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IIpencraBiaeHsl pe3ynbTaThl M3YUEHHs MEXKBHIOBOTO, BHYTPHUBHIIOBOTO M BHYTPHUI'CHOMHOT'O MOJIHU-
Mopdusma npencrasureneid popa Cypripedium, NpoU3pacTaloMX Ha TeppUTOpun Poccuu, 1o JaHHbIM
AJIJIO3UMHOI0 aHAJIM3a U UPOCEKBEHUpoBaHus. bbulo nmoareepxeHo, uto ocodbu C. X ventricosum npej-
craBisiroT codoit rubpunst mexay C. calceolus u C. macranthon. Ha ocHOBaHUH pe3ynbTaToB MopgoIo-
IMYECKOT0 M QJUIO3MMHOIO aHaJHM30B, a TAK)Ke CPABHUTEIBLHOTO MCCIEJOBAHMS MEXKICHHOTO crehcepa
trnL-trnF xnopormutactHoi JIHK cnenano 3axiroueHne o CyniecTBOBaHHM JIBYX Pa3HBIX T€HETHUYECKUX JIU-
nuit C. calceolus, rpanuia MeX1y KOTOPBIMH POXOAUT B 3abaiikanbe. OHa U3 HUX 110 MATEPUHCKOM JIU-
HUM uMeeT obiee npoucxoxaeHue ¢ C. shanxiense. AHalIN3 BHYTPUTEHOMHOTO MOMMMOP(U3MA ydacTKa
ITS1 THK He moaTBepu HaTHYUe THOPUIN3ANNN B CUMIATPHYECKUX Tonyssinusx Mexay C. shanxiense
u C. calceolus n C. shanxiense n C. macranthon. Ha ocHOBaHUHU pe3yJIbTaTOB IPOBEJICHHOTO HCCIIE0Ba-
HHSI MOKHO BBICKA3aTh IPEAINOJIOKEHHE O THOPUAOreHHOM IpoucxoxaeHuu kak C. shanxiense, Tak u
«BocTouHOW» packl C. calceolus, pacnpocTpaHeHHOH 0T 3abaiikanbekoro kpas 1o Ilpumopss. Bo3moxHo,
oty pacy C. calceolus, XapakTepu3yIOLIyIOCS BBIPAKEHHBIMH (DEHOTUNHYECKUMU U T'€HOTHIHYECKUMHM
0COOCHHOCTSAMH, CJIeJlyeT PaCCMaTPHBATh B KAUECTBE CaMOCTOATEIBHOrO MOpP(OIOrHuecku ciabo BbIpa-
JKEHHOT'0 CKPBLITOI'0 TAKCOHA, CTAaTyC KOTOPOrO TPYAHO ONpEAENUM Ha HACTOSIIMHA MOMEHT.

Kniwouessie cinoBa: Cypripedium, C. macranthon, C. calceolus, C. X ventricosum, C. shanxiense,
aJNIO3MMHBIN aHalN3, CeKBeHHpoBaHHe 454, MEXBHUIOBOW M BHYTPHUIEHOMHBIH monumopdusm, I7S1,
18S pPHK, trnL-trnF, ecrecTBeHHasi MEXBHU/0Bask THOPUAN3ALMSL.

Pon Cypripedium nacuutbiBaeT okojo 40—45 BHIOB, paclpOCTPaHEHHBIX MPEH-
MYIIECTBEHHO B YMEPEHHBIX 00yacTsx ceBepHoro mnomymapus (Cribb, 1997, 1999;
Eccarius, 2009). B Poccuu pox npencrasinen 5 Bugamu (C. calceolus L., C. macrant-
hon Sw., C. shanxiense S. C. Chen, C. guttatum Sw., C. yatabeanum Makino), 4 pas-
HoBugHocTsIMU (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), HECKOTBKUMHU BHYTPUBUIOBBIMH THOPUIHBIME (JOPMaMH W HECKOJIbKIMH
MexBUIOBbIMU THOpumamMu — C. X ventricosum Sw., C. X microsaccos Kraenzl. u
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np. (Averyanov, 1999). Ilpaktuueckn Bce MPEACTABUTENIM POJa (32 HCKIIOYCHHUEM
C. guttatum) Bxirodensl B Kpacuyro kaury P® (KKP®, Red.., 2008). bonbmuHcTBO M3
HHUX UMEET CTaTyC 3 — pelIKre TAaKCOHBI C CTECTBCHHON MaJlOH YHCIEHHOCTHIO, HMe-
IOIAe 3HAYUTENBHBIA apeay paclpOoCTpaHEHHUs, B IIpelenax KOTOpOro BCTpeda-
IOTCSl CIIOPAJIMYECKU M ¢ MaJOW YHMCICHHOCThIO monynsiuuid. Onud Bux — C. shanxi-
ense — BHeceH B [lpunoxenune k KKP® (Red.., 1988:786), kak TpeOyrommii aanb-
Heiiimero m3yuenust (Varlygina, 2007, 2008), mockonbky 5T0 Haubosiee peakuii
peICcTaBUTENb poja B Poccun n cBeieHUs 0 ero pacpoCcTpaHeHUH U OMOJIOTHU OYEHb
OTpaHUYCHEI.

[IpakTudeckn Bce BHIBI OPXHIHBIX OTHOCATCS K PEOKAM PACTCHUSM, SBILTIOTCS
BBICOKO JICKOPATUBHBIMHE H MIPEICTABISIIOT HHTEPEC IS CaloBOAOB IobuTeneid. Heko-
TOpBIC BHUJBI TOJHOCTHIO MCUYE3NIN U3 TUKOW MPUPOJIBI U3-3a Upe3MepHoro coopa. Usz-
BECTHO, YTO B HEKOTOPHIX OOTaHUYECKHX YUPEIKIACHHUAX pa3padaThIBAINCH CIEIHAIb-
HBbIE METOJMKH Pa3MHOKECHHUS PEIKUX BUAOB OPXUIHBIX B YCIOBHUSIX KYJIbTYpHI U MIPO-
BOJIMJIUCH MEPONPHUATHS 0 UX PEUHTPOIYKIUH B MECTaX MX IMPEKHEr0 BO3MOXKHOTO
npouspactanua. Hanpumep, B AHrnuu Takas pabora npoBeaena mns C. calceolus
(Ramsay, Dixon, 2003).

s pa3paboTKu METOIMK COXpaHEHHE MeHETHUECKOTO Pa3sHOOOpasusl PEeIKUX BHU-
JIOB HEOOXOIUMBI CBEICHHSI O OTMMOP(PU3ME H TEHETHIECKOH CTPYKTYPE WX TTOIYJIS-
1. JIoBosbHO OosbIIast paboTa MO U3YYCHHUIO TEHETHYECKUX OCOOCHHOCTEH mpejicTa-
BuTener poxa Cypripedium npoBoIMIach IPEUMYIIECTBEHHO 3a pyOexom (Fay et al.,
2009; Pedersen et al., 2012). B c¢Bs3u ¢ OonbIuM pa3MepoM T'eHOMA Yy TIpeicTaBUTENeiH
pona Cypripedium takue mapkepsbl, kak AFLP u RAPD, npu uccnegoBanuu noaamop-
¢usma He ucnonp3yrores (Fay et al., 2005). [TosToMy Ui yCTaHOBICHHS T€HETHYC-
ckoii muddepeHanuy BUIOB W OMUCAHUS TEHETHYCCKOH CTPYKTYPHI IOIYJISALIUI
HauOoJyiee 4YacTo NpUMEHsUICS aio3uMHbIN aHanmu3 (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). Ins ucciieoBaHns MEKXMOMYJISITUOHHON H3MEHUH-
BOCTHU U BBISBJICHUS reorpaduyeckoil quddepeHnnanuu nomyisiuil HCI0Ib30BaIUCH
rensl xsoporutactHor JIHK, takue kak atpB, rbcL, matK, psaB w 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). B ortiuuue ot saepHOi
JHK xmopormactras JIHK y opxuanblx Hacnmemyercs mo MatepuHCKoW Jmaun (Wu
et al., 2010). Jlnst ycraHoBiIeHHs (DUIOTEHETHYECKUX CBS3EH MEXIy TaKCOHAMH pPOjia
MpUMEHSIINCH Takke aHanu3 ydactkoB /7S JIHK (Cox, 1995, 1999; Li et al., 2011).

K Hacrosimemy BpeMeHHM BHYTPHIONMYJSIUOHHBIN monumopdusm C. calceolus,
C. macranthon u C. X ventricosum OCTaeTCsI HEJOCTATOYHO MOAPOOHO HM3YyUEHHBIM.
JlaHHbBIE TaKCOHBI UMEIOT MPOTSHKEHHBIE apealibl, OOJIbIIAs 4acTh KOTOPBIX MPOXOIUT
no teppuropun Poccun. B MonekyssipHO-reHETUYECKUX UCCIEAOBaHUAX 3apyO0eKHbIX
KOJUTET MCIOJIb30BAINCH CIMHIYHBIC POCCHUCKUE 00pas3Ibl, Ha MPHUMEPE KOTOPBIX ITOJI-
HOCTBIO OIHCATh BECh CHEKTP BHYTPUIIOMYJIIIUOHHOTO TONMUMOPQHU3Ma HE MPEACTaB-
JSIETCST BOSMOKHBIM.

