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Tab. 1

The combination modes of experimental families

BA(Q)

RA(S)

F1005 F0905 F0908 F0915 F0917

F0927 F0990 F09121 F0768 F0751 KS

F1005 1

F0905

F0908 1
F0915

F0927

F09121 1
FO768 1

FO719 1

KS

1

ol BREMADARRMAGEL T ERER

Notes:1 means that the combination of these two family was mated
REREEARS BREEEREKD D

] P R 2 oK IR AR 2 I W P R Rk R A

TSA BERV-He b, BRICHTE % He b T TSB 557 3k

Hh K R ) B R RO R 5 IR A R, 28 T
200 r/min H; 3724 24 h, i 5E ODg, {8, K Ff B K
W HEIKF) 1.0 OD I, RGHECAE K 0, it 4 °C
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TRAFA T o N UL i, o 35 77 47 1Y R LA 8 000
r/min () 5% 380 15 ming, &K G 58 S AN
W, 1 x PBS HEAT IR BE, 22850 3 IR, 4%
PR 1 x PBS H B 2100 5 Y 14 2 B8, 57
RP 3 5 A R Bt K o
1.2 RREREBEIMAXWLAGES

AR SZ 05 E V8 PR TR K A R A R SE R
2013 4R 2 APt af R it T S N E R ,
2 A A gris TR 2 HIETHE 11 °C L3 A h ATt
)14 ~15 C, 584 JJCRAIAT &K EH K. 2013 4 4
AR KR KR 56 >, KRBT
kS AR . N TR S 6 b O 45
A 25 cm x25 cm x 80 cm WEfk WA H, AL,
FETTHY BN R FUUIR , B b (IS RIS 1, 36 B I
TR SE I, B 1k /K AR IR, 520K B0 & 75 31 4
S AT WSS 9 AL I A Y TR 2 ORS B 20 mL
fi A 2.5 m® KR b AL R0 E N, KR AR R AR
15~18 C,Zy24 h A, AL HAAAERSE
15 d B X 8 R IR0 Bt AT 58 1 bR Ak, 51
K AMP B REEE 10 000 B4 . fESEH 0 2
FAUS RT3 R I X B A KR 77 G AR HE AT AR
HEAL , 23 B> 58 & B ALl 2 000 A1 600 J2
AR . G0 3 PRBE R R J AN TR R, 4 £
BEE 5 Afer, PR, RFFFRE KRR
20 ~23 C,
1.3 FEREZEEHAIRLIE

R B R N TG J5 15 [\ F 4
a2 P RE S A WS, WS 56 K A
o PRRE Y 32 AR R AT N TR SRR S8, 5
BT 1 RAT I B MR, I 32 AN KR 45 B AL i
W7 B, PR 7 A~ fakrrh s fafndt 32 .
PR W ) PBS ¥ 18 )50 T W B 21 4. 33 x 107

CFU/mL , I 4 1& W& 73 0 $ic BEAS # % L # BE 50 1% .
100 %200 % 500 55 F1 1 000 135 #5 B 2 6 49 Ji&
BERE, 53— K PBS I 0 A, S At 7 4
HATTEST, 0 5 AT A2 (A3 A4 A5 A6
AT R P I v 5 0 3 A T ok B R 2 %
TEACTW, B 3 h WA 1 R ID®E R, [T 12 h
Ja RS AR B DL I 24 SR AR R

e ey IR 5% AT AR TR 6 A 6~ ST e
FEHE G, NEEAD R RPN IR 75 R, & 1]
0.2 mL/10 g A& 57 & 7 B& 1 5 2 BO00 vk B2 1Y 18
W IOFBCE 1 R E R LI, 525 K R 2 6 7R
(19 £1)C, BAFK R LI M A7 5256, R0
KA WG 2 h WE 1R, L% &
& RN R AT NN - 3 - N
A TC R R R FIBE T I ) SR A S, S s A £
D A (AW 3 ) e B R o ) AR BT &, O Y
I 2 ARAT AR LI Z5 B IE SR R R IAF G
BOH WA A KRR T
1.4 Zitoh

K SPSS 17. 0 B 4455 Hif 5 PR Uk 5% i 245 SR ik
ATBCRTFEAS ¢ K236, R A7 JC 25 55 1 F 0 45 K &R UK
e J5 A G A B R 0 25 E AT R R O 2
ST BN R E R AT Z IR, R PUR R
MBS KR AR & 07 Y8 A fE 2%,
AT S B ) Z R A A e .

