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Fig.1 The map of the study area and sampled stations
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Tab.l Best combinations of P. parvus abundance and environmental factors similarity matrices based
on the Weighted Spearman rank correlation (p) analysis

B A
Environmental variables

R p
HERE (ST VATOES Y

Monthly abundance Abundance of each station

i 7K Hydrography

1 1 A HIER#EE pH before one month 0.518 —-0.094
2 1 HAERJZ/KIEE Surface temperature before month 0.515 0.443
3 2 AHi#EJZ/KIRE Surface temperature before two months 0.475 0.457
4 1 AT %5 DO before one month 0.359 0.209
5 2 HHT#RJZE:E Surface salinity before two months 0.325 0.499
6 M H R JZKIBE Surface temperature 0.293 0.190
7 2 A HTERIEE pH before two months 0.164 -0.109
8 24 H ihdE pH 0.101 0.088
9 4 J ¥ DO 0.092 0.186
10 1 Awi#JZERE Surface salinity before one month 0.015 0.532
11 2 H R f# %4 DO before two months -0.072 0.182
12 M H £ JZERE Surface salinity -0.125 0.571
13 JK % Depth — 0.676

v 1E4H & Best combination

0.84°(1, 2, 4-7) 0.766°(12, 13)

*FH G 1A 5 3 7K F (P<0.05) Related coefficient reached significant level (P<0.05)
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A THE G 57 A1, LAt 2 i 28 S R AR YR kg Y5 v S
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ZERGE 1R 7), JRUES/INBAT K S AESEINIE
L3 T AR i ER UK G A K I8 o /MBI K 7 S
5 i i R L K IR K 2 A R 5 AR S B TR 3
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BT 11 7R B 04 0 5 08 R L2 9 S A (R A,
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Annual dynamic distributions of Paracalanus parvus
(Copepoda Calanoida) in Laizhou Bay, China

WANG Xiuxia'?, ZUO Tao>", WU Qiangz, CHEN Ruisheng2

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306; 2. Key Laboratory for Sustainable
Utilization of Marine Fisheries, Ministry of Agriculture, Key Laboratory for Fishery Resources and Eco-Environment, Shandong
Province, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract Small copepod Paracalanus parvus is the dominant zooplankton species for early larvae of
fishes as food in the critical spawning and nursery habitat of Laizhou Bay, Bohai Sea. Annual dynamic
distributions of the species in the bay were studied based on the zooplankton samples that were collected
from May 2011 to April 2012 by a net with 50 cm diameter and 160 micron mesh size. In this study,
stage-specific abundance of P. parvus from the original sorting was transformed before the multiple
analysis including cluster analysis and multidimensional scale. Principal component analysis (PCA) and
RELATE modules of BIOENV in software Primer 6.0 were used to seek the best matches of
environmental factors that affect distribution of P. parvus. As the most common copepod in Laizhou Bay,
P. parvus was observed at all stations during the investigated period. The species was more abundant
from July to October compared with other seasons and its abundance peaked in August. By cluster
analysis based on the copepod stage-specific abundance, three stations groups were recognized. The one
was located on outside of Laizhou Bay near the central Bohai Sea; the second was located to the runoff
inlet of the west of the bay; the third was appeared in the transition area of the two mentioned groups
before. The abundance of P. parvus reached the highest in the transition group and the lowest in the group
outside the runoff inlet. According to the results of BIOENV analysis, the surface water temperature and
pH co-regulated seasonal distributions of P. parvus, while seawater salinity and depth had stronger effects
on the spatial distributions. The significant correlations between seawater pH and Huanghe River runoff
suggest that runoff one month earlier may be a possible indirect factor that affects the temporal variations
of the P. parvus.

Key words Paracalanus parvus; Spatial distribution; Temporal variation; Laizhou Bay; Bohai Sea
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Ji o BRAE: WK N TR R BOR 5 RGN LB . AT 11

1 MRIERE
1.1 ALBHMRSGHE

TE S22 A /MR TR A R S5 (] 1-a).
AT 0.6 m. 9 04m. & 07m. R%H L.
FATIHALA, NATME IR 0.5 m, BFE] KK
A G b ARb, DATHIE RS 0.4 m,
WA R S AT AR, RGNS HES R
Gt RGN ERFE IR I LLAR A8 IR & T T FH VR B4R
KB HAKERNEE N 26-33, MR N 64 Hi/m?.,
1.2 &it5AF%

TR 7K SR 58 AHEZK P AER R 2K B i T, AR 4 S
T ERNE 7 3.83 mg/L NH,CI,0.43 mg/L KH,PO,
F10.5 /L &R HIE KK, RN 25-31°C, pH
h7.4-8.5, N 29-33, HMEN 1.5-5.5 mg/L,
NH,-N ¥t 4 0.30-0.40 mg/L, TN 1.4-2.5 mg/L,
BIEYH 6-12 mg/L, M EE K 0.06-0.12, FEFHIME
KR FEAR KT, B17E 0 9-10d, B2
WIRCRIE, MEHTEASRRIMPKIEIR L, R
FEIBAT 60 d J5 , B 3 DK 45 B IRER] 735124 16 h( T
1), 24 h(TA 2). 36 h(T.B 3), 4K Wi ik
NH,;-N. NO,-N il NO;-N ik B b 4L, pH. i
LR SESRMEE YSI 2S5 A0 E .
NH4-N. NO,-N, NO;-N. TN ZE3545 09I e (i
PEWEIFRIE ) (GB12763 4-2007); NH,-N %A G
FA N, NOs-N SR EHEIE R, NO,-N R
LW, TN RS MR A b, &7
YR E R, VM EER AR . R A
A4 SPSS 10 #4777 22534, A Origin 8 /EIA .
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A= ) R 0k B R G0 B RSN A SRS T v T S
SCHR(VF G RESE, 1986)iE4T o 33k Jo R il 174 00 5 R FH 2%
T A — IR R A HE G T 5, SRR T TTC 240y
G B G GBS FE A, 2009), TR Mo R T AR
FOERH 80, MR 2216E 8538 (1 8 s 45
2012)85 5 AR 7 d.

2 HERE5HH

21 ANIBRMBERARSZMERSH

211 BLAZKR ATiRHAZT NH-N, NO,-N,
NO;-N 1 TN B2 1Ed, i 2. B 3 iR, AT
MEHIXT NH,-N BAT RAFIRBRECR , fE— "1 s17)H
WIN(9-10 d), PEA/KALBEZR SN B NH,-N R Bk
E TR, NH,-N W 2EK N 0.30-0.40 mg/L,

MAGAEIE 2 d J7, B P NH,-N 3 B3 AS | RIS
010 mg/L AT, KBRFLE 70%LI L5 TEIREIE 4 K
i, NH,-N #EERE3] 0.05 mg/L LT, 28 54 80%
9. 10 K, NHe-N FHEEREH(92.63+4.29)%,
A E 98.27%. WG /K I35 B8 i [ B3 /i, NH,-N
) BRZA WG N, K IIERA BRI 16, 24, 36 h
AT, NHa-N B3 L BRE 500 (79.40+5.49)%
(82.44+2.63)%. (87.84+1.81)%. ZZGXT TN 2%k
WMz, 2% 8 KASG, TN VFHERFEN(31.83+
10.08)%, ik %] 53.91%. RGN TN A B2 H B
WEETHE GO, X ATRES TN B9 28, My AfE
W R SR R A 56, KA E Ry 16, 24,
36 h &1 F, TEH ML AT, TN f°F3 L B2
K (38.42+£12.64)% ., (25.97+1.30)% . (26.22+9.37)%.

b
T47ith Down-flow tank _F47th Up-flow tank
#K O Inflow Hok O
0.10m { s1 s4 Outflow
0.20m { S2 S5
0.15m { S3 S6
>

K1 ANLiwhab RS

Fig.1 The constructed wetland treatment system
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Bk F S RGBT, KIEF NH-N WE
BTG, NOs-N KR Wi T, REia a1
BLEER 5 R, NOs-N ¥ BE {8 21 04, feimi o4 0.80 mg/L,
HLJF e B TT BRI . NOs-N ¥ B2 22 48 f A0 5L G
Th s e BEAR R B, X R sh i 35 5K Ik 55(2012)
BRSSO AL, PTRES RGN ER A LIS R R A
Ko RYEN NO-N MR B2 AR, — it 7E 0.005-0.010 mg/L
AYiEsIN

2.1.2  FHEALRORL 3B R 8 B ok 2R HE NN,
it id Fe oy Wi EF 7 (Schmidt et al, 2003; #GHE
%5, 1986), S F TR FR 2 5% A R S AF Rk A i
LR, B—2, WAL E R R g b K
NHy-N F46 0 AR E: . B K, il R Giis
7918 NO,-N W& LA, 88 W h3ebEm
i 0 200 T IV i PR e DR A A R i R R o 2T I,
RGP IHLA L, NH-N Sy 3, BEFE SO0 BRI
NOs-N LAWK, 25 7 K, R4 W NO;-N 1
LR AT 90% . FEAEFRE A, NO,-N M FE A I
A A K, B BIAE 0.37%-7.92%, F# K
2.34%( 4). BEE BRI K: , 5 ER R A &R
S NOs-N FIr (5 Fe il A7 Brssg i, /K F145= B3 e 4 36 h,
MAGIBITHE 8 K, NOs-N FF 5 H ik 5] 95%.,
BERT UL, SEAK K 45 B I ) R 2R 58 9 S U il
BRI FEAL ., WAL, IRHAEY B ALK T H S A s
AW IER 5> NOs-N, Balmér(2012)ikh, 4 KAE
T b F %) A [ AR 0 A 9 b e A 3 K G AR s B LA
(W ACRE R/ NASTA] 38 H AR R & 8 I K A H 0 A
TG b I A AR AR B R A B 2, R 2
()2 55 10 b 22 G 7K 5 R 7 SR 3G sh b o AR i
filg Ak 3 P2 B 5 P-4 7% (Sun et al, 2007), T RS0
H g S AL 1 NH,-N W3 L5 T NO,-N Al NO5-N 774
F4) 2 0 A TR A P /0 R R R o

— BN Ry, mEfE RN S Z BEE . pH, DO, G
PUBRIE . SUEIBEIS L R G0 h NH,-N W ESE L Fh
HZ R, RGP ACRBBHE, A b in 7oK
PR A AR AR, N2 ELAE K R R R AR AR I AR T
RE, MR RGEH . LR MG E AL AN R A& — R

@ & % Ammonia nitrogen

M TV fi§ % Nitrite nitrogen
O A & % Nitrate nitrogen
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Fig.4 The variation of percentages of ammonia nitrogen,
nitrite nitrogen and nitrate nitrogen in the constructed wetland
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Ji AR K N TR RO S RN LT . Y b 13

P AALR N, NS T & N Pl A B AL, Tk
Y. sh¥) . WEERRRI . REENIR R 2L T
25-31°CZIH), X HAEEA RGN . EEWR A
A G S ARG RS AR B, RS R B, AR
] DAFEAF Ak S Hh 49 185 J 2 09 £ £8.(Reddy et al,
1997),
2.1.3  BRHAL R R At L R 69 F v il A B 7 A=
9 NOs-N 7E R AT 4 S i AL A0 T 348 R N
N,O, T R GeH NO5-N e B ke T Ak S iy 7 2B 1Y
NO;-N FISCA AL BT AR NOs-N PN T5 . — %
TOLT, RGN LY XA AR, InZ PR
KXW, AR 22 2, R FEAFT
SAEAC B AT . RGLa TR, SORARAE TN,
Z4EH NOs-N B AW, 2% 8 K, NOs-N Lb
BIIFGE TR, IAHALVE ISR . I, TN ZiBRIFTR
FAXT R R, IR 30%. HEBT b2 Y AR K REAE X
NO;-N LR FE st 8] — & /E . Kirk(2001)#Y
W R, W TR HAE Y AR SRR W 4, RIETE NH,-N
SR ERCEWEL T, YR EEUIL NOs-N,
Y FE LR 2 N £, WA —2/ N5 A
AP IR A . HE Uik, FEP R VR F A
XFAFR, SR W A SRS A I AR AR 2 R 1 &R
G b FEAMHEZK B 32 B34 42 (Sun et al, 2007; Bai et al,
2005), 1fi Liang %¥(2000)#1 Bachand %5(2000)fiff 5% %
WY, N0 R A8 e Aok 78 rh s AR AR T RE A 1D IS
UUB R AETEIE S T FEME NH,-N & i, SAdfre
WA R AR T RO H B

Atk Z 2 EE . pH, DO, A HLEREHE 1)
S (Kuschk et al, 2003; Lu et al, 2004), 465 7
I TR R 25 0 T Oy A A TR R A HLARTR , AT
T NOs-N By LB, Kefiffbid B2 = A 1) N,O & &
Be T RS AL R 5 DL R A Ny Fl N,O . 24000t
%% # (Fleming et al, 2002; Vymazal, 1999; Zheng et al,
1998; Ding et al, 2000; Gerke et al, 2001; Vymazal, 2007,
Horne, 1995; Gao et al, 1990; Vymazal et al, 1998)1A

Jo, 4 pH (ERAKES, RAEICHYEE Wz, i
AHRER R AR, ¥4 pH<4.0 B}, 74 N,O A3,
pH>6.0 B, DL=A: N, e X e, b 15 K4k
FRA N T A FE R pH BN 55T 6.0, AR5
MHEFR pH YL N 7.4-8.5, #5004 F T g A
RINAE SR . A, B2 T R, 766 E5%
HF, RAEAE R NARER AT L4 T (Laanbroek, 1990).

2.1.4  RALR R XL R B R EX2 L I ER ()5
DA MLESE AL Z R, (EA S RGEMA K
AN, A AN SZENRE . pH. WA . ATAIH

() B F 40 T 1R 52 0 (Gerke et al, 2001), 846 % 1 & T
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Substrate Enzyme, Microbe Distribution and Denitrification
Effects of the Constructed Sea Water Wetland

ZHOU Qiang'?, CUI Zhengguo®, WANG Jiapeng'?, QU Keming*", MA Shaosai’, MAO Chengquan’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Qingdao 266071; 3. Haiyang Yellow Sea Aquatic Product Co., Ltd, Yantai 265122)

Abstract

The substrate enzyme activity and the spatial distribution of microorganisms are important

factors affecting the degradation of pollutants in water treatment system of the constructed wetland. The
present study using a laboratory scale constructed wetland system in three different conditions to measure
the removal effects of nitrogen, the relationship between the removal efficiency and the spatial
distributions of microorganisms and the substrate enzyme activity. Spartina alterniflora was selected as
the plant of the constructed wetland, and the density of reed was 64 per square meter. The substrates were
filled with fine sand, coral rock and blast furnace slag. In three different conditions, the removal rate of
different forms of nitrogen, the quantity and activity of microorganisms, the substrate activity were
investigated. The results showed that the average removal rate of TN and NHs-N were (25.02+12.69)%
and (82.91£17.51)% in the constructed wetland system during two-month stable operation, respectively.
The quantities of microorganisms in different depths were obviously different, and the activities of
substrate urease and dehydrogenase were different with depths. The quantities of aerobic microorganisms,
the activities of urease and dehydrogenase in the upper and middle layer were significantly higher than
those in the lower layer of the system. In the down flow tank of the system, the quantities of nitrifying and
nitrite bacteria in the upper and middle layer were higher than those in the lower layer; however, the
distribution of denitrifying bacteria was opposite. There were positive correlations between the removal
rate of nitrogen and the quantity of bacteria and the enzyme activity (R’=0.50 and 0.61, respectively).
There was a significant positive correlation between the total nitrogen removal rate and the activity of
urease (R?=0.86). The results contribute to the migration mechanism of nitrogen in the constructed
wetland system of treating marine aquaculture waste waters.
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Constructed wetland; Nitrogen; Removal rate; Enzyme activity; Microbial
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K BHW A PALHE . Rtk , AR B iR HH
B A I 32 o A 2 IR BT B Y T

RGNNV By LR 4] i 45 1E s RNA 4%
(RNA1 Fil RNA2), H:H RNA2 4Ky 1433 nt (Thiéry
etal, 2012) AR BETT T — Rk A9 RT-PCR 7k,
11444 LR RT-PCR (Left reverse transcript Right amplify
RT-PCR). R7E RGNNV RNA2 14 3" K Uik it i s %
514, 1F 5K %%t PCR 514, @it LR RT-PCR Af
DLW 52 3% () FIK 2419 RGNNV RNA2 #H4TIX 4%, %07
AR HE . RNA EEEAX IR EE 30 B 2L WA BE )R 2
F s, 5l rh B 24 BRI Bl R SRR BE A T
PCR "3, Ft, Wizl RNA WNEEIZIR A BEASRES
P, HASEHEA RNA R R A AEfS 29 18 -
Y. AWFFEN FEE ST A9 LR RT-PCR J5 8 %f B4R B 3R
RGNNV RNA 8RB D47 T 1Al

1 #MR57E*®
1.1 SSBASHRMEK

2012 4F 8 A, AXEFHTREBHAEIRILIHR
K 15 5 (Cynoglossus  semilaevis)fa iy, fdi i A 5
Y DA A SUOIEYEFE Y RT-PCR #5077 i A I
7 RGNNV E:[H A, #7445 RGNNV CsCN128 435
PRo B 0 Sk EB A LA AE T80 C kA h 2

T DA Ty 325 19 R B0 R S e i 75 A B £
(Epinephelus awoara RETH MY, HiEid RT-PCR
R 75 v W E H o RGNNV. B . 88 9174 (Vibrio
anguillarum) (ff:5# 4 5 : CGMCC7198) . M 4k FC o B (V.
harveyi). ¥ M 9NE (V. parahaemolyticus) ., iR 2% % f#
1E KT (Edwardsiella tarda) ({35485 CGMCC7197)%
AR S FE 3 B . S FRAE o A T M I 28 B IR AT
FE(EHNV) FIELHHIT AR FE(RSIV) WA SLH % PR AF

1.2 5|¥i%it

AR M AE ) RGNNV CsCN128 2B #k RNA2
¥R 75 (GenBank £ &5 : KJ541748), JF&HCH#H
) RGNNV HE bk RNA2 Hi2)F 51 (GenBank ¥

Iﬁfﬁ?ﬁ 3" LRRT-PCR 5' 3 PHPEEE
:> F R P Positive amplification
LR @
Disinfected by ozone
HEE W MRNA 5 3 5 3 T 45
Degraded RNA T No amplification

B3 w i, AREdEAT RIFEF
Reverse transcription was blocked when the 3' end of

RNA template was degraded

LR RT-PCR

—> 5 3

PR P 2R

T 7 No amplification

RMR 3! sy SE BEBEAT e 3R,  (HAES' B2 EPCRIX K
PCR can't be performed when the 5' end of RNA template was degraded

5' 3

F R P

[EREEAES

No amplification

AR TR, AT AEAT3" [k, A AR BEATPCR
PCR can't be performed when the middle of RNA template was degraded

P11 LR RT-PCR J7 i (6 Jt 3
Fig.1 The schematic diagram of LR RT-PCR
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Tab.1 Primers used in this study

% FK Name J¥%1 Sequence (5'-3") {7 # Location & Application

FL TACGCAAAGGTGAGAAGAA 31-49 il % RNA2 #RifE i

RL CCAACAAGCCCAAAGAG 1345-1361 il % RNA2 #RifE
CGAGTCAACCCTGGTGCAGACAG 1012-1034 LR RT-PCR H 3'3i )5 5%
CGACTGTGACTGGATTTGGAC 154-174 LR RT-PCR H* 5% PCR

R GGTCGGACTGTTCTGCTTTC 486-505 LR RT-PCR H* 5% PCR

Pl CGAGTCAACACGGGTGAAGACAG 1012-1034 i # RT-PCR 1) ) 5 5%

P2 ACCGCTCCCATCATGACACAA 681-701 ¥ RT-PCR A PCR

P3 AACAGGCAGCAGAATTTGACG 987-1007 “## RT-PCR fJ PCR

5. EF558369), fE/74 LTI, HERERSFIX#E4T LR
RT-PCR 5|¥it. kit T 545 FL. RL. P,

F. R, Hrp FL fil RL H F#l/E RGNNV RNA2 FrifE
i, P FH T A RNA2 3% 301 S % 5%, F AL R 1T RNA2
cDNA 5%ifJ PCR 73, HAn" ¥ K/NH 352 bp(&l
Do A Mu 28(2013) A 5 7 #z0l RGNNV B H #
RT-PCR 514¥y, WHERFE5%51% P1. PCR 5|4 P2 Fl
P3, L RT-PCR ) HEr/= K/ MR 327 bpo _Lik75]
VIR 5 & HAE RGNNV RNA2 [0 E 3 1,

1.3 RGNNV RNA2 #R/E S & &

SRR T 3 ) R A B Re e M, ARHIFSE SR
RNA RAMNESEH ARG %5 T RGNNV RNA2 FrifE . B
I B L1 PR R ST 4H 2L 50 mg, K4
RNAiso Plus i (TaKaRa 2% & )i B 45 $2 BURL RNA,
A TransScript First-Strand cDNA Synthesis SuperMix
(TransGen /A )& i cDNA #5547 ; {8 159 %F FL/RL
Wit PCR ¥4 RGNNV RNA2 Jf-4lifk . vifsE A & SP6
Promoter 5% 58K T-Vector pMD20(TaKaRa 23 )7,
SRR BHA: B4 SR A Escherichia coli DHS o /832 25
YA, iR PH M SRR ORGSR, SRR A R, Il
JHl EcoR 1 (TaKaRa 7 w47 5], {f Bk i Ak,
SR )5 SP6 RNA Polymerase (TaKaRa 2\ 7))t 74k
HNEE S, S PE )% DNase 1 ANEE | /A D 4R S
% T DEPC sk, & IJFIRAE T -80°C vk A
&H.

14 LRRT-PCR FiERMERMEILRSEHMEL

Bt 1.3 il £ 19 RGNNV RNA2 rifidd, 151
Y P FBE sl cDNA, )5 L5 I#xt F/R #E47 PCR
Py, 20 pl LSRR R . 0.05-5 ng RGNNV RNA2
FrfEdh, 10 pmol 5|4 P, TransScript RT/RI Enzyme
Mix (TransGen A F]) 1 pl, 2xTS Reaction Mix 10 ul;
FEGSEREIT Ry . 42°C R 30 min, 85°CKYE Smin.

25 ul i PCR WA Z : cDNA #iff 1 ul, 10 pmol 5l
Y%} F/R. 5 nmol dNTPs Mixture, 25 pmol Mg*", 0.5 U
Ex Taq. 10xEx Taq Buffer (Mg*" free) 2.5 ul (TaKaRa
NT])o PCR W AR . 94°CHIASM: 5 min; 94°C7AE
P 30s, 55CiB Kk 30s, 72°CHEM 30s, 30 PMEH;
e Ji 72°CHEAR 10 mino {5 FH 2%Ih 0 B B i L Tk 28
PGS IR,

£ % Fik LR RT-PCR, 43347 T PCR ¥ {4k
RIS g | B KR . Mg® W E | INTPs ¥ %
4 NSHPAL . s 4k B 5 518 0.80., 0.60.
0.40. 0.20., 0.10, 0.05 umol/L, & k& 751N 62
60. 58, 56. 54, 52°C, Mg” &R/ N 6. 5. 4.
3. 2, I mmol/L, dNTPs &k 4514 0.05, 0.10,
0.15. 0.20. 0.25. 0.30 mmol/L, ilid FLigd s 3,
i 2 e A W B8

1.5 LRRT-PCR AiEHIR B EME R

Bt 1.3 hifl 4519 RGNNV RNA2 FRifii i, 10 fi546
JEFRBE A 10 ng/ul . 1 ng/ul, 100 pg/ul, 10 pg/ul. 1 pg/ul.,
100 fg/ul, FHCEARFBEK 1w, fKIR 1.4 iifbis
PN S, 43847 LR RT-PCR §73, lii%
T3 2k BRSO R AR

B 1.3 Hifil %19 RGNNV RNA2 FRifiEdh . 35 41 5
i (Epinephelus awoara)%:K 20 RNA DL S 885K | i
AN . RIS NS | IR B EAL [ | AT
A EIRIEHEHE . EOHUT R 1E5E 6 F DNA #E i,
R 1.4 OIS0 SR 288, 439017 LR RT-PCR
P, I E R R S
16 RHA LR RT-PCR 77X REX RGNNV RNA2

SRR RIRTES
1.6.1 RERE AL I ) RGNNV RNA2 47 /4 &

B 1.3 Hikl 419 RGNNV RNA2 bRifif , Jl DEPC
IKFRRERL 10 ng/pl ROV, SRJ5 HISL R A g (AR



1 ZE

WAF: RIS BEAAT 2 IR0 15 RNA BIRSCR G PR 75 ik n g 5 v 21

ANEDFEAE R R AV TALEE 10 min, FE%E 4 g
A AXTBRAL, BRI TAT o 38 2 i AR
R A S 20 A B EE 430 R 0.3.0.5.1.0.2.0 mg/L,
R A AL, RARIE N 0 mg/L.
1.6.2 LR RT-PCR #= #L RT-PCR #9J % Fb o #7

i AW ST ST LR RT-PCR & Mu %:(2013)
fRIE A RGNNV 9% M RT-PCR, X b ik B4 4b
FHEY) RGNNV RNA2 PR it A7 474, ] 2%3 05
WEERE I F DKOULER T G 45 S R AT LU 34317

2 #R

2.1 LRRT-PCR RN{EZMSEHBMEL

MR KR E SN 62, 60, 58, 56, 54, 52°C
A}, LR RT-PCR M9 MG UL 2-A. ZiR R, 4
RKREN 60°CHY, BERY =Y fim. Wik,
60°C R HB MR E . 24 ANTPs Z&Hk 20510 0.30.,
0.25. 0.20. 0.15. 0.10. 0.05 mmol/L if, PCR HJ¥"

M Al A2 A3 A4 A5 A6 A7
bp
500
400

300

200 Bl
150

100

HZERULE 2-B, 45 WK, dNTPs 299k B i A8 fb Xt
PG K, Y M IR 6. 5. 4.
3. 2. 1 mmol/L i, PCR ¥ #£5 R WA 2-C, "W LIFH
e, BHESY R RS Mg AR i 2
Je BTG TR 24 Mg 9K JE K 4 mmol/L i,
EHARP=H8 Bk SRR 24 Mg™ 29K 7E 1 mmol/L
B, HARFH e S RA Y . IR Me™ 4k
JE2R 4 mmol/L. 4§ PCR Y5 ¥A U A 0.80., 0.60.,
0.40. 0.20, 0.10. 0.05 pmol/L i}, PCR #"H44k i i,
2-D, fEGIHIHE KT 0.2 umol/L Bf, HAERY 4=
YRR, A5 BT 0.2 umol/L
BF, 3 = Wy bt o | BE A e B ksl o TRk
PEFE 0.2 umol/L 1EA PCR S 1 fe A5 | ik &
AU B EE R, kR PCR AR

1E 25 pl B AR ELH, ANTPs 4% 0.5 nmol, Mg™ "4
W 4 mmol/L, 512K E 4 0.2 umol/L,Ex Taq 0.5 U,
DNA #iH 1 ulo S0 AYiE KR EE R 60°C o

M Bl B2 B3 B4 B5 B6 B7
bp
500
400

300

200
150

100
50

l2 LR RT-PCR H1 PCR % I S5t Ak
Fig.2 Amplification results in different PCR parameters of the LR RT-PCR

A, BOKJREE; B. ANTPs W ; C. Mg™ Wk D. 514k
M: DL 500™ DNA Marker; A1-A6: iR KIRE5THH4 62. 60, 58, 56, 54, 52°C; B1-B6: dNTPs 44 0.30, 0.25.
0.20, 0.15, 0.10, 0.05 mmol/L; C1-C6: Mg* &Mk /3% 6, 5, 4, 3, 2. 1 mmol/L; DI-D6: FIHL&HkSESr 34 0.80,
0.60. 0.40, 0.20, 0.10, 0.05 umol/L; A7, B7. C7, D7: FHM:XI &
A. Annealing temperature; B. Concentration of dNTPs; C. Concentration of Mg®*; D. Concentration of primers
Lane M: DL 500™ DNA marker. A1-A6: the annealing temperature was 62, 60, 58, 56, 54, and 52°C, respectively; B1-B6: the
concentration of dNTPs was 0.30, 0.25, 0.20, 0.15, 0.10, and 0.05 mmol/L, respectively; C1—-C6: the concentration of Mg2+ was 6,

5,4, 3,2, and 1 mmol/L, respectively; D1-D6: the concentration of primer was 0.80, 0.60, 0.40, 0.20, 0.10, and 0.05 pmol/L,
respectively. A7, B7, C7, and D7: Negative control
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2.2 LRRT-PCRE#EMNAZFHNREERIFRME

FHAS FE R BRI RGNNV RNA2 FRifl S AE AR , il
3 LR RT-PCR 7L REE, SLIRss R A 3 s,
SRR, B bRAE SR EE RN, LR RT-PCR 9"
PPy o YARESL R BE DY 10 ng/ul. 1 ng/ul.
100 pg/ul. 10 pg/pl. 1 pg/ul B}, AT LIP- 44 H 352 bp
B E AR B, HYERE SR EE S 100 fe/ul B, P73
SN BAME(E3). BRI, %777 %F RGNNV RNA2 f5
YE SR ORI RELE N 1 pg/ul, HTF 8x10° A~ PakE
RNA BEA AT LB H o

N FHASBFFEHE 7 B9 LR RT-PCR J57 %, X 6@ 9 |
WA ECOI R o I IR | 3R 2% % B4R G 5547 DK

M 1 2 3 4 5 6 7
bp
500
400
300

200
150
100

50

K3 LR RT-PCR il J5 % 1) R
Fig.3 The sensitivity of LR RT-PCR

M: DL 500™ DNA Marker; 1-6: #4351 10 ng/ul. 1
ng/ul. 100 pg/ul. 10 pg/ul. 1 pg/ul. 100 fg/ul ) RGNNV
RNA2 briffditis 7: BIPEXFIR
Lane M: DL 500™ DNA marker; 1—6: the concentration of
RGNNV RNA2 standard sample was 10 ng/ul, 1 ng/pl, 100
pg/ul, 10 pg/ul, 1 pg/ul, and 100 fg/ul, respectively; 7:
Negative control

bpM 1 2 3 4

500
400,
300
200
150
100

50)

FER IR, EHNV ., RSIV ZEa280% 8, LA (@l
AR HZH RNA . RGNNV RNA2 FRife i &3 1746
W, Prrzs R 4, S50 BRI ATl LI
RGNNV RNA2 R st 38 Hin =9, Aae L
AN . T S AR T A BE S R Ry 18 =
FILIERA , 7% LR RT-PCR J774%F RGNNV HA R

2.3 LR RT-PCR f1&#l RT-PCR ¥t R & & RGNNV
RNA R B3t EE 4> 47

RGNNV RNA2 Frife il 045 e B 19 5L E b B
Ay A BIFFE 2 57 A LR RT-PCR 7 32 F1 SCHRAR 8
AR RGNNV A3 ML RT-PCR #1791, Hi Pk 45 IR
UL 5, S5 oR, W TR A A FRAY R IR ZH (0 mg/L
2H), H#L RT-PCR fil LR RT-PCR {31 7= H FEA
— B, UEBAFR RN R P ORI 2 RN K . R
W BAR P A SE 55 2H(0.3 mg/L 411 0.5 mg/L 4)
Hr, H L RT-PCR 43 7= 1 s A7 vk /b, (H 5 X IEZH
AT B E M2 5 X PI4LR) LR RT-PCR §73
FEYIEN X B R 3 kD . i DL UERH L RT-PCR
e 5 R A AL B S NI ., RGE TR R
A% RGNNV RNA [ IRE A ; LR RT-PCR 4 #4577
Yy 5 BN B A S R, B8 S R T BRSO
RGNNV RNA BUREIRRCR . sbah, BlEE R E A LT
i, BRI RNA 80, 523 1 RNA &8s/ i
Pif RT-PCR (4" 34 7= 1 SR ERZ ik /b, (HA5 5056
ZH B RT-PCR B33 ™= Wy it ¥ B I8 5 FIRIZH 1) LR
RT-PCR M4 38 7= Wy ik 5 4 5L BE A 2] 2.0 mg/L B,
HFL RT-PCR J7 kA A A8 #7™9), 1 LR RT-PCR
TIEARGEAS R Y =Y . Lk 2s R, LR RT-PCR
b H KL RT-PCR fg 5 R A0 S e R 4806 RNA B9 AR

/4 LR RT-PCR Kl Jr ik e S
Fig.4 The specificity of LR RT-PCR

M: DL 500™ DNA Marker; 1-9: %5 [IXF 4, 889N . IA4ECINE . BV MINE . REZ AT,
EHNV. RSIV, HFAHEMILE L RNA, RGNNV RNA2 #RHE b

Lane M: DL 500™ DNA marker; 1: Negative control; 2: V. anguillarum; 3: V. harveyi; 4: V. parahaemolyticus;
5: E. tarda; 6: EHNV; 7: RSIV; 8: Epinephelus awoara genomic RNA; 9: RGNNV RNA2 standard sample
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0.3mg/L 0.5mg/L 1.0mg/L 2.0mg/L Omg/L N
M a b a b a a b a b a b
bp
500
400
300

200
150

100

50

K5 LR RT-PCR I #l RT-PCR X 5 4Bk RGNNV RNA SR (%] Ee 70 Ar
Fig.5 The comparison of LR RT-PCR and routine RT-PCR detecting the RGNNV RNA damage caused by ozone

a. WM RT-PCR; b. LR RT-PCR; N. [H4:%} fa
a. Routine RT-PCR; b. LR RT-PCR; N. Negative control

&i% o
3 Wit

o 1 R P2 IR B AR Dy — ™ A 3R SR
A BE AT gl AT EEAL Y, X T A
B 4 A2 H i R T D X, R Y B K R R R R
O BB E R TR (B, 2006), TOAIZRE L%
PEOET RAFRISME T RIRAL A 7 fRn &) fa 5 e R
BAR KT 564, ToIE PR X A T B 45 R
X 0 G FN B R T R AN, © U RRIRIZRE &
ARNEEFE., RMEFHE T, @ LK
GE it i B AL R BB T Ok H) RE B U B A
KR (Grotmol et al, 2000), R 2% 1 HASUEHER
M, Bz PGE . AR IS R AT TR T

PRI VKEF 201 M AR S0 RT-PCR A5 I3
BT R AR AL | R R D MR T A5 b 2 25 ) A B
fgp | e AR ISHEAT M AR KRR, (RN
TR B 1) 5 A A R EA T 20 M

ABFFE ¥ H LR RT-PCR /5%, M RGNNV
RNA2 (1 3" R ¥ i 47 S 5% , W4 % RGNNV RNA2 5/
AUFH ) cDNA A HEFT PCR 9788, Wil LLHERRT
ZUETE RNA BT, AOAIX S8 mY i # RNA
#EAT RT-PCR 15 . LS5 AESE, HR&G R A H
B X FEZH.(0 mg/L 4)#H ., RGNNV RNA2 Fiife i 4%
RAAALEL 10 min 5, 0.3 mg/L F1 0.5 mg/L &4 4 F]
ZH ) H AL RT-PCR 914/ Wy it A A 84k, 145
SEERALR LR RT-PCR 473 7™ 1y 1 24 it B ik /L 22
W4k, #%ZJEF| LR RT-PCR FI% #i RT-PCR M4 145k
R 2R, b gh 53 B 5L 404k BT B 24 119
RNA 134K e % # RT-PCR ¥ 14, HI % #4 RT-PCR R~

REAT AU X e B R 24 B RNA, AR T
Hr A X RGNNV 1A KB . #, LR RT-PCR A~
REP 3 BT 22 (1455 15 RNA, T AE T 52 Hh A F RGNNV
RNA2 ZRREEM S8, 1T DL FIPAh 54U 2
RNA BRI .

BARAE IS B nl DLk it RT-PCR 5|49 X5 &
RNA 2K #A7TY 14, DLHCH W% 2 RNA 65 1Y 56881
{AAESEBRERAE Y, —J7 1 T8 RNA JF 91 1 BRI
ZRAFH T HMELLBOH SIS A AT Y R RNA 2K
) RT-PCR 5145 55—y, BPAERLSRBETT H X FER
1Y, YK TSR RT-PCR W AETED 4% 28 01 5.
%, H5 A BAE . A BUH LA 78 huFse, Xt
FARYIEERRES , (TP 5 RGNNV RNA2 4
K5 3E4T RT-PCR, #1645 5 40380 Jg BRI (45 SR ok
J&7R), 1M LR RT-PCR A &5 5N BAME . ik, §73
W HE RNA 4K 1 RT-PCR L IFAE S TR R
AT RE RNA BRI

Thurston-Enriquez 4£(2005)4R3E , ffi R EX %
TE R BE AR AR AR TR HET T I BT, 0.3 mg/L Y R4
BRI A RO G B B 88, 0.06 mg/L 1Y S ARl A
BOIIG AR BE o ARG BN, 5K F R A4 FEAH
b, 4 RAEVEE R 0.3 mg/L i}, LR RT-PCR ¥ 14
P s b s MERAWRE N 2 me/L B, WA
P8 XU LT DU SR FAEE RNA, 2 mg/L
FLAEALHE 10 min )W X% RGNNV A 0K

AHFFEH ST B LR RT-PCR 5% #L RT-PCR #f 1L,
REA S5 TS B A TR B 1 e M, U & L mT4g
PESE, A U TR R AR RGNNV RNA BRI L
R, FHXF RGNNV AR A 4 . i H, @it
RS 37 S Sk 5" PCR 514, % LR
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Development and Application of the LR RT-PCR Method for Evaluating
Destructive Effects of Ozone on Red-spotted Grouper Nervous Necrosis Virus

LI Jin'?, SHI Chengyinl‘@, WANG Shenggiang'?, 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. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306)

Abstract Red-spotted grouper nervous necrosis virus (RGNNV) is one major pathogen of
aquaculture. It mainly affects the larvae and juveniles of groupers. RGNNYV is composed of two single
stranded RNA (RNA1 and RNA2). Ozone can inactivate RNA virus by degradation of viral genome. So
treatment by ozone is a common measure to disinfect RGNNV in farms. But it has no efficient methods to
evaluate the disinfection effect of ozone up to now. In this report, a special RT-PCR named as LR RT-PCR
(Left reverse transcript Right amplify RT-PCR) was developed and optimized to evaluate degradation
effects of RGNNV RNA2 by ozone. Based on the 3’ end and 5’ end of RGNNV RNA2, a special reverse
transcription primer and a set of PCR primers were designed respectively. The concentration of primers,
Mg”*", dNTPs as well as annealing temperature of LR RT-PCR was optimized in this study. The sensitivity
and specificity of LR RT-PCR also were confirmed. Finally the LR RT-PCR method was used to evaluate
degradation effects of RGNNV RNA2 by ozone. With summarizing the results of the experiment, in 25 pl
of reaction volume, the optimized parameters of LR RT-PCR were primers 0.2 pmol/L, Mg”" 4 mmol/L,
dNTPs 0.5 nmol, Ex Taq 0.5 U and cDNA template 1 pl. The annealing temperature was 60°C. The
sensitivity of LR RT-PCR was 1 pg to RGNNV RNA2 and there were no cross reactions with genomic
RNA from healthy groupers, DNA from common bacteria and viruses of aquaculture. Comparative
analysis of LR RT-PCR and routine RT-PCR was carried out to evaluate the destructive effects by ozone.
As the concentration of ozone increased from 0.3 mg/L to 2 mg/L in solution of RGNNV RNAZ2, the
amplified product of LR RT-PCR decreased and finally was undetected. Former reported routine RT-PCR
method for RGNNV detection did not reflect above tendency. This report demonstrated that the LR
RT-PCR can quickly and accurately evaluate disinfection effects of RGNNV by ozone and can be widely
used in hatcheries of groupers.

