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Â îáçîðå ðàññìîòðåíû ìåõàíèçìû ýïèãåíåòè÷åñêîé ðåãóëÿöèè ãåíîâ ÿðîâèçàöèè ðàñòåíèé, êîíòðî-
ëèðóþùèõ ïåðåõîä ê ãåíåðàòèâíîé ñòàäèè, â çàâèñèìîñòè îò äåéñòâèÿ íèçêîé òåìïåðàòóðû. Íà ïðèìåðå
ãåíà FLC àðàáèäîïñèñà ïîêàçàíî ó÷àñòèå â ìåõàíèçìå ðåãóëÿöèè PR2-ðåïðåññèðóþùåãî êîìïëåêñà è
íåêîäèðóþùåé ÐÍÊ. Íà îñíîâàíèè ñîáñòâåííûõ è äðóãèõ äàííûõ àâòîðû ïðåäïîëàãàþò àíàëîãè÷íûé
ìåõàíèçì ðåãóëÿöèè ãåíà Vrn-1 ó çëàêîâ.
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Ê ýïèãåíåòè÷åñêèì èçìåíåíèÿì, êàê èçâåñòíî, îòíîñÿò
òàêèå ãåíåòè÷åñêèå èçìåíåíèÿ, êîòîðûå ìîãóò ñòàáèëüíî
ïîääåðæèâàòüñÿ íà ïðîòÿæåíèè ìíîãèõ äåëåíèé ñîìàòè-
÷åñêèõ êëåòîê, íî ïðè ýòîì íå ñâÿçàíû ñ èçìåíåíèåì ïåð-
âè÷íîé ñòðóêòóðû ÄÍÊ (Ng, Gurdon, 2008; Probst et al.,
2009). Â îñíîâå ýïèãåíåçà ëåæàò äâà îñíîâíûõ òèïà ìåõà-
íèçìîâ — òðàíñêðèïöèîííûå è ïîñòòðàíñêðèïöèîííûå.
Ê ïåðâîìó òèïó îòíîñÿòñÿ ìåõàíèçìû, ìîäèôèöèðóþùèå
ÄÍÊ, è ìåõàíèçìû, ìîäèôèöèðóþùèå ãèñòîíîâûå áåëêè.

Îñíîâíûì ìåõàíèçìîì ìîäèôèêàöèè ÄÍÊ ÿâëÿåòñÿ
ìåòèëèðîâàíèå îñòàòêîâ öèòîçèíà (Bird, 2002). Ó ðàñòå-
íèé ìåòèëèðîâàíèå öèòîçèíà ïðîèñõîäèò êàê ñèììåòðè÷-
íî ïî îáåèì öåïÿì (íà CpG èëè CpNpG), òàê è àñèììåò-
ðè÷íî ëèøü íà îäíîé èç äâóõ öåïåé (íà CpNpNp, ãäå N
îáîçíà÷àåò ëþáîé íóêëåîòèä) (Vanyushin, 2006). Èçâåñò-
íî, ÷òî ìåòèëèðîâàíèå öèòîçèíà â ïðîìîòîðíûõ îáëàñòÿõ
ãåíîâ ïðèâîäèò ê ïîäàâëåíèþ èõ òðàíñêðèïöèîííîé àê-
òèâíîñòè, òîãäà êàê äåìåòèëèðîâàíèå ýòèõ îáëàñòåé ïðè-
âîäèò ê óñèëåíèþ òðàíñêðèïöèè (Bird, 2002). Ìîäèôèêà-
öèè ãèñòîíîâûõ áåëêîâ ëåæàò â îñíîâå êîíôîðìàöèîí-
íûõ èçìåíåíèé õðîìàòèíà, êîòîðûå â ñâîþ î÷åðåäü
îáåñïå÷èâàþò äîñòóïíîñòü ìîëåêóëû ÄÍÊ äëÿ ôåðìåí-
òîâ ñèíòåçà ÐÍÊ (Kouzarides, 2007).

