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ERA-FK,UATE N F R,
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R7 Y N AR SANN LT EFARC AN i SPN
EEMFTE R S I 5 M e A M2 T A SRR T E
LB EN QP EE N S RELE BN (TIE AN 57
H B Jattn) Ml ous 8 R (HBE S (Z05E
T RBETY) ST TR AL B T A
BEAERR b, A — ooz s & el AR E Al , HL28
DEAAR IR B i 285 A AR N P T 21
RUAT T =J078 58, X O AR SR e A 1 Bl i A%
R B =0T AR AR BT T BEE T e TR
ES i
1 RPR Tk
1.1 FEARRFESRA

R DU 2007 4F5€ 1) 16 7 M2 5K F,, A1
=Bukgsd 2 AAEFRRM e R b, Pl
ZLAR AR (R) 521 A AR L0 U 550, 0 F,
PIIELLA 2 HBE S IR b R (Z) - A5 Wik —
SRR 2547, Hoe i B BE S RAESL,
BA x B o IE A FNE B
F, . 2009 4F 5 H 47, & 507 105 R AL 2% 800
AR, R 20 HIMAE (40 cm x 60 em) |, £ K
K A PR W 1 3 A A A b PR
Wi o7 107 AU AT A2 A2 2, 4948 200 HE. ]
], 7KiR12.8 ~30.6 T, 25 ~28,pH 7. 64 ~
8.62,

1.2 IRt R AbE

2009 4 8 A EA) F R A B IR AR
AZABIT 8 h,4 h J5IHiG = I HRRT . BEALZEIR
PIIEZL(R) M BE (WZ) WERESS 3 4>, o, i
IR PRI LT AR P 7 I S L [ ME: (20,77 =
1.23) cm,(2.13 £0.21) g;#f:(20.82 £1.05)
em,(2.05 £0.19) g] 5%k REA(19.32 =
2.51) cm,(1.85+0.46) gl TREXER; AR D
AREY P H 7 5 e [ (M. (2423 1. 42)
em,(2.53 £0.33) g;fff: (23.82 =£1.36) cm,
(2.46£0.25) gl B 5%MmAFEA(22. 74 =
3.02) cm,(2.35+0.51) g] LREER, M5
FHMERERS 3 AN ARARACE W R [BLEARKF B
ZICARSRNL o S BICRAR I, R AR 28 583
REPATRORE R 2 IR 1 413 328G dESr A B 58
41 RR \WZWZ, ji> =JLIE X %2 4 RWZ WZR,
HaAgedl. 150 HImA Mg b, A
100 L Ffi s iefl , s2 R SR AL 2l R2g T 5 ~
6 i~ LI 22 8 R AR KA 480d 24 h
KENDILYI R Bt B, 550 4™ 4 b
[ERRIR>

20064E9 5 WP X Z(P») R(P3) x R(Ps)
20074E9H  WZ. ZW(ZJTZ%F) RCE FIEEF)
20094E8 H WZ(— AR EEF) x REMEHF)

WZIWZ. WZR. RWZ. RR(ZETTHX)

E1l FREERFAELSAHRI=THZAIRWIEIT
Fig.1 Experimental design for three way crosses
between Two-band Red and White Zebra strains of

Manila clam R. phillipinarum

1.3 4 HKR#ENEF

Yy HURIE DLAE 60 H S LRSS & 78 100 L 4
BH R, 2 R O BT 4 ~5 4 HEDLE
B TR 2 ~ 3 R B RARH 2 U, TR T
LW 4= ¥ (Isochrysis zhangjiangensis ) F11 /)N BR 3
( Chlorella vulgaris) (IRFREL A 10 1) | P2 EHH #2 WE
(0.2 ~0.5) x10"4Hffa/(mL - d), #E Dl A w2
(1~2) x10"40ffd/ (mL - d) , H 4 4 BUORIFE DL
PRI 0T 2 54 i Rk TR R B R
Bh B 2 RASIK 1K, G [F R 44
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TR, 4 2H 3 K 1 075 48 0 B 4 . 60 H % LA
Ja HEVUEEA 60 H B FI4% (40 cm x 60 cm) H17%
B AR W AR FR , FE48 200 ~ 300 R, 5 E W
[a], KIE N 24.2 ~30. 4 T ,ER Ol 24 ~28,pH N
7.64~8.62, N T IHREEHENEN, EEE
WY BEAE 3 K AT IR R A R0 4 4
B2, BRI MR, TV
BRI o B DL A R T T R A%, R, [ 4%
IR % R — 3
1.4 MEHER