B psne paitoHoB, TIe apealibl HECKOJIbKHUX BUIOB MEPEKPHIBAIOTCS, cHOpMUPOBa-
JUCh MEKBUJIOBBIE MHTPOTPECCUBHO TMOPUIHBIE KOMIUIEKCHl. Hampumep, M3BECTHO,
yTo Ha JlanbHeM Bocroke u 3abaiikaiibe UMEET MECTO CJIOXKHBIM, UCKIIFOUUTEIBLHO I10-
muMopHbI THOpUIHBIA KoMmIuieke Mexay C. calceolus, C. macranthon u C. shanxi-
ense, M B IOJICBBIX YCIOBHSAX TaKCOHOMHYCCKHU CTaTyC MHOTHX OCOOCH OHO3HAYHO
He ompenenuM (Averyanov, 1999; Andronova et al., 2007; Melnikova et al., 2007).
Oco0eHHO TPYAHBIM OKa3aJI0Ch YCTAaHOBJICHUE CTAaTyca YKIOHSIOMUNXCS 0Co0ei, OTHO-
cuMbIx K C. calceolus, mveromux ry0y KOPHIHEBOTO IIBETA, PACTIPOCTPAHEHHBIX TOJb-
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KO B OIpEJAEICHHOW YacTu apeana Buma — oT [Ipumopss mo 3abaiikanbs. ['enern-
geckast cTpykrypa nonyssinuii C. calceolus ¢ tora JlanpHero Boctoka m Ypana Obiia
nonpo6Ho usyueHa (Knyasev et al., 2000; Filippov, Andronova, 2011). OgHako cBefe-
HUSL O CTPYKType momyJsinuii ¢ Oonbiieit yactu apeana C. calceolus (Bcsi Cubupn)
orcyrctBoBanu. OcoOblifi MHTEpEC MPECTABISUIM CBEJACHUS O MHOMYJSLHUAX BHIA U3
3abaiikayibsi, TJ€ NPOXOMUT 3alajHas I'PaHUIA PACIPOCTPAHECHUS YKIOHSFOLIMXCS
ocobeii.

Uzydenne CTpyKTypbl U BO30OHOBJICHHUE MEKBHIOBBIX HHTPOTPECCHUBHO THOPHI-
HBIX KOMIUIEKCOB, 00Pa3yIOMIUXCS ¢ YIaCTHEM PEIKUX BHUIOB OPXUIHBIX, OTHOCUTCS K
(byHIaMEHTaIBHBIM HCCICIOBAHUSIM MHUKPOIBONIONHUOHHBIX IIPOIECCOB M (PAKTOPOB,
OTIPENIeISIONINX JTHHAMHUKY OMOJIOTHYECKOTro pasHooOpasms. B mocnennee Bpemst mosi-
BHJINCh HOBBIE BBICOKOA((ekTHBHBIC MeToauKN aHanmmu3a JIHK, koTopwie Mo3BONSIOT
MOTyYaTh CBEACHUS O BHYTPUICHOMHOM MoOIuUMOpdu3Me oOpas3moB, 4TO TO3BOJISCT
BBISIBIISITH TMOPUABI M YCTaHABIMBATH MX HpOUCXOXJeHMe. McciemoBanue BHYTpH-
TEeHOMHOTro nojauMmopdusMa y npeacrasurencit poma Cypripedium paHee HE MPOBO-
JTUITIOCK.

B nanHOl paboTe mpeacTaBIeHBl pe3yNbTaThl U3YUCHHS TOIUMOPQH3Ma IpeacTa-
Butenen poxa Cypripedium NO JaHHBIM AJJIO3UMHOTO aHaiu3a W frnl-trnF ydactka
xmoporutactaoit JIHK, a Taxke mo mccremoBaHuI0 BHYTPUTCHOMHOTO TOJIMMOpGhHU3Ma
yaactka /7S] spepHoro rena pubdocomansaoii PHK meromom 454 (mmpocexkBeHHpoO-
BaHMHE).

Marepuaa u MeTOIUKA

PacturenpHpiii MaTepuan ObLT cOOpaH B MecCTaX €CTECTBEHHOTO IPOU3PACTAHHS
npencraButeneit poga. OOpas3ibpl OTOMPAINCH ¢ OJHOTO M3 T'CHEPATHBHBIX MOOETOB
Ka)XJIOTO PaCTCHUSI.

AJ103UMHBIN aHanu3. [l aHalin3a MCIIOJIB30BAIM WM CBEXKHUE WIN 3aMOPOXKEH-
uele mpu —80 °C muctes. Beero 6su10 uccnenosano 1210 pactennit u3 18 nmomymsinumit
C. macranthon (puc. 1), 24 nonynsuuii C. calceolus (puc. 2), 5 monynsuuit C. X vent-
ricosum (puc. 3) u 5 nonynsuuii C. shanxiense (puc. 4).

Hns ananmsza JJHK ncnonp30Banuce BRICYIICHHBIE B CHIIHKArele TUCThs 40 ocobeit
n3 37 nomyssnmii (Tabu. 1). Kak npaBuito, n3 momyJsIsIuid KCCIe0BaInCh 1Mo 1 o0pasiry.

ANIO3UMHBIN aHAJN3 MPOBOIIIIN C MCIIONB30BAHNEM DIICKTpodopesa B IUIACTHH-
Kax nojuakpuiaamMuaHoro rems B Tpuc-2J{TA-6opatHoM Oydepe. DxcTpakinio OenKoB
1 21eKTpodope3 B MOTHAKPUIAMHIHOM Telie U THCTOXMMHYECKOEe OKpalinBaHue ¢ep-
MEHTOB OCYIIECTBIISUIH 1O 00IIenpuHATEIM MeToankaM (Murphy et al., 1990; Shurkhal
et al., 1992). MccnenoBanu cieayrouue GpepMeHTHbIE CUCTEMBI: (HOCPOIrIIOKOU30Me-
paza (PGI, EC 5.3.1.9), 6-docdormokonarnerunporesaza (6PGD; EC 1.1.1.44),
NADH-gerunporenaza (NADHD, EC 1.6.99.5), mmkumarneruaporenasa (SKDH,
EC 1.1.1.25), rnyramatneruaporenasa (GDH, EC 1.4.1.2), docdormokomyTasa,
(PGM, EC 5.4.2.2), nmadopaza (DIA, EC 1.6.4.3), anxorompaeruaporenasza (ADH,
EC 1.1.1.1), rmyramar okcanoanerat tpancamuHaza (GOT, EC 2.6.1.1). B nocneanei
(hepMEHTHOI CUCTEME YUUTHIBAIUCH 2 JIOKYCa, KOTOPbIE 0003HAYMWIN TU(PPAMHU B COOT-
BETCTBHM C MX IOJIBMDKHOCTBIO HauuHas ¢ HauoOosee nojsuxHoro (GOT-1 u GOT-2).
Taxum oOpazom, B paboTe aHanu3upoBainu 10 reHHbIX JOKYCOB 9 (hepMEHTHBIX CHUCTEM.
OnpezeneHue TeHETUYECKUX AUCTaHIMHA Mexay nomyssuusmu D, (Nei et al., 1983;
Nei, Kumar, 2004) nns gaHHBIX aJJIO3UMHOTO aHanu3a, Gaiia s MOCTPOSHUS JACHI-
pOrpamMMBl 110 METO/Iy HEB3BELIEHHBIX MapHO-rpymioBbix cpennux (UPGMA) u Gyrcrpen-
tect anst 1000 perumk BBITIOJIHEHBI C MOMOIIBIO mporpammbel PowerMarker V. 3.25
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Puc. 1. Mecronaxoxaenust nonynsuuit Cypripedium macranthon, rae 6buti cOOpaHbl 00pa3IIbl IS AIIO-
3UMHOTO aHaJIH3a.

1 — Bepxnss Coicepts (CBepanosckast o6i.), 2 — Hmwxuuit Atnsia (YensOunckas o6i.), 3 — Manas buva (Omckas

0011.), 4 — Mensuukoso (Tomckast 0611.), 5 — Koiinuxa (HoBocubupcekas 06:1.), 6 — Kokyit (Kemeposckast 0611.), 7 —

Cmionsinka (Mpxyrtckas o61.), 8§ — Moiirotsr (Bypsatus), 9 — Yioxan (Bypstus), /0 — COXOHIMHCKHIA 3aM0BEHUK

(3abaiikanbckuit kpait), /1 — Bbyaromkan (3abaiikanbekuit kpait), /2 — Foproraexunoe (ITpumopcekuit kpait), 13 — Jlazo

(ITpumopckwnii kpait), /4 — Hosonexuno (ITpumopckwuit xpait), /5 — ropa Cuesxnas (IIpumopcknii kpaif), /6 — Hosu-
koBo (Caxamun), /7 — Xonmck (Caxanun), /8 — ropa Baiina (Caxanun).

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.), § — Moygoty (Buryatia), 9 — Ulyukan (Buryatia), /0 — Sokhondinskiy Reserve (Transbaikal), 7/ — Bu-
dyumkan (Transbaikal), /2 — Gornotayozhnoe (Primorye), /3 — Lazo (Primorye), /4 — Novonezhino (Primorye),
15 — Snezhnaya (Primorye), /6 — Novikovo (Sakhalin), /7 — Kholmsk (Sakhalin), /8 — Vayda Mt. (Sakhalin).

(Liu, Muse, 2005). KoncencycHoe aepeBo ¢ OyTCTPEI-TECTOM MOJIYyYEHO B MPOrpam-
me Phylip 3.69 (Felsenstein, 1988) u BuzyanusupoBano B mporpamme Mega 6.0 (Ta-
mura et al., 2013).

AHanu3 BHYTPUTCHOMHOTO MONUMOpP(dHU3IMa METOAOM
nupocekBeHuposanus 454

Brinenenune JJHK mposoaunu mo npotokony Doyle u Doyle (1990). Ananusupye-
MBI (parMeHTH aMIUAGUIEPOBATH AByMs mapamu mnpaiimepon: [TSIP (Ridgway
et al., 2003), ITS2 (White et al., 1990); TabE (Taberlet et al., 1991) u Cyp2-R (Fay,
Cowan, 2001; Fay et al., 2009) o cTaHmapTHOMY TPOTOKOJIY NPH CISAYIOIIHX YCIIO-
BusX: 95° — 5 muH; 40 mukioB (94° — 5 ¢, 52° — 5 ¢, 72° — 20 ¢); 72° — 1 muH.
CekBeHUpOBaHNE TPOBOANIOCH Ha mpubope ¢upmbr GS Junior (Roche, Switzerland)
COMTACHO MHCTPYKIUU TMPOU3BOJAUTEIIS.

