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1o AE TSR R 5 00 55 (] AL (5K B BH 25, 2008; #35 1R
25,2007, 2585, 2011) U3 B UL FIMI LR DL7E
ORISR A L 45938 3 7R SR TGk B A D (G XL
N B AL 2 F B T RF R E , EEPUR . Pri A
KA A (i 2R ) SEBILRE DL RPN TR SE & R 1Y)
HRE#(Li et al, 2005),

EST-SSR U3y 5 AWy fh 2 1] i FE RS, AL,
EST-SSR 5|4 1] 754 Ff 22 (6] 38 FH o [ 38 FH M 53 T4
(G R BT =30 S i = N o T A - 0
¢, P ] AR ] 38 s A 1R i b e A LA
MR SCCEBER, 2012), WFEE RS DUFIFTFL R D bRic -
KA TEEH KEPFR, BEA ISSR HA
(B M, 2006; fif3itZsE, 2007) . RAPD £ A (B H #i 45,
2005). SRAP FA(FET 7%, 2009)F1 AFLP iR
(F4E, 201 DIFGE T HR R DL FSFLES DL sttt
B i THAE SR 2SO AR A B BRI T o0 hnic iy
H—L Kk, mIEH A EST(EIBFFIFR% , Expressed
Sequence Tags, ESTs)AftHJE K 41 s T2 A 1 i o 1
IR A% A Sk e 0 A R RN B S AR 10 T RE R IR B9 4
R R, A AL FARIC, PTEEMEEE G, HH
(1) H AR 7 510 75 52 PR B i X T & AR 1K, it £
SHREFESMAEGNIF, 2006), HiL, RHFZEXT 60
XTHREEBE DU EST 5| W #E AL As DL 35 PR 4w g FH 1
BEAT T 4307, X HSFLES DRI R 3 53 DL AR 8% 2 4
PERBER B AL K 04T T 08T, DA it — 25 1 7 7
BB R ALK

1 #RFTE
1.1 ##

HRFE B DL (T2 R 10~12 em) FIFGFL I DL (G2 N
7~8 cm)¥JF 2015 4F 6 HHLH WA & K B FRFEIX,
M2 A BEAR 2 B BB HLIZE E 30 NAMARLE I BFFE 4 KL,
Wk S, —80 CHETEE .

12 SI¥MERITSER

ME K FHCHL(Zhang et al, 2016; Sun et al,
2016)F BEREZ A E B H R AR 60 X HREE ke D144
TESIY, 519 mATAY TR A RA RS .

1.3 ##1H DNA py# &

Bt DNA $2HCH 53 U5 L. BOH P 52 L4l
41100 mg BIHE, HIA 500 pl 2J3% 2% /i (10 mmol/L
Tris-HC1, pH 8.0; 100 mmol/L EDTA, pH 8.0), &
AR IALHE N 0.5%H9 SDS F1 50 pg/ml A FIBEK,
55°CIHAL 3 h, RJE 0 BIHAREREY « A 05(101),

S FICEEQA: DR, 2 R OB, ddH0
Ak FEIN 2 DNA %% i GENEQUANTYpro (Eppendorf)
RNA/DNA 5387 % 12t SO 3 i A B8 e FieL Dk A 0 G ol
., i DNA F KR ABAE KRB, 50 ng/ul, —20°C
TRAER A

1.4 PCR #8858 KEE

PCR KW AR R EAF R 10 pl, 4245 10xBuffer
1 ul. Mg* (25 mmol/L)0.6 pl. dNTPs (% 2 mmol/L)
1ul, EF#314(10 pmol/L)4$ 1pl, #i4R DNA 1pl,
Taq DNA 4 (Promega) 0.5 U, JIAA4/KAME 10 ul,
KW AE Eppendorf # 44X 4T, PCR KW FE)T :
95°C A 2 min, #R)5 95°C 45s, Bk 45s, 72°C
HEAH 45 s, 35 APEER; 5 72°CLEM 10 min, §73
FEMITE 1% 0 B I W B e L v kA T TR, SRS TR
8% M AR M R DY I ok 2 B e L A TR A 5, FL VKSR
BRYL A BRI TS A S Dk A

1.5 HEHITESH

HRHE A AR Az 18 S5 o7 B LR A, )
M Cervus 3.0 31153 2845 B & & (Polymorphism
information content, PIC) . Wil 4% & J& (Observed
heterozygosity, Ho) . #HEEZYE i (Expected heterozygosity,
He). Z57 3L K (Number of allele, N,). A R 55 Kk
[N %4 (Effective number of allele,Ne) . Nei 4 [B] 1 AH )
P RBORMBER R AL IR 2 D F-Geitm it it £
FEPER o34, Geit i /K7 1] Bonferroni £ 1F .

