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Development of EST-SSRs markers and analysis of genetic diversities among

different geographical populations of Manila clam Ruditapes philippinarum
YAN Xiwu'' ", YU Zhifei', QIN Yanjie', YANG Fei', WANG Jinhai', ZHANG Yuehuan', YANG Feng',
ZHANG Guofan®

1 The Institute of Life Science and Technology, Dalian Ocean University, Dalian 116023, China
2 Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China

Abstract: To ascertain that genetic differences exist among different geographical populations of Manila clam Ruditapes
philippinarum, 13 polymorphic microsatellite loci were isolated and characterized for three wild populations including the
Dalian, Putian, and Qingdao populations. All samples were collected in March 2010. Among the three populations
studied, 154 alleles were detected (there were 54, 51, and 49 alleles for the Dalian, Putian, and Qingdao populations,
respectively). The number of alleles per locus ranged 2 — 7 and there were 1.2331 — 5. 4568 effective alleles with an
average of 2. 7657. The observed heterozygosites for the Dalian, Putian and Qingdao populations were 0. 4387, 0.4194,
0.2383, and the expected heterozygosities were 0. 6488, 0. 6484, 0. 5526, respectively. The polymorphism information
content (PIC) ranged 0. 1778 —0.7922 with an average of 0. 5475, where the Rp-02, Rp-03, Rp-05, Rp-06, Rp-07,
Rp-09, Rp-10, Rp-11, Rp-12 loci were considered highly polymorphic markers ( PIC>0.5), and the Rp-01, Rp-04,
Rp-08, Rp-13 loci were moderate polymorphic markers ( PIC>0.25 and < 0.5). Genetic diversities among populations
were not significantly different (P > 0.05). The genetic distance between the Dalian and Putian populations was only
0. 1108 and they had the highest genetic similarity, whereas the genetic distance between the Dalian and Qingdao

populations (0. 4323) was farthest indicating that they were least genetically similar. The genetic distance between the

EETE - F R M HAR R R I0LE 58 ) (CARS-45)
Wo#s B #1:2010-11-15; E1T B #3:2011-04-26
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Putian and Qindao populations was intermediate. The genetic distances within a population were 0. 5178 +0. 1328, 0. 6592+
0.3291, and 0. 5480 +£0. 2759 for the Dalian, Putian, and Qingdao populations, respectively. The genetic similarities
within a population were 0.6930+0.2708, 0.5426+0. 1572, and 0.5986+0. 1496, respectively. The NJ dendrogram also
showed that the Dalian and Putian populations were more closely related to each other than with the Qingdao population.
Most loci among the three populations deviated from the Hardy-Weinberg equilibrium; only 33.4% of the loci did not. The
multi-group test showed that among groups of multiple loci detected, only the Rp-10 locus maintained in an equilibrium
state, whereas all other 12 loci did not. This indicates that these populations have relatively low gene stabilities and
genotype frequencies. Based on the inbreeding coefficient (F, ) of each population, the Qingdao population had only one
locus that exhibited heterozygote excess, whereas two loci in the Dalian population and three loci in the Putian population
showed heterozygote excess. Therefore, heterozygote deficiency is common in all three populations. The inter-population
fixation index (F,) was < 0.05 for the Rp-07 and Rp-11 loci, indicating that some degree of differentiation exists among
the three geographical populations. We observed an average PIC of > 0.5, indicating that the microsatellite loci were highly
diversified. Information obtained from the present study should be useful for analysis of genetic diversities among
geographical populations, future development of genetic linkage maps for different populations, and the culture and breeding

of Manila clam.
Key Words: Ruditapes philippinarum; geographical populations; genetic diversity; microsatellite

AEERTEIAAT ( Ruditapes philippinarum) 2R E VUK FFH N K2 — 2 0 TIRE RO, A,
FRBH SRR G P () Y TN RS S TN T B IR AL R DL AR T e R 2 5F
BRI , H 2009 4F 775t 300 2T, 24 5K IRIE L2 R 30%  HEITIE K FRAELE T 20% 1 B IR
PR B R SE TAERIAIR A WA AT 53 FFRic B 7 R LBk BGa U7, #3738 B o0 F st (e hm il HoR i 5%
FB AL 45 A6 35 AL 728 S K- ST Ay TR C R B I B HOR 0 TR LS R AR T AR X