Key words Red-spotted grouper nervous necrosis virus (RGNNV); RT-PCR; Detection; Ozone;

Disinfection
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E F Roche 454 GS FLX By$E M) B =
(Pleuronectes yokohamae)il B E2#Ri2F %"

B2 % EY BRAD ARG EmE

(1. BRI Sl B 2013065 2. RV EFE Vel AT 44k & R B 5 Se i =
R EDK ERER S BE K IS T S 2660715 3. R ENEERSFOKERE H S 266003;
4. hEPFEBEGIEMISC N HF 266071)

% ok

FE  FIF Roche 454 GSFLX F AN FHAMAT T4y E 2 MM T EG I i, HRAREL
MrHy 7 kXA E Y 5641 MU T B R #tAT R AT, B3 247 M S AMME, EEEEA L
52.22%, FRER L 2024%, Z6H E 27.54%, (AC). (AG), M AEZ LA WILIZ 44%, &
GORHAE 10 KA L8 7 BB 87.5%, ML I 11 ML L 25 4, KA S ANEH LMK, A
F R AR AR 4 kAT £ AT, 4 AMLE IR % Hardy-Weinberg 74, 7 B fiL & 45 2| 19 %
L FEEE A 3-8, FHEMEERSEN 5.0, FHRLZLEGEH,). FHREZLEGEH) I FH LA
M1z B4 E(PIC)2 7] 7 0.588., 0.788 1 0.670, %R KW, 454 GS FLX BT —MEW . &I

R I BW T %,
KA

FESES S917 XEERIREE A 0 XERS

fii ) 5 55 % (Pleuronectes yokohamae)sf J& R |
W B, A T O PR, AE TR R
M, REEN AR, B NAME T £ AR
TR Bl W) o 0 AR KA AR, 2010) . [A] TR
(Fujio et al, 1979; K%, 2007) . RAPD(iK 55, 2008)
Fl AFLP(Zhang et al, 2012), HHEiAWXFHLEWY)
B B DR ARIC I HRGE o A FRIE(SSRs, Simple
Sequence Repeats) f& — F1 )73z [ T B 2% 91 3 19
DNA 43 TFric(Sunnucks, 2000), 7] T4 fs
ZREMEAT L AL RIS ST | SR TS ML B
(ARG, 2011 AR L0AE, 2012, AR AESE,
2012), LG T A2 DNA Gy i 4 f: Mg/
AR BOE R SCPE (RIS S, 2001); A EER T2 DNA
AR SO TR s IR Ah 22 (8] 5] 48
P, 152 H PR T2 FRIE(Morishima et al, 2009;
B TESE, 2014); ME 20N Fi 1Y 7 41 op 0 A5 i D2

Roche 454 GSFLX; #h9 & &4 ; T A; I EMRIL
1000-7075(2015)01-0026-07

DNA (Akagi, 1996).

T IR P A AN BEFE 4 S & Tokuko
85 (1998) 7 Wt 52 A T I 4T W MRS e i & B AL 4
Shorea curtisii fiF, M 6000 > 5EkeH H 345 4 AN FHPE
ik, feJs RASFE] 14 SSR Ixt, WL LS
(77 1% BE I v BE AT SR ARG, D 3RAS 51 P i JL R
e A T SSR BHMEFERERTS 2, AMTHIH SSR
WREF 2SR XTI ZH DNA F B s, MBENS
LTI DRI ARV MR 4R 1, Karagyozov 5§
(1993)F2 H 1) I8 i 5 FE T MKAR 5 B /N A R B Sk IR 4
DNA, i Kandpal %5 (1994)$2 Hi i G Bk & 5 2 F FH 2%
MERESEMRMEMEE, "R EMDEN
S, SR I 7 T B A SR A B e RN e A Bl i
T2, TR AS BE R UE A T2 P 51 22 38 37 G 4 3%
A3 ES o R T b i TR 3 SR A T 30T R ) 1 T
SERFTTEE S D R 5 i A ) o i, RO T HL R
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W% 1845 JET Roche 454 GS FLX ft4fi ) £ 5 % (Pleuronectes yokohamae)fit L & Aric 1T & 27

FH(PM A5, 2009) . AR MR — K DNA HdiE J#
(GenBank. EMBL. DDBIN)A £ &1 DNA J§JF51,
(RIS REARUE BT A AP A SO RS B & it

454 GS-FLX Titanium platforms /£ A58 — AR5
FARB)—Fh, T2 8T il 4 5 K 4 0¥ (Star
etal, 2011). 41 E ¥ (Xia et al, 2009; Lam et al,
2009; Huang et al, 2009) ., #% 5417 (Graham et al,
2010), /)y RNAs 7 (Li et al, 2011)H12WLHE KT ZH 0]
J¥(Xiang et al, 2010)% /7 T, i & 37 KA Shotgun
R SO S56 U R IR #7458, FIA 454
WF- A 5K HETAE] 400, BIPLHy, AMUAENS & 42
B A MRS 2 DNA B, 1 AR T
FER fECR, TR e R AT — A H et
fR(June et al, 2012), AWFFEF|H Roche 454 GS FLX
FARXT Wy 55 8 AT TR B AR iR &, v kit —
AR ST AV B R A5 A A5 A PR R RE A

1 #REFE
1.1 HREE

11 ANl B 35 B O 2005 4F 4 F s 3T
W, 3 NEESCEE 2012 4 9 H IR EOE T, 4>
HEALA LA 95%1) 2 B IGIR VK AR R A7, Hidp s
A ) e T AR AN T 2 A PRI
1.2 DNA BJIREL. FER{LfniEsE

JH DNA $2 557 & (32 E Omega 22 m) $24t) 7331
FEUUELA 2 DNA J&, K s T 1 6 S ATE K 20
DNA BEEM 1 MRERE, J356 3 A iAo
MFp . AAE 454 WP AR ESR, RIS EA A
7%k, #5417 DNA 1 Btk , & k45 7F 2 0.35 MPa,
FrsE 50 s FBUkY DNA 1 RIE R, BEIKR
i 2.5 ul 10xPNK Buffer, 2.5 pl ATP, 1 ul ANTP, 1 pl
T4 polymerase, 1 ul PNK. 1 pl Taq 21, BEGH)
DNA F Bif APl ellle . R B [ 400-700 bp,
FIETE 500-600 bp Z[8], IS 0y B 5 a4k
R, EHELJE Roche Rapid Library Prep Kit (Roche
AT IBRESR PO YR I REBR AL )
35| DNA shotgun 3%, i ik PCR 4K shotgun 3P
Fei . 5145 52 Primer A (5-CCATCTCATCCCT-
GCGTGTCTCCGACGACT-3")H1 Primer B (5'-CCTAT-
CCCCTGTGTGCCTTG-3),PCR [ Jii#AZH 94°C 3 min.
18 fEMN(94°C 305.58°C 455.72°C 1min), 72°C 10 min,

1.3 SSRIRSTHIE R . XETH

SSR #REHKHE Zane %5(2002)F1 Toth Z5(2000)
FIRA R, BWEFI 530 (AC) 1, (AG)1,. (AAT), .

(AGG)s. (AGC)s. (AGAT)s FI(ACAG)s, JF-7E 5/ M
NEWZE KA R 7 R AE R IR SIS 5 DNA
shotgun SCJE H ) BLBE DNA F Beb A7 258 o A3 iR
Hh 58°C, ARG P AU E S 6xSSCH0.1%
SDS.

1.4 SSR XEMHKELE. Bk

Y4550 LR B MR E SO B B S 55 5 0%
MERIREE S, FHEIFF 30 min, BFF )G 28T BRAE
HR N 6xSSC+0.1% SDS eIk, T 58°CTH
3xSSC+0.1% SDS iEVEMIK, S8 CHEE 15 min, X
i T 6xSSC+0.1% SDS &5 PEPH IR o MR 4l 7K A V7 1
W, HECE 2 min, WER IR LB RBRARGE A
) DNA CHE R B B ABRs R 45 AW R BE. ImA
Elution Buffer 784ME2), 95°CAS4: 5 min, Al E
BB L, WRE 2 min B, WL E RS R0 B
SSR ¥ .

15 SSRE&ER 4k

Ve~ ik PCR 3= 5, PCR WA R,
94°C 3 min, 18 RIEI(UFE 94°C 30s, 58°C 455,
72°C 1 min,f%)5 72°C 10 min. 514 A (5'-CCATCTC-
ATCCCTGCGTGTCTCCGACGACT-3"\AKH1H B (5'-
CCTATCCCCTGTGTGCCTTG-3"), FIHEHIH 80%
FE eE AT PCR 2403536, 25 ul Elution Buffer
#E1T PCR AT WIS i B0, ¥ % PCR AT,
R Bl

1.6 Roche E#l

SSR ICEF| ] PicoGreen MIZZ 4 Y6 G+, X
ST R EHESS RIAE PicoGreen (bR i &
RN, HEG2EH) emPCR ffi ], emPCR 23T
Roche 454 BT HA, $—55 DNA F B 81—
MREER L, BEBRBE RS TKIR A/ N E S, fEXA
/N BLAEA T AR ST B B A AR ) SE g B TS
Ptk al a5, ISPl T i DNA K Bk 7
1194, emPCR ZJ5#4F Roche ML, LFALAMRE
HR A — 8 R/ XX B A REBR AL B o X F A SE 56 )
V4 X, AL 79 ek

1.7 BUEESHT

Agilient 2100 4 #)73#r{X LA K2 High Sensitivity
DNA kit JI TRzl 7 BeR /N A o A1 MISA 78 )7
T SSR i A5 A48 %K, ffi ] Primer 3 #EA7514E5T,
IEBRHIY B = WK BEEE 100-400 bp Z[8], 3B KR
PEIE 60°C ., FIF perl 25 Bl 31 1 A& ¥ 51 (H
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2 )R %36 %

TR RACE), I UEIEMIE )P 5% T 20 bp [ SSR fif
SO0 FL e A a g ) G vk R A AR ARLE X o R
Cluster 3.0 Xt U8 J5 P AT 2 751 2K, HEZS
& e R P BRI K EEFE 100400 bp; i
TEA SR ST 20 bp; A TX 57, H
AHALLRE B T 95% 53R KR HEL 60°C i T AL DNA
FFANERF AN BN 2 A [H] 9 DNA JP5, Jf
ARG SSR ZAMEN AL,

1.8 ZHMEN

REHLIEHL 11 4~ SSR A #1519, FHl FAM \HEX .
TAMRA #E47hRiC, W8T EY 8= YT B4 o
VKA . PCR SRR 94°C 5 min TASHE, #F
2K 94°CAEME 30 s, BIMREE IR KIREE(ER 1) 308, 72°C
HEAH 30 s HE4T 35 MEM, 5 72°CHLE 7 min,
Pra = YpAE ABI3730x1 36 R 43 A B AG I . ]
Popgene 32 JMHAMERZL G (Ho) . HIEEAR A HE (He) LA
K25 B 55 (PIC):

Ao, Pi Py AR AR | FNER § AN SR I IR
n AL LR H . 12 F Hardy-Weinberg - £ 0 92
AT TR A R

2 H#R

21 REENFER

Roche 454 GS FLX il 745 R AL45 5] 18955 4514
PEFH . it Primer 3 514, HEBRAL 2 HAAK
FLE A, 455 5461 4> SSR 514, FIH] perl
F1 UCLUST * SSR 59475 % , 15 1] Mega 5.0 i
TPREMMIE S, A5 247 FAIRIG 2 MEAL
R, SEEAY 52.22%, Hid S EE 10 kDB
H BB 87.5%, fm AR E] 31 Wk, dESEIET
17 20.24%, ALY 27.54%,

F1 HVESHN LAMRIECHERER

Tab.1

Characterization information of 11 novel microsatellite markers from P. yokohamae

(VA=Y AL 5195751 Y BokIRE MRS WERG PIC

Loci Repeats Sequence (5'-3") Product(bp) (C) 7 H, E H,

PTHI1 (GA)12¢(GA)e CAGAGCTTGCAATCAAAC CA 137-151 61.5 0.8 0.844  0.730
AAAGGACTGCTACTTTTGGGA

PTH2 (GT)sg(GT), TGACAGACCATTTGTGAAAGAAG 186—208 61.5 1.0 0.689  0.548
GATGGTACAGCCCTTGTGGT

PTH3 (TG GTAAGGCAGGGGGCTAAAAT 358-364 61.0 0.6 0.711  0.581
CAGGCCAATTAGCCCAGATA

PTH4 (GT)ggatg(GT); TGACAGACCATTTGTGAAAGAAG 175-204 61.0 0.8 0.778  0.645
GTACAGCCCTTGTGGTTGCT

PTHS (AQC)y TTGACAACAGCACGTCACAA 217-224 61.0 0 0.622  0.499
TCAGCAGTCGTCCAATTCAG

PTH6 (AC), CAGCTCGTGTCTCAATCAGC 257-324 61.0 0.6 0.844  0.730
TGAGGTGGTGTCTGGGTGTA

PTH7 (AQ)13 CTTGATTAGCCTGCACACGA 205-219 61.0 0.2 0.644  0.535
ATCTGCAAGATGCTTACGGG

PTHS (GT)5 ACAATGTGCTTCGGTCACTG 320-339 61.5 1.0 0.822  0.701
CCTCCCTTTCACTCTTTCCC

PTHY (GT)3 TAAAGCGTGTCAGCTGGTTG 133-153 56.0 1.0 0.933  0.820
TTGACCCGAGTGGAGTTACC

PTH10 (AC)q GAACATGTGCACACCGAATC 121-153 56.0 0 0.622  0.499
TGGTCATGTGCTGAGAGGAG

PTH11 (GT)jo ATCTGCAGTGCTGAATGTGC 305-335 58.0 0.8 0.933  0.820

CTGCCTGCCATGACTCAGTA
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W% 1845 JET Roche 454 GS FLX ft4fi ) £ 5 % (Pleuronectes yokohamae)fit L & Aric 1T & 29

22 WIBMmREBRSHXMISERFR

it Agilient 2100 #1 High Sensitivity DNA kit,
R TR A A5 BER/IME L 1019 bp Z (] 1)
A+C BRIE L] 5 50%,
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Fragment size distribution of microsatellite locus

Fig.1

2.3 FEHEHEIKREIRIZEN

5ARERY 11 M TR DNA 7 S R B 414
FLUKAGTN . [ 2 27 5 PTHS 19 5 MES PCR P¥7E
ABI3730x1 X 4B KNG Genemapper
A3 M B 45 B (P EFRIT S TAMRA), Hi 58 R 78 (45 7 ik
IR BRI I 324/332, 320/324, 320/332,
320/339. 320/330.

2.4 IR

F|F Popgene 32 THHE MR A5 B (H,) . WA &
JE(He), ZAFETRPIC) (K 1), Hr 4 A5 g
& Hardy-Weinberg “F-f(P<0.05).

3 itig
3.1 WETHI%RE

TR R AR R A, [ AR A A
P2 ) R DNA R B, 7Esh iR b LISUZ
2 (CA/GT), 5 M & W(Maguire, 2000), 757 &
(CA)12. (AG)12. (AAT)1,. (AGG)s. (AGC)s. (AGAT)g
FI(ACAG)s 7 P AW R IRET B i DR, 4553k
H(CA)/(GT) . (AG)/(TA), "Bl FEi T2 J = A
B2 44%, (AAT);>. (AGG)s. (AGC)s. (AGAT)g Fl
(ACAG), L 5 52 J R LB 5%, EAF SR T
AEE R R WA E] 5.8% 1 (GA)/(TC), Ui H
Roche 454 AMYAEME ARG T 22t TLEZCH , i H.
REAZAS BIME DLy B 1 I AP 3

3.2 BEoNW

H T e 3 = I AR A 1 B K 2 o — Bk )
BdE, BESE T L, Wi T s B T4
it M ETT AR SCHRAE , 38 1 v 38 07 15 20—
P B, SSR A S MHERAEH K. W Hou
ZFQ2011)FIFH 454 w538 5 D P BAR 43 B 17 R 56 B3 DUAS
F] 2 7 B B A [ 2 2R 3 S LA, RS
80.5 J7 47 5 AN 51 T (0.03%) 2700 4~ SSR #Ric,
15 P8 A 0.03%, SR BA%E(2012)FI ] 454 GS
FLX X ZRALLL G AZHY 20557 4— Stk e 90 812 44
PAG T 753 M B EIRC(H PR 3.7%),

b= N ORE R 7y b r ey R (VNN E- S M W& €T
K2 HETHCELR RIS HrC L TTE R R5C
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Fig.2 Capillary electrophoresis patterns of five individual locus PTH8 of P. yokohamae



30 ook B

2 )R %36 %

FEH YR SRISAR AU B 43 87 7 FH 2043 T8 A2 AR 12 1 I
K, XA 5641 AN TR ST T R 2EHR
Xt H AT o

WAL SSR A ic AN 5 31 3 i D) I 2 2R 4 A A
PELEXT, Weber(1990)iA A, H A 76 XNUAS 3 6 & ¥ 5]
WHORKT 12 kA, D EFRCA A T RERBLH R
1) PICE, A 0T LASEATAH R 1 28540 HT 5 FhVRICCES:
(2005) I H , B HE 10 UL ARSI PR 5% T
i 1% 22 SRS B S AR IS 2 A A . R AE
R Mt s i Perl 27 i yE A 38 5 351 465 1 20
bp F SSR 13 &, 760 UCLUST X3 g )5 1Y 50 ik A 7
REZ P FFH, FEZETLUTHE:

(1) HTF/NT 100 bp HIFFHLEBIRBE Ik AR
MES BRI, H 454 i B K AT Sk F)
400, , [RILAE 20 BT e B8 T P8 R W KR AR
100-400 bp;

(2) TEVEAT 22 5N} sk I8 BEOR i TR A O A
AL BN 243k B 558 v B K, DAk 6 A B DR JRE A
EEY T R BRI 225 H ) K w aE R 9 o ARSI
L2 H AL B i 95%, & TR T 95% A bL B fig
T PRUE R 1) H A A 75 B — 25 1 e AT S E

BTV EWMSEE, A0 5641 Mg RN
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LMD, ARFEIEEUY 11 LS Z5%E
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Microsatellite Loci Isolated by Roche 454 GS FLX in Pleuronectes yokohamae

PAN Tingl’z, ZHANG Yanw, ZHANG Hui*, GAO Tianxiang3, XIAO Yongshuang4, JIANG Yunrongl’2

(1. Shanghai Ocean University, College of Fisheries and Life Sciences, Shanghai 201306;
2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 3. Fisheries College, Ocean University of China, Qingdao
266003; 4. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071)

Abstract Roche 454 GS FLX, the second-generation sequencing technique, can read longer
fragments accurately and isolate SSR markers, and thus has been widely used in many fields of research.
In this study, we applied Roche 454 GS FLX to isolate the microsatellite loci and developed the
identification of microsatellites markers in Pleuronectes yokohamae. (AC)2, (AG)12, (AAT)2, (AGG)s,
(AGC)s, (AGAT)s and (ACAG)e were hybridized with shotgun library of DNA samples. This SSR library
was constructed through magnetic beads enrichment, cleaning, elution and purification. The SSR library
was then sequenced with Roche 454 GS FLX. MISA was used to search for microsatellite motifs and
primer 3 was used to design the primers for P. yokohamae. FAM, HEX, and TAMRA were used to label
the microsatellite primers (5'), which were used in the triplex PCR or the nested PCR to identify the
genotype of the microsatellite loci. The cluster similarity comparison method was first used to analyze
5641 loci that we obtained, and 247 types of loci with high polymorphism were screened. Among these
loci, 52.22% were perfect, 20.24% were imperfect and the rest 27.54% were compound. The percentage
of (AC), and (AG), was 44% in these loci, and 87.5% of them were more than 10-time repeats. Eleven
pairs of fluorescent primers were designed according to the selected loci (more than 10-time repeats) and
were applied in 5 individuals. The number of alleles per locus ranged from 3 to 8 with an average value of
5. The average values of H,, He and PIC were 0.588, 0.788 and 0.670 respectively. Four loci among 11
deviated from Hardy-Weinberg. The results of this research indicated that 454 GS FLX was an intuitive
and efficient technique for microsatellite isolating. Our study provides essential information about the
population genetic diversity of P. yokohamae, and helps improve the artificial breeding.

Key words Roche 454 GS FLX; Pleuronectes yokohamae; Isolating; Microsatellite markers
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x B! REE? 2 oMY AFH b &Y
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(1. FRRKY HE 266109; 2. o ER R S0P BN R %

HEPRFERC VT T8 2660715 3. EUEXHUKRHECARA R BIE 2642005
4. WHPRAEY TRBORII LG PEPFEBRIBEIIRT FB 266071)

WE  RAMTERERIBEARXN Z R T FBER Rt BARERITHR M. B 2012 £
ARAFESMETE 1] ARV ZEEEEH —FESETFIME R E, EadmHh i RBANAA
# 5 DNA; FlF 643 2] 00 21 XM T 25| 34T PCR I8, 4 14%K 7 1 Bt fie e i e, ik 4 AL
B, #TATHERM, EREFR, 21 MILEREANSE, _REMZFEBERNTHE
FLEEHA), EEAE LS, FHERERLLRE (). FHWM %A F (Ho) T34 412 22 4 ) (He)
A 5.6 F15.0, 190 Fn 142, 3.7 12.8, 0.613 7 0.868. 0.681 7 0.629, — fF A Fn = F AR Aty
% A5 EAEPIC)AF K 0.642 1 0.589, AR EE(DP)H 0.660 F1 0.609, 3K Hh % (PPE) Y
0.482 f 0.399, H R MAAIRA F A0k A HeBr F 335 5] 0.999, K A Fr b IR AL B v i R A ) 1y 3k
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B R = A ER ] L BE (D) A 0312, AR E()H 0.732, HEH M F B (Gst)
#0971, UEZERVH, ZHEFIHTHNREENERT —EFm, FREERRELHN
KA A RE TR, = fhTamERAbFE - £R,
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T % f6 (Carassius auratus)i —. . =AY ik (L 45
FHEAT TR, Lin 2 (1996) A W] T BEXT = £ 4
fifa (Silurus asotus)iFAT T LT, KIMATiHER
ECARAIR A AL EOR , IR 2T
1738

MERAEAILEME, 280 BRI
(M %%, 2013), © 7 H B X EF (Fenneropenaeus
chinensis) (Wang et al, 2008) . 414j(Crassostrea gigas)
(Garnier-Géré et al, 2002)%5 = AR BEAAR ) 1518 48 S50
Briff AT . e, B RS Fhrce T =A%
RGeS IR 43 BT (Alves et al, 2004; Nomura et al,
2006) Filist % % Gl 11548 £ 55 07 T (22 W1 4%, 2010),
I AT R A Ay = AT A s AL 451 B RIS sk e, AL
F =A% R 1E % (Poecilia formosa) I it 1£ 2 B 1 23 Br
(Lampert et al, 2005), [ A i oA 0L 21 A1 R T8 A2 31
PRICAT = A ARt 2 1L ZRE A T A BT I 4R IE

7F &% (Paralichthys olivaceus)/f iy — i 5 2 1) ¥
WG, b H AR E el b A B
A, ORTR EE T b g A A R A Y R
P2 — (B AE, 2013), FAFE 20 T4 80 4EAR, H
ARZEF TR T 4 6 = A5AR 0BT, I X055 5 2 1Y)
AR B HEAT T AT R A KA B %% (Kazoo
etal, 1989), —AKHAFGEAEFE N T 1995 453 M0,
IFITJE T AL T DU S, 1995) . A K (Xu et al,
2010) B PR & 5 (4%, 201 )55 T ARF9E . A
I TR 4 FhRac X AR AR S = AR AR B A st
e ZREPEIE T LB, DU BB — A5 AR 5 AR IR st
LA 225, JFHE TS0, T = A5 R A ST IR A
RS B A 77 1o B LAl 5

1 M ERE
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FOF = A5AR T 2012 4578 11 2R B 2 ALK 7= )
FAB RO B S OUESE, 1995), I R B0 32 K5
A T ABAAAZHRE U AR g XoF BE 2 [R] A8 R4 T 1 B A
VIR ], R ARG DNA & JE A
P AR S ALRE S AT R PRI . HUR) AT
30 B, SRR s A A TR, A B Ay
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WEEAE, [A)ERE A A X BE B i A AR IR A
TR SR (KRS, 2010), MAASLE = AAAS:

K 100%. XF BEAL S = AR A SEAE AR 250 R85
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(19.40+1.72) cm, “FHK T 73 5 7 (60.7+14.4) g Fi
(85.7+23.6) go 43Il BEHLEL 32 FEfh, I = 2 A3 P
WIS, BLAAZ, (-7 T-20C kA &
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121 ABHZDNA®RK SR HCE AR
W42y 50 mg, HImihikit a4 DNA
(TEAPREE, 2001), 435 F 1% 15 2 Yk S Nanodrop
1000 439661 (Thermo, 36 [ YRG  HG o 5 Fnogk
ik 2 50 ng/ul F5 M.

1.2.2 PCR BB A= ¥ ik ARWEFE M Sekino %
(2000). Kim Z5£(2003)F1 & 1634 (2012) R 38 1Y F 643
PRSP EE 35 X514, fHkih 21 X 2805w
S TREAGRAZ 0T (R Do S18H B4 T
FEAMRS HRAR A B . PCR N KR: 2xPCR
mix (KCl 100 mmol/L ., Tris-HCl 20 mmol/L . MgCl,
3 mmol/L . dNTPs 400 pmol/L) 12.5 pl, 3I4¥%
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#hZ 25 pl, PCR MR : 94 CHIAEME 5 min; 94
CAEPE 1 min, Bk 30s, 72°CHEfH 45, 3k 35 F
o 72°CHEEEMH 10 min, PCR ¥ 37148 1%3E 5 b
HLKAGI S, 14%AE 28 PE 58 79 0k 19k Mg 26 e oL Yk 40

A H VK SEER R HAHFRAR IE AR Yy, BRAHAHT .
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HLIK S5 M A SR &I, idskh 2. B
TARAE2004), THR T AN T R 6 1T 34 45 v gk
HE(A) . AR N B (@) . 2225 JR6 57 WL 245 8
(Ho) 5 Jo i oy BUI{E (He) . Hardy-Weinberg 1515 i 25
FEEL(d) A SHEAARST 35 2 6 B (H) 2K 5 S8 AR N 1 doit A%
AR SR 5 RIS s AL AR R R (1) L 8L HE B (D)
F3E K 431 R BU(Gsr) R 58 = A5 K5 A5 (R X BE B
PRIE] AL AR K5 IR T AN AL B 2815
B AR(PIC), MAIRIZR(DP)HIEHEACHEER R (PPE),
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Tab.l Annealing temperatures and primer sequences of 21 microsatellite loci used in the study

75 No {55 Locus iR KR JF Annealing temperature ('C) 5| #))¥ %1 Primer sequence (5'-3")
: kop? . F: GTGACACACCTCTGCTTCCTG
R: GAGGACGTGGTTGAGATCACAG
5 kop8 . F: ACTTCACCCCAGAGACAAGCC
R: GGCTGTCAGGAAACTGTGGAG
3 kopl2 6 F: CTTGGCTGTCAGGAAACTGTG
R: CTTCCAGCAGCAACAGGTTTAC
A kopl5 - F: ACTGGATGCCTCACTTATACC
R: GATTCTCACGTTTCCATGTC
5 kopl8 . F: GAAGGATCTGGACTCATGGTGAC
R: CAGCAGCAAAGGCAGAAAGAG
. kop22 - F: GTGTATGTGTTTCGTTTCCTGC
R: TGAAGGCTGTTGTTGCTGTAG
; kop23 6 F: TCGATGAGTGTCCTCGCAACTA
R: ACCGCAGTCTGCAGTTCCTCT
g kop26 60 F: CAGTAAAACAGTCCCTCCTGAAC
R: GGAGTCTGGAACCAAATGTCTG
0 post s F: GATTGTTCAGTACCTGTTCAACCTG
R: TCATTAACAGACGGAGCACCC
10 hol 5 F: GCCTTTTGTCAGCCATTAACAGAGC
R: CTGAGGCCAGACATGACATTACCTT
. pol3 s F: CGGCCTAAACCTGGACATCCTCTCTA
R: CGGGACAACGGAGGTTTGACTGAC
. bod2 5 F: CGAGCGCTGTTTCAACTACGGTCATT
R: ATGATGATCTAACCGTCCGGCTCCAT
3 pod8 5 F: GCCTCCAGAAACATTTATGGGG
R: TGTCTTGCCTCTGGTCCTTCTT
” bo56 5 F: TCGAGCGTAAACAAACCAGCTAACA
R: GCTGAAAATCGCTTTAGCTTCCCAT
s po89 60 F: ATCAGAAGTCATCCATGCACTGGCAC
R: AGCTACTTATCCACAGGTGTCGACGG
s bo91 5 F: AGGTTTCAAGGTGTTCATTGCGAGTC
R: TAAAGGAAGTGCCTCACTGTGGAGAA
4 F: CCTCACAATGATGGCATTGAACC
17 jn900512 7.3 R: AGCCTAATGGTCAGCTGTGTT
4 F: CCTGAGCATGACACTTGCAG
18 jn900519 7.3 R: GTTTCTGTCAGGTGCGTGAG
4 F: TCACAGCCATGATGAGGAGTTTC
19 Jn900522 375 R: CATCAACTGAGGGATGTCGCTA
. F: TTAACTGCTCAGTGGGAACTGG
20 jn900527 375 R: CCTTTCTATGGATCTGGGTCCG
. F: GAGTCATAGATGGGAACCTGCA
21 jn900530 375 R: TGATATGTGGCATCCTGGCA
2 #m=@ 0.681. 0.629, FEUHFIAE 15 A>hi 5 i 1 I B9 2

i 21 X PR 5% A5 AR = 5K o 63
4% 32 BT 00T, AR S50 FE R ECH 1-2
A, AR R RECH 1-3 4, #5193
PSR 1, BIAEERR 21 AR S A ST
FE AR 2,

AT RN A AR A R A A 5 S S A
B, ARCEEN SR ZANEAA EULIE . TG
it (5 T B st A I B FR B L3 3. % iARAE 21 4
fok T A7 ARG 2] S 57 RE R 310 A4S, = A5 AK I 5]
SEALFEN 3-7 S ARSI BT 3.7 F1 2.8
A AR =R AT R ) O 2 3 R 2 A il

R, AR R A

TE ZAGRR =5 RE AT, 21 DMCLEAL Y
PIC 4351/ 0.115-0.828 #1 0.328—0.781, DP 435H
0.119-0.834 F1 0.400-0.788 , PPE 4341} 0.103-0.707
F10.169-0.627, H BRI ZE FHEAC HEBR 2 H#6
KF 0.999, J&FrHEiRa st fEbric R4 (E 4).
AR S AE R R A IR RO 0.312, A AIREL
40.732, FEHRRECH 0.971,

3 itig

L2 DNA 7ERE N2 )z m Bl A, BA
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Fig.1 The electrophotographs of microsatellite markers, jn900519(a) and po56(b) in diploid and triploid Paralichthys olivaceus

M:DNA 100bp 1 5: 2-4 6 7. 8-23: 24-39:
M: DNA 100 bp ladder; 1, 5: Paternal; 2—4, 6, 7: Maternal; 8—23: Diploid; 24—39: Triploid

K2 ZBEM=FEETE 2L NMIEMANSHERME

Tab.2 Allele frequencies of 21 microsatellites loci in diploid and triploid P. olivaceus

AR XN AR LN
Bind SFALEED Al LR SR SETES Dt SFOLEEIN A (7 PR A SEVEISPIES
Locus Allele Allele frequency  Allele frequency of | Locus Allele  Allele frequency of Allele frequency of
of diploid triploid diploid triploid
kop7 1 0.000 0.229 pol3 1 0.047 0.021
2 0.078 0.021 2 0.047 0.010
3 0.016 0.010 3 0.093 0.229
4 0.156 0.000 4 0.063 0.031
5 0.156 0.042 5 0.063 0.063
6 0.219 0.656 6 0.375 0.500
7 0.375 0.042 7 0.312 0.146
kop8 1 0.093 0.000 po42 1 0.110 0.000
2 0.016 0.302 2 0.359 0.281
3 0.000 0.021 3 0.046 0.344
4 0.891 0.677 4 0.453 0.052
kop12 1 0.016 0.021 5 0.031 0.323
2 0.047 0.302 po48 1 0.062 0.010
3 0.937 0.677 2 0.000 0.261
kopl5 1 0.078 0.000 3 0.172 0.000
2 0.141 0.010 4 0.766 0.729
3 0.187 0.625 po56 1 0.141 0.052
4 0.141 0.052 2 0.078 0.094
5 0.359 0.292 3 0.500 0.573
6 0.094 0.021 4 0.031 0.042
kop18 1 0.031 0.021 5 0.125 0.239
2 0.156 0.042 6 0.125 0.000
3 0.203 0.239 po89 1 0.031 0.010
4 0.250 0.094 2 0.250 0.073
5 0.266 0.583 3 0.297 0.156
6 0.094 0.021 4 0.375 0.125
kop22 1 0.141 0.104 5 0.047 0.636
2 0.078 0.125 po9l 1 0.031 0.490
3 0.234 0.104 2 0.063 0.052
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Locus Allele Allele frequency  Allele frequency of | Locus Allele  Allele frequency of Allele frequency of
of diploid triploid diploid triploid
4 0.234 0.052 3 0.156 0.000
5 0.063 0.563 4 0.031 0.010
6 0.250 0.052 5 0.391 0.219
kop23 1 0.187 0.000 6 0.266 0.125
2 0.203 0.292 7 0.062 0.104
3 0.109 0.094 jn900512 1 0.125 0.031
4 0.078 0.260 2 0.312 0.469
5 0.063 0.000 3 0.422 0.292
6 0.219 0.312 4 0.094 0.177
7 0.141 0.042 5 0.047 0.031
kop26 1 0.250 0.240 jn900519 1 0.000 0.188
2 0.110 0.010 2 0.141 0.333
3 0.063 0.083 3 0.187 0.177
4 0.031 0.104 4 0.281 0.302
5 0.047 0.219 5 0.250 0.000
6 0.250 0.042 6 0.141 0.000
7 0.234 0.302 jn900530 1 0.000 0.021
po-strl 1 0.063 0.000 2 0.016 0.010
2 0.063 0.000 3 0.016 0.177
3 0.063 0.000 4 0.234 0.042
4 0.297 0.229 5 0.734 0.750
5 0.109 0.000 jn900527 1 0.047 0.302
6 0.218 0.000 2 0.125 0.021
7 0.031 0.000 3 0.640 0.302
8 0.047 0.302 4 0.047 0.031
9 0.047 0.333 5 0.000 0.302
10 0.047 0.136 6 0.141 0.042
pol 1 0.156 0.250 jn900522 1 0.235 0.323
2 0.344 0.063 2 0.250 0.000
3 0.172 0.063 3 0.203 0.625
4 0.172 0.250 4 0.156 0.042
5 0.063 0.010 5 0.125 0.000
6 0.093 0.364 6 0.031 0.010

LA LRSS, B2 sFRGE. F
TR AL RS2 v e BB A FARIC 22— i3t
fLhric i R AN E T FH 2 28505 B& i PIC R fig i —
JEEREBL T, PIC B8 52 e Y e — ANt A bR i BT A 75 Y B
T REAS HE AL ARt (5 (5 B 25 i, 24 PIC >0.5 A, &1
AR bR DA AT R R L (5 Bk 2 0.25<
PIC<0.5 i}, FTHIZB AR CRENE 5 & Hb A
%ﬁ%;ﬁ%Pmdusﬁ TR Z AL bRiC n] R

AL AR BPE 22 (B8 A5, 2011) o AR ST X 2 6 —

FEIR R = AR DTSSR R, = =%
R Z 805 B &5 PIC >0.5 (90 S 43914 17 116
A, TR Z AR B o AR REE A R A AL
MY PIC<0.25, {H7E =SB AT, XA
PIC >0.25, {REAE AL A3 B 15 B, ORI 5T H
F AW X AL B

WL AR B B R B L AR S, ]
e = A WAV S8 NSRS d ) N
P B A R ) - BB A Ol 0.681, TAF
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Tab.3 Number of allele (A), number of effective allele (a,), observed heterozygosity (Hp), unbiased expected
heterozygosity (Hg) and Hardy-Weinberg genetic deviation index (d) at the 21 microsatellite loci assessed in
diploid and triploid P. olivaceus stocks

7 %k Diploid =A% Triploid

Locus A Ae Ho He d A A Ho He d
kop7 6 4.1 0.719 0.781 —0.080 6 2.1 0.813 0.531 0.531
kop8 3 1.2 0.188 0.204 —0.082 3 1.8 0.875 0.456 0.919
kop12 3 1.1 0.125 0.123 0.020 3 1.8 0.906 0.464 0.951
kopl5 6 4.6 0.719 0.806 —0.109 5 2.1 0.938 0.538 0.742
kop18 6 4.8 0.906 0.817 0.109 6 2.4 0.969 0.610 0.588
kop22 6 4.9 0.781 0.824 —0.052 6 2.8 0.594 0.659 —0.099
kop23 7 6.0 0.656 0.861 -0.238 5 3.8 1.000 0.763 0.311
kop26 7 5.0 0.719 0.825 —0.128 7 4.6 0.875 0.808 0.083
po—strl 10 5.5 0.656 0.846 —0.224 4 3.7 0.938 0.750 0.250
pol 6 4.7 0.875 0.811 0.079 6 3.8 0.906 0.762 0.190
pol3 7 3.9 0.844 0.765 0.104 7 3.2 0.969 0.714 0.358
pod2 5 2.9 0.500 0.671 —0.255 4 33 0.938 0.718 0.306
po48 3 1.6 0.500 0.393 0.273 3 1.7 0.813 0.413 0.966
po56 6 3.2 0.625 0.714 —0.125 5 2.5 0.906 0.621 0.460
po89 5 3.4 0.656 0.728 —0.099 5 2.2 0.563 0.569 0.021
po91 7 3.9 0.594 0.767 —0.225 6 3.2 0.594 0.705 —0.158
jn900512 5 33 0.531 0.720 -0.262 5 3.0 1.000 0.683 0.464
jn900519 5 4.6 0.656 0.809 —0.189 4 3.7 1.000 0.755 0.325
jn900522 6 5.0 0.719 0.826 -0.130 4 2.0 1.000 0.520 0.925
jn900527 5 2.4 0.406 0.596 —0.318 6 3.6 1.000 0.748 0.336
jn900530 4 1.7 0.500 0.419 0.195 5 1.7 0.625 0.417 0.499
34 Average 5.6 3.7 0.613 0.681 —0.083 50 28 0.868 0.629 0.426

Z5(2004) H 10 M T8 % 1A A BEFRFEFE AR AT
K, HOPSHEBI AN 0.731, W& A4S
By HOP AT JE DB . P34 B R AU 3
SR 5 B A1 35 W o2 T AR 9 T 20 A 1) 8 66 — 54
X ] fig S i T ARHE S 0 F 6F — AR IR B T IR 5 B
&, Zad ZAE M BT, FEORL 2K 1%
A TR ARSI, ATIFGE h A AR = A5 44 2 T
()3t 2 REPE K AT

AREFEH, BT AR A A Yk
4, WA EEWA SO, Fhais+, W
FUKIEIRE R 1 5507, B2 aF, MIRKEE S 2 4%
W W, =R & s g Ak, mukE
TWERIN 1-3 Faf o XS FEAR Y 3815 Z R P TR pr ik
TTIER, KB = AR 5 A% Z FEPE K BAR, FF3
S S PRVEL S IA RAE 6 SE RV B - A B A
PR T = IARREA, BT =R i AR 0 ik S 1
R, X —iF T B AR B TN T

PR, — b e A5 0 3 R 3 PR R 1 A IR
WREONEUR, RN, SEOXSMIM AL,
ARBFFEH, =S AREEAFE R H A R BEREA, AE
kop7. kop8. kopl5. kop23. po-strl, pod2. po48.
po356. jn900519., jn900530 %5 10 AN i34 H B
FEPBRIE, HEAE po-strl i 5 2 A7 KPR B 2E T 5 T
BRI 50%,. M2 B, = REEHRS, BI%A
FETE AR A A L, HeBl i 3.23%, HE
2 B T R S (30 B/, i A S
PR AR TE AR AR TP Bl A 21, 38 2 f T e S
IR, /R 2t — T

IS, AR AT A A 35 PR RO It B B T =A%
RBEAR, Qi 1-a 514 jn900519 7E AR dh i 14 i 8
FRIERRL . 6 AR, AR =AY 1 3 F
FEIRL 4 ANEEAFIE 21 X517 A AR A L
PR 190 FhEERAY T AR 142 B 2RI
g5 B AE = AE R 2Ok e WAL B (P. formosa)



CAR Y X1

A =Rk S (Paralichthys olivaceus) B4 1% AL VL 0 T2 /3047 39

R4 —BEUHENZEEFEANMMIECSIHEEES
ZE(PIC). MKIRRZ (DP)FnAE S HERR 2 (PPE)
Tab.4 The value of polymorphism information content
(PIC), power of discrimination (DP) and probability of
paternity exclusion (PPE) at 21 microsatellite loci in diploid
and triploid P. olivaceus stocks

7 8 %A Diploid =% Triploid
Locus PIC DP PPE PIC DP PPE
kop7 0.739 0.756 0.564 0.512 0.514 0.300
kop8 0.197 0.198 0.103 0.456 0.456 0.236
kop12 0.115 0.119 0.059 0.366 0.450 0.193
kop15 0.771 0.781 0.609 0.519 0.521 0.299
kop18 0.774 0.791 0.608 0.584 0.591 0.387
kop22 0.790 0.798 0.630 0.634 0.638 0.464
kop23 0.828 0.834 0.689 0.723 0.739 0.532
kop26 0.790 0.799 0.632 0.781 0.783 0.627
po-strl 0.815 0.819 0.707 0.693 0.727 0.495
pol 0.771 0.786 0.608 0.737 0.738 0.552
pol3 0.712 0.741 0.538 0.680 0.691 0.474
po42 0.645 0.650 0.435 0.676 0.696 0.514
po48 0.346 0.380 0.194 0.328 0.400 0.169
pos56 0.688 0.692 0.511 0.594 0.601 0.398
po89 0.669 0.706 0.467 0.537 0.551 0.352
po9l 0.720 0.743 0.545 0.680 0.683 0.493

jn900512  0.657 0.698 0.465 0.619 0.662 0.418
jn900519  0.764 0.784 0.593 0.711 0.731 0.514
jn900522  0.785 0.800 0.624 0.420 0.503 0.236
jn900527  0.566 0.577 0.345 0.725 0.725 0.491
jn900530  0.346 0.405 0.187 0.402 0.404 0.234
-3 Average 0.642  0.660 0.482 0.589 0.609 0.399

(Lampert et al, 2005)F1 = f% {44145 (C. gigas) (Garnier-
Géré etal, 2002)Hr, =AEARER L AIAIEG , RIS
B ZHEER TR, R 3 LR, =A% IARRE AT
- BN A 5 T2 22 v T AR TR . #0280 T HE
PRGNS A 585 s 2 b, SR TR A S
1) — B I ] PR H 28 A, I B A R A2 A O
(Maxime, 2008; Piferrer et al, 2009), T35 — R %L
Gy BT ARG R Z R R AR T A, WU E A,
B HE S A SM s BT 25 08 P 845 ) B AT BEAS 58 42 A
[, A RIS B A o 4 38 A W Jo 5 B0 1 ) gt A% o
ATER—F, W T AR BP0 1 v IR S Ak B
5 A B HEONT ARAS 0, X A4S = A5 AR Tk A
AR BAEY IR Z A, AL & PR R BB AR —
EZF Y, SEOURG RS .. BRILZAh,
PRS- 7E AR A v b B 3 PR B A RT R S AR =
ffrh, m = AR T 2 —E Y R RE I 2
LD RL . AT = A A REA T, R S R A A

WA P M ILGR 2), XATRERA BT 51K
FEARB IR B T

AR BT 21 LA 15 419 Hardy-Weinberg
B AR ECd Al XTI R A gk, BISE
Prafi G it i, X FE AW By 2 SR A
BF , 8D ) R AR Z AT SE BT BU(EARAE, 2004),
BRI, =TSO M SR d i
B, XATRER MRS =B ak, &6k
IR [ — S5 e R RS RO R R, 4l Hh B
PLasisl, FFAEHE S 2R KR .

