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Abstract:  According to the distribution of Phrynocephalus viangalii hongyuanensis in Zoige Wetland, three
geographic units: Zoige Xiaman (XM), Hongyuan (HY), both in Sichuan Province and Magu (MQ) in Gansu Province
were defined. We used molecular methods to reveal these unit’s genetic variation and diversity. A 785bp fragment of the
mtDNA ND4-tRNA'® was determined from 72 samples in seven populations of P. viangalii hongyuanensis. Seven
variable nucleotide sites and nine haplotypes were identified in the 785bp fragments. Asawhole, the haplotype diversity
was high (0.806+0.024), but the nucleotide diversity was low (0.00231+0.00016). In a single population, MQa, MQb and
XMb had very low genetic diversities, and XMc had a much higher one. The Kimura 2-parameter distances among all the
populations were small (0.001-0.005), and the distance between MQa and XMa was the greatest. Analysis of molecular
variance (AMOVA) showed that the three units were distinctly different (P<0.01), and 62.61% of the total genetic
diversity was attributable to variation among units. There were 3 haplotypes shared among XM and HY, and no
geographic clustering was observed except MQ from the TCS network. The results from the mismatch distribution
analysis and Fu's Fs test (Fs=—2.21937) implied that there might be a recent population expansion in the XM unit, and
this may be the reason why XM had a high haplotype diversity but a low nucleotide diversity. We estimate that the MQ
and XMb have lower diversities because of some very recent geographic events, such as the formation of the Yellow
river’s upriver and the Zoige Wetland. Although they are distinctly different, not enough time has passed for them to have
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diverged a great genetic distance.
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TE AT FAZ134 000°F 5 T KX 38 P o VD fE 25 7K
iR E B TN R E B &, 3R B
2L K HR . Jiang et al (1980)HE i /) Aii 71 410
J5FC DI v W b L B AT AL S T i D b
(Phrynocephalus Viangalii) 3 # by A 47 22 5 5 g
N F VLA )OI R (P, viangalii hongyuanen-
SiS)o A3 TR 2 VMR LB A Ptk K gy
THFHEN 8 T 5 I v i 21 J5 IV A (Pang et al, 2003;
Wang et a, 2002). ¥4k, AT /L5 K
b2/ | RS AW R 7 [P DR 5 9] 7 e GO
VOR=R R4 EAWSR AR

PR AR A S PR, LR
B R G R A (Wu et dl, 2004), AN FLLE
SR VBRI HUR, YD MTAE A /K S5 1 1 ) A B
TRk, ER TR AR AR, B R AR
NI R JEH PR L, YD B RNE AR sh 481k
fJ(Yong et a, 2003), ¥bF—RLLdimiE hy,
R, HEE B A RS JRI(LD et a, 2001),
TRV 8 v i T 5 | AR (VAT A 50 AR AR I A
U (Wang et al, 2006; Zhangetal, 2003).
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Petitetal, 1998). CAWIFIRI, FEumibift 2k
MR FEIRZ, AN EFEE T FERAS A
(Madsen et a, 2000; Monsen & Blouin, 2003; Randi
& Lucchini, 1998; Lietal, 2002). AHf5tLlitik
T AT S (1 2 7 AR NDA-tRNAJE PR 5 By 33t
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ERUA S T8, F B 204 7 AN ERERI 2 HY |
XM\ MQ AN BEFRLIG . SR FH B ALZRFE i 358 95%
(PR ] 5, AR A F AR 2R S ] J5 DR A7 T [ R
e G DI T R RAT Sh bR AT . 4L,
M GenBank T # T I 4% NDA4-tRNA™ 7,
GenBank %3t '5 4 AY 054051 — AY 054054(Pang et

