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wh, ZFsr FRRICH AR MAFLPY | 1D
FUIRICOIN A5 B T JE A T2 05 A7 Rl a5t 1%
WFFE, 4 F R 2 B o [ VR U6 22 05 A7 R0 #F ]
DRI AR 3 & o Hod, Maof5 T4k
RCObRIC I MEFE , 4 o [ il JE AL = A5 A7 2] 43
H3INIE R, Hist e 450 25 5 0 3 (P<0.01), 7
BLRGHSE, FE AR IR R R U IR B AR AR 20 R
I 3 A% 22 5 T RE 2 H BB T vk b 5 1R 4 1 7
T o AV 18 B PG b PV 1 30 0 R B S B0
AR AR AT R R, W I E T E iR
FET %, WU E ALK, PRt R
BT it s R F S 2 A A % B A 3 T Rk K
A . fEA R, B R TR B o A
BABAAEN DU, AR A R A K R
B, ASHIESE LA KPR i A A A R
BT AR BER S b RE TR A B G A A 24 A
BER, 0 B O3S S BE AA 22 22 4 R HE DL A
WARKREFEN, FEHRLHN, §EHD
FEHE RIS B A TS, NS B A 3R 5
b A B PT RESE  JR 2SS S

1 MRS T7E

1.1 EDIXRRE

2015491, M AR Ge - [ A v 3R 2 1%
(9 E A 2 MR A ) AR B A R IR (SR A 1 1O P A
FRBRER 4200 A 22 DL,

1.2 SCIERIt

T-20154F9 7 18 H -1 B il 2 i) 5 DLz 2= 4
HEWERAA BTG #ET R MATES .
K% 0.01 mg/L2 /K By 7K 2 i3 4£0.5~1 5,
5 D725k TF BR e IF 0 T ME M, BH T8 hig 5 5™
GUHEAE . BEBOR BT 75 (G)Fi AR AR (F) Y JE
ISP RRAE R EA, il ERE DN, LRk
TR A 22 28, W8 GGRIFFM A~ H 2241,
GFRIFGM AN IE &2 dl, L4l R A
150 H i 28 W ad & 2B 22, ARG K 2 A5 i FE A
ZXH 10 LAY K AR e fk , 54k 2 % M 30~40
A/mL, WAL R FRF2L 7R FE/KIR29.5 °C. h
JE29. pHB.OMAMT, ZHWAE4ShWELKEE
G4, 220 WA LK E NDIEL L,

1.3 #HiEs
FE10 LEY/KA R B 4h i, % 5 7~8~/mL,
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BA LA B3N AT, HE KR IEEK,
4B BERHOK . A H B2, SR A H
BEAEOINE . R FMIE, Kk H28.2~
29.5°C, pH 47.80~8.24, EhE K29, 7EIEH W
[B), 7 X &)y o % B % R R AT W I R A, DA
PR A ST 21 1 4l % B R — B SR R
Hr, SCES AR H A BE RS, JEEIR KPR LS min
L b, BIEARSCIT AR AL R, LIk 45505
MM E GG

14 HIUEE

MR EEFE AR AT, HALTG
W, JFERARZSHEE , F 150 H 48 W 4% 0 5 4
qu, B AT —HE DU B B b i A W AR, AR
JIEFREEA 1 mmJ5E 1Y 28 5 i T 75 1 H1 150 H i 45 1
R YE . MEDLREFBIE, JKiRh23~28 °C,
pH 47.80~8.24, £ K29, L HARIFHIK,
ERMAET, BRE R, 8230, MKk
B E, & HHK50%.

