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[JoxzeBble YepBY — LUIMPOKO PacnpOCTPaHEHHAA 1 SKONOTNYECKN
BaXkHaA rpynna. NpeactaBuTenn ee 3aHMMaloT NepBoe MecTo

Nno CyMMapHoW 61uomMacce B HEKOTOPbIX SKOCUCTEMAX M 3a4acTyio
onpeaensaioT BUAOBOW COCTaB BCel MoYBeHHoN dayHbl. B page

paboT 3apybexHbix nccnenoBateneli 6b110 NoKasaHo, YTo

ANA JOXKAEBbIX YepBel XxapakTepHa 3HaunTeNbHaA CKpbITan
reHeTnYecKas N3MEHUMBOCTb. B HEKOTOPbIX Clyyasx BHYTPW OLHOMO
MopdOoornyeckoro Bufa 06Hapy»KMBaeTcA HECKObKO BUAOB-
[BONHVKOB. B gaHHol paboTe 6bina caenaHa NonbiTKa OLEHUTb
BMOBOE pa3Hoobpasve foXKAeBbIX UepBeli tora 3anagHoin Cnbrpu

¢ nomoubto metoga AHK-wrpuxkoanposaHua (DNA barcoding).
JHK-WwTpnxKoAanpoBaHMe 3aknioyaeTca B MCMOSIb30BaHUMN KOPOTKMX
dparmeHTOB reHoma AnA naeHTUdMKaLmMm BUAOB 1 MO3BONAET
paboTaTb c 06pa3uamu, KOTopble He MOTyT ObiTb JOCTOBEPHO
onpegeneHbl TPAAULMOHHBIMU CNOcobamu, a TakKe Haxo4UTb HOBble
BUAbI U MPUGN3UTENBHO YCTaHABNBATb X CUCTEMATMYECKOE
popacTBo. B kKauecTBe LieneBon nocnefoBaTesibHOCTY Obin B3AT
dparmeHT MUTOXOHAPUANBHOIO reHa LToxpomokcmaasbl 1 (coxT)
LJIVHOW 658 M. H., aMnIMGULMPOBAHHBI MPU NOMOLUM YHUBEPCANbHbIX
npaimMepoB. CuMTaeTcs, UTo Ha n3yyaemoin Tepputopun (Hosocnbup-
ckas 1 Tomckana obnactu, AnTaickuia Kpai, Pecnybnvka Antaii)
obuTaeT 16 BUAOB 1 NOABUAOB AOXKAEBbIX YepBell; BCe OHM OTHOCATCA
K cemeicty Lumbricidae. MpoaHanusmposaHo 259 ocobei
[OXAeBbIx YepBeli 13 12 reorpaduueckmx nyHKToB. O6HapyKeHO

27 reHeTnYecKux Knactepos, 10 13 KOTOPbIX COOTBETCTBYIOT BUAAM

A. caliginosa, E. fetida, O. tyrtaeum, D. r. tenuis, D. octaedra, E. balatonica,
E. sibirica, a Tak»e Tpem paHee N3BECTHbIM FreHETUYECKMM INHUAM

E. nordenskioldi nordenskioldi. MocnegosaTtenbHoctn 17 ns 27
KMacTepoB HE VIMEIOT CXOLCTBA C M3BECTHbIMU BUAAMUN JOXKAEBbLIX
YyepBell. YacTb YepBel HOBbIX KnacTepoB mopdonornyeckmn 6nmska

K rpynne Buaos Eisenia n. nordenskioldi/ E. n. pallida v, ckopee

BCero, NpefcTaBfAeT HOBble reHeTUYeCKre IMHMM 3TOro KOMIIeKca.
HekoTopble Knactepsbl, BEPOATHO, ABAAOTCA HOBbIMU, paHee He
obHapy»keHHbIMU, BuAamm. Takum o6pa3om, 3HaumTeNbHas yacTb
pa3Hoobpasna AoxAeBbIX YepBeit ora 3anagHon Cnbupw ele He
oxapakTepusoBaHa.

KntoueBble cnoa: foxaeBble YepBu; Lumbricidae; 3anagHas Cnubuvpb;
[OHK-wtpnxkoguposaHue; cox1; LMToxpomokcmgasa 1.

ORIGINAL ARTICLE

Received 25.09.2015 .

Accepted for publication 20.10.2015 1.
Online 15.12.2015r.

© AUTHORS, 2015

@ e-mail: shekhovtsov@bionet.nsc.ru

&

», bapHayn, Poccna

DNA barcoding: how many
earthworm species are there
in the south of West Siberia?

S.V. Shekhovtsov!, N.E. Bazaroval’ 2, D.I. Berman?,
N.A. Bulakhova® %, E.V. Golovanova®, S.V. Konyaev®,
T.M. Krugova’, L. Lyubechanskii®, S.E. Peltek!

