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SSR and SNP molecular marker development based on
Quasipaa spinosa transcriptome sequencing
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(College of Animal Science, Guizhou University/Key Laboratory of Animal Genetics and Breeding and Reproduction of
Plateau and Mountain Animals/Research Center of Fishery Resources and Environment, Guizhou University,
Guiyang, Guizhou 550025, China)

Abstract: [ Objective ] To investigate the characteristics of SSR and SNP locus based on the transcriptome for evalua-
ting the genetic diversity of Quasipaa spinosa, so as to provide appropriate molecular markers for the innovative ways of
germplasm resource application. [ Method ] Total RNA was extracted from liver, muscle and kidney tissues of Q. spinosa
to build a TRIzol kit. cDNA library and then the library was high-throughput sequenced by the Illumina HiSeq 2500 se-
quencing platform. Microsatellite searching software MISA was used to screen and analyze microsatellite (SSR) in the Q.
spinosa transcriptome while the software SAMtools and VarScan v.2.2.7 were used for searching SNP loci. [Result]
93887 non-redundant unigenes with a total sequence length of 91352712 bp were obtained from the transcriptome sequenc-
ing of Q. spinosa, and all transcriptome Q30 were over 95.00%. Among the 93887 unigenes, 33019 potential SSR mark-
ers were identified and 21966 unigenes contained SSR loci. In additional, a total of 6688 unigenes had more than one
SSR locus. The dinucleotide was the highest at 25788 and the frequency of occurrence frequency was the highest at
27.47%. The average length of SSR was 35.47 bp. (A/T), was the absolutely dominant repeat motif of Q. spinosa SSR,

YrFs H#H:2021-03-28

ESW B : soNARHE TR H (MRS 4 (2019)2344%)

WIEE : 327 (1986-) , https : //orcid.org/0000-0003-0863-1176, -1, B 7 , =2 M FH K = s 3558 5 80L& FhiF o8 DA,
E-mail : chendunxue@126.com

F—EE B9 (1996-) , https : //orcid.org/0000-0003-2423-1375 , BFFE 7 111 F 7K 4= S W) & Fh 40 F-FRiC I & , E-mail : 994459261
(@qq.com



<760 - BoA Rk F R 53 %

accounting for 65.51% of the total SSRs, followed by (C/G),, (AT/AT),, (AC/GT),, (AG/CT),, (AAT/ATT),, and
accounting for 12.59%, 5.66%, 5.55%.3.31%, 1.55% and 1.30% of the total SSRs, respectively. Among the 33019
potential SSR markers, the times of repetition was mainly between 5-25 times, accounting for 99.91% of the all SSRs. In
additional, only 1633 located in the coding area. 17244 SSR loci whose length=12 bp accounted for 58.53% of the total
SSR loci. 120 pairs of SSR primers were selected to verify the validity of the primers and 57 pairs of primers amplified a
single band, and the band size was as expected. 87634 SNPs were identified (56300 transitions and 31334 transversions )
from mapping sequencing reads to assembled unigenes, the transition/transversion ratio was approximatelyl.80 and the

frequency of base transition is higher than that of transversion. [ Conclusion ] High-throughput transcriptome sequencing is
a feasible method to develop SSR and SNP molecular markers, which can develop molecular markers with universality,
large number and wide coverage. Q. spinosa has a moderately high genetic diversity, so it can be used as germplasm mate-

rials for further development and utilization.
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(R E L) Fhric & RSN A =S 5+
A N T A T S B A T B, i A Y
S FAmCiE Tt L 2R ol R Rk R A AU
R ETRE I & 5 A1% A (Gao et al.,2012), HHT
M Fhrid EEA A (SSR) 4 Firid &
K ¥ 9 A5 2 (EST) 43 F bric SR A% AT IR 2 5 1%
(SNP)4rFhric %, SSRFRTH B 751, EE
15 SR B A% U S S RN GR ST R 38 7 5 AR, EAT 4K
WE Tz ¥ e e R MR B
5 884540 5 (Wang et al.,2015) . SNP4I & 7 4
(C/THG/A) FIHEH (C/G .C/A [ T/AMIT/G) 2R AL,
HA % ]y 2k 4 35 K 44 A 1 R 1
(Trick et al.,2009) , J& HJ2 4 it X A9 SNPAZ i, 1] fiE
X D RE AN PR Rk = A AR e, )z
T-Bh¥)im 1% P (Garrido-Cardenas et al.,2018) .
U, FF kR FAnic A B IR OR 3 5 B8
I IR A 4 sl VR FH o (i A IR e ) B 4 e
ST LI B AR 1) 32 2 1 S G AR R A BT AT,
JH 38 0 — R SRR K i A SSR TSNP i
BRI . KT B SE T, Gao 5 (2012) 3 1
I SR 2 Iy [) 7 208 3R A5 AT 3k 5 ( Megalobrama am-
blycephala) YJSSRFISNPA £ ; Li5F (2015 ) 4o /558
P42 4 K 8 B Ve 8k (Paramisgurnus dabryan-
us) 1151061 W 7E SSRAV A5 ; Zhao 55 (2019 ) 3 12 [
BB A LN T3R5 F i (Morone chrysops) s s 2H AL
P, ARAF1 387241 7E SSRA A5, , H e i e 45 1) 574~
255900 5 Yafiez% (2020) il ad FEH AL TF & e B %
e (Oreochromis niloticus) 15000 & Jii 72 SNP{/
R IEFIH SNPA S X e B % E itk AT AR 4y 2
A, 522 K= 5h ) B SSRAISNPA i 1438 o e
D FPE AR BT A, WNEF5E B D1 (Patinopecten yes-
soensis) (RIS EZE | 2018) | Ta Ak 4 L i% (Whitmania

