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Fig.2 Spatial distribution of temperature and salinity in the central Bohai Sea
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Report on the Occurrence of Hypoxia in the Central Bohai Sea

JIANG Tao, XU Yong, LIU Chuanxia, ZHANG Yan, DING Dongsheng, SUN Xuemesi,
CHEN Jufa, CHEN Bijuan, ZHAO Jun, QU KerningiD

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Shandong Provincial Key Laboratory of Fishery Resources and Eco-Environment,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao  266071)

Abstract

Hypoxia in the central areas of the Bohai Sea was reported for the first time in this study.

The survey in August 2014 suggested that the hypoxic zone was 1200 km® in area and the minimum DO
concentration was 2.30 mg/L. The hypoxic zone was on the southwest side of the investigated area
(119.1°-119.6°E, 38.3°-38.8°N). The DO (4 mg/L) isoline indicated that the hypoxic layer reached 10 m
under the water. There were differences in the temperature and density between the surface and the bottom
layer (8T and 3p), implying the formation of strong pycnocline in the hypoxic zone. The 8T isoline of 5°C
mainly occurred in the vicinity of hypoxic zone with the highest 6T value of 7.3°C. The density difference
between the bottom and the surface layer has a similar spatial pattern with 6T. By contrast, the salinity
difference between the bottom and the surface layer was small (< 0.8) in the investigated areas. These
results suggested that thermal stratification could be more influential than saline stratification in
controlling the occurrence of hypoxia. The COD concentration was high (< 0.9 mg/L) on the southwest
side of the investigated area that accounted for the majority of the hypoxic zone. In addition, high level of
Chl-a (> 4 pg/L) and PO3 -P (> 6 pg/L) was also observed in this area. We proposed that the formation of
hypoxia could be a result of combined factors including the inflow from the Yellow Sea, the topography,
and especially, the thermal stratification and in situ production.

Key words

The central Bohai Sea; Dissolved oxygen; Hypoxia; Eutrophication
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Tab.1 The composition of zooplankton in the central Bohai Sea

A1 Species £ Abundance (%)
2 Speci

% 7% Spring HZ Summer FkZ= Autumn 475 Winter
HOR & FIKEE Bougainvillia ramose _ _ 0.06 _
5 F /KB Bougainvillia sp. — — 0.01 —
JNHK KB Koellikerina sp. — — 0.03 —
H A& 7K+ Sarsia japonica — 0.01 — —
FABOKEE Nubiella sp. — 0.01 — —
/N FEIKBE Podocoryne minima — 0.01 — —
H3#%EKEE Euphysora sp. — 0.04 — —
F AN AKBE Ectopleura dumortieri _ 0.09 — —
L3k fili22 /K B} Helgicirrha malayensis 2.14 _ — —
INERARE KB Willsia mutabllis 0.12 _ _ _
J\BEW [K7KEE Rathkea octopunctata 831 _ — —
2% KB Aequorea coerulescens 0.03 _ — —
B 2L FE KB Eirene ceylonensis — — 0.10 0.06
2L BR LMK EE Clytia hemisphaerica — 0.02 0.06 0.06
PUAL 4 7K B Proboscidactyla flavicirrata — 0.03 1.17 1.15
T AR Muggiaea atlantica — — 0.83 0.51
FRIE A g5 7K BE Pleurobrachia globosa — — 0.55 0.17
JR/K+H} Beroe cucumis Fabricius — — — 0.01
S>3 9% Penilia avirostris - 1.72 0.01 —
NERE=f83% Evadne tergestina — 0.01 - o
#% K2 % Asteropina grimaldi — — — 0.01
AT IK R Calanus sinicus 19.48 38.14 4233 50.33
INUFTIK & Paracalanus parvus 11.65 0.87 0.87 1.08
TR KT Paracalanus crassirostris — 0.07 0.02 0.07
8 &t Madil /K 2& Centropages abdominalis 5.68 0.01 — —
5 B W /K 2% Centropages tenuiremis 1.51 0.01 — —
A K Centropages dorsispinatus 2.28 _ 0.05 _
koK #E Candacia sp. 0.01 — — —
H B /K F Labidocera euchaeta — 0.01 1.33 0.70
XUHI & ffi /K 2% Labidocera bipinnata — 0.40 0.49 0.55
WE YK E Acartia bifilosa 5.36 0.04 0.10 0.01
o R K 25 Acartia clausi 0.02 — — -
KV YifkK & Acartia pacifica 18.91 — 0.01 0.03
¥5 2 177 f1 /K & Pontellopsis tenuicauda 0.49 — — —
PR AR K % Pseudodiaptomus marinus 0.28 — — —
| BTEIKE Tortanus spinicaudatus 1.96 _ — —
PG S /K ¥ Oithona similis — — 0.10 0.12
IEGRIREIIKE Corycaeus affinis 1.73 0.17 1.26 0.52
RN B K F Microsetella norvegica 2.94 _ _ _
BEIKFE Monstrilla sp. — 0.01 — —
JNFF T Microniscus sp. — 0.03 0.09 0.07
4 e ¥ R Themisto gracilipes 0.04 0.67 0.52 1.08
WER3E Corophium sp. 0.15 — — -

ZFFH Caprella sp. — — 0.01 —
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4ZE3R 1 Continuted Tab.1

£ Abundance (%)

P2 Species

% 2= Spring HZ Summer F#kZ= Autumn 475 Winter
HF Gammaridea — 0.01 0.10 0.03
A ) g R Acanthomysis longirostris _ 0.02 0.14 —
JLEBEREER Gastrosaccus kojimansis 0.05 _ 0.05 -
K-FEWENT Euphausia pacifica _ 0.01 — —
H1E B HF Acetes chinensis 0.02 — — —
Z R W Sagitta nagae — 0.03 0.03 —
TR Sagitta crassa 7.32 37.43 39.59 39.30
SAR{EZE H Oikopleura dioica — 0.08 0.64 0.20
/NGRS Doliolum denticulatum _ _ 0.02 —
i HZRAR 4 4 . Actinotrocha larva — — 0.07 0.08
HEk 4l 4t Tornaria larva — 8.12 0.01 0.02
Z ER4IK Polychaeta larva — 0.03 1.07 0.29
XMGEE S Bivalve larvae — 1.49 6.60 2.47
Ji 224K Gastropoda larva — 0.25 0.19 0.02
e 2T 4 H Nauplius larva (Copepoda) 835 0.01 _ 0.02
ke D11 Copepodite larva — 0.01 _ _
WEURY Mg 4l 1L Calyptopis larva — 0.01 0.14 0.02
HEMR 4R Mysidacea larvae 0.07 — — —
FTHI ¥4 Alima larva — 0.16 — —
£ A4 /K Balanus larva 0.01 — — —
K X4 1A Macrura larva 0.01 1.43 0.92 0.79
Ji RS R4 . Brachyura zoea larva 0.01 0.61 0.14 0.06
5 FEZE K IR 4h {4 Brachyura megalopa larva — 0.01 — —
ERIIERL B Porcellana zoea larva — 0.01 0.03 0.10
TEie FE 1 Ji 4l 3L Ophiopluteus larva 1.10 0.95 0.02 —
T IHK i 4h . Echinopluteus larva _ 5.80 0.07 0.03
3 2 P i 4 1 Bipinnaria larva — 1.00 — —
W 3 ¥ 411K Echinodermata larva — 0.13 0.15 —
{F#fEf6 Fish larva — 0.02 0.03 —
1§ Fish eggs — 0.06 0.06 0.07

— FRZRIER B

— denoted unobserved species or taxon

YSTE A RIRIR S 23 T TRIES L 6 25, Bt AhIEEk
H 29, H 2= K s A 3L A A IR R )
27 B, FRUEAI AL 18 28, BIHANREC 45, BFIIE
H AR K Sl A I e £ R PR ) 28 B TRIEA) B
14 25, BIHFMRECH 42, &R rh K S8 A 2k
YIRS 21 Fh L VRIS A 12 25, AR
Bk 33,

v v T K S8R i 3h W Y A 2SR AE AT R g
4 AR (D) R ARER M « I N i £ B A AR
AP BHIE MK K (L. euchaeta) KU 5 K F
(L. bipinnata), KNFE1HEY5EK % (A. pacifica). /\BER K

IKFER. octopunctata)¥s . (KR EERIEHE . ZEHER
RFZEH MR R (T gracilipes) . K5 5 4F
(E. pacifica)¥5 . 3)) ) ERIHE 2 EHFEREMR
FEH AL K F(C sinicus) . /NPT K F
(P. parvus). WEEFMHIK F(C. abdominalis). 5%t
FI/K % (C. dorsispinatus) . AL RN K K (O. similis)

2 RIRSI /K F(C. affinis). A HL(S. crassa). ¥R
e K EE(P. globosa) . TLFH/KEE(M. atlantica)? .

(4) R il v ER 2R - IR R AR A 28 S /N 14 i A
(D. denticulatum),

A2 it P R I S AT T LAk
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B B a1 7K 2 (¥Y=0.02) . WEZiHE/K F(Y=0.04) ., KF7F
2K 35 (Y=0.15) . /\BE P [COK BE(Y=0.02) Fl5aH: 17 5
(Y=0.07), E i rhafi s g s sh iy 3a 3 M
R, 205k d AT K 3 (1=0.38) . #H: B1(7=0.37)
I RE A i 4 HLU(Y=0.04) . Bk 2 it mp R v 3uk 07 Ui 2
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ZREETE 539 S34(300.3 ind/m®), T i/ ME IR AE
PE A K e R 520 534 (13.0 ind/m®) (] 2-d).

TEIFBI A Wy e )T A3 A0 DL 3 5 2Rt rh
T B PR W S I AR R A A R R S R A —
225, FERREAY RN 157.1 mg/m’, AR
TR R AR K IR B 537 53(917.9 mg/m®), F/)h
(B BT A K B3R 512 S36(3.8 mg/m®)(K 3-a).
255 it P TR B S W O YR E A R
135.8 mg/m’, A 9 o ) 55 5 1 11 B 181 5 7K S0 7
517 534(507.2 mg/m’), fe/IME H BRI 2 K 8 2R
541 53i(40.2 mg/m®) (] 3-b), FkZ=ihi R iaE R i
IR FIRE A YN 122.5 mg/m®, AR IR
{8 PRAETE A KSR 511 5346(499.6 mg/m’®), H/IME
HELETRA KIS F R 532 594(31.0 mg/m’)(E 3-¢), 4
Z 9 W P A SR S O R AR Y
151.1 mg/m’, A4 85 i 1 BRTE ) A K A T
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Fig.2 Horizontal distribution of zooplankton abundance
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539 S3i(476.4 mg/m®), fe/IME H IR A K R
520 5 3(45.0 mg/m’)(&l 3-d).

RN BT F E S HHE

231 PARHKE PRSI A ILE 4,
L4 TT LA ), iR it v A 5 K 35 ) - 1 4
IR, FFh AR rh ek & i 3
FEHN 152.3 ind/m’, FFh R R A BTk Rk 2
19.5%. £ FE S E H IRE TR A KIS 537 S, +
FEME M 1923.1 ind/m*([&] 4-a), HZ=EhrhikKiskrp e
IKFHPEAAFREE N 76.1 ind/m®, HXF PRI Sh 4 S 32 B Y
TUHRAEIR B 38.1%. = B i ey (H ) BUAE PR A /K 3R 1
i) 529 Suli, FRE(EN 384.0 ind/m’ (& 4-b)., Tk
HR K A K A ERE R 17.8 indim®, HIXTE
TiE ) S BE I DTSR IR B 42.3%, F I (E BB
FEVEA KISV R 534 Sk, FREEER 177.1 ind/m’
(F 4-c). &AZihiErpiKis b e K &4 £ 5
36.3 ind/m’, xR iE o 4 8 E R Y BTk R Gk #
50.3%. =F J S e (B BUE PR KSR FRIY 523 Hal,
FREE K 173.8 ind/m*(&l 4-d).

232 P& SHCHE AT R F T A A WKL 5 R

2.3

Z i v S A S 17 B R B R 57.3 ind/m’
FFh S ST R A B 7.3%. e KME
PRAEJRAE KR PG ALY 501 53, F B 13k 559.6 ind/m’
H/ME T ALE 527 536(2.6 ind/m®) (& 5-a), H Z=#)E
HA S K el 1T B S B R 74.7 ind/m®, HXHE
Ui shi B F B B STk R IR B 37.4%. B KM H BLAE 1A
A KIR PRSI 525 Sul, FREEIL 259.0 ind/m’,
He/ME HETE 535 S35(7.9 ind/m?) (B 5-b). Bk ZE 181
S K el T B S B R 16.7 ind/m?, HXHE
Ui 540 S 35 1 DR SRAR B 39.6% o S KM H BLAE I
KA B Y 539 Sk, FREREA 55.3 ind/m’, &

/AMEHBLAE 501 F1 528 53(2.3 ind/m*)([&] 5-¢), &%
I A K SR H T A2 R BE O 28.3 ind/m’, X
TSN B ) DTER AR IR B 39.3% e KAE HIAE
P KB ZR BT AY 539 S, I 125.0 ind/m’,
Be/ME HBLLE 520 535(5.4 ind/m*) (& 5-d).
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PRAEWFFT KV ALHB Y 501 S35, A 0.58 (I 6-a).
B i R sh Y HEYE R 175, o
(B BLE A KR PE R R 535 53k, A 2,715 1
B A AR SE K R ALY 506 5k, Ok
1.15 (&l 6-b). Bkt aSEEE0E I3 H A
9 1.83, dnc i {1 BLAE PR A K IR PG RE R Y 528 5
4 2.96; TN F ARAE H BLAEAFFE K BRPT LR 1Y 51053,
N 113 (18 6-¢) A ZRighiE h R BT I s H -1
{4 1.63, fi i fEH IRAE AT K B R R 1Y 529 53
2345 M ARAE HBUAE AT 55 K 38 AR R A 523 53
4 0.92 (I 6-d).

TS D B RO E A A LR 7. R
BN D EYIE N 1.02, (e B AT K
WA TR 532 S0, A 1.66; 1B RAE H BLAE 5T
AKIBVG R 528 F i, H 0.59 (& 7-a). HZ=IEF
S D SFMEN 1.78, fem (E H B IR 2 7K 38 74 r
T 535 S, A 2.77; MRARE HBLTE RS K AR
6 513 S, A 1.07 (B 7-b), FFh D
SEHIE A 2.08, e (E B LR R A K S8 2R B A
531 Suli, {ER 3.28; 1S ARE B IAEBF 5K 85 L

B 501 Sk, A 118 (Kl 7-¢). &ZETRIESY D F
YA R 1.53, S (B0 BRAE I8 A K s 3R Y 529 453,
{4 2.96; 1M IGAA H BLAERF ST K PG LR Y 510 5
v, {HK 0.76 (K 7-d).

FiEM A HERERERTFHEXME

TR S Y 5 PR R - ] A AR DG M R B2 2. B
HForir s R s, H2, FFh 4 5K H
KMk i (P<0.05); K2, TRIFsh+E 5IKZ 8 E
FRRE DG B 51 (P<0.01); Bk, IFIESh I F 1 5R)Z
TR B DG e (P<0.01) ;. 4%, WRFshFIES
-2 22 9 R S B 155 (P<0.05) o U F 43 B4 31 i
B, WY FEE 5RIZEE | KA B
(P<0.05); X7, IFirshP+ 5 5IRZ0RE . JKZEE
JER A MR =5 (P<0.01)s BKZE, WRilFsh ) F RS 3%
JEIEE . £)Z pH BIAHMER & (P<0.01); &2, F
M EESKEZE pH, M ENW MRS
(P<0.01), =Tt un, FF, FiEshwE
ESRIZEE | IRBHEMA . KENAH & &
(P<0.05); E 7, FiEshP+ 1 5RZEE . JKEZEE
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Fig.7 Horizontal distribution of zooplankton Margalef’s index
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a: spring; b: summer; c: autumn; d: winter

B MR AR B (P<0.01); FkZE, PRSI
FEESRZREE ., X2 pH. JEZ pH MRS
(P<0.01); &2, TRIFNFRE 52408 | K2 pH.
25 2 (4 M S 1 R (P<0.05) o DU RT3 M 435 51 s
B, FirshWHESRERE | RBERE | RERE
fit S KRR AHOC e = (P<0.05) ;. B2, FHFshY
FESKZRE . IKZHE . K2 pH. MHEERHIX
PERRI(P<0.01); Bk, IRiFah Y FE S RIZEE | K
JZIRE . F)2 pH. JKJZ pH A SME 55 (P<0.01);

A7, TR ESIRZEE | IK)Z pH. KK,

23 22 B AR G 1 B 5 (P<0.05) . ZEIT#E B i S0 [R 1
W, BN S W) o3 A e B s S R 2
EREE | KB R ERKIR s =X ) o A e
B N ARG K Z IR . RZERE R R Bk
ZEXT IS o0 A B SR B S IR A R Z R R
JZ pH FUE)Z pH; &FXHTRF S04 5 A 5 i) fo 211
THIERZE pH FInF4t %,

3 ifip

AWFFE AL SRR S ) 53 Fh, IEliRgh B 21 28,

Bt 74 AFpZE Hd, WRUEH ST sh 28 B, Xt
PLAIEHE; UK IEIKEE 15 ORI el B 21 2%,
Ee it/ 25(2000) 387 T 1959 4F 4 [ M 13 A7 i i i
SR A 1 v PR S AR, e SR E S 87
TRIEA R 17 26, BRIEZRGB0 R IR E A
BCEB 4y, KEEZE Q9 FhIRZ . T35 (2002) %)
1998 4F-Fk 2R 1 1999 4F- 75 7 4y 1 v pg 1505 1A 1) K ) 77
TS RE S iEAT 0T, A3 e SEVRIE S 46 FhFI
23 Fr, PRESI A 13 25A1 10 25, Tk B4R (2002)%
1998 4ERKZ= 1 1999 4F- 75 2= ifg: v F0 U Sk 1) 1 Vi 50
Y AR ST IRSE, Ay B SR T IR 47 Rl
27 b MEEHALEE (2013)XF 0 2006-2007 45 908 &I
A 4 MTRINTEIEN IR it T b, B2, il
SRTRWEShY) 21 B, TRUEgh I 4 385 B, SHOSRIRIE
W) 59 B, TRIES 16 255 Bk, LSRRI
39, TRURAN 9 28 A, Ll SRiRE s 22 Fh,
TG R 3 2 ARFST A SR 5 A DT s BE A E
(Bt A 45, 2000; £ 7E4F, 2002; FHEIHEE, 2013), F
T S ) AR IEOA Bl T B, B AR 4 AT 2 LABE 2
FERKUEAKRE R 3, HIR R AU R 22 A K .

T FE55(2002) 5051 1998 41 1999 4F it H g
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Tab.2 Correlation between zooplankton abundance and environmental variables

Spearman FHLIPE R AL p,

[ F Variable A= PS4 Abiotic parameters £ e hE e
Spring Summer Autumn Winter
AT R JZ IR E Temperature of surface layer 0.051 0.013 0.235"  -0.046
Single variable  JiKJZ IR B Temperature of bottom layer 0.007 0.139 0.134 —-0.065
R JZELE Salinity of surface layer 0.060 0.056 0.007 0.028
JiEJ2 3 Salinity of bottom layer 0.009 0270  -0.016 0.048
RIZHERE DO of surface layer 0.116  —0.132 0.004 -0.086
JEJZVEf# 4 DO of bottom layer 0.062  —0.111 0.064  —0.114
%2 pH pH of surface layer -0.033 0.111 0.235  -0.025
Ji£JZ pH pH of bottom layer 0.037  -0.078 0.206 0.067
KR Water depth 0.128"  —0.023 —-0.030 0.038
4% % Chlorophyll 0.053 0.070 0.010 0.156"
A T RIZME/EK)Z pH Temperature/pH of surface layer 0.320"
Two variables R)ZEE /KR Salinity of surface layer/Water depth 0.146
IS 2 IR /R 23R F Temperature/salinity of bottom layer 0.371"
JiS )2 pH/M- 42 pH/chlorophyll of bottom layer 0.199™
—“HT RIZME/FR)Z pH/K)Z pH 0.344"
Three variables 1emperature/pH of surface layer and pH of bottom layer
FE R JZ 0 i KR 0.150°
Salinity of surface layer/DO of bottom layer/Water depth
JIEJR IR 2R B /4 R 0421
Temperature and salinity of bottom layer/chlorophyll
JIRJZERL /R )2 pH/H 4R 0.167"
Salinity and pH of bottom layer/chlorophyll
DY A T FZRE/RZEE /R 2 pH/IRZ pH 0319
Four variables Temperature and pH of surface layer and bottom layer
REZLENCEIE/KZ A/ KIR Salinity of surface 0.140°
layer/salinity and DO of bottom layer/water depth
JRZRE R ZERE /2R 2 pH/M 43K Temperature and salinity 0419
of bottom layer/pH of surface layer/chlorophyll
JEJZEL R pHIK IR/ 442 Salinity and pH of bottom 0.146"

layer/water depth/chlorophyll

* RN P<0.05; ** /R P<0.01
* denoted P<0.05; ** denoted P<0.01

TSR I (8 PR SRR i, 2 BUBS 2 SR it i 2
5 25 FIRK 2 9365 v g S T B A D SR 2 L AR5 45 51
5 AL, TR s L3RR 28 32 B rh AR K 3 R
AEERAE, 2013 ARSI Y B FE S EEH
Tofr %) = B A AR A TR) , 156 B 77 U0 sh 0 8 =F B 19 e A
T 7 AT K S RN A DS S R AT
g, BRIl SR R I S W R R R RGO
BEACHR 42.1 ind/m’, X FEREH TROGH (Noctiluca
scientillans))” 1z . KM T 2 RIERKZEATIK
14 )25 V8 A 5 S, RO U I 3 7 1R B AR
4 100% , Hode KA H BAE A A K SR e 7R Y 539 5,
FERIA 5120.0 ind/m’, %Y R ARG A )

501.6 ind/m’, FhiE PR A 2 FIBK ZE 0 VR I S
YR 157.1, 122.5 mg/m®, AHFFE4EH 5 H
B R (S REE, 1991; £ 5055, 2002), &k
ARSI I 3 B A A e A T R R

Wi RN Y HER N 2360 BN
1.75. BkFh 1.83, &N 1.63, ZRMEREEF K
TSI R AT 2, 156 B ol v 30 8 A Vg 34k F v
YR . FER R T ENEE T AN, =R
Bili, K A2 Bl VRS G HE R s . [RIEE, 2011 4R
KA EEESE 19-3 0 E R IME S, 15 YL
HENT 6200 km?®, i OB TS Y LA ] T
1600 km*, 1% 5 8O0 h 1 X AR 25 I BT B g g 3
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TRIR 255 it rh o e s ) B0 A A R R 17

(BR¥, 2013) B 520 b 22 K T e itk e A= S A BB R
TRELTAE, B B R E H A LG

Ve SN ) B Fh A BN 0 AR SRR Sk . R
KA A SRR pH SRR TE UMK
(FREE %, 1984, 1992; Froneman, 2004; Bit2¢, 2007Y;
JRFE R, 20087; AFEHZE, 2008; FEEHEIZE, 2013), #)
i e N DO RN e I 30 b S N (S 8 R B NS
L B : L A -7) 3 = W S R R S o
(kR B4, 2002; ¥ REZESE, 2003), K AH A5
A 11 R R it v e, 2 BRI AR E A S
T R TR A AR MR AR, 27K A FE i 1 1Y) 31 TR i
K, B, RERTAIE . ik, Bk
FRAK BTR B 5 T 1 209 AR b 2 5 W VR i s WD R E T
MY (E5e 4, 2002; 8522555, 2003), I
(2013)HR 35 o [ I 7 20062007 4F 908 4 i A B it
4 AR B T SRR i S e B R T R B, B SK
T R B R i RS R Ui S W R T A5 A 1 S R B I
A BRKIUR . B FUK G IR i R U2 Ui o W V% 45
MR E N A6 BRI . SRR KGR
pH  SFEF] v [T Vg VR i B W R S A T o — o R
PR SRE ] 5 2% 25 7 ek R B 2 i TR T Vi S M R I 25 40 1Y
RAERBE R FA G ARG R SHEML, ey
= B FIREE D A G M A B 45 2R W, B R i)
T RS PRI Sh A A ) S BLEAE R FALA oh RER
TR A SERIK R 5 5 252 it vh i Sk e sh ) 43 A
1) F LA G IHR . IER AT 2R 3R Rk
T PSR W Bl W o AR W BB T AL A R
. & pH FUR pH; AZ=52mmighifs rh s e i sh ¥
O3 ) E B R T4 A MK pH 4R 2

2 % X M

o, BREERE, X562, 2007 4R E 2w 1 HAR T K S 77 i
SR BETERRIE. o B R R (A SR B2 ), 2012,
42(5): 74-80

T3, BRE, B, % BSOS EEE IR R
SER RIS IR F R, I, 2014, 36(4):
300-305

Fe, kB, Ex, 5 @i PR EK R s R R4
1. MEERLAE T, 2002(44): 3442

FM, L, XFE, L BRI OR XORBL KB
FERIEY. ol BFIEE, 2010, 31(5): 82-90

FISRI, FEAEAR. Shir s e sh ) A W i SR 3 R e i s
TS, WFFEAKTIISE, 1991, 12: 71-92

EOULE, MY, R, AF. NI SRR AR SRR T
TR W S RER 4518, 2574, 2000, 20(5): 715-721

ARAESE, WRib2E, X6, AR bR s v i s W eV R IR &
ST R AR (A SRR, 2008, 38(6):
943-950

FEATHE, MRub2E, REER, S WA IS I S YRR R L.
IR R I (F AR RRD), 2010, 40(1): 3946

KU, XVEERS, EFA, . b EITEE IS YRR L &
ZAAR . AR, 2013, 33(17): 5407-5418
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The Ecological Characteristics of Zooplankton in the Central Bohai Sea

XU Donghui, SUN Xuemei, CHEN Bijuan”, XIA Bin, CUI Zhengguo,

ZHAO Jun, JIANG Tao, LIU Chuanxia, QU Keming

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Shandong Provincial Key Laboratory of Fishery Resources and Eco-Environment, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract Studies on the species, abundance and distribution of zooplankton have been extensive and
mainly focused on either the entire or certain small parts of the Bohai Sea. In this study, we analyzed the
composition, abundance, dominant species, and biodiversity of zooplankton based on samples collected in
the central Bohai Sea in 2013. The distribution and its influencing factors were explored with multivariate
analysis according to the sampling date and environmental parameters. A total of 74 zooplankton
species/taxa (including 21 pelagic larvae) were identified in four surveys. Copepods were the most
abundant species. The numbers of pelagic copepod and medusa species accounted for 25.7% and 24.3%
of the total species respectively. The composition of the dominant species was consistent with previous
reports. The Calanus sinicus and Sagitta crassa were the dominant species. The abundance of C. sinicus
and S. crassa explained 19.5%-50.3% and 7.3%-39.6% of the total zooplankton abundance respectively.
In spring, the average abundance, the average biomass, the Shannon-Wiener index (H'), and the
Margalef's index (D) were 782.0 ind/m’, 157.1 mg/m’, 2.36, and 1.02 respectively. In summer, the values
of parameters above were 199.6 ind/m3, 135.8 mg/m3, 1.75, and 1.78. In autumn, they were 42.1 ind/m3,
122.5 mg/mS, 1.83, and 2.08 respectively. In winter, they were 72.1 ind/mS, 151.1 mg/m3, 1.63, and 1.53
respectively. The abundance and biomass fluctuated and showed distinct heterogeneity in the central part
of the Bohai Sea. There was a seasonal variation in the primary environmental factors that affected the
distribution of zooplankton. In spring, they were surface salinity, bottom DO, and water depth. In summer,
they were bottom temperature, bottom salinity, and chlorophyll. In autumn, they were surface temperature,
surface pH, and bottom pH. In winter, they were bottom pH and chlorophyll. Our research provided the
fundamental information on the long-term observation of zooplankton ecology in the central part of the
Bohai Sea. Compared to the data collected in 1959, 1998, and 2006, the number of species, abundance
and biomass of zooplankton have decreased.

Key words Bohai Sea; Zooplankton; Species composition; Diversity
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Tab.2 Dominant phytoplankton species in the surveyed sea
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o g PRE gy R gy IR
. . Dominant . . Dominant . . Dominant . . Dominant
Dominant species Dominant species Dominant species Dominant species
degree degree degree degree
e Y Ll ey ey S s 1| 7 T ST b A TR
BHOUNWE o M 004 TREGE o BEAEEN 0.60
G. delicatula M. sulcata Cos. Oculus iridis T. punctigera
I A o5 BEAUEGEN oy FEAEEEN oo TSI 0.04
Rhi. setigera ' T. punctigera ' T. punctigera ' C. fusus var.schuttii '
£ it — it St
%?AI@V\]EE@E 023 gﬁlﬁl@& 004 SRS 0.04
G. delicatula C. tripos C. macroceros
%&%%& 003 RS 004 &ﬁ%. 0.09
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B2 e
HHEMTH 0.03
Ch. densus
FUREBEEZEL o
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1| = £ S
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D. brightwellii
— 0.04
C. tripos
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Fig.2 Horizontal distribution of phytoplankton cell
abundances (x10* cell/m®) in the surface water in May
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Fig.3 Horizontal distribution of phytoplankton cell
abundances (x10* cell/m®) in the surface water in July
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Fig.4 Horizontal distribution of phytoplankton cell
abundances (x10* cell/m®) in the surface water in November
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Tab.3 Spearman analysis of correlation between phytoplankton abundance and environmental factors

H 4> Month A ¥ Factor AH &M =5 I F Most relevant factor Spearman FHPE R KL p,
5 May HEATH JeHLE DIN 0.536
7H  July Single factor FHLA DIN 0.606

11 A November Eroup TCHLA DIN 0.598
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12 A December W/ TTHL A/ AW L DIP/DIN/N/P 0.802
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Species Composition and Seasonal Variation of Netz-Phytoplankton
in the Central Bohai Sea

SUN Xuemei, XU Donghui, XIA Bin, CUI Zhengguo, QU Keming, JIANG Tao,
ZHAO Jun, CHEN Jufa, CHEN Bijuan”

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Shandong Provincial Key Laboratory for Fishery Resources and Eco-environment,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract The community structure of phytoplankton could be affected by environmental factors, such
as water temperature, salinity, total nitrogen, and total phosphorus. Changes in environmental factors may
be associated with alteration in the community structure of phytoplankton. To investigate the
consequences of oil spill in the Bohai Sea in 2011, here we analyzed features of phytoplankton community
structure using data obtained in the comprehensive investigation at 41 stations within the central Bohai
Sea in May, July, November and December 2013. The sampling and measuring methods followed the
Specifications for Oceanographic Surveys and Specifications for Marine Monitoring. A total of 87
phytoplankton species were found, including 72 species of diatom in 33 genera and 15 species of
pyrrophyta in 9 genera. There was another species of chrysophyta in 1 genus. Diatoms were the dominant
phytoplankton species, while some dinoflagellates species also accounted for a large portion in the
community. Compared to the historical data in the same season, there was an obvious shift in the
community structure. Eucampia zodiacus, a previous dominant species, were not found in this survey;
however, Thalassiosira punctigera appeared for the first time as a dominant species. The dominance of
planktonic dinoflagellate became increasingly evident. The average cell abundance was 200.14x 10* cell/m’,
16.32x10* cell/m’, 7.43x10* cell/m’ and 12.77x10* cell/m’ in May, July, November and December
respectively. The cell abundance in May was higher compared to the historical data probably due to the
outbreak of Guinardia delicatula, and in other month it was relatively stable. The diversity index and
evenness index of the community structure followed the order July > November > May > December. The
Spearman analysis revealed that changes in the nutrient structure of the central Bohai Sea was responsible
for the shift in community structure, and that the spilled petroleum also might have affected the community
structure. Because the phytoplankton community structure was generally consistent with results from
other investigations, it was most likely unchanged after the oil spill in 2011.

Key words Central Bohai Sea; Phytoplankton; Dominant species; Community structure

D Corresponding author: CHEN Bijuan, E-mail: chenbj@ysfri.ac.cn
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Surveyed areas and sampling stations
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Tab.1

Concentrations of active phosphate in the central Bohai Sea during 2012-2014
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By [ DIP scope (ng/L)

)2 Surface 10 m /Z 10 m depth JIX)Z Bottom
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Fig.2 Horizontal distribution of active phosphate concentration in the surface layer of the central Bohai Sea (ng/L)



43

WRIR VR A T A S v A T S A R ) ) 2 7 A RRAIE 31

H R S PERR R R X S R IR 2 R, 10 m 2
KZ, RZRME, 2HEREZRZEEMZLES.
K7 i P RS MERER R P B S EERIZE 10 m
JEAIA), 10 m )22 EE RN mES . X8
VA S P S R A R Y X i B B L0 A
PR 2).

F2 HEDHEBHARBNEMEHMBESETL

Tab.2 Variation of active phosphate concentration at
different depths in the central Bohai Sea

F#1E 1 Average of concentration/pg/L

o %2 0m 2 2
Surface 10 m depth Bottom

# 7% Spring 10.43 10.09 9.98

X 2% Summer 4.39 4.01 3.84
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Fig.3 Seasonal variation of active phosphate concentration
in the central Bohai Sea
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Fig.4 Inter-annual variation of active phosphate
concentration in the central Bohai Sea

PEMNEE A R, 2012 4F 35 2= 16 v 350 O] £ v duf 4 ol
PG PR IREL B AT 65 58 — KoK BibsiEGGR 4),
oyl AT S — S AOK bR, FZ. 10 m ZA
JEZEBARRII A 28.57% . 19.05%F1 9.52% (5% 3).

2013 A ZE i) 1 v 0 o] A v 3 4l 6 T 1
PR & PTG 58 2 AOK BbRHE(R 4), #B5ruk
PSS — MoK FbR e, RZ. 10 m ZHAEE
PRI BN 14.63% . 14.63%H1 17.07% (£ 3).

2013 4F- 5 5l v 300 R A5 VA dnk 4 0 46 T P
Tk £ o B AT A S — KO AR U, TG AR B
(R 3 M 4),

2013 ARk R 1m0 o] A v S A3l o 1
AR Eh S B AT A 58 MK AR v, A3 o0 o 0
IR T RIGAOKTRRE, RZ. 10 m JZFURZEBiRE
3R 29.27% . 26.83%F1 29.27% (3 4); WA /D
o3l (67 % PR R AR 5 AT B 58— SR AOK B bR 1
Kb AR L 5 — AR T bR, F£JZ . 10 m 2
FIE 2 AR 514 82.93% .87.80%F1 92.68% (% 3).

2013 AF2& 7Rl v s R A Vi 3l K il 7 9%
R S AT A 5 I AOK BbR i, /03043 il (37 4
8 TR AOK bR ME, R)Z . 10 m ERKZE @R
BRI 7.32% . 9.76%F1 4.88% (3% 4); T HEIE/ D
SrubOn G PERRRRER O AT B — S AOK BRI, KER
Gyt 5 — 2RI AOK BibRE, RZ. 10 m JZHIE
JZHBFRZFS R 90.24% . 92.68%F11 87.80% (3 3).

2014 AF-F5 7 1l g v 30 R A5 VA dnk 43 0 46 T P
M kb O AT G50 2R KK TR IE (R 4) , F 4wl i
ML — I KOK FibRE, RZ. 10 m ZRUEEE
FRAFBAIHH 12.20% ., 12.20%7F1 14.63% (F3).

2014 AF X 2= i R U8 A vl 4 Ak 46r T 1
PR ER B T A5 2K KK bR e (6 4) , Bk o7



32 ook B

E %37 %

% 3 2012-2014 FE3E ISR BB R S LRERESERE
Tab.3 Pollution index and exceeding limit rate of active phosphate in the central Bohai Sea during 2012-2014

22 Surface

10 m )2 10 m depth

Ji&JZ Bottom

Tl I 1]

Surveyed time

P ¥ HbRAR

P; scope Exceeding limit rate (%)

P 3t Fl
P; scope Exceeding limit rate (%) P; scope Exceeding limit rate (%)

HbRAR P ¥ HbRAR

2012 /2

. 0.30-1.47 28.57 0.30-1.37 19.05 0.39-1.28 9.52
Spring, 2012
2013 Z
. FHE 0.40-1.24 14.63 0.30-1.24 14.63 0.30-1.33 17.07
Spring, 2013
2013 Z
FHRE 0.14-0.65 0 0.14-0.58 0 0.14-0.55 0
Summer, 2013
2013
FRE 0.20-2.54 82.93 0.57-2.66 87.80 0.57-3.16 92.68
Autumn, 2013
2013 4E&Z
. 0.94-2.42 90.24 0.57-2.17 92.68 0.57-2.54 87.80
Winter, 2013
2014 4F
. A 0.08-1.48 12.20 0.08-1.20 12.20 0.08-1.66 14.63
Spring, 2014
2014
FRE 0.03-1.22 2.44 0.03-1.14 2.44 0.03-0.55 0
Summer, 2014
2014 Z5
FRCE 0.28-2.22 41.46 0.28-1.64 36.59 0.47-1.54 53.66
Autumn, 2014
2014 & Z=
1.83-2.61 100.00 1.83-2.91 100.00 1.25-3.68 100.00

Winter, 2014

T RIS — 2RI OR BbR T 5

Note: The P; value was calculated according to the first class limit of sea water quality standard

MR — 28 KOK FiArifE, RIZ . 10 m ZHAUEZH
PRIFBATNHR 2.44% . 2.44%F1 0 (£ 3),

2014 AR Z il mp 350 v 8 Vg 3 AGHS 4r il 2 90%
BETR £ & T 456 55 2R KK TR U , A 0] i o7
I I OKFARE, £Z . 10 m ERUKZBAR
R0 4.88% . 0. 0 (55 4); VR HEIGES S0 3 10 1%
PEBEIR EE 5 AT A 5 — S AROR AR , 385
W —RMOK AR E, F£2. 10 m ZHK)Z B
TN 41.46% . 36.59%. 53.66% (3 3).

2014 A4 Z i v 350 0 A Vi 3G HS 4 ali A8 90%
BETR £ & T 55 5 2R KK JTObR U, /D 3B il o7
5 I KOK BRRE, 2. 10 m EHEE @8R
RN 26.83% . 21.95%H1 17.07% (£ 4); JH4 i
38 4 R o 0 T T W R R A R A B — 2RI K K b
W, X2, 10 m ERKZEBRELN 100% (% 3).