Íàèáîëåå ÷àñòûìè ìîäèôèêàöèÿìè ãèñòîíîâ ÿâëÿþò-
ñÿ àöåòèëèðîâàíèå è ìåòèëèðîâàíèå àìèíîêèñëîò, ïðè
ýòîì âûÿâëåíû âûñîêîêîíñåðâàòèâíûå ìîäèôèêàöèè ãè-
ñòîíîâ ïî îïðåäåëåííûì àìèíîêèñëîòàì, õàðàêòåðíûå
äëÿ àêòèâíîãî (íåàêòèâíîãî) ñîñòîÿíèÿ öåëîãî ðÿäà ãåíîâ
èç ðàçëè÷íûõ îðãàíèçìîâ (Martin, Zhang, 2005; Kouzari-
des, 2007). Ñëåäóåò îòìåòèòü, ÷òî ðàáîòó âñåõ âûøåïåðå-
÷èñëåííûõ ìåõàíèçìîâ îáåñïå÷èâàþò íå òîëüêî ñïåöè-
ôè÷åñêèå áåëêè-ôåðìåíòû (ÄÍÊ-ìåòèëòðàíñôåðàçû, ãèñ-
òîíìåòèëòðàíñôåðàçû, àöåòèëòðàíñôåðàçû è äð.), íî è
ðàçëè÷íûå íèçêîìîëåêóëÿðíûå íåêîäèðóþùèå ÐÍÊ, îò-
íîñÿùèåñÿ ëèáî ê ìàëûì èíòåðôåðèðóþùèì ÐÍÊ (siR-
NA), ëèáî ê ìèêðî-ÐÍÊ (miRNA) (Zaratiegui et al., 2007;
Yang, Kuroda 2007; Carthew, Sontheimer, 2009; Ghildiyal,
Zamore, 2009; Mattick et al., 2009). Ýòè ÐÍÊ îòâå÷àþò çà
ñáîðêó ñïåöèôè÷åñêèõ áåëêîâûõ êîìïëåêñîâ è èõ çàÿêî-

ðèâàíèå íà ó÷àñòêàõ ÄÍÊ, ïîäâåðãàþùèõñÿ òåì èëè
èíûì ìîäèôèêàöèÿì. ×òî êàñàåòñÿ ïîñòòðàíñêðèïöèîí-
íûõ ýïèãåíåòè÷åñêèõ ìåõàíèçìîâ, òî îíè âêëþ÷àþò ìå-
õàíèçìû èíòåðôåðåíöèè ìÐÍÊ ñ ïîìîùüþ ìàëîé íåêî-
äèðóþùåé ÐÍÊ, ÷òî ïðèâîäèò ëèáî ê äåãðàäàöèè ìÐÍÊ,
ëèáî ê èíãèáèðîâàíèþ åå òðàíñëÿöèè (Tang, 2005; Ru-
iz-Ferrer, Voinnet, 2009; Hoffer et al., 2011).

