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Genetic Diversity Analysis of the Turpan Wonder Gecko
Based on Reduced-Representation Genome Sequencing

XU Yajing', AYITUTI Mijiti', ZHENG Dongqing', GUO Xianguang*“, LI Jun'’

(1. College of Life Science and Technology, Key Laboratory of Biological Resources and
Genetic Engineering, Xinjiang University, Urumqi 830017, China;
2. Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610223, China)

Abstract: The Turpan wonder gecko ( Teratoscincus roborowskii) , is an iconic reptile endemic to the Turpan Basin and
listed as national second-class key protected species in China. In order to reveal its genetic diversity and population struc-
ture, a total of 32 individuals from four populations in Shanshan (SS), Toksun (TS), Turpan (TP) and Aiding Lake (AL)
were examined in this study. The single nucleotide polymorphisms (SNPs) molecular markers on the whole genome were
determined by genotyping-by-sequencing (GBS), and finally 90 543 high-quality SNPs were obtained for subsequent analy-
sis. Based on the obtained SNPs data, genetic diversity, phylogenetic and population genetic structure were analyzed
respectively. The results showed that the observed heterozygosity (H,) of four populations was higher than their expected
heterozygosity (H,), with the mean H, of 0. 241 and the mean H, of 0.232, and the AL population has the highest diver-
sity. There was different in the degree of genetic differentiation among populations, the maximum Fg; value between SS and
TS populations was 0. 157, and the minimum Fg; value between TP and AL populations was 0. 014. The results of phyloge-
netic tree analysis are consistent with those of population genetic structure analysis, the SS population was clustered alone
and the other three populations were clustered as a single cluster. Tajima’s D neutrality test suggested that this species
might have experienced recent population contraction or been subject to balancing selection. In summary, the results
showed that Turpan wonder gecko had a significant genetic differentiation pattern from east (SS population) to west (TP,
TS, AL population). This pattern and genetic diversity might be mainly affected by the combination of geographical isolation
and population history. These findings provided a genomic basis for further understanding the adaptive evolution and formu-

lating conservation strategies of Turpan wonder gecko.

& V) B2 (Teratoscincus roborowskii ) 3 J& T € AR (BRI B IE S A P SR AR

W M BB A B e R A R

174 (Reptilia) A5 8§ H (Squamata) i 4% V. H (Lacer-
tilia) BR AL FE R} (Sphaerodactylidae ) V0 8 J& ( Teratoscin-
cus)"" o ZPIRIEIREE PR AL A E T T A
AT M T 55, JH e 8 5 A 055 Ry 4 Ml N ARV A
RIS I A, 322 LI B A 855 b iy /N1 i Bl
Yo AR 6—8 H BB i iy 3 LU ( Cappa-
ris spinosa) L R BT VD PEELA T 52 4% o T A
PRBE R SRR A A ) S R AR AN T O > R
Py b FEAL PR 3 AL A BEARRCRY A B LA
N S 55 7] B — 2D 5 Ho oA st L 24
PRI, BL 2 B AR AR . DRI, DB 5 2 R
TR M A A I B R . HA,
Xf b D R A AP TR LRGN

AN RN A PR S5 A R A D5 T TG T
HAHABAL ZARE R BT FEAT B =

A AP B R e i U PR, B
AR R AT S AR BT W Her T AR
DRI P R ) Miller er al. ™ F 2007 4E-48 Hi LUK
DRHARAE T ORI, HAN 32225 B A KR
TETZ 26 P ANREIR O & 5 15 2 SRS M gl
ZAEFE R AR T VR AN R I EOR 3 A A
fi] A AR 26 SCE M I (reduced-representation libraries,
RRLs) | FR i $4 7 U1 37 15 AH 5 DNA Il 7 (restriction-
site-associated DNA sequencing, RAD-seq) Fll 3 [A] 43
AU 7 (genotyping by sequencing, GBS) 5%, Hrr
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GBS HZ AT FH FIR ) 14 A 1) il xof & PR 20 247 g D1 fin
P %, 38 oy 3 g DU AR HRAn R R 2 S
(single nucleotide polymorphism, SNP) N N S A o2 )
W, SNPJE BN H R A R R A
FA8 S5 0 S T 7 | 7S 114 22 25, 70 L DR 2 v A s A
R LA RV TR AR A, E s B A K
SIS A BAE S bR ic