WAL, AR = AR AR 5 AL B 0312,
T A 58 000 8 A AR =A% A F 8 SR AR R] ,
A% BB A N /0N, T AR R A v A5 A5 A7 i PRI AL
R P BAL R B AR O, #E 2 TP MR
FEPREVR Z 18] (335 B B 0.156 (T 1%, 2004), X2
5V IR e Ab B B BRI B G, RIFE R IR o
Wb PR AR, —BEXHR AN 32 0 ASARSET S, X
TN T 32 B RAENG B0 G55 A0 Ak PR R A%
RAEA, AW B A D e 2P

Zi Lk, AW A PR R A S AR AR
AR RBE R R AL S A RSl A B T A B, RIS
BERA —E 1t L i db . 78 = A5 R SEREIR 254
LD ol 2 3 st % 2 FEE AN T I B i b st A% 224
PE BT B S 75 20 oF 8F = A4 J5 AR 0 A 4 R bt i
FE I8 BLRE ] 14 5 2 — B IR A ST .
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FPEIR & B L. AKP=244R, 2011, 35(8): 1258—1265

JUEE, XUER. = A5 6T 0 RGIE . W VE 5T, 1995,
26(5): 115-118

HEE, X&m, e, % B4 S mee o fd 28
PERL LR 40T, b B2, 2013, 34(6): 59—67

WA, EEP, Aok, & —MshiiLH4 DNA 207
LG, iPEEdeak, 2001, 36(1): 27-29
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Genetic Diversity Analysis on Artificial Triploid Stock of
Paralichthys olivaceus using Microsatellite DNA Marker

LIU Hui', WU Zhihao?, LI Zhenlﬂ), ZHU Xiangpingl, YOU Fengzm, SONG Zongcheng3, LI Jun*, HU Jinwei
(1. Qingdao Agricultural University, Qingdao 266109; 2. Key Laboratory of Experimental Marine Biology, Institute of Oceanology,

Chinese Academy of Sciences, Qingdao 266071; 3. Weihai Shenghang Aquatic Science and Technology Co., Ltd., Weihai

2642005

4. R & D Center of Marine Biotechnology, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071)

Abstract In this study, we compared the extent of genetic diversity of the triploid and diploid
flounders using the microsatellite method. The triploid were induced using cold shock method in 2012,
and then they were cultured under the same conditions as their diploid control. Genomic DNAs were
isolated using the high salt-extraction method from the muscle tissues of 32 triploid and 32 diploid
flounders of 11-month old. The genetic variations of the triploid and diploid flounders were assessed
based on the selected 21 microsatellite loci. The PCR products were isolated using 14% PAGE
electrophoresis, and the microsatellite alleles were artificially identified and analyzed. The results showed
that in the triploid and diploid stocks, the average numbers of alleles per locus (A) were 5.6 and 5.0; the
total numbers of genotype were 190 and 142; the average numbers of effective alleles per locus (a¢) were
3.7 and 2.8; the values of average observed heterozygosity (Ho) were 0.613 and 0.868; and the unbiased
expected heterozygosity (Hg) were 0.681 and 0.629, respectively. The values of the polymorphism
information content (PIC), the power discrimination (DP) and the probability of paternity exclusion (PPE)
in the triploid and diploid stocks were 0.642 and 0.589, 0.660 and 0.609, 0.482 and 0.399, respectively.
The accumulation of PIC and PPE both achieved 0.999, which indicated that these microsatellite loci
were very sensitive and could be used in the parentage and kinship determination in future genetic
breeding studies. The genetic distance (D), the genetic similarity (I) and the coefficient of gene
differentiation (Gst) between the triploid and the diploid stocks were 0.312, 0.732 and 0.971 respectively.
The genetic diversity of the triploid stock was moderately reduced compared to the diploid stock. There
were also some differences in the genotypes between the triploid and diploid flounders.

Key words Paralichthys olivaceus; Triploid; Artificial induction; Microsatellite DNA marker;

Genetic variation
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ZFEL(Paralichthys olivaceus) Activin % & 7 ff
pIrEMBHTREEREVERENST

MNRK E &

wmaeT LR
CHEMEE R e b YR SEMBFERELLRE 75

fl\

Kag

266003)

BE DA 8% 9 8 R AT %, FF 42 81K 2 % (Genome walking) 3% %5 7 Activin @A~ B I 2 F &9 F
W R TF I, HAAHBATT HFORBETHENENEEFTM N, kBT Activin Po 7 B
FAT At B s FEa 58], KESH A K 2.7kb 1 2.4 kb; 72 FUM B4 Activin Bg %% A2 4611 5 (+1
fir)ty b3 31 bp 4L # 1 AN A B TATA box, T Activin B ¥ 5K & 3l TATA box 54, WA EEH
WEshFEEAT £ A% FHET Spl. Oct-1. C/EBP, CREB, GATA-1, HNF-3, HNF-1, USF %
Ay, RAINT 5 R WX H Pit-1, ER, PR, GR, RAR, RXR %4 &Lk, EAMEFE
I F MyoD. myogenin #1409 14 5l s 2 2 SRY 45 AL A AXAE Activin By B3 TH LI, £4
FERFMTE T, TH Activin P 1 g KL Z 2| L M £ H FHHE, —HFEBEELHENZR.

KA

hESES S96  CEEHFINED A

Activin IR MG OB or B ok, 2 — Rl
EHME, BT TGF-p @XM —R, HT e
DA S 2 ) R e AR 3 0 K% A 18 B 940 31 3% 2% (Follicle-
stimulating hormone, FSH), [A 1 # iy 44 MG % . bl
Ja AT B Activin 2t IR R] ) B EHE(BA F1 Bi) ,
At TR E AL R R R e R
A Activin A(Ba-Ba). Activin B(Bg-Bs)Fll Activin
AB(Ba-Ps) (Knight, 1996), Activin 1£ S P 51
R, BRI A i o E, v DL it
Activin/Inhibin RS 5T i -2 -1 I Al o 2
T A R A0 M A e RO (22 TR AR, 2007)
Activin AL BE AT R Hb A FF 42 M B R B &=
(Gonadotropin-releasing hormone, GnRH)#) 437415 5l
(Calogero et al, 1998), M REMEF5PL Inhibin FIFEH],
TEIEAR SRR T 942 FSH 1940 (Knight et al, 2001).,
AR, Activin 38 RE ] 54 [ 20 R0 0 20 Jf A0 15 5
5 [ B R 1 A LA B D e 240 B Y e T R, X B

T WER; BEF; AWMEEFES

NERS

#r
1000-7075(2015)01-0041-07

B IA & Z H i EH](Mather et al, 1997). R T
FEABE 5 T B IS, Activin IS 7ELH SNk |
BIEH ., MIGEE . oA, ity . HEUR
Pt 8 R AR v th ¥ R FEEZEAER . BT Activin
EEWEY RN, TR BT A

FE8F)E (Paralichthys) i RAFR L B . F R T
M, fem . JERMARVEREZ, SHMIYAIE 20 #,
TEFR [ 2 A —Fh i o 6 (Paralichthys olivaceus)., A
Fafif S | EFRNEESS , R RE TR, JFHARK
P BrERe e, BARIFMAEENE, SIREREZE
FE K SR A 2R R ZE, 2013; X234, 2013) 4
5T FERE T 2 6F Activin B Al B 3 K AR50 I 2 F
G, IR ARG B2 R B A 0 5 e 25
LT T, RiE—2 T Activin JEEAEA K
BT b A D RE K LW AE ) DR 3R a8 R AL ] B A
i S
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1 MRIE5RFE
1.1 #FREE5iRF

S R BT 2013 4F 4 H il I ZR 40 4 1
B IK A BRA F L . Genome Walking Kit I F K
% TaKaRa AW, FEREZK pMD18-T FlEsZ 245 4 i
Trans So W {dbt & XE&EMBEARGRA R, DNA
i A & H ZYMO(GE ED,, 514H B ed
YR A BRA FE8, DNA I i A K R R ik
A7 BRA F 58 1 o

1.2 G H*E

121 A FEZ2 DNA 428 RAVEHLE- A5 2 E
B WA GELA 4212 50 mg, A 1.5 ml B0,
FAFARB AL P BB, A 550 ul TNES 4%
SEWPIRCRT 10 wl 25 (I K(20 mg/ml), REJEE T 56C
KT E B TE 4 . S SRR A R A g/
AN ICEE(25: 24: DFIET/ 7B (24: )£ 4
Y, 12000 r/min B.0> 15 min, HCEIWMA 1/10 14
TR 3 mol/L NaAc Fl 700 pl SRR, B T-20°CILIE
2-3h, 4°C. 12800 r/min %[> 20 min, JLIEY HITEK
SEEPRAWIR, ER AR T, fFoEER TG,
FHIE Y TE WA . —20°C A7 .
122 $&4hTH HR 4l A S 56 = i O v BE A
F A9 6T Activin B, F1 B B DNA 531 F e ik 45 55
WA & AR S B E, ff ] Primer 5.0 #44:
B e S Ay A A ) — A% 3'— 5" J ] 43 AR
T 3 A I FEE S 14 SP1, SP2. SP3(# 1), 1E
4%k 5149 AP1-AP4 FikHI &40t PCR Sy 254444
P Bz S P U B TR E

F 1 FEE Activin B, #1 B B FHZIEFES I

Tab.1 Primers for cloning of the promoters of
P. olivaceus Activin B, and Bg

J¥%1 Sequence (5'—3")
CCTCTTCACCGCTTCCACCACATCT
TGAGGATGGACGGTCAGAGAAAGCG
TAAGACGGACATGACGGCGGCAGAT
TTGGGGATCTCCACCCTCCCGT
ACGGGACCGGGTGCGTGATGTT
AGAGGACGCAAGCCACGAGGAGT

#F% Name
SP1(ACT B,)
SP2(ACT B,)
SP3(ACT By)
SP1(ACT Bp)
SP2(ACT Bp)
SP3(ACT Pg)

PTG 1.5% 00 B BE R EE I HL UK 43 B8 )5 64T
DIl . k4 . 4k . PCR ik, M
BEHEATI )T
123 BT HFINGEMELEFHH F I NCBI
FEZE blastn X P35 F 2 52 56 2 i 1) o R 74 3
) Activin B, 5 Bg ) cDNA 741 8 & X it 17 e Xt .
SRIG, T RARIE 3T F 51 F H NNPP(http://fruitfly.
org:9005/seq_tools/promoter.html)#E 47 F , 20 &
¥ s AR AL AR TSS(ER 2) FIHITEL AR Alibaba 2.1

(http://www.gene-regulation.com/pub/programs/alibaba
2/index.html), TFSEARCH (http://mbs.cbrc.jp/research/

db/TFSEARCH.html)LA J2 Matinspector (http://www.
genomatix.de/cgi-bin//matinspector) 17 3 o F X 8+
G TCAE IO BT, ARAF RS TE R 5% ST 45 B0 .
F S TR i B I BRIA S AL

2 R

2.1 ZFEF Activin B, 0 By BEI FFE IR = E

ﬁﬁg&éﬁxﬂ}%ﬁ% s 1%@] Activin BA F BB E/‘j%ﬁ
IR TFIES), 209129 J9 2.7 kb 1 2.4 kb (GenBank 1D
435120 KI000423 il KJ000424).,

2.2 FFEF Activin B, A B BEIFXIBFEFIHEME
BEa0Hh

BRI 25 R W S5 P JE ) cDNA P31 Flije
AR BB P HI AT EEXE, 91 LA NNPP #5446 B
OIMT, R E T SR IR T . R BN, FET
) Activin Bg % SEE UG 25 (+1 1) _E3iF 31 bp 4bA 1
A MR fY TATA box, IMii 7E Activin B, H 21K % Bl TATA
box BILFTE.

ifi;f Alibaba 2.1, TFSEARCH #l Matinspector
ETELRBAF T, BUNZERME 1. B 2 iR, fEfS
F 0 7 217 9 AE A 24 55 58 R 80T 3 5 A
KN FE G0 Rtk E Spl. CCAAT/
HISRF45 A C/EBP. cAMP W nfF45 & HE A
CREB. #fijifi N5 sk e N+ AP-1. sl e+
USF; KM THFZ5IIEMALINET . wmERNELE
A e S P45 A0 . IFAIAZ I F HNF-1,
HNF-3 . LRSS F MyoD. myogenin, /\ A%,

ZFEE Activin B, 71 g T B FE R IR L=

Tab.2 The predicted transcription start site of P. olivaceus Activin B, and Bg

x2
ZFR VA Ganl:H
Name Location  Score

b2l

Sequence

Activin B, 1137-1187

Activin fg  1888—1938  0.99

0.94 TCAACAGGTTTAAATAATGAGCCGTTGTTATTTCATCTCTCCGTGAGGAAGAGCCCTG
TATAAAIGCGGAGGAGAGAGAGAGGAGGCTGCAGAGTCTCG




£ XSG T Activin FEFI PR B W1 145 3 T 50 b B 2R W% B 240 A 43

1 ACACACACACACTCTCGTCCCAACGCTTCCTTCACTTCTCCTCAGAAATAAACATCAAACTGTGATTTTCAAAGATTTTC

81 AAAGACACATGAAAATATTCTGCTGCATCACTTTCTAGAATTTGACCCAAATTCAGACATCGTATGGAAACTTTGTGAAA
USF
161 ACTTTAGGCTCTGAGGTTGTAACAACACAAGGACGACGGACTTCAGAGTTGAAGAGCGGCGGTTTTCTCCGTCATATTCT

241  CCTGGCAGATGTGAAGCTTACTTTAAAAACCAGGCGTTCTGCTGACGACAGGTTCATGACTCACAGGTTGT|GAGTTATTT]

321 E%AGAAACCACCAGTGAAGACACGTTCAGATCACAATACACAACACCAACGCCTTTATAAGGCAACTGAGCGAgggiéég
401 CTCACAGACATGAGCTGGAGGTTCTTCE?CCTCAAAGAAAAACTGACGAGTCACACACACACATTTCCCCCGCAGTQAIQ
481 A;2$%ATCACAGCAGAGGGTGAAT%%%AGACGTCTGATTCCTCTGTAACTCTGCGTCTTCTCTGTTTCCTCTACACTCAG
561 (':‘ATpG_TlGACTCCGTTCTCTGGGTTCTCCGTTGTCAGACCACATGm‘ACAGGAACTTTAAGAACA
USF GATA-1 GATA-1
641 TTGAAAACCTGACAGAACTTCAGAACCAGGACCTAACTCAATCACCTTCCATTTCTTCAGCTTCACCTAAAGAACCCTTT
721 AGAAACTGATCCGACATTCTTCAAACACTTAGTAAAAATGCATGTTTAGAAé%Fﬂg;AGAACCACTACAACé?ECAGAAC
801 ATéﬁ%TGGAAGCAGCAAAéE%TCTTTAGAACCTG;X;Xg%GTGAGAACCTCTGAACCTTTAACTACTTTTAGAACATTTC
881 GAATCCTGAGGACCTTAAATCTCTTCGTRCAGCTGAAACTCATCTATAAAGTCTCATTGACA
yogenin -

961  TTTGAAGCTTAATCATGTGAGATGTTCCATCCTGCAGGATCCTCAGAACTTCAGAACCCAGTGAACTCTTCAGAACCTCA
"~ RAR
1041 TGATGAGTCTCGGTGTTTTAAGAGTAAAACAGATTCAGTTCACGCTCAGAATCATTTTAGAACAACTCTTTAAAATCAGG
~Ap-1 P TSS
1121 TTGAATTCAGAAGATATCAACAGGTTTAAATAATGAGCCGTTGTTATTTCATCTCTICCGTGAGGAAGACGATGAAGACAG

1201 ACATTACTCTGACTCAGCAGCTCAACTTACACAAAICACAATGACCAACAGCGTCAGCGTCCAGCAGGAATGACGGGGCTG

ER HNF-3 WMyoD C/EBP
1281 ATGGGAAATGAAGTGAGACAAACGTCTGGAGAGATGOITGAGGCGTCTTCATGATGAAGACGAGGATGATAAGGATGAAGA
GATA-1 Sp1 Oct-1
1361 |[AGAAGATGATCTCCTAATAAGGTCATGCTTGCTTGTGGTTTTTATCTTGATGTCGACTGAGATGAATGGATGAATAAAGG
Ap-1 GATA-1
1441 ACAGATGGACCGATGGAGGTGTGTGAGGCTAAGTTATGATGT TTACTCAGTTCTCAAACTAAATGTTAAACATCGCAGCT
Spil Spi ANF-1

1521 GATGAACTGATGAATCTTTACGAACAAGTTCACCTCATCACACCGACCACGACAGAAACTACTCGAACTTTAGCTTCACA
1601 ACAGCTTCTGTAGACGTCGACCATGACAACGAAAAACTGGGGGGGGGGTGATAGAGTGATAGAAAGACTGATAGAGTGAT
PR CREB Spi GATA-1
1681 AGAAAGACTGATAGAGTGATAGAGTGATAGACAGGAGAGTCACAGGCAAAGAATAAGTCATCCAAGATTTTCCCCTCAAC
GATA-1 GATA-1 C/EBP

1761 ACGTAACTCATTCACAGACGGAACGAGGAAGCGAGGGAGGGAGGGAGGGAGGGAGGGAGGGATGAAGGAATCCCAGCTTT

SP1
1841 GCTCCATTAACAGTGGAACCGAGGGAGGAACTCAGGGAGGGGAGGAATGAATAAAGAGAGAGAGAGCGAGGGAGGAGGGT

Pit-1 Sp1l Sp1l
1921 GAAGGTAAAAGTTGGAAGTGCTATGAGTCACAGAGCGAGATGGGAGGAGACTGGAGTGGAAGAGGGAGAGAGAGAGAGAT
ER Spi GATA-1 Spi

2001 GGAGTGAGGTATAATTATGGTAGGAGGCTGCCAGGGCGAGAGAGAGAGAGGAGAGAGAAGGGGAGGGAGGGAAAGAAAGA

Spl Spl
2081 CGAGAGCGAGGAGAGAGAGAGTCCAGCCCACTCCGGTAAAACCATTCAACTGGTGAGCAAGGGAATGCATTCGCCACAGA
Spl
2161 GAGAGAGAGAGGAAAAGAGGTAAAAGAGAGAGAGAAAGGAACTCCCTTCGTCTGGGAAAACTTAGTGAACACACACTCTG
GR GR

2241 AACACACTCTGCAGCGACTTCATCAAGGATCCTTCTGCTCTCCACCGTTCTTCCTTCTATGCTTTTTCATCATCCATTCA
Spl
2321 TCACATCTGAGTTITGTCCTCTTCTTCTTCTTCTTCTTCTIGTTTTGTTT[TTTCTTTCTTTCTTTCTTGTGACGCCTCCA

PR A ER  Spl
2401 CATTTTCCAGCCATCTGTCCCTAAAGATAAGGATTACTCATTCTCTCTCTGGCCGTTGTTTTTTCCTTTGTTGTCCTCCT
- ~ GR ~ Ap-1
2481 CTCTCTCGTTTCTTCACAGATTTTTTTCCCTCCGTTTTCGCAGGTGGACTCTGAGCTGAGCTGAACTTTGCAGCTTCCAA
"~ ER  RAR

2561 ACTTTTGCGAGAGCGAGTGAGCGAGGGAAGGAAGACAAAGACAGACGGAGAGAGAGAGAGAGATCTTTCTTATTTCTGTA
SRY
2641 ACCAGTTTTTCTTTTGGTCAAAAACTTTTCTTCTTCGTCGCTCTGTCTGCATCACCAGCTCCAGC
USF

BT 6F Activin By i3 801 )58 SO0 E 40 V7R e S DR 1235 6 o s T 25

Fig.1 Nucleotide sequence of P. olivaceus Activin B, promoter and prediction of potential transcription factor binding site region

TETE G SR U607 U TSS Kok W00 Sl 7 PRSI BRI R 5 15 R DA 04 8000 1198 568 A G B e i PR 145 (02 s B R 4
AFR; SMRIBMALMET . B R AEMCHE SRR TG AR ERR ;5 4R R Y D BE AR OC Y % Sk A
TEA LR XCF KL FR
Potential transcription initiation site is marked by TSS; partial promoter sequences are highlighted in bold; potential transcription
factor binding sites related to the activation and enhancement of genes are single-underlined; potential transcription factor
binding sites related to development of tissue, embryo and organogenesis are shown in the boxes; potential transcription factor
binding sites regarding endocrine and gonadal function are double-underlined
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1 ATTTGGACTAAAGGTGGCGCTGTGTCATCACTTTGTCCAGTGCTGTTCTCAGCTTCGACAGTGAGACCAAATTATCTTCC
Spl AP-1 GR PR Oct-1
81 TGTAACTTCCCTGACTTTACTTTTTGGAGGTGAAGTCTTTAAAATCATCGTGTCACTWACAAATGAAATAATGAACGATG
C/EBP ER HNF-3

161 GTCATGAGGAGTCGGGTTCAGAAACAACACGTGTTATTAATICAGTCAGAAAAAGTCCAGTCAGACAAACGAGGTCGTGTC
USF Spl HNF-1 AP-1

241 AGAGGAGAAAACAGACTCAACCTGTTCTGAGTCCTCGTGTTIGTTTTGTCTTIATGAAAATCAGCAGCTCAGAGGTCAAAGG

GR GATA-1 RXR RAR
321 TCGAGCCCCGGCCCCACTGTGCTGCTCTACTGCTGCTCTACTGCTGCTGCTCTGTTGCTCTGTTGCTGCTGCTCAGCGTC
Spl

401 TCGGGTGGAGCITCATTTGTT[TTGGAGTTTTTACTAACAAATGCTGTGGATCACTGGCGTCCTGTCATGAGGGAGACACTG
Spl HNF-3 C/EBP USF

481 TGGTGGACTGTGTTGAATTTGAATAGAGAGACTCTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTG

Pit-1
561 TGTGTGTAATCACAATATTTTTCAACGAGAAGTCTGCAGACAACACGTGTTGAGGAATCATGCTCAAGTGTCCACACACT
C/EBP Oct-1

641 TGTGGCCACAGTAACACTCAGAGGATCAGATGTCTGTGGTTTCCACGTGTCTCGATGCGTCACACTCTCAIGGTGTGTGTT]

USF AP-1 RXR  HNF-

721 !TGTGCTTCACCTGAGCGTCAACACACTCAAAATAAAGTTTCATTTGAA TGTTGCTGTTTTTTGTGTTTGGGCCTGATG

AP-1 C/EBP Oct-1 AP-1 GATA-1 CREB

801 TCAAAATAAAAGCTCCAIAAAGAAGCAIGATTTAAGAATATAATGATGATCIAATGIGGTTTGAATAAGAATTAAACACATTTA

Oct-1 HNF-1 Oct-1

881 AGAAGTTTGACAGT[TTCATATTGAGCCACGTTGCAGTTACAGGTATATGAAGTACTIACCTCAAATTACAGTATTACACTG
HNF-1 C/EBP Oct-1

961 ACTATTTTACAAAATACACATATCCTATTAACTTTTAGAATACGACACITGATTCAAATIATTTCAGTTTTTATAAATAAAT

C/EBP Oct-1 C/EBP

1041 TAGGTTTAAGTAGAAATAATATTCAT|TAATACAATAAAICAGCCGTATAACCCATTTCATTTGACTTGTTAACAGTTAAAA

Oct-1 HNF-3 C/EBP Oct-1

1121 [TACAAATTTTAAAACTTTAAGAGGATTTTAAATGTAGAGCAACGACTGGAAGAGAAATATTGTGACGGTGCTTTCACTTG

w

1201 ACAGGTTGTGTTGACTTTTAAATTTGAAGCAGTGGAACTGATCCTTCAGTGATCATCTGAATAAACTGTCACTTCTCCAG
1281 ATGAAATACTTTTCACAGCTCCTGCCTGACGTGAGTTACGACGACTTGGATCTgiEAACTTTAGATATTGTTGAATGAAC
1361 TTCTCAGAATAAAATAAi'FI)'CllTTATTTTACGTTGTTGGTTTACTCGAATCTGAAAGATGAAACATTTGCGT
1441 TTAAAGGGAAACTGATCCTTTGTCT;](-BTATTTGATTCCTAGAAACTGATTTGAAGTATTAAT
1520 GTCTGAAAAGTAC?TCTtT_TlACAGCTGCTGTCTGATATGAGTGTCCCTGTAATCGTAGTTTTAgT,\ITFT_GST
1601 GTAATCTGTg"lo'?'?'l_'iTACAGTAAAACTTTGTAAAACTGTAACTTCTGTACATGTTC
1681 CTTCATGGAGCTCCAGTGGTTGTAATG(?:Gt(;'%GTGTAATATTACTGGTTATAI-,L’\"I'IEI_T%GATAAACTAACTCTT
1761 C'(r)((S:TtC_%TCAGGATCATAATCTGGATSCpAlTAATCTGGATCATAATCTGGATTGT$A/E$$TCAGAAGACCTCTGAGCCCCGCC
1841 CCCTCCCTCCCTCTGCGGCTCCTGATTGGCCGCGCCCACCTGAGGCTGAGCCCTGATATAAAGCGGAGE?GAGAGASX&G
TSS  Spl Spl TATA box
1921 AGGCTGCAGAGTCTCAGTCAGGATGGAAACTCTGCTCGGTGCTCTCTCTGGCACTGGCTCTCCTCCTCCTCCTCCTCCTC
2001 TCTTCTTCACTGCGCATCGGCACTCCGGCAGAGCGGGA%RI'CACACTCAGCTCC%S%:'II-'TGGACTGAACCTCA
2081 gﬁgé\XTlGATGATGATGATGATGGTGATGATGAGCTGCTCGSTFc,;lTCTGTGGATCAGAAAGTGATGGACTGAAGTTTGAAGAT

2161 GCTCCAGGTGGATTCGGGTTCGTGGAGAACGTTGATAACTGTGGCTCGTGTTTCCTGCTCCTCTGAGCTGCTGCGCTGCG
ER
2241 CGTGAAGCTGCTGCTGCTCCAAACTCCAGAGGCGCACAGAGTCCGGAGGACAGAGAGGCGTGTGAGGCAGAGAATCCCCA
AP-1
2321 AAGACACTCATGGAACCATGTAAGAGAAGAGTTCCTGCTCACACTTCTTCCCCTGGATGGACATAAACTGCACCGACCTG

2401 CATCCAAGTGCGTCAGAGCCGAGCGGAG
CREB

K2 FEF Activin By Ji 87 91 KOG o0 VT 4 s IR 745 45 i 00 485

Fig.2 Nucleotide sequence of P. olivaceus Activin Bg promoter and prediction of potential transcription factor binding site region

T TE R SR IR AL A M TSS R #8433 2 117 51 HI BB AA SRR TATA box FHBASE 3R 5 5 BE DR A IS g s AR DG 1y e 5
W45 e U T RIZAE R, SIRMALINET . 8B REMCHHE RN T4 6 M A T ERR s 5 WA
BRI RE AR OG0 5 S Bl F-45 & O S BT R e Fm
Potential transcription initiation site is marked by TSS; partial promoter sequences are highlighted in bold; TATA box is indicated
with a shadow; potential transcription factor binding sites related to the activation and enhancement of genes are

single-underlined; potential transcription factor binding sites related to development of tissue, embryo and organogenesis are
shown in the boxes; potential transcription factor binding sites regarding endocrine and gonadal function are double-underlined
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BN Oct-1 FIBRE 558K T GATA-1; [R]Ii4
MR T K5 4 WA R D) B8 AH OC 19 4% S X 1 45
A FERRR S RN T Pit-1 . AP e
SEHEM SRY . ML AESZ{A RXR . #IEARSZ{A RAR
WEW R SZ K ER . BOIREAIER 321K PR, Wi R B R %2
& GR %5, 7 Activin Bg K& FL MyoD . myogenin
F SRY = AZ5A7 8

3 iTig

J Bl A DR R R4 1) DB 91 IX 8, SR
FEH TR . Hk, BF5a sh T Iheev o,
Xof T3 DR 2 A R P AL B A9F 5 2 0 b B A (R A 5
4§, 2008; XIFHEEAE, 2009). 1245 M1k, A K Activin
RO 22 S e L ZE M RRAE . A PRIDBE . AR Al A1
K 5 2 R4 7 2055 (West et al, 2001; Walton
etal, 2012), IMiA & Activin ZEAPEHLEI BT E K
WSS o AW F G CUAD RS T TR A B b s A 5
Activin B, 1 Bg BRI F I, K420 2.7 kb
2.4 kb, JFXEHAT T —RINMEDFEEES. &
PRGN XS 21 X OB TE e sk D 45 G A0l
B SR P E G sE . RSN E R . AE
1) 5 Az DA S AT W FPE R D REAR DG, 25 B s R 24K
HEAHRE, (H RN AEAE 2R

HHARBFSTIN N, TATA box J& T A B L W4k
4 35 PR JIT A 5 1Y) o i o 35 DR A R RS e - ) 5
B, BROR AR T A W EERUT e , R IE £
B 53 X %A TATA box (FK/IMEZE, 2008), X
SR 205 MZO SR ST o, A 43%R0 454
) 5 3l T FP A7 1E TATA box (Kutach et al, 2000), %}
A 1031 MBTEMZ GRS i s, BA 32%0)
4ER)RE A7 AE TATA box (Suzuki et al, 2001), AHFFE
KIEAGFHE Activin Py FIFFIITELE 1 > TATA
box, M A #F Activin By F1iF/ 55 WA FETE TATA box,
XAEILG T RESEIEH Y, AT LA G S ok kb o Xt
RN LG AT E, R T Spl. C/EBP.
CREB. MyoD. myogenin, Pit-1, RXR, ER, PR %
YRR E ST

Sp1(Specificity Protein 1)J& T Sp/KLF ¥ 5K+
KWk, &4 1 M E O, fES DNA B4
A, MEALBERR AL . R A AR DG P S 2R K O
YA A AR (Zaid et al, 1999), Ji X R
= TATA box 13 P (1) 3k HA de e M 14
Hlo Activin Bo [ IiE)¥ 514 TATA box, [HZHIFAE
W2 Spl 55 s, IEGFENIE T X — .

£ Activin Ba Fl Bg i 21T 75 &8 fE7E C/EBP
Hy 4% & 1L 55, C/EBP(CCAAT/enhancer binding protein)
R B R P EES5 Y DNA 2568, e
i 5 —SE R T T4 6 o AR R A A 2 Sk [
T, WU RIEIEGS A7 DNA R 40
B . AL R SR R B R A . SRR R,
Activin (Meunier et al, 1988; Tuuri et al, 1994)F1 Activin
Z AR (Mathews, 1994)7E 45 (IR Z 2H U AR A ik,
JUH: Activin B FEAR T AR B 3Rk (Vejda
etal, 2002). il s 4 £4 701k 3 22 ¥ T C/EBP Al
PPAR(Peroxisome proliferator-activated receptors)
(Gregoire et al, 1998; Rosen et al, 2000), JF LAix il

/R T Activin KA AT ES: 5 IR 5 40 M A4 o3 Akt 72

WFoE 2], Rk Activin AAT LLXHE PR R
REMEH, ERBIMHARKME GH. 5 R K
# ACTH 1 GH B¢l % GHRH X e cAMP %3k
JKF- 475 (Ying, 1988; Mather et al, 1997). 7 Activin
Ba I By JE3 BT )75 TR ERAETE cAMP S TeiF 45 6 85 1
CREB, XEHEATHIEHRIRZH (5 cAMP 1
o ABBEPR ek 0 HAR TR ML A e — IR ABISR .

IR, MyoD =il LAt iy A= K 5 401k
Activin A gt 6] MyoD 1132 3517 41 i1 XS i Jig AL
PIRTIRAN ML 534k . FIrLA, 7E Activin A FYLEFET 1
A DT A AL A A a4k, I Hk 26534k i L4
ARERVE L BV, (HZFTANAIMIBES Activin A
SR B 55 AT LU dR 4k 2k 431k (He et al, 2005), H
IEAEI 4 T myostatin, Activin Ba B A Al HEZ LA 4
KA IE . Activin Ba 3 30 T F 90 th 7R 7E L
P 5 HF MyoD F1 myogenin HYZ5 &7 5., X
s € T HAENK LB T RYIGE. 4% myostatin.
follistatin, MyoD ., myogenin S¢ LI & & H K E
L9 vil% (Zhang et al, 2006; Xu et al, 2007; Zhong
et al, 2008), WF5% Activin 53X $L 5L A (] (9 AH S AE HTK:
it — AR R HAENL A AE K AR B D 6E .

TE Activin Ba F1 Bg & s F RS h A fF7E S Pit-1
il RXR MW 4545648, efFJET POU
domain factor, Pit-1 7ETEAN TR K HI5'S GH,
PRL. TSH % Zfhd (i e SN RiE . 767 6 5
PR HRRIN 2] K Activin By Al Bg mRNA Fik, HE
Pit-1 A HESZ Activin B I By EHER A IAIE 58 T
RXR J&—RWMBEXLZREHEI LT, 7T LLE T
[] 5 — SRR B S U AR A EA R EHT . B
RXR SEU[E4%E Activin Ba Fl B % R AL AT HE,
FHOCHIFFEAR /Dl oA DL
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Activin BE 5 A B A2 i GnRH 19 43 W4 7% 3
(Calogero et al, 1998), 7£ HAA =) 58 15 I FSH (1)
43 (Knight et al, 2001), 7E A4 E K FRUB0RE 40 it
WA e PR R I B AL . FSH A LH 244, 350
W R 2R R 1Y 43 W (Xiao et al, 1991), AL, #i%
ESUNCIANE (YL i ON R AN T v OO DI O
FURN GRS AT 25 22 F R 55/ FH (Mather et al, 1997) . A
FERIN, Activin Bo Fl Bg i 81T 175 HAE7E 24 M3
HZIK ER MIZE R Z K PR BG5S G015, [AIIRHE &
PR T R A o E B SRY BUZEA i . ER FII
PR 7] L5 Activin By Al Bg DNA M2 X k254, £
Activin B I Bg 144 -5 7 Wb I 32 21 PE 28 [ RE R R 1Y
JH#5 (Kipp et al, 2007). SRY 45437 5 A7 AE ik — 2
FH Activin 25 THEIRIMEMK T . X g 15
VIFERIT 2518 A — 2

SR, WIS 5§ MyoD . myogenin F114E: 1| ke
SEFR SRY &5 A0 S A B AE NS sh T N A
FEFE, X RESE AN [FIZERLP Activin B WESEAZ AN
[] A AL A R 4 DT e 4% 5 AS TR D 1Y) 245

J35b, 1E Activin Ba F1 B JE 37 B R BLRYHE 5%
K255 0, FAERZM AP-1, USF. Oct-1
GATA-1 550, ENMDitelER )z, EREZH
UM T PREMEH. EAMBIR A, Activin i£F
HABE ) Z WA TI68 . S 5L EPE I O 3
W S HULB RIS . Rk
i Y S R (=5 0 AN A L I I N A I k1 o = e 1
e, WAL ANME A BL5E . Activin By Fl B BEUSHE T
BEAEE . B B ML GO ESE R LU s, T AR
RIS SR IE R, XSS &AL AT, 1k
UE T %358 R D) B8 1Y 4 2 Al

2R LRTiR,, AW SBT3 AT T BE Activin Ba
B LUiER S F BT E, R AE WA B2 sl )
T AT REAFAE (5% SR 145 A O H ik A v A Y
ST, Rk —2 REAFSY Activin (T HE K oA AR )G
B SR T I TR N 45 BE 0 T A
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Bioinformatic Characterization of Promoters of Two Activin-
Subunit Genes in Paralichthys olivaceus

LIU Mengmeng, WANG Jing, GAO Jinning, MA Liman, ZHANG Quangi"

(Key Laboratory of Marine Genetics and Breeding, Ministry of Education, College of Marine Life Sciences,
Ocean University of China, Qingdao 266003)

Abstract

Activin is a member of the transforming growth factor-p (TGF-p) family and regulates sex

hormones. It was originally discovered in pig ovarian follicular fluid. Activin contains two  subunits and

plays a vital role in the hypothalamus-pituitary-gonad axis (HPG). It regulates the secretion of pituitary
gonadotropin, the production of steroid hormones and the maturation of oocyte in ovary. Paralichthys
olivaceus is a type of important commercial fish species that has advantageous traits in aquaculture such

as the fast growth rate. Better understanding of its reproduction mechanism is essential for the guidance of
the breeding of P. olivaceus. In this study, we analyzed the expression and regulation of Activin gene
related to the reproductive endocrinology of P. olivaceus. Our data should provide important information

for future studies on biological functions of Activin and for the practice in the culture of P. olivaceus. We
used the genome walking method to obtain the partial sequence of promoters located in the upstream of
Activin B, and Pg genes of P. olivaceus, and predicted the binding sites of transcriptional regulation

elements using the bioinformatical method. The promoters of these two genes were 2.7 kb and 2.4 kb in
length respectively. The results showed that the TATA box of Activin Bg was located at 31 bp in the
upstream region of the transcription initiation site, however this structure was not found in Activin 5. We

found in the two promoters a number of binding sites of the transcription factors including Spl, Oct-1,
C/EBP, CREB, GATA-1, c-Jun, HNF-3, HNF-1, and USF. Moreover, we also found multiple
transcription binding sites of endocrine-related factors such as Pit-1, ER, PR, GR, RAR, and RXR.
However, the binding sites of MyoD, myogenin and SRY were only found in Activin B4. In conclusion,
the bioinformatical analysis suggested that the basic and hormone-inducing expression of both Activin Ba
and Pg was regulated by a variety of factors; however, the mechanisms of the regulation were different

between the two genes.
Key words

Paralichthys olivaceus; Activin; Gene promoter; Bioinformatics analysis
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A, B2dHoK 1R, BJESRA YSI 556 Rl Z 24
KA K . 4R pH IR o SER I A K il
$9(19.21-2881)C, #H M 6.5-7.9 mg/L, pH K
7.6-7.9, RN 26.2-31.4, SLEAIIRT, NH,-N<0.02
mg/L, NO,-N<0.001 mg/L,

F1 TWEMEZMFEB TR

Tab.1 Proximate composition of the experimental
diets (% dry matter)

ik FHEE FHAE i K5y

Diets Crude protein(%) Crude lipid(%) Ash(%)
4 Flour 8.71 1.42 0.61
KM Rice bran 13.78 2.61 2.00
¥R} Shrimp feed 36.85 5.22 10.80
8} Fish feed 30.14 2.09 7.32

1.3 XBABRER

SEUG T Rl b PG TR ST TR AL 2 B T A
FEEINFE 7 d, FARAY 08:00 A1 18:00 f & HMHE .
SLEGTTF AR, K MLk 24 h s, ST EE
(25.0+1.59) g MY FIFRE J5 LA 16 A~ fafT
o, BRGEL S B ARARBREDEHAARTE], 43k 4 D Ab B
WM, R (TL) . KR4 (T2) . HFRHH(T3).
fRL41(T4), SE 4 A EE . Wk A K R
VA S RS20 2 B0 5 SRR /0 B /K 28 I 48 A/ N A
PR HRRLR R R AR IR 8 ], S
5 Y [0 45 DL ) 44 R 3 A9 08:00 F11 18:00, #MEJS 1 h
WCAEFRA . ARAE B H (1% 55 1 1 1 o R PR A

14 EEREFE@IH

SEESTFRAE, BEHLEL 10 BAE AMWItARE, T—20°C
PRAF FAE AR A AL AL o BT o SEBR 25 AT, K LR
24 hJ5E FERREE , AFGLER 3 J £ P AR 4 fa AR AL LA 2 o

SIS R R R 4 L AR 1 L ORI D ALK 4 S IR
AOAC(1984) [ 7 L AT E : FEMHE 105 CHEAR T

P 5 MR R H FOSS 2 A4 (2300 Kjeltec Analyzer
Unit) W %€ 5 A AE 107 R H 2 [CHl £ 1 (Soxtec system
HT6, Tecator, Hoganas, Sweden) T E ; JKAMTE A
P S50°CHAE Sh, FREENE ., FEIRAR:

FETE # (Survival rate) (%)=100xZ K 5256 0 50 &/
W5 S 3 0 B3 o

TARICR (Feed efficiency, FE) (%)=100x(Z&FK K
H AR ) A B

FFE 4 KR (Specific growth rate, SGR) (%/d)=100x
[In(Z AR 5 )—In(W) 1h 14 E0 ) )/592 50 KA

B (Feed intake, Fl) (%/d)=100x4F & 7k T
HO QAR E PR R E < S50 KA

H 5 £ i (Daily food intake, DFI) (g/d)=(#% 1 -
B VH )/ 38 R

1.5 HESH

K H SPSS 20.0 3 {4F 47 Edi ab AN SE 1547 o
AN TR b B S4B R 2R 5 22 9341 (One-Way ANOVA), Fif:
#id Duncan HEXTZER, UL P<0.05 fEhEREEK
o H A FUBORE AN R | RDRCR S5 ) 6 A R
A7 B AE 5% 5 30 I T A 7 4 35 P A BT

2 #R

2.1 H£RkEARMA

ST RN, R (TR RN 100%, T
RHA(T3) R Z, A (THRAR(80%). 4% 2H RS a R
A RE 2R, HEBLL(TL), KB4 (T2) 14 E
A R DR A% 3 34t AR T RO 2H (T3) Stk 2
(T4) (P<0.05). #iRiMis, MFRHH(T)AE KGR,
MR (T D2 (R 2).

