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MoxHoHOTMiT TylKaH4uK Dipus sagitta ITATEIbHOE BPEMST CYNTAJICS €IUHBIM MOTUTUITNIECKUM BUIOM.
PaHee Ha OCHOBaHWM MUTOXOHAPHUATBLHBIX U HECKOJIBKUX SIIEPHBIX TeHOB OBUIO BBISIBJIEHO BBICOKOE T€HE-
THYECKOe pasHooOpasue D. sagifta v BBIABUHYTA TUITOTE3a O CYIIIECTBOBAHUU B €r0 Mpeaeax HeCKOIbKUX
BUmOB. OMHAKO HEOOJIBIIIOE YHUCIIO SANEPHBIX TEHOB HE TTO3BOJIMIIO YCTAHOBUTD B3aMMOOTHOIIEHUS MEXITY
BBISIBJIEHHBIMU (DUITOT€HETUYECKUMU JIMHUSIMU. MBI 3HAYUTEIHHO PACIIUPUIN HAOOP MCIHOJIb3yEMbIX JIO-
KycoB simepHoit JIHK, 9To mpuBeno K 10CTaTOYHO BHICOKOMY pa3pelieHnIo (PUIOTeHETHIECKOTO AepeBa
st 10 popm D. sagitta. BeisiBieHHast CTpyKTypa BUIa B OCHOBHOM IMOATBEPANIIA XapaKTEP U B3aMMOOTHO-
meHus muauii MTIIHK. BMecTe ¢ TeM Hellb3sl TOBOPUTH O TIOJITHOM COOTBETCTBUM MUTOXOHAPUATBHOMU U
SIMEPHON (UITOreHUIA, YacTh TeHETUUECKUX JIMHWIA D. sagitta IBsSIETCS, BEPOSITHO, TIPOAYKTOM PETUKYJISIP-
HBIX TIpolieccoB. TakuM 006pa3oM, 3TOT TAKCOH MPEICTABIISIET COOOM CIIOXKHBIN BUIOBOI KoMmIuiekc D. sa-
gitta sensu lato, B KOTOPOM JaBHO pa3ollealInecs JUHUN He BCerna PernpoayKTUBHO U30JUPOBAHDI.

Karoueswie crosa: TylmikaHYMKOBbBIE, BUIOBOM KoMIuieke Dipus sagitta, dunorenus, sinepHas JIHK, Dipodi-
dae
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BBEAEHWE

Pon Dipus Zimmermann, 1780 (Dipodidae, Mam-
malia) moJjiroe BpeMsl CUMTAJICSI MOHOTUIINYECKUM U
BKJTIOYAJT B Ce0sT €IMHCTBEHHBIN IIMPOKOApeaTbHBIN
BUJ MOXHOHOTOTO TylikaHuuka Dipus sagitta (Pallas,
1773) ¢ 12—15 nogBugamMu, pacpoCTpaHEeHHBIMU B
MOJIYITYCTBIHHBIX U TYCTBIHHBIX OOJIaCTSIX YMEPEH-
Hoit 30HBI EBpa3un ot Bonrorpanackoit oomactu Poc-
cuu no Kurast. B pesynbrare Mopdholorndeckoit pe-
Bu3uM, nmposeaeHHoii I.1. Illenbporom [1, 2], B co-
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craBe Dipus sagitta ObUIA BBIICICHBI IBE XOPOIIO
nuddepeHIMpoBaHHbBIE BUIOBbBIE TPYIIIHL: “lagopus”
n “sagitta”. I'pymma “lagopus” HacensieT 3amagHyIo
4yacTb BUJIOBOIO apeajla MOXHOHOIOro TyIIKaH4YWKa,
KoTopasl oxBaThkIBaeT Tepputopun EBponeiickoit ya-
ctu Poccun, Kazaxcrana u TypaHa, W BKIIIO4aeT
ceMb noaBUnOB: D. s. nogai Satunin, 1907; D. s. innae
Ognev, 1930; D. s. austrouralensis Shenbrot, 1991;
D. s. lagopus Lichtenstein, 1823; D. s. turanicus Shen-
brot, 1991; D. s. megacranius Shenbrot, 1991; D. s.
usuni Shenbrot, 1991 [2]. I'pymnma “sagitta” oouTaet B
BOCTOYHOII 4acTM, Ha Tepputopum lleHTpanbHOI
A3uu 1 BKJIIOYaeT nsaTh nonBunoB: D. s. sagitta (Pal-
las, 1773); D. s. zaissanensis Selevin, 1934; D. s. bul-
ganensis Shenbrot, 1991; D. s. sowerbyi Thomas, 1908;
D. s. halli Sowerbi, 1920 [1]. Kpome Toro, ¢ mocuen-
Hell rpymIoi coavkaiy Tpy moaBuaa u3 TapuMcKoi
u Iaiinamckoii kotnoBuH (Kuraii): D. s. deasyi Bar-
ret-Hamilton, 1900, D. s. aksuensis Wang, 1964 u
D. s. fuscocanus Wang, 1964.

