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Tab.1 Stratification for sampling fishing power
fEVZ5%! Fishing types Z Bt Power (kW)
i Otter trawl 0~100 100~200 200~300 300~400 >400
W4 Pair trawl 0~100 100~200 200~300 300~400 >400
#F4E Shrimp trawl 0~100 100~200 200~300 300~400 >400
FEl ™ Seine 0~50 50~100 100~200 200~300 >300
M Falling-net 0~50 50~100 100~200 200~300 >300
JM - Gillnet 0~50 50~100 100~150 150~200 >200
#JH. Fishing tackle 0~50 50~100 100~150 150~200 >200
JE4F Pot 0~50 50~100 100~150 150~200 >200
5K/ Stow net 0~50 50~100 100~150 150~200 >200
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Tab.2  Statistics of voyage and power of sampling survey
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Fishing types  JAPEALVC  REIDE AR ARREDIE  GAEEALK  MBEDIE  AEADK  MREDIER
Voyage Power Voyage Power Voyage Power Voyage Power
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¥4 Twin trawl 29 14957 89 30420 131 36046 86 39279
¥4 Shrimp trawl 49 21074 103 16352 169 46264 166 41650
B[ Falling-net 206 35310 60 10695 118 26903 161 25192
% Seine 254 37485 205 30980 93 26003 126 25936
HIM Gillnet 492 91911 407 56186 457 49349 633 84678
#JH. Fishing tackle 136 19523 79 11307 112 9855 80 16755
JE4aF Pot 37 306 76 820 41 4359 20 128
5 Stow net 13 210 13 210 9 146 26 420
A1 Total 1,361 239256 1,277 191723 1247 214823 1371 246307
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Fig.2 CPUE changes with fishing power
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Fig.3 Variation of CPUE versus trawl’s power
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Comparative Analysis of CPUE of Different Fishing Types in the South
China Sea Based on the Fishing Port Sampling Survey

TAO Yajin', YI Murong', LI Bo', FENG Bo'***, LU Huosheng'**, YAN Yunrong'***"

(1. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088; 2. Center of South China Sea Fisheries Resources
Monitoring and Assessment, Guangdong Ocean University, Zhanjiang 524088; 3. Guangdong Provincial Engineering and
Technology Research Center of Far Sea Fisheries Management and Fishing of South China Sea, Zhanjiang 524088; 4. Shenzhen
Ingtitute of Guangdong Ocean University, Marine Fisheries Information Technique of South China Sea, Shenzhen 518000)

Abstract Catch Per Unit Effort (CPUE) was commonly used to assess fishery resource abundance.
The assessment results can be narrow when using a single special fishing type to assess the whole sea
resource density due to complexity and specificity of species. In this study, kg/(kW-d) was used as the
standardized unit of CPUE to analyze and compare the catch rates of different fishing types in the South
China Sea. Data were collected by the investigations of fishing vessels in 14 major fishing ports of the 3
provinces and autonomous regions of Guangdong, Guangxi and Hainan in 2016. Total of 5256 voyages,
892,109 kW of the fishing vesseles were sampled and investigated. The results showed that nine fishing
types’ catching rate (CPUE) were ranked as seine > pair trawl > gillnet > falling-net > stow net > otter
trawl > shrimp trawl > pot > fishing tackle. The changing trend of different fishing types’ CPUE were
different with the power level of main engine. And the number of CPUE peaks and their corresponding
optimal range (the highest rate of capture of the power range) were not the same, specific performances:
Variation of CPUE of otter trawl and shrimp trawl showed one peak with the trend of rising first and
declining later, corresponding optimal ranges of (200~250) kW (CPUE=8.6 kg:kW '-d™") and (150~
200) kW (CPUE=5.0 kg'kW '-d™") for otter trawl and shrimp trawl respectively. Two peaks of variation
were showed on CPUE of seine, pair trawl trawler, fishing tackle and gillnet, with the trend of first to
decline then rise and last decline, corresponding optimal range: (200~250) kW (CPUE=47.7 kg'’kW "-d™")
for seine, (350~400) kW (CPUE=16.8 kg-kW"-d™") for pair trawl, (50~100) (CPUE=2.9 kg-kW"-d™") for
fishing tackle, (0~50) kW (CPUE=6.9 kg:-kW "-d™") for gillnet. Three peaks of variation were shown on
CPUE of falling-net, corresponding optimal range was (0~50) kW (CPUE=7.0 kg'’kW'"-d™"). Seasonal
variation of CPUE of different fishing types performed as the mean CPUE of seine was the highest in
spring, CPUE of otter trawl, pair trawl, falling-net, fishing tackle and pot were highest in summer, CPUE
of stow net were highest in autumn, CPUE of gillnet and shrimp trawl were highest in the winter.

Key words Fishing port sampling survey; Fishing types; CPUE; Optimal range
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LA MR SOzl 4 SHE i g2
BB ARG T S HEF MR AHOCHE RN, Jeffik
AN, REOGPEREES, 2 ARk 4, 2011),

B 53 A 8 O %o R A A T AR AL

D=RH/F,x Tx H

X, DOARIREE, By O (m/s), T A mf(E],
H R 7K (m)-

K ArcGIS 10.2 21 I £ Wr e o A [, R IEIR
J5F ArcGIS-Esri 11, AtRFRN GCS_WGS_1984,
ZREVEFR BRI Origin 9.1 22, 12 Primer 5.1 4¢
TR T2 2R 7. CCA 4r#riiiffi ] Pearson
R 00 0 PR B A AT R O, fS T R3.4.2
vegan package SLHL, —JFEIRH 2 (species) bR,
R J7 A 46 LU A T AR RAIE AR (Boreard et al, 2014).

2 HBRE5HH

2.1 BEBEMEAM

2016 4F 11 A /R F A R0 1515 )2,
Hit s fh, SRIET 3 H s FH14 )8, HOhiEmmds, K

U H kL, i 12 R, G EREB
85.71%; #F H LAMERMa Ay 32, ot 9 fh, Hopdy
KRR BE BT 2 Bh, 4Bk B
(Hypseleotris swinhonis) 17 FG 5 IR 52 £ (Ctenogobius
cliffordpopei) B HALH EE 1 F, R (Oryzias |atipes)
(1)

22 EBEUOMHESHEERMLEBF

ST TR B R 0 28T W Fh AR R 2),
ZE R oK, B/RER FE S1 Wi Shannon-Wiener
fe Bl m . S2 Wi de . T S1~S3 Wi+ B2 454k
25N, R S4 Wi By o S2 Wil Pielou Y27
FEEUN R 0.59, ThiEA T B _E S1 W i S R AL
e, 8095,

A MR R IR 345 SR o, TR ISR
Pphtl 3 fh RIS 0 (Pseudorasbora parva). FEfEfh
(Abbottina rivularis) A1 #r & & Bt 6 (Triplophysa
strauchii), o, Zeffa e T 4 SWIE AR
AR FIRE Ay, T 5 g SRR AE SR S2 Wi 3, &K
PRI 5 4 X 3). #l(Carassius auratus) .
I ECHTHR £ #E#FN JE 2 B(Phoxinus  brachyurus)
EER, Hod, E#T 4 WA B, EEGE
/b I v LRk (Triplophysa stoliczkae,) . H4E s fil
(Rhodeus sinensis)Fl i 75 1H /R B R g7 UG, 1
I | AR WE, REWF ., Rkl i, R
BE ] fa 2K S T AL LA Sk o £ S RS54 .

23 BEZERBRESHEERFHXR

TR IE R ] fa TR R T e SR LA 3.
TE 60% AH UK - I 25 ] 5 28 W] R 1R 38 Hi 3o
Groupl Fl Group2 Wi, T AIH/REHL iiF, Bl
ST F1 S2 Wik, Jo & 9 /RESRLI Ry, BRI S3 il S4
Wi o Py AP R 2EHE 50%AHBIKF- LRl 43k 4 41, Group
[ f035JC458%(Acheilognathus gracilis) . i) 2 fli f
Pl QAR FE AR G £ 5 Fh, Forp, e F 4 Fn [CH)
MR P8 £ 23 (] 3 A AR ARUK - Je s, 38 90%. Group IT4Y
A 35 9 £ s JEL R L J e 8k (Conbitis granoci) 2 #, 32
AN TR E R HiE . Group TN HE Hr s R H
11 (Gymnodiptychus dybowskii) . 555 5 Ji ik F j 2 5k
3 . GrouplVILA S 5 F, BN . IR
i % 11 (Leuciscus merzbacheri) . % (Hemiculter
leucisculus) . A %t A . 22l 25 E B T
Group2 (Kl 3).

Pearson i & ML IR 25 R R, 13K (Altitude) .
T B2 RN i (D O) Ay 32 2850 Ml 1 /R 35 h il #0217
SERY IR BE SR LA 3 AN 3REE R T R AT i X
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Tab.1 The fish species in Bortala River in winter during 2016
Z& 5 Cat
H Order Fl Family J& Genus i Species M Cateory
BRNS BRAS XJAS NRAS

BIE H B} FHik)E Oryzias i O. latipes v
Cyprinodontiformes Cyprinodontidae
e H AR} ¥eAE 1 )E Abbottina Vefbta A rivularis v
Cypriniformes Cyprinidae

# 5 Hemiculter # H. leucisculus v

%)@ Phoxinus 5 FEf P. brachyurus v

fil}J& Carassius il C. auratus v

HE 0 )E B R A G v

Gymnodiptychus dybowskii

4 4 JE Pseudorasbora # flifn P. parva v

ez Ji Rhodeus el R, sinensis v

W 10 YA £ v

Leuciscus L. merzbacheri

fi%/E Acheilognathus JAiE A. gracilis v

kol iR Triplophysa  Hr[CEiJEsi T. stoliczkae V.
Cobitidae B B T, strauchii v

ALK B Cobitis L7578k C. granoci v
A= YEHFL Eleotridae  H#fJE Hypseleotris H##) H. swinhonis 4
Perciformes IR g4 R} Gobiidae WFFZ 1)@ Ctenogobius i FCHITIT jE v

C. cliffordpopei

TE: BRNS: P/REF 156385 BRAS: MURBERIAICRAYSIRF ;. XTAS: Bisiic sg(H M /RBEHOm Toic s iy sk

i NRAS: ok, Hrmioic s

Note: BRNS: Native species in Bortala River; BRAS: Alien species in Bortala River; XJAS: Alien species in Xinjiang;

NRAS: New record alien species

2.0 w2 D
1.8+ OH
1.6
141
~ 12f
& LOf
308}
0.6
041
021

0

BEaJ
—-S

—_
(=]

o & o o
YRR Species number

(=]

S1 S2 S3 S4
V4L Sampling section

P2 RBS R 0 SRR W b 2 R TR 4L
Fig.2 The value of Shannon-Wiener (H'), richness
index (D), species evenness (J), and species number of
fish communities in the Bortala River, Xinjiang

NATHT(CCA) . S5 ER, 55 1 HEP Rl B L
63.90%, i 2 HEFFHfERE LB 21.93%, 15 3 HE
R LG 14.16%, T P9 4l B B Tk %
ik 85.84%(F 3), HIET 2 Hhnl H DL RARHEF 45

CCA HIFFFA5 R ILIE 4, 7 MR 526 1 HER il
IEARSE, MHELE 5 Z A5G s MR Ml B 550 2 HEFF
BhIEARSC, MRS Z AR MR B, MRk
B, W SH AR, RV R
BP0 v S5 M Y BRI 1, RIS
RO o BE— BT R, 7 i S Tk
ik LI RN, MR, R A 5
SEMFPL 5 BeAL, BT aRAR R R | T AR R
SRS IR IR, S5 i S e R, i A A
55 3 IR T B R B B AR S o

3 @RS
3.1 &EREEEWK

X HE T S R & B, R B R fa SRR AR A A
oL, RBRAELL R IL T .
+ F AR 2 RS (1966) % Hr s AL R
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Tab.2 Dominant fish in each sampling section of Bortala River, Xinjiang

FhZ& Species N w F (%) IRI 25 Category
F M Pseudorasbora parva 0.42 0.22 1 6363 A 4 A
B R Triplophysa strauchii 0.31 0.43 0.5 3684 Dominant species
Feibf Abbottina rivularis 0.11 0.12 1 2325
fill Carassius auratus 0.03 0.14 0.5 873 FG
I FEAMIMF FE 4 Ctenogobius cliffordpopei 0.08 0.01 0.75 692 Important species
) Hypseleotris swinhonis 0.02 0.01 1 294
% FE## Phoxinus brachyurus 0.01 0.04 0.25 132
R S Gymnodiptychus dybowskii 0 0.01 0.5 56 W WLFh
TJo/iit@% Acheilognathus gracilis 0 0 0.5 34 Common species
JtJ5 88k Cobitis granoci 0 0 0.5 26
WENE /R HE % £5. Leuciscus mer zbacheri 0 0.01 0.25 23
% Hemiculter leucisculus 0 0 0.25 12
G & JEUH Triplophysa stoliczkae 0 0 0.25 9 2 L Fp
rhAEfEf)  Rhodeus sinensis 0 0 0.25 7 Rare species
FHH Oryzias latipes 0 0 0.25 6
401
Unit: ind. 60% |Group 1 Group 2
o %‘ 60— — —|——————+ - — -
C 15 §
I 525 & 80r |7
I 25~125
. > 125 Y s S3 s4
| _,7 TG/ Acheilognathus gracilis [ | | | | | |
Gmule Bl Hypseleotris swinhonis ] ! L 10 1]
Z K44 Pseudorasbora parva - - -
W [GHTEF 58 Ctenogobius cliffordpopei |:| - T
eI Abbottina rivularis - -
W B RS, Triplophysa stoliczkae | | || || |
AL IRMK Cobitis granoci [ |
BB Gymnodiptychus dybowskii | |
BB RS Triplophysa strauchii - -
SRR Phoxinus brachyurus [
: B8 Oryzias latipes
| YEWE JRES #0. Leuciscus merzbacheri
I Group IV 2 Hemiculter leucisculus
i Al Rhodeus sinensis
. :50%: . ‘ -l Carassius auratus | | [ || | -
20 40 60 80 100
Similarity

B3 TR BT £ 2 e 3R 28 55 2 [ 40 (19 56

Fig.3 Relationship between station clusters and fish assemblages in the Bortala River, Xinjiang

3 HREBRTEME CCA HIFMBETEF 0 RFHEE

Tab.3 Eigenvalue and scores for constraining variables in each sampling section of Bortala River, Xinjiang

I H Ttems CCAl CCA2 CCA3
74 DO (mg/L) 0.6310 -0.0853 -0.7711
RE T (C) —-0.6273 0.0806 0.7746
MR Altitude (m) 0.6731 0.5228 -0.5231
F#1E{H Eigenvalue 0.5057 0.1736 0.1121
fit B L4 Proportion explained 0.6390 0.2193 0.1416
ZIT5iHk R Cumulative proportion 0.6390 0.8584 1.000
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Tab.4 Environmental data in each sampling section of Bortala River, Xinjiang.

prEa oH a3 HLRR e %73 T 9 9 CIRTIR/ TR K
Station DO (mg/L) Res (Qm) Temp (C) Altitude (m) River width (m) Flow velocity (m/s) Water depth (m)
SI  8.41 11.42 4.15 7.20 351 30 0.6 1.4
S2 835 12.42 2.78 5.93 411 24 0.8 0.8
S3  8.46 12.92 2.03 5.30 945 13 1.0 1.1
S4 825 12.64 1.37 5.67 572 15 0.8 0.6
TS"”;CZ"“ O FP R IZ T SR AR (SRR A, 2009; FBARSE, 2012),
Alftude H 20 et 60 AR E A, RS HI A2 T i i
Lor A 4 35 A0 BT R APk R 3 S 2R O
P.brachyurus _ MIZEHE, HE SR IE H ) SR ) R R AT 7 AN i 1S
05r Lo Cerame Colgstdpopei BEARAIEE, 2000), FIEEHLIIATIIRRGBS . E S RGN
2 T 4T pparna WEH (i, 2005), SMRMIFNR D, WO £
O O Gaybovski A S AU, 3 TS0 A MK A A A, XS A
Totrauchs RIRAK TR AT 1 IR VA B B3 30 A A T
051 & auratus gy A D o D s B RN JRORE RS K AR
) Hioucisculus. J&§ 0 SR T ) F B A B (3B % 5, 2012), R
- e Otaipbs AR FRTATE 1515 ., (FLENS AR S £ BT
15  -10 —05 0 05 10 15 SRS AR 10 BGR 1), CXELUE il
CCAl B

& 4 HRIBRI CCA =FEQ BARR)
Fig.4 CCA triplot of Bortala River, Xinjiang(scaling 2)

MR ALE R YN, HARKRA PR S AR
JNfa) . WERSRFER . A R . /MR 2 (/N R 2%
itk )(Barbatula microphthalma) . 7 i 5 J5 ik (28 BF 4%
) . ZINVAR T TR (/M AR £5 87) (Triplophysa minuta) DL Kz
Hr G ey D gk Ol LG AR RO a0 h 7 A & 28 2005 48,
SERRANEE (2009) FE XM T i AR S R A v, TR
Pl CR AL 2) r S AR R A B R L VAR DR
K A R 3T TG e i Bk 4 b 4 25 0 2 0 AR YRR A BT R AR B
1+ E AR R S MENES RS | R
5% s v DA ORI T R SR S Rb . b, UGB
S SRAn SR IR ARG T, 2005 4F , ZEARHI45(2009)
A A R AR B 1 Al 4 3 0 2 32 A I 6 (Salvelinus
gairdneri) . #(Cyprinus carpio). fill , fit(Hypophthal mi-
chthys molitrix) , ¥ € ffi LA K 4 #ll s (BRI S5, 2009),
it 6 i, MASIE A PR A B F 6 10 o kM
(R 1), i, wiEa bR E, & TR
SERIIE B — e AP IE . AR P 204 T S4
(& 3), Z Wi o T R Fee A H (& 1), K
WK AR X B, I EK IR, S ERE 52
AN EEFRFEK R 2 —, KE SR k%R S [

ks /NAE, s K& (1992)ic %k, 2014l
R AR S e KB N 110~345 mm, AR
TR EK MEHR51~132 mm, 58 RERAR K FE N
22~69 mm, “FIHAEKAL28 mm, ZLUNMER L
S IR 0 A K B A 5 T B AR 0T BB
/NI FE A

32 TE&GESHUR

B R R A0 A K PR R 2 (R s R,
1992), A fif) 2 M) a3, Zaphr=o
W T B GR#5E, 2012), L4k, ZiiE
SIK TRERYREA , %A T T b6 10 450 81 S 0 Ui
TR EEENIEE, 2017), ARUF5EZ% G R H
TR AR KB % o Y VES 2 HE R £ Sk s v VB K 4 b
A EEA, RIREBIAR A, /KD f
RECAMIAR s Z K SR AR s, 38 B i
o A 2 A = A N R BT BT G 2 R (8 A% AT,
2005), EZHIT S4 Wiid . /RIS S G R s 1R
IR A, 2% (1966) 5 o E R4 B sh P i3 e
(1979)43 FIRHZ IR A , YIIA A% ] B A7 i 2 i,
M8 S5(2009) F 2005 4F A4 A v o SR AE B RE i
HLEE 2006 4F K b3 e M /R A R A 5, Ik
TEVES JR 4 b ] RE A i BB L 455 T R RS
ST R, i B R R T AR, H 20
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IR, RS ARG BT TR, SOm e
T3 R R SR A B it o R R e A 0 T I
AT K DX, AR T O i B, X AR SR R T 4
1 8 AR P R A 2 fr R R IR RS R A , T 0F A 85 14
AN 5 0% A0 I LE A7 28 5 32 B2, R S AR
FHTFREE, S oA AR R o e R 1228 R
re AR /N OR B A 2, JCTiy I e, oA S A S
FesE, Horp, e R A 5 L s B, Wik
o UK OU 22 LR W 32, SRR SR SR AR JU0R | 2T
IEAR TF A, SR A 4 5 (PR 455, 2012),

33 BERBESHRERTFHXER

1 TR 1Y) 4 R4S Joi ok 2 HLAR B A 358 = 1 5 i
Gb, IR ZIREE R 45 1) 5 1 5 R (2R 2, 2012),
P E AR, MR KR T I, 2T
7= B A0 240 A0, BB TEEER 0 A U SR e AR
81> i e D k> 34 1 7 DR > o S R O 2 £, 0 ol
VIR 5 0 2R B S AR G M R i o A, S0 I e Ak
&) AR, TR ER s B BALT | RO DL R R
b3k RIH A (ZEENIEE, 2017), S3 7 4 S
T VR o e (3R 4), AR AR AN T S3 IR A 5
T PG SRRk (P 3), SR IR 1 15 8 th mT X6 AH G 1 4
BT I — R B o S e AR TSP £ s g D RO il
FE B 3 AR P TR ST KL, T B R R B A
i, HAESZRICA, KRG T i, il meis
DX, i £ 2R 7R 2 X 3l R A i H AT Be oA /b, 1k
TN SR IEANE . P F T 040 T X, i 11 X
WK TE A BE 451 X MUK R A i A i Th e . ot
Gh, B e PR E, ME T, B TR
YIEB A, 2012), S4 WA KV FmEA, Eik
ZKIRAE 20°C LA b0 — i s, W T O AE )
FIR RS (TS, 2006), 5 IRIHAE Y e
SR EER L TE L B IR, BRSSPI Ot
A AE AL RE R K AR B (A i 0 S, B I (A 5 3
it S S BN 5 e R S o HL Ay o 5 T I B R
FARFI M B EHE, X RESZ B 0 A4 16 > Pk KA
BE RS 5005 B 45 22 05 1 [ 2 s, LR R A Rt
— R,

& % X #
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Spatial Distribution of the Fish Community and Its Relationship with
Environmental Factors in the Bortala River in Winter

LIU Hong', NIU Jiangong', LIU Chunchi', XIE Peng’, LIANG Jiefeng?,
CAI Lingang', MA Xufa’, ZHANG Renming'"

(1. Xinjiang Fishery Research Institute, Scientific Observing and Experimental Sation of Fishery Resources and Environment
in Northwest China, Ministry of Agriculture and Rural Affairs, Urumgi  830000;
2. Huazhong Agricultural University, Wuhan 430000)

Abstract Knowledge about the differences or variations in the fish community is important to assess
and predict the effects of habitat loss or environment degradation on the river ecosystems. The Bortala
River is an important interior river in Xinjiang, China. Although research regarding spring and summer
fish communities has been reported, that regarding winter fish communities is lacking. Based on fishery
resource surveys in November 2016 at the mainstream of the Bortala River, the fish community structure
and diversity of the river were analyzed. The results indicated that a total of 1515 fishes were collected at
4 representative sections, which belonged to 3 orders, 4 families, 14 genera, and 15 species. The dominant
species (IRI>1000) in the mainstream of the Bortala River were Pseudorasbora parva, Abbottina rivularis,
and Triplophysa strauchii. A group-averaged hierarchical cluster based on the Bray-Curtis similarity index
identified two spatial patterns of the fish assemblage at the 60% similarity level and four patterns of
species composition at the 50% similarity level. The canonical correspondence analysis (CCA) suggested
that altitude, temperature, and dissolved oxygen were the major environmental factors affecting the spatial
patterns of fish assemblages in winter. The results of this study indicated that the species of native fish
have declined, and the species of fish with low economic value have increased significantly. The aquatic
ecosystem will be destroyed unless effective measures are taken to protect the native fish. Further studies
are needed to investigate the mechanisms by which these factors operate together upon the fish assembles
in the Bortala River in winter.

Key words Fish; Community structure; Environmental factor; Bortala River

D Corresponding author: ZHANG Renming, E-mail: xj01zrm@]163.com
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Appendix 1  The fish species, length range and weight range in each section of Bortala River, Xinjiang

WY Species S1 S2 S3 S4 S1 S2 S3 S4
A il Length range (mm) 1R 7 | Weight range (g)

i Oryzias latipes 25~28 0.19~0.21
HeAb 11 Abbottina rivularis 21~60 32~71 21~81 23~58 0.05~4.12 0.50~6.51 0.12~7.93 0.23~2.88
£ Hemiculter leucisculus 102 10.05
% F2##% Phoxinus brachyurus 22~69 0.09~6.70
#l Carassius auratus 14~127 36~89 0.06~61.95 1.21~15.26
iﬁfﬁﬁfw dybowskii 105 66 19.89 4.79
# #lift Pseudorasbora parva 21~61 18~54 20~85 25~61 0.12~3.96 0.08~2.79 0.11~4.71 0.25~3.38
rh A Rhodeus sinensis 42~43 1.57~1.71
WEE /R HfE % 1. Leuciscus mer zbacheri 67~80 4.14~7.10
Je/is% Acheilognathus gracilis 39~46 50 1.22~1.93 2.55
7 % = JELBf Triplophysa stoliczkae 32~41 0.4~0.76
FriE e JF A Triplophysa strauchii 24~78 25~114 0.14~5.03 0.11~18.41
JtJ5 ek Cobitis granoci 95  32~49 4.76 0.25~1.09
# Hypsel eotris swinhonis 37 23~40 28~35 47 0.76  0.16~1.20 0.37~0.66 1.65

I G A HF B2 £ Ctenogobius cliffordpopei 24~27 18~40 22~38 0.17~0.20 0.07~1.1  0.14~0.39
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Fue# 2 Samuel P.S. Rastrick’ 2 T4 ' EE#E 3
BEED BTTX E LY RERT FAE
EER KR HEED HHA
(1. FEERERFKZ 5440 B 201306; 2. fOMARN T HE L AT 548 & Bl S S0 %
hEDK PR B K ST B 266071 3. HEBERFHSEAR S ERLRE
WO RF S EY - B BRI L s HFS 2660715 4. SR B KEE RA T
e 2643125 5. MEUBERTRET BRI 5817)

WE 2016 £ 5~6 AL WLAZFHEMEER, XAGAERRAGRABELSN T E, ULE
DL (Mytilus galloprovincialis) & #F 55 xt 4., bLpH % 8.0 1E H xt B 41, #5357 B b 28 (pH=7.7) % £ &
ERQRNYH. £FRET, AH00 )EABRABET, LHBIKEAE, AR E, a4ALEE
T (P<0.05), H&EME FE ¥ WP<0.01), FEAFELEFEFP>0.05); FHG0 ) Kb e
T, £BIEAERE AN EE THP<0.05), MEMKE, BEFE. HEAE L FH5(P<0.05).,
HEUENERE &, BHA0DRNIHE T, X6 LTS @Kk B E BKP<0.05), "FX& &
T % 3 (P>0.05), #eak B8 n(P<0.05), & K& AW EFBEMKP<0.01); FHEO d)F KR
WIE T, BeEIRP<0.05), Bikat ., "R, e, £ KKHEEAREP0.05). EALLHY
RGN, BEKBABET, EALNKIIEEY 14.28~20.46, I KM 7 iy 4 46 4 57 b g 7 A B
KA R AR R G R B 7R 5 e DR i KB AL a8 iy 4 3B v LR 3 T b B
KR mERN BRI Bes RE; FAE

FESES S967 XEARIREE A XEHRS  2095-9869(2019)03-0021-10

BTl ok, ARESHEE RSP co,  FRIEM pH 5 Tk ¥ aaisi L, 78 2000 FEL& T
ST, TR R CO, W MM i s B 0.1 NS 4B, 3] 2100 45K FF% 0.3~0.5 4
fn, G| AT E R PR [R] R —— K R AL Hfiis #2300 K TR 0.8~1.4 A-Hfi(Caldeira
TEBRF ) S 11 B (IPCOMRE T R I, ¥ etal, 2005), TR pH 0 RS 5RE K H 5

* B TERL S R E RS FAE 4 (QNLM201707) 3 g8 25 MERHIF BE BT S AR BTl 55 9% & 10095 4 [ P A
YET H (20603022017019)F1 [ 52 D12 7= b 5 A A 52 7788 25 1 DA -5 980 2L B 437 (CARS-49) 3L [M] ¥ By [This work was supported
by Qingdao National Laboratory for Marine Science and Technology (QNLM201707), the International Cooperation Project of
the Special Scientific Founds for Central Non-Profit Research Institutes (20603022017019), and Modern Agro-Industry

Technology Research System (CARS-49)]. EB%fF, E-mail: 13589349936@163.com
O EIRMEE . HHA, P56, E-mail: jiangzj@ysfri.ac.cn
Wk H 4 2018-03-16, Wik H 1: 2018-04-28
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HIZ, COTIA, JuHBRRRER A I T e, M
XA 25 R G5 1 B i (Ferrari et al, 2011), IT4E2K, 1
IKER AL S FE PRt o8 (I 1R 2 — | FEAUEUN P EL 2
A 20 KT KR XTI AE ), JE RS A Ui
Wi {1 4238 (Fabry et al, 2008; Feely et al, 2004; Doney
et al, 2009), YEMEEFED ALY, KR
XL FE 51 TR TAEE 050, B2 &L
KR LT . FSAHLH . A BRAE R . AR T
(Talmage et al, 2010; Green et al, 2004; Wang et al,
2015; Michaelidis et al, 2005), Talmage 55 (2010)#/ 5%

T, WKERA(CO, HREEH 650x107) 2 FEUE TG
(Mercenaria mercenaria) ., 7% 5 Ul (Argopecten irradians) .
SE U415 (Crassostrea virginica)4h LAY ZE A . A KA
A7 15 032 3] — 22 R B 19 4 T 521 . Timmins-Schiffman
(2013) KB, KRk 2 fd KT 445 (Crassostrea
gigas)Z s Je Ak & & 1L 2% .

