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The taxonomic status of badgers in the Qinghai Lake area and evolu-
tionary history of Meles

Xiao Luo'?, Feng Li'”, Jing Chen'?, Zhigang Jiang'*

1 Key Laboratory of Animal Ecology and Conservation Biology, Institute of Zoology, Chinese Academy of Sciences, Bei-
Jjing 100101

2 University of Chinese Academy of Sciences, Beijing 100049

3 The 4th Affiliated Hospital of Jiangsu University, Zhenjiang, Jiangsu 212001

Abstract: To investigate the phylogenetic status of badgers (Meles sp.) in the Qinghai Lake area and to esti-
mate the divergence time within Eurasian badgers, the cytochrome b gene and the partial control region (CR)
of mitochondrial DNA were examined as genetic markers. Our results indicated that Meles is divided into four
species. Twenty one haplotypes were identified in 23 combined sequences (1,652 bp) of Cyt b and CR se-
quences. Results showed that Eurasian badgers were clearly divided into two major lineages: one of Western
lineage, composed of badgers from Europe and Southwest Asia, and the other of Eastern lineage, composed of
badgers from North and East Asia (including Japan). Furthermore, the Bayesian tree and the haplotype network
indicated that the badgers in the Qinghai Lake area are Asian badgers (M. leucurus). The estimated divergence
time was consistent with palaeontological evidence. The first split between the Western lineage and Eastern
lineage occurred approximately 2.24 Ma. After the separation, the Southwest Asia clade split from Europe ap-
proximately 1.27 Ma and the Japan clade split from continental Asia approximately 0.99 Ma.
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Fig. 1 Geographic distribution of Eurasian badger. The grey area shows the range of Eurasian badger, the black lines represent geo-
graphic boundaries of each phylogenetic group and the black triangle indicates our sampling locality.

W+ B (Kurten, 1968; Petter, 1971).
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FLRFHEFA TG R G, BRI S I AR A JE
JEICE 1NFIM. meles (Corbet, 1978; Wozencraft,
1993; Nowak & Paradiso, 1999). Baryshnikov I
Potapova (1990)2& T F A 2R, KMED A
PN, L ER R A 78 R I M X S SE M. meles,
AR B A H A5 & M. anakuma.
Lynch (1994 #5 k& B RDMIESZER, WAR
HH ARG RSIRENM. anakuma, T H A FHEEHSIH
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1.1.2 EDNARE. BRREY &

BURERHRFEAR, # B TIANamp Genomic
DNA Kit (KRR A R 2 &)Ul B P4 B
DNA.

KA E D (Cyt b) M3 X (CR)F4
FBEHATY . T HCyt bR F KuroseZ5(2000) 13 it
K151 #1Cb-M1 (5'-CTCACATGGAATCTAACCATG-
AC-3")fI1Cb-MR1 (5-TCTTCCTTGAGTCTTAGGG-
AG-3"); ¥ # CR % FH Marmi 2% (2006) ¥ it 11 51 ¥
MelCR1 (5-AGCACCCAAAGCTGATATTCT-3") il
MelCR6 (5'-CCATTGACTGAATTGCACCT-3").

PCR X B AR R 50 uL, I DNARHR5-10
pL, dANTP 1 pL (20 mmol/L), 10 x PCR loading buffer
5uL, IEMIASI#42.5 uL (20 mmol/L), Taqg DNA
FAHE1-2 U, KFEddH,0 28-33 pL. PCR N 4614
N 95 CHIAEMES min; 95°CAEPE4S s, 52°CIR K30 s,
72°CHEAH45 s, FLISAMEFS; 72°C ZEHT min, 4CH

Rl AHMRPHLEHIADNAFIIER

Table 1 The mitochondrial DNA sequences information in this study

1B
1.1.3 MFFIsEE

PCR )3 Ab 3¢ i 28 2 R ALBIE 78 o0 14T 00
F, WSSy 8alvmEE. Feol ot i
DNASTARH []SeqMan# £f:(DNASTAR, Inc.)i1T,
W 45 RAENCBIEUHE FE b 47 EUXE, e SR B A
A RFRENE, 18 ClustalX 1.8 (Thompson et al,
2002)HEAT 7 HI X o M GenBank £ # & N 817
MREAHICyt BMCRIFHI(RT), TSRtk Ky
HEBURAL, NN RGBT, #Cyt bAN
CRJF % {ESequenceMatrix (Vaidya et al, 2011)4it
TP
1.2 BIESHR
1.2.1 EEZHM