Ãåíû ÿðîâèçàöèè (Vrn) êîíòðîëèðóþò âàæíåéøèé
ôèçèîëîãè÷åñêèé ïðîöåññ ïåðåõîäà ðàñòåíèÿ îò âåãåòà-
òèâíîé ôàçû ðàçâèòèÿ ê ãåíåðàòèâíîé. Î÷åâèäíî, ÷òî äëÿ
âûæèâàíèÿ è àäàïòàöèè òðåáóåòñÿ ñîïðÿæåíèå äàííîãî
ìîìåíòà ðàçâèòèÿ ðàñòåíèÿ ñ áëàãîïðèÿòíûìè êëèìàòè-
÷åñêèìè óñëîâèÿìè, ïîýòîìó â õîäå ýâîëþöèè áûëà ñî-
çäàíà ãåíåòè÷åñêàÿ ñèñòåìà, êîíòðîëèðóþùàÿ ïåðåõîä ê
ãåíåðàòèâíîé ñòàäèè â çàâèñèìîñòè îò îñíîâíûõ âíåø-
íèõ ôàêòîðîâ — òåìïåðàòóðû è äëèíû ñâåòîâîãî äíÿ
(Cockram et al., 2007; Jung, Muller, 2009; Laurie, 2009). Ñî-
îòâåòñòâóþùèå ýòèì ôàêòîðàì ãåíû ÿðîâèçàöèè è ôîòî-
ïåðèîäà òåñíî âçàèìîñâÿçàíû è îáðàçóþò åäèíóþ ñåòü.
Ýòî âèäíî íà ðèñ. 1, ãäå ïðåäñòàâëåíû ñõåìû ðåãóëÿöèè
öâåòåíèÿ ó ìîäåëüíîãî ðàñòèòåëüíîãî îáúåêòà — Arabi-
dopsis thaliana è çëàêîâ (ïøåíèöû, ÿ÷ìåíÿ). Íàáëþäàåòñÿ
îïðåäåëåííûé ïàðàëëåëèçì êëþ÷åâûõ çâåíüåâ ðåãóëÿöèè,
ïðåäïîëàãàþùèé ñõîäíûé àëãîðèòì ôóíêöèîíèðîâàíèÿ
ýòîé ñèñòåìû (cì. îáçîðû: Jung, Muller, 2009; Laurie,
2009). Òàê, áûëî ïîêàçàíî, ÷òî îñíîâíûì ðåãóëÿòîðîì ÿâ-
ëÿåòñÿ èíäóêòîð öâåòåíèÿ FT (Vrn-3), àêòèâèðóþùèé ãåí
ÀÐ1 (Vrn-1). Ïîñëåäíèé êîäèðóåò òðàíñêðèïöèîííûé ôàê-
òîð, îáåñïå÷èâàþùèé òðàíñôîðìàöèþ êëåòîê àïèêàëüíîé
ìåðèñòåìû ñòåáëÿ â êëåòêè ãåíåðàòèâíûõ òêàíåé. Ãåí-èí-
äóêòîð íàõîäèòñÿ ïîä êîíòðîëåì ðåïðåññîðà FLC (Vrn-2),
êîòîðûé ÿâëÿåòñÿ ïðîâîäíèêîì âíåøíèõ ñèãíàëîâ (òåì-
ïåðàòóðû è ôîòîïåðèîäà). Ãåíû ÿðîâèçàöèè ïðåäñòàâëÿ-
þò ñîáîé îäèí èç ÿðêèõ ïðèìåðîâ ýïèãåíåòè÷åñêîé ðåãó-
ëÿöèè; åå ìèøåíüþ â ñëó÷àå àðàáèäîïñèñà ÿâëÿåòñÿ
FLC-ðåïðåññîð, òîãäà êàê â ñëó÷àå çëàêîâ — ãåí Vrn-1
(Jung, Muller, 2009; Laurie, 2009).

Ñíà÷àëà ðàññìîòðèì, êàê ïðîèñõîäèò ýïèãåíåòè÷å-
ñêàÿ ðåãóëÿöèÿ FLC-ãåíà àðàáèäîïñèñà. Ïîä âëèÿíèåì
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íèçêîé òåìïåðàòóðû èëè ÿðîâèçàöèè ýêñïðåññèÿ ýòîãî
ãåíà íà÷èíàåò ñíèæàòüñÿ (Michaels, Amasino, 1999). Íà
ïåðâîì ýòàïå ýïèãåíåòè÷åñêàÿ ñóïðåññèÿ ïðîèñõîäèò áëà-
ãîäàðÿ ïîñòòðàíñêðèïöèîííîìó ìåõàíèçìó (Swiezewsky
et al., 2009). Ñ 3R-êîíöà ãåíà FLC â íàïðàâëåíèè 5R-êîíöà
ñ÷èòûâàåòñÿ íåêîäèðóþùàÿ àíòèñìûñëîâàÿ ÐÍÊ, êîòîðàÿ
äàëåå ïîäâåðãàåòñÿ ïðîöåññèíãó (ðèñ. 2). Ìåõàíèçì ïî-
ñëåäóþùåãî çàìîëêàíèÿ ãåíà ñ ïîìîùüþ ýòîé íåêîäèðó-
þùåé ÐÍÊ ïîêà íåÿñåí, âîçìîæíî, îí ïðîèñõîäèò ÷åðåç
îáðàçîâàíèå siRNA, êîòîðàÿ ñâÿçûâàåòñÿ ñ êîìïëåìåí-
òàðíûìè ó÷àñòêàìè ìÐÍÊ, ÷òî âûçûâàåò åå ïîñëåäóþ-
ùóþ äåãðàäàöèþ. Ñíèæåíèå ýêñïðåññèè ãåíà FLC íà äàí-
íîì ýòàïå åùå íå ñòîëü çíà÷èòåëüíî, è ýòî ñîñòîÿíèå ÿâ-
ëÿåòñÿ îáðàòèìûì, òàê êàê ïðè ïðåêðàùåíèè ÿðîâèçàöèè
ýêñïðåññèÿ FLC âîññòàíàâëèâàåòñÿ (Swiezewsky et al.,
2009). Äëÿ çàêðåïëåíèÿ ðåïðåññèðîâàííîãî ñîñòîÿíèÿ è
ñòàáèëüíîé åãî ïåðåäà÷è â ïîêîëåíèÿõ ñîìàòè÷åñêèõ êëå-
òîê òðåáóåòñÿ âòîðîé ýòàï, ñâÿçàííûé ñ ìîäèôèêàöèåé
ãèñòîíîâûõ áåëêîâ.

