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Genetic diversity of 23 Chinese indigenous horse breeds revealed by mi-
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Abstract: In order to investigate the genetic differentiation, we studied the genetic structure and genetic
variation of 23 Chinese indigenous horse breeds and one thoroughbred horse population using 25 microsatel-
lite markers. The number of alleles, polymorphism information content (P/C) and heterozygosity showed that
genetic diversity in Chinese horses was higher than the thoroughbred horse. Neighbour-joining (NJ) dendro-
gram clustered Chinese horse populations and the thoroughbred horse into different groups. Furthermore,
Chinese horse populations were grouped into several different phylogenetic clusters which corresponded to
the geographic regions. Cluster analysis was performed by the Multivariate Statistical Package (MVSP),
demonstrating that thoroughbred horse was discriminated from all the studied populations based on the
three-dimensional scatter plot for the first three factors. Two-dimensional scatter plot for the first two princi-
pal factors divided Chinese horse populations into five groups: southern China, Tibet, Xinjiang and Qinghai,
Inner Mongolia, and Northeast China. Genetic structure revealed by the software package Structure 2.2 dis-
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played five potential elementary genetic groups in Chinese modern horses.
Key words: horse, genetic variation, genetic differentiation, population structure

Y (Equus caballus) 1t 80 7 252 L)@ T % W
Hy SR S8 AR St i SRk, R
1 EZANEIE(Vila et al., 2001), 2K EAY11E )5 (Jansen
et al., 2002), XA A VEZ ah a2 Al . FIE 5 5
CE RS/ B8 R = B SO o 3 AT R P S
HIRZ . AR RA, Al 5@ A, Ay
TS TR v S R A5, M 1 T ORE A AR AR 22 IR IR
RN 75 R 38 W PRI oy CEHE BRI /AR, 2003) 6
A DAL PR D S80h AR P8 1 B AR 432, LSS EOK
KA R R 202K, LRI HA I LA &
FRE RIS 377 5y 2855 . B2, B %A Mgtk
ALK BT I IR 5

T LA 4 FAR K SSR oA B bR, £4&
PR, RoEERMESERRLE, I 4i& 59t
CPCRAF T HE AR, H A i B H AP i v] ¢, DA
B2 T &M (I EILAE, 2006; PSR,
2008; Dadi et al., 2008) 2 th Ff K igiAL 2 K1 (Aberle

Rl 4NDEHRETR. R, KEMXEEE
Table 1

et al., 2004). FER4E K (Marletta et al., 2006)FIFEAA
3 Ak(Glowatzki et al., 2005)2 (KIF9E . H A CITLE
I Ak TR 6 P 5 1) Bl st A 22 2 AT 4 AT
(R HESE, 2005), HE, WA A FR G000 3 EH
H 5 T SR JRAE 0y 1 KT AT BE RIS AL 25 4)
Hre

ARSI I 5E YRR T PCR &GS A9 AR I BT 3 4
(1) S5 DRI B, T o ) o i YR A a8 £ &5 R A
BAL AT T 9T, IS F K E 2
RS 1) P e AR AR o B AL 1 A 24K
P, O B A s R A S PR A, I
EE B iR A TR .

1 #MR575%

1.1 ##
ARSI RAE T ok 3 A E 234 H 5 1 Rl
PRFMAS g afi i 5 AR AL 3T E A Sk AH SR 552005

Name, code, sample size and source region of 24 horse populations

R A TR FEAL S

Code Breed name Sample size Locality

MG %1% Mongolia horse 50 WS IE4E JU/R 17 Hulunbeier City, Inner Mongolia
XNH #Yei Y Xinihe horse 50 WS IFEAE JTZR 17 Hulunbeier City, Inner Mongolia
SH =L Sanhe horse 31 WS R4S DU/ T Hulunbeier City, Inner Mongolia
HH Sy T Heihe horse 42 IRV PNREE Sunwu County, Heilongjiang

