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Genetic diversity based on cytochrome b gene analysis of different geographic

populations of blue sheep in China
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Abstract; Blue sheep ( Pseudois nayaur) are endemic to the Tibetan Plateau and surrounding mountain regions. They are
classified as Least Concern in the IUCN Red List of Threatened Species and are included in the list of the second grade
nationally protected animals of China. Traditionally, blue sheep in China were classified into two subspecies, the nominate
or Tibetan subspecies (P. n. nayaur) which is distributed on the Tibetan Plateau, and the Sichuan subspecies ( P. n.
szechuanensis) which has a widespread geographical distribution in the western and north-western areas of China. Different
geographically distributed populations of the Sichuan subspecies are also found on several isolated mountains in China.
Because of the lack of research data, the genetic validity and geographic characteristics of these two subspecies remain
unclear. In the present study, we have sequenced the complete mitochondrial DNA cytochrome b (Cyt b) gene from tissue
samples of blue sheep originating from seven distinct geographical populations ( Qinghai, Sichuan, Gansu, Inner Mongolia,

Ningxia, Xinjiang, and Tibet) covering all regions in which the sheep are distributed. Our aim was to measure the genetic
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divergence among these populations, and to analyze the base variation, genetic distance, and nucleotide sequence
variability between the different populations. A total of 45 haplotypes from 59 cyt b gene sequences were identified. Only
one of these haplotypes was shared by individuals from the Ningxia and Inner Mongolia populations. A maximum likelihood
tree and a Bayesian tree were established using the Kimura2-parameter model to evaluate the genetic distance between
samples from each pair of different geographical populations. We found that the genetic distances between the Tibetan
populations ( nominate subspecies) and the other geographical populations ( Sichuan subspecies) were on average, 4.2%
(£0.007). This value is higher than the average level of Cyt b sequence divergence among the different populations from
the Sichuan subspecies and higher than the reported genetic divergence of five known Artiodactyla animals. Therefore, we
propose that, based on the mitochondrial DNA Cyt b gene, the sheep that are distributed on the Tibetan plateau do indeed
form a valid subspecies of blue sheep. A molecular clock calculation estimated that the two subspecies might have separated
approximately 1.05 million years ago. The average genetic distance within different geographical populations of the Sichuan
subspecies (0.033 + 0.0111) was not significantly different from the average genetic distance (0.042 = 0.007) between
populations of the two subspecies (¢=1.824, P=0.084). This result indicates that significant genetic divergence had
occurred among populations of the Sichuan subspecies. For example, the Helan Mountain population which includes
individuals from Ningxia and Inner Mongolia, and the Xinjiang population both have significant genetic divergence compared
with the populations from Sichuan, Gansu, and Qinghai, which have a much closer genetic relationship within themselves.
Phylogenetic analyses between the 45 haplotypes based on Bayesian Inference and Maximum Parsimony revealed different
maternal inheritances that corresponded to different geographical distribution regions. The Gansu, Qinghai, and Sichuan
populations formed a cluster, indicating a close genetic relationship between them. The Ningxia population and the Inner
Mongolia population from the Helan Mountain also grouped together; the Tibetan population formed a monophyletic group.
The Xinjiang population and a Tibetan population ( RT1) tended to cluster together, which was sister group of the other
three groups. Further studies are needed to help improve our understanding of the genetic composition and geographical

characteristics of the Sichuan subspecies of blue sheep.

Key Words: blue sheep ( Pseudois nayaur) ; cytochrome b; genetic diversity; subspecies differentiation
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Table 1 Basic Information of all the blue sheep samples

