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Ïðèâîäÿòñÿ ðåçóëüòàòû àíàëèçà ãåíåòè÷åñêîé èçìåí÷èâîñòè è ñòðóêòóðû ïîïóëÿöèé âèäîâ Sa-
lix berberifolia, S. fimbriata, S. kamtschatica, S. kimurana, S. tschuktschorum, S. vyshinii êîìïëåêñà Sa-
lix aggr. berberifolia, îñíîâàííîãî íà äàííûõ ñåêâåíèðîâàíèÿ ìåæãåííûõ ñïåéñåðîâ trnS-psbZ,
trnC-petN è petN-psbM õëîðîïëàñòíîé ÄÍÊ è îáñóæäàþòñÿ èõ ôèëîãåíåòè÷åñêèå âçàèìîîòíîøå-
íèÿ. Íèçêèé óðîâåíü èçìåí÷èâîñòè è ïðèñóòñòâèå îáùèõ ãàïëîòèïîâ ñâèäåòåëüñòâóþò î òîì, ÷òî
èññëåäîâàííûå âèäû ïðåäñòàâëÿþò ñîáîé ãåíåòè÷åñêè îäíîðîäíóþ ãðóïïó, îáðàçîâàâøóþñÿ, âåðî-
ÿòíî, â ðåçóëüòàòå îòíîñèòåëüíî íåäàâíåé è áûñòðîé äèâåðãåíöèè îò îáùåãî ïðåäêà è âûñîêîé ñòå-
ïåíè èíòðîãðåññèâíîé ãèáðèäèçàöèè. Êîëîíèçàöèÿ äàëüíåâîñòî÷íîé ÷àñòè àðåàëà S. berberifolia
s. l. ïðîèçîøëà, âåðîÿòíî, â ïîçäíåïëåéñòîöåíîâîå âðåìÿ. Êîñâåííûì ôàêòîì ýòîãî ìîæåò ñëóæèòü
ñëàáàÿ ìîðôîëîãè÷åñêàÿ îáîñîáëåííîñòü âèäîâ. Êîìïëåêñ «áàðáàðèñîëèñòíûõ» èâ ìîæíî óñëîâíî
ïîäðàçäåëèòü íà äâå áëèçêîðîäñòâåííûå ãðóïïû, ïåðâàÿ èç íèõ âêëþ÷àåò S. berberifolia, S. fimbriata
è S. kamtschatica, âòîðàÿ — S. tschuktschorum, S. kimurana è S. vyshinii, ïðè ýòîì äâà ïîñëåäíèõ
âèäà, âåðîÿòíî, êîíñïåöèôè÷íû.

Ê ë þ ÷ å â û å ñ ë î â à: Salix, Salix aggr. berberifolia, Salicaceae, ïîïóëÿöèÿ, ìåæãåííûå ñïåéñåðû
trnS-psbZ, trnC-petN, petN-psbM, õëîðîïëàñòíàÿ ÄÍÊ, ñåâåðî-âîñòî÷íàÿ Àçèÿ.
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Analysis of variability of the nucleotide sequences of intergenic spacers of chloroplast DNA (the
trnS-psbZ, the trnC-petN and the petN-psbM) in closely related species of the Salix aggr. berberifolia Pall.
(S. berberifolia, S. fimbriata, S. kamtschatica, S. kimurana, S. vyshinii, S. tschuktschorum) revealed very
low or no genetic differentiation. The level of nucleotide and gene diversity in the species populations va-
ries within 0.000000—0.009722 and 0.000—1.000, respectively. Combinations of polymorphic sites form
14 haplotypes, of which 8 are unique. All studied species have a common haplotype; in addition common
haplotypes occur in two or three species. Genetic distances between the species amounted to 0.001, except
S. kimurana—S. tschuktschorum, S. kimurana—S. vyshinii, S. tschuktschorum—S. vyshinii, where they
are zero. The low level of variability and the presence of common haplotypes indicate that these species
present a genetically homogeneous group, formed probably as a result of a relatively recent and rapid di-
vergence from a common ancestor, as well as a high degree of introgression hybridization (the reticulate
evolution). The results indicate a relatively recent colonization of the Far Eastern part of the S. berberifo-
lia s. l. range, probably in the Late Pleistocene. Weak morphological distinctions between S. aggr. berbe-
rifolia species may serve as an indirect evidence of the above. The complex of the «barberryleaved» wil-
lows can be conditionally subdivided into two closely related groups. The first group includes S. berberi-
folia, S. fimbriata and S. kamtschatica, the second one — S. tschuktschorum, S. kimurana and S. vyshinii
(the latter two are probably conspecific).

K e y w o r d s: Salix, Salix aggr. berberifolia, Salicaceae, population, intergenic spacers trnS-psbZ,
trnC-petN, petN-psbM, chloroplast DNA, North-East Asia.

Íåäàâíî ïðîâåäåííîå ñðàâíåíèå íóêëåîòèäíûõ ïîñëåäîâàòåëüíîñòåé äåñÿòè
ðåãèîíîâ õëîðîïëàñòíîé ÄÍÊ (õïÄÍÊ) è ITS ÿäåðíîé ðèáîñîìàëüíîé ÄÍÊ ó
86 âèäîâ ðîäà Salix L. èç òðåõ ïîäðîäîâ — Salix, Chamaetia (Dumort.) Nasarow è
Vetrix (Dumort.) Dumort., à òàêæå Chosenia arbutifolia (Pall.) A. K. Skvortsov (Bar-
kalov, Kozyrenko, 2014) âûÿâèëî ñëàáóþ ãåíåòè÷åñêóþ äèâåðãåíöèþ ó âèäîâ,
ïðèíàäëåæàùèõ ïîäðîäó Salix â øèðîêîì åãî ïîíèìàíèè, âêëþ÷àÿ C. arbutifolia
(Skvortsov, 1968), C. arbutifolia âêëþ÷àåòñÿ â ðîä Salix. Âçàèìîîòíîøåíèÿ ïîäðî-
äîâ Chamaetia è Vetrix îñòàëèñü íå ðàçðåøåííûìè — ó áîëüøèíñòâà âèäîâ ïî-
ñëåäîâàòåëüíîñòè ðàçëè÷àëèñü íåñêîëüêèìè çàìåíàìè èëè áûëè èäåíòè÷íû.

Íàñòîÿùåå èññëåäîâàíèå îäíî èç ïåðâûõ, íàïðàâëåííîå íà èçó÷åíèå ñòðóêòó-
ðèðîâàííîñòè ïîïóëÿöèé àçèàòñêèõ âèäîâ Salix èç ïîäðîäà Chamaetia ñ ïîìîùüþ
ìàðêåðîâ õëîðîïëàñòíîãî ãåíîìà. Òàêñîíîìè÷åñêèé ñòàòóñ, ïîëîæåíèå â ñèñòåìå
è ðîäñòâåííûå îòíîøåíèÿ ðÿäà âèäîâ, ïðèíàäëåæàùèõ ýòîìó ïîäðîäó, îñîáåííî
â ãðóïïå «áàðáàðèñîëèñòíûõ» èâ (Salix aggr. berberifolia Pall.), äî ñèõ ïîð íåÿñíû
èëè äèñêóòèðóþòñÿ. Ñóùåñòâóþò äèàìåòðàëüíî ïðîòèâîïîëîæíûå ìíåíèÿ â îò-
íîøåíèè èäåíòèôèêàöèè èâ èç ðàéîíîâ, ïðèìûêàþùèõ ê çàïàäíîìó ïîáåðåæüþ
Îõîòñêîãî ìîðÿ (õðåáòû Äæóãäæóð, Ìàéñêèé è äð.); èõ îïðåäåëÿþò èëè êàê
S. tschuktschorum A. K. Skvortsov (Skvortsov, 1968), èëè êàê S. berberifolia Pall.
(Nedoluzhko, 1995). Òî æå îòíîñèòñÿ ê êàì÷àòñêîé (S. kamtschatica (A. K. Skvort-
sov) Vorosch.) è ñèõîòý-àëèíüñêîé (S. vyshinii (Nedol.) Petruk) ðàñàì.