TInstutute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2 Novosibirsk State Agricultural University, Novosibirsk, Russia

3 Institute of Biological Problems of the North FEB RAS,
Magadan, Russia

4Tomsk State University, Tomsk, Russia

> Omsk State Pedagogical University, Omsk, Russia

6 nstitute of Systematics and Ecology of Animals SB RAS,
Novosibirsk, Russia

7 Tigirek State Natural Reserve, Barnaul, Russia

Earthworms are a widespread and ecologically
important group of animals, which has the highest
total biomass in some ecosystems and often defines
the composition of soil fauna. Earthworms are known
to have high cryptic genetic diversity. In this study we
attempted to estimate earthworm species diversity

in the south of West Siberia by DNA barcoding. This
method employs short fragments of the genome

to identify species, and allows one to work with
specimens that cannot be identified y conventional
techniques, as well as to search for new species and
predict their phylogenetic affiniti . As the target
sequence we took a fragment of the mitochondrial
cytochrome oxidase 1 (cox1) gene. The studied
territory (Novosibirsk and Tomsk oblasts, Altai krai,
and the Altai Republic) is known to contain 16 species
and subspecies of earthworms. We analyzed 259
individuals from twelve locations and detected 27
genetic clusters. Ten of them correspond to known
species (A. caliginosa, E. fetida, O. tyrtaeum, D. r. tenuis,
D. octaedra, E. balatonica, E. sibirica, as well as three
genetic lineages of E. nordenskioldi nordenskioldi).
Seventeen of the 27 clusters do not have close
sequence similarity to any known earthworm species.
Representatives of some of these novel clusters are
morphologically similar to the Eisenia n. nordenskioldi/
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E. n. pallida species complex and may belong to new
genetic lineages of this complex. The rest of the novel
clusters probably represent new earthworm species.
Therefore, we can conclude that a large portion of
earthworm biodiversity in the south of West Siberia is
still unexplored.

Keywords: earthworms; Lumbricidae; West Siberia;
DNA barcoding; cox1; cytochrome oxidase.
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0XJICBBIC YEPBH, KaK H3BECTHO, — BAYKHAS B 3KOJIOTHYC-
CKOM OTHOIIEHHH Tpyrna. MupoBas GayHa coaepsKUT
OTHOCHUTEIBHO HEMHOTO BHJIOB, okoJio 3 700 (Hendrix
et al., 2008), n3 kotopeix B Poccnu oOHapy)eHb! TOJIBKO 47
(Bcepononoga-Ilepens, 1997). Oana U3 NpUYHH CTOIb MAJIOTO
pa3Ho00pa3ust — HeOOMBII0e YUCIO MOP(OTOTHIECKHAX THA-
THOCTHYECKHX TPU3HAKOB, YTO CBA3aHO C 00pa3oM >KHM3HHU
yepBeil. ObuTaHne B MMOYBE HAKJIA/IbIBAECT OIpPAaHUUYCHHS Ha
MOP(}OITOTHYECKYI0 H3MEHIUBOCTb. JJHarHOCTHYIECKUMU TTPH-
3HAKaMH JUTS JO’KAEBBIX YepPBEH CITyXKaT MOJIOKEHUE MOsCKa
U TIOJIOBBIX OTBEPCTUH, (pOpMa T'OJOBHOW JIOMACTH, YUCIIO
U pacroNokeHne (COMMKEHHOCT ) IETHHOK, MHOTAA pa3Mep
W OKpacka Teja. 3a4acTylo 9TH NPU3HAKN SBOTIOLNOHUPYIOT
KOHBEPIE€HTHO Yy pa3HbIX BHJOB M TPYII, U HANPOTHB, BO3-
MOKHA 3HAUUTENbHAsI BHYTPUBUI0BAsI N3MEHUHBOCTb.