group Sample collecting site mumber  the topography haplotypes GenBank Accession No.
S Bl 47 36 72 I ( ALS) 5 Bzl E EU571713
TH HRINTTPE R X (XX) 8 Bl A/B/E/BS2/BS4 E}fg 61577]12/? Jéﬁ) 66557629/ EUSTITIS/
% B (PL) 2 el ZM1/ZM2 JQ406567/JQ406568
I T B AR IX (HN) 2 Bl E/PB2 EU571713/1Q406573
22 B (HLX) 2 Bzl E EU571713
KT EH(YN) 2 B E EU571713
AT RE A X (DWK) 13 Bl B/C/E/WZ12 JQ406569/JQ406570/EU571713/ JQ406574
Bzl (HLS) ! 3 Bl NX1/NX2/NX3 AF493575/ AF493576/ AF493579
pu)i B30 X ( AB) 1 BT LB 174 JQ406566
AREE (ML) 1 WLk ML AF398368
AEE(sQ) M 1 W7 LB SQ AF398367
Tt B (sm) 4 1 HE T L bk SM AF398366
E)IE(Jo) I 1 [ A= Jjc AF398365
E ik E(SD) ! 1 T 9 S AN R % sD AF398362
¥R (REG) [ 1 Egzg il REG AF398361
- (pw) 14 1 VY| 3, PW AF398360
K% (MYL) 7 1 DY 73 1 MYL EU571711
Ry E (Y)) 7 1 JHPE A R L X YJ EU571710
PO (We) T4 1 Je I T kAN IR L ik wC AF398363
FATREL(SP) 1) 1 DLl sp AF398358
3 (BT) 7] 2 1 T L0 fik BT1/BT2 EF420234/EF420235
JEsE B (KD) [1319] 2 T U L) ik KD1/KD2 AF500197/AF473607
A MAEE(SB) 2 S| SB1/SB2 JQ406551/ JQ406552
B 5o € B ( AKS) 3 ESea| QL1/QI2/Q13 JQ406553/ JQ406554/JQ4065535
E PEEA 1 (XKL) 6 PR D/XJ3 JQ406559/ JQ406560
HiF %2 B.(MD) 3 =Rz oAl QH1/QH2/QH3 JQ406556/ JQ406557/ JQ406558
ERE(YS)® 1 Rrraalll QH4 AF473608
g AR 1B IX. (NMC) 3 AL NM3 JQ406562
M HIX (LZ) 2 IR L LZ1/1.72 JQ406564/ JQ406565
H+H(RT) 2 [l =Rl RTI 1Q406563
H I 41 X (RKZ) 3 BRI RK1 10406561
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Fig.1 Sampling locations of blue sheep used in this study
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1.2 ik
1.2.1  JEKHZH DNA B HEHCS A6

ARSI B R AERE S A B K ILRCRUEFITE 3 %0, 23R ) QTAamp Mini Ki 32 EUGEI#IHE N4 DNA,

DNA ARG 2 pL T3 3L 4] DNA I 1% W3 BEEA TR DN, S0 43 3L P 41 DNA 43 2 {3 i A
“20°CARAER H
1.2.2 PCR ¥4

PCR ¥ 3419 Hbr i BENZERiAR DNA 40 % b(Cyt b) BIAFEH, 5191 % FH 8 i 28 250 3l L sh 3 eyt

5 et 5 B e A

114724 5'-GATATGAAAAACCATCGTTG-3'

H15915 5'-CCTTCTCTGGTTTACAAGAC-3'

PCR SN RN 20 pl, HoAP AU 4584 DNA (100ng/pl)2 wL,TaKaRa Premix Ex Taq(1.25 U/25 plL)
10 pL,Bovine Serum Albumin(20 mg/mL)0.5 pL, 51414 0.8 pL, KA ddH,0 #M R ZARFL 20 L, K5
F:95°C T 5 min;94°C 28V 1 min,46°C &% 1 min, 72°C ZEAH 1.5 min, I ¥E4T 35 PDGER; 72°C ZEfH 10
min, F AN DNA 1SR R AE R 28 AR, IR SR B A 15 U7 7E . PCR =40 1% BB W 1S H vk
K, F—-20CARAF
1.2.3 PCR ¥ mis 5005

P11 300 PCR Irfs w1 T J5 H OMEGA E. Z. N. A Gel Extraction Kit [FIS4EAY 15 (RIS ™ 432 195 1t A= 9)
FARA R G . K F 5 B9 DNA 7507 GenBank 04 rh b 4T Blast HAZ, & Iril 3 31k T4 Cyt
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b A,
1.2.4 DNA JF3I s 21

