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Analysis of genetic diversity in 13 sheep breeds
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Abstract: [Objective] The genetic variability and genetic relationship of the thirteen sheep breeds were
studied. [Method) The genotypes of 10 indigenous Chinese sheep breeds and three introduced breeds were
investigated using 11 microsatellite DNA markers recommended by the Food and Agriculture Organization
of the United Nations (FAQO) and the International Society of Animal Genetics (ISAG) through fluores-
cence-multiplex PCR. The allele frequency, polymorphism information content (PIC),and heterozygosity
were computed to estimate the genetic variation of each population. To determine the genetic relationships
among the breeds, phylogenetic trees were constructed based on Nei’s genetic distance using the unweight-
ed pair-group method with arithmetic mean and neighbor-joining method. [Result] 13 breeds were clus-
tered into four groups. The first group included Weining, Zhaotong, Hanzhong, Diging, the second group
Yuxi Fat-Tailed, Taihang Fur, Sishui Fur, Bashibai, Cele Black, the third group Tengchong and the forth
group foreign breeds such as Poll Dorset, Suffolk,and Texel. [Conclusion] The eleven microsatellite loci
were effective markers for the analysis of genetic relationship among sheep breeds.
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AT Arranz 7 Baumung 51 43 5 A) TR
P e % B A0 AN [] & B B 45 S5 10 AT T st AR S5 5 1
o H AT L AR B A D A e T gy
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1.1 # #
1.1.1 XEEHA  ABFFEH 13 A 5 Fh

B 2R 46 1l Je REASHCRE WL 26 1, ForP R AR e 2 L TS A
T BEREERRR s PR R IR E 5 4 SR . CRAE
TR AR L S Rl SLTRURRAE O HLAE = AR e AR
WA IMLZ KR,

Sk KR ML L BF R 2SR A 10 mL, S & 1 3
A ZE R BB f# W (100 mmol/L Tris « HCI, 100
mmol/L EDTA, i & 435t 2% SDS) 2 i, # 2
. —20 CRIAMRAE,

1 BIEFRWHHBRMREB R

Table 1 Names,sampling locations,and sample sizes of 13 sheep breeds
Al Breed Py FEA R
SEVE Source % FK Breed Sampling location Sample size
WU 7K & fz 2¢ Sishui Fur(SSF) I A4 ThHH X Central section, Shandong Province 60
B IR RS Yuxi Fat-tailed (YX) 0§44 ¥ fH i Luoyang City, Henan Province 60
K473 Fz ¢ Taihang Fur(TF) W4 % AT Anyang City, Henan Province 60
'f'" &% T4 2F Weining(WN) # M BT H Weining Country, Guizhou Province 60
Ing}llgi;r;::s i PR 48 2 Diqing(DQ) ZF 4 KM Diging Autonomous Country, Yunnan Province 58
breeds J#& w45 2 Tengchong(TC) =4 B B Tengchong Country, Yunnan Province 57
I 38 4% °F Zhaotong(ZT) ~EA W Zhaotong City, Yunnan Province 60
W 4 3¢ Hanzhong(HZ) B VG 45 3 i Hanzhong City, Shaanxi Province 43
[ FE 2 Bashibai(BS) Hrim AR X3 Tacheng City, Xinjiang Autonomous Region 60
H 2 Cele black(CB) Hrim AR XK B Cele Country, Xinjiang Autonomous Region 59
- . AU G AN B BEF A R T AT A ) ar
B 525 Suffolk(SF) Beijing Yanshun sheep breeding limited-liability company 3
Eikiis
eI A R AT
Introduced  J £ #9845 3 Poll dorset(PD) RO B LT AR IR R 54
breeds Beijing Yanshun sheep breeding limited-liability company

R FEIRE Texel(TX)

