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BE: - MERANLEAREZANTESTETHE, REAFLEENR AL A0 BEEAN
BRI, B4 KR AR 3 B 3845 A 1E /% % (white spot-syndrome virus, WSSV) , &35 1 /A
FWFAMBE, Zit4 X ZNWFEEE, X EEF A E KRS8, 4 XK B (polymerase
chain reaction, PCR) # 417 WSSV %2l , ¥ FEEH# AT oM EREFTANKRANFEEHE
60% N ETNREANFEEE20% UNT ; FEEEE R HHEEE E Ry HEHERE
FREHSMK, F—RT HHEUEEE R HHEEEEREFEMX, Z6WARYT HHH
BRI ER: FEHFEABEAAER AN N REANGERGCAERRA S A LH £ KL
REAH-NREEFRA LEZRTHERZEB IR RBRRA  BERAXREAGH
HFEFZRALE ARRAZA LT THEATH WSSY SRA TN EERE, FELRER
AR HEBAERERRA(S) G LHFEBHE(Q) LR ERNFEF(56.20% £8.75% ) &
EFRTHEAERAAR R ERENR(22.50% £2.50% ) (P<0.05), W Z£KXERER
WSSV 7 EH—ERENEMRE, THEREAAZR (3) A LFAFHE(Q)NER
FERATRAGEMHE(26.95) 5HRXER(3.85) £RE%F,

KR FEMIT; X PCR; AREAERF

hESEE.S 945.1;Q 959.223.1 M ERFRIRAD: A

Analysis of the resistance of heterosis in Fenneropenaeus chinensis
to natural infection with white spot syndrome virus

LI Su-hong"?, ZHANG Tian-shi', MENG Xian-hong', KONG Jie'
(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. College of Aqua-life Science and Technology, Shanghai Fisheries University, Shanghai 200090, China)

Abstract: A selected population of the shrimp ( Fenneropenaeus chinensis) was tagged, which included 42
full-sib families. A sample of 40 tagged test animals per family was infected by WSSV without hominine
help. A week later, the surviving animals were taken out and then the survival rate per family was
calculated. The virus positive rate of white-spot syndrome per family was detected by nested-PCR
(Polymerase Chain Reaction) for every survivor. Comparison was carried out between pairs of families
mainly in terms of the survival rates and the conclusion as follows; 4 families’ survival rates were over 60
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percent and 7 families’ survival rates were under 20 percent. The analysis of correlation among the indexes
indicated that the relationship between the survival rate and the virus positive rate of the first-step and
second-step PCR was negative correlation and not significantly different. However, there was positive
correlation and significant difference between the virus positive rate of the first-step and the second-step
PCR. The analysis was carried out depending on both the survival rate and the virus positive rate and the
results as follows: one self-fertilized family of Qingdao population and one hybridized family between the
cultured family population of Korea( & ) and Rushan population ( @ ) were much better than those of the
others in resistance to WSSV. There were no significant differences between pairs of cross combinations in
the survival rate, which were analysed by independent-sample T test. So the family selection probably was
the main method for culturing WSSV-resistant breed. The cross combinations were analysed by multiple
comparison method and the result showed: there was difference between the cross combination of the
cultured family population of Korea( & ) and Rushan wild population ( @ ) (56.20% +8.75% ) compared
with the self-fertilized combinations of the cultured family population of Korea ( P <0.05) in resistance to
WSSV, which showed the cross combination could get the heterosis. However, there was great difference

between the cross combination of the Rushan wild population( 4 ) and the cultured family population of

Korea( @ ) compared with their reciprocal hybrids in heterosis.