gt HEDLSE K /N F 300 pm (176 B e T
FIH BN (100 x ) 4, 78K K F 300 pm /N F
3.0 mm {9 HE DL 7 AR BT A H O
(20 ~40 x ) #17, K KT 3. 0 mm J5 Hiibr R
RO, AR S 3 ASFAT, B FAT RE LI
30 NMEL 2l HRAE TG RN B R B4 R S
D B4 BB 17 00 5 5 Ml DUA7% R M9 AN TR F S A7
8 DL ) 2 A DB R
1.5 HEsE

T IRNTT 25 55, T I K X A A X AL
Logl0™* | B A () 17 16 R 34 5% 1k g )2 1 5% bR 5L
Asin'™ _ Ji] SPSS 16. 0 48 3% 1 %t Hi 4 47 43
AT A ] 3 56 2L 140 5 90 ) b SR T B PR 2y
250 M1 J 5 (Turkey HSD) , 25 57 @ F PE % B Ry
P <0.05,

£ M8 Zheng 27 E a0 i Y
J7ik T AR 22 L (Heterosis )
B (RR + WZWZ) —(RWZ + WZR)

H% = x100(1)
RR + WZWZ
RWZ - RR
Hypy% = = % 100
WZR - WZWZ
Hyp% = —~— 222 4100 (2)
WZWZ

LR WZ 53 IRR PIIE LD FI I BE 5 5 52, RR
RWZ WZR WZWZ 5 5| 375 4% S 5 40 WY F, 7 [F)
— HISARBE (E R A5 ) o 230(1) R
PRARSEIRML I 23K (2) T BN A IE VR
S AR AP

28 Cruz %™ Zhang 2" I FIOUR 43
ARSI B AR RGN B RS S X 58 4 &)y A=
KA BRI -

Yy =u+EO;, + MS; + (EO x MS) ; + ey,
K, Yy =k AR AT FPBCH 70T B
FER (A R) su = WHGEO, =52 K (fF 1l )

BRI (BEA L) (i=1,2) 3 MS, =58
(F715 5 BYEE X B (j=1,2) 5 (EO x MS) ; =
G 55 PE X S s 19 58 AR ey = BEALIR 22
(k=1,2,3),

2 4t

2.1 #HhHEK FEREMEE

B ToRACK A T W —fF K, H o & D B
oy B R /INAE R — B, A R G B 25 5, 0K UL
BRI R X0, £ 1 & R4 4 H
1E3.6.9 HiM- ek LHAERKMHA, 3 H
Wy, WZWZ i di e K B 2% K T HE 3 il
(P <0.05,n=30) ;6 HEEEF,4 50440 5
FeR K/ PEIE i 2% (P >0.05,n =
30);9 HgH, WZWZ g i 56 K i K, 5 RR i
WHM R KN EFEFE(P<0.05,n=30),5
RWZ ,WZR {50 H 4l 1L e @ 3% 22 = (P >0. 05,
n=30), WHAKMHE -F, RWZ {54 4 H
T IE R B EA KRS, LY RN
+1.70; 5U0AH R, WZR R B B A K 4 34
HK/N R —2.92; Bk F R M M4 K
g HKANHR -0.68,

5 MW AL Y DB &l USSR LR
100% ,FEERFE R 0, 3 2 AR I 4)) BUAE 3
6.9 H &1 391500 R R AR AR . 3 H 1,
RR %)) A7 Rl (83.17 £3.04) % , | /)
TFHERXEA(P <0.05,n=3);6 HIEH,4 ik
B2l 4l O AEIE RE T, B ML R AF TG R B 2 22 7
(P>0.05,n=3);9 H#H, WZR {3041 4 A7
R, B EKF RRILIA (P <0.05,n=
3), SHERABA LR EEF(P>0.05,n=3),
MRS - F , RWZ WZR 715 R 7E 80% L)
b BEAR R BREH &, HORARE LT Y (B 53
A +4.47 1 3. 05 Sk E RIS AT L
#OHS N R +3.60,