Êîìïëåêñ Salix aggr. berberifolia âêëþ÷àåò ñåìü áëèçêîðîäñòâåííûõ âèäîâ,
ðàñïðîñòðàíåííûõ â ãîðíûõ ðàéîíàõ Ñèáèðè è ðîññèéñêîãî Äàëüíåãî Âîñòîêà
(Baikov, Petruk, 2012), à çà ïðåäåëàìè Ðîññèè — â Êèòàå (Fang et al., 1999) è íà
Êîðåéñêîì ï-îâå (Park, 2007). Ê íèì îòíîñÿòñÿ S. brayi Ledeb. (Þæíàÿ Ñèáèðü,
Ìîíãîëèÿ, Ñåâåðî-Çàïàäíûé Êèòàé), S. berberifolia Pall. s. str. (Ñèáèðü è ðîññèé-
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ñêèé Äàëüíèé Âîñòîê, çà èñêëþ÷åíèåì àðêòè÷åñêèõ ðàéîíîâ, Êàì÷àòêè è Êó-
ðèëüñêèõ îñòðîâîâ), S. fimbriata (A. K. Skvortsov) Czerep. (íèçîâüå ð. Ëåíà, õðåá-
òû âîñòî÷íåå ð. Èíäèãèðêà, Âåðõîÿíñêèé õðåáåò è õð. ×åðñêîãî), S. kamtschatica
(Êàì÷àòêà), S. kimurana (Miyabe et Tatew.) Miyabe et Tatew. (Ñàõàëèí), S. tschukts-
chorum (ãîðíûå ñèñòåìû ê âîñòîêó îò ð. Ëåíû, âêëþ÷àÿ õðåáòû Âåðõîÿíñêèé è
×åðñêîãî, íàãîðüÿ Àíþéñêîå, ×óêîòñêîå, Àíàäûðñêîå, Êîëûìñêîå, áàññåéíû ðåê
Àíàäûðü è Ïåíæèíà), S. vyshinii (õð. Ñèõîòý-Àëèíü, ï-îâ Êîðåÿ(?)).

Ýòî ðàñïëàñòàííûå èëè ïðèçåìèñòûå êóñòàðíè÷êè ñ ïîäóøêîâèäíîé ïîëóñôå-
ðè÷åñêîé êðîíîé, íå ïðåâûøàþùèå 50 ñì âûñ. Íà âåòâÿõ â òå÷åíèå íåñêîëüêèõ
ëåò ñîõðàíÿþòñÿ îòìåðøèå ëèñòüÿ. Îñíîâíûå îòëè÷èÿ âèäîâ ñâîäÿòñÿ ê ãàáèòóñó,
õàðàêòåðó ëèñòîâîé ïëàñòèíêè (öåëüíàÿ èëè íàäðåçàííàÿ), âûðàæåííîñòè è êîëè-
÷åñòâó çóáöîâ ïî åå êðàþ, à òàêæå íàëè÷èþ èëè îòñóòñòâèþ óñòüèö íà âåðõíåé
ñòîðîíå ëèñòüåâ è èõ ðàçìåðàì. Äðóãèå ïðèçíàêè: ðàçìåðû ëèñòüåâ, õàðàêòåð
îïóøåíèÿ çàâÿçè, äëèíà ñòîëáèêîâ è ðûëåö, î÷åíü èçìåí÷èâû äàæå â ïðåäåëàõ
îäíîé ïîïóëÿöèè. Æèçíåííàÿ ôîðìà ðàñòåíèé çàâèñèò îò òèïà ìåñòîîáèòàíèé.
Â ñèñòåìàòè÷åñêîì îòíîøåíèè ýòîò êîìïëåêñ âèäîâ îòíîñèòñÿ ê åâðàçèàò-
ñêî-àìåðèêàíñêîé ñåêöèè Myrtosalix A. Kern. (Skvortsov, 1968; Baikov, Petruk,
2012) ïîäðîäà Chamaetia, èíîãäà ïîìåùàåòñÿ â ïîäñåêöèþ Sempervirentes
A. P. Khokhr. (Khokhriakov, 1979; Nedoluzhko, 1995) èëè äîïîëíèòåëüíî â ïîäñåê-
öèþ Berberifoliae Petruk (Petruk, 2011) òîé æå ñåêöèè. Â îòíîøåíèè ïîíèìàíèÿ
îáúåìà òàêñîíîâ, îáúåäèíåííûõ çäåñü â êîìïëåêñ S. aggr. berberifolia, äî ñèõ ïîð
íåò åäèíîãî ìíåíèÿ. Âñå èëè ÷àñòü èç íèõ ïðèíèìàþòñÿ ëèáî â ðàíãå âèäà (Che-
repanov, 1981, 1995; Nedoluzhko, 1995; Baikov, Petruk, 2012), ëèáî â ðàíãå ïîäâè-
äà (Skvortsov, 1966, 1968; Voroshilov, 1985; Bolshakov, 1992; Nikolin, 2013; Koro-
pachinskiy, 2015), ðåæå — ðàçíîâèäíîñòè (Nazarov, 1936; Park, 2007). Íóæíî ñî-
ãëàñèòüñÿ ñ ìíåíèåì Ñêâîðöîâà (Skvortsov, 1968), ÷òî ñèñòåìàòèêà S. berberifolia
s. l. íóæäàåòñÿ â äàëüíåéøåì èçó÷åíèè.

Öåëü äàííîãî èññëåäîâàíèÿ — èçó÷èòü ãåíåòè÷åñêóþ èçìåí÷èâîñòü, ñòðóêòó-
ðó ïîïóëÿöèé è âçàèìîîòíîøåíèÿ ñåâåðî-âîñòî÷íîàçèàòñêèõ âèäîâ êîìïëåêñà
Salix aggr. berberifolia ñ ïîìîùüþ ìàðêåðîâ õëîðîïëàñòíîãî ãåíîìà.

Ìàòåðèàë è ìåòîäèêà

Ìàòåðèàëîì äëÿ èññëåäîâàíèÿ ñëóæèëî 101 ðàñòåíèå èç 13 ïðèðîäíûõ ïîïó-
ëÿöèé øåñòè âèäîâ ðîäà Salix — S. berberifolia, S. fimbriata, S. kamtschatica, S. ki-
murana, S. tschuktschorum, S. vyshinii (òàáë. 1, ðèñ. 1). Âàó÷åðíûå îáðàçöû ðàñòå-
íèé õðàíÿòñÿ â ãåðáàðèè Áèîëîãî-ïî÷âåííîãî èíñòèòóòà ÄÂÎ ÐÀÍ (VLA). Àâòî-
ðû òàêñîíîâ ïðèâåäåíû ïî áàçå äàííûõ International Plant Names Index (IPNI)
(http://www.ipni.org/ipni/authorssearchpage.do).

Èíäèâèäóàëüíûå ïðåïàðàòû òîòàëüíîé ÄÍÊ âûäåëåíû èç âûñóøåííûõ â ñè-
ëèêàãåëå ëèñòüåâ ñ èñïîëüçîâàíèåì íàáîðà DNeasy Plant Mini Kits (Qiagen, Hil-
den, Germany) ñîãëàñíî ïðîòîêîëó ïðîèçâîäèòåëÿ.

Ïîñëå ïðîâåðêè óñïåøíîñòè àìïëèôèêàöèè è íàëè÷èÿ ïîëèìîðôèçìà äëÿ èñ-
ñëåäîâàíèÿ áûëî îòîáðàíî òðè ðåãèîíà õïÄÍÊ: trnS-psbZ, trnC-petN è petN-psbM.
Àìïëèôèêàöèþ ìåæãåííûõ ñïåéñåðîâ õïÄÍÊ ïðîâîäèëè ñ èñïîëüçîâàíèåì óíè-
âåðñàëüíûõ ïðàéìåðîâ, ðåàêöèîííûõ óñëîâèé è òåìïåðàòóðíûõ ðåæèìîâ, ðåêî-
ìåíäîâàííûõ äëÿ ýòèõ ó÷àñòêîâ (Demesure et al., 1995; Heinze, 2007; Hamza-Babi-
ker et al., 2009). Êîíöåíòðàöèþ è ðàçìåð ïðîäóêòîâ îöåíèâàëè ñ ïîìîùüþ ýëåêò-
ðîôîðåçà â 1.2%-ì àãàðîçíîì ãåëå. Öèêëè÷åñêîå ñåêâåíèðîâàíèå îáåèõ öåïåé
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ÒÀÁËÈÖÀ 1
Èññëåäóåìûå ïîïóëÿöèè âèäîâ Salix aggr. berberifolia

TABLE 1. Studied populations of the Salix aggr. berberifolia species

Âèä
Species

Êîä
ïîïóëÿöèè

Code of
population

Ìåñòîíàõîæäåíèå (÷èñëî îáðàçöîâ)
Locality (number of samples)

Salix berberifolia Pall.
s. str.

BER29 Àìóðñêàÿ îáë., Àòàãñêèé õðåáåò, ðó÷åé Áîëüøîé
Êóðóìêàí (4)
Amur Region, Atagskiy Ridge, Bol’shoi Kurumkan
stream (4)

BER148 Õàáàðîâñêèé êðàé, Áàäæàëüñêèé õðåáåò, ðó÷åé Êàìå-
íèñòûé (3)
Khabarovsk Territory, Badzhalskiy Ridge, Kamenistyi
stream (3)

Salix fimbriata
(A. K. Skvortsov) Czerep.

FIM102 Ìàãàäàíñêàÿ îáë., õðåáåò Áîëüøîé Òóîííàõ,
ãîðà Ýçîï (2)
Magadan Region, Bol’shoi Tuonnakh Ridge, Mt. Ezop (2)

FIM131 Ìàãàäàíñêàÿ îáë., áàññ. ð. Êîëûìà, ãîðà Çàìêîâàÿ, (5)
Magadan Region, Kolyma River basin, Mt. Zamkovaya (5)

Salix kamtschatica
(A. K. Skvortsov)
Vorosch.