Hannble oOpabateiBanuch B mporpamme GS Amplicon Variant Analyzer v2.9.
B nmanHO# mporpamMMe mo KaxxaoMy o0pasily MOJyYeHbI KOHCEHCYCHBIC TPYIIIBI IPO-
YTEHUH ¥ TaOJINIa YHUKAIFHBIX BAPHAHTOB HAa OCHOBE BBISBJICHHBIX PAa3IIHUUN MEKITY
aHAM3UPYEMBIM 00pa3ioM U peepeHCHOI Mmoce1oBaTeNbHOCTRI0. B kauecTBe pede-
PEeHCHBIX MmocienoBareiabHocTe u3 ['enOanka BrIOpanbl cukBeHchl JIHK C. calceolus
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Puc. 2. Mecronaxoxaenust nonynsuuit Cypripedium calceolus, Tae Obir coOpaHbl 00pa3Ibl A allio-
3MMHOTO aHaJN3a.

1 — AunrtyxoBo (BpsiHckast 00:1.), 2 — TBepckas 0011., 3 — Iynocts (Jlenunrpaackas o6i.), 4 — InsauHo (JIeHuHrpa-
ckast 001.), 5 — Urpa (Yamyprus), 6 — Cepruno (Yamyprusi), 7 — bepesoska (ITepmckuii kpaii), 8§ — Bepxnssa Cobl-
cepth (CBepanoBckast 00i.), 9 — Hwxknuii At (Yensounckas o6i.), 10 — Kokyii (Kemeposckas 06i1.), /1 — Meib-
HukoBo (Tomckast 061.), 12 — Koiinuxa (HoBocubupckas 06:1.), 13 — Bepack (HoBocubupckas 0611.), /4 — CrroasiHka
(Upxytckas 061.), 15 — Moiirotsl (BypsaTtus), 16 — Ymoxan (bypsartus), /7 — Jlxeprunckuii 3anoseanuk (BypsaTus),
18 — o3. Kpyrnoe (bypsarus), 19 — bymomkan (3abaiikansckuii kpait), 20 — Ypionuno (3abaiikanbckuii kpaif), 27 —
Topuoraexuoe (ITpumopckuii kpait), 22 — Jlazo (Ilpumopckuit kpait), 23 — Hoonexuno (ITpumopckuii kpait), 24 —
Amnucumoska (ITpumopckuii kpait).
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), § — Verkhnyaya Sysert (Sverdlovsk Reg.),
9 — Nizhniy Atlyan (Chelyabinsk Reg.), /0 — Kokuy (Kemerovo Reg.), /1 — Melnikovo (Tomsk Reg.), /2 — Koynik-
ha (Novosibirsk Reg.), /3 — Berdsk (Novosibirsk Reg.), /4 — Slyudyanka (Irkutsk Reg.), /5 — Moygoty (Buryatia),
16 — Ulyukan (Buryatia), /7 — Dzherginskiy Reserve (Buryatia), /8 — Krugloe Lake (Buryatia), /9 — Budyumkan
(Transbaikal), 20 — Uryupino (Transbaikal), 2/ — Gornotayozhnoe (Primorye), 22 — Lazo (Primorye), 23 — Novone-
zhino (Primorye), 24 — Anisimovka (Primorye).

(185—26S rRNA—AY557232.1 u tRNA-Leu (##nl) TeH W MEXICHHBIA criencep
trnL-trnFF—AY557224.1, Kocyan et al., 2004). YcnoBus ¢punbTpanuy BApHAHTOB: MU-
HUMaJIbHas JI0JIs BBIIBJIIEMOIrO BapuaHTa (3aMEHbl, BCcTaBku/nenenun) Beiae 0.25 %,
UCKIIIOYasl CHHIJITOHBI, T. €. IOCNE0BAaTENbHOCTH, BCTPEUAIOLIUECS TOJIBKO OJUH pas.
OtdunpTpoBaHHEIE TAKUM 00Pa30M BapHAHTHI SKCTIOPTHPOBAIHCH B hopmaT FASTA n
aHanu3upoBaiuch B nporpamme MEGA 7 (Kumar et al., 2016).

[Tocne BBIpaBHMBaHMA 3HAYUTEIHHO OTIMYAIOMINECS BAPUAHTHI OBUIM MPOBEPEHBI
mo 6ase manHelx BLAST. B pesynbrare Takoi NOMOTHUTENBHON (DUIBTpALIUN ObLTH
UCKITIOUCHBI M3 aHaJIM3a KOPOTKHE BAPHAHTHI M BapUAHTBI, BHICOKOTOMOJOTHYHBIC
JIHK npyrux BumoB pacTeHuil, rpu0oB, MUKPOOPTraHU3MOB U *KUBOTHBIX.

ITockonbky mMeton 454 nomycKaeT OoMUOKY sl IPOUYTEHUH yUYaCTKOB C HECKOJIbKU-
MU MJIYLIIMMU OAPS OJUHAKOBBIMU HYKJIE€OTUAAMH, Ul YTOUHEHUS UUCIIA HYKIEOTH-
JIOB B TaKMX ydYacTKax OBIIM HCIOJNB30BaHBI JAaHHBIE CEKBEHHpOBaHUS Mo CaHrepy.
B nanHO# cTaThe MOMMMOPGHHU3M YyIACTKOB C MOBTOPAaMH HE PacCMaTpPHBACTCS.
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Puc. 3. Mecronaxoxaenus nonyisuuid Cypripedium X ventricosum, TJie ObUIH COOpaHBI 00pa3Ibl IS ajl-
JIO3MMHOT0 aHaIH3a.

1 — Bepxnss Ceicepts (CBepanosckas 06:1.), 2 — Huwxunit Atnsan (Yensbunckas o61.), 3 — Cmoasnka (Mpxyrckas
0011.), 4 — Ymokan (bypsitusi), 5 — Byntomkan (3abaiikanbckuii kpait), 6 — [opHoTaexHoe (ITpumopckuii kpaid), 7 —
Jlazo (ITpumopckuit kpait), § — Hoouexuno (IIpumopckuit kpait).

Fig. 3. The locations of Cypripedium X 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).

JUig yTOuHEHUs] BapHaHTOB 3aME€H Mbl IIPOBOJAMIIM CPaBHEHUE IIOCIIEI0BATEIbHO-
CTEH, TIOJTyYEHHBIX IPU CEKBEHUPOBAHHH C TPSIMBIM H ¢ 00paTHBIM Ipaiimepamu. Kpo-
Me TOTO, MBI YJAJISTU TIOCIEIOBATEIILHOCTA C BApUAHTAMU 3aMCEH, KOTOPBIC BBISBIIS-
JUCh TOJIBKO B KAKOM-TO OJJHOM M3 TPEX 3allyCKOB CEKBEHHMpOBaHHUs. OcTaBIIMECs T0-
cie puIbTpauu TPYIIbl YHUKAIBHBIX MOCIEA0BATEILHOCTEH MbI HCIIOJIB30BATH IS
KJIaCTepU3allMi HAa OCHOBE METO/Ia MaKCUMaJIbHOTO IpaBaonoaoous, moaenb Tamura-
Nei (Tamura, Nei, 1993) Oe3 yuera peneuuii. B moinydeHHOM aepeBe BEpOSTHOCTH
Boie 50 % ykazaHbl Haja BeTBsIMM. JlJIMHA BETBEHl COOTBETCTBYET YMCIYy 3aMEH Ha
caliT B yka3aHHOM MacIitade. B aHanu3e UCosib30Banuch 142 HYKICOTHIHBIC MTOCIe-
JloBaTeIbHOCTHA. Bech aHanmm3 mpoBOaWIM € UcHoJib3oBaHWeM mnporpammbl MEGAT7
(Kumar et al., 2016).

B nanHOM HccneoBaHUM MBI HE paccMaTpUBaeM MOoApPOOHO MOTUMOPPU3M ydacT-
ka trnL xmoporutactaoit JIHK. Jlnst naHHOTO ydacTka Mbl IPUBOAMM JaHHBIE IO CPaB-
HEHUIO T0CJIEJIOBATEIbHOCTEH, BBIABICHHBIX C MAaKCUMalbHON 4acToTOH. [TockonbKy
y4acToK conepxut A/T-oboramenHsiii 30-HyKICOTUAHBIA pailoH, pe3yIbTaThl BBIPAB-
HUBAHUS Pa3sHBIMH METOJaMH pa3indaroTcs. Mbl UCIONb30BaIU AITOPUTM BBIPABHU-
Banuss MUSCLE (Edgar, 2004).
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Puc. 4. Mecronaxoxaenus nonyisituii Cypripedium shanxiense, e 0buti cOOpaHbl 00pa3Ibl IS AlLIO-
3MMHOTO aHAJIK3a.
1 — Bymomkan (3abaiikanbckuii kpait), 2 — Ypronuno (3abaiikanbckuii kpaii), 3 — Anucumonka (IIpumopckuii kpait),
4 — Maxkapos (Caxanun), 5 — M3BecTkoBslil (Caxanus).
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 — lIzvestkovyi (Sakhalin).