5 A WA 73212 P ) G S R NI ol B iy
U AR AL, R /N 32 7 DY 5 T X 55 s 1)
A EAE R, FCUR Oy B AR5 M) , T C 0T 3R s 5
WA B AR (R 3) BRI S A
T, RN 3 B AZ e % 5 W 2 M), vk Sk B
PR T B YR 5 X 5 s 19 58 ELAE LT 1%
ARAEBIFEIAIET (3 3) s ZI01E A A I H R R
PRSI/ N B BH S5 A AN R o
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FR1 FHEADHHZTKEERKRKSE
Tab.1 Larval shell length( pm) and growth heterosis for the experimental groups during planktonic period

ZhFe K (pm)

| 1. f- M7 A
#}JJ larval shell length RIS .
item ni ni T average growth heterosis
3 & 6 & 9 &
RR 129.33 +6.46° 165.83 +8.11° 189.83 +£10.76° -
RWZ 133.13 +6.02° 166.50 +8.76° 193.17 £12.13%® -
WZR 130.67 £7.51° 162.67 +9.31° 192.00 £11.04%® -
WZWZ 138.83 +7.29° 165.17 £9. 34° 194.67 £10.94* -
Hpwz 2.94 0.40 1.76 1.70
Hyzr -5.88 -1.51 -1.37 -2.92
H -1.66 —-0.56 0.17 -0.68

TE:RR FORMIELLE R A A, RWZ FURPHELL @ x P 8 IE324], WZR FURMIELLS x FBED @ A8, WZWZ FoR B — o0
I AR s Hpw 2 Hyygp 2R SR RFRI0 S H FR ORI RS, TR

Notes: RR means the self-fertilized group of Two-band Red strains, RWZ means the three way cross between Two-band Red @ x White Zebra &

strains, WZR means the other three way cross between Two-band Red & x White-zebra @ strains, WZWZ means the self-fertilized group of White
Zebra strains; Hgy and Hy,; means the single-heterosis, while H means the mid-parent heterosis, the following notes are the same as Tab. 1.

x2 FHEBYHRNFEREFELE

Tab.2 Larval survival rate( % ) and survival heterosis for the experimental groups during planktonic period

, 4 BAAE (% ) e -
el I TGRS
. larval survival rate ; .
item ni ni Er average survival heterosis
3 A 6 Hi% 9 &
RR 83.17 £3.04° 81.77 £3.72° 78.40 =3.42° -
RWZ 87.97 £2.67° 83.87 +5.78° 82.37 +4.18% -
WZR 88.77 +£3.35° 85.73 £4.97° 84.50 +3.78% -
WZWZ 86.87 £2.73%® 84.03 £3.61° 80.53 £3.35% -
Hiwz 5.77 2.57 5.06 4.47
Hyzr 2.19 2.02 4.93 3.05
H 3.79 2.24 4.75 3.60

