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Ïðåäñòàâëåíû ðåçóëüòàòû èçó÷åíèÿ ìåæâèäîâîãî, âíóòðèâèäîâîãî è âíóòðèãåíîìíîãî ïîëè-
ìîðôèçìà ïðåäñòàâèòåëåé ðîäà Cypripedium, ïðîèçðàñòàþùèõ íà òåððèòîðèè Ðîññèè, ïî äàííûì
àëëîçèìíîãî àíàëèçà è ïèðîñåêâåíèðîâàíèÿ. Áûëî ïîäòâåðæäåíî, ÷òî îñîáè C. � ventricosum ïðåä-
ñòàâëÿþò ñîáîé ãèáðèäû ìåæäó C. calceolus è C. macranthon. Íà îñíîâàíèè ðåçóëüòàòîâ ìîðôîëî-
ãè÷åñêîãî è àëëîçèìíîãî àíàëèçîâ, à òàêæå ñðàâíèòåëüíîãî èññëåäîâàíèÿ ìåæãåííîãî ñïåéñåðà
trnL-trnF õëîðîïëàñòíîé ÄÍÊ ñäåëàíî çàêëþ÷åíèå î ñóùåñòâîâàíèè äâóõ ðàçíûõ ãåíåòè÷åñêèõ ëè-
íèé C. calceolus, ãðàíèöà ìåæäó êîòîðûìè ïðîõîäèò â Çàáàéêàëüå. Îäíà èç íèõ ïî ìàòåðèíñêîé ëè-
íèè èìååò îáùåå ïðîèñõîæäåíèå ñ C. shanxiense. Àíàëèç âíóòðèãåíîìíîãî ïîëèìîðôèçìà ó÷àñòêà
ITS1 ÄÍÊ íå ïîäòâåðäèë íàëè÷èå ãèáðèäèçàöèè â ñèìïàòðè÷åñêèõ ïîïóëÿöèÿõ ìåæäó C. shanxiense
è C. calceolus è C. shanxiense è C. macranthon. Íà îñíîâàíèè ðåçóëüòàòîâ ïðîâåäåííîãî èññëåäîâà-
íèÿ ìîæíî âûñêàçàòü ïðåäïîëîæåíèå î ãèáðèäîãåííîì ïðîèñõîæäåíèè êàê C. shanxiense, òàê è
«âîñòî÷íîé» ðàñû C. calceolus, ðàñïðîñòðàíåííîé îò Çàáàéêàëüñêîãî êðàÿ äî Ïðèìîðüÿ. Âîçìîæíî,
ýòó ðàñó C. calceolus, õàðàêòåðèçóþùóþñÿ âûðàæåííûìè ôåíîòèïè÷åñêèìè è ãåíîòèïè÷åñêèìè
îñîáåííîñòÿìè, ñëåäóåò ðàññìàòðèâàòü â êà÷åñòâå ñàìîñòîÿòåëüíîãî ìîðôîëîãè÷åñêè ñëàáî âûðà-
æåííîãî ñêðûòîãî òàêñîíà, ñòàòóñ êîòîðîãî òðóäíî îïðåäåëèì íà íàñòîÿùèé ìîìåíò.

Ê ë þ ÷ å â û å ñ ë î â à: Cypripedium, C. macranthon, C. calceolus, C. � ventricosum, C. shanxiense,
àëëîçèìíûé àíàëèç, ñåêâåíèðîâàíèå 454, ìåæâèäîâîé è âíóòðèãåíîìíûé ïîëèìîðôèçì, ITS1,
18S pÐÍÊ, trnL-trnF, åñòåñòâåííàÿ ìåæâèäîâàÿ ãèáðèäèçàöèÿ.

Ðîä Cypripedium íàñ÷èòûâàåò îêîëî 40—45 âèäîâ, ðàñïðîñòðàíåííûõ ïðåè-
ìóùåñòâåííî â óìåðåííûõ îáëàñòÿõ ñåâåðíîãî ïîëóøàðèÿ (Cribb, 1997, 1999;
Eccarius, 2009). Â Ðîññèè ðîä ïðåäñòàâëåí 5 âèäàìè (C. calceolus L., C. macrant-
hon Sw., C. shanxiense S. C. Chen, C. guttatum Sw., C. yatabeanum Makino), 4 ðàç-
íîâèäíîñòÿìè (C. macranthon Sw. var. macranthon, C. macranthon Sw. var. atro-
purpureum Aver., C. macranthon Sw. var. album Mandl, C. macranthon Sw. var. fla-
vum Mandl), íåñêîëüêèìè âíóòðèâèäîâûìè ãèáðèäíûìè ôîðìàìè è íåñêîëüêèìè
ìåæâèäîâûìè ãèáðèäàìè — C. � ventricosum Sw., C. � microsaccos Kraenzl. è

1027

ÒÎÌ 102 ÁÎÒÀÍÈ×ÅÑÊÈÉ ÆÓÐÍÀË 2017, ¹ 8



äð. (Averyanov, 1999). Ïðàêòè÷åñêè âñå ïðåäñòàâèòåëè ðîäà (çà èñêëþ÷åíèåì
C. guttatum) âêëþ÷åíû â Êðàñíóþ êíèãó ÐÔ (ÊÊÐÔ, Red.., 2008). Áîëüøèíñòâî èç
íèõ èìååò ñòàòóñ 3 — ðåäêèå òàêñîíû ñ åñòåñòâåííîé ìàëîé ÷èñëåííîñòüþ, èìå-
þùèå çíà÷èòåëüíûé àðåàë ðàñïðîñòðàíåíèÿ, â ïðåäåëàõ êîòîðîãî âñòðå÷à-
þòñÿ ñïîðàäè÷åñêè è ñ ìàëîé ÷èñëåííîñòüþ ïîïóëÿöèé. Îäèí âèä — C. shanxi-
ense — âíåñåí â Ïðèëîæåíèå ê ÊÊÐÔ (Red.., 1988:786), êàê òðåáóþùèé äàëü-
íåéøåãî èçó÷åíèÿ (Varlygina, 2007, 2008), ïîñêîëüêó ýòî íàèáîëåå ðåäêèé
ïðåäñòàâèòåëü ðîäà â Ðîññèè è ñâåäåíèÿ î åãî ðàñïðîñòðàíåíèè è áèîëîãèè î÷åíü
îãðàíè÷åíû.

Ïðàêòè÷åñêè âñå âèäû îðõèäíûõ îòíîñÿòñÿ ê ðåäêèì ðàñòåíèÿì, ÿâëÿþòñÿ
âûñîêî äåêîðàòèâíûìè è ïðåäñòàâëÿþò èíòåðåñ äëÿ ñàäîâîäîâ ëþáèòåëåé. Íåêî-
òîðûå âèäû ïîëíîñòüþ èñ÷åçëè èç äèêîé ïðèðîäû èç-çà ÷ðåçìåðíîãî ñáîðà. Èç-
âåñòíî, ÷òî â íåêîòîðûõ áîòàíè÷åñêèõ ó÷ðåæäåíèÿõ ðàçðàáàòûâàëèñü ñïåöèàëü-
íûå ìåòîäèêè ðàçìíîæåíèÿ ðåäêèõ âèäîâ îðõèäíûõ â óñëîâèÿõ êóëüòóðû è ïðî-
âîäèëèñü ìåðîïðèÿòèÿ ïî èõ ðåèíòðîäóêöèè â ìåñòàõ èõ ïðåæíåãî âîçìîæíîãî
ïðîèçðàñòàíèÿ. Íàïðèìåð, â Àíãëèè òàêàÿ ðàáîòà ïðîâåäåíà äëÿ C. calceolus
(Ramsay, Dixon, 2003).

Äëÿ ðàçðàáîòêè ìåòîäèê ñîõðàíåíèå ãåíåòè÷åñêîãî ðàçíîîáðàçèÿ ðåäêèõ âè-
äîâ íåîáõîäèìû ñâåäåíèÿ î ïîëèìîðôèçìå è ãåíåòè÷åñêîé ñòðóêòóðå èõ ïîïóëÿ-
öèé. Äîâîëüíî áîëüøàÿ ðàáîòà ïî èçó÷åíèþ ãåíåòè÷åñêèõ îñîáåííîñòåé ïðåäñòà-
âèòåëåé ðîäà Cypripedium ïðîâîäèëàñü ïðåèìóùåñòâåííî çà ðóáåæîì (Fay et al.,
2009; Pedersen et al., 2012). Â ñâÿçè ñ áîëüøèì ðàçìåðîì ãåíîìà ó ïðåäñòàâèòåëåé
ðîäà Cypripedium òàêèå ìàðêåðû, êàê AFLP è RAPD, ïðè èññëåäîâàíèè ïîëèìîð-
ôèçìà íå èñïîëüçóþòñÿ (Fay et al., 2005). Ïîýòîìó äëÿ óñòàíîâëåíèÿ ãåíåòè÷å-
ñêîé äèôôåðåíöèàöèè âèäîâ è îïèñàíèÿ ãåíåòè÷åñêîé ñòðóêòóðû ïîïóëÿöèé
íàèáîëåå ÷àñòî ïðèìåíÿëñÿ àëëîçèìíûé àíàëèç (Case, 1993; Knyasev et al.,
2000a, b; Wallace, Martha, 2000; Brzosko et al., 2002; Izawa et al., 2007; Chung et al.,
2009; Filippov, Andronova, 2011). Äëÿ èññëåäîâàíèÿ ìåæïîïóëÿöèîííîé èçìåí÷è-
âîñòè è âûÿâëåíèÿ ãåîãðàôè÷åñêîé äèôôåðåíöèàöèè ïîïóëÿöèé èñïîëüçîâàëèñü
ãåíû õëîðîïëàñòíîé ÄÍÊ, òàêèå êàê atpB, rbcL, matK, psaB è trnL-trnF (Fay,
Cowan, 2001; Taniguchi et al., 2001; Hedrén, 2003; Kocyan et al., 2004; Jo et al.,
2005; Hedrén et al., 2007; Fay et al., 2009; Li et al., 2011). Â îòëè÷èå îò ÿäåðíîé
ÄÍÊ õëîðîïëàñòíàÿ ÄÍÊ ó îðõèäíûõ íàñëåäóåòñÿ ïî ìàòåðèíñêîé ëèíèè (Wu
et al., 2010). Äëÿ óñòàíîâëåíèÿ ôèëîãåíåòè÷åñêèõ ñâÿçåé ìåæäó òàêñîíàìè ðîäà
ïðèìåíÿëèñü òàêæå àíàëèç ó÷àñòêîâ ITS1 ÄÍÊ (Cox, 1995, 1999; Li et al., 2011).

Ê íàñòîÿùåìó âðåìåíè âíóòðèïîïóëÿöèîííûé ïîëèìîðôèçì C. calceolus,
C. macranthon è C. � ventricosum îñòàåòñÿ íåäîñòàòî÷íî ïîäðîáíî èçó÷åííûì.
Äàííûå òàêñîíû èìåþò ïðîòÿæåííûå àðåàëû, áîëüøàÿ ÷àñòü êîòîðûõ ïðîõîäèò
ïî òåððèòîðèè Ðîññèè. Â ìîëåêóëÿðíî-ãåíåòè÷åñêèõ èññëåäîâàíèÿõ çàðóáåæíûõ
êîëëåã èñïîëüçîâàëèñü åäèíè÷íûå ðîññèéñêèå îáðàçöû, íà ïðèìåðå êîòîðûõ ïîë-
íîñòüþ îïèñàòü âåñü ñïåêòð âíóòðèïîïóëÿöèîííîãî ïîëèìîðôèçìà íå ïðåäñòàâ-
ëÿåòñÿ âîçìîæíûì.

