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A molecular phylogeny of Bharal and dwarf blue sheep based
on mitochondrial cytochrome b gene sequences
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Abgtract The phylogenetic reationship between the bhara or blue shegp ( Pseudois nayaur) and dwarf blue sheep
( Pseudois nayaur schaeferi) has been an open question. Total DNA was extracted and sajuenced from three dried skin
samples of bhara and four dwarf blue shegp from Schuan and Qinghai provincesin China. The cormplete sequences were
deposted in the GenBank (accesson numbers: AF473602 - AF473608) . Based on the conplete Cyt b gene sequences
(1 140 bp) obtained from these sanples, the authors digned them usng the Clustal W software program. By comparing
the Cyt b sequencesof four other gecies Capra hircus, Capraibex, Ovisammon, Ovis ariesin thefamily Bovidae, the
divergences and base substitutions among these sequences were analyzed with the MEGA software. Accordingly , the base
compostion of bhara and dwarf blue shegp showed the same characters as the other bovidae members. Thephylogenetic
trees constructed by multiple methods (NJ and M P) supported the same topology , in which the monophyly of bhara and
dwarf blue shegp was obvioudy demonstrated and the phylogenetic trees were in agreement with the traditiona mompho-
logicd data. Our molecular results show that the ssquence divergence between bhara and dwarf blue sheg islower than
that between other peciesin the family Bovidae. However , the diff erences surpassed the corregponding number withinin-
tragecific individuds and were in the range of sequence variation that typicaly distinguishes subgecies. Together with
these data, the authorspropose that the dwarf blue sheg ( Pseudois nayaur schaeferi) should be a subspeciesof the bharal

2002-01-31 , 2002-09-17
* (No. 39970130)
[ This research was funded by the Nationa Naturad Science Foundation of China (No.39970130) , The Ministry of Education Foundation
for Key Universty Teachers, The® ShuGuang” Project of Shangha and Shangha Priority Academy Discipline of Ecology]
o (Corresponding author) Emall : wxming @public3. ga. net.cn

c 2003 Acta Zoologica Sinica



199

( Pseudois nayaur) . In addition, the divergence times between dades was discussed in accordance to the Gt b molecular

clock , which estimated an goproximate divergence time between the bhard and dwarf blue sheg of 1 - 3 million years

[ Acta Zoologica Sinica 49 (2) : 198 - 204, 2003].
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Table 1 Frequencies of base composition in Bharal and dwarf blue sheep
A T C G Al T1 C1 Gl A2 T2 c2 & A3 T3 c3 3
Ai2 31.1 25.1 29.6 14.1 30.7 20.4 26.2 22.8 A2 20.3 41.3 24.5 13.9 42.4 13.7 38.2 5.8
Ai5 31.2 25.2 29.8 13.9 30.8 20.5 26.1 22.6 A5 20.3 41.4 24.5 13.7 42.4 13.7 38.7 5.3
Ai6 31.6 25.2 29.6 13.7 31.7 20.6 25.6 22.2 A6 20.3 41.2 24.8 13.7 42.7 13.7 38.3 5.3
Ai3 31.2 25.3 29.9 13.6 31.1 20.5 26.1 22.4 A3 20.5 41.3 24.7 13.4 42.1 13.9 38.9 5.0
93 31.2 24.9 30.3 13.6 30.8 21.1 25.8 22.4 33 20.1 41.4 24.5 14.0 42.6 12.4 40.5 4.5
g5 31.6 25.0 29.9 13.5 31.1 21.6 25.3 22.1 g5 20.8 41.3 23.9 13.9 42.9 12.1 40.5 4.5
Qh 31.3 25.0 30.2 13.5 30.8 21.3 25.5 22.4 Qh 20.3 41.3 24.5 13.9 42.9 12.4 40.5 4.2
b , 1. 2. 3. 12 3 (Frequencies are given by codon postion for cytochrome b. No.1, 2,
3 denote the 1st, 2nd and 3 rd codon postions) Ai2, Ai3, Ai5, Ai6 , 93, S5 ,
Qh (Ai2, Ai3, Ai5, Ai6 denote four dwarf blue sheep samples; 93, 95 denote two blue sheep samples from