Pe3yabTaTrhl U 00cyKIeHUe
ANMO3UMHBIN aHANU3

Ha nmpumepe u3ydeHus MpencTaBuTelNeit poja, Mpou3pacTaonmx Ha ore JampHero
Boctoka m Ha VYpaie, ObUIO MOKa3aHO, YTO aJUICNBHBIE COCTaBBI JIOKYCOB 6-PGD,
NADHD, GDH, ADH, GOT-1 u PGI sBasttoTcst nrarnoctudaeckuMu juist Bunos C. cal-
ceolus n C. macranthon. Ocobu C. X ventricosum TPEACTABISAIOT COOOW THOPHIBI
C. calceolus X C. macranthon (Knyasev et al., 2000a, b). Oco6u C. shanxiense siBys-
FOTCSI TOMO3UTOTHBIMHE 110 BceM 10 M3ydeHHBIM JIOKYcaM, U IPU3HAK MOHOMOP(HOCTH
SIBJIICTCSL TUATHOCTHYECKUM JUTst AaHHoTo TakcoHa (Filippov, Andronova, 2011). Tak-
e OBLIIO BBISIBJICHO, YTO aJUleNbHBIA cocTaB JIoKycoB PGl u SKDH 'y C. calceolus u3
3aIaIHOM M BOCTOYHOH YacTel apeana pasziamdyaetcs. AJIIeTH, OTCYTCTBYIOIIUE Y OCO-
oeit C. calceolus n3 3amaHON YacTH apeaia, BCTPEUAIUCH Y MPEACTABUTENEH BHIA C
tora [lansHero Bocroka ¢ Bbicokoi yactoToi (28—41 u 55—68 % cooTBETCTBEHHO).
Otn annenu ObuM oOHApYKeHbI y ocobeit C. shanxiense B TOMO3UTOTHOM COCTOSTHUH
(Filippov, Andronova, 2011). UccnenoBanue momyJsiuil mpeacTaBuTeNield posia ObL1o
MIPOJIOJDKEHO HA MPUMEpe paHee He M3y4yaBIIMXCS MOMyJsinuil u3 3abaiikanbs, L{eHT-
panbHO#l u 3ananHoit Cubupm, ¢ Ypana u eBpomelickoil yactu Poccuu; B HeM Bce
BBIIICTICPCYUCIICHHBIC 3aKIIOUCHHS HAIIUTA CBOE MOATBEPIKICHUE.
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TABJIMLIA 1

MecToHaxox1eHHs MOMYJISIINH, B KOTOPBIX COOMPAUCh 00pa3Ibl

st JIHK-ananu3a (n — 4ucino aHaM3upyeMblx o0pas31oB)

TABLE 1. The locations of populations where the samples for DNA analysis

were collected (n — number of analyzed samples)

Region, locality

Code

Cypripedium calceolus

Bryansk Reg., Altukhovo
Leningrad Reg., Pudost
Moscow Reg.

Belarus, Servech

Sverdlovsk Reg., Verkhnyaya Sysert
Novosybirsk Reg., Koynikha
Irkutsk Reg., Slyudyanka
Buryatia, Dzherginskiy Reserve
Buryatia, Krugloe Lake
Transbaikal, Budyumkan
Transbaikal, Budyumkan
Transbaikal, Budyumkan
Transbaikal, Uruipino
Primorye, Novonezhino
Primorye, Novonezhino
Primorye, Novonezhino

723

All

725

722

AS

730

728

z17

720

OR121, autogamy
OR118, with brown lips
OR125

OR93

A4

727, with crest

726, with brown lips

Cypripedium macranthon

Sakhalin, Kholmsk

Primorye, Novonezhino

Primorye, Novonezhino
Transbaikal, Sokhondinskiy Reserve
Irkutsk Reg., Slyudyanka
Sverdlovsk Reg., Verkhnyaya Sysert

Mac2

A9, pink flower
A10, white flower
74

A2

A6

Cypripedium X ventricosum

Sverdlovsk Reg., Verkhnyaya Sysert
Sverdlovsk Reg., Verkhnyaya Sysert
Irkutsk Reg., Slyudyanka

Buryatia, Ulyukan

Primorye

Primorye

Primorye

Primorye

Primorye

Primorye

Primorye

A7, burgundy red
Z41, burgundy red and pink
739, burgundy red
716

743, lemon

Z44, white and pink
ZA4S, burgundy red
746, burgundy red
Z47, burgundy red
A3, burgundy red
A8, burgundy red

Cypripedium shanxiense

Sakhalin, Izvestkovyi
Primorye, Anisimovka
Transbaikal, Uryupino
Transbaikal, Budyumkan

Shanl, A12 (Shan2)

Al

OR34

OR70, A13 (OR50), A14 (ORSS)

b = e e e e e e e e e e e e e
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OcoOslii uHTEpEC npeacrapisuio uzydenue nonyiauuit C. calceolus n C. shanxien-
Se W3 30HBI UX COBMECTHOTO Ipouspactanus B 3abaiikanbe. HamGompmmii mHTEpEC
TIPEACTABISUT aHAJIM3 aJuIeNIbHOTO cocTaBa JokycoB PGl n SKDH. Kak oxazanoch,
aienw, kotopeie y C. shanxiense HaXOISATCS B TOMO3UTOTHOM COCTOSIHUM (aJuieib
Ne 6 B nokyce PGI u amnenb Ne 4 B tokyce SKDH), Obutu BoisiBiieHbl y C. calceolus w3
IOT0-BOCTOYHOHM 4acTu 3abaiikambckoro kpast (2 momyssuuu u3 ['azumypo-3aBoJicKo-
ro p-Ha) U ¢ ceBepo-BocToka Bypsituu (2 nonynsauuu u3 Kypymkanckoro p-ua). Yacro-
Ta ayutens Ne 6 B nokyce PGI nocturana 15 %, a annens Ne 4 B noxkyce SKDH Bapbu-
posaina ot 17 1o 62 %. C 6onee HU3KOI yacTOTOU (10 6 %) ATH ajuiean BCTpedaInch B
OJTHOM monyJisauu (HeOoJbIIas BEIOOpKa U3 15 ocobeit) ¢ 3amana bypstuu (Mo#roTsl,
Tyukuackast gonmHa). Torna kak B nzydeHHoit nomyismun C. calceolus ¢ 1oro-BocTo-
ka bypstuu (03. Kpyrnoe, CeneHruHCKHI p-H), HaXOJsIIelcss Ha OoJiee OJIM3KOM pac-
CTOSIHUU OT 3a0alKalbCKOTO Kpast, YeM TyHKUHCKas JOJIMHA, JaHHbIC aJuIen He ObLIH
BBISIBJICHBI coBceM. He Obl 0OHApy)KEHbI JaHHBIC aJlJIeNd TakXKe B MOMYJISIIHIX U3
Hentpanbuoit u 3anaanoit Cubupu, ¢ Ypana, u3 esporneiickoit vactu Poccun. IIpose-
JIEHHOE HCCIIEJOBAHHUE IMOATBEPAUIIO TOUKY 3PEHHS O TOM, YTO OCOOBIE aJlleIbHbIE
cTpyKTyphl JJokycoB PGI u SKDH B nonynsuusx C. calceolus oOHapyXUBaIOTCS TOIb-
KO B 30HE BO3MOXHOM rubpunuzamnmu ¢ C. shanxiense (B MeCTax COBMECTHOTO TIPOU3-
pacTaHusi IByX BHUJOB U MPHWJIETAIONIEH K HEH TEPPUTOPHH).

Ha ocHoBanmu 9acToT ayureneii ObUTH BEIYMCIICHBI TeHETHYEeCKNE AucTanmu D, mo
Nei et al. (1983) MexIy M3ydeHHBIMH MOIYJSIUAMH U ITOCTPOCHA ICHIPOTPaMMa C
ucnonpzoBanem anroputmMa UPGMA (puc. 5). B ananu3 Takke ObUTH BKIFOUCHBI
JlaHHbIe TO BbIOOpKaM ruOpuaHbIX pactenuil (C. shanxiense X C. calceolus) n3 pas-
HBIX MECTOHaXOXJeHNH. KiacTepHplil aHaIN3 pa3enni u3y4eHHble BBIOOPKHU 4 Takco-
HOB Ha 2 Gosblye rpynmnsl. B nepsyto rpynmny nomnanu Bce C. macranthon u C. X ven-
tricosum, KOTOpbIE B CBOIO OYepe/ib pa3AeWInCh Ha oTAeIbHbIe jocToBepHbIe (100 %)
noarpynmsl. Bo Bropyro rpynmy nomnamu Bce C. shanxiense n C. calceolus, xoTopsie
TaKXKe paclalnch Ha IBE JOCTOBEPHO pa3HBIC IMOATPYIIIEI C BRICOKHM OYTCTper-Tec-
ToM (99 %). B moarpynme C. X ventricosum ¢ BepOATHOCTBIO 94 % pa3Ienuiiuch 1o-
nymsinuu u3 IIpumopest u ¢ Ypana. B moarpynne C. macranthon ¢ BEpOSTHOCTBIO
100 % otnenunucey nomynsauuu u3 Ilpumopss u Caxamuna. Ilonynauuu C. macran-
thon ¢ Ypana ¢ BepOsSTHOCTbIO 56 % oTHenuauch oT nomyssiiuii u3 Cubupu u u3 3a-
OaiiKkaibsi, KOTOPBIE B CBOIO OUYEPEAb Pa3[CIIINCh MEKIY COOOW C BEPOSTHOCTHIO
64 %.

I'pymma momynsituii C. calceolus paspenuiach Ha 2 MOATPYIIIBL C Oy TCTPETI-TECTOM
58 % mna IIpumopcko-3abaiikambCKyIo U Bce ocTanbHbIe. KimacTepHbIil ananu3 Ha OCHO-
BE€ JIaHHBIX AJNTO3UMHOTO aHajiu3a 10 reHHBIX JTOKYCOB ToKa3ai, uyTo ocobu C. calceo-
lus, BcTpeuaromuecs Ha TeppuTopuu Poccun, 0OpasyroT JBe rpyNIibl, TPAaHUIA MEKITY
HUMH NPOXOJIUT 10 3adaliKanbio.