Camas nosiHast 1 HanboJiee 4acTo MCIONIb3yeMasi CBOJIKA
IO JI0’K/IEBBIM YEPBSIM HAIllei CTpaHbl — KaJacTp J0KAEBbIX
ugepBelt Poccun — cocrasiena T.C. BeeBononosoii-Ilepens
(1997). B atom ncrounuke aist azuarckoit Poccun mpuso-
nuTcst 28 BUIIOB M MTOJIBUJIOB JIOXK/IEBBIX yepBeid. Ha paccma-
TpHBaeMoii B maHHOH padote Tepputopnn (HoBocubupcekas
n Tomckast obnacty, Anraiicknit kpait, Pecriyonuka Anrait)
obutaer 16 BuIOB AOXKAEBBIX YepBeil. Bce oHn oTHOCATCA
Kk cemeiicTBy Lumbricidae. BocemMp W3 HUX — WHBa3WBHBIC
BuAbI-KocMononuThl (Allolobophora parva, Dendrodrilus
rubidus tenuis, D. r. subrubicundus, Octolasion tyrtaeum
(= O. lacteum), Aporrectodea caliginosa, Dendrobaena oc-
taedra, Eiseniella tetraedra v Eisenia fetida). Jlns 3anamHoit
Cubupu ykaszansl Taoke Lumbricus terrestris, L. castaneus,
L. rubellus n Aporrectodea rosea (Ctpuranosa, [TopsanHa,
2005); omrako, mo mueHuo T.C. BeeBomomooii-Ilepens, 00-
Hapy>KeHHUE JIBYX ITOCIIEHUX BUJIOB SIBJISIETCS OILMOKOM orpe-
nenenus. Yetsipe Buaa poxa Eisenia (E. malevici, E. altaica,
E. salairica n E. tracta) — sunemuxu Anrast u Canaupckoro
Kkpsbka. OcTaBIIMecs TATh BUIOB — ATO OJIM3KOPOACTBEHHAS
rpynna Eisenia n. nordenskioldi/E. n. pallida/E. atlaviny-
teae, MIPOKO paclpoCcTpaHeHHas 1o Bceit Cubupw, a Taxxke
oonee peakue Buapl E. sibirica u E. balatonica.

Henb3s HE OTMETUTD PE3KUI KOHTPACT MEXy BECbMa He-
OOJIBIINM BHJIOBBIM pa3sHOOOpa3ueM (110 CpaBHEHHIO C O0JIb-
IIMHCTBOM JIPYTUX TIPYIII )KUBOTHBIX, PacIpOCTPaHEHHBIX
Ha TOH e TepPUTOPUH) U OTPOMHOHN oOmel Onomaccoi
1 9KOJIOTHUECKOM 3HAYMMOCTBIO 3TOH IPYIIIIBI.
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Mexty TeM yXe OJHa M3 MEepBBIX padoT, MPOBEACHHBIX
Ha JOKAEBbIX 4epBsx Merogamu JIHK-mtpuxkoanpoBanust
(DNA barcoding) (King et al., 2008), moxa3ana, 9to aus
OOJBIITMHCTBA BUJIOB XapaKTepHA BEChMa 3HAYUTEIbHAsI CKPBI-
Tasg N3MEHYUBOCTh. B mpenenax HECKOJIBKUX IIMPOKO pac-
MIPOCTPAHEHHBIX BUIOB, HcclleioBaHHbIX King ¢ komeramu,
OBUIO HAN/ICHO OT ABYX JI0 MATH KPUIITHIECKUX TeHETUIECKIX
JUHUN, 3aMETHO OTIMYAIOIIUXCS APYT OT Apyra: YHUCIO IO-
MAPHBIX 3aMEH MEX/Ty STUMH JINHUSIMH COCTABIISIIO 10 22 %.
[TomoOHnast kapTrHa OblTa OOHApyKeHa M B MTOCIIETYIOMINX
MCCJIEI0BAHUSX KaK Ha OT/IEJIbHBIX BUJIAX JOXK/IEBBIX YePBEH,
Tak Ha OOmMMpPHBIX X BeIOopkax (Peréz-Losada et al., 2012;
Porco et al., 2013).