pigra Whitman) ( 88 B ] 55 , 2018) | £ #& 7K Jy fifi

(Takifugu rubripes) (Pandey et al., 2018) | 58 W fif
(Siniperca chuatsi) ( INIEE AR, 2019) | I 405
(Cheilinus undulatus ) (XL P55 ,2020) AR E
(Eriocheir sinensis) (1R ,2021) Sof1 5L (Epi-
nephelus tukula) (Hsu et al.,2021)%, &4, B &M%
F18 R A7 248 M A 720071, FLAT 50 o 11 ik P 5 4 ik
(Mable et al.,2011) , H P2 5% 248 i fE iy
JUE (Silurana tropicalis) (Hellsten et al.,2010) F14E
TN (Xenopus laevis) (Borodinsky,2017) . 4%,
X 2R A A W) T AR BT A RS, PR tsa 1)
T BB I AT 91, IS R O
I35 R AR L5 s S £ (Savage et al.,2014) [ ASHF
FEUIA B VB i ( Quasipaa spinosa) 3 J& T H K 3l
Y11 (Phylum Chordata) M##§4% (Amphibia) #F} (Ra-
nidae) )& (Rana) , KIS E S F20 MR
] 5 M B VTP 45 X (Hu et al.,2017) , KL R4
ATTERR R , B w8 RS A S AN R AR 1D R 1Y)
FElo P20t 22 8OAFEAR AR TR I %o R oy ek 14 7 A
T-#%4# (Chan et al.,2014) ,{H T332 58 50 7 A B
S, 2 EBCE AR 2 7258 5 77 58 10 N def I 2l ol
(Ye et al., 2013 ), PRI bt iR A5 %o A e 35t A% 75 e A 7
BRI, R H N T Fp R I8 2 ot fe i =
AR o (UL e 1) Dl [ 01 ] 1) ) B 3 A 000 i e
SSRANSNPAL kL, AT HAZ IR E 2 2RI I 781 o3 Afi
FRAIE , FFH) FH BT 0 358 1Y SSR 5 | W 78 51 it ek 3% B A
P HEFT SSRAV S K UE , I & A0 TF-hric H T F
W N ek 35 4% Z2 R Sy AN BT e IR ) BRI R
HERE A
1 #REFE
1.1 Rgesr

AN ey ) 2 S SCTT S N X G &
AEFRGE LA VERE SR I AN TETES R AT
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LA S iR R e . 2 MS-222 K
AT AL 3 BCHE A LR R B3N 2H 2, #2232
— AT REALAL G AR AL 3o R A AR A
%M.
1.2 RNAREUScDNAXMEME

K H TRIzoli | & 2 HUZH 21 RNA , F1] FHNano-
Drop 20003:1 FRNAME FE R4l FEARSIN , 1.5%Bi g piee
JiZ FL Uk HEAT S HE PERS I, Agilent 21009 5E RINAH
AT H A Oligo(dT) FIREER MUERNAH 73 B HimRNA
Jin A Fragmentation Buffer’$ mRNA Ffi #1724 5 4 A
BtJE , DimRNAH AR HEEHLE |9 5% & BicDNA
55—k, R IEAN I FA BcDNASE — 5k, P iR
Y XUBE 25 4 5 B 5 Tinploy (A) B8 B 1% #%2 Adaptor, X}
4% Adapter il P= W A T 4lifb FN - B4 ik , 4 TPCR
1, A5 B e & Y cDNA SO . cDNA S
R A8 5, Z29E 153 LE W B 25 BHE A PR )
FFTllumina HiSeq 250030 5-F 5 24 7 g i i 5
1.3 HIEHH

F] FHMISA (https : //webblast. ipk-gatersleben. de/
misa/) JEATSSRAG 2R , 15 SSRIK i 16 25 12 by 2R 1 R
FEWE10, —HHFREZREE6, = U 1 <
R R E=5. S MRLiM Dewey (2011) ()57,
FIHISAMtoolsFlVarScan v.2.2. 73EF TSNP
2 BRE5HMH
2.1 FREQEEFRANFRSSRIEELER

300 380 R e JEEE L JUTL PRI R P 2H 2 A T SR
M, AT A PR N1 3e , L3R 1593887 4k
JUARFE (Unigenes) , 781 B K 1591352712 bp, H.
JIF A 55 5% 20 Q30 148 1 95.00% , B 3k 75 4 - 1y )
JP45 R, 7E 3151193887 45 Unigenes H it K 7471 35
50351 bp, N50 Jy 1434 bp, K & K973 bp. 7
938874k Unigenes & #133019-4~SSRs, H: 1121966
2% Unigenes &5 A SSR, 6688 55 Unigenes &5 A #1114~
SSR, 35602k Unigenes 75 A & 22 JSSR (1) .
2.2 FREIEESSREE RBINSITER

WK 2 AR319330194 SSRs# T 52 2 I #4743
K, MR ER B HRER TR

R 2 MEESSRESXBFMBESETHAMSTER

R 1 BREEFRATHSSRERER
Table 1 SSR search result of Q. spinosa transcriptome
& H Category izt Quantity

42 Unigenes M E0(5%) 93887
Total number of unigenes examined

4% Unigenes 51 1< J% (bp) 91352712
Total length of unigenes examined

SSR L () 33019
Total number of identified SSRs

£rSSRffjUnigenes%k H (5%) 21966
Number of unigenes containing SSR sites

kR 11 SSR 1 Unigenes# H (5%) 6688
Number of unigenes containing more than 1 SSR locus

2 4 RISSR 1 Unigenes$ H (4%) 3560

Number of SSRs present in compound formation

BE UETRER HETREREMAETIRER
6P AL, Horb DL AL R R AISSREU I £ | ik
257884, HH BRI (27.47%) , SRJG R — A%
R 2 ~75 A% 1 R J5 2 B SSR, HA B 58 53 51 Ry
5.12%.2.16%.0.40%.0.02%F10.01% ( $2) . SSRI¥
SR DAV R A R R K, 3535.47 bp, SRR
MR A A AR B A (33.00 bp)  TLR IR 14 AU
(25.83 bp) . _#% R fE &2 4 (18.57 bp) . —#% 1R
FEM(17.41 bp) MR EZ R (12.19 bp) .
TEJTA I SSRH AL & Bl 60Ff 81 42 JL ot 2 51|, LA
DU IR A F T i & , iR 28F SR ISR U %
R EE A2 BT 11 =A% T R E R FE T 100 SR
A ILIOSH AT IR LA Rh SR TR E S
Feor2fh (1) o 7 PR R 55 2 1 28 3 T 28 il
B R A R AIE 25 5 B 8, SSRI L 4 &2
JC N AGAT/ATCT, o7 PUA% H 2 85 52 FE o6 1927.28%
(#22),MAACT/AGTT .AAGT/ACTT . AATC/ATTG .
AATT/AATT ,ACCG/CGGT ,ACCT/AGGT . ACGG/
CCGTHMAGCT/AGCT4 8 48 Hor AU PR 1K ; L%
TR SR TR E R I e/ A B3 4], AT IR
FE P LIA/THEHEE T, FRETIRESR
FEITI83.88% ; I 1T R H B 3T T B CG/CGAL H
B9 AL, H A3 A 0 o A B 2) [AC/GT
(18341% ), AG/CT(1094¥KX ) , AT/AT (18701%) ], LA
AC/GTAHEAE L 0 (38.15%) ; =R d 42
JCH A AT AN E T, DA AAT/ATT A 3 i 58 500
(25.23%) , L HE HBIS 121K, SR 5 KK SEAGG/CCT

