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The validity of the dwarf bharal ( Pseudois schaeferi) species status
inferred from mitochondial Cyt b gene”
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( Institute of Rare Animals and Plants, China West Normal University, Nanchong 637002, Sichuan, China)
( Institute of Genetics Resources, College of Life Sciences, Nanjing Normal University, Nanjing 210097, China)

Abgtract We recongtructed a molecular phylogeny of blue shegp (bharal) and dwarf blue shegp using complete sequences
of the mitochondria cytochrome b (Cyt b) gene. Eghteen individuasof Pseudois collected from different locdities in
Schuan Province, China, were sequenced by directly sequencing PCR products and phylogenetic trees were reconstructed
from a branch-and-bound search of maximum parsmony , maximum likelihood method and the neighbor-joining method.
The results did not support the ecies statusof P. schaeferi. Acoording to our phylogenetic tree, genetic divergences and
the geogragphic distribution, the blue shegp distributed in Schuan Province were divided into 5 groups. According to the
zoogeography , the 5 groups can be divided into 5 geogrgphic populations, i. e. the Motianling population, the West
Schuan population, the North-west Schuan population, the South-west Schuan population and the North- Schuan popu-
lation [ Acta Zoologica Sinica 49 (5) : 578 - 584, 2003].
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Table 1 Date for collection and location of Pseudois specimens in Sichuan Province
Fecies and code Sex Collection date Locdity Tissue
(P. nayaur) SP1 () 1998. 08 (Unknown) (Skin)
(P. nayaur) SP2 () 1998. 06 (Songpan County) (Skull)
(P. nayaur) SP3 (o) 1998. 06 (Songpan County) (Skull)
(P. nayaur) SP4 () 1998. 06 (Songpan County) (Skull)
(P. nayaur) PW (2) 1998. 05 (Pingwu County) (Skull)
(P. nayaur) ML " () 1993 (Muli County) (Skin)
(P. nayaur) SQ (9) 1999 (Shiqu County) (Skull)
(P. nayaur) SD (9) 1998 (Seda County) (Skin)
(P. nayaur) KD?! (o) 1987 (Kangding County) (Skin)
(P. nayaur) JC (¢9) 1998 (Jinchuan county) (Skull)
(P. nayaur) SM (Unknown) 1998 (Shimian County) (Skull)
(P. nayaur) REG (Unknown) 1997 (Ruoergai county) (Skin)
(P. nayaur) WL (2) 1980 (Wenchuan County) (Skull)
( P. schaeferi) BT1 (o) 1988 (Batang County) (Skull)
(P. schaeferi) BT2 (9) 1988 (Batang County) (Skull)
(P. schaeferi) BT3 (9) 1987 (Batang County) (Skin)
(P. schaeferi) BY1 (¢9) 1988 (Bayu County) (Skull)
( P. schaeferi) BY2 (2) 1988 (Baiyu County) (Skull)
* 1 1999 , 1993 , (The anima died in 1993 and the specimen was collected in

1999. It is deposted in Mianyang Teacher’ s College)
1: L 14724 —H15568 802 bp (Partid Sequence of 802 bp obtaned from primer L 14724 to H15568)
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1.1 DNA ( ., dNTP  150pmol/L |, 4 pmolil
2000) DNA 100 ng PCR PE 2400 (Perkin
1.1.1 (0.5 1.0 B mers PTG 200 (MJ Research) PCR
0, , ddH,0 3 , : 95 5 min,
5% Hy0, 30 min, ddH.,O 3 30 : 95 40s,55 45s, 72 1min;
80 , 20 min, 72 7 min, 4
1.5 ml Ependorff , PCR Wizard™ PCR Prep DNA Kit
1ml 0.5mol/L EDTA 72 h ( 36 h) , (Promega) ABI1 310
: (Perkin Elmers)
EDTA 2 ( 1 ), 5000r/ mn 1.3
5 min, DNA
1.1.2 DNA , , CLUSTAL X 1.8
5001 (10 mmol/L TrisHd, 0.2 mol/ M ED- (Thompson, 1999)
TA, 50 mmol/L NaCl, pH 8.0, 1% D9 5ul , MEGA
K (20 mgul) ,
Ependorff , 65 4 h 1.4
- DNA DNA DNA ML
1.2 DNA PCR PCR
, , DNA DNA
Cyt b 3 ML ,
, , 1
40 hp, (Tan et al. , 1995)
MEGA 2.0 (Kumar et al. , 2001)
2 NJ (Neighbor Joining) PHYL IP 3.57c
5 ot b (Felsenstein, 1993) (Maxi-
Table 2 Oligonucleotide primers used to generate mum Likelihood, ML) (Maximum
mitochondrial Cyt b gene sequences of blue sheep Parsmony, MP) , GenBank Capra hircus,

Name of primer *

Sequence

L14724  5-CGAAGCTTGATATGAAAAACCATCGTTG-3
e 5 TARACTECAGCCCCT-
CAGAATGATATTTGTCCTCA-3
L 15104 5-AATCATTCTCCTATTCGCAAC3
H15568  5-AGGATTGCGTATGCAAATAGG3
L15513  5-CTAGGAGACCCTGACAACTA-3
H15917  5-CGGAATTCCATTTTTGGTTTACAAG3
* L H DNA 3

, (Anderson et al. , 1981)
[ Names identify the DNA strand (L or H) and the positionof the 3 end
of the oligonucleotide corregponding to the postion of human sequence
(Anderson et al. , 1981) ]