Áûëî ïîêàçàíî, ÷òî â îñíîâå ýïèãåíåòè÷åñêîé ñóïðåñ-
ñèè FLC ëåæèò ìåòèëèðîâàíèå ëèçèíà â ïîëîæåíèÿõ 9 è
27 ãèñòîíà Í3 (Bastow et al., 2004; DeLucia et al ., 2008).
Ýòîò ïðîöåññ îñóùåñòâëÿåò êîìïëåêñ áåëêîâ, òàê íàçûâà-
åìûé PR2 (polycomb repressive 2) (DeLucia et al., 2008).
Àíàëîãè÷íûå áåëêîâûå êîìïëåêñû ó÷àñòâóþò â ïîääåð-
æàíèè ðåïðåññèâíîãî ñîñòîÿíèÿ öåëîãî ðÿäà ãåíîâ ðàñòå-
íèé, æèâîòíûõ è ÷åëîâåêà (Goodrich, Tweedie, 2002; Ring-
rose 2007; Schwartz, Pirrotta, 2008). Â åãî ñîñòàâ âõîäèò
áîëüøîå êîëè÷åñòâî áåëêîâ, â òîì ÷èñëå ãèñòîíìåòèë-
òðàñôåðàçà, áåëêè PHD (plant homeo domain finger), êîòîðûå
îòâå÷àþò çà ñàéò-ñïåöèôè÷åñêîå ñâÿçûâàíèå ñ ãèñòîíîì
H3 (Li et al., 2006), è äð. Ïðîöåññ ôîðìèðîâàíèÿ PR2-êîì-
ïëåêñà â ñëó÷àå ãåíà FLC èíèöèèðóåòñÿ ïîä äåéñòâèåì
ÿðîâèçàöèè â ñîñòàâå 5R-êîíöåâîãî ðàéîíà ïåðâîãî èíòðî-
íà FLC (DeLucia et al., 2008). Âàæíóþ ðîëü â îðèåíòèðî-
âàíèè è òî÷íîé ïîñàäêå áåëêîâ êîìïëåêñà íà ýòîò ðàéîí
èãðàåò ñìûñëîâàÿ ÐÍÊ, ñèíòåçèðóåìàÿ âíóòðè èíòðîíà 1
(Heo, Sung, 2011) (ðèñ. 2). Ñëåäóåò îòìåòèòü, ÷òî ýòî ïåð-
âûé ïðèìåð ó ðàñòåíèé, ïîêàçûâàþùèé ó÷àñòèå äëèííûõ
íåêîäèðóþùèõ ìîëåêóë ÐÍÊ â ýïèãåíåòè÷åñêîé ðåãóëÿ-
öèè. Â íàñòîÿùåå àðåìÿ íåÿñíî, êàêèå ôàêòîðû àêòèâèðóþò
òðàíñêðèïöèþ îáåèõ íåêîäèðóþùèõ ÐÍÊ ïîä äåéñòâèåì

õîëîäà. Ê êîíöó ïåðèîäà ÿðîâèçàöèè êîìïëåêñ PR2 ïîëíî-
ñòüþ çàâåðøàåò ìåòèëèðîâàíèå ãèñòîíà H3 íà ïðîòÿæåíèè
äèñêðåòíîãî ðàéîíà FLC (ïðîìîòîð, ýêçîí 1, èíòðîí 1), òåì
ñàìûì çàêðåïëÿÿ ðåïðåññèðîâàííîå ñîñòîÿíèå ýòîãî ãåíà
(Bastow et al., 2004). Äàííîå ñîñòîÿíèå ñîõðàíÿåòñÿ è ïîñëå
ïðåêðàùåíèÿ âîçäåéñòâèÿ íèçêîé òåìïåðàòóðû è îáåñïå-
÷èâàåò ñíèæåíèå óðîâíÿ ýêñïðåññèè FLC, íåîáõîäèìîå
äëÿ ïîñëåäóþùåãî ïåðåõîäà ðàñòåíèÿ â ôàçó öâåòåíèÿ.

