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(1. AR T R TS S0 DK P BRI BB K RS 78 266071
2 MATOKFHIGET M 264003 3. IRZBAPIAHIRA R % 265600;

4. FUFFERFAT 5o v i 201306)
WE  RATARI L ER S A ERRC) M A REK)EATERERE MR %, R
7 C(R*CE) . K(DXK(S) K(DXC(E)Fr C(*K(B) 4 MR BLA AW F—KRo 2T B REAZ
Bk BAE WELAER, BHYBFGSEMBNEKFTRE I URERTRIGEAEYS . &
RET, #RAG O EAUEIRERMBMEETAFEELEMZR, AXAMELIRETHE
., COOKOAESGSHMAEKFHERATEMI NG, FEABEEUZR, HEKLMHTHE
R4 9.43%23.75% |8 ; KB 150 B 5 £ I W LA HH, & 4.09%34.96%= 8] . T K(Q)xC(3)
AEGHEKARERE 150 BB RN LM ES, LMmEHERALEMHEE . KQ*CQ)
AHLHEIE e &R, R E N 26.21%.

KA

hESZES Q32; S965 ICHEIFRIRAE A
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et al, 2005). ¥##/lH(Rahman et al, 2000 2001) ., 3 U1 (Cruz
etal, 1997; Liu et al, 2003) . 13 Il (Miguel et al, 2000)
FIHR (Benzie et al, 1995; Bierne etal, 2000)%,
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AR F AR BEAT VRN M7 o ASBIETE USRS [
S ERwE E R Bm Rk, R S8 2R 58k
PEATAR IR ] 2SS LU S HEAR I 135, 7R R T T B
XIZREA . AR | BB AR SR A RISPR AT 48
i, FFHEAT AL IR R LI AR T — AT
Wl , WSS [ A AT BT, AR
AZR R EFAA, DUOA 2 03t A ol R S BEBRIB AR

1 #REH*
1.1 #RE 5%t

FSF 2013 48 5 AR IR & ST LUK
WA BRA R AT IREE, PIASREAAR S 31 A v LR R (]
PR C) s [ B (R AR K)o 58 BRI Z 5| A s VA
s FJEE T 14-16°CRyig Kb pEA I S E
INAR LW A IRA R, AN TEEF P A K
1) Fo ACHIZ, 78 12-14°CUHg KR 355 561K, il
RSB A A

Fi R 2%2 SER MBI 528 T SR 4 ARG -
Horr, 2252808 K(Q)*xC(SAES)M C()*K(S)(%
32), AZH R C(R)*C(H K(P)*K(S)o

1.2 EMIEE

121 ARG, #Anbmit  EEAEKRT 250 g
AR RS, BIT 1 h R KR 15 min 3547 AT
ROP. RS LEN NI, SRS U
FH T R A0 i 9 7K e O T S RS B 7 AR 9 Ak 2
BF, ) B R [ Sy 22 Sk S HE RO SRR
PN RS WA B, 2 B 7 A0 B ] R — WL i T
W 3-5 DRETRIAT . RSHEOES RS, 2RI =
20 m® REE Wb AL, R 3 A/ ml, KRR

HITE 21°C,
1.2.2 $HREE ZAEIN R B 2/NEAIR)E

WATAHL, DR E SN 0.15 M/ml, 2hikEEE
A AR AR B L /BT ) 28T B RV 21 1 B 4 B
FTRARE, HEHE 4 Wk, /NE4A H 808 50 25000
30000 cell/ml; H H-4fA& H #4584 35000 cell/ml;
KELA H #AHE A 35000-40000 cell/ml, %Kik
1R, kN 12, HIREFYRERTA, M
TV I IR RS)$8% ke BfF o 3

123 AR F ME4 2 15 & W ) 5 0 o 2
SRR e O N I T I = S 12 LTV Ml e 1 S ]
TR R E R B 14, BERBMEPIR, WS
WS ERE 5%-8%, RIEHES W LAt
PR, RERBROKPIIR, BRIRK 172, HEZSHE 45 d

