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Genetic diversity of different generations of the Dalian population of Manila clam

Ruditapes philippinarum through selective breeding

YU Zhifei', YAN Xiwu'"*, 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; The present study examined the genetic structure and variation among different generations of Manila clam
Ruditapes philippinarum obtained through selective breeding by using 12 microsatellite markers. Four consecutive generations
(F,, F,, F,, and F,) were selected with 10% selection intensity from a wild population from Shihe, Dalian ( Liaoning
Province, China). Thirty six individuals were sampled from each generation. Among the 12 microsatellite loci, 121 alleles
were detected. The number of alleles on each locus varied from 2 to 6 and the allele size ranged from 101 to 273 bp. Each
generation had average effective alleles of 3.75 —4.58 and average observed heterozygosity of 0.3391 —0.3860. Based on P
values of genotypes, all four generations deviated from the Hardy-Weinberg equilibrium with varying degrees. Of the 48
generation X locus combinations (4 generations X 12 loci), 27 of which were not in an equilibrium state. Except the locus
Asari24, all polymorphic loci had positive inbreeding coefficients (F,,), indicating that high degree of inbreeding existed in
all four generations. The inter-generation fixation indices (F_) varied from 0. 0338 to 0. 2136 and there was significant genetic
differentiation among the 12 polymorphic loci. The F-statistics showed that among all generations two loci had weak genetic
differentiation, eight loci had moderate, and the remaining two loci had high genetic differentiation. Pairwise F values ranged
from 0.05 to 0. 15, which also indicated that the clam had moderate genetic differentiation among the generations. Based on

the F_ values, two out of four generations exhibited heterozygote excess, but all the generations in sequence showed some
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degree of heterozygote deficiency. The Nei's genetic similarity decreased (0.8203—0. 8107—0. 8031) and genetic distance
increased (0.1918—0.2099—0.2129) from one generation to the next through selective breeding. The genetic similarity
coefficients among the different generations ranged from 0. 7873 to 0. 8685, and genetic distance varied from 0. 141 to 0.2391.
These results demonstrated that there was moderate genetic differentiation among the four generations. In the present study,
overall average polymorphism information content (PIC) of 0.5055 was observed, indicating that there is great potential for

future selections of Manila clam through selective breeding.

Key Words: Ruditapes philippinarum ; microsatellite ; genetic diversity; genetic differentiation

FEFEEEIA AT ( Ruditapes philippinarum) ] 12 53 A 73R E R AL, RIRE DU RFRI I 2 2 — HAKHGH | 37
BRI 38 B PESR , JE—FE S T TR SR R DLSS . VRN B = I 2 D R sh iy, H: 2009 4F 7=
300 Z 7, 249 5 IRE K SRAE DL 287 B Y 30% | SV /K RGBT i 20% |, IR (T B 1 90% LU B IRA R
MEAT SRR T Fe Bk F B bR 2RI MR R A, i Has*c@ﬂ%ﬁiﬁﬁ,%wﬁﬁmﬁ%n 4
b P FE R BRI T EO A S e AR BRI R o TR, B e )iz A R PR AN A sh A i
Fhde R S S TR AR, il LIS B A KPR Bt R R T S IR R A, B, XK sh Y
T F , SRR A e RN AR (0250 B R b, X DL A RIF S8 A — e AR GRS, At ) T i D17 B2k
DU SR A A

M TFARF EF , AR A 2R T 5 A AR 8% ZREME S R AR LA AR AR
PRI, B A A A T R BRI T A A RIS, 1 7 A AL 25 A I AR A A T 0BT, Bl o T 9
FAR B K A4 & i RAPD (AFLP ISSR \SSR il SNP 2 ZFh /0 FAric AR | X 8643 FARic B A R A= Mg 5 45
FIRPHARR AL TR . T TR (microsatellite ) BAT 2857 B & i K G MR AF R AR A7 450 H K St i 4 55t
1 ZRARF RS, PIRTBE) 32 N F T s R B st A% ZREVERFIT . A AR A AR OR R) TR AT 3t
e ZREPE AFLP 43871 F1 288 tRNA 207 SEE A BFST , (H M A SRS 0n At Qe B B Mt A% ZREE 0T Y
il AFFEFIH] SSR HARIFHTE B R 4 MAGEE 2RI R, BTEN TR BT X R R
FFFRFERE AL ZE R R E R, R A 0 5T 08 U5 R PR3P RN T R R, DA B A R i s 1 1 Al o B AL e
A
1 #RI5RF*®
1.1 SRR

%&Eﬁ%ﬁiﬁ%‘%ﬁtﬂﬁi%kLEﬂUﬁE/Jﬁim’*ﬁ‘ M 2006 458, FFURTE IR 10% e £Ess | 34T ik &
AN 1 2" BES MR B4 P BENLEEEL 36 4, il a4 B\ F, (F, F, . (GRS [A])5
17— 80 C FAIEA .