ARG FE L

Ne=1/>" p}

A, p AR AL R TR
ZHEREEIITRINE:

k-1

k k
PIC=1->"p’=-> > 2p’p; =

s i=1 i=l j=i+l
2; _Zl PP (- PPy
i=1 j=i+
Ao, k AEMNEREEH, Al P sty
5§ AN AR
P IR B EEMINAE : Ho = MEERIBIZR S AR
B B AR
VIES S He= 1-Y p}
[ 2 FEEL(Fio) - Fis=1 - (Ho/He)
F-Siit#(Fs): F¢=o’P/P(1 - P)
2, Py B A5 (0 PR R AN AR o P R
o°P LA LB AL S IR Z TR (1 05 25
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Nei BEAAR] A AL R AL o7 FE PRI R
_ v 2 /\211/2
1= (G /D (X267 o gm
A, Xio Vi A XA RS | AN S A
7 PR % 2.1 R EEE S| YR i ik
Nﬂﬁ@@ﬁﬁ%ﬁ=ll ¥4 60 XFUF S UL 30T L5 90 T o0 DL AL
AT 1 D13 20 DNA HiE4T PCR § 18 o AR H5 B Ik 25 A
LR 2R IS ” . i Rl

PO R %A, AR KO ], e 21 St
PRI RRGEY 1S, Fealy Z IR BCR G T, 51 438 I L)
ik 35.00%, HHr, 17 X510y g - B 2851k,
R 28.33%(55 1),

I =(2n-1)) (X¥)/
O 2n(X)* 11> 12n(Y,)* -1
R, Xy VAR XORTY BEIRES § AN 5 0

F1 FEIRBERAWILENEREAPYEE 2 SMHELETH 17 3 EST-SSRs

Tab.1 Seventeen polymorphic EST-SSRs were amplified from the genomes of the scallops P. yessoensis and C. farreri.
(3= GlE7 2l K Civ- 1B Kl BT
Locus Primer sequence (5'-3") Size (bp) Repeat sequence T GenBank