VE Ryt 62 20 (0 A W o AT 5 LAk 8 3
VO ONBF RS 5T GBS Fe AR X b AT A 8%
oM, BRI (D) IZY R 115 8L Z ek
-5 (2) AR 73 A1 DN J2 5 47 78 35 1YL o0 Ak
WFFEEE FRA B TR A8 75 ik & 35 00 18 1 W 1% 231k
(AL HL Rk — K g i SR B A s W)

PR AP TAE S B AR T
1 MRS

L1 MACRESIRIE

T20194F 7 H AE B EIHr st it 5 2 2 R 32003
6 VD R A BUREAS, Bk 5 2 (TP) 8 177 48 v ih
(TS)8 {5 . #53% (SS) 8 i3 AL T W) (AL) 8 133, PR A {5
BV U S ZURE AR R [ St %2 AR A B
A, 7% 1 85 R REAS S B AMICER o ZHZURE T [
JE T 95% LM, LR A B RN S FIG M
K il B 19 B VD BB ( Teratoscincus przewalskit , FEAS 2
SIBSOE RS T RERE 0. TAEAT
=20 COKFEIRAF I T IR 200 7525

xRl MHEFEPERESMERER
Table 1 Sample information of Turpan wonder gecko
PIS eI HeAL /R L (%) e /1(7) MR fm GEE R
Sampling site Number Longitude Latitude Altitude Voucher No.
3% TP 8 89. 191 42.859 -104 (G3743.G3744 .G3745.G3746 .G3748 ,G3749 ,G3750,J40124
Foreih TS 8 88.633 42.863 24 J1517 .J1518 J1519.J1520.J1522.J1523 .J1507 .J1508
#3E SS 8 90. 200 42.847 334 G3877.G3878.G3879.G3881.G3882.G3883.(G3884.G3885
LT AL 8 89.275 42.761 1 J9016.J9017.J9018.,J9019.J9021,J9022.,]J9023 ,J9024

1.2 JEPIZ DNA $2IUR1 GBS SCPEAE i

I 3R 20 20 i 50 ~ 100 mg i 5535 R B0 A
Yifs BRHEAT R R EAT GBS BRI T . 1 e 42 L
L 4H 5 DNA, I FH 350 B 4 56 11 HE UK AT Nano Drop
2000C 43 % % )& 3+ (Thermo Fisher Scientific Inc.,
USA) Xf 5 K[ 20 DNA 47 Jot &2 4 0 , 5 J5 ] Qubit 4
9¢61T (Thermo Fisher Scientific Inc., USA) X} DNA ¥
JEREATRG 00 R 1o KB G B9 oA B A 4 DNA
JFH BE il P A% TR P V) T Mised FI1 Mispl 33475 SR, it U1
JaTE R B W i i 7 A barcode A%k , #4 # GBS
SCHE o AR G ) SC 7 38 3 Tllumina HiSeq™ 2000
FEFE 6 HEA T UK S 150 bp(PE150) I
1.3 PP B Ak pE i

1 Mumina HiSeq™ 2000 4% T L5 , 18 12 il &
PUNPRE S5 46 GBS SR AR SR RS2 RO (raw
reads ) , X BRAR L OO HEA T 45, 5% reads T A 42
3k (adapter) 531 /1 ok N R B 56 (R TR0 B 6 )
KA i B 741, DT 3545 clean reads.
1.4 SNPhpids 7Y

Y Tk 3 V0 g i/ 2 2 B TR AR DR Ot ol

Stacks v2. 60 i SR ITC S )y AT SNP 738
Ry Hff R e o3 B ack B R HE AR P, B S840 Stacks R
£ ) process_radtags T2 7 X 25 A Fy £ 48 51 7
Joz fe 2k U, S B AR TT o R C rad BR A Y F 51, SR T
H denovo_map. pl XS 43 32 ( FEAS 1Y GBS gl
HEAT de novo JiL R AL ARATE , LSS SE 18 SNP, Ry 375
143 ik B SNP B 4 , iiE— 22l VCFrools vO. 1. 17
BRI )2 i 1 1Y) SNP 43 U 25 ATl k. iU
Pl B /N A A5 PRS2 AEG T 0. 05 9 37 st 11 356 PR 78 e
KRBT 5% MO . Gt B PIR, e ZakA5 ] H]
THEAR IS AL 27 5 BT i v B R SNP £l 2k
1.5 BRSBTS RS