1.5 $EFRNE

DNAR . 4l B RNV SR /N T 300 pm Y HE DL
KA BN R, 72K 2~5 mmAHE DL H B R
a0 A X Ao AH AL B e SR,
SR )5 FI 8 F DIGIMIZER 3.2.1.0 (http://www.
Digimizer.com)ill & . 3% Ul G5 R 1 KPR
HOAEEH0.01 g)o B FATALBEALE S0 A i
Pl . R FHExcelit 5845 1 4R 34 (mean) Rl bR 1fE
#(SD),

TR R IR NGE S SO A s R
FRVIEDIL Y B S ZAG OB Z L. 4 UAETE
R LI DI 4 BE R 100%, 25 N HE DL 85 & A 7E S
DL M 5 18 A8 A5 FHE DR h100%

L6 ZAMUBEITE

252 TARHE R B 28 Bl A8 5 (Heterosis) T 5 2
Y /AT

GF + FG) — (GG + FF
H(w) - O Gé+;F'* 100 (1)
GF - GG
HGF(%) = % 100 @)
FG — FF
HEG(%) =~ x 100 3)

A, G, FaulET R Mm@k, GG,
GF. FG. FFillRm4 L5 n R —H
B RAE, AX)ERRPEZRMEE; AL
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(2). QR)RI/NIERACH By 2P,
1.7 HIEAIE

2 S50 2 18] 1Y K4 R HISPSS 18.04%K
PP R B R T 2 T RS, 2 R
BB N P<0.05, {# HExcelfE R, FH XM 2
2547 BT B B A I B Y5 RN C 6T 7 SO AN AR AR KR
AETE )50 U

Yix=u+EO;+MS; + (EOxMS) + ek

A, Y RmeNEE T, SBAIIR, HR
X7 T K (BRI ), w SR

EO 2 58 K (BT 5 ) I B9 A (i=1, 2, 3),
MS; 2 7 A (B 36 ) 1 2 X 208 (=1, 2, 3),
(EOxMS),;3% 7 B U5 FEC % 7 2 1Y 38 B 52 0

e MFEHLILEG IR 22 (k=1, 2, 3).

2 4

21 AN EREAESER

PN WS R B SEA T SE KA AR B3
22 51(P<0.05), A AL RFA Y BRI 42 4 (70.5942.12) pm,
KT HEBEARM(68.14£1.86) um, —H LR BFH
(P<0.05)(F 1),

®1 FERBFEOFAFFOESHER

Tab.1 Morphological comparison of two parental stocks of R. philippenarum

U 5 /mm & /mm FE 96 /mm Mg §R4%/um
populations shell length shell height shell width total weight egg diameter
J"73(G) Guangdong (G) 32.1543.64° 21.1642.61 14.10+1.88 6.07£2.19" 68.14+1.86"
#&#(F) Fujian (F) 28.7343.59" 20.02+2.98 13.5442.24 5.40+2.00° 70.594+2.12°
Notes: *.P<0.05
22 ZREFRMDE Y RFILER 1.85%. J5 220 MR, 4l BB Y 52 KA o e 24

H 3 2H FI 24 38 2H 1) 32 K5 R 24 7E99% LA L, 08F
TR H65%., 44 SZH6 21 1 32 K SR AR AL R )
TC i F R (P>0.05)(2),

R2 FERBRFEIIVEANIHEMFLER

Tab. 2 The rates of fertilization and hatching for

different experimental groups %
AL Zhi% W
experimental groups fertilized rate hatching rate
GG 99.18+0.83 65.81+5.42
FF 99.48+0.46 66.13+2.53
GF 99.23+0.13 66.52+3.46
FG 99.42+0.35 65.78+4.67

23 HHBEK. FESRMNE

TEVRIR A ), AR AR R I i 2
FpOE s, ANFESH RS, IE s A 72K BT
R A scd, H2ER 83 (P<0.05); 4 FGH
F R B FEL T &R A 34 (P<0.05)(R3). 1E3H
FSHWH, AZHMAAHM KT EES
¥R (P>0.05)(%4), 4MEKAFG. GG,
GFFIFF4)) 3 76 55 8 K 1 A7 1 % 43 71 0 30.78 %+
3.42%. 32.81%%1.58%. 35.66%+1.93%7F136.45%+

22 B E (BEAR RN R i de A, B 3 A R B R
AHC T Iy 2 28 BAE R i 35 38/ (36 5) o 4 i
SHIANT, 716z Fxt r g mth w3, HoJy
248 40.051(P=0.000).,

24 MEDMEK. FRESRMNE

ENHEDLEEF M, A HBRMER, &
KR U AL . KM HTE30H i
UG, TERACHAM A A KA 0 T HACH
(P<0.05)(F6). 41LKHFF. FG. GFHIGGHY)
HEB 40K (AT 15 R I35 1 38.72%+1.62% . 40.68%+
1.85%. 45.75%+3.26%F152.27%+2.13%.

