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Population Genetic Differentiation of Phrynocephalus axillaris in East
of Xinjiang Uygur Autonomous Region Based on Sequence
Variation of Mitochondrial ND4-tRNA"™" Gene

LI Jun"?, GUO Xian-Guang', WANG Yue-Zhao'"

(1. Chengdu Institute of Biology, the Chinese Academy of Sciences, Chengdu 610041, China;
2. Graduate University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A 838 bp fragment of mtDNA ND4-tRNA™" gene was sequenced for 66 individuals from five populations
(DB: Dabancheng, TU: Turpan, SS: Shanshan, HL: Liushuquan, HD: East district of Hami) of Phrynocephalus axillaris
distributed in east of Xinjiang Uygur Autonomous Region. Seventeen haplotypes were identified from 29 nucleotide
polymorphic sites in the aligned 838 bp sequence. Excluding DB, there were relatively high haplotype diversity
[(0.600+0.113)<<h<(0.922+0.012)] and low nucleotide diversity[(0.00082+0.00020)<n<:(0.00917+0.00037)] in the
whole and the rest four populations. The result of phylogenetic analysis showed that the haplotypes from five populations
formed clade I (DB+TU+SS) and clade IT (HL+HD). Network analysis further revealed the phylogeographical structure
of these five populations. Analysis of molecular variance (AMOVA) indicated that the significant genetic divergence
(81.67%, P<0.01) existed among populations, which was not obviously correlated with the geographic distances between
populations inferred from isolation-with-distance analysis (r=0.5324, P=0.1196). The demography analysis implied that
TU and HL might have experienced the recent population expansion; SS and HD might be relatively stable. With
extremely low genetic diversity, DB might be influenced by the special environment and be experiencing the bottleneck
effect. It followed that the significant genetic differentiation among the five populations of P. axillaris might be the
consequence of habitat changes resulting from the geological events and climate oscillation since Pleistocene and genetic
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AR A AR A I e B SR I R AR
LR iy 4 A DX () 2 DL RS Y P 3 A B T )
YRl (Etterson & Shaw, 2001). )% 734 X (1)
AR A AN ] EE G Hb 52 e SR R IR 20t 4% 45 4 (Hartl &
Clark, 1997). Kk, XJ )& R4 g5 w5 nr LL
BRI T ) g s 23 A il B (Hewitt, 2000 Petit et
al, 1997).

YO — M A AR i T X [ /)N
RNCRAT Yy, RRe kAR 55 1 7 SR AL R B 23 A 71
st HET, T VDu I o PR i s A s
ALEEFIRT TR I, EATTI fE R AL 2540 W] A A3
B3 AR IT 45 K 1 15 A% IR 25 (genetic signature)(Jin et al,
2008; Jin & Liu, 2009; Liu et al, 2008; Wang et al,
2009; Zhu, 2008). -3 7> ili(Phrynocephalus axillaris)
VE NIRRT 3h ), AeF s N 200 A T
R Bk rE S . P e A (Zhao et al,
1999). S LK, Kbk )#itigia sh it 7
I 5 7 - %85 0 b (T R Ik s 2 3 ) RN S 8 G A 2
B L S A1 K B (Cao & He, 1997) b K il 4345
S (B AT e i b e ) T SRS ) ¥ B T (Jian,
2001; Zhan, 2002), S 73 iR 48 B3 G840 Hb (1) 1
Bor= e TR . {EEy AR5, AT BT o
IR BB ISR HL X (P Iy bR € . IS ERBESUE E A
[F) oAt R, T HLARA BRI S AR Bt B B A
AT AR R BT, YL BRI A . XA
I3 HLA A Y IR 1% R A% O A2 A N
) i) 7L