JHK-mTpuxxkoaupoBaHie 3aKII09aeTCsl B UCIIOIb30BAHUH
KOPOTKHX ()parMEHTOB T€HOMA ISl NACHTH(UKALNT BUIOB
(Hebert et al., 2003). Haubonee dacTo ucmoib3yeMas AJis
JIHK-mTpuxxoqupoBaHus MOCIEA0BaTeIbHOCT Y JKUBOT-
HBIX — MUTOXOH/IPHATIFHBIN T€H IUTOXpOoMOKcHaassl 1 (cox/,
COI). DToT MeTO OYEHB MOJIC3CH IPHU UCCIICIOBAHUT 00pa3-
1I0B, KOTOPbIE HE MOT'YT OBITh JIOCTOBEPHO ONPEJIENICHbI TPa-
JULIHOHHBIMU CIIOCO0aMu, HalpUMEp, FOBEHHIIBHBIX 0CO0EH,
kokoHOB (Richard et al., 2010), ¢pparMeHTOB OpraHU3MOB HIIH
JKE CIIEI0B MX JKU3HEJESITeIbHOCTH ((eKaanu, CoIepKuMoe
xemyaka u T.1.), JJHK, BeraeneHHol n3 00pas3IioB MOYBHI
(Bienert et al., 2012). [IpumenseTcst oH Takxe W IJIs TPYTI,
coziepKalKx OOJIBIIOE KOJIMYECTBO TPYIHO ONPENEIISIeMbIX
BUJIOB, WM K€ AJISl TAKUX, CHCTEMAaTHKa KOTOPBIX IIOXO
paspadorana. JJHK-mrpuxkoaupoBanne uMeer oosee orpa-
HUYECHHBIE 33J[a41, YeM MOJICKYJISIpHas (PUIIOTCHUS, KOTOPbIE
He BKJIIOYAIOT B ce0s McclefoBaHNE B3aMMOOTHOIICHUH
MEX1y BHIAMU WIH YTOYHEHHE WX CHCTEMAaTHYECKOTO IO-
noxenust (Waugh, 2007). Tem He MeHEee METOJ B HEKOTOPBIX
CITyJasix TI03BOJISIET HAXOANUTH HOBBIE BUIBI M IPHOIN3UTEILHO
YCTaHaBIMBATh X CHCTEMATHYECKOE POJICTBO. XOTS CaMo 110
cebe JTHK-mTpuxkoqupoBaHrue HE MOXKET JIeXKaTh B OCHOBE
TAKCOHOMHUYECKHX HCCIIEJOBAaHMH, OHO MO3BOJIET WICHTH-
¢unmposars npeanonaraemsie HoBble BUABI (Decaéns et al.,
2013). Hanpumep, B pabore 1o (ayHe JOXKIEBBIX 4YepBeil
Hogoit 3emanamu (Buckley et al., 2011) aBrops! Ha ocHOBa-
HuH pe3yneratoB JJHK-mTpuxkoanpoBanust mpearoaoKuIn
cymectBoBaHue 50 HOBBIX BHJIOB JOXKJEBBIX U€PBEH, 4TO
COCTaBIISIET OKOJIO 1/4 OT M3BeCcTHON (payHBI ITOH TPYIIIHI HA
JTAaHHOW TEPPHUTOPHHU.
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Table 1. Earthworm sampling localities

Locality Number Number of clusters,

of individuals, n Ncl

Podgornoe Village, Chainsk raion, Tomsk oblast 28 5
NOVOS,b, rSk ’ Nov05|b|r5 kob| a St ........................................................................................................... 5 6 .................................... 7 .......................................
Dubrovkav'”age,Ma5|yanmora|on,Novos|b,r5kob|ast ................................................................... 2 7 .................................... 5 .......................................
Tem,rtau\/,”ageTashtago|ra,onKemerovoobhst .......................................................................... 12 .................................... 2 .......................................
M aka rEVka V,||a g el 50|ton . ralon, A|ta,kra, ......................................................................................... 3 2 .................................... 9 ......................................
Mustagmountam,‘rashtagdralon,Kemerovoomast4 ..................................... 3 .......................................
Mukhor_ChergaR,\,erShebahnora,onA|ta,Repub|,c4 ..................................... 1 .......................................
ArtybaSh V,||age, T u rOCha k : ra , on, A|ta , R epUb |,c ................................................................................ 3 8 .................................... 3 .......................................
Evrecha|amountam’Turochakra,onlAha,Repubhc8 ...................................... 3 .......................................
Sarlykmountam’ShEbalmoralon’AltalRepUbhc .............................................................................. 5 ...................................... 2 .......................................
T, g,rekState n a tur a | rese rve, KasnOShChEkovo ralonlAI ta, kra, ....................................................... 3 1 .................................... 7 .......................................
CharyShSkoye V,||age’ Ch a ryShSko y e . ralon’Altal kra, ........................................................................ 14 ................................... 1 .......................................

B mamreit pabote Oblna mocTaBicHA 3a/a4a — U3yYHUThH o)

TEHETHYECKOe Pa3Hoo0Opasue J0XKIEBbIX YepBel Ha TeppH-
Topuu fora 3amagHoii Cubupu npu momomu meroxa JTHK-
mrpuxkoaupoBanust. C 9ToM 11enbio Oblta coOpaHa KOJUIeKIUs
4yepBel 13 psijia reorpaduueckux TOYEK U POBEICHO CeKBe-
HUpPOBaHKE (pparMeHTa MUTOXOHIPHAIBHOTO TeHa cox /. [1o-
Jy4EHHBIE IT0CIIEI0BaTeILHOCTH CPAaBHUBAI C HAIlICH 0a30i
JaHHBIX HAACKHO ONMPEACIICHHBIX BUIOB JOKICBbIX qepBeﬁ,
a taroke 0asamu manaeix GenBank n BOLD.

