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Abstract: In order to investigate the genetic diversity, genetic relationship, genetic differentiation and possi-
ble inbreeding at the molecular level, nine Chinese indigenous Bactrian camel populations and one Mongo-
lian population were sampled and genotyped using 18 microsatellite markers. We did so to provide scientific
evidence and technical support for the development of sound policy for the conservation and sustainable uti-
lization of Bactrian camel genetic resources. The results showed that all ten of the Bactrian camel populations
had rich genetic diversity with a total of 242 alleles at the 18 loci. The mean number of alleles per locus was
13.44, the average number of effective alleles was 4.18, the mean observed heterozygosity (Ho) was 0.5528,
and polymorphic information content (P/C) averaged 0.5996. Overall genetic differentiation among the ten
populations was highly significant (P < 0.001) with 9.6% of the total genetic variance present among the
populations and remaining 90.4% among individuals within the populations. Cluster analysis, principal
component analysis and structure analysis all indicated that the ten Bactrian camel populations were separat-
ed into two clades: the first included four populations from Xinjiang while the second was made up of the
remaining six populations. The genetic differentiation and structuring among the 10 Bactrian camel popula-
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tions were generally in agreement with the geographic distribution and natural geographic barriers among

populations.

Key word: Bactrian camel, microsatellite, genetic diversity, genetic relationship

R E 2t XE LY (Camelus bactrianus) 55
T FEENERZ —, RIS ERE AR AR
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A A9 X B A b, RE S 244 (www//
fao.org/dad-is). 20t 70EACLLK, E WA
WA Y. dlEfLy. AUsEyrETR, N
WU 10 A% 2 FEE OBIE SO R T 3 & 1 B BH(Taylor
et al., 1968; [TIEBH%E, 1989; Balmus et al., 2007).
BE & 3% Je B TR 51 ¥ T K (Lang et al.,
1996; Obreque et al., 1998; Penedo et al., 1999; Ev-
dotchenko et al., 2003), I XIELEFEAR G AL 2 HF
AN A% 5 2R 70 AT O IT 732 G I (R AR, 2000;
Han et al., 2004; 1= %415, 2009; T K%, 2010). H
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Table 1 Code, name, sample size and sampling locations of 10 Bactrian camel populations

R4 k2 FEAKL KA

Code Population name Sample size Sampling location

QH FEXIELE Qinghai Bactrian camel 95 FEAWETEM Haixi Autonomous Prefecture, Qinghai, China

AS o] 437 3 A U gy 7 50 P52 Bl 435 A2 it Alashan Prefecture, Inner Mongolia, China
Alashan Bactrian camel-desert type

AG o] 437 22 A U B — G B 7Y 50 N 52 1l BT 4 3% /C i Alashan Prefecture, Inner Mongolia, China
Alashan Bactrian camel-Gobi type

GS H7R W IELE Gansu Bactrian camel 51 HNA TR Jiuquan city, Gansu, China

SU 75 JERFRUUEDE Sunite Bactrian camel 27 WM ELE P Silinghol League, Inner Mongolia, China

ALT Rl 8 22 WU SE Altay Bactrian camel 46 HTEERT#h AR 1T Altay City, Xinjiang, China

KKZ Tl IR e AR I B 30 R S SO TR R e A E YR M
Kirgizi Bactrian camel Kizilsu Kirghiz Autonomous Prefecture, Xinjiang, China

ML K ZKJEYE Mulei Bactrian camel 34 WA £ Mulei Kazak Autonomous Prefecture, Xinjiang, China

YL AL AIETE Yili Bactrian camel 34 TR ARG 5 FYE M Yili Kazak Autonomous Prefecture, Xinjiang,

China
MG 5 i MUEGE Mongolian Bactrian camel 38 5 i [E 79 X EE4 South Gobi Province, Mongolia
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WRIZIAEE NS0 ng/ul i £
122 5|¥FIE SPCRY &

K B B AR A0 L ZU(FAO)FI I B 5 4
WAL 2:(ISAG)(Hoffmann ez al., 2004) 5 B 77 1)
18X} 43 T2 /147 % 85 & 7 41 (SSRs) 51 4, %651 M
A TAYEARA R AR A K, EHFEHEX(SEER)
FIFAM(HE €4) 5 Fh 22 e brid, 4>+ A F5 HLIZ500,
HEEABIAF A/, 5195 B E2,