Ýïèãåíåòè÷åñêàÿ ðåãóëÿöèÿ ãåíà Vrn-1 ó çëàêîâ ïîä
äåéñòâèåì ÿðîâèçàöèè ïðåäñòàâëÿåò ñîáîé îáðàòíûé âû-
øåîïèñàííîìó ïðîöåññ âûõîäà èç ñîñòîÿíèÿ ðåïðåññèè, â
êîòîðîì äàííûé ãåí íàõîäèòñÿ äî ÿðîâèçàöèè (ðèñ. 1).
Áûëî ïîêàçàíî, ÷òî äëÿ ðåïðåññèâíîãî ñîñòîÿíèÿ Vrn-1
õàðàêòåðåí âûñîêèé óðîâåíü ìåòèëèðîâàíèÿ ëèçèíà 27
ãèñòîíà H3, êàê è â ñëó÷àå àíàëîãè÷íîãî ñîñòîÿíèÿ ãåíà
FLC (Oliver et al., 2009). Â õîäå ÿðîâèçàöèè ïðîèñõîäÿò
ïîñòåïåííîå äåìåòèëèðîâàíèå ëèçèíà 27 è óâåëè÷åíèå
ìåòèëèðîâàíèÿ ëèçèíà 4 ãèñòîíà H3 — ìàðêåðà ãåíåòè÷å-
ñêè àêòèâíîãî ñîñòîÿíèÿ õðîìàòèíà. Íèêàêèõ èçìåíåíèé
óðîâíÿ è õàðàêòåðà ìåòèëèðîâàíèÿ ãèñòîíà Í3 íå âûÿâëå-
íî ó ãåíîâ Vrn-2 è Vrn-3, ÷òî ïîçâîëèëî ïðåäïîëîæèòü,
÷òî Vrn-1 ÿâëÿåòñÿ îñíîâíîé ìèøåíüþ ýïèãåíåòè÷åñêîé
ðåãóëÿöèè ãåíîâ ÿðîâèçàöèè ó çëàêîâ (Oliver et al., 2009).
Ïîêà íè÷åãî íå èçâåñòíî îòíîñèòåëüíî áåëêîâûõ ôàêòî-
ðîâ, îñóùåñòâëÿþùèõ ïðîöåññ àêòèâàöèè Vrn-1, è ó÷àñ-
òèÿ â ýòîì ïðîöåññå íåêîäèðóþùåé ÐÍÊ. Òåì íå ìåíåå íà
îñíîâå ðÿäà äàííûõ ìîæíî ñäåëàòü ïðåäïîëîæåíèå î òîì,
÷òî ïðîöåññ àêòèâàöèè (ñóïðåññèè) Vrn-1 ïðîèñõîäèò
àíàëîãè÷íî òîìó ïðîöåññó, êîòîðûé áîëåå äåòàëüíî îïè-
ñàí â ñëó÷àå ãåíà FLC.