Â ðÿäå ðàéîíîâ, ãäå àðåàëû íåñêîëüêèõ âèäîâ ïåðåêðûâàþòñÿ, ñôîðìèðîâà-
ëèñü ìåæâèäîâûå èíòðîãðåññèâíî ãèáðèäíûå êîìïëåêñû. Íàïðèìåð, èçâåñòíî,
÷òî íà Äàëüíåì Âîñòîêå è Çàáàéêàëüå èìååò ìåñòî ñëîæíûé, èñêëþ÷èòåëüíî ïî-
ëèìîðôíûé ãèáðèäíûé êîìïëåêñ ìåæäó C. calceolus, C. macranthon è C. shanxi-
ense, è â ïîëåâûõ óñëîâèÿõ òàêñîíîìè÷åñêèé ñòàòóñ ìíîãèõ îñîáåé îäíîçíà÷íî
íå îïðåäåëèì (Averyanov, 1999; Andronova et al., 2007; Melnikova et al., 2007).
Îñîáåííî òðóäíûì îêàçàëîñü óñòàíîâëåíèå ñòàòóñà óêëîíÿþùèõñÿ îñîáåé, îòíî-
ñèìûõ ê C. calceolus, èìåþùèõ ãóáó êîðè÷íåâîãî öâåòà, ðàñïðîñòðàíåííûõ òîëü-
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êî â îïðåäåëåííîé ÷àñòè àðåàëà âèäà — îò Ïðèìîðüÿ äî Çàáàéêàëüÿ. Ãåíåòè-
÷åñêàÿ ñòðóêòóðà ïîïóëÿöèé C. calceolus ñ þãà Äàëüíåãî Âîñòîêà è Óðàëà áûëà
ïîäðîáíî èçó÷åíà (Knyasev et al., 2000; Filippov, Andronova, 2011). Îäíàêî ñâåäå-
íèÿ î ñòðóêòóðå ïîïóëÿöèé ñ áîëüøåé ÷àñòè àðåàëà C. calceolus (âñÿ Ñèáèðü)
îòñóòñòâîâàëè. Îñîáûé èíòåðåñ ïðåäñòàâëÿëè ñâåäåíèÿ î ïîïóëÿöèÿõ âèäà èç
Çàáàéêàëüÿ, ãäå ïðîõîäèò çàïàäíàÿ ãðàíèöà ðàñïðîñòðàíåíèÿ óêëîíÿþùèõñÿ
îñîáåé.

Èçó÷åíèå ñòðóêòóðû è âîçîáíîâëåíèå ìåæâèäîâûõ èíòðîãðåññèâíî ãèáðèä-
íûõ êîìïëåêñîâ, îáðàçóþùèõñÿ ñ ó÷àñòèåì ðåäêèõ âèäîâ îðõèäíûõ, îòíîñèòñÿ ê
ôóíäàìåíòàëüíûì èññëåäîâàíèÿì ìèêðîýâîëþöèîííûõ ïðîöåññîâ è ôàêòîðîâ,
îïðåäåëÿþùèõ äèíàìèêó áèîëîãè÷åñêîãî ðàçíîîáðàçèÿ. Â ïîñëåäíåå âðåìÿ ïîÿ-
âèëèñü íîâûå âûñîêîýôôåêòèâíûå ìåòîäèêè àíàëèçà ÄÍÊ, êîòîðûå ïîçâîëÿþò
ïîëó÷àòü ñâåäåíèÿ î âíóòðèãåíîìíîì ïîëèìîðôèçìå îáðàçöîâ, ÷òî ïîçâîëÿåò
âûÿâëÿòü ãèáðèäû è óñòàíàâëèâàòü èõ ïðîèñõîæäåíèå. Èññëåäîâàíèå âíóòðè-
ãåíîìíîãî ïîëèìîðôèçìà ó ïðåäñòàâèòåëåé ðîäà Cypripedium ðàíåå íå ïðîâî-
äèëîñü.

Â äàííîé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èçó÷åíèÿ ïîëèìîðôèçìà ïðåäñòà-
âèòåëåé ðîäà Cypripedium ïî äàííûì àëëîçèìíîãî àíàëèçà è trnL-trnF ó÷àñòêà
õëîðîïëàñòíîé ÄÍÊ, à òàêæå ïî èññëåäîâàíèþ âíóòðèãåíîìíîãî ïîëèìîðôèçìà
ó÷àñòêà ITS1 ÿäåðíîãî ãåíà ðèáîñîìàëüíîé ÐÍÊ ìåòîäîì 454 (ïèðîñåêâåíèðî-
âàíèå).

Ìàòåðèàë è ìåòîäèêà

Ðàñòèòåëüíûé ìàòåðèàë áûë ñîáðàí â ìåñòàõ åñòåñòâåííîãî ïðîèçðàñòàíèÿ
ïðåäñòàâèòåëåé ðîäà. Îáðàçöû îòáèðàëèñü ñ îäíîãî èç ãåíåðàòèâíûõ ïîáåãîâ
êàæäîãî ðàñòåíèÿ.

Àëëîçèìíûé àíàëèç. Äëÿ àíàëèçà èñïîëüçîâàëè èëè ñâåæèå èëè çàìîðîæåí-
íûå ïðè –80 °Ñ ëèñòüÿ. Âñåãî áûëî èññëåäîâàíî 1210 ðàñòåíèé èç 18 ïîïóëÿöèé
C. macranthon (ðèñ. 1), 24 ïîïóëÿöèé C. calceolus (ðèñ. 2), 5 ïîïóëÿöèé C. � vent-
ricosum (ðèñ. 3) è 5 ïîïóëÿöèé C. shanxiense (ðèñ. 4).

Äëÿ àíàëèçà ÄÍÊ èñïîëüçîâàëèñü âûñóøåííûå â ñèëèêàãåëå ëèñòüÿ 40 îñîáåé
èç 37 ïîïóëÿöèé (òàáë. 1). Êàê ïðàâèëî, èç ïîïóëÿöèé èññëåäîâàëèñü ïî 1 îáðàçöó.

Àëëîçèìíûé àíàëèç ïðîâîäèëè ñ èñïîëüçîâàíèåì ýëåêòðîôîðåçà â ïëàñòèí-
êàõ ïîëèàêðèëàìèäíîãî ãåëÿ â òðèñ-ÝÄÒÀ-áîðàòíîì áóôåðå. Ýêñòðàêöèþ áåëêîâ
è ýëåêòðîôîðåç â ïîëèàêðèëàìèäíîì ãåëå è ãèñòîõèìè÷åñêîå îêðàøèâàíèå ôåð-
ìåíòîâ îñóùåñòâëÿëè ïî îáùåïðèíÿòûì ìåòîäèêàì (Murphy et al., 1990; Shurkhal
et al., 1992). Èññëåäîâàëè ñëåäóþùèå ôåðìåíòíûå ñèñòåìû: ôîñôîãëþêîèçîìå-
ðàçà (PGI, EC 5.3.1.9), 6-ôîñôîãëþêîíàòäåãèäðîãåíàçà (6PGD; EC 1.1.1.44),
NADH-äåãèäðîãåíàçà (NADHD, EC 1.6.99.5), øèêèìàòäåãèäðîãåíàçà (SKDH,
EC 1.1.1.25), ãëóòàìàòäåãèäðîãåíàçà (GDH, EC 1.4.1.2), ôîñôîãëþêîìóòàçà,
(PGM, EC 5.4.2.2), äèàôîðàçà (DIA, EC 1.6.4.3), àëêîãîëüäåãèäðîãåíàçà (ADH,
EC 1.1.1.1), ãëóòàìàò îêñàëîàöåòàò òðàíñàìèíàçà (GOT, EC 2.6.1.1). Â ïîñëåäíåé
ôåðìåíòíîé ñèñòåìå ó÷èòûâàëèñü 2 ëîêóñà, êîòîðûå îáîçíà÷èëè öèôðàìè â ñîîò-
âåòñòâèè ñ èõ ïîäâèæíîñòüþ íà÷èíàÿ ñ íàèáîëåå ïîäâèæíîãî (GOT-1 è GOT-2).
Òàêèì îáðàçîì, â ðàáîòå àíàëèçèðîâàëè 10 ãåííûõ ëîêóñîâ 9 ôåðìåíòíûõ ñèñòåì.
Îïðåäåëåíèå ãåíåòè÷åñêèõ äèñòàíöèé ìåæäó ïîïóëÿöèÿìè DA (Nei et al., 1983;
Nei, Kumar, 2004) äëÿ äàííûõ àëëîçèìíîãî àíàëèçà, ôàéë äëÿ ïîñòðîåíèÿ äåíä-
ðîãðàììû ïî ìåòîäó íåâçâåøåííûõ ïàðíî-ãðóïïîâûõ ñðåäíèõ (UPGMA) è áóòñòðåï-
òåñò äëÿ 1000 ðåïëèê âûïîëíåíû ñ ïîìîùüþ ïðîãðàììû PowerMarker V. 3.25
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(Liu, Muse, 2005). Êîíñåíñóñíîå äåðåâî ñ áóòñòðåï-òåñòîì ïîëó÷åíî â ïðîãðàì-
ìå Phylip 3.69 (Felsenstein, 1988) è âèçóàëèçèðîâàíî â ïðîãðàììå Mega 6.0 (Ta-
mura et al., 2013).

À í à ë è ç â í ó ò ð è ã å í î ì í î ã î ï î ë è ì î ð ô è ç ì à ì å ò î ä î ì
ï è ð î ñ å ê â å í è ð î â à í è ÿ 4 5 4

Âûäåëåíèå ÄÍÊ ïðîâîäèëè ïî ïðîòîêîëó Doyle è Doyle (1990). Àíàëèçèðóå-
ìûå ôðàãìåíòû àìïëèôèöèðîâàëè äâóìÿ ïàðàìè ïðàéìåðîâ: ITS1P (Ridgway
et al., 2003), ITS2 (White et al., 1990); TabE (Taberlet et al., 1991) è Cyp2-R (Fay,
Cowan, 2001; Fay et al., 2009) ïî ñòàíäàðòíîìó ïðîòîêîëó ïðè ñëåäóþùèõ óñëî-
âèÿõ: 95° — 5 ìèí; 40 öèêëîâ (94° — 5 ñ, 52° — 5 ñ, 72° — 20 ñ); 72° — 1 ìèí.
Ñåêâåíèðîâàíèå ïðîâîäèëîñü íà ïðèáîðå ôèðìû GS Junior (Roche, Switzerland)
ñîãëàñíî èíñòðóêöèè ïðîèçâîäèòåëÿ.

Äàííûå îáðàáàòûâàëèñü â ïðîãðàììå GS Amplicon Variant Analyzer v2.9.
Â äàííîé ïðîãðàììå ïî êàæäîìó îáðàçöó ïîëó÷åíû êîíñåíñóñíûå ãðóïïû ïðî-
÷òåíèé è òàáëèöà óíèêàëüíûõ âàðèàíòîâ íà îñíîâå âûÿâëåííûõ ðàçëè÷èé ìåæäó
àíàëèçèðóåìûì îáðàçöîì è ðåôåðåíñíîé ïîñëåäîâàòåëüíîñòüþ. Â êà÷åñòâå ðåôå-
ðåíñíûõ ïîñëåäîâàòåëüíîñòåé èç Ãåíáàíêà âûáðàíû ñèêâåíñû ÄÍÊ C. calceolus
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Ðèñ. 1. Ìåñòîíàõîæäåíèÿ ïîïóëÿöèé Cypripedium macranthon, ãäå áûëè ñîáðàíû îáðàçöû äëÿ àëëî-
çèìíîãî àíàëèçà.

1 — Âåðõíÿÿ Ñûñåðòü (Ñâåðäëîâñêàÿ îáë.), 2 — Íèæíèé Àòëÿí (×åëÿáèíñêàÿ îáë.), 3 — Ìàëàÿ Áè÷à (Îìñêàÿ
îáë.), 4 — Ìåëüíèêîâî (Òîìñêàÿ îáë.), 5 — Êîéíèõà (Íîâîñèáèðñêàÿ îáë.), 6 — Êîêóé (Êåìåðîâñêàÿ îáë.), 7 —
Ñëþäÿíêà (Èðêóòñêàÿ îáë.), 8 — Ìîéãîòû (Áóðÿòèÿ), 9 — Óëþêàí (Áóðÿòèÿ), 10 — Ñîõîíäèíñêèé çàïîâåäíèê
(Çàáàéêàëüñêèé êðàé), 11 — Áóäþìêàí (Çàáàéêàëüñêèé êðàé), 12 — Ãîðíîòàåæíîå (Ïðèìîðñêèé êðàé), 13 — Ëàçî
(Ïðèìîðñêèé êðàé), 14 — Íîâîíåæèíî (Ïðèìîðñêèé êðàé), 15 — ãîðà Ñíåæíàÿ (Ïðèìîðñêèé êðàé), 16 — Íîâè-

êîâî (Ñàõàëèí), 17 — Õîëìñê (Ñàõàëèí), 18 — ãîðà Âàéäà (Ñàõàëèí).

Fig. 1. The locations of Cypripedium macranthon populations, where the samples for allozyme analysis
were collected.