MaTtepwuanbl n metogbl

O0pa3sirs! 10K IeBBIX YepBeit Obuti coopansl B 2011-2015 T
B Pa3IMYHBIX To4kax 3amaaHod Cubupw (Tadm. 1, puc. 1).
BbI60pKH BKITIOYAITH KaK ITOJIOBO3PEIbIX, TAK H OBEHHIIBHBIX
ocobeif. 1 psaa momoBO3peNbIX JKHBOTHBIX OBLITO ITPOBEACHO
Mopdosoruyeckoe onpeseseHue.

JIHK BbIeNsITH U3 HECKOIBKUX CETMEHTOB 33THETO KOHIIA
Tena mpu nomontn Habopos ¢upmsl BioSilica (1. HoBocu-
6upck). s ammmdukamm GpparmMeHTa MUTOXOH/IPHATTBHOTO
reHa cox/ MPUMEHSIN yHUBEpCAJbHbIE MpailMepsl: mps-
moit LCO1490m (5'-TACTC-AACAA-ATCAC-AAAGA-
TATTG-G-3"), ykazanusliii B crarbe Folmer ¢ korureramu (2014)
¢ mogudukanusamu, u ooparasie HCO2198 (5'-TAAAC-
TTCAG-GGTGA-CCAAA-AAATC-A-3") (Folmer et al.,
1994) u COI-E- (5'-TATAC-TTCTG-GGTGT-CCGAA-
GAATC-A-3") (Bely, Wray, 2004). VMcrnonb3oBainu cieayo-
i mpo¢ s amuidukanm: 2 MuH 1pu 94 °C; 5 UKI0B:
20 ¢ pu 94 °C; 20 ¢ npu 45 °C; 50 ¢ mpu 72 °C; 33 nukna:
20 ¢ ipu 94 °C; 20 ¢ ipu 55 °C; 50 ¢ mpu 72 °C.

CexBeHnpoBaHue (ParMeHTOB TeHa cox ! TPOBOAWIH MIPH
nomomu Habopa BigDye 3.1 ¢upmer Applied Biosystems
(CIHIA). Kanunnsipuslii anexrpodopes OblI BBIIOJHEH
B KomrektuBaOoM nientpe cekBennposanms CO PAH (. Hoo-
cubupck). Pyunas o6paboTKa MOITydeHHBIX 1TOCIIEI0BATEIb-
HocTel Obuta rpoBejieHa B mporpamme Chromas. J{ist moctpo-
eHHsl (PHMIIOTEHETHIECKNX JEPEBBEB MTPUMEHSIIN IPOTPaMMy
Mega v. 5.0 (Tamura et al., 2011). ITouck poacTBEeHHBIX IO-

Podgornoe @

Tigire

K Charyshskoy
o

Fig. 1. Sampling sites.

ClIeZI0BaTEIbHOCTEH MPOBOIICS B 0a3ax maHHbix GenBank
(www.ncbi.nlm.nih.gov) m BOLD (www.boldsystems.org).
i mocTpoeHUs IepeBbEB METOJAOM MHHHMAIBHOH 3BO-
JIFOIIMHU MCIIOJIB30BaIM MOJeNb 3ameH Kimura-2-parameter.
T'eneTnueckue qucranimy Uit anaan3a K/0 ObITH BEIYHCIIEHEI
npu romom nporpaMmsl Mega v. 5.0 (Tamura et al., 2011).

B nannoii padote o0beaunensl peynbrarsl JJHK-mrpux-
KoAMpoBaHUS 259 00pa3noB HOKAEBHIX YepBeil u3 12 Touex
tora 3anaiHoi Cnbupu. B kauecTBe ncTOUHMKA peepeHCHBIX
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Fig. 2. Phylogenetic tree of cox1 sequences constructed with the
Minimum Evolution algorithm.

Numerals above branches indicate the bootstrap support. Clusters are
indicated with triangles whose the bases are to the corresponding numbers
of sequences and heights, to nucleotide diversity within the clusters. Newly
detected clusters are indicated with asterisks. For E. n. nordenskioldi and

E. n. pallida, numbers of genetic strains are shown.

MOCJIETOBATEILHOCTEH MCIONB30BaHbI 0a3bl JaHHBIX GenBank
u BOLD, a taxxe HaJeKHO ONpe/eicHHbIE 00pa3ibl HEe-
KOTOPBIX BHUJOB JOXKAEBBIX uepBell ¢ Teppuropuun Poccuun
(E. n. nordenskioldi, E. n. pallida, E. sibirica, E. balatonica,
E. fetida, D. r. tenuis, D. r. subrubicundus, O. tyrtaeum, D. oc-
taedra, A. caliginosa, A. trapezoides, A. rosea, L. rubellus)
(Shekhovtsov et al., 2013, 2014a, b, 2015).
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Pe3ynbraTbl 1 06CyXaeHMe