Jre 1 ORI R, L AR JE A B S b A S A
B AT A A 80 0t 8 o 3 2

1.3 HKRWESSH

131 ZHFE BEPWELLEE 1EUP 132 K
ZEACh ARG A R, BEALMAE ISR 200 S
i, GEitszRsR . kg, HitE A s

ZRE R (%)=00 4B B A< 100% ,

TEEAL 2 (% )=HR G IR 5/ 32 A I < 100%

IR SR, SEFTRE AR ARSI, AR
R IRAL 3L IR, ISR T AR AL, KR
JH 375 OF SRl RS0 Ry B 3 o il R T, SDRL R S 0
TR P, 2820 x 107 FARFR AR 7 30 min, 77K
YRR TS M, SR E AR . MRS EL A
WE 3APATA . YA E % E R 0.15 4~/ml, 7T
SRE . LR, MRk 1R, SRk 172,
LHEFFRAIAT 3 d, BT A/ NS AR RS
PR, HEEE S 20000 cell /ml, 3dJ5, PR H
VA AR T BRI A R B A Rk, 10d s, W
TR G REREL, THEIAREE ZRE,
132 Axppkale  SHERKES 5. 7. 9K
R BEHLIRE 60 A ERR QAR B 6E T A H iR
FEHARK; 41280507 90, 120, 150, 180, 210
H S BB BEALE 30 N4, D EHAR K | K,
PRI B 7 2 &)y 2 O N A T R VK A 3 L
e, WSRO MR AR R 24
Z RSP G, & T T2 L 10 s J5 AT RR
T IR R A R A R )y — [ S A A
T
133 HARXBR K FH of K 7 B2 B 5T B B I
TR 7 B 5 BT AR %l 422 9 B (Vibrio - splendidus) i 4y
WEE RS . 4 B TR AR R K 5L R 1 97 3 (TSB) i
il 1.5% NaCl, 28°C FH55% 24 h, $RJ5 FJCH# 4 Btk
IKPYETETE , HIHEEKE R 107 CFU/ ml, BML4A
WS AEE, MEANEE N 20 Skl ST E IR
ARSI S0l 5 ARBE T S 13107 CFU/mI A8l A2 9B 1%
PRVATR 0.1 ml, ZCaEdbife), REHHMIERIARE, & H
ERHCERS LT LB, 14 d JE 45 R IE R,
BRI S TR,
134 FAPRAHF
RHEFRMH), HARD:

H(%)=[(F—P)x100]/P(Falconer et al, 1996),

Kb, B2 PRI IME, P AM A
AR B HME

AT AR A5 HEAR 10267
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135 %t ot 45 e H1F- 24 {45 i 22 (Meant
SE)# 7R, K H SPSS11.5 G it/ kit 7 o R &
J7 2243 B (One-way ANOVA) K Tukey’s £ & b5
B, 7KF2h 3 PE2E 5% (P < 0.05),

2 R
21 2R, BUERMWETESE

L TR EE L E SN R (R )
FIMNE TFH, A3H C(QxC(S)FK()*K(D)
432 K5 2 )R (94.124:3.33) % F11(92.38+2.72) %, Z4 58
HK(R)XCE)VH C(R)XK(S)HYZZHE #5151 4 (93.63+

3.59)%7F1(95.50+2.65)%; H AT C(R)*xC(F)F K(Q)x
K(3) AL 2243 711 (87.38+2.43)% FI(84.75+ 2.22)%,

AU K(QXC(E)FT C(R)*K(S) 1 587 AL 73 531l Ay
(85.13+2.14)%F1(86.25+2.99)%; 354 C(Q)xC(S)
K(Q)xK(3) iy Bt % 728 25 2R 43 51 A (38.52+9.66)% FI
(35.20£9.10)%, 2232 4 K(Q)xC(3)Fl C(Q)xK(3) Ay Bt
LRSS B H (41.48+8.87)% F1(46.60+11.65)%, £
T3 22507, AL ALY 52K R SRR A
FHEZEF(P>0.05), AL C(QXK(E) M EAZLR N
(46.60+£11.65)%, W& THAb 3 41, #hE 24 E
RREAL, F(35.249.100%, B ELTHA 3 4.

x1 NSHERKSHERAARESEEEAZIHEER. PHURMMEESEILER
Tab.1 Fertilization rate, hatch rate and settlement for cross groups and self-fertilized groups within and
between Chinese stock and Korean stock of A. japonicus

T H A S Rl 1ESEH R
Tt H Ttems Chinese self-fertilization =~ Korean self-fertilization ~ Hybridization group Hybridization group
group C(9)xC(3) group K(?)*xK(J) K(9)xC(d) (%) C(2)*K(J)
Z K52 Fertilization rate(%) 94.12+3.33* 92.38+2.72° 93.63+3.59" 95.50+2.65"
I 1k 2 Hatch rate(%) 87.38+2.43% 84.75+2.22° 85.13+2.14° 86.25+2.99*
B} % 5 5% Settlement(%) 38.5249.66" 35.2049.10° 41.48+8.87" 46.60+11.65"