1 — Verkhnyaya Sysert (Sverdlovsk Reg.), 2 — Nizhniy Atlian (Chelyabinsk Reg.), 3 — Malaya Bicha (Omsk Reg.),
4 — Melnikovo (Tomsk Reg.), 5 — Koynikha (Novosibirsk Reg.), 6 — Kokuy (Kemerovo Reg.), 7 — Slyudyanka (Ir-
kutsk Reg.), 8 — Moygoty (Buryatia), 9 — Ulyukan (Buryatia), 10 — Sokhondinskiy Reserve (Transbaikal), 11 — Bu-
dyumkan (Transbaikal), 12 — Gornotayozhnoe (Primorye), 13 — Lazo (Primorye), 14 — Novonezhino (Primorye),

15 — Snezhnaya (Primorye), 16 — Novikovo (Sakhalin), 17 — Kholmsk (Sakhalin), 18 — Vayda Mt. (Sakhalin).



(18S—26S rRNA—AY557232.1 è tRNA-Leu (trnL) ãåí è ìåæãåííûé ñïåéñåð
trnL-trnF—AY557224.1, Kocyan et al., 2004). Óñëîâèÿ ôèëüòðàöèè âàðèàíòîâ: ìè-
íèìàëüíàÿ äîëÿ âûÿâëÿåìîãî âàðèàíòà (çàìåíû, âñòàâêè/äåëåöèè) âûøå 0.25 %,
èñêëþ÷àÿ ñèíãëòîíû, ò. å. ïîñëåäîâàòåëüíîñòè, âñòðå÷àþùèåñÿ òîëüêî îäèí ðàç.
Îòôèëüòðîâàííûå òàêèì îáðàçîì âàðèàíòû ýêñïîðòèðîâàëèñü â ôîðìàò FASTA è
àíàëèçèðîâàëèñü â ïðîãðàììå MEGA 7 (Kumar et al., 2016).

Ïîñëå âûðàâíèâàíèÿ çíà÷èòåëüíî îòëè÷àþùèåñÿ âàðèàíòû áûëè ïðîâåðåíû
ïî áàçå äàííûõ BLAST. Â ðåçóëüòàòå òàêîé äîïîëíèòåëüíîé ôèëüòðàöèè áûëè
èñêëþ÷åíû èç àíàëèçà êîðîòêèå âàðèàíòû è âàðèàíòû, âûñîêîãîìîëîãè÷íûå
ÄÍÊ äðóãèõ âèäîâ ðàñòåíèé, ãðèáîâ, ìèêðîîðãàíèçìîâ è æèâîòíûõ.

Ïîñêîëüêó ìåòîä 454 äîïóñêàåò îøèáêó äëÿ ïðî÷òåíèé ó÷àñòêîâ ñ íåñêîëüêè-
ìè èäóùèìè ïîäðÿä îäèíàêîâûìè íóêëåîòèäàìè, äëÿ óòî÷íåíèÿ ÷èñëà íóêëåîòè-
äîâ â òàêèõ ó÷àñòêàõ áûëè èñïîëüçîâàíû äàííûå ñåêâåíèðîâàíèÿ ïî Ñýíãåðó.
Â äàííîé ñòàòüå ïîëèìîðôèçì ó÷àñòêîâ ñ ïîâòîðàìè íå ðàññìàòðèâàåòñÿ.
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Ðèñ. 2. Ìåñòîíàõîæäåíèÿ ïîïóëÿöèé Cypripedium calceolus, ãäå áûëè ñîáðàíû îáðàçöû äëÿ àëëî-
çèìíîãî àíàëèçà.

1 — Àëòóõîâî (Áðÿíñêàÿ îáë.), 2 — Òâåðñêàÿ îáë., 3 — Ïóäîñòü (Ëåíèíãðàäñêàÿ îáë.), 4 — Ãëÿäèíî (Ëåíèíãðàä-
ñêàÿ îáë.), 5 — Èãðà (Óäìóðòèÿ), 6 — Ñåðãèíî (Óäìóðòèÿ), 7 — Áåðåçîâêà (Ïåðìñêèé êðàé), 8 — Âåðõíÿÿ Ñû-
ñåðòü (Ñâåðäëîâñêàÿ îáë.), 9 — Íèæíèé Àòëÿí (×åëÿáèíñêàÿ îáë.), 10 — Êîêóé (Êåìåðîâñêàÿ îáë.), 11 — Ìåëü-
íèêîâî (Òîìñêàÿ îáë.), 12 — Êîéíèõà (Íîâîñèáèðñêàÿ îáë.), 13 — Áåðäñê (Íîâîñèáèðñêàÿ îáë.), 14 — Ñëþäÿíêà
(Èðêóòñêàÿ îáë.), 15 — Ìîéãîòû (Áóðÿòèÿ), 16 — Óëþêàí (Áóðÿòèÿ), 17 — Äæåðãèíñêèé çàïîâåäíèê (Áóðÿòèÿ),
18 — îç. Êðóãëîå (Áóðÿòèÿ), 19 — Áóäþìêàí (Çàáàéêàëüñêèé êðàé), 20 — Óðþïèíî (Çàáàéêàëüñêèé êðàé), 21 —
Ãîðíîòàåæíîå (Ïðèìîðñêèé êðàé), 22 — Ëàçî (Ïðèìîðñêèé êðàé), 23 — Íîâîíåæèíî (Ïðèìîðñêèé êðàé), 24 —

Àíèñèìîâêà (Ïðèìîðñêèé êðàé).

Fig. 2. The locations of Cypripedium calceolus populations, where the samples for allozyme analysis were
collected.

1 — Altukhovo (Bryansk Reg.), 2 — Tver Reg., 3 — Pudost (Leningrad Reg.), 4 — Glyadino (Leningrad Reg.), 5 — Igra
(Udmurtia), 6 — Sergino (Udmurtia), 7 — Beryozovka (Perm Territory), 8 — Verkhnyaya Sysert (Sverdlovsk Reg.),
9 — Nizhniy Atlyan (Chelyabinsk Reg.), 10 — Kokuy (Kemerovo Reg.), 11 — Melnikovo (Tomsk Reg.), 12 — Koynik-
ha (Novosibirsk Reg.), 13 — Berdsk (Novosibirsk Reg.), 14 — Slyudyanka (Irkutsk Reg.), 15 — Moygoty (Buryatia),
16 — Ulyukan (Buryatia), 17 — Dzherginskiy Reserve (Buryatia), 18 — Krugloe Lake (Buryatia), 19 — Budyumkan
(Transbaikal), 20 — Uryupino (Transbaikal), 21 — Gornotayozhnoe (Primorye), 22 — Lazo (Primorye), 23 — Novone-

zhino (Primorye), 24 — Anisimovka (Primorye).



Äëÿ óòî÷íåíèÿ âàðèàíòîâ çàìåí ìû ïðîâîäèëè ñðàâíåíèå ïîñëåäîâàòåëüíî-
ñòåé, ïîëó÷åííûõ ïðè ñåêâåíèðîâàíèè ñ ïðÿìûì è ñ îáðàòíûì ïðàéìåðàìè. Êðî-
ìå òîãî, ìû óäàëÿëè ïîñëåäîâàòåëüíîñòè ñ âàðèàíòàìè çàìåí, êîòîðûå âûÿâëÿ-
ëèñü òîëüêî â êàêîì-òî îäíîì èç òðåõ çàïóñêîâ ñåêâåíèðîâàíèÿ. Îñòàâøèåñÿ ïî-
ñëå ôèëüòðàöèè ãðóïïû óíèêàëüíûõ ïîñëåäîâàòåëüíîñòåé ìû èñïîëüçîâàëè äëÿ
êëàñòåðèçàöèè íà îñíîâå ìåòîäà ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ, ìîäåëü Tamura-
Nei (Tamura, Nei, 1993) áåç ó÷åòà äåëåöèé. Â ïîëó÷åííîì äåðåâå âåðîÿòíîñòè
âûøå 50 % óêàçàíû íàä âåòâÿìè. Äëèíà âåòâåé ñîîòâåòñòâóåò ÷èñëó çàìåí íà
ñàéò â óêàçàííîì ìàñøòàáå. Â àíàëèçå èñïîëüçîâàëèñü 142 íóêëåîòèäíûå ïîñëå-
äîâàòåëüíîñòè. Âåñü àíàëèç ïðîâîäèëè ñ èñïîëüçîâàíèåì ïðîãðàììû MEGA7
(Kumar et al., 2016).

Â äàííîì èññëåäîâàíèè ìû íå ðàññìàòðèâàåì ïîäðîáíî ïîëèìîðôèçì ó÷àñò-
êà trnL õëîðîïëàñòíîé ÄÍÊ. Äëÿ äàííîãî ó÷àñòêà ìû ïðèâîäèì äàííûå ïî ñðàâ-
íåíèþ ïîñëåäîâàòåëüíîñòåé, âûÿâëåííûõ ñ ìàêñèìàëüíîé ÷àñòîòîé. Ïîñêîëüêó
ó÷àñòîê ñîäåðæèò A/T-îáîãàùåííûé 30-íóêëåîòèäíûé ðàéîí, ðåçóëüòàòû âûðàâ-
íèâàíèÿ ðàçíûìè ìåòîäàìè ðàçëè÷àþòñÿ. Ìû èñïîëüçîâàëè àëãîðèòì âûðàâíè-
âàíèÿ MUSCLE (Edgar, 2004).
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Ðèñ. 3. Ìåñòîíàõîæäåíèÿ ïîïóëÿöèé Cypripedium � ventricosum, ãäå áûëè ñîáðàíû îáðàçöû äëÿ àë-
ëîçèìíîãî àíàëèçà.

1 — Âåðõíÿÿ Ñûñåðòü (Ñâåðäëîâñêàÿ îáë.), 2 — Íèæíèé Àòëÿí (×åëÿáèíñêàÿ îáë.), 3 — Ñëþäÿíêà (Èðêóòñêàÿ
îáë.), 4 — Óëþêàí (Áóðÿòèÿ), 5 — Áóäþìêàí (Çàáàéêàëüñêèé êðàé), 6 — Ãîðíîòàåæíîå (Ïðèìîðñêèé êðàé), 7 —

Ëàçî (Ïðèìîðñêèé êðàé), 8 — Íîâîíåæèíî (Ïðèìîðñêèé êðàé).

Fig. 3. The locations of Cypripedium � ventricosum populations, where the samples for allozyme analysis
were collected.

1 — Verkhnyaya Sysert (Sverdlovsk Reg.), 2 — Nizhniy Atlyan (Chelyabinsk Reg.), 3 — Slyudyanka (Irkutsk Reg.),
4 — Ulyukan (Buryatia), 5 — Budyumkan (Transbaikal), 6 — Gornotayozhnoe (Primorye), 7 — Lazo (Primorye), 8 —

Novonezhino (Primorye).



Ðåçóëüòàòû è îáñóæäåíèå

À ë ë î ç è ì í û é à í à ë è ç

Íà ïðèìåðå èçó÷åíèÿ ïðåäñòàâèòåëåé ðîäà, ïðîèçðàñòàþùèõ íà þãå Äàëüíåãî
Âîñòîêà è íà Óðàëå, áûëî ïîêàçàíî, ÷òî àëëåëüíûå ñîñòàâû ëîêóñîâ 6-PGD,
NADHD, GDH, ADH, GOT-1 è PGI ÿâëÿþòñÿ äèàãíîñòè÷åñêèìè äëÿ âèäîâ C. cal-
ceolus è C. macranthon. Îñîáè C. � ventricosum ïðåäñòàâëÿþò ñîáîé ãèáðèäû
C. calceolus � C. macranthon (Knyasev et al., 2000a, b). Îñîáè C. shanxiense ÿâëÿ-
þòñÿ ãîìîçèãîòíûìè ïî âñåì 10 èçó÷åííûì ëîêóñàì, è ïðèçíàê ìîíîìîðôíîñòè
ÿâëÿåòñÿ äèàãíîñòè÷åñêèì äëÿ äàííîãî òàêñîíà (Filippov, Andronova, 2011). Òàê-
æå áûëî âûÿâëåíî, ÷òî àëëåëüíûé ñîñòàâ ëîêóñîâ PGI è SKDH ó C. calceolus èç
çàïàäíîé è âîñòî÷íîé ÷àñòåé àðåàëà ðàçëè÷àåòñÿ. Àëëåëè, îòñóòñòâóþùèå ó îñî-
áåé C. calceolus èç çàïàäíîé ÷àñòè àðåàëà, âñòðå÷àëèñü ó ïðåäñòàâèòåëåé âèäà ñ
þãà Äàëüíåãî Âîñòîêà ñ âûñîêîé ÷àñòîòîé (28—41 è 55—68 % ñîîòâåòñòâåííî).
Ýòè àëëåëè áûëè îáíàðóæåíû ó îñîáåé C. shanxiense â ãîìîçèãîòíîì ñîñòîÿíèè
(Filippov, Andronova, 2011). Èññëåäîâàíèå ïîïóëÿöèé ïðåäñòàâèòåëåé ðîäà áûëî
ïðîäîëæåíî íà ïðèìåðå ðàíåå íå èçó÷àâøèõñÿ ïîïóëÿöèé èç Çàáàéêàëüÿ, Öåíò-
ðàëüíîé è Çàïàäíîé Ñèáèðè, ñ Óðàëà è åâðîïåéñêîé ÷àñòè Ðîññèè; â íåì âñå
âûøåïåðå÷èñëåííûå çàêëþ÷åíèÿ íàøëè ñâîå ïîäòâåðæäåíèå.
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Ðèñ. 4. Ìåñòîíàõîæäåíèÿ ïîïóëÿöèé Cypripedium shanxiense, ãäå áûëè ñîáðàíû îáðàçöû äëÿ àëëî-
çèìíîãî àíàëèçà.