221015 D1 (Mytilus galloprovincialis) X Fx “I%3¢”,
TR E B | il B K 2Rk D12 E il
GiiT RS (2016)4 3 , Tk UL i K FRFH ALk 4.5 J7 hm?,
FEAR R 87.8 1 t, i VIR IR S 1 6.2%, 1
D2 K FRAE S LR 4 4. KR AR 1k
X6 DB fh . AR ORD AR B R 3k RS () R BE 1)
SR . Gazeau 5£(2007)WFFE &I, /K IRAL(CO, R HE
298 740x10°) 2 FECR G IS LR TS 25%.
5 A 4ok AR A0 AR T s R — 205 e DL 2 Y LAt 2E B
R, WREREL . QTR E I (R A A, 2014)11)
2, 5 Navarro Z£(2013)WF58 KB, /KRR 1K(CO,
We B 29k 1200x107%) 2 5 30 A #E R DL (Mytilus
chilensis)f £ A FIM SRR B FRAT, T ke DL 3
AW CRE Ao A K R R KRR, I, #R5T
TR R AR X i DI R 12 43 I B9 52 el %t T F 5% DL 2R IR Ak 1Y)
il 52 Be Sy B OCEEW . B, Z2HMHR MR RS
HSRTESL Y0 = N HEATRLAL, Sy 1 A M AR A K R Ak
X2 DU A= B S5 ) B AH OCAF L, ARE5E R BT Ah
FEl B AN B T KA 5 45 B S 30 0 vk, RS T Tk g1k
X2 DU B WS R I A S e, PR T IR 1k JiiraE Xo)
LRI RER A ECHTE AL, BRI FIR AN
i D X ¥ 7K 1 Ak Jiip 3 1) A PR SR ATL ) 4 1k 1 S A
Bl .

1 #RERFZE
11 RIS AR SE
S M AL T L 7R A SR BT R A I R

S AT O 9 ke JXU R 725 (37°02/38.3"N,, 122°33730.3"E),

U KT, K 150 m, F5K4 100 m, /KiRZ
FSm, WZE<2.0m, BHEILEY 10m TS
SR AHE , AN 47 2ok R BK 2T P A Ui K A He
1.2 SLIE#HR

SRR 20601 F 2016 4E 5 A 10 HR A LA
ST SRV ULV IR X, SRAE e e B et e HL I
AR EIR UL, SRS H H AR K UE N 2R M
MEY, BF%TAUZEEM (0. 8 mx0.5 mx0.5 m),
BT 5K X N KT & JEAE ) I AE N (2.0 mx
2.0 mx1.0 m), #3% 72 h J5 [ FIo Lk 3256 .

1.3 BREBRUIBRSGZHEZSEMIIK

BEE 2 MK pH ALFEA] . pH A 8.0 4L (KA
¥ 516 X SR 7K pH)FI pH K 7.7 4H(RR¥E TPCC Tl
ey 22 22 R pH). pH A 8.0 41, 7EMF N
it e AT S S TS pH o 7.7 4, @A
Pl CO, Az S it i 34T CO, 528 MR AR,
PMERLE] AR pH BRI K o B2 10 556 5 LA 1
(L FI5 201611109362.X).

R HE, PRI | TS — 20 KR DL kAT
bR a e, BRI RUZ SR, pH A 8.0
A pH A 7.7 Y4 E 45 BUR DL [5EK (54.22+
4.68) mm], FEAMLEIY 3 AEE, HOEE 15K
DU TR B 9 AE DUAE SIS TR LR A 10 KANEE 30 K
EHUEAKE . FRAR | FER R MHEER . 5tm . %
K. AR,

SEEGTE 2016 4F 5~6 H 4T, FFEAISh 30 d.
SEI W], 4K 08:00, 12:00 F1 18:00 I ¥ /K 1Y 1R
FE(T). $HE(S). A (DO). pH FLEGLE (TA), M
FEERNG DL AE RGO . S0 B v AT IR DLAE T
WK BITEEE . FhE . DO M pH 257K i S BOR HfE 1
KT ML (Y SI 2 7], Professional Plus, 32 &) 47
WIZE , TA SR E 2l AR E [ (848MPT,  Hi )il & o
K T T HLARIR R 25 4157, MUK CO, REGETHR
ANEERE(CO2 SYS XLS v2.1), id ik b iy i e
EhEE . pH. TA JFEAT H K TCHLAR M4 R P ik iR SR
BRI (HCO3) . BRIRIRES TIRIE CO3 . CO, 73 E
(PCOy)  J5 il A7 M TN JEE (Qcate) I SCAT AL (Qara) 555

1.4 IMIFFAKELE

1.4.1 FHiE+5#8E SIZIG FH A0 I K 2 A A
TESRVAVEAG Bk, S0 FH /K B R A 693k N AT



%3 TR AT WK R AL a8 X 5% T D1 B & 43T 1Y) 5% 23
&7 Platform
CO,fi# 25 [k
CO, tank Air tank WK
Seawater

A s B st YRR

Automatic flow meter | | Automatic flow meter O < ) Float
S0k Gas etk s O [ \
k)
Cage
HEE
¥ 7 Metering pumps Y
— > - O- OOO Animals
ALk = LRy
Acidified gas PpHG IS A0 Laboratory pool
pH detector [ — & O - AE
i i R Adr chamber
Acidified gas
HEIE S8 mhif Cone buffer bottle
K1 ML RS
Fig.1 The seawater acidification experimental system

IK o SEH TRK BEZEFE (1.5 mx 1.0 mx0.8 m)PN ik 1 4~k
M, R KRB T4 S Sk N A /K A (1.5 mx1.5mx
1L.5m); 1 ANKD, il Tk Bk
(0.3 mx0.2 mx0.1 m); 1 NEEAK I, SR A HK
T DR LR R — AN [ 1 SEERTTF LRI, KA 8
AR CO, Mz S FSEHL U/ pH A 7.7 BITR LI K
SR AT A 200 B4R A B 2RI K, K
B, IKTEMOKFH LA - WK AR B L o 5250
Wi, BEIFE IR AR o R YSI-556 #l¥E
A0 E KR . 8. DO,
142 Z¥H% WKERWE R KRS
SR AR R 1 h, KR FE $E il € 200 ml/min
BRI, LA 3 AN DL KSR R as L d] . SE5
F52E 3 h, BEBE 1 h MR H K D KRR 100 ml,
) A 48 X BUR T B R PAMAS (I 58 kL 42 V8 F
2~200 um, S4031GO, 78 [y g KRR H K A Fokr
B, b, S AR KR REKEE 1000 ml, FIH
TSEKI BT PR 1Y) GF/C B AF IR (FLAEA 1.2 pm,
450°CHIKE 4 h, EEHGAFE/NELE S DK
R IR BUR M B (TPM), FIEJS 19 GF/C i 8 4%
4, IR A-20°CVKFARAE .
FEEHER LM E vk FEARSEA T E 12 A4
7 W B 35 25 B (20.15 mx0.1 m), o, 3 PR
T DL )5 B A R 28 AL RPN 1 AN T T
KA . K, BEEKE R EEAR
PEKIE . EIG DLRCA BE SR, FE T K ) 2R T 38 L
1 h, FERLITFURIT, IR N HEKIE, HKIA

B FYIME 2 h, HUH T3 4L (Vernier ODO-BTA,
TR ) I o 25 R Y OV A S B . SRR IR, K
100 ml ¥ 7K F F 2 A (NH-N)T 5

FEMERUEE BRI E W 1) 3R 24K
(© 0.1 mx 0.3 m), Wil E 20 pm MYFEL, HCETE
SRR IAR N, SEEGTREE 24 ho SEEEE AR, A
FHTRSCKIBE ) GF/C B B8 2T i 8 BS54 i DL i) 24
RIS, IR 20" CUKARIRAT

T R, SR FORAE I KA BRI
AL ) (GB/T12763-2007) 47 5E o SEIRES R, 43
BRI AL, 75 60CHTEEES, RHEER
sk, MRS ES, K GF/C B 4k itk
7K AERIZEMEAE S, SET] 60°C LT 20 8 FR H i &
(Weo), TUILHE S92 T8 (TPM), ZJ57E 450°C %A%
T, MBIy RS 4 h JEFRE (Waso), THEFRM YT
JK5y B HE(POM), TRSEHIBERY GF/C Bl TS £ 4 0k i
T (Wo) o FE i 19 5 T 58 (Whpw) FILEE & T8 JK 43 4
(Woon) FUTTHHA R

Whom=Wso—Wiso; Wrpn=Weso—Wo

1.43 B A A MM E J ik

JI& 7K % (Clearance rate, CR, L/h-g)=FR(L/h)x(C,—
Co)/C/W

A, FRONFKIERITE, Ci. Co il h ik
LS 20 250 K A b ORE W B

[A] k%% (Absorption efficiency, AE, %)=(F-E)/
[(1I-E)F] (Conover, 1966)
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K, FABRY T Ky TH/EY S THE; EN
FETCIK o T /ZEE BT,

#E 4 K (Respiration rate, RR, umol/h-g)=[Cio—Cy]x
V,x60/(t—ty)/W

K, t. to 4 LI I AR SZ5 AR, Coon
Ci %8 20 T2 30 45 R T DL 28 rp i i SV B 5V,
R EE R REL WO DI Z

HEZ K (Ammonia excretion rate, AER, pmol/h-g)=
[Co—Cilx(V/1000)x 1)t/W

A, Co. CANRNASEHAARMKE; V
Ry B ARt IR WSk DL 2R el 2
TH,

AT Ehr L

Y= (We/We) Y,

K, Ys BAEYRKAL T EIRERE NS
B We B ARifEE B (1 g); We ATNAS ) Sh ) Y 2213
Yo SEARNREL A A IS HL ;b 2 0.67(Wang et al, 2015).,

H K4 J1(SFG)

P=A—(R+U)
A=CxAE
C=CR x(L/h-2)xPOM(mg/L)x23(J/mg)

(Slobodkin et al, 1961; Widdows et al, 1979)

K, C A ERE(Ingested energy), BEWII1HE &
W RE0N 23 I/mg; A NTRILHE(Absorbed energy);
R N #E%A fiE (Respired energy), BB ¥ R ECN
0.456 J/umol; U AHEMfE(Excreted energy), HifEim
AL FRECN 0.349 J/h,

A L (O/N) g P A i 20 5 HE h A S /R T
Bz, iE A

O/N=(RR/16)/(ER/14)

1.5 HiESHT

K Excel 2007 Fil SPSS 16.0 #f4-- 47 #5116 5%
RN Ty 22500 o LB 45 RSk A1V Y 8t hR 1 22 (Mean+
SD)#E/R, KA t Kb T g2 R0, P<0.05
FERBE, P<0.01 H2EFHEE,

2 R

2.1 SER/KIREBEHTL

2.1.1  EKRKRIRBE A T O 2016 4E 5~6
FHY A Bl B S 36 1A XK PR B S 8000 H 128 401 B0
F 1o NERTATDEW, fEScsfirh, WA . R
DO AL bR, Jo i3 25 5 (P>0.05), SLEE
DX K T BE D BhYG N 17~21°C 5 SR A% sh 8 Bl
31.5~32.5; DO WYZEfLIE IR 5.7~6.2 mg/L; HIRME
7K pH HIZSALIEFE g 7.96+0.48, SCEGZH /K pH (1978
TR R 7.68+0.43
2.1.2 HEREBE e RAURIR R S W0t = E AL
SIg R, SCEE K Y TA \HCO35 .CO3 . pCOs; .
Quate F1 Qe BALILER 2. NFR 2 TLAE Y, & TCHLIRS
A K PR ETEFE351 R 2047.48~2219.97 pumol/kg |
1912.29~2108.96 umol/kg . 46.47~119.69 umol/kg .
604.4~1459.94 patm, 1.13~2.93, 0.73~1.88, /K
) TA Fl HCO3#k B i A2 AL ARALL, TG 1 25 25 5% (P>0.05)
EARF BRI T, WKPE CO3 . pCOy. Qe
F Qo MR AT 1 35 22 5:(P<0.05); 1M1 pH 4 8.0 4h
) COY . Qeate Ml Qg W0 7 TRRALIEIK pH 2y 7.7
4, pH M 8.0 41 SR K i) pCO, i E LT RR L1
JKpH K 7.7 A,

x1 KRESKHBEHTRIFR
Tab.1 The daily values of chemical factors of seawater
S48 o i1 iR i
Groups Temperature('C) Dissolved oxygen (mg/L) Salinity
pHS8.0 4H 7.96+0.48% 19.09+1.95% 6.03+0.13* 32.07+0.48"
pH7.7 7.68+0.43° 18.95+1.99° 5.89+0.14% 32.08+0.43%

e Rl —FASR R R 22 55 8. 3% (P<0.05), T

Note:Values in the same line with different superscript indicate significant difference from each other (P<0.05), the same as

below
F2 BARENHEERZESRE
Tab.2 Concentration of carbonate system paramaters in the seawater
4141 R BRRARE TRE  BRRETIRE  CO,ME TMATAE SCA R
Groups TA(umol/kg) HCO5(umol/kg) CO3 (umol/kg) pCOy(patm) Qealc Qirag
pHS.0 4 2081.88+34.40° 1950.93438.64" 106.79£12.90* 625.40+21° 2.61+0.32° 1.68+0.20"
pH7.7 H 2169.69+50.28" 2060.67+48.29" 58.77+12.30° 1432.94427°  1.43£0.30° 0.9240.19°
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EWRFTAE: g K R A0 X0 58 i DL B ek L F) 52 ) 25

2.2 iE/KERLERB XY 22 G DURE K AN EL B R B ST

Vg 7K TR A Tl 308 X 5% 9 75 g R 55 i DL 98 7K 3 i [
BRI LI 2, WE 2A ATAEH, 7RI
L H 10 KANE 30 KRG DL UE K 2551 4(8.30+
0.31). (6.40£0.24) L/h-g, FLLT ASREEAKLL, 55
TRET 31.05%H123.58% , 2% 57 i % (F=10.20, P< 0.05;
F=9.50, P<0.05).

M 2B T LIA Y, 06 U A R R 2 IR A
FIFRAL I ]2 o AERRAEEE 10 K, [RMERCRIN Ty
{H 0 44.44%, 5 A SR K ALAR L, T BEA . 3 (F=40.67,
P<0.01); ZERR LA 30 K, [RIMERBCR A TFIIEN 61.20%,
HAKEKHAMLIL, BEFWENF=14.67, P<0.05),
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K2 TR A AN [E] A 2R 4206 DS 7K A8 (A)FI
Al {E 3% (B) Y 22 Ak
Fig.2 The clearance rate (A) and absorption

efficiency (B) of M.galloprovincialis at the
different pH and experiment time

P AR R S BE AR A B AS [R) 7B ) R
Z A 22 5 B % (P<0.05), T
Data with different letters for the same time mean significant

differences from each other (P<0.05),
the same as below

2.3 EUKERL BB Xt 2R 0 AR i5 A4 32 B9 20

WK BR AL 1A X 42016 D1 RR A1 AER $200 L& 3.
ME 3A . B 3B aLIE H, EMRILZi Kb fE,
RR Fl AER ZZ AL M ALIE 5 AL, YRl FR AL B e 2 1
THa# BEE I s, 7ERRILEE 10 K,

S (o)) ®©
(=] (=] (=]
T T T

I
Absorption efficiency/%
)
S

RR 0, {HA B E(F=1.36, P>0.05); AER fZEHn
(F=27.68, P<0.05); 7EMRILEE 30 X, RR i EHn(F=
12.86, P<0.05), AER #¥4/in#k & 2 (F=33.29, P<0.01).

70-A b

OpHS8.0
OpH7.7 l

N + [¥d
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b
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C
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5§ 30r b
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“ ool b

ica g 20

10}

0 10 30

s} [] Time/d

B3 ASEERACFAS AL H R 220 LA 4R (A)
HEZ R (B) A A HL(O/N) By ZE 1
Fig.3 The respiration rate (A), ammonia excretion rate (B)
and O/N ratio (C) of M.galloprovincialis at the
different pH and experiment time

M 3C ATLAE H, 506 D1 O/N Bifi i Ak 36 B[]
FIER Tk . FERRALIINE R, 55 10 KA 30 KNG
DLAY O/N BISF-H{E 505 20.50 Al 14.28, 5 H 4RI K
A, ©E FR&(F=17.08, P<0.05; F=55.25, P<0.01).

2.4 iEIKERILRhE Xt 2R NG T RE 8 U 3T RIS

TEMERFRAL A | X 58 T D1 RE RIS Y45 10512
BoArt s, 4R 3. WK 3 WIE, el



26 ook B

2 R 40 &

FRALIE 10 d J5, 205 D1 A8 & Re RO RE B35 [
fl&(F=14.02, P<0.05; F=21.22, P<0.05), MEIZAETC
WL FE R (F=2.23, P>0.05), HEMGE W1 hn(F=5.62,
P<0.05), ZeT5 BT BRARER T 8 AR A Tt 25 %
f&(F=120.88, P<0.01) (& 4), 7E-F#IRRILMIA(30 d)

Ja . 206 DR R e B E RREIT(F=12.09, P<0.05), "
W HESS B Sk 2 (F=32.48, P<0.01), FFIZHEFIHEHfiE
i E T B (F=7.48, P<0.05; F=16.43, P<0.05), FEI#E
FHE e 5 SR EAERY 12.84%, KA D E
Hafin(F=179.94, P<0.01) (&l 4).

£ 3 EKERLAME T TG N AR E IS R0
Tab.3 Impact of seawater acidification on the energy budget of M.galloprovincialis (Mean+SD)
Wk BRI Cmg wmie emie e kKR
Time Group CR energy AE A R U SFG
(d) (L/h-g) (U/h-g) (%) (J/h-g) (J/h-g) (J/h-g) (J/h-g)

10 pH8.0  15.79+4.26" 186.85+68.03" 62.20+11.65" 116.20£42.31" 10.95+2.51°  0.23+0.04* 105.23+18.79°

pH7.7 8.2942.76° 79.41+17.67° 44.44+234° 35.28+7.85° 13.03+2.33*  0.2840.04°  21.97+3.79°

30 pH8.0  10.36+1.45% 119.05£26.37% 28.11£3.32% 33.47+7.41*° 12.03£2.99°  0.43£0.23"  21.01+7.73°

pH7.7 6.41+2.11°  145.28+37.07° 61.20+10.18° 88.91+22.69° 17.65+3.48°  1.01£0.30°  70.26+7.36°
150r CpHS.0 edutis)JE /KRBT L BL, 2 FiiEE DS 8K 1Y
B0l a EpH7.7 B E &A% . Fernandez-Reiriz 25 (2012)#F 5% & #H, Alius
=3 1 {7 (Ruditapes decussatus) sk 432 51 fL i 1) 2
eI b B X SABITTLE AL, LEHE KRR L pH Wy 7.7
52 el BOZPET , 20 DUk 34 B B VR 2A), I BR
i . RBHRIAI , 220 DLA 10 KoK 38 1 - 449 8 725 405
a 30r a 30 K. Navarro %5 (2013)0F 58 & B, R AL [ X4 A
0 j . WG DU TS S AT EE A, TR DL(CO, WeBE
b Timera 29305 750x 10 VER ALK AL 35 d I, JURR AT
B4 R RITAL S A (7 BRI ] 2 0 1 P E LT L R B B (0 d) . DR 1T h
KA T A AL, WEL KB, T pH<7.0 WM /KIRIL T, KB40
Fig.4 The SFG of M.galloprovincialis at the B 1405 (Ostrea edulis) F1ER IR U13ix 3 Rl Dl 21y
different pH and experiment time TN TSR s T, 47 M SRR R, R
Pl “RRFR AT, AR ZBEH, JET- 38

3 it (Bamber et al, 1990),

3.1 BB TR R £ AR

PEACRILAFST D JSHE & A B B S H(Riisgérd,
1991), B WR/NE A2 245 W) T kb SR 5% 1 BEAL R 7
B 52 M (I A 55, 1996; TR 4R 21 45, 2005). Ferndndez-
Reiriz %(2012). Wang %(2015). Sui Z(2016)05% &
B, VKR TR X U B P DL 2808 /K 3R Y 52 ) PR 2K
S, JEFENG DL (Mytilus coruscus), 2505 D1 (4 U1 7E 7
KR SFAET , HUEKFARZ M . Liu %(2012)% 4k
T g KR AL T A i 2k £ 11 (Pinctada fucata) it 4 i
AT R B, A EREE U R KR TR R AL A%
PR BERIN, EEZ MR, KRS
2 SRR KR G EFER, Liu 25(2012)78 [ —MR 1k 4
4 7F X #ifL B3 DL (Chlamys farreri)flli 01 (Mytilus

D1 2% [] Ak 355 %8 X6 Vg K R A TR AR % . Wang 5%
(2015)7E = WAL pH N 7.7 K FRALIT S B, 1
TR AT JREFE NG DA [ AR L e r= g, {H
Fernandez-Reiriz %5(2011. 2012)7E pH=A—-0.4 [IRfk
MR 78 d JERI, FEISAFAh AR RIfb AR
FRAIG, HE, SRR DLZh IR [RIAL R 20 3 n, e
iR Ak T DL IS 1 2 M) EL AT B Jd A i e S TTA
TR, KNG DAER —RIL AT, FARRCRAES
10 KR, 130 d W& 2B), X — IR
Jir DRI T A2 R Sy e T R Ak W 3 2 I 2 R ) DL 2 Ak
Ra, [, ERMMTRILIIE T, 2806 DL 8iE N
X —IAEE, 8t T H B RO RE T K X R
TRAL AN F A5 (Wang et al, 2015), Areekijseree %5
(2004) A5 A B, DY ZASAAR PA) 5 3 A W2 A Tt G 0 3 T
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EWRFTAE: g K R A0 X0 58 i DL B ek L F) 52 ) 27

JUKT | 2B R A pH BRI, S R g,
HUIARIE o B g 20 SR I AL B 0 5 1, AR SR i i
WORI, BEALIA A2 FRAEA 1 o IX Pl LR X T 52 iy DL
X — W ol O X TR A 30 A A R B LR A SR, (B
DRIZ U A= BAL T D5 T O BE ST i A it — 20

3.2 iBKERAL XY EE MG DA 4 3R A 20

RR Fll AER 25 DA s )3z 148 4 o W
TR, HEKIRILZX% RR Fl AER 74 A 6] R 1Y
2 (Thomsen et al, 2010; Fernandez-Reiriz et al, 2012;
Wang et al, 2015; Sui et al, 2016; Hu et al, 2017), — 7
T, TR )26 D2 AR = A s i, JEE 52 0 DLAE
fRALALBE 3 d, H RR Fl AER JLF- ¥ A F=:5m, {H
AL S22 14 d IFEBL, MIbE R
ARG DL Ay RR A1 AER (Wang et al, 2015; Sui et al,
2016). 5—Jr T, EEERR AL DL IAR Y S B
A & A4 b e 45 5P o Fernandez-Reiriz 25 (201 1) 7E K
RRACHETE & B, FEIA 7 RR 3% TR, AER &
EHEN, WAELIRD, BAR AER AR fE—RE, (HXT
RR HJLF A AW I, 1R KR A 5%
PFF , 204 D1 (% RR F1 AER #B 52 7 (18] 3A K 3B).
Lannig 55(2010)I\ R, R Ak 23 5% M DL 4 a2 -k
FE(H". CO; . HCO;. Ca®'fl Mg>")asfk, Dl
I A S 5k A o 40 P R B S T A R

