REERRIE

HER, AW, AEE"

(1.
266071; 2.

B

264003)

5 ikE REPOATS

R 7 WRRE TS
LgE"

ITHE" A F Wt

, 201306; 3.
266071; 4. ,

HWE: AHBLF B ARE TG KEE(Scophthalmus maximus) I8 INE (Vibrio anguillarum)®FA, 3t 30 S K

RO E AR A (Fo)Ae | ANEid FRAABEIR AT

SR K EZLASA 144d), RitoHRTE, B

RTERREG 6 MNAF REAL@ RIABKMK 7 NEIA, KA F T E-TR A 64 K (semi-quantitative

polymerase Chain reaction , RT-PCR) 3 AR & 4114 JE
#HEZ & 70(HSP70). #i & @ 90(HSP90). %7 %E A (IgM). C-A

(Lysozyme). L Ak(Hepcidin).

PERE . kB a9l X R R BT

R B

#t £ & (C-type lectin). Lily-% #% %&£ & (Lily-type lectin) #9 & A S F AR, H M SPSS 16.0 # 42t 3%

EWMEAELERTFTHERELELS KEEAE R 640 F W4T
AU @RFRE. IR, KEP TALBRRTFHAL ST LB T @Az e, BE T AL T,

JE by E K F AR KT BN T A,

T, FRREREN: HEH R
A

IgM AL FEAFFAMEH

LA

LA, FFAEYF lysozyme.

M EAR % (P<0.01), HSP70. HSP90. C-type lectin. Lily-type lectin 49 & ik & 5.4 7% F 4 B &t E48 %
(P<0.05); f%hgF, Hepcidin. HSP70 = HSP9O #9 &L &5 A% F A M I FH M E A X (P<0.01); kK F,

HSP70 #) &2 &5 4% £ 4 B F E48 % (P<0.05). 4

z b, TR E R A AT T8 AR K K &

RO ER, BT A LAERTASRE B L ORN TR P AETEHRALEA: AF, ?HIT

— A BN MR R AQ3 5), THTF4E REHRE

INF AR TR F I, AXKEES

PRE BB F RAEAFE T AR IR

KEIR: K& 8 (Scophthalmus maximus);
HES %S S941 CRRFRIRED: A
doi: 10.11759/hykx20150305002

(Scophthalmus maximus),

(Pleuronectiformes) (Bothidae)
(Scophthalmus), (
1992
, 60 000t
[2]
’ [3-5]
2] 2007 ,
[6-10]

8% N (Vibrio anguillarum); &8 K % ; &

% B -F; RT-PCR
X EHE: 1000-3096(2016)09-0009-09

[9-10]

:2015-03-05; :2015-05-07
: 863 (2012AA10A408-8);
(CARS-50-GO1);
(2015M572096); (ZR2014CP0O01)
[Foundation: National 863 Program (2012AA10A408-8); Modern Agro-Industry
Technology Research System (CARS-50-GO1); China Postdoctoral Science
Foundation(2015M572096); the Shandong Provincial Natural Science
Foundation (ZR2014CP001)]
(1988-),
1 15865385685, E-mail: tyqlangl988Cl63 com;
: 0532-85835103, E-mail: maaj@ysfri.ac.cn
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[11]

(Paralembus digitiformis)

>

s ; Shike

anguillarum)

>

e IRkE REPORTS

[12-13] mRNA

>

(Pseudosciaena crocea),
48h HSP90

U AR Ak

1.1 EEAHH
1.1.1
(81 2011 5
40 ,
40 ,
40 1
32 110 cm
50 cm,
, DO=7.3 mg/L,
14 d

E

(17.79+2.8) cm,
+ ]

1.1.2

(TSB 30g, NaCl 15g,

200 r /min

1.2 ZBFHik
1.2.1

10

24 h,

30

2010

, 30

, 32
68 cm

(13+1)C,
28%,

[

[14]