ELC Z846# S Elunchun horse 30 ORI P 1T Heihe City, Heilongjiang

JL AT, Jilin horse 52 T AT Baicheng City, Jilin

KZK W4 1% %6 5 Hazakh horse 50 P L Xinyuan County, Xinjiang

YQ %D Yanqi horse 55 BriEsE E Yangi County, Xinjiang

YL fPALE Yili horse 60 BrsEfr AL e Yili County, Xinjiang

DT K5 Datong horse 56 FHifElS% E Qilian County, Qinghai

CDM YLk R H; Cadamu horse 33 FiE# 2% E. Dulan County, Qinghai

HQ V% Hequ horse 24 T F E. Henan County, Qinghai

YSH F# D Yushu horse 50 FHifEEM T Yushu City, Qinghai

TGL P ) Tibet grassland horse 61 PUiRIR 75 Langkazi County, Tibet

TRV PRI %F 5 Tibet valley horse 52 PUIT AEL Tiangzi County, Tibet

IC # 5 I Jianchang horse 52 VU1 4i#6E: Butuo County, Sichuan

LCH FI)I1E Lichuan horse 38 WAAEFI NI Lichuan City, Hubei

DL K¥FT Yunnan horse 30 2 #8)I| B Jianchuan County, Yunnan

WS X115 Wenshan horse 36 318 Wenshan County, Yunnan

GZ 51Ny Guizhou horse 38 FeM 2T Anshun City, Guizhou

BS F 4 Baise horse 60 ] B Baise County, Guangxi

DBP (%% ) Debao pony 66 I VAR E Debao County, Guangxi

I YLD Jinjiang horse 60 MEHYLE Jinjiang County, Fujian

THB Yealiifil Y Thoroughbred horse 30 Hi[E UK
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FENGEFE ) o BT A R R A S s B LA
B, IR ORUERE i AR HL A R i SRR A, M2
B A R MG R SR AR RS B
Rlo KNI BEAFEASAEA0 LA (/B LB HRIE 1),
L1, 10603 AL, SR ELAINHTAER 7 Al

12 514

Jit 3 25 %5 SSR 51 4 B FAO Il ISAG i 7 #E 7
(ww.isag.org.uk), 4347220 etk . 514t
AT K, TR B S s AT SO E A,
P FAMAIHEX, 45K FHLIZS00CK b T
F[EHABIA ).
1.3 DNARJ$ZEL

Iy — ST T2 BT I Hh S ERURE A 41
DNA (Sambrook & Russell, 2001). H Spectropho-
tometeril] 52 LRI DNA WK FERI 4L B, SRS BT
AFEA AR E P HE R 50 ng/pL /A7
1.4 PCRY BRS8N

XF T I25 X S HEAT 19, R T H—PCR

R2 UNDEEMERER

P 2 EPCRY HAH L5 & 177\ PCRYHIE R
M2 ul, RNVEEFE A 95°CTARYES min, 94°CARYE
30 s, 55-60°CiE k30 s, 72°CLEAF30 s, 32K, 72
CHEAH10 mino. 3342 B Ma Wit s rEL K EA T
. HIABI31304 H 3l 3k 5 3 i ACEAT 1 BBk,
Jr BUK B H #4t-GeneMapper3. 73T 4 1170 Bt
1.5 #EFZITE SR

F|FThe Excel Microsatellite Toolkit 3.1 (http://
animalgenomics.ucd.ie/sdepark/ms-toolkit) 11 5. 2 11/
FERI U (Na) . FFALEE R AR (P)M 2 65 B &
(PIC); R HHPOPGENE 1.31(http://www.ualberta.ca/~
fyeh)TH5 T AL L EU(VEA) P38 56 A7 BE A
HMNA)- T AT AL N B (Pa) 5 24K, u& LASEA
HE DR O FE A (WL 58 2% 45 BE (Ho) « W 2R 5 12
(He)s SR+ 8 EURFIZ A E,%l %(PIC)o

Wright(1977)%¢ H T 34 [# & Fi5 £ (fixation in-
dex, F)Fis. FstFFit, {Fh SRR AS R B ol 4
()R SRR BE IR R o« DR R 7 S B I D REAR