2 4

2.1 ¥FRREMNELER

AT(X R ) A AT, AL (R TR ) 21
HRACT o 38 I 5L 0 15 B R 9% % TR AL O O 6T Y
168 h 23 FEUk JiF LD,, Jy 3.69 x 10° CFU/mL(
2).

F2 FHARKREERTHNELBER
Tab.2 The mortality of Japanese flounder injected with different concentration of bacteria

¢ TR K R SRR /%
gﬁi)i) X BIR Bax BSK Hox BTR im:e\ctej&fis}f totjlizt;—of iaf‘.ﬁsh IZE():ality

Al 8 13 9 2 0 0 32 32 100
A2 0 0 1 12 15 2 32 30 93.8
A3 0 0 0 5 23 1 32 29 90.6
A4 0 0 0 3 20 3 32 26 81.3
A5 0 0 1 1 10 8 32 20 62.5
A6 0 0 0 1 4 8 32 13 40.1

A7 0 0 0 0 0 0 32 0 0
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2.2 ARAXRBRLBREZFEELEER

TEX 32 DRI 4 800 RF6F 5 ik
HEATIR G BB N LGS 56 1 ~3 KB
A XA MR R AE JIWET R A B GLR
B AN 9 L 5 3 KT I BB £, TE W]
BAER . 4 KRR AR AR AC B BIET, 7o
LA R R R . 55 ~6 KROWFET:
W, SC B A 12 K, A KR HIET-HART 10
B, 55 16 KR BUIE T, SL I 45 oy, A S0 i
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X R JE PO S B 25 R AT B R REA ¢ K g

70.0

TEW] .25 5 (sig. =0.468 >0.05) , & KRG
RIE8.2% ~66.1% 8], FIAEIER K 31.2% ,
W 32 S F R HBRBUE 1 s BRHE T, sl 1 pr
7%, A L H F1331 ,F1305 . F1334  F1333  F1323
I F1337 X 6 MR AMPUE S TE 45% L F T
HME R, BRE T Z0EN, X6 M EREH
MHERZA WE 2R (P <0.05) A E AR
HE2E ¥ Bk 6 DU BB K R 8 PR K
R, ITA R RN 18.8% K PUK KT 19% 11 6
MERBREX NG IERFR, ST HERKZRN 18.8%

ORI B R R

high disease resistance family

50.0
o 2
S E 400
& % 30.0
20.0
10.0

i i e e i e i i e e i e e R

1 AEARFRREE]

Comparison of different families for their survival rate after artificial infection

Fig. 1

2.3 MBREZEEFARKRANIRREERER
S
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BUAET 55 6 ~8 RiFASET-mgEH] 55 10 Kk F|
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FETT A, R R SR TSR PURK R KB
N R FET S R R . P RO IR
FEAR TC 22 5, DU & R I B A7 T 6 W 1 L ) Jk
2.4 EREARNERNIERE

RERXEFARZFR N 5 32 M F
R HRACBEA (1 22 FL 4 65 43 4, P A2 R 2F ()
% %4 F0905 .F0908 . F0915 #1 F1005 ; £} Z F [l
L% % £ 5 KS. F0905 . F0915 . F0908 . FO768