(Vibrio

5

(275.98421.36)g,

6

TSB

>

1000 mL ), 28°C,
ODgoo 0.9%

10° cfu/mL

[15-16] ,

/2016

/

1uL/gH™
, 1 puL/g 0.9%
(14£1)C,
14 d,
3 )
1.2.2
15 5
RNA ,
1.2.3
1.2.3.1 RNA
TIANGEN RNA
RNA 5
RNA , ,
-80C
1.2.3.2 RNA cDNA
RNase-free 1 pg RNA
1 pL random hexamer primer( ),
RNase-free ddH,O 12 ++pL, 65°C 5 min

4 pL 5>Reaction Buffer 1 pL
(20 U/uL)RIboLock RNase Inhibitor 2 pL 10 mmol/L

dNTP Mix 1 pL(200 U/puL)RevertAid M-MuLV R
, 20 uL. PCR ,
:25°C 5min, 42°C 60 min, 75°C 5 min
1.2.3.3 PCR
7 ( D, Taq po-
lymerase , B-actin
RT-PCR PCR 20 uL:
cDNA 1 pL, 10><buffer 1.5 pL, 0.5 puL,
2.5 mmol/L dNTPs 1.3 uL, Tag DNA 0.2 uL,
RNA 15uL PCR :94°C 5 min;
94°C 30s, 45s,72°C 45 s, 1
; 72°C 5 min, 1.7%
PCR ,
(UV-systems)
3 , [ = ]
1.3 FHELE
SPSS16.0 ,
Duncan , P<0.05

(Pearson correlation),

40 /9
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&1 PCRREHHRMEIIDHZERFT

Tab.1 Oligonucleotide sequences used in PCR
Bank
(5'to 3) ., GeneBan
()
B (B-Actin) F: ATCGTGGGGCGCCCCAGGCACC 55 30 AY008305
R: CTCCTTAATGTCACGCACGATTTC
M(IgM) F: CAGTGTTCCCAGTC 51 35 DQ848956
R: CTCAGCGTCATCATAAGC
(Lysozyme) F: AGCCTGGCCGACTGGGTTTG 58 35 AJ250732
R: CGCAGCGACACACAGTGAAAGTAAAG
(Hepcidin) F: CACATAATGAAGGCATTCAGCA 51 35 AY 994074
R: TTATCCTCAGAACTTGCAGCA
70(HSP70) F: CTGTCCCTGGGTATTGAGAC 53 35 ABUS50777.1
R: GAACACCACGAGGAGCA
90(HSP90) F: CCGCCTACCTCGTTGC 54 35 ABDG61721.1
R: GTAGCCGATGAACTGCGAGT
Lily- (Lily-type lectin) F: TCTTCCAGGATGACGGCAACT 55 35
R: CGCGCTTGTCGTACATAACCAG
C- (C-type lectin) F: GGTCGACGCTCAGAAAAAC 51 35 GU385827.1
R: GCACCATCAATCCAGAAGAAA
Pearson PCR , PCR 1.7%
2 _ _ , (UV-systems)
Z(xi—x)(yi—y) 7
_ i=1 >
r
v n n 2
2 —\2 )
X, —X -
J%:( %) ,;(y’ y) SPSS16.0
, t 7
2 LR | :
21 ZEBRESHEABRATHL
; , 6
.30 (P<0.05), 7
(23.34+4.72)%~(75.00+2.36)%, ’
(81.67+2.35)%, >
( 31)( 1); (P<0.05)
Duncan 30 27 23 MRREA AN G A A E T A A AT
<
(P <0.05) 7 <DNA
6 ,
PCR R 3 SPSS16.0
1~6, 25.00%
33.33% 41.65% 56.66% 66.66% 75.00%, ;
23 6 8 7 15 5, ’
, 3
, 7
; , 6
. 2 on . (P<0.05);
22 MEAENEERER T REASH 7

7 cDNA

Marine Sciences / Vol. 40, No. 9 /2016 11



Fig. 1

Fig. 2

90

70 [

60 [

50

FET2%/%

40 F

30

20

10

e IRkE REPOATS

1 2345678 91011121314151617 18192021 2223 242526272829 3031
RAMT

1

BRSO | ke

31

90

; Al

s

O R E D
M

(

( 3 4

31

)

)

Mortality of 31 groups after infection with V. anguillarum (31 served as the control group)
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o0 REHY3

BRFRYS

B. before the challenge; A. after the challenge (same as in Fig. 3 and Fig. 4)

mRFRU2

n ZRU4

BRRU6

The effects of infection experiment on the expression levels of seven immune-related genes in turbot livers
B.