comp92213_c0* TGGATGTCCAGAATGTTTGCT 240 (AT)1o 57.841 KU891218
TGGCTTTTCAAAACTTGACCCT

c0mp91359_c0F TTGCGACCAGAGACGTATCG 187 (ACGA); 59.895 KU891211
AGCACGATCACACGGCATAT

comp87586_c0F GCCATGCAGACGTACAGAGA 204 (AT)y0 59.771 KU891224
CGGAATGTTGCTGAAATGGACA

comp100440 c1¥  TCCCGGAGCTCATGGTCTTA 257 (TGTT)s 59.928 KU891210
CAGCACTGGTACTTCCTTGGT

comp98790_c0* TGTACACATGCACATCTACTACGA 262 (ATA), 59.603 KU891209
GGTCCATCAGCTTCACCCAA

c0mp88965_00F CCGGTTCTGAACTCGACCAA 218 (ACC), 59.967 KU891204
GGCCTCCAGGATTCTGTGTC

comp91909_c0* TGTGAACCGCTTTGAGACGA 246 (ATT), 59.835 KU891207
CAACGTTACACGATGGCCAC

contig_1217920F  CACCATGAAAACCTGACACG 140 (AC), 59.225 KU999346
CGGAGTACCCAGAGAAAAACA

contig 1391603  GCAAGCGTTTATAAAATCACGA 117 (AC), 58.928 KU999357
AAAGAATTCCTCGGAGCGTA

contig_1443641"  CCCTGATGTGAAGTTGAATGTT 124 (CA); 58.521 KU999349
CCGATTTGGTCATGTAAATAGC

contig_1451 159F ACCTGATTTGGATGCCATTA 114 (CA)o 57.887 KU999344
GCTGTGGTGTGCTTGTCTGT

contig_293601F CTGTTGCGAACCGAGTTTGT 126 (TA)0 59.755 KU999369
CGAAATACTCATAATTTGTCCCG

contig_963940° TATACGGTGCTTTTCCCGAC 120 (TG)s 59.96 KU999370
ACCTCGGGGCATTGTTACAG

contig_915269" GGCAGGGTCAGTGTGTATAGC 111 (TA)g 59.636 KU999362
ACAAGGCTGTGAGAAACGCT

c0ntig_763705F TGAGCACTAACAAGGCTGACTC 131 (AT)g 59.685 KU999378
ACTGTGCAACGCTTGATTTG

contig_490627" TGTAGCCCTCTCTTGATCGTT 120 (TA)y 58.947 KU999351
ACCTTCCCAGCCTTTCTCTC

contig_988858" TCACATTACCCACGTGCTTG 149 (AAT), 57.046 KU999350

AACTAGGTTGTGATAAAGCGGT
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2.2 BKEIEEN

2.00~4.00, P-4 557 FE I EU(NL) 5351 2.7647 F12.3529;

A A A FE B (N 73 R 1.9487 F11.63505 W

17 XF EST SI7ERFSE B DL FifLis DUREIR P2 S A BE(Ho)IE LA 0.0667~0.9667 Fll 0~0.9667, “F-14
RERIM BN i 2250, (MBS PAIARF(F 2). 4 0.6314 A1 0.3333; BB (H)WE FY 0.1588~
HREE B DL . ML B D B AR S BE R s AL S BB 0.6576 10.0333~0.6672, V2K 0.4569 F10.3139; £

#2 171 EST-SSRULATEERRE R HFLE & 30 ™MK RYEF4FE
Tab.2 Characterization of 17 EST-SSRs in 30 scallops P. yessoensis and C. farreri

o2 45 3N AN AREENER MG E WIEREGE Z2XFEESE BRI
Loucs Populations Na Ne Ho He PIC HW

comp92213_¢0 Fl 2 1.9802 0.8333 0.5034 0.3725 0"

F2 2 1.0689 0.0667 0.0655 0.0623 0.8946
comp91359 ¢0 Fl 2 1.4274 0.3667 0.3045 0.2546 0.5528

F2 3 2.7397 0.6333 0.6458 0.5615 0.6349
comp87586_c0 Fl 4 1.9868 0.7000 0.5051 0.4029 0.0324

F2 2 1.0689 0.0667 0.0655 0.0623 0.8946
comp100440 _cl Fl 2 1.2596 0.1667 0.2096 0.1849 0.3238

F2 2 1.9802 0.9000 0.5034 0.3725 0"
comp98790_c0 Fl 2 1.8000 0.6667 0.4520 0.3457 0.0108

F2 3 2.0619 0.7333 0.5237 0.4244 0.0469
comp88965_c0 F1 2 1.9802 0.9000 0.5034 0.3725 0"

F2 2 1.9978 0.9667 0.5079 0.3747 0"
comp91909 _c0 F1 3 2.1127 0.8667 0.5356 0.4189 0"

F2 2 1.8672 0.4000 0.4723 0.3566 0.3924
contig_1217920 F1 4 2.4691 0.8667 0.6051 0.5152 0.0655

F2 4 2.1765 0.3333 0.5497 0.4927 0"
contig_1391603 Fl 3 2.8302 0.8000 0.6576 0.5724 0.3070

F2 2 1.0339 0.0333 0.0333 0.0323 1.0000
contig_1443641 F1 2 1.9978 0.9667 0.5079 0.3747 0"

F2 2 1.6000 0.2333 0.3814 0.3047 0.0287
contig_ 1451159 Fl 3 2.4862 0.9333 0.6079 0.5169 0"

F2 3 2.9079 0.7667 0.6672 0.5814 0.0413
contig_293601 Fl 3 1.1850 0.1667 0.1588 0.1500 0.9783

F2 2 1.1421 0 0.1266 0.1168 0"
contig_963940 Fl 2 1.8967 0.2333 0.4808 0.3610 0.0041

F2 2 1.7630 0.3667 0.4401 0.3391 0.3499
contig_915269 Fl 2 1.4706 0.3333 0.3254 0.2688 0.8901

F2 2 1.1050 0.0333 0.0966 0.0905 0"
contig_763705 Fl 3 2.5825 0.9000 0.6232 0.5421 0.0039