1.2.3 PCR¥ 185 ~= 4946 )

PHA R N5 pl: 100 nglifDNA, 2.0 mM
MgCly, 200 uM dNTP, ERUF514)%0.4 uM, 1.55
KL Tag B, 1xPCR buffer. < MNFEFFN: 95°CFiA: P
5 min, #RJ594°CAEPE4S s, 50-60°CiE k1 min, 72°C

JEAHT min, 35-40MEH; 572 CHEH1S minfF,
4CHRAE . PCRFZH e FH B i Bt f L Sk AT 20 A6 0,
T FIDNAIFFAX(AB 3130XL)#EHT B4 H ik,
GeneMapper 3.7%44(Applied biosystems)iE1T 7+
B bR AR A TR JE R A bt
1.3 Zitoth
TR PP S BB MNA) . 2515 R
EE(PIC), MERAE(H,), WHEIEE(H)55 5t
£ 5% HExcel Microsatellite Toolkit V3.1 34T
TN BENBER AT ST ISR SN IE R (V)
AT I BU(N,) (Nei, 1987)% 38 1% 23 H Pop-
Gen32 M7 Gt 40 M . AL 507 34 KR FIGDA
BAEHAT M. F-statistics [ & T8 8(BFEFir Fst

®2 FAARARABOIBMIZEMSHEXEESMF-RITESER

Table 2 The information of 18 microsatellite loci employed in this study and F-statistics

(A= 514)(5'-3") e PWFARIL BKEE Fir Fsr Fis FERA

Locus Primer(5'-3") Allele (bp) Fluorescent label Tm (C) N

CMS09 TGCTTTAGACGACTTTTACTTTAC 233-256 FAM 55 0.128  0.042™  0.090” 4.150
ATTTCACTTTCTTCATACTTGTGAT

CMS17 TATAAAGGATCACTGCCTTC 144-149 FAM 55 0.184™  0.146™  0.045 1.600
AAAATGAACCTCCATAAAGTTAG

CMS18 GAACGACCCTTGAAGACGAA 157-186 HEX 60 02317 0.153™  0.092"™ 1.851
AGCAGCTGGTTTTAGGTCCA

CMS32 ACGGACAAGAACTGCTCATA 198-204 FAM 51 0.420"  0.019™  0.408™" 7.381
ACAACCAATAAATCCCCATT

CMS50 TTTATAGTCAGAGAGAGTGCTG 154-183 FAM 55 0.042 0.050""  —0.008 3.180
TGTAGGGTTCATTGTAACA

CMS121 CAAGAGAACTGGTGAGGATTTTC 151-159 FAM 59 0.163™  0.062™  0.107" 4.029
AGTTGATAAAAATACAGCTGGAAAG

CVRLOlI GAAGAGGTTGGGGCACTAC 188-253 HEX 60 0.590™  0.105™  0.542™ 2.001
CAGGCAGATATCCATTGAA

CVRL05 CCTTGGACCTCCTTGCTCTG 148-174 HEX 56 0.090" 0.0317"  0.061" 5.612
GCCACTGGTCCCTGTCATT

CVRLO6 TTTTAAAAATTCTGACCAGGAGTCTG 185-205 HEX 59 0.243™  0.045™  0.208"" 4.061
CATAATAGCCAAAACATGGAAACAAC

CVRL07 AATACCCTAGTTGAAGCTCTGTCCT 255-263 FAM 56 0.366™  0.224™  0.183™ 0.662
GAGTGCCTTTATAAATATGGGTCTG

LCA66 GTGCAGCGTCCAAATAGTCA 212-242 HEX 55 0.434™  0.166™ 0321 1.163
CCAGCATCGTCCAGTATTCA

VOLP08 CCATTCACCCCATCTCTC 142-180 FAM 52 0.127""  0.073™  0.059" 2.536
TCGCCAGTGACCTTATTTAGA

VOLP10 CTTTCTCCTTTCCTCCCTACT 232-260 FAM 58 0.117""  0.048™  0.073™ 3.973
CGTCCACTTCCTTCATTTC

VOLP32 GTGATCGGAATGGCTTGAAA 256-262 HEX 55 0.399™ 0207 0.241 0.882
CAGCGAGCACCTGAAAGAA

VOLP67 TTAGAGGGTCTATCCAGTTTC 142-172 FAM 60 0.399™  0.034™ 0378 5.698
TGGACCTAAAAGAGTGGAG

YWLL08 ATCAAGTTTGAGGTGCTTTCC 154-180 HEX 59 0.208™  0.119™  0.101"™ 1.685
CCATGGCATTGTGTTGAAGAC

YWLL38 GGCCTAAATCCTACTAGAC 180-192 FAM 58 0.080™"  0.049™"  0.033 4.118
CCTCTCACTCTTGTTCTCCTC

YWLL59 TGTGCAGGAGTTAGGTGTA 109-135 FAM 58 02777 0.112™  0.186"™ 1.667
CCATGTCTCTGAAGCTCTGGA

Fifa AL All loci 0.240™  0.096™  0.159™

Frr: BEANBER R AMALE B REG For: FTA SR N &SRR E 2 REG Fis: AR N BIAMAERE E REL. *P<0.05; **P<0.01; *** P<0.001,

Fir, Fixation index of total population; Fsr, Fixation index resulting from comparing subpopulations to the total population; Fis, Fixation index of