TR (microsatellite ) 5248 LA /D BULAAZ Y IR S BAAL 22 U3 I B 52 9 DNA J2 91, IR R 17 B3 7 31 i &2
(simple sequence repeats,SSR) >’ AN A W HAZ O B AT REAS ], 0 M R e B A R P 0 B 2 RO
[F), PRI 3 B 22 25 ) 7 A 33k s 10U ot M Al 7 B B2 22 25 M B B0 A 30 19 33 T B2 432 A ( Sequence-tagged
microsatellite sites, STMS ) 1 A4 FRRICAILL , FLAT 24505 0 & Bk T M JE IS 2%
el BRTE 12 N T 4 808 0 ( Haliotis discus hanai ) ™' 11l ( Scapharca broughtonii ) ' 8F 3% F I
( Mizuhopecten yessoensis ) 0 Pt ( Coelomactra antiquata ) ) K KB W ( Crassostrea gigas ) 8 A ) 1 i
R G R BT 8% PR R At o it 4 Rl By 7 25 07 TIBIE 5

IWIRCES QNS PN T WERYS 2 7IE0 S h 11 VG a7 S 3 I L S WA R I B S PR W AN G R E R ] TINS
Gy Tl R A e ARAEDIE R BECIR T ARG ER, i A DL B TR AR I S T A3k 1 2R Y
fiti& . GeneBank HC A IGAT EST JFHNAHCHE , (HJLT-oR WA H A R AL TR MARSCHRIE . BRI, FF &G
T B AR ICAS H AP BT ST IO S G BT L R B B 28 L, ARSI R T —4Ht EST-SSR JF 31 i LA b
0, 00T T R R AT B 3 MR AISAE AR, i AR B2 A RN OR G LA S R Ah e B T AR S i 2
R AR S
1 #RE5FZE
1.1 SEEphE

SEH BT AFR A ORI (DL) (F5 I (PT) (95 55 (QD) Wit , B AR BEALIBURE 36 4>, BUFR AR AT 52
bR PRAFAE-80 CUKAR & HI
1.2 SEsr ik
1.2.1 5L DNA (42 EC S R

FHH BB A5/ S ik O i DNA | PEE SR 4719 DNA ] ddH, O Kk R B 2 S0ng/pl, BT
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-20 CHRAFRHI,
R1 WRFIITHERFESEMENFESH
Table 1 Basic biological parameters of 3 Manila clam populations
Hb B Fe K AR fE2E/mm FeTE AR EZE/mm Fe F R EZE/mm B bR/ g
Populations Shell length +S. D Shell width +S. D Shell height +S. D Total weight +S. D
K 28.51+2.44 20.60+1.53 13.29+1.24 4.96+1.33
5 H 38.26+2.65 25.73+1.67 16.80+1.24 10.11+2.00
HE 33.36+5.60 23.15+3.27 14.89+2.17 7.43+3.09

1.2.2  JEH=IA(T EST-SSR 741102 4k

A AR A7 ) EST J¥ %1 2k I T NCBI (1 EST SCFE (http://www. ncbi. nlm. nih. gov/nucest/? term =
Ruditapes+philippinarum ) , 33545 5658 4~ EST J¥51, FIH] SSRHunter £F 7 N H bR EST His % fiif o & 7
5 =5 bp B AT,
1.2.3 PCR ¥ 34540

M Gene Bank ) EST Hrfifik it 13 MG SSR 41, 28 HAZ O BIINA I Primer premier 5.0 511
PCR 519, 51975 S TLRFHE PCR P HIR/NILER 2, 510 FigA TG 8. PCR 8 SRR 25 pL, i
HEHR DNA 1 L, 10xPCR Buffer 2.5 pL,Taq f#(5 U/pL)0.2 pL, [R5 149 (10pmol/L) £ 1 pL,dNTP B4
¥1(10mmol/L)0.5 wL,Mg** (25 mmol/L)1.5 pL,H ddH,0 #ME % 25 pl, PCR W FEF 94 CHIAEME S min; R
J5 94 C7AEE 1 min;49—58 CiB K 1 min;72 °C ZEff1 40 ;30 MEFF ;72 °C LA 10 min;4 CA3FE, 1550 PCR 7~

x2 WMIEHEZOFIGIMFIIREBRNERE

Table 2 Core sequences, primer sequences and annealing temperatures of microsatellite DNA marker