2 ki /& DNA(mitochondrial DNA, mtDNA) A%
PRI R . PR BRI . JUP AR AR S
REIE, RS A 4 1T 1 s B Je o P 0 Je R D) (1) et A%
A5 5t (Avise et al, 1987), Rk 2 H TRk
R RGN AR, FRAUL I £k
b T A e Ri R ND4-tRNAY KL Kk 23 1-br
L, I A0 A S o T AR S P Sk i £ S
(DB). M:-E3R(TU). E3E(SS). M ZEMIR S (HL) RIS
BIARAB(TRIFRIG A7, HD)AE 5 A Ja e s AL 25/ 24T
XA, BRI 3 ASREER R (1)5 AR 25 A7 A
R s A, B AR PR (2)5 N e

T T AE UK LU R KUY (A AR T P A7 A 9 2
MRESIASAAL; BRI Er & Is s 5 A
HEAL 7L 52 o

1 #RFITTE

1.1 H@EE

ISR DA ok 1 BT SR AR A R
S L MR SR TG 25 AR50 5 AN, HE 66 L /MA (.
1, £ 1)o BCHEEH MBI T 95% 1K [l e,
FRAREE 10%48 /K Sy AR [ 2 5 5 70% RS PR A7 T
BEAE Bt SR - I 5 BT P R TCA T B AR AR TR
1.2 EF4H DNA 2B

I 5t 0 1 UL PR B I 2 23 2 R 4
DNA $2HL. R AU ARG K 240412340, -
7% (Sambrook et al, 1989)Hli#, 95% LBEYTHE I
35 DNA. #2558 EE, 50 pL XZ$7K (ddH,0)
Wi/ S5 DNA, 0.8%Z5 i ki e vk A 5 H T+ PCR
38
1.3 BMRETEEFTINE

K0 Arévalo et al(1994)F1 1154 ND4 # Leu
HEAT NDA4-RNA™" JE[N J5 BE PCR § AT, 5l
Wy A6 S & AR Y BRI STT A A A R
PCR VAR ZR A 25 uL, (L35 10xbuffer(5 MgCly15
mmol/L)2.5 uL, 2.5 mmol/L [f) dNTP 2 pL, 10
pmol/uL {5144 1 uL, 5 U/uL [ Taq A 0.2 uL,
it DNA 1 pL(Z)% DNA10~ 100 ng), 5 & K #
ddH,0 #h% 25 pL. PCR W 4cft: 94CTiAel: 4
min; 94°CAEPE 40 s, 55°CIE-K 40 s, 72°CLEfH 1 min,
ILHEAT 35 AMIEFR; o T2°CHEM 7 mins JNAE
PT200 PCR {¢_L#E{T. PCR P*¥)2% 0.8%3n flg b it
JBZ R VKRS 2% b3 0 R AR W BB A PR A ) Al Ak
M58
1.4 HEBRSHR

X1 BioEdit #{4:(Hall, 1999)%f DNA J¥:41/i)t
ATLEXR R g, WA DA T IE. H MEGA4.0
(Tamura et al, 2007)ZE VI RFEA R A8 A7 s 2055
JFHIRHAE o

WRIELWER RA KT KR (Guo & Wang,
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Fig. 1 The sampling localities of Phrynocephalus axillaris in east of Xinjiang Uygur Autonomous Region

A: MR B: THEE,

A and B represent the approximate site of Nanshan structural belt and Liaodun uplift, respectively.

x 1 MEDPHRERRERER

Tab. 1 Information of samples and their localities of Phrynocephalus axillaris

P KAEH HE573 ZH FEACRE PRAT

Population Locality Altitude(m)  Coordinate ~ Sample size Sample No.
LY N43.34205°

bB Dabancheng 1108 E88.22084° 8 WGXG08527-534
M5 N42.85885°

TU Turpan -89 E89.19079° 16 WGXG08209-213, WGXG08222-231, WGXG257
HH# N42.84384°

S8 Shanshan 418 E90.19471° 1 WGXG08246-256

HL B 1085 N43.037397 15 WXJ09221-223,WXJ225-233,WXJ09236-238
Liushuquan E92.90997° ~£43, =233, -