subpopulation. * P <0.05; ** P<0.01; *** P<0.001.
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1 Fis) HH FSTAT Version 2.9.3.2 # {4 (Weir et al.,
1984)K 4341 Hardy-Weinberg it K8 AN 7K H
GENEPOP 4(Raymond& Rousset, 1995) 3K 5¢ % .
Nei’s b #f 18 4% B (Ds) I Nei’s 18 4% B 25 (D) 11
B BT DSRIDAKIEBHE R (NJ)ATUPGMA B 1) H]
DISPAN # £ £ i3 47 .  FHH MVSP 3.1(MultiVariate
Statistical Package 3.1) #X fF (http://www.kovcomp.
com) X FEAR AL 73 AU EAT 2 5o 70 M, b SRR A R
Ht— 2530 UE . F Structure 2.2% {4 (Prichard et al.,
2000)% il T2 Hdfs kAT BEAR AL 7047

2 &R

21 HIENSFNERTEFMEZSERSE

FAL S B RO AR AR FE 10N R 18
AN TR A R b R I B 242 A S A R,
CVRLOIf7 i Ef %, 28/, CVRLO6F1VOLP32
R, 6N, PR A A 213,444
18/l AT fU T3 RS A R R Hh4.18, &%
KL 5B A 88055 A s DR o) A AN ST, Y LA
1.37(CMS32) % 6.9(YWLLO08). 73 HT 18/ M7 m 1 °F- 1)
ZEGEREE, RACMSRIM ANKEZE,
CVRLO7FIVOLP32 1 EE 2 &5, HAth 157 s34
22 BAERERTR
221 FAEBMEMEEEEE

10N FEIR A, BT A B 4 & FEE AR T W88 4%
TR HIRA T W G B m(0.687), K&K
JEBE R EE 24 A FE B A(0.594); ] JR 7 PO A F 0

®3 HKFENEREETRZRY

SR B B 51(0.589), Bl a7 38 XL U g — /b 78 71
P73 X Vg e BE TR AN TR IR WL 58 24 5 B A (O
H80.519F10.518)0 104 FE A A 325 IR =F & 5 I i 1)
T HR@9]), RIKMER2KEE4.18). &
TR IBAL A 7 REOLERS .
222 MBENERMBFEEFMER

e B4 88 o7 5 IR 3 P 7 AR s R JRE 7 - A
ST SO FE R o A5 BEARTE 18N TL R A7 25 (155
A7 2 DR B FLATUR 43 A FE AN T4, AH 24 LBl (9 67 5547
TEAL S R I %, W SETO1 4 & 11
CVRLOSNZ 5, TE154 bp 158 bp25fr & K4k il A 10
ANBERFTILE, RSB ARIL R B A R .

10N L R IIS2AN MG S AL L R, A 7
o E R T R INA9AS, TESE IR T R I3 . BT )
FHEF ARG SRR L, /558140
124, 5 FAAE 25 3 RS B0 27% R123%, 3 (R 47
HALESY% LA TR SO A 74
23 BEEERTR
23.1 F-%itE

FFR2 AT I, BT 7 A s AR AN AR ] e R 2L
(Fir){E 40.240, 1EEIH R K F(P < 0.001), 94%
AL DT T IX AN R, &AL s P fE Y B A
0.042(CMS50)-0.590(CVRLO1). T BEAR P &4
ST ] 52 2R B0(Fsr) T R VTN TEEAAR 18] 11 383 4% 43
TRFRBE, 703 AR AR ) A7 76 A% 2 35 1) 845 21k
(Fst = 0.096, P<0.001), FTA A7 #0 5Tk XA
GER, RHE9.6% 1B AL AR 7ok B T B4R H],
90.4% IR 55k T HEAR N 38 Mk 8] BT A

