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AR, Zad JUC B 5, 2045 20 3 B0 i 5
R(4iFR) ™, N, ENEERE T AR &
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Fig.1 The experimental design of hybridization and inbreeding between two generations for cow strains

http : // www. scxuebao. cn



684 Koo

% ik 35 4
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KE RN DI AL, e b, 25 SCh0 20 4% bR
BB ETR AR .
1.3 #HHRHEIEE
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(Isochrysis zhangjiangensis ) F1/N3K 3 ( Chlorella
vulgaris) (RF L 12 1), FRIE 1% 0 (0. 2 ~
0.5) x10" cell/(mL - d), #E DT HI#EME (1 ~2) x
10" cell/ (mL - d) , H4f &l s RIRE DU A% 35 2 15 250
T YIS RL A, R K TR R AR 2 R
SRR 1, AN ) SR MR 2%, B
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XF 2 A 4y AR A S A S -

Yy =u+EO;, + MS, + (EO x MS) ; + e,
L Yy o8k ANEA T ANIRYR AR ECR T AU Y
TR (A su NERGEO N5 K (A6 ) 1
SIS (BEASRN ) (1 =1,2) s MS, R 5e i (77
) WXL (j =1,2) 5 (EO x MS) ; BRI
PIE X SR 19 58 LA 5 e M REHLIR 22 (K =1, 2,
3)

S8 ZHENG %™ 1 )7 i, R FTRUA F- 40
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SAE TG A -
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TR, By SEI 0 4 U Te K B/, 1825/
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(F£2),Fu A R, R &M THAMELRA L SR ILE 5 RIE O, By, Foy SRR A A7

IR (P <0.01,n=90) %ET*WI\‘Z%’WE}JE‘J
o SRR B O I, B2 s R B —

RHH — R ERIL

LR

*1 HHPFRK ERKRBRIEZRRE
Tab.1 Larval shell length,growth heterosis and inbreeding depression rate for each experimental group
B3| gt H i/ (d) age of larvae SEH{E
item 3 6 9 mean
Fy 109.94 4. 75°¢ 156.97 £6.13* 174. 26 4. 64° E—
Fo 109.90 5. 83° 158.61 £5.32° 174.42 4. 64° e
FERK/ (um) Fy 107.47 +4.49¢ 151.21 +6.55" 173.27 +5.43° —
shell length Fa 107.86 £5. 71 146.02 £8.61° 170.72 £5.46° o
Cy 121.00 +£9. 14* 157.70 £5.71* 185.23 +4.99* I
Css 113.67 £4.07° 149.30 £3.94° 184.87 £4.76* —
Hy, -0.04 1.04 0.09 0.36
KA (%
R/ ( 5) H,, ~0.36 3.55 1.49 1.56
growth heterosis
H -0.20 2.25 0.79 0.95
EARTEIRE/ (%) O 9.14 0.46 5.92 5.17
inbreeding depression rate  §,, 5.11 2.20 7.65 4.99

T FS A M TRFR 2R A BE (P >0.05) AR THRFREZREE (P<0.05), FEF.

Notes; The same letters in each row mean no significant difference( P >0.05) ,the different letters mean significant difference( P <0.05) , The

following tables mean as the same.

=x2

PHOFER FEABREIRER

Tab.2 Larval survival rate,survival heterosis and inbeeding depression rate for each experimental group %

SHeq] S HE/(d) age of larvae S

item 3 6 9 mean

Fyy 89.56 +4.67™ 88.67 £5.70° 85.00 +4.44* E—

Fy 90.11 +3.86" 86.22 +4.06" 85.78 +6.78% R

pEn Fy 81.56 4. 39 80.67 £7.70° 80. 33 +4. 80" —

survival rate F 72.67 +£15.57° 65.67 £9.11° 62.89 £13.02° —

Cy 85.00 +4.36% 88.33 +4.16° 90.67 +2.52*° R

Cys 78.67 £3.21% 82.33 +£2.52° 90.00 +3.00° e

H,; 0.61 -2.8 4.44 0.75

ﬁﬁﬁtﬁh . Ha, 12.23 22.84 27.73 20.93
survival heterosis

H 5.82 8.13 14. 35 9.43

PR R S0 -5.37 -0.39 6.25 0.16

inbeeding depression rate 853 7.63 20. 24 30.12 19.33

L) BB E W, &) iR K S AT 1 4R L
B2 BT AN (1) 5% M, 22 B 7 XU 52 i) A
OSSR s AR /N (% 3) o
ZEBC Ty 3 32 BRI H 2 A 1 I 28 2% 58 [ 1) 2%
5, LA R BRI S H A R BRI R IR
MG X SR A GE A BRIS A — B high s
PR BT 28 3R T2 B A7 B AN A B2 M, 3
AR 22 e 5 2 1) 38 B AR A 31 Uk 5 i A
FH, 22 Be 7 2O g2 i fe /N o WA 37 30 A8 7 R i