Pesynbrarhl (pMIIOTEHETHYECKOTO aHAIM3a TIPEICTABICHBI Ha
puc. 2. M3BecTHO, YTO Ha JIEPEBbSIX, IOCTPOCHHBIX IO I10-
cienoBaresibHOCTAM MuToxoHapuanbHoi JIHK, kak npasuio,
HE BBIICIISIIOTCS] BETBH, COOTBETCTBYIOIIME TAKCOHAM HA/IBU-
mosoro panra (Pop et al., 2007; Chang, James, 2011; James,
Davidson, 2012), aTo 00ycIOBIEHO BBICOKOH CKOPOCTHIO
9BOJIOLMHU NTOCIIEA0BATENbHOCTEN MuTOoXoHApuansHoi JJHK
Yy JIOKJIEBbIX YepBeil. MHOrue pobl U Jake ceMeicTBa Ha
TaKUX JEPEBbSIX OKa3bIBAIOTCS MOMU(pHIeTHIHBIMA. [10 3TOH
MPUYHHE TPUHATO CYUTATh, YTO MHUTOXOHApHanbHas JJHK
TOJIE3HA JUIS BBISBIICHHS HOBBIX BHJIOB JIOXKJIEBBIX YEPBEH,
HO HETIPUTOJHA JJIsl HCCIIEIOBAaHNS (DHIIOTEHETHIECKNX B3a-
MMOOTHOILICHHH B TPYyIIIIE.

B cBs13u ¢ 3TUM KIIacTEpU3aLMIO TIPOBOAMIN CIIETYIOINM
00pa3zoM: KJacTepoM, COOTBETCTBYIOIIMM OIHOI omneparnu-
OHHOH TakcoHoMmueckoi enununie (Operational Taxonomic
Unit, OTU), cuurtaiu BeTBb ¢ OyTCTPEIHOM NOAICPIKKOI He
MeHee 95, KoTopast He 00beInHSIeTCA C KaKOH-TH00 qpyTroi
BETBBIO HA jepeBe ¢ OyTcTpenHol moxnepkkoit 6onee 90.
WckiroueHne ObUIO ClENIaHO JUISl TEHETUYeCKUX JIMHHH
E. n. nordenskioldi 7u 9, ataxxe E. n. nordenskioldi nuaun 4
u E. sibirica (cM. puc. 2), apeaibl KOTOPBIX 3aMETHO OTJIH-
YalOTCsI, YTO Ja€T OCHOBAaHHE MPEIIOoJararb 3HaYUTelIbHbIE
OHMOIIOTHYECKHE PA3THINS.

B BrIOOpKE 0OHapyxeHo 27 xnactepoB. CeMb M3 HHUX
OTHOCHJIUCh K M3BECTHBIM BuIaM (A. caliginosa, E. fetida,
E. balatonica, E. sibirica, O. tyrtaeum, D. r. tenuis, D. octae-
dra). Tpu n3BecTHBIX B 3ananHoi CHOMPH BHIa-KOCMOIIOIUTA
(E. tetraedra, D. r. subrubicundus, A. parva) Mbl He HaIUIH,
CKOpee BCETO, B CBSI3H C TE€M, UTO XapaKTepHbIE I HUX OHO-
TOIBI He ObLTH 00cneoBanbl. Takke He yaaIoch 0OHAPYKUTh
HH OJTHOT'O JIOCTOBEPHO OMPEJIEIIEHHOTO AJITAlCKOTO YHIEMH-
ka. Tpu Kactepa COOTBETCTBOBAIN T'€HETHUECKUM JIMHUSAM
E. n. nordenskioldi, xapakTepHBIM JJIs1 JaHHOTO PETHOHA
(Shekhovtsov et al., 2013). Ocrasiuecst 17 u3 27 kiacTepos
He nMenu OJIM3KOT0 CXO/ICTBA HU C OHOM U3 paHee N3yUEeHHBIX
nocnenosarensHocteit JJHK moxkneBbix uepseii (Tadi. 2).