M GenBank H R34 Cyt b JF9, FHI S BB 3%E 1, H Clustal X' A XM P45 R 5K H GenBank
F TRV IR B HEAT X AL HES, IF 4 AN T, ] Mega 4. 017, £ F Kimura A2 $UH B A% Y ( Kimura- 2-
Parameter, K2P ) 715 A 5] 7 41) [8] B9 A8 S0 o5 500 187 2045 57 0 80 B e/ F 0 FUAEL | 352 A% 1 15 FIPpA 8,
DNAStar 5.02( DNASTAR Inc. ) 5879 22 5 A /3 b, AR /- B RN 3R A R D=2ar, Xh D Fistf&iE e
a FPPHE T 0 o At SRR AR S AR IE Y Cyt b JEDN 4 BB B T4 2% HY4r T4 LA R
G IV o A0 )1 S b ) 43 s 1] PHYLIP 3. 57¢" {46 b i 8% K ABL#R ( Maximum Likelihood, ML) %5,
PALLZE ( Capra hircus ,GenBank 585 . EU130780) S AMNEAS & 25 - [R] b BEAP I 2R 90 2 A, Fo 4% 45 45 1)
SR ARE S P31 bootstrap>' 1 000 WK EIMFE G EHE T, F MrBayes 3. 1. 2" A4 55 700 k) 2 D1 i
Hor MR 4 Modeltest 3.7 ARG A A8 S AR R, 15 BT BR R0 AA =6 (nst=6) 5 15 B {07 o5 A8 S A58 5L 53
N3 7347 (rates = invgamma) ; Xf MCMC 28 §i21T 4 5% 5 /R B8k, DIBENLR AR GG, 2217 200 518, &
100 AT 1 YA, & s bAEAS 2 000 Uk, AR ) A% AR A A 2 — Ui B T AR 25 AT Ge it SR8 R 4
W) S REER L B 45 32 R I AR

8 ) 1 ST e 25 SRR R P 00 o ] 174 38 £ (P 5 A0 5 70 )| ST A 5 - L 1] 1740 382 A% P 8 A i 47 2
AT REASEY ¢ K56, LAST BT DU ) S A R PG I o 1Y) 352 42 B 5 5 W 1 ST 2% R R (s AL R s i 22 5 el
TR REAR S AN, B ICTE ¢ 450 A0 75 6 bootstrap J5 35 #8475 1 000 IR EHhFE, GE 1170 1 15 H
R2. 13. 2 4 (www. r-project. org) 5¢ ¥,
2 #R
2.1 A E b( Cyt b) FERFH B HAR

SEYARAS T 59 AN E Cyt b FEIAF ] 1 140 bp, Toff AFIEE | FRIAIXLLJF 512K H T2k f& DNA A&
I R 2 B 2R L PR 24 53X 65531 5 GenBank R 2819 21 459 #E4T [R5 He v, Shwf e T 45 4
AR (2 FAE R GenBank , Bop 51 WLE 1) . HAWIFHA 16 A5 (JZ4 JC ML, PW REG MYL,
YJ WC,SP BT1 ,BT2 KD1 ,KD2 .SQ .SM.SD) , ok T R HEA 13 A5 RI (A B .C . E BS2 ,BS4 NX1 NX2
NX3.ZM1.ZM2 .PB2 ‘WZ12) , Hili MR 5 A A58 (QLL QL2 QL3 . SB1 SB2) , FUsE A HEA 5 A~ fif il
(LZ1 LZ2 .RK1 NM3 RT1) , Fi#EFEA 4 5458 (QHI QH2 QH3 \QH4) BT sE A A 2 A Bf AL (X3,
D), NEEMHEA | DNPAER(E) . H T BN A — D i i o w i FRp i ] 5 Jo e s s Al
TEIX 45 DA Cyt b FER &2 )7 51 B A B vp AR S5 s 7 196 A, o i 2045 B A 132 A4, )P 1A S
17.2% , 45 M BRI EEAR R B 00K T 0000, 255 A 18 S 2R VAR5 TR Ak A A B 0 i A8 20 | LG o i o 22 L
AEI T 2. 0, BRHT BTN 51 28 78 ARk SR AR L 7 Kimura WSEEER A, VEROEF 50001 &1 H
BT T NS AR R BUE AR 0. 035—0. 050, -2 4 0. 042 £0. 007 5 VU 1| SV Ff P4 35 44 Folt 20 (1) 50 76
0.002—0.047 ,° -1 0.033+0.0 111, A HIUFEEN TR R E e |, T2 NS5l 5 AT 4 1
i DR A i AG PR BB (3R 2) o ARAE 3 B[R] (4 3550 28 CHE I 5 2 P4 eI A 55 D 1 S %) 4 et
[ R L 1.05 H JT4ERT,