F 1 XESURMERER
Tab.1 Information of samplesand their localities

JERE . ] FEA ~
KAEHL Localit 4% Coordinate A5 Sample No.
Abbreviation R y A Sample Size B P
N33.17649
HY )5 (HY) 9 DLW200607001-2, DL050002-5, 2LDWO0O01, 0714, 0541
E102.62830
XM N33.70605 17 DLW200607007-9, DLW200607011-15,
a
E102.48526 DLW200607017-23, Xm276, Xm277
N33.77507
XMb 9 DLW200607024-26, DLW200607029-34
G (XM E102.54921
M N33.72512 13 DLW200607035-40, DLW200607042-46,
c
E102.46995 DLW200607048, DLW200607050
XMd N33.74796 8 DL050011-15, DL050017-18,
E102.50430 DL 050020
MQa N33.95074 8 DLW200607052, DLW?200607054-55,
E102.08892 DLW200607057-58, DLW200607060-62
il (MQ)
N33.89865
MQb 8 DLW200607064-70, DLW200607072

E102.12673
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Fig.1 Thesampling localities of Sand Lizardsin Zoige
Wetland in this study

al, 2003), X} W ARA S K Xm276, Xm277.0714,
0541, HRAEFRAKA I Id K L4, K 0714, 0541
AN HY JERE, Xm276. Xm277 JH XN XMa J& #f.
1.2 #[MF% DNA 2B, PCR #1E &M F

I 2 A LA F A DNASR I, SR R
R KRR AN, AR5 8- 05 5 e, 5
Jo F 0T 5E FADNA . PCRY™ 38 A1 7 145 FH 38 F
5% NDARILeu(Arévalo et al, 1994). PCRJ W 14
Bh25uL, IR IUL (7 DNA10—100ng),
10xbuffer (£ MgCl,15mmol/L) 2.5uL, 12.5mmol/L
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7min. PCR™#i% bl A1) 8 =) alidb T .
1.3 HEHH

DNA J %1] J1] Bioedit(Hall, 1999) 3 47 Lt X F1 2
B, I LT TARIE . K HIMEGA3. L4 (Kumar et
a, 2004)iF ST IR I, A8 A s 5055 7 4
1, FFKimuraf 24 (Kimura 2-parameter ) #57,
THEAN [ Ja B 1 (1) a8t A% 2 25 . HIDNASp4.0 (Rozas et
a, 2003)it H X T IR 2 FE BRI R 2 RE RS, JFH
PZIRA AR 2 B AN BN 23 A B DL R L FU's Fs
B o 8L 2 FEIE S5 1 b 5 1R AH DG 4347 i% F Pearson
Fi5= 2%, K Arlequin3.1(Excoffier et al, 2005)
[FAMOVA 73 1 T 535t A% A8 S A A4 (R R4 9 1)
S At ST RLE R B HTCS (Clement et al,
2000) ) gt A5 2R I 25 14
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FFHI4F4E
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tRNA-LeuffI5’ o NDAKE[N 2 B30 1 N TAA,
ZHERN WA RRE I EES . AL T, C. G
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W S (0 [ G, [T A+TII A& (62.0%) W] &
TG+CIHIE & (38.0%), IXUUHR 1 HESh ) 2R ik
DNAFIFF i o 785bpIfI 741 & A8 S0 a5 74, 39
ZU15 DAL, RRDENBLKR, RALEHDTHI
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T2 53 ST OFP AR 1Y, BT S 1A S
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Tab.2 Thedistribution of the ND4-tRNA'® gene haplotypesin different populations

A% RIS Haplotype code

KFER Locality(n1/n2/n3)

4 5 6 7 8 9

HY (9/2/0)

XMa (17/3/1)
XMb (9/1/0)
XMc (13/5/3)
XMd (8/3/0)
MQa (8/1/1)
MQb (8/1/1>
Total (72/9/6) 22 9

A D O W N |
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19

[ 45 5 £ (nn2/n3 /

/

The numbers in parentheses (n1/n2/n3) show numbers of individuals sampled/haplotypes observed/private haplotypes.
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XMd. HY AN E RS s A, MRS 2,
522172, HEM3HXMa, XMc. XML s
A, 519772, FERI2BEHY AIXMAIL S, HAHBh
USECE AU
23 EBEEZHMESH

