíîñòåé ì³æ îêðåìèìè çðàçêàìè ìîæå 
áóòè íàñë³äêîì òî÷êîâèõ ìóòàö³é, âñòàâîê, äåëåö³é àáî ³íâåðñ³é â ÄÍÊ-
ìàòðèö³ [1]. Â åôåêòèâíîñò³ ï³çíàííÿ ³ ðîçøèðåííÿ òåîðåòè÷íî¿ áàçè, à 
òàêîæ ó ìîæëèâîñò³ ïðàêòè÷íîãî çàñòîñóâàííÿ ðåçóëüòàò³â íàéâàæëèâ³øà 
ðîëü íàëåæèòü âèáîðó â³äïîâ³äíèõ ìåòîä³â òà ³íñòðóìåíò³â àíàë³çó [2, 3]. 

Äî 1994 ðîêó îñíîâíèì ìåòîäîì îäåðæàííÿ ÄÍÊ-ìàðêåð³â ãåíîìó 
ÿ÷ìåíþ ñëóãóâàâ ÏÄÐÔ (ïîë³ìîðô³çì äîâæèí ðåñòðèêö³éíèõ ôðàãìåí-
ò³â, àíãë. — AFLP). Îñòàíí³ìè äâîìà äåñÿòèë³òòÿìè íàéá³ëüø åôåêòèâ-
íèìè äëÿ âèÿâëåííÿ ìîëåêóëÿðíèõ ìàðêåð³â º ìåòîäè, çàñíîâàí³ íà ïî-
ë³ìåðàçí³é ëàíöþãîâ³é ðåàêö³¿ (ÏËÐ). Øèðîêå çàñòîñóâàííÿ çíàéøëè 
âàð³àíòè àìïë³ô³êàö³¿ ÄÍÊ ç³ ñïåöèô³÷íèìè ïðàéìåðàìè ³ ïðàéìåðàìè 
äîâ³ëüíî¿ ïîñë³äîâíîñò³, çà äîïîìîãîþ ÿêèõ ìîæíà øâèäêî âèÿâèòè âàð³-
àáåëüí³ñòü ïåâíî¿ ê³ëüêîñò³ ëîêóñ³â ãåíîìó ðîñëèíè [1, 4, 5]. 

ÄÍÊ-ìàðêåðè, ÿê³ âèçíà÷àþòüñÿ øëÿõîì ÏËÐ-àíàë³çó, ìîæíà ðîçä³-
ëèòè íà êîäîì³íàíòí³, ìîíîëîêóñí³, ïîë³àëåëüí³ ³ äîì³íàíòí³, ïîë³ëîêóñí³, 
á³àëåëüí³ [6]. Ïðåäñòàâíèêàìè ìîíîëîêóñíî¿ ïîë³àëåëüíî¿ êîäîì³íàíòíî¿ 
ñèñòåìè ìàðêåð³â º ì³êðîñàòåë³òè (SSRs). Çàâäÿêè ñâî¿ì îñîáëèâîñòÿì 
ì³êðîñàòåë³òí³ ìàðêåðè íàáóëè íàéá³ëüøîãî ïîøèðåííÿ â êàðòóâàíí³ ãåíî-
ì³â, ìàðêóâàíí³ ëîêóñ³â ïðîñòèõ ³ ê³ëüê³ñíèõ îçíàê, ³äåíòèô³êàö³¿ ³ ðåºñòðà-
ö³¿ ñîðò³â, çîêðåìà ÿ÷ìåíþ, âèçíà÷åíí³ ð³âíÿ ã³áðèäíîñò³, ãåíåòè÷íî¿ ÷è-
ñòîòè ñåëåêö³éíîãî ìàòåð³àëó òà ³í. Ïîë³ëîêóñí³ ñèñòåìè (RAPD, ISSR, IRAP, 
REMAP òà ³í.) çíàéøëè øèðîêå çàñòîñóâàííÿ ó âèçíà÷åíí³ ãåíåòè÷íèõ äèñ-
òàíö³é, ðîçïîä³ë³ ãåíîòèï³â çà ð³âíåì ãåíåòè÷íî¿ ñïîð³äíåíîñò³, âèçíà÷åíí³ 
³äåíòè÷íîñò³ çðàçê³â, à òàêîæ ó ìàðêóâàíí³ ãåí³â àãðîíîì³÷íèõ îçíàê òà ³í., 
îñê³ëüêè äîçâîëÿþòü äîñë³äèòè çíà÷íó ê³ëüê³ñòü ëîêóñ³â îäíî÷àñíî [1, 5, 6]. 
Âèêîðèñòàííÿ òîãî ÷è ³íøîãî âàð³àíòó ÏËÐ-àíàë³çó çàëåæèòü â³ä çàäà÷³ äî-
ñë³äæåííÿ. Çàçâè÷àé ó âèð³øåíí³ ïðîáëåì ñåëåêö³éíîãî ïîë³ïøåííÿ ðîñ-
ëèí, ìîíî- ³ ïîë³ëîêóñí³ ìàðêåðí³ ñèñòåìè äîïîâíþþòü îäíå îäíîãî. 

Â Óêðà¿í³ ïðîâåäåí³ ÷èñëåíí³ äîñë³äæåííÿ, ðåçóëüòàò ÿêèõ ïîêàçóº äî-
ö³ëüí³ñòü òèõ ÷è ³íøèõ ÏËÐ-ï³äõîä³â ó îäåðæàíí³ ìîëåêóëÿðíèõ ìàðêåð³â 
ãåíîìó ÿ÷ìåíþ, ÿê³ ìîæóòü áóòè çàñòîñîâàí³ äëÿ âèð³øåííÿ ÿê òåîðåòè÷-
íèõ ïèòàíü, òàê ³ ó ñåëåêö³éí³é ïðàêòèö³ [6–15]. Ó öüîìó çâ’ÿçêó äàíà ðî-
áîòà º óçàãàëüíåííÿì àíàë³çó ïîë³ìîðô³çìó àìïë³ô³êîâàíî¿ ÄÍÊ ÿ÷ìåíþ 
(Hordeum vulgare L.), ùî äåòåêòóºòüñÿ øëÿõîì ð³çíèõ ÏËÐ-ìåòîä³â äëÿ 
îäåðæàííÿ ÄÍÊ-ìàðêåð³â ç ìåòîþ ïîáóäîâè êàðò ç÷åïëåííÿ, äîñë³äæåí-
íÿ âíóòðiøíüîâèäîâèõ âçàºìîâ³äíîñèí ïðåäñòàâíèê³â âèäó Hordeum 
vulgare L., âèâ÷åííÿ âàð³àáåëüíîñò³ òà ³äåíòèô³êàö³¿ àëåë³â ãåí³â ö³ííèõ 
îçíàê, çîêðåìà -àì³ëàçè (Bmy1), òèï³â (Vrn) ³ òåìï³â (Ppd) ðîçâèòêó, 
ãîðäå¿í³â (Hrd), âì³ñòó àì³ëîçè (waxy), íèçüêîòåìïåðàòóðíî¿ ÷óòëèâîñò³ 
(Dhn, Cbf). 

Ìàòåð³àëè ³ ìåòîäè. Ãåíåòè÷íèì ìàòåð³àëîì äîñë³äæåííÿ ñëóãóâàëè: 
— ïðåäñòàâíèêè âèäó Hordeum vulgare L.: 150 ëiíié ñàìîçàïèëüíî¿ 

ïîïóëÿöi¿ ¹ 106 (F
7 
i F

8
, Îäåñüêèé 115 õ Ãîëüô), ùî ì³ñòèëè á³îõ³ì³÷í³ ìàð-
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êåðè ³çîôåðìåíò³â (Est 5, Bmy1, Est 1 i Amy 1), ë³í³¿ îòðèìàí³ â ÑÃ²–ÍÖÍC, 
ì. Îäåñà; 100 ë³í³é äèãàïëî¿ä³â Shiry x Galena, ÿê³ â³äð³çíÿëèñÿ ñò³éê³ñ-
òþ äî Puccinia hordey, Puccinia striiformis, Rhynchosporium sealis, BYDV 
òà 95 äèãàïëî¿ä³â Oregon Wolfå Barley, OWB (âèõ³äí³ ôîðìè — Dominant, 
Recessive — ì³ñòèëè íàá³ð ç 15 äîì³íàíòíèõ àáî â³äïîâ³äíèõ ðåöåñèâ-
íèõ ìàðêåðíèõ ãåí³â (n/N, wx/Wx, lk/Lk-2, re2/Re2, v/V, wst/Wst, zeo/Zeo, 
al/ Al, bt/Bt, pub/Pub, hs/Hs, ê/K, ñår-yy/Cer-yó, î/O, s/S, r/R) ìîðôîëî-
ã³÷íèõ îçíàê ó ãîìîçèãîòíîìó ñòàí³ ³ 93 ë³í³¿ ïîòîìñòâà, ùî ì³ñòèëè ð³çí³ 
êîìá³íàö³¿ ìàðêåðíèõ ãåí³â áàòüê³â (ëþá’ÿçíî íàäàí³ Ï. Õåéñîì, óí-ò øòà-
òó Îðåãîí, ÑØÀ); áàòüê³âñüê³ ôîðìè (Õàðê³âñüêèé 67, Õàðê³âñüêèé 74, Åê-
çîòèê, Ôåí³êñ) ç ð³çíîþ çäàòí³ñòþ äî àíäðîãåíåçó ³ ö³ííèìè îçíàêàìè òà 
äèãàïëî¿äè ïîòîìñòâà (51 ë³í³ÿ) â³ä ñõðåùóâàíü áàòüê³âñüêèõ ôîðì (íà-
äàí³ ê. á. í. Î. Â. Á³ëèíñüêîþ, ²í-ò ðîñëèííèöòâà ³ì. Â. ß. Þð’ºâà, ì. Õàðü-
ê³â); ð³çí³ ÷àñòèíè êîëåêö³¿ ñîðò³â ÿðîãî òà îçèìîãî ÿ÷ìåíþ äàâíüî¿ òà 
ñó÷àñíî¿ ñåëåêö³¿ Óêðà¿íè, ïî÷èíàþ÷è ç 1931 ð. (106 ãåíîòèï³â, çîêðåìà 
57 ñîðò³â ÿðîãî ÿ÷ìåíþ ÑÃ²–ÍÖÍÑ), ìàòåð³àë íàäàíèé ÖÃÐ, ì. Õàðê³â, à 
òàêîæ àêàä. À. À. Ë³í÷åâñüêèì, â³ää³ë ñåëåêö³¿ òà íàñ³ííèöòâà ÿ÷ìåíþ ÑÃ²–
ÍÖÍÑ, ì. Îäåñà); êîëåêö³ÿ ç 249 ñîðò³â ÿ÷ìåíþ, ÿê³ ðàéîíîâàí³ ó ð³çíèé 
÷àñ íà òåðèòîð³¿ Ñõ³äíîºâðîïåéñüêî¿ ³ Öåíòðàëüíîàç³éñüêî¿ çîí ó ìåæàõ 
êîëèøíüîãî ÑÐÑÐ (ç³áðàíà ó Â²Ð³, ëþá’ÿçíî íàäàíà ä. á. í. Â. Ï. Íåöâºòà-
ºâèì, ä. á. í. Î. Î. Ïîìîðöåâèì); ñîðòè ³íîçåìíîãî ïîõîäæåííÿ, çîêðå-
ìà Äæàó Êàáóòàê, Äæàó Ñåôàäåê, Betzes, Calsberg II, Òàììè, Òîììàñ, ²ãð³, 
Âàâèëîí; ñîðòè McGuire, Henley (â³äð³çíÿþòüñÿ çà ëîêóñàìè Hrd À, Hrd Â ³ 
Hrd Ñ) ³ ã³áðèäè ïîòîìñòâà â³ä McGuire õ Henley (íàäàí³ ä. á. í. Î. ². Ðèáàë-
êîþ, âiää³ë ãåíåòè÷íèõ îñíîâ ñåëåêöi¿ ÑÃ²–ÍÖÍÑ); 

— ïðåäñòàâíèêè ³íøèõ âèä³â Hordeum L.: H. spontaneum C. Koch., 
H. bulbosum L., H. murinum L., H. leporinum L. 

ÄÍÊ âèä³ëÿëè ç åò³îëüîâàíèõ ïàðîñòê³â àáî ç ÿ÷ì³ííî¿ çåðí³âêè çã³äíî 
ç [4]. Äåòåêö³þ ìîëåêóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó äîñë³äæóâàíîãî 
ãåíåòè÷íîãî ìàòåð³àëó ïðîâîäèëè øëÿõîì ð³çíèõ âàð³àíò³â ÏËÐ-àíàë³çó 
(RAPD, ISSR, SSR, IRÀÐ, RÅÌÀÐ, SÒS), âèêîðèñòàëè òåðìîöèêëåðè «Á³î-
òåðì» (Ðîñ³ÿ) òà «Òåðöèê» («ÄÍÊ-òåõíîëîã³ÿ», Ðîñ³ÿ). Ñêëàä ðåàêö³éíî¿ 
ñóì³ø³, ïîñë³äîâíîñò³ ïðàéìåð³â òà óìîâè àìïë³ô³êàö³¿ â çàëåæíîñò³ â³ä 
äîñë³äæåííÿ çã³äíî ç [4, 6, 7, 11, 13–23]. ÏËÐ-ïðîäóêòè ðîçä³ëÿëè ìå-
òîäîì åëåêòðîôîðåçó â 2–4 %-ìó àãàðîçíîìó ³ 10 %-ìó äåíàòóðóþ÷î-
ìó ïîë³àêðèëàì³äíîìó ãåëÿõ â 1õÒÂÅ ó çàëåæíîñò³ â³ä ÏËÐ-ìåòîäó [7, 
11]. Äëÿ ôðàãìåíò-àíàë³çó ì³êðîñàòåë³òíèõ ëîêóñ³â ÿ÷ìåíþ (AWBMS56, 
UMB503, EBmac501, EBmac602, EBmac701, Bmac93, Bmac96, Bmac310, 
Bmag120, Bmag225, Bmag321, Bmag341) âèêîðèñòàëè àâòîìàòèçîâàíó 
ñèñòåìó AlfExpress II («Amersham Biosciences», Øâåö³ÿ) ç êîìï’þòåðíèì 
ïðîãðàìíèì çàáåçïå÷åííÿì Fragment-analyser 1.03 [13]. 

Ñòàòèñòè÷íèé àíàëiç ïðîì³æíèõ äàíèõ ïðîâîäèëè çà äîïîìîãîþ 
êðèòåð³þ  2, t-êðèòåðiþ Ñò’þäåíòà òà F-êðèòåðiþ Ôiøåðà [24]. Äëÿ 
SSR-ëîêóñ³â ðîçðàõîâóâàëè ³íäåêñ ïîë³ìîðôíîñò³ (PIC) [3, 11].
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Êîìï’þòåðíèé àíàëiç çäiéñíþâàëè çà äîïîìîãîþ ïðîãðàì: PCR — 
äëÿ îïòèìiçàöi¿ óìîâ âiäïàëó RAPD-ïðàéìåð³â, FastPCR — äëÿ äèçàéíó 
ïðàéìåð³â ³ îïòèìiçàöi¿ óìîâ ÏËÐ; TREE, MEGA — äëÿ ðîçðàõóíê³â ãåíå-
òè÷íèõ äèñòàíö³é ³ êëàñòåðíîãî àíàë³çó ìåòîäîì UPGMA (Unweighted-
Pair-Group Method); MAPMAKER/ÅÕÐ, vår.3.0, MAP_QTL — äëÿ ñòâîðåííÿ 
êàðò ç÷åïëåííÿ [2, 4, 25], Multain - äëÿ âèð³âíþâàííÿ íóêëåîòèäíèõ ïîñë³-
äîâíîñòåé ãåí³â -àì³ëàç [2, 23], ALFWin Software — äëÿ ïðîâåäåííÿ îá-
ðàõóíê³â ³ äîêóìåíòóâàííÿ äàíèõ ôðàãìåíò-àíàë³çó ì³êðîñàòåë³òíèõ ëî-
êóñ³â [13]. Á³î³íôîðìàòèâíèé àíàë³ç ïðîâîäèëè çà àëãîðèòìîì Blast [2]. 

Ðåçóëüòàòè äîñë³äæåííÿ òà îáãîâîðåííÿ.
Àíàë³ç âíóòð³øíüîâèäîâîãî ïîë³ìîðô³çìó ÿ÷ìåíþ 

(H. vulgare L.) Îäíèì ç íàïðÿìê³â âèêîðèñòàííÿ ìîëåêóëÿðíî-ãåíåòè÷-
íîãî ïîë³ìîðô³çìó º àíàë³ç ãåíåòè÷íîãî ðîçìà¿òòÿ âèä³â, ùî äîçâîëÿº 
çä³éñíþâàòè ðîçïîä³ë ³ êëàñèô³êàö³þ ãåíåòè÷íîãî ìàòåð³àëó â çàëåæíîñò³ 
â³ä ð³âíÿ ¿õíüî¿ ñïîð³äíåíîñò³ [2].

Ç âèêîðèñòàííÿì íàéá³ëüø äîñòóïíèõ ñèñòåì ÄÍÊ-ìàðêåð³â íà îñíî-
â³ ÏËÐ, òàêèõ ÿê RAPD, SSRP, IRAP ³ REMAP, îö³íåíî ð³âåíü âíóòð³øíüî-
âèäîâîãî ïîë³ìîðô³çìó ÿ÷ìåíþ ³ ïîêàçàíî ãåíåòè÷í³ çâ’ÿçêè ì³æ ïðåä-
ñòàâíèêàìè âèäó. Òàê, çà äîïîìîãîþ ÏÏ-ÏËÐ äîñë³äæåíî 19 ñîðò³â ÿðîãî 
ÿ÷ìåíþ, ùî ïîõîäÿòü ç ð³çíèõ åêîëîãî-ãåîãðàô³÷íèõ çîí. Çàñòîñóâàííÿì 
9 ³íôîðìàòèâíèõ RAPD-ïðàéìåð³â äåòåêòîâàíî 156 ÏËÐ-ëîêóñ³â, ç ÿêèõ 
61 âèÿâèâñÿ ïîë³ìîðôíèì. Ð³âåíü ïîë³ìîðô³çìó â ñåðåäíüîìó ñêëàâ 
39 % [7], ùî õàðàêòåðíî ³ äëÿ ³íøèõ çëàê³â [4]. Çà àíàë³çîì 27 ³íøèõ ñîð-
ò³â ÿ÷ìåíþ ç âèêîðèñòàííÿì IRAP- ³ REMAP-ï³äõîä³â äåòåêòîâàíî ïîë³-
ìîðô³çì 84 IRAP- ³ 105 REMAP-ëîêóñ³â, ùî â îáîõ âèïàäêàõ äîñòàòíüî 
äëÿ äèôåðåíö³àö³¿ äîñë³äæåíèõ ñîðò³â [5]. Ð³âåíü ïîë³ìîðô³çìó çà IRAP- 
³ REMAP-àíàë³çîì, â ñåðåäíüîìó, áóâ âèùèé, í³æ çà RAPD, ùî ñï³ââ³äíî-
ñèòüñÿ ç äàíèìè ³íøèõ àâòîð³â [2, 3]. Ç âèêîðèñòàííÿì ð³çíîìàí³òíîãî 
ãåíåòè÷íîãî ìàòåð³àëó (äèãàïëî¿äè, ñîðòè) äîñë³äæåíî ôðàêö³þ ãåíîìó 
ÿ÷ìåíþ, ùî ì³ñòèòü â îñíîâíîìó äèíóêëåîòèäí³ ì³êðîñàòåë³òí³ ïîâòîðè. 
Ð³âåíü ãåíåòè÷íî¿ ì³íëèâîñò³ (³íäåêñ ïîë³ìîðôíîñò³, PIC) 20 äîñë³äæåíèõ 
ì³êðîñàòåë³òíèõ ëîêóñ³â ÿ÷ìåíþ (HVM) âàð³þâàâ çíà÷íîþ ì³ðîþ ³ â ñå-
ðåäíüîìó ñêëàâ 0,41 [26].

Äîñë³äæåí³ ãðóïè ãåíîòèï³â ÿ÷ìåíþ ðîçïîä³ëåíî çã³äíî ç ¿õ ìîëå-
êóëÿðíî-ãåíåòè÷íèìè îñîáëèâîñòÿìè ³ ãåíåòè÷íîþ ïîä³áí³ñòþ. Òàê, 19 
ñîðò³â ÿðîãî ÿ÷ìåíþ ç ð³çíèõ åêîëîãî-ãåîãðàô³÷íèõ çîí îá’ºäíàëèñü â 6 
êëàñòåð³â çà ïîõîäæåííÿì, ôîðìóëîþ ãîðäå¿í³â ³ òåðèòîð³ºþ ðàéîíóâàí-
íÿ [8]. Äîñë³äæåí³ çà äîïîìîãîþ IRAP- ³ REMAP-àíàë³ç³â 27 ñîðò³â ÿ÷ìå-
íþ ç êîëåêö³¿ ÑÃ²–ÍÖÍÑ äèôåðåíö³éîâàí³ íà 2 êëàñòåðè çà òàêèìè îçíà-
êàìè, ÿê ÿðîâ³ — îçèì³ [6] (ðèñ. 1). 

Çà ðåçóëüòàòàìè êëàñòåð³çàö³¿ SSR-ìàðêåð³â 32 ñîðòè ñåëåêö³¿ ÑÃ² 
ñôîðìóâàëè îäèí âåëèêèé êëàñòåð äî ÿêîãî îêðåìîþ ã³ëêîþ ïðèºäíà-
ëèñü äâ³ äèãàïëî¿äí³ ë³í³¿ OWB [26]. Ó ìåæàõ îñíîâíîãî êëàñòåðà íàé-
á³ëüøà â³ääàëåí³ñòü õàðàêòåðíà äëÿ ñîðò³â, ùî ñòâîðåí³ íà îñíîâ³ áàòüê³â 



80 ISSN 2409–5524. Çá³ðíèê íàóêîâèõ ïðàöü ÑÃ²–ÍÖÍÑ. 2015. Âèï. 25 (65)

 
Ðèñ. 1. Óçàãàëüíþþ÷à äåíäðîãðàìà ðîçïîä³ëó ñîðò³â ÿ÷ìåíþ ñåëåêö³¿ ï³âäíÿ 
Óêðà¿íè íà îñíîâ³ IRAP- ³ REMAP-ìàðêåð³â (MEGA): ë³í³¿ á³ë³ — ÿð³ ñîðòè (Ïàëë³-
äóì 107, Ïåðåìîæíèé, Çîðÿíèé, Ïðåð³ÿ, Äåðèáàñ, Ãàëàêòèê, Íåçàëåæíèé, Ãàìá-
ðèíóñ, Åäåì, Ãàëàòåÿ, Ãåòüìàí, Àäàïò, Ñòàëêåð, Ðîñü, Îáîëîíü, Îä.151, Îä.115, 
Ïðåñòèæ, Îä.131, Ï³âäåííèé), ÷îðí³ — îçèì³ ñîðòè (Ìàíàñ, Îñíîâà, Îä.165, Òà-
ìàíü, Îä.167, Ðîñàâà, Òàéíà); òðèêóòíèêè á³ë³ — øåñòèðÿäí³, ÷îðí³ — äâîðÿäí³ 

ç êîíòðàñòíèõ åêîëîã³÷íèõ ãðóï. Òàê, íàïðèêëàä, Ïàëë³äóì 107 º ñåëåê-
òèâíîþ ðåêîìá³íàíòíîþ ôîðìîþ â³ä ñõðåùóâàííÿ ì³æ ïðåäñòàâíèêàìè 
Çàõ³äíîºâðîïåéñüêî¿, Áëèçüêîñõ³äíî¿ òà Öåíòðàëüíîàç³éñüêî¿ ãðóï. 

Äîñë³äæóâàëè òàêîæ âàð³àáåëüí³ñòü 10 ãåíîìíèõ (3–EBmac, 3–Bmac, 
4–Bmag) òà 2 EST (UMB, AWBMS) ì³êðîñàòåë³òíèõ ëîêóñ³â [13] ó âèáîðö³ ç 
57 ñîðò³â ÿ÷ìåíþ ÑÃ² (1931–2008 ðð.). Çà äàíèìè ôðàãìåíò-àíàë³çó, íàé-
á³ëüøèé âíóòð³øíüîñîðòîâèé ïîë³ìîðô³çì äåòåêòîâàíî ó ñîðò³â ðàííüî-
ãî ïåð³îäó ñåëåêö³¿, çîêðåìà Îäåñüêèé 14 ³ Îäåñüêèé 9, ùî ìîæíà áóëî 
î÷³êóâàòè, ïîçàÿê ö³ ñîðòè ñòâîðåí³ øëÿõîì äîáîðó ç ðîçìà¿òòÿ ì³ñöåâèõ 
ïîïóëÿö³é. Îñê³ëüêè á³ëüø³ñòü ç ïðîàíàë³çîâàíèõ ì³êðîñàòåë³òíèõ ëîêóñ³â 
àñîö³éîâàí³ ç³ ñò³éê³ñòþ äî àá³îòè÷íèõ ÷èííèê³â ³ ðÿäó çàõâîðþâàíü [12], òî 
òàêà çíà÷íà ì³íëèâ³ñòü, ³ìîâ³ðíî, çàáåçïå÷óº àäàïòèâí³ âëàñòèâîñò³ ñîðò³â. 
Êð³ì òîãî, ö³ ì³êðîñàòåë³òè ñêîð³øå çà âñå íå º îá’ºêòîì óâàãè ïðè äîáîð³.

Îòæå, çàñòîñóâàííÿ ð³çíèõ âàð³àíò³â ÏËÐ-àíàë³çó äîçâîëÿº ñõàðàêòå-
ðèçóâàòè âåëèêó ê³ëüê³ñòü ÿê àíîí³ìíèõ (RAPD), òàê ³ ñïåöèô³÷íèõ ä³ëÿíîê 
ãåíîìó (ì³êðîñàòåë³òè, IRAP òà REMAP), ùî âèÿâëÿºòüñÿ åôåêòèâíèì ³ 
äëÿ äåòåêö³¿ âíóòð³øíüîâèäîâî¿ ì³íëèâîñò³ ³ äëÿ äèôåðåíö³àö³¿ ïðåäñòàâ-
íèê³â âèäó, à òàêîæ ðîáèòü á³ëüø ³ìîâ³ðíèì çíàõîäæåííÿ äèâåðãîâàíèõ 
ïîñë³äîâíîñòåé òà ëîêóñ³â, ÿê³ íå çàçíàëè äîáîðó.

Ðîçðîáêà ìîëåêóëÿðíî-ãåíåòè÷íèõ êàðò ç÷åïëåííÿ. 
Ñòâîðåííÿ êàðò ç÷åïëåííÿ, ÿê â³äîìî, º ïåðøèì åòàïîì ñèñòåìàòè÷íî-
ãî ãåíåòè÷íîãî àíàë³çó. Íàÿâí³ñòü êàðò äîçâîëÿº ³äåíòèô³êóâàòè ìîëåêó-
ëÿðí³ ìàðêåðè, ÿê³ ç÷åïëåí³ ç ãåíàìè, ùî äåòåðì³íóþòü ïðîÿâè ÿê ÿê³ñíèõ, 
òàê ³ ê³ëüê³ñíèõ îçíàê [2, 3, 27]. Ç âèêîðèñòàííÿì ð³çíîìàí³òíîãî ãåíåòè÷-
íîãî ìàòåð³àëó, çîêðåìà ñàìîçàïèëüíî¿ ïîïóëÿöi¿ F

7-8
, Îäåñüêèé 115 x 
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Ãîëüô (ïîïóëÿö³¿ ¹ 106) [7, 8] òà äâîõ ïîïóëÿö³é äèãàïëî¿äíèõ ë³í³é (Shiry 
x Galena ³ OWB (Oregon Woolf Barley) çà äîïîìîãîþ ð³çíèõ ÏËÐ-ï³äõîä³â 
(RAPD, ISSR, SSRP) ïðîâåäåíî êàðòóâàííÿ ãåíîìó ÿ÷ìåíþ [10, 11]. Íà 
îñíîâ³ îäåðæàíèõ ÏËÐ-ìàðêåð³â, à òàêîæ ³íøèõ òèï³â (ÏÄÐÔ, AFLP, ³çî-
ôåðìåíòíèõ, ìîðôîëîã³÷íèõ) ñòâîðåíî ïåðâèíí³ êàðòè äîñë³äæåíèõ ïî-
ïóëÿö³é, îñíîâí³ ïàðàìåòðè ÿêèõ íàâåäåíî â òàáëèö³ 1. 

Òàê, çà äàíèìè ÏËÐ- ³ ãåíåòè÷íîãî àíàë³ç³â 150 ëiíié ïîïóëÿöi¿ ¹ 106 
iíäåíòèôiêîâàíî 25 âàð³àáåëüíèõ ëîêóñ³â (4 içîôåðìåíòè òà 21 RAPD), ç 
ÿêèõ 21 (2 içîôåðìåíòè òà 19 RAPD) óòâîðèëè 6 ãðóï ç÷åïëåííÿ [8]. Êàðòà, 
ÿêà ïîáóäîâàíà íà îñíîâ³ àíàë³çó äèãàïëî¿ä³â Shiry õ Galena, ùî â³äð³ç-
íÿëèñü ñò³éê³ñòþ äî ðÿäó çàõâîðþâàíü, âêëþ÷àº 107 ìàðêåðíèõ ëîêóñ³â, 
ç ÿêèõ 33 RAPD óâ³éøëè äî 7 ãðóï ç÷åïëåííÿ [10]. Ç êîìïëåêñíèì ÏËÐ-
ï³äõîäîì (RAPD, ISSR, SSR) äåòåêòîâàíî 81 ïîë³ìîðôíèé ÏËÐ-ëîêóñ â 
ìîäåëüí³é ïîïóëÿö³¿ ìíîæèííî ìàðêîâàíèõ äèãàïëî¿äíèõ ë³í³é ÿðîãî ÿ÷-
ìåíþ OWB (Oregon Woolf Barley), ç ÿêèõ 36 óòâîðèëè 7 ãðóï ç÷åïëåííÿ 
³ îòîòîæíåí³ ç êîíêðåòíèìè õðîìîñîìàìè ÿ÷ìåíþ [11]. Ì³í³ìàëüíà â³ä-
ñòàíü ì³æ ò³ñíî ç÷åïëåíèìè ìàðêåðàìè íà îäåðæàíèõ êàðòàõ ñêëàëà â³ä 
1,0 ñÌ (äëÿ ïîïóëÿö³¿ ¹ 106 ³ äèãàïëî¿ä³â Shiry õ Galena) äî 4,3 ñÌ (äëÿ 
äèãàïëî¿ä³â OWB).

Òàáëèöÿ 1

Ïîð³âíÿëüíà õàðàêòåðèñòèêà ïåðâèííèõ êàðò ç÷åïëåííÿ 
äîñë³äæóâàíîãî ìàòåð³àëó

Ãåíåòè÷íèé 
ìàòåð³àë

N11 N22

Ð³çíîìàí³òòÿ ³ ê³ëüê³ñòü 
ç÷åïëåíèõ ìàðêåð³â

N33
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êàðòè, 
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R
AP

D

S
S
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IS
S

R
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FL

P

AF
LP

³ç
îç

èì
³â

ì
îð

ô
îë

îã
³÷
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õ

Ïîïóëÿöiÿ 
¹ 106

150 21 21 19 – – – – 2 – 6 237

Äèãàïëî¿äè 
Shiry õ Galena

100 99 107 33 1 – 14 56 1 1 7 1047,3

Äèãàïëî¿äè OWB 95 81 51 22 3 11 – – – 15 7 926,4

Ïðèì³òêè: 1 — ê³ëüê³ñòü äîñë³äæåíèõ ãåíîòèï³â; 2 — ê³ëüê³ñòü äåòåêòîâàíèõ ïîë³ìîðô-
íèõ ÏËÐ-ëîêóñ³â; 3 — ê³ëüê³ñòü óòâîðåíèõ ãðóï ç÷åïëåííÿ. 

Ïîêðèòòÿ êàðò ïîïóëÿö³¿ ¹ 106, äèãàïëî¿ä³â OWB ³ Shiry õ Galena ñêëà-
äàº â³äïîâ³äíî 19,0, 74,1 ³ 83,3 % â³ä çàãàëüíîãî ðîçì³ðó ãåíîìó, ÿêùî 
ââàæàòè éîãî ð³âíèì 1250 ñÌ [7,10,11]. 

Çà àíàë³çîì ç÷åïëåííÿ ìàðêåð³â ç çàëó÷åííÿì ïîïóëÿö³¿ ¹ 106 ³äåí-
òèô³êîâàíî RAPD-ôðàãìåíò Ð6_900 ï. í., ÿêèé âèÿâèâñÿ ò³ñíî ç÷åïëåíèì 
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(1,0 ñÌ) ç ãåíîì Bmy1 [9]. Îñîáëèâîñò³ ãîìîçèãîòíîãî äèãàïëî¿äíîãî 
ìàòåð³àëó OWB äîçâîëèëè ³äåíòèô³êóâàòè ÏËÐ-ôðàãìåíòè, ÿê³ ò³ñíî ç÷å-
ïëåí³ ç àëåëÿìè ìàðêåðíèõ ãåí³â ìîðôîëîã³÷íèõ îçíàê íà õðîìîñîìàõ 3, 
6, 7 â³äïîâ³äíî: Ð89_522 ï. í. — Al (4,3 ñÌ), HVM74_192 ï. í. — O (4,3 ñÌ), 
ORS1a_390 — S (4,4 ñÌ) [11]. Ìîðôîëîã³÷í³ îçíàêè, ùî êîðåëþþòü ç âè-
ÿâëåíèìè ÏËÐ-ôðàãìåíòàìè àáî ¿õí³ì àëüòåðíàòèâíèì ïðîÿâîì, ìàþòü 
òàêñîíîì³÷íå çíà÷åííÿ, äåÿê³ ç íèõ âèêîðèñòîâóþòüñÿ äëÿ îïèñó êóëüòóð-
íèõ ñîðò³â ÿ÷ìåíþ. 

Ïîêðèòèé âèÿâëåíèìè ÄÍÊ-ìàðêåðàìè ðîçìið ãåíîìó º äîñòàòí³ì 
äëÿ âèçíà÷åííÿ ç÷åïëåííÿ ç QTLs [27]. Çà àíàë³çîì ç÷åïëåííÿ ìàðêåðíèõ 
ÏËÐ-ëîêóñiâ ïîïóëÿö³¿ ¹ 106 ³äåíòèô³êîâàí³ RAPD-ìàðêåðè, ÿê³ âèÿâëÿ-
òèìóòü äîñòîâ³ðíó ð³çíèöþ ì³æ ê³ëüê³ñíèìè ïîêàçíèêàìè íèçêè àãðîíî-
ì³÷íèõ îçíàê (ìàñà 1000 çåðåí, êóùèñò³ñòü, îçåðíåí³ñòü, ïðîäóêòèâí³ñòü, 
ê³ëüê³ñòü çåðåí ç ðîñëèíè) ³ ìîæóòü áóòè çàëó÷åí³ äî àíàëiçó ñåëåêöiéíî-
ãåíåòè÷íîãî ìàòåðiàëó. Çà ðåçóëüòàòàìè äîñë³äæåííÿ âèÿâëåíî, ùî 
äëÿ ïîñóøëèâèõ çîí ìîæóòü áóòè ðåêîìåíäîâàí³ ãåíîòèïè, ÿê³ ìàþòü 
òàêèé íàá³ð ÏËÐ-ìàðêåð³â: Ð63_700 ï. í., Ð57_1000 ï. í., Ð9_680 ï. í., 
Ð66_2320 ï. í., Ð52_700 ï. í., Ð6_0 (900) ï. í., Ð2_604 ï. í., à äëÿ çîí ç 
äîñòàòí³ì çâîëîæåííÿì — Ð39_1188 ï. í., Ð39_2300 ï. í., Ð69_1050 ï. í., 
Ð52_700 ï. í., Ð44_560 ï. í., Ð2_1300 ï. í., Ð57_1000 ï. í., Ð2_604 ï. í. 
Ìàðêåðè äîñë³äæåíèõ ëîêóñ³â êiëüê³ñíèõ îçíàê iäåíòèôiêîâàíi â 3, 4 òà 6 
ãðóïàõ ç÷åïëåííÿ [7, 8]. 

Îòæå, âèêîðèñòàííÿ ÏËÐ-àíàë³çó òà ñïåö³àëüíî ñòâîðåíîãî ãåíåòè÷-
íîãî ìàòåð³àëó äîçâîëèëî îäåðæàòè ÄÍÊ-ìàðêåðè òà âèçíà÷èòè ¿õíþ 
õðîìîñîìíó ëîêàë³çàö³þ øëÿõîì âèÿâëåííÿ ç÷åïëåííÿ ì³æ íèìè ³ ìàðêå-
ðàìè ãåí³â á³îëîã³÷íî ö³ííèõ îçíàê, ùî ìîæå áóòè âèêîðèñòàíî â ïîäàëü-
øèõ òåîðåòè÷íèõ äîñë³äæåííÿõ ³ ïðàêòèö³. Ïîêàçàíà ïåðñïåêòèâí³ñòü 
àíàë³çó ç âèêîðèñòàííÿì ãåíåòè÷íî îäíîð³äíèõ äèãàïëî¿äíèõ ë³í³é. 

Âèâ÷åííÿ ïîë³ìîðô³çìó ³ ìàðêóâàííÿ ãåí³â ãîñïîäàðñüêî ö³í-
íèõ îçíàê ÿ÷ìåíþ. Íàðàç³ òåõíîëîã³ÿ ÄÍÊ-àíàë³çó íàäàº ìîæëèâ³ñòü 
äîñë³äæóâàòè îðãàí³çàö³þ òà ïîë³ìîðô³çì ãåí³â âàæëèâèõ îçíàê ÿ÷ìå-
íþ íà ìîëåêóëÿðíîìó ð³âí³ òà ïðîâîäèòè àêòèâíèé ïîøóê ìîëåêóëÿðíèõ 
ìàðêåð³â öèõ ãåí³â. Ó ðåçóëüòàò³ ÏËÐ-àíàë³çó ç ïðàéìåðàìè, ÿê³ ðîçðî-
áëåí³ íàìè íà îñíîâ³ ïîñë³äîâíîñòåé ãåí³â ãîðäå¿í³â, âèÿâëåíî çäàòí³ñòü 
äåòåêòóâàòè ïîë³ìîðô³çì ãîðäå¿íêîäóþ÷èõ ëîêóñ³â ì³æ áàòüê³âñüêèìè 
ñîðòàìè McGuire, Henley, ÿê³ â³äð³çíÿþòüñÿ çà ëîêóñàìè Hrd À, Hrd Â ³ Hrd 
Ñ, à òàêîæ âèÿâëÿòè ã³áðèäí³ ãåíîòèïè â ïîòîìñòâ³ F

2 
[28]. Ïîêàçàíî, ùî 

äåòåêòîâàíèé ïîë³ìîðô³çì ïîâ’ÿçàíèé ç ëîêóñîì Hrd Â ³ ìîæå áóòè âè-
êîðèñòàíèé ó ïîäàëüøîìó äëÿ àíàë³çó ñîðò³â ÿ÷ìåíþ. 

Äîñë³äæåíî íàÿâí³ñòü ³íåðö³éíî-äåëåö³éíîãî ïîë³ìîðô³çìó 30 ñîð-
ò³â ÿðîãî ³ îçèìîãî ÿ÷ìåíþ óêðà¿íñüêî¿ ñåëåêö³¿ çà ëîêóñîì waxy, ùî 
êîíòðî ëþº âì³ñò àì³ëîçè. Ó á³ëüøîñò³ ïðîàíàë³çîâàíèõ ñîðò³â ÿðîãî ÿ÷-
ìåíþ ³ ó âñ³õ îçèìèõ çóñòð³÷àâñÿ àëåëü 800 ï. í., ùî â³äïîâ³äàº, ÿê ³ î÷³-
êóâàëîñü, äîì³íàíòíîìó àëåëþ Waxy ³ ãåíîòèïó ç íîðìàëüíèì âì³ñòîì 
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àì³ëîçè. Ö³êàâèì º ôàêò, ùî ó íèçêè ñîðò³â ÿðîãî ÿ÷ìåíþ (Àäàïò, Äîíå-
öüêèé 650 òà  ³í.), ïåðåâàæíî ñó÷àñíî¿ ñåëåêö³¿, äåòåêòîâàíèé àëåëü new-
Waxy — 1000 ï. í., à òàêîæ îáèäâà àëåë³ 800/1000 ï. í. (Îäåñüêèé 9) ó 
ð³çíîìó ñï³ââ³äíîøåíí³ (20–80 %). Äî ïîÿâè àëåëÿ new-Waxy (1000 ï. í.) 
ïðèçâîäèòü ³íñåðö³ÿ 193 ï. í. â ³íòðîí³ ² ãåíà GBSS I, ÿêà, ÿê â³äîìî, ôå-
íîòèïîâî íå âèÿâëÿºòüñÿ ³ íå âïëèâàº íà ÿê³ñòü îçíàêè [18], àëå öå äî-
êëàäíî íå äîñë³äæåíî. Àëåëü 600 ï. í. (äåëåö³ÿ 403 ï. í.), ÿêèé â³äïîâ³-
äàº çà âîñêîâèäíèé åíäîñïåðì (waxy), ó äàíîìó ãåíåòè÷íîìó ìàòåð³àë³ 
íå çíàéäåíî. Ìàðêåðí³ àëåë³ waxy-ëîêóñó ìîæóòü áóòè âèêîðèñòàí³ äëÿ 
àíàë³çó ã³áðèäíèõ ôîðì ÿ÷ìåíþ (waxy/Waxó) ³ ñåëåêö³¿ ñîðò³â íà íèçüêèé 
âì³ñò àì³ëîçè [13]. 

Â³äîìî, ùî àëåëüíèé ïîë³ìîðô³çì ãåíà Bmy1 çóìîâëåíèé ³íåðö³ºþ 
MITE (Miniature inverted-repeat transposable element) 126 ï. í. (Stowaway-
òðàíñïîçîí) ó òðåòüîìó ³íòðîí³ ãåíà Bmy1, ÿêà ïðèçâîäèòü äî ïðèãí³-
÷åííÿ àêòèâíîñò³ ôåðìåíòó -àì³ëàçè [16]. Ç âèêîðèñòàííÿì ³íòðîí 
III-ñïåöèô³÷íîãî ìàðêåðà àëåë³â ãåíà Bmy1 ïîêàçàíî, ùî ñåðåä äîñë³-
äæåíèõ 106 ñîðò³â ÿðîãî ÿ÷ìåíþ äàâíüî¿ ³ ñó÷àñíî¿ ñåëåêö³¿ Óêðà¿íè, ÿê³ 
çàðåºñòðîâàí³ ÿê ïèâîâàðí³, á³ëüø³ñòü ìàþòü àëåëü àêòèâíî¿ -àì³ëàçè 
516 ï. í., à çåðíîâ³ — íåñóòü ìóòàíòíèé àëåëü 643 ï. í., ç ³íñåðö³ºþ, ùî 
â³äïîâ³äàº íàÿâíîñò³ íèçüêîàêòèâíî¿ -àì³ëàçè [29]. Äåÿê³ ÿð³ ñîðòè, ÿê 
ïèâîâàðí³, òàê ³ çåðíîâ³, º ãåòåðîãåííèìè çà äàíèì ëîêóñîì ³ ì³ñòÿòü îáè-
äâà àëåë³ â ð³çíîìó ñï³ââ³äíîøåíí³. Ó âñ³õ îçèìèõ ñîðò³â, ùî º, äî ðå÷³, 
ö³ëêîì ãåíåòè÷íî îäíîð³äíèìè çà öèì ëîêóñîì, ³ íåâåëèêî¿ ê³ëüêîñò³ 
ÿðèõ ïèâîâàðíèõ ñîðò³â äåòåêòîâàíèé àëåëü 643 ï. í. Ñåðåä ïðîàíàë³-
çîâàíèõ ³íøèõ âèä³â ÿ÷ìåíþ ð³çíîãî ãåîãðàô³÷íîãî ïîõîäæåííÿ ó äèêóíà 
H. spontaneum Ð² 296897 ç ³çðà¿ëüñüêî¿ ïðîâ³íö³¿ ²óäåÿ ï³äòâåðäæåíî íà-
ÿâí³ñòü àëåëÿ âèñîêîàêòèâíî¿ -àì³ëàçè 477 ï. í. 

Ñó÷àñí³ äîñë³äæóâàí³ ðåñóðñè äîçâîëÿþòü ïåðåéòè äî âèçíà÷åííÿ 
ì³íëèâîñò³ îçíàê íà îñíîâ³ íîâèõ òåõíîëîã³é ôóíêö³îíàëüíî¿ ãåíîì³êè. Çà 
ðåçóëüòàòàìè ñåêâåíóâàííÿ ³ á³î³íôîðìàòè÷íîãî àíàë³çó íàìè ñêîíñòðó-
éîâàí³ àëåëü-ñïåöèô³÷í³ ïðàéìåðè, ùî ïîõîäÿòü ç êîíñåðâàòèâíèõ á³ëîê-
êîäóþ÷èõ ä³ëÿíîê ãåí³â -àì³ëàç Bmy1 ³ Bmy2 ÿ÷ìåíþ. EPIC-ïðàéìåðè 
(â³ä àíãë. EPIC — exon-primedintron-crossing) [30] ãåíåðóþòü ïîÿâó â³ä-
ïîâ³äíèõ ïðîäóêò³â àìïë³ô³êàö³¿ ÄÍÊ ëîêóñó Bmy1 ó ÿ÷ìåíþ (3152 ï. í. — 
áåç âñòàâêè, 3278 ï. í. ç ³íñåðö³ºþ 126 ï. í. ³, ïåðåäáà÷åíî, 3113 ï. í.) òà 
ïðåäñòàâíèê³â Poaceae, à òàêîæ ÏËÐ-ïðîäóêò³â ëîêóñó Bmy2 (2260 ï. í.) 
[23]. Çà äîïîìîãîþ ³íòðîí-III-ñïåöèô³÷íîãî ìàðêåðà ³ EPIC-ìàðêåð³â 
³äåíòèô³êóâàëè ãåíîòèïè ÿ÷ìåíþ — íîñ³¿ àëåë³â, ùî çóìîâëþþòü ð³çíó 
àêòèâí³ñòü ôåðìåíòó -àì³ëàçè ñîðò³â êîëåêö³¿, ùî ðàéîíîâàí³ ó ð³çíèé 
÷àñ íà òåðèòîð³¿ êîëèøíüîãî ÑÐÑÐ [23, 31]. Çàãàëîì, íàéá³ëüøîãî ðîç-
ïîâñþäæåííÿ íàáóâ àëåëü àêòèâíî¿ -àì³ëàçè, ÷àñòêà ÿêîãî ñêëàëà 69 % 
(ðèñ. 2, à). 

Çà äîñë³äæåííÿì ãåîãðàô³÷íîãî ïîøèðåííÿ àëåë³â ãåíà Bmy 1 ÿ÷ìåíþ 
[23, 31] âèçíà÷åíà ñóòòºâà ïåðåâàãà àëåëÿ àêòèâíî¿ -àì³ëàçè â ï³âí³÷íèõ 
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Ðèñ. 2. Ðîçïîâñþäæåí³ñòü ³ ñï³ââ³äíîøåííÿ àëåë³â -àì³ëàçíîãî ëîêóñó Bmy1: 
à — çàãàëüíå; á — ÷àñòîòà íà òåðèòîð³¿ ñ³ëüñüêîãîñïîäàðñüêèõ ïðîâ³íö³é 
(A — ªâðîïåéñüêà, B — Ïðèáàëò³éñüêà, C — Á³ëîðóñüêà, D — Ñåðåäíüîðîñ³é-
ñüêà, E — Çàõ³äíîñèá³ðñüêà, F — Äàëåêîñõ³äíî-Óñóð³éñüêà, G — Ïåðåäàëòàé-
ñüêà) ó ìåæàõ êîëèøíüîãî ÑÐÑÐ; 1 — àëåëü ç ³íñåðö³ºþ 126 ï. í.; 2 — àëåëü 

àêòèâíî¿ -àì³ëàçè 

ðåã³îíàõ (ðèñ. 2, á), ùî ñï³âïàäàº ç ñó÷àñíèìè äàíèìè ïðî êë³ìàòè÷í³ 
óìîâè Ï³âí³÷íî-ºâðîïåéñüêî¿ ÷àñòèíè, ÿê áàæàíèìè äëÿ âèðîùóâàííÿ 
ïèâîâàðíèõ ñîðò³â. Ç ïðîñóâàííÿì íà ï³âäåíü çá³ëüøóºòüñÿ ÷àñòîòà àëå-
ëÿ íèçüêîàêòèâíî¿ -àì³ëàçè. 

Ç ìåòîþ âèçíà÷åííÿ îïòèìàëüíîãî ðîçâèòêó ñîðò³â ó ïåâíèõ êë³ìà-
òè÷íèõ ðåã³îíàõ ³ åôåêòèâíî¿ ñåëåêö³¿ âèñîêîâðîæàéíèõ ãåíîòèï³â àêòó-
àëüíèì º îäåðæàííÿ ÄÍÊ-ìàðêåð³â ãåí³â ÿðîâèçàö³¿ òà ôîòîïåð³îäó ÿ÷-
ìåíþ, à òàêîæ ñò³éêîñò³ äî íåñïðèÿòëèâèõ óìîâ âèðîùóâàííÿ [14]. 

Ïîêàçàíî ìîæëèâ³ñòü âñòàíîâëåííÿ àëåëüíîãî ñòàíó òðüîõ ãåí³â Vrn 
³ ppd-Í1 ó îçèìèõ ñîðò³â ³ äâîðó÷îê øëÿõîì ÏËÐ-àíàë³çó ç³ ñïåöèô³÷-
íèìè ïðàéìåðàìè, ùî ãåíåðóþòü ÏËÐ-ôðàãìåíòè ïåâíîãî ðîçì³ðó, ÿê³ 
â³äïîâ³äàþòü íàÿâíîñò³ äîì³íàíòíîãî àáî ðåöåñèâíîãî àëåë³â [18–20]. 
Íóëü-àëåëü çóìîâëþº â³äïîâ³äíèé àëüòåðíàòèâíèé âàð³àíò. Òàê, ó âñ³õ äî-
ñë³äæåíèõ 14 ñîðò³â îçèìîãî ÿ÷ìåíþ ³ 6 äâîðó÷îê ç âèêîðèñòàííÿì ñïå-
öèô³÷íèõ ïðàéìåð³â äî ðåãóëÿòîðíîãî åëåìåíòà HvBM5 â ³íòðîí³ ² ãåíà 
Vrn-H1 âèÿâëåíî ÏËÐ-ôðàãìåíò 1500 ï. í., ùî â³äïîâ³äàº ðåöåñèâíîìó 
àëåëþ. Çà ÏËÐ-àíàë³çîì ëîêóñó Vrn-H2 â 12 ç 14 äîñë³äæåíèõ îçèìèõ 
ñîðò³â äåòåêòîâàíèé ÏËÐ-ôðàãìåíò 208 ï. í., ÿêèé â³äïîâ³äàº äîì³íàíò-
íîìó àëåëþ Vrn-H2. Ñîðòè Êîíäðàò òà Ìàéñòåð, à òàêîæ 6 ñîðò³â-äâîðó-
÷îê ìàëè íóëü-àëåëü, ùî ñâ³ä÷èòü ïðî íàÿâí³ñòü ó íèõ àëüòåðíàòèâíîãî 
àëåëÿ (vrn-H2). Ó âñ³õ äîñë³äæåíèõ ñîðò³â, ³ îçèìèõ ³ äâîðó÷îê, çà ÏËÐ-
àíàë³çîì âèçíà÷åíî ÏËÐ-ôðàãìåíò 770 ï. í., ÿêèé â³äïîâ³äàº ðåöåñèâ-
íîìó àëåëþ vrn-H3, ùî ï³äòâåðäæóº ¿õíþ ïðèíàëåæí³ñòü äî â³äïîâ³äíîãî 
òèïó ðîçâèòêó [12, 19]. Ùîäî ðåçóëüòàò³â ÏËÐ-àíàë³çó ëîêóñó Ppd-Í 1 — 
ó äâîõ (Naîmie, Â³íìàëüò) ç 14 äîñë³äæåíèõ ñîðò³â îçèìîãî ÿ÷ìåíþ äå-
òåêòîâàíèé ÏËÐ-ôðàãìåíò ðîçì³ðîì 1012 ï. í., ùî â³äïîâ³äàº äîì³íàíò-
íîìó àëåëþ ³ º âèêëþ÷åííÿì. ²íø³ îçèì³ ñîðòè, à òàêîæ äâîðó÷êè ìàëè 
íóëü-àëåëü çà äàíèì ëîêóñîì. 

Îòæå, ÏËÐ-àíàë³çîì ï³äòâåðäæåíî ïðèíàëåæí³ñòü íèçêè ñîðò³â 
(Òðåìá³òà, Ñàðìàò, Ìèõàéëî, Äîáðèíÿ, Ìàéáðèò, Çèìîâèé, Òðóä³âíèê, 
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Áóðåâ³é, Àêàäåì³÷íèé, Ñåëåíà Ñòàð) äî ³ñòèííî îçèìèõ ç òèïîâîþ êîìá³-
íàö³ºþ àëåë³â: vrn-Í1Vrn-Í2vrn-Í3, äî äâîðó÷îê ç òèïîâîþ êîìá³íà ö³ºþ 
ðåöåñèâíèõ àëåë³â vrn-Í1vrn-Í2vrn-Í3 (Ðîñàâà, Îñíîâà, Äîñòîéíèé, 
Àáîðèãåí, Ñí³ãîâà êîðîëåâà, Äåâ’ÿòèé âàë), à òàêîæ âèÿâëåí³ ãåíîòèïè, 
ÿê³ ìàëè íåòèïîâ³, äîì³íàíòí³ àëåë³ Vrn-H2 òà Ðpd-Í1. 

Çã³äíî ç ë³òåðàòóðíèìè äàíèìè, ³äåíòèô³êîâàíî íèçêó ãåí³â õîëîäî-
âîãî ñòðåñó, ÿê³ ³íäóêóþòüñÿ ó â³äïîâ³äü íà íèçüêîòåìïåðàòóðíèé ñòðåñ, 
äîñë³äæåíî ¿õí³é âïëèâ íà ð³âåíü íèçüêîòåìïåðàòóðíî¿ ñò³éêîñòi [32, 33]. 

Ïðè âèêîðèñòàíí³ êîìá³íîâàíèõ ïðàéìåð³â äî ä³ëÿíîê ïåðøèõ åê-
çîí³â ãåí³â Dhn 4 ³ Dhn 7, ùî ì³ñòÿòü ìóòàö³¿ [22], ìîæóòü ãåíåðóâàòèñÿ 
òàê³ ÏËÐ-ôðàãìåíòè: ó îçèìèõ — 204 ï. í., 210 ï. í. ³ ó ÿðèõ — 198 ï. í., 
240 ï. í. Çà ðåçóëüòàòàìè ÏËÐ-àíàë³çó 30 äîñë³äæåíèõ ãåíîòèï³â ç äà-
íèìè ïðàéìåðàìè, ó ñ³ìíàäöÿòè ç ÿêèõ 15 ÿðèõ ³ 2 îçèìèõ, âèÿâëåíî 
ÏËÐ-ôðàãìåíòè 198 ï. í. ³ 240 ï. í., òðèíàäöÿòü ³íøèõ îçèìèõ ìàëè ÏËÐ-
ôðàãìåíòè 204 ï. í. òà 210 ï. í. Íåòèïîâó êàðòèíó äåòåêòîâàíî äëÿ äâîõ 
îçèìèõ ñîðò³â (²ãð³ ³ Âàâ³ëîí), ùî çàñâ³ä÷óº íàÿâí³ñòü ÏËÐ-ôðàãìåíò³â, 
õàðàêòåðíèõ äëÿ ãðóïè ÿðèõ ãåíîòèï³â. Òàê³ â³äì³ííîñò³, ³ìîâ³ðíî, ïîòåí-
ö³éíî ìîæóòü âèÿâèòèñÿ ó áóäü-ÿêèõ ³íøèõ îçèìèõ ãåíîòèï³â àáî äâîðó-
÷îê, ùî ìîæå âïëèâàòè íà ¿õíþ ÷óòëèâ³ñòü äî íèçüêî¿ òåìïåðàòóðè. Ùîäî 
ÿðèõ — ïîë³ìîðô³çì äîñë³äæåíèõ ä³ëÿíîê ³ ìóòàö³éí³ çì³íè ó âèâ÷åíèõ ä³-
ëÿíêàõ ÄÍÊ äàíî¿ âèá³ðêè ñîðò³â íå âèÿâëåíî. 

ÏËÐ-àíàë³ç ç ïàðîþ ïðàéìåð³â íà îñíîâ³ ñèêâåíñ³â ãåíà Dhn5 ïîêàçàâ 
ÄÍÊ-ïîë³ìîðô³çì ó íèçêè ÿðèõ òà îçèìèõ ñîðò³â ÿ÷ìåíþ. Âèÿâëåíî ê³ëü-
êà àëåëüíèõ âàð³àíò³â: 190 ï. í. ³ 210 ï. í. Òàê, äëÿ îçèìèõ ñîðò³â õàðàê-
òåðíèì áóâ ÏËÐ-ôðàãìåíò ðîçì³ðîì 210 ï. í. Ñåðåä 30 ïðîàíàë³çîâàíèõ 
ÿðèõ ñîðò³â ó á³ëüøîñò³ äåòåêòîâàíî ÏËÐ-ôðàãìåíò 190 ï. í., ³ ó íåçíà÷í³é 
÷àñòèí³ — 210  ï. í., ÿê ó îçèìèõ. Äåÿê³ ÿð³ ñîðòè áóëè ãåòåðîãåííèìè çà 
äàíèì ëîêóñîì ³ ìàëè îáèäâà ÏËÐ-ôðàãìåíòè. Òàêèé ðîçïîä³ë, ìîæëèâî, 
âêàçóº íà íàÿâí³ñòü ó ñîðò³â ÿðîãî ÿ÷ìåíþ ãåíåòè÷íîãî ïîòåíö³àëó (àëåëü 
210 ï. í.) ï³äâèùåíî¿ òîëåðàíòíîñò³ äî ä³¿ àá³îòè÷íèõ ÷èííèê³â, çîêðåìà 
íèçüêèõ òåìïåðàòóð. Îäíàê ïðÿìî¿ çàëåæíîñò³ ì³æ íàÿâí³ñòþ ïåâíîãî 
àëåëÿ ³ îçíàêîþ ñò³éêîñò³ äî ïåâíîãî àá³îòè÷íîãî ôàêòîðà ïîêè ùî íå 
âñòàíîâëåíî. 

Çã³äíî ç ë³òåðàòóðíèìè äàíèìè [21], ÏËÐ-àíàë³çîì äåòåêòîâàíèé ïî-
ë³ìîðô³çì ä³ëÿíîê ÄÍÊ íèçêè ãåí³â, çîêðåìà, pAF 93, Blt 14, Blt 4.9, Cor14b, 
pAO986, ÿê³ ³íäóêóþòüñÿ ó â³äïîâ³äü íà íèçüêîòåìïåðàòóðíèé ñòðåñ, ùî 
âèçíà÷àºòüñÿ íàÿâí³ñòþ ó ãåíîòèï³â ÏËÐ-ôðàãìåíò³â ïåâíîãî ðîçì³ðó 
àáî íóëü-àëåëåì çà êîæíèì ç öèõ ëîêóñ³â. Çà ðåçóëüòàòàìè ÏËÐ-àíàë³çó 
30 ñîðò³â ÿðîãî òà îçèìîãî ÿ÷ìåíþ óêðà¿íñüêî¿ ñåëåêö³¿ ó ÷îòèðüîõ äîñë³-
äæåíèõ ãåíîòèï³â ñïîñòåð³ãàºòüñÿ âíóòð³øíüîñîðòîâà ãåòåðîãåíí³ñòü çà 
ëîêóñàìè Blt 4.9., Blt 14., à òàêîæ ð³çíèöÿ â àëåëüíîìó ñòàí³ çà ëîêóñîì 
Blt 4.9. Äëÿ ñîðò³â Ãàëàêòèê ³ Ñîáîðíèé íóëü-àëåëü âèÿâëåíî ó 10 % äî-
ñë³äæåíèõ çðàçê³â ÄÍÊ, äëÿ ñîðò³â Îäåñüêèé 9, Äîíåöüêèé 650 — ó 20 %. 
Íàÿâí³ñòü íóëü-àëåëþ ïîâ’ÿçàíà ç ìóòàö³ÿìè ó ñàéòàõ ïðàéìóâàííÿ, ÿê³, 
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³ìîâ³ðíî, ìîæóòü ìàòè ôóíêö³îíàëüíå çíà÷åííÿ. Øëÿõîì ÏËÐ-àíàë³çó äî-
ñë³äæåíîãî ãåíåòè÷íîãî ìàòåð³àëó âèÿâëåíî â³äñóòí³ñòü òàêèõ ìóòàö³é ó 
ëîêóñàõ pAF 93, Cor14b, pAO986, ùî, çã³äíî ç ë³òåðàòóðíèìè äæåðåëàìè, 
âèÿâëÿþòüñÿ ó ãåíåðóâàíí³ ÏËÐ-ôðàãìåíò³â ïåâíîãî ðîçì³ðó [21]. 

Cbf-ãåíè ÿ÷ìåíþ ðîçì³ùåí³ â 5HL õðîìîñîì³, â çîí³, áëèçüê³é äî ãåíà 
Fr-Í2, ³ êîíòðîëþþòü â³äïîâ³äü íà ñòðåñîâ³ óìîâè, ïîâ’ÿçàí³ ç âïëèâîì 
õîëîäó, à òàêîæ ìîðîçîñò³éê³ñòü, ÷óòëèâ³ñòü äî ÿðîâèçàö³¿, àêë³ìàòèçàö³þ 
òîùî [32, 15]. Îäíèì ç ö³ëüîâèõ ãåí³â ÷èííèêà òðàíñêðèïö³¿ CÂF2 º ãåí 
ÿ÷ìåíþ Hva1, ùî àêòèâóºòüñÿ ó â³äïîâ³äü îðãàí³çìó íà ñòðåñ ³ çàïóñêàº 
«õîëîäîâèé øëÿõ». Ñåêâåíóâàííÿ òà àíàë³ç ñåêâåíîâàíîãî ôðàãìåíòà äî-
çâîëèâ íàì âèÿâèòè ïîñë³äîâí³ñòü ÄÍÊ, ÿêà º ³äåíòè÷íîþ cis-àêòèâíîìó 
åëåìåíòó ãåíà Hva1 ÿ÷ìåíþ [15]. ÏËÐ-àíàë³çîì ç³ ñïðÿìîâàíèìè ïðàé-
ìåðàìè äî ãåíà Cbf2, à òàêîæ ãåíà Hva1 äåòåêòîâàíî ïîë³ìîðô³çì ì³æ 
ãåíîòèïàìè ÿ÷ìåíþ, ÿê³ º êîíòðàñòíèìè çà íèçüêîòåìïåðàòóðíîþ òîëå-
ðàíòí³ñòþ [15, 16]. Ïðîô³ë³ STS-ÏËÐ ïîêàçóþòü, ùî ó ÿðèõ ñîðò³â, íà â³ä-
ì³íó â³ä îçèìèõ òà äâîðó÷îê, çà ëîêóñîì Cbf2 äåòåêòóþòüñÿ ïîë³ìîðôí³ 
ôðàãìåíòè ðîçì³ðîì 450 ï. í. òà 50 ï. í. â³äïîâ³äíî. Çà ëîêóñîì Hva1 ó 
îçèìèõ ³ äâîðó÷îê äåòåêòîâàíèé àìïë³êîí â ä³ëÿíö³ 480 ï. í., ÿêèé â³äñóò-
í³é ó ÿðèõ ñîðò³â, ùî çóìîâëåíî, éìîâ³ðíî, çì³íàìè ó ñàéò³ ïðàéìóâàííÿ 
íà ìàòðèö³ ÄÍÊ. Íàÿâí³ñòü çàçíà÷åíèõ ôðàãìåíò³â ó ñïåêòðàõ àìïë³ô³-
êàö³¿ ÄÍÊ ÿ÷ìåíþ äîçâîëÿº ³äåíòèô³êóâàòè ãåíîòèïè ÿðîãî àáî îçèìîãî 
ÿ÷ìåíþ òà äâîðó÷îê ó çàãàëüí³é âèá³ðö³. Ïåðåäáà÷àºòüñÿ, ùî âèÿâëåí³ 
ïîë³ìîðôí³ ëîêóñè ÄÍÊ çóìîâëåí³ ïðèñóòí³ñòþ äîñë³äæåíèõ ãåí³â ó ð³ç-
íîìó àëåëüíîìó ñòàí³ ó ãåíîòèï³â ç ð³çíîþ íèçüêîòåìïåðàòóðíîþ ñò³é-
ê³ñòþ [14]. 

Îòæå, íàðàç³ âèâ÷åííÿ íèçüêîòåìïåðàòóðíî¿ òîëåðàíòíîñò³ ñïðÿìî-
âàíå, â îñíîâíîìó, íà ³äåíòèô³êàö³þ ñòðåñîâèõ ãåí³â, âèÿâëåííÿ îñîáëè-
âîñòåé ¿õíüî¿ îðãàí³çàö³¿ òà ôóíêö³îíàëüíî¿ âàæëèâîñò³, çíà÷íî ìåíøîþ 
ì³ðîþ — äëÿ ï³äâèùåííÿ åôåêòèâíîñò³ àíàë³çó ñåëåêö³éíîãî ìàòåð³àëó. 

Çíà÷íî¿ óâàãè çàñëóãîâóº âèâ÷åííÿ ãåíåòè÷íîãî êîíòðîëþ çäàòíîñò³ 
äî êóëüòóðè in vitro ³ âèä³ëåííÿ ôîðì ñåðåä ãåíîòèï³â â³ò÷èçíÿíîãî ÿ÷ìåíþ, 
ùî ïîºäíóþòü âèñîêó àíäðîãåííó çäàòí³ñòü ç êîìïëåêñîì ö³ííèõ îçíàê 
[34]. Ïðîâåäåíî òåñòóâàííÿ äèãàïëî¿ä³â áàòüê³âñüêèõ ôîðì Åêçîòèê, Õàð-
ê³âñüêèé 74, Ôåí³êñ, Õàðê³âñüêèé 67 ç ð³çíîþ çäàòí³ñòþ äî àíäðîãåíåçó ³ 
ë³í³é ïîòîìñòâà, ÿê³ îòðèìàí³ â³ä ñõðåùóâàíü âèùåçàçíà÷åíèõ ãåíîòèï³â 
ç âèêîðèñòàííÿì ì³êðîñàòåë³òíîãî ìàðêåðà HVM 36 [35], ùî àñîö³éîâà-
íèé ç àíäðîãåííîþ çäàòí³ñòþ. Ïîêàçàíî, ùî çíà÷íà ÷àñòèíà äèãàïëî¿ä³â 
ïîòîìñòâà óñïàäêóâàëà ïåðåâàæíî àëåë³, ùî ïîõîäÿòü â³ä ãåíîòèï³â ç 
âèñîêîþ àíäðîãåííîþ çäàòí³ñòþ, çîêðåìà 84 % ë³í³é ÄÃ-ïîïóëÿö³¿ ìàëè 
àëåëü 116 ï. í. ñîðòó Åêçîòèê, ó òîìó ÷èñë³ ë³í³ÿ ÄÃ00–126 ç òðàíñãðåñèâ-
íèì óñïàäêóâàííÿì çà ê³ëüê³ñòþ ìîðôîãåííèõ ïèëÿê³â ³ ÷àñòîòîþ ðåãå-
íåðàö³¿. Öå ñï³ââ³äíîñèòüñÿ ç îö³íêîþ ì³íëèâîñò³ ÄÃ-ë³í³é ó ïîð³âíÿíí³ ç 
áàòüê³âñüêèìè ôîðìàìè ã³áðèä³â ùîäî â³äõèëåííÿ çà ÷àñòîòîþ ³íäóêö³¿ 
ìîðôîãåííèõ ñòðóêòóð (êàëþñó, åìáð³î¿ä³â) ³ ðîñëèí-ðåãåíåðàíò³â ó á³ê 
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áàòüê³âñüêîãî ñîðòó ç á³ëüø âèñîêîþ àíäðîãåííîþ çäàòí³ñòþ. Àëå öå íå 
º äîñòàòí³ì äëÿ ïîÿñíåííÿ òðàíñãðåñèâíîãî óñïàäêóâàííÿ, îñîáëèâî çà 
çäàòí³ñòþ äî ðåãåíåðàö³¿ çåëåíèõ ðîñëèí [34]. 

Îòæå, ìîæíà âèÿâèòè ïåâí³ îêðåì³ àëåë³ äîñë³äæåíîãî ÌÑ-ëîêóñó, ÿê³ 
íàéá³ëüø òèïîâ³ äëÿ ãåíîòèï³â ç âèñîêèì ð³âíåì àíäðîãåííî¿ çäàòíîñò³, 
ùî, çäîãàäíî, º ïîòåíö³éíèìè ìàðêåðàìè ñèñòåìè äåòåêö³¿ çäàòíîñò³ äî 
êóëüòóðè in vitro ð³çíèõ ãåíîòèï³â ÿ÷ìåíþ. 

Âèñíîâêè. Ïðîäåìîíñòðîâàíî ïðàéìåð-ñïåöèô³÷í³ñòü ä³ëÿíîê ã³-
áðèäèçàö³¿ òà ð³çíèé ð³âåíü âíóòð³øíüîâèäîâî¿ ñïåöèô³÷íîñò³ çðàçê³â 
àìïë³ô³êîâàíî¿ ÄÍÊ ÿ÷ìåíþ, ùî âèçíà÷åíî ç âèêîðèñòàííÿì ð³çíîìàí³ò-
íèõ ÏËÐ-ï³äõîä³â. Ðîçðîáëåíî ÄÍÊ-ìàðêåðè äëÿ âíóòð³øíüîâèäîâî¿ äè-
ôåðåíö³àö³¿ ³ êëàñèô³êàö³¿ ãåíîòèï³â. Ïðè âèêîðèñòàíí³ ìîíî- ³ ïîë³ëîêóñ-
íèõ ñèñòåì ÏËÐ-ìàðêåð³â äîñë³äæåí³ ãåíîòèïè ìîæóòü áóòè ñãðóïîâàí³ çà 
ñõîæ³ñòþ îçíàê, çîêðåìà òàêèìè, ÿê ïîõîäæåííÿ, òåðèòîð³ÿ ðàéîíóâàííÿ, 
ôîðìóëà ãîðäå¿í³â, ÿðîâ³ñòü–îçèì³ñòü. Êàðòîâàíî ëîêóñè ïîë³ìîðôíèõ 
ÏËÐ-ïðîäóêò³â, âèçíà÷åíî ¿õ ç÷åïëåííÿ ç á³îõ³ì³÷íèìè ³ ìîðôîëîã³÷íè-
ìè ìàðêåðàìè. Ïðè ñòâîðåíí³ ïåðâèííèõ êàðò äëÿ âèçíà÷åííÿ ç÷åïëåííÿ 
ìîëåêóëÿðíèõ ìàðêåð³â ç ³íøèìè ìàðêåðàìè òà îòîòîæíåííÿ ¿õ ç õðîìî-
ñîìàìè ïîêàçàíà ìîæëèâ³ñòü åôåêòèâíîãî âèêîðèñòàííÿ ÿê äèãàïëî¿ä³â, 
òàê ³ ñàìîçàïèëüíèõ ë³í³é. Äëÿ îäåðæàííÿ åôåêòèâíèõ ìàðêåð³â ïîë³ãåí-
íèõ îçíàê íåîáõ³äíèì º àíàë³ç ðîñëèí îäí³º¿ êîìá³íàö³¿ â ð³çíèõ åêîëîãî-
ãåîãðàô³÷íèõ çîíàõ. Íà îñíîâ³ á³î³íôîðìàòè÷íèõ ìåòîä³â, ñåêâåíóâàííÿ 
³ ÏËÐ-àíàë³çó ðîçðîáëåíà ñèñòåìà äåòåêö³¿ àëåë³â ãåíà Bmy1 ÿ÷ìåíþ òà 
³íøèõ ïðåäñòàâíèê³â Poaceae, äåòåêòîâàíî àëåëüíèé ïîë³ìîðô³çì ãîð-
äå¿íêîäóþ÷èõ ëîêóñ³â (Hrd Â), waxy, Dhn, âèçíà÷åíî àëåëüíèé ñòàí ãåí³â 
Vrn ³ Ppd–Í1, à òàêîæ ð³çíèöþ â àëåëüíîìó ñòàí³ ãåí³â Cbf, Hva1 ó êîíò-
ðàñòíèõ çà íèçüêîòåìïåðàòóðíîþ ÷óòëèâ³ñòþ ãåíîòèï³â. Ïîêàçàíî ìîæ-
ëèâ³ñòü âèÿâëåííÿ ïîòåíö³éíèõ ÄÍÊ-ìàðêåð³â, çîêðåìà àíäðîãåííî¿ 
çäàòíîñò³ ÿ÷ìåíþ, íà îñíîâ³ ì³êðîñàòåë³ò³â. Îäåðæàí³ ÄÍÊ-ìàðêåðè ìî-
æóòü áóòè âèêîðèñòàí³ äëÿ ïîäàëüøèõ òåîðåòè÷íèõ äîñë³äæåíü òà àíàë³çó 
ñåëåêö³éíîãî ìàòåð³àëó. 
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Brók O. F., Zakharovà O. O., Sulima Yu. Yu., B³linskà O. V., Netsve-
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DNA TECHNOLOGY IN BARLEY (Hordeum vulgare L.) GENETIC 
AND BREEDING RESEARCH SUMMARY AT PBGI–NCSCI 

Based on PCR-analysis of molecular and genetic polymorphisms of dif-
ferent barley genotypes DNA markers were obtained for the theoretical and 
practical applying. With the involvement of molecular genetics and genomics 
methods was conducted mapping of the genome, genotype differentiation in 
the degree of genetic relationship to intraspecies level, determination of ge-
netic homogeneity and detection alleles of important barley gene, including 
b-amylase, development of types and rates, hordeins, content of amylose, 
resistance to low temperature, androgenic capacity of barley. 
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Áàëüâèíñêàÿ Ì. Ñ., Êàëåíäàðü Ð. Í., Áàëàøîâà È. À., Ñòðàòó-
ëà Î. Ð., Áðèê À. Ô., Çàõàðîâà Î. À., Ñóëèìà Þ. Þ., Áåëèíñêàÿ Å. Â., 
Íåöâåòàåâ Â. Ï. 

ÄÍÊ-ÒÅÕÍÎËÎÃÈÈ Â ÃÅÍÅÒÈÊÎ-ÑÅËÅÊÖÈÎÍÍÛÕ 
ÈÑÑËÅÄÎÂÀÍÈßÕ ß×ÌÅÍß (Hordeum vulgare L.) Â ÑÃÈ–ÍÖÑÑ 

Íà îñíîâå ÏÖÐ-àíàëèçà ìîëåêóëÿðíî-ãåíåòè÷åñêîãî ïîëèìîðôèçìà 
ðàçëè÷íûõ ãåíîòèïîâ ÿ÷ìåíÿ ïîëó÷åíû ÄÍÊ-ìàðêåðû äëÿ òåîðåòè÷åñêî-
ãî è ïðàêòè÷åñêîãî èñïîëüçîâàíèÿ. Ñ ïðèâëå÷åíèåì ìåòîäîâ ìîëåêó-
ëÿðíîé ãåíåòèêè è ãåíîìèêè ïðîâåäåíî êàðòèðîâàíèå ãåíîìà ÿ÷ìåíÿ, 
äèôôåðåíöèàöèÿ ãåíîòèïîâ ïî ñòåïåíè ãåíåòè÷åñêîãî ðîäñòâà íà âíó-
òðèâèäîâîì óðîâíå, îïðåäåëåíèå îäíîðîäíîñòè ãåíåòè÷åñêîãî ìàòåðè-
àëà è äåòåêöèÿ àëëåëåé âàæíûõ ãåíîâ, â ÷àñòíîñòè, â-àìèëàç, òèïîâ è 
òåìïîâ ðàçâèòèÿ, ãîðäåèíîâ, ñîäåðæàíèÿ àìèëîçû. Ïîêàçàíà âîçìîæ-
íîñòü âûÿâëåíèÿ ïîòåíöèàëüíûõ ÄÍÊ-ìàðêåðîâ ãåíîâ íèçêîòåìïåðà-
òóðíîé ÷óâñòâèòåëüíîñòè, àíäðîãåííîé ñïîñîáíîñòè ÿ÷ìåíÿ. 
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ÏÎË²ÌÎÐÔ²ÇÌÓ ÃÅÍÎÌÓ ÊÓÊÓÐÓÄÇÈ (Zea mays L.): ÐÅÇÓËÜÒÀÒÈ 
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Äîñë³äæåí³ ð³çí³ ôðàêö³¿ ÿäåðíîãî ãåíîìó êóêóðóäçè çà ìîëåêóëÿð-
íèìè ìàðêåðàìè ç ìåòîþ äèôåðåíö³àö³¿, ³äåíòèô³êàö³¿ òà ðåºñòðàö³¿ 
ë³í³é/ã³áðèä³â, ìàðêóâàííÿ ãåí³â/ëîêóñ³â ãîñïîäàðñüêî ö³ííèõ îçíàê, 
ïðîãíîçóâàííÿ ãåòåðîçèñó. 

Êëþ÷îâ³ ñëîâà: ãåíîì, ìîëåêóëÿðí³ ìàðêåðè, êóêóðóäçà, á³îòåõíî-
ëîã³ÿ. 

Âñòóï. Çà ìàñøòàáàìè ïîøèðåííÿ, óí³âåðñàëüí³ñòþ âèêîðèñòàííÿ 
òà åíåðãåòè÷íî¿ ïîæèâíîñò³ êóêóðóäçà º îäí³ºþ ç íàéâàæëèâ³øèõ ïðî-
äîâîëü÷èõ, êîðìîâèõ ³ òåõí³÷íèõ êóëüòóð. Óêðà¿íà òðàäèö³éíî º îäí³ºþ ç 
ïðîâ³äíèõ êðà¿í ñâ³òó ç âèðîùóâàííÿ êóêóðóäçè. Öå îáóìîâëåíî, íàñàì-
ïåðåä, âèã³äíèì ãåîãðàô³÷íèì ðîçòàøóâàííÿì ³ ñïðèÿòëèâèìè ´ðóíòî-
âî-êë³ìàòè÷íèìè óìîâàìè. Ç ïîÿâîþ íîâèõ á³îòåõíîëîã³÷íèõ ï³äõîä³â ó 
ñåëåêö³¿ ðîñëèí çíà÷åííÿ êóêóðóäçè â ñâ³ò³ òà â Óêðà¿í³, çîêðåìà, çðîñòàº 
ùå á³ëüøå. 

Â Óêðà¿í³ ìîëåêóëÿðíî-ãåíåòè÷í³ äîñë³äæåííÿ ãåíîìó êóêóðóäçè çà-
ïî÷àòêîâàíî àêàäåì³êîì Þ. Ì. Ñèâîëàïîì â Ñåëåêö³éíî-ãåíåòè÷íîìó ³í-
ñòèòóò³ (ì. Îäåñà). Ðåçóëüòàòè âèâ÷åííÿ îðãàí³çàö³¿ òà ì³íëèâîñò³ ãåíîìó 
êóêóðóäçè, ùî îòðèìàíî äî «åðè ÄÍÊ-ìàðêåð³â», óçàãàëüíåíî â ìîíîãðà-
ô³¿ [1]. Àíàë³ç ïîë³ìîðô³çìó ð³çíèõ ôðàêö³é ãåíîìó êóêóðóäçè çà ìîëå-
êóëÿðíèìè ìàðêåðàìè ìåòîäîì ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ) 
ïðîâîäèâñÿ ï³ä êåð³âíèöòâîì àêàäåì³êà Þ. Ì. Ñèâîëàïà ç ïî÷àòêó 1990-õ 
ðîê³â. 

Â³äíîñíî ìîëîäà ãàëóçü çíàíü á³î³íôîðìàòèêà âæå ïðîäåìîíñòðóâà-
ëà ñâîþ åôåêòèâí³ñòü ÿê ïîòóæíèé ³íñòðóìåíò ìîëåêóëÿðíî-ãåíåòè÷íèõ 
äîñë³äæåíü. Âîíà äîçâîëÿº ðîáèòè òåîðåòè÷í³ ïðèïóùåííÿ ç âåëèêîþ 
äîëåþ äîñòîâ³ðíîñò³ òà çíà÷íèì ïðîãíîñòè÷íèì ïîòåíö³àëîì. Âïåðøå 
á³î³íôîðìàòè÷í³ äîñë³äæåííÿ êóêóðóäçè, çîêðåìà, äîñë³äæåííÿ ñòðóêòó-
ðè òà ôóíêö³îíàëüíèõ îñîáëèâîñòåé ÿäåðíîãî ãåíîìó, òàêîæ ðîçïî÷àòî 
ï³ä êåð³âíèöòâîì àêàäåì³êà Þ. Ì. Ñèâîëàïà. 

© Âîëêîâà Í. Å., Áóêðººâà Í. ²., Ñë³ùóê Ã. ².,, 2015
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Ìåòà äàíî¿ ðîáîòè ïîëÿãàëà â óçàãàëüíåíí³ ðåçóëüòàò³â äîñë³äæåííÿ 
ð³çíèõ ä³ëÿíîê ÿäåðíîãî ãåíîìó êóêóðóäçè çà ìîëåêóëÿðíèìè ìàðêåðàìè 
äëÿ îö³íêè ãåíåòè÷íîãî ð³çíîìàí³òòÿ, ³äåíòèô³êàö³¿ òà ðåºñòðàö³¿ ë³í³é/ã³-
áðèä³â, ìàðêóâàííÿ ãåí³â/ëîêóñ³â ãîñïîäàðñüêî ö³ííèõ îçíàê, ïðîãíîçó-
âàííÿ ãåòåðîçèñó. 

Ìàòåð³àë ³ ìåòîäè. Äëÿ äîñë³äæåííÿ ãåíåòè÷íîãî ð³çíîìàí³òòÿ âè-
êîðèñòîâóâàëè 145 ³íáðåäíèõ ë³í³é ³ 43 ã³áðèäè êóêóðóäçè. 

Äëÿ ìàðêóâàííÿ ëîêóñ³â ê³ëüê³ñíèõ îçíàê âèêîðèñòàíî åë³òí³ ³íáðåäí³ 
ë³í³¿ ÃÊ 26, Ìî17, Îäåñüêà 308 ÌÂ, Îäåñüêà 221 ÌÂ, Îäåñüêà 329 òà ïî-
ïóëÿö³þ (ÃÊ26  Ìî17) F

2
. Ïîäàëüøèé ³íáðèäèíã ïîïóëÿö³¿ (ÃÊ26  Ìî17) 

F
2
–F

6
 çä³éñíþâàëè øëÿõîì ³íäèâ³äóàëüíî¿ ³çîëÿö³¿ ç ñàìîçàïèëåííÿì 

êîæíî¿ ä³áðàíî¿ ðîñëèíè. 
Åêñòðàêö³ÿ ÄÍÊ ç ïðîðîñòê³â òà ëèñòÿ, ïîñòàíîâêà ïîë³ìåðàçíî¿ ëàí-

öþãîâî¿ ðåàêö³¿ (ÏËÐ), ãåëü-åëåêòðîôîðåç â àãàðîçíèõ ³ ïîë³àêðèëàì³ä-
íèõ ãåëÿõ çä³éñíþâàëè çà çàãàëüíîïðèéíÿòèìè ìåòîäèêàìè. ²íôîðìàö³ÿ 
ùîäî ì³êðîñàòåë³òíèõ (ÌÑ) ëîêóñ³â òà ïîñë³äîâíîñòåé ïðàéìåð³â íàâå-
äåíà â åëåêòðîíí³é áàç³ äàíèõ ç ãåíåòèêè êóêóðóäçè MaizeGDB. 

Ðåçóëüòàòè. Ïåðø³ ìîëåêóëÿðíî-ãåíåòè÷í³ äîñë³äæåííÿ ïðèñâÿ÷åí³ 
àíàë³çó «ïîâåä³íêè» ÏËÐ-ôðàãìåíò³â â F

1
-ã³áðèäàõ êóêóðóäçè ó ïîð³âíÿíí³ 

ç áàòüê³âñüêèìè ãåíîòèïàìè [2] òà àíàë³çó âíóòð³øíüîâèäîâî¿ ì³íëèâîñò³ 
ç âèêîðèñòàííÿì ð³çíèõ òèï³â ìîëåêóëÿðíèõ ìàðêåð³â íà îñíîâ³ ÏËÐ [3–
6]. Çà ðåçóëüòàòàìè òåñòóâàííÿ ïîíàä 100 ÌÑ ëîêóñ³â ñôîðìîâàíî ñèñ-
òåìó 20 ìîëåêóëÿðíèõ ìàðêåð³â (çà êðèòåð³ÿìè — ëîêàë³çàö³ÿ ëîêóñ³â íà 
ð³çíèõ õðîìîñîìàõ, çíà÷åííÿ ³íäåêñó ïîë³ìîðôíîñò³ (polymorphic index 
content, PIC) íå ìåíøå 0,5, ðîçì³ð ïîâòîðó íå ìåíøå 3 ï. í., â³äòâîðþâà-
í³ñòü ðåçóëüòàò³â). 

Ïåðøèì åòàïîì äîñë³äæåíü º îö³íêà ãåíåòè÷íî¿ ÷èñòîòè ë³í³é òà ã³-
áðèä³â. Ïðîâåäåíî òåñòóâàííÿ 145 ³íáðåäíèõ ë³í³é ³ 43 ã³áðèä³â çà òðüîìà 
âèñîêîïîë³ìîðôíèìè ÌÑ ëîêóñàìè phi064, phi079, phi015. Âñòàíîâëåíî, 
ùî ãåòåðîãåíí³ñòü äåÿêèõ ë³í³é òà ã³áðèä³â íå º ãåíåòè÷íî çóìîâëåíîþ. 
Ïðîâåäåíî «âèáðàêîâóâàííÿ» íåòèïîâèõ çðàçê³â [7]. 

Äèôåðåíö³àö³ÿ, ³äåíòèô³êàö³ÿ, ðåºñòðàö³ÿ ë³í³é òà ã³áðèä³â. Çà 20 ÌÑ 
ëîêóñàìè ïðîàíàë³çîâàíî 188 ë³í³é òà ã³áðèä³â êóêóðóäçè, äëÿ êîæíîãî 
ãåíîòèïó îòðèìàíî óí³êàëüí³ êîìá³íàö³¿ àëåë³â ÌÑ ëîêóñ³â, ùî äîçâîëè-
ëî ïðåäñòàâèòè êîæíèé ãåíîòèï ó âèãëÿä³ òàê çâàíî¿ «³äåíòèô³êàö³éíî¿ 
ôîðìóëè». ÌÑ ëîêóñ êîäîâàíî áóêâîþ àíãë³éñüêîãî àëôàâ³òó (À-Ò). ßê 
íèæí³é ³íäåêñ âèêîðèñòàíî ðîçì³ð àëåëÿ äàíîãî ëîêóñó ó ïàðàõ íóêëåî-
òèä³â. 188 ë³í³é òà ã³áðèä³â êóêóðóäçè çàô³êñîâàíî ³äåíòèô³êàö³éíèìè 
ôîðìóëàìè [8–12]. 

Îö³íåíî ãåíåòè÷íå ð³çíîìàí³òòÿ ë³í³é çà äîïîìîãîþ ìîëåêóëÿðíèõ 
ìàðêåð³â äëÿ âèÿâëåííÿ ìîæëèâîñò³ ïðîãíîçóâàííÿ ãåòåðîçèñó ïðîñòèõ 
ã³áðèä³â. Ç âèêîðèñòàííÿì ïîë³ëîêóñíî¿ ìàðêåðíî¿ ñèñòåìè, ÿêà äîçâîëÿº 
îäíî÷àñíî îõàðàêòåðèçóâàòè âåëèêó ê³ëüê³ñòü ëîêóñ³â, à ñàìå ÏËÐ-àíàë³çó 
ä³ëÿíîê ì³æ ÌÑ ïîâòîðàìè, ïðîàíàë³çîâàíî 15 ë³í³é ñåðåäíüî¿ ãðóïè ñòèã-
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ëîñò³. Çà çíà÷åííÿì ãåíåòè÷íèõ äèñòàíö³é (D) ì³æ ë³í³ÿìè ïàðè ë³í³é ðîç-
ä³ëåí³ íà ÷îòèðè ãðóïè. Ïðîâåäåíî ä³àëåëüíå ñõðåùóâàííÿ âèõ³äíèõ ë³í³é ³ 
îòðèìàíî äàí³ âðîæàþ çåðíà ë³í³é òà â³äïîâ³äíèõ ã³áðèä³â, ÿê³ âèêîðèñòàíî 
äëÿ ðîçðàõóíêó ä³éñíîãî ãåòåðîçèñó ã³áðèä³â. Ïîð³âíÿëè ãðóïóâàííÿ ë³í³é 
çà ãåíåòè÷íèìè äèñòàíö³ÿìè ç ð³âíåì ãåòåðîçèñó òà âèÿâèëè äîñòîâ³ðíó 
êîðåëÿö³þ ì³æ öèìè ïîêàçíèêàìè. Çà ïðèïóùåííÿì âïëèâó íà ïðîÿâ ãå-
òåðîçèñó ñïîëó÷åííÿ àëåë³â ïåâíèõ ëîêóñ³â, ïðîâåäåíî ÏËÐ-àíàë³ç 20 ÌÑ 
ëîêóñ³â. Ïîð³âíÿííÿ àëåëüíîãî ñêëàäó ÌÑ ëîêóñ³â ë³í³¿ òà ñåðåäíüîãî ð³âíÿ 
ãåòåðîçèñó ã³áðèä³â, îòðèìàíèõ â³ä ñõðåùóâàííÿ äàíî¿ ë³í³¿ ç ðåøòîþ, ïî-
êàçàëî äîñòîâ³ðíó êîðåëÿö³þ çà äåâ’ÿòüìà ÌÑ ëîêóñàìè. Öå äàëî ìîæëè-
â³ñòü çàïèñàòè ìîäåëüí³ ³äåíòèô³êàö³éí³ ôîðìóëè ë³í³é, ùî ìàþòü ³ìîâ³ðíî 
ð³çíó êîìá³íàö³éíó çäàòí³ñòü. Äëÿ ïåðåâ³ðêè öüîãî ïðèïóùåííÿ ïîð³âíÿëè 
ôîðìóëè ìîäåëüíî¿ ë³í³¿ ç âèñîêèì ð³âíåì êîìá³íàö³éíî¿ çäàòíîñò³, ë³í³é-
ñòàíäàðò³â ³ ïðîàíàë³çîâàíèõ ë³í³é, ã³áðèäè â³ä ñõðåùóâàííÿ ÿêèõ ç ðåøòîþ 
ïðîÿâèëè ñåðåäí³é ð³âåíü ãåòåðîçèñó âèùå 149 %. Ë³í³ÿìè-ñòàíäàðòàìè 
áóëè íàéá³ëüø ðîçïîâñþäæåí³ ë³í³¿, ùî âõîäÿòü äî ñêëàäó ã³áðèä³â — íà-
ö³îíàëüíèõ ñòàíäàðò³â ñåðåäíüî¿ ãðóïè ñòèãëîñò³, äî ÿêî¿ â³äíîñÿòü ³ àíàë³-
çîâàí³ íàìè ë³í³¿. Îäíàêîâèé àëåëüíèé ñêëàä á³ëüøîñò³ ÌÑ ëîêóñ³â ó ë³í³é-
ñòàíäàðò³â, ìîäåëüíî¿ ë³í³¿ ³ äîñë³äæåíèõ ë³í³é, ã³áðèäè ÿêèõ ìàëè âèñîêèé 
ð³âåíü ãåòåðîçèñó, ï³äòâåðäèâ ìîæëèâ³ñòü âèêîðèñòàííÿ äàíîãî ï³äõîäó 
äëÿ ïðîãíîçóâàííÿ îòðèìàííÿ âèñîêîãåòåðîçèñíèõ ã³áðèä³â ó êîìïëåêñ³ ç 
îö³íêîþ ãåíåòè÷íèõ äèñòàíö³é ì³æ âèõ³äíèìè ë³í³ÿìè [13]. 

Ìîëåêóëÿðíî-ãåíåòè÷íèé àíàë³ç ãåí³â/ëîêóñ³â, ïîâ’ÿçàíèõ ç àãðî-
íîì³÷íî âàæëèâèìè îçíàêàìè. Äëÿ ñóïðîâîäó òðàäèö³éíî¿ ñåëåêö³¿ äî-
áîðîì çà ìîëåêóëÿðíèìè ìàðêåðàìè íåîáõ³äíà ³äåíòèô³êàö³ÿ ãåí³â/ëî-
êóñ³â ö³ëüîâî¿ îçíàêè, çîêðåìà òîëåðàíòíîñò³ äî àá³îòè÷íèõ òà á³îòè÷íèõ 
ôàêòîð³â íàâêîëèøíüîãî ñåðåäîâèùà, ïîâ’ÿçàíèõ ç ê³ëüê³ñòþ òà ÿê³ñòþ 
âðîæàþ çåðíà etc. 

Îäíèì ç íàéá³ëüø øêîäî÷èííèõ ïàòîãåí³â êóêóðóäçè º ãðèáè ðîäó 
Fusarium. Ç âèêîðèñòàííÿì BSA-ï³äõîäó (Bulked Segregant Analysis) ïðî-
âåäåíî ãåíîòèïóâàííÿ F

2
-ïîïóëÿö³¿, îòðèìàíî¿ â³ä ñõðåùóâàííÿ ë³í³é 

êóêóðóäçè Îäåñüêà 139 ³ R221, êîíòðàñòíèõ çà ñò³éê³ñòþ äî ôóçàð³îç-
íèõ ãíèëåé. Çà äîïîìîãîþ ð³çíèõ òèï³â ìîëåêóëÿðíèõ ìàðêåð³â (ÏËÐ ³ç 
38 ïàðàìè SSR-, ï’ÿòüìà STS-, 24 ISSR- òà 23 äîâ³ëüíèìè ïðàéìåðàìè) 
òåñòîâàíî ÄÍÊ ë³í³é Îäåñüêà 139 ³ R221 òà ñóì³øåé äîì³íàíòíèõ ³ ðåöå-
ñèâíèõ ãîìîçèãîòíèõ F

2
-çðàçê³â íà íàÿâí³ñòü ïîë³ìîðô³çìó. Â ðåçóëüòàò³ 

äîñë³äæåíü âèçíà÷åíî ëîêóñ RGA11, ÿêèé ç÷åïëåíèé ç ëîêóñîì ñò³éêîñò³ 
äî ôóçàð³îçíî¿ ãíèë³ íà â³äñòàí³ 18,3 ñÌ [14–16]. 

Ó íàñ³ííèöòâ³ êóêóðóäçè øèðîêî âèêîðèñòîâóºòüñÿ ÿâèùå öèòîïëàç-
ìàòè÷íî¿ ÷îëîâ³÷î¿ ñòåðèëüíîñò³ (Ö×Ñ). Äîñë³äæåíî ïîë³ìîðô³çì ä³ëÿíîê 
ì³òîãåíîìó, àñîö³éîâàíèõ ç ðîçâèòêîì Ö×Ñ òðüîõ òèï³â (òåõàñüêîãî, ìîë-
äàâñüêîãî, ÷àðóà), ï³äòâåðäæåíî ¿õí³é çâ’ÿçîê ç ïåâíèì òèïîì Ö×Ñ. Ïðî-
âåäåíî ìîëåêóëÿðíî-ãåíåòè÷íèé àíàë³ç ïîë³ìîðô³çìó ãåíà whp1, ùî 
âõîäèòü äî ñêëàäó êëàñòåðà ãåíà–â³äíîâëþâà÷à ôåðòèëüíîñò³ ïèëêó ìîë-
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äàâñüêîãî òèïó. Íàìè ðîçðîáëåíî ìàðêåðè VSGIA òà VSGIC äîì³íàíòíîãî 
òà ðåöåñèâíîãî àëåë³â ãåíà Rf3: ïåðøèé ñïåöèô³÷íèé äëÿ ðåã³îíó ïðîìî-
òîðó, äðóãèé — äëÿ ðåã³îíó ³íòðîíó. Îòæå, ðîçðîáëåíî ìàðêåðíó ñèñòåìó 
äëÿ êîìïëåêñíî¿ îö³íêè ãåíîòèï³â êóêóðóäçè çà îçíàêàìè Ö×Ñ òà â³äíîâ-
ëåííÿ ôåðòèëüíîñò³ ïèëêó [17–21]. 

Â óìîâàõ ãëîáàëüíîãî ïîòåïë³ííÿ äëÿ ï³äâèùåííÿ âðîæàéíîñò³ êóêó-
ðóäçè â åêñòðåìàëüíèõ óìîâàõ âàæëèâî âèêîðèñòîâóâàòè ã³áðèäè, òîëå-
ðàíòí³ äî âèñîêîòåìïåðàòóðíîãî ñòðåñó, ÿêèé ïîºäíóºòüñÿ ç äåô³öèòîì 
âîëîãè. Çà äîïîìîãîþ ÏËÐ-àíàë³çó äîñë³äæåíî ìîëåêóëÿðíî-ãåíåòè÷-
íèé ïîë³ìîðô³çì hsp-ãåí³â, ÿê³ êîäóþòü á³ëêè òåïëîâîãî øîêó, çîêðåìà 
³ øàïåðîíè (cpn-ãåíè): hsp3, hsp90, hsp101, cpn10, hsp18a, hsp26/1. 
Âèçíà÷åí³ íàáîðè àëåë³â äîñë³äæåíèõ ëîêóñ³â, íàéá³ëüø õàðàêòåðí³ äëÿ 
ñò³éêèõ ³ íåñò³éêèõ äî ïîñóõè ë³í³é êóêóðóäçè [22]. 

Çàáåçïå÷åííÿ ëþäñòâà ÿê³ñíèì ïîâíîö³ííèì õàð÷óâàííÿì, çáàëàí-
ñîâàíèì çà ñêëàäîì ³ âì³ñòîì íåîáõ³äíèõ äëÿ îðãàí³çìó åëåìåíò³â, º 
îäí³ºþ ç íàéâàæëèâ³øèõ ïðîáëåì ñó÷àñíîñò³. Íàìè ðîçïî÷àòî ìîëåêó-
ëÿðíî-ãåíåòè÷í³ äîñë³äæåííÿ ãåí³â, ùî ïîâ’ÿçàí³ ç á³îõ³ì³÷íèì ñêëàäîì 
çåðíà êóêóðóäçè, çîêðåìà òèõ, ùî êîäóþòü ôåðìåíòè ñèíòåçó êàðîòèíî-
¿ä³â òà êðîõìàëþ. 

Ìàðêóâàííÿ ëîêóñ³â ê³ëüê³ñíèõ îçíàê (Quantitative Trait Loc³, QTL). 
Âèâ÷åíî ì³íëèâ³ñòü ê³ëüê³ñíèõ àãðîíîì³÷íî ö³ííèõ îçíàê, ñåðåä ÿêèõ ò³, 
ùî ôîðìóþòü ãàá³òóñ ðîñëèíè, îçíàêè ìîðôîëîã³¿ âîëîò³, ñêëàäîâ³ ïðî-
äóêòèâíîñò³ òà á³îõ³ì³÷í³, íà ã³áðèäíèõ ïîïóëÿö³ÿõ (ÃÊ26 õ Ìî17) F

2
 òà F

3 

ç âèêîðèñòàííÿì SSR-, RAPD- òà ISSR-ìàðêåð³â. Îòðèìàí³ ìàðêåðè âè-
êîðèñòàíî äëÿ ðîçðîáëåííÿ òåõíîëîã³¿ ïðîãíîçóâàííÿ ð³âíÿ ðîçâèòêó 
ê³ëüê³ñíèõ îçíàê ó ïîïóëÿö³ÿõ êóêóðóäçè íà ï³äñòàâ³ ¿õíüîãî çâ’ÿçêó ç ÄÍÊ-
ìàðêåðàìè [23–27]. Äåòàëüíî öþ ðîáîòó âèêëàäåíî ó ñòàòò³ À. Î. Áºëîó-
ñîâà ç ñï³âàâòîðàìè ó öüîìó çá³ðíèêó. 