O/N J& 2R A=W R AR Y i — 4 23545,
ST LA AR5 2 B IR BRI IR I . B2
AR H B 56 2 (Ruyet et al, 2004; ZYRYR5,
2017). Fi4b, O/N AR AR AT LAV A 1A iy 34
B 1948 kR 2 —(Widdows et al, 1971), 244 ¥k L)
FEATACESN 8, ONEZ R 7.0~9.3; AP
Ji W5 A K AL A 1A R, O/N (HEH & T 24
(Mayzaud et al, 1973), A58, 505 01 2 IR LAk
PSR O/N {EAR bk Zh i Fh 14.28~20.46, 3%
TXFRREH (P<0.05, &1 3C), BEHITEMEKIRILIA T,
2005 DL A {15 R 4 5 P A 15 RN B 7K A6 403 1 ) 2 1
Jo i i

3.3 igKERIL XY EE G DL BE B 43 BL B 52 M

FEIRSE R TTT , A A T R A 5 A W R A R
B — N EERR RS bR MR A, i KR XT
DIRHEERE . WRUSCRE . T e FIHE M RE S5 A BT FR 1Y
WEFT, AT LA e S T K B A X i DL 2R A= Kk 1 )
52 0i (Berge et al, 2006; Fernandez-Reiriz et al, 2011;
Sanders et al, 2013; Range et al, 2014), 752 2 /KR
felia s, DA R AR TS, w8 R S he

FIR S RE A D20 | P R FNHETE BE A8 0 . B A
PR i, X ELELIG D] (Thomsen et al, 2010;
Fernandez-Reiriz et al, 2011). &7 0 (Wang et al,
2015). f#d4{f-(Fernandez-Reiriz et al, 2012), K405
(Lannig et al, 2010) 1 & Bl . TEABISE Y, TERIHIR L
e 10 d, 20 DURRARER & . scRB I, 5 p AL
WREEHFE, R TEIIRERKWRRREWED, ERKT
F(# 3), X5 Thomsen 45(2010)WF57 %5 FAH—2L,

DU 2840 1 4 3 3k 434 0 8 2 190 75 SR R RUH8 % 1) B R AR
FH 2R B % ¥ K FR AL B A9 JE F7 . Fernandez-Reiriz 45
QOIDIFFE L, BRALME FEAEIAfFIEK . RER
ik, slEaeEWRIrm L, [, ERKAEE,
ARG LB, RGN AR IR 10 d, KR T 5%
HRAA L TR T 28.65% (Kl 4), X5 Miller %5£(2009)
KT NG D5 45 R —3K . Navarro %5(2013)#fF
8RB, A HE G DL 4l DUAE CO, ik BE 294 750%10°°
CO, R LN 1200x10° PR fLiE K, A RKFRE
ZREE, B FRE 13%0 28%., 7EX—1EHL T, Ri%
I D1 7E TE %K (CO, W BEZ N 380x 100, HiZH 4L
FEECA 42120 kg/month, TEH | & CO, ¥ 19 /K
bSO RS HE > 5500, 12000 kg/month,
XIS UL TR K IR fb , DUZRAE R B REAIG, Y
SN UL S (Al 7= A A T, TR A R OB A X DL
[ FREE =M = A AN T A B B R o (E(E AR R,
BEERALI A FER 2 30 d 5, SN aAERKAE T
FXan, 5AKEAKMEEL, BiNT 30.70%, XFPEL
L eSS KRR L8 I, S8 D[R] FRA50CR A i
REMIE A 56, R4S DL 1) 7 W 1 N HE T B & 3 38
i, AR B ERER 12.84%, FTLL, WULHEE
F14) i 2 18 i R s R DT 28 A K Ay o T A N A 32 R
K 3. B 4), H4b, Fernandez-Reiriz 55 (2012)if i
HMFEBRRAL S, R CO, SR AT 2 N IR AL 4
78 d JE & B, LG DIHE DL [RIFEACR AN, W RE R
i, sURARR TG, X 5ARMFRE R 7
KWL T, MG AR I IGIn, LA P&
Pl 18 B HR A0 T ARGy i SR . TR AR S, ISR
Yibh . RAHFIRH, ABFSARRZE T 30d, %06 DL
M, ERBICHEL DRIAMAET, Ea it
TR 1 IR R ok 6 R I AR KRB AR AR G, 1
T BRI RS A T /K R Ab S SR R A T UE S

Areekijseree M, Engkagul A, Kovitvadhi U, et al. Temperature

and pH characteristics of amylase and proteinase of adult
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Impact of Seawater Acidification on the Energy Budget
of Mytilus galloprovincialis

WANG Xiaoqinl’z, Samuel P.S. Rastrick’, WU Yalin'?, FANG J inghuiz’3 , DU Meirong2’3,
GAO Yaping™’, LIN Fan™’, JIANG Weiwei’, LI Fengxue'?, WANG Junwei,
ZHANG Yitao*, FANG Jianguang™®, JIANG Zengjie**"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries Research Ingtitute, Chinese
Academy of Fishery Sciences, Qingdao 266071; 3. Laboratory for Marine Fisheries Science and Food Production Processes,
Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071; 4. Rongcheng Chudao Aquaculture
Corporation, Rongcheng 264312; 5. Institute of Marine Research in Norway, Bergen 5817)

Abstract The effect of seawater acidification on the energy budget of the mussel Mytilus
galloprovincialis was studied using a combined in situ mesocosm and flow-through chambers approach in
Sanggou Bay from May to June, 2016. The experimental groups of mussels were acclimated to different
experimental pH values obtained by elevating seawater CO, concentrations. Clearance rates, absorption
efficiency, respiration rates, ammonia excretion rates, and O/N ratios of M. galloprovincialis were
measured after 10 and 30 days of treatment. The results showed that the clearance rates, O/N ratios, and
absorption efficiency of M. galloprovincialis were reduced significantly after 10 days of exposure to
acidified seawater (pH 7.7) (P<0.05), whereas the rates of ammonia excretion were increased significantly
(P<0.01). The respiration rates in acidified and ambient seawater did not show significant difference
(P>0.05). However, after 30 days of exposure to acidified seawater, significantly increased absorption
efficiency, respiration rates, and ammonia excretion rates (P<0.05), and significantly reduced clearance
rates and O/N ratios were observed (P<0.05). Energy budget analysis showed that a 10-day exposure to
acidified seawater resulted in significantly reduced ingestion energy, absorbed energy, and scope for
growth (P<0.05), but a significant increase in excreted energy (P<0.05), whereas a 30-day exposure to
acidified seawater resulted in significant reduction in ingestion energy (P<0.05), but a significant
increment in absorbed energy, respiration energy, excreted energy, and scope for growth (P<0.05). The
average values of O/N ratios ranged from 14.28 to 20.46 in all the experiments, suggesting that the energy
source changed gradually from fats and carbohydrates to proteins under low pH conditions. These data
provide theoretical insights into the possible mechanisms underlying the impact of seawater acidification
on the physiological responses of mussels.

Key words Seawater acidification; Mytilus galloprovincialis; Feeding; Metabolism; Sanggou Bay
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Sanggou Bay. Progress in Fishery Sciences, 2019, 40(3): 31-41

20 FREET £ KRBT

EBES KKK Al BP gmRS
HERS BMEE'S @ AN
(1. LRl Rk S areabe il 2013065 2.4 /K™ RHEDFIEBE 8RO BEFET - T8 2660715
3. HEEHERFSEARGER SRR EERLA 2 SBEY- HEBIRLRE B 266071;

4. R EKEREEOEEBE R A BTSN

mE

510300; 5. BIBKHIGFERE M ARAF Rk

264316)

¥ (Saccharina japonica) & — % W AR L 8%, ZHFEARRKEEZNWR A

#, WRBRELTBEETENFAEL, RARX GEZELEFMRAEKBEER, LT+ E
F AL RN RALETHETNEKEFN RFATURBERBES G0, AR THAAER
B STELLA #u@tEw KW A HARRZAEXRZESHNEXR, WEEKENgown) =R EKE
(Garowtn)—"F B AE il (resp)— it 12 (Bxep) 4 EEAAESE , MW TN g 6y £ B At F KE T, HFAH
REKHALE., BE. . BHENERZEFENMP)EFERFBH TN, i, KBS kE
RWBEBRFIRFE, BE, BEMERGAAGAEZNE, HAENZHERAETNKES TE
BB ESEEIAE RMEASH N 0936, 0.963, 074 A A8 4% 174 R Bl Al thy 2052 4 KO0
HEWNMRE KR R R A B A, N AT IR X By 2 A AR AR SR AR
KR W, A, MRAEKEA, T4 F; STELLA

FESHES S968.4 XERIEE A XEHRS  2095-9869(2019)03-0031-11

Z& I V5 09 1 717 (Saccharina japonica) 37 74 15 T
1957 4F, FRigEssm, Hurci 10 77t (KA,
1992), ¥ RS- B 5B MK EMEREA X, £
FARBEB I T, KB . SR AR AR AR, thal
R, AR, RIS IETRE S
WI(—E 4 A TFAILUR), MR A2 E,
FF Rt R HERS A, AE— R LS 1T IR
FE P FIALES o Li 25 (2007) W58 R0, T B AR A
AR N 11 AR aR L, FFRFEEA 5701

JE . Suzuki 25(2008) & BL, 46 M 17.5°C,
P R AR A 3k O A AR R TR R
SRS FRER AR AL AR AT e T R M I e AR A A

Tt WL HER BNAME & T —S8 ] TR
AR AL, — 7 TE T 0V Al R A 2 (Ulva
rigida)&5 #2519 4= K (Zhang et al, 2016; Solidoro et al,
1997), Ji— WA TEREMERSEREERLREK
() 7% (Martins et al, 2002; 7EIG4E, 2012), R T L4
HiATADL PR DR 28 NPT A K 1S e, ASBIF ST A SR TS

* RS [ bR G 1 e IS T AR AR R G K SR A 2 [ LI AT 52 (2016 Y FEO112600) 1R B Hb-F-2k 2020 151 H
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1) 3 AR X BB E T RAEU AL, $E T SRR 5 2R

BRI o S TR A R E IR R R, B HS
Ak, LishiSfEE2#(Dynamic Energy Budget, DEB)
FHIS M8 5 (Marianne et al, 2009), #3775 TR
ATl ISR AR A 3 e A8 R 5 SR AT DA i
AFE AT FET , WA RRG = w22 4k,
A Ji T DX B 25 e 0 Ak A R 5 R A B A B R4
VN E

1 MR57FZE

1.1 RiEHE

FVHTE(37°01'~37°09'N, 122°24'~122°35'E)fii T
AR B R v it 23R E L J7 2 0 1 SR A /K 3k
Z—, FEEAE, 2 CCTR B DRI TE 11.5 km,
ZKVEDE 7.5 km, WFFLK 90 km, HAN 144 km?,
MBI 2°C~26°C, 4FFKEN 13°C IHNERE
A, SEREREE R 31.76; HOGIRETIEOE K
208.4 h, 4E 1 RE T 800 mm(E 4815 77— T, 1988).

S FE % JH VS 5 X (High Zone, HZ). " IX
(Medium Zone, MZ). {KIX(Low Zone, LZ)&%H T
3ARAERS, EIX: 37°8'33.47"N, 122°37'59.22"E;
X . 37°8'37.44"N, 122°36'30.98"E ; ik X .
37°09'52.88"N, 122°35'10.06"E, Hv, & IXKIE
23.4m, WHEK, N 03m/s A IXKE20m,
T BCHE R, N 0.25m/s s RIXKIE 16.7 m,
BN, A 0.1 m/s ZEA7 . Fr A RFEE I GPS
WEATHERG E L (B 1)o FRIGTEFE IR M >R H 8] B
FFE, SR 11 A A ERRAE 7 H Al

37°15'

N

37°12' |

37°9'

37°6' I

37°3'|

122°27' 122°30" 122°33' 122°36' 122°39’ 122°42' E

BT RG R A A

Fig.1 The sampling points of Sanggou Bay

1.2 RAEBHIFERBETERSY

WA KA AR SR AR A 18] 2 TR . S50
XSV 2016 4F 11 H £ 2017 4F 6 ALK E
DUREREE S5 F 04T WA o PR W 35t 5 A 35 /K fR e i
MEE T(CC) AKAAERBE SUEFRER N FI Pk EE (pmol/L) |
R85O BB 1 (umol/m? - s) LA K R A AL W He
TPM(mg/L), & 30 d 2247 M50 1 IR o P15 S 403k IR
PR R ) BRREE, WK EFRE . TPM 15
Mrifsg B Qg ML ) (GB 17378-2007)i#E47 .
%it@f*‘ﬂ W 3 H AL T DW(g) Al K B
Length(cm), % 30d Z24 W 1 %, &Rl 5 4
NS

IR T
Respiration

HEJEIERE

Erosion

(D—{ W REKE VR Ko S
©_) g%ggtﬁrg;se > Kelp r;zttegr owih Kelp biomis

B

Nutrient

[ 2
Fig.2 Conceptual diagram of the kelp growth model

Tty A KA AR A e

T SRR AR SRS TARED) . 106 . SEhED) . NO#f#IE
TR ALHE : NH-N, NO3-N). Pt LB : POY -P)
Note: The forcing functions include T (temperature), | (light),
K(salinity), N (dissolved inorganic nitrogen including: NH;-N
and NO;3-N), P (dissolved inorganic phosphorus: PO} -P)

1.3 EEFE

TREAT R ¥ 2B 4K B (Ngrowen) S 2E 1 B (Ggrown) 5

WP 2 A T (resp) R HT A 422 (Exerp) Z 25 TRAE
Ngrowth = Cgrowth — €SP — Eyelp

rf, PRI AE  (resp) R B R Jorgensen Z5(2008)

KT AE R A
resp = Ryao0c X

K, Ruaoc B 20 CHRRIFR AR, OH2LK 5
HABAIRIER 1.02,

Garowth 3 T 2 KA AR (tma) « T BE ()AL By |
JERETERBI () . FREER T (9 S E SR HIBR T (N, P)
IEERT . AR BR & 7k, B

G =My X FM)x F(1)x F(S)x f(NP)

growth

0T72O
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Ty 1 A R SR T i 3 ek B B3 ) AR 1E S A AT, T LA
K FH AN F 16 R % (Radach et al, 1993):

T-T, )
f(T)=exp| 2.3x u
Tx _Topt

o, Tope A T A IR T AT AR K Y Bl i 32 1
T A 2SR 5 2 TS Top I, To=Tonin (B2 A 25 0R F FR) 5
M T>Top i, To= T (MREZ AR IR,

TREH 7E 5 5 BE R OGER TR AR AZ B, A
AbFADHLARA GRAR M, 1994). I, J6HRsRHCR H
Steele 220G AR B B L il 28 (Steele et al, 1962):

—
f(1)=- ! xe[ ']
opt

K, Lo MEHATERBGEGHR, | BRI &
T A ' R R

TADL 7R A 22 5 DG KR B A8k . i TR N
SR, WA G S A WK THRE, B LA
(AT NS5 R IFRIE A WK 2 AL, W FEAR R
FrEE M ERKKEARTE FE, BT KRIGETE,
AR PR ER KA B2 . IR (2L IR ()R AR
1k, H Beer 233 (Parsons et al, 1990)% /K

I =1, xexp(—ka)

A, o AKRTRDLE, kK WWOERE, 28
IKZREE

I HH W DK AR B A7 90 A= 7 g b B 7K b iy i
JERE K WAL TS R Ak | R DL TR
i, ARREXT KA R s B 8l o X P AR fb 5| 1) i
JROTB ) PR TR RS kA EZH R . Suzuki
SE(2008)TE BT AFHH TPM 5 k Z AR, i
ALY ¥/ Il

k = 0.0484 x TPM +0.0243

ARIART k5 TPM Z KR, FIFHA R
ZIf TPM (e S AR, F— 2 Rk Z YR R A
HEARR AR L

e BE i ] PR A, AN B DA — KA B — it %)
SEREAE AR R, NS 55 5 X 2 H P34
oL, IR 2R B H K NS K. 4H
1) H BRI A AR R R ST 2016~2017
RS, THE TR H R H R KT R 5 H
B H REE 5 I EAR 8 S0 A% S y8) T8 Bl H R KB
T R a8, — R 354998 T O FRGER 52 0301k 550 .
385 pmol/m*ss.

- H i O BB A

| _ FRI K (155 H R x 550 + 1 I K x 385)

o BT K x 24

BEXE SR RS B0, 2 Martins 55
(2002 # A5 20 oo £ 18 R A 19 Sk a3

f =1 [ S_Sopt Jm
(S) Sx - Sopl

K, S WEEARKEREE, Y S< S, S=Shin(1F
1EAE K R 3 BE I A2 1 B /ME) , mE2.55 S= S,
SESuax (P I AR A ER BET 32 Y B K AH), me2.

TR A K A2 R R i 2 7 SRR B A, VT AR Y
AWELL(N/PYE 12~16 I, EFRER I BT I,
K, N/P <12, f(NP)=f(N); 12<N/P<16, f(NP)=1;
N/P> 16, f(NP)=f(P)(Martins et al, 2002),

AT N E IR R A SCRFE AT A 1R R W 5l
2o IR, PR e i A KB T A M N R B2, TiAS
TR e, HRYE Michaelis-Menten(Nip — Nimin)
KT

f (N): Nint _ Nimin
K.+ N. N

q int ~ ' Vimin
SO, Nine 1 Nigyin 7332 AR N TS N 3532
RN S N TR, Koo N A H] Ak
ES 8
MR PO4-P YW B 1 AR IEAFT 5 K [T
T BEAR A A K BEAR Y P R3S I S 23 TN (Jorgensen
4. 2008),

ﬂn Pinl < Pimax ’ f (P)Zi 5 im% Pint2 Pimax’ f (P):l

A, Pin Ml Piax 73BN PL4ESF
KA R R AT RS P&t

M AR T Y N P OE IR & B (Niy, P YT
2 K TR AT )5 R R (o) 2 TR D ARG 5 3R ER ()
(GEL

o= ximax B Xim vaax X xext
Ximax - Ximin Kx +X ext
V= Xint X Ggrowth

A, XK N P; Vi A N ECP EFRER
KT 5 Ky oA N Bk P 7R R I i) 2 A0 R 45
Xext WHEKFICHL N 5, P B FREb i

T A e TG R SR 5 R Y R L O IR 55
5 Y SR 0 S B G s, B IO R T AR B O R
0 B BE T FRAE K A B0 o R TV T A B A
K4, MR R AR RS AR — R A R, YR B
HABIIR AU, W AR R IF ARG, Al
LR E TG, (R AR, ART
flF R CHL, J8 T —FEAAPLRI(LL et al, 2007), 7E
4 FLAHT, W AR RN B, 22 )5 B K IR
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2 R % 40 %

FEMIANIBITE R, RASRG SR RIR R BT, 5 A MR

BEERK, LUGHREREFEIRZ(L et al, 2007; Mizuta et al,

2003). Zi AT, ARAEEEHT (14 ol L (Top0) S K

(R BE (T Z RN 25 (B A AR A, A5 I R 2 ) 7
Eyelp = Emax X ptT )

K, Top MW RGE A KR, T N AR Z]
R BE M A (E, P o400 REABIRIIE, B 1.05,
Enmax AT i AR L

R R AL (2009) % T K E S TEA B &
A, ATRERAFTEN AT TR LA F SN ER, 5
P K ES TEIMER — 25, RUF5E T
Origin 9.0 #AX SRR 4 K 5 T HE 24 A Ak
TREHE, g KES TESMAN:

L= exp[m(Dleoé-zg)/s.as]

Krf, LKA, DW i T8,
1.4 RETEREH R

BRI 3 AR AR B FGIA (R N B TR
i (Nips Pine, pmol/g), YT HE(DW, g). Nip(t).
Pine(t) . DW(t):

Nip (1) = Ny (t=dt) + o5 —7x
Pu () =Ry t—dt)+ @ —7p
DW(t) = DW(t - dt) + Ny,

B HFOR AR AS I T IR (A Niwe F1 Po IOIRUAE, R
A ZUR TN B 28 TP & i Ay T
B E 4y H (% DW) 7 (£ &%, 2009), Zhang %5
016)i5E 1 HiEH TN N 1.51%, Zrtfafifs
Nin=1071 pmol/g. XI55 55 (2017)Ml & W47 TP Ny
0.218%, il AN PL=70.32 pmol/g.

5 1l PR 4 (Forcing functions) R AN AL 1, &
SRR A A R GRS I SR AR R i pR AR AR T LU
SR T 5 1) R AR Bt s () AR AR, AR S R G B AS K
A AR AL FN L . KR T(C). JGHR I(umol/m*s) .
KPR N F i New(pmol/L)( 55 NH3-N Fil NO3-N), /K
TR PO3-P & i Peg(umol/L) . K4k v ks 4 vk Ji
TPM (mg/L) A 15 5 1) 56 ) RS, AR AN [7] B 220 %) S
(EE AN
1.5 HEGWSEH

BRI 5 22 AR (R 1), 5 E R IR
THFEAHICSHON 114>, W AR K FER S 8 3 1,
AR KRB S S8 8 A LA S BB S
K S TRVE DX S B A5 25 5 BAH 56 3Gk o

TSR AR, By 5~10C, 45
B IFEA IR, EIRVEEATE 12~13CESA (kN
e 1992, B EASAE 1994) 5B PRI A K B
MREE Tope N 12°C, Tin A 0.5C, Tiax A 20C

PR 201D FE AN [E ERBE T A7 XF NL P E S
AR R, RS 3 I, PRI B T B
WIS . PRARAR(1958)48 1, FhFEE N 29~32 Fifi'H
MR I, 3 San M 3, $hEE B Sl 40, 5
TEERFE S BN 30, 5KAEAR (1995)BERE B Lop T R 252~
396 pmol/m*s, Duarte %£(2003)%F T oy AYBEE(E K
491.4 pmol/m’>s, FEHIETE 1, 7 350 pmol/m™s.

RYEIL T (2013) % N, P EFREh i sh 1
FRMERIATTE . I Vinanos « Vinaxstts s Vinaxpos 73514
10.28 . 52.63. 8.58 pmol/g-h, Z&BAf7 #8451 K
246.72.1263.12.205.92 pmol/g-d, ¥F 1 ) Knos Knia
Kpos 23514 29.02, 169.49. 6.01 pmol/L, N & KT
HIY 2.4%, 1.3%73 511 Nimax FI1 Niin» 20 B H55 LA
RIZRED A 1714 umoIN/gDW F1 300 pmolN/gDW
(Mizuta et al, 1992) o Pimax F1 Pynin PEHL 171 pumolP/gDW F1
30 umolP/gDW (Mizuta et al, 2003) . Ko il Ryaooc S EUH
HUH EPA(1985)Ff i A TR AL IE .

TR — R, 1 A JFIRINAGRER, 42
T B IR K2, AT o A 2 SRR A (R R AE
50 cm AEAKE, B, #EEEZ R 0.5 m,

k¥ 77 (2016) DN £t ¥ 717 7 1 H A= 4 3 3830 [ 78
(0.15~0.75)/d i), AR SCHR i AL e B 0.6/d
ST BB KA R R BT RS AR R A AT R
WAEREANFRAH A, AR BE 2 196 cm, 2.0 em/d
SRR B KM 2 (Mlizuta et al, 2003; Li et al, 2007),
A2 F K (4.0 £ 0.9) gwt/d (Suzuki et al, 2008), 454
DL R AT A e T, BRSO E AT L2 0.006/d, fERUE
[ — V5 A0 A 1 TR H— 2, E4E 0.006 2N Epas,
VT AR R TR N SO U LR 1.