e fifi 08 A B A9 5 T i SNP AR £ L R A
Stacks v2. 60 X 14 71 ) populations F2 5 15 A4
RO A5 B2 (H,) SHER A5 B (H,) MZTH TR Z R
(m) ML REL(F) o RIFAGRER ]9 352 4% 40 b A
J& , K VCFrools v0. 1. 17 A3 5 AR AR Ta] ) 1
&t ZE(Fy,) . H VCFtools v0. 1. 17 # F # 47
Tajima’s D W ARG S R A2 O 25 R R G & A7 n]
WAL, 2R LRI, AW S R A T 5 3 A8 RS L
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BE T AR v o i SNP AR I8 4R, R B KSR
% (maximum likelihood , ML) ¥4 & 22 45 & & W, B i+
& VDR A SR RER A O R o T 1Q-TREE
v2. 0. 3P 7 ML A, 7E ModelFinder”" H ) I
M- B AR TE Bayesian information criterion, BIC )1k
Wl AEAZ AT R A AR AL, B 10 000 YR 5 1) UF-
Boot Ml #F AL AL . ) , A L RGE K B W EAL
£ iTOL 7EZ - 157 (https: //itol. embl. de/) ] 4k
JGBL N
1.7 BEAE a5 b

i F Admixture v1. 3. 0™ 4R A{F %F 4 4> FE HE A %%
Y AT PR 1544 55 K4 1 Structure 538 , 18 GE 2L
K=1~9, WHBAIR] KAEXS I Y 58 B IEFE R4 (CV
error) , A7 SR AR K Y 3R S BRI Oy S d A 3R 3
B, A5 3 25 5 H R P Y pophelper £ #E 17 1] 41
o i PLINK v1. 9 i pE= A il 1 T 32 08053 23 e

xR2 MEFDERFED

(principal component analysis, PCA) B9 %5 % , 58 )5 K
A LA A AR T ggplot2 170 E 4T AT AL AL, 24l
PCA 23R &L, HOWL RS AN R B BRI R &R S
Sy B OL, AR B Bk & VD R A AL 254

2 HR

2.1 ¥ gl

T GBS EARXS 32yt &3 Vb PR AN 1 453 B v
I (REA G5 1251) SN A AR A8 2 D0 P SC P8 1 47
¥ o A AEAS I H0s T i g H A5 R AR 2 PR o
MFAEARTS 64 707 509 644 S5 HAFES . REAS Y SR
LA 1403 464 320 ~ 2 701 657 152 bp, T REA
A SRR T 99. 99% , 34 A R RN
0.04%. Qo F1 Qs F-HAE 53531 47 96. 19% F189. 88%,
GC &1 1 40. 70% ~ 42. 42% , Y91E M 41. 72% , 75 &
. R AEAR R WY, U A o e AT HE R
L S e A R B o I 2ok

REUEREANFRE

Table 2 Simplified genome sequencing quality of Turpan wonder gecko and Przewalski’s wonder gecko