KAM12 Êàì÷àòêà, âåðõîâüå ð. Êèðåâíà, ãîðà Àëíåé (13)
Kamchatka, upper Kirevna River, Mt. Alnei (13)

Salix kimurana (Miyabe et
Tatew.) Miyabe et Tatew.

KIM62 Ñàõàëèí, Íàáèëüñêèé õðåáåò, ×àìãèíñêèé ïåðåâàë (4)
Sakhalin, Nabilskiy Ridge, Chamginskiy Pass (4)

KIM239 Ñàõàëèí, âåðõîâüå ð. Âèòíèöà, ãîðà Âàéäà (5)
Sakhalin, upper Vitnitsa River, Mt. Vaida (5)

Salix tschuktschorum
A. K. Skvortsov

TSC36 ×óêîòêà, Áèëèáèíñêèé ð-í, âåðõîâüå ð. Äâîéíàÿ (3)
Chukotka, Bilibinskiy district, upper Dvoinaya River (3)

TSC88 Ìàãàäàíñêàÿ îáë., õðåáåò Áîëüøîé Òóîííàõ, ãîðà Ýçîï
(18)
Magadan Region, Bolshoi Tuonnakh Ridge, Mt. Ezop (18)

TSC116 Ìàãàäàíñêàÿ îáë., Îëüñêîå ïëàòî, ãîðà Ñêèô (18)
Magadan Region, Ol’skoye Plateau, Mt. Skif (18)

TSC195 Ìàãàäàíñêàÿ îáë., Îìñóê÷àíñêèé ð-í, Êèëãàíñêèå ãî-
ðû (18)
Magadan Region, Omsukchanskiy district, Kilganskiye
Mountains (18)

TSC257 Ìàãàäàíñêàÿ îáë., Ñåâåðî-Ýâåíñêèé ð-í, âåðõîâüå
ð. Êåãàëè (3)
Magadan Region, Severo-Evenski district, upper Kegali
River (3)

Salix vyshinii (Nedol.)
Petruk

VYS189 Õàáàðîâñêèé êðàé, õðåáåò Ñèõîòý-Àëèíü, ãîðà Òàðäî-
êè-ßíè (5)
Khabarovsk Territory, Sikhote-Alin’ Ridge, Mt. Tardo-
ki-Yani (5)



ôðàãìåíòîâ ÄÍÊ îñóùåñòâëÿëè ñ èñïîëüçîâàíèåì íàáîðà ôëóîðåñöåíòíî ìå÷å-
íûõ íóêëåîòèäîâ Big Dye Terminator v.3.1 (Applied Biosystems, USA). Íóêëåîòèä-
íûå ïîñëåäîâàòåëüíîñòè îïðåäåëÿëè íà ãåíåòè÷åñêîì àíàëèçàòîðå ABI 3130
(Applied Biosystems, Foster City, USA) è ñîáèðàëè ñ ïîìîùüþ ïàêåòà ïðîãðàìì
Staden Package v. 1.5 (Bonfeld et al., 1995). Äëÿ êàæäîãî îáðàçöà íóêëåîòèäíûå
ïîñëåäîâàòåëüíîñòè ðåãèîíîâ âûðàâíèâàëè âðó÷íóþ ñ èñïîëüçîâàíèåì ïðîãðàì-
ìû SEAVIEW (Galtier et al., 1996) è îáúåäèíÿëè â îäíó ìàòðèöó.

Ðàñ÷åò òàêèõ ïîïóëÿöèîííûõ ïàðàìåòðîâ, êàê ãåííîå è íóêëåîòèäíîå ðàçíî-
îáðàçèå, ÷àñòîòà âñòðå÷àåìîñòè ãàïëîòèïîâ â ïîïóëÿöèÿõ, âûïîëíåíû â ïðîãðàì-
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Ðèñ. 1. Êàðòà-ñõåìà ìåñò ñáîðà îáðàçöîâ è ðàñïðåäåëåíèå ÷àñòîò ãàïëîòèïîâ H1—H14 â ïîïó-
ëÿöèÿõ.

Ãàïëîòèïû ïðåäñòàâëåíû â âèäå êðóãîâûõ äèàãðàìì. Êîä ïîïóëÿöèè ñì. â òàáë. 1.

Fig. 1. Schematic map showing the location of the sampling sites and the frequency distribution of haplo-
types H1—H14 in populations. Haplotypes are presented in the form of pie charts.

The population codes are given in Table 1.
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ÒÀÁËÈÖÀ 2
Ãåíåòè÷åñêîå ðàçíîîáðàçèå ïîïóëÿöèé âèäîâ Salix aggr. berberifolia

è íîìåðà äîñòóïà íóêëåîòèäíûõ ïîñëåäîâàòåëüíîñòåé ðåãèîíîâ trnS-psbZ, trnC-petN
è petN-psbM â áàçå äàííûõ DDBJ/EMBL/GenBank

TABLE 2. The genetic diversity of populations of Salix aggr. berberifolia species,
and accession numbers for sequences of the trnS-psbZ, trnC-petN and petN-psbM regions

in the DDBJ/EMBL/GenBank database

Ïîïóëÿöèè
Populations

Íóêëåîòèäíîå
ðàçíîîáðàçèå

Nucleotide
diversity

Ãåííîå
ðàçíîîáðàçèå
Gene diversity

Ãàïëîòèï
Haplotype

Íîìåð äîñòóïà â DDBJ/EMBL/GenBank
Accession number in DDBJ/EMBL/ GenBank

trnS-psbZ / trnC-petN / petN-psbM

BER29 0.004630
(0.003304)

0.8333
(0.2224)

H1 LN864825/LN864835/LN864845

H2 LN864855/LN864858/LN864861
H3 LN864864/LN864868/LN864872

BER148 0.009722
(0.007551)

1.0000
(0.2722)

H3 LN864865/LN864869/LN864873
H4 LN864876/LN864877/LN864878
H5 LN864879/LN864880/LN864881

FIM102 0.000000
(0.000000)

0.0000
(0.0000)

H6 LN864882/LN864886/LN864890

FIM131 0.004303
(0.002878)

1.0000
(0.1265)

H1 LN864826/LN864836/LN864846
H2 LN864856/LN864859/LN864862
H3 LN864866/LN864870/LN864874
H6 LN864883/LN864887/LN864891
H7 LN864894/LN864895/LN864896

KAM12 0.000269
(0.000304)

0.3846
(0.1321)

H1 LN864827/LN864837/LN864847
H2 LN864857/LN864860/LN864863

KIM62 0.002787
(0.002095)

0.8333
(0.2224)

H1 LN864828/LN864838/LN864848
H8 LN864897/LN864898/LN864899
H9 LN864900/LN864903/LN864906

KIM239 0.002509
(0.001784)

0.6000
(0.1753)

H1 LN864829/LN864839/LN864849
H9 LN864901/LN864904/LN864907

TSC36 0.006023
(0.004790)

0.6667
(0.3143)

H1 LN864830/LN864840/LN864850
H10 LN864909/LN864910/LN864911

TSC88 0.004865
(0.002680)

0.7647
(0.0551)

H1 LN864831/LN864841/LN864851
H3 LN864867/LN864871/LN864875
H6 LN864884/LN864888/LN864892

H11 LN864912/LN864913/LN864914
H12 LN864915/LN864916/LN864917

TSC116 0.000000
(0.000000)

0.0000
(0.0000)

H1 LN864832/LN864842/LN864852

TSC195 0.000594
(0.000493)

0.4248
(0.0993)

H1 LN864833/LN864843/LN864853
H13 LN864918/LN864919/LN864920

TSC257 0.000466
(0.000581)

0.6667
(0.3143)

H6 LN864885/LN864889/LN864893
H14 LN864921/LN864922/LN864923

VYS189 0.001672
(0.001268)

0.4000
(0.2373)

H1 LN864834/LN864844/LN864854
H9 LN864902/LN864905/LN864908

Ï ð è ì å ÷ à í è å. Â ñêîáêàõ äàíû çíà÷åíèÿ ñðåäíåãî îòêëîíåíèÿ; æèðíûì øðèôòîì îòìå÷åíû
óíèêàëüíûå ãàïëîòèïû. Êîä ïîïóëÿöèè ñì. òàáë. 1.

N o t e. The average values of the deviation are given in parentheses; unique haplotypes are printed in bold
type. For populations denoted by the codes see Table 1.