Table 2 Composition analysis results of SSR repeat motif types and dominant repeat motif of Q. spinosa

T2 Repeat type

SSREH Number of SSR K& (bp) Average length HFS7% (%) Frequency Hi#' % 35T Dominant repeat motif

AR Mononucleotide 25788 12.19
—}FFER Dinucleotide 4807 18.57
= IATFR Trinucleotide 2029 17.41
PURZAFER Tetranucleotide 371 35.47
FAZ%FBR Pentanucleotid 18 25.83

SR Hexanucleotide 6 33.00

27.47 A/T(83.88%)

5.12 AC/GT(38.15%)

2.16 AAT/ATT(25.23%)

0.40 AGAT/ATCT(27.49%)
0.02 ACCAG/CTGGT(27.28%)
0.01 AAGGGG/CCCCTT(33.33%)
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(429K ) \ATC/ATG (276K ) \AGC/CTG (268X ) .
AAG/CTT (1827 ) .ACC/GGT (169{X ) .AAC/GTT
(787K ) .CCG/CGG (74K ) FIACT/AGT (341K ) , EE
YRR D IR IC W ACG/CGT, AU BR7IR . B4R 1]
T EESSRUA (A/T) R 4 X #5230,
&L SSR Y 65.51%, 88 J5 I A (C/G).. (AT/AT),.
(AC/GT)..(AG/CT),.(AAT/ATT),.(AGG/CCT).,
235 5 A SSRI12.59% .5.66%.5.55%.3.31%.1.55%
F11.30%.,
2.3  BRAQHESSRAL M 7E Unigenes B9 7 - AE

$330191>SSRs7E93887 4 Unigenes #4148 %
KXo #4558 (1E12) KA 53 SSRIL T A
FE XK (190754 ), HUR A F3' 355 (67194 ) Fl 5 Ui
(20324 , TE 4 XA & P 16331 SSRs.,  7E 16334
SSRsH', LIFAR T TR IL A M = AR EE h £,
I35 R 679 F16304™ 5 7 4 i X3 H B 4 &2 4 7
SSR(1354),
2.4 WREQEESSREEXRE S HIFER

SSRE R WS HE F B B AP E—E 51

25000 -

AARHIE , 2581 2 B0 M ek SS RO A2 1R 7 &2 8K
Sy ARV EEAES~TSIR, B AR, P H A U
HRES5~25 K B SSR i 5L SSRA999.91%, Ho 8 & Ik %K
(BRSO L3RS
2.5 WRBgEESSREKENFIFER

RN ek e S A PSSR BE SR 45 R o, T fy
SSR i 1K i 1 569846 bp, i % 5% 4 51 4 K
0.62%. BiHIESSRE BEAAAE W] i 25 57, K e 1Y)
10 bp, f K =100 bp, K F , SSRIC & 2L
HERTE10~14 bp (1568.07%) , H SSREE & [iti % 5
HIH BRI 28R %, 0 A 7E15~19 bp.20~29 bp .
30~49 bp.10~100 bp.>100 bp it SSRZ} 4 47234~
(116.03%) . 19501 ( 156.62%) . 12267 (154.16%) I
12874 (154.37%) , H A 2.28% 1) SSR K & # 3 100
bp(E13) . MBAiESSRA & 7£20 bp L L A9 A 5133
A, 5 BSSRIY 17.42%; 1M K A T 12~20 pr’JSSR
121114, (5 ELSSRI41.11%; K =20 bpfifiz s 3t
11172444, /5 S SSRAY58.53% , Ut W i ffa ek ELA wp
JE e 1 e B B 2 A

21631 A
[}
£ 20000
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Repeat motif distribution in main bases of SSR in Q. spinosa
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A :Mononucleotide and dinucleotide ; B : Trinucleotide ; C : Tetranucleotide ; D : Pentanucleotide and hexanucleotide
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m A58 X 18], Uncertain area ® ¥ Dinucleotide

m 3" 3'end B =2 Trinucleotide

= 5% 5" end ® PUIZF 2 Tetranucleotide

= 525 ISSR Composite SSR = [{ %12 Pentanucleotid
B ER Mononucleotide A% R Hexanucleotide

6719

/

/— 630

oy
2
/L 1
—1633 —> <~ 135
6719 —

2 FREGEESSRAL S TE Unigenes B4 FrHHE
Fig.2 Distribution characteristics of SSR loci of Q. spinosa in
the unigenes
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2.6 FREQEESSREVFISIIE LR

iz 25 Bk A R T A N AR 2% A AR B S
196 % SSR P i 17 A1 B =50 bp 1) 5 51 E 47 51 953k
T, BEHLPE e 51 I 1531500 %F SSR 51 497, Pk ik Hop
(1206 SSR A 75 | A A5tk itk o LASA i
BEFR IR A L 2L DN A MASAIE AT PCR Y 38 Al |
Ytk , & 1205 SSR5 |4 Hh A STX 5 | 4 3
H—Z%aty , A KNS BUEs R—8, R4 MR

£ 3 BIESSRES RN HIER
Table 3 Distribution of SSR repeat in Q. spinosa

~ 25000 -

2 20053

< 20000 4
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£ 15000 -
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Fig.3 Length distribution of SSR in Q. spinosa

SSRG | W FE SR ik A A b g 47 14 22281
2.7 TRAGEERE R LH R SNPRIFFAE 2 #7245 SR

XoF R e 7 SR 2 3 91 E AT SNP A R, At R
87634 1~SNPs([K]4) , &AM #1042 bp)Fail2s i B
1/NSNP., 7RI 2345419876341~ SNPsH , 563001
SNPs/J& T #0715 . 313341 SNPs)@ T B 7 15, 1%
e/ L 15 1.80, LAA/GHE M) & AR B,
SNP S A 11432.26% , FUR & C/THe 4 , i SNP Sy
31.98% , HAx4Fh A5 27 (A/T . A/C \ T/GHIC/G) 53
5 5 SNP BEL 1 8.1% . 8.84% . 8.40%F110.39%, 27}
AR SR (A/GRIC/T) 3 a8 T it 4280 | i 9 /9