S S I T S I B = 1 T DBy € D50 M N [ B L
S 114 g o - A (LA TR P o) 20) H e e AR A AL 2 S
B . SCIWIEAEE, HORYAL(T ) RCKRRELL(T2) ¥ H

R 2 R4 FREE R T8 & & 4 TN R LR A B9 20 P2 AR )
Tab.2 Growth and feed utilization of M. cephalus fed with four diets (Mean+SD)

K A8 4R Growth index

Kb FEZH Treatments

Tl T2 T3 T4
AR Final body weight(g) 27.45£2.17° 26.76+4.34° 54.35+5.92° 42.81+8.01°
£ % Survival rate(%) 80.00+16.33" 85.00+10.00°° 95.00+10.00% 100.00+0.00°
F7 2 A KR SGR(%/d) 0.23+0.06" 0.24+0.16" 1.46+0.14° 0.79+0.14°
BEE Fl (%/d) 1.53+0.44 1.45+0.24 1.47+0.12 1.58+0.14
AR FE(%) 7.54+1.73% 11.89+0.99° 48.62+5.84° 24.01+£2.79°

T R R R AR BRI R RN 22 57 W35 (P < 0.05)

Note: Different superscripts within each row represent significant differences (P <0.05)



50 wool B o R %3645
2.4r F3 BRAMARERMNEESEE VAR
. ;3: Tl T2 T3 -o-T4 CEHI (LR 2)
E‘) 1.8} Tab.3 The body composition of M. cephalus
" E 1.6 fed with four diets (Mean+SD)
. s L4r . G
gﬁg £ 12} *E.EE *E.EEIHE 7‘}—‘(6} 7J<ﬁ
= 2 10 Treatments Crude Crude Ash(%) Moisture
ﬁ 0.8+ protein(%) lipid(%) (%)
= 0.6
Z o4l Tl 16.48+1.09°  8.01+0.42° 4.39+0.75* 70.99+0.52
o I S T2 18.62+136% 6.82+0.11° 4.83£0.70° 65.56+8.70
' 1 2nd  3rd 4th 5th 6th 7th 8th
stosnd e Am o ot o TR T3 17.32:0.71% 10.52£036° 3.43£0.23° 70.65+6.10
JE % Number of weeks
. - o T4 18.08+1.51°  7.77+1.03° 4.43+0.20° 68.7142.
AT HRORE 4 A R R SOSHLSL TTTELOY 443020 6871207
Fig.] The weekly average daily food intake (DFI) of e R FESVEIE G AR AR S CFE R RN 2E T B

M. cephalus fed with four diets

BRI, KRIKCH(1.28+0.01), (1.54+0.01) g/d,
UG JE 4 B B RS, 5 4 LU AT
0.80 g/d. SZAHLL, URRIE(T3) Rk (T4)RY 35
Hig a5 m T 0.80 g/d. SLER AT R4 (T3)
PR H R e R, (R shie ik, wifaRtgl(T4)
BRARE ; 5B 6 LR BRI (T4) 0 JE 34 B 45 £ i Tk
Fhim, 265 8 AR T Ik 1.76 g/d.
22 HEWAERK

H 3% 3 AT, AFEERHEERAM T, &
B DLURDRY 2H (TR A (16.48%) , 1 LA KA ZH (T2) 5%
11 (18.62%) (P < 0.05); HHLAR M 3 2 W LK BE A (T2)
15%(6.82%), HFEHH(T3)H E5(10.52%) (P < 0.05); HFEH
H(T3) KA 12 o F AR T I AL (P < 0.05), KB4
(T2)0) 5 2 3 T HARZL(P < 0.05); £ ZH /K43 & i
SRR, EREARE,

3 it
3.1 AERAREHE IR ES £ KB 0
LR IN N (Vayan et al, 1988; 2 i 4,

(P <0.05)
Note: Different superscripts within each column represent
significant differences (P<0.05)

2004; ABARAHZE, 2005), KA RMAEE , FEtk
SRAE A KR b B 37 U 5 A 3G T S A, Ho R
PRIV A KRR S . AN RIFREE AR T (GR 4),
BRI R T (CE RS, 20115 BRUMSCAE, 2007), Y
FRIE R AR A, AR AR K R R I 5 -
FMR IR ICE P (FLHE, 201175 R DEEE, 2014), T
I UL LGN X R 3 55 S A, B ) o A % R O R A
AN, AR A K RIS T R SR 2

5 ERBHEA L, ASZE0 Hha N IR AT R
S RTRAE 2L 1) B A A BRI, AR v T B S5
(2007) L IR Z5 L, (AR B 5 A KR (1.46 %/d)
D53 1 SCHR R o ARk 2 B 1 A ORI S B -
TR 7% 3l I 1 55 (LA ) R 5 0 SRy 3 B W ok TR ) AH i
(FLHE, 2011, SZgGuRRLS frokb 2 R il & 4Rk, (FIR
RHAHLER (1 BORLAR I 7 1 b A S0 B0 21 f e, DO
Fig i 2t e s HAARDRH A B A5 LA L, PR A KR b
FH R e f o

TR A9 v g R HL S A BB R TR R 2
B, T RZE ' i B9 1E F G S I AR S R Y

F 4 BEKIBERAE LR

Tab.4 Growth performance of M. cephalus compared with references

TR IR GRUNGES LR JRLE R R R 27 SCHR
Stocking density (ind/m?) Initial body weight (g) Final body weight (g) Survival rate (%) SGR (%/d) Reference
13.3 150 450 - 0.55 FEHMAEQ01)
60 220.6 240.3 - 0.15 &I SC45(2007)
1 100-150 420 80.30 >1.0 fLiko1n)"
0.07-0.24 300 500 62.00—65.67 0.91 KK (2014)
12 67.8 123 - 0.85 Lupatsch %$(2003)
1.5 0.55 39.50-95.71 76.4-83.2 2.84-3.44  Biswas %(2012)
41.7 25.0 26.76-54.35 80-100 0.23-1.46 A

1) ALUE. FLANE O I 5 i £ 90 57 HORS SR B B AR W IR 3 OIS T R IR R S L2 A8 3, 2010, 2772
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Fefuh, DTS2 iz B8 X8 3% 00 28 T AR e (v AR AT,
2013), P, TR AN IE AR 3SR A T
KRR I 5 155 (16%—18%) HL 22 M ARG, 2
T e TR 1 B AR IR (B B4R 55, 2006), HA
[7] £ 28X AR ) T AL SR AR 22K . IR 48 (2011) 4R
18 fifi £t (Lateolabrax japonicas) Xt >k Bl 1 G & 25 Ui 14
ER 5 HmBmHY, ik 98%; I A# L% (2012)H)
18 7 ff1 (Mylopharyngodon  piceus) X} K 4 i) KL 7 5
SRR R R, A 78.93%. T HIA Al
KM R 2R SR I B AN 2, R A K R
Bk R H AR R T R CR 25 015, 2012), PRt o 241 filf
Y H B R (8 1), EAE Dy B—HRHE
) TR A9 IR L BB (AN Y i (R A D e 2 1, X LAl
JR PR AR A P B, SR A R WY R 24 H B i
TN RE, A A0 A B G I T L A AR (R
FEORHR ) , TRDRSCR AR R RIS, 3% 5 R M 3 55(2012)
HE AT Y 1R W A% 5 (Vicia faba Linn.) XJ B 5 X R
(Ictalurus punctatus)A: K f4) 52 0 25 S AL

3.2 AEAFHZ IR R H B A R0

PR S5 (B I SC %5, 2007) %, TEREJR Y 5 Y
FIH 7, SRR MR, OO BT, iR A
o ik, KA SRR ER SRR EEES
(P>0.05), {HUFRHE ARG (10.52%) W) 8 3 5 1
KA (6.82%) (P < 0.05),

0 2T B B AR 1 TR 1 AR TR s $Betb 4
KB BR AR A Y, S IR R R AR R BRI A
T G 9 4 B iy 4 43 e A4 5538 f3 (Mohanty et all,
1996), 18 HE5F(2005) K, s IRROK LA P (K
HF K (23%) A HE K 1T B A& (Micropterus salmoides)
LA B DT TCRR o R B A5 (201 4) 3 o 34 ARG FH &2
T A R 1K F, 8B A T f.(Mylopharyngodon
piceus) 4 i 17 1 3 T+ 5 (P < 0.05), KHltt, AL
o, BEEHLIR G & BN 1.42%R0 TRy, TRy 4 )
PAHLAR & 1 o 25 5 TR (P < 0.05)

UL, B0 A KR bR A — 2 5 ik F A
M A2 IEAHSC . Biswas Z7(2012) A0 2 41t 3 73 7 i,
g rp, A i B - B R 25 A A H(FF) 1 4 A KR B
KA8hr 2 5 THE R AL F(FR) . WAL FE(FD), (Hi%
2 1) o (AOR R 1 RIORELIR U 7 s 38K B — A B (FR
I FD), H (KT FR 41 (P <0.05),

3.3 ARARRRAERFEX PRI FHEN

oG JEE )RS U SR 3 I SR S A LR WY
g AR, i i O B K BBE I (Su et al,

2011), T B VH 2 X6 MR b 8 AL ) 2k IR, b
JESHB AR A Y S B2 43 i i DO TR, B Ak K i,
SHUKFOEAL MRS %, 1999). Bl I550 1% S A
B, XTURt 3 (R S P A RS 0, SRS W A AR
PR . A B U R Z IR E (44.81%),
i AT BB K X IR 28 B OS2 B 1 (6.49%) . TR
(5.06%) . JEMifEHE(4.09%) (Soyinka et al, 2008), &
FRBEEUT, 8 0] LA 78 20 A FH 5% B8 19 fUkH(Lupatsch et al,
2003)FIHFRH A K R 45, 2014), W2 A BEK, B
T RICR o 8 RER W 55 UME &8, YW 1%
Yt PR E LR ILAh, s LLE R TR
B b 5 v 1 DR SR TR G A3 A b FEAR R AR R R R, D
W 2 Hi A= K (Tawwab et al, 2005; Biswas et al, 2012).
TEA-UR YR IR rp TR IR TF 4R FT LA DR B XS 2
il )l TR AT, R R VLR K T AP A LA R A (A
K <5 em)APB R 3R 7 A R (5 E I, 2011),
I AR SIZ I Hp T A 2 ORI 1 1 R R, (HHD AR
T RAT T 80%. B HAT Fm LRI 3ZRE 71, B SC
FEQOONRIE, 245t 28 d WRREALBEFEFT 28 d Y
IEF AR, SCIR L SR TR LT, RN T M
Ak, EEARER L AadE s SXRAE
)M LEAAFAE 2 22 5 (P > 0.05), ASZIRTT 28 d 4%
Ab B2 S S 45 B B B o, A TSR A
PRI GBI, THURY LRI KA A 178 i A K B AR
N AR IR H Ko PRI, 7E 37 B AR A RS
KRR AR ARSI, SRH 5 TR X R 3 =
)53 LA D SR PR, 6 1 Y 1T DA I il A K O R 4
HASIEA, 4eipxtirm R4 K, #Rmasiiis.

2 % X M

T, 2L, KB, % TR a KOS p AR A X fa 4t
THALERE ST, R KTRRE, 2011, 7(6): 52-57
TR, w6t T R A A AR IR K SR AR A S Ak

5. REMRS, 2011, 28(4): 503, 514

, 2014, 10(4):
52-57
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2011(12): 26-27
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BT AP 5 ARG V. Bk R, 2014, 10(4):
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Effects of Four Types of Diet on the Growth and Body
Composition of Mugil cephalus

GUO Yongjian, LUO Zhaolin, YIN Xiaoli, LI Junwei, ZHU Changbo(b, XIE Xiaoyong

(Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture; Key Laboratory of
Fishery Ecology and Environment, Guangdong Province; South China Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Guangzhou 510300)

Abstract Grey mullet (Mugil cephalus) grazes on plant detritus and microflora and is an omnivorous
fish species of ecological importance in both mono- and poly-culture due to its unique feeding habit.

However, little is known about the effects of different diets on the growth and body composition of M.

cephalus. To address this question we carried out an 8-week feeding experiment on M. cephalus with
initial weight of (25.0£1.59) g. The experimental subjects were fed with four groups of diets that were
flour (T1), rice bran (T2), shrimp feed (T3) and fish feed (T4). The results showed that the specific growth
rate (SGR) and the feed efficiency (FE) in T1 and T2 were significantly lower than those in T3 and T4 (P

<0.05). The SGR and FE in T3 were 1.46 %/d and 48.62% respectively which were 2-fold of those in T4.

Fish fed with a single diet of either flour or rice bran barely grew in size but had higher survival rates (>

80%). The weekly average daily food intake (DFI) of T1 and T2 decreased to below 0.80 g/d after 4
weeks, whereas the weekly average DFls of T3 and T4 were above 0.80 g/d and obviously increased in
the 8th week during the experiment. The whole body crude protein was the highest in T2 (18.62%=+1.36%),
and crude lipid was the highest in T3 (10.52%+0.36%). There was apparent accumulation of crude lipid in
T1 (8.01%=0.42%), which indicated that the higher carbohydrates (flour) level could enhance the lipid
accumulation in the whole body of the fish. Moreover, the level of whole body crude protein could be
well maintained when the formula feeds were replaced with rice bran. Flour or rice bran alone may not be
sufficient to support the rapid growth of M. cephalus because of the lack of balanced proteins; however,
they might help promote the survival rate at early rearing stage. Therefore a partial diet replacement with
flour or rice bran in shrimp ponds could be a useful trial.

Key words Mugil cephalus; Diet; Protein; Lipid; Feeding

D Corresponding author: ZHU Changbo, E-mail: changbo@ecowin.org
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AR A D £ R B 2 G % SR A LR

BT HER

W®HE T HHE HAUE
G A BT FF R P P MR T SRR I AR B

JB A

570228)

FEHE EXE

mE KABERARA MG E R EHKRBAERBEE, P FRA R e PR R R
o 39 A& B E N 100 mg/ml By F 5 25 K AR K KA m 5.0 mg/ml BB R B 2 KR A
EAg B asta s B A @ g e, KH S I (NBT)E R A0 & A b 325 K488 o 47 5 A 38
BN E A R R R E R e, B RS ILRBER RN A B E R E A m AT R K
FEUR BN P E AR A A G AR E M S, R 2 R R, R R e
WEAHE, TEZAN AR RAS AL E oA aTRBERLEENE N, EREFR, 39
FEGFA 10 A EAEREBERABREATRIREREERERS 5% L, 3 FEERIER
A3t B 4R R R R E IR T T0% A b i 2 FT B AR AR R A B R a0 B RO R
EHAESEEEN IR ES, oA b nE, EafEEE, BN AREZRERD T, AR
1% 2 gk . HAAn B 2T D ER BN A R RSB Ak B G AT RO K E

XA
FESES  S948

kR APt (Epinephelus fuscoguttatus) X TR HE s
FiEfh, SR8 T4 H (Perciformes) ., V. H (Percoidei) .
B8P} (Serranidae) . £ B FH Epinephelinae) . 15 ff
J& (Epinephelus), 16FRERBE, J& T B KME S A,
HAFGr, R EFRmae, R2EH Tk,
Bl A i A B AN T B TH B R 28 m , PRs g i 13
TRV R R, SRR YK LSRG i H 25
INELFEIRAE, 2014; BRESE, 2014), [HEEZ 0K M2
R BR300 4 2R o R K i
R B FR A A B S B R A N R (R
RIBH EERGINR Z —, R E S 220 5 A 575
X, O A KOG T A B g s I H 8 il fe 3 1y #iiE
(BE IR, 2002; PRIGEHESE, 2003; BT, 2004;
Wi B4R, 2004), 2008 4ELIK, TEIRR BACHFT . 7
TRV | IR AR T S b Y I AR FR A N T 1k
FRBEAT s A BRI Bl R AR T ™ B 2R R M

HRERA; WEH;, REEERN; SFRBELENE; BRiEK

XEFRIRES A XE4HS  1000-7075(2015)01-0054-07

T B RE TR (R RS, 2012; E/NE AR,
2012).

R iR R, BAERWER/N. £
Wiy Z RS Z IR AT AR R T T 250 | AR5 4
SEPLF, TEIK P IO FR NS FH B i T BT R 4 1
AT ERAMAE, 2007, ZRBHAE, 2007), HATHE AN 4H
LA K ¢ T R B 240 Ry A g 3 i 500 B ho s e 25 )
FHT K7 95955 B I6 i e 18 (W 2 48 55, 20035 1 8 5 55,
2004; Citarasu, 2010; Bairwa et al, 2012; Z=1E5% 2013),
HEAWHE FEE S NS E & Hh 2 i
BOR, b T RO LM 2 5 s T ESE, KT
AT AT BRI 2 B B Sy T RE AR il A= 5l
YA B E 25, A R XK Bl B D R )
T i R A TR R BRI, ik, AT
ST VIRF A BB 42, R B AR A1 8] il 1 44
5 R 2K SR AL R E Tk, 8 A R AN ] 2
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PINGE QAR AT A B T 24 6 5 R G PR O 55

X AR A1 AL 1A 200 S I WA g A 3 P R A e 3 4 45
SN, N 39 Fof o R 2 v i B B 5 A BRE AR Y SR

SESRFR , hh A0 BEAfHR R 2 G K SRR A4 0T 45 T
K BLE FEA

1 M5
1.1 LI

Hh 2 0 45 25 5255 (Herba ecliptae prostratae) |
AR (Rhizoma atractylodis macrocephalae) . [ ff J
(Cortex dictamni radicis) . H 1 (Radix angelicae
formosanae). FETE(Rhizoma curcumae longae) . Tfnf
(Herba menthae haplocalycis) . #b ‘& J§ (Psoraleae
fructus) . i @ M (Microcos paniculata L.) . % 5.5
(Alpinia katsumadai hayata). K (Chinese rhubarb) .
K ML (Caulis sargentodoxae) . +2% (Radix salviae
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Fig.1 The effects of density of Percoll gradient solution on
the separation of the white blood cells of E. fuscoguttatus
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Rapid Screening of Chinese Herbal Immunostimulants for
Epinephelus fuscoguttatus

SUN Xiaofei, GUO Weiliang, XIE Zhenyu, WANG Shifeng, HU Wenting, LI Fusheng,

WANG Wenhui, ZHOU Yongcan"
(State Key Laboratory Breeding Base for Sustainable Exploitation of Tropical Biotic Resources, College of Marine Science,

Hainan University, Haikou

Abstract

570228)

Epinephelus fuscoguttatus is a new culturing breed with great commercial values and broad

market prospects. Frequent invasion of disease restricts the development of E. fuscoguttatus industry.

With the characteristics of pollution-free,

low-toxic,

and low residuals, Chinese herbs as

immunostimulants may be candidates for the prevention and control the diseases among E. fuscoguttatus.
In this study, Chinese herbal immunostimulants were screened using nitroblue tetrazolium (NBT)

reduction method by incubating the isolated white blood cell with water extracts from Chinese herbs.
Water extracts from 39 kinds of 100 mg/ml Chinese herbs mixed with or without 5.0 mg/ml zymosan
were utilized. Phagocytizing latex beads was employed to determine the effect of water extracts on the

respiratory burst activity of the white blood cells on the phagocytic activity. The screened Chinese herbal
immunostimulants were mixed with the feedstuff to feed E. fuscoguttatus. The results showed that 10
Chinese herbs extracts significantly increased the respiratory burst of white blood cells more than 15%

compared to those in the control group. Three Chinese herbs extracts mixed with zymosan significantly
increased the respiratory burst of white blood cells more than 70%. The water extracts from Caulis
spatholobi, Cortex phellodendri amurensis and Herba ecliptae prostratae simultaneously elevated the

respiratory burst and the phagocytic activity of white blood cell of E. fuscoguttatus. The in vivo
experiments also demonstrated that the water extracts from Caulis spatholobi, Cortex phellodendri
amurensis and Herba ecliptae prostratae significantly elevated the respiratory burst and the phagocytic

activity of white blood cell and head kidney white cells of E. fuscoguttatus. In this study, 3 Chinese herbal
immunostimulants were screened, which significantly enhanced the immune responses in E. fuscoguttatus.
These results provide evidence to the development and application of new, safe and effective

immunostimulants of E. fuscoguttatus.
Key words
Phagocytic activity

Epinephelus fuscoguttatus,; Immunostimulant; Chinese herb; Respiratory burst activity;
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REF, FEHFEMNTEE3 T HEM, IRATWALMEE IR, T HRERRE &Y AR
B 21.2%, FRIKIEERG 152%; EKFFEGH, BORXMT-FAERERE & ¥ HESE 11.8%., AFLP & A
DAIRAT S R H B T3 £ A ALE ] 25 42.28% ., 40.64% ., 40.32%. 39.95%7%7 38.05%. # %
ZRER, MEXBFTHRNE I, BEHENRELHFEENTHRES, EHAFLFREANEK, HR
2Ry R A K, B RSB TR,

Kigia

hESES S917  XHEFRIREE A

tf1 [&] % #F (Fenneropenaeus chinensis) X i %< 77 %}
BN, fAFRGTER . BAR,  F2 A T R (4 R e
PORE), DAKCAR ML 3B A iy 31) 3 A L —Ar
FI 20 2 50 A AR Fh =5t xs Hh e i) B4 & B F
FETHRFE, FEIFR T KB & WM IR E ARG .
20 22 80 AFEAR LISk, B XFURFRAE ARG, T
XTURFRFE M G KABE R T, 2] 1991 4FFR5 7 it ik
20 73 t, B IR E B 2 B A X R SR AE SR . 1993 4R
T2 B A TERT SR (WSSVY R E A, [ X iF 35
B A I Y (CEIE DA, 1998). 9 E 2 K 1 R
LT, Forp R 22— B 2 B SR A
PR RAEE M, Pritk2. A 1997 4FI14R,
w7 R R 2 B 5T e T K AR BT S R i B
AR AR FGUR AR 0 E X EREE 1 S (i
55, 2005)F1“H#IHF 2 5 (FLAREE, 2012)F A

H i [ TR F B AR E AR T T AR R
LR X NTTR OB s B2 ey S E A b S TR e = 0

PEAH; BAEE; HE3 T A4
NERS

1000-7075(2015)01-0061-06

0 A T B o T 420 T 3l 7K Ssk R 85 0 Ak L T 374
H B A LG Y 0 R R 5 | /S 0 PR BT 38 7 5
o PR B A K o BREE R0 RRAIR T R R 5 5 A
35 9 3 % 1 (Capy et al, 2000; Moullac et al, 2000), 1
TT X9 SR A W 1 2 e o T3 Ak, ERIE I T I
o S, R A B LR 5 R B (Miller et al,
2005) . 24 X IR SR I IR rp R RIS e
TE IR B KA p LS 7 2 (NH, ) R 3E B 1 & (NH,) P Fh
WA, Ho, e Fa B4R, RS
e E AR 40, PR B 21 300400 fi%(Thurston
et al, 1980). 7K 2 ZURE A X R i 32 BR BE B, 20
FIE ELHEA0 3 XTI A SR 2, (B A2 U550 ke A
B, SEmXTER AR A M. g BB
PET L HE B R AR, SO R SR A K
PR R R, MEER BT (A, 2004; IfE4S
&E2008; B4, 2012; Wickins, 1976; Chen et al,
1990; Racotta et al, 2000). FIMI 455 (1999)H 5% 2

* EFKIF L ARIBE R ETI(CARS-47), (LZRA B BRI (2013CX80202)F1E K A AABEIL 4T H (3117240 1)L [R] B2 Bl

@ WilEE: 2 i, E-mail: lijian@ysfri.ac.cn
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2 )R 36 %

R, P E SR FRIEAE 2.5 me/L R EUKIE 2 20d
iy, o 408 (2.40 x 10°) 5 F X T IR 7E R A
TN 0.4 mg/L KR H IR AY I 20 A %0(7.15 % 10%),
LT R M B 1 5 S PR B 5 . Kleber %5(2009) 14 BF
FARFW, MAEE FRWE =0.033 mg/L B, A%
AR S ey PP R J AT, 520 A= 4K . Chen 45(1988)
KB, AE X R A 2 1k % ok B b A R BE T Ak 46
mg/L, PCH M T XU BT 2 AR, 45 IR IR A D
B KR . B, FEE w7 Pk iy v R S
KT 77 FE PR BT >k 04 36 2 X i K ™ Folk, = AT
%2Z—

AU F 2006 4R FHRERIE B AR IR T i
A0 AE S5 A v RSB SRR F ST TR, &
S 5 ARPBHAE T, RAFIR E S — K hios
i P ——H E XTI 3 5, JFT 2013 it 4
FE] 7K 7= D o A R 2 D T (A R R R
GS-01-002-2013),

1 MRS
1.1 EmBEmaE

2006 4F 3 HAE T B E(CY). JHiHB)FH
(RZ) 3 AN [R]H X ) [ G R B0 1 S f R A o5
HR 3200 & | YIS (HZ)E X R UF 1520 LA 7
(LZ)¥ X 3R4F 1360 2, 33T 6080 2 SR R4 d L rifi
(N8

12 SRpEIREZOCEMENAE

XFUSCAE () SE R FEAR S E AT B L B SRR A
XF 15 Stk (B —Atk 10 J7 )L L AAFER T 72
AP AL, A AW R 64 mg/L, & A Whn
Ji INEEAS FER A () £ 16 AR B AL 8—10 J7 AT
R 2 A BRI B TP B R 5, B — PR R A
B, R EFRIEH A RBGRE, DR
Febn, B SRR PEE 1000-1500 SR EFHEFTEE
i, IRGAHEZOT R

1.3 HEMI “BiE 35" HEEKES

XTRE RO B R T BRI B, 7Rk
BT, AR LUMFUR T I 22 20 B 2R Ao
i X6 MR AA B (4F B Pl R AR 3%-5%, 249 5000 FE2%
HR) e B AR AL OB R EIEAT 2 RBERE . X R
AR FH 22 b S A B A, TP B R

14 #Hat5wmeEMa £ Xy b shae

VA B E ROR, T 2012-2013 4E4E H BIFfiK
PR RN R HEAT T b B R 8 3 5 I AR e X L
BAFESIG AR AN 3.96 hm?®, B RS ) IR 4%
R 5 A o X B3 R Y B A R R OR R
FE IR 1 Sl Rp, SR YN 10 B/m’, Al
B W A U, rh R R R TR G | e A
W I BE LI B 100 & Hp [ R R, Sk
%,

1.5 #HmFAREE R EE S FEEN

FIH 6 XF AFLP 5| W2 &Rl 1 Hp [ X0 dR << 85 3
SriELE 5 RBEFBHAR RAL LS, A TR F AR
TREDAR ] 118 38 1 AEARL 2R BIORT S8 A 1 5

2 HR

21 HEX “EHiE3S” BEEEER

R R B B AR X 48 2 i % 0 B R AR 1 T
e SN T , EER SR PRES IO B R
FUR T ST 22 R0 B 26 SO B LG 238 S SO i
PR (R 1), HPMTHER R . X IREEACR
FH 5 1 Y A SRR B BT A A

S S RMBHALE R, thEXTER 2 3 5>
AR T A 2038 o T SR v T P A = 21.2%,
FREE LG AR 15.2%, WSO RSP 2 1A o 5 i
Pl =7 11.8%,

22 HEFMEMIERBER

20122013 A58 it Bl B AT 1 Az 7= M X6 bE 5 S
¥, WO R 43 ARk 2012 4F 4 H 6 H A1 2013 4F 4 A
10 H, Wk B 4350 24450 10 A 19-20 H, 5250
gERILE 2 N 3,

MR 2 AT LIS RN, FEMIRIFRIESAT, 2012 4F
Hh DR B 3 5B SRR B A B 1 5 AR AR
3.00%, LI RAE S 12.5%, FRFH = g R 8.69%; 2013
A DU R EOE 3 SR S R AR SR s 1 S R
BEAG 1.2%, 05 R 5 15.2% , F20 7 32 5 13.79%.

TEMIR IR0 46 1F T, 2012 48 Fh [ X IR <87 3 5
It P A B A R PR R 10.40%, T B4R
i 13.9%, FIEH LR 25.78%; 2013 4EHEXT
BRI 3 5B S RO BT A RO T R R
13.3%, WG RPER 16.3%, FHZ R 31.72%,
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®1 REMITES I SHELEAR
Tab.1 Comparison of traits between “Huanghai No.3”and commercial seedlings
AR T 391 00 PV RS SRR A
Survival rate of post-larvae I (%) Survival rate of farming (%) Average body weight after harvest(g)
4F Year g e H 2 p ey
s s am o B g g BREE g g REN
. ncrease . ncrease . ncrease
Huanghai No.3 Control value (%) Huanghai No.3 Control value(%) Huanghai No.3 Control value(%)
2007 31.2 29.9 4.3 30.2 29.2 3.5 32.33 30.42 6.3
2008 29.8 30.2 -1.3 28.8 29.0 -0.7 33.67 31.02 8.5
2009 31.8 28.6 11.2 33.0 30.6 7.8 34.62 31.35 10.4
2010 37.2 32.9 13.1 355 31.3 13.4 35.10 31.53 11.3
2011 42.8 353 21.2 36.3 31.5 15.2 35.50 31.76 11.8
%2 BEMIESIS 5 EE 1S AN LRERRLI AR
Tab.2 Comparison of harvest results between “Huanghai No.3” and “Huanghai No.1”
2012 2013
HEik CCEEC I A T A R R
Traits Huanghai Huanghai Increased Huanghai Huanghai Increased
No.3 No.1 value(%) No.3 No.1 value (%)
PRI R . 34.26 35.46 -3.00 35.52 35.95 -1.2
Average body weight after harvest (g)
G Survival rate (%) 35.1 31.2 12.5 37.2 32.3 15.2
F%5t =& Farming yield (kg/hm?) 1082.25 995.7 8.69 1189.2 1045.05 13.79
%3 HEMIFEE 3 S5 H X IR PR R AR G R
Tab.3 Comparison of harvest results between “Huanghai No.3” and wild seedlings
2012 2013
LEIN 3 =) e p = =
Tra B3 5 gy AR S gy A
raits Huanghai Wild seedlines Increased Huanghai Wild seedlings Increased
No.3 £ Value(%) No.3 £ Jalue(%)
SZ AT AN
AR . 34.26 31.04 10.40 35.52 31.35 13.3
Average body weight after harvest (g)
G 2R Survival rate (%) 35.1 30.8 13.9 37.2 32.0 16.3
FRFH BT = Farming yield(kg/hm?) 1082.25 860.4 25.78 1189.2 902.85 31.72

“HIEE 35 AR AR R AR R AR R R R
BALEER 3).

23 HEXIEE 3 S ARZEEHANEERE
iy

FIIHT 6 X AFLP 51 9204 kil 1 v 6 R 35006 3
SO HAGEF A BAL S, TR TR E R
FEURIA) (R 35 AL AR DL R BRI AL A g . 25 R, 518
e BER A9 F 35 2 8507 5 B4 0k 42.28% .
40.64% . 40.32%. 39.95%Fl1 38.05% (¥ 4), A 89.13%
BT TRARN, A 10.87% 2R IETRHAN] , BEE Lk

B IR, B ARG L SR R R
W, (AR B IR A E K, e 2 I 4035 R
5, BEARR LR IT GG TRE.,

3 itig

ol A S 7K 7 I FE b & R Y 2R — 77l B2, S i
PR A A 20 1) B B Al o A 3k IR SR AL
K FEZE Y], T i Bl HE S IR IR R R R
P i EE N R Z — o SRR IS b e TR XTHER
AR R AR F AT RY 5K, i 5 RO AR Sy
R T X IR IR TR N 1989 AETFURBFFE G & L
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R4 6NIMHHET BUSBRE SMAH
Tab.4 Polymorphic loci/Total loci number from 6 AFLP

primer set

2B B B
§|%X f Polymorphic loci/Total loci number
Primer set

Gl G2 G3 G4 G5

EM1 35/74  29/61  25/72  28/59  26/57
EM2 31/69  33/74 29/70  33/74  30/72
EM3 26/66  29/69 27/61 28/68  26/66
EM4 29/77  26/78  23/62  24/79  23/77
EM5 34/59  18/56  18/45 15/53  14/52
EM6 23/76  30/68 30/67 31/67 29/65
S A Total 178/421 165/406 152/377 159/398 148/389
22 S A
Percentage of 45 58 40.64 4032 3995 38.05
polymorphic
loci(%)

44 % %} R (Litopenaeus vannamei) 4 « JG 4 5 9 Ji i
(SPF)”, 8B MY EZ MR A K APT TSV Mk, &0
TR LA X IR AR K R = T 21.00%, 1Hi4L
TSV HREEE T 18.40%, A3 R HBUs e 1 X R 20
) % 4= (Argue et al, 2002), Moss 55£(2012)EL5E %, 15
RIPL TSV ML E , F+H&K ] TILA TSV BB 5 K
TG HTE 65%—100% MK R , Wit ¥ F SR
HTSV AR FAE A —F ™ 5 A5 R X A 55 [ e f
RS A > w)5E i LN XTI ST TSV PRIR I E
ARSI 15.00%, Z5tiEsE 4 feikde, 1205
Al IK B 92%-100% , i Xt HE 41 A9 A7 36 R B
31.00% , X A= 8P A 22 8% 4 LN U o R A 1 o
RE] 22-25 g, X FPIEPEE R AT BH 0 SR G 0 R
1A= K R B (Wyban, 2000), Donato 5 (2005)i i % FL
Y XTHRZE N S R KL A 1Y 11 £8(1990-2001)
PRSI T M R B A S AR B T
Ko AR PBLEE RN S9%IE 2 76%, LKA 0.76
HE 0.87 g/, B RFECR)MN 1.86:1 =
1.51:1, P25 1.20 39 % 2.10 t/hm?, WHIEZ M 29.00%
FE2 1.00%, ZHE 2 RE 19.70%FF 2 11.60%.
Hetzel %5 (2000018 T 2 id — Rk F , H A X IF
(Marsupenaeus japonicus) A 4 4R i 1 2 3% £ )2 i
BT 10.7%. Goyard 45(1999)43H T 4 JH i f &R
(Litopenaeus stylirostris)ztid 4 fUA1 5 (e F e, HAd
KR B TE T XTERE = 18% 1 21% o X LEAF 5
PR T BB H AR O ) ST AT Y, LR AE
R FR R JEE (29%) U BEIR

S ESMHEG, FE D ERE R AR IR R A

1997 AF 7K =B 22 B 5T BE B 1 7K 7= 00 5 T B YR
FHOCRHEAR . ZHEdL. SmE” wE R T T E
X R PR AR T AR AR R AR, JFT 2003 AR5
T E B — AN TR E W6 K %58 8 W b b ——rp
X ARB0E 157, RRKEXT IR K 8.40%,
RSB 26.86%; FRIH YR 90%, TMiA
ZEVEH X B IR LD R 2 70%, SR T R
PEE RIS (AL, 2005), B 7EEIR 863", HFRE
BRI H SRR, KB R TAER R ZE )
KR, HkEEE HeBhg 1 5, <15, <pEb
SRR 1 54 AN PG TR BT SRR OB A A,
2013), FPEXFER<E 2 SFLARSE, 2012)RL L BEYY
XPHR <RI 155 A AE 4, 3R E6 IR RGO A AT
FREL R JRARAL T R B AR TR R, 7E—E R B3
T IR EIXTUR SRS Al R

HATTE S FEA L m = AT IR SR A o P R 4%
T A b 30 b 5 SO AL B RS I, D R R
FRBPER, AR, HEIE R BRI 2,
i S K R R E R L TR R A 2 AR I
XU AR 8, ERPE TR, XA 2 ek R,
I S EO R KA SE T . X LR I, AR
FIZH WSO P K R 1SRRI R, LSRN T
SN 5 T A B A A ST R 2 S R A, T 5 AR X
Ko BRI P k£, 2S5 IR IE
KB v G R 3 SR R, T A UM
5, AFUR T RS RIS 21.2%, AT 25 4R v X 3R
IR AR AR IE N T 5 A HURE PR, ICIR X IR 2
P A P A R PR S 11.8%, MOAR IR FRAH AL
TR, IR S AR 15.2%, M AR
JLIIFIR 90%, H 2010 LISk X iR sE i 3 5
BWESHE BN AR L WA, LT KRBV E S
WA LI, AT e FRE AL 3000 hm® DL L,
SR R 21.00%

H AT, 075 SR AT I8 B v o [0 R ]
T I T R 5 DR R A 25 A 2 AN 53 DA
R HTE REAIL] BB i A i i SR A AR 4

£ % X M

FEVEEN, 2. KRR TR A B e BT URFRGE MY 1 SR a3
PARHLAE B, 1998, 13(3): 1-7

AR, HORA, IKARAR. FRE B3 A T ERFR L & e AR Sont
RHEL. HEIKE, 2013, 12: 22-25

LA, B, a0 hEXTIRE AR 2 SOREEE.
IK7AR, 2012, 36(12): 1854—1862

Zefd, XU, I RIE, 5. A ERT IR A B Rl 1
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Selective Breeding of Fast-Growing and Ammonia Toxicity-Resistant Chinese
Shrimp (Fenneropenaeus chinensis)

LI Jian'”, HE Yuying', WANG Qingyin', LIU Ping', LI Jitao', WANG Xuezhong’

(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. Haifeng Aquaculture co., Ltd, Changyi 261300)

Abstract Chinese shrimp (Fenneropenaeus chinensis) is one of the most commonly farmed species in
China since the 1970s. However, the pond survival and the total output of F. chinensis have been low
because of the deteriorated pond environment and other factors. Ammonia, as undissociated for (NH3), is
one of the most toxic substances produced during intensive shrimp farming and may reach concentrations
high enough to seriously damage the health and growth of F. chinensis. To address this issue we collected
wild samples of conserved “Huanghai No.1” from two geographical populations in the Haizhou bay and
the Laizhou bay for the construction of fundamental stock in 2006. Mass selection was applied to obtain
the characteristics of fast growth and high resistance to ammonia at concentrations between 3% and 5%.
Five generations, namely “Huanghai No.3”, were selected successively and approved by China National
Aquaculture Variety Approval Committee. “Huanghai No.3” displayed traits such as stress tolerance and
fast growth. Under the same cultivation conditions, the survival rate of Post-larvae I increased by 21.2%,
the survival rate increased by 15.2%, and the average body weight after harvest increased by 11.8%. The
proportions of polymorphic loci were 42.28%, 40.64%, 40.32%, 39.95% and 38.05% in the five selective
populations respectively, which implied the reduced genetic diversity. However, in later selected
generations, there were fewer differences between populations and the genetic structure became more
stable. Compared to “Huanghai No.1”, the average body weight and the survival rate of “Huanghai No.3”
increased by 2.1% and 13.85% respectively. Compared to the wild seedings, the average body weight and
the survival rate increased by 11.85% and 15.1% respectively. These results showed obvious improvement
in the production. To the date, the pioneer scale to grow the new strain of “Huanghai No.3” has reached
400 hectares in the coastal areas of northern Jiangsu province since 2009.