x3 RSEXREEEFAG RERSFENTEN KRR, BERT RRIAWA(P <0.05,n =

Tab.3 dAnalt)jses (:f vtaria(n;/([ess)lmf;vintg :gg origizl h( EO) 30) , SHERBHLE AR (P>0.05,n=
and mating strategy effects for grow A hA A e
and survival during the planktonic period 30) ;60 H eI , WZWZ i g 2 AHE D 52 SIS ’ S|
=i o~ RWZ {5540 K/NJC i 26 5% (P >0.05,n=30) ,
s?)ife df shell length survival rate ﬁ%j{ﬂ:% ﬁl\ﬁﬁ\ﬁtgﬁéﬂ( P <0.05 ,n= 30) ° §
Ms P Ms P SR, 00 H IR T, (54K i WZWZ i 56 21 7
Day3 EO 1 0.004 0.021 0.006 0.124 ﬂ%ﬁf’iﬁ,ﬁ%jﬁ? RR‘EQE:’@@E(P<0.05,I’Z=
MS 1 0.002 0.159 0.013 0.031 N s e o
EO x MS 1 0.011 0.000 0.002 0.300 30)’5/ﬁ‘:t‘ﬁg\ﬂ'ﬂﬁl’a%%§#(F>o 05’n=
Day6 ~ EO 1 0.001 0.315 0.004 0.410 30) , MHARKIH FF, RWZ iR H X H —
MS 1 0.000 0.728 0.004 0.393 ERIASE AR A AN +9. 71, i WZR it
EO x MS 1 0.001 0.531 5.655 0.918 %éﬂﬂﬂ%@f%ﬂjﬁ%ﬁiﬁ%%,,ﬁ;ﬁd\ﬁ_657,1%'\
Day9 EO 1 0.001  0.141  0.004 0.200 I - S H N
MS L 954 0.750 0.014  0.034 (N D P e S R o s - N E B N N
EOxMS 1  0.001 0.021 1.849 0.928 0.90,
5 A0 2 HE DL IR AE 5 2 A TR L3
2.2 BERERKGFEREMALE FE W58 1728 25 B HE DUAE T35 28 R 100% , 30 ~

FANFRBAHRE N RF e K BRI 60 Hillg, WZR iXB41HE DUAF 6 R g, B R T
oo BNREFWIE,30 HEE, WZWZ iLB 4 RRIKRLAI(P <0.05,n =3) , 5HEM LR
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T EXEZE(P>0.05,1n=3);90 HBH, WZR i
o LHLHE DA% A8 b s, 15 RWZ R 20 T W 3% 22
S(P>0.05,n=3), BERFTHINALL (P <O0.
05,n=3), MIFIHEILH E& , RWZ LI AfE DL &
U B B BORAEIE DL, R/ 1309, WZR - M BRORARSC A ME DI R B T A7 T o #  (H 2 TS
I H RIS — & W HORAAE LR RN R AEE RN FR T

x4 HIPHFTKEEEKRE
Tab.4 Juvenile shell length( pum) and growth heterosis for the experimental groups

7.30; BMAR E 24 ACHE DL R B — 5 AT L, 2
K/NF9.00,

H LG R L A DL 85 7 B REAS RN 2K, 1E R 5
2 A STHE DU AR A BRI L B S 9 1 B X A

EDL7e K (pm
Ji) juit:ﬂ:‘sz:ll?en;th ERIHTHE
item average growth heterosis
30 H i 60 H i} 90 H i}
RR 437.33 +£41.18° 1070. 83 £214.97° 3122.00 +300. 69° -
RWZ 487.33 +64.43° 1163. 33 £269. 88%° 3405. 00 +250. 31 -
WZR 472.67 £73.67™ 1135.00 £217.71° 3381.53 £335.22% -
WZWZ 495. 67 £76. 50° 1286. 67 £191.49* 3496. 67 £221.96° -
Hywy 11.43 8. 64 9.06 9.71
Hyzz: —4. 64 -11.79 -3.29 —-6.57
H 2.81 -2.57 2.48 0.90
F5 BOMEEREGEEMRS
Tab.5 Juvenile survival rate( % ) and survival heterosis for the experimental groups
DFEIEHR (%
Hi) jj\/ir)lil?frjv(al ra)lte EREHTE
item average growth heterosis
30 Hi 60 H i 90 H i
RR 87.59 +4.65° 77.10 £3.57° 71.09 £4.65¢ -
RWZ 94.49 +3.50% 87.36 +5.90° 83.93 +3.83%" -
WZR 97.45 £3.73% 91.71 £3.20° 88.81 £3.64° -
WZWZ 94. 83 +4.05" 86.18 +2. 54 78.79 +2.89% -
Hgwy 7.88 13.32 18.06 13.09
Hyzr 2.76 6.41 12.72 7.30
H 4.96 8.82 13.23 9.00
2.3 FREZEKRIH s
3 ¥he