{§ FDnaSP v5.0 (Librado & Rozas, 2009)# 1T
WAL ZRETER I, T S5 A BB H M T IR 2 B
. #:FKimura’s two-parameter (K2P)4 i H]

Ly nit) G NAVT FEAR Y5 KA JF %5 Accession no.
Haplotype Sample code Sample no. Sampling locality Cyth Control region
Hl QHI Bl H[E ¥ Qinghai, China KU361236  KU361238
H2 QH2 B2 [ Qinghai, China KU361237  KU361239
H2 QH3 B3 1 [E ¥ Qinghai, China KU361237  KU361239
H3 QH4 B4 " EH#E Qinghai, China - KU361239
H4 QHS5 B5 " EHHE Qinghai, China - KU361240
H4 QH6 B6 FFEFH#E Qinghai, China - KU361240
H5 China - i [E B EIT Heilongjiang, China KU052604  KU052604
H6 Sweden - B Sweden AM711900  AM711900
H7 Mongolia 45Mo %7 Mongolia HQ711950  AJ563694
H8 Greece 80Cr 7o G A% Crete Island, Greece HQ711947  GU247573
H9 Israell 491s DL€ Israel HQ711946  AJ563686
H10 Israel2 481s DL€ Israel HQ711945  AJ563685
H11 Spain 35Sp PEBEF Spain HQ711943  AJ563676
H12 Russial 71833 % Wi hh DU R # X Transbaikalia, Russia AB049807  AB538995
HI3 Russia2 ZIS36 B Wi 5K/ Leningrad Province, Russia ~ AB049808  AB538997
H14 Russia3 71835 P W 5| # ¥ Leningrad Province, Russia AB049809  AB538998
H15 Japanl K1 HA UM K43 E Oita, Kyushu, Japan AB049806  AB538971
Hl6 Japan2 K6 HAIUMN KB Oita, Kyushu, Japan AB049800  AB538971
H17 Japan3 K7 HAIUMNKSE Oita, Kyushu, Japan AB049802  AB538971
HI8 Japan4 K38 AAJLMNFERE Fukuoka, Kyushu, Japan AB049799  AB538971
H19 Japan5 YMGI HAAM 1T £ Yamaguchi, Honshu, Japan AB049795  AB538983
H20 Japan6 MR1 HAIMNETF-£ Iwate, Kyushu, Japan AB049791  AB538977
H21 Japan7 KPM-NF1002945 [ A&AM #5115 Kanagawa, Honshu, Japan AB291075  AB291075
Arctonyx collaris YP6001 HM106329 HMI106329
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MEGA 6.0%4(Tamura et al, 2013)i+5Fh Py A1 Ff 7]
WL
122 RGREDH

PL ¥ WE (Arctonyx collaris) {E N b B¢, 1E
MrBayes v3.2 (Ronquist & Huelsenbeck, 2003)+#4)
ARG R E W . 5 R 4 AL 7E Modeltest
v3.7 ¥ M (Posada & Crandall, 1998)HH 347 1H 5, %
7R (5 1B & #E | (Akaike Information Criterion) |
1 i A A AHK Y H+GRE A, F2 71217 1,000 751X,
BERE 1,000 KU 1R, &7 (burn in)AT25% 145 R
KX H Network 4.6 (Bandelt et al, 1999) # 1]
Median-joiningyZ 4] i B A% B o 26 [
123 SEETEGEE

KHIBEAST v1.8%#ff(Drummond & Rambaut,
2007; Drummond et al, 2012)fd 5 A5 Jg 43 L[],
B B 5 DU 20 A — B, 43 1 B ik 4% strict
clock, Btk 4 2 AL Rl (Mustela nivalis)F1H
W(M. erminea)fICRAEFIE & 4 iE % 1.92%/(Ma -« site)

(Marmi et al, 2006), K H Song%#(2009)H ] 7%,
THE S B B8 % 052.02%/(Ma » site), 2
FiE471,000 548, £E1,000fCHUFE 1% . fETRACER
Lo KL IG A R, ESSKT-200 25 Al {5 . &5 58K
F TreeAnnotatorf2 J7> #H47 8. 45, I8 FEAT10% 118
1745
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P25 e R AR JE [ 41,652 bp, HACyt b7 51N
1,140 bp, CRF51 9512 bp, AL4H1,373 M FAr 4
(conserved sites) 275~ T AR {7 i (variable sites)~ 175
AN 18] 2945 B AL 45 (parsim-informative  sites), 1% ¥ &
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Fig. 2 Phylogenetic tree of mitochondrial DNA obtained from Bayesian analysis. The sample codes correspond with those in Table
1, in which QH1-6 represent badgers of Qinghai Lake area. The numbers on the branch indicate Bayesian posterior probability and

estimated divergence time (with 95% HPD).
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Table 2 Genetic distances among different Eurasian badger groups