Paznuuus nonynsinuii C. calceolus w3 3amajiHON W BOCTOYHOM yacTed apeana 1o
AIJIETFHOMY COCTaBY JIOKycoB PGI, SKDH MOXHO 0OBSICHATh HECKOJBKUMHE ITPHYHHA-
MHU. Bo3MoxHO, 3TO cBsi3aHO ¢ reorpaduueckoit tuddepeHnuanueii Buga — mpu mpo-
JBIDKCHHUH Ha 3ar1a]] IIPOUCXOIMIIA IOTePsT HEKOTOPBIX aJJICNCH B OTIEIBHBIX JIOKYCax.
B 9Toii cBS3M MOXHO BBICKa3aTh MPEANOJIOKEHHS O BO3MOXXHOM JIaJIbHEBOCTOUHOM
nenTpe npoucxoxaenus C. calceolus 1 o0 MpoucxXoxaeHNN IBYX TakcoHOB (C. calceo-
lus u C. shanxiense) OT OJHOTO TPEAKA.

Paznuune Takxe MOKET OBITh CBA3aHO C MPOSIBICHUEM MHTPOTPECCUBHON TMOpH-
musanuu Mexay C. calceolus m C. shanxiense. Bo3MOXHOCTh HHTPOTPECCUBHOM THO-
punmsanuu mexay C. calceolus n C. shanxiense otmeuanachk panee JI. B. ABepbsiHo-
BeIM (Averyanov, 1999). On cuuTan, 4TO TOJIBKO HEKOTOpHIE pacTeHus Ha [lanpHem
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Puc. 5. UPGMA nenzpporpamMmma Ha OCHOBAHHM T€HETHYECKUX pAacCcTOsSHUN D, 1o 1aHHBIM yacToT ansesnei

10 reHHBIX JIOKYCOB JJIsl H3YYEHHBIX MOMyJISAUuil npeacraButeneit poga Cypripedium (TeHETHUECKUE pac-

CTOSIHUSI pacCUMTaHBI M (DailyIbl JUIsl TIOCTPOCHHS HCXOIHOTO JiepeBa U JiepeBa ¢ Oyrcrpen-rectom uist 1000

peruuK noiydeHsl B nporpamme PowerMarker V3.25, koHCeHCYCHOE JiepeBO OCTPOeHO B rporpamme Phy-
lip 3.69, Bu3yanuzauus JepeBa nposejeHa B nporpamme Mega 6.06).

Fig. 5. The UPGMA dendrogram based on the genetic distance D, 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).
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Boctoxke siBisioTCSt THOpUIAMU MEXKY BBINICYKa3aHHBIMU BuaaMu. COrTIacCHO pe3yiib-
TaTaM aJUI03MMHOTO aHaIH3a, TIpakTHIecKu Bce ocodu C. calceolus M3 BOCTOUHOM ac-
TH apeasia MOKHO OTHECTH K THOpHIaM, TIOCKOJIBKY HE TONBKO Y YKIOHSIOMIUXCS, HO U
Y THITUYHBIX PACTEHUI OTMEUYCHBI IPU3HAKH, XapakTepHble s C. shanxiense. AHano-
TMYHBIN MMPpUMEP MOKHO IMPUBCCTH MU IO NPEACTABUTCIIAM APYroro poaa OpXHUIHBIX.
Hanmpumep, npu MOJCKYyJISIPHO-TEHETUYECKOM H3ydeHHM ocobeit Orchis militaris n
O. simia B MecTax UX COBMECTHOTO mpouspacTaHusi B EBporie okaszanoch, 4TO OHU BCe
SIBILIIOTCS. PE3yJIbTATOM HHTPOTPECCHBHON TMOPHIU3AIMU, XOTS KaKUe-THO0 3pUMbIE
MopQoJIorHIecKre MPHU3HAKH, YKa3bIBalolIHe Ha 3T0, oOHapyxeHsl He Obutu (Fay,
Krauss, 2003).

Touka 3peHuss 0 HAIMYMH MEKBHIOBOH WHTPOTPECCHBHON THOPHIN3AINN MEXITY
C. calceolus u C. shanxiense XOpoIIo corjacyeTcsi ¢ pe3yjabTaraMu 0oJiee JeTaIbHOTO
MOp(hoIOTHYECKOro HcclenoBaHusl. Tak, B MECTOHAXOXKACHHUAX B 3a0aiKallbCKOM,
ITpumopckoM n XabapoBCKOM Kpasix HaOIromaeTcs 0OIbIIOE YHCIO HETUITHYHBIX 0CO-
oeii C. calceolus (Averyanov, 1999), umeronux ry0y KOpUYHEBOTO IBeTa (puC. 6).
Ux pons cocramsier ot 30 mo 50 % oT oOmiero 4uciia HBETYHIUX PACTEHUN B IO-
nysusix (Andronova et al., 2007). Kpome Toro, y HexoTopsix pacrenuii C. calceolus
u3 [lpumopest m 3abaiikanps Oblia BBIABICHA (aKyJIbTaTUBHAs KOHTAKTHAsh aBTO-
ramust (Filippov, Andronova, 2007). CornacHo JiMTepaTypHbIM JaHHbIM, ais C. cal-
ceolus XapaKTepHO HMCKIIOYUTEIBHO TmepekpecTHoe ombuieHue (Darwin, 1950; Nils-
son, 1979), torna kak mns C. shanxiense — camoonsiieane (Perner, Averyanov,
1995).

B Xome OmbITOB MO MCKYCCTBEHHOMY CaMOOIBUICHHUIO I[BETKOB Y YKIIOHSIOIIHXCS
ocobeit u Tunnunblx C. calceolus ObLTIO IOKa3aHO, YTO MPOLEHT 3aBA3bIBAHUS IJI0JI0B
JIOBOJIBHO BBICOK — 0Oosee 90 %. Opnako B miiogax HaONIOAANIOCh CPaBHUTEIBHO
OO0JIBIIIOE YUCIIO CEMSTH HEKU3HECTIOCOOHBIX M3-32 aHOMAIINH Pa3BUTHS 3apOBIIIA, YTO
CBHJICTEIILCTBYET O CHMKEHHOW CEMEHHON MPOYKTUBHOCTH Y PACTECHHUI M3 BOCTOYHOMN
4acTH apeana.

{utonorudeckoe Uccie10BaHNE MbUIIBI Y YKIOHSIOIUXCS PACTEHUHN € IIOMOIIBIO
aI[eTOKAPMUHOBOT'O METO/1a BHISIBUIIO HAMYKE OOJIBIIOTO YKCIa aHOMAIBHBIX MbLIbIIC-
BBIX 3epeH (puc. 7). Tak y OZHOro W3 pacTEeHHH MPAKTUYECKU BCE MBUIBICBBIC 3epHA
Obutn aHOMaJbHEIMU. [loutH monoBmHa w3 mpuMepHO 800 MPOCMOTPEHHBIX 3EPCH
ObuTn mycThie (O6e3psuepHblie). OcTaiabHAs YacTh MBUTBIICBEIX 36pPEH B OCHOBHOM OCTa-
BaJINCh CIA00OKPAIICHHBIMH (BEPOSITHO, UX MOJKHO CUHTATh CTEPHIBHBIMH), W JIHIIH
CAMHUYHBIC OKPALIMBAIKCH JOCTATOYHO SIPKO, T. €. C BBICOKOH BEPOSTHOCTHIO OBLTH
)KI/I3H€CHOCO6H])IMI/I. HpaKTI/IquKI/I BCC MBbUIBLECBLIC 3€pHA OTINYAINCH aHOMAaJILHOM
(dhopMoii — MMenu pazHOro pojaa 0opo3/bl, HHBATMHAIIUHM, BMSATHHBI, YTO yKa3bIBacT
Ha HAapYIICHUE JCICHUS KICTOK B X0/1¢ (hOPMHUPOBAHUSI MBUIBIEBBIX 3epeH. Y 8 % mbI-
JBIIEBBIX 3€pPEeH ObUIM OOHAPYKEHBI MHUKPOSIPA, YTO CBUACTEIBCTBYET O HAPYIICHUU
nporiecca aeneHus siuep. OObIYHO TaKue aHOMAaIHU HAOMIONAIOTCS Y OTAAJICHHBIX THO-
PHUIIOB U, HIMEHHO OHH IPHUBOMAT K CTEPHUIBHOCTH X ITBUTBIIHL.

B xozie n3y4eHus MbUIBLBI Y IPYTHX 0COOCH ¢ KOPUYHEBOH, IEPEXOAHON U THUITHY-
HOW OKpAacKoil ryObl Taxke OBIIITM OTMEUCHBI ONMCAHHBIC BBIIIC AaHOMAJIHH. XOTS IPO-
LCHT aHOMAJIbHBIX NbLJIBLEBLIX 3C€PEH 6])1.]'[ MCHBIINM, TEM HC MCHEC IOJIYUCHHBIC NJaH-
HbIC CBUACTCILCTBYOT O TOM, YTO y U3YUCHHBIX 0CO6CI\;1 HUMCHOT MECTO I'CHCTHUYCCKUC
HAPYIICHUS, KOTOPBIE OOBIYHO HAOMIONAIOTCS MPU OTAAJICHHOW THOPUIN3AIHH.

Takum 006pa3oM, BEISBICHHBIC BHINICYKAa3aHHBIC HETHITMYHBIE MOP(POIOTHICCKHE U
MOJICKYJLIPHO-TeHeTHYeCcKre (Ha OCHOBE aJUIO3UMHOTO aHaim3a) npmsHaku y C. calce-
olus, KOTOpbIe HAOJFOIAIMCh TOJIBKO y 0COOCH B 30HE COBMECTHOTO MPOU3PACTAHUS C
C. shanxiense, XOpOIIO COTJIACOBAJHCH C IMPEIANONIOKECHHEM O MCKBHIOBOW HHTPO-
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Puc. 6. Herunmunsle ocobu Cypripedium calceolus n3 Ilpumopckoro kpast.

Fig. 6. Atypical plants of Cypripedium calceolus from Primorye Territory.