Ó ðàìêàõ âèâ÷åííÿ óñïàäêîâóâàííÿ ê³ëüê³ñíî¿ îçíàêè «óðîæàéí³ñòü 
çåðíà» ó ï³çí³õ ãåíåðàö³ÿõ ïîïóëÿö³é êóêóðóäçè ðåêîìá³íàíòíèõ ³íáðåäíèõ 
ë³í³é (Ð²Ë) (ÃÊ 26 õ Ìî17) F

4
, F

6
 òà ç ìåòîþ ìàðêóâàííÿ QTL ïðîäóêòèâíîñ-

ò³ êóêóðóäçè ³äåíòèô³êîâàíî ãåíîòèïè ³íáðåäíèõ áàòüê³âñüêèõ ë³í³é ÃÊ26 
³ Ìî17 çà 47 ÌÑ ëîêóñàìè. Äëÿ ïîäàëüøî¿ ðîáîòè â³ä³áðàíî 10 ëîêóñ³â 
ç ÷³òêî â³äòâîðþâàíèìè ïðîäóêòàìè àìïë³ô³êàö³¿: nc030, phi061, phi064, 
phi083, phi031, phi044, phi057, phi084, phi080, phi112, ùî äåòåêòóâàëè 
ïîë³ìîðô³çì ó áàòüê³âñüêèõ ôîðì Ð²Ë, ë³í³é ÃÊ 26 ³ Ìî17 ó 8 õðîìîñîìàõ. 
Çà ãåíîòèïóâàííÿ âèçíà÷åíî àëåëüíèé ñòàí ïîë³ìîðôíèõ SSR-ëîêóñ³â ó 
Ð²Ë F

4 
òà F

6
, äåòåêòîâàíèõ ó âèõ³äíèõ ôîðì ÃÊ26 ³ Ìî17. 

Ç âèêîðèñòàííÿì ï³äõîä³â, îïèñàíèõ ó [28], ïðîâåäåíî ìàðêóâàííÿ 
QTL ó ïîïóëÿö³¿ Ð²Ë F

4
, F

6
. Âñòàíîâëåíî ìàðêåðí³ ëîêóñè, ç÷åïëåí³ ç ëîêó-

ñàìè, ùî àñîö³þþòüñÿ ç â³äì³ííîñòÿìè ó ïðîÿâ³ ê³ëüê³ñíèõ îçíàê. Ïîøóê 
àñîö³àö³é 10 ÌÑ ëîêóñ³â ç îçíàêîþ «óðîæàéí³ñòü çåðíà», äåòåêòîâàíèõ â 
F

4
 òà F

6
,

 
ïðîâîäèëèñÿ ó ð³çíèõ óìîâàõ âèðîùóâàííÿ ã³áðèä³â: ÄÃ «Äà÷íà», 

2005 ð.; ÄÃ «Äà÷íà», 2006 ð.; ÄÃ «Íîâîñåë³âñüêå», 2006 ð. 
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Ó òåñòåðíèõ ã³áðèä³â Ð²Ë F
4
 ç Îä 308 ÌÂ ìàðêåðíèìè º àëåë³ SSR-

ëîêóñ³â ç âèçíà÷åíîþ ìîëåêóëÿðíîþ ìàñîþ: phi 044_76 (2,68); nc 
030_112 (5,34); phi 057_158 (4,25); phi 080_158 (4,47); phi 044_72 (4,63); 
phi 044_76 (4,00); phi 064_86 (3,38); phi 112_161 (4,50); phi 112_137 (4,00). 
Âèçíà÷åí³ ìàðêåðè, ùî äåòåêòóþòü ì³íëèâ³ñòü äîñë³äíî¿ îçíàêè ó òåñ-
òåðíèõ ã³áðèä³â Ð²Ë F

4
 ç Îä 329: phi 031_191 (3,68) nc 030_108 (3,68); nc 

030_108 (5,36); phi 084_155 (5,66); phi 083_130 (3,56); phi 061_80 (5,98); 
phi 064_86 (3,57); phi 064_78 (6,57); phi 112_137 (4,41). 

Ó ã³áðèä³â Ð²Ë F
6
 ç Îä 308 ÌÂ ìàðêåðíèìè º ëîêóñè phi 061_80 (2,88); 

phi 112_161 (3,16); phi 064_86 (2,78); phi 061_80 (4,64); phi 057_154 (4,84); 
phi 064_86 (4,49); phi 083_161 (4,50). Ìàðêåðè, ùî äåòåêòóþòü ì³íëèâ³ñòü 
äîñë³äíî¿ îçíàêè ó òåñòåðíèõ ã³áðèä³â Ð²Ë F

6
 ç Îä 329: nc 030_108 (5,93); 

nc 030_108 (4,79); phi 084_159 (5,96); phi 083_130 (5,99); phi 064_86 
(5,64); phi 064_86 (5,11); phi 112_161 (4,99) [29–32]. 

Îòðèìàí³ ìàðêåðè âèêîðèñòàíî äëÿ ðîçðîáêè ñõåìè ïðîãíîçóâàí-
íÿ ãðóïè ã³áðèä³â ç ìàêñèìàëüíîþ âðîæàéí³ñòþ, ä³áðàíèõ çà ìàðêåðàìè 
QTL óðîæàéíîñò³ çåðíà íà îñíîâ³ ôîðìóâàííÿ êëàñ³â ó ïîïóëÿö³ÿõ Ð²Ë F

4
, 

F
6 

çà ãåíåòè÷íîþ äèñòàíö³ºþ â³äíîñíî ë³í³é-òåñòåð³â Îä 308 ÌÂ, Îä 221 
ÌÂ ³ Îä 329, ùî äîçâîëÿº ñêîðî÷óâàòè îáñÿãè ñîðòîâèïðîáóâàííÿ ³ ñòâî-
ðåííÿ ïîòåíö³éíî ö³ííèõ ãåíîòèï³â [33]. 

Íàéá³ëüø íàä³éíèìè ìàðêåðàìè ìîæíà ââàæàòè ëîêóñè, ç ÿêèìè çáå-
ð³ãàºòüñÿ äîñòîâ³ðíèé çâ’ÿçîê ¿õí³õ àëåë³â ç ïåâíèì ð³âíåì ðîçâèòêó ê³ëü-
ê³ñíî¿ îçíàêè ïðîòÿãîì ê³ëüêîõ ïîêîë³íü. Îòðèìàííÿ ê³ëüêîõ ìàðêåðíèõ 
ëîêóñ³â äëÿ ïåâíî¿ îçíàêè º íàéá³ëüø îá’ºêòèâíîþ ³íôîðìàö³ºþ ç îãëÿäó 
íà ê³ëüê³ñíèé õàðàêòåð âèâ÷åíèõ îçíàê. Òàê³ ìàðêåðí³ ëîêóñè ìîæóòü ì³ñ-
òèòèñÿ ó ð³çíèõ õðîìîñîìàõ àáî æ óñïàäêîâóâàòèñÿ ÿê îäíå ö³ëå ó âèïàä-
êó ïîïàäàííÿ â îäíó ãðóïó ç÷åïëåííÿ. 

Äàí³ ç ìàðêóâàííÿ ê³ëüê³ñíèõ îçíàê çà ðåçóëüòàòàìè äîñë³äæåíü 
2000–2006 ðîê³â óçàãàëüíåíî ó òàáëèö³. Ðåçóëüòàòè äåìîíñòðóþòü, ùî 
äåòåêòîâàí³ ó ñåãðåãóþ÷èõ ïîïóëÿö³ÿõ ìàðêåðè îçíàê ãðóïè ïðîäóêòèâ-
íîñò³ îäíî÷àñíî º ìàðêåðàìè îçíàêè «óðîæàéí³ñòü çåðíà». Òîáòî, ó F

4
 ³ F

6
 

íå â³äáóëîñÿ â³äîêðåìëåííÿ öèõ ëîêóñ³â ó õîä³ ðåêîìá³íàö³¿. Çà äàíèìè 
[34, 35] öå ñâ³ä÷èòü ïðî òå, ùî ì³æ öèìè ëîêóñàìè ³ QTL ïðîäóêòèâíîñò³ 
âñòàíîâèâñÿ çíà÷íèé çâ’ÿçîê ³ òàêå ç÷åïëåííÿ ìîæíà âèêîðèñòîâóâàòè 
ó ÿêîñò³ íàä³éíîãî ìàðêåðà äëÿ äîáîðó ïîòåíö³éíî âèñîêîïðîäóêòèâíèõ 
ôîðì. 

Ïîð³âíÿííÿ ³íôîðìàòèâíîñò³ ìàðêåðíèõ ëîêóñ³â ó ñóì³æíèõ ñåãðåãó-
þ÷èõ ïîïóëÿö³ÿõ (F

2
-F

3
) òà íåñóì³æíèõ Ð²Ë ç ïîïóëÿö³é F

4
, F

6
 äîçâîëèëî 

âèÿâèòè ÌÑ ìàðêåðè QTL, ùî âïëèâàþòü íà ôîðìóâàííÿ îçíàê ïðîäóê-
òèâíîñò³ êóêóðóäçè ó ð³çíèõ óìîâàõ âèðîùóâàííÿ. Íàéá³ëüø ³íôîðìà-
òèâíèì çà ê³ëüê³ñòþ â³äòâîðåíèõ àñîö³àö³é ç îçíàêàìè ïðîäóêòèâíîñò³ 
ïðîòÿãîì ï’ÿòè ïîêîë³íü (F

2
-F

6
) âèÿâèâñÿ ìàðêåð nc 030_108. Â³í â³äî-

áðàæàº ì³íëèâ³ñòü ëîêóñ³â, ùî âïëèâàþòü íà ôîðìóâàííÿ òàêèõ îçíàê 
ïðîäóêòèâíîñò³: «ìàñà 100 çåðåí», «ãëèáèíà çåðíèíè», «äîâæèíà êà÷àíà», 
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Òàáëèöÿ 

Ðåçóëüòàòè ìàðêóâàííÿ îçíàê ïðîäóêòèâíîñò³ ó ïîïóëÿö³ÿõ (ÃÊ26 / Ìî17) F
2
-F

6

Ìàðêåðíèé 
ëîêóñ

Îçíàêà, ìàð-
êîâàíà ó Ð²Ë 

F
4 

³ F
6

Îçíàêà, ìàðêîâàíà ó Ð²Ë F
2 

³ F
3

óðîæàéí³ñòü 
çåðíà

ìàñà 100 
çåðåí

äîâæèíà 
êà÷àíà

ãëèáèíà 
çåðíèíè

³íäèâ³äóâàëüíà 
ïðîäóêòèâí³ñòü

phi044 + – – – –
nc030 +, # * – * *
phi084 +, # – – – –
phi061 +, # – * * *
phi057 +, # – – – –
phi031 + – – – –
phi080 + – – – –
phi112 +, # – – – –
phi083 +, # * * * *
phi064 +, # – * * *

Ïðèì³òêè: + — ç÷åïëåííÿ ìàðêåðíèõ ëîêóñ³â ó Ð²Ë F
4
; # — ç÷åïëåííÿ ìàðêåðíèõ 

ëîêóñ³â ó Ð²Ë F
6
; * — ç÷åïëåííÿ ìàðêåðíèõ ëîêóñ³â ó ïîïóëÿö³ÿõ F

2,
 F

3
; — — â³äñóòí³ñòü 

àñîö³àö³¿. 

«³íäèâ³äóàëüíà ïðîäóêòèâí³ñòü» òà «óðîæàéí³ñòü çåðíà». Ìàðêåð 
phi 064_86 ïîâ’ÿçàíèé ç ëîêóñàìè, ùî âïëèâàþòü íà ì³íëèâ³ñòü äâîõ 
îçíàê — «ãëèáèíà çåðíèíè» ³ «óðîæàéí³ñòü çåðíà». Òàê³ àñîö³àö³¿ ìîæóòü 
ñâ³ä÷èòè ïðî ç÷åïëåííÿ äàíèõ ëîêóñ³â ç³ ñïåöèô³÷íèìè ãåíàìè ïðîäóê-
òèâíîñò³. À âðàõîâóþ÷è êîíòðàñòí³ óìîâè âèðîùóâàííÿ öèõ ïîïóëÿö³é, 
çáåðåæåííÿ ìàðêóþ÷î¿ çäàòíîñò³ ïîë³ìîðôíèõ ëîêóñ³â ÄÍÊ, ìîæíà ââà-
æàòè ñóòòºâèì äîêàçîì ò³ñíîãî ç÷åïëåííÿ ìàðêåðà ç ëîêóñîì ê³ëüê³ñíî¿ 
îçíàêè. 

Îòæå, ó áàòüê³âñüêèõ êîìïîíåíò³â âèÿâëåíî ÌÑ ëîêóñè, ò³ñíî ïîâ’ÿçàí³ 
ç îçíàêàìè ïðîäóêòèâíîñò³. Îòðèìàí³ ðåçóëüòàòè ïðîïîíóºòüñÿ çàñòîñî-
âóâàòè äëÿ ³íäèâ³äóàëüíîãî ãåíîòèïîâîãî ïðîãíîçóâàííÿ ðîçâèòêó ïåâ-
íèõ àãðîíîì³÷íèõ îçíàê, ùî äîçâîëÿº çíà÷íî ïðèñêîðèòè äîá³ð ïîòð³á-
íîãî ìàòåð³àëó âæå çà ð³ê, ïî÷èíàþ÷è ç F

2
, òà äëÿ ìîäåëþâàííÿ äîáîðó 

ãåíîòèï³â ç âèñîêèì ð³âíåì ðîçâèòêó îçíàê ó ñóáïîïóëÿö³ÿõ çà ìàðêåð-
íèìè àëåëÿìè, ùî äîçâîëèòü ãåíåòè÷íî ïîë³ïøóâàòè áàçîâ³ ïîïóëÿö³¿ 
êóêóðóäçè ³ âèêîðèñòîâóâàòè ¿õ ÿê âèõ³äíèé ìàòåð³àë äëÿ ãåòåðîçèñíî¿ 
ñåëåêö³¿. 

Íà ñó÷àñíîìó åòàï³ ìîëåêóëÿðí³ ìàðêåðè, ðîçðîáëåí³ â ðåçóëüòàò³ 
äîñë³äæåííÿ ïîë³ìîðô³çìó ð³çíèõ ä³ëÿíîê ãåíîìó êóêóðóäçè, äîçâîëÿ-
þòü ïðîâîäèòè êîìïëåêñíó îö³íêó ë³í³¿ ÷è ã³áðèäà êóêóðóäçè — éîãî ãå-
íåòè÷íî¿ ÷èñòîòè, ãåòåðîçèñíîãî ïîòåíö³àëó, àóòåíòè÷íîñò³, íàÿâíîñò³ 
ãåí³â ïåâíèõ àãðîíîì³÷íî âàæëèâèõ îçíàê. Ñóïðîâ³ä òðàäèö³éíî¿ ñåëåêö³¿ 
äîáîðîì çà ìîëåêóëÿðíèìè ìàðêåðàìè ñâ³ä÷èòü ïðî ñó÷àñíèé òà ÿê³ñíî 
íîâèé ð³âåíü ñåëåêö³éíîãî ïðîöåñó. 
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Á³î³íôîðìàòè÷íèé àíàë³ç ãåíîìó êóêóðóäçè. Á³î³íôîðìàòè÷í³ ï³äõîäè 
âèêîðèñòàíî äëÿ êîìïëåêñíîãî àíàë³çó ãåíîìó êóêóðóäçè ÿê äëÿ äîñë³-
äæåííÿ îñîáëèâîñòåé åâîëþö³¿ ïåâíèõ ãåí³â, ¿õ ô³ëîãåí³¿, ïîøóêó ì³êðî-
ñàòåë³ò³â, ³íøèõ ïîâòîð³â, ïîë³ìîðôíèõ ä³ëÿíîê ãåí³â, äèçàéíó ïðàéìåð³â, 
in silico ÏËÐ, òàêîæ ³ äëÿ ìîäåëþâàííÿ — âòîðèííèõ ñòðóêòóð ïðîòå¿í³â 
òðàíñêðèïò³â, ¿õ âçàºìîä³é. 

Òàê, ïîâíèé êîìïëåêñíèé àíàë³ç ãåí³â Rf1 òà Rf2, ùî â³äïîâ³äàþòü çà 
â³äíîâëåííÿ ôåðòèëüíîñò³ ïèëêó ó êóêóðóäçè ç òåõàñüêèì òèïîì Ö×Ñ, 
äîçâîëèâ íàì âèâ÷èòè ¿õí³ ô³ëîãåí³þ òà îñîáëèâîñò³ åâîëþö³¿ [36–38]. 
 Çíàéäåíî, ùî ãåí Rf1 íàëåæèòü äî ðîäèíè ãåí³â, ùî êîäóþòü á³ëêè ç ïåí-
òàòðèêîïåïòèäíèì ìîòèâîì, ðîçðîáëåíèé óí³êàëüíèé äèçàéí ïðàéìåð³â, 
ùî äîçâîëÿº äèôåðåíö³þâàòè äîì³íàíòí³ òà ðåöåñèâí³ àëåë³ öèõ ãåí³â. 
Òàêîæ ñàìå á³î³íôîðìàòè÷íèé àíàë³ç äîçâîëèâ ïðîâåñòè êîìïëåêñíå âè-
â÷åííÿ ãåíà whp1 ç êëàñòåðà ãåíà-â³äíîâëþâà÷à ôåðòèëüíîñò³ ïèëêó ìîë-
äàâñüêîãî òèïó. Äîñë³äæåíî éîãî ô³ëîãåí³þ, çíàéäåíî íîâ³ ì³êðîñàòåë³-
òè â ïðîìîòîðí³é òà ³íòðîíí³é ä³ëÿíêàõ öüîãî ãåíà, ðîçðîáëåíèé äèçàéí 
øåñòè ïàð ïðàéìåð³â äî ïðîìîòîðó, ³íòðîíó òà åêçîíó. Îêð³ì òîãî, ñàìå 
çà äîïîìîãîþ ìîäåëþâàííÿ âòîðèííî¿ ñòðóêòóðè òðàíñêðèïò³â ³íòðî-
íó öüîãî ãåíà, à òàêîæ ìîäåëþâàííÿ âçàºìîä³¿ öèõ òðàíñêðèïò³â ç Ö×Ñ-
àñîö³éîâàíèìè òðàíñêðèïòàìè ðîçðîáëåíî ã³ïîòåòè÷íèé ìåõàí³çì â³ä-
íîâëåííÿ ôåðòèëüíîñò³ ó êóêóðóäçè ç ìîëäàâñüêèì òèïîì Ö×Ñ [39, 40]. 

Ìåòîäàìè á³î³íôîðìàòèêè äîñë³äæóâàëè ãåíè, ùî àñîö³éîâàí³ ç³ 
ñòðóêòóðîþ åíäîñïåðìó êóêóðóäçè. Òàê, âèâ÷åíî ãåí waxy1 êóêóðóäçè, 
îñîáëèâîñò³ éîãî åâîëþö³¿, ïîë³ìîðô³çì, âèÿâëåíî âïëèâ íà íüîãî äî-
ìåñòèêàö³¿; ðîçðîáëåíî äèçàéí ïðàéìåð³â, äîñë³äæåíî âòîðèííó ñòðóêòó-
ðó ìîá³ëüíîãî åëåìåíòà Ds, ùî ëîêàë³çîâàíèé â ãåí³ waxy1 [41–43]. Ïðî-
àíàë³çîâàíî òàêîæ ïîë³ìîðô³çì ãåí³â Brittle1, Brittle2, shrunken1 [44, 45]. 

Á³î³íôîðìàòè÷í³ ï³äõîäè çàñòîñîâàíî ó äîñë³äæåíí³ ãåíà ô³òî³íñèí-
òàçè êóêóðóäçè, ùî àñîö³éîâàíèé ç êîíöåíòðàö³ºþ êàðîòèíî¿ä³â ó çåðí³. 
Äîñë³äæåíî ïàòåðíè íóêëåîòèäíèõ çàì³í öüîãî ãåíà, íåéòðàëüí³ñòü åâî-
ëþö³¿ òà ïîòóæí³ñòü äîáîðó çà ïåâíèìè êîäîíàìè çà àíàë³çîì ñèíîí³ì³÷-
íèõ òà íåñèíîí³ì³÷íèõ çàì³í; ðîçðîáëåíî äèçàéí ïðàéìåð³â, ïðîâåäåíî 
ìîäåëþâàííÿ ñòðóêòóðè àêòèâíîãî öåíòðó äàíîãî åíçèìó [46–48]. 

Ðåçóëüòàòè íàâåäåíèõ ìîëåêóëÿðíî-ãåíåòè÷íèõ òà á³î³íôîðìàòè÷íèõ 
äîñë³äæåíü çíàéøëè âèõ³ä ÿê ìîëåêóëÿðí³ á³îòåõíîëîã³¿ äëÿ ïðàêòè÷íîãî 
çàñòîñóâàííÿ â ñåëåêö³¿ òà íàñ³ííèöòâ³ êóêóðóäçè, ïð³îðèòåò ÿêèõ çàõèùå-
íî ïàòåíòàìè Óêðà¿íè íà âèíàõ³ä àáî êîðèñíó ìîäåëü. 

Âèñíîâêè. Ìîëåêóëÿðí³ ìàðêåðè, ðîçðîáëåí³ â ðåçóëüòàò³ äîñë³-
äæåííÿ ïîë³ìîðô³çìó ð³çíèõ ä³ëÿíîê ãåíîìó êóêóðóäçè, äîçâîëÿþòü ïðî-
âîäèòè êîìïëåêñíó îö³íêó ë³í³¿ ÷è ã³áðèäà êóêóðóäçè: éîãî ãåíåòè÷íî¿ ÷è-
ñòîòè, ãåòåðîçèñíîãî ïîòåíö³àëó, àóòåíòè÷íîñò³, íàÿâíîñò³ ãåí³â ïåâíèõ 
àãðîíîì³÷íî âàæëèâèõ îçíàê. Ñóïðîâ³ä òðàäèö³éíî¿ ñåëåêö³¿ äîáîðîì çà 
ìîëåêóëÿðíèìè ìàðêåðàìè ñâ³ä÷èòü ïðî ñó÷àñíèé òà ÿê³ñíî íîâèé ð³âåíü 
ñåëåêö³éíîãî ïðîöåñó. 
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MOLECULAR-GENETICS AND BIOINFORMATIC ANALYSIS OF MAIZE 
(Zea mays L.) GENOME POLYMORPHISM: RESULTS OF 25 YEARS’ 

RESEARCH IN PBGI-NCSCI 

As a result of molecular-genetic and bioinformatic research of maize ge-
nome different regions polymorphism molecular markers developed that al-
low for a comprehensive definition of maize line or hybrid: its genetic purity, 
heterosis potential, authenticity, presence of genes of certain agronomically 
important traits. 
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ÐÅÇÓËÜÒÀÒÛ 25 ËÅÒ ÈÑÑËÅÄÎÂÀÍÈÉ Â ÑÃÈ–ÍÖÑÑ 

Â ðåçóëüòàòå ìîëåêóëÿðíî-ãåíåòè÷åñêèõ è áèîèíôîðìàòè÷åñêèõ èñ-
ñëåäîâàíèé ïîëèìîðôèçìà ðàçëè÷íûõ ó÷àñòêîâ ãåíîìà êóêóðóçû ðàç-
ðàáîòàíû ìîëåêóëÿðíûå ìàðêåðû, êîòîðûå ïîçâîëÿþò ïðîâîäèòü êîì-
ïëåêñíóþ îöåíêó ëèíèè èëè ãèáðèäà êóêóðóçû: ãåíåòè÷åñêîé ÷èñòîòû, 
ãåòåðîçèñíîãî ïîòåíöèàëà, àóòåíòè÷íîñòè, íàëè÷èÿ ãåíîâ îïðåäåëåí-
íûõ àãðîíîìè÷åñêè âàæíûõ ïðèçíàêîâ. 
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ÂÈÊÎÐÈÑÒÀÍÍß ÄÍÊ-ÌÀÐÊÅÐ²Â Â ÃÅÍÅÒÈÊÎ-ÑÅËÅÊÖ²ÉÍÈÕ 
ÏÐÎÃÐÀÌÀÕ ÑÎÍßØÍÈÊÓ (Helianthus annuus L.) 

Äîñë³äæåíî ïîë³ìîðô³çì ãåíîòèï³â ñîíÿøíèêó óêðà¿íñüêî¿ òà çà-
êîðäîííî¿ ñåëåêö³¿ ç çàñòîñóâàííÿì ìîëåêóëÿðíèõ ìàðêåð³â. Çà-
ïðîïîíîâàí³ ìåòîäè÷í³ ï³äõîäè äëÿ äèôåðåíö³àö³¿ òà êëàñèô³êàö³¿ 
ð³çíîìàí³òíîãî âèõ³äíîãî ìàòåð³àëó, ³äåíòèô³êàö³¿ ïåâíèõ ãåí³â ñò³é-
êîñò³ ñîíÿøíèêó äî âîâ÷êà, íåñïðàâæíüî¿ áîðîøíèñòî¿ ðîñè (ÍÁÐ), 
äî AHAS-³íã³áóþ÷èõ ãåðá³öèä³â. Îáãîâîðþºòüñÿ ìîæëèâ³ñòü âèêî-
ðèñòàííÿ çàïðîïîíîâàíèõ ÄÍÊ-ìàðêåð³â ó ãåíåòèêî-ñåëåêö³éíèõ 
ïðîãðàìàõ. 

Êëþ÷îâ³ ñëîâà: ñîíÿøíèê, ÄÍÊ-ìàðêåðè, êëàñèô³êàö³ÿ, ñò³éê³ñòü, 
íåñïðàâæíÿ áîðîøíèñòà ðîñà, âîâ÷îê, ãåðá³öèäè. 

Âñòóï. Äîñë³äæåííÿ ìîëåêóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó ïåâíèõ 
ÄÍÊ-ëîêóñ³â º åôåêòèâíèì çàõîäîì â ãåíåòèö³ òà ñåëåêö³¿ ñ³ëüñüêîãîñïî-
äàðñüêèõ ðîñëèí. Àíàë³ç îçíà÷åíîãî ïîë³ìîðô³çìó ñîíÿøíèêó äîçâîëÿº 
îö³íèòè ãåíåòè÷íå ð³çíîìàí³òòÿ, êëàñèô³êóâàòè âèõ³äíèé ñåëåêö³éíèé ìà-
òåð³àë, ìàðêóâàòè ãåíè ãîñïîäàðñüêî ö³ííèõ îçíàê, à òàêîæ âåñòè ãåíå-
òè÷íèé ìîí³òîðèíã ó ñåëåêö³¿ òà íàñ³ííèöòâ³ [1]. 

Ñîíÿøíèê — îäíà ç íàéá³ëüø ðåíòàáåëüíèõ êóëüòóð â Óêðà¿í³, âñå æ 
ïîòðåáóº óäîñêîíàëåííÿ ïåâíèõ åòàï³â ñåëåêö³éíîãî ïðîöåñó òà íàñ³í-
íèöòâà, âèêîðèñòàííÿ ñó÷àñíèõ äîñë³äæåíü ñïåöèô³÷íîñò³ ãåíîòèï³â òà 
ðîçðîáêè ³ âïðîâàäæåííÿ ìàðêåðíèõ òåõíîëîã³é. Îäíèì ç íàéá³ëüø ïåð-
ñïåêòèâíèõ äæåðåë êîäîì³íàíòíèõ ìàðêåð³â äëÿ çàñòîñóâàííÿ â ìàðêåð-
îïîñåðåäêîâàí³é ñåëåêö³¿ º ïîë³ìîðô³çì ì³êðîñàòåë³òíî¿ ÄÍÊ. 

Åôåêòèâí³ñòü ñåëåêö³¿ äîñë³äæóâàíî¿ êóëüòóðè ÷èìàëî çàëåæèòü 
â³ä äîïîñ³âíî¿ ä³àãíîñòèêè ãåíåòè÷íî äåòåðì³íîâàíî¿ ñò³éêîñò³ äî íàé-
á³ëüø øêîäî÷èííèõ ïàòîãåí³â: ðîñëèíè-ïàðàçèòà âîâ÷êà (Orobanche 
cumana L.) òà ïàðàçèòà ãðèáíî¿ ïðèðîäè — íåñïðàâæíüî¿ áîðîøíèñòî¿ 
ðîñè (Plasmopara helianthi Novot.). Åêîëîã³÷íî áåçïå÷íèì òà åêîíîì³÷íî 
âèã³äíèì ñïîñîáîì áîðîòüáè ç âîâ÷êîì òà íåñïðàâæíüîþ áîðîøíèñòîþ 

© Ñîëîäåíêî À. ª., Âàðåíèê Á. Ô., Áóðëîâ Â. Â., Âåäìåäºâà Ê. Â., 2015
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ðîñîþ º ñåëåêö³éíèé — ñòâîðåííÿì ³ âèðîùóâàííÿì ñîðò³â òà ã³áðèä³â ç 
âèñîêîþ ãåíåòè÷íîþ ñò³éê³ñòþ. 

Ñò³éê³ñòü äî âîâ÷êà êîíòðîëþºòüñÿ äîì³íàíòíèìè ãåíàìè Or. Ñò³é-
ê³ñòü äî íàéàãðåñèâí³øèõ äîì³íàíòíèõ ðàñ ÍÁÐ êîíòðîëþºòüñÿ íèçêîþ 
ãåí³â Pl, ÿê³ çãðóïîâàí³ â äåê³ëüêà êëàñòåð³â: ò³ñíî ç÷åïëåí³ ãåíè Pl1, Pl2, 
Pl6, Pl7, ùî êàðòîâàí³ íà 8 ãðóï³ ç÷åïëåííÿ ãåíåòè÷íî¿ êàðòè ñîíÿøíè-
êó; êëàñòåð ãåí³â 13-¿ ãðóïè ç÷åïëåííÿ Pl5/Pl8; ãåíè Pl13 òà Pl

ARG
, ëîêàë³-

çîâàí³ íà 1 ãðóï³ ç÷åïëåííÿ [2]. Íàéá³ëüø îá’ºêòèâíà îö³íêà ïîòåíö³éíî¿ 
ñò³éêîñò³ ñîíÿøíèêó äî âîâ÷êà òà Plasmopara helianthi ïîâ’ÿçàíà ç ìîæëè-
â³ñòþ âèÿâëÿòè íàÿâí³ñòü ó ãåíîì³ ðîñëèíè ãåíåòè÷íèõ äåòåðì³íàíò ñò³é-
êîñò³ — ãåí³â Or òà Pl. Çàñòîñóâàííÿ ÄÍÊ-ìàðêåð³â äî ãåí³â Or äîçâîëèòü 
ñêîðîòèòè òåðì³íè òåñòóâàííÿ ñò³éêîñò³ ãåíîòèï³â, à òàêîæ, ùî âàæëèâî 
â ñåëåêö³¿, ïðîâîäèòè òàêèé àíàë³ç íà áóäü-ÿê³é ñòàä³¿ ðîçâèòêó ðîñëèíè. 

Ðåàë³çàö³ÿ ïîòåíö³éíî¿ ïðîäóêòèâíîñò³ â³ò÷èçíÿíèõ ã³áðèä³â ñîíÿø-
íèêó ìîæëèâà ëèøå çà óìîâ, êîëè ã³áðèäè ïîºäíóâàòèìóòü ¿¿ ç ãåíåòè÷íî 
çóìîâëåíîþ ñò³éê³ñòþ äî âèñîêîåôåêòèâíèõ ãåðá³öèä³â. Íàéá³ëüø âæè-
âàí³ ãåðá³öèäè, ÿê³ íàëåæàòü äî ³ì³äàçîë³íîíîâî¿ òà ñóëüôîí³ëìî÷åâèí-
íî¿ ãðóï, ³íã³áóþòü ôåðìåíò ñèíòåçó àì³íîêèñëîòíèõ ëàíöþã³â — ñèíòàçó 
àöåòîã³äðîêñèêèñëîòè (acetohydroxyacidsynthase, AHAS), ùî ïðèçâîäèòü 
äî ôàòàëüíîãî ïîðóøåííÿ ìåòàáîë³çìó ó ÷óòëèâèõ äî ä³¿ ãåðá³öèä³â ðîñ-
ëèí [3]. Ñò³éê³ñòü äî ãåðá³öèä³â, ÿê³ ³íã³áóþòü AHAS, âèíèêàº â ðîñëèí ó 
ðåçóëüòàò³ òî÷êîâèõ ìóòàö³é ó ãåíàõ, ùî êîäóþòü ñèíòåç äàíîãî ôåðìåí-
òó. Ó ñîíÿøíèêó ìóòàíòí³ ãåíè AHAS ³íòðîãðåñîâàí³ ç³ çðàçê³â äèêîðîñëèõ 
ïîïóëÿö³é (ANN-PUR òà ANN-KAN) â åë³òí³ ³íáðåäí³ ë³í³¿ ç ìåòîþ ñòâîðåí-
íÿ ñò³éêèõ ñîðò³â òà ã³áðèä³â [4, 5]. Äîñë³äæåíà ìîëåêóëÿðíà ñòðóêòóðà 
ãåí³â AHAS1, AHAS2, AHAS3 [6]. Àíàë³ç ïîñë³äîâíîñò³ ãåíà AHAS1 ó 23 
³íáðåäíèõ ë³í³é äîçâîëèâ âèÿâèòè 48 SNPs òà âàð³àö³þ çà ê³ëüê³ñòþ [ACC]
n ïîâòîð³â [7]. 

Ìåòîþ íàøî¿ ðîáîòè áóëà îö³íêà ìîëåêóëÿðíî-ãåíåòè÷íîãî ïîë³-
ìîðô³çìó ñîíÿøíèêó òà ðîçðîáêà ñèñòåìè ÄÍÊ-ìàðêåð³â ãåí³â Or, Pl, 
AHAS äëÿ âèêîðèñòàííÿ â ãåíåòèêî-ñåëåêö³éíèõ ïðîãðàìàõ, ñïðÿìîâà-
íèõ íà ñòâîðåííÿ ãåíîòèï³â ç ïîòð³áíèìè çàïðîãðàìîâàíèìè ãîñïîäàð-
ñüêî ö³ííèìè îçíàêàìè. 

Ìàòåð³àëè òà ìåòîäè. Ìàòåð³àëîì äîñë³äæåííÿ ñëóãóâàëè ïðåä-
ñòàâíèêè äèêîðîñëèõ âèä³â Íelianthus L.; ñàìîçàïèëåí³ ë³í³¿ òà ã³áðèäè 
ð³çíèõ ðîê³â ñòâîðåííÿ, êîëåêö³éí³ çðàçêè ÑÃ²–ÍÖÍÑ, ²íñòèòóòó îë³éíèõ 
êóëüòóð ÍÀÀÍ (²ÎÊ), ²íñòèòóòó ðîñëèííèöòâà ³ì. Â. ß. Þð’ºâà (²Ð); ë³í³¿-
äèôåðåíö³àòîðè ñò³éêîñò³ ñîíÿøíèêó äî ïåâíèõ ðàñ íåñïðàâæíüî¿ áî-
ðîøíèñòî¿ ðîñè (ÍÁÐ): HA-288, RHA-265, RHA-274, DM-2, PM-13, PM-17, 
803-I, QHP-1, FT-226 (àíàëîã QHP-1), HA-R4, HA-R5, HA-335, RHA-419, ÿê³ 
âõîäÿòü äî ì³æíàðîäíîãî ñòàíäàðòó äëÿ ³äåíòèô³êàö³¿ ïàòîòèï³â çáóäíè-
êà ÍÁÐ Plasmopara helianthi Novot. òà îö³íêè ñò³éêîñò³ êóëüòóðè äî ð³çíèõ 
ðàñ ÍÁÐ, à òàêîæ çðàçêè H. àrgophyllus ç êîëåêö³é ÑÃ²–ÍÖÍÑ ³ ²ÎÊ.; 16 ñóá-
ë³í³é ñîíÿøíèêó, âèä³ëåíèõ ç êîìåðö³éíèõ ë³í³é-çàêð³ïëþâà÷³â ñòåðèëü-



ISSN 2409–5524. Çá³ðíèê íàóêîâèõ ïðàöü ÑÃ²–ÍÖÍÑ. 2015. Âèï. 25 (65)  105

íîñò³ Õ1002, Õ2111, Õ2122, Õ1006 ñåëåêö³¿ ²Ð; ë³í³ÿ ÊËÂ 80/1 òà ¿¿ ñïîíòàí-
í³ ìóòàíòí³ ôîðìè, îòðèìàí³ â ²ÎÊ; ë³í³¿, îòðèìàí³ ç National Germplasm 
Resources Laboratory (North Central Regional PI Station, North Dakota, 
USA) äëÿ âèêîðèñòàííÿ â ñåëåêö³éíèõ ïðîãðàìàõ ÑÃ²–ÍÖÍÑ ç³ ñòâîðåí-
íÿ ñò³éêèõ äî ãåðá³öèä³â áàòüê³âñüêèõ ë³í³é òà ã³áðèä³â: SURES-1, HA-425, 
RHA-426, RHA-427, HA-442, RHA-443, IMISUN-1, IMISUN-2, IMISUN-3, 
IMISUN-4, Sumo-1, Sumo-2, à òàêîæ íåñò³éê³ äî ãåðá³öèä³â ë³í³¿ ñåëåêö³¿ 
ÑÃ²–ÍÖÍÑ ÎÑ1011 òà ÎÑ1013, ÿê³ çàëó÷àþòüñÿ äî ïðîãðàìè ñòâîðåííÿ 
ãåðá³öèäîñò³éêèõ ã³áðèä³â, àäàïòîâàíèõ äî óìîâ Óêðà¿íè. 

ÄÍÊ âèä³ëÿëè öåòàâëîíîâèì ìåòîäîì. Àìïë³ô³êàö³þ çä³éñíþâàëè íà 
ïðèëàä³ «Òåðöèê» (ÄÍÊ–òåõíîëîã³ÿ, Ðîñ³ÿ). Åëåêòðîôîðåç ïðîäóêò³â ïî-
ë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ) ïðîâîäèëè â 10 % ïîë³àêðèëàì³äíèõ 
ãåëÿõ ç íàñòóïíîþ â³çóàë³çàö³ºþ àçîòíîêèñëèì ñð³áëîì. Äîêóìåíòóâàëè 
îòðèìàí³ åëåêòðîôîðåãðàìè öèôðîâîþ â³äåîêàìåðîþ. ×àñòîòó ñòð³-
÷àëüíîñò³ òà ³íäåêñ ïîë³ìîðôíîñò³ (Polymorphic Index Content, PIC) ðîç-
ðàõîâóâàëè çà ôîðìóëîþ: 

n 

PIC = 1 –  f 
i 
2,

i = 1 

äå f 
i 
2 — ÷àñòîòà ³-ãî àëåëÿ. 

Ðåçóëüòàòè äîñë³äæåíü òà îáãîâîðåííÿ. Ð³çí³ âàð³àíòè ïîë³ìåðàç-
íî¿ ëàíöþãîâî¿ ðåàêö³¿ âèêîðèñòàí³ äëÿ äîñë³äæåííÿ ãåíîìó ñîíÿøíèêó ç 
ìåòîþ âèð³øåííÿ ðÿäó òåîðåòè÷íèõ òà ïðèêëàäíèõ ïèòàíü. 

Ìîëåêóëÿðíî-ãåíåòè÷íèé ïîë³ìîðô³çì ñîíÿøíèêó íà ì³æ- òà 
âíóòð³øíüîâèäîâîìó ð³âíÿõ. Äîñë³äæåíî ãåíåòè÷íå ð³çíîìàí³òòÿ 
ïðåäñòàâíèê³â ðîäó Helianthus, à òàêîæ ãåíîòèï³â ñîíÿøíèêó óêðà¿íñüêî¿ 
òà çàêîðäîííî¿ ñåëåêö³¿ ç âèêîðèñòàííÿì ïîë³ëîêóñíèõ òà ìîíîëîêóñíèõ 
ìàðêåðíèõ ñèñòåì [8, 9]. Ïðîàíàë³çîâàíî ïîë³ìîðô³çì äîâ³ëüíî àìïë³ô³-
êîâàíî¿ ÄÍÊ 35 âèä³â òà ï³äâèä³â ðîäó Helianthus [10]. Ïîð³âíÿëüíèé àíà-
ë³ç ñïåêòð³â àìïë³ô³êàö³¿ äîçâîëèâ âèçíà÷èòè ãåíåòè÷í³ äèñòàíö³¿ ì³æ ð³ç-
íèìè Helianthus sp. Ðîçïîä³ë âèä³â ó ö³ëîìó â³äïîâ³äàº ìîðôîëîã³÷íîìó 
ïîä³ëó äàíîãî ðîäó íà ñåêö³¿. Â³äçíà÷åíî, ùî ñåëåêö³éí³ ë³í³¿ â³äð³çíÿþòü-
ñÿ îäíà â³ä ³íøî¿ á³ëüøå, í³æ ïðåäñòàâíèêè ð³çíèõ ï³äâèä³â äèêîðîñëèõ 
âèä³â Helianthus. 

Àíàë³ç ãåíåòè÷íèõ äèñòàíö³é, ùî ðîçðàõîâàí³ íà ï³äñòàâ³ äàíèõ ïîë³-
ìîðô³çìó äîâ³ëüíî àìïë³ô³êîâàíî¿ ÄÍÊ, äîçâîëèâ êëàñèô³êóâàòè ³íáðåä-
í³ ë³í³¿ ñîíÿøíèêó çã³äíî ñòóïåíþ ãåíåòè÷íî¿ â³ääàëåíîñò³, ðîçïîä³ëèòè 
ë³í³¿ íà ãðóïè ìàòåðèíñüêèõ òà áàòüê³âñüêèõ ôîðì [11]. ²íôîðìàö³ÿ ïðî 
ãåíåòè÷íó ñïîð³äíåí³ñòü ë³í³é, ùî áàçóºòüñÿ íà ðåçóëüòàòàõ ìîëåêóëÿð-
íî-ãåíåòè÷íîãî àíàë³çó, ìîæå áóòè çàñòîñîâàíà â ã³áðèäí³é ñåëåêö³¿ ïðè 
äîáîð³ áàòüê³âñüêèõ ïàð. Âèÿâëåíà ìîæëèâ³ñòü ïðîãíîçóâàííÿ íèçüêîãå-
òåðîçèñíèõ ã³áðèä³â, ùî äîçâîëÿº ¿õíþ â³äáðàêîâêó íà ïî÷àòêîâèõ åòàïàõ 
ñåëåêö³éíîãî ïðîöåñó, áàçóþ÷èñü íà ðåçóëüòàòàõ äîñë³äæåííÿ ïîë³ìîð-
ô³çìó ÄÍÊ áàòüê³âñüêèõ ë³í³é [12]. 
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Ïðîàíàë³çîâàíî ïîë³ìîðô³çì ì³êðîñàòåë³òíî¿ ÄÍÊ 21 âèäó ðîäó 
Helianthus, ÿê³ àêòèâíî çàëó÷àþòüñÿ äî ì³æâèäîâî¿ ã³áðèä³çàö³¿ ç êóëüòóð-
íèì ñîíÿøíèêîì ÿê äîíîðè àãðîíîì³÷íî ö³ííèõ îçíàê [13]. Âèÿâëåíî âè-
äîñïåöèô³÷í³ àëåë³, ÿê³ º ïîòåíö³éíèìè ìàðêåðàìè íàÿâíîñò³ ÷óæîð³äíî-
ãî ãåíåòè÷íîãî ìàòåð³àëó â ãåíîì³ â³ääàëåíèõ ã³áðèä³â. 

Àíàë³ç ïîë³ìîðô³çìó ì³êðîñàòåë³òíî¿ ÄÍÊ âèêîðèñòàëè äëÿ äîñë³äæåí-
íÿ ð³çíîìàí³òòÿ ñåëåêö³éíîãî ìàòåð³àëó. Âèÿâëåí³ 77 àëåë³â 16-òè ì³êðî-
ñàòåë³òíèõ ëîêóñ³â äîçâîëèëè äèôåðåíö³þâàòè ³íáðåäí³ ë³í³¿ çã³äíî ¿õíüî-
ãî ïîõîäæåííÿ [9]. Âèçíà÷åíî àëåë³, ùî º õàðàêòåðíèìè äëÿ ãåíåòè÷íîãî 
ìàòåð³àëó ïåâíîãî ñåëåêö³éíîãî öåíòðó: àëåë³ 164 ï. í. ³ 173 ï. í. (ëîêóñ 
Íà1608) âèÿâëåíî ëèøå ó ³íáðåäíèõ ë³í³é ñåëåêö³¿ ²ÎÊ; àëåëü 172 ï. í. (ëî-
êóñ ORS4), àëåëü 252 ï. í. (ëîêóñ Íà1796) ³ àëåëü 204 ï. í. (ëîêóñ ORS509) 
çóñòð³÷àþòüñÿ ëèøå ó ãåíîòèï³â ñåëåêö³¿ ÑÃ²–ÍÖÍÑ. Â îäíîìó ç íàéá³ëüø 
âàð³àáåëüíèõ ëîêóñ³â (ORS595) äåòåêòîâàíî â³ñ³ì àëåë³â, ç ÿêèõ àëåëü 
179 ï. í. âèÿâëåíî ò³ëüêè ó ãåíîòèï³â ²ÎÊ òà ÑÃ²–ÍÖÍÑ, àëåë³ 185 ï. í. ³ 
140 ï. í. çóñòð³÷àþòüñÿ ëèøå ó ãåíîòèï³â ÑÃ²–ÍÖÍÑ, àëåë³ 168 ï. í.,127 ï. í. 
³ 173 ï. í. º õàðàêòåðíèìè äëÿ ë³í³é ³ ã³áðèä³â ²íñòèòóòó ðîñëèííèöòâà. 

Ïîð³âíÿííÿ äàíèõ àíàë³çó ìîëåêóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó 
ñåëåêö³éíèõ ôîðì ð³çíèõ ðîê³â ñòâîðåííÿ äîçâîëèëî âèÿâèòè çâóæåííÿ 
ãåíåòè÷íîãî ð³çíîìàí³òòÿ ãåíîòèï³â ñîíÿøíèêó, ÿê³ âèêîðèñòîâóþòüñÿ 
äëÿ ñòâîðåííÿ ñó÷àñíèõ óêðà¿íñüêèõ ã³áðèä³â [14, 15]. Â ñåðåäíüîìó ó ë³-
í³é, ÿê³ çàíåñåí³ â Ðåºñòð ñîðò³â ðîñëèí Óêðà¿íè ï³ñëÿ 2006 ð., âèÿâëåíî 
3 àëåë³ íà ì³êðîñàòåë³òíèé ëîêóñ, ³íäåêñ ïîë³ìîðôíîñò³ äîð³âíþº 0,48. 
Äëÿ ïîð³âíÿííÿ, íà âèá³ðö³ ç äâàäöÿòè åë³òíèõ ³íáðåäíèõ ë³í³é, ÿê³ º áàòü-
ê³âñüêèìè ôîðìàìè âèñîêîïðîäóêòèâíèõ óêðà¿íñüêèõ ã³áðèä³â ñîíÿøíè-
êó ñåëåêö³¿ ê³íöÿ 90-õ ðîê³â, ³íôîðìàö³éí³ ïîêàçíèêè äîñë³äæåíèõ ì³êðî-
ñàòåë³òíèõ ëîêóñ³â çíà÷íî âèù³: 5,5 àëåëÿ â ëîêóñ³, PIC=0,72 (òàáë. 1). 

Òàáëèöÿ 1 

Ïîð³âíÿííÿ ïîêàçíèê³â ³íôîðìàòèâíîñò³ ì³êðîñàòåë³òíèõ ëîêóñ³â, 
îòðèìàíèõ äëÿ ë³í³é ð³çíèõ ðîê³â ñòâîðåííÿ 

Ëîêóñ
Ê³ëüê³ñòü àëåë³â ²íäåêñ ïîë³ìîðôíîñò³

ë³í³¿ ñåëåêö³¿ 
90-õ ðîê³â 

ë³í³¿, çàðåºñòðî-
âàí³ ï³ñëÿ 2006 ð.

ë³í³¿ ñåëåêö³¿ 
90-õ ðîê³â

ë³í³¿, çàðåºñòðî-
âàí³ ï³ñëÿ 2006 ð.

Ha 1796 3 3 0,62 0,43
Ha 1608 8 2 0,84 0,50

ORS 3 5 2 0,72 0,51
ORS 4 3 3 0,64 0,51

ORS 78 5 5 0,74 0,68
ORS 509 8 4 0,78 0,63
ORS 595 7 1 0,80 0
ORS 599 8 3 0,77 0,49

ORS 1024 5 5 0,69 0,68
ORS 409 4 2 0,67 0,44
ORS546 5 3 0,70 0,36
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Âëàñòèâà ì³êðîñàòåë³òíèì ìàðêåðàì êîäîì³íàíòíà ïðèðîäà óñïàäêó-
âàííÿ äîçâîëÿº äîñë³äæóâàòè àëåëüíå ð³çíîìàí³òòÿ ïåâíèõ ëîêóñ³â ãåíî-
ìó òà âèÿâëÿòè ãåòåðîçèãîòè. Ñàìå òîìó öåé òèï ìàðêåð³â º íåçàì³ííèì 
ïðè ³äåíòèô³êàö³¿ ãåíîòèï³â. Âèñîêèé ñòóï³íü ãåòåðîçèãîòíîñò³ çà ã³ïåð-
âàð³àáåëüíèìè ì³êðîñàòåë³òíèìè ëîêóñàìè ñïðèÿº ¿õíüîìó âèêîðèñòàí-
íþ ÿê êîäîì³íàíòí³ ìàðêåðè ïðè âèçíà÷åíí³ ã³áðèäíîñò³ ïðîñòèõ ã³áðèä³â 
ñîíÿøíèêó F

1
. Íàìè çàïðîïîíîâàíî íàä³éíèé, òî÷íèé òà øâèäêèé ñïîñ³á 

îö³íêè ð³âíÿ ã³áðèäíîñò³ â ïàðò³ÿõ íàñ³ííÿ ïðîñòèõ ã³áðèä³â çà ðåçóëüòàòà-
ìè ìîëåêóëÿðíî-ãåíåòè÷íîãî òåñòóâàííÿ [16], à òàêîæ òåõíîëîã³ÿ ³äåíòè-
ô³êàö³¿ ³ ðåºñòðàö³¿ ³íáðåäíèõ ë³í³é ³ ã³áðèä³â ó âèãëÿä³ ãåíåòè÷íî¿ ôîðìóëè 
ãåíîòèïó çà ðåçóëüòàòàìè ÏËÐ-àíàë³çó ì³êðîñàòåë³òíî¿ ÄÍÊ [17, 18]. 

Âèñîêèé ð³âåíü îäíîð³äíîñò³ òà ìîæëèâ³ñòü ¿¿ ïðèñêîðåíîãî äîñÿã-
íåííÿ äëÿ ñàìîçàïèëüíèõ ë³í³é ñîíÿøíèêó çàâæäè áóëè àêòóàëüíèìè. 
Îñòàíí³ì ÷àñîì çðîñëà çíà÷óù³ñòü îäíîð³äíîñò³ ë³í³é ó çâ’ÿçêó ç ï³äâè-
ùåíèìè âèìîãàìè ïðè ¿õíüîìó ïàòåíòóâàíí³. Ãåíåòè÷íà íåîäíîð³äí³ñòü 
³íáðåäíèõ ë³í³é ïðèçâîäèòü äî òîãî, ùî â á³ëüøîñò³ âèïàäê³â ³íäèâ³äó-
àëüíèé äîá³ð ó ìåæàõ òàê çâàíèõ ÷èñòèõ ë³í³é ñòâîðþº íîâ³ ë³í³¿ ÷è ñîðòè. 
Íåîäíîð³äí³ñòü ë³í³é ìîæå ïîÿñíþâàòèñÿ âèïàäêîâèì ïåðåçàïèëåííÿì, 
ïðèõîâàíîþ ãåòåðîçèãîòí³ñòþ, ïîÿâîþ ìóòàö³é. Â ïðàêòè÷í³é ñåëåêö³¿ 
ïîíÿòòÿ «÷èñòî¿ ë³í³¿» çàì³íèëè âèçíà÷åííÿì «ë³í³¿». Ãîëîâíîþ â³äì³íí³ñòþ 
ë³í³¿ â³ä ÷èñòî¿ ë³í³¿ ìîæëèâî ââàæàòè ¿¿ â³äíîñíó ãîìîçèãîòí³ñòü, ùî äàº 
ìîæëèâ³ñòü çä³éñíþâàòè âíóòðèë³í³éíèé äîá³ð, â ïåðøó ÷åðãó çà ãîñïî-
äàðñüêî ö³ííèìè îçíàêàìè. Â íàøèõ äîñë³äæåííÿõ ïîë³ëîêóñíèé ìàðêåð-
íèé ÄÍÊ-àíàë³ç çàñòîñîâàíî äëÿ êîíòðîëþ îäíîð³äíîñò³ ñàìîçàïèëüíèõ 
ë³í³é ñîíÿøíèêó â ïðîöåñ³ ¿õíüîãî íàñ³ííèöòâà [19]. Ìåòîþ ðîáîòè áóëî 
âèçíà÷åííÿ ïîë³ìîðô³çìó ì³æ ñóáë³í³ÿìè, ÿê³ â³äð³çíÿþòüñÿ â³çóàëüíî çà 
íèçêîþ ìîðôîëîã³÷íèõ ³ ñåëåêö³éíî-ö³ííèõ îçíàê. Çàñòîñóâàííÿì ÄÍÊ 
ìàðêåð³â âèâ÷èëè 16 ñóáë³í³é, ÿê³ áóëè âèä³ëåí³ çà ïîêàçíèêàìè ïðîäóê-
òèâíîñò³ òà êîìá³íàö³éíî¿ çäàòíîñò³ ç êîìåðö³éíèõ ë³í³é-çàêð³ïëþâà÷³â 
ñòåðèëüíîñò³: Õ1002, Õ2111, Õ2122, Õ1006. Â äåÿêèõ âèïàäêàõ âèÿâëåíî 
çíà÷íèé ð³âåíü ãåíåòè÷íèõ ðîçá³æíîñòåé ì³æ ä³áðàíèìè ñóáë³í³ÿìè. 

Ïðîâåäåíî äîñë³äæåííÿ ìîëåêóëÿðíèõ ³ ö³ííèõ ñåëåêö³éíèõ îçíàê ìó-
òàíòíèõ ë³í³é ñîíÿøíèêó ó ïîð³âíÿíí³ ç âèõ³äíèìè ë³í³ÿìè [20]. Ñïîíòàí-
í³ ïðèðîäí³ ìóòàíòè, ÿê³ çíà÷íî â³äð³çíÿëèñÿ çà íèçêîþ ìîðôîëîã³÷íèõ 
îçíàê òà ñåëåêö³éíèõ ïàðàìåòð³â â³ä ïîõ³äíî¿ ë³í³¿, ïîêàçàëè íàéá³ëüø³ ãå-
íåòè÷í³ â³äñòàí³ â³ä íå¿ çà ðåçóëüòàòàìè àíàë³çó ïîë³ìîðô³çìó ÄÍÊ. Òàê, 
íàïðèêëàä, ìàêñèìàëüíó â³ääàëåí³ñòü â³ä âèõ³äíî¿ ôîðìè ë³í³¿ ÊËÂ80/1, 
çà äàíèìè ìîëåêóëÿðíîãî àíàë³çó, ïîêàçàëà ìóòàíòíà ôîðìà Ì-10. Òà-
êèé ðåçóëüòàò äîáðå êîðåëþº ç òèì, ùî ì³æ öèìè çðàçêàìè âèÿâëåí³ äî-
ñòîâ³ðí³ â³äì³ííîñò³ çà íèçêîþ ñåëåêö³éíèõ ïîêàçíèê³â, íàñàìïåðåä âàæ-
ëèâèì º äîñòîâ³ðíå çá³ëüøåííÿ çàãàëüíîãî âðîæàþ ë³í³¿ Ì-10. Ìóòàíòíà 
ôîðìà Ì-23, äëÿ ÿêî¿ âèÿâëåíî çíà÷íó â³äì³íí³ñòü çà ÄÍÊ-ìàðêåðàìè 
â³ä âèõ³äíî¿ ë³í³¿ ÊËÂ 80/1, ïîêàçàëà äîñòîâ³ðíå çá³ëüøåííÿ çà âàæëèâèì 
ñåëåêö³éíèì ïîêàçíèêîì — ìàñîþ 1000 íàñ³íèí. Ì³í³ìàëüíî â³äð³çíÿ-
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ëèñÿ ÊËÂ 80/1 ³ Ì-17, ³ ñàìå âîíè íå ïîêàçàëè æîäíèõ ðîçá³æíîñòåé çà 
12 ïðîàíàë³çîâàíèìè ìîðôîìåòðè÷íèìè òà ñåëåêö³éíèìè ïîêàçíèêàìè. 
Âèêîðèñòàííÿ ìîëåêóëÿðíîãî äîñë³äæåííÿ äàëî ìîæëèâ³ñòü âèÿâèòè ãå-
íåòè÷íó ì³íëèâ³ñòü ìóòàíòíèõ ë³í³é òà îö³íèòè ê³ëüê³ñíî ïîòåíö³àë â³äì³í-
íîñò³ îñòàíí³õ â³ä âèõ³äíî¿ ôîðìè. 

Ìàðêóâàííÿ ãåí³â ñò³éêîñò³ ñîíÿøíèêó äî âîâ÷êà òà íåñïðàâæ-
íüî¿ áîðîøíèñòî¿ ðîñè. Âèÿâëåí³ ÄÍÊ-ìàðêåðè, ùî äèôåðåíö³þþòü 
êîíòðàñòí³ çà ñò³éê³ñòþ äî ðàñè Ñ çðàçêè ñîíÿøíèêó, à òàêîæ ç÷åïëåí-
íÿ îòðèìàíèõ ìàðêåð³â òà ëîêóñó Or3, ÿêèé êîíòðîëþº ñò³éê³ñòü äî ðàñ 
À-Ñ [21, 8]. Âèçíà÷åííÿ àëåëüíîãî ñêëàäó ë³í³é òà ã³áðèä³â çà ëîêóñàìè 
ãåíîìó ñîíÿøíèêó RTS 338_A, RTS 338_C, RTS 338_D, ORS1036 çàïðî-
ïîíîâàíî íàìè ÿê ñïîñ³á ³äåíòèô³êàö³¿ ñò³éêèõ äî âîâ÷êà ãåíîòèï³â [22]. 
Íàéá³ëüø åôåêòèâíèì äëÿ òåñòóâàííÿ íàÿâíîñò³ ãåíåòè÷íî äåòåðì³íîâà-
íî¿ ñò³éêîñò³ äî âîâ÷êà ðàñ À-Ñ âèçíàíî ì³êðîñàòåë³òíèé ëîêóñ ORS1036. 
Îçíà÷åíèé ÄÍÊ-ìàðêåð ç÷åïëåíî ç ëîêóñîì Or3 íà â³äñòàí³ 8 ñÌ. Ïðîäå-
ìîíñòðîâàíî åôåêòèâí³ñòü ìàðêåðà ó 90,7 % ïðîâåäåíèõ òåñòóâàíü [23]. 

Äîñë³äæåíî ìîëåêóëÿðíî-ãåíåòè÷íèé ïîë³ìîðô³çì ë³í³é-íîñ³¿â ãåí³â 
Pl òà ë³í³é, ÿê³ íå ìàþòü ãåí³â ñò³éêîñò³, çà àëåëÿìè ì³êðîñàòåë³òíèõ ëî-
êóñ³â, ëîêàë³çîâàíèõ íà 1, 8, 13 ãðóïàõ ç÷åïëåííÿ ãåíåòè÷íî¿ êàðòè ñî-
íÿøíèêó [24]. Ãåíîòèïóâàííÿ ë³í³é-äèôåðåíö³àòîð³â, à òàêîæ ñåëåêö³éíèõ 
ë³í³é 9À,108À òà ÎÑ1029Â ïðîâåäåíî çà 34 ì³êðîñàòåë³òíèìè ëîêóñàìè, 
ÿê³ ëîêàë³çîâàí³ íà â³äñòàí³ íå á³ëüøå 10 ñì â³ä êëàñòåð³â ãåí³â Pl. 

Çà äàíèìè ë³òåðàòóðè ê³ëüêà ì³êðîñàòåë³òíèõ ëîêóñ³â ç 8-¿ ãðóïè ç÷å-
ïëåííÿ, à ñàìå: ORS1043, ORS166, ORS37, âèÿâèëèñÿ åôåêòèâíèìè 
ìàðêåðàìè ïðè àíàë³ç³ óñïàäêîâóâàííÿ â ñåëåêö³éíèõ ïîïóëÿö³ÿõ F

3
 ãåíà 

Pl6, äæåðåëîì ÿêîãî ñëóãóâàëà ³íòðîãðåñèâíà ë³í³ÿ ÍÀ-336 [25]. Ó íàøèõ 
äîñë³äæåííÿõ âèÿâëåíî ïîë³ìîðô³çì, ÿêèé íå ïîâ’ÿçàíèé ç ïðèñóòí³ñ-
òþ â ãåíîòèï³ ë³í³é ãåí³â Pl1, Pl2, Pl6. Ïðîòå äåÿê³ âèçíà÷åí³ àëåë³ ìî-
æóòü áóòè êîðèñíèìè ÿê ìàðêåðè ãåíåòè÷íîãî ìàòåð³àëó ë³í³¿-íîñ³ÿ ãåíà 
ñò³éêîñò³, ÿêà çàëó÷àºòüñÿ â ñåëåêö³éí³ ñõåìè îòðèìàííÿ íîâèõ, ñò³éêèõ 
äî ÍÁÐ ë³í³é ³ ã³áðèä³â ñîíÿøíèêó. Òàê, íàïðèêëàä, ë³í³¿ ÍÀ-335, 803-I, 
HA-R4, HA-R5, QHP-1, RHA-419 âèÿâèëèñÿ ïîë³ìîðôíèìè çà ëîêóñîì 
ORS328. Äîñë³äæåííÿ ðàñîâîãî ñêëàäó ïîïóëÿö³¿ ÍÁÐ íà ï³âäí³ Óêðà¿-
íè ñâ³ä÷àòü ïðî àêòóàëüí³ñòü çàëó÷àííÿ â ñåëåêö³éíèé ïðîöåñ ñàìå öèõ 
ë³í³é ÿê äîíîð³â ãåí³â, ÿê³ çàáåçïå÷óþòü íàä³éíó ñò³éê³ñòü [26]. Äåòåêö³ÿ 
ïåâíèõ àëåë³â ì³êðîñàòåë³òà ORS328 ó çðàçê³â ç ïîïóëÿö³é, ÿê³ îòðèìàí³ 
³ç âèêîðèñòàííÿì ÿê áàòüê³âñüêî¿ ôîðìè ë³í³¿ ÍÀ-335, äîçâîëèòü ³äåíòè-
ô³êàö³þ òèõ, ùî íåñóòü ãåíåòè÷íèé ìàòåð³àë, õàðàêòåðíèé ñàìå äëÿ ö³º¿ 
ë³í³¿-íîñ³ÿ ãåíà Pl6. 

14 ì³êðîñàòåë³òíèõ ëîêóñ³â áóëè çàëó÷åí³ íàìè äî ïîøóêó ìàðêåð³â 
ãåí³â ñò³éêîñò³ äî ÍÁÐ, ëîêàë³çîâàíèõ íà 13-é ãðóï³ ç÷åïëåííÿ. Âèÿâëå-
íî õàðàêòåðíèé äëÿ ë³í³¿ QHP-1 àëåëü ðîçì³ðîì 410 ï. í. ëîêóñó ORS781, 
ÿêèé ìîæå áóòè êîðèñíèì ïðè ìàðêåðíîìó äîáîð³ ðåêîìá³íàíò³â, âðàõî-
âóþ÷è àêòèâíå âèêîðèñòàííÿ ö³º¿ ë³í³¿ ÿê äîíîðà ãåíà Pl8. 
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16 ì³êðîñàòåë³ò³â, ÿê³ êàðòîâàí³ íà 1 ãðóï³ ç÷åïëåííÿ ãåíåòè÷íî¿ êàðòè, 
äîñë³äæåí³ ç ìåòîþ ³äåíòèô³êàö³¿ ìàðêåð³â ãåíà Pl

ARG 
[27]. Ãåí Pl

ARG
 íàäàº 

óí³âåðñàëüíî¿ ñò³éêîñò³ ïðîòè âñ³õ â³äîìèõ íà äàíèé ÷àñ ðàñ ÍÁÐ. Äàíèé 
ãåí ³íòðîäóêîâàíî â ãåíîì êóëüòóðíîãî ñîíÿøíèêó ç äèêîðîñëîãî âèäó 
H. argophyllus. RHA-419 — º îäí³ºþ ç ë³í³é-íîñ³¿â ãåíà ñò³éêîñò³ Pl

ARG
. Äè-

êîðîñë³ ñïîð³äíåí³ âèäè, çàçâè÷àé, âèêîðèñòîâóþòü â ñåëåêö³éíèõ ïðî-
ãðàìàõ ÿê äîíîð³â ãåí³â ñò³éêîñò³ äî ð³çíîìàí³òíèõ àá³îòè÷íèõ ñòðåñ³â 
òà íåñïðèÿòëèâèõ á³îòè÷íèõ ÷èííèê³â. H. argophyllus ³ ë³í³ÿ RHA-419 àê-
òèâíî çàëó÷àþòüñÿ â ñåëåêö³þ ç ìåòîþ ñòâîðåííÿ íîâèõ ñò³éêèõ ãåíî-
òèï³â. Äåòåêö³ÿ ïåâíèõ ÄÍÊ ìàðêåð³â ó çðàçê³â ç ã³áðèäíèõ ïîïóëÿö³é òà 
áåêðîñ³â, ÿê³ îòðèìàí³ ³ç âèêîðèñòàííÿì â ÿêîñò³ áàòüê³âñüêî¿ ôîðìè H. 
argophyllus àáî ë³í³¿ RHA-419, äîçâîëèòü ³äåíòèô³êàö³þ òèõ, ùî íåñóòü 
ãåíåòè÷íèé ìàòåð³àë, õàðàêòåðíèé ñàìå äëÿ äîíîðà ãåíà Pl

ARG
. Â íàøî-

ìó äîñë³äæåíí³ âèÿâëåí³ ìàðêåðí³ àëåë³, õàðàêòåðí³ äëÿ H. argophyllus: 
190 ï. í. (ëîêóñ ORS605), 220 ï. í. (ORS1039), 315 ï. í. (ORS716), à òà-
êîæ äëÿ ë³í³¿ RHA-419: 197 ï. í. (ORS605), 130 ï. í. (ORS610), 190 ï. í. 
(ORS1039). Àëåë³ 207 ï. í. (ëîêóñ ORS509), 165 ï. í. (ORS1182) ³ 220 ï. í. 
(ORS675) äîçâîëÿþòü ³äåíòèô³êóâàòè ôðàãìåíò ïåðøî¿ ãðóïè ç÷åïëåí-
íÿ, ÿêèé ìàº ïîõîäæåííÿ â³ä H. argophyllus àáî ë³í³¿ RHA-419. Òàê, íà-
ïðèêëàä, ó ëîêóñ³ ORS1039 âèÿâëåíî òðè àëåëÿ, îäèí ç íèõ õàðàêòåðíèé 
äëÿ H. argophyllus, äðóãèé — äëÿ ë³í³¿ RHA-419, òðåò³é — äëÿ âñ³õ ³íøèõ 
äîñë³äæåíèõ ë³í³é (ðèñ. 1). 

  
 Ì 1 2 3 4 5 6 7 8 9 10

Ðèñ. 1. Åëåêòðîôîðåãðàìà ïðîäóêò³â àìïë³ô³êàö³¿ ÄÍÊ çà ëîêóñîì ORS1039: 
1 — ÍÀ-228; 2 — QHP-1; 3 — FT-226; 4 — HA-335; 5 — Îä9A; 6 — Îä108A; 7 — 
OC1029B; 8 — RHA-419; 9 — H. argophyllus (çðàçîê 1); 10 — H. argophyllus (çðà-
çîê 2); Ì — ìàðêåð ìîëåêóëÿðíî¿ ìàñè ÄÍÊ pUC 19 / MspI (ôðàãìåíòè 190 òà 

242 ï. í.) 

Íà ãåíåòè÷í³é â³äñòàí³ 15,6 ñÌ â³ä ãåíà Pl
ARG

 êàðòîâàíèé ãåí ñò³éêîñò³ 
Pl13, ÿêèé ôëàíêîâàíî ì³êðîñàòåë³òàìè ORS1008 òà ORS965–1 [28]. Íî-
ñ³ÿìè ãåíà Pl13 º ë³í³¿ HA-R4, HA-R5, ÿê³ ïîõîäÿòü ç àðãåíòèíñüêèõ ñîð-
ò³â, òà ñòâîðåíî¿ ó Ôðàíö³¿ ë³í³¿ QHP-1. Ó íàøîìó äîñë³äæåíí³ â ëîêóñ³ 
ORS1008 âèçíà÷åíî òðè àëåëÿ: 330 ï. í., 297 ï. í. òà 295 ï. í. Äëÿ ë³í³é 
PM-17 òà QHP-1 õàðàêòåðí³ äâà àëåëÿ: 330 ï. í. ³ 297 ï. í. Ó ë³í³¿ HA-R4 âè-
ÿâëåíî ëèøå àëåëü 297 ï. í. (ïîçíà÷åíî ñòð³ëêîþ íà ðèñóíêó 2). 

Ë³í³ÿ HA-R5 â³äð³çíÿºòüñÿ â³ä HA-R4 òà QHP-1 â³äñóòí³ñòþ àëåëÿ 
297 ï. í. Àëåëü 295 ï. í. ïðèñóòí³é ëèøå ó íåñò³éêèõ äî ÍÁÐ ë³í³é HA-228 òà 
108-À. Ó ëîêóñ³ ORS965–1 âèçíà÷åíî äâà àëåë³. Àëåëü 300 ï. í. âèÿâëåíî 
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 1 2 3 4 5 6 7 8 Ì 9 10 11 12 13 14

Ðèñ. 2. Åëåêòðîôîðåãðàìà ïðîäóêò³â àìïë³ô³êàö³¿ ÄÍÊ ë³í³é-äèôåðåíö³àòîð³â 
çà ì³êðîñàòåë³òíèì ëîêóñîì ORS1008: 1 — RHA-265, 2 — RHA-274, 3 — DM-2, 
4 — PM-13, 5 — PM-17, 6 — 803-I, 7 — HA-R4, 8 — HA-R5, 9 — QHP-1, 10 — HA-
335, 11 — RHA-419, 12 — HA-228, 13–108À, 14 — ÎÑ1029Â. Ì — ìàðêåð ìîëåêó-

ëÿðíî¿ ìàñè ÄÍÊ pUC19 / MspI (ôðàãìåíò 331 ï. í.) 

ó HA-R4 ³ QHP-1, àëåëü 310 ï. í. — ó âñ³õ ³íøèõ äîñë³äæåíèõ ë³í³é. Ïðè çà-
ëó÷åíí³ ë³í³é HA-R4 ³ QHP-1 ó ñåëåêö³éí³ ñõåìè âèâåäåííÿ ñò³éêèõ ôîðì 
õàðàêòåðí³ äëÿ íèõ àëåë³ ëîêóñ³â ORS1008 òà ORS965–1 ìîæóòü ñëóãóâà-
òè ìàðêåðàìè ïðè ³äåíòèô³êàö³¿ çðàçê³â ç ãåíåòè÷íèì ìàòåð³àëîì ë³í³é-
äîíîð³â ãåíà ñò³éêîñò³ Pl13. 

Âèêîðèñòàííÿ âèÿâëåíèõ ìàðêåð³â ïåâíèõ ãåí³â Pl, à òàêîæ àëåë³â, 
õàðàêòåðíèõ äëÿ ãåíîòèï³â êîíêðåòíèõ ë³í³é-äîíîð³â ñò³éêîñò³, äîçâîëèòü 
øëÿõîì ìàðêåðíî¿ ñåëåêö³¿ ïðèñêîðèòè ö³ëüîâèé äîá³ð çðàçê³â ó ïðîöåñ³ 
ñòâîðåííÿ ñò³éêèõ äî ÍÁÐ ë³í³é ³ ã³áðèä³â ñîíÿøíèêó. 

Ìàðêåðè ãåíà AHAS1 äëÿ âèêîðèñòàííÿ â ñåëåêö³¿ ñîíÿøíèêó 
íà ñò³éê³ñòü äî ãåðá³öèä³â. ²äåíòèô³êîâàí³ ìàðêåðí³ àëåë³ ãåíà AHAS1 
ó ãåíîòèï³â ñîíÿøíèêó, ÿê³ âèêîðèñòîâóþòüñÿ â ñåëåêö³¿ íà ñò³éê³ñòü äî 
ãåðá³öèä³â ³ì³äàçîë³íîíîâî¿ òà ñóëüôîí³ëìî÷åâèííî¿ ãðóï. 

Òàáëèöÿ 2 

Ãåíîòèïè äîñë³äæåíèõ ë³í³é çà àëåëÿìè (ï. í.) ëîêóñ³â 
pAHAS 16–17 òà pAHAS 18–19

Ë³í³¿ pAHAS 16–17 pAHAS 18–19
HA 425, RHA 426, RHA 427, HA 442, RHA 443, IM-
ISUN-1, IMISUN-2, IMISUN-3, ÎÑ1011, ÎÑ1013

176 313

Sumo-1, Sumo-2, IMISUN-4 184 320
SURES-1 191 328

Çà àëåëÿìè ëîêóñ³â pAHAS 18–19 òà pAHAS 16–17 äîñë³äæåí³ ë³í³¿ 
ðîçïîä³ëåí³ íà òðè ãðóïè. Äî ïåðøî¿ ãðóïè óâ³éøëè HA-425, RHA- 426, 
RHA-427, HA-442, RHA-443, IMISUN-1, IMISUN-2, IMISUN-3 òà ë³í³¿ óêðà¿í-
ñüêî¿ ñåëåêö³¿ ÎÑ1011 ³ ÎÑ1013, äðóãó ãðóïó ñêëàëè ë³í³¿ Sumo-1, Sumo-2, 
IMISUN-4. Ë³í³ÿ SURES-1 çà àëåëÿìè äîñë³äæåíèõ ëîêóñ³â â³äîêðåìëåíà 
â³ä óñ³õ ³íøèõ ãåíîòèï³â (òàáë. 2). 

²äåíòèô³êàö³ÿ ïåâíèõ ì³êðîñàòåë³òíèõ àëåë³â äëÿ ãðóï ë³í³é, ÿê³ çàëó÷à-
þòüñÿ ñåëåêö³îíåðàìè ÑÃ²–ÍÖÍÑ äî ñòâîðåííÿ íîâèõ ãåíîòèï³â ñîíÿø-
íèêó ç³ ñò³éê³ñòþ äî ñòðàõîâèõ ãåðá³öèä³â, äîçâîëèòü ïðîâîäèòè ìàðêåð-
íèé äîá³ð çðàçê³â ç ã³áðèäíèõ òà áåêðîñíèõ ïîïóëÿö³é, â ÿêèõ äîíîðàìè 
ñò³éêîñò³ ñëóãóâàòèìóòü ë³í³¿ Sumo-1, Sumo-2, IMISUN-4 òà SURES-1. 
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Âèñíîâêè. Ìîëåêóëÿðíî-ãåíåòè÷í³ äîñë³äæåííÿ äîçâîëèëè ðîçðî-
áèòè ÄÍÊ-òåõíîëîã³¿ òåñòóâàííÿ ïîë³ìîðô³çìó òà ãåíåòè÷íî¿ ñïîð³äíå-
íîñò³, ³äåíòèô³êàö³¿ ãåíîòèï³â, îö³íêè ãåíåòè÷íî¿ ÷èñòîòè ³íáðåäíèõ ë³í³é 
òà ð³âíÿ ã³áðèäíîñò³ ïðîñòèõ ã³áðèä³â, ìàðêóâàííÿ ãåí³â ñò³éêîñò³ äî âîâ÷-
êà Or3, ãåí³â ñò³éêîñò³ äî íåñïðàâæíüî¿ áîðîøíèñòî¿ ðîñè Pl

ARG
, Pl13, àëå-

ë³â ìóòàíòíîãî ãåíà AHAS1, ùî íàäàº ñò³éêîñò³ äî ãåðá³öèä³â. 
Äëÿ ï³äâèùåííÿ åôåêòèâíîñò³ ñåëåêö³¿ ñîíÿøíèêó òà êîíêóðåíòî-

ñïðîìîæíîñò³ óêðà¿íñüêèõ ã³áðèä³â ïð³îðèòåòíèìè íàïðÿìàìè ðîáîòè íà 
íàñòóïí³ ðîêè º ìàðêóâàííÿ ãåí³â ñò³éêîñò³ äî íîâèõ ðàñ âîâ÷êà, ãåí³â, ùî 
êîíòðîëþþòü ñèíòåç îëå¿íîâî¿ êèñëîòè, ëîêóñ³â ê³ëüê³ñíèõ îçíàê óðîæàé-
íîñò³ òà âì³ñòó îë³¿. 
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DNA MARKERS FOR USING IN SUNFLOWER (HELIANTHUS ANNUUS L.) 
GENETIC AND BREEDING 

Polymorphism of sunflower genotypes of Ukrainian and foreign breed-
ing were investigated with using of different types of molecular markers. Ap-
proaches for differentiation and classification of breeding material, identifica-
tion of resistance genes to broomrape and downy mildew, to AHAS-inhibiting 
herbicides were proposed. The possibility of using the developed DNA mark-
ers in genetics and breeding programs are discussed. 
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Ñîëîäåíêî À. Å., Âàðåíèê Á. Ô., Áóðëîâ Â. Â., Âåäìåäåâà Å. Â. 

ÈÑÏÎËÜÇÎÂÀÍÈÅ ÄÍÊ-ÌÀÐÊÅÐÎÂ Â ÃÅÍÅÒÈÊÎ-ÑÅËÅÊÖÈÎÍÍÛÕ 
ÏÐÎÃÐÀÌÌÀÕ ÏÎÄÑÎËÍÅ×ÍÈÊÀ (Helianthus annuus L.) 

Ïîëèìîðôèçì ãåíîòèïîâ ïîäñîëíå÷íèêà óêðàèíñêîé è çàðóáåæíîé 
ñåëåêöèè èññëåäîâàí ñ èñïîëüçîâàíèåì ðàçíûõ òèïîâ ìîëåêóëÿðíûõ 
ìàðêåðîâ. Ïðåäëîæåíû ìåòîäè÷åñêèå ïîäõîäû äëÿ êëàññèôèêàöèè è 
äèôôåðåíöèàöèè ðàçíîîáðàçíîãî èñõîäíîãî ìàòåðèàëà, èäåíòèôèêà-
öèè îïðåäåëåííûõ ãåíîâ óñòîé÷èâîñòè ïîäñîëíå÷íèêà ê çàðàçèõå, ëîæ-
íîé ìó÷íèñòîé ðîñå, ê AHAS-èíãèáèðóþùèì ãåðáèöèäàì. Îáñóæäàåòñÿ 
âîçìîæíîñòü ïðèìåíåíèÿ ïðåäëîæåííûõ ÄÍÊ-ìàðêåðîâ â ãåíåòèêî-ñå-
ëåêöèîííûõ ïðîãðàììàõ. 
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²ÄÅÍÒÈÔ²ÊÀÖ²ß ÑÎÐÒ²Â ÑÎ¯ ÊÓËÜÒÓÐÍÎ¯ (Glycine max (L.) Merr) 
ÒÀ ÀÍÀË²Ç ÃÅÍ²Â, ÙÎ ÊÎÄÓÞÒÜ ÑÓÁÎÄÈÍÈÖ² ÃË²ÖÈÍ²ÍÓ 

Äîñë³äæåíî ïîë³ìîðô³çì ð³çíèõ ðåã³îí³â ÿäåðíîãî ãåíîìó ñî¿ êóëü-
òóðíî¿ çà ìîëåêóëÿðíèìè ìàðêåðàìè äëÿ äèôåðåíö³àö³¿, ³äåíòèô³-
êàö³¿ òà ïàñïîðòèçàö³¿ ñîðò³â. Ïðîâåäåíî êëàñòåðíèé àíàë³ç ñîðò³â 
ñî¿ ð³çíîãî åêîëîãî-ãåîãðàô³÷íîãî ïîõîäæåííÿ. Âèçíà÷åíî àëåëü-
íèé ñêëàä ãåí³â, ùî êîäóþòü ñóáîäèíèö³ ãë³öèí³íó, ñîðò³â òà çðàçê³â 
ñâ³òîâî¿, â ò. ÷. óêðà¿íñüêî¿ ñåëåêö³¿. 

Êëþ÷îâ³ ñëîâà: ñîÿ êóëüòóðíà, ãåíîì, ìîëåêóëÿðí³ ìàðêåðè, ïàñ-
ïîðòèçàö³ÿ, çàïàñí³ á³ëêè, ãë³öèí³í. 

Âñòóï. Ñîÿ êóëüòóðíà (Glycine max (L.) Merr) — âàæëèâà ñ³ëüñüêî-
ãîñïîäàðñüêà ðîñëèíà, ÿêà øèðîêî âèêîðèñòîâóºòüñÿ â ïðîäîâîëü÷îìó, 
êîðìîâîìó òà òåõí³÷íîìó íàïðÿìàõ ³ ìàº âåëèêå àãðîòåõí³÷íå çíà÷åííÿ 
ÿê àçîòô³êñóþ÷à êóëüòóðà [1]. Âîíà º îäí³ºþ ç íàéá³ëüø âèâ÷åíèõ ó ãåíå-
òè÷íîìó â³äíîøåíí³ ðîñëèíîþ. Îïðèëþäíåí³ â 2010 ð. ðåçóëüòàòè ñèê-
âåíóâàííÿ ãåíîìó G. max [2] òà ðåñèêâåíóâàííÿ ãåíîìó G. soja [3] â³ä-
êðèëè íîâ³ ìîæëèâîñò³ ôóíêö³îíàëüíî õàðàêòåðèçóâàòè àíîòîâàí³ ãåíè. 
Ñèñòåìíèé ï³äõ³ä (ãåíîì³êà, òðàíñêðèïòîì³êà, ïðîòåîì³êà, ìåòàáîëî-
ì³êà,  á³î³íôîðìàòèêà) äî õàðàêòåðèñòèêè öèõ ãåí³â äîçâîëÿº âèçíà÷èòè 
ïðîöåñè, ùî êîíòðîëþþòü òàê³ ñêëàäí³ îçíàêè, ÿê âðîæàéí³ñòü, âì³ñò îë³¿, 
ñêëàä á³ëêà, â³äïîâ³ä³ íà àá³îòè÷í³ é á³îòè÷í³ ñòðåñè òà ³í. [4, 5]. Äëÿ çáå-
ðåæåííÿ òà àíàë³çó ³íôîðìàö³¿ ç «îì³ê³â» ñî¿ º åëåêòðîííèé ðåñóðñ «SoyB
ase and the Soybean Breeder’s Toolbox» (http://soybase.org/). 

Ó äîñë³äæåííÿõ ãåíîìó ñî¿ íèí³ øèðîêî âèêîðèñòîâóþòü ð³çí³ òèïè 
ìîëåêóëÿðíèõ ìàðêåð³â, ÿê³ ðîçðîáëåíî íà îñíîâ³ ïîë³ìîðô³çìó äîâ³ëü-
íî àìïë³ô³êîâàíî¿ ÄÍÊ (Randomly Amplified Polymorphic DNA, RAPD), äî-
âæèíè àìïë³ô³êîâàíèõ ïîñë³äîâíîñòåé ÄÍÊ (Amplified Fragment Length 
Polymorphism, AFLP), ïîâòîð³â ïðîñòèõ ïîñë³äîâíîñòåé (Simple Sequence 
Repeats, SSR), ì³æì³êðîñàòåë³òíîãî ïîë³ìîðô³çìó (Inter Simple Sequence 
Repeats, ISSR), îäíîíóêëåîòèäíîãî ïîë³ìîðô³çìó (Single Nucleotide 
Polymorphism, SNP) òà ³í. Óïåðøå â Óêðà¿í³ ìîëåêóëÿðíî-ãåíåòè÷í³ äî-
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ñë³äæåííÿ ïîë³ìîðô³çìó ñî¿ êóëüòóðíî¿ ç çàñòîñóâàííÿì ìîëåêóëÿðíèõ 
ìàðêåð³â ïðîâåäåíî â ÑÃ²–ÍÖÍÑ [6–8]. 

Ïðèêëàäîì âïðîâàäæåííÿ ìîëåêóëÿðíèõ ìàðêåð³â ó òàêîìó âàæëè-
âîìó íàïðÿì³ ñåëåêö³¿ ñî¿, ÿê ïîë³ïøåííÿ ÿêîñò³ çåðíà (âèñîêèé âì³ñò 
á³ëêà, îïòèì³çàö³ÿ éîãî ñêëàäó, íèçüêèé âì³ñò àíòèïîæèâíèõ ðå÷îâèí, 
ïîêðàùåí³ ñìàêîâ³ âëàñòèâîñò³, ïåâí³ òåõíîëîã³÷í³ ïîêàçíèêè), º ³äåí-
òèô³êàö³ÿ ãåí³â, ùî êîäóþòü çàïàñí³ á³ëêè, òà ñòâîðåííÿ ñèñòåìè ãåí-
ñïåöèô³÷íèõ ìàðêåð³â. Îäèí ç äâîõ îñíîâíèõ çàïàñíèõ á³ëê³â íàñ³ííÿ 
ñî¿ — ãë³öèí³í (11S ãëîáóë³í) º ãåêñàìåðîì ç øåñòè ñóáîäèíèöü, ðîç-
ïîä³ëåíèõ íà ãðóïè: ãðóïà I (G1, G2, G3 àáî A

1a
B

2
, A

2
B

1a
, A

1b
B

1b
), ùî êî-

äóºòüñÿ ãåíàìè Gy1, Gy2, Gy3; ãðóïà IIa (G4 àáî A
5
A

4
B

3
), ùî êîäóºòüñÿ 

ãåíîì Gy4; ãðóïà IIb (G5 àáî A
3
B

4
), ùî êîäóºòüñÿ ãåíîì Gy5. ²äåíòèô³êî-

âàíî òà êàðòîâàíî äâà äîäàòêîâèõ ãë³öèí³íîâèõ ãåíè, à ñàìå ïñåâäîãåí 
gy6 ³ ôóíêö³îíàëüíèé ãåí Gy7, ÿêèé êîäóº øîñòó ñóáîäèíèöþ ãë³öèí³íó 
G7. Äëÿ êîæíî¿ ñóáîäèíèö³ ³ñíóº ïîíàä 84 % ãîìîëîã³¿ â ìåæàõ ãðóïè ³ 
45–49 % ì³æ ãðóïàìè [9, 10]. 

Ìåòà ðîáîòè: äîñë³äæåííÿ ð³çíèõ ðåã³îí³â ÿäåðíîãî ãåíîìó ñî¿ êóëü-
òóðíî¿ çà ìîëåêóëÿðíèìè ìàðêåðàìè äëÿ ³äåíòèô³êàö³¿ ñîðò³â òà âèçíà-
÷åííÿ ãåí³â, ùî êîäóþòü çàïàñí³ á³ëêè íàñ³ííÿ. 

Ìàòåð³àë ³ ìåòîäè. Äëÿ äîñë³äæåííÿ ãåíåòè÷íîãî ð³çíîìàí³òòÿ âè-
êîðèñòîâóâàëè 150 ñåëåêö³éíèõ ôîðì ³ ñîðò³â ñî¿ êóëüòóðíî¿, ç ÿêèõ 32 
ñîðòè ç ð³çíèõ åêîëîãî-ãåîãðàô³÷íèõ çîí: àìåðèêàíñüêîãî ïîõîäæåí-
íÿ — Ïðîâàð, Àíîêà, Êàï³òàë, Ìàãíà, Àìñîé, A-100, Áëåêõîê, Àäà; äàëå-
êîñõ³äíîãî ïîõîäæåííÿ — Ãðèáîâñüêà ì³ñöåâà, Àìóðñüêà 42, Àìóðñüêà 
111, Àìóðñüêà 57, Àìóðñüêà 51, Àìóðñüêà 321, Àìóðñüêà 154, Àìóðñüêà 
347; êèòàéñüêîãî ïîõîäæåííÿ — Ê 2601, Õàðá³íñüêà, Ê 2441, Ëàðåäî, 
Ê 766, Ê 2408, Òçè-ò³ 4, Ê 2406; ºâðîïåéñüêîãî ïîõîäæåííÿ — Ðîíåñò 104, 
Ìàóñåðîâà á³ëà, Ðîíåñò 1, Äóíàéêà, Ê 3–382, ÊZ-26, TSZ 14, Ïîïåëüñäîð-
ôåð (íàñ³ííÿ ëþá’ÿçíî íàäàíî â³ää³ëîì ñåëåêö³¿, ãåíåòèêè òà íàñ³ííèöòâà 
áîáîâèõ êóëüòóð ÑÃ²–ÍÖÍÑ). Äëÿ âèçíà÷åííÿ àëåëüíîãî ñòàíó ãåí³â, ùî 
êîäóþòü çàïàñí³ á³ëêè íàñ³ííÿ, äîñë³äæóâàëè ñîðòè ñî¿ êóëüòóðíî¿ Ñÿéâî, 
Îäåñüêà 150, Äîíüêà, Àðêàä³ÿ, Ôîðâàòåð, Â²Ð5048, Ìåäåÿ, Äåëüòà, Âà-
ëþòà, çðàçêè F

6
-ã³áðèä³â Ìåäåÿ õ Â²Ð 5048 òà Äåëüòà õ Âàëþòà, íàñ³ííÿ 

ÿêèõ ëþá’ÿçíî íàäàíî â³ää³ëîì ñåëåêö³¿, ãåíåòèêè òà íàñ³ííèöòâà áîáî-
âèõ êóëüòóð ÑÃ²–ÍÖÍÑ, à òàêîæ ñîðòè Williams 82, Lai wa dou, Harovinton, 
íàñ³ííÿ ÿêèõ îòðèìàíî ç National Plant Germplasm System (ÑØÀ). 

Åêñòðàêö³ÿ ÄÍÊ ç ïðîðîñòê³â, ïîñòàíîâêà ïîë³ìåðàçíî¿ ëàíöþãîâî¿ 
ðåàêö³¿ (ÏËÐ), ãåëü-åëåêòðîôîðåç â àãàðîçíèõ ³ ïîë³àêðèëàì³äíèõ ãåëÿõ 
çä³éñíþâàëè çà çàãàëüíîïðèéíÿòèìè ìåòîäèêàìè. Â ÏËÐ âèêîðèñòîâó-
âàëè äåâ’ÿòü äîâ³ëüíèõ òà ñ³ì ISSR-ïðàéìåð³â, â³ñ³ì ïàð ïðàéìåð³â äî ì³-
êðîñàòåë³òíèõ ëîêóñ³â, ø³ñòü ïàð ïðàéìåð³â äî ãåí³â Gy1, Gy2, Gy3, Gy4, 
Gy5 [11, 12]. 

Êëàñòåðíèé àíàë³ç äàíèõ ìîëåêóëÿðíî-ãåíåòè÷íîãî àíàë³çó ïðîâîäè-
ëè çà ïðîãðàìîþ TREES 4.0 (ó â³ëüíîìó äîñòóï³) íåçâàæåíèì ïàðíîãðó-
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ïîâèì ìåòîäîì ç àðèôìåòè÷íèì óñåðåäíåííÿì (Unweighted Pair Group 
Method with Arithmetic Mean, UPGMA). 

Ðåçóëüòàòè. Äîñë³äæåííÿ âíóòð³âèäîâîãî ïîë³ìîðô³çìó ñî¿ êóëüòóð-
íî¿. Äëÿ âèâ÷åííÿ ãåíåòè÷íî¿ ñïîð³äíåíîñò³ 150 ñåëåêö³éíèõ ôîðì ñî¿ 
äîñë³äæåíî «àíîí³ìí³» ðåã³îíè ãåíîìó çà äîïîìîãîþ ÏËÐ ç äîâ³ëüíèìè 
ïðàéìåðàìè òà ïîäàëüøîãî êëàñòåðíîãî àíàë³çó. Ãåíîòèïè ðîçïîä³ëåíî 
íà ãðóïè çà ð³âíåì ãåíåòè÷íî¿ ñïîð³äíåíîñò³. Ó á³ëüøîñò³ âèïàäê³â ðîçïî-
ä³ë â³äïîâ³äàâ äàíèì ðîäîâîä³â. Ä³áðàí³ ïàðè ãåíîòèï³â ç íàéá³ëüøèìè ³ 
íàéìåíøèìè ãåíåòè÷íèìè äèñòàíö³ÿìè äëÿ çàëó÷åííÿ â ñåëåêö³éí³ ïðî-
ãðàìè. 

Ïðè äîñë³äæåíí³ 32 ñîðò³â ñî¿ ð³çíîãî åêîëîãî-ãåîãðàô³÷íîãî ïîõî-
äæåííÿ çà ð³çíèìè ðåã³îíàìè ãåíîìó («àíîí³ìí³» ðåã³îíè, ä³ëÿíêè ì³æ 
ïðîñòèìè ïîâòîðàìè, ì³êðîñàòåë³òí³ ëîêóñè) ðîçïîä³ë íà äåíäðîãðàì³ 
ñï³âïàäàâ ç äàíèìè ùîäî ¿õíüîãî ïîõîäæåííÿ. 

²äåíòèô³êàö³ÿ ãåíîòèï³â ñî¿. Çàñòîñóâàííÿì ÏËÐ-àíàë³çó âîñüìè ì³-
êðîñàòåë³òíèõ ëîêóñ³â äîñë³äæåíî 32 ñîðòè ñî¿, ïåðøèì åòàïîì ÿêîãî 
ñòàëà ïåðåâ³ðêà íà ãåíåòè÷íó ÷èñòîòó. Â ïîäàëüøîìó âèâ÷åíí³ âèêîðèñ-
òîâóâàëè ãåíîòèïè, ãîìîçèãîòí³ çà âñ³ìà ëîêóñàìè. Âèÿâëåíî 25 ïðîäóê-
ò³â àìïë³ô³êàö³¿, ùî äîçâîëèëî äèôåðåíö³þâàòè âñ³ äîñë³äæåí³ ñîðòè. 

Ïðè äîñë³äæåíí³ SSR-ëîêóñó SOYHSP176 (Low MW Heat shok protein 
gene) ó ñîðò³â ç Êèòàþ, ªâðîïè ³ Äàëåêîãî Ñõîäó âèÿâëåíî àëåëü ðîç-
ì³ðîì 109 ï. í., ó ñîðòó àìåðèêàíñüêîãî ïîõîäæåííÿ âèÿâëÿëè òàêîæ 
àëåëü ðîçì³ðîì 119 ï. í. Äëÿ ëîêóñó SOYHSP179 (Heat shock protein gene, 
Gmhsp17.9-D) õàðàêòåðí³ äâà àëåëÿ — 92 ³ 212 ï. í., ïðè÷îìó îñòàíí³é 
ñïîñòåð³ãàëè ò³ëüêè ó ñîðò³â êèòàéñüêî¿ òà ºâðîïåéñüêî¿ ñåëåêö³¿. Ðîçïî-
ä³ë àëåë³â ëîêóñó SOYSC514 (Lipoxygenase gene) áóâ òàêèì: äàëåêîñõ³äí³ 
ñîðòè ìàëè ò³ëüêè àëåëü ðîçì³ðîì 187 ï. í., à â ñîðò³â ºâðîïåéñüêî¿ ñå-
ëåêö³¿ âèÿâëåíî àëåëü 209 ï. í., ùî íå çóñòð³÷àºòüñÿ ó ³íøèõ ñîðò³â ñî¿. 
Äëÿ íàéâàð³àáåëüí³øîãî ó äàí³é âèá³ðö³ ñîðò³â ñî¿ ëîêóñó SAT 1 äåòåêòî-
âàíî ï’ÿòü àëåë³â: 221, 241, 255, 267, 273 ï. í. Àëåëü äîâæèíîþ 273 ï. í. 
çóñòð³÷àºòüñÿ ò³ëüêè ó äàëåêîñõ³äíèõ ñîðò³â, êð³ì òîãî, ó ñîðò³â öüîãî ïî-
õîäæåííÿ íå âèÿâëåíî àëåëü 241 ï. í., ÿêèé õàðàêòåðíèé äëÿ êèòàéñüêèõ 
ñîðò³â ñî¿. Ó ñîðò³â àìåðèêàíñüêî¿ ³ ºâðîïåéñüêî¿ ñåëåêö³¿ äåòåêòîâàíî 
àëåëü ðîçì³ðîì 267 ï. í., ïðîòå â àìåðèêàíñüêèõ ñîðò³â, êð³ì öüîãî, çó-
ñòð³÷àºòüñÿ àëåëü 255 ï. í., à â ºâðîïåéñüêèõ — 241 ï. í. Ó êèòàéñüêèõ 
³ äàëåêîñõ³äíèõ ñîðò³â çà ëîêóñîì SATT 1 õàðàêòåðíèé îäèí òèï àëåëÿ: 
147 ï. í. (ò³ëüêè îäèí êèòàéñüêèé ñîðò ìàâ àëåëü 117 ï. í.), òîä³ ÿê ñîðòè ç 
ªâðîïè ìàþòü óñ³ òðè òèïè àëåë³â äàíîãî ëîêóñó (117, 147, 155 ï. í.). Ðîç-
ïîä³ë àëåë³â SSR-ëîêóñ³â ó ãåíîòèï³â ð³çíèõ åêîëîãî-ãåîãðàô³÷íèõ çîí 
äîçâîëèâ ïðèïóñòèòè ìîæëèâå àäàïòàö³éíå çíà÷åííÿ îêðåìèõ àëåë³â. 

Ðîçðîáëåíî ïðèíöèï äèôåðåíö³àö³¿, ³äåíòèô³êàö³¿ òà ïàñïîðòèçàö³¿ 
ãåíîòèï³â ñî¿. Â³äîáðàæåííÿ ñïåöèô³÷íîñò³ ãåíîòèïó ìîæëèâî ïðîâîäè-
òè ó âèãëÿä³ ë³òåðî-÷èñëîâî¿ ãåíåòè÷íî¿ ôîðìóëè, â ÿê³é ô³êñóþòüñÿ äî-
ñë³äæåíèé ëîêóñ / ãåí òà ðîçì³ð àëåë³â (ó ï. í.), õàðàêòåðíèõ äëÿ äàíîãî 
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ãåíîòèïó. Çà äàíèìè àíàë³çó ïîë³ìîðô³çìó âîñüìè ì³êðîñàòåë³òíèõ ëîêó-
ñ³â ñêëàäåíî ôîðìóëè ãåíîòèï³â. 

ÄÍÊ-òèïóâàííÿ çðàçê³â ñî¿ çà Gy-ãåíàìè. Ìàðêåðè ãåí³â Gy1, Gy2, 
Gy3, Gy5 º äîì³íàíò-ðåöåñèâíèìè (íàÿâí³ñòü / â³äñóòí³ñòü ôðàãìåíò³â 
àìïë³ô³êàö³¿ ðîçì³ðàìè 801, 1211, 1037 òà 864 ï. í. â³äïîâ³äíî) [12]. Â³ä-
ñóòí³ñòü ãåí-ñïåöèô³÷íî¿ àìïë³ô³êàö³¿ ïîêàçóº, ùî ³íäåë³ àáî âàð³àö³¿ ïî-
ñë³äîâíîñòåé öèõ ãåí³â ïðèçâîäÿòü äî â³äñóòíîñò³ ïåâíèõ ñóáîäèíèöü. 

Äëÿ òåñòóâàííÿ ãåíà Gy4 ìîæëèâî âèêîðèñòîâóâàòè äâ³ ñèñòåìè. 
1) Ç âèêîðèñòàííÿì á³ôàçíî¿ òðüîõïðàéìåðíî¿ òåõí³êè ÏËÐ (Temperature-
Switch Polymerase Chain Reaction, TS-PCR) ìîæëèâî äåòåêòóâàòè íîð-
ìàëüíèé òà ìóòàíòíèé À

4
-àëåëü (ôðàãìåíòè àìïë³ô³êàö³¿ 504 òà 266 ï. í.) 