MEVZENEEEM, B T20H B8, GF4M
TG R R N AR L (HGF=-8.94), H A3
£ oS L/ v~ SO % NI N =i ST R O A
70 e M I S 2 P A B i s K, fE40 H i
10 A | v N s /e X (BN B 5 N |
H25.64F127.00(£7), {H40H REBF, 1716 R AT AL
MR N-0.05, FrESHRI, HEIMER
Z WA J5 A A R, O R AN X K Ag
HAER I, OP R (B AR 8500 I 52 0 457N (F2.8) o
40 H W4 B, FE DL 04 A7 1% 32 B 5 5% i) B f 25 (M S=
0.140, P=0.000),
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®3 FERBFHAIIREZTKMETSHEKER

Tab. 3 Comparison of larval shell length and shell height among different experimental
groups during planktonic period pm
ST Pek #HHE/d  age of larvae
groups mtraits 5 8
GG 7ok shell length 165.31+15.35 177.60+19.23* 205.86+17.26
7  shell height 144.54+12.26 165.15+17.83 186.65+16.19
FF 7K shell length 162.62+15.47 174.06+16.39* 201.07+20.56
5S¢ shell height 141.33+£21.18 165.46+15.94 183.85+24.43
GF 7oK shell length 168.58+16.11 186.04£15.31° 203.64+28.14
7  shell height 147.10+14.66 160.97+14.59 179.53+28.18
FG 7oK shell length 167.41+17.26 190.16+15.83" 202.46+19.77
52 shell height 144.96+16.34 162.78+15.67 184.47+16.16

e FSNREARR RO AN ZR B, KPNGRRAFALERAS, (P<0.05), FFH

Notes: different superscript letters within the same column indicate significant difference among means, capital and lowercase letters indicate different

combinations among means, (P<0.05), the same below

T4 AREHHRKMETSHRMMLS

x5 HHENEINREOFMRZEAFRAMS)MNEKMES
S5 Z 574
Tab.5 Two-Way analysis of variance for the effects of
egg origin and mating strategy on shell height and
shell length during larval stage

Ferw  shellheight 724  shell length

IR H - -
source df Y5 7=MS Y7 ZMS

mean square mean square

Tab. 4 Heterosis of larval shell length and shell
height during planktonic period %
PR ) H & /d
AR A1 HGF  HFG
traits age of larvae
FEiH 3 1.16 1.08 1.62
shell height
5 1.48 —-1.45 5.81
8 -0.94  -3.07 2.21
AN 3 0.98 0.57 1.34
shell length
5 5.88 4.75 9.21
8 0.27 —0.42 1.87
3 ik

31 AENEARBEEALLER

458 H R A AR A AE AR Y AR B
G, B 2228 B R ROGE A S A
HEM. HAEMBER, QESMEER, IE
PPt T8 Z bRk, R IR Y H A
B 7E B R A R, (H 2258 F A 8%
AN AR MR EN B ENEME
Bz —UT, FEARBEIE R, AR G A7 A R
KRB, R RKRMEBE FHFHERELR
(P<0.05), Jf HJ" A HER 4y o708 25 B[] b A el
T 3~4 d, U6 AEAE b 25 1 b R 1R (1) 22
L 1 S 19 s R S TR N S a2 AT
L i | N R A S K =N T B S
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23K 3rd day

EO 2 0.006  0.092 0.002  0.396
MS 2 0.001 0.441 0.045 0.000
EOXMS 4 0.006  0.024 0.016  0.000
5K Sthday

EO 2 0.009  0.048 0.039  0.000
MS 2 0.009  0.050 0.000  0.757
EOXMS 4 0.007  0.042 0.082  0.000
8K 8th day