1.6 REMERIEBIT

TEEAT A 4 B A BAE Alad AR A A i S m L, A
Al PR AL AR I Stella Architect 1.4.3 FH%E R
K SH, HT Stella B\ 5 H AT AR K ABAL I A
F(E 3), Ho, BRI EMEmE2E KN 0.04 d,
R 75 A (] AR K Ry 220 do DAV T
G I I) R v, (RIX 11 A 15 B, P IX 11 A 24 H,
X120 7 H, EL o AR B E AN R A AR
EHEITREE . &L o KX T EOW) WG
5% 0.5 g, 0.45g. 0.25 g,
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x1 BHEERKRETHSHSNE
Tab.l Parameters of growth model of kelp (Saccharina japonica)
24 E L ZHUH 275 SCHk
Parameter Description Units Value Reference
YE A VE RN B < SR
fg DL TR [ d! 0.6  WkIFFEQ016)
Maximum growth rate at T,
| I M 5 3 g 5o REAE(1995)
ot Optimum light intensity for photosynthesis H Duarte %(2003)
1 2 4
. ; . 475(1962)
T, Fofi 4 KRB Optimum t ture f th C 2 UE
- EA KB Optimum temperature for grow 355 (1992)
< VB RE A A
Tow  CREEESEROLE . C 20 HEZE%(1962)
Upper temperature tolerance limit at which growth ceases
2.y IS it
T A TR B AR A IR Y R o . c 05 %4 (1962)
Lower temperature tolerance limit at which growth ceases
ARARARAE(1958)
it A KR Opti linity f th ¥ N 30
Sopt Feid K ERE Optimum salinity for grow one IR 2011)
A 1 2 R T A ()
Shax FLERWREWRNARE J& None 40 ZfhiE(2011)
Upper salinity tolerance limit at which growth ceases
A - I E T 2 1
Sun {?Ltétﬁﬁﬁ.mfgﬂﬁfxﬂﬁﬂg/].\fﬁ . % None 3 F RO
Lower salinity tolerance limit at which growth ceases
Rmax2oc 20 CHe KK 3% Maximum respiration rate at 20°C d! 0.015 EPA(1985)
RTFES N SRR oK 71 T
Nimin . . ) . . - 300 RIZR5E; EPA(1985
Minimum internal quota (subsistence quota) for nitrogen pmol N-gdw BRAE ( )
Nimax AERF RO AT 19 R PR N pmol N-gdw ™! 1714 Mizuta %(1992)
Internal quota of free nitrogen for maximum growth
TEAL N 1A R A % -
IN- 250 EPA(1985
s Nitrogen half-saturation constant for growth pmol N-gdw ( )
Vianvos  NO3-N H KWK Y# K Maximum nitrate uptake rate pmol NOy-gdw™'-d™!  246.72  IL#IF(2013)
Viasnn,  NHg-N S K GHE R Maximum ammonium uptake rate  pmol NH,-gdw '-d™' 1263 JL#ZF(2013)
INOSNE SR I TN E S ,1 T
Ko . , INOs'L 29 ILIEF(2013
o Half-saturation constant for uptake of nitrate Hmo } HHIF( )
NH,-N {100 R i % 0 S
K, . . I NH, L 169.49  ILIZF(2013
i Half-saturation constant for uptake of ammonium Hmo 4 HHIF( )
Pimax BRBAEREFROHNIRE P TR pmol PO, gdw™ 171  Mizuta %£(2003)
‘ Internal quota of free phosphorus for maximum growth
PRI ES PRI oK o o
Pimin - . : . - 30 Mizuta %5(2003
Minimum internal quota(subsistence quota) for phosphorus nmol PO gdw izuta %5 ( )
Viaxpo, PO4-P I KK GHE# Maximum phosphorus uptake rate pmol PO, -gdw '-d”! 205.92 TEIIE(2013)
PO,-P 110 A A % -1 s
Keo, : 1 PO, L 6.01  ILIF(2013
PO Half-saturation constant for uptake of phosphorus pmol PO, HHIF( )
Enmax W e KA 2% Maximum erosion rate of kelp d! 0.006 Li %£(2007)
z W7 SR E Depth for kelp culture m 0.5  FREIRE
2 EBRENW Hh(E A NHE-N | filfREE NOs-N | #ifRth POI -P). 7

2.1 IRESEIME

4 M7 E . B OKRIX 2016 4F 11 H 3 2017

A6 HRYPREESCIE, BARIESE | $RFE . TPM, E3F

HEHEFRTINPY L AEIX HOTR W T 70K R IXY
FFeseh AR AR, 5y KA R
FERIKSMI, R | ke R i
X B
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SN W L=
A . O p<t_ak ._> Lm"‘. Consumed N

uptake P —7 Consumed P 3
2 O\QA
Q O D o) Q
e ‘ ‘ Q\Extc::rnQaINH3 '. . Ko, l/m@
External P 1 p  vPmax Knm, ) \ EXternal 3 V' NOgmax
S -2
Take NH, Take NO;

& 3

HET Stella B4 A AT A2 RBERY A T

Fig.3 Flow chart of kelp growth model based on Stella software

SR DX I B 2 SR A A ) A SR S B BA B
N2, AR E RS mA KR, B T
KT A ol BA KR, &5 vl fe s soia
SIS A REIR , W FRAEAE P AR, TR AR
A ELZEIET (Sies et al, 1993), &l 5 A5 RIjE i
5o 1) PRIBIC A i 4 A ol AR IR 12°C,
MR K IR A 15°C ety , Mt 1A R
WEARKEE, MERIBEES, 238 TG E
ARREE, 3 AFREREZEE TS, 5 HhaZEf ik 8]
12°C, FifiJ5 8B TT AR RS B T, Wbty AR K 1 R il
YERINGE, E 3 6 A ) e 4 & S il Wk 45

FrHE DX 3k 1) 8 FR R T A KR E B0 E
BRMER, E SRR ANAE — R L R T SR A
i, R R IR AE W) S SR HR R M T SR X 3 1Y)
IKAE e, A AR TR ERAME LAE A TS Y, R BRI 7K
PRAE 7= D) AR 2 KR PSR, A AE K
PRI ) P AR, U LA A 0 A K 21
WRAEE 5 s, f(P)IEFETE 0.8~0.9, f (N)WEFR
FETE 0.54~0.75, & 7 Fiw f (NP ETE 0.54~1,
RAETKEHE N. P IREEARMC, (HE DT A B f it
N PATSSR AT LA B AR KT L, IS T KK
HONL P A AEO R B BR AE F

FINVERIRGR AR AL, BEAWET,
H RN KAE, K2 T B o K B 5 59 38 43 77 58

KR LA R . B R ok Rg i T
I BYERE KR WD, 7T W Y6400 nm~750 nm)ff)
MEE R T 58%, KA 42% )% IR B BE & v g BT
FIFH AT G A VE ] (Ferreira et al, 1989), i BT 197
U VT R 43 ) B) 3 A RS, DR 2 i
W2, $E R i &5,

FUNVE IR U B 32 oA, BRI A K
I iB R 30, XA A BRI H /N, ER B ] R AL
f (SPREFTE 0.91~0.96 HH. % T A RN T
AR R R A BRI RN, AERTRLRG bt ] 2
s J3E 3 — BRBE PR 2 X ity A K s, T X —4F
b AR RS, i, BT REK R, R
AR AR S, IR X T R A A W R R e
TR RURGEER R B AN AT Sk i G R R 2K

BEERKEMESSNE

e I DO K R R T 5 S S R
TEOANFE 8. & 10 Frs . MASEIEIA: K il 2k 5 iy 5
IE Y H A ISR T, R AR ] LA By R DL L 9 7
AFAEE FRRKEAK, &, B IR EH A K
T EHAAE SR 7E SLMME AR E R 22T N, REASHK
T BB AN ] (X sty ) — A Rk . 1B 9 Al 11
IR ) — st 300 B | 198 S0 {5 0 1 1y 3 0
M, 5 y=x 2t A IA 451 R 40514 0.936.,0.963

2.2
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B
25l °= HX HZ A 35 —ae HKHZ B
) cecpes HFIX MZ —p— 1 X MZ
LR e 3 345 eeoeee fEXLZ
2
< b
2 15| EEEL
g A
= =
L 32 .
% 10 %
7 ost 31+
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J 1 1 1 1 1 1 1 1 J
16 31 72 86 109122143164179191203223237251264282295315344 11 12 1 2 3 4 5 6 7
i8] Time/d fisf[E] Time/Month
100 D
2 450 tiu@ee RX LZ
80 40 ot H1X MZ
~ 70 ~35L == FHXHZ
—
;%060 =30l
[=]
e 50 E 2'5 |
2 40 S
= Z 2.0f
30 £y L5
20 L cootee KX LZ .
g 1 [X. MZ, 1.0F
10 |- -a=- HXHZ o5l
0 1 1 1 1 1 1 1 1 J )
11 12 1 2 3 4 5 6 7 0 L L L L . L L L )
i} [f] Time/Month Im 121 2 3 4 5 6 7
16 A} 18] Time/Month
ceemes fEX LZ E F
14~ ——[X MZ 50 ceewes [EXLZ
~12F 45 N —— X MZ
2 ~40 \\ =a= X HZ
g 10 - T
< 8
“
& 6
Z
41
2+
0 1 1 1 1 1 1 1 1 J 1 1 1 L 1 1 1 1 J
11 12 1 2 3 4 5 6 7 11 12 1 2 3 4 5 6 7
fisf /] Time/Month fifE] Time/Month
4 FWise, b, fKIX 2016~2017 4F A5 (E
Fig.4 Time-series environmental valriables in HZ, MZ, LZ of Sanggou Bay 2016~2017
A: ¥, B: #:JF, C: TPM, D:NH;-N, E:NO;-N, F:PO}-P
A: Temperature, B: Salinity, C: TPM, D: NH;-N, E: NO3-N, F: PO} -P
A ——f(T) B ——f(D) C 0]
<o JE B Temperature --oes JHE Temperature e JH B Temperature
o P - 1.0 125
E I.OL N\ 25 Q I.OL N 120 § .
5 0.9FN / o £0.97=, /N 18, 509 .
20.8F N #20% Eosl \ £08 1208
207t X 5 807t ] £0.7} £
£ o6} S A\ {15 E o6} 1125 £064 158
Eos| - & Eost N0 E Eosf 2 &
0.4l o 108 o4l /8 04} « 1108
e ! =R ! ., S
0.3 ™ o | g 0.3} {16 i 03} .. .
=02} .. P 5 Moz_ ‘a 14 14 =02 ... o 15 M
£0. ., ! o E S £ ... =
=01} | D m 0.1} 12 moip e . ’
0 1 L L L 0 L L 1 1 0 0 L N . N 0
0 50 100 150 200 0 0 50 100 150 200 0 50 100 150 200
FRFEREL Culturing days/d FRFEREL Culturing days/d FFFEREL Culturing days/d
K5 ARG ARl 2R £ ()X (A), FIX(B). fRIX(C)

Fig.5 Temperature forcing function curve f (T) HZ(A), MZ(B) and LZ(C)
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Fig.6 P forcing function curve and N forcing function curve
1.00 - 1.00 - 1.00
0B 075 ;/\/\ 07 ;-’—“\/
0.50 —\/-§___h—/ 0.50 - 0.50
0.25 0.25 - 025 -
0 L L I | 0L | | I ] 0oL ! l l |
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Time/Day _ Time/Day _ Time/Day
K7 N, Pl B HZ f (NP)
Fig.7 N and P forcing function change curve
500
400 1
A 400 4501 C
. 350 350} B 400
% 300} £300 § 350
250 300
5 gzso B
= 200 2200 §250
B sl = 200
R 150 - 3150 " K 150
100 | ° %M\Mﬁ Qbserved value 100 ° iwﬁ Observed value 100 o Sl ﬁ Observed value
500 —— BUIME Simulated value 50 ——HEI{ Simulated value 50 —— Bl Simulated value
0 - s - 0
00 50 100 150 200 0 50 100 150 200 0 50 100 150 200
FRFRH Culturing days/d FEPEREL Culturing days/d FFREL Culturing days/d
K8 RIX(A), HIX(B), X (C)fFH KBRS T

Fig.8 Comparison of simulated and observed kelp length growth of HZ(A), MZ(B) and LZ(C)
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500 400 y=x

i y=x
E:ﬁ ol Iz u 230} oK HZ

- MZ

afiX LZ A 300!k S
§ 350t R = AKX LZ
B 300} B 250}
< <
E 250+ L E 200l
@ 200 . 7
A #m 150
= 150¢ im =
% 100} % 100}
| ]
W S0F H sof
% 100 200 300 400 500

K EESLMIME Observed length value/cm

9 i T E AR 5 SR ) A L 1T U (y=x)
Fig.9 Linear regression (y=X) of simulated with
observed values of length of kelp
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o SLfE
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Fig.10 The simulated values and observed kelp
dry weight values of HZ(A), MZ(B) and LZ(C)

(=]

0 160 260 360 460
TEHFLME Observed of DW/g
P s T S AL S (L ) A 2 P T (y=x)
Fig.11 Linear regression (y=X) of simulated with
observed values of dry weight of kelp

3 it
ARHFSEEIT AR . W . RIS

AT AA E 2R R AKX 3 AR,
A S A KRR TR B T R 5, A 2 B o i A
PUIREE R F AR XA AR AR K g i, i — 20 iE
PR HERf M o DA 1Y B2 A AR B I R 2% 8 [R] — T
BOR R KR B 22 5, L EA — 5 1 e B
MR . . AR A KBS B R T
B A I 2 R, FRATT 2 BRARRIX He v X A Ty A K1
B, EIXIRZ o AT EF MR LB, ) X
K, U A SR K AR PR Sh A TR Kk, BRAIR
A FRTE O B B IR RTR AN, KA B
fm, R A2 B K PR B D H AR DGR B e
B, ARATTYROME, R, B
IS ME I 53 & AR T, IR v R ARG
AL, ANFERFREE X . ORI, Xk
Wi, SO AR RS S, ATRESE M T IR AR R

T B I AR R R ) AR BT R, R
FREAF AR, (EAS TR B3] A A A5 R )
(Li et al, 2007), 55 Z245(20009) 1 VT Az R AR T
ARPEEVEFRE M, PR, AN RRAR g Hb Sz Wity A Bt
FE; Zhang 55(2016)%F Ty A KB R G AFF 52 Hh B AR
LR T A AR, A R T W E R, K
JEIIE AR LRGBS, B EE SRANE , AST
ORI A REVE S 204k, T AR 5 T R Y
KFR, B8 TR R R, I, AT
S BB R T A B AR AR AR S RS 1 pR RSO o AR
W, R T SINTE IR X AR RIS H K L BRI DL
H BRI B 52, il BT N 22301 SR 90 18 19 S B 1
L, 3K R At DS AR TR JT 220 6 ) — T
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2 R % 40 %

ABI 5% S 37 0 T A AR TR T DA G b AR ULV
WEAR RIS A T B A KR o He B A (E 7E
AR S AR T S, I R i A A S D A
MR AT, PR ARG A RN o S UL, B
R SR S g A AR K R s, A AT
RERZI TR P ER T . ke RAE(1986) KB, i
0.01~0.83 m/s A I AR A FRL 17 S0 S5 YA V8 VAR [X 1)
TR 0.1~0.5 m/s, NS RFAAF G H s AR A
T o AR RO R L T E A AR A KN
DL XS A A DL RS o S T 0 A 58 36 A R AR A
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Abstract
important primary producer in the marine ecosystem and is also cultured under long-line in coastal
northern China. The aim of this work was to develop an individual growth model capable of simulating
the growth of the large-scale raft-cultured kelp in the north of China. The model can provide data support,

Saccharina japonica is a major economically important brown macroalgae. It is an

to some extent, to northern kelp farming. The key processes for kelp growth and its relationship with
environmental parameters were analyzed, using the Sanggou Bay aquaculture zone as the study area. We
used the visualization model software STELLA, which simulated and predicted the growth of the length
and dry weight of kelp. The individual growth model basic framework was Ngrowih = Ggrowth—T€SP—Exeip,
where, net growth was defined as gross growth minus respiration and erosion consumption. The gross
growth of kelp was defined as a function of light, temperature, salinity, and internal nutrient (N and P)
content in kelp, whereas the light parameters were obtained from the Sanggou Bay meteorological records,
and salinity, temperature, and nutrient (N and P) measurements were observed at the site in Sanggou Bay.
According to the model simulated results, model predictions are well within the observed results. The
individual growth model simulated the length results and measured values of the kelp, with the fitting
degree R in the high, medium, and low zones as 0.936, whereas dry weight simulated results and
measured values of the kelp had fitting degree R in the high, medium, and low zones as 0.963. According
to the results, the model can accurately reflect the true growth process of kelp. A reliable individual
growth model is the basis for the assessment of aquaculture carrying capacity. In addition, the individual
growth model may provide a scientific foundation for aquaculture spatial planning and management.

Key words Sanggou Bay; Kelp; Individual growth model; Environmental conditions; STELLA
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The Impact of Hydraulic Retention Time on an Anaerobic
Reactor's Nitrogen Removal Effect

WANG Zhenlin'?, ZHU Jianxin®", QU Keming”, CHEN Shibo’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture and Ruar| Affairs, Yellow Sea Fisheries Research Ingtitute, Chinese
Academy of Fishery Sciences, Qingdao 266071; 3. Qingdao Excellence Ocean Group Co.,Ltd., Qingdao 266408)

Abstract At present, domestic research on anaerobic denitrification is mostly at the laboratory stage.
In order to develop highly efficient and suitable denitrification equipment for production, this study uses a
self-designed anaerobic reactor with clinoptilolite as the filler, and naturally cultivated biofilm. By
connecting the reactor to the primary biofilter of RAS, we aim to preliminarily investigate the reactor’s
nitrogen removal effect under different hydraulic retention times (HRT), with a view to direct subsequent
research. The results show that during the experiment, the reactor has a good removal effect on inorganic
nitrogen (IN) and total nitrogen (TN). When the HRT is short (HRT<7.43 h), ammonium (NH;-N) is the
main form of nitrogen removed from the reactor, whereas with longer HRT (HRT=7.43 h), nitrogen is
removed as nitrate (NO3-N). When the HRT is 17.52 h, the reactor’s nitrogen removal efficiency is the
best, and the removal rate of NO;-N reaches 77.48%. As HRT continues to extend, the nitrogen removal
efficiency decreases. The better the nitrogen removal effect, the greater the accumulation of nitrite (NO;)
and ammonium, with the former accumulating first. Thus, this study can provide reference for the
development of anaerobic denitrification equipment.

Key words Anaerobic reactor; Nitrogen removal effect; Flow rate; Hydraulic retention time;
Naturally cultivating biofilm
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=P
VA VS s VA VG S G 24 B P VR VY T R VR
TR, K THWBEFLE, X R, IR, #YaE
X I W RS AT R T, B4 A U kL B
THREF, R, 7RI B W E T,
VIS VG AR R BRI X, KRR E AR Z
(R T VR FE A K2 S (JE A, 2017, W H AR 4%,
1993; Jiang et al, 1997; VL3CJEZE, 2002; 4 iEFE4E,
2009). R WL DT E R R, i X T
FF R BRI IR, T 1 CH | B IR SR TR H R
e e TR Sh TR P87, BB T e i el B 7
Y I 2 30, EXHER (Fenneropenaeus chinensis)
JEE WL X BTSSR BOE AR
W, DIEETRIRAEY N, S EE NFING SR
TG, AR N B RE . PR R AR X SR T
KRGS T AW B zs 8], W TR S AR B TE Y
IR T AR B A A7 A5, SO0l v e R 9 5 S iR
J TR AR SR BRI Z R, L
EETS B T R R RS R S A ——
XU IR A AR G Xt 42, R SC A A2 i,
ST T Bt o X AR iR ) s VR, T T
o E I IR A S TS NS, IR — 5
VTR KRR B S AR S A R AR R X,

1 #wREFE
1.1 LI

S FH X MR Al AR R TR T T TR X R
MEBMARARFMEY, DIREEHR 0.8~1 cm, 5L
YO AT, K5 P E X ER AR A 8 L K i) 4 BRAR T 5
2d, BIRMEKL 48 h AL, PRIEAKH 1 om,
KANEE) 6 TS AR T B PR B S0 0, 5
5 T 453 I /D PRI IR 26 7K A Sy IR A A 7

ZUIVE . WPUERY HARTEK . &, $hEEh 31+1.0,
pH g 8.1x0.1, /KiR H(22+1)C, 24 h ELEFRR, HK
Bk 1R, oKk =2 —, SR PSR
B

S A TR YU R R M 42 (117°55'18"E,;
39°09'01"N)/MEIRIZIKVE, L= PRI T, SRJE
RO O T = EE, W&, WHESH 200 H
4= B N i i B 250 R (1 U S O = D JE SR = v
(MEgs R R HDESEZRERIT I, My . &
4 )& (Hg. Cu. Zn. Pb I CA)HIHZEY) 5 A I E 1%
BN 3 [ vV AR W) o £ bR 1 (GB18668-2002) Y — 2
PR
1.2 XWHE

SR KB 3 %o R 7K (B ) ek B 2 T
T (GB/T13267-1991) ). FESLETIF 4R AT, P72k
BEPETSE G, 0 22 B TR MR B Y1 L o MR A T S 0 24
ARSI T 20, 40, 80, 160, 320, 640 mg/L 36 4
BIFUIR R, BRI 3 TR, AT
1 NXTHRA, BB EXT IR LR 50 B Lk
R5E IR AR —E, S AR R AFE, IS5
BIERYIATUR M, 4K 08:00 #K, £ 2 h FHBE
PR TR, SREFRRE A, e MR A T BT
IRFS . BRI, B 2 h WL 1 R E G IRA A SR A
L8 h, ZJEHE 12 h W 1k, BEE48 hig, &
24 h SR 1 IR, it 44l EXTER G ARG AE T 00
FETHR o A T A B s fok s HLRR S, 5 s N ATATT
KR, WIRRHRFETS, W N BRI . HARE.
sk P E TR LR A FE T AN, BETCRTIE], St AeTs
2,06 3 ATV AR AR B ) S e 4
o MRS R, v E R Y AR AR TR A
12 h kgL B s ek, LAl 12, 24,
48, 72 F1 96 h,,

®1 BFMEEMS S E(mg/ke)

Tab.l Main components of the suspended solids (mg/kg)
FEH 5 Sample No, H 4 )@ Heavy metals PERTIES @ﬁk% ﬁﬂlﬁﬁ
Cu Zn Pb Cd Hg As Petroleum Sulfide Organic matter(%)
1 2230 6630 18.70  0.04 0.028 4.45 20.50 0.139 1.90
2 2270  66.10 1870  0.05 0.023  4.65 22.40 0.144 1.72
3 2350 6620 1890 0.05 0.026 4.53 21.80 0.135 1.85
EH{E Average 22.80 66.02 1880 0.05 0.026 4.54 21.60 0.139 1.83
brifE2E SD 0.60 0.10 0.10 0.01 0.003 0.10 0.97 0.005 0.09
—2KAR 1 First Standard™ 35 150 60 0.50  0.20 20 500 300 2.00

Iy (AT

J R ) (GB 18668-2002)FR 5 — 2 (H R H A ME J&, 2002)

*Marine sediment quality, (GB 18668-2002) First Standard (State Bureau of Technology Supervision, 2002)
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1.3 RHaWE

R RS B o [ R R AR E T AMA A T 2 1 K b B

Ja, BTt BB T ME, 4% AHL(Olympus
SZXT)IEATHIIR
1.4 #IFEAIE

S0 v T A B R el R R EA T ST
Mr (B EG45, 2017; FMERIC, 1963), HHE &K B EY)
W 2HXF o X R A R 1 2 BOE R B LC s A LCs
B 95% B A5 X [E], HEARXWT .

LCso =log™! [ Xm=i(D_ p-0.5)]

Sso =i\/2%

LCs (95%) =log™" (log LCsy £1.96x Sy5)

o, iR, RIAAR 2 A EGI 2 2255 Xy
B R 1 X p oA R i AR TR (BE TR /N
BERIR) 5 9 28 50 LA 5 R (AT R B/ VBRI 5
Sp AKFNREAIET R Z A n A& S S
Siso A logLCsy AR AETR

7Sl Y/NSWE

SC = 0.1x96hLCs

2 HBRE5HH

2.1 HEMIRLER S S ER

TE TN W BT TL/NIE e X R 4 1 e A
Wk, bR rgh, Brshid R, [HEEE sZ K m e Y
S, T s LB IR 2% , e PRIR TSR A A TR,
AN BESCH RN, 5215 T MR AT (A2
Bk, HEILE. RISl fe b, SC8 i [E X IR4)
IRIR @b TR, iR T (6, BT AL
A, ARITAR K

22 HEMNEHEETER

FESPERE R, B B EE I RIE R, X
IRGRFET- AR B I a3 (R 1), 288 12 h
iF, 20~80 mg/L 41+ [E XFHFZh (R B A H BBE T,
160~640 mg/L A IR HBLAET 1 0L ; 2 24 h B,
20~ 40 mg/L HEA LT MA, 80 mg/L ZHFF4f i BLFE
To; %28 36 h I, 20~40 mg/L ZHIT 44 HRFE TN 5
48~96 h B, BHEBIEYIHEERG N, b EXT AR A Y
FETRB WM, 2B R RN R,

FEAS RV B B VR S0 4L, BB I ) RS, o
X MR A HH BB T A AR B[] 5 S R A 5 B4, S0

XTHRAITE 12~36 h AR K BISET- A, 78 72 h i H B
FET-AMA , SZBGHBE 20, 40 mg/L Bf, 7E 12~24 h
AR RIFETAME, 76 48 h ST AMA,; Lok
N 80 mg/L B, 7E 12 h WA KIIET-AMA, 1E 24 h
MBPETAMA; SCEREE A 320 mg/L Al 640 mg/L,
12 h G FETMA ;s 640 mg/L 7E 60 h I AYFE T 5
K3 64%.

x2 PENNNFEZFVSIEMEIHRER
Tab.2 Results of acute toxicity experiment of
Fenneropenaeus chinensis larve

/KL HET-%R Mortality (%)
Concentration No. of

;)Oflisélsslsz;id) larve (ind.) 12h 24h 36h 48h 72h 96h

0 50 0 0 0 0 5 10

20 50 0 0 2 21 29

40 50 0 0 4 9 22 37

80 50 0 2 5 13 28 31

160 50 2 5 8 14 29 37

320 50 2 8 12 18 30 34

640 50 18 30 40 42 80 90

23 AMSMIEER

TR AT 12 h )5, hEXS R R
FETSRIFLRIG N, FE REEN HIE K, BEBET-Hk
BN, BIRWRE LT 640 mg/L UL L, FPEXTIRS)
R BBBET R 50%, [FE, 20, 40, 80. 160,
320 mg/L [ RFFET- 53508 13%.19%.20%.21%,
22%, TR R AR RIETHRAUH 4% (&l 1),

—
(=3
(=]

[ —0mgL —80mgL
90 —20mg/L — 160 mg/L
| —40mg/L
70
60
50
40
30
20
10 /
0 . s

12 24 36 48 72 96

ifE] Time
B LRI R XEAR A P BBE T %

Fig 1 Cumulative mortality rate of Fenneropenaeus

chinensis larve under the suspended solids

2P EASR BIF YR TR EXTER AR 12, 24, 36,
48 .72 .96 h ) LCso F1 LCso Y 95% & {5 X ]f], 96 h-LCs,
AUE N 1.83 mg/L (3 3).