ìå Arlequin âåðñèè 3.5 (Excoffier, Lischer, 2010). Èåðàðõè÷åñêîå ðàñïðåäåëåíèå
ãåíåòè÷åñêîé èçìåí÷èâîñòè (âíóòðè ïîïóëÿöèé, ìåæäó ïîïóëÿöèÿìè â ïðåäåëàõ
ãðóïï è ìåæäó ãðóïïàìè) îöåíèâàëè ñ ïîìîùüþ àíàëèçà ìîëåêóëÿðíîé âàðèàöèè
(AMOVA) â ïðîãðàììå Arlequin. Ãðóïïû áûëè ñôîðìèðîâàíû ïî òàêñîíîìè÷å-
ñêîìó ïðèçíàêó, ò. å. êàæäàÿ ãðóïïà ñîîòâåòñòâîâàëà îïðåäåëåííîìó âèäó. Ñòà-
òèñòè÷åñêóþ çíà÷èìîñòü èíäåêñîâ ôèêñàöèè îöåíèâàëè ñ ïîìîùüþ 1023 ïåðìó-
òàöèé. Ïîëèìîðôèçì ïîñëåäîâàòåëüíîñòåé è êîëè÷åñòâî ãàïëîòèïîâ îöåíèâàëè â
ïðîãðàììå DnaSP âåðñèè 5.10 (Librado, Rozas, 2009). Íóêëåîòèäíûå ïîñëåäîâà-
òåëüíîñòè òðåõ ðåãèîíîâ õïÄÍÊ äëÿ êàæäîãî ãàïëîòèïà èññëåäóåìûõ ïîïóëÿöèé
äåïîíèðîâàíû â áàçó äàííûõ DDBJ/EMBL/GenBank (òàáë. 2).

Ãåíåàëîãè÷åñêèå âçàèìîîòíîøåíèÿ ãàïëîòèïîâ îïðåäåëÿëè ìåòîäîì ìåäèàí-
íîãî ñâÿçûâàíèÿ (Median Joining, MJ) ñ ïîìîùüþ ïðîãðàììû NETWORK âåð-
ñèè 4.6.1.3 (Bandelt et al., 1999), êîäèðóÿ êàæäóþ èíñåðöèþ èëè äåëåöèþ, íåçàâè-
ñèìî îò èõ ðàçìåðà, êàê åäèíè÷íîå ìóòàöèîííîå ñîáûòèå. Â êà÷åñòâå âíåøíåé
ãðóïïû èñïîëüçîâàëè ïîñëåäîâàòåëüíîñòè ýòèõ æå ðåãèîíîâ (íîìåðà äîñòóïà â
DDBJ/EMBL/GenBank HE612016, HE614650, HE613968) — Populus suaveolens
Fisch., ïîëó÷åííûå íàìè ðàíåå (Barkalov, Kozyrenko, 2014).

Àíàëèç ïîïóëÿöèîííîé ñòðóêòóðû âñåé èññëåäóåìîé âûáîðêè (101 îáðàçåö) è
âûÿâëåíèÿ ãåíåòè÷åñêè îäíîðîäíûõ ãðóïï â íåé ïðîâîäèëè â ïðîãðàììå BAPS
(Bayesian analysis of population structure) âåðñèè 6 (Corander, Marttinen, 2006).
Ïåðâîíà÷àëüíî îïðåäåëÿëè íàèáîëåå âåðîÿòíîå ÷èñëî ãèïîòåòè÷åñêèõ êëàñòåðîâ
(K), íà êîòîðîå ìîæåò áûòü ðàçäåëåíà âñÿ âûáîðêà, è îöåíèâàëè âåðîÿòíîñòü îò-
íåñåíèÿ èññëåäóåìûõ îáðàçöîâ ê òîìó èëè èíîìó êëàñòåðó, èñïîëüçóÿ áàéåñîâ-
ñêèé ïîäõîä è àëãîðèòì ñòîõàñòè÷åñêîé îïòèìèçàöèè. Íàèáîëüøåå çíà÷åíèå ëî-
ãàðèôìà ìàðãèíàëüíîãî ïðàâäîïîäîáèÿ ñâèäåòåëüñòâóåò î ìàêñèìàëüíîé âåðîÿò-
íîñòè íàëè÷èÿ ñîîòâåòñòâóþùåãî ÷èñëà ãåíåòè÷åñêèõ ãðóïï. Äàííûå áûëè
ïðîàíàëèçèðîâàíû äåñÿòèêðàòíî äëÿ êàæäîãî çíà÷åíèÿ K îò 2 äî 29. Çàòåì ïðî-
âîäèëñÿ àíàëèç ñ èñïîëüçîâàíèåì ìîäåëè ãåíåòè÷åñêîãî ñìåøåíèÿ (admixture),
êîòîðàÿ ïðåäïîëàãàåò ãåíåòè÷åñêóþ áëèçîñòü ñðàâíèâàåìûõ ïîïóëÿöèé, ðàâíîâå-
ñèå Õàðäè-Âàéíáåðãà è ðàâíîâåñèå ïî ñöåïëåíèþ äëÿ àíàëèçèðóåìûõ ìàðêåðîâ
(Corander, Marttinen, 2006; Corander et al., 2008).

Ðåçóëüòàòû

Ïîëó÷åíû íóêëåîòèäíûå ïîñëåäîâàòåëüíîñòè ìåæãåííûõ ñïåéñåðîâ
trnS-psbZ, trnC-petN è petN-psbM õïÄÍÊ äëÿ 101 îáðàçöà. Èçìåí÷èâîñòü äàííûõ
ðåãèîíîâ íåîäèíàêîâà. Äëèíà ïîñëåäîâàòåëüíîñòåé îäíîãî ðåãèîíà ó îáðàçöîâ
ðàçíàÿ âñëåäñòâèå ïðèñóòñòâèÿ èíñåðöèé/äåëåöèé (èíäåëåé) è ìîíîíóêëåîòèä-
íûõ ïîâòîðîâ. Òàê, äëèíà trnS-psbZ âàðüèðóåò îò 455 äî 465 ïí (ïàð íóêëåîòèäîâ),
ðàçíèöà îáóñëîâëåíà ïðèñóòñòâèåì èíñåðöèè 10 íóêëåîòèäîâ (AATAGAACAT)
ó 10 îáðàçöîâ è âàðèàáåëüíîãî ìîíîíóêëåîòèäíîãî ïîâòîðà — ïîëè-(T) ìîòèâ, â
êîòîðîì 9—11 ïîâòîðîâ. Â ïîñëåäîâàòåëüíîñòÿõ äàííîãî ðåãèîíà îáíàðóæåíà
îäíà íóêëåîòèäíàÿ íåèíôîðìàòèâíàÿ (åäèíè÷íàÿ) çàìåíà. Äëèíà ðåãèîíà
trnC-petN òàêæå ðàçíàÿ (407—413 ïí) èç-çà ïðèñóòñòâèÿ èíñåðöèè 6 íóêëåîòèäîâ
(ATCTTT) â 7 îáðàçöàõ è âàðèàáåëüíîãî ïîëè-(T) ìîòèâà, â êîòîðîì 9—11 ïî-
âòîðîâ. Êðîìå òîãî, îáíàðóæåíû íóêëåîòèäíûå çàìåíû â ÷åòûðåõ ñàéòàõ, èç íèõ
îäíà èíôîðìàòèâíà ñîãëàñíî ìåòîäó ìàêñèìàëüíîé ýêîíîìèè. Äëèíà petN-psbM
ó âñåõ îáðàçöîâ ñîñòàâèëà 567 ïí, êðîìå îäíîãî (560 ïí) â ñâÿçè ñ äåëåöèåé ñåìè
íóêëåîòèäîâ (TTTTAAA). Â ïîñëåäîâàòåëüíîñòÿõ äàííîãî ðåãèîíà âûÿâëåíû òðè
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ïîëèìîðôíûõ ñàéòà, èç íèõ äâà èíôîðìàòèâíû ñîãëàñíî ìåòîäó ìàêñèìàëüíîé
ýêîíîìèè.

Äëèíà ìàòðèö trnS-psbZ, trnC-petN è petN-psbM ïîñëå âûðàâíèâàíèÿ ñîñòàâè-
ëà 467, 415 è 567 ïí ñîîòâåòñòâåííî. Êîìáèíèðîâàííûé íàáîð îáúåäèíåííûõ ïî-
ñëåäîâàòåëüíîñòåé ðåãèîíîâ, âêëþ÷àÿ èíäåëè, ñîñòàâèë 1449 ïí. Îáíàðóæåíî
8 âàðèàáåëüíûõ ñàéòîâ, èç íèõ òðè (ïîçèöèè 600, 1045, 1336) èíôîðìàòèâíû ñî-
ãëàñíî ìåòîäó ìàêñèìàëüíîé ýêîíîìèè è ïÿòü åäèíè÷íûõ (ïîçèöèè 217, 575,
637, 672, 1224).