Key words Fenneropenaeus chinensis; Mass selection; Huanghai No.3; Ammonia stress

D Corresponding author: LI Jian, E-mail: lijian@ysfri.ac.cn
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% F OIE AR il SE S 3 iR ch (5 Sl f R
& M 2H DR FEfE S (IHHNV)EY PCR 6 ) K5

3 A S

VS &
(1. A MO TR R T Si0e . PR PR S B el K BFSE T 75 8%
2 LAY L

A AKRF OE R
266071 ;
201306)

WE AR R4 I A 4 L (OIE)H & 1 4 3+ 5] #1(389F/R . 392F/R. 77012F/77353R #1 309F/R), i
TE#E PCR ik, MAZLRE 2011-2012 F K& TE AL B X 0y % 54 & #847 IHHNV(Infectious
hypodermal and hematopoietic necrosis virus)f il , 7 3t B 7y #7772 15 THHNV A i 2 A2 54747 25 047, Al
ZRET, ELNEME, EFE, FEXMT, RAFEFHRME T IHANV, TAEH R G i F
FA o H P LA E R PR R E, A E XA AR S R (K, A ERAE S 2011 SE PR IS E T 2012 4,
AR EHTHEE., CEFE W, R4 T HERNER, B2 E N IHHNV 87 4 # PCR 4 H £

A

KA
hESERS  S945

{5 3o ¥ 1 T T 1 41 41K B 5 7 (Infectious
hypodermal and hematopoietic necrosis virus, IHHNV)
T 1981 47 5 [ 5 gl 33 1 [X. (1) 201 # 355 % R (Litopenaeus
stylirostris) i & B, f& 3 SIKXTERFRAEM, A5
Yy 1A ZH 2L (OB HMSC 7 Ay it 285 4l iy Y 52 28 2L
PEHGZ —(OIE, 2012), IHHNV REfSIEYL L FhXTIF,
JCH X ST 16 3 B B (Kalagayan et al, 1991), 41 /i
KPR XS THENV 8  HS0R e . R FE 1= T ik
100% (Lightner et al, 1983a. b), %k & 0] {li LAY
TR (L. vannamei) FIEE 15 %] IF (Penaeus monodon) f£ 12
PR /N B 25 A FE (Runt deformity syndrome, RDS)
(Kalagayan et al, 1991; Chayaburakul et al, 2004;
Primavera et al, 2000; Bell et al, 1984),

IHHNV J& O A6 iR 8 v B/ N 28, R kL
FR/NFE 20-22 nm Z (0], FERAFIKL 4.1 kb,
SEIE A/ NETERH(Bonami et al, 1990), %R b B GELE
£ DNA, FE DL HEEIEUAF7E(Mari et al, 1993),
HH, GenBank T\ US4 IHHNV M BRRR I R 41 7

& S M T R i 41 4R 9R L # (IHHNV); PCR; OIE A7 ; % 31

XERFRIRES A XEHS 1000-7075(2015)01-0067-07

G, ALFE T A s 5 MG HE i fid e o1, i i
WA AR A 8 . b B AR 2 A T 32 [ (GenBank:
AF218266, AF273215), "'[E(GenBank: AY355306,
AY355307. AY355308. EF633688. JX258653). ilFg
(GenBank: JN616415, KC513422, JX840067), Mk
F| V. (GenBank: GQ475529) . J& /R £ /K (GenBank:
AY362548) ., 5 [E(GenBank: IN377975) ., Z2[E(GenBank:
AY 102034)FI1E[ i (GenBank: GQ411199)25 4 .
THHNV 5 R R 45 Ay Jakge B R R ge i fh,
HER LR EE 1 AR 2 AL, SRR AU EE 3A R 3B
%I(Tang et al, 2002, 2003), 1 HI507 F & E ALK,
FEORAERE; 2 BT RMI; 3A B0 TR
Ak . EPREE R CHE ;. 3B AY43 A5 TR ORF- 7 b X
LG Sk . B HOoR T FI3H £ JE W.(Tang et al,
2006, 2003), 1 FUFN 2 U] JE YL FLAA I XT HF R0 IE 15 X6
WF, 3A BIZEAEM R BE T XA A BT 2 AR R
ek B B (Tang et al, 2003), J&5 # & PLT Zhak il i fn

* E K HIRBLFE A (31101935) ., HH U8 2s MERMIF AL 55 %% % 100 %% 4:(20603022011009) . [ FKAF =k £ ARk &R i AT

% (CARS-4NF “Feil12¢#” @ik TSI NILFE TR, ZHP, E-mail: yyshzbd@126.com
O@ERMEH: 4 vk, BIPFFE G, E-mail: yangbing@ysfri.ac.cn

Weks HIY: 2014-03-19, WiEichs H 1: 2014-04-10


abc
图章


68 ook B

A
s

e %36 %

TR A B B 5 X WA 5 HP (Krabsetsve et al, 2004);
3B & BT HH e WY BE 15 X UREE & e (Tang et al,
2006, 2007), Saksmerprome %(2010)i i3 %1 E S
SIYH TP ITHHENV SRR A B, 2R T
IHHNV #8535 PH Fr B fix %o R 2 A4 b g A
Tang 2(2006)iE52 1 #x A Bt (3A Hl 3B)JARRIE T
YL EE, o 3A JRBETXHR L P 4 A — &R 4,
X o R A e

ABFFEFR AT OIE bR ifEHERE 1Y 4 X5 51 9% 3 [ T 4F
K FRFERTURIER Y IHHNV 15 ST 2, iff o 9 B Ik
YA DU R 120 18 3 ] ) A7 s 2 0F 5 e 1
IS HERL 22 AR
1 MREF*®
1.1 KRR EHE R

B RE SN 2011-2012 4F ) £F 1 1 32 X R 55
B b X SR A ) FRFE T BRI | S0 | A % S A o
IHHNV DNA WA Sz 86 2 43t

2.2.2 #(OIE, 2012)/ IHHNV 2 Wibn e rh e 72 14 5 %t
S D), B EEETAY TREERA RS
Hedr 514%F 389F/389R | 309F/309R Al 392F/392R
Wit T IHHNV JE 451 & [ 44 15 X (ORF1) )3 31,
77012F/77353R it T 4544 8 (A AR S5 0 8 (K¢
EA)ZE X IRFF(E 1), 51%% MG831F/MG831R
BT THHNV 5 A BE ST X 3R 35 PR 20 5 A7 R P 51

1.3 DNA HJIEE

SRUR . IR LA S EEE 22, AT HRRE S Gk M
TREANMA , BEA Y 25-50 mg, I DNA #2HGR
71 €5 (Tiangen 2 7)) Ui BH 4542 B DNA.

1.4 PCR

25 pl M AR R H LA . 10x PCR B0 2.5 ul,
2.5 mmol/L dNTP 4.0 pl, 25 mmol/L MgCl, 2.0 ul,
100 ng/ul 1E M K519 0.75 ul, 100 ng/ul 52 A K
314 0.75 ul, 5 U/ul Taq DNA 4 iff(TaKaRa 23 &)
0.25 pl, BESEA 0.5 plo AFXF4E—XF 51 ¥y S A
RIEZAFE LS 5508, B M ABAR 5 5.0
FA, A PCRAGHEAT PCR ), PCR 43 [ Jij

AFE#E o . 0 0 o .
12 S HE 41F:95°C 5min;95°C 305.55°C 305.72°C 1 min,
HUE OIE (KBTI FAL) Q012 0% 35 MESR; 72CHER 7 min, H2F 4'CIRR. 1.5%5
&1 OIE #%E IHHANV 5| #{5 &
Tab.l IHHNYV primers recommended by OIE
5149 =Y =7 T GenBank B%,
S 5'-3' G+C (%
Primers  Product (bp) JF8 Sequence (5'-3) (%) Temperature('C)  Z% ik Reference
389F 389 CGGAACACAACCCGACTTTA 50 72 AF218266
389R GGCCAAGACCAAAATACGAA 45 71 Tang et al, 2000
77012F 356 ATCGGTGCACTACTCGGA 50 68 AF218266
77353R TCGTACTGGCTGTTCATC 55 63 Nunan et al, 2000
392F 392 GGGCGAACCAGAATCACTTA 50 68 AF218266
392R ATCCGGAGGAATCTGATGTG 50 71 Tang et al, 20002007
309F 309 TCCAACACTTAGTCAAAACCAA 36 68 AF218266
309R TGTCTGCTACGATGATTATCCA 40 69 Tang et al, 2007
MGS831F 831 TTGGGGATGCAGCAATATCT 45 58 DQ228358
MGS831R GTCCATCCACTGATCGGACT 55 62 Tang et al, 2007
1 500 1000 1500 2000 2500 3000 3500 3909
392F 389F 309F 77012F
L L L L
[ hxgothetical Erotein CDS > [37 kDa coatprotein CDS >
non-structural Erotein CDS
1 1 1 1
392R 389R 309R 77353R
Bl 1 Kl THHNV [ OIE J5 i 5 W AE LR 4 1 i 43 AR 3

Fig.1

Genome distribution diagram of OIE primers for IHHNV detection
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FEBE: SR OIE A RGN 55 58 X U A& etk Jiz T Keos 1 20 2L 3R A6 9% 3 (THHN V) A PCR A6 H 2 69

B MR I Kk LA N &4
1.5 NF KA
Fi45 % PCR 5149 5 o7 485 3 G 7 5 BH A 257 o) R

s B PE U P (Zymo  Research 23 )), 1 i
FKIe YR RS 7

2 R

2.1 & ITHHNV B9 & 315 #1879 PCR F=#14%1E

1% 389F/389R P HG S i FLIK UL I 2-A,
PCR =) K7\ 389 bp; 514%F 77012F/77353R (4314
SR LK WL 2-B, PCR F=#¥) K/ 356 bp; 5lHI%F
392F/392R W4 34 I v HL UK ULIEL 2-C, PCR =41 K/
392 bp; F14%F 309F/309R (A4 18 ) v LK UL IE 2-D,

PCR 7=HIK/IN 309 bp . £5 5| WX 5 A7 R it X R PR 41
DNA [SEBRFE s AES , ¥6E7™ 28 THHNV BYRE4)
Zofr, WA AR AR L, RIS B BT
HRE S . RIS 14 MGS31F/MGS831R Rt A3 it ik
TR 25 S R R SR 2E . ARRR Y SIS L
DR I AR LG X5 25 | A S 35 PR L 2 A 25 |0 (TR 3)

2.2 IHHNV &£XI3|4# PCR F=¥illF REEMF
5 B9 Eb 3

HF 4 X559 PCR 7= B J3 45 5 34 7 BLAST Ho
X}, Hirt 389F/389R 434 - B [y 4 5 v [ VT 5 Hb B AR
JX258653 1 DQ228358 A 7 41 [Al LA F] 100%,
555 g 3 FRAR [ PR A 99%., 309F/309R 14 F BE
55 p Mo BEBR TX840067  H ] 45 2 s BEAK EF633688 .
HE A VS LB RR AY 355306 5 AY355308. JEJRZ /R

N NTC M 1 2 3 4 P

N NTC

2000

1000
750

500

250

100
bp

N NTC M 1 2 3 4 P N NTC

2000

100
1000
750

500
250
100

bp

K2 HR X RAE G ) PCR AN 45 2R
Fig.2 PCR detection results for partial shrimp samples

A: 5|4 389F/389R ) PCR; B: 5|4 77012F/77353R [ PCR; C: 5[4 392F/392R /) PCR; D: 5|4 309F/309R #j PCR;
M: DL2000 DNA ;- FFrifE; 1-4: 4 3R IAE S P BEMXFBR; N: B XT IR NTC: 28 % B
A: PCR with primers 389F/389R; B: PCR with primers 77012F/77353R; C: PCR with primers 392F/392R; D: PCR with primers
309F/309R; M: DL2000DNA Ladder; 1—4: Four samples; P: Positive control; N: Negative control; NTC: No template control
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Pl 3 X HRAE A PCR A 45 S
Fig.3 PCR detection results for partial shrimp samples

M: DL2000 DNA 73 F-45iE; 1-10: 10 f A5 4 5
NTC: %5 % B
M: DL2000DNA Ladder; 1-10: Ten samples; NTC: No
template control

HEERE AY362548.1 AR T 51 [ JE TN 100%, 5 2 )8k
FIPERE AF218266 [FTEMER 99%. 77012F/77353R
P4 v BOR A S E AR IN377975. JEJRZ /KM
PERE AY362548 . i E 5 LB BR AY355306 5
AY355308 . HnAfE e b FERR AF273215 [6) PR 2
100%, 5B FHBIKE AF218266 [FJEMEHR 99%.

392F/R ¥ v Bop o 5 E S VS Bk AY355306
5 AY355308 . et i FE kR EF633688 . K i 3 Hu FRAR
AF218266 [AlE A 99%

2.3 IHHNV &XI 5| #9048 LR B PR E R

W T 2011 F1 2012 455k [ 4 [F ) 143 1 A E A
KB BErAEah, o 91 0y JLARIEXTER . 36 1 o [E %)
WR L 12 BT XTER . 2 3 SEVAXTER, 2 {0 B R
22 IHHNV £-X] PCR 5| ¥k 2, FLANTERTIE |
BETXTER . A EXTER G X R A I 4 THHNV FH
P, B REXER B . 2011-2012 4F FL 44 ¥ % iR
IHHNV . A[A#FF THHNV KA [ X8 IHHNV AS[A]
fr H ZRAUHEBL AL 2. 3 3. 3R 4.0 AMEXTA
S E R AWV GE T B L R E R R
FEFEUEE Y TR, (H SRR H FH S

2.4 ™ IHHNV B E 46 2 Y

4 X5 % 143 A XTERFE S B9 THHNV &, 15
F| 49 3 R PHPEMMZE R, XSS RB R 4 PP S5
(G 5)o HAp AT, 4 R4 PCR 2554 0 FHME)
FLf R 90%; 271 11, HASI4%) 389F/390R ) PCR
2N BHERY HU) R 4% ; 2850 101, R 77012F/77353R
SR B EL )R 4% 5 2589 TV, 389F/389R Fil 309F/
309R M BHPERI LA 2%, 389F/389R 7E A FH A%
P — ELERRE At PSSR, DAAE R 100% 7912 Wi
RAELE, 309F/309R. 392F/392R. 77012F/77353R 1

£R2 20112012 £ ALHEIFEN IHHNV R E4# HEREFR

Tab.2 Detected types of IHHNV in L. vannamei during 2011-2012

B Y T £ g 389F/389R 392F/392R 77012F/77353R 309F/309R
7 Tear Sample species Sample number ~ FAYE Positive BT Positive P14 Positive B4 Positive
2011 JLAHEEXTEF L. vannamei 24 17(70.8%) 17(70.8%) 17(70.8%) 17(70.8%)
2012 JLASEXTEF L. vannamei 67 23(343%)  21(31.3%) 19(28.4%) 24(35.8%)

R 3 FEEF P IHHNV BB HERFR
Tab.3 Detected types of IHHNV in different shrimp species
B B 389F/389R 392F/392R 77012F/77353R  309F/309R
Sample species Sample number  FH1E Positive B Positive FH¥E: Positive FHYE Positive
FLA4EHEF L. vannamei 91 40(44.0%) 40(44.0%) 40(44.0%) 40(44.0%)
B4 % 4F P. monodon 12 5(41.7%) 5(41.7%) 5(41.7%) 5(41.7%)
s %R F. chinensis 36 3(8.3%) 3(8.3%) 3(8.3%) 3(8.3%)
FEWXTEF M. latisulcatus 1 1 1 1
& HYF P. carincauda 0 0 0 0
R4 AERE IHANV BRER HEEER
Tab.4 Detected types of IHHNYV in different regions
SR X I, FE M 389F/389R 392F/392R 77012F/77353R 309F/309R
Collection region Sample number FHYE Positive FHPE Positive FHYE Positive FHPE Positive
1E 75 East China 88 32(36.4%) 30(34.1%) 28(31.8%) 30(34.1%)
474 South China 34 13(38.2%) 12(35.3%) 12(35.3%) 13(38.2%)

4]t North China

21 3(14.3%) 4(19.0%)

4(19.0%)

4(19.0%)
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RHBS: R OLE FRuER I FE 78 X o A etk Jiz T T2 3 1 20 2R 03896 T (IHHN V) PCR 6 25 A 71

£5 7AESI#¥3 IHHNV £ PCR # H K5
Tab.5 PCR detected types of IHHNV using different primer pairs

& > ﬂ—:blj s \T‘TII N #:bu i
D:ig_tlftype 392F/392R 389F/389R 309F/309R 77012F/77353R P[fsri%i\%zs Propofggnj%)sfde?zc'iotg{tﬁ}{pe(%)
I + + + + 44 90.0
II - + - - 2 4.1
I + + - 2 4.1
v - + - 1 2.0
IR 91.8 100 95.9 90.0 - -

Diagnostic sensitivity(%)

LW RUE 9 95.9%. 91.8%F1 90.0%, HiHE 4 %t
SR SR AR AT AT, 2RAS T, 0, TV HE9
309F/309R A PHM, J& TR AL, miZEAl 1 HA
389F/389R M FHM:, TGk & TWEAp 2 iy,

3 itig

OIE Fr#fEZ£ry 4 X5 514943 7 FH Tl IHHNV 74
FhILPR A, Hid 389F/389R Fil 392F/392R ¥itFAR4:
FA 2R i fs X NS-1, AT DG I gk S 70 i 9z Jgk e 74
IHHNV(Tang et al, 2002, 2003; Krabsetsve et al, 2004;
Chayaburakul et al, 2005); 309F/309R i1 F Z:ll] ORF
X8, iZ X% 51 P A1 3A F1 3B HUA 8 4N(36%)F1 4 1~(18%)
FEC, HAEK YL IHHNV(Tang et al, 2007); 5|
Y1 77012F/77353R 3K [ T THHNV 454 85 (1 2 5 XA
L LA (1 G [X 22 (6] (O1E, 2012), ffiFH 4 %t 5| 4%t
2011 AFFN 2012 AR 5256 % R 4 0 X URAE S AT
THHNV K0, #1545 T 4 FIOR2EA $E00 ] 8
SR AR REE | B R BRI A L 514 A B EE
SR,

HRAE 4 %5514 PCR 774 v vk RN 45 SR ml
ZAXTT T B T R S B AR R R A
P ANEAR D AE RAE . KW 4 RIS A] R
P, PTHERR B 519 B B R 5 5 3500 A TRl R 45 5 1)
P (BFER I SRR, 4 XF g Rt Rl —FE S TR
[F) Y P G 00 2 ) AN [) 25 SR A B4, T I 405 | 1
TR 555 BE A i BsF ) 2 5T P R 2 o AN SR RS S
¥ MG831F/MGS83 1R 4] ITHHNV fx AR )i # Hp &
izn | ke s, AERe Y BB, Ptk
Bz 5 PE R H ARG E S %519,

B 38 193856 %05 (Chayaburakul et al, 2005)7
FA7E 35 LFBr s THHNV JE R 41 (4 515 51 PR ok
1T PCR ;i) J5 32 (Saksmerprome et al, 2011)UE3E,
AFEXFERXT THHNV B AR eREse 1, HEEK
FE AR B9 THHNV S8R R Bl i 25 B ik T 56 15 % i
FERA T, FLANEXT IR SRR R YL Y THHNV WA 3%

B RN R B A BB o ARWFST B AN TR A H 2
RIS 10, T F TV 2 A AT e 23X Fh A 115 50 B
AT IRANGE

S Ti) DX B £ 35 5 6 W 4 B SR AR ], 7
0—100%:Z i} (Covarrubias et al, 1999; Motte et al, 2003;
Nunan et al, 2001; Pantoja et al, 1999). 5| 4%
389F/389R 11 /& IHHNV A9 PCR Kl 2 1Y B bR 1
R BT (AL, 2010), HASSCE % E 5 i &
YUSTISUESE 309F/309R 51 4 FHAE B A & w3 o 5
Oy UGt B LN X R . 4% 0K 55 (2005 )Rl b HL
B MRS WA DL G Iy S R R A R
MY, Hh o EGE R T THHNV, A
FERTRAE I /D i BRI A A4 T T THHNV (1)
R, o ARG B PSSR KD By FRGE X HR LG
FEXTHR . BEFT XU A XA S YA X MRS [ R B st
Rl T THHNV FEME A R IR R & B G 1f 0
ARG L5 R, THHNV 78 FE N FEFE 0 o B 4303
HERY , HAETR A RNAE R ML X IE B T — 2 R Tk

vk, RIEEE, A, . WHRE Y T KOs i HBURSE
BE(IHHNV) B AT 7 5 00 B R A 58 . v [l oK ™
Rl 2005, 12(4): 519-524

WA, Bk, REEME, S5 hAe NRIEAE E bR GB/T
25878-2010-XJ #ME G 2 T Kot 1l H ZUASERG FE(THHN V)
il PCR %
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PCR Detecting Types by the OIE Standards for Infectious Hypodermal and

Hematopoietic Necrosis Virus (IHHNV) in Farmed Shrimp

YUAN Yanyan'?, YANG Bing'?", WAN Xiaoyuan', LIU Sun', LIU Tianqgi', 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. Shanghai Ocean University, Shanghai  201306)

Abstract Infectious hypodermal and hematopoietic necrosis virus (IHHNV) is a kind of common
virus in shrimp culture industry in China, influencing prawn breeding all over the world. IHHNV is
harmful to Litopenaeus stylirostris and the mortality can be as high as 90%. For Litopenaeus vannamei,
the mortality is not high, but can suffer from runt deformity syndrome (RDS). IHHNV infection in
Penaeus monodon is usually subclinical, but RDS, reduced growth rates and reduced culture performance
have been reported in IHHNV-infected stocks. OIE recommended 5 sets of primer pairs to detect different
genotypes of IHHNV. In order to know the detecting types in China, we used four sets of primer pairs in
the PCR protocols recommended by the OIE standards to detect penaeid shrimp samples collected in 2011
and 2012 from different provinces. These four sets of primer pairs are 389F/389R, 392F/392R,
77012F/77353R, 309F/309R, respectively. The detection results showed that IHHNV positives were
detected in the samples of L. vannamei, P. monodon, Fenneropenaeus chinensis and Melicertus
latisulcatus, but not in the sample of Palaemon carincauda. The positive percentage of L. vannamei was
the highest, 70.8% (389F/R) in 2011 and 34.3% (389F/R) in 2012, and that of F. chinensis was the lowest,
which is 8.3%. The more positive of penaeid shrimp samples in 2011 were detected than that in 2012. The
positive percentage of IHHNV in penaeid shrimp samples from East China is higher than that from North
China and South China. We got four detecting types from the PCR detection with 4 sets of primer pairs
recommended by the OIE standards. For detected type I, the positive rate is 90% for all the four primer
sets. For detected type I, the positive rate is 4% for primer set 389F/R. For detected type 1II, the positive
rate is 4% for primer sets of 389F/389R, 392F/392R and 309F/309R. For detected type IV, the positive
rate is 2% for primer sets of 389F/389R and 309F/309R. The survey provided valuable information for the
future study and surveillance on epidemiology of IHHNV.

Key words Infectious hypodermal and hematopoietic necrosis virus (IHHNV); Polymerase chain

reaction (PCR); OIE standards; Penaeid shrimp
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#% 1 J& 2 % (Blepharipoda liberate Shen)
A E M T

TEH
(ILZR4 H IR K P=0E5E - HER 276800)

HES R RGBT S FRAE (R AR SN S £ 57), 7 E W AEHE AKX R =
G, BIAXRERNE EFRAATHALDHUE, HREDHR, AR0BEHEN N, FEF R,
ALTRMEMEZRFHRATT AR, AR TAEBEES —. —RANEY, &N . D&k,
NGRS MR B AR, KFEAE, RIM3 T & DFEAE; FNFONHE, AR/
ek, SRR RE, BRI F—FRAAA, AR1H, M2, BALER; &SRR
B, WRSH, SMB3H; FZFRMXMA, ARSH, M3 4. MR 4, HAHERE, F1HH
ER, F3IXAFIR, EHETVRERLT), RYEMK, BaH AT, EHEL 6 B, % 6K
O LM R AER KRR, Sikshae, RRHREREE—NERBE. MEZRAL, &4
FoUxE, MAEMTE S REVET, #ENECTELSREF L, & 2-5 A, MERKAE, &k
EAA, GELE, HEAEF, SHEEEEANTIOR, EFRVAIXEHENEER, LHEBRA
BRWEFHRATHERS NS, FEBEETLTHHRERS, FULRNCTERE KT L,

5B ERELRE. A, WERKALRIBER & IR B E AN T LKA

KA KB R FRE; AR
hESZEE S917  XXHEFRIRES A

fii i J8 J2 % (Blepharipoda liberate Shen)fs 7% i
WARE | VEWRAR . AT WA, TR R RIE K
1 1(Arthropoda) . H 7281 0[ ] (Crustacea) . FH
4 (Malacostraca) , ELEK 1 WV 4X(Eumalacostraca) , ELHF
& H (Eucarida) . + /& H (Decapoda) . i It W. H
(Pleocyemata) . 5 J& T H (Anomura) . W 8 & F}
(Hippoidea) . J& [ % £l (Blepharipodidae) . J& & &
(Blepharipoda) (1 8555, 1979), e 7e LA M & 1
5 i ) A A I B R B, 1949 4F 1E R Ay 44 (Shen,
1949). I B N A WX s JE 2 1 R o 4 A

ff TR 2 SR IR TE RS  IRAZ AT E &
fif i B g A B B py RSB, R TR
VD 5T A8 A0 I X, e /N i PR S/ N R i
Yy, BB TIHEVDRMEMER- . T8 2B AR

NERS

1000-7075(2015)01-0074-05

B A N A R S SR A2 T 2Rk B BIR 1L AR H TR
TR e 7 N T RS TR, 34N TEE
AihgEE 167 7 K, JFHEAT T IGSE I . H A AE A
AR S BT 0B Bl A BE O
Shen(1949)25 1} T 45 25 & Bl (Albuneidae) 75 J& ) JE /&
i 8 1 96 W00 % ) (Lophomastix) & W Rl i & 32, X7
JE & T H A e i pUAR TR 4y 22 IR A 22 S ik
AT THER , TR A5 JE 2 K H A e 88 5 T 0L e
T N a2 S N SR G 7 W [E =Y R 1
LS KRR AR ST RS, HiR
T UL, WA S R 2 ORI AR DU I
LA R DU ASBIF 538 2 S A B B 2522 1 A
FER g s AN ORI LA AR i T, B A R
i 0 M A A W % DX 0 e S R e LA L -, AR

* AR A AR B AP T # (2013LZA11001) F1 H JE 1 BB e 3 H (2012016) L R % B, £EH M, WF5 51, E-mail:

zgsdrzwxm@163.com
Weks HIY: 2014-05-22, Wegicks H91: 2014-08-22


abc
图章


1l

FE 5 f#750UE /L% (Blepharipoda liberate Shen)JF 25 Hr1F WL 5% 75

FEFE N A R EETORZ AN A
1 #MBERZE

2012 4F 3 2013 4 11 H Z M ILZR H B[]
R A A RIE 8720 H, BT ENHEITD K
BB I E b, R A X SRR R SR, KR
0.5-30.0°C, pH 7.8-8.6, /& 26.0-28.7, HMLAHIwE
M/ N R B DU, BB A H iR B
A B AARAE I FE M R . I U R SR R B AR
10 1 B S BB AR BN AN A, B R TE AR
FIGE T ReAR oS B AR I, U R A — il S5 2P
S, HP A 22.70 mm. 35 % 16.28 mm,
HEARTS K 18.84 mm., #FH 98 13.13 mm (5 H K48
S g FH T 5 T 145 T o 81 S B FR S s ) e R R S 5
FH 5 DU T 2% 565 4 D45 22 1] Sk i Y g B Ah 1) L 5)
FHARMLAA R ] R B S8 | fa bl . v A (AR T 1Y) i
il R

1E OLYMPUS-SZ51 fif )55 N A7 AR 435850 1Y
fif IS, X T — S AR 4, WIFE OLYMPUS-BX51
WA 40-100 155k THAT IS . FEXT AR T2
AN AR EE () FERE b, e BN I AR R AT )
I3 85 B AR AT A T I B R XSk g H R AR A
AT T LA A THDULAE U] LEICA D-LUX 5 MBS
10 M, A T

2 #R

fif T JE I AR B IR . IR A
B -1, B 1-2), 2 U4 ERaRIR, —l
s 168 o A B AR 53R S W BB R 3 o JRE P AR 3R 45
BRAOLH B A/ NG R (] 1-5a 8] 1-12d (5] 1-14a,
Kl 1-15a, Kl 1-16a. & 1-18a, ¥l 2-2a),

2.1 KHER

e M w B A — MR RSk T (0 2-5), M
MR, R, NZiEEE 2-7), MH AR
AR R HUAAL, Fe Al , 7 7R /N
AOSNET 5 Ja ARG . B, RLBEIE R R . FRTAR
BTk MR 2 — . AR RS T, FEREOET T
211 kMW CKHLEEIE, KPR RTIE,
RIS e A R Z Il iR 8, T5 RIS, RmA —Le 4
), BERR A —SESGR A ORL . ATZA 3 D=
R (K 2-52), ] 1AL, BTG ATFZ /MY
WORZGE , e 3 A HTA B S s BT S AR %A
4 ASTHATII (18 2-5b, 7a), MIYGAECH 28 Z 1)
IPRBIE AR SR MSA VARG (8 2-5¢),

800 (1™ 58800 pm

6 [300 pm

B e BRI SR
Fig.1 The morphological characteristics of the
B. liberate Shen
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1. Adult, dorsal view; 2. Adult, ventral view; 3. Antennule
(Sleft, dissecting microscope x 0.8): a. Protopodite, b.
Endopodite, c. Exopodite; 4. Antenna(Jleft, dissecting
microscope x 0.8); 5. Oculi(Dorsal view, &, Dissecting
microscope x 2.0): a. Clam; 6. §Pereopod IV (left, dissecting
microscope x 2.0): a. Dactylus (movable finger), b. & Genital
pore; 7. Mandible(Qright, dissecting microscope x 2.0): a.
Mandibular palpus; 8. Maxillula (Qleft, Dissecting
microscope X 2.0): a. Protopodite ischium (inner plate), b.
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Protopodite basis (mid-plate), c. Endopodite (maxillulary
palpulus); 9. Maxilla (Qleft, dissecting microscope x 0.8): a.

Protopodite, b. Endopodite, c. Exopodite (scaphognathite); 10.

First maxilliped (Pright, dissecting microscope x 0.8): a.
Protopodite, b. Exopodite, c. Epipodite; 11. Second maxilliped

(Qleft, dissecting microscopex0.8): a. Protopodite, b. Endopodite,

c. Exopodite; 12. Third maxilliped (?left, Dissecting microscopex
0.8): a. Protopodite, b. Endopodite, c. Exopodite, d. Clam;
13. Cheliped (?left, dissecting microscopex0.8); 14. Pereopod
I (Qleft, dissecting microscopex0.8): a. Clam; 15. Pereopod
IT (?left, dissecting microscopex0.8): a. Clam; 16. Pereopod
I (Qleft, dissecting microscopex0.8): a. Clam; 17. Pereopod

IV (Qleft, dissecting microscopex0.8); 18. Pereopod I
(Jdleft, dissecting microscopex0.8): a. Clam

JELAS ARSI s 54 2 IRTARY IO (K 2-7b).
212 WA LR 6 XF Bt

MR(E 1-5): SZHR 1 %, A3k B B A2 v ] 5
VRN 7, BRARAEES, Fotk, sy, IR
WX RETE Bl , T 1 — 5 R AR E 55—l A (81 1-3):
P PSR T I, WAL, R 3 15 (E 1-3a),
AFEEY . RS B, R R S B KT
I, SRR S AME (B 1-3¢), i 37-45 T4l
B, TR, BN, HER(E 1-3b), B 9-14
WS, R, P AN T RRIE

B (E 1-4): S FRIHAMUTT L BRI
W, S K, R, SMBGRTE, IEER 5
WEOK, RETE SN, YWHENIE; FRIEECTHE, B 13-14
WYL, BN, A PHERE KN

KE(E 1-7): 2T ORI, 5 0 R AE,
RS AMRGR AR 5 JRCER 8 4 A K BT AR R R AR
PR, 43R 5 RIVJRC T K LU A BRIV P 435 9
W RUB(E 1-7a), A 3 T4, KWFHE LT
= T Ut

B—/NS(E 1-8): i FRWMJE I, Sk,
HME T RAE o SR SR R, R R (A
1-8a), HAW, Rk 258, %4 PPIRNIE /i NI
B FAEIH R (R 1-8b), BKAE, AR ARk,
W& Jir 2 FLHNIE . RIS 2T (K] 1-8¢), 177,
HRE, A~ 4-6 M, Kl iy ik,
B /NS(E 1-9): AT —/NSUSTT, RRUEEL,
JREAE (B 1-8a), JEE T i AN ST L
HorFMEoR, HERBZNIESS, P& A —HERAR
MIE, RN, WEAPREIE ; S 5k A
R E AR R 2 K, BB FEIR, R
LT A 0, O NS (A 1-8b), IR, b
HNIE, AMEAR Rk (K 1-8c), #RIDIR, S AP)
RENE, TE ST

B2 g e B AR b SRR 2 A

Fig.2 The morphological characteristics comparison of the
Blepharipoda liberate and brachyura
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1. @ adult’s abdomen, ventral view (dissecting microscopex
0.8): a. Endopodite; 2. Jadult’s abdomen, ventral view
(dissecting microscopex0.8): a. Clam; 3. Uromeres VI and
VI (ventral view, @, dissecting microscopex0.8): a. Protodite
of pleopods on uromeres VI, b. Endopodite, c. Exopodite, d.
tailfan; 4. Q@Basises of Pereopod I, II, and [l (dissecting
microscopex0.8): a. Genital pore; 5. Carapace, dorsal view: a.
Anterior tooth on anterior border, b. Lateral tooth on
anterolateral border, c. Posterolateral border; 6. Comparisons
with decapod crustaceans, ventral view: a. B. liberate Shen, b.
Charybdis japonica; 7. Carapace, ventral view: a. Lateral
tooth on anterolateral border, b. Posterior border; 8.
Comparisons with decapod crustaceans, ventral view: a. B.
liberate Shen, b. Portunus trituberculatus
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The Morphological Characteristics of the Blepharipoda liberate Shen

WANG Xuemei
(Rizhao Ocean & Fisheries Research Institute, Rizhao 276800)

Abstract

Blepharipoda liberate Shen can clean intertidal sand, which has important ecological

significances. In order to study the external characteristics and provide more information for the research
and utilization of Anomura, B. liberate Shen were utilized for the dissection and observation under
microscope. B. liberate Shen is unisexual; the pleopods and the location of genital pore are different
between females and males. Female B. liberate Shen has four pairs of endopodites that are located in the
abdomen; however, male B. liberate Shen has no endopodites. The location of genital pores of female B.
liberate Shen are on the venter of the basis pereopod II, while the genital pores of male B. liberate Shen
are located on the venter of the basis pereopod IV. The commensal bivalves are attached to body surface
and gills. Similar to brachyura, B. liberate Shen have carapaces, but they have no sternum. The abdomen
can not attach to the cephalothorax venter because of the lack of the stemal groove. Pleopod VI is much
developed to form tail fan with telson that functions swimming like shrimps. A pair of the pereopod IV
of B. liberate is located in the abdomen that is different from shrimps or crabs.

Key words

Blepharipoda liberate Shen; Anomura; Morphological characteristics
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Fig.1 The larva growth curve of late bay scallop seedling
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M 353 g, B DLKE 5.2 g, S0P IR0 6V B DA
(4.0 9) ¥ 5 30.5%,

7+ 3K Shell length ] 42

14
60F % & Shell height o
g 50f - F53% Shell width " ED
£ 40f o HEFTEL Wet weight 1o B
& B
3 30 {20 ]]BH
= 15 E
=0 10 =

10t 15

0 0

6-17 7-4 7-21 8:7 8-.24 9-I10 9-I27 10‘-1410:31 11l-17
ffA] Time/(mon-d)
P2 I R T T B DL A R
Fig.2 The growth characteristics of bay scallop in bottom
sowing culture

23 BEBNEREE. BEFEAITELER

TRV B DU B SR A B AE K S B3 1,
Mol SR EAHLG, B METEHER 40 d 2247, WXk
HIBTEAE S T 60 d 7247 o SRS THE A [ 10 3%
SETE, 2012 4EF1 2013 AEGIRIT, i 445 =
5124 50.1 mm 1 50.3 mm, FHEEE SR 28.7 g Al
244 g, [ 78848 914 50.8 mm Al 51.9 mm,
SRR 27.9 ¢ Fl 25.8 g,

24 BERNEH. BEERKEELR

F* 2 R SHREMLAERKERFFENR, 2012
FEWE R E K ERN 036 mm/d, W RE TR
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(0.26 mm/d, P<0.05), 7£ 9-10 1 . 10-11 H L HH &, 25 BIEBRNEE. BHEEMERFERKRILE

2013 4, BRE A5G ER 031 mm/d, WEET TR L R (W SR R I ) L L
LAY 0.26(P<0.05); MIAFRYIRINAIR L, 2013 45 S5 07 sCHI R CAR I BB L 26 3. 2012 ARk
RE eI ARKHEES 2012 R RACAR, HIE (1 H 14 H), FERBGE 7 B0 5. fE S
B AR R B AR T 2012 4F AR P 279, 28.7¢. 3.3 g M 3.8¢g. 11.8%

x1 BERENREESBREFELRE

Tab.1 The process of longline aquaculture of bay scallop from the early and late seedlings

\ g Ry i) i A (] BT P FRIa HEDL b Seeds outdoor
&30 i Fh S Al , . : .
Year Seedling type Brown tide  Seedling number Production Stocking density F 1 Date (M-D) 725 SH
gyp duration (M-D) (10* ind) (cage) (Ind./layer) ¥ Date (M-D) 5t (mm)

B Early seedling 04-10 0.7
2012 N 05-07-07-13 10 120 40-45

B Late seedling 05-12 0.6

B Early seedling 04-15 0.7
2013 " 05-28-07-15 35 300 40-45

B Late seedling 05-22 0.6

b JEET F% Rearing in pond JX T Seedling cultivation 431 Separating seedling It 3k Harvest

HIEIX H FEi H 1] FeiH H 19 T H 19 o MRBUE

Rearing area Date (M-D) SH (mm) Date (M-D) SH (mm) Date (M-D) SH (mm) Date (M-D) SH (mm) WW (g)
3 Laizhou 5.5 3.0 5.10 3-5 7.20 10 11.14 50.8 27.9
FL1l1 Rushan 7.15 3.0 7.16 6-8 7.30 8 11.14 50.1 28.7
3 Laizhou 5.10 3.0 5.15 3-5 7.18 10 11.20 51.9 25.8
FL11 Rushan 6.27 3.0 6.29 3-5 7.28 9 11.20 50.3 24.4

*2 BERNRE. BETSHEREHLER
Tab.2 The daily growth rate of shell height of bay scallop of the early and late seedlings

. For HHRK R
DN " Feim SH (mm) )
Efy H A FEIHREL Daily growth rate of SH (mm/d)
Year Seedling type Cultivation days (d) R 09-18/ 10-16/ LN o104 10-11 A S 1 ]
Seedling 09-21 10-24  Adult During cultivation

ol HLH Early seedling 184 3 42.0°  442° 508 0.07° 0.22° 0.26

i Late seedling 122 6 36.5°  40.6° 50.1°  0.14° 0.32° 0.36°
Yol L Early seedling 190 3 44.0° 483" 51.9° 0.14° 0.12° 0.26

Wi Late seedling 145 5 38.5°  47.7° 503 0.27° 0.09° 0.31°

H: F—3h SRR R E R R s 25 57 3 (P<0.05)

Note: Different superscripts in the same row mean significant differences(P<0.05)

x3 AREMFENEERNBENENFSH
Tab.3 The biological parameters of adult bay scallop of the early and late seedlings

e e BEDUAEER MUIRE EE
JC Ik B

Harvest date SH(mm) SL(mm) SW(mm) WW (g) Adductor Scallop Survival

e WA gem sk
Seedling type

(Y-M-D) muscle (g) muscle rate (%) rate (%)
FLH Early seedling O121114 50.844.0° 53.2+3.0° 24.9+5.8° 27.9+4.1*  3.3+0.8° 11.8£0.02*  48.6°
Wit Late seedling 50.144.3*  54.1+3.6° 24.8+2.2% 287453  3.8+1.1° 13.240.02° 52.8
FLH Early seedling 20131120 51.943.9° 54.6+3.7° 23.242.3% 25.8+4.6°  3.240.6° 12.4+0.02*°  51.4°
Wit Late seedling 50.3£3.7° 53.9+3.2° 23.5+1.4° 24.4+3.6°  3.1+0.6° 12.7+0.02° 37.7°

e Fl—Fh SRR R R 25 7 B 3 (P<0.05)

Note: Different superscripts in the same row mean significant differences(P<0.05)
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2 )R %36 %

M 13.8%), 3 TR AREIAFTE B 3 25 57 (P<0.05), Al
WG V0 BTG SR R 48.6% 1 52.8%, L FH2EH
(P>0.05). 2013 4EUskIt(11 A 20 H), FEFIMKH
(- o | DUAE R L S DL A SRR 2R 43k
258 g.244¢g. 3.1 g 32g. 12.7%H 12.4%. 51.4%
1 37.7%, 395 B RN RS R 25 5 I 3 (P<0.05),
S XA i D1 A DU A SR OC 38 22 53(P>0.05).