—320 mg/L
640 mg/L

ZFBET-F Cumulative mortality rate/%



%3 TrAE e 5 PR Y TE b E XS ARG 1 S AR 5T 53
®3 EFYNPENTHIMSELE
Tab.3  Acute toxicity of suspended solids to Fenneropenaeus chinensis larve
S (] LCs 95% A7 X 1] GRURE
Experimental time (h) (mg/L) 95% confidence interval Safe concentration (mg/L)
12 787.97 856.21£725.17
24 640.00 717.14£571.16
36 554.60 637.44+482.53
48 452.51 534.70+382.96 1837
72 211.07 258.56+172.30
96 183.74 223.66+150.94

PR PO PO IR ENIU SR NN

Fig.2 Symptoms of Fenneropenaeus chinensis larve under the suspended solids

A: BEUF; B: 68
A: Whole shrimp; B: Gill

24 R[MSHXRER

SR FH it 500 5 X6) v [ X MR B8 T 40y A B R SR AT
WEE , MRS DU R, LT MR IR R I G — 2 M
UG, FETRFURAS A 1) 8 P9 A2 7E ORI 0T, i) e
T NI IR

3 iFig

KA A R IR I R A AR A AT — e T 2 e, (X
BE. g, ARSI R (kL
2004; BRAREAE, 2017; GIECRAE, 2016) AHFITLE
T, v EXT IR AR A B R M a2 B AL
VL, i 25 ek T ) A R T ) S K R TR VR ) T
YR E ARG AR B FE TS FOR W O, AR
W EEART 320 mg/L B, hEXF IR AL T R AR
SE, SISOV RN, BIFYIRE ST 640 mg/L i,
ARG AR FE T AN ARG I, 52 IR S % ) AN
IR TR X v RS R BOE RN o FR TR R

FEAEYTALT CEFETIRY R ) —RZK, 5L
B 7K 25 WK B bR 1) & i A S QKK BTbmife )
TRBOR, RS SR sy R R EAE AT, R
YHARIET gk, E XTI Y AR AT KRR
WRL, vIREf T E X AR AR IRAE R R, BIEY
FP ) AN SR B K 3 Bk B Y e T, WG TR B 22 3R
T, 3 A YR I RAs, SUE AR R  BAE T, (R
BF, BEE T E XU A rh R R RN, B OROR,
FEZEAS AR R AR RN BRI I, 98055 T UK BE 11 (McLeay
et al, 1987), Ffft&EAT 22050, Jnw rhE xR
YIEIET

B A FE B IR P E X IR LR LCsy S E 4R
T B TR HA K A= A LCso AT LA (FR 4), AT
DA, O i SRR W I KON Dy, B
(Lateolabrax japonicus)/i{4># i (Sphyraenus) 4/ {4<>
K 5 5 (Cynoglossus  semilaevis) 4l 14> H [ X} iR 4
o BT AYERAM AT, TEXTERE )5+
JRIZM S, Pl m R —F R HIRE A,
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Tab.4 Acute toxicity of suspended solids to several aquatic species

SIENY Test species £ 7% Suspended solids S% 50t
KU Source 72h-LCso(mg/L) 96h-LCso(mg/L)  References
& X R 2l A F. chinensis larvae Bk R (KSR ) 2265 524 RS 2010)
Hp [ XF R4l 44 F. chinensis larvae WV RS TR (R HE I 1) 211 183.7 5
311 %)) 1 Cynoglossus semilaevis Gunther larvae it 142 Jic U8 (L 456 FH) / 202.9 155 (2000)
# 4. Sphyraenus larvae BRI AR (KT 1) 7943 168.1 TR (2016)
fiyi £t %) 11 L ateolabrax japonicus larvae BV A (R HEE ) 2722 8 1052.8 T IRIE2016)

fiyi £ FIAR fl 2 — PR b B R A2 X &
B, A 2SR B K A AR Wi Tk BE o, X ETR )
[ o B =Y N e A B S AN e = ok o v € A
Henley %5 (2000)F 53 & B, 27704 W MoK A,
I8 PR A G S R B R AR RS T B, BT L,
BIPYXFIER AE 1 5 R K AR A A IR | BERR AR AT 8
SR ) S R Ll T S IR MRS (2016)F XS L &I,
PR JEE e B PR W) b SR SR ) LCso /N TR
T, TR AT BB 32 XU e (T R IR, AR ST BT
L U VS P K e Vg S VR S e R 2 LA . R R
W AP LCKY D FORG L R D 4 RO A F, iAE R
T AU EURE A T R B TR R B AR/ N TR S TR
S S AR, R, R YRR AT
AR DMS . KA EY G LY I E 4 8 )
(R, 2013), FESUIRIMEAERY My hb2as
P ECEIERTT, W& IR ZEK , AT RESA s iR B 17
Yrre e i 0 dEE , HEEE NI T fEA R

i 5 V0 S U M T PR 2 DR R R R, A R
i ARG Y R TSR T, KHE
WA IR EI SRR, Wl A YA/ N AL
RIS AL , ok Fh 2 LA AL ARMEAL B S H ™
R T SRR R A IR, R R R R TR AR
MR 4, ITIUAR, TR R S 2 X R T
A BB, DU R A R, (R, TEK
AR B RGO e R T, R BRI R | R
EHRUKIREEFE bR, A T AR R RO RS R, T LR
A7 TR XIS TR R FE ARG O, AR AR AR A
B AN BE R M o RIESE R 1 R Vg A TR
) =3 —3EaE, XF iR . i el Y IR A A IR
MK, FERAE 5~6 HigEFEnl Y=oy, dilis
A AT B T2 A5 B ] 30T I S8 I A SR
TR HE, RS T R TR SR, BRI
FEM B TR IR, W R il A W W AR A5 5
P55 S AT Sy el v K LAt T DX R e VR VE AR )
PR E M FE A BRI S K0
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Acute Toxicity Effects of Suspended Solids Stress on
Fenneropenaeus chinensis Larvae

QIAO Yanlong'?", YIN Xiaoya®, XIAO Guangxia*, WANG Liping’

(1. College of Science & Engineering, Tianjin University, Tianjin - 300072; 2. Tianjin Marine Research and
Consulting Centre, Tianjin - 300457; 3. Tianjin Bohai Sea Fisheries Research Institute, Bohai Sea Fisheries Research
Center of Chinese Academy of Fishery Sciences, Tianjin  300457; 4. Water Bureau of Luozhuang District of Linyi City, Shandong
Province, Linyi  276017; 5. Bureau of Aquatic Products, Tianjin  300202)

Abstract

With the development of marine resources in coastal areas, marine engineering affects the

growth and development of marine animals. Acute toxicity of suspended solids with different
concentrations on Fenneropenaeus chinensis larvae was evaluated by the semi-static method. The results
showed that high concentrations of suspended solids inhibited the swimming ability of Fenneropenaeus
chinensislarvae. The 48 h-LCs, and 96 h-LCs, values of suspended solids to suspension was 452.21 mg/L
and 183.7 mg/L, respectively, and the safe concentration was 18.37 mg/L. The microscopic examination
showed that the Fenneropenaeus chinensis larvae body surface sediment had a large quantity of
suspended particulate matter in the gills. This study provides a theoretical foundation for an understanding
of the toxic effects of suspended solids on marine animals.

Key words

Suspended solids; Karber’'s method; Fenneropenaeus chinensis larvae; Acute toxicity
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e, B, oo, FAEXS, sRIEE, PN RK, EEIF. AEF efhd2 F theld2s FEDR ) sepe FIR A 40T, b B

FHERE, 2019, 40(3): 57-68

Hou JL, Guo YN, Fu YS, Wang GX, Zhang XY, Sun ZH, Si F, Wang YF. Cloning and expression analysis of efhd2 and thci1d25 gene in

Japanese flounder (Paralichthys olivaceus). Progress in Fishery Sciences, 2019, 40(3): 57-68

ZF4T efhd2 F0 thcld2s EE B S EMRIEDHT

BEER BTE: HTM? FHL!

wE! WHEg’ 8 ' EFEEC

(1 PR PREBIT LR .0 R B2 066100,
2. BGPTSR L 201306)

HE H A4 F KT AT T #8(Paralichthys olivaceus) Ttk B 3 i g B ALEE , KRB R 72 18 T 473k B
B HUR % IE A * HE efhd2 1 theld25 Hy cDNA 2 F 7|, = A EEE T kLR FFH#TT
BN, B, RA K NKEE PCR M T efhd2 o theld25 2 EAE TR EE AR . HE
BB An B MR B 4L R R KR, £ RE R, efhd2 3£ F cDNA 2K % 5231 bp, FFk A3
HE(ORF)K % 699 bp, 4% 232 A8 2, theld25 2 ¢cDNA 4K % 3173 bp, ORF K 4 2601 bp,
G 866 N, FBLERL T, efhd2 A0 theld25 3 H R K H th & Ao 134 1 B A2 E B
Fkik, B, efhd2 ERBEF A KA ERT, T theld2s EZ KNP LA EL ZH T H bl
(P<0.05), 7£ FT#F 20 09 4 B 8 Jib 00 o R MR R Bl L2 F , efhd2 A0 theld25 35 B 348 1 Bl A2 B 1
Fik, FRMENMAF, X2ANEENKRLEHNEET T ERMEP<0.05), RARXERAEN

WA efhd2 A1 theld25 3k By e Fn AT 2F 60 ik B B A G AL 4R Bt T A SR

KA

hESERE S917.4 SCEkERIDAD A

KT b AR T 3 i ) R R FRE R
A E R R EK = sh W FRE [, 7= O 8 2 AR R
MHRE O, R E BRI R, §l 2955256 7k
it B T R K JR R R R PR 20 o S B Ok, ok = 9
B b 1 7= e RN AL 45 3 ™ T RN o FE AR 2 AL Y P
W i EE MR T A B R I G R SR TR
93 7 B (Iridoviridae) 1% Ik B 4 fif 5 75 0 55 229 I 2
—, IR BB IE DR N A Y IE - A
DR BT A 1) 1 R AR ], SRR R/NVE 22 5%, |
AT 130~350 nm Z (0], RO HrE g 2

B R TR, K ERAE
EHE  2095-9869(2019)03-0057-12

A 5e = HR4H Hi(Paperna et al, 2001; Anders, 1989),
FUAT, i a5 2 Ao, 3 9 H 42
125 Fp LA b 2L o , Horp K £ Y 30 BEH(Wolf,
1988). M OTE SRR T I AEER AL AT WA [ AR Y
PRy, BEGCRA G, (BRI R 5 W E
(514, 2017),

K8 (Paralichthys olivaceus) N JEEWTE /K M2,
HAARKME, WBsE ., BRMER . EEELML
T SR AR, CBO R E L T7 Y FE B K 2
FRIH A 2 — (R K&, 2017). 1997 4, FREFRALHY

* o [ K 7R RR A WF 5T B B AR BT 55 9% (2016HY-ZD0202) Fl BLAR AR Ml 7= M 4 R 1 R 4 T 9% 4 (CARS-47) 3 [] %5 Bl
[This work was supported by Special Scientific Research Funds for Central Non-Profit Institutes, Chinese Academy of Fishery
Sciences (2016HY-ZD0202), and China Agriculture Research System (CARS-47)]. 1% 1, E-mail: jilunhou@126.com
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TGO B R b O i O G O B SR
b B BN 2 — o BERE I SEIR EL A o, [ N b
FIFRE T KBNS, IEIAS T HH R AT 5T 0 J (Fuji
et al, 2006; Zheng et al, 2010; Hwang et al, 2011; Fan
etal,2014; Wu et al, 2015, 2018), N T K E T F
BT 9b O Mok & Pl DL S HE oy )2 TR BT o LR
A 2 6 T 9 1) D v 2 0 R R X bk £ 2 e o R
SR S B AU AT TR S AT, TR RS TR
& efhd2 F thel1d25 TE W IR —HEFIPTRET P B % AH G 1)
e,

EF-hand 5 H #5443, D2(EF-hand domain-containing
protein D2, EFHD2), X Fk} Swiprosin-1, &—1&
FERRSF R4 A, JB T BF-hand Z5F3R K%, 17
T 400 i B s 175 9% X 8 (Vuadens er al, 2004), EFHD2 7E
o C-um i 1 AMRSF R G IR TESS ik, i A -2
FBUM BEAE BT AT 15 76 N-oRam, LR AhRe Y
ZRNERRIEF (KN K 6~9 NNAMR), EFHD2 |12
FETHE B 41 . CD4+/CDS+T 4l . [k R4
JELFI A ] I B A2 200 R A5 25 S L, 7 B e T kS 3]
& R E ] (Vega, 2016), EFHD2 A 3@ i 4 35 &
IO P TR 416 TR P B 2 A2 AR 5 1 S5 DX S IR A9 15
M5 5 G 4 M 75 1k (Kroczek et al, 2010); ¥ A&
WE B 4iMifY Har Al BCR 55 H1H; [N, /ER
NF-kappa-B {55 i i Sl 15 A 7, @it bel21l F
B JE T SE B0 B A& M TS A9 P #5 (Avramidou et al,
2007; Kim et al, 2013),

TBCI1D25(TBC1 domain family member 25), X
FRoM OATLL, J&T TBC Kk, &A —BKZ 20014
FHRMR MR SF TBC(Rab-GAP)ZE K18, TBC 45 #4145
18 i 4 SR ) Rab /N GTP 25 240 U5 514
S MR TR R A R P A Y 1 31 (Fukuda, 2011),
TBC1D25 # %2 I —Fl#i i At [RlRZS &8, 8
i Atg8 [R] R WY A AR B 5L 2 A R (Itoh
et al, 2011), [HIAF, 7N Rab33B(—Fh4s4A Atgl6Ll
i) Rab # )1 GTP BHMTE & i Ris e GTP b
RAB33B M GTP 454 1 n] GDP 454 82 i F-Ar
TV 5 I A RN Tl R 2 T ) il 7 R R [ g
F R, DN SE M ] A W i 4E F (Itoh et al, 2017,
Corona et al, 2018),

YT efhd2 F theld25 FE R eI ) EZAEH
AWF5E H SE FlF RACE i (Rapid-amplification of
cDNA ends)7i [ T 6F efhd2 F the1d25 B cDNA 4=
P8, FHX R FVREE AT T A5 B, [FET,
WL PEOEE B PCR K, WSS T B AT IE A BF ik 12 4
Fer B RO A AR A AL 2L | WG K B AN [ B B 1 2k

RHE, LAN BB efhd2 I theld25 7828 SFHTIM T 3%
i o ) A P B8 A

1 #RE57EZ®
1.1 SR

I T 90 T 5% s R RR e S AR B v K R R
SIS e AL ST O SE G v B R SR A S, (R Eh
(235.65+73.18) g, &K M(30.49+3.17) cm, HEHUAE
JCitk BRI G 3 R A BRI Ik T2 i g
RPIY 3 R B A (5 12 5%, 2017), 4rSIECA I
8 ORFWE . SKE L M. MERR . LA GO IERREE A
TWA T HEZ, 48 h 5 E T-80°CIRIE&EH . SLEr
F A A ) % 75 Bst 301 AR 63 £ e B 1) 95 4 25 (2008) ) 7
Tk TR &, 2K UITE(16.0£0.5) °C AY K TR R4,
RAEZAEIN(ZHR G 0h, FE). 4 4002 h), 32 4ifif
(4h). 128 4iffI(5 h). EHEAR(6 by, REEMR(11 h), 7
(15 by BT by IUEIIG2 by, LBk
(55 hyFIH AT (62 hyRES:, FIRAH#ER, 48h
5B T80 CH- &

1.2 RNA {2EUE cDNA &

K H Trizol ¥EXF A58 rifs £ FEAS 1 EL RNA i
ATHEHE,  BHUIE MR E I i PRORG I BT 4 B, RNA i
TR 22 48356 B 1 (Pultton P100+)I5E RNA ¥ .
KM S48 5 RNA, H cDNA X7 £ (Thermo
K1621) 2 % 5% 4k45 ¢cDNA #ifi .

1.3 EFReKFINEE

M4 oF 6 4 FE K 2H (Shao et al, 2017; Wei et al,
2017)F1 GenBank 4 2 th B0 B A 6T efhd2(XM_
020089176.1)F11 thc1d25(XM_020089412. 1)K FF 41,
F| ] Primer Premier 6.0 31151 %)(efhd2-Flefhd2-R,
thcld25-F/thc1d25-R, F 1), LISk cDNA itk
1T PCR 973, BuFEA% .0 i BErERGPE . PCR ik
Z: LTI 51945 0.6 ul, 154 cDNA 1 ul, PCR Mix
7.5 ul, Sl ddH,0 % 15 ul, PCR W FEF N : 94°C
AR 5 ming; 94°C 30s, 60°CiBk 30s, 72°CZEfH
30 s, A 35 MEH; 72°CHEMH 10 min, PCR =4
BiIRpEEE I LK . el alifl, SRR pMDI8-T ik,
He AL 2 Top 10 JBAZ AN NI , 13 > FHME S B4 T )y

i EAE ., A Primer Premier 6.0 43511t
S5'HL 3RSk T R RE RS I (R D), JERA
RACE 75, DLk & 2 b 14k B RNA AR
M, FEATREVE PCR AL PCR, PCR F=#44lifl |
ol A AR R AR A 5 37 7 81 o A1) SnapGene
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4.1 Bfd:, XHITERISHY 5'F 3'RACE J¥31 L) K Hia) Fr B
AT PHE , 3515 efhd2 T theld25 ) cDNA 2K F31) .,

14 EFENENERFESN

% H R ¥ 5 1 ExPASy (http://www.expasy.ch/
tools/dna.html) #£ 17 73 #r ;& 1 BT &5 #4 B I 4 1)
SMART (http://smart.embl-heidelberg.de); 155 ikffi FH
SignalP 4.1 Server (http://www.cbs.dtu.dk/services/
SignalP/)i# 17 F-# ; F§ TMHMM server v.2.0 73 ¥4 F&
PR %5 i [X. (http://www.cbs.dtu.dk/services/ TMHMM-2.0/);
K H ClustalX2 Xf 2z B2 )5 91 it 17 2 & Xt . ffi ]
MEGA10.0 k{4 Neighbor-Joining(NJ)VE ) i R 4¢
PR (Bootstrap=1000),

1.5 WHE=E PCR

WG A BF efhd2 . theld25 Fl f-actin(P) S5 [H) I
HIFs, sruldct HREE MRS mM51mEE D, Jf
LA L2 40 Jif B0 R0 B S RS [ 2L 2L RO iR %

ANFEIE AR cDNA St , #1728 7 PCR Al
TE KR A Power SYBR Green PCR Master Mix
(ABI, 2 E)iX7 &7 ABI 7900 PCR X FJF . HEA
AR Tk A 220 M (D 4, 2018) TS
KESh B 3 AT, 45 R LU 2 E £ b R
(Mean=SE)# 7R, JFHI/T SPSS 19.0 #ff 4T 8o H %
77 243§ (One-way ANOVA) (P<0.05).

2 HERESWHR

2.1 FEF efhd2 5 thcld25 EE K545

AT TERERN B 6T efhd2 FlH cDNA 4K 5231 bp,
Hirpr, 59EHHZEIX (Untranslated region, S'UTR){ & 142 bp,
3'UTR K J¥ 4390 bp, ORF KJ¥ 699 bp, Zif 232 4~
IR, T4y TH N 26.4 kDa, 2N 5.08,
K efhd2 B I At (Y 35 I FE S 89~117 LA 125~153
PSR AT 2 ALY EF-hand 2509 38(&1 1),

&1 T efhd2 7 theld25 HE FF S MEE PCR 5IMER
Tab.1 Primers information for cloning and Q-PCR of efhd2 and tbc1d25 in Paralichthys olivaceus

5|4 Primer J¥%1 Sequence (5'~3") Yitie Application
efhd2-F GCCGACGGCTTCAGATAGAA ofhd?2 Pl F X E
efhd2-R GGAGCACCAAGCTTCTCCAT
the1d25-F GTGTCGAGATAGGAGCGGTG theld2s Tl BBy i
thcld25-R AGGCTTGATCTCCTCCCCAT

efhd2-5'RACE-F1
efhd2-5'RACE-F2
efhd2-3'RACE-F1
efhd2-3'RACE-F2
tbc1d25-5'RACE-F1
tbc1d25-5'RACE-F2
tbc1d25-3'RACE-F1
tbc1d25-3'RACE-F2

TGAAGCTGAGTTTGTTGTCCAG
CTTCTCCATGTCCTTGATCTGC
GCTGTTGGCAGTATTTAATGTTGAT
CTGTTGTTACACATCCCATCCTTC
CAGCACCGCTCCTATCTCGACAC
GCTCTGATGAGAATGTGCTGC
ACTGGTCTCTGTCTCTGATGTTGTG
GAGCAAGCCGGGTGAAAAGTATG

efhd2 Kt 5'RACE

efhd2 3P 3'RACE

theld25 $H S’'RACE

theld25 #£H 3'RACE

efhd2-RTF GTCAACTGTGAACTGTGCTGAATAAG efhd2 IR B PCR
efhd2-RTR AAAGCCAACGTGATAATGTGTTACA

thc1d25-RTF GACTGGGACATCATAAGCCCTAAA theld2s FLPHHE 652 b PCR
thc1d25-RTR TGCCAGAGACCTCGTCCTTT

p-actin-F AGGGAAATCGTGCGTGACAT p-actin #5652 i PCR
p-actin-R GCCCATCTCCTGCTCGAA

theld25 FH 4K K 3173 bp, Hr, S'UTR KB
3108 bp, 3'UTR K J# >4 464 bp,ORF K i 4 2601 bp,
ifih 866 N IER , WU 4>+ 14 96.4 kDa, FFHL N
2978 5.47, TBC1D25 #EFTE 199~431 i 2 HE 2y M
AIE) TBC Z5H4355(E 2),

SignalP 43#7& & B EFHD2 il TBC1D25 5 H H
AfESIK, TMHMM 708 is, X 2 MRS
JIX . >KH ExPASy M ufi(http://web.expasy.org/)F

GOR4 T E.Wiiill EFHD2 5 TBC1D25 £ [ i i) — 2% 45
1. EFHD2 & M1 o-12JE(Alpha helix, Hh)f 7% 150
AEERIRIE, LML SR 64.38%; FLAH
#(Extended strand, Ee)fl & 10 PR EMARIL, HE
HERFE I A 4.29%; JEHL i (Random coil, Cc)
A5 73 A EFERRGRHE | A B R R S 1Y 31.33%.
£ TBC1D25 S, o-MRHEAL & 274 DRI IR,
SRR L MY 31.60%; JEMEE AL A 109 A4
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gttgatccccgagegcagecagaaacacacgecaccgtccgegageagegegacattttcctcaaacaccattttaaagetattagagagacccgecgetgtectegecct
ctgtagtcactgagccactccgctgtttcgaa1§EjKIACGGACGAGCTGTCGTCGAAGCTCAGCCGACGGCTTCAGATAGAAGAGGGGGCCGAGGACCCTGTGGCC
AT DELSSKLSIRRLAOQTITETETGATETDZPVA
CTGGACCCGCCCGGACACCAGAACGGCTCCAAGGAGAAGCCGAGCACCGCCAACGCGGACTCGGAGCTGGGCGCCAAATTGTCCCGGAGAGGAGAGCTGAACGAGGGG
L DPP GHAO QNG SI KT EIK?PSTANADSTETLSGAIKILSI RRGETLNTESG G
CAGGGGGAGCACTGTCAGCCCAGCATGAAGGTGTTCAACCCCTACACCGAGTTCAAGGAGTTCTCCCGAAAGCAGATCAAGGACATGGAGAAGATGTTCAAAATGTAT
Q GEHCQPSMIKVFNZPYTEFIKETFSRIKIQTII KU DMEIZKMFIKMY
GATGCTGGGAAAGACAACTACATTGACCTAATGGAGCTGAAGTTGATGATGGAGAAGCTTGGTGCTCCCCAGACACACATTGGCTTAAAGAATATGATAAAGGAAGTG
DAGKODNYTIODTULMETLIZ KTILMMETZ KTLGAPIQTHTIGTLIZ KNINMTITIKEV
GATGAGGACCTGGACAACAAACTCAGCTTCAGAGAGTTCCTGCTGATCTTTAGGAAGGCAGCAGCAGGAGAGCTGTCAGAGGACAGCGGCCTCAGTGACCTTGCTCGC
DEDULODNTIKTILS ST FRTETFLLTIFRIKAAAGETLSEDSSGTLSDTILAR
CTCTCTGAAATCGATGTCTCTGCAGAGGGGGTCAAAGGAGCCAAGACCTTCTTTGAAGCTAAAGTCCAGGCCATCAATGAGTCCAGCCGGTTTGAGGCAGAGATCCGC
L SEIDVSAEGVYVKSGAKTT FTFEAKVQATINESS SR RTFTEATETIHR
CAGGAGCAGGAGGAGAAGAAGAAGCAGGCTGATGAGCAGAAACAAAGACGAGAGGCTTTCAAAGAACTACAGTCAGCCTTCAAG cacccttctctcatctcagg
Q EQ EE K K K QADTEAQIKIQRU REATFI KTETLIGQSATF KL
acctttcactctgtgectgcactaacgtcaatgagtgtttttgaatgeccccatgtatgtcagacagtggtagtcctgagtcagectcaaaatcccatatatgtttatcaa
tagtcaaatccaatggactaggtacacgttgaaaaaatcaccactgtctatgettatgcaggtaatagatcaatgattcatctgtatatttagecttctageteggtc
acaccttccaatacttataaaagtttagtgcagctatagcaggattgtcagtagagtagtctttgectgatctaaatgaatggttctcacagtatcttgtcattgggea
tagcgtctgcaatttcaaagaatctatttttacccaaatatctactgtggctcactgtgetggecactgtggggctgetgacccagagggcttcagcaaaacaaatgat
tactttccagagtagaaaaatctggtctcatagagtcataaacagctgtgcagtgtgttggcatttaacaaaccttcaaactgttgectaaaatcagectgttctagtt
tgacagtcttccctgtacctgaaacgacaagcacacaccaacacacctcccagtacctgetgtgtttggacagatggetcttagatgaatcctaaactgtagttgaaa
tgactcagtgactcgttcctagtatttgcatagactggtaatgaatgcacttattgcactgtcttgactacagtgttagettgetttaactatatttgattgacttta
ctcattaaagaattcatactaaatccacagtgacactttgcagtctcataatcagettgtcacaattagtgtcacatgttgaacaaatagetgagectctgaagtttca
gtgtcagctctgtatttttgtacaatgeggttggtgggtattgactagatttttgttgttgtggtttgaggagtgtagttggtgatggacattcttgagcatcaagat
ttgcatgaaacctgggaagtacagacagcctataatacaattatgtttcttggttectggtctctectagttttggtcattgttectttcagetttgtcattttattce
accaacttcattgctgacatcaggggatgtattgactgcggagtagtgctttaatttggagttcactccaaccacatgagccatcagataattttcaattcaattgtt
atctgagagtccacgtggtagataccaatatgttcatctgcattacctttagttgtcatttcctgatcgatagttgagtggtttggacttgtgecacccacagcaaaaa
tgaaagtcactaaagccgttttcggacatgaccttctgagegtatctggagaagtgggtctggactttctectcagtttgecgtttacacatgaatagcacaacagga
gattctccactcagacaccttccttgaggggtggtgcataagaggcagggtgtaatgetgtggagatcacatgttttcgtttacagtacatcaactccggeateggea
cttatcgccaaaagctctcttgacatctttgtgtcttttacgtgtatggetctgectttacatecttagatgtccgttttcattttacacacactcacttgecagtgaa
tcctgtggtggatctectgttgtgttetcaccteggetcattcagactgtctgecagacttaatgetaggggaacggecataggaagtctacacgaagteccggaggett
tcaatcgtttgegttcacacatactctctggaaaatgtctggaggatctcaatctcctgagttgagtaaaatgtttccataactgaaaggaattatccaaactttgeg
aataaggcccaggctttttattttctgaaaactgttcctactgtatgtatgtctcacctgatgaacctggaggtttaacacacaatatcacatgtgeccattatageag
ttagtctagtgccacttacactgctttacattttcattgtaaaatcataactaatgtgaaatcctcgatcatcagttgaaaccagecttttcctaatcagecccattce
ctgeggeccttactetgtgagatccttgtgtattttctgtatccaggtaaatcattttaacaaagttgegeattttgecacttacttgatcatttgatgtaagtgtcett
tatcaagaaattttggattaaacttgatgtaaatgttaactttaatccaagattaaaagtccctgtctttaaaacatggtgttaatccttaagatcgtgtggaggatce
acagacagcaaccccaagataatcagtataataactggtactctatatagtcagattatatgttgeccatttatttgaaagataatcagggaatagtatgtgatgtttt
aacatactctcatctttcacaattaaatggcataattacacctgttggtcactagtgggtgcacattttcaaaaactccattttaagtttacagacagtgagaacaaa
tagacaaatgaacaggtcacacagatccgactcgtcatgttgtttttaatattttaaacttaaacagtgtttggtttgtggctgtaactgaattagettcttgttagt
tgatgagttaatggaccagtgcaaccatacgttaatttcctgtcagtagttttgtattgatagcatatagtattggtttaagtgacatattgtattgaactgatcaaa
atgttgtatccacatgagtgagtccaagcaactaaatgaaaagcttccgagtgatacacttcacatattattatacattggcaccttatgtatcagaagtatattctt
atgaatgctgtacccaacctttatgaccaatattatgttataaaacaaaggcaaagtgtattcaatgggtagttgatgactttttacatgatcttcaggattatcecg
taatataatctaaatctgagatctctaatttttgtatgatggcacaggcagatttaaaatcttttataggagagatgtgttatttttgettttgagccacgttgtaaa
cgtattggggacaaatgtttggttagtactacttcaaataatatgcaagagecctttagtatagttattgatagtctgttgatgecatgecaggatttcacagecatattg
tggctgaaatgatcttaataaatgaaaggtatctaatttttttctttactctatgaaaaattctatgtatcttttacttggatgaaaagtttatttgaaactccttct
agtttactgtttaaacattctagcaaaacccaaatgtgatttgtgttggtcaacaaagtggaggacagtcagtgagtagttgtaactgtgggtattgtcagatctgtc
atatgtatctcctggtgttaattatttttatagtaaggctcattgtttttggttttgatatgtccccaaagetatttectgttataacacgacaatgttagetgtagt
atatgcgttactatattgacgttttttgttctaatattcccaaattatcagaacaaacataatcatttccattttgttattttgggggttaaaagataagecctgttt
aaatatgcaaatcattcattgattcattgaactattgacactgtattatgttatggaggtttaagagggaacaatcttcttaattatttacaatttcattccactgaa
cattcccttattactgatggaaatccatgagttggagttgagtacactcactgtgtcatctactgaattctccaaatctttcattctgttatgtccagataagtgeca
aatgttgaaactactgtaatggggcttctcatgctacagcagcaaaaatgtgaatggaaataaaatgatatgacctataaaatattttatctttttatgttaagaaag
ctgttggcagtatttaatgttgattctgttgttacacatcccatcctecccattcatgtcatggataagagtttctgetgecagttcttgeatgtttccacttggtctga
gagttgctatgaaagtttaggaattcaaaataaatgtacactctcatgttgttgcagtgeccttccaagctcactgetggaaagtcaactgtgaactgtgectgaataag
acaatttcaaaagtgagctggcaggactgagtagtctctgggctgtaacacattatcacgttggettttttttaacatatacaatcagtttttcctgetatggtttga
tttaatttccactctccttecttgttttctgttagtttgtaaggttgtactgtcttgtttgectaataacaaaagagaatatgttctaatgcagettatgtttgatttt
caataaaatgtcttgtgtgtataaaaaaaaaaaaaaaaaaaaaaaa