[12]. 2) Êëàñè÷íà ÏËÐ ç òðüîìà ïàðàìè ïðàéìåð³â — ëîêóñ-ñïåöèô³÷í³ 
(ïðîäóêò àìïë³ô³êàö³¿ 307 ï. í.) òà àëåëå-ñïåöèô³÷í³ (ïðîäóêòè àìïë³ô³-
êàö³¿ ðîçì³ðàìè 771 ï. í. äëÿ ìóòàíòíîãî òà 324 ï. í. äëÿ íîðìàëüíîãî 
àëåë³â). Äàí³ ìàðêåðè êîäîì³íàíòí³ (íàÿâí³ñòü ôðàãìåíò³â ïåâíî¿ äîâæè-
íè) [11]. 

Ñîðòè Harovinton, Lai wa dou òà Williams 82 âèêîðèñòàíî ÿê ïîçèòèâ-
í³ êîíòðîë³ ïåâíîãî ñòàíó Gy-ãåí³â. Äëÿ Williams 82 õàðàêòåðíèé «äè-
êèé» àëåëü ãåíà Gy4, äëÿ Lai wa dou — ìóòàíòíèé àëåëü ãåíà Gy4, äëÿ 
Harovinton — ïîâíèé êîìïëåêò ñóáîäèíèöü ãë³öèí³íà. 

Çà ðåçóëüòàòàìè ÏËÐ-àíàë³çó äëÿ ñîðòó Harovinton âèÿâëåíî ïðî-
äóêòè àìïë³ô³êàö³¿ î÷³êóâàíèõ ðîçì³ð³â: Gy1–801 ï. í., Gy2–1211 ï. í., 
Gy3–1037 ï. í., Gy4–307 ï. í., Gy5–864 ï. í. [12]. Äëÿ ñîðòó Williams 82 
âèÿâëåíî íàÿâí³ñòü ïðîäóêòó àìïë³ô³êàö³¿ ðåã³îí³â ãåíà Gy4 î÷³êóâàíîãî 
ðîçì³ðó 324 ï. í., õàðàêòåðíîãî äëÿ «äèêîãî» àëåëÿ, òà â³äñóòí³ñòü ïðî-
äóêòó àìïë³ô³êàö³¿ 771 ï. í. Äëÿ ñîðòó Lai wa dou âèÿâëåíèé ïðîäóêò àìï-
ë³ô³êàö³¿ ðåã³îí³â ãåíà Gy4 î÷³êóâàíîãî ðîçì³ðó 771 ï. í., õàðàêòåðíèé äëÿ 
ìóòàíòíîãî àëåëÿ; ïðîäóêò ðîçì³ðîì 324 ï. í. áóâ â³äñóòí³é [11]. 

Îñê³ëüêè äëÿ ñîðò³â Harovinton, Lai wa dou òà Williams 82, ÿê³ âèêîðèñ-
òàíî ÿê ïîçèòèâí³ êîíòðîë³ ïåâíîãî ñòàíó Gy-ãåí³â, îòðèìàíî î÷³êóâàí³ 
ðåçóëüòàòè, ïðîâåäåíî ÄÍÊ-òèïóâàííÿ çðàçê³â ñî¿ çà ãåíîì Gy4. Ó âñ³õ 
ñîðò³â òà ã³áðèäíèõ çðàçê³â âñòàíîâëåíî â³äñóòí³é ôðàãìåíò àìïë³ô³êà-
ö³¿ ðîçì³ðîì 771 ï. í. Íàÿâí³ñòü 324 ï. í.-ôðàãìåíòó âèÿâëåíî ó ñîðò³â 
Ñÿéâî, Îäåñüêà 150, Äîíüêà, Àðêàä³ÿ, Ôîðâàòåð, Â²Ð 5048, Ìåäåÿ, Äåëü-
òà, Âàëþòà òà ó çðàçê³â F

6
 Äåëüòà õ Âàëþòà òà Ìåäåÿ õ Â²Ð5048. Îòæå, 

äëÿ ñîðò³â ñî¿, ÿê³ âèêîðèñòîâóþòüñÿ â ÑÃ²–ÍÖÍÑ, õàðàêòåðíèé «äèêèé» 
àëåëü ãåíà Gy4. 

Ôðàãìåíò àìïë³ô³êàö³¿ ãåíà Gy4 ðîçì³ðîì 324 ï. í. — àñîö³éîâàíèé 
ç íàÿâí³ñòþ, à ôðàãìåíò 771 ï. í. ñâ³ä÷èòü ïðî â³äñóòí³ñòü À4-ïåïòèäó ñó-
áîäèíèö³ ãðóïè IIa. Ñàìå íàñ³ííÿ ñîðò³â ñî¿ áåç À4-ïåïòèäó ïðèäàòíå äëÿ 
âèãîòîâëåííÿ ã³ïîàëåðãåííèõ õàð÷îâèõ ïðîäóêò³â. 

Ïîºäíàííÿ äîáîðó çà äîïîìîãîþ ìàðêåð³â ç ï³äõîäàìè òðàäèö³éíî¿ 
ñåëåêö³¿ çíà÷íî ï³äâèùèòü åôåêòèâí³ñòü òà ðåçóëüòàòèâí³ñòü ñåëåêö³éíèõ 
ïðîãðàì ç ïîë³ïøåííÿ ÿêîñò³ çåðíà ñî¿. 
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Âèñíîâêè. Ãðóïóâàííÿ ñîðò³â òà çðàçê³â ñî¿ êóëüòóðíî¿ çà äàíèìè ìî-
ëåêóëÿðíî-ãåíåòè÷íèõ òà êëàñòåðíèõ àíàë³ç³â â³äïîâ³äàº ¿õí³ì ðîäîâîäàì 
òà åêîëîãî-ãåîãðàô³÷íîìó ïîõîäæåííþ. Ðîçðîáëåíî ïðèíöèï ðåºñòðàö³¿ 
ãåíîòèïó ñî¿ çà ÄÍÊ-òèïóâàííÿì ì³êðîñàòåë³òíèõ ëîêóñ³â. Àíàë³çîì ïî-
ë³ìîðô³çìó ãåíà Gy4, ÿêèé êîäóº G4 (A

4
A

5
B

3
) ñóáîäèíèöþ ãë³öèí³íà, âè-

ÿâëåíî ïðèñóòí³ñòü àëåëÿ «äèêîãî» òèïó ó ñîðòàõ ³ çðàçêàõ ñî¿ ÑÃ²–ÍÖÍÑ. 
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Volkova N. E., Brik Î. F., Venger A. M. Plant Breeding and Genetics 
Institute — National Center of Seed and Cultivar Investigations 

IDENTIFICATION OF SOYBEAN VARIETIES (Glycine max (L.) Merr) AND 
ANALYSIS OF GENES ENCODING SUBUNIT GLYCININS 

Soybean genome’s different regions investigations by three types of mo-
lecular markers allowed to cluster the samples according to their pedigrees 
and eco-geographical origin. The principle of soybean genotypes registration 
based on the results of microsatellite loci DNA typing was developed. Poly-
morphism of gene Gy4, encoding G4 (A

4
A

5
B

3
) glycinin subunit, was analyzed 

and established the presence of allele «wild» type varieties and soybean sam-
ples. 

ÓÄÊ 633.34:575.162 

Âîëêîâà Í. Ý., Áðèê À. Ô., Âåíãåð À. Í. 

ÈÄÅÍÒÈÔÈÊÀÖÈß ÑÎÐÒÎÂ ÑÎÈ ÊÓËÜÒÓÐÍÎÉ (Glycine max (L.) 
Merr) È ÀÍÀËÈÇ ÃÅÍÎÂ, ÊÎÄÈÐÓÞÙÈÕ ÑÓÁÚÅÄÈÍÈÖÛ 

ÃËÈÖÈÍÈÍÀ 

Èññëåäîâàíèå ðàçëè÷íûõ ó÷àñòêîâ ãåíîìà ñîè ñ ïîìîùüþ òðåõ òè-
ïîâ ìîëåêóëÿðíûõ ìàðêåðîâ ïîçâîëèëî êëàñòåðèçîâàòü îáðàçöû ñîîò-
âåòñòâåííî èõ ðîäîñëîâíûõ è ýêîëîãî-ãåîãðàôè÷åñêîìó ïðîèñõîæäå-
íèþ. Ðàçðàáîòàí ïðèíöèï ðåãèñòðàöèè ãåíîòèïà ñîè ïî ðåçóëüòàòàì 
ÄÍÊ-òèïèðîâàíèÿ ìèêðîñàòåëëèòíûõ ëîêóñîâ. Èññëåäîâàí ïîëèìîð-
ôèçì ãåíà Gy4, êîäèðóþùåãî G4 (A

4
A

5
B

3
) ñóáúåäèíèöó ãëèöèíèíà, è 

óñòàíîâëåíî íàëè÷èå àëëåëÿ «äèêîãî» òèïà â ñîðòàõ è îáðàçöàõ ñîè ÑÃÈ–
ÍÖÍÑ. 
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ÂÈßÂËÅÍÍß ÐÀÑÎÑÏÅÖÈÔ²×ÍÈÕ ÃÅÍ²Â ÑÒ²ÉÊÎÑÒ² 
ÄÎ Ï²ÐÈÊÓËßÐ²ÎÇÓ PI-TA ÒÀ PI-B Ó ÑÎÐÒ²Â ÐÈÑÓ (Îryza sativa L.) 

Êîäîì³íàíòí³ âíóòð³ãåíí³ ìîëåêóëÿðíî-ãåíåòè÷í³ ìàðêåðè âèêîðèñ-
òàí³ äëÿ äåòåêö³¿ àëåëüíîãî ñòàíó ðàñîñïåöèô³÷íèõ ãåí³â ñò³éêîñò³ 
äî ï³ðèêóëÿð³îçó Pi-ta òà Pi-b ó 103 ñîðò³â ³ ë³í³é ðèñó ð³çíîãî ãåîãðà-
ô³÷íîãî ïîõîäæåííÿ ç Íàö³îíàëüíî¿ êîëåêö³¿ ²íñòèòóòó ðèñó ÍÀÀÍ 
Óêðà¿íè. Âèÿâëåíî ãåíîòèïè–íîñ³¿ äîì³íàíòíèõ àëåë³â ãåí³â Pi-ta òà 
Pi-b, ÿê³ çàáåçïå÷óþòü ñò³éê³ñòü ðèñó äî ï³ðèêóëÿð³îçó. 

Êëþ÷îâ³ ñëîâà: ðèñ, ï³ðèêóëÿð³îç, ãåíè ñò³éêîñò³ Pi-ta ³ Pi-b, ìîëåêó-
ëÿðí³ ìàðêåðè. 

Âñòóï. Ç óñ³õ ãðèáêîâèõ çàõâîðþâàíü íàéá³ëüø øê³äëèâîþ ³ íàéïîøè-
ðåí³øîþ õâîðîáîþ ðèñó â óìîâàõ Ï³âäíÿ Óêðà¿íè º ï³ðèêóëÿð³îç, çáóäíè-
êîì ÿêîãî º íåäîñêîíàëèé ãðèá Pyricularia oryzae Cav (ñèí. Magnoporthe 
grisea (Herbert) Barr), ùî â³äíîñèòüñÿ äî êëàñó Deuteromycetes. Ïàòîëî-
ã³÷í³ ñèìïòîìè õâîðîáè íà ðîñëèíàõ ðèñó ïî÷èíàþòü âèÿâëÿòèñÿ ç ôàçè 
ïðîðîñòàííÿ äî ôàçè ìîëî÷íî-âîñêîâî¿ ñòèãëîñò³ ðîñëèí [1]. Åôåêòèâíà 
òà åêîëîã³÷íî áåçïå÷íà ñòðàòåã³ÿ áîðîòüáè ç äàíèì çàõâîðþâàííÿì — 
ñòâîðåííÿ ãåíåòè÷íî ñò³éêèõ ñîðò³â. Ó ñåëåêö³¿ ñò³éêèõ äî ï³ðèêóëÿð³îçó 
ñîðò³â ðèñó ïåðåä ñåëåêö³îíåðîì ñòî¿òü ðÿä ïðîáëåì: âèá³ð äîíîðà ñò³é-
êîñò³, îö³íêà ñò³éêîñò³ òà äîá³ð ñò³éêèõ ãåíîòèï³â ó ã³áðèäíèõ ïîïóëÿö³ÿõ. 

Ãåíè âåðòèêàëüíî¿ ñò³éêîñò³ ìîæóòü áóòè âèÿâëåí³ çà äîïîìîãîþ àíà-
ë³çó ðåàêö³¿ ç â³äîìèìè ãåíàìè àâ³ðóëåíòíîñò³ ñîðòó íà ³íîêóëÿö³þ ìîíî-
³çîëÿòàìè P. oryzae. Àëå òàêèé êëàñè÷íèé ô³òîïàòîëîã³÷íèé òåñò äîñèòü 
äîâãîòðèâàëèé ³ ïîòðåáóº çíà÷íèõ ìàòåð³àëüíèõ âèòðàò. Òàêîæ âàæëèâèì 
ë³ì³òóþ÷èì ÷èííèêîì º íåñòàá³ëüí³ñòü ãåí³â àâ³ðóëåíòíîñò³ çáóäíèêà ï³-
ðèêóëÿð³îçó ³ ïåðåêðèâàííÿ ñïåêòðà ðàñîñïåöèô³÷íî¿ ñò³éêîñò³. Îòæå, 
íàéåôåêòèâí³øèì ìåòîäîì ³äåíòèô³êàö³¿ ãåí³â ñò³éêîñò³ äî ï³ðèêóëÿð³îçó 
º âèêîðèñòàííÿ ìîëåêóëÿðíèõ ìàðêåð³â âíóòð³ãåííèõ àáî ù³ëüíî ç÷åïëå-
íèõ ç ö³ëüîâèì ãåíîì. 

Â Óêðà¿í³ äîñë³äæåííÿ ç ³äåíòèô³êàö³¿ ãåí³â ñò³éêîñò³ äî ï³ðèêóëÿð³î-
çó â ñîðòàõ ðèñó íå ïðîâîäèëèñü. Çà áàãàòîð³÷íèìè äàíèìè ô³òîïàòîëî-

© Ãàëàºâ Î. Â., Ãàëàºâà Ì. Â., Øïàê Ä. Â., 2015
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ã³â, äëÿ çîíè âèðîùóâàííÿ ðèñó â Êðàñíîäàðñüêîìó êðà¿ Ðîñ³¿ òà Óêðà¿íè 
åôåêòèâíèìè º ãåíè ðàñîñïåöèô³÷íî¿ ñò³éêîñò³ äî ï³ðèêóëÿð³îçó Pi-ta, 
Pi-b, Pi-z [2]. Ãåíè ðàñîñïåöèô³÷íî¿ ñò³éêîñò³ Pi-ta, Pi-b ó ðèñó ñåêâåíî-
âàíî. Ãåí Pi-ta ðîçòàøîâàíèé â îáëàñò³ öåíòðîìåðè 12 õðîìîñîìè; ãåí 
Pi-b — íà äîâãîìó ïëå÷³ õðîìîñîìè 2 [3]. 

Ìåòà íàøîãî äîñë³äæåííÿ ïîëÿãàëà â ³äåíòèô³êàö³¿ àëåë³â ðàñîñïå-
öèô³÷íèõ ãåí³â ñò³éêîñò³ äî ï³ðèêóëÿð³îçó Pi-ta òà Pi-b ó ñîðò³â ðèñó óêðà-
¿íñüêî¿ ñåëåêö³¿ òà â íàáîð³ ñîðò³â ³ ë³í³é ð³çíîãî ãåîãðàô³÷íîãî ïîõîäæåí-
íÿ ç Íàö³îíàëüíî¿ êîëåêö³¿ ²íñòèòóòó ðèñó. 

Ìàòåð³àëè ³ ìåòîäè. Ìàòåð³àëîì äëÿ äîñë³äæåíü ñëóãóâàëè 73 
ñîðòè ³ ë³í³¿ ð³çíîãî ãåîãðàô³÷íîãî ïîõîäæåííÿ òà 30 ñîðò³â ³ ë³í³é ðèñó 
óêðà¿íñüêî¿ ñåëåêö³¿ ç Íàö³îíàëüíî¿ êîëåêö³¿ ²íñòèòóòó ðèñó. Ïîçèòèâíèì 
êîíòðîëåì áóëè ñîðòè-íîñ³¿ ãåí³â Pi-ta (Katy, Madison) òà Pi-b (Brazos, 
Katy, Labelle, Madison), íàäàí³ National Plant Germplasm System (ÑØÀ). 

ÄÍÊ âèä³ëÿëè ç 5-äåííèõ ïðîðîñòê³â çà äîïîìîãîþ ÑÒÀÂ-áóôåðó 
[4]. Äîñë³äæóâàëè ÄÍÊ ï’ÿòè ³íäèâ³äóàëüíèõ ðîñëèí êîæíîãî ñîðòó, ë³í³¿ 
÷è ã³áðèäó. Äëÿ âèÿâëåííÿ àëåë³â ãåí³â Pi-ta òà Pi-b âèêîðèñòàíî êîäî-
ì³íàíòí³ âíóòð³ãåíí³ SÒS-ìàðêåðè [5, 6]. Äâ³ ïàðè SÒS-ìàðêåð³â Pi-ta.F/
Pi-ta.R òà pi-ta.F/pi-ta.R âèÿâëÿþòü äâà àëåëÿ: äîì³íàíòíîìó àëåëþ Pi-ta, 
ÿêèé çàáåçïå÷óº ñò³éê³ñòü äî ï³ðèêóëÿð³îçó, â³äïîâ³äàº ïðîäóêò àìïë³ô³-
êàö³¿ ðîçì³ðîì 270 ï. í.; ðåöåñèâíîìó àëåëþ ði-ta — ïðîäóêò 563 ï. í. Äâ³ 
ïàðè SÒS-ìàðêåð³â Pi-b.F/Pi-b.R òà pi-b.F/pi-b.R âèÿâëÿþòü äâà àëåëÿ: 
äîì³íàíòíîìó àëåëþ Pi-b, ùî çóìîâëþº ñò³éê³ñòü, â³äïîâ³äàº ôðàãìåíò 
490 ï. í., à ðåöåñèâíîìó àëåëþ pi-b — 200 ï. í. 

ÏËÐ ç³ ñïðÿìîâàíèìè ïðàéìåðàìè ïðîâîäèëè íà òåðìîöèêëåð³ «Òåð-
öèê» («ÄÍÊ-òåõíîëîã³ÿ», Ðîñ³ÿ). Ðåàêö³éíà ñóì³ø îá’ºìîì 25 ìêë ì³ñòèëà 
áóôåð (67 ìÌ òðèñ-ÍÑl ðÍ 8,8; 16,6 ìÌ (NH

4
)

2
SO

4
; 1,5 ìÌ ÌgCl

2
; 0,03 % 

Tween-20); 0,2 ìÌ êîæíîãî dNTP; 0,25 ìêÌ ïðàéìåðà; 20 íã ÄÍÊ; 0,8 îä. 
Taq-ïîë³ìåðàçè. Óìîâè ðåàêö³¿ äëÿ ïàð SÒS-ìàðêåð³â çã³äíî Äóá³í³íà òà 
³í. [5]. Ïðîäóêòè àìïë³ô³êàö³¿ (15 ìêë àë³êâîòó ÏËÐ-ñóì³ø³) ôðàêö³îíóâà-
ëè ó 1,5 %-ìó àãàðîçíîìó ãåë³ ó 1õÒÂÅ áóôåð³. Åëåêòðîôîðåç â àãàðîç-
íîìó ãåë³ ïðîâîäèëè ïðè ïîñò³éí³é íàïðóç³ 150 V â àïàðàò³ äëÿ ãîðèçîí-
òàëüíîãî ãåëü-åëåêòðîôîðåçó (S-2N, «Helicon», Ðîñ³ÿ). Ôðàãìåíòè ÄÍÊ ó 
ãåë³ çàáàðâëþâàëè áðîìèñòèì åòèä³ºì. Êàë³áðóâàëè ìîëåêóëÿðíó ìàñó 
îòðèìàíèõ àìïë³êîí³â ç âèêîðèñòàííÿì ñòàíäàðòó pUC 19/MspI. 

Ñòàòèñòè÷íà îáðîáêà ðåçóëüòàò³â — çà çàãàëüíîïðèéíÿòèìè ìåòîäè-
êàìè [7]. 

Ðåçóëüòàòè òà îáãîâîðåííÿ. Íà ïåðøîìó åòàï³ ðîáîòè äëÿ óñóíåííÿ 
õèáíî íåãàòèâíèõ òà ïîçèòèâíèõ ðåçóëüòàò³â ïðîâîäèëè ÏËÐ-àíàë³ç êîí-
òðîëüíèõ ñîðò³â, ùî º íîñ³ÿìè ãåí³â Pi-ta òà Pi-b, ç çàñòîñóâàííÿì âèùå-
çàçíà÷åíèõ SÒS-ìàðêåð³â. Äîâåäåíî, ùî ñîðòè Katy, Madison º íîñ³ÿìè 
äîì³íàíòíèõ àëåë³â ãåí³â Pi-ta òà Pi-b, à ñîðòè Brazos, Labelle — äîì³íàíò-
íîãî àëåëÿ Pi-b (òàáë. 1). Ðåçóëüòàòè ÏËÐ-àíàë³çó ñîðò³â ç ïàðàìè ïðàéìå-
ð³â, ùî âèÿâëÿþòü àëåëüíèé ñòàí ãåíà Pi-ta òà Pi-b, ïîêàçàíî íà ðèñóíêó 1. 
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Òàáëèöÿ 1 

Ãåíîòèïè êîíòðîëüíèõ ñîðò³â çà àëåëÿìè ãåí³â ñò³éêîñò³ 
äî ï³ðèêóëÿð³îçó ðèñó Pi-ta òà Pi-b

Ãåíîòèï Ñîðò
STS-ìàðêåðè

Pi-ta ði-ta Pi-b ði-b
270ï. í. 563 ï. í. 490 ï. í. 200 ï. í.

Pi-ta, Pi-b Katy + – + –
Pi-ta, Pi-b Madison + – + –

Pi-b Brazos – + + –
Pi-b Labelle – + + –

Ïðèì³òêà: «+» — ïðèñóòí³ñòü àëåëÿ, «–» — â³äñóòí³ñòü àëåëÿ. 

 
I). 1   2    3   4   5   6   7   8   9   10   11       II).      1   2    3    4   5    6   7   8    9  10  11  

 
 

 
 
 
 
 
 
III).           M       1       2        3        4        5        6      7       8       9      10   

Pi-ta 

Pi-b 
pi-b 

i-ta 

 

Ðèñ. 1. Ðåçóëüòàòè ÏËÐ-àíàë³çó ç ïàðàìè ïðàéìåð³â, ùî âèÿâëÿþòü àëåë³ Pi-ta 
(I), pi-ta (II), Pi-b òà pi-b (III) â 1,5 %-ìó àãàðîçíîìó ãåë³: Ì — pUC19 DNA/MspI; 
I, II): 1 — Katy, 2 — Madison, 3 — Brazos, 4 — Labelle, 5 — Îíòàð³î, 6 — Ïàì’ÿò³ 
Ã³÷ê³íà, 7 — Ïðåì³óì, 8 — Åíåé, 9 — IRBL-21, 10–97-Â, 11 — Ïðåñòèæ; III): 1 — 
Katy, 2 — Madison, 3 — Îíòàð³î, 4 — Ïàì’ÿò³ Ã³÷ê³íà, 5 — Ïðåì³óì, 6 — Brazos, 

7 — Labelle, 8 — Ïðåñòèæ, 9 — Ñåðïíåâèé, 10 — Óêðà¿íà — 96 

Íà äðóãîìó åòàï³ ðîáîòè çà àëåëÿìè ãåí³â Pi-ta òà Pi-b äî-
ñë³äæóâàëè 16 ñîðò³â ³ 14 ë³í³é ²íñòèòóòó ðèñó ÍÀÀÍÓ. Ðåçóëü-
òàòè íàâåäåíî ó òàáëèö³ 2. Ñåðåä ñîðò³â òà ë³í³é ðèñó óêðà¿í-
ñüêî¿ ñåëåêö³¿ äîñèòü ÷àñòî âèÿâëÿâñÿ äîì³íàíòíèé àëåëü ãåíà 
Pi-ta, ÿêèé çóìîâëþº ñò³éê³ñòü äî ï³ðèêóëÿð³îçó. Ç äîñë³äæåíèõ íàìè ñîð-
ò³â òà ë³í³é 40 % õàðàêòåðèçóâàëèñü ãåíîòèïîì ç äîì³íàíòíèì àëåëåì 
Pi-ta, 53 % — ãåíîòèïîì ç ðåöåñèâíèì àëåëåì pi-ta, à 7 % áóëè íåîäíî-
ð³äíèìè òà ñêëàäàëèñü ç îáîõ çàçíà÷åíèõ ãåíîòèï³â. Ñîðòè Àãàò, Àíòåé, 
Â³êîíò, Äåáþò, Îíòàð³î, Ïàì’ÿò³ Ã³÷ê³íà, Ïðåì³óì, Ïðåñòèæ, Ñåðïíåâèé, 
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Óêðà¿íà — 96, ßíòàðíèé òà ë³í³ÿ Ó²Ð 3470 º íîñ³ÿìè äîì³íàíòíîãî àëåëÿ 
Pi-ta. Çàçíà÷åí³ ñîðòè ìîæíà âèêîðèñòîâóâàòè ÿê äæåðåëà ãåíà ñò³éêîñò³ 
äî ï³ðèêóëÿð³îçó Pi-ta. Ñë³ä çàçíà÷èòè, ùî âñ³ ñîðòè ²íñòèòóòó ðèñó, ùî 
âõîäÿòü äî Äåðæàâíîãî ðåºñòðó ñîðò³â ðîñëèí, ïðèäàòíèõ äî ïîøèðåííÿ 
â Óêðà¿í³, ìàþòü ãåíîòèï ç äîì³íàíòíèì àëåëåì ãåíà Pi-ta. Ïðîòå ñåðåä 
ñîðò³â óêðà¿íñüêî¿ ñåëåêö³¿ íå âèÿâëåíî æîäíîãî ñîðòó ç äîì³íàíòíèì 
àëåëåì ãåíà Pi-b. 

Òàáëèöÿ 2 

Ãåíîòèïè ñîðò³â òà ë³í³é ñåëåêö³¿ ²íñòèòóòó ðèñó ÍÀÀÍÓ çà àëåëÿìè ãåí³â ñò³é-
êîñò³ äî ï³ðèêóëÿð³îçó Pi-ta òà Pi-b 

Ñîðò, ë³í³ÿ

Ð
³ê

 ñ
òâ

îð
åí

íÿ Àëåëü 

Ñîðò, ë³í³ÿ

Ð
³ê

 ñ
òâ

îð
åí

íÿ Àëåëü

P
i-

ta

ði
-t

a

P
i-

b

ði
-b

P
i-

ta

ði
-t

a

P
i-

b

ði
-b

Àãàò 2004 + – – + ßíòàðíèé 2002 + – – +
Àíòåé 2002 + – – + ÊÎÏ-161–92 1992 – + – +
Â³êîíò 2007 + – – + ÓêðÍÄÑ 5079 1993 – + – +
Äåáþò 2009 + – – + ÓêðÍÄÑ 6955 1998 – + – +
Äí³ïðîâñüêèé 1999 + + – + Ó²Ð 2184 2010 – + – +
Åíåé 1992 – + – + Ó²Ð 2775 2010 + + – +
Îíòàð³î 2008 + – – + Ó²Ð 3470 2009 + – – +
Ïàì’ÿò³ Ã³÷ê³íà 2002 + – – + Ó²Ð 3472 2009 – + – +
Ïåðåêàò 1986 – + – + Ó²Ð 3475 2009 – + – +
Ïðåì³óì 2006 + – – + Ó²Ð 3481 2010 – + – +
Ïðåñòèæ 2005 + – – + Ó²Ð 3482 2010 – + – +
Ïðèá³é 1994 – + – + Ó²Ð 3483 2010 – + – +
Ñåðïíåâèé 2008 + – – + Ó²Ð 5814 2009 – + – +
Óêðà¿íà — 96 1996 + – – + Ó²Ð 5815 2009 – + – +
×åðâîíèé 2007 – + – + Ó²Ð 8458 2010 – + – +

Ïðèì³òêà : «+» — ïðèñóòí³ñòü àëåëÿ, «–» — â³äñóòí³ñòü àëåëÿ. 

Íà òðåòüîìó åòàï³ äîñë³äæóâàëè ñîðòè ³ ë³í³¿ ðèñó ð³çíîãî ãåîãðà-
ô³÷íîãî ïîõîäæåííÿ (ªâðîïà, Àç³ÿ, Àôðèêà, Àìåðèêà). Â äîñë³äæåíîìó 
íàáîð³ ç 73 ñîðò³â ³ ë³í³é áóëî âèÿâëåíî ùå 11 ñîðò³â, ùî íåñóòü äîì³-
íàíòíèé àëåëü ãåíà Pi-ta (òàáë. 3). Ïðîòå 6 ñîðò³â áóëè íåîäíîð³äíèìè 
òà ñêëàäàëèñü ç äâîõ ãåíîòèï³â ç äîì³íàíòíèì òà ðåöåñèâíèì àëåëåì 
ãåíà Pi-ta â³äïîâ³äíî. Îäíîð³äí³ ñîðòè òà ë³í³¿ Ìàëèø, Ìóòàíò 4207–75, 
ÏÔ-4186 (Ðîñ³ÿ), Chise Bind (ßïîí³ÿ) òà Delfino (Òóðå÷÷èíà) ìàëè ãåíîòèï 
ç äîì³íàíòíèì àëåëåì ãåíà Pi-ta, ÿêèé çàáåçïå÷óº ñò³éê³ñòü. Çàçíà÷åí³ 
ñîðòè òàêîæ ìîæíà âèêîðèñòîâóâàòè â ñåëåêö³¿ íà ñò³éê³ñòü äî ï³ðèêóëÿ-
ð³îçó. Ñë³ä çàçíà÷èòè, ùî ÷àñòîòà àëåëÿ Pi-ta ó ñîðò³â ³ ë³í³é ðèñó Óêðà¿íè 
(43,3±9,05) ³ñòîòíî ïåðåâèùóâàëà àíàëîã³÷íèé ïîêàçíèê â íàáîð³ ñîðò³â 
ç Ðîñ³¿, à òàêîæ ³íøèõ êðà¿í ªâðîïè òà Àç³¿ (ðèñ. 2). Ó ñîðò³â ðèñó ç Àôðèêè 
òà Àìåðèêè íå âèÿâëåíî ãåíîòèï³â ç äîì³íàíòíèì àëåëåì Pi-ta. 
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Ðèñ. 2. ×àñòîòè àëåë³â ãåíà Pi-ta 

Ãåí ñò³éêîñò³ Pi-ta çàáåçïå÷óº ñåðåäíþ (íà ð³âí³ 5–7 áàë³â) ñò³éê³ñòü 
ñîðò³â ðèñó äî ï³ðèêóëÿð³îçó â óìîâàõ Ï³âäíÿ Óêðà¿íè. Òîìó äëÿ ñòâîðåí-
íÿ ñò³éêèõ ñîðò³â íåîáõ³äíî ñõðåùóâàòè ñîðòè, ÿê³ íåñóòü äîì³íàíòíèé 
àëåëü ãåíà Pi-ta, ç ñîðòàìè, ùî ìàþòü ³íø³ ãåíè ñò³éêîñò³ äî ö³º¿ õâîðî-
áè, íàïðèêëàä ç ñîðòàìè-íîñ³ÿìè äîì³íàíòíîãî àëåëÿ Pi-b, ÿêèé òàêîæ 
çàáåçïå÷óº ñò³éê³ñòü äî ï³ðèêóëÿð³îçó. Ïðîòå ó ñîðò³â óêðà¿íñüêî¿ ñåëåê-
ö³¿ äîì³íàíòíîãî àëåëÿ Pi-b íå âèÿâëåíî. Îñíîâíà ÷àñòèíà äîñë³äæåíèõ 
íàìè ñîðò³â òà ë³í³é ðèñó ð³çíîãî ãåîãðàô³÷íîãî ïîõîäæåííÿ òàêîæ õàðàê-
òåðèçóâàëàñü ãåíîòèïîì ç ðåöåñèâíèì àëåëåì pi-b. Äîì³íàíòíèé àëåëü 
ãåíà Pi-b ³äåíòèô³êîâàíî ëèøå ó òðüîõ ñîðò³â òà ë³í³é ðèñó: ÂÍ²²Ð 546 (Ðî-
ñ³ÿ), 97-Â (²íä³ÿ) òà IRBL-21 (Ô³ë³ïï³íè). Çàçíà÷åí³ ñîðòè ìîæíà âèêîðèñ-
òîâóâàòè â ñõðåùóâàííÿõ äëÿ ñòâîðåííÿ íîâèõ ñò³éêèõ äî ï³ðèêóëÿð³îçó 
ñîðò³â. 

Îòæå, ç ìåòîþ ñòâîðåííÿ ñò³éêèõ ãåíîòèï³â ìè ìîæåìî ðåêîìåí-
äóâàòè äëÿ ï³ðàì³äóâàííÿ ãåí³â ñò³éêîñò³ Pi-ta òà Pi-b âèêîðèñòîâóâàòè 
â ñõðåùóâàííÿõ àäàïòîâàí³ äî ì³ñöåâèõ óìîâ ðèñîñ³ÿííÿ ñîðòè óêðà-
¿íñüêî¿ ñåëåêö³¿ ²íñòèòóòó ðèñó, ùî íåñóòü äîì³íàíòíèé àëåëü ãåíà Pi-ta 
(Àãàò, Àíòåé, Â³êîíò, Äåáþò, Îíòàð³î, Ïàì’ÿò³ Ã³÷ê³íà, Ïðåì³óì, Ïðåñòèæ, 
Ñåðïíåâèé, Óêðà¿íà — 96, ßíòàðíèé), ç ñîðòàìè-íîñ³ÿìè äîì³íàíòíîãî 
àëåëÿ ãåíà Pi-b (ÂÍ²²Ð 546, 97-Â, IRBL-21, Brazos, Katy, Labelle, Madison). 
Ïðè öüîìó âèêîðèñòàííÿ êîäîì³íàíòíèõ ìîëåêóëÿðíî-ãåíåòè÷íèõ ìàð-
êåð³â äîçâîëèòü ³ñòîòíî ñêîðîòèòè ñåëåêö³éíó ñõåìó ñòâîðåííÿ âèõ³äíî-
ãî ìàòåð³àëó ðèñó ç åôåêòèâíèìè ãåíàìè ñò³éêîñò³ äî ï³ðèêóëÿð³îçó Pi-ta 
³ Pi-b. 

Ç âèùåçàçíà÷åíîþ ìåòîþ â ²íñòèòóò³ ðèñó ñòâîðåíî F
2
 ïîïóëÿö³¿ 

97-Â/Â³êîíò, 97-Â/Îíòàð³î, IRBL-21/Â³êîíò, IRBL-21/Ïðåì³óì, IRBL-21/
Îíòàð³î, ó ÿêèõ îäí³ºþ ç áàòüê³âñüêèõ ôîðì áóëè íîñ³¿ äîì³íàíòíîãî àëåëÿ 
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Pi-ta óêðà¿íñüêî¿ ñåëåêö³¿ (Â³êîíò, Îíòàð³î, Ïðåì³óì), à ³íøîþ áàòüê³â-
ñüêîþ ôîðìîþ — íîñ³¿ äîì³íàíòíîãî àëåëÿ Pi-b (97-Â òà IRBL-21). Íèí³ 
ç çàñòîñóâàííÿì ìîëåêóëÿðíèõ ìàðêåð³â ç ðîñëèí F

2
 ïîïóëÿö³é ïðîâî-

äèòüñÿ äîá³ð ãåíîòèï³â, ÿê³ ïîºäíóþòü äîì³íàíòí³ àëåë³ ãåí³â Pi-ta òà Pi-b 
â ãîìîçèãîòíîìó ñòàí³, ùî çíà÷íî ñêîðî÷óº ñåëåêö³éíèé ïðîöåñ. 

Âèñíîâêè. ²äåíòèô³êîâàíî ãåíîòèïè ñîðò³â ³ ë³í³é ðèñó ð³çíîãî ãåî-
ãðàô³÷íîãî ïîõîäæåííÿ çà àëåëÿìè ãåí³â ñò³éêîñò³ äî ï³ðèêóëÿð³îçó Pi-ta 
òà Pi-b ç âèêîðèñòàííÿì êîäîì³íàíòíèõ âíóòð³ãåííèõ ìîëåêóëÿðíèõ ìàð-
êåð³â. Âèÿâëåíî ãåíîòèïè-íîñ³¿ äîì³íàíòíèõ àëåë³â çàçíà÷åíèõ ãåí³â, ÿê³ 
ðåêîìåíäóºòüñÿ çàëó÷àòè â ñåëåêö³éí³ ïðîãðàìè äëÿ ï³äâèùåííÿ ñò³é-
êîñò³ ðèñó äî ï³ðèêóëÿð³îçó. 
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Institute — National Center of Seed and Cultivar Investigations 

DETECTION OF RACE-SPECIFIC BLAST RESISTANCE GENES PI-TA 
AND PI-B IN RICE VARIETIES (Îryza sativa L.) 

An intragenic codominant molecular genetic markers for detection allelic 
state race-specific blast resistance genes Pi-ta and Pi-b is used for searching 
its donors among 103 varieties and lines rice of different geographical origin 
in the National Collection of the Institute of rice NAANU. Genotypes carrier 
resistant dominant alleles of genes Pi-ta and Pi-b were detected. 

ÓÄÊ 577.2:581.2:632.938.1:633.181 

Ãàëàåâ À. Â., Ãàëàåâà Ì. Â., Øïàê Ä. Â. 

ÂÛßÂËÅÍÈÅ ÐÀÑÎÑÏÅÖÈÔÈ×ÅÑÊÈÕ ÃÅÍÎÂ ÓÑÒÎÉ×ÈÂÎÑÒÈ 
Ê ÏÈÐÈÊÓËßÐÈÎÇÓ PI-TA È PI-B Â ÑÎÐÒÀÕ ÐÈÑÀ (Îryza sativa L.) 

Êîäîìèíàíòíûå âíóòðèãåííûå ìîëåêóëÿðíî-ãåíåòè÷åñêèå ìàðêåðû 
èñïîëüçîâàíû äëÿ äåòåêöèè àëëåëüíîãî ñîñòîÿíèÿ ðàñîñïåöèôè÷åñêèõ 
ãåíîâ óñòîé÷èâîñòè ê ïèðèêóëÿðèîçó Pi-ta è Pi-b â 103 ñîðòàõ è ëèíèÿõ 
ðèñà ðàçëè÷íîãî ãåîãðàôè÷åñêîãî ïðîèñõîæäåíèÿ èç Íàöèîíàëüíîé 
êîëëåêöèè Èíñòèòóòà ðèñà ÍÀÀÍÓ. Îáíàðóæåíû ãåíîòèïû–íîñèòåëè äî-
ìèíàíòíûõ àëëåëåé ãåíîâ Pi-ta è Pi-b, îáåñïå÷èâàþùèå óñòîé÷èâîñòü 
ðèñà ê ïèðèêóëÿðèîçó. 
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ÌÎËÅÊÓËßÐÍÎ-ÃÅÍÅÒÈ×ÍÈÉ ÀÍÀË²Ç ÂÈÄ²Â ÐÎÄÓ 
SORGHUM MOENCH

Ïðîâåäåíî àíàë³ç ìîëåêóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó ãåíîìó 
ñîðãî íà ì³æâèäîâîìó ³ âíóòð³øíüîâèäîâîìó ð³âíÿõ. Óòî÷íåíî ãåíå-
òè÷íå ïîõîäæåííÿ ñîðèçó. Ñòâîðåíî òåñò-ïàíåëü 15 ì³êðîñàòåë³ò-
íèõ ìàðêåð³â ç âèñîêîþ äèñêðèì³íàö³éíîþ çäàòí³ñòþ. Îö³íåíî ãå-
íåòè÷íó ÷èñòîòó ë³í³é ñîðãî çà äàíèìè ìàðêåðàìè. Ïðîàíàë³çîâàíî 
àëåëüíèé ñêëàä SSR-ëîêóñ³â òà ñòâîðåíî áàçó äàíèõ ÄÍÊ-òèïóâàííÿ 
ë³í³é ñîðãî, ùî êóëüòèâóþòüñÿ íà Ï³âäí³ Óêðà¿íè. 

Êëþ÷îâ³ ñëîâà: Sorghum Moench, ïîë³ìåðàçíà ëàíöþãîâà ðåàêö³ÿ, 
ì³êðîñàòåë³òè, ãåíîì, ïîë³ìîðô³çì. 

Âñòóï. Äîñÿãíåííÿ ìîëåêóëÿðíî¿ ãåíåòèêè òà ãåíîì³êè çðîáèëè âà-
ãîìèé âíåñîê ó ðîçâèòîê çàãàëüíî¿ á³îëîã³¿ òà â³äêðèëè øèðîê³ ìîæëèâîñ-
ò³ äëÿ âèêîðèñòàííÿ íîâ³òí³õ òåõíîëîã³é ó ñ³ëüñüêîãîñïîäàðñüê³é ïðàêòè-
ö³. Ñó÷àñíèé íàïðÿì ó äîñë³äæåííÿõ òåîðåòè÷íèõ ³ ïðàêòè÷íèõ ïðîáëåì 
ðîñëèííèöòâà áàçóºòüñÿ íà âèâ÷åíí³ ïîë³ìîðô³çìó ãåíîìó òîãî ÷è ³íøî-
ãî âèäó çà äîïîìîãîþ ìîëåêóëÿðíèõ ìàðêåð³â. Äî ïåâíîãî ÷àñó îá’ºêòîì 
ãåíåòè÷íèõ ³ ìîëåêóëÿðíî-ãåíåòè÷íèõ äîñë³äæåíü áóëî îáìåæåíå êîëî 
âèä³â ðîñëèí — ãîðîõ, êóêóðóäçà. Ç ðîçâèòêîì òåõíîëîã³¿ âèâ÷åííÿ ÄÍÊ 
ðîçøèðèâñÿ ñïåêòð ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð — îá’ºêò³â ãåíîìíèõ 
äîñë³äæåíü. Óñë³ä çà ïøåíèöåþ, ÿ÷ìåíåì, ñîíÿøíèêîì ïî÷àëèñü äîñë³-
äæåííÿ òàêî¿ âàæëèâî¿ êóëüòóðè, ÿê ñîðãî. 

Ñîðãî (Sorghum bicolor Moench) êóëüòèâóºòüñÿ â 85 êðà¿íàõ ñâ³òó ³ º 
îäí³ºþ ç ï’ÿòè íàéâàæëèâ³øèõ çëàêîâèõ êóëüòóð [1]. Âèðîùóâàííÿ éîãî â 
ïîñóøëèâèõ óìîâàõ Ï³âäåííîãî Ñòåïó Óêðà¿íè, ÿê íàéá³ëüø ïîñóõîñò³éêî¿ 
êîðìîâî¿ òà çåðíîâî¿ êóëüòóðè, ìàº âåëèêå çíà÷åííÿ. Ñîðãî òàêîæ âèÿâè-
ëîñÿ ïðèäàòíîþ ñèðîâèíîþ äëÿ âèðîáíèöòâà á³îåòàíîëó. Éîìó âëàñòè-
â³ çíà÷íå åêîëîãî-ãåîãðàô³÷íå òà ñîðòîâå ð³çíîìàí³òòÿ, âåëèêà ê³ëüê³ñòü 
ïðîì³æíèõ ôîðì, ùî ³ñòîòíî óñêëàäíþº êëàñèô³êàö³þ. Íàÿâíà òàêñîíîì³ÿ 
çàñíîâàíà íà äâîõ ï³äõîäàõ: áîòàí³÷íîìó (îö³íêà îñíîâíèõ ìîðôîëîã³÷íèõ 
îçíàê ñîðãî) òà ïðàêòè÷íîìó (îïèñ ãîñïîäàðñüêèõ îçíàê) [2, 3]. Ïðè êëà-
ñèô³êàö³¿ ðîäó Sorghum Moench íàéá³ëüø ÷àñòî âèêîðèñòîâóþòü äðóãèé 
ï³äõ³ä. 

Ê³ëüêà äåñÿòèë³òü òîìó â ðÿä³ ñåëåêö³éíèõ öåíòð³â Óêðà¿íè òà Ìîëäîâè 
ñòâîðåíî íîâó êóëüòóðó — ñîðãî ðèñîçåðíå, ñîðèç (Sorghum oryzoidum), 
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ÿêà ìàº âèñîêó õàð÷îâó ö³íí³ñòü ³ âèêîðèñòîâóºòüñÿ äëÿ îäåðæàííÿ âèñî-
êîÿê³ñíèõ êðóï’ÿíèõ âèðîá³â [4]. Ïîõîäæåííÿ òà êëàñèô³êàö³ÿ ñîðèçó íà 
ñüîãîäí³ íåäîñòàòíüî âèçíà÷åí³, îñê³ëüêè ³äåíòèô³êàö³ÿ çä³éñíþºòüñÿ çà 
ìîðôîëîã³÷íèìè òà àãðîíîì³÷íèìè îçíàêàìè. Çàñòîñóâàííÿ æ ìîëåêó-
ëÿðíèõ ìàðêåð³â â îö³íö³ âàð³àáåëüíîñò³ âèä³â òà ñîðò³â ðîñëèí äîçâîëÿº 
âèÿâèòè ãåíåòè÷í³ âçàºìîâ³äíîñèíè òà óòî÷íèòè ñèñòåìàòèêó ðîä³â ðîñ-
ëèí íàéâàæëèâ³øèõ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð [5, 6]. Ó öüîìó ïëàí³ 
ÄÍÊ-ìàðêåðè, ÿê³ ãåíåðóþòüñÿ â ðåçóëüòàò³ ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðå-
àêö³¿ (ÏËÐ), ìîæóòü âèÿâèòèñÿ âàæëèâèì äîïîì³æíèì ³íñòðóìåíòîì ³ äëÿ 
êëàñèô³êàö³¿ ñîðãî. 

Ìåòà: îö³íêà ìîëåêóëÿðíî-ãåíåòè÷íîãî ð³çíîìàí³òòÿ âèä³â ðîäó 
Sorghum òà ðîçðîáêà ³äåíòèô³êàö³éíî¿ ñèñòåìè ìàðêåð³â. 

Ìàòåð³àë ³ ìåòîäè. Ìàòåð³àëîì ñëóãóâàëè 15 ë³í³é ÷îòèðüîõ âèä³â 
ñîðãî: ñîðãî çâè÷àéíîãî (ÍÊ-180; Ê35–ª5; ÍÊ–5418; ÍÊ–2517; ÍÊ–1486), 
öóêðîâîãî (Îäåñüêà 1820; 1969 Áóäæàê; Îäåñüêà 2111; Îäåñüêà 2113; 
2179 Áóäæàê), â³íèêîâîãî (2645 Áóäæàê; 2806 Áóäæàê; 2778 Áóäæàê), ñó-
äàíñüêîãî (2810 Áóäæàê; Ñóäàíêà 1); ï’ÿòü ë³í³é ñîðèçó (4005 Áóäæàê; 
2265 Áóäæàê; 721/I; 1/II; Îäåñüêà 302), ï’ÿòü ñîðò³â ðèñó: Ïàì’ÿò³ Ã³÷ê³íà, 
Ïðåì³óì, Äåáþò, Â³êîíò, Óêðà¿íà; ë³í³ÿ êóêóðóäçè ÃÊ 26. 

Âèä³ëÿëè ÄÍÊ ³ ÏËÐ çã³äíî â³äîìî¿ ìåòîäèêè [8]. Ïðîäóêòè ÏËÐ ôðàê-
ö³îíóâàëè ó 10,0 %-ìó ïîë³àêðèëàì³äíîìó ãåë³ â ÒÂÅ-áóôåð³. Â³çóàë³çà-
ö³þ ïðîäóêò³â àìïë³ô³êàö³¿ ïðîâîäèëè çã³äíî [9]. Êëàñòåðíèé àíàë³ç ç 
ãðàô³÷íîþ ïîáóäîâîþ äåíäðîãðàì çä³éñíþâàëè çà êîìï’þòåðíîþ ïðî-
ãðàìîþ «TREES 4.0». Ð³âåíü ïîë³ìîðô³çìó îö³íþâàëè ó â³äñîòêàõ — ÿê 
â³äíîøåííÿ ïîë³ìîðôíèõ ÏËÐ-ëîêóñ³â äî çàãàëüíîãî ÷èñëà äåòåêòîâàíèõ 
ÏËÐ-ëîêóñ³â: 

P= n
p
 / n

p
+n

np
 õ 100 %, 

äå n
p
 — ê³ëüê³ñòü ïîë³ìîðôíèõ ÏËÐ-ëîêóñ³â, à n

np
 — ê³ëüê³ñòü íåïîë³ìîðô-

íèõ ÏËÐ-ëîêóñ³â. 
Äëÿ êîæíîãî SSR-ëîêóñó âèçíà÷àëè ³íäåêñ ïîë³ìîðôíîñò³ (Polimorphic 

Index Content), PIC çà ôîðìóëîþ: 

PIC = 1 – 
1

n

i

fi

 2, 

äå f 
i
2 — ÷àñòîòà i-ãî àëåëÿ. 

Ðåçóëüòàòè äîñë³äæåíü òà îáãîâîðåííÿ. Äëÿ âèÿâëåííÿ ãåíåòè÷íî-
ãî ð³çíîìàí³òòÿ òà ô³ëîãåíåòè÷íèõ â³äíîøåíü îáðàí³ çðàçêè ñ³ìåéñòâà çëà-
êîâèõ — êóêóðóäçà òà ðèñ. Êóêóðóäçó îáðàíî äëÿ ïîð³âíÿëüíîãî àíàë³çó ó 
çâ’ÿçêó ç òèì, ùî âîíà ôåíîòèïîâî ³ ãåíåòè÷íî íàéá³ëüø áëèçüêà äî ñîðãî, 
à ðèñ — äëÿ îö³íêè äîñòîâ³ðíîñò³ îäí³º¿ ç ã³ïîòåç ïðî ïîõîäæåííÿ ñîðèçó 
ÿê ã³áðèäà çâè÷àéíîãî õë³áíîãî ñîðãî ç äèêîðîñëèìè ôîðìàìè ðèñó. 

ÏËÐ-àíàë³ç ç çàñòîñóâàííÿì 10 äîâ³ëüíèõ ïðàéìåð³â äîçâîëèâ äè-
ôåðåíö³þâàòè äîñë³äæåí³ âèäè ñ³ìåéñòâà çëàê³â. Îòðèìàí³ óí³êàëüí³ äëÿ 
êîæíîãî çðàçêà ñïåêòðè àìïë³ô³êàö³¿ ÄÍÊ, ÿê³ âêëþ÷àëè â³ä 10 äî 23 êîì-
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ïîíåíò³â. Ïðîàíàë³çîâàíî 183 àìïë³êîíè. Ð³âåíü ïîë³ìîðô³çìó ì³æ çðàç-
êàìè âèá³ðêè, ùî íàëåæàòü äî ð³çíèõ ðîä³â òà âèä³â, ñêëàâ 99 %. 

Äåíäðîãðàìà îá’ºäíàëà çðàçêè, ùî íàëåæàòü äî òðüîõ ðîä³â: 
Sorghum, Zea, Oryza. Ãåíåòè÷íà äèñòàíö³ÿ ì³æ êëàñòåðîì À, ÿêèé ì³ñòèòü 
çðàçêè ðîäó Sorghum, òà ïðåäñòàâíèêîì ðîäó Zea ñêëàäàº 0,925. Ì³æ 
òèì, Zea ³ Oryza â³ääàëåí³ îäèí â³ä îäíîãî ç êîåô³ö³ºíòîì 0,939 (ðèñ. 1). 
Öå ³ëþñòðóº çíà÷íó ãåíåòè÷íó â³ääàëåí³ñòü ðîäó Sorghum â³ä éîãî íàé-
áëèæ÷èõ ðîäè÷³â. Òàêèé ðîçïîä³ë ñï³âïàäàº ç çàãàëüíèì óÿâëåííÿì ñèñ-
òåìàòèêè çëàê³â. 

 

Ðèñ. 1. Äåíäðîãðàìà ì³æ- òà âíóòð³øíüîðîäîâèõ âçàºìîâ³äíîñèí çëàêîâèõ 
çà äàíèìè ÄÍÊ-òèïóâàííÿ çà áàãàòîëîêóñíèìè ìàðêåðàìè 

Ñîðèç çíàõîäèòüñÿ â îäíîìó êëàñòåð³ ç ³íøèìè ïðåäñòàâíèêàìè ðîäó 
ñîðãî, íà ìàêñèìàëüíèõ â³äñòàíÿõ â³ä êóêóðóäçè òà ðèñó, ì³í³ìàëüíà ãå-
íåòè÷íà äèñòàíö³ÿ âèÿâëåíà ì³æ ñîðèçîì òà çâè÷àéíèì ñîðãî. Îòæå, íà 
îñíîâ³ ìîëåêóëÿðíî-ãåíåòè÷íîãî àíàë³çó ìîæíà çðîáèòè âèñíîâîê, ùî 
ñîðèç º ôîðìîþ ñîðãî. 

Âèêîðèñòàííÿ ÏËÐ ³ç 10 äîâ³ëüíèìè ïðàéìåðàìè äîçâîëèëî äèôå-
ðåíö³þâàòè 20 ãåíîòèï³â ñîðãî ³ îö³íèòè ì³æ- òà âíóòð³øíüîâèäîâèé ïîë³-
ìîðô³çì öèõ çðàçê³â. Ñïåêòðè àìïë³ô³êàö³¿ ÄÍÊ áóëè óí³êàëüí³ äëÿ êîæíî¿ 
ë³í³¿ ³ âêëþ÷àëè â³ä 14 äî 23 êîìïîíåíò³â. Ïðîàíàë³çîâàíî 188 àìïë³êî-
í³â, ç ÿêèõ 180 — ïîë³ìîðôí³. Ð³âåíü ïîë³ìîðô³çìó ì³æ çðàçêàìè âèá³ð-
êè ñêëàâ 96,2 %. Çíà÷åííÿ ãåíåòè÷íèõ äèñòàíö³é âàð³þâàëè â³ä 0,111 äî 
0,787 [9]. Êëàñòåðèçàö³ÿ ãåíîòèï³â çà äàíèìè áàãàòîëîêóñíî¿ ñèñòåìè 
ìàðêåð³â â³äáèâàº íàëåæí³ñòü çðàçê³â äàíî¿ âèá³ðêè äî ãðóï, ÿê³ â³äïîâ³-
äàþòü ³äåíòèô³êàö³¿ çà ãîñïîäàðñüêèìè îçíàêàìè. 

Äëÿ ïåðåâ³ðêè ã³ïîòåç ïîõîäæåííÿ ñîðèçó çàñòîñîâóâàëè ÏËÐ-àíàë³ç 
ì³êðîñàòåë³òíèõ (ÌÑ) ëîêóñ³â. Ç ìåòîþ äåòåêö³¿ ìîæëèâî¿ ïðèñóòíîñò³ 
ôðàãìåíò³â ðèñó â ãåíîì³ ñîðèçó âèêîðèñòîâóâàëè 20 ÌÑ ìàðêåð³â ðèñó 
òà 10 ÌÑ ìàðêåð³â ñîðãî. Ïðè àìïë³ô³êàö³¿ ïîñë³äîâíîñòåé 10 ÌÑ ëîêóñ³â 
ñîðãî îòðèìàëè ÄÍÊ-ñïåêòðè äâîõ çðàçê³â ñîðèçó, ÷îòèðüîõ ë³í³é ñîðãî 
òà ÷îòèðüîõ ñîðò³â ðèñó. Çà ÌÑ ëîêóñàìè ñîðãî Sb6–36 òà Sb6–84 ó âñ³õ 
ñîðò³â ðèñó âèÿâëåíî ïðîäóêòè àìïë³ô³êàö³¿, àíàëîã³÷í³ òèì, ùî âèçíà-
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÷åí³ äëÿ çðàçê³â ñîðãî. Ïðè àìïë³ô³êàö³¿ 20 ÌÑ ëîêóñ³â ðèñó îòðèìàíî 
àìïë³êîíè äëÿ âñ³õ äîñë³äæóâàíèõ çðàçê³â. Çà ñ³ìîìà ÌÑ ëîêóñàìè ðèñó 
(RM105, RM125, RM259, RM338, RM452, RM489 òà RM552) âèÿâëåíî 
ïðîäóêòè àìïë³ô³êàö³¿ äëÿ äâîõ çðàçê³â ñîðèçó òà äëÿ äåÿêèõ âèä³â ðîäó 
Sorghum. Äëÿ ë³í³¿ Ñóäàíêà 1 òà ë³í³é ñîðèçó Îäåñüêà 302 òà 4005 Áóäæàê 
âèçíà÷åí³ àëåë³ ÌÑ ëîêóñ³â RM259 òà RM338, ÿê³ íå õàðàêòåðí³ äëÿ äî-
ñë³äæåíèõ çðàçê³â ðèñó. Âèùåíàâåäåíå ìîæå ñâ³ä÷èòè ïðî òå, ùî ñî-
ðèç, îòðèìàíèé óíàñë³äîê ã³áðèäèçàö³¿ âèä³â ñîðãî, íåñå ôðàãìåíòè ÄÍÊ 
Sorghum sudanense. Çà ñóìàðíèìè äàíèìè ÏËÐ-àíàë³çó ÌÑ ëîêóñ³â ñîð-
ãî òà ðèñó çðàçêè íà äåíäðîãðàì³ ðîçïîä³ëèëèñü ó äâà êëàñòåðè (ðèñ. 2). 
Çíà÷åííÿ ãåíåòè÷íèõ äèñòàíö³é âàð³þâàëè â³ä 0,226 äî 0,994. Ïåðøèé 
êëàñòåð ì³ñòèòü ïðåäñòàâíèê³â ðîäó Sorghum, ïðè öüîìó íàéáëèæ÷èì äî 
ïðåäñòàâíèê³â ñîðèçó º çðàçîê S. sudanense — ë³í³ÿ Ñóäàíêà 1. Äðóãèé 
êëàñòåð îá’ºäíóº çðàçêè ðèñó. Íà îñíîâ³ ìîëåêóëÿðíî-ãåíåòè÷íîãî àíà-
ë³çó ÌÑ ëîêóñ³â ñîðãî òà ðèñó âèÿâëåíî, ùî ó ñîðèçó íåìà ôðàãìåíò³â 
ÄÍÊ ðèñó. 

Ïðîâåäåíî ìîëåêóëÿðíî-ãåíåòè÷íèé àíàë³ç ð³çíèõ ôðàêö³é ãåíîìó 
ñîðãî çà ìîëåêóëÿðíèìè ìàðêåðàìè, ùî äîçâîëèëî âèÿâèòè âèñîêèé ð³-
âåíü ïîë³ìîðô³çìó ðîäó òà áëèçüêó ñïîð³äíåí³ñòü ñîðèçó ç çâè÷àéíèì òà 
òðàâ’ÿíèñòèì ñîðãî [10]. 

Ðèñ. 2. Ñóìàðíà äåíäðîãðàìà ãåíåòè÷íèõ âçàºìîâ³äíîñèí çðàçê³â ñîðãî òà ðèñó 
çà äàíèìè ÏËÐ-àíàë³çó ÌÑ ëîêóñ³â ñîðãî òà ðèñó 

Çàïðîïîíîâàíî ñèñòåìó ³äåíòèô³êàö³¿ ãåíîòèï³â ñîðãî çà äàíèìè 
ÄÍÊ-ïðîô³ëþâàííÿ 15 ì³êðîñàòåë³òíèõ ëîêóñ³â, ÿê³ ëîêàë³çîâàí³ íà ð³çíèõ 
õðîìîñîìàõ ³ âèÿâëÿþòü ïîë³ìîðô³çì ó äîñë³äæåíî¿ âèá³ðêè ãåíîòèï³â. 
Äëÿ îö³íêè äèñêðèì³íàö³éíîãî ïîòåíö³àëó ìàðêåðíî¿ ñèñòåìè âèâ÷àëè 20 
ë³í³é ñîðãî òà ñîðèçó. ×èñëî àëåë³â íà ëîêóñ âàð³þâàëî â³ä òðüîõ äî âîñü-
ìè, ñåðåäíÿ ê³ëüê³ñòü àëåë³â íà ëîêóñ — 5. Ñåðåäíº çíà÷åííÿ PIC 0,68 [11]. 

Ð³âåíü ³íôîðìàòèâíîñò³ ìàðêåðíî¿ ñèñòåìè âèÿâèâñÿ äîñòàòí³ì äëÿ 
äèôåðåíö³àö³¿ ïðîàíàë³çîâàíèõ çðàçê³â. Çà òðüîìà âèñîêîïîë³ìîðôíèìè 
ëîêóñàìè — Sb4–121, Sb6–57, Sb6–84, ÿê³ ïîêàçóþòü çíà÷åííÿ PIC 0,81, 
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0,79 òà 0,76, â³äïîâ³äíî îö³íèëè ãåíåòè÷íó îäíîð³äí³ñòü ë³í³é ñîðãî. Âíó-
òð³øíüîë³í³éíî¿ ãåòåðîãåííîñò³ íå âèÿâëåíî [12, 13]. 

Âèñíîâêè. Ð³âåíü ì³æðîäîâîãî ïîë³ìîðô³çìó âèä³â ñîðãî òà ³íøèõ 
çëàê³â ñêëàâ 99 %, ùî ñâ³ä÷èòü ïðî çíà÷íó ãåíåòè÷íó â³ääàëåí³ñòü ðîäó 
Sorghum â³ä éîãî íàéáëèæ÷èõ ðîäè÷³â. Çíà÷íèé ð³âåíü ì³æ- òà âíóòð³ø-
íüîâèäîâîãî ïîë³ìîðô³çìó ðîäó Sorghum (96,2 %) çàñâ³ä÷óº øèðîêó 
ì³íëèâ³ñòü ë³í³é Ï³âäíÿ Óêðà¿íè. Çà áàãàòîëîêóñíèìè òà ì³êðîñàòåë³òíè-
ìè ìàðêåðàìè âèÿâëåíî áëèçüêó ñïîð³äíåí³ñòü ñîðèçó ç³ çâè÷àéíèì ³ 
òðàâ’ÿíèñòèì ñîðãî òà â³ääàëåí³ñòü éîãî â³ä ðèñó. Ñîðèç º ôîðìîþ ñîðãî 
³ íå íåñå ôðàãìåíò³â ÄÍÊ ðèñó. Ðîçðîáëåíî ñèñòåìó ðåºñòðàö³¿ ë³í³é ñîð-
ãî ó âèãëÿä³ ìîëåêóëÿðíî-ãåíåòè÷íèõ ôîðìóë — çà àëåëüíèì ñêëàäîì ì³-
êðîñàòåë³òíèõ ëîêóñ³â. 
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The analysis of molecular genetic polymorphism of sorghum genome on 
the interspecific and intraspecific levels. The genetic origin of soriz was re-
fined. The 15 SSR-marker test-panel with high discriminatory ability was cre-
ated. The genetic purity of the investigated lines was evaluated according to 
the analyzed markers. The allelic composition of SSR-loci and DNA typing 
database of sorghum lines cultivated in the south Ukraine was created. 
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ÌÎËÅÊÓËßÐÍÎ-ÃÅÍÅÒÈ×ÅÑÊÈÉ ÀÍÀËÈÇ ÂÈÄÎÂ 
ÐÎÄÀ SORGHUM MOENCH 

Ïðîâåäåí àíàëèç ìîëåêóëÿðíî-ãåíåòè÷åñêîãî ïîëèìîðôèçìà ãåíî-
ìà ñîðãî íà ìåæâèäîâîì è âíóòðèâèäîâîì óðîâíÿõ. Óòî÷íåíî ãåíåòè÷åñ-
êîå ïðîèñõîæäåíèå ñîðèçà. Ñîçäàíà òåñò-ïàíåëü 15 ìèêðîñàòåëëèòíûõ 
ìàðêåðîâ ñ âûñîêîé äèñêðèìèíàöèîííîé ñïîñîáíîñòüþ. Îöåíåíà ãåíå-
òè÷åñêàÿ ÷èñòîòà ëèíèé ñîðãî ïî äàííûì ìàðêåðàì. Ïðîàíàëèçèðîâàí 
àëëåëüíûé ñîñòàâ SSR-ëîêóñîâ è ñîçäàíà áàçà äàííûõ ÄÍÊ-òèïèðîâàíèÿ 
ëèíèé ñîðãî, êóëüòèâèðóåìûõ íà Þãå Óêðàèíû. 
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ÏÎÐ²ÂÍßËÜÍÈÉ ÀÍÀË²Ç ÀËÅËÜÍÎÃÎ ÑÊËÀÄÓ 
Ì²ÊÐÎÑÀÒÅË²ÒÍÈÕ ËÎÊÓÑ²Â ÁÓÐßÊ²Â ÖÓÊÐÎÂÈÕ 
(Beta vulgaris ssp. Saccharifera Dole) 

Çàëó÷åííÿ ó ñåëåêö³éíó ïðàêòèêó âåëèêî¿ ê³ëüêîñò³ ôîðì áóðÿê³â äëÿ 
ñòâîðåííÿ âèñîêîïðîäóêòèâíèõ ñîðò³â òà ã³áðèä³â ïîòðåáóº íàä³é-
íèõ ìåòîä³â ¿õíüî¿ ³äåíòèô³êàö³¿. Ç ö³ºþ ìåòîþ øèðîêî âèêîðèñòî-
âóºòüñÿ àíàë³ç àëåëüíîãî ñêëàäó ì³êðîñàòåë³òíèõ ëîêóñ³â ºâðîïåé-
ñüêèõ ôîðì. Ç âèêîðèñòàííÿì îïóáë³êîâàíèõ äàíèõ ùîäî àëåëüíîãî 
ñêëàäó ïîë³ìîðôíèõ ÌÑ ëîêóñ³â ºâðîïåéñüêèõ ôîðì áóðÿê³â äîñë³-
äèëè óêðà¿íñüê³ ë³í³¿ áóðÿê³â òà ïðîâåëè ïîð³âíÿëüíèé àíàë³ç. Âèÿâ-
ëåíî çíà÷í³ ðîçá³æíîñò³ ÿê çà ê³ëüê³ñòþ ³äåíòèô³êîâàíèõ àëåë³â, òàê 
³ çà ¿õíüîþ ÷àñòîòîþ. 

Êëþ÷îâ³ ñëîâà: áóðÿêè, ïîð³âíÿëüíèé àíàë³ç, ÌÑ ëîêóñè, ÷àñòîòà 
àëåë³â ÌÑ ëîêóñ³â. 

Âñòóï. Îäíèì ç íàïðÿì³â ñó÷àñíèõ äîñë³äæåíü êóëüòóðíèõ ðîñëèí 
º àíàë³ç òà õàðàêòåðèñòèêà ¿õíüîãî ïîë³ìîðô³çìó íà îñíîâ³ ÄÍÊ. Ìîëå-
êóëÿðíî-ãåíåòè÷íèé àíàë³ç ñòðóêòóðè ãåíîòèï³â äîçâîëÿº ñóòòºâî ðîç-
øèðèòè óÿâëåííÿ ùîäî ô³ëîãåíåòè÷íîãî ïîõîäæåííÿ, òàêñîíîì³÷íî¿ 
íàëåæíîñò³ òà óäîñêîíàëèòè òåõíîëîã³þ ³äåíòèô³êàö³¿ íà ì³æ- ³ âíóòð³ø-
íüîâèäîâîìó ð³âí³ [1]. Çàëó÷åííÿ ó ñåëåêö³éíó ïðàêòèêó âåëèêî¿ ê³ëüêîñò³ 
ôîðì áóðÿê³â äëÿ ñòâîðåííÿ âèñîêîïðîäóêòèâíèõ ñîðò³â òà ã³áðèä³â ïî-
òðåáóº íàä³éíèõ ìåòîä³â ³äåíòèô³êàö³¿. Ó ð³çíèõ êðà¿íàõ, ìîëåêóëÿðíî-
ãåíåòè÷í³ ìåòîäè ç óñï³õîì âèêîðèñòîâóþòüñÿ äëÿ ³äåíòèô³êàö³¿ ë³í³é òà 
ã³áðèä³â áóðÿê³â [2–4]. Ðàçîì ç öèì çàóâàæèìî, ùî äëÿ îö³íêè òà ³äåí-
òèô³êàö³¿ â³ò÷èçíÿíîãî ñåëåêö³éíîãî ìàòåð³àëó íîâ³ ìåòîäè âèêîðèñòî-
âóþòüñÿ íåäîñòàòíüî. Îòæå, àêòóàëüíèìè º äîñë³äæåííÿ ìîëåêóëÿð-
íî-ãåíåòè÷íîãî ïîë³ìîðô³çìó ì³êðîñàòåë³òíèõ ëîêóñ³â (ÌÑ ëîêóñ³â) äëÿ 
áóðÿê³â â³ò÷èçíÿíî¿ ñåëåêö³¿ òà ïîð³âíÿííÿ ¿õíüîãî àëåëüíîãî ñêëàäó ç âè-
ÿâëåíèìè äëÿ ºâðîïåéñüêèõ ôîðì. 

Ìàòåð³àëè òà ìåòîäè. Ìàòåð³àëîì äîñë³äæåíü ñëóãóâàëè â³ñ³ì ÷îëîâ³-
÷îñòåðèëüíèõ ë³í³é òà ø³ñòü áàãàòîíàñ³ííèõ çàïèëþâà÷³â öóêðîâèõ áóðÿê³â â³-
ò÷èçíÿíî¿ ñåëåêö³¿. ÄÍÊ âèä³ëÿëè ç òðèäåííèõ ïðîðîñòê³â ÖÒÀÁ-ìåòîäîì [5]. 
Êîæíà ë³í³ÿ áóëà ïðåäñòàâëåíà òðèäöÿòüìà ï’ÿòüìà ãåíîòèïàìè. 

© Øàþê Ë. Â., Ðî¿ê Ì. Â., 2015
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Ï³äá³ð ïîë³ìîðôíèõ ÌÑ ëîêóñ³â çä³éñíþâàëè çà ë³òåðàòóðíèìè ïó-
áë³êàö³ÿìè. Çàãàëîì áóëî äîñë³äæåíî àëåëüíèé ñòàí ï’ÿòè ëîêóñ³â: 
GZM 017, GZM 058, GZM 086, Bvm 3 òà Bvm 4 [2, 6]. Íóêëåîòèäí³ ïîñë³äîâ-
íîñò³ ïðàéìåð³â, ùî ôëàíêóþòü ö³ ì³êðîñàòåë³òè, òåìïåðàòóðí³ ðåæèìè 
äëÿ àìïë³ô³êàö³¿ òà àëåëüíèé ñêëàä ç ÷àñòîòíèìè õàðàêòåðèñòèêàìè äëÿ 
ºâðîïåéñüêèõ êóëüòóðíèõ ôîðì áóðÿê³â íàâåäåí³ ó ïðàöÿõ Mörchen et al. 
(1996) òà Dörnte (2001). 

Ðåàêö³þ àìïë³ô³êàö³¿ ïðîâîäèëè ó ïðîãðàìîâàíîìó òåðìîñòàò³ 
«TC 48» (Cleaver Scientific Ltd, Âåëèêîáðèòàí³ÿ). Ðîçïîä³ë ïðîäóêò³â àìï-
ë³ô³êàö³¿ ïðîâîäèëè ó 4 %-ìó àãàðîçíîìó ãåë³ (Agarose SFRTM, Amresco) 
çà äîïîìîãîþ ãîðèçîíòàëüíîãî åëåêòðîôîðåçó [7]. Ðîçì³ðè àëåë³â 
çà äîñë³äæåíèìè ëîêóñàìè âèçíà÷àëè çà êîìï’þòåðíîþ ïðîãðàìîþ 
Electrophoresis Visualization Studio (version 1.05). 

Äëÿ õàðàêòåðèñòèêè ÌÑ ëîêóñ³â ðîçðàõóâàëè ³íäåêñ ïîë³ìîðôíîñò³ 
ëîêóñó polymorphism information content (Ð²Ñ), à äëÿ àëåë³â — ÷àñòîòó. 

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ. Çàãàëîì çà ï’ÿòüìà ÌÑ 
ëîêóñàìè âèÿâëåíî äâàäöÿòü â³ñ³ì àëåë³â (òàáë. 1). 

Òàáëèöÿ 1 

Ïîð³âíÿëüíà õàðàêòåðèñòèêà ÌÑ ëîêóñ³â ó áóðÿê³â ð³çíîãî ïîõîäæåííÿ

Ëîêóñ
Óêðà¿íñüê³ ë³í³¿ öóêðîâèõ áóðÿê³â ªâðîïåéñüê³ êóëüòóðí³ ôîðìè
ê³ëüê³ñòü 

àëåë³â, øò.
ðîçì³ð àëå-

ë³â, ï. í.
Ð²Ñ

ê³ëüê³ñòü 
àëåë³â, øò.

ðîçì³ð àëåë³â, 
ï. í.

Ð²Ñ

Bvm 3 4 110–165 0,46 5 100–120 0,24
Bvm 4 6 65–93 0,76 6 55–103 0,60

GZM 017 4 150–190 0,57 6 150–182 0,70
GZM 058 6 278–333 0,74 6 293–321 0,59
GZM 086 8 130–260 0,79 7 165–212 0,83

²äåíòèô³êîâàí³ àëåë³ ð³âíîì³ðíî ïðèñóòí³ ó äàí³é ðîñëèíí³é âèá³ðö³. 
Öå äàëî çìîãó îòðèìàòè âèñîê³ çíà÷åííÿ Ð²Ñ, ùî êîëèâàëèñÿ ó ìåæàõ â³ä 
0,46 äî 0,79, à ñåðåäí³é ïîêàçíèê ñòàíîâèâ 0,66. 

Ïîð³âíÿëüíèé àíàë³ç çíà÷åíü Ð²Ñ äëÿ óêðà¿íñüêèõ ë³í³é öóêðîâèõ áó-
ðÿê³â ³ç âèçíà÷åíèìè äëÿ ºâðîïåéñüêèõ ôîðì ñâ³ä÷èòü ïðî âèùèé ¿õí³é 
ð³âåíü äëÿ ïåðøèõ çà ïåðåâàæíîþ á³ëüø³ñòþ ëîêóñ³â. Òàê, á³ëüøèì öåé 
ïîêàçíèê áóâ äëÿ ëîêóñ³â Bvm 3 (0,46 äëÿ óêðà¿íñüêèõ ë³í³é ó ïîð³âíÿíí³ 
ç 0,24 äëÿ ºâðîïåéñüêèõ áóðÿê³â), Bvm 4 (0,76 òà 0,60) òà GZM 058 (0,74 
ó ïîð³âíÿíí³ ç 0,59). Äëÿ ëîêóñ³â GZM 017 òà GZM 086 çíà÷åííÿ Ð²Ñ áóëî 
äåùî íèæ÷èì äëÿ âèá³ðêè â³ò÷èçíÿíèõ ë³í³é, í³æ âñòàíîâëåíèé äëÿ ºâðî-
ïåéñüêèõ ôîðì (òàáë. 1). 

Âèùèé ð³âåíü çíà÷åííÿ Ð²Ñ äëÿ âèá³ðêè ñâ³ä÷èòü ïðî á³ëüøå ð³çíî-
ìàí³òòÿ ãåíåòè÷íîãî ìàòåð³àëó, ùî îá’ºäíàíèé ó í³é. Òàêîæ ìîæíà ñòâåð-
äæóâàòè ïðî êðàùó ñïðîìîæí³ñòü äèôåðåíö³þâàòè â³ò÷èçíÿí³ ë³í³¿ çà 
àëåëüíèìè âàð³àíòàìè öèõ ì³êðîñàòåë³òíèõ ëîêóñ³â ó ïîð³âíÿíí³ ç ºâðî-
ïåéñüêèìè ôîðìàìè. Îäíàê çàóâàæèìî, ùî äëÿ äîñë³äæåíîãî íàìè ìà-
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òåð³àëó õàðàêòåðíèé âíóòð³øíüîë³í³éíèé ïîë³ìîðô³çì, ùî òàêîæ ïåâíîþ 
ì³ðîþ âïëèíóëî íà âåëè÷èíó Ð²Ñ. Îòæå, â³äïîâ³äíî çíà÷åííÿì Ð²Ñ, äëÿ 
â³ò÷èçíÿíîãî ìàòåð³àëó õàðàêòåðíå á³ëüøå ð³çíîìàí³òòÿ çà àëåëÿìè ÌÑ 
ëîêóñ³â ó ïîð³âíÿíí³ ç ºâðîïåéñüêèìè ôîðìàìè, à â³äòàê, âèêîðèñòàí³ ÌÑ 
ëîêóñè ìàþòü âèùó äèôåðåíö³éíó çäàòí³ñòü. 

Àíàë³ç àëåëüíîãî ñêëàäó ÌÑ ëîêóñ³â äîñë³äæåíî¿ íàìè âèá³ðêè ë³-
í³é öóêðîâèõ áóðÿê³â, ïîð³âíÿíî ç äàíèìè äëÿ ºâðîïåéñüêèõ êóëüòóðíèõ 
ôîðì, ïîêàçàâ ðÿä â³äì³ííîñòåé. Òàê, çà ÌÑ ëîêóñîì Bvm 3 äëÿ ºâðîïåé-
ñüêèõ êóëüòóðíèõ ôîðì âèÿâëåíî ï’ÿòü àëåë³â, à äëÿ óêðà¿íñüêèõ ë³í³é — 
÷îòèðè (òàáë. 1). Äëÿ ºâðîïåéñüêèõ êóëüòóðíèõ ôîðì õàðàêòåðíà íàÿâ-
í³ñòü àëåëÿ ðîçì³ðîì 110 ï. í. ç âèñîêîþ ÷àñòîòîþ (0,87). Ó íàø³é âèá³ðö³ 
éîãî ÷àñòîòà ìàëà íèçüêå çíà÷åííÿ (0,09), à íàéïîøèðåí³øèì áóâ àëåëü 
125 ï. í. (0,71) (ðèñ. 1, À). Íåîáõ³äíî çàçíà÷èòè, ùî òðè àëåë³ ç ÷îòèðüîõ, 
âèÿâëåíèõ ó íàøèõ äîñë³äæåííÿõ çà öèì ëîêóñîì, à ñàìå — 125 ï. í., 
135 ï. í. òà 165 ï. í., — º óí³êàëüíèìè, îñê³ëüêè â ºâðîïåéñüêèõ ôîðì 
àëåë³ òàêîãî ðîçì³ðó íå ³äåíòèô³êîâàíî íàâ³òü ñåðåä äèêèõ ôîðì [3].

Äëÿ ÌÑ ëîêóñó Bvm 4 ó âèá³ðö³ â³ò÷èçíÿíèõ ë³í³é ç íàéá³ëüøîþ ÷àñòî-
òîþ âèÿâëåíî àëåë³ ðîçì³ðîì 79 ï. í. òà 69 ï. í. (â³äïîâ³äíî 0,37 òà 0,24) 
(ðèñ. 1, Á). Àëåë³ ç òàêèìè ðîçì³ðàìè íå ³äåíòèô³êîâàí³ ó âèá³ðö³, ïðåä-
ñòàâëåí³é êóëüòóðíèìè ôîðìàìè ºâðîïåéñüêî¿ ñåëåêö³¿, ïðîòå âîíè ïðè-
ñóòí³ ç íåâèñîêîþ ÷àñòîòîþ ñåðåä ïðåäñòàâíèê³â äèêîãî âèäó B.v. ssp. 
maritima [3]. ªâðîïåéñüê³ ôîðìè ó ñâîºìó ñêëàä³ ìàëè ç âèñîêîþ ÷àñ-
òîòîþ (0,59) àëåëü ðîçì³ðîì 83 ï. í. Äëÿ óêðà¿íñüêèõ ë³í³é àëåëü òàêîãî 
ðîçì³ðó íå ³äåíòèô³êîâàíî. 

Ó ëîêóñ³ GZM 017 ñåðåä äîñë³äæåíèõ íàìè ë³í³é ç âèñîêîþ ÷àñòîòîþ 
(0,61) âèÿâëåíî àëåëü ðîçì³ðîì 150 ï. í., à ñåðåä ºâðîïåéñüêèõ ôîðì 
áóðÿê³â â³í õî÷à ³ áóâ íàìè ³äåíòèô³êîâàíèé, ïðîòå ç íèçüêîþ ÷àñòîòîþ 
(0,03) (ðèñ., Â) [2]. Àëåëü ðîçì³ðîì 190 ï. í. âèÿâëåíî ëèøå ó âèá³ðö³ 
óêðà¿íñüêèõ ë³í³é. 

Çà ëîêóñîì GZM 058 äëÿ óêðà¿íñüêèõ ë³í³é öóêðîâèõ áóðÿê³â, ÿê ³ äëÿ 
ºâðîïåéñüêèõ êóëüòóðíèõ ôîðì, ç íàéâèùîþ ÷àñòîòîþ âèÿâëåíî àëåëü ç 
ðîçì³ðîì 293 ï. í. (ðèñ. 1, Ã). Îäíàê óêðà¿íñüê³ ë³í³¿ öóêðîâèõ áóðÿê³â ìà-
þòü ó ñâîºìó ñêëàä³ àëåë³ ðîçì³ðîì 278 ï. í. òà 333 ï. í. (â³äïîâ³äíî 0,04 òà 
0,14) ³ íå ìàþòü àëåë³â 310 ï. í. òà 317 ï. í., ³äåíòèô³êîâàíà ó ºâðîïåéñüêèõ 
ôîðì ¿õíÿ ÷àñòîòà òåæ íåâèñîêà — â³äïîâ³äíî 0,12 òà 0,03 [2]. 

Çà ëîêóñîì GZM 086 ³äåíòèô³êîâàíî ñ³ì àëåë³â, à äëÿ ºâðîïåé-
ñüêèõ — â³ñ³ì. Â³äì³íí³ñòü ó àëåëüíîìó ñêëàä³ äîñë³äæåíèõ óêðà¿í-
ñüêèõ ë³í³é öóêðîâèõ áóðÿê³â, ïîð³âíÿíî ç ºâðîïåéñüêèìè, çà öèì ëîêó-
ñîì ïîëÿãàº ó íàÿâíîñò³ àëåë³â 130 ï. í., 160 ï. í., 230 ï. í., 244 ï. í., 
260 ï. í. òà â³äñóòíîñò³ ôðàãìåíò³â ðîçì³ðîì 165 ï. í., 184 ï. í., 
186 ï. í., 191 ï. í., 212 ï. í. (ðèñ.,Ä). Ç íàéá³ëüøîþ ÷àñòîòîþ ïðèñóò-
í³ àëåë³ ðîçì³ðîì 160 ï. í. (0,34) òà 130 ï. í. (0,22). Ó ºâðîïåéñüê³é âè-
á³ðö³ àëåë³ òàêîãî ðîçì³ðó íå âèÿâëåí³ [2]. Äëÿ íèõ ç íàéá³ëüøîþ ÷àñòî-
òîþ íàÿâí³ àëåë³ ðîçì³ðîì 170 ï. í. (0,23) òà 200 ï. í. (0,21). Ó âèá³ðö³
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Ðèñ. 1. Àëåë³, ³äåíòèô³êîâàí³ ó áóðÿê³â ð³çíîãî ïîõîäæåííÿ çà ÌÑ ëîêóñàìè: 
À) — àëåë³, âèÿâëåí³ ó ëîêóñ³ Bvm 3; Á) — àëåë³, âèÿâëåí³ ó ëîêóñ³ Bvm 4; Â) — àëå-
ë³, âèÿâëåí³ ó ëîêóñ³ GZM 017; Ã) — àëåë³, âèÿâëåí³ ó ëîêóñ³ GZM 058; Ä) — àëåë³, 

âèÿâëåí³ ó ëîêóñ³ GZM 086

â³ò÷èçíÿíèõ çðàçê³â ö³ àëåë³ ïðèñóòí³ ç â³äíîñíî íèçüêîþ ÷àñòîòîþ: äëÿ 
170 ï. í. — 0,07, à äëÿ 200 ï. í. — 0,15. 

Îòæå, â îáîõ âèá³ðêàõ çà îêðåìèìè ÌÑ ëîêóñàìè ³äåíòèô³êîâàíî óí³-
êàëüí³ àëåë³, ÿê³ ìîæóòü áóòè âèêîðèñòàí³ äëÿ õàðàêòåðèñòèêè îðèã³íàëü-
íèõ ñåëåêö³éíèõ ìàòåð³àë³â. 
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Âèñíîâêè. Ïîð³âíÿëüíèé àíàë³ç àëåëüíîãî ñêëàäó ÌÑ ëîêóñ³â óêðà¿í-
ñüêèõ ë³í³é öóêðîâèõ áóðÿê³â òà ºâðîïåéñüêèõ ôîðì áóðÿê³â ñâ³ä÷èòü ïðî 
á³ëüøå ð³çíîìàí³òòÿ ïåðøèõ, îòæå, âèêîðèñòàí³ ÌÑ ëîêóñè ìàþòü âèùó 
äèôåðåíö³éíó çäàòí³ñòü ñàìå äëÿ â³ò÷èçíÿíèõ ë³í³é. 

Çà äîñë³äæåíèìè ÌÑ ëîêóñàìè äëÿ â³ò÷èçíÿíèõ ë³í³é òà ºâðîïåé-
ñüêèõ ôîðì êóëüòóðíèõ áóðÿê³â âèÿâëåíî çíà÷í³ ðîçá³æíîñò³ ÿê çà ê³ëüê³ñ-
òþ ³äåíòèô³êîâàíèõ àëåë³â, òàê ³ çà ¿õíüîþ ÷àñòîòîþ. Àëåë³, ùî ïðèñóòí³ 
ò³ëüêè ó â³ò÷èçíÿíèõ ë³í³ÿõ öóêðîâèõ áóðÿê³â àáî ò³ëüêè ó ºâðîïåéñüêèõ 
ôîðìàõ, ìîæíà ââàæàòè óí³êàëüíèìè, òîáòî òàêèìè, ùî õàðàêòåðèçóþòü 
ëèøå ¿õíº îðèã³íàëüíå ãåíåòè÷íå ð³çíîìàí³òòÿ. 
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COMPARATIVE ANALYSIS OF MIOROSATELLITE LOCI ALLELIC 
COMPOSITION OF SUGAR BEET 

(BETA VULGARIS SSP. SACCHARIFERA DOLE) 

In article the research results of allelic status of MS –loci for fourteen lines 
of sugar beet are presented. It is found the PIC from 0,46 to 0,79. For studied 
MC loci it is marked higher genetic diversity for Ukrainian (domestic) lines in 
comparing with European forms. Consequently established marker system 
will have a larger differential ability for domestic lines. As a result of compar-
ative analysis of allelic Ukrainian sugar beet line with European forms were 
found significant differences as the number of identified alleles and their fre-
quency. Also it was found alleles that are typical only for domestic sugar beet 
lines or only European forms. These alleles can be applying for determination 
of belonging of some form of sugar beet to some genetic diversity. 

ÓÄÊ 633.63: 575.113:575.174.015.3 

Øàþê Ë. Â., Ðîèê Ì. Â. 

ÑÐÀÂÍÈÒÅËÜÍÛÉ ÀÍÀËÈÇ ÀËËÅËÜÍÎÃÎ ÑÎÑÒÀÂÀ 
ÌÈÊÐÎÑÀÒÅËÈÒÍÛÕ ËÎÊÓÑÎÂ ÑÂÅÊËÛ ÑÀÕÀÐÍÎÉ 

(BETA VULGARIS SSP. SACCHARIFERA DOLE) 

Èçëîæåíû ðåçóëüòàòû èññëåäîâàíèÿ àëëåëüíîãî ñîñòàâà ïÿòè ÌÑ 
ëîêóñîâ äëÿ ÷åòûðíàäöàòè ëèíèé ñàõàðíîé ñâåêëû. Óñòàíîâëåíû çíà÷å-
íèÿ Ð²Ñ îò 0,46 äî 0,79. Äëÿ èññëåäîâàííûõ ÌÑ ëîêóñîâ àëëåëüíîå ðàç-
íîîáðàçèå áûëî âûøå äëÿ îòå÷åñòâåííûõ ëèíèé, âñëåäñòâèå ÷åãî ñîç-
äàííàÿ ìàðêåðíàÿ ñèñòåìà áóäåò èìåòü áîëüøóþ äèôôåðåíöèîííóþ 
ñïîñîáíîñòü íà âûáîðêàõ îòå÷åñòâåííîãî ìàòåðèàëà ïî ñðàâíåíèþ ñ 
åâðîïåéñêèì. Â ðåçóëüòàòå ñðàâíèòåëüíîãî àíàëèçà àëëåëüíîãî ñîñòàâà 
ÌÑ ëîêóñîâ óêðàèíñêèõ ëèíèé ñ åâðîïåéñêèìè ôîðìàìè îòìå÷åíû çíà-
÷èòåëüíûå îòëè÷èÿ êàê ïî êîëè÷åñòâó èäåíòèôèöèðîâàííûõ àëëåëåé, òàê 
è ïî èõ ÷àñòîòå. Âûÿâëåíû óíèêàëüíûå àëëåëè, õàðàêòåðíûå òîëüêî äëÿ 
îòå÷åñòâåííûõ ôîðì èëè òîëüêî äëÿ åâðîïåéñêèõ. Ýòè àëëåëè ìîæíî èñ-
ïîëüçîâàòü äëÿ óñòàíîâëåíèÿ ïðèíàäëåæíîñòè îòäåëüíûõ ôîðì ñâåêëû 
ê îïðåäåëåííîìó ãåíåòè÷åñêîìó ðàçíîîáðàçèþ. 
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ÌÎËÅÊÓËßÐÍ² ÌÀÐÊÅÐÈ Â ÑÅËÅÊÖ²¯ ÒÀ ÐÎÇÑÀÄÍÈÖÒÂ² 
ÕÌÅËÞ ÇÂÈ×ÀÉÍÎÃÎ (Humulus lupulus L.) 

Ïðîàíàë³çîâàíî ìîëåêóëÿðíî-ãåíåòè÷íèé ïîë³ìîðô³çì ä³ëÿíîê 
ÿäåðíîãî ãåíîìó õìåëþ çâè÷àéíîãî, ïîâ’ÿçàíèõ ç ñèíòåçîì ö³ííèõ 
âòîðèííèõ ìåòàáîë³ò³â òà ïðîÿâîì ñòàò³, à òàêîæ ì³êðîñàòåë³òíèõ ëî-
êóñ³â. Âèçíà÷åíî çàëåæí³ñòü ì³æ ïîë³ìîðô³çìîì ãåí³â, ùî êîäóþòü 
õàëêîíñèíòàçè, òà âì³ñòîì ã³ðêèõ ðå÷îâèí ó øèøêàõ õìåëþ. Ðîçðî-
áëåíî íàáîðè ìîëåêóëÿðíèõ ìàðêåð³â äëÿ êîìïëåêñíî¿ îö³íêè ãåíî-
òèïó õìåëþ, çîêðåìà äëÿ âñòàíîâëåííÿ àâòåíòè÷íîñò³, âèçíà÷åííÿ 
ñòàò³, òèïó ñîðòó, ðåºñòðàö³¿. 

Êëþ÷îâ³ ñëîâà: õì³ëü çâè÷àéíèé, ãåíè, ì³êðîñàòåë³òí³ ëîêóñè, òèï 
ñîðòó, ñòàòü, ìîëåêóëÿðí³ ìàðêåðè. 

Âñòóï. Õìåëÿðñòâî — âàæëèâà ñêëàäîâà åêîíîì³êè áàãàòüîõ êðà-
¿í ñâ³òó, çîêðåìà é Óêðà¿íè. Õì³ëü çâè÷àéíèé Humulus lupulus L. º äæå-
ðåëîì íàéá³ëüø ñïåöèô³÷íî¿, íåçàì³ííî¿ òà íàéäîðîæ÷î¿ ñèðîâèíè äëÿ 
ïèâîâàð³ííÿ, àëå çàâäÿêè íàÿâíîñò³ óí³êàëüíèõ á³îàêòèâíèõ êîìïîíåíò³â 
õì³ëü âèêîðèñòîâóþòü òàêîæ ó õàð÷îâ³é ïðîìèñëîâîñò³, ìåäèöèí³, ôàð-
ìàêîëîã³¿, ïàðôóìåð³¿ [1]. Âàæëèâ³ñòü ãàëóç³ õìåëÿðñòâà ñïîíóêàº äî 
çàñòîñóâàííÿ ñó÷àñíèõ ìîëåêóëÿðíèõ á³îòåõíîëîã³é äëÿ ñòâîðåííÿ êîí-
êóðåíòîñïðîìîæíèõ ñîðò³â, ùî ñâîºþ ÷åðãîþ ïîòðåáóº ðîçøèðåííÿ 
ôóíäàìåíòàëüíèõ äîñë³äæåíü ç ãåíîì³êè êóëüòóðè. Âèâ÷åííÿ ìîëåêóëÿð-
íî-ãåíåòè÷íîãî ïîë³ìîðô³çìó ð³çíèõ ôðàêö³é ãåíîìó õìåëþ òà ðîçðîá-
êà ìîëåêóëÿðíèõ ìàðêåð³â íåîáõ³äí³ äëÿ ³äåíòèô³êàö³¿ ñîðò³â òà íîâîãî 
ñåëåêö³éíîãî ìàòåð³àëó, êîíòðîëþ àâòåíòè÷íîñò³ òà ãåíåòè÷íî¿ ÷èñòîòè 
ñîðò³â, ìàðêåðíîãî äîáîðó íîñ³¿â ïåâíèõ ãåí³â àãðîíîì³÷íî âàæëèâèõ 
îçíàê, âèçíà÷åííÿ ñîìàêëîíàëüíî¿ âàð³àáåëüíîñò³ òà ãåíåòè÷íî¿ ñòàá³ëü-
íîñò³, ãåíåòè÷íîãî êàðòóâàííÿ, äåòåêö³¿ òà ä³àãíîñòèêè ïàòîãåí³â [2]. 

Íàéö³íí³øîþ ÷àñòèíîþ ðîñëèíè õìåëþ º øèøêè çàâäÿêè íàÿâíîñ-
ò³ êîìïëåêñó ñïåöèô³÷íèõ ñìîë, ïîë³ôåíîëüíèõ ñïîëóê, åô³ðíèõ ìàñåë 
³ á³îëîã³÷íî àêòèâíèõ ðå÷îâèí, ÿê³ ìàþòü íå ò³ëüêè ñìàêîâ³ é àðîìàòè÷-
í³, àëå òàêîæ àíòèá³îòè÷í³, àíòèîêèñëþâàëüí³ òà ë³êóâàëüí³ âëàñòèâîñò³. 
Â çàëåæíîñò³ â³ä ð³âíÿ êñàíòîãóìîëó â øèøêàõ ñîðòè õìåëþ çâè÷àéíîãî 
ïîä³ëÿþòü íà ã³ðê³ òà àðîìàòè÷í³. Ãîëîâíà ö³ëü ñåëåêö³¿ õìåëþ ïîëÿãàº â 
ïîë³ïøåíí³ âì³ñòó òà ÿêîñò³ âòîðèííèõ ìåòàáîë³ò³â, ùî àêóìóëþþòüñÿ â 
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ëóïóë³íîâèõ çåðíàõ øèøîê [3]. Òîìó àêòóàëüíèì º äîñë³äæåííÿ ïîë³ìîð-
ô³çìó ãåí³â, ïîâ’ÿçàíèõ ç á³îñèíòåçîì öèõ ðå÷îâèí. 

Ñó÷àñíèé ð³âåíü çàõèñòó àâòîðñüêèõ ïðàâ âèìàãàº âèêîðèñòàííÿ 
³äåíòèô³êàö³¿ òà ðåºñòðàö³¿ ñîðòó çà ìîëåêóëÿðíèìè ìàðêåðàìè. 

Ó ïðîìèñëîâèõ ö³ëÿõ êóëüòèâóþòü æ³íî÷³ ðîñëèíè õìåëþ, ÿê³ ðîçìíîæó-
þòü âåãåòàòèâíî. ×îëîâ³÷³ ðîñëèíè âèêîðèñòîâóþòü ò³ëüêè â ñåëåêö³¿, çî-
êðåìà â ã³áðèäèçàö³¿. Âèçíà÷àþòü ñòàòü ðîñëèí ôåíîòèïîâî íà äðóãèé ð³ê 
âèðîùóâàííÿ. Òîìó âàæëèâèì äëÿ ñåëåêö³¿ òà ðîçñàäíèöòâà º ðàííº òåñòó-
âàííÿ ñòàò³ ïåðåä âèñàäêîþ [4]. Òàêîæ âàæëèâî çàáåçïå÷èòè ðîçìíîæåí-
íÿ ñåëåêö³éíîãî ìàòåð³àëó õìåëþ, â³ëüíîãî â³ä ô³òîïàòîãåí³â, ïåðåäóñ³ì 
çáóäíèêà áàêòåð³àëüíîãî ðàêó. Ìîëåêóëÿðí³ á³îòåõíîëîã³¿ äåòåêö³¿ ô³òîïà-
òîãåí³â äîçâîëÿþòü ïðîâîäèòè ðàííº òà íàä³éíå âèÿâëåííÿ óðàæåííÿ. 

Îòæå, ìîëåêóëÿðíî-ãåíåòè÷í³ äîñë³äæåííÿ òà ðîçðîáêà íà îñíîâ³ 
îäåðæàíèõ ðåçóëüòàò³â ìîëåêóëÿðíèõ ìàðêåð³â äëÿ ð³çíîìàí³òíèõ íà-
ïðÿì³â ñåëåêö³¿ òà ðîçñàäíèöòâà õìåëþ àêòóàëüí³ ÿê ç òåîðåòè÷íîãî, òàê ³ 
ïðàêòè÷íîãî àñïåêò³â. 

Ìåòà: ðîçðîáèòè ìîëåêóëÿðí³ ìàðêåðè äëÿ îö³íêè çðàçê³â õìåëþ 
çâè÷àéíîãî çà ñêëàäîì ³ ð³âíåì ö³ííèõ âòîðèííèõ ìåòàáîë³ò³â, ñòàòòþ, 
óðàæåí³ñòþ àãðîáàêòåð³ÿìè íà îñíîâ³ äîñë³äæåííÿ ìîëåêóëÿðíî-ãåíå-
òè÷íîãî ïîë³ìîðô³çìó ïåâíèõ ãåí³â òà ëîêóñ³â ãåíîìó õìåëþ çâè÷àéíîãî 

Ìàòåð³àëè ³ ìåòîäè. Ìàòåð³àëîì ñëóãóâàëè æ³íî÷³ çðàçêè ñîðò³â 
õìåëþ çâè÷àéíîãî ñåëåêö³¿ ²íñòèòóòó ñ³ëüñüêîãî ãîñïîäàðñòâà Ïîë³ññÿ 
ÍÀÀÍ Óêðà¿íè: Àëüòà, Çì³íà, Êñàíòà, Êóìèð, Íàä³ÿ, Íàçàð³é, Îáîëîíñüêèé, 
Ïîë³ñüêèé, Ïðîì³íü, ×àêëóí (ã³ðê³ ñîðòè), Âèäèáîð, Ãàéäàìàöüêèé, Æèòî-
ìèðñüêèé 75, Çàãðàâà, Êëîí 18, Îñêàð, Ïèâîâàð, Ïîë³ñÿíêà, Ñëàâÿíêà, 
Õìåëåñëàâ (àðîìàòè÷í³ ñîðòè) òà çðàçêè õìåëþ çâè÷àéíîãî ÷îëîâ³÷î¿ 
ñòàò³: 1ç 63–2-3, 1ê 64–1-1, 2ç 63–2-7, 2ê 64–2-5, 3ç 65–6-1, 4ç 68–3-1, 
5ê 67–3-1, 6ê 67–4-8. 

Äëÿ á³î³íôîðìàòè÷íèõ äîñë³äæåíü âèêîðèñòàíî íóêëåîòèäí³ ïîñë³-
äîâíîñò³ ãåí³â chs_H1 AJ304877, AM263199 (ïîâí³ ñèêâåíñè), AM263200, 
AM263201, FJ554585 (ìÐÍÊ); chs2 AB061020 (ïîâíèé ñèêâåíñ), AB061021, 
FJ554586 (ìÐÍÊ); chs3 AB061022 (ïîâíèé ñèêâåíñ); chs4 AJ430353 (ïî-
âíèé ñèêâåíñ), FJ554587 (ìÐÍÊ); vps (AB015430, AB047593, EU685789, 
EU685790, EU685791, EU685792, EU685793, EU685794, EU685795, 
EU685796, EU685797, EU685798, EU685799, EU685800, FJ554588) (ïîâí³ 
ñèêâåíñè) ç Íàö³îíàëüíîãî öåíòðó á³îòåõíîëîã³÷íî¿ ³íôîðìàö³¿ (National 
centre of biotechnology information, NCBI). 

