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Abstract

P.axillaris collected from seven regions of Xinjiang was analyzed by microsatellite and nuclear gene molecular markers. Based on the PCR

(1.Life Science and Engineering College, Northwest University for Nationalities , Lanzhou,

In order to study the genetic diversity of the endemic species Phrynocephalus axillaris in China, the genetic diversity of 96

amplification and agarose gel electrophoresis detection of six microsatellite loci and nuclear gene BDNF | the software was used for analysis.The
results showed that the haplotype diversity of the population was 0.707 and the average nucleic acid diversity was 0.003 14.The average
observed heterozygosity and expected heterozygosity were 0.52 and 0.65, respectively,and the total Fst value was 0.175.1t was found that there
were obvious genetic differences and large genetic differentiation among the populations collected in the experiment. Comprehensive analysis
showed that the level of genetic communication among the collected populations was low,and there was a high degree of genetic differentiation.
However,due to the lack of samples, it is still necessary to further study the genetic characteristics of the population.This study supplemented
and enriched the basic genetic data of P.axillaris in some regions of Xinjiang,and laid the foundation for the subsequent rational utilization and

protection of the germplasm resources of other species in the region.
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Table 1 Sample information table of P.axillaris

TRE e e v (> 1) s
p RMC oo ek DR R
P : : ZHENE ZHEME
Sampling English Sample .
No. it abbreviations size // 4~ Haplotype Nucleotide
poin ’ ” ’ diversity(h)  diversity(7r)
1 HAR oM 24 0.486 0.001 75
2 ERES MF 19 0.544 0.001 92
3 b ] CL 9 0.806 0.002 66
4 FNH HT 16 0.492 0.001 35
5 il PS 8 0.429 0.001 64
6 - YC 11 0.345 0.001 04
7 WA KS 9 0.556 0.001 70

1.2 E[FZH DNA g9RER  fdi Alom HI B LD 20 DNA $2 I
FIGHEATHEIN AL DNA B 52, JF LD GO g e @
) 1.4%35 R HEE RS FL K EA T DNA (14 58 2k R BEAG T , I
Tk T -20 CUKARARAE 5 o

13 5|¥iHEE R PCRY G RN 4 H-skb il
BUE Tt e pr BRI R, AR A 3R A T Sk b 5 1 045 5
R BT B I 305 0 AT B T gt 3 % e 9 O e

(Pyms33 Pyms39 . PhrS1) ™" U7 3% 31 3 % 0 34 70 i
(PA11.PA36 . PA37) it DR 5I# (K 2) ., PCR KNiiAR K
(12 pL) :5xbuffer( Mg™ free) 2.4 pL.5 U/pL Immolase DNA
AW 0.06 WL 10 wmol/L 5 Yehric L iiF 514 tag F(Fam,
Ned,Vic,Pet)0.09 wL, 10 wmol/L %¢GHR1E T HE5 |4 tag R
0.09 wL.0.4 pwmol/L Primers 2.4 L DNA 4y 2 pL . H4xH
dd H,0 2 12 pL, PCR 4™ 2 Ri 4 fF: 95 °C W75 1
10 min;92 CAEPE 60 5,50 “CIR K 90 s,72 C LM 60 5,5 4F
P92 CAEPE 30 5,63 CIRK 90 8,72 °C 4L 60 8,20 B
92 CARM: 15 5,54 CIR K 60 s,72 CIEfH 60 s,40 MEFF; 5
J5 72 CCHEAH 10 min, 473G 7= Py kAT AR MEEE I B UK, 7R
BERRBAL EEEER By 546 PCR P2 Hik &
I A MR AR MR B W HEA T B A0S UK AT o
4l GenBank /A7 (1) H-Sp bl A% 5 D] (R oo 2