RS JFIR R /bp FEE bp AREE 1% AR % TREE(E>20/%  JRE(E>30 /% GCHHt /%
Sample ID Raw read Clean read Effective rate  Error rate 0no 0s GC content
G3743 1722 688 704 1722 468 384 99. 99 0.04 96. 31 89. 92 41.80
3744 1760 270 688 1760 015 808 99. 99 0.04 97.05 91. 84 41.65
3745 1731349 152 1731 130272 99. 99 0.04 96. 57 90. 56 41.37
3746 1 800 849 600 1 800 616 896 99. 99 0.04 96. 45 90.31 41.33
3748 1657 426 176 1657210 176 99. 99 0.04 97.26 92.35 41.45
63749 1795 605 120 1795 367 232 99. 99 0. 04 96. 79 91.16 41.73
G3750 1757 365 920 1757 158 848 99. 99 0.05 95.30 87. 41 41.53
3877 1 534 006 944 1534 001 760 100. 00 0.05 95. 05 87.46 42.24
3878 1403 464 320 1403 457 984 100. 00 0.04 96. 38 90. 37 40.70
3879 1 854 649 440 1 854 643 104 100. 00 0. 04 95.55 88.54 42.16
3881 2100112 128 2100 103 200 100. 00 0.04 95.13 87. 12 41.55
3882 1573 551 648 1573 548 192 100. 00 0.06 94. 08 85. 00 42.18
3883 1 500 825 600 1500 818 688 100. 00 0.04 96. 53 90. 78 41.62
3884 1991 968 992 1991 959 488 100. 00 0. 04 96. 54 90. 80 41.84
3885 2456 768 448 2 456 760 960 100. 00 0.04 96.25 90. 14 40. 80
11507 1758 957 120 1758 950 208 100. 00 0.04 95.53 88.51 42.41
71508 2385 747 360 2 385 747 360 100. 00 0.03 96. 85 90. 82 40. 84
11517 1917 364 608 1917 129 312 99. 99 0.04 96.33 89.95 41. 64
J1518 1836 984 672 1836 976 320 100. 00 0.05 95. 08 87.53 42.42
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gR2

Hefis JFHRTEA /bp HE /bp AR 1% HRRR 19 RIEE>20/%  JREHE=30 /% GC &L 1%

Sample ID Raw read Clean read Effective rate Error rate 0y Q5 GC content
J1519 1 883 496 960 1 883 488 608 100. 00 0. 04 97.03 92.07 41.73
J1520 1 430 786 592 1430782272 100. 00 0. 04 97.31 92. 69 41.77
J1522 1913 098 464 1913 092 704 100. 00 0. 04 96. 18 89.97 42.28
J1523 1 668 748 896 1 668 744 288 100. 00 0. 04 96. 41 90. 61 42.17
J40124 1819 603 872 1 819 368 864 99.99 0. 04 95. 86 88. 88 42.14
J9016 2701 657 152 2701 647 648 100. 00 0. 04 96. 28 90. 16 41.25
J9017 2502 906 912 2502 894 528 100. 00 0. 04 96. 05 89. 68 42.12
J9018 2681253216 2681243 136 100. 00 0.04 96. 60 90. 91 40. 89
J9019 2054 552 832 2 054 499 552 100. 00 0. 03 95.75 88. 54 42.19
J9021 2 462 444 064 2462 433 696 100. 00 0.04 96. 34 90. 33 42.12
J9022 2342 850 624 2342843 136 100. 00 0.04 95. 44 88.20 42.03
19023 2565 640 224 2565 629 856 100. 00 0. 04 97.23 92.36 41.48
19024 2671633728 2 671 620 480 100. 00 0. 04 96. 53 90. 78 41.62
J251 1 468 879 488 1 468 870 848 100. 00 0. 04 96. 37 90. 38 41.68
SEHIE Mean 1960 833 626 1960 764 358 100. 00 0. 04 96. 19 89. 88 41.72

2.2 SNPil%l

i 1 Stacks v2. 60 47T S M iH HUSNP , fe 2
3R152 619 941> SNP,, {# ] VCFtools vO. 1. 17 #
XF Stacks H145 2 (1) SNP 43 BULE R 173 98 , 2o JE 4w
Toe /NG PRI T 0. 05 197 45 B ik R 84 Gyl 2k
B T 5% AL, e 245 3] T 90 543 A4 i it & 1Y
SNP {7 s T IR 2250 Hr o
2.3 BEkBE 2 AR

FETFAREA 90 543 /> 55 i i SNP A i, 1T T
& VDT 4 M BE R E R BT Z RS (R 3) .
2 HE RS I 2% A BE R 0.208 ~ 0. 258, ¥ {H N
0.241; HIBEZE 1 H7 0. 198 ~ 0. 248, H4{E K 0. 232,
JI A TR & BEA R TS i . i H IR
FEMER 0. 211 ~ 0. 265, 4{E R 0. 248, Hor 58 %
HIRZ AR, SE T R . S RECH 0. 007 ~
0. 024, ¥{E A 0. 017, F W J& NI 28K 3IK