Âèä³ëåííÿ ÄÍÊ ç òêàíèí õìåëþ çâè÷àéíîãî, ïîñòàíîâêó ïîë³ìåðàçíî¿ 
ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ), ãåëü-åëåêòðîôîðåç ïðîâîäèëè çà çàãàëüíî-
ïðèéíÿòèìè ìåòîäàìè [5–8]. Âèð³âíþâàííÿ íóêëåîòèäíèõ ïîñë³äîâíîñ-
òåé ïðîâîäèëè çà [9]. Êëàñòåðíèé àíàë³ç ðåçóëüòàò³â ÏËÐ-äîñë³äæåííÿ 
ñîðò³â õìåëþ çâè÷àéíîãî óêðà¿íñüêî¿ ñåëåêö³¿ ïðîâîäèëè çà àëãîðèòìîì 
Clustul W., çàëåæí³ñòü ì³æ ïîë³ìîðô³çìîì ãåí³â, ïîâ’ÿçàíèõ ³ç ñèíòåçîì 
êñàíòîãóìîëó, òà îçíàêîþ «òèï ñîðòó» îáðàõîâóâàëè çà Ñï³ðìàíîì [10]. 
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Ðåçóëüòàòè. Íà âèá³ðêàõ íóêëåîòèäíèõ ïîñë³äîâíîñòåé ãåí³â, ùî 
êîäóþòü õàëêîíñèíòàçè, òà 20 ñîðò³â õìåëþ çâè÷àéíîãî ïðîâåäåíî á³î-
³íôîðìàòè÷íèé òà ìîëåêóëÿðíî-ãåíåòè÷íèé àíàë³ç ïîë³ìîðô³çìó ãåí³â, 
ùî çóìîâëþþòü íàÿâí³ñòü ã³ðêèõ ðå÷îâèí ó øèøêàõ õìåëþ çâè÷àéíîãî 
[11, 12]. 

Çà ðåçóëüòàòîì êëàñòåðíîãî àíàë³çó ïîáóäîâàíî äåíäðîãðàìó (ðèñ.). 

 

Ðèñ. Ãåíåòè÷íå ð³çíîìàí³òòÿ ñîðò³â õìåëþ çâè÷àéíîãî óêðà¿íñüêî¿ ñåëåêö³¿, 
îñíîâàíå íà ïîë³ìîðô³çì³ ãåí³â chs_H1, chs2, chs3, chs4 òà vps. I, II — êëàñòåðè 

Çà êëàñòåðíèì àíàë³çîì â³äáóâàºòüñÿ ÷³òêà êëàñòåðèçàö³ÿ ñîðò³â 
çà ¿õí³ì òèïîì. Äî êëàñòåðà I óâ³éøëè âñ³ ã³ðê³ ñîðòè, äî êëàñòåðà II — 
âñ³ àðîìàòè÷í³. Îòæå, âèÿâëåíî çàëåæí³ñòü ì³æ ïîë³ìîðô³çìîì ãåí³â, 
ïîâ’ÿçàíèõ ³ç ñèíòåçîì êñàíòîãóìîëó, òà îçíàêîþ «ã³ðêèé / àðîìàòè÷íèé 
òèï ñîðòó» [13]. 

Ìîëåêóëÿðíî-ãåíåòè÷íèé àíàë³ç ïåâíèõ ä³ëÿíîê Y-õðîìîñîìè õìåëþ 
çâè÷àéíîãî äîçâîëèâ âèÿâèòè íåîáõ³äí³ñòü âèêîðèñòàííÿ äâîõ ìîëåêó-
ëÿðíèõ ìàðêåð³â: ì³êðîñàòåë³òíîãî ìàðêåðà HlAGA7 ÿê ðåôåðåíòíîãî 
äëÿ âèêëþ÷åííÿ ïñåâäîíåãàòèâíèõ ðåçóëüòàò³â òà STS-ìàðêåðà, ñïåöè-
ô³÷íîãî äëÿ çðàçê³â ÷îëîâ³÷î¿ ñòàò³ [14]. 

Âåäåííÿ ðîçñàäíèöòâà õìåëþ âêëþ÷àº òåõíîëîã³þ ì³êðîêëîíàëüíîãî 
ðîçìíîæåííÿ in vitro, ùî ïîòðåáóº êîíòðîëþ óðàæåííÿ ô³òîïàòîãåíàìè, 
â ò. ÷. çáóäíèêîì áàêòåð³àëüíîãî ðàêó Agrobacterium tumefaciens. Çàïðî-
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ïîíîâàíî äâîåòàïíó ñõåìó äåòåêö³¿ àãðîáàêòåð³¿ çà ìîëåêóëÿðíèìè ìàð-
êåðàìè ãåí³â virD2 òà ipt [15]. 

Ó ïðîöåñ³ â³äòâîðåííÿ ³ âèðîáíè÷îãî âèêîðèñòàííÿ ñîðò³â â óìîâàõ 
äîâãîñòðîêîâî¿ ìîíîêóëüòóðè, âåãåòàòèâíîãî òèïó ðîçìíîæåííÿ, ïðè íà-
êîïè÷åíí³ ³ ïåðåäà÷³ çáóäíèê³â õâîðîá, íåãàòèâíîãî âïëèâó ô³çèêî-õ³ì³÷íèõ 
³ á³îëîã³÷íèõ ôàêòîð³â ìîæëèâ³ çì³íè ãåíåòè÷íîãî ìàòåð³àëó ñîðòó, ùî ïðè-
çâîäèòü äî çíèæåííÿ éîãî ïðîäóêòèâíîñò³ òà ïîã³ðøåííÿ ÿê³ñíèõ ïîêàç-
íèê³â. Äëÿ êîíòðîëþ àâòåíòè÷íîñò³ ñîðòó, ïåðåâ³ðêè íà ñîðòîâó òèïîâ³ñòü, 
îäíîð³äí³ñòü ³ âèð³âíÿí³ñòü, à òàêîæ äëÿ çàõèñòó àâòîðñüêèõ ïðàâ ðîçðî-
áëåíî ñèñòåìó ìîëåêóëÿðíî-ãåíåòè÷íî¿ ðåºñòðàö³¿ ñîðòó çà ìîëåêóëÿðíè-
ìè ìàðêåðàìè [16]. Ôîðìóëà ñîðòó ì³ñòèòü ³íôîðìàö³þ ïðî àëåëüíèé ñòàí 
ì³êðîñàòåë³òíèõ ëîêóñ³â òà ãåí³â àãðîíîì³÷íî âàæëèâèõ îçíàê. 

Îòæå, ðîçðîáëåíî íàáîðè ìîëåêóëÿðíèõ ìàðêåð³â äëÿ êîìïëåêñíî¿ 
îö³íêè ãåíîòèïó õìåëþ çâè÷àéíîãî. ¯õ âèêîðèñòàííÿ äîçâîëèòü ï³äâè-
ùèòè åôåêòèâí³ñòü ñåëåêö³¿ òà ðîçñàäíèöòâà õìåëþ çàâäÿêè ñêîðî÷åííþ 
âèòðàò ïðàö³, êîøò³â, ïëîù (â òåïëèöÿõ àáî ïîë³) òà ÷àñó. 

Âèñíîâêè. Òåîðåòè÷íî òà åêñïåðèìåíòàëüíî ïðîàíàë³çîâàíî ìîëå-
êóëÿðíî-ãåíåòè÷íèé ïîë³ìîðô³çì ä³ëÿíîê ÿäåðíîãî ãåíîìó õìåëþ çâè-
÷àéíîãî, ïîâ’ÿçàíèõ ç ñèíòåçîì ö³ííèõ âòîðèííèõ ìåòàáîë³ò³â òà ïðîÿâîì 
ñòàò³, à òàêîæ ì³êðîñàòåë³òíèõ ëîêóñ³â. Ðîçðîáëåíî íàáîðè ìîëåêóëÿðíèõ 
ìàðêåð³â äëÿ êîìïëåêñíî¿ îö³íêè ãåíîòèïó õìåëþ, çîêðåìà äëÿ âèçíà-
÷åííÿ àâòåíòè÷íîñò³, ñòàò³, òèïó ñîðòó, ðåºñòðàö³¿. 
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UDC 633.791:575.113 

Venger A. Ì., Volkova N. E. Plant Breeding and Genetics Institute — 
National Center of Seed and Cultivar Investigations 

MOLECULAR MARKERS IN HOP BREEDING (Humulus lupulus L.) 

Molecular genetic polymorphism of hop nuclear genome regions associ-
ated with secondary metabolites synthesis and sex, as well as microsatellite 
loci was analyzed. The dependence between polymorphisms of genes en-
coding chalcone synthase, and the content of bitter substances in hop cones 
was defined. The sets of molecular markers for hops genotype integrated as-
sessment were developed, in particular for the authenticity determining, test-
ing of sex, varieties type, registering. 
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ÓÄÊ 633.791:575.113 

Âåíãåð À. Í., Âîëêîâà Í. Ý. 

ÌÎËÅÊÓËßÐÍÛÅ ÌÀÐÊÅÐÛ Â ÑÅËÅÊÖÈÈ È ÏÈÒÎÌÍÈÊÎÂÎÄÑÒÂÅ 
ÕÌÅËß ÎÁÛÊÍÎÂÅÍÍÎÃÎ (Humulus lupulus L.) 

Ïðîàíàëèçèðîâàí ìîëåêóëÿðíî-ãåíåòè÷åñêèé ïîëèìîðôèçì ó÷àñò-
êîâ ÿäåðíîãî ãåíîìà õìåëÿ, ñâÿçàííûõ ñ ñèíòåçîì öåííûõ âòîðè÷íûõ 
ìåòàáîëèòîâ è ïðîÿâëåíèåì ïîëà, à òàêæå ìèêðîñàòåëëèòíûõ ëîêóñîâ. 
Îïðåäåëåíà çàâèñèìîñòü ìåæäó ïîëèìîðôèçìîì ãåíîâ, êîäèðóþùèõ 
õàëêîíñèíòàçû, è ñîäåðæàíèåì ãîðüêèõ âåùåñòâ â øèøêàõ õìåëÿ. Ðàç-
ðàáîòàíû íàáîðû ìîëåêóëÿðíûõ ìàðêåðîâ äëÿ êîìïëåêñíîé îöåíêè ãå-
íîòèïà õìåëÿ, â ÷àñòíîñòè äëÿ óñòàíîâëåíèÿ àâòåíòè÷íîñòè, îïðåäåëå-
íèÿ ïîëà, òèïà ñîðòà, ðåãèñòðàöèè. 
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ÄÍÊ-ÒÅÕÍÎËÎÃ²¯ Ó ÄÎÑË²ÄÆÅÍÍ² ÂÈÍÎÃÐÀÄÓ (Vitis vinifera L.) 
Â ÍÍÖ «²Â²Â ³ì. Â. ª. ÒÀ¯ÐÎÂÀ»: ÌÅÒÎÄÈ×Í² ÒÀ ²ÑÒÎÐÈ×Í² 
ÀÑÏÅÊÒÈ 

Ïîäàºòüñÿ ñòèñëèé îïèñ îñíîâíèõ åòàï³â çàñòîñóâàííÿ 
ÄÍÊ-òåõíîëîã³é ó âèâ÷åíí³ âèíîãðàäó (Vitis vinifera L.) ð³çíîãî ñïðÿ-
ìóâàííÿ â ÍÍÖ «²Â³Â ³ì. Â. ª. Òà¿ðîâà». Îõàðàêòåðèçîâàíî ìåòîäè÷-
íó áàçó òà îñíîâí³ ðåçóëüòàòè äîñë³äæåíü ìîëåêóëÿðíî-ãåíåòè÷íîãî 
ïîë³ìîðô³çìó âèíîãðàäó òà ÄÍÊ-³äåíòèô³êàö³¿ çáóäíèê³â â³ðóñíèõ, 
áàêòåð³àëüíèõ òà ô³òîïëàçìîâèõ éîãî õâîðîá. Ïîêàçàíî, ùî çàñòî-
ñóâàííÿ ÄÍÊ-òåõíîëîã³é â ñåëåêö³¿ òà êëîíîâ³é ñåëåêö³¿ âèíîãðàäó, à 
òàêîæ ó ñèñòåì³ ñàí³òàðíîãî êîíòðîëþ ó âèðîáíèöòâ³ ñàäèâíîãî ìà-
òåð³àëó ºâðîïåéñüêî¿ êàòåãîð³¿ «ñåðòèô³êîâàíèé» º ï³ä´ðóíòÿì ï³ä-
âèùåííÿ åôåêòèâíîñò³ ñåëåêö³éíîãî ïðîöåñó ö³º¿ êóëüòóðè. 

Êëþ÷îâ³ ñëîâà: âèíîãðàä, ìîëåêóëÿðíî-ãåíåòè÷íèé ïîë³ìîðô³çì, 
ì³êðîñàòåë³òí³ ìàðêåðè, â³ðóñí³ òà ô³òîïëàçìîâ³ õâîðîáè âèíîãðà-
äó, áàêòåð³àëüíèé ðàê âèíîãðàäó, ïîë³ìåðàçíà ëàíöþãîâà ðåàêö³ÿ. 

Âñòóï. ÄÍÊ-òåõíîëîã³¿ øèðîêî âèêîðèñòîâóþòüñÿ â äîñë³äæåíí³ 
ð³çíîìàí³òíèõ àñïåêò³â ãåíåòèêè, ñåëåêö³¿ òà ô³òîïàòîëîã³¿ âèíîãðàäó. 
Äåâ’ÿíîñò³ ðîêè ìèíóëîãî ñòîð³÷÷ÿ áóëè îçíà÷åí³ íà öüîìó øëÿõó ðîç-
ðîáêîþ òà âïðîâàäæåííÿì ê³ëüêîõ ìåòîäè÷íèõ ï³äõîä³â, çîêðåìà âèêî-
ðèñòàííÿì ÏÄÐÔ-àíàë³çó äëÿ äèôåðåíö³àö³¿ ñîðò³â âèíîãðàäó [1] òà âè-
êîðèñòàííÿì àíàë³çó äâîëàíöþãîâî¿ ÐÍÊ äëÿ äåòåêö³¿ òà ³äåíòèô³êàö³¿ 
â³ðóñ³â âèíîãðàäó [2]. 

Òðîõè ï³çí³øå ãîëîâíèì ³íñòðóìåíòîì íà îáðàíèõ íàìè íàïðÿìàõ äî-
ñë³äæåíü ñîðò³â âèíîãðàäó òà éîãî ïàòîãåí³â ñòàº ïîë³ìåðàçíà ëàíöþãî-
âà ðåàêö³ÿ, ÿêà âèÿâèëàñü á³ëüø çðó÷íèì òà ÷óòëèâ³øèì ³íñòðóìåíòîì. 

ÍÍÖ «²Â³Â ³ì. Â. ª. Òà¿ðîâà» (íà òîé ÷àñ ÍÂÎ ç âèíîãðàäàðñòâà òà ðîç-
ñàäíèöòâà) â çàçíà÷åíèé âèùå ïåð³îä ðîçïî÷èíàº øèðîêîìàñøòàáíó 

©  Âëàñîâ Â. Â., Ìóëþê³íà Í. À., Òóëàºâà Ì. ²., Êîâàëüîâà ². À., 
×³ñí³êîâ Â. Ñ., Êîíóï Ë. Î., Êàðàñòàí Î. Ì., Ëîñºâà Ä. Þ., 2015
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ïðîãðàìó ç ðîçðîáêè íàóêîâîãî çàáåçïå÷åííÿ ñåðòèô³êîâàíîãî âèíî-
ãðàäíîãî ðîçñàäíèöòâà íà áàç³ íåùîäàâíî ñòâîðåíîãî Öåíòðó êëîíîâî¿ 
òà ô³òîñàí³òàðíî¿ ñåëåêö³¿ âèíîãðàäó. Îñê³ëüêè ïðîãðàìà â ¿¿ ºâðîïåé-
ñüêîìó ðîçóì³íí³ îõîïëþº òàê³ íàïðÿìè, ÿê êëîíîâà ñåëåêö³ÿ, ïðèñêîðå-
íå ðîçìíîæåííÿ óí³êàëüíèõ ãåíîòèï³â òà îòðèìàííÿ âèõ³äíîãî áåçâ³ðóñ-
íîãî ñàäèâíîãî ìàòåð³àëó, âèíèêëà ïîòðåáà â çàëó÷åíí³ ÄÍÊ-òåõíîëîã³é. 

Ìîæëèâîñò³, ÿê³ ïðîïîíóâàëè íàâåäåí³ âèùå ìåòîäè÷í³ ï³äõîäè, íå çà-
ëèøèëèñÿ íåïîì³÷åíèìè. Âèêîíàííÿ áëîêó çàçíà÷åíèõ òóò çàâäàíü áóëî 
ðîçïî÷àòî íà ïåðøîìó åòàï³ (1991–1995) çà äîïîìîãè â³ää³ëó ìîëåêóëÿð-
íî¿ ãåíåòèêè Ñåëåêö³éíî-ãåíåòè÷íîãî ³íñòèòóòó ï³ä êåð³âíèöòâîì àêàäåì³-
êà ÍÀÀÍ Þ. Ì. Ñèâîëàïà. Ó ïîäàëüøîìó (2001–2015) ïåðåâàæíà á³ëüø³ñòü 
çàâäàíü ç ðîçðîáêè òà âèêîðèñòàííÿ ÄÍÊ-òåõíîëîã³é ó äîñë³äæåííÿõ âè-
êîíóâàëàñÿ â ðàìêàõ ÏÍÄ (ïðîãðàì íàóêîâèõ äîñë³äæåíü) ÍÀÀÍ «Ñ³ëüñüêî-
ãîñïîäàðñüêà á³îòåõíîëîã³ÿ», êåð³âíèêîì ÿêî¿ áóâ òàêîæ Þ. Ì. Ñèâîëàï. 

Ìåòîþ íàøî¿ ðîáîòè º àíàë³ç ðåçóëüòàò³â çàñòîñóâàííÿ ÄÍÊ-
òåõíîëîã³é â ÍÍÖ «²Â³Â ³ì. Â. ª. Òà¿ðîâà» íà íàïðÿìàõ êëîíîâî¿ òà ãåíå-
ðàòèâíî¿ ñåëåêö³¿, à òàêîæ ñàí³òàðíîãî êîíòðîëþ ô³òîïàòîãåí³â ó ñèñòåì³ 
ñåðòèô³êîâàíîãî âèíîãðàäíîãî ðîçñàäíèöòâà. 

Ìàòåð³àë òà ìåòîäè äîñë³äæåíü. Ìàòåð³àëîì äëÿ äîñë³äæåíü áóëè 
ñîðòè é êëîíè âèíîãðàäó ñåëåêö³¿ ÍÍÖ «²Â³Â ³ì. Â. ª. Òà¿ðîâà». 

Îö³íêó ìîëåêóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó êëîí³â ñîðò³â âèíî-
ãðàäó ó 1991–1995 ðîêàõ ïðîâîäèëè ìåòîäîì ÏÄÐÔ-àíàë³çó [3], ç 2001 
ðîêó ³äåíòèô³êàö³þ ñîðò³â òà ï³äòâåðäæåííÿ â³äïîâ³äíîñò³ êëîíó âèõ³äíî-
ìó ñîðòó âèíîãðàäó çä³éñíþâàëè çà ì³êðîñàòåë³òíèìè ìàðêåðàìè [4]. 

Ì³êðîñàòåë³òíèé àíàë³ç ïðîâîäèëè ïåðåâàæíî çà 9-ìà ëîêóñà-
ìè (VVS2, ZAG62, ZAG79, VVMD5, VVMD7, VVMD27, VVMD28, VVMD25, 
VVMD32), ðåêîìåíäîâàíèìè ó ºâðîïåéñüêèõ âèíîãðàäàðñüêèõ êðà¿íàõ 
äëÿ ³äåíòèô³êàö³¿ ñîðò³â êóëüòóðè [5]. 

Äåòåêö³þ óðàæåííÿ â³ðóñàìè âèíîãðàäó çä³éñíþâàëè âèä³ëåííÿì òà 
àíàë³çîì äâîëàíöþãîâî¿ ÐÍÊ (äëÐÍÊ), à òàêîæ ìîëåêóëÿðíîþ ã³áðèäè-
çàö³ºþ ç ðàä³îàêòèâíî òà íåðàä³îàêòèâíî ì³÷åíèìè äëÐÍÊ çîíäàìè [6]. 
Ç 2008 ðîêó ³äåíòèô³êàö³þ çáóäíèê³â â³ðóñíèõ òà ô³òîïëàçìîâèõ õâîðîá 
ïðîâîäèëè çà äîïîìîãîþ ÏËÐ (ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿) [7]. 

Çáóäíèêà áàêòåð³àëüíîãî ðàêó ³äåíòèô³êóâàëè â ïåð³îä 1991–1999 ðî-
ê³â çàñòîñóâàííÿì óïåðøå ðîçðîáëåíîãî ñïåöèô³÷íîãî ìåòîäó âèÿâëåí-
íÿ çáóäíèêà õâîðîáè Agrobacterium tumefaciens (vitis) øëÿõîì ã³áðèäèçà-
ö³¿ ³ç ðàä³îàêòèâíî ì³÷åíèì çîíäîì — Ò-ÄÍÊ Ò³-ïëàçì³äè [8]. 

3 2008 ðîêó çáóäíèêà áàêòåð³àëüíîãî ðàêó âèíîãðàäó ³äåíòèô³êóâàëè 
ìåòîäîì ÏËÐ ³ç ñïåöèô³÷íèìè ïðàéìåðàìè virD2 òà ipt [7]. 

Ðåçóëüòàòè òà îáãîâîðåííÿ. 
Äîñë³äæåííÿ ìîëåêóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó âèíî-

ãðàäó. 
Ïð³îðèòåòí³ äîñë³äæåííÿ ìîëåêóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó 

áóëè âèêîíàí³ êîëåêòèâîì àâòîð³â ï³ä êåð³âíèöòâîì àêàäåì³êà Þ. Ì. Ñè-
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âîëàïà òà çàâ³äóþ÷î¿ öåíòðîì êëîíîâî¿ ³ ô³òîñàí³òàðíî¿ ñåëåêö³¿ âèíî-
ãðàäó ²íñòèòóòó âèíîãðàäàðñòâà òà âèíîðîáñòâà ³ì. Â. ª. Òà¿ðîâà, ê. á. í. 
Ì. ². Òóëàºâî¿. 

Àíàë³çîì ïîë³ìîðô³çìó äîâæèíè ðåñòðèêö³éíèõ ôðàãìåíò³â ÄÍÊ 
áóëî äîñë³äæåíî ãåíåòè÷í³ òà åâîëþö³éí³ â³äíîøåííÿ äåÿêèõ âèä³â, ñîð-
ò³â òà êëîí³â âèíîãðàäó, âèçíà÷åíî ãåíåòè÷í³ äèñòàíö³¿ ì³æ ôîðìàìè, ÿê³ 
àíàë³çóâàëèñÿ, ³ ïîáóäîâàíî ä³àãðàìè ¿õ âçàºìîâ³äíîñèí çà îêðåìèìè 
ãåíåòè÷íèìè ëîêóñàìè. Çîêðåìà, ïîð³âíÿííÿì ãåíåòè÷íèõ äèñòàíö³é ì³æ 
êëîíàìè ñîðòó Êàáåðíå Ñîâ³íüéîí ñåëåêö³¿ ³íñòèòóòó INRA (Ôðàíö³ÿ) òà 
êëîíàìè 10–7-6 ³ 14–7-3 ñåëåêö³¿ ÍÍÖ «²Â³Â ³ì. Â. ª. Òà¿ðîâà» áóëî ïðî-
äåìîíñòðîâàíî ãåíåòè÷íó áëèçüê³ñòü äîñë³äæåíèõ êëîí³â ì³æ ñîáîþ òà 
â³äíîñíó â³ääàëåí³ñòü â³ä âèõ³äíîãî ñîðòó [3]. 

Îö³íêà âíóòð³øíüîñîðòîâî¿ ì³íëèâîñò³ ï³äùåïíèõ ñîðò³â Ð³ïàð³ÿ õ 
Ðóïåñòð³ñ 101–14 (V. riparia x V. rupestris) òà Ð³ïàð³ÿ Ãëóàð äå Ìîíïåëüº 
(V. riparia) çà äîïîìîãîþ ISSR-ÏËÐ ïîêàçàëà íàÿâí³ñòü ãåòåðîãåííîñò³ 
ñîðò³â òà â³äïîâ³äí³ñòü ðîçïîä³ëó êëîí³â ñîðòó Ð³ïàð³ÿ õ Ðóïåñòð³ñ 101–14 
çà ìîðôîëîã³÷íèìè îçíàêàìè ðîçïîä³ëó ïî ÄÍÊ-ëîêóñàõ. 

Íîâèé åòàï äîñë³äæåííÿ ìîëåêóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó 
âèíîãðàäó ùî ïåðåäáà÷àâ âèêîðèñòàííÿ ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàê-
ö³¿, áóëî ðîçïî÷àòî Ì. ². Òóëàºâîþ â 2007 ðîö³ òà ïðîäîâæåíî ï³ä íàóêî-
âèì êåð³âíèöòâîì Í. À. Ìóëþê³íî¿. 

Â. Ð. Áî÷àðîâîþ áóëî ïðîâåäåíî ðîáîòó ñòîñîâíî îö³íêè ìîæëèâîñò³ 
äèôåðåíö³àö³¿ êëîí³â ó ìåæàõ ñîðòó çà ì³êðîñàòåë³òíèìè ìàðêåðàìè [9]. 

Ðîáîòà Î. Ì. Êàðàñòàí áóëà ñôîêóñîâàíà íà äîñë³äæåíí³ ìîëåêóëÿð-
íî-ãåíåòè÷íîãî ïîë³ìîðô³çìó ñîðò³â ñåëåêö³¿ â³ää³ëó ñåëåêö³¿, ãåíåòèêè 
òà àìïåëîãðàô³¿, àíàë³çó ¿õíüîãî ïîõîäæåííÿ òà îö³íö³ ãåíåòè÷íîãî ð³çíî-
ìàí³òòÿ àìïåëîãðàô³÷íî¿ êîëåêö³¿ ÍÍÖ «²Â³Â ³ì. Â. ª. Òà¿ðîâà» [5, 10]. 

Ðåçóëüòàòîì öüîãî åòàïó âèâ÷åííÿ àêòóàëüíèõ ïðîáëåì áóëî ñòâî-
ðåííÿ áàçè àëåëüíîãî ñòàíó ì³êðîñàòåë³òíèõ ëîêóñ³â ìàéæå 100 ñîðò³â 
ñåëåêö³¿ òà ñîðò³â àìïåëîãðàô³÷íî¿ êîëåêö³¿ íàøîãî ³íñòèòóòó. 

Íà îñíîâ³ àíàë³çó îòðèìàíèõ äàíèõ áóëî âèêîíàíî ì³êðîñàòåë³ò-
íèé àíàë³ç ïîõîäæåííÿ ñîðò³â òà ôîðì âèíîãðàäó ñåëåêö³¿ ÍÍÖ «²Â³Â 
³ì. Â. ª. Òà¿ðîâà», âèÿâëåí³ áàòüê³âñüê³ ôîðìè ñîðò³â, îòðèìàíèõ øëÿõîì 
çàïèëåííÿ ñóì³øøþ ïèëêó, ðåêîíñòðóéîâàíî ãåíîòèïè ñîðò³â òà ôîðì, 
ÿê³ áóëî âòðà÷åíî, àáî òèõ, ùî â³äñóòí³ â àìïåëîãðàô³÷íèõ êîëåêö³ÿõ 
Óêðà¿íè. 

Óïåðøå â Óêðà¿í³ áóëî çàñòîñîâàíî ìåòîä ìàðêåð-ñóïóòíüîãî äî-
áîðó çà îçíàêîþ áåçíàñ³ííºâîñò³ ó âèíîãðàäó. Ó ðàìêàõ öüîãî äîñë³-
äæåííÿ íà äîâ³ëüí³é âèáîðö³ çðàçê³â âèíîãðàäó (15 áåçíàñ³ííºâèõ ñîð-
ò³â, 25 íàñ³ííºâèõ ñîðò³â, 23 ã³áðèäíèõ ñ³ÿíö³) áóëî ïðîàíàë³çîâàíî 
ïîë³ìîðô³çì ³íòðàãåííîãî ì³êðîñàòåë³òíîãî ìàðêåðà p3_VVAGL11, ç÷å-
ïëåíîãî ³ç ïðîÿâîì îçíàêè áåçíàñ³ííºâîñò³, òà ïðîâåäåíèé ìàðêåð-ñó-
ïóòí³é äîá³ð ñåðåä ñ³ÿíö³â ã³áðèäíî¿ êîìá³íàö³¿ ñõðåùóâàííÿ Êîáçàð õ 
Ðóñàëêà 3. 
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Äåòåêö³ÿ òà ³äåíòèô³êàö³ÿ çáóäíèê³â â³ðóñíèõ, áàêòåð³àëüíèõ òà 
ô³òîïëàçìîâèõ õâîðîá âèíîãðàäó. 

Äîñë³äæåííÿ áóëè âèêîíàí³ ó 1991–2000 ðð. ï³ä íàóêîâèì êåð³âíè-
öòâîì Þ. Ì. Ñèâîëàïà ³ äîêòîðà á³îëîã³÷íèõ íàóê, çàâ³äóþ÷îãî ëàáîðà-
òîð³ºþ â³ðóñîëîã³¿ òà ì³êðîá³îëîã³¿ ²íñòèòóòó âèíîãðàäàðñòâà òà âèíî-
ðîáñòâà ³ì. Â. ª. Òà¿ðîâà Á. Í. Ì³ëêóñà. Áóëî ðîçðîáëåíî ïð³îðèòåòíèé 
ìåòîä ñïåöèô³÷íî¿ ä³àãíîñòèêè çáóäíèêà áàêòåð³àëüíîãî ðàêó âèíîãðà-
äó çà äîïîìîãîþ ìîëåêóëÿðíî¿ ã³áðèäèçàö³¿ ç çîíäîì — ðàä³îàêòèâíî 
ì³÷åíîþ Ò-ÄÍÊ Ò³-ïëàçì³äè çáóäíèêà áàêòåð³àëüíîãî ðàêó âèíîãðàäó 
Agrobacterium tumefaciens (vitis). 

Òàêèì ÷èíîì áóëî ïðîòåñòîâàíî òèñÿ÷³ ðîñëèí êëîí³â ñîðò³â âèíî-
ãðàäó, ÿê³ ñòàëè îñíîâîþ ðîçìíîæåííÿ çäîðîâîãî ñàäèâíîãî ìàòåð³àëó ó 
ðîçñàäíèêàõ Óêðà¿íè [8]. Öå äîçâîëèëî âèçíà÷èòè ñàí³òàðíèé ñòàí á³îëî-
ã³÷íèõ êàòåãîð³é ñàäèâíîãî ìàòåð³àëó (âèõ³äíèé, áàçîâèé òà ñåðòèô³êîâà-
íèé) ÿê òàêèé, ùî êîíòðîëþºòüñÿ íà óðàæåííÿ çáóäíèêîì áàêòåð³àëüíîãî 
ðàêó. 

Ç 2008 ðîêó ä³àãíîñòèêà çáóäíèêà áàêòåð³àëüíîãî ðàêó âèíîãðàäó â 
ëàáîðàòîð³¿ â³ðóñîëîã³¿ òà ì³êðîá³îëîã³¿ âèêîíóºòüñÿ ìåòîäîì ïîë³ìåðàç-
íî¿ ëàíöþãîâî¿ ðåàêö³¿ [7]. Öå äîçâîëî îö³íèòè ñèòóàö³þ ùîäî ñàí³òàðíîãî 
ñòàíó ñòîñîâíî óðàæåííÿ áàêòåð³àëüíèì ðàêîì ñàäèâíîãî ìàòåð³àëó çà-
êîðäîííîãî ïîõîäæåííÿ òà âèãîòîâëåíîãî â Óêðà¿í³. Áóëà ïîêàçàíà íåîá-
õ³äí³ñòü ðåòåëüíîãî ñàí³òàðíîãî êîíòðîëþ çà îá³ãîì çàêîðäîííîãî ñàäèâ-
íîãî ìàòåð³àëó ÷åðåç âèñîêèé ð³âåíü éîãî óðàæåííÿ äàíîþ õâîðîáîþ, 
îö³íåíî ðèçèêè ïîøèðåííÿ ³íôåêö³¿ â ìåæàõ ä³ëÿíîê, íà ÿêèõ áóëî âèÿâëå-
íî ïî÷àòêîâ³ âîãíèùà óðàæåííÿ öèì íåáåçïå÷íèì ïàòîãåíîì. 

Ùîäî ñòàíó óðàæåííÿ ñàäèâíîãî ìàòåð³àëó â³ðóñíèìè õâîðîáàìè 
êîëåêòèâîì íàóêîâö³â Ñåëåêö³éíî-ãåíåòè÷íîãî ³íñòèòóòó òà ²íñòèòóòó 
âèíîãðàäàðñòâà ³ âèíîðîáñòâà ³ì. Â. ª. Òà¿ðîâà áóëî çàïðîïîíîâàíî íà 
ïåðøèõ åòàïàõ â³äáîðó ìàòåð³àëó çàñòîñóâàòè âëàñíèé ìåòîä íåñïåöè-
ô³÷íîãî ñêðèí³íãó íà óðàæåííÿ â³ðóñàìè. Ñïî÷àòêó òàêèé ñêðèí³íã âèêî-
íóâàâñÿ íà áàç³ âèä³ëåííÿ òà àíàë³çó äâîëàíöþãîâî¿ ÐÍÊ (ðîáîòó ïðîâå-
äåíî ñï³ëüíî ³ç ñï³âðîá³òíèêîì â³ää³ëó ô³òîïàòîãåííèõ â³ðóñ³â ²íñòèòóòó 
ì³êðîá³îëîã³¿ òà â³ðóñîëîã³¿¿ ÍÀÍ Óêðà¿íè, ä. á. í. Ä. Ï. Ãðàìîþ). 

Íà íàñòóïíîìó åòàï³ ó â³ää³ë³ ìîëåêóëÿðíî¿ ãåíåòèêè ÑÃ² áóëî ðîç-
ðîáëåíî ìåòîä ìîëåêóëÿðíî¿ ã³áðèäèçàö³¿ ³ç ðàä³îàêòèâíî òà íåðàä³î-
àêòèâíî ì³÷åíèìè äëÐÍÊ-çîíäàìè [6]. Îáèäâà ìåòîäè âèêîðèñòàíî äëÿ 
ïîïåðåäíüîãî òåñòóâàííÿ êëîí³â ñîðò³â íà ëàòåíòíå óðàæåííÿ â³ðóñàìè, 
â ðàç³ âèÿâëåííÿ â³ðóñíî¿ ³íôåêö³¿ äëÿ ïîäàëüøî¿ ³äåíòèô³êàö³¿ â³ðóñ³â çà-
ñòîñîâóâàëè ìåòîä ³ìóíîôåðìåíòíîãî àíàë³çó. 

Ç 2008 ðîêó â ëàáîðàòîð³¿ â³ðóñîëîã³¿ òà ì³êðîá³îëîã³¿ ÍÍÖ 
«²Â³Â ³ì. Â. ª. Òà¿ðîâà» äëÿ ³äåíòèô³êàö³¿ çáóäíèê³â â³ðóñíèõ òà ô³òîïëàç-
ìîâèõ õâîðîá âèíîãðàäó âèêîðèñòîâóþòü ÏËÐ [7]. 

Ùå îäíèì íàïðÿìîì çàñòîñóâàííÿ ÄÍÊ-òåõíîëîã³é ó äîñë³äæåííÿõ 
ñòàâ ãåíåòè÷íèé òà ñàí³òàðíèé êîíòðîëü íà åòàïàõ äîáîðó òà îòðèìàííÿ 
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áåçâ³ðóñíîãî âèõ³äíîãî ñàäèâíîãî ìàòåð³àëó. Òàê, àíàë³ç äëÐÍÊ òà ìîëå-
êóëÿðíà ã³áðèäèçàö³ÿ áóëè âèêîðèñòàí³ äëÿ îö³íêè ñàí³òàðíîãî ñòàíó ìà-
òåð³àëó ï³ñëÿ õåìî- òà òåðìîòåðàï³¿, — à ñàìå äëÿ ï³äòâåðäæåííÿ ñòàòóñó 
«áåçâ³ðóñíèé» [11]. 

Àíàë³ç ì³êðîñàòåë³òíèìè ìàðêåðàìè âèêîðèñòîâóâàëè äëÿ îö³íêè 
ãåíåòè÷íî¿ îäíîð³äíîñò³ ìàòåð³àëó ï³ñëÿ ïðîâåäåííÿ õåìîòåðàï³¿ in vitro 
[12]. Âèêîíàí³ äîñë³äæåííÿ ïîêàçàëè, ùî îçäîðîâ÷³ ïðîöåäóðè, çàñòî-
ñîâàí³ äî ñîðòó Êàáåðíå Ñîâ³íüéîí, íå ïðèçâåëè äî ñóòòºâèõ ãåíåòè÷íèõ 
çì³í ìàòåð³àëó. 

Âèñíîâêè. 
1. Çàñòîñóâàííÿ ÄÍÊ-òåõíîëîã³é â ñåëåêö³¿ âèíîãðàäó çóìîâèëî ðîç-

ðîáêó ìåòîäè÷íèõ ï³äõîä³â äî äèôåðåíö³àö³¿ êëîí³â ó ìåæàõ ï³äùåïíèõ òà 
ïðèùåïíèõ ñîðò³â, âèÿâëåííÿ ïîõîäæåííÿ ðÿäó ñîðò³â ñåëåêö³¿ ÍÍÖ «²Â³Â 
³ì. Â. ª. Òà¿ðîâà» òà âèêîðèñòàòè åëåìåíòè ìàðêåðíî¿ ñåëåêö³¿ ó ñòâîðåí-
í³ áåçíàñ³ííºâèõ ñîðò³â. 

2. ÄÍÊ-òåõíîëîã³¿ ÿê ñêëàäîâà ñèñòåìè ñàí³òàðíîãî êîíòðîëþ ó âè-
ðîáíèöòâ³ ñàäèâíîãî ìàòåð³àëó âèíîãðàäó ºâðîïåéñüêî¿ êàòåãîð³¿ «ñåð-
òèô³êîâàíèé» äàëè ìîæëèâ³ñòü ïðîâåñòè øèðîêîìàñøòàáíèé ñêðèí³íã 
âèõ³äíîãî ìàòåð³àëó íà êëîíîâ³é òà ãåíåðàòèâí³é îñíîâ³ íà óðàæåííÿ 
â³ðóñíèìè, áàêòåð³àëüíèìè òà ô³òîïëàçìîâèìè õâîðîáàìè, äîñë³äèòè 
îñîáëèâîñò³ ïîøèðåííÿ çàçíà÷åíèõ õâîðîá íà âèíîãðàäíèêàõ Óêðà¿íè 
³ îö³íèòè ðèçèêè ¿õíüîãî ïðèðîäíîãî ðîçïîâñþäæåííÿ. 
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Vlasov V. V., Muljukina N. A., Tulaeva M. I., Kovaljova I. A., Chis-
nikov V. S., Konup L. O., Karastan O. M., Losjeva D. Ju. NSC «Tairov 
Research Institute of Viticulture and Wine-Making» 

DNA-TECHNOLOGIES FOR GRAPEVINE (Vitis vinifera L.) RESEARCHES 
IN NSC «TAIROV RESEARCH INSTITUTE OF VITICULTURE 

AND WINE-MAKING»: METHODOLOGICAL AND HISTORICAL ASPECTS 

A brief description of the main directions of DNA-technologies applying 
to grapevine (Vitis vinifera L.) researches at National Scientific Center «Tai-
rov Research Institute of Viticulture and Enology» have been presented. The 
methodic basis and main results of grapevine molecular polymorphism inves-
tigation and grapevine virus, bacterial and phytoplasma diseases DNA-iden-
tification have been characterized. 
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È ÈÑÒÎÐÈ×ÅÑÊÈÅ ÀÑÏÅÊÒÛ 

Ïðåäñòàâëåíî êðàòêîå îïèñàíèå îñíîâíûõ ýòàïîâ ïðèìåíåíèÿ 
ÄÍÊ-òåõíîëîãèé â èçó÷åíèè ñîðòîâ âèíîãðàäà (Vitis vinifera L.) ðàçëè÷-
íîãî íàçíà÷åíèÿ â ÍÍÖ «ÈÂèÂ èì. Â. Å. Òàèðîâà». Îõàðàêòåðèçîâàíà 
ìåòîäè÷åñêàÿ áàçà è îñíîâíûå ïîëó÷åííûå ðåçóëüòàòû íà íàïðàâëåíè-
ÿõ èçó÷åíèÿ ìîëåêóëÿðíî-ãåíåòè÷åñêîãî ïîëèìîðôèçìà âèíîãðàäà è 
ÄÍÊ-èäåíòèôèêàöèè âèðóñíûõ, áàêòåðèàëüíûõ è ôèòîïëàçìåííûõ áî-
ëåçíåé. 
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ÄÎÑË²ÄÆÅÍÍß ÌÎËÅÊÓËßÐÍÎ-ÃÅÍÅÒÈ×ÍÎÃÎ ÏÎË²ÌÎÐÔ²ÇÌÓ 
ÏÐÈÐÎÄÍÈÕ ÏÎÏÓËßÖ²É ÊÈÇÈËÜÍÈÊ²Â (Cotoneaster sp.) 
Â ÓÊÐÀ¯Í² 

Ìîëåêóëÿðíî-ãåíåòè÷íå äîñë³äæåííÿ ïîë³ìîðô³çìó çðàçê³â 
Cotoneaster ïðèðîäíèõ ïîïóëÿö³é êèçèëüíèê³â Óêðà¿íè ïðîâå-
äåíî ìåòîäîì RAPD-àíàë³çó. Âèÿâëåíî â³äì³ííîñò³ ì³æ âèäàìè 
C. integerrimus ³ C. melanocarpus òà ãåíåòè÷íó áëèçüê³ñòü ïåðåõ³äíèõ 
ôîðì äî C. ³ntegerrimus. 

Êëþ÷îâ³ ñëîâà: êèçèëüíèê, RAPD-àíàë³ç, ô³ëîãåí³ÿ, ïåðåõ³äí³ ôîðìè. 

Âñòóï. Ïîë³ìîðôíèé ð³ä Cotoneaster Ñ. Bauhin (1623) ó ñâ³òîâ³é 
ôëîð³, çà äàíèìè J. Phipps [1], ïðåäñòàâëåíèé 264 òàêñîíàìè. Àðåàë 
ðîäó Êèçèëüíèê çíàõîäèòüñÿ, â îñíîâíîìó, â ã³ðñüêèõ ðàéîíàõ Ñåðåä-
íüî¿ Àç³¿, ²ðàíó, Àôãàí³ñòàíó, ²íä³¿, Ìîíãîë³¿, Êèòàþ. Â Óêðà¿í³ º éîãî òðè 
âèäè: C. ³ntegerrimus Medic. (ê. ö³ëîêðà¿é), C. melanocarpus Fisch. et Blytt 
(ê. ÷îðíîïë³äíèé), C. tauricus Pojark (ê. êðèìñüêèé). Îñòàíí³é ðîñòå â ã³ð-
ñüê³é ÷àñòèí³ Êðèìó, º åíäåì³êîì, çàíåñåíèé äî ªâðîïåéñüêîãî ñïèñêó 
òâàðèí ³ ðîñëèí, ùî çíàõîäÿòüñÿ ï³ä çàãðîçîþ çíèêíåííÿ ó ñâ³òîâîìó 
ìàñøòàá³. Ïåðø³ äâà ðîñòóòü òàêîæ ó ãîðàõ Êðèìó, Êàðïàò ³ äîñèòü ÷àñòî 
çóñòð³÷àþòüñÿ íà âèõîäàõ ãðàí³ò³â Ïðèäí³ïðîâñüêî¿, Ïðèàçîâñüêî¿ âèñî-
÷èí, Äîíåöüêîãî êðÿæó, à òàêîæ ó ðàéîíàõ Çàêàðïàòòÿ, Ïåðåäêàðïàòòÿ, 
ð³äøå íà ï³âí³÷íîìó çàõîä³ ë³ñîñòåïîâî¿ çîíè Óêðà¿íè. Åêîëîãî-öåíî-
òè÷íèìè äîñë³äæåííÿìè 2002–2008 ðð. ïîïóëÿö³é êèçèëüíèê³â âèÿâëå-
íî ¿õ ó ôëîð³ ñòåïîâî¿ ÷àñòèíè Óêðà¿íè C. ³ntegerrimus, ÿêèé õàðàêòåðíèé 
ëèøå äëÿ ã³ðñüêèõ ì³ñöåâîñòåé — Êðèì, Êàðïàòè [2]. Âèÿâëåí³ ó ì³ñöÿõ 
ïðèðîäíîãî ðîçïîâñþäæåííÿ ïåðåõ³äí³ ôîðìè ì³æ C. melanocarpus ³ 
C. ³ntegerrimus, ùî â³äð³çíÿþòüñÿ ìîðôîëîã³÷íî — çà ôîðìîþ ëèñòêî-
âî¿ ïëàñòèíêè, ¿¿ ðîçì³ðàìè ³, îñîáëèâî, äîâæèíîþ êâ³òêîí³æêè-ïëîäî-
í³æêè, à òàêîæ ãàá³òóñîì òà åêîëîã³ºþ. Òàê, C. melanocarpus ó ñòåïîâ³é 
÷àñòèí³ ìàëîïîøèðåíèé, ïåðåâàæíî ó çâîëîæåíèõ ì³ñöÿõ òà ó ï³âí³÷íèõ 
åêñïîçèö³ÿõ. À C. ³ntegerrimus, ÿê âèÿâèëîñÿ, ðîñëèíà á³ëüø êñåðîô³ò-
íà, óòâîðþº ïåðåõ³äí³ ôîðìè ç C. melanocarpus, ÿê³ çàéìàþòü â³äïîâ³ä-
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í³ åêîëîã³÷í³ í³ø³. Ðîñëèíè, â ÿêèõ ïåðåâàæàþòü îçíàêè C. ³ntegerrimus, 
ðîçòàøîâóþòüñÿ â ñóõèõ, â³äêðèòèõ, ñîíÿ÷íèõ ì³ñöÿõ. Ò³ æ, ó ÿêèõ á³ëüøå 
îçíàê C. ìelanocarpus, çàéìàþòü ï³âí³÷í³ åêñïîçèö³¿, á³ëüø ãëèáîê³ óëî-
ãîâèíè, çàõèùåí³ â³ä ñîíöÿ ç óñ³õ áîê³â ñêåëÿìè ÷è êàì³ííÿì àáî êðî-
íàìè äåðåâ, ÷àãàðíèêàìè. Ù³ëüí³ñòü ðîçñåëåííÿ àñîö³àö³é çàëåæèòü 
â³ä àíòðîïîãåííîãî íàâàíòàæåííÿ. Ïåðåãëÿä çðàçê³â ó ãåðáàð³ÿõ Êèºâà, 
Äîíåöüêà, Äí³ïðîïåòðîâñüêà, Êðèâîãî Ðîãó, Õàðêîâà, Ëüâîâà, Óæãîðîäà 
çàñâ³ä÷èâ íàÿâí³ñòü ÿê öèõ ôîðì, òàê ³ C. ³ntegerrimus, ÿê³ òóò âèçíà÷åí³ 
ÿê C. melanocarpus. ² ó âèð³øåíí³ ïðîáëåì ô³ëîãåíåòè÷íèõ âçàºìîâ³ä-
íîñèí âåëèêå çíà÷åííÿ ìàº çàñòîñóâàííÿ ìîëåêóëÿðíî-ãåíåòè÷íèõ ìå-
òîä³â [3]. 

Ç ìåòîþ âèÿâëåííÿ ïîä³áíîñò³ ÷è â³äì³í ì³æ çàçíà÷åíèìè òàêñîíàìè 
òà ¿õí³ìè ïåðåõ³äíèìè ôîðìàìè ïðîâåäåíå äàíå ìîëåêóëÿðíî-ãåíåòè÷-
íå äîñë³äæåííÿ. 

Ìàòåð³àëè òà ìåòîäè. Ìàòåð³àëîì ñëóãóâàëè ðàííüîâåñíÿí³ âåãå-
òàòèâí³ ïàãîíè ³ç ìîëîäèìè ëèñòî÷êàìè, ÿê³ ùå íå äîñÿãëè íîðìàëüíèõ 
ðîçì³ð³â, çð³çàí³ â ïðèðîäíèõ ïîïóëÿö³ÿõ ðåã³îíàëüíîãî ëàíäøàôòíî-
ãî ïàðêó «Ãðàí³òíî-ñòåïîâå Ïîáóææÿ» (ñìò. Ìèã³ÿ, ñ. Êóðèï÷èíå Ïåðâî-
ìàéñüêîãî ðàéîíó Ìèêîëà¿âñüêî¿ îáëàñò³), ã³ðñüêîãî Êðèìó (×àòèðäàã), 
ð³âíèííî¿ ÷àñòèíè Óêðà¿íè (Êè¿âñüêà, Äí³ïðîïåòðîâñüêà, Ê³ðîâîãðàäñüêà 
îáëàñò³), çàïîâ³äíèêà «Ìåäîáîðè» (Òåðíîï³ëüñüêà îáëàñòü), Êàðïàò (ãîðà 
Ïåòðîñ). 

ÄÍÊ âèëó÷àëè ç ëèñòÿ öåòàâëîíîâèì ìåòîäîì. Àìïë³ô³êàö³þ ïðîâî-
äèëè íà ïðèëàä³ «Òåðöèê» (ÄÍÊ-òåõíîëîã³ÿ, Ðîñ³ÿ). Ñêëàä ðåàêòèâíî¿ ñó-
ì³ø³: 50 ìÌ KCI, 

20 ìÌ òð³ñ-HCI (pH 8,4), 0,01 % Tween-20, 2 ìÌ MgCI
2
, 0,2 ìêÌ ïðàé-

ìåðà, 200 ìêÌ êîæíîãî dNTP, 20–30 íã ÄÍÊ, 1 îä. Taq-ïîë³ìåðàçè. Óìîâè 
àìïë³ô³êàö³¿: ïî÷àòêîâà äåíàòóðàö³ÿ — 94 °Ñ 2 õâ, 30 öèêë³â çà íàñòóïíè-
ìè ðåæèìàìè: â³äïàë 60 °Ñ 30 ñ, åëîíãàö³ÿ 72 °Ñ 30 ñ, äåíàòóðàö³ÿ 92 °Ñ 
30 ñ, îñòàííÿ åëîíãàö³ÿ 5 õâ. Åëåêòðîôîðåç ïðîäóêò³â àìïë³ô³êàö³¿ ïðî-
âîäèëè â äåíàòóðóþ÷îìó ïîë³àêðèëàì³äíîìó ãåë³ (10 % àêðèëàì³ä, 7 Ì 
ñå÷îâèíà, 1  òð³ñ–áîðàòíèé áóôåð) çà 500 V ïðîòÿãîì 120 õâ. Ôàðáóâà-
ëè àçîòíîêèñëèì ñð³áëîì. Äîêóìåíòóâàëè îòðèìàí³ åëåêòðîôîðåãðàìè 
â³äåîñèñòåìîþ VDS (Pharmacia Biotech, ÑØÀ). 

Ðåçóëüòàòè äîñë³äæåíü òà îáãîâîðåííÿ. Äëÿ äîñë³äæåííÿ ìîëå-
êóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó ï’ÿòè çðàçê³â êèçèëüíèêà, ç³áðàíèõ 
ó ïðèðîäíèõ ïîïóëÿö³ÿõ ðåã³îíàëüíîãî ëàíäøàôòíîãî ïàðêó «Ãðàí³òíî-
ñòåïîâå Ïîáóææÿ», âèêîðèñòàíî ïîë³ëîêóñíèé RAPD-àíàë³ç ³ç çàëó÷åí-
íÿì 12 ïðàéìåð³â äîâ³ëüíî¿ íóêëåîòèäíî¿ ïîñë³äîâíîñò³ [4]. Ó ö³ëîìó 
äîñë³äæåíî 163 ëîêóñè ãåíîìó êèçèëüíèêà, ç ÿêèõ 55 âèÿâèëèñÿ ïîë³-
ìîðôíèìè. 

Íà ðèñóíêó 1 íàâåäåíî ñïåêòðè äîâ³ëüíî àìïë³ô³êîâàíî¿ ÄÍÊ äîñë³-
äæåíèõ ãåíîòèï³â êèçèëüíèêà. Âèÿâëåíî ãåíîòèïîñïåöèô³÷í³ ïðîäóêòè 
àìïë³ô³êàö³¿ çà ïðaéìåðàìè Ð 2, R 86, P57, A 02, Ð 39, R 100, P 37. 
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Ì  2à 3à 10 60 90 Ì 2à 3à 10 60 90 Ì 2à 3à 10 60 90 2à 3à 10 60 90 Ì
 À Á Â Ã

Ðèñ. 1. Åëåêòðîôîðåãðàìà ïðîäóêò³â àìïë³ô³êàö³¿ ÄÍÊ çðàçê³â êèçèëüíèêà 
ç ïðàéìåðàìè Ñ 20(À), Ð 2(Á), R 86(Â), Ð 32(Ã). Ì — ìàðêåð ìîëåêóëÿðíî¿ ìàñè 

pGEM 

²ç âèêîðèñòàííÿì êîìï’þòåðíî¿ ïðîãðàìè MEGA âèçíà÷åíî ãåíåòè÷í³ 
â³äñòàí³ ì³æ ïðîàíàë³çîâàíèìè çðàçêàìè òà îòðèìàíî ñõåìó, ùî â³äáè-
âàº ¿õíþ ãåíåòè÷íó ñïîð³äíåí³ñòü (ðèñ. 2). 

Çðàçêè çãðóïóâàíî â äâà êëàñòåðè, îäèí ç ÿêèõ ì³ñòèòü ãåíîòèïè «2à», 
«90» òà «60», ³íøèé — «3à» òà «10». Ãåíåòè÷í³ â³äñòàí³ ì³æ çðàçêàìè ç ð³ç-
íèõ êëàñòåð³â ìàéæå óäâîº ïåðåâèùóþòü ò³, ùî âèÿâëåíî ì³æ çðàçêàìè 
â ìåæàõ êëàñòåð³â. Íàéá³ëüø ãåíåòè÷íî áëèçüêèìè âèÿâèëèñü ãåíîòèïè 
«2à» òà «90». 

                                                                                             

Ðèñ. 2. Ñõåìà, ùî â³äáèâàº ãåíåòè÷í³ âçàºìîâ³äíîñèíè ì³æ äîñë³äæåíèìè çðàç-
êàìè êèçèëüíèêà, ç³áðàíèìè â ïðèðîäíèõ ïîïóëÿö³ÿõ ðåã³îíàëüíîãî ëàíäøàôò-

íîãî ïàðêó «Ãðàí³òíî-ñòåïîâå Ïîáóææÿ» 

Ïåðåâ³âøè çðàçêè, çàçíà÷åí³ ï³ä íîìåðàìè «2à», «3à», «10», «60», 
«90», ó òàêñîíîì³÷íèé ðÿä, ìîæåìî êîíñòàòóâàòè ïðèñóòí³ñòü ó ñòåïî-
â³é ÷àñòèí³ Óêðà¿íè C. ³ntegerrimus («60»), ÿêèé ãåíåòè÷íî ïåðåáóâàº íà 
çíà÷í³é â³äñòàí³ â³ä C. melanocarpus («3à» ³ «10»). Ïåðåõ³äí³ ôîðìè C. 
melanocarpus õ C. ³ntegerrimus («2à») òà C. ³ntegerrimus õ C. melanocarpus 
(«90») º ãåíåòè÷íî áëèçüêèìè ³ ìàþòü á³ëüøó ÷àñòèíó îçíàê â³ä C. 
³ntegerrimus («60»), óòâîðþþ÷è îäèí êëàñòåð. Äàí³ RAPD-àíàë³çó äîçâî-
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ëÿþòü ñòâåðäæóâàòè ïðî íàÿâí³ñòü ïåðåõ³äíèõ ôîðì ³ âèä³ëÿòè ¿õ ó îêðå-
ì³ òàêñîíè. 

Ìîëåêóëÿðíî-ãåíåòè÷íå äîñë³äæåííÿ çðàçê³â êèçèëüíèê³â ç ð³ç-
íèõ ðåã³îí³â Óêðà¿íè [5] äîçâîëèëî âèÿâèòè, ùî ïåðåõ³äí³ ôîðìè 
C. melanocarpus õ 

C. integerrimus ³ C. ³ntegerrimus õ C. melanocarpus ³ç ð³çíèõ ì³ñöü Òåð-
íîï³ëüñüêî¿ îáëàñò³ (ì. Êðåìåíåöü òà çàïîâ³äíèê «Ìåäîáîðè») óòâîðþþòü 
îäèí êëàñòåð ³ º ãåíåòè÷íî á³ëüø áëèçüêèìè äî çðàçêà âèäó C. integerrimus 
ç Êàðïàòñüêî¿ ãîðè Ïåòðîñ, í³æ äî çðàçêà âèäó C. melanocarpus ç ì. Êðå-
ìåíåöü (ðèñ. 3). Ðàçîì ç òèì, óñ³ çðàçêè ³ç Êàðïàò òà Ïðèêàðïàòòÿ («12», 
«13», «15», «16») âèÿâèëèñü ãåíåòè÷íî äîâîë³ áëèçüêèìè. Íàéá³ëüø â³ä-
ð³çíÿâñÿ îäèí ³ç çðàçê³â âèäó C. integerrimus ç Ìèêîëà¿âñüêî¿ îáëàñò³ 
(«02»), ÿêèé óòâîðèâ îêðåìèé êëàñòåð. Îòðèìàí³ ðåçóëüòàòè ïîêàçàëè, 
ùî âèâ÷åííÿ ïîë³ìîðô³çìó ÄÍÊ çðàçê³â ðîäó Cotoneaster ïîòð³áíî ïðî-
äîâæóâàòè, íàÿâíèé ôàêòè÷íèé ìàòåð³àë º îñíîâîþ ïîäàëüøèõ äîñë³-
äæåíü ó öüîìó íàïðÿì³. 

                                                                 

Ðèñ. 3. Ñõåìà, ùî â³äáèâàº ãåíåòè÷í³ âçàºìîâ³äíîñèíè ì³æ äîñë³äæåíèìè 
çðàçêàìè êèçèëüíèêà ³ç ð³çíèõ ðåã³îí³â Óêðà¿íè 

Âèñíîâêè. Äîñë³äæåííÿ ìîëåêóëÿðíî-ãåíåòè÷íîãî ïîë³ìîðô³çìó 
ïðèðîäíèõ ïîïóëÿö³é êèçèëüíèê³â ð³çíèõ ðåã³îí³â Óêðà¿íè âèÿâèëî ãå-
íåòè÷íó áëèçüê³ñòü ïåðåõ³äíèõ ôîðì C. melanocarpus õ C. ³ntegerrimus ³ 
C. ³ntegerrimus õ C. melanocarpus äî âèäó C. ³ntegerrimus. 
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Solodenko À. Ye., Grevtsova G. T., Drabinyuk G. V. Plant Breeding 
and Genetics Institute — National Center of Seed and Cultivar Investigations 

MOLECULAR-GENETIC POLYMORPHISM INVESTIGATION OF NATURAL 
POPULATIONS OF COTONEASTER (Cotoneaster sp.) IN UKRAINE 

Molecular-genetic investigation of polymorphism of natural populations 
Cotoneaster àññåssions in Ukraine was carried out. The differences between 
C. integerrimus and C. melanocarpus and genetic relationship their transi-
tional forms to C. integerrimus were established. 
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ÓÄÊ 575.11.113:854.78 

Ñîëîäåíêî À. Å., Ãðåâöîâà Ã. Ò., Äðàáèíþê Ã. Â. 

ÈÑÑËÅÄÎÂÀÍÈÅ ÌÎËÅÊÓËßÐÍÎ-ÃÅÍÅÒÈ×ÅÑÊÎÃÎ 
ÏÎËÈÌÎÐÔÈÇÌÀ ÏÐÈÐÎÄÍÛÕ ÏÎÏÓËßÖÈÉ ÊÈÇÈËÜÍÈÊÎÂ 

(Cotoneaster sp.) Â ÓÊÐÀÈÍÅ 

Ìîëåêóëÿðíî-ãåíåòè÷åñêîå èññëåäîâàíèå ïîëèìîðôèçìà îá-
ðàçöîâ Cotoneaster ïðèðîäíûõ ïîïóëÿöèé êèçèëüíèêîâ Óêðàèíû ïðî-
âåäåíî ìåòîäîì RAPD-àíàëèçà. Âûÿâëåíû ðàçëè÷èÿ ìåæäó âèäàìè 
C. integerrimus è C. melanocarpus è ãåíåòè÷åñêàÿ áëèçîñòü ïåðåõîäíûõ 
ôîðì ê C. ³ntegerrimus. 
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ÌÅÒÎÄÈ ÊÓËÜÒÓÐÈ IN VITRO ÄËß ÑÓ×ÀÑÍÎ¯ ÑÅËÅÊÖ²¯ ÏØÅÍÈÖ² 
Ì’ßÊÎ¯ (Triticum aestivum L.) ÒÀ ß×ÌÅÍÞ (Hordeum vulgare L.) 

Ïîäàþòüñÿ ðåçóëüòàòè á³îòåõíîëîã³÷íèõ ðîçðîáîê íà îñíîâ³ êóëü-
òèâóâàííÿ in vitro òêàíèí ³ îðãàí³â ïøåíèö³ òà ÿ÷ìåíþ. Âèñâ³òëåíî 
ìîæëèâîñò³ çàñòîñóâàííÿ ìåòîä³â in vitro äëÿ îòðèìàííÿ âèõ³äíîãî 
ñåëåêö³éíîãî ìàòåð³àëó. Âèçíà÷åíî óìîâè äëÿ ïðèñêîðåíîãî ñòâî-
ðåííÿ ñò³éêîãî äî ïàòîãåí³â ãîìîçèãîòíîãî ìàòåð³àëó ïøåíèö³ òà ÿ÷-
ìåíþ çà ïîºäíàííÿ ãàïëî¿äíî¿ òåõíîëîã³¿ òà ñåëåêö³¿ in vitro. 

Êëþ÷îâ³ ñëîâà: ïøåíèöÿ ì’ÿêà, ÿ÷ì³íü, àíäðîãåíåç in vitro, â³ääàëåí³ 
ã³áðèäè, ñåëåêö³ÿ in vitro. 

Âñòóï. Íà ïî÷àòêó XXI ñòîë³òòÿ â ñâ³ò³ òðèâàº ³íòåíñèâíèé ðîçâèòîê 
ð³çíèõ íàïðÿì³â á³îòåõíîëîã³¿ äëÿ ïðèñêîðåíîãî âèð³øåííÿ ïèòàíü ñåëåê-
ö³¿ òà ãåíåòèêè åêîíîì³÷íî ö³ííèõ êóëüòóð [1–3]. Íàñàìïåðåä, äëÿ îäåð-
æàííÿ íîâîãî êîíñòàíòíîãî ãåíåòè÷íîãî ìàòåð³àëó ðîñëèí, ùî â³äð³çíÿ-
ºòüñÿ âèñîêîþ ïðîäóêòèâí³ñòþ é ñò³éê³ñòþ äî íåñïðèÿòëèâèõ á³îòè÷íèõ 
òà àá³îòè÷íèõ ôàêòîð³â äîâê³ëëÿ. Âèõîäÿ÷è ç íàóêîâî¿ òà ïðàêòè÷íî¿ âàæ-
ëèâîñò³ ðîçâèòêó á³îòåõíîëîã³÷íèõ äîñë³äæåíü, íà îñíîâ³ ìåòîä³â êóëüòè-
âóâàííÿ êë³òèí, òêàíèí ³ îðãàí³â ðîñëèí in vitro ç ìåòîþ âèêîðèñòàííÿ ¿õ ó 
ñåëåêö³¿ òà ãåíåòèö³ çåðíîâèõ êóëüòóð, ó ð³çíèõ êðà¿íàõ âèçíà÷èëèñü íà-
ñòóïí³ íàïðÿìè äîñë³äíèöüêî¿ ðîáîòè: 

1) îäåðæàííÿ ãàïëî¿ä³â ç ì³êðîñïîð, ÿéöåêë³òèí ³ íà îñíîâ³ ãàïëîïðî-
äþñåð³â ó ãîñïîäàðñüêîö³ííèõ êóëüòóð ç ìåòîþ ïðèñêîðåíîãî ñòâîðåííÿ 
ãîìîçèãîòíèõ ë³í³é ³ç ð³çíèõ ã³áðèäíèõ ïîïóëÿö³é; 

2) çíèæåííÿ áàð’ºð³â íåñóì³ñíîñò³ ïðè ã³áðèäèçàö³¿ òàêñîíîì³÷íî 
â³ääàëåíèõ áàòüê³âñüêèõ ôîðì ó ïðîãàìí³é òà ïîñòãàìí³é ôàç³ äëÿ çáå-
ðåæåííÿ æèòòºçäàòíîñò³ ã³áðèäíèõ çàðîäê³â ³ç çàñòîñóâàííÿì òåõí³êè 
åìáð³î êóëüòóðè àáî «embryo-rescue»; 

3) âèä³ëåííÿ ç êë³òèííèõ ïîïóëÿö³é çà äîïîìîãîþ ñåëåêö³¿ in vitro ë³í³é 
ðîñëèí ç âèñîêîþ åêñïðåñ³ºþ íåîáõ³äíèõ äëÿ ñåëåêö³¿ îçíàê àáî âëàñòè-
âîñòåé; 

© Øåñòîïàë Î. Ë., ²ãíàòîâà Ñ. Î., Çàìáð³áîðù ². Ñ., Çåëåí³íà Ã. À., 2015
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4) ðîçøèðåííÿ ãåíåòè÷íî¿ ì³íëèâîñò³ â êë³òèííèõ ïîïóëÿö³ÿõ ðîñëèí 
íà îñíîâ³ ñîìàêëîíàëüíî¿ ì³íëèâîñò³ òà/àáî ³íäóêîâàíîãî ìóòàãåíåçó 
ç ìåòîþ îäåðæàííÿ íîâèõ ö³ííèõ îçíàê; 

5) îäåðæàííÿ ãåíåòè÷íî ìîäèô³êîâàíèõ ôîðì ðîñëèí âèêîðèñòàí-
íÿì ïðèéîì³â ãåíåòè÷íî¿ òðàíñôîðìàö³¿ äëÿ ââåäåííÿ ðåêîìá³íàíòíèõ 
ìîëåêóë ÄÍÊ àáî ¿õí³õ ôðàãìåíò³â ó ìàòåð³àë ðåöèï³ºíò³â ç íàñòóïíèì 
îäåðæàííÿì ôåðòèëüíèõ ðîñëèí ç âáóäîâàíèìè ãåíàìè ãîñïîäàðñüêî-
ö³ííèõ îçíàê. 

Âèõîäÿ÷è ç íàãàëüíèõ ³íòåðåñ³â ñåëåêö³¿ ö³ííèõ çëàê³â ó ïîçíà÷åíèõ 
íàïðÿìàõ á³îòåõíîëîã³¿ ðîñëèí, ó ëàáîðàòîð³¿ êóëüòóðè òêàíèí ÑÃ² äîñë³-
äæåííÿ âèêîíóâàëèñü çà ð³çíèìè íàóêîâî-òåîðåòè÷íèìè ïðîãðàìàìè ó 
íàñòóïíèõ íàïðÿìàõ: 1 — çá³ëüøåííÿ åôåêòèâíîñò³ ãàïëî¿äíèõ òåõíî-
ëîã³é, ùî çàñòîñîâóþòüñÿ äëÿ îäåðæàííÿ ë³í³éíîãî ìàòåð³àëó ç ã³áðèä-
íèõ êîìá³íàö³é ñåëåêö³éíèõ ôîðì åêîíîì³÷íî âàæëèâèõ äëÿ Óêðà¿íè 
ñ.-ã. êóëüòóð — ïøåíèö³ ³ ÿ÷ìåíþ; 2 — ðîçðîáêà ñèñòåì in vitro äëÿ îäåð-
æàííÿ íîâèõ ã³áðèäíèõ ôîðì öèõ æå êóëüòóð â³ä â³ääàëåíèõ ñõðåùóâàíü 
³ç áëèçüêèìè é äàëåêèìè ðîäè÷àìè ç íàñòóïíèì ïåðåâåäåííÿì ¿õ íà ãî-
ìîçèãîòíèé ð³âåíü; 3 — ñòâîðåííÿ åôåêòèâíèõ ñèñòåì in vitro äëÿ ðîçøè-
ðåííÿ ãåíåòè÷íî¿ ì³íëèâîñò³ â êë³òèííèõ ïîïóëÿö³ÿõ ïøåíèö³ òà ÿ÷ìåíþ 
íà îñíîâ³ ñîìàêëîíàëüíî¿ ì³íëèâîñò³ òà/àáî ³íäóêîâàíîãî ìóòàãåíåçó, à 
òàêîæ äëÿ îäåðæàííÿ ìàòåð³àëó äàíèõ êóëüòóð ç³ ñò³éê³ñòþ äî ãðèáíèõ ïà-
òîãåí³â òà ïîñóõè. 

Ìàòåð³àë ³ ìåòîäè. Äîñë³äæåííÿ ïðîâîäèëèñü ó ëàáîðàòîð³¿ êóëüòó-
ðè òêàíèí ÑÃ²–ÍÖÍÑ. Ìàòåð³àë äîñë³äæåíü: 120 ãåíîòèï³â (ñîðòè é ã³áðè-
äè) ïøåíèö³ ì’ÿêî¿ (Triticum aestivum L.) òà 27 ãåíîòèï³â ÿ÷ìåíþ (Hordeum 
vulgare L.) â³ò÷èçíÿíî¿ òà çàðóá³æíî¿ ñåëåêö³¿, áàãàòîë³òíÿ äèêîðîñëà 
ôîðìà Hordeum bulbosum L. (2n=28), ÿðà ôîðìà Hordeum spontaneum, 
ë³í³¿ ÿðîãî ÿ÷ìåíþ, ùî ð³çíèëèñÿ çà ñò³éê³ñòþ äî áîðîøíèñòî¿ ðîñè — 
Erysiphe graminis DC. f. sp. hordei Marschal. 

ßê åêñïëàíò âèêîðèñòîâóâàëè ³çîëüîâàí³ çð³ë³ òà íåçð³ë³ çàðîäêè, êà-
ëóñ ³ç íåçð³ëèõ çàðîäê³â, ïèëÿêè ì’ÿêî¿ ïøåíèö³ òà ÿ÷ìåíþ. ßê ñåëåêòèâ-
íèé ôàêòîð ó á³îòåõíîëîã³÷íèõ ñèñòåìàõ ñåëåêö³¿ in vitro çàñòîñîâóâàëè 
ô³ëüòðàò êóëüòóðàëüíî¿ ð³äèíè (ÔÊÐ) ãðèáà F. graminearum ñèëüíî- (56) 
òà ñëàáêîïàòîãåííîãî (ab) øòàì³â, ëþá’ÿçíî íàäàíèõ â³ää³ëîì ô³òîïàòî-
ëîã³¿ òà åíòîìîëîã³¿ ÑÃ²–ÍÖÍÑ. 

Äëÿ îòðèìàííÿ ïîäâîºíèõ ãàïëî¿ä³â ïøåíèö³ ³ç ã³áðèä³â çàñòîñîâó-
âàëè, â îñíîâíîìó, ìåòîä êóëüòóðè in vitro ³çîëüîâàíèõ ïèëÿê³â ïøåíèö³ 
[4]. Äëÿ öüîãî ïèëÿêè ïøåíèö³ â ñòàä³¿ ñèëüíîâàêóîë³çîâàíî¿ ì³êðîñïîðè 
ï³ñëÿ òðèäîáîâî¿ õîëîäîâî¿ îáðîáêè (2–4 °Ñ) ó ðîç÷èí³ ÀÁÊ (0,5 ìã/ë) âè-
ñàäæóâàëè íà ïîæèâíå ñåðåäîâèùå 190–2 ó ìîäèô³êàö³¿ [5], ï³ñëÿ ÷îãî 
âèòðèìóâàëè òðè äîáè â òåìðÿâ³ ïðè 30 °Ñ, à ïîò³ì ó òåðìîñòàò³ ïðè 24 °Ñ 
äî ôîðìóâàííÿ íà ïèëÿêàõ íîâîóòâîðåíü. Òàê³ ìàêðîñòðóêòóðè êóëüòè-
âóâàëè â òåìðÿâ³ äî ïîÿâè íà íèõ öåíòð³â ìåðèñòåìàòèçàö³¿ íà æèâèëü-
íîìó ñåðåäîâèù³ MS ó ìîäèô³êàö³¿: 30 ã/ë ñàõàðîçè, 0,5 ìã/ë ê³íåòèíó, 
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ïî 200 ìã/ë ïðîë³íó òà ãëóòàì³íó. Ñôîðìîâàí³ ðåãåíåðàíòè êóëüòèâóâàëè 
ïðè 24 °Ñ òà ôîòîïåð³îä³ 16 ãîä. ïðè ³íòåíñèâíîñò³ îñâ³òëåííÿ 3–3,5 òèñ. 
ëþêñ íà áåçãîðìîíàëüíîìó ñåðåäîâèù³ MS. Ðåãåíåðàíòè ïîäâîºíèõ ãà-
ïëî¿ä³â ïøåíèö³ ÿðîâ³çóâàëè òà äîðîùóâàëè â óìîâàõ øòó÷íîãî êë³ìàòó. 
Äëÿ âèçíà÷åííÿ æèòòºçäàòíîñò³ ãàïëî¿äíèõ ì³êðîñïîð ó ïèëÿêàõ íà 10-òó 
òà 15-òó äîáó êóëüòèâóâàííÿ êîðèñòóâàëèñÿ öèòîëîã³÷íèì àíàë³çîì äàâ-
ëåíèõ îöòîêàðì³íîâèõ ïðåïàðàò³â ïèëÿê³â. Â³äñîòîê ìîðôîãåííèõ ïèëÿ-
ê³â, íîâîóòâîðåíü ³ ðåãåíåðàö³¿ ðîñëèí äëÿ êîæíîãî ãåíîòèïó ðîçðàõîâó-
âàëè â³ä ê³ëüêîñò³ âèñàäæåíèõ ïèëÿê³â. 

Äëÿ ïîäîëàííÿ ïîñòãàìíî¿ íåñóì³ñíîñò³ ïðè îäåðæàíí³ íîâèõ ã³áðèä-
íèõ ôîðì ïøåíèö³ òà ÿ÷ìåíþ øëÿõîì â³ääàëåíèõ ñõðåùóâàíü çàñòîñî-
âóâàëè êîìïëåêñ ïðèéîì³â òà ñèñòåì in vitro, âïðîâàäæåíèõ íàóêîâöÿìè 
ëàáîðàòîð³¿ [6]. 

Äëÿ ðîçðîáêè òåõíîëîã³¿ îö³íêè in vitro ñò³éêîñò³ çðàçê³â ïøåíèö³ äî 
ôóçàð³îçó êîëîñà çàñòîñîâóâàëè ìåòîäè ñåëåêö³¿ in vitro ç âèêîðèñòàí-
íÿì ñîìàòè÷íèõ åêñïëàíò³â ó ïðèñóòíîñò³ ÔÊÐ — â êóëüòóð³ ³çîëüîâàíèõ 
çð³ëèõ çàðîäê³â òà êóëüòóð³ êàëóñ³â ç íåçð³ëèõ çàðîäê³â íà ñòàíäàðòíèõ 
ïîæèâíèõ ñåðåäîâèùàõ ½ MS òà MS ³ç äîäàâàííÿì 2 ìã/ë 2,4-Ä â³äïî-
â³äíî [7]. 

Îö³íêó îòðèìàíèõ äàíèõ ïðîâîäèëè çà ìåòîäàìè ñòàòèñòè÷íèõ äîñë³-
äæåíü ³ äèñïåðñ³éíîãî àíàë³çó [8, 9]. 

Ðåçóëüòàòè òà îáãîâîðåííÿ. Ñåðåä á³îòåõíîëîã³é, ùî ñïèðàþòü-
ñÿ íà êë³òèíí³ êóëüòóðè, ñïðÿìîâàí³ íà ïîë³ïøåííÿ çëàê³â òà ïðèñêîðåíå 
ñòâîðåííÿ ïåðñïåêòèâíîãî ãåíåòè÷íîãî ìàòåð³àëó, íàéá³ëüø çàòðåáóâà-
íèìè ñåëåêö³ºþ â îñòàííº äåñÿòèë³òòÿ, º ãàïëî¿äí³ òåõíîëîã³¿, ÿê³ ³íòåí-
ñèâíî ðîçâèâàþòüñÿ â ð³çíèõ êðà¿íàõ. Âèÿâëåíî, ùî äëÿ ì’ÿêî¿ ïøåíèö³ 
ç äâîõ ìåòîä³â ãàïëîïðîäóêö³¿ íà îñíîâ³ in vitro òåõíîëîã³é (â³ääàëåíî¿ ã³-
áðèäèçàö³¿ ç ãàïëîïðîäþñåðîì [10] ³ ìåòîäó êóëüòèâóâàííÿ ïèëÿê³â [11]) 
îñòàíí³é º á³ëüø ðåçóëüòàòèâíèì [3], ùî áóëî áàãàòîðàçîâî ïðîäåìîí-
ñòðîâàíî ó ð³çíèõ êðà¿íàõ ñòâîðåííÿì ë³í³éíèõ âèñîêîïðîäóêòèâíèõ ñîð-
ò³â ì’ÿêî¿ ïøåíèö³ [3, 12–14]. 

Äëÿ ì’ÿêî¿ ïøåíèö³ íàéá³ëüø ðåçóëüòàòèâíèì ìåòîäîì ãàïëîïðîäóê-
ö³¿ º êóëüòèâóâàííÿ ïèëÿê³â, çàñíîâàíèé íà çäàòíîñò³ ì³êðîñïîð ðîçâè-
âàòèñÿ çà ñïîðîô³òíèì øëÿõîì. ²íòåðåñ äîñë³äíèê³â ïðèâåðòàº ïîøóê 
øëÿõ³â çá³ëüøåííÿ åôåêòèâíîñò³ äàíîãî ìåòîäó. Ðåçóëüòàòèâí³ñòü ï³ä-
âèùóºòüñÿ çà ðàõóíîê îïòèì³çàö³¿ óìîâ ïîïåðåäíüî¿ îáðîáêè êîëîññÿ, 
óìîâ êóëüòèâóâàííÿ òà âèêîðèñòàííÿ â ÿêîñò³ äîíîð³â ïèëÿê³â ãåíåòè÷íî 
ð³çíîìàí³òíîãî ìàòåð³àëó, ùî âàæëèâî äëÿ ð³çíîïëàíîâèõ ñåëåêö³éíèõ 
ïðîãðàì. Â ëàáîðàòîð³¿ êóëüòóðè òêàíèí ÑÃ² ç ìåòîþ ï³äâèùåííÿ âèõîäó 
äèãàïëî¿ä³â ì’ÿêî¿ ïøåíèö³ áóâ ðîçðîáëåíèé êîìïëåêñ óìîâ, ÿêèé âêëþ-
÷àº äîá³ð äîíîðíîãî ìàòåð³àëó äëÿ ðîáîòè â óìîâàõ in vitro, ïîïåðåäíþ 
îáðîáêó ïàãîí³â ç êîëîññÿì (òåìïåðàòóðíó é ãîðìîíàëüíó), ìîäèô³êàö³þ 
æèâèëüíèõ ñåðåäîâèù äëÿ êóëüòèâóâàííÿ ïèëÿê³â, íîâîóòâîðåíü ³ ðåãå-
íåðàíò³â [15–19]. 
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Ó ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü ó ñîðò³â, ë³í³é òà ã³áðèä³â ïøåíèö³ 
ì’ÿêî¿ îçèìî¿ â ïèëÿêàõ, ùî êóëüòèâóâàëè, íà ð³çíèõ åòàïàõ ìîðôîãåíåçó 
âèÿâëåíî ãåíîòèïîñïåöèô³÷í³ ìîðôîãåíåòè÷í³ ðåàêö³¿ ì³êðîñïîð ç â³ä-
ì³ííîñòÿìè çà ÷àñòîòîþ ³íäóêö³¿ ïðîöåñ³â êàëóñîãåíåçó, åìáð³î¿äîãåíåçó 
é ôîðìóâàííÿì åìáð³îíàëüíî-êë³òèííèõ êîìïëåêñ³â, ÿê³ íàäàë³ ïðîÿâëÿëè 
ð³çíó çäàòí³ñòü äî ðåãåíåðàö³¿ ðîñëèí. Òàê, ñåðåä äîñë³äæåíèõ 109 ãåíîòè-
ï³â ïøåíèö³ ì’ÿêî¿ îçèìî¿ ä³àïàçîí âàð³þâàííÿ ïîêàçíèê³â ãàïëîïðîäóêö³¿ 
áóâ äîâîë³ øèðîêèì ³ ñòàíîâèâ çà ïîêàçíèêîì «ôîðìóâàííÿ íîâîóòâîðåíü» 
ó ñîðò³â â³ä 0 äî 36,%, ó ã³áðèä³â — â³ä 0 äî 38,8 %; à çà ïîêàçíèêîì «ðåãå-
íåðàö³¿ çåëåíèõ ðîñëèí» ó ñîðò³â â³ä 0 äî 9,5 %, ó ã³áðèä³â — â³ä 0 äî 9,1 %. 

Óñ³ äîñë³äæóâàí³ ãåíîòèïè áóëè ðîçïîä³ëåí³ íà 5 ãðóï ó çàëåæíîñò³ â³ä 
ñòóïåíÿ ¿õíüî¿ ÷óòëèâîñò³ äî àíäðîãåíåçó in vitro: I — íå÷óòëèâ³ ãåíîòèïè 
(0), II — íèçüêî÷óòëèâ³, ó ÿêèõ â³äñîòîê ôîðìóâàííÿ íîâîóòâîðåíü òà ðåãå-
íåðàö³¿ çåëåíèõ ðîñëèí áóâ ó ìåæàõ â³ä 0 äî 1 (0<x<1), III — ñåðåäíüî÷óò-
ëèâ³, ç³ çíà÷åííÿìè ïîêàçíèê³â ãàïëîïðîäóêö³¿ â³ä 1 äî 3 % (1<x<3), IV (â³ä 
3 äî 5 %) òà V (á³ëüøå 5 %) — âèñîêî÷óòëèâ³ (ðèñ. 1, 2). Äàí³ íà ðèñóíêàõ 
ïðåäñòàâëåí³ ÿê ÷àñòêà (ó â³äñîòêàõ) ãåíîòèï³â, ùî çà ïîêàçíèêàìè ãàïëî-
ïðîäóêö³¿ â³äíîñÿòüñÿ äî òî¿ ÷è ³íøî¿ ãðóïè, ñòîñîâíî çàãàëüíî¿ ê³ëüêîñò³ 
äîñë³äæåíèõ ãåíîòèï³â (äëÿ ñîðò³â — n=35, äëÿ ã³áðèä³â — n=74). 

  

Ðèñ. 1. Ðîçïîä³ë ãåíîòèï³â ïøåíèö³ ì’ÿêî¿ îçèìî¿ çà ïîêàçíèêîì «ôîðìóâàííÿ 
íîâîóòâîðåíü» ó êóëüòóð³ ïèëÿê³â in vitro: 1 — ã³áðèäè, 2 — ñîðòè 

Àíàë³çîì îòðèìàíèõ äàíèõ âèÿâëåíî, ùî ã³áðèäí³ ãåíîòèïè ìàþòü 
á³ëüøèé ãàïëîïðîäóêö³éíèé ïîòåíö³àë, í³æ ñîðòè. Ìàêñèìàëüíèìè ïî-
êàçíèêàìè ãàïëîïðîäóêö³¿ â êóëüòóð³ ³çîëüîâàíèõ ïèëÿê³â âèð³çíÿâñÿ ã³-
áðèä ì³æ ñîðòîì Êàâêàç (ìàº â ãåíîì³ ïøåíè÷íî-æèòíþ òðàíñëîêàö³þ 
1BL/1RS) òà ë³í³ºþ ïøåíèö³, ùî íåñå ìîäèô³êîâàíó (áåç ä³ëÿíêè ÄÍÊ, ùî 
êîäóº á³ëêè ñåêàë³íè) ïøåíè÷íî-æèòíþ òðàíñëîêàö³þ 1BL/1RS — 38,8 % 
äëÿ íîâîóòâîðåíü òà 9,1 % äëÿ çåëåíèõ ðåãåíåðàíò³â. Ñåðåä ñîðò³â âèñî-
êèìè ïîêàçíèêàìè ðåãåíåðàö³¿ õàðàêòåðèçóâàëèñü Êóÿëüíèê (9,4 %), Ëþ-
òåñòåíñ 155 (2,89 %) òà Ùåäð³ñòü îäåñüêà (3,23 %). Ö³ òðè ñîðòè ìîæóòü 
ñëóãóâàòè ãåíåòè÷íèìè äæåðåëàìè äëÿ ï³äâèùåííÿ ãàïëîïðîäóêö³éíî¿
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Ðèñ. 2. Ðîçïîä³ë ãåíîòèï³â ïøåíèö³ ì’ÿêî¿ îçèìî¿ çà ïîêàçíèêîì «ðåãåíåðàö³ÿ 

çåëåíèõ ðîñëèí» ó êóëüòóð³ ïèëÿê³â in vitro: 1 — ã³áðèäè, 2 — ñîðòè 

çäàòíîñò³ ó ö³ííèõ ñåëåêö³éíèõ ôîðì ³ç íèçüêèì ð³âíåì äàíî¿ îçíàêè àáî 
çà ¿¿ â³äñóòíîñò³ [15–20]. 

Àíàë³ç òà óçàãàëüíåííÿ ðåçóëüòàò³â áàãàòîð³÷íèõ äîñë³äæåíü ùîäî 
øëÿõ³â ï³äâèùåííÿ åôåêòèâíîñò³ ãàïëîïðîäóêö³¿ ãåíîòèï³â ó äàí³é ñèñòåì³ 
in vitro äîçâîëèâ âèÿâèòè íàñòóïí³ ìåòîäè÷í³ íþàíñè, ÿê³ ðåêîìåíäîâàíî 
íàìè äëÿ âèêîðèñòàííÿ â ïðàêòè÷í³é ðîáîò³ ç ñåëåêö³éíèì ìàòåð³àëîì: 

 – äîáèðàòè äëÿ ðîáîòè çðàçêè ïøåíèö³ ç íàéêîðîòøèì ïåð³îäîì 
«ñõîäè — âàêóîë³çîâàíà ì³êðîñïîðà», ïî÷èíàòè äîá³ð çðàçêà ç 1-ãî ïà-
ãîíà, ùî âèéøîâ ç âóçëà êóù³ííÿ äîíîðíî¿ ðîñëèíè, êîëè ì³êðîñïîðè â 
ïèëÿêàõ, ïåðåâàæíî ïåðåáóâàþòü ó ñåðåäíüîï³çí³é ôàç³ ðîçâèòêó [21]; 

 – âèêîðèñòîâóâàòè äëÿ ðîáîòè in vitro, â îñíîâíîìó, ïèëÿêè ³ç ñåðåä-
íüî¿ ÷àñòèíè êîëîñà äîíîðíî¿ ðîñëèíè; 

 – âèêîðèñòîâóâàòè â êóëüòóð³ ïèëÿê³â ÿê äîíîðíèé ìàòåð³àë çðàçêè 
ïøåíèö³ ç íèçüêîþ ôîòîïåð³îäè÷íîþ ÷óòëèâ³ñòþ, ç êîðîòêèì ïåð³îäîì 
òðèâàëîñò³ ÿðîâèçàö³¿, îñê³ëüêè âîíè õàðàêòåðèçóþòüñÿ ï³äâèùåíèì ð³â-
íåì ôîðìóâàííÿ íîâîóòâîðåíü òà ðåãåíåðàö³¿ ç íèõ çåëåíèõ ðîñëèí [2, 5]; 

 – îïòèì³çóâàòè ïàðàìåòðè òà óìîâè ïðîõîäæåííÿ ³íäóêö³éíîãî åòàïó 
ãàïëîïðîäóêö³¿ â ³çîëüîâàíèõ ïèëÿêàõ, ùî äîçâîëÿº ï³äâèùèòè åôåêòèâ-
í³ñòü ö³º¿ ñèñòåìè çà ðàõóíîê çðîñòàííÿ ð³âíÿ ðåãåíåðàö³¿ íîâîóòâîðåíü 
ó 1,5–2 ðàçè, çàëåæíî â³ä ãåíîòèïó-äîíîðà ïøåíèö³ [19, 22]. 

Çà ðåçóëüòàòàìè áàãàòîð³÷íèõ äîñë³äæåíü çðîáëåíî âèñíîâîê ùîäî 
â³äòâîðþâàíîñò³ ðåçóëüòàò³â ðîáîòè çà äàíîþ ñèñòåìîþ in vitro, à ìîæëè-
âîñò³ é ïðîäóêòèâí³ñòü ¿¿ äîçâîëÿþòü øèðîêî âèêîðèñòîâóâàòè â ñåëåêö³¿ 
ïøåíèö³ ì’ÿêî¿ îçèìî¿. Çà ïåð³îä ç 2011 ïî 2015 ðð. ñåëåêö³éíèì â³ää³-
ëàì ÑÃ² ïåðåäàíî 565 ë³í³é ïøåíèö³ ì’ÿêî¿. 

Â àñïåêò³ ï³äâèùåííÿ åôåêòèâíîñò³ á³îòåõíîëîã³÷íî¿ ñèñòåìè îäåð-
æàííÿ ïîäâîºíèõ ãàïëî¿ä³â ÿ÷ìåíþ çðîáëåíî íàñòóïí³ âèñíîâêè. Ó ïèëÿ-
êàõ äîñë³äæåíîãî ìàòåð³àëó ÿðîãî ÿ÷ìåíþ (ñîðòè, ã³áðèäí³ êîìá³íàö³¿ òà 
ë³í³¿), ÿê³ êóëüòèâóþòü, âèÿâëåíî âèñîêèé ð³âåíü ãåíîòèïîñïåöèô³÷íîñò³ 
çà ïðîÿâîì ìîðôîãåíåòè÷íèõ ðåàêö³é íà åòàï³ ³íäóêö³¿ íîâîóòâîðåíü. 
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Á³ëüø³ñòü ñîðò³â ÿ÷ìåíþ ïåðåáóâàëî â ãðóï³ ç íèçüêîþ çäàòí³ñòþ äî ãà-
ïëîïðîäóêö³¿, àëå ïðè öüîìó âñ³ ã³áðèäè, âèêîðèñòàí³ â ðîáîò³, çíà÷íî ïå-
ðåâåðøóâàëè áàòüê³âñüê³ ñîðòè çà ÷àñòîòîþ ôîðìóâàííÿ íîâîóòâîðåíü. 
Áóëî âèçíà÷åíî, ùî ÷èì ìåíøèé ÷àñîâèé ³íòåðâàë ì³æ ïðîðîñòàííÿì íà-
ñ³ííÿ ³ âèõîäîì (ðîçãîðòàííÿì) ôëàãîâîãî ëèñòà âåãåòóþ÷èõ ðîñëèí, òèì 
âèùà ÷àñòîòà ³íäóêö³¿ íîâîóòâîðåíü ó êóëüòóð³ ïèëÿê³â [23], ùî ñï³âïàäàº 
ç ðåçóëüòàòàìè, îòðèìàíèìè â êóëüòóð³ ïèëÿê³â ïøåíèö³ ì’ÿêî¿. 

Òåñòóâàííÿ êîëåêö³¿ ïîñóõîñò³éêèõ ôîðì ÿðîãî ÿ÷ìåíþ (Àäàïò, Ñòàë-
êåð, Ãàëàòåÿ, Ï³âäåííèé, Îäåñüêèé 100 — ñîðòè ñåëåêö³¿ ÑÃ²; Ì³øêå — 
ñîðò ÷åñüêî¿ ñåëåêö³¿; Candle, Mac Gu³re — ñîðòè êàíàäñüêî¿ ñåëåêö³¿; 
ã³áðèä³â Ñòàëêåð x Mac Guire, Ñòàëêåð x Candle) çà çäàòí³ñòþ äî àíäðîãå-
íåçó in vitro äîçâîëèëî îö³íèòè ¿õ ìîðôîãåíåòè÷íèé ïîòåíö³àë ó êóëüòóð³ 
ïèëÿê³â (òàáë. 1). 

Âèÿâèëîñü, ùî äîñë³äæåí³ ãåíîòèïè çíà÷íî ð³çíèëèñü ÿê çà çäàòí³ñ-
òþ äî ³íäóêö³¿ íîâîóòâîðåíü, òàê ³ çà ð³âíåì ðåãåíåðàö³¿ ðîñëèí ó êóëüòóð³ 
in vitro. Âèä³ëèëè ãåíîòèïè ç âèñîêîþ ÷àñòîòîþ íîâîóòâîðåíü — ñîðòè 
Îäåñüêèé 100 òà Ï³âäåííèé; ç âèñîêîþ ðåãåíåðàö³éíîþ çäàòí³ñòþ — Ì³ø-
êå òà Àäàïò, ÿê³ ðåêîìåíäóºòüñÿ âèêîðèñòîâóâàòè ÿê ãåíåòè÷íå äæåðåëî 
äëÿ ï³äâèùåííÿ âèõîäó çåëåíèõ ðîñëèí, òàê ³ â ö³ëîìó — çäàòíîñò³ äî ãà-
ïëîïðîäóêö³¿ [24]. 

Òàáëèöÿ 1 

Åôåêòèâí³ñòü àíäðîãåíåçó in vitro ïîñóõîñò³éêèõ ãåíîòèï³â ÿ÷ìåíþ 

Ãåíîòèï

Ìîðôîãåíåòè÷íèé ïîòåíö³àë*
÷àñòîòà 

íîâîóòâîðåíü, 
%

ðåãåíåðàö³éíèé ïîòåíö³àë
ðîñëèíè-ðåãåíåðàíòè, 

øò. ( %)
çåëåí³ ðîñëèíè, 

øò. ( %)
Àäàïò 14,2 29 (7,8 %) 3 (5,7 %)
Ãàëàòåÿ 46,6 3 (2,6 %) 0
Ï³âäåííèé 76,9 16 (7,2 %) 4 (1,8 %)
Îäåñüêèé 100 83,4 32 (8,4 %) 8 (0,4 %)
Ì³øêå 40,7 21 (30,9 %) 1 (1,5 %)
Îä.100 õ Ì³øêå 80,6 67 (10,2 %) 10 (1,0 %)
Ì³øêå õ Îä.100 62,5 20 (2,3 %) 2 (0,3 %)
Ñòàëêåð 6,0 0 0
Candle 59,3 17 (3,8 %) 6 (1,3 %)
Mac Gu³re 22,3 26 (6,7 %) 0
Ñòàëêåð x Mac Gu³re 36,7 56 (36,9 %) 0
Ñòàëêåð x Candle 42,2 38 (20,8 %) 6 (3,3 %)

Ïðèì³òêà: * — ìîðôîãåíåòè÷íèé ïîòåíö³àë îö³íþâàëè çà ê³ëüê³ñòþ ïèëÿê³â ç íîâî-
óòâîðåííÿìè (ó â³äñîòêàõ â³ä ÷èñëà ïèëÿê³â, âèñàäæåíèõ íà ñåðåäîâèùå) ³ ê³ëüê³ñòþ 
ðîñëèí-ðåãåíåðàíò³â (ó â³äñîòêàõ â³ä ÷èñëà îòðèìàíèõ íîâîóòâîðåíü) 

Âàæëèâèì ðîçä³ëîì ðîáîòè ç ïîë³ïøåííÿ îêðåìèõ ³ êîìïëåêñíèõ 
îçíàê ö³ííèõ êóëüòóðíèõ âèä³â ðîñëèí, ùî ïðèâåðòàþòü øèðîêó óâàãó 
ãåíåòèê³â ³ ñåëåêö³îíåð³â, º â³ääàëåíà ã³áðèäèçàö³ÿ êóëüòóðíèõ ôîðì ³ç 
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áëèçüêèìè é äàëåêèìè ðîäè÷àìè — öå º îñíîâîþ îäåðæàííÿ ³íòðîãðå-
ñèâíèõ ôîðì ³ øèðîêî âèêîðèñòîâóºòüñÿ â ñåëåêö³éíî-ãåíåòè÷í³é ðîáîò³ 
ç³ çëàêàìè. Ñó÷àñí³ ñîðòè ïøåíèö³ òà ÿ÷ìåíþ ìàþòü âèñîêó åêîëîã³÷íó 
ïëàñòè÷í³ñòü ³ çäàòí³ çíà÷íîþ ì³ðîþ ðåàë³çîâóâàòè ñâ³é ïîòåíö³àë âðî-
æàéíîñò³, îäíàê ïðîáëåìà ñò³éêîñò³ äî á³îòè÷íèõ òà àá³îòè÷íèõ ôàêòîð³â 
îáìåæóº ìîæëèâîñò³ îäåðæàííÿ âèñîêèõ óðîæà¿â. Îäíèì ç íàïðÿì³â ¿¿ 
âèð³øåííÿ — º çàëó÷åííÿ ó ñõðåùóâàííÿ ñò³éêèõ äèêîðîñëèõ ñï³âðîäè÷³â. 
Ñåðåä îñòàíí³õ äëÿ ïøåíèö³ ïðèâåðòàþòü óâàãó ð³çí³ ôîðìè Aegilops, ÿê³ 
º äæåðåëîì êîìïëåêñíî¿ ñò³éêîñò³ äëÿ ö³ëî¿ íèçêè á³îòè÷íèõ òà àá³îòè÷-
íèõ ÷èííèê³â. 

Ó íàø³é ðîáîò³ [2, 25–27] ïðè îäåðæàíí³ â³ääàëåíèõ ã³áðèä³â ïøåíèö³ 
ì’ÿêî¿ ð³çíèõ ñîðò³â ³ç Aegilops taushii Coos (ôîðìà Òs k 608 ³ç êîëåêö³¿ 
Â²Ð), ÿêèì âëàñòèâà ñò³éê³ñòü äî êîìïëåêñó àá³îòè÷íèõ ôàêòîð³â, çàñòî-
ñîâàíî ðÿä ïðèéîì³â äëÿ ïîäîëàííÿ ïðîãàìíî¿ íåñóì³ñíîñò³: îáðîáêà 
êâ³òîê ðîç÷èíîì ã³áåðåëîâî¿ êèñëîòè òà ê³íåòèíó â êîíöåíòðàö³¿ 7 ã/ë ÷å-
ðåç 45 õâ ï³ñëÿ çàïèëåííÿ, ç ïîâòîðîì ÷åðåç äîáó; íà 10–14 äîáó ï³ñëÿ 
çàïèëåííÿ êîëîññÿ ³ç çåðí³âêàìè çð³çàëè é ïîì³ùàëè ó ðîç÷èí ô³ç³îëîã³÷-
íî-àêòèâíèõ ðå÷îâèí òà ì³íåðàëüíèõ ñîëåé çà ïðîïèñîì ÌS íà 2–3 äîáè; 
âèä³ëåííÿ çàðîäê³â ç ã³áðèäíèõ çåðí³âîê é âèñàäêà ¿õ íà æèâèëüíå ñåðå-
äîâèùå äî îäåðæàííÿ ïðîðîñòê³â. Îòðèìàí³ ã³áðèäí³ ðîñëèíè íà ñòàä³¿ 
3–5 ëèñòê³â äèïëî¿äèçóâàëè 0,15 % êîëõ³öèíîì â 4 % ÄÌÑÎ é äîðîùóâà-
ëè ðîñëèíè äî îäåðæàííÿ íàñ³ííÿ. Ð³âåíü çàâ’ÿçóâàííÿ çàðîäê³â ó êîìá³-
íàö³ÿõ ç ð³çíèìè ãåíîòèïàìè êîëèâàâñÿ â³ä 0 äî 21 %, à ¿õíº ïðîðîñòàííÿ 
â çàïðîïîíîâàíèõ óìîâàõ in vitro áóëî ð³çíå. Ó öüîìó çâ’ÿçêó ïðîâîäèëè 
äîñë³äæåííÿ ç îïòèì³çàö³¿ ñêëàäó æèâèëüíîãî ñåðåäîâèùà äëÿ çàðîä-
ê³â ð³çíîãî ñòðîêó ôîðìóâàííÿ. Âèÿâëåí³ êðàù³ âàð³àíòè äëÿ ðåãåíåðàö³¿ 
ðîñëèí íåçàëåæíî â³ä â³êó — öå ñåðåäîâèùå ÃÁ 5, äîïîâíåíå 1–1,5 ìã/ë 
2,4-Ä, ³ ñåðåäîâèùå Óàéòà ³ç ñàõàðîçîþ é äð³æäæîâèì åêñòðàêòîì. Ó öèõ 
åêñïåðèìåíòàõ îòðèìàí³ ðîñëèíè-ðåãåíåðàíòè, ç ÿêèõ ï’ÿòü ñòàëè êîí-
ñòàíòíèìè ë³í³ÿìè é ïåðåäàí³ äëÿ ïîäàëüøîãî âèâ÷åííÿ. 