T A8 f AR RRR A RF SR, P<0.05

Note: Data within the same row with different superscript are significantly different (P < 0.05)

22 FiEHhiEnEk

C(P)*C(3) K(P)K(D) K(P)*C(3) . C(P)*K(SF)
2H 5 HIR AR5 0(575.0465.9) pm  (548.8+£96.6) pm
(544.4+88.3) um. (560.2+104.6) um, J72=5rHr& ],
4 N Z A 2R (P> 0.05)(K2). kLK E
% 7 B, AZH C(Q)<K(E) BT K: F(682.40+
87.2) um, &5 TIFAE4H K(Q)*C(3)(634.97+80.9) pm
I E 324 C(Q)*C(3)(651.53+61.3) pm, —H i
e TahE [ A4 K(Q)*K(D)(595.63+100.1) pm., 9 H
W, RAEH C(R)*K(E )y MK i, h(857.87+

F2 STHREFHHERHEK
Tab.2 Larval growths in various experimental groups at day
5, 7 and 9 after fertilization

e LR EK Body length of the larvae(um)

Group 5d 7d 9d
C(Q*C(F) 575.0465.9* 651.53+61.30° 759.57+108.3°
K(Q)*K(3) 548.8£96.6* 595.63+100.10° 706.77+96.80°
K(P)*C(8) 544.4488.3" 634.97+80.90° 802.03£116.90°
C(P*K(D)  560.2104.6° 682.40+87.20° 857.87+98.70°

: F—FES AR R A BEER, P <0.05

Note: Data within the same column with different super-

script are significantly different (P < 0.05)

98.7) um, WEFTHEHAH C(Q)xC(I)(759.57+
108.3) pm FgEE [ 5240 K(Q)*K(3)(706.77+96.8) pm,
EAZ K(Q)xC(3)(802.03£116.9) pm Fl S 32 4H C(Q)x
KO ZHERAEE,

23 HBHEK

BABAHALBAE 90, 120, 150, 180, 210 H
I AR R ) AR AR i 1 AL 2. AR 1 TR
i, RACH C(Q)*K(O) AR K IRZem T HoAth 3 N4
90 HlH, W F A MNIE S H R KA B & 257,
120, 180, 210 H#AR, wE HARHMK W& & T8k
{3 IEACH . 210 HEERF, C(Q)*xC(F). K(Q)x
K(3) . K(D*C(3) C(L*K(S)ELIAR 351 (65.4+
12.3) mm, (58.7¢11.7) mm. (55.7£13.9) mm. (70.2+
13.2) mm. ME 2 ATLLEH, 90, 120 H#gE, HE
3SR R 2 v T A 3 N, 150 HBIE, sk A
AR B E AT A 3 . 210 HigmE, R
R R (4.13+1.5) g, W& m THAL 3 A4, ERAK
FifK, N(2.5120.98) g, WEMET HAh 3 14,

2.4 S HAEINE B EE
AREINE T 14 d 5, B4 5% B2 H



112 wool B o R %3645
90r S0r
OcCcexCcd EKExKJ
80 70} a
W K?xCJA EC?xKSE a
701 60} b
: £
& 60r 2sof
£ ol % E
;—22‘350 EE 40}
[ L o—
o
301
£ Z ol
20t
10f
10t o
0 . CexCéo K®*xK3 KexCa CeXK3

120 150 180
H % Daily age/d

K1 ARG IS AR T

Fig.1 Body length of juveniles in cross groups and
self-fertilized groups

ARFRFRA A A 83525 (P <0.05)
Different letters indicate significant difference in mean body
length among four groups (P < 0.05)
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Fig.2 Body weight of juveniles in cross groups and
self-fertilized groups

ARFRFRA A A 83525 (P <0.05)

A2t 414 Combinations

B3 e oIl 2 I 2 B AE 1 R
Fig.3 Survival rate of A. japonicus after being challenged
by V. splendidus

AR R A I 13 22 5% (P < 0.05)
Different letters indicate significant difference in mean body
length among four groups (P < 0.05)

TR 5 8 (65.0 £3.54)%F1(62.0 £ 2.74)%, W& =T
RASH(55.0 £ 3.54)%F1H E [ 224 (41.0 £ 4.19)%,
[ [ 22 4 B9 RS R AR 3).