Óðîâåíü íóêëåîòèäíîãî è ãåííîãî ðàçíîîáðàçèÿ â ïîïóëÿöèÿõ èçìåíÿåòñÿ â
ïðåäåëàõ 0.000000—0.009722 è 0.000—1.000 ñîîòâåòñòâåííî (òàáë. 2). Äâå ïîïó-
ëÿöèè — FIM102 S. fimbriata è TSC116 S. tschuktschorum — ìîíîìîðôíû. Îòñóò-
ñòâèå ãàïëîòèïè÷åñêîãî ðàçíîîáðàçèÿ â ïîïóëÿöèÿõ îáúÿñíÿåòñÿ, âåðîÿòíî, ñðàâ-
íèòåëüíî íåäàâíåé êîëîíèçàöèåé äàëüíåâîñòî÷íîé ÷àñòè àðåàëîâ. Áîëåå èíôîð-
ìàòèâíûì ïîêàçàòåëåì ÿâëÿåòñÿ íóêëåîòèäíîå ðàçíîîáðàçèå, òàê êàê ðàçìàõ
ðàçëè÷èé íóêëåîòèäíûõ ïîñëåäîâàòåëüíîñòåé îòðàæàåò ýâîëþöèîííóþ äèñòàí-
öèþ ìåæäó íèìè, ôîðìèðóþùóþñÿ â õîäå ìóòàöèîííîãî ïðîöåññà. Íàèáîëüøåå
íóêëåîòèäíîå ðàçíîîáðàçèå (0.009722) îïðåäåëåíî â ïîïóëÿöèè BER148 âèäà
S. berberifolia íà Áàäæàëüñêîì õðåáòå. Äèâåðãåíöèÿ íóêëåîòèäíûõ ïîñëåäîâà-
òåëüíîñòåé ìåæãåííûõ ñïåéñåðîâ ìåæäó èññëåäóåìûìè âèäàìè, ðàññ÷èòàííàÿ
êàê ñðåäíåå ÷èñëî íóêëåîòèäíûõ çàìåí íà ñàéò, èçìåíÿåòñÿ îò 0.00016 (S. kimura-
na—S. vyshinii) äî 0.00090 (S. berberifolia—S. tschuktschorum), â ñðåäíåì 0.00059.
Ãåíåòè÷åñêèå äèñòàíöèè (D) ìåæäó âèäàìè ñîñòàâèëè 0.001, êðîìå S. kimura-
na—S. tschuktschorum, S. kimurana—S. vyshinii, S. tschuktschorum—S. vyshinii, ó
êîòîðûõ D = 0.000. Ïîëó÷åííûå äàííûå óêàçûâàþò íà î÷åíü íèçêóþ äèôôåðåí-
öèàöèþ èëè åå îòñóòñòâèå ó èññëåäóåìûõ âèäîâ Salix.

Àíàëèç 101 ïîñëåäîâàòåëüíîñòè âûÿâèë 14 ãàïëîòèïîâ (H1—H14), âîñåìü èç
íèõ áûëè óíèêàëüíûìè, ò. å. ïðèñóòñòâîâàëè òîëüêî â îäíîì îáðàçöå. Ñåòü ãåíåà-
ëîãè÷åñêèõ ñâÿçåé ãàïëîòèïîâ, ïîñòðîåííàÿ ïî ðåçóëüòàòàì àíàëèçà íóêëåîòèä-
íîãî ïîëèìîðôèçìà ñ ó÷åòîì èíäåëåé ìåòîäîì MJ, ïîêàçûâàåò îòñóòñòâèå êà-
êèõ-ëèáî ôèëîãåíåòè÷åñêèõ ãðóïï (ðèñ. 2). Íàëè÷èå ïåòëåâûõ ñòðóêòóð â ñåòè
(àëüòåðíàòèâíûå ñâÿçè) óêàçûâàåò íà âûñîêèé óðîâåíü ðåêîìáèíàöèè èëè ãîìî-
ïëàçèè, ÷òî óìåíüøàåò òî÷íîñòü ôèëîãåíåòè÷åñêèõ âûâîäîâ (Marshall et al., 2001;
Hale et al., 2004).

Ãàïëîòèï H1 ïðèñóòñòâóåò ñ íàèáîëüøåé ÷àñòîòîé âñòðå÷àåìîñòè (40.6 %) è
ÿâëÿåòñÿ, ïî-âèäèìîìó, àíöåñòðàëüíûì (ïðåäêîâûì) ãàïëîòèïîì, çàòåì ïî óìå-
íüøåíèþ ÷àñòîò ñëåäóþò ãàïëîòèïû H13 (12.9 %), H2 (11.9 %), H6 (10.9 %), H3
(8.9 %), H9 (6.9 %) è äàëåå âîñåìü óíèêàëüíûõ ãàïëîòèïîâ (0.99 %). Âñå èññëåäó-
åìûå âèäû èìåþò îáùèé ãàïëîòèï H1. Êðîìå ýòîãî, îáíàðóæåíû îáùèå ãàïëîòè-
ïû ó äâóõ èëè òðåõ âèäîâ (ðèñ. 1, 2; òàáë. 2). Òàê, ãàïëîòèï H2 ïðèñóòñòâóåò ó
S. berberifolia, S. fimbriata è S. kamtschatica, ãàïëîòèï H3 — ó S. berberifolia,
S. fimbriata è S. tschuktschorum, ãàïëîòèï H6 — ó S. fimbriata è S. tschuktschorum,
ãàïëîòèï H9 — ó S. kimurana è S. vyshinii. Íàëè÷èå îáùèõ ãàïëîòèïîâ ó áëèçêî-
ðîäñòâåííûõ âèäîâ, èìåþùèõ îïðåäåëåííûå ìîðôîëîãè÷åñêèå îòëè÷èÿ, ìîæíî
îáúÿñíèòü òåì, ÷òî â ðåçóëüòàòå èíòðîãðåññèè îðãàíåëüíàÿ ÄÍÊ îäíîãî âèäà ìî-
æåò èíîãäà çàìåùàòüñÿ òàêîâîé áëèçêîðîäñòâåííûõ âèäîâ ïîñðåäñòâîì îðãà-
íåëüíîãî çàõâàòà (Brunsfeld et al., 1992; Hardig et al., 2000).

Ñ ïîìîùüþ ïðîãðàììû BAPS ïðîàíàëèçèðîâàíà ñóììàðíàÿ âûáîðêà Salix.
Ìàêñèìàëüíàÿ âåëè÷èíà âåðîÿòíîñòè (P = 0.99997), ñîîòâåòñòâóþùàÿ ñðåäíåìó
çíà÷åíèþ ëîãàðèôìà ìàðãèíàëüíîãî ïðàâäîïîäîáèÿ lnP(D) = –271.516, áûëà íàé-
äåíà äëÿ Ê = 4. Âåðîÿòíîñòü ïðèíàäëåæíîñòè êàæäîãî ïðîàíàëèçèðîâàííîãî îá-
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ðàçöà ê îäíîé èç ÷åòûðåõ ãèïîòåòè÷åñêèõ ãðóïï — Ñ1, Ñ2, Ñ3 è Ñ4 — ïðåäñòàâ-
ëåíà íà ðèñ. 3. Îáðàçöû âèäîâ S. fimbriata è S. tschuktschorum ðàñïðåäåëåíû âî
âñåõ ÷åòûðåõ ãðóïïàõ, S. berberifolia — â Ñ1, Ñ3 è Ñ4, à S. kamtschatica, S. kimura-
na è S. vyshinii — òîëüêî â Ñ1 è Ñ4. Êðîìå ýòîãî, îáðàçöû ðàçíûõ ïîïóëÿöèé îä-
íîãî âèäà èìåþò íåîäèíàêîâóþ êëàñòåðíóþ ïðèíàäëåæíîñòü. Òàê, ó S. tschukt-
schorum ïîïóëÿöèÿ TSC88 ïðåäñòàâëåíà îáðàçöàìè, îòíîñÿùèìèñÿ êî âñåì ÷åòû-
ðåì ãðóïïàì, à ïîïóëÿöèÿ TSC116 ÿâëÿåòñÿ ãîìîãåííîé, âñå îáðàçöû êîòîðîé
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Ðèñ. 2. Ôèëîãåíåòè÷åñêàÿ ñåòü ãàïëîòèïîâ, ïîñòðîåííàÿ ìåòîäîì MJ â ïðîãðàììå NETWORK.
Ãàïëîòèïû îáîçíà÷åíû êðóæêàìè, ðàçìåð êîòîðûõ îòðàæàåò ïðèìåðíóþ ÷àñòîòó âñòðå÷àåìîñòè ãàïëîòèïîâ;
mv — ìåäèàííûé âåêòîð; ÷åðíûå òîíêèå ïåðåñåêàþùèå ëèíèè ïðåäñòàâëÿþò îäíî ìóòàöèîííîå ñîáûòèå; ÷åðíûå
òîëñòûå ïåðåñåêàþùèå ëèíèè — èíñåðöèÿ íóêëåîòèäîâ; áåëûå òîëñòûå ïåðåñåêàþùèå ëèíèè — äåëåöèÿ íóêëåî-
òèäîâ; ÷èñëî — ïîçèöèÿ ïîëèìîðôíîãî ñàéòà â îáùåé ìàòðèöå. * — ìóòàöèè äëÿ Populus suaveolens, èñïîëüçóå-

ìîãî â êà÷åñòâå âíåøíåé ãðóïïû, íå ðàññìàòðèâàþòñÿ è íå óêàçàíû.