I AT L, B AR R A T B A i s . A R T
B, ZREIRE YRR RN, (HAk . AR RS
WAL BTSRRI 55 AR AR U o 1R A X )
Skt e ) B A, AN AR TS TS KR R AR 7K ) K
HERON 12 S B0 P R R R F AR 0 B R 22— o

3 itig

T 7K HP I IR R VR VR U A ) A K B BT
IR FR M 0, RURT S S 2 A 0 400 i D A o ) o B
JUE, I Ak DO 2 e e A VA R TR A ) 1 B AR A ST Y
FB B 53 o B AT F A 0 1) A A R R
Q7= R E MY EEEH . KRaErps
B, WK R R B RESEE IR KOE B A R
R M 0 25 V7 WE AR 0 R0 B A 72 K B A 2 R e 4
FJ(Lagus et al, 2004), T XLETES 54 :mG
SRR, AT TE AR 5 4 A 32 B AE W i il
2y, [HRE 32 21k | b SR K SCEE R B e (k) 2
E,2011), B, BFSEEFRER I AT AR AL R XS T
WHASHERP A EZENE L,

31 M EFMEEBRETEASTHNEERS

2 W) ol VA S A T e R S S v 43 A A TR R
NZ ML A LR A%, WY R AR IR IR A
TR A K R . KR AL XA R .
FIA A . BT S 3N TS | IS | L ARVE LA
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%4 2012-2014 Fighig PELEEIE BB B SRR S EBRE
Tab.4 Pollution index and exceeding limit rate of active phosphate in the central Bohai Sea during 2012-2014
%%)Z Surface 10 m JZ 10 m depth Ji£JZ Bottom

Pt R Pyt ki Pyt R

Pi scope Exceeding limit rate (%) P; scope Exceeding limit rate (%) P;scope Exceeding limit rate (%)

T A I (7]

Surveyed time

2012 /2

. 0.15-0.74 0 0.15-0.69 0 0.20-0.64 0
Spring, 2012
2013 4F
. RS 0.20-0.62 0 0.15-0.62 0 0.15-0.67 0
Spring, 2013
2013 4F
PR 0.07-0.32 0 0.07-0.29 0 0.07-0.27 0
Summer, 2013
2013 4F
RRSS 0.10-1.27 29.27 0.29-1.33 26.83 0.29-1.58 29.27
Autumn, 2013
2013 4E& 2
. 0.47-1.21 7.32 0.29-1.09 9.76 0.29-1.27 4.88
Winter, 2013
2014 4F
. A 0.04-0.74 0 0.04-0.60 0 0.04-0.83 0
Spring, 2014
2014 4F
PR 0.02-0.61 0 0.02-0.57 0 0.02-0.27 0
Summer, 2014
2014
FRCE 0.14-1.11 4.88 0.14-0.82 0 0.24-0.77 0
Autumn, 2014
2014 & Z=
0.92-1.31 26.83 0.92-1.45 21.95 0.62—1.84 17.07

Winter, 2014
e FRRREE 2 KK bR T 5

Note: The P; value was calculated according to the second class limit of sea water quality standard

AR FRER W A s KB T I F RIS ET R
TR DU 8 TR 38t A R A5 R R 1
X T P 38 2 A 1 1 T A 7 A s e (i ) R 48, 2011,
VLA, 2005; B, 1996),

) e T S VA S T 0 R A A A A A R A
SRR R AR K2 . EEXTRAEA . R
SR A E FH R K —TTFR ) 5 1 52 6 45 3R 152 )
WA MRS RENEIRRRAR, HEHT L2
WK, i E 2K s R R s . AR
il KZ ML Y, ZRZEN, ET2EKIER
AORBERLET , IR ER B iR 1 L E K LA H
ETZ, bR, EERIRE/N . RIZUTRYIHMELL
TR IE AR, A i K TR A T R 2K 2
KFREFRERAD, Hik, BElE. EFEREZKE
TR ER 1L Ik A AR fb ke H . SR ML, KRR
BIAMG I, KRR E R, IREIEH
TRUTER Y BB IR BE IR, JE A i K TR A AT
B2 KRB SR 2, ik, JE KT
PEREIR SR X PP EL 0 M8 SR o KR TR, RIZ
TR KB FE AR KR U0, WK 3 B A e, 5 m
AR KRR RS, KR R S B TR A R R F

(MIpk SCEE, 2004), L TFEWKFTEMRE, R4S
I T S e T MR W R L A T B A Ak
BRI R 2011; BXFELE 2004),

32 hEEdhiIlEESBRtHETANEERE

S R VA T TG P W R R FE T AR b
N2 6 52 2R B AR TR R K
FEF KR EIR A E SR Z W Em . H%, MEL
RSB A B, K IR LT, VR AR 0 6 A VR T
W TR T HRBIFIFR Y K SIS, K
BIRERGOREINFE, BT EE, WK E R &
B ERAL, ZJEBEE KR T BRG] 46, 77 Ui
TP ST GE I ES , BN LR AR TS, BREE
FRERKEZ A I TR L, 2004; BASE5E, 2002), &
ZE, KIRFEE AP ERAE, LI, AR TR
TP A K R, XHE FRER THFE R IR, b s
TR B P AAN R O S (IR TS B AR, 2011), (AR
i SR PR AR o IR B R o BLAR A Rl
TR R B FRER IS | (B TR Pk 17 5 R 3
K, K- IUR ) AR R I K P 7 SRR I
W2 ERATHRIE T IR A RS DR R R S AR
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M, 2013 4R, B . fk. & bz i)
AR DR, IFIFHYF AR SRR Z 67 F, B
ZERZ(63 Ty, FAFEHE =(59 Fly, &FmH/D48 Fl; 77
WA B LA 2 5% =5(200.14 x 10 cell/m?®), HZR 2
(16.32 x 10* cell/m®), FAZEHE = (12.77 x 10* cell/m’),
KB AK(7.43 x 10% cell/m®) V25 Vi3 3 7 e AL 0 P A
HT=E B B 3P 22 AR b f IR 52 T PR ITEA A A K
FA S A G TR Eh T A E N R Z —

T I VAR T v U M W R R S B AR PR AR IR Y
JRINEELE R 2%, W R AR AR L . IR Y = B A
b APFREAR AL . KRR L . BE . R pH
{BLAR T S X5 X T 5 300 M B R kA1 AR b 7= A 5 i
(2013 4AEH EFFHEARTER AW ) (HRIEER,
2014) 1 2014 4 EREE PR BDIR LA ) (EZ
Jay, 2015) (LA i FRAHR) s, 2013 4EEhE FEA
TR ECTA] . /NG L AL AL TR AR T A
TR R 3708 t, 1 2014 4F iR 4 &R T
PR AT Y Sl 2842 t, [k 2013 4E T % 866 t,
FEMR IR H] 23.35%. 2014 4 i ifg s i Jak 0 1 e R £k
TEALT 2013 4, SRR BB AW A
TR B B KR TR ARG . A, TRl RE Y A 2
RN, 2013 ARl ok pu ZRok A 25 TR
87 B, 2014 47 A M I WA ) Fh 2% 55 2013 AR5
AFFF(85 Bl 2014 AEFRIEREY - BE R 2013 4FAY
59.16 x 10*cell/m® 14 % 65.45 x 10* cell/m®, A=W HE
PEFS RO h 2013 4R 1.76 34 2,02, drl W,
5 2013 4FAHEL, 2014 AR A8 0077 We A 4 - 19
FIAE W Z2 R P 1A Tl 2 5 AR 2014 4F 8 rh i T Sk %
PERERREL & AR T 2013 AERY BB R H 22—

33 HigHEiEMEHEBRELNKATNK

FELLAE(2005)WF5E 1 i 1982-1998 4R FRER 1Y
AR, G5 EIR, 20 4D 90 AEAR I e
TEMERERR AL Ik 80 R TR, M 1982 4E
30.97 pg/L B 1998 419 9.92 pg/L, AFFEEE R
N, 2013 AEFT 2014 AF i b i s MR £R B it
A3HR 1587, 14.92 pe/L, b 1998 4E4 frdtd v, (H
54 FEAR KT, BEA T B A I 5 1 7 A 4 A
e BB A R ] R o

34 FAARERSHMARERPLER

X 58 55 (2002) 76 A 5% 8 i R W5 IR 5 98 I8 AN
WesZmE B, Wit 4-9 A hiE g, 10 A3
BUE 3 H R E IR T, X SAHE 5T 5 T iEhif Hh
VAR MR i R Eh 2 5 AR A R S A B 5 SR —E

2013 AN, 2013 A4 E Rk R A
TR RRE: B BT B8 — I AOK BbRE, SAIRIF
MEsR—,

2014 AN, 2014 4EF5 2 A U A i
S R R R B AT A A — 2 AR TR I o AR ST
TR 45 S0 K o vl 7 6 PR R AR & AT A — 26
T AKOK STOARUE , /DBl 7 15 PEBR IR £ S i 55 — 28
KK FibRE, FJE. 10 m EHUEZEERR D58
12.20%. 12.20%F1 14.63%, —FHIFlE—ELER,

AR, 2014 A B 2R b R A v S0 M
R & AT A 5 — I AOK B bR i . AHIFIE PEAN &5
IR R 4 R A3 Sl 60 1 PE R R R AT A — 2K
IKIERRAE | AN S 57 105 P Tl e i 55 o ot 2 — 288
HKOKFFRE, FZE. 10 m 2K ZEARRS 5N
2.44% . 2.44%F10, —FHA—F,

NN, 2014 AERK R R I 2R L i 4k
TEPEB R S BT A . S IKOK bR e, JCE
DU 2R K SRR o AR 5% DA 45 SR Shy s R s 7 76 2
BERRER B AT A . ORI AR UE,, AU
PGB RR SR SR, R2 . 10 m ERKZE @R
RN 4.88% ., 0 F10, —FHIA—F,

4 Z5iE
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(2) ASTR) 2515 i Vi v 350 vf 30 0% ol R 6 14 °F- 1
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T 2013 4F, BERFEIGEHR.
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Recent Temporal and Spatial Variation in Active Phosphate
Concentration in Seawater of the Central Bohai Sea

CHEN Jufa’, ZHAO Jun®, GUO Feng, QU Keming, CUI Zhengguo, SUN Xuemei,
ZHU lJianxin, DING Dongsheng, LIU Chuanxia

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture; Shandong
Provincial Key Laboratory of Fishery Resources and Ecological Environment; Yellow Sea Fisheries Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract

The Bohai Sea is a semi-closed gulf with weak hydrodynamic condition and self-purification

capacity. Therefore its eco-system is more sensitive and fragile than open seas. A serious oil spill accident

occurred in the Penglai 19-3 oil field located in the central Bohai Sea in 2011, which severely affected the

marine ecological environment and fishery resources. To determine the aftermath in fishery ecological

environment, nine surveys were carried out in the central Bohai Sea in 2012-2014. Based on part of the

survey data, we analyzed the temporal and spatial variation in active phosphate and the corresponding

factors in the central Bohai Sea. The results showed that the levels of active phosphate met the second

class of sea water quality standard in spring and summer from 2012 to 2014, but the pollution caused by

active phosphate was observed in part of the survey in autumn and winter; the horizontal and vertical

distribution of active phosphate varied in different seasons, and in spring and summer the concentration of

active phosphate gradually decreased along with the increase in depth, while in autumn and winter it was

almost constant from the surface to the bottom; the seasonal mean concentration of active phosphate

followed the order winter>autumn>spring>summer, and it was obviously higher in winter than in summer,

plus the mean concentration was lower in 2014 than in 2013; The distribution and variation of active

phosphate in the central Bohai Sea was affected by many factors, and key ones included exogenous

supplement, endogenous release of nutrients, and biological consumption.

Key words

Active phosphate; Temporal and spatial variation; Influencing factors; Central Bohai Sea
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WE AR AAET R AR E R, BT -k, MERR LGN
JERAY Hofn i B kR RS AY, 2R AT REEN . Al b, R E o
Bl R KA R H R E, ATEERKE L REH K, ERET: BHEE Bm’ i &,
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R RS R WA E o 38 BTN EE AR ] 43Sk TR B IR
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2005, 2007; TAEHKEE, 2006), ¥ A8 5 O
A& A R e a i, EEE RS GIS 5
Google Earth 5525 & iE 47 Ml 45 Ak T AH G A58 (Nelson

et al, 2015; Helle et al, 2015; Chen et al, 2004; FHREE,

2011; FRRIEESE, 2011; XISC4A%, 2011), (HEA G
TR 5 AR DG IE R A e

SEBr e S OR A IS, AR R L R A DR
DB HOR AT o 35 S0 58 A A T H R TR R L b
GHFILEERT, KT 2R Fe A
BIF RS A M BER Y o BERRE BT, KRR
YU B — MR A A TR v, 1t U i A R D
TR R 0 A %5 R 5 I 24 0 3R 25 A T o [ A7 A
WP, 78RR WOl 7 IR0 R DA v b B[R] 2
A2 154 T T R LA B I A S I 0 A R A

AT F A X 2 v 19 S 9P 900l s el S, R
FHWRRL-Hs B H T3, Xk i il i) ah BV RS it |
PRI AR DL B i A s T Y R, AT T AR AR
L, B T B, SJE P T R A M BT R
Pk .

1 EMHIESRESEES HEEEU
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Fig.1  Oil spill site (38°18'N, 119°37.5'E)
11 kB AhER
JK Bl 3 A 2 DL il 42 15 452 20 (Hamburg - shelf
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Tab.1 Diffusion radius and areas in the first twelve
hours of 180CST

245 Radius (m)

WA Time (h) A Area (km?)

1 171 0.092
2 215 0.146
3 247 0.191
4 271 0.231
5 292 0.268
6 311 0.303
7 327 0.336
8 342 0.367
9 356 0.397
10 368 0.426
11 380 0.454
12 391 0.481
212 WEZHAES MR Fr A% B H A 5 52

B XA TR 37 B s 5, 180CST JB AL HE 25 L3 2,
TH R AL B WL 4

®2 BRERBRZEBES

Tab.2 Floating distance of oil film in certain time course

B Time (h)

R B Floating distance (km)

0-12 19.93
12-24 10.47
24-36 13.34
3648 15.26
48-72 11.70

PR B Sk AT L AT DG ELAZ ML, sk
DRI BT S B, AN I A v Jel ] 0 i g L AR
BT SRR 8 B S KU BdiE , Xl I Y il
RS KUy R S EORE T DI IE . o,
ARETALT HAREEP R 5 18, B8 T H bn i

1) Esik. FHEER LAY TN AL AL S PRI AR A B 1A BN b IR S A IS A S A28 3, 2004
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Fig.4 Floating route of oil film
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Tab.3 Floating area of oil film in certain time course

P ] EY)IERMEITTEA

Time (h) Accumulated floating area (km?)
0-12 12.19
12-24 9.43
24-36 14.23
36-48 18.19
48-72 15.16
%1t Total 69.19

22 RBEEESTT

2 NI IR 180CST M PR AN B4 100000
150000 mg/L, JHARAEWRF EAFAERT ] < 72 h, {HIHCE
AT 2 DL i A TE MK th 1L, ] o A B O LA 5
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Wi 5 ] F 4 A% LA A T o R MAORE B TR T AR
A XA AR R il K BT AR E )
(GB11607-89) (0.05 mg/L).

3 s
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I CHL K SRR E ), (H LA S R RO A £
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MV | R TR AR R | ik b T AR R VA LA R e
Vit V5 PRV SR A 0 55, R AR ) TR Ax 20% 22
A, H20%3 1, Sk 38.6 km?; AR T EE HObR I
TSIMFE L AT 5 B (T 37.8%) T, A2 50 [a] 4
2N 14.6 km?,
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P T3 TS Y AR T R, R X L AR
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FRAE L 2R 28 W 1 A 25 0 I 2 R R M PEA
J7¥E ) (DB37/T1448-2009), TE#a ) % J5 45 2 PEAS T
fErp, BV X m M TS e W3S B HESh
YIRNVE U S B R AR BRAE, 4y 5 0.4,
0.6 F1 0.8 AFHEM M FE RE 1.05 WA Wik
ERBEORE, K 0.5, YRR IR E TR
CEATRA PN LI & Z A g i FAa 2], i
AP R AT A E O R ER QL RE
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25T K 7= SRS, B RS TE 20 JT/kg DL YRR
ERE A, MASTE 20 T0/kg DL T IORN 52 AR
E/NRZE . Hoh ) PRRG N 12 Fp, PRk
Wk N 4425 Jo/kg, (RAE/NUEMME T E N
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1.0 TG/ R VT s VR Sh A i A ARG vk sh i B W
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WEZERZ B PR . WotshP R shi A
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Tab.4 Evaluation of the economic loss

2% Species

RgE|

, A e S v Efh
Hems B A RS A frHE
. . . Fish larvae
Fish Invertebrates Zooplankton Intertidal organism . .
and juvenile
A it Biomass 644 kg/km® 244 kg/km? 560 kg/km®> 13400 kg/km? 206000 ind
#E Z %L Impairment ratio 0.4 0.6 0.8 0.5 1.0
ZAR A Yyt Biomass of the impaired  257.6 kg/km®  146.4 kg/km® 448 kg/km®> 6700 kg/km? 10300 ind
15 YL i FH Polluted area (km?) 69.19 69.19 69.19 14.6 69.19
/fﬁ*% Price {jt}fi%&‘ﬁf% ngh quality and 11.25 8 yuan/kg 1 yuan/ind
expensive species: 44.25 yuan/kg ~ Yuankg
A /N2 Cheap and miniature
species: 11.25 yuan/kg
— RIS B Direct economic loss /52237 3¢ High quality and 3.5 73.7 71.2
(10 k yuan) expensive species: 41.2
B /NEI2E Cheap and miniature
species: 21.0
e MR e i A
WSERTPR TEEnay 210.6

Total direct economic loss (10 k yuan)
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PEAG 25 R v (5 R o
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P i) g 3 A% L e A s T B ACKE IR IR, AR S
i DX ST A AR e (ol K JBTbRE )(0.05 mg/L).

(2) TS ol TR IR, T R, B
T UKL 285 R L AR A5 A0 T R S DR R S e T 23 AR
BERA A, FEXH AL A P s, AR s QLR
AT AR A A I £ R G AME AL D775 ) (DB37/
T1448-2009), ZePFAl, 78 IR A1 X 358 S 52 5 el 3
[ N, FA TR A 1T 631.9 10, A&
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Evaluation of the Natural Fishery Resources L oss Caused by an Oil Spill
Accident in the Central Bohai Sea Based on Euler-Lagrange M ethod

DING Dongsheng, MA Shaosai, CHEN Bijuan, CUI Zhengguo, ZHAO Jun,

LIU Chuanxia, ZHANG Xuzhi, QU Keming"

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Shandong Provincial Key Laboratory of Fishery Resources and Eco-Environment,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract In recent years, marine oil spill accidents occurred frequently, which has become a major
concern on the marine environment and biological resources. To better understand the aftermath of an oil
spill in a ship collision accident in the central Bohai Sea, here we modeled the floating and diffusion of oil
film as well as the distribution of dissolved oil (petroleum hydrocarbon) using Euler-Lagrange method.
The size of affected area and loss of fishery resources were also evaluated based on this model. We found
that the volume of spilled oil was about 13,000 L, and the oil film lasted for 72 hours. The sea area
affected by accumulated floating oil was about 69.19 km®. As the film broke down, oil droplets could be
dissolved in the seawater in the form of emulsified and suspended particulate, and diffused to the coastal
in 11 days, although the water quality would still meet the standard for fisheries. The oil film resulted in
reduced fisheries resources, and the emulsified and suspended particulate could re-condense at the coast,
which would harm the intertidal benthos. The affected area was determined based on the model and the
length of coastline. It was estimated that the total economic loss in the oil film zone and the intertidal
coastal zone was ¥ 6.319 million. Our study demonstrated that the numerical model, especially in the
absence of observed data, could be a valuable tool in evaluating the change in natural fishery resources
caused by oil spill accidents.

Key words Euler-Lagrange method; Oil spill accident; Loss evaluation of the natural fishery
resources
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Sampling stations in the Bohai Sea
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Tab.1 The correlation of COD content and the environmental factors (n=41)
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JIXJZ Bottom 0.861 -0.99 —0.741 -0.797 0.261 0.789 -0.526
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Temporal and Spatial Distribution of COD and Its Source and
Contribution to Eutrophication in the Central Bohai Sea

ZHANG Yan, LI Qiufen, ZHAO Jun, CUI Zhengguo, ZHOU Mingying, ZHU Jianxin,
DING Dongsheng, GUO Feng, LIU Chuanxia, QU Keming"

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Shandong Provincial Key Laboratory of Fishery Resources and Eco-Environment; Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract The temporal and spatial distribution of chemical oxygen demand (COD) in different water
layers, and its source and contribution to eutrophication were analyzed in this study based on data
collected in the Bohai Sea in all 4 seasons of 2013. The results showed that the highest average
concentration of COD appeared in summer, followed by autumn; while the lowest concentration appeared
in spring. The analysis about vertical distribution of COD showed that the highest and lowest
concentrations of COD appeared in the surface and middle layers in spring, and they appeared in the
surface and bottom layers respectively in summer; in autumn and winter they were observed in the middle
and bottom layers. As for the horizontal distribution the average COD concentration was distributed quite
evenly in spring; in summer COD concentration was the highest in the western sea area and displayed a
gradual decrease from the west to the east; in winter the highest concentration was detected in the
northern area and it dropped from the north to the south. During the survey period, the COD level in most
stations met the first-class seawater quality standard. The E value ranged from 0.088 to 2.995, and
the average was 0.337+0.403. There were 25 stations in which the E values were above 1, including
20 stations in autumn and 5 stations in winter. These results indicated that the surveyed regions might not
undergo eutrophication. The contribution of COD to eutrophication ranged from 46.15% to 141.41%, and
the average was (71.36+14.98)%, which suggested that COD played an important role in the eutrophication
of the Bohai Sea.

Key words The Bohai Sea; COD; Distribution characteristics; Contribution to eutrophication
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Normalization and Spatial Distribution of Mercury in the
Sediments and Seawater of the Central Bohai Sea

YANG Qian, XIA Bin, YANG Shu, SUN Yao, ZHOU Mingying, ZHU Jianxin,
GUO Feng, LIU Chuanxia, QU Keming, ZHAO Jun, CUI Zhengguo"

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture;
Shandong Provincial Key Laboratory of Fishery Resources and Eco-Environment;
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract To study the spatial distribution of mercury (Hg) in the central Bohai Sea, the surface
sediment and the seawater were sampled in the survey in May of 2013. The result showed that the
concentration of Hg in the sediment was (1.058-9.256)x10™ mg/kg with an average of 4.781x10™° mg/kg. In
seawater it varied between 0.005 and 0.240 pg/L with a mean value of 0.090 pg/L. According to the
national water quality standards (GB3097—-1997) the concentration of Hg often failed the first (0.05 pg/L)
and the second (0.20 pg/L) water quality standards, which demonstrated noticeable water pollution in the
central Bohai Sea. There was no significant correlation between the Hg concentrations in the sediment and
in the seawater at investigation stations (R=0.319, P<0.001, n=29). Grain size of solids was one of the
most impactful factors that control the sedimentary variability of heavy metals; hence we normalized Hg
concentration by the percentage of grains <20 pm. A significant correlation was then observed between
the normalized Hg concentrations in the sediment and in the seawater (R=0.634, P<0.001, n=29). This
suggested that Hg in the seawater came from the deposit Hg in the sediment. This “secondary pollution”
in the sediment may cause long-term harm to the surroundings in the central Bohai Sea. Therefore we
suggest policy makers should fully evaluate the environmental risks and bioavailability in the future
economic activities in the central Bohai Sea.

Key words Bohai Sea; Sediment; Water column; Mercury (Hg); Secondary pollution
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The Temporal and Spatial Distribution of Mercury
and Arsenicin the Central Bohai Sea

YANG Qian, XIA Bin, SUN Yao, CHEN Jufa, ZHANG Yan,

QU Keming, ZHAO Jun, CUI Zhengguo‘@

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Shandong Provincial Key Laboratory of Fishery Resources and Eco-Environment,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract

To study the temporal and spatial distribution of Mercury (Hg) and Arsenic (As) in the

central Bohai Sea, we collected water samples of the surface, middle, and bottom layers in four
survey cruises in May (spring), July (summer), November (autumn) and December (winter) in 2013.
The results showed that the content of Hg was in the range of 0.0029-0.3926 pg/L with an average of
0.0676 pg/L. The vertical distribution of Hg concentration followed the order: bottom layer > middle
layer > surface layer; the seasonal distribution showed the pattern: spring > winter > autumn >
summer. Except for the surface layer in summer, Hg concentration in all water samples failed to meet
the national water quality standard (GB3097-1997). The concentration of As ranged from 0.65 to
10.83 pg/L with the mean value of 1.50 pg/L, which met the requirement for the national water
quality standard (GB3097-1997). The vertical distribution of As followed the order: surface layer >
middle layer > bottom layer, and the seasonal distribution displayed an even pattern. The limit of As
concentration is 20 ug/L according to the national water quality standards, thus the As level met the
first water quality standard. However, the Hg level was readily higher than the first (0.05 pg/L) or
second water quality national water quality standard (0.20 pg/L). These data suggested that the
overall water quality of the central Bohai Sea was unsatisfying, and there was obvious pollution
probably caused by human activities. Therefore the environmental risks in the Bohai Sea should be

carefully evaluated in the future economic activities.
The central Bohai sea; Mercury; Arsenic; Influence factor

Key words
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Tab.2 The dominant species and the corresponding dominance degrees in three seasons in the Liaodong Bay from 2012 to 2014

P2 B (4F-H ) Sampling time (Y-M)

fl#Fh Dominant species

it % Dominance degree

2012-05 wINCHE
B B
ELAE A
2012-08 P B A
2012-10 [53] f 5
yi-ESh

FE B
ELAE A
FH5ILN I 3
yi-ESh
yi-ESh

P B
B B
[5] i
ELAE A
yi-ESh
yiESh
ELAE A
o B

S A
ZeME - H i Ee
ELrlA ey

[ 77 4

A1 [ X

2013-05

2013-08

2013-10

2014-05

2014-08

2014-10

N. scintillans 0.372
Chaetoceros affinis 0.092
M. sulcata 0.063
S. costatum 0.840
Coscinodiscus spp. 0.156
Chaetoceros spp. 0.115
Chaetoceros densus 0.063
M. sulcata 0.204
Guinardia delicatula 0.153
Chaetoceros spp. 0.102
Chaetoceros spp. 0.362
S. costatum 0.102
Chaetoceros affinis 0.079
Coscinodiscus spp. 0.179
M. sulcata 0.131
Chaetoceros spp. 0.102
Chaetoceros spp. 0.271
M. sulcata 0.196
N. scintillans 0.070
S. costatum 0.212
Eucampia zodiacus 0.091
Sreptotheca tamesis 0.045
M. sulcata 0.384
Coscinodiscus spp. 0.119
Ditylum brightwelli 0.056
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Tab.3 Pearson correlation between the phytoplankton community structure and the environmental factors (R)
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Diversity index
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**denoted significant correlation at 0.01 level (double side), * denoted significant correlation at 0.05 level (double side)
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Influence of 19-3 Oil Spill Accident on Phytoplankton Community
in the Liaodong Bay

SONG Guang]'un(b, LI Ai, WU Jinhao, WANG Zhaohui

(Liaoning Ocean and Fisheries Science Research Ingtitute, Liaoning Key Laboratory of Marine Biological
Resources and Ecology, Dalian, Liaoning 116023)

Abstract In this study we investigated the changes and contributing factors of species composition,
cell abundance, biological diversity and dominant species of phytoplankton community in the Liaodong
Bay, with emphasis on their correlation with the 19-3 oil spill accident in Penglai. Our analysis was based
on the field data about phytoplankton community collected in the Liaodong Bay in May (Spring), August
(Summer) and October (Autumn) from 2012 to 2014. It was found the number of phytoplankton species
was the lowest in May 2012, and the highest in October 2013. Overall the number in 2012 was lower than
those in 2013 and 2014. The cell abundance of the phytoplankton community rose unexpectedly in all
three summer seasons. The maximum reached 3072x10* ind/m’ in August 2012, and the minimum
(27%10* ind/m®) appeared in May 2012. The dominant species in different seasons were nearly unchanged
between 2012 and 2014. The dominant species in May were Paralia sulcata, Chaetoceros, Noctiluca
scintillans, and it was Skeletonema costatum in August. In October Coscinodiscus, P. sulcata, and
Chaetoceros gained the dominance. Interestingly, S costatum, a dominant microalga, underwent explosive
reproduction in August 2012, which might be associated with the increased oil concentration in surface
seawater in the Liaodong Bay. Correlation analysis was performed to explore the links between the
environmental factors and parameters such as species composition, cell abundance, and biological
diversity index. The results indicated that the alteration in phytoplankton community structure was
significantly correlated with water temperature, COD, dissolved oxygen and nutrients. Furthermore, the
community structure was also strongly affected by the oil concentration in surface seawater.

Keywords  Oil pollution; Liaodong Bay; Phytoplankton; Community structure; Biological diversity index

D Corresponding author: SONG Guangjun, E-mail: sgj666@qq.com
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Tab.1 Dominant species of phytoplankton collected in the Laizhou Bay from 2012 to 2014

iR (FE—H) Time (Y-M)

i # A Dominant species

7T 44 Latin name

ft# ¥ Dominance

2012-05 S A it e Achnanthes brevipes 0.313
FHY R Navicula sp. 0.068
FLE T Melosira sulcata 0.022
2012-08 ke £ C. curvisetus 0.213
INREE SR Cyclotella sp. 0.069
FHIE B R Navicula sp. 0.048
2012-11 [53] s 756 /R Coscinodiscus sp. 0.209
T2 giAE L. danicus 0.154
=S Ceratium tripos 0.102
2013-05 FHIE B Navicula sp. 0.050
R S [ 7 Coscinodiscus radiatus 0.034
(B i 24 R Coscinodiscus sp. 0.032
2013-08 UiEsE f o C. pseudocurvisetus 0.190
EHE F BB C. curvisetus 0.107
2013-11 P22 2401 L. danicus 0.264
RFIUZETE 3 P. pungens 0.213
e £ C. curvisetus 0.021
2014-05 i [C L I G striata 0.748
BOGHE Noctiluca scintillans 0.046
2014-08 PRI T. frauenfel dii 0.280
TR Chaetoceros sp. 0.081
RIKAEHE C. castracanei 0.045
2014-11 RFIUZETE 3 P. pungens 0.218
VR ki P E. zoodiacus 0.147
sk B C. curvisetus 0.040
of L 3 Chlorophya SNV VR IR R VAR B T AR RO 3 5 IR
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Fig.2  Variation of phytoplankton species from 2012 to 2014
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Tab.2 Pearson correlation between the phytoplankton community and environmental factors in the Laizhou Bay

Bk SRR %28 Spring K7 Summer FkZ= Autumn
Environment factors & Abundance FhZE%1 Species F-F Abundance #2554 Species FJ&F Abundance F25%X Species
7KI% Water depth —0.246* —0.262* -0.174 0.098 —0.481%* 0.138
ZRJZKIR Surface temperature —-0.066 —0.339* 0.125 —0.439%** -0.179 0.088
A Transparency -0.221 —0.440%* -0.118 -0.141 0.105 0.042
R Salinity -0.186 -0.352 -0.054 0.189 —0.422%* -0.032
FREHEE pH 0.126 0.030 —0.244* 0.092 -0.015 —0.335%*
AR DO -0.035 0.196 -0.013 0.229% —0.277%* -0.155
fb2= 7% COD 0.132 0.327%* -0.102 -0.009 0.234%* —0.220*
WifREL Phosphate 0.114 0.133 0.097 0.006 -0.129 —0.374
JALA DIN 0.085 0.019 0.240%* —0.298%* 0.078 0.070
A oil 0.147 0.149 0.270% 0.108 0.576%* 0.251%

R RIRAR S E AR K F-<0.01, * IR ARG B AF HEKF-<0.05

** denoted confidence level < 0.01, * denoted confidence level < 0.05
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The Structure of the Phytoplankton Community in the Laizhou Bay
After the Oil Spillsin Penglai 19-3 Oilfield

CHENG Ling, WANG Yuexia, MA Yuanqing‘j, HE Jianlong,
LIU Aiying, SONG Xiukai, YOU Liping

(Shandong Marine Resource and Environment Research Institute, Shandong Key Laboratory of
Marine Ecological Restoration, Yantai  264006)

Abstract Ecosystems in the coastal water display high complexity and have been of great human and
ecological interest. Interaction of physical, chemical and ecological factors determines the abundance and
specific structures of biological communities, particularly the phytoplankton community, which comprise
the lower levels of the oceanic food chain. To better understand the structure of the coastal phytoplankton
community as well as its relationship with various environmental factors, a phytoplankton survey was
carried out in the Laizhou Bay after the oil spills in Penglai 19-3 oilfield. At thirty-five selected sampling
sites the water temperature, salinity, transparency, COD, pH, total nitrogen, and total phosphorus were
investigated in May, August, and December from 2012 to 2014. Our sampling and testing methods
followed the Specifications for Oceanographic Surveys and Specifications for Marine Monitoring.
Correlation analysis (SPSS) was applied in determining the relationships between zooplankton communities
and various environmental factors. Phytoplankton was collected using the standing net type Il (mesh
size 76 pum, the standard sampling tool in Chinese marine phytoplankton studies) with a vertical haul at
each grid station. Five classes including 125 species were commonly found in the surveyed area. Diatoms
were the dominant species and dinoflagellates also shared importance in the phytoplankton community.
Both the abundance and the diversity of phytoplankton reached the maximum in August, and the annual
variation of diversity index and richness index tended to be consistent. The diversity of phytoplankton
was positively correlated to the chemical oxygen consumption (COD, P<0.01) and negatively correlated
to the transparency (P<0.01) in spring. There were negative correlations between the phytoplankton
diversity and the surface temperature of seawater and inorganic nitrogen (P<0.01) in summer. As for the
abundance of phytoplankton, it was negatively correlated to the depth of water, salinity, and dissolved
oxygen (P<0.01) in autumn, and positively correlated to the petroleum content. These results showed that
after the oil spilled, no obvious changes in the abundance and the community structure of the
phytoplankton were present in the Laizhou Bay.

Key words Laizhou Bay; Phytoplankton; Environmental factors; Correlation analysis; Oil spill
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Evaluation of Physicochemical Environment and Water Quality
in the Laizhou Bay in Spring of 2013

ZHAO Yutingm, SU Bo, LI Jiahui, WANG Liming, QI Yanmin, SUN Shan

(Shandong Marine Resource and Environment Research Institute, Shandong Key Lab of
Marine Ecological Restoration, Yantai  264006)

Abstract In recent years, the marine environment and ecosystem in the Laizhou Bay have obviously
deteriorated, which caused serious damage to the ecological environment and biological community. In
order to understand the environmental qualities of the Laizhou Bay and the adjacent sea areas, we
analyzed the distribution of salinity, pH, dissolved oxygen (DO), chemical oxygen demand (COD),
disolved inorganic nitrogen (DIN) and PO4-P based on field data obtained from the Laizhou Bay in June
2013. The nutrition level and organic pollution in this area were also evaluated with potential
eutrophication assessment standards and grading of organic pollution respectively. The results showed that
DO and COD concentrations at all surveyed stations met the first class seawater quality standard. DIN
pollution was serious mainly caused by the terrestrial input. At approximate 31% of investigated stations
the DIN concentration exceeded the limit of the fourth class seawater quality standard. The level of PO4-P
was lower and satisfied the first class seawater quality standard at all investigated stations. Our results
suggested that the N/P ratio was higher than the Redfield value 16, and that phosphate was the limiting
factor in the growth of phytoplankton. The nutritional pattern in the Laizhou Bay had evolved from
nitrogen limiting to phosphorus limiting. The higher N/P ratio may alter the phytoplankton population,
which will consequently affect the whole ecosystem. The nutrition status in the Laizhou Bay was
phosphorus limiting potential eutrophication, and the organic pollution remained at the second level in
spring 2013. These indicated organic pollution in this sea area; however, the pollution was alleviated
compared to the summer 2007.