PO — X F

common disease resistance family

disease-susceptible
family

ERREHFERLER

F09121 FI1 F1005; H ¢ & 1 #5 KS.F0908 , F0915
FIF09121 ., LIFO915FIF1005 X A B I 5 K

— . PURKR
disease resistance
family
disease-susceptible
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100.0 T BHA R
90.0 s, T ~~.__all families
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fEne
% 2500
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£ 2300
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10.0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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AR/ d

days post-injection

B2 AEARENKBREERTN
Fig.2 The change of survival rate of

different disease resistance families
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ZAETE N 40.6% F139.1% , 8] & T Hifl
RE, LR RB NN 22 1% F 42. 9% ; LA

FO768 Sy B} A [ 8 & - M 47 1 & fr i, ik 2
47.7% %8 5 R BRI, A 5.8% (% 3),

£33 FRAXBEREHF/ADN

Tab.3 Disease resistance analysis about different family’s parents

KAHA  FHAF{E R (mean = SD) /% AR5 BB %

KE P A (mean £ SD) /% AE S R KL %

family average survival rate coefficient of variation family average survival rate coefficient of variation
F0768 @ 47.7 2.8 5.8 F0905 & 32.8 +£20.6 62.7
F1005 ¢ 46.1+17.3 37.4 F0908 ¢ 32.4+£23.9 73.9
F0915 & 40.6 £9.0 22.1 KS ¢ 28.3 +10.0 35.4
F1005 & 39.1+16.7 42.9 F0908 & 28.2 +13.7 48.7
F0917 @ 35.6 £13.9 39.1 F0915 ¢ 27.8+7.8 28.2
F09121 ? 33.5+2.1 6.1 A& 25.5+15.4 60.4

TE:FQRRUFKRFAEA. FS RRUKRFALA

Notes:F Q@ means that it is the female parent of the family. F 4 means that it is the male parent of the family

WRom R A RESH  BRRRESHAL
A FEDUR 5 R, FO908 H1 FO768 i3 A i) T
AR, IR E 25% ,6 U R R B EAR A
41.7% 5 KS ARG R R HIEE R+,

FO908 f 7% A< /9 F ot Lb 4] B K, 35 2 33. 3%,
FO768 IR U A1 5 I K & o £ L ik, FO768 i
A G AT 1 3 3l 5, U 1 38 1% A8 E 1
L F F0908 K& (K 3) .

RS
s |

B3 mRRRRIE
ik B s 05\ IR E A WA R — & kiR AR KA

Fig.3 The family trees of disease resistance family

Direction of the arrow is for the family’ s posterity , which has only one arrow is the family self-cross inbred

2.5 BRRERUERNELRERESRFEANME
KT

AT 32 AN FAR A R I X Y
{E, bt 22 A 22 5 1k (3R 4) BEAT AR QPR 20 AT, J B
A 5 TR A SCTE#ERTE 0. 86 L) B #RIKF] )
BFEKF(P<0.01) 5% 32 MHERNHH AL
Gy AR Z A GUR RS S AR ek
FOA o AT BN K T 2200, B 18 A AR AE
2R EABFEZER(P<0.05), H 16 MK
HIES (P <0.01), 257 W& KR A SR H
PlEE] 56.3% o 18 DRERRAEIRIRE LA 8 FH %
5t(P<0.05) KA I3 M ERAWREESR(P <

0.01), 2 5 B F MK R & B KM K #il ik 5
56.3% o BRI TUR A5 5 A 1Y 4
KA o 22 S PR R 3 (P < 0.01) 3 85 5 B
NEHZHET0H, KB 6 MHURKE R, A 4 K
AERMAREEFYARE 2 P EREE. 6
NOBERT A 4 DR R RN R 2 51
PR EFE DA RRESARE 1 DMERKZERE
AR RTUE 22 R R . K AR AR
NI 2 SR R BUAE O AR = T 2 AR Y
i VLERY, BT, SO0 AR 2 KA R
BT 5 B, A KRR S 500 K & 14
KA T B KR, R ZE A5+
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Tab.4 Comparison of growth characteristics of different families