EEZATIRZ FEE (P R ZRENE (HAD
VE M RBLEL Z FErE R 2 (3R3), i, MQa.
MQb. XMbI{ P IHEE 480, XMe. XMdi¥j {4
ZREMEMRT B, XMaFIHY far, S8R 5%
HLT T, TR 2 FEERUIC, AR 2R
A, e B SR ICoR R, XM B IGIEAL 2 FF 1 I
e T HERR & AR S 22 R o i 4 R IR
m, VHE T PIRIHA ) A S FEA R A CHE, 4508
TN A ORME (PAE 230 24 0.540710.245),
UL, AN IR AL 2 R 2 AN A R 2
S5 .
24 FBHEHEETR

K H KimuraXi 2 5t 0 48 11 43 A e
ND4-tRNA'JE R 7 91 (AL B B (R4). BN
T2 R st AL BE B 0 /N (0.001—0.005), i Kl

1210.005H BLEM QafIX Ma [a], MQafi HiAl JLAN i
H (BRMQb) Fast A4 B AT A K . XM A5 i
Z ] (3845 B 25 ft /N (0.001—0.002). XMt 5
HY, MQIEJTIHF-¥Ei4% #E 25 43 %1 4 0.003, 0.004,
HY FIM QLG >34 15t A4 8 2§ 50.003, 443 A = A
M B HLIC, AMOVAZMT R, A8 F 8 AR/ T
¥otial, (562.61%, P<0.01, M) MaIclalfy o3
ZENt,
25 BERWEEMAEX S HE
M2 B 0T DA HY O A5 RUAR ST AN ] 3
A — 58, WA A ME 2 b B) A5 2 (B2,
FAE RIBAT T 0 4% B PR rpty, DI I AN B A 2R T R
SEBON JRAG T, AR AR AT AR R . MQIR
TCITPRA SAE B B 32 o BRMQILITAE, XM
JUASEREFIRY Z A7) 2 3L s 8, 2% Ja
TRASE L, A o HHbEAT R A% 2 (e
FITAT ST AN XS 40 A Cmismatch distribution)
Jy kR (& 3), Fu's Fs fiih —0.96982 (P=
0.383000. At XM HLIGII 5, T FA% 2y e 22

%* 3 ZEMURZBRTHIEES S
Tab.3 Thegenetic diversity in different populations and geographic units

St IR Z Rk PSR ZRERE Ho 0 IR Z Rk WA T 2
Population Nuclectide diversity ~ Haplotype diversity Geographic unit Nuclectide diversity Haplotype diversity
HY 0.00099+0.00042 0.389+0.164 HY 0.00099+0.00042 0.389+0.164
XMa 0.00079+0.00020 0.551+0.114
XMb 0.00000 0.00000

XM 0.00122+0.00018 0.662+0.043
XMc 0.00140+0.00030 0.731+0.096
XMd 0.00164+0.00043 0.714+0.123
MQa 0.00000 0.00000

MQ 0.00068+0.00006 0.533+0.046
MQb 0.00000 0.00000
Bt Totd 0.00231+0.00016 0.806+0.024

*k 4 HRFRMEEIWEEEEAEMEES
Tab.4 Thegenetic distance for Phrynocephalus viangalii hongyuanensis populationsin Zoige Wetland