Key words Laizhou Bay; Dissolved inorganic nitrogen; Phosphorus; N/P ratio; Potential eutrophication;
Organic pollution

D Corresponding author: ZHAO Yuting, E-mail: zhaoyutingnihao@126.com

%37 %



¥37%  Ham wo B R Vol.37, No.4
2016 4 8 H PROGRESS IN FISHERY SCIENCES Aug., 2016
DOI: 10.11758/yykxjz.20150312002 http://www.yykxjz.cn/

ETZ NN, 1993), i3 4438 ISR AR SR A (5
B EAMIEEERBER LT EEENZ
— . Glamnzina % (2001) #F 17 T H h ¥ A B 4

th B X =4 AW & (Epinehelus moara Q) x 875
A B & (Epinehelus lanceolatus &) 5 5 5P 4L,
W R FHEDERSELETNE

ZR#B KW o A BN
2013065 2. Kl BT Wil AT HEGE 2 T S0
FE  266071;

2 S S

(I LR A= 5 e i

KRR B K P BRI B K R T T S R T R
3. MUK HRA A 261400)

mE A= &0 3 # (Epinehelus moara) % B A | #; 77 & 3¢ # (Epinehelus lanceolatus) %7 & A< # 47 ##
Bl ez, WK T FREBEG. 10, 15, 20, 25, 30, 35, 40, 455 T ZRHWHBEAE, 4
T E, URMT. . e AEKKXBEREATL; WETHEN 30 6, EFHIBTEH
FHEREZBSAD), EREr, SBENBHNNRELEREZ 3537, B TaRELFLEN
20-30, #HEH 20-35 B, FaE A HEFERBERBCGIE30 U L), HEH S, 10, 458, {F2
By SATER K. MERXBRENERNAL, 2 FEMEERN B K SRE. b REEHE
W, AT G2 3N ERFRLG T, ABE 2 B8 0 AT T &, Wil 22K ¥ (1.959+
0.152) mm, FEHMEANEREFmR KB RKM; 3-30 BB N EHITA, 3 BRFaLKA
(2.765+0.108) mm, F EHAEZH 2 HHEM G &MY LXK E L BT, g RN AE; 31-
45 B H e, 31 Ak f A K H(18.130£1.565) mm, TEHMEHNNERELETRE, AKE
FHUR; 46 B EH AL A, B A K #(39.85042.565) mm, K&K . TG H . R A H
/N AR B DE

XER @ oEHa; B oma; &%, HAWE;, HEKE

FESES S961.2  XEAARIRE A XEHEES  2095-9869(2016)04-0081-09

N —RA BT FRAEMLEFMHE

(Epinehelus moara) 5 #% 7 A Bt fi (Epinehelus
lanceol atus) =32 FTT A7, DAY 24 22 Fh B 1 & Y
T PR A R R0 0 R AR R L AR ik T T
TOCA BN Q x B A B A4S L, IR AL

(Epinehelus costae)x s K T4 ¥ 1 B i (Epinehelus
marginatus) i 2238 W57 ;. XA R S5 (2007) 8077 T &)
#5 f1 BE £ (Epinehelus coioides Q) x 7f i 7 B fi
(Epinephelus akaara J)HIZ43C. NIRTT = 8A BEfa

AN AR = 8O BEARL Q x B £ B S A58

Fy AFHELN 1 K B AR SR #EAT T R AL R A

WL, BAEN A B R SH MG IS TR
B R 2 2 TR A SR KA TR oA Y B R

* BhH R E BRA VE I H (2012DFA30360) AR M 8 AR 1 1 7K 4 57 4 T 6 5296 %8 ESHMLO7 5 H R 5 i it g X R &
AT H (2014-14-011-SW)FL R % B, K&, E-mail: 502883675@qq.com
O #EREE: B 8B, 5, E-mail: ysfrichenchao@126.com

WA B #: 2015-03-12, WeiEselhs H #1: 2015-06-30


abc
图章


82 ook B

E %37 %

BT, B3R 2 K = s 0 A R (v 4 B,
1997). fBEATEMNG & F B Bt S AT f0x £ B /Y A2
oM HLAgURR , #KARER BE HE h H  Br T 2 L,
FEMIG LT 5 LR T I A =T
0P T FR(H RS, 2009; BXIA%E, 2011; 255K
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A PR, PRALET SR TR

1 #MR57EE
1.1 ZREMRF[EMFEL

SHTF 2014 4F 5 AR IR SN B BK ™ A BRA
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W PN SE B IR E Sy 2.5%10"%ml FY/)NER 3 (Chlordlla
vulgaris)it 200 ml. IR B3R 3 R (L IM RN A DR
HARAT) 200 ml, fFAMEHIE 10 d WAEK, B
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HARMFIEAASL, 1-17 d B9f£fA7E Nikon E200 i
T T MBI A%, 18-38 d AYfF. HEfAFE Olympus
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RIEE . BREEK A RS ERER . 1 E
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£ H 247 M1 (One-way ANOVA) X Duncan £ [t
B, R BEPRE 2 (MeantSD)IE KR o

2 #R

2.1 AR BT 2 A5 I AL B9S2 0

211 REHFEARET A5 H RS =Y
A BEA(Q) x B A PR (S) A4 AL Fy S2KG U0 i B TG
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e R ML A (18 2), HRIHER N
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Fig.1 The development of fertilized eggs at different salinities

L FREES 20 0, AHERMMIRETIIRG, SIS ERR; 2. HEEN 30 i, AF ZRAUNMIER LG
3-4. A 1S, REZRERRPRETIRG, WEMBEAFLAG; 5.0 N 30 B, & E 2= R E R R
6. Ry 45 WF, AROPRMGET- MG, AR R PRI s 7. RN 30 IF, RIES TG0 A IE R IR 5

8-9. TR 45 i, ROPRIBCT MG, KR4 ; 10. $RE0 30 I, WISZHG 455 i IE W AR
1. Dead embryo of morula at salinity 20, the animal pole was like a floc; 2. Normal embryo of morula at salinity 30;

3—-4. Dead embryo of early gastrula at salinity 15, the color of the eggs was milky white; 5. Normal embryo of early gastrula at
salinity 30; 6. Undivided dead embryo at salinity 45, the protoplasm focus became blurred; 7. Normal embryo of upcoming split
at salinity 30; 8—9. Undivided dead embryo at salinity 45, which was dehydrated and wrinkled;

10. Normal embryo right after the ending of fertilization at salinity 30

#1 FEAREEHT

X F, ZHEMERL

Tab.l Hatching of fertilized eggs of the hybrid F, at different salinities (Mean+SD)

i H Items

7 Salinity

5 10 15

25 30 35 40 45

J¥E4k % Hatching rate (%) 0.0+£0.0* 0.0+£0.0° 0.0£0.0° 13.0+2.6° 18.7+1.5

WY K Deformity rate (%) — — —

21.742.1¢  31.343.0° 7.3£2.5° 4.3+1.1°

88.7+7.6% 72.7+10.8° 60.3+6.2° 40.0+7.4* 55.7+5.1° 62.2+3.8%

T FATRUEA b AR R on A BE 225, P<0.05

Note: Data in the same row with different superscript were significantly different, P<0.05
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Fig.2 The hatching rate and deformity rate of the hybrid F,
embryo at different salinities
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14-16 d {74 (& 3-8)4 1 #(6.512+0.520) mm,
EE . MR SRR WA, T R Y K 2 (3.644+
0.360) mm, i #& B K % (2.724+0.385) mm, 55 2 1F
figs o ) B P, e e B R O IR . AT £
) 2EHE— 0K, IR E L TR 4 gt e, Sk
I Gk, A BRI . A IR S A, WAk
EOAES ML BN EHHIEA, B F KR LS,
KR LA LT T A A B R IR

20-25 d fFfa (& 3-9)E K, % 25 dfffas
KOk 3)(12.497+1.170) mm, 55 2 EFEE WK H9(6.597+
0.0455) mm, i #EHK 4 (3.85240.265) mm, ff I
B T AL A B RO R O AR, BRI R
TN AL o HRHE [ 2% AR IR 2Rk, Sk 3L o B
8 T A TF I IR B K AN B 1 T S 3 R
B, KB ERATFZEERNE, KinkA 1R
A, A e RS, RS

30 d frfa (A 3-10)4 K K (18.130+1.565) mm, 2
2 I M (6.603+1.120) mm, K (4.427+
0.850) mm, &A1Y SR A BE IR, 2 2 EEE R
5 88 P e X B AR B L HE AR B B B R L



%43

TRAF LA Hh X 25 B0 BE AL x B A0 B £ SRS OB A B4 5 2 2 Se AP e R 25 A B AR 85

AR S, SALIEWT WL, IREREDE | b5, fa
RRER 4 B C LA MU, SKIEES . AR ER DL A AW
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223 Af@i 36 d HEfa (&l 3-11) 4K M (23.642+
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0.185) mm H1(5.755+1.020) mm , i #& Bl 25 P8 it
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Fig.3 Morphological development of the larvae, juvenile, and young fish of the hybrid F, from E.moara @ x E.lanceolatus &

1.1d;2.2d;3.3d;4.44d;5.6d;6.8d;7.10d;8.16d;9.25d;10.30d;11.36d;12.45d
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BREHIE R, RREZIME, KK, HiREE.
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FTH A 5 7B R LU, MEAO R TG Sk 2 AT T )Z,
THR SRR, CEARSYMRIE, FEALh @,
224 #H&H 50 d a4 R(43.080+£3.255) mm,
55 2 T EE BORIE B Ak 2L IR ERZE R, B85 7K 5F
TRFATTEAN /N . B ETE A BORERT, R Bl £ A A £
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K
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K
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AR . A& E AT EE, BESCHET
W, BRI,

23 fF. M. PEHEK
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EHK
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Fig.4 Growth of the larvae, juvenile, and young fish of the hybrid F; E.moara ¢ x E.lanceolatus &
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OS5 1 #EBE Lst pelvic fin spine
r EEE27 45 2nd dorsal fin spine
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Fig.5 Changes in the length of the first pelvic fin spine and the second dorsal fin spine

R2 TEABEFHTHEZFIBFENTFERRE SAIE
Tab.2 The survival rate and SAI of newly-hatched the hybrid F, larvae at different salinities (Mean+SD)

h WUk A A Ak 5 BB TE 3 Survival rate of larval cobia after hatching in a state of starvation (%)

SAI

Salinity 14 2d 3d 4d 5d

7d 8d 9d 10d 11d

5 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0°
10 874£2.6 75.7+1.1 71.3+£0.6 63.3£3.8 60.0+3.0 49.0+2.6 14.3£2.9 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 14.0+0.4°
15 83.7+£3.2 81.7+3.5 79.3+3.0 78.7+2.5 77.7+2.3 72.3+3.5 67.3+2.0 24.7+3.7 0.0£0.0 0.0+0.0 0.0+0.0 22.9+0.9¢
20 96.742.3 95.741.5 95.0+2.0 92.742.5 92.3+3.0 92.0+2.6 91.3+£3.0 87.04+3.5 43.7+1.5 0.0£0.0 0.0+0.0 36.8+0.9%
25 98.0+1.7 94.0£1.0 93.3+0.6 93.0+1.0 92.3+1.5 91.0+1.0 88.7+2.3 75.745.5 53.3+4.0 0.0£0.0 0.0+0.0 36.5+1.1¢
30 96.0+2.6 95.0£1.7 90.7+0.6 89.7+0.6 89.3£0.6 86.7+1.1 77.7+2.3 69.3+3.5 62.0£2.6 29.3x1.5 0.0£0.0 38.3+0.7"
35 95.7+1.1 94.0£1.0 91.3+2.3 86.3+3.0 83.0+£3.6 82.0£2.6 80.0+3.0 76.0+1.7 20.3£6.0 0.0+0.0 0.0£0.0 31.6+0.8"
40 93.743.5 89.743.8 87.0+1.7 84.3+2.1 81.7+1.1 77.3+3.2 71.3£1.1 39.0+2.6 0.0+0.0 0.0+0.0 0.0+0.0 25.5+0.3°
45 89.7+3.5 85.7+1.5 78.3+1.5 72.3+2.5 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0+0.0 7.8+0.1°
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36 d W46 B . Db I 6 A B Pk R e 7 6 R
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SEA R o BT R AR D o A 25 b 1 R TR A
TEH R B R vh SRR A DK R L 45 7 R84
AL HZAF IR Tk AR F2E A B T e
[FJ I, 52085 B 8 90 A 38 AT 0 W 2 30 e e 528 B



43
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PN B B B SR b . WSR3 Fy Il
MEALERBE , FEERL T 2540 Y B P XA L 2 TR I 256
P Z A B M 6), SKAFIEALAR A7 7y -

y=—0.052x’+4.800x~145.100x+1459, R*=1.000

Ko, y MRAER, x ERE

WA TR S5 [ U5 5 R h

y=0.057x’-5.300%x’+158.400x-1472, R*=1.000

Ko, y AR, x RERRE . MRPEX PR
KA YA d R B SR N 355 BT R AT Y
ERBESR 37 X WAk BB BT S48 A 1 (it R
4, 2009), 191 35-37 EA5C Fy 324G U AL 1Y) Bk 6
B

ASTR) A B £0 b 7 B 3 R FE TR B SRR Ak R AT £
TR I ARIA], 4n 57 £ B £4 (Epinephel us coioiaes)
25 BPTE 3 ER BE 30-33 WL ER Ny 55.65%, 1f-fh
WIE %0 19.88% (i JK 4, 2008); Ak A B A 7F i
iR 25-30 WAL R 76.40% , A AIRHIE N 0
(5K &5, 2006a); 5 o5 A1 BEFALTE S il £h E 30-32 fif
AL N 85.20%, 1AL RN 21.60% (T
8,2002), 2428 F 5 LR LM A BEfAAH L, B iz
LB 5 il A BT, BOREH A BE 0 = Eh B RS
N PR, 7F s WAL AR B T IR AL R AR, AT
RO, XATRE SRS . CRAIEE AL
ZACHIEREA G, BARIR A Frik— 2 05E .

N 100 + BB 2 Deformity rate

2 80} ® %4k %R Hatching rate

8 «-o

5 60f el p
& 40 T
=

& 20

= 0

[\
(=)
N
W

30 35 40 45
R Salinity

Kl 6 25-40 $hEEAAM T 258 Fy IR AL A R E 3
Fig.6 The hatching rate and deformity rate of the hybrid F,
embryo at salinities of 25-40

3.2 BREXHEX FFEEFEANZMW

SAT A 5 Wl iy 2 AT F0 B 336 S, ] DA Sk 0 W 32 A
SR BR T, (PGt Rt , SAT MR . {7
e, TEARBERIEGL T, RSSO0 & 2R ER 19
T2 0] LUAF I — BeBF ) o A7 F O ETAL T IR 57
W, AR KB I B IR A O A R R4
A AT 128 B 35 4 R Bk oR 58 2N 2k Z2 /1, 4 TR
HEFM, KA EW MR I A g frop e
FMERSE TR G , AFfaik ASMEYEE TR, Irigm
BRI 56 4 AN AL R o 5 A1 Fa 78 B v 2 R

BRISCHT, ARG RN TR M SR, A7 2 PR R
RICT o A7 008 37 0 2o P 2 B A s i A b i e
B, AR LR RS T B SR AT R
s HiER s, Rk 20-35 BF, SAT{HE G, H1E
30 Pk, SHEEARSUARMIERIESRE 25-30 4
F T SAL{A 24.52 CRIREESE, 2013)MH 1k, 2435 F,
WIEAT 0 ) 1 B 4T

i bk, fEEPRE AT, S G RN
ZHREOD TR | WAL | AT Y 3 DL ORI AT
TG RE, VRS Fy 2 hE N AL FOAT- 10 15 B A ER
Bl dAE 35, JF SRR R, DMRIEE S
BRI,

33 ZXF 5ERERKEZETHLR

(7] JHL Al A B0 £ —FE (7RI & 55, 2006b; B4 AE,
2011; BREEAE, 2014; TREFULAE, 2014), 2458 F 76
Pl i R B T A 2 T A R 6 ok 1) e K
S, X TC B A BE AT HES) fa s R e e
MAEIE . EAT, T8 A KRR T fa iR AR B iy
B TR S . BREIFEAE(2001) Ak B AT 3 N
T RS ECE A AR AT 385 (2011)IA i
TRRESE AT A B -, AR R X & i Ak,
B8 R 1Y L BN R AR B 1 B B RN A R A B A
it 2.3 PFHES AR AT LUE Y, 1-13 d 7
SRAMAKR, AR HEE, W 13 XIFh, 17
f A I e, T A T AR 2 T R I 58 e
TR A, e BRI R, TR R AR R i T
7 HEF S R AR A X, T B A A
B PR R R P R RS , 3N T XA R 2R B
B, WA A RE IS AR X — B A L A
gifalE, TR AR, IR R TR
WM, a K R T AN LR, 3% TR
% o

AR RS LA I B 58 N RE ) A A
B, B oK A 258 Ja AR 5 SR AR 1) 2 30l (I 5,
2003). L5 EAR SO BEACRIRES, 2012) 18
WA PE A (BRI, 201 BRI A B L (R 3-
£ 4), MTUAFHAEE Fy A KRS, B A s
MR B SRR ASA BB SR, 4258 F
AR A Sy i ] (R ek 8] L 2 B0F BE A B R F
7K IRA 22 5% , (HARATHEA L 0 0106 48 5 5 12l
R BRI AR DT B8 55 28 U Ak s AT AR RIS B o A=
K e, #oir a B, 2238 Fy kA JE AT
i A K B R e 2 S0 B, I I A K
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=B B A R Bt o A [ B OO AR KPR R
WORAE, HAR R I 2E o X T AR 2R BETE
A5 BIFRFE R B A B RSB A i Tt — 2L 50

WAL Fy bR KB A, B DUAR G 5 HR

K3 REXF 5RgAHE,

APEAT R LLEE, gl ARG, T o8Bt
i FI A A BE AR 2 ), Sk R -5 i A e A 2
L, SKTEEGE T a8 Bt 258 Fy 4 gk e
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Tab.3 The comparison of early development of the hybrid F; with its parents, E. moara and E. lanceolatus

\ BREUKIL SR (TA, TR : :
ik 8] EJ J(/ml YU ECFAT I, E A J& WA A T £71 3] 2h a1y 22 3k
Species Cultivation Yolk sac larvac (d) and the Post larvae (d) Juvenile (d) Young fish (d) Reft
p temperature (‘C)  time of starting eating(d) £ crerenee
rrem— Pt o
mE AR 2924 1-4, 5 5-30 31-65 66 2012
E.moara
I A,
B O B 27-30 1-2, 4 3-21 22-30 31 2011
E.lanceolatus
e BN
R Fy e
25-27 1-2,4 3-30 31-45 46 :
The ybrid F, This study

x4

ZXF 5ZgAHE. BEFANEaRHHAEREN R EE SRR £KH R

Tab.4 The comparison of early development and overall length of the hybrid F; with its parents, E. moara, and E. lanceolatus

WA At BEAJREIFEAYIT], A SEAREAIIRIMT], 4 JEAGERgTE, 4K -
Average length of  Time (d) and average Time (d) and average Time (d) and average EEBCN
Species newly hatched length (mm) of post length (mm) of juvenile  length (mm) of young  Reference
larvae (mm) larvae began began fish began
AOCER RIRES,
sEA R 1.739 5,2.640 31,9.992 66, 25.000 il
E .moara 2012
T —— AT,
Bt i 2.075 3, 3.050 22, 18.185 31, 32.500 2011
E. lanceolatus
JuRs g%
R 2.059 3,2.765 31, 18.130 46, 39.850 z’iqﬁh
The hybrid F, This study
i, 2014, 35(5): 135-144
5 = % # BRI, WA, SHRER AT B, QAT S WA iRk
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XK, Ba%E, XIbE, % FEaRadS5khr At
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Wit kB BAT. #E. gkl B2z, 2014,
35(5): 145-153

KR, XWEE, T, & B SR K pH X el A3
ZHE I AL FOAT£0.05 7 O RZ IR . BHP I PR, 20064,
25(2): 31-36

skt ke, XU, XIRHGE, & RRFA BTG & T RATHE
YHoEERE. HEIKEEE, 2006b, 13(5): 689-696

R, WA RN, & KRR YA T
B dbat WL, 2005

R, TIEN, B, % HMEXsgUARaQ) x L a
B0 F— RN & & M- faid s, ol
PERE, 2013, 34(5): 17-22

RIREE, W, ZEW, 4. HREYS pH XMasrhaBimitihk
BAYTAIE F . ol Rk R, 2013, 34(6): 52-58

KIREE, R, BN, % Sooa e iris & & MAr. HE.
LM, ol Bt RE, 2012, 33(3): 26-34



43

SRASULAE: TR X 2 By B x B 47 B £ S22 D IR A B 52 0 B 2 Se AP AES)) 00 25 K B AR 89

IR, Rk, A, AF EREEMNA R S A B (Epinephelus
malabaricus) IR ity % Ui 8 ATt i TE 5481k, WS 1A,
2008, 39(3): 222-227

ks, A, FE, 55 ANEEE T A TG M o
AP TEA R . AER2EZRE, 2009, 28(3): 471-476

B, B, M, 2. XL AR ARG A E AN B
ALK PR, ol BR2ERERE, 2011, 32(2): 16-21

AW, SR, Bk, A% B A B aREE)ME EF M
HERBFFE. KPR35, 2011, 32(4): 8-13

K, XOUHE, 2L, SREEX A A RIR R R B R, A

AEpZRE, 2010, 29(5): 951-956

Glamnzina B, Glavi¢ N, Skaramaca B, et al. Early development
of the hybrid Epinephelus costaexE. marginatus. Aquaculture,
2001, 198(1-2): 55-61

Kamler E. Ontogeny of yolk-feeding fish: an ecological perspective.
Reviews in Fish Biology and Fisheries, 2002, 12(1): 79-103

Nissling A, Kryvi H, Vallin L. Variation in egg buoyancy of
Baltic cod Gadus morhua and its implications for egg
survival in prevailing conditions in the Baltic Sea. Mar Eco
Prog Ser, 1994, 110: 67-74

(R LIER)

Effects of Salinity on the Hatching of the Fertilized Eggs of Epinephelus moara
(?) X Epinepheluslanceolatus (&) and the Observation of the Morphological

Development of Larvae, Juvenile and Young Fish

ZHANG Mengqi'?, CHEN Chao””, LI Yanlu?, KONG Xiangdi'?, LIU Li"? ZHAI Jieming’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory of
Sustainable Development of Marine Fisheries, Ministry of Agriculture, Qingdao Key Laboratory for Marine Fish Breeding and
Biotechnology, Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao 266071,

3. Laizhou Mingbo Aquatic Co. Ltd,, Yantai 261400)

Abstract

In this study the hybridization between Epinehelus moara () and Epinehelus lanceolatus

(&) were manipulated in the laboratory. The hybrid F; larvae were hatched at salinity 30. The hatching
and deformity rates of fertilized eggs and the survival activity index of newly hatched larvae was observed
at salinities 5, 10, 15, 20, 25, 30, 35, 40, and 45. The growth and morphological characteristics of larvae,
juveniles, and young fish was recorded. The results suggested that salinity 35-37 was optimum for the
hatching of the hybrid F,, and salinity 20 to 30 was optimum for larval survival. SAI values of larvae
became higher when the salinity was between 20 and 35, and they were lower when the salinity was 5, 10,
and 45. The post embryonic development could be divided into the larval stage, the juvenile stage and the
young fish stage, based on the features of the yolk-sac, the second dorsal fin spine, the pelvic fin spine,
the scale and the body color. The embryo developed into pre-larvae in 2 days, and the average length of
newly-hatched larvae was (1.959+0.152) mm. This stage was featured by yolk-sac and unabsorbed oil ball.
The post-larvae stage lasted from Day 3 to Day 30, and the average length of 3-day larvae was
(2.765+0.108) mm. At this stage the absolute length of the second dorsal fin spine and pelvic fin spine
reached the maximum for larvae and juvenile fish. It entered into the juvenile stage starting from Day 31
after hatching and the average length was (18.130+1.565) mm. At this stage the visceral organs had been
fully developed and the fish color became transparent. Starting from Day 46 after hatching it entered into
the young fish stage when the average length was (39.850+2.565) mm and the body color turned light
brown. At this stage brown spots appeared on the body surface and scales could be observed under

microscope.
Key words
Salinity stress

Epinehelus moara; Epinehelus lanceolatus, Hybridization; Morphological observation;

D Corresponding author: CHEN Chao, E-mail: ysfrichenchao@126.com
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{45 (Crassostrea gigas) 5= 55 1R 1% 4 < 1% B B

EfE SR BEEMNMITEREHN

KR ETE? D’
(1. BRSO S Ll
WREI ST TESRE A

mHEGY EEE R
2013065 2. WIZRAA MG IR S IR 5T B

264006; 3. [EZIMEEJRIAGHEHEARB I POu MG 264006)

TEE O 7 WK H ¥ (Crassostrea gigas) 7 16 & i A2 st th R ¢ . AT S E O Hak iR A B
W, ARHF S DA E AR ON 7T S b A KR KA b S5 A RE, AR T £ (Simple Sequence Repeats)
FRIRHAR, XK 48 Eah B R (POYFn i L W R B A R(FL A0 F2)S AT (6 ST, 4R A,
FraWM B AAEINFERTHERAE TRENW S A%, PO, F1 M1 F2 REKS FHEMEE KL
F 4 16,5, 122 #1 12.8; PO, F1 f1 F2 R (R £ A M &4 EPio)W-F ¥ B A2 5] % 0.9068. 0.8982
#10.8836. FTH B 10 ML BN 2 A A (Ho) P /D T HIE 42 6 B (He), WLl 284 T34 18 1y
KNG E K 0.5775-0.6484, #1244 5 6 H H 0.8594-0.9279, vaib—if {6 #-F #(HWE)% £ & T,
3ANEERAE 10 MLE EA 24 MEAENALE 44 T F R E HWE(P<0.05), L8 A T3 & Atk & #K
WA — ., 3 NEEAE 10 MR B P30 B4, FHEE N 0.1541-0.2341,
FUPBRNEC S F o2 & F IOl Pr T M &K FyfE5 E O 0.0093-0.0245, & W12
B, WHRAYW, UnHhELKNATEN, KEGESATHANEARGEELHEE, A

THALRFRF—CERFES, MARXERKETRG R EKERBAT RS

Kigia

FESEE S917.4  LEkFRIREE A

K4 W75 (Crassostrea gigas) W FR K - 475, & 3k
BRZN . BERULA . AR, T s T ALK i
B, RS LA — KR S, TR Uk 3R A I
Rz — WA GFREAL T, T A 5
e e 30N sk S E R VAN (BN A W Tl & el Bvea DR AR I=A 1]
5, REZTEETREFRBER, LIRSk,
FRPAA AT B R R . FTR A AE IS, R
HRRAR . JETS R . R R RS, T E IR E A
Wit PR 3E 4 1 o AP AT A fE R K R L AR AP R4
Wkh BTREIR , P JRAL R BHA ML E TAEC BUN LR

Rl B SR T BT R B A A

K47, TR, 4, Sk S
XEHS  2095-9869(2016)04-0090-07

A S KPR G AR, AR R I A TF R F T AE (Newkirk,
1983), AHFFERM], g KR EH AL T RES
PACH R R P A G, PRI B 0T, 12
B4 re P RE S (Hershberger et al, 1984; Dégremont et al,
2007; Beattie et al, 1980; Ward et al, 2000; Langdon et al,
2003), Li %5(2006) & B, & [E KA 105 1) SR B A (AT O
FR BCE W REL 2R, X O SR A s ) e R
AR St T A A

TE A 35 1% 45 4 ) BF 50 % 382 4% T J5UR) P R 0 o £
LAl (A B AR, 2002), AT N TIEE T, —Em
N TR TR ) 8 SRR PRI 2 (A A 10 g A% 45 4y 7

* [H K ARG T AEIUH (31402298) Fl L AR ARl R AN TR H — RO 2855 DU i A e & M HIBE R B B . 5koR R,

E-mail: zrl11598@163.com

O EIRMEE: s, 56, E-mail: ladderup@126.com
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KR R4 K ALWE(Crassostrea gigas)oe v P A KL & AR 81T ZHE 1 Bast 5 451 1O B LR AR 4 i 91

AR, 3RS JLEIE N DL SR SR AR B D, 2B
PR FHARR L ZAEVE T R, 52 W R B m )
Ko BIR—BEWPITRIE T DI FRAE 1A 10 52 4% 22 HE
55 B A R RORH L R A= B I AR B (Li et al, 2006;
English et al, 2000; Durand et al, 1993; Zhao et al,
2009), HIENER MG EMBHALR T LR D, W
RERAR R /D | SEARTTIROARNY | BEAE A Y | T
TR N TIREACRCSE R R, 5 EA SRR £
SRR, DT RREARIE B HEAR Y 1515 24 M (Hedgecock
et al, 1990; Boudry et al, 2002; Taris et al, 2006;
Appleyard et al, 2006). L, ¥5rFFricte AN HFK
WAL ERAOTIT, XTFRAERE A Y 5 AL A e A T
I, XREA R ) 2SS SR TP , AR LR,

% T & (Simple Sequence Repeats)$ RIFNFR A fiif
FEL P, Bl 1-6 TR ) E A 41 R T
W, HTEAZEMAZ . [FRREK. BMIANE
SRR EBE . 55 PCR ARG G 280K
DU PREESEDE A, B2 B T oK™ sh s A% Z 061
Hr s A% [RS8 (SIS o o ASBIFSE LA 7e et 2F K
HIEE BARR AW TR AR, AT TR
(SSR)ZFFHRicH AR, X FE Al A 1A (PO) AT AR 2k 7 R 1
(F1 1 F2)Ryst A% A AT L I, A N T
] T R FRAE A B AL 5 AR A 52 , Sy TR EH AW 98
(R PR AP R R 2 Je b B A RO JR ok S (IS A Bk

1 #wREFE
11 HRRE

ARG R A (AR AR R A A 1 40 5 s i 15 3% 7 3
AR (POYFIIE L AL B HEIR(FL R F2), 3k 3 4NHF
TR(FE 1) FEREBEA R 2012 4F2R 11 0 4 168 55 30 76 Y
e N TR A HEIA, 2013-2014 4F % SE AR N5 5
PR A R B BESE A A TRERIE T, ORUIEME I
EABEEARLT 50, EAAR ERER, L2908
FARRBTBE , N TRER RN+, Iffliz e —&
FEBITR A, Frs2 R UL J5 i A 2h T 35 & 237 o
Bt, BAKJTH:Z L Li %:(2011)F1 Wang %5(2012) 93k

18, AR HEACAGARE i 23590 DA I 2308 7 ARG A1
HRBEHLLESE . FEARREESEZ R, BURAEIGIY I 5E HLER
17T 95%MTAR A7 LT 20 CARIR vKAR R AT

1.2 DNA ZE

DNA MFEIBCR H# B /A5, BAREES |
Li Z5(2006)f 751, DNA ¥ B R  i i 22 023
Y61t Ultrospec 2100 pro UV/visible spectrophotom-
eter(Amersham Inc.) K 5¢ . K BE/KHBERL 100 pg/ml
it DNA, —20C %M.

1.3 WIESR

AWFFEILZE ] T 10 ARG 2 MR E R R
B EFT 0T s ucdCg-149 . ucdCg-138, ucdCg-194 .,
ucdCg-157. ucdCg-160., ucdCg-162 ., ucdCg-109 . ucdCg-
177 ucdCg-175 il ucdCg-140 (Li et al, 2003)(5& 2).

PCR AR Z A 10 pl, f17 100 ng #4 DNA |
1xPCR buffer. 0.2 mmol/L dNTP B4 . 1 pmol/L
1%, 1 mmol/L MgCl, fl 0.25 U Taq DNA E& M
(TaKaRa Inc.),

PCR [N %4 : 94 CHIAEPE 3 min; 35 NMEH N
94°C 1 min,iB Kk 1 min,72°C 1 min;72°C ZE{H 5 min,
PCR S i/ T GeneAmp ® RCR System 9700 17,

PCR J*WITE 6% 38 1 3R VR s e e 58 e T L vk, i
PR gLt Syl o AN [ BE R 22 TR) 25T O B R 158 22
FH A —A~Z B S E B — U A7 FL DK AR SR % BE
F1 10 bp DNA ladder (Invitrogen)/f & Marker i Il %5
PR

14 SEitaHr

g %k POPGENE Version 1.32 I8 M T &
PLTE 3 AR ISR L BN, 28 EE T2
(Pic)(Botstein et al, 1980), HIHEZE R (H), MMAE
FE(Ho), MAHIRAAHE-F A5 (HWE) A i 2517 I (Raymond et
al, 1995) L Kt f& 43 1b(Fe), [EE R EU(Fig)(Levene et al,
1949), H Genepop 1.4 #1155 Nei(1987) A ] I AH
Rl R ) AR5 Z 1 B (Da) o

R 1 KHGEHEOEERE., Mo, BEEMERY

Tab.l The sampling location, population, time and size of C. gigas

BEIR Population SRAEM & Sampling location

SKAERTIA] Sampling time  #EAZEA! Type of population FEASEL Sample size

PO HE4H A Yantai, China 20130525 FAFE{K Basic population 40
F1 HEH A Yantai, China 20140529 F1 & & #K F1 population 40
F2 HEH A Yantai, China 20151226 F2 &5 #& F2 population 40
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CE %37 %

F 2 10 XK EHFR T 2 AL S 4HE

Tab.2 Characteristics of the ten microsatellite loci of C. gigas

GenBank % %5

37 15, Locus GenBank accession No. S E Repeat array SI¥F %] Primer sequence (5-3") 1B KIRE Tm(C)
N e S
i visse o, Y
ucd-Cg194 AF468592 (GAT), (GAG)x ??%gff??ﬁggﬂiﬁ?f@g*‘ .
e SSESIICOMEN,
ucd-Cg160 AF468560 (GA), (GACA), (T}g?g’TCC%ETTTTAC%%éé%%C:CA 57
ucd-Cg162 AF468562 (TTCANAT-CT)(GTCT)x igé‘éﬁiﬁi%iggéfggﬁ” 5
ST o
ISR,
R O
uedCgld0  APAGESM  (CTy TCTGACTGCTGAACAGCAAAAT 60
> pm 5ok B FHEHAN (3R 4). 2/ Genepopl.4 BRI

21 BERMEESENE

i 10 TR Y, XA G RE R A DL K
TS H WACHER I A RAEREA, 1T 2
B, 10 ML FERTA BRI R B s i 2 A,
PO B 24547 LBl 16.5, F1 ACHT F2 AUk & BEA
HSER S RE B 12,2, 12.8. 3 DEHARIZ E(E
B (Pic)y FHEMKIK N 0.9068, 0.8982, 0.8836,
FIPA BEURAE 10 AN 5 AL = 4 BE /N TR 22 &
BE, W2 A B HEVE R 0.5775-0.6484, HHEAR
BEVEEN 0.8594-0.9279, %43 Bonferroni (Rice,
1989 IEJ5 , HWE VA4S R, 3 MHIKRTE 10 4
PLEANAE 24 DEHARRINL A B E B HWE -,
2 R Fis R IEME, FEERCY 0.1541-0.2341, #
W 3 AMREATERTA ALS b, R T —ERE N RE T
(PRI 3),

22 BEEMEETROW

TEAFERABOT LR FefE, ¥I/MF 0.05,
L AT B FRAR R 35 43K, B 10 AN

A TR AR B B AL b R BCH 0.0487, £
HA 4.87%M LA 570k A RERE], 95.2% 8L A8

FEWE 3 AN R] A 35t 4% AR RIPE FR (D) s AR B R
(Da), ASRHACHEAR ] B AHRIPE 22 4R 0.8814-0.9132,
WAL R 0.27121-0.5203, FEAA a5 4% B0 B K st
TEARRIPEIRGR 5)-

3 g

WAL ZREE A Y Z R PE SR, S H AR AT
b S OB R o N TRERSE T A H R 7E 44
PEEBHA A — e s Z R R S 1, SRR EA H
PR & B 8 K 2R A SR b e 2R
R 0 1R 3845 78 5 2K P B — 2 BBt AL R 0, 3k 5 e 2
TIN5 X} 16 B TR A 38t 1 45 4 B I 5 5 WU AR I 5T 4
b L = R NG SR T N IV - S PN E A
HESEIEAE T, A F AR R B S K
IR, fEARG BEJT D, HEE AW BB FRER
ML, SRHRERRI TR s 2. A%
SEFINHR, B E BEARRET AL BEARS BB AL Z R T
BRI . RS Q012X LI A K ik E H
P R A W % 22 = AE BRI TR R B, i H AT
S B A B R RS A BRI LA, S R E S TR
T 14.5%F1 8.7% #8) A ZE(2010)1EX K& faE 2L 4 18
TEH HER 35 4% Z2 P 53805 45 A0 10 B T AL 0 T I
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Tab.3 Genetic diversity of the wild population and successive selection stocks of C. gigas

{37 &5, Locus FALEEA PO (n=40) PEF R F1 (n=40) PEH BER F2 (n=40)
ucdcg-157 N 16 11 15
Pic 0.9088 0.8169 0.9093
Ho 0.7188 0.7273 0.6563
He 0.9276 0.8462 0.9301
Fis 0.2145 0.1321 0.2832
P 0" 0.0711 0
ucdcg-160 N 15 11 12
Pic 0.9027 0.8807 0.8705
Ho 0.8438 0.6667 0.7005
He 0.9241 0.9044 0.8942
Fis 0.0725 0.2611 0.5421
P 0.1670 0.0030" 0.0020"
ucdcg-162 N 16 11 17
Pic 0.8912 0.8651 0.9220
Ho 0.3871 0.6970 0.6563
He 0.9173 0.8909 0.9415
Fis 0.5697 0.4197 0.2919
P 0" 0 0
Ucdcg-194 N 18 12 8
Pic 0.9206 0.8772 0.8344
Ho 0.2000 0.3939 0.4063
He 0.9412 0.9012 0.8651
Fis 0.7839 0.5759 0.5229
P 0" 0 0
ucdcg-177 N 20 11 13
Pic 0.9161 0.8651 0.8945
Ho 0.7188 0.6970 0.8438
He 0.9360 0.8907 0.9167
Fis 0.2199 0.2134 0.0649
P 0" 0 0.2724
ucdeg-138 N 19 10 12
Pic 0.9161 0.8526 0.8681
Ho 0.4688 0.5758 0.8750
He 0.9360 0.8802 0.8938
Fis 0.4913 0.3477 0.0055
P 0" 0 0.1095
ucdcg-140 N 16 11 11
Pic 0.9004 0.8461 0.8732
Ho 0.5000 0.3939 0.3438
He 0.9221 0.8727 0.8983
Fis 0.4492 0.5626 0.6113
P 0" 0 0
ucdcg-109 N 16 12 14
Pic 0.9176 0.8715 0.8903
Ho 0.7813 0.8788 0.7188
He 0.9375 0.8965 0.9132
Fis 0.1534 0.0050 0.2004

P 0 0.5421 0.0015"
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ZE R 3 Continued Tab. 3
3 &5 Locus HALFEA PO (n=40) PEH R F1 (n=40) PEF A F2 (n=40)
ucdcg-149 N 12 14 15
Pic 0.8762 0.9067 0.9157
Ho 0.7188 0.6970 0.8438
He 0.8998 0.9273 0.9360
Fis 0.1885 0.2446 0.0843
P 0.0070" 0.0025" 0.0204
ucdcg-175 N 17 15 11
Pic 0.9181 0.9108 0.8448
Ho 0.4375 0.7273 0.4688
He 0.9380 0.9310 0.8735
Fis 0.5262 0.2145 0.4549
P 0" 0.0040" 0
MEAN N 16.5 12.2 12.8
Pic 0.9068 0.8982 0.8836
Ho 0.5775 0.6188 0.6484
He 0.9279 0.8954 0.9066
Fis 0.1547 0.2078 0.2341

T IR AV P O 25 KPP < 0.05 /10

Note: Degree of deviation of Hardy-Weinberg equilibrium: * P < 0.05 /10

R4 FEBEEX LM FeE
Tab.4 Fg4 values of pairwise comparison among
all populations

Pop ID PO F1 F2
PO
F1 0.0245
F2 0.0149 0.0093

F 5 KHE 3 BEEM Nei's M R FIRL IS
Tab.5 Nei’s genetic identity and genetic distance in
three populations of C. gigas

Pop ID PO Fl F2
PO 0.5944 0.6599
F1 0.5203 0.7625
F2 0.4175 0.2712

T XALUE A RIE R, DT iR e e

Note: Nei’s genetic identity was shown above the
diagonal, and genetic distances were shown below the
diagonal

B, 4 A AR B AL ZBEPEFR PRIE WK T %, F1-F4
13 ME B ENLS I ZEFER S EM 0.638 T
3] 0.524, FIEAIEFEON 5.462 TFEE] 4.308, 210
HRIBEAE SRR D1 (Pinctada margarififera)(Durand et al,
1993) . K¥k+E I (Pinctada maxima)(Lind et al, 2009) 1K
#1053 (English et al, 2000; Hedgecock et al, 1990)%Fh12k
B o AT A AR I a8 1% Z R R

E N B R TR N N TS T Sy = B N R |
B2, WHEEWIIZD AR B D 2. 1t
Hh, AT A XL B R 3 4 2 R DL SR R A B B
B AN B AR R AT N T IR a4 2R
AP PR FEA R AR E I A

AT, TEXTEALE AT Fis (5 Hrid & 3L,
SRR T —EBRENRETIERE, IFREJL
- BT A 7 i 3 B HWE SEA7, 4007 B R o] RE S 7
Sr. A= U s == R RN WG vivk =3 ) A SN B U e s e o AN /N
A 5k SE MR SC I FE AR B T ok, — 2L T0 6 3
HWERT, SEILHE LA = A 22 A T8k 1
ML, Hoh, SLE B H T s B AR St ]
b5 2 A R, BLAh, TSR 5L K (W A7 7E (Ball et al,
1987; k&M%, 2006)th o] GEXT 455 =4 T4 .