T TR AN S, GenBank {EMHS  BI¥IFHI(5'—3") AN R B /bp BKIREE Tm
Loci Registration No.  Primer Sequence(5'—3") Core sequence fragment length /C

F: 5’ GTTTATTTACCAACGCTCCT 3’

Rp-01 AM873704 (AT); 165—205 51
R: 5’ TTCCCATTCACTTTCCAG 3’
F: 5" ACCAGCACCCTTAGCATC 3’ .

Rp-02 AMS873695 (ATC), 218—256 53
R: 5" ACCAGCACCCTTAGCATC 3’
F: 5" CCGCTGTGAGGAGACCAA 3’ .

Rp-03 AM873616 (TTG), 168—203 58
R: 5" CCGCCTATGTGACAAAATGA 3’
F: 5" GATACTGGCTGGACTTCGG 3

Rp-04 AM872070 (TGG)5 213—237 49
R: 5" GGAGAATCATCGGTGTAGAAA 3’
F: 5 GGATCATAGCGTTGTTTG 3’ .

Rp-05 AM872674 (AC)5 100—142 54
R: 5’ TAGTATTTCTCCGCCACC 3’
F: 5" TGTCATAGTGGGTTCAGG 3’

Rp-06 AM877258 (TC)s 114—155 52
R: 5’ ATTTCATTTATTGGAGGC 3’
F: 5 TATGGCTGGTTTGGACTG 3’

Rp-07 AM874000 (AT), 113—132 51
R: 5" TCCCGTTACACTTACTTTCA 3’
F: 5" AAGGTTTGGCTGTGAGGA 3’

Rp-08 AM873997 (AT), 153—180 54
R: 5’ TCCCGTTACACTTACTTTCATC 3’
F: 5" TGACAGCACTACAGAAAC 3’

Rp-09 AM875328 (TA)s 118—141 52
R: 5" AGAGGGCTTATACCTATA 3’
F: 5" TCTCCTGCCTTAACCACA 3’

Rp-10 AM875256 (TGTA) 176—219 55
R: 5" AGTACCGACAGTTTCCAC 3’
F: 5" CAAATGAAGTTGGGAAGT 3’

Rp-11 AM873203 (TA)s 206—246 50
R: 5" GCCTGGCTAAATAAGTAA 3’
F: 5’ TTTATTTACCAACGCTCCT 3’

Rp-12 AM875824 ) (AT)s 175—208 50
R: 5’ TCCCCTATTTTCCATTCA 3’
F: 5" ACAAGGTGATGTGAGGTG 3’ .

Rp-13 AM874836 (AT)s 139—168 55
R: 5’ TCTGTCATCAGTGAAGGC 3’

F: BIE5I90; R TS 19

http ; //www. ecologica. cn
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WITE 8% AFASHER NIRHEEIE T HLIK 160 V FHFE 3h, 0. 1% AHFRER YL, HI5E E UVP BERE RS R 58 ( BioSpectrum®
AC Imaging System, USA) i{{f% .
1.3 St

FLUKBEI 2652 [F UVP B R R GG, 456 BEIE LUK 93 BT 34 Gel-Pro Analyzer 4. 0 AR HEFr1fE Marker
(DL100) B2 434 A BER BER /IS B AR FER AL . FIH] POPGENE 1. 31 #UF A T 8w AL #3158 3 A4
FEARRE MRS Y 2 505 B & & (Polymorphism information content, PIC) ™" | L Ko 85 ANHEAREAS R 25037 JE %L
(N,) FRCEFOIERE(N,) P IR BE (H,) FTUAZ A B (H, ) P S50 T H R IR RO 4 1 33 4%
FULME AL GG R RS b R B, RIOCRE NI g, BRSBTS i an i .