Table 2 Basic genetic variation information of the 24 horse studied populations

(N ENEERZE S Allelic diversity AL Z FEE Genetic diversity

Code MNA NEA Pa Ho He AR PIC
Zii% MG 7.48 4.16 4 0.742 0.727 6.736 0.693
e XNH 7.88 425 0 0.723 0.746 7.081 0.712
=y SH 7.92 4.43 0 0.745 0.751 7.549 0.718
WY HH 7.96 438 2 0.752 0.747 7.248 0.715
ShieEY ELC 6.72 3.69 1 0.683 0.698 6.453 0.659
FHE JL 7.80 4.41 1 0.743 0.745 6.969 0.713
IAEETE D KZK 8.36 4.81 2 0.766 0.760 7.558 0.730
5EL YQ 8.36 4.54 3 0.745 0.757 7.451 0.725
AL YL 8.40 4.61 2 0.757 0.763 7.464 0.732
Xiid DT 8.32 448 3 0.727 0.751 7.484 0.721
Sk CDM 7.36 4.56 0 0.730 0.751 7.097 0.720
Y HQ 6.76 4.40 0 0.755 0.730 6.760 0.695
WL YSH 8.36 4.50 1 0.723 0.752 7.535 0.722
P S T TGL 8.24 423 3 0.739 0.745 7.295 0.713
PHEM A S TRV 7.88 4.49 2 0.742 0.756 7.253 0.725
#EY JC 7.60 4.57 1 0.729 0.761 7.025 0.731
FIND LCH 7.72 4.62 3 0.749 0.752 7.130 0.723
K¥LT DL 8.43 4.82 13 0.723 0.761 8.069 0.736
il WS 7.84 442 2 0.747 0.765 7.301 0.724
M Gz 7.60 4.46 0 0.755 0.745 7.057 0.713
A BS 8.24 4.56 2 0.734 0.749 7.364 0.721
HE {5 DBP 8.80 4.66 6 0.737 0.755 7.602 0.728
BT 7T 7.92 4.04 2 0.732 0.731 6.800 0.697
Jealifl Y THB 4.68 3.07 0 0.667 0.632 4551 0.577

MNA: Ti’]jéhﬁl_l%i NEA: A IENEG Pa: ¥
ZEEES

SN SEREL; Ho:

MWERGIE; He: WIHINGRL: AR: SFARENEL; PIC:

MNA, Mean number of alleles; NEA, Number of effective alleles; Pa, Number of private alleles; Ho, Observed heterozygosity; He, Expected het-

erozygosity; AR, Allelic richness; PIC, Polymorphism information content.
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BEAN TEHEAK (subpopulation) P [ 35 PR 8 50K G A —
JEFTEH-WPAE, BT ELBEAN MV AEAA IR ] 5 15 20—
SE N0, HARFSTATRL 7 (Weir ef al., 1984) 14445 {7 ik
[K =& J¥ (allelic richness, AR)HIF-statistics[# 5& FH%L,
I HiBenferronifE 7 1 5 H 12 2 14 (Goudet, 2001).
DISPAN#4:43,(Ota, 1993) 1 57 Nei’s s A 15t 44 F 2
(DS)(Nei, 1972) FNei’s it £% B 25 (DA) (Nei et al.,
1983); K HI4B#He% (neighbor-joining method, NJ)ZEAT
KM . HHMVSP 3.1 (MultiVariate Statistical
Package 3.1)% 14 (http://www.kovcomp.com)f B 15t
AL AT 83 o3 i, B S Rl ik . H
Structure 2.2f%F(Pritchard et al., 2000)X} 13 12 Hd
HEAT 20 AT, A0 A ] e () aed A% 4544 o