JEHTHEMTHOL T - BF A R 5L W

Beijing Yanshun sheep breeding limited-liability company

59

1.1.2 £F&XAH  Taq .10 X buffer ¥ A €4
YTRKRE)ARAF.INTPs Iy B LA T4 Y
TREREARREARA A POPL B, F B4 LKA
D 50) 12 A FH 56 1 02 HH A 9 & 42 20 |) i
1.2 H¥EmhRERA DNA BRE

FLIAIZH DNA By 48 BOCR F R R0 8-S 05 il 4 325
HAREAE WS 3G ], SR BE D 20 DNA 28
15 g/ L BB A 6 e vl Uk R I 5 4% 5 HTZE W 23 060k
JE T 2 0 o vk B2 JF AR B 20~50 ng/pl, H
T PCR ¥4,

1.3 SI¥MEEEEK

AR B TR A [ AR A 21 8L (FAO) F1 [ B 3 4
WG 22 (ISAG) B G HEAE I 51 9 b BB 11 X %
TAESIY ., FriksEm 11 65195 ABHAH.A L6
ANEERLL B 5 AL, 2ot gk B LA S
MCM527 sl ii4T PCR §7 34, Ho4x 10 XF 5] 4 M
Y Wk R, LiF5I9 5 mdsic PET. VIC,
NED 1, 6FAM #¢%. 514 i1 36 W AW R A
AFRIE G (R 2,
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Table 2 Information of 11 microsatellite
ABLEGWALE PR R 44 7 0 U by EiE o R ©
ABI group PCR group Locus Chromosome Allele range marker temperature
1 OARAE129 5 133~159 6FAM 55
1LSTS005 7 174~218 VIC 55
A 2 OARFCB304 19 150~188 PET 56
SRCRSP9 12 99~135 NED 56
3 OARFCB193 11 96~136 VIC 59.5
ILSTSo011 9 256~294 VIC 59.5
4 OARVH72 25 121~145 VIC 63.5
MAF214 16 174~282 VIC 63.5
b 5 MCM527 5 165~187 6FAM 58
6 MCM140 6 167~193 PET 58
MAF33 9 121~141 6FAM 58

1.4 &EPCR ¥Rk

PCR 2 i 1 & £ 45 B g DNA (25 ng/pl) 2
pL.10 X buffer 1. 5 pL, Mg™" (25 mmol/L) 1. 0~
2.0 pL, dNTPs (25 mmol/L) 0. 2 pL. 3| % (2
pmol/pl) 1. 5 ~2. 5 ul, Taq fE (5 U)0. 3 uL,
ddH, O % 15 pl.. PCR KW #EFF:95 CHiAEdE 5
min; 94 CZ8¥E 1 min,55~63. 5 C (HAK IR BE K 32
FmE)Z4E 1 min,72 CIE{#H 1 min,30 3% 35 4~
PE 3 (519 OARAE1L29, ILSTS005, OARFCB304 ,
SRCRSP9, OARFCB193 #1 ILSTS011 4 30 4~ 1@
#.8]4% OARVH72 MAF214 ,MCM527 . MCM140
M MAF33 2 35 MG s e J5 72 C HEAH 40 min,
PCR =¥ Hl 80 g/L B VN ¥ Bk frie %€ e 6 000, 4R 4 .
PO 5 H O 4% Al i M PCR ™= 9, A #
ABI3100-Avant 4= [ gl38t f& 5 B4 b 147 & 4145 i
TRAEI . 0 R B A A L REFL T I A 4y T AR
LIZ500 , LA H) 79 55 ks 240 L fE i . o 10 A2 S R A
FA 28 B 47 &4 GeneMapper Version3. 2 #1743
Mr.
1.5 HENSEITSESH