Äëÿ ÿ÷ìåíþ ïåðñïåêòèâíèìè â öüîìó íàïðÿì³ º ÿðà ôîðìà Hordeum 
spontaneum, ÿêà, çà äàíèìè Â²Ðó, õàðàêòåðèçóºòüñÿ êîìïëåêñíîþ æàðî- 
³ ïîñóõîñò³éê³ñòþ òà ñò³éê³ñòþ äî ãåëüì³íòîñïîð³îçó é áîðîøíèñòî¿ ðîñè, 
òà Hordeum bulbosum, ùî º äæåðåëîì ìîðîçîñò³éêîñò³ ³ ñò³éêîñò³ äî ãðèá-
íèõ õâîðîá (Walther et al., 2000). Îäíàê îäåðæàííÿ â³ääàëåíèõ ã³áðèä³â íà 
éîãî îñíîâ³ ïîâ’ÿçàíå ³ç ïðîáëåìàìè íåñóì³ñíîñò³ é çàãèáåëëþ ã³áðèä-
íèõ çàðîäê³â ó çåðí³âêàõ íà ð³çíèõ åòàïàõ ðîçâèòêó in vivo ³ ï³ñëÿ âèä³ëåííÿ 
ó ïðîöåñ³ ðîñòó in vitro. Ó öüîìó çâ’ÿçêó ðîçðîáëåíî [28, 29] á³îòåõíîëî-
ã³÷íó ñèñòåìà äëÿ îäåðæàííÿ ã³áðèäíèõ ðîñëèí â³ä ñõðåùóâàíü Hordeum 
vulgare (2n=14) x Hordeum bulbosum (2n=28). Ï³ä³áðàíî îïòèìàëüí³ ñòðî-
êè âèñ³âó îáîõ âèä³â äëÿ ïîäàëüøî¿ ã³áðèäèçàö³¿. Ðåçóëüòàòèâí³øèì ³ç 
çàâ’ÿçóâàííÿ çåðí³âîê ïðè ñõðåùóâàííÿõ áóâ êëîí Hordeum bulbosum, 
ÿêèé õàðàêòåðèçóâàâñÿ â³äñîòêîì çàâ’ÿçóâàííÿ ç ÿðèìè ñîðòàìè 29,2 %, 
à ç ã³áðèäíèìè ôîðìàìè — äî 57,3 %. Âèÿâëåíî, ùî äëÿ çíÿòòÿ ïðî-
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ãàìíî¿ íåñóì³ñíîñò³ â äàíèõ êîìá³íàö³ÿõ, íåîáõ³äíî çàñòîñîâóâàòè ïðè-
éîì çàïèëåííÿ îõîëîäæåíèì ïèëêîì, ùî ï³äâèùóâàëî (ùîäî êîíòðîëþ) 
çàâ’ÿçóâàííÿ ã³áðèäíèõ çåðí³âîê çàëåæíî â³ä êîìá³íàö³¿ 124,1–172,2 %, 
à ê³ëüê³ñòü îäåðæàíèõ ðîñëèí ñòàíîâèëà 136,4–170,0 %. Ã³áðèäí³ çàðîä-
êè ç ðîçì³ðàìè 2,3–4,2 ìì âèÿâèëèñü êðàùèìè äëÿ êóëüòèâóâàííÿ é ïî-
äàëüøîãî âèõîäó ðîñëèí. Æèâèëüíå ñåðåäîâèùå ÌS ç äîäàâàííÿì 2,4-Ä 
³ ê³íåòèíà ñïðèÿëî ï³äâèùåííþ ðåãåíåðàö³¿ ðîñëèí â óìîâàõ in vitro ÷å-
ðåç êàëóñîãåíåç. Ó ö³é ðîáîò³ â³ä ñõðåùóâàíü ³ç îçèìèìè ôîðìàìè ÿ÷ìå-
íþ îòðèìàíî 52 ðîñëèíè, à ç ÿðèìè — 80 ðîñëèí. Ç îêðåìèõ êîìá³íàö³é 
ñõðåùóâàíü áóëî îòðèìàíî êîíñòàíòí³ ë³í³¿, ÿê³ ïåðåäàíî ñåëåêö³îíåðàì 
äëÿ ïîäàëüøîãî âèâ÷åííÿ. 

Ïðîâåäåíî ðîáîòó ç âèâ÷åííÿ åôåêòèâíîñò³ â³ääàëåíèõ ñõðåùóâàíü 
20 êîìá³íàö³é ñõðåùóâàíü 10 ð³çíèõ ã³áðèäíèõ ãåíîòèï³â êóëüòóðíîãî 
ÿ÷ìåíþ ç 7 äèêèìè ôîðìàìè H. spontaneum [30, 31]. Â³äñîòîê îòðèìà-
íèõ ïðè öüîìó ã³áðèäíèõ çåðí³âîê ó ð³çíèõ êîìá³íàö³ÿõ êîëèâàâñÿ â³ä 25 
äî 68,8. Êðàùèìè çà ðåçóëüòàòàìè öèõ ñõðåùóâàíü âèÿâèëèñÿ ôîðìè 
H. spontaneum — Ò13 (Nevaycar) òà ²S 26–2, ó ã³áðèäàõ ç ¿õíüîþ ó÷àñòþ 
ñôîðìóâàëîñü 83,3 % çåðí³âîê. Ïðè âèêîðèñòàíí³ ã³áðèä³â (F

1
) â³ä ñõðå-

ùóâàííÿ
 
ñîðò³â Îäåñüêèé 100 õ Âàêóëà çàâ’ÿçóâàííÿ çåðí³âîê êîëèâàëîñÿ 

â ìåæàõ 75,0–81,2 %. Â îñíîâíîìó ñïîñòåð³ãàëè óòâîðåííÿ æèòòºçäàò-
íèõ çåðí³âîê ç äèïëî¿äíèì íàáîðîì õðîìîñîì 2n=14, ïîðóøåíü ó ì³òîç³ 
â êë³òèíàõ ìåðèñòåìè êîð³íö³â íå âèÿâëåíî, ðîñëèíè äîáðå êóùèëèñÿ íà 
â³äì³íó â³ä âèõ³äíèõ áàòüê³âñüêèõ ôîðì. 

Ç ìåòîþ ñòàá³ë³çàö³¿ îòðèìàíîãî ã³áðèäíîãî ìàòåð³àëó âèâ÷àëè ÷óò-
ëèâ³ñòü â³ääàëåíèõ ã³áðèä³â ÿ÷ìåíþ äî àíäðîãåíåçó in vitro. Äîñë³äæó-
âàëè äåñÿòü ðîäèí F

1
– F

4
 â³ä òðüîõ êîìá³íàö³é ñõðåùóâàííÿ H. vulgare 

 H. spontaneum, ñåðåä ÿêèõ ï’ÿòü ä³áðàí³ â äðóãîìó ïîêîë³íí³ çà îçíà-
êîþ «íåëàìêå êîëîññÿ». Àíàë³ç ðåçóëüòàò³â ïîêàçàâ, ùî óñ³ ã³áðèäí³ ïî-
ïóëÿö³¿ âèÿâèëèñü ÷óòëèâèìè äî óìîâ êóëüòèâóâàííÿ ³çîëüîâàíèõ ïèëÿ-
ê³â in vitro, ôîðìóþ÷è íîâîóòâîðåííÿ, ÿê³ ðåãåíåðóâàëè çåëåí³ ðîñëèíè, 
ùî äàº çìîãó çàñòîñîâóâàòè ìåòîä êóëüòèâóâàííÿ ³çîëüîâàíèõ ïèëÿê³â 
in vitro äëÿ ãîìîçèãîòàö³¿ â³ääàëåíèõ ã³áðèä³â. Óñüîãî ç ïîïóëÿö³é â³ä-
äàëåíèõ ã³áðèä³â îòðèìàíî 82 ë³í³¿ ïîäâîºíèõ ãàïëî¿ä³â: 8 — ç ïîïóëÿ-
ö³¿ F

2 
ÄÃ-2  H. spontaneum IS 26–2; 5 — ç ïîïóëÿö³¿ F

1
 (Îä.100 x Âàêó-

ëà)  H. spontaneum IS 26–2; 1 — ç ïîïóëÿö³¿ F
2
 ÄÃ-3  H. spontaneum IS 

26–2; 7 — ç ïîïóëÿö³¿ F
4
 ÄÃ-3  H. spontaneum IS 26–2; 33 — ç ïîïóëÿö³¿ 

F
2
 (Îäåñüêèé 100  Âàêóëà)  H. spontaneum IS 26–2; 20 — ç ïîïóëÿö³¿ 

F
3
 (Îäåñüêèé 100  Âàêóëà)  H. spontaneum IS 26–2; 8 – ç ïîïóëÿö³¿ F

4
 

(Îäåñüêèé 100  Âàêóëà)  H. spontaneum IS 26–2 [32]. 
Îäæå, â³ääàëåí³ ã³áðèäè º ÷óòëèâèìè äî óìîâ êóëüòèâóâàííÿ ³çîëüî-

âàíèõ ïèëÿê³â. Öå â³äêðèâàº ðåàëüíó ïåðñïåêòèâó äëÿ ãîìîçèãîòàö³¿ ã³-
áðèä³â, ñòâîðåíèõ ³ç çàëó÷åííÿì H. spontaneum ÿê äæåðåëà ïîñóõîñò³é-
êîñò³ íà ðàíí³õ åòàïàõ ñåëåêö³¿ ÿ÷ìåíþ. Îòðèìàí³ ïîçèòèâí³ ðåçóëüòàòè ç 
ðîçðîáêè é ìîäèô³êàö³¿ á³îòåõíîëîã³÷íèõ ïðèéîì³â ñòâîðåííÿ â³ääàëåíèõ 



168 ISSN 2409–5524. Çá³ðíèê íàóêîâèõ ïðàöü ÑÃ²–ÍÖÍÑ. 2015. Âèï. 25 (65)

ã³áðèä³â íà îñíîâ³ ïøåíèö³ ì’ÿêî¿ òà ÿ÷ìåíþ ï³äòâåðäæóþòü ïåðñïåêòèâ-
í³ñòü, âàæëèâ³ñòü ³ íåîáõ³äí³ñòü ïîäàëüøîãî ðîçâèòêó öüîãî åêñïåðèìåí-
òàëüíîãî íàïðÿìó. 

Òðåò³é àñïåêò äîñë³äíèöüêî¿ ðîáîòè ëàáîðàòîð³¿ êóëüòóðè òêàíèí, ÿêà 
ïåðåáóâàº â öåé ÷àñ â àêòèâíîìó ðîçâèòêó, — öå ðîçðîáêà ïðèéîì³â ³ ïî-
áóäîâà ìåòîäè÷íî¿ áàçè äëÿ â³äïðàöþâàííÿ á³îòåõíîëîã³¿ ñåëåêö³¿ in vitro 
ç ìåòîþ ïðîãíîçóâàííÿ ñò³éêîñò³ äî ãðèáíèõ ïàòîãåí³â ó ïøåíèö³ é ÿ÷ìå-
íþ òà äîáîðó ïåðñïåêòèâíèõ ôîðì. Ñüîãîäí³ ãîëîâíèì çàâäàííÿì öüîãî 
íàïðÿìó º âèâ÷åííÿ ìîðôîãåíåòè÷íèõ õàðàêòåðèñòèê ð³çíèõ åêñïëàíò³â 
äîñë³äæóâàíèõ âèä³â â óìîâàõ in vitro çà âïëèâó ñåëåêòèâíèõ ôàêòîð³â. Íà 
ïåðøîìó åòàï³ íåîáõ³äíèì º äîá³ð ¿õ ñóáëåòàëüíèõ êîíöåíòðàö³é ³ ïðî-
âåäåííÿ íà ö³é îñíîâ³ åêñïåðèìåíò³â ç êóëüòèâóâàííÿ åêñïëàíò³â ìîäåëü-
íèõ ãåíîòèï³â ç â³äîìîþ ô³òîïàòîëîã³÷íîþ îö³íêîþ ñò³éêîñò³ äî ãðèáíèõ 
ïàòîãåí³â ³ óòî÷íåííÿ ïàðàìåòð³â, çà ÿêèìè ìîæíà âèçíà÷àòè òîëåðàíò-
í³ñòü åêñïëàíò³â, ñï³âì³ðíó ç³ ñò³éê³ñòþ ãåíîòèï³â äî ïàòîãåíà. Òàê, çîêðå-
ìà, íà ïøåíèö³ ì’ÿê³é äëÿ äîñë³äæåíü â îáðàíîìó íàïðÿì³ áóëè ä³áðàí³ 
äâà øòàìè ãðèáà Fusarium graminearum — 56 ³ àb, ùî êóëüòèâóþòüñÿ íà 
æèâèëüíîìó ñåðåäîâèù³ ×àïåêà äëÿ îäåðæàííÿ ô³ëüòðàòó êóëüòóðàëüíî¿ 
ð³äèíè (ÔÊÐ). Âèêîðèñòàííÿ ÔÊÐ øòàìó àb â 30 ³ 50 % êîíöåíòðàö³ÿõ, ÿê 
ñåëåêòèâíîãî àãåíòà íà ð³âí³ íàñ³ííÿ òà ³çîëüîâàíèõ çàðîäê³â ìîäåëüíèõ 
ñîðò³â-òåñòåð³â (ç ð³çíîþ ô³òîïàòîëîã³÷íîþ îö³íêîþ ñò³éêîñò³ äî ïàòî-
ãåíà), äîçâîëèëî âèçíà÷èòè ïàðàìåòðè æèòòºçäàòíîñò³ äîñë³äæóâàíî-
ãî ìàòåð³àëó ïøåíèö³ ì’ÿêî¿ äëÿ òåñòóâàííÿ íà òîëåðàíòí³ñòü äî ÔÊÐ ç 
ìåòîþ ïðîãíîçóâàííÿ ð³âíÿ ñò³éêîñò³ çðàçê³â. Âèÿâëåíî ìîæëèâ³ñòü âè-
êîðèñòàííÿ äëÿ öüîãî ïîêàçíèê³â ³íäóêö³¿ êàëóñîãåíåçó â êóëüòóð³ in vitro 
íåçð³ëèõ çàðîäê³â. Äëÿ âèáðàêóâàííÿ íåñò³éêèõ äî ïàòîãåíà ãåíîòèï³â íà 
ð³âí³ ðåãåíåðàö³¿ ðîñëèí ³ç ñîìàòè÷íèõ åêñïëàíò³â ìîæå áóòè âèêîðèñ-
òàíà 50 % êîíöåíòðàö³ÿ ÔÊÐ îáîõ øòàì³â ãðèáà. Ó ðåçóëüòàò³ ïðîâåäå-
íèõ åêñïåðèìåíò³â çàïðîïîíîâàíà ñèñòåìà in vitro, ùî äîçâîëÿº íà ôîí³ 
ô³ëüòðàò³â ÔÊÐ ãðèáà Fusarium graminearum äâîõ øòàì³â ïðîâîäèòè ïî-
åòàïíèé äîá³ð òîëåðàíòíèõ åêñïëàíò³â ïøåíèö³ ì’ÿêî¿ äî ôóçàð³îçó êîëî-
ññÿ, ð³âåíü òîëåðàíòíîñò³ ÿêèõ, çíà÷íîþ ì³ðîþ â³äïîâ³äàº ð³âíþ ñò³éêîñò³ 
äîñë³äæóâàíî¿ ïîïóëÿö³¿ ïøåíèö³ äî ôóçàð³îçó [33–35]. 

Îñòàíí³ì åòàïîì ïðîöåñó ñåëåêö³¿ in vitro ôîðì ïøåíèö³, ñò³éêèõ äî 
ôóçàð³îçó, º îòðèìàííÿ ãîìîçèãîòíèõ ë³í³é. Ñòâîðþþ÷è ñåëåêòèâíèé òèñê 
íà ãåòåðîãåííó ïîïóëÿö³þ ì³êðîñïîð, òåîðåòè÷íî ìîæëèâî ö³ëåñïðÿìî-
âàíî äîáèðàòè íàéá³ëüø òîëåðàíòí³, çäàòí³ äî ìîðôîãåíåçó ì³êðîñïîðè 
òà îòðèìóâàòè òîëåðàíòí³ ðîñëèíè-ðåãåíåðàíòè. Â åêñïåðèìåíò³ íà ñå-
ëåêòèâí³ æèâèëüí³ ñåðåäîâèùà ç ÔÊÐ F. Graminearum øòàì³â 56 ³ àâ (15 ³ 
30 %) âèñàäèëè ïèëÿêè ÷îòèðüîõ ñîðò³â òà ðîñëèí ï’ÿòè ã³áðèäíèõ êîì-
á³íàö³é, îäåðæàíèõ â³ä ñõðåùóâàíü ïøåíèö³ ì’ÿêî¿ ç Aegilops ñylindrica. 
Ï³ä âïëèâîì ÔÊÐ îáîõ øòàì³â F. graminearum äîñòîâ³ðíî çìåíøóâàëàñü 
ê³ëüê³ñòü íîâîóòâîðåíü íà ïåðâèííîìó æèâèëüíîìó ñåðåäîâèù³, òîä³ ÿê 
çá³ëüøóâàâñÿ â³äñîòîê ìîðôîãåííîãî êàëóñó, çäàòíîãî äî ðåãåíåðàö³¿ 
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ðîñëèí ó êóëüòóð³ ïèëÿê³â ó âñ³õ äîñë³äæóâàíèõ ñîðò³â. Ðåãåíåðàö³ÿ çåëå-
íèõ ðîñëèí ó ñò³éêîãî ñîðòó ñïîñòåð³ãàëàñü ìàéæå íà âñ³õ ñåëåêòèâíèõ 
æèâèëüíèõ ñåðåäîâèùàõ, ó ñåðåäíüîñò³éêèõ ñîðò³â çåëåí³ ðîñëèíè îòðè-
ìàëè ëèøå íà ñåðåäîâèùàõ ç íèçüêîþ êîíöåíòðàö³ºþ ÔÊÐ îáîõ øòàì³â, 
ó ñïðèéíÿòëèâîãî ñîðòó â ïðèñóòíîñò³ ÔÊÐ íå îòðèìàíî æîäíî¿ çåëåíî¿ 
ðîñëèíè. Åôåêòèâí³ñòü á³îòåõíîëîã³¿ ñòâîðåííÿ ñò³éêèõ äî çàõâîðþâàííÿ 
ãîìîçèãîòíèõ ôîðì ³ç ã³áðèä³â ïøåíèö³ â êóëüòóð³ ïèëÿê³â çàëåæèòü â³ä 
ñåëåêòèâíî¿ çäàòíîñò³ âèêîðèñòîâóâàíèõ ÔÊÐ ³ ãåíîòèïó-äîíîðà åêñ-
ïëàíò³â ïøåíèö³ (âèñîêîàíäðîãåííî¿ ìàòåðèíñüêî¿ ôîðìè òà âèñîêîñò³é-
êîãî äî çàõâîðþâàííÿ áàòüê³âñüêîãî ã³áðèäà). Âñüîãî îòðèìàíî øëÿõîì 
àíäðîãåíåçó in vitro 144 ë³í³¿ ïîäâîºíèõ ãàïëî¿ä³â ïøåíèö³ ì’ÿêî¿ îçèìî¿ 
³ç ã³áðèä³â, ñòâîðåíèõ ó â³ää³ëàõ ÑÃ² [36]. 

Äîñë³äíèê³â ÿ÷ìåíþ â àñïåêò³ ñåëåêö³¿ in vitro, ìàº çàö³êàâèòè ïðîâå-
äåíà â ëàáîðàòîð³¿ ðîçðîáêà [37, 38] ç ï³äâèùåííÿ åôåêòèâíîñò³ ãàïëî-
ïðîäóêö³éíî¿ ñèñòåìè íà îñíîâ³ êóëüòóðè ïèëÿê³â ç ìåòîþ çàñòîñóâàííÿ 
¿¿ â ðîáîò³ ç³ ñòâîðåííÿ ãîìîçèãîòíîãî ë³í³éíîãî ìàòåð³àëó, ñò³éêîãî äî 
áîðîøíèñòî¿ ðîñè (Erysiphe graminis DC f.sp.hordei). Áóëî âèçíà÷åíî, ùî 
ñò³éê³ äî öüîãî ïàòîãåíà ñîðòè ÿ÷ìåíþ ìàþòü äóæå íèçüêó çäàòí³ñòü äî 
ðåãåíåðàö³¿ çåëåíèõ ðîñëèí (0–1,1 %) ó êóëüòóð³ ïèëÿê³â. Âèêîðèñòàííÿ 
â ÿêîñò³ ãåíåòè÷íîãî äæåðåëà ñîðòó Îäåñüêèé 100 äëÿ ï³äâèùåííÿ âèõî-
äó çåëåíèõ ðåãåíåðàíò³â ç ã³áðèäíèõ ôîðì äîçâîëèëî îäåðæàòè òðè ë³í³¿ 
íîâîãî ãåíåòè÷íîãî ìàòåð³àëó ç³ ñò³éê³ñòþ, ùî ïåðåâèùóº ¿¿ ð³âåíü ó âè-
õ³äíèõ ôîðì. 

Âèñíîâêè. Ðîçðîáëåíî á³îòåõíîëîã³þ ñòâîðåííÿ íîâèõ âèõ³äíèõ 
ôîðì ÿ÷ìåíþ òà ïøåíèö³ ç âèêîðèñòàííÿì êóëüòóðè ïèëÿê³â in vitro, â³ä-
äàëåíî¿ ã³áðèäèçàö³¿, åìáð³îêóëüòóðè òà ñåëåêö³¿ in vitro. 

Íà îñíîâ³ âèÿâëåíèõ çàêîíîì³ðíîñòåé ïðîöåñ³â ³íäóêö³¿ íîâîóòâîðåíü 
ó êóëüòóð³ ïèëÿê³â in vitro òà ¿õíüî¿ ðåãåíåðàö³¿ çàïðîïîíîâàíî óìîâè ïî-
ïåðåäíüî¿ îáðîáêè äîíîðíèõ ðîñëèí ïøåíèö³ òà ÿ÷ìåíþ, ìîäèô³êîâàíî 
æèâèëüí³ ñåðåäîâèùà òà óìîâè êóëüòèâóâàííÿ íîâîóòâîðåíü, ùî äîçâî-
ëèëî óäîñêîíàëèòè òåõíîëîã³þ îäåðæàííÿ ë³í³éíîãî ìàòåð³àëó. 

Îòðèìàí³ ïîçèòèâí³ ðåçóëüòàòè ç ðîçðîáêè é ìîäèô³êàö³¿ á³îòåõíî-
ëîã³÷íèõ ïðèéîì³â ïðè îäåðæàíí³ â³ääàëåíèõ ã³áðèä³â ïøåíèö³ ì’ÿêî¿ òà 
ÿ÷ìåíþ. 

Îö³íêó in vitro ñò³éêîñò³ äî ôóçàð³îçó êîëîñà ðåêîìåíäîâàíî ïðîâîäè-
òè ç çàñòîñóâàííÿì êóëüòóðè ³çîëüîâàíèõ çð³ëèõ çàðîäê³â ïøåíèö³ çà ä³¿ 
ÔÊÐ F. graminearum øòàìó ab â êîíöåíòðàö³¿ 15 %. Äëÿ ñòâîðåííÿ â êóëü-
òóð³ ïèëÿê³â øëÿõîì àíäðîãåíåçó in vitro ãîìîçèãîòíèõ ôîðì ïøåíèö³ ³ç 
ñò³éê³ñòþ äî ôóçàð³îçó êîëîñà åôåêòèâíèì º âèêîðèñòàííÿ ÿê äîíîðíîãî 
ìàòåð³àëó ã³áðèä³â ïøåíèö³ çà ñõðåùóâàííÿ: ♀ (÷óòëèâà äî àíäðîãåíåçó 
in vitro ôîðìà)  ♂ (ñò³éêà äî F. graminearum ôîðìà ïøåíèö³), ÿê ñåëåê-
òèâíîãî ôàêòîðà — ìîäèô³êîâàíèõ ÔÊÐ ñëàáêîïàòîãåííîãî øòàìó ab ó 
êîíöåíòðàö³¿ 5 %. 
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Shestopal O. L., Ignatova S. O., Zambriborshch I. S., Zelenina G. A. 
Plant Breeding and Genetics Institute — National Center of Seed and Cultivar 
Investigations 

THE METHODS OF IN VITRO CULTURE FOR MODERN SELECTION 
OF SOFT WHEAT (Triticum aestivum L.) AND BARLEY 

(Hordeum vulgare L.) 

The results of biotechnology developments on the basis of in vitro cul-
ture of tissues and organs of wheat and barley, and the possibility of in vitro 
methods for the creation of initial breeding material were demonstrated. The 
conditions for the biotechnology of the accelerated creation of resistant to 
pathogens homozygous material of wheat and barley with simultaneous use 
of haploid technology and in vitro selection were identified. 
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Øåñòîïàë Î. Ë., Èãíàòîâà Ñ. À., Çàìáðèáîðù È. Ñ., Çåëå-
íèíà Ã. À. 

ÌÅÒÎÄÛ ÊÓËÜÒÓÐÛ IN VITRO ÄËß ÑÎÂÐÅÌÅÍÍÎÉ ÑÅËÅÊÖÈÈ 
ÏØÅÍÈÖÛ ÌßÃÊÎÉ (Triticum aestivum L.) È ß×ÌÅÍß 

(Hordeum vulgare L.) 

Ïðåäñòàâëåíû ðåçóëüòàòû áèîòåõíîëîãè÷åñêèõ ðàçðàáîòîê íà îñ-
íîâå êóëüòèâèðîâàíèÿ in vitro òêàíåé è îðãàíîâ ïøåíèöû è ÿ÷ìåíÿ. Ïðî-
äåìîíñòðèðîâàíû âîçìîæíîñòè ìåòîäîâ in vitro äëÿ ïîëó÷åíèÿ èñõîä-
íîãî ñåëåêöèîííîãî ìàòåðèàëà. Îïðåäåëåíû óñëîâèÿ äëÿ óñêîðåííîãî 
ñîçäàíèÿ óñòîé÷èâîãî ê ïàòîãåíàì ãîìîçèãîòíîãî ìàòåðèàëà ïøåíèöû 
è ÿ÷ìåíÿ ñ îäíîâðåìåííûì èñïîëüçîâàíèåì ãàïëîèäíîé òåõíîëîãèè è 
ñåëåêöèè in vitro 
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ÂÏËÈÂ ÃÅÍÎÒÈÏÓ ² ÓÌÎÂ ÊÓËÜÒÈÂÓÂÀÍÍß ÍÀ ÐÅÃÅÍÅÐÀÖ²Þ 
ÐÎÑËÈÍ Ó ÊÓËÜÒÓÐ² ÏÈËßÊ²Â ÏØÅÍÈÖ² ÒÂÅÐÄÎ¯ (Titicum durum 
Desf.) IN VITRO 

Âèçíà÷èëè âïëèâ ãåíîòèïó, ³íäóêö³éíîãî æèâèëüíîãî ñåðåäîâèùà 
³ ïîïåðåäíüî¿ îáðîáêè êîëîññÿ íèçüêèìè ïîçèòèâíèìè òåìïåðà-
òóðàìè ³ ðîç÷èíàìè ÀÁÊ íà ðåãåíåðàö³þ ðîñëèí ó êóëüòóð³ ïèëÿê³â 
in vitro ÿðèõ ³ îçèìèõ ôîðì ïøåíèö³ òâåðäî¿. Âèÿâèëè çíà÷íó çàëåæ-
í³ñòü ðåãåíåðàö³¿ çåëåíèõ ³ «àëüá³íî» ðîñëèí â³ä ãåíîòèïó. Â êóëüòó-
ð³ ïèëÿê³â îòðèìàëè ôåðòèëüí³ ðîñëèíè ÿðî-îçèìèõ ã³áðèä³â ïøå-
íèö³ òâåðäî¿. Îïòèìàëüíèìè âèÿâèëèñü ìîäèô³êàö³¿ æèâèëüíîãî 
ñåðåäî âèùà Ñ17 çà âì³ñòîì îðãàí³÷íèõ ðå÷îâèí. Ïîïåðåäíÿ îáðîá-
êà êîëîññÿ âîäíèìè ðîç÷èíàìè ÀÁÊ ³ñòîòíî íå âïëèâàëà íà ð³âåíü 
ðåãåíåðàö³¿, çà âèêëþ÷åííÿì ðîñëèí ñîðòó Ãàðäåìàðèí. 

Êëþ÷îâ³ ñëîâà: ïøåíèöÿ òâåðäà, êóëüòóðà ïèëÿê³â in vitro, ðåãåíå-
ðàö³ÿ ðîñëèí, æèâèëüíå ñåðåäîâèùå, ïîïåðåäíÿ îáðîáêà êîëîññÿ, 
àáñöèçîâà êèñëîòà. 

Âñòóï. Àíäðîãåíåç in vitro — âàæëèâèé á³îòåõíîëîã³÷íèé ìåòîä, ùî 
øèðîêî çàñòîñîâóºòüñÿ â ñåëåêö³¿ çëàêîâèõ êóëüòóð [1]. Îäíàê ïøåíèöÿ 
òâåðäà ìàëî÷óòëèâà â êóëüòóð³ ïèëÿê³â in vitro. Ãîëîâíîþ ïðîáëåìîþ º çà-
íèçüêèé ð³âåíü ðåãåíåðàö³¿ çåëåíèõ ðîñëèí. Â îñíîâíîìó ç íîâîóòâîðåíü 
ôîðìóþòüñÿ ðîñëèíè-àëüá³íîñè, íåïðèäàòí³ äî âèðîùóâàííÿ â ´ðóíò³ 
[2, 3]. Òîìó âàæëèâîþ çàäà÷åþ á³îòåõíîëîãà º äîñë³äæåííÿ ôàêòîð³â, ùî 
âïëèâàþòü íà ðåãåíåðàö³þ, ³ ðîçðîáêà îïòèìàëüíèõ óìîâ êóëüòèâóâàííÿ. 

Ç ë³òåðàòóðíèõ äàíèõ â³äîìî, ùî ð³âåíü ðåãåíåðàö³¿ ðîñëèí ïøåíè-
ö³ òâåðäî¿ ïåâíîþ ì³ðîþ âèçíà÷àþòü óñ³ åòàïè êóëüòóðè ïèëÿê³â in vitro, 
à ñàìå — ïîïåðåäíÿ îáðîáêà êîëîññÿ [4, 5], ³íäóêö³éíå ³ ðåãåíåðàö³éíå 
æèâèëüí³ ñåðåäîâèùà [6], ãåíîòèï ðîñëèí [7, 8]. 

Âèõîäÿ÷è ç öüîãî, ìåòà äàíî¿ ðîáîòè ïîëÿãàëà â îö³íö³ âïëèâó ãåíî-
òèïó, ³íäóêö³éíîãî æèâèëüíîãî ñåðåäîâèùà òà óìîâ ïîïåðåäíüî¿ îáðîáêè 
êîëîññÿ íà ð³âåíü ðåãåíåðàö³¿ â êóëüòóð³ ïèëÿê³â òâåðäî¿ ïøåíèö³ in vitro. 

Ìàòåð³àëè ³ ìåòîäè äîñë³äæåííÿ. Äîñë³äè ïðîâîäèëè â 2014 ð. 
Ìàòåð³àë íàäàíèé ëàáîðàòîð³ºþ ñåëåêö³¿ òà íàñ³ííèöòâà ïøåíèö³ òâåð-
äî¿ îçèìî¿. Ó äîñë³äæåííÿ çàëó÷àëè ñ³ì ÿðî-îçèìèõ ã³áðèä³â F

2
 ïøåíèö³ 

© Äîáðîâà Ã. Î., Çàìáð³áîðù ². Ñ., Øåñòîïàë Î. Ë., 2015
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òâåðäî¿, òðè ñîðòè ïøåíèö³ òâåðäî¿ ÿðî¿, ÷îòèðè ã³áðèäè F
1
 ïøåíèö³ òâåð-

äî¿ îçèìî¿ (òàáë. 1) ³ ï’ÿòü ñîðò³â ïøåíèö³ òâåðäî¿ îçèìî¿ (Àéñáåðã îäåñü-
êèé, Àëèé ïàðóñ, Áîñôîð, Ãàðäåìàðèí, Êîðàë îäåñüêèé). 

Òàáëèöÿ 1 
Âèõ³äíèé ìàòåð³àë äëÿ äîñë³äæåííÿ

¹ â êóëü-
òóð³

Ãåíîòèï

ßðî-îçèì³ ôîðìè
Ò1 F

2
 (Ñàðàò. çîëîòèé õ Gidara 2) õ Ãàðäåìàðèí

Ò2 F
2
 HUI/Yav79/Don87 õ DF900–83/WBR881

Ò3
F

2
 (Topoy 18/FOCHA1/Altar84) x /(Yav79/Àë. ïàðóñ) / {Êîðàë / [(LR-1 x 

504/67) x Õàð.1] õ [(Tigris x Àéñá.îä.) õ (Àéñá.îä õ Íîâ.4)]}/

Ò4 F
2
 Haurani x Àéñáåðã îäåñüêèé

Ò5 F
2
 Haurani x Êîíòèíåíò

Ò6
F

2
 Haurani x /(Yav79 x Àë. ïàðóñ) õ {Êîðàë õ [(LR-1 x 504/67) x Õàð.1] õ 

[(Tigris x Àéñá.îä.) õ (Àéñá.îä õ Íîâ.4)]}/
Ò7 F

2
 Topoy 18/FOCHA1/Altar84 x Ë³íêîð

ßð³ ôîðìè
Ò8 Altar84
T9 F

1
Topoy-18/FOCHA-1/Altar84

T10 FOCHA-1
Îçèì³ ôîðìè

Ò11 F
1 

DF-900–83/WPB-881 x Íîâèíêà4 2614 

Ò12 F
1 

DF-900–83/WBK-881 x Ë³íêîð

Ò13 F
1 

DF-900–83/WBK-881 x Çîëîòå ðóíî 

Ò14 F
1 

DF- 900–83/WBK-881 x ßíòàð îäåñüêèé 

Àéñáåðã îäåñüêèé
Àëèé ïàðóñ
Áîñôîð
Ãàðäåìàðèí
Êîðàë îäåñüêèé

Ðîñëèíè âèðîùóâàëè íà äîñë³äíèõ ïîëüîâèõ ä³ëÿíêàõ ÑÃ²–ÍÖÍÑ. Ïà-
ãîíè ç ïèëÿêàìè çð³çàëè ç äîíîðíèõ ðîñëèí, êîëè âàêóîë³çîâàí³ ì³êðî-
ñïîðè çíàõîäèëèñü ó ñåðåäíüî-ï³çí³é îäíîÿäåðí³é ôàç³ ðîçâèòêó. Ïîïå-
ðåäíüî âèòðèìóâàëè çð³çàí³ ïàãîíè ó âîä³ òà âîäíîìó ðîç÷èí³ ÀÁÊ (0,25 ³ 
0,5 ìã/ë) ïðîòÿãîì 3–7 ä³á ïðè +2 — +4°Ñ ó òåìðÿâ³ [9]. Êîëîññÿ ïîâåðõ-
íåâî ñòåðèë³çóâàëè íàñè÷åíèì ðîç÷èíîì ã³ïîõëîðèòó êàëüö³þ çà â³äîìîþ 
ìåòîäèêîþ [10]. Ïèëÿêè åêñïëàíòóâàëè íà ø³ñòü âàð³àíò³â àãàðèçîâàíèõ 
æèâèëüíèõ ñåðåäîâèù äëÿ ³íäóêö³¿ íîâîóòâîðåíü 190–2 [6], Ñ17 [11] òà 
¿õ ìîäèô³êàö³¿. Ìîäèô³êóâàëè ñåðåäîâèùà çà âì³ñòîì ³ ñêëàäîì àì³íî-
êèñëîò, îðãàí³÷íèõ êèñëîò òà â³òàì³í³â [12]. Ï³ñëÿ 15–25 ä³á êóëüòèâóâàííÿ 
íîâîóòâîðåííÿ ïåðåíîñèëè íà ñåðåäîâèùà äëÿ íîâîóòâîðåíü MS [11]. 
Ï³ñëÿ 7–10 ä³á êàëþñè ³ç çîíàìè ðåãåíåðàö³¿ òà åìáð³î¿äè ïîì³ùàëè íà 
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ñåðåäîâèùå äëÿ ðåãåíåðàö³¿ ½ MS [13]. Äëÿ âèçíà÷åííÿ ð³âíÿ ðåãåíåðà-
ö³¿ ï³äðàõîâóâàëè ïðîöåíò îäåðæàíèõ ðîñëèí-ðåãåíåðàíò³â («àëüá³íî» òà 
çåëåíèõ) òà äîâ³ð÷èé ³íòåðâàë çã³äíî Ðîêèöüêîãî [14]. 

Ðåçóëüòàòè ³ îáãîâîðåííÿ. Íà ïåðøîìó åòàï³ äîñë³äæåííÿ âèâ÷àëè 
âïëèâ ãåíîòèïó òà ñêëàäó ³íäóêö³éíîãî æèâèëüíîãî ñåðåäîâèùà íà ïðî-
öåñ ðåãåíåðàö³¿ ðîñëèí ó êóëüòóð³ in vitro ïèëÿê³â ïøåíèö³ òâåðäî¿. Îñê³ëü-
êè, çà äàíèìè ë³òåðàòóðè, ÿð³ ôîðìè ð³çíèõ êóëüòóðíèõ çëàê³â º á³ëüø ÷óò-
ëèâèìè äî àíäðîãåíåçó in vitro [1], ìè çàëó÷èëè â äîñë³äæåííÿ ñîðòè ³ F

2
 

ì³æñîðòîâ³ ã³áðèäè ïøåíèö³ òâåðäî¿ ÿðî¿. Ðåçóëüòàòè äîñë³äæåíü íàâåäå-
íî ó òàáëèö³ 2. 

Òàáëèöÿ 2 

Ðåãåíåðàö³ÿ ðîñëèí ó êóëüòóð³ ïèëÿê³â ñîðò³â ³ ã³áðèä³â ïøåíèö³ òâåðäî¿ ÿðî¿

Ãåíîòèï
²íäóêö³éíå ñå-

ðåäîâèùå
«Àëüá³íî» Çåëåí³

øò.  % øò.  %

Ò1
Ñ17 Â 2 0,81±0,57 0 0
Ñ17 Ì 3 3,09±1,76 0 0

ÑÌ 4 1,23±0,61 0 0
Ò2 Ñ17Â 1 0,11±0,11 1* 0,20±0,20

Ò3

Ñ17 Â 4 0,86±0,43 0 0
Ñ17 Ì 1 0,23±0,23 0 0

ÑÌ 3 1,40±0,80 0 0
190–2 Â 1 1,54±1,53 0 0

Ò4 Ñ17 Â 0 0 3*^ 0,55±0,32
Ò5 Ñ17í 2 0,74±0,52 1 0,37±0,37
Ò6 Ñ17 Ì 1 0,51±0,51 1*^ 0,51±0,51

Ò7
Ñ17í 1 0,82±0,82 0 0
ÑÌ 2 0,96±0,66 0 0

Ò8 ÑÌ 1 0,66±0,66 0 0

Ò9

Ñ17 Ì 2 0,90±0,63 0 0
Ñ17 1 0,38±0,38 2 0,77±0,54

Ñ 17 Â 3 1,02±0,59 2 0,68±0,48
ÑÌ 2 0,69±0,49 0 0

Ò10
Ñ 17 Â 1 0,47±0,47 0 0

Ñ17 1 0,27±0,27 0 0

Ïðèì³òêà. *– ðîñëèíè áóëè óñï³øíî àäàïòîâàí³ ³ âèðîùóþòüñÿ â óìîâàõ øòó÷íîãî êë³-
ìàòó; ^ — ðîñëèíè ôåðòèëüí³, îòðèìàíî íàñ³ííÿ. 
– â òàáëèö³ íàâåäåíî ðåçóëüòàòè ëèøå òèõ âàð³àíò³â äîñë³äó, äå îòðèìàíî ðåãåíå-
ðàö³þ (ïðè çàñòîñóâàíí³ ³íøèõ æèâèëüíèõ ñåðåäîâèù ïðîÿâó äàíî¿ îçíàêè íå ñïî-
ñòåð³ãàëè). 

Íà íàøó äóìêó, ö³êàâèì äëÿ ïîäàëüøîãî âèâ÷åííÿ º âèÿâëåíèé ïî-
çèòèâíèé âïëèâ çàëó÷åíîãî ó ñõðåùóâàííÿ ñîðòó Haurani íà ðåãåíåðà-
ö³þ çåëåíèõ ðîñëèí ó êóëüòóð³ ïèëÿê³â ã³áðèä³â ïøåíèö³ òâåðäî¿. Òàê, ó 
ðåçóëüòàò³ àíäðîãåíåçó in vitro â³ä ãåíîòèïó F

2
 Haurani x Àéñáåðã îäåñü-

êèé (Ò4) îòðèìàëè çåëåí³ ðîñëèíè-ðåãåíåðàíòè çà ìàéæå íóëüîâîãî ð³â-
íÿ ðåãåíåðàö³¿ «àëüá³íî» ðîñëèí. Ïðè öüîìó îäíà ç áàòüê³âñüêèõ ôîðì, 
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à ñàìå îçèìèé ñîðò Àéñáåðã îäåñüêèé âèÿâèâñÿ âçàãàë³ íå÷óòëèâèì äî 
óìîâ êóëüòèâóâàííÿ ïèëÿê³â in vitro. Ã³áðèäè F

2
 Haurani x Êîíòèíåíò (Ò5) ³ 

Haurani x /(Yav79 x Àë. ïàðóñ) õ {Êîðàë õ [(LR-1 x 504/67) x Õàð.1] õ [(Tigris 
x Àéñá. îä.) õ (Àéñá. îä õ Íîâ.4)]}/ (Ò6), àíàëîã³÷íî ãåíîòèïó Ò4, õàðàêòå-
ðèçóþòüñÿ çäàòí³ñòþ óòâîðþâàòè çåëåí³ ðîñëèíè-ðåãåíåðàíòè ³ íèçüêèì 
âèõîäîì «àëüá³íî» ðîñëèí. Îòæå, ìîæíà çðîáèòè âèñíîâîê, ùî ãåíîòèï 
Haurani ìîæå áóòè ïîòåíö³éíèì äîíîðîì îçíàêè «ðåãåíåðàö³ÿ çåëåíèõ 
ðîñëèí». 

ßðèé ãåíîòèï Topoy-18/FOCHA-1/Altar 84 (Ò9) âèÿâèâñÿ ñïðîìîæíèì 
óòâîðþâàòè ÿê çåëåí³, òàê ³ «àëüá³íî» ðîñëèíè-ðåãåíåðàíòè. Ðîñëèíè ÿðèõ 
ñîðò³â Altar84 (Ò8) ³ FOCHA1 (Ò10) ðåãåíåðóâàëè ëèøå «àëüá³íî» ôîðìè. 
Ã³áðèä Topdy 18/FOCHA1/Altar 84 x Ë³íêîð (Ò7), íà â³äì³íó â³ä áàòüê³âñüêî¿ 
ôîðìè, âèÿâèâñÿ ìàëî÷óòëèâèì äî óìîâ êóëüòóðè ïèëÿê³â in vitro. Àíàëî-
ã³÷í³ ðåçóëüòàòè îòðèìàëè çà êóëüòèâóâàííÿ ïèëÿê³â ÿðî-îçèìîãî ã³áðèäà 
Ò3, äî ñêëàäó ÿêîãî âõîäèâ ãåíîòèï Topoy-18/FOCHA-1/Altar 84. 

Â óìîâàõ ïîñóøëèâîãî êë³ìàòó Ï³âäíÿ Óêðà¿íè âèùó ðåíòàáåëüí³ñòü 
çàáåçïå÷óþòü îçèì³ ôîðìè ïøåíèö³ òâåðäî¿. Òîìó ó ïîäàëüøå äîñë³-
äæåííÿ, îêð³ì ÿðèõ, áóëè çàëó÷åí³ é îçèì³ ñîðòè òà ã³áðèäè. Íà ïåðøîìó 
åòàï³ äîñë³äèëè âïëèâ ãåíîòèïó òà ³íäóêö³éíîãî æèâèëüíîãî ñåðåäîâè-
ùà íà ðåãåíåðàö³þ ðîñëèí â êóëüòóð³ ïèëÿê³â ã³áðèä³â F

1
 ïøåíèö³ òâåðäî¿ 

îçèìî¿ (òàáë. 3). 
Ã³áðèä ïåðøîãî ïîêîë³ííÿ

 
DF-900–83/WBK-881 x ßíòàð îäåñüêèé 

(Ò14) âèÿâèâñÿ ìàëî÷óòëèâèì äî óìîâ êóëüòóðè ïèëÿê³â in vitro ³ õàðàêòå-
ðèçóâàâñÿ íèæ÷èì, ó ïîð³âíÿíí³ ç ³íøèìè ã³áðèäàìè, ð³âíåì ðåãåíåðà-
ö³¿. Çàãàëîì ðåãåíåðàö³ÿ ó ã³áðèä³â Ò11–Ò13 äîñòîâ³ðíî íå â³äð³çíÿëàñü. 
Ç-ïîì³æ äîñë³äæåíèõ ãåíîòèï³â F

1 
ã³áðèä³â ïøåíèö³ òâåðäî¿ îçèìî¿ çåëåí³ 

ðîñëèíè-ðåãåíåðàíòè îòðèìàíî ëèøå ó ã³áðèäà F
1 

DF-900–83/WBK-881 x 
Ë³íêîð (Ò12). Ãåíîòèï DF-900–83/WPB-881 áóâ áàòüê³âñüêèì êîìïîíåí-
òîì ÿðî-îçèìîãî ã³áðèäà F

2
 HUI/Yav79/Don87 õ DF900–83/WBR881 (Ò2), 

íîâîóòâîðåííÿ ÿêîãî âèÿâèëè çäàòí³ñòü ôîðìóâàòè â êóëüòóð³ in vitro çå-
ëåí³ ðîñëèíè-ðåãåíåðàíòè. 

Îäíèì ç íàéâàæëèâ³øèõ ôàêòîð³â, ùî âïëèâàþòü íà åôåêòèâí³ñòü 
ïðîöåñó àíäðîãåíåçó, º æèâèëüíå ñåðåäîâèùå. Á³ëüøó ê³ëüê³ñòü ðîñëèí 
îòðèìàëè ç íîâîóòâîðåíü, ñôîðìîâàíèõ íà ìîäèô³êàö³ÿõ ³íäóêö³éíîãî 
æèâèëüíîãî ñåðåäîâèùà Ñ17 — Ñ17Â, Ñ17í, ÑÌ, Ñ17Ì (òàáë. 2, 3). 

Ó ïîïåðåäí³õ äîñë³äæåííÿõ [12, 15] íàìè áóëî ïîêàçàíî, ùî ñàìå ö³ 
ñåðåäîâèùà º îïòèìàëüíèìè äëÿ ³íäóêö³¿ íîâîóòâîðåíü â êóëüòóð³ ïèëÿ-
ê³â in vitro ïøåíèö³ òâåðäî¿. 

Îçèì³ ã³áðèäè ïî-ð³çíîìó â³äïîâ³äàþòü íà óìîâè êóëüòèâóâàííÿ, à 
ñàìå íà ñêëàä ³íäóêö³éíîãî æèâèëüíîãî ñåðåäîâèùà (òàáë. 3). Òàê, íî-
âîóòâîðåííÿ, îòðèìàí³ ç ì³êðîñïîð ãåíîòèï³â Ò12, Ò13, Ò14, íàäàë³ êðà-
ùå ðåãåíåðóâàëè ïðè êóëüòèâóâàíí³ ïèëÿê³â íà ³íäóêö³éíîìó ñåðåäîâè-
ù³ Ñ17Ì — ìîäèô³êàö³¿ ñåðåäîâèùà Ñ17, ùî ì³ñòèëà ó ñâîºìó ñêëàä³ 
ìàëüòîçó, ÿê äæåðåëî âóãëåöþ. Îäíàê ãåíîòèï Ò11 ìàêñèìàëüíèé ð³âåíü 
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Òàáëèöÿ 3 

Ðåãåíåðàö³ÿ çåëåíèõ ³ «àëüá³íî» ðîñëèí ó êóëüòóð³ ïèëÿê³â ã³áðèä³â ïøåíèö³ 
òâåðäî¿ îçèìî¿

Ãåíî-
òèï

²íäóêö³éíå 
ñåðåäîâè-

ùå

«Àëüá³íî» Çåëåí³
ê³ëüê³ñòü 
ðåãåíå-

ðàíò³â, øò.

ðåãåíåðàí-
òè, %

ê³ëüê³ñòü ðå-
ãåíåðàíò³â, 

øò.
ðåãåíåðàíòè, %

Ò11

190–2 Â 1 0,24±0,24 0 0
Ñ17 0 0 0 0

Ñ17 Â 4 0,99±0,49 0 0
Ñ17 Ì 2 0,30±0,21 0 0

ÑÌ 2 0,70±0,49 0 0

Ò12

190–2 Â 6 1,02±0,41 0 0
Ñ17 5 0,75±0,33 0 0

Ñ17 Â 2 0,28±0,20 0 0
Ñ17 Ì 10 1,32±0,41 2 0,26±0,19

ÑÌ 0 0 1 0,14±0,14

Ò13

190–2 Â 1 0,19±0,19 0 0
Ñ17 2 0,43±0,30 0 0

Ñ17 Â 3 0,45±0,26 0 0
Ñ17 Ì 5 1,02±0,45 0 0

ÑÌ 1 0,22±0,22 0 0

Ò14

190–2 Â 2 0,24±0,17 0 0
Ñ17 1 0,11±0,11 0 0

Ñ17 Â 1 0,12±0,12 0 0
Ñ17 Ì 3 0,48±0,28 0 0

ÑÌ 0 0 0 0

ðåãåíåðàö³¿ ïîêàçàâ ïðè êóëüòèâóâàíí³ ïèëÿê³â íà ³íäóêö³éíîìó ñåðåäî-
âèù³ Ñ17Â — ìîäèô³êàö³¿ Ñ17 çà âì³ñòîì àì³íî- ³ îðãàí³÷íèõ êèñëîò. Ó ã³-
áðèäà Ò12 ðåãåíåðàö³ÿ ïðè êóëüòèâóâàíí³ ïèëÿê³â íà ñåðåäîâèùàõ Ñ17 
³ 190–2Â áóëà âèùà, í³æ ó ³íøèõ ã³áðèä³â, à íà ñåðåäîâèù³ Ñ17Â — íèæ-
÷à ó ïîð³âíÿíí³ ç ã³áðèäîì Ò11. Äâ³ çåëåí³ ðîñëèíè ãåíîòèïó Ò12 áóëè 
ñôîðìîâàí³ ïðè êóëüòèâóâàíí³ ïèëÿê³â íà ñåðåäîâèù³ Ñ17Ì, îäíà — íà 
ñåðåäî âèù³ ÑÌ. 

Îòæå, ìîæíà çðîáèòè âèñíîâîê, ùî ìîäèô³êîâàí³ çà âì³ñòîì îðãà-
í³÷íèõ ðå÷îâèí ñåðåäîâèùà íà îñíîâ³ Ñ17 º íàéá³ëüø ïðèäàòíèìè äëÿ 
îòðèìàííÿ ðîñëèí-ðåãåíåðàíò³â. Äîäàâàííÿ äî íèõ ìàëüòîçè ÿê äæåðå-
ëà âóãëåöþ (Ñ17Ì) ³ àì³íîêèñëîò (Ñ17Â) ñïðèÿëî âèõîäó çåëåíèõ ðîñëèí-
ðåãåíåðàíò³â ó êóëüòóð³ ïèëÿê³â in vitro ïøåíèö³ òâåðäî¿. 

Ç ë³òåðàòóðíèõ äàíèõ â³äîìî, ùî ïîïåðåäíÿ îáðîáêà êîëîññÿ íèçü-
êèìè ïîçèòèâíèìè òåìïåðàòóðàìè ³ ðîç÷èíîì ÀÁÊ ñòèìóëþº ïåðåõ³ä 
ì³êðîñïîð ç ãàìåòîô³òíîãî íà ñïîðîô³òíèé øëÿõ ðîçâèòêó ³ ï³äâèùóº ðå-
ãåíåðàö³éíó çäàòí³ñòü íîâîóòâîðåíü ó êóëüòóð³ ïèëÿê³â ïøåíèö³ òâåðäî¿ 
[4, 5]. Âïëèâ ïîïåðåäíüî¿ îáðîáêè êîëîññÿ íà âèõ³ä ðîñëèí-ðåãåíåðàíò³â 
âèâ÷àëè íà ñîðòàõ ïøåíèö³ òâåðäî¿ îçèìî¿ (òàáë. 4). 
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Òàáëèöÿ 4 

Ðåãåíåðàö³ÿ «àëüá³íî» ðîñëèí ïøåíèö³ òâåðäî¿ îçèìî¿ â êóëüòóð³ ïèëÿê³â in vitro

Ãåíîòèï
Êîíöåíòð³ö³ÿ 

ÀÁÊ, ìã/ë
Ê³ëüê³ñòü 

ðåãåíåðàíò³â
 %

Àéñáåðã îäåñüêèé
0 0 0

0,25 0 0
0,5 0 0

Àëèé ïàðóñ
0 0 0

0,25 2 0,29±0,20
0,5 0 0

Áîñôîð
0 0 0

0,25 0 0
0,5 0 0

Ãàðäåìàðèí
0 0 0

0,25 4 0,89±0,45
0,5* 1 0,23±0,22

Êîðàë îäåñüêèé
0 2 0,65±0,45

0,25 0 0
0,5 1 0,19±0,19

Ïðèì³òêà:* — áóëè ñôîðìîâàí³ äâ³ çåëåí³ ðîñëèíè. 

Óñ³ äîñë³äæåí³ ñîðòè ïøåíèö³ òâåðäî¿ âèÿâèëèñü ìàëî÷óòëèâèìè äî 
óìîâ êóëüòóðè ïèëÿê³â in vitro. Ç ï’ÿòè ãåíîòèï³â ðîñëèíè-ðåãåíåðàíòè 
äàëè ëèøå òðè ñîðòè — Àëèé ïàðóñ, Êîðàë îäåñüêèé òà Ãàðäåìàðèí. Ñîð-
òè Àéñáåðã îäåñüêèé ³ Áîñôîð ðåãåíåðàíò³â íå ñôîðìóâàëè (òàáë. 4). 

Ç äîñë³äæåíèõ ñîðò³â Ãàðäåìàðèí áóâ íàéá³ëüø ÷óòëèâèì äî êóëüòóðè 
ïèëÿê³â in vitro. Äëÿ ñîðò³â Àëèé ïàðóñ ³ Ãàðäåìàðèí õàðàêòåðíå ôîðìó-
âàííÿ ðåãåíåðàíò³â ëèøå ï³ñëÿ ïîïåðåäíüî¿ îáðîáêè êîëîññÿ âîäíèìè 
ðîç÷èíàìè ÀÁÊ. Âïëèâó äàíîãî ãîðìîíó íà ðåãåíåðàö³þ ðîñëèí ó ñîðòó 
Êîðàë íå ñïîñòåð³ãàëè. 

Ñë³ä çàçíà÷èòè, ùî ïîïåðåäíÿ îáðîáêà êîëîññÿ ÀÁÊ íå ñïðèÿëà ðå-
ãåíåðàö³¿ çåëåíèõ ðîñëèí. Îäíàê, ó êóëüòóð³ ïèëÿê³â ñîðòó Ãàðäåìàðèí 
îäåðæàíî äâ³ çåëåí³ ðîñëèíè-ðåãåíåðàíòè çà óìîâè ïîïåðåäíüî¿ îáðîá-
êè êîëîññÿ ÀÁÊ â êîíöåíòðàö³¿ 0,5 ìã/ë. 

Âèñíîâêè 
1. Äîñë³äæåí³ ãåíîòèïè ïøåíèö³ òâåðäî¿ õàðàêòåðèçóþòüñÿ ð³çíèì 

ð³âíåì ðåãåíåðàö³¿. Á³ëüøèé âèõ³ä çåëåíèõ ðîñëèí-ðåãåíåðàíò³â ñïîñòå-
ð³ãàëè ó ã³áðèä³â, äå çà áàòüê³âñüêó ôîðìó âèêîðèñòîâóâàëè ÿð³ ãåíîòè-
ïè — Haurani òà Topoy-18/FOCHA-1/Altar84. Òåîðåòè÷íî ìîæíà î÷³êóâàòè 
ðåãåíåðàö³þ çåëåíèõ ðîñëèí ïðè çàëó÷åíí³ äàíèõ ãåíîòèï³â ó ñõðåùóâàí-
íÿ. Ñåðåä äîñë³äæåíèõ îçèìèõ ñîðò³â íàéá³ëüøèì ðåãåíåðàö³éíèì ïî-
òåíö³àëîì õàðàêòåðèçóâàâñÿ ñîðò Ãàðäåìàðèí. 

2. Íàéâèùèé ð³âåíü ðåãåíåðàö³¿ ç íîâîóòâîðåíü îäåðæàíî çà óìî-
âè êóëüòèâóâàííÿ ïèëÿê³â íà ³íäóêö³éíèõ æèâèëüíèõ ñåðåäîâèùàõ Ñ17í, 
Ñ17Â, ÑÌ òà Ñ17Ì — ìîäèô³êàö³ÿõ ñòàíäàðòíîãî ñåðåäîâèùà Ñ17. 
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3. Ð³âåíü ðåãåíåðàö³¿ ðîñëèí ñîðòó Ãàðäåìàðèí âèùèé çà óìîâè ïî-
ïåðåäíüî¿ îáðîáêè êîëîññÿ âîäíèìè ðîç÷èíàìè ÀÁÊ ó êîíöåíòðàö³ÿõ 
0,25 òà 0,5 ìã/ë. Â ³íøèõ äîñë³äæåíèõ ñîðò³â ÷³òêî¿ çàëåæíîñò³ ð³âíÿ ðåãå-
íåðàö³¿ â³ä ïîïåðåäíüî¿ îáðîáêè ÀÁÊ íå âèÿâëåíî. 
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Dobrova G. O., Zambriborshch I. S., Shestopal O. L. Plant Breeding 
and Genetics Institute — National Center of Seed and Cultivar Investigations 

THE AFFECT OF GENOTYPE AND CULTURAL CONDITIONS ON IN VITRO 
PLANT REGENERATION IN DURUM WHEAT (Titicum durum Desf.) 

ANTHER CULTURE 

Durum wheat double haploid production was the main goal of our re-
search. The effect of plant genotype, induction cultural media and spikes pre-
treatment with low positive temperature and water ABA solutions (0,25 and 
0,5 mg/l) during seven days on the process of in vitro plant regeneration in 
durum wheat anther culture was studied in this research. Important effect of 
plant genotype on spring durum wheat varieties and hybrids green and «albi-
no» plant regeneration was discovered. Responsible to in vitro anther culture 
conditions genotypes were determined. Fertile haploid plants of two winter-
spring durum wheat hybrids were obtained. It was detected that the most ap-
propriate induction cultural media was C17 media modifications with adding 
of organic components. Low temperature and water ABA solutions didn’t sig-
nificantly affect the regeneration level, except plants of Gardemarin variety. 
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Äîáðîâà À. À., Çàìáðèáîðù È. Ñ., Øåñòîïàë Î. Ë. 

ÂËÈßÍÈÅ ÃÅÍÎÒÈÏÀ È ÓÑËÎÂÈÉ ÊÓËÜÒÈÂÈÐÎÂÀÍÈß 
ÍÀ ÐÅÃÅÍÅÐÀÖÈÞ ÐÀÑÒÅÍÈÉ Â ÊÓËÜÒÓÐÅ ÏÛËÜÍÈÊÎÂ 

ÏØÅÍÈÖÛ ÒÂÅÐÄÎÉ (Triticum durum Desf.) IN VITRO 

Èçó÷àëè âëèÿíèå ãåíîòèïà, èíäóêöèîííîé ïèòàòåëüíîé ñðåäû è ïðåä-
îáðàáîòêè êîëîñüåâ íèçêèìè ïîëîæèòåëüíûìè òåìïåðàòóðàìè è âîä-
íûìè ðàñòâîðàìè ÀÁÊ íà ðåãåíåðàöèþ ðàñòåíèé â êóëüòóðå ïûëüíèêîâ 
in vitro ÿðîâûõ è îçèìûõ ôîðì ïøåíèöû òâåðäîé. Âûÿâèëè çíà÷èòåëüíóþ 
çàâèñèìîñòü ðåãåíåðàöèè çåëåíûõ è «àëüáèíî» ðàñòåíèé îò ãåíîòèïà. 
Â êóëüòóðå ïûëüíèêîâ in vitro ÿðî-îçèìûõ ãèáðèäîâ ïøåíèöû òâåðäîé 
ïîëó÷åíû ôåðòèëüíûå çåëåíûå ðàñòåíèÿ-ðåãåíåðàíòû. Îòèìàëüíûìè 
îêàçàëèñü ìîäèôèêàöèè ñðåäû Ñ17 ïî ñîäåðæàíèþ îðãàíè÷åñêèõ ñî-
åäèíåíèé. Ïðåäîáðàáîòêà êîëîñüåâ âîäíûìè ðàñòâîðàìè ÀÁÊ íå îêàçû-
âàëà ñóùåñòâåííîãî âëèÿíèÿ íà óðîâåíü ðåãåíåðàöèè, çà èñêëþ÷åíèåì 
ñîðòà ïøåíèöû òâåðäîé îçèìîé Ãàðäåìàðèí. 
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ÌÎËÅÊÓËßÐÍÀ ÄÅÒÅÊÖ²ß ÇÁÓÄÍÈÊ²Â ²ÍÔÅÊÖ²ÉÍÈÕ ÕÂÎÐÎÁ 
Ñ²ËÜÑÜÊÎÃÎÑÏÎÄÀÐÑÜÊÈÕ ÊÓËÜÒÓÐ 

Äëÿ äåòåêö³¿ ïàòîãåííèõ îðãàí³çì³â ó òêàíèíàõ ñ³ëüñüêîãîñïîäàð-
ñüêèõ ðîñëèí (ïøåíèö³ ì’ÿêî¿, êóêóðóäçè, ñîíÿøíèêó, õìåëþ çâè-
÷àéíîãî) îïðàöüîâàíî ìîëåêóëÿðí³ ìàðêåðè íà îñíîâ³ ìåòîäó ïî-
ë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿. 

Êëþ÷îâ³ ñëîâà: ìîëåêóëÿðí³ ìàðêåðè, ô³òîïàòîãåíè, ñ³ëüñüêîãîñïî-
äàðñüê³ êóëüòóðè, ïîë³ìåðàçíà ëàíöþãîâà ðåàêö³ÿ. 

Âñòóï. Âòðàòè âðîæàþ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð â³ä øê³äíè-
ê³â, õâîðîá òà áóð’ÿí³â â Óêðà¿í³ ùîðîêó ñÿãàþòü 12–18 %, à çà ìàñîâî-
ãî ðîçìíîæåííÿ çáóäíèê³â — 25–50 %. Òðàäèö³éí³ ìåòîäè ä³àãíîñòèêè 
çáóäíèê³â ³íôåêö³é ó ðîñëèí — âèêîðèñòàííÿ ðîñëèí-³íäèêàòîð³â äëÿ 
³äåíòèô³êàö³¿ â³ðóñ³â, ñïåö³àëüíèõ ñåðåäîâèù äëÿ âèÿâëåííÿ áàêòåð³é 
etc — äîñèòü òðóäîì³ñòê³ ³ çàéìàþòü áàãàòî ÷àñó (äí³, â ðÿä³ âèïàäê³â, 
òèæí³ ³ ì³ñÿö³). 

Àêòóàëüíîþ º íåîáõ³äí³ñòü ïðè àíàë³ç³ ðîñëèííîãî ìàòåð³àëó çàñòî-
ñóâàííÿ âèñîêî÷óòëèâèõ ³ ñïåöèô³÷íèõ ìåòîä³â äåòåêö³¿, ùî äîçâîëÿþòü 
âèçíà÷èòè íàâ³òü íåçíà÷íó ê³ëüê³ñòü ïàòîãåí³â. Öå îñîáëèâî âàæëèâî ïðè 
êîíòðîë³ ðîñëèííîãî ìàòåð³àëó íà íàÿâí³ñòü êàðàíòèííèõ ïàòîãåí³â. Òîìó 
â ïðàêòèêó êîíòðîëþ ô³òîñàí³òàðíîãî ñòàíó ñ³ëüñüêîãîñïîäàðñüêèõ ðîñ-
ëèí ³ ïðîäóêò³â ¿õ ïåðåðîáêè (äîäàòêîâî ÷è íà çì³íó òðàäèö³éíèì òà ñå-
ðîëîã³÷íèì ìåòîäàì) íåîáõ³äíî âïðîâàäæóâàòè ìîëåêóëÿðí³ òåõíîëîã³¿, 
çîêðåìà íà îñíîâ³ ìåòîäó ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ). ÏËÐ-
ìåòîä äîçâîëÿº âèÿâèòè çáóäíèê³â ³íôåêö³éíèõ çàõâîðþâàíü çà íàÿâ-
í³ñòþ ó ïðîá³ ¿õíüîãî ãåíåòè÷íîãî ìàòåð³àëó íàâ³òü ó òèõ âèïàäêàõ, êîëè 
³íøèìè ìåòîäàìè (çîêðåìà â³çóàëüíîþ ä³àãíîñòèêîþ õâîðîáè çà ñèìï-
òîìàìè òà ì³êðîñêîï³ºþ) çðîáèòè öå òåõí³÷íî íåìîæëèâî. 

Ìåòà íàøèõ äîñë³äæåíü: âèçíà÷èòè ÄÍÊ-ìàðêåðè äëÿ äåòåêö³¿ çáóä-
íèê³â ³íôåêö³éíèõ õâîðîá ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð, à ñàìå ãðèá³â 
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Plasmopara helianthi â òêàíèíàõ ðîñëèí ñîíÿøíèêó, ãðèá³â ðîäó Fusarium 
ó çåðí³ êóêóðóäçè òà ïøåíèö³, ðîäó Alternaria ó çåðí³ êóêóðóäçè, áàêòåð³¿ 
Agrobacterium tumefaciens â òêàíèíàõ ðîñëèí õìåëþ çâè÷àéíîãî. 

Ìàòåð³àë ³ ìåòîäè. Ìàòåð³àëîì ñëóãóâàëè: ³íáðåäí³ ë³í³¿ ñîíÿøíèêó 
102 À è ÎÑ 1029 À; ë³í³¿-äèôåðåíö³àòîðè ñò³éêîñò³ ñîíÿøíèêó äî ïåâíèõ 
ðàñ Plasmopara halstedii RHA-265, RHA-419, 803-I; çðàçêè äèêîðîñëî-
ãî ñîíÿøíèêó Helianthus argophyllus; ñîðò ïøåíèö³ ì’ÿêî¿ Îäåñüêà íà-
ï³âêàðëèêîâà; ³íáðåäí³ ë³í³¿ êóêóðóäçè ÃÊ26, ÄÑ10/3, ÎÊ124, ÄÊ277-10, 
W275, Ï343, BIP27, ÎÊ39, ÎÊ104-4, ÁÊ440; ñîðòè õìåëþ çâè÷àéíîãî 
Àëüòà òà Êëîí 18; êóëüòóðà ãðèá³â ðîäó Fusarium — øòàìè F. macroceras, 
F. oxysporum, F. graminearum, F. gibbosum, F. sporotrichiella, F. moniliforme,, 
F. culmorum; êóëüòóðà ãðèá³â ðîäó Alternaria — A. alternata, A. tenuissima, 
A. arborescens, A. infectoria, A. brassicae, êóëüòóðà ãðèá³â Àspergillus niger, 
Ñandida albicans, êóëüòóðà àãðîáàêòåð³¿ Agrobacterium tumefaciens. 

Åêñòðàêö³ÿ ÄÍÊ ç ðîñëèííèõ òêàíèí, ïîñòàíîâêà ïîë³ìåðàçíî¿ ëàí-
öþãîâî¿ ðåàêö³¿ (ÏËÐ), ãåëü-åëåêòðîôîðåç â àãàðîçíèõ ³ ïîë³àêðèëàì³ä-
íèõ ãåëÿõ çä³éñíþâàëè çà çàãàëüíîïðèéíÿòèìè ìåòîäèêàìè. 

Ðåçóëüòàòè. 
ÄÍÊ-ìàðêåð äëÿ äåòåêö³¿ çáóäíèêà íåñïðàâæíüî¿ áîðîøíèñòî¿ 

ðîñè ñîíÿøíèêó. Çáóäíèê íåñïðàâæíüî¿ áîðîøíèñòî¿ ðîñè (ÍÁÐ) ñî-
íÿøíèêó — Plasmopara halstedii Farl. — îáë³ãàòíèé ïàòîãåí ãðèáíî¿ ïðè-
ðîäè ç êëàñó Oomycetes. Çíà÷íå çá³ëüøåííÿ ïëîù ï³ä ñîíÿøíèêîì, ïå-
ðåä÷àñíå éîãî ïîâåðíåííÿ íà ïîïåðåäí³ ì³ñöÿ âèðîùóâàííÿ ñïðè÷èíÿº 
íàêîïè÷åííÿ ³íôåêö³¿ ó ´ðóíò³. Îîñïîðè íåñïðàâæíüî¿ áîðîøíèñòî¿ ðîñè 
çáåð³ãàþòüñÿ â íàñ³íí³ óðàæåíèõ ðîñëèí, ó ´ðóíò³, â óðàæåíèõ ñõîäàõ ïà-
äàëèö³. Øêîäî÷èíí³ñòü öüîãî çàõâîðþâàííÿ çóìîâëþº îáîâ’ÿçêîâå ëà-
áîðàòîðíå òåñòóâàííÿ ñò³éêîñò³ ñåëåêö³éíîãî ìàòåð³àëó. Ëàáîðàòîðíà 
îö³íêà ñò³éêîñò³ âåëèêî¿ ê³ëüêîñò³ ñåëåêö³éíèõ çðàçê³â çä³éñíþºòüñÿ åêñ-
ïðåñ-ìåòîäîì ùîð³÷íî ó çèìîâèé ïåð³îä. Äëÿ îäåðæàííÿ íàëåæíèõ ðå-
çóëüòàò³â íåîáõ³äíî äîòðèìóâàòèñü ïåâíèõ óìîâ ïðîâåäåííÿ äîñë³äæåí-
íÿ: âèçíà÷åíèé ðîçì³ð ïðîðîñòê³â òà ñôîðìîâàí³ñòü ñ³ì’ÿäîëüíèõ ëèñòê³â 
íà åòàï³ øòó÷íîãî çàðàæåííÿ, îïòèìàëüíå ³íôåêö³éíå íàâàíòàæåííÿ, 
òîáòî êîíöåíòðàö³ÿ çîîñïîðàíã³¿â ãðèáà â ³íîêóëþì³, òðèâàë³ñòü ïåð³îäó 
³íîêóëÿö³¿ òà òåìïåðàòóðíèé ðåæèì. Ó ìàñîâèõ îö³íêàõ ìîæëèâå ïåâíå 
íåäîòðèìàííÿ ìåòîäèêè ç îá’ºêòèâíèõ ïðè÷èí. Äî òîãî æ, ó ïðîöåñ³ ³ìó-
íîëîã³÷íîãî àíàë³çó ÷àñòèíà ïðîðîñòê³â ãèíå â³ä ñóïóòí³õ ³íôåêö³é. Ìî-
ëåêóëÿðíà ä³àãíîñòèêà ïàòîãåíà ìîæå ñïðèÿòè îòðèìàííþ îá’ºêòèâíî¿ 
îö³íêè ñò³éêîñò³ ðîñëèí ñîíÿøíèêó. Àíàë³ç ïîñë³äîâíîñò³ ãåí³â 28 S-ÐÍÊ 
(ç áàçè äàíèõ GenBank) ó äåâ’ÿòè ³çîëÿò³â Plasmopara halstedii ³ 60 ³çîëÿ-
ò³â ³íøèõ âèä³â îîì³öåò³â äîçâîëèâ âèÿâèòè äâ³ ïîë³ìîðôí³ ä³ëÿíêè ãåíà, 
îäíà ç ÿêèõ ñïåöèô³÷íà ò³ëüêè äëÿ P. halstedii [1]. 

Ç ìåòîþ äîâåñòè ìîæëèâ³ñòü âèêîðèñòàííÿ ÄÍÊ-ìàðêåðà äëÿ âè-
ÿâëåííÿ çáóäíèêà íåñïðàâæíüî¿ áîðîøíèñòî¿ ðîñè â òêàíèíàõ ðîñëèí 
ñîíÿøíèêó íà ð³çíèõ ñòàä³ÿõ ðîçâèòêó ïðîâåëè ìîëåêóëÿðíî-ãåíåòè÷íå 
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äîñë³äæåííÿ ìåòîäîì àìïë³ô³êàö³¿ ñïåöèô³÷íî¿ ïîñë³äîâíîñò³ ãåíîìó 
P. halstedii [2]. 

Ìàòåð³àëîì äîñë³äæåííÿ ñëóãóâàëî íàñ³ííÿ òà ðîñëèíè ñîíÿø-
íèêó ³íáðåäíèõ ë³í³é 102À è ÎÑ1029À ñåëåêö³¿ ÑÃ²–ÍÖÍÑ; ë³í³é-äè-
ôåðåíö³àòîð³â ñò³éêîñò³ äî ïåâíèõ ðàñ íåñïðàâæíüî¿ áîðîøíèñòî¿ 
ðîñè: RHA-265, RHA-419, 803-I; çðàçê³â äèêîðîñëîãî âèäó Helianthus 
argophyllus, ÿê³ òåñòóâàëè â ëàáîðàòîðíèõ óìîâàõ [3], íà ñòàä³¿ îö³íêè 
ñò³éêîñò³; ðîñëèíè íà ñòàä³¿ öâ³ò³ííÿ. Äëÿ ïðîâåäåííÿ ìîëåêóëÿðíî-
ãåíåòè÷íîãî äîñë³äæåííÿ âèä³ëÿëè ÄÍÊ ç ôðàãìåíò³â ïðîðîñòê³â, ïà-
ðåíõ³ìíèõ òà ñóäèííèõ òêàíèí ëèñòÿ, ç³ ñïîðàíã³¿â, ùî áóëè âèëó÷åí³ ç 
óðàæåíèõ  íåñïðàâæíüîþ áîðîøíèñòîþ ðîñîþ çðàçê³â, òà âèêîðèñòî-
âóâàëè ïðàéìåðè, çàïðîïîíîâàí³ äëÿ àíàë³çó ïîñë³äîâíîñò³ ðÄÍÊ ãå-
íîìó Plasmopara [1], à òàêîæ ïðàéìåðè, ÿê³ ôëàíêóþòü ì³êðîñàòåë³òíèé 
ëîêóñ ãåíîìó ñîíÿøíèêó ORS1039. 

Çà ðåçóëüòàòîì ÏËÐ ç ïðàéìåðàìè äî ïîñë³äîâíîñò³ ðÄÍÊ P. halstedii 
àìïë³ô³êîâàíî ôðàãìåíò ÄÍÊ ðîçì³ðîì 308 ï. í. ó òèõ âèïàäêàõ, êîëè ìà-
òðè÷íîþ áóëà ÄÍÊ, âèä³ëåíà ç óðàæåíèõ ãðèáîì ïðîðîñòê³â òà ç³ ñïîðàí-
ã³¿â (ðèñ. 1). 

 
     1      2     3      4       5      6     7     8  

Ðèñ. 1. Åëåêòðîôîðåãðàìà ïðîäóêò³â àìïë³ô³êàö³¿ ÄÍÊ, âèä³ëåíî¿ ç óðàæåíèõ 
ïðîðîñòê³â (1–4), çðàçê³â ñîíÿøíèêó áåç â³çóàëüíèõ îçíàê óðàæåííÿ (5, 6), ç³ 

ñïîðàíã³¿â (7, 8). Ì — ìàðêåð ìîëåêóëÿðíî¿ ìàñè ÄÍÊ pUC19/ Msp I 

Çàñòîñîâàíèé ìåòîä âèä³ëåííÿ ÄÍÊ äîçâîëÿº îòðèìàòè ïðåïàðàòè 
ñóìàðíî¿ ÄÍÊ ðîñëèíè ñîíÿøíèêó ³ ãðèáà, òîìó íàìè äîäàòêîâî îö³íåíî 
ñïåöèô³÷í³ñòü ìîëåêóëÿðíî-ãåíåòè÷íîãî ìàðêåðà, à òàêîæ ìîæëèâ³ñòü 
ïîÿâè «ïîìèëêîâî-ïîçèòèâíèõ» òà «ïîìèëêîâî-íåãàòèâíèõ» ðåçóëüòàò³â 
àìïë³ô³êàö³¿. Ñóìàðíó ÄÍÊ ç ïðîðîñòê³â âèä³ëÿëè íà çàêëþ÷í³é ñòàä³¿ ³ìó-
íîëîã³÷íî¿ îö³íêè ñò³éêîñò³. Ë³í³¿-äèôåðåíö³àòîðè RHA419 ³ 803-I (íîñ³¿ ãå-
í³â Pl

ARG 
³ Pl8, ÿê³ íàäàþòü ñò³éê³ñòü ïðàêòè÷íî óñ³ì ïàòîòèïàì P. halstedii) 

çà ðåçóëüòàòàìè ³ìóíîëîã³÷íîãî òåñòóâàííÿ íå âðàæàëèñÿ íåñïðàâæíüîþ 
áîðîøíèñòîþ ðîñîþ. Íåìîæëèâ³ñòü ðîçâèòêó ïàòîãåíà â òêàíèíàõ ë³í³é 
RHA419 ³ 803-I ï³äòâåðäæóºòüñÿ â³äñóòí³ñòþ àìïë³ô³êàö³¿ ìàðêåðíîãî 
ôðàãìåíòà ÄÍÊ ðîçì³ðîì 308 ï. í. Ò³ æ ïðåïàðàòè âèä³ëåíî¿ ÄÍÊ äîçâî-
ëÿþòü îòðèìàòè äëÿ ë³í³é RHA419 ³ 803-I ôðàãìåíò àìïë³ô³êàö³¿ ì³êðîñà-
òåë³òíîãî ëîêóñó ãåíîìó ñîíÿøíèêó ORS1039 ðîçì³ðîì 200 ï. í. Ñóìàðíà 
ÄÍÊ, âèä³ëåíà ç óðàæåíîãî ðîñîþ ïðîðîñòêà — çðàçêà ë³í³¿ 102À, äîçâî-
ëÿº âèÿâèòè ôðàãìåíò, ñïåöèô³÷íèé äëÿ ãåíîìó P. halstedii, ³ ôðàãìåíò, 
õàðàêòåðíèé äëÿ ãåíîìó ñîíÿøíèêó. 
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Äëÿ ìîëåêóëÿðíî-ãåíåòè÷íî¿ äåòåêö³¿ ïàòîãåííîãî ãðèáà P. halstedii 
â òêàíèíàõ ðîñëèí ñîíÿøíèêó, ÿê³ âèðîùóâàëè â ïîëüîâèõ óìîâàõ, äî-
ñë³äæóâàëè çðàçêè, ÿê³ âèÿâëÿëè îçíàêè óðàæåííÿ ãðèáíèìè ïàòîãåíà-
ìè. Äëÿ çðàçê³â ç õàðàêòåðíèìè ñèìïòîìàìè íåñïðàâæíüî¿ áîðîøíèñ-
òî¿ ðîñè (íèçüêîðîñë³ñòü, õëîðîç ³ ãîôðîâàí³ñòü ëèñòîâèõ ïëàñòèíîê, 
çàâ’ÿíåííÿ êîøèê³â) ïîêàçàíî íàÿâí³ñòü ó ñóäèííèõ òêàíèíàõ ëèñòà ³ ñòå-
áëà ÄÍÊ P. halstedii. Ïðè âèêîðèñòàíí³ ÄÍÊ, âèä³ëåíî¿ ç ïàðåíõ³ìíèõ òêà-
íèí òèõ æå çðàçê³â, ÄÍÊ-ìàðêåð íå âèÿâëåíî, ùî ïîÿñíþºòüñÿ îñîáëè-
âîñòÿìè ðîçâèòêó ³ ëîêàë³çàö³¿ ïàòîãåíà â ðîñëèí³. 

ÄÍÊ-äåòåêö³ÿ ãðèá³â ðîäó Fusarium ³ ðîäó Alternaria â íàñ³íí³ êó-
êóðóäçè òà ïðîäóêòàõ éîãî ïåðåðîáêè. ²íô³êóâàííÿ êóêóðóäçè ãðèáàìè 
º ïðè÷èíîþ çíà÷íèõ åêîíîì³÷íèõ âòðàò ó ðåçóëüòàò³ çíèæåííÿ âðîæàé-
íîñò³, ã³ã³ºí³÷íî¿ íåáåçïåêè äëÿ ëþäèíè òà ñ³ëüñüêîãîñïîäàðñüêèõ òâàðèí 
âíàñë³äîê âèä³ëåííÿ ì³êîòîêñèí³â ³ çìåíøåííÿ òåõíîëîã³÷íî¿ ÿêîñò³ çåð-
íà. Ñêëàäí³ñòü çàõèñòó ëþäèíè â³ä ì³êîòîêñèêîç³â ïîñèëþºòüñÿ òèì, ùî 
ïðîäóêòè ðîñëèííîãî ïîõîäæåííÿ (çåðíî ³ çåðíîïðîäóêòè), ùî ì³ñòÿòü 
ì³êîòîêñèãåíí³ ãðèáè, íå âòðà÷àþòü ñâîº¿ îòðóéíîñò³ ïðîòÿãîì áàãàòüîõ 
ðîê³â. Õ³ì³÷í³ ³ á³îëîã³÷í³ ìåòîäè âèä³ëåííÿ òà âèçíà÷åííÿ ì³êîòîêñèí³â âè-
êëþ÷íî ñêëàäí³, òðóäîì³ñòê³ ³ íå â³äïîâ³äàþòü âèìîãàì ìàñîâîãî àíàë³çó. 
Ïîâñþäíà ïîøèðåí³ñòü ãðèá³â Fusarium ³ Alternaria, íàÿâí³ñòü ó íèõ ïàòî-
ãåííèõ ³ òîêñèíîóòâîðþþ÷èõ âëàñòèâîñòåé ³ ïîâ’ÿçàíà ç öèì ìîæëèâ³ñòü 
ðîçâèòêó ãðèá³â, íàêîïè÷åííÿ ì³êîòîêñèí³â íå ò³ëüêè â ïåð³îä âåãåòàö³¿ 
ðîñëèí, àëå ³ â ïåð³îä çáåð³ãàííÿ, ðîáëÿòü àêòóàëüíèì çàâäàííÿì ðîç-
ðîáêó ìîëåêóëÿðíèõ ìàðêåð³â äëÿ äåòåêö³¿ ôóçàð³ºâèõ ³ àëüòåðíàð³ºâèõ 
ãðèá³â ó çåðí³ êóêóðóäçè. 

Äèçàéí á³ëüøîñò³ ïðàéìåð³â, ñêîíñòðóéîâàíèõ äëÿ âèäo- ³ ðîäîñïå-
öèô³÷íî¿ äåòåêö³¿ ïàòîãåí³â, ðîçðîáëåíî íà îñíîâ³ âàð³àáåëüíîñò³ ïî-
ñë³äîâíîñòåé â ðåã³îíàõ âíóòð³øí³õ òðàíñêðèáîâàíèõ ñïåéñåð³â ÿäåðíî¿ 
ðèáîñîìíî¿ ÄÍÊ (ðÄÍÊ). Êëàñòåðè ðèáîñîìíèõ ãåí³â çàâäÿêè îñîáëè-
âîñòÿì ¿õíüî¿ ñòðóêòóðíî-ôóíêö³îíàëüíî¿ îðãàí³çàö³¿ º íàéá³ëüø ïåð-
ñïåêòèâíèìè äëÿ ä³àãíîñòè÷íîãî âèêîðèñòàííÿ. Ðåã³îíè áàãàòîêîï³éíî¿ 
ðÄÍÊ, ÿê³ âêëþ÷àþòü âíóòð³øí³ òðàíñêðèáîâàí³ ñïåéñåðè (ÂÒÑ1 i ÂÒÑ2), 
ïðèäàòí³ äëÿ àìïë³ô³êàö³¿ â ÏËÐ ³ ì³ñòÿòü ä³ëÿíêè, ÿê³ çíà÷íî ð³çíÿòüñÿ çà 
øâèäê³ñòþ ìîëåêóëÿðíî¿ åâîëþö³¿. 

Äëÿ âèÿâëåííÿ òà ³äåíòèô³êàö³¿ â çåðí³ êóêóðóäçè ãðèá³â Alternaria 
spp. òà Fusarium spp. (íà ð³âí³ ðîä³â òà âèä³â A. alternata, A. tenuissima, 
A. arborescens, A. infectoria, A. brassicae, F. macroceras, F. oxysporum, 
F. graminearum, F. gibbosum, F. sporotrichiella, F. moniliforme) ä³áðàíî 
ñèñòåìè ìîëåêóëÿðíèõ ìàðêåð³â, ùî ãåíåðóþòüñÿ â ïðîöåñ³ ÏËÐ, íà 
îñíîâ³ ïîñë³äîâíîñòåé ÂÒÑ1 ³ ÂÒÑ2 ãåíà 5,8 S ðèáîñîìíî¿ ÐÍÊ [4–8]. 
Ïåðåâ³ðåíî ðîäî- ³ âèäîñïåöèôè÷í³ñòü ìîëåêóëÿðíèõ ìàðêåð³â. Ð³âåíü 
÷óòëèâîñò³ â äâîêîìïîíåíòí³é ñèñòåì³ (ñóì³ø ÄÍÊ ãðèáà ³ êóêóðóäçè) 
äîçâîëÿº äåòåêòóâàòè ãðèáíó ÄÍÊ íà ôîí³ 1000-êðàòíî¿ ê³ëüêîñò³ ÄÍÊ 
êóêóðóäçè. 
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Íà ðèñóíêó 2 íàâåäåíî ïðèêëàä òåñòóâàííÿ ÄÍÊ, ùî âèä³ëåíà ç ðîç-
ìîëîòèõ çåðåí ê³ëüêîõ ë³í³é êóêóðóäçè áåç â³çóàëüíèõ ñèìïòîì³â óðàæåí-
íÿ, ç âèêîðèñòàííÿì ìàðêåðà, âèäîñïåöèô³÷íîãî F. moniliforme. Íàÿâ-
í³ñòü ôðàãìåíòà àìïë³ô³êàö³¿ ðîçì³ðîì 561 ï. í. ñâ³ä÷èòü ïðî íàÿâí³ñòü 
ãðèá³â F. moniliforme. 

      1    2     3    4    5     6    7     8    9   10  

Ðèñ. 2. ÏËÐ-äåòåêö³ÿ F. moniliforme â â³çóàëüíî çäîðîâèõ çåðíàõ êóêóðóäçè. ÄÍÊ, 
ùî âèä³ëåíà ç çåðåí ë³í³é êóêóðóäçè ÃÊ26 (1), ÄÑ10/3 (2), ÎÊ124 (3), ÄÊ277–10 
(4), W275 (5), Ï343 (6), Â²Ð27 (7), ÎÊ39 (8), ÎÊ104–4 (9), ÁÊ440 (10). Ì — ìàðêåð 
ìîëåêóëÿðíî¿ ìàñè pGEM. Ñòð³ëêàìè ïîçíà÷åíî 561 ï. í.-ôðàãìåíò, ñïåöèô³÷-

íèé äëÿ F. moniliforme 

Äî ñèñòåì ìîëåêóëÿðíèõ ìàðêåð³â äëÿ äåòåêö³¿ ôóçàð³óìíèõ ãðèá³â 
äîäàíî ìàðêåðè ãåí³â òîêñèíîóòâîðåííÿ tri5, tri6, fum5. Íà ðèñóíêó 3 íà-
âåäåíî åëåêòðîôîðåãðàìó ðîçïîä³ëó ïðîäóêò³â àìïë³ô³êàö³¿ ãåíà tri5, ùî 
êîäóº ïåðøèé åíçèì á³îñèíòåçó òðèõîòåöåí³â — òðèõîä³ºíñèíòàçó, ïðè 
îïðàöþâàíí³ ìàðêåð³â íà ìîäåëüíèõ îá’ºêòàõ — êîëåêö³éíèõ øòàìàõ 
øåñòè âèä³â ðîäó Fusarium. 544 ï. í. — ôðàãìåíò àìïë³ô³êàö³¿ ñâ³ä÷èòü 
ïðî íàÿâí³ñòü ãåíà tri5 ó ïåâíîìó øòàì³ ôóçàð³óìíèõ ãðèá³â. 

 

          1        2      3        4       5       6       7        8       9      10 
 

Ðèñ. 3. ÏËÐ-äåòåêö³ÿ ãåíà tri5 ó çðàçêàõ ÄÍÊ âèä³â 1 — F. macroceras (øòàì 29), 
2 — F. oxysporum (øòàì 74), 3 — F. graminearum (øòàì 56à), 4 —  F. graminearum (øòàì 
àâ), 5 — F. gibbosum (øòàì 40), 6 — F. gibbosum (øòàì 38/â), 7 — F. sporotrichiella 
(øòàì 715â), 8 — F. sporotrichiella (øòàì 714â), 9 — F. moniliforme (øòàì 9.9), 
10 — F. moniliforme (øòàì 4.3). Ì — ìàðêåð ìîëåêóëÿðíî¿ ìàñè pGEM. Ñòð³ëêàìè 

ïîçíà÷åíî tri5-ãåí ñïåöèô³÷íèé ôðàãìåíò ðîçì³ðîì 544 ï. í. 

Ä³àãíîñòè÷íà ïðîöåäóðà ÏËÐ-äåòåêö³¿ ãðèá³â ðîäó Alternaria òà 
Fusarium ó íàñ³íí³ êóêóðóäçè äîçâîëÿº øâèäêî é åôåêòèâíî âèÿâèòè 
óðàæåí³ñòü çåðíà (áåç â³çóàëüíèõ ñèìïòîì³â çàõâîðþâàííÿ) òà â÷àñíî 
çä³éñíèòè çàõèñí³ çàõîäè, çîêðåìà ïðè çàêëàäö³ çåðíà íà äîâãîñòðîêî-
âå çáåð³ãàííÿ, ïåðåäïîñ³âíó ô³òîñàí³òàðíó îáðîáêó çåðíà. Àâòîðè òàêîæ 
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óñï³øíî îïðàöþâàëè äàíó ñèñòåìó ìîëåêóëÿðíèõ ìàðêåð³â äëÿ òåñòó-
âàííÿ ïðîäóêò³â ïåðåðîáêè çåðíà êóêóðóäçè (êðóïè, áîðîøíà) ³ õàð÷îâèõ 
ïðîäóêò³â ç êóêóðóäçè (ñóõèõ ñóì³øåé äèòÿ÷îãî õàð÷óâàííÿ, êîíñåðâîâà-
íî¿, çàìîðîæåíî¿ êóêóðóäçè, êóêóðóäçÿíèõ ïëàñò³âö³â ³ ïàëè÷îê) [9, 10], 
çðàçê³â ´ðóíòó [11]. 

Ðîçðîáêà äóïëåêñíèõ ÏËÐ-òåñò³â äëÿ äåòåêö³¿ ãðèáíèõ ô³òîïà-
òîãåí³â. Çàñòîñóâàííÿ ÏËÐ-òåñò³â äëÿ äåòåêö³¿ ïàòîãåííèõ ãðèá³â ³ ãåí³â, 
ùî êîíòðîëþþòü ñèíòåç òîêñèí³â, áåçóìîâíî, àêòóàëüíå. Âîäíî÷àñ, çíà-
÷íî ìåíøå óâàãè ïðèä³ëÿºòüñÿ ìàêñèìàëüíî åôåêòèâíîìó âèêîðèñòàííþ 
âæå àïðîáîâàíèõ ÏËÐ-òåñò³â, à ñàìå, êîìïëåêñíîìó ïðîâåäåííþ ÄÍÊ-
àíàë³çó çà äâîìà ³ á³ëüøå ìàðêåðíèìè ëîêóñàìè. Äóïëåêñíèé (ìóëüòè-
ïëåêñíèé) àíàë³ç º çíà÷íî ³íôîðìàòèâí³øèì ³ åêîíîì³÷íèì, çîêðåìà ïðè 
íåîáõ³äíîñò³ òåñòóâàííÿ âåëèêî¿ ê³ëüêîñò³ ìàòåð³àëó, â òîìó ÷èñë³ õàð÷î-
âî¿ ñèðîâèíè (çåðíà) áåç â³çóàëüíèõ   îçíàê óðàæåííÿ ïàòîãåííèìè ãðè-
áàìè. Ó çâ’ÿçêó ç öèì, ðîçãëÿäàëàñÿ ìîæëèâ³ñòü ïðîâåäåííÿ äóïëåêñíî¿ 
ÏËÐ äëÿ âèçíà÷åííÿ ðîäî- ³ âèäîíàëåæíîñò³ øòàì³â ïàòîãåííèõ ãðèá³â 
[12, 13]. 

Ãåíåòè÷íèì ìàòåð³àëîì äëÿ ðîçðîáêè äóïëåêñíèõ âàð³àíò³â ÏËÐ 
ñëóãóâàëè ÄÍÊ øòàì³â ãðèá³â âèä³â Àspergillus niger, Ñandida albicans, 
Fusarium graminearum, F. moniliforme, F.culmorum, F. sporotothrihella, F. 
macrocerus. Ìàòåð³àë äëÿ ïðîâåäåííÿ äîñë³äæåíü ëþá’ÿçíî íàäàëà çà-
â³äóâà÷ â³ää³ëó ô³òîïàòîëîã³¿ òà åíòîìîëîã³¿ ÑÃ²–ÍÖÍÑ, ä. á. í. Î. Â. Áà-
áàÿíö. 

Îñê³ëüêè îäíèìè ç íàéá³ëüø íåáåçïå÷íèõ ïàòîãåí³â äëÿ ëþäèíè ³ òâà-
ðèí º ãðèáè ðîäó Fusarium, òî ìè ðîçãëÿäàëè ìîæëèâ³ñòü çàñòîñóâàííÿ 
äóïëåêñíîãî àíàë³çó äëÿ ³äåíòèô³êàö³¿ íàëåæíîñò³ øòàì³â äî çàçíà÷åíîãî 
ðîäó òà éîãî âèä³â F. graminearum ³ F. moniliforme, ÿê³ ïðîäóêóþòü òîê-
ñèíè ð³çíî¿ õ³ì³÷íî¿ ïðèðîäè. Çîêðåìà âèâ÷àëè ìîæëèâ³ñòü ïðîâåäåííÿ 
äóïëåêñíèõ ÏËÐ çà ëîêóñàìè, ñïåöèô³÷íèìè äëÿ çàçíà÷åíèõ ðîäó ³ âèä³â, 
à ñàìå êîìá³íàö³é Its-Fu / GaoA òà Its-Fu / 53–6 (òàáë.). 

Ë³ì³òóþ÷èì ÷èííèêîì ìîæëèâîñò³ âèêîðèñòàííÿ äóïëåêñíî¿ ÏËÐ º 
âçàºìîêîìïëåìåíòàðí³ñòü ïðàéìåð³â. ßê â³äîìî, äèçàéí ïàð ñïðÿìîâà-
íèõ ïðàéìåð³â ïåðåäáà÷àº ì³í³ì³çàö³þ (âèêëþ÷åííÿ) éìîâ³ðíîñò³ óòâî-
ðåííÿ äèìåð³â ì³æ íèìè. Ó ðàç³ êîìá³íóâàííÿ ïàð ïðàéìåð³â, äèçàéí ÿêèõ 
ïðîâîäèëè íåçàëåæíî îäèí â³ä îäíîãî, âèíèêíåííÿ äèìåð³â ö³ëêîì éìî-
â³ðíà ïîä³ÿ. Ó çâ’ÿçêó ç öèì äîá³ð êîìá³íàö³é ïàð ïðàéìåð³â ïðîâîäèëè çà 
ïðîãðàìîþ FastPCR. Ñåðåä ïëàíîâàíèõ âàð³àíò³â êîìá³íàö³é ïðàéìåð³â 
äèìåð³â íå âèçíà÷åíî. 

Äëÿ ïðîâåäåííÿ äóïëåêñíî¿ ÏËÐ çà ëîêóñàìè Its-Fu / GaoA ³ Its-Fu / 
53–6 âèêîðèñòîâóâàëè ÄÍÊ, åêñòðàãîâàíó ç³ øòàì³â âèä³â ðîäó Fusarium, 
âèä³â Aspergillus niger ³ Candidà albicans. Äóïëåêñíà ÏËÐ çà ëîêóñàìè Its-
Fu / GaoA äîçâîëèëà äåòåêòóâàòè äâà ìàðêåðíèõ ôðàãìåíòè ò³ëüêè â ÄÍÊ 
øòàì³â âèäó F. graminearum — ïðîäóêòè 389 ³ 896 ï. í., â òîé ÷àñ ÿê â ³í-
øèõ ïðåäñòàâíèê³â ðîäó Fusarium äåòåêòóâàëè ò³ëüêè ðîäîñïåöèô³÷íèé 
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Òàáëèöÿ 

Ìàðêåðí³ ëîêóñè ³ ïðàéìåðè äëÿ ÏËÐ-àíàë³çó ô³òîïàòîãåííèõ ãðèá³â [14,15]

Îá’ºêò, 
ìàðêåðíèé ëîêóñ

Ïàðè ïðàéìåð³â 
àáî ¿õ êîìá³íàö³¿

Ïîñë³äîâí³ñòü ïðàé-
ìåð³â (5’-3’)

Ðîçì³ð ôðàã-
ìåíòà àìïë³ô³-

êàö³¿, 
ï. í.

Ð³ä Fusarium, 
ëîêóñ Its-Fu

Its-FuL 
Its-FuR

caactcccaaacccctgtga 
gcgacgattaccagtaacga

389

Âèä F. graminearum, 
ëîêóñ GaoA

GaoA-V2 
Gao-R2

agggacaataagtgcaga 
actgtgtcagacgacagct

896

Âèä F. moniliforme, 
ëîêóñ 53–6

53–6L 
53–6R

tttacgaggcggcgatgggt 
ggccgtttacctggcttctt

561

Ð³ä Fusarium, 
âèä F. moniliforme, 
ëîêóñ Its-Fu /53–6

Its-FuL+Its-FuR + 
53–6L+ 53–6R

caactcccaaacccctgtga 
gcgacgattaccagtaacga 
tttacgaggcggcgatgggt 
ggccgtttacctggcttctt

389, 561 

Ð³ä Fusarium, 
âèä F. graminearum, 
Its-Fu/GaoA

Its-FuL+Its-
FuR + GaoA-
V2+Gao-R2

caactcccaaacccctgtga 
gcgacgattaccagtaacga 
agggacaataagtgcaga 
actgtgtcagacgacagct

389, 896 

ìàðêåðíèé ôðàãìåíò — 389 ï. í. Äëÿ ÄÍÊ øòàì³â âèä³â A. niger ³ C. àlbicans 
íàÿâí³ñòü ïðîäóêò³â ðåàêö³¿ íå âñòàíîâëåíî. Ïðîâåäåííÿ äóïëåêñíî¿ ÏËÐ 
ïðè âèêîðèñòàíí³ êîìá³íàö³¿ äâîõ ïàð ïðàéìåð³â äî ëîêóñ³â Its-Fu / 53–6 
ïîêàçàëî ìîæëèâ³ñòü ³äåíòèô³êàö³¿ øòàì³â âèäó F. moniliforme ñåðåä øòà-
ì³â ãðèá³â, ïðåäñòàâíèê³â ðîäó Fusarium, îñê³ëüêè ò³ëüêè ó ÄÍÊ øòàì³â 
F. moniliforme äåòåêòîâàí³ îáèäâà ìàðêåðí³ ôðàãìåíòè 389 òà 561 ï. í. 
(ðèñ. 4). 