26 BEBNERE. BEBEERFERAELER

M T B ), eV B DL &) e s A 1) [ AR TR K
SEXRREN 17°C, R EVFEKIE R 24°C, 4R
Bt E] Ry 22 do #HR 1000 m® B KA R4 ik
KA, i BEEmE, PEREHHREE A
PRI 53.1 t rabriEdE 455 £, % 4), WiHE S bk
119.2 t. % fkAfi 386.8 kg. &AL 333.7 kg, Fr
HERER M EZ R 1500 JT/t, 4 BRI TT DL A
6.75 Ji TG

Z5 5L I b DX DL SR E Ol LA 1 55 B T A R AR R
BEMFVE I D12y 2 T1 58, BAF 5 ARINGSETHE T, R
JA—R 9 N A, LABLARE, 2010 457 b DL
HIFRFE AL 56.8 T LKA S5, 2011), skt
ATV o DL WG e A SR A G I RIS 60 d A2, 57
FAJEHIN 7 A1), SR RAL D 50.2 TIJG(ER 5), BE
X 6.6 TG, BEIEIA 11.6%. JU45 M0 T B 5 i i )
HEJ5, (AR e DA 22 AN K, BRE A
FEAC .

3 g
31 BEEIhERERERN

TSR DL S X LM, MBS HRHEE
WA TR, ZRAFRIEANT DU IR A AR

Fz4

ER LA KT, W ELBIN T IR R, B
T BEN S SAPRE(EERS, 1999; MR
25 2000; WAL, 2012) AHFSE HB A WU I 1% i
R DL DA E L 5.2 g, BRI IR
55 DUEE(4.0 @)3 i 30.5%, 7PoA T K23 aas
VR 7 Ut 3 R B Sl TR R T K SR Y = R SR
KZ—(EA, 2004), &G TF RS b DU 5 I #5 77%
B A AR, AN FR A I — MR AR #h 7, B
AARE KR KRS,

32 BEBNABEEAFEIR

PIAE I SE I 25 SR I R, A R R A ()
FREEET R, (Hoe SRR s TR, R T
ORI KRS, Gallager 25(1989) & I, 7% M
R R, T B E DR A SRR
B UV b D& AR ARG, BET# T . Bricelj
98T, W 5 AR, Y8 I Y
JEIEF] 1x10° cells/ml B, RV B DL A 9 7K SR A5
HELA K SET-IS MK IR TR, vt e
DUSE B AR K A PR =, TRV Bt DL SR B2 P
A Kot B (Bricelj et al, 1989), 2013 4F 1512 ki D1 I i
() TG AN R 37.7%, 7T e A Ak 4 T
WIF 5, X5 Bricelj 25(1989)RIFFE 45 FAHML, T
2012 4TI T 7 A 13 HEARSE R, Wi i i la) A
7 H 16 H, HEDLAIE 2RI 52.8%, 2013 FUWGKITE
SRR DU SRR . e DUAEER DL RARE T
2012 A, JEH 22— ] R Vi FP R ) A akE T
TR R Y AN, 2013 AFETT A b X VS A L A
B 2012 AFEfRI8E, X AT L3246 ) 52 i 5 /N 7
M X A5 B UE (R 6, P<0.05), HJFEHIAT 2t — LAt
5, AntEt/bE AR EY TR R EER R,

BERNEHMGEE TN ESREER

Tab.4 The coal consumption and breeding time of the early and late bay scallop seedlings

Rt Tl DU H 48 7R H H AR K IR THEZKR R e FEME
Seedling type Date of rearing Date of spawn Seawater Temperature Days of  Coal consumption
etyp parent scallop (M-D)  (M-D) temperature (‘C)  rise (‘C)  breeding (d)  (/1000m")
1 Early seedling 02-10 03-10 8 24 25 86.4
MiTH Late seedling 04-05 04-20 17 24 22 33.3
®5 BEBNEREH. BEFEMKRQ )
Tab.5 The aquaculture cost estimation of early and late bay scallop seedlings
H ORI FRHH E ANT.3% PriH 2% Hifh 2% Bam gy A A
Seedling type Aquaculture time (month) Labor cost Depreciation cost Seedling cost Fuel cost  Others  Total cost
Y Early seedling 9 29.8 9 9.8 6 2.2 56.8
B Late seedling 7 26.5 8 8.4 5.3 2.0 50.2
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F6 2012 #1 2013 ER TR EITH UK EK LR
Tab.6 The biological parameters of bay scallop harvested in Funing area in 2012 and 2013

H 1% FC TN 7C P Jo fief D1 AL
Date(Y-M-D) Shell height (mm) Shell length (mm) Shell width (mm) Wet weight (g) Adductor muscle (g)
2012-11-14 53.0+4.1 55.4+4.2 25.2+1.6 29.6+5.4 3.8£1.0
2013-11-12 49.6+0.7 53.1«£1.1 22.7+£0.3 24.0£1.0 2.9+0.6

2 £ X #

T WK A: MES L IR S k. KRR,
2004, 28(5): 568572

TR, 2R, #EOUK, A, PR 5 B DR R 7R
FSEEgT. W EAKERRE, 1999, 6(1): 97-102

MR, XUBE, BRaxE. SRR R 56 [ L1 0 5 v B DL
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Studies on Bottom Sowing Culture in Pond and Longline
Aquaculture of Late Seedling in Bay Scallop Argopecten irradians

WANG Dongzhel’z, MAO Yuzel®, FANG Xiao®’, DU Meirongl, ZHANG Fuchong3, FANG Jianguang1

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Carbon-Sink Fisheries Laboratory, Qingdao 266071;
2. College of Fisheries and Science, Shanghai Ocean University, Shanghai 201306;

3. Hebei Ocean and Fisheries Science Research Institute, Qinhuangdao 066200)

Abstract The work of breeding bay scallop seedling has been studied in the past. The breakout of the
brown tide in Hebei Area has brought significantly negative effects on the industry of bay scallop. To
avoid the outbreak, the breeding of late seedling (parents bay scallop were put into seedling rearing room
for breeding at the be beginning of April) and a chain of experiments concerning to bottom sowing culture
in pond and longline aquaculture were carried out during 2012—2013. The results showed that the average
shell length was 59.7 mm for the late seedling (with shell length 5.0—6.1 mm) after bottom sew into pond
in June 2012 for 139 days cultivation. In 2012, after a longline aquaculture, the average wet weight,
scallop adductor weight and adductor output rate of the late seedling were 28.7 g, 3.8 g and 13.8%,
respectively. In 2013, after a longline aquaculture, the average shell height, wet weight and scallop
adductor weight were 50.3 mm, 24.4 g and 3.1 g, respectively. The data suggest that the aquaculture of
late seedling may reduce the expenditure of 45.5 t coal and 67.5 thousand Yuan per 1000 m’. These results
also suggest that the planned delay may help to efficiently avoid the adverse effects of brown tide and
may serve as a reference to the development of the whole bay scallop cultivation industry.

Key words Argopecten irradians; Late bay scallop seedling; Bottom sowing culture in pond;

Longline aquaculture

D Corresponding author: MAO Yuze, E-mail: maoyz@ysfri.ac.cn
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SRR E R IAP-86 EE £ 1K
cDNA EEFM LS BESHT

G

FxH 'Y g

K7 okma' HEw!

AR EOfE

(1. gl s & R E SR E PEVK=RHAM R BRI K =R F5% 266071;

2. ARSI R R R AR L H

266002)

BE HENE AT A MR MR AR % (Acute Viral Necrosis Virus, AVNV) & & #k By Z0m LI DL K
IAP-86 & Bty ZhfE, MEKZ AVNV 8y 3 30 ik S B i AR IS RNA, R % F K45 cDNA, 4% NCBI
ANATH AVNV 23 FH 4157 5] 7 ORF86 77| %t Fixt R i &R 5147, #it cDNA K Hei 4§ # (RACE)
HARHKT ORFR6 53 fn 33wty e 4n#h X, HHEH T 2K cDNA 77|, Blast 7 txt & or, %3EHE 54
a5 A W E R 100%, 5308 L AVNV W EIRME N 99%, HHFRESENHE, £ WELEFAN
M, ZEAFEETR, FEEBEKX, RAGAEH N 1.800, & /NFALE K H-3.456, & B HFE
8 MNEBAEMBBRMMLE(ERE S MLEAR. | MNRABRM 2 ANBEAR), FE 1 MNEEN O-BEMLLA,
FHEEBAEN NS E; HIERLEEE T £ 8-11. 14-16, 28-39, 75-76, 88-95, 97-100 #1
147-158 LA £ B, M ZKFHF TR VLG ATRENT 7k, THARNESEZLXREFH IR F

THRDEEEZAG,
KA
FESES S944

2 FE R SE S5 FE (Acute Viral Necrosis Virus,
AVNV)Z 20 42 90 4R4UH RIS 2k FEAL 7 it
FIFL R DL R AR T2 19 32 B0 Jit (. F5 42 5%, 2002;
JHEHAE, 2003; FLEWIAE, 2004; RS, 2001),
TR (2009) V528 T AVNV 423 [K 25 77 371 1
IR AVNV 2 RE K20 3 123 S ITE I TRk
EHE(Open Reading Frames, ORF), H:H1 44 4~ ORF H
A —E A FIIRE, HED A B8 57 DNA & il
KA LA S 3 5 18 £ R A BEAR A G

b (Anadara uropygimelana)f&—Fh KA il 22 5%
MR E R DI, R KDL, 2504 T3 E L

* AR AR P b B A R FR I & T (CARS-48) A & 5 i 46 L J= B R 01 H (20131K040) 3 [7] % B, 5k

wosdzhangshuai@163.com
@ i#IRMEE: 42, E-mail: wangem@ysfri.ac.cn
RS H 1: 2014-02-28, W& MR H 39 2014-04-13

RUERBWEFME; BH; SHATHHEA; DNA KghhEy HER; £MELF

MEFRIREE A XE4HRS  1000-7075(2015)01-0085-06

RBALTUNME . HAS | s 5 SO W 2R m A i
(EIA %, 2008; 2 2%, 2013; WS, 2013), i
JUAF K Bt 2 kit AR DR R IR EE, N TG R0 R R
TR, R AR B SR SN, S T R A
Pl Y R, E BE 2 TR e 3 () RIS A AR . 2012
AE 5 AARREAHEILARE K S EIHFT AVNV AT
ST, B E R D BR R AT, R
L BLITRE L, PCR AT AVNV S FHME, 2013 4F 4
A ILZRAR B S8 5 5 1 3 bl 2 DU th B T RO AR
FIFET IS, FEM AVNV KT FH M, HBHMERE
F 100% . 1 FI1206 B 1 2 5L PR 417 51 38 R0 58 1L,

i, E-mail:

1) AEAEA. FiFL R DL e P IR S0 5 3 P9 4 2 Py 91 O 0 A FRIZ BT BOR B o BT DR o L 2 S 3

2009, 27-68
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B HAB MR 1 8 Ol 2R 1 PE IR BT 2 AR

FF 4R 9 = 07 - 30 ] 2 1 (Inhibitor of Apoptosis
Protein, IAP)/&—2K & BIR Z5MIIRIEEN, %
FMG AR R B S TE B BRI 5 b & BRINA5 44 . BIR
SRR — RSF I Z R IR FE L S 3 MRSFIY
D R Bl e , HE SR T A T R A A DR
)48 P 8 4504 (Ring), X AZ5H AT LRI Zn 256
(Deveraux et al, 1999). IAP & & J7* 41| 45 ¥4 % 1 (BIRP)
I B0 AR 2 07 2 TG HE S ) 5 A i R ) L
I, BF9E A B0 BIR BE PR A7 AE T HAB R o ME S
Pyiv) K # DNA J 8, 1 Baculoviridae (Crook et al,
1993). Poxviridae (Afonso et al, 1999). Ascoviridae
(Stasiak et al, 2000)#/ Iridoviridae (Jakob et al, 2001),
Leu %5(2013)7EWF5E WSSV R YLXT RS &3, WSSV
IR I A A T AR AT DU R R B U
FE EAME A BT, TR REETE EAN KR E
B, BZCREUE AT

IAP-86 J& AVNV ORF86 4ifith (1) % 4 — 1~ BIR 4
P AR M TR L, 2 E A e SR
KIGHFBR AT T IR A% IR, 40 0 T A DU e ik B
W RETE— € PRI F AR ATFL R DL An s - ABF
FEXF AVNV BETRREFT 1AP-86 2L 4K cDNA 7%
BE ST, IFS5CEA ML N AVNV 25
PRI 77 20 RN A 96 92 5 B 4 55 LA P N A T LU X, AR
1A B T ad 3 R 4y 8105 |AP-86 3[R Y ) BE kit
— BT, R AR AVNV R ER A BOR HL B4R
b 1 S5 B AR RS AR A

1 MR
1.1 SRy

S LT T 2013 4F 4 7 BT ILZR 4 B T
B, AVNV Kl S

1.2 I~k RACE =[£& 1AP-86 EE 44 cDNA

G AVNV 234 75131 1AP-86 20
15 |9 B eSS p 5 L3k 1,

1.2.1 AVNV #3t#k IAP-86 L B ORF X 4 4 3%

B 50 mg A SNE R4, S B w) A 7=
Y TIANamp Genomic DNA Kit 13¢ #4519 )5 B -4 19
0 DNA $2HL,

DIRECAY R T 5. DNA A, {# ] Primer 5.0
SRR S 1. LUi#S1 %) TAP-86-F,
#5149 1AP-86-R, PCR J i 2514 : 95 C FiASE 4 min;
95°C 30s, 50°C 30s, 72°C 30s, i#Ff7 35 MEHK;

®1 KBHAASIMERFT

Tab.1 Primers used for the PCR analysis

519574 Primer Nucleotide sequence(5'-3")

IAP-86-F CGGGATCCATGGATATAGTACC
IAP-86-R CCCAAGCTTGATAACTGCTAAGT
SMARTerAoligo AAGCAGTGGTATCAACGCAGAGTACG
Primer (G/C)GGG

IAP86-Fo CGAGCTTTATGAATGGGAGGCTGGTG
IAP86-Ro TGGGGAAATGTCGTCTGTGTTCGTATG
IAP86-Fi CTATTTCCTGATTGTAAACTTAGCAG
IAP86-Ri CTCTTTATTCTGAGTTCCTTGGATTCT
GSPRo TGGGGAAATGTCGTCTGTGTTCGTATG
GSPRi CACGCATAGAATTTCATACGAACAC

CTAATACGACTCACTATAGGGCAAGCA
GTGGTATCAACGCAGAGT

CTAATACGACTCACTATAGGGC

Long primer

Short primer

BJE 72°CHEAR 10 ming W) 4 CORAE . 1 %S ARNHEE
FEHLTKOULEE PCR 973 25 5 o K443 Y29 500 bp 1)
H R Bt Ar i e, SR 5 4% B 03 I E 8 &
pMDI18-T kA (TaKaRa A ])H, 8 TA FEREIFF .
1.2.2 A% RNA #9328 AZ cDNA % — 545 09 5 .
SBURS I Sy BH A A SEL A L0 2124 50 mg & T
1.5 ml KEWHELES, MA 1 ml 1 TRIzol
(Invitrogen), FBFEEFEOFEESIIK, Seddfifhie, K5
SENEEDLTE, JNiE B JC RNase /KA RNA, 10 pl
SRR Z A A 2.75 pl RNA AR (2 S 340 ng/pl) .
2 pl 5xFirst-Stand Buffer . 1 pl SMARTScribe™
Reverse Transcriptase (10 U/ul), 1 ul DTT (20 mmol/L),
1 ul ANTPs (10 mmol/L), 1 ul SMARTerAoligo Primer
(10 umol/L)., 0.25 ul RNase Inhibitor (40 U/ul), 1 ul
Random Primer (10 pmol/L)., & #:i5# 54N 25°C
10 min.42°C 90 min.72°C 10 min, %% & M cDNA
(55— 2 di
1.2.3 ZR1L RACE %% IAP-86 #9 5'4= 3'5% POy
B cDNA 55 — 4555 17 20k, ARAEHIFLIE I AVNV
L IEH )T 5] (GenBank K55 : GQ153938)i% 114
J2 15 #)(Inverse primer) #4172 7] PCR, #k15 1AP-86
cDNA 1 53l 3"t i BE. 25 Wl b IR R & A
2.5 pl 10xExTaq Buffer, 2 pl ANTP (2.5 mmol/L), 1 ul
IAP 86-Fo (10 umol/L). 1 ul IAP86-Ro (10 pmol/L), 0.2
ul ExTaq fiff(40 U/ul) (TaKaRa). 2 ul cDNA ity , il
1Y% PCR 755 — 8 PCR ¥, ¥ 344K 94
CHIZSE 5 min; RJ5 94°C 30 s, 68—48°CH[R 2°CHYy
FEFEZ 30s, 72°C 1 min, &R EAPETT 3 4
EH; ZJ5 94°C 30s, 50°C 30s, 72°C 1 min 4T
30 MEFR; e 72°CZEfH 10 min,



CAR Y

KN AR R IR TR T R 1AP-86 JER 2K cDNA TR FIAE M {5 B2 T 87

By 1R R 10 5 MG T4 — 8 PCR,
25 ul iR ZE H &4 2.5 ul 10xExTaq Buffer .2 ul dNTP
(2.5 mmol/L). 1 ul IAP86-Fi (10 pmol/L). 1 ul IAP86-Ri
(10 pmol/L). 0.2 pl ExTaq (40 U/ul) (TaKaRa). 1 pl
bR, METES T PCR. PSSR 94°C
Ti75PE 5 min; 94°C 30s, 48°C 30s, 72°C 1min, #F
1730 MIEFR; 72°CHE(H 10 min, KFP 48 7= 8 2l (M1l
JE AT TA vale, HEREELE) DHSo B2 Z84, He
100 pl FALAMOR S & A7 20N 58 2 19 LB FAR(50 pg/ml)
b, 37°Cab R B R AR 2 RIBHUCHE % . pMD18-T
WG M13 AT 7% PCR BE, B BH R bR |
AR T A TREA R A R HEA TR 7 )7 , 345 1AP-86
FE B 5 oA 35k 1) HE T A
1.2.4 RACE 58/ IAP-86 AW uy 5'3%  LIFEHUAY R
RNAGHR A 340 ng/ml) MR, 10 pl SOWVARR A
Rk 2.75 ul, LA 2 pl 5xFirst-Stand Buffer.1 ul SMART
Scribe™ Reverse Transcriptase, 1 pl DTT (20 mmol/L).
1 pl ANTPs (10 mmol/L). 1 pl SMARTer Aoligo Primer
(10 pmol/L). 0.25 pl RNase Inhibitor (40 U/ul), 1 pl
LR S 9 GSP-Ro (10 pmol/L) ., [ 55 440K
25°C 10 min, 42°C 90 min, 72°C 10 min, FE3E
A% cDNA (55— %4k .

8 —H PCR WYRBIIAZR 25 pl H&A 2.5 pl
10xExTaq Buffer.2 ul dNTP(2.5 mmol/L).1 pl GSP-Ro
(10 pmol/L), 1 pl UPM (0.4 umol/L long primer+2 pmol/L
short primer) ., 0.2 ul ExTaq /i (40 U/ul, TaKaRa). 2 ul
cDNA it , #itf47% PCR #EfT45—# PCR 1,
PN 94 CHUENE 5 ming 94°C 30 s, 68—48°C
FEME 2°CHIBEREZE 30 s, 72°C 1 min, £/ REE B
HRVEAT 3 MG ; 2 )5 94°C 305.50°C 305.72°C 1 min
AT 30 MEIR; )5 72°C ZEfH 10 min,

By =R 10 5 N EIRGEFT S
PCR, 25 ul WK R &7 2.5 ul 10xExTaq Buffer,
2 ul ANTP (2.5 mmol/L) . 1 pl GSP-Ri (10 pmol/L). 1 pl
short primer (10 umol/L), 0.2 ul ExTaq [#(40 U/ul,
TaKaRa). 1 pl FiRFiERMR, #4756 & PCR, ¥
B SN . 94 C IS YE 5 ming 94°C 30s, 48°C 30,
72°C 1 min #47 30 MEH; HJ5 72°CLEMH 10 min,
W 3= 2 B RS #E1T TA Jobg, S LE]
DHS50 B2 2540, B 100 wl Ak 40 i 4 25 A 4
THEZEMWN LB (50 pg/ml) |, 37°Cid i BI'E 1
F%,50 2 RYCHCAREVE , FH pMDI18-T 38 FH 5 4 M13
HATHYE PCR BGUE, B PR B4 T AR TR
HIRARISEATHIEN Y, JREC IAP-86 FE A 5" A vifi o
1.25 1AP-86 AR 3’3 /53] 49 KB F=o 2K 1AP-86

cDNA #) 57 Bt 3 FEARAT B 5 Iy FN 3" 12 42 )T 91
AR 550 7 50 DL S AR A 0 T TP B e A e 91 A
F Accelrys Gene B4R TSI 90751, JeBRak
Wiry, L#EE R B, PHERS AVNV bl bk
IAP-86 %E[A 42 1< cDNA 741,

1.3 1AP-86 EEH AW IE R ZENH

iz A 0 B2 R L TMpred 347 15 R IX 7
I, SingalP4.1 Server {55 K V11437 55 il , ProtScale
AT EL K PE ST, http://www.cbs.dtu.dk/services/Bepi
Pred/TEZ M- TP R A1 3 Hr, Net-O-Glye 1.0 i
17 O-WHILAL AT 55 T, Net-N-Glyc 1.0 #F47 N-HEFEfL
T, Net Phos 2.0 FEATBERR AL s F0IN ,  [w] Bt 1]
DNAStar 7.1 (Protean)}X{f-%t IAP-86 #H H#EFTHi /K45
BT T . RAFRIRY 1AP-86 LK 91 Flad Ak
FRFFFIME NCBI LT Blast boxf, F3k45 3w I
L= E- IS

2 HRENH

2.1 1AP-86 EE <1 cDNA R [&E

Wik RT-PCR Fll RACE H R 7R T IAP-86
FELR) 5 i A 3 3, B BT A5 2 19 | B A4S 19 1AP-86
A FF M e 2 HE ORF86 HEA TP, 3R1F T 1AP-86 3
K cDNA 2K 751, Hr 5ok gmi Xl 196 bp,
3 ARG IX R 37 bp, 4K H 746 bp, Zmi 170 4~
R (K 1), Wit5 NCBI W56 9255 55 F AT
fLE Il AVNV JEFI R, 4550 BoR1ZIEN Y cDNA
K P SH UGS 100% AU, SHFLE
D1 AVNV A 99% B AEALLEE , H22 5l #E T 3" AR bt X
P TRFEATE], 2 B ATFLE DU AVNV (55 92 4
B3E T RAE N G, 26 173 MlSE T RAEN C, =&
TR BEHE P 50 e AR, IFH SR gt X 5
AVNV (1) ORF85 £ 181 Mok H-H S,

2.2 1AP-86 EFEREMIEBRZENT

I A E B T X TAP-86 2R I 4%
ERFEAT T, SR BN, 1AP-86 4E I 45
FAREEETIN AEEBEIEIX ; & REKIEECH
1.800, F/NEiKIEEN—3.456; HpiEFA FE AT
1E 8—11, 14-16, 28-39, 75-76. 88-95. 97-100,
147158 7 S 3L s A AE 1 DI TER) O-Bi AL (5
MR AL E ), AEERTER N-FE
A7 5 AESEAT MR AL A S T, 5 SR R, Y
HHC 0.5 B, HE LR AAAE 8 AN TE B IR AL 0 5. (1L
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ctgtcatatatacatatagatacatcaatgaattactcacaagacatgaaaaggataggg o4 gcgggog g
tgtgaatcaatataattggctgaaatttcaaaaggatattttatcctataaaagcataactcgtggtataccattcagtcaatagataaaacaccaaac
GATATAGTACCAATATCACCATATGAGAGAATGAGACCTTTGAGAGAATCCAAGG

M D 1 \% P 1 S P Y E R M R P L R E S K
AACTCAGAATAAAGAGCTTCGATGACCATCGGTGGCCACACAAGAACAATCCAGTTAT
E L R I K S F D D H R W P H K N N P V M
GACGAAGAACATGATAGAAAACTACTTTTACTACATTGGTATAAATGATAAGATACAAT

T K N M I E N Y F Y Y 1 G 1 N D K 1 Q
GTGTACACTGTGGAGGTGTAATTTCGGGATTTTTAGAAGAAGACACGCATAGAATTTCA
C Vv H C G G V 1 S G F L E E D T H R 1 S
TACGAACACAGACGACATTTCCCCAAATGTCCTGTTGGAAAATATCGGCATCCAGGATA
Y E H R R H F P K C P \Y G K Y R H P G Y
TCACCTCGATGCCGAGAGATTGAAAAGTTTCAAAAATTGGCGCTATGAGAACATAGTG
H L D A E R L K S F K N W R Y E N I \%
AGAAAGATGGACTTGGTTGCAGCGGGATTGTTCTATACCGGCATTGAAGATAGATGTGC
R K M D L V A A G L F Y T G 1 E D R C A
CTGCCACCAATGTGGGAACGAGCTTTATGAATGGGAGGCTGGTGATAACCCCAAAGAG
C H Q C G N E L Y E W E A G D N P K E
GAACATAAAAGACTATTTCCTGATTGTAAACTTAGCAGTTATtttttacatttacaataaaagatatg

EHK R LF P DC K L S

taaagttaact

Y *

K1 AVNV IAP-86 Jk P A% 1 7 91 At i A LR 7 5
Fig.1 Nucleotide and deduced amino acid sequence of AVNV IAP-86

AR T (ATG) ML 1R 4S T(TAA) T HERR B 5 5" UTR M1 3" UTR /NG FHRER R 5
£j ORF85 MY EL &y 1 T I LAnl s AR DR A ik s WAL ALK GBI bR Y]
The start codon (ATG) and the stop codon (TAA) were noted in box; 5" UTR and 3’ UTR were shown by lower-case

letters; The overlapping sequences with ORF85 were marked by underline; The mutational bases were marked
with arrows; The phosphorylation sites were shaded in gray

$6 5 N2 . 1A IERR 2 D EEATRN ) o

T Blast X IEH A, 25 on, WA LM
FIVREL R P31, 2 EER )7 5 E1T Blast HXtE @R
IAP-86 (K& FEMRT 51 5 HE i IR 40 1 26 B &
FETR 7 91) A i 0 G L R IX AT — 2 A [RI 98P, {H ]
YRS

3 it

Le Deuff 55(1996)F 57 & BR, 41 W5dt 120 FE AEAIR
T 23 CHAIE T LA e R . H
AVNV 5[ B FFL R DU BB SE T 32 24 7 K R
w23 CHEREIRET, AT A SYE B s
b 2 DU & AR BB TR UK IR, A 15CEA .
YT IR BB A B R X, AT I e 0 2 ks 7
FIREZAIFLES DL AVNV 305 0589296 35 19 48 S o

IAP FGHE A e RomdE b &8, Bart
ZAERREE | BELE DL e NS5 2R A it b e L[]
TR, MR TAP FE B HES P KB DNA H5 8 thid
WA R, (AAETCEMESIY KR DNA R 2477
1E, FifLIE DU AVNV J& FH A 5 —F . TAP X[ fg
B TETE ERN R R IR B E R, R H 1AP
REC 0 161 0 L R T T R, TS kTR G AT i B U
i ER R T RE S R AT, KB AR IR

A ARG I B R R, A BEFE TS AR RSk
HEATHE

R O 2 AT I RTFL RS DL AVNV 2S8R 4751,
AAF5T i 3 L RACE HAR 5efE1S 2] AVNV JsLif i
IAP-86 3K 41 cDNA ¥4, 7€ NCBI L #£17 blast
FEHHXT, BN iZ I S54RI E A 100% 1 AH
RIEE, SHIFLE L AVNV A 99%RAIBIEE , Hi22 5
TET 3 M ARG A% DX A S AN 6], (H T icEe 22 S
P B AT AR GRS DX PN, BT LS AS 52 0 R 2 2 A 1) 2 3
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X, A5 ARGt X R 5 AR I e 4520, R AE i
DX 35 DR 2 728 A 4 i) 35 D) % 8 DA B 3Rk iR 55 7 T
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KEAF R 1T AR ST (0 20454, IE3 5903500 5 i F
B, 6 X AR 1k 5 I B R B EE N Y 5 5
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Bl R LR ) — AN EE B AR A, o SR DR Y B SR
FIRPIFEEE o I 7 1Y B R o L 2 S I A
TR 7 5 BV S DR - 285 5 67 s, I BB o7 a5 X i 5
BEAT {2 #E 4 I SO 4 B R 0 4%, 2013; Simon-
Loriere et al, 2013). Ja 3+ A — %0 XX T 5%
SRR IRIE R T2, TR R 25 RNA RE5
HEAT R SR 254 (Smale et al, 2003), JF 51 Hb %45 578
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FEIFE DR, FEREBEI ) R AR B T XA EE S SR 1Y
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H(Torres et al, 2013; Zhang, 1998), Behura 55(2013)
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fhid f 8] — e e
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Full Length cDNA Cloning and Bioinformatics Analysis of Acute Viral
Necrosis Virus IAP-86 Gene From Anadara uropygimelana

ZHANG Shuai', WANG Chongming'”, YUE Zhiqin®, SONG Xiaoling',
BAI Changming', YIN Weili’, 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. Technical Center of Shandong Entry-Exit Inspection and
Quarantine Bureau, Qingdao 266002)

Abstract Acute viral necrosis virus (AVNV) was reported as the causative agent for summer mass
mortality of adult Zhikong scallop (Chlamys farreri) that has been widely cultured along northern China
coast. To understand the pathogenesis and the function of IAP-86, a strain of acute viral necrosis virus
(AVNV) was isolated from Anadara uropygimelana. RNA was extracted from the mantle of moribund A.
uropygimelana that was infected with AVNYV, and cDNA was obtained by reverse transcription. Two pairs
of nested reverse primer were designed according to the ORF86 sequence of AVNV complete genome
sequence that registered in NCBI. The non-coding region of 5' and 3' end of the ORF86 were amplified
using the designed primers by rapid amplification of cDNA ends (RACE) technique, and the full-length
cDNA sequences were spliced. Blast sequence alignment illustrated that this gene has 100% homology
with oyster herpetovirus and 99% with the AVNV. Moreover, overlapping genes were found in the cDNA
sequence. Bioinformatics analysis indicated that the protein contains neither a signal peptide nor a
transmembrane region. The maximum hydrophobic index was 1.800 and the minimum hydrophobic index
was —3.456. There are eight potential phosphorylation sites (including five serine sites, two tyrosine sites
and one threonine site), a potential O-glycosylation site, but no potential N-glycosylation site. The epitope
were mainly located on the amino acids of 8-11, 14-16, 28-39, 75-76, 88-95, 97-100 and 147-158.
Results suggest that the virus may be a strain of oyster herpetovirus, and gene overlapping may play an
important role in the virus evolution.

Key words Acute viral necrosis virus; Anadara uropygimelana; Inhibitor of apoptosis protein; RACE;

Bioinformatics analysis
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(RERIMEXT 3 FhRLFE H S (Apostichopus japonicus)

HSEKSHUEENNZE

WooE Y ERAY &

S S

(I WAREBHEAYERE H8  266104; 2. INAREBEKMEERE TRERTRPL FE  266104;
3. REBFAKFREARAR RE 2575005 4. HEFULOKF=HRAR  HER  276800)
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LSS EKMpEEORl, EREAEHEE S, £RET, SHABASREEKEEABE —F,
MEEATT AT, HE 168, FEAKERK, SHBEHAEREEP<0.05, 55K THEY BA
R, ZHEANREEEAERT, LEFEE; HE3 N, FELAKERT. #HF 1624 TEN,
REHNEAE O, BN, BHRTET 8% -5, MEENATTASE; BE 24 0, EA%H
FEMHRFREH AT, SHEAERFEEP>0.05), MEHNSHEEaREEARE 20, 2 LE
&£ (P>0.05); #h/Z 20, 22, 24 LI 4N EEE LR 3 £ R (P>0.05), T ALER S0 B E A
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T 2R E AR TR R
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FESEE S917 XHEFRIRES A
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(Aspidochirotida) . #l|Z#}(Stichopodidae) . i #Z &
(Apostichopus), &3k E % ULk Fh 2 s SR M i i
F, URBZIH B B ) SRR (R MRS, 2010), ITAF
Kbl N A TG A5 = PO B R A o, S
Yy ta SKIIRG , R T SR 0 2 2 kR (B4R,
2007). HHETHIZ Al AL Ge iy 18R 23 A X4 e
B AT X, Hoh 5 LR A B =M 5 T
T8 S FE AR AR E W X (A6 45, 2012), JFJRAIK
AR PR X 00 2 A K5 ) 4 B 5N AT Sy ) 2 {5

*E K “863” TTHI(2012AA10A412), [FH Kl SR
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4, 2007, JEELSE, 2007; FMNRUWLEE, 2009), ¥ KA

IR PEAT I RMIT & T 4 27 5 H (201305001-4) . 1R & BARA
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o JEE AR ) R UG 8 R 350 068 300 2 0 1 Tl 15 7 52 WL )
WFFEARIE 19 A 22 UL o AWFFEE AR T RER R 25 F
XA RIS R 24 2 A K AL 1 52, 5 7E
RO PREE T 2 402 4% A K B B i Ak A R
&, RIS TARER R B T O R MR S, JF
N FRBHAE R R IR PR 2%

1 #MR5FZ*E
1.1 el

STES IS T 2013 4F 4 A RETINEREEA KM T
K= FRFE BN B S A S TR, 2 2 AR
PEAE WIBIE 5 e A 5T 0 U IE 5 0 S 1L TS B AT
S WEE 3 FORRIBUAS BRSSO 4, KIS
(LA i (28.37+3.21) g, FFHLAE (M) 244 i i
(7.52+1.25) g, /INIAK(S) IR (2.03+0.68) go
FIZ32 BT, FEAS RIS 5350048 7218 2 A K%
A, LA, HHGE N SE I E AR (R 31, pH
8.1+0.2, /K 16-18°C)., BFMME, HEMHESL
MR R 1R, B RS S ER 3%-5%, [F
42 e A A 5 0 U B O 1S 1 E A1 T A M A
Vo EHFUIEH | Rl SE B HE . TR =
YENLH X4 .

1.2 SEIHigit

BRI 16, 18, 20, 22, 24 A4 HR4,
PIERFE 31 09 BRI X IRAL . FHZ H SRR Y B
KoK 5 A SRR A 17 RN EE, R R BRI A
BN, HERBILWERE, ISR AT
XIS AT FEE 5 do PIMLEE RS, 256 48 h,
Sy RIS TR T K AR (45 cmx35 cm=30 cm),
RIS A A, A IKIEF WA KA RS 10
Sk EAS IS 20 Sk ANV IS 30 Sk, BEASAbEE
WE 3T, SLRiE T 30 do
1.3 HEERE

LU AR ELE TR, BRIk 1R, FI
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MK, $hE 16 B, JISfee KB R/ADN, 5HAbL
5L B S A St R 22 7 1 3 (P<0.05); #hE 31
B, RSHEEd KRR, L. M. S =FEUE 25
083, 0.81. 0.98 %/d. 7EERIE 18-24 JBEIN, K.
IINKAS i 2 25 SC B0 A R A KOR 50 I 25 5 g
(P<0.05); $hHFEFE T 20 B, FRIAS 3l 2 52860 4 45 2 A
KA 5% I 22 5 AN 3 (P>0.05),

TR R DML, ZEMRERFREE Y 3 Fh
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F1 AEBET 3 HRER S EEKE SGR (%/d)

Tab.1 The SGR of three-sized sea cucumber at different salinities

L Salinity

FHE Size
16 18 22 24 31
L -0.77+0.19* —-0.57+0.21° —0.08+0.14° 0.10+0.17° 0.12+0.24¢ 0.83+0.24¢
M —0.5240.25° -0.32+0.12° 0.34+0.21° 0.64+0.30 0.73+0.26° 0.81+0.27¢
S —0.74+0.12° —0.58+0.34° —0.45+0.10° 0.14+0.25° 0.55+0.14° 0.98+0.21¢

W AT bR A AN [R) 7B 3 32 R 4 () 22 57 J 35 (P<0.05)

Note: The means with different letters within the same line are significantly different at the 0.05 probability level (P<0.05)

20 IF, A2 ERBERE AP, JERRK, TEolfE
Jisk, RERS H ST, MIFEERERE b, Bk, %%
EU S 2, 55 A SR K ER L 250 T APIRZS AR FE AR L
W5, SCR N AR RS AR i T S

2.2 RERIMEX RIS H L BETE BRI

221 AR IR R A K G BEE ) 4R R NG
ERBEXT 3 A [R)HUAS i) 2 10 A8 8 I Y 5 e
W FIR. FEERE 1624 N, RIS WILEEA
il 6 M B B PR I R . FEERBE 16 B, 3 R
& 2 i 3 B, 1 S PR 34 38 B R K %ﬁ%ﬁi
SR (P<0.05); £hFF 24 W, B A B IG PRI B i
K-, SXF A 25 R ORI IR (P>0.05).

FEERFE N 20 F+ 2 22 BF, K. R R B2
TH B BG4 2 B 3 T R (P<0.05) s /NS IS
T 2E ARG TR AR R EE 20, 22 BHC B 3 2 5(P>0.05).,
BAN, FEA—EREEKOET, AN R (4 0] 2 88 i S
AR BB 16 B, . /NS R =8 I B

PR F IO Z . RS T, KRS E A
R PR SR T, MEREE T 20 B, R [RIBAK =
_45p . d

Saof ™ c ¢

—:3'5- ¢ c[kd CCI
= Eaof ii
=3 25t
= 20f
WS st

S 0.5}

& 0.0 .