1.2 LIk
1.2.1 FERHZ DNA AOHEECS K

FHH HLRZE I 8005/ Sk S HiHR DNAF, F, F, F, 2853 36 4> DNA #E5, PEE i 19 DNA
WERFER 50 ng/ul, BT -20 CIAERTH,

1.2.2 PCR¥"#

SIYPRIR 1T 6 2551 ARSI EH AR )5 6 25198 Yasuda N 4572 HF & it

PCR VAR R . MAF g 25 L, Hi ikl DNA 1L, 10xPCR Buffer 2.5 pL,Taq B 0. 2L, | F#E5144
1L, dNTP JE&% 0. 5pL, H ddH,0 %M e % 25l

PCR W :94 °C A 5 min; SRJG 94 C725PE 1 min;50—58 CIE K 1 min;72 °C 7B 40 5330 PMEH ;72
°C ZEfH 10 min;4 CLRAE,
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I YIRIREI : PCR 7= W) TE 8% RS ME R N M BERS T fL YK, 160 V 1HJE 3 h, 0. 1% PR YL o, F2E [
UVP B S R 58 ( BioSpectrum®  AC Imaging System , USA ) {4,

F1 MIEFCZOFTSIMFIIRERNRE

Table 1 Core sequences, primer sequences and annealing temperatures of microsatellite DNA marker

MTEMA  GenBank HM-5 519FF1(5'—3") Bl PCR BB /bp SRR
Loci Registration No. Primer sequences(5'—3") Core sequences fragment length Tm/C
F: 5" CCGCTGTGAGGAGACCAA 3’
Rp-03 AM873616 (TTG)6 170-213 58
R: 5" CCGCCTATGTGACAAAATGA 3’
F. 5" GGATCATAGCGTTGTTTG 3’
Rp-05 AM872674 (AC)5 101-138 54
R: 5’ TAGTATTTCTCCGCCACC 3’
F: 5" TATGGCTGGTTTGGACTG 3’
Rp-07 AMS74000 (AT)7 119-151 51
R: 5" TCCCGTTACACTTACTTTCA 3’
F. 5" AAGGTTTGGCTGTGAGGA 3’
Rp-08 AM873997 (AT)7 146-181 54
R: 5" TCCCGTTACACTTACTTTCATC 3’
F. 5" CAAATGAAGTTGGGAAGT 3’
Rp-11 AM873203 (TA)5 195-273 50
R: 5" GCCTGGCTAAATAAGTAA 3’
F. 5" TTTATTTACCAACGCTCCT 3’
Rp-12 AM875824 (AT)5 193-238 50
R: 5" TCCCCTATTTTCCATTCA 3’
F.: 5" GCTCGAGTCTGATTGGCTACTTGAA 3’
Asaril6 AB257421 (CT)12 151-174 55
R: 5" GGTATCTAGTCAGCTCTTGCAGTA 3’
F. 5" CCTACGACATGTGGGTTATTT 3’ (GT)5
Asari24 AB257423 . 147-186 55
R: 5" TGTTTTACCTGTCCATCATTCA 3’ CT(GT)3
F. 5" AACGTCTTTTAATCATGGATGTGAA 3’
Asari54 AB257426 (CT)9 212-246 55
R: 5'CCATATATCATATCATGATATCATCTCTAGA 3’
F: 5" TGGCTTTGTCAATTGTGTATTGTG 3’
Asari55 AB257427 A9GCGTT(CTT)8 184-223 55
R: 5" GACAAATTGGCTTTATTTGGAGG 3’
F. 5" AGTTGTACAGCAGCTCAGCAT 3’
Asari62 AB257428 ’ (ED7E3(C3 196-272 55
R: 5" CAAATAACTAAACATTTTCAGACTGC 3’ (GA)3
. F. 5" GTATCTGAATGGGTTGTTATTGTGAA 3’
Asari 64 AB257429 (CT)12C2(GA) 12 112-149 55
R: 5" GCAAAATCATTTCGTTTGATGC 3’