F2 2 1.1421 0 0.1266 0.1168 0"
contig_490627 Fl 4 2.4357 0.9667 0.5994 0.5036 0"

F2 2 1.0339 0.0333 0.0333 0.0323 1.0000
contig_988858 F1 4 1.2270 0.0667 0.1881 0.1769 0"

F2 3 1.1063 0.1000 0.0977 0.0936 0.9967

F1: R 52 m DUREUR ; F2. Rl DUREA . Seit 2 /K F-H Bonferroni £ 1E (Rice, 1989; k=17), *: P<0.05; **: P<0.01
F1: P. yessoensis; F2: C. farreri. Table-wide significance levels were applied, using the sequential Bonferroni technique

(Rice, 1989; k=17), *: P<0.05; **: P<0.01
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AAE B & 8 (PIC) T [l h 0.1500~0.5724 F1 0.0323~
0.5814, 454 0.3726 1 0.2597.

23 BNEEEEERESNT

IR 3 DL RTRTFL e DURE A IS A5 25 # A2 AL AT 21 %
EST 5197 2 AP Hardy-Weinberg V-1 2
W2, NR2WLEL, NFSHGE, 2 A
H 7 X5 B Hardy-Weinberg V4, i, £
comp88965 c0 7£ 2 MHEAT 4= T Hardy-Weinberg
V. A PRI RO SRR (R 3), FCXT K Fo fH
(F¢<0.05), i 17 XFis TR S S 0% 1k
RZH(Fe) N 0.2398, FHA 23.98%H s (L4 ok H T
BERZIN], 76.02%K AAMARZI, A, XF FisfE 1Y
HEEME, BT compl00440 cl. contig 963940 Fi
contig_988858 1) Fis>0, Al 14 M pi Fis<0, 23
A iR . 2 A B DUBFATE comp91359 0,
comp100440 c1. comp91909 cO. contig 1217920 .
contig 1443641 . contig 293601 . contig_963940 . contig_
915269, contig 763705, contig 988858 10 5|45
M —E R A THk

x3 BN 2MEE 7T MHIEMSR F-ARIE S0
Tab.3  F-statistics for two scallop populations at
seventeen microsatellite loci

[ﬁ/‘xﬂé?!ﬂﬁ%& Fis

fiieiLocus  ypsgmm  HiLE 0L é‘i{’}“
P. yessoensis  C. farreri - *
comp92213 c0 —0.6835 —-0.0345 0.3230
comp91359 c0 —0.2245 0.0026 0.1070
comp87586_c0 -0.4094 —-0.0345 0.5489
comp100440 cl 0.1914 —-0.8182 0.2113
comp98790 c0 -0.5000 —-0.4239 0.2198
comp88965 c0 -0.8182 —-0.9355 0.0044
comp91909 c0 —0.6456 0.1388 0.0078
contig_1217920 -0.4566 0.3834 0.1894
contig_1391603 -0.2371 -0.0169 0.2531
contig_1443641 —0.9355 0.3778 0.0752
contig_1451159 -0.5613 —-0.1685 0.0315
contig_ 293601 -0.0676 1.0000 0.7283
contig_963940 0.5065 0.1528 0.0049
contig_915269 -0.0417 0.6491 0.0514
contig_763705 —0.4687 1.0000 0.1556
contig_490627 -0.6400 -0.0169 0.2692
contig_ 988858 0.6396 —-0.0405 0.7352
- Mean —-0.4052 -0.0798 0.2398