HccnenoBaHusi TeHETUYECKON UM3MEHUYMBOCTU
D. sagitta s.1. Ha OCHOBE MUTOXOHIPUATbLHBLIX T€eHOB
MoKa3aju HaJIM4Y1e HECKOJIbKUX IMHUM TMTOTEHIIMATBLHO
BUIOBOTO YpOBHS [3—5], Hanmbonee nUBEepreHTHOM 13
KOTOPBIX — KUTalcKoMy TionBuay D. s. deasyi — ObLIO
MPEIIOKEHO MMPUCBOUTH BUOOBOI craTtyc. st pa3-

155



156 JIMCEHKOBA u np.

) megacranius,
e )

\®)

; ol Yoo
F/10°%0 o Ophalli

e e 7

= OO o B

40

30

50

Puc. 1. Touku cbopa Marepuana Ul UCCIeI0BaHMs TIpeicTaBuTeieil BUIoBoro komruiekca Dipus sagitta. L1BeToBas ereHaa
COOTBETCTBYET MUTOXOHIpHAIbHBIM raruiorpynmam [3]. KpyrHseie 1iBeTHbIe TOUKHM 0003HAYAIOT MECTa ITPOMCXOXKICHUSI 00pa3-
LIOB JIJISI ICCJIEIOBAHUS SIIEPHBIX TEHOB B TaHHOI padote. besbie Touku co 3Be3namu 0603HAYaIOT TUTIOBBIE JIOKATUTETHI MO -

BUIOB D. sagitta sensu lato.

HBIX BBIJEISIEMbIX TAKCOHOB U TPYIN ObLIM OTMeYe-
HbI KaK COBOAJAEHNS, TaK U OTJIUUYMS OT Pe3yIbTaToB
Mopdosiornyeckoii pesusnn. OTHAKO WMEIOIINECs
JIAaHHbBIE MO COBOKYITHO IIECTU SIIEPHBIM T'eHaM He
MO3BOJIWJIM TIOJIYyUYUTh CTAaTUCTUUYECKW 3HAYMMYIO
dunoreHeTUYECKy0 PEKOHCTPYKIIMIO U, BMECTE C
TeM, yKazaiau Ha cobwiTusi uHTporpeccun MTIHK
[3-5].

VYuureiBasi, YTO MUTOXOHAPUAIbHBIE (PUMIOTeHUN
4acTO HE COOTBETCTBYIOT TAKOBBIM, IOCTPOSHHBIM Ha
OCHOBaHUMU SIIEPHBIX TCHOB, IJISI IIOATBEPXKACHUS Cy-
IIECTBOBAHMS F'€HETUUECKMX JIMHUI Y YCTAaHOBJICHUS
YPOBHSI UX OUBEPreHIIUM Mbl PEIIWINA YBEJIUYUTh
YUCJIO SIAEPHBIX JIOKYCOB B HallleM (PUJIOTeHETUYE-
ckoMm aHaym3ae D. sagitta s.1. 1lenbio HaIero ucciaeno-
BaHMsI TaKMM 00pa30M CTajlM MOJIydYeHUE pa3pelieH-
HOTO (pMJIOreHETUYECKOTIO iepeBa st (DOPM BUIOBO-
ro KOMIUIEKCAa MOXHOHOTOrO TYIIKAaHYMKA IIpU
IIOMOIIIM Habopa u3 pparMeHTOB 26 AIepPHBIX TEHOB
¥ CpaBHEHUE MTOJIyYSHHOI TOITOJIOTUU ¢ MOP(POI0r -
YecKOM peBU3Meil 1 (pUIIOTeHNE Ha OCHOBE MUTO-
XOHAPUAJIbHBIX JaAHHBIX.