L) 1| ST Fofr 5 b, 3L B 0] 9 38 4% BB 225 5 D) )| STV o R0 7 I ) ) it AL PR B 25 SR AN 35 (1 =1. 824, P =
0.084) , LI U I AR AR = A 1 BOR I % Ak
2.2 ST RER I

ABFFEIET 45 DFHE0) Cyt b FEF P H R AR, DL EE A L =EVE A ANEE >R H ML RN Bayes PP
AR R G AR NG R BRI (2,18 3) . MNIE 2 FIIEL 3 AT LUE 3RS [R] b 3 5347 DX 5 5T
e 1 A EEFRR TR, SR B 53R 4 32 HOR T VO FREESR Sy — 32 (DU H R 5 320, Ui Al SR %
KRB 7 HMHE S NS FIRER N — 3 (B 22 143 30) 5 KA 3 PR A 114 B A% A0 Bt 3R — 325 17 P4

http ; //www. ecologica. cn



2386

2%

PR RT1 AUH AR SR O — SOF- 5 H A 3 A0 SCH IR

R2 HFESEMIBFEENEEES

Table 2 Genetic distances of blue sheep among different geographic populations

Hi sy} Hok e TH B VU
Hiff 0.005
pg | 0.022 0.024
Hil 0.025 0.026 0.014
e 0.036 0.035 0.034 0.000
TH 0.037 0.037 0.036 0.002 0. 004
i 0.047 0.045 0.043 0.036 0.038 0.003
g 0.050 0.047 0.047 0.036 0.038 0.035 0.024
X A 26 0 A M ERURTREE P ) S 2 384 i
Hif
QH3
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86 o QH1
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QH4 i
—|79—— KD2
71 ML
—155 v
e e
63 We .
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— =5
160 MyL
L sDI1
QL2
o —F—on
94 QL3
= SB1 gl
174
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100 PW
—— 54 SP
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100 BT1
YJ
KD1 i
SB2
BS2
—!E BS4
— wz12 TH
E
58 ZM2 NX3
g [0552
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97 c | ; BS4 | TE
PB2 LA 2E
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NX1 TZMZ TH
Ei; —WzI12
D LZ1
61 RTI «ESRKI 5
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XJ3 .00 LZ2
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D
86 76 RK1 L2 4%0(;03 ‘ it
L N3 RTI | Py
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10

&2

HFE¥ mtDNA Cyt b 45 PN EAERNFFIHER ML #

Fig.2 Maximum likelihood tree of 45 mtDNA haplotypes based

on mtDNA cyt b of blue sheep

3 ETE¥ mtDNA Cyt b 45 MEGERNE I HERN M
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Fig. 3 Bayesian inference tree of 45 mtDNA haplotypes based on
mtDNA cyt b of blue sheep
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3 g

2 TR -5 H e 45 b B AR R ] A 3845 HE 25 (0. 035—0. 050, 5344 0. 042+0. 007 ) B i 75 4% i 35 Fol
TEN AL I B (3 2 XPARZRBUE ) |, 7] Ak b 725 7 U )1 SO Aol A9 38 45 1t B R 0 ) A1) SF- 240 %00 (8. 0. 033 £0. 0111 )
PR 5 T R [R]85 91 25 5258 4. 2% AT A4 RER R R 8] 8 7P 31 22 5% (6. 3% —12. 6% ) 7, Ui B
FEL 358 A 2 2 AN T B B 22 [ 338 A% AR 38 Ak T b N KSF (L A B A T8 385 H KN 2 (Sylvicapra.
Grimmia) (Cyt b 14 5 5 W Ff 2% 5 2. 8% ) ') WKJEE ( Moschus berezovskii) (2. 18% )'®) T JiE ( Cervus elaphus)
(1.18% ) ™ Flifi /N2 ( Cephalophus monticola) (6.2% )™ AU ( Capra ibex) (4.258% —7. 814% ) ') 45
ZAEE BRI ET Cyt b BER AR H] 4322 RACEE R N, BT T Cyt b MBS S5 R SRR H
T2 PG I B 402 iAo

MAGHER 5 F R G0 % B W& 2, D01 SRR PR AL 2 4 SSRGS 2R, Hodr 2 4S8 )1 I Fl
T3 2 A E T IR (& 2,18 3) ¢ K IR E 20 5 DU 1 I e R 350 45 b B B )t A% 1 S 5 A1 A P
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