¥ M Microsatellite Toolkit 3 & 28 {7 3& K #i

R B E 45 # (Expected heterozygosity, He)
FIER 35 1L 24 5 F (Observed heterozygosity, Ho) ,
% 7545 B & & (Polymorphism information content,
PIO# 4 Botstein 55 (I A H WA T I, H
DISPAN #4331 5 Nei” s b5 off 38t 1% # 25 (Nei” s
standard genetic distance, DS)M* F1 Nei’ s 5 1% FH B
(Nei’s genetic distance, DA™ | 3% HE o AL 4H %F
B ¥ (Unweighted pair-group method with
arithmetic mean, UPGMA) Fi1 4F it 45 & = (Neigh-
bor-joining method, NJ) #E47 B 24047 .
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TE ] — G B JBE A |, 25 A R DX B H R0 AR 1
2250 AT LB Bt R F i F 9 R AR )Y 22 . H
3 AIHNL I3 AU S RIAE 11 AN G Ay rp
R 2] 151 A~ S5 A7 B P, S 35 g A AR AL 1) A5 A6 S A
B 13.7 4~ OARFCB304 Ji i 1 55 o 5 DX 40 i
% ,iK %] 23 4 ; OARAE129 F1 SRCRSPY J& i/ 1Y 25
o7 3 PRI /0, 1 U 9 A 5 LA TR A7 ) 2 o7 35 PR 4
H10~20 NG,
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Table 3 Number of alleles in thirteen sheep breeds with eleven microsatellite loci

il T8 P L

Microsatellite locus OARAELZ9

ILSTS005

OARFCB304

SRCRSP9 OARFCB193 ILSTS011

A5 Bt R B

Number of alleles 0 13

23 9 20 11

i TR A A

Microsatellite locus

OARVH72 MAF214

MCM527

MCM140 MAF33

A oz ik [ K

-
Number of alleles 10 15

13 15 13
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2.2.1 HAFEARZERE WASNMNEN,E
T J— R AN 18 [R]— JRE A7 8 5 — & R b Bir R AT A A A

LN HE 4 ATRUE L BRBOE IR R A (YXD 4h. 10
A 7 4 SE PR 1L A TR R A b R D
WA — A A7 S5 7 B R o gl T 4 A (WIND A
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Table 4 Unique alleles and their frequencies in 13 sheep breeds bp
Vi 2587 S Fh Sheep breed
Locus SSF YX TF WN DQ TC 7T HZ BS CB SF PD X
- 129
OARAE129 (0.01)
. _ 204 196
ILSTS005 0. 04 (0.02)
199 157
. (0.01) (0.10)
OARFCB304 203 159
(0.01) (0.0
) 133
SRCRSPY €. 01
. . 118 96
OARFCB193 €0.05) (0.0
o 261
ILSTS011 (0.02)
OARVH72 120
(0.01)
290 166
MAF214 0. 01) (0.02)
168
0. 02 214(0.03)
204
(0.01)
208
(0.02)
o 183 159
MCM527 (0.03) (0.01)
< 171 203
MCM140 (0.03)  (0.06)
o 142
MAF33 0.0

VE 4 B e O O % 1 TR B
Note: In brackets is allele frequency data.
2.2.2 MHEFEARALRE B EMIEFE
Fi R TR R A 6 DR 67 b R X R i A A S
. 25 801 T 13 A A4 2 i B 3 R R KT
0.5 ML FAFALIER . R 5 AT AL LA IR 3
A B 7 OARAEIL29, ILSTS005, OARFCB304
SRCRSP9 .OARFCBI193 S Jfv . £EFIrifFoE i 13 A4

x5

2 fh AR, O B BB E (CB) £ MCM140 J& 7 31 A
187 bp I # 55 7 K A, ¢ 5 %€ R 3£ (TX) 1E
OARAEI129 pfii F4HA 145 bp £ 345 {7 Bk A, g%
18 7 2E (SF)7E OARFCB304 Jif7 FHIA 173 bp I
PRI LR TG E FE RS (PD) 7E ILSTS011 J8 {7
YA 279 bp R SFERLEEA