3 itig
3.1 4REEH M EST-SSR fif & B8 AR

EST-SSR FRic R IR T3 1y 4w fidh X, EATF & AL
AL, FEERFER . PSR S S (Wang et al,
2009; A%, 2011), ANHFGT AERFE B DL EST SC
JEH B RITRE T 60 Xf MM, 2N LA
40.0%, X5 K745 (Crassostrea gigas)EST-SSR
) Z2 25k FLBIAR Bl (CEHE 2T 45, 2007), 1 X145 (2011)
W52 M, 4% (Sinonovacula constricta)EST-SSR )
Z M BIEE 35.0%, SAMRESERIEA -8 hT
BT A 38 37 A o () S ) A v B Rk, PRI
TF A 308 P o5 30 R A b R P RE . A 2F 3 B
LM, U (Meretrix meretrix) i T2 51 )76 # o1
BEIE (Moerella iridescens) #1715 (Cyclina sinensis) A%
514538 FH S350 10.3%F01 6.9%(ZEHE94E, 2010),
2 Y 45 i IH (Spurpuratus)EST-SSR - 7E G i K i i1
(Strongylocentrotus nudus)H i1 51 93 FYE N 22.50%
(Z=fbdh, 2008), TASHIZE S, #FEE A D1 EST-SSR 7E
FFLBs DL Hp 8 51 438 T L BE - 35.00%, X 53
45(2008) FIZS I L2 (201 0) R WF T 45 S A0 — 2, AR
THTFLEE DU cSNP 5| # 76 HF 35 Fi DL v 52.27% 119 38
P A7 (2% i, 2008), J5 PR AT BB /& SNP A ic AH b SSR
HAE T HAT B E s L R e v, HL 92 5 X
1T A S FEUELAL T, BRI 55 (2012) B 53 25 21
EjARAIR T 45 A — 2

32 HNREM EST-SSR i mHIFF & K BE A 5 % 1
3

ARWFFEH 2 A DUBFIA T ) Fis RS 4 1 fH
F W] X o B[R] JREAA AR I A s A A8 G, 2 D RhER AL
ToAA SRR, X AT R4 A BOEEUE R AN A
SRIEFET | BB (R IFIE, 2005; F 545, 2012), Hardy-
Weinberg V-1 Fl 2 285 MR A5 B & it & 400 ROk Al i i
RS AL A A SR R AR S AR R,
AT ALARES T, AR R ACHE RN T, &
BUORPHE B DRI R 3 iU G ik . i, 6 MR
Ny BE 2 AR R R AR (PIC>0.5) , 5 BV AU 35.29%;
11 A S P 2 A S E(0.25<P1C<0.5), 4L
B 64.71%. ULEHAHIESE T IT & I TR A A5 A
B DLis A ZREvERR S T R U R R R, X S
FELEH S (2013)5 I AHFI 2518, 17 XF EST 517
WRSE B DUREAR TP Y He B Ho 3301 0.6314 F11 0.4569,
i TAEFTFLRS VBRI TR Y He(0.3333) A1 H,(0.3139),
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Transferability of EST-SSR from Patinopecten yessoensis
into Chlamys farreri
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Abstract In this study, expressed sequence tag (EST)-SSR  markers were developed to investigate
the genetic relationship between two commercially important scallop species, Yesso scallop Patinopecten
yessoensis and Zhikong scallop Chlamys farreri. A total of 60 EST-SSRs previously developed from
P. yessoensis were selected, and their cross-species amplification in C. farreri was analyzed. As a result,
21 pairs of EST-SSR primers showed unique PCR products. The interspecies transferability was
calculated to be 35.00%. Among the 21 EST-SSR primers, 17 were polymorphic in the studied
populations, which resulted in 28.33% transferability. In the two populations of P. yessoensis and C.
farreri, the number of alleles ranged from 2.00 to 4.00, with mean allele numbers of 2.7647 and 2.3529,
respectively. The mean effective number of alleles was estimated to be 1.9487 and 1.6350, while the mean
observed heterozygosity was 0.6314 and 0.3333, respectively. Similar to the observed heterozygosity, the
mean expected heterozygosity was higher in P. yessoensis (0.4569) than in C. farreri (0.3139). For the two
populations, the diversity index was consistently higher in P. yessoensis than in C. farreri. The mean
polymorphism information content was estimated to be 0.3726 and 0.2597, and Nei’s (1973) gene
diversity index was calculated to be 0.4493 and 0.3087, respectively. Furthermore, Shannon’s information
index in the two populations was 0.7176 and 0.5041, respectively. The genetic identity between the two
species was calculated to be 0.619, with a high genetic divergence between them (0.480). Among the
polymorphic markers, seven loci significantly deviated from the Hardy-Weinberg equilibrium according
to the average fixation index (Fis). The genetic differentiation index (Fg) between the two populations was
estimated to be 0.2398. The EST-SSR markers developed for cross-species amplification of P. yessoensis
and C. farreri are important resources for the study of genetic diversity, marker-assisted breeding, gene
discovery, and genetic evaluation of germplasm resources.

Key words Patinopecten yessoensis; Chlamys farreri; EST-SSRs; Microsatellites; Polymorphism;
Transferability
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