2.5 ZEMiLEE

IEAS R A A58 A B AP AR FL i WL 3.
KA C(R)*K(S)FEM KRR g br - R B i
FIZRFPAE S, He 7 HIRFD 9 H R IARK iy Zef 3R Ny
9.43%F1 17.00%, %12 W BOIRK i 28 Fh i 5%
13.04%-23.75%, 210 H&HF, AE 2L 5
. N 34.96%. 1EACH K(Q)xC(E)TEHLHG S R
IR AR, 2 14 d WEIRRE, Y51
TG R ZFP AR R 26.21%, EH K(Q)xC(E)E
90, 120, 180, 210 d 7EMRKFNARE MR | 52 B 2 b

ar: N
Different letters indicate significant difference in mean body Fi%o RACdl C(9)K()FE 90, 120d TEREPER I
length among four groups (P < 0.05) BN L
F3 BTEMBEMMBE
Tab.3 Heterosis for two hybrid groups
ZFh i #% Heterosis(%
Ju
S22 Group PR Traits C)
5d 7d 9d 90 d 120 d 150d 180 d 210d
K(2)xC(3) 1A+ Body length 0.44 1.82 9.39 -1.99 —7.48 1.13 —6.73 -10.29
A Body weight -29.91  -45.91 8.77  -17.32  -17.97
1718 % Survival 26.21
C(P)*K(D) &+ Body length -0.30 9.43 17.00 9.98 14.63 23.75 16.70 13.04
1A T Body weight —14.53 -9.43 4.09 17.32 34.96
171 % Survival 6.80

T COMRERZ; K a2

Note: C, Chinese A. japonicus; K, Korean A. japonicus
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AR AR A A F R B R R BRI A E
P e sc A7t A5 o B © & AE Z FhoK 7= sy in =3
1 (Portunus tritubercatus) . ' [& %} ¥ (Pennero-
penaeus chinensis), KZZf¥(Scophthalmus maximus) .
JEHE R 85 17 (Ruditapes philippinarum)Zs g5 215 1,
IrA T E ORI T4 (GRERFR AR, 20095 1 42
220095 FLANEE, 20125 FEIEMSZE ) 2012), 164
Zh, HETC PR 7 — SRR R A 22 sc o, oK
Bi 157 (Changetal, 2011), 5KZRELZE(2013)F]H K
FI AR S A e Y 2R S AT AR N B IR )
2, X 4 A ACBLAL A A AR P AT R AR K R AR
PRiEAT T 2ASARF A 5B, ATl 0 P RAR B A [
BERI LRI IE S, 438 filZ F, IS AR R LAEKE
—ER DB . B 5EHESE(2009) L H AL S Firdh ]
FIZRMRL, AT T 2258 H A8 85, T T 45 &KL
HAEFRER KT DA TR 2R, 45
o, ERZ ) HARL RIS (Q)HE MRS
B AE R AR IS R T HA 3 N4, SR B I Yy 2 AP L
N S SN Sl 1 S S Sl i AW 282 = o
PUwRE ) R Ze AR, A KRN, it
RTELRI Bk RIEL S B By, AR LL A 28 4
K, ek ® i .

AT ZNG R LR E, A 3C4RIE R
A SE L ) AR AL R, 2R RAE90%L) |,
AL RAER0% LA |, JF HAHH) 22 AN B 2, LI 2
AN () b, FFREAAR (8] 32 77 2% 58 AN A7 A6 () 2% 22 H B
PG I C S 20 FURN R G B e 0 55 [ R 71T P 2% 58
AR E AR RS TWAH, X5 UL
(Haliotis diversicolor aquatilis) 2% (%, (Haliotis diver-
sicolor diversicolon) i ifF 75 25 AR F] . W7 Hi 4555 (2005)
R, 428 W P i T 4= gl 4 1) B 2 e AR
B, HMEFEQO)MIFERY], JciERE Tl
g PR Bt & R AR RS C(Q)*K()REE K
KE BB e, AR bR AR SOk B
AR G A UL T oA K 7 S s . XRS5 (2003)
W5t B, HifL s UL (Chlamys farreri)fk & 7 fh i 5 o
FE AR RE () 2828 AR AE 160 HIB R H H 60, 90 H
WA i 2 I 2 PP . AR (2006) TR R,
REEEFIAE Fi AR 70 H IR AR S 1Y e Fh L 3%
T30 Hi i Aemh %,