PIIELL B S E A g P L (S il b HA
PR LTS BT 261 ), BV BE S IS AT o B
(Zere W A — AR RO 2601 ) , Ul B 215
FLBE S i &R 897 4 n] LA 100% 3 E 815 . RWZ
HACH TR FRR I N PIELL I B 5, BIJEOR Y
SRR P T ee: ) NP ARG DL S i G D) € IS
i, WZR 25 A B ZL A BE T, 5 RWZ
A (3 6) 5 itE— B Ui 2 2 AU e (B
FIETERITCR, AR

x6 HX. BXTFRHEERH
Tab. 6 Shell color between hybrid and
self-fertilized generations

SEZR parents R & WZ &
R? RR(WIBZL) RWZ(WiB4LHBE )
WZ?Q WZR(WBZLAK D) WZWZ(HHE)

3.1 BRI

BEASGZ A T AU HELE SN URRAIL | A PR
ARFIAE 7= B8 32 e AE A 1 5 0 114 — Fob A= 28 B
G HAR UM SZ 1L B B s (RS 1952 00, 38 5 0
HEIEHETA S T E VIR R o fESh YR A
RATF I S 77 187, B AN e — AR T2 5
Wi DR AR I S R B, HUARAR
5y 3% B BEAS RO, B, T i £ AR 250N Dok 553 B8 7
R AFMERAF RN T4 26351 o BEAKON 0 5 40
M L BRI E IR S 2T . A
L TS A R  AE A S AEIG 3E BE A2 BB AR O,
XS SRS AE ELAE HT A SR 20, HU Ry BEA
RONLHIFEN o 3 B A J PR A T RE S P T 2R A
A TRl frA, FRIE S P RSP BE A — B BORA
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HEFRR BT IO 7 Ko BB AN IR K/
—E, HP A B R — 280 UL
TEGR N E TR R A B " X 5 AR Rl 7
AR IR o R A 28 S8 45 R — 2 (HA R
R R DUl e S5 R ] R [R) A% 28 o AE P
ol [R)Fh B AS [R) TR AR (1] 2% 28 B, 238 IR AEAS ] 26
B R i3 % A SRR B AR XA E L By TR [ A
B FEAR RIS FR A R AR B IR R/ Bl
P N E IR T 2 /0 YN R) crE IR iR 2 R
T TR REASON P
3.2 ZHABBHAIFIRE

ZEPP LA — o AR 2R S R TR
ANECE P DL AN [t A% 28 R b L 5 D (b
) B H L RALE e R — A0 TR
RIS PRI T AGEM S . AR
o Fe R S ST R o R HROE AR B
BOEAFILIR; 42 R P RE R B , R 3 Ry 2
KA G M R NEKILH EF, IEREH
FEIH U 2 A 1E ORI s NS 38 L I
FACH R RN FRYE ;1 BAAS L HE KT
A KA, 33X 5 R PR o1
FifLB UL B 2 e 2 AR . FEZ4A B Rl 1E
SIS FARI B FP A A AT FRBLG JE IZ AR
T X IR G 1) S PR — 7 T ] RE R AR5 R A
BELL R AR e kT /M F,, RARMIE
KU HAEE 1825 A S e 8 &R,
G — U A AR R AR AL,
HREET R MR P RBMEREN SR, F
A [) 3 g A 22 S 0T = 04 S AR HA
X FRIE T REA — R RO > 5 55— )5 T 7T RS2 1
T ARACHEAAR ) 1) 2 R 0 %6 22 5, WS 2458 1)
HRILRBCRE A 225, 2 & 7= A Z2 R R
P YA BEHAR T E R, ) — AR A
T — AR Hp [ I, 2 O A0k B s
Cockerham ™ #5 i, % TAEYI & Fh I & , A0S % &
TR , — T A% A RN AT g 23 M i 2 T0 2% 38 3K
NI LA L 5 A5 25 e S A RON, S A AN, — T
ZeAC M A Fh AN F A AR A P RE 2 B 2 2 50 24 583K
Mo AR, = IeAe S A K AL G B
TICHAC HE RN, EEIE P In A S EAR
BLLS AR R B ZEFARBE R, I 235
v S O A28 o N/ P - 7 | B v e >
REF R 0L I0A 80 A ik