HD M AR 828 N42.791327 16 WGXG08162-169,WGXG08178-182,WGXG08186-188
East of Hami E93.79622° -162, -182, -

2007)3E BN H- 70 i (Phrynocephalus mystaceus)
(Genbank &35 AY054055). - ybili(Phrynoceph-
alus helioscopus)(GenBank *&3%*5 AY054050)F14%
L ili(Phrynocephalus versicolor)(GenBank & 5% 5
AY054095) N AMRAE, SR K1) 2972 (maximum
parsimony, MP)FH DU #7412 (Bayesian inference,

BB RGE K TR . /2 PAUP*4.0b10
(Swofford, 2003)H AT K29 5047, KA A KX
182 (heuristic search). TBR(tree-bisection-reconnec-

tion, AR AE IR 2 SOASHAR R R K TR 208

53 3T RUEAR BE(BP)H H B S (Bootstrap)Z2 1000
WE SR . ] jModelTest 0.1.1(Guindon &
Gascuel, 2003; Posada, 2008)IEHUFH T VL Hr 44t
(PIAZ R4 ) B FE AR Y, 7F MrBayes3.1(Ronquist
& Huelsenbeck, 2003) - 44 & DI04, DUJS 50 M4
(posterior probability, PP)ZR 7N/ AE R
[ A BENLRE, L3 S8R, 1 SRR
IREFR SR 2 (Markov chain Monte Carlo) /57418
AT 5x10°4%, 4 200 FCHEC— AR, Sl 1 TR
VRN ZAAEA (burn-in) B & 75, R FH 1.5 JTRRB ]



364 3 W ¥

[ 31 %

T — 50 (consensus tree) SRS K. FE T
Z1L R ELH TCS 1.21 K AF(Clement et al, 2000)#4)
PG R 2 1]

F DnaSP 5.0 & ff:(Librado & Rozas, 2009) | 5
F R A ZFEVE(D) . AZ IR Z (), PR
JEBER 5L 2 FEPE KT - Arlequin 3.1 #2F(Excoffier
etal, 2005) V15 Ja i DY [R) 284 )AL 15 2l (Fst) A
PR & R GRS ] IBD 1.52 #f
(Bohonak, 2002) 71415 A% 744 A& 77 REAIF R 125 K 25 15
2\ (Isoation by distance, IBD), 55 MBIl 2 5 [FAH % .
K H Arlequin3.1(Excoffier et al, 2005)i/E47 4> A8 57
43 #HT(analysis of molecular variance, AMOVA), #
S b7 PR 5 A G5 AL S gt A% AR S 1) 43 AT 15 10 3k
1M AF B¢ £ 4 45 (mismatch  distribution)(Rogers &
Harpending, 1992)%3#7 &% Fu’s Fs(Fu, 1997) ¥4
5 CLAEM R R 2 2 85K

2 &4 R

21 FIERMBFERSH
SCH 3R 66 4% 7 41l (GenBank ¥ 3k 5 :
GU952864-GU952921, GU952982-GU952989), Lt

XPJE133) 838 bp M B, Hrf 1~694 24 mtDNA
ND4 FE R ) 3", 695~757 4 tRNA-His, 758~815
JJ tRNA-Ser, 816~838 24 tRNA-Leu [1J 5%, ND4
FER B350 70 TAA, 7R8I AR R B 1t
F T o AT C G PSR 0N 35.2%- 24.6%-
27.6% 12.6%, KILHWEMK G hfi, H A+T
BrE(59.8%) M B T C+G B E(40.2%). T T4
WA RIEAN . B A7 5 29 4, A
519 AN L5 SRS 10 N BASARNT 25, 7
IAEBE TGN 31%) B =A0( 55.2%) A1
tRNA FB3 (i 13.8%); BHG T 5 A A I 245 5

66 2T HNSLE LT 17 NRAEI, KSR
A JEFER A WA 2. Fra s i, N5
%4 H4 & SS Al TU pIAN Jm i IL =, AR s A4y
A SRR AT B AL, DB SRR 1 AN
Hl; TU [EBBRILZ 0058 Ha 46, 551 4 My
FfER,  HORARR H2 s TR R 10 A4
SS JEBERR L AR HA Ah, AT 3 AMERAT B35 A,
Forp A5 Y HY A B s HL A HL P J A%
A 4 M AR, B 2 1) RS 2 il
i H11 AT H16.