AT, B S 0E R S B A 1 24 Fh L 3 HL A B
A IE FORXRRE , XA RIS A B AP

AR (B S, 2013), —SLBFSR R, 4258 T
—ARAEFE SR R I AR 3, 780 — LB PRAR |
RH R 22 R4 #(Gjerde et al, 1984; Ferguson et al,
1985; Bryden et al, 2004), MAKZERKE, K2
H C(Q*K(S)MHHE A A C(Q)xC(S) M Wbl F
IEAZH K(Q)xC() At [ [ 324 K(Q)<K(F), iX i HH
DI R R BEAS P2 A T AP I A58 30UR, X T g
REARBRON AT K o VR REAS B BRI O N T3 F AR
HAEKN A2, AGBRAEARK MR ERAE.
W 5 (2006) 5351 AASFL B DL Hb [ 55 58 Fh B R AT AL
Ja3 DL vl ] B A PR S BE AR AR IR R 22, S5 AR
N, DAFRIEAME N REA I 2o s+ — R AR KRR & T
DLBY AR PR Ry SR AR 1 28 28— AR o ARHIF 98 e 1R 1 5
RIS AR SET 1 A RFEAR, LI AR AR5 R 2
FUR Gl iy, 5 2 S 40 B PR (] 9 B 7= A i) S PR AR
N, A RER X B R AT I AR F AR K
G IR NI R N il 2 B L A O B o [ v I o
C(Q)XK(E)E 90, 120 d 7EMAE MR 81 67 AY 2 Fb
g, PIRERE P AR, W 5E R 25 5K 3 Y o
TEPURAE N b, s A scdl K(Q)xK(S) FIE s 4
K(Q)*CE)E T i E A3 C()xC(3) Az 58 41
C(P*K(F), Xnl e N h E A T SR &
AR REIR .

ARWFGE BT T S v A s [ 2 28 I
HZ%F—RAEK . EFMyOR i 8dE. Wirsees R
KF, IE AT A KRBT A 1 bk A5 51
MR, Ak, 28 EFMAE —E R, ZeFh P
wHAEFIH—C, F AR RE R IR R B Yy 43 8, i
MR ZAEA = P e L3, 5 28 2258 5 AR R
FE, X 225 R AT E MR T, TR E RO R Y
b R IEUEAT R A, 55 L RAEIR AR R AL
FIZ 8 &R o Mgt N T PRIE s dn &, HIER
R SRR — 4R e, AT DIAE B, IR LI
HEMHFITRENERET , RAAREG LR EE
ol B8 () R I it ol

LA, Db, ged, & R EXERE SR BB 2 5 NEE.
K=, 2012, 36(12): 1854-1862
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WG 1. RS R R B0 2458 TR 2A R,
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ol gl . EEL SR st R ER L
2013

INRRE, B, R, S5 hEIS S E RS2 T
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Comparative Study on Growth and Disease Resistance of Hybrids between
Chinese and Korean Stocks of Sea Cucumber Apostichopus japonicus

TAN Jie', WANG Liang™’, GAO Fei', ZOU Ange’, SUN Huiling', LI Fenghui'*,
FAN Chaojing"*, ZUO Zhiliang", YAN Jingping'"

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
2.Yantai Fishery Research Institute, Yantai 264003; 3. Shandong Anyuan Aquaculture Co., Ltd, Penglai 265617,
4. College of Fisheries and Life, Shanghai Ocean University, Shanghai 201306)

Abstract The sea cucumber Apostichopus japonicus is a major aquaculture species in China. The fast
development of sea cucumber culture in China has generated some problems such as genetic degradation,
frequent diseases outbreak and natural resource depletion, which have impacted the sustainable develop-
ment of agro industry of sea cucumber. Heterosis resulting from crosses between different populations is
an important component of breed improvement in marine animals. The objective of this study is to
determine if heterosis exists between China and Korea populations of A. japonicus. The first generation of
four combinations, C(9)xC(3), K(Q)xK(J3), K(?)xC(J), and C(Q)*K(J), were obtained from mating
and crossing within and between Chinese population (C) and Korean population (K) of A. japonicas. The
fertilization rate, hatch rate, settlement rate, growth, disease resistance and heterosis at larval and juvenile
stages were compared among four combinations in this study. The results indicated that fertilization and
hatch rates were not significantly different between the hybridization groups and self-fertilized groups.
The settlement rates of hybridization groups were significantly higher than those of self-fertilized groups
(P<0.05). The body length of C(?)xK(J) group at juvenile stages was longer than other three groups,
showing marked heterosis 9.43%—23.75%. Compared with other three groups, heterosis on body weight
of C(P)xK(J3) group ranged from 4.09% to 34.96% since 150 days after fertilization. In contrast, the
K(9)xC(3) group did not show positive heterosis except at Day 150. The K(Q)*C(J&) group showed the
best resistance against V. splendidus, and the heterosis reached 26.21%. These results indicated that the
crosses between different populations might be effective for genetic improvement in A. japonicus.
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