Key words : Fenneropenaeus chinensis ; nested-PCR; white-spot syndrome virus (WSSV)
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MR, IS T BZE R . £E CEATECH HHGI
BRARGESEAR BRI, HWEF T H
Taura £EG LM 3E (TSV) /975 {8 JLAA X F , I
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Tab.1 Body length and collected time and location of 8 populations

FEE 4 SRIH RIS ek (om)
population name sampling time sampling location body length
FLLE AR F
Rushan bay wild population,RS 2004-10 Rushan Bay 14.0~17.4
i —57 BT TS | R E R G
Huanghai No. 1,HH1 2005-03 breeding center of Aoshanwei 15.4~19.2
LRz T SIE
Qingdao wild population, QD 2004-11 Qingdao nearshore 13.8~16.4
H IR A R H Rn i
Rizhao wild population, RZ 2004-09 Rizhao nearshore 14.0~17.6
i “98” TR L T IR E R
Jikang 98, JK98 2004-11 the breeding center of Aoshanwei 13.1~17.2
S EBIRAE R 200411 ST TS AR s o 4o178
the cultured family population of Korea, FKF the breeding center of Aoshanwei ’ ’
HERRAT A 200400 SR TSR R 156169
the cultured family population F, of Korea, KFC the breeding center of Aoshanwei ’ ’
= o Je=
AR 200409 IR B AR 15.7 ~18.2

the wild population of Korea, FK

the south coast of Korea peninsula

B NESL R R, LA A 8 58 22 ik 1 AR A%
FRiCRM B R R 2005 47 H 25 HM42 NMRFR
HEANERI S B#HfTHE A PCR &, 8 A1
H K 42 R PTEUR 1680 MME (BN KR
$40 S, KK 4 ~5 em) 4y B VIE ( visible
implant elastomer) ' # 17 % ARG , IR 16 Al
—100 m® [E /K JEHh (b N 42 500 cm, & 127
cm) 1SRG IELEMER 8 H 7T HHF R R E IR E
RIIRE, KB ST RSN, B RY—2F
AMEFET, B 8 A 14 HEUE BT A RILT- AR, AR
TEISAMCENK R, G SR RIEERE I
#5 PCR #ill & K RI& G WSSV [y FHPESE . FH
PEXT B B BT K - S R pE 4R L
1.2 PCR 3|4

PCR 5|¥ 2+ BRI B B K =R T &
FhE BATRTHE B4 TAY TREBEARRS A R
PGB XTE YR AT SRR RIS B R U C &t
g, ERZ T 1 EA BRI R A R U H
3 Yrfr B R H R 1

1221bp
s o] [P1| [ P2 | [P |,
J— I—) 982bp (—I -—
P1:5' -ATCATGGTGCTTCACAGAC-3’

P2:5" -GGCTGGAGAGGACAAGACAT-3’
P60:5’ —AGCTAGGTATAGTGGCTGTTG-3’
PE:5" —CTTCTGTGTGTGTCTACATCC-3’

1 4/ PCR 5|9 ERERKEGIYFS]
Fig.1 Location representation and
sequences of the four primers

1.3 MEFZE

A B2 DNA a3 BUp R R SR R A
44 DNA, R H BB/ A5, BAABREL
XFE4E . 22 DNA R R K B 9 ddH, O
BEZE 100 ng - mL™', -20 C{AEEH.

PCR R R % %, ¥k # A PCR X [ 7
System-9600 Jz [ X b #17, W AR R A HE: 10
mmol + L~" Tris-HCI( pH8.0) ,50 mmol + L™'KCI,
0. 1% TritonX-100, 2 mmol + L~"MgCl,,0. 8 mmol

- L~' dNTPs,0.8 pmol - L™'5[#7,0.6 U Taq B,
100 ng #&Ak DNA, W K#pFEZE 15 pL, PCR X
M4 94 CHIAEHME 5 min, ZJ5 42 25 MER, B —
MEFALIE 94 T 40 .53 C 40 5,72 T 2 min,
)5 72 CHEMR 10 min, 4 CLRAF, KB =HI7E
1. 5% WD AR B L P Uk ,EB B8, SR J5 T Gel

Doc 1000 | mif% , W45 5
1.4 HiEsE
HELEE ;M RRBEPEERMER

PCR PRy BHTE R 1 L BCR R ke, B4
] B 175 38 S W YR 7 38 FH A R R SRR AR ¢ A
%, BRAL B 5 3 A % A SPSS1L. 0 Z23t 40 #r 4K
7, BEHA LK 0.05,

URGTRHE p fEAE 0. 3 ~ 0. 7, W RAS [R] Ab 2
MiRZEX T ZFAK, B BEEH#HT T 200,
WRBERL p HRTF 0.7 B/NT 0. 3 B, WIFRr 2
TRH) p (EF R 0 REFAETT Z 5047, B 6 =
Sill_l«/; [10]