HITUH FRHRELA  THEHRERL CHHRELE OETRERR ITRER A AEHIRE A

Repeat time Mononucleotide Dinucleotide Trinucleotide Tetranucleotide Pentanucleotide Hexanucleotide
repeat type repeat type repeat type repeat type repeat type repeat type

5 1188 124 13 2

6 1839 448 93 4 2

7 943 220 18 2 0

8 542 105 15 1

9 270 18 19

10 9410 196 15 9

11 5391 172 5 7

12 3548 184 5 10

13 2196 56 3 10

14 1548 63 8 12

15 1051 66 3 8

16 685 53 3 12

17 483 60 1 6

18 343 36 2 8

19 225 42 1 6

20 190 47 1 7

21 153 45 0 3

22 99 32 0 0

23 116 33 1 4

24 70 27 1

25 26 12

26~35 201 83

36~45 37 6

46~55 10

56~65 4

66~75 2
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Table 4 Amplified polymorphism of some SSR primers in individual Q. spinosa
G5 R TS iEL2d SSRZEHY 1K (bp)
Number Forward primer sequence Reverse primer sequence SSR motif Length
1 5'-CTGGCGTTCTTCTTTCACTT-3' 5'-CATCTGCCATCCTCCAACTC-3' (TA)» 210
2 5'-TGAAAAGTAGCCACCCTCCG-3' 5'-CCGCTGCCTCTTTACTTACTG-3' (CA)a 315
3 5'-GTCAGTAACACGGTCAAGGAA-3' 5'-TTGAGGATTTTGGAAGTTGG-3' (GT)e 391
4 5'-CTTAGATGAGTTGTGGCTGTG-3' 5'-TAATGAACCCCAGAAGCAAT-3' (AC)x 203
5 5'-AGCACCAAGACAGGTCCAAA-3' 5'-GGTGTCGTTTGTCTCCAGTCT-3' (TG 281
6 5-GTCATCGCAACCTCCTCCAT-3' 5'-CCACCCCTTGACACCTGAAA-3' (TCT) s 231
7 5'-CCTCCTCACCATCTTGTCTTG-3' 5'-CCTGCTCTTTATTGCCCCAT-3' (ATA) 1 264
8 5'-AGTATGTGCTGCTGCCTTGG-3' 5-ATTATCCTCCCTCCTTGCTG-3' (TAA) ;5 318
9 5'-ATTTTATTTGGGTTCGGAGGC-3' 5'-GTCGGTAAAGTTCGGGGATT-3' (GAT)s 206
10 5'-TGATGCCGTTGGTGTCGTCT-3' 5'-TCGTTCCTGCTAAGCCATCC-3' (GGCA), 242
11 5'-CCCATAGAGCCTTGACAGCG-3' 5'-GGGGCATAGAGGACGAAGTG-3' (AGGC), 203
12 5'-GGGAACGCTCACTGTCTGTC-3' 5'-TTCATACCAGCAATGGACTAAG-3' (TCTA ) 217
13 S-TGTTCTCACTCTGCTGGTCC-3' 5'-GCCACTGAACAATGGAAAAG-3' (ACAT ), 174
14 5'-CCTAACTGGGTTGCTCACTG-3' 5-GGTCAGATTCCTGTCCCCAT-3' (AGGA) i 179
15 5'-CTTCCATCAGCCTTTTGTCG-3' 5'-AGAGGAGGAAGGACAATGGG-3' (GTGTG)s 267
16 5'-TGCGTGCCTGTAAAGATGCC-3' 5'-GTTCTCAACTGGTGGGTCGT-3' (CACCC); 330
30000 28026 28274 2018). A UL, SSRIYIT & Sl P IR % UIFH G . A
25000 AF 5 308 3 0T R e e JUL P IO AR A 3 S 4 94
Lz FE Gl BEAT I SR P , A7 1) K B 18 91352712
— 20000 4 N P
@“é bp., H AT A % 5% 41 Q30 ¥ i i 95.00%, i % 3K 17
3 Q
= £ 15000 { 330191~SSRs, HAT B 1IN P IR L, Ul Y 17 5
7 9102 . — y . .
“ 10000 7125 7750 7357 ZH I % A A5 1 SSRAEL AT B i 1) 3 55 1k AN AT AR
5000 - m [ m BEo AR, SSRATHTIR B HE SHA—FE 35
CT AG AT AC TIG CIG FSSRIWIF K . fE B4 (2018) HEAT v M 4 L g
%45 ( Transition) B ( Transversion ) SSR’fj sy %kﬁf&ﬁjﬁﬁﬁﬁ@ﬁﬁg> 13, TR

4 MR REARSNPHRBERELYE
Fig4 Types, numbers and distribution of SNPs in Q. spinosa
transcriptome

AFPERH ST T 5 EAIAAR T 15.00% , RIGRIE (1) 46
A S e T AR
3 it
3.1 MFRESFEAEITSSREFES # i =2 0
Kﬁﬁ{ﬂ] 4 AR 1) S B L A () R AIR , B ek
22 MfF 5% A ok 3 A 0 3R A K P Sl 4 1) SSRAV. 14,
(Zhang et al., 2014- Li et al., 2015; Pandey et al.,
2018) , {HIM > 18 & Xt SSR 4 FF & HL AT ¥ B 52
Pandey 5 (2018 ) i 11 £1 6 A< Jy il () 4= 35 K 41 )7 51)
& 13905715 7E SSRs, (HAMFE LT (2014 ) i@ 1 EST
J¥ 51 45 $ AN & 81279141 SSRs ; F 85 %5 (2021) i i
it (Cyprinus carpio) =5 R 2L 7 33815837004
A~SERESSRs, 1M AEAFAE (2016 ) 18 1 % S AL A
RA1F136521SSRs; I8 K EF (2020 ) X A= bR i)
PRIZH I Y e 7925501 WE FESSRs , T AE 5% s 4 7 51
H A &% 308301~ 7 7E SSRs , 7 [H) J& T WA 25 A1 Y
e e R AR A 5T A AFAE SIS (Xia et al.,

H I >6; IMEMRAE (2019) P17 B SSR I & B 152
AT RERE =13, “HHIRER >7IR; 2585
(2015) 7& H K& & 8% (Paralichthys olivaceus) SSR v
i, ST PR S5 (2018) FF A MR 3 B D1 SSRAVE s B I A
GOt ER . RFEGITIrik»nsk S 8dm s
ST ISSRE A T 225 . ABFFT T BRI E A
PARGHTR T >0, — A TR F R I E>6.
3.2 WREQEESSREES XA 545 i i