1 — Áóäþìêàí (Çàáàéêàëüñêèé êðàé), 2 — Óðþïèíî (Çàáàéêàëüñêèé êðàé), 3 — Àíèñèìîâêà (Ïðèìîðñêèé êðàé),
4 — Ìàêàðîâ (Ñàõàëèí), 5 — Èçâåñòêîâûé (Ñàõàëèí).

Fig. 4. The locations of Cypripedium shanxiense populations, where the samples for allozyme analysis we-
re collected.

1 — Budyumkan (Transbaikal), 2 — Uryupino (Transbaikal), 3 — Anisimovka (Primorye), 4 — Makarov (Sakhalin),
5 — Izvestkovyi (Sakhalin).
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ÒÀÁËÈÖÀ 1

Ìåñòîíàõîæäåíèÿ ïîïóëÿöèé, â êîòîðûõ ñîáèðàëèñü îáðàçöû
äëÿ ÄÍÊ-àíàëèçà (n — ÷èñëî àíàëèçèðóåìûõ îáðàçöîâ)

TABLE 1. The locations of populations where the samples for DNA analysis
were collected (n — number of analyzed samples)

Region, locality Code n

Cypripedium calceolus

Bryansk Reg., Altukhovo Z23 1
Leningrad Reg., Pudost A11 1
Moscow Reg. Z25 1
Belarus, Servech Z22 1
Sverdlovsk Reg., Verkhnyaya Sysert A5 1
Novosybirsk Reg., Koynikha Z30 1
Irkutsk Reg., Slyudyanka Z28 1
Buryatia, Dzherginskiy Reserve Z17 1
Buryatia, Krugloe Lake Z20 1
Transbaikal, Budyumkan OR121, autogamy 1
Transbaikal, Budyumkan OR118, with brown lips 1
Transbaikal, Budyumkan OR125 1
Transbaikal, Uruipino OR93 1
Primorye, Novonezhino A4 1
Primorye, Novonezhino Z27, with crest 1
Primorye, Novonezhino Z26, with brown lips 1

Cypripedium macranthon

Sakhalin, Kholmsk Mac2 1
Primorye, Novonezhino A9, pink flower 1
Primorye, Novonezhino A10, white flower 1
Transbaikal, Sokhondinskiy Reserve Z4 1
Irkutsk Reg., Slyudyanka A2 1
Sverdlovsk Reg., Verkhnyaya Sysert A6 1

Cypripedium � ventricosum

Sverdlovsk Reg., Verkhnyaya Sysert A7, burgundy red 1
Sverdlovsk Reg., Verkhnyaya Sysert Z41, burgundy red and pink 1
Irkutsk Reg., Slyudyanka Z39, burgundy red 1
Buryatia, Ulyukan Z16 1
Primorye Z43, lemon 1
Primorye Z44, white and pink 1
Primorye Z45, burgundy red 1
Primorye Z46, burgundy red 1
Primorye Z47, burgundy red 1
Primorye A3, burgundy red 1
Primorye A8, burgundy red 1

Cypripedium shanxiense

Sakhalin, Izvestkovyi Shan1, A12 (Shan2) 2
Primorye, Anisimovka A1 1
Transbaikal, Uryupino OR34 1
Transbaikal, Budyumkan OR70, A13 (OR50), A14 (OR55) 3



Îñîáûé èíòåðåñ ïðåäñòàâëÿëî èçó÷åíèå ïîïóëÿöèé C. calceolus è C. shanxien-
se èç çîíû èõ ñîâìåñòíîãî ïðîèçðàñòàíèÿ â Çàáàéêàëüå. Íàèáîëüøèé èíòåðåñ
ïðåäñòàâëÿë àíàëèç àëëåëüíîãî ñîñòàâà ëîêóñîâ PGI è SKDH. Êàê îêàçàëîñü,
àëëåëè, êîòîðûå ó C. shanxiense íàõîäÿòñÿ â ãîìîçèãîòíîì ñîñòîÿíèè (àëëåëü
¹ 6 â ëîêóñå PGI è àëëåëü ¹ 4 â ëîêóñå SKDH), áûëè âûÿâëåíû ó C. calceolus èç
þãî-âîñòî÷íîé ÷àñòè Çàáàéêàëüñêîãî êðàÿ (2 ïîïóëÿöèè èç Ãàçèìóðî-Çàâîäñêî-
ãî ð-íà) è ñ ñåâåðî-âîñòîêà Áóðÿòèè (2 ïîïóëÿöèè èç Êóðóìêàíñêîãî ð-íà). ×àñòî-
òà àëëåëÿ ¹ 6 â ëîêóñå PGI äîñòèãàëà 15 %, à àëëåëÿ ¹ 4 â ëîêóñå SKDH âàðüè-
ðîâàëà îò 17 äî 62 %. Ñ áîëåå íèçêîé ÷àñòîòîé (äî 6 %) ýòè àëëåëè âñòðå÷àëèñü â
îäíîé ïîïóëÿöèè (íåáîëüøàÿ âûáîðêà èç 15 îñîáåé) ñ çàïàäà Áóðÿòèè (Ìîéãîòû,
Òóíêèíñêàÿ äîëèíà). Òîãäà êàê â èçó÷åííîé ïîïóëÿöèè C. calceolus ñ þãî-âîñòî-
êà Áóðÿòèè (îç. Êðóãëîå, Ñåëåíãèíñêèé ð-í), íàõîäÿùåéñÿ íà áîëåå áëèçêîì ðàñ-
ñòîÿíèè îò Çàáàéêàëüñêîãî êðàÿ, ÷åì Òóíêèíñêàÿ äîëèíà, äàííûå àëëåëè íå áûëè
âûÿâëåíû ñîâñåì. Íå áûëè îáíàðóæåíû äàííûå àëëåëè òàêæå â ïîïóëÿöèÿõ èç
Öåíòðàëüíîé è Çàïàäíîé Ñèáèðè, ñ Óðàëà, èç åâðîïåéñêîé ÷àñòè Ðîññèè. Ïðîâå-
äåííîå èññëåäîâàíèå ïîäòâåðäèëî òî÷êó çðåíèÿ î òîì, ÷òî îñîáûå àëëåëüíûå
ñòðóêòóðû ëîêóñîâ PGI è SKDH â ïîïóëÿöèÿõ C. calceolus îáíàðóæèâàþòñÿ òîëü-
êî â çîíå âîçìîæíîé ãèáðèäèçàöèè ñ C. shanxiense (â ìåñòàõ ñîâìåñòíîãî ïðîèç-
ðàñòàíèÿ äâóõ âèäîâ è ïðèëåãàþùåé ê íåé òåððèòîðèè).

Íà îñíîâàíèè ÷àñòîò àëëåëåé áûëè âû÷èñëåíû ãåíåòè÷åñêèå äèñòàíöèè DA ïî
Nei et al. (1983) ìåæäó èçó÷åííûìè ïîïóëÿöèÿìè è ïîñòðîåíà äåíäðîãðàììà ñ
èñïîëüçîâàíèåì àëãîðèòìà UPGMA (ðèñ. 5). Â àíàëèç òàêæå áûëè âêëþ÷åíû
äàííûå ïî âûáîðêàì ãèáðèäíûõ ðàñòåíèé (C. shanxiense � C. calceolus) èç ðàç-
íûõ ìåñòîíàõîæäåíèé. Êëàñòåðíûé àíàëèç ðàçäåëèë èçó÷åííûå âûáîðêè 4 òàêñî-
íîâ íà 2 áîëüøèå ãðóïïû. Â ïåðâóþ ãðóïïó ïîïàëè âñå C. macranthon è C. � ven-
tricosum, êîòîðûå â ñâîþ î÷åðåäü ðàçäåëèëèñü íà îòäåëüíûå äîñòîâåðíûå (100 %)
ïîäãðóïïû. Âî âòîðóþ ãðóïïó ïîïàëè âñå C. shanxiense è C. calceolus, êîòîðûå
òàêæå ðàñïàëèñü íà äâå äîñòîâåðíî ðàçíûå ïîäãðóïïû ñ âûñîêèì áóòñòðåï-òåñ-
òîì (99 %). Â ïîäãðóïïå C. � ventricosum ñ âåðîÿòíîñòüþ 94 % ðàçäåëèëèñü ïî-
ïóëÿöèè èç Ïðèìîðüÿ è ñ Óðàëà. Â ïîäãðóïïå C. macranthon ñ âåðîÿòíîñòüþ
100 % îòäåëèëèñü ïîïóëÿöèè èç Ïðèìîðüÿ è Ñàõàëèíà. Ïîïóëÿöèè C. macran-
thon ñ Óðàëà ñ âåðîÿòíîñòüþ 56 % îòäåëèëèñü îò ïîïóëÿöèé èç Ñèáèðè è èç Çà-
áàéêàëüÿ, êîòîðûå â ñâîþ î÷åðåäü ðàçäåëèëèñü ìåæäó ñîáîé ñ âåðîÿòíîñòüþ
64 %.

Ãðóïïà ïîïóëÿöèé C. calceolus ðàçäåëèëàñü íà 2 ïîäãðóïïû ñ áóòñòðåï-òåñòîì
58 % íà Ïðèìîðñêî-Çàáàéêàëüñêóþ è âñå îñòàëüíûå. Êëàñòåðíûé àíàëèç íà îñíî-
âå äàííûõ àëëîçèìíîãî àíàëèçà 10 ãåííûõ ëîêóñîâ ïîêàçàë, ÷òî îñîáè C. calceo-
lus, âñòðå÷àþùèåñÿ íà òåððèòîðèè Ðîññèè, îáðàçóþò äâå ãðóïïû, ãðàíèöà ìåæäó
íèìè ïðîõîäèò ïî Çàáàéêàëüþ.

Ðàçëè÷èÿ ïîïóëÿöèé C. calceolus èç çàïàäíîé è âîñòî÷íîé ÷àñòåé àðåàëà ïî
àëëåëüíîìó ñîñòàâó ëîêóñîâ PGI, SKDH ìîæíî îáúÿñíèòü íåñêîëüêèìè ïðè÷èíà-
ìè. Âîçìîæíî, ýòî ñâÿçàíî ñ ãåîãðàôè÷åñêîé äèôôåðåíöèàöèåé âèäà — ïðè ïðî-
äâèæåíèè íà çàïàä ïðîèñõîäèëà ïîòåðÿ íåêîòîðûõ àëëåëåé â îòäåëüíûõ ëîêóñàõ.
Â ýòîé ñâÿçè ìîæíî âûñêàçàòü ïðåäïîëîæåíèÿ î âîçìîæíîì äàëüíåâîñòî÷íîì
öåíòðå ïðîèñõîæäåíèÿ C. calceolus è î ïðîèñõîæäåíèè äâóõ òàêñîíîâ (C. calceo-
lus è C. shanxiense) îò îäíîãî ïðåäêà.

Ðàçëè÷èå òàêæå ìîæåò áûòü ñâÿçàíî ñ ïðîÿâëåíèåì èíòðîãðåññèâíîé ãèáðè-
äèçàöèè ìåæäó C. calceolus è C. shanxiense. Âîçìîæíîñòü èíòðîãðåññèâíîé ãèá-
ðèäèçàöèè ìåæäó C. calceolus è C. shanxiense îòìå÷àëàñü ðàíåå Ë. Â. Àâåðüÿíî-
âûì (Averyanov, 1999). Îí ñ÷èòàë, ÷òî òîëüêî íåêîòîðûå ðàñòåíèÿ íà Äàëüíåì
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Ðèñ. 5. UPGMA äåíäðîãðàììà íà îñíîâàíèè ãåíåòè÷åñêèõ ðàññòîÿíèé DA ïî äàííûì ÷àñòîò àëëåëåé
10 ãåííûõ ëîêóñîâ äëÿ èçó÷åííûõ ïîïóëÿöèé ïðåäñòàâèòåëåé ðîäà Cypripedium (ãåíåòè÷åñêèå ðàñ-
ñòîÿíèÿ ðàññ÷èòàíû è ôàéëû äëÿ ïîñòðîåíèÿ èñõîäíîãî äåðåâà è äåðåâà ñ áóòñòðåï-òåñòîì äëÿ 1000
ðåïëèê ïîëó÷åíû â ïðîãðàììå PowerMarker V3.25, êîíñåíñóñíîå äåðåâî ïîñòðîåíî â ïðîãðàììå Phy-

lip 3.69, âèçóàëèçàöèÿ äåðåâà ïðîâåäåíà â ïðîãðàììå Mega 6.06).