TEXS ZRAT L 65 A B 26— U4 4 PSSR —
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WY 3 BHPERAE T 2 0 A, T 4 B E 1% b =Xt
Tt 5 PR U

A B BE A PRI—
MRARER Py o MR —DBEMERTE , P
FEARISST A 1T — BRI MF, B3 PIsE
AR SE IR RN AL H, B -

H=MF, - %(MPI +MP,) M
K :MP, \MP, 535 0 A FIEE A AR
2 GRS

2.1 ERRBHFETEN PCREMER

XHEIRREE) 5 BIFET #50 PCR A,
SR B A2 2 (FR AR ILIE 2) &
WA ZRTEIRFRIN A EH WSS i

5678910111Z131415

B2 RIFRILDZHRE WSSV RGELR
Fig.2 Detective results of several families infected
with WSSV before mixed culture

1~5 056 RE;7~10 G515 KFH;11 ~14.17 HIE1T5 K
F;18 R 1E 116 ZKFK; 15 S FHME X B 16 B BG M 2
Marker

1-5;: G6 family; 7 —10: G15 family; 11 - 14, 17 B175
family; 18; B116 family; 15: positive control; 16: negative

control ; M; Marker

2.2 RREMPLILE

K Z R F WSSV B olegrss  JEIXT&
REAFWE R NG LA K #EL PCR X AEE A
HAT WSSV BB Ol R R B, KR TERX R
EZRR(FR2) . NR2ADES:F4 1
AW R 60% DL b, i B34 A RS xRS
HEREE37T. B3CHE RS xRS’ /5HR&6.85
44 QD x QD 5 H 402 Ze5H A FKF( 8 ) x
RS( Q) (ZCH WAL & # R XA FERT BEAFE
Ja) MR RER 34457 R R R IE F7E 20% LA
T,WB3C4H A RS xRS WERE& 15 X HE
RS x FKF fJ5/0H5 175 . 4438 44 RS x FKF #)5
5 116 22524 & RS x FKF ([#)f5AH 102, 558
204 QD x QD By J5 /R #r 403, B 3241 & HH1 x

HH1 ¥)J5 8 405, B 3841 & FKF x FKF )5 X
W% 236 XA EFEFAR R SR ILE A 458
W a4k 344 FiiE B EFARHAE R (F)) #3402
FEERIOR FRLIL B A BHAE R B RSB R
6 LA —IRY B Ry M FH R
F,BZHE QD x QD W5k 402 25X HE
FKF x RS 1) J5 R4k 344 ) BH 1 3 W 2K T HoAth
FHR. B, GZAALTATIEIRA DFH T
g0, BB ARMREMR(F,) B 402 FE EFR5H
FHAR R 5L ILEFAE B A R 2050 f5 R4k 344 TE4L
W EBZERTHERXR.

FATE WA R AT BTRIRRIAE M
AHIAFE3, NE3FUER FHEESHE K
P RAMER B kY BH MR I 2 A, A
RARBE(P>0.05) ;58— KY WHERSHE
WY AR Z E R IEAHR, BAERR BE (P <
0.01),

2.3 FLAEFEBLE WSSV FRHILLE

RREPFERERBER, AT ANMEESR
RUR , FE—2B X A (B FE S AT 40T LA, £
HEHEG(HENRRZBKRT 1) WHEER.E—
WY Ry WHER(SHAENTBER
RIFHE £ fnifER) Wk 4, KB ERRE R
3, Fi SPSSIL.0 #{4*t &£ 2cHE (HENK
RECKT 1) 1 3 BsAREA T I 225007, S5 R W3R
4 RS, HTERY B RY M HERR
BAEATALE 0.3 ~0.7 ZJa), B Hi 7 R IF
SRR BT T 25T .