MATEPHAJIBI U METOJbI

st uccnepoBaHus ObUIM BBEIOpaHBI 18 mpencra-
BUTeJIeil BUIOBOTro KoMIiekca Dipus sagitta s.l., ipu-
Hajyiexallie pa3anuyHbIM nonsuaam (puc. 1). Boiae-
nenue JJHK, aMrindukalo 1 ceKBeHUPOBaHUE MO
CaHrepy IpOBOIMIN COIJIACHO ONMyOJIMKOBAaHBIM pa-
Hee MetomaMm [6, 7]. Bpumn aMImImduULMPOBaHBI

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAVKHU O XXKHU3HU

¢dparMeHTHI THTPOHOB M 9K30HOB 26 SIIEPHBIX TeHOB
C WCIIOJIb30BAaHHBIM KaK OIYyOJIMKOBAHHBIX paHee,
TaK ¥ pa3paboTaHHBIX BIIEPBBIC MPAMepOB (B CKOOKAxX
ykazaHa mmHa I[1IIP-tipomykra): A2AB (541 11.0.),
ATP7A (724 n.0.), CREM (406 1.0.), vVWF (541 1.0.),
ACPS5, (47211.0.), APOB (992 11.0.), C-MYC (670 11.0.),
LCAT (485 n.0.), GHR (903 1.0.), CNR1 (998 11.0.),
MGF (515 n.o.), THY (603 m.o.), SPTBN (801 n.0.),
BRCA1 (889 m.0.), BRCA2 (962 11.0.), IRBP (1153 11.0.),
ABHDI11 (554 11.0.), AAT (515 11.0.), CHY (597 1.0.),
DMP1 (587 1m.0.), G6PD (601 m.0.), NHSL1 (596 11.0.),
ostA (537 m.o.), PRF (587 n.0.), ROGDI (416 11.0.),
TNF (541 m.0.) [7].

Bcero 0pu10 TIOTYYeHO 459 OCcnenoBaTeIbHOCTEH
JIJTS yKa3aHHBIX 00pa3lioB U MapKepoB (HoMepa B 6a-
3e gmaHHbix GenBank: OP800526-OP800657;
OP819961-OP820046; 0OP823299-0P823388;
OP866973-OP866990; OP970466-0OP970500;

MF535892; MF535896; MF535877; MF535876;
MF535880; MF535849; MF535850; MF535853;
MF535863; MF535871; MF535835; MF535842;
OP970450; MF535824; MF535819; OP970453;
OP970454; MF535798; MF535804; MF535837;

MF535800; MF535816; OP970460-OP970465), u3
HUX 19 OBLUTH MOJTyJdeHBI B XOA¢ MPEIBIAYIIei paboThl
[3]. Ha ux ocHoOBe OBLIO CO3MaHO OOBECAUMHEHHOE
MHOXECTBEHHOE BBIpABHUBAHME I MaJbHEHIIIeTO
a”anu3a B mporpamme MEGA v6.06 [8]. ®umnorene-
THUYECKUI aHaJU3 BBIMOJHEH METOIOM MaKCUMallb-
Horo IpaBaoronoous (maximum likelihood, ML) B
nporpamme IQ-TREE v. 1.6.12 [9, 10] ¢ meneHnemM Ha
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Puc. 2. @wioreHus BuaoBoro komruiekca Dipus sagitta sensu lato, peKOHCTpyUpOBaHHasl HA OCHOBE SIIEPHBIX (2) U MUTOXOH -
IpuaJIbHBIX (0) JTaHHBIX METOOAMU MaKCMMaJbHOTO NMpaBaononodus. Yucia BOIM3M Y3/I0B AepeBa Ha PUCYHKE a TOKA3bIBAIOT
TIONIEPXKKU, TTOJTydeHHBbIe MeTonoM fast bootstrap. CuMBoOJBI Ha pucyHKe B 0603HavatoT BeICOKME TOAIepXKH (3Be3na () —
0.95—1.0 BPP/91-100 6ytcTpar), cpenuue noaaepxku (kpaapart (1) — 0.9—0.96 BPP/75-90 Gytctpar), 1160 OTCYTCTBUE 3HA-
yuMbIx oaaepxek (kpyr (O) — <0.89 BPP/<74 6yrctpan) (rne BPP — anoctepropHbie BeposstHocTH U3 baiiecoBa aHanu3a B
MrBayes); peKOHCTPYKLIMSI M TIONIEPXKKHM MPUBENeHb HAa ocHOBe |3, 4]. LIBeToBas JiereHna cOOTBETCTBYeT puc. 1. BHenrHue