F. Bi#5190; R 514

1.3 Hdegit50r

HLVKBEN 2256 [ UVP BERUR RGN, 455 BECHLIK 2 BT Gel-Pro Analyzer 4. 0 R 4EHRHE Marker
(S 100) BEH 54 B BRI K/ B2/ PO SER Y 11 POPGENE 1. 31 BCPFHEATRUIALER 157 4
MEAREEAARICAL 5 H) 225457 B & & ( Polymorphism information content , PIC) DL B A A REAR Y A FE TR R
(N,) FRCEMSEREE(N,) ™ SR G (H,) M6 B (H,) P 5L F F (81 F-5r Bk 5%
IR PAE Y SE S5, A TG ZREME ST o T TSRO IR0 1 3 12 AR DL S 2803 £ B 8 A% 0 AL R B
BARSHHE I BT

FHRZ SR P= 22500 5 BB AL S

n-1 n

EhEEEE PIC =2 ;j;lpipju -PP) P,
X P SRR S | A SRR POR  n AR FE AL
AR B A N =13 P

A PR O R R,

AR H, = 244 FIREEL 7 AR BB
WA R H=1-YP">

P, PO s 5§ AN AR R B
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T ] AR AR (D A 5 =Y (xv)/ 1Y (x)*Y (v)r”
A, X LY AR XY BEARSS | NI B IIR

B ) 5245 R S D =—Inl

[ EFEE( F, ) F.=1-(H/H,)
F-GEit( F,) F,=d’P/P(1 - P)

A, P OSSR SRR B RER T B 0003  o PORIZ A BERTE M A Z AV 05 22
2 HR
2.1 PCR ¥4

MEEHLEEERY 22 X FEAE TG A T2 5 Y P ifit th 12 XEA R IG5 19 (R 1) o 8% AR AR LR Pu I 1t
WM HL SRR AT . PR 1 R Rp-11 % F,—F,4 DA I LR

e 200

- ==L - B = A
100 —
- 200 F2
- — - = :
Se—100
200 F3
e 100
=200 F4
BERL e SRREE. e tEta_RacmLTSazoesw

Bl WMIEfrsRp-11 E4 MHEARNTIEER

Fig. 1 Expansion results of microsatellite loci Rp-11 in 4 generations of Manila clam

2.2 BAFEEN S SRE 2N

X AR B IR 4 MACHET T 12 D BALA R PCR P71 245 5) 121 NEEALFER 5 15 2 1Y 4%
LN 2—6 A P21 BEKBEAE 101—273 bp Z 18], 45 PIC {524 0. 1948—0. 7183, 4 /Ml
ARG I 2% A BE 4393 4 0. 3786 ,0. 3391 ,0. 3860 ,0. 3574, i s JHA R KA P EHK K, 4 AR
Hardy-Weinberg V- {fit 25 5 #5034 & A2 T AN [R) AR B2 (%) Dt 25, 45 3R D2 2, g 5 B G Wl 28 PRI S o 3R, X
4 AR 12 AL ST Hardy-Weinberg SF- A6, & BURE TN () 48 A% (4 AEARx 12 M) oA
27 A B A iR A
2.3 ffRENSA R 50k

B oS, Asari2d Ab, HAs 11 AN ZBALEE L R F AN IEAE, 20 4 A AR SRR g™,
FRIE)A5 7 A8 AE 54k (F, ) ELFE 0. 0338—0. 2136 Z 1], B E PR 3 3R 0 4 D HACTE 12 D280 S R
FIRAE ML, N PRI BRI 4 DHRINA 2 SR AL S, 8 M AL A b 45 2 M
SBE MR (£ 3) s FeXT R F M (0. 05<F,<0. 15) £ 4 AR RS AL bR RE i 45 (6 4) . BN, X
F AERTTE R A 7 AR S A A T T RR S XA AR 5, B 07 25 Asari24 Ab, A7 51
RN —ERRE A TR,

http ://www. ecologica. cn



4203

B S AR AR IR RO [ AR B AL A

15 4

10°0>d° . .