XF 9 NI A R AR ARE S A T S AR
A - R IeR B EX R 9 MR A G T E R
FEREEALEZRABE(P=0.54>0.05)
(FKS5). X INHEW 3 Bistrdtit ZE WL
H(FE 4) W IFEH FKF xRS(56.20% +8.75% )
HERRFFEREER T FKF AN B 3™
A RIS 2 (22.50% +£2.50% ) (P <0.05) ;
ifi FKF xRS 5H % %414 RS x FKF(34.58% +
3.94% ) FFA4H 4 RS xRS(36.0% +7.48% ) &
HAMAEGHMHZERABE(P>0.05) ;RS x FKF
HEHHXBAEXERWAEREFARE,
TEE— R W P2 | FKF xRS 44 (41.8% )
BEMET RS xFKF 4 (76.48% ) (P <0.05),
454 k15, FKF xRS & W ER7EFH 1 b
BT HAAK KGR
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Tab.2 WSSV infective results in all families of F. chinensis
g e RG] eI/ G/
HesEUlfy EES ANH ouiput TEER(%) Wtk (% ) k(%)
cross combinations families input number survival rate first-step second-step
number ... s
PCR positive rate  PCR positive rate
&35 40 15 37.5 60 93
%5 40 11 27.5 63.6 8l1.1
RS xRS %15 40 7 17.5 85.7 85.7
%37 40 25 62.5 80 92
&% 324 40 14 35 35.7 57.1
48 40 9 22.5 55.6 77.8
FKC xRS 470 40 22 55 54.5 72.7
%74 40 20 50 40 70
w175 40 7 17.5 71.4 100
% 148 40 15 37.5 80 100
% 205 40 21 52.5 61.9 95.2
% 193 40 11 27.5 81.8 100
% 151 40 21 52.5 76.2 100
%116 40 8 20 62.5 100
RS x FKF % 179 40 12 30 83.3 91.7
% 210 40 13 32.5 69.2 92.3
% 153 40 13 32.5 84.6 100
% 102 40 6 15 66.7 100
%135 40 21 52.5 85.7 95.2
% 136 40 18 45 94.4 100
% 161 40 9 22.5 88.9 100
FKFE’ xFKF’ % 142 40 18 45 94.4 100
(BAZR) % 186 40 15 37.5 86.7 100
W% 137 40 13 32.5 69.2 100
38962 40 14 35 78.6 85.7
, , 94 40 20 50 55 100
RS’ xRS" 1 4399 40 18 45 50 100
( HAAZCHL) 3596 40 11 27.5 54.5 81.8
46 40 28 70 86.4 100
QD xQD 403 40 6 15 16.7 100
(Fp) ¥ 402 40 25 62.5 12 80
HHI xHHI1 (F,) ¥ 405 40 6 15 50 100
HHI1 xRS 173 40 13 32.5 38.4 100
&% 304 40 19 47.5 68.4 100
FKF xRS
% 344 40 26 65 15.3 73
#5413 40 10 25 30 100
FKF x FKF
% 236 40 8 20 100 100
%527 40 10 25 90 100
FK xRS %% 308 40 23 57.5 43.5 86.9
&1 40 14 35 100 100
RS x JK98 % 346 40 21 52.5 37.5 100

{E: FKF’ RS’ /R HRKZ R

Notes: FKF’ and RS’ mean populations that were attained by natural mating

2.4 ZEMRBHDW

ASLgyrh, —SFHARR B S RARREEE S, H AR
7145 RS \FKF \HH1 3 B4R AH B 4438 i 2 i AR
P, WK 4 PHEERPEFMRHGERTLUE B
RS x FKF . HH1 x RS 7l FKF x RS 2432 5 ft (77

TERE = T W EARHME, KA EE 5518
3.85.7.26.95, BAR M ST AEAS oK T 4 A B] 1
HEREFARE , BthE—-EBE LER T
PP, I3 HZ432 4 A& FKF xRS (26.95) 1 RS x
FKF(3.85) Mz th i ERBE . X —PiEE



13 RS P ENIFRERT ARG AL SRR TR 20 Hr 73

T BRI,
®3 HiEFENEXES R
Tab.3 The correlation analysis among the indexes

G (% ) WY AR (%) HERY MR (%)
survival rate first-step PCR positive rate second-step PCR positive rate

TETE 2 (% ) survival rate 1

U IR (%) 013 .

first-step PCR positive rate :

SEWRY AR (%) ‘e

second-step PCR positive rate -0.17 0.47 !

