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Phylogenetics of Domestic Sheep and Multi-Horned Sheep
Based on cytb Gene
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Abstract: [objective] The aim of the study is to investigate the origin and evolution of Chinese domestic sheep (0vis aries)
and the relationship between domestic sheep and multi-horned sheep, [Method] The complete cytb sequences of 42 individuals
from 8 provinces were sequenced. [Result] The result showed that totally 40 haplotypes were detected, and Haplotype diversity
(Hd) and nucleotide diversity (7) were 0.997+0.006 and 0.793%, respectively. The neighbour-joining tree indicated that there are four
distinct lineages (A, B, C and D) in Chinese domestic sheep. It is firstly reported that lineage D were detected in Chinese sheep. And
lineages B and C had the highest variance value, which diverged from each other about 595+150 million years. The multi-horned
sheep belonged to lineages A, B and D, which had closer relationship with domestic sheep than wild sheep. [Conclusion] Analysis
of phylogenesis shows that Chinese sheep have multiple maternal origins or ever experienced several times domestication possibly.
There is no evidence that urial, argali and asian mouflon had molecular contribution to the maternal ancestor of Chinese sheep.
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HEF A P E AR EY 2 —, TR T
Bl R & 2 R R L RS, S e [ 8 NG A
PRER R AR T DX ST, RO E 4R TE 3 M EER
S ARPY S DL A A I 45 2 SRR 81 (1)
7Y, RIUEE R A 5 ANERER R, ok
& DNA HAREREE . D AT EL %
Rk, BONBFREIRIEEAG . R E BT
Frice 40z b JE P IS 2 N T
RAERBWI. UARBIFRUIA ST e H 455
M2 b (cytochrome b, cyth) FERFFTE D, A
WEFCIME 12 A0 E PR 2 A AR E A 3R b 45
Hl, WIASEIHLD . AN [RIZE T oh [ 40 E A eyt BRI

x1 HAER

Table 1 Information of the samples

JETTWESE . LU G (K SR 17 i ] ASHIE SR AN 7] 47
FEA cytb BT RR RIS ST LA BT, #8922 A
TR T LB RTFHRG R R

1 #8573

1.1 ##l

BEALAI I A AR M 7 B B 4 b (R
7 124 IR CREIERHISERILBO 1 AL Z
M, WHASUE AR WORSARER Y 28 HEH R
SR, B2 3 mm’ HAEE T B0, W% 1 mL75%
Lo AT RISLHG %, 70 COKFI AT FEALS B
*1.

LR FERARTS  SkUR Pt Ko
Population Code Resource Type of tail Number
Fi[ ) 2= Aletai sheep ALT HrembT 2T Aletai city, Xinjiang F& 7 Fat rump 2
% IR Duolang sheep DL BramE 7 KL Changji county, Xinjiang F& 7 Fat rump 2
FFH 2 Hetian sheep HT SBrEEAIF . Hetian county, Xinjiang F& 7 Fat rump 2
It PR 42 Diqin sheep DQ i PR EL Diging county, Yunnan 4% & Thin tail 4
VK457 Langkazi sheep LK PR 1 & Langkazi county, Tibet 4% 2. Thin tail 3
i EL472F Gangba sheep GB VUi ) LKL Gangba county, Tibet 4% & Thin tail 3
75 Je ¥ F Sunite sheep SU WS 75 JEdF 2 Sunite zuo county,Inner mongolia HifEFE Short fat tail 4
M 241 - Inner Mongolian fine wool sheep ~ IMF M%7 IEW T Zhenglan county, Inner mongolia %)l Short fat tail 2
KJEFEF fat-tailed han sheep FTH I Z I3 17 Lingqing city, Shandong KJEE Long fat tail 2
V4 Fe2F Yuxi fat-tailed han sheep YX A% BATH Luoyang city, Henan KJEE Long fat tail 3
142 Jinzhong sheep 1z 7544577 Jinzhong city, Shanxi HifEFE Short fat tail 4
W Tan sheep T TR R MR T Jifig)% Short fat tail 4
Tan sheep reservation farm, yanchi county, Ningxia