CTET X A Iy fd fAnsoBAzororey peroedxy F LLNZER I (°H fAnsoSkzomorey pestesqQ I LMK UM fSOP[® eAnooye jo loquinN W Y| FET) L o PN PSR Jo doquinN W Y FE T & (N
0€2€°0 #990°0 . ,0000°0 8L20°0 91¥8°0  ..100000 ..100000 .,.000000 ,.000000 ,.000000 ..00000 Y0612 °0 d
05090 €879°0 LSSL™0 87650 099% 0 19¥2°0 LE69°0 8TIL'0 1489 0 68290 7829°0 8LYS "0 €7L9°0 H
YLSE "0 769 °0 6TrL "0 7880°0 119€°0 8LLT 0 UV 0 8EYE "0 €PIE0 TITI o LS8T0 9820°0 88650 H
YLLY T 8879 °C 0026 '€ 6511 T 1081 $0TE "1 8791 '€ 615€°¢€ T0L0°€ €L79°C 6579°C 6€L1°C ¥6L6°C N
STy v 9 v v € 4 S 9 v S € 4 N
91¥S "0 9¢¥S 0 6€0L°0 120S "0 L6110 1612°0 ¥¥29°0 10S9 "0 1919°0 785570 T80 SEEY 0 €6¥9°0 DId v
$810°0 $€62°0 . .0000°0 . .0000°0 SHST0 €6€0°0  ,.00000 ,.1S00°0  ,.0000 0 0£10°0 . .0000°0 . .LO000 O d
002S 0 018S°0 LYEL™0 968L°0 €8€€°0 Wy 0 LITL"O ¥$19°0 LEVS 0 1L8%°0 95€T°0 7T 0 T9¢5°0 H
098¢ "0 £999°0 L9990 1LSY°0 621 "0 Y62S "0 £€85°0 950€ "0 000 "0 119€°0 000T "0 §790°0 1L52°0 H
W0LE'T SI¥E'C €0€9 "¢ 0CIS v £€00S "1 S8LL1 Tese e LEVS T 8YS1°C €YT6°1 ST0E 008T "1 Tiele N
4 9 9 9 € 4 14 ¥ 4 4 € 4 14 ‘N
8591 "0 €1€5°0 6689 °0 I1SPL0 76620 61%¢°0 125970 86750 96L% "0 9¢rr "0 96120 8761 "0 699% "0 DId €A
LSEL 0 L¥60°0 . .0000°0 . .0000°0 150€°0 8€90°0  ..0000°0 . ,0000°0 1L20°0 L1S8°0  .,0000°0 . ,0000°0 d
Th0s "0 1LS6°0 899L°0 80TL "0 87500 §T9T°0 S¥$9°0 S16¥°0 LEVLO LSIE0 8687 "0 1S6€°0 92090 H
16€€°0 w0 #7690 SETET0 00000 950€ "0 TL 0 EVIL°0 98¢0 7T 0 TLIS O 00000 T69T°0 H
€PPe T 61T €101 ¥ LOSY "€ 1LS0°1 €6ve "1 S0T8°C 86€6°1 T9rL€E 12Sh 1 SEI6°1 PLED 8T N
00SL € 9 9 9 4 4 14 € 12 € S 4 € N
S8YF°0 110§ °0 €81L°0 T199°0 97500 ¥$TT°0 L8LS "0 T08€°0 0£89°0 €882 °0 s 0 SEIE°0 T6TS°0 DId T
8010°0 LSY0°0 . .0000°0 . .0000°0 129L°0 .. 000070 LESP'0 . .0000°0 . ,0000°0 060L°0 . .0000°0 . .00000 d
¥LT9°0 €19L°0 TLOL™O 0L89°0 0¥£S "0 S0S€ "0 S¥$9°0 €S16°0 YIvL 0 065L°0 LY¥9°0 9919°0 1L86°0 H
98L€°0 1119°0 6THS "0 00ST 0 7T 0 €EEE70 9L19°0 L91+°0 00ST°0 €€EE°0 9829°0 62170 761 °0 H
91¥8°C ¥TI0Y 610€°¢ 0680 °¢ STIT €876 "1 1918°C 67€0°C 881L°¢ SSL6 € 9¢vL"T 61T W61T'T N
€€8S ¥ 9 9 9 € z 4 9 9 S 4 4 € N
0995 "0 SEIL0 S6v9°0 9€%9 "0 TILY 0 6582 °0 8€LS "0 018+ "0 £€269°0 YP0L "0 11650 LLES O 6LYY "0 DId 14
ueo N ) fof A pouesy coumsy gguesy pguesy yeuesy guesy Ti-dy 11-dy 80-dy L0-dy c0-dy £0-dy wey [ ifir