Â ÷àñòíîñòè, âî ìíîãèõ ðàáîòàõ ïîêàçàíî çíà÷åíèå
5R-êîíöåâîãî ðàéîíà ïåðâîãî èíòðîíà Vrn-1 â îïðåäåëå-
íèè ÷óâñòâèòåëüíîñòè ê ÿðîâèçàöèè. Äåëåöèè â ñîñòàâå
ýòîãî ðàéîíà (â ïðåäåëàõ 2 ò. ï. í. îò íà÷àëà èíòðîíà) â
áîëüøèíñòâå ñëó÷àåâ ïðèâîäÿò ê ïîòåðå ðåàêöèè íà ÿðî-
âèçàöèþ è ÿðîâîìó òèïó ðàçâèòèÿ (Fu et al., 2005; Von Zit-
zewitz et al., 2005; Cockram et al., 2007). Áûëî âûñêàçàíî
ïðåäïîëîæåíèå, ÷òî ýòîò ðàéîí ñîäåðæèò íåêèé ñàéò, îò-
âåòñòâåííûé çà ïîääåðæàíèå ðåïðåññèâíîãî ñîñòîÿíèÿ
õðîìàòèíà (Trevaskis et al., 2007). Êàê è â ñëó÷àå ãåíà
FLC, ýòîò ñàéò ìîæåò îòâå÷àòü çà èíèöèàöèþ ñïåöèôè÷å-
ñêîãî áåëêîâîãî êîìïëåêñà, êîòîðûé îñóùåñòâëÿåò ïðî-
öåññ ìåòèëèðîâàíèÿ (äåìåòèëèðîâàíèÿ) ãèñòîíîâûõ áåë-
êîâ. Äëÿ ÿ÷ìåíÿ ïîêàçàíî, ÷òî äåëåöèÿ â íà÷àëå ïåðâîãî
èíòðîíà Vrn-1 ñâÿçàíà ñ ïîâûøåííûì îòíîñèòåëüíûì ñî-
äåðæàíèåì àêòèâíîé ôîðìû ãèñòîíà Í3 (ñì. âûøå) è ñ
áîëåå âûñîêèì óðîâíåì òðàíñêðèïöèè ýòîãî ãåíà (Oliver
et al., 2009). È íàêîíåö, ãîâîðÿ î âàæíîì çíà÷åíèè ïåðâî-
ãî èíòðîíà â ðåãóëÿöèè ýêñïðåññèè Vrn-1, ñëåäóåò óïîìÿ-
íóòü ðåçóëüòàòû íàøåãî ñîáñòâåííîãî èññëåäîâàíèÿ.
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Ðèñ. 1. Ðåãóëÿöèÿ ïðîöåññà öâåòåíèÿ ó àðàáèäîïñèñà è çëàêî-
âûõ ðàñòåíèé.

Èíäóöèðóþùåå âëèÿíèå ïîêàçàíî ñòðåëêîé, ñóïðåññèðóþùåå — ëè-
íèåé ñ ïîïåðå÷íîé ÷åðòîé íà êîíöå. Ãåíû-ìèøåíè ýïèãåíåòè÷åñêîé ðå-
ãóëÿöèè îòìå÷åíû çâåçäî÷êîé. Ðàñøèôðîâêà îáîçíà÷åíèé ãåíîâ: Vrn —
VERNALIZATION, FT — FLOWERING LOCUS T, FLC — FLOWERING
LOCUS C, AP1 — APETALA1, PPD — PHOTOPERIOD, CO — CONS-

TANS, FRI — FRIGIDA.

Ðèñ. 2. Ñõåìà ãåíà FLC ñ óêàçàíèåì ñòàðòîâûõ òî÷åê è íàïðàâ-
ëåíèé òðàíñêðèïöèè äëÿ íåêîäèðóþùèõ ÐÍÊ, ó÷àñòâóþùèõ â

ýïèãåíåòè÷åñêîé ðåãóëÿöèè.

COLDAIR — cold assisted intronic noncoding RNS, COOLAIR — cold in-
duced long antisense intragenic RNA. Ýêçîíû îáîçíà÷åíû ÷åðíûìè ïðÿ-
ìîóãîëüíèêàìè. VRE (vernalization response element) — ñêðûòûé ïðîìî-
òîð òðàíñêðèïöèè COLDAIR. ATG è TAG — ñòàðò è òåðìèíàòîð òðàíñ-

êðèïöèè FLC ñîîòâåòñòâåííî.



