BIWIRE Chinese Journal of Zoology 2015, 50(3): 337 ~ 351

BT 2R T X PP 5132 5% 0 1T 5 W AR
a1 S 2 a s

ERBEY %k @2 #EE° F27Y kE#EY
O P EBFEGE AR AT T E BB S AEYE N S TE SR P 810001; @ FMEAMOLT

Vi 810008; @ HHENiVE KM S HIERIZ2 228 T4 810008

WE: HINE R (Myospalax cansus) 5&—FhZ878 T MR AR 3G 19/N BT - 2884 . A SCE R 2
mtDNA FJFEHIX 575 (530 bp) 285, S i E AR Tl HLX 8 AN H it B Bl b BN B0 4 2 PRI S5 10
fedify . 158 MREAILRIL 26 ML, X T 39 Ff R, BARK TR RAR LS (h =
0.9532)  ZHMREZFEMEAC (w=10.00636) o W73 A7 AN b A 3 250 U W5 T R BT 7 B SRR e A 1
S EAFAEAE PO IR T BT AR R IS KRB, A R AR AT, WA R R
TR VISR BRI (N Hdis s 2 Z0h MR 2R AT 2, AMOVA 45 3L R FhiE Ny 5T
BEMAE AR 5250k 48.82%H1 51.18%, Mtk 4b B . IBD 4)#rR M, TRy BUisith o0 5 on
PR IEARDC, 1 B BE RS 2o Hom By BB AU A AR . HN B BRI X R 4% 2 FEPE S5 R0 R
LSRR R, T REE R A0S 7 ARSI R A R (N HRE D 45

REEE: MR SRAEHIX, BEZ R, Mg

PESHKT: Q953 UERAFIRIE: A XELT: 0250-3263 (2015) 03-337-15

Genetic Diversity and Population Structure of Gansu Zokors
(Myospalax cansus) in Eastern Qinghai Inferred

from Mitochondrial D-loop Sequences

® ® ® . . ® o*
CAI Zhen-Yuan~ ZHANG Yu® DU Yu-Rong~ SU Jian-Ping” ZHANG Tong-Zuo"
(D Key Laboratory of Adaptation and Evolution of Plateau Biota, Northwest Institute of Plateau Biology, Chinese Academy of Sciences,
Xining 810001; @ Qinghai Forestry Bureau, Xining 810008; 3 School of Life and Geography Sciences,

Qinghai Normal University, Xining 810008, China

Abstract: Gansu zokors (Myospalax cansus) are small, solitary, subterranean rodents that inhabit the Loess

Plateau in China. The genetic diversity and population genetic structure of M. cansus were determined by

EE&WME EERARFEEEEIH (No. 31370405, 31372197), H#FARHCHIRITH (No.2014-NS-113), Hh ERMF B8 B4 Th
RETTF RBARGIFHH (No. yg2012085);

* JHIRfE, E-mail: zhangtz@nwipb.cas.cn;

FB—EENE IR, L, TR BF970: 31402 : B-mail: caizhenyuan@nwipb.cas.cn.

Wk F . 2014-08-20; &1 HI: 2014-11-03  DOI: 10.13859/4.¢jz.201503003



* 338 . BYEAkiE Chinese Journal of Zoology 50 &

analyzing the sequence variation of a 530 bp fragment of the mitochondrial D-loop region in 158 natural
individuals from eight locations in eastern Qinghai (Fig. 1, Table 1). Total DNA was extracted following the
Joe and David method from 0.3 g of ethanol-fixed tissue. The D-loop sequence was amplified using primers
FR (5-TACCATCCTCCGTGAAACCA-3") and RV (5'-CTAATAATAAGGCCAGGACC-3"), and PCR was
performed in a 50 pl reaction volume. PCR products were purified and directly sequenced in both strands of
the DNA using forward and reverse primers for amplification on a MegaBACE 1000 DNA Analysis System.
Sequences were recorded on both strands with an overlap of 70%. The sequences were checked and aligned
using Clustal X with default settings and refined manually. Genetic diversity was estimated with Arlequin
3.10, using two different diversity indices: Haplotype diversity (/) and Nucleotide diversity (w). To estimate
the extent of genetic differentiation among populations, pairwise genetic distances (Fst) were calculated
using Arlequin 3.10, and their significance was estimated by performing 10 000 permutations among
individuals and populations. The same program was also used to calculate the gene flow (), which is based
on Fgr estimates, equivalent to the effective number of migrants between populations per generation. Analysis
of molecular variance (AMOVA) was carried out to examine the significance of population structure. The
phylogeographical pattern was examined by constructing haplotype networks using the median-joining
network approach performed in Network 4.6.1.1. The hypothesis of neutral evolution was tested by Tajima's
D function test and Fu's Fis-test with 10 000 permutations using Arlequin 3.10. Mismatch distributions of
pairwise substitutional differences among haplotypes were also examined using Arlequin 3.10. The IBD 1.52
algorithm was used to test the correlation between genetic distance and geographical distance. The genetic
distances were expressed by Fsr among populations, excluding the PA1 population which showed high
genetic departure. The geographical distances (km) were estimated as straight-line distances between any pair
of locations. The correlation between Nm and geographical distance was also estimated. Overall, 26
polymorphic sites were identified and 39 haplotypes were defined (Table 1 and 2). The number of haplotypes
(NVn) and polymorphic sites (V,) were also shown in Table 1. Haplotype diversity varied from 0.257 1 to 0.874
5, while nucleotide diversity varied from 0.000 82 to 0.005 20 (Table 1). Genetic diversity estimates revealed
extensive haplotype diversity (0.953 2) and limited nucleotide diversities (0.006 36) in all populations (Table
1). Interestingly, the mismatch distribution analysis showed a unimodal pattern, reflecting a sudden
population expansion (Fig. 3). A significantly large negative value of Fu's Fs was found when the total
haplotypes were analyzed (Fs =-22.10, P < 0.01), which indicated a recent population expansion, as
suggested by the mismatch distribution analysis. The estimated time of population expansion was 0.19 -

