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Abstract: Alectoris magna is an endemic species in China, which is only found in Qinghai, central Gansu
and western Ningxia Huizu Autonomous region. It was an indicative bird of arid and semi-arid environment
in northern China. It is not only important to research relation between the genetic diversity of A. magna
populations and environmental change in ecogenetics, but has important meaning in evolution and conser-
vation biology.

We collected 39 A. magna {rom Lanzhou, Yuzhong, Dingxi, Wushan and Lixian and 5 A. chukar
from Huanxian in Gansu Province and Zhongwei in Ningxia Huizu Autonomous region. Liver tissue sam-
ples were collected and preserved in absolute alcohol.

We used polymerase chain reaction (PCR) and direct nucleotide sequencing to analyze the 456~457bp
mtDNA control region gene (D-loop) of all samples. The results found that there were not significant dif-
ferences in A (F=0.30<F.0;(4,32)=2.67).G (F=0.77<F.5(4,32)=2.67) of average base content
in the five populations (Lanzhou, Yuzhong, Dingxi, Wushan and Lixian), but significant differences in C
(F=7.17>F,.,(4,32) =3.97 ) T (F=6.44>F,,(4,32) =3.97). The average percent of sequences
differences of A. magna populations from Lanzhou,Yuzhong, Dingxi, Wushan and Lixian was respective-

ly 0.32% 4+ 0.27%, 0.48% 4+ 0.45% ., 0.62% 4 0.43% and 0.17% 4 0.14%. Average percent of se-
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quences differences of intrapopulation was 0.41% +0.17%. There was significant difference between av-
erage percent of sequences differences of Lixian population and that of other populations, so was between
Lanzhou population and Dingxi population. Average percent of sequences differences of interpopulation
was 0.46% 40.10%. The degree of genetic difference was similar between intrapopulation and interpopu-
lation (F=2.59<F. (1, 470)=3. 86).

We found that average percent of sequences differences were negative correlation with annual average
temperature (= —0. 8118, P>>0. 05) and frostless period (= —0. 8103, P>>0.05). Average percent of
sequences differences increased with annual increasing of precipitation. It decreased when precipitation was
over 510mm. The results showed A. magna was a species that adapted to arid and semi-arid environment,
which was relation to origin of A. magna.

Average percent of sequences differences was 5.25% 4 0.20% between A. magna and A. chukar,
which showed that the divergence of between A. magna and A. chukar was about 2.5 Myr according to
the evolutionary rate of mtDNA (D-LOOP) sequence of birds. So A. magna should be an independent
species.

A. magna originated from the Chaidamu Basin in Qinghai. There were following reasons: (1) Body
of A. magna was larger than the other species in Alectoris except Alectoris melanocephala. A. magna
should belong to northern or Qingzang species according to Bergman’s rule; (2) A. magna exists only in
Qinghai, central Gansu Province and western Ningxia Huizu Autonomous region now, which might be
their origin region; (3)Body of A. magna shows sand-brown and has two necklaces (inside is black, out-
side is reddish-brown). So A. magna should originate from arid region according to Gloger’s rule. The
Chaidamu Basin gradually became dry during the late Pliocene, while the mountains around the basin were
covered by ice during glacial epoch. The Basin itself was not glaciated because of its lower altitude and pre-
cipitation. It is probable that the ancestors of A. magna populations were isolated by glaciers in the basin.
The ancestors of A. magna could have evolved independently in the Chaidamu Basin after the last glacia-
tion.
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1.1
. . N 5 , 5 ,
39 o 2 ; 3 C 1
D,
R K., dNTP,TagDNA Wizard™PCRprepsDNA Promega
PCR :PHDL (5'-AGGACTACGGCTTGAAAAGC-3') PHIH (5'-TTATGTGCTTG
ACCGAGGAACCAG-3)HHH12 | Randi .
1

Table 1 Samples detected in the present study

Species and populations  Sampling site Code Number Tissue

Alectoris magna Lanzhou, Gansu Liver

LZ 10

Yuzhong, Gan- YZ

ol

Alectoris magna ] Liver
" Mg
_ L DX 10 . 1
Alectoris magna Dingxi, Gansu Liver
. . WS 4 . 1
Alectoris magna Wushan, Gansu Liver
Fig. 1 Site of studing
. LX 10 . . Amaonas; ¢ :
Alectoris magna Lixian, Gansu Liver A: Amagnas ¢ : Ac. potaninis
o: Ac. pubescens; B : Perdix
Zhongwei , ZW 2 . dauuricaes; **+ : Approxi-
Alectoris chukar . g' Liver P
Ningxia mate range of species and subspecies distributions;—:
XC 3 Provinces’; Border; A . Liu-
Alectoris chukar Xichuan, Gansu Liver .
pan Mountains
1.2
1.2.1 S N N N s
) s 30a e, e, (d
(mm)C 2),
2

Table 2 Percentage differences of A. magna populations and average environment parameter in five regions

CZP) Qe () [Qop] (mm)
Percent of sequences Annual average Frostless Annual temperature Annual
differences temperature days difference precipitations
LZ 0.3240.27 9.3 168 29.1 327.7
YZ 0.4840. 45 6.7 146 27.1 406
DX 0.6240.43 6.3 141 26.4 425
WS 0.44+0. 24 9.7 189 24.6 514.8
LX 0.17+0. 14 10.0 200 24.1 510
1.2.2 mtDNA Randi" .
1.2.3 PCR PHDL  PHIH I < ,CR domain
D I <« ,CR domain 1) 600 bp.

