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M itochondr al phylogeography and genetic diversity of plateau zokor
(M yospalax baileyi)

CA | Zhenyuan', ZHANG Tongzuo'”, CI Haixin"?, TANG Lizhou"?, L AN Ximming'?, LU Jian-
quan , SJ Jianping”

(1 Key Laboratory of Adaptation and Evolution of Plateau Biota, Northwest Institute of Plateau Biology, the Chinese Acadamy of Sciences
Xining 810001, China)

(2 Graduate School of Chinese Acadeny of Sciences Beijing 100049, China)

Abstract: The subterranean plateau zokor (M yospalax baileyi) isendamic to the Qinghai-Tibetan Plateau It remains un-
known how the subterranean living affects its genetic structure and geographical distribution In thispgper, themitochondri-
al D-loop regionwas sequenced for 37 individualsof eight snall populations from three regionsof the eastern Qinghai-Tibet-
an Plateau Among the aligned sequencesof 627 bp, 50 variable nucleotide sites anong all individuals recovered 26 hgplo-
types most of which were locally distributed Haplotype diversity (H) was high and nucleotide diversity (T ,) was low.

Phylogenetic analyses suggested that the sampled individuals clustered into three clades Huangyuan (HY) -Datong
(DT), Hualong (HL) in eastem Qinghai Province and southem Gansu Province (GS), correpponding well their geo-
grgphical distributions M antel test and regression analyses further confimed that genetic differentiation is positively corre-
lated with the geogrgphic distance A nalysisof molecular variance (AMOVA) similarly recovered the distinct differentiation
betveen geographical populations more than 80% of the total variation occurred betveen then The unique genetic struc-
ture of this pecieswas probably shgped together by the Quatemary climatic ocillation, the Iimited dipersal aswell as the
stable habitats of the subterranean living

Key words Genetic diversity; Isolation-by-distance; M itochondria control region; Plateau zokor (M yospalax baileyi) ;

Population structure
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Fig 1 The geogrgphical distribution of sampled snall populations
and geographical populations (A, B and C) of M. baileyi in the
present study

1.2 DNA PCR
Sambrook K - /
(Joe and David, 2001) DNA,
( , 2006)

(Reyes et al. , 2003)

FR ( TACCATCCTCCGTGAAACCA ), RV
(CTAATAATAA GGCCAGGACC) ,
650 bp
Biometra T-Gradient Themoblock PCR
30M 1, 40 60 ng DNA, 10 mM
TrisHCI (pH 8.3), 2.5mM McCL, 50 mM KCI,

0.5mM dNTPs, 0.5uM, 1U Taq
95 10 min,

95 45 s 52 45 s 72
0 s 30 72
7 min 1.5%

PCR
( ) 1.5%
10U |, 40 ng ,

2U | ET, 0.5uM ;95
8s , 95 15s 50
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15 s 60 0 s 31, MAGA 2.1 (Kumar et al. , 2001)
60 0 s , (bootstrep test)
M egabase 1000 A utomated sequencer, Arlequin Ver 3.01 AMOVA
(Excoffier, 1992) Arlequin Ver
1.3 3.01 Tajma (D test, Tajian , 1983)
Clustal X (Thompaon et al., 1997) Fu (Fs neutrality test, Fu, 1997)
AWA (
)
MAGA 2.1 (Kumar et al., 2001) 2
8 A B Cc3 2.1
Arleguin 3 8 37
Ver3.01 (Laurent et al., 2006) , 624 626 bp,
(Number of polymomphic sites, S), Paiwvise 3’ (530 bp) t|RNAphe (67
difference (Haplotype bp) 12S RNA 5’ (29 bp) ,
diversity, H) (M ean num- T C A G4 32. 7%
ber of paiwise differences, T ) (32.3% 33.3%) 23.2% (22.9% 23.6%)
(Nucleotide diversity, Tt ) ; Kimura 2P , 28.5% (28.0% 29.0%) 15.6% (15.1%
Fer HL1 HL2 15.9%), A + T 61.2%, G +C
, HL 38.8%
SPSS14.0 AWA , 37
, BD1.52 (Bohonak, 2002) 26 ( 1 1 (Haplotype 1)
, ( 1) , 50
( Indicator, 1), (M antel (Mutations) (  2), 7.99%
test) Fsr (logp) 50 9 (Singleton
, RMA (Reduced M ajor Axis) variable sites) 38 (Parsmony In-
(slope) (intercept) fomative Sites) 4 ( Indel)
1
Table 1 The distribution of hgplotypes in the sampled snall and geogrgphical populations
Geogrephical Location of samples Samples size Number of haplc;types: haflgiypes
population
A DT 36°56'44'N, 101°40'41"E 4 4 H1 H2 H3 H4
HYL  36°38'7'N, 101°6'51"E 8 8 HI15 H16 H17 H18 H19 H20 H21 H22
HY2  36°38'22'N, 101°18'55'E 5 4: H23 (2) H24 H25 H26
B HL1 36°11'22'N, 102°18'17"E 2 1 H11 (2)
HL2 36°11'59", 102°18'50"E 4 4: H11 H12 HI13 H14
C Gsl 34°44'21'N, 102°18'50"E 6 3 H5 H6 (4) H7
e 34°44'59'N, 103°14'50"E 5 5. H6 H7 H8 H9 HI0
e 34°33'51'N, 103°33'11"E 3 2. H5 H7 (2)

: H haplotype, n
Note H indicates hgplotype and n is the number gpecimen.