74 7 I A R A 5 H A A 3 TN A S
M. canescens M. meles M. anakuma M. leucurus
BRIMAITE M. meles 0.034 + 0.007
HAMSE M. anakuma 0.042 + 0.009 0.043 £ 0.008
WMARE M. leucurus 0.040 + 0.008 0.041 + 0.008 0.021 = 0.005
T X A 0.038 + 0.008 0.041 = 0.008 0.020 = 0.006 0.017 + 0.004
Badger in the Qinghai Lake area
fi7 ’__"‘u‘li —itd,
I: - HI9 4 N N NN . . N N
MO, o A VBT AL B BN, AV TR BB X
by MWk FORENE N — AN B A B (3R 2), SR nH i
S0 X 26030 5 0 90 0 38 £ B S A, 40,017,
O s 5 H AR RER AL BE Bk 2, 15 R E AN 7 R
' @ - S0 B A B T 328, U T B [X 460 3
| A - .
“-‘C;' T -Omi2 /" M. Ieum:'ns ZIAJE T PSR
Y Ow 3 WS T P Ak B 5 SR AE PRI 2 B IR A R 1 A S

L

)R
" M. meles

[LEFEER |
M. canescens

N
\
\
)
"
(o ¥
3

E3 BRIJELNAEEINBERAMEXRE. 25
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Fig. 3 The network based on 21 haplotypes of Eurasian badgers
mitochondrial DNA. H1-4 represent Qinghai badgers (in grey).
All haplotypes are displayed in Table 1. The black circles rep-
resent missing haplotypes. The sizes of the white circles in the
network represent the frequencies of each haplotype. Four
badger’s groups are circled by dotted line.

FE A TEAD H A TE P A 7352, 10 P S U A
5 R JEA P4 g A RE S 00 52, REASIY SR
B MR I IE B 100%.  FL17% 7L X 25 1] (1813 ) 1 45 Fg A
ARG EWEEAR 2, BRI KRS A0 5 7 4 A1
XPSERIHEA SRR, J3 S ox 2 BR A JE o SV A B
VR A EAN AR . R G E R B T X 2%
KA, T X R AR 5 A B 2R 2

7, JIRERIEREAES.01 Ma (95% B 15X [A]: 2.43—
3.62 Ma) kA= 73 B, T 2R 38 S Z AT 35 5 2 1 43 B
IR [A] 22.24 Ma (95%E 15 X []: 1.85-2.70 Ma). EXHH
HRE 5 V4 RS A 1) A AL (A1 7E1.27 Ma (95% B S
X [A]: 0.99-1.58 Ma), VA% AT H AH0 5 1) 53 4L
i A1 7E0.99 Ma (95% & 15 X [f]: 0.77-1.25 Ma). 75
T HL X S FEQH2-6 1 43 AL 1] {2 7R 2810.24 Ma (95%
BA5 X [A): 0.15-0.34 Ma).
3 itig

1ERGR B A AR R 28 50 R -, 5
DX A RERE A HR 5 WS SR AR — i, JF H
[ () 383 4% L a0, o B T i X 00 g T
INARE, 8IS o 8L T VA T T T VI H X A
TEM M. dhah, fEHER B, ATKIE
Y Hh XA QHIL A oAt J LA FE A B A oK gt A%
ZE5, ERGIAM T IARE—E, MWREEMN
2% % 22 P b a] DR S I A QHLL A A B £ 7Y
FHPE I, B 75 i Hh DX v] R IR T2 i
e, B R 2 R BOm Sk, AT R 5 A
Hby X Fo B A R DR A VA

AR Y2 2R B T RS YR T bt e
Wik [ () Melodon (Viret, 1950), 7L b % FLEE
Bt e FE P E 2= RN (Neal & Cheeseman, 1996). A<
SO A REE R 43 S5 B V) P Aty B 4 TR 55 ) R T4 Ak Y AT
ek 7 S FEA 8, FETLRRIRDNA 81 (1 70 b
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