& AU F S 2R B R
A S AR 5 22 e 7 U 22 AR T, 32 e T X
XHILF AR ZmER (£ 3) .
2.2 M H‘Jik'—ﬂ";ﬁ

MEDL B3 191,30 Hg, By ME DL 52 K/, 5
F,, SCIG A To i % 25 5% (P >0- 05,n=90), i E /)
THASZEZH (P <0.05,n=90) ;60 H#%, CyyHE
seKdR/h, B /NT Cp LHA (P <0.05,n =
9), 5HMLwmAERARE(P>0.05,n=
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90) ;90 H##,Co, HE DI 52K SR/ )N, 235 /N T HoAth 55
IR (F4) . TEULIIN], BRAE 30 H iR I 55
B K AR AN, 60 ~90 H bR MK S
e F,, U TE 30 ~60 H iR —ERE
ML AEFEIR ,90 H #$ A H B 28 R IR L4 5 Fy 5K
5920 30 H RN 58 iR ,60 ~90 H %K
A FEIR (F 4) o HEDLMAETIRBLUNER 5,30
H S B, Fay 4735 RG22/ F X R4 &

LHA (P <0.05,n=90) ;60 H il Fyy 77715 5
A, 5 Cp Cyy R B H (P <0.05,=90), 5
HESBmALEEZESR(P>0.05,1=90);90 H
B Fop 715 A IR, BFH /N T Cp (P <0.05,n =
9) , SHELBMATLEE2ZHF (P >0.05,n =
90) o fESLIIN], HE DL BN BRORAE TS AL H
Fy, Foy LI AR —E AL TEIR

R3 HPHEKSFEHERZ(HE: IR & RTERAX) RIEZHM (IEGEZHA & ZEAR) 247
Tab.3 Analyses of variance showing hybrid effects| HE : egg original (EOQ) and mating strategy (MS) ]and

inbreed effects[ IE :inbreeding generation ( IG) and mating strategy (MS’) ]for larval growth and survival

P 3/ 55K shell length TE1E 2 survival rate
d)
source s M. S. P M. S P

EO 1 0.007 0. 000 0.247 0. 000
HE MS 1 6.664E-5 0.693 0.047 0.094
EO xMS 1 2.181E-5 0.822 0.038 0.127

Day3
IG 1 0.014 0.000 0.107 0.046
1IE MS' 1 0.046 0.000 0.003 0.733
IG x MS' 1 0.003 0.009 0.027 0.127
EO 1 0.063 0.000 0.320 0.000
HE MS 1 0.009 0.000 0.076 0.007
IG xMS 1 0.003 0.009 0.127 0.001

Day6
IG 1 0.035 0.000 0.160 0.001
1IE MS' 1 0.002 0.042 0.061 0.027
1IG x MS’ 1 0.001 0.177 0.064 0.024
EO 1 0.003 0.000 0.335 0.000
HE MS 1 0.001 0.011 0.167 0.003
IG x MS 1 0.001 0.025 0.149 0.005

Day9
G 1 0.001 0.009 0.122 0.029
1IE MS'’ 1 0.042 0. 000 0.223 0.005
IG x MS’ 1 0.001 0.030 0.111 0.036

x4 BINER ERKRBRIEZFRE

Tab.4 Spat shell length, growth heterosis and inbreeding depression rate for each experimental group

50 HEDLH %/ (d) age of spat Tt

item 30 60 90 mean

Fyy 547.67 £96.73° 3.95 £0.99% 6.90 £0. 69% e

Fy 504.22 +80.13% 3.89 £0.87° 6.60 £0.98° —_

FEK/ (wm) Fyy 530.67 £89.45" 3.74 £0.92° 6.77 £0.98% e
shell length Fiy 479.11 +74.16° 4.08 £0.86% 7.10 £0.62° —
Cy 587.00 £57.67° 4.27 +£0.65" 5.92 +0.87¢ —