ILFHPASREAA (f 2R ) BEAT 2 500 ok R BT SR 4
MR — A RRAE . TEAER IR TR
W, A H B A TR T R A 2008
525 [RIIN, W2 B IE S AL 21 5 1 28 Sy
Hr 22 028 SO0, PR B LA > TARIC S5 T B, DAIK
FIF b R AT 1AL R R A T F A
3.3 ¥AE5FAMZERA

UNSFORE AR B2 R A B 58 (0 SO TR 2%
FCINAESC T S 58 1 BEBR A3, A S 3 220
TE T U A 15 58 181 AE 80 R) % S I R
WIE 2T A 2 AR 100% 75 PIIE 21, i I 4%
AT AR SE B R 1R (BT B R 1
SRz i PSS EE A (SRS (B b op e D= B
B ZAOPR R AR O EA G, X EE R T
FCIAESLS T 57 AN I RS A A R AR,
1717 LA 1l 3 19 %o P AR ) 5% PR T B8 K A T B BT
B A TARRIBR A L R RIS, T
PO 22 S A 03, X A ] B 1 G 1
S IRFe O AR E RN . TEARBETEH, P
TE LTS At n] LS 58 mAE 808, T 5.2 58
TAGE R EOR L BE S RYRHAE , BRI ZE 5885 384T
B — R DR BT 251 5 IE SO TAGE (— 2K,
E— AU G A 1 7 (B 8L AR R A% X —
AU EE RS BT [R5 6 5 R R A AT
BN AR — 2L WO A S e e sl &
I LT ARG A e B B A AL L, SE e S
TR At AR ARk, o ey, 3K — o
SRR G R 80 X TR —
AT =IUR A TAUEZL B § 2O
ZREFEITEIR . P T X — BRIk,
LA R 2858 AR s AL AR e, S A B aT L E
PR N30, SLRER R AT 70 7
FBORPUMNA A AU A

S0k
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Three way crosses between two-band red and white zebra strains of
Manila clam , Ruditapes philippinarum

YAN Xi-wu'* | ZHANG Yue-huan', SUN Huan-giang' , HUO Zhong-ming',
SUN Xin', YANG Feng', ZHANG Guo-fan®
(1. Institute of Life Science and Technology ,Dalian Ocean University ,Dalian 116023 , China ;
2. The Center of Marine Biology ,Institute of Oceanology ,Chinese Academy of Sciences ,Qingdao 266071, China)

Abstract: In order to improve the phenotypic character of Manila clam Ruditapes philippinarum ,three way
crosses between Two-band Red ( R: fast growth) and White Zebra strains ( WZ: obvious heterosis ) were
conducted in August 2009. The generation F, of White Zebra strain was from two way crosses between Pearl
White and Zebra strains. The experiments consisted of two self-fertilized groups (RR, WZWZ ) and two
hybrid groups( RWZ, WZR ). Then the growth, survival, heterosis and shell color genetic mechanism were
investigated in the study. The results showed that the single-parental heterosis was asymmetrical between two
reciprocal crosses,and the growth and survival were clearly improved in RWZ group, whereas only survival
heterosis was observed in another group. Considering growth, the value of mid-parental heterosis was
—0.68,and that of single-parental heterosis was +1.70 for RWZ and —2.92 for WZR ,respectively. It was
mainly affected by the interaction between egg origin and mating strategy, next is maternal effect during
planktonic stage. The value of mid-parental heterosis was only +0.90,and that of single-parental heterosis
was +9.71 for RWZ,and -6.57 for WZR during juvenile stage. Considering survival,the value of mid-
parental heterosis was +3. 60, and that of single-parental heterosis was +4.47 for RWZ, ,and +3. 05 for
WZR, respectively. It was mainly affected by the mating strategy, next that is maternal effect during
planktonic stage. The value of mid-parental heterosis was +9.00,and that of single-parental heterosis was +
13.09 for RWZ,and +7.30 for WZR during juvenile stage. The shell color of generation for R x R,R x
WZ,WZ xR ,WZ x WZ were two band red,two band red with white zebra,two band red with white zebra
and white zebra,respectively. The generation of white zebra was still white zebra on the outer shell color,
that is,no shell color separated for two way hybrids. These results indicated that coloring was linked to sex
and was not of sex-linked inheritance.
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