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Genetic structure of the Himalayan marmot ( Marmota himalayana)

population in eastern Qinghai Province
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Abstract: In this study 149 Himalayan marmot individuals from 13 populations were sampled from eastern Qinghai and
genotyped at 11 microsatellite loci. Then the genetic diversity and genetic structure of these populations were analyzed using
different population genetics methods. As the results showed a total of 97 alleles were detected at all 11 SSR loci. The av—
erage observed heterozygosity and expected heterozygosity for each population ranged from 0. 58 and 0.60 to 0.82 and
0.79 representing a relatively high level of genetic diversity. The genetic structure analyses demonstrated that the marmot
populations in eastern Qinghai exhibited a strong genetic structure where 13 geographical populations were allocated into 3
genetic clusters. Surprisingly such three geneic clusters are in perfect accordance with the geographical units divided by
the trunk stream of the Huangshui River and the head trunk stream of the Yellow River. Therefore we conclude that these
two rivers act as natural barriers to the dispersal and gene-flow between the marmot populations in different units. Mean—
while as suggested by the STRUCTURE analysis there was still obvious gene{low between the three genetic clusters and

the AMOVA analysis also showed that the percentage of the variance between genetic clusters was 6. 60%  slightly higher
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than that between different populations within clusters (4. 51%) and far lower than that within populations ( 88.90%) in—
dicating a low degree of differentiation between the genetic clusters. All such results implied that the Himalayan marmots
may cross over the rivers by some bridges or in low water periods to disperse and exchange. These results can provide scien—
tific information for the monitoring and management of marmot populations and even plague control in this region.
Key words: Genetic diversity; Genetic structure; Marmot; SSR
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Fig. 1  Geographical distribution of sampling sites. HLC: Chuma Hualong; HLE: Ertang Hualong; HLJ: Jinyuan Hualong; HZK:
Kemagou Huzhu; HZL: Langshidang Huzhu; LDQ: Qutan Ledu; LDS: Shoule Ledu; MHG: Xigou Minhe; MHL: Lierbao Minhe;
MHM: Xiamen Minhe; TRG: Guashize Tongren; XHB: Baizhuang Xunhua; XHG: Gangcha Xunhua; the same below

1

Table 1 Information for sample populations

Sampling site Code Size Longitude ( E) Latitude ( N) Altitude ( m) Ho + SD He = SD

HLC 37 102°2801. 3" 36°07°19. 2" 3150 0.71 £0. 10 0.69 +0.07
Chuma Hualong

HLE 7 102°0939. 9" 36°07740. 2" 3223 0.69 +0.26 0.66 +0.20
Ertang Hualong

. HLJ 11 102°32748. 8" 36°06728. 1" 3060 0.75£0.22 0.67 £0. 18

Jinyuan Hualong

HZK 11 102°16°19. 0" 36°5341.5" 2885 0.73 £0.25 0.69 +0.20
Kemagou Huzhu

HZL 2 102°26745. 5" 36°56°06. 8" 2769 0.67 £0.35 0.74 £0.21

Langshidang Huzhu

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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1 Continued from table 1

Sampling site Code Size Longitude ( E) Latitude ( N) Altitude ( m) Ho + SD He + SD
LDQ 14 102°13°51. 7" 36°18743.8" 2984 0.58 £0.20 0.60 +0. 19
Qutan Ledu
LDS 5 102°2936. 6" 36°41732.0" 3091 0.67 £0.33 0.66 £0. 21
Shoule Ledu
. . MHG 7 102°3823. 4" 36°1127.7" 2518 0.67 0. 19 0.65 +0.16
Xigou Minhe
. . MHL 8 102°37°59.9" 36°12702. 4" 2514 0.78 £0.13 0.71 £0. 09
Lierbao Minhe
. . MHM 3 102°36742. 2" 36°12733.0" 2537 0.61 +0.29 0.76 0. 12
Xiamen Minhe
. . TRG 18 102°16°57. 8" 35°29738. 0" 2890 0.74 £0.15 0.79 £0.07
Guashize Tongren
. XHB 5 102°29°59. 0" 35°3944.7" 2608 0.82+0.19 0.76 £0. 09
Baizhuang Xunhua
XHG 21 102°14°53. 9" 35°41°03.5" 3321 0.79 +0. 14 0.74 +0. 11
Gangcha Xunhua
2 11

Table 2 Characteristics of 11 microsatellite loci used

Locus Accession number Repeat motif Primer sequence (5" — 3") Fluorescent label Allele number
b Joa17689 (6Mie B ACTGAACCCTAAACCAGACT FAM g
b 031760 (6D B CCOTIGCTATGCACACIGOA HEX :
: Joa17692 (T B AATCTCITCAAAATGGTGTT HEX 1
G 0317654 (A8)m . CICCTCOAACTICTTAGOAC A L
H Joa7e9s (614 R CCTIGAAGACCAAGAGOATA HEX 7
! 031765 (T DACACCTICCTOTGAAAAAT HEX :
, 10317657 (T Cormmaermacencence A L
n Joa17I00 (402 CACTCCTTTGAAACTTOACTA FAM i
R Joa17704 (494 GremrocacTacroerer A g
T Joa170s (T A TGCTAACTICAGCAACA FAM ¢
v 0317709 (G B GOTICCTTAGCOAGACEA Fau )
1.4 K 3 MCMC 550 000
STRUCTURE +v2. 3.4 ( Pritchard et al. burnin 50 000.
2000) STRUCTURE HARVESTER ( Earl 2012)
admixture model AK o
correlated allele frequencies model CLUMPP v1. 1.2 ( Jakobsson and Rosenberg 2007)