Fig. 2. Phylogenetic network of haplotypes constructed with the help of the MJ method in the NETWORK
program.

Haplotypes are marked by circles, the size of circles reflects the haplotype frequency; mv — the median vector; black
thin intersecting lines represent a single mutational event; thick black line crossing — the insertion of nucleotides; thick
white intersecting lines — deletion of nucleotides; number — the position of the polymorphic sites in the overall matrix.

* — mutations to Populus suaveolens, used as an external group, is not considered and are not listed.
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ÒÀÁËÈÖÀ 3
Ðàñïðåäåëåíèå ñóììàðíîé ãåíåòè÷åñêîé èçìåí÷èâîñòè äëÿ 101 îáðàçöà

13 ïîïóëÿöèé øåñòè âèäîâ Salix aggr. berberifolia

TABLE 3. Distribution of the total genetic variability between 101 samples
of 13 populations of six Salix aggr. berberifolia species

Ãåíåòè÷åñêîå ðàçíîîáðàçèå
Genetic diversity

df SS CV %
Èíäåêñ ôèêñàöèè

Fixation index

Ìåæäó âèäàìè
Between species

5 40.238 0.24892 10.98 FCT = 0.10976*

Ìåæäó ïîïóëÿöèÿìè âèäà
Between populations of the
same species

7 38.139 0.50829 22.41 FSC = 0.25177**

Âíóòðè ïîïóëÿöèé
Within populations

88 132.930 1.51057 66.61 FST = 0.33390***

Îáùàÿ
Total

100 211.307 2.29401

Ï ð è ì å ÷ à í è å. df — ÷èñëî ñòåïåíåé ñâîáîäû, SS — ñóììà êâàäðàòîâ, CV — àáñîëþòíîå çíà÷åíèå
êîìïîíåíòû èçìåí÷èâîñòè, % — ïðîöåíò îáùåé èçìåí÷èâîñòè, ðàñïðåäåëåííîé â êàæäîé êîìïîíåíòå;
* — P > 0.10, ** — P < 0.004, *** — P = 0.000.

N o t e. df — degrees of freedom; SS — sum of squares, CV — variance components, % — percentage of the
total variance contributed by each component; * — P > 0.10, ** — P < 0.004, *** — P = 0.000.

Ðèñ. 3. Âåðîÿòíîñòü îòíåñåíèÿ èññëåäîâàííûõ îáðàçöîâ ê îäíîé èç ãèïîòåòè÷åñêèõ ãðóïï ïî ðåçóëü-
òàòàì àíàëèçà â ïðîãðàììå BAPS.

Êàæäûé âåðòèêàëüíûé ñòîëáåö ñîîòâåòñòâóåò îäíîìó îáðàçöó. Ñòîëáöû çàøòðèõîâàíû ðàçíûìè öâåòîâûìè ñåã-
ìåíòàìè (÷åðíûé, òåìíî-ñåðûé, ñâåòëî-ñåðûé, áåëûé), äëèíà êîòîðûõ ïðîïîðöèîíàëüíà äîëè, îòíîñÿùåéñÿ ê
îïðåäåëåííîé ãðóïïå. Îáðàçöû îäíîãî âèäà îòäåëåíû âåðòèêàëüíîé ëèíèåé: BER — 7 îáðàçöîâ Salix berberifolia,
FIM — 7 îáðàçöîâ S. fimbriata, KAM — 13 îáðàçöîâ S. kamtschatica, KIM — 9 îáðàçöîâ S. kimurana, TSC — 60 îá-

ðàçöîâ S. tschuktschorum, VYS — 5 îáðàçöîâ S. vyshinii.

Fig. 3. Probability of classifying the test samples to a hypothetical group (K = 4) on the results of the analy-
sis in the BAPS program.

Each vertical column corresponds to one sample. Columns are shaded with different colours (black, dark grey, light grey
and white) in proportions corresponding to estimated admixture coefficients for each group. Samples of one species were
separated vertical line. BER — 7 samples Salix berberifolia, FIM — 7 samples S. fimbriata, KAM — 13 samples
S. kamtschatica, KIM — 9 samples S. kimurana, TSC — 60 samples S. tschuktschorum, VYS — 5 samples S. vyshinii.



îòíîñÿòñÿ òîëüêî ê ãðóïïå Ñ1. Øåñòíàäöàòü îáðàçöîâ (11 — S. tschuktschorum,
4 — S. fimbriata, 1 — S. kimurana) èìåþò ñìåøàííóþ ãåíåòè÷åñêóþ ïðèðîäó, ò. å.
ñîäåðæàò â ðàçíîé ïðîïîðöèè ìóòàöèè, õàðàêòåðíûå äëÿ ãàïëîòèïîâ äðóãèõ
ãðóïï (ðèñ. 3).

AMOVA ñ ó÷åòîì èåðàðõè÷åñêèõ óðîâíåé (òàáë. 3) ïîêàçàë, ÷òî 66.61 % îò
îáùåé ãåíåòè÷åñêîé èçìåí÷èâîñòè ñîñðåäîòî÷åíî âíóòðè ïîïóëÿöèé (FST =
= 0.334, P = 0.000), â òî âðåìÿ êàê íà ìåæïîïóëÿöèîííóþ èçìåí÷èâîñòü â ïðåäå-
ëàõ âèäîâ ïðèõîäèòñÿ 22.41 % (FSC = 0.25177, P < 0.004), à íà ìåæâèäîâóþ èç-
ìåí÷èâîñòü òîëüêî 10.98 % (FCT = 0.10976, P > 0.10). Â ïîñëåäíåì ñëó÷àå ðàçëè-
÷èÿ ñòàòèñòè÷åñêè íåäîñòîâåðíû.

Òàêèì îáðàçîì, íèçêèé óðîâåíü èçìåí÷èâîñòè íóêëåîòèäíûõ ïîñëåäîâàòåëü-
íîñòåé ìåæãåííûõ ñïåéñåðîâ trnS-psbZ, trnC-petN è petN-psbM õïÄÍÊ è ïðèñóò-
ñòâèå îáùèõ ãàïëîòèïîâ ìîãóò óêàçûâàòü íà òî, ÷òî èññëåäóåìûå âèäû ïðåä-
ñòàâëÿþò ñîáîé ãåíåòè÷åñêè îäíîðîäíóþ ãðóïïó, îáðàçîâàâøóþñÿ, âåðîÿòíî, â
ðåçóëüòàòå èíòðîãðåññèâíîé ãèáðèäèçàöèè è/èëè îòíîñèòåëüíî íåäàâíåé è áûñò-
ðîé äèâåðãåíöèè îò îáùåãî ïðåäêà.

Îáñóæäåíèå

Êàê óæå óïîìèíàëîñü âûøå, íè â îòíîøåíèè òàêñîíîìè÷åñêîãî ñòàòóñà âè-
äîâ, ñîñòàâëÿþùèõ êîìïëåêñ S. aggr. berberifolia, íè â îòíîøåíèè èõ ïîëîæåíèÿ
â ñèñòåìå ðîäà íåò åäèíîãî ìíåíèÿ. À. À. Ïåòðóê (Petruk, 2011), îñíîâûâàÿñü íà
ìîðôîëîãèè ïûëüöåâûõ çåðåí, ïîäðàçäåëÿåò ñåêöèþ Myrtosalix íà ðÿä ïîäñåê-
öèé. S. tschuktschorum îíà îòíîñèò ê ïîäñåêöèè Sempervirentes, à îñòàëüíûå
âèäû — S. berberifolia, S. fimbriata, S. kamtschatica, S. kimurana è S. vyshinii —
ê ïîäñåêöèè Berberifoliae. Îäíàêî îòñóòñòâèå ãåíåòè÷åñêèõ ðàçëè÷èé ìåæäó ïàðà-
ìè âèäîâ S. kimurana—S. tschuktschorum, S. kimurana—S. vyshinii, S. tschuktscho-
rum—S. vyshinii ìîæåò óêàçûâàòü íà î÷åíü áëèçêîå ðîäñòâî S. kimurana è S. vyshi-
nii ìåæäó ñîáîé è ñ S. tschuktschorum, ïîìåùåííûõ â ðàçíûå ïîäñåêöèè. Îáû÷íî
S. kimurana è S. vyshinii ïðèíèìàþòñÿ â êà÷åñòâå ïîäâèäîâ S. berberifolia, ñîîò-
âåòñòâåííî S. berberifolia subsp. kimurana (Miyabe et Tatew.) A. K. Skvortsov
(Skvortsov, 1968) è S. berberifolia subsp. vyshinii Nedol. (Nedoluzhko, 1990, 1995).
Ñêâîðöîâ (Skvortsov, 1961) îáîñíîâûâàåò âûäåëåíèå ÷óêîòñêîé ðàñû â êà÷åñòâå
îñîáîãî âèäà — S. tschuktschorum. Îäíàêî ýòî ðàçäåëÿþò íå âñå àâòîðû. Â ÷àñò-
íîñòè, Â. Í. Âîðîøèëîâ (Voroshilov, 1982, 1985) ïîíèçèë ðàíã ýòîãî âèäà äî ïîä-
âèäà S. berberifolia Pall. subsp. tschuktschorum (A. K. Skvortsov) Vorosch., îòìåòèâ
íàëè÷èå ïåðåõîäíûõ ôîðì. Òîãî æå ìíåíèÿ ïðèäåðæèâàåòñÿ Å. Ã. Íèêîëèí (Ni-
kolin, 2013), ïðèíÿâ äëÿ ýòîãî òàêñîíà ðàíã ïîäâèäà.