Fig. 5. The UPGMA dendrogram based on the genetic distance DA according to the allele frequencies of
10 genetic loci for the studied populations of Cypripedium taxa (genetic distances calculated and the files to
build the source tree and tree with bootstrap test of 1000 replicas obtainrd using PowerMarker V3.25 soft-
ware; a consensus tree is built using Phylip 3.69 software; visualization of the tree held using Mega 6.06

software).



Âîñòîêå ÿâëÿþòñÿ ãèáðèäàìè ìåæäó âûøåóêàçàííûìè âèäàìè. Ñîãëàñíî ðåçóëü-
òàòàì àëëîçèìíîãî àíàëèçà, ïðàêòè÷åñêè âñå îñîáè C. calceolus èç âîñòî÷íîé ÷àñ-
òè àðåàëà ìîæíî îòíåñòè ê ãèáðèäàì, ïîñêîëüêó íå òîëüêî ó óêëîíÿþùèõñÿ, íî è
ó òèïè÷íûõ ðàñòåíèé îòìå÷åíû ïðèçíàêè, õàðàêòåðíûå äëÿ C. shanxiense. Àíàëî-
ãè÷íûé ïðèìåð ìîæíî ïðèâåñòè è ïî ïðåäñòàâèòåëÿì äðóãîãî ðîäà îðõèäíûõ.
Íàïðèìåð, ïðè ìîëåêóëÿðíî-ãåíåòè÷åñêîì èçó÷åíèè îñîáåé Orchis militaris è
O. simia â ìåñòàõ èõ ñîâìåñòíîãî ïðîèçðàñòàíèÿ â Åâðîïå îêàçàëîñü, ÷òî îíè âñå
ÿâëÿþòñÿ ðåçóëüòàòîì èíòðîãðåññèâíîé ãèáðèäèçàöèè, õîòÿ êàêèå-ëèáî çðèìûå
ìîðôîëîãè÷åñêèå ïðèçíàêè, óêàçûâàþùèå íà ýòî, îáíàðóæåíû íå áûëè (Fay,
Krauss, 2003).

Òî÷êà çðåíèÿ î íàëè÷èè ìåæâèäîâîé èíòðîãðåññèâíîé ãèáðèäèçàöèè ìåæäó
C. calceolus è C. shanxiense õîðîøî ñîãëàñóåòñÿ ñ ðåçóëüòàòàìè áîëåå äåòàëüíîãî
ìîðôîëîãè÷åñêîãî èññëåäîâàíèÿ. Òàê, â ìåñòîíàõîæäåíèÿõ â Çàáàéêàëüñêîì,
Ïðèìîðñêîì è Õàáàðîâñêîì êðàÿõ íàáëþäàåòñÿ áîëüøîå ÷èñëî íåòèïè÷íûõ îñî-
áåé C. calceolus (Averyanov, 1999), èìåþùèõ ãóáó êîðè÷íåâîãî öâåòà (ðèñ. 6).
Èõ äîëÿ ñîñòàâëÿåò îò 30 äî 50 % îò îáùåãî ÷èñëà öâåòóùèõ ðàñòåíèé â ïî-
ïóëÿöèÿõ (Andronova et al., 2007). Êðîìå òîãî, ó íåêîòîðûõ ðàñòåíèé C. calceolus
èç Ïðèìîðüÿ è Çàáàéêàëüÿ áûëà âûÿâëåíà ôàêóëüòàòèâíàÿ êîíòàêòíàÿ àâòî-
ãàìèÿ (Filippov, Andronova, 2007). Ñîãëàñíî ëèòåðàòóðíûì äàííûì, äëÿ C. cal-
ceolus õàðàêòåðíî èñêëþ÷èòåëüíî ïåðåêðåñòíîå îïûëåíèå (Darwin, 1950; Nils-
son, 1979), òîãäà êàê äëÿ C. shanxiense — ñàìîîïûëåíèå (Perner, Averyanov,
1995).

Â õîäå îïûòîâ ïî èñêóññòâåííîìó ñàìîîïûëåíèþ öâåòêîâ ó óêëîíÿþùèõñÿ
îñîáåé è òèïè÷íûõ C. calceolus áûëî ïîêàçàíî, ÷òî ïðîöåíò çàâÿçûâàíèÿ ïëîäîâ
äîâîëüíî âûñîê — áîëåå 90 %. Îäíàêî â ïëîäàõ íàáëþäàëîñü ñðàâíèòåëüíî
áîëüøîå ÷èñëî ñåìÿí íåæèçíåñïîñîáíûõ èç-çà àíîìàëèé ðàçâèòèÿ çàðîäûøà, ÷òî
ñâèäåòåëüñòâóåò î ñíèæåííîé ñåìåííîé ïðîäóêòèâíîñòè ó ðàñòåíèé èç âîñòî÷íîé
÷àñòè àðåàëà.

Öèòîëîãè÷åñêîå èññëåäîâàíèå ïûëüöû ó óêëîíÿþùèõñÿ ðàñòåíèé ñ ïîìîùüþ
àöåòîêàðìèíîâîãî ìåòîäà âûÿâèëî íàëè÷èå áîëüøîãî ÷èñëà àíîìàëüíûõ ïûëüöå-
âûõ çåðåí (ðèñ. 7). Òàê ó îäíîãî èç ðàñòåíèé ïðàêòè÷åñêè âñå ïûëüöåâûå çåðíà
áûëè àíîìàëüíûìè. Ïî÷òè ïîëîâèíà èç ïðèìåðíî 800 ïðîñìîòðåííûõ çåðåí
áûëè ïóñòûå (áåçúÿäåðíûå). Îñòàëüíàÿ ÷àñòü ïûëüöåâûõ çåðåí â îñíîâíîì îñòà-
âàëèñü ñëàáîîêðàøåííûìè (âåðîÿòíî, èõ ìîæíî ñ÷èòàòü ñòåðèëüíûìè), è ëèøü
åäèíè÷íûå îêðàøèâàëèñü äîñòàòî÷íî ÿðêî, ò. å. ñ âûñîêîé âåðîÿòíîñòüþ áûëè
æèçíåñïîñîáíûìè. Ïðàêòè÷åñêè âñå ïûëüöåâûå çåðíà îòëè÷àëèñü àíîìàëüíîé
ôîðìîé — èìåëè ðàçíîãî ðîäà áîðîçäû, èíâàãèíàöèè, âìÿòèíû, ÷òî óêàçûâàåò
íà íàðóøåíèå äåëåíèÿ êëåòîê â õîäå ôîðìèðîâàíèÿ ïûëüöåâûõ çåðåí. Ó 8 % ïû-
ëüöåâûõ çåðåí áûëè îáíàðóæåíû ìèêðîÿäðà, ÷òî ñâèäåòåëüñòâóåò î íàðóøåíèè
ïðîöåññà äåëåíèÿ ÿäåð. Îáû÷íî òàêèå àíîìàëèè íàáëþäàþòñÿ ó îòäàëåííûõ ãèá-
ðèäîâ è, èìåííî îíè ïðèâîäÿò ê ñòåðèëüíîñòè èõ ïûëüöû.

Â õîäå èçó÷åíèÿ ïûëüöû ó äðóãèõ îñîáåé ñ êîðè÷íåâîé, ïåðåõîäíîé è òèïè÷-
íîé îêðàñêîé ãóáû òàêæå áûëè îòìå÷åíû îïèñàííûå âûøå àíîìàëèè. Õîòÿ ïðî-
öåíò àíîìàëüíûõ ïûëüöåâûõ çåðåí áûë ìåíüøèì, òåì íå ìåíåå ïîëó÷åííûå äàí-
íûå ñâèäåòåëüñòâóþò î òîì, ÷òî ó èçó÷åííûõ îñîáåé èìåþò ìåñòî ãåíåòè÷åñêèå
íàðóøåíèÿ, êîòîðûå îáû÷íî íàáëþäàþòñÿ ïðè îòäàëåííîé ãèáðèäèçàöèè.

Òàêèì îáðàçîì, âûÿâëåííûå âûøåóêàçàííûå íåòèïè÷íûå ìîðôîëîãè÷åñêèå è
ìîëåêóëÿðíî-ãåíåòè÷åñêèå (íà îñíîâå àëëîçèìíîãî àíàëèçà) ïðèçíàêè ó C. calce-
olus, êîòîðûå íàáëþäàëèñü òîëüêî ó îñîáåé â çîíå ñîâìåñòíîãî ïðîèçðàñòàíèÿ ñ
C. shanxiense, õîðîøî ñîãëàñîâàëèñü ñ ïðåäïîëîæåíèåì î ìåæâèäîâîé èíòðî-
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ãðåññèâíîé ãèáðèäèçàöèè ìåæäó äàííûìè òàêñîíàìè. Íà îñíîâàíèè ýòèõ äàííûõ
áûëî âûñêàçàíî ïðåäïîëîæåíèå î ñóùåñòâîâàíèè ìåæâèäîâîãî èíòðîãðåññèâíî
ãèáðèäíîãî êîìïëåêñà â çîíå ïåðåêðûâàíèÿ àðåàëîâ C. calceolus è C. shanxiense
â Çàáàéêàëüñêîì, Õàáàðîâñêîì è Ïðèìîðñêîì êðàÿõ. Êàê ïðåäïîëàãàëîñü, â íåì
ïðåîáëàäàþò ãèáðèäû (C. calceolus � C. shanxiense), à ÷èñëî îñîáåé ðîäèòåëüñêèõ
âèäîâ ñðàâíèòåëüíî íåâåëèêî. Îäèí èç ðîäèòåëüñêèõ âèäîâ — C. shanxiense —
îòíîñèòñÿ ê íàèáîëåå ðåäêèì ïðåäñòàâèòåëÿì ðîäà, âñòðå÷àþùèõñÿ íà òåððèòî-
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Ðèñ. 6. Íåòèïè÷íûå îñîáè Cypripedium calceolus èç Ïðèìîðñêîãî êðàÿ.

Fig. 6. Atypical plants of Cypripedium calceolus from Primorye Territory.
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Ðèñ. 7. Ñòðîåíèå ïûëüöåâûõ çåðåí ó îäíîé èç óêëîíÿþùèõñÿ îñîáåé Cypripedium calceolus (Áîëü-
øåõåõöèðñêèé çàïîâåäíèê).

Îáùèé âèä öâåòêà (1), ïûëüöà ïîä ÑÝÌ (2) è ñâåòîâûì ìèêðîñêîïîì (3, 4). mn — ìèêðîÿäðî, p a s — ïûëüöà
àíîìàëüíîé ôîðìû, p w c — ïóñòûå ïûëüöåâûå çåðíà.

Fig. 7. The structure of the pollen grains of one of the deviating individuals of Cypripedium calceolus

(Bolshekhekhtsirskiy Reserve).
General view of flower (1), pollen under SEM (2) and light microscope (3, 4). mn — micronucleus, p a s — pollen grains

of abnormal shape, p w c — pollen grains without intracellular content.