K F-, brain—derived neurotrophic factor, BDNF) #4331 ()5
%15 Sy KJ363410) , fii Ji] Geneious Prime 2022.0. 1 ( www.
geneious.com) 751 ¥ 1T, FIE51 4. BDNF-11F(5'-TG-
CATGAAAGCTGCCCCAAT-3") , #4514 BDNF-600R (5'—
CTGGGTAGTTCGGCACTGAT-3") ., 51¥ 3 Hl F 4= (W
) A EIG e B S [ il b R AR EA T 1
AT, # 7 e fE PCR (KR (25 pl) :2xPro Tag Mas-
ter Mix(dye plus) 12.5 pL.10 wmol/L | FiiE5|91450.5 uL,
#&H DNA 2.0 pL.dd H,0 9.5 wL, PCR Jz i £cf4::94 °C 1A
£ 3 min;94 CARM: 45 5,58 CiBk 45 5,72 CHEM 1 min, 3k
EER 35 Y372 CHEM 10 min, 4 CLRAF. § 34 P2 1.4%35
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Table 2 Six pairs of microsatellite primers information of P.axillaris
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Locus sequence -peal temper-
(5'-3") sequence ature // °C

PALIF 5'-CCAGAGGAGGCCGTTTAAATA-3 (TTAC), 50

PATIR 5'-CACTCAGAGTAGTGGATGTTC-3’

PA36F 5'-CACTTGACAGCTACAGTAGAT-3’ (CTGT) ,, 55

PA36R 5'-GTGTGTTTTCCCCATTCGTAA -3’

PA37F 5'-TTCAATACATGGAAATATCTA-3' (TTAC) ,, 47

PA37R 5'~ATATCCAGAGATAATTTTCAA-3'

Pyms33F 5'~ACTGGAGCAACGGGAAAGC—3' (AC) 50

Pyms33R 5'-CGCCTCTAACTTTATTTGGTG-3"

Pvms39F 5'-GTGACAGTTCTTATGGCTTTC-3' (GAAA),, 30

Pvms39R 5'-“TTGAGATGTTCTGGATTTTGG-3’

PhiS1F 5'-CGTGATCTTGGTCTCCAGTGA=3! (TC),, 58

PhiSIR 5'-GACTACTCTCCTTTGGTTGCG-3'

L4 BIRAH  R56 P TS E i TR $Hs FH GeneMarker' ™
X AR B A S K HEA T HE R 43 B0 A . T GenAlex V
6.5 Fl Popgene32"™* #5243 BT 4543 3 %L ( number of allele,
Na) A3 7K BL (effective number of allele, Ne) Ll 2%

G (observed heterozygosity, Ho ) . ] B2 Z& & B ( expected

heterozygosity , He) HEA[R] Nei” s 35t 4% 2 AL AR LRE A
1R PN AZ 2 % ( population inbreeding coefficient , Fis) FE{A[H]
B35 1% 794k 458 % ( genetic differentiation index, Fst ) | 3 [H i
(gene flow,Nm) Shannon ZAEPEHERL (1) S T5 22 53 Hr (analy-
sis of molecular variance, AMOVA) , | Cervus3.0 % {4 it
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BN 2 515 B & & (Poly—morphism information con-
tent, PIC) , F-3F 47 M it — 18 /A 4% SE 4 ( Hardy — Weinberg equi-
librium ,HWE ) #:56, F MEGA X" H {2 ] 3 T BE 44k 1l )
Nei’ s 5/% 1 2 A9 UPGMA (unweighted pair-group method with
arithmetic mean, UPGMA ) 2254
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Fig.1 Partial electrophoresis results of microsatellite loci PA37 (a) and nuclear gene BDNF (b) in the population of P.axillaris

22 EESHESH 6 X SSR FIHINT 7 b MR
SEFTA 59, 46 (0 25 19 28 3 3 DR B (Vo) A 280 o 3 A
Br(Ne) 4310 5.452 F113.585 A4, FH MM A A1 (Ho) H
G B (He) JARBUNIZS £ B (uHe) BEPUITAS R K0 Fis)
PRIE) 5>k 22 B0 (Fst) A1 3% B3 (Nm) 43 %1 24 0.515,0.650
0.734.0.082.0.175 F13.473( £ 3) o 7 NIk Vb iR 1 2547

WD E AL PA37(a) FNi%EE BDNF (b) FERH 0 8 B i rh 9 BB 43 R IR 46 3R

FENBATAE—E 22 5%, Horh Na i 219709 QM # 44 (7.000
), CL AT KS FEAEA (2 4) o 04T I S0 i 1 A i T2
BN IEAE RV E SR AL, I PALL (VA5 R
¥ Na Ne I He 555 , s AR AE PheS1(3% 3) s wib A M
QM f i, KS RIS, e A RE T, QM R BSR4 &
PE HAT o 5 e 2R (2 4) .