Â. À. Íåäîëóæêî (Nedoluzhko, 1995) ïðèâîäèò äëÿ îäíèõ è òåõ æå ãîðíûõ âåð-
øèí Íàáèëüñêîãî õðåáòà íà Ñàõàëèíå êàê S. kimurana, òàê è S. berberifolia s. str.,
ò. å. âèäû î÷åíü áëèçêîãî ðîäñòâà. Ïðè ýòîì îí îòìå÷àåò çíà÷èòåëüíûé ïîëè-
ìîðôèçì ó ïîñëåäíåãî âèäà. Ñóùåñòâåííûì îòëè÷èåì S. kimurana îò äðóãèõ âè-
äîâ êîìïëåêñà S. aggr. berberifolia ðàññìàòðèâàëîñü îòñóòñòâèå óñòüèö íà âåðõíåé
ñòîðîíå ëèñòîâîé ïëàñòèíêè (Kimura, 1937) íàðÿäó ñ êðóïíûìè ðàçìåðàìè ðàñ-
òåíèé, ëèñòüåâ è ñåðåæåê. Íî, êàê ïîêàçàëè èçó÷åíèå ãåðáàðíîãî ìàòåðèàëà, à
òàêæå ñîáñòâåííûå ñáîðû è íàáëþäåíèÿ â ïðèðîäå, òàêîé ïðèçíàê, êàê íàëè÷èå
èëè îòñóòñòâèå óñòüèö ó ñàõàëèíñêèõ ðàñòåíèé, íå âûäåðæàí, à ãàáèòóñ è ðàç-
ìåðû âñåõ ÷àñòåé ðàñòåíèÿ î÷åíü èçìåí÷èâû è çàâèñÿò îò òèïà ìåñòîîáèòà-
íèÿ. Íà âåòðîáîéíûõ òóíäðîâûõ ñêëîíàõ ðàñòåíèÿ ðàñïðîñòåðòûå, ñ ìåëêèìè
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ëèñòüÿìè (áåç óñòüèö!) è ñåðåæêàìè. Îäíè è òå æå ãåðáàðíûå îáðàçöû ñ ãîðû Ëî-
ïàòèíà íà Ñàõàëèíå ñïåöèàëèñòàìè íåðåäêî îïðåäåëÿëèñü èëè êàê S. berberifolia,
èëè êàê S. kimurana. Ðåçóëüòàòû ãåíåòè÷åñêèõ èññëåäîâàíèé ïîêàçûâàþò, ÷òî
íà Ñàõàëèíå ðàñïðîñòðàíåí åäèíñòâåííûé âèä — S. kimurana, î÷åíü èçìåí-
÷èâûé ïî ìîðôîëîãè÷åñêèì ïðèçíàêàì: êðóïíûå è ìåëêèå ðàñòåíèÿ, ñ óñòüèöàìè
è áåç óñòüèö èìåþò îäíè è òå æå ãàïëîòèïû. Íàëè÷èå îáùåãî ãàïëîòèïà H9 ó
S. kimurana è S. vyshinii, îòñóòñòâóþùåãî ó äðóãèõ âèäîâ êîìïëåêñà S. aggr. ber-
berifolia, ìîæåò óêàçûâàòü íà èõ âåðîÿòíóþ êîíñïåöèôè÷íîñòü. Ñëåäóåò çàìå-
òèòü, ÷òî íåêîòîðûå ãåðáàðíûå îáðàçöû ñ Ñåâåðíîãî Ñèõîòý-Àëèíÿ âî VLA Ïåò-
ðóê îïðåäåëÿëà êàê S. kimurana, îòìåòèâ áîëåå ñâåòëóþ îêðàñêó ïðèöâåòíûõ ÷å-
øóé.

Íà ìîðôîëîãè÷åñêîå ñõîäñòâî (êðóïíûé ãàáèòóñ è ðàçìåðû âñåõ ÷àñòåé ðàñòå-
íèÿ) ñèõîòý-àëèíñêèõ ðàñòåíèé, îòíîñèìûõ ê îñîáîìó âèäó S. vyshinii (Petruk,
2009a), ñ ñàõàëèíñêèì âèäîì S. kimurana ðàíåå óæå îáðàùàëîñü âíèìàíèå â ëè-
òåðàòóðå (Skvortsov, 1961; Nedoluzhko, 1990, 1995). Ãëàâíîå îòëè÷èå ñâîäèëîñü
òîëüêî ê íàëè÷èþ óñòüèö íà âåðõíåé ñòîðîíå ëèñòîâîé ïëàñòèíêè ó S. vyshinii,
íî, êàê íàìè îòìå÷åíî âûøå, ýòîò ïðèçíàê â ãðóïïå S. aggr. berberifolia íå âûäåð-
æàí. Â ïîçäíåì ïëåéñòîöåíå Ñàõàëèí ñîåäèíÿëñÿ ñóõîïóòíûì «ìîñòîì» ñ ìàòå-
ðèêîì (Igarashi, 1993), ÷òî ìîãëî ñïîñîáñòâîâàòü ïðîíèêíîâåíèþ S. berberifolia
s. l. íà ýòîò îñòðîâ ñ ãîð Ñèõîòý-Àëèíÿ â ðàéîíå ïðîëèâà Íåâåëüñêîãî. Íà Ñàõà-
ëèíå S. kimurana ïðèóðî÷åí ê íàèáîëåå âûñîêèì ãîðíûì âåðøèíàì èëè îáèòàåò
÷àùå íà âûõîäàõ èçâåñòíÿêîâ â íèçêîãîðüÿõ. Íà Ñèõîòý-Àëèíå S. vyshinii, âèäè-
ìî, òàê æå ïðèóðî÷åíà ê ïîðîäàì îñíîâíîãî ñîñòàâà.

Íåðåäêî S. kamtschatica ðàññìàòðèâàþò â êà÷åñòâå ïîäâèäà S. berberifolia
subsp. kamtschatica A. K. Skvortsov (Skvortsov, 1968; Voroshilov, 1985) èëè
S. tschuktschorum subsp. kamtschatica (A. K. Skvortsov) Vorobiev (Nedoluzhko,
1995). Ïî ïðîñòðàòíîé æèçíåííîé ôîðìå, ìåëêèì ëèñòüÿì è ñåðåæêàì îí î÷åíü
íàïîìèíàåò òèïè÷íóþ S. berberifolia, íî ïëîòíàÿ êîíñèñòåíöèÿ è òåìíî-áóðûé
öâåò ñîõðàíÿþùèõñÿ íà ïîáåãàõ îòìåðøèõ ëèñòüåâ, à òàêæå íå óêîðåíÿþùèåñÿ
ïîáåãè óêàçûâàþò íà ñõîäñòâî ñ S. tschuktschorum, íà ÷òî îáðàùàë âíèìàíèå åùå
Ñêâîðöîâ (Skvortsov, 1968). Ïðèñóòñòâèå ãàïëîòèïà H2 ó S. kamtschatica ñáëèæà-
åò åãî ñ S. berberifolia è S. fimbriata, à íå ñ S. tschuktschorum, ó êîòîðîãî ýòîò ãàï-
ëîòèï îòñóòñòâóåò. Êðîìå òîãî, îò S. tschuktschorum îí îòëè÷àåòñÿ î÷åíü ìåëêè-
ìè ðàçìåðàìè ïûëüöåâûõ çåðåí (Petruk, 2009b).