 
       1           2           3            4           5             6  

Ðèñ. 4. Åëåêòðîôîðåãðàìà ïðîäóêò³â àìïë³ô³êàö³¿ çà ëîêóñîì 53–6 çðàçêà 
F. moniliforme (1) òà ïðîäóêò³â äóïëåêñíî¿ ÏËÐ, ïðîâåäåíî¿ çà ëîêóñàìè Its-Fu 
³ 53–6 ÄÍÊ øòàì³â âèä³â ðîäó Fusarium: F. moniliforme (2, 4); F. graminearum (3); 

F. culmorum (5). 6 — ìàðêåð ìîëåêóëÿðíî¿ ìàñè pBlue / MspI 

Ðîçðîáêó äóïëåêñíèõ ÏËÐ-òåñò³â ïðîâîäèëè ïðè âèêîðèñòàíí³ ÄÍÊ, 
åêñòðàãîâàíî¿ ç êóëüòèâîâàíèõ ó ïðîá³ðö³ ãðèáíèõ øòàì³â. Òàêîæ âèÿâëå-
íà ìîæëèâ³ñòü çàñòîñóâàííÿ äàíîãî àíàë³çó äëÿ ³äåíòèô³êàö³¿ ïàòîãåííèõ 
ãðèá³â ó çåðí³ ïøåíèö³. Çîêðåìà, ïðîâîäèëè ÏËÐ-àíàë³ç ÄÍÊ, åêñòðà-
ãîâàíî¿ ç³ ñòåðèëüíîãî çåðíà ñîðòó ïøåíèö³ Îäåñüêà íàï³âêàðëèêîâà òà 
çåðíà, êóëüòèâîâàíîãî ó ïðèñóòíîñò³ ÷èñòî¿ êóëüòóðè ïàòîãåííèõ øòàì³â. 

Ìîëåêóëÿðíà á³îòåõíîëîã³ÿ ä³àãíîñòèêè áàêòåð³àëüíîãî ðàêó 
õìåëþ çâè÷àéíîãî. Äëÿ ìîëåêóëÿðíî¿ äåòåêö³¿ ïàòîãåííèõ øòàì³â àã-
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ðîáàêòåð³¿ Agrobacterium spp. òà âèäó A. tumefaciens (Smith & Townsend 
(Conn) (çáóäíèêà áàêòåð³àëüíîãî ðàêó ï³äçåìíèõ îðãàí³â õìåëþ) çà 
ÏËÐ-ìåòîäîì àíàë³çóâàëè êîíñåðâàòèâí³ ðåã³îíè ãåí³â ïàòîãåííîñò³ Ò³-
ïëàçì³äè ipt (ðîçì³ð ïðîäóêòó àìïë³ô³êàö³¿ 427 ï. í.) òà ãåíà â³ðóëåíòíîñò³ 
virD2 (ðîçì³ð ïðîäóêòó àìïë³ô³êàö³¿ 224 ï. í.), â³äïîâ³äíî [16]. 

Ïðîâåäåíî ÏËÐ-àíàë³ç ÄÍÊ çðàçê³â õìåëþ (áðóíüêè) ñîðòó Àëüòà áåç 
òà ç â³çóàëüíèìè ñèìïòîìàìè çàõâîðþâàííÿ — íàÿâí³ñòþ êîðîí÷àòèõ ãà-
ë³â («çäîðîâ³» òà «õâîð³» çðàçêè â³äïîâ³äíî), ÷èñòî¿ êóëüòóðè A. tumefaciens 
òà ñóì³ø³ ÄÍÊ çäîðîâèõ çðàçê³â õìåëþ ³ ÷èñòî¿ êóëüòóðè A. tumefaciens ó 
ñï³ââ³äíîøåíí³ 1:1, 5:1, 10:1. Ïðîäóêòè ÏËÐ ðîçì³ðîì 224 òà 427 ï. í. âè-
ÿâëåí³ ó çðàçêàõ ÄÍÊ, âèä³ëåíî¿ ç ÷èñòî¿ êóëüòóðè A. tumefaciens, âñ³õ óðà-
æåíèõ çðàçê³â õìåëþ, äåÿêèõ çäîðîâèõ çðàçêàõ ñóì³øåé ÄÍÊ çäîðîâèõ 
çðàçê³â õìåëþ òà A. tumefaciens ó âñ³õ ñï³ââ³äíîøåííÿõ. 

Ç âèêîðèñòàííÿì äàíîãî ï³äõîäó ä³àãíîñòîâàí³ äîíîðí³ ðîñëèíè ñîð-
ò³â Êëîí 18 òà Àëüòà òà ä³áðàí³ çðàçêè äëÿ ââåäåííÿ â êóëüòóðó in vitro ç 10 
÷óáóê³â êîæíîãî ñîðòó ç ìåòîþ êëîíàëüíîãî ì³êðîðîçìíîæåííÿ (ðèñ. 5) 
[17]. Ïîäàëüøèé ÏËÐ-àíàë³ç äàíèõ çðàçê³â ó ïðîöåñ³ ðîçìíîæåííÿ ï³ä-
òâåðäèâ â³äñóòí³ñòü ³íôåêö³¿. 

427 . . 

     1      2        3       4      5       6       7       8       9            

Ðèñ. 5. ÏËÐ–äåòåêö³ÿ ãåíà ipt â çðàçêàõ ÄÍÊ, âèä³ëåíî¿ ç ÷èñòî¿ êóëüòóðè 
A. tumefaciens (1, 2), ðîñëèí õìåëþ ñîðòó Àëüòà ç â³çóàëüíèìè ñèìïòîìà-
ìè óðàæåííÿ (3–6) òà áåç ñèìïòîì³â (7–9). Ì — ìàðêåð ìîëåêóëÿðíî¿ ìàñè 

pGEM. Ñòð³ëêîþ âêàçàíî ôðàãìåíòè àìïë³ô³êàö³¿ ãåíà ipt ðîçì³ðîì 427 ï. í. 

Ìîëåêóëÿðíà á³îòåõíîëîã³ÿ ä³àãíîñòèêè áàêòåð³àëüíîãî ðàêó õìåëþ 
çâè÷àéíîãî ì³ñòèòü åòàïè: âèä³ëåííÿ òà î÷èùåííÿ òîòàëüíî¿ ÄÍÊ ç òêà-
íèí õìåëþ; ÏËÐ-àíàë³ç ãåí³â ipt ³ virD2, ùî â³äïîâ³äàþòü çà ïàòîãåíí³ñòü 
òà â³ðóëåíòí³ñòü; ãåëü-åëåêòðîôîðåòè÷íèé ðîçïîä³ë ïðîäóêò³â àìïë³ô³-
êàö³¿, ¿õíüî¿ â³çóàë³çàö³¿ òà âðàõóâàííÿ ðåçóëüòàò³â. Äàíà á³îòåõíîëîã³ÿ º 
íàä³éíèì òà åôåêòèâíèì ï³äõîäîì äëÿ åêñïðåñ-ä³àãíîñòèêè áàêòåð³àëü-
íîãî ðàêó õìåëþ çâè÷àéíîãî íà ðàíí³õ ñòàä³ÿõ ïàòîãåíåçó. 

Îòæå, ïåðåâàãàìè ìîëåêóëÿðíî¿ ä³àãíîñòèêè ô³òîïàòîãåí³â º áåçïî-
ñåðåäíº âèÿâëåííÿ â ïðîá³ ãåíåòè÷íîãî ìàòåð³àëó çáóäíèêà (éîãî ÄÍÊ), 
âèçíà÷åííÿ âèäîâîãî ñêëàäó çáóäíèê³â, âèÿâëåííÿ òîêñèíîãåííèõ ãðèá³â, 
îòðèìàííÿ ðåçóëüòàò³â ó ñòèñë³ òåðì³íè (2–3 äí³), ñïåöèô³÷í³ñòü ³ âèñîêà 
÷óòëèâ³ñòü ìåòîäó. 
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Âèñíîâêè. Ðîçðîáëåí³ ñèñòåìè ìîëåêóëÿðíèõ ìàðêåð³â äëÿ äå-
òåêö³¿ ô³òîïàòîãåííèõ ãðèá³â íà ð³âí³ ðîä³â Fusarium òà Alternaria, 
âèä³â A. alternata, A. tenuissima, A. arborescens, A. infectoria, A. brassi-
cae, F. macroceras, F. oxysporum, F. graminearum, F. gibbosum, F. spo-
rotrichiella, F. moniliforme, Plasmopara halstedii, à òàêîæ àãðîáàêòåð³¿ 
Agrobacterium tumefaciens. ÄÍÊ-òåñòóâàííÿ ìîæå áóòè êîðèñíèì äëÿ 
ìîí³òîðèíãó ñòóïåíÿ óðàæåíîñò³ ðîñëèí ó ïîëüîâèõ óìîâàõ, äëÿ ä³àãíîñ-
òèêè ³íôåêö³¿, ùî ïðîò³êàº íà ðàíí³õ ñòàä³ÿõ ïàòîãåíåçó ÷è ó ïðèõîâàí³é 
ôîðì³, äëÿ åêñïðåñ-êîíòðîëþ ÿêîñò³ ðîñëèííî¿ òà õàð÷îâî¿ ïðîäóêö³¿ 
íà íàÿâí³ñòü ³íôåêö³¿ òà ïîòåíö³éíó òîêñè÷í³ñòü. Âèçíà÷åíà äîö³ëüí³ñòü 
âèêîðèñòàííÿ äóïëåêñíî¿ ÏËÐ äëÿ çíèæåííÿ ìàòåð³àëüíèõ òà ÷àñîâèõ 
 âèòðàò. 

ÑÏÈÑÎÊ ÂÈÊÎÐÈÑÒÀÍÎ¯ Ë²ÒÅÐÀÒÓÐÈ 
1. Ioos R. Development of a PCR test to detect the downy mildew causal agent 

Plasmopara halstedii in sunflower seeds / R. Ioos, L. Laugustin, S. Rose [et al.] 
// Plant Pathology. — 2007. — Vol. 56. — P. 209–218. 

2. Ñîëîäåíêî À. Å. Äåòåêöèÿ âîçáóäèòåëÿ ëîæíîé ìó÷íèñòîé ðîñû ïîäñîëíå÷-
íèêà ñ ïîìîùüþ ÄÍÊ-ìàðêåðà / À. Å. Ñîëîäåíêî // Â³ñíèê Çàïîð³çüêîãî íà-
ö³îíàëüíîãî óí³âåðñèòåòó (Á³îëîã³÷í³ íàóêè). — 2013. — ¹ 3. — Ñ. 5–10. 

3. Äîëãîâà Å. Ì. Ýêñïðåññ-ìåòîä îöåíêè ïîäñîëíå÷íèêà íà óñòîé÷èâîñòü ê 
ëîæíîé ìó÷íèñòîé ðîñå / Å. Ì. Äîëãîâà, Ç. Ê. Àëàäüèíà, Â. Í. Ìèõàéëîâà // 
Ñåëåêöèÿ è ñåìåíîâîäñòâî. — 1990. — Âûï. 68. — Ñ. 50–55. 

4. Äåðåâÿíêî Î. À. Ìîëåêóëÿðíûå ìàðêåðû ãåíîìîâ ôóçàðèé äëÿ îïðåäåëå-
íèÿ èíôèöèðîâàííîñòè çåðíà êóêóðóçû / Î. À. Äåðåâÿíêî, Í. Ý. Êîæóõîâà, 
Þ. Ì. Ñèâîëàï // Çá. íàóê. ïð. «Ôàêòîðè åêñïåðèìåíòàëüíî¿ åâîëþö³¿ îðãà-
í³çì³â». — 2006. — Ò. 3. — Ñ. 93–97. 

5. Êîæóõîâà Í. Å. Ìîëåêóëÿðíî-ãåíåòè÷íà ³äåíòèô³êàö³ÿ ì³êîòîêñè÷íèõ ôóçà-
ð³¿â / Í. Å. Êîæóõîâà, Î. Î. Çàõàðîâà, Þ. Ì. Ñèâîëàï // Îäåñüêèé ìåäè÷íèé 
æóðíàë. — 2007. — ¹ 6. — Ñ. 54–56. 

6. Çàõàðîâà Î. Î. ÏËÐ-àíàë³ç ì³íëèâîñò³ ãåíîìó òà ðîçðîáêà òåõíîëîã³¿ ³äåí-
òèô³êàö³¿ ãðèá³â ðîäó Fusarium / Î. Î. Çàõàðîâà, Í. Å. Êîæóõîâà, Þ. Ì. Ñèâî-
ëàï // Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ. — 2008. — ¹ 2 (3). — Ñ. 48–54. 

7. Áàðàíîâ Þ. Î. ÏËÐ-äåòåêö³ÿ Alternaria spp. â íàñ³íí³ êóêóðóäçè / Þ. Î. Áàðà-
íîâ, Í. Ý. Êîæóõîâà // Òåçè V Ì³æíàð. íàóê. êîíô. «Ìîëîäü òà ïîñòóï á³îëîã³¿» 
12–15.05.2009 ð.. — Ëüâ³â, 2009. — Ñ. 94. 

8. Áàðàíîâ Þ. Î. ÏÖÐ-ìàðêåðû íà îñíîâå ãåíîâ ðèáîñîìíîé ÐÍÊ äëÿ äåòåê-
öèè Alternaria spp. / Þ. Î. Áàðàíîâ, Í. Ý. Êîæóõîâà, Þ. Ì. Ñèâîëàï // Òåçèñû 
14 Ìåæäóíàð. ïóùèíñêîé øêîëû-êîíô. ìîëîäûõ ó÷åíûõ «Áèîëîãèÿ — íàóêà 
ÕÕ² âåêà». — Ïóùèíî : ÐÔ, 2010. — Ò. 1. — Ñ. 227–228. 

9. Ñèâîëàï Þ. Ì. Ìîëåêóëÿðíî-ãåíåòè÷íà äåòåêö³ÿ ãðèá³â ðîäó Fusarium ó 
çåðí³ êóêóðóäçè (Zea mays L.) : Ìåòîäè÷í³ ðåêîìåíäàö³¿ / Þ. Ì. Ñèâîëàï, 
Í. Ý. Êîæóõîâà, Î. Î. Çàõàðîâà. — Îäåñà, 2007. — 8 ñ. 

10. Zakharova O. Express-detection systems development of Fusarium fungi in 
maize food products / Î. Zakharova, Ê. Hiluk, À. Trigub [et al.] // Òåçè III Ì³æíàð. 
êîíô. ìîëîäèõ â÷åíèõ «Á³îð³çíîìàí³òòÿ. Åêîëîã³ÿ. Åâîëþö³ÿ. Àäàïòàö³ÿ» 15–
18.05.2007 ð.. — Îäåñà. — Ñ. 233. 



ISSN 2409–5524. Çá³ðíèê íàóêîâèõ ïðàöü ÑÃ²–ÍÖÍÑ. 2015. Âèï. 25 (65)  193

11. Á³ëî³âàíåíêî Ñ. Î. ÏËÐ-äåòåêö³ÿ Fusarium spp. ó ãðóíò³ / Ñ. Î. Á³ëî³âàíåí-
êî, Í. Å. Êîæóõîâà // Çá. íàóê. ñòàòåé V Ì³æíàð. íàóê. êîíô. «Ãåíîì ðîñëèí» 
13–16.10.2008. — Îäåñà, 2008.. — Ñ. 51–54. 

12. Áàëàøîâà È. À. Ïðèìåíåíèå äóïëåêñíîé ÏÖÐ äëÿ äåòåêöèè òðèõîòåöåíîâûõ 
ãåíîâ Tri 5 è Tri 6 ó ãðèáîâ ðîäà Fusarium / È. À. Áàëàøîâà, Î. Â. Áàáàÿíö, 
Ã. À. Çâåçäèí, Ò. Ì. Êîðíÿ, Þ. Ì. Ñèâîëàï // Òåçè êîíô. «Ñó÷àñíà á³îòåõíîëî-
ã³ÿ ñ³ëüñêîãîñïîäàðñüêèõ ðîñëèí òà á³îáåçïåêà (Ãåíîì ðîñëèí VI)». — Îäå-
ñà, 2010. — Ñ.13. 

13. Kujik T. Development of a duplex PCR assay for the simultaneous detection of 
fusarium poae and fusarium sporotrichioides from wheat / T. Kujik // J. Plant 
Pathology. — 2008. — V. 90 (3). — P. 441–447. 

14. Abd-Elsalam K. A. PCR identification of Fusarium genus based on nuclear 
ribosomal-DNA sequence data / K. A. Abd-Elsalam, I. N. Aly, M. A. Abdel-Satar 
[et al.] // African J. Biotechnology. — 2003. — Vol. 2 (4). — P. 82–85. 

15. Fakhfakh M. M. Identification and pathogenicity assessment of Fusarium spp. 
sampled from durum wheat fields in Tunisia / M. M. Fakhfakh, A. Yahyaoui, 
S. Rezgui [et al.] // African Journal of Biotechnology. — 2011. — Vol. 10 (34). — 
Ð. 6529–6539. 

16. Haas J. M. Universal PCR primers for detection of phytopathogenic Agrobacterium 
strains / J. M. Haas, L. W. Moore, W. Ream [et al.] // Appl. Environ. Microbiol. — 
1995. — Vol. 61, ¹ 8. — P. 2879–2884. 

17. Êîæóõîâà Í. Å. Ñïîñ³á äåòåêö³¿ çáóäíèêà áàêòåð³àëüíîãî ðàêó Agrobacterium 
tumefaciens ó õìåëþ çâè÷àéíîãî / Í. Å. Êîæóõîâà, À. Ì. Âåíãåð, Þ. Ì. Ñèâî-
ëàï. Ïàòåíò íà êîðèñíó ìîäåëü. — 2011. — Áþë. ¹ 24. — 6 ñ. 

Íàä³éøëà 22.05.2015. 

UDC 57.08:632.08 

Volkova N. E., Solodenko A. Ye., Balashovà I. A., Zakharova O. O., 
Venger A. M. Plant Breeding and Genetics Institute — National Center of 
Seed and Cultivar Investigations 

MOLECULAR DETECTION OF CAUSAL AGENTS OF CROPS 
INFECTIOUS DISEASES 

Molecular markers were used for detection of crops pathogens: Fusarium 
and Alternaria spp. — for maize and soft wheat, Plasmopara helianthi — for 
sunflower, Agrobacterium tumefaciens — for hop. The feasibility of duplex 
PCR using was established. 
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ÓÄÊ 57.08:632.08 

Âîëêîâà Í. Ý., Ñîëîäåíêî À. Å., Áàëàøîâà È. À., Çàõàðîâà Î. À., 
Âåíãåð À. Í. 

ÌÎËÅÊÓËßÐÍÀß ÄÅÒÅÊÖÈß ÂÎÇÁÓÄÈÒÅËÅÉ ÈÍÔÅÊÖÈÎÍÍÛÕ 
ÁÎËÅÇÍÅÉ ÑÅËÜÑÊÎÕÎÇßÉÑÒÂÅÍÍÛÕ ÊÓËÜÒÓÐ 

Ìîëåêóëÿðíûå ìàðêåðû àïðîáèðîâàíû äëÿ äåòåêöèè âîçáóäèòåëåé 
çàáîëåâàíèé ñåëüñêîõîçÿéñòâåííûõ êóëüòóð: ãðèáîâ ðîäà Fusarium è 
Alternaria — äëÿ êóêóðóçû è ïøåíèöû ìÿãêîé, Plasmopara helianthi — äëÿ 
ïîäñîëíå÷íèêà, àãðîáàêòåðèè Agrobacterium tumefaciens — äëÿ õìåëÿ 
îáûêíîâåííîãî. Ïîêàçàíà öåëåñîîáðàçíîñòü èñïîëüçîâàíèÿ äóïëåêñ-
íîé ÏÖÐ. 
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Ì. À. ËÈÒÂÈÍÅÍÊÎ, ä. ñ.-ã. íàóê, àêàä. ÍÀÀÍ, çàâ. â³ä. 
ÑÃ²– ÍÖÍÑ, Îäåñà 
e-mail: dr_litvin@ukr.net 

Á²ÎÒÅÕÍÎËÎÃ²×Í² ² ÌÎËÅÊÓËßÐÍÎ-ÃÅÍÅÒÈ×Í² ÌÅÒÎÄÈ 
Ó ÑÅËÅÊÖ²¯ Ñ²ËÜÑÜÊÎÃÎÑÏÎÄÀÐÑÜÊÈÕ ÊÓËÜÒÓÐ Â ÓÊÐÀ¯Í² 

Îáãîâîðåíî ñòàí, ïðîáëåìè ³ íàïðÿìè çàñòîñóâàííÿ á³îòåõíîëîã³÷-
íèõ ìîëåêóëÿðíî-ãåíåòè÷íèõ ìåòîä³â ó ñåëåêö³¿ ñ³ëüñüêîãîñïîäàð-
ñüêèõ êóëüòóð â Óêðà¿í³. Âêëþ÷åííÿ öèõ ìåòîä³â ó ñåëåêö³éíèé ïðî-
öåñ ìîæå ï³äâèùèòè åôåêòèâí³ñòü ñåëåêö³éíî¿ ðîáîòè. 

Êëþ÷îâ³ ñëîâà: ñåëåêö³ÿ, ñ.-ã. êóëüòóðè, ìîëåêóëÿðí³ ìàðêåðè, íî-
âèé åòàï â ñåëåêö³¿. 

Âñòóï. Òåðì³íîì «á³îòåõíîëîã³ÿ» â øèðîêîìó ðîçóì³íí³ âèçíà÷à-
þòü ñóêóïí³ñòü ìåòîä³â äëÿ âèðîáíèöòâà íîâèõ âèä³â ïðîäóêö³¿ ç âèêî-
ðèñòàííÿì ð³çíèõ á³îëîã³÷íèõ îá’ºêò³â. Òðàäèö³éíà ñåëåêö³ÿ ñ.-ã. êóëüòóð 
òàêîæ º á³îòåõíîëîã³÷íèì ïðîöåñîì, ùî áàçóºòüñÿ íà ³ñíóþ÷èõ ìåòîäàõ 
ñòâîðåííÿ ãåíåòè÷íîãî ð³çíîìàí³òòÿ, îö³íêè òà äîáîðó áàæàíèõ ãåíîòè-
ï³â. ×åðåç íåäîñêîíàë³ñòü öèõ ìåòîä³â ñòâîðåííÿ íîâîãî ñîðòó ñàìîçà-
ïèëüíèõ êóëüòóð òðèâàº 10–12 ³ á³ëüøå ðîê³â ³ ´ðóíòóºòüñÿ, â îñíîâíî-
ìó, íà êîìá³íóâàíí³ ãåí³â, ÿê³ ³äåíòèô³êîâàí³ â êîëåêö³éíèõ ³ ñåëåêö³éíèõ 
 çðàçêàõ. 

Ïðè âíóòð³øíüîâèäîâ³é ³ â³ääàëåí³é ã³áðèäèçàö³¿ íàéá³ëüø ñêëàäíèìè 
îáìåæóâàëüíèìè ôàêòîðàìè â ñåëåêö³¿ º: ïåðåäà÷à áàæàíèõ ãåí³â âîäíî-
÷àñ ç íåáàæàíèìè; ââåäåííÿ îäíîãî ö³ííîãî ãåíà ñóïðîâîäæóºòüñÿ âòðà-
òîþ ³íøîãî; ç÷åïëåííÿ ãåí³â óñêëàäíþº ìîæëèâîñò³ â³äîêðåìëåííÿ ïîçè-
òèâíèõ îçíàê â³ä øê³äëèâèõ. Òîìó îñíîâíèì çàâäàííÿì, ÿêå ñòî¿òü ïåðåä 
ñåëåêö³îíåðîì, º ïîºäíàííÿ â îäíîìó ãåíîòèï³ ÿêîìîãà á³ëüøî¿ ê³ëüêîñò³ 
ö³ííèõ îçíàê ³ âëàñòèâîñòåé. 

Ó ïîøóêó ñîðòîóòâîðþþ÷èõ ðåêîìá³íàíò³â ñåëåêö³îíåð âèâ÷àº ìà-
òåð³àë ó âåëèêèõ îáñÿãàõ (äåñÿòêè òèñÿ÷ íîìåð³â), äîñÿãàþ÷è ãîìîçè-
ãîòíîñò³ (îäíîð³äíîñò³) áàãàòîðàçîâèì ïåðåñ³âîì ã³áðèä³â, ñòâîðþþ÷è 
â³äïîâ³äí³ ôîíè äîáîðó. Êåðóâàííÿ ñïàäêîâ³ñòþ òà äîá³ð çà ãåíîòèïîì 
çä³éñíþþòüñÿ ó âóçüêîîáìåæåíèõ ðàìêàõ, à ³íäóêö³ÿ íîâèõ ãåí³â ç çàñòî-
ñóâàííÿì ô³çè÷íèõ òà õ³ì³÷íèõ ìóòàãåííèõ ôàêòîð³â âçàãàë³ º íåêåðîâà-
íèì ïðîöåñîì. Á³ëüø³ñòü åêñïåðèìåíòàëüíèõ ìóòàö³é º íàñë³äêîì ñêëàä-
íèõ õðîìîñîìíèõ ïåðåáóäîâ, ÿê³ âèêëèêàþòü çíèæåííÿ æèòòºçäàòíîñò³ 
ðîñëèí ³ ¿õíüî¿ ãåíåòè÷íî¿ ñòàá³ëüíîñò³. Íàäçâè÷àéíî ð³äêî âèíèêàþòü 
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ïîçèòèâí³ ìóòàö³¿. ßê ïðàâèëî âîíè ñóïðîâîäæóþòüñÿ ïëåéîòðîïíèìè 
åôåêòàìè íåãàòèâíèõ ñïàäêîâèõ çì³í. Ðîç³ðâàòè öåé çâ’ÿçîê íàäçâè÷àé-
íî ñêëàäíî. 

Àëå çà äîïîìîãîþ ñó÷àñíî¿ á³îòåõíîëîã³¿ áàãàòî ç öèõ ïèòàíü âæå âè-
ð³øóþòüñÿ. Ñó÷àñíà á³îòåõíîëîã³ÿ áàçóºòüñÿ íà ìåòîäàõ ãåííî¿ (ãåíåòè÷-
íî¿) ³íæåíåð³¿, ÿê³ äîçâîëÿþòü ïåðåäàâàòè îäèí àáî ê³ëüêà ãåí³â â³ä îäíî-
ãî ãåíîòèïó äî ³íøîãî, ïðè÷îìó äîíîð ³ ðåöèï³ºíò íå îáîâ’ÿçêîâî ìàþòü 
áóòè îäíîãî âèäó ÷è òîêñîíó. Öå ð³çêî çá³ëüøóº ð³çíîìàí³òòÿ çà ïåâíèìè 
îçíàêàìè, ïðèñêîðþº ïðîöåñ îòðèìàííÿ ðîñëèí ³ç áàæàíèìè, ïðîãðàìî-
âàíèìè âëàñòèâîñòÿìè, à òàêîæ, ùî îñîáëèâî âàæëèâî, çàáåçïå÷óº ìîæ-
ëèâ³ñòü â³äñë³äêîâóâàòè ãåíåòè÷í³ çì³íè ³ ¿õí³ íàñë³äêè. 

Ó ì³æíàðîäíîìó ïëàí³ á³îòåõíîëîã³÷í³ ìîëåêóëÿðíî-ãåíåòè÷í³ äî-
ñë³äæåííÿ â³äíîñÿòüñÿ äî ïð³îðèòåòíèõ îáëàñòåé á³îëîã³÷íî¿ ³ ñ³ëüñüêî-
ãîñïîäàðñüêî¿ íàóêè. Ó ðîçâèíóòèõ êðà¿íàõ òà ïðîâ³äíèõ ô³ðìàõ äëÿ 
âåäåííÿ öèõ äîñë³äæåíü ñòâîðåí³ ñïåö³àë³çîâàí³ á³îòåõíîëîã³÷í³ öåí-
òðè, íà ðîáîòó ÿêèõ âèä³ëÿþòü âåëè÷åçí³ êîøòè, ùî é çàáåçïå÷óº óæå 
çíà÷ í³ ðåçóëüòàòè. Â Óêðà¿í³ á³îòåõíîëîã³÷í³ ³ ìîëåêóëÿðíî-ãåíåòè÷í³ 
äîñë³äæåííÿ âåäóòüñÿ â ³íñòèòóòàõ á³îëîã³÷íîãî ïðîô³ëþ, ïåðåâàæíî íà 
ð³âí³ ðîçðîáêè òåîðåòè÷íèõ çàâäàíü, òîáòî áåç ñóòòºâîãî ïðàêòè÷íî-
ãî âïðîâàäæåííÿ ¿õ ó ñåëåêö³þ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð. ² ëèøå 
ç 1968 ðîêó, ³ç ñòâîðåííÿì ó Ñåëåêö³éíî-ãåíåòè÷íîìó ³íñòèòóò³ ïåðøî¿ 
íà òåðåíàõ êîëèøíüîãî Ðàäÿíñüêîãî Ñîþçó ñïåö³àë³çîâàíî¿ ëàáîðàòî-
ð³¿ ãåííî¿ ³íæåíåð³¿, ñòàëèñÿ çíà÷í³ çì³íè. Îðãàí³çàòîðîì ³ êåð³âíèêîì 
íîâî¿ ëàáîðàòîð³¿ ñòàâ ìîëîäèé â÷åíèé (ï³ñëÿ îäíîð³÷íîãî ñòàæóâàííÿ 
â ÑØÀ) Þð³é Ìèõàéëîâè÷ Ñèâîëàï. Á³ëüøå 40 ðîê³â öÿ Ëþäèíà, Â÷åíèé 
ç âåëèêî¿ ë³òåðè, â³ääàâ ðîçâèòêó ìîëåêóëÿðíî¿ ãåíåòèêè â Óêðà¿í³. Â³í 
îñîáèñòî ³ éîãî êîëåêòèâ ç âåëè÷åçíèì åíòóç³àçìîì ³ íàïîëåãëèâ³ñòþ 
ïðîâîäèëè ãëèáîê³ äîñë³äæåííÿ ãåíîì³â ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð 
íà ìîëåêóëÿðíîìó ð³âí³, ñòâîðèâøè îñíîâó äëÿ âèêîðèñòàííÿ ìîëå-
êóëÿðíî-ãåíåòè÷íèõ ìåòîä³â ó ñåëåêö³¿ [1]. ßê ôóíäàòîð öüîãî íàïðÿ-
ìó íàóêè, àêàäåì³ê ÍÀÀÍ Þ. Ì. Ñèâîëàï çðîáèâ âåëè÷åçíèé âíåñîê ó 
ñòàíîâëåííÿ ñèñòåìè ìîëåêóëÿðíî-ãåíåòè÷íèõ äîñë³äæåíü ó íàóêîâèõ 
óñòàíîâàõ ÍÀÀÍ. 

Îñíîâíà ÷àñòèíà. Íàéá³ëüø ïåðñïåêòèâíèì íàïðÿìîì, ÿêèé áóðõ-
ëèâî ðîçâèâàºòüñÿ ó áàãàòüîõ â³äîìèõ íàóêîâèõ óñòàíîâàõ ³ ô³ðìàõ ñâ³-
òó, — öå ðîçðîáêà á³îòåõíîëîã³é ç îòðèìàííÿ ãåíåòè÷íî ìîäèô³êîâàíèõ 
ðîñëèí (ÃÌ-ðîñëèí). Äîñòóïíà ³íôîðìàö³ÿ ñâ³ä÷èòü, ùî ö³ òåõíîëîã³¿ äî-
çâîëÿþòü ñòâîðþâàòè ñîðòè ³ ã³áðèäè ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð ³ç 
ïðèíöèïîâî íîâèìè ñïàäêîâèìè îçíàêàìè, ÿê³ êàðäèíàëüíî çì³íþþòü 
ãîñïîäàðñüêî-á³îëîã³÷íèé ïîòåíö³àë ñ.-ã. êóëüòóð. Ó ïîºäíàíí³ ç ñïåö³-
àëüíî ðîçðîáëåíèìè òåõíîëîã³ÿìè âèðîùóâàííÿ öå çàáåçïå÷óº çíà÷íå 
ï³äâèùåííÿ ïðîäóêòèâíîñò³, ÿêîñò³ ïðîäóêö³¿ òà ñò³éêîñò³ äî ôàêòîð³â äî-
âê³ëëÿ. Íà ñüîãîäí³ ó ñâ³ò³ ñòâîðåí³ ³ äîâåäåí³ äî âèïðîáóâàíü ó ïîëüîâèõ 
óìîâàõ ÃÌ-ôîðìè ñ.-ã. ðîñëèí, ÿê³ â³äíîñÿòüñÿ äî á³ëüø ÿê 50 âèä³â. Òàê, 
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îòðèìàí³ òðàíñãåíí³ ôîðìè òîìàò³â (ïîíàä 260), ñî¿ (>200), áàâîâíèêó 
(>150), ãàðáóçîâèõ (>80), òþòþíó (>80), à òàêîæ ïøåíèö³, ðèñó, ñîíÿøíè-
êó, îã³ðê³â, ñàëàòó, ÿáëóíü òà ³íøèõ ôðóêòîâèõ äåðåâ (>70). Êðóïíîìàñø-
òàáíå ïðîìèñëîâå âèðîáíèöòâî ÃÌ-ðîñëèí ðîçïî÷àëîñü ó 1996 ðîö³, íà 
òîé ÷àñ ó ñâ³ò³ òðàíñãåííèìè êóëüòóðàìè áóëî çàñ³ÿíî 1,7 ìëí ãà. Çà ïå-
ð³îä ç 1996 ïî 2014 ð³ê ïëîù³, çàéíÿò³ òðàíñãåíàìè, çðîñëè ó 75 ðàç³â ³ 
äîñÿãëè 130 ìëí ãà [1]. 

Êðà¿íè ³ ô³ðìè, ÿê³ óñï³øíî ðåàë³çóþòü ïðîãðàìè á³îòåõíîëîã³÷íèõ äî-
ñë³äæåíü ç îòðèìàííÿ ÃÌ-ñîðò³â (ã³áðèä³â) ñ.-ã. êóëüòóð, ñòàþòü ë³äåðàìè 
ó âèðîáíèöòâ³ îêðåìèõ âèä³â ñ.-ã. ïðîäóêö³¿, çîêðåìà — êóêóðóäçè, ñî¿, 
áàâîâíèêó, êàðòîïë³. Â ÷èñë³ âîñüìè êðà¿í, äå ï³ä ïîñ³âàìè îäåðæàíèõ á³-
îòåõíîëîã³÷íèìè ìåòîäàìè êóëüòóð áóëè íàéá³ëüø³ ïëîù³, çíàõîäÿòüñÿ: 
ÑØÀ (49,8 ìëí ãà), Àðãåíòèíà (17,1 ìëí ãà), Áðàçèë³ÿ (9,4 ìëí ãà), Êàíà-
äà (5,8 ìëí ãà), Êèòàé (3,3 ìëí ãà), Ïàðàãâàé (1,8 ìëí ãà), ²íä³ÿ (1,3 ìëí 
ãà), Ï³âäåííî-Àôðèêàíñüêà ðåñïóáë³êà (0,5 ìëí ãà). Ó â³äîìèõ íàóêîâèõ 
âèäàííÿõ òà íà ì³æíàðîäíèõ ñèìïîç³óìàõ ó ïåðåâàæí³é á³ëüøîñò³ ðîá³ò 
á³îëîã³÷íîãî íàïðÿìó ïîäàºòüñÿ ³íôîðìàö³ÿ ç ìîëåêóëÿðíî¿ á³îëîã³¿ òà 
á³î òåõíîëîã³¿. Àáñîëþòíî î÷åâèäíî, ùî êðà¿íè, ÿê³ íå çàéìàþòüñÿ ðîç-
ðîáêîþ öèõ íàïðÿì³â, ïîñòóïîâî â³äñòàâàòèìóòü ³ âðåøò³-ðåøò çàëè-
øàòüñÿ çà ïîðîãîì ñâ³òîâîãî ïðîãðåñó. 

Íà æàëü, â Óêðà¿í³, êð³ì ðîçìîâ ³ äèñêóñ³é ñòîñîâíî òîãî, çàéìàòèñü ÷è 
íå çàéìàòèñü äîñë³äæåííÿìè ç á³îòåõíîëîã³¿ ³ îòðèìàííÿ ÃÌ-ðîñëèí ä³ëî 
âïåðåä ìàéæå íå ïðîñóâàºòüñÿ. Ìàëîéìîâ³ðíî, ùî áóäóòü óñï³øíèìè 
òàêîæ ñïðîáè âèêîðèñòàòè ÃÌ-êîíñòðóêö³¿ çàðóá³æíèõ ô³ðì, àäæå âîíè 
ñòâîðþþòüñÿ ç ïåâíèì ð³âíåì àäàïòàö³¿ äî êîíêðåòíèõ óìîâ âèðîùóâàí-
íÿ. ²íäóêö³ÿ ÃÌ-êîíñòðóêö³é ³ç çàäàíèìè ö³ííèìè îçíàêàìè ³ ââåäåííÿ ¿õ ó 
ì³ñöåâèé ãåíîôîíä ñ.-ã. êóëüòóð º âèíÿòêîâî àêòóàëüíèì çàâäàííÿì á³î-
òåõíîëîã³÷íèõ äîñë³äæåíü. Ó ðîçâèòêó öüîãî íàïðÿìó íàéá³ëüø çàö³êàâ-
ëåí³ â³ò÷èçíÿí³ ñåëåêö³îíåðè. Àäæå ïî êîæí³é êóëüòóð³, ç ÿêîþ íå âåëàñü 
áè ñåëåêö³éíà ðîáîòà, íàéâàæëèâ³øîþ ³ äåäàë³ ãîñòð³øîþ ñòàº ïðîáëåìà 
ñòâîðåííÿ ñàìå îðèã³íàëüíèõ ãåíåòè÷íèõ äæåðåë ãîñïîäàðñüêî ³ á³îëî-
ã³÷íî ö³ííèõ îçíàê. Â òîé ÷àñ, êîëè éäóòü ðîçìîâè ïðî ìåäè÷í³ íàñë³äêè 
âèêîðèñòàííÿ ñ.-ã. ïðîäóêö³¿ ç ÃÌ-ñîðò³â òà ùå é çà â³äñóòíîñò³ çàêîíî-
äàâ÷î¿ áàçè, íàñ³ííÿ òðàíñãåííèõ ñîðò³â ñî¿, êóêóðóäçè, êàðòîïë³ íåëå-
ãàëüíî ïîòðàïëÿþòü íà ðèíîê Óêðà¿íè ³ áåçêîíòðîëüíî âïðîâàäæóþòüñÿ 
ó âèðîáíèöòâî. 

Îñòàíí³ìè ðîêàìè ç’ÿâëÿþòüñÿ îáíàä³éëèâ³ ðåçóëüòàòè äîñë³äæåíü 
â³ò÷èçíÿíèõ â÷åíèõ ç ñòâîðåííÿ âèõ³äíîãî ìàòåð³àëó äëÿ ñåëåêö³¿ ð³ïàêó 
ÿðîãî ³ îçèìîãî, áóðÿêó öóêðîâîãî, êóêóðóäçè ³ ñîíÿøíèêó øëÿõîì àïðî-
áàö³¿ àãðîáàêòåð³àëüíî¿ òðàíñôîðìàö³¿ in planta [2, 3]. 

Äîñë³äæåííÿ ç ðîçðîáêè á³îòåõíîëîã³é îòðèìàííÿ ÃÌ-ðîñëèí íàäòî 
çàòðàòí³, âîíè ïîòðåáóþòü ñïåö³àëüíîãî îáëàäíàííÿ ³ íàëåæíî¿ ï³äãîòîâ-
êè ôàõ³âö³â. Öå ³ º ò³ºþ îñíîâíîþ ïðîáëåìîþ, ÿêà ñòðèìóº ðîçâèòîê ïåð-
ñïåêòèâíîãî íàïðÿìó. Ó öüîìó ìîæíà ïåðåêîíàòèñÿ íàâ³òü ç ïîá³æíîãî 
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îãëÿäó âèêîðèñòàííÿ áþäæåòíèõ êîøò³â êðà¿íè. Ïðè ñòâîðåíí³ ³ â³äïîâ³ä-
íîìó çàêîíîäàâ÷îìó çàòâåðäæåíí³ ïðîãðàìè äîñë³äæåíü ç ñ³ëüñüêîãîñ-
ïîäàðñüêî¿ á³îòåõíîëîã³¿ ìîæíà áóëî á çàáåçïå÷èòè õî÷à á îäèí ðîñ-
ëèííèöüêèé á³îòåõíîëîã³÷íèé öåíòð óñ³ì íåîáõ³äíèì. Ïðîòå é öüîãî íå 
ñïîñòåð³ãàºòüñÿ. 

Íå ìîæíà íå ïîãîäèòèñü ç ïðîïîçèö³ºþ, ÿêà ³íêîëè âèñëîâëþºòüñÿ 
â ïîðÿäêó äèñêóñ³¿, ïðî ïåðåðîçïîä³ë íåçíà÷íèõ áþäæåòíèõ êîøò³â, ÿê³ 
âèä³ëÿþòüñÿ íà ñåëåêö³þ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð, ³ ñïðÿìóâàòè 
÷àñòèíó ç íèõ íà á³îòåõíîëîã³÷í³ äîñë³äæåííÿ. Íà æàëü, ïðè â³äñóòíîñò³ 
÷³òêèõ ìåõàí³çì³â ðåàë³çàö³¿ â³ò÷èçíÿíîãî çàêîíîäàâñòâà ç îõîðîíè ïðàâ 
íà ñîðòè ðîñëèí, íà äàíîìó åòàï³ ñåëåêö³ÿ ñ³ëüñüêîãîñïîäàðñüêèõ êóëü-
òóð â Óêðà¿í³ íå ìîæå ðîçâèâàòèñü íà ñàìîô³íàíñóâàíí³. Îòîæ çãîðòàííÿ 
áþäæåòíîãî ô³íàíñóâàííÿ ñåëåêö³éíèõ äîñë³äæåíü ïðèçâåäå äî ¿õ ïðè-
çóïèíåííÿ, à â ðÿä³ âèïàäê³â — é äî ïîâíî¿ ðóéíàö³¿. Íåäîïóñòèìà âòðàòà 
êðà¿íîþ ïðîâ³äíèõ ñâ³òîâèõ ïîçèö³é â ñåëåêö³¿ îçèìî¿ ïøåíèö³, îçèìîãî ³ 
ÿðîãî ÿ÷ìåíþ òà ³íøèõ êóëüòóð. Ðåçóëüòàò íåâàæêî ïåðåäáà÷èòè — åêñ-
ïàíñ³ÿ íà íàøó òåðèòîð³þ çàðóá³æíèõ ñîðò³â. Òà ³ íåéìîâ³ðíî, ùî âèâ³ëü-
íåí³ îïèñàíèì âèùå ÷èíîì êîøòè áóäóòü äîñòàòí³ìè äëÿ åôåêòèâíèõ 
á³îòåõíîëîã³÷íèõ äîñë³äæåíü. À ïîêè ùî êðà¿íà âòðà÷àº ï³äãîòîâëåíèõ 
ìîëîäèõ ôàõ³âö³â, ÿê³ ìîãëè á çàéìàòèñü á³îòåõíîëîã³÷íèìè äîñë³äæåí-
íÿìè — âîíè âè¿çäÿòü çà êîðäîí ³ óñï³øíî ïðàöþþòü ó ïðîâ³äíèõ íàóêî-
âèõ óñòàíîâàõ ÑØÀ, Êàíàäè, Ôðàíö³¿, Àíãë³¿ òà ³íøèõ êðà¿í. 

²ç òîãî ô³íàíñóâàííÿ, ÿêå âèä³ëÿºòüñÿ â ñèñòåì³ ÍÀÀÍ íà á³îòåõíî-
ëîã³÷í³ äîñë³äæåííÿ â ðîñëèííèöòâ³, ñüîãîäí³ º äîñòóïíèìè ³ íàéá³ëüø 
åôåêòèâíèìè ðîáîòè ç âèêîðèñòàííÿ ìîëåêóëÿðíèõ ìàðêåð³â ó ñåëåêö³¿. 
Àäæå, ÿêùî ïîãëÿíóòè íà ñó÷àñí³ ñâ³òîâ³ ñåëåêö³éíî-ãåíåòè÷í³ äîñë³äæåí-
íÿ, òî îñíîâó ¿õ ñêëàäàþòü ïîøóêè ìîëåêóëÿðíèõ ìàðêåð³â ö³ííèõ îçíàê 
[1]. Â³ää³ë çàãàëüíî¿ ³ ìîëåêóëÿðíî¿ ãåíåòèêè 

ÑÃ²–ÍÖÍÑ çà ð³âíåì çàáåçïå÷åííÿ óñòàòêóâàííÿì, îñâîºííÿì ñó÷àñ-
íèõ ìåòîäèê, ï³äãîòîâêîþ ôàõ³âö³â ìîæå åôåêòèâíî âèêîíóâàòè òàêîãî 
íàïðÿìó äîñë³äæåííÿ. Ó öüîìó â³ää³ë³ ñï³ëüíî ³ç íàóêîâöÿìè ÑÃ² çä³éñíå-
íî ðÿä äîñë³äæåíü ç ìàðêóâàííÿ ãåí³â òèïó ðîçâèòêó — Vrn, ïîòðåáè â 
ÿðîâèçàö³¿ — Vrd, ôîòîïåð³îäè÷íî¿ ÷óòëèâîñò³ — Ppd, ñò³éêîñò³ äî õâîðîá 
òà ³íøèõ âàæëèâèõ ãåíåòè÷íèõ ñèñòåì ó îçèìî¿ ì’ÿêî¿ ³ òâåðäî¿ ïøåíèö³, 
ÿ÷ìåíþ, êóêóðóäçè òà ³íøèõ êóëüòóð. 

Äëÿ ïðîâåäåííÿ òàêèõ äîñë³äæåíü òðåáà ïåðø çà âñå ÷³òêî âèçíà-
÷èòèñü ³ç âèáîðîì òèõ îçíàê, ÿê³ ñåëåêö³îíåð íå â çìîç³ êîíòðîëþâàòè 
òðàäèö³éíèìè ³ â³äíîñíî äåøåâèìè ìåòîäàìè. Êð³ì òîãî, äëÿ ðîçðîáêè 
ìîëåêóëÿðíèõ ìàðêåð³â öèõ îçíàê ïîâèíí³ ïåðåäóâàòè âåëèê³ áàãàòîð³÷-
í³ ãåíåòè÷í³ äîñë³äæåííÿ òðàäèö³éíèìè ìåòîäàìè ã³áðèäîëîã³÷íîãî ÷è 
öèòîëîã³÷íîãî àíàë³çó òà ñòâîðåííÿ ñïåö³àëüíîãî ìàòåð³àëó ³çîãåííèõ, 
àáñîëþòíî ãîìîçèãîòíèõ äèãàïëî¿ä³â ÷è ã³áðèäíî-³íáðåäíèõ ë³í³é, ùî 
â³äð³çíÿþòüñÿ çà ïåâíèìè îçíàêàìè. Ñë³ä òàêîæ ìàòè íà óâàç³, ùî ìîëå-
êóëÿðí³ ìàðêåðè ïðàöþþòü ò³ëüêè íà îêðåìèõ ãåíåòè÷íèõ ïóëàõ. 
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Àëå ïðè ¿õ â³äïðàöþâàíí³ â³äêðèâàºòüñÿ ìîæëèâ³ñòü ñåëåêö³îíåðó íà-
óêîâî îá´ðóíòîâàíî ï³äáèðàòè áàòüê³âñüê³ ôîðìè äëÿ ã³áðèäèçàö³¿, êîì-
á³íóâàòè ö³íí³ îçíàêè ³ âëàñòèâîñò³ ç ïîçèòèâíèì ãåíåòè÷íèì åôåêòîì 
çá³ëüøåííÿ ¿õ åêñïðåñ³¿, âåñòè åôåêòèâíî äîá³ð áàæàíèõ ãåíîòèï³â, çìåí-
øóþ÷è äî ïåâíîãî ðîçðàõóíêîâîãî îïòèìàëüíîãî îá’ºìó îïðàöþâàííÿ 
ñåëåêö³éíîãî ìàòåð³àëó, ö³ëåñïðÿìîâàíî çáàãà÷óâàòè ö³ííèìè ãåíàìè ã³-
áðèäí³ ïîïóëÿö³¿ ³ ò. ä. Òîáòî, öÿ ðîáîòà ìàº êîìïëåêñíèé õàðàêòåð ³ ìîæå 
âèêîíóâàòèñü çà ó÷àñò³ ñåëåêö³îíåð³â, êëàñè÷íèõ ãåíåòèê³â òà ñïåö³àë³ñò³â 
ç ìîëåêóëÿðíî¿ ãåíåòèêè. 

Ïðèêëàäîì òàêîãî êîìïëåêñíîãî äîñë³äæåííÿ ìîæå áóòè ðîáîòà, ÿêà 
âèêîíóºòüñÿ ó â³ää³ë³ ñåëåêö³¿ ³ íàñ³ííèöòâà ïøåíèö³ ÑÃ²–ÍÖÍÑ ç âèâ÷åí-
íÿ ñåëåêö³éíî¿ ö³ííîñò³ ïøåíè÷íî-æèòí³õ òðàíñëîêàö³é 1AL/1RS, 1BL/1RS 
òà ³íøèõ ÷óæîð³äíèõ âêëþ÷åíü ó ãåíîì ïøåíèö³ [4]. 

Ç çàñòîñóâàííÿì ìåòîäó êóëüòóðè ïèëÿê³â äëÿ ³íäóêö³¿ ïîäâîºíèõ 
ãàïëî¿ä³â (ëàáîðàòîð³ÿ êóëüòóðè òêàíèí) òà ³äåíòèô³êàö³¿ òðàíñëîêàö³é 
ç äîïîìîãîþ ìîëåêóëÿðíèõ ìàðêåð³â (â³ää³ë çàãàëüíî¿ ³ ìîëåêóëÿðíî¿ 
ãåíåòèêè) óäîñêîíàëåíî òåõíîëîã³þ ñåëåêö³éíîãî ïðîöåñó â íàïðÿì³ 
ñêîðî÷åííÿ òåðì³íó ñòâîðåííÿ íîâèõ ñîðò³â íà 4–5 ðîê³â òà ï³äâèùåí-
íÿ åôåêòèâíîñò³ ñåëåêö³éíî¿ ðîáîòè ç ãåíîòèïàìè, ÿê³ íåñóòü ÷óæîð³äí³ 
âêëþ÷åííÿ, íà 20–30 %. Çà ö³ºþ òåõíîëîã³ºþ óæå ñòâîðåíî ³ ïåðåäàíî íà 
äåðæàâíå ñîðòîâèïðîáóâàííÿ ÷îòèðè ñîðòè ïøåíèö³ ì’ÿêî¿ îçèìî¿ óí³-
âåðñàëüíîãî òèïó: Æèòíèöÿ îäåñüêà, Äóìà îäåñüêà, Îêòàâà îäåñüêà, Ë³ãà 
îäåñüêà — ç âèñîêèì ð³âíåì óðîæàéíîñò³ (8,6–10,4 ò/ãà), ö³íí³ ³ ñèëüí³ 
çà ÿê³ñòþ çåðíà ³ äîáðå âèðàæåíèìè îçíàêàìè ñò³éêîñò³ äî á³îòè÷íèõ òà 
àá³îòè÷íèõ ôàêòîð³â. 

Âèêîðèñòàííÿ á³îòåõíîëîã³÷íèõ ìåòîä³â ³ ìîëåêóëÿðíèõ ìàðêåð³â 
ó ñåëåêö³¿ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð íàéá³ëüø äîö³ëüíî â òèõ âèïàä-
êàõ, êîëè âèíèêàº íåîáõ³äí³ñòü øâèäêîãî çàëó÷åííÿ â ãåíîôîíä ñåëåê-
ö³éíîãî ìàòåð³àëó íîâèõ ãåí³â ÷è ãåíåòè÷íèõ ñèñòåì. 

Ñë³ä çàñòåðåãòè, ùî çàñòîñóâàííÿ ìîëåêóëÿðíèõ ìàðêåð³â í³ â ÿêîìó 
ðàç³ íå çàì³íþº òðàäèö³éíèõ ìåòîä³â ñåëåêö³¿, à ò³ëüêè äîïîâíþº ñåëåê-
ö³éíèé ïðîöåñ íàóêîºìíèìè ìåòîäàìè êîíòðîëþ ãåíîòèï³â çà ïåâíèìè 
îçíàêàìè. ×åðåç äîñèòü âèñîêó âàðò³ñòü ìîëåêóëÿðíî-ãåíåòè÷í³ ìåòîäè 
íåìîæëèâî âïðîâàäæóâàòè â óâåñü âåëèêèé îá’ºì ñåëåêö³éíîãî ìàòåð³à-
ëó. Òîìó íå ñë³ä äîïóñêàòè íåêîìïåòåíòíèõ çàÿâ, ùî ìîëåêóëÿðí³ ìåòîäè 
çäàòí³ â ñîòí³ ðàç³â ñêîðîòèòè îá’ºìè ñåëåêö³éíî¿ ðîáîòè ³ îäíî÷àñíî ï³ä-
âèùèòè ¿¿ åôåêòèâí³ñòü. 

Îêðåìî âèíèêàº ïèòàííÿ ç ïðèâîäó äîö³ëüíîñò³ ïàñïîðòèçàö³¿ ñîðò³â, 
ë³í³é, ãåíåòè÷íîãî ³ ñåëåêö³éíîãî ìàòåð³àëó ìåòîäàìè ìîëåêóëÿðíî¿ ãå-
íåòèêè [1]. Ê³ëüêà ðîê³â ïîñï³ëü ïèòàííÿ çàñòîñóâàííÿ öèõ ìåòîä³â ó ñèñ-
òåì³ ³äåíòèô³êàö³é ñîðò³â îáãîâîðþâàëîñü ó ì³æíàðîäí³é ªâðîïåéñüê³é 
îðãàí³çàö³¿ ç çàõèñòó ïðàâ íà ñîðòè ðîñëèí (UPOV). Àëå é äîñ³ ïîçèòèâíî-
ãî ð³øåííÿ ç öüîãî ïèòàííÿ íå ïðèéíÿòî. Îñíîâí³ àðãóìåíòè: âèñîêà âàð-
ò³ñòü àíàë³ç³â, íå âñ³ ÷ëåíè UPOV ¿õ ìîæóòü âèêîíóâàòè, à òàêîæ íàÿâí³ñòü 
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äîñòàòíüî¿ ê³ëüêîñò³ óæå ïðèéíÿòèõ ìîðôîëîã³÷íèõ îçíàê òà á³îõ³ì³÷íèõ 
ìàðêåð³â äëÿ âèçíà÷åííÿ îñíîâíèõ ïðèíöèï³â çàõèñòó ïðàâ íà ñåëåêö³éí³ 
äîñÿãíåííÿ — îäíîð³äí³ñòü, â³äì³íí³ñòü, ñòàá³ëüí³ñòü. 

Òîìó íåîáõ³äí³ñòü ïàñïîðòèçàö³¿ ñîðò³â ³ñíóº íà äåðæàâíîìó ð³âí³ ï³ä 
êåð³âíèöòâîì ²íñòèòóòó åêñïåðòèçè ñîðò³â ðîñëèí Óêðà¿íè. Ùîïðàâäà, ó 
öüîìó ïëàí³, ïåðø çà âñå, òðåáà äîñÿãòè òàêî¿ ñèòóàö³¿, ùîá ñîðòè, ÿê³ 
çàíîñÿòüñÿ äî Äåðæàâíîãî ðåºñòðó, â³äïîâ³äàëè âèìîãàì îäíîð³äíîñò³. 
Îñê³ëüêè á³ëüøà ÷àñòèíà ñîðò³â ñàìîçàïèëþâàíèõ êóëüòóð º ãåòåðîãåí-
íèìè, òîáòî ñêëàäàþòüñÿ âîíè ç äâîõ ³ á³ëüøå á³îòèï³â, òî ïàñïîðòèçàö³ÿ 
ç äîïîìîãîþ ìîëåêóëÿðíèõ ôîðìóë çàëèøàºòüñÿ ïðîáëåìàòè÷íîþ [5]. 
Âîäíî÷àñ íåîáõ³äí³ñòü ¿¿ ïðîâåäåííÿ ñòàº äåäàë³ àêòóàëüí³øîþ, ïåðø 
çà âñå ïîòðåáè äîòðèìàííÿ çàêîí³â ïðî çàõèñò ïðàâ íà ñîðòè, íàñ³ííÿ ³ 
ñàäèâíèé ìàòåð³àë. Àäæå íà â³ò÷èçíÿíîìó ðèíêó ñîðò³â ³ íàñ³ííÿ âèÿâëÿ-
ºòüñÿ âåëèêà ê³ëüê³ñòü ïîðóøíèê³â öèõ çàêîí³â. ² ó öüîìó çâ’ÿçêó íàéá³ëüø 
âàãîìèìè äîêàçîâèìè àðãóìåíòàìè, ÿê³ ìîæóòü íàëåæíî çàõèñòèòè ³í-
òåëåêòóàëüíó âëàñí³ñòü ñåëåêö³îíåð³â, ìàþòü ñòàòè ãåíåòè÷í³ ôîðìóëè 
ãåíîòèï³â, âèçíà÷åí³ ìåòîäàìè ìîëåêóëÿðíî¿ ãåíåòèêè. Îòæå, ïàñïîðòè-
çàö³ÿ ñîðò³â ñàìîçàïèëþâàíèõ êóëüòóð ³ áàòüê³âñüêèõ ë³í³é ã³áðèä³â ïåðå-
õðåñíîçàïèëþâàíèõ êóëüòóð — ñòàº íàäàêòóàëüíèì çàâäàííÿì. 

Âïðîâàäæåííÿ ïàñïîðòèçàö³¿ ñîðò³â ñòðèìóºòüñÿ òàêîæ íåâèçíà÷å-
í³ñòþ ô³íàíñóâàííÿ öèõ äîñë³äæåíü. Â³ò÷èçíÿí³ ïðèâàòí³ ñåëåêö³éí³ óñòà-
íîâè, áåçóìîâíî, âèêîíóâàòèìóòü âèìîãè ²íñòèòóòó åêñïåðòèçè ñîðò³â 
ðîñëèí Óêðà¿íè é îïëàòÿòü ìîëåêóëÿðíî-ãåíåòè÷íó ³äåíòèô³êàö³þ ñîðò³â 
(ë³í³é), àëå íåâ³äîìî, ÿê ïîñòàâëÿòüñÿ äî öüîãî çàðóá³æí³ ô³ðìè, ÿê³ êåðó-
þòüñÿ â ñâî¿é ä³ÿëüíîñò³ âèìîãàìè UPOV. Ïàñïîðòèçàö³þ ñîðò³â äåðæàâ-
íèõ íàóêîâèõ óñòàíîâ, íà íàø ïîãëÿä, äîö³ëüíî ïðîô³íàíñóâàòè çà ðàõó-
íîê ñïåö³àëüíèõ áþäæåòíèõ êîøò³â. 

Ó â³ò÷èçíÿíèõ ñåëåêö³éíèõ óñòàíîâàõ ïàñïîðòèçàö³¿ íà ð³âí³ 
ÄÍÊ-òåõíîëîã³é ìàþòü ï³äëÿãàòè, êð³ì êîìåðö³éíèõ ñîðò³â, òàêîæ åêñ-
ïåðèìåíòàëüíî ñòâîðåí³ ãåíîòèïè ç âèíÿòêîâî îðèã³íàëüíèìè îçíàêà-
ìè, ùî ìàþòü âèñîêó íàóêîâó ÷è êîìåðö³éíó ö³íí³ñòü. Ðåçóëüòàòè ìîæóòü 
ñêëàñòè äåðæàâíó áàçó äàíèõ ãåíîôîíäó ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð, 
ÿêó çàâæäè ìîæíà âèêîðèñòàòè äëÿ âèð³øåííÿ íàóêîâèõ, ïðàâîâèõ, ãîñ-
ïîäàðñüêèõ çàâäàíü òà ïðîáëåì ñóäîâî¿ åêñïåðòèçè. 

Çàñëóãîâóº íà óâàãó, ç òî÷êè çîðó âèêîðèñòàííÿ â ñåëåêö³¿, ùå îäèí 
íàïðÿì á³îòåõíîëîã³÷íèõ äîñë³äæåíü — îòðèìàííÿ ãåíåòè÷íèõ ðåãå-
íåðàö³é ó êóëüòóð³ in vitro ïèëÿê³â, êë³òèí, çàðîäê³â òà ³íäóêö³é ãàïëî¿ä³â 
³ äèãàïëî¿ä³â. Ñâ³òîâèé äîñâ³ä äîñë³äæåíü ³ç çåðíîâèìè êóëüòóðàìè âè-
êðèñòàë³çóâàâ íàéá³ëüø åôåêòèâí³ ç íèõ: êóëüòóðà çàðîäê³â ïåðåâàæíî 
ïðè ³íòðîãðåñèâí³é ñåëåêö³¿, äëÿ îòðèìàííÿ æèòòºçäàòíèõ ã³áðèä³â â³ä 
â³ääàëåíèõ ñõðåùóâàíü — îòðèìàííÿ ïåðâèííèõ òðèòèêàëå òà ³íäóêö³ÿ 
ñîìîêëîíàëüíèõ âàð³àíò³â; ñóñïåíç³éíà êóëüòóðà ³ ñòâîðåííÿ ñåëåêòèâ-
íèõ ñåðåäîâèù äëÿ äîáîðó íà ð³âí³ êë³òèí çà îçíàêàìè ñò³éêîñò³ äî îêðå-
ìèõ òîêñèí³â — çáóäíèê³â ô³òîçàõâîðþâàíü; ãàïëîïðîäóêö³ÿ ³ îòðèìàííÿ 
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äèãàïëî¿ä³â ç ìåòîþ øâèäêî¿ ãîìîçèãîòàö³¿ òà ïðèñêîðåííÿ ñåëåêö³éíîãî 
ïðîöåñó [6]. 

Íà êîæíîìó ³ç öèõ íàïðÿì³â óæå º ïåâí³ ïðàêòè÷í³ ðåçóëüòàòè â áà-
ãàòüîõ íàóêîâèõ óñòàíîâàõ Óêðà¿íè ³ çà êîðäîíîì. Íàéá³ëüø âàãîì³ äî-
ñÿãíåííÿ îòðèìàëè òàì, äå ðîçðîáëåí³ á³îòåõíîëîã³÷í³ ìåòîäèêè òåî-
ðåòè÷íèõ ëàáîðàòîð³é ïåðåíîñÿòüñÿ íà ïîò³ê ìàñîâîãî çàñòîñóâàííÿ â 
ñåëåêö³éí³ ï³äðîçä³ëè. Äëÿ öüîãî ñòâîðþþòüñÿ ãðóïè ôàõ³âö³â-á³îòåõ-
íîëîã³â, ÿê³ äîáðå âîëîä³þòü ìåòîäèêàìè, ïðàöþþòü áåçïîñåðåäíüî ç 
ñåëåêö³éíèì ìàòåð³àëîì ñï³ëüíî ç êåð³âíèêîì ïðîãðàìè. Íàïðèêëàä, â 
²íñòèòóò³ ñ.-ã. äîñë³äæåíü Óãîðñüêî¿ Àêàäåì³¿ íàóê (ì. Ìàðòîíâàøàð) òàêà 
ãðóïà ñïåö³àë³ñò³â ó â³ää³ë³ ñåëåêö³¿ ïøåíèö³ óæå áàãàòî ðîê³â ïîñï³ëü íà-
ïðàöüîâóº ñåëåêö³éíèé ìàòåð³àë ìåòîäàìè ³íäóêö³¿ àíäðîãåííèõ äèãà-
ïëî¿ä³â ó êóëüòóð³ ïèëÿê³â ó òàê³é æå ê³ëüêîñò³ (2,5–3,0 òèñ. äèãàïëî¿ä³â 
ùîð³÷íî), ÿê ³ òðàäèö³éíèìè ìåòîäàìè. Ðåçóëüòàòèâí³ñòü ñåëåêö³¿ ç âè-
êîðèñòàííÿì á³îòåõíîëîã³÷íèõ ìåòîä³â ïðè öüîìó â 1,5 ðàçè âèùà, í³æ 
ïðè òðàäèö³éí³é ñåëåêö³¿, à ñòâîðåííÿ íîâîãî ñîðòó â ÷àñ³ ñêîðî÷óºòüñÿ 
ç 8–10 äî 5–6 ðîê³â. 

Íàø óæå äàâí³é äîñâ³ä ñï³âïðàö³ ùå ç ëàáîðàòîð³ºþ á³îòåõíîëîã³¿ 
ÑÃ² ç âèêîðèñòàííÿì òîòàïîòåíòíîñò³ ì³êðîñïîð â êóëüòóð³ ïèëÿê³â äëÿ 
îòðèìàííÿ äèãàïëî¿ä³â îçèìî¿ ì’ÿêî¿ ïøåíèö³ äàâ ïîçèòèâíèé ðåçóëüòàò. 
Íàìè (Ñ. Î. ²ãíàòîâà, Ì. À. Ëèòâèíåíêî) áóëî ³äåíòèô³êîâàíî ãåíîòèïè 
ïøåíèö³ ç ï³äâèùåíîþ çäàòí³ñòþ äî ãàïëîïðîäóêö³¿, íà ¿õí³é îñíîâ³ ùî-
ð³÷íî ³íäóêóâàëîñü íà êóëüòóð³ ïèëÿê³â ³ç ã³áðèä³â F

1
 250–300 äèãàïëî¿ä³â. 

Íàâ³òü çà öèõ íåâåëèêèõ îá’ºì³â îòðèìàííÿ äèãàïëî¿ä³â áóëî íàïðàöüî-
âàíî ö³ííèé âèõ³äíèé ìàòåð³àë äëÿ ñåëåêö³¿ ç àäàïòîâàíîþ åêçîòè÷íîþ 
ãåíîïëàçìîþ. Ç âèêîðèñòàííÿì ë³í³é äèãàïëî¿äíîãî ïîõîäæåííÿ — Åðè-
òðîñïåðìóì 1083 òà Åðèòðîñïåðìóì 2783 ó ã³áðèäèçàö³¿ ç ì³ñöåâèìè 
ñîðòàìè ñòâîðåí³ ³ âæå çàíåñåí³ äî Äåðæàâíîãî ðåºñòðó: ñîðò îçèìî¿ 
ì’ÿêî¿ ïøåíèö³ Çíàõ³äêà îäåñüêà ç óí³êàëüíèì ïîºäíàííÿì óëüòðàñêîðî-
ñòèãëîñò³, âèñîêî¿ ïðîäóêòèâíîñò³ òà çèìîñò³éêîñò³; ñîðò Ñèðåíà îäåñüêà, 
ÿêèé ïðè ãåíåòè÷íîìó ïîòåíö³àë³ âðîæàéíîñò³ ïîíàä 100 ö/ãà âèð³çíÿºòü-
ñÿ âèòðèâàë³ñòþ äî íèçüêèõ àãðîôîí³â òà îñîáëèâî äåô³öèòó ôîñôîðó 
â ´ðóíò³ (ôîñôîðåôåêòèâíèé ñîðò); ñîðò Çîðÿíêà îäåñüêà, ÿêèé íå áóâ 
çàíåñåíèé äî Ðåºñòðó, àëå ñëóãóâàâ áàòüê³âñüêîþ ôîðìîþ â ã³áðèäèçàö³¿ 
ïðè ñòâîðåíí³ ñîðò³â Çàãðàâà îäåñüêà, Çàìîæí³ñòü îäåñüêà. Ïîçèòèâíèé 
ïðàêòè÷íèé ðåçóëüòàò ó ñåëåêö³¿ ÿðîãî ÿ÷ìåíþ ç âèêîðèñòàííÿì á³îòåõ-
íîëîã³÷íèõ ìåòîä³â äîñÿãíóòî ³ â ²íñòèòóò³ ðîñëèííèöòâà ³ì. Â. ß. Þð’ºâà. 

Ïðè öüîìó òðåáà ðåàëüíî îö³íþâàòè ìîæëèâ³ñòü ìåòîä³â êóëüòóðè in 
vitro ³ äîö³ëüí³ñòü ¿õ âèêîðèñòàííÿ ÿê äîäàòêîâèõ äî òðàäèö³éíèõ äëÿ âè-
ð³øåííÿ ïåâíèõ çàäà÷: 

1. Äëÿ ïðèñêîðåííÿ àäàïòàö³¿ íîâèõ ãåí³â ó ì³ñöåâîìó ãåíîôîíä³, ãå-
í³â, ÿê³ êîíòðîëþþòü ö³íí³ îçíàêè â³ä â³ääàëåíèõ ñõðåùóâàíü, åêçîòè÷íî¿ 
ãåíîïëàçìè. Ñåëåêö³éíèé ïðîöåñ ïðè öüîìó ñêîðî÷óºòüñÿ çàâäÿêè ïðè-
ñêîðåí³é ãîìîçèãîòîçàö³¿ ìàòåð³àëó (ìàéæå â 2 ðàçè). 
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2. Ï³äâèùåííÿ åôåêòèâíîñò³ äîáîðó íà ñåëåêòèâíèõ ñåðåäîâèùàõ, 
íàïðèêëàä, íà ñò³éê³ñòü äî òîêñèí³â ôóçàð³îçíèõ ³ ãåëüì³íòîñïîð³îçíèõ 
ãðèá³â. 

Ö³ ðîáîòè ìîæíà áóëî á ðîçâèâàòè â ðàìêàõ êîìïëåêñíî¿ á³îòåõíîëî-
ã³÷íî¿ ïðîãðàìè. Àëå ìàòåð³àëüí³ òà ô³íàíñîâ³ ìîæëèâîñò³, ÿêèìè âîëî-
ä³þòü íà ñüîãîäí³ ñåëåêö³éí³ óñòàíîâè ÍÀÀÍ, íå äîçâîëÿþòü îòðèìóâàòè 
ñê³ëüêè-íåáóäü ðàö³îíàëüíèé îá’ºì äèãàïëî¿ä³â äëÿ ïîäàëüøî¿ ñåëåêö³é-
íî¿ ðîáîòè. 

Âèñíîâêè. Äîñë³äæåííÿ ç ìîëåêóëÿðíî¿ ãåíåòèêè, ðîçðîáêè á³îòåõ-
íîëîã³÷íèõ ìåòîä³â íåîáõ³äíî ðîçâèâàòè ç ÷³òêîþ ñïðÿìîâàí³ñòþ íà âè-
ð³øåííÿ êîíêðåòíèõ íàóêîâèõ ³ ïðàêòè÷íèõ çàâäàíü ó ñåëåêö³¿ ðîñëèí. 

Ðîçðîáëåí³ â ÑÃ²–ÍÖÍÑ åôåêòèâí³ ìåòîäè ÄÍÊ-òåõíîëîã³é, êóëüòóðè 
in vitro çíàõîäÿòüñÿ íà äîâîë³ âèñîêîìó ð³âí³, ïðè â³äïîâ³äíîìó ô³íàíñî-
âîìó çàáåçïå÷åíí³ ìîæóòü áóòè âïðîâàäæåí³ â ñåëåêö³éíó íàñ³ííèöüêó 
ïðàêòèêó, à òàêîæ çàñòîñîâàíèìè ïðè ïàñïîðòèçàö³¿ ãåíîôîíäó ñ³ëüñüêî-
ãîñïîäàðñüêèõ êóëüòóð. 

ßê ïðèêëàä êîìïëåêñíîãî äîñë³äæåííÿ ç åôåêòèâíîãî âèêîðèñòàííÿ 
á³îòåõíîëîã³÷íèõ ³ ìîëåêóëÿðíî-ãåíåòè÷íèõ ìåòîä³â º ðîáîòà â³ää³ëó ñå-
ëåêö³¿ ³ íàñ³ííèöòâà ïøåíèö³ ÑÃ²–ÍÖÍÑ ç âèâ÷åííÿ òà øâèäêîãî âêëþ÷åí-
íÿ â ãåíîôîíä ñåëåêö³éíîãî ìàòåð³àëó ïøåíè÷íî-æèòí³õ òðàíñëîêàö³é òà 
³íøèõ ÷óæîð³äíèõ âêëþ÷åíü. 

Îðãàí³çàö³ÿ ³ çàáåçïå÷åííÿ â Óêðà¿í³ äîñë³äæåíü ç ðîçðîáêè á³îòåõíîëî-
ã³÷íèõ ìåòîä³â îòðèìàííÿ ãåíåòè÷íî ìîäèô³êîâàíèõ (ÃÌ) ðîñëèí º âèíÿò-
êîâî íåîáõ³äíîþ óìîâîþ çàïîá³ãàííÿ ìîæëèâ³é íàóêîâ³é â³äñòàëîñò³ êðà¿íè 
â ïîäàëüøîìó ãåíåòè÷íîìó óäîñêîíàëåíí³ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð. 

Íåîáõ³äí³ êàðäèíàëüí³ çì³íè â ïëàíóâàíí³, ô³íàíñóâàíí³ òà ïðîâåäåí-
í³ äîñë³äæåíü ç ðîçðîáêè íîâ³òí³õ á³îòåõíîëîã³é ó ðîñëèííèöòâ³ íà îñíîâ³ 
äåðæàâíî¿ çàêîíîäàâ÷î çàòâåðäæåíî¿ êîìïëåêñíî¿ íàóêîâî¿ ïðîãðàìè. 

ÑÏÈÑÎÊ ÂÈÊÎÐÈÑÒÀÍÎ¯ Ë²ÒÅÐÀÒÓÐÈ 
1. Ñèâîëàï Þ. Ì. Âàðèàáèëüíîñòü è ñïåöèôè÷íîñòü ãåíîìîâ ñåëüñêîõîçÿé-

ñòâåííûõ ðàñòåíèé / Þ. Ì. Ñèâîëàï, Í. Ý. Êîæóõîâà, Ð. Í. Êàëåíäàðü. — 
Îäåññà : Àñòðîïðèíò, 2011. — 336 ñ. 

2. Áîãóëüñüêà Ñ. Â. Àïðîáàö³ÿ àãðîáàêòåð³àëüíî¿ òðàíñôîðìàö³¿ ôîðì îçè-
ìîãî ð³ïàêó ìåòîäîì in planta / Ñ. Â. Áîãóëüñüêà // Àãðîíîì³ÿ ³ á³îëîã³ÿ. — 
Ñóìè, 2014. — Âèï. 3, ¹ 27. — Ñ. 179–181. 

3. Áîãóëüñüêà Ñ. Â. Ñïîñ³á àãðîáàêòåð³àëüíî¿ òðàíñôîðìàö³¿ ðîñëèí in planta / 
Ñ. Â. Áîãóëüñüêà // Ìàòåð³àëè Ì³æíàð. íàóê. êîíô. «Çáàãà÷åííÿ ãåíåòè÷íîãî 
ð³çíîìàí³òòÿ ðîñëèí». — Õàðê³â, 2014. — Ñ. 26–27. 

4. Ëèòâèíåíêî Ì. À. Âïëèâ òðàíñôîðìàö³¿ 1AL/1RS íà åëåìåíòè ïðîäóêòèâ-
íîñò³ ó ïîïóëÿö³ÿõ F

2
 òà ë³í³ÿõ F

4
 ïøåíèö³ ì’ÿêî¿ îçèìî¿ / Ì. À. Ëèòâèíåíêî, 

Ì. Ì. Òîïàë // Çá. íàóê. ïð. ÑÃ² — ÍÖÍÑ. — Îäåñà, 2013. — Âèï. 22 (62). — 
Ñ. 27–37. 

5. Ðèáàëêà Î. ². Ãåíåòè÷íà ãåòåðîãåíí³ñòü ñîðò³â ïøåíèö³ çà àëåëüíèì ñêëàäîì 
Gli/Dlu-ëîêóñ³â / Î. ². Ðèáàëêà, Ì. Â. ×åðâîí³ñ, Ì. À. Ëèòâèíåíêî // Â³ñíèê 
àãðàðíî¿ íàóêè. — 2008. — Ñ. 54–59. 



ISSN 2409–5524. Çá³ðíèê íàóêîâèõ ïðàöü ÑÃ²–ÍÖÍÑ. 2015. Âèï. 25 (65)  203

6. Adien Pratar, Jitendra Kumar. Alien Gene Tranfer in crop Plants Volume 1 
(Innovations, Methods and Risk Assessment). — Apringer. — 2014. — P. 311. 

Íàä³éøëà 04.06.2015. 

UDC 575.113:575.015.3:633.11 

Lytvynenko M. A. Plant Breeding and Genetics Institute — National Cen-
ter of Seed and Cultivar Investigations 

OF BIOTECHNOLOGY AND MOLECULAR METHODS IN BREEDING 
OF AGRICULTURAL CROP IN UKRAINE 

Most perspective approach of using biotechnological methods in vitro 
and molecular marker in breeding of agricultural crops are considered. The 
results of investigation for bread winter wheat breeding technology improve-
ment by using double haploids method and molecular marker of wheat-rye 
translocation are represented. On the base of this technology four new uni-
versal type varieties of wheat has been created. 

ÓÄÊ 575.113:575.015.3:633.11 

Ëèòâèíåíêî Í. À. 

ÁÈÎÒÅÕÍÎËÎÃÈ×ÅÑÊÈÅ È ÌÎËÅÊÓËßÐÍÎ-ÃÅÍÅÒÈ×ÅÑÊÈÅ 
ÌÅÒÎÄÛ Â ÑÅËÅÊÖÈÈ ÑÅËÜÑÊÎÕÎÇßÉÑÒÂÅÍÍÛÕ ÊÓËÜÒÓÐ 

Â ÓÊÐÀÈÍÅ 

Ðàññìîòðåíû íàèáîëåå ïåðñïåêòèâíûå íàïðàâëåíèÿ èñïîëüçîâàíèÿ 
áèîòåõíîëîãè÷åñêèõ ìåòîäîâ in vitro è ìîëåêóëÿðíûõ ìàðêåðîâ â ñåëåê-
öèè ñåëüñêîõîçÿéñòâåííûõ êóëüòóð. Ïðåäñòàâëåíû ðåçóëüòàòû èññëå-
äîâàíèé ïî óñîâåðøåíñòâîâàíèþ òåõíîëîãèè ñåëåêöèîííîãî ïðîöåññà 
îçèìîé ìÿãêîé ïøåíèöû ñ èñïîëüçîâàíèåì ìåòîäîâ ïîëó÷åíèÿ óäâîåí-
íûõ ãàïëîèäîâ è ìîëåêóëÿðíûõ ìàðêåðîâ ïøåíè÷íî-ðæàíûõ òðàíñëî-
êàöèé. Íà ýòîé îñíîâå ñîçäàíî ÷åòûðå ñîðòà ïøåíèöû óíèâåðñàëüíîãî 
òèïà — Æèòíèöà îäýñüêà, Äóìà îäýñüêà, Îêòàâà îäýñüêà, Ëèãà îäýñüêà. 
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ÂÈÊÎÐÈÑÒÀÍÍß MAS-ÒÅÕÍÎËÎÃ²¯ Â ÑÅËÅÊÖ²¯ ÊÓÊÓÐÓÄÇÈ (Zea 
mays L.) ÍÀ ÃÅÒÅÐÎÇÈÑ 

Ðîçðîáëåíî MAS-òåõíîëîã³þ ïðîãíîçóâàííÿ ôåíîòèïîâèõ ïàðà-
ìåòð³â ñåãðåãóþ÷î¿ ïîïóëÿö³¿ êóêóðóäçè çà ê³ëüê³ñíèìè îçíàêàìè. 
Îá´ðóíòîâàíî àëãîðèòì ãåíåòèêî-ñòàòèñòè÷íîãî çâ’ÿçêó ì³æ ãåíå-
òè÷íèìè ìàðêåðàìè ³ QTL, ÿêèé ðîçãëÿäàºòüñÿ ÿê ôóíêö³îíàëüíà 
îñíîâà ðîçðîáëåíî¿ ÄÍÊ-òåõíîëîã³¿. Ïîêàçàíî, ùî åôåêòèâí³ñòü 
çàïðîïîíîâàíîãî ÄÍÊ-ïðîãíîçó (r =0,5–0,83) çàëåæèòü â³ä ãåíå-
òè÷íèõ îñîáëèâîñòåé ê³ëüê³ñíî¿ îçíàêè òà òèïó âèêîðèñòîâóâàíèõ 
ìàðêåð³â. 

Êëþ÷îâ³ ñëîâà: êóêóðóäçà, ÄÍÊ-ìàðêåðè, ñïîñ³á ïðîãíîçóâàííÿ, 
ê³ëüê³ñí³ îçíàêè, ïîïóëÿö³ÿ ðåêîìá³íàíòíèõ ë³í³é. 

Âñòóï. Ç ÷àñó ïåðøîãî îïèñó ñòðóêòóðè ÄÍÊ (ïîíàä 60 ðîê³â òîìó) 
äîñë³äíèêè äîêëàäàëè çíà÷íèõ çóñèëü çàäëÿ âèÿâëåííÿ ãåíåòè÷íîãî ðîç-
ìà¿òòÿ (ÄÍÊ ïîë³ìîðô³çìó) çà ëîêóñàìè ö³ííèõ ê³ëüê³ñíèõ îçíàê. Ñòàâè-
ëîñÿ çà ìåòó ïðèñêîðåííÿ ³ ï³äâèùåííÿ åôåêòèâíîñò³ äîáîðó ðîñëèí ç 
êîðèñíèìè îçíàêàìè. Â íàø ÷àñ öåé íàïðÿì ìîëåêóëÿðíî-ãåíåòè÷íèõ 
äîñë³äæåíü, çàñíîâàíèé íà çàñòîñóâàíí³ òåõíîëîã³¿ ÄÍÊ-ìàðêåð³â, ñôîð-
ìóâàâñÿ ÿê êîíöåïö³ÿ MAS-äîáîðó — marker assisted selection [1–2]. 
Ó ðåçóëüòàò³ ïîäàëüøîãî ðîçâèòêó ìåòîä³â ìîëåêóëÿðíîãî ìàðêóâàííÿ 
ãåíîìó ðîçðîáëÿþòüñÿ íîâ³ ï³äõîäè ç äîñë³äæåííÿ ö³º¿ ïðîáëåìè, çîêðå-
ìà ãåíîìíèé äîá³ð (GS — genomic selection) [3–4], ÿêèé äîçâîëÿº äîáè-
ðàòè áåçïîñåðåäíüî ôóíêö³îíàëüí³ ïîë³ìîðôè (QTL). 

Îäíèì ç ãîëîâíèõ çàâäàíü ìàðêåðíî¿ ñåëåêö³¿ º åôåêòèâíå ãåíåòè÷íå 
ïîë³ïøåííÿ ð³çíèõ òèï³â ïîïóëÿö³é (ñèíòåòè÷íèõ, ñåãðåãóþ÷èõ, ë³í³é ïî-
äâîºíèõ ãàïëî¿ä³â, ðåêîìá³íàíòíèõ ³íáðåäíèõ ë³í³é — Ð²Ë) ³ ñòâîðåííÿ â 
êîðîòêèé òåðì³í íà ¿õí³é îñíîâ³ ìàðêåðíèõ ³íáðåäíèõ ë³í³é òà âèñîêîïðî-
äóêòèâíèõ ã³áðèä³â êóêóðóäçè. Âðàõîâóþ÷è øèðîêîìàñøòàáí³ çàòðàòè 
åêîíîì³÷íèõ ðåñóðñ³â ³ ÷àñó, ÿêèõ ïîòðåáóº ñó÷àñíà ñåëåêö³ÿ, âàæëèâèì 
ï³äõîäîì º òàêîæ ðîçðîáêà åôåêòèâíèõ ìåòîä³â ïðîãíîçóâàííÿ ðåçóëü-
òàò³â äîáîðó çàñòîñóâàííÿì ìîëåêóëÿðíèõ ìàðêåð³â ÿê ñó÷àñíîãî ³íñòðó-
ìåíòó ó âèð³øåíí³ àêòóàëüíî¿ ïðîáëåìè. Óñï³õ ó öüîìó íàïðÿì³ â³äêðèâàâ 
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áè ìîæëèâ³ñòü äîáèðàòè íàéö³íí³ø³ ãåíîòèïè ³ àïð³îð³ ùå äî âèñ³âó âè-
çíà÷àòè ôåíîòèïîâ³ ïàðàìåòðè êðàùèõ ã³áðèä³â, ë³í³é ÷è ïîïóëÿö³é. 

Àíàë³ç íàóêîâèõ ðîá³ò, ïðèñâÿ÷åíèõ ö³é òåì³, äîçâîëÿº çðîáèòè âè-
ñíîâîê, ùî îá’ºêòàìè äîñë³äæåíü ç ìåòîþ ñòâîðåííÿ ïðîãíîçíèõ ìîäå-
ëåé áóëè íàé÷àñò³øå êîìá³íàö³éíà çäàòí³ñòü ë³í³é [ 5–6], à òàêîæ ïðîäóê-
òèâí³ñòü òà ð³âåíü ãåòåðîçèñó ã³áðèä³â êóêóðóäçè [7–10]. Ïðîòå ó ñó÷àñí³é 
ôàõîâ³é ë³òåðàòóð³ ìàéæå íå çóñòð³÷àþòüñÿ ðîáîòè, ïðèñâÿ÷åí³ ðîçðîáö³ 
ïðîãíîçíèõ ìîäåëåé ùîäî âèçíà÷åííÿ àïð³îð³ õàðàêòåðó ðîçâèòêó âàæ-
ëèâèõ ê³ëüê³ñíèõ îçíàê ó ïîïóëÿö³ÿõ. Îäíàê ³ñíóº çàãàëüíî âèçíàíà äóìêà 
ïðî òå, ùî âèõ³äí³ ïîïóëÿö³¿ ð³çíèõ òèï³â íà âñ³õ ³ñòîðè÷íèõ åòàïàõ ðîç-
âèòêó ãåòåðîçèñíî¿ ñåëåêö³¿ çàâæäè áóëè íàéâàæëèâ³øèì ãåíåòè÷íèì 
ðåçåðâîì ì³íëèâîñò³, ñòâîðåííÿ íîâèõ âèõ³äíèõ ìàòåð³àë³â, ³íáðåäíèõ 
òà ïîäâîºíèõ ãàïëî¿äíèõ ë³í³é [ 11]. Òîìó ïðîãíîçóâàííÿ ð³âíÿ ðîçâèòêó 
ö³ííèõ îçíàê ó ïîïóëÿö³¿ íàñòóïíî¿ ãåíåðàö³¿ áåç äîäàòêîâîãî ïåðåñ³âó òà 
ãåíîòèïóâàííÿ âèäàºòüñÿ, íà íàø ïîãëÿä, àêòóàëüíèì çàâäàííÿì. Äîñë³-
äæåííþ ö³º¿ ìîæëèâîñò³ ïðèñâÿ÷åíà äàíà ðîáîòà. 

Ìåòà äîñë³äæåíü — ï³äâèùåííÿ åôåêòèâíîñò³ ñåëåêö³éíîãî ïðîöåñó 
â êóêóðóäçè øëÿõîì ðîçðîáêè ³ âèêîðèñòàííÿ ñó÷àñíèõ ÄÍÊ-òåõíîëîã³é, 
ñïðÿìîâàíèõ íà ãåíåòè÷íå ïîë³ïøåííÿ ïîïóëÿö³é, ñêîðî÷åííÿ îáñÿã³â 
ðîáîòè òà âèòðà÷åíîãî ÷àñó. 

Ìåòîäèêà äîñë³äæåíü. ßê âèõ³äíèé ìàòåð³àë âèêîðèñòîâóâàëè ðîç-
ùåïëåí³ ïîïóëÿö³¿ (ÃÊ 26 õ Ìî 17) F

2
, F

3
, F

4
. Ó ðîñëèí îö³íþâàëè ôåíîòèïî-

â³ ïîêàçíèêè çà 16 ê³ëüê³ñíèìè îçíàêàìè, ùî ìàþòü ñåëåêö³éíå òà ãîñïî-
äàðñüêå çíà÷åííÿ: âèñîòà ðîñëèíè, âèñîòà ïðèêð³ïëåííÿ êà÷àíà, øèðèíà 
ëèñòà, äîâæèíà âîëîò³, âåëè÷èíà ðîçãàëóæåíîãî ïðîñòîðó âîëîò³, ê³ëüê³ñòü 
ïåðâèííèõ ðîçãàëóæåíü âîëîò³, ê³ëüê³ñòü ðÿä³â çåðåí ó êà÷àí³, ìàñà 100 
çåðåí, ä³àìåòð êà÷àíà, äîâæèíà êà÷àíà, äîâæèíà çåðíèíè, ³íäèâ³äóàëüíà 
ïðîäóêòèâí³ñòü, çáèðàëüíà âîëîã³ñòü çåðíà, âì³ñò á³ëêà, âì³ñò êðîõìàëþ, 
ñò³éê³ñòü äî âèëÿãàííÿ. Äåòåêö³þ ïîë³ìîðô³çìó ÄÍÊ çä³éñíþâàëè çà äî-
ïîìîãîþ SSR- òà ISSR-ð³çíîâèäíîñòåé ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ 
(ÏËÐ). Ìåòîäèêà âèä³ëåííÿ ÄÍÊ, àìïë³ô³êàö³¿ SSR- òà ISSR-ëîêóñ³â, à òàêîæ 
óñ³ íàñòóïí³ àëãîðèòìè òåõíîëîã³¿ îïèñàí³ â ðàí³øå îïóáë³êîâàíèõ ðîáîòàõ 
[12–14]. Ìîäåë³ ïðîãíîçóâàííÿ ´ðóíòóâàëèñÿ íà ïåâíèõ âàð³àíòàõ ðåãðå-
ñ³éíîãî àíàë³çó, ìîäèô³êîâàíèõ â³äïîâ³äíî äî âèêîðèñòàíèõ ãåíåòè÷íèõ 
ïàðàìåòð³â. Ìîäåëü ïðîãíîçóâàííÿ ïåðåäáà÷àëà îö³íêó ê³ëüê³ñíèõ îçíàê 
ó äâîõ ñóì³æíèõ ðîêàõ, îñê³ëüêè ñåðåäîâèùíèé ôàêòîð ì³ã ³ñòîòíî òðàíñ-
ôîðìóâàòè ð³âåíü ïðîÿâó îçíàê ³ âïëèíóòè íà ðåçóëüòàòè ïðîãíîçó. Ç ìåòîþ 
êîðåêö³¿ ïàðàòèïîâèõ åôåêò³â ð³âåíü ðîçâèòêó ê³ëüê³ñíèõ îçíàê âèçíà÷àëè ó 
ôîðìàò³ çíà÷åííÿ d — ÿê ïîêàçíèêà â³äõèëåííÿ â³ä ïîïóëÿö³éíî¿ ñåðåäíüî¿. 

Ðåçóëüòàòè äîñë³äæåíü. Ðîçðîáêà ìîäåë³ ïðîãíîçóâàííÿ ôåíîòè-
ïîâèõ ïàðàìåòð³â ïîïóëÿö³¿ íàñòóïíî¿ ãåíåðàö³¿ ïåðåäáà÷àëà ïðîâåäåí-
íÿ ïåâíî¿ ïîïåðåäíüî¿ ðîáîòè. Áóëî ñôîðìîâàíî áàçó äàíèõ ìàðêåðíîãî 
àíàë³çó ïîïóëÿö³¿ çà 16 ê³ëüê³ñíèìè îçíàêàìè, à òàêîæ îòðèìàíî ï³äòâåð-
äæåííÿ ìàðêóþ÷î¿ çäàòíîñò³ ïîë³ìîðôíèõ ëîêóñ³â øëÿõîì ïîð³âíÿííÿ ó 
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äâîõ ñóì³æíèõ ïîêîë³ííÿõ õàðàêòåðó ãàìåòè÷íî¿ íåð³âíîâàãè çà àëåëÿìè 
ö³ííèõ îçíàê áàòüê³âñüêèõ ãåíîòèï³â ³ ðåêîìá³íàíò³â F

2
. Ðîáî÷à ã³ïîòåçà 

ïåðåäáà÷àëà âèÿâëåííÿ øëÿõîì ðåãðåñ³éíîãî àíàë³çó ïåâíîãî çâ’ÿçêó 
ì³æ ÄÍÊ-ìàðêåðàìè ÿê íåçàëåæíîþ ïåðåì³ííîþ (àðãóìåíò) ³ ôåíîòèïîì 
ê³ëüê³ñíî¿ îçíàêè — çàëåæíà ïåðåì³ííà (ôóíêö³ÿ). Ç ìåòîþ äîñÿãíåííÿ 
íàéá³ëüøî¿ ïðîãíîçóâàëüíî¿ çäàòíîñò³ çàïðîïîíîâàíî¿ ìîäåë³ âàæëèâî 
÷³òêî äîòðèìóâàòèñü óìîâ ôîðìóâàííÿ ìàðêåðíèõ òåñòîâèõ ñèñòåì, ÿê³ 
áóëè îïèñàí³ íàìè ðàí³øå [12–14]. 

Âàæëèâèì åòàïîì áóëî âèçíà÷åííÿ ôîðìàòó çíà÷åíü íåçàëåæíî¿ ³ 
çàëåæíî¿ ïåðåì³ííèõ. Äëÿ ëîêóñ³â SSR-ìàðêåð³â (êîäîì³íàíòíèõ) íåçà-
ëåæíîþ ïåðåì³ííîþ áóëè âèçíà÷åí³ ãåíîòèïè, à çàêîäîâàí³ ÿê ÀÀ, ÀÂ, ÂÂ, 
äëÿ äîì³íàíòíèõ (ISSR) — â³äïîâ³äíî À-, àà. Âîíè é ñêëàäàëè ãðàäàö³þ 
íåçàëåæíî¿ ïåðåì³ííî¿. Ìàðêåðíèìè ââàæàëèñü ò³ëüêè ò³ ëîêóñè, ð³çíè-
öÿ ì³æ ñåëåêòèâíîþ âàãîþ ÿêèõ áóëà ñòàòèñòè÷íî äîñòîâ³ðíîþ [15]. Ñå-
ëåêòèâíà âàãà ìàðêåðíîãî ëîêóñó ðîçðàõîâóâàëàñü ÿê ñåðåäíº çíà÷åííÿ 
ôåíîòèïîâî¿ îçíàêè âñ³õ îñîáèí ïîïóëÿö³¿, ÿê³ íåñóòü îäèí ³ òîé æå ìàð-
êåðíèé ãåíîòèï ïåâíîãî êëàñó. Àëå òðåáà áóëî çíàéòè òàêèé ôîðìàò íå-
çàëåæíî¿ ïåðåì³ííî¿, ÿêèé ³íòåãðóâàâ áè ïîêàçíèêè óñ³õ ìàðêåðíèõ àëå-
ëåé ïåâíî¿ îçíàêè ³ â³äîáðàæàâ ïåâíîþ ì³ðîþ ä³þ ãåíîòèïó íà êîíêðåòíó 
îçíàêó. Ç ö³ºþ ìåòîþ áóëî óâåäåíî ïîíÿòòÿ «çàãàëüíà ìàðêåðíà ì³òêà» 
(ÇÌÌ), ÿêà ³íòåãðóº ç îäíîãî áîêó ìàðêåðí³ àëåë³ ð³çíèõ ïîë³ìîðô³â òà 
¿õí³õ ãåíîòèïîâèõ êëàñ³â (ÀÀ, ÀÂ, ÂÂ, À-, àà) ³ â³äîáðàæàº ìàðêåðíèé ãåíî-
òèï îñîáèíè çà ïåâíî¿ îçíàêè, ç äðóãîãî — â³äïîâ³äíó çâ’ÿçàíó ñèñòåìó 
QTL, ÿêà êîíòðîëþº ôåíîòèïîâèé ïðîÿâ ö³º¿ îçíàêè. Ôîðìóâàííÿ ÇÌÌ 
ïîêàçàíî íà ïðèêëàä³ îçíàêè «âì³ñò êðîõìàëþ», ùî ìàðêóºòüñÿ äâîìà 
ISSR- ëîêóñàìè: isp5_789 òà isp7_797 (òàáë. 1). 

Òàáëèöÿ 1 

Ðåêîìá³íàö³éí³ êëàñè çà ÇÌÌ òåñòîâî¿ ñèñòåìè isp5_789 — isp7_797 
äëÿ îçíàêè «âì³ñò êðîõìàëþ», %

Ðåêîìá³íà-
ö³éí³ êëàñè 

Ëîêóñ isp5_789 Ëîêóñ isp7_797 Óçàãàëüíåí³ 
ôåíîòèïîâ³ 

êëàñè çà ÇÌÌ

Ãåíîòèïîâ³ 
ãðàäàö³¿ çà 

ÇÌÌ
ãåíîòèï ôåíîòèï ãåíîòèï ôåíîòèï

1 À- 56,7 À- 56,7 56,7 1
2 À- 56,7 àà 51,6 54,2 3
3 àà 54,2 À- 56,7 55,4 2
4 àà 54,2 àà 51,6 52,9 4

ßê ïîêàçàëè íàø³ ïîïåðåäí³ äîñë³äæåííÿ, äëÿ åôåêòèâíîãî äîáîðó 
³ ïðîãíîçóâàííÿ â òåñòîâó ñèñòåìó äîáèðàþòü ìàðêåðè ïåðåäóñ³ì ³ çî-
êðåìà çà òàêèìè êðèòåð³ÿìè: íàéá³ëüø íàä³éí³, ùî ò³ñíî ç÷åïëåí³ ç QTL; 
êîäîì³íàíòí³ SSR-ìàðêåðè, ó ÿêèõ ôàêòè÷íå ðîçùåïëåííÿ â³äïîâ³äàº òå-
îðåòè÷íîìó. 

Ìîäåëþâàííÿ ïðîãíîçó ðåçóëüòàò³â äîáîðó çà ÄÍÊ-ìàðêåðàìè â ïî-
ïóëÿö³¿ F

2
 ïðåäñòàâëåíî íà ïðèêëàä³ îçíàêè «âèñîòà ïðèêð³ïëåííÿ êà÷à-
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íà». Áóëà ðîçãëÿíóòà ìîæëèâ³ñòü ïðîãíîçóâàííÿ âèñîêèõ ¿¿ çíà÷åíü. Öüî-
ìó çàâäàííþ â³äïîâ³äàëî 6 ìàðêåð³â. Ó ðåçóëüòàò³ äåòàëüíîãî àíàë³çó çà 
êðèòåð³ÿìè åôåêòèâíîñò³ áóëî çàëèøåíî ò³ëüêè 3 ìàðêåðè — äâà SSR ³ 
îäèí ISSR. Àëå â ïîäàëüøîìó âèÿâèëîñÿ, ùî ISSR-ìàðêåð íå çàáåçïå÷óº 
íàÿâíîñò³ âñ³õ íåîáõ³äíèõ ðåêîìá³íàíòíèõ êëàñ³â. Òîìó áóëî ñôîðìîâàíî 
2-ëîêóñíó òåñòîâó ñèñòåìó ³ç äâîõ SSR-ìàðêåð³â: nc030 — phi083. Ðå-
êîìá³íàíòí³ ãðàäàö³¿ çà ÇÌÌ, ãåíîòèïè ëîêóñ³â òåñòîâî¿ ñèñòåìè (ó ìîëå-
êóëÿðí³é ìàñ³ ïîë³ìîðôíîãî ïðîäóêòó), ðåçóëüòàòè äîáîðó çà ãåíîòèïîì 
òà â³äïîâ³äí³ ôåíîòèïîâ³ êëàñè (ó ôîðìàò³ d — â³äõèëåííÿ îçíàêè â³ä ïî-
ïóëÿö³éíî¿ ñåðåäíüî¿) íàâîäÿòüñÿ â òàáëèö³ 2. 

