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[TonnmaHMe reHeTHYECKOH M3MEHYMBOCTH MOMYISALHI AB-
JA€TCA OCHOBONOJIArarwIlUuM [JIsi YIIPaBIE€HHUs TTOIYJISALH-
AMH W [UIaHHPOBaHMA Mep M0 OXpaHe MHOTHX BHIOB, Ha-
XOMIIMXCA TOJ YTPO30H MCYe3HOBEHHS, B TO BpeMs Kak
aeMorpauyeckas HCTOPHA TIPEIOCTaBIAET JaHHEBIE O TOM,
KaK BHJIBI pearHpoBaIi Ha H3MEHEHNA OKPYKaromeil cpesl
W IKOJIOTHH B LIEIOM.

BuzBl, pasMHOMKAIOMIHECH B YCIOBHAX TOMAPHBIX BIOB,
0OBIYHO XAPAKTEPH3YIOTCA BLICOKHM YPOBHEM I€HeTHYe-
CKOH M3MEHYHMBOCTH H MPOCTOH CTPYKTYpOH NOMYJIALHH.
B gacTHOCTH, 0714 HHX XapaKTEepPHEI MOMYIALHMH ¢ BBICOKOH
3(Q{eKTHBHON YHCIEHHOCTLIO HA MPOTSKEHHH IUTHTEIBHO-
IO BPEMEHH NP HE3HAUNTENbHOH Cerperaiu pasMHOKaI0-
LIUXCA [PYIIIL 3KMBOTHBIX B IIPEUMYIIECTBEHHO OIHOPOIHbIX
MecTOOOHTaHHAX W HeOOIBLUIOM KOIHYECTBE TPEATCTBHIH
s pacnpocrpanenus (Martinez-Bakker et al. 2013). Ilo
HamuM coodpakeHusM, Kacriuiickuii TroneHs obnagaeT Ta-
KHMH K€ XapaKTepUCTHKAMH — Y HET0 HCTOPHYECKH KPYII-
HBIE [0 pa3sMepy IONYJIALHK IIPH OTCYTCTBHH MPENATCTBUN
ns nepementenns no KacnuiickoMy Moplo, KOTOpoe siBIIsi-
€TCsl BHYTPHMATEPUKOBLIM M HeQOJIBIINM, €CIIH [IPHHATE BO
BHHMaHHE BO3MOKHOCTH MepeMelienus TroneHei. Crenyer
TaKKe y4ecCTh, UTO BCs MOMYMALMA THOAeHeH pasMHOKaeTC s
B OTpaHHYEHHOM paHoHE 3MMHHUX JTeIAHBIX MOJIEH, 4TO npe-
MATCTBYET H30/IALHH Pa3IMYHBIX PENPOAYKTHBHEIX I'DYyII
(Dmitrieva et al. 2016).

Understanding patterns of population genetic
variation is fundamental for management of stocks
and conservation planning for many threatened
species, while past demographic history can inform
how species responded to past environmental and
ecological changes.

Polar ice-breeding seal species typically have
high levels of genetic variation and low levels of
population structure, reflecting large long term
effective population sizes, few barriers to dispersal
and little segregation of breeding aggregations in a
largely homogeneous habitat (Martinez-Bakker et
al. 2013). We would predict Caspian seals to follow
a similar pattern due to large historical population
sizes; no barriers to movement within the Caspian
Sea, which is landlocked and small compared to
the dispersal capacity of seals; and because almost
the entire population breeds within a small area
of the winter ice field in the Northern Caspian,
giving limited potential for isolation of different
reproductive groups (Dmitrieva et al. 2016).