£ #1515 2 multi-horned mongolian sheep MHM W5 /7I&THT Chifeng city, Inner mongolia HifEFE Short fat tail 1
£ fA B )7 2 multi-horned aletai sheep MHA HrembT 2R T Aletai city, Xinjiang HERET Fat rump 3
FEAE R H IE RS South african muttOn Merino M 77k 2 Qinshui county, Shanxi 419% & Thin tail 2

1.2 7k

1.2.1 PCR #3 BT RAM-S AR 4n 25k
K41l DNAMY, 2 Sk 12] 07 F 5 105 40 e ta % B
FE (Cytb) 4741, 51974 BliF: 5-ACACCC
AACCCCACCAC-3'; Riff: 5-GTGGGTGGTTGTG
CTTTTCT-3's PCR §"H4K ] 60 L R NAAR, &4
200 ng #E K4 DNA, 200 pmol-L™' dNTPs, 10 pmol 5|
), 250 umol-L"! MgCl,, 2.5 U Taq DNA &, &
MFEF A : 94°CHiARYE 5 min, 95 ‘CAETE 30s, 59°CiE
K 45s, 72°CLEMH 60s, FHFR 30 X, 72 “CHEMH 8 min.

4°CLRAT - PCR =) 22 T IE Bl E I DNA Al il &1 ()
B RARAACRIE AT A D BEATAiAL R, # PCR 41
=g %] PMD19-T #ifk (TAKARA) L, )5
FEALE R AT 1 Topl0 A2 2S4S ke Bk e B 11
SRRl DNA M7 o 51406 s th bl 4) T
FRECAR MRS BRA 7 56 o
1.2.2 ¥4ES% N Clustal X (1.83) BAFHEATR
HI A FET T RN . Dnasp4.0 B0 VH 51 A5 R 2 RERE
Bt 2 R 503, MEGA3.0 B4 73 Hr A8 S 1, R
A847% (Neighbour-joining) Kimura XU Z A )
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HRGREN, BT A% (Bootstrap) ,
FAMFERECN 1 000 XU, DnaSP4.0 % {hHEAT
Tajima’s D LA Fu Al Li’s D Al E PR, £ 0044
R ZE B RAY IR 52 2 TR . Wt oy
S 1) R 23 38 D = 200t 5530 R TR 10 4358 e 1

2 %R

2.1 EBEZKIK cyth REIFRET RN

M5z 42 MAEM cytb JENAFH] . LFPHIRLIERM
xS, JERIFEACE 1 1400p, FEAGIIE] 105 M2 &
P, AP ALEE 84 ANFRESAT AL, 21 MELIE B A
FTIRAU AT 1140 AN AL, B3 55 85 4, Wik
Prp 18 Kb, A (B 015 Ab. FeeS i 2 thoh
4.72, FIVEL R o ARHEAR A7 A mTE X
40 AN RS, ARG KR IR R RS
1 AAMASEER[R] 1 AN, BT R 0L T Cs
A G WP EEDHAN 27.1% 28.5% 31.4%F1
13.0%. A+T “F¥I& RN 58.5%, C+G P& EN
41.5%, A. TEEPEAT C. G b G % =%
Wy amif. THRGRZENE (HD A
0.997+0.007, ZHMREZFE (1) K 0.805%, R
ZEFEL (KD 20 9.078. H A IRI N il H 5 03
Z=5, b Tajima’s D 4-2.201 (P<<0.01), Fu and Li’s
D F1F 4351 4-4.886 (P<<0.05) . -4.673 (P<<0.05)
2.2 REREHH

S55752F (Argali, Ovis ammon) « 4275 4% 3¢ (Urial,
Ovis vignei) I Y B {46 ¢ ( Asian mouflon, Ovis
orientalis) FIEK Y EE #:4€ - (European mouflon,Ovis
musimon ) ( GenBank & %5 7 %l & AJ867276 .
EU366069. AJ867271. D84203) 4 T4 FEIIFH,
PAR 13 K IR cytb 41 (GenBank &35