#£3 EFSNPEIBEMMEEDRIEESEY

Table 3 Genetic diversity of Turpan wonder gecko based on SNP data

Ja T WM AEE INEAETE BHREHENE TR

Population H, H, - F
& TP 0.253 0.244 0.261 0. 020
2 SS 0.208 0.198 0.211 0. 007
FErLHh TS 0.244 0.237 0.254 0. 024
T AL 0.258 0.248 0. 265 0.017
F-HJ{E Mean 0.241 0.232 0.248 0.017

WAL R B () G5 5 R, SR HE ] o (LR
K5 o SSIEFES TP TS AL = A& B[R] Y47 7 48
KB4, Fo 4358 0. 139 ,0. 157 F10. 127, TS
5 TP, AL J& Bf [8] £ 76 v 55 35t % 43 4k, Fo 23 51 R
0.036.0. 035, TP Fl AL J& BER] A 35t 15 o Ak e /N, Fy
50.014(5£4),

x4 MEEDREBEEEF, ST

Table 4 Fg, values between populations of Turpan wonder gecko

JEHE #HE Forifh T
Population ss TS AL
&% TP 0. 139 0. 036 0.014
2 SS — 0.157 0.127
FEFLHL TS — — 0.035

Tajima’s D HPERG IR 2, S IR :4 R B Tajima’s
DY ALY R T 0, BB 2 509% 1 4 O I
18, R Wk & 2 V0 T e 52 2P f e 4%, o T RE AR
I Ty T R AE o & T A T o 6 R
Tajima’s D /N0, 18 B BE AR R R 25 vh 1, ELREAA
PR 3R o3 DX IATS A A v B8 32 AN TR AR D i Y
U 3 NI I S A AR NS L AP
PE(E),
2.4 RGKHEH

FF 90 543 /> SNP v 5, 7E 1Q-TREE K H ffi
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3r — HI ModelFinder 3% B A% 1 2 2 ACBE A . 56T D
W J0r 45 S ME DU S5 240 2 TVM + F + G4 S s AR
BAL, TECERRE BRI R R RSRIEW R AR T
H B(E2) . FERGRKBW D, & /1L 4 J8 85

—
T

KA TR, H R R 100% . Hor SS JE 5
TAE B — A~ R 1 AL TP FITS =A™ J& BE A4 1 53
lr —ANFFR . TEAL TP FITS 352 2 NHE, TP 5 TS Ji it
G K F i, SAH IR A (UFBoot = 100) . AL J&

Tajima’s D
(e

_2 - i
PRSI R, JE A 19024 A5 HAR A (L1
B S THAL eSS  HAET FmTs AL JE B 0 H A A TP R TS Ji B ) JE B Wk B
JE: ¥ Population (UFBoot = 100) , 1fif J9016 ,J9017 ,J9018 Fl J9023 %
B1 AEEE Tajima’s D35 B4, 55 TP TS S R I 53 3T A B 1

Figure 1 Distribution of Tajima’s D among different populations

(UFBoot =98)

1251 Outgroup
G3879
G3878
G3877
G3884
Gasss || #heE SS
G3882
G3885
G388l
79024
19021
19022
19019 )
9018 [ XTI AL
19017
19023
19016
G3746
G3745
G374
3749
83748 R TP
140124
G3750
G3743
J1522
31520
J1517
e I fesi TS
71508
31523
31507

TR ER A 25 SRR (UFBoot) o 2 A FEM KSR B — o7 i AR RE B BRI R 0RO 0. 10 ik & 2 Vb R I h 382856 T 2008
4F 6 H BT S VBRI b o

The numbers near the nodes represented the ultra-fast bootstrap support rates (UFBoot). The scale bar in the bottom left corner represented a substi-
tution rate of 0. 1 per site for nucleotides or amino acids. The photography of Turpan wonder gecko was taken by GUO Xianguang from the Turpan Desert
Botanical Garden in June, 2008.