WL AR Fo S AR Z [H] 1 SR % G R 1Y
HESE, AR P I Fo (357N T 0.05,
3ANHARTE AR )AL A3 s, BEIR R 18t % 71k
ZH0H 0.0487, M4 Wright(1978) %} 3845 43 k48 %511
BE, FafiNT 0-0.05 2], FoRBrAmSIE LI
55, RGN TIET , BRI 5% 454 22 5
ARG, BEARDRRE T RS TS W HIERH,
ARE S AN TR F LR SRR, MEME L 517 i 5
HRAWAERBEARIGEIRA C, 1A, EF
fRK AL MR K & (Li et al, 2011; Wang et al, 2012).
i Nei(1987) 7351 3 AN B AL LR BN
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T HEAIR AL Z R4 s AL S5 M B T T AR 7 95
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SR IR AL BE B B A5, B AR R R
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Assessment of Genetic Variability and Microsatellite Analysis of Pacific Oyster
(Crassostrea gigas) After Artificial Selection of the Shell Width

ZHANG Rongliang"?, WANG Weijun’, FENG Yanwei’, YANG Jianmin®*", TANG Haitian®, JI Renping'?

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai  201306; 2. Shandong Provincial Key
Laboratory of Restoration for Marine Ecology, Shandong Marine Resource and Environment Research Ingtitute, Yantai  264006;
3. Yantai Marine Environment Monitoring Central Sation, Sate Oceanic Administration, Yantai  264006)

Abstract In this study we investigated how mass selection would affect the genetic properties of the
successive strains such as the fast growth in the shell width. Ten polymorphic microsatellite loci were
analyzed to examine the genetic variation within a population, in one base stock, and in two successive
mass selection lines of Pacific oyster (Crassostrea gigas). All microsatellite loci in the three groups showed
high polymorphism, demonstrated by a large number of alleles per locus (Ng=16.5; Np;=12.2; N, =12.8)
and high polymorphism information contents (Pic ro= 0.9068, Pic r; = 0.8982, Pic r, = 0.8836). In all
population-locus cases (3 populations X 10 loci), the observed heterozygosity values (Ho) of the 10 loci
were lower than the expected values (He) (He=0.8954—-0.9297, H0=0.5775-0.6484). Twenty-four cases
deviated from the Hardy-Weinberg equilibrium (P<0.05). The values of Fis ranged from 0.152 to 0.233,
resulting in heterozygote deficiencies at the 10 loci in each population. Fg ranged from 0.0093 to 0.0245,
indicating a weak genetic differentiation among the populations. The results suggested that the successive
selection for rapid growing shell width might not reduce the genetic diversity. Therefore, the growth traits
of C. gigas could be improved over generations under successive selection strains.

Key words Crassostrea gigas; Microsatellite; Genetic structure; Genetic diversity
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1.2 FHix

121 a4z K S AR ES T,
BERLAT 3 20, BT i, o3 BiEE T-20°C
—=30°CHI-50°C 4 F T IE 78, &g 15 d 17—
YR

JirOARk B4 fiff o SR T AR i R 1 7 2 YR TRAR 5 T 2
K (29 18°CHfft R 15 min Ji7, k2 EME, &,
122 REIFL %% Vaz-Pires %(2008) )7 B 1F
B, BRI H AR 5 emx5 emx0.5 cm BEER, K
PR 1 PRUE, 28 10 2 Ll R E DT DA 2 Tk
AR . U ST = 7 TSR TRV E Ao a8 ATINAR
SR T, BOEALE N 0.4, 0.4, 0.3, TN
BOEY 4, 64500 30 43, 18 43D L i def i R AT,
10 53 LA T A JEMOR AT 4237

Fx1 REMBEEEE( 30)

Tab.1 Sensory evaluation of squid (full score 30)
J547 Index BE IS . IHHE
Sensory evaluation Score
PR Smell i 5 0k 8-10
WSO NE , AR 4-7
JE DS JER SR R 0-3
@ Color  fRFEIEH , A 135 W 8-10
IR QMBS A
s
R RATE, RS
A W]
JiHs Texture — IRSTAG M 8-10
FeBeA Sk 5 R R IR 18 4-7

PRARER, JLF- 3T st 0-3

123 #E A M H A R (TVB-N) & a2 LitEi
GB/T5009.44-2003 A 5 P il i BAFRUEST T 75 ),
R BRI E o

124 WURHHE G GRRAA TN E TR
FRHL 5.00 g #& SIHAE M, A 0.1 mol/L KCI-20 mmol/L
Tris-HCl 2/ 50 ml, ZJ2EALEAE 1 min, 4CHMAER
8000 r/min #5.0> S min, F FiEWK, EREEAE3 K. DIE
HIA 0.5 mol/L KC1-20 mmol/L Tris-HCl 2% 1" 50 ml,
1242 1 h, 8000 r/min 25.0> 10 min, HCEIERED LRSI 4E
AR, FSERNREIE 5 5

1.25 Ca’"-ATPase &M 45 & ST R E
(1993) 771k, FHTEIEN. 7EE0E 43 A 0.5 mol/L

1) AR IRI5T R4S D8 S AR RO B £ Bt JBOR W B T

Tris-Maleate 5 ml, 0.1 mol/L CaCl, 0.5 ml, 2 mol/L KCI
225 ml, WUREF4EEE I 1 ml, IR A 5645, LA ATP
TR 2 min, fJEIIA 15% =S LFR(TCA)A 1L
SR . 6000 r/min B0 10 min J5, BCEVER 1 ml, fin
A 2.5ml H,0. 1 ml 2.5%8RER4H R . 0.5 ml Elon 7,
FTRE, WIRHCE 45 min, 7F 640 nm b, =%
FZLR A ATP ZHISEMA TCA, DIBERR — A4
W Z 5 Mk BE (0.0-1.0 mmol/L) il % AR et 28, 5
Ca’"-ATPase i 118 .
126 EH#mA LT E HR4E Benjakul 45
(2003) 1) 75 15 6 2.0 mI WL 2T 4 85 3N A 8.0 ml
8.0 mol/L JRE , SR A - B 3.0 ml IEAWR T,
JIA 0.02 ml DTNB &, 185, i 15 min, 412 nm L&
i, LIRINA DINB MIRAWCNZS A4, e T
TSI B i
c AL
¢ G

K, Co MTEHEHIIE & H (mol/g), AN 412 nm
AR, kT 24X 13600(mol-cm/L), D H
R R, C WU ZF 4k 3K 14 7 5 (mg/ml).
1.2.7 B§ B &AL (TBARS) # @l & % M Paola
(2014) 77 1% , FREL 10.00 g BF2) Ja ROARE S, A 50 ml
5% TCA ¥ o &% 2 min J5##E 10 min, 8000 r/min
0> 10 min, _FIFWGEIE . VERGE BEA RS , S ml T 25 ml
HIEREH, A 5 ml 0.02 mol/L TBA ¥, 95°C
JKUE 45 min Ji5 , 1,532 nm I EWOLEEE LA 1,1,3,3—
VU 2 AL N e (TEP) M bR e W 22 AR e i £, IR0
TBARS 1.
1.2.8 AUR LR L H i B A Ak AR 2 R
PIA 5 mmx5 mmx1.5 mm A9, BUA 10%) B
WA E 12-24 h, JiK vk 4—6 h, FIHBEREE 735
H 70%(2 h). 80%(2 h). 90%(2 h). 95%(1.5 h)Fll
100%(1.5 h) 8 £ BEFE WA T IBK AL BE , PR — H R %
VAR i WAL (30 min), 5 A EE, V)AL
VIBUEEE R 5 pm PR, Geta )5 ) s T uige
(A4, 2013)",
12,9 #HEALHE K SPSS 11.0 XF LB K G uEA 7
Seitordr, SERUSFEbREZE R, ARsHrR A
t K8, WEMEFUELL P<0.01 AW RE, P<0.05 M
E

AE R BT OR 2 WL WP A 2 018 3, 2013, 1718
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1 IR B TR0 JC B3 25 51 (P>0.05). 2 30 K
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Fig.1 Changes in the sensory scores of squid at different
storage temperatures

Nurkhoeriyati 55(2012)#F55 & L, ZREad fEH,
WU EF 45 35 11 R A A0 Pk KB R, S 8L TR R 1
AR, R AU T R A AR R, DT B AR
THPMWEE T, 75, BRI AL, e
FER, DR TR, RES DR R ORERE L R
Wk . ML 25 2 S5 Y (Ruiz-Capillas et al, 2005).

22 BEWEBITIES TVB-NESETHK

TVB-N S 7K 7™ i S P Sl it o ik B2 1 1
Tebr. HrEHER 2R TVB-N {H—B7E 5-20 mg/ 100 g
ZIA], AR 0 S A W] H2 32 R R 30-35 mg/100 g
(Ozogul et al, 2007), HHE GB 2733-2005 (it . #zh¥y
PEAG i DAARE ) , K22 TVB-N<30 mg/100 g 4
B

AR A TVB-N {E4 10.91 mg/100 g, X 5
HEEE A S Q013) MR FE 45 SR AR — 3, 8 I
TVB-N {EHHABK ™ it &, X AT RER i T4

SRR, NURPEER A R AR R 2
RN WSS S, #4 TVB-N {E
Fhim (EHE S, 2014), ANEGEBIBESGT, B3
W TVB-N {H¥ 2 F TR (&l 2). PR 30 KT,
3R TVB-NHAREA K, To i 22 5(P>0.05)
—20°C 4 AR L I 1Y TVB-N {H M5 30 K IF A b
AR 1MT—-30°CLHAI-50°C 1A TVB-N {E I ES 60 K
TTUEHH IR 55 45 KT, 3 422 1) 22 5 13 (P<0.05),
AR 90 K, —20°C. —30°C. —50°C 3 ZHXf N
(9 TVB-N {54354 18.28 mg/100 g 14.93 mg/100 g FlI
13.97 mg/100 g, /T 30 mg/100 g, £54 B R hrife .,
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Fig.2 Changes in the TVB-N values of squid
at different storage temperatures
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Fig.3 Changes in the myofibrillar protein content of
squid at different storage temperatures
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Fig.4 Changes in the Ca®"-ATPase activity of squid
at different storage temperatures
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Fig.5 Effects of different frozen temperatures on the
sulfhydryl content
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Fig.7 Effects of different frozen temperatures on the structure of muscle tissues
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Qualitative Changes of Squid (Loligo japonica) Under Different
Frozen Storage Temperatures

CAO Rong', WANG Fengyu'?, ZHAO Ling', LIU Qi'”, LIU Yuchuan’

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao  266071;
2. Department of Food Engineering, Dalian Ocean University, Dalian  116023;
3. Penglai Zhongbai Jing Ship Industry Co., Ltd., Penglai  265601)

Abstract Because squid (Loligo japonica) is not one of the traditional food sources in many countries,

systematic studies on its nutrition and frozen storage, even in countries where there is a long history of
squid consumption, have been lacking. In this study the squids were frozen at —20°C, —30°C, and —50°C

for 90 days to investigate the change in the meat quality and stability under different temperatures. The
quality was evaluated every 15 days during the frozen storage according to the sensory evaluation and
parameters such as the total volatile basic (TVB-N), the myofibrillar protein content, Ca**-ATPase

activity, the sulfhydryl content, and thiobarbituric acid reactive substances (TBARS). The results showed
that Ca®>"-ATPase activity and mouth feel decreased with the prolonged time of frozen storage at different
temperatures. In the first 15 days, decline in the Ca”"-ATPase activity of both samples was the fastest, and
it slowed down afterward. The contents of myofibrillar protein and sulthydryl was first slightly increased
and then decreased. The values of TVB-N and TBARS were elevated in frozen storage at all temperatures;
the higher the storage temperature, the more rapidly these values rose. The values of TVB-N and TBARS

were increased at a much higher rate after about 45 days, which indicated the deterioration in meat quality.
Microstructural analysis of squid showed that the muscle fiber bundles became loose during the frozen
storage. The storage temperature significantly affected the rate of decline in squid quality. Storage at
-30°C and —50°C better preserved the quality compared to —20°C. Therefore, —30°C or below could be
the recommended storage temperature.

Key words Squid Loligo japonica; Temperature; Frozen storage; Quality

D Corresponding author: LIU Qi, E-mail: liugi@ysfri.ac.cn



376 4 o B dt R Vol.37, No.4
2016 4 8 H PROGRESS IN FISHERY SCIENCES Aug., 2016
DOI: 10.11758/yykxjz.20150810002 http://www.yykxjz.cn/

R EZYE A RMESSFX S E F IE&A (Oreochromis

niloticus) &4, FERERIF BN

BEE? & A K

P b’

(L JTARWFERFK=240E BT 5240885 2. AR K4 U sl I A 00 2 B A T 2 7 A S 00
WL 524088; 3. JTARGHZAYHHCARAR WL 524022)

FE?2 meH 2

/ﬁsﬁ éi ,J]%,, 1,20

WE Bt AR R A0 2x10" CFU/g B AT B Al PG FRATEA A, EAMER
S G A A AR, PR 4 AR A R X E E % 4F & (Oreochromis niloticus) & K .
HMHABARTAAENDH, EREF: (VAT RME 4 BRESHAATEERG T FaWEE
F(P<0.05), /& FFia LAl R FhF — 2R EHREP>0.05), MHEHEAMESFFANE
o st KB RRE QERFTAM 4 AMEAHATUEERGZ 2 P Lk,
FRATE . JLERAT A SO AT H $ B (P<0.05), KMATHE B E B KT 3B 4(P<0.05), it B4k
HRI— BN AMMEAR A TR ET AN GA SN, LR ERG A0 E AF Ik ER
RE#. QZAIRLLAERE G, PFadBALHRT, aNIRARAR LT £E 4K
P, EBFEAMATHHEAL LT ERE TR, KRBT a0 2R RIPERLF A 51.42% (B 4).
58.62% (C 41). 58.62% (D 41)%1 68.93% (E #41), WP R4 A MAESH A AN AR RFPERT . &
FRr, AR SRR — AP EAEARAERF AT URS T E T Ea LK. hELG

T B S AR U )
K§in

hESERE S932.4 SCEAERIDAD A

IEH AR PRSI AY T LI A7 A= 6 B0
K. MRZHRERE, EMERERNMESRE,
SR Z L R SRR, XA R A YR
Rl A ORI R R 2 5 A AR AL A T A R
EEAG (R T P, F A FR G PN PR R 2 T R 25 A
FRAFAREL 3 B AR CRIG AR AF, 2007)0 4 2E ]
MULHICREE . Josk . o5tk RsA, JEarf
ROk ST BN AIE N A R R L R Rl A
MR HEFRFE S A | B PO T i, B
YO AR A BT AR Z AU (1] 5 55, 2000) . T HH R

PEAEZAMAESHT; TEFEE; £K; WHEFH;, WED
EHE  2095-9869(2016)04-0104-06

HEHLZMEFNSY, MEAK, A5k, gEx.
ZWESE . R MBEE TR S, BRI S LR R S
FAERRS PSR 7, 76— R b 25 R i i 18 B R 41
BRVBCE: (T 45, 2005), A —2e R A4 K
EYEPT, B, shR 2GR e K SR A U A T R
R FH R (1) F 5, 2000 1A e s 2 25 A4 IR A
AR E LR Z(TEKIFS, 2011 BURRA,
2013; HIYRAE, 2015), FEZK7J5 THIAGAF ST B A 0L F ML
YR (Litopenaeus vannamel) (GCEREZE, 2009; T
WSS, 2010; 5 RBESE 2013; TEHRIASE, 2005), &5

* TR AR TR B H (2015A020209181) A i VL TR £ 3 0 B H (2012A0302) 3 [5] BE B o % % 2F , E-mail:

tjf10002000@163.com

O WIEE . fMiL®, #I%, E-mail: jianjc@gmail.com

WA H#: 2015-08-10, Weisehhs H #9: 2015-10-27


abc
图章


43

A thEI2h A e R I 035 & % JE 1 (Oreochromis niloticus)2E K . i 38 B K b J1 052 105

% k1 (Oreochromis niloticus) (114 545, 2007)FI b
(Cyprinus carpiovar Jian) (4, 2012)", {H FiRBF5E
SRR i = Ne el S RN I I Birda i Bl 2 I (DA E =R
AT R P2, T R P R 2 0 A A A R P R
TnE AL A, R E 2 A IR B ST i R LR
o ARWFIERIR A %, AP SRS
WIS, BB P HE ALk, Zad— Bons ] 14
W, s B AR | T RN SRS
BRAGFEIR , Sy o B 2 52 A o A5 500 2 A R Al
(AT I B At — () e LA

1 HR57E
11 HEFEESTIEKEA

W AR R N L R Rl B R A
AP o BRIEFIAEIRIRS | AR AT . MIAR BT | P
PRE N 19.5+0.5 g (R VE NS . B 9715 9700
SCER I e P B B Ol B SR N mIRBERY 15
KV AT, B K TR R AR 8.0 m (K)x
5m (38)x1.0 m (), K 0.8 m. B 5[] SR 7
DA, 7 dJa A TREPL S . ToFLEE KR
A SR = gl

12 HEHEARMESHA

HEE2(ZL 200910132065.0) 1 A< 5206 2 $2 1, B
P ARG A 2 A MR A B mI SR AL L 2R AOFT T )
R 3 RZFFF A E . A AR, 2y
ZEFURT A IR R T B2 28 3 BRZE AT IR R TR, B
B A HIR 3 bR 2 AAT IR | 28K A g TR FLAT
A ORIk, e 28 05 ke A 2550 o rh e 2
ZIRGHARBMAR G Eh 3 B E . ek
RIS R FLAT AR 20
1.3 LIt

BB 375 0035 s B AR 2] 15 4K

L I 200 R S 5 4L ARG AL B,
C. D. B 4l, G413 FEE, SR
SCEAAEEHER 1)

14 RFEEEBFE

¢ 1.3 BT 7 SEAL AR TR}, LR A FE 0 11K,
B R R A S AR AR E Y 3%5%1 . ARG
6 f0 1 S AR AR IG , AF 7 d RS AT 2
St RN AT 7R AR, (NI B L o B AL B 1
Tk, B 7 d KT 1R, KIS (28.5+1.5)C, ik
5 AR 56 d.

15 HHEmREME

TR SEIEE IR (B 57 K), Sext& My
BT R, FRE, SRR M R BERLBEEC 10
R, AR AR TIH TR B, 7 T AR
A LREWIE, AP RE 10 BAaERS 8—
RS, KT 10 ml B5.05 hREl

1.6 HERERNE

CN LR AT W

TR 3 (Vo) =100 B8 45 SR I i £ R K0 1004056 TT B
N £ R4

4 R (%) =B AR AR E IR IR )< 100/ 4 A

TADRE 22 B (FCR)=45% £ /(A AR MR ) B 1A )

1.7 BFiEHAENE
Jig 18 TR BE I R DL K i an R 2 B o
1.8 HERIPRNE

FHHREE ARG 57 K), 4B A, B, C. DA
E 4 H94Mtb rPBEHLAME 20 B £, FHR 4 13108 CFU/ml
TCFLAEER DA PR B AT IR e 1 S SRR, R
0.1 ml/J&, M2 14 d, [AAfiE il 50 7 B i F
) &R ABET-AE DL, X6 Wi BE 1~ 9 3 56 £ 0E 47 At 1)

F1 ZREH

Tab.1 Design of experimental feeds

05| Group

[AHAC ] Preparation of feed

A 2 Group A
B 4{ Group B
C 2 Group C

Fehih fE k(R b 2 AE f iR RL) Basic feed (commercial tilapia feed)
it iR+ ZE AT B I Basic feed+ Bacillus subtilis (2x107 CFU/g)
Al AR+ BE 25+ 2R FAT I 5] Basic feed+ Chinese Herbal Medicine+Bacillus subtilis (2x10” CFU/g)

D 4 Group D F:flifa R+ A LS5 Basic feed+compound Probiotics (2x107 CFU/g)

E 4 Group E

FERLRD R R 25 2 A R 157 Basic feed+Chinese herbal medicine+compound probiotics (2x107 CFU/g)

1) . JS01
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Tab.2 Cultural mediums and methods for intestinal flora

KR HFhZE Medium types

B g2 %4 Cultivate objects

B35 4 F Cultivate conditions
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TR . ZEAAT TR AR | LR R ASUE A R 4L
BB TRHRA A(P<0.05), KIGF B BB
TXFHRAL(P<0.05) Ui B R IS i — i B i A 25
R0 L Hp 2 B A R T DA kst A £ Y gl
BELERE , DArpos 2 52 4 foAE 2o 300 1 e s R e i o

23 FEAEAMESHFANEETFERELI
HIKEERERP RN

R e R CFL RS, R A 1%
e 4FIET-, B, C. D, E4 NELRANH B P AE
AT 1), Eid e kM, &EYEmm
FET-FR R i TR LA BRI T sk, B, BdEnT Ll
TR R . RS iy % E4H
(68.93%)> D £H>C £H(58.62%)>B 2(51.42%), E 4H %
PE DRI IR 1 o

x3 HEHEAHESHANEEFTEEN
A K RAR R A B 2 e
Tab.3  Effects of probiotics combined with Chinese
herbal medicine on the growth and feed utilization
of Nile tilapia

b IIRGES R Tk R %L
4151 : .
Groups Survival Weight gain Feed
up rate (%) rate (%) coefficient
A 4 Group A 96.25 181.23+8.86*  1.21+0.04
B 4 Group B 98.50 218.31+7.53°  1.19+0.09
C 4 Group C 99.25 251.96+9.80°°  1.17+0.05
D 4 Group D 99.50 264.96£2.61°°  1.15£0.03
E 4 Group E 100 296.31£2.68°  1.12+0.02

TE: RPN F B EEARMEZE (n=3), [F—FIHhETE
FREAR A RIR 28 53 .3 (P<0.05) . T[]

Note: The values in the table were represented as Mean +
SD (n=3). Significant differences (P<0.05) were denoted by
different letters. The same applied to the follows
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x4 PEASARESHAMETEFT EFEREREFHNRM

Tab.4 Effects of probiotics combined with Chinese herbal medicine on the intestinal flora of Nile tilapia

4151 Groups I PEy ‘ . .kﬁéﬁ”@“ . %ﬁf%@ﬁ% ) ?L@?ﬁ% o XJUEZH%T .
Total number of bacteria (x10%) Colibacillus (x10°) Bacillus (x10") Lactobacillus (x10°) Bifidobacterium (x10°)
A4l Group A 1.48+0.03° 5.92+0.06° 1.60+0.15° 3.33+0.08° 2.67+0.07°
B 41 Group B 1.69+0.05" 5.63+0.02° 2.16+0.08° 3.71+0.06° 2.82+0.05°
C 4l Group C 1.82+0.07° 5.41+0.03% 2.8440.28" 3.92+0.09% 2.98+0.03"
D 4] Group D 1.89+0.04" 5.36+0.04" 2.954+0.15" 4.03+0.15" 3.03+0.04%
E 41 Group E 1.98+0.06° 5.01+0.03° 3.57+0.04° 4.53+0.20° 3.39+0.03°
80 63.93 THALBGER 5300, B B AR B R 2R, DTN 57

58.62 58.62

i 51.42
0 1 I 1 1 1
A B4

CH D4 E4H
251 Groups
P P2 B SRR 5 g 2 A g
TCFLHEBR TR S5 37 4 (4 52 )
Fig.1 Effects of probiotics combined with Chinese herbal

medicine on the immune protective rate of Nile tilapia after
infection with Sreptococcus agalactiae

(=)
(=]

SR
Immune protective rate/%
N N
S S

(=]

3 itig

31 HEHEAMAESHAXMETETEELEKIER
A

F HA R A5 (2010) 76 G R} rf 7% in v 75 28 0 2 A
B REAR SE XTI B A K, HL 3 A 1 A5 R g o
M. B FAEQ2007)ZH, A w M w2y A
il 77 B 2 1t 2 3R 10 4 i A K RN 4R v AR A
K, #h QOB I P A A MUEDS
WG, A758 3 FR AR A SR AR T hiE £
YRS G Al AREFEEs I W, kR as i 2
FUFF B IR PR 2 ZE AT B L A 2 T 5
e 25 52 4 U S R R Y RE S AR 0 5 B AR A
ARAERE, B B2 A A A A AL e A K
RORBAT o W5 R 51708 51 55(2007) . T W#55(2010)
A R 45 (20 14) RIS 25 SRAAT, it — e
B2 R 35 A AE A A AT LA A B ) 38 5V (T
45, 2004), 2 E S ZFE Y TR — R A
B, TSR IR S Ak, fRUEDLIARIC I A

1) . JS01

SHEIRIE KRR E | BRIRRR R CR IR, 2013). 75
— 77 10, i 2B R R R 2 AT T LR AT ) LA
A ZFPIHAREEZE (4 B, 2012)0, AT S ST AL TE N
TH AT B0 A P P, Al (8 S LA mT LS 4 i 7 AL
WS E B R B E SR, RS ERRUTER . Bk,
FLRRAT 12 3 T il 2 AL AR Ask r — e LR 3l LA Wi )
A, R — L2 L W LR, (3l i
pH {HFEME, BEMIE R IER NI, A H T 3h
DIRESOEZANE 7S 20 7}l 22 o IS LT R 1 E AN ]
et T H AR

32 HEHESGHESHIINEEFTEEHER
HI % i

IEH W A ) A RETE MR SR R T — 1 KR
BEBE, XEhE SR AR @R B . RS
T 5 A AR P (3R 2%k, 2002), 1M 2E AT B 0 A K
BT R K AR, RENEAE /K AL Bh i B9 38 H T LR
T AT O AT B AL R AT 1) B0 A IR B3R 8,
T A DR (FLERFF R . RUBEAT B Y A K 208
FEUE A G S BOR BE A0 K T TR A B o ASBIF ST DR
FRAN I 4 Bl 25 RS R RLBE AR v R
FLIRAT B . SUEE AT B A ZEF AT A i 8kt , il KA 1
R B Bk, X5 H A2 e e | R R LAY
TEXTHR b B4 RARPF O 2/ 45, 2007, hi4%,
2012; SRS, 2008), R AR AT X R
01 i 1 TR R 1) S AR R O B R, X R RE S i BRI
HRE 2 AN SRR, B A RUB AR KT 54 5 it Ah,
EMFF A K SFER P A lpia A S, AT
FLERFF B FUOBUEE T 17 0 A 4 20, o 24 2 ead i = A
1) — BB Bt BE A 2 LR AT B 2R K, 3090 D T 1Y)
KBS, P, HE T R 2 S A AR AE T
Ll B — {1 R B2 Bl 85 A B R A I RIOR

,2012
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33 HEHESHMESHFANSTETEERFT NN

=AY

Jo 3 A0 T 4R T R R LEE  RETETE EME N
FEHIE AP ORI, HEBTAI I SR B 1 A= L A
AT AL ™= A A AR B HEBUVE T, kb 1 X
FEY TR A, FLIR TR Y — e AR 4 % B i)
7 VL R B B TR L R R i ) A A AR (B3
5, 2008), FHHLAFQOINMIFR A, AR N
JV 38 5 A DA B FLKIE TRAA , AR = pg 95 PR HR A s
K SE R /7 o Salinas 25:(2008)7E 4 H 8 4m 2K
T 1) 7 5 2L R AT A RS B0 28 R0 B AT L I 2 4 1
Bita R A ARAMA S, SR ARRR R R TR,
PEHPUR T . IR A (2008) 78 FE R RNRHC J7 Hh 43
mERERMEERE, P AEAPUAR R E LSS 1 AL
AT F1 35 B 2 T BR4L(P<0.05) ., ARWFIESE R 3%
B, eGR4 Fh 25 A= RS BT e e
PR, X 5HHE%E2011), Salinas %
(2008) FNYR 1R (2008) W 5T 45 RAHST, Hh EAE &
TR 2 720 1) G DR AP R 4 T AL S B0 2, 3R
B 2GR 5 A TR R R IS A AR X B AR A
G ORI TR AR ST B Al 2 A 25 2B TR R D
T e e B AR A TR IR N, R R X 2 R
R AR AERE . il RN BUR AR AT AR A R
T, X Ry 2 57 A il A 2 R R K 5 B A0 1) R
FHAR L T — & Y P55 SRR A

Tk, A, WEREAG, SF. 45 A2 TS IR R B ERD SO AT
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Effects of a Compound Probiotics Combined with Chinese Herbal Medicine
on Growth Performance, Intestinal Flora and Resistance to Diseases
of GIFT Strain of Nile Tilapia (Oreochromis niloticus)

TANG Jufen'?, HUANG Yu'?, CAl Jia'?, QIU Jinzhu'*, SUN Jianhua’,
XU Zhongwen”, JIAN Jichang'*"

(1. Fisheries College, Guangdong Ocean University, Zhanjiang 524088; 2. Guangdong Province Key
Laboratory of Pathogen Biology and Epidemiology of Aquatic Economic Animals, Zhanjiang 524088;
3. Guangdong Lvbaiduo Biotechnology Company, Zhanjiang 524022)

Abstract Here we studied the effects of four kinds of probiotics on the growth performance, intestinal
flora, and resistance to diseases of GIFT strain of Nile tilapia (Oreochromis niloticus). Bacillus subtilis,
Chinese herbal medicine compound Bacillus subtilis, compound probiotics, and Chinese herbal medicine
compound probiotics were added into feed at the concentration of 2x10" CFU/g to form four treatment
groups. The results were shown below: (1) All four probiotics obviously improved the weight gain rate of
Nile tilapia (P<0.05). Probiotics also insignificantly promoted the survival rate and feed efficiency
(P>0.05), and Chinese herbal medicine compound probiotics exhibited the best effect. (2) All four types
of probiotics caused an increase in the total amounts of bacteria, bifidobacterium, lactobacillus, and
bacillus in the guts of Nile tilapia (P<0.05), whereas the number of Escherichia coli was significantly
reduced compared to the control group (P<0.05). These results indicated that all four probiotics in the feed
could improve the structure of intestinal flora in Nile tilapia, and among them Chinese herbal medicine
compound probiotics was the most effective. (3) After the Streptococcus agalactiae infection administered
with artificial intraperitoneal injection, all the Nile tilapia in the control group died, but the infection was
only fatal to some individuals in the treatment groups. Further tests confirmed streptococcus infection as
the reason of death of Nile tilapia. The immune protection rates of the four probiotics were 51.42%
(Group B), 58.62% (Group C), 58.62% (Group D) and 68.93% (Group E), again Chinese herbal medicine
compound probiotics (Group E) showed the highest efficiency. In conclusion, adding a proper portion of
Chinese herbal medicine compound probiotics into feed could effectively improve the growth index, the
structure of intestinal flora, and the disease resistance of Nile tilapia.

Key words Chinese Herbal Medicine compound with probiotics; Oreochromis niloticus; Growth;
Microfora of intestinal; Resistance to diseases

D Corresponding author: JIAN Jichang, E-mail: jianjc@gmail.com
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5| #2 3 78 & 85 (Cynoglossus semilaevisGiinther)
1 KA SE T A R IR LR R

%% 1,2,3 é ;}%z 1,2,3 giﬁk%ﬁ( 1,20
(1. AP ] 152k B H G s PR R S B s K R T R 2660715
2. WA SHEOREZIRE Rl S EY T S RS R E W8 266071;

3. LR OK - S B LI 201306)

WE 2012412013 4, LAEF Y 15-20 B 8 #y¢% F 4 (Cynoglossus semilaevis Giinther) #
HHIAERAERIEIL T, 7 dHILTEEHIE 90%-100%. R REE T RRE K L F I G R
fE, XREREMFBIHATTHLREFHRE, 5 A RT-PCR 7 E AT T K E 20 Fn i H 7 7 24T
HRRI, FREHEG—RAET A8 A KM, KR KRY 22-24C, & & F kAT H 7%,
FRIWA ETEE. B, 25 KB ERRRFFHER, ERaEKERTE MR mER A4
ALK, oAl WA S I B E AR, e &A% B RT-PCR &Il 45 R 24
EaRWAENFHEF MM, G2 th RT-PCR #4#l J¥, #4T BLAST thxf, KAZmH G & %
Z IR 09 B 0 R BB BE & 4 4 3K 38R 5 (Red-spotted grouper nervous necrosis virus, RGNNV)# & £
Y AE L PSR 98% LA b, T G f 248 2 3R 0 2 09 Hfh 3 ANFEEI AL . # B85 4h 2 3K R # (Striped jack
nervous necrosis virus, SINNV) | 21 # % 77 4 #% 4 3f 3. J # (Tiger puffer nervous necrosis virus, TPNNV)fn
4B B 4 b 22 IR 3% 7 (Barfin flounder nervous necrosis virus, BENNV) By A8 M 71%—-78%. | . 7T
DAHIE , REFR A I G| AL F 0 5 8 2 KL T B 230 70K 3 O RGNNV L F A, 08 5 6
0 B K E I N RKIE £ R IAE 08 & 85 500 Wy i fn & 2640 4 38 50 2 B0 R AT AL o
RTEAHEAEEE N,

K§ER VR E R R R B BE & 23K 3R 25 ; RT-PCR; A4l

FESERS S941  XEARIREE A XEHS  2095-9869(2016)04-0110-06

K 4% 5 5 (Cynoglossus  semilaevis Giinther) /& 3%
E L7 # WA KRB 2, 20 m TIRE M
RS, S SNE RN L E RGN AR,
MNERFE . DA, BARENEENE, B
R 3R I 1 b DX /K SR 9 0 2R A R s 22— Bl
P N T BRI, SRR
K, IFEL TG THAIRI(ZE T 15, 1993). (H)E,
M TR R R . FRIHIAEE AR AL R S A
SRR AWTIEG 22 Forh, JER 390 A A R M

R TERRARE #/ (Tang et al, 2008; FKIEE %, 2009;
Zhang et al, 2011; FREGHRSE, 2012),

2012 4FH 2013 4R, INAKE T W0 7 5 £
FeIa BAETBSIET, B 7 it 1 2 B B R T
Ll | AR E RIS ARG AR, (FAASR K T
L BHEEIG, B T M. ©
AR R, ARSI BT LIl 4 FhIE
Ay, BP. A LES 2 IR B0 9% 75 (Striped jack nervous
necrosis virus, SINNV) | ZL#& 7 Jy fili fft 28 R L B (Tiger

* B R SRR (2012BAD17BO D)% B . SEFJF, E-mail: suzidan08@163.com

@ WIiREE: S aEE, BF5E5, E-mail: shicy@ysfri.ac.cn

Weks HIY: 2015-06-10, Weig ok HM1: 2015-06-15
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TP 515 185 8 (Cynoglossus semilaevis Giinther) fi 1 ARSI T T 4 1 25 0 58 556 5 5 111

puffer nervous necrosis virus, TPNNV) | 7 i f1 BREAAH 25
YRFE 7% 7 (Red-spotted grouper nervous necrosis virus,
RGNNV) fil 5% B A2 8 bl 25 35 BE 9% 7 (Barfin  flounder
nervous necrosis virus, BFNNV) (Nishizawa et al,
1997). il , B3RP0 RTRE ] LU 10 H 33
Bl 50 4 Fh ff12%(Munday et al, 2002; Sano et al, 2011),
XoJ ¥ 7K S5 5 0 28 0 H 0 2K 1 i BT A R A
SR, A DL 0 oy R e £ A bt 28 R B0 1 A 1

A5 i A 80w 2= T oy A7, % b
IR 0 AT AT, B URUE S e R
P INBEIE I R IR 2, 1% R A 1 0 T I B
I R0 2 Bl 28 SR B0 B 1Y A T AL A 5 O T AR B A
HEME L,

1 #RERZE
11 HmRESLE

2012 4FF1 2013 4, IWAREF B & 1 F i & iy
O IR RUBIIE T, AR G oL A , 1050
R IE RARFAE , SRR BA LI RAER Y 15-20 H i
W . —iRsr P RNAlater (Qiagen, Jb&0)
PRAE, T RNA EBCRUR SR . — 35 h
Davidson’s AFA [EE A, FHTHEUREMST .