R2 BFANBERIZREMERTERBRIN

514 : DQ097413. DQ097408. DQ097419. DQ903210-.
DQ903213 . DQ903214 . DQ903218 . DQ097410 .
DQ097416 . DQ097422 . DQ097420 . DQ097429 .
DQ097414) . RJUAL LM AL ARG K B W
(B, B BRI R0 H BE A ol 28 5 g o
M, BRINEEHIE 5 KSR B RAE— i, RWPE
G KA PR G R R RIE, RIS 3 FEF4
X R AR RERMSCTE B 77U . AR AT AR
gEUL, W 4 MHOTINE R (A—D) o HET cytb
BIFIIRGERK G oiien, TEESEDR DA 4
AMSTRE RV, STR A FEAEAE T NG R,
YR BT, £ R CAAETHE. LS
X, SZZ& D 7EH SRR b O IR
2.3 ZRBERTR

MWL A[F] S R cytb FEPI A FE A LSS, 45 F R
4 ANSZRIE (A—D) WL RN ILEE 2. LR
B 5 CZEREA REHKXABED. AEC. A
5D, A5B, C5DARKR/N. HTHRDINEH
3ANME, RSN SIE 3 MR R
A 5 B (AL R R 297.5+65 J4E, B 15 C KB4k
2R 595£150 Ji4FE, XR A 5 C M EREZ N
595+135 Ji4.

3 it

BB EZFHE (o) MR ZAE (HD 2
EFFA mDNA BHE R R EALSH, e g b
R Z FEE RS E R e w . EUrSERI 8 4
M7 4R AR T AN SIS FT T eyt IR IR 2 FE 1
N 0.602%, HAERIZREE N 0971, 52 M, AR
B 4l s v, X R RE SRR AS S A 3 2 R A Y
AR AR P E 2 A, IR

Table 2 Analysis of genetic variation among 4 ovine maternal lineages

AR AR TREAAS (B R 1 PR e P H S A E
Lineage Lineage Average number of nucleotide substance P distance Number of net nucleotide substance
per site between lineages (%) per site between lineages (%)

A B 0.613 0.0059 0.182

A C 1.189 0.0118 0.802

A D 1.044 0.0103 0.710

B C 1.432 0.0140 0.985

B D 1.284 0.0126 0.891

C D 0.443 0.0044 0.094
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DQ27
__0f 0 AEHTW Lineage B
DL26
_|:MHM603
! SU46
0
GB22
MHA604
8 FTHI3 b
SU41
\_EDQ903218
22 40L—MHA602 Lineage A
DQ097422
I DQ6 1
37 ALTI8 \\
55 I—DQO97414 Lineage B
Lm0
49 23 DQ097408
40 Ovis musimon
— o0 FTHI1S
31 Lineage D
DQ097410
13 177 Lineage C N
4 EIFW33 Lineage A
—— 6
13 e HT18
85 su21
LK1
54 I:DQ19
T8
39 ALT24
p DQ903213
23 ——DQ097413
21— DL44
37 DQ903210
55 |_|:
YX
MH31\5/I601 Lineage D
| 97 GB24 —_—
DQ097429
e 62 —MHAG601
L 732 s B 4 P AR RER TN, b RESE
— R R R P
a: Phylogenetic tree (4 wild sheep sequences were included);
e Lincage C b: Phylogenetic tree (wild sheep sequences were not
DQ3 included)
LK5
T35 7 AT EEEL. > 25 AT 4EE
oo RASHEEIIRAE oytb RGK & SNt
15 LK15 S Fig.  Phylogenetic tree was constructed by
[ Ovis vignei arkal neighbor-joining method based on ovine
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AT HZE N FreEs PO, TE. amAIL RS
FEX, GIHET EE S = OB
A\ B, C3 AN F B RMIBEAL 7 KM B 5 C.
A5 CHALEB, XABY CMEINHKTHEL
ROMLIE, JX 5 Pedrosa WF5T&: KA —5Y. 47
BN 1) 3 S AR I 1) B S LT R4 A (R 9 Ak
ISF[E] (8 000—9 000 FHI) o HIMLH WL, T 7074l
= RET X AR TP v e o A A ST =8