AR R SSRAE 4347 A I A7 4 I 8 22 5+
(BZRNEE,2012) o ABEFEH, i DU SAAZ T IR B A
H 3, i8257884, I UM H27.47% , HLIA/T R
(83.88%) , {H H T A% 11 IR 85 & AF7E—LLpoly (A ) Bk,
LA, BG4 S B 22 , BrE e A
FEPHHIRES . A MRS, SSRE = i &
KRB (2R 5245, 2019) , kA =
(1) ) o 38 5 A7 76 38 22 AR 4% &2 5 90 (Harr and
Schistterer, 2000 ; XL 45, 2020) . £ b O
FEAAATIR) D TR E R R (48074>) , HBR
S PR R )5 T AT SSRIV66.48% ., HIR 1 =#%
HIRES , WEHIRER AR EE MR
HR M IRREE D . e E K (Andrias davidia-



34 INFH . A TN IESSRASNP T ARIEI A < 765 -

nus ) WIBFSE Hh & DR T IR B2 0 1 SRS U
TR TR S A =A% AT PR # 5 (Huang et al.,2017),
H I BESSRA A ) /D LS, AT RE S5 )7
GRS AL 146 56 (Jo et al.,2021) . 7E K6
Al Je Bk (Li et al., 2015) 4R 85 (Pampus argenteus)
(X755 ,2016) X E L6 (C. carpio var) (546
%,2016) Mk 2R fa (XL, 2020) %5 a2,
RIS BTN E 22 50 (R 48,
2013) , ZE[FA PR b /NS (Hynobius chinensis)
H L =A% R E A L IR 51 (Che et al.,2014),
HAF=shH T 2 AFAE U S (Zhang et al.,2008;
Bai et al.,2009; {52~F1E45,2018) .

HE— 5 53 M ek SSR AY P 34 i 42 Kot , kK
THATIREE F LLAC/GT AL E & HoT, MiGC/
CGHER MSSRED AVEL M IMOW . v E KB
SSRIFZE & B, 2 I GT/ACH & 204 3 (Huang
et al.,2017) , UL AL HAW K A shPy b b Aa 481,
FLHE 6T (ZEH 45, 2015) VR B8 (X 4645, 2016)
1o gy B (IR AR RS, 2021) 25, {8 7 rh [ Ok R
(Huang et al.,2017) (B S0 f (X BE¥45 , 2020) F1
H A {8 ®F (Macrobrachium nipponense) ( #X 36 45 |
2020) R A IMGC/CGHE R Hot, 78 H i H Al fE &
C=Gal 5 Fa [E , ZTEDNAK Hil i B oA 5 7oA Wy
%, I I SSRAV 15, %% 70 (Zhao et al., 2011) . L4k,
SSRAESE A 74 h B A3 A R A AE AN — 1, 43 A A
FE DA 2 B X % 20 (Rhode and Roodt - Wilding,
2011) , M HF & A T2 i X ) SSRAS 14 X% FF Ji& SSR %5
Fhid R 9T HA 2R L (Wang et al.,2007), 7F
ARHWFFE 75 i XA % PR16331SSRs (154.95% ) ,
HEZDABITRELZ M -HTRER W E VT
A IX Y =A% IR T 58 SSRGS 5 D A6 3% R 2% 1) 5% i)
BN AR PRAIE 35 A% (0 A2 1 |, 38 BE R A S5 A
BRI . UGS A H A 2 rh A & B, P 4L
J& f0 T ALAT 17734 SSRs v T 4 5 X, 15 7.9% (X1l
AR, 2020) 5 76 A8 (Acanthopagrus schlegelii ) Kl
EL ( Pagrus major) H SSRAE g ith X %) Jz AR AR A
B A M 8.5%H17.8% (B " BB 45, 2019) .

3.3 WHEMBEEESSE

SSRHISNP 24 for Wy b 22 51 1 B 2257 A
iC, M52 M SSR 2 A M () 2L 1 R oW R i R
T, 22 PR B B SSR K J — =20 bp, £ Ak
H 25 1 SSRAC B — i 7E 12~20 bp (15545, 2021)
R e Y SSRA i FE EEAE HRFE 12~14 bp, HiHISSREK:
JE R T 12 bptyFE4I 4717244 bp, 15 M SSRAY58.53%,
R e 5L A v B A v 1) 2 25 1, 5 Zheng %5 (2009)

I LR AT H] (12SFI16S ) FEA T I g ek 22 25 B
45 BAFAE 22 5 5 Yuss (2016) 38 1 101~ SSRAV 5 il
LAARCYTBIF F1ALIE B e B 8w st 2
FEPE, BRI RE S T ASBIFST 2 FH %) ol e 57 e e A
SN ZFEHEASRG, TR R E, IR
b B A TR TR

FE T SNPHEATZ 4B, 300 e e 2 SR 24
Hh (R 2 A A Lk 1.80 , FEIZE AEAS /D 2l
AR WS o R A/ S 1.95 (Xt
4F,2020) , A B AL /B LR 2.52 (Hsu et al.,
2021) , ] BB S AN R b A M AE R A sk 7 rh ik a2 1Y) i
P85 1A A % (Zhang et al.,2018) . Ak, fa i
B ST 2H h SNPAY H BUATURAE 25 T SSR, 1 I B TR
A Al BEHE ) e A (XIUEVE4E,2020) o 2 A8 26
RI(A/GHIC/T) ¥ 8 T4 A, C/T & & 15 T g &
T RS E (C ) by 2 HE Rt 22 A FH e 722 o g g g
(T), 51EC/TAE R R AR MTA/G it e 5 PR
H: K AH (Tsai et al.,2015;Hsu et al.,2021)

4 8

I FH o0 368 S A Si 4 0 P I & ) e SSR FTSNP
I FARICRE—F I SE R AT By ik, BETF & H i
B BB L HEMRT A FhRd. Bk R
A R O e s AL 2R T R Rl SR R — 25
FEEFH.

SE Lk

B AR KA, BRI HUAE BRI, R O, W
W e . 2019, S | ELHH K H 2% 58 1Ak PR 4 IX.
TR e 91 B B i - i e o A [T ] P 5198 L 50
(5):1108-1115. [Cao G Y, Zhang Z Y, Zhang Z W,
Chen S Y,Zhu F,Jia C F,Chen Z Q,Zeng H F, Tang X
J. 2019. Analysis of the microsatellite sequences and co-
don bias of the coding sequence in Acanthopagrus
schlegelii, Pagrus major and their hybrid progenies [J].
Oceanologia et Limnologia Sinica, 50 (5) : 1108-1115.]
doi:10.11693/hyhz20190200038.