SRR PIC= 23 3 PP(1-PP) (1)

S P, P AR i AR 0 WAL,

ARG AR R N, = 1/2", p? (2)

S, P AR | AR B

gL A H, = Jb TOEE / WA MR KL (3)

HER AR A H=1-3p: )

SR, P, W A AN

BEARIRORRIES R 1= Y (/1Y (02 Y ()X (5)

o, Y, A X R Y BERES § NSRRI O

FEAR DA R D= —1Inl (6)
2 R

2.1 EST-SSR #ric &

NCBI H A AT EST J751) 5658 4>, N H i BE Al TR S P51 =5 bp 1751 202 4>, B T —HF4r FA &
SEF B P R JE N RE TS |71, AR AT DRGSR T2 AN B 5535140, Primer premierS #4511
Y196 X, G 44 XF, B EAE PCR 384504, NPt ) 13 X BaA2 e HARH IS IR0 519, T 45 R L3R 1,
PCR W H] 8% AR5 N M IR Mt o Kk IX 53 AN [ B R AR
2.2 PCR ¥ #45%

13 MU BEPRICAERFARTZE PCR 3115 DY S I BB A i DRI 5 1722 90 10 0 e %) B R/ VRIS E i 22
B, FRICR NS HL K G5 R LA 1,

200

Rp-03

Rp-08

Rp-11 200

E1 #BEfS Rp-03 Rp-08 Rp-11 7 3 M IREHE R LR
Fig. 1 Expansion results of Microsatellite loci Rp-03, Rp-08, Rp-11 in 3 geographic Manila clam population
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2.3 MBI R 2R

XT3 AR FREAREA 13 D TR A T30 8RR 3, 3 ARFAS T BIAI3 54 51 F 49 SE547
SEDR B RS B 1 A0 S AN S 42— 35, RSOOSR B 19 85 (6 FE R BR 2—7 ASANAE A0S B R BULE
1.2331—5.4568 Z[a] S F-34{H R 2. 7657 ; WL 24 & FEAE 0—0. 9722 Z 18], SFHI{E M 0. 3640 ; Tl B 2= A e
0. 1918—0. 9498 Z[1] ,“F-HI{H M 0. 6166 ; 27517 B &% /= (PIC) 7E 0. 1778—0. 7922 Z 1], ~F-#4{H Ky 0. 5475, Hor
Rp-02 .Rp-03 .Rp-05 .Rp-06 .Rp-07 .Rp-09 .Rp- 10 Rp-11 Rp- 12 3 5 (8 PIC> 0.5, J 5 JF 2 84510 ; Rp-01 |
Rp-04 Rp-08 .Rp-13 1V /5 0.25<PIC<0.5 , N E LSkl