PCR 30pl, 10 mmol * L' Tris-HCI,pH 8. 3,50 mmol « L' KCI, 1.5 mmol *
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L' MgCl,, Tag 1U.,4 dNTP 150 pmol « L71, 10 pmol « L™',DNA 100ng.,
PE2400 PTC200 PCR o 95 C 4min , 95 C 40s,55~58C
40s,72 C 60s, 30 R 7min . 5pl 1.2% ,

UVP-Whiter/Ultraviolet Transilluminator (UVP Inc. ) s . Wiz-

ard™ PCR Preps DNA (Promega ) s .

1.2.4 ABI 310 . BigDye PE Applied Biosystems,

1.2.5 Clustalw Hsl - DNA . MEGAMY

DNA .
2
2.1 mtDNA
39 5 mtDNA I I b

2.2

44 mtDNA 1 11
A (adenine ). T (thymine ),C(cytosine ) .G (guanine )

C 3. A 24.67%+£0.11%.T 29.99% +0.11%.C 30.88% +0.14% .G

14.45% +£0.11%. A(F=0.30<Fo(4,32)= 2.67) .G (F=0.77 <

Fo05(4,32)=2.67) , CF=7.17T>Fn(4,32)= 3.97 ) T (F=6.44 >F; ,(4,32)=

3.97) o

3 (A.G.C.T )

Table 6 Average base content and sequence length in eight populations of three genus

(%) Average base content (bp)

Site A T C G Sequence length
LZ 24.70£0.13 30.07£0.11 30.76+0. 14 14.44+0. 08 457.304£0. 48

YZ 24.6640.09 29.9840.08 30.9240.08 14.44+0. 09 457.60+0.55

DX 24.6840. 06 29.8840.09 31.0240.09 14.43+0. 09 457.60+0.52

WS 24.6540. 10 30.03+0.10 30.8840.10 14.45+0. 10 457.75+0. 50

LX 24.6540. 14 30.01£0. 04 30.8540. 11 14.51+0.16 457.13+0. 35
Mean 24.6740.11 29.9940.11 30.8840. 14 14.45+0.11 457.43+0.50

4

Table 4 The average sequence difference within and among A. magna populations

2 3 4 5
OUTs Lanzhou (%) Yuzhong (%) Dingxi (%) Wushan (%) Lixian( %)
1 0.32+0. 27 0.43+0. 40 0.58+0. 30 0.414+0. 22 0.2840. 24
2 0.48+0.45 0.58+0. 33 0.40+0. 26 0.41+0.42
3 0.62+0.43 0.5040. 26 0.5940. 31
4 0.4440. 24 0.444+0.22
5 0.1740. 14
, Average percentage differences within popula-

tions at diagonal and those among populations above diagonal

2.3
. N N 0.32% =£0.
27%5.0. 4895 40.45% 0. 6226 4-0. 439%0,0. 44 % 0. 2496 ,0. 17% 0. 1426 C 4,
(F=9.30>F,,(1,129)=3.47), 1 .

, C 5, 0.41%+0.17%,
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Fo.0:(1,470)=3.86),

0.46% +0.10%¢(

5

4),

(F=2.5

Table 5 Significant comparison of the average sequence difference between A. magna populations

9

2 3 4 5
OUTs
Lanzhou Yuzhong Dingxi Wushan Lixian
1 F=2.17<Fo.¢5 F=15.81>F. 0 F=0.97<Fo. 5 F=7.11>Fq 0
(1,53)=4.02 (1,88)=6.93*" (1,49)=4.04 1,71)=7.01*~
2 F=0.87<Fq.o5 F=0.05<Fo, 05 F=10.97>Fo. n
(1,53)=4.02 (1,14)=4.60 (1,36)=7.40""
3 F=1.06<Fy. o5 '=29.07>Fo. 01
(1,49)=4.04 (1.,71)=7.01""
4 F=13.91>Fy.n
(1,32)=7.50""
5
* % Indicating significant difference
2.4
CH., () (mm)
o (r=—0.8118.,P>0.05) (r=—0.8103,P=>0.05)
« 2 s s 510 mm
4),
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