Bl 8 efhd2 3 PIRZH TR P51 KA 9 2R 5]

Fig.1 Nucleotide and deduced amino acid sequences of P. olivaceus efhd2

T HE N J GG B T MZ R B T, BIS2EESr9 EF-hand 254838, T RIZh PolyA FF41
Frames indicate the start codon and stop codon respectively, shadow region indicates the
EF-hand domain, underline indicates the PolyA tail sequence
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gaggaagtggagcagcgctagctccgatcctataatcgatcgeccatgcactcttagaagcaaaacaaagcccagaactagcatectgctc
cagcacgggctcttgaa CCGGCGAGGAGGAGAGAGGGGTGGTCCGTGTCAGAGTCAAGAAATGTGATGGCGTGCTTCCAGTGGAG
A G EEERGVVRVRY KK CDTGV L P VE
TTTCGGTCCTTTGCTGTTGATCCTCAGATAACATCACTGGAGGTTCTGCAGCACATTCTCATCAGAGCCTTTGATTTGAATGGGAAGCGG
FRSFAVDZPOQTITS SULEVLQHTIULTIRAFUDILNINTGTK KR
ACCTTTGGGATCAGTTACCTGTGTCGAGATAGGAGCGGTGCTGAAATGTATCAGTCTCTGGCGTCAGACTGGGATTTGGATGTTGCATTT
T FGI SYLCRDIRSGAEMY QSLASTUDWSDTLTUDVATF
GTCAGTGCAGCCAAACCGTACCTACAGCTCAAGATGGACGTAAAACCTTCAGAAGACAGTCCTGTAATGGAGGACTGGGACATCATAAGC
vV S AAKPYLOQLIKMDVIKZ®PSETDSZPVMET DWTDTITIS
CCTAAAGACGTGATTGGCTCTGAGCAGCTTCTTGGAGAAAGGACGAGGTCTCTGGCATCCGCCGCTCTTCCTTTCACTCAGTCTCTACTG
P KDVIGSEAOQLLGERTIRSILASAALZPTFTZ QSTILIL
TCCCAGATGGGCCGGACCTTGTCTAAAGTCCAGCAAGCTTTGAGCTGGTCTTATGGGGAGGAGATCAAGCCTTTCAAGCCTCCTCTCAGT
S QMGRTLSIKVQQALSWSYGETETIIKZPTFIKZPPTLS
GATGGTGAGTTTCACAGTTACCTCAATGGTCAGGGCCAATTGACACGACCCGAGGAACTCAGACTGCGAATCTATCATGGTGGTGTGGAG
D GEFHSYLNSGO QGA QLT RWPETETLRLRTIYHG GG GV E
CCTTCACTGCGCAAGGTTGTGTGGCGGTACCTCCTGAATGTGTACCCTGATGGACTGAGTGGACAGGAAAGAATGGACTACATGAAGAGA
PSLRKVVWRYLLNVY®PDSGLSSGQERMDTYMEKR
AAGACAAGGGAGTATGACCAGCTGAAGAGAGAGTGGACAGCCCGGGTCAGTCATGAGGATCTTGAATTTATTCGAGGAAATGTTCTCAAA
K T REYDA QLI KREWTARVSHEUDTILTETFTIRGNV LK
GACGTCCTGAGAACGGACCGGGCTCATCCGTACTACGCTGGCTCAGAAGACAGTCCACATCTGACTGCACTTACAGACCTGCTCACCACG
b v LRTDW RAHUPYYAGSEDSPHTULTALTU DU LULTT
TTTGCCATCACACATCCACAGATCTCATACTGTCAAGGCATGAGCGATATCGCCTCCCCTATACTTGCAGTAATGGACAATGAGGCGCAT
FAITMHW®PO QTISYOCQGMSDTIASU®PTILAVMUDNTEAH
GCCTTCATTTGCTTTTGTGGCATAATGAAGCGTTTGGAGGGAAACTTCCGTCCAGATGGGCAACTAATGTCTATCAAATTCCAGCATTTA
AF I CFCGTIMIKA RLESGNTFRPDSGA QULMSTII KT FAQHL
AAGCTGCTTCTGCAGTACTCGGATCCTGAATTTTACTCTTACCTGGTGTCCCGAGGAGCTGACGACCTCTTCTTCTGCTACCGCTGGCTG
K L LLQYSD®PEFYSYLVSRGADT DT LT FTFC CYRWIL
CTTTTGGAGCTCAAGAGAGAATTTGCGTTTGATGATGCTTTGCGGATGCTTGAGGTCACCTGGAGCTCCCTTCCTCCGGATCCGCCTGAA
L L EL KR REFAFDDALARMLTEVTWSS L PPDUPPE
ACCGAAGTGGAGCTTCTCGGACTGCCACTGGACACTGATGAAACTGTGACCTACAAAGAAAAGACAATTGAGACCTGCCTCAGAGATGAT
T EV ELLGL®PLDTDETVTYKEIKTTITETT CLRDTD
AATGAACAAAAAGAGAAGCAGCGGAGGAGACATATGTTGAGGCCTTCAAGAGAAGAAACAGATGCGAGCAGGAATGCCGTCATAGAACAA
N E Q K E K QRIRRHMLRPSRETETDASI RNAVTITENQ
AAAGAGAGGCAAAATGTTGGTGCTGGAACAGGAAGTGATGGCAGTGATTGTGATATTAATCAAGTAAGTCTGGTAAAGGCAGATTGTCAG
K ERQNVGAGTS GSDGSDT CDTINA QVSLVKADTCHAQ
GCTCCTTTTGAGAAGCAAACAAGTTTTGGAGAGTTTAAATACTATACTGCCAGAAATGAAGATAGCTTTGATATGGAAGATGGTGACCAA
AP FEKOQTSTFSGEFIKYYTARNEDS ST FDMMETDGTDNQ
CCACAGGGTGTGGCTGTTTCAAAGTCGGTACTGAACATCTCAAGTCGCCAGTCCACAGTTGATAGTGAGGAGGATCCAGAAGAGAGAACA
PQ GV AV SKSVLNTISSRAOQSTVDSETETDUZPETERT
CCTCTCATAAAAAACTGTGAAATTGGTTTCTCTCCAATATCATCACCTCACCTCTTTCCTAGTGGCCTACCTATTTGGAAAAGTGGCTCC
PLIKNTZ CETIGT FS?PTISSPHILFZPSGLUPTIWIKSGS
TCTGTGTCTCCGACATCTTCAGTTTCCCCCTCCAGCTGGCCAGGAGCGTCTCCAGACTCTCCTCCAAGGTCCACATCCCCATCCCCATCC
svSPTSSVSPSSWZPGAS®PDSU®PZPRSTSUPSPS
ACAAACAATGGAAGAGAGGCCTTACCAAGCACTGTTCCAAAAATATTGACCTCCTCCGCCCAAGTGCTCAGCAATACAGGAATCAACTCA
T NNGREALZPSTVPKTIIULTSSAQVLSNTSGTINS
CCCACAACCCCCACTGTAAAACCATCTATTGCATCTCCCTCCCACCCTCAGAATCGATCCCTTCTCTCTTCACCTATTTTGTCCTTTGGG
p T TPTVK?PSTIASZPSHPA QNI RSILLSSU®PTIULSTFSG
AGAGGTCCCTCGTTGTCTGGCAGCAGGTCATCCACCAACAATCTTCCTTCACCCGGAAACAAATCTCCCAGCACCGCAGCTAACACACCC
RGP SLSGSURSSTNNLPSUPGNIKS®PSTAANTP
AGTTCTCTGAAAGCTGAGACCACCAGCATCAAATCGTGTTCGCTGCCGCCTCCGCAAGAGTTCGGCAAAGGCAATCCCTTCATGCTGTTT
S SLKAETTSTIIKST CSLZPPPAQETFG G KT GNUZPFMILF
CTATGCCTGTCCATCCTGCTGGAGCACCGAGACCACATAATCAAGAACAGCTTGGATTACAATGAGTTAGCCATGCACTTTGATCGGCTA
L CLSILLEHARDWHTITIIKNSTILUDYNELAMHTE EFTDRIL
GTGCGGCGCCACAACCTTAGCAGGGTGCTGCAGCGAGCCAAGGCCTTATTTGCAGACTACTTGCAGAGTGAAGTGTGGGACTCAGAGGAA
VRRHNLSRVYVYLQRAKALTFADYILAOQSEVWDS EE
GGAGATGAGGTTAGCTCCGACTCCCCAACAACAATTACCGCTGTGCAACATTCCCCTTCTTCAACCATCTCTGCCAGGCCCATTTATAGC
G bEVSSDSPTTTITAVQHSZPSSTTISARUPTIYS
CCTTTAGCATCGCCTCAGTCATCATTTCAAAACTCAACCTATAACCTCACAACCACCATTCCCTCCCCAACAGCTCAAGTTTCCCTTTCC
PLASPQSSFAQNSTYNLTTTTIU®PSZPTARQQVSLS
TCTGCTTC tccatcatgcaacaattgattcccatcctcagcgaaagactgattgtggcctgttggaggtgtccacctttttagcec
S A SLx
agccttcctaattgaattgggctgttaataatcttctcattctgtgtatgcttgaatatgtatttatattgcttttgtcagtttgatgaa
agagcttcatttcttttcatgtcctctgttgttgctgatgcatgacgtttaaaccctgtgattcaggtgtcagattgtggggctgtctcet
tattggttctggcaaaactcagtttagccacatggtgcatttaacctgagttgccctcttttttaaactttgtttacaaacttatattat
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Kl 2 F6F theld25 S PURH TR T 51 BAENI ) Z TR P 51

Fig.2 Nucleotide and deduced amino acid sequences of P. olivaceus thbc1d25

T3 HE N R AL 1R B i AR %S, BASZERA o TBC 453k, T RIZH PolyA J7 41
Frames indicate the start codon and stop codon respectively, shadow region indicates the
TBC domain, underline indicates the PolyA tail sequence
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Fig.3 The multiple sequence alignment of the EFHD2 amino acid
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Fig.4 Phylogenetic analysis of P. olivaceus EFHD2 amino acid sequence with EFHD2 sequences of other species
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Fig.5 The multiple sequence alignment of the TBC1D25 amino acid
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Fig.6 Phylogenetic analysis of P. olivaceus TBC1D25 amino acid sequence with TBC1D25 sequences of other species
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Fig.7 The relative expression level of P. olivaceus efhd?2 in
different embryo development stage
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Fig.9 The relative expression level of P. olivaceus efhd?2 in
different tissues of lymphocystis disease resistant and
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Cloning and Expression Analysis of efhd2 and tbc1d25
Gene in Japanese Flounder (Paralichthys olivaceus)

HOU Jilun', GUO Yanan®, FU Yuanshuai’, WANG Guixing',
ZHANG Xiaoyan', SUN Zhaohui', SI Fei', WANG Yufen'"

(1. Beidaihe Central Experiment Station, Chinese Academy of Fishery Sciences, Qinhuangdao 066100,
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306)

Abstract The Japanese flounder (Paralichthys olivaceus) is one of the most important marine culture
species in China. However, the outbreak of diseases has seriously affected the industrial culture of this
particular fish. Among these diseases, the one caused by the lymphocystis disease virus has been
spreading widely and has resulted in severe economic losses every year. In order to select new varieties of
Japanese flounder that are resistant to lymphocystis disease in China, and to elucidate the mechanism of
disease resistance at the molecular level, we used a high-throughput sequencing technique to analyze the
transcriptome of kidney tissues of the Japanese flounder, and screened out a number of functional genes
closely related to resistance, including efhid2 and tbcld25. In this study, we cloned the full-length cDNA
sequences of efhd? and thc1d25 by using RACE (rapid-amplification of cDNA ends). The efhd2 gene was
5231 bp in length, of which the length of the 5' untranslated region (5' UTR) was 142 bp and the length of
the 3' UTR was 4390 bp. The open reading frame (ORF) was 699 bp in length, and encoded 232 amino
acids with a molecular weight of 26.4 kDa and an isoelectric point of about 5.08. The full length of the
thcld25 gene was 3173 bp, of which the 5' UTR length was 108 bp, and the 3' UTR length was 464 bp.
The ORF was 2601 bp in length and encoded 866 amino acids with a molecular weight of 96.4 kDa and
an isoelectric point of about 5.47. Multiple sequence alignment revealed that the amino acid sequences of
EFHD2 have 83%, 88%, 73%, and 72% homology with Danio rerio, Oryzias latipes, Mus musculus, and
Homo sapiens respectively; and those of TBC1D25 have 71%, 74%, 72% and 74% homology with these
four species, respectively. The expression profiles of efhd2 and tbcid25 were analyzed by quantitative
real-time PCR (qRT-PCR). Both efhd2 and thcld25 were expressed at the fertilized egg, 4-cell, 32-cell,
128-cell, high blastocyst, low blastocyst, early gastrula, late gastrula, sarcomere, heartbeat, and hatched
larva stages. The expression level of efhd? in the 4-cell, low blastocyst and early gastrula stage was lower
than that in other stages (P<0.05); the expression level of efhd2 began to increase from the sarcomere
stage and reached the highest level at the hatched larva stage, and was significantly higher than that in
other groups (P<0.05). The expression level of the thcld25 gene in the fertilized egg was significantly
higher than that in other stages (P<0.05); during development, the expression level of thc/d25 decreased
to the lowest level in late gastrula (P<0.05); there was no significant difference in the expression level of
thcld25 in late gastrula, sarcomere, and heartbeat stages (P<0.05). In the lymphocystis disease-resistant
and -sensitive individuals, the expression of efhd2 and thcld25 was detected in head, kidneys, liver, blood,
gills, heart, gonads, muscle, intestine and spleen. The expression of efhd2 and thcld25 was significantly
higher in the blood of lymphocystis disease-resistant individuals than in the lymphocystis disease-sensitive
individuals. This study provides a basis for further studying the gene function of efhd2 and tbcid25, as
well as the mechanism of disease resistance of the Japanese flounder to lymphocystis disease.

Key words Lymphocystis; Disease resistance mechanism; Blood; Embryonic development
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IRE) crh EEBEFE, HARIKIE
REHERMZIM

Aeig " F " WEE' mE#M’ wER'
Tl kEE' £ &' kAP FR4!
BLE® ®ER® FBEE' HERT
(1. VAR RFE Rk 2R EIK 4024605 2. WIS EBE AR ERBE YL 641100
3. ERHRFXK™5 B\ 405200)

D N #E % crh (Corticotropin-releasing hormone) 4t F] 3 # £ Z & BB EH, TR THE T 474
(Carassius auratus gibelio) crh 3£ & ¢cDNA 4K F 7| .3z Jf| 52 i 7% of & & PCR(RT-qPCR)B A A crh
2 H mRNA £FF AR NRE LB, BEMECNERENYH., ERET, R orh ZHEH
cDNA J¥ 7| 4% % 920 bp, £ #,5-UTR % 53 bp,3'-UTR % 378 bp, JF # 1% 1% 4E (Open reading frame,
ORF) % 489 bp. 34 crh Kty ORF K& & Bl 162 NAKBRA R, Hd, &7 11 HhEaH
BRERTFX, 4N NAEBRNEEIR, 40 MNEAEBRHRAK. EERFIINLZELRMMTE T, &
) crh 22 W 5 4 # (Carassius auratus)®] G IR MK 99%, 5 4 (Cyprinus carpio)t] El IR E K 96%., &
Kt EEPCRAKMNE T, R orh ERETEMPHELERT, LAEHMACE, crh £ F
MEkKEEBWGREEAREFERNEP>0.05), £EEE S X, % 7 RHIAMEZE BEKEP<0.01),
MEEHEEE IR, & 11 REIREZAZFHP<001). MU ELERETR, crh FHEAERMELHEE
FTHEARREEEEAE,

KA R crh 2 ; RT-qPCR; HFE X% ; EAHE

FESHES S9174 XEHIREE A XEHS  2095-9869(2019)03-0069-11

BEEAUIE S KB AR 2217 A (Simpson 3 2 YSORT AL B A Bk RN A1 JE AL AU 4 1 Y PR
et al,2016), fie H s L HERT U 75 9B TR Y it S g i, TR (Volkoff, 2016), 124 A1k, FEmZE b rafER
HeFrhW K . BT S SR —FE, A2k KT RESEEREMSCHE T, 41 Ghrelin (Zhou
BERERE—AE AR, B P E s, et al, 2014, 2016). Leptin(£2 /7 H 4%, 2017). CRH
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(Corticotropin-releasing hormone)(Wang et al, 2014),
CCK (Cholecystokinin) (Zhang et al, 2017), NPY
(Neuropeptide Y) (Han et al, 2014)55, #Rij, T/
B S e, ] — 4 ik PR AN [ £ 2 0 18 B R AR AN
RAHTE](Liu et al, 2014; Jonsson et al, 2010; f5 5 1E5E
2015; Zhang et al, 2013; Michel et al, 2016; Fuentes et al,
2012), CRH ZHHESN W h—Fh & 41 A LM 1 i pf
3 AT Bk (Vale et al, 1981), BAPEF LN
W H 5N SR AE A (Chrousos et al, 2017), CRH
A LA e il L 2 0 1 45 R AE BRAT S, I CRH X
Ja/NRAT B — W VEH (Fuzesi et al, 2016),
CRH i i 1|3 POMC(Proopiomelanocortin)fil ACTH
(Adreno-cortico-tropic-hormone) ¥ 3 i, I LA M 4
FEIE (M, 2017), i HAT 4EF5GE & F-fiif (Rabasa
et al, 2016) &% ¥ & Ak (Rayatpour et al, 2017)Z5 ik .
2% CRH WL AKET . MR (EFE,
2014) ., JA¥E S (Matsuda, 2013)%5 , FiHEE BN,
HAaro A LW 1T 55 0 A (Schizothorax
prenanti) (Wang et al, 2014) . 4 (Carassius auratus)
(Matsuda et al, 2006) crh FE XA TER,
TEH A 28 T ARSI B K ik

SR (Carassius auratus gibelio)F2 ™ FEIR 7K FE5H
WEZERZ —, BEFRMER . EREEROMESE,
2017), TEPEFREE)T, W ToRIEE, s
E, PSR IR . B EHETCY IR, AR R a4
FE IR PAERR IR . PR IRA Ay T (5K 5L,
2016; JHF4R5E, 2017), MrF R T F AR AP £ 5
e Al S A . Re AR 2 M) OC R B A

ARG EE TR crh FEIY cDNA 2K 751,
AT TS oA, TRl A S22 E i PCR 4%
AR, XF crh FEHITER O H AT . Bfa SRR
AT WA Rk AT TR, DU X crh B2
SRS IIRE PR, T A B AR S ] SR R 2
BRI AR K AR S TR

1 #R5HE
L1 KB zh¥ R KRGt

GeL AR e gy R = DR K e e e sPNN S I ) =y N ]
B RF R B RS IX 526 Ke b 10 M ABT(110 cmx44 cmx
44 cm), BF 2, KR A 23.0£2.0)C, LI AL
J6(12h L & 12 h D), 4K 09:00 F1 17:00 {5 FH 38 & 2.0
TR TEEE, BN AR ) 2%, g L
TERRE AT N E T 225

FH T SE R o Bt g AR G- 22 1A R (293.5+17.5) g,

FH T4 GRA S R A AR Y (A 52 O (316.33+11.7) g,
MERELL B 1 1,

BT B L o AR YR R (308.7£17.5) g,
PL 17:00 A RFERTEIFY &5 0 h, 2 BIZEAHT 3 h(=3 h).
AT 1 h(=1h) &S0 h) 2&J5 1 h(+1 h) & )5 3 h(+3 h)
SRERENTN 24, %&)5 1 h(+1 h), %&J5 3 h(+3 h)
YA 1 AR, HURFE6NEE,

B[] 25 & ST o R B OF 34 {K By (458.33+
20.10) g, REHLEE 5 HAMERKNRZS R, 5 HNIE
WAL, SR 1. B3 B S, BT KW
17:30 XIAE B Al ANIE 7 PR A TR R 28 9 REEE
HAEFHRE, S 9. 5 11, 5 14 XM 17:30 X&E
ML SOE PR TRF (AR FE 6 MER).

1.2 EEiKH

Primer Script” RT reagent kit, RNAiso Plus 7 |
pMDI19-T sl {& . DNA Marker il Loading Buffer
P T REFEAEY TR R . SMARTer ™ RACE
cDNA Amplification Kit JlJ § Clontech A, £& T
7K. DNA i k7)€ . 2xTag PCR Master Mix &
DH50 &2 25 41 T RAR AL RHE A F) o X-gal . &
NHBERM IPTG W TE TAY) TR i) B A R
AT, Gold View W HAL R ZRKERHL AR . BlEH
) B AlTlIresco /Al o

1.3 HLAFRFR RNA R

crh FEH cDNA sePEfl G2, AR BLE
SRAE T . R FlR L R, DL AN, AR AR
O JHIRIE . 88 JE . B, s, Bl SRS
L 2L FAL. Rk RS EL DR ERIL 21 AR
FES o BT B A I [ 25 & S T iU 80U F B
o SRAERT, i FH MS-222 4 5250 fpREE, R HURCH,
Frsdlgl, o 0.6%A4 BER K vk g, S BPH AR
W FAERRERK, MR ERA TR, &hi A-80
CUKFPRAE . BUE 80 CURAEIIFES, , R K&
EAY T E AT RNAiso Plus I F 2 BUE RNA , il
FEHIGEE(OD), 4% ODago am/ODago nm £ 1.8~2.0 [#)
RNA & T-80°C# .

1.4 4R crh EEHEE

M GenBank H T 2 b 5 125 crh FEH P 513647 EE
XF, AR X —ZPERF 5], RA] Premier 3.0 i%
71 PCR 519 (3 1),25 pl JK AR £ :12.5 ul /) 2xdNTP
Mix (Invitrogen), bFRIEFIY4 1.25 pl, 2.5ul B
cDNA J% 7.5 ul ddH,O(Invitrogen), PCR JZ i 24 .
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JEI A B crh SRR pERE . A ZURIR I B X4 £ B 5 ) 71

725k 94°C 5 min, 94°C 75 % 30 min, 58°CiB K 30's,
72°CHEMH 30 s, 35 NMEH, I EMH 72°C 8 min,
PHWEMHMA AR R, E%E
pMD®19-T #ifA(TaKaRa, Ki%), #iiiik DH5a %
AU YA R AGAE & 2R VUM (Amp ) LB &4
B L, BT 37TCEFEMA PR, KRR
() 18 B TR VA HERDE 2 ml & Amp Y LB 35353,

JIT AT 45 35 e PR A 4 TR 9 350 G vl B B 647 o
FEIE ] Sal 1 Al BamH 1, BUKZY 500 ml FIZE 1%

Brt g W e g PR K S R S SR s SRy BH P 1) B B TR R
KEFEY TRA AT

RAIEC AT erh #0751 RACE BYHEAT]
Y): 3'Race FtE5 ¥ S'Race FERHEBIHI(E 1), S
H& Clontech 23 E] 1) SMARTer RACE cDNA 7| & Ui
Bl £ 5'-RACE-Ready c¢cDNA, KM Touchdown
PCR W #EAT 3'F 5" R I 3, 9734 =Wy 2 I 1k
P FAb)E , U 1R BH M i v R R R B R AR
TAARRT

*1 LBFAY
Tab.1 The primers used in this study

5|¥44 Primer name

5|9 7% Sequence (5'~3")

FHi%& Purpose

crh-F 5'GCAAAGTTCAAAAACCATCC 3’

crh gene cloning

crh-R S'"GGTGGCTCATTAGTTTATTAAC 3’ crh gene cloning
crh-F1 5S'CGGTTTTGGCACGCTTAGGGGAGGAGT?3' crh gene 3'RACE outer
crh-F2 5'CGCAGCGTCTGTTGGAGGGGAAAGT3' crh gene 3'RACE inner
crh-R1 5'TCCAACTTTCCCCTCCAACAGACGCT3’ crh gene S'RACE outer
crh-R2 5'GGTGGTGGAAAGGCAACGAGCAGAG 3’ crh gene 5'RACE inner
crh-F3 5'GCTCGGTAACAGAAACCAGAAT3' crh gene qPCR

crh-R3 5S'CAACTTTCCCCTCCAACAGAC3’ crh gene qPCR
p-actin-F3 5'CGAGCTGTCTTCCCATCCA 3’ qPCR

p-actin-R3 S'TCACCAACGTAGCTGTCTTTCTG 3’ qPCR

18S-F 5'ACCACCCACAGAATCGAGAAA 3’ qPCR

18S-R 5'GCCTGCGGCTTAATTTGACT 3’ qPCR

1.5 ERFESH

iz | BLAST(http://blast.ncbi.nlm.nih.gov/Blast.cgi)
X} cDNA W J7 45 S A7 [R) M L 44 o fifi ] SignalP Ver.
4.0(http://www.cbs.dtu.dk/services/SignalP/) ] I\ 15 &
KA S5 A RRUIK . 32 Clustal W (http:/www.ddb;.
nig.ac.jp/search/clustalw-e.html) £ & J3° 51 Lb X 43 H7 %4
FEFR S, it Mega 5.1, RJHAR4%HE: (Neighbour-
joining, N-DMJ#E# ARG LM, H JE(Bootstrap)fE &
1000 ¥X .