2.2

A
, 24 0.9926 0.01118, B C
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, 7 0.8000 0.003500 Fu s , 3); B C
A , Tajima ,
2
Table2 Genetic diversity of M. baileyi
Geogrgphical popolation Total
A (DT HY1 HY2) B (HL1 HL2) C (GSl G GS3)
Sanple size, n 17 6 14 37
Number of polymomphic sites, S 24 6 8 50

differences, Tt

Haplotype diversity, H

M ean number of paiwise

Nucleotide diversity, T ,

0. 9926 £0. 0230

7.0000 *3. 4615

0.01118 +0. 00619

0.8000 £0. 1721

2.2000 +1. 4071

0.8132 0. 0737

2.1429 +1. 2656

0. 9658 +0. 0160

17.3393 £7.8843

0.00352 £0.00260 0.00342 +0.00227 0.02765 +0. 01398

112222222 2222233333

1133477773 8061556677 7888912334

3383331441
1667790000

3531905675 7250670825 70180068580 1231190235
Hl  CCCTAGAGAT TCTTCCGUGT GCGTGGATGA CCTTTCCETCT
H2 oo Al [
3 Ao Lo
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[ [ T —AG (S ) TAC. . TC. T.--ACATCTC
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Fig.2 Variable sitesof 26 hgplotypesin 37M. baileyi individuals Haplotype nanesare showvn on the left. Site numbers corregpond t posi-

tion in the aligned ssquences A dot indicates identity and a dash indicates a deletion relative to the sequence (haplotype 1)
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, (P < (P <0.000 1) ,
0.0001) BD1.52
( 5) :
0.892 0 (P< 0.0020),
0.869 4 (P< 0.0080), 3 3 Fs P
-0.0391 ( P< Table 3 The valuesof Fsand P values in three geographical populations
of M . baileyi
0.580 0), RMA 0.6757 >0
2 D test Fu' s neutrality test
(R° =0.796) , -0.7192 Populations D P Fs P
2.5 A - 0.20286 0.438381 - 8.92988 0.00200
(M E B - 0.82582 0.25854 - 0.32582 0.30500
C - 0.53986 0.32039 - 0.78685 0.31500
) (NI ) ( 4 , 26
, 3
510
HY1 HY2 DT A 12,
go08r
; HL1  HL2 B ; GSl G 8
o c —? 06 y=0.2618Ln(x)—-0.565
2 o4l R?=0.7956
2.6 AMOVA 3
ﬁ 02 r ooy
1 3 & 0 1 BN i 1 1 4 1
7 % 0 50 100 150 200 250 300 350
Hi PP B Geographical distance (km)
(AMOVA) , 6
9. 351 44, 3 7 D Fsr
0.716 62, 1.555 78, Fig. 3 Correlations betveen genetic distance and geogrephic dis
80.45% 6.17% 13.38%, tance anong seven snall populations
4 (Fsr)
Table4 Themeasure of genetic distances (Fsr) and geogrephical distances betveen populations
DT HL HY1 HY2 GSL (e GS3 A B
DT 102 63 49 299 283 315
HL 0.90459" 118 102 198 182 215
HY1 0.50701" 0.80058" 20 304 284 320
HY2 0. 31704 0.78901" 0. 14907 293 273 307
GSL 0.96164"  0.94250" 0.87729" 0.86963" 28 21
G 0.89156°  0.87460" 0.83147" 0.80100" 0. 15299 35
G3 0.95937"  0.93860" 0.84803" 0.82663" 0. 47839 0. 13694
B 0.73251°
C 0.83270° 0.91206"
Fer, ;" P<0.05

Below diagonal, populations paiwise Fs;; Above diagonal, geographical distances in km. * Fg; reached significant level (P <0.05) . The Fg; values
and geographical distanceswere used in ilation-by-distance tests ( see Fig 3).

5
Table5 Correlations betveen genetic distance (Fs;) and log (geogrephical distance) (logd) among snall populations
M antel test RMA RMA regression analysis
p z R Intercept Slope R? n
Correlation of Fg;r and logD 33.5569 0.8920 0. 0020 Estmate - 0.7192 0. 6757 0. 796 21
Correlation of Fgr and | 12.9663 0.4053 0. 0700 St. error 0. 1508 0.0701
Partial corr. of Fgr and logd 0. 8694 0. 0080 95% ClI - 1.0348, -0.4035 0.5291, 0.8224

Partial corr. of Fgr and | - 0.0391  0.5800 99% CI - 1.1506, - 0.2877 0.4752, 0.8762
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Fig 4 Phylogenetic treesof the mitochondrial control region inM. bailey (left the minimum ewlution treg right the neighbor-joining tree)

6 7

(AMOVA)

Table6 AMOVA analysisof genetic variation inM. baileyi populations

Source of variation Degree of freedam  V ariance caomponents Percentage of variation Fixation index Significance test P
Among geographical populations 2 9. 35144 80. 45 Fsr =0. 86616 P <0. 0001
Among snall populations 4 0. 71662 6. 17 Fsc =0. 31536 P <0. 0001
W ithin snall populations 30 1. 55578 13.38 Fcr =0. 80451 P =0.0127
Total 36 11. 62383
H H 0.70
3 0. 86 , H 0.80 0.99
3.1 H T,
(H) :
@m,) (Tajima, 1983) H T, ,
, A
B C , B C , ( , 2004; )
2005) 3 Tajma Fu' s
A ; B
(Bromham et al., 1996; Li et al., 1996) |, C )
, : Himta (2004) :
(Apodenus speciosus) m, 0.013
0. 029; 3 (0.0034 0.0112);
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