Here we present an assessment of genetic population
structure, levels of genetic variation, and inferences
on past demographic history of Caspian seals
using 7 microsatellites (40 individuals), a total
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Huke MBI MpEACTaBIeM OLEHKY MeHETHUECKOH CTPYKTYPBI
NOMYJIAUNA, YPOBHA I€HETHYECKOH M3MCHYHBOCTH M BbI-
BOJIBI O JeMOTrpapuIecKOil UCTOPHHU KACIMHCKOTO THOIIEHS
Ha OCHOBAHH aHAJIN3a CeMH MHKpPOCATEeJJIMTHBIX JOKYyCOB
(40 ocoeit), nocenoBaTeIbHOCTEH MEPBOit CyObeAMHH LI
rexa quToxpom okcuaassl (CO1 - 511 n.0.) ¥ KOHTPOIBHOTO
peruona (KP, 496 m.o. M/IHK ot 66 ocobeil muiroc moinsie
roc/Ie1oBaTeNbHOCTH MHTOXOH/IpHaIbHOTO TeHoMa oT 20
ocobeit). BertGopka npexncrapisia coboii Habop npod Kposu
MJIM TKAHH, B3STBIX Y KMBOTHBIX Ha ATIIEPOHCKOM MOIY0-
crpose (AsepGaitmkan), I'yitnanckoil nposusmuy (Mpan),
a taxoke n3 Kenaupnu, OyxTel KoMcomonen i Mo1yocTpoBa
Manrucray (Kazaxcras), npu stoM BeIGopKa cocTassna 6
10 36 ocobelt B KaKIOM HCCIIEIYEMOM MECTEe B 3aBHCHMO-
CTH OT MapKepa.

MHEKpOCATEIITUTHEIE TOKYChl 0OHAPYKMUIN BBICOKHH YpO-
BeHb M3MCHYHBOCTH CO CPCAHHUM MNOKA34TCICM rCTEPO3Hu-
rotHoCTH, paBHBIM 0,8 B cpeniHeM no BceM Jokycam. B paii-
OHaX, rae Opanuck npodsl, He G610 BBIABIEHO Kakoi-nnbo
JIOCTOBEPHOIN CTPYKTYPBI HH C HCIIONB3OBAHMEM KpHTE-
pus Fst (Fst =0,03, P>0,05), #au metomom baliecoscko-
ro KJAcTE€pPHOro aHaju3a ¢ HCIOJIb30BaHMEM IPOTPaMMEI
Structure (Pritchard et al. 2000), npogeMoOHCTPHPOBABIIEM
HAWITYHIIee COOTBETCTBHUE [OAYYEHHDIX NAHHBIX €IHHOMY
reHotoHay s Beel Bebopkn (K=1).

[Ipn ¥M3y4YeHMH MHOXOHIPHAILHOH H3MEHYUBOCTH OBLIO
orMeueHo 63 ramoruna KP npu 3HaueHHH HHAEKCA ramnjio-
TUnu4Yeckoro pazaoobpaszus 0,999 (= 0,003) u nanexca Hy-

K1eoTHAHOro pasHoodpazusa 0,02397+ (0,00139). [lna CO1
66110 00HApyKeHO 25 TaluIOTHIIOB IPH 3HAYEHHH HHIEKCA
rarIoTHNHYeckoro paznoodpasus 0,924 (£ 0,015) u nnaek-
ca HyKISOTHAHOro pasnoobpasus  0,00524 (+ 0,00041).
CXOfHBIE MMOKA3aTelH M3MEHYHBOCTH ObITH OOHapyiKeHBI
JUTS KOOHPYIOLINX H HEKOAHPYIOUIMX YHACTKOB NIPH aHAIIM3E
20 TONHBIX MHTOXOHAPHANBHBIX TEHOMOB, [1OC/IEL0BATE b=
HOCTB K@XKIOTO H3 KOTOphIX OblNa yHHKanbHa. B memom ot-
MEUEHHEIH ypOBeHb IeHeTHUECKOH H3MEHYHBOCTH CXOICH

C TaKOBBIM Yy apKTHYecko# kompuatoii mepmel (Martinez-
Bakker et al. 2013).

Ananuz monexynaspHoi aucrnepcun (AMOWA) He BB
KaKy-1u00 J0CTOBEPHYIO MOMYIALMHHYIO CTPYKTYpY UIA
COI (Fst=-0,00275, P= 0,424), npu stom 11 KP Gbina 00-
HapykeHa BechMa ciiabas, Ho HocToBepHas cTpykTypa (Fst
=0,00384, P= 0,002). OgHako K NOTY4EHHOMY Pe3YIbTaTy
CIEIYET OTHOCHTBCS ¢ DOJIBIION OCTOPOKHOCTRIO — OH, BH-
IMMO, ABIACTCSA PE3YJIBTATOM BBICOKOTO CONEP/KaHHS yHH-
KaJbHBIX ranaotunos. OO0 OTCYTCTBHH CTPYKTYPhl TaKXKe
CBHJIETENLCTBYET XapakTep MeIHaHHOIl CEeTH TanioTHIOB,
MOCTPOEHHOH MeToaoM median joining ¥ (hHIOreHeTHYE-

of 511 and 496 bp of sequence respectively from
mitochondrial Cytochrome Oxidase I (COI) and
the Control Region (CR) from 66 individuals, plus
complete mitochondrial genome sequences for 20
individuals. The sample set consisted of blood or
tissue samples collected from Apsheron peninsula,
Azerbaijan, Guilan province Iran, plus the Kendirli,
Komsomolets Bay, and Mangistau peninsula areas
of Kazakhstan, with sample sizes ranging from 6 to
36 individuals per location for different markers.