TPYIIIBI yAaJeHBI.

MapTULINHA, COOTBETCTBYIOIIME OTIEIbHBIM MapKe-
paM 1 npuMeHeHueM fast bootstrap (10000 perniuk).
Jaculus jaculus ncrionb30BaH B KayeCTBE BHEIIHEN
rpynirsl. @umoreHeTHYECKasI CETh IIOCTPOSHA B TIPO-
rpammMme SplitsTree v. 4 metogomM Split decomposition
[11]. XpoHorpamma moaydeHa B rmporpamme BEAST
v. 1.10.4 [12] ¢ ucrmonp30BaHMEM B Ka4eCTBE BTOPHU-
HOIi KanmuOpoBOYHOI TOUKM pasaeneHue Jaculus/Di-
pus (JIoTHOpMaJIbHOE pacIripeneiieHue: mean = 1.517;
stdev = 0.6124; offset = 8.2 [7]). i1 pasHBIX TEHOB
KCIIOJIb30BAJIMCh KaK CTPOTHe, TaK U CBOOOIHBIE Ya-
CHI B 3aBUCHMOCTHU OT pe3yIbTaTOB TECTOB OTHOIIIE-
aug npaspomnonoous (likelihood-ratio tests), mpose-
JIeHHbIX ¢ ToMolbio PAUP v. 4b10 [13].

PE3VJIBTATBI 1 UX OBCYXIEHHWE

Hartmu pe3ynbraThl CEKBEHUPOBAHUS SIIEPHBIX Te-
HOB (puc. 2a) TOATBEPKAAIOT 6a3a/IbHOE MOJIOXKEHNE
D. deasyi OTHOCUTETHEHO BCEX OCTAIBLHBIX TEHETHYIEC-
CKUX JTMHUI KoMIutekca Dipus sagitta s.l., 4TO TIOJTHO-

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHW O XXKHU3HU

CTbIO COOTBETCTBYET W3BECTHBIM T€HETUYECKUM
JaHHBIM W TOATBEPXKJaeT BUIOBOK CTATyC 3TOTO
TakKCOHa Ha HOBOM pacIIUpPEHHOI BBIOOPKE simep-
HBIX JIOKYCOB [3, 4]. OOpa3ibl MOABUAOB I'PYHITHI “la-
gopus” (D. s. lagopus, D. s. usuni, D. s. turanicus,
D. s. nogai), o6pa3yroT MOHO(UIETUYECKYIO TPYIIITY,
B TO BpeMs Kak rpymnma “sagitta” (D. s. ubsanensis,
D.s. halli, D. s. sowerbyi, D. s. bulganensis, D. s. zais-
sanensis) TlapadujieTUYHA OTHOCUTEIBHO “lagopus”.
Ha mutoxonapuanbHOM nepeBe (puc. 20) BBISIBJICH-
Hble (DUIOTPYTIIBI JOBOJBHO XOPOIIO COOTBETCTBYIOT
MOpP(OJOTUYECKUM TIOABUIAM, OIHAKO YeTKOro
noapasaeiieHus MX Ha TpynIbl “lagopus” u “sagitta”
He HabmromaeTcs [3].