1.6 ELHRIEE=Z PCR

T 3 S E AN crh DAY 2L 2R |
BRGNS ERIEIE, A RELEAE CFX96
Real-Time PCR #:1lll & 45 (Bio-Rad) [ 52 i, ¢ E &
SR ARF R SYBR Green (TaKaRa, Ki%), 20 ul X
NAKZ : SYBR 10 ul; [ FESI#14% 0.8 ul; JoE K
6 ul; cDNA Fiff 2 ul; Rox 110.4 pl, W Z%L: 95C
AP 30 s, 95CAEME S s, 60CiEk 30 s, 72°C4E
ff 30 s, 345 MER, BAFEMRREINER, N

ZHEH A 18S rRNA Fl B-actin, AHXF A & i 242
EYE WP IR

1.7 HESIUTRSH

FH- 44 {8 45 1% (MeantSE) 6 /R8 2 ¥ 5048, Jf
i1 SPSS 21.0 AbHEZEHL ., AR 2 T 22 50 Wik
(One-way ANOVA)ZJ3 87 J7 22 [|] o2 P A6 56 5 1) 2540
P<0.05 BRERBE, P<0.0]1 BRESWEE.

2 #R

2.1 RE) crh EEHZRERFISHT

RN crn FED cDNACE RS KY861383)2 K
920 bp, H:H1, 5'-UTR & 53 bp, 3'-UTR 4 378 bp,
T ik ) B2 HE (ORF) Ny 489 bp . #E-5: HI AR CRH 2 (H i
162 NN, Hoad 24 DEEERABNE
SRR AL A ZUIETR A B BT 11 A 2 B A A
MIORSEIX (B 1) 2 TR 7 9 0 2 & e i &
B, AR CRH M2 508 7 41 5 #RL 0 25 B 3 [
Brk, Hrb, 58anFEEER 99%, 56 A E
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1 ACATGGGCAAGGATATATCAATTAGGCACAGATTGTCCTCGCCACTTTTTGAC

53

54 ATG AAG CTC AAT TTT CTC GTC ACC ACC GTG GCT CTG CTC GTT GCC 98
1 M K L N F L vV T T V A L L V A 15
99 TTT CCA CCA CCG TAT GAA TGT AGA GCC ATC GAA GGC AGC TCC AAC 143
6 F P P P Y E €C R A I E G S S N 30
144 CAG CCA GCC ACG GAC CCC GAT GGA GAG CGA CAG GCC CCG CCG GTT 188
3.9 P AT D P D G E R Q@ A P P V 45
189 TTG GCA CGC TTA GGG GAG GAG TAC TTC ATC CGG CTC GGT AAC AGA 233
56 L A R_L 6 E E Y F |1 R L G N R 60
234 AAC CAG AAT TAT CTC CGA TCC CCA GCC GAC AGC TTC CCC GAG ACA 278
66 N @ N Y L R S P A D S F P E T 75
279 TCC CAG TAT TCC AAA AGA GCA CTG CAG CTGC CAG TTA ACG CAG CGT 323
76 S @ Y 8 K R A L @@ L @ L T @ R 90
324 CTG TTG GAG GGG AAA GTT GGG AAC ATC GGT CGC TTG GAT GGC AAT 368
99 L L E G K vV G N I G R L D G N 105
369 TAC GCG CTC CGG GCG CTC GAC TCA GTG GAG AGG GAG CGC AGG TCG 413
06 Y A L R A L D S V E R E R R _S 120
414 GAG GAG CCG CCG ATT TCC CTG GAT CTG ACC TTT CAT CTG CTA CGA 458
1210 E_E P P 1 S L D L T F H L L R 135
459 GAA GTA CTG GAG ATG GCC AGA GCC GAA CAA ATG GCC CAG CAA GCT 503
36 E_ V. L E M A R A E Q M A Q Q A 150
504 CAG AGC AAC CGC AAA ATG ATG GAA ATA TTC GGG AAG TAA 542
151 H S N R K M M E |1 F G K * 162
543 CCATGAGCAACCCCATCAGCCAAAGATATTTTTACATTTagCACAGACATGAATATTCTG 602
603 TACCATAGTGCTGCTTTTCCATCATGATCTATTTATACCGGTGACTTATTTATTTGTAGA 662
663 TATTTCACTGAAGACGAATAGAGCACACTAGGTGTATATGAAGCGCAAAACTGTCATCAC 722
723  TCTCCATCAATGTTATTGTATAAGTGATCATTCAGAACTGTAGATGAAGAAAACGTTTGA 782
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903  GAAAAAAAAAAAAAAAAA 920
BT AREY crh 5L cDNA J541 KA 5 1 & SR T 51
Fig.1 Nucleotide and predicted amino acid sequences of C. auratus gibelio crh gene
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Fig.2 Amino acid sequences alignment of crh gene
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Fig.3 The phylogenetic analysis of the amino acid sequences of cr/ gene from C. auratus gibelio
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Scale bar indicates residue replacement rate. The bootstrap value is represented by the numbers at the node
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Fig.4 Tissue distribution of crh gene in C. auratus gibelio
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Tep: Telencephalon; Hyp: Hypothalamus; Mep: Mesencephalon; Ceb: Cerebellum; Myp: Myelencephalon; Pi: Pituitary; He:
Heart; Sp: Spleen; Li: Liver; Sk: Skin; Ey: Eye; Gi: Gill; Fg: Foregut; Mg: Midgut; Hg: Hindgut; Hk: Head kidney; Tk: Trunk
kidney; Re: Red muscle; Wh: White muscle; Te: Testis; Ov: Ovary
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Fig.5 Postprandial changes of the crh gene expression in the
hypothalamus of C. auratus gibelio
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Fig.6 Effects of fasting and refeeding on crh gene
expression in C. auratus gibelio hypothalamus
FIRE E A RER R AR B2 | IE SR ZH S AT MR AH = [ 1Y
P25 WAEME 5 IR [R]— I [7) S 50 4 R0 T 50 MR 4 (] ) 22
S EME, % P<0.05, **: P<0.01
Different letters on the bar represent significant differences
between experimental groups. “*” represents significant

differences between the experimental groups at the same
time point. *: P<0.05, **: P<0.01
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Cloning, Tissue Expression Profiling, Functional Characterization
of Corticotropin-Releasing Hormone (crh) on Feeding in
Gibel Carp (Carassius auratus gibelio)

ZHOU Chaowei', LEI Luo', DENG Xingxingl, YUAN Dengyuez, YANG Minmin',
CAO Gaoxiang', ZHU Haixing', LI Yan', ZHU Chengke', LI Daijinlr, TANG Renjun’,
ZHANG Guizhong®, LI Lukuan', ZHENG Zonglin'”

(1. Department of Aquaculture, College of Animal Science, Southwest University Rongchang Campus, Chongqing 402460,
2. Department of Aquaculture, College of Life Sciences, Neijiang Normal University. Neijiang 641100;
3. Fisheries Adminstration of Liangping, Chongqing 405200)

Abstract To elaborate the mechanism of corticotropin-releasing hormone (cr4) on feeding in gibel
carp (Carassius auratus gibelio), we cloned and identified the full-length cDNA sequence of crh for the
first time. We also employed real-time quantitative PCR (RT-PCR) to explored c¢7h mRNAon distribution
in different tissues and investigated the expression of c#4# mRNA during postprandial and fasting. Here, a
920 bp full-length of crh gene cDNA was obtained, including a 53 bp of 5’-UTR, a 378 bp of 3'-UTR, and
a 489 bp of an open reading frame (ORF). The ORF of the gibel carp crh gene contains 162 bp
nucleotides, including an 11-amino acid conserved region, a 24-amino acid signal peptide, and a 41-amino
acid mature peptide. The amino acid sequence of cr# shares a high level of similarity with teleost CRH
(99% with Carassius auratus and 96% with Cyprinus carpio). The expression of gibel carp crh was
observed in almost all tissues, with the highest expression detected in the hypothalamus, followed by the
myelencephalon and heart. There was no significant change in crh gene expression in the fed group
compared with the fasted group in gibel carp hypothalamus after a meal (P>0.05). However, the
expression level of the crh gene showed a significant decrease after fasting on day 5 and day 7 (P<0.01),
a significant increase of the crh gene was observed after refeeding on day 9 and day 11. The results
suggest that the crh gene may play a critical role in feeding regulation in gibel carp.

Key words Carassius auratus gibelio; crh gene; RT-qPCR; Gene expression; Feeding regulation

D Corresponding author: ZHENG Zonglin, E-mail: zhengzonglin@126.com



40 % 53 Wl B o% U R Vol.40, No.3
2019 % 6 H PROGRESS IN FISHERY SCIENCES Jun., 2019
DOI: 10.19663/.i1ssn2095-9869.20180328001 http://www.yykxjz.cn/

BEAE, XOUH, 2L, WA, . BRI 3R GE 41 2045 0 S R A0 o3 A AR A Ik B R, 2019, 40(3):

80-86

Zhao YH, Ou Y]J, Li JE, Wen JF, Zhou H. Histology and distribution of mucous cells in digestive system of Bahaba flavolabiata.

Progress in Fishery Sciences, 2019, 40(3): 80—-86

HREHIRGHLAEHRFRMES R

mMEML? EXE'" Fwl' BxE' B £

(1. A A R w5 PEOT R PGS0 3 i K™ e e e e A B 52 B T
2. KPR E R R AL BRI S e E e B 2013006)

510300

HE F & #91 B . HE Fn [ F| # = & 8L B F & —iK /1| [AB-PAS (Alician blue and periodic acid
Schiff reagent AB, pH 2.5)] % & # K, #F % # /& # (Bahaba flavolabiata) ¥ . # 4t t 41 4 45 44 Fn 56 ik
M RRAE, EEe MM mE, B2 “N B, 20FI1H. EEH b, §F5mniE
BAH 8 Sk 183, AR It T 2 AN b 4o b5 T LB K (L8 8 B A E IR O AR
MAE. ETEMEREE, cRAERE, BFEERE, R LERAKEI M. BHMIAEME
BEARE, REBREQMER, BELEALEER B dTEREERKA, EIHERE,
MEAERE, BESEREAK, FE R e o WA o 8 R 48 e o B A TR A IR IR 4
L, AT ATRAERRETHE. AB-PAS e EHom haety | BERak; wi1EE
HErErAAkEEEW SRR, Yy I A RAME; . Pfe ez X208 FRa8,

AL EIRBERAM. EEEAHMCARNAREN AR R AN A FEEINT MG ST

A B A
KA HEa;, HLEASK; FRal
FESHEE S917.4  LEFRIREE A

#{JF 1 (Bahaba flavolabiata), [ A Fr4: £k 65
GEAR . KNG RS, WINAFREH, JEiE
N, WIEH. AR, BEAE, 2P EEAR,
G T AR T ) T e 7 R R YL AR BR VL a7, P Bk
VLSRR X R, MR, RARAIRK . e TR
AT 2 2, MR T g KER 50~60 m X, 4
W O R v . A s, DNl
R BRI 22, A LIRS &
(B R, 1991),

F T IR 5T (1 R AL R B By, PR IR K
d, 1988 AFETE R4k 51 Ok [ 5K G AR AR B

XEHS  2095-9869(2019)03-0080-07

Y, 2006 AEgEH G H SR ORI ER B (TUCN)ZL 5,44 5% 3]
J SE WIS F(CR) . BRI, T AH & 1 I A FIAIF5E
AEH WIME, — B LR E X T 5 R AR Y2 i R 4R
HEEA, BT, S EK RS BE R K 5 T
FE R 0 EA AR AR AR UL A0 5 A
B4 T S — eI iR (X 46, 2010, 2011a,
2011b, 2012a, 2012b. 2012c. 2014), BF5EiEL RS
() 2H 245 R0 A S 8 A R 1 0 A s e T f 2R AR K
B I A LA K P 58 A5 A LR T AL A A AT
B, BT, E N AN A D8R A i ST o G
BT o 2 | 22 R SR SR BRI 5T B

* TR R H (201604020088) %5 Bl [This work was supported by Guangzhou Science and Technology Project

(201604020088)]. #ZFE, E-mail: zyhrenata@163.com

O WIEE: XXF, W55, E-mail: ouyoujun@126.com

WA H#: 2018-03-28, Weistihs H #1: 2018-04-20


abc
图章


%31

BREAESE: PR 0 1L R Ge e 245 1) T VR A0 L 43 A7 e 81

AL R GRS RRAE | A2 E5 R 236 200 o A
fi, BE—28 T A A e R £ A S5 M AL AL
B, AL R BN TSR AR SR 1 B A

1 MRIEFE
1.1 SLGH&

SEE6 A0 R T M T R U I ek v R R A A7 4 1 v
g, 2t 3 BORTMERE), (KER(295+68) g, &K
(330+38) mm. ML M EEE ., 2K KK)F,
BTk s, BURAEAIR, R &/
.. MIEE. fihEs, £ALZNEY L PBS
Wk, VIRUINE(2 cmx2 cm), A 4%Z R HEEFE E

1.2 VIR#HI&EMERAE

1.1 WP RSB BRI E 24 h 5, FH 70%~100%F6
FEWGRE K, —HREM, 60°CIE S AN, U1 h
JERE K 5 um, 4B HE F1 AB-PAS X7 & (th
SRR DU A B AT BR A w2, 45 20 TR 2 )
VLIS Y, R B R AR RS ELEAE Zeiss
i RSO AN . HE Je ] T ki 4
L2y, AB-PAS YL (8 F T4 DU £ 108 25 0 40 e 1 43
A o ARHE AB-PAS Ik (025 FUR T 16 18 v iy 26 240 M 45
TR MR, MAFIVAL, R854 PAS
FRYER TR PERE 20 . (S A AB FIPERRRTER 2
W) LT 0 (A PAS FHYER B L, [t
A/ AB BHERNIRIEF ZM) . R (FEEE
AB FHYERERTERE 20, [AI &4 /& PAS FHIER P
PEFE 2 (BRI 5, 2015).

1.3 HIENZEM&iT

Z: MR S (2016) A 71, TR ZURERL
PEHC 3 kYl R, EHW Y R 7E Carl Zeiss Axio
Scope. Al 22 g {5 T W%E, H Cool Snap 3.3M
BOASAHHLAA I . 100 f5%55E B LS, Bk U B AL
3 HCARER, XTOLE N A AV A0 A T S AR, Tt
P20 L S BAR ST 5. AR +h 1~5
Y ; 8 6~10 DA ; +++4 11~20 400,
HHART 20 40

2GR

21 ERESHARGHEESEN

HWRAEE S O, . B s
e A E M 6 AEB4Y o H R A T AR A SR AN B 2
T LG FR R DR S B 1 TR S R, SN S A

LR . DI e Rl RO, A
v, wTAY R, T amey. 58 g,
SN H R AN T 3 Wy R A ]
HAE 8 4, B e REN T, A 2 i,
AT ORI 2 T I R RS s 3 AR SY, JE
I E N, B NARH, HABE, HIS 90T,
WS> D 2 i s e il B 1 B4, e,
AR, 7R B Ha TS SR T A DX T
Aii, AERIE AT T B ZR L n] DL R A f R

22 EHEBBEURFHRLEN

WBMEIHESNFRE . BETE . 2K
JEPOZ . EIEFEMBE)Z . BT )2 M Y K
MR, ENERR, BRENEAEZ R
T BIENAZE B AL, F2 SN,
S5HAWNUZEERAF, E PRGN RN, i
YR, ARTEYHNHEW, IWKNELESHRA
BHEAIE N (F 1a), B UL TRE | 1 B4R T
WLPA 2 % 3k o H A ) 4 U (BT 1), 1 AR R | J
S ERJZFEAR bz, A RS E 1 P HES R0 A A
MaFE AR, RETESEERIE, RRDER 1 A2 k. BA
ERE R, BRI AR A B /N, R R AN R AR
MR, 2ot HE e tan] LI UL S R 40 A% 5 4800
@, MR AR 1), BIFMmE SRR,
LR Z R, bR P Fh R B Lh i 2 H AR Z 4
X, HAZHLEM, JLT AN, AR
TRk A RN o3 SR O R R, AR 1 B oh 2
R R AR 1) FTR . TP RN S i 45 F S AR
FHARL, ARG L R AR & 0 HA 32, R TE
We— R VBB R R B R, Wi O E &
ik, HET . R RUE BEE R AL BEAFEZES
JiB RN REREIR E R, HESEE, LR ECR A AR
RANAE, A0 RGO, VA & 5 2 S 9 Js
(FAREE, 2012) (K 1e~E 1i), #5075 iE 5 I 1)
L RN, AU WL 1,

JF 2 £ 28 e R T AR R A, A /I ik e ] T
JER AR A 53 A (1) /N 22 [] 204 K/ INAS ) ) i 3
JEF 7N R T B89 P 40 B HE 50 R A 2854, AR =2 ) 4
A5 4 JFF 100 553 5 0 AT DL 1K), P340, FEm e 2 ) 43 A
R Z B2, AR IR S5k (A 1),

23 EEFGHLERBERSS BT

WIRMEHEN RN, B, MITE
B0 i 3B XA R IR I A, (FUAS [) DX I8 2 9 4 M
MR MECE AR (R 2), HAB MRy T AZ



82 oo B % g B 40 &

K1 BN R G4 2 Z5H (HE B ()
Fig.1 Histology of digestive system in B. flavolabiata (H&E staining)

a: BIEMY], 6.5x; b: HEAITEED), 6.5x; c: HEBEFM, 100x; d: MITHEMY]), 20x; e: HIHMHED], 10x;
f: PR, 16x 5 g MBHEEE, 100x; h: EWEEY), 16x; i JFBEEL, 100x; j: FF/NH, 100 x5 k: /A
PREERY, 100 % 5 1 /DM NIFBERZS L, 100 x 5 BMF: ZEIESERE > 30451 ; CL: e sLBE; CSM: il GC: #F
R GG: HMRs GP: H{/hM; HL: A/t He: AF4AMI; HG: APBEEZSL; HP: AFHR; HS: AFISE; LSM: 4L
Ml; M: B2, MC: WIAZE; MF: FiE9E68; PA: IR, S: XAKZ; SEC: HEZHRERE; SM: #IK T2
a: Transverse section of esophagus, 6.5%; b: Transverse section of pyloric stomach, 6.5%; c: Transverse section of mucosa in
fundic stomach, 100%; d: Transverse section of pyloric caeca, 20x; e: Transverse section of foregut, 10%; f: Transverse
section of midgut, 16x; g: mucosa in midgut, 100x; h: Transverse section of hindgut, 16x; i: Mucosa in hindgut, 100x%;
j: Hepatic lobule, 100%; k: Structure of Hepatic lobule; 100x; 1: Hepatic glycogen, 100x; BMF: Branch of mucosa fold;
CL: Central lacteal; CSM: Circular layers of striated muscle; GC: Goblet cell; GG: Gastric gland; GP: Gastric pit; HL: Hepatic
lobule; He: Hepatocyte; HG: Hepatic glycogen; HP: hepatic plate; HS: Hepatic sinusoid; LSM: Longitudinal layers of striated
muscle; M: Mucosa; MC: Muscular coats; MF: Mucosa fold; PA: Pancreas; S: Serosa; SEC: Simple columnar; SM: Submucosa
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Tab.1 The result of measurements in the digestive tract of B. flavolabiata (unit: pm, X+S)
) E Hi a7 =17]
Pyloric caeca Anterior intestine  Middle intestine  Posterior intestine
Zh 4 44 =5 & Plicamucosa height 55.97+11.18 43.66+12.23 55.15+10.65 18.39+1.90
ZhFAE 44 55 Plicamucosa breadth 17.88+4.43 12.67+3.92 17.53+8.02 9.93+3.31
FRWLZ)EBE Thickness of circular muscle 14.15+0.88 9.2140.46 12.19+0.75 7.01+1.86
YMWUZJEEE Thickness of longitudinal muscle 6.02+0.75 7.91£0.61 8.75+0.87 6.85+0.52
&2 AB-PAS B FHZERMNABEHENERRAMN S HIER
Tab.2 Regional distribution and intensity of mucous cells in the the digestive tract of
B. flavolabiata detected by AB-PAS staining technique
Himan i il H CMEEE il a7 =17}
Mucous cells Esophagus Stomach Pyloric caeca Anterior intestine Middle intestine ~ Posterior intestine
I 7 - o+ - + n N
I %y B R At e

T NP IBA R B —, REE]; +, 1~5 DML ++, 6~10 AN +++, 11~20 4HAE; ++++, KT 20
A4

Note: The intensity grades of endocrine cells: —, not detected; +, 1~5 cells; ++, 6~10 cells; +++, 11~20 cells; ++++, more
than 20 cells

WML, /- A7E B MR E MBI B anfez i DAVRR AN, JFA D T BRI . T A%

[l (F 2a). HATTH %70 A A7 Kl G R A
RS, 2808, F 200 A 7e B2 Fh IR
bRz Z () 2b). RiTRa . RS e R

TWANMAN K, A TERh I L 32 . TR
gLt 2, o 1 BERR AR, A e LR
B (K 2¢~& 21),

B2 BT o T A B A B o3 A AR

Fig.2 Distribution of mucous cell in digestive tract of B. flavolabiata

a: HENK, 200x; b: HAITHZE, 100x; c: TIHFE, 100x; dHATHEE, 100x; e, f: FMHEIBE, 100x;
a: Mucosa in stomach, 200 X ; b: Pyloric caeca, 100 X ; ¢: Mucosa in midgut, 100 X ; d: Mucosa in foregut, 100 X ;
€ and f: Mucosa in hindgut, 100 x ; I : Type I mucous cell; Il : Type Il mucous cell
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Histology and Distribution of Mucous Cells in Digestive
System of Bahaba flavolabiata

ZHAO Yanhua'?, OU Youjun'", LI Jiaer', WEN Jiufu', ZHOU Hui'?

(1. Key Laboratory for Exploitation & Utilization of Marine Fisheries Resource in South China Sea, Ministry of
Agriculture, and Rural Affairss South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou
510300; 2. National Demonstration Center for Experimental Fisheries Science Education, College of
Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract

This work aimed to investigate the histological structure and mucous cell distributing

features in the digestive system of Bahaba flavolabiata. Conventional paraffin sections were used, with
H&E and AB-PAS (Alcian blue and periodic acid Schiff reagent (AB, pH 2.5)) staining. The esophagus

was crude and short, and the Bu-type stomach was divided into three portions: the cardiac stomach, fundic

stomach, and pyloric stomach. There were eight pyloric caeca, and the intestine had two inflections in the

body cavity. The histological analysis revealed that the digestive tract wall was composed of serosa,

muscularis, submucosa, and mucosa, from the outer wall inwards. The muscularis of the esophagus was

thick, but the mucosa was thin, and the epithelium did not have mucous. Muscularis and mucosa of the

stomach were thick and composed of simple columnar epithelium, with a gastric gland found in the

lamina propria. The pyloric caeca were characterized as having large cavity diameters, and numerous

mucosa folds, with very thin muscularis layers. The muscularis in the intestine was thicker than that in the

pyloric caeca, with numerous mucosa folds. Here, mucous cells were found in the epithelium. AB-PAS

staining revealed that only type I and type II mucous cells were present in the entire digestive tract of

B. flavolabiata, except in the esophagus. Numerous type I mucous cells were found in the gastric gland

and epithelium of the stomach. Only type I mucous cells were found distributed in the epithelium of

pyloric caeca mucosa. A large number of type Il and a smaller number of type I mucous cells were

found in the intestine. The former were distributed mostly on the surface of the epithelium and the latter in

the basal layer of the epithelium. Characteristics of the histological structure and mucous cell distribution

in digestive systems are in accordance with the habits and predacity of B. flavolabiata.
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Bahaba flavolabiata; Digestive system; Mucous cell
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S IFHEATIANE L MR AR, IR H MU A A Ak
BJe, R HEA T A A Ay, i 5 MR 2% 1 0
F, TR PR, RIE AR RS, RN
WCE] 1.5 ml /9 BP AT, RIS A1 B ) SRR AT

HEFERE

FEfE e T PR BOE 45 56 48 0 B A0 B 7 30 i
I, 4%R OEFLR I (B4, 1980)EEE R, If
TEOG A B TR, W T e R B R
R ST A, /NGS5 B E5E Sk ) A AR
WM, $55 o & AR o BT ] R PR A R
AEAE T IREA M K2 B s 2 2 B 2 1 USG5

1.3 DNA 2B K EHREEHR PCR ¥ 18

RPETE S F U B EE L, L 95% & BEARAT 1 HL A
EHTH, WHKMPE, TE ZohiE i ws, 2%k
A 1.5 ml B9 EP &, JH DNA 42 BGR 7] & 452 B 4
DNA, f#FFF-20CokaHEH, HFRL55% .