PECCHBHOM rMOpUAM3aUU MEXKy JTAHHBIMU TaKCOHaMHU. Ha OCHOBaHHMM 3TUX JaHHBIX
OBUIO BBICKA3aHO MPEAIOJIOKEHHE O CYIISCTBOBAHUU MEKBUIOBOTO UHTPOTPECCHBHO
TUOPUIHOTO KOMILIEKCa B 30He nepekpbiBanus apeanoB C. calceolus u C. shanxiense
B 3abaiikanbckoMm, XabaposckoMm u [Ipumopckom kpasx. Kak mpeamonaranocs, B HeM
npeobanarot rudpunel (C. calceolus X C. shanxiense), a 4ucio 0coOeit pOAUTEIECKUX
BUJIOB CPAaBHUTEIHHO HEBeIMKO. OMuH U3 pomutenbckux BunoB — C. shanxiense —
OTHOCHTCS K HamOoJiee PeIKUM IMPEICTABUTEIISIM POJa, BCTPEUAIONINXCS HA TEPPUTO-
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Puc. 7. CtpoeHue NbUIBLEBBIX 3€PEH Y OJHOI M3 yKIOHsomuXcs ocobeit Cypripedium calceolus (bonb-
HIeXEXITUPCKHUIA 3aIIOBEIHUK).
O6uwmit Bu nperka (/), neutbna mox COM (2) 1 cBeTOBBIM MHKPOCKOINOM (3, 4). mn — MHUKPOSIPO, p a § — IbUIbIA
AHOMaJIbHOI (hOPMBI, p W ¢ — IyCTbI€ TIBUILLEBBIE 3€PHA.

Fig. 7. The structure of the pollen grains of one of the deviating individuals of Cypripedium calceolus
(Bolshekhekhtsirskiy Reserve).

General view of flower (/), pollen under SEM (2) and light microscope (3, 4). mn — micronucleus, p a s — pollen grains
of abnormal shape, p w ¢ — pollen grains without intracellular content.
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pun Poccun. Ocobu C. shanxiense xapakTepu3yercst OOJUTraTHOH aBTOramMuen. Jrta
0COOEHHOCTH 00eCIIeUnBACT OMOIOTHYESCKYIO H30JISAIUIO TAHHOTO TaKCOHA OT OJIM3KO-
ro Buna C. calceolus. Bropoit u3 poaurenbckux BunoB — C. calceolus — B HOpME OT-
HOCHUTCS K TIEPEKPECTHO OMBUIIEMBIM PACTCHUSM U SBISIETCS OOIMTaTHBIM SHTOMO(DHU-
nom. IlpencraBuTeny JaHHOTO BHA, BO3MOXKHO, €Ilie Ooiee peikn Ha TaHHOH TeppH-
TOpHM, a pacTeHus, Mopdoaorudecku noxoxkue Ha C. calceolus, Ha camoM nene
apisitoTesa rubpunamu C. calceolus x C. shanxiense. ITO NPENNOI0KECHUE BBICKA3aHO
B CBS3H € TeM, uTo B nonysauusax C. calceolus, npouspacraronux Ha tore Ilpumopcko-
ro, XabapoBckoro u 3a0aiKaabCKOTO KpaeB, IPUCYTCTBYET OOJBIIOE YUCIO 0co0ei ¢
HETHITUYHBIMH TIPH3HAKaMHU (IBETOK ¢ TY0OIl KOPHYHEBOTO IIBETA) U OCOOCHHOCTSIMH
penpoayKTUBHON Ononoruu ((aKyIbTaTHBHOE CaMOONBUICHHUE). BrIpaskeHHeM UX Te-
HETHYECKOH HecTaOMIBHOCTH SBISCTCS (POPMHUPOBAHWE y HHUX IBUIBIBI U CEMSH C
BBICOKOHM [10JIell aHOMaluii, U KaK CIEACTBHUE, PE3KOE CHUIKEHHE CEMEHHOM NpOIyK-
tuBHOCTH (Averyanov, 1999; Andronova et al., 2007, 2009; Filippov, Andronova,
2011).

JUid TOATBEepXkKAEHUS BBICKA3aHHOM THIOTE3bl OBLIO MPOBEIEHO HCCIIEA0BaHUE
BHYTPHT'CHOMHOT'O MOJMMOp(hHU3Ma C UCIONIb30BaHUEM MeTonauku 454 yuactka [TS1
reHa 35S pudocomansHoit PHK u xmopormmnactroit JIHK paitona trul-trnF'y C. calceo-
lus, C. macranthon, C. shanxiense n C. X ventricosum. Bce TOJydeHHbIC TTPOYTEHISI
CpaBHHUBAIHN ¢ pedepeHcHBIME nocienoBatensHOCTsIMU C. calceolus n3 I'enbanka.

CpaBHuTenbHbI aHanu3 yuyactka /751 16 obpasnos C. calceolus nokasain, 4yto y 4
U3 HUX UMEETCS] BHYTPUTCHOMHBINH moauMop¢usM B nmo3unuu 320 (mo3umus 371ech U
Janee o003HauY€HA B COOTBETCTBUM C HOMEPOM HYKIIEOTHJIA B IMOCJIEJOBATEIHHOCTH
AYS557232, cexBenupoBanHoii Kocyan et al., 2004, B kotopoii coocTBeHHO /7S] Hauu-
HaeTcs ¢ HykieoTuaa 174 u 3aBepiiaercs nosuiuen 419, tadi. 2). YV tpex o0pasios
peobIIaaaliy MOCIeI0BAaTeIbHOCTH, aHAJIOTHYHBIC peepeHcy, y OHOro odpasia mnpe-
obnananu mocienoareabHOCTH ¢ 3aMeHod C Ha T. YV OoJBIIMHCTBA HM3YYCHHBIX
o0pasnoB 3ameHa B nosuimu 320 OblTa NMPAaKTHYECKH BO BCeX MpodTeHMsXx. Ilomm-
Mop¢Hbie 00pasubl C. calceolus 6pun coOpaHBl B pa3HBIX yacTsaxX apeana: B JIeHWH-
rpajackoii, bpsHckoit obnacTsx, B 3abaiikanse u B Ilpumopse, reorpaduueckoil mpu-
YPOUYEHHOCTH MO JaHHOMY NMPHU3HAKy HE BBISBJICHO.

CpaBuuTenpHBIN ananmu3 yuactka /751 7 oopasuo C. shanxiense (4 obpasua u3 3a-
Gaiikanbs, 2 — ¢ Caxaimna, 1 — u3 [Ipumopsbst) mokazan, 94To B mo3unusax 268 u 276
nmerores 3amensl G Ha T, a B mosunmu 320 — C ma T. 3amena B nmo3uiun 320 Onlia
npaktuaeckd B 100 % mpourennii. Kak oxaszamock, mo mosumusaM 268 u 276 ocodu
C. shanxiense OTIUYAIOTCS U OT pedepeHca, ¥ OT BCEX IPYTUX U3yUCHHBIX TAKCOHOB.
Oto crneuupuvHbIe 715 TaHHOTO TaKCOHA 3aMEHBI.

CrnenyeT OTMETUTh, 4TO 10 MO3ULKAM 268 1 276 y o0pasuos C. shanxiense uMencs
BHYTPUT€HOMHBIN nonumopdusmM. Tak, oO6pa3iusl u3 3adaiikaibs OTIUYAIUCH OT pede-
peHca o no3uuusam 268 u 276 B 50—79 % npoutenuid, uz [Ipumopss — B 85—87 %,
a ¢ Caxanuna — 57—73 %.

B obpasuax C. calceolus 3amensl G Ha T, ciennuanbie s C. shanxiense B 03H-
usix 268 u 276, ObUTH OOHAPYKEHBI TOJIBKO B €IMHUYHBIX MPOYTEHUsAX. M3 aToro cie-
JyeT, 4To u3y4deHHble o0pasibl C. calceolus Hellb3sl OTHECTH K THOpHIaM.

CpaBHuTenbHBIM aHanu3 yudactka /7S] 5 obpasuoB C. macranthon mokasal, 4To
OHHM OTJIIMYAIOTCS OT pedepeHca mo no3unusam 269, 320 u 352, rae ectb 3ameHbl C Ha
T. Ilo mo3unusm 269 u 352 onu otnuuatotcs takxke ot C. shanxiense.

CpaBuutenpHblii ananu3 ydactka [7S/ 11 obpasuoB C. X ventricosum mokasal,
9TO UMEETCs MOTUMOP(U3M B TOZUIHUAX 269 U 352, M0 KOTOPBIM pa3iIMYaroTCsl POIH-
tenbckue BUabl C. calceolus n C. macranthon. Yuciao mpodTeHU ¢ 3aMEHAMU B TIO3H-
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uuu 269 u 352 Bapsuposano ot 30 mo 50 %. B mo3zurnuu 320 3amena C Ha T Oblia
npaktuuecku B 100 % npourtenuil. CornacHo pesynbTraTaM HCCIIeI0BaHMs, IPaKTHYe-
cku Bce oOpasubl C. X ventricosum sBistorcst ruopumnamu mexny C. calceolus n
C. macranthon, BO3MOXXHO, 3TO THOPHABI MEPBOTO MOKOJEHUS. DTH JaHHBIC TOJIHO-
CTBIO COTJIACYIOTCS C pe3yJIbTaTaMM aJUIO3MMHOTO aHanu3a. Hu ogHOoTO THOpHIA MEXK-
ny C. macranthon u C. shanxiense He 0OHapyXEHO.

VY aByx u3 11 nzydennsix oopasuoB C. X ventricosum U3y4eHHBINH y4acTOK XJIOPO-
wiactHot IHK umen cxonctBo ¢ C. calceolus n3 3abaiikanbekoro kpast u u3 Ilpu-
MOpBbs, y BCeX APYTruxX OH ObuT uaeHTH4YeH TakoBoMy C. macranthon (tabi. 3). Tem ca-
MBIM OCOOM ATOTO THOPHIHOTO TaKCOHA MOTYT OOpa30BBIBATHCS C YYacTHEM Kak
C. macranthon, tak u C. calceolus B Ka4eCTBE YKCHCKHX PACTCHHM.