D. s. ubsanensis, Kak 1o SIIEpHOI, TaK M IIO
MTAHK, 3aHuMaeT 060Cco0JIeHHOE TTOJI0XEHUE, YTO
HE COINIacyeTcsl C BBIBOJAMM MOP(MOJIOTMYECKOM pe-
BU3UM, COINIACHO KOTOpOoii D. s. ubsanensis BKJIIOUCH B
coctaB nioasuaa D. s. sowerbyi [1]. D. s. bulganensis
MOHOG(UIETUYEH TOIBKO Ha MUTOXOHIPHUATEHOM JIe-
peBe. DK3eMIUIIphl, MpuHamiexaiue Dipus s. ssp. U3
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Puc. 3. ®uioreHeTnyeckasi ceTb npeacraBureneit Dipus sagitta sensu lato, moctpoeHHast MeTonoMm Split decomposition Ha oc-
HOBeE siIepHBIX MapKepoB. LIBeToBast iereHna COOTBeTCTBYeT puc. 1.

BocTOo4yHOI ['00M u neHTpanpHoit Monronuu (M03-
4, M14-99), xkoTopble HAa MUTOXOHIPUAJILHOM JIEpeBe
o0beauHSIOTCS ¢ D. s. sowerbyi, Ha SAcpHOM JIepeBe
TATOTEIOT K D. 5. ubsanensis.

IMommep:kka MHOTUX Y3JIOB Ha SIIEPHOM JepeBe
HU3Kas (puc. 2a), 4To, yYUTbIBasi IpUBEACHHBIC BbI-
e (akThl HECOOTBETCTBUSI TOITOJIOTUM MUTOXOH-
JIPUAIBHOIO U SIIEpHOro AepeBbeB (mitonuclear dis-
cordance), TOBOPUT O BEPOSTHBIX PETUKYJISIPHBIX
Ipoleccax B 3BOJIOLUM Ipylnbl. MUTOXOHAPUATb-
HBIE U SIIepHBIC JaHHBIE, TOJYYeHHBIC paHee, TAKXKe
yKa3bIBaJIM HA HAJIMYYE TTOTCHLIMAJIbHOM rubpuamn3a-
uuu mexay D. s. ubsanensis n D. s. sowerbyi [3].

C npearnoyioxXeHUueM 0 TMOPUIHOM MTPOUCXOXKIe-
HUU HEKOTOPBIX JIMHHWI COIJlacyeTcsl M CTPYKTypa
dusoreHeTHYEeCcKOM cetu (puc. 3), KoTopas coaep-
JKUT HECKOJILKO ITUKJIOB. B 4acTHOCTH, 3TO OTHOCHUT-
csa K D. s. bulganensis (13 MoHronbckoit JIxxyHrapum)
u Dipus s. ssp u3 BoCTOYHOU [obu U 1EeHTpabHOK
MoHnroauu. I1pu uckiIiroYeHUU U3 aHaau3a MpUHa/I-
Jiexalmux 3TuM ¢opmam o6pasios (M03-4, M14-99
u M15-71), nonnep:xkKu Ha AepeBe 3aMETHO BO3pac-
TaloT (puc. 4).

BpemeHna guBepreHLMM, NOJy4eHHBLIE B HallleM
dHIOoreHeTUYECKOM aHaIn3¢e 00beAMHEHHOM Moce-
JIOBATEJIbHOCTU U3 26 s1IepHBIX TEHOB, HE CUJIBHO OT-

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAVKHU O XXKHU3HU

JIMYAIOTCS OT HAIIIMX MPEXKHUX JATUPOBOK HA OCHOBE
BUJOBOTO JIepeBa 1o cyth U IBYM SIIepHBbIM reHaM [3].
Otnenenue D. deasyi ot ocTaabHBIX (DOPM BHUIOBOTO
KOMIIJIEKCca IMpon3omniio 1.2 MJTH JeT Ha3ad;, 000co6-
neHue D. s. ubsanensis IpoU30I1IJI0 OKOJIO 1 MJIH JeT
Hasan; rpynIisl “lagopus” u “sowerbyi” pa3geaninch
720 ThIC. JTeT Ha3a..