Ìû èçó÷àëè äâà ðàçëè÷íûõ àëëåëÿ ãåíà Vrn-B1 â ñî-
ñòàâå èçîãåííûõ ëèíèé ìÿãêîé ïøåíèöû T. aestivum (ãåíîì
BBAADD, 2n = 42), ðàçëè÷àþùèõñÿ ïî âðåìåíè êîëîøåíèÿ
(Efremova et al., 2011). Äàííûå ëèíèè èìåþò ãåíîòèï vrn-A1
Vrn-B1a(Vrn-B1c) vrn-D1, ñëåäîâàòåëüíî, ñäâèã ôàçû êî-
ëîøåíèÿ ñ áîëüøîé âåðîÿòíîñòüþ îáóñëîâëåí ðàçëè÷íûì
àëëåëüíûì ñîñòîÿíèåì äîìèíàíòíîãî ãåíà Vrn-B1. Àíàëèç
ïåðâè÷íîé ñòðóêòóðû ýòèõ àëëåëåé ïîêàçàë, ÷òî îíè ðàçëè-
÷àþòñÿ òîëüêî ïî ñòðóêòóðå ïåðâîãî èíòðîíà: àëëåëü Vrn-B1c
ñîäåðæèò äåëåöèþ 0.8 ò. ï. í. è äóïëèêàöèþ 0.4 ò. ï. í. â
íà÷àëå èíòðîíà ïî ñðàâíåíèþ ñ àëëåëåì Vrn-B1a (Shcherban
et al., 2012b) (ðèñ. 3). Íà ñòàäèè, ïðåäøåñòâóþùåé êîëîøå-
íèþ, òðàíñêðèïöèÿ Vrn-B1c íà ïîðÿäîê ïðåâûøàåò òðàíñ-
êðèïöèþ Vrn-B1a, ÷òî, ïî-âèäèìîìó, îïðåäåëÿåò áîëåå
ðàííåå (íà 7—14 ñóò â çàâèñèìîñòè îò óñëîâèé) íàñòóïëå-
íèå ôàçû êîëîøåíèÿ ó ñîîòâåòñòâóþùåé èçîãåííîé ëèíèè
(Efremova et al., 2011; Shcherban et al., 2012a). Èñõîäÿ èç
ýòèõ äàííûõ ìû ïðåäïîëîæèëè, ÷òî ñòðóêòóðíûå èçìåíåíèÿ
â íà÷àëå ïåðâîãî èíòðîíà ó àëëåëÿ Vrn-B1ñ ïðèâîäÿò ê
óâåëè÷åíèþ óðîâíÿ åãî òðàíêðèïöèè ïî ñðàâíåíèþ ñî âòî-
ðûì àëëåëåì è áîëåå ðàííåìó íà÷àëó ãåíåðàòèâíîé ôàçû.
Óâåëè÷åíèå òðàíêðèïöèè Vrn-B1, âîçìîæíî, îáóñëîâëåíî
íàðóøåíèåì ñâÿçûâàíèÿ ðåïðåññèðóþùåãî áåëêîâîãî
êîìïëåêñà â ðåçóëüòàòå äåëåöèè (äóïëèêàöèè) â ñîîòâåò-
ñòâèè ñ ýïèãåíåòè÷åñêèì ìåõàíèçìîì, îïèñàííûì âûøå.

Òàêèì îáðàçîì, èññëåäîâàíèå ãåíîâ ÿðîâèçàöèè âàæ-
íî íå òîëüêî ïîòîìó, ÷òî çàòðàãèâàåò îäèí èç îñíîâíûõ
ôèçèîëîãè÷åñêèõ è ñåëåêöèîííûõ ïðèçíàêîâ, íî è â ñâÿçè
ñ òåì, ÷òî ýòè ãåíû ïðåäñòàâëÿþò ñîáîé óíèêàëüíóþ ìî-
äåëü äëÿ èçó÷åíèÿ íàèáîëåå îáùèõ ìåõàíèçìîâ è çàêîíî-
ìåðíîñòåé ýïèãåíåòè÷åñêîé ðåãóëÿöèè.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ðîñ-
ñèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ïðî-
åêò 11-04-00178).
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èçîãåííûõ ëèíèÿõ ñîðòà Áåçîñòàÿ 1 íà ðàçëè÷íûõ ñòàäèÿõ ðàçâèòèÿ (1—3 — ñîîòâåòñòâåííî 3, 4 è 5 ëèñòüåâ). â — ñõåìàòè÷åñêîå èçîáðàæåíèå ôåíîòè-

ïà ïøåíèö ñ ðåöåññèâíûì Vrn-B1 è äîìèíàíòíûìè àëëåëÿìè ãåíà Vrn-B1 íà 8-é íåä ðàçâèòèÿ.



Laurie D. A. 2009. Developmental and reproductive traits in
the Triticeae. In: Genetics and genomics of the Triticeae. Plant ge-
netics and genomics: crops and models. 7. New York: Springer Sci-
ence & Business Media, LLC. 591—609 p. [ISBN
978-0-387-77488-6].