% 2 MEGPH mtDNA ND4-(RNA" EF B EREREHFHIH
Tab.2 The distribution of mtDNA ND4-tRNA"" gene haplotypes in different populations of

Phrynocephalus axillaris

HfERACRY Haplotype code

H9 HI10 HI11 HI2 HI3 HI14 HI5 Hl6 HI17

iy
Population(nl/n2/n3) H1 H2 H3 H4 H5 H6 H7
DB(8/1/1) 7
TU(16/5/4) 10 3 1 1 1
SS(11/4/3) 2 3
HL(15/4/4)
HD(16/4/4)
Total(66/17/15) 7 10 3 3 1 1 3

R AE S PR R OAREER A S A R AR

The value in parentheses following population name represents number of sampling, haplotypes and private haplotypes, respectively.

22 RH{EABERAR

4 DL 30 45 B b #fE (Bayesian  information
criterion, BIC)EH HKY+G K& H T N r R4k
BHEA A TR S FERE A o DU b (A) FH 85 K
] 2 (B)H b ik KAk — (K 2) HH-dvb i 5 4
JEBETE W 4> 52 clade T (PP=0.96, BP=65)F!
clade 11 (PP=—, BP=59). clade I f44% TU. DB FI SS
JafE, Horh DB REES H4 ZAMA TU R
XHBE IR R, L= A5 8 HA F1 SS Ja 2

fE—jl. cladell fF5 HL JH#ER HD Jaff, (HBEA
JEREEAHTEE H R, J A HD JEHER H14, H16
AT H17 JER—AN T3 (PP=1.0, BP=95).
MELRE TR I 2 B (B 3)ml A, s 3 e DX s
(HD. HL){J 5% 5 TU. SS LM DB JE Bt [Al4F
TR Z RRT MR G, W Z 0 7T~12 25
A%, 5 2 W clade TR clade T AHXFRN; TU JE i
ff) H2 5046 H3. H5. H6 VA 1554, A
DB Ja 1 HI BAA 1 P58, L pfEa He 5
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H2 (TU)
H3 (TU)
Hs (TU)
H6 (TU)
H1 (DB)
H7 (85) 54
0.947 HO ($8)
H4 (TU. $8)
L HS8(S9)
1.00{ H17 (HD)
1.00 X‘ H14 (HD)
1.00 Hl6 (HD)
3 H10 (HL)
H12 (HL)
H11 (HL)
H15 (HD)
H13 (HL)

P, versicolor

Clade 1

(=]
[

P. helioscopus

a P. mystaceus 5
0.1
K 2 TRV mtDNA ND4-tRNA #ifi Y
FE) S FH DL 485 (A 5 K TR 24044 (B)

Fig. 2 Bayesian tree (A) and maximun parsimony tree (B)
based on mtDNA ND4-tRNA"™ haplotypes of
Phrynocephalus axillaris

G RACIR A 20 A R R D U0 R S, B PO 1000 IR
SAMFEAS 2 H 2 E 7R =50%).

Haplotype codes are the same indicated in Tab.2. Numbers at internodes are
Bayesian posterior probabilities for A and MP bootstrap values for B (only

=50% shown).

SS JEEER H7. H8 F1 HO 4354 1. 2 fl 2 2B5RAZ,
AL, HD JEHET H15 HoRk 5 m B Ah s g
fE—, 15 HL R H1 8 1 DR,
FART HL JE#FH 9 H10. H12 AT H13.