x4 FEZHFEBERE WSSV LR

Tab.4 Condition of all cross combinations infected with WSSY

. . s 95% FAR X 1] TR B S C s
Ao FRB AR g confidence interval B (%)  FHER(%)
combinations number rates heterosis ER TR ﬁI‘St-‘STep PCR seoondstep PCR

upper bound lower bound posmve rate pos1t1ve rate

RS xRS 5 36.0 +7.48% 56.78 15.22 65.0+7.48%  81.78 +6.54%
FKC xRS 3 42.5 +10.10% 85.97 -0.97 50.03 £5.03*  73.50 +2.29?
RS x FKF 12 34.58 £3.94% 3.85° 43.25 25.91 76.48 £2.94°  97.87 +0.95°
FKF’ x FKF’ 4 34.37 +4.72% 49.39 19.36 84.80 +5.45°  100.00 0. 00°
RS’ xRS’ 5 45.50 +7.26% 65.67 25.33 64.90 £7.34*  93.50 +4.03"
QD x QD 2 38.70 £23.75% 340.52 —263. 02 14.30 £2.35%  95.00 +5.00%
FKF x RS 2 56.20 +8.75° 26.95° 167.43 -54.93 41.8 £26.55° 86.50 +13.50%*
FKF x FKF 2 22.50 £2.50° 54.27 -9.27 65.00 £35.00°  100.00 +0.00°
FK xRS 3 39.17 +9.61% 80.52 -2.18 77.83 £17.41°  95.60 +4.37"
RZ xRZ 1 20.00 0. 00 37.50 £0.00  75.00 +0.00
HH1 x HH1 1 15.00 +0.00 50.00 £0.00  100.00 +0.00
HHI xRS 1 32.50 +0.00 7 38.40 £0.00  100.00 +0.00
RS x JK98 1 52.50 +0.00 37.50 £0.00  87.50 +0.00

HEAMRATRNFRERAEE (P>0.05) s R FEFRNFRZEFBE (P <0.05),
Notes; same letter between two values means no significant difference (P >0.05) ; different letter between two values means significant
difference (P <0.05)

x5 HPEMGBEEZAATEEREFESHER
Tab. 5 Variation analysis of survival rate of different cross combinations in F. chinensis
A Rk AHE ¥ F{E P {4
AR sum of square df mean square F-value P-value
#H 4 8] between groups 1706. 06 8.00 213.26 0.89 0.54
204 P within groups 6950. 52 29.00 239.67
JEMH total 8656. 58 37.00
2 %(2)8 —— i Fsurvival rate 3 )Fj‘i/lf\»
[
S e N \ . , .
2 W % BSHEEE 31 RRRARBRARSAERERLRSN
= 40 PCR positive rate
1@ 28 B R Mt R
R "FEBZECEEE  seondstep v E SRR WSSV 5, WSSV f 8 1 Stk
it X Q X ™ T X X X X PCR positive rate . o .
FrZx5S5327 e (R SH B (& 1) Ja kA 44, 7F
= 7 I 200 0 15 5, 9 T P 70 B 2R G R e LAt 4 1

FHEMGIE . HR PCR HAREA RIFHER
PEAR bk, 7T AR 1 pg B9 WSSV g, 4
SHA A PCR HiARBUE B RIFFHFNM T &
I B X A R A R AT WSSV R, BA R