Li H., Ilin S., Wang W. et al. 2006. Molecular basis for si-
te-specific read-out of histone H3K4me3 by the BPTF PHD finger
of NURF. Nature. 442 : 91—95.

Martin C., Zhang Y. 2005. The diverse functions of histone ly-
sine methylation. Nat. Rev. Mol. Cell Biol. 6 : 838—849.

Mattick J. S., Amara P. P., Dinger M. E., Mercer T. R., Meh-
ler M. F. 2009. RNA regulation of epigenetic processes. Bioessays.
31 : 51—59.

Michaels S. D., Amasino R. M. 1999. FLOWERING LOCUS
C encodes a novel MADS domain protein that acts as a repressor of
flowering. Plant Cell. 11 : 949—956.

Ng R. K., Gurdon J. B. 2008. Epigenetic inheritance of cell
differentiation status. Cell Cycle. 7 : 1173—1177.

Oliver S. N., Finnegan E. J., Dennis E. S., Peacock W. J., Tre-
vaskis B. 2009. Vernalization-induced flowering in cereals is asso-
ciated with changes in histone methylation at the VERNALIZATI-
ON1 gene. Proc. Nat. Acad. Sci. USA. 106 : 8386—8391.

Probst A. V., Dunleavy E., Almouzni G. 2009. Epigenetic inhe-
ritance during the cell cycle. Nat. Rev. Mol. Cell Biol. 10 : 192—206.

Ringrose L. 2007. Polycomb comes of age: genome-wide pro-
filing of target sites. Curr. Opin. Cell Biol. 19 : 290—297.

Ruiz-Ferrer V., Voinnet O. 2009. Roles of plant small RNAs in
biotic stress responses. Annu. Rev. Plant Biol. 60 :485—510.

Schwartz Y. B., Pirrotta V. 2008. Polycomb complexes and
epigenetic states. Curr. Opin. Cell Biol. 20 : 266—273.

Shcherban A. B., Efremova T. T., Khlestkina E. K., Sali-
na E. A. 2012a. A new Vrn-B1 allele of wheat, T. aestivum: gene
structure, transcription and geographical distribution. In: Procee-
dings of the 15th International EWAC Conference. 7—11 Novem-
ber 2011. Novi Sad, Serbia. 127—130.

Shcherban A. B., Efremova T. T., Salina E. A. 2012b. Identifi-
cation of a new Vrn-B1 allele using two near-isogenic wheat lines
with difference in heading time. Mol. Breeding. 29 : 675—685.

Swiezewski S., Liu F., Magusin A., Dean C. 2009. Cold-indu-
ced silencing by long antisense transcripts of an Arabidopsis Poly-
comb target. Nature. 462 : 799—802.

Tang G. 2005. siRNA and miRNA: an insight into RISCs.
Trends Biochem. Sci. 30 : 106—114.

Trevaskis B., Hemming M. N., Dennis E. S., Peacock W. J.
2007. The molecular basis of vernalization induced flowering in ce-
reals. Trends Plant Sci. 12 : 352—357.

Vanyushin B. F. 2006. DNA methylation in plants. Curr. Top.
Microbiol. Immunol. 301 : 67—122.

Von Zitzewitz J., Szucs P., Dubcovsky J., Yan L., Francia E.,
Pecchioni N., Casas A., Chen T. H., Hayes P. M., Skinner J. S.
2005. Molecular and structural characterization of barley vernaliza-
tion genes. Plant Mol. Biol. 59 : 449—467.

Yang P. K., Kuroda M. I. 2007. Noncoding RNAs and intra-
nuclear positioning in monoallelic gene expression. Cell. 128 :
777—786.

Zaratiegui M., Irvine D. V., Martienssen R. A. 2007. Nonco-
ding RNAs and gene silencing. Cell. 128 : 763—776.

Ïîñòóïèëà 26 XI 2012

EPIGENETIC REGULATION OF EXPRESSION OF VERNALIZATION GENES
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We reviewed the mechanisms of epigenetic regulation of vernalization genes of plants which control the
transition to the generative stage, depending on the low temperatures. Based on the example of FLC-gene of
Arabidopsis, the involvement of the PR2 repression complex and non-coding RNAs in these mechanisms has
been shown. On the basis of our own and other data, the authors suggest a similar mechanism of regulation of
Vrn-1 gene of cereals.
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