Òàáëèöÿ 2 

Ðåêîìá³íàíòí³ ãðàäàö³¿ çà ÇÌÌ, ãåíîòèïè ëîêóñ³â òåñòîâî¿ ñèñòåìè (ï. í.), 
ðåçóëüòàòè äîáîðó çà ãåíîòèïîì òà â³äïîâ³äí³ ôåíîòèïîâ³ êëàñè 

çà ïîêàçíèêîì d îçíàêè «âèñîòà ïðèêð³ïëåííÿ êà÷àíà» 

Ãðàäàö³¿ 
çà ÇÌÌ

Âèá³ðêà 
ãåíîòèï³â

Ãåíîòèï 
ëîêóñó 

nc030, ï. í.

Ãåíîòèï 
ëîêóñó 

phi083, ï. í.

Ñåðåäí³ çíà÷åííÿ 
d-ïîêàçíèêà äëÿ êëàñ³â ÇÌÌ çà:

ãåíîòèïîì ôåíîòèïîì
0 18 112–112 170–178 –3,8

-3,1*1 40 112–108 170–178 –3,1
2 14 112–112 178–178 –2,4
3 19 112–108 170–170 –0,7

-0,23*4 26 108–108 170–178 –0,5
5 10 112–112 170–170 0,5
6 10 108–108 178–178 2,4

2,67*7 27 112–108 178–178 2,6
8 15 108–108 170–170 3,0

* Ð³çíèöÿ ç ³íøèìè ôåíîòèïîâèìè êëàñàìè ñóòòºâà ïðè Ð  0,05. 

Ó F
2 

ê³ëüê³ñòü
 
ðåêîìá³íàíò³â äëÿ âñ³õ àëåëüíèõ ñïîëó÷åíü äâîõ SSR-

ëîêóñ³â ñêëàäàº 9 êëàñ³â. Óñ³ âîíè áóëè âèÿâëåí³ â äîñë³ä³ â ñòàòèñòè÷íî 
íåîáõ³äí³é ê³ëüêîñò³. ßê ïîêàçóþòü íàâåäåí³ äàí³, íå êîæíà àëåëüíà çì³-
íà â QTL, ÿêà êîíòðîëþºòüñÿ ÷åðåç â³äïîâ³äíèé ìàðêåðíèé ëîêóñ, ìîæå 
ïðèçâîäèòè äî ñóòòºâèõ ôåíîòèïîâèõ çì³í îçíàêè ãåíîòèïîâèõ êëàñ³â çà 
ÇÌÌ, íàïðèêëàä, 0; 1; 2. Àëå ñôîðìîâàí³ ôåíîòèïîâ³ êëàñè (–3,1; –0,23; 
2,67), ÿê ³ â³äïîâ³äí³ ¿ì ãåíîòèïîâ³, äîñòîâ³ðíî (Ð  0,05) â³äð³çíÿëèñÿ ì³æ 
ñîáîþ. Ïîäàëüøèé ðåãðåñ³éíèé àíàë³ç çâ’ÿçêó ì³æ ìàðêåðíèì ïðîô³-
ëåì ãåíîòèïó îçíàêè ó ôîðìàò³ ÇÌÌ çíà÷åíü ³ ¿¿ â³äïîâ³äíèìè ôåíîòè-
ïîâèìè êëàñàìè (ó ôîðìàò³ d) äîçâîëèâ ðîçðàõóâàòè ð³âíÿííÿ ðåãðåñ³¿: 
y = –3.1 + 2.85x. 

Âèçíà÷åíèé êîåô³ö³ºíò ðåãðåñ³¿ (b = 2,85) îçíà÷àº, ùî â ðåçóëüòàò³ 
âèÿâëåíîãî ôóíêö³îíàëüíîãî çâ’ÿçêó ì³æ çàñòîñîâàíîþ ìàðêåðíîþ ñèñ-
òåìîþ ³ ëîêóñàìè äîñë³äæåíî¿ îçíàêè ïðè ïåâí³é àëåëüí³é çì³í³ â çíà÷åí-
í³ ÇÌÌ âèñîòà ïðèêð³ïëåííÿ êà÷àíà çì³íþºòüñÿ íà 2,85 ñì. Öåé çâ’ÿçîê, 
âèÿâëåíèé â F

2
, ³ áóâ ïîêëàäåíèé â îñíîâó ðîáî÷î¿ ã³ïîòåçè ïîáóäîâè ìî-

äåë³ ïðîãíîçóâàííÿ ð³âíÿ ðîçâèòêó îçíàêè â íàñòóïí³é ãåíåðàö³¿ — F
3. 
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y = -3,1 + 2,85 ;    b = 2,85 ± 0,27 
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Ðèñ. Òåîðåòè÷íà ë³í³ÿ ðåãðåñ³¿ ó ïî õ; ó — ó ïîêàçíèêàõ d (ñì) ÿê â³äõèëåííÿ 
â³ä ñåðåäíüî¿ ó ïîïóëÿö³¿ F

2 
; õ — ãåíîòèïîâ³ êëàñè çà ÇÌÌ ìàðêåðíî¿ ñèñòåìè 

nc030 — phi083; çíà÷åííÿ ó äëÿ îçíàêè «âèñîòà ïðèêð³ïëåííÿ êà÷àíà» çíàõî-
äÿòüñÿ íà ïåðåõðåñò³ ë³í³¿ ðåãðåñ³¿ ç òî÷êàìè ÇÌÌ íà îñ³ õ (-3,1; -0,25; 2,6 ñì) 

Ç ö³ºþ ìåòîþ áóëî ïðîâåäåíî ãåíîòèïóâàííÿ ïîïóëÿö³¿ F
3 

çà äîïî-
ìîãîþ âèçíà÷åíî¿ ìàðêåðíî¿ ñèñòåìè nc030 — phi083. Íà îñíîâ³ ðîç-
ðàõîâàíîãî â F

2
 êîåô³ö³ºíòà ðåãðåñ³¿ (b = 2,85) ³ ãåíîòèïîâèõ êëàñ³â çà 

ÇÌÌ ïîáóäîâàíà òåîðåòè÷íà ë³í³ÿ ðåãðåñ³¿ äëÿ ïîïóëÿö³¿ F
3
 (ðèñ.). Ïðî-

ãíîçîâàí³ çíà÷åííÿ îçíàêè «âèñîòà ïðèêð³ïëåííÿ êà÷àíà» â ïîïóëÿö³¿ F
3
 

çíàõîäèìî íà ïåðåõðåñò³ ë³í³¿ ðåãðåñ³¿ ç îðäèíàòîþ y (d ïàðàìåòð), ÿê³ 
äîð³âíþþòü -3,1; -0,25; 2,60 ñì â³äïîâ³äíî äî ìàðêåðíèõ òî÷îê çà ÇÌÌ 
(0; 1; 2). 

Ç ìåòîþ ïåðåâ³ðêè ïðîãíîçóâàëüíî¿ çäàòíîñò³ ðîçðîáëåíî¿ ìîäåë³ 
áóëî îö³íåíî ð³âåíü â³äïîâ³äíîñò³ ðîçðàõîâàíèõ ïðîãíîçíèõ ³ ôàêòè÷íèõ 
çíà÷åíü âèñîòè ïðèêð³ïëåííÿ êà÷àíà ó ðîñëèí ïîïóëÿö³¿ F

3 
(òàáë. 3). 

Îö³íêà åôåêòèâíîñò³ ôóíêö³îíóâàííÿ ìîäåë³ ïðîãíîçóâàííÿ âèÿâèëà 
ñåðåäí³é ñòóï³íü çâ’ÿçêó (r = 0,545) ì³æ ïðîãíîçîâàíèìè ³ ôàêòè÷íèìè 
çíà÷åííÿìè îçíàêè «âèñîòà ïðèêð³ïëåííÿ êà÷àíà». Ìè ïåðåâ³ðèëè ñòó-
ï³íü íàä³éíîñò³ ïðîãíîçó ð³âíÿ ðîçâèòêó îêðåìèõ âàæëèâèõ îçíàê çà íàé-
á³ëüø åôåêòèâíèìè òåñòîâèìè ñèñòåìàìè (òàáë. 4). 

Äëÿ âèÿâëåííÿ ñïðàâæíüîãî ð³âíÿ çâ’ÿçêó ì³æ ïðîãíîçîâàíèìè ³ ôàê-
òè÷íèìè äàíèìè îö³íþâàëè êîåô³ö³ºíò äåòåðì³íàö³¿ (r2). Íàéá³ëüø íà-
ä³éíèì (r2=0,69) âèÿâèâñÿ ïðîãíîç äëÿ îçíàêè «âåëè÷èíà ðîçãàëóæåíîãî 
ïðîñòîðó âîëîò³» çà äâîëîêóñíîþ òåñòîâîþ ñèñòåìîþ phi 083 — isp7_466 
(SSR — ISSR ìàðêåðè). 
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Òàáëèöÿ 3 

Ðåçóëüòàòè ïåðåâ³ðêè â³äïîâ³äíîñò³ ïðîãíîçíèõ ³ ôàêòè÷íèõ çíà÷åíü îçíàêè 
«âèñîòà ïðèêð³ïëåííÿ êà÷àíà» ó ðîñëèí ïîïóëÿö³¿ F

3
,

 
ãåíîòèïîâàíèõ

 

çà òåñòîâîþ ñèñòåìîþ nc030 — phi083

¹
 ð

îñ
-

ëè
íè

Çíà÷åííÿ d, ñì

¹
 ð

îñ
-

ëè
íè

Çíà÷åííÿ d, ñì

¹
 ð

îñ
-

ëè
íè

Çíà÷åííÿ d, ñì
çà ïðîãíî- 

çîì
ôàê-
òè÷íå

çà ïðîãíî- 
çîì

ôàê-
òè÷íå

çà ïðîãíî-
çîì

ôàê-
òè÷íå

1 –3,1 –4,7 8 –0,25 –0,7 15 2,6 1,3
2 –3,1 0,3 9 –0,25 0,3 16 2,6 1,3
3 –3,1 –2,7 10 –0,25 2,3 17 2,6 2,3
4 –3,1 –0,7 11 –0,25 2,3 18 2,6 2,3
5 –3,1 –3,7 12 –0,25 –0,7 19 2,6 –2,7
6 –3,1 –2,7 13 –0,25 –1,7 20 2,6 8,3
7 –3,1 –2,7 14 –0,25 2,3 21 2,6 –2,7

r = 0,545* *Ð < 0,01 

Òàáëèöÿ 4 
Åôåêòèâí³ñòü ïðîãíîçó (r 2) ð³âíÿ ðîçâèòêó îêðåìèõ ê³ëüê³ñíèõ îçíàê 

ó ðîñëèí ïîïóëÿö³¿ F
3 

íà îñíîâ³ íàéá³ëüø åôåêòèâíèõ òåñòîâèõ ñèñòåì 
ìîëåêóëÿðíèõ ìàðêåð³â 

Îçíàêà
Òåñòîâà ñèñòåìà 

ìàðêåð³â
Êîåô³ö³ºíò 

êîðåëÿö³¿ (r )
Êîåô³ö³ºíò äå-
òåðì³íàö³¿ (r2)

Âèñîòà ïðèêð³ïëåííÿ êà÷àíà nc030 — phi083 0,54* 0.29
Âåëè÷èíà ðîçãàëóæåíîãî ïðî-
ñòîðó âîëîò³

phi 083 — isp7_466 0.83* 0.69

²íäèâ³äóàëüíà ïðîäóêòèâí³ñòü nc030 — isp7_594 0.50* 0.25

*Ð < 0,01. 

Îòæå, ð³âåíü íàä³éíîñò³ ïðîãíîçó çì³íþâàâñÿ ó ìåæàõ r2=25–69 %. 
Âèïàäêè íèçüêîãî (25 %) ð³âíÿ â³äïîâ³äíîñò³ ïðîãíîçó ôàêòè÷íèì äàíèì 
ìîæíà ïîÿñíèòè ç÷åïëåííÿì äåÿêèõ ìàðêåð³â ñàìå ç³ ñëàáêîâïëèâîâèìè 
ñòðóêòóðíèìè ëîêóñàìè, àáî íåäîñòàòíüî ò³ñíèì ç÷åïëåííÿì ì³æ íèìè: 
âèçíà÷åíà â³äñòàíü ì³æ ìàðêåðàìè ³ QTL çì³íþâàëàñü ó ìåæàõ 17,1–
42,6 ñÌ. Ââàæàºòüñÿ, ùî îïòèìàëüíîþ äëÿ íàä³éíîãî MAS-äîáîðó, îòæå 
³ ïðîãíîçó, º äèñòàíö³ÿ 5–20 ñÌ [16]. 

Íà îñíîâ³ íàâåäåíî¿ ìîëåêóëÿðíî-ãåíåòè÷íî¿ ìîäåë³ ðîçðîáëåíî ³ 
çàïàòåíòîâàíî ñïîñ³á ÄÍÊ-ïðîãíîçóâàííÿ ³ äîáîðó â ïîïóëÿö³ÿõ êóêóðó-
äçè êðàùèõ ãåíîòèï³â ç ö³ííèìè ê³ëüê³ñíèìè îçíàêàìè [ 17]. 

Âèñíîâêè 
Ðîçðîáëåíèé ñïîñ³á ÄÍÊ-ïðîãíîçóâàííÿ äîçâîëÿº äîáèðàòè ãåíî-

òèïè ðîñëèíè ç ïåðåäáà÷åíèì ð³âíåì ðîçâèòêó ö³ííèõ ê³ëüê³ñíèõ îçíàê ó 
ðàíí³õ ðîçùåïëåíèõ ã³áðèäíèõ ïîïóëÿö³ÿõ ³ òàêèì ÷èíîì çíà÷íî ïðèñêî-
ðþâàòè ïðîöåñ äîáîðó òà ñêîðî÷óâàòè îáñÿãè ñåëåêö³éíî¿ ðîáîòè. 

Ðåàë³ñòè÷íèé ïðîãíîç ð³âíÿ ðîçâèòêó ö³ííèõ îçíàê ðîñëèí ó ïîïóëÿö³¿ 
íàñòóïíî¿ ãåíåðàö³¿ âèÿâèâñÿ ìîæëèâèì íà îñíîâ³ ìîäåë³ ðåãðåñ³éíîãî 
çâ’ÿçêó ì³æ ñèñòåìîþ ïåâíèõ ãåíåòè÷íèõ ìàðêåð³â ³ â³äïîâ³äíèõ QTL. 
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Íàéá³ëüø åôåêòèâíîþ âèÿâèëàñÿ ìîäåëü äâîëîêóñíî¿ òåñòîâî¿ ñèñ-
òåìè íà áàç³ SSR òà ISSR ìàðêåð³â, ÿêà çàáåçïå÷óâàëà ð³âåíü íàä³éíîñò³ 
ïðîãíîçó äëÿ ïåâíèõ îçíàê ó ìåæàõ r2 = 29–69 %. 
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Belousov A. Î., Sokolov V. M., Domenjuc V. P. Plant Breeding and 
Genetics Institute — National Center of Seed and Cultivar Investigations 

MAS-TECHNOLOGY USING IN MAYZE (Zea mays L.) BREEDING 
FOR HETEROSIS 

MAS-technology for prediction the segregating maize population feno-
typing parameters of quantitative traits has been elaborated with using the 
molecular marker test system. The algorithm of the genetic-statistical con-
nection between the genetic marker test system and QTL was proposed as a 
function base for the elaborated DNA technology. There has been shown, that 
the efficiency of the proposed DNA-prediction, calculated according to the 
coefficient determination (r2), was 29–69 % and depended on genetic pecu-
liarities of quantitative traits and molecular markers type. 
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Áåëîóñîâ À. À., Ñîêîëîâ Â. Ì., Äîìåíþê Â. Ï. 

ÈÑÏÎËÜÇÎÂÀÍÈÅ MAS-ÒÅÕÍÎËÎÃÈÈ Â ÑÅËÅÊÖÈÈ ÊÓÊÓÐÓÇÛ 
(Zea mays L.) ÍÀ ÃÅÒÅÐÎÇÈÑ 

Ðàçðàáîòàíà MAS-òåõíîëîãèÿ ïðîãíîçèðîâàíèÿ ôåíîòèïè÷åñêèõ 
ïàðàìåòðîâ ðàñùåïëÿþùåéñÿ ïîïóëÿöèè êóêóðóçû ïî êîëè÷åñòâåííûì 
ïðèçíàêàì. Ïðåäëîæåí àëãîðèòì ãåíåòèêî-ñòàòèñòè÷åñêîé ñâÿçè ìåæäó 
òåñòîâîé ñèñòåìîé ãåíåòè÷åñêèõ ìàðêåðîâ è QTL êàê ôóíêöèîíàëüíîé 
îñíîâû ðàçðàáîòàííîé ÄÍÊ-òåõíîëîãèè. Ïîêàçàíî, ÷òî ýôôåêòèâíîñòü 
ïðåäëîæåííîãî ÄÍÊ-ïðîãíîçà, ðàññ÷èòàííîãî íà îñíîâå çíà÷åíèé êîýô-
ôèöèåíòà äåòåðìèíàöèè (r2), ñîñòàâëÿåò 29–69 % è çàâèñèò îò ãåíåòè÷å-
ñêèõ îñîáåííîñòåé êîëè÷åñòâåííûõ ïðèçíàêîâ è òèïà èñïîëüçîâàííûõ 
ìîëåêóëÿðíûõ ìàðêåðîâ. 
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DNA TYPING OF AGRICULTURAL CROPS BY MICROSATELLITE 
ANALYSIS FOR THE PURPOSES OF GENOTYPE DIFFERENTIATION, 
IDENTIFICATION AND REGISTRATION 

Principles of microsatellite marker systems for breeding and varieties 
investigation needs were analyzed basing on material of bread winter 
wheat (Triticum aestivum L.), barley (Hordeum vulgare L.), maize (Zea 
mays L.), sunflower (Helianthus annuus L.), hop (Humulus lupulus L.), 
rice (Oriza sativa L.), sorghum (Sorghum bicolor L.). The key features 
of such microsatellite systems are their multi-allelic nature, reproduc-
ibility, high polymorphism, easy automation, and co-dominant inheri-
tance. Attention is paid to determination of allelic state of agriculturally 
important genes that can be used as supplementary part of the existing 
molecular genetic formulas. 

Key words: molecular markers, microsatellite analysis, variety investi-
gation, identification, differentiation. 

Introduction. Nowadays the application of modern biotechnology to plant 
breeding is acknowledged to be more effective and quicker than conventional 
breeding techniques in the creation of new stable and more resistant crop vari-
eties. Molecular markers are the modern strategy used to characterize the ge-
netic diversity and redefine the plant genetic resources. Genetic improvement of 
wheat varieties depends on the existence of different diversified and preferable 
genes or alleles suitable for the environmental conditions of Southern steppe. 
However modern intensive plant breeding practices led to narrowing of genetic 
diversity in crop varieties. Knowledge of the genetic diversity, allelic composition 
of economically important loci, the genetic relationship between genotypes and 
their pedigrees is essential for breeding as well as for the best protection and 
saving of plant varieties in genetic collections and gene banks all over the world. 

Enforcement of Trade Related Aspects of Intellectual Property Rights 
Agreement (TRIPs) under World Trade Organization (WTO) has resulted in 

©  Kolesnyk O. O., Chebotar S. V., Volkova N. E., 
Balvinska M. S., Solodenko A. E., Galaev Î. V., 2015
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worldwide shift from free exchange and unhindered exploitation to controlled 
access to plant genetic resources. Intellectual property rights of plant breed-
ers need to be protected. A new plant variety requires novelty, denomination, 
distinctness, uniformity, and stability (DUS) to get registered for protection 
of plant breeder rights based on the International Union for the Protection of 
New Varieties of Plants (UPOV) regulations. The estimation of morphological 
characters is used for the DUS test and it is obvious to conduct several grow-
ing cycles at the fields or greenhouse for growth trials and to cultivate plants 
to complete ripeness. 

A significant problem becomes determining the features of the variety 
structure, as well as the genetic monotony of lines and the typicalness of 
hybrids by assessment of plant morphological traits and conducting pheno-
typical tests in fields. Moreover, estimation of morphological traits has restric-
tions, such as subjectivity in the analysis of a morphological trait; their ex-
pression is affected by environmental factors or the technique of treatment, 
inability to reveal the distinctions between closely related genotypes, the op-
portunity of testing only adult plants, etc. The advantages of DNA markers 
are as follows: independence of the DNA sequence from the environmental 
conditions, presence of the same DNA in each plant cell which allows one to 
conduct studies on any tissues, a potential opportunity to receive an unlimited 
quantity of informative DNA markers, and an opportunity to analyze practi-
cally entire genome [1]. 

UPOV has constituted a Working Group on Biochemical and Molecular 
Techniques and DNA Profiling in Particular (BMT) to study the utility of mo-
lecular markers in the variety registration system which recommended [2–4] 
to use molecular techniques in establishing distinctness between candidate 
varieties. Molecular marker system is one of the most effective methods for 
DNA profiling of crop genotypes and assessing genetic diversity and related-
ness among them [5]. Thus, a rapid and robust DNA marker technique has 
been used to identify cultivars for the DUS test [6]. DNA markers have many 
advantages to identify varieties due to their independence from environmen-
tal influences. The UPOV suggests that simple sequence repeat (SSR) mark-
ers are suitable for a DNA profiling database due to their multi-allelic nature, 
reproducibility, high polymorphism, easy automation, and codominant inher-
itance [4]. SSRs are present in both coding and noncoding regions [7, 8]. 
At the moment, among other molecular techniques SSR markers are widely 
used in plant breeding and genomic research and are the bases for mapping 
of genes and qualitative trait loci (QTLs), marker assisted breeding, phyloge-
netic studies and comparative genomics [9–11]. Microsatellite markers have 
been integrated into the molecular genetic maps of a number of plant spe-
cies, and they have been successfully used to perform gene-mapping, popu-
lation and evolutionary studies for the purpose of variety development [12]. 

In recent years, microsatellite markers have been widely used to screen, 
characterize and evaluate genetic diversity in cereal species [13–19]. In par-
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ticular, microsatellite-based methods offer an attractive high-throughput and 
non-labor-intensive way to identify, differentiate and registry agricultural crop 
varieties, lines and hybrids according to fulfilling breeding programs. Further-
more, the development of molecular methods to efficiently identify additional 
agriculturally important genes has the potential to greatly improve modern 
varieties, and such methods would help accelerate the application of marker 
assisted selection (MAS) breeding in crop improvement programs. 

The main objectives of this study are the following: (i) to outline the way 
of applying of DNA typing for the purposes of identification and registration 
of varieties; (ii) to provide the quantity of varieties, lines and hybrids of differ-
ent agricultural crops which were DNA-typed by microsatellite markers; (iii) 
to outline the examples of molecular-genetic formulas given as passports to 
protect plant breeder’s rights; and (iv) to provide examples of how markers of 
agriculturally important genes have been used to supply the existing molecu-
lar genetic formulas. 

Material and methods. The analyzed material consists of varieties, lines 
and hybrids of such agricultural crops as bread winter wheat (Triticum aesti-
vum L.), barley (Hordeum vulgare L.), maize (Zea mays L.), sunflower (Helian-
thus annuus L.), hop (Humulus lupulus L.), rice (Oriza sativa L.), five sorghum 
(Sorghum bicolor M.) species: grain sorghum (S. bicolor), sugar sorghum 
(S. saccharatum), broom sorghum (S. technicus), sudanka (S. sydanense), 
soryz (S. orysoidum). 

Genomic DNA was extracted from seedlings using modified CTAB method 
[20]. Polymerase chain reactions (PCR) was performed on a Tertsyk thermo-
cycler (DNA Technology, Russia) according to [13, 15, 16, 19, 21–28], with 35 
cycles of denaturation for 1 min at 94° Ñ, annealing for 1 min at 50° Ñ (55 or 60° Ñ 
depending on the primer) and extension for 1 min at 72° Ñ followed by a final 
extension step for 5 min at 72° Ñ. PCR was carried out in a final reaction volume 
of 20–25 μL containing: 60 ng of DNA; 0.25 μM of each primer; 1 x PCR-buffer 
(40 mÌ Tris-ÍÑl ðÍ 8,4; 25 mÌ ÊÑ1; 1.5 mM of MgCl

2
; 0,01 % Tween-20); 

0,2 mM of each dNTP; 1–2 unit of Taq-polymerase. The amplification prod-
ucts (10-μL aliquot of the PCR mixture) were separated in 7 % polyacrylamide 
gel in 1 x TBE using Höfer scientific instruments (USA). Visualization of PCR 
products was performed by the staining of gels in AgNO

3
 according to «Silver 

sequence TM DNA Sequencing System Technical Manual» [29]. Image Master 
VDS video system (Amersham Pharmacia Biotech, USA) was used to assess 
the fragment size of the alleles at each microsatellite locus. The pUC19 DNA/
MspI and 100 bp DNA Ladder were used as standard ladders. Statistical pro-
cessing of the results obtained was carried out by standard methods [30]. 

Results and discussion 
The way of applying of DNA typing for the purposes of identifica-

tion and registration of varieties. A method for the identification of plant 
varieties by DNA typing has been first developed in South Biotechnology 
Center (National Academy of Agricultural Sciences) [31], which later be-
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comes the department of general and molecular biology of Plant breeding 
and genetics Institute — National center of seed and cultivar investigation 
(PBGI–NCSCI). There the polymerase chain reaction (PCR) analysis was 
introduced by Acad. Yu. M. Sivolap to investigate the molecular–genetic 
polymorphism and the technology of the application of DNA typing for the 
identification and registration of varieties was developed and reported on 
the Seventh Session of the Working Group on Biochemical and Molecular 
Techniques and DNA-Profiling in Particular of UPOV (Hanover, Germany. 
21–23.11.2001) [32]. 

A molecular genetic formula of a variety is proposed [33]. In the men-
tioned formula, the tested variable locus is coded by a Latin letter, and the 
molecular mass of a detected allele is presented in the lower index. Thus, 
the formula consists of two parts. One of them is differentiating, which gives 
the opportunity to identify a variety, a line, or a hybrid. The second part con-
tains data concerning the allelic condition of microsatellite loci. Such formu-
la gives representation of the genetic structure of variety and the conformity 
of a variety to the UPOV requirements for monotony. The variety definition 
by DNA technology has incomparably larger productivity, opportunity for 
the objective evaluation of data, testing at all stages of ontogenesis, and 
other advantages in comparison to traditional methods based on pheno-
typic analysis (DUS tests). The use of 12–15 SSR loci gives the possibility 
to differentiate uniquely, identify and register varieties of wheat [34], barley 
[35–37], maize [38], sunflower [39, 40], sorghum [15, 41], rye [42], hop 
[19] and rice [13]. 

Number of varieties, lines and hybrids of different agricultural crops 
which were DNA typed by microsatellite markers. A variety that consists 
of several genotypes and all the genotypes differ in the allelic composition, 
has a combination of biotypes and each of them differs in the molecular mass 
of alleles; each biotype of such variety is characterized by microsatellite loci 
that have certain alleles detected at appropriate loci; and it is desirable to de-
termine the frequency of the occurrence of each of them in the variety [33]. 
A list of varieties, lines and hybrids which were DNA typed in the department 
of general and molecular biology (PBGI–NCSCI) is given in Table 1. 

Information about genetic diversity pattern among modern varieties is es-
sentially important for understanding direction of contemporary breeding and 
for further genetic improvement of varieties or creation new ones. The effec-
tiveness of the new improvement technologies of crops depends largely on 
studies of the genetic diversity in collections of cereals on the basis of the mo-
lecular genetic markers. The allele characterization of the microsatellite loci 
of varieties allows to evaluate genetic variability level in the pool of the modern 
Ukrainian agricultural crops as well as cataloging of different varieties. The 
evaluation of genetic heterogeneity makes it possible not only to characterize 
the structure and composition of varieties, but also allows to control the qual-
ity of seeds and genetic purity of varieties. 
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Table 1 

Consolidated list of varieties, lines and hybrids DNA typed in department of general 
and molecular biology, PBGI–NCSCI

Crop Number of varieties / lines / hybrids Studied SSR loci

Overall 
number of 
detected 

alleles

Wheat

Varieties Hospodynia, Scarbnytsia, 
Kosovytsia, Antonivka, Zamozhnist’, 
Blahodarka odes’ka, Misiia odes’ka, 

Dal’nyts’ka, Yednist’, Kiriia, Liona, Kuial’nyk, 
Poshana, Zaporuka, Bunchuk, Podiaka, 

Oksana, Zahrava odes’ka, Epokha 
odes’ka, Lytanivka, Sluzhnytsia odes’ka, 
Hoduval’nutsia odes’ka, Istyna odes’ka, 

Zmina, Dovira, Krasen’, Otaman, Albatros 
odes’kyi, Bezosta 1 (two samples), 

Borvii, Turunchuk, Diuk, Nebokrai, Khyst, 
Pylypivka, Zorepad, Zhaivir, Uzhynok, 
Hurt, Dobrochyn, Vatazhok, Pol’ovyk, 

Holubka odes’ka, Kniahynia O’lha, Lebidka 
odes’ka (two samples), Zhuravka odes’ka, 

Bezmezhna, Lastivka odes’ka 
(48 varieties, 172 biotypes)

Xgwm357–1A, 
Xgwm18–1B, 
Xtaglgap-1B, 

Xgwm095–2A, 
Xgwm155–3A, 
Xgwm389–3B, 

Xgwm3–3D, 
Xgwm165/I-4D, 
Xgwm186–5A, 
Xgwm408–5B, 
Xgwm190–5D, 
Xgwm325–6D, 
Xgwm577–7B, 
Xgwm437–7D, 
Xbarc126–7D, 
Xgwm44–7D, 

Xwmc405–7D,

114

Barley

Pallidum 32, Medykum 46, Odeskyy 9, 
Odeskyy 14, Odeskyy 18, Uzhnyy, Stepovyy, 

Nutans 106, Odeskyy 36, Chornomorets, 
Nutans 244, Slavutich, Odeskyy 69, 

Odeskyy 70, Odeskyy 82, Nutans 518, 
Druzhba, Pervenets, Odeskyy 100, Visnyk, 

Odeskyy 111, Nutans 778, Romantyk, 
Typhun, Eney 1, Odeskyy 115, Ityl, Gelios 1, 
Preriya, Poss, Pallidum 107, Odeskyy 131, 

Odeskyy 151, Spomyn, Prestij, Deribas, 
Peremozhnyy, Gambrynus, Stalker, Edem, 
Nezalezhnyy, Adapt, Galateya, Galactyk, 

Zorianyy, Pivdennyy, Getman, Obolon, 
Chudovyy, Vacula, Selenit, Charivnyy, 

Kazkovyy, Vodogray, Gelios 2, Komandor, 
Eney 2 

(57 varieties)

EBmac501, 
UMB503, 

AWBMS56, 
Bmac93, 

Bmag225, 
EBmac701, 
Bmac310, 
Bmac96, 

EBmac602, 
Bmag321, 
Bmag341, 
Bmag120

126

Sorghum

grain sorghum (NK-180, K 35-E5, NK-
5418, NK-2517, NK-1486); sugar sorghum 
(Odesskiy 1800, 1969 Budzhak, Odesskiy 

2111, Odesskiy 2113, 2179 Budzhak); 
broom sorgum (2645 Budzhak, 2806 

Budzhak, 2778 Budzhak); 

p 13, p 32, p 37, 
p 39, p 43, p 44, 
p 48, p 49, p 57, 
p 83, Sb4–32, 

Sb4–12, Sb6–36, 
Sb6–57, Sb6–84,

50
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Table 1 continued

Crop Number of varieties / lines / hybrids Studied SSR loci

Overall 
number of 
detected 

alleles

Sorghum

sudanka (2810 Budzhak, Sudanka 1); soryz 
(4005 Budzhak, 2265 Budzhak, 721/I, 1/II, 

Odesskiy 302) 
(20 lines)

Xtxp 18, Xtxp 250, 
Xtxp 400, Xtxp 

406

Maize

Lines GÊ11,GÊ26, DÊ2/427–5, DÊ66, 
DÊ185, DÊ266/417, DÊ267, DÊ267–4, 
DÊ277–9, DÊ277–10, DÊ279, DÊ293, 

DÊ312, DÊ315, DÊ322, DÊ347, DÊ366, 
DÊ374/707, DÊ403, DÊ411–12, DÊ417–32, 
DÊ420–17, DÊ427, DÊ429, DÊ437, DÊ487, 

DÊ507, DÊ517, DÊ633/619–5, DÊ710, 
DÊ714, IÊ107–1, IÊ205–2, Îdes’ka 7, 
Îdes’ka 17, Îdes’ka 18, Îdes’ka 24, 

Îdes’ka 141, Îdes’ka 221, Îdes’ka 308, 
Îdes’ka 329, Îdes’ka 384, Îdes’ka 386, 
À654, BAM97, CA33, F2, F564, F564–12, 

HMV404, Oh43, ÎÊ109, ÎÌ74, Ð101, 
Ð346, Ð502, PLS61, 156Rf. 

Hybrids DAR 347, Dneprovs’kiy 181, 
Dneprovs’kiy 196, Dneprovs’kiy 197, 
Dneprovs’kiy 223, Dneprovs’kiy 227, 
Dneprovs’kiy 293, Dneprovs’kiy 335, 
Dneprovs’kiy 407, Dneprovs’kiy 453, 

Kadr 195, Kadr 217, Kadr 307, Kadr 443, 
Kedr, Kross 403, Melodiya, Odes’kiy 346, 

Odes’kiy 360, Odes’kiy 375, Odes’kiy 
385, Odes’kiy 480, OdMa 310, OdMa 338, 

Platan, Roza, SiD 247, SiD 357, Siren’, 
Smena, Stozhar, Suvenir, Syurpriz, Ð 3978 

(58 lines; 34 hybrids)

phi055, phi064, 
phi083, phi127, 
phi029, phi073, 
phi021, phi079, 
phi093, phi024, 
phi070, phi078, 
phi034, phi116, 
phi115, phi015, 
phi022, phi027, 
phi062, phi084 

65

Sunflower

inbred lines: Orange, Îdol1, Îd391, Îd973, 
Îd1318, Îd1295; parental lines of hybrids: 

Siver, Kovcheg, Noy, Etyud, Dar³y; 
hybrids: Îdor, Îliver, Sapf³r, Karat, Siver, 

Jason, Vsesvit, Dar³y, Etyud, Kovcheg, Noy, 
Osk³l, Psyol, Oberig, Slavutych, Lakomka, 

Master, Rodn³k, Flagman, On³ks, Chas, 
Zlatibor, Serzhan, ²ber³ko, Lat³no, PR64G, 

Tayfun, KVS Gel³ya 
(13 inbred lines; 28 hybrids)

ORS 409, 
ORS 509, 
ORS 78, 

ORS 1024, 
ORS 3, Ha 1796, 

ORS 546, 
ORS 595, 
ORS 599, 

ORS 4, Íà 1608, 
ORS 815, 
ORS 307, 

ORS 533,Ha 1209,

74
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Table 1 continued

Crop Number of varieties / lines / hybrids Studied SSR loci

Overall 
number of 
detected 

alleles

Hop

Al’ta, Zmina, Ksanta, Kumyr, Nadiya, 
Nazaryi, Obolons’kyi, Poles’kyi, Promin’, 

Chaklun (bitter varieties); Vydybor, 
Haidamats’kyi, Zhytomyrs`kyi 75, Zahrava, 

Klon 18, Oskar, Pyvovar, Polisianka, 
Slavianka, Khmeleslav (aroma varieties), 

Granit, National’ny 
(22 varieties)

HIGA3, HIGA4, 
HIGA9, HIGA29, 
HIGT1, HIGT2, 
HIGT4, HIGT5, 

HIGT9, HIGT10, 
HIAGA7

44

Rice

Ukraina_96, Ontario, Pam’yati Gichkina, 
Vicont, Agat, Prestizh, Debut, Serpnevy, 

Yantarny, Premium, Antey 
(11 varieties)

RM1, RM20, 
RM21, RM161, 

RM222, RM259, 
RM283, RM307, 
RM316, RM474, 
RM510, RM552

31

*PBGI–NCSCI is abbreviation from Plant breeding and genetics Institute — National 
center of seed and cultivar investigation. 

Thus, DNA typing holds considerable promise as a reliable tool of intellec-
tual property protection of crop varieties and germplasm. Moreover, a system 
of codominant molecular markers is able to fix the genotype of a hybrid. For 
the definition of novelty, the molecular genetic formula of a variety is com-
pared with data, which are available in an information base. Depending on the 
used equipment and the uniformity of the variety, the DNA typing procedure 
can take several weeks, instead of two or three years, which are required for 
field experiments according to the DUS test. 

Creation of molecular-genetic formulas given as passports to pro-
tect plant breeder’s rights. Based on the results of an SSR analysis of a 
variety, a molecular genetic registration certificate of a variety is created. This 
document certifies the distinctive features of the type of DNA of a variety, a 
line, or a hybrid [34–42]. The typing of DNA is the specific distribution of DNA 
fragments as amplification products in an electrophoretic gel or peaks on a 
densitogram. A molecular genetic passport reflects the features of the DNA 
structure of a variety, a line, or a hybrid, which allows identifying it and differ-
ing from other variety, line or hybrid. Table 2 contains examples of molecular 
genetic formulas of studied crop varieties, lines and hybrids which can serve 
as molecular genetic passports. 

From the given wheat formulas we can see that varieties Podiaka and Ne-
zalezhnyy are heterogeneous, consisting of five and two biotypes, respective-
ly. On the contrary varieties Oksana and Vacula are presented by only one bio-
type and meet the requirements of the UPOV in the parameter of uniformity. 
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The universality of the approach of DNA typing by microsatellite loci lies 
in the possibility of registration of any agriculture crop variety on condition of 
availability of microsatellite markers panel with high discriminatory potential. 
The examples of applying of DNA typing by microsatellite loci on other agri-
culture crops in different institutions of Ukraine and abroad are represented in 
scientific works [14, 43]. 

Table 2 

Examples of molecular genetic formulas of studied crop varieties, lines and hybrids 

Crops Molecular genetic formulas*

Wheat

Oksana (ho-
mogenious 

variety)

A
123

B
110

C
149

D
195

E
115

F
188

H
138

L
86

M
204

O
107

P
144

Q
164

R
185 

S
218

T
188

U
173

V
215

Podiaka (bio-
type 1)

A
125

B
120

C
129

D
193

E
125

F
186

H
136

L
79

M
208

O
107

P
142

Q
156

R
187 

S
216

T
188,192

U
173

V
218

Podiaka (bio-
type 2)

A
123

B
122

C
141

D
193

E
139

F
186

H
138

L
77

M
210

O
107

P
142

Q
164

R
185 

S
218

T
188,192

U
173

V
218

Podiaka (bio-
type 3)

A
123

B
110

C
141

D
193

E
129

F
192

H
138

L
77

M
212

O
107

P
142

Q
164

R
185 

S
216

T
188,192

U
137

V
218

Podiaka (bio-
type 4)

A
123

B
120

C
129

D
193

E
125

F
188

H
117

L
77

M
208

O
107

P
142

Q
164

R
185 

S
218

T
188,192

U
173

V
218

Podiaka (bio-
type 5)

A
123

B
120

C
129

D
193

E
125

F
188

H
117

L
79

M
208

O
111

P
138

Q
164

R
187 

S
216

T
188,192

U
137

V
218

Barley

Vacula (ho-
mogenious 

variety)

A
146

B
143

C
222

D
156

E
148

F
142

G
136

H
173

L
148

M
208

O
224

P
258

 

Nezalezhnyy 
(biotype 1)

A
146

B
134

C
230

D
154 

E
148

F
146

G
138

H
173

L
172

M
208

O
218

P
234

Nezalezhnyy 
(biotype 2)

A
146

B
134

C
230

D
154 

E
160

F
146

G
138

H
173

L
172

M
208

O
218

P
234

Maize
À 654

À
109

B
101

C
121

D
132

E
150

F
205

G
134

H
180

I
290

J
162

K
78

L
122

M
128

N
157

O
97

P
98 

Q
376

R
142

S
167

T
156

Roza 
À

109
B

101,117
C

121
D

128,132
E

146
F

202,205
G

134
H

180
I
286,290

J
159,162

K
78,83

L
122 

M
131 

N
162

O
97,101

P
94,98

Q
376

R
142,157

S
167

T
159

Sunflower

Od1036 (in-
bred line)

A
216

B
204

C
140

D
175

E
223

F
172

G
165

H
228

I
149

J
154

K
150

L
114

M
189

N
178

 O
228

Od122 (hy-
brid F

1
)

A
204

A
216

B
204

C
140

C
185

D
175

D
190

E
223

F
172

G
165

G
252

H
228

H
263 

I
149

I
152

J
154

J
181

K
150

K
153

L
114

M
189

N
178

O
228

Hop
Al’ta

A
194

B
198

C
194

D
186

E
186

F
228,230

G
201

H
195

I
204

J
200,

K
247,267 

L
248,264

M
580,580

N
230,240

O
188,188

P
917,1303

R
183,207

Khmeleslav
A

184,194
B

198
C

194
D

182
E

186,196
F

232
G

201
H

195
I
204,208

J
208

K
247,267 

L
248,264

M
580,580

 N
237,237

O
175,185

P
1303,1303

R
183,207

Rice
Premium A

91
B

204
C

143,130
D

172
E

184
F

159
G

157
H

130
I
198

J
253

K
121

L
215

Ukraina_96 A
91

B
201

C
143

D
176

E
184

F
159

G
157

H
130

I
198

J
253

K
121

L
215
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Table 2 continued

Crops Molecular genetic formulas*

Sorghum
Odesskiy 

1800
A

201,
 B

197,
 C

299,
 D

177,
 E

140,
 F

412,
 G

450,
 H

373,
 I

169

Sudanka 1 A
201,

 B
185,

 C
293,

 D
192,

 E
137,

 F
415,

 G
453,

 H
373,

 I
163

*Letters A — V encode microsatellite loci as follows: for wheat varieties A — Xgwm357–
1A, B — Xgwm095–2A, C — Xgwm155–3A, D — Xgwm165/1–4A, E — Xgwm186–5A, F — 
Xgwm18–1B, H — Xgwm389–3B, L — Xgwm3–3D, M — Xgwm190–5D, O — Xgwm437–
7D, P — Xgwm325–6D, Q — Xbarc126–7D, R — Xgwm44–7D, S — Xwmc405–7D, 
T — Xgwm408–5B, U — Xgwm577–7B, V — Xtaglgap-1B; for barley varieties A — 
EBmac501, B — UMB503, C — AWBMS56, D — Bmac93, E — Bmag225, F — EBmac701, 
G — Bmac310, H — Bmac96, L — EBmac602, M — Bmag321, O — Bmag341, P — 
Bmag120; for maize lines and hybrids A — phi055, B — phi064, C — phi083, D — phi127, 
E — phi029, F — phi073, G — phi021, H — phi079, I — phi093, J — phi024, K — phi070, 
L — phi078, M — phi034, N — phi116, O — phi115, P — phi015, Q — phi022, R — phi027, 
S — phi062, T — phi084; for sunflower lines and hybrids A — ORS 409, B — ORS 509, 
C — ORS 78, D — ORS 1024, E — ORS 3, F — Ha 1796, G — ORS 546, H — ORS 595, 
I — ORS 599, J — ORS 4, K — Íà 1608, L — ORS 815, M — ORS 307, N — ORS 533, O — 
Ha 1209; for hop varieties A — J — microsatellite loci; K–R — the list of genes encoding 
chalcone synthases; for rice varieties A — RM1, B — RM307, C — RM316, D — RM474, 
E — RM552, F — RM20, G — RM21, H — RM161, I — RM222, J –RM259, K — RM283, 
L — RM510; for sorghum varieties A — Sb4–32, B — Sb4–12, C — Sb6–57, D — Sb6–84, 
E — Xtxp 18, F –Xtxp 250, G — Xtxp 400, H — Xtxp 406, I — Sb6–36. 

Markers of agriculturally important genes used to supply the ex-
isting molecular genetic formulas. Markers of a number of agriculturally 
important genes, such as the quality of reserve proteins [44] and the Wx-
genotypes [45] for wheat, have been created and added as an informative 
part to the existing molecular genetic formulas of crop varieties. As for hop 
(Humulus lupulus L.), the most important genes in its genome are genes 
chs_H1, chs2, chs3, chs4 and vps (chs5), which encode chalcone synthases 
catalyzing biosynthesis of aroma and bitter substances. Depending on con-
tent of aroma and bitter substances hop varieties are derived in aroma and 
bitter samples. Table 2 contains information about allelic state of chalcone 
synthase genes of both aroma and bitter hop varieties. Application of mo-
lecular markers for detection of aroma and bitter substances levels in hop is 
cheaper and needs less time than applying of biochemical methods. Creat-
ing of hop genome database is important for studying of hop diversity, evo-
lution and identification of varieties, members of population and individual 
samples of hop. 

In result, DNA technology for the identification of varieties of agricultural 
cultures has a number of advantages, among them obtaining of a molecular 
genetic passport of a variety, which can serve as a protection document of 
breeders’ copyrights as well as a significant decrease in time necessary for 
the determination of the novelty, uniformity and stability of varieties. 
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Conclusions 
The analyzed material was characterized using SSR markers and mo-

lecular genetic formulas of the examined varieties, lines and hybrids were 
designed according to the allelic state of microsatellite loci. Notwithstanding 
that genetic differentiation of the varieties was sometimes low, the use of the 
SSR markers was found to be an effective tool to make assessment of genetic 
diversity and to genotyping within varieties of different breeding origin. The 
results provide guidance for future efficient use of the selected microsatellite 
markers in molecular genetic analysis to characterize genetic diversity, per-
form their differentiation, identification and registration which allows appear-
ance of new and diverse varieties on the Ukrainian and world market suitable 
for cultivation under a variety of biotic and abiotic stresses. 
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Íà ìàòåð³àë³ ïøåíèö³ ì’ÿêî¿ îçèìî¿ (Triticum aestivum L.), ÿ÷ìåíÿ 
(Hordeum vulgare L.), êóêóðóäçè (Zea mays L.), ñîíÿøíèêó (Helianthus 
annuus L.), õìåëþ. (Humulus lupulus L.), ðèñó (Oriza sativa L.), ñîðãî 
(Sorghum bicolor L.) ïðîàíàë³çîâàíî øëÿõè ôóíêö³îíóâàííÿ ñèñòåì, çà-
ñíîâàíèõ íà âèêîðèñòàíí³ ì³êðîñàòåë³òíèõ ìàðêåð³â äëÿ ³äåíòèô³êàö³¿ 
ñîðò³â, à òàêîæ äëÿ çàäà÷ ñåëåêö³¿ òà ñîðòîâèâ÷åííÿ. Êëþ÷îâèìè îñî-
áëèâîñòÿìè òàêèõ ñèñòåì º ¿õ ìóëüòèàëåëüíà ïðèðîäà, â³äòâîðþâàí³ñòü, 
âèñîêèé ïîë³ìîðô³çì, ëåãê³ñòü àâòîìàòèçàö³¿ òà êîäîì³íàíòíå óñïàäêó-
âàííÿ. Ïðèä³ëÿºòüñÿ óâàãà âèçíà÷åííþ àëåëüíîãî ñòàíó àãðîíîì³÷íî 
âàæëèâèõ ãåí³â, ùî ìîæóòü áóòè âèêîðèñòàí³ ÿê äîäàòîê äî ³ñíóþ÷èõ ìî-
ëåêóëÿðíî-ãåíåòè÷íèõ ôîðìóë. 
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ÃÅÍÎÒÈÏÎÂ 

Íà ìàòåðèàëå ïøåíèöû ìÿãêîé îçèìîé (Triticum aestivum L.), ÿ÷ìåíÿ 
(Hordeum vulgare L.), êóêóðóçû (Zea mays L.), ïîäñîëíå÷íèêà (Helianthus 
annuus L.), õìåëÿ (Humulus lupulus L.), ðèñà (Oriza sativa L.), ñîðãî 
(Sorghum bicolor L.) èññëåäîâàíû ïóòè ôóíêöèîíèðîâàíèÿ ñèñòåì, îñ-
íîâàííûõ íà èñïîëüçîâàíèè ìèêðîñàòåëëèòíûõ ìàðêåðîâ äëÿ èäåíòè-
ôèêàöèè ñîðòîâ, à òàêæå äëÿ çàäà÷ ñåëåêöèè è ñîðòîèçó÷åíèÿ. Êëþ÷å-
âûìè ýëåìåíòàìè òàêèõ ñèñòåì ÿâëÿþòñÿ èõ ìóëüòèàëëåëüíàÿ ïðèðîäà, 
âîñïðîèçâîäèìîñòü, âûñîêèé ïîëèìîðôèçì, ëåãêîñòü àâòîìàòèçàöèè 
è êîäîìèíàíòíîå íàñëåäîâàíèå. Óäåëÿåòñÿ âíèìàíèå îïðåäåëåíèþ àë-
ëåëüíîãî ñîñòîÿíèÿ àãðîíîìè÷åñêè öåííûõ ãåíîâ, êîòîðûå ìîãóò áûòü 
èñïîëüçîâàíû â êà÷åñòâå äîïîëíåíèÿ ñóùåñòâóþùèõ ìîëåêóëÿðíî-ãå-
íåòè÷åñêèõ ôîðìóë. 
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RETROTRANSPOSON-BASED MOLECULAR MARKERS 

Molecular markers play an essential role in all aspects of genetics, 
modern plant breeding, in human forensics, for map-based cloning of 
genes, ranging from the identification of genes responsible for desired 
traits to the management of backcrossing programs. Retrotransposons 
are ideally suited as molecular markers. As dispersed and ubiquitous 
transposable elements, their «copy and paste» life cycle of replicative 
transposition leads to new genome insertions without excision of the 
original element. Both the overall structure of retrotransposons and the 
domains responsible for the various ses of their replication are high-
ly conserved in all eukaryotes. Following the demonstration that ret-
rotransposons are ubiquitous, active, and abundant in plant genomes, 
various marker systems were developed to exploit polymorphisms in 
retrotransposon insertion patterns. This review provides an insight into 
the spectrum of retrotransposon-based marker systems developed for 
plant species, evaluates the contributions of retrotransposonmarkers to 
the analysis of population diversity in plants and the way for the rapid 
isolation of retrotransposon termini. 

Key words: molecular marker, phylogeny, polymorphism, repeats, ret-
rotransposon, transposable element. 

Introduction. Markers play an essential role in the study of genetically 
variability and diversity, in the construction of linkage maps, and in the diag-
nosis of individuals or lines carrying certain linked genes. The emergence of 
marker systems has, for the last 40 years [1], closely tracked developments 
in biochemistry and molecular biology. The shortcomings of biochemically-
based markers, such as isozymes, drove the development of markers based 
on DNA polymorphisms [2]. These marker types generate «fingerprints,» dis-
tinctive patterns of DNA fragments resolved by electrophoresis and detected 
by staining or labelling. A molecular marker in essence detects nucleotide 
sequence variation at a particular location in the genome. This nucleotide 
sequence must be different between the parents of the chosen cross to be 
distinguishable between plant accessions and to finally study its pattern of 
inheritance. The advent of the polymerase chain reaction (PCR) was a break-

© Kalendar R. N., 2015
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through for molecular marker technologies, and made possible many finger-
printing methods. These fall into two broad categories, namely methods that 
detect single loci and multiplex methods that detect multiple loci simultane-
ously. 

Interspersed repetitive sequences comprise a large fraction of the ge-
nome of many eukaryotic organisms and they are predominantly comprised 
of transposable elements (TEs). In most species that have been studied in-
terspersed repeats are distributed unevenly across the nuclear genome and 
some repeats have a tendency to cluster around the centromeres or telo-
meres. Following the induction of recombinational processes during the mei-
otic prophase variation in the copy number of repeat elements and internal 
rearrangements on both homologous chromosomes can ensue. The resulting 
heterogeneity in the arrangement of distinguishable repeats has been exploit-
ed for specific molecular markers technique targeted this repeat element. 

It is therefore not surprising that many DNA marker techniques that are 
based on these repeats have been devised. 

Numerous methods have been developed that exploit repeated sequenc-
es as molecular markers. In an early example, Restriction Fragment Length 
Polymorphism (RFLP), probes derived from repetitive sequences were hy-
bridized to Southern blots of restriction-digested genomic DNA to produce 
a highly variable pattern [3]. The RFLP technique was used extensively in the 
past, but has been replaced by PCR-based methods due to the slowness of 
Southern blotting. 

Alternatively, repeats can be used as single primers in the polymerase 
chain reaction. The first multiplex methods to be developed were named Ran-
domly Amplified Polymorphic DNA (RAPD) [4, 5] and DNA Amplification Fin-
gerprinting (DAF)[6] respectively, and involve amplification of random repeti-
tious sites in the genome using short primers, typically 8–12 nt in length. The 
approaches involve quick and easy reaction set-up and no genome sequence 
information is needed to design the primers. However, problems in reproduc-
ibility due to the presence of huge numbers of potential priming sites in the 
genome and the low annealing temperatures in the reactions, derived from 
the nature of the primers themselves, have led to this method largely disap-
pearing from the molecular marker toolkit today. 

Nucleotide sequences matching repetitive sequences showing polymor-
phism in RFLP analyses have also been used as PCR primers for the inter-
repeat amplification polymorphism marker method [7–9]. Such repetitive se-
quences include microsatellites, such as (CA/GT)

n 
or (CAC/GTG)

n
 which are 

distributed throughout the genome. A derived approach was developed to 
generate PCR markers based on amplification of microsatellites near the 3’ 
end of the Alu (SINE) transposable elements (TEs), called Alu-PCR or SINE-
PCR [10]. The successful application of microsatellite-specific oligonucle-
otides as PCR primers was first described by [7, 8, 11, 12] who amplified DNA 
from different sources, for example, with primers (GATA)

n
, (GACA)

n
. 
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Retrotransposons. Retrotransposons present one of the most fluid ge-
nomic components, varying greatly in copy number over relatively short evo-
lutionary timescale and represent a major component of the structural evolu-
tion of plant genomes [13, 14, 15]. 

Retrotransposons are one of the two major groups of transposable elements 
in eukaryotic genomes and are defined according to their mode of propagation. 
Retrotransposons belongs to class I TEs and transpose via an RNA intermediate 
in contrast to other transposons (class II) that do not have an RNA intermediate 
(Fig. 1). Retrotransposons are separated in two major subclasses that differ in 
their structure and transposition cycle. These are the LTR retrotransposons and 
the non-LTR retrotransposons (long interspersed repetitive elements (LINE) 
and short interspersed nuclear elements (SINE), are distinguished by the re-
spective presence or absence of long terminal repeats (LTRs) at their ends. All 
groups are complemented by their respective non-autonomous forms which 
lack one or more of the genes essential for transposition: MITEs (Miniature In-
verted-Repeat Tandem Elements) for Class II, SINEs for non-LTR retrotranspo-
sons, and TRIMs (Terminal-Repeat Retrotransposons in Miniature) and LARDs 
(Large Retrotransposon Derivatives) for LTR retrotransposons [16]. 

  

Fig. 1. Organization of an LTR retrotransposon. The retrotransposon is bounded by 
long terminal repeats (LTRs) which contain the transcriptional promoter and termina-
tor. The LTRs contain short inverted repeats at either end, shown as filled triangles. 
Reverse transcription is primed at the PBS and PPT domains, respectively for the (–)- 
and (+)-strands of the cDNA. The internal region of the retrotransposon codes for 
the proteins necessary for the retrotransposon life cycle: the capsid protein (GAG), 
which packages the transcript into a virus-like particle; aspartic proteinase (AP), 
which cleaves the polyprotein (AP); integrase (IN), which inserts the cDNA copy into 
the genome; reverse transcriptase (RT) and RNaseH (RH), which together copy the 
transcript into cDNA. The GAG is often in a different reading frame, shown as a shifted 
box. The order of coding domains shown here is typical for copia — like elements; in 
gypsy -like elements, the IN domain is found at the 3 end of the internal domain. The 
internal region contains evolutionarily conserved domains, necessary for function 
that can be used to isolate retrotransposons from previously unstudied plant spe-
cies. These are noted below the element as black boxes. The LTRs are generally well-
conserved within families, and can serve for the design of primers to generate DNA 
footprints (Fig. 2). The areas of conservation suitable for primer design are noted as 
hatched boxes below the element diagram. Direct repeats in the flanking genomic 
DNA are generated upon retrotransposon integration; these are depicted as large 
arrow heads. The flanking genomic DNA is shown as a wavy line. The apposition of a 
long element bearing conserved sequences, with genomic DNA of random sequence 

is the basis for retrotransposon marker methods 
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LTR retrotransposons are transcribed from one LTR of an integrated ele-
ment to produce a nearly full length RNA copy containing a single copy of 
the LTR split between its two ends (the LTR provides both the start site and 
polyadenylation signal for the element; Fig. 1, 2). This RNA is then reverse-
transcribed into an extrachromosomal cDNA, reconstituting the full length el-
ement that is ultimately integrated back into the genome. Immediately inter-
nal to the LTRs are the priming sites for reverse transcription. The large central 
part of the retrotransposon encodes the structural components of a virus-like 
particle into which the RNA is inserted, together with reverse transcriptase 
and integrase enzymes. 

Both the overall structural features as well as the basic stages of the life 
cycle are shared by the retrotransposons and the retroviruses [17, 18]. 

However, rather than escaping the genome to infect new individuals as 
do retroviruses, retrotransposons insert the new copies only into their host 
genomes. If the integration takes place within a cell lineage from which pollen 
or egg cells are ultimately derived, then a new polymorphism is contributed to 
the gene pool. These new copies are useful for distinguishing breeding lines, 
varieties, or populations of plants from each other. 

In plants, the LTR retrotransposons are typically more plentiful and ac-
tive that their non-LTR relatives. In many crop plants between to 40–90 % of 
the total DNA is comprised of LTR retrotransposons [19–21]. Although most 
prevalent retrotransposons are dispersed throughout the genome, at least 
in the cereals and citrus they are often locally nested one into another and 
in extensive domains that have been referred to as «retrotransposon seas» 
surrounding gene islands [19–21]. Their abundance, general dispersion, and 
activity make them ideal sources for the development of molecular markers. 

Retrotransposons as molecular markers. The emergence of ret-
rotransposon-based methods followed the basic research that demonstrated 
their ubiquity and activity in the plants [14, 15, 22]. The most recent marker 
methods based on retrotransposons rely on PCR. Transposable elements 
have been exploited as molecular markers in various ways. For example, 
mammals SINE like Alu-repeats are dispersed throughout their genomes. 
Primer sequences complementary to any of these repeats may produce many 
non-specific bands from single-primer amplification and be used as markers 
for detecting Alu-repeat polymorphisms [23, 24]. 

It has been proved that TE families evolve with different profiles so TE 
marker systems based on different TEs show different levels of resolution and 
can be chosen to fit with the required analysis [25–32]. Retrotransposons 
insertions behave as Mendelian loci [33]. Hence, retrotransposon-based 
markers would be expected to be co-dominant and involve a different level 
of genetic variability, i.e. transposition events, than arbitrary markers systems 
such as RAPD or AFLPs, which detect polymorphism from simple nucleotide 
changes to genomic rearrangements. Nearby TEs may be found in different 
orientations in the genome (head-to-head, tail-to-tail, or head-to-tail) in-
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creasing the range of tools to available to detect polymorphism depending on 
the method and primer combinations. 

Most of the retrotransposon techniques are anonymous, producing fin-
gerprints from multiple sites of retrotransposon insertion in the genome. They 
all exploit the combination of a known retrotransposon sequence and a vari-
ety of adjacent sequences. Primers are generally designed to the LTRs near 
to the joint, in domains that are conserved within families but that differ be-
tween families (Fig. 2). Although regions internal to the LTR that also contain 
conserved segments can be used for this purpose, generally the LTRs are 
chosen to minimize the size of the target to be amplified. Because the LTRs 
are direct repeats, a primer facing outward from the left or 5 LTR will neces-
sarily face inward from the right, or 3 LTR. 

Depending on the nature of the second primer, the inward facing primer 
will either not amplify a product, produce a monomorphic band, or will detect 
polymorphism resulting from a nested insertion pattern. The internal ampli-
con can also be removed by judicious use of an infrequent cutting enzyme. 
For retrotransposons with relatively short LTRs the transposon specific primer 
can derive from an internal sequence present only once per element, simpli-
fying this process. For S-SAP with low copy number elements it is also pos-
sible to use simplified digestion and amplification protocols. 

The various retrotransposon marker systems differ in the nature of the 
second primer used in the amplification reactions (Fig. 2). The second primer 
can be any feature in the genome that is dispersed and conserved. 

S-SAP/TD. The Amplified Fragment Length Polymorphism method 
(AFLP), introduced in the mid 1990s, is an anonymous marker method. It de-
tects restriction sites by amplifying a subset of all the sites for a given enzyme 
pair in the genome by PCR between ligated adapters. S-SAP (Sequence-Spe-
cific Amplified Polymorphism), a modified AFLP method based on BARE-1, 
was described by Waugh and co-authors in 1997 [34]. This method is based 
on the sharing of genomic DNA with two different enzymes to generate a tem-
plate for the specific primer PCR: amplification between retrotransposon and 
adaptors ligated at restriction sites (usually MseI and PstI or any other restric-
tion enzyme) using selective bases in the adaptor primer. The S-SAP method 
can be considered as a modification of AFLP but it usually displays a higher 
level of polymorphism than AFLPs. Primers are usually designed in the LTR 
region, but could also correspond to internal part of the element, like to the 
polypurine tract (PPT) which is found internal to the 3’-LTR in retrotranspo-
sons. 

Nonselective primers could be used when enzymes used for digestion 
have a larger recognition sequence, or when the copy number of the TE is 
lower. For high-copy-number families, the number of selective bases may be 
increased. The use of two enzymes in S-SAP corresponds to a reduction in 
genomic complexity as does the use of selective bases on the primers associ-
ated with the adapters. Low copy number TEs are not well suited to methods 
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Fig. 2. Retrotransposon-based molecular marker methods. Multiplex products of 
various lengths from different loci are indicated by the bars beneath the diagrams 
of each reaction. (a) The SSAP method. The geometry of amplification from a DNA 
fragment cut with two restriction enzymes (El, E2), containing a retrotransposon LTR 
(shaded, labeled) and ligated to an adapter (stippled) is shown. Primers used for 
amplification match the adapter (P

A
) and retrotransposon (P

T
). (b) The IRAP method. 

Amplification takes place between retrotransposons (internal regions hatched) near 
each other in the genome (open bar), using retrotransposon primers (P

T
). The el-

ements are shown oriented head-to-head, using a single primer. (c). The REMAP 
method. Amplification takes place between a microsatellite domain (vertical bars) 
and a retrotransposon, using a primer anchored to the proximal side of the micro-
satellite (P

M
) and a retrotransposon primer (P

T
). (d) RBIP. Full sites, depicted left, are 

scored by amplification between a primer in the flanking genomic DNA (here, primer 
P

FL
 matches the left flank) and a retrotransposon primer (P

T
). The single product is 

shown as one bar beneath the diagram. The alternative reaction between the prim-
ers for the left and right flanks, P

FL
, and P

FR
, respectively, is inhibited in the full site by 

the length of the retrotransposon. The product that is not amplified is indicated by 
the grey bar beneath the diagram. The flanking primers are able to amplify the empty 

site, right, depicted as a bar beneath the diagram 

that involve such reduction in genomic complexity, the use of single enzyme 
digests with selective bases (or infrequent cutting enzymes) allows the sur-
vey of all insertion sites for a given TE, and can be considered as a variant of 
anchored PCR. 

A S-SAP marker system based on three long terminal repeat (LTR) se-
quences of Ty1-copia retrotransposons displayed a higher level of polymor-
phism than AFLPs in cucumber (Cucumis sativus L.) [35]. S-SAP insertion 
patterns of 8 retrotransposon families on 10 Vitis accessions showed that 
these retrotransposon families are present across the Vitis genus and only a 
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few insertion sites are fixed in all accessions, which should have been main-
tained during speciation. Most of the scored bands are polymorphic, indicat-
ing that these families have been active after speciation across the genus 
[36]. S-SAP can be used mainly to measure the distribution and structure of 
specific retroelement populations in an organism. It has been used to evalu-
ate the distribution and structure of specific retrotransposons populations in 
oat [37, 38], Medicago sativa L. [39], barley [25, 34], wheat Triticum aestivum 
and wild relatives [38, 40], sweet potato [41], pea [42], tomato [43], Aegil-
ops species [44], apple [45], artichoke, lettuce [46, 47] and Medicago sativa 
[39]. S-SAP was also used to show evolutionary history in Zea [48], wheat 
[38] and in tobacco [49]. S-SAP has been optimised for multiple plant spe-
cies and protocols for rapidly obtaining retrotransposon sequence informa-
tion for S-SAP primer design have been developed [47]. 

The same technique was named Transposon Display (TD) when applied 
to DNA transposons rather than retrotransposons [50]. Rim2/Hipa-TD pro-
duced highly polymorphic profiles with ample reproducibility within a species 
as well as between species in the Oryza genus. 

Usually, S-SAP shows more polymorphism, more co-dominance and 
more chromosomal distribution than AFLP. However, S-SAP also requires 
restriction digestion of genomic DNA to provide sites for adapter ligation as 
in AFLP method. Sensitivity of commonly used restriction enzymes to DNA 
methylation could provide false genotyping results. 

IRAP/REMAP. In plants, the inter-repeat amplification polymorphism 
techniques such as inter-retrotransposon amplified polymorphism (IRAP), 
retrotransposon microsatellite amplification polymorphisms (REMAP) or inter-
MITE amplification [32, 51- 53] have exploited the highly abundant dispersed 
repeats such as the LTRs of retrotransposons and SINE-like sequences. The 
association of these sequences with each other makes possible to amplify a 
series of bands (DNA fingerprints) using primers homologous to these high 
copy number repeats. The markers generated are very informative genetic 
markers. IRAP detects retrotransposon insertional polymorphisms by amplify-
ing the portion of DNA between two retroelements [52]. One or two primers 
are used pointing outwards from an LTR, and therefore amplifies the tract of 
DNA between two nearby retrotransposons. IRAP can be carried out with a 
single primer matching either the 5’ or 3’ end of the LTR but oriented away 
from the LTR itself, or with two primers. The two primers may be from the same 
retrotransposon element family or may be from different families. The PCR 
products, and therefore the fingerprint patterns, result from amplification of 
hundreds to thousands of target sites in the genome (Fig.3). Retrotranspo-
sons generally tend to cluster together in «repeat seas» surrounding «genome 
islands», and may even nest within each other. Hence, the pattern obtained will 
be related to the TE copy number, insertion pattern and size of the TE family. 

The REMAP (Retrotransposon-Microsatellite Amplified Polymorphism) 
method is similar to IRAP, but one of the two primers matches a microsatellite 
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Fig. 3. Utility of IRAP for a diversity of plant species. The phenogram of 30 genotypes 
of populations of H. spontaneum based on IRAP analysis are shown as negative im-
ages of ethidium bromide — stained agarose gels following electrophoresis. Results 
for BARE-1 LTR primer 1369 (5’-TGCCTCTAGGGCATATTTCCAACAC) are shown. A 

100 bp DNA ladder is present on the left 

motif [52]. Founded throughout genomes, microsatellites appear to be asso-
ciated with retrotransposons and have high mutation rates due to polymerase 
slippage. Therefore, they may show much variation at individual loci within 
a species. In REMAP, anchor nucleotides are used at the 3’ end of the SSR 
primer to avoid slippage of the primer within the SSR. It also prevents the de-
tection of variation in repeat numbers within the microsatellite. 

IRAP and REMAP methods have been used in gene mapping in barley, 
wheat, oat, rice blast pathogen (Magnaporthe grisea SP.), in studies of ge-
nome evolution in the grasses, in a variety of applications, including measure-
ment of genetic diversity and population structure, chromatin modification 
and epigenetic reprogramming, similarity and cladistic relationships, deter-
mination of essential derivation, marker-assisted selection, in barley [54], 
banana [26], grapevine, Pisum, apple, in citrus, Aegilops and Triticum [55], 
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banana, rice, flax [56], sunflower [29] and medicinal plants — Adonis verna-
lis, Paeonia anomala, Adenophora lilifolia, Digitalis grandiflora [57]. REMAP 
has been used also as a sensitive method for detecting genomic copies of 
retrotransposons amidst retrotransposon cDNAs, to examine genome evolu-
tion in wild barley [58]. 

RBIP/ TAM. RBIP (Retrotransposons-based insertion polymorphism) 
was described as a simple PCR-based detection of retrotransposon inser-
tions using PCR between primers flanking the insertion site and primers from 
the insertion itself. The basic RBIP method has been developed for high-
throughput applications by replacing gel electrophoresis with hybridization to 
a filter. PCR reactions detecting the occupied sites and unoccupied sites are 
carried out together, the products spotted onto membranes, and probed with 
a locus-specific probe. By using sensitive, oligo-based hybridisation to spot-
ted PCR products, TAM, has allowed the dot blot approach to be scaled down 
to microarrays with the attendant advantages in throughput, efficiency and 
data collection. Using three primers, RBIP can detect both the presence and 
absence of the TE insertion and generates single-locus codominant markers. 
In the case of a retrotransposon, a primer designed in the LTR is used togeth-
er with a primer designed in the flanking region and allow the amplification 
of an insertion site, when primers specific of both 5’ and 3’ flanking regions 
are used to scored the corresponding empty site. TE insertions are usually 
more than thousands of bases long so the empty site primers do not generate 
an amplicon from the occupied site. Hence, RBIP detects both the presence 
and absence of the insertion but requires that the sequence of the 5’ and 3’ 
flanking sequences of the TE insertions are known. RBIP analysis was used to 
show evolutionary history in pea and rice. 

TAM (Tagged Microarray Marker) is a microarray-based method devel-
oped from RBIP for scoring thousands of DNAs for a co-dominant molecular 
marker on a glass microarray slide. RBIP also works well with single nucleo-
tide polymorphism (SNP) markers [59]. In this approach, biotin-terminated 
allele-specific PCR products are spotted unpurified onto streptavidin-coated 
glass slides and visualised by hybridisation of fluorescent detector oligonu-
cleotides to tags attached to the allele- specific PCR primers. Two tagged 
primer oligonucleotides are used per locus and each tag is detected by hy-
bridisation to form a concatameric DNA probe labelled with multiple copies of 
a fluorochrome. 

Inter PBS amplification (iPBS), a universal method for isolating and 
displaying retrotransposon polymorphisms. A major disadvantage of all 
retrotransposon-based molecular markers techniques is the need for se-
quence information to design element-specific primers. Although rapid ret-
rotransposon isolation methods based on PCR with conservative primer for 
TE have been designed, it maybe still necessary to clone and sequence hun-
dreds of clones to obtain a few good primers sequences. The LTRs contain no 
conserved motifs, which would allow their direct amplification by PCR. 
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There are several restriction and adaptor-based methods for LTR clon-
ing, based on conservancy of reverse transcriptase domain, especially for 
Ty1-copia. Major classes of retroelements include the Pseudoviridae (Ty1-
copia), the Metaviridae (Ty3 -gypsy) and the Retroposineae LINE (non-LTR) 
groups. All reverse transcribing elements can be obtained by PCR with de-
generate primers. For example, Ty1-copia two degenerate primers were 
designed for RT domain encoding TAFLHG and reverse site YVDDML also 
encoding QMDVKT and reverse YVDDML. For Ty3-gypsy element degener-
ate primers were designed for RT domain encoding RMCVDYR or LSGYHQI 
or YPLPRID and reverse encoding site YAKLSKC and LSGYHQI. The reverse 
transcriptase based isolation method is limited to the families of retrotrans-
posons, which contain this sequence. Thus, for example TRIM or LARDs and 
unknown yet classes LTR-retrotransposons cannot be found using this ap-
proach [32]. 

LTR retrotransposons and all retroviruses contain tRNA conservative 
primer binding site for tRNAiMet, tRNALys, tRNAPro, tRNATrp, tRNAAsn, tRNASer, 
tRNAArg, tRNAPhe, tRNALeu and tRNAGln. Elongation from the 3’-terminal nucleo-
tides of the respective tRNA results in the conversion of the viral/retrotrans-
poson RNA genome to double-stranded DNA prior to its integration into the 
host DNA. While the process of reverse transcription is conserved among all 
retroviruses, the specific tRNA capture varies for different retroviruses and 
retroelements. The primer binding sequences (PBS) is universally present 
in all LTR-retrotransposons sequences. Hence, an isolation method for ret-
rotransposon LTRs, which is based on the PBS sequence, has potential for 
cloning all possible LTR-retrotransposons. 

Kalendar at al. [60] describes the development of exceedingly universal 
and efficient method, which utilizes the conserved parts of PBS sequences, 
both for direct visualization of polymorphism between individuals, transcrip-
tion profile polymorphism, as for fast cloning of LTR parts from genomic DNA, 
or in a form of database search. In this way, any eukaryotic organism pos-
sessing LTR type of retrotransposon can be investigated. Primers, which were 
designed to match the conserved regions of the primer binding sequences in 
LTR retrotransposons, proved to be very efficient in PCR amplification of eu-
karyotic genomic DNA. Single PBS primers can only amplify nested inverted 
retrotransposons or related elements’ sequences dispersed through genome 
DNA. PCR amplification occurs between two nested PBS and contains two 
LTR sequences. The PBS sequences are nested near each other in all eukary-
otes (Fig.4). 

Most of retrotransposons are nested, mixed, inverted or truncated in 
chromosomal sequences, and can be easily amplified using conservative 
PBS primers in any plant species tested. Fragments of LTR with retrotrans-
posons internal part are located near other retrotransposons. Therefore, PBS 
sequences are very often located near to each other. This situation allows the 
use PBS sequences for cloning LTR. 
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Fig. 4. The inter PBS amplification (iPBS) scheme and LTR retrotransposon struc-
ture. LTR and PBS sequence. Two nested LTR retrotransposons in inverted orienta-
tions amplified from single primer or two different primers from primer binding sites. 
PCR product contains both LTRs and PBS sequences as PCR primers in the termini. 
In figure schematically showing general structure for PBS and LTR sequences, be-
tween 5’LTR (5’-..CA) and PBS (5’-TGG..3’) is spacer with several nucleotides (0–5 

bases) 

Where the retrotransposon density is high within genome, PBS sequenc-
es can be exploited for detection of their chance association with other ret-
rotransposons. When retrotransposon activity or recombination has led to 
new genome integrations, this can be used to distinguish reproductively iso-
lation plant line. In this case, amplified bands derived from newly inserted or 
recombination will be polymorphic, appearing only in plant lines in which the 
insertions or recombination have taken place. 

After retrieving LTR sequences of a selected family of retrotransposon, 
and alignment is made of them to find out the most conserved region in them. 
The related plant species have conservative regions in LTR for identical retro-
element, thus alignments of several LTR sequences from one species or mix-
ing with sequences from the related species will identify conservative regions. 
Subsequently this conservative parts of LTR regions are used for inverted 
primers design for long distance PCR, for cloning of whole element and also 
for IRAP, REMAP or SSAP techniques. 

The iPBS amplification technique shows about the same level of poly-
morphism in comparisons with IRAP and REMAP techniques and an efficient 
method for the detection of cDNA polymorphism and clonal differences re-
sulting from retrotransposon activities or retrotransposon recombination after 
crossing-over [60]. 

Retrotransposon-based molecular markers to analyse genetics di-
versity. The analysis of genetic diversity and relatedness between or within 
different populations, species and individuals is a central task in genetics. The 
combination of different LTR primers or with combinations with microsatellite 
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primers (REMAP) allows for the generation of an almost unlimited number of 
unique markers. 

Banding patterns were completely different if the same primers were use 
alone or in combinations, indicating that the majority of IRAP/REMAP bands 
were derived from sequences bordered by other LTR or a microsatellite on 
one side, and by an LTR on the other. Usually, the REMAP pattern was consid-
erably more variable than the corresponding ISSR pattern; and often (but not 
always, depending from LTR sequence) IRAP pattern with primer combina-
tions shown more variability than a single priming PCR [25; 2]. 

Related species have phylogenetically related TE sequences (retroele-
ments or transposons) meaning that PCR primers from one species can be 
used in another. In this case, primers designed to conservative TE sequences 
are advantageous. TEs are dispersed at whole chromosomes and most often 
mixed with other elements and repeats, that is the combinations of PCR prim-
ers from different repeats help to improving PCR fingerprint. 

To study closely related varieties or breeding lines, one should develop a 
native retrotransposon system. This requires the cloning and sequencing of 
elements from the new species by using iPBS amplification method or tech-
nique based on conservancy of reverse transcriptase domain. This process 
begins with amplification and cloning of segments between retrotransposon 
domains that highly or universally conserved, development of new primers 
specific for the retrotransposon families found, and testing these for their ef-
ficacy as markers. 

The genome size of studied organism is positively correlated with the effi-
ciency of repeat-based amplification techniques; the larger genome the most 
easy developing good primers for revealing multiple bands for polymorphism 
detection (barley, wheat); small genome organism like Brachypodium dys-
tachyon or Vitis vinifera is most difficult to PCR marker development. 

S-SAP is generally carried out on sequencing gels due to the large num-
ber of products generated, whereas IRAP and REMAP are used on agarose 
systems. However, IRAP and REMAP can be adapted to sequencers. These 
methods generate tens to hundreds of products in each amplification reac-
tion, depending on the prevalence of the retrotransposon family, the selection 
of the second primer — the restriction site and number of selective bases in 
S-SAP -, and the organization of the genome of the plant. 

A marker from any of the multilocus, anonymous systems (S-SAP, IRAP, 
and REMAP) can be converted into a corresponding RBIP marker and vice 
versa. Markers from the former methods are very easy to harvest and they 
can be quickly examined for their informativeness before taking on the in-
vestment of developing a corresponding RBIP marker. Electrophoretically re-
solved bands from S-SAP, IRAP, and REMAP are derived from one side of a 
retrotransposon insertion. Sequencing of the isolated, informative bands will 
enable the design of a PCR primer corresponding to the flanking genomic 
DNA at one side of the insertion, assuming that the sequence is not repetitive 
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and therefore unusable. However, the genomic sequence flanking the other 
side of the element needs to be found in order to score the empty site. This 
can be obtained by screening germplasm accessions that are polymorphic 
for the original band, then carrying out S-SAP reaction on these, where the 
LTR primer is replaced with a primer designed to the known flank that is facing 
toward the insertion site. 

Conclusions. Many features of retrotransposons make them appealing 
as the basis of molecular marker systems. They are ubiquitous, abundant, 
dispersed components of eukaryotic genomes. Their activity simultaneously 
leads to genome diversification and provides a means of its detection. Ret-
rotransposons are long and produce a large genetic change at the point of 
insertion, thereby providing conserved sequences that can be used to detect 
their own integration. This event is not linked to removal of the transposable 
element from another locus, as it is for DNA transposons. Even the loss of the 
core domain of a retrotransposon by LTR-LTR recombination is invisible to the 
marker methods using outward-facing LTR primers. The ancestral state of a 
retrotransposon insertion is obvious — it is the empty site. This is very help-
ful in pedigree and phylogenetic analyses. Later recombination events at a 
full site are highly unlikely to regenerate the original empty site. In contrast, 
microsatellites, SNPs, and methods relying on gain or loss of restriction sites 
(in essence SNPs), suffer from a lack of temporal directionality in the changes 
they detect, resulting in the problem of homoplasy. For example, SINE ele-
ments have served to trace human roots to Africa, to determine the relation-
ship of whales to even-toed ungulates. 1997), and to clarify the relationships 
between wild rice species. 

Markers based on LTR retrotransposons, in one or other of the manifes-
tations described above, generically referred to as «transposon display. The 
applications range from investigations of retrotransposon activation and mo-
bility to studies of biodiversity, genome evolution and chromatin modification 
and epigenetic reprogramming to the mapping of genes and the estimation of 
genetic distance, to assessment of essential derivation of varieties, detection 
of somaclonal variation and cDNA fingerprinting. The retrotransposon inser-
tions that provide useful polymorphisms are, of course, only those that are 
passed into the egg cells and pollen. One can thus think of the retrotranspo-
sons as sexually transmitted diseases, albeit ones that moves by a cellular, 
rather than extracellular, pathway into the new host. 

Because LTR retrotransposons are ubiquitous, these methods are gener-
ic. Furthermore, similar approaches have been applied to the non-LTR ret-
rotransposons in the plants, in particular to the SINE elements. The insertion 
pattern of the human Alu, a SINE and the most prevalent transposable ele-
ment in the human genome, has not only served as a tool in many studies of 
human population structure, but also been linked to various heritable diseas-
es. In principle, retrotransposon- or endogenous retrovirus-based molecular 
markers could prove highly useful in animals, including mammals and birds. 
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Commercial platforms for SNP detection (e.g., Illumina) have been 
developed and garnered much popularity for major crops, domestic ani-
mals, and humans. Development of SNPs depends on having abundant se-
quence data. The costs of acquiring this data, as well as of applying com-
mercial assays, represent a barrier for research on underfunded tropical 
crops and wild species. Furthermore, evolutionary studies with SNPs are 
affected by the problems of homoplasy in SNP state, the lack of neutrality 
of genic markers, and the uneven chromosomal distribution of the highly 
expressed genes that are used to generate SNPs. While genetic analysis 
by shotgun sequencing remains a tantalizing possibility, the cost is still pro-
hibitive. For these reasons, cheap, generic, easily applied retrotransposon 
marker systems will remain a viable choice for genetic markers for the fore-
seeable future. 
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Êàëåíäàð Ð. Ì. 

ÌÎËÅÊÓËßÐÍ² ÌÀÐÊÅÐÈ ÍÀ ÎÑÍÎÂ² ÐÅÒÐÎÒÐÀÍÑÏÎÇÎÍ²Â 

Ìîëåêóëÿðí³ ìàðêåðè íàáóëè øèðîêîãî çàñòîñóâàííÿ â ñó÷àñí³é ãå-
íåòèö³, ñåëåêö³¿ ðîñëèí, ãåíåòè÷íîìó êàðòóâàíí³ òà ³äåíòèô³êàö³¿ ãåí³â, 
ó ñóäîâî-ìåäè÷í³é åêñïåðòèç³ ëþäèíè òà âåòåðèíàð³¿. Ðåòðîòðàíñïîçîíè 
º ³äåàëüíèìè ìàðêåðàìè, àäæå âîíè ëîêàë³çîâàí³ ó âñ³õ õðîìîñîìàõ åâ-
êàð³îò ³ ìàþòü ïîòåíö³éíó ìîæëèâ³ñòü êîï³þâàòè ñåáå ñïîñîáîì ðåïë³êà-
òèâíî¿ òðàíñïîçèö³¿. Îñê³ëüêè ðåòðîòðàíñïîçîíè ñêëàäàþòü îñíîâíó ÷àñ-
òèíó ãåíîìó åâêàð³îò ³ ïîòåíö³éíî àêòèâí³, íà ¿õí³é îñíîâ³ áóëè ðîçðîáëåí³ 
ð³çí³ ñèñòåìè ÄÍÊ-ìàðêåð³â äëÿ âèÿâëåííÿ ãåíåòè÷íîãî ïîë³ìîðô³çìó. 
Îãëÿä äàº óÿâëåííÿ ïðî îñíîâí³ íàïðÿìè çàñòîñóâàííÿ ïîñë³äîâíîñòåé 
ðåòðîòðàíñïîçîí³â ÿê ìîëåêóëÿðíèõ ìàðêåð³â, ðîçðîáëåíèõ äëÿ ðîñëèí, 
îö³íþº ìîæëèâîñò³ ¿õíüîãî çàñòîñóâàííÿ ïðè àíàë³ç³ ãåíåòè÷íîãî ð³çíî-
ìàí³òòÿ äîñë³äæóâàíèõ êóëüòóð. Òàêîæ ðîçãëÿíóòî ñïîñîáè øâèäêîãî âè-
ä³ëåííÿ ðåòðîòðàíñïîçîí³â äëÿ íîâèõ âèä³â. 
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Êàëåíäàðü Ð. Í. 

ÌÎËÅÊÓËßÐÍÛÅ ÌÀÐÊÅÐÛ ÍÀ ÎÑÍÎÂÅ ÐÅÒÐÎÒÐÀÍÑÏÎÇÎÍÎÂ 

Ìîëåêóëÿðíûå ìàðêåðû øèðîêî èñïîëüçóþòñÿ â ñîâðåìåííîé ãå-
íåòèêå, ñåëåêöèè ðàñòåíèé, ïðè ãåíåòè÷åñêîì êàðòèðîâàíèè è èäåí-
òèôèêàöèè ãåíîâ, â ñóäåáíî-ìåäèöèíñêîé ýêñïåðòèçå ÷åëîâåêà, âå-
òåðèíàðèè. Ðåòðîòðàíñïîçîíû ÿâëÿþòñÿ èäåàëüíûìè ìîëåêóëÿðíûìè 
ìàðêåðàìè, òàê êàê ëîêàëèçîâàíû âî âñåõ õðîìîñîìàõ ýóêàðèîò è èìåþò 
ïîòåíöèàëüíóþ âîçìîæíîñòü êîïèðîâàòü ñåáÿ ñïîñîáîì ðåïëèêàòèâ-
íîé òðàíñïîçèöèè. Ïîñêîëüêó ðåòðîòðàíñïîçîíû ñîñòàâëÿþò îñíîâ-
íóþ ÷àñòü ãåíîìà ýóêàðèîò è ïîòåíöèàëüíî àêòèâíû, íà èõ îñíîâå áûëè 
ðàçðàáîòàíû ðàçëè÷íûå ñèñòåìû ÄÍÊ-ìàðêåðîâ äëÿ âûÿâëåíèÿ ãåíåòè-
÷åñêîãî ïîëèìîðôèçìà. Îáçîð äàåò ïðåäñòàâëåíèå îá îñíîâíûõ ïîä-
õîäàõ ïðèìåíåíèÿ ïîñëåäîâàòåëüíîñòåé ðåòðîòðàíñïîçîíîâ â êà÷å-
ñòâå ìîëåêóëÿðíûõ ìàðêåðîâ, ðàçðàáîòàííûõ äëÿ ðàñòåíèé, îöåíèâàåò 
âîçìîæíîñòè èõ ïðèìåíåíèÿ ïðè àíàëèçå ãåíåòè÷åñêîãî ðàçíîîáðàçèÿ 
èññëåäóåìûõ êóëüòóð. Òàêæå ðàññìîòðåíû ñïîñîáû áûñòðîãî âûäåëåíèÿ 
ðåòðîòðàíñïîçîíîâ äëÿ íîâûõ âèäîâ. 
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ÏØÅÍÈÖß Ç ÂÈÑÎÊÈÌ ÂÌ²ÑÒÎÌ ÀÌ²ËÎÇÈ — ÍÎÂÅ ÑËÎÂÎ 
Â ÑÅËÅÊÖ²¯ ÊÓËÜÒÓÐÈ 

Ïøåíè÷íèé êðîõìàëü º âàæëèâèì äæåðåëîì åíåðã³¿ ó õàð÷óâàíí³ 
ëþäèíè, à íàäòî òîé, ùî ì³ñòèòü ï³äâèùåíó ê³ëüê³ñòü àì³ëîçè. ²ñíóº 
âèñîêà êîðåëÿö³éíà çàëåæí³ñòü ì³æ óì³ñòîì àì³ëîçè ³ ðåçèñòåíòíî-
ãî êðîõìàëþ, ÿêèé ìàº äîâåäåíèé ïîçèòèâíèé âïëèâ íà çäîðîâ’ÿ 
ëþäèíè, çîêðåìà çíèæóº ðèçèê îæèð³ííÿ ³ ä³àáåòó. Ó ñòàòò³ íàâåäåíî 
õàðàêòåðèñòèêè ãåíåòè÷íèõ ìåòîä³â RNAi òà TILLING, çàñòîñóâàííÿ 
ÿêèõ äîçâîëÿº ñóòòºâî ï³äâèùèòè âì³ñò àì³ëîçè â çåðí³. Íàéåôåê-
òèâí³øèì º ìåòîä RNAi — çàáåçïå÷óº çðîñòàííÿ ê³ëüêîñò³ àì³ëîçè 
äî á³ëüø í³æ 70 %, ùî º ðàäèêàëüíèì øëÿõîì ïîë³ïøåííÿ õàð÷îâî¿ 
ö³ííîñò³ êóëüòóðè. 

Êëþ÷îâ³ ñëîâà: ïøåíèöÿ, ä³ºòè÷íà êë³òêîâèíà, êðîõìàëü, ðåçèñòåíò-
íèé êðîõìàëü, àì³ëîçà, àì³ëîïåêòèí, êëþ÷îâ³ ôåðìåíòè, á³îñèíòåç, 
RNAi, TILLING, õàð÷îâà ö³íí³ñòü. 

Âñòóï. Çåðíî ïøåíèö³ ì³ñòèòü äî 70 % êðîõìàëþ, ÿêèé º îñíîâíèì 
çàïàñíèì âóãëåâîäîì ³ â³ä³ãðàº âàæëèâó ðîëü ó íàøîìó õàð÷óâàíí³. Äî 
ñêëàäó êðîõìàëþ âõîäÿòü äâà òèïè âîäîíåðîç÷èííèõ ãîìîãëþêàí³â: 25–
28 % àì³ëîçè ³ 72–75 % àì³ëîïåêòèíó [1]. 

Àì³ëîçà — öå ë³í³éíèé ïîë³ìåð D-ãëþêîï³ðàíîçèë çàëèøê³â ãëþêî-
çè, ïîâ’ÿçàíèõ ì³æ ñîáîþ ɑ-(1,4)-çâ’ÿçêàìè. Ñòóï³íü ïîë³ìåðèçàö³¿ àì³-
ëîçè — ó ìåæàõ 500–6000 çàëèøê³â ãëþêîçè ç ìîëåêóëÿðíîþ ìàñîþ 
8104–106. Àì³ëîïåêòèí, ÿê îñíîâíèé êîìïîíåíò íàòóðàëüíîãî êðîõìà-
ëþ, â³äïîâ³äàº çà ãðàíóëÿðíó ñòðóêòóðó îñòàííüîãî, ì³ñòèòü â³ä 30000 äî 
3000000 çàëèøê³â ãëþêîçè ³ ìàº çíà÷íî âèùó, í³æ àì³ëîçà, ìîëåêóëÿð-
íó ìàñó — 107–109. Íà â³äì³íó â³ä ë³í³éíî¿ àì³ëîçè, àì³ëîïåêòèí º ïîë³-
ñàõàðèäîì ç âèñîêèì ñòóïåíåì ðîçãàëóæåííÿ ³ ì³ñòèòü ë³í³éí³ ëàíöþãè 
ɑ-(1,4)-D-ãëþêîï³ðàíîçè ç ÷èñëåííèì áîêîâèì (÷åðåç êîæí³ 20–25 çà-
ëèøê³â ãëþêîçè) ðîçãàëóæåííÿì çà ðàõóíîê ɑ-(1,6)-ãë³êîçèäíèõ çâ’ÿçê³â, 
ùî ¿õ íàçèâàþòü òî÷êàìè ã³ëêóâàííÿ àì³ëîïåêòèíó (ðèñ.1, 2) [2]. Áîêîâ³ 
â³äãàëóæåííÿ àì³ëîïåêòèíó ðîçì³ùåí³ óïðîäîâæ ìîëåêóëÿðíî¿ ñòðóêòó-
ðè íå âèïàäêîâî, à îðãàí³çîâàí³ ó êëàñòåðí³ ñòðóêòóðè ó ôîðì³ À, Â ³ Ñ 
ëàíöþã³â. Ëàíöþãè À íå ì³ñòÿòü æîäíèõ ³íøèõ ëàíöþã³â, âîíè ç’ºäíàí³ ç 
ëàíöþãàìè Â, ÿê³, ñâîºþ ÷åðãîþ, ïîºäíàí³ ç ëàíöþãàìè Ñ (ðèñ. 2). 

© Ðèáàëêà Î. ²., Ùåðáèíà Ç. Â., 2015
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Àì³ëîçà ³ àì³ëîïåêòèí, ÿê ñêëàäîâ³ êðîõìàëþ, óïàêîâàí³ â êðîõìàëüí³ 
ãðàíóëè òðüîõ òèï³â: À òèï — âåëèê³ çà ðîçì³ðîì (10–20 ì³êðîí ó ä³àìå-
òð³) ë³íçîïîä³áí³ ãðàíóëè, ùî ñòàíîâëÿòü 50 % çàãàëüíî¿ ìàñè êðîõìàëþ; 
Â òèï — ñôåðè÷í³ (< 10 ì³êðîí) ãðàíóëè ³ Ñ òèï — äð³áí³ (< 10 ì³êðîí), ïå-
ðåâàæíî íåðåãóëÿðí³ çà ôîðìîþ. Ãðàíóëè Â ³ Ñ òèï³â ïåðåâàæàþòü ñåðåä 
óñ³õ òèï³â ãðàíóë çà ê³ëüê³ñòþ (> 90 %) [5]. 

Ðèñ. 1. Ìîëåêóëÿðíà ñòðóêòóðà àì³ëîçè (à) ³ àì³ëîïåêòèíó (b) [3] 

 

Ðèñ. 2. Êëàñòåðíà îðãàí³çàö³ÿ ìîëåêóëè àì³ëîïåêòèíó [4] 

Êðîõìàëüíà ãðàíóëà º íàï³âêðèñòàë³÷íîþ ñòðóêòóðîþ ³ ì³ñòèòü â³äïî-
â³äíî êðèñòàë³÷íó (30 % ìàñè ãðàíóëè) òà àìîðôíó (70 % ìàñè ãðàíóëè) 
çîíè. Àìîðôíà çîíà êðîõìàëüíî¿ ãðàíóëè ì³ñòèòü, â îñíîâíîìó, àì³ëîçó 
³ íåçíà÷íó ÷àñòèíó àì³ëîïåêòèíó. Êðèñòàë³÷íó çîíó êðîõìàëüíî¿ ãðàíóëè 
óòâîðþº àì³ëîïåêòèí. Öÿ ÷àñòèíà ïîë³ìîðôíà çà ñòðóêòóðîþ àì³ëîïåê-
òèíó, ÿêó ïîä³ëÿþòü íà òðè òèïè: àì³ëîïåêòèí À (ëàíöþãè ðîçì³ðîì 23–29 
çàëèøê³â ãëþêîçè); àì³ëîïåêòèí Â (30–44 çàëèøê³â ãëþêîçè); àì³ëîïåê-
òèí Ñ — ñóì³ø À ³ Â òèï³â. Ïøåíèöÿ ì³ñòèòü êðîõìàëüí³ ãðàíóëè, óòâîðåí³ 
ïåðåâàæíî àì³ëîïåêòèíîì òèïó À [6]. 
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Ñï³ââ³äíîøåííÿ àì³ëîçà/àì³ëîïåêòèí ó ñòðóêòóð³ êðîõìàëþ â³-
ä³ãðàþòü ñòðàòåã³÷íó ðîëü ó âèçíà÷åíí³ ôîðìè ³ ô³çè÷íî¿ îðãàí³çà-
ö³¿ êðîõìàëüíèõ ãðàíóë, á³îõ³ì³÷íèõ, òåõíîëîã³÷íèõ ³, ãîëîâíå, õàð-
÷îâèõ õàðàêòåðèñòèê êðîõìàëþ. Îñê³ëüêè ìàñîâî âæèâàí³ ïðîäóêòè 
ïåðåðîáêè çåðíà ïøåíèö³ ì³ñòÿòü ëåâîâó ÷àñòêó êðîõìàëþ, òî éîãî õàð-
÷îâà (á³îëîã³÷íà) ö³íí³ñòü º ãîëîâíèì ïðåäìåòîì îáãîâîðåííÿ ö³º¿ ñòàòò³. 

Îäí³ºþ ç íàéâàæëèâ³øèõ õàðàêòåðèñòèê êðîõìàëþ ó êîíòåêñò³ 
éîãî á³îëîã³÷íî¿ ö³ííîñò³ º ê³íåòèêà àáî øâèäê³ñòü òðàíñôîðìàö³¿ 
êðîõìàëþ â ãëþêîçó ó øëóíêîâî-êèøêîâîìó òðàêò³ ëþäèíè. Ñë³ä íà-
ãîëîñèòè, ùî â øëóíêîâî-êèøêîâîìó òðàêò³ ëþäèíè º ëèøå îäèí ôåð-
ìåíò, ÿêèé áåðå ó÷àñòü ó çàñâîºíí³ âóãëåâîä³â, — öå ɑ-àì³ëàçà. Ç-ïîì³æ 
âóãëåâîä³â ¿æ³ âîíà ðîçùåïëþº ëèøå êðîõìàëü. Äëÿ õàðàêòåðèñòèêè 
øâèäêîñò³ òðàíñôîðìàö³¿ êðîõìàëþ â ãëþêîçó â ä³ºòîëîã³¿ âèêîðèñòîâó-
ºòüñÿ ãë³öåì³÷íèé ³íäåêñ (glycemic index, GI), ñêîðî÷åíî Ã² (ðèñ. 3). Ã² ãëþ-
êîçè ïðèéíÿòî çà 100 îäèíèöü. Ã² ïðîäóêòó õàð÷óâàííÿ ââàæàþòü âèñî-
êèì ó ìåæàõ 70–100 îäèíèöü, ñåðåäí³ì — ì³æ 50 ³ 70 ³ íèçüêèì — ìåíøå 
50 îäèíèöü. 

 

Ðèñ. 3. Êîíöåíòðàö³ÿ ãëþêîçè ó êðîâ³ ïðè âæèâàíí³ ïðîäóêò³â ç âèñîêèì Ã² 
³ íèçüêèì Ã² ãë³öåì³÷íèìè ³íäåêñàìè [7] 

Ùî âèùå ãë³öåì³÷íèé ³íäåêñ ïðîäóêòó, òî ³ âèùèé ï³ê ãëþêîçè 
óòâîðþºòüñÿ â êðîâ³ ï³ñëÿ âæèâàííÿ òàêî¿ ¿æ³, ³ òèì âèùîþ ìàº áóòè 
ñåêðåö³ÿ ï³äøëóíêîâîþ çàëîçîþ ãîðìîíó ³íñóë³íó äëÿ çàñâîºííÿ 
ãëþêîçè êë³òèíàìè (ðèñ. 4). 

Ñèñòåìàòè÷íèé íàäëèøîê ãëþêîçè â êðîâ³ ìàº âàæê³ ïàòîëîã³÷í³ íà-
ñë³äêè, òàê³ ÿê çàïàëåííÿ îðãàí³â, íàäëèøêîâà ìàñà ò³ëà, ïîÿâà ñò³éêîñ-
ò³ äî ³íñóë³íó, ìåòàáîë³÷íèé ñèíäðîì ³ ê³íöåâèé ðåçóëüòàò — ä³àáåò 2-ãî 
òèïó (ðèñ. 5, 6). 

Ïðè öüîìó âàæëèâî íàãîëîñèòè, ùî õë³á ³ õë³áîïðîäóêòè ³ç çåð-
íà ïøåíèö³, ÿê çàçíà÷åíî âèùå, ì³ñòÿòü ó ñêëàä³ êðîõìàëþ àì³ëî-
ïåêòèí, òèï À, ÿêèé øâèäøå â³ä ³íøèõ òèï³â àì³ëîïåêòèíó òðàíñ-
ôîðìóºòüñÿ â ãëþêîçó. ßê íàñë³äîê, õë³á ³ õë³áîïðîäóêòè ìàþòü âèñîê³ 
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Ðèñ. 4. Ñåêðåö³ÿ ³íñóë³íó ïðè âæèâàíí³ ïðîäóêò³â ç âèñîêèì ³ íèçüêèì 
ãë³öåì³÷íèìè ³íäåêñàìè [7] 

 

Ðèñ. 5. Çàõâîðþâàí³ñòü íà ä³àáåò ó ÑØÀ ó 1994 ðîö³ [7] 

 

Ðèñ. 6. Çàõâîðþâàí³ñòü íà ä³àáåò ó ÑØÀ ó 2004 ðîö³ [7] 
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ãë³öåì³÷í³ ³íäåêñè — â³ä 70 äî 90 ³ âèùå, ³, îòæå ñòâîðþþòü ðèçèê ðîçâèò-
êó ïåðåë³÷åíèõ âèùå ïàòîëîã³é. Òîìó íå âèïàäêîâî íîðìóâàííÿ âóãëå-
âîäèñòèõ ïðîäóêò³â äëÿ ä³àáåòèê³â âèçíà÷àþòü ó õë³áíèõ îäèíèöÿõ. Îäíà 
õë³áíà îäèíèöÿ äîð³âíþº 10–12 ã çàñâîþâàíèõ âóãëåâîä³â àáî 20 ã á³ëîãî 
ïøåíè÷íîãî õë³áà. Îäíà õë³áíà îäèíèöÿ ï³äâèùóº âì³ñò öóêðó ó êðîâ³ íà 
2,8 ììîëü/ë³òð ³ ïîòðåáóº äëÿ çàñâîºííÿ îðãàí³çìîì 2 îäèíèö³ ³íñóë³íó. 