£33 BIFARMIBEEEMIEL SR Hardy-Weinberg TS

Table 3 Genetic diversity and P-values of each Manila clam population

Wi H Ttems Rp-01 Rp-02 Rp-03 Rp-04 Rp-05 Rp-06 Rp-07
Ki%& pPIC 0.5246 0.6216 0.5682 0.5555 0.4671 0.6639 0.5430
N, 3 4 4 3 4 5 4
N, 2.3978 3.1459 2.7012 2.7253 2.2837 3.4767 2.4330
H, 0.4772 0.1562 0.4857 0.2286 0.3056 0.7647 0.2571
H, 0.5912 0.6930 0.6389 0.6422 0.5700 0.7230 0.5975
P 0.0026 "~ 0.0000 ** 0.0918 0.0000 ** 0.0216 0.1241 0.0000 **
#H PIC 0. 4486 0.5792 0. 6667 0.5585 0.6212 0.6883 0.5432
N, 3 4 4 3 4 5 4
N, 2.2249 2.7735 3.5354 2.7042 3.1695 3.7617 2.5547
H, 0.1389 0.1333 0.5714 0.3429 0.4857 0.6970 0.3143
H, 0.5583 0.6503 0.7275 0.6393 0.6944 0.7455 0.6174
P 0.0000 ** 0.0000 ** 0.4484 0.0001 ** 0.0000 ** 0.0018 ** 0.0000 **
H PIC 0.1778 0. 4200 0.7922 0.3221 0.5796 0.5444 0.6180
N, 3 3 7 3 4 4 4
N, 1.2331 2.0719 5.4568 1.5401 2. 8455 2.6172 3.0502
H, 0.1471 0.0278 0.5000 0.0833 0.2857 0.3333 0.2593
H, 0.1918 0.5246 0.8282 0.3556 0.6580 0.6330 0.6848
P 0.0000 ** 0.0000 ** 0.0004 ** 0.0000 ** 0.0000 ** 0.01210 0.0000 **
WiH Ttems Rp-08 Rp-09 Rp-10 Rp-11 Rp-12 Rp-13 SE-HI{H Mean
Ki& PIC 0.6073 0.6424 0.4704 0. 6667 0.6172 0.6118 0.5815
N, 5 4 5 5 4 4 4.1538
N, 2.8555 3.3149 2.0109 3.4839 3.1380 3.0566 2.8479
H, 0.2571 0.1000 0.6111 0.5000 0.9722 0.5926 0.4387
H, 0.6592 0.7102 0.5098 0.7230 0. 6906 0.6855 0.6488
P 0.0000 ** 0.0000 ** 0.5601 0.0922 0.0208 0.139%4
HH pIC 0.5885 0.5326 0. 6860 0.5271 0.5806 0.4351 0.5737
N, 5 3 5 4 4 3 3.9231
N, 2.7819 2.5579 3.7634 2.5288 2.7841 2.0227 2.8587
H, 0.3846 0.0357 0. 8000 0.5833 0. 8056 0. 1600 0.4194
H, 0.6531 0.6201 0.7499 0.6131 0.9498 0.5159 0.6484
P 0.0009 ** 0.0000 ** 0.4247 0.5599 0.4632 0.0000 **
H pPIC 0.2037 0.4436 0.6948 0.5956 0.5711 0.3701 0.4872
N, 3 3 6 4 3 2 3.7692
N, 1.2731 2.0317 3.7674 2.9965 2.8299 1.9621 2.5904
H, 0.1176 0.0000 0.8611 0.1111 0.1765 0.1944 0.2383
H, 0.2177 0.5161 0.7449 0.6757 0.6563 0.4973 0.5526
P 0.0002 ** 0.0000 ** 0.8011 0.0000 ** 0.0000 ** 0.0002 **

N,: S5 Fe B0 Number of alleles; N, RS 3 IS Number of effective alleles; H ; WL B Observed heterozygosity; H, : W G
Expected heterozygosity; P M fE-JEA% - y* K96, * * . P < 0.01

http ; //www. ecologica. cn



15 1 ElE 2 JEER R EST-SSRs FRICTT & M A [a) b FE A 544 Z2 4 4195

2.4 Hardy-Weinberg -7 1)y #6546

I POPGENT. 31 il /A 1 , T T m JAE A X 4% R A AN 45 Hardy-Weinberg fi B 5 00U T, 25
L3 ANl BRI FE I R [ R 1 ARG I 2SI 33. 4% IS AR IR 25 Hardy-Weinberg -7 (3 3) . X444
ST Z AR KB, 3 A HUPEEFARAENL S Rp-10 AbAb TP ARR A o 12 A7 f3 3 RIADAS [RI R BE 1 D 25
2.5 FHARESEL 555010

THAL 3 DREARREA Z TR A N st AL B B Bt A AT (3R 4 RN 5) o 7 FHRBF AR HAR At A4 IR 5
(0. 1108) , it A AR R E S 57 5 RN S RO A9 35t A5 R B IR 2, RO A RN T B A 1) 5t A% P B8 it (0. 4323)
AR ROR (I, 3% HT B 5 B A PN 109 382 4% B 2 33t A% AU 43 391 2 0. 5178 +0. 1328 ,0. 6930 +
0. 2708 ;0. 6592+0. 3291 0. 542620. 1572 ;0. 5480+0. 2759 0. 5986+0. 1496, i izt M HREAA ] FIREAAR P 15 £4 1E 25 Al
BARARRIME T 8% B B AR NS4 R T REIAR ] st AU AR ) /N TR

R4 3 HEBEEMBEERER (T M) RAMERE(E=M)

Table 4 Genetic distance ( below diagonal) and genetic identity (above diagonal) between 3 geographical Manila clam population

HiBRRE(R Population KikE HH HE
Kie ok k 0.8952 0.6490
T 0.1108 * ok %k 0.6998
G 0.4323 0.3569 ®ow o x