®3 NMHIEARRIEESHYE

Table 3 Genetic parameters of six microsatellite loci

175 Locus Na Ne Ho He uHe Fis Fst 1 Nm PIC HWE
PA37 7.000 4.714 0.257 0.776 0.818 0.668 0.104 1.698 2.155 0.853 ® ok ok
PA36 7.429 5.000 0.324 0.776 0.818 0.582 0.088 1.737 2.578 0.840 ® ok ok
PA11 8.429 5.101 0.407 0.795 0.830 0.488 0.064 1.826 3.673 0.836 EREES
Pvms39 4.143 2.891 1.000 0.653 0.697 -0.530 0.022 1.206 10.918 0.627 ® ok ok
Pvms33 4.286 2.375 0.387 0.541 0.574 0.284 0.155 1.052 1.360 0.583 % %
Phr51 1.429 1.429 0.714 0.357 0.667 -1.000 0.615 0.495 0.156 0.830 ND
SF-H4{H Mean 5.452 3.585 0.515 0.650 0.734 0.082 0.175 1.336 3.473 0.762 —

e * % % ,P<0.001; * % ,P<0.01; + ,P<0.05;ND R s — , FoHLEL

Note: # = * ,P<0.001; = =  P<0.01; % ,P<0.05;ND,not deteced;—,no value.

ST RZHE] BDNF X -3 bl 7 A4~ Fhoie ) st 5 Z R0
0T, EEAFE AT SR EFIRZHEE (R 1) . Bk

OIMT A R Z AR, 95 LB 3 S 14 AN B AL BER T
PG R ZZREE Sy 0.523 , BEAR SR 7R AR PRI [ 04 0.345 ~
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Table 4 Genetic diversity parameters at six microsatellite loci in seven populations of P.axillaris

i o MF

Locus Na Ne 1 Ho He uHe HWE Na Ne 1 Ho He uHe HWE
PA37 10.000  7.538 2.126 0.238 0.867 0.889  0.000"""  9.000 4.545 1.827 0.267 0.780 0.807 0.001"""
PA36 11.000  5.512 2.000 0.208 0.819 0.836  0.000""" 10.000 6.021 2.045 0.588 0.834 0.859 0.000" " "
PAll 11.000  5.238 1.965 0.348 0.809 0.827 0.000" "  7.000 4.781 1.730 0.211 0.791 0.812 0.000"""
Pvms39 4.000 2.952 1.227 1.000 0.661 0.678 0.003" "  4.000 2.969 1.232 1.000 0.663 0.692 0.062
Pvms33 4.000 2.253 0.939 0.286 0.556 0.577  0.281 5.000 2.769 1.197 0.583 0.639 0.667 0.829
Phr51 2.000  2.000 0.693 1.000 0.500 1.000 0.317 2.000 2.000 0.693 1.000 0.500 1.000 0.317
S35 Mean 7.000 4.249 1.492 0.513 0.702 0.801 0.299 6.167 3.848 1.454 0.608 0.701 0.806 0.403

37 45 CL HT

Locus Na Ne 1 Ho He uHe HWE Na Ne 1 Ho He uHe HWE
PA37 6.000 4.667 1.668 0.143 0.786 0.846 0.020" 7.000 4.431 1.686 0.083 0.774 0.808 0.000" "~
PA36 8.000 6.400 1.960 0.500 0.844 0.900 0.112 6.000 4.630 1.655 0.154 0.784 0.815 0.000" "~
PA11 6.000 4.378 1.600 0.222 0.772 0.817 0.022"  12.000 7.314 2.193 0.500 0.863 0.891 0.013"
Pvms39 3.000 2.632 1.030 1.000 0.620 0.689 0.172 6.000 3.015 1.359 1.000 0.668 0.693  0.526
Pvms33 4.000 2.178 1.029 0.429 0.541 0.582 0.255 6.000 3.015 1.359 0.357 0.668 0.693  0.021"
Phr51 0.000 0.000 0.000 0.000 0.000 0.000 — 0.000 0.000 0.000 0.000 0.000 0.000 —
g Mean  4.500 3.376 1.214 0.382 0.594 0.639 0.180 6.167 3.734 1.375 0.349 0.626 0.650 0.526
(U= ps YC