SAKJIFTOYEHHME

Haiu pesynabraTbl I€EMOHCTPUPYIOT CIOXHOCTD
MHTEpIIpeTalii (PUIOTeHETUUECKOTO CUTHaJIa, To-
JIy4a€MOTO OT SIAEPHBIX, MUTOXOHIPUAJIBHBIX U MOP-
doormyecknx HIaHHBIX. PacmmpeHune BBIOOPKU
MapKepoB 10 26 JIOKYCOB MO3BOJIMJIO TIOJYYUTh (Pr-
JioreHeTuueckoe aepeBo D. sagitta s.l. ¢ ynoBIETBO-
PUTENbHBIMU TMOMJIEPXKKAMU 3HAYWUTENBbHOU 4YacTu
y3710B. HeB3upas Ha pacXoxXIeHUsI MeXIy pa3HbIMU
TeHETUUYECKUMM MapKepaMu, MOATBEPKIAETCS Bbl-
COKMIA ypOBEHb pa3HOOOpa3us 3TOro BUJOBOTO KOM-
TieKkca U ayTeHTUYHOCTh OOJIBIIMHCTBA TeHETUYe-
CKUX JIMHWI, BBISIBJIEHHBIX paHee mo MTIHK [3].
IMonnepxxuBaroTcst 0a3albHOE ITOJOXEHUE U HECO-
MHEHHBII BUIOBOU ctatyc D. deasyi, MoHOMUIUS
rpynmnsbl “lagopus” u panHee o6ocobaenue D. s. ubsa-
nensis. HemoctaTok pa3penieHust puiIoreHeTUIeCKUX
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Puc. 4. KayimbpoBaHHOE (hrJIOTEHETUYECKOE IEPEBO BU-
nosoro koMmruiekca Dipus sagitta sensu lato, peKOHCTpyU-
pOBaHHOE Ha OCHOBE SIIEPHBIX TAHHBIX B IMPOrpaMme
BEAST v1.10.4. TakcOHBI, ITOTEHIMAJIBHO UMEIOIINE TH-
OpUIHOE MPOUCXOXAEHME, ObLJIM UCKIIOUYEHBI U3 aHAJIU-
3a. Yucna BOIM3U y3/10B AepeBa IMMOKa3bIBaIOT allOCTePU -
opHble BepositHoctu (BPP) nporpammbl BEAST u Oyt-
CTpaN NMOAIEPXKU, mojiydeHHbIe B iporpamme 1Q-TREE
IUIST COKpallleHHOM BBIOOpKM. LIBeToBas JiereHaa cOOT-
BeTCcTBYeT puc. 1. TAaKCOHBI BHEIIIHE TPYITITBI YIaJEHBI.

PEKOHCTPYKIIMI OOBSICHSIETCSI, BEPOSITHO, PETUKY-
JIIpHBIMU TIpOlIeCCAaMM B 3BOJIOLIMU Tpynmbl. He-
CMOTPS Ha TO YTO AMBEPTEHLIUS MEXIY TUHUSIMU J0-
CTUTaeT BUIOBOTO YPOBHS, MPH CYIIECTBEHHOM MX
Bo3pacTe (0kojo 1 MJIH JeT) OOMEH reHaMMu MEXIy
HUMU COXpaHSIeTCS, a YacTb U3 JIMHUII MMEeeT, BO3-
MOXHO, THOPHIOTEHHOE TIPONCXOXKICHIE.

BJIIATOJAPHOCTHU

ABTOpBI  BbIpaXaloT 0OJIaTOAAPHOCTh COTPYIHUKAM
CoBmecTtHoil  Poccuiicko-MoOHTonbCcKolM  KOMILIEKCHOM
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The northern three-toed jerboa Dipus sagitta was long considered to be a single polytypic species. Earlier, a
high genetic diversity of D. sagitta was revealed on the basis of several mitochondrial and nuclear genes, and
the existence of several separate species within it was hypothesized. However, a small number of available nu-
clear genes prevented the establishment of relationships between identified phylogenetic lineages. Here, we
significantly expand the set of utilized nuclear DNA loci, which resulted in a sufficiently higher resolution of
the phylogenetic tree for 10 forms of D. sagitta. The identified species structure mainly confirms the topology
and relationship of the mtDNA lineages. At the same time, the mitochondrial and nuclear phylogenies are
not completely consistent. Hence, a part of the genetic lineages of D. sagitta is apparently a product of retic-
ular evolutionary processes. This taxon is thus the diverse species complex D. sagitta sensu lato, in which long-
diverged lineages are not always reproductively isolated.

Keywords: jerboas, Dipus sagitta species complex, phylogeny, nuclear DNA, Dipodidae
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