For the microsatellites, high levels of variation were
found with a mean heterozygosity of 0.8 across
all loci. No significant population structure was
detected among sampling locations using either Fst
(Fst=0.03, P>0.05) or Bayesian clustering analysis
using Structure (Pritchard et al. 2000), with a single
genetic pool (K=1) having the best fit to the data.

For mitochondrial wvariation, 63 unique CR
haplotypes were obtained, with a haplotype diversity
of 0.999 (+ 0.003) and nucleotide diversity of
0.02397+ (0.00139). For COI, 25 unique haplotypes
were found yielding a haplotype diversity of 0.924
(= 0.015) and nucleotide diversity of 0.00524 (=
0.00041). Similar patterns of diversity were found
for non-coding and coding regions in the 20 complete
mitochondrial genomes, which were all unique
haplotypes. Overall the level of genetic variation is
comparable to Arctic ringed seals (Martinez-Bakker
etal. 2013).

An AMOVA analysis found no significant population
structure for COIl (Fst= -0.00275, P= 0.424), but
for the CR very weak but significant structure was
detected (Fst= 0.00384, P= 0.002). However, the
latter result should be treated very cautiously and is
likely to arise due to the high proportion of unique
haplotypes. The absence of structure is further
supported by median joining haplotype networks
and Bayesian phylogenetic tree reconstruction which
revealed no geographic clustering of haplotypes,
and low support for internal nodes within Caspian
seal population trees, for all sequence regions and
the complete genomes.

Mismatch distribution and Bayesian Skyline analysis
of mitochondrial sequences indicated a significant
signal for a population expansion, and further
analysis is underway to evaluate the timing of this
event. Potentially this demographic change may be
related to past episodes of climate or environmental
variation in the Caspian Sea region. Further analysis

Mopckue mnekonuTtatowme Monapktukn. 2018. Tom 1.

151



Goodman et al. Assessment of genetic variation, population structure and demographic history of ...

CKOTO JIpeBa, MOCTPOEHHOro baiecoBEIM airopuTMoM, Bhisi-
BHBIIIA OTCYTCTBHE reorpadMuecKHX KIaCTePOB FarioTH-
TIOB, HapAy ¢ HU3KOH MOJIEPKKOH BHYTPEHHHMX Y3710B B
NOMY/IAIHOHHEIX JIePEBBAX KACIHMHCKOIO TIONEHH, PEKOH-
CTPYMPOBaHHBIX JUIS TIOC/IE0BATEIBHOCTEH BCEX MpoaHa-
JIM3HPOBAHHEIX YYAaCTKOB M IS MTOJHEIX TEHOMOR,

Paccornacosannoe pacnpenenenne u baitecoBekuii KOHTYp-
HBIN aHAIIM3 MUTOXOHIPHANBLHEIX MOCIEA0BATETLHOCTEH B
3HaYMTENBHOH MEpe CBHAETENLCTBYIOT O NOMY/IALHOHHOM
SKCMAHCHH, H B HACTOMIIE BPEMA MOBOIWTCS IalbHelee
HCCICN0BAHHE C TeM, YTOOBI BBIABHTH BPEMEHHBIE PAMKU
Ha3BaHHOro coOpITHA. [loTeHUMANBLHO yKa3aHHbIE T1eMOrpa-
(pryeckie U3MEHEHNA MOTYT ObITh CBA3aHbI C NPOIITBIMA
SNHU300aMH M3MEHYHMBOCH OKPY’KAIOLIEHl Cpellbl B PeruoHe
Kacnmiickoro mops. Tpebyiorcs nameHeiimme wccneno-
BAHHA 718 0OOCHOBAHHA 3TOrO BRIBOAA, HO HMEIOLIHECS
JaHHBIE CBHACTENLCTBYIOT O TOM, YTO MOMYIsAUMs 0Onagaer
YCTOHYIHBOCTELIO K H3MEHEHHAM OKpYy/Karouledt cpemsl.

is required refine this, but it suggests the population
may have some resilience to environmental change.
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