Locus Na Ne 1 Ho He uHe HWE Na Ne 1 Ho He uHe HWE
PA37 5.000 4.083 1.494 0.286 0.755 0.813 0.130 6.000 3.279 1.472 0.500 0.695 0.732  0.010""
PA36 7.000 6.000 1.864 0.333 0.833 0.909 0.079 5.000 4.154 1.509 0.111 0.759 0.804 0.001""
PAll 7.000 4.923 1.750 0.375 0.797 0.850 0.022*  8.000 5.628 1.905 0.636 0.822 0.861 0.046"
Pvms39 4.000 2.844 1.180 1.000 0.648 0.692 0.238 4.000 2.941 1.221 1.000 0.660 0.733  0.544
Pvms33 4.000 2.130 0.991 0.286 0.531 0.571 0.013"  5.000 3.063 1.332 0.571 0.673 0.725  0.526
Phr51 2.000 2.000 0.693 1.000 0.500 1.000 0.317 2.000 2.000 0.693 1.000 0.500 0.667  0.157
SE44 Mean  4.833 3.663 1.329 0.547 0.677 0.806 0.191 5.000 3.511 1.355 0.636 0.685 0.754  0.409
LA KS

Locus Na Ne 1 Ho He uHe  HWE

PA37 6.000 4.455 1.611 0.286 0.776 0.835 0.017°

PA36 5.000 2.286 1.127 0.375 0.563 0.600 0.512

PAI1l 8.000 3.447 1.638 0.556 0.710 0.752  0.017"

Pvms39 4.000 2.882 1.195 1.000 0.653 0.703  0.321

Pvms33 2.000 1.220 0.325 0.200 0.180 0.200  0.804

Phr51 2.000 2.000 0.693 1.000 0.500 1.000  0.317

) Mean  4.500 2.715 1.098 0.569 0.564 0.682  0.489

e o %, P<0.001; % % ,P<0.01; % ,P<0.05;—, JTHUH.,
Note: = * % ,P<0.001; * % ,P<0.01; % ,P<0.05;ND,not detecced;—,no value.

221 FETHTEIRCHEE e, Wb 7 AR AT 0.283~0.728,Nei " s L AHRIEA T 0.483~0.753, YC Al
Nei’s AR FIE LIRS LA S 7 M HERIRI B ERER]  MF Z[RlSEEE B R, KS Al CL Z (AR BHE R B R I

RS M7 D BHEREEHES (T=/) MBEMFEREROE(E=/)

Table 5 Nei’s genetic identity( above diagonal) and genetic distance( below diagonal) of seven populations of P.axillaris

TR Group QM MF CL HT PS YC KS

QoM e 0.644 0.673 0.684 0.544 0.587 0.583
MF 0.441 e 0.635 0.710 0.543 0.753 0.684
CL 0.396 0.453 e 0.703 0.528 0.540 0.483
HT 0.379 0.343 0.352 e 0.657 0.653 0.525
PS 0.609 0.611 0.639 0.420 e 0.563 0.629
YC 0.532 0.283 0.616 0.426 0.574 e 0.569

KS 0.540 0.379 0.728 0.644 0.464 0.564 e
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Fig.2 UPGMA clustering map based on Nei’s genetic distance
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IEHATEA A B (He) |, UERHREAARSZ SR DR 2 52 i /N, b 1 33kt
FEPAPIRAS . T 225 BETT T 58 R (Fis) 7T LA e
HRFR N BRI R, B A RN e TR 22 G
FIE A Bl S RIRR I , 5T b 22 W I Sk v b AR [ A7 A
—ERREE IR I, 3%t AT LA f B T BDNF #4 &t i NJ Al
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WL INAE R G AT AR YRS )y I AF S ) E R 1132
W B0, T A DR R A R A 12, B S b o =
(A (5 ., TR B BDNF 35 R SR 5 3 v i ol
BRI FhRIC , RERSAS B F= 5 i 255 . JLF BDNF L[
SRR ERE (NT) R RAUSR L (ML) Fg L ) 2 FhifEfb 45
JUTF 30, 3 HT v 0, A2 Sk v iR e v, 7 A Hl X
95 MFEAITE 1 K433 1 W AT Hb X 5 [w1 T (4 i 3nl 0 1 L
TSRV i 5 2% O R Bl , HLAR R SRR 40 0 HH b X )
W3 P TR AACE ) — K 3, 5 2 1 3t A% B 4 2 ) UPGMA
PR R 3 — 3, L 22 [ 2 5 A7 A R DR S8 B A 1 TS T
ARt —2B T
3.2 MHEIbHTEHMEIEE S FIBREEN  BE LS P
KA R 1 R TE 2504k, e/ MEh 0 A FEARR]
Tl FESZBRBFFE Y, Fst 78 0~0.05 I, 32 B Rh LA ] 11
BHE ST AKCEARMR, W] LIS 18 78 0.05~0.15 B, SR IIRE
PRI 3815 73 AL KA T P SRR B S 7E 0.15~0.25 B (AR [a]
FEAEBR 3845 504k 50.25 DL E I REVR 6] s A7 R AR K A%
SMER S SEIFTAR AR T AN SR SRR A 18] 38 15 2 Ak FE Bk
Fst 4 0.175, 57 F )7 2% AMOVA $45 4 W 38% (178 St A7 45 T
FEARIE] , 62% 11728 St A7 AE T HEUR I8, 28 BB 9] 77 45 v 450
R BB 1k
4 Zig