OsHMM M3 METOJIOB aHaju3a BaJHUJHOCTH BbIICICHUS
BHJIOB Ha OCHOBaHMM nocienoBarenbHocTeil JJHK sBnsercs
merox K/0, nnm «npasuio 4» (4x rule) (Birky et al., 2010).
N3naganbHO OH OBUT pa3paboTaH Jisl OPraHU3MOB C OECTO-
JBIM Pa3MHOXKEHHEM, OHAKO MOXET NPUMEHATHCS U B TEX
Clly4asix, KOIjia M3yJaeMble MOy U30JIMPOBAHbI M HE
MOTYT OOMEHHUBAThCSA T€HaMH (YTO, OYEBHIHO, MOXKHO JI0-
MTyCTUTB JJIS TOXKIEBBIX YepBeH ¢ MX c1aboil CrtocoOOHOCTHIO
K MUTpanusiM). DTOT MOAX0]] ObIT UCTIONB30BaH, HAIIpUMep,
MIpH aHaIM3e KoMIuiekca BUOB A. caliginosa (Fernandez et
al., 2012). ABrop MeTtona K/0 mokasaj, 4TO T€HETHYECKHE
KJIaCTEPbI MOXKHO € 95 %-11 BEPOSITHOCTBIO CUUTATh PA3HBIMU
BUJIaMH B TOM CIIydae, eCJIi OHU JuBepruposaiu 4 x Ne no-
KOJICHUS Hazas, T1ie Ne — 3¢ peKTHBHAs YUCICHHOCTh ITOITYJIsI-
1. OLICHNUTH 9TOT apaMeTp MOKHO, BEIYHCIINB OTHOILICHUE
K/0, te K — reHeTndeckoe pacCTOsIHUE MEXKIY KIIaCTepamH,
a 0 — BHyTpH KiactepoB. Takum oOpa3om, JJIs TOTO, YTOOBI
CUMTATh KJIACTEPhI Pa3HBIMU BUAaMH, OTHOIICHUE K/ TOIKHO
OBITH OoJBIIC 4.

[To maHHBIM HaIETO aHAIN3a, IPABHUIIO 3TO BHINOIHIIOCH
Jutst 20 13 26 BriepBbIe 00HApYKEHHBIX KilacTepos. Mckirode-
HUsIMU ObUTH JTMHUK 2 1 3 B ipezesax noxsuaa E. n. pallida,
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qmuanu 1, 5u 9 E. n. nordenskioldi, a Takxe OIUH U3 BIICPBbIC
obHapyxeHHbIX knactepoB (Turupex+Yapemickoe + Cap-
7bIK). O4eBHAHO, YTO OTHOMIEHHE K/O 3aBUCHT OT CTENEeHH
BBISIBJIECHHOM N'€HETUYECKOM N3MEHUMBOCTH BHYTPH KJlacTepa.
Birky c xomeramMu oTMedany, 9To OIeHKa MTPOBOANUTCS Ha OC-
HOBAaHHMHN HEOOJIBIION BEIOOPKHU M3 OYEHB OOJBIINX ITOIYIISIINHA
(Birky etal., 2010). B namrem ciydae ObU10 H3y4€HO HECKOJIb-
KO TOITYJISIIIMH, HAXOSIIIMXCS Ha OOIIBIIOM PACCTOSHUN JPYT
ot spyra. CiencTBueM 3TOro ObUIO pasJielieHne KJIaCTEpOB
Ha HECKOJBKO BETBEH, /Ui KOTOPbIX npaBuiio K/0 >4 BbI-
nonHsuTock. Tak, kmactep Turupek +Yapeimickoe + Capibix
pasnenuics Ha asa: Turupek +Yapaimickoe u Capisik. JIuaun
E. n. pallida w E. n. nordenskioldi Taxxe pa3nenuinuch Ha
HECKOJIBKO CyOKiacTepoB. Takum 0Opa3om, NCTIONB30BaHHE
MeToza K/O IpUBOINUT K YBEJIIMUEHHIO KOJIMUECTBA BBIIEIIsIC-
MBIX TEHETHUECKUX KJIACTEPOB.

Uepsw, oTHOCsIIHECS K 9 13 17 KimactepoB, OpL1r MOpdoTIo-
THYECKH CXO/IHBI ¢ rpynroit E. n. nordenskioldi / E. n. pallida.
[To HamMM 1aHHBIM, HA TeppUTOpUH Poccuu 0OUTaIOT NEBSTH
reHeTndeckux JUHUN E. n. nordenskioldi (4eTpipe U3 HUX
B PErnoHe, OXBaThIBAEMOM JIaHHOW paOOoTO) M MATh JIMHUH
E. n. pallida (nmuuip ogHa W3 HUX OOHapy)eHa B 3arajHON
Cubupn). ITH THHANA WMEIOT Pa3Nu4usl KaK 110 MHTOXOH-
JIpuanbHOi, Tak u no saepHoi JJHK, mis HUX XapakTepHsI
3HAUUTENBHO pa3iuyaroiuecs apeainsl. [IpuHuMas Bo BHH-
MaHHE BBICOKYIO T€HETHYECKYI0 M3MEHYNBOCTh KOMILIEKCA
E. nordenskioldi (Shekhovtsov et al., 2013), MmoxxHO Tipemro-
JIOKUTh, YTO HEKOTOPBIE U3 00HAPYKEHHBIX KIIACTEPOB MOTYT
MPE/ICTABIATE COOOH HOBBIE JIMHUH 3TOTO KOMITJIEKCA BUIOB.