2 24 31

L Salinity

1 AN [ B R 2 2 R 1R TR

Fig.1 The effects of different salinity on the protease
activity of sea cucumber

AR I B3R i 3 22 57 (P<0.05)
Different letters on the graph mean significant
difference (P<0.05)

B A G PR 0T AR T R K

2.2.2 AR IRBL TR AR A B E M 69 F ATH]
rﬁfsﬁmmﬂ%ﬂ%ﬁWﬁﬁ%ME@m@m
WK 2 s FEERPE 1624 JE I, H) 2738 T ) il
TG IR B A i p A, $hEE 16 BT, 3
ol R AR 0 2 7 38 V€ # B 1 3 A T B AR o EREE
16, 18 SEIRZH A, KA 2 U by B 1 5 0 FE 20

SRR B FEP>0.05); HELEEM 18 FHE = 20 B, JEk
BEREYETE s EhEE 20, 22 24 SCESAH TEM B G YE G

25 (P>0.05), 5H AR A KX IRA 2 5 B
(P<0.05), " RIA% HI S Ve My BTG HEAEER B 22 TH& 24
FoF H R B 3 8 9 (P<0.05), ZINEIUAS Il 5 e 3 TG 1 A
EREE 20 THE 22 i H BRI AR LR AR

2.2.3 AR IREE T ) AR By Bl E 4G F ok NG
ERREXT 3 PR [R) AR S 21 £k 8 N 155 T 4 1 5 )
W 3 FiR . FEERIE 1624 JL I, 3012 W3t g 1
TGP S R R A T T o B AR AR A TR AR
T VE R BTG AR A I A — 2, YR ERE R 16 B,
3 RIS o) 2 38 1 I e 035 R 25 4k F AR, S5

M2 AT W W 22 5 (P<0.05) 5 7EFRFE 24 I i 1y il 1
04
2 mL
& oM be
e 0.3 b bbl
. B os T
H.?,_ﬁﬂ =) b ab
2 202 ab A A
== a
@ § a aa ab al
2 0.1t
>
E
< 0.0 - . . . .
16 18 20 22 24 31

hZ Salinity

P 2 AN [l o 0 25 oy T 1 ) 52 )
Fig.2 The effects of different salinity on the amylase
activity of sea cucumber

AN IRV SR 3R B8 3 1 22 57 (P<0.05)
Different letters on the graph mean significant
difference (P<0.05)
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Fig.3 The effects of different salinity on the lipase activity
of sea cucumber
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Different letters on the graph mean significant
difference (P<0.05)

KRERA, SRTHE 22 WA LKAHEES
(P<0.05) K HIAK I 2 17 38 i i Wi 076 R AE SR B 20 T+ &
22 B PR G G R (P<0.05), /NIAR ISR TE 22 F+
5 24 st B T 5 2 11 R 2 0 R (P<0.05)

3 it

3.1 REFESHUE RS E KNI

HAR AR A S iE A A B Re ORI 1B
B, MRS IN KRB 5% AR, LR FE
g e/ (Dalla, 1986; T EFI%E, 2007) FEAMF 5T 1,
MR T 22 B, RIS SR, W, BERE
B, R ERELT 22 T 20 B, HISAK
WONGENE; MEEMRT 20 B, HSH TR BIER
MIFEREIG R, HBLGAER, 3 B[RRI (Y 21 2
X — A KR,

TH Ak T 1 55 7K™ 20 1 5 35 WOBORN A= K BB
wY. WIS hiENSANEEEF RS L B,
VE Ry Tt R M G HL b R 3 R AL . AR
— BRI A, o A A RS T A YA AR
(FF5Ha, 2004)", WM s TER G ER 2 220
THACHE , 1% AT R (24 2555, 2007, FEEE4E,
2007) 5 Mg i 6 1R 25 1l — R TR R P VR M AL
(Shimizu et al, 1994), 7E il S 14 AL B (5 1B . JERD 6
i P ) P % T AR 2 25 5, 2007) ., ARBFIT S R %

W], T AT R K P B R AR D2 T RIS A A Rk
AE, I ALREE PEAE RS (e B R K P, (2 ik T 2%
BRI AL, A 2 O T R A K
HE

3.2 HETAXRSIHLEFENZME

VEZ W45 R M, 8B S0k A= sh i i v AL il
PR AR o BRAMESF (1998)WT5T N, R RENS
SRR AR BE R JEHILES 0 2 o, X R S 3 A B
F1R) B ) )t S A 3t TG ML %o il 1 RV SR S B o
VFZ TCHLES & I AL B A B0 7 sl i 55 (Squires et al,
1986), BTy, H52m i Bt A AH ) (2= 45,
2011), HIAHFIZE(2008) A58t & 8L, 7K By TCHLE +
A FH 6 1T 8 Sk B S e A B R 1 2R A
FEQ008)WFFE KB, JCHLES 1 ELEE X B~ VR
LB 5T 25 SR A e W, R B REAS S K AR S BT Ak
g 1, AR A R B R O SO T A 7R
ARTIFFE Hfr, AN [ A A o I ol 31 2 R 9 SR 3R
BB IE A 22K, NERRE B A S R
R AR, TS S0 L IE N TCHLES R, i

ST RS0 A T TR

FEARER AT ST 3 P AL AR T i I 58 25 21
T, YEREEAE 20-24 YIRS, 2R 18 0 AR T
Y FIER SR 31 WK Fa 5240, X uliifE
— 7 0 ] PN ) i) 2 0 A B 0 A — 2 T T
ERT; BEEEREEIN 24 TREE 16, HARME . JEMEGTH
JI U TG M A RIS , B R IEH KLU, HE A
BB a2 T, i S A FRAR )
RE NRERTEL ., ABFFREE A 5 IN B EF(2009) 82 H (1 7E
—EER BV IR N, £ AR A ] X o 2 0 AR e A
W TosE e A AE 3 R VE R O A 2 AR — 3K
SRR TR, L /N 3 R ST A B R A
AR R BE O AR — 3K, WTRESE B TS e A Kt iR
Hh R Y T B P 7 A ST S A R % R
KA TR,

Ak, Babkin(1950)F55 & 8L, sh ik N AS [FITH
PR 2 (A AR ORI o 2 — Pl TG P & AR AR R
A A B B 35 et 2 [ BSE7 A ARL S B AR AL N,
2 v — it 0 v A AT A [T, At T Ak Y
TGP TR SRR ZEARDETE T, JZ 3 P ik
TG I Bl Eh AR A B IEAR 2, WIE T X —4518,

D) 5. EGSNAE BRI, T EEEEIC R B A8, 2004, 52-54
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The Effects of Low Salinity on the Growth and Activities of Digestive
Enzymes in Sea Cucumber Apostichopus japonicus

ZHAO Bin'?, HU Wei'?, LI Chenglin'*", HAN Sha'?, DONG Xiaoliang’, WANG Bo*, JIANG Tao*

(1. Marine Biology Institute of Shandong Province, Qingdao 266104; 2. Healthy Mariculture Engineering Research Center of
Shandong Province, Qingdao 266104; 3. Dongying Haiyue Aquatic Science and Technology Co., Ltd., Dongying 257500;
4. Rizhao Seamount Fisheries Ltd., Rizhao 276800)

Abstract Salinity is an important environmental factor in aquaculture that has significant effects on
the growth and digestive physiology of aquatic animals. In the system of an aquatic animal digestive
enzymes play a crucial role in the nutrient absorption and growth performance. In this study we
investigated the effects of low salinity (16, 18, 20, 22 and 24) on the growth and activities of digestive
enzymes in sea cucumbers (Apostichopus japonicus) of three different sizes (28.37+3.21 g, 7.52+1.25 g,
and 2.03+0.68 g). The results showed that low salinity had remarkable impacts on the growth and
digestive enzyme activities in sea cucumbers. The SGR of all three types of sea cucumber increased along
with the increase in salinity, and it reached the lowest value at salinity 16 when the animals failed to
stretch normally, crept at the bottom of the tank, and almost stopped the food intake. The lowest SGR was
significantly different from the control (P<0.05). We also observed that the SGR reached the highest value
at salinity 31. In the salinity range of 16—24, the activities of digestive protease, amylase and lipase all
increased as the salinity rose. The protease activity of sea cucumbers reached the highest value at salinity
24, which was not significantly different from the control (P>0.05). Small sea cucumbers (2.03+0.68 g)
showed no difference in the protease activity between salinity 20 and 22. Activities of amylase were not
different between salinity 20, 22 and 24. For the medium-sized sea cucumbers (7.52+1.25 g), the amylase
activity increased when the salinity rose from 22 to 24 (P<0.05). The lipase activity of large sea
cucumbers (28.37+3.21 g) significantly increased when the salinity rose from 20 to 22, while it was
elevated when the salinity rose from 22 to 24 (P<0.05) in small sea cucumbers (2.03+0.68 g). However,
when the salinity was higher than 24, the activities of digestive enzymes increased as the salinity reduced.
At the same salinity sea cucumbers of different sizes showed no variation in the activities of digestive
enzymes. Our studies on the activities of the three enzymes at low salinity will provide reference for the
salinity control in the aquaculture of sea cucumbers.

Key words Apostichopus japonicus; Low salinity; Growth; Digestive enzymes
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K% % 12
(1. REERFERFAP G N TR K&
AR B DR e B AT BRI T

F B xXk#E®

k%1 REHS

116023; 2. Ab B EE Vil 54k K R B N S SRICH LR %
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116001)

e HE% T % Wk # 25 (Asterias amurensis) &t T % g UL (Patinopecten yessoensis). #i 7L & UL (Chlamys
farreri) . # 4 47 (Ostrea plicatula) . % Ul (Mytilus galloprovincialis) . 3 & & # 17 (Ruditapes philippinarum)
SHRTNENEEAFRGHILENNF LT E, ERET, EARLEAR, 5% THEHE
FUT, 2HMEEERTSHAR TN LY TEE, EXNBAENELHENE, 4, ZRESENE
BEBTNEARFEN D ET THM 4 IEP<0.05), 27K 5.7, 5.0, 57, 53, 6.0 2/, T
BN R A EREHFNE LR FEEREEY W, R, XAZRRENN TR, £F 4 h
HR-AKMIALBI, ZHEEFRIALEZFHEHELTHE, £ 18:00-2 H 06:00 WELERFH T
06:00-18:00 #y3& & & (P<0.05), 2410 60%Fn 40%, % i & E &5 1% B oA 18:00-22:00, H A

MELE| 58%, TEFETHME E(P<0.05),
KA LR F; BELEN;, BeYv e
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BB Ml LR TR K 28 B DL S R B A EE A
Yifhe 2z — , SRR P S BT — A MR 2 = R
i 2 Bt B (UK, 2008), ITAESR, A T faffEi
FRAE A R R, U A DU SIS 1 e DX A 2 R
KimREM IS, i B EY 5 & XX IR R R
BAATE TR ST, 2a IR 5L 5 R K
A 2 55 i 2k (JE B HT4E, 2008; William et al, 1982;
Hatanaka et al, 1958). 2007 4F- 3 AJIKE 4 A, 7EIEME
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(Mytilus galloprovincialis). FEFEE=IA(T 5 Fh DL
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japonicus Selenka) . H [E X} ¥} (Fenneropenaeus
chinensis) . Kk 7~2kfii(Hexagrammos otakii) >y T 1H
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B, W5 2 B 5 G AR B T N .
1 MRIEFE
1.1 SEIE#

LA Z G RERRTILTERKRGBEE TS
TR, HRAEN 110-135 mm, REH 4 205-210 go ¥R
B DL FFLER DU L KRR . TRDL . SRR . H A
b S P EXTER . R UE SR R I TR T B
YWALF XK =T o X 8 1 B T 38k 1) A W b 2 4
i, W PR A RS . L H A | 302 | E XTI
RULALA TR T PR A P seik), %
FINT 22 it £ 2R AR B DL 2R sy A 8 2 DLk
YRR LR 1,

SCTF 2013 4E 10 H 22 H-11 J 12 HEERE T
RRIGERE R RAN B LT, B Em 5
BN 5.5 mx2.5 mx1.5 m, FofA KA,
SEEGHEKE E )T IX BT A, MK S UUNE . PUE .
STERE, S ER ALK, SCEE KL YSI
Proplus 7K U4 E , /KIEN 13-15°C, #HER
30-31, WA EN 7.8-9.7 mg/L,

Z B R RZ N5, R T B R K e it
H KR 7000 L), B3R ITR G R 2efa 2RIk,
BHREN10d, RHAARLE, 5K 06:00 Kk, If

45 24 h TRHA,
1.2 A%

121 S#hEHES 5 AN KB L®ENR %
PO AE FEY G R S, WHUMET KA 24 h /0L
LhER, SRR A SAl. T I, M, VA5IImAT
PR H AR | 2 PRSI R defa, V4l
RXTRRAL, BRI 3 AT

R T AR 2 4 G R B R, LR i
Kim., & 05mMWrEReEMiEE, A% 442G
SR, MEK/NE ) 20, K 4 A2
FELEAYIHCE TREE M 4 AN A7%, S b R TR A ik
B4 HUFEm I 4 JALE DL, 4 B, 4 B
TEOL . 4 HAEFREIAAT, [N, RGTEZ
M 545 DR Z I A T ik, 230 24 %F 5 Fh
ISR B LT W 2,

ST 06:00 PR, Z AR 2 h g 1k, If
e Rb TR, AR B AR T 53 A P AR %) i REK
i, BB H 06:00 BB FRIE, 0GR E R E & X
ZErehE . WIRHE A 3 K LI B R A
B E L AT, PR R U 2 e 8 A
PR B R] A AR A DL 2R B R T &, R E A
bt D A 2 i o AR A B £ T o 1) o 5 P A R
PR T R Y HUAE A T R 4R

R1 RBANEEMFER

Tab.l The biological index of the experimental bivalves (Mean+S.D.)
W) EFR AR IR 3 D ML I (kAR v T bl AR IR AT
Biological index P.yessoensis C.farreri O.plicatula  M.galloprovincialis  R.philippinarum
51 Shell length(mm) 60.42+2.03  59.14+2.81 60.69+3.21 38.22+1.54
5% Shell height(mm) 60.46£3.20  63.37+1.35  96.20+4.82 32.80+2.20 22.1342.29
529 Shell width(mm) 15.12+1.19  20.16£2.01 24.89+2.05 16.29+1.25
BB E Wet weight(g) 34.7843.63  33.80+2.59  94.36+5.28 28.24+1.36 10.20+2.62
HARIIE T Soft tissue wet weight(g)  17.11£2.06  20.84+2.79  17.56+2.13 9.58+1.75 5.06+0.98
BAKER T H Soft tissue dry weight(g) 1.80+0.21 2.53£0.34  2.09+0.25 1.2240.22 0.68+0.13

R2 ZWMEBEENSMHREMRRIEREIEIRT

Tab.2 The experimental design for A. amurensis feeding selectivity on five species of bivalves

S8 D1 2% Experimental bivalves(ind)

T4 1K} Interference baits(ind)

i 0L

4151 URERR L MifLE DU R AL A

FERGT g

P~ HEXTIR RN

Treatment P.yessoensis C.farreri O.plicatula M\}?r?g:gﬂrso- R'gglrllljﬁ]p" C.japonica A.japonicus F.chinensis H.mosotakii
I 4 4 4 4 4 4 0 0 0
| 4 4 4 4 4 0 4 0 0
m 4 4 4 4 4 0 0 4 0
v 4 4 4 4 4 0 0 0 4
\% 4 4 4 4 4 0 0 0 0




CAR Y

R EE: 2084 (Asterias amurensis)% 5 FlOBGE I S (145 & vEREME AR B 15 99

122 2HEHEGERLT & BT 2 A
Xt 5 i DL AR B R SR, R R S AR
DU, SRIGLIZ IR RL, T 2 06 & A MR e
TS . LA 14, R 3 AT, BT
K1m, & 0.5mMEmEMETT, 74 HE
TR K 4 R B0 4E  BIICE TR 4 4
g, BB CE 12 SR DLk,

¥ 06:00-18:00 %E M 1K, 18:00- H 06:00 &N
P o O SRR AR DL A IR T A, AR 2 h g
— IR PR BRI, Il AR B 2
WO R RCE . LT 06:00 FFAR, 18:00 W5
I e RERE, FhAEEIEORERE, 23 H 06:00
WAEREIF IO E e, LRER 3K,
1.3 HELE

131 HAEAX
A A -

SN 5 FhILIGE AR

F=D/T

K, F R 2 B 8 E X A DL 2R B R
(H/d); D hBR2H 2 s 5 45 0 A DU B B B8
w(H); T AEHE(d),

22 00 B AN R R B A 43 LU R AR

f=(m/M)x100%

Ao, f oM 2R XA R R T Y R R
o (DU TR AR T ) ; m R R i &
TR E R (g); M 2 Ml £ 42 0 [F R4
BB B E ().

22 W0t B AR B TR AR

P=(n/N) x100%

K, P RHZIOE R EIR; n HEBAT ]
R 1) 2 e S A8 () N R SEER 2 it 42
SR,

E NN E NN Y QU S S WE R s g o R/ W
ViR
fo=Mo/(Mp+M)x100%;  fL.=M /(Mp+M,) x100%

Krf, fo NZHIBEEARTYRBEEE
fL MW E BT YRR EE L Mp N Z
BREARTYRREERE(g); M AHZ R 4R
KT R E E (),
1.3.2 HEL%ITE 5 K H DPS Gtttk it
XS BCHE E AT G oy, NE R RN AE
Duncan(H & #2575 0t sp 25 I R 1 22 54, AN
INE FREFRINAE P<0.05 K FER B E,

2 LR

21 ZWMBEFEXSFHNLNBERRFG

211 #HEE AT, FEAR AT PR
WV 4L, B0 5T 5 Fh DL 55 e BRI
R AEAEEIAAT . TR DL | MIFLES UL, REARE | HRFEES IL
BERSMHN 6.0, 23, 2.0, 0.7, 0.7 H/d, Hrh,
X T AR AR A B 3 2w T A 4 A DI, Xt
THRHE R DL, R AR R AN, H S HA 3 Fh I
FAFTE 1 3 25 5%:(P<0.05) . TENINA THLIERIAYHT 4 41
SEE R R ECER B R AR A B DL R R PR Y & A
AL, 2R B AR I AT I B R R Y
835 T A 4 FpDL2E(P<0.05).

SRR, FEARMA TR AT, 2
FLEXT T 5 B UL EE B B R PE U M R TR AR AT
TR DU FEFLES DL B ARG . HRER A DL, T HRAERL N
A TFEARNT 22 s 45 2 0 5 B M i I S ]
212 ®ETHK TF 5% 22 Pl I 48 2 5 AN TR) P
I E b, IFHE TR 2 i £ E 4 7 S
i DY 2 g S e FE JEE , [R) Ao oAy 22 JTAT 48 4 B 21 A A
FERMRIE o 455 2 iR, A THER A A
i) 14, 220 3 2% AL DL A4 E 43 i
BN 37%, 0 T R AR T A AT A % Al T R
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Selective Feeding on Five Species of Bivalves and Feeding
Rhythm of Asterias amurensis
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Abstract

116001)

Asterias amurensis is one of the primary predators of bivalves that often cause massive death of

cultured bivalves. Better understanding of the feeding ecophysiology of A. amurensis is the key for developing

effective control strategies. In this study, we recorded the selective feeding and feeding rhythm of A. amurensis
on five species of bivalves including Patinopecten yessoensis, Chlamys farreri, Ostrea plicatula, Mytilus
galloprovincialis and Ruditapes philippinarum, and thus identified the characteristics of feeding of A.

amurensis. The experimental animals were collected from the sea area of Zhangzi Island and then transported

to our seaside laboratory at low temperature. The A. amurensis was acclimated to laboratory conditions for 10 d

before the experiment. The experiment was conducted between October 22 and November 12, 2013, at the

water temperature of 13—15°C, and at the salinity of 3031, and at the dissolved oxygen level of 7.8—9.7 mg/L

in a concrete tank (LxWxH=5.5 mx2.5 mx1.5m). The results showed that A. amurensis had the highest feeding
rate (P<0.05) on R. philippinarum, no matter whether interfering baits, such as Charybdis japonica and
Apostichopus japonicus Selenka, were present. The values were 5.7 ind/d, 5.0 ind/d, 5.7 ind/d, 5.3 ind/d and 6.0
ind/d respectively. There was no significant difference in the feeding rate when A. amurensi was fed with

different interfering baits. We also observed an active feeding rhythm of A. amurensi in a diurnal cycle by

feeding them with C. farreri every four hours. The percentage of food intake between 18:00 and 06:00 was
apparently higher than that between 06:00 and 18:00 (60% vs 40%, P<0.05). Furthermore, we found that the
feeding frequency of A. amurensis peaked between 18:00 and 22:00 (58%, P<0.05).
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Asterias amurensis; Selective feeding; Feeding rhythm
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DIXT HRZH TN VR BE 38 s e dee o B I o A AL e iy
WK, FRPKM TN AR Bt D ;s S50 B2 A
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B o X RRZ(TO) KA TP v B3 bk i oAt 5 4%
ERAEY, 254K EE(P>0.05), T50 /KA )
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F1 FAHEHNTFEMEKEEE
Tab.1 The survival rate and growth of S. nudus (Mean+SD)
4151 IRGES )4 H YORHE
Group Survival rate(%) Initial weight(g) Final weight(g)
TO - - -

T50 92 1.24+0.03 1.34+0.14

T100 91 1.15+0.06 0.97+0.11

T150 85 1.22+0.02 0.99+0.07
3 it

DIEBFSE R, KA S W i 18 B 5L V5 3
AL LLSE w0 AR 0 AR A RR AR, dn B i S
(Parastichopus parvimensis) (Yingst, 1982), il
Z:(Parastichopus californicus) (Ahlgren, 1998). #4H
f# (Uca tangeri) (Wolfrath et al, 1992) . £ EK3h¥n
Z 14 BBl Vb 4% (Perinereis nuntia)5%(Honda et al, 2002
Palmer, 2010; Musale et al, 2011)%} Ui Y HH A HLIE
o i SR B A ] BRI A DL SCE SRR B AR AL
AT i 252 o B A 2R 3%t DUAR ) B 52 e AN (] - 3
ZRMAEEIE, W7 TENIRZIRY R 1,
G EMZBRWA X, HAEESREH R E
SN T 32 AR IR AE AT LUK 3R T T AR P 7 e
FnEHHE (Shields et al, 2009; Li et al, 2015), Graf (1992)
WF5% % I8 AL i (Nephasoma lilljeborgi) v LA 2 i T X
Wiz 3] 9 om BYIRAL . ZHIFSE i R T A A A
JEZ DU A LT & e Txr R, HL B TR P
I, AP IR BRI A AT, X R
IS 2 A HLBT % i R JZE & 3.17%, T Hi4H 750,
T100 F1 T150 Ji$ )2 VLA LL 322 730 i Hh 15% . 19%
A1 11%, W% B B R Z DU A —E R
ER MBI VIR Z A YL S 5 RZ M
T, YR TIREAILE S &, RA VLR R F8AE
JI)Z, TR R AT BB s A RS ST B AR DA R CHHE
MPTENREB AR R TIRZ B A B m AL &
B o OB BB (2010)0 BF 5T R BL L AT DDA AL
(Phascolosoma esculenta) ) A 9 4t 0 AT LAt 25 B RIS
JEUCRR S v B A DL RS E P 5 D7 A% A U S 1 45 T
s A R, RIKE AP E A

JEAT Bl 0 HE 4 B S XA e R L R A R L
HATREIEE I (R85, 2004; S2BUA, 2010)7. Al

1) HOEHA. S IR0 W DU — K S SR AR E B AT, VR R A 2R 18 3, 2010, 105-111
2) S, WYL Eh VR AR A TR EE W RS Y W B RS e B o KV TR SR A 2R 7 18 3, 2010, 22-51
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e gl 4y 3 2o FLA A R 2 K A I ke K BIA
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(T100 1 T150)3 )2 Flrp 2 [H] B K & X B2, 1 2]
WG, &% A AL I 41(T100 A1 T150)4% )2 (1]
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(AT ESE, 1996; XRERFASE, 2006), AR, Wt
AN HRIZL, 2 FBRE TR PSR, Wi
¥ R HIG EhEE , EARMTIRZE A NE SR, 1T
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)V At R I A A 1 2 A o R R TG M, 25 ) T ] B

IR HIE Bl T K T PR R (PSS, 2013).
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Influence of Bioturbation of Sipunculus nudus on the Nutrients of Sediment
and Pore Water in the Polyculture System of S. nudus and Mugil cephlus

LI Junwei', ZHU Changbo®, GUO Yongjian®, XIE Xiaoyong*, HUANG Guogiang?, CHEN Suwen®

(1. Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture of China, South
China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300;
2. Key Laboratory of Marine Biotechnology, Guangxi Institute of Oceanology, Beihai  536000)

Abstract To study the effects of bioturbation of Sipunculus nudus on the sediment and the pore water,
we established a polyculture ecosystem consisting of S. nudus and Mugil cephlus in the laboratory
conditions. The experiment was conducted in 20 breeding tanks (diameter 1 m, height 0.8 m, water
volumn 550 L). S. nudus [mean weight (1.2+0.1) g] was stocked at four different densities in the sandy
sediment at the bottom of the tank: 0 (control), 50, 100 and 150 individuals per tank. In each tank 3
juvenile M. cephlus [mean weight (24.5+0.5) g] were cultured with normal ration supply in a net cage
(diameter of 0.8 m, height of 0.6 m). The sediment was prepared in layers: the bottom layer was 6 cm
thick medium sand (grain size 0.40-1.10 mm), and the top layer was 1 cm thick fine sand (grain size
0.10-0.28 mm). The results showed that the organic content in the bottom sediment (6-8 cm) in the
experimental groups was slightly but insignificantly higher than that in the control group (P>0.05). The
contents of nitrate nitrogen (NO3z-N), ammonia nitrogen (NH4-N) and soluble reactive phosphorus (SRP)
in the pore water increased gradually as the experiment lasted. At the end of the experiment, it was found
that the NOs-N content in the bottom pore water was negatively correlated with the density of S. nudus,
and it was lower in pore water of the T100 and T150 groups than in the TO group (P<0.05). The NH4-N
content of the pore water in the surface layer was the highest in the TO group. The TN content in the water
column rose along with the increase in the density of S. nudus. During the experiment, the NH,-N content
of the bottom pore water in the T100 and T150 groups was significantly higher than that in the TO group
(P<0.05). The lowest NH,-N content was observed in all layers of the pore water in the T50 group. These
results suggested that the bioturbation of S. nudus could partly boost the downward transportation of
organic content across the sediment, and consequently affect the nutrients content in the pore water.

Key words Sipunculus nudus; Bioturbation; Sediment; Pore water; Nutrients

D Corresponding author: L1 Junwei, E-mail: lijunwei303@163.com
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LY ARAF ALK BRI RE TR , HA A5 YR BT | AR
TCEERIE R, 2 AT IR Al 3 T R
Mo AR TR RANE 785, $eZ HIgiE S,
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MNHEFRIRTS A NEHRS

1000-7075(2015)01-0111-08
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T 25 A S R 1] S50 2 (A7 IR, I MR AL
P HE K LA S ZR B AR IR 2, — [R]ly [l 5
028 S A (5 T 98 R O L ) R AR R A 1 A AT
P 5 v R 24 R B A R ) (BC T AN ELFE LA TF)

1.2 REFE

SCERAE 30 cmx60 cm [ERAE PR T, BEHER
FF-48 2 i St R AR ISR (R 10 em), 5556
Gy RWUL, BB 3 AT, A 4N IRAL, AR
MR B 4TS, A IE®FIE0.66 g/4f)HIK
R, s AL, A2, A3, Bl. B2, B3,
BGTERNIMA 10 L BH RIS K, IFHE
BAFPFIA 4 K0S, ZE0BESE 1, 2. 3. 4,
5. 6. 10, 15 KAYHIE BB BCREFR N RS, R
FEJr kRl b, SEBRAEE R 25°C . IER G i
1o
1.3 EEFiITHE

XTUUERP ) S TR L NG L ST L Bk
A0, IR 2216E. TCBS. k40 . wiik4n
T A 0 6 e R TR (R RAOF A, 2002; M4,
2012), XTEEMIEATHBEIGE 0.1 ml E4ZIRAR TN
Rt b MG R AR I SR TR | S PR Sk i Jir TR >R FH e K
BUREE B R K HESE, 2006), XHRE BT RR RS
BT ml BE SR AR R AR RS 3L, T 28°ClHIR
KR R R . SR AR AR 2 d 5 T8 v
(30-300 CFU/RNA A6 [, ik B8 R Ak i 7E 42
7 d JETHER, THIRER A IR R AE AN S 7 d HFATITHER,
TRIRER A JU A FEFE RN 14 d J5 RT3, #0545 MPN
%, IR PR BEAS BOM AL AN T H R SR AR B 7 o
1 20 R AR
1.4 DNA HJIREX

¥ A1, A2, A3 FIBI. B2. B3 JriliRé, fEA
X HER 2L TSI 50 ZH R 7 SR AR B ] R, 5 R 0 4
(2006438 1 77 4R HL DNA , FHARSR TR IRE SR i
DAMGHE , K SN B TRUTHE DNA 1 h Ch SN EE 4°Cad

ULIE DNA, 3+ DNA Clean&Concentrator TM-25
{7 & (Zymoclean 22 F)) % DNA $EH= #1744k

15 16S rDNAV3 X &

VI EiR$E Y DNA SR, SR 4074 16S rDNA
V3 X 514 341F(5'-GCC TAC GGG AGG CAG
CAG)H1758R(5'-CTA CCA GGG TAT CTA ATC C)ifk
TP 44, IFAE 341F 59mfin Ak 40 bp [9E 7 GC 11
F Bt (Holben et al, 2004), LIf#i DNA A Bt DGGE [1J#:
R 50% 45 47 41 i B LF 100% (Muyzer et al,
1998), SR &1 : 95 CHUAEYE 5 min, #RJ5 94°CAE
30s, 52°CiBk 45s, 72°CHEMf 2 min, HEAT 30 N
o, )5 72°CHEM 10 min, §HGPEEIZS 1.2%50 5 b
BERHL K BEAT 4081 4 SanPrep #:3X DNA Jiit e[
R & (B TAY TR A RA DX PCR 72
Yt fraifk .

1.6 DGGE. R[E. MFE. FIlaHH

4tk i) PCR F=41% ] Bio-Rad DCode™ %75
I 2 4t (Hercules, CA)AT 7325 o FIT FH 2R T3 Js Pk e ke i
8%, AEMEFRNNERRBEVERIN 45%-65%, 60°C . 60 V
FHLTK 18 ho HIKZERGEECNEERS, %A 300 ml
1x TAE #1130 ul Gel Green ¥R YLK} 1) ¥R} 5 p G £
IR TY 30 min 24, ZJEHEERBET R S5
(DNR, DL ISR . SR 5 XA AL B 45 it
TUIEE . PCR. Fibs, ¥ wap =9k th Lifgd: Tk T
MR, P25 R AE NCBI H b7 Rl B e, Mok
B HAR M fe = B9 41 16S tDNA JF51, il FH 44
Quantity One Xf J¥ 5475341 o

2 HERE5HW

21 KiEPAREEEHAFEHHETNL

W IR 3 L PAT B O Y E R AR LB 1)
IRk RASCsdd T, S Rmsm e b AT
Fery ks, 7e58 4 RITIRENE NI, 15 d EkE 2
MR A ZKSE, IS BB R (1.27+0.66)x 10*—(2.71+
0.81)x10° CFU/g; MiAMek RFIAXRAL, 5505
AL EFAAE], BASEIRRE RO, Himm AR BES 5
K, MG —Em TEmd , il g F (1.27+0.19)%
10°~(8.07+0.40)x10° CFU/g.,

PR 3 AP AT 8 O E S EE(E 2),
SEH A AE AR BT RS, PR G B 2R T
Ve, ZJRAERFERAUKT, H—T X BALE, W)
JE. B M (1.00+£0)x10°—(5.80+1.20)x10° CFU/g; % MEZH
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INEECR WA — e Tt RE, 56 3 KA TR,
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(6.87+0.83)x10° CFU/g.
WAL AR Y 3 4P AT BEE BOT- 418 5 1 K (8]
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AL RN T ERE, BRYE 3 KA, BmMeT
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Fig.3 Time-course of nitrifying bacteria in sediment
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Fig.7 Agarose gel electrophoresis of the extracted DNA
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Fig.8 Agarose gel electrophoresis of PCR for theV3 region
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Fig.10 Diversity index of the bacteria from different
sediment samples
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Al 100.0
A2 587 100.0
A3 58.0 633 100.0
A4 61.8 66.8 78.3 100.0
A5 614 693 649 70.6 1000
A6 538 672 60.5 71.0 83.0 100.0
A7 536 63.7 55.7 671 726 718 100.0
A8 66.0 66.0 602 717 735 753 744 100.0
Bl 559 589 706 71.1 658 629 59.0 65.8
B2 63.0 636 654 637 668 632 586 667
B3 59.2 56.1 71.1 721 657 647 59.1 668
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Bé6 51.3 744 594 658 686 683 659 592
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Al A2 A3 A4 AS Ab A7 A8
Kl 12

fdi 14K F Quantity One A& AR B HE B &l 12
i, WA BRI )R, A A AL R BOHAIG . 5K
65 21 5 5% B2 B4 AHADL 2R BRI T S B0 4 PN B 45 B i ]
AL R B, SR HIIEER—BL,

2.4 {RILAE 16S rRNA EFEKE

XL S5 AT VD I A 25 - an & 1 s o 4
PR E TERERT, IR E TR AR AR
DA TR B TR AR R JEBE TR [T 1 2 A AT B R R 2L AT
WEE, 456K 10 ATLUE Y, 7RSI m], 2L
FLF R A ST S Acinetobacter sp. PAO16 (5575 5).
2 HO AT T AR 75 78 BR 74| 1) Staphylococcus sp. W-2(5%
5 6)F1 Staphylococcus sp. B(2012) (5574 8) M AlAT i
BB Caulobacteraceae(£%4l 7)7E S 4 2H A HE 4 Hh
WA NRHH ., P EJE M Aeromonas sp.
S5-13(4k7 14)F1 Aeromonas sp. REm-amp_ 229(5571%
26)TE S BG4 B L 3 B Bl ] — B R, e TR
BN, MAEX AL, IR, 4ERFJLR
JEA TR TR, S BT 1405 Uncultured Chloroflexi
bacterium clone TK-SHI18(5%77 22), TESLI 4l PG
PR B TERE I SRS, FE R R A S5 i R g
5o FFTE B4 E Lactobacillaceae(257 31)7E LI 4
B A s, SRR TGS, 1EX IR EoE B
AR, BREEE

3 Tt

Bifi 57 165 2 5 B AU N K, LR TEE 291k
FRAEALT , RIS PRRBINR K, FEBUNS KL
T, WA T ERETIR . MHKCHRIE (Wang et al,
2004; T R2A5E, 2007; skFE =%, 2006; LEIBFAE,
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Fig.12 Similarity matrix of the bacteria from different sediment samples
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Tab.1 Alignment results with the sequences of the closest relative of the dominant species
s =}
s GenBank %5 YyFh 4 RS AHAL
No. of the Gc?nBank Species name Bacterial categories Similarity (%)
band accession number

5 JN676117.1  Acinetobacter sp. PAO16 AL BRI ST R 95
Acinetobacter in proteobacteria

6 JX473725.1 Staphylococcus sp. W-2 JERETA ] AT B 100
Staphylococcus in Firmicutes

7 AB682432.1  Phenylobacterium composti gene AT T IR AR 99
Caulobacteraceae in proteobacteria

8 KC107218.1  Staphylococcus sp. B(2012) JERET ] FUAT A 100
Staphylococcus in Firmicutes

14 K(C202268.1  Aeromonas sp. S5-13 L TE T TR AR 95
Aeromonas in proteobacteria

22 DQ463738.2 Uncultured Chloroflexi bacterium clone Chloroflexi 99

TK-SH18

23 JF987238.1 Uncultured bacterium clone Paddy 75 6536 Uncultured bacterium 99

26 JX899588.1  Aeromonas sp. REm-amp_229 AU TR 99
Aeromonas in proteobacteria

31 NR_036982.1  Lactobacillus iners strain DSM 13335 JERER ] ZE AT R AL 99
Staphylococcus in Firmicutes

32 GQ412932.1 Uncultured bacterium clone 2FSeds_ D04 ~ Uncultured bacterium 99

2013)F B, ACEAMOTR | Al IR RN A R A
FOR S8 B LR AR EEBOR T, N T ROKE 375
PRSI AR B 5L B 0 I A A i R AR AR 4
TN B FE AR 4 bR R 2 — (S 4%, 2012; 4+
T, 2009V), Bk E KA AL 25 Yk TR B
ih, BARE S —E RO, (5 RN P2 K
ZiYsRER , PR PSR S IR i f B AR R R,
e T FRAR BRI R 7R T o BRI SE AS,  JE AR
K 56 T FH RS 9 e I 590 91T 0 2 9 A Tt W A0 41 T
ARNE I, AP RSO 20 12)/F58 1 A 25400 5700 % 55
2 N B AR AR IR I 5 AR AR A (2008) 4R 3E
Vi R 25 A TR AR RS R 2 AR T R X 2% R O B —— 3
P B R B . FEPUIE , (H 25 AE TR R 42 05 8 A0
KI5 S 1 A BETE A I Re e 0T, X 9B 1 0 a1 A
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FEIEIREE, FRRRIS SR K IR COD., W AisFRER Fi
AR, JFHAT L E AU B A A AL
W, AT BI s X 3 265 YL 1y 1) % ff (Rengpipat et al,
2000); 534h, EARMEEQOI)E, &I H e
TESCADRRE 1 30 98 fi) 2 Al 0 i S B2 R AKP
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AR 2 KIS, B R 25 mp R 20 143 (0 S
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FROSCR , th ERBE R W2 A B R T LB 16 o S 9
ERPLEE . ARG SR PR ok E , I AR Bl )
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KRR WL S 467N, B e ¥eT- . Il DB A
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+2AA B3, 2008, 28-36
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Responses of Bacterial Community to the Sediment Improver in the
Environment of Apostichopus japonicus Culture Ponds

LI Xiaolong'?, LI Qiufen®”, JIANG Weiwei’, LIU Huaide?, WANG Xiaohong®,
SONG Xianli®, AN Xinlong'”

(1. Ocean College of Hebei Agricultural University, Qinhuangdao 066003; 2. Key Laboratory of Sustainable Development of
Marine Fisheries Resource, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Qingdao 266071; 3. Marine Biology Institute of Shandong Province, Qingdao 266104)

Abstract Sea cucumber (Apostichopus japonicus) farming industry has been developing rapidly in
North China, but at the meanwhile sea cucumber diseases has become a growing problem. The
environmental deterioration was considered one of the main causes. A type of sediment improver studied
by our research group has been proved to be effective in adjusting the sediment environment of the sea
cucumber culture ponds. In order to detect the responses of the bacterial community to the sediment
improver, we conducted experiments using the sediment from the disease-occurring sea cucumber culture
ponds. The sample treated with the sediment improver was the trial group and that without the improver
was the control group, and we set 3 parallels for each group. The plant counting method and the most
probable number method were used to determine the change in the numbers of several bacterial groups in
the sediment after the addition of the sediment improver. The bacterial diversity was analyzed using the
16S rRNA gene PCR-DGGE and the sequencing techniques. The results showed that in the trial group the
numbers of the heterotrophic bacteria, the nitrifying bacteria and the sulfate- reducing bacteria in sea
cucumber pond sediments increased in the first 2 to 4 days, followed by a decrease and then maintained at
a low level, and the increase was significantly smaller than that in the control group. The numbers of
Vibriols and sulfurizing bacteria sharply declined 1 day after the addition of the sediment improver, which
were significantly lower than those in the control group. The sequencing result of DGGE bands showed
that the dominant bacteria in the sea cucumber culture environment belonged to chloroflexi,
moraxellaceae, Caulobacteraceae, Aeromonadaceae in proteobacteria, bacillaceae, and lactobacillaceaein
in firmicutes. The bacterial diversity indexes varied between 2.5 and 3.5. The numbers of 2 species of
Aeromonus were observed to decline after the addition of the sediment improver in the trial group.
Therefore, we concluded that the sediment improver could adjust the numbers of different bacterial
groups in the sediment environment and reduce the quantity of some pathogenic bacteria. The sediment
improver may thus improve the quality of the pond sediment environment and protect A. japonicus from
diseases.