Ñêâîðöîâ (Skvortsov, 1966, 1968) ïðèíèìàåò S. fimbriata â ðàíãå ïîäâèäà è
ñ÷èòàåò åãî ñåâåðíîé ðàñîé S. berberifolia — S. berberifolia subsp. fimbriata
A. K. Skvortsov. Â ñåâåðî-âîñòî÷íîé Àçèè îí îáèòàåò íà ñóõèõ ùåáíèñòûõ è êà-
ìåíèñòûõ ñêëîíàõ â ìåñòàõ âûõîäîâ êàðáîíàòíûõ ïîðîä. Â îòëè÷èå îò íåãî
S. tschuktschorum âñòðå÷àåòñÿ çäåñü íà êðóïíîêàìåíèñòîì äåëþâèè ãðàíèòîâ è
ïåñ÷àíèêîâ ïðè äîñòàòî÷íî õîðîøåì óâëàæíåíèè, îáû÷íî â ìåñòàõ çàëåæèâàíèÿ
ñíåæíèêîâ. Â ðàéîíàõ ñîâìåñòíîãî ðàñïðîñòðàíåíèÿ ýòèõ âèäîâ, íàïðèìåð íà
ãîðå Ýçîï (þãî-âîñòî÷íàÿ îêîíå÷íîñòü õð. ×åðñêîãî), ñëîæåííîé ãëàâíûì îáðà-
çîì ãðàíèòàìè, ñ âûõîäàìè èçâåñòíÿêîâ, âñòðå÷àþòñÿ ïðîìåæóòî÷íûå ôîðìû,
âåðîÿòíî, ãèáðèäû. Ãàïëîòèïè÷åñêîå ðàçíîîáðàçèå ïîïóëÿöèè TSC88 S. tschukts-
chorum è ïðèñóòñòâèå â íåé ãàïëîòèïà H6 îáùåãî ñ S. fimbriata ìîæåò, âèäèìî,
óêàçûâàòü íà åå ñìåøàííûé õàðàêòåð. Òî æå îòíîñèòñÿ è ê ïîïóëÿöèè FIM131
S. fimbriata c èçâåñòíÿêîâîé ãîðû Çàìêîâîé â áàññ. ð. Êîëûìû.

Âñå âèäû êîìïëåêñà S. aggr. berberifolia ïðèíàäëåæàò ê àëüïèéñêîé ãðóïïå
ðàñòåíèé. Ïðîèñõîæäåíèå S. berberifolia s. l., âåðîÿòíî, ñâÿçàíî ñ ãîðàìè Þæíîé
Ñèáèðè, à èìåííî ñ Àëòàå-Ñàÿíñêîé ãîðíîé ñòðàíîé, êîòîðàÿ, ïî ìíåíèþ

58



Ë. È. Ìàëûøåâà (Malyshev, 1965), ïðåäñòàâëÿåò ñîáîé ñàìîñòîÿòåëüíûé ìîùíûé
î÷àã àëüïèéñêîãî âèäîîáðàçîâàíèÿ è ãäå àëüïèéñêèé ïîÿñ ðàñòèòåëüíîñòè âûðà-
æåí íàèáîëåå îò÷åòëèâî. Êàê èçâåñòíî (Malyshev, 1984), ìèãðàöèÿ àëüïèéñêèõ
ðàñòåíèé çàòðóäíåíà èç-çà ñóùåñòâîâàíèÿ åñòåñòâåííûõ áàðüåðîâ, â ÷àñòíîñòè,
ðàçâèòèÿ íèæåëåæàùèõ ïîÿñîâ — ëåñíîãî è ñòåïíîãî (Malyshev, 1984). Ïîëó÷åí-
íûå ðåçóëüòàòû íàøèõ èññëåäîâàíèé óêàçûâàþò íà ñðàâíèòåëüíî íåäàâíþþ êî-
ëîíèçàöèþ äàëüíåâîñòî÷íîé ÷àñòè àðåàëà S. berberifolia s. l. Êîëîíèçàöèÿ ìîãëà
ïðîèçîéòè â âåðõíåì ïëåéñòîöåíå, êîãäà â ðåçóëüòàòå ðåçêîãî ïîõîëîäàíèÿ êëè-
ìàòà è ñâÿçàííîãî ñ íèì çíà÷èòåëüíîãî ñíèæåíèÿ íèæíåé ãðàíèöû àëüïèéñêîãî
ïîÿñà àëüïèéñêèå âèäû ïîëó÷èëè âîçìîæíîñòü äëÿ áåñïðåïÿòñòâåííîãî ðàñøèðå-
íèÿ ñâîèõ àðåàëîâ (êàê â ñåâåðíîì, òàê è âîñòî÷íîì íàïðàâëåíèè). Ïî÷òè íåïðå-
ðûâíîå ïðîñòèðàíèå ãîðíûõ ñèñòåì íà âîñòîêå è ñåâåðî-âîñòîêå Àçèàòñêîãî êîí-
òèíåíòà ñïîñîáñòâîâàëî ìèãðàöèè ýòîãî âèäà âïëîòü äî ×óêîòêè è Êàì÷àòêè, à
òàêæå ïðîíèêíîâåíèþ åãî íà Ñèõîòý-Àëèíü è Ñàõàëèí è ôîðìèðîâàíèþ çäåñü
îñîáûõ ôîðì. Êîñâåííûì ôàêòîì ñðàâíèòåëüíî íåäàâíåé êîëîíèçàöèè ñåâå-
ðî-âîñòî÷íîé Àçèè ìîæåò ñëóæèòü ñëàáàÿ ìîðôîëîãè÷åñêàÿ îáîñîáëåííîñòü âè-
äîâ êîìïëåêñà S. aggr. berberifolia. Ñ ó÷åòîì íèçêîé ñòåïåíè ãåíåòè÷åñêîé äèô-
ôåðåíöèàöèè èëè åå îòñóòñòâèÿ êîìïëåêñ «áàðáàðèñîëèñòíûõ» èâ ìîæíî óñëîâ-
íî ïîäðàçäåëèòü íà äâå áëèçêîðîäñòâåííûå ãðóïïû, ïåðâàÿ èç íèõ âêëþ÷àåò
S. berberifolia, S. fimbriata è S. kamtschatica, âòîðàÿ — S. tschuktschorum, S. kimu-
rana è S. vyshinii, ïðè ýòîì äâà ïîñëåäíèõ âèäà, âåðîÿòíî, êîíñïåöèôè÷íû.
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Èññëåäîâàíà ôëîðà âîäíûõ ñîñóäèñòûõ ðàñòåíèé îç. Èìàíäðà, êðóïíåéøåãî îëèãîòðîôíîãî âî-
äîåìà Ñåâåðî-Çàïàäà Ðîññèè, ðàñïîëîæåííîãî â Ìóðìàíñêîé îáë., íàõîäÿùåãîñÿ ñ ñåðåäèíû XX â.
ïîä âîçäåéñòâèåì ïðîìûøëåííîãî çàãðÿçíåíèÿ. Â ñîñòàâå ôëîðû íàñ÷èòûâàåòñÿ 59 âèäîâ èç 21 ñå-
ìåéñòâà. Ïðèâîäèòñÿ àííîòèðîâàííûé ñïèñîê ôëîðû, âêëþ÷àþùèé ñâåäåíèÿ î ÷àñòîòå âñòðå÷àåìî-
ñòè, ãåîãðàôè÷åñêîé, ýêîëîãè÷åñêîé è áèîòîïè÷åñêîé ïðèóðî÷åííîñòè âèäîâ. Ñðåäíèé óðîâåíü âè-
äîâîãî áîãàòñòâà ôëîðû îòäåëüíûõ àêâàòîðèé (çàëèâîâ, ãóá, ïîäðå÷èé) îçåðà ñîñòàâëÿåò 8—11 âè-
äîâ, â óñëîâèÿõ ýâòðîôèêàöèè äîñòèãàåò 16 âèäîâ è ñíèæàåòñÿ äî 0—1 âèäà â óñëîâèÿõ
òåõíîãåííîãî çàãðÿçíåíèÿ. Îñîáåííîñòè öåíîôëîð ðàçëè÷íûõ àêâàòîðèé Èìàíäðû îáñóæäàþòñÿ â
ñâÿçè ñ àíòðîïîãåííûì âîçäåéñòâèåì íà ýêîñèñòåìû îçåðà.

Ê ë þ ÷ å â û å ñ ë î â à: âûñøèå âîäíûå ðàñòåíèÿ, ìàêðîôèòû, àííîòèðîâàííûé ñïèñîê ôëîðû,
îçåðî Èìàíäðà, ýâòðîôèêàöèÿ, àíòðîïîãåííîå âîçäåéñòâèå.
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Vascular aquatic flora of Imandra Lake is studied. Imandra is the largest oligotrophic reservoir in the
North-West Russia located in the central Kola Peninsula. Being under antropogenic pressure since the
middle of the 20th century, several parts of its aquatorium (bays, basins, river estuaries) are eutrophicated
and (or) polluted. Total vascular flora of the lake comprises 59 species from 21 families. Data on the spe-
cies distribution, frequency, environmental and biotopical preferences are given in the annotated species
list. Species distribution in different parts of the waterbody depends on various natural factors: depth, bot-
tom composition, wind and wave activity, water purity, etc. The most favourable conditions for macro-
phyte cover are in quiet bays with sandy or mud bottom at the depth 0.5—2.5 m down to 3—4.5 m. Spe-
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