EO 2 0.001 0.661 0.001 0.661
MS 2 0.004 0269 0.064  0.000
EOxMS 4 0.004 0267 0.001 0.693

99%M165%, H 20 [A] 2 74 i 2 (P>0.05), XKW
FF T2 UG A AR U P T A ) b B AR R [ A
SEIF, ANAEAE R R] A A2 L B 32 R I G 5N
ARG K& B R

3.2 ZeFiEs

N 2% 58T AR A 08 AR — e A AR K PR RE
PO e o B A O A T oEAS, Al
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Tab. 6 Comparison of juvenile shell length and shell height among different experimental groups
il PEAR HEDLH®E/d  age of juvenile
groups traits 10 20 30 40
GG #F K shell length 312.54+54.16" 317.71+46.85 986.44+269.78" 2 094.36+634.68"
F&  shell height 347.94+56.25 343.75458.33° 845.83+224.25" 1 587.46+476.48"
FF F¥  shell length 325.25+61.46° 312.50+£56.26" 913.53+259.38" 1 901.36:498.51"
F&  shell height 202.71455.52% 281.26+51.46™ 777.114213.54 1 451.86+358.68"
GF F¥  shell length 410.42+92.68" 370.08+80.20" 1 073.96+248.95" 2 158.61£607.52"
F&  shell height 359.47+77.25% 309.36£80.07° 915.63+208.33" 1 611.62+456.63"
FG F¥  shell length 359.36+58.34" 364.25461.04 1 182.294273.96" 2 672.25+464.28°
5o shell height 324.06+55.52° 333.75+57.29° 971.88+215.61*° 2 102.82+663.12°
®7 AREHNTSMETKORMMLS *8 MIMEINREOMIZEARXM)MEZMEK
Tab.7  Heterosis of juvenile shell height and HMP A ESH
shell length % Tab.8 Two-Way analysis of variance for the effects of
PR H#%/d H HGF HFG egg origin and mating strategy on shell height and
(raits age of juvenile shell length during juvenile stage
e 10 861 649  14.03 g gJ g
shell height 20 3.66 ~8.94 21.77 ﬂ%ﬁ I'j H:{FF %%— shell height %‘& shell length
- - N N >
source dr ¥175 2MS Y7 2MS
30 20.86 13.98 33.66 mean square mean square
EANPN
40 25.64 13.21 56.64 10th day
ER 10 22.38 34.33 14.10 EO 2 0.186 0.000 0.017 0.148
shell length
20 17.84 18.27 19.57 MS 2 0.040 0.019 0.317 0.000
30 23.90 15.39 40.15 EOxMS 4 0.080 0.000 0.132 0.000
40 2700 1891 3436 20K
20th day
EO 2 0.029 0.049 0.002 0.603
R AR AN b A O R R R S 2R, R
o N ; o \2. [19] EOxMS 4 0.078 0.000 0.068 0.000
AR BRI RE REA E.
SR Y TR SR AR R B A TSR A 30th day
B RN, A RAETE A R, WA R A EO 2 0001 0737 0001 0851
AERKEARER, BEFEHRAT RS, A MS 2 0.249 0.000 4346 0.000
22 Py N VAR . N .
2 L N H s j‘l: AN 2z 2. | i =
SERLE S FRE R A e 52, S E AR EOXMS A 0100 0.000 o131 0000
N . S, . Vs re—e 3
WA (UL TR ERI . 0
4 e A g 40th day
Xﬂ[j—;] %‘fﬁ‘% ﬁj\ﬁ%:zl}ﬁ , E@Ei%ﬁgq , g[] EO 2 0.080 0.040 0.061 0.037
PR X4y A A K e s K, U AR A 3 Y B MS 2 0330 0.000 0016 0290
BV (P<0.05), ART:Har, ZS24IM A S AEL) EOxMS 4 0222 0.000 0.026 0.141