4K /em TRBiH/ g 4K /em KB/ g
K7 length weight KA length weight
family 1414 average family F-14){4 average
mean + SD mean + SD
F1321 17.0 £1.63 39.1+10.6 F1309 17.9 £1.88 " 44.9+12.0°
F1307 15.5+£1.79 31.5+10.7 F1351 16.4 £3.09 ™ 40.5+£20.7"
F1339 14.9£1.92 27.3 £10.2 F1320 14.4£1.97 25.9£10.87
F1323 16.9 +1.87 40.0 £13.1 F1316 16.0 £1.92* 33.2+11.4"
F1305 17.6 £1.88 42.9+£13.3 F1318 18.8 £1.98 ™ 58.4+16.1"
F1311 14.7 +1.76 27.6 £10.3 F1319 16.9 £2.05* 40.3 £13.4™
F1331 16.3 +1.72 33.6+10.3 F1314 16.2 £1.94™ 35.2+12.9™
F1342 16.6 £1.85 42.0£14.2 F1349 12.4 £1.97™ 17.1 £8.6™
F1312 18.6 £1.67 52.7£13.9 F1329 16.4 £1.8 38.3+10.67
F1337 15.4+£2.23 31.5+13.6 F1333 17.3 £1.96 ™ 42.3+13.2"
F1343 15.7+£1.75 33.7+10.8 F1334 18.0 £2. 14" 48.2 £13.4™
F1303 17.1£1.62™ 40.6 £10.6 F1304 17.8 £1.87 ™ 46.6 £15™
F1328 17.8 £1.69 45.6 £12.9 F1308 19.1+1.74™ 60.2 +15.5™
F1317 15.9#1.77 32.7£10.5 F1322 17.1 £2.41™ 41.7£15.17
F1355 15.5£2.11 30.7 £12.8" F1338 15.7 £2.21* 32.7£13.3™
F1326 15.8 £1.55 32.5+£9.6° F1325 16.7 £1.98" 38.0+11.7™
VB all families 16.5 +£2.37 " 38.0£15.5™

TE e FORPUR MRS KA 5 5 A WAH L 22 53 B35 (P <0.05) , = FORBURD A KRR ST i 5 5 A A Le 22 54 %% (P

<0.01)

Notes: * body length and body weight indicate difference is significant at the 0. 05 level between survival and death in the family. ** body

length and body weight indicate difference is significant at the 0.01 level between survival and death in the family

3 e

D758 57 2 TR AL TR X AR WF 58 X & 1) 168 h
EBFEH S LD, 3.69 x 10° CFU/mL, W% &5 T 55
B P 5 124 2 i 2 BP9k BE 2.1 x 10° CFU/mL,
k. Matsuyama 25" 14519 5. 8 x 10° CFU/100 g f4&
R . Xz 45T R A 2 BOEHE 5. 01 x
10° CFU/mL % 1 N % . R 2% B (8 4L T W o
B 11 > BOPE v B2 I S 45 R 0 A [6], AT BE S el A
14 S 36 A RS ] 552 6 2% A A [e) RS2 30 s o A [
3 A5 T R g | Y o

B OF R SR A S oK
IR H BN YR U IR 5% T R T S ot IR A RS
IR R AR I O, I IR Ak I, P I e R
AN I B A5 A R I R SR PR S I R
AR, 33X LI PRAE R 5 AR W5 B UL 48 31 1) e AR — B,
TAN ARG R LA B 5K R N T 0R 4% % a4k
WEA G R IR R R, RN &t K B
SRIRY AL R BT E 16 d, RE KRBT