1.2 HARFREYRE

XF Davidson’s AFA [& 5 & [& & A9k 1, BUECM P
SKEBLHL, HATAMEHLT R AR -2y fa, B
J 5 DG B8 (Nikon E800, H A) WA 5K,

1.3 RNA BJIEE

HU RNAlater PRA7 I a3 HRAL 212 30 mg, R H
GB #MBHIAA GO mAEY AR, i), S
B A5 BRPE AL 215 RNA

1.4 RT-PCR #&inl

R4 GenBank HEL £/ A0 1Y £ Sl 2 SR BE 9 7
FYFEEH P 1, e EUAESF X 1T RT-PCR 514, F1: CTG
GTC GGC TGA TAC TCCT, R1: CAA CGC CAT CTG
TGAACG, HIrY 1 BERK/NA 399 bp,

PL1.3 BRI 4L RNA B, KA
TransScript First-Strand ¢cDNA Synthesis SuperMix
(TransGen, U017 G% 5%, A Bl cDNA £54i . 20 pl
SRR ZR : 0.1 ug/ul BEBLS 9 1wl B2 5% 1l 2 x
TS S SEZE IR 10 pl 4141 RNA 3 ul .[DEPC /K 5 pl.
FE SRR : 25°C 10 min, 42°C 30 min, 85°C 5 min,

B3R G ) cDNA AR #E4T PCR ™4 .25 pl
PCR [ fAZ: 10 umol/L F1 F1 R1 51445 0.5 ul, 2 x
GB-Direct PCR Mix 12.5 pl, ¢cDNA #i4 2 ul, DEPC /K
9.5 ul, PCR W FEF: 94°C 5 min; #RJ5 94°C 30s;
58°C 30s;72°C 1 min, 35 MMEE; )5 72°C 5 min,
W S8 P AT 1% N EE e HL UK, W5 ST T R

1.5 F5Lk3xt 58S

PCR 79 i A T A W) T AR (i) A R R kAT
AU, PHESS B P55 AL, 1] BioEdit 4K
FH1 BLAST K AF AT e SUAR R 20 A7 o

2 F#HR
2.1 RIEIERIIMEREFE

PR R BN, P A R B ) R A K T — i
1E 22-24°C, FH/KIAEREESR 30, pH 2 7-8, 1-12
HEY LA K 30 HE DL E Ml 2. 13-30 Hi
f) 0 B A EE, SETZ ik 90%—100%. 50 H % LA
AN R . R ST R L SR E R i
BlE 4 B KR BE P TRAR VR B SRR . fadk Ty, B
KIS, FR A R ARG . R
F A RE IS TR, (R AR SR T L YA A
ML 1),

K1 oK o 02 o R £

Fig.1 The diseased fry of half-smooth tongue sole
C. semilaevis in water

2.2 HAFRIENE

X SR B 4 SR 2 T T 5 #0047 21 20 PE e UL
¢, AT LAE B IS AT T VA 22 SNSRI BRAR AL, RV
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2 )R 937 %

A 14 R A 0 S 2H R s i A o A RO T 7 5 £
BRI A, s W R A1 A A 2 B
FEAL I A DL AN 2 . XU A= LR T i)z, v
HR A 22 2H 2L 23 9 A s 728 32 2 1 BRI K SR L,
HLAE 23 90 )8 A R i W B A4 7 A B A (14 2)

23 JXEH RT-PCR ¥ 4R

K RT-PCR J5 ¥ % TR 46 09 2 W & 5 A R4 T
R RIEIR R AOAS I . HE PR 4 SR R, SRS
A JLRER, R REA I 25 S 4 R i FHAE (R 3).
2.4 FIILbx SHEES

X 3R RT-PCR F=#i ¥ 3147 BLAST HXT,
ER BN, BT SR A 2 IRBENR B (CsCN NNV)

5 RGNNV kP8 i R R ——L 7 A B A b 2230
S 9% B (Seven-band grouper nervous necrosis virus)
(GenBank #& 5 : AY324870.1) 15N HHLIME K 98%,
gy B 9 (Lutjanus stellatus) . 48 K PE VE A BEfA
(Epinephelus marginatus), 4 (Paralichthys olivaceus)
FIA7 [CHE 6% (Trachinotus blochii) i) LR S M 2 IR BE SR
BT HIA I YIAE 98%L) 1 75— TJ51H, CsCN NNV
55515 ET SINNV, TPNNV., BFNNV FE[R A f %
M UM% (Pseudocaranx dentex) i 28R IENGEE . LLEEA T
fili (Takifugu rubripes) #ff 28 35 3E 9% & FI 2% BE 22 ¢
(Verasper moseri) #f 28 38 5E 9% B 1) 7 51 A7 1) 4 A 7E
T1%-78% 2 [AI(K] 4) o MAE B2 1 75 B0 ph 2 I8 5000 7
FEHFHIC 442585 GenBank, #%'5 KJ541748.2,

B2 b i R AL S U B A Al

Fig.2 The histopathological characteristics of diseased half-smooth tongue sole

A, AL E WAL RRAL, 100 pm); B, LR 4 LU 1 (FR R, 20 pm)
A. vacuolation of brain (Scale bar = 100 um); B. vacuolation of retina (Scale bar = 20 pm)

M 1 2 3 4 5 6

3 3 MR AL Y RT-PCR A6 45
Fig.3 The RT-PCR results of diseased half-smooth
tongue sole

M: DL 500™ DNA Marker; 1-4: J& ke fh;
5: BHMEXS ARG 60 BHPEXTHR
M: DL 500™ DNA Marker; 1-4: diseased fish;
5: Negative control; 6: Positive control

3 itie

e i T B Ry R B 2 M K SR A S R, T
A R B TR RS, (AT 2P0 o ) S A A H 259
K. Bz T hEHE, EAMBEES, 7
PEEE R, TR | R AT, 2RI
By kA, R O SE T I K
AR ACRE R . 2H 205 B EE T J %) RT-PCR A,
Al DA A 2 3R AE 5 2012 471 2013 4221 7 fig
B RSO T 2 A S SR IR AU 5 1 B UL 5 RS 1 o

PR A BL, 13-30 H S 0 s 2 i E i se
TR . PEIRGE, 13-35 H A8 & 8 a0 IEAL T
AW, LB AR i L R eI IR A F
T 22 240 R R B T T st £ A A ) I ) RO i A
P& A BB AR, DLIE RIS A2 15 (Ma et al, 2006,
2007; FAHGHEZE, 2011), WS AR YL T S



%4 SETFFFEE: gl 1 B (Cynoglossus semilaevis Giinther)ffi 1 K AR BE T[4 1 22 SR S0 00 35 113

CsCN NNV CTGGTCGGCT GATACTCCTG TGTGTCGGCA ACAACACTGA TGTGGTCAAC GTGTCGGTGC TGTGTCGCTG 70
Sevenband grouper NNV L e e e e e Ao oo 70
Epinephelus marginatus NNV . ... ... . .. it i e A e e 70
Golden pompano NNV L i e e e e e 70
White star snapper NNV . i e e e e e 70
Paralichthys olivaceus NNV . C. ... it e e e e e e e e 70
Barfin flounder NNV LG G T s e C..Covven oo Ao LAl 70
Tiger puffer NNV GG e Gttt e e e 70
Striped jack NNV R O B R Toooor ool ALCA ... 70
CsCN NNV GAGTGTTCGA CTGAGCGTTC CATCTCTTGA GACACCTGAA GAGACCACCG CTCCCATCAT GACACAAGGT 140
Sevenband grouper NNV e e e e e e e 140
Epinephelus marginatus NNV .......... Tei Ao 1 140
Golden pompano NNV ... ..., T e e s e 140
White star snapper NNV ... ...... T e e e 140
Paralichthys olivaceus NNV . .. ... . e et e e e e e 140
Barfin flounder NNV .. .... G.T..C..T.... ....... Cov v o T..ATT . ALLCo ALLCTTG. . A 140
Tiger puffer NNV ... ... G..C..T..T..C. .T...T.G.. Ai....... G ..ALATT.. ... A....C A.GC..G..A 140
Striped jack NNV .Gl C..T..T..C. .G..C G..C A..T.C T..C..G.CG 140
CsCN NNV TCCCTGTACA ACGATTCCCT TT——————— C CACAAATGAC TTCAAGTCCA TCCTCCTAGG ATCCACACCA 203
Sevenband grouper NNV ... .. ... ... L 00 e e e e 203
Epinephelus marginatus NNV . ......... ... ... ... .. e e e e 203
Golden pompano NNV ... .. ... ... .0 e e A e 203
White star snapper NNV ... .. .... ... .. ..., L. e e e e 203
Paralichthys olivaceus NNV .......... .......... L e e e e 203
Barfin flounder NNV CA..Cooo. ..o Covivs . G——— . AG.C..... T.....A A JAT..T.. C..T..C.AG 203
Tiger puffer NNV CoGovivnn v, A. CA-CAACTG. ...TTC..GG ..TCGT.... ....... T.. C..TGGT.AG 209
Striped jack NNV C.A..CC... v A. . AACAACGGT T...-C..GA ..TCGT.... .T...T.G.. CG.G..C.A. 209
CsCN NNV CTGGATATTG CCCCTGATGG AGCAGTCTTC CAGCTGGACC GTCCGCTGTC CATTGACTAC AGCCTTGGAA 273
Sevenband grouper NNV ... Gt e e e e e e 273
Epinephelus marginatus NNV . .... Gt e e e e e e 273
Golden pompano NNV e e e e 273
White star snapper NNV o e e e e e e 273
Paralichthys olivaceus NNV ... ... .. . i ittt ettt e e 273
Barfin flounder NNV DTG G e AL LG AT TCATLALL T, oG e T GoLC 273
Tiger puffer NNV LTo.ColCo WT.. . CCAL. CALT... AT TCALT.. A LALLAL... T..CUT... JAL..G...G 279
Striped jack NNV C..CC.C. .T....CAAA C..T..... T GTCACT...A AA...T..C. ......T... .AT...... G 279
CsCN NNV CTGGAGATGT TGATCGTGCT GTTTATTGGC ACCTCAAGAA GTTTGCTGGA AATGCTGGCA CACCTGCAGG 343
Sevenband grouper NNV ... .. ... ... Gt e e e e e 343
Epinephelus marginatus NNV .......... ... Covvvvn inl Co... .. A e e 343
Golden pompano NNV ... .. ... L. Gt e e e e e 343
White star snapper NNV .......... ... Gt e e e e 343
Paralichthys olivaceus NNV . ......... ... Gt e e e e e e e 343
Barfin flounder NNV T C..C..... C..... C.... .TG.G..... AG....... C....TG..A. ....... G.. 343
Tiger puffer NNV T...T..C.. ...Coeooco ..G..Couvn Lol GCTC.. .AAGAAA..T G..C.AAA.. AC........ 349
Striped jack NNV TG..C..C.. C..C..G..C ..G..C.... .... GCG... .AAA...... G.CA..CAGG T...... T.. 349
CsCN NNV CTGGTTTCGC TGGGGCATCT GGGACAACTT TAATAAGACG TTCACAGATG GCGTTG 399

Sevenband grouper NNV ... ... L. . C..Covvvn L. Govvver ol 399

Epinephelus marginatus NNV ... .. .. ittt vt o Coveni i 399

Golden pompano NNV L. . e Cee e e e 399

White star snapper NNV ... .. ... ... e Coee e e 399

Paralichthys olivaceus NNV ... ... .. .. . e e, Coe e e 399

Barfin flounder NNV [CR C.AT ..... GC.A. ....T..T.. C..C..A..A ...... C.G. ...... 399

Tiger puffer NNV .. TC..GGAT ..... AT.G. ....TG.T.. C..... AGTA ..... GAC.. ....C. 405

Striped jack NNV G.AC...GA. ..... AC.G. ....TG.... ... Couun A.......T.. .G.CAC 405

Bl 4 CsCN NNV 5 8 #ffa 25 I8 509 55 4L T 51 (1) FL A

Fig.4 Comparison of the amplicon nucleotide sequence among nine strains of nervous necrosis viruses

CsCN NNV P985 i #l 28 R FE 5 25 (KJ541748.2) ;. Sevenband grouper NNV : 5 77 B €8 1 Z5 IR JE R 5 (AY 324870.1);
Epinephelus marginatus NNV : 7k K78 i £ B 0 4 22 IR B0 5 (KF748942.1); Golden pompano NNV : 7 [QER 6544 £ IR 504
B£(GQ904199.1); White star snapper NNV : [ 2 ## £ I00HEEE(AY 835642.1); Paralichthys olivaceus NNV : ZFfif il 25
INBEHR /5 (KF841612.1); Barfin flounder NNV 4B 2 B 25830 7 (EU236147.1);  Tiger puffer NNV £I#84: Jy fili pfi 22

WAL TE(EU236149.1); Striped jack NNV #54748L65 1 22 YR FE % 77 (AB056572.1)
CsCN NNV: Cynoglossus semilaevis NNV (KJ541748.2); Sevenband grouper NNV: AY324870.1; Epinephelus marginatus NNV:

KF748942.1; Golden pompano NNV: GQ904199.1; White star snapper NNV: AY835642.1; Paralichthys olivaceus NNV:
KF841612.1; Barfin flounder NNV: EU236147.1; Tiger puffer NNV: EU236149.1; Striped jack NNV: AB056572.1
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il o5 R 0 A B AR P R ) A8 R 2 YAk, e e B
1075 A K JE T (Tanaka et al, 2004; Manin et al, 2011).

AW RT-PCR HEORFFHNE , 735 1k
Yuo g T SR PR SRR EE CsCN NNV [543 L [
FEH . AR He R 50 4 0 s, %R 500 8 A
BT A B | AR OR VG A B S R R Y S Bk ph
ZEIRAUIR 5 (0 RGNNV K& [K 0 ) A A 481 1 i
98%, 15 HiAth 3 Ffr 3ok R 7Y 1) £ 2R b 28 SR B0 75 1) A
IR 71%-78%, L, B NE15  85 1 i 2838
eI EE CsCN NNV i J& F RGNNV 3 [H 7 (Nishizawa
et al, 1997; Toffolo et al, 2007)., *% &Fi% & i It
AT R A B BT, B kANt
INBOA , 0 S e 2 Vi 65 A 1 1 A 2 IR B0 BE AR T
RERVR T [R 37 0 Hofh A BE A Y, A B A H A
BT BT KL% o B T2 8 it 2 b 220K
FUIR T Y USR8,
LT KHARIE T XANTER —F Wi h IR 2 fh i
BT, 38 N P IR AU 1 58 SURGL I LG & A7
11 BE 1 F14R2 W) i (Lates calcarifer) 2 [A] (Hick et al,
2011; Manin et al, 2011), I, 765 fhad R H s 4™
M AT IR ELIHEE , e e R e, A BEL G £ S
ZIRBEIR B (KT AL G874

HRMAIRTUNREE T2, A4 50 RFEFIR
7K 2% (Munday et al, 2002; Sano et al, 2011), {H2f4
BRI ANTE I T o A5 UCIE S22 1 5 6 £ 2
ZRIRBEIR B 1 R AR BRI, X — R BUAE P 0 7 e
s B ¥ R £ A 28 DR B8 7 09 T A T ML I 5 D7 TR AR
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Preliminary Study on Massive Mortality of Hatchery-Reared Half-Smooth
Tongue Sole, Cynoglossus semilaevis, Associated with
Viral Nervous Necrosis

SU Zidan'*?, LI Jin'*?, SHI Chengyin'*"

(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. Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071;

3. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai  201306)

Abstract In the years of 2012 and 2013, there was an outbreak of disease and massive death of
half-smooth tongue sole (Cynoglossus semilaevis) 15-20 days post-hatching (dph 15-20) in a hatchery of
northern China, and the cumulative mortality reached 90%-100% within one week. The outbreak
occurred in July and August when the water temperature was 22-24°C. The symptoms included erratic
swimming behaviors such as spiraling movement and fast swimming in circles, without hemorrhaging and
ulceration on body surfaces. The histopathological examination revealed typical signs of viral nervous
necrosis. The nerve cells of brain and retina underwent severe vacuolation and necrosis. RT-PCR with
primers of nervous necrosis virus showed positive results in all samples from moribund half-smooth
tongue soles. The RT-PCR products were then sequenced and the sequence alignment was carried out with
BLAST. It was found that the sequence similarity was above 98% between the nervous necrosis virus in
half-smooth tongue sole (CsCN NNV) and five strains of red-spotted grouper nervous necrosis virus
(RGNNV). In contrast, the similarities between CsCN NNV and other three genotype strains of NNV:
Striped jack nervous necrosis virus (SINNV), Barfin flounder nervous necrosis virus (BFNNV), and Tiger
puffer nervous necrosis virus (TPNNV), were only 71%—78%. Therefore, we inferred that CsSCN NNV was
a new strain with RGNNV genotype. It was the first case of naturally occurred RGNNV infection of
half-smooth tongue sole. Our findings provided insights into the epidemic mechanism of RGNNV
infection as well as the prevention of viral nervous necrosis in half-smooth tongue sole.

Key words Half-smooth tongue sole Cynoglossus semilaevis;, Red-spotted grouper nervous necrosis
virus; RT-PCR; Detection
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4 78 H 88 (Cynoglossus semilaevis) Nramp £ &
RS RIES R SNP IFiE

MG B KA R

(1. ARV R AT 52 R R R S P UK BRI R B S IR DR H ) 2660715
2. IR SEARZLRE R S e IR E W8 266071;
3.0 BMRHEERFOKT S B 2013065 4. HENGETERFEIE AT AR H S 266003)

HE KK U AE X E % 40 f2 % & (Natural resistance-associated macrophage protein, Nramp) & T £ &
bHRITEL, RANFRANFLEERSE. AYTES AR NN EEREER. AF R FEFH
(Cynoglossus semilaevis) Nramp 2 F# 47 7 e fnk sk oA, Xt H GBI H R LA 2 HF]R 5
7 M (Single Nucleotide Polymorphism, SNP) (L & #£4T T i 26 . % £ H ¢cDNA J7 5| 4K 3717 bp, H ¥ ik
%] i #£(Open reading frame, ORF)1677 bp, Frém#l & &4 4 558 N2 L8, %% A H Nramp K ik #y
RURAE, 45 10 /% JE X (Transmembrane, TM), 1 4>t 20 & B 7% ZL 41 BB 0 R N 4535 28 G R AR 45
#3% (Consensus Transport Motif, CTM), & % %3 Nramp By ORF K 3% 4 1 4K 0L F 5 H# 30 4 Nramp2
H £k S 45 | & A 4 4 AL B (Iron-responsive regulatory protein-binding site, IRE), 7 % #§ Nramp 5 H it
14 M4 Ak B Nramp 228 )7 7] B IR 63%—-91%= 8], Z 3o &, F & 4 Nramp ffr A &
2 Nramp R&EH —#%, 5 H M4 Nramp2 893 & X R0, SEHKOEEE PCR 247 77, Nramp £
FAEFBREGEEMEREFNERAERRT, MENATERTHERLERRK; £0%ERINERELHFHE
EFHEIE, AR A EE A EAY, AT RI AN TEAS, FIH EENF 5N R L8
INH JE Bl — K R 233 PMERGURANMER 165 4, BORAME 68 A1), M E| 15 AN SNP L&, xfH 3 4
SNP 1L /& B SNP-g.3113(T—C). SNP-g.3125(A—G)# SNP-g.3164(A—T)Z 4T 7 2 & & & I, SNP-
g.3125(A—G) B %L HE [ (G) A 3 An 2L (A AL (GG) M % 5 4 08 45 40 88 I T K0 2 L 3 46 % (P<0.01)., #F
RERKY, Nramp HXEFEEEE LB EENIRE A AERLEZEZNPH, SNP-g3125(A—G)
AR N A LR AT AL R . ARFE RN E R & R E R ERA

KB FEEE; RATMEAEX B2 E & (Nramp); 3£ F 7% ; RT-PCR; ¥ 4% 4 E: % A 1 (SNP)
FEDES S965 XERIEEE A XEHRS  2095-9869(2016)04-0116-12

- 18 75 5 (Cynoglossus semilaevis)sk & T H
(Pleuronectiformes) . 7 #3F}(Cynoglossidae) . )&
(Cynoglossus), FEEMALERE R i, %
L RIac8 3N LT e < = W S B I B W B [V 7
ZARMR R, HARRKH P AR SE | TR
R, R RIE S B R P RS, 1988),

AR, R A SRR R DL B A i Y 4
JEIA, B S SRR K | R R A A T R SR
Delrl e H g &, s 2 7 0 8 ) AR
AR T o TR, TR T B A S 3 A B e A
5T, i e ORI R A 20T hnic, X T o 8t
Pl 2R BT LR IR IR 7 Ml 0 e BR T 528k I B A

* ERARBEILETH (31530078) 1 “INARA FEILEHE SR E” FLFEPD, JM% K, E-mail: xinghf710@126.com
@© #IRFEE . BRFAFR, BFFE5, E-mail: chensl@ysfri.ac.cn
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TSR & & 24 W % 5 Cynogl ossus semilaevis) Nramp 3 [ 72 [ 5 2 1k 43 #7 B2 SNP §ifi ik 117

T EENE L,

FKARPUPEAH 5 B W 40 ML 25 A (Nramp) & T I &
Mem R, HATIEHI M P9 AR AR AR G L R B AN
AL T 15 2 254 FH (Blackwell et al, 1995), 7&Hfffa]
R % 5 B AR ST P (Skamene et al, 1991), 1 T Hii
WEAEA KM HE-Fao6e, KWk, X
BB IE RS ERG 11 5 1 (Solution carrier
family 11 member 1, SLC11Al)(Blackwell et al, 1996),
IR — W BA 10-12 LA RS EELEHE , & 14
M N iz B VR IR S R 3k, DA 1-2 S BEFEAR R Y
JR AP FRAR S5 H (Bairoch, 1993), Nramp & [A e
Vidal 45 (1993) 78 58/ BRI b 2 B, I BE IR ] 52
e g 3 XA LR A2 ol | 23 SCFFTRT . 19800 T T IR
ST PN A AR TR Y R A SO . HL T, EAE AN
S5 R 2L B vh e B A AR M AR OC g 4 it A 1 R
Nrampl 1 Nramp2(Vidal et al, 1993; Kishi, 1994;
Grunheid et al, 1995; Kishi et al, 1997), Nrampl J&—
AR PRSF R FE R, F2BEAE IR P R 40 M B A
Y. AT . R . SRR I A A R S SRR (Cellier
et al, 1994; Feng et al, 1996), 1fii Nramp2 NI 7E 45 K £
B2l UM 40 9 1 £ 3K (Grunheid et al, 1995), 7EM 3,
Sl W A P X Ak %) TR A B 3 R S ) D 81 R R T
P44 F (Gunshin et al, 1997; Fleming et al, 1998)., H
FiT, £ /R E 78 1L 6% (Oncor hynchus mykiss)(Dorschner
et al, 1999) . i ffi(Cyprinus carpio)(Saeij et al, 1999) .
B 15, X2 #il(I ctalur us punctatus)(Chen et al, 2002) . fif
ffi (Lateolabrax japonicus)(Burge et al, 2004), ELfi]
(Pagrosomus major)(Chen et al, 2004) . 1 #:(Paralichthys
olivaceus)(Chen et al, 2006). Kk ZZfif (Scophthalmus
maximus)(Chen et al, 2007). . ffi(Ctenopharyngodon
idellus)(GiE £ T4, 2011)SEW Rl k4T T Nramp JE K]
SR, I X IR R A REAE 8 B i TR R RS Y 2H 4
FZm A R IR AT TR, (HA X Nramp ERHZE
PE 5B 0 SR BT B 5 /D o ASBIF 5 X4 i o
Nramp AT T ke . JPHIHXT . HEIRIB T,
FHE KA IHIT Nramp FEH 2B S P05+
PRIC R IRE , i & SR R 0 hRic i B E
FhERAE TR I HF

1 #FREFE
1.1

A 125 i, PREE R (145.01460.02) g, 14
K 4(27.68+5.53) em, K H 1L R4 i FHT &K= H
BT, FREEEETd ERWREH. Bk

BRAOAF . M. B B BE L dfm . G, O B2k LA,
PERRSE Y, WA AT, 80 CIRIF&EH .
T B R L BB N P 58 2 (1 18 AR SL B0 %5 2012 4E F 1l
KA B BT =W P s o W4k [CIREE (Vibrio
harveyi ) g Ff Fh AR 5256 2 AR AT

1.2 EFEZ DNA F15 RNA 2EUE cDNA &

SR H B -3 15 75 (Sambrook et al, 2001) 4 5L
BEAH DNA, XGEKEM R, FIHSEMHO0ETT
(Biophotometer, Eppendorf)ill ;& DNA ¥ &, JF4: 1%
DR REWEGE R L UK A  SE 8 M, —20°CORFE# T 5 Al
FHAS RNA b4 R & (Rl R IR A HD)
FEIUAAE S RNA AL EE TN E RNAWKE,
A 1% NEREEE R HL Dk A 52 8 M ] TaKaRa
B IR & i cDNA B8, —20°CIRAEE .

1.3 35|¥i%it K PCR ¥ 1%

PR BRI T B B RNA, I U 5% ¢cDNA
(TaKaRa), M5 A S50 2 2 5 0 85 5 5% 200 1y 75 2]
Nramp % s A5 B A 1514 Nramp-F/Nramp-R( 1),
DI o SR IEE cDNA i, 28 PCR ¥4, 7af%,
W e A7 PP 3 B, MR 95k e 1 e 1 55 N By 4]
Wit 4 FFE S IGER 1), 400l T 5" RACE fil 3
RACE KB, R0 R Bt sobs . MrPi)s, 15
#| cDNA 2K [HAK 2 I SMART™ RACE cDNA
Amplification Kit(Clontech) i B 4571,

&1 PCR¥IEETASIMFS
Tab.1 PCR amplification primers used in this study

BIE7EA S 51975
Primer name Primer sequence (5'-3")

Nramp-F CTGTGCCATAGCCCTCAAC

Nramp-R  AGTGCCAAACCAGGTAGCC

p-actin-F  GCTGTGCTGTCCCTGTA

p-actin-R ~ GAGTAGCCACGCTCTGTC

RT-F ATCGCTCTCTTCATCTCATTTCTC

RT-R CACCTCCAGTGTGCCGTTGT

3'F CTGACTTTCACCAGCCTGACCTCTA

3" Fn TGCCCTCCTGTCCTTAGCCTATCTG

5'F CCTGGTCTGGCTTCACAAGGACATAC

5" Fn CAAAGGTGTCGGTGATGGTGATGAG

NUP AAGCAGTGGTATCAACGCAGAGT

UPM-L CTAATACGACTCACTATAGGGCAAGCA
GTGGTATCAACGCAGAGT

UPM-S CTAATACGACTCACTATAGGGC

Nramp-GF TAACAAACCGCTCACCTTCTG
Nramp-GR  CGACTATTCCCACCGCCT
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S E R PCR: LA B -actin(KF932267) N %,
FHAER AR SRS ) RT-F 1 RT-R A 4 4 LG e
HIE, AR RIAZHFEAFBE R Nramp £ik, 5050
FEAE G HCN S(HAARTT %2 I TaKaRa & fHid 6.

14 HMRR#WE. 2EENF

TEkE Nramp JE ) PCR F=H4 1% 35 I b 5E
Jie L kARSI, B Y R B DI T i [ LR T 2 BR Gel
Extraction Kit(OMEGA)IRF| & i1, % BI=9)
5 pMD-18T #{K(TaKaRa)f%BE/REL 5 : 1 MR
A, IMAZEAARTRY Solution I T 16°C 4, HU%#:™
Y110 pl 1L % TOP10 KT B (Escherichia coli)/gk
ZAANML, W PCR %5 i BHME eSS, i Rk
I 57 ) A RN EII T

FHF %1% Nramp J£[X SNP /Y PCR 724, B 5 ul
25 1% 1 BN W B i R TR I, 5 T BT B — 1)
PCR 724 4% L St b 3 57 5 A3 FRAA "IN T .

15 RFIlatHmnEiEsit

FIFH NCBI 3 BLAST T X 5 Hf 12 45 5
HEAT R PR HEXT s JH Signal P(Nielsen et al, 1997)7:Hr
55 K)F %, FIH ScanProsite 7E 26 Ik 55 %5 (http://
prosite.expasy.org/scanprosite) 73 1 25 F AU e 2544 ;
Jil DNASTAR 5.0 {70 #r cDNA FE5I FIT I i3
HE; FH Clustal W #014:(Kyte et al, 1982)#k1 7% & ¢ 4]
Fext; FIF MEGA 4.0(Tamura et al, 2007) 7 #4845 41
¢ (Neighbor-Joining, NJ)(Saitou et al, 1987)#) & &
Gt s R Kyte and Doolittle 5.1 (Kyte et al,
1982), i# it ProtScale 7EZk T. H (http://web.expasy.
org/protscale) M 2 1 1) 25 K MEAFAE ;. 12 PopGene
32 S M BRI AU R | SR LT | Hardy-Weinberg
S 4G 56 25 5 A SPSS 17.0 Fil SAS(Version 9.1)% 44
X SNP 7 i 5 P ROCHRMEHE TR T R 6 o

2 RS9

21 FiBEH Nramp E£E £ 4K cDNA BIEE

FIHBIH Nramp-F/Nramp-R, DL2F 1 75 65 5
cDNA MHif, PCR ¥ #4152, 54 1085 bp B H
2, G MF K BLAST HXF4-HT, B E %5k N
Nramp 3£ F R B s AR50 R B it &k 4 ke g
Vit RACE 8%, 4+517%%] 5 RACE 772 bp #il 3’
RACE 2068 bp. FH#f4 DNASTAR Bf#15 2k i &
fiy Nramp J£ K 42K ¢cDNA J¥51°4 3717 bp (GenBank
J¥91%5 . KP878556), 11 % i Nramp 44 cDNA H

1677 bp BYFFHL L HE(ORF) 545 1K) 172 bp 5" K bk
#17% X (Untranslated Regions, UTR)FI—~ 4%} 5
) 1868 bp 1Y 3" UTR . 3" AR ui & A 1 4~ SAI 1
55 AATAAA 130 bp [ Poly(A)EE; IL4h, 7E ORF
A ERBLT 1 AR EHIE 4SS AL (IRE) Y
FHHE ¥ 5] (CNNNNNCAGTG)(Casey et al, 1988)(& 1).

22 FBES Nramp EAMNEHSHT

MRS A1 5 85 Nramp R cDNA 331 4
S AR R E IR, A5 AP ER, 1677 bp Y
ORF 3 4ifith | A~5r 558 ANZFEMR 6 1, T AH i
Sy TFECN 61.9 kDa, 2 5N 4.95, F ] ScanProsite
IIFFZEA R R 1), EIZEAEA Nramp
K AVEEAE . 10 NI (TM), 14~ 20 12
FEWR R L 2H 0 L BE DR ST Y L BT PN B I 4 )
(CTM)/ T TM6 Al TM7 Z (1], 3 ANIETE R N-FE3EAk
FERNL S (N-X-S/T-X), HI¥iF TMS F1 TM6 Z [,
WIS A C BRI ALAE AL (S/T-X-R/K), 435
AT TMI1 ZHTHY N 3@ F TM10 Z 5 B C s %8 H
W EA 1AL T TM4 H1 TMS 22 [8] ) 15 22 9% 54 B R 1R
AAE FIAE 15 (R/K-X-X-X-D/E-X-X-X-Y), 13 > N-5 7%
P Ak AE 57 15 (G-[EDRKHPYFW]-X-X-[STAGCN]-P)
A K 6 A~ T 25 110t 1 B R Ak A A A5 (S/T-X-X-D/E)
(1) NEAMZEIERA N LE, Leu. Val, lle. Ala,
Phe. Pro. Met LK Trp SFAEM PR HEMR 7 52.6%, 3R
B EE H B B g K 2, 3833 ProScale 57K 45
Mrim 25 Rt it — 25 500F T X — B AVRRAE (B 2), fa2k
Nramp F5E 7K 5045 B 5 /N AT Nramp?2 JL-F—2L,
I8 5 Nramp 5 61 | FREE6 | A5 SR AIATF 12
(1)) Nramp 7 i 5 P4 40 ER 14 ) B R /N g B AR o

2.3 Nramp B3Itk 33 f1 R Ge gt 4L 43 47

FIH Clustal W 2K {F X221 75 5 Nramp ) 2 JE 12
FEHIRIN . /N AL gL JERS S At £6. 2 Nramp
RIERJTHN AT T X0 (B 3), KBLRT LLXT o Rh
A FLIRF AN AE CTM Fil TM X HJAHRHESE, JoHE
TM4 [X, A fa2srd Nramp S84 f£5F, FIILAL Y Fl
Nramp R 1 MEILRNZER; MM Nramp 7
TM1, TM2, TM6., TMS [X & FEBR A~ 2 2 v
F TM3. TM5. TM7. TM9. TM10 X, #£ CTM X,
FR/ANEL. N 1. SRR P 1 ADNEIERmRIEIE(A)
(254N, FEHAB RS . PIMGZE A FL2E Nramp
s EEARSE (] 3). BEAM, AT TMS FI TM6 Z[H] ()
IS N-BEILAAE A 2 72 BT ELEE 0 g 1] R 1 PR 55
w, o, SR TMS X N-BESEAAE R s 7 BT AT
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ltgttttagagacgactttgaggtaacgtgecgettgettageatcacatttataaagaattcccaactaatggagatttaacctcgaagaategetttactetea
1 M K [T _E Q Dl E D I V A E D

106 cgtactgtttacgaaggggggcetgacattgatcectttaattcccagggatececcageetgecccaATGAAGACCGAGCAAGACGAAGACATTGTTGCAGAGGA
14NGVQTSQYSAIPPVDQEEQFSDKVPIP
211 CTCTCCTCAGGAGAATGGAGTCCAGACGTCACAGTACAGCGCCATCCCTCCGGTGGACCAGGAAGAGCAGTTCTCCACATACTTTGAGGACAAGGTGCCCATTCC
YE NV NQLF S ERKLWAFTG?®P?GFLMSTITAYLDZ®PGNTIETSTD
316 TGAGAATGTAAACCAGTTGTTCAGTTTCCGTAAACTCTGGGCCTTCACTGGACCAGGGTTTTTGATGAGCATCGCGTACTTGGACCCAGGAAACATTGAGTCTGA
4L QS GAKAGTF K L_L WV Vv L L LA T L LG L L L_O R LAARTLTGV YV
421 CCTGCAGTCTGGAGCTAAAGCTGGCTTTAAGCTCCTATGGGTTCTCCTCTTAGCCACCATCATCGGACTGCTCTTGCAGAGGTTAGCTGCACGCCTCGGGGTCGT
976G M HLAEV CNRQYPTV?PRIITLWILMVYETLATITIGSTDMDAQ
526 AACTGGGATGCACCTGGCTGAAGTCTGCAACCGGCAGTATCCTACTGTTCCTCGGATCATCCTTTGGCTGATGGTGGAACTGGCAATTATTGGCTCAGACATGCA
4E VI G CAIALNTLTLSYGR J_P_ LW 6.6 V. L Il T DJI_F V_E_L_F
™2 5’ RACE primer

631 GGAAGTCATTGGCTGTGCCATAGCCCTCAACCTACTCTCTGTGGGCAGGATCCCTCTGTGGGGAGGAGTCCTCATCACCATCACCGACACCTTTGTCTTCCTCTT
L DK Y GLRKILEAFFLGCE LI TV MALSEGCYEY VLV KPDAQ

736 CCTAGACAAATATGGCCTGAGGAAACTGGAAGCCTTCTTTGGTTTCCTCATTACTGTAATGGCGCTCAGCTTTGGTTATGAGTATGTCCTTGTGAAGCCAGACCA
6 ELLKGMTEUV?PYCAGT CGTPV QLEOQA.NV_G I V_G_ AV _LMP HN

T™4

841 GGGGGAGCTGCTGAAGGGGATGTTTGTTCCGTACTGTGCAGGCTGTGGGCCTGTGCAGCTGGAACAGGCGGTGGGAATAGTCGGCGCTGTCATCATGCCCCACAA
9Ly L. H_S_ A L.VKSRDTIDI RIKNIKIKEV KEANIKY Y E_I_E_S_T_ I A

946 CATCTACCTGCACTCAGCACTGGTTAAATCTCGAGATATAGATCGCAAAAACAAGAAGGAAGTGAAAGAAGCCAATAAGTACTACTTTATTGAGTCAACGATCGC

WL F IS E_ LI NV EV VAN FAQAFYNK VN AECN
™S

1051 TCTCTTCATCTCATTTCTCATCAACGTCTTTGTTGTGGCGGTCTTCGCTCAAGCCTTCTACAATAAGACCAACATGGAAGTGAATGCAGAATGTAATGCAACTGG
29§ P H T DL F P L NN EV DIYKGG V_V_L_G C_E_F_G_P_A_A__L_Y

1261 CATCTGGGCCATCGGGATCCTGGCAGCAGGACAGAGCTCCACCATGACAGGCACTTACTCTGGCCAGT TTGTGATGGAGGGTTTCTTGAACCTGCAATGGTCCAG
% F AR V_I L _T_R.S. LA LI 2 T L.L.VALEQDVQHLTGMNTDTFTLN
1366 ATTTGCCCGAGTGCTTCTGACCCGCTCCATCGCCATCACACCTACTCTGCTGGTTGCCATTTTCCAGGATGTGCAGCATTTGACTGGCATGAACGACTTCCTGAA
B4V 1 QS M_ 0 L P FE AL J P L L.I_F. TS L.I_S. 1 M NDTFANGTLTF W_K_

9 S_ G G L_V_J_ 1 .V V_ C A_LNM_Y_ F_VVVYVTSLNSV L L Y V_E_V_A_L

™9 3’RACE priﬂer

1576 CTCCGGTGGCATCGTCATCCTGGTGGTTTGTGCAATCAACATGTACTTCGTGGTGGTTTATGTGACTTCACTGAACAGCGTGCTGCTCTACGTCTTCGTTGCCCT
504L_SLAYLC_FVG_YLVWHCLVALGV|SCLD|FSSRIPVSF

1681 CCTGTCCTTAGCCTATCTGTGCTTTGTGGGCTACCTGGTTTGGCACTGTCTGGTTGCGTTGGGGGTTTCCTGCCTGGACTTTAGCAGCAGGATACCAGTCAGTTT
%M R QP DT Y L L NDMDSE PV V E R *

1786 TATGCGACAGCCAGACATTTACCTGTTGAATGACATGGACAGTGAGCCTGTGGTTGAGAGATAGgaccgacttttgtgagtgaactggaagacgetgacgtgcett
1891 gactaaaatcttcacctgectgtgectecactettctaactgeactegttcagacctggatataaacctettecatttcageaatgectetttttcaacattettag
199 ccaagaaaaacaaaaaaacaacaacaatgatetgetgatgtttgtttgaatgtecaggtgecaggaaaagacacgaccttttgaagecatttaactggtetttac
20l agttaactgtccagtgacaacctgaataaaacatagatttttacaaaataacacatatccagecacagatacatgaacactgetgactactgttggacttctaag
2206 gacatgttttttagttetectcaacctcacaccgttaacageaggatatecaatgtgatttttgttgeataagetatggegtgtttaaagtttgtatacttgtga
Blltggtgeaacgttaatatectttattettcteatetttaaaataactacaaataccatgttaagaaaacattgtacatctcagaaaatgtgacaaaaaacaactet
2Ml6aaaaaatgtatagatgagcaaaatattaatttatattatcattatgtagtagagatttactcatttttacaaaaaatatatagggetgagetttggtetegacaa
2521 aagtacaaatttgcaggaatgttaaaaatcccataggtcagtettecatgacgetgeatcaaagttaaagaaatgaattcataaacaacataatgeacttaagge
26cacacattcecattegttgcataaatagatttttanaaaggtecgtttttatgattettgtattgtgtgteatttttatttaatgtttatttaattagtagttge
23lacagtttgacctcacacttgettttcacctgageaacagaaactttaagecttgtgtttatgagggaagttgtgaatgcattgtetgttaaaaatcagaaacgty
M6 ctgcacagttatacaaaagacaacctacaccaactgettattgatggatgttatgaagcagggaagatgctcacctgttatagtcaggtgtetgtagtetgacga
294l agacgtgtatcagtgtttgacaatgtcaatgacaaagacttagggacgtttgacagaaaagtaagatttgtttttatttctataaaaatatetggattetgagta
346 acctgagaatcgettcagttgtttagtttettgettatgttttagtagaataacttttttttttgttttacattaaggttacaattttaattattactttcatat
3151 ttcaacaaatgctgaatettgaagaaaacatctaaaatettcaagacatcattagggaaaaatgacaagtgtgtcactaattacctectttetacagtaagtget
356 tctgtaacatatgeacacatacgtetgeactacatgetgtttetgetgtgtettecttgattcaaaatgacctgtgttactacattaaagaagtacategtgtgt
3360 ttttgeaatgtacataaggtggeattctgaaaataggtaacaacttcagttttatttttgggattgtgtatcaaatttgaaagtaatatttcctaaacttgggaa
366 caggtcaggattgtcagaggacattttetggtttectgtettgatagaaaactatactetgetgtgtttetgataaageaaataatatattgttattegacataa
3571amgcgaaatItgalttItHtlaaaggtgctactgaaatgttgtalgatgttgtatttgtatacagtcatgtltct(ctgagcagcagcttgn

{1 5 Nramp 40K GDNA JF91 BN i 9 EIE G791
Fig.1 Full-length cDNA and predicted amino-acid sequence of C. semilaevis’ Nramp gene

PR (TM)H R FR T, H4i'5 TM 1-10; 7F TM6 Fl TM7 2 Ji] (1) 5% 38 25 K9 S (CTM) F 7 HE AR Sl 2k b it 5
FEA% 7 (aataaa) HIFIZ AT HERR 1 5 2T ORF AR h) IRE {7 s BIREAIF RIZbR 5 N-WEEEAL AL FTBUR Zebr i 5 B3 A
Ve 1T B RR A AL T REAR 5 25 O C BRPR AL s R RIZpR th s IR BRI R IR AL AL U I Zebm i s N-T5E
BEAL 5 HT AR
The transmembrane regions (TM) are underlined with broken lines and numbered 1-10. The consensus transport motif (CTM)
between TM6 and TM7 is boxed and underlined with broken line. The poly A signal (aataaa) is boxed and shaded. The IRE site
located in terminal of ORF is underlined and shaded. The N-glycosylation sites are marked with double broken lines. The casein
kinase II phosphorylation sites are boxed. The predicted protein kinase C phosphorylation sites are underlined with single lines.
A tyrosine kinase phosphorylation site is underlined with double lines. The N-myristoylation sites are shown with shade
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i VoV

IpNramp

I fara A
HsNramp2 ,w\yv"\“/ NNy

Ay

"\ AN
NV AWAVAVAZN

AN AW \ N "

MnNramp2 = AV NS W WYY *
1 139 278 416 554
K2 JLFEHEZNY) Nramp 2 F Y 2K 501
(Kyte il Doolittle B #5)
Fig.2 Hydropathy profile conservation among seleted
vertebrates’ Nramp proteins (Kyte and Doolittle algorithm)
CsNramp: ¥ & #) Nramp; SmNramp: KZZHF Nramp;
PoNramp: 7 #F Nramp; IpNramp: 55 X EH#H Nramp;
HsNramp2: A Nramp2; MnNramp2: /N, Nramp2; 1A
—ATBCEAR L U B Nramp JE RGBSR IX ;R —474L
FARFE 6 WP Nramp (& FEBR B H
CsNramp: C. semilaevis Nramp; SmiNramp: Scophthalmus
maximus Nramp; PoNramp: Paralichthys olivaceus Nramp;
IpNramp: Ictalurus punctatus Nramp; HSNramp2: Homo
sapiens Nramp2; MnNramp2: Mus musculus Nramp?2.