0.077 Mya, mostly corresponding to the interglacial period (0.17 - 0.021 Mya) before the last glacial
maximum (LGM). The median-joining network was star-like throughout the studied range of M. cansus,
showing that most individuals from different populations were highly interconnected with each other and they
did not exhibit reciprocal monophyly (Fig. 2). All populations’ pairwise Fsr values were statistically
significant (P < 0.01), ranging from 0.249 12 (HZ1-LD2) to 0.775 70 (DT1-PA1) (Table 3), indicating that all
populations were significantly differentiated from one another. The values of Nm based on Figy estimates in
Table 4 showed that the levels of gene flow were relatively low. Among 28 values, only three were greater
than 1 and the smallest was only 0.144 58. It was consistent with the significant population differentiation.

The differentiation was confirmed by the percentage of variation among populations and within populations
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in AMOVA analysis, which were 51.18% and 48.82%, respectively (Table 5). The Mantel tests, excluding the

PA1 population, revealed a significant negative correlation between genetic flow (N,) and geographical

distance (r = - 0.598, P = 0.001, Fig. 3a), and a significant relationship between the genetic distance (Fst)

and geographical distance (» = 0.608, P < 0.05, Fig. 3b) among populations, suggesting that distance isolation

played a remarkable role in genetic differentiation. The data suggest that the weak dispersal ability of

subterranean animals has shaped the peculiar population genetic diversity and genetic structure of Gansu

zokors.

Key words: Gansu zokors (Myospalax cansus); Mitochondria D-loop region; Genetic diversity; Population

genetic structure
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Fig.1 Map showing the locations of 8 populations of Myospalax cansus examined herein

DTL. /NSEAS; HZL. febdhf; LDL. Fbiidkds: LD2. S=RAEA: MHL. #idk: MH2. i PAL WGk PA2. SF6 4.

DTI1. Xiaosi village; HZ1. Huayuan village; LD1. Xiabeishan forest farm; LD2. Xinjiazhuang village; MH]1. Xinjian village; MH2. Longzhi

village; PA1. Shagou village; PA2. Sitai village.
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Table 1 Locations and diversity measures for the populations of Myospalax cansus studied

_—_ o REHE ppA RO BRI on s g mtrmst (o
KAEH Hb A bR ) (M) Number of ;
. . . Population Sample . Haplotype Nucleotide
Collection sites Location . Number of  polymorphic . f . .
code size (n) . diversity diversities
haplotypes sites (V)
NEERE 36.79374°N,
+ +
Xiaosi village 101.67355°F DTI 23 8 11 0.5257+0.126 2 0.003 09 +0.002 11
TEREA 36.70393°N,
+ +
Huayuan village 100, 19648°E HZ1 12 5 7 0.8182+0.070 3 0.005 15 +0.003 28
I’Jltiu'-li*%f t 36.58183°N, LD1 20 9 10 0.852 6 +0.0532 0.004 61 +0.002 91
iabeishan forest |05 3-s00p . . . .
farm
VR R
s 36.35852°N,
Xlnjlazhuang 102.42797°E LD2 15 4 10 0.466 7+0.147 8 0.003 77 + 0.002 52
village
B 36.04847°N,
. + 0. . + 0.
Xinjian village 102.72783°E MH1 22 8 9 0.8745+0.034 6 0.005 23 +0.003 21
e 36.19891°N,
. +0. . .
Longzhi village 102.87027°F MH2 22 3 4 0.6753+0.049 1 0.005 10 £ 0.003 28
WA 36.39377°N,
+ +
Shagou village 102.06366°E PAl 21 2 2 0.2571+0.1104 0.000 97 £+ 0.000 95
aaH 36.37430°N, PA2 23 5 7 0.7036+0.0583  0.00238%0.001 74
Sitai village 101.96724°E
&1 Total 158 39 26 0.9532+0.0058  0.006 36 +0.003 63
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H39, GenBank 75 GU936827 ~ GU936865.
AP 2 FEYE 4 0.000 82 ~ 0.005 20, Hififil%
FEME N 0257 1 ~0.874 5, HAKRE T IR 2 RE1E
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Z YDV (PALD) R I H B IR A 2
ZFEME (0.257 0D,
2.2 FEEUFRE L