WE B[IUBJA] JO SUONRIUIS p Ul San[eA-J PUE AJNSIIAIP dPUID T IqeL,

ThTy ) & SqUDA-ApIeH YRS ZHEHY R v £ 55

(%3

//www. ecologica. cn

http



4204 A % R 31

*3 FERBRF4NMR L2 MRIECSN F-RE

Table 3 F-statistics for 4 generations of Manila clam at 12 microsatellite loci

. ERRBF, TR EHF, F4iR
L{);‘; A1 i 2 HFS 3 A 4 4 4 iEfE
F, F, F, F, 4 generations 4 generations
Rp-03 0.6461 0.5444 0.5135 0.1589 0.4516 0.0581
Rp-05 0.7649 1. 0000 0.7143 0.9471 0. 8668 0. 1406
Rp-07 0.0109 -0.0834 0.1388 0.5386 0.169%4 0.0481
Rp-08 0.5546 0.2862 0.2482 0.8043 0.5194 0.2136
Rp-11 0.6580 0.4154 0.2536 0.5339 0.4792 0.0580
Rp-12 0. 1800 0.7641 0.4965 0.5101 0.4871 0. 1425
Asaril6 0.0423 -0.1189 0.1688 0.3096 0.1049 0.0669
Asari24 0.0357 -0.1803 -0.2095 -0. 1447 -0.1254 0.0338
Asari54 0.5780 1.0000 0.5716 0.2141 0.4713 0.0661
Asari55 0.6303 0.5445 0.4127 0.8494 0.5933 0.1273
Asari64 0. 1860 0. 1404 -0.1636 -0.1208 0.0193 0.1785

K Nei i 07238 AR B A AR E R EOFIBEIE B (2 5) . BEE T Wk T, F, 55 S0 a8 1%
AR 228 /)N (0. 8203—0. 8107—0. 8031 ) , bt A% i 25 34 ¥ 14 K (0. 1918—0. 2099—0. 2129) , A [m] AR 1]
B AL BB 0. 7873—0. 8685, AL IE BS 4 0. 141—0. 2391, L5 F20H 4 AR [B] (4 35 4% 4 AL F

NS
x4 FEERFARERE LR AMHIECS #&5 F,—F, B0 Nei RIBEEBR(T M) REEAHMERE
BLXT LR F B (F=#)
Table 4 Comparison on Pairwise F values of Manila clam among Table 5 Nei’ s genetic distance ( below ) and genetic identity
different generations at 12 microsatellite loci (above) between the F,—F,
14X Generations F, F, F; F, AR Pop ID Fy F, Fy F,
F, — F, ok Rk 0.8203 0.8107 0.8031
F, 0.0718 — F, 0.1918 ® ok ko 0.7873 0. 8685
Fy 0.0725 0.0971 — Fs 0.2099 0.2391 EREE 0.8371
F, 0.0624 0.0565 0.0654 — Fy 0.2129 0.1410 0.1778 * ok E K
3 g

3.1 RN S 2 A

FEHE IS T SRR F, o A IV A BT AR B, AN 2006 4E5E , JF AR IR 109 RO BE#R5R 13, Wb 4T
e AR R R O 1, 38R LR 3 AN HARIKIR R B, F, B LA A AR T 1AL S5 44 BT
TS AR BB AR, X R — 2D e B AR AR EZ A L, BT, ©A AR AR TR bR C X
FRBEARIEATRFFE AARGE" 7 ABFgEh , e B DR A 5 7 F AR A 22805 e 0. 2859—0. 7135, F-1
$90.566, BN IERTE 2—6 Z[H], P BSEA LB 4. 5833, BABE 2SR, WG
Barker ™ WS M4 4 N8R 4 AL S0 R DR A BT A 5 A BEAR S B B A T W R A% R, X UIH X
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