23 BESHMINERREEY

Wb 5 A B ER DB 4b, HLARDUAS R B
SRS IX SRR B 2R M (h) B
[(0.600£0.113) ~ (0.922+0.012)]1f1 % 11 12 £ FE 1 (n)
B M RZA [(0.00082+0.00020)  ~
(0.009170.00037)](#% 3). DB JRBER H &4 1 M
G, Bk, PIRMEEE SR E R TR E TR

AMOVA 53 HT 7R (K 4), B3y i 5 A
NE—NREARINT, AL AR S R R AT S AN R
[(81.67%, P<0.01), TR A7 FaHE N I AE AL
i 18.33%(P<0.01);  HoAt 73 4150 My o 43 20
Eb R AG R AL AR S, {H 25 5 S5 25 MRG0 2 R W 3
1) 22 5 R IK 2 2 2 K F-(P>0.05) o E FEIA) 1A% 73
(R S) AT B P S B (A R a8 A 234 1) 18 3
WK (P<0.01), AN /N R 3545 234k 23 3l

3 T GEUH R LIV R ) S A 2 o % [
Fig. 3 The haplotype network Phrynocephalus axillaris
based on the statistical parsimony
DA 7s B 8, JUARRD A1 2. - B B2 (M) B Lk s — A8 7
IR /N 29 2 i B A B L B AR KL, /N o TR AR SR A AL 81 1 B
i,

Each haplotype is represented by an oval and its code is the same indicated

in Tab.2. Each mutation is shown as a line between each two haplotypes.
The size of oval is proportional to corresponding haplotype frequencies.

Small unfilled circles represent unsampled haplotypes.

x 3 MESHRERERZ MR Fu's Fs 1238
Tab.3 The genetic diversity and Fu’s Fs test in different populations of Phrynocephalus axillaris

Iyiid AT R KPR Z AEAE Fu's Fs K4 W
Population Haplotype diversity (h) Nucleotide diversity () Fu’s Fs test P-value
DB — — — —
TU 0.600+0.127 0.00188+0.00100 -0.29084 0.426
SS 0.745+0.098 0.00213+0.00029 0.50460 0.599
HL 0.600+0.113 0.00082+0.00020 -1.16127 0.088
HD 0.725+0.069 0.00411+0.00078 3.15162 0.927
Total 0.922+0.012 0.00917+0.00037 0.63457 0.629
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Tab. 4 Hierarchical analysis of molecular variance (AMOVA) of mtDNA ND4-tRNA"*" of Phrynocephalus axillaris

41 Group A7 5 3kJi Source of  Variation A8 543 $i%variation @ {H ® value BHEERR P
41 Among groups 45.58 Dct=0.45579 0.10564
[DB, TU, SS][HL, HD] ZH N JEREE Among populations within groups 39.17 Dsc=0.84746 <0.01
JE#EN Within populations 15.25 ®st=0.7197 <0.01
411 Among groups 64.23 Dct=0.64228 0.06733
[DB,TU][SS][HL, HD] ZH N Ja £ Among populations within groups 19.97 Dsc=0.84194 <0.01
JE#EPN Within populations 15.81 Dst=0.55815 <0.01
41 Among groups 74.55 Dct=0.7455 0.10119
[DB,TU][SS][HL] [HD] ZH PN AR Among populations within groups 8.14 Dsc=0.8269 <0.01
JE#EPN Within populations 17.31 Dst=0.31983 <0.01
ZH P4 J& # ] Among populations within groups 81.67 Dsc=0.81671 <0.01
[DB, TU, SS, HL, HD]
JaEN Within populations 18.33 — —

x5 MEbHEEHEREMMLEYRESEENE

Tab.5 The pairwise genetic divergence Fst (blow
diagonal) and its significance (above
diagonal) between populations of
Phrynocephalus axillaris