Table 3  Genetic variation information of the Bactrian camel populations

AN H, H, PIC P51 85 A e R A EEpE R v HEPR = B T s Fis

Population MNA NE AR Fisof all loci
QH 0.572 0.687 0.639 8.78 3.63 491 0.168"
AS 0.519 0.646 0.597 6.83 3.28 4.63 0.199"
AG 0.518 0.638 0.587 6.94 3.18 4.57 0.191°
GS 0.552 0.679 0.632 6.44 3.67 4.72 0.189°
SU 0.574 0.649 0.589 5.56 3.13 443 0.118"
MG 0.538 0.671 0.622 6.56 3.47 4.71 0.2017
ALT 0.561 0.649 0.595 8.00 3.20 4.70 0.138"
KKZ 0.589 0.648 0.591 6.22 3.05 4.48 0.093
ML 0.533 0.594 0.543 6.06 2.72 4.18 0.105"
YL 0.573 0.654 0.600 6.39 3.19 4.66 0.125

Hy: WEERETE; He WG PIC: 2355 R &8 MNA: VPR NE: ARCEALIE RS AR: SRR FEE; Fis: WEHEAR

AMEEE BB *P<0.05. BHELSRIEL.

H,, Observed heterozygosity; H., Expected heterozygosity; PIC, Polymorphism information content; MNA, Mean number of alleles; NE, Number of
effective alleles; AR, Allelic richness. Fis, Fixation index of subpopulation. * P < 0.05. Population codes see Table 1.
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L 5P SIE FE AA PN AN PR [E] 52 2R 0(Fis) B M 0.159(P <
0.001).

NS T SRR IR AR S, THREAEE
W FisE(3R3) . BRATER MR e SO AL, LA R
6] 45 25 S B2 (P < 0.05). 5 P EAA 1) 3 A% 201k 20 BT
(Fsr) RIL(ERA), BT 58 M5 JE R AR 2 (8] (9 B
AR AR 2 RAU(Fsn)HE RA R E
ANP>0.05), AR (1) For i 22 57 710 3 5 A
E. OHERIRUR AR 2 KB I8 5 W S P e
FERER M FsrfE iR, 20 liA £)0.1694710.1623. 10
ANTREAAR 8] F J5E R 7E 7 BB 7E 1.2258-9.0437 2 1], 75 )8
R A IR g AT A 2 D) 2 TR 9 A /0N (1.2258), i 7R
T FORVER LT A [ (1 225 DR A K (9.0437)
232 ERHEE

FHDISPAN 73 #1814 1 550 4% A 44 22 [A] T Nei s 5
FEBE BS(DA)FIFRHEEL AL FE 25 (Ds)(3R5) . Nei’siiif% R

B(DAEGER T, FURFLAS TR B R R 1 7R 5 oz
(Da = 0.3203), FH 2 A D5 JE R BEAR (DA =
0.3016), FE &I 2 P83 5 K 22 K8 e B4
(Da=0.0897). AL 5] /R T HHEAR(DA = 0.0825).
K= R A — 8 S A SR
FE[ 9Tk [ 7 I HH B3z 1) B A P 5
233 BESH

BT 1O AR 8] 1R I8 A B 25 (Do) R bR AE I8 B
2(Ds), HAREE WD AEHE BT 1475 (UPGMA),
K HIDISPAN#K A5 T RS, bootstrap %l
fHH1,0000 F5T DFID K4 EE FTUPGMA AL A4 1) 45
F—5, FEINTHEAR 45 R — 2

10 EAARSE T DA FTUPGM A B FINT B 1) JE 5 45
BIEFR. BEIRUPGMAR FINIH 45 BA7AE 2
i, (HESHR R 10N AR NS 73 3 Hrssa T
RN —K, NE—H3, FTNR6NREE

R4 10 BUETERHA NIRRT UAZE (For, ALK D)FBEERWV,, HAKT)

Table 4 Fixation index resulting from comparing subpopulations to the total population (Fsr, above the diagonal) and gene flow