RSO3 HHIBRHR N ARG RE B R AR RE

Table 5 Genetic distance and genetic identity within 3 geographical Manila clam population

PR Population
i H Item - —
Ki HH ]
IR Genetic distance 0.5178+0. 1328 0.6592+0.3291 0.5480+0. 2759
FRAEAAE Genetic identity 0.6930+0. 2708 0.5426+0. 1572 0.5986+0. 1496

HRAER 4 s E P B EUE P N A HE R IR 75 S RO Bl — 32, RO AR I A e R A )5, 1
5T SRR, FOWR s A B AR Z BB AR AR U (18] 2) o X FE—EFREE b O T HEAR I R4 O &R
PRSI IR ZE SR SRR Z (Al s AL PR B i A — 2L
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Table 6 F-statistics for 3 Manila clam populations on 13 microsatellite loci

LR S e MR RELF, F-8iiti F
Loci RIETEAR A G2 AL ﬁﬁﬁﬁﬁg )ﬂ?ﬁﬁ;ﬁﬁ: )ﬂ?ﬁﬁiﬁ:
All populations All populations All populations

Rp-01 0.1899 0.7477 0.4688 0. 4267 0.5033 0.1336
Rp-02 0.7709 0.7915 0.9463 0.8274 0.8511 0.1086
Rp-03 0.2288 0.2032 0.3878 0.2803 0.3395 0.0803
Rp-04 0.6389 0.456 0.7624 0.5943 0.6312 0.0877
Rp-05 0.4564 0.2904 0.5595 0.4317 0.4779 0.0806
Rp-06 -0.0735 0.0507 0. 4606 0.1305 0.1678 0.1029
Rp-07 0.5634 0.4836 0.6143 0.5557 0.5564 0.0135
Rp-08 0.6043 0.3995 0.4516 0.4954 0.6284 0.2339
Rp-09 0. 8568 0.9414 1.0000 0.9252 0.9308 0.0692
Rp-10 -0.2157 -0.0895 -0.1723 -0.1525 -0.0386 0.0989
Rp-11 0.2987 0.0351 0.8332 0.3979 0.408 0.0168
Rp-12 -0.4270 -0.2571 0.7271 0.0074 0.0469 0.0533
Rp-13 0.1193 0.6835 0.6035 0.4325 0.5781 0.2341

SF-H49{E Mean 0.3086 0.3643 0.5879 0.3979 0.4589 0.1022

3.2 FHERBHE 2R

WL AR AT A YT AL (5 B R AR SRR B T DNA S22 (5 B kA, T 2L DNA 192810 B2 I
T YRGS SRR . BRI SRR 10% S B F ) AAm R A K E R R
RTINS BEARISE ZREE T B R ITE A B R AR S B AN T > A BE AR BE ML AC I
THOUT , — RIS T2 RS OMER . 225 BE IR BRI R 25 A 26T ARl
Hh TS 3 (0 4% B T WL RN ER 4 5 5 43 10K 0. 2383—0. 4387 Fl1 0. 5526—0. 6488 , IR FERHAIY T- 14245
B ferms , T S AR, 0 3 MR Z [ 122 T AN 35 (P<0.05) o &SRB S 2 5 B IR TC A 2
225 UL BRI B S5 MR Z 2R 220N K . IS SR BORTE , A7 I S SR B 3—17 A, T
FRERBRANL S AT IE BN 2—7 ANSE BRI 22 St AR BH I 5 547 A A 8 S (0 S PR BBUR  T 7E
PR VE IR RO L B SRR AT (R 2L | 22 SRR 3, 3K -5 2% 5 BE ARG 285 SR AR — B,

SR B M AR N 181 2RO R RRE R AN s DR R R B ASE st . NV, H, D H, AR R eI 5t
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= 3.8—4.2,H,= 0.3640,H,=0. 6266, X5 Yasuda %" i f9 & BEA R H =0. 136—0. 909, H, =0. 553—
0. 954 MLERAHZEAK,, 5 W R 0 J LA ERE B DA H =0.2708—0. 3292, H, =0. 3620—0. 4595 1Y
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0.7011— 0.7531 M tb, ZAMAKTIEAK, ST, —J7 0] BES2 075 bet DL R DL (EUE TR A, Fb o
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