Cyy 555.67 +54.75° 3.71 £0.54° 6.66 £1.04° —
‘ H,; -7.93 -1.52 -4.35 —-4.60
iﬂﬁiﬁrzé H,, 10.76 -8.33 -4.65 -0.74
H 0.79 -4.98 —-4.50 -2.90
B ERR/ (%) 82 6.70 7.49 -16.55 -0.79
inbreeding depression rate 8s5 13.78 ~9.97 —6.61 —~0.93
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Tab.5 Spat survival rate,survival heterosis and inbeeding depression rate for each experimental group %
251 HMEDL H %/ (d) age of spat S A
item 30 60 90 means
Fay 65.89 +3.22° 82.22 £2. 64 82.56 £3.75" —
Fa 77.00 +4. 30" 83.89 £2.20™ 83.56 £2.19* —
P F 73.22 £2.73" 83.22 £2.28™ 83.89 £2.20™ —
survival rate F 56.44 +10. 74¢ 81.56 £3.36" 83.00 £3.12% —
Cyy 84.00 +£3.61° 85.33 £2.52% 86.67 £2.08% E—
Cyy 82.67 £2.52% 85.67 £4.04% 85.33 £1.53%® R
H,, 16.86 2.03 1.21 6.70
ﬁiﬁﬁtﬁ“ ' H,, 29 73 2.03 1.07 10. 94

survival heterosis

H 22.80 2.03 1.14 8.66
N 3iE 82 21.56 3.64 4.74 9.93
inbeeding depression rate 8y 31.72 4.80 2.73 13.08

FERE DL 730, HME DL R TUPRAR (1 2 MO 35 3=
LR FNAZICT7 IS 5 X A RS 1) I 252 1)
BB INIRS 5B 7 A A, R AF I Y B
M/ DA AN A (3 6) o HE DU AR 1 A1

%6

A LSS FER F2 22 I A AR A 32 1), 3 52 1
AR 5T A 52 AR AT EAT I, 22 e 75 5K
AR AR (3 6) .

HRERSFENHRRZ (HE: PR & ZEAFX) RIEZHMN (IESEZHR & ZEAK) 24

Tab.6 Analyses of variance showing hybrid effects| HE:egg original ( EO) and mating strategy (MS) ]and

inbreed effects[ IE :inbreeding generation ( IG ) and mating strategy (MS’) ]for spat growth and survival

MRV

5¢1K shell length 716 survival rate

daf
source M. S. P M. S. P

EO 1 0.027 0.020 0.108 0.084
HE MS 1 0.002 0.527 0.419 0.000
EO xMS 1 0.135 0.000 0.033 0.094

Day30
1IG 1 0.072 0.000 0.039 0.135
IE MS' 1 0.118 0.000 0.462 0.000
IG xMS' 1 0.012 0.104 0.027 0.210
EO 1 0. 000 0.891 0.001 0.455
HE MS 1 0.046 0.042 0. 004 0.069
IG xMS 1 0.033 0.086 4.430E-7 0.984

Day60
1G 1 0.021 0.127 2.809E-5 0.890
IE MS' 1 0.001 0.778 0.008 0.025
IG xMS' 1 0.069 0.006 0.000 0.742
EO 1 0.014 0.032 0. 000 0. 684
HE MS 1 0.046 0.000 0.001 0.321
IG xMS 1 4.969E-5 0.897 6.446E-6 0.943

Day90
IG 1 0.046 0.000 0.000 0.794
IE MS' 1 0.113 0.000 0.007 0.047
IG xMS' 1 0.016 0.012 0.001 0.572

3 i RUEH(8 1 9 = 153) HESr WA 17 K £ RE R 11
e

3.1 ¥(AE=R
ABEFEH A W5 4 5 i 2R T 2008 42 7 A
SRR T R P T K B A PR WD R

MFRFFRMR R 33 AR & A KA
B SERBMERRMN 1 D RFABRER, ZX R
HAT AR Ui e i ™ i i e i W40
FMFFAL R - 52 0 2@ P BA R4 5 E—FE
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BEH, AEAC T REA T 5 10% 247, e k) gy,
SRR BEAR = B e R B AR X 5 S ER H ak A
MR R RS 5. 2009 47 H SR A REK
2FH ARG F,. ULF R E, AR5
ABEVE R EAS R S 22 58 T 37 A58 Fl il 58 24
o ARELEH, E AL Fy, A2 M F, ik
10% ™MAR 3 NERE, s Fyy 8 F, |
P 10% ) 3 DR RZWIIE ; AR E3L Fz:sﬂ‘j (F,
ik 10% MA) @ x (F, E#E10% ) & 193 MK F&
F B, A R IEAC Fyy 24 (F) Bk 10% 4~ {4)
? x(F, k¥ 10% ) 6 19 3 KR W IMHE; A,
K HIAH I %) B2 TR 52 4R 2 5 3 A AR A X i
KItFIE R wRE, TS Ey Fuy ¥F
L [E A S AR I 58 BB TR, AT RIS
HGE 32 280 ID 43 514 0.25 0. 3755 1%
RY LG, AR B[] 1 22 ARV (115 24 58 5L
HILT A T 2R RS 1 Tt I B A,
WIERAENIEA RIS LA, (H R R T5E
B R 10% FAFPR bk, [ S8 AL 7E 7= A i 28
IR YR PR A P asi i 25 B AR R B B T AR K
PRAGFER , FEAF AR A KRR W B o B
3.2 ZHLEH