ðèè Ðîññèè. Îñîáè C. shanxiense õàðàêòåðèçóåòñÿ îáëèãàòíîé àâòîãàìèåé. Ýòà
îñîáåííîñòü îáåñïå÷èâàåò áèîëîãè÷åñêóþ èçîëÿöèþ äàííîãî òàêñîíà îò áëèçêî-
ãî âèäà C. calceolus. Âòîðîé èç ðîäèòåëüñêèõ âèäîâ — C. calceolus — â íîðìå îò-
íîñèòñÿ ê ïåðåêðåñòíî îïûëÿåìûì ðàñòåíèÿì è ÿâëÿåòñÿ îáëèãàòíûì ýíòîìîôè-
ëîì. Ïðåäñòàâèòåëè äàííîãî âèäà, âîçìîæíî, åùå áîëåå ðåäêè íà äàííîé òåððè-
òîðèè, à ðàñòåíèÿ, ìîðôîëîãè÷åñêè ïîõîæèå íà C. calceolus, íà ñàìîì äåëå
ÿâëÿþòñÿ ãèáðèäàìè C. calceolus x C. shanxiense. Ýòî ïðåäïîëîæåíèå âûñêàçàíî
â ñâÿçè ñ òåì, ÷òî â ïîïóëÿöèÿõ C. calceolus, ïðîèçðàñòàþùèõ íà þãå Ïðèìîðñêî-
ãî, Õàáàðîâñêîãî è Çàáàéêàëüñêîãî êðàåâ, ïðèñóòñòâóåò áîëüøîå ÷èñëî îñîáåé ñ
íåòèïè÷íûìè ïðèçíàêàìè (öâåòîê ñ ãóáîé êîðè÷íåâîãî öâåòà) è îñîáåííîñòÿìè
ðåïðîäóêòèâíîé áèîëîãèè (ôàêóëüòàòèâíîå ñàìîîïûëåíèå). Âûðàæåíèåì èõ ãå-
íåòè÷åñêîé íåñòàáèëüíîñòè ÿâëÿåòñÿ ôîðìèðîâàíèå ó íèõ ïûëüöû è ñåìÿí ñ
âûñîêîé äîëåé àíîìàëèé, è êàê ñëåäñòâèå, ðåçêîå ñíèæåíèå ñåìåííîé ïðîäóê-
òèâíîñòè (Averyanov, 1999; Andronova et al., 2007, 2009; Filippov, Andronova,
2011).

Äëÿ ïîäòâåðæäåíèÿ âûñêàçàííîé ãèïîòåçû áûëî ïðîâåäåíî èññëåäîâàíèå
âíóòðèãåíîìíîãî ïîëèìîðôèçìà ñ èñïîëüçîâàíèåì ìåòîäèêè 454 ó÷àñòêà ITS1
ãåíà 35S ðèáîñîìàëüíîé ÐÍÊ è õëîðîïëàñòíîé ÄÍÊ ðàéîíà trnL-trnF ó C. calceo-
lus, C. macranthon, C. shanxiense è C. � ventricosum. Âñå ïîëó÷åííûå ïðî÷òåíèÿ
ñðàâíèâàëè ñ ðåôåðåíñíûìè ïîñëåäîâàòåëüíîñòÿìè C. calceolus èç Ãåíáàíêà.

Ñðàâíèòåëüíûé àíàëèç ó÷àñòêà ITS1 16 îáðàçöîâ C. calceolus ïîêàçàë, ÷òî ó 4
èç íèõ èìååòñÿ âíóòðèãåíîìíûé ïîëèìîðôèçì â ïîçèöèè 320 (ïîçèöèÿ çäåñü è
äàëåå îáîçíà÷åíà â ñîîòâåòñòâèè ñ íîìåðîì íóêëåîòèäà â ïîñëåäîâàòåëüíîñòè
AY557232, ñåêâåíèðîâàííîé Kocyan et al., 2004, â êîòîðîé ñîáñòâåííî ITS1 íà÷è-
íàåòñÿ ñ íóêëåîòèäà 174 è çàâåðøàåòñÿ ïîçèöèåé 419, òàáë. 2). Ó òðåõ îáðàçöîâ
ïðåîáëàäàëè ïîñëåäîâàòåëüíîñòè, àíàëîãè÷íûå ðåôåðåíñó, ó îäíîãî îáðàçöà ïðå-
îáëàäàëè ïîñëåäîâàòåëüíîñòè ñ çàìåíîé Ñ íà Ò. Ó áîëüøèíñòâà èçó÷åííûõ
îáðàçöîâ çàìåíà â ïîçèöèè 320 áûëà ïðàêòè÷åñêè âî âñåõ ïðî÷òåíèÿõ. Ïîëè-
ìîðôíûå îáðàçöû C. calceolus áûëè ñîáðàíû â ðàçíûõ ÷àñòÿõ àðåàëà: â Ëåíèí-
ãðàäñêîé, Áðÿíñêîé îáëàñòÿõ, â Çàáàéêàëüå è â Ïðèìîðüå, ãåîãðàôè÷åñêîé ïðè-
óðî÷åííîñòè ïî äàííîìó ïðèçíàêó íå âûÿâëåíî.

Ñðàâíèòåëüíûé àíàëèç ó÷àñòêà ITS1 7 îáðàçöîâ C. shanxiense (4 îáðàçöà èç Çà-
áàéêàëüÿ, 2 — ñ Ñàõàëèíà, 1 — èç Ïðèìîðüÿ) ïîêàçàë, ÷òî â ïîçèöèÿõ 268 è 276
èìåþòñÿ çàìåíû G íà T, à â ïîçèöèè 320 — Ñ íà Ò. Çàìåíà â ïîçèöèè 320 áûëà
ïðàêòè÷åñêè â 100 % ïðî÷òåíèé. Êàê îêàçàëîñü, ïî ïîçèöèÿì 268 è 276 îñîáè
C. shanxiense îòëè÷àþòñÿ è îò ðåôåðåíñà, è îò âñåõ äðóãèõ èçó÷åííûõ òàêñîíîâ.
Ýòî ñïåöèôè÷íûå äëÿ äàííîãî òàêñîíà çàìåíû.

Ñëåäóåò îòìåòèòü, ÷òî ïî ïîçèöèÿì 268 è 276 ó îáðàçöîâ C. shanxiense èìåëñÿ
âíóòðèãåíîìíûé ïîëèìîðôèçì. Òàê, îáðàçöû èç Çàáàéêàëüÿ îòëè÷àëèñü îò ðåôå-
ðåíñà ïî ïîçèöèÿì 268 è 276 â 50—79 % ïðî÷òåíèé, èç Ïðèìîðüÿ — â 85—87 %,
à ñ Ñàõàëèíà — 57—73 %.

Â îáðàçöàõ C. calceolus çàìåíû G íà T, ñïåöèôè÷íûå äëÿ C. shanxiense â ïîçè-
öèÿõ 268 è 276, áûëè îáíàðóæåíû òîëüêî â åäèíè÷íûõ ïðî÷òåíèÿõ. Èç ýòîãî ñëå-
äóåò, ÷òî èçó÷åííûå îáðàçöû C. calceolus íåëüçÿ îòíåñòè ê ãèáðèäàì.

Ñðàâíèòåëüíûé àíàëèç ó÷àñòêà ITS1 5 îáðàçöîâ C. macranthon ïîêàçàë, ÷òî
îíè îòëè÷àþòñÿ îò ðåôåðåíñà ïî ïîçèöèÿì 269, 320 è 352, ãäå åñòü çàìåíû Ñ íà
Ò. Ïî ïîçèöèÿì 269 è 352 îíè îòëè÷àþòñÿ òàêæå îò C. shanxiense.

Ñðàâíèòåëüíûé àíàëèç ó÷àñòêà ITS1 11 îáðàçöîâ C. � ventricosum ïîêàçàë,
÷òî èìååòñÿ ïîëèìîðôèçì â ïîçèöèÿõ 269 è 352, ïî êîòîðûì ðàçëè÷àþòñÿ ðîäè-
òåëüñêèå âèäû C. calceolus è C. macranthon. ×èñëî ïðî÷òåíèé ñ çàìåíàìè â ïîçè-
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öèè 269 è 352 âàðüèðîâàëî îò 30 äî 50 %. Â ïîçèöèè 320 çàìåíà Ñ íà Ò áûëà
ïðàêòè÷åñêè â 100 % ïðî÷òåíèé. Ñîãëàñíî ðåçóëüòàòàì èññëåäîâàíèÿ, ïðàêòè÷å-
ñêè âñå îáðàçöû C. � ventricosum ÿâëÿþòñÿ ãèáðèäàìè ìåæäó C. calceolus è
C. macranthon, âîçìîæíî, ýòî ãèáðèäû ïåðâîãî ïîêîëåíèÿ. Ýòè äàííûå ïîëíî-
ñòüþ ñîãëàñóþòñÿ ñ ðåçóëüòàòàìè àëëîçèìíîãî àíàëèçà. Íè îäíîãî ãèáðèäà ìåæ-
äó C. macranthon è C. shanxiense íå îáíàðóæåíî.

Ó äâóõ èç 11 èçó÷åííûõ îáðàçöîâ C. � ventricosum èçó÷åííûé ó÷àñòîê õëîðî-
ïëàñòíîé ÄÍÊ èìåë ñõîäñòâî ñ C. calceolus èç Çàáàéêàëüñêîãî êðàÿ è èç Ïðè-
ìîðüÿ, ó âñåõ äðóãèõ îí áûë èäåíòè÷åí òàêîâîìó C. macranthon (òàáë. 3). Òåì ñà-
ìûì îñîáè ýòîãî ãèáðèäíîãî òàêñîíà ìîãóò îáðàçîâûâàòüñÿ ñ ó÷àñòèåì êàê
C. macranthon, òàê è C. calceolus â êà÷åñòâå æåíñêèõ ðàñòåíèé.

Åñëè èçó÷åííûå îáðàçöû C. calceolus íå ðàçëè÷àëèñü ïî ó÷àñòêó ITS1, òî ïî
õëîðîïëàñòíîé ÄÍÊ îíè ðàçäåëèëèñü íà 2 ãðóïïû. Íóêëåîòèäíàÿ ïîñëåäîâàòåëü-
íîñòü ó÷àñòêà õëîðîïëàñòíîé ÄÍÊ îêàçàëàñü èäåíòè÷íîé ó âñåõ èçó÷åííûõ îá-
ðàçöîâ C. shanxiense è ó C. calceolus èç Çàáàéêàëüñêîãî êðàÿ è èç Ïðèìîðüÿ. Îä-
íàêî ïðè ñðàâíåíèè ñ îáðàçöàìè C. calceolus, ñîáðàííûìè â çàáàéêàëüñêîé ÷àñòè
Áóðÿòèè è çàïàäíåå (Ñèáèðü, Óðàë è åâðîïåéñêàÿ ÷àñòü Ðîññèè), áûëè âûÿâëåíû
ñóùåñòâåííûå ðàçëè÷èÿ ïî íàëè÷èþ âñòàâîê/äåëåöèé â ïîçèöèÿõ 457 è 516
(òàáë. 3). Âåðîÿòíàÿ ãðàíèöà ìåæäó ãðóïïàìè C. calceolus ïðîõîäèò â Çàáàéêàëü-
ñêîì êðàå. Ýòè äàííûå õîðîøî ñîãëàñóþòñÿ ñ ðåçóëüòàòàìè àëëîçèìíîãî àíàëèçà.

Ñðàâíåíèå îðèãèíàëüíûõ è ïðåäñòàâëåííûõ â Ãåíáàíêå äàííûõ ïî äðóãèì
òàêñîíàì ðîäà ïîêàçûâàåò, ÷òî èçó÷åííûé ó÷àñòîê õëîðîïëàñòíîé ÄÍÊ íà÷èíàÿ
ñ 457 ïîçèöèè âêëþ÷àåò âûñîêî ïîëèìîðôíûé 30-íóêëåîòèäíûé À/T ðàéîí, ñî-
äåðæàùèé ðàçëè÷íûå (6, 9, 18 è 24) íóêëåîòèäíûå äåëåöèè, õàðàêòåðíûå äëÿ ðàç-
íûõ âèäîâ ðîäà Cypripedium. Âñòàâêà â ïîçèöèè 516—520 ñïåöèôè÷íà òîëüêî
äëÿ C. calceolus èç ìåñòîíàõîæäåíèé èç Åâðîïû, Çàïàäíîé è Öåíòðàëüíîé Ñèáè-
ðè è çàïàäíîé ÷àñòè Çàáàéêàëüÿ (Áóðÿòèÿ). Ýòà âñòàâêà íå âñòðå÷àåòñÿ íè ó ïðåä-
ñòàâèòåëåé äðóãèõ èçó÷åííûõ íàìè òàêñîíîâ, íè ó ïðåäñòàâèòåëåé ðîäà, äàííûå
ïî êîòîðûì èìåþòñÿ â Ãåíáàíêå. Çàìåíû G íà T â ïîçèöèè 526 è A íà T â ïîçè-
öèè 534 ìàðêèðóþò C. macranthon è íåêîòîðûå äðóãèå âèäû ñåêöèè Macrantha
(Cox, 1999), ñâåäåíèÿ ïî êîòîðûì èìåþòñÿ â Ãåíáàíêå.