HONEY B 8 A3 A [R) B AE 2 AR £
Fst M 0.249 12 (HZ1-LD2) #| 0.775 70
(DT1-PA1) (& 3), Gil AR 2=l B

(P<0.001), FRAFEEN 0 B MRS
SIFREL Fsr VHE RN LRI Ny
0.144 58 ~ 1.507 19 (£ 4>, 28 MEPHA 3
ANKRT 1, HZHUERAC, IR ) 3 R
HKAPARAR, 33X 55 MR A) A7 70 Wl 25 a4 oA 45
B HRNE R 8 ANER RS T 4> AR
M CAMOVA), 51.18%Iit 4548 S5 A7 45 T Fh
RN (K 5), AR W] 2 3505 H 7T B bl bt 2R
] 5340 BH

R3  HNE R8N BB RBEMEIEE (Fsr) (F=/A) SHBEEER (km) (E=#)

Table 3 The measure of genetic differentiation (Fst) (below diagonal) and geographical distances (km)

(above diagonal) between populations of Myospalax cansus

DTI HZ1 LDI LD2 MHI1 MH2 PAIl PA2
DT1 48.7 89.4 83.1 126.3 126.4 56.7 543
HZ1 0.517 40" 422 435 87.9 83.1 36.9 2.6
LD1 0.555 00" 0.399 29" 30.8 60.7 472 55.6 64.3
LD2 0.461 19 0.249 12 0.25272" 44.4 44.1 33.0 41.4
MHI 0.521 58" 0.337 02" 0.339 83" 0.339 74" 212 71.1 71.7
MH2 0.615 02 0.462 91 0.425 117 0.348 40° 0.384 21" 75.9 83.5
PAIl 0.775 70" 0.688 54" 0.506 49" 0.661 11° 0.61291" 0.720 31" 9.10
PA2 0.622 26 0.423 37 0.374 89" 0.282 83" 0.538 29 0.519 48" 0.709 09"

DT1. /N§f;s HZL febddy; LD1. FAbih#kds: LD2. =50 MHL Bidsl: MH2. R PAL WK PA2. SEG K.
* o HR Y BP0 R B (Fsr) ZR B (P<0.00D)

DTI. Xiaosi village; HZ1. Huayuan village; LD1. Xiabeishan forest farm; LD2. Xinjiazhuang village; MHI1. Xinjian village; MH2.

Longzhi village; PA1. Shagou village; PA2. Sitai village.

* Means great significant difference of Fgr in eight populations of Myospalax cansus (P < 0.001).

&4 HNE RSB BAERR (N,

Table 4 Matrix of population pairwise migration rates (N,,) values between populations

of Myospalax cansus

DT1 HZ1 LD1 LD2 MHI1 MH2 PA1
HZ1 0.466 37
LD1 0.400 90 0.772 24
LD2 0.584 14 1.507 19 1.478 48
MHI 0.458 63 0.983 59 0.971 33 0.97173
MH2 0.312 98 0.580 12 0.676 18 0.93513 0.801 38
PA1 0.144 58 0.226 17 0.487 19 0.256 30 031577 0.194 14
PA2 0.303 53 0.681 01 0.833 71 1.267 82 0.428 87 0.462 51 0.205 13

DTL. /NSEF HZL. fEfA; LD1. btk

LD2. FEXREHM; MHL. Bkl MH2. Bkl PAL ¥AK:; PA2. SF&H.

DTI1. Xiaosi village; HZ1. Huayuan village; LD1. Xiabeishan forest farm; LD2. Xinjiazhuang village; MHI1. Xinjian village; MH2.