RRAEF. 2020, T Ry 1 D P AR JUARIE D R AR ICTT &
BEFID ] P P FHIBE K%, [Chi T S. 2020. Deve-
lopment and application of microsatellite markers based
on next-generation sequencing for Rana dybowskii [D].
Shenyang : Shenyang Nomal University. | doi: 10.27328/d.
cnki.gshsc.2020.000539.

BN AR, R R A SRIB A L. 2012, 2150
A BEA 2 PR A AR T ST LT . ) 3h 4, 31(3)
358-363. [Huang J,Du L M,Li Y Z,Li W J, Zhang X
Y, Yue B S. 2012. Distribution regularities of microsatel-
lites in the Gallus gallus genome[J]. Sichuan Journal of
Zoology,31(3):358-363.] doi: 10.3969/].issn.1000-7083.
2012.03.005.

ML AT, EREG TR, XKCE B, X4
2015. 5 5F 6F RNA -seq £ 45 1 SSRAR 1T 19 15 B 70 7
[J]. My, 37(2) 1 122-127. [Li C,Hou J L, Wang G



766 - BoA Rk F R 53 %

X,Zhang X Y,Liu Y F,Tong A P,Liu H J. 2015. Bioin-
formatic analysis of SSR markers in transcriptomic se-
quenceing Paralichthys olivaceus [J]. Marine Fisheries,
37(2) : 122-127.] doi: 10.13233/j. cnki. mar. fish. 2015.
02.004.

AL, hadhe, ZTEM TR B WO BIUK, RS 2019. 2
SR K AR SR ZE SSRAFAE /1A [T ). FEIRIZH 24 5 R H]
W2 ,38(4):1674-1682. [Li Q Y, Zhong C L, Jiang Q
B,Zhang Y,Chen Y,Wei Y C,Chen Z. 2019. Characteri-
stic analysis of microsatellites in the transcriptome of Mi-
chelia macclurei of rare tree species [J]. Genomics and
Applied Biology,38(4):1674-1682.] doi: 10.13417/j.gab.
038.001674.

L, EEBL, DT, R, SO, R skIEAL. 2021, A
i (Cyprinus carpio) &3 A T A A FRAEMFRE [T
B ROl (H SRR ), 44(3) : 103-111. [ Liang X,
Wang H Q,Ma Y X,Song L,Wu C,Li L H,Zhang G S.
2021. Distribution characteristics of microsatellites in the
whole genome of Cyprinus carpio, Linnaeus[J]. Journal
of Nanjing Normal University (Natural Science Edition),
44(3):103-111.] doi: 10.3969/].issn.1001-4616.2021.03.
016.

XUPERE X i A BIRK AT R 5%, K. 2020. T St
I 1 S0 f SSRFISNP 22 A5 RFHAE 4347 [T . B PR 22
50 A% ,39(6) : 2451-2461. [Liu H T,Liu J Y,
Yang M Q, He Y G, Wang Y B. 2020. SSR and SNP
polymorphic feature analysis based on Cheilinus undula-
tus transcriptome[J]. Genomics and Applied Biology, 39
(6):2451-2461.] doi:10.13417/j.gab.039.002451.

XU, W], R RORT , SR REE , HEJE . 2016. 2 THIEERNA-
seqBUHfE Hh SSRARIC Y A5 B M [T . ZBURMLBL 7, 44
(28):102-105. [Liu L,Peng S M, Gao Q X, Zhang C J,
Shi Z H. 2016. Bioinformatic analysis of SSR markers
based on RNA-seq of Pampus argenteus[J]. Journal of
Anhui Agricultural Sciences, 44 (28) : 102-105.] doi: 10.
13989/j.cnki.0517-6611. 2016.28.033.

SR BEHs , BRBRYS 5807, B B, R IR, 2013, AU
P B B TR AR [T ). Bk Y27, 49(12) - 81-87. [Ma
Q Y,Dai X G,Chen Y N,Zhang D F,Liao Z Y,Li S X.
2013. Characterization of microsatellites in the genome
of Ziziphus jujuba[J]. Scientia Silvae Sinicae, 49 (12) :
81-87.] doi:10.11707 /j.1001-7488.20131212.

T R BB , FEAE . 2018, 6T il 1 U 7 Fr R 3k
Fi DU AT AR AE A [0 ], il B2t i, 39(1)
107-113. [Ni S S, Yang Y,Liu S F, Zhuang Z M. 2018.
Microsatellite analysis of Patinopecten yessoensis using
next-generation sequencing method [J]. Progress in Fi-
shery Sciences, 39(1) :107-113.] doi: 10.11758/yykxjz.
20161209001.

PINEEAR, PV, R B, bl el , WGE , I A2 2019, MRS
SRALIN Y 2 SSRETFRCHITF & S R [T ], HEDR 20 2 55 1
JH4:#2%,38(10) :4413-4421. [Sun H L,Sun C F,Dong
JJ,Tian Y Y,Hu J, Ye X. 2019. Transcriptome sequen-
cing and development and application of novel SSR
markers for Siniperca chuatsi[J]. Genomics and Applied
Biology, 38 (10) : 4413-4421.] doi: 10.13417/j. gab.038.
004413.

PNTREL. 2014, 2168 75 Jy fali 4> G i Bk [ 19 A% 3 3k S ArE IR
EST-SSRs/r #r [D]. K% : K7 K%, [Sun S H.
2014. Prokaryotic expression analysis of four immune
genes and analysis of group EST-SSRs in Takifugu rubri
pes[D]. Dalian: Dalian Ocean University. ] doi: 10.7666/
d.D495822.

RERAE, E0his , manfE, EAEE, B, 1R5E , EAL. 2018,
Vi A4 2L R 20 SSRIF S FFIE S BT B A FAmic F &
(], B Ak 2441, 49 (11) : 2298-2303. [Xiong L W,
Wang S B, Yue L J,Wang J G,Tao G Q,Xu L, Wang Q.

2018. SSR sequence characters for genome of Whitmania
pigra Whitman and development of molecular markers
[J]. Journal of Southern Agriculture,49(11) :2298-2303.]
doi:10.3969/1.issn.2095-1191.2018.11.26.