Áûëî ïðîàíàëèçèðîâàíî 142 âàðèàíòà ïîñëåäîâàòåëüíîñòåé ITS1, êîòîðûå
âñòðå÷àëèñü â ãåíîìå àíàëèçèðóåìûõ îáðàçöîâ ñ äîëåé íå ìåíåå 5 % è èìåëè
óðîâåíü âàðèàáåëüíîñòè ñàéòîâ ïðèìåðíî 80 % (ðèñ. 8). Âàðèàíòû ðàçäåëèëèñü
íà äâà áîëüøèõ êëàñòåðà è íà 33 ãðóïïû. Âàðèàíòû çàìåí â íóêëåîòèäíûõ ïîñëå-
äîâàòåëüíîñòÿõ â ãðóïïàõ ïî ñðàâíåíèþ ñ âûáðàííîé ðåôåðåíñíîé ïîñëåäîâà-
òåëüíîñòüþ C. calceolus, ïðèâåäåíû â òàáë. 2.

Â ïåðâîì êëàñòåðå, èìåþùåì 20 ãðóïï, îêàçàëèñü âñå âàðèàíòû C. calceolus è
C. shanxiense. Â íåãî âîøëè âàðèàíòû êàæäîãî èç îáðàçöîâ C. � ventricosum, à
òàêæå íåáîëüøàÿ ÷àñòü âàðèàíòîâ C. macranthon, êîòîðûå èìåëè çàìåíó Ñ íà Ò
òîëüêî â îäíîé ïîçèöèè èç äâóõ ñïåöèôè÷íûõ äëÿ äàííîãî âèäà. Âî âòîðîé êëàñ-
òåð, ñîñòîÿùèé èç 13 ãðóïï, âîøëè âñå îñòàëüíûå âàðèàíòû, îáíàðóæåííûå â îá-
ðàçöàõ C. macranthon è C. � ventricosum.

Ñëåäóåò îáðàòèòü âíèìàíèå íà òî, ÷òî ãðóïïû âêëþ÷àþò èäåíòè÷íûå âàðèàí-
òû ITS1, îáíàðóæåííûå â îáðàçöàõ ðàçíûõ òàêñîíîâ. Íàïðèìåð, â ãðóïïå 1 îáúå-
äèíÿëèñü èäåíòè÷íûå âàðèàíòû, âûÿâëåííûå ó âñåõ èçó÷åííûõ 15 îáðàçöîâ
C. calceolus, âñåõ 6 îáðàçöîâ C. shanxiense è 9 èç 11 àíàëèçèðóåìûõ îáðàçöîâ
C. � ventricosum. Ýòè ïîñëåäîâàòåëüíîñòè áûëè òàêæå èäåíòè÷íû ðåôåðåíñó —
C. calceolus. Â äðóãîé (21) ñãðóïïèðîâàëèñü âàðèàíòû âñåõ îáðàçöîâ C. macrant-
hon è C. � ventricosum.
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Âàðèàíòû C. calceolus âîøëè â 3 ãðóïïû, òîëüêî âìåñòå ñ îáðàçöàìè C. �
� ventricosum è C. shanxiense. Âàðèàíòû C. shanxiense ðàçäåëèëèñü íà 9 ãðóïï
(6 èç êîòîðûõ ñïåöèôè÷íû òîëüêî äëÿ äàííîãî òàêñîíà). Âàðèàíòû C. macranthon
îáíàðóæèâàþòñÿ â 10 ãðóïïàõ, ïðàêòè÷åñêè âî âñåõ èç íèõ ïðèñóòñòâóþò îáðàç-
öû C. � ventricosum. Âàðèàíòû C.� ventricosum ðàçäåëèëèñü íà 23 ãðóïïû, êàê
ïðàâèëî, â íèõ ïðèñóòñòâóþò èëè îáðàçöû C. calceolus, èëè C. macranthon.

Íè îäíîé ãðóïïû, îáúåäèíÿþùåé âàðèàíòû è îò C. calceolus è îò C. macran-
thon, èëè è îò C. shanxiense è îò C. macranthon, âûÿâëåíî íå áûëî.

Â äâóõ ãðóïïàõ (9 è 13) îáúåäèíèëèñü ñõîäíûå âàðèàíòû ïîñëåäîâàòåëüíî-
ñòåé, âûÿâëåííûõ ó C. shanxiense è C. � ventricosum. Ïîñêîëüêó íè ó îäíîãî èç
îáðàçöîâ C. � ventricosum ñïåöèôè÷íûå äëÿ C. shanxiense çàìåíû G íà T õîòÿ áû
â îäíîé èç ïîçèöèé (269, 276) íå áûëè âûÿâëåíû, ìû íå ìîæåì ðàññìàòðèâàòü
ýòî ñõîäñòâî ïî áîëåå ðåäêèì çàìåíàì Ñ íà Ò â äâóõ ïîçèöèÿõ êàê äîêàçàòåëüñò-
âî ó÷àñòèÿ C. shanxiense â îáðàçîâàíèè C. � ventricosum â êà÷åñòâå îäíîãî èç ðî-
äèòåëåé.

Ïîëó÷åííûå äàííûå óêàçûâàþò íà òî, ÷òî ìåæâèäîâàÿ ãèáðèäèçàöèÿ ìåæäó
C. shanxiense è C. macranthon â ñèìïàòðè÷åñêèõ ïîïóëÿöèÿõ, ïî-âèäèìîìó, îò-
ñóòñòâóåò.

Èç ïîëó÷åííûõ ðåçóëüòàòîâ ñëåäóåò, ÷òî íà òåððèòîðèè Ðîññèè èìååòñÿ äâå
ðàçíûå ãåíåòè÷åñêèå ëèíèè C. calceolus, êîòîðûå ðàçëè÷àþòñÿ ïî õëîðîïëàñòíîé
ÄÍÊ. Îíà, êàê èçâåñòíî, íàñëåäóåòñÿ ïî ìàòåðèíñêîé ëèíèè. Ó÷àñòîê õëîðî-
ïëàñòíîé ÄÍÊ ó îäíîé èç ëèíèé C. calceolus è C. shanxiense îêàçàëñÿ èäåíòè÷-
íûì, òîãäà êàê ó÷àñòîê ITS1 ÄÍÊ ó ïðåäñòàâèòåëåé äâóõ òàêñîíîâ èìåë ñóùåñò-
âåííûå ðàçëè÷èÿ. Èíòåðåñíî îòìåòèòü, ÷òî îñîáè ýòîé ëèíèè C. calceolus ïðîèç-
ðàñòàëè òîëüêî â çîíå ñîâìåñòíîãî ïðîèçðàñòàíèÿ ñ C. shanxiense. Ïîñêîëüêó
õëîðîïëàñòíàÿ ÄÍÊ íàñëåäóåòñÿ ïî ìàòåðèíñêîé ëèíèè, ìîæíî ïðåäïîëîæèòü,
÷òî èìååòñÿ îãðàíè÷åíèå ðàññòîÿíèÿ, íà êîòîðîå ïðîèñõîäèò ðàññåèâàíèå ñåìÿí
ïðè ñîçðåâàíèè ïëîäîâ. Ïîëó÷åííûå äàííûå ïî àíàëèçó õëîðîïëàñòíîé ÄÍÊ íå
ïîäòâåðæäàþò, íî è íå îïðîâåðãàþò âîçìîæíîå ãèáðèäîãåííîå ïðîèñõîæäåíèå
îäíîé èç ëèíèé C. calceolus ñ èäåíòè÷íûì C. shanxiense ó÷àñòêîì õëîðîïëàñòíîé
ÄÍÊ. Ñîâåðøåííî î÷åâèäíî òîëüêî òî, ÷òî ýòè äâà òàêñîíà èìåþò îáùåå ïðîèñ-
õîæäåíèå ïî ìàòåðèíñêîé ëèíèè.

Çîíà ãèáðèäèçàöèè ìåæäó C. calceolus è C. shanxiense, îïðåäåëåííàÿ íà îñíî-
âàíèè àëëåëüíîãî ñîñòàâà ëîêóñîâ PGI è SKDH (ïî äèôôåðåíöèðóþùèì C. shan-
xiense àëëåëÿì ó C. calceolus), ïðåäñòàâëÿåòñÿ áîëåå øèðîêîé, òàê êàê îíà ðàñ-
ïðîñòðàíÿåòñÿ íå òîëüêî íà òåððèòîðèþ ñîâìåñòíîãî ïðîèçðàñòàíèÿ äâóõ òàê-
ñîíîâ, íî è íà ïðèëåãàþùèå ê íåé ðàéîíû. Ýòî ìîæåò áûòü ñâÿçàíî ñ òåì, ÷òî
èìååò ìåñòî ïîòîê ãåíîâ, êîòîðûé îñóùåñòâëÿåòñÿ ïîñðåäñòâîì ïåðåíîñà ïûëü-
öû íà áîëüøèå ðàññòîÿíèÿ ïî ñðàâíåíèþ ñ äèñïåðñèåé ñåìÿí. Îäíàêî ñòàòèñòè-
÷åñêàÿ îáðàáîòêà äàííûõ àëëîçèìíîãî àíàëèçà ïîêàçàëà, ÷òî ïîïóëÿöèè C. cal-
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Ðèñ. 8. Äåðåâî ãåíåòè÷åñêèõ ðàññòîÿíèé äëÿ 142 âàðèàíòîâ ITS1, ïîñòðîåííîå ìåòîäîì ìàêñèìàëü-
íîãî ïðàâäîïîäîáèÿ, ìîäåëü Tamura-Nei (Tamura, Nei, 1993).

Íîìåðà ãðóïï óêàçàíû ïåðåä âèäîâûì íàçâàíèåì. Çíà÷åíèÿ âåðîÿòíîñòè âûøå 50 % óêàçàíû íà âåòâÿõ ñâåðõó.
Äëèíû âåòâåé ñîîòâåòñòâóþò êîëè÷åñòâó çàìåí íà ñàéò â óêàçàííîì ìàñøòàáå. Àíàëèç âûïîëíåí ñ èñïîëüçîâàíè-

åì MEGA7 (Kumar et al., 2016).

Fig. 8. A tree of genetic distances for 142 variants of ITS1 built using the maximum likelihood method, the
model of Tamura-Nei (Tamura, Nei, 1993).

Group numbers are indicated before species names. Probability values above 50 % are indicated above branches. The
branch lengths correspond to the number of substitutions at a site at a specified scale. The analysis is made using MEGA7

(Kumar et al., 2016).



ceolus íàõîäÿòñÿ â ðàâíîâåñíîì (Õàðäè-Âàéíáåðãà) ñîñòîÿíèè ïî ëîêóñàì, â
êîòîðûõ áûëè âûÿâëåíû äèôôåðåíöèðóþùèå C. shanxiense àëëåëè (Filippov,
Andronova, 2016). Ñëåäîâàòåëüíî, îáìåí ãåíåòè÷åñêèì ìàòåðèàëîì ìåæäó òàêñî-
íàìè ïðîèñõîäèò î÷åíü ðåäêî.