Longzhi village; PA1. Shagou village; PA2. Sitai village. Ny, = (1 - Fst) / (2 Fsr).
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Table 5 Analysis of molecular variance (AMOVA) for the D-loop sequences of Myospalax cansus

A R U A SEIr A g J5 72 Lt g
Source of variation Degrees of freedom Sum of squares Variance components Percentage of variation
PR 25 ) 7 133.241 0.924 03 51.18
Among populations
ok A B
ﬁ%w'&“ _ 150 132.187 0.88125 48.82
Within populations
K3 Total 157 265.428 1.805 28 100.00
fif] 2 $5 % Fixation indices Fsr=0.51185 (P<0.001)
() H26[MH1-5]
H20[LDI-1] |
[MH1»4]
( )H’Jq [MHI-4]
H34[PA1-18]
HH[MH? 6]
Q @ H32[MH2-6] ) HI9[LDI-1]
PAZ |] HlﬁiLDI A1 H35(PA1-3] ‘
. IPA‘J 3] L
H31[MHI-10 ' 71-
[/\ ) HH[HZI 4 TH25(LD2-1] ‘J‘”lel[%{_é}
H30[MHI-1]— ”22['-'3‘"’ ”1 [MH' ' l HI4[LDI- 'IJ [MHI-1] H23[LD2-2]
O—o——» 8 P
H28[MH1-4] HS[DTI 2y H’?[MHI 2&[{3? PAZ 9] H36[PA2-9]
H24ILD2 1] / e o e MV
\H%S PA2 1 o 0 -
= I | ® DTI
/ HZI ';]. HI[DT1-16] ® HZI
3 () HIS[LD1-5] ]
H3[DTI1- l] HZIDTI ll ‘/ “e H6[DT-1] LDI
H4[DT1-1] 9
4 & H21[LDI-1]
‘ o H8[DTI-1] Ml
H7[DTI-1] HI10[HZ1-1] ® MH2
) PAIL
@HI1[HZ1-3] @ PA2

B2 8AVH 7 B Bl AED-loop P31 394 B 214 A i I 4% SR 4 X R IR
Fig.2 Median-joining network showing genetic relationship among 39 mtDNA D-loop haplotypes in
eight Myospalax cansus populations

DTL. /N§#f: HZ1. fEbd#ts LD bkl LD2. KA MHL #rgtt; MH2. BEiGfT; PAL ¥HAH; PA2. SF6H.
DTI. Xiaosi village; HZ1. Huayuan village; LDI1. Xiabeishan forest farm; LD2. Xinjiazhuang village; MH1. Xinjian village; MH2. Longzhi
village; PA1. Shagou village; PA2. Sitai village.
REA PR — Bl 5 2, B /N 5 B R S IE LG, B P H ~ H39FR R %A1 ~ 39, |5 Bl S5 bv T Z A5 280 AT (RO R AR S AT,
filf1, HI[DTI-16], FARPARIEMBEDTUPHBLI6K. L EE A (MV) RGP, RELER DR,
A cycle means a haplotype, the relative sizes of the circles in the network are approximately proportional to the frequencies of each haplotype. H1
- H39 means haplotype 1 to haplotype 39. The characters and numbers beside the circles represent the population and frequency of haplotype

distributed. For example, HI[DT1-16] means haplotype 1 occurs 16 times in population DT1. The red dots (MV) represent missing haplotypes

(not sampled or extinct). The shortest lines represent one mutational step.
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B, PR IR R EEREA2 0.190 ~ 0.077 T )T
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ANIZH D H R S BT S R sk ik, 5
BERC A 45 R —%, T Tajima’s D {64 - 0.78
(P=023)
2.4 1BD L
WIS A IBD1.52 AT, A H
T L 7 AN EERORE (DT, HZ1. LD1. LD2.
MHI1. MH2. PA2) [i] & K 15 M i o
BERTAE (r=-0.598, P=0.001, K 4a),
T R B 5 A PR R B E W IEA G (r =
0.608, P<0.05, ¥ 4b).
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NI BRI R IR G, 22— BNt [l R B TR
HFIRAE (Avise et al. 1984, Watterson 1984,
Nicolas et al. 2008, Sun et al. 2012). Fi#EE)7S
(HGK, 3k, Fse) gt AL M T L 5
Bt 3 A A 20 2 22 P L HEAT 49 T (Tajima 1989,
Rogers et al. 1992, Tajima 1996, Fu 1997,
Ramos-Onsins et al. 2002). 574 B3 204
AL, S R R TR 2 v FE RIS, Wt
FRESh A LA B PR B RCoA SEELR
WA, WA RE T ) 2 R AR R R R K

x— M % Observed
—m— W3 Simulated

‘-a;_ﬁh.nl';‘::-_-!:#L—l—'

0 2 4

8 10 12 14

fi #f 25 5% Pairwise differences

B3 ZT-D-loopEBsr5ll (530 bp) KT HEA IR H i By A AR RS M0 A0
Fig. 3 Mismatch distributions of the 530 bp D-loop sequences of the total Myospalax cansus

populations in eastern Qinghai
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The measure of genetic distance (Fsr) and gene flow (V) are plotted against the geographic distance respectively between populations, PA1

excluding for the high genetic departure. N, was used in a, and Fst was used in b.

(Rogers et al. 1992) BY AR A IA) £ i =y 7K~
P KA X $ 5Kk (Ray et al. 2003,
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