T2 KREHFETHRERTFREEMNESER
Tab.2 Gray value measurement results of seven immune-related genes in turbot livers
1 2 3 4 5 6

B 1.249+0245° 3.421+0.111% 2.280+£0.059° 2.226+0.006° 1.543+0.013° 1.647+0.101°  1.679+0.009°
A 0.915+0.155°  1.033+£0.060°* 1.000+0.007°* 1.003+0.007° 0.461+0.005%* 1.057+0.014%*  1.041+0.120°*
B 0.331+0.058* 1.605+0.231°  0.650+0.053° 0.729+0.100® 0.851+0.105° 0.657+0.121°  0.634+0.139°"
A 0.155+£0.050% 0.485+£0.011°  0.422+0.013°°* (.548+0.072°  0.689+0.152° 0.62440.019 %* 0.331+0.048°
B 1.189+0.190* 3.157+0.301% 1.946+0.054¢ 2.021+0.192¢ 2.180+0.199¢ 1.555+0.135°>  1.403+0.073 %

70 A 1.000£0.009* 1.033£0.065% 1.000£0.001%  1.003+0.009%* 1.534+0.004 %* 1.064+0.006%*  1.1124+0.009 ¢
B 1.249+0220% 3.365+0.190° 2.161£0.172° 2.129+0.172¢ 2.273+0.183° 1.606+0.098°  1.662+0.032°

90 A 0.970£0.060%* 0.700+£0.521° 0.975+£0.052° 1.003+0.009°* 1.543+0.014° 1.068+0.012%  1.073+0.066°
B 0.221+0.015*  1.020+0.092¢  0.694+0.080° 0.547+0.142°  0.601+0.059*° 0.528+0.034°  0.333+0.027°

M A 0392+0.120%% 0.178+0.020° 0.202+0.0355° 0.215+0.051* 0.437+0.014° 0.234+0.049°  0.437+0.018°

Lily- B 0.163x0.071° 1.024+0.0717  0.287+£0.028" 0.773£0.039°  0.505+0.090¢ 0.399+0.068°  0.178+0.011°
A 0.060£0.009% 0.304+£0.070°¢ 0.174+0.011° 0.280+0.111°¢ 0.226+0.089* 0.350+0.017¢* 0.386+0.078 ¢

C- B 1.072£0.121% 2.887+0.061° 1.892+0.091¢ 1.638£0.073° 2.015+0.182¢ 1.257£0.170®  1.376+0.088"°
A 0.731£0.120™° 0.623+£0.059%  0.805+0.008° 0.651+0.081%  0.963+0.061¢ 0.670+0.071%*  0.855+0.078 «

:B. JA. , (P<0.05),
(P>0.05); “ex> (P<0.05), SRk i
(P>0.05)( 3, 4 )
12 /2016 / 40 / 9
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Tab.3 Gray value measurement results of seven immune-related genes in turbot spleens

mEd
8 KR4l
m KR4 2
0 RXFR43
| P &Y
B X R4S
B X746

Fig. 3 The effects of infection experiment on the expression levels of seven immune-related genes in turbot spleens

1

2

3

4

5

6

70

90

Lily-

> W w > wrw > w>w > w

1.124+0.218°

2.957+0.025 ¢

0.528+0.058 ®* 0.530+0.017°

0.230+0.049 "
0.316+0.035°¢
1.009+0.130°

0.587+0.012°¢
0.247+0.034°
3.028+0.105¢

0.654+0.492%* 1.026+0.057°

1.130+0.213 %

3.439+0.041°

1.0000.004 ** 0.982+0.033°

0.923+0.069"
0.393+0.038 °
0.055+0.009 *
0.02120.004
0.816+0.069 ¢
0.744+0.130°

2.405+0.075¢
0.37840.005*
0.137+0.049

2.107+0.115¢
0.417+0.067 *

2.251+0.039 ¢
0.831+0.028 ¢

0.575+0.015% 0.42940.039°¢

0.133+0.017°
1.883+0.018°
0.898+0.050
2.220+0.130¢
0.987+0.008 °
1.37740.356°
0.367+0.007"
0.126+0.025°