MOXHO JTM CUUTATh, YTO BBISIBIEHHBIC KJacTEphl COOT-
BETCTBYIOT BUJaM J0K/IEBbIX yepBeit? [1o naHHbIM aHamm3a
Hebert ¢ kommeramu (2003), 17151 KOTBIATHIX YepBE XapakKTe-
peH Ooree BBICOKUIT ypOBEHb JJUBEPTECHINHN TTOCIIEI0BATENb-
Hoit MTIHK Mexny BHIaMu OJHOTO pojia MO CPaBHEHUIO
¢ npyrumu kuBoTHBIMH. {11 70 % pomoB xapakTepHa au-
BEPIeHIIHS OCIIeIOBATEIbHOCTEN coX ] pa3HBIX BUJIOB CBBIIIE
16 %. ITo maHHBIM TeX ke aBTOPOB, CTCIICHb BHYTPUBUI0BON
M3MEHUYUBOCTH penko mpessimaeT 2 %. OnHako ypoBHHU
MOTIApPHON JAWBEPTeHIIMH MEXIY T€HEeTHYEeCKUMH JIMHUSIMHU
E. nordenskioldi coctasistor ot 16 10 29 %. I'enetnueckas
W3MEHYMBOCTh BHYTPH JIMHUH 3TOTO BUAA, JUISI KOTOPBIX
MMEIOTCS JAHHBIE 0 I0CTATOYHOMY KOJIMYECTBY TOITYIISIIINH,
npesbimact 5 % u noxomut y iunuu 2 E. n. pallida no 8,6 %.
Takum 00pazoM, ecnu CyIuTh 1O CTENEHN W3MEHYHBOCTH
mt/IHK, T0 00HapyKEeHHBIC HAMHU KJIaCTEPhl YBEPEHHO MOYKHO
CUUTATh OT/EJIbHBIMH BUJIAMH.

Mex 1ty TeM MpeCTaBUTENH 3HAYNTEIBHO PA3INIAIOMINX-
Csl MUTOXOH/IPHAIIBHBIX TeHETHYECKUX JIMHUHM OHOTO BHJA
MOT'YT B HEKOTOPBIX CIIydasiX He UMETh CYIECTBEHHBIX pa3-
JMYHH TI0 SIIEPHBIM MapKepaM, 4To ITOKa3aHo, HallpuMep, s
L. rubellus (Giska et al., 2015), a Taxe, 10 HaIllTUM JIaHHBIM,
quist muanid 2 U 3 E. n. pallida. Takxum 00pa3om, CyIiecTBOBa-
HHE TIPE/II0IaraeMoro HOBOTO BHJIa JOJKAEBBIX depBel He-
00XO0MMO TIOATBEPKIATh U TIPH ITOMOIIH SIJICPHBIX MapKEPOB.

Xots meron JIHK-mTpuxkoqupoBanus He MOXET JaTh
OKOHYATEJIbHBIN OTBET Ha TO, CKOJIBKO JKE€ BCETO BUJIOB JI0K-
JIeBBIX 4YepBel oOuTaeT Ha rore 3amagHoit CubupH, moiy-
YEHHbIE JIAHHBIC MOKa3bIBAIOT, YTO BHJIOBOE pa3zHOOOpazue
OKIEBBIX 4depBel rora 3amagHoi CuOuUpU MOXKET OBITH
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Table 2. New cox7 clusters detected in this study

n Sampling locality

n, number of individuals with the coxT haplotype belonging to the
corresponding cluster.

3HAYMMO BBIIIIC, UM IIPHHSATO CUUTATH HA OCHOBAHUH JTAHHBIX
TPaIUIIIOHHOTO MOP(OJIOrHYeCKOro aHanu3a. JJaxe Becbma
OorpaHHYeHHas BEIOOpKA M3 HEOOIBIIOTO YHciia reorpadude-
CKHUX TOYCK TT03BOJTUIIA YBEPCHHO BBIIBUTH | 7 HOBBIX TCHETH-
YEeCKHX KJIAcTEpOB JIOXKAEBBIX depBeil. OHM, MO-BUAUMOMY,
COOTBETCTBYIOT HOBBIM TaKCOHaM, YTO MO3BOJISIET yABOUTH
paHee U3BECTHOE YHUCIIO BHIIOB C JaHHOU Tepputopu (¢ 16
10 33). [lpoBeneHnast paboTa MoATBEPIKIACT IPEICTABICHUS
0 BBICOKOM KpUIITUYECKON N3MEHUMBOCTHU JOXKAEBBIX UYEPBEH
Y CBUJICTEIILCTBYET O IIEPCIIEKTUBHOCTH JaTbHEUIIIHX FCCIIC-
}10331{14171 B 3TOM HaITpaBJICHUMH.
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