Ze P L AR A Wy A i A AE ) — R L4,
LA e 53 1Tz N, B i
B2, kAR, JLHEN e, W TR
TN B A% B B A — B AR P MR AT AE BH S5 i A DG M
AR HE A SR AR A A% 22 TG
SERREENIENZ " BE b, R
R R T A MR, R Tz E
L DB ], IR 4 B AT 22 8] B 2% 28 K 2 R
AR . WA A T 5 B &, M
ARUE T AL A5, HOAR R 58 RECA A, A=
KEFAN, IBaixses TR G aens ™ A 24 Fh i
PR AEF ARV, WA IE A 25
REFE FEYH,E RCHAGHRG T —ERE
AR S HE D, e R AR AE K S
P, TR - ) AU gl O AR R R 2
BEARGN BFE I, T By A K A AR Y 5 4T
Fo WA K — AR IR AT, JL R BT e A1 1) %8 57
YEAS S AR R, AT R S B KA R AR
HIREA IR L o Z 5 55 F,, By S 2 A
KHBE ST Fyy Fyy o HEDUW, By TR AP0 A L[
HIAHSE , SEAS Z [ BBt AL 22 53 LB/, 22 5C AR

DA A Ze Rl L A B AR A5 5 /N B A2 58 L s i A8
SH AR ST A AR EBI S E AR, A A
A B FRPEEE R A AR T IR, (S AR KA
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Hybridization and inbreeding effects between two generations for
cow strain of Manila clam Ruditapes philippinarum

YAN Xi-wu'*, SUN Xin', ZHANG Yue-huan', SANG Shi-tian',
HUO Zhong-ming', YANG Feng', ZHANG Guo-fan®
(1. Institute of Life Science and Technology ,Dalian Ocean University ,Dalian 116023 , China
2. Institute of Oceanology ,Chinese Academy of Sciences ,Qingdao 266071 ,China)

Abstract; In order to improve the phenotypic characters of cow strain of Manila clam Ruditapes
philippinarum ,hybridization and inbreeding effects of this strain were investigated between two generations
by establishing inbreeding groups(F,, ,F,,) ,hybrid groups(F,,,F,,)and control groups(C,,,C,,) with the
parent of full-sib F, and F, (the up-selection rate 10% ) ,in July 2010. The results showed that the growth
character and survival rate of larvae were partially improved, whereas the juveniles growth character was not
increased by hybridization. The little growth heterosis was observed on larvae(0.95 = 1.23) ;the heterosis of
larvae for F,, was(0.36 £0.59) ,that of F,, was(1.56 =1.96). The survival respectively was observed on
juveniles( —2. 90 + 3. 20) , the respectively of juveniles for F,; was( —4. 60 + 3. 21), that of F,, was
( =0.75%10.13). The mid-parent survival rate of larvae and juvenile were (9. 43 +4.41) and (8. 66 +
12.25) ;the survival rate for F,, were(0.77 £3.60)and(6.70 +£8.81) ,that of F,, were(20.93 +£7.92) and
(10.94 £16.28) . The mating strategy was the major factor for hybrid effects during the larval period, then
the maternal effect became the major factor for that during juvenile period. Growth of two generations was
improved by inbreeding ,but the survival rate of two generations was inbreeding depression. Generations F,, ,
F,, were inbreeding depression on larvae, inbreeding depression rates of growth were (5. 17 +4. 38) and
(4.99 +2.72) ;juveniles period of growth did not show inbreeding depression, inbreeding depression rates
were( —0.79 £13.66)and( —0.93 =£12.85). The inbreeding depression rate of survival for F,,was(0. 16 +
5.82)and(9.98 £10. 04 ) between larvae and juvenile,then these of F,, were(19.33 +11.28)and(13.08 =
16.17 ) respectively. The generation effect was the major factor for inbreeding effects. The phenotypic
characters of this strain were effectively improved by close combination of up-selection, hybridization and
inbreeding.
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