Schuan Province; Qh denotes a blue sheep sample from Qinghai Province)
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Table 2 Numbers of transitiond transversions (above diagonal) and percent difference of base
transver sions ( below diagonal) between different species

Pseudois nayaur Capra ibex Capra hircus Ovis ammon Ovis aries Bos taurus

97. 6/ 8.66 83. 3/ 11. 66 98. 6/ 17. 66 109. 6/ 16. 66 126/ 47. 3
( Pseudois nayaur)

0. 00756 52/5 106/ 15 113/ 14 124/ 45
( Capra ibex)
0. 0102 0. 0044 94/ 16 103/ 15 117/ 44
( Capra hircus)
0. 01556 0.0132 0.0141 34/1 126/ 50
( Ovis ammon)
0. 01466 0.0123 0. 0132 0. 0009 140/ 49
(Ovis aries)
0. 0416 0. 0395 0. 0386 0. 0439 0. 0431
(Bas taurus)
/ 28.9/5.41, 0.00474 (Numbersof trandtions transversons and percent difference of base

transverson between Bhard and dwarf blue sheep were 28. 9/ 5. 41, 0. 00474 , respectively)

3 Cyt b ( ) ( )
Table 3 Kimura 2 parameter distance (above diagonal) and percent difference ( below diagonal)
for cytochrome b nuclectide sequences of animals examined in this study

OTUs A2 A5 A6 A3 93 S5 Qh ibex goat argdi sheep cow
Ai2 0.0018 0.0044 0.0053 0.0299 0.0364 0.0299 0.1101 0.1012 0.1236 0.1338 0.1818
Ai5 0.4 0.0062 0.0035 0.0281 0.0345 0.0281 0.1081 0.0993 0.1215 0.1317 0. 1796
Ai6 0.6 0.6 0.0062 0.0308 0.0373 0.0308 0.1122 0.1022 0.1246 0.1348 0.1841
Ai3 0.7 0.2 0.5 0.0281 0.0346 0.0281 0.1093 0.0994 0.1205 0.1307 0.1797
S3 2.8 2.9 3.1 3.2 0.0080 0.0035 0.1019 0.0879 0.1119 0.1242 0.1716
S5 3.4 3.5 3.7 3.8 0.8 0.0098 0.1069 0.0928 0.1148 0.1270 0. 1746
Qh 2.8 2.9 3.1 3.2 0.4 1.0 0.0976 0.0858 0.1098 0.1219 0.1716
ibex 11.1 10.9 11.3 11.3 10.3 10.8 9.9 0.0538 0.1197 0.1243 0.1717
goat 10.1 10. 1 10.3 10.4 8.9 9.4 8.7 5.3 0.1065 0.1131 0.1611
argdi 13.0 13.2 13.4 13.5 12.3 12. 6 12.1 12.6 11. 4 0. 0309 0.1783
sheep 12.1 12.2 12.4 12.5 11.2 11.5 11.0 11.9 10.6 3.2 0.1918
oow 18.1 18.1 18.4 18.4 17.3 17.6 17.3 17.0 16.0 19.3 17.7
ibex , goat , argdi , sheep , cow [ibex , goat , argdi , sheep , cow denote ibex ( Capraibex) , goat ( Capra
hircus) , sheep (Ovis aries) , argdi ( Ovis ammon) , cow (Bos taurus) respectivdy] Ai2 Ai3 A5 Ai6 92 93 Qh 1 (A2,

Ai3, Ai5, Ai6, 92, 93 and Qh are noted in Table 1)

1993 ,
3 )

3.1 Cyt b 534 ( 2,
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(Hedges et al., 1991; Zhang et al., Cyt b ,
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Fig.1 Molecular phylogenetic trees of Bharal and dwarf blue shegp based on cytochrome b
sequences data with Bootstrap Test (1 000 replications)

(BCL) , Ai2 Ai3 A5 A6 92 93 OQh 1 [ The vaues of bootstrap confidence level (BCL) of
the nodes are indicated above the branch. Ai2, Ai3, Ai5, Ai6, 92, S3 and Qh are noted in Table 1]
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