Êàê îêàçàëîñü, íå âñå ãèïîòåçû, âûñêàçàííûå íà îñíîâàíèè äàííûõ àëëîçèì-
íîãî àíàëèçà, ïîäòâåðäèëèñü ïîñëå ïðîâåäåíèÿ èññëåäîâàíèÿ âíóòðè ãåíîìíîãî
ïîëèìîðôèçìà ó÷àñòêà ITS1 ÄÍÊ. Íàïðèìåð, ðàçëè÷èå àëëåëüíîãî ñîñòàâà äâóõ
àëëîçèìíûõ ëîêóñîâ PGI è SKDH ó C. calceolus èç âîñòî÷íîé è çàïàäíîé ÷àñòåé
àðåàëà ìîæíî áûëî áû îáúÿñíèòü ïîòîêîì ãåíîâ îò C. shanxiense, ÷òî â ñèìïàò-
ðè÷åñêèõ ïîïóëÿöèÿõ ìîæåò îñóùåñòâëÿòüñÿ è â ðåàëüíîì âðåìåíè. Îäíàêî â èñ-
ñëåäîâàíèè âíóòðèãåíîìíîãî ïîëèìîðôèçìà ó÷àñòêà ITS1 ÄÍÊ ó C. calceolus çà-
ìåíû, ñïåöèôè÷íûå C. shanxiense, âñòðå÷àëèñü î÷åíü ðåäêî (íå áîëåå 1.5 % îò
÷èñëà âñåõ ïðî÷òåíèé). Ýòî îäíîçíà÷íî ñâèäåòåëüñòâóåò î òîì, ÷òî ïðîàíàëèçè-
ðîâàííûå îáðàçöû C. calceolus (â òîì ÷èñëå äâå íåòèïè÷íûå îñîáè ñ ãóáîé êî-
ðè÷íåâîãî öâåòà) íå ÿâëÿþòñÿ ãèáðèäàìè ïåðâîãî ïîêîëåíèÿ. Òîãäà êàê â ãåíîìå
C. shanxiense, êîòîðûé, ïî äàííûì àëëîçèìíîãî àíàëèçà, ÿâëÿåòñÿ ìîíîìîðôíûì
ïî âñåì 10 ãåííûì ëîêóñàì, ÷òî íå äàåò âîçìîæíîñòü îòíåñòè åãî ê ãèáðèäàì,
èìåëîñü îò 13 äî 50 % èäåíòè÷íûõ C. calceolus ïîñëåäîâàòåëüíîñòåé ITS1. Ñî-
ãëàñíî ýòèì äàííûì, C. shanxiense ìîæíî áûëî áû îòíåñòè ê ìåæâèäîâûì ãèáðè-
äàì, ñ ïîòîêîì ãåíîâ îò C. calceolus. Îäíàêî îòñóòñòâèå ïîëèìîðôèçìà àëëîçèì-
íûõ ëîêóñîâ ó C. shanxiense ñâèäåòåëüñòâóåò î òîì, ÷òî âñå èññëåäîâàííûå îáðàç-
öû (äàæå òå, ó êîòîðûõ äîëÿ ñïåöèôè÷íûõ äëÿ C. calceolus ïîñëåäîâàòåëüíîñòåé
ITS1 ñîñòàâëÿëà 50 %) òàêæå íå ÿâëÿþòñÿ ãèáðèäàìè ïåðâîãî ïîêîëåíèÿ. Ïðèíè-
ìàÿ âî âíèìàíèå è äàííûå àëëîçèìíîãî àíàëèçà, è ðåçóëüòàòû èññëåäîâàíèÿ
âíóòðèãåíîìíîãî ïîëèìîðôèçìà, ìîæíî çàêëþ÷èòü, ÷òî â íàñòîÿùåå âðåìÿ íå
èìååòñÿ ôàêòîâ, ïîäòâåðæäàþùèõ íàëè÷èå ãèáðèäèçàöèè ìåæäó C. shanxiense è
C. calceolus â ñèìïàòðè÷åñêèõ ïîïóëÿöèÿõ. Íà îñíîâàíèè ðåçóëüòàòîâ ïðî-
âåäåííîãî èññëåäîâàíèÿ ìîæíî âûñêàçàòü ïðåäïîëîæåíèå î ãèáðèäîãåííîì ïðî-
èñõîæäåíèè êàê C. shanxiense, òàê è «âîñòî÷íîé» ðàñû C. calceolus, ðàñïðîñòðà-
íåííîé îò Çàáàéêàëüñêîãî êðàÿ äî Ïðèìîðüÿ. Âîçìîæíî, ýòó ðàñó C. calceolus,
õàðàêòåðèçóþùóþñÿ âûðàæåííûìè ôåíîòèïè÷åñêèìè è ãåíîòèïè÷åñêèìè îñî-
áåííîñòÿìè, ñëåäóåò ðàññìàòðèâàòü â êà÷åñòâå ñàìîñòîÿòåëüíîãî ìîðôîëîãè÷å-
ñêè ñëàáî âûðàæåííîãî ñêðûòîãî òàêñîíà, ñòàòóñ êîòîðîãî òðóäíî îïðåäåëèì íà
íàñòîÿùèé ìîìåíò.
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The article presents the results of the study of the polymorphism in the genus Cypripedium based on
allozyme analysis and the trnL-trnF region of chloroplast DNA, and intra-genomic polymorphism based
on 454 sequencings of ITS1 regions of nuclear gene ribosomal RNA.

Allozyme analysis was performed using 10 gene loci in samples from the populations of the Transbai-
kal, Central and Western Siberia, the Urals and the European Russia. This work complemented previously
obtained data on populations from the southern Russian Far East. It has been confirmed that the allelic
compositions of the 6-PGD, NADHD, GDH, ADH, GOT-1 and PGI loci are diagnostic for C. calceolus
and C. macranthon species; C. � ventricosum specimens are C. calceolus � C. macranthon hybrids,
C. shanxiense specimens are homozygous for all 10 loci studied, and the monomorphy is a diagnostic cha-
racter for the given taxon.

It was shown that the allelic composition of PGI and SKDH loci in C. calceolus varies in western and
eastern parts of the range. Alleles missing in C. calceolus from the western part of the range were encoun-
tered in its eastern part with a high frequency. Thus, allele No. 6 in the PGI locus and allele No. 4 in the
SKDH locus was found in C. calceolus at a frequency of 28—41 % and 55—68 %, respectively, in the
southern Far East, and at a frequency of 0—15 % and 17—62 % in the Transbaikal, and in C. shanxiense
they were in a homozygous state. These alleles were not found in populations of C. calceolus from the
Central and Western Siberia, the Urals and the European Russia.

Thus, the study confirmed the view that the specific allelic structures of PGI and SKDH loci in C. cal-
ceolus populations are found only in the possible hybridization zone with C. shanxiense (in the regions of
the concurrent growth of the two species and in adjacent areas). Based on the allele frequencies, we calcu-
lated the Nei genetic distances DA and built UPGMA dendrogram. We showed that the plants of C. calce-
olus in Russia form two groups, and the border between them passes through the Transbaikal.

Morphological analysis revealed that the large number of individuals with atypical traits (a flower
with a brown lip) and features of reproductive biology (facultative self-pollination) occur in the popula-
tions of C. calceolus growing in the southern Primorye, Khabarovsk and Transbaikal Territories. There is
a genetic instability in the formation of pollen and seeds and, as a consequence, a decrease in seed pro-
duction.

The identified atypical morphological and genetic features in C. calceolus (based on allozyme analy-
sis), which were observed only in plants in the overlapping range with C. shanxiense, were in good agree-
ment with the assumption of interspecific introgressive hybridization between these taxa. It was suggested
that there is an interspecies introgressively hybrid complex in the zone of overlapping of the C. calceolus
and C. shanxiense ranges in the Transbaikal, Khabarovsk and Primorye Territories, where hybrids (C. cal-
ceolus � C. shanxiense) predominate, and the number of individuals of parental species is comparatively
small. One of the parental species, C. shanxiense, is among the rarest species of the genus, and is characte-
rized by obligate autogamy, which provides biological isolation of this taxon from the closely related spe-
cies C. calceolus. Plants of the second parent species, C. calceolus, are perhaps even more rare in this
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area, and the plants morphologically similar to C. calceolus are in fact hybrids of C. calceolus � C. shan-
xiense.

To confirm this hypothesis, a study of intragenomic polymorphism was carried out using the 454 se-
quencing technology. We sequenced ITS1 regions of gene 35S ribosomal RNA and trnL-trnF region of
chloroplast DNA.

Analysis of the ITS1 region in 16 C. calceolus samples has shown that some of them have an intra-ge-
nomic polymorphism at position 320 (the position is hereinafter denoted according to a similar reference
in the reference sequence of C. calceolus from the GenBank. In three samples, sequences were similar to
the reference, in one sample prevailed sequences with C to T substitution. Analysis of the ITS1 region of 7
samples of C. shanxiense (4 samples from Transbaikal, 2 from Sakhalin, 1 from Primorye) has shown that
in positions 268 and 276 there are G to T substitution, and at position 320 — C to T.

As it turned out, replacements in positions 268 and 276 are specific for this taxon, and there is a
intra-genomic polymorphism of these positions. So, samples from the Transbaikal differed from the refe-
rence in positions 268 and 276 in 50—79 % of reads, from Primorye — in 85—87 %, and from Sakhalin
57—73 %. Analysis of the ITS1 region of 5 samples of C. macranthon has shown that they differ from the
reference at positions 269, 320 and 352, with the substitutions C to T. In positions 269 and 352 they also
differ from C. calceolus and C. shanxiense. Analysis of the ITS1 region of 11 samples of C. � ventrico-
sum has shown that there is polymorphism at positions 269 and 352, which distinguish the parent species
C. calceolus and C. macranthon. The number of reads with changes in positions 269 and 352 ranged from
30 to 50 %. According to the results of the study, almost all C. � ventricosum samples are the first genera-
tion hybrids between C. calceolus and C. macranthon. These data are completely consistent with the allo-
zyme analysis results. No hybrids between C. macranthon and C. shanxiense were found.

In two of the 11 analyzed samples of C. � ventricosum the studied region of chloroplast DNA resem-
bled C. calceolus from the Transbaikal and Primorye, in all others it was identical to that of C. macran-
thon. Thus, the individuals of this hybrid taxon can be formed with participation of both C. macranthon
and C. calceolus as female plants.

Although the studied samples of C. calceolus did not show any difference in the ITS1 region, they
were divided into 2 groups according to the chloroplast DNA. The nucleotide sequence of the studied
chloroplast DNA region was identical in all the C. shanxiense and C. calceolus specimens from the Trans-
baikal and Primorye. However, when compared to the samples of C. calceolus collected in the Transbaikal
Buryatia and to the west (Siberia, the Urals and the European Russia), there were significant differences in
the presence of insertions / deletions at positions 457 and 516. The probable boundary between the groups
of C. calceolus occurs in Transbaikal. These data are in good agreement with the results of allozyme ana-
lysis.

We analyzed 142 variants of ITS1 sequences that were found in the genome of the analyzed samples
with at least 5 % frequency and showed approximately 80 % of site variability. The analysis divided the
variants into 33 groups, with two large clusters. It worth noting that the groups with identical ITS1 vari-
ants were found in samples of different taxa. Variants of C. calceolus were found in 3 groups, always with
the samples of C. � ventricosum and C. shanxiense. The variants of C. shanxiense were divided into
9 groups (6 of which are specific only for this taxon). C. macranthon variants are found in 10 groups, in
almost all of them there are C. � ventricosum samples. Variants of C. � ventricosum were divided into
23 groups, they contain either samples of C. calceolus or C. macranthon. No group combining variants
from both C. calceolus and C. macranthon, or both C. shanxiense and C. macranthon, was identified. The
data obtained indicate that there is apparently no interspecific hybridization between C. shanxiense and
C. macranthon in sympatric populations.

Based on these results, there are two different genetic lines of C. calceolus on the territory of Russia,
which differ in the chloroplast DNA. The region of chloroplast DNA in one of the lineages of C. calceolus
and C. shanxiense was identical, whereas the ITS1 region of DNA in the representatives of the two taxa
had significant differences. It was noted that the individuals of this C. calceolus lineage were found only
in the localities of C. shanxiense.

The hybridization zone between C. calceolus and C. shanxiense, determined on the basis of the allelic
composition of PGI and SKDH loci (by presence of the specific C. shanxiense alleles in C. calceolus)
appears to be wider: it extends not only to the area of councurrent growth of the two taxa, but also to adja-
cent areas. This may be due to a gene flow carried through the transfer of pollen over longer distances
compared with the dispersion of seeds. However, the exchange of genetic material between the taxa is
very rare.

As it turned out, not all the hypotheses based on the data of the allozyme analysis were confirmed af-
ter the investigation of the intragenomic polymorphism of the ITS1 region. For example, the difference in
the allelic composition of the two allozyme loci PGI and SKDH in C. calceolus from the eastern and wes-
tern parts of the range could be explained by the gene flow from C. shanxiense, which in sympatric popu-
lations can also occur in real time. However, in the study of intragenomic polymorphism of the ITS1 re-
gion of DNA in C. calceolus, the replacement of specific C. shanxiense was very rare (no more than 1.5 %
of all reads). This clearly indicates that the analyzed samples of C. calceolus (including two atypical spe-
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cimens with a brown lip) are not the first generation hybrids. C. shanxiense, according to the allozyme
analysis, is monomorphic in all 10 gene loci, which does not make it possible to attribute it to hybrids.
But in this genome there were 13—50 % ITS1 sequences identical to C. calceolus. According to these
data, C. shanxiense could be attributed to interspecific hybrids, with the flow of genes from C. calceolus.
However, the lack of polymorphism of allozyme loci in C. shanxiense suggests that all the samples (even
those where the C. calceolus-specific ITS1 fraction was 50 %) are also not the first generation hybrids.
Taking into account both the allozyme analysis data and the results of the intragenomic polymorphism
analysis, it can be concluded that at present there are no facts confirming the hybridization between
C. shanxiense and C. calceolus in sympatric populations. Based on the results of the study, it is possible to
suggest the hybridogenic origin of both C. shanxiense and the «eastern» race of C. calceolus spread from
the Transbaikal to Primorye. Perhaps this C. calceolus race, characterized by frank phenotypic and geno-
typic features, should be considered as an independent, weakly morphologically expressed, latent taxon of
a certain taxonomic rank.

K e y w o r d s: Cypripedium, C. macranthon, C. calceolus, C. � ventricosum, C. shanxiense, allozyme
analysis, method 454 of sequencing, intragenomic and interspecies polymorphism, ITS1, 18S rRNA,
trnL-trnF, natural interspecific hybridization.
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