M B AERK2ZER YR, R3] W2 ) 2 fh
PR, W T RERAON AT REHE 55 T 44 A O Y
e, X—IGAE A D12, UNhE 52 IR (Mercenaria
mercenaria)” " FI-K 35 HK B &5 U1 (Argopecten circul-

aris)* B 2R SZHEFE PO B o kAT BEE T
BEA R BRAR 22 ¢ 3, R BULOY TR 4 HLUAT
WA E R R E R ANAFE 2 22 5 . (A2,
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0 E

TEMEDU S T a1, PSR S8 A A K D7 1T 1) 3%
L B AT 2R A B 2R AR L (P<0.05) . 2504
I 52 480 28 S A AR R IR L, Xl BE TN
B [N Y 22 5 R OA T BB A G AR A RE 1A B
K, BIZeRROL B R BB A B 2E k. fEE
KRHKFEREY S, EA¥ERR, 5
PADR A 245 b L 380 14 T i U0 AR O 1) 2 PR LA I
W28 e

A1 ARAE Ay HURIHE DL S99 D8 34 249 0 A {E
RFIH AL, B M S 2 25 5 A
Fo JUARREHAR U R REOL TR A RER, (H
JETEMEDI ), IE RS WA TG R AU TREAZ
— AR, R T REAL, BRI
NPE, REHMAFEH . R, SN ERT5
253 Hr -t 2 W HE DL A4 4735 52 O U5 (BE A S8 )3 i)
R, XN TR LU T AR R A O B AR
o AE DL B A7 3% 3 o ARl L 35 B9 R/ 5 A0 REAS B
TRAG A R 22 S UT A OG, B b, YORA
TR AT B — 22 T MR % 25 PR BT S A 22 R
TRAEX — PR BRI A S @ 3% .
TR A A SRR B L IR AT 25 5, T
T A SRI AR AT, AW
00 38 4% 52 2 A 4y A A DL B A T B R
FALE, X nT REVH N T A 2 SR A RER 5 A7
I AH DG B 56 UL AR TC 22 S, T L AF 3 R 0 A U
WREY, w7 Bk — BT .
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The diallel cross of Manila clam (Ruditapes philippinarum) populations from
Fujian and Guangdong Provinces

GUO Xiang, ZHENG Yayou, ZEN Zhinan WU Qisheng, NING Yue, QI Jianfei
(Institute of Fisheries of Fujian, Xiamen 361000, China)

Abstract: In 2015, from Septemper to December, a diallel cross was conducted using two populations of Manila
clam Ruditapes philippenarum from cultured Fujian stock and wild Guangdong stock which was F; progeny. The
growth, survival rate and heterosis at larval and juvenile periods were compared among the two reciprocal hybrid
crosses and two parental crosses. The results indicated that all the four experimental groups had high fertilization
and hatching rates, and did not show significant difference between each other. Totally, at larval period, maternal
origin had significant effect on growth. While mating strategy was the major factor for growth hybrid effect dur-
ing juvenile. In contrast, at larval period, mating strategy had significant effect on survival, while maternal origin
was the major factor for survival during juvenile. This showed that gamete incompatibility and embryonic develop-
ment disorders did not exist in interspecific hybridization between different geographical populations of R. philip-
penarum. At larval period, no growth or survival heteiosis was observed between two hybrid crosses and the two
parental groups. In contrast, at juvenile period, the growth performances of two hybrid crosses were superior to the
two parental groups, showing heteiosis in the characteristics of shell height and shell length after 30 days of age.
Especially, at 40 days of age, heterosis values of shell height and shell length reached maximum, which were 25.64
and 27.00, respectively. This perhaps attributed to development difference of expression of heterosis. For survival
rate, at larval period, the Fujian parental cross had the best performance which was 36.45%=+1.85%. And the juven-
ile survival rate of the Guangdong parental cross was 52.27%+2.13%, which was higher than other three experi-
mental crosses. In total, survival heterosis was not observed during the study. This was attributed to the fact that

survival-related gene frequency of two geographic parental populations had no difference or detection was less often.
Key words: Ruditapes philippenarum; geographic population; growth; heterosis; survival
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