0.18620.010 °* 0.022+0.006°
0.554+0.009 °° 0.406+0.049%°
0.255+0.341 ** 0.29440.071°

0.286+0.266*

0.110+0.009 **
1.923+0.029
0.97240.058
2.155+0.125¢
0.7610.120
1.118+0.233 %
0.386+0.021 **
0.238+0.026°
0.02140.006 **
0.695+0.019 ¢ ¢

0.431+0.029
1.572+0.059
0.517+0.055 ¢
0.232+0.033°
2.084+0.018¢
1.463+0.190 °*
2.402+0.041 ¢
1.144+0.278 *
1.715+0.021°
0.574+0.039°
0.782+0.657
0.126+0.033 °*
1.305+0.267 ©
0.511+0.346 **

1.715+0.017 ¢
0.679+0.051 ¢
0.284+0.036°
0.337+0.047 ¢
1.545+0.073 °
1.022+0.041 *
1.780+0.077 ¢
1.01940.008 °
1.022+0.039°
0.363+0.047"
0.064+0.017
0.039+0.016*
0.330+0.037
0.500+0.261 *

1.328+0.252°
0.846+0.030 4*
0.164+0.019°
0.101£0.018°
1.175+0.214°
1.041+0.061
1.431+0.299°
1.054+0.059°
0.981+0.251°
0.452+0.037 >*
0.079+0.017
0.026+0.011°
0.763+0.051 ¢
0.426+0.311°

24 KEAEZWNEELEETFHRESH

4

, 6
(P<0.05);

7 c¢DNA ’
PCR , 4 SPSS16.0

| E
L EENIN
i\r m 55412
| ORKFR43
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P E N

B RAE46
-0.5
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Fig. 4 The effects of infection experiment on the expression levels of seven immune-related genes in turbot head kidneys
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Tab.4 Gray value measurement results of seven immune-related genes in turbot head Kidneys
1 2 3 4 5 6

1.305+£0.053 ®  2.542+0.103 ¢ 2.018+0.031¢ 2.401+0.163° 1.021+0.192% 1.715+0.249° 2.002+0.158 ¢
1.108+0.096** 2.001+0.098 * 1.972+0.098 ¢  2.200+0.145¢ 1.001+0.103* 1.498+0.132° 1.536+0.089 **
0.543+0.053*  1.002+0.865° 0.583+0.144 * 0.677+0.103% 0.631£0.073*  0.654+0.292*  0.610+0.0751°
0.423+0.021 ** 0.785+0.078 * 0.488+0.012°® 0.571+0.037° 0.567+0.031°  0.496+0.111% 0.592+0.043 °
1.308£0.178° 2.427+0.140° 1.857+0.041° 2.035+0.096° 1.860+0.312° 1.956+0.230° 1.310+0.098 *
1.112+0.080 *  2.056+0.200 ¢ 1.623+0.128 “** 1.857+0.166 % 1.225+0.267 *® 1.446+0.092 *** 1.001+0.165 **
1.401+0.095 %  2.203+0.228° 2.109+0.214° 2.197+0.371° 1.399+0.190* 2.012+0.311° 1.924+0.097°
1.020£0.082 ** 1.899+0.117° 1.697+0.246 ¢  1.770+0.505°  1.105+0.099 ®® 1.444+0.482 * 1.632+0.1445 >
1.257+0.107 ® 2.011+0.356 ¢ 1.600+0.286 * 1.117+0.086 % 1.699+0.194° 1.023+0.081* 0.997+0.111°
0.543+0.127 **  0.996+0.208 “* 0.725+0.126 ** 0.511+0.177 * 0.736+0.177 ** 0.485+0.152 “* 0.488+0.074 **
0.066+0.104 %  0.147+0.055% 0.137+0.017* 0.145+0.028 ** 0.200+0.066 ° 0.065+0.017* 0.080+0.010 *°
0.019+0.005 ** 0.105+0.009 ®  0.095+0.032°  0.102+0.009 ° 0.113+0.038 °  0.028+0.009 ** 0.043+0.011 **
0.605+0.170*  0.621+0.181% 0.632+0.037° 0.584+0.042% 0.590+0.017% 0.478+0.105° 0.489+0.039 *
0.232+0.051 ** (0.288+0.040 ** 0.215+0.064 * 0.203+0.011 ** 0.199+0.095 ** 0.208+0.080 ** 0.290+0.046 **