BASFEFRMHOABEMERRHEHE

Table 5 Dominant alleles and their frequencies in 13 sheep breeds
JE ] 245 2 Fh Sheep breed
Locus SSF YX TF WN DQ TC ZT HZ BS CB SF PD TX
OARAE129
145 bp 0. 87
147 bp 0.58 0.68 0.53 0.81 0. 67 0.74 0.58
ILSTS005
192 bp 0.53 0.83 0. 80 0. 69 0.75 0. 67 0.72 0. 69 0. 60 0.70 0. 60
OARFCB304
167 bp 0.53 0.52 0. 65 0. 84 0.63 0. 64 0. 64
173 bp 0.51
SRCRSPY
109 bp 0.77 0.72 0. 65 0.55 0.73 0.89 0.61 0.79 0.72 0.96 0. 67
OARFCB193
114 bp 0.59 0.58 0. 67 0.51 0.83 0. 67 0. 81 0.76
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4%k 5 Continue table 5

JAE A3

24 26 i Fh Sheep breed

Locus SSF YX TF WN DQ

7T HZ BS CB SF PD X

ILSTS011
269 bp
279 bp
283 bp 0. 54
MAF214
184 bp
MCM527
167 bp 0. 55
MCM140
187 bp
MAF33
120 bp 0.52
132 bp 0.55

0.62

0.51
0. 60 0.78 0. 56

13 /\é%ﬂéunﬁﬁ/]qzyjfffi .ﬁ( g,u n,._,\
BRI L A L 5 %%nﬁm%6oﬁm
AN TT 4 SR R B R S (TO) 1 24 25 437 JE [
Bt/ (5. 1) WA TR (BS) S AT B9 ~F- 1 25 437 5 P %L
]2 (8.6) .3 5|k F (SF.PD. TX) (1) 34 55 {37 5

K6 BIMEFRWATNESSEESECO HERER

DA /D (4. 8~5.3) . BRIUH 4 3¢ (HZ) G f 18 2%
F7E (PD) ISR 24 A BEAIR T 0.5 Ab, HoAth 4 2 BE AR 1
WA RS B FE R T0.5, o LA F 5
(BS) i) 19 2 38t 1 24 Armmm7u>ﬁ TR ¥
(TF)E@Xmaa YL 755 (0. 635,
<He>$uu§zm1ﬁ 4 E(Ho)

Table 6 Polymorphism information content,expected hctcrozygosity and observed heterozygosity of 13 sheep breeds

BN
Sheep breed

S 4 45 o7 5k PR £ EZE

Mean allele number

2 ok LUE=S L g WEE L 2 7

Expected heterozygosity Observed heterozygosity

He Ho
SSF 7.8 0. 0.677 0. 630
YX 7.2 0.¢ 0.632 0.617
TF 7.3 0. 0.679 0.635
WN 8.1 0 0.677 0.516
DQ 7.6 0 0.667 0.568
TC 5.1 0. 0.561 0.509
ZT 6.6 0. 0. 605 0.529
HZ 6.6 0. 0.643 0.452
BS 8.6 0 0.711 0.610
CB 6.7 0 0.610 0.585
SF 4.8 0 0. 601 0.581
PD 5.0 0. 0.574 0.476
X 5.3 0.55 0.599 0.598
Y4 Mean 6.7 0.59 0.634 0.562
2.2.3 XAFELAR HAEEMCENTTREDM W, R7TERYLI3ADGEMBTE 1L AT R A

%Zﬂ*%ﬂaﬁ%\%ﬂ%émﬁl ,,/%frﬂﬁl
D] 2 A R A I AR v T A SR A AR AL A i A

EA 22 A SRR

KT BIABEBMELNANMNMNIEECLHEFTECER

Table 7 Common alleles of 11microsatellite markers in 13 sheep breeds

il TR A S

. . OARAE129 1LSTS005 OARFCB304 SRCRSP9 OARFCBI193 ILSTS011
Microsatellite locus
e 7 4 2
A7 S5 3L/ bp 133 192 167 109 114 275
Mutual allele 145 200 173 115 283
147
. 1ﬁ&ﬂ§§{j OARVHT72 MAF214 MCM527 MCM140 MAF33
Microsatellite locus
A5 S 3/ bp 124 184 165 187 120
Mutual allele 186 167 189 132