B2 ETFTSNPHEMNRZREN
Figure 2 Phylogenetic tree based on SNPs data
2.5 BHAES RS MR K =1~9 Mg ie ity 8 (K 4) . K 4n]
I3 TR, S K = 206, CV error SR, WIS UL, 34 K = 20, SSAA UM IE sl —F% , TP AL A1 TS
AR 32 AR Jy 2 B R RO RS R . AR R A R S R G E M (K 2) Fr 2 L)
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SR — B SR SRRk R U R B AT AT A
AR PR35 A 4 A

1.7 1

A& IFR R
CV error

3 AE K{EFTX R 3R X IERIR R

Figure 3 CV error corresponding to different K values

FE T 90 543 4~ = Ji i SNP 37 A5, X 435 32 17y
FEARIEAT E WA o00T o 33 104> F 053, Horbi
34 E W 4> (PCL, PC2 F1 PC3) 4 5T #ik 3R 43 51 N
32.19%. 11.51% M1 9. 41%, = ¥ 2 i 57 #ik % ik
53. 12%, RE M5 45 4 Hb AR 2 B0 A 1) 1 B2 st 1L A0 S 4%
¥ PCAZESATAL (K15) Bon , PC1 AT I8 B ks SS
JE BT B R HASRE R TP TS AL =4 8 B 43
B9 PC2 ADKE TS M TS-TP-AL & #f b /3 B ok, (H TP
5 ALASA AZ Rl PC3 W i — 200 TP 5 AL 3 JF . 25
BHTE , T 5 M D\ 22 4 3 A% 745 S v 2 TR o
5B B YRR T k&35 V0 52 4 A 1 33 B 1) it %
KEGHREE ., 28RS RSk E W Admix-
ture 73BT 45 SR 5 BEW) A, 2L W] S RE SS B RE kST, TP
TS AL =/NHE AL 8T E 3 A 38 A6 A J=) o

T AL

#3 SS

A FRBUEAREA R 38 4, K (E AR RS .

7% TP

FE3Ei TS

The different colors represent different genetic compositions, and the K values represent the number of clusters.
4 BEBEEEUIWER

Figure 4 Results of population genetic structure analysis

3 Wit 54iR

L 2RV R A R e 7 v AR R 8
e S RS IR HAFR AR ARG Tk
(R ZH SNPFRIC , B IR R GL VAL T ik 8 25 70 18 14 35t %
ZREPEIUIR . SR BR BRI R 4N B R
PR W 2 45 BE R T B A BE . X R 4 vl RE U
T R R S B A R At s
AR B0 I A BT B AR R AR T UGIR G rT RE

S B 2 A A A S I - 2 AR i T AR i R
o, 2 B ERE  5AE s A I ZR A AR A
MAEREARACP RS TR R 245 . — =,
AR 1) 35 22 I R T R A T R Y A I N v
it R A = R L R DT s A 2 HAR
e S T P2 SR A R AT ol o e v PR R
A BRI A Z FEEAK R T BB Z0 N I PR 22 5
K S B YIMI G . Tajima’s D H P46 625 5 ¢
B 2P AT RE 20 T AT A A R A S 4 1 kA7 2
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Figure 5 Principal component analysis of Turpan wonder gecko based on SNPs data

A T R A AR S S sk Ak D R A R 9 s T
MR BAGRIE o BRI EAR S-S B R | JE R ]
IACFRIE 22 S0 i, Horh SS 5 TS JE R ] A 812 404k
K, TP 5 ALJERER oAb i/, S5 A& F R
R SIREAE S S8 B T 7 %) b A7, 9 Y0052 o
] 388 1% 4 A i = 2 R T ek A R R . SS T
RO T A AR, S50 T PE 00 A9 TP AL 2 TS Ji %S
[ETIERE v [| Pt 2 A O G A R S S L
R 2 AR T R B ] T R ) A i R B 9, AT O
VOB RS L e K

WA R G KB W RS AL S5 T, &
PR 35 V0 R Y B A B 1 S &R Ho AL TP A
TS A RBEE B — A2 R, SS TR HE I . X —
WAL S JB 55 7R V4 M B0 A3 5E A% B, 45 A %)
Tl 4 B 1 B AT J A 04 225 18] 23 A AT, 1 067
PREG R OK s % R LR FE R K . 76 AL TP fI
TSR (FHHEB X 2 ) N0, TP 5 TS fE 6 4% 54 R i
T, BOMAHGRAE T AL TR BEARIE A R, R i
mZREE SRR, Bz m R e A
HAT R 5t A% 15 e ol e i AR BE S L O UL
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