Numbers above are the TMs of CsSNramp. Numbers below are
the amino acid numbers of six Nramp proteins

12 Nramp R BELRSF, ML T TM6 X (1), BRI
fi§ Nramp alpha #F, 7£ 57 LG A A 4 Fp ] 4 R 30K
B EEARST o TR AIRGE R KB, AL F TMS Fl TM6
[a], B AR A Nrampl #JH Nramp2 £ 1 2 5
PRk AL, X 5 AIBE A R Nramp 5 HAY)
il Nramp 24 52 /5 51) b 4 25 4 & — 2 (Chen et al,
2002; L ETEE, 2011),

BP G 85 Nramp 19205127 51 5 H ALY A iy
Nramp 2307 AT T HeXT oA, IF7E L SE A 4
#T R A (K 4). RGP I AT 45 R,
205 85 Nramp AUHA A ZSAY Nramp BAV—FE, X
2 5728 Nramp2 RAE—BIE B —1533¢, 1M
M FL2E Nramp1 W B A0RA B 55 — 452, b ml 44
KB Nramp 5 FL 28 F 5 25 1%) Nramp2 582505 5
3 ) Nramp SR 2% 0C 7 Bl (9 2 RS2 61 RN 2 6T
24 FBEH Nramp EREEEALARBEFAHR

R RIE ST

XF Nramp & PRUFE - 0 5 Sn i JEE . RGO . SR

f . SELOMLWE . WL CIE. BCRR. WL PEARSE 11
TP AUHEAT LN DO E 7 PCR Rk, KIAERT

Ky 11 Fh2H4h Nramp BEN AR Z SR, M
JE TS W o ) a8 e e s, RO IR L Rk L I
B8 W, U ERIAG L T UL PR R AR v ) 2 3 AR AR
(1 5). FI 20 966 1 B PCR XA 2 FC O R e 5
WG AN [ 2140 Nramp R 355 5317 172047,

gEL IR, 5 PBS XHRAHAIEL, YL i 5 A g
B REAAFAE S Nramp LK &k ST,

Forpr, BRI AR R G AE TGN S 24 h /3B
s (6L K 7), e B IE A UDE 6 h ik 25 K(E,
96 h Ji F ik AR R E =X AL KE (] 8), FE
S P ) L SRR K A2 3 1E H ek KR A R(E 9).

25 FBEHEH Nramp EREHF S FHRiC SNP ik

FIFH B30 A K 4387, 7E 1402 bp Nramp J7
Firp, SERGMIE] 15 4 SNP A A, XfH P T 2 N
&THY 3 4 SNP[SNP-g.3113(T—C). SNP-g.3125(A
—G) M SNP-g.3164(A—T) 1 s BTl 43280, X
ATTUAY SNP A A 3 R BRI 3R 15 46 o7 5 DR B R0 it
FFHATI TR AR AR I, STt AR ULER 25 HEK
4 SPSS 17.0 F1 SAS(Version 9. 1)%F H k47 MR G EBE 43
BT, 237 35 DR 256 A 35 R AU 01 3R 78 B 1k 4 B B Tk v
B RITK IR 25 5 3% 3, Hitp, SNP-g.3125(A—G)1
S5 v i PR3 0 5 R 7R A1 4 5 2 i %) 0 ) 1
AP 3 A DG (P<0.01),

3 itie

ARG S AR B T 2P0 5 Nramp JEPR ) 2K
cDNA. 5B MHEHESI Y Nramp 24 512 )7 5] LX)
TR R, BRI Nramp 5 HAB M Nramp
R JEPETE 83%—91%Z 1], 5 H A HESIY) Nramp2
() [R) IR (74 %~ 78 %) Z2 B Bk /=5 55 Nramp 119 [] U514
(63%—66%); RG T LR — LRI,
2% Nramp 5 H AW #E 30 Nramp2 BE—&, H i,
-3 7 fi5 Nrramp & [R5 H Al A #E 350 19 Nramp2 3 [A]
FOMARL, X 5EHALMIT Nramp & F 50015 2
4518 & —3) (Chen et al, 2002; Chen et al, 2004 .
2006; Dorschner et al, 1999; Saeij et al, 1999),

W5 i Nramp %A 10 4> TM. 1 4> CTM.,
6 KB IR T B ER AL . 13 > N-EE B L
Mo PINEAEE C BRI . 3 A N-BERAL AL
RO RR B R R A AL 1 55 X 5 N (Kiishi, 1994;
Kishi et al, 1997). /MR (Grunheid et al, 1995; Govoni
et al, 1997) . #i(Saeij et al, 1999) . B i X FE#H(Chen et al,
2002) ., UL (Chen et al, 2004) . 7 F(Chen et al, 2006) .
KZEHF(Chen et al, 2007) 4} HAf (JE K TS, 2011)F
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™I

Ff P, ()IIVLI( CUS e e e e e
LA O.mvkiss G
B £42 Dorerio 2 i

Kifiif th Cidella ceee R B . ceee
B3 SURA 1 punctatus S
Ly e T
N2 H.saviens 2 B L D
N A T T T
1EM T X laevis ) -
ANBT Momusculus 1
N1 H.saviens 1
45361 O.aries |
P41 S.scrofa 1

LTV L
LTLL LT
LTL. . TV L

F it

Polivaceus ~ + « « v o e e i e e e e e e e e e e e e e e R R N R KT

WL O.mvkiss T e LV COMLRL L L.H.E [258]
B 42 D.rerio 2 S P [ LLRLUAL L ..L...R [258]
it Cidella S e R O L T | A L...Q [258]
iSRS 1 punctatus L F ALV e VT UQLUURUAL L LAV L UL Q [258]
e O e S T L R [258]
N2 Hasaviens 2+« oo« S oo A L T S [258]
N2 Momusculus 2 . P [258]
VTS X, laevis S.... . e L VT Y .S [258]
AN Momusculus 1 LLSFLL L LALL L R . P [258]
N1 H.sapiens 1 R D R . P [258]
4°F1 O.aries | o FSLUUAL L B P [258]
BFA41 S.scrofa 1 .S [258]
" TM™S

W6 Csemilaevis GCGPVQLEQAVGIVGAVINVPHNI YLHSALVKSRI) 1 IJRKNKKEVKEANKYYF IESTIALFISFLINVFVVAVFAQAFYNKTNVEVNA [344]
S.maximus E [344]

¥ P.olivaceus ...D...1Q.HE [344]
WLA O.mvkiss 3

[344]

B 102 D.rerio 2 SQ [344]
4, C.idella GQ [344]

N SURA 1 punctatus ... Q [344]
J5342 G.eallus 2 CHE [344]
A2 H.saviens 2 . VE [344]
INEL2 Momusculus 2 . N G A . . VE [344]
1ETCkE X laevis 1. .. S VAR ..V L..V. QDAFD [344]
AN Momusculus 1 T .. .E.AFN [344]
A1 H.saviens 1 N S .E...ARRADIR. .. . .QAAFN [344]
421 O.aries 1 e R I .EV..SRRADIR. .. . .QAAFN [344]
BEAE1 S.scrofa | - Lo Lo EV..TRREDIR. .. LQAAFN [344]

T™M6 T™7
S
N
V)

i} C.semilaevis E
S.maximus
¢ P.olivaceus - |- - . |- -

WIS O.mvkiss

B 442 D.rerio 2 R

w1 Cidella LS.
WA 1 punctatus .SN.

5392 G.eallus 2 LAA L

LAG. ..
AL LS
.Q-SS.SP.AGV. .
. ANSSLQNYAKI . .
. ANSSLHDYAKI . .
_ANSSLHDYATI . .
. ANSSLHDYAKI . .

™7

N2 H.saviens 2
/N2 Momusculus 2
1E T X laevis
AN Momusculus 1
N1 H.saviens 1
421 O.aries 1
BFR41 S.scrofa 1

—_———m Ll <OROZ

F6¥ P.olivaceus
WLA O.mvkiss

B 42 Dorerio 2
1Ll 1 Cidella ... L. VL
B R Lounctatus -+ - F oo .
92 Goeallus 2 .. ... FLoo oL

N2 H.saviens 2 R V.
N2 Mmusculus 2 F A V.. .. LV S
S TS X, laevis C..1..VF..A.K..E....L..L...... IL..... L.V..... .VAILL.ALIM. ..
INET Momusculus I C. L. V.. . V.R.LKD.S.L..L...... LL....VL....... LAITSCIVAL
N1 H.saviens 1 C..L..V...V.R.LRD.S.L..L...... LL VL .VVTSSINVL.
421 O.aries 1 C..L..V.L.V.R.L.D.S.L.HV...... LL....VL .ITSSIVVL. .
BEAE1 S.scrofa C..L.A....V.KEL.D.SSL..L...... LL....VL....... VITSSIV.L. .. ..
T™MI10
i) C.semilaevis SVLLYVFVALLSLAYLCFVGYLVWHCLVALGVSCLDFSSRIPVSFVRQPDIYLLNDVDSEPVVER 15991
S.maximus . .. . . LAS. . .1 AL L] [599]
¢ P.olivaceus -+ - -+ - - LAS. .. V... ... A RV. .. .. VR----KR.ALLIEEQSEYDS 15991
T O.mvkiss LA LAGF.CI 1. .V.CLASRMLTGHN. .. .. K....DTV...LEEEHVGGVVINSDTVRS 15991
BELyta2 D.rerio 2 TV LA .1 Q..L. .A.ACG.SAE----FPAAALIQEQPEFDS - 15991
r,wmxumc_,-dd/a LTI . 1L R.. 1. CR...RGTVQ----HP . AVLIDEQPEFDS - - - -« -nommmmoooo o 15991
SR Lounctatus - - - - - - - Aol RO .V.VCG.VR-=---NP.TVLIEEQLEYDS - = - - - - - - - oo oo [599]
H.G..AGA.1..V L..1...A.A.SCGTTHCWA.GAR.ELF...NVGADAA.V. ---- - 15991
)\ZH\amen\Z H.A...VA.VV.V.. .Q..1...M.F..CGHTVSI.KGLLTEEATRGYVK- - - - - [599]
N2 Momusculus 2 H . A VA.VV. V. 5.Q..1...L.F..CGRSVSI .KVLLSEDTSGGNIK- - - - 15991
ESH T X, laevis 1P, . LAGV.LFF.AI. .L.T.CL.H.AEF.SRGRHRQF.YEVPE.LKSEICNN.AE - 15991
NG Momiseulus I WPAYFGL . . . FAIG. .GLTA. .A.T.CI.H.ATF.TH..HKHFLYGLPNEEQGGVQGSG - - --- .- - [599]
N1 H.saviens 1 HPAYFGLA...AA...GLST....T.CL.H.ATF.AH. . HHHFLYGLLEEDQK -GETSG= =« ===« cmcmcemmaeommann [599]
421 O.aries 1 HPAYFSL....AA.. .GLTT....T..ITQ.ATR.AH. . HQRFLYGLPGEDQEEGRTSG- -« ----ccmuummmmo [599]
Wi S.scrofa 1 HPAYFGL. ... AVI. . GLTT....T..1.H.ATL.VH. .HQHFLYGLLE - - - - - -« o o oo e oo 15991

E 3 ISR A ALY R Nramp &R ¢ 51 HE X204

Fig.3 Alignment of Nramp’s amino acid sequences between C. semilaevis and other vertebrates

375 85 Nramp 19 10 4> TM X & CTM X M ARIZAR 5 PRS0 N-BEEEAL AL LT HERR H 5
©7 RN AN T SRR R AL R LT SRR KU EE

Putative transmembrane regions are underlined and numbered with TM 1-10. The consensus transport motif (CTM) is underlined.
Conserved N-glycosylation sites are marked with boxes. Identical sites are indicated by dots(+), and gaps are shown by dashes(-)
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KZZEF S. maximus ACE8029.1
83

100 L ZFff P. olivaceus AAX86980.1

96 L BER C semilaevis KP878556

56 WL alpha O. mykiss alpha AAD20725.1

100

94l FEi#HE C. idella ADB44208.1

100 B SUR ML punctatus AAM73759.1

JEX92 G. gallus 2 NP-001121574.1

A2 H. sapiens 2 AAC21460.1

99

100 b—— /NER2 M. musculus 2 AAC42051

JEVN)IEE X, laevis AAHS2695.1

/NELL M. musculus 1 AAA39838

A1 H. sapiens 1 AAG15405.1
100

Z82£1 O. aries 1 AAC28241

0.05 54l WP S scrofa 1 AAC24491

Kl 4 2f 35 SEAH ALY A Nramp 2 HERR 7 81 #4119 22 48 % A2 44 (R Bootstrap #E4T 1000 YCiTAl)

Fig.4 Construction of phylogenetic tree based on Nramp amino acids of C. semilaevis and other species

(the parameter was evaluated 1000 degree via method of Bootstrap)

CsNramp RN FE &
Relative quantity of CsNramp mRNA

JHE il B e 1% L Rk i D Btk WA
Liver Spleen  Kidney Intestine Gill Blood Brain Heart Skin Muscle

5 23 5 Nramp BE PR 25 42U X ik

Fig.5 Quantitative relative expression of CsSNramp in different tissues

A A UVNDXE R M BRI ) 5 A5 fl Rt , DAL h Nramp 5 X 2k i S prife,
FHE R R D7 220 A, A AT 7 b A A ] 7 BE 2R 1 35 22 5:(P<0.05)
Analysis of the relative tissue expression data are from five fish. All results were normalized by

the blood Nramp expression levels. Statistical analysis was performed using One-Way ANOVA.
Different letters above each bar denote significant differences (P<0.05)

B, 442 D.rerio 2 NP-001035460.1

PR
Gonad
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7 < 9,

< —A— X$ 84 Control group ‘

% 6 |~ B4 Infected group i % 8t * . —o— Xt #B4H Control group
I * 8Tt —O— &Y Infected group
55t g
g3 LM
Jza E z 8 5t
S S4r K ‘g
K B x4t
Hgsp SN
QB
St N
s 527 32
O .z = 1r

s1r & 0 — . . . . . \

[~ 6 12 24 48 72 96

0 1 1 1 1 1 1 ] E‘ N T' /h
0 6 12 24 48 12 9% & Time
FHR] Timerh Pl 8 e 2 GG M 5 51 U o
6 TR e 2 PRI 5 2 o 75 ST Nramp Nramp J R F X 2045
SRR 25k Fig.8 Quantitative relative expression of CSNramp in

Fig.6 Quantitative relative expression of CsNramp in
liver after injected with V. harveyi

YA SRS ARG, IR 30 pl/g, N
6.0 x 10° CFU/ml; X HRZL . s T 5 26 1 (1) PBS WA TRL; 1
BRI 0. 6. 12, 24, 48, 72 F1 96 h 3 6 ANl i, Bl
ML BUBGL L Foxt B2 45 5 45 0, i) £ (3R A5 T
WEJG LR A DR A, R BE-80CIRTE, T A
RNA W48 FIFRE R T 200 k8l 2 5F%0R

WE (P<0.05); T
Injection group: C. semilaevis was injected intraperitoneally
with V. harveyi (30 ul/g) or with equal dose of PBS. Five
fish’s liver tissues were collected at 0, 6, 12, 24, 48, 72, and
96 h after injection for RNA extraction. Statistical analysis

was performed using One-Way ANOVA. * denotes significant
difference (P<0.05). The same as below
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Fig.7 Quantitative relative expression of CSNramp
in spleen after injected with V. harveyi

GIFFE KRB LLAR , AT &3, 75211 8 Nramp
FL[H ORF A¥iiA 1 4> IRE i 5 (CNNNNNCAGTG),

M &4 Nramp 3£ [8 5" UTR 13’ UTR #1411~ IRE
DA GEETEE, 2011), DL 3" UTR K 1 4>
IRE 1V 5 (Saeij et al, 1999), EAWF5XEMH, Nramp

kidney after injected with V. harveyi
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Fig.9 Quantitative relative expression of CsNramp
in gill after injected with V. harveyi

e[ 5" UTR F1 3" UTR i IRE {37 55 20 ffd rh 2k 2 11
R} % %5 A0 5¢ (Klausner et al, 1993), 7EWiFL 34
Nramp2 JER BB, & BUZALS S0 F iz
FI i 25 ) A 5¢ (Forbes et al, 2001; Gunshin et al,
1997). # Saeij F(1999)#EM, 7Effifa Nramp 3' UTR
Ui I IRE A3 5 AT BB 3 5 2 R 4 3R 1 45 ok R
5 6 Nramp () mRNA 7K, 48k 8 4% 8 F 1 Nramp 57
UTR 3 IRE 2540, A LIZH4 RNA B HHE, M5
3" UTR iy IRE {7 545 A 1, WA LIPR Y RNA 537
Wefi, fAJE, fa25 Nramp BT IRE (8 2/ 5
M#L2S Nramp2 IRE 55 HAMRIBIER, L& IRE
£ F ORF 54 F UTR X B& 8 BA LB IIFE, i
TR AR R
Nramp2 FEPRIZE/NEUFE . BEE . B AR . GO

LA . /N A 2 )35 3 35 (Grunheid et al, 1995),
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T2 ¥BEHNramp EEHNEF 2 ZHENSKITHH
Tab.2 Statistical analysis of polymorphism of CsNramp intron 2
e EE TS S B PR A AR W 8 P R P A B
o7 B PRAS Genotype frequencies Allele frequencies Test for HWE
Location Status AT %
cC TC TT C T Kotk L
Chi-square Probability
HET- Dead 0.544(37)  0.456(31) - 0.772 0.228
2.3113T—C . 15.858 <0.01%**
1715 Survival 0.564(93)  0.430(71)  0.006(1) 0.779 0.221
. AG GG - A G
ST Dead
2.3125A—G 0.735(50)  0.265(18) - 0.360 0.640 30.341 <0.01%**
1716 Survival 0.454(75)  0.546(90) - 0.227 0.773
i AT AA - A T
ST Dead
2.3164A—T 0.456(31)  0.544(37) - 0.772 0.228 18.549 <0.01**
1716 Survival 0.436(72)  0.564(93) - 0.782 0.218

W S NEE RIS * TR 255 3 (P<0.05); **FR 22 7 35 (P<0.01); T

Note: Numbers in brackets are size of the tested population; * indicates significant difference at P<0.05; ** indicates highly

significant difference at P<0.01; The same as below

F£ 3 FBF Nramp EFE SNP 54231 E 89 KB4 47
Tab.3  Association analysis of single SNP of CsNramp with V. anguillarum

i (VALK YEH BER AR D5 (H LA R JTE B SRS S0k R A A
Code Location Effect Chi Sq Genotype Chi Sq Allele Prob Genotype Prob Allele

1 g3113T—>C  Intron 0.514 0.025 0.772 0.874

2 2.3125A—G Intron 13.690 8.726 <0.01%* <0.01%*

3 2.3164A—T Intron 0.053 0.053 0.785 0.817

H:g3113T—C FRIERF 3113 8 E4E T 3| C IR,

—T FnILA 3164 B EE A BT A

2.3125A—G F/RFEH 3125 B AL A B G RAS;2.3164A

Note: 2.3113T—C means T to C mutation in the location 3113 of gene; g.3125A—G means A to G mutation in the location

3125 of gene; g.3164A—T means A to T mutation in the location 3164 of gene

Il Nrampl J K ) 3836 0 2 4 2UR Pk, an A
Nrampl A DUFE I B 0 /0 L0 o 4G T 3] 3¢ 5K
(Cellier et al, 1997), Tii/INELAY Nrampl %0 3= 227
TR 23k, I Hh 3R 5K A XD (Vidal et al,
1993), ABFFEIL, 105 Nramp & F AL |
B R Rk e ey, LUK L I . 1
8 O M FIRRG , TE AUL PR RN R R Y A A 2
T i Nramp JE 788 B ihoaxX g sl Rk 77 X 5
M FL2E Nramp2 1923k J7 B ALl (Grunheid et al,
1995; Forbes et al, 2001), MAh, FERZEHE | Eifh | fif
5 L R By SR A B T Nramp & R 78 9 E
FUEE R AR AR, XA RN AL B T
FIE B 2 R B AN

XoF 2 i M AT P A DI R U e S 00 S B 9
B, AHET PBS X4, S Nramp JEH R iA
FENGUIE | B JOE D FF IR B R, B B )RS Sk

B EIEHRBKT. FIFEHBELE/N R (Govoni et al,
1997). %% (Zhang et al, 2000) % EL(Chen et al, 2004)
WA S G, R THAR (201 1)) FH 0 I g 0 27 1
erifa R R, 25 A, EEEYYS Nramp 3
A B TR, 3 h RIXEERREK, 24 h 50
% 2 1E 7 #2357KF 5 Chen %(2007)F FH 68 9 G B gL K
BRI RS B PE, Nramp 3t PH 28 3k 2 10 Jk e
6—48 h g &I, HAE 12 h AR AR LR, X
SEZE SRR, Nramp BE PR 505 I B B G I HILAR 1 B
RV EYIADE, (H0 5 85 Nramp 3 K] 5 4 (G
B YL 22 8] (AR EAE FHLEE LA B2 Nramp 3R 78 ff {4
TR S TR i A 10208 G R v BT T O A R A
i Tt — LB .

Nramp 3P 2 2P 5 95 995 AH OGP 1 F 9% 2 7 i
FshWy IR T —2TAE, Liu Q004055 K8, —
ME B EAT A SLCHIAL JEN K 59, HE2mMS
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S5 2 R LA S B W A R 45 A 9505 45 5% 5 Sanchez-
Robert 25(2005)%f K Nramp JLHEBFFE#RY, TAG-8-
141 B R 5 R4 & 7 U 5 Bk OG5 Liu 45(2003)
TEXSE) Nrampl £ FRFFEIER, Nrampl K &
JEARSF X BN Y TR 2 8Pk 575 4R XS SE J28 1 H2Fh Ko
Ji JRR e J5 Y B 2 8 A OG5 Paixiao 45 (2006) A H]
SSCA L4 T4 | i iH 4 Nrampl 2% 8 3" UTR [X.
()35 AL A8 S, R AN [i) 356 R 0o A 45 G BT )03 2
MU 22 S B, ELRTR] SR B) 3 PR 0R 25 57 18 5
X E 4 (2013)F 5 4% Nrampl JE R L 78 5 5414
MG AETE LB, AME T 2 (1) AA JEI ISR I TS
PEOMERE ST TT SHBAMAP<0.05), FEHEE
T AT EFEAIAMAP<0.01); N & T 6 1Y CC KR
AMEREE T ME R E = T CT FEHAIAMA(P<0.05).

o F bR 10 #H Bh %€ #5 F Fi (Marker-assisted selection,
MAS)H AR T DUE e & b franfh, HoEm&E b
BUS T B RUR (Xu et al, 2008), AHFSE7EE
{5 Nramp #5733 K1 2H DNA(1042 bp) i3] 15 4> SNP
A8 A T4 2 T IX W 3 /) SNP[SNP-g.3113
(T—C). SNP-g.3125(A—G)Fl SNP-g.3164(A—T)]fi;
SUEAT IR RY . JEXT I SNP AV £ S Hude 1 i 56
HRIEAT T 081 25 A, 1EIRl—FK &R 233 AR
YIS, AWM 165 MR AME, sET4
A 68 LK Zy A&, Horfr, SNP-g.3125 ) AG 3
HI7(0.735)ZEAE T /MR H A LSS R AL, 17 GG A
R(0.546)FEAETE AR ORI A, GG B R
GRS T AG FEFAIMA(P<0.01), G
L RT3 = T A SRALEER (P<0.01),

A L2 1 7 5 Nramp 3£ H Y SNP-g.3125 1Y% 5
K (G)FHE A Y (GG) 5 - 1 i aoxd T 68 S e Pk &2 1
FHEME . Ik, Nramp L[R2 SNP A5 A 4 R 2k
T BB B A — N B BB AR L A,
g T SR PTPE A R B E 05 o bR 0 £ AL SR Al

Z £ X #
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Molecular Cloning, Expression and SNP Screening of Natural
Resistance-Associated M acrophage Protein (Nramp) Gene
cDNA from Half Smooth Tongue Sole (Cynoglossus semilaevis)

XING Hefei'*?, GAO Fengtao'**, ZHANG Yongzhen'*?, DONG Zhongdian'**, CHEN Songlinl’w

(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. National Laboratory for Ocean Science and Technology,
Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao 266071,

3. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai  201306;

4. College of Marine Life Sciences, Ocean University of China, Qingdao 266003)

Abstract Natural resistance-associated macrophage protein (Nramp) belongs to the integration of
membrane transport proteins, which has the capacity of enhancing macrophages that are meant to kill
pathogens and innate resistance to intracellular parasites. In present study, cDNA of Nramp gene was
amplified from spleen of half smooth tongue sole (Cynoglossus semilaevis) by SMART-RACE. The
full-length cDNA of Nramp gene was 3717 bp, including 1677 bp open reading frame (ORF) encoding a
protein with 558 amino acid residues, which contained the signature features of the Nramp protein family:
10 transmembrane (TM) domains, a consensus transport motif (CTM) with 20 amino acid residues.
Compared with the other fish’s Nramp, C. semilaevis Nramp was the presence of one iron-responsive
regulatory (IRE) protein-binding site in the terminal of ORF, which was similar to the vertebrate Nramp2.
The deduced amino acid sequence of CSNramp exhibited about 63%—-91% homology with 14 other
vertebrate Nramp sequences. Phylogenetic analysis revealed that the CSNramp was clustered with other
fish Nramp and was closer to Nramp2 of other species. RT-PCR results of the CSNramp transcripts in
different tissues indicated that the CsNramp transcripts were highly abundant in spleen, kidney and low in
muscle and gonad. The C. semilaevis challenged with the Vibrio harveyi could evidently elevate Nramp
mRNA levels in spleen, kidney and liver, but the opposite phenomena were observed in the gills. To
explore genetic variation and its relevant molecular markers in CSNramp gene, this research detected the
polymorphisms of Nramp gene in one family of 233 individuals (68 infected individuals and 165 resistant
individuals) by direct sequencing. Fifteen SNPs were detected in the partial of Nramp gene and 3 of them
were genotyped successfully and SNP-g.3125(A—G) was significantly correlated to the resistance to
Vibrio anguillarum. The results indicated that there were important effects on disease resistance of
different Nramp genotypes, SNP-g.3125(A—G) can be used as potential genetic resistance marker loci,
which can provide basic data for the genetic markers of C. semilaevis resistant breeding.

Key words Half smooth tongue sole (Cynoglossus semilaevis); Nramp; Gene clone; RT-PCR; Single
Nucleotide Polymorphism (SNP)
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Bl 7 MEXFENT G FIEMZE PCR
(Arm-PCR) 75 ik B ST FAR. A
FwY omEr oEaae 2 ! EZy3AY

(1. gl T REE R E SR P EUKRBHE R B SRR S
2. RS EARAEZRERE Bt RESEY s B s H
3. LR HEarsebe B 201306)

266071;
266071 ;

WE KB EMNFEHFQLCDV). WK 4G H B PR EMega), 7F & A B & # 2 I I0IE F(RGNNV),
& e k3 i % B A% B (THNV), 5 3o M R 2006 & (IPNV) . % 3 2% i ko % & (VHS V) frfs 4
Ptk R MERFISAV)ER AR TENRERLRE, AFEX. WEAXTHRENGEE. F¥
B, RKFREMNX T MRELREFF MR L, #iTT 9 44 8 FEH S E PCR(Arm-PCR) 5| 47,
FXY R A By Tag B, Mg® . ANTP, Primer Mix ¥ & KR KB B 4 S 4ok B fufh (b, 242
B A A, #r T BB A 7 A & 2% F Y Arm-PCR 77 % . 1k & 89 Arm-PCR 77 i % — % PCR
K% K. Taq BE(2.5 U/ul) 1.0 ul, 10xPCR Buffer(2- 20 mmol/L # Mg”") 5 ul, dNTP(% 2.5 mmol/L) 5 pl,
10xPrimer Mix(% 2 pmol/L) 9 ul, #H 1 ul, ddH,0 #MEZE 50 ul, R KIEEH 56 C., HELERE T, %
FETUE 1 XRRENA ER T HREN OANBUREER FHATY RN, BN REE2H 4 10!
copies/ul (RGNNV ,VHSV . ISAV-NS . ISAV-MA)  10* copies/ul (LCDV .Mega . IHNV . IPNV)#2 10° copies/ul
(KEFOBRI YRS, TRBIV), %7 Efrkik, SFHEH. nia, KEFMTHLE4 DNA
FFEERXRRL ., RFRELN TR RN 7 2R EN Am-PCR Y2 EAGEE. BREE. &
HERPERR S, A RRE THERE, AaXRHFNFEMRATRFEETE A Z 0N,
XA eXEE; FERN; mEE; £EPCR

FESES S943  XEKARIREE A XEHRS  2095-9869(2016)04-0128-07
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KAIEE . W ETER% 7 (Lymphocystis disease virus,
LCDV) (#RUt¥ 5, 2000) ., oA 258 7 7
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et al, 2008). JpEE P ML ILAE S 7 Viral hemorrhagic
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EESR A TR AGI 7 b S R B I TR B PCR(Arm-PCR) J5 i B A S7 AW 129

B R I SRR . BRI & A B R S

% PCR(Multiplex PCR)$Z A& H Fiy I e
JZ R AR Z —, B Chamberlian 45 (1988)
P, BT RA SR PO ARARSELR, %
g AR AR PR 2 1 A s D ARG T A I R 2 i
(Edwards et al, 1994; Elnifro et al, 2000), #kifi, £ &
PCR HARWAFAET BT IRME . SO AHE 4 973
RORFNERG B 2255 5, OB VSR B A R . A7
HXFH AT Sk, B TP TR Z E PCR”
(Amplicon rescue multiplex PCR, Arm-PCR)#7 R (Han
etal, 2006), HTAERBRE. ELHEYEIART, &
THEFE SR X PCR 514 A F M B 5|
Y, sl E AR AR SRR, YIRESEP TR, Skt
ZMFIIED . m R AR . B,
TR ARAE W A JEURS I 45005, A 45 22 B T 9% AT
EL7E 7K A= Sl W s RS N 450 R 5 AN £ DL (K O 4,
2013),

AWFFELE ST T IK P2 8% LCDV . TRBIV Mega.,
RGNNV., THNV, IPNV. VHSV. ISAV (325
F (Non-structural protein of ISAV, ISAV-NS) ., ISAV [}
F 7K 1 (Matrix protein of ISAV, ISAV-MA)AH G HE K
AR P H LA, R Arm-PCR W3 it T
9 &L # PCR W, Tidk 7R 45, gy 1]
AR L3k 7 R A Arm-PCR Fik, 454N
S EOR, SEBLT 2t 2 1 R A o A
Wy, BAT B RO RS

1 MR57FZE

1.1 ##

111 % EBEE# 4 LCDV. TRBIV,
Mega. RGNNV ., [HNV. IPNV. VHSV. ISAV-NS.
ISAV-MA S5 AHCEUR FE I T-A 5 B SR A T 3
FHAS SO ZE A g, AR RN R0 S Y PHAE R AR . 4%
FEH ) GenBank KR 5 WL 1,

112 £&&XA . #£4  LHPHHAFN TransSart™
Top Taq DNA Polymerase. High Pure dNTPs Il4 H 43
SHEYHARAIRAT, WY HL P 2 DNA 42
OG0 & 3 RARARHE A RA ), Bk
PRI & B A TEA YHARA PR F], 0.5 ml 50 kDa
SRS A A FEE Millipore 24 7

1.2 Fix

1.2.1 e b AR AR 6 4 & K& H LCDV
TRBIV ., Mega. RGNNV . [HNV . IPNV, VHSV . ISAV-NS ,

ISAV-MA “535 i AH G0 JE A 1) v e T ik ol 10 335 7% -
X4 R 5 0 TR R B BB , P T e A R AR 1
{X(NanoDrop2000, 3% =)l 1R ik BE Fnati i, &
ETF-20CH .
122 A HeyitFS Arm-PCR 3|4 69kt Licd
$& GenBank /A7 LCDV., TRBIV, Mega #l
RGNNV W& 7% [1(CP). IHNV B & [ (N). IPNV
f) VP5 \VHSV HIBEE H(G) ISAV (RSG5 H 8 1 (NS)
IR A (MA)EFLH 73, ffi ] Primer Premier 5.0
St E X PCR 519, T Arm-PCR 55—
A PCR Y3, H, N5IW0 5" dies A — Bl ]
Bk 1B 2k 1751 A 5-CAG GCC ACG TTT TGT
CAT GC-3', RIn#kJ¥41h 5-TTC TTT GCG TTA
TGT CTC TG-3', &5 |W¥H| Ly v BNk 1,
B0 AT AN TR A RAFA .
1.2.3 Arm-PCR 10 x Primer Mix 9 /& & &
S8, 3RS 100 umol/L; ARG &S, N
AHi) EP A, JARERR SRS W 2R E % 2 pmol/L, 43
. RET-20C%H.
1.24 Arm-PCR Rtk A= 5d  H—4 PCRIK
#: 2.5U/ul Taqg DNA %4 0.6 ul, 10xPCR Buffer
(Mg®" plus) 5 ul, 2.5 mmol/L dNTPs 5 ul, 2 pmol/L
10xPrimer Mix 5 ul, 4 1 ul, #h58 ddH,0 % 50 pl.
FOWFE: 94°C 5 min; 94°C 15s,55C 155, 72°C 158
15 ME#R; 94°C 15 s, 70°C 15 s, 6 MEH; 72°C
3 min; 4°CH7E.