70

90

Lily-

> W > wmw > W ® > W wm > w

25 HEW T HEERFERASEAEER 90(HSP90) C- (C-type lectin)
é!J K MM Lily- (Lily-type lectin)
7 (P <0.05); , (Hepcidin)
( -1_ 70(HSP70) 90(HSP90)
) . s , (P <0.01);
(Lysozyme) M(IgM) 70(HSP90)
(P <0.01), 70(HSP70) (P <0.05)

x5 XEUHIE. MEMLSH7THERETFHSINREESFERNEXEST
Tab. 5§ Correlation analysis between seven immune-related genes before infection in turbot liver, spleen, and head
kidney with survival rates

Lily- C-
70 90 M
( )Pearson 0.885 0.730 0.862 0.870 0911 0.758 0.843
( )P Sig. (2-tailed) 0.008** 0.063 0.013* 0.011* 0.004** 0.048* 0.017*
( )Pearson 0.732 0.906 0.880 0.884 0.735 0.115 -0.283
( )P Sig. (2-tailed) 0.062 0.005** 0.009** 0.008** 0.060 0.806 0.539
( )Pearson 0.645 0.659 0.852 0.661 0.690 0.646 0.593
( )P Sig. (2-tailed) 0.118 0.108 0.015* 0.106 0.086 0.117 0.161
(P<0.05); **. (P<0.01)
3 WhSAE 70 90 IgM C- Lily-
7
5 Duncan
[18-19] , 6 F, | ’

14 /2016 / 40 / 9
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(P<0.05); , Hepcidin HSP70  HSP90
(P<0.01);
HSP70 (P<0.05)
, 6
3 4 , 1
75.00%,
23
5 F2
23, 7

Blanquer A, Alayse J P. Allozyme variation in tur-
bot(Psetta maxima) and brill(ScoPhthalmus rhombus)
(Osteichthyes, Pleuronectiformes, ScoPhthalmidae)
throughout their range in Europe[J]. Fish Biology, 1992,
41(5): 725-736.
, , . 20

e 20 [J1.

, 2012, 33(4): 123-130.
Lei Jilin, Liu Xinfu, Guan Changtao. Turbot culture in
China for two decades: Achievements and prospect[J].
Progress in Fishery Sciences, 2012, 33(4): 123-130.

R N N Scophthalmus
maximus L. [J]. ,
2004, 35(4): 332-341.

Shen Xueyan, Gong Qingli, Lei Jilin, et al. Population

genetic structure analysis of the imported turbot seed-

lings scophthalmus maximus L. using RAPD and mi-

crosatellite technique[J]. Oceanologia Et Limnologia

Sinica, 2004, 35(4): 332-341.
) s R (Scophthalmus

maximus L.) [J1.

, 2005, 7(5): 30-34.

Lei Jilin, Ma Aijun, Chen Chao, et al. The present status

and sustainable development of turbot (Scophthalmus

maximus L.) culture in China[J]. Engineering Science,

Marine Sciences / Vol. 40, No. 9 /2016 15



[10]

[12]

[13]

16

e IRkE REPOATS

2005, 7(5): 30-34.

[J1. , 2008, 27(11): 598-602.
Qin Lei, Wang Yingeng, Yan Binlun. Advances in re-
search on diseases of turbot Scophthalmus maximus af-
fected by microorganisms[J]. Fisheries Science, 2008,
27(11): 598-602.

s R (Scophthalmus

maximus)

[ , 2010, 40(2): 187-194.
Ma Aijun, Wang Xin’an, Lei Jilin. Genetic parameteri-
zation for turbot scophthalmus maximus: implication to
breeding strategy[J]. Oceanologia Et Limnologia Sinica,
2009, 40(2): 187-194.
(Scophthalmus

1.

maximus)

, 2010, 41(3): 301-306.
Ma Aijun, Wang Xin'an, Xue Baogui, et al. Investiga-
tion on family construction and rearing techniques for
turbot (scophthalmus maximus 1.) family selection[J].
Oceanologia Et Limnologia Sinica, 2010, 41(3): 301-306.