AR iR

ABEFE SRR, PG T B R 25 R R AE
9o JAL DR B J5 T 3 TR R B A 25 57.9% X 5
Wb ks > A o oF 6 68 S JRR e S 15 B
Fhc R I R 25 1 K &R TG %6 A 25 50% LA B
SEeHE . AFRRET 6 MEEER T 45%
PR ER & , % BLLL FO915 FIl F1005 442 4% i B
ARZ AR 05 T HA K R, L FO768
T BEA Y 5RO Y AE 18 % B s B DL FO9121 F
FO768 JJy BEAS [ X R A7 16 A8 7R R R /N(C. vV
<6.1% )4, Hih K RETE RN LT RZBH KT
20% ; A BFR RPUIB R B EARFERL R WA R
Yk ae 5 A4 KR S BN, xR % % 1l
HETE 5 R 3R 2 P M iR 5 2 K R A G P 3%
K AFAE2E 51 s FOT68 K & 19I5 AN HTIE 9% % 18 4E
PR G 1) B 38 3 5 o

FO768 7 % j& 2007 4F i % t 19 Bt 48 9K 14 5
KR AT 5 5 A L B R 2% %
TEACTRNG B RE T, 1T LA LL I Sk i Tt 5% 3 A X X
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Establishment and analysis of Japanese flounder ( Paralichthys olivaceus)
families with enhanced disease resistance to Edwardsiella tarda

ZHANG Yingping'?, CHEN Songlin'* , SUN Hejun'?, WANG Lei'”’,
FAN Caixia'?, YU Yang', ZHANG Wenting', YANG Yingming', ZHANG Yongzhen',
TIAN Yongsheng', DENG Han', CHEN Honglin', LIU Xiaofeng', WU Yahong'
(1. Key Laboratory for Sustainable Utilization of Marine Fishery Resources Certificated by the Ministry of Agriculture
Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Science ,Qingdao 266071, China;
2. College of Fisheries and Life,Shanghai Ocean University ,Shanghai 201306, China;
3. College of Fisheries,Henan Normal University ,Henan 453007 , China)

Abstract: Japanese flounder( Paralichthys olivaceus) is a widely cultured economic marine fish species in
China because of its fast growth, high value and good taste. As a consequence, more and more fish farmers
participate in Japanese flounder aquaculture in recent years. However,high density of breeding makes it easy
to cause water quality deterioration and a variety of diseases,and diseases of the cultured fish have occurred
frequently and infectious disease brought huge economic losses. What is more serious is that this limits the
profitability and development of Japanese flounder aquaculture. Therefore,to breed new flounder strain with
enhanced disease resistance and growth rate is an important task in marine fish aquaculture. In this paper, we
focused on the detection of different disease resistance ability, during the course of Edwardsiella tarda
infection,56 families were established. Among them ,32 families were used in the experiment of infecting E.
tarda. The purpose of this experiment was to screen families with high disease resistance to E. tarda so that
we could solve the problems caused by the traditional methods of treating disease, such as drug residues,
environmental pollution and drug resistance. Disease resistance was evaluated in 32 families through
intraperitoneal injection of bacterial E. tarda. Before formal challenge experiment, we did a preliminary
infection experiment to measure the half lethal concentration of E. tarda to Japanese flounder. According to
the results of preliminary experiments,we determined the half lethal concentration( LD, )to be(3.69 x 10)°
CFU/mL. Then 75 fishes were randomly taken from each family and injected with the bacteria according to
the half lethal concentration of solution,0.2 mL/10 g body weight. Water temperature should be controlled
at(19 +1)C.4 800 fishes from 32 families were challenged with E. tarda through intraperitoneal injection.
Through the analysis we know that their survival rate was between 8.2% —66.1% with an average rate of
31.2% . Results demonstrated that there was significant difference in disease resistance among different
families( P < 0. 05). Six families showed high disease resistance to E. tarda. Moreover, we found that the
families from family FO768 which had been considered to be highly resistant to Vibrio anguillarum in 2007
showed high disease resistance to E. tarda. So we speculate that the family FO0768 has a good disease
resistance to both of the bacteria. This study laid the foundation for the selection of E. tarda and V.
anguillarum resistant Japanese flounder strains, which is of importance and has application value for the study
of molecular mechanism of bacteria resistance and the selective breeding of disease-resistant new species.
Key words: Paralichthys olivaceus; Edwardsiella tarda; family; disease resistance; selective breeding
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