HY XMa XMb XMc XMd MQa
XMa 0.003
XMb 0.002 0.001
XMc 0.003 0.001 0.001
XMd 0.002 0.002 0.001 0.002
MQa 0.004 0.005 0.004 0.004 0.004
MQb 0.003 0.004 0.003 0.003 0.003 0.001
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Fig. 2 The Statistical parsimony network of haplotypes
[53] Be P B A RS ()13 2) DL B R B 0 R B A2 46
XMabcdHY £7Rk XMa. XMb. XMc. XMd. HY; XMacd &7~ XMa.
XMc. XMd; XMdHY £oR8 XMd Fl HY o 38 5 R Lk Rk — 578
St o [ KN KLY 7R S Ay B R B K
Numbers of haplotypes correspond to Tab. 2. XMabcdHY is short for
XMa. XMb. XMc. XMd. HY; XMacd is short for XMa. XMc. XMd;
XMdHY is short for XMd and HY. Each mutational step is shown as a
line. The sizes of circles roughly represent the numbers of individuals.
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Fig. 3 Themismatch distributions of the haplotypes of
Phrynocephalus viangalii hongyuanensisin the
Zoige Wetland

BN FAXFP R Bl AR A i, HANIEX A b 2
FLEBI B, Fus Fsfi i — 221937 (P=
0.11400) . A5 RUANELNS 23 A AR FIFU's FS{EL#T
XM C R RELE ) T 3 AR A EED 7K
3 it
31 IR SR Ak

ARG, XML ORI 2 74N o, I
FHAAS TR AR, RIS T A v I A Y R
PERBARIZ R Z FEPE, Li et a (2003)%) #4214
I B SRITIRAE TEAR AT SAEE AL, AT 14D ] e 2
R RE b (S RO T A 157 Qe S D A <o AT A=Y <A
R 2250, AN LLRIESE m i R 2 FE 1
R B 2R R AN N 20 A1 L FU's Fs testif) 4 (B 45
B, HEMIXM BT AR B SR A B sk S
B RIS AR A T B A5 80 W &% B oy, (AN AEXMC

I — IR, U R Sk R R T e g Dol
YOI, FEOZ LG REER, AR
MG 7k, XA L, 38 S
AT
32 EfEZHMSREER

M QLTI 24N HL A YIS R AT B Y, H2AN i
B T AN AR 7, X AR R T
CIE AL Z RS, RN, AWAMOVA ST 45 1ok
B, EEXMIG, HY ZMEI TR 2R, 1
SCHRRTEORE, b 5T S AR E it DAY DAR R e LA R IR
AR IE, SRR, SN D R
R Z AV, 22 Ja T e e e T S
POOE, KA B A e R i B By iz
[ 5118 (Sun & Zhang, 1987; Zhang et a, 2003).
TVAT ) 53 30 A5 45 4 Bl WL B 25 7E M QI e BE AN g [
XM REAZ L, [RS8 KA E S AT RO R R
T, N2 ) 52 B SR AR AR AR IR 52 00
SHEONA R AL 2 FEEA

HIB O R , 10.0kaBPIT4s, VKIS, 5
IR S DX HEN T A R I 3, AR AR A
I3 sl PR OK S b N HOREE L, R A
P JHERE R Sk (Wang et al, 2006). 7HPE
(I AT A0l o e 1R AR BE s b, RIS
W2 A BT K . XMbJE L 2 FEPEAR G, I
AR LS XM A s DL HY 3L, XA fest 5
AR PE T R OC, THBERE R 8 0 /N
B B AEXMb, 175X AN /N R S B e B AR Ly
Pt CRERIIEEAXM B0 FIR 3D, X
LN 1) ) 25 B AR BELAG T BE TR AT U, AHEAS 2 LB
JSCFT IR A Y o [ I 38R 2 4 FH AR AT A XM BT
At Fe 2 1) EUARAFAE L B R, H AT AT R
FERIAEAE

AN R Sl SR I 5, AR LS A Y,
BEAR SN, UL EAZ AR B B 2 A
Lo B TAFRIINRY], =ADHRICZ LT
BFEFES, X 5Liuet d (2003)% H [E ARl HETEE 1)
WFFEEE RN X7 HH T IR BRI I DT 2 v
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BRI, LT SRR AR, AL
EAR LI AEAE, A DASAFAN ] e B2 )
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