S s S (Scophthalmus
maximus) F,

[ ,2012,43(1): 57-61.
Ma Aijun, Wang Xin'an, Huang Zhihui, et al. Response
to selection and realized heritability for early growth in
the second-generation breeded line of turbot (scophthalmus
maximus L)[J]. Oceanologia Et Limnologia Sinica,
2012, 43(1): 57-61.
Liang X M, Ma A J, Wang X A, et al.Morphological
comparison between a selected fast-growing strain and
the common cultured strain of turbot Scophthalmus
maximus[J]. Chinese Journal of Oceanology and Lim-
nology, 2012, 30(4): 563-568.
[I1. ,2012, 43(4): 797-804.

Ma Aijun, Huang Zhihui, Wang Xin'an, et al. The se-
lective breeding of thermal tolerance family and ap-
praisal of performance in turbot scophthalmus maximus[J].
Oceanologia Et Limnologia Sinica, 2012, 43(4): 797-804.

[J1. , 2000, 7(2):
28-31.
Zhou Li, Zhan Wenbin, Song Weibo, et al. Analysis of
immunogloblin M (IgM) in serum of Japanese flounder,
Paralichthys olivaceus[J]. Journal of Fisheryences of
China, 2000, 7(2): 28-31.
Shike H, Lauth X, Westerman M E, et al. Bass hepcidin
is a novel antimicrobial peptide induced by bacterial
challenge[J]. European Journal of Biochemistry, 2002,
269(8): 2232-2237.
Shike H, Shimizu C, Lauth X, et al. Organization and
expression analysis of the zebrafish hepcidin gene, an

/2016

/

[14]

[17]

[20]

[22]

40

antimicrobial peptide gene conserved among verte-
brates[J]. Developmental & Comparative Immunology,
2004, 28(7-8): 747-754.
90

, 2012, 34(6): 555-564.
Lin Tianshi, Xue Liangyi, Sun Aifei, et al. Effect of
temperature and pathogen on HSP90 expression in
Larimichthys crocea[]]. Chinese Journal of Cell Biol-
ogy, 2012, 34(6): 555-564.

[J].

[J]. ;
2008, 32(5): 665-673.
Chen Songlin, Tian Yongsheng, Xu Tianjun, et al. De-
velopment and characterization for growth rate and
disease resistance of disease-resistance population and
family in Japanese flounder(Paralichthys olivaceus)[J].
Journal of Fisheries of China, 2008, 32(5): 665-673.
[ , 2002, 26(4): 63-66.
Mo Zhaolan, Xu Yongli, Zhang Peijun. Vaccination
against vibrio anguillarum on cultured flounder, paralichthys
olivaceus[J]. Marine Sciences, 2002, 26(4): 63-66.
[ , 2014, 21(3): 484-493.
Ma Aijun, Guo Jianli, Wang Xin'an, et al. Family selec-
tion and estimation of disease resistance in turbot,
Scophthalmus maximus[J]. Journal of Fishery Sciences
of China, 2014, 21(3): 484-493.
Bergljot M. Innate immunity of fish (overview)[J]. Fish &
Shellfish Immunology, 2006, 20(2): 137-151.
[ , 2011, 35(6): 62-67.
Tong Xuehong, Xu Shihong, Liu Qinghua, et al. On-
togeny of immune organs during early developmental
stages of turbot[J]. Marine Sciences, 2011, 35(6): 62-67.
, , , .3

[J]. ,
2014, 21(1): 142-152.
Qiang Jun, Yang Hong, He Jie, et al. Comparison on
growth performance in three different strains of Nile
tilapia and physiological responses after short-term
high stocking density stress[J]. Journal of Fishery Sci-
ences of China, 2014, 21(1): 142-152.