169
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2.3 BABFERMBTENEETRE

HH 2% 8 AJ 1, Hb 7 ol b A I 22 ) ) 35 A% IR S 8
FAXTEE/N(D Ay =0. 069 8~0. 206 2,Ds=0. 041 2~
0.244 3), b B 4 £ (ZD) 57 48 F (WN) Z

[A] [ 35 4% 5 B8 B /N (D, =0. 069 8,Ds=0. 041 2),3

A5 #E & A RS 5 2E (SF) L JC A B 58 47 22 (PD) Fil gy
we FE IR (TX) 5 op [ M J7 i B 22 1] 1) 38t 4% B 2
WK (Dy,=0.183 1 ~0. 326 8, Ds = 0.167 3~
0.568 8),

£8 I3ANEERZMIER Nei’s BEIEE (D) Nei’s FREBREIEE (Ds)
Table 8 Nei’s genetic distance and Nei’s standard genetic distance among 13 sheep breeds
Siijéprﬁjld SSF YX TF WN DQ TC 7T HZ BS CB SF PD X
SSF * % % 0.0949  0.0885 0.153 0 0.127 3 0.158 5 0.138 1 0.142 6 0.1033 0.1361 0.2027 0.25914 0.240 3
YX 0.100 4 * % % 0.0938 0.1438 0.123 5 0.174°5 0.1332  0.140 3 0.1270  0.166 6 0.2292  0.2413 0.270 3
TF 0.045 1 0.104 6 * k% 0.138 3 0.107 5 0.159 8 0.147 4 0.145 8 0.105 3 0.169 5 0.193 4 0.2518 0.2609
WN 0.1327 0.1519  0.13014 * % % 0.107 9 0.142 6 0.0698 0.1342 0.142 1 0.1919 0.2003 0.2243 0.242 0
DQ 0.1251 0.156 8  0.105 2 0.116 1 * % % 0.155 4 0.103 5 0.1230 0.1458  0.1974 0.2458 0.2616 0.262 3
TC 0.1115 0.168 0 0.103 2 0.108 0 0.165 8 * % ¥ 0.114 2 0.184 3 0.163 7 0.190 4 0.209 7 0.183 1 0.239 1
7T 0.1595 0.150 8 0.145 3 0.041 2 0.100 2 0.097 3 * % % 0.112 1 0.143 4 0.170 9 0.2326 0.2215 0.2835
HZ 0.1038 0.1377 0.1269 0.1139 0.104 9 0.1857 0.118 0 * % % 0.1527  0.2062 0.2618 0.2535 0.289 7
BS 0.0458 0.1224  0.0569 0.116 9 0.1194  0.097 8 0.142 5 0.1215 * % % 0.142 5 0.2197 0.2518 0.2481
CB 0.1223 0.144 6 0.148 3 0.174 4 0.244 3 0.1515 0.160 3 0.2357 0.1309 * % ¥ 0.224 7 0.283 2 0.326 8
SF 0.237 2 0.364 3 0.2340 0.276 5 0.375 7 0.309 4 0.3679 0.412 8 0.280 3 0.304 5 * % % 0.217 4 0.2539
PD 0.2698 0.2979  0.2674 0.260 5 0.324 1 0.167 3 0.2517 0.3229 0.246 8 0.3128 0.2982 * % % 0.2385
TX 0.348 2 0.451'1 0.4134  0.390 6 0.5188 0.3582 0.5039  0.4479 0.3307 0.5688 0.3948 0.2974 * % %

T2 NI B Nei”s bRifl it (5 9 (Ds) s B 5 Bl Nei”s i B2 (Da)