Key words Apostichopus japonicus; Aquaculture environment; Bacterial community; PCR-DGGE;

Sediment improver
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Preparation of Composite Ultrafiltration Membrane With Dopamine and
Its Application in the Wastewater Treatment in Aquaculture

WANG Dong, XU Jia, SHAN Baotianm, SONG Di, LIU Ruicong

(School of Chemistry and Chemical Engineering, Ocean University of China, Ministry of Education Key Laboratory of Marine
Chemistry Theory and Engineering and Technology, Qingdao, 266100)

Abstract

In recent years, the marine aquaculture has been undergoing a rapid development in the

quantity and the scale of this industry. The wastewater from marine aquaculture inevitably causes
pollution to the adjacent sea water if discharged without proper treatment. In order to meet the criteria of
recycling or discharge, currently people have mainly used physical, chemical, and biological methods to
remove the suspended solids (SS) and ammonia nitrogen in the wastewater, and to reduce chemical
oxygen demand (COD) and biological oxygen demand (BOD). However these traditional methods have
certain shortcomings in processing wastewater generated in marine aquaculture. Compared to the
traditional treatment, membrane technology has the advantages such as the convenient operation and
management and high efficiency, although it brings in membrane pollution during the application. In this
study, we coated polysulfone ultrafiltration membrane with dopamine, and examined the properties and
the functional performance of the dopamine composite ultrafiltration polysulfone membrane. The
preparation of the composite membrane included coating and cleaning. The polysulfone membrane was
first immersed in dopamine solution at the concentration of 2 g/L for 12 hours in a concussion incubator.
The coated membrane then underwent vibration cleaning with deionized water for 24 hours. Infrared
spectroscopy analysis showed that dopamine polymerization formed on the surface of the polysulfone
membrane. The contact angle was 63° which was 21° smaller than the basal membrane. The hydrophilism
of the composite membrane was significantly increased compared to the basal membrane. The results of
separation experiments with aquaculture wastewater showed that under the pressureof 0.10 MPa the
removal rates of TSS and COD were 100% and 83.3% respectively, indicating high-quality wastewater

treatment.
Key words

Dopamine composite membrane; Ultra filtration; Marine culture; Wastewater treatment
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S TR K, HAERAVAERETE 100 J7 t 247,
TEI7E AN RE S HE TR R G K = S AR TR o B,
2013 4, [ 55 BEfE O T ki I vl R SR Al B
JMAE TR ) HEARfTE th, nsm i vl 95 I Fn
AESIBEORAT, B4R R L T RR S SR R
S TR E A I il & R 0 BT S5 o 7RIS Sh AT
A H a5 RIS OL T, B AR BB AR fb X i
T 5 5 A By 5 ) S el A R X R4 AR Ak Y e
7 AL R A A v e VR RN A AR | AR TR T
TR AT RRSE K JRAE ) i S BT AR, AR TR A
bR B S e A fed 5 i S N v I AN 0 e |4
TR G2 IR 4D T AT FE (9 AR R HLBE , DA TRl AR £k it AR
SR, TRl IR AT RS & R S S B AR D
PR SRR ER R | R A S RGBT HFLk
77 T RE R BT K 7 AL 2 1 4 B IBOOR 1Y) S £
HEBBARIE T AR S

2 R AT i M| A [ P8 % & B ES R ey =2
T U2 A I S e e S 1w o A 5 — 28 J] 300 [ K
(48032 el I 1) S, R — S AL S A M i 353
TEAEAR/IN, Fli 55 FL AR 7 5 52 3] ™ 52 e o 17 7 AL 3
bRl 24 2y [a) SR, B2 AR A 2 | %
U5 b 0 e P ) AR B LS A Bl A A ) R R G
HE VAR IR T 7 P B Y I vl A
(/N £ Larimichthys polyactis . 6 24 1 v [
IF Fenneropenaeus chinensis) fi) 4 A £ il iz 51) —
S ] bR A S e Rt JF R PR AR AT Al
VR AR B SRR ST, R R R S vl A AR AR X i
M AP R A TR | kT AR L BRI M RS
AT 52 e S5 )t , A ) 3 6 ] 4 ] o 2 T Y
o PO A5 R o B U8 43 T 5 A B ATE TR A, DA B RN R

oK T 7 A A ] s ¥ P B U B I A4 i
2 EFMIR#aMAZRESR

120 L A 3 SR RIS % T 20 4D 60, 70 4
R FAOC BT A0 287 i AR Wy (F0 B0 AFAE fr0) A TAR2H
(Working Party on Fish Egg and Larval Surveys)J{i
A T AR R FIEFIF 58 7572 (Standard  Techniques for
Pelagic Fish Egg and Larva Surveys)Z J5 (Smith et al,
1977). 7E 70, 80 AR IE brifs % 45 3 = 23 (ICES) %
JrEy 3 WA SR AR I s [ BR A AR BT 2 R R
TV RIS FE AL A B AR S Y B B S (Blaxter,
1974; Lasker et al, 1981; Blaxter et al, 1989), M 1977
AR 35 [ #aoll 2 2> (American Fisheries Society, AFS)
2 I A0 24 R AE2x (Annual Larval Fish Conference)



126 ook B

2 )R 36 %

W0 2 & 7 PN A2 L B b AH S AT 58 A0 R A 8l 285 1Y)
AR B ARSI R A T R AR R A
ZEVE B 52 e IS T e AR B B A A L AT AL 0K
izt AR . BRI AR AR SRS . YL AT
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[a] &% (Browman et al, 2014),

21 EXRTBUBTRT, BL AT ZET
METHURmMENFHER A —EERARFKX
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1 GLOBEC WAHSCHFE iR, LR VU “6%
11 5525 k" (ICES-CCC) . e BRPERy /Nl rp | 240
H 555 (SPFCC) FIL K PR S A 8k 5 25
4l ¢ ”(PICES-CCCC) %5 B} 24 1 Jl 7 5 A FH ik 72 A s
TRALHIIEIE , W98 S A8 AT i A0 S5l AR A 1 530
AT R G R A Y . B R AR AR, A
PRI B[] [ e = o o 3 0 A Bl ke A AR A Y
M) I R X U 5 14 285 2R G Ak 118 s A5/ FH 45 ) i, b
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R | 3 I 3 4 ) B R AR AL X AT £0 43 U
iz F A G R A IR AL 55 X BRI ST TR R R e
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LA B 2 BSHE S B R iR R g F e

22 RigMEVHEZETHIARBRELEFLN
REMAL AN TR IRR IKIERE
ot B 2R 4K B i) iz A1 71 <5 () R

T B 5 AD T A AR A 2l AR S U i R S
Bl 7 2E B R AE R R AR 3 5 R R ST AR
KR — H A KT, BN, AFS 55 37 Ji(2013)
P A0 25 R AR 206 A 0 o Bl iz 5 RO S v 8
FERBE Z — AR A OIS LG ER, JFHL
15 17— ZR 5 HE R (Leggett et al, 1994; Helbig et al,
1998a. b; Baumann et al, 2006; Pepin, 2009). 40,
WRUHNRL2E AR R, e T, JLigfs o
(Gadus morhua);™ Bl &7 7K i B AR AL 5 [ 147 fa i
TFIF S R ——h R IR RIS | PS5 0 i i 2R
oA g, FEUT AL T ICER B 5 L YRR
BRI KRR T, 38 B 25 JL A4 (R AU R 5 £ Fh o b 72
R W I YR 2R 2 A R (Beaugrand et al,
2003; Richardson et al, 2004), 1fif H A Rl2# 5@ 261 %
TEL AR SE, 2 THN A T H 7S 68 fi5 (Anguilla
japonica)f{ £ M 7= B 3 (5 FLY 49 9A% L BFF T 7K 38R) B &

W (AR KR MK IR O]« T 2000 km A9
R RS ALH] o BPAT o 7E b a0 T8 Y 3 RN BE S
B, JHE BRI sh F1 9K 3h 52 N = B 2 F 41
P i ot B o 2 BRAR LT JE/R R v S SR
T 35 e R K B K B ) SRR (AR L ) R
B R R AT i A A8 e e RN U A A ] AR B
a} 7£ 18 (Tsukamoto, 1992, 2006)., X L& Gl P75 Al
R IALHE T2 58 Gl 1 e

23 BUMBRHAREENECIEARRER
HFENEREBETHARARNES ESH

\\\\\\\\

AFS %5 36 Jifi (2012) F1 38 Jifi (2014)f-f 2 RAFE4x
A3 K <A A U A T B B B A [R) A6 T 3 X B R D
Fo A PEAG 4B L 0 28 R AR TR L B B T R
X B8 IR AN FE AR Bl ) R S AR AR g N S i
FH-HAEHE AR RN —, BETE
WA AU G 22 TR A Y L 3 R A AR A X
b &b FEBE R A YLK SE T 0 AR B9 4E F (Leggett et al,
1994; Pepin, 2009) . & F A=Yk BE% K H s E i
TEOL AN FERHARE A B AT T AR S AL (Bailey et al,
1989; Purcell et al, 2001; Pepin et al, 2003; Pepin, 2004;
Hallfredsson et al, 2009)LA M 3t T 3 A——%b R BEAAR
KRBICT HEAL 745 XS s [ T AE S R AR
T AR R 7K Bl 7 B Al AE A AR AR Al x £
2K R sh W A REBE T 09 i3 B F 5Y (Head et al,
2010), QHT 7 VFZ2 W00 AN EORE ik, Wik T
5P HURE 2 45 %5 (Pepin et al, 2005), [A0 IR FL A & T
— RIS R UL T A Hr B AL, i B AR 0 50 B B
Y PC L —E VT B YUk SE T PR (Cushing, 1990) . ¥ # i
FRVEF I FE T8 | BEREPE R 29 M SE T AL 53
M4 (Helbig et al, 1998a. b). 3¢ FLIE A5 7 ik
() BT ST AR A B 0] PN 75 | 52 400388 ) B9 1)
K,

24 EEHKTUESET, BLMEBNIFETHE NG
MHMEFESRGENENEEERTHE
ILAESK, Science Fil Nature & i — R 5 HH K18

SCEE IR T B AR AR ek AR A R S Rk S5 T g

M 4E A HLEE (Myers et al, 2003; Lotze et al, 2006;

Sibert et al, 2006;Cheung et al, 2013a. b). ¥l Fhif

X} FR 5575 Ak i i 1 HL A (Olsen et al, 2004; Worm et al,

2006; Cheung et al, 2009; Smith et al, 2011) ) }2 BT

AR A FR G 1) ol DR ) FE 5 A N M A P AR R
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it £ 42 (Botsford et al, 1997; Pikitch et al, 2004;
Beddington et al, 2007), J& i 1 [ P i B 24 4 iF
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2000; Laurel et al, 2007; Cheung et al, 2013a. b), ¥
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FEA T I H RO AR SRR PEAL AR (Kraus et al,
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FE #7281k (Hufnagl et al, 2011; Gréger et al, 2014)%
— RINER-H RO R AL, A I, HAET
ZHOH A TR AL T R L R IA 0 30 . FBE# R
W RIS G B S B, LS S0k A
FH 1 75 TRAAHSE S

g LR, BB Lk PR A8 Ak 5 vl 5% A2 B
KARMFEIN — A EE ARG TER AR i i
A RS AR Y BE AL L, PRl S8R AR AL BE IR AR FEL
) B2 i ———7h A 1 A g i R 5 3R AR K — Yl
BheFBLRN R R, BT — B YR A A b T 0k AR B FLEK 2l
BLEL, 5T A AR A X Ml 5% 54 b FE A TR R R ——
AN FERE I FR IS, R v b AR 1 3 e e by B
BEURANL , Aol FORE I B A R T AE R RGN
PR IE I M A B R 2R A -

3 ERHRIREAT

15 20 20 80 AR I, Tk el B¢ i~ il
RIS 325 5 A Tif(Pneumatophorus japonicus) .
K #: ffi (Larimichthys crocea) . /N& ff1 | 77 ffi (Trichiurus
lepturus) . 624 4 F B0y A 1Y) 8 37 1 VE 2 it
AW AR SE, A A A g i £
YA B e IR A A o <k 0 AR G O R Ik AR
W vl R IR AR R B 5 AR S M OC R B IEIE,
S T A A 2 FUE W TR IR i K sl
PRI . A AR SO T I A A g <=k
FEXTRAIT AR SRR [ o — 5 V5 e v ) |-
TR A S R FESE ST X Se W SRR T T U
AP AN AE D (AL I . BRE . AR AR L B
W oA 55 . BEREE A AR s A L Mk AR S
WA AR B T HE WA SYE, A T —#IT R
PERIFTE LR, S 3R [l v el B2 1Y) R R B8 T 5

FERM (RS SR 4%, 1991 BAEKRI, 1991),

ONTLLIK, Wi R 5 AR A SR A 5T
CHANRE AR RGNS B SRS LB
W ER RGN % SHEWRIERS A" R, EiF
HERRG S 12E SR IR RS A A E K R
1 H 7 AR S IR B AR A X A W B A 7 R e 5
X T ARG G sh TR B AR S S5 B %
TR FH S 401 35k 7y 3 Al F 5T (4 ARS8, 2005; FE S Tt
2006), ZJ&i, FHEEERAR L R AL T — S e
#9737 H o X BEffF o8 KK & T 3% L i A
BRG G Y IR A ZEE W | EATR F 4 A B
FEIK-, R B 3R IV A S R Gesh 1 2E I K R
RAET EEVET (R FH4, 2000, 2002).

Wl BV E B AE SRR A £k —, H
PR R AR S A TS R B4R S T RE AR L Y
BRAR, B, PREEAR A5 ol BE R b sE AL G AR i
PR AR 556 R — P FE PR _L il B2 A5 0 32080, B
TR E BRI R E R RN A2 — . FRE
FEZATE P B T — S T EE T AR, R T
R FEAIL AN 5 U5 AR Sh A | i vl AR S R G A5
30 7 AR AL DA K e X O ) A s R R R ——
TR O R A M (XS s A, 1991; 4 A4, 2005;
Tang et al, 2003; Jin et al, 2013), HAbAHCHF 5T F &
B TPE I VR 0 RS ) SR AR S5 4 T A g L £ B
FE0 B o A7 DA A A AOK O B AETE L U R
BN LS IR N P 0 56 R S5 (A,
1988; J7HfiEe4E, 2008, 2009; T ZH % 2010; Bian et al,
2014), J3hbA — LG TAF MO BE B . WL
TRIET B 1 U AT 2 9l KRR B 96 T2 05 1 A B 5% (B 22
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TR 1 2 S A AR AT 8 B i RN /N B AL S I AR (4 W A
45, 2005), [HAERMA L, 78 CHE7 R Ab se B vh 4 i
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Hot Spots of Frontiers in the Research of sustainable Yield of
Chinese Inshore Fishery

JIN Xianshi'”, DOU Shuozeng? SHAN Xiujuan!, WANG Zhenyu®, WAN Ruijing*, BIAN Xiaodong®

(1. Key Laboratory of Sustainable Development of Marine Fisheries Resource, 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; 2. Key Laboratory of Marine Ecology and Environmental
Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071; 3. Key Laboratory of Marine Environment and
Ecology, Ministry of Education, Ocean University of China, 266100)

Abstract The inshore water areas are the major habitats and fishing grounds of many commercial
species. Chinese inshore fisheries accounts for more than 90% of the total marine catches, and is an
important resource of high-quality proteins for Chinese people. Currently the inshore fishery resources
have been markedly declining due to the combination of overfishing and other excessive human activities
(e.g. large-scale reclamation, pollution and mariculture). The sustainable production of many inshore
fishery species has been impaired by adverse ecological change, such as the eutrophication-induced red
tide and jellyfish bloom, and the fragmentation and defunctionalization of spawning and nursery grounds
caused by the loss of wetlands. The recruitment of fishery populations is generally regulated by the
interaction between the biological and physical processes in marine ecosystems which can be largely
affected by the changes in environmental factors. To better understand the succession of marine ecosystem
and sustainable yield of marine fishery populations, it is crucial to investigate how environmental changes
affect the habitats and recruitment of fishery populations, especially at their early life stages. In this paper
we reviewed literatures regarding these topics and analyzed the current situation of Chinese inshore
fishery and the relevant problems of inshore ecosystems. We proposed and discussed four promising
topics in future study: 1) fundamental and long-term changes in spawning and nursery grounds of fishery
populations; 2) recruitment of fishery populations and the environmental driving forces; 3) adaptive
strategies of fishery populations to environmental changes; and 4) evaluation of the effects of
environmental changes on fishery population dynamics. These prospective studies are expected to provide
essential knowledge that helps with the conservation of fishery habitats and resources as well as the
improvement of sustainable development of inshore fisheries in China.

Key words Fishery populations; Recruitment; Impacts on fishery resources; Environmental changes
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WE FHATNBRNEEZEFLAFEFHRNELEXAY  EEL EEDARMWE R4
REBRERELZAT, L S-REMERAERHAEEEEUMSR EFlFRT N, B, U7
HAFTMBEEAER A, X DA EWERALT R ITHER, DA # R KHEZEKE DA #
RAEREMEELH, DA KEZHRAKE, DA 8 MZ T X EHN DA (b Z T Ra B, &
it DA % 1 # DA % {&(DRD,)3 ) & /2 1-2 um A /NFUk 7 X (DA/DRD,-Gs) & 2, EL A i 4% 3 iF
HERSWBAMRE Y 2 R EHHKL; DA/DRD-Gs REJ5, W4 £ 78, DA #4146
ETEWEN g o ER YR ELAAMRKRA, \FHEMEBERZHRA; 5, DAERA
BERBEERA ., BERMATNBEVAKEZ L M R AL FHEE, T iRAT N N AT R e
W DA WA RALMAKASHEMAALRE AL, &5, BELEE DA RAKXE YW ETF.DA
XEXBRES R LB, BEEER = AE MR RERNSR ATV AEEZ RN ER
KEAFREE/TRNE ., WEENA DARRALE D HERRNF R R,

KA B, FHAENR; SEHEMERS

FESES Q426 NHKARIRES A XEZHS  1000-7075(2015)01-0132-07

1995 4F, 32 [E IR AR 57 5 (EPA)KE 1 IR G 75 P
I 7 VR 9 Ry b o 1 AR A B FL A 4R 5 5 (US EPA
600R95136), 1 JIH 54 R 3h ¥ 5k % & Rk (Burke
et al, 2006; Sodergren et al, 2006), H: 25356 it 22 4t fll
7 o @5 BN (Morale er al, 1998;
Angelini et al, 2005; Buznikov et al, 2007); EHEX}{5
Qe , U R E B BOW A LTS B ) T U
(Graillet et al, 1993); i ELIfEIHEA A=y Sy . & R
P Gyl . BEERRAL . O e R IR gl B
WEAE Y] AT TEEGEMI AL, AR H 45K
R U A S i R 2R A 5 09 A A ) (Berdyshev
et al, 1995; Semenova et al, 2006; Falugi ef al, 2008),

Hrp, 820508 o WA Y i IR e Fngh dUL &
FIEZI, R TTEEPIAE FHLGI B R (Pagano et al,
2002; Pesando et al, 2003; Aluigi et al, 2008), 1E R
HEAR G % B 4515 5 (Buznikov et al, 2007), #1438 5
TR 2R 880 & B WFFE (Katow et al, 2010, 2013), ¥
Il P 22 B W 0T 5 T AR 8 K R T R DG BF 5 8
% (Buznikov et al, 2001a, b; Yao et al, 2010; V&,
2012V, BUAh, 32 AR G0 IR I R 2 o B
T VK AT A AH e 55 AN BT A2 1) 5C 1 (Yagucehi e al,
2003), PAFEHEIKAT N B LT B 5L B AT AL A5 ik
THE 5T 2 A B I (Wada et al, 1997; Doran et al,
2004),

* T SR T 2 R S L TR L 4 WE B (20120132110011) % B

O WifEH: P E, #4E, E-mail: rusg@ouc.edu.cn

WA B H#: 2014-03-21, WefEekds B #1: 2014-05-13

1) . A 253 EL D38 E (Hemicentrotus pulcherrimus) 5-32(OMREM ARG & B WALTIBFSE. W EHEHE KA

SFENE, 2012, 1-67
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TR R B B BOE S kA 52 2R is i R gedt
[T, W IKAT 0 ITEAS RIS 101 i DA RERIT 22 R 40
B B G A 2R g St [ A T E BT R S A
2% HH BN 3847 IBI% AE & 5 (Cholinergic System) .
5-F¥2 {6 i (5-Hydroxytryptamine, 5-HT)RE RS £ 2
JfiZ(Dopamine, DA)REFI £ R 48 — KOCHB i R4, H
1, DA BER G K B IR AE R 4 % (Falugi ef al, 2002;
Katow et al, 2010), 1M H, 7E&F K% B B R R
5i——5-HT RER G A H 1, DA 5T HAZ kg 2 T
IhaRik, JF Rk IR 28 K A e vk AT o A E L
PHEAE H (Buznikov et al, 2001b, 2007; Katow et al,
2010), Kk, ASCLARI L & By B X AR,
X DA feth & R ny &\ MLt 745348 .

1 BERHSEREMEZRENRET

Bisgrove S (198755 &3, ¥ /H DA REfi & &R
AU CVER R SR A 221 Al — %5 0 i RLJE il 245 . 3l
W, DA BB ICR B KRBT 4 BB, RIEriR4n
Mii¥]—DA REM & ICHT R4 M —DA RERH o0 H
W—DA BEMI IR . AR AN R — 2 BB Ay
TELARSICAN AL . A2 I Y 16 5 A g oA BRI
AN, RTR4NMII, DA 35 K HZ K% DA B
W2 R KRR R M A S . DA i385
£ B % K (Dopamine receptor, DR)/& DA fE R4t
KB R EEA

11 ZERBERAEHIEEZERZME

DA 3 i £ 2AEE DA BE R, i Fl R
3IAEEARE ), RIS G S . s R S
fiti ) DA A R e 2
111 &R, #A5H# DA RBTIERIVNMF
2B T, TERNSER A & O A7 T o e, 4
P2 v BB AT, 53 fi 28 v BV 5 5 ok iy B - R T
DA 3 5T 2 28 filt o] i

DA & HUERN K B T I A% % 24 FR (Tyrosine,
Tyr), Tyr B /07 B & FR ¥4 fL B (Tyrosine hydroxylase,
TH)fEH T & AL HEL B (L-DOPA), FF2: 2 1 I F2 il
(Dopa Decarboxylase, DDC)#{b & i, DA(Rang et al,
2010), XPIE RS IS R AT, TH S i1k
%, 5 DA & WFRH R, DA & 5 RIp s i s ekt i
& (Vesicular Monoamine Transporter, VMAT)R 15 £
AP AT Y BEh &A 2 B B B L(Dopamine
B-Hydroxylas, DBH)AT , DA W2 i — b A i 25
B I 2 (Norepinephxin, NE)f#f7F T2y, NE &1

=R AL
RAhFE
RAhFE
IfIVA
MAO — ki
3-MT-COML by pA DA o
MAO l 2 fink i) it
3-HE-4-12p-
DR [~ DR — DR Rl
L o for—{r) e

P S DA J& B
Fig.1 DA neurotransmitter metabolism in synapsis
L RifR: Mitochondria; 28 fili#71: Synaptic Veslcles; ZEfilt
A i: Presynaptic membrane; 22 fili[E]Bil: Synaptic cleft; 5
fifhJ5 I: Postsynaptic membrane; DA: Dopamine

PLAE R & T g -N- W 5 5% 7% [ (Phenylethanolamin
N-Methyl Transferase, PNMT)/E T 4 il 'B IR &
(Epinephrine, E), Ll DA A NE Fl E & BT AY)
i, =FYWET LI M (Catecholamine, CA)ZS,
T CA & s 2PN Dy S s st il A, R i
LA A s rh R PR EUL B, N, et
AWM FIEE DA, NE o E WA g id, PRI
TH W 2x32 B s, s> CA A .

WAL, MR T BA MRS, W] 2 58 R
B, 2 oh sh 2R 5 Ml AT AT, Ca® S IEJFHL,
Ca® NI, 4P Ca™ W EERE NN, A foli 44 30 15 iy A
. DA i At AR = IR . T DA
BRI Ca™™ ik, Rt , P BREANIE AP Y Ca™*
B n] LA B2 DA B, b BRI, I
SITES fl i 28 9 A AR TR B0 930, DA 52 B0 23
THIE
112 43 BREIRMEIEER DA 1555 ik
Y9 DR 256 7 AR BN i, KR o3 Bl iz ] 2% fipk
RS LA PR

52455, DA RIS fil i I r £ M iz
& (Dopamine transporter, DAT) 5 $5 H 5 5 finh iy 5 g
Kb, SRIGTE VMAT 1EH T gt s Age b v 47,
20 2 v B B A AT AR, DA B R OR I 2 iR B
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Kk, DAT fl VMAT M EBLG, FTLL— FE B 45
DA 3# [ ()25 [0 5045 o IR DA BEHCE B TR iR
KB IHEIFT DA WREE, WEIHARAZ RS OP h DA SR
=, H3ZAE IS 20-30 min JFUR T RE, B 241 A BT
Jil(Carginale et al, 1995). HTFl, A4 DAT 1
VMAT HH 5T o
1.1.3 &% HZARG G, RALF B DA B
B I I i PR FH A, A T A3 A e AR % i
M 2R T o

Y2 oA B R AR AL B (Monoamine oxidase, MAO)
AL B A7 5L RSB (Catechol-O-Methyl Transferase,
COMT, EC.2.1.1.6)J&/#fk DA 43 (1) Wi B 22
(Charles, 2006), COMT EZ A7 T2 fl [ B, i MAO
WUV 5 fh i RS 60 ) B v 2455 4 A

M ITH ) DA 1 954 MAO A0 i 28 A i 1 7
AL N 34- "R B- KL 34- R EKLR
(3,4-hydroxyphenylaceticacid, DOPAC), 2R J , 1 Ca®" |
Mg  fEPEF, W SRR P 3L, S
SN COMT i — 2 S Ab A iU 2 , DA Y FEEA
FEPIE TR e o 3-F A4 -BIRE LB, T AE
Hh Ji #2806 v R A BT R (Homovanillic Acid,
HVA); ZfillE B DA B 55 H COMT # ikl 3-H A
LB (3-MT), H i MAO X544k K 3-H A -4-F2-B-
WOFBEFI HVA, 154 DA I EEZACEY, HVA Af
B AR R R W DA &4t

Mz, DA 3B 1 B PR VE P A AR AR
DA R R4 3h A7
114 &Rtk AP EA R 20 i
ORI R S5k i 2y, DA 5 454 5 A BE i i
B 2 5 RIS 2RSS G R A BE . W IR
D-Ds HLA DR, 138 T 7 4B R X 35 (7-GM) 2 i
M G 3 FBERZ1K(G Protein Coupled Receptor, GPCR)
(Gingrich et al, 1993), MRIEA Y2z 2 2=
A4 A e HER D, 25(D, . Ds)FIHMI Y D, 24(D,. Ds.
D) Wi K Z AR K (Missale et al, 1998), iEH D, 1 D,
S A G I TR PR AL T (AC) B I 4 5 T L. 3
Y2 Ll (Kebabian et al, 1979; Stoof et al, 1981), D,
SZARFIG SR G 5 (G IR, 5 AC 2 A5
RS, WA S FmiETRE. R, D,
ZARFE SRR G (G BB, BRI Gy
MV EATT RN R, 97 AC 3% 14 (Enjalbert et al, 1983),

W AE T IR SZ KGO R 1Y DR, 7E3Z K 5 A A]
RHENE B B SUBOR B, R IE IR R B I B
DR ¥JA] F-4: (Carginale et al, 1995), DR ANHAJ I IE

B, PG AT 2. SIG(H. pulcherrimus)
) DR 1 %12 [ i 37 {& (Dopamine receptor 1, DRD))
IR RIBACERE, T ELAE 9.5-hpf JER #ER
WA IR 255, BT LAZEA DA 33 5Ok St [a] 8 2 g IR
VR G RN 41 RO 28 kAR T Uk AT R (Katow et al,
2010), ZETARHALA R DR FIEH KIE S S5
TR RH SR AT ) o AR A i3

B % B IREEMEZ RS DA/DRD,-Gs BIFZ R

DA # 5} DR )5, DA REfiZIc k& Rk
A DA GERHZIUHTIR MY , 2 109388 BT B — 2 1)
HIHETE T (Buznikov, 1990),

Katow %5(2010)% B, 7 DA RERG K A AL
ATV HT 2 e RS, S3ENH(H. pulcherrimus)
DA % Jit St DRD, 32 {5 [ 76 R AL i 9 9.5 hpf fig
R I AR5 . DA B EAE 1-2 um K/h DA
Wik (Dopaminergic granules, DAGs), MiE#s % IR &
A BAEMAG g R A R, HESB BT
AR TR e 10 . 76 48 hpf —Bigh i3], DAGs ¥t H
3 PRI R AR R, DRI IG I 38 20 3 A
WK A T AT BB, M7E 34 dpf /\ g
1, DAGs WI7E& i Sy J5EH F EREIFIE R —
KEHEMFN . ZEMZIK D, Pk (Dopaminergic
receptor D, granules, DRD,-Gs)JE AT 1] | 43 7 455 X
FALE S DAGs AR AL, JF Al AE B R X S
DAGs 2% %54 (DA/DRD;-Gs), 4 DA/DRD,-Gs
k415 Z Fh DA/DRD, 5 5 B 19 5 B R 4 .
DA/DRD-Gs £ BHMANIE, HBEE L TLEH
H g du i gh L Br (4834 dpf), 4B ZF
E¥f DA/DRD-Gs # LAl 5 51 J%3 2680, H
34 dpf Ti#% X DA/DRD,-Gs RIS E K238 = 7,

1.2

1.3 DA BEHHZZ 40 Ba X

DA/DRD;-Gs RH&EJ5, Mg R 50, DA fgd
M TFGRFE T S AR 2815 S 1 e 283008 il B 2 A7 Bl 5
PR, /b4l U RO 9 % i K (Bisgrove et al,
1987). JEJmIRIH R o Z AT B Be, DA AXAEAR 7L 40
AR T BEZ R, DA Bl fE kg &
Ao BARATACFIAR LA ] & 5 DA, (HAHLLZ
T, DA REfh&IChy s Bt fF R AL, Hik, DA
RE4H IR BUXT DA 75 539 in9E % 55 %2 (Toneby, 1980).

DA REMIE UG, TERBiS R g, M
g LAk, T8, MRARIEM, KR, DA
PELFAEB AW A . S, DA RERRZEI0IE B A
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DA fEM ARG RA LT N, HATX T DA fiE
ARG AR B R R B A TR AR D, RN TE

2 BIERHAZERREMERERINGE

21 EEERERE

VIS 3 H(H. pulcherrimus) A5, 8 H i HR
WRE I RERET 53 LB : 5-6 hpf MR,
8 hpf AIWFILIETER: FIH], 9.5 hpf RIFLER; JEAR
11, 14-15 hpf IRUFEENRIY], 16 hpf (8]S4 AR, 20 hpf
SR m IR, 24-29 hpf AL AU, 48 hpf —Bi4)
B4, 67-72 hpf —Jgi4h S LL K 34 dpf /\Jhi %) i
#(Katow et al, 2010),

WEFE R, IR & B A 0 — RIVE SR
fEAEAE, ZREFEHmEE RS . 5-HT BERSH DA
AE R GLAE N W) Z P38 it 32 48 2L [R]85 (Buznikov et al,
2001a; Pesando et al, 2003; Qiao et al, 2003; Aluigi
et al, 2005), 5-HT & F1 DR $5H0 75 AT LI BH WA AH IR
19 %4 (Buznikov et al, 2001b), DA i3 JF K HZ A 1E
5-HT BERZGEAK B BUAZ BT 4G Rk, X IR 15
R G F 4 OB 38 kA BoA SRR . AR
W1, DA BEA5 538 S AE %@ o 1L D, SZ R i<,
i 4h &% B T $8 M (Adams et al, 2011), HfiE5s iz
1A BEL B 5] 4] 1L - B 8 5 | GRS Vi R L0 R B R IE T
5-HT F1 DA BYZEALL W BE A% 52 ik 53 18 B A1) 11 1) 52
M (Buznikov et al, 2007),

K [ — 2 B A 2 Fh b 5T, AN TSR A )
HAus DA BEZNAE, 1H 7 dJ5, 5-HT BEZNAE o B
(Bisgrove et al, 1987)., Buznikov &£(2007)I\K, TEiF
NEI R B R, B s B E T T — A R R
UefE T, LEHEERIG AT, YRR G2
e S BOL B BT, AT — 38 BT 1 S AU 347 DL 22
i X AP ON , X — U, IR R R B
WA R 32 Z P il 238 ot 2R e AL (] 92

2.2 EKRITAEE

TR 4 d A K B B L TR AT o B e R
Hahn, WEUkAT AR . itk SN DL RO BT
SETE S AR AN S B2 WA R AT M KSR AT B A
IER . £F B2 A A O HESh W 4 ) 3 2ia
F#8 H (Kinukawa et al, 2007), Nakajima(1986a. b)fg
e R T TR BUET X A ZF 450, JF HiE
WY 21 %t AR 45 ny A MO i o 4 Ul vk
BN 5 N EF B (Strathmann, 1971, 1975), &%
AR b, GBREIR . T Z 5 Y 2 2R

0t R G0 %5 (Wikramanayake et al, 1997). BR THi. J&
Khz ok, BEEFIRY RET , YIRAELS) . Yk
AR AT IR T 1) B B R R, IS AR SR )
JZEGI TR LA FTE 3y, M A~ ) U e O A 5%
F IR A RE b T ESh .

CA BEFZITRIKBEM 2ot BES 54 B
Zfi(Nakajima, 1987; Beer et al, 2001), DA Fll 5-HT 4
AT 2y O UK A BE RN ], o R A B AR
T, HRIEEEEIA . Mogami 45(1992) & #1,
5-HT ¥4 i 7 5 3% M (H. pulcherrimus) F1 £1. ¥ 10
(Pseudocentrotus depressus) ¥ i 4l HUF UK #E % ; DA
FEAR T 20 ¥ (P depressus) & i 4 8217 18] Bi7 7k 2l 3
R, KN T Sk sh s

55N, 5-HT e R4 . ZEMERRGEM y-2
F T2 (Gamma Amino Acid Butyric Acid, GABA)RE#!
% RG] 2 5 PR i %) UK AT M (Bisgrove
et al, 1987; Yaguchi et al, 2003; Katow et al, 2007,
2013), {HFE I IKAT M AR P B 32 1T 2 EL L g b 48
R4 815 (Katow et al, 2010), Katow %£(2010) % FH ,
DAGs #ll DRD,-Gs M 9.5 hpf A< Ak e 5% 4 1] — £
B ARSNGB, TEMRG M4 R A RIE
DA/DRD;-Gs i 56 H BUZESMIR 2 Tt K T, 527 B3
WA, HZ/\ g R B S IR T T,
WFFE LB, DA A RMHIFRILL & DR $5HUR Y 6E 02
il 2GR (H. pulcherrimus) B MIRWFKAT Mo AR
DA/DRD;-Gs /& DA e # 4 R S8 R #E R IG A4l Bk
T RAIE A2 5L, I IKAT S 52 1 2 L R RE ph
ZRGVT I, TE DA BE4RA I PR Z /i, H 2 5-HT
REAN M B Z T, 1T DA fig R G i Ae7E v] LR
NHIEAS & A FniiE vk AT B2, BD DA 33 it e H
/& DRDy,

B2, DA REMPL R g nl LLsoph el 5 HAh R 3
] 8 4 IR 1 % B B B UK AT . 7 S-HT BEfiZ:
RY TR & F Z 00 RGBTk A7 8 2 i 2
EREREM 2 R GRS, M S-HT REM A RS Ih AT
ZJ5 B B ek AT o, AT i E R AaHE 5-HT
RERG . MIZEMEREMARFEM GABA REMA RS
SETEN ) Z B0 T R S Uh Il 4%

3 RE

31 H—YRRBESEBRERZLEZWET.
ZERZEER R

FRT, DA RERGEMRIITEZ LIRE . N x)
G, i B EY . H5t, MEH DA RER G A
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B DR T iR, (HAERET, &322k
1555 S ime LAEN S8 . /-5 K DR JItgn)
W # LI AC/CAMP/PKA 3, MAPK . Akt/NF-xB I
PLCy/IP; %5y 4fi(Neve et al, 2004), K F DR 3G L] LA
TR R TGS, SR ITERS . AR S
MAMIERS, WrlRessm R F i f . Wi, TRl
iz AT R F AR W2 07 s, WFHLAREEIE DR (1)
Uitie . A E R MHAF S St — Lo, LIR
AT fi# DR G Ry H T R IE 28 & A R UK AT 2R ) 4
BLHIOF 5T 29 SE At . JLuk, XHEAH DA EM & R G K
B N T gl (e B2/ EL DA gt s
JLKR B 245 Pitx3 ., Nurrl, Lmx 1b, &g 57K T
Jit Il U iff (Aldehyde Dehydrogenase, AHD,) M4k A FiR
(RA)ZE Z it SRR P I3, i HL45 i) B A
MHEAEH, Wik, 450 LLE EEE T E A DL I
X DA R RS KB I,

32 UBRHIBEAEREY, RRZKBEZREHE

BAEERPHEEXR

T AR % B Y BOR S R A R kAT R %7
Z Mk R R IR A EE, i H R R A R .
5-HT GERG M DA fe R4 — K4 R L F1EH
55, (BRI CE S . A T —2
JEF ] % B B 4% i ) = R o AR 4 A JE R 3 [R]
BEIEAS KA TR AT A, 2 BVE R G Ak ZEE
ARG RN & VRS URE AR, AT DME B A RS
AR SRR PO R T TR 2L, 1 e HERR AL R Y
S, R G PR T K AT 5T IR 45 G T A 2
5, RIBLRFEANRGMERILE

33 KRHBREAEXEY, #—SRAWESY
Xt DA BER A LA BEHI# N

WG R, M2 EEY) rT LU S 50 DA RE R4
K F(DAT. VMAT,. MAO &, DRD, %), i v& 1%.3h
WIIE 35 & A A2 AT o0 S5 1 2% B0 b 28 5 MR
(Cadet et al, 1998; Gluck et al, 2001; Bradner et al,
2013; WSk, 2010"). R, W LIS A 2R 96 % E B
PCR #7AK (QRT-PCR) FI1 fiff 156 G 53 W B 92 (ELIS A) 55
B, AT TR YR DA )5 . DR A1 DA 3%
RS R CEE N T (1 TH, DAT. MAO Z5) {521,
itk — BT IH DA R R G0 & & 2 A T K 48
YA P AL S A R AR 4R

1) W ASEET D28 N (Hemicentrotus pulcherrimus)ENif

2010, 1-94
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Progress on the Research of the Development and Function of the Dopaminergic
Nervous System of Sea Urchin in the Early Developmental Stage

RU Shaoguo”, WANG Cuicui
(Marine Life Science College, Ocean University of China, Qingdao 266003)

Abstract

Sea urchin embryo and larvae in the early developmental stages is an important model for

research on marine ecological toxicology. Sea urchin dopaminergic (DA) nervous system develops earlier

than the cholinergic system, and it starts to regulate the morphogenesis and swimming behaviors much

earlier than the serotonergic system. Here we used sea urchin in the early developmental stages as a model

and reviewed the development and the functions of the dopaminergic nervous system. The synthesis of

dopamine and the receptors precedes the development of the dopaminergic nervous system. The

dopaminergic neuron precursor cell period starts after the synthesis of DA and the receptors. In this period

DA and DA receptor 1 (DRD;) appears in the form of granules of which the diameter is 1-2 pm

(DA/DRD;-Gs), and they are also expressed on the surface of the embryo and larvae from the rotational

blastula stage to the metamorphosis stage. After the aggregation of DA/DRD;-Gs, dopaminergic cells with

the axon contacts begin to develop in the labial ganglion and the base of the back oral arms in the early

four-wrist larval stage. The number of dopaminergic cells reached the maximum in the eight-wrist larval

stage. Then the dopaminergic nervous system continues to develop until the maturity. The morphogenesis

in the early developmental stage is regulated by several neurotransmitter systems together, and the

swimming behaviors in different early periods can be regulated by either the dopaminergic nervous

system alone or together with other systems. In the end, we assessed the prospective studies on issues,

such as the factors affecting the development of the dopaminergic nervous system in the early

developmental stages of sea urchin, the functions and the signaling pathway of DA receptors, the

primary-secondary relationship and the mechanisms of the up-/down-regulation of the three important

neurotransmitter systems in early morphogenesis and swimming behaviors, and the influences of

neurotoxic substances on the development of the dopaminergic nervous system.
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