2 #ZR

21 ENEARETR
AT GRS DN B BT A AR AE 25 % ok T BT 1 1)

FR3 230 EDER2SX T2 EAK F-Fit e ie

SRR AT 3004, JLr b [ e Rk 3004,
A5 T S E Al b 7N B, JEE T
FER R R ILS3ANREAT SG FE R o S AN ] 1 ot
A7 A A A S 1 o 38 A A 38 0 S R R A
361 SEATHEIRZE S ARbR T (22), PR Ak K4
It e P S AR R T (MINA = 8.80), vk KB T
(MNA = 8.43) AL Ly (MNA = 8.40), Hf ) hvial
M5 (MNA = 4.68)F15816% 5(MNA = 6.72); AL
S IE P U R 1 A KL T (VEA = 4.82), HLikh
IS 50 Ey(NEA = 4.8 1) FIE (R 4% H(NEA = 4.66), 1
I Ky g4l Ty (NEA = 3.07)FS818 48 T (NEA =
3.69); AT AL HE D Hh B S R O K EE E (Pa = 13),
HRNERKE S (Pa = 6)NISE T Hy(Pa = 4). Se4lilll
o, e B, =3, SRR il il E AN
ThEEOAN TR B R I A A

BRI AL ZREVEIG TR bR, S5 07 R 3= 5 AN
ZAE BT E PRSI ZE KIS (AR = 8.069,

Table 3  F-statistics for 23 Chinese horse populations at 25 microsatellite loci

FEDR A JtA7 - E B4R All Chinese horse populations HEAA JT AT i Fis
Locus Fit Fst Fis Population All loci Fis
HMS06 0.035" 0.031"™ 0.004 MG ~0.011
HMS07 0.040" 0.014™ 0.026 XNH 0.041"
HTGO7 0.028 0.026™ 0.002 SH 0.005
HMS03 0.080™" 0.028™" 0.054™ HH 0.039"
CORO082 0.063™" 0.0317 0.033™ ELC 0.012
HTG04 0.035" 0.024™ 0.012 JL —0.091
LEX54 —-0.016 0.024™ -0.041 KZK 0.003
ASB17 0.066™" 0.021"™ 0.047" YQ 0.026"
SGCV28 0.031° 0.040™" —0.010 YL 0.016
HMS02 0.037" 0.019™ 0.019 DT 0.041™
COR022 0.014 0.015™ -0.002 CDM 0.043"
HMS45 —0.014 0.036™ -0.052 HQ —0.013
LEX34 0.018 0.027™ -0.010 YSH 0.049™
CORO071 0.064™" 0.019™ 0.045™ TGL 0.016
LEX73 0.064™ 0.033"™" 0.033 TRV 0.029
HTG10 0.109™" 0.019™ 0.091° iC 0.051™
COR007 0.021 0.026™ -0.006 LCH 0.017
LEX63 0.123"™ 0.026™" 0.099" DL 0.067""
ASB23 0.045™ 0.0317 0.014 WS 0.024
CORO18 0.044™ 0.024™ 0.021 GZ 0.001
VHL20 0.046™" 0.023™" 0.024" BS 0.029
AHTO04 0.025 0.015™ 0.010 DBP 0.031"
UCDEQ4 0.044™ 0.039™ 0.005 1] 0.007
HTGO06 -0.033 0.018™ -0.052

ASB02 0.080™" 0.020™" 0.061""

il Total 0.045™" 0.024™ 0.0217

Fit: SEAREAMAEIE  REG Fse RN A WRAATE /A Fis: WAHAN AR 2 REL REERZMRHEAF: P <

0.05;"P<0.01;""P<0.001. FHAMFEEL,

Fit, Fixation index of total population; Fst, Fixation index resulting from comparing subpopulations to the total population; Fis, Fixation index of
subpopulation. Significance levels of deficit in heterozygotes: * P < 0.05; " P <0.01; " P < 0.001. Population codes see Table 1.
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Fig.1 A neighbour-joining dendrogram of 24 horse populations based on Nei’s genetic distances (DA4). Population codes see Table 1.
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PCA case scores

E2 24N DEHARI =D ER S B =HRURE . Axis 1. Axis
2, Axis 3 AIRREL. 2. FIEMS-

Fig. 2 Three-dimensional scatter plot for the first three prin-
cipal factors for 24 horse populations. Axis 1, Axis 2, and Axis
3 represent the first three principal factors, respectively.
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Fig. 3 Two-dimensional scatter plot for the first two principal
factors for 23 Chinese horse populations. Axis 1 and Axis 2
represent the first two principal factors, respectively.
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