Ecnmu usydennsie obpasubl C. calceolus He paznuyanuck 1o ydactky /7SI, To 1o
xstoporutactHoi JIHK onu paspenmiuce Ha 2 rpynnsl. Hykieorugnas nocienoBareib-
HOCTh y4acTka xjoporuiacTHoi JIHK okaszanmack mAeHTHYHON y BCeX M3Y4EHHBIX 00-
pasuoB C. shanxiense nu'y C. calceolus u3 3abaiikanbckoro kpas u u3 Ilpumopss. On-
HaKo npu cpaBHeHUHU ¢ obpasuamu C. calceolus, cobpaHHbIMU B 3a0aliKaIbCKOW YacTH
Bypstuu u 3anagnee (Cubupb, Ypan u eBporneiickas yactb Poccun), ObUIM BBISIBIICHBI
CYIIECTBEHHBIC PA3IMYHMs O HAJWYMIO BCTABOK/Ieienud B mosunusax 457 u 516
(tabun. 3). BepositHas rpanunia mexay rpymmnamu C. calceolus mpoxoaut B 3abaiikaib-
CKOM Kpae. DTH JaHHBIE XOPOIIIO COTIIACYIOTCS C Pe3yNbTaTaMU aJUIO3MMHOTO aHAJIH3a.

CpaBHEHHE OPUTHHAIBHBIX M NPEACTABICHHBIX B ['eHOaHKE MaHHBIX MO JAPYTUM
TaKCOHaM poJa [10Ka3bIBAET, YTO U3yUYEHHBbIN ydacTok XaopomnactHoil JHK naunnas
¢ 457 mo3unuu BKIIOYAET BHICOKO monumop¢Hselii 30-Hykineotuausii A/T paiioH, co-
Jepkamuid pasnuynsie (6, 9, 18 u 24) HyKJI€OTHIHbIE eNeLnH, XapaKTepHbIe Ui pa3-
HbIX BUIOB poxa Cypripedium. BcraBka B mos3uiuu 516—520 crenuduyHa TOIBKO
st C. calceolus n3 mecronaxoxaeHuid u3 EBponsl, 3anannoit u Lentpanpaoi Cubu-
pu ¥ 3anaaHol yactu 3abaiikanbst (BypsaTus). OTa BcTaBka He BCTpedaeTcsl HU Y Mpeli-
CTaBUTENCH PYruX M3YYCHHBIX HAMH TaKCOHOB, HU Y TIPEJCTABUTEIICH PO, JaHHBIC
o KOoTopbIM uMetoTcs B ['enbanke. 3amensl G Ha T B mo3urmu 526 u A Ha T B mo3u-
un 534 mapkupytot C. macranthon M HEKOTOpbIC Apyrue BUABI ceKuuu Macrantha
(Cox, 1999), cBeneHus 1Mo KOTOphIM UMEIOTCs B [ eHOaHKe.

bouto mpoananusupoBano 142 BapuanTa mnocienoBaTenbHocTel /7S, KOTOpbIE
BCTPEYAIHNCh B TCHOME aHAJIM3MPYEMBIX 00pa3loB ¢ gosieii He MeHee 5 % U mMenn
YpOBEHb BapHadenpHOCTH caiToB mpuMepHo 80 % (puc. 8). Bapuantsl pazmenunuch
Ha J1Ba O0NpIINX KiacTepa U Ha 33 rpynmsl. BapraHTel 3aMeH B HYKICOTHIHBIX HOCIIE-
JIOBATEIBHOCTSAX B TPYMIAx MO CPAaBHEHHWIO C BHIOpaHHON pedepeHCHOH MmocieaoBa-
tenbHOCThIO C. calceolus, mpuBeneHsl B Ta0M. 2.

B nepBom kiacrepe, umeromiem 20 rpym, okazanuch Bce BapuanTsl C. calceolus n
C. shanxiense. B Hero BOILIM BapuUaHTHI Kaxaoro u3 odpasuoB C. X ventricosum, a
Taxke HeOoubIas 9acTh BapuantoB C. macranthon, xotopsle uMenn 3ameny C Ha T
TOJBKO B OJTHOW MO3WIIMH U3 IBYX CHEIU(UUHBIX U JTaHHOTO BUAa. Bo BTOpoii Kitac-
TEep, COCTOSIIMN U3 13 TPy, BOILIH BCE OCTANILHBIC BApUAHTHI, 00HAPYKCHHBIE B 00-
pasuax C. macranthon u C. X ventricosum.

Crnemyer oOpaTHTh BHUMAHKE Ha TO, YTO IPYTITHI BKIIIOYAIOT HACHTHYHBIC BapHaH-
1ol /7S], 0OHapyXCHHBIC B 00pa3max pa3HbIX TakcoHOB. Hampumep, B rpymme 1 o0be-
JUHSIMCh WJICHTUYHBIC BapUAHTHI, BBIABICHHBIC y BCEX HM3Y4YCHHBIX 15 00pa3ion
C. calceolus, Bcex 6 o6pasuoB C. shanxiense u 9 u3 11 aHaTM3UpPyeMBIX 00pas3IOB
C. X ventricosum. JTH TMOCIEI0BATEILHOCTH ObUIN TaKXe UACHTHYHBI pedepeHcy —
C. calceolus. B npyroit (21) crpynnupoBaiuch BapuaHTHI BceX obpasuos C. macrant-
hon u C. X ventricosum.
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Bapuantsl C. calceolus Bouun B 3 rpymnmbl, Toibko BMecTe ¢ oOpasuamu C. X
X ventricosum n C. shanxiense. Bapnantel C. shanxiense pasgenwinch Ha 9 Tpymmn
(6 13 KOTOPBIX crien(UIHBI TOJIBKO JUTS TAHHOTO TakcoHa). Bapuanter C. macranthon
oOHapykuBaroTcs B 10 rpymmax, IpaKTHYSCKH BO BCEX M3 HUX IPHUCYTCTBYIOT 00pas-
usl C. X ventricosum. Bapuantsl C. X ventricosum pazaeiawyiuch Ha 23 TPYyIIbI, Kak
MIPAaBUIIO, B HUX MPHUCYTCTBYIOT unu obpasusl C. calceolus, win C. macranthon.

Hu onnoii rpynmsl, o0beauHsmoNnel Bapuantel U oT C. calceolus n ot C. macran-
thon, umu u ot C. shanxiense u ot C. macranthon, BBIABICHO HE OBLIO.

B nmByx rpymmax (9 u 13) 00beAMHUINCH CXOMHBIC BapPUAHTHI IOCIEIOBATECIHHO-
cteit, BeIIBICHHBIX Yy C. shanxiense u C. X ventricosum. I10CKOIBKY HU Y OJHOTO H3
obpasnos C. X ventricosum cuenuduunsie mis C. shanxiense 3amenbl G Ha T X0TsI ObI
B OJHOHW W3 mo3uiuii (269, 276) He ObUIM BBISBICHBI, MBI HE MOKEM paccMaTpUBATh
3TO CXOACTBO 10 Oosnee peaxkuM 3amMeHaM C Ha T B IByX MO3MIIMAX KaK JTOKa3aTeIbCT-
Bo yuactust C. shanxiense B obpazoBanuu C. X ventricosum B KaueCTBE OJHOTO U3 PO-
IUTEIIEH.

[TosrydyeHHble JaHHBIE YKA3bIBAIOT HA TO, YTO MEXKBHUAOBAas THOPUAM3ALUA MEKIY
C. shanxiense n C. macranthon B CUMIIATPUYECKAX MOIMYJIIHAX, TO-BHIAMOMY, OT-
CYTCTBYET.

W3 momy4eHHBIX pe3yNbTaToOB CIEAyeT, YTO Ha TeppHTOpHH Poccum mmeercs nBe
pasuslie reHetnyeckne uHuM C. calceolus, KOTOPBIE pa3nuYaloTCs MO XJIOPOIIACTHOM
JAHK. Omna, kak M3BECTHO, HacjeAyeTcs MO MATEPUHCKOM JIMHUH. YYacTOK XJIOPO-
wiactHoit JIHK y omnoit u3 nunmii C. calceolus n C. shanxiense oka3zaincs WISHTHY-
HBIM, Torna kak yuyactok /757 JJHK y npencraBuresneit AByX TaKCOHOB MMeJl CYIIECT-
BEHHBIE pa3nuuus. HTepecHO OTMETUTh, 4To ocodu 31oil nmuauu C. calceolus npous-
pacranyd TOJBKO B 30HE COBMecTHOro npomspactanusi ¢ C. shanxiense. I1ockombky
xiopomnactHas JIHK macnmemnyercst mo MaTepuHCKON JIMHWUW, MOYHO TPEANOIOXKHUTh,
9TO UMEETCSI OTPAHUICHUE PACCTOSHIS, Ha KOTOPOE MPONUCXOANT PAaCCEHBAHNE CEMSH
Ipu co3peBaHuu m1010B. [losydyeHHble naHHble 10 aHanu3y XjioporuiactHol JHK ne
MOJITBEPKJAIOT, HO M HE OMPOBEPral0T BO3MOXXHOE THOPUIOTCHHOE MPOUCXOKICHHE
onnoit u3 nmunuit C. calceolus ¢ naentnynbiM C. shanxiense y4acTKOM XJIOPOIUIACTHOM
JHK. CoBepiieHHO OYEBUIHO TOJIBKO TO, YTO ATH JIBa TAKCOHA MUMEIOT O0Iee Mpouc-
XO0XJICHHE TI0 MAaTePHHCKOW JIMHUH.