P B R ES L = VYT R  DI R s S = A <N
it it Rt S B | v -3 AT T ER i g Tl e s
] g PR 2 R 4 SR 9k 3] 8 000 AR, %
PR R, TP E AN F R E I AR
B, NSRRI g k. 7R BB RS
X, BAVMEER T BEE R R, A% A A
v ARAEEA E AL HH . R R
Frd, AR E T RE R AR Y 2 — T (HIE T
B2 27 R 27 S5 AN AL DA W 4 “E YR A R R
Bo A TR FERITIAN, Jo)m R H R
B D) B 22 A5 PR RN 45 D o0 BORAR 43 1) X EA T 8T
G, B R G A A R R AT RS i
FTTOREA AT X S S B AT, A B 4
BEARURILT 5 3 MERE R, BIsZR PP, b
JaMRgkRIES . A b H I R AR SR X 4
LRI RS R UL, Tapio 556 KTV X 47 -2k
ARSI ST, 78 N2 X 4 2E A b A A DY
MR, ANEE 1 MME, @B AL R DY
Meadows KT < 1 X 47 “EREAR T cytb J741, KILA
B 2 ANEAAI S S R DU ARG 1 Ve
AETHAEP RN BNZ R, R EHFRL R R+
W, AEZ N REIE. Meadows EIT A< X A L EF
HAGERERE R, AR ESEREINIZL R,

ARG cytb PV RGERE &M, HE%FE
FRAWKI R, HPZRAE. BB EMZ AR
WA 3, R — AR TR
TETH LR, BELRCH—NEL, AREFH
AN T EERAG 1) R GEBEA R F1 PP TR IEAAR L, 15 B
PR R RS HE . ARISEEAEE . W
PEFAC A T EEBAC LRI R 5 B E S B 4R H K
FI0 cytb RFHNMERFREW, RIERICFES
FEFERNIFR B, Wl EMFERBIEIMI, HHE
AL R B HWHEMACFERIVH BT KSR E KR,
SCRFRRUN BEIRAG L DA G F I BER AR, Bl
e 5 XK F A LR .

22 112 dpc A A T 58 280 2 L DORIT N 58t
e b DOFT A DL IR R AR o, L9 A K AR N 22 A T
FIECHRTEAR . RGERAEMBRE R DR, 2MHF
LA MTRN 3 RYIZMaF L EE R4+
SRGRAREUE, M5B AESFRREE . Al A
ZHMFTERNA 6 X, AMF/EA. CHID X HF. ifi
TARBFEAZ A IR, BARNGE T EHRAK cytb 51,
DIANRERE 22 M 4 F 0 IR 4 F, B8 W REli 1 1
RTINS .

K AN S SN S &y b be R AU e L S
FEAN YA BT AR X 2527 23l 2 E A
MR B MY REAE AR, (H i TH 47
FEASRASA L, TN Y S A SR A vl Fe (ks .
IR, dFAAE 3 MRERSIR, LR A
DO H4R =0 X, SR B LABRHARF 0 X SLR C Ol
BILWIUR DU — IR, fErp L Sl B HIL
Fer R M X 4 2 R I o AR BE R SR AR A
MR SLRIIARIY S, P SOR A 20 TR
R BRMMLLSCR B b E, FIAAESCR AL D;
YR C FEAATLEP AT o Xy A B 205 T
BOTRA R, PR NTELMAE SR, AR
TR AR

Bt A S 5 b R 8 2 4 SR AR A T,
KT A U E I IR S S IR I REAS, BT
BE2MEFRMERRILR, £ ERE EHR TR
AF AR IR ) L, HVF 2R B . AT
RN T4 FRIR. L, ~—2Lhmskdy DNA W
T, DUIRENRS M R 4 I B AR DAL I ) At
M BEAYIRAERE, h DNA iRk Bl )
W

4 i

BT cytb TN PN, ot FE Ak 2
FEVE, AR 4 MRERSER,  HAET MR A+
HUAME LR Do 2 M-SR TFRERR
WO, SEEMTERLE. PESTCR B WO
BFHBIERIPEEG R R
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