ZuA 44 cross combinations

B3 A IRATRAAE BB GLIE IL
Fig.3 The comparison of all cross
combinations infected with WSSV
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Hh X MF — L8R WSSV JE A BB,
VLBA AP E X AR WSSV A —%E KT /7 , 1 T
Bt e O (R AR R B X A 4 A A K R R
WSSV 7715 R R R B SE 30 PP e T X — &5
—SEANMRTE A PO R R R RS, WSSV 4
2B, BRI L6 AT WSSV BA —E f#T
S TR I A R T LA R X A R AR 0
WSSV i 32 1 R, 7T RAFE 9 7E 5 A 6] 2%
A& 1E LB WSSV ST RE 1 R Bl 1645 12
FFERERABZE NIRRT, FUBMR MK RE
Yo BT SEM R R . L, 455, 18
FIFERIFRIEIR S T A7 16 R\ M 22 A & 5 U
WSSV HHRHT 138 TA7 16 RIRA R H G5
TERERERABEN, NFPERRE LR
VAT G JE RAEXT WSSV i B4 T B
PR E S A R A IR, BRI G AR
RE K RLEXT WSSV T 32 77 b i, i P4
FIRAAER R R KX RTEX WSSV HHT 55 T
HERR. ALRERALHS RS xRS FL%
37T HHE RS’ xRS’ 4% 6 R AXHA
QD x QD J5 bt 402 FiZk 324 & FKF xRS J54{
2% 344 4 MR R B FRARAE 60% LI L, HFIw
ZIEERABE VAKX 4 MR RIEX WSSV [
YN BT EEE T HEAERRHE R N4
RARM WSSV BRI RRE , F B EFERIEN
A JE AUk 402 Fish E AR R SFLILEF A
T 2832 5 U4k 344 7EXF WSSV I Hi B |
ATREIL T RLILEF AR AR P A 32 Ja sk 37 ALl
FAERHAN BATIERS 6 XK. FPHITRER
MAFERRTHERR, WHALILEARKN A
SZJa ek 37 FFLILEF AR B RS BL A R4k
6 ZAXT WSSV [t 2 iR T HEX K. W
B, 7 BB AR N B SR UK 402 Fv E R A
FRI AR G FLIL ST AR A I 245 RS 344 TEXS
WSSV TR AT REIR THEXR R
3.2 RIZHEEHA

IR SRR PR RA R B ZEA R
Je SHiOP e e 0 N SR N - A I/ Bk
AR _E HEAS M — T EASCRIR BR . A%
FREE I R/NA AR PR T2 PR B 3 5 i A A 36
BAEINKR AEARERENEE, TRAAN
ZHAEBA T R, LH R RERIA RS

B LR A P E SRR R R 8 R
FRIEAET N TEAE B R F A 7R
SELIRFRRIAR L B, R HER T R & A58
P Ak 3% B B 585 71 [ T 522 W) 2 o A0 3 3K 0 1
o ACHET 9 MAMER(XRZKE KT
1)7EXT WSSV k47T 1 255, it 7 2240t
(K5),ERENFEBE L AEEKFERR
FEE(P>0.05) , 5% FiE 5t ol BE 1 B & BEIR G
BESHART RERE REFERES BEK
TEER, XMERTREEER AN EAKR
s AR A, IR R T T RE R HEATH
WSSV Bt FNEERR., ZERRERE
P .FKF x RS (56.20% +8.75% ) #l FKF x FKF
(22.50% +2.50% ) Biff L& G RIOTFIGRE R
B3 (P <0.05) ;T RS x FKF Ze30 4 & 5 HA#F
KERERERZERMAEEREFARE,H
Z35 44 FKF xRS Fr R B4R L8 B2 KT
RS xFKF(P <0.05) , 7B FKF xRS 232 H & )5
RAFTE—ERBRERPL WSSV Zfp i,
3.3 RBE

XU/NPREEN R RS DU Fh 4 e, B AR SR AR
SRR 2 P PIR o BB P A PR B A, B
BARMEH B B R A S B EE
P, SEARAR R AL , SRAETE & I Z s A 4
ARE FRR RS 2SR SR . A SC I E R
EFHRRENRRET , EEE LB LS ; TR
INEP AR AR R SR B MEF AR BER, 5% S
By E ARt T HE R R IR AR 4l
AR ARER RS 22857 ATt F B AL S8
FERIE k. X IEFREMRELE RS BN B 305
HE&k 6 M 37T RRESHENERXREIH
N EERBE, FET USRS LTHE FERE
IR RN ERABEMRRAZRBE K
o BARXFEFEFEARKE REL, FAENE
RARRE A — 2 R FIOHE , 7T LA Al
FEHEERMBA RN FEARERIEE P ESE, BT —
BHOR A E TR . Wada" ™ 5@ 313 % AR
VPR R ] A 23 LA B %ot S5 7 ) b FE 2 £ )
HIZ& 38R BT LTS B2 B 5 AR R T Z22F
PoOULH T EAMIE W EEME, B, i B A
BAZE R AT, 105 10 B PR AR 3¢ A3 R
— B ARSI E B EN REFRESK
R 7 O R
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