FEYIZBIESY (0.5 ml 50 kDa) B0y, WU IR N
%5 P PCR BAR .55 — 4 PCR 1A % :2.5 U/ul Tag DNA
B4 0.6 ul, 10xPCR Buffer(Mg®* plus) 5 pl, 2.5 mmol/L
dNTPs 5 ul, 10 pmol/L 1E [1]38 514 Fs (5'-CAG GCC
ACG TTT TGT CAT GC-3") 1 ul, 40 pmol/L JZ [f] 38
1% Rs (5'-Cy3-TTC TTT GCG TTA TGT CTC TG-3")
1, AH(ERBCEER) 10 ul, ddH,0 ZE 50 ul. [ h;
2. 94°C Smin; 94°C 30s, 55°C 30s, 72°C 30s,
30 MEH; 72°C 3 min; 4CHRAT
1.25 Arm-PCR 4 3% =40y K B Y% 7 4e ] T
IR EE YIS = /NG, ASREAE A B R A
EERE TR AT B 25 L . WA I 538 2ok © ST i
s HR XS R Y P W AT A AR DU (CF 5 A
2015), FEEPE: BURTER S Arm-PCR
PP E AN 10 FRFER T RIS (25-30 mer) s B
FERE B 7 1, Hop, EEX) Mega 934 7=k
P & 5T Mega-1 Fil Mega-2; B¢ H b9 & R ik
2R (QC-1) IS AR HE T (QC-4), il /i BE PRk
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Tab.1 Sequences of Arm-PCR primers and products length
iy 314 5 A e L
Virus Primers Sequences(5'-3") (bp) GenBank No.
LCDV LCDV-Fo GCTGCTTTGCCTTATAATG 281 EF059991
LCDV-Ro GGACTTGGAATAGTTAGAGGTT
LCDV-Fi CAGGCCACGTTTTGTCATGCGACTCTACCATCATGCCTTT 214
LCDV-Ri TTCTTTGCGTTATGTCTCTGTACATGTTTAGGTGCTGTTTG
TRBIV TRBIV-Fo CCACATAACATACTGCCCAAGC 399 GQ273492
TRBIV-Ro CATGCGCTGAAATAAAGACCAC
TRBIV-Fi CAGGCCACGTTTTGTCATGCAACTCAGCAATGCCAACG 248
TRBIV-Ri TTCTTTGCGTTATGTCTCTGTATCATGCCACTGCACAACT
RGNNV RGNNV-Fo CTGGTCGGCTGATACTCCT 399 AF534998
RGNNV-Ro CAACGCCATCTGTGAACG
RGNNV-Fi CAGGCCACGTTTTGTCATGCCAACGATTCCCTTTCCAC 191
RGNNV-Ri TTCTTTGCGTTATGTCTCTGATAAACAGCACGGTCAACAT
Mega Mega-Fo GCCGTCAGCAATCTTCAT 299 AY590687
Mega-Ro TCCACCAGATGGGAGTAGA
Mega-Fi CAGGCCACGTTTTGTCATGCATCTTCATGATGTTGTGGTTG 303
Mega-Ri TTCTTTGCGTTATGTCTCTGACATCTGTCGACCCCTACTA
THNV IHNV-Fo GAACGATGACAAGCGCACT 221 HMO099906
IHNV-Ro AATGACGAACGCGCACA
THNV-Fi CAGGCCACGTTTTGTCATGCCGGTACGATAACCCTCCCT 170
THNV-Ri TTCTTTGCGTTATGTCTCTGAATGACGAACGCGCACA
IPNV IPNV-Fo CAAACAAAGCAACCGCAAC 352 AF160258
IPNV-Ro GTCCCATTCAGGGCATAGAG
IPNV-Fi CAGGCCACGTTTTGTCATGCCGACATAACGGAGAGACACAT 200
IPNV-Ri TTCTTTGCGTTATGTCTCTGGAACTCTAGTTCCGTCTGGTTC
VHSV VHSV-Fo TCATCCATCTCCCGCTATC 425 AMO086383
VHSV-Ro TCCTTCTAGTGTTTCCGACG
VHSV-Fi CAGGCCACGTTTTGTCATGACAAACGAGGCAAGTAAG 202
VHSV-Ri TTCTTTGCGTTATGTCTCTGTATGAAATCAGGGTTGAGAAA
ISAV-NS ISAV-NS-Fo ACGATGACCCTCTACTGTGTG 382 AF315063
ISAV-NS-Ro TTCTTCTTCTCCGCTTCCATTC
ISAV-NS-Fi CAGGCCACGTTTTGTCATGATGGGCAATGGTGTATGGT 217
ISAV-NS-Ri TTCTTTGCGTTATGTCTCTGGATGCCGGAAGTCGATGAA
ISAV-MA ISAV-MA-Fo AAGCGGATTGTGTGTAGAGTTC 284 Y 10404
ISAV-MA-Ro GCCTTCAACATCGTCTTCTCC
ISAV-MA-Fi  CAGGCCACGTTTTGTCATGAGCGACGATGACTCTCTACTG 149
ISAV-MA-Ri  TTCTTTGCGTTATGTCTCTGTTGGCATCCTGACTCTTCCTT

F S (1) ¥ Cy3 FRic iy Arm-PCR #3474 5
VLT 0 55 e B ANAE 47 C A4 R 24238 1.5 h,
PEV&JG 7E LuxScan 10K Y T REEDCAF S | FIbr
Rz 25 5

1.2.6 Arm-PCR % — % PCR A% ag4k4k %T Arm-
PCR %i— 25 PCR g i 4 4 25 SR 1Y Taq Wk JE \Mg®'
WeRE . ANTPs WKEE . 5IWRA Y (Primer Mix) ¥k JE F

RJGRIE 5 SR TIRE ML . H, Taq g
WM 0.045.0.050 F1 0.055 U/pl, Mg® 4k K 2.0,
2.8 1 3.6 mmol/L, dNTPs Z&¥&E K 0.15, 0.25 Fl
0.35 mmol/L, 742 032, 0.36 F10.40 umol/L,
B KIRE A 54°C . 56°CHI 58°C. it £ KI5 M i
W S AESEL

1.2.7 Arm-PCR # | 2 #0569 ] &

Xt P 114 I
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BT DU, IR HEAT 10 SRR ERR RS, KR
1.2.4 F1 1.2.5 frk g5k, SRA 1.2.6 b3 211245k
HEAT Arm-PCR I, 05 AR 77 3k Ay 6 ) 2R A0
1.2.8  Hm4H S H ) s DB 25 1 PR A
MR, HKHR 1.2.4 F1 1.2.5 firk ik, SRA 1.2.6 fifk
BRNSHHEFT Arm-PCR SR, I EASHIEGT EE ST 1K)
7 Fl B Arm-PCR 0 05 2k A5 Sk o

1.2.9 & JA Arm-PCR 7 &4 % & 4% % SefE ik
£T 19 HbmasE s, 418 & B (Cynoglossus
semilaevis) . J¥ IH 1 K . (Epinephelus lanceolatus) . £
M5 A1 B 1 (E. fuscoguttatus) . B [& £ 5 (Trachinotus
ovatus). ¥ 1§ (Oplegnathus punctatus)%5, >k FHAHF
TN Arm-PCR B4 3 PR A 5 i 2047 AH R
W TE ARSI, Rl X PCR F1EE X RT-PCR J7
PIEATREI, YRR K AR AR AR . BB
FEMARES . FF . M. B BRTIR SR, AR R
TR AR N 20 DNA 2 B 70 & 36 B 5 i
TRizol 2 HUZHZ1H B DNA A RNA, KB4 4
1) — 25k B S AR 8 U I Pl SR U RNA s 5
& cDNA, 2R Ji5 XF HE BUAY DNA S 55 5645 5 i cDNA
#HA4T Arm-PCR ¥ 34 W 38 - WK IR 1.2.5 Tk k17
ZRA I VERSE, SRIE B R R PR EUE S
B 45 A T 2%

2 FR

2.1 Arm-PCR $—% PCR S

B 1 T A Arm-PCR 3" 5 25 5 14 35 AR
SR ER, Arm-PCR 31 =4 5 FL R R i B
sz gE FOLIE 2, [ 2 RS TR QC-1 Ji &
BHE, 25 0 IR T QC-4 i S B . 244 1 o,
2 Taq B HEE M 0.050 U/ul Mg® 2 >4 2 mmol/L
dANTPs &3¢ JE 5 0.25 mmol/L. Primer Mix Z¥ )& K
0.36 umol/L . iR kEE N 56°CHf, Arm-PCR £41
PR R IR B . Kk, fifkfS Arm-PCR 55—
PCR {AZ Jy: Taq l(2.5 U/ul) 1.0 pl, 10xPCR Buffer(#
20 mmol/L f) Mg®") 5 ul, dNTPs(%% 2.5 mmol/L) 5 ul,
10xPrimer Mix(2 pmol/L) 9 ul, #i# 1 ul, ddH,0 #hZE
50 ul, BKIREEHN 56°C,

2.2 Arm-PCR &M A AR EE

IR 1.2.7 AT B AR ) Arm-PCR ¥4 | 24
2. IEAE, AWK 3 i, AR ENL
Arm-PCR K&l 73k, XF 7 R 2 9 PRI
Ko RALSE 33 4. 10" copies/ul (RGNNV, VHSV

000 000
QC-1 QC-1
000 000 000 000 000
QC-4 LCDV TRBIV RGNNV QC-4
00 000 000 000 000
Mega-1 Mega-2 QC-1 IHHNV IPNV
000 000 000 000 000
QC-4 VHSV ISNV-NS  ISNV-MA QC-4
000 000
QC-1 1QC-1

K1 RS A SR 7
Fig.1 Schematic diagram of DNA microarray

QC-1: FHL#FHE; QC-4: &5 FIXS BT
QC-1: surface chemical quality control; QC-4: blank control

K2 Arm-PCR #—2# PCR 22X LIk
Fig.2 Amplification results under different conditions
in the first step of Arm-PCR

A: TaqDNA RAREHEE; B: Mg™ WkE; C: dNTP IKJE;
D: Primer Mix ¥ ; E: BXIRE
A1-A3: Taq DNA RAMZUIEST510 0.045, 0.050 il
0.055 U/ul; B1-B3: Mg> 24344 2.0 2.8 A1l 3.6 mmol/L;
C1-C3: dNTP HYZ K Z 53504 0.15., 0.25 F1 0.35 mmol/L;
D1-D3: Primer Mix ¥ 533124 0.32.,0.36 #10.40 pmol/L;
E1-E3: B R 510 54, 56 H1 58°C

A: Concentration of Taq enzyme; B: Concentration of Mg>*;

C: Concentration of dNTP; D: Concentration of Primer Mix;
E: Annealing temperature

A1-A3: The concentrations of Taq enzyme were 0.045, 0.050

and 0.055 U/ul respectively. B1-B3: The concentration of Mg
was 2.0, 2.8 and 3.6 mmol/L respectively. C1-C3: The concentration
of ANTP was 0.15, 0.25 and 0.35 mmol/L respectively. D1-D3: The

concentration of Primer Mix was 0.32, 0.36 and 0.40 pmol/L
respectively. E1-E3: The annealing temperature was 54, 56 and

58°C respectively

ISAV-NS ., ISAV-MA)., 10° copies/ul (LCDV , Mega . IHNV
IPNV)A1 10° copies/ul (TRBIV),

2.3 Arm-PCR #&ll 7004 214

IR 1.2.8 FHATAHR Y Arm-PCR P48 | 2458 . 15Uk
HAMIE 4), 458 5R, 7 M 9 DR
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B3 Arm-PCR J5iExf 7 Foiss 9 AL
R R U
Fig.3 The sensitivity test of Arm-PCR for nine genes
of seven viruses of fish

ISAV-MA

VHSV ISAV-NS

K4 Koy vk i e e
Fig.4 The specificity test of Arm-PCR

RAFRIRE] T KRRy ), BASSS
WAL AL, ASBESEESL Y Arm-PCR A4 &
HA RAFA Y 844 1E

24 FMiEaFERmIENER

X 19 bR AR & BRI 25 SR s, A —HERR A
(FBE, 2013-11-15-00)K . LCDV, FHHtbFEfh (K32
&F, 2014-03-25-001. 2014-12-23-001)#H! TRBIV, ¥
HERE S WS 8. eI A SRS . U, 2014-04-22-
001-009,2014-05-19-001-007) £ i RGNNV, 3 /3 5k
SAAPE, BPRIBRES | BEAEE, 2014-05-25-001, 2014-
05-27-001 , 2015-05-31-001)%; i Megalocytivirus(/& 5).

ZK IS5 R 5 R PCR MIER, RT-PCR A4l 45 R —
HERRER),

RGNNV

Mega

K5 Arm-PCR J7 i Kl fa ke i
Fig.5 Detection of viruses in fish samples using Arm-PCR

Z @ PCR HARTFLITREE . REULE DY 24
HAr R B, Ok ok i 2 b FH 05 T A ) 12 AR AT 5 4
1 (Han et al, 2006; Zou et al, 2007; % f5{5%%, 2013),
{E ] Bt PRI G i o7 AR 2R L 8 1) 52 20 P T A — o R
R A AR R R R R T o ASBIF YA RS 4
AREySEEah L, @ g Ry 3 FIR R Z & PCR
(Arm-PCR)MYY HIARZR , I S o A 2R 1 A i) 22 A0
DI UE R R Y1 B S, B T sy T R
B FREMEIF R Arm-PCRBEA L D0 46 I 40 28 0%
BT

PR BRE AN AN, £ 8 PCR MG A
PIEA N H TR ILHRGE , (RAE @2 D2 E0R
PRI G I 0 43 TR0 L2 R K M ) A S5 B A4S I Y rp oA A G
A4 . Panicker %5 (2004)% 7 1Y N S BURH £ &
PCR I56A5 3k RS G 0 5 ok 7 AN 5 4 14 175 000 A
RELE N 10°-10° CFU/ml, il £ & PCR HEZ G
R AT IR BAAPE DL AR TE 4 21403 AW R S 1
HIRTER I J7 1 5 Panicker 25(2004) 4 R AL AR
TE 18 2R EUR A 408, Gonzalez 55(2004) &t i /K
02 5 FEURE R 9 NN T S W2 E PCR B
B LS R gy s, R R ERETE 20 fg AlifbHE
41 DNA DUF, MAHIESE T fE 7 ks 5 12k 1) 2 S0
4 FHE 107°-107" fg 28], % Gonzalez %(2004)f)
R 7 9 vt 1-3 AR R o Jeeva S5 (2014) BT 27 (1)
Xt B EEAG I v B AR A Y PR FETE 101 copies/pl
e, AR LRI EH bR 2 00 A0 AU X I F B 25 R
JF TR AR A /NS 22 PR AT 5 0 REF (2014) 48 2 119 X IR 2
ZE R Ty, Kl BRI RN AT A 6 A, HiX
D7V WK R AR AE 10°-10° copies/ul Z ], AT
FERENT ARSI O A 12 UG LA, AR IT
ST AR T 2R F T 3 il e X A DNA S F
B, 5 B BREREE I FL UK 3 T G AR L
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AR 1 G0 445 SR A v P AN R SR

AHWFFE ST 1 Arm-PCR B4 BL S 46 7 F
OISR 7L, FE TSl & a2 O R IS oL F
R4 . Arm-PCR §789 . S Z43s . W
FLAETAE, WTRAFE 12 h INSEAK 10 MK G 7 FRE BRI
R AR R AR, A S 70
£ PCR W45 A LUK L FE , S B RL .

B2, A ST I AT [ AN 7 a2 B Y
Arm-PCR ik HA il . &R EE . muEsbEm
Pt , BEARUHE & TAESOR , 8 0 200 B 14 i A AR
A7~ R A SRR Tz B RIS o

& % x #

FRER, B, 253, A DR R DN A e RE Y A
A, hE KL, 2015, 32(7): 77-81, 84

SRR, IR, BAE, GF. R ECGEEHITR R R AT R
FIEEN G PCR 73 S P8l 0 pr. hEDK ™22, 2005,
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Amplicon Rescue Multiplex PCR (Arm-PCR): a Novel Tool for
Simultaneous Detection of Seven Types of Fish Viruses

WANG Shenggiang'”, GENG Weiguang', SHI Chengyinl’z‘@, LI Jin', SU Zidan'’

(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. Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071,

3. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai  201306)

Abstract Major fish viruses that are severely harmful in aquaculture industry include Lymphocystis
disease virus (LCDV), Megalocytivirus (Mega), red-spotted grouper nervous necrosis virus (RGNNV),
infectious haematopoietic necrosis virus (IHNV), infectious pancreatic necrosis virus (IPNV), viral
hemorrhagic septicemia virus (VHSV) and infectious salmon anaemia virus (ISAV). Here we developed a
specific amplicon rescue multiplex PCR (Arm-PCR) combined with gene microarray technique for the
simultaneous detection of the seven types of fish viruses. First we optimized the conditions of Arm-PCR
such as the annealing temperature and the concentrations of Taq DNA polymerase, Mg2+, dNTP and
Primer Mix shown as follows. Reaction mixture (50 pl) consisted of 1.0 ul Taq DNA polymerase (2.5 U/pl),
5 pl 10xPCR Buffer (20 mmol/L Mg2+), 5 pl ANTP (2.5 mmol/L each), 9 ul 10xPrimer Mix (2 umol/L),
and 1 ul template. The annealing temperature was 56°C. This method could simultaneously produce
specific amplicons in one tube. The detection sensitivity of the Arm-PCR was 10" copies/pl for RGNNV,
VHSV, non-structural protein of ISAV (ISAV-NS), and matrix protein of ISAV(ISAV-MA), 10* copies/ul for
LCDV, Mega, IHNV, and IPNV, and 10° copies/ul for TRBIV (Turbot reddish body iridovirus). The
Arm-PCR did not cause cross reactions with genomic DNA from healthy fish such as half smooth tongue
sole, grouper, turbot and flounder.

Key words Fish virus; Multiple detection; High throughput; Multiplex PCR

@ Corresponding author: SHI Chengyin, E-mail: shicy@ysfri.ac.cn
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EERS SRS ERER VP28 #1 VP26
F) B SR B £ 4E P BY 53 hh 3R 3%

hANE EANE A K % #F OKRXEY ZER
CKP SR SR TR 0% KRR AT ATRE DRI 5 % 266003)

TWE Vi k, F4 VP28 fr VP26 HAENE G T RAE T, MBI AL A
(WSSV) R ety 1t 42 H B AT F B AE A A HF 58 R4 GenBank # WSSV 8y 3 F 7 7 %11 51 47, WL WSSV
MR H A /T PCR #3753 VP28 Fr VP26 H B, F A 5|4 &4 4% EcoR 1 #1 Xba |
BE YN GL  Al A mE] VP28 Fn VP26 EEK 53 3. HEEEZREEY EHE AR KL RAE
pGAPZoA, # 1k TOP10 KT H , 2143565 & (Zeocin) i 1 1k [H £ & 40 B A Rk (K, Avr ] By
MMz E, mEEt X33 EFABBERZTAEM, £ Zeocin HLIMEMERE| S EHBEH,

SDS-PAGE ®. ik 717 B 4l B £ R ik L e B W& 8, @AMl 2| VP28 #n VP26 E4 ik H ., M F,
REAEGOFRBELE, 2B T, 558 pGAPZoA HAH, VP28 #1 VP26 kik FiE k4 H W B th

ZH, IEEA VP28 f1 VP26 B PR KL, BASFEKANY N 32kDa,

ESe 4t

hESEES S945 XEERIREE A

Xt W BE25 A AiE 9% 7% (White spot syndrome virus,
WSSV)"™ 5 i 3 5 A BRI FRFE Y, 15 i B R 22 5%
Pk . WSSV Biw 1 3 IR R T, Bow AR R R,
XU IR YR 7 SR JE TSR A 100%, SR1fT, WSSV
A FHMT e, HF5EHEXT WSSV %
P 3 PR R LR 10 2R I PE D) B T AT A TA
PR CIEAE, 2009), 2 HE O R4k, &4
Y 40 ZFh WSSV IS, o 22 Rl
EEH, FEMEREEHA VP19, VP28, VP31,
VP36B. VP38A. VP5IB fil VP53A 55, FZFH
PR 94 VP26 . VP36A . VP39A FI VP95 45 (Tsai et al,
2006; Leu et al, 2009) . i i3 G035 I 3 2% FERE XU
MR T WSSV S5 A Z M BEARER, &K
VP28, VP51A. VP19 Fl VP37 X 4 FpfE 0 Tk
UKL S A1 )25, TIOON AT T eT R A U0 T 3 40 2R 1T Y
B R 32 R T H A 2 0 4E F (Chang et al,

BB AR VP28; VP26; E4lkik; LA
MEHRE  2095-9869(2016)04-0135-05

2010), Yi Z£(2004)F 55 & L, VP28 J& WSSV {2 A X}
N LT, T VP26 T3 VP28 5% AR
FE 45 1 JE LR (Wan et al, 2008).

— Ny, XPEREZ SRR R, HRR O
KAIRNVE G 8 R G RARPUINIERR IR AR B AR o SR, BR
TEHOR 2 FF 5T & B, DNA 22 1 (Rajeshkumar et al,
2009; Mu et al, 2012)F1EE [ B S0 RE T (T b 4%,
2013; Satoh et al, 2008) 1] L& X IR ) S R4 . 1
SR ARHCHURE B R P B RE T, XSO T TR
X AR R e g 8 4E, S TR BTR WSSV A
RORFM R T 752, DNA S BT TR
LAl bR ROk RO RRIREE B, B A RIERCR | R
7 BUAAR AN R . 5 B S50 A (B 1 45, 2013), B
DNA W ARG IR, FAEE BN 2 e
T RTREPE, A 9 2 4 M O J A i D 1Y)
o AR O AR BRI BT, AR AR A ]

* E N g AT I (el ) B IR 25 2735 H (201103034) %5 8, Bk/NE, E-mail: gengxue2013@163.com

O BWIREE: ke,
WA B #: 2015-05-22, WeiEsehs H #1: 2015-05-26

#H ¥, E-mail: wzhang@ouc.edu.cn
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AHFFEEE VP28 F VP26 X il WSSV #E i i
FE TG, F FHEE IR e B 323K 3R G0 R 4 il L 43
W IR I RN H A 1T, LU Ry B Ak i 45 %o MR A 928
o R P AL LA B

1 MRS
1.1 ##

111 L EA FIK TR pGAPZoA F1 X-33
B8 IR W BE (Invitrogen) A A4S SE 55 % —80 C - £F . E.coli
Competent Cells Top10 14 I b 50 RAR A=W BHL A TR
Ao WSSV HLER A A8 52560 %80 C {- 1o

112 EBXA pEASY-T1 simple Cloning Kit £l
T4 DNA Ligase I3 Tt it &L &M HR ARG BRAF]
Zeocin W H Invitrogen 23] ; P B AR DNA
ik £ . 2 kb/5 kb DNA Marker. 15 4058 BkL /N
BiH & . ¥ PCR ] 2xEs Taq MasterMix F1#E [
BRI & F R R 20 A /A F®I(CWBIO, dbaT);
BRI NI EE EcoRT . Xba I 1 Avr [T TaKaRa
N RIEBEN AMRESCO 2N E =5 BERHEERY)
(Yeast Extract), JBi# i (Tryptone) FE G 5 Y40 +
BBI v w], HAWY R E 2550t 4l

1.1.3 3l4pikit 4% NCBI H4232H WSSV 1y
FEN 4 cDNA J¥%1(GenBank: AF332093.3), il
% EcoR 1 A1 Xba I F U7 s/ VP28 K54
xVP28-F . xVP28-R, VP26 A 5| #¥ xVP26-F .
xVP26-R, #4i Invitrogen /A7 pGAPZaA Tt
H51¥)F% 5] pGAP-F.AOX1-R, B4 TAEW TR
TR A7 BR 2N 7145 i, xVP28-F(5'-3") : CCGGAATTC-
ATGGATCTTTCTTTCAC, xVP28-R(5'-3"): GCTCTAG-
ATTACTCGGTCTCAGTGC., xVP26-F(5'-3'): CCGGA-
ATTCATGGAATTTGGCAACC, xVP26-R(5'-3"): GCT-
CTAGATTACTTCTTCTTGATTTCG, PGAP-F(5'-3"):
GTCCCTATTTCAATCAATTGAA, AOX1-R(5'-3"):
GCAAATGGC ATTCTGACATCC. 51¥HhmnT Rk
SYFESA R EcoR 1., Xba I BEEIRSIA &, HAERY)
PLETTS A TR Bl

1.2 Fix

1.2.1 VP28 4= VP26 3 F #9313 HL-80°CIRAFIY
WSSV HLELIRAE IAR, LAGI#%F xVP28-F/xVP28-R
Fl xVP26-F/xVP26-R 435l 47338 PCR ¥4, [0
RBUR 50 ul, MR 94°C WA 5 ming 94°C

Pk 30s, 62°C/58°CiB Kk 30 s(VP28/VP26), 72°C4E
i1 1 min, 35 AMER; 72°CHEMH 10 min, SRAPLE G
WHEERE DNA IR & Rl VP28 Fil VP26 H i R Bt
1.2.2 pGAPZaA B ¢ K W T4 &K RAReg My
ffif] EcoR1 1 Xbal Xf%5#% pGAPZaA. VP28
VP26 EEN AT Y], VIR IS T4 8 0T
25°C#%E42 30 min, FALRWAFFIA Topl0 BAZAANNE,
TE%% 25 pg/ml Zeocin LB Pl Ei#FATHiMER %, PRECH
PETEREZAEA: T AW TARE( i) Iefn A7 FR 2 w1
I TE i Y E 40 A R4 Al i 44 pGAPZaA |
pGAPZaA-VP28 Fl pGAPZaA-VP26.
123 F@EEFERFEwHELEFRSES A Al
Rl 2 Ve AL B 41 Tkl pGAPZaA . pGAPZaA-VP28 il
pGAPZaA-VP26, Z M Invitrogen /A Al HE IR BELE AR
Fhl A X-33 FERRERASZ AN . Btk fb ks e T
fb X-33 fERE, SRIG 1R T 7% 100 pg/ml Zeocin YPDS ~F-
Mr b, 30°CHiFR 3 d Zcfy, kPP oRE . FEMHPERE
BEEER 4 DNA VRN, DL pGAP-F #il AOXI1-R /£
RS A T s PCR 7RG, Ek EE A RS B R
X-33/pGAPZaA-VP28 Fll X-33/pGAPZaA-VP26 , X-
33/pGAPZaA 1EH %S FIXT IR,
124 FHEBEF L L HN HRHLPH M T 4 R
SR E 5 ml Zeocin HUPERY YPD ARG TR AL, 78
30°C. 250 r/min B FRIRESR. HL200 pl iR
IR 25 50 ml B YPD K50 250 ml —
PRI, 30°C . 250 r/min PR EEFE 72 ho4°C L 12000xg
Bl 3 min, FISWARAREG, RFET-80CUkAf.
S 9IHC 40 pl X-33/pGAPZaA-VP28 . X-33/pGAP
ZaA-VP26 Fl1 X-33/pGAPZaA A & 18 I, A 10 ul
S<tR AR FAEZE I, IRA)E, 99°C4 @I 10 min,
SRJE 12000 xg B0 2 min, BUE.OJ5 ) EWER ERE,
HUS pl & H b iV o F it 2 R i## 47 SDS-
PAGE FEH k. HIKZEHRE, 25K R-250 %
) Hip 5 W G o R AR A R ol A H R o

2 #HR

2.1 VP28 %1 VP26 EE Y 1L

VP28 Fll VP26 FFERJELL WSSV ) DNA FLEH N
B, HEF T8 PCR ¥ 152, iR MRaE i Rk 2
WK 1 prR, 78 500-750 bp Z[BI4G I B AY 47, X 5T
MG VP28 H1 VP26 HEA 4 F Bk AR 632 bp A4

2.2 pGAPZaA-VP28 #1 pGAPZaA-VP26 =4 FfL
ST

JH T4 DNA Ligase BV )5 19 F B 5 5A M R &6



5% 43 Wh/INEE S X IE A BES7 A A0 2R IR AR 19 VP28 I VP26 HY B IR TR BE 4L Y 43 s 4 i 137
I HBER, BYLIRILE 4, 552 pGAPZaA [#
REFIA IS WRZAAAL, pGAPZaA-VP28 F1 pGAPZaA-
VP26 TEEEZRIA ISR TE T K 48 AT 0L B A ]
AR R SRl o IR AR Ay AR ETITIN VP28 il
VP26 [ 7 T3 7E 32 kDa 47 o
e N N ey nar e SRR
s TR SRS
97.2 | e’ Suue SN BN ) .
664 wmmw L -
M3 S S - g o S g
—snk B
1 VP28 Fl VP26 PCR 4145 200 smmm) .. £ DR BNG £ 6 B s
Fig.1 PCR amplification of VP28 and VP26 gene ; <

1-2: VP28; 3—4: VP26

PEAR Y pGAPZaA Fib gk MAiEHz , ik ety s 2
FEIREAR, AT B & B AL KB A Topl0,
2t Zeocin PUPEGG L , PREUPTUIE S 5w B HEA T BV PCR
YE, PCR FEHIHIKEE R ILE 2, H5HBKW A
1172 bp MELS(EFST . BSHETCREM Y, 745
2t MEGA 5.05 54434, TR 5 40 2R354 7 91
SEAIEM, OB ALHL .

Kl 2 EAFORE % PCR
Fig.2 PCR identification of the recombinant plasmid

1-4: pGAPZaA-VP28; 5-8: pGAPZaA-VP26

23 EHBEAE LER SDSPAGE BikERER
PHCPH M R A 7 R T R, A LIS WO T
AR K, kA R R R % D52 i R-250
yetn, JutaZb IR ULIE 3, S5 BoR, 553 pGAPZaA
ML, &4 VP28 1 VP26 H 3L e EE 15 W1
HLUK A FE S a0 &5 o IR, 75 28R FH o R 50 A6 )
Tk e B ARSI IIRE
24 EHREBEELRE FEHR SDS-PAGE BikiRLER
AR o R e SR it — 20 4 I e B 4 1 3 TR

Bl 3 VP28, VP26 Flzs#k 4l i

SDS-PAGE HiJk % e 2%
SDS-PAGE analysis (R-250 staining) of the VP28 and
VP26 recombinant protein expressed in X-33

Fig.3

1-3: X-33/pGAPZaA-VP28; 4-6:X-33/pGAPZaA-VP26;
7-9: X-33/pGAPZaA

kDa B 5= & 5 S e
97.2 B S wow o DT Ml
66.4 - T E

29.0 - oty o g
L

L —

20.1
14.4

Kl 4 HHFERE SDS-PAGE HLUKEI YL LY
Fig.4 SDS-PAGE analysis (silver staining) of the VP28
and VP26 recombinant protein expressed in X-33

P: X-33/pGAPZaA; 1-3: X-33/pGAPZaA-VP28;
4-6: X-33/pGAPZaA-VP26

3 it

Bt 3 K TR RN AR 1 & 8, FEIRSN R IR T)
AE R B4 —Fh s 8T 47 B 3R U (e 1 1
o TEXTER A BELE A IEB IR A ST, WSSV HAL
F ] LA R AR = 40 WSSV =% S0 Al 45 3 2 ok
VLMo & e, mhxee WSSV EHEH AR A
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EE BTN, HPH R 2 n 2 VP28 ik i 4
AR o B w5 55 (2005) 1 AR bR o 75 8% e 52 A i ok
IR VP28 # 1 , Fu 55(2008)f 4 T pBS-H1-VP28
i B ZE AT TR R IR AR, TR R 2 HAT R L D 3R 3k
VP28 #EH, Satoh Z5E(2008)F] KT HE I F ik T
VP28 Fl VP26 &1, FRFHSLIIIEN] WSSV 4 &
H B s AT WSSV BRYLIYRE T

AHGEAS L AR I B 208 RGE 4TI FRR VP28
VP26 HEYEF, HEARIERMAEIE pGAPZaA,
BB TR IR, HZFR RIS o+
S pGAP(= W H i I 8 G 20 +), RIZE 3
T35 B IWE A AT S0 H A S Se Rk
KRGE T ERIERG, MBI B &E A T LA
FF— W IN T, AR F B Y A R 28 FTE R 1Y)
T¥F, T HRERILRG . oAb, Fik=Ym] Lok
FI4npEsh, T HRE AL S50 8, &5k
Ay, HAE, FIAZEE RGO LY RBIRZT60E
HHE, W B-EILME NG . B-HI A MR NG . PR IKNG B
¥R PR 6 i 55 (Waterham et al, 1997; Sears et al, 1998;
K-, 2008"; Delroisse et al, 2005), i FHZH i %
KRG E B, KRR, BT R %
SR T T AT RIS R I, ik SR 5 e B A e ™
MV HER T 5B AR A AL o E (o F Se R R 2 R
RIFRRGINEE AR, A — BB RE, 32
ARGEATRH TRIEX B MG FWEAR,
G, BRI RE A SR Gk RGERE A 8o W Rk A
TR A, 5 B A3 AR AR A A6 8 55 DL
B R RIS K 510 LA R I B 5 95 A F (R
pH {H . HAREFRYE)FABEILR.

AT B WK 2 A S R P B v 2 B R 3 0 R 3K
VP28 Fl VP26 HWEH, fkilllsh®iEs, HEM
HEH B FRIBEBAC, HEWA TR () RERAA
Al SLICR BRI/ R T, TR & I )
pH {H . R EUICEFY AL Q)& A ks
FEACRIS AR . H BSOS EEE DU AR A, H R
AFEREYERE M, B &N RB A TR,
SR = A AR A I v AR IR TR R B T s (3)fF F K
VEFARAIE « ANWF5E R 1 RS2 AR B 19155 K51
—a- AT, ZIE S KT REAIE A5 S VP28 Al
VP26 /3 ik ; (4)VP28 Hl VP26 5 A& il EAIE
B AR IR TR A i R ik . RIE, TR
AH IR X — IR B B R R, RS an it

1) . B
, 2008

Alfimeprase

AWFFEIA ZHE MBI WSSV 5 [ W P07 28 1 I FoT
PSR 22 10 AN FL R AR , A WSSV B PR 9%
T BRI A o8 R B4 T B E — SR

Thh, E PRI DIANRZF AT b VP28 XTI SE X
MR G 28 AH DG PR 2R TR RN A0 AR S MR AT MR 52 . K A A
Yi2Fal, 2013, 37(4): 705711

WROCHE, ek, XIPER. XER I BELSE 5 R 75 S0 {3 7% 1 B
FEHERE. BBk, 2009, 29(12): 73-76

Wiy, TJ55°. DNA BB, HEEHERE, 2013,
40(1): 72-76

Byeol, VPR, KA IiFRIA R A VP28 B2 B X v RS AF
IIGURTEORI. SER A= )~A 41, 2005, 38(3): 190-198
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CL DN

Secretive Expression of White Spot Syndrome Virus Envelope Proteins VP28
and VP26 in Pichia pastoris Induced by Constitutive Promoter

GENG Xiaoxue, WANG Xiaoxia, ZHOU Yi, XU Wei, ZHANG Wenbing‘@ , MAI Kangsen

(Key Laboratory of Aquaculture Nutrition and Feeds, Ministry of Agriculture; Key Laboratory of Mariculture, Ministry of
Education; Fisheries College, Ocean University of China, Qingdao 266003)

Abstract WSSV has been a globally recognized highly harmful pathogen in shrimp farming industry
that causes tremendous economic loss. The envelope proteins of WSSV, VP28 and VP26, play important
roles in interacting with host cells, initiating virus infection and mediating virus intrusion. In this study,
we used pGAPZoA as the expression vector and X-33 Pichia pastorisas the host cell to express VP28 and
VP26 in a secretive manner. The coding sequences of VP28 and VP26 (GenBank: AF332093.3) were
amplified from WSSV using PCR, and the sequences of ECOR I (GAATTC) and Xba I (TCTAGA) were
added to the 5" and 3’ ends of the target genes. The purified PCR products were then cloned into the ECOR
I/Xbal sites of the pPGAPZoA vector. Sequencing analysis verified whether the target genes were correctly
inserted into the reading frame. The construct was linearized by BIn T (Avr 1) and then was integrated
into P. pastoris X-33 through electroporation while being screened by Zeocin. The expressed proteins
were identified with SDS-PAGE. The VP28 and VP26 recombinant proteins could not be detected by
coomassie brilliant blue R250 staining, however, the bands of the fusion proteins appeared after silver
staining. The sizes of VP28 and VP26 fusion proteins were about 32 kDa. These results suggest that the P.
pastoris system was effective in expressing WSSV envelope proteins VP28 and VP26, although the
expression level was not sufficient. Nonetheless, our study still established a novel tool for the study of
subunit vaccine, and provided basic information for the large scale vaccine production.

Key words White spot syndrome virus; VP28; VP26; Recombinant expression; Pichia pastoris
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2014 FhEARMR IR M ES RS
ORF14/15 #1 ORF23/24 &k X FE 5 tb 88

WEH T xKE

(L. Ay el Al 2 R R E R SR s R AR BT e B B 5T B
2. WA SR ERLRE R S Y I RO RE SR
3. bRy LI

e

Tt # O

H 266071;
H 266071;

201306)

X UF 78 W 1 % R = B, XT3 48 A1 i 2 (White spot syndrome virus, WSSV) 2 #

PN EERE 2 —, WSSV TR HIEHRN T R 8 FH WSSV Fh RN, & T #2014 F
K H X WSSV ORF14/15 fn ORF23/24 19 7% F & 0L, A#F 54645 2014 4F 1 H-8 A HF K £ty
48 17 WSSV [HEEEEA, F 45 75| 43 ORF14/15 #1 ORF23/24 J Ft, % 8T T # 1K, # L £ Topl0
A, MF A RERZ ANk ZR, 2R E T, b %3 ¥ ORF14/15 fr ORF23/24
R OB L) 4 B 43.75%Fn 33.33%, 72 ORF14/15 ¥ # &, 4514 84 1 1260 bp. 1270 bp. 1892 bp
#n 2662 bp £, 5§ TH-96- 11 thoxt 34 4 Bk 2k 15 U0, BB 2k 6540 bp. 6530 bp. 5908 bp 71 5138 bp.,
i1 4 ORF23/24 3 # &, 479 3 i 1140 bp #r 1146 bp Fr £, 5 & & & & tk(TW) H 3t & 7 A 8k &
T, Bk 12070 bp fn 12064 bp, #F X4 KK U, WSSV £ F [ K # 43 KA — 2 E &
s, WA Fl &84 ORF14/15 ¥ A R Z F b KA L, #£ ORF23/24 A X K £ R F K, EHEH

K b Bk ko
ES a0

hESERE S945  XHEMRIRES A

X BN 1 B 455 45 HIE 5 75 (White Spot Syndrome Virus,
WSSV b £ 3k 9 7 B (Nimaviridae) . 1 5% 7 )&
(Whispovirus) i i — i 51 (Vlak et al, 2005), 1 H:5[E
) B9 £ 468 B0 A % B S 8 v T I ) e S 0 3 A
1991-1992 4[], WSSV B K B il A T i E 51,
ZJ5 G S e 2 2R i S A M X (Flegel, 1997), TMi7E
1994 4, 7F EPJE 55 0 M XA A R R kR
(Anonymous, 1995; Pradeep et al, 2008), WSSV H iit,
FEURE RERST IR IR ML P AL 3R, Fead A JLTH4E
H, YR ZE X HR FR5E = A AR R 52 (Inouye et al,

1994; Chou et al, 1995; Cai et al, 1995; Wongteerasupaya
et al, 1995; Kasornchandra et al, 1998; Mohan et al, 1998;

WSSV; ORF14/15; ORF23/24; |7 7| 4 #t
NEHS 2095-9869(2016)04-0140-07

Nadala et al, 1998; Park et al, 1998; Magbanua et al,
2000), 3-10d N ik 100%HBIEZ, & E K%
T4 2% (Lightner, 1996) .