(N, below the diagonal) among 10 Bactrain camel populations

QH AS AG GS SU MG ALT KKZ ML YL
QH 0.0603™  0.0746" 0.0734™ 0.0691™" 0.0645™ 0.0966" 0.1253™ 0.1284™ 0.1238™
AS 3.8959 0.0537" 0.0960" 0.0873" 0.0624" 0.0775" 0.1170" 0.1276" 0.1266"
AG  3.1012  4.4055 0.0729™ 0.1043™ 0.0790™ 0.0914™ 0.1400™ 0.1204™ 0.1415™
GS 3.1560  2.3542 3.1794 0.1169™ 0.0678™" 0.1088" 0.1493™ 0.1382™ 0.1394™
SU 33679 26137  2.1469 1.8886 0.0852 0.1278™ 0.1694™ 0.1623™ 0.1455™
MG  3.6260 3.7564  2.9146 3.4373 2.6843 0.0805™ 0.1280" 0.1058" 0.1235"
ALT 23380 29758  2.4852 2.0478 1.7062 2.8556 0.0486™ 0.0346™ 0.0449™
KKZ 1.7452 1.8868 1.5357 1.4245 1.2258 1.7031 4.8940 0.1004" 0.0269™
ML 16970 1.7092  1.8264 1.5590 1.2904 2.1129 6.9754 2.2400 0.0918"
YL 1.7694  1.7247 1.5168 1.5434 1.4682 1.7743 53179 9.0437 2.4733

*P<0.05; **P<0.01. FAMS[FEEL. Population codes see Table 1.

=5 10D WETEEHARINe’ sIREIEES(D,, M A% DFEIREEEDs, MAET)

Table 5 Nei’s genetic distance (D,, above the diagonal) and Nei’s standard genetic distance (Ds, below the diagonal) among 10

Bactrain camel populations

QH AS AG GS SU MG ALT KKZ ML YL

QH 0.1102 0.1299 0.1660 0.1587 0.1508 0.1985 0.2443 0.2249 0.2385
AS 0.1404 0.0986 0.1842 0.1695 0.1386 0.1586 0.2276 0.1991 0.2390
AG 0.1763 0.1118 0.1426 0.1820 0.1538 0.1736 0.2631 0.1946 0.2615
GS 0.1915 0.2385 0.1684 0.2374 0.1980 0.2228 0.2933 0.2443 0.2782
SU 0.1694 0.1997 0.2423 0.3143 0.1955 0.2701 0.3203 0.2853 0.3016
MG 0.1632 0.1423 0.1818 0.1710 0.2061 0.1723 0.2607 0.1914 0.2458
ALT 0.2470 0.1712 0.2044 0.2804 0.3208 0.1898 0.1298 0.0897 0.1223
KKZ 0.3499 0.2840 0.3529 0.4361 0.4786 0.3422 0.1027 0.1680 0.0825
ML 0.3149 0.2785 0.2538 0.3359 0.3821 0.2280 0.0617 0.2027 0.1453
YL 0.3484 0.3190 0.3632 0.4003 0.3894 0.3309 0.0957 0.0566 0.1843

B S F* 1. Population codes see Table 1.
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37.7%. 15.3%. 12.3%A110.7%, B3 F K0 H
S AR65.3%. M —. R 4R E
(BI2)RT 50, 28— 32 B o3 ek o 14 e A H A6
MR T, X SRIRRIREE M3, £ =+
FS 53 4 B 84 T A o AR BRI R e OB AR SR AE —
i, PIEhZRFIAR 2K JHIE R R AL —iE . FRBiEg
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Bk HON . B I TE S RE A X SRR
PIRE R A, X — 45 R 5 Hh IR A AR —E

53 AG
36 QH
39 MG
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SU
90 ALT
I ML
e
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B 47 QH
13 SU
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99 YL
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B AR (A)FMNIF (B) (BHER S EIRD)

Fig 1 UPGMA tree (A) and neighbor-joining tree (B) of 10
Bactrian camel populations based on D4. Population codes are
the same as Table 1.
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SExRD)

Fig. 3 Scatter plot of the first and second factors for 10 Bac-
trian camel populations. Population codes are the same as
Table 1.

2.3.5 BHAIBRIEEMD

F Structure 2.2%F 10 HE A4 EAT B 44 188 4% 45 1)
3T o MR HE KAE X InP(D) AT i ) il £ B (B3) 3R B, 7
K =20}, InP(D)WHE AR, B G HUEEET T . U7E
K = 20, 10NEEARME 2 24 B 5m 4 v SR AE
i, HAhRBEA R . B A A ARS
AN EEHAARE . JRJERE Bl X g X Bk
T ] iy 3 X g b 7 DL KCH R R R E— 2.
XS R a5 R — 2
3 g
3.1 BEEAEETR

AT FT R 104N FEAR (1 °F 98 230055 6 5 R 5
418, 5 Ml &AM L, KT b B 7 48 R
(Ovis aries) i P (10.7)(GEAEF, 2007)F1 5 [E 75 %
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3.2 BEHAEEAETR

T AL 553 (1) ST B AR Y AN AR ] 2 2R B0(Fis) 22 574
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Fig. 3 Structure analysis of 10 Bactrian camel populations. K =2, 3, 4, 5, 6. Population codes are the same as Table 1.
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