NI R Fu's Fs FRPERL G 25 LI 5 FISk 3. W A0
FE ) UG R 55 o0 A FN A Fu’s Fs {278 HL
TU W BT REZe ) T IO REY ks 10 SS Ja i
FUHD J& #f 22 W 1m0 AT ALE IR Fu's Fs {700 35 B
FhEEALTFAE0 B2 RS

DB TU SS HL HD
DB P<0.01 P<0.01 P<0.01  P<0.01 3 it i
TU 0.43983 P<0.01 P<0.01  P<0.01 31 EER AR £ R
SS 0.87722  0.81655 P<0.01  P<0.01 : 24 ;ﬁf—i‘i‘;i;j%ﬁﬁﬁ?ﬁ B 5 A
HL 094658  0.88286  0.89398 P<0.01 RRIE) AT & N
HD 079490  0.79555  0.79400  0.58881 100
e ° [
_ 080 L ° .
HYEL/E DB 5 TU J B(Fst=0.43983) /1 HD 15 HL Ji& mosof e r-0.5324
BE(Fst=0.5888 )2 1), JLRGIEREL Mg fe M Zowof
P BRI v s 1 e K () 3gt A% 2046 L5 HL F11 DB 020 |-
JERELIE. AP, TBD ﬁ*ﬁi@tﬁ(@] 4 %Eﬁzm % 100 200 300 200 52)0
H:II fm E(J iﬁﬁ? 63\ '”:A(Fst) 5 E ﬁ I‘ﬂ f@ »{E EE I% &ﬁ EZ %‘ 1 ¥FEE B Geographic distance (km)
MRAr=05324, P=0.1196). & VRSB R b
2.4 FHEE SEENTS Fig. 4 Isolation-by-distance analysis of Phrynocephalus

-3 7l TU. SS. HD F HL Ja B (KB 43 A

axillaris

0.7 ,
oe o ‘ e =t AR ﬂvﬂﬂﬁ Obs
. U B ittt —— W Exp
g oosp L WA O);[s) W AR R T WH{E Obs
z:’_ ok L S Jl}ilre'iﬁ Exp _I,'“:_I . —— HAHA{ Exp
= -: o
¥ o NG G
0.2 L : “.l
0.1 . 1 \\ <
0 S —-7-7 e L 0 Wy T—
0 5 10 15 20 0 5 10 15 20
Hc 4 22 57 Pairwise differences
K5 SRV o B RS B S A o b

Fig. 5 The mismatch distributions of the haplotypes of Phrynocephalus axillaris in SS, TU, HD and HL
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FEIE 1K clade T (DB+TU+SS)H clade IT (HL+HD) 4™
I3 3C(E 2)0 TR, FA TR I 4 P A S T IX st A%
4514: DB JE#E S TU JR#fE B Ha SMAH R s
KAERIE, MJa#5 SS L =1 Ha W/ TU I
SS JEBEAMAZ A AE— e FE LI H; HL Ja R
HD JEBEHLS BRANZ AR D () 2K F A R (X
4 MRYEATH IR FR . AMOVA 73t &I
ey EAG R A A St AR AN (] S B TAD (81.67%),
A & J A 2 ) AT 3 (st o0 Ao R B I 7 ] 11
Fst {EAE PR UL T & Fa#E 0 B AR R . S
% DB 5 TU Al HL 5 HD J& B EA A8 /N G Fst
{8, AHIXFP 22 S 4754R i 2% (P<0.01). DB Ji BEMA
P R BE S0 A R A B R AR [T LA D S
T, T DU FR B R) S 5 10 st Rt 10 I 12 J AR st
i B AT B oAb e R . T S A AL LR
JEEFH R Jo B AT AL TR 1D 23 A1 BT i P 32 9 B o
HT(IBD) {27 8 Ji 4F 2 (8] (1382 4% 23 Ak (Fst) 5 J B 1)
RE M EERTE PN