RN BB RO RSO B A, BN, 3, PR kL.
2021. THRGEE (Eriocheir sinensis ) 23R40 T2 4
A RFAETTE ()], D 20 2 5 0 IR, 40(7-8) - 2422-
2429. [Xu J J,Bi Y H,Cheng J H, Xing X M, Ji J, Wang
T,Yin S W,Zhang K. 2021. Study on distribution charac-
teristics of whole genome microsatellite of Eriocheir
sinensis[J]. Genomics and Applied Biology,40(7-8):2422-
2429.] doi: 10.13417/j.gab.040.002422.

W AT HE 2%, KAt 287, AR, 2021, BEREAERY e %
LISSRAZ A BT[], 73 THIW & Fl, 19(10) - 3383-
3391. [Yang Q,Fu Y,Liu Y L,Zhang T T,Peng S,Deng J.
2021. Analysis of SSR information in Bluebery pollen
transcriptome[J ]. Molecular Plant Breeding, 19(10) :3383-
3391.]. doi:10.13271/1.mpb.019.003383.

AR, B0, RITA W, 7 IRAS , 01128, 2016, KL T4 5%
LN T 0 0 [ 20 TR A iR e [T, MK eIl L 46
(1):24-28. [Yue H M, Zhai Q,Song M Y, Ye H, Yang
X G, Li C J. 2016. Development of microsatellite mar-
kers in Cyprinus carpio var. singuonensis using next-ge-
neration sequencing[J]. Freshwater Fisheries, 46 (1) :24-
28.] doi: 10.13721/j.cnki.dsyy.2016.01.004.

BRI , RZTAG , FLAEHS , = AH L, . 2020, HASTHEFZ 254
FRiC i i b A B AL 45K 23 BT [0 ], K Bk, 39(5)
639-648. [Zhao Y, Chen H J,Kong W Y,Ji X S, Wang
H. 2020. Screening of polymorphic markers and analysis
of population genetic structure of oriental river prawn
Macrobrachium nipponense[]]. Fisheries Science,39(5):
639-648.] doi: 10.16378/j.cnki.1003-1111.2020.05.001.

Bai ZY,YinY X,Hu S N,Wang G L, Zhang X W,LiJ L.
2009. Identification of genes involved in immune re-
sponse, microsatellite, and SNP markers from expressed
sequence tags generated from hemocytes of freshwater
pearl mussel (Hyriopsis cumingii) [J]. Marune Biotech-
nology, 11(4):520. doi: 10.1007/s10126-008-9163-0.

Borodinsky L N. 2017. Xenopus laevis as a model organism
for the study of spinal cord formation, development, func-
tion and regeneration[] 1. Frontiers in Neural Circuits, 11:
90. doi: 10.3389/fncir.2017.00090.

Chan H K, Shoemaker K T, Karraker N E. 2014. Demography
of Quasipaa frogs in China reveals high vulnerability to
widespread harvest pressure[J]. Biological Conservation,
170:3-9. doi: 10.1016/j.biocon.2013.12.014.

Che R B,Sun Y N, Wang R X,Xu T J. 2014. Transcriptomic
analysis of endangered Chinese salamander: Identification
of immune, sex and reproduction-related genes and genetic
markers[J]. PLoS One, 9(1):e87940. doi:10.1371/journal.
pone.0087940.

Gao Z X,Luo W,Liu H,Zeng C,Liu X L,Yi S K, Wang W
M. 2012. Transcriptome analysis and SSR/SNP markers
information of the blunt snout bream (Megalobrama am-
blycephala) [J]. PLoS One, 7(8) : e42637. doi: 10.1371/
journal.pone.0042637.

Garrido-Cardenas J A, Mesa-Valle C, Manzano-Agugliaro F.
2018. Trends in plant research using molecular marker
[J]. Planta, 247 (3) : 543-557. doi: 10.1007/s00425-017-
2829-y.

Harr B, Schlétterer C. 2000. Long microsatellite alleles in
Drosophila melanogaster have a downward mutation bias
and short persistence times, which cause their genome-
wide underrepresentation[J]. Genetics, 155(3):1213-1220.
doi: 10.1093/genetics/155.3.1213.

Hellsten U, Harland R M, Gilchrist M J, Hendrix D, Jurka J,
Kapitonov V, Ovcharenko I, Putham N H, Shu S, Taher



34 INFH . A TN IESSRASNP T ARIEI A

<767 -

L, Blitz I L, Blumberg B, Dichmann D S, Dubchak I,
Amaya E, Detter J C, Fletcher R, Gerhard D S, Goodstein
D, Graves T, Grigoriev I V, Grimwood J, Kawashima T,
Lindquist E, Lucas S M, Mead P E, Mitros T, Ogino H,
Ohta Y, Poliakov A V, Pollet N, Robert J, Salamov A,
Sater A K, Schmutz J, Terry A, Vize P D, Warren W C,
Wells D, Wills A, Wilson R K, Zimmerman L B, Zorn A
M, Grainger R, Grammer T, Khokha M K, Richardson P
M, Rokhsar D S. 2010. The genome of the Western
clawed frog Xenopus tropicalis[J]. Science, 328 (5978) :
633-636. doi: 10.1126/science.1183670.

Hsu T H,Chiu Y T,Lee H T,Gong H Y, Huang C W. 2021.
Development of EST-molecular markers from RNA se-
quencing for genetic management and identification of
growth traits in potato grouper ( Epinephelus tukula)[J].
Biology (Basel), 10(1) :36. doi: 10.3390/biology10010
036.

Hu W F,Dong B J,Kong S S,Mao Y Y, Zheng R Q. 2017.
Pathogen resistance and gene frequency stability of major
histocompatibility complex class IIB alleles in the giant
spiny frog Quasipaa spinosa[J]. Aquaculture, 468: 410-
416. doi: 10.1016/j.aquaculture.2016.11.001.

Huang Y, Xiong J L, Gao X C, Sun X H. 2017. Transcrip-
tome analysis of the Chinese giant salamander (Andrias
davidianus ) using RNA-sequencing[J]. Genomics Data,
14:126-133. doi: 10.1016/j.gdata.2017.10.005.

Jo E,Lee S J,Choi E,Kim J,Lee S G,Lee J H,Kim J H,
Park H. 2021. Whole genome survey and microsatellite
motif identification of Artemia franciscana[J]. Bioscie-
nce Reports, 41 (3) : BSR20203868. doi: 10.1042/BSR20
203868.

Li B,Dewey C N. 2011. RSEM: Accurate transcript quantifi-
cation from RNA-Seq data with or without a reference
genome [J]. BMC Bioinformatics, 12:323. doi: 10.1186/
1471-2105-12-323.