HHT, GenBank L/A7ifi 4 FA[a] WSSV fig stk
FER 2T, S alET E S S E(TW, AF440570)
(307287 bp). Z=EHK(TH, AF369029) (292967 bp).
[ ¥k (CN, AF332093) (305107 bp) 1% F #k (KR,
IX515788), il , fBEMMErkY 312 kb, frok3E
ZH 1) WSSV-TH-96- 11 (AY 753327) I I T 2= [ kk
(Pradeep et al, 2008). #5 i K 415741 Z 4] HAT 1w B
FRRBLEE , T2 5 AR IAE A7 I . KT A
XK B FRAFLFEHV X FREZXHNEL

* [ R ST K R TR (2012CB114401) | INARAE “FR s il TR L I S A R BHIEZAS A TR B

HIBA L i 22 2R 3L R B B . FETRL, E-mail: sxy16@163.com

O @IAEH: XKE, FRA, E-mail: liugh@ysfri.ac.cn

Weks H 1Y 2015-05-27, Wefg ks H #1: 2015-06-29
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FPHN ARk s 7 IR T L R 91 LA b S T R
PR R 27 (R R AR, 2014; Marks et al, 2004) .
1T WSSV HL B | 15 32 28 BRSO J1 22 5
FHEORFM AR Z M HA 257, @ WSSV JEH 4
WL SRS 4T, ORF14/15 Fl ORF23/24 T 5 T &
AR RN HEI, AWFFEER X E B R SR A A [
HIX [ 2014 4F 1 -8 JH [HIREEN 48 {7 WSSV BHHM:AF:
A, EAREE S YR H A B, DR bT LB [
X445y Bikk ORF14/15  ORF23/24 [F 5B IH M, 45
FEHEAS R HLIX. WSSV 43 BBk ORF14/15 il ORF23/24

MAESE, A WSSV 43 F A Tk i 58 B 4K i .
1 #MR5F*E
1.1 BAEFRR

7 2014 4F 1 H-8 H WSSV Jp 3 %% & W ia] , b
o Wi, DR VLR, DT MR AR SRR A
STHRRE S, ARG B T —20°C I VKAR A R ARAE, HORIE
fFE W 1.

1.2 WSSV #ZB23RE

PR RIREAR B, B2 30 mg BEZH 41, i iRt
WAL LR 4 DNA FEEGAFR & (B O A ) It
WI3E4T DNA 25, )5 30 pl 65°C M Jo i K
A, K EEIUY) DNA FEAS B F-20CHR IR H .

1.3 PCR #ill

X WSSV DNA FEA IR FHE 2L PCR J7i:,
Frifeti I GB/T 28630.2-2012 344 fIE(WSD)IZ WAk,
FRE 2 #4r£EaC PCR KL . PCR =it ] 1XTAE
B K 28 R BC T ) 1% B IR RIS EA T R AT
1.4 WSSV §it%k X ORF14/15 1 ORF23/24 -1t

A3 B0 WSSV e i i R 1 5 B it AT
ORF14/15 il ORF23/24 [ 1) F Bt A 48 52 5 v 25 pl
AR R LG . 17.3 pl BEEIK, 2 ul BARIES Y,
2.5 pl 10xPCR S & thi (Fr M@™), IE [ AT [ 5
P4 1ul, 0.2 ul Ex Tag DNA A, 1 pl R I0A%RR
HE R B #hE PCR &RIFUI BRI E 2
(Marks et al, 2005; Dieu et al, 2010; Tang et al, 2013),

15 HHRKRZEERFIILEX S

P15 1 PCR 721125 1xTBE Hi, 1k 22 i 1 1 1)
1903 ig BEEE ISR YK, B HB &, e i
F & 3545 H i) DNA, £ NanoDrop 2000 & ¥ )5

i it pMD®18-T Vector #EA71E 4L, K B/ B |
A B — I BRI T I . AR T 515 NCBI £ g
JESEAT XS, Horbr, ¥ ORF14/15 5 TH-96- 11 ¥k LL X,
ORF23/24 5 [H & ISk (TW) ELXT

2 HBRE5HW

2.1 PCRIEMLR

X EEHUR WSSV &R, it 7EE X PCR HY
K, 6 10 K FRAE S AESE — 4 2 PH Y, 42 I TR FE
MRS AR BB
2.2 ORF14/15 ¥tz R

WX WSSV HEARRY 1Y, A 21 fy(2#. 3#.
At SH#. 6f. T#. 13#. 23#. 24#. 27#. 30#. 3l#.
32#. 33#. 37T#. AOH#. 424, A4#. A5H#. AGHF ATH)
FEAH BT ORF14/15 WA 2571, HLREME LT ¥ 1
FE S EL Al 43.75%, Firfr, 13#, 23#Fi1 2445571
WK, I HAE 3#. A4 4TH#—ATKGE N2 H
TSR K/NA— 560, XA RE2 AR o DNA 1Y
WS mk BN S B R VR VLT AN L
ARRNEE . H BRI S VLIRANAR . AR R A AR
TEH X A RE R A 2%l (1B 1)

2.3 ORF23/24 184 R

f£ ORF23/24 P, 5 16 {iy(2#. 3#. 5#. 6#.
TH#. 23#. 24#. 2T#. 38#. 3. AO#. A1#. A2#. AA#
H1 ABHFEAS AT LAY 3 th 2%ty , REAE B9 A i 1 1L
2 33.33%, FrAMEAY B S RN EAR A
ZES . WL AT . WA H IR, RIEE RIS & L L
TRANZR AR . AR AT AR ORF23/24 47 i (K] 2).

2.4 FHlEEt

TEFT A REA 1) ORF14/15 4 8, Ay 4 Fh k)N
AN—B) 5 BEY 1 1ok, B 1260 bp (7L 4 f)) , 1270
bp GHTVTIEI . VLT, WAL L) . 1892 bp (L
O] VLIREE )R 2662 bp (ILINEEH . 1XT . AR
BIET), FHENA REKFFIR TH-96- 11 texd, 4351
B2 6540 bp. 6530 bp. 5908 bp il 5138 bp (& 4).
MAE ORF23/24 v, R BR/NRARMNESR, 41
5124 1140 bp (AL E ddf) . BYE)F 1146 bp (1077 .
MR T VLOR R AT, MRV . WL N)
ANGE, PR S R R A B AR ZE 6 ANm L, R
GATATC (K 3). AT E & IEHEHEATX L, SR A
B R/ 512h 12070 bp 1 12064 bp (# 5).
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x1 HEREKER

Tab.1 Information of sampling

%5 Number

¥ 45 Sample Number

FEHlL Site

5hFF Species

JC140104001
JC140104002
JC140104003
JC140104004
JC140104005
JC140104006
JC140104007
JC140409002
JC140416001
JC140418001
JC140418010
JC140418013
JC140418014
JC140418015
JC140419001
JC140419002
JC140419003
JC140419004
JC140419005
JC140419009
JC140419010
JC140422002
JC140422003
JC140428002
JC140428003
JC140508001
JC140522002
JC140522003
JC140522004
JC140522005
JC140522006
JC140522007
JC140522008
JC140522009
JC140522010
JC140522011
JC140522012
JC140522014
JC140522015
JC140522016
JC140625002
JC140625008
JC140716007
JC140801003
JC140801004
JC140801005
JC140801006
JC140801007

[t ¥ 4o Caofeidian Hebei
[t ¥ 441 Caofeidian Hebei
L ¥ 4cfi] Caofeidian Hebei
[t ¥ 44 Caofeidian Hebei
L # 4cfa) Caofeidian Hebei
[t ¥ 4 Caofeidian Hebei
[t ¥ 441 Caofeidian Hebei
W73 Ningbo Zhejiang

111 %5 B £ Jimo Shandong

11 % H 18 Rizhao Shandong
VLI 4 Rudong Jiangsu
{95 A Ganyu Jiangsu
T8 Ganyu Jiangsu
Y75 404 Rudong Jiangsu
WL M Huzhou Zhejiang
WM Huzhou Zhejiang
WL M Huzhou Zhejiang
WYL N Huzhou Zhejiang
WILHM Huzhou Zhejiang
WL M Huzhou Zhejiang
WL M Huzhou Zhejiang
iI 7 Liaoning

iL7* Liaoning
fE#E 1] Xiamen Fujian
IR Zhangpu Fujian

I 475 & Qingdao Shandong
Y7585 50 Nanjing Jiangsu
Y175 H 50 Nanjing Jiangsu
WL N Wenzhou Zhejiang
WYL Wenzhou Zhejiang
WL N Wenzhou Zhejiang
WYL Wenzhou Zhejiang
WYL Wenzhou Zhejiang
WYL N Wenzhou Zhejiang
WL Wenzhou Zhejiang
WL N Wenzhou Zhejiang
Wi M Wenzhou Zhejiang
WL IR M Wenzhou Zhejiang
WYL N Wenzhou Zhejiang
WYL Wenzhou Zhejiang

I~ T, Zhanjiang Guangdong
J" 4R YLI] Jiangmen Guangdong

I 47 &% Shandong Qingdao
1 # ¥ Huanghua Hebei
Y7t # ¥ Huanghua Hebei
1L B ¥ Huanghua Hebei
M4t # Y% Huanghua Hebei
b # 4 Huanghua Hebei

FLYEXT IR Litopenaeus vannamei

JLYHESXTHF L. vannamei
FLAGIEXT R L. vannamei

H A4 %I Penaeus japonicus

HASFEXTUF P. japonicus
H A4 % I P. japonicus
H A2 XHHF P. japonicus
FLYERT IR L. vannamei
FLAYEERTHF L. vannamei
H A FEXTUF P. japonicus
FLYIEXTIR L. vannamei

H [ BE X3 ITF Fenner openaeus chinensis
A 2 IR Palaemon carinicauda

12 T Portunidae

X IR IR Macrobrachium rosenbergii

% [CIA Y M. rosenbergii
W ICIHEF M. rosenbergii
W ICIHEF M. rosenbergii
B R UF M. rosenbergii
% CIHEF M. rosenbergii
& [CIA N M. rosenbergii
FLYERTER L. vannamei
rh B XHEF L. vannamei
FLAYEERTHF L. vannamei
FLYEERTER L. vannamei
FLAEXTER L. vannamei

i [G L Z T Procambarus clarkii

FELICJF LR P. clarkii

FLYREEXTHF L. vannamel
FLENTESTHR L. vannamei
FLAYESTER L. vannamei
FLYRTE SRR L. vannamei
FLERTESTHF L. vannamei
FLYEEXTHE L. vannamei
FLARTESTHR L. vannamei
FLAYESTER L. vannamei
FLYRTE SRR L. vannamei
FLAYESTER L. vannamei
FLYREEXTHE L. vannamei
FLERTESTIR L. vannamei
FLAYESTER L. vannamei
FLERTE SRR L. vannamei
FLAYESTER L. vannamei
FLYREEXTHE L. vannamei
FLERESTIR L. vannamei
FLYREEXTHE L. vannamei
FLYRTE SRR L. vannamei
rPE BT IF F. chinensis
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Tab.2 PCR primers and cycling conditions
514 Primer 7% Sequence TiAs M Initial denaturation A8 P Denaturation #Efif Extension
ORF-14/15F AATATGGAACGACGGGTG 94°C 5min 35 /ME¥: 94C 30, 72°C 7min
ORF-14/15R GACCAGCGCCTCTTCAG 55C 30s, 72°C 2min
ORF-23/24F GTAGTGCATGTTTCTCTAAC 94°C 5min 3B AMEFR: 94C 305, 72°C 7min
ORF-23/24R GTAAGTTTATTGCTGAGAAG 51°C 30s, 72°C 1.5min
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 M 21
bp
2000
1000
750
500
250
100 *% 100
M 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 M
M 38 39 40 41 42 43 44 45 46 47 48 M
1 ORF14/15
Fig.1 ORF14/15 amplification
M: DNA Marker DL2000; +: D= ; 1-48:
M: DNA Marker DL2000; +: positive control; — negative control; 1-48: number of samples
+ip ZEEME . i E R ORF14/15 F Bt 4y k4 5138 bp.
3 itig

H#: ORF14/15 1 ORF23/24 iz %, w[LI&H
eI e R L WV N L VIO L AL
THIERAAEARFN T ARILTT . A T X FE A
ORF14/15 1 ORF23/24 J Bt ¥4 14 , V175 A Hu IX
FEA T HH ORF14/15 W4 38 B o BRILZ AP
TR . INARRIES | H R S YL AR AR
SV b, DX i AR A PR R A 1 1 R A A 2%t
B, H—srksm.

CHE W 4 Fhagsk, ROepE Gk . Ek .

5132 bp. 5316 bp # 5721 bp. T TH-96- II £k
(AY753327) ORF14/15 JvBrf Aot %e, Jr DLl w
ORF14/15 5 TH-96- Il #kifF AT HE X . 7F ORF14/15 3
wae, AT ) R BOR AN S AR 732 N h 3, U
WX —B 732 bp WP S B m RS, B BBk R
225 AL E EEAL TR R BURBGER . T E
A | WV R ARV T X R FE Rk B K
BEmyBhsde, feoKbisk 6540 bp, TEVLIREEKT . 10T
AR Ml DX B 43 52K Ry 5138 bp MY EERR 5

BB kBT B — 2 78 Tang %5 (2013)41 %+ S35 m
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10 11 12 13 14 15 16 17 18 19 20 21 M

M 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 M
48 M
2 ORF23/24
Fig.2 ORF23/24 amplification
M: DNA Marker DL2000; +: ;= ; 1-48:

M: DNA Marker DL2000; +; positive control; — negative control; 1-48: number of samples
14320 14330 14340 /I3 33 4 1140 bp 1 1146 bp. E 418 H [ 5 Ik (TW)
IIIIIII|IIIIIIIII|IIIIIIIII|II (AF44057O)ORF23/24)£]AE& j‘j%%%, .JJ:[: l_r%’lﬂ‘
AATCT GTA CCCAAAAAATTARRENESNEZT] ORF23/24 5 [H SIS HR(TW)#EAT LLXF . E & bk
AATCT GTA[CZVNIIWNNC GGCAAA AAATT ARREIVIEZ ] [ 14322 31| 14330 v & B9 FE " GATGAAATC, 7£iL
SIS GATGAAT (SSEIIIN TV LT, AR ORMRTRNT] . W R

3
Fig.3 Differing sites and nucleotide sequences

W Iy |« B3 L VDR BT A b DX 35 R ) S 50 v &
B, JPHIEA 5950 bp, [RIAE B AR AL Y ERAE
Hoa 55 (2012) %t B[ 5 188 e Fi #40 b IX B Ak A o A v
FH /N — iy 5892 bp ik K1 Il & BAE#E T BN EE
(IN-07, EF468499)#1% Pl & (HQ257380, HQ257383,
HQ257381) 1443 B ¥k (Tang et al, 2013), ix 5 AHF 5%
P B BT 55 A RTT Ab E Gl b DX A R AR e A Bl
AHIT . FEMEIESE (2011) %) 2008-2010 4E 24104 6 /> Hi
XAEA A, HGEA 4 Rk, B 4751 bp . 5138bp.
5139 bp Al 5140 bp, J& 3 Fitfis T E S IEHRACE 1
AL 25 5, H)E SRS AT REAN ANt .
£ ORF23/24 v, L5 WP PCR Y ™), K

I X FEAS T 14 B 1146 bp BFE SRS T h E A 1
PRERIE T GAA 3 ANGREE, 177 7] b 1 4 fa) R0 2 Bl dth X
P14 1 (4 1140 bp JE I ERE T GATGAAATC 9 /1™l
B, “HSPREBERMEL, 2RI T 12064 bp
112070 bp. H AT, B0 ZS R Rk ik B Bk R 51 R
13120 bp, #iEMREA hERERERL, J 5654 bp,
i FF FE MR R 2K /N, X 1169 bp, ASHIFSE H B P i
MR TR Brk . B 55 (2014) i
VU4 B Rk . Tang 55 (2013) 7 () 43 5 Ak A1 Ak BN E Bk
(EU327499, EU327500) 2k #4124 10971 bp, 7& Pradeep
45 (2008) T R4 i A7 DG BB i IX 43 B3 kA7 8539 bp 11
FBEERG . BBYRIE, ORF23/24 X BEAy Btk K i 8
8%, 1F 1-13 kb Z [A] R4,
H A4 1, Marks %5:(2005) L) i ¥k 5 K (2 312 kb)
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(N TH-96-11 (7800 bp)

— 6530 bp g WCEM . SR #0270 bp)
Wenzhou Zhejiang, Jiangmen Guangdong, Huanghua Hebei (1270 bp)
o ___6540bp e AL 424 (1260 bp)
- _- Caofeidian Hebei (1260 bp)
- 5908bp I ALE A, YRR AN(1892 bp)
Caofeidian Hebei, Nanjing Jiangsu (1982 bp)
- Sehe I L LT AT (262 bp)
J— Ganyu Jiangsu, Liaoning, Xiamen Fujian (2662 bp)
- -k ————— I KR (7X515788, 2079 bp)
5316 by
T N TH(AF36902, 2484 bp)
5138 by
-——-------------—--———---—l-)--—---- === -----—— TW(AF440570, 2662 bp)
5132 bp
[ B B CN(AF332093, 2668 bp)
4 WSSV ORF14/15

Fig.4 Comparison of missing regions of ORF14/15 of different WSSV strains

AP EAEIE R -1 9 8 By P51, v e e e R on 5 TW- THAE L i 2k (9 78 >
Rectangles denoted amplified sequences. Dash lines denoted missing sequences compared to TH-96- Il strain

255 15770
T TV (AF440570, 13210 )

2356 12064 ST ARELEIT. YLORRIR, JARITAINCT], MIRA(1146 bp)
- - P Jll— Liaoning, Xiamen Fujian, Nanjing Jiangsu, Zhanjiang Jiangmen Guangdong,
23&_ _ 12070 bp

Wenzhou Zhejiang (1146 bp)

I L i A 2 (1140 bp)
Caofeidian, Huanghua, Hebei (1140 bp)

K5 WSSV A[H##k ORF23/24 [X i85 i ¥ 471 b Xif
Fig.5 Comparison of missing regions of ORF23/24 of different WSSV strains

ML TR T B Z A9, ZE A P R REIE s S 1 84 R0, b Ia) B A e 2k R 5 Th L B TS R (TW,
AFA40570)FH H B2k B9 FB 53, FEIE I A 73R 15 TW 0 I A B 7
The right bold lines denoted the region outside the amplified fragments. The right and left rectangles denoted
amplified sequences. Dash lines denoted missing sequences compared to the TW strain (AF440570). Numbers on top of the blocks
showed the starting and ending positions corresponding to the TW strain (AF440570)
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I ORF23/24 A& 5t SR AT, XHE W WSSV 7k
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Comparison of the Missing Sequences of ORF14/15 and ORF23/24
of WSSV from Different Regions of Chinain 2014

SUN Xinying"®, LIU Qinghui*?”, WAN Xiaoyuan'?, HUANG Jie*?

(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. Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao  266071;
3. Shanghai Ocean University, Shanghai  201306)

Abstract

White spot syndrome virus (WSSV) is one of the major pathogens that severely harm

shrimp aquaculture. Different strains of WSSV display various virulence. In order to understand the
geographic variation in fragments ORF14/15 and ORF23/24 of WSSV in China, we collected 48 samples
of WSSV-infected shrimp from disease outbreak areas in 7 provinces of China between January and
August in 2014. We identified the genotypes of WSSV-positive samples using PCR with ORF14/15 and
ORF23/24 specific primers, and the amplified fragments were conjugated into T-vectors and transformed
into the Top10 cells. We selected the positive clones and obtained their sequences. Then we compared the
missing fragments of ORF14/15 and ORF23/24 from different samples with the sequences of TH-96- 11
and China Taiwan strain (TW, AF440570) respectively. There were 21 samples with the products of
ORF14/15 amplification, and 16 samples with the products of ORF23/24 amplification. The amplification
ratios of ORF14/15 and ORF23/24 were 43.75% and 33.33% respectively. There were only 4 types of
ORF14/15 compared to TH-96-II. The lengths of the amplified fragments were 1260 bp, 1270 bp, 1892
bp and 2662 bp, corresponding to the missing 6540 bp, 6530 bp, 5908 bp and 5138 bp respectively
compared to TH-96- II . There were two types of ORF23/24 compared to the TW strain. The lengths of the
amplified fragments were 1140 bp and 1146 bp, corresponding to the missing 12070 bp and 12064 bp
respectively compared to the TW strain. These results suggested a certain degree of prevalence and
variation of WSSV in China. There was an obvious difference in ORF14/15 between different strains, but
only a minimal difference in ORF23/24. It is most likely that the variation in the missing fragments
correlates with divergent WSSV virulence in different regions, and this notion needs to be further tested.

Key words

WSSV; ORF14/15; ORF23/24; Sequence analysis
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A [E] RE 37 #R (Fenneropenaeus chinensis) coat-¢
HELK cDNA EERARHH

FBHE xEEPY 2 opY #F F2
(1. KREWBERYE KiE

i

116023;

2660715 3. HEHWARESHAREZLRE  EEml A S Y- i RS s HE  266071)

S coat-e HFEFKIEWE G E AR COPI H coatomer & &My —NTH, K KB P EH T
(Fenneropenaeus chinensis) coat-¢ #£ &l 2K 77|, & A cDNA A ¥ P 9 # (Rapid amplification of cDNA
end, RACE)H A, ¥ W coat-¢ B 8y 3'35% 0 535, Il J7 45 RZE DNAMAN it 3 8 45 HH coat-g 25 K 4
K, FFE 4K 1402 bp, 5'4E474 X (UTR) 84 bp, 3’344 X(UTR) 310 bp, FF 7% [ 4E 1008 bp, Tl
Yt 335 MNASE, Hp, % 230-300 YA B JE T TPR # Kk, SignalP 3.0 Server Tl & 38 /7 7 %
155Kk, TMHMM Server v. 2.0 247 th @ B A B 4 A, PSORT I Prediction il % & & 1T
SRR, AR, RRRT, BENES. 2AF MM E R, FE WIS coate ZEE 5 ¥ M 4171

2. AN FERHEEE Y AT 3 a A R G SR KRR S e K i

HAF G R FMIT, RA LR KO E & T E A

EELBEMA. FRREFRAL T M

txtERE, ERET, coate AN PR EFTREAERE, AEMMEHREAZ ., AFRKEH
o E A AT AT coat-e &K FF, FT N Z R oh # AT U HR G A

K§EiA

hESES S945 TEFRIRAD A

TE 20 M Y A A AR ek i A v, 27 AN []
FELRE /N, HASTR B AR BT, AT AR Sk b 5
BR Ay SOBURL ) ot i is e, H ATAE A b 2 B0 3 b
AR ZE R BT B/ INEL . AR R A /b, COP I
BN, COP 1 # /N, EATTEA AR 1Y) Bz i
YERT, Hodr, COP I B /N 32 247 0 26 11 T e vy
IR FEAAZ A1 2] N S5 0 e, A 5 40 6 P A0 7 R A
W A iz RPN, COP T /N 7 5 /R Fik
PR ZRE TR 18, 32 B2 I P B 4 A 2SR 4R, 4302
ARF FJ% G FEHMIK/INE 550 kDa Z£47 1Y coatomer
BAEk, Hi, coatomer BEMAKH a. B, B'L y. 5.
£.0 7 A~ S [F] 4H B (Waters et al, 1991; Serafini et al,
1991), coatomer & & {4 i ARF-GTP [ff 5 T IR
T, RG24l 2T 8 B A 4% /)N ifd (Bremser et al, 1999;

B E AT coat-g; FEE TR AL L

A
XEHS 2095-9869(2016)04-0147-06

Nickel et al, 1998), HEj, COP I ZERIZEF AL T
MR E LI coatomer & A RN ARSI C 29k
i, coatomer E -GN 7 A FLA4 LA R WEER 4>
(BS/yC-COP Hl aB’e-COP), Tfii coat-g &I HT ILE/INEY
WA, coat-e R FEMERHERKITLT R, BERERKS
1 i coat-a AIANFEXE (Duden et al, 1998),

W5 LB, COP 1 ANAUFE i /R B A4 1) ) o 3 By v
RAFVERL, 0 HAE A0 P9 AR BN B /N i 4 RE
7 1 & AR F (Styers et al, 2008; Gabriely et al,
2007). COP 1 74 i 35 A1 52 1A 11 2% 35 S 240 o FsE s o
B3 IR TS B T AR (Misselwitz et al, 2011).
Coatomer & A RTIRE I ZFEME IR 7 A X — & 4%
EERAE TS, AF5EE T cDNA Rty 1
(Rapid amplification of cDNA end, RACE)LY #4 i

* [ G SRR TS R SR TR (2012CB114401) | Z 1122 il i TR L L2 2 AR SRR A H A G 1 BA L it

Z 3L, F1477, E-mail: wang__ xiufang@yeah.net

O BEIRMEE: xIRE, #F5H, E-mail: liugh@ysfri.ac.cn; =

Weks HIY: 2015-06-17, WEsichs H1: 2015-07-29
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| B X5} iR (Fenneropenaeus chinensis) coat-g 2[4 F
G, Rk — L5 coat-¢ FERFRIBHE HEZE COP I #
FEE/ NV AE 25 Ao B 1R Gk 72 b VR FHAT R R4

1 RS
1.1 ##

S F b [ DS R L AR B B KSR
KK 6 cm, £ PCR K AW WSSV, FE(22+1)C
FiR TR KA B FF 3 do TRIzol i3 . pMDI8-T
#H K . PrimeScript RT Reagent Kit with gDNA Eraser it
FI G F TaKaRa, KR A T Top10 B2 2540 i A
TIANGEN A ), 514 Kl e BI7E iR TA YR
HIRAFISER, 2étE & PCR AFI &I A Roche 2y
G

1.2 ¢DNA &/

FIH RNAiso Plus(TaKaRa)4& Bt rv [ B Xif F
RNA, 2 1%IEAE PG iUk & RNA BYHEIBGICR
H3 ¥ 331 RACE Fl 5% RACE BYANIH], 3" 5 i A 3'-CDS
4 3" RACE cDNA #ifz; 5%l A 5'-Adapter, 5'-
CDS &% 5'RACE cDNA #ifi. # it 3'-fl 5'-RACE
FRETIIER 1), 30— kY LR A #Y UPM Al
Gspl J51¥, Bi4: 94°C, 5min; 94°C 30s, 72°C
2 min, 5 MEH; 94°C 30s, 70°C(68°C)30s, 72°C
2 min, 5 MEH; 94°C 30s, 65C 30s, 72°C 2 min,
25 MR ; 72°C 5min, 4°C, LI—IK PCR =¥
it , UL NUP 1 Gsp2 M504, #1785 PCR, &
N AR5 — AR . ST AR SR — Ry S R
LI UPM Al Gsp3 5197, i X PCR Y 15 2 72 vh L UPM
1 Gspa R51W, [ sFS 3wAR A .

1.3 coat-g E[F cDNA B [&

3'-Fl 5'-RACE ¥ 3 7= W2 1% Ne b e 1 Fa Uk
J&, A5 DNA [P0 & (TIANGEN) Ut B 3 1)
I, 5 H A BE 1 pl 5 pPMD18-T(TaKaRa)Z 14
16°C 4% 30 min, HUS5 pl E3E=YNA Topl0 32
AU, BT UK E 30 min, 42CHGY 60 s, Bk
PRI NS A AR, A 750 pl LB ARK:R %
e, 37°CHETE 1 h, HU100 pl B4 A 7E LB(Amp+,
50 pg/mly A I, 37°CHiF%E 14 h, BREURET,
F LB(Amp+, 50 pg/m)E ARG 3738 fEFE IR [ H5 57 4 h
J&, AT PCR. SBiieMEERS S , FLUK 571 1IE i
) AT VR T ) o

1.4 EYERESH

ZE Y 3R AT I 25 530 57 DNAMAN 47 Hoxt . BF
o SEMPHER TS AEL ORG Finder 8 H ik
&) 3SEHE , 32 F Translate Tool *¥f T i &) B2 AE A9 A% iR
¥ 5 BE N EFER 5, WA SignalP 3.0 Server Tl
ST A 55 0K, F§ TMHMM Server v. 2.0 4k
1 50 I 24 5 R T 9 A T s A A, TR 4R
ProtParam tool 7342 3L R ¥ 51 2 1 LA S2 55 HeL i F o3
i, I PSORTI Prediction Pl &K 4 4 IV 41 ffd
7, FIHAEL A NPS Network Protein Sequence
Analysis 7378 F I 04518, 1 =204 18 1
SWISS-MODEL il i 35 [ 1% [W] 2544, )i il BLAST
Hoxt R 2 B )7 51, JF ] MEGA 5.05 M R Gk
aR
1.5 coat-e EEHEHARIE

A3 3 o X R A B A . AR . B
BE. B B, IRAE. DL, B8 JE%RE . imike e,
HIA RNAiso, 8 RNAiso 7] & i3 B 4542 RNA,
K 1.0%35 BEWEEE R FL UK 5 28 S 4 6 EE T o A 4
JU RNA Joif FI5e #4% . {#i ] PrimeScript RT Reagent
Kit with gDNA Eraser i fl| & (TakaRa) K #2HU T RNA
Skl ¢DNA, 20 CIRfE#H . LIS EIR cDNA
FiBE 10 F5 AR, 43 ] B-actin((N ). coat 5|tk
796 E B PCR(F 1), qPCR WA R4 SYBR
Premix Ex Tag'™(2x) 12.5 ul, cDNA #ifz 1 ul, EF
W5 1#14¢ 0.5 pl (10 pmol/L), DEPC AbBE/K 10.5 pl,
PCR S 414F: 94°C, 5min; 94°C 305, 58°C 30s,
72°C 30s, 40 MEH; 65C 55, 95C 50,

F|F Bio-Rad CFX Connect H4F &k}, 3% [ 2724
I coat-e FER AUAIXT Feak i, LI BEAR coat-g 5%
SRRIINENIRIE 1,

*1 5|¥WF5
Tab.1 Sequences of the primers
£ Name J¥%1 Sequence(5'-3")

Gspl AGTCAGATGCCCTTGAGTGCCG
Gsp2 GCAACACTCACACAGATGGCTC
Gsp3 CTCCTTACGGGCAGCATCAAGACGC
Gsp4 ACGAAGTGCTCCCTCATAGTTATCC
B-actinF CATCAAGGAGAAACTGTGCT
B-actinR GATGGAGTTGTAGGTGGTCT

CoatF TCCTTCTATATCGGGAATTACC

CoatR CACAATGGTTACCCTGTTACTG
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Fig.l Predicted amino acid sequences of coat-¢ cDNA in F. chinensis
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Fig.2 Multiple alignments of amino acid sequences of coat-¢ in F. chinensis and other species

HWFP coat-e FHI B S BRINAERE(XP012169272.1)

B FOHLA B (XPO11333357.1),

4N 3 B £1(XP002586747.1) . K415 (XP011436400.1)
The GenBank accession numbers of coat-g: Bombus terrestris (XP012169272.1), Cerapachys biroi (XP012169272.1),
Branchiostoma floridae (XP002586747.1), Crassostrea gigas (XP011436400.1)

Putative conserved domains have been detected, click on the image below for detailed results.
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Fig.3 Putative conserved domains of coat-¢ in F. chinensis
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Fig.4 Secondary structure analysis of coat-¢
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Fig.5 The spatial structure of coat-¢ protein
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Fig.6 Phylogenetic tree based on coat-¢ amino acids of
different species
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Sus scrofa (XP003123584.1), Camelus ferus (XP006186292.1),

Condylura cristata (XP004688653.1), Loxodonta Africana
(XP003413572.1), Monodel phis domestica (XP001363383.1),
Xenopus laevis (NP001085327.1), Lepisosteus oculatus
(XP006640066.1), Crassostrea gigas (XP011436400.1),
Branchiostoma floridae (XP002586747.1), Fenneropenaeus
chinensis, Bombus terrestris (XP012169272.1), Megachile rotundata
(XP003699284.2), Cerapachys biroi (XP011333357.1),
Camponotus floridanus (XP011267506.1)
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Fig.7 Tissues distribution of F. chinensis coat-¢

3 it

HEG, 7E79 syl T i i il | 55w K A5 HE sh W) 0
IR B . BPIK IS AY coat-e LRI &K B &L mbE,
1M AE H 5230 b s HE 5 D o ARBFIE B I B
E B X ER A coat-e FEN &K, IRIMEAE
coatomer & SR —A/NIE I, coat-g F PR gmfidh 1) 25
TG 5 5 DXRNAE 5 K, I 240 i e A5 33 0 G2 — i
I, TTRETEANM N R R FhDIRE . MR RG K
BT UL B, [ A X RS R AR | A DI
Be PR A W ARISCR S — 25, EATERE T sh i ],
HHAME RN TIEIETE bR S B SRR
HRELIT , T ELAE [R) P T T A A 2 A AR U Y
60%—50%7c A7, YiITE SR RE P PR AT PEAN 1 o e 5t
N R FEAE LA . SR BRI 2H 20 3 1 40 AR

coat-g F K 2 1k 1Y 85 1 /2 2H B coatomer & 5 1A 1Y
BO/Y(-COP Mo AT /D H, EIRXS T COP I kA N2
eV SRRl S A B PN 5 % ey (S [ D L IR )
SV 2 R LR AR AR AR Z2 oAb DR, ) 403 o
JRYL AN ALY COP 1 TIREIIFSE &I, COP 1 7R TE IR
Bl kL —E/EH, it siRNA TS5 A M,
COP I 7E44a . BB K ot 2 Tt 8% 75 19 &2 1l v A VR
H(Zhang et al, 2009; Cherry et al, 2006; Konig et al,
2010), M FER—L MR KB, COP I 7EHFM
ATE R HRE ZFEH, SRR AR . RNA
() 52 RN 22 1) I N A2 i o 3d 3 COP T 11 4 S ESE Y
RNA TS, AT AR #7814 N 2 il Y
HE N & (Konig et al, 2010), i = coat-g 21
S35 P 1 98 (Vesicular stomatitis, VSV)FZE i) 3 %
M 7% (Semliki Forest viruses) /gL [k (Daro et al,
1997), 3 HAE#E— 1) RNA TR 5 ENE 7 X —



152 ook B

E %37 %

238 (Cureton et al, 2012), coat-g FE PR JE 75 S i X} 15
BRI R M AN R, ARSI coat-g FE[H 4
K AWESE COP I ZEXT R BRIy A AR Ll

& % x #

Bremser M, Nickel W, Schweikert M, et al. Coupling of coat
assembly and vesicle budding to packaging of putative
cargo receptors. Cell, 1999, 96(4): 495-506

Cherry S, Kunte A, Wang H, et al. COPI activity coupled with
fatty acid biosynthesis is required for viral replication. PLoS
Pathogens, 2006, 2(10): 900-912

Cureton DK, Burdeinick-Kerr R, Whelan SPJ. Genetic inactivation
of COPI coatomer separately inhibits vesicular stomatitis virus
entry and gene expression. J Virol, 2012, 86(2): 655-666

Daro E, Sheff D, Gomez M, et al. Inhibition of endosome
function in CHO cells bearing a temperature-sensitive defect
in the coatomer (COP I) component &-COP. J Cell Biol,
1997, 139(7): 1747-1759

Duden R, Kajikawa L, Wuestehube L, et al. e-COP is a structural
component of coatomer that functions to stabilize a~COP.
EMBO J, 1998, 17(4): 985-995

Fuhrman JA. Marine viruses and their biogeochemical and
ecological effects. Nature, 1999, 399(6736): 541-8

Gabriely G, Kama R, Gerst JE. Involvement of specific COP |
subunits in protein sorting from the late endosome to the
vacuole in yeast. Mol Cell Biol, 2007, 27(2): 526540

Konig R, Stertz S, Zhou Y, et al. Human host factors required for
Influenza virus replication. Nature, 2010, 463(7282): 813—-817

Misselwitz B, Dilling S, Vonaesch P, et al. RNAi screen of
Salmonella invasion shows role of COPI in membrane
targeting of cholesterol and CDC42. Mol Sys Biol, 2011,
7(1): 474

Nickel W, Malsam J, Gorgas K, et al. Uptake by COPI-coated
vesicles of both anterograde and retrograde cargo is
inhibited by GTPgammasS in vitro. J Cell Sci, 1998, 111(5):
3081-3090

Serafini T, Orci L, Amherdt M, et al. ADP-ribosylation factor is a
subunit of the coat of Golgi-derived COP-coated vesicles: a
novel role for a GTP-binding protein. Cell, 1991, 67(2):
239-253

Styers ML, O’Connor AK, Grabski R, et al. Depletion of
beta-COP reveals a role for COP-I in compartmentalization
of secretory compartments and in biosynthetic transport of
caveolin-1. Am J Physiol Cell Physiol, 2008, 294(6):
1485-1498

Waters MG, Serafini T, Rothman JE. ‘Coatomer’: a cytosolic
protein complex containing subunits of non-clathrin-coated
Golgi transport vesicles. Nature, 1991, 349(6306): 248-251

Zhang L, Lee SY, Beznoussenko GV, et al. A role for the host
coatomer and KDEL receptor in early vaccinia biogenesis.
Proc Natl Acad Sci, 2009, 106(1): 163168

(B8 B

c¢DNA Cloning of Coat-Epsilon Gene and Its Tissue Distribution in
Fenneropenaeus chinensis

WANG Xiufang'?, LIU Qinghui**”, WU Yin'”, HUANG Jie**

(1. Dalian Ocean University, Dalian

116023; 2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of

Agriculture, Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao  266071;
3. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for
Marine Science and Technology, Qingdao 266071)

Abstract

Coat-epsilon protein (coat-g) is a subunit of the coatomer complex that forms COP I . To

obtain the full-length sequence of coat-¢ of Fenneropenaeus chinensis, we first acquired the sequences of
3" and 5' ends using rapid amplification of cDNA ends (RACE). The results were then spliced by
DNAMAN to obtain the full-length 1402 bp sequence. The predicted 5' non-coding region (UTR) had
84 bp and the 3' non-coding region (UTR) had 310 bp. The open reading frame had 1008 bp that was
supposed to encode 335 amino acids. The fragment including 230aa t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>