Ñó÷àñíèé ñòèëü õàð÷óâàííÿ öèâ³ë³çîâàíîãî ëþäñòâà ñóòòºâî çì³ñòèâ-
ñÿ â á³ê çìåíøåííÿ â ðàö³îí³ íàòóðàëüíèõ ïðîäóêò³â òà ¿õíüîãî çàì³ùåí-
íÿ ðàô³íîâàíèìè êðîõìàëèñòèìè ïðîäóêòàìè, ÿê³ øâèäêî ãîòóþòüñÿ òà 
çàñâîþþòüñÿ, ìàþòü âèñîêó êàëîð³éí³ñòü. Ìàëîðóõîìèé ñïîñ³á æèòòÿ 
ëþäåé ó ïîºäíàíí³ ç ñó÷àñíèì ñòèëåì õàð÷óâàííÿ ñòâîðþþòü óìîâè äëÿ 
íàêîïè÷åííÿ íàäëèøêîâî¿ ìàñè ò³ëà, îæèð³ííÿ, ÿêå â ñó÷àñíîìó òåõíîëî-
ã³÷íî ðîçâèíóòîìó ñâ³ò³ íàáóâàº îçíàê ïàíäåì³¿. ² ÿê íàñë³äîê, îñòàíí³ìè 
äåñÿòèð³÷÷ÿìè ñóòòºâî çð³ñ ðèçèê ïîøèðåííÿ îçíàê ã³ïåðòåíç³¿, äèñë³ï³-
äåì³¿, ä³àáåòó 2-ãî òèïó, ñåðöåâî-ñóäèííèõ òà ³íøèõ õðîí³÷íèõ ïàòîëîã³é 
(ðèñ. 5, 6). Ñåðåä êðîõìàëèñòèõ ïðîäóêò³â, ùî º ñêëàäîâîþ ñó÷àñíîãî 
ñòèëþ íåçäîðîâîãî õàð÷óâàííÿ, ÷³ëüíå ì³ñöå çàéìàþòü ñàìå ïðîäóêòè ³ç 
çåðíà ïøåíèö³. 

Ðàäèêàëüíèì øëÿõîì ïîë³ïøåííÿ ðàö³îíó ùîäî çäîðîâîãî õàð-
÷óâàííÿ ëþäåé ñó÷àñíà ä³ºòîëîã³ÿ ââàæàº ñóòòºâå çá³ëüøåííÿ ó ¿õ-
íüîìó ðàö³îí³ ÷àñòêè ä³ºòè÷íî¿ êë³òêîâèíè. Çã³äíî ç âèçíà÷åííÿì Àñî-
ö³àö³¿ çåðíîâèõ õ³ì³ê³â ÑØÀ (AACC), «ä³ºòè÷íà êë³òêîâèíà… ñò³éêà äî ä³¿ 
ôåðìåíò³â òðàâëåííÿ òà âñìîêòóâàííÿ ó òîíêîìó êèøê³âíèêó, àëå ç ïîâ-
íèì àáî ÷àñòêîâèì ïåðåòðàâëþâàííÿì ó òîâñòîìó êèøê³âíèêó… ñïðè÷è-
íÿº ïîçèòèâíèé ô³ç³îëîã³÷íèé åôåêò âêëþ÷íî ç ðåëàêñàö³ºþ, çíèæåííÿì 
ó êðîâ³ âì³ñòó õîëåñòåðèíó òà ãëþêîçè». Íà æàëü, öèâ³ë³çîâàíå ëþäñòâî 
ó á³ëüøîñò³ íàëåæíèì ÷èíîì ùå íå îö³íèëî çíà÷åííÿ ä³ºòè÷íî¿ êë³òêîâè-
íè ó õàð÷óâàíí³. Òàê, çã³äíî äàíèõ Íàö³îíàëüíî¿ àêàäåì³¿ íàóê òà ²íñòèòó-
òó ìåäèöèíè ÑØÀ, àìåðèêàíö³ â ñåðåäíüîìó âæèâàþòü ìåíøå 20 ã/äîáó 
ä³ºòè÷íî¿ êë³òêîâèíè çàì³ñòü ðåêîìåíäîâàíèõ 38 ã/äîáó äëÿ äîðîñëî¿ 
îñîáè ÷îëîâ³÷î¿ ³ 25 ã/äîáó äëÿ îñîáè æ³íî÷î¿ ñòàò³. Îäíèì ³ç âàæëèâèõ 
äëÿ çäîðîâ’ÿ ð³çíîâèä³â ä³ºòè÷íî¿ êë³òêîâèíè åêñïåðòè ÔÀÎ òà ÂÎÇ 
ââàæàþòü ñò³éêèé äî ïåðåòðàâëþâàííÿ òàê çâàíèé ðåçèñòåíòíèé 
êðîõìàëü (resistant starch, RS) [7]. 

Ñàìå òåðì³í «ðåçèñòåíòíèé êðîõìàëü» îçíà÷àº, ùî ì³æ òèïàìè êðîõ-
ìàëþ ³ñíóº ³ñòîòíà â³äì³íí³ñòü çà ¿õíüîþ ñò³éê³ñòþ äî ôåðìåíò³â. Êðîõ-
ìàëü, ùî âæèâàºòüñÿ äëÿ õàð÷îâèõ ö³ëåé, çà øâèäê³ñòþ ïåðåòðàâëþâàííÿ 
ðîçïîä³ëÿºòüñÿ íà òðè êàòåãîð³¿ (çà Englyst òåñòîì): øâèäêî ïåðåòðàâëþ-
âàíèé (RDS) — òðèâàë³ñòü äåãðàäàö³¿ ó ñåðåäîâèù³ ç³ ñòàíäàðòíîþ ôåð-
ìåíòíîþ ñóì³øøþ 20 õâ; ïîâ³ëüíî ïåðåòðàâëþâàíèé (SDS) — òðèâàë³ñòü 
ôåðìåíòàòèâíî¿ äåãðàäàö³¿ 120 õâ; ñò³éêèé äî ïåðåòðàâëþâàííÿ (RS) ðå-
çèñòåíòíèé êðîõìàëü ç òðèâàë³ñòþ äåãðàäàö³¿ ïîíàä 120 õâ [8]. Âïåðøå 
çàïðîïîíîâàíèé Englyst et al. (1982) òåðì³í «ðåçèñòåíòíèé êðîõìàëü» 
áóâ çãîäîì ôîðìàëüíî âèçíà÷åíèé ºâðîïåéñüêîþ ³íñòèòóö³ºþ EURESTA 
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ÿê «êðîõìàëü àáî ïðîäóêò äåãðàäàö³¿ êðîõìàëþ, ùî íå ïåðåòðàâëþºòüñÿ 
ó òîíêîìó êèøê³âíèêó ëþäèíè, àëå ïîâí³ñòþ àáî ÷àñòêîâî ôåðìåíòóºòüñÿ 
ó òîâñòîìó êèøê³âíèêó ³ ä³º ÿê õàð÷îâèé ñóáñòðàò äëÿ ì³êðîôëîðè êèøê³â-
íèêà, ÿê ïðåá³îòè÷íèé ìàòåð³àë» [9,10]. 

Ìèìîõ³äü ïîÿñíèìî äâà, ïîâ’ÿçàí³ ç òåìîþ ñòàòò³, òåðì³íè «ïðåá³î-
òèêè» ³ «ïðîá³îòèêè», îñê³ëüêè öå âàæëèâî äëÿ ïîäàëüøîãî òëóìà÷åííÿ 
ìàòåð³àëó. Ïðîá³îòèêè (probiotics) — ì³êðîîðãàí³çìè (ëàêòîáàêòåð³¿, á³-
ô³äîáàêòåð³¿), ùî íàëåæàòü ïåðåâàæíî äî òàêèõ ðîä³â ÿê Bacteroides, 
Bifidobacterium, Ruminococcus, Eubacterium òà Lactobacillus. Öå ì³êðî-
îðãàí³çìè-ñèìá³îòèêè, ùî íàñåëÿþòü êèøê³âíèê, ïåðåðîáëÿþòü ðå÷î-
âèíè-ïðåá³îòèêè ÿê ïîæèâíèé ñóáñòðàò ³ ñïðè÷èíþþòü ïîçèòèâíèé ô³-
ç³îëîã³÷íèé âïëèâ íà çäîðîâ’ÿ ëþäèíè, ñèíòåçóþ÷è â ðåçóëüòàò³ ñâîº¿ 
æèòòºä³ÿëüíîñò³ êîðîòêîëàíöþãîâ³ æèðí³ êèñëîòè (ÊËÆÊ): îöòîâó, ïðîï³-
îíîâó, ìîëî÷íó òà îñîáëèâî áóòèëîâó. Ñâîºþ ÷åðãîþ ÊËÆÊ âñìîêòóþòüñÿ 
ó êèøê³âíèêó, ïîë³ïøóþ÷è çàñâîºííÿ îðãàí³çìîì âîäè òà ì³íåðàëüíèõ ñî-
ëåé. ÊËÆÊ º íàäçâè÷àéíî âàæëèâèì äæåðåëîì åíåðã³¿ äëÿ ïå÷³íêè, âîíè 
æèâëÿòü åï³òåë³àëüí³ êë³òèíè, ùî âèñòèëàþòü êèøê³âíèê, ñïðèÿþòü ¿õ â³ä-
íîâëåííþ, ðîñòó ³ äèôåðåíö³àö³¿. Â ðåçóëüòàò³ ìåòàáîë³÷íîãî çàñâî-
ºííÿ ì³êðîôëîðîþ êèøê³âíèêà ðåçèñòåíòíîãî êðîõìàëþ âèÿâëåí³ 
íàñòóïí³ ïîçèòèâí³ ô³ç³îëîã³÷í³ åôåêòè: ïîêðàùóºòüñÿ çàãàëüíèé 
ñòàí ñàíàö³¿ ³ çäîðîâ’ÿ êèøê³âíèêà; çðîñòàº ÷èñåëüí³ñòü êîðèñíî¿ 
ì³êðîôëîðè (ïðåá³îòè÷íèé åôåêò); çá³ëüøóºòüñÿ âèõ³ä êàëîâèõ 
ìàñ òà ïîêðàùóºòüñÿ ïðîöåñ î÷èùåííÿ êèøê³âíèêà; çíèæóºòüñÿ ðÍ 
êèøêîâîãî ñåðåäîâèùà òà çìåíøóºòüñÿ ñèíòåç ïîòåíö³éíî øê³ä-
ëèâèõ âòîðèííèõ æîâ÷íèõ êèñëîò, àì³àêó ³ ôåíîë³â; ñïîñòåð³ãàºòüñÿ 
ïðîòèä³ÿ äåãðàäàö³¿ ìóêî¿äíîãî øàðó, ùî çàõèùàº êë³òèíè êèøê³â-
íèêà; ïîñèëþºòüñÿ åôåêò çâîðîòíî¿ ä³¿ íà ïðîöåñè íåîïëàç³¿ ³ êàí-
öåðîãåíåçó; ³íäóêóºòüñÿ àïîïòîç (ïðîãðàìîâàíà ñìåðòü) ïîøêî-
äæåíèõ êë³òèí êèøê³âíèêà òîùî [15]. 

Ïðåá³îòèêè (prebiotics) — ä³ºòè÷íà êë³òêîâèíà àáî ðå÷îâèíè — êîì-
ïîíåíòè ïðîäóêò³â õàð÷óâàííÿ, ùî íå âñìîêòóþòüñÿ ó òîíêîìó êèøê³â-
íèêó, àëå ñïðàâëÿþòü ïåðåë³÷åí³ âèùå ïîçèòèâí³ ô³ç³îëîã³÷í³ åôåêòè 
íà çäîðîâ’ÿ ëþäèíè, ñòèìóëþþ÷è ð³ñò ³ ðîçâèòîê êîðèñíî¿ ì³êðîôëîðè 
êèøê³âíèêà. Äî êëàñó ä³ºòè÷íî¿ êë³òêîâèíè (ïðåá³îòè÷íîãî ìàòåð³àëó) 
íàëåæàòü íàñòóïí³ êîìïîíåíòè ¿æ³: ïîë³ñàõàðèäè (ïåêòèí, ãåì³öåëëþ-
ëîçè, ãóìì³, ³íóë³í ³ ðåçèñòåíòíèé êðîõìàëü), îë³ãîñàõàðèäè (ðàô³íîçà, 
ñòàõ³îçà, ôðóêòîîë³ãîñàõàðèäè, ãàëàêòîîë³ãîñàõàðèäè, ðåçèñòåíòíèé 
äåêñòðèí) òà äåÿê³ öóêðè ³ ïîëîçè, ùî íå âñìîêòóþòüñÿ ó òîíêîìó â³ää³-
ë³ êèøê³âíèêà (ìàí³òîë, ëàêò³òîë). Îòæå, ðåçèñòåíòíèé êðîõìàëü º ä³-
ºòè÷íîþ êë³òêîâèíîþ ³ âîäíî÷àñ òèïîâèì ïðåá³îòèêîì ðîñëèííîãî 
ïîõîäæåííÿ, ïðîäóêòîì «õàð÷óâàííÿ» äëÿ êîðèñíî¿ ì³êðîôëîðè 
êèøê³âíèêà (ïðîá³îòèê³â) ³ ä³ºòè÷íîþ êë³òêîâèíîþ ó ðàö³îí³ ëþäè-
íè. Çàçíà÷èìî, ùî 50 % ðåçèñòåíòíîãî êðîõìàëþ â îðãàí³çì ëþäèíè 
íàäõîäèòü ç ïðîäóêòàìè ìàñîâîãî âæèòêó ³ç çåðíà ïøåíèö³. Òîìó ï³äâè-
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ùåííÿ âì³ñòó ðåçèñòåíòíîãî êðîõìàëþ â çåðí³ ïøåíèö³ — öå ñòðàòåã³÷íå 
çàâäàííÿ ñó÷àñíî¿ á³îòåõíîëîã³¿ âçàãàë³. Ðåçèñòåíòíèé êðîõìàëü êëàñè-
ô³êóþòü ó ÷îòèðè çàãàëüí³ ï³äòèïè: RS1, RS2, RS3 òà RS4, ùî ñõåìàòè÷íî 
çîáðàæåí³ íà ðèñ. 7 [8,11,12]. 

 

Ðèñ. 7. Ï³äòèïè ðåçèñòåíòíîãî êðîõìàëþ: (a) RS1, (b) RS2, (c) RS3, (d) RS4 [12] 

Ï³äòèï RS1 — íàòèâíèé êðîõìàëü, ùî ìàº êîìïàêòíó êðèñòàë³÷íó 
ñòðóêòóðó, ÿêà óòðóäíþº äîñòóï ôåðìåíò³â òðàâëåííÿ, òåðìîñò³éêèé, çíà-
õîäèòüñÿ ó çåðí³ çåðíîâèõ êóëüòóð, êîðåíåïëîäàõ. Ï³äòèï RS2 — öå òàêîæ 
íàòèâíèé êðîõìàëü, ïðèñóòí³é ó ñèð³é êàðòîïë³, áàíàíàõ òà çåðí³ âèñîêî-
àì³ëîçíî¿ êóêóðóäçè. Óí³êàëüíà êðèñòàë³÷íà ñòðóêòóðà öüîãî êðîõìàëþ íå 
ðóéíóºòüñÿ íàâ³òü ïðè êóë³íàðí³é îáðîáö³ òà ë³ì³òóº ä³þ ôåðìåíò³â òðàâ-
ëåííÿ. Ñàìå ïðî öåé òèï êðîõìàëþ ï³äå ìîâà íèæ÷å. Ï³äòèï RS3 — 
öå íåãðàíóëÿðíèé êðîõìàëü, ùî íàáóâàº ðåçèñòåíòíîñò³ ï³ñëÿ êóë³íàðíî¿, 
òåðì³÷íî¿, îáðîáêè (æåëàòèí³çàö³¿) òà îõîëîäæåííÿ. Öå òàê çâàíèé äå-
ãðàäîâàíèé êðîõìàëü. Ï³äòèï RS4 — õ³ì³÷íî ìîäèô³êîâàíèé êðîõìàëü ÿê 
ðåçóëüòàò ìîëåêóëÿðíî¿ êîíâåðñ³¿, çàì³ùåííÿ, çøèâêè, åòåðèô³êàö³¿. Âíà-
ñë³äîê õ³ì³÷íî¿ ìîäèô³êàö³¿ â³í íàáóâàº ñò³éêîñò³ äî ôåðìåíò³â òðàâëåííÿ. 

Ðîçãëÿíåìî ìåõàí³çì ôîðìóâàííÿ ðåçèñòåíòíîãî êðîõìàëþ ó çåðí³ 
ïøåíèö³. Â éîãî îñíîâ³ ëåæèòü ñï³ââ³äíîøåííÿ ì³æ âì³ñòîì ó êðîõ-
ìàë³ àì³ëîçè ³ àì³ëîïåêòèíó. Ï³äâèùåííÿ ó ñêëàä³ êðîõìàëþ âì³ñ-
òó àì³ëîçè, ÿêà ñóòòºâî ã³ðøà çà àì³ëîïåêòèí À, ïåðåòðàâëþºòüñÿ 
ó øëóíêîâî-êèøêîâîìó òðàêò³, ò³ñíî ïîçèòèâíî êîðåëþº ç ôîðìó-
âàííÿì ðåçèñòåíòíîãî êðîõìàëþ [12]. Ìîëåêóëà àì³ëîïåêòèíó ìàº 
çíà÷íî á³ëüø³ ðîçì³ðè, í³æ ìîëåêóëà àì³ëîçè. ßê íàñë³äîê, âîíà ìàº á³ëü-
øó ïëîùó, ÿêó ñïðîìîæí³ àòàêóâàòè àì³ëîë³òè÷í³ ôåðìåíòè ³ òîìó øâèä-
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øå ïåðåòðàâëþºòüñÿ ó øëóíêîâî-êèøêîâîìó òðàêò³. Ìîëåêóëè æ àì³ëîçè 
ò³ñíî ïîâ’ÿçàí³ îäíà ç îäíîþ âîäíåâèìè çàâ’ÿçêàìè, ùî ï³äâèùóº ñò³é-
ê³ñòü àì³ëîçè äî ä³¿ ôåðìåíò³â ³ ëåæèòü â îñíîâ³ ôîðìóâàííÿ ðåçèñòåíò-
íîãî êðîõìàëþ [13]. 

Îòæå, ùî âèùå âì³ñò àì³ëîçè ó êðîõìàë³, òî ã³ðøå òàêèé êðîõ-
ìàëü æåëàòèí³çóºòüñÿ, òî á³ëüø ÷óòëèâèé â³í äî ðåòðîãðàäàö³¿. Â³ä-
ïîâ³äíî âèñîêîàì³ëîçíèé êðîõìàëü ÿê in vitro, òàê ³ in vivo çíà÷íî 
ã³ðøå ïåðåòðàâëþºòüñÿ ó ïîð³âíÿíí³ ç³ çâè÷àéíèì êðîõìàëåì ç òè-
ïîâèì ñï³ââ³äíîøåííÿì àì³ëîçà/àì³ëîïåêòèí 25–28 % / 75–72 % 
[14]. 

ßêèì æå ÷èíîì ìîæíà ï³äâèùèòè âì³ñò àì³ëîçè ó ñêëàä³ êðîõìàëþ 
ïøåíèö³? Íà öå çàïèòàííÿ äàº ÷³òêó â³äïîâ³äü ñó÷àñíà ãåíåòèêà ³ á³îòåõ-
íîëîã³ÿ. Íà ñüîãîäí³ ãåíåòèêà á³îñèíòåçó êðîõìàëþ ïøåíèö³ äîñòàòíüî 
äîáðå âèâ÷åíà ³ ðîçðîáëåí³ åôåêòèâí³ ìåòîäè åêñïåðèìåíòàëüíî¿ çì³íè 
âì³ñòó àì³ëîçè â êðîõìàë³ ÿê ó á³ê ¿¿ ÷àñòêîâîãî çíèæåííÿ (ïøåíèöÿ ÷àñò-
êîâî âàêñ³) àáî ïîâíîãî áëîêóâàííÿ á³îñèíòåçó (ïøåíèöÿ âàêñ³), òàê ³ ¿¿ 
ñóòòºâîãî ï³äâèùåííÿ (âèñîêîàì³ëîçíà ïøåíèöÿ). 

Íà ðèñóíêó 8 ³ òàáëèö³ 1 ïîäàíî ñõåìó á³îñèíòåçó êðîõìàëþ çåðíà 
ïøåíèö³, ðîëü êëþ÷îâèõ ôåðìåíò³â ó òðàíñôîðìàö³¿ ãëþêîçè â àì³ëîçó 
³ àì³ëîïåêòèí òà ëîêàë³çàö³þ ó õðîìîñîìàõ ãåí³â, ùî êîäóþòü á³îñèíòåç 
êëþ÷îâèõ ôåðìåíò³â á³îñèíòåçó êðîõìàëþ. 

Ðèñ. 8. Ñõåìà á³îñèíòåçó êðîõìàëþ çåðíà ïøåíèö³ [16] 

Ó òàáëèö³ 1 ïîäàíî òàêîæ ³íôîðìàö³þ ïðî òå, ñåðåä ÿêèõ ãåíåòè÷íèõ 
ñèñòåì êîíòðîëþ á³îñèíòåçó êðîõìàëþ ³äåíòèô³êîâàíî ìóòàíòí³ àëåë³. 
Íàâåäåìî êîðîòêî õàðàêòåðèñòèêó îêðåìèõ êëþ÷îâèõ ôåðìåíò³â á³îñèí-
òåçó êðîõìàëþ òà ¿õí³ ôóíêö³¿. 

GBSS I — ñèíòàçà êðîõìàëþ, ôåðìåíò â³äïîâ³äàº çà ôóíêö³þ åëîí-
ãàö³¿ ëàíöþã³â ãëþêîçè øëÿõîì äîäàâàííÿ çàëèøê³â ãëþêîçè ç íåðåäó-
êîâàíîãî ê³íöÿ. Ôåðìåíò â³äîìèé ùå ÿê «ïðîòå¿í âàêñ³» ³ º îäíîëàíöþ-
ãîâèì ïîë³ïåïòèäîì ç ìîëåêóëÿðíîþ ìàñîþ áëèçüêî 68 êÄà, êîäóºòüñÿ 
äîì³íàíòíèìè àëåëÿìè Wx â³äïîâ³äíèõ ãåí³â [17]. Â³äñóòí³ñòü àêòèâíîñò³ 
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Òàáëèöÿ 1 
Ãåíåòè÷íèé êîíòðîëü êëþ÷îâèõ ôåðìåíò³â á³îñèíòåçó êðîõìàëþ 

â çåðí³ ïøåíèö³ [16] 

 
Ãåíè äëÿ êëþ÷îâèõ ôåðìåíò³â

Ðîçì³ð êîäîâà-
íîãî ïîë³ïåïòè-

äó, êÄà

Ëîêàë³çàö³ÿ 
ãåí³â ó õðîìî-

ñîìàõ

²äåíòè-
ô³êîâàí³ 
ìóòàö³¿

ÀÄÔ-ãëþêîçî ï³ðîôîñôîðèëàçà 
âåëèêà ñóáîäèíèöÿ 
ÀÄÔ-ãëþêîçî ï³ðîôîñôîðèëàçà 
ìàëà ñóáîäèíèöÿ 
Àñîö³éîâàíà ç ãðàíóëàìè ñèíòàçà 
êðîõìàëþ I (GBSS I) 
Ñèíòàçà êðîõìàëþ ² (SS I) 
Ñèíòàçà êðîõìàëþ ²I (SS II) 
Ñèíòàçà êðîõìàëþ ²II (SS III) 
Ñèíòàçà êðîõìàëþ ²Y (SS IY) 
Ôåðìåíò ã³ëêóâàííÿ ² (SBE I) 
Ôåðìåíò ã³ëêóâàííÿ ²Ia (SBE IIa) 
Ôåðìåíò ã³ëêóâàííÿ ²Ib (SBE IIb) 
²çîàì³ëàçà ² (ISA 3)

57,8 

52,1 

67,7 
71 

87,2 
183,1 
103,1 
91,3 
92,6 
94,4 
88,7

1AS,1B,1D 

7AS,7B,7D 

7AS,4AL,7DS 
7AS,7BS,7DS 
7AS,7BS,7DS 

1AS 
? 

7AL,7BL,7DL 
2AL,2BL,2DL 

2A,2B,2D 
7AS,7BS,7DS

Í³ 

Í³ 

Òàê 
Í³ 

Òàê 
Í³ 
Í³ 

Òàê 
Í³ 
Í³ 
Í³

GBSS I ïðèçâîäèòü äî ïîÿâè â³äîìîãî ôåíîòèïó «âàêñ³» ³ ïðàêòè÷íî ïî-
âíîãî áëîêóâàííÿ á³îñèíòåçó àì³ëîçè. Ãåí Wx äëÿ GBSS I ì³ñòèòü 11 åê-
ñîí³â ³ ìàº â³äíîñíî íåâåëèêèé ðîçì³ð, ïðèáëèçíî 3 êá â³ä ïåðøîãî äî 
îñòàííüîãî åêñîíó. Ãåíè Wx äëÿ GBSS I ëîêàë³çîâàí³ íà ê³íöÿõ êîðîòêèõ 
ïëå÷åé ãîìåîëîã³÷íèõ õðîìîñîì 7À (Wx-A1) ³ 7D (Wx-D1) òà â äîâãîìó 
ïëå÷³ õðîìîñîìè 4À (Wx-B1) — ÿê ðåçóëüòàò òðàíñëîêàö³¿ êîðîòêîãî ïëå-
÷à õðîìîñîìè 7Â (7ÂS.4AL). Ãåíîì-ñïåöèô³÷í³ ãîìåîëîã³÷í³ ³çîôîðìè 
GBSS I õàðàêòåðèçóþòüñÿ 95 %-îþ ³äåíòè÷í³ñòþ ó ïîñë³äîâíîñò³ íóêëåî-
òèä³â. Àêòèâí³ñòü GBSS I ³ â³äïîâ³äíî á³îñèíòåç àì³ëîçè ïîâí³ñòþ çàáëî-
êîâàíèé, à ôåíîòèï «âàêñ³» ïðîÿâëÿºòüñÿ ó ãåíîòèï³â, ùî íåñóòü ó ãîìî-
çèãîòíîìó ñòàí³ âñ³ òðè ðåöåñèâí³ àëåë³ ãåí³â Wx. 

SS I — ñèíòàçà êðîõìàëþ, àñîö³éîâàíà ç êðîõìàëüíèìè ãðàíóëàìè. 
Ñèíòàçà êðîõìàëþ — öå ïîë³ïåïòèä ìàñîþ 70 êÄà. Ãåí, ùî êîäóº SS I, 
ëîêàë³çîâàíèé ó êîðîòêîìó ïëå÷³ õðîìîñîì ãîìåîëîã³÷íî¿ ãðóïè 7 ïðî-
êñèìàëüíî GBSS I ãåí³â. Ãåí äëÿ SS I ìàº ðîçì³ð 10 êá ³ ì³ñòèòü 15 åêñîí³â. 
²äåíòè÷í³ñòü íóêëåîòèäíèõ ãîìåîëîã³÷íèõ ïîñë³äîâíîñòåé ãåí³â äëÿ SS I, 
ÿê ³ äëÿ GBSS I, ñòàíîâèòü 95 %. Êîíêðåòíà ðîëü öüîãî ôåðìåíòó ó ïøå-
íèö³ íå â³äîìà [18]. Äîñë³äæåííÿ àíàëîã³÷íîãî ôåðìåíòó ó êóêóðóäçè äàº 
ï³äñòàâè äëÿ ïðèïóùåííÿ, ùî â³í çä³éñíþº åëîíãàö³þ êîðîòêèõ ëàíöþã³â 
äî 10 çàëèøê³â ãëþêîçè. 

SS II — ñèíòàçà êðîõìàëþ, ôåðìåíò, àñîö³éîâàíèé ç êðîõìàëüíèìè 
ãðàíóëàìè, ïðåäñòàâëåíèé ê³ëüêîìà ïîë³ïåïòèäàìè SS I²a ³ SS IIb ð³çíî¿ 
ìîëåêóëÿðíî¿ ìàñè. SS IIb â åíäîñïåðì³ íå åêñïðåñóºòüñÿ. Ãåí äëÿ SS I²a 
ëîêàë³çîâàíèé ó êîðîòêèõ ïëå÷àõ õðîìîñîì ãîìåîëîã³÷íî¿ ãðóïè 7 ïðî-
êñèìàëüíî ãåíà äëÿ SS I. Â³í ì³ñòèòü 8 åêñîí³â ³ ìàº ðîçì³ð 10 êá. Çà â³ä-
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ñóòíîñò³ àêòèâíîñò³ SS I²a ó ìóòàíòíî¿ ôîðìè ïøåíèö³ êðîõìàëü ì³ñòèòü 
äî 35 % àì³ëîçè ðàçîì ç ï³äâèùåíîþ ÷àñòêîþ ðåçèñòåíòíîãî êðîõìàëþ ³ 
ìàº òåìïåðàòóðó æåëàòèí³çàö³¿ íà 10°Ñ íèæ÷ó â³ä íîðìè [19]. 

SS I²I — ñèíòàçà êðîõìàëþ, ïîë³ïåïòèä ìàñîþ 184 êÄà, êîäóºòüñÿ ãå-
íîì, ùî ðîçì³ùåíèé ó êîðîòêîìó ïëå÷³ õðîìîñîìè 1ÀS ïøåíèö³. Ó êó-
êóðóäçè â³äñóòí³ñòü àêòèâíîñò³ SS I²I ïðèçâîäèòü äî ñêîðî÷åííÿ äîâæè-
íè ëàíöþã³â àì³ëîïåêòèíó òà ï³äâèùåííÿ ãóñòèíè êðîõìàëþ. Ó ïøåíèö³ 
ôóíêö³ÿ SS I²I çàëèøàºòüñÿ ìàëîäîñë³äæåíîþ [20]. 

SS IY — ñèíòàçà êðîõìàëþ äîáðå äîñë³äæåíà íà êóëüòóð³ ðèñó. Ó ïøå-
íèö³ ôåðìåíò ³äåíòèô³êîâàíèé ó ëèñòÿõ ³ íàðàç³ ìàëî äîñë³äæåíèé. 

SBE I — ôåðìåíò ã³ëêóâàííÿ àì³ëîïåêòèíó, àñîö³éîâàíèé ç êðîõìàëü-
íèìè ãðàíóëàìè âåëèêèõ ðîçì³ð³â. Ãåí, ùî êîäóº SBE I, ì³ñòèòü 22 åêñîíè 
³ ðîçì³ùåíèé ó äîâãîìó ïëå÷³ õðîìîñîì ãîìåîëîã³÷íî¿ ãðóïè 7. Â³äñóò-
í³ñòü öüîãî ãåíà ó ìóòàíòíî¿ ë³í³¿ ïøåíèö³ íå ïðèâîäèòü äî ÿêèõîñü ñóòòº-
âèõ çì³í ó ñêëàä³ òà ô³çè÷íèõ âëàñòèâîñòÿõ êðîõìàëþ [21]. 

SBE II — ôåðìåíò ã³ëêóâàííÿ àì³ëîïåêòèíó. Â óñ³õ çëàê³â ôåðìåíò 
SBE II ïðåäñòàâëåíèé ó äâîõ ³çîôîðìàõ — SBE IIà òà SBE IIb. Â åíäîñïåðì³ 
ïøåíèö³ ³çîôîðìà SBE IIà º äîì³íóþ÷èì ôåðìåíòîì ã³ëêóâàííÿ àì³ëîïåê-
òèíó. Îäíàê ó êðîõìàëüíèõ ãðàíóëàõ äîì³íóº ³çîôîðìà SBE IIb ó ñï³ââ³ä-
íîøåíí³ äî SBE IIà ÿê 3:2. Îáèäâ³ ³çîôîðìè ìàþòü îäíàêîâó ìîëåêóëÿðíó 
ìàñó ³ íå ðîçä³ëÿþòüñÿ øëÿõîì åëåêòðîôîðåçó, à ëèøå øëÿõîì éîíîîá-
ì³ííî¿ õðîìàòîãðàô³¿. SBE IIà ãåí ì³ñòèòü 22 åêñîíè, ³ ìàº ðîçì³ð 17 êá. 
Ó ïøåíèö³ ãåíè äëÿ îáîõ SBE IIà òà SBE IIb ôåðìåíò³â ëîêàë³çîâàí³ ó äîâãèõ 
ïëå÷àõ õðîìîñîì ãîìåîëîã³÷íî¿ ãðóïè 2. ª ùå ê³ëüêà ôåðìåíò³â, ðîëü ÿêèõ 
ó á³îñèíòåç³ êðîõìàëþ º ì³íîðíîþ, òîìó ìè íå çóïèíÿòèìåìîñü íà íèõ. 

Îòæå, çà ëîã³êîþ ïðîöåñó á³îñèíòåçó êðîõìàëþ â îñíîâ³ òåõíî-
ëîã³¿ ï³äâèùåííÿ âì³ñòó àì³ëîçè (³ â³äïîâ³äíî RS êðîõìàëþ) ìàþòü 
áóòè ãåíåòè÷í³ ìàí³ïóëÿö³¿, ñïðÿìîâàí³ íà ³íàêòèâàö³þ êëþ÷îâèõ 
ôåðìåíò³â á³îñèíòåçó àì³ëîïåêòèíó. Îñîáëèâî öå ñòîñóºòüñÿ ôåð-
ìåíò³â, ÿê³ âèêîíóþòü ôóíêö³þ ã³ëêóâàííÿ ìîëåêóëè àì³ëîïåêòèíó, 
àäæå ìîëåêóëà àì³ëîïåêòèíó, ùî íå ã³ëêóºòüñÿ, ïðàêòè÷íî òðàíñ-
ôîðìóºòüñÿ â ìîëåêóëó àì³ëîçè. Ñüîãîäí³ ö³ëüîâèìè ãåíàìè, íà áëî-
êóâàííÿ åêñïðåñ³¿ ÿêèõ ñïðÿìîâàí³ ñó÷àñí³ á³îòåõíîëîã³÷í³ ìåòîäè, ãîëîâ-
íèì ÷èíîì º ãåíè, ùî êîäóþòü ôåðìåíòè ã³ëêóâàííÿ àì³ëîïåêòèíó êëàñó 
²² (SBE IIa/b) òà ñèíòàçà ²² (SS II àáî SGP-1) [22]. Íàéá³ëüø åôåêòèâíèìè 
çà îòðèìàíèìè ðåçóëüòàòàìè ï³äâèùåííÿ âì³ñòó àì³ëîçè â çåðí³ ïøåíèö³ 
ñüîãîäí³ âèçíàí³ ìåòîäè ÐÍÊ ³íòåðôåðåíö³¿ (RNAi, àáî òåõíîëîã³ÿ ìîâ÷àç-
íèõ ãåí³â gene silencing) òà ìåòîä, â³äîìèé ï³ä íàçâîþ TILLING (Targeting 
Induced Local Lesions in Genomes). Ìåòîä RNAi íàëåæèòü äî ðîçä³ëó òè-
ïîâèõ òðàíñãåííèõ òåõíîëîã³é. Ìåòîä TILLING — öå ð³çíîâèä ñó÷àñíîãî 
âèñîêîòåõíîëîã³÷íîãî ìóòàãåíåçó, ñïðÿìîâàíîãî íà îòðèìàííÿ ìóòàö³é 
ñïåöèô³÷íèõ ãåí³â òà äåòåêö³þ ö³ëåñïðÿìîâàíèõ ìóòàö³é øëÿõîì ñêðè-
í³íãó ³íäóêîâàíîãî SNP (single nucleotide polymorphism) ïîë³ìîðô³çìó. 
Çóïèíèìîñü êîðîòêî íà öèõ äâîõ ïðîöåäóðàõ. 
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Ìåòîä RNAi ç ìåòîþ ñòâîðåííÿ âèñîêîàì³ëîçíî¿ ïøåíèö³ áóâ óïåð-
øå çàñòîñîâàíèé ó 2005 ðîö³ ñï³âðîá³òíèêàìè àâñòðàë³éñüêî¿ êîìïàí³¿ 
CSIRO (Commonwealth Scientific and Industrial Research Organization) [23]. 
Ó ðåçóëüòàò³ áëîêóâàííÿ àêòèâíîñò³ îáîõ SBE I²a/b ãåí³â àâòîðè îòðèìàëè 
òðàíñãåíí³ ðîñëèíè õë³áîïåêàðñüêî¿ ïøåíèö³, ó ÿêèõ âì³ñò àì³ëîçè â çåðí³ 
áóëî ï³äâèùåíî ç 25 % äî 70 % [24]. 

Ö³ îðèã³íàëüí³ äîñë³äæåííÿ âèêîíàí³ øëÿõîì ñòâîðåííÿ ÄÍÊ êîí-
ñòðóêö³¿, çà äîïîìîãîþ ÿêî¿ ³íäóêîâàíî åêñïðåñ³þ ñïåöèô³÷íî¿ øïèëüêè-
ÐÍÊ (hp-RNA). Êîíñòðóêö³ÿ ñòâîðåíà øëÿõîì êëîíóâàííÿ ôðàãìåíòà 
êÄÍÊ ãåí³â ïøåíèö³ SBE I²a òà SBE I²b, ùî â³äïîâ³äàº ðåã³îíó ì³æ 1 ³ 3 åêñ-
îíàìè öèõ ãåí³â ç ³íâåðòîâàíîþ ïîñë³äîâí³ñòþ, ÿêà ðîçä³ëÿº ³íòðîí 3. Åí-
äîñïåðì-ñïåöèô³÷íèé ïðîìîòîð ãåíà äëÿ ñóáîäèíèö³ Dx5 âèñîêîìîëå-
êóëÿðíèõ ãëþòåí³í³â (çðàçîê GenBank ¹ Õ12928) áóâ ³íòåãðîâàíèé ç 5’ 
ê³íöÿ ³íâåðòîâàíî¿ ä³ëÿíêè. À òåðì³íàëüíà ä³ëÿíêà ãåíà, ùî êîäóº ôåð-
ìåíò îïàë³í-ñèíòàçó, áóëà ³íòåãðîâàíà äî 3’ ê³íöÿ (ðèñ. 9). 

 

Ðèñ. 9. RNAi êîíñòðóêö³ÿ hp-SBE IIa ñòâîðåíà äëÿ òðàíñãåííî¿ ñóïðåñ³¿ 
ôåðìåíò³â ã³ëêóâàííÿ àì³ëîïåêòèíó SBE IIa òà SBE IIb [23] 

Ñòâîðåíà «ïðîìîòîð-³íâåðñ³ÿ / ïîâòîð-òåðì³íàòîð» êîíñòðóêö³ÿ áóëà 
ïåðåíåñåíà äî á³íàðíîãî òðàíñôîðìàö³éíîãî âåêòîðà, ïîõ³äíîãî â³ä âåê-
òîð³â ðSB11òà pSB1, ³ áóëà âèêîðèñòàíà äëÿ áàêòåð³àëüíî¿ Agrobacterium-
îïîñåðåäêîâàíî¿ òðàíñôîðìàö³¿. Ïîçèòèâí³ òðàíñôîðìàö³éí³ ïîä³¿ ô³ê-
ñóâàëè çà äîïîìîãîþ ÏËÐ òà Southern blot ã³áðèäèçàö³¿. Â ðåçóëüòàò³ 
îòðèìàíî äâà òèïè òðàíñãåííèõ ë³í³é hp-SBE I²a òà hp-SBE I²b. Êîíñòðóê-
ö³ÿ hp-SBE I²a áëîêóâàëà åêñïðåñ³þ îáîõ SBE I²a òà SBE I²b ôåðìåíò³â, òîä³ 
ÿê êîíñòðóêö³ÿ òðàíñãåííèõ ë³í³é ç ñóïðåñ³ºþ SBE I²a/b (À) òà SBE I²b (Á). 
Ïåðøèé ï³ê — àì³ëîïåêòèí, äðóãèé ï³ê — àì³ëîçà [23]. 

Åíäîñïåðìè T2 ðîñëèí T1 áóëè äîñë³äæåí³ çà åêñïðåñ³ºþ SBE I²a òà 
SBE I²b ³ìóíî-áëîò ìåòîäîì ç àíòèñèðîâàòêîþ, ñïåöèô³÷íîþ äî öèõ á³ë-
ê³â. Àíàë³ç ïîêàçàâ åôåêò â³ä ÷àñòêîâîãî äî ïîâíîãî áëîêóâàííÿ á³îñèí-
òåçó SBE I²a òà SBE I²b ó òðàíñôîðìîâàíèõ ðîñëèí. 

Ñêëàä êðîõìàëþ ó çåðí³ òðàíñôîðìîâàíèõ ë³í³é ç RNAi-ñóïðåñ³ºþ 
SBE I²a òà SBE I²b äîñë³äæåíî ìåòîäîì ðîçïîä³ëüíî¿ ãåëü-õðîìàòîãðàô³¿ 
çà ðîçì³ðîì ÷àñòîê. Ó ë³í³é ç ñóïðåñ³ºþ SBE I²b âì³ñò àì³ëîçè â êðîõìàë³ 
çð³ñ íåñóòòºâî, òîä³ ÿê ó ë³í³é ç ñóïðåñ³ºþ SBE IIa/b ñïîñòåð³ãàëîñÿ çíà÷-
íå çðîñòàííÿ âì³ñòó àì³ëîçè äî 74 % (ðèñ. 10).

Òðàíñãåíí³ ë³í³¿ hp-SBE I³a òà hp-SBE I²b â³äð³çíÿëèñü òàêîæ çà ìîðôî-
ëîã³ºþ êðîõìàëüíèõ ãðàíóë (ðèñ. 11). 
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Ðèñ. 10. Ãåëü-õðîìàòîãðàô³ÿ çà ðîçì³ðîì ÷àñòîê 

ó CL2B ñåôàðîç³ êðîõìàëþ çåðíà 

Êðîõìàëüí³ ãðàíóëè ë³í³é hp-SBE I²a áóëè íàäòî íåðåãóëÿðí³ çà ðîç-
ì³ðîì, à âåëèê³ ãðàíóëè ìàëè ñåðïîâèäíó ôîðìó. Â òîé æå ÷àñ êðîõìàëüí³ 
ãðàíóëè ë³í³é hp-SBE I²b çà ôîðìîþ ³ ðîçì³ðàìè ïðàêòè÷íî íå â³äð³çíÿëè-
ñÿ â³ä ãðàíóë íåòðàíñôîðìîâàíî¿ ïøåíèö³. 

Ðèñ. 11. Êðîõìàëüí³ ãðàíóëè íåòðàíñôîðìîâàíî¿ ïøåíèö³ (à) 
òà òðàíñãåííèõ ë³í³é hp-SBE I²a (b) òà hp-SBE IIb (c) [23] 

Çåðíî îòðèìàíèõ òðàíñãåííèõ ë³í³é ç âèñîêèì âì³ñòîì àì³ëîçè âêëþ-
÷èëè â ðàö³îí äëÿ ãîä³âë³ ëàáîðàòîðíèõ ùóð³â. Ðåçóëüòàòè äîñë³äæåíü íà-
âåäåí³ â òàáëèö³ 2. 

Âèñîêèé âì³ñò àì³ëîçè â çåðí³ ïøåíèö³, ÿê íàãîëîøóâàëîñÿ 
ðàí³øå, ò³ñíî ïîâ’ÿçàíèé ç âì³ñòîì ðåçèñòåíòíîãî äî ôåðìåíò³â 
òðàâëåííÿ êðîõìàëþ. ßê íàñë³äîê, â³í ñòèìóëþº àêòèâí³ñòü áàêòåð³àëü-
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íî¿ ì³êðîôëîðè êèøê³âíèêà ³ ñèíòåç ö³ííèõ äëÿ îðãàí³çìó ëþäèíè ÊËÆÊ, 
îñîáëèâî áóòèëîâî¿, ùî é ï³äòâåðäæåíî äàíèìè òàáëèö³ 2. 

Òàáëèöÿ 2 
Âì³ñò êîðîòêîëàíöþãîâèõ æèðíèõ êèñëîò (ÊËÆÊ) 
ó òîâñòîìó êèøê³âíèêó ëàáîðàòîðíèõ ùóð³â [23] 

Ä³ºòà
Êîíöåíòðàö³ÿ ÊËÆÊ, ìêìîëü/ë

îöòîâà ïðîï³îíîâà áóòèëîâà çàãàëüíà
Çâè÷àéíà ïøåíèöÿ 44 14 31 88

Âèñîêîàì³ëîçíà ïøåíèöÿ 106 38 57 202

Âèÿâëåíèé ó öüîìó óí³êàëüíîìó äîñë³äæåíí³ ôåíîìåí áëîêóâàííÿ 
êîíñòðóêö³ºþ hp-SBE I²a åêñïðåñ³¿ îáîõ ôåðìåíò³â ã³ëêóâàííÿ àì³ëîïåê-
òèíó SBE I²a òà SBE I²b ³ â³äïîâ³äíå çðîñòàííÿ âì³ñòó àì³ëîçè â êðîõìàë³ 
äî 70 % ³ á³ëüøå, à òàêîæ ôàêò áëîêóâàííÿ êîíñòðóêö³ºþ hp-SBE I²b ëèøå 
îäíîãî SBE I²b ç íåñóòòºâèì ï³äâèùåííÿì âì³ñòó àì³ëîçè, çàëèøàþòüñÿ 
ïîêè ùî áåç ïîÿñíåííÿ. Ðàçîì ç òèì, îòðèìàíèé ãåíåòè÷íèé ìàòåð³-
àë ç âèñîêèì âì³ñòîì àì³ëîçè â êðîõìàë³ ñë³ä ââàæàòè ³ñòîðè÷íèì 
åòàïîì ó á³îòåõíîëîã³¿ ³ ñåëåêö³¿ ïøåíèö³, ñïðÿìîâàíèì íà ðàäè-
êàëüíó ãåíåòè÷íó çì³íó õàð÷îâîãî ñòàòóñó ïøåíèö³ ÿê îäíîãî ç íàé-
âàæëèâ³øèõ ïðîäóêò³â, ùî âæèâàº ëþäèíà. 

Ñë³äîì çà öèòîâàíîþ âèùå ï³îíåðñüêîþ ðîáîòîþ â÷åíèõ àâñòðà-
ë³éñüêîãî CSIRO ïîä³áí³ äîñë³äæåííÿ ç âèêîðèñòàííÿì RNAi òåõíîëîã³¿ 
áóëî âèêîíàíî íà êóëüòóð³ òâåðäî¿ ïøåíèö³ â ²òàë³¿ â óí³âåðñèòåò³ Tuscia 
(Viterbo, Italy). Òðàíñôîðìàö³¿ ó öèõ äîñë³äàõ çä³éñíþâàëèñÿ ÿê øëÿõîì 
áàêòåð³àëüíî¿ Agrobacterium-îïîñåðåäêîâàíî¿, òàê ³ á³îë³ñòè÷íî¿ òðàíñ-
ôîðìàö³¿ [25]. 

Ïðîöåäóðà á³îë³ñòè÷íî¿ òðàíñôîðìàö³¿ çä³éñíþâàëàñÿ ç âèêî-
ðèñòàííÿì 1954 íåäîçð³ëèõ çàðîäê³â òâåðäî¿ ïøåíèö³ ñîðòó Svevo. 
Çàðîäêè áóëè êî-òðàíñôîðìîâàí³ çà äîïîìîãîþ êàñåòè åêñïðåñ³¿ 
pRDPT+SBEIIa(RNAi) ³ ñåëåêòèâíîãî ìàðêåðà bar, ³íòåãðîâàíèõ ó ïëàçì³-
äó. Ó ðåçóëüòàò³ áóëî îòðèìàíî 48 ðîñëèí Òî, ñò³éêèõ äî ãåðá³öèäó á³àëà-
ôîñ, ùî ì³ñòèëè RNAi-êàñåòó ç åôåêòèâí³ñòþ êî-òðàíñôîðìàö³¿ 2,5 %. 
Äåòåêö³ÿ òðàíñãåí³â âèêîíóâàëàñÿ çà äîïîìîãîþ ÏËÐ àíàë³çó ãåíîìíî¿ 
ÄÍÊ ðåãåíåðîâàíèõ ðîñëèí ç âèêîðèñòàííÿì äâîõ ïàð ïðàéìåð³â: îäèí 
ñïåöèô³÷íèé äî ïðîìîòîðà êîíñòðóêö³¿ (PromDx5Fw/PromDx5R), à ³í-
øèé äî bar ãåíà (BarFx/BarR) òà ïðîäóêò³â àìïë³ô³êàö³¿ ðîçì³ðîì 473ïí 
³ 405ïí â³äïîâ³äíî. 

Agrobacterium-îïîñåðåäêîâàíà òðàíñôîðìàö³ÿ çä³éñíþâàëàñÿ ç âè-
êîðèñòàííÿì ó äîñë³ä³ 1759 íåäîçð³ëèõ çàðîäê³â òâåðäî¿ ïøåíèö³ ñîð-
òó Ofanto òà êîíñòðóêö³¿ pGUB-G+SBEIIa(RNAi) ó ïîºäíàíí³ ç ãåíîì bar. 
Ó ðåçóëüòàò³ áóëî îòðèìàíî 13 ðîñëèí Òî ç åôåêòèâí³ñòþ òðàíñôîðìà-
ö³¿ 0,74 %. Äåòåêö³ÿ òðàíñôîðìîâàíèõ ðîñëèí âèêîíóâàëàñÿ ó òàêèé æå 
ñïîñ³á, ÿê ³ ïðè á³îë³ñòè÷í³é òðàíñôîðìàö³¿. ßê ó äîñë³ä³ ç âèêîðèñòàííÿì 
á³îë³ñòè÷íî¿ òðàíñôîðìàö³¿, òàê ³ Agrobacterium-îïîñåðåäêîâàíî¿ òðàíñ-



ISSN 2409–5524. Çá³ðíèê íàóêîâèõ ïðàöü ÑÃ²–ÍÖÍÑ. 2015. Âèï. 25 (65)  259

ôîðìîâàí³ ðîñëèíè çà ìîðôîëîã³÷íèìè îçíàêàìè íå â³äð³çíÿëèñÿ â³ä íå-
òðàíñôîðìîâàíèõ. 

Â³äñóòí³ñòü SBEIIa òðàíñêðèïò³â äîñë³äæóâàëè íàï³âê³ëüê³ñíèì àíàë³-
çîì ÏËÐ ó ðåàëüíîìó ÷àñ³ íà çàãàëüí³é ÐÍÊ åêñòðàãîâàí³é ç íåäîçð³ëèõ 
çåðåí (18-é äåíü ï³ñëÿ êîëîñ³ííÿ) ðîñëèí Ò2 ç âèêîðèñòàííÿì ïàðè ñïå-
öèô³÷íèõ äëÿ SBEIIa ãåíà ïðàéìåð³â (SBEIIaFw/ SBEIIaR). Äëÿ ïîäàëüøèõ 
äîñë³äæåíü áóëî âçÿòî òðè òðàíñãåíí³ ë³í³¿ â³ä á³îë³ñòè÷íî¿ ³ òðè ë³í³¿ â³ä 
Agrobacterium-îïîñåðåäêîâàíî¿ òðàíñôîðìàö³¿. Ïîâíå áëîêóâàííÿ ãåíà 
SBEIIa ñïîñòåð³ãàëè ó ÷îòèðüîõ ³ ÷àñòêîâå ó äâîõ ë³í³é. Ó ë³í³é, îòðèìà-
íèõ øëÿõîì á³îë³ñòè÷íîãî áîìáàðäóâàííÿ, äâ³ ìàëè ÷àñòêîâå áëîêóâàííÿ 
SBEIIa ãåíà. Ó ë³í³é, îòðèìàíèõ îïîñåðåäêîâàíîþ Agrobacterium òðàíñ-
ôîðìàö³ºþ, ñïîñòåð³ãàëè ïîâíå áëîêóâàííÿ SBEIIa. 

Çíà÷åííÿ âì³ñòó àì³ëîçè ó êðîõìàë³ çåðíà îòðèìàíèõ òðàíñãåííèõ 
ë³í³é âàð³þâàëè â³ä 30,8 äî 75 %. Íàéâèùèé ïîêàçíèê âì³ñòó àì³ëîçè â 
êðîõìàë³ ñïîñòåð³ãàëè ó ë³í³¿ MJ16–112, ÿêà çà ìîðôîëîã³÷íèìè îçíàêà-
ìè òà îçíàêàìè çåðíà ³ óðîæàºì çåðíà íå â³äð³çíÿëàñÿ â³ä íåòðàíñôîð-
ìîâàíîãî êîíòðîëþ (ðèñ. 12). 

Ðèñ. 12. Âì³ñò àì³ëîçè â êðîõìàë³ SBEIIa/RNAi òðàíñôîðìîâàíèõ ë³í³é 
òà ñîðò³â Svevo ³ Ofanto [25] 

Åëåêòðîííî-ì³êðîñêîï³÷íå ñêàíóâàííÿ êðîõìàëüíèõ ãðàíóë òðàíñ-
ãåííèõ ë³í³é òâåðäî¿ ïøåíèö³ ïîêàçàëî, ùî ãðàíóëè òèïó À ë³í³¿ MJ16–112 
ç íàéâèùèì âì³ñòîì àì³ëîçè ó ïîð³âíÿíí³ ç ãðàíóëàìè êîíòðîëüíîãî 
ñîðòó Svevo áóëè çíà÷íî ìåíø³ çà ðîçì³ðàìè, à ãðàíóëè òèïó Â âòðàòèëè 
ñôåðè÷íó ôîðìó (ðèñ. 13). 

Äîñë³äæåííÿ ô³çè÷íèõ âëàñòèâîñòåé êðîõìàëþ òðàíñãåííî¿ ë³í³¿ 
MJ16–112 çà äîïîìîãîþ øâèäêîãî â³ñêî-àíàë³çàòîðà (RVA) ïîêàçàëî 
ñóòòºâ³ â³äì³ííîñò³ â ïîâåä³íö³ êðîõìàëþ ó ïîð³âíÿíí³ ç íåòðàíñôîðìîâà-
íèì ñîðòîì çà âñ³ìà ïîêàçíèêàìè. 

Àâòîðè ö³º¿ ðîáîòè ïðîâåëè ö³êàâ³ ñïîñòåðåæåííÿ âçàºìîä³¿ çàáëî-
êîâàíîãî SBEIIa ãåíà ç ³íøèìè ãåíàìè, ùî áåðóòü ó÷àñòü ó á³îñèíòåç³ 
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Ðèñ. 13. Êðîõìàëüí³ ãðàíóëè ñîðòó Svevo (Ñ) ³ òðàíñãåííî¿ ë³í³¿ (D) 
SBEIIa/RNAi MJ16–112 [25] 

êðîõìàëþ GBSSI, SSI, SSII, SSIII, SBEI, SBEIIb, ISA1 òà LD çà äîïîìîãîþ 
íàï³âê³ëüê³ñíîãî ÏËÐ àíàë³çó ó ðåàëüíîìó ÷àñ³. Îñîáëèâî ïîì³òíå áóëî 
ï³äâèùåííÿ åêñïðåñ³¿ ãåíà GBSSI, ÿêå ñÿãàëî â³ä 12 äî 28 ðàç³â ó ïîð³â-
íÿíí³ ç êîíòðîëåì. Àêòèâí³ñòü òðàíñêðèïö³¿ ãåí³â GBSSI, SSIII, LD òà ISA1 ó 
ïîð³âíÿíí³ ç êîíòðîëüíèì ñîðòîì áóëà ñóòòºâî ï³äâèùåíîþ, â òîé ÷àñ ÿê 
òðàíñêðèïòè ãåí³â SSI, SSII, SBEI òà SBEIIb çàëèøàëèñÿ áåç çíà÷íèõ çì³í. 

Îòðèìàí³ ðåçóëüòàòè öèòîâàíèõ âèùå óí³êàëüíèõ ïðàöü ïîêàçóþòü, 
ùî òðàíñãåíí³ òåõíîëîã³¿ çäàòí³ ðàäèêàëüíî çì³íþâàòè ìåõàí³çìè á³î-
ñèíòåçó êðîõìàëþ, ñïðÿìîâóþ÷è ê³ëüê³ñíèé ïåðåðîçïîä³ë ñêëàäîâèõ 
ïøåíè÷íîãî êðîõìàëþ òà éîãî âëàñòèâîñò³ ó áàæàíîìó äëÿ åêñïåðèìåí-
òàòîðà íàïðÿì³. 

Äðóãîþ ñó÷àñíîþ íåòðàíñãåííîþ òåõíîëîã³ºþ ìîëåêóëÿðíî¿ ãåíåòè-
êè, çà äîïîìîãîþ ÿêî¿ âäàëîñÿ ñóòòºâî âïëèíóòè íà âì³ñò àì³ëîçè â êðîõ-
ìàë³ çåðíà ïøåíèö³, º ìåòîä TILLING (Targeting Induced Local Lesions in 
Genomes). Öå ñó÷àñíèé âèñîêîòåõíîëîã³÷íèé ìåòîä õ³ì³÷íîãî ìóòàãåíå-
çó, ÿêèé äîçâîëÿº ö³ëåñïðÿìîâàíî çä³éñíþâàòè ÿê ³íäóêö³þ, òàê ³ ³äåíòè-
ô³êàö³þ íîâèõ ìóòàö³é ó ñïåöèô³÷íèõ ãåíàõ, îòðèìóâàòè ìóòàö³¿ ö³ëüîâèõ 
ãåí³â ó áàæàíîìó äëÿ åêñïåðèìåíòàòîðà íàïðÿì³. TILLING — ìåòîä òàê 
çâàíî¿ ðåâåðñèâíî¿ ãåíåòèêè, ÿêà íà â³äì³íó â³ä êëàñè÷íî¿, äîñë³äæóº ôå-
íîòèïîâ³ åôåêòè ñïåöèô³÷íèõ ÄÍÊ ïîñë³äîâíîñòåé, îòðèìàíèõ øëÿõîì 
ñåêâåíóâàííÿ ÄÍÊ. Ìåòîä áóâ âïåðøå âèêîðèñòàíèé ó 2000 ðîö³ íà ìî-
äåëüí³é ðîñëèí³ Arabidopsis thaliana ³ â³äòîä³ àêòèâíî çàñòîñîâóºòüñÿ íà 
ð³çíèõ êóëüòóðàõ [26]. 

Ñóòü ìåòîäó TILLING ïîëÿãàº ó òîìó, ùî â ö³ëüîâîìó ãåí³ øëÿõîì õ³ì³÷-
íîãî ìóòàãåíåçó ³íäóêóºòüñÿ ïîë³ìîðô³çì îêðåìèõ íóêëåîòèä³â — single 
nucleotide polymorphism (SNPs). Íàïðèêëàä, ï³ä ä³ºþ õ³ì³÷íîãî ìóòàãåíó 
åòèëìåòàíñóëüôîíàòó (ÅÌÑ) â³äáóâàºòüñÿ àëê³ëþâàííÿ íóêëåîòèä³â, â 
ðåçóëüòàò³ ÿêîãî çàëèøîê ãóàí³íó (G) òðàíñôîðìóºòüñÿ â àäåí³í (A), àáî 
çàëèøîê öèòîç³íó (Ñ) òðàíñôîðìóºòüñÿ â ò³ì³í (Ò), ùî ïðèçâîäèòü äî òàê 
çâàíèõ òî÷êîâèõ àáî ì³ñåíñ (missense) ìóòàö³é. Îòðèìàí³ òàêèì ÷èíîì 
SNPs ñïðè÷èíþþòü ïîÿâó â ö³ëüîâîìó ãåí³ íîâèõ àëåë³â, ÿê³ ³äåíòèô³êó-
þòüñÿ çà äîïîìîãîþ ÏËÐ àíàë³çó øëÿõîì âèêîðèñòàííÿ ñïåöèô³÷íèõ 
ïðàéìåð³â. 
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Ìåòîä TILLING óïåðøå áóâ çàïðîïîíîâàíèé Colbert et al. ó 2001 ðîö³ 
[27], à ç ìåòîþ ï³äâèùåííÿ âì³ñòó àì³ëîçè â êðîõìàë³ çåðíà ïøåíèö³ öåé 
ìåòîä óïåðøå áóâ çàñòîñîâàíèé ãðóïîþ àìåðèêàíñüêèõ â÷åíèõ ó 2012 
ðîö³ [28]. Àâòîðè ö³º¿ ðîáîòè âèêîíóâàëè äîñë³äæåííÿ îäíî÷àñíî íà 
êóëüòóð³ òâåðäî¿ ³ ì’ÿêî¿ ïøåíèö³. Ç ìåòîþ îïòèì³çàö³¿ äåòåêö³¿ ìóòàö³é 
ãåíà SBEIIa ÏËÐ ïðàéìåðè áóëè ñêîíñòðóéîâàí³ òàêèì ÷èíîì, ùîá àìï-
ë³ô³êàö³ÿ ä³ëÿíêè öüîãî ãåíà â³äáóâàëàñÿ îäíî÷àñíî â òðüîõ A, B ³ D ãåíî-
ìàõ ì³æ åêñîíàìè 11 ³ 12 ³ åêñîíàìè 14 ³ 15. Ä³ëÿíêà, ùî ì³ñòèòü åêñî íè 
12 ³ 14 ³ç 22 åêñîí³â SBEIIa ãåíà, áóâ îáðàíèé äëÿ TILLING òîìó, ùî â³í 
ì³ñòèòü ïîçèö³¿ 8 íóêëåîòèä³â, ÿê³ ï³ä ä³ºþ ÅÌÑ âèñîêîþ ³ìîâ³ðí³ñòþ ìî-
æóòü ìóòóâàòè ó stop-êîäîí òà áëîêóâàòè òàêèì ÷èíîì åêñïðåñ³þ SBEIIa 
ãåíà ³ â³äïîâ³äíî ã³ëêóâàííÿ àì³ëîïåêòèíó. Â îòðèìàí³é ïîïóëÿö³¿ ìóòàíò-
íèõ ãåíîòèï³â òâåðäî¿ ³ ì’ÿêî¿ ïøåíèö³ áóëè ³äåíòèô³êîâàí³ ë³í³¿ ç³ stop-
ìóòàö³ÿìè ó ïîñë³äîâíîñò³ ãåíà SBEIIa. ßê ïîêàçàâ ê³ëüê³ñíèé ÏËÐ àíàë³ç 
êÄÍÊ, åêñïðåñ³ÿ ãåíà SBEIIa â åíäîñïåðì³ ó stop-ìóòàö³é áóëà çíèæåíà 
â³ä 6 äî 12 ðàç³â ó ïîð³âíÿíí³ ç âèõ³äíèìè çðàçêàìè ïøåíèö³. Â³äïîâ³äíî 
ñïîñòåð³ãàëè ï³äâèùåííÿ âì³ñòó àì³ëîçè â åíäîñïåðì³ ç ö³êàâîþ çàêîíî-
ì³ðí³ñòþ. Ï³äâèùåííÿ âì³ñòó àì³ëîçè â çåðí³ íåçíà÷íîþ ì³ðîþ ñïîñòå-
ð³ãàëîñÿ ëèøå ó ïîäâ³éíèõ stop-ìóòàö³é ñïîëó÷åííÿì ç ð³çíèõ ãåíîì³â À, 
Â ³ D (ðèñ. 14). 

Ðèñ. 14. Âì³ñò àì³ëîçè â çåðí³ ë³í³é ì’ÿêî¿ ïøåíèö³ ç ïîäâ³éíîþ (Abd, aBd, abD) 
³ ïîòð³éíîþ (abd) stop-ìóòàö³ºþ ó ïîñë³äîâíîñò³ ãåíà SBEIIa. Stnd — âèñîêîàì³-

ëîçíà êóêóðóäçà (66 %) 

² ëèøå ó ë³í³é ì’ÿêî¿ ïøåíèö³ ç ïîòð³éíîþ stop-ìóòàö³ºþ ãåíà SBEIIa 
â ð³çíèõ ãåíîìàõ À, Â ³ D ñïîñòåð³ãàëîñÿ ñóòòºâå ï³äâèùåííÿ âì³ñòó àì³-
ëîçè (55 %). Àíàëîã³÷íèé ãåíîòèï òâåðäî¿ ïøåíèö³ ì³ñòèâ àì³ëîçè 45 %. 
Â³äïîâ³äíî âì³ñò ðåçèñòåíòíîãî êðîõìàëþ ó çåðí³ ãåíîòèï³â ç ïîòð³éíîþ 
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stop-ìóòàö³ºþ ì’ÿêî¿ ïøåíèö³ çð³ñ â³ä âèõ³äíîãî 0,83 äî 11,22 %, à ó òâåð-
äî¿ ïøåíèö³ ö³ âåëè÷èíè ñòàíîâèëè â³äïîâ³äíî 1,58 ³ 6,21 %. 

Íà æàëü, ñë³ä êîíñòàòóâàòè, ùî äîñë³äæåííÿ ç ï³äâèùåííÿ âì³ñòó àì³-
ëîçè â çåðí³ ïøåíèö³ ïîä³áí³ äî òèõ, ùî íàâåäåí³ ó ö³é ñòàòò³, äî ñèõ ï³ð íå 
âèêîíóþòüñÿ â æîäí³é íàóêîâ³é ëàáîðàòîð³¿ Óêðà¿íè. 

Ó Ñåëåêö³éíî-ãåíåòè÷íîìó ³íñòèòóò³ äîêòîðîì á³îëîã³÷íèõ íàóê, ïðî-
ôåñîðîì, àêàäåì³êîì ÍÀÀÍ Þ. Ì. Ñèâîëàïîì òà äîêòîðîì á³îëîã³÷íèõ 
íàóê Î. ². Ðèáàëêîþ áóëè ³í³ö³éîâàí³ äîñë³äæåííÿ ùîäî îïòèì³çàö³¿ ìåòî-
ä³â ïðîãíîçóâàííÿ òà êîíòðîëþ âì³ñòó àì³ëîçè ó êðîõìàë³ ñåëåêö³éíîãî 
ìàòåð³àëó ïøåíèö³ óêðà¿íñüêî¿ ñåëåêö³¿ [30]. 

Íà æàëü, ìàñøòàáíî¿ ñåëåêö³éíî¿ ðîáîòè ðîçãîðíóòî íå áóëî. Ñêëàä-
í³ñòü ïîëÿãàëà â òîìó, ùî ë³í³¿ ïøåíèö³ ç âèñîêèì âì³ñòîì àì³ëîçè º âèñî-
êîòåõíîëîã³÷íèìè ³ äîñòóï äî ¿õ âèêîðèñòàííÿ â ³íîçåìíèõ ïðîãðàìàõ ñå-
ëåêö³¿ º ñóâîðî îáìåæåíèì. Îäíàê íàì ïîùàñòèëî îòðèìàòè â³ä àâòîð³â 
öèòîâàíîãî âèùå äîñë³äæåííÿ ç ²òàë³¿ (ïðîô. Ä. Ëàô³àíäðà) ë³í³þ SBEIIa/
RNAi ÿðî¿ òâåðäî¿ ïøåíèö³ MJ16–112 ñîðòó Svevo ç âì³ñòîì àì³ëîçè äî 
75 %. Öåé ìàòåð³àë, ÿê âèõ³äíå äæåðåëî âèñîêîãî âì³ñòó àì³ëîçè, ìè âè-
êîðèñòàëè â ì³æâèäîâèõ ñõðåùóâàííÿõ ç ìåòîþ ï³äâèùåííÿ âì³ñòó àì³-
ëîçè ³ ðåçèñòåíòíîãî êðîõìàëþ â çåðí³ ì’ÿêî¿ õë³áîïåêàðñüêî¿ ïøåíèö³. 
Ñõðåùóâàííÿ âèêîíàíî â 2014 ðîö³ ³ îòðèìàíî äîñòàòíþ ê³ëüê³ñòü çåðåí 
F

1
 â³ä ñõðåùóâàííÿ ë³í³¿ MJ16–112 ç ñîðòîì îçèìî¿ ïøåíèö³ Êóÿëüíèê. Ö³ 

äîñë³äæåííÿ çàïî÷àòêîâóþòü â Óêðà¿í³ íîâó ïðîãðàìó ç³ ñòâîðåííÿ ñîðò³â 
ì’ÿêî¿ õë³áîïåêàðñüêî¿ ³ òâåðäî¿ ïøåíèö³ ç ï³äâèùåíèì âì³ñòîì ó çåðí³ 
àì³ëîçè ³ ðåçèñòåíòíîãî êðîõìàëþ. 

Âèñíîâêè. ßê âèäíî ç íàâåäåíèõ âèùå ðåçóëüòàò³â äîñë³äæåíü, âì³ñò 
àì³ëîçè â çåðí³ ïøåíèö³ ³, â³äïîâ³äíî, âì³ñò êðèòè÷íî âàæëèâîãî äëÿ 
çäîðîâîãî õàð÷óâàííÿ ëþäèíè ðåçèñòåíòíîãî êðîõìàëþ ìîæíà ñóòòºâî 
ï³äâèùèòè øëÿõîì âèêîðèñòàííÿ ñó÷àñíèõ âèñîêîòåõíîëîã³÷íèõ ìåòî-
ä³â ãåííî¿ ³íæåíåð³¿. Äëÿ ñòâîðåííÿ âèñîêîàì³ëîçíî¿ ïøåíèö³ ó ñâ³òîâ³é 
ïðàêòèö³ âèêîðèñòîâóþòüñÿ ìåòîäè çâè÷àéíî¿ ìóòàö³éíî¿ ñåëåêö³¿ [29], 
ìåòîä ñó÷àñíîãî âèñîêîòåõíîëîã³÷íîãî ìóòàãåíåçó TILLING òà ìåòîä ÐÍÊ 
³íòåðôåðåíö³¿ RNAi, ÿêèé º, î÷åâèäíî, íàéá³ëüø ðåçóëüòàòèâíèì. Ñòâî-
ðåííÿ âèñîêîàì³ëîçíî¿ ïøåíèö³ º äîêîð³ííî íîâèì ñëîâîì ó ñó÷àñ-
í³é ñåëåêö³¿ ö³º¿ âàæëèâî¿ ïðîäîâîëü÷î¿ êóëüòóðè, º ðåàëüíèì øëÿ-
õîì ðàäèêàëüíîãî ïîë³ïøåííÿ õàð÷îâî¿ ö³ííîñò³ çåðíà ïøåíèö³ òà 
ïðîäóêò³â ¿¿ ïåðåðîáêè. 
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Rybalka O. I., Shcherbyna Z. V. Plant Breeding and Genetics Insti-
tute — National Center of Seed and Cultivar Investigations 

HIGH-AMYLOSE WHEAT — A NEW WORD IN THE WHEAT BREEDING 

Wheat starch is an important source of energy in human nutrition. Starch 
with elevated level of amylose is of interest due to correlation between higher 
amylose content and increased level of resistant starch that have evidenced 
positive effects on human health for combating obesity and diabetes. A re-
view of genetic approaches to elevate amylose content in wheat grain such as 
RNAi and TILLING are presented in the paper. The RNAi is the most efficient 
method allows increase the amylose content in wheat up to 70 %. The amy-
lose up regulation is a drastic way of wheat nutritional quality amelioration. 

ÓÄÊ 633.16:631.527 

Ðûáàëêà À. È., Ùåðáèíà Ç. Â. 

ÏØÅÍÈÖÀ Ñ ÂÛÑÎÊÈÌ ÑÎÄÅÐÆÀÍÈÅÌ ÀÌÈËÎÇÛ — ÍÎÂÎÅ 
ÑËÎÂÎ Â ÑÅËÅÊÖÈÈ ÊÓËÜÒÓÐÛ 

Ïøåíè÷íûé êðàõìàë ÿâëÿåòñÿ âàæíûì èñòî÷íèêîì ýíåðãèè â ïèòà-
íèè ÷åëîâåêà. Êðàõìàë ñ âûñîêèì ñîäåðæàíèåì àìèëîçû ïðåäñòàâëÿåò 
îñîáûé èíòåðåñ äëÿ èññëåäîâàíèé, ïîñêîëüêó ñóùåñòâóåò âûñîêàÿ êîð-
ðåëÿöèîííàÿ çàâèñèìîñòü ìåæäó ñîäåðæàíèåì àìèëîçû è ðåçèñòåíòíî-
ãî êðàõìàëà, êîòîðûé îêàçûâàåò ïîçèòèâíûé ýôôåêò íà çäîðîâüå ÷åëî-
âåêà, ñíèæàåò ðèñê îæèðåíèÿ è äèàáåòà. Ïðåäñòàâëåíû õàðàêòåðèñòèêè 
ãåíåòè÷åñêèõ ìåòîäîâ RNAi è TILLING, èñïîëüçîâàíèå êîòîðûõ ïîçâîëÿåò 
ñóùåñòâåííî ïîâûñèòü ñîäåðæàíèå àìèëîçû â çåðíå. Íàèáîëåå ýôôåê-
òèâíûì ÿâëÿåòñÿ ìåòîä RNAi, ïðèìåíåíèå êîòîðîãî äàåò âîçìîæíîñòü 
ïîâûñèòü ñîäåðæàíèå àìèëîçû äî 70 % è áîëåå. Óâåëè÷åíèå ñîäåðæà-
íèÿ àìèëîçû â çåðíå ïøåíèöû ÿâëÿåòñÿ ðàäèêàëüíûì ïóòåì ïîâûøåíèÿ 
ïèùåâîé öåííîñòè ïøåíèöû. 
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ËÞÄÈÍÀ, ÍÀÓÊÎÂÅÖÜ, Â×ÈÒÅËÜ 

Ó 2014 ðîö³ íàóêîâà ñï³ëüíîòà 
çàçíàëà çíà÷íî¿ âòðàòè — ï³ñëÿ òÿæ-
êî¿ õâîðîáè ï³øîâ ³ç æèòòÿ Þð³é Ìè-
õàéëîâè÷ Ñèâîëàï, âèäàòíèé â÷åíèé 
³ îðãàí³çàòîð íàóêè, íàâêîëî ÿêîãî 
âïðîäîâæ áàãàòüîõ ðîê³â ãóðòóâàëèñÿ 
á³îòåõíîëîãè-ðîñëèííèêè Óêðà¿íè. 

Íàðîäèâñÿ Þð³é Ìèõàéëîâè÷ 
18 ëèñòîïàäà 1939 ð. â ì. Äí³ïðîïå-
òðîâñüê ó ðîäèí³ äåðæàâíîãî ñëóæ-
áîâöÿ. Â 1944 ð. áàòüêî áóâ íàïðàâ-
ëåíèé íà ðîáîòó äî Îäåñè. Îòîæ ç 
1946 ð. Þð³é â÷èòüñÿ â øêîë³, à â 
1956–1961 ðð. — â Îäåñüêîìó ñ³ëü-
ñüêîãîñïîäàðñüêîìó ³íñòèòóò³ íà àã-
ðîíîì³÷íîìó ôàêóëüòåò³. Íà æàëü, 
ãåíåòèêó â òîé ïåð³îä â³äíîñèëè äî 
êàòåãîð³¿ «áóðæóàçíèõ ïñåâäîíàóê», 
òîìó ïðîá³ë ó çíàííÿõ ãåíåòèêè äî-

âåëîñÿ çàïîâíþâàòè ï³çí³øå, ÿê çãàäóâàâ Þð³é Ìèõàéëîâè÷. Ï³ñëÿ çàê³í-
÷åííÿ ³íñòèòóòó Þ. Ì. Ñèâîëàï ê³ëüêà ðîê³â ïðàöþâàâ àãðîíîìîì â åë³ò-
íî-íàñ³ííèöüêîìó ãîñïîäàðñòâ³ ó Êîòîâñüêîìó ðàéîí³ Îäåùèíè. 

Øëÿõ ó íàóêó ðîçïî÷àâñÿ ç íàâ÷àííÿ â àñï³ðàíòóð³ (1963–1966 ðð.) 
ó Âñåñîþçíîìó ñåëåêö³éíî-ãåíåòè÷íîìó ³íñòèòóò³ (ÂÑÃ², ì. Îäåñà). ×å-
ðåç ê³ëüêà ðîê³â òóò áóëà çàõèùåíà äèñåðòàö³ÿ é îòðèìàíî íàóêîâèé ñòó-
ï³íü êàíäèäàòà ñ³ëüñüêîãîñïîäàðñüêèõ íàóê. Ñàìå â àñï³ðàíòóð³ ìîëîäèé 
íàóêîâåöü ïåðåñâ³ä÷èâñÿ, ùî âèð³øåííÿ áàãàòüîõ ïðîáëåì ó ñòâîðåíí³ 
ñîðò³â ñ³ëüñüêîãîñïîäàðñüêèõ ðîñëèí ïîâ’ÿçàíî ç àíàë³çîì ñïåöèô³÷-
íîñò³ òà ì³íëèâîñò³ ¿õíüî¿ ÄÍÊ. 

Óñâ³äîìëþþ÷è âàæëèâ³ñòü öüîãî íàïðÿìó, ìîëîäèé â÷åíèé ïðîéøîâ 
ñòàæóâàííÿ â Ìîñêîâñüêîìó äåðæàâíîìó óí³âåðñèòåò³ ³ì. Ì. Â. Ëîìî-
íîñîâà ó â³ää³ë³ àêàäåì³êà À. Í. Á³ëîçåðñüêîãî, Âñåñîþçíîìó ³íñòèòóò³ 
ðîñëèííèöòâà ³ì. Ì. ². Âàâèëîâà â ëàáîðàòîð³¿ ïðîôåñîðà Â. Ã. Êîíàðº-
âà, à òàêîæ ó 1969–1970 ðð. ó Êàë³ôîðí³éñüêîìó òåõíîëîã³÷íîìó ³íñòè-
òóò³ (ÑØÀ) â ëàáîðàòîð³¿ ïðîôåñîðà Äæåéìñà Áîííåðà (James Frederick 
Bonner), â³äîìîãî ìîëåêóëÿðíîãî á³îëîãà. 

Ó 1971 ð., ï³ñëÿ ïîâåðíåííÿ äî ÂÑÃ², Þ. Ì. Ñèâîëàï ñòâîðèâ òà î÷îëèâ 
îäíó ç ïåðøèõ â êðà¿í³ ëàáîðàòîð³þ ìîëåêóëÿðíî¿ á³îëîã³¿. Çà éîãî àêòèâ-
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íî¿ ó÷àñò³ áóëî ñïîðóäæåíî ñïåö³àë³çîâàíèé êîðïóñ, äëÿ ÿêîãî ïðèäáàíå 
çà êîðäîíîì íîâ³òíº óñòàòêóâàííÿ. Ç ñàìîãî ïî÷àòêó äîñë³äæåííÿ ñïðÿìî-
âóâàëèñü íà âèâ÷åííÿ îðãàí³çàö³¿ ÄÍÊ ð³çíèõ âèä³â ³ ñîðò³â ðîñëèí, à òàêîæ 
âèÿâëåííÿ âïëèâó åêçîãåííî¿ ÄÍÊ íà ðîñëèíè. Öå, ïî ñóò³, áóëà «ïðåëþä³ÿ» 
ðîá³ò ç ãåíåòè÷íî¿ òðàíñôîðìàö³¿ ðîñëèí, ÷è íå ïåðø³ â ÑÐÑÐ äîñë³äæåííÿ 
ãåíîìó ñ³ëüñüêîãîñïîäàðñüêèõ ðîñëèí íà ìîëåêóëÿðíîìó ð³âí³. 

×åðåç ê³ëüêà ðîê³â çà ð³âíåì îáëàäíàííÿ òà êâàë³ô³êàö³¿ íàóêîâèõ 
ïðàö³âíèê³â, à òàêîæ çà ïåðøèìè çäîáóòêàìè ëàáîðàòîð³ÿ ñòàëà øèðîêî 
â³äîìèì íàóêîâèì ï³äðîçä³ëîì: òóò áóëî ðîçðîáëåíî îñíîâí³ ìåòîäè âè-
ä³ëåííÿ é àíàë³çó õðîìàòèíó òà âèñîêîïîë³ìåðíèõ ñïîëóê ³ç òêàíèí çëà-
êîâèõ ðîñëèí, äîñë³äæóâàëè ìîëåêóëÿðíó îðãàí³çàö³þ ãåíîì³â, âèâ÷àëè 
âïëèâ åêçîãåííî¿ ÄÍÊ íà ñïàäêîâ³ñòü ðîñëèí òîùî. Îðèã³íàëüí³ñòü öèõ 
ðîá³ò ïðèâåðíóëà óâàãó çàêîðäîííèõ êîëåã: ó 1974 ð. Þ. Ì. Ñèâîëàï áóâ 
çàïðîøåíèé äî ó÷àñò³ ó Ì³æíàðîäíîìó êîì³òåò³ ç äîñë³äæåííÿ ïåðñïåê-
òèâ ñåëåêö³¿ ðîñëèí, â³äâ³äàâ áàãàòî â³äîìèõ íàóêîâèõ öåíòð³â ÑØÀ, ªâ-
ðîïè, Àç³¿. 

Ñàìå çà ³í³ö³àòèâîþ Þ. Ì. Ñèâîëàïà òà êîëåã-îäíîäóìö³â ðîçïî÷à-
ëàñü ðîçðîáêà Âñåñîþçíî¿ ïðîãðàìè «Ãåíîì ðîñëèí» ç ìåòîþ ïîäîëàí-
íÿ â³äñòàâàííÿ â³ä ðîçâèíåíèõ êðà¿í òà îá’ºäíàííÿ íàóêîâîãî ïîòåíö³àëó 
äëÿ ðîçâèòêó ìîëåêóëÿðíî¿ á³îëîã³¿ ³ ãåíåòèêè ðîñëèí. Ó ðàìêàõ ïðîãðàìè 
â³äáóâàëèñÿ êîíôåðåíö³¿ â Êèºâ³, Îäåñ³, ×åðí³âöÿõ, Óô³, Òá³ë³ñ³, à òàêîæ 
 ä³ÿëà øêîëà ç ìîëåêóëÿðíî¿ á³îëîã³¿ ðîñëèí ó ×åðí³âöÿõ. 

Îñîáëèâó, õâèëþþ÷ó òóðáîòó ïðî ðîçâèòîê íàóêè âèÿâèâ Þð³é Ìè-
õàéëîâè÷ ï³ñëÿ çäîáóòòÿ Óêðà¿íîþ íåçàëåæíîñò³. Â³í ïðàãíóâ ïðèñêîðèòè 
³ ïîãëèáèòè ìîëåêóëÿðíî-ãåíåòè÷í³ òà á³îòåõíîëîã³÷í³ äîñë³äæåííÿ, ï³ä-
íÿòè ¿õ äî ñâ³òîâîãî ð³âíÿ. Ñàìå çàðàäè öüîãî, çà ï³äòðèìêè êåð³âíèöòâà 
Íàö³îíàëüíî¿ àêàäåì³¿ àãðàðíèõ íàóê Óêðà¿íè, â³í äîáèâñÿ ñòâîðåííÿ íà 
áàç³ äâîõ íàóêîâèõ â³ää³ë³â Ñåëåêö³éíî-ãåíåòè÷íîãî ³íñòèòóòó Ï³âäåííîãî 
á³îòåõíîëîã³÷íîãî öåíòðó â ðîñëèííèöòâ³. Äâàíàäöÿòü ðîê³â Þ. Ì. Ñèâî-
ëàï êåðóâàâ íèì, ï³äòðèìóâàâ ³ ðîçâèâàâ á³îòåõíîëîã³÷í³ äîñë³äæåííÿ â 
ðîñëèííèöòâ³ íà âèñîêîìó íàóêîâîìó òà ìåòîäè÷íîìó ð³âí³, áóâ âèçíà-
íèì ë³äåðîì ó ö³é ãàëóç³ íàóêè â Óêðà¿í³. 

Äîñë³äæåííÿ ãåíîìó ñ³ëüñüêîãîñïîäàðñüêèõ ðîñëèí ÷åðâîíîþ ë³-
í³ºþ ïðîéøëè êð³çü âñå æèòòÿ â÷åíîãî, çä³éñíþâàëèñÿ â ìåæàõ Ïðî-
ãðàìè íàóêîâèõ äîñë³äæåíü Íàö³îíàëüíî¿ àêàäåì³¿ àãðàðíèõ íàóê 
«Ñ³ëüñüêîãîñïîäàðñüêà á³îòåõíîëîã³ÿ», íåçì³ííèì êåð³âíèêîì ÿêî¿ áóâ 
Þ. Ì. Ñèâîëàï. 

Íàóêîâ³ çäîáóòêè â÷åíîãî çàáåçïå÷èëè éîìó çàñëóæåíå âèçíàííÿ: 
ó 1987 ð. â³í îòðèìàâ íàóêîâèé ñòóï³íü äîêòîðà á³îëîã³÷íèõ íàóê, ÷åðåç 
äâà ðîêè — â÷åíå çâàííÿ ïðîôåñîðà. Ó 1995 ð. â³í ñòàâ ÷ëåíîì-êîðåñïîí-
äåíòîì, à â 2000 ð. — ä³éñíèì ÷ëåíîì Óêðà¿íñüêî¿ àêàäåì³¿ àãðàðíèõ íàóê. 

Þð³é Ìèõàéëîâè÷ áóâ â³äêðèòèé äî óñüîãî íîâîãî â íàóö³, àêòèâíî 
ïðîïàãóâàâ íîâ³òí³ ìåòîäè ³ àêòèâíî âïðîâàäæóâàâ ¿õ ó ñåëåêö³þ. Ñàìå çà 
éîãî ³í³ö³àòèâè â êðà¿í³ ïî÷àëîñü îñâîºííÿ áàãàòîîá³öÿþ÷îãî ìåòîäó — 
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ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿, à ìîëåêóëÿðíà ãåíåòèêà ñòàëà ðåàëü-
íèì ó÷àñíèêîì ñåëåêö³éíèõ ïðîãðàì ç³ ñòâîðåííÿ ñîðò³â ³ ã³áðèä³â ð³çíî-
ìàí³òíèõ ñ³ëüñüêîãîñïîäàðñüêèõ ðîñëèí. 

Ó÷àñòü àêàäåì³êà Þ. Ì. Ñèâîëàïà â ðîáîò³ ì³æíàðîäíèõ êîíãðåñ³â, 
êîíôåðåíö³é, ñèìïîç³óì³â íåîäíîðàçîâî çàñâ³ä÷óâàëà éîãî âèñîêèé àâ-
òîðèòåò ó ñâ³òîâ³é íàóêîâ³é ñï³ëüíîò³. Îñòàíí³ìè ðîêàìè çà êåð³âíèöòâà 
Þð³ÿ Ìèõàéëîâè÷à áóëè ïðîâåäåí³ ïð³îðèòåòí³ äîñë³äæåííÿ ãåíåòè÷íîãî 
ïîë³ìîðô³çìó áàãàòüîõ âèä³â êóëüòèâîâàíèõ ðîñëèí: ïøåíèö³, ÿ÷ìåíþ, 
ðèñó, ñîðãî, ñî¿, âèíîãðàäó, õìåëþ, ë³í³é òà ã³áðèä³â êóêóðóäçè, ñîíÿøíè-
êó, çä³éñíåíî ìàðêóâàííÿ ãåí³â àãðîíîì³÷íî âàæëèâèõ îçíàê, ðîçðîáëåíî 
ïðèíöèïîâó ñõåìó ðåºñòðàö³¿ ö³ííèõ ãåíîòèï³â ó âèãëÿä³ ³äåíòèô³êàö³éíèõ 
ôîðìóë. Ï³îíåðàìè âïðîâàäæåííÿ öèõ ðîçðîáîê áóëè â÷åí³ Ñåëåêö³éíî-
ãåíåòè÷íîãî ³íñòèòóòó: ñàìå òóò ç âèêîðèñòàííÿì ìîëåêóëÿðíèõ ìàðêåð³â 
ñòâîðåíî ïåðø³ â êðà¿í³ ã³áðèäè êóêóðóäçè. 

Þ. Ì. Ñèâîëàï îáèðàâñÿ â³öå-ïðåçèäåíòîì Óêðà¿íñüêîãî òîâàðèñòâà 
ãåíåòèê³â ³ ñåëåêö³îíåð³â ³ìåí³ Ì. ². Âàâèëîâà, áóâ ÷ëåíîì ðàäè äèðåê-
òîð³â Á³îòåõíîëîã³÷íî¿ àñîö³àö³¿ êðà¿í ×îðíîìîðñüêîãî ðåã³îíó, ÷ëåíîì 
Ì³æâ³äîì÷î¿ ðàäè ç ïèòàíü á³îòåõíîëîã³¿ Ì³í³ñòåðñòâà îñâ³òè ³ íàóêè Óêðà-
¿íè, ÷ëåíîì ðåäàêö³éíèõ êîëåã³é áàãàòüîõ ôàõîâèõ æóðíàë³â, ÷ëåíîì åêñ-
ïåðòíèõ òà ñïåö³àë³çîâàíèõ â÷åíèõ ðàä.

Áàãàòî ðîê³â Þ. Ì. Ñèâîëàï ñï³âïðàöþâàâ ç Îäåñüêèì áþðî ñóäîâî-
ìåäè÷íî¿ åêñïåðòèçè, çàïî÷àòêóâàâøè â Ï³âäåííîìó ðåã³îí³ Óêðà¿íè íî-
â³òí³ ìåòîäè ÄÍÊ-äàêòèëîñêîï³¿. Òðèâàëèé ÷àñ â³í âèêëàäàâ íà êàôåäð³ 
ãåíåòèêè ³ ìîëåêóëÿðíî¿ á³îëîã³¿ Îäåñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó 
³ìåí³ ². ². Ìå÷íèêîâà. 

Íàóêîâ³ çäîáóòêè â÷åíîãî çíàéøëè âò³ëåííÿ ó ðÿä³ ìîíîãðàô³é, ïîíàä 
500 íàóêîâèõ ïóáë³êàö³ÿõ, ìåòîäè÷íèõ ðåêîìåíäàö³ÿõ, íàóêîâî-ìåòîäè÷-
íèõ ïîñ³áíèêàõ, ïàòåíòàõ, äåðæàâíèõ ñòàíäàðòàõ. 

Ó 2009 ð. àêàäåì³êó Þ. Ì. Ñèâîëàïó ïðèñâîºíî çâàííÿ «Çàñëóæåíèé 
ä³ÿ÷ íàóêè ³ òåõí³êè Óêðà¿íè».

Àëå ÷è íå íàé-
á³ëüøèì íàäáàííÿì 
Þ. Ì. Ñèâîëàïà ñòàëî 
ñòâîðåííÿ øêîëè ìî-
ëåêóëÿðíèõ á³îëîã³â, 
â³äêðèòòÿ øëÿõ³â äî íà-
óêîâî¿ ðîáîòè áàãàòüîì 
òàëàíîâèòèì äîñë³äíè-
êàì. Ï³ä éîãî êåð³âíè-
öòâîì âèêîíàíî òà çà-
õèùåíî 5 äîêòîðñüêèõ 
³ 17 êàíäèäàòñüêèõ äè-
ñåðòàö³é. Íèí³ éîãî ó÷í³ 
òðóäÿòüñÿ ó íàóêîâî-äî-Þ. Ì. Ñèâîëàï ç êîëåãàìè
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ñë³äíèõ òà íàâ÷àëüíèõ óñòàíîâàõ Îäåñè, ³íøèõ ì³ñò Óêðà¿íè, â Í³ìå÷÷èí³, 
ÑØÀ, Êàíàä³, Êàçàõñòàí³.

Þð³é Ìèõàéëîâè÷ áóâ ñèëüíîþ, ïðèíöèïîâîþ îñîáèñò³ñòþ, âñüîãî 
ñåáå â³ääàâàâ ñëóæ³ííþ íàóö³, ÿêà ñòàëà éîãî æèòòÿì. Â³í çàâæäè çíà-
õîäèâ äîáð³ ñëîâà äëÿ â³äçíà÷åííÿ óñï³õ³â ñâî¿õ êîëåã, ó÷í³â, ì³ã ³ ñóâîðî 
êðèòèêóâàòè ¿õ çà íåïðàâèëüí³ ð³øåííÿ àáî íåïðèïóñòèìó ïîâåä³íêó, àëå 
çàâæäè ïðèõîäèâ íà äîïîìîãó, ÿêùî öå áóëî ïîòð³áíî.

Â³í áóâ æèòòºðàä³ñíèì ³ â³äâåðòèì. Çàõîïëþâàâñÿ ðèáàëêîþ, áóâ 
ïðèñòðàñíèì àâòîëþáèòåëåì, ùèðî «â³äïî÷èâàâ» çà íàñò³ëüíèì òåí³ñîì. 
² ñï³âðîçìîâíèê â³í áóâ ö³êàâèé — ç ïî÷óòòÿì ãóìîðó, ç îäåñüêèìè æàð-
òàìè. 

Äî îñòàíí³õ äí³â Þð³é Ìèõàéëîâè÷ Ñèâîëàï ïðàöþâàâ íà ïîñàä³ çà-
â³äóâà÷à â³ää³ëó ãåíîì³êè ³ á³îòåõíîëîã³¿ Ñåëåêö³éíî-ãåíåòè÷íîãî ³íñòè-
òóòó — Íàö³îíàëüíîãî öåíòðó íàñ³ííºçíàâñòâà òà ñîðòîâèâ÷åííÿ, ðåàë³-
çîâóþ÷è ñâîº ïîêëèêàííÿ ó ï³çíàíí³ ñâ³òó ðîñëèí, ïîøóêó øëÿõ³â ¿õíüîãî 
óäîñêîíàëåííÿ äëÿ ïîòðåá ëþäñòâà. 

Ïðè íàïèñàíí³ ñòàòò³ âèêîðèñòàíî ìàòåð³àëè ñòàòåé Þ. Ì. Ñèâîëàïà 
«Î ñåáå» (Âèäíûå ó÷åíûå Îäåññû. Ïî âîñïîìèíàíèÿì ó÷åíèêîâ è ñîòðóä-
íèêîâ. Âûï. 9. — Îäåññà: Àñòðîïðèíò, 2002. — Ñ. 77–83) ³ «ÄÍÊ-òåõíîëîã³¿ 
ñ³ëüãîñïðîñëèí â Óêðà¿í³: ïî÷àòîê øëÿõó» (Â³ñíèê àãðàðíî¿ íàóêè); ñïåö³-
àëüíîãî çá³ðíèêà «Ñåëåêö³éíî–ãåíåòè÷íîìó ³íñòèòóòó — Íàö³îíàëüíîìó 
öåíòðó íàñ³ííºçíàâñòâà òà ñîðòîâèâ÷åííÿ — 100». — 2012. — Ñ. 99–105).

Í. Å. Âîëêîâà, 
ãîëîâíèé íàóêîâèé ñï³âðîá³òíèê 
â³ää³ëó çàãàëüíî¿ òà ìîëåêóëÿðíî¿ 
ãåíåòèêè ÑÃ²–ÍÖÍÑ



Âèìîãè äî îôîðìëåííÿ ñòàòåé 
äî «Çá³ðíèêà íàóêîâèõ ïðàöü Ñåëåêö³éíî-ãåíåòè÷íîãî 

³íñòèòóòó — Íàö³îíàëüíîãî öåíòðó íàñ³ííºçíàâñòâà 
òà ñîðòîâèâ÷åííÿ»

1. Ñòàòò³ äî «Çá³ðíèêà…» ïîäàþòüñÿ ó 2-õ ïðèì³ðíèêàõ òà â åëåêòðî-
íí³é âåðñ³¿ (Word) óêðà¿íñüêîþ àáî ðîñ³éñüêîþ, àáî àíãë³éñüêîþ ìîâàìè. 
Äî ñòàòåé óêðà¿íñüêîþ ÷è ðîñ³éñüêîþ ìîâàìè äîäàºòüñÿ ïåðåêëàä òåê-
ñòó (ç â³äïîâ³äíèìè ñêëàäîâèìè — àíîòàö³ÿ, ðåçþìå òîùî) àíãë³éñüêîþ 
äëÿ ðîçì³ùåííÿ íà âåá-ñàéò³ ³íñòèòóòó. 

Îáñÿã ñòàòò³ — äî 12 äðóêàðñüêèõ ñòîð³íîê. 

2. Ôîðìà ïîäàííÿ: ôîðìàò À-4; øðèôò Arial, ðîçì³ð 12, ³íòåðâàë 1,5. 
Ïîëÿ: âåðõíº, íèæíº, ë³âå, ïðàâå — 2,0 ñì. 

3. Ïîðÿäîê ðîçòàøóâàííÿ åëåìåíò³â îôîðìëåííÿ ñòîð³íêè, çãîðè äî-
íèçó: 

– 2 ³íòåðâàëè; 
– ÓÄÊ (âåëèêèìè ë³òåðàìè); 
– 1 ³íòåðâàë; 
– ïð³çâèùå, ³í³ö³àëè àâòîðà (àâòîð³â) (âåëèêèìè ë³òåðàìè), éîãî (¿õ-

í³é) íàóêîâèé ñòóï³íü, â÷åíå çâàííÿ, àêàäåì³÷íå çâàííÿ, ïîñàäà (ñêîðî-
÷åíî); åëåêòðîííà àäðåñà; 

– íàçâà óñòàíîâè; 
– 1 ³íòåðâàë; 
– íàçâà ñòàòò³ (âåëèêèìè ë³òåðàìè, æèðíèì øðèôòîì); 
– 1 ³íòåðâàë; 
– àíîòàö³ÿ ìîâîþ íàïèñàííÿ ñòàòò³ (êóðñèâ); 
– 1 ³íòåðâàë; 
– êëþ÷îâ³ ñëîâà (êóðñèâ); 
– 1 ³íòåðâàë; 
– òåêñò ñòàòò³; 
– 2 ³íòåðâàëè; 
ñïèñîê ë³òåðàòóðè â ïîðÿäêó öèòóâàííÿ çà ñòàíäàðòîì íàâåäåííÿ á³-

áë³îãðàô³÷íèõ äàíèõ; 
– ðåçþìå óêðà¿íñüêîþ, àíãë³éñüêîþ, ðîñ³éñüêîþ ìîâàìè ï³ñëÿ á³áë³î-

ãðàô³¿ ç êîðîòêèì âèêëàäîì ðåçóëüòàò³â äîñë³äæåíü. 

4. Ñòàòòÿ ì³ñòèòü âñòóï, îïèñ ìàòåð³àë³â òà ìåòîä³â äîñë³äæåíü, îá-
ãîâîðåííÿ ðåçóëüòàò³â, âèñíîâêè. 

5. Òàáëèö³ òà ðèñóíêè ìàþòü áóòè ïðîíóìåðîâàí³ ³ âìîíòîâàí³ â òåêñò 
ç îáîâ’ÿçêîâèì ïîñèëàííÿì íà íèõ. Ï³äïèñè äî ðèñóíê³â äðóêóþòüñÿ ï³ä 
íèìè, äî òàáëèöü — íàä íèìè. 

6. Ë³òåðàòóðí³ äæåðåëà ïîäàþòüñÿ â òåêñò³ â ïîðÿäêó ïîñèëàííÿ íà 
íèõ öèôðàìè ó êâàäðàòíèõ äóæêàõ.



7. Äî ìàòåð³àë³â äîäàºòüñÿ äîâ³äêà ïðî àâòîðà (àâòîð³â) ³ç çàçíà÷åí-
íÿì ì³ñöÿ ðîáîòè, ïîñàäè, íàóêîâîãî ñòóïåíÿ, â÷åíîãî çâàííÿ, íîìåð³â 
òåëåôîíó, ôàêñó, åëåêòðîííî¿ ïîøòè.

8. Äî ñòàòò³ äîäàþòüñÿ ðåêîìåíäàö³ÿ â÷åíî¿ ðàäè óñòàíîâè, äå ïðà-
öþº àâòîð, òà ðåöåíç³ÿ íà ñòàòòþ â³ä ôàõ³âöÿ ó äàí³é ãàëóç³.

9. Ñòàòò³, ÿê³ íå â³äïîâ³äàòèìóòü îçíà÷åíèì âèìîãàì, ïðèéìàòèñü íå 
áóäóòü. 
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Çá³ðíèê âíåñåíî äî ïåðåë³êó íàóêîâèõ ôàõîâèõ âèäàíü Óêðà¿íè, â ÿêèõ 
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êîâèõ ñòóïåí³â äîêòîðà ³ êàíäèäàòà íàóê ç ãàëóçåé ñ³ëüñüêîãîñïîäàðñüêèõ 
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Ñâ³äîöòâî ïðî äåðæàâíó ðåºñòðàö³þ 
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