Wl FH 2 59 PCR K By HR A JE v UKk 1) 7 %, fi
H 6 Xt 2540 BDNF 3 BRI Xt H s i X 7 A 36k v i
BRI Pt L 2R T . BFFT R B T A3 i A TE 6
AR A A8 R EAME S 0.082, Shannon ZFEEHE
R 1.336; A5 /A FE AN 0175, SEH R AE N 3.473,
F B [A135 4% 3 TR TR, AA AR5 o R JEE 1R 38t A% oAk s
PR BAAG I ZREPETE R 0.345~0.806 A% TR 2 REETE R
0.001 04~0.002 66, Hii & [ -3 10 R AR fr) ik 1 Z2 Ak
T KT BRI 135 A% A 3Z A B RS RE ) R b 3 R 5
SRR R, o X [ P 3nk v AR A T R R R R B 1k
Hos e ZRE TRk SE T .

W3 — VAR T AN R A8 A% A0 1 S 40, b T35k
PRI 25 5 %2 B 32 B AR R T 480", Rkt



%

AR A 2023 £

A

86

Z - 0 o 2
S SE5E .z 8o .
o =S (5l X2 >~ ~ o
a v 2 SRS
Q > Yo~ b
Q T B 7 X o 2
5% fég
% 8 S
2 &
'S'/) ) T S
@ Y&
4 © ©a
o) © o
Yy 2 &
) RS
7S © o
4/,053 «© o
Q. N9
/2 o
Q> Nop 1
Qu e
2 400
Qmzg NG
Qizg (s1®
164
Qmzg ¢
MF34 YCo3
MF36 QM30
HT71 am18
HT74 Qm14
Qms
HT83
MF33 Psgz
WA Psgy
Ps,
N\\:Ag 90
?AA Ry Ssg
Ve "S>
¢ Ao N p‘?aé‘
N e s,
W 773
> o 2
N 8,
(e a© 6’))9
N ¢ 2
N o %4
G
N @ N
S N e %
S o %
F . Qtq v
S Se A (o; ®
S eao 0% 3
T P oo 1008 2% 30
SsEEp 3223 2% 7
SrEgg&s3e
% - 0o @
[T el N L
[ 2o X 0
QG D7 S
b R e,
% % <
5 s & &
D R
I %S O
Ao % s
)>7 o
4 (8]
7>, O o
PR N
7> ©
7 o
725 RN
4, S
7, N
by o®
T2 . A6
Mr3, o) 5
Hrgs “0\07
HTsg we
64
MF33 e
QM6
MF32
MF36 YCo3
S ——
MF38 MF46
MF4 PS90
MFA1 Qmag
MF45 QM14
\Fa8 Psgz
Psy
A9 7
N\“F“’Q rzg
) Qg
A Rss,
\;\(’w » 8
o o b
U S
Ne S N
0\‘\ A S N
('5‘b > I e
N g
(SIS NG
SRS s
NG % %
S N + w\
s L [SCRR <
(S S G P
L5 é‘ & o I
SES58s3n z0 Q% 2% % v
= 8 N nz e
"HESZdRERT

B3 NJ RERER(a)f1 ML(b) REREH
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