TERERN N 5 2 B AR AR s,
PLeh Wt S A 2 AR 1% 2 (Stone,  2002); 1]
A S 1 B Ak BT S B0 R B = R R 2 5 Bt
FEZREVERI BRI (Xu et al, 2005), $8 i B n) st
{53t (Frankham, 1995). 5 ANEfE 6] B &5
MEAE A, ARG IRIR I 5y SCEh M. IR
Hsl DK A5 R (R DB AN s 1 s R 2 AP (h)
MR AL IR 2 FEPE(m) BB - ASTR] AR A 7T B
TR A I FR T 32 3 BT RN ISR 5 AR R 5 1
TR T 384% 2 FEMEAR BRI AEIE Y % E R
BRIt R P T R R R A A
3.2 RIS AN ER Y 5k

DB Ji#f 8 MAMAER 4 [F—FAs 8 HI, %57
TR R BT P ARAL , MR ATDNS T A
s 1108 m), BEJRE = AmiRa,  Hoib#h ]
A 1 km, SRS A BEREAE I A TR A LA I
fib SR B VD RS LA B BRIk, 40 DB
B T 22 FEPE IR B = 0 ol T 52 2R ok AR B B ARL
M. BAE R 25 e TU JR B REL H2 4
UL FESPIRGE R, R A SS R R g
H4; HL JE AL R 2 4 0 DL S rh e o A HL
5 HD JEHEM H1S XBL— P 5B HIE, £KM
PRRERE AT e R AR sk S A R AT A H B
() Bl (B S)RIG ) Fu’s Fs {H (R 3) W

TU A1 HL PN A Hs AL s B mT e Py ad Al
BTk . 454 R AT (Grant & Bowen, 1998
Lietal, 2003; Liuetal, 2008; Xuetal, 2005),
FTATTHEN o 0 P LR ISR 2 AR (h) B TR A
1R 22 FF 1k () AN BRI W] e A2 T B AR 300 I
()50 BBl A 22 1 R PR PR ke, AR Tk o
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i, BRSO E MG TSR FIG %
[M1[fi(Zhao et al, 1992); H LA 1Lty 5 4853 8
T HIRE (Allen et al, 1993). HD Al HL Ja BEA7 T4
HURG, TU FISS R Tt &M s, DB Jaiff
-4 55 OR 2 T AR o PR IR SO TR (T 1), % AT
RAESAAERORZ N . BT LIk Rl ikogrie
ARt 1 g Il R AT )R B (Cao & He, 1997)
AR AR Sk b 1 54 1 B T (Jian, 2001
Zhan, 2002). # RS IK) K & W] e i DB Ja
[A] TU JEHEAZm M REATs 1mxt DB s, T
H Bl = A BOMRE I Y, AT 2% 2 52 B B 3K
I B AL AR (R 5, SO0 AR e B 18 A 22 K 1A
o THITSHE T RERLIE HL JERERT SS Ja ] (9™
B AEHTE RS AR AT Y.

VUL UK TR UK DX A6 BRAR 2 M %
(19 23 A bt J) B T8 #8825 1R 52 1 (Hewitt
1996, 1999); VKAV, (ERE T S Sy Db IR ES
(K19 f&(Wang, 1997; Wu & Guo, 2000; Wu et al,
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Liu et al(2008)7E X} 5 /R i i i 75 15 70 W 21 Ji S Fof
(Phrynocephalus vlangalii hongyuanensis) ) if 57
32 K [ DK U it P A=A Al 45 & A sy L ) 37K
RL HE AR T T VA B F A BELR T AN YD
F) T VD () FE DR AT U e A A5 AN [ B s )
HLE s AL b o DRI, FRATIHEDN 5 tH DOk,
A L ALY . T IO DL R A S b ) S
RTEE A 4 0 5 Pt S b il A A PR e B A 85 B AL
HEIM S8 5 AN EREE I B2 L L.
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