3ona rubpuauzanuu Mmexny C. calceolus n C. shanxiense, onpeneneHHas HA OCHO-
BaHUH aJUICJIIFHOTO cocTaBa JIoKycoB PGI u SKDH (no nuddepenupyrommm C. shan-
xiense amnensm y C. calceolus), npencrapnsercs: 0ojiee MIMPOKON, TaK KaK OHA pac-
MIPOCTPAHSCTCSI HE TOJNBKO HAa TEPPUTOPHIO COBMECTHOTO IPOW3PACTAHMS IBYX TaK-
COHOB, HO M Ha TPWJICTAIOMINE K HEH paloHBI. DTO MOXKET OBITH CBA3aHO C TEM, UTO
HMMEET MECTO MOTOK I'€HOB, KOTOPBIA OCYIIECTBISIETCS MOCPEACTBOM TEPEHOCA MbLIb-
bl HA OOJIBIIME PACCTOSIHUA MO CPABHEHUIO C JUCTepcueil cemsiH. OHAKO CTaTHCTH-
yeckasi 00paboTKa JaHHBIX aJUIO3MMHOTO aHallM3a Mokasana, 4ro nomynsuuu C. cal-

Puc. 8. JlepeBo renetnueckux pacctosHuil anst 142 papuanto /7S], IOCTPOCHHOE METOJJOM MaKCHMAallhb-
HOTO Tpasnonoxodus, moxens Tamura-Nei (Tamura, Nei, 1993).
Homepa rpynn yxaszaHnsl nepejl BUJ0OBbIM Ha3BaHHEM. 3HaueHUs BEPOATHOCTH Bbilie 50 % yKa3aHbl Ha BETBAX CBEPXY.

JITMHBI BETBEH COOTBETCTBYIOT KOJIMYECTBY 3aMCH Ha CallT B yKa3aHHOM MaciiTabe. AHaIN3 BBIIOJIHEH C HCIOIB30BaHH-
eM MEGA7 (Kumar et al., 2016).

Fig. 8. A tree of genetic distances for 142 variants of /7.S/ 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).

1051



ceolus HaxopmsaTcs B paBHOBecHOM (Xapau-BaiiHOepra) cocTOSHUM MO JIOKycam, B
KOTOpBIX ObLTH BbIsABICHBI auddepentupyromue C. shanxiense amnenu (Filippov,
Andronova, 2016). CienoBareibHO, 0OMEH T€HETHYECKIM MaTepHaIOM MEXIY TaKCo-
HaMH TPOUCXOAUT OYEHBb PEIKO.

Kak okasanochk, He Bce TUIIOTE3bI, BHICKa3aHHBIC HA OCHOBAHHHU JIAHHBIX aJIIO3HM-
HOT'O aHaju3a, MOATBEPAMIIUCH MOCIE MPOBEACHHS HCCIICI0BAaHK BHYTPH F€HOMHOTO
nonuMop¢usma yuactka /7S JIHK. Hanpumep, pasnnuue ajuieIbHOrO COCTaBa JBYX
aio3uMHbIX J1IoKkycoB PGl u SKDH y C. calceolus u3 BOCTOYHON M 3alaHON yacTei
apeajia MOXKHO ObLIO OBl OOBSICHUTH MOTOKOM T'eHOB OT C. shanxiense, 4TO B CUMIIaT-
PUYECKUX MOMYJIIHIX MOKET OCYIIECTBIITECS H B pealbHOM BpeMeHH. OHAKO B HC-
CJIEJIOBaHUH BHYTpHTeHOMHOTO Tioumopdusma yuactka [751 JHK y C. calceolus 3a-
MeHbl, cnenuuansie C. shanxiense, BCTpedalnch o4eHb peako (He Oomee 1.5 % ot
YHUClla BCEX MPOYTEHUI). ITO OJHO3HAYHO CBHJIETEILCTBYET O TOM, YTO TPOAHATN3U-
poBannbie 00pa3usl C. calceolus (B TOM 4mcie ABE HETHIMUYHBIE OCOOM C TYOOH KO-
PUYHEBOTO I[BETA) HE SIBIIIOTCSI THOPHIAMHE TIEPBOT0 MOKOJICHHsI. Tor/ia Kak B TeHOME
C. shanxiense, KOTOPBIi, IO TAaHHBIM aJUIO3MMHOIO aHAJIN3a, SBISICTCS MOHOMOP(hHBIM
mo BceM 10 TeHHBIM JIOKyCaM, 4TO HE JAaeT BO3MOXKHOCTh OTHECTH €ro K THOpHAaM,
nmenoch ot 13 mo 50 % unmentnunsix C. calceolus mocnenosarensHocteir [7S1. Co-
TJIACHO TUM JaHHbIM, C. shanxiense MOXHO OBIJIO OBl OTHECTH K MEKBHIOBBIM THOpH-
naM, ¢ motokoM reHoB oT C. calceolus. OnHako OTCYTCTBHE TOMUMOPGHU3MA ATUTO3HM-
HBIX JIOKYycOB y C. shanxiense CBUIIETEIILCTBYET O TOM, YTO BCE HCCIe0BaHHbIE 00pa3-
1Bl (Jaxe Te, Y KoTopbix nons cneunduynsix ais C. calceolus mocnenoBaTeabHOCTEH
ITSI cocraBisuia 50 %) Takke He ABISAIOTCA TMOPUAAMHU MEPBOrO NMOKoJIeHUA. [IpuHu-
Masi BO BHHUMAaHHC U JaHHBIC aJUIO3MMHOTO aHAIM3a, W PE3yIbTaThl HCCICIOBAHISI
BHYTPUT'CHOMHOT'0 TOJIHMOpP(pHU3Ma, MOXXHO 3aKIIOYHTH, YTO B HACTOSINEC BpeMs HE
uMmeeTcsl (paKkToB, MOATBEP)KIAIONINX HaTHMYUe THOpuan3annu Mexny C. shanxiense m
C. calceolus B CUMIATPUUYCCKUX MOMyJSMHUAX. Ha oCHOBaHWM pE3yNbTaToOB MpO-
BEJICHHOTO HCCIICIOBAHMS MOYKHO BBICKA3aTh MPEINOI0KEHHE O THOPUIOTCHHOM IPO-
ucxoxnenun kak C. shanxiense, Tak U «BocTtouHoW» pacel C. calceolus, pacupocTpa-
HeHHOH oT 3abaiikanbckoro kpas jao IIpumopss. Bosmoxno, oty pacy C. calceolus,
XapaKTePU3YIOUIYIOCS BBIPAKCHHBIMH (PEHOTUIMYCCKUMHA W TCHOTHIIUMYECKUMH OCO-
OCHHOCTSIMH, CJIEIYeT PacCMATPHBAaTh B KA4EeCTBE CAMOCTOSITEIBHOr0 Mopdosorunde-
CKH €J1a00 BBIPQYKEHHOTO CKPBITOIO TaKCOHA, CTATyC KOTOPOTO TPYAHO OIpPEIeITNM Ha
HACTOSIIIUA MOMEHT.

Baarogapnoctu

ABTOpEBI OJ1arogapsT 3aBeyromiero Jrabopatopueii E. E. AHApOHOBA, HAYYHOTO CO-
Tpynuuka A. WM. XKepnakoa n nmkenepa-uccienonarens A. A. Kuuko Beepoccuticko-
IO HAyYHO-HCCIEIOBATEIECKOTO MHCTUTYTA CEIBCKOXO3IHCTBEHHOW MHKpPOOHOIOTHI
3a TIOMOIIb THpH MpoBeAeHHH HccieaoBanus. OcoOyio 0arofapHOCTh BBIpPAXKAEM
3aB. Jlaboparopueii OuOCHCTEMAaTHKH M I[HUTOJOTHHM bBOTaHWYECKOTO0 WHCTUTYTa
um. B. JI. KomapoBa PAH A. B. PoauoHOBY 3a KpUTHYECKHE 3aMEYaHUs MPH MOIro-
TOBKE PYKOIHCH CTaTbH.

Pabota BrmosHeHa npu (huHAHCOBOI moanepxkke Poccuiickoro dhouna pyHnaamen-
TalbHBIX HccnenoBanui (poekt No 14-04-92004 HHC a) u Ilporpammsl ¢yHIa-
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CTOSTHHE U TIPOOIEeMBI pa3BUTHS». IIMpocekBeHMpOBaHNE METOAOM 454 TIPOBOANIOCH C
ucnonezoBanueM obopynoBanus LIKII «I'eHOMHBIC TEXHOJIOTHH, MPOTECOMHKA H KJIe-
touHas ouonorusy ®I'BHY BHUHUCXM.
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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 #rnL-trnF region of chloroplast DNA, and intra-genomic polymorphism based
on 454 sequencings of /7S] 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. X ventricosum specimens are C. calceolus X 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 PG/ 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 PG/ 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 D, 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 X 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 X C. shan-
xiense.

To confirm this hypothesis, a study of intragenomic polymorphism was carried out using the 454 se-
quencing technology. We sequenced /7S] regions of gene 35S ribosomal RNA and trnL-trnF region of
chloroplast DNA.

Analysis of the /7S1 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 /751 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 /7S] 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 /7S] region of 11 samples of C. X 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. X 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. X 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 /7S/ 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 /751 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 /7S/ vari-
ants were found in samples of different taxa. Variants of C. calceolus were found in 3 groups, always with
the samples of C. X 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. X ventricosum samples. Variants of C. X 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 /7S] 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 PG/ 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 /7:S7 region. For example, the difference in
the allelic composition of the two allozyme loci PG/ 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 /7S] 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 % /7S] 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 ITSI 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.

Key words: Cypripedium, C. macranthon, C. calceolus, C. X ventricosum, C. shanxiense, allozyme
analysis, method 454 of sequencing, intragenomic and interspecies polymorphism, /757, 18S rRNA,
trnL-trnF, natural interspecific hybridization.
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