Note: The bottom left data are Nei’s standard genetic distances,and the upper right data are Nei’s genetic distances.
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REDHEERUWE LMK 2, hE L ME 2T LE
13 AN AR B AR IR A O AR — 3 (R A 2
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MA [ (D) A, 56 225 (CBO AR Ry Bl i) — 2
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HEMAFEBORE &, 5 5BIAKEREE XD,
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FFERGER AR T2 B A P E

AR DBIIC B LA Bk 8 i Bl 3 B O3 A A BE 5T R
D/NJ BEEAE I ABE TS0 B LRI, hE 2
R BT A S | B A S D0 SR R PG 4 o 2R
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UPGMA dendrogram of 13 sheep breeds based on Nei’s distance (Dy)
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3.1 BEBBANBEEATR

Xt F 43 F 8 A& AR il » Botstein R HH 225
5 R (PIC) M i 56 P AR S5 8 B o I, e W ik 1%
fEE AR, ARG REW, IrEm 11 i RS
A B 2 A A AT S R s AR bR i, T 4R
5 R R] 0 35T Z AR AT

B G B ORRBE IR 22 0 B, 3R 76 B A I 1
00845 SRR I 2 R R BE IR S A
JIE LT A R R R A AR R Y — A IR
S, AR 13 A4 2 R T B 2 5
0.634,3% 5 Peter 5" (W #F5M — 305 3 451k
452 SRR EL 3 T 4 S CBR TR o 4 2 40 ) S b 1) 20
Wik A A R . UL s Z R AR R
FE 10 A~ b7 268 25 F R b a7 4R 2 IR E 4R O L
25 2R 2 O 5 8 L 24 5 (Ho=0. 452~
0. 529) HEAK , b B 33 26 JE A op 47 7F — i B2 B ) 2 %
FIE 52 5 Ho A 403 3 5 Rl 22 [ B9 6 TR S8 3 b AR AT = 5
TC A TR F I B2 65 i (He=0. 574) F1 WL 52 35t
24 B (Ho=0. 476) H5 5 A%, i 0 3k A~ 4 A 1) 2
g — Rt E. 2 mEL T MR T G,
3 W A st i Z R R
3.2 BEBEBEAMNBEATR

T [ A7 40 2 H 4 S R IR R G MR A K
BRI R 3 KARG: ——RE N ERZEUREAD .
GRS SRR BRI R
KEF HhE B0 LK E % — R
TR G B R AL AL FE I 5% 5 2 (B 48 2 R AT
JEIR T2 SR RS (R A& A (B
S:URIUIDING il 7 i NG LW = R SN T I S R U S

AU ONARHIF AT A 2SI (B 2 A LLE - B i
F A LUK 3 Bz 2 RN R AT 38 R o 22 R] 1Y 35t A% 1R g 4%
IND,=0.088 5~0.094 DEBRE—E, BB
TREFERGEURREAD ; BAFFERK Y B ESE
ToRrman A R RS 5B REFE
K B S FRAT 3B K AR B AR 22 ) Y35 1%
RS AR BRI L4 RS X SR W F L
o34k K B oy A BE AR — B AT AR G ROk
Tt A MRS R B 5 R 0, B PE R R O 5 PR 4
i A SRAE — B T8 WL 25 2R 00 I X AT RE 2 22 O TH Y
AR REFES T EARARE RTINS R A
He AR B R FH A (] 7 32 b, BIOHE A 388 4% 25 4 1 i 28 DA
RN T RS T (548 45, 3 2L 34 25 45 W 50 43 B il
S A

R E SN E Ve ESV BTG ESS )
—F XA ANRERMYE T RFEERERD R
KK SR 5 ST R ok B b 385 A
HAR—, DHMET AN SHA S EHFEHL,
M RAR S S5V A W RS KR AR S
ZW R HH EEX AR A E s L 2 AR &R 31k
J7 T I FEATS LA T 55, AN 3 Y T R RS 4
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