HSP70 [J1. ,
2007, 22(5): 330-334.

Wan Wenju, Wang Jiting, Shi Cunbin, et al. Gene ex-
pression of HSP70 in green swordtail Xiphophorus
helleri exposed to Vibrio alginolyticus[J]. Journal of
Dalian Fisheries University, 2007, 22(5): 330-334.

i s s

. , 2003, 21(2): 209-213.

/9



e IRkE REPOATS

Wei Ran, Zhang Shicui, Wang Changfa, et al. Effects of ters and liver HSP70 gene expression in GIFT strain of
changes in salinity on nonspecific immune function of Nile tilapia(Oreochromis niloticus)[J]. Acta Ecologica
Japanese flounder Paralichthys olivaceus[J]. Advances Sinica, 2011, 31(17): 4866-4873.
in Marine Science, 2003, 21(2): 209-213. [24] s N s .
[23] , #, , [J1. ,2012, 36(8): 47-52.
HSP70 [1]. Liu Hongzhan, Zheng Fengrong, Sun Xiuqin, et al. Ef-
,2011, 31(17): 4866-4873. fect of exposure to ammonia nitrogen stress on immune
Liu Bo, Wang Meiyao, Xie Jun, et al. Effects of acute enzyme of holothurian Apostichopus japonicus[J]. Ma-
cold stress onserum biochemical and immune parame- rine Sciences, 2012, 36(8): 47-52.

Analysis of seven immune-related genes in selective second
filial families (F;) of turbot (Scophthalmus maximus)

TIAN Yue-giang' 2, GUO Jian-li', HUANG Zhi-hui" 3, MA Ai-jun® 3, WANG Xin-an™?,
YANG Zhi*, QU Jiang-bo*

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of
Sustainable Development of Marine Fisheries, Ministry of Agriculture; Qingdao Key Laboratory for Marine
Fish Breeding and Biotechnology, Qingdao 266071, China; 2. Shanghai Ocean University, Shanghai 201306, China;
3. Laboratory for Marine Biology and Biotechnology, Qingdao National Laboratory for Marine Science and
Technology, Qingdao 266071, China; 4. Yantai Tianyuan Aquatic Limited Corporation, Yantai 264003, China)

Received: Mar. 5, 2015

Key words: Scophthalmus maximus; Vibrio anguillarum; selective second filial families; immune-related gene; RT-PCR
Abstract: For breeding turbot group with high survival rates and resistance to Vibrio anguillarum, 30 selective
second filial families (F,) with a high survival rate and one common culture group of turbot (Scophthalmus maximus
L.) were infected with V. anguillarum. Six F, and one control groups were picked out as samples for detecting the
following immune responses. Gene expressions of seven immune-related factors (lysozyme, HSP90, HSP70, IgM,
hepcidin, C-type lectin, and lily-type lectin) were analyzed in turbot livers, spleens, and head kidneys using RT-PCR.
Correlation analysis between the expression of these immune genes before infection and survival rate after
challenge assays (period of 14 days) was carried out using SPSS 16.0 software. Results showed that regardless of
samples infected with V. anguillarum, the expression of immune-related genes in the six F, populations was
generally stronger than that in the control and the expression status of most immune genes was higher in the seven
experimental groups without Vibrio stress thanin the injected groups. The expression of the remaining six immune
genes, except hepcidin, before Vibrio infection showed a significantly positive correlation with survival rate in
livers (P < 0.05) and the gene expression of lysozyme and IgM exhibited a highly significant positive correlation (P
< 0.01). Gene expressions of hepcidin, HSP70, and HSP90 showed a highly significant positive correlation with
survival rate in spleens (P < 0.01); the expression of HSP70 exhibited a significant positive correlation with
survival rate in head kidneys (P < 0.05). Therefore, F, selective families with a high survival rate could possess an
outstanding resistance against V. anguillarum and the seven immune-related genes could play important roles in
bacterial resistance of turbot. We obtained a selective family (No. 23) with a strong resistance against V.
anguillarum, which could guide selection of turbot strains with disease-resistance trait in the future and provide a

reference and theoretical basis for turbot breeding.
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