K 1~13
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( membership coefficients) DISTRUCT vl1.1
( Rosenberg 2004) o 0.58~0.82 0.60~0.79 ( 1),
STRUCTURE v2.3.4 2.2
STRUCTURE HARVESTER AK
( ( 2) K =3, K=3
LDQ) BAPS v6.0 ( Corander STRUCTURE v2. 3.4
et al. 2008) ( 3) ( HZK) .
( HZL) (LDS) 3
K cluster 1;
( fixed K) K=3 1 000, (LDQ) . 3 (HLC. HLE HLJ)
3 (MHG. MHL MHM)
cluster 2; ( XHB)
POPGENE vl1. 32 ( XHG) (TRG) 3
UPGMA cluster 3. 12
o R+v2.13.1 “adegenet”
DAPC ( discriminant analysis of principal 8 cluster 2 6
components cluster 1 °
) ( Jombart et al. 2010)
250 A
o ARLEQUIN v3. 5( Excoffier
and Lischer 2010) 200 1
( observed heterozygosity Ho) L 150
( expected heterozygosity He)
AMOVA 10
o 50 4
2 04
2.1 2 4 6 8 10 2
149 11
97 . :23) STRUCTURE HARVESTER AK (
o Fig. 2 The AK curve generated by STRUCTURE HARVESTER. K =
ARLE QUIN 13 11 3 was estimated as the optimal
| —Cluster 1—| Cluster 2 Clusier 3
Fos & & ¥ OEes ¢ & ¢

3 STRUCTURE K=3

Fig. 3 Results of Bayesian individual — based clustering in STRUCTURE with K =3
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BAPS v6.0 STRUCTURE
v2.3. 4 ( 4) LDQ
cluster 2
0. 05 0
o 13
UPGMA
HZK. HZL  LDS (  cluster
1)
N ( 3 5) .
cluster 1. cluster 2 cluster 3
DAPC 3
( 6). AMOVA 4 BAPS oy
13 z
(P <0.00001) (6.60%) Fig. 4 Population clustering result in BAPS. The x-y plane in the
( 4.51% ) space rectangular coordinate system shows the relative geographical loca—
tions of all populations; the z-axis indicates the local uncertainty of each
(88.90%) ( 4)- population; colors indicate different clusters
3 Nei’ s ( ) ( )

Table 3 Nei’s genetic identity (above diagonal) and genetic distance

( below diagonal) between different populations of M. himalayana

HLC HLE HLJ HZK HZL LDQ LDS MHG MHL MHM TRG XHB XHG
HLC Jokokok 0. 849 0. 878 0. 680 0. 547 0. 821 0. 635 0. 832 0.913 0. 881 0.752 0.703 0. 698
HLE 0. 164 Jokook 0. 842 0. 649 0.553 0.761 0.678 0.751 0. 802 0.817 0.747 0. 675 0.729
HLJ 0.130 0.172 Fkck 0.710 0. 643 0. 841 0.754 0.701 0.797 0.755 0. 765 0.703 0.743
HZK 0. 386 0.432 0.342 Jokokk 0.728 0.721 0. 833 0.478 0. 580 0.544 0. 664 0.678 0.617
HZL 0. 604 0.592 0. 442 0.318 Jokodck 0.614 0.761 0. 494 0.482 0. 480 0.521 0.599 0.527
LDQ 0. 197 0.273 0.174 0.327 0. 488 okedck 0. 681 0. 668 0.788 0.692 0. 659 0.610 0.610
LDS 0. 454 0. 388 0. 283 0. 183 0.273 0.384 Jokokk 0.599 0.591 0. 564 0. 700 0.599 0. 693
MHG 0.184 0. 286 0. 355 0.739 0. 704 0. 404 0.512 Jokokk 0.918 0.924 0. 669 0.555 0. 656
MHL 0. 091 0.221 0.227 0. 545 0.729 0.238 0. 525 0. 085 Jokook 0.926 0. 708 0. 660 0. 695
MHM 0.126 0.203 0.282 0. 609 0.734 0. 368 0.573 0.079 0.077 ke 0.715 0. 644 0. 660
TRG 0. 286 0. 291 0. 268 0. 409 0. 652 0.417 0. 357 0. 402 0. 345 0. 336 Jolokok 0. 839 0.923
XHB 0. 353 0.393 0. 353 0. 389 0.513 0. 494 0.513 0.588 0.416 0. 440 0. 176 Fokkok 0. 786
XHG 0. 360 0.316 0.297 0.484 0. 641 0.495 0. 366 0.422 0.364 0.415 0. 080 0.241 Fokkek

3 ( Ho)
3.1 ( He) 0.58~0.82 0.60~0.79
o 2014
Xu  (2009) . Ho 0.74. He 0.79 (2012)
(2008) . (2012) 2009 2010
. . . . (0.8207) o
o 11 ( M. marmota) ( Ho: 0.25 ~0.68

He:0.29 ~0.74)

( M. vancouverensis)
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( AMOVA)

Table 4  Analysis of molecular variance ( AMOVA) of M. himalayana populations

P
Source of variation df Sum of squares Variance components  Percentage of variation  Fixation indices
2 66. 262 0.28505Va 6. 60 Fep =0.066 <0. 00001
Among groups
. - 10 77. 898 0. 19477Vb 4.51 Fy. =0.048 <0. 00001
Among populations within groups
i . 285 1094. 752 3.84124Ve 88.90 Fgp =0.111 <0.00001
Within populations
(Ho: 0.07~0.29 He: 0.08 ~0.23)  ( Da Sil-
vaet al. 2006; Kruckenhauser et al. 2009)
3.2
13
3 cluster 1. cluster 2

(2008)

cluster 3.
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