PCR 301, 10 mmol/ L
TrisHA, pH 8.3, 50 mmol/L KA, 1.5 mmol/L
MgCl,, 0.1% TritonX-100, 1 U Taq , 4

C. cylindricornis, Ovis aries, Hemitragus jem-

|ahicus ( ABO004075
AF034737 AF034730 AF034733) ,
1 000 (Bootstragp
val ue) (Fesenstein, 1985) NJ
, Kimura
Dna SP 3.50 (Rozas et al. ,
1999) , Jukes and Cantor’ s
2
2.1 Cytb
18 , 8709
( 802 bp) ,
1140 bp, ATG ,
/ ,
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AGA Cyt b , ,
(Hassanin et al. , 1998) , ,
Cyt b CA+T 56 %, , bootstrap (53 %) ,
G+C CenBank , , 17
AF398351 AF398368 Cyt b NJ
Cyt b 50 % ( 2
3 :
: G , 5
13.9% 4.6%, T (41.2%) ,
A (42.9 %) . 3
, : PCR
, DNA ,
( 3 x? :
(x = 10.781) ,
Dna SP 3. 50
, 18 802bp 17 DNA ,
, Cyt b 0% 3.07 %; :
17 Cyt b , DNA
16 , P. schaeferi BT1 P. , Cyt b
schaeferi BT3 ; (L15104  H15568) ,
0.993+0.023, P (t) =0.02164 + 0.00162, Pi
(t) GO =0.02201,6 @) =0.02471, 40 bp ,
n =95.00, S=93, :
54
2.2
3 3 ( , 1990)
: ML (
( 1 1 , 1990)
, Cyt b
( ) : ( )
3 17 Cyt b ( )

Table 3 Base composition of Cyt b genefor all 17 samples of the Pseudois nayaur ( mean percentage and standard error)

(Postion of codon)

(Nucleotide) (Totd) (Frst) (Second) (Third)
A 31.5+0.25 31.2+0.20 20.4+0.12 42.9%0.68
T 24.9+0.22 21.1+0.19 41.2+0.15 12.6+0.63
G 30.1+0.27 25.9+0.23 24.5+0.12 39.9+0.79
C 13.5+0.15 21.8+0.19 13.9+0.15 4.6 £0.34
(Compositiond bias index) 0.15 0. 09 0. 22 0.136
c= (23 2] (¢-0.25 |, ci i (Irwin et al. , 1991)

Compositiona biasindex iscaculatedas C= (2/3) 2] (c - 0.25) | where Cisthe compostiond biasindex and c; thefrequency of theith base (Ir-
win et al. , 1991)
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59 P. schaeferi BT2 il: P. schaeferi BY2
55 P. schaeferi BT3 76 P. schaeferi BY 1
53 |: P. schaeferi BT1 67 L P nayaur SQ
P. nayaur PW P. nayaur SP1
88
100 — p Sp4 80 {
56 94 - hayaur P. nayaur JC
_I: P. nayaur SP2 P. nayaur SD
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100 74 —— P.schaeferi BY.I P nayaur SM
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9] P. nayaur SP1
I: P. nayaur JC
49 P. nayaur ML
42

P. nayaur SM
P. nayaur REG

63
I: P. nayaur WL

Ovis aries

97 Hemitragus jemlahicus

Capra hircus

90

Capra cylindricornis

1 Cyt b ML
(1 000 )

Fig.1 Srict consensus tree based on Cyt b gene
complete sequence obtained from maximum likelihood
methods. The number s are the bootstrap val ues
calculated for 1 000 replicates

1 (The meaning of the species code &-
ter each academic name is the same asthat in the Table 1)

(2003)

( , 1984) , 5

P. nayaur BT2

100

P. nayaur BT1

P. nayaur PW

Y
—
P. nayaur BT3
—
Oyt b

100
88 P. nayaur SP4
P. nayaur SP2
P. nayaur SP3
2 17 1 000
NJ (bootstrap
50 % )

Fig.2 Unrooted NJ condensed tree of Cyt b gene based
on complete sequence of 17 individuals. The
number s are the bootstrap val ues calculated for
1 000 replicates (nodes which the bootstrap
val ue below 50 % were removed)
1 (The meaning of the species code
dter each academic name is the same asthat in the Table 1)
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4 1137 bp Cyt b
( Jukesand Cantor’ s )
Table 4 Nucleotide variation of Cyt b gene between two blue sheep populations
in Sichuan, based on 1 137 bp coding region
1 2 3 4 5
1 (Chuanxi population) 0. 0006
2 (Chuanbei population) 0. 0228 0. 0159
3 (Chuanxibei population) 0.0191 0. 0229 0. 0099
4 (Motianling population) 0.0234 0. 0309 0. 0229 0. 0154
5 (Chuanxinan population) 0. 0252 0. 0227 0. 0253 0. 0307 0. 0195

lation. Lower I€eft , average sequence variation between two populations)

JHEFBE

Ficelwiiid

(Chuanxibei population) *

SES
(Baiyu)

ey
(Batang)
NIvEFHE

(Chuanxi population)

NP5 FE Rl

(Chuanxinan population)

3

(Chuanbei population) §

(Diagona numbersin bold itdics: nucleotide variation within popu-

#i IR i
(Ruoergai)

AR
' (Songpan

) BERICHIBE
(Motianling population)

}.I.I (Pingwu)
(Wenchuan)

B
(Wolong)

Fig.3 Didribution of blue sheep populations in Sichuan Province

(The base dectronic map was provided by the Forestry Department of Schuan Province)
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