Li C J,Ling Q F,Ge C,Ye Z Q,Han X F. 2015. Transcriptome
characterization and SSR discovery in large-scale loach
Paramisgurnus dabryanus (Cobitidae, Cypriniformes) [J].
Gene,557(2):201-208. doi:10.1016/j.gene. 2014.12.034.

Mable B K, Alexandrou M A, Taylor M 1. 2011. Genome du-
plication in amphibians and fish: An extended synthesis
[J]. Journal of Zoology,284(3):151-182. doi: 10.1111/j.
1469-7998.2011.00829.x.

Pandey M, Kumar R, Srivastava P, Agarwal S, Srivastava S,
Nagpure N S,Jena J K, Kushwaha B. 2018. WGSSAT: A
high-throughput computational pipeline for mining and
annotation of SSR markers from whole genomes[J]. Jour-
nal of Heredity, 109 (3) : 339-343. doi: 10.1093/jhered/
esx075.

Rhode C, Roodt-Wilding R. 2011. Bioinformatic survey of
Haliotis midae microsatellites reveals a non-random dis-
tribution of repeat motifs[J]. Biological Bulletin,221(2):
147-154. doi:10.1086/BBLv221n2p147.

Savage A E, Kiemnec-Tyburczy K M, Ellison A R, Fleischer
R C, Zamudio K R. 2014. Conservation and divergence
in the frog immunome: Pyrosequencing and de novo as-
sembly of immune tissue transcriptomes[J]. Gene, 542
(2):98-108. doi: 10.1016/j.gene.2014.03.051.

Trick M, Long Y,Meng J L,Bancroft 1. 2009. Single nucleotide
polymorphism (SNP) discovery in the polyploidy Brassica
napus using solexa transcriptome sequencing| J]. Plant Bio-
technol Journal,7(4) :334-346. doi: 10.1111/j.1467-7652.
2008.00396.x.

Tsai H Y, Hamilton A, Guy D R, Tinch A E, Bishop S C,
Houston R D. 2015. Verification of SNPs associated with
growth traits in two populations of farmed Atlantic salmon
[J]. International Journal of Molecular Sciences, 17(1) :

5. doi:10.3390/ijms17010005.

Wang D, Liao X L,Cheng L,Yu X M, Tong J G. 2007. Deve-
lopment of novel EST-SSR markers in common carp by
data mining from public EST sequences[J]. Aquaculture,
271(1-4) :558-574. doi: 10.1016/j. aquaculture. 2007.06.
001.

Wang Y, Yang L D, Wu B, Song Z B, He S P. 2015. Tran-
scriptome analysis of the plateau fish (Triplophysa dalai-
ca) : Implications for adaptation to hypoxia in fishes[J].
Gene, 565(2):211-220. doi: 10.1016/j.gene.2015.04.023.

Xia Y,Luo W, Yuan S Q,Zheng Y C,Zeng X M. 2018. Mic-
rosatellite development from genome skimming and tran-
scriptome sequencing: Comparison of strategies and les-
sons from frog species[J]. BMC Genomics, 19(1) : 886.
doi:10.1186/s12864-018-5329-y.

Yadez J M, Yoshida G, Barria A, Palma-Véjares R, Travisany
D, Diaz D, Caceres G,Cadiz M 1,Lopez M E, Lhorente J
P, Jedlicki A, Soto J, Salas D, Maass A. 2020. High-
throughput single nucleotide polymorphism (SNP) disco-
very and validation through whole-genome resequencing
in Nile tilapia (Oreochromis niloticus) [J]. Marine Bio-
technology(NY),22(1):109-117. doi: 10.1007/s10126-019-
09935-5.

Ye S P, Huang H, Zheng R Q,Zhang J Y, Yang G, Xu S X.
2013. Phylogeographic analyses strongly suggest cryptic
speciation in the giant spiny frog (Dicroglossidae: Paa
spinosa) and interspecies hybridization in Paa[J]. PLoS
One, 8:¢70403. doi: 10.1371/journal.pone.0070403.

Yu D D, Zheng R Q,Lu Q F, Yang G,Fu Y, Zhang Y. 2016.
Genetic diversity and population structure for the conser-
vation of giant spiny frog (Quasipaa spinosa) using mic-
rosatellite loci and mitochondrial DNA[J]. Asian Herpe-
tological Research, 7(2) :75-86. doi: 10.16373/j.cnki.ahr.
150040.

Zhang J,Ma W G, Song X M, Lin Q H,Gui J F,Mei J. 2014.
Characterization and development of EST-SSR markers
derived from transcriptome of yellow catfish [J]. Mole-
cules, 19(10) : 16402-16415. doi: 10.3390/molecules1910
16402.

Zhang L L,Bao Z M, Wang S,Hu X L,Hu J J. 2008. FISH
mapping and identification of Zhikong scallop ( Chlamys
farreri) chromosomes [J]. Marine Biotechnology (NY) ,
10(2):151-157. doi: 10.1007/s10126-007-9045-x.

Zhang S Y,Li J,Qin Q,Liu W,Bian C,Yi Y H,Wang M H,
Zhong L Q,You X X, Tang S K,Liu Y S, Huang Y, Gu
R B,Xu J M,Bian W J, Shi Q, Chen X H. 2018. Whole-
genome sequencing of Chinese yellow catfish provides a
valuable genetic resource for high-throughput identifica-
tion of toxin genes[J]. Toxins (Basel),10(12):488. doi:
10.3390/toxins10120488.

Zhao H, Fuller A, Thongda W, Mohammed H, Abernathy J,
Beck B, Peatman E. 2019. SNP panel development for
genetic management of wild and domesticated white bass
(Morone chrysops) [J]. Animal Genetics, 50 (1) : 92-96.
doi: 10.1111/age.12747.

Zhao X Y,Tan Z Y,Feng H P,Yang R H,Li M F,Jiang J H,
Shen G L, Yu R Q. 2011. Microsatellites in different Po-
tyvirus genomes: Survey and analysis [J]. Gene, 488 (1-
2):52-56. doi: 10.1016/j.gene.2011.08.016.

Zheng R Q,Ye R H,Yu YY, Yang G. 2009. Fifteen polymor-
phic microsatellite markers for the giant spiny frog, Paa
spinosa[J]. Molecular Ecology Resources,9(1) :336-368.
doi:10.1111/5.1755-0998.2008.02420.x.

(iR Z2x2=E)