1.2

S FARIC I BUZ A DNA 19 28S rDNA J¥751,
H 15 B8 5 472 I8 Hassouna %5 (1984), 51917
% MF1: 5'-ATTCCGATAACGAACGAGACT-3',
MR1: 5-GCTAGCTGCGTTCTTCATCGA-3', PCR ¥~
WA NAR R K 50 pl, RWVERF: 95°C 4 min; 92°C
1 min, 55°C 1 min, 72°C 1 min 30 s, 35 MEIH;
72°C10 min, 4°C#% 1k,
1.4 B/ DNA FIIHNE

BB P2 1% B AR vk b, DITECH )
i, e akmaln &b, 224 TAY
TR B4 BRAS w470 o
ET 28SrDNA FHIMREZ LB S
FLF 288 rDNA 7751, A Gyrodactylus pterygialis &
HNERE, TEE 20 PR DB K EHE TR S BT R
ANIEJEZ 18] ) 28S rDNA 51, S5 TASAYF51)
—ite, 7E MEGA 7.0 #/FHHER G KT

1.5

F1 AZTHWAINELRMNEE RTR 28S rDNA FHIES
Tab.1 List of published Ancyrocephalinae 28S rDNA sequences used in this study
J& Genus 1T 4 Latin name GenBank % 3¢5 GenBank accession number
fif§ 11 1 JE Ligophorus L. uruguayensis KF442630
L. chabaudi IN996834
L. cephali IN996830
W& T £ HLJE Cichlidogyrus C. casuarinus KX007822
C. amieti KT945076
C. yanni HE792777
\ . P. gigi KX812456
Pl i 2 Pseudancylodiscoides Psgu%ancyl odiscoides sp. EF100544
O3 MU Quadriacanthus Q. kobiensis EF100545
Q. clariadis KX685952
Q. bagrae KX685951
5 H HUJE Ancyrocephalus A. percae KF499080
A. percae KF499080
A. paradoxus AJ969952
4% 10 & Haliotrema H. cromileptis EU523146
H. johnstoni DQ157664
H. platycephali DQ157662
ik g Cleidodiscus C. pricei AJ969939
W& f1 %7 1L & Bravohollisia B. rosetta DQ537364
UK & Thaparocleidus T. asoti MG601546

2 #R
21 BAPLUTER

TEXS PN AR AT 3 AR AR AT BT A A il 22
b, bk AR T HAL PR A HERS SRR BBk, (B
BEAT S A IR AFAE o TR 8 7 9 A A o A o
KB, AT A R A A A 22 T AR, ELRE R

FUgGesm AR R &, Ak B 92% 1 1~224,
BTN 8 AR hinA, dfkeKh
441.6 (307.7~530.8) um, ZitEIE, kX7, kLRdE
WK, 4XF, A BIESk XTER M o . AR 2 X, 4§
B, XK I RIRTE R 82.3 (50.8~96.4) um,
WA ORI, B4R H 21.9 (19.8~25.1) pm, G es k&
BOEA, R R E R ETAUS I, w5 TR A AR
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WSS P AT AR R R TR SR R R R F 89

KBS, WA 55 M 64.3 (50.9~79.8) um, fE otk
B4Ry 20.5 (15.7~22.9) um, #HEK K 18.2 (12.2~
20.8) um, 4RK N 8.7 (8.0~10.3) um, HA KKK
LTz, WAHAMNEEABIR, WEKHN 5.7 (3.5~
9.8) um, APRKH 3.4 (3.1~3.7) um, ¥ KH 4
KN 254 (24.4~26.8) um, HWIK KA 21.4 (20.6~
24.4) pm, KK 15.9 (14.3~17.4) um, HINRS
B, HRK N 10.2 (8.7~12.0) pm, FhREKH 4.6
(4.3~4.9) pm. EPB R R/NHA 1.9x27.4 [(1.2~2.6)x
(21.5~30.9)] um, 4HZZAR, A St eI Fh Je AR JE 5
WL RN 3.8x37.5 [(2.6~5.7)x(24.5~44.1)] pm,
AR, R Ko /N 7 X5, 5 1~4 XFRIEE 6.
7 XLk ANE IR AL, KR 10.7 pm (N=2), 55 5 Xt
NG/NE R 12.2 pm (N=2), 44 A 52
Fedw 2 WAL, scHEE B, IR, K 52.2
(47.9~56.4) um, SCREAF 5 SEERARIE , RumhiIE
FEA 1VAJLT BRI, K4 29.8 (28.8~30.8) pm.
BIEATE, SMEBEA WAL R 2548 o BT S AT B
B BB, K/ 2.1x1.1 [(1.4~2.7)%(0.7~1.6)] pm.,

RYEHE R FRA &, Dt AR 254, i 5 45
CL 4 BN PR TG g s B A T X (R 2) R,
B EUE R F 8 & /N T A . AR Kritsky 55
(1989b) £l Abdallah Z5(2008)HF 75 FHH , 25 AE B %8 5
ST R WA LT B Al G I b s A L IR e
NGNEIEARFISC B . AP 2B, HARMZE
e . R AR (K 1)5 Kritsky 257(1989b)( 2)
JIT AR 0 D b o B AR B T ZS 25 A s A 22 5 i L
2R M DR I3 S 1 HUUAR S WA o R, LSk X
g, BRI ARRYHY, PR RENEAESS
AHIE ST I E SMRE A —E 25

BT B FRR A AR R 1813 R A A5

Fig.1 The morphological features of copulatory organ and
haptor of G asota

a: BEIR TRHUR oG s be BRI R AR S (5 4%) 5
1: 284R; HBIR=50 um
a: Anterior region of G. asota; b: Posterior region of G. asota
(Haptor); 1: Copulatory organ; Scale bar=50 um

TEARMFTE R, 40 T HE 35 b Sl O S B0 o
X BESHORAETE JRULA T v BEAT F B ok o Ed H X
B, AT SR A 5 SRR iR AR e DX 8 Y
PR d g F30 , T 4 B A R A A e R o AR
JE Wt 58 5 AR M ORI o W LERR L T R R R
KB, FERAE YN T E AR B U o B A A
ESHOCT H AL HUE

2.2 28S rDNA ERFE 54

RAEIE A S e 5, e U Y 28S rDNA 3
KFH1 . BEAh, 28 SCHRAS 3R 1 o2 2 0 oy TG H i Y
PRAN A 2 T T B 5 0 AT o AR 5 B R D T
PRty [G ALY 28S rDNA - BE, HH i 45745 4 864 bp,
G+C FiM 48.4% K T349I ¥ 514 NCBI H* BLAST
LEXT 5B & 3R, 1% 51 5 g i £4. 1L (Cichlidogyrus) |
fiffi £ 1 J& (Ligophorus) ¥ F i) [R] R M i &1, 35 90%.
BRI S 14 FE GenBank, 3818 GenBank J¥3)
S5 MG596661

VeI B O R [F & P 8 2l R Gk B
AT, RS R | v AR ) AR
KREGE, RBAFREMML 3,

3 i

WU 24 R IEIREE 17 PSR, xR
NERAF A, R A AR AR 2RI 2T L i
() ST A5 AR ARG, 75 W A 00 LT RS 4 A ag
A X AR Y 2 BRI o 1 T A AR
ORI T G R B Keritsky 25(1989b) i 3 R 4l
W, MR IO Z 8 i WA, R R AEA
[ 5% . AN TR b XA T £ b il o RO, 3@t B
MLATEAS I L & B, FE# iR AR B A i R G 5
TE W 3 % 4% 78 (Cubomir Smiga et al, 2016)F1E g
(Abdallah et al, 2008)R4E 2| (1) R IE A AL, 1
% £ h(Mendoza-Franco et al, 2010)., &5 (Kim et al,
2002) . BB b & A A IR iy [ A 2 il AR
B, SOGIE T BT A A 4R TREJHE(2015) 78
P AR i DX R A B B IR TG H R s o AN B R
T 25 AT AN ], A ] iR 5 22 PR s A A T o
PRAEA G, MG T HUARR I R EUE , 25 B RiE A
Z5, WRES RES | KRR SEAMNR A RIULER
A,

VAR, I o3 A W) 2 BOR BIE T S 5E W Y 4
i H e 2 WF5E 1 SE L R LA RNA JEH (rDNA)
S sk ] B X (ITS) >4 32 (Hansen et al, 2003), £
T 2P A S BT oY B, 28S tDNA JE[H 50
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Fig.2 The sclerotized hard parts of G asota in the original description (Kritsky, 1989b)
a: PR b WRRRE; o ZHAS; d: WHIE T e MEKIET . HEBIR=30 um

a: Ventral anchor; b: Dorsal anchor; c: Copulatory organ; d: Ventral bar; e: Dorsal bar. Scale bar=30 pm
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Fig.3 Phylogenetic tree of A. ocellatus parasitic G. asota based on
28S rDNA sequences using Neighbour-Joining method

sl dE D1 W] AR XS A FHEWT R E] . JE (8] Kk R
AUE & (Qu et al, 1988; Barker et al, 1996), %F
GenBank H i AR A7 ¢ Ty IR0 T 551, itk
& F [ PR B i R R 3 2 1) 28S rDNA JEH P
B, EWRME T A G H A 28S rDNA J¥51, ifF54h R
WoR, o GRS £ U g e e R OC R,
—HERNIAEEE, 5 1R =R o R R A R
HugawidUs, XHIBWR—3; Shifi g . g

JIHUE | BE HUE L S R A A AR A R ) —
SCHOATHIRRE X —45 55 Mendoza-Palmero 5 (2015)
MBI 25 SRR, TBE S RE kB RHIE 2.
AP FHNBERE | 15 F SRS . TR R
N FC T @ 0 A7 O T DA K — 4% A2 912 (Gusey,
1961), 1fj Mendoza-Palmero %5(2015)0F 5T KW, A
HOTARH AT 22 AN, FFASEE S ek A P ik
HEHAWRERRARNMARERE LR £
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Morphological Description and Molecular Phylogeny of
the Gussevia asota Parasite on Astronotus ocellatus

XIE Zhisheng, MA Jiangxia, YANG Kunming, DUAN Chengren, GUO Aimin, YUE Cheng®
(College of \eterinary Medicine, Xinjiang Agricultural University, Urumgi  830052)

Abstract Astronotus ocellatus is a tropical, benthic freshwater fish that originated in South America
and is a great favorite for a vast number of aquariums. With the development and extension of the “Belt
and Road Initiative” Economic Zone, as an inland area of Xinjiang, the development of ornamental fish is
particularly fast, but the rapid development is accompanied by a series of disease problems, such as
common parasitic diseases, which are a common factor restricting the development of fisheries. The aim
was to investigate the XinJiang common ornamental fish parasite epidemic and classification situation.
This study combines the traditional morphological identification methods of parasites with modern
molecular biology methods, researching the parasitic monogenean species of A. ocellatus, at the gill site.
The subjects were common A. ocellatus selected from the Urumgqi Ornamental fish market. From 2016
May to 2017 June, 18 fish samples were collected. The results of the experimental analysis showed that
parasites on the gills of A. ocellatus were Gussevia asota, belonging to Dactylogyridae, Ancyrocephalinae,
Gussevia. The morphological parameters of the parasite were measured and compared with all the
morphological data previously reported on the parasite It was found that there were certain differences
between the data measured by different countries. By data retrieval, there is no sequence information of
Gussevia Asota molecules in the GenBank database. Therefore, the G. asota 28S rDNA gene sequence
was determined and submitted, obtaining GenBank sequence number: MG596661. Phylogenetic tree
species from different genera of Ancyrocephalinae were analyzed. Phylogenetic analysis indicated that G
asota was at the top of the phylogenetic tree, with Ligophorus having the closest relationship, and
together forming a sister group. And then get together with the parasites of the Cichlidogyrus, as a large
branch, the kinship with Ancyrocephalus and Cleidodiscus is the furthest.

Key words Astronotus ocellatus; Gussevia asota; Morphological description; Phylogenetic

D Corresponding author: YUE Cheng, E-mail: yuechengxnd@aliyun.com
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+ 2 EHBREYWA EST-SSR 47

BE Y 2 R ERED EEp

]E_]
(1. D rERy: L 2013065 2. 5 SEAEREA 5 BRI E R S8 S el Rl 58 i)™ g FE D R si e &
Tk 2660715 3. AQWAN T AT Rpa A R s R EO R E T B BB 8 266071)

WE  AFARNAENEEFTE, 21 A+ 2 H ¥ L a4 EST-SSR 4 AFt4T T I K 4 M
afte BRET, FEAEHN EST-SSR FEFEW L 2R, ERTE + 48 R & 4 (Exopalaemon
carinicauda)#j EST-SSR i & & # F & (868.02 /N/Mb), #L 7% F % (Scylla paramamosain)fi & * J& &
1%(286.48 /N/MDb); 4% 42 T H & 3 % %t 4T (Penaeus monodon) EST-SSR 1L & & 4 ¥ & (641.19 ~/Mb),
£ 7% Xt BT (Litopenaeus setiferus) (i & #+ J& 5 15(166.96 /N/Mb); JERET EAnf 8 T B &= = |

WAZH BRI SSRENE W, AEMTE F & 55 41.11%, EHEEE F 5 58 28.00%:;

G A(1)EE B SSR B IR T H (51.38%)A04% 48 T E (65.13%) " H 1R Ak tfl; FEART B — A% 4 3
JLH] SSR W AC/GT 4 M E 5, ZHHBAETHN SSR F ACC/GGT #1 AAT/ATT s % Ai#
T E A HBAETH SSR # AG/CT Hh#, =HHFBIETH SSR ¥ AAT/ATT WA M5 T H
M= EFBRET, Wi, TE R A4 H SSR B EST #47 GO o4 G X A, iR, &8
FEA . AR s L 2 B 3 ANKAWERF ERY . AR RWET AR E R E S
SSR 4 HLAE B IAR, T A B % 55 4 EST-SSR AR 1B 9 - & K L0 b Fl R 5%

KA +RE; ¥rRzh4; EST-SSR

FESHES Q959.223 XHMRIZEE A XEHRS  2095-9869(2019)03-0094-09

PRI A3 B 2l B 38 DR A TR RN O & o AE AR R A
i BT T A (Microsatellite) 5 HoAth 4 F AR 1IC A7 HE
Bkttt MRk Z280GE+E. &

2 H h ¥y 1 52 s h R 2k 5 £ (8000~10000
iy HEACALB R . S TE I RO — N R 2R
(R, 1993)0 AR, Bl AN LA™ fh i

ORI, GG AR | R BRI R A A IR
ABCEEE HAE A 89+ 2 B sh B 7e K™ 3758 1y # s
HEi s, P, Ao B0 am i 4 FRE(A IR 44 2
WHFE o K+ 2 H 52 sl Wy B R 2L rp i A 30 1
PRic, RTLAHE B R AP AR BRI, st R e E R

TR I AR A, B R o T 5% 1 (Guo et al,
2017), JEHERL(Zhou et al, 2017) ., BAEZAEVE BT
(F HIF5, 2017) BoRZ R R B E (FERTFAE, 2016)55,
R A YR IR ALRRE, 58— BB AR LT
Y| #5r%5 (Expressed sequence tag, EST){5 5. ESTIEY

* AL AR R (CARS-48) . N4 2 1L P U4 A A TREH H (LNTY2015002) . 58 1982 3k 42 (31472275)
A e F T RIRH B R L 5 (17-3-3-62-nsh) H: [F%¥ B)) [This work was supported by the Earmarked Fund for China
Agriculture Research System (CARS-48), Program of Shandong Leading Talent (LNJY2015002), National Natural Science
Foundation of China (31472275), and Qingdao Industrial Development Program (Science and Technology Benefit Special Project)

(17-3-3-62-nsh)]. =4k, E-mail: hygaol63@163.com
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e RS, B R A% 38 B 7 (Varshney et al,
2005), HurE S i AT 2 F Y (Yumurtaci et al,
2017; Singh et al, 2013)Fsh¥ (& Hi %, 2016), 7£H
72 25 3l ¥y fn vh [ B X i (Fenneropenaeus chinensis)
(Wang et al, 2005) . H 74 H ¥F (Macrobrachium
nipponense) (J& 15, 2013)5E H LA i if , I AEST-SSR
TEESTHH R M . KA BIYITT R4S

A 5T is HAEWE B 2% 75, )\ GenBank (1) EST
B e i gE 21 A+ 2 B W 528 ¥ EST %48, &4
EST-SSR 15 &, il i LA [A] - /2 H B 52 sh 1] EST
(R S SO [A) 0 EST-SSR 23 A AR Al
X H S SSR AR, HH 5T
Z%) EST-SSR Aric I & B zprn R 5% . It
Hh, X4 I IR (Exopalaemon carinicauda) 4 SSR
) EST #47 GO 43#r, #F—XHE B A Ir e s
R EEZEFE .

1 M5
1.1 #HIFEFRIE

EST#U4E K i T GenBank(www.nchi.nih.gov) H1 )
dbESTHUE P, #k T20174F9H 1H . df21fh+ 2
HW 58 . 2% E & 4F(Homarus americanus). X7k
#% IF (Pacifastacus leniusculus) . H 7 Jg #F (Panulirus
japonicus) . 17 (Scylla paramamosain), 1 1E4Y
#< % (Eriocheir sinensis) . — ¥t % ¥ & (Portunus
trituberculatus) . 5z [C )52 iR (Procambarus clarkii) .
1% (Uca pugilator) . £1%% (Gecarcoidea natalis) . 2
F# (Metacarcinus magister) . i (Callinectes sapidus) .
JF 1 (Carcinus maenas) . fifi5¢ % (Petrolisthes cinctipes) .,
HEAN . HABIF ., ¥ KIHE Y (Macrobrachium
rosenbergii) A & FL4H i Xt #F(Litopenaeus vannamei)
BE X% MR (Penaeus monodon) . H E HAXFHR . H A& X}
#F (Marsupenaeus japonicus) . [ % Xt IF (Litopenaeus
setiferus), #F MEST5 BES T3#1,

1.2 EST ##EA 2

A SR AT EMBOSS #fF i) TRIMEST T A,
LB Poly-A 5 T B EST J¥3l, FH
CROSS_MATCH ¥ F# L s e 5 v Be; is 4y
CAP3 ¥fFXF EST P8 AT RS P AL 3, FRAHE

JU4% EST, 4345 Contigs Fll Singlets W25 7 51 (% 7 &2
25 2012),

1.3 EST-SSR ##T
RITATHE Y Perl 5 AR XA 215 Y

EST #4147 SSR fifiik . Fiivkhnifih i RELR
=6, =, W, AAMARTRERZRE=S5 K,
R A}, i 2% B 42 BE o0 22 [B) B0 4 AP B 9 2 & A SSR
{37 j5.(Compound microsatellite), B4 (1)%; fifivk
HRE BT Z MAFAER AT I E <100 nt 1IE 5
SSR, HI& & (1%,

1.4 ZEAI EST BIIhEE TR

fdi F§ BLAST ¥4 Unigenes 5 NCBI fit) NR & 1%
PEEFN Uniprot  HEUREHAT IO, &E E HAH
“107°7(PMELSE, 2013), FIH] Interproscan #8215 2K
GO %5 X} Unigenes ¥ 8531 D) 68 . 4 M 20 73 R A=)
2 R AT 32K (Ye et al, 2006).

2 ZER55H

2.1 BEEZY EST KE K SSR if 5%

M GenBank £t4ft & F#8 T 21 #p+ 2 HH 52 5h#
CEM M EST. 3R 1 AT UL, 16 FEARIE H ¥ EST
242178 4%, MRFL B LN 183.50 Mb., 4 BHJS 3k
1% 85647 2AETUAY EST /¥4, 4% 30120 7% Contigs
H1 55527 %% Singlets J¥ 51, il 3k 24 BE 20 66.72 Mb,,
M 27536 %% Unigenes J¥ 41 & flit 34601 4~ SSR {3/ i1,
di BST SV 32.15%, Hi, HREAYF A SSR 1
S EST £t 2 5 (43.00%) , 43 A 4 5% g 868.02 1~/Mb;
PLH A SSR NS EST FF i A 4 e f/h
(12.70%), 43 Ailiizh 286.48 4~/Mb.

A2 2 AT I, 5 FhRCEEY B /9 EST £ 231130 4%,
B B K JE 2R 141.28 Mb, 384531 59605 4% Unigenes
5 H453E 20506 55 Contigs Hl 39099 4% Singlets J
H, BRELR KL 37.89 Mb, M 5 R AR H 1)
18475 2% Unigenes J7 4 1 &4 th 21911 4~ SSR i 1,
di EST SV 31.00%, i, BETXTHR A SSR 1
B EST b BB Al K, N 35.49%, 4rAiihii
FN 641.19 N/Mb; FIEEXTEREAT SSR {7 A5 /%) EST
T 5 E 43 He R /IN(10.56%) , 43 A1 AR R 166.96 /1~/Mb

2.2 HEHNMABEIT EST-SSR I iR

F* 3 ME 45T EEREZIY AR
EST-SSR 1% %t Mo A A% . 7E I IRE H AR BE31 H
EST 4, B4 ()AL & THAMZEA, 43 b 5
B 51.38%. 65.13%; M HMR. IR MUK
HRRE LN SSR BHMZEAZ, ZFHEFIRAIN
BRI ICH) SSR B H, =HTEMMI B 5 A%
1) 41.11%, FERCEEE H b S50 28.00%. 7 2 fif
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Tab.1 The EST, Unigenes and abundance of SSR in Unigenes of Pleocyemata
A~ N e .

4EJUAY EST Non-redundant EST H,ﬁ SSR fih'? E,/J Umgenf?s

EST ” Unigenes containing SSR site
Wy sogp  ESTRE : :
! Congtigs Singlets SSR .
S : EST EST length W Re= L RS W }f)ﬁ$
pecies (Mb) Bt it K Bt i Frequency
number Congtigs Singlets Length (Mb) Number SSR A
(“I~/Mb)
number number Number

& [E AT H. americanus 51833 42.59 8581 13338 17.78 5907 7097 399.13
IR IKEEHF P. leniusculus 1063 0.69 123 361 0.32 170 200 630.15
H A Jg i P. japonicus 2679 1.78 240 706 0.61 221 249 408.62
17 S, paramamosain 3975 1.85 34 3903 1.83 500 524 286.48
AL g B % E. sinensis 17067 10.45 1339 4664 3.86 2302 2797 723.81
PR T8 P. trituberculatus 14396 11.00 1016 3069 3.42 1316 1569 458.13
L CJREAT P, clarkii 917 0.53 85 98 0.11 21 27 249.08
% U. pugilator 3646 2.14 452 1019 0.93 463 565 609.65
21 1% G. natalis 2118 0.92 163 459 0.26 142 155 590.04
¥ EH M. magister 1137 0.80 154 277 0.27 115 128 471.48
W& C. sapidus 10930 9.51 865 1433 2.04 1057 1472 723.29
71 C. maenas 24570 20.91 4545 6708 8.87 2926 3471 391.23
528 P. cinctipes 97806 73.28 11593 15439 22.86 10908 14595 638.36
HFE HIF P. carinicaude 2900 1.57 218 1678 1.13 818 985 868.02
H A JEHF P. japonicus 2679 1.78 240 706 0.61 221 249 408.62
% [CIH R M. rosenbergii 4462 3.70 472 1669 1.81 449 518 286.72

%2 #4&2IF B EST. Unigenes & SSR 7£ Unigenes F5IHFRIEE 5%
Tab.2 The EST, Unigenes and abundance of SSR in Unigenes of Dendrobranchiata

ETUAL BST 7 F SSR i £ Unigenes

EST EST Non-redundant EST Unigenes containing SSR site
e T K Congtigs  Singlets ” SSR -
Species EST EST B e X e W .
number  length (Mb) Congtigs  Singlets L(T\I/}%)t)h Number  SSR (rilil;ll\e/;ll;y
number number Number
FLANEEXTEF L. vannamei 163062 99.53 14048 19216 21.23 9791 11779 554.74
BE X P. monodon 52714 33.27 4946 15037 12.98 7091 8323 641.19
& B XTI F. chinensis 10512 5.25 1064 2431 1.77 813 891 504.08
H 7<% X ¥R M. japonicus 3783 2.54 374 1684 1.37 695 828 603.90
XTI L. setiferus 1059 0.68 731 0.54 85 90 166.96

WHY, HETRMAZTRIEITTH SSR #H A
R/ANEY EE), ZERE IR H 451 BB 3.67% .

0.99%, TERCEEE H H a5 b 8508 2.01%. 1.33%.
7GR BRI FIR K E R EST FEH rh %A 18 R 25
KA FRFEICH SSR i 45 o

2.3 HEZH EST-SSR I E A

FSMEHH T . =HEFMEICH SSR 1
FYFN N B AR, 21 FRH 2 H e shy

W, BRI R TT o RN —, AT B
A, ARFICH SSR 7E 21 Fl I F2 38 b i3 A
PR BRI ZES, 16 MERT AP, “HHR
FEITCHY SSR H A MR e R R Bl AC/GT, i
T CG/CG B3 MiMi%, AG/CT Hl AT/AT IRz ; =H#%
TR EITH SSR H, iR &S EH T
ACC/GGT Fl AAT/ATT, T ACG/CGT M43 Aii 4
5 MAEEY HYF, AR IT SSR H1, AG/CT
A3 A A0 R B g 5 — PR LT SSR H, AAT/ATT
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Tab.3 The number and frequency of SSR containing different size of repeat unit of EST sequences in Pleocyemata

Wy C’E’a‘(l) Za — AR SRR MWz HKR HEER  ASEEHR N
Species ompound - Compound Dinucleotide Trinucleotide caquc-  Pemtanuc-  Hexnue- Total
SSRs( 1) SSRs(1I1) leotide leotide leotide

ESEp/A R 3441(193.52) 226(12.71) 882(49.60) 1330(74.80) 755(42.46) 402(22.61) 61(3.43)  7097(399.13)
H. americanus

YK BT 65(204.80)  2(6.30)  17(53.56) 103(324.53) 12(37.81)  1(3.15) 0(0) 200(630.15)
P. leniusculus

EENA 140(229.74) 4(6.56)  38(62.36) 37(60.72)  27(44.31)  2(3.28) 1(1.64)  249(408.62)
P. japonicus

7T 201(109.89)  15(8.20)  67(36.63) 121(66.15)  86(47.02) 29(15.85)  5(2.73)  524(286.48)
S. paramamosain

rh A 4 1617(418.45)  66(17.08) 316(81.78) 439(113.61) 224(57.97) 62(16.04)  73(18.90) 2797(723.81)
E. sinensis

IR TR 813(237.39)  37(10.80) 200(58.40) 361(105.41) 104(30.37) 31(9.05)  23(6.72)  1569(458.13)
P. trituberculatus

R AT 9(83.03) 0(0) 3(27.68)  9(83.03) 3(27.68)  3(27.68)  0(0) 27(249.08)
P. clarkii

s 204(317.23)  27(29.13)  79(85.24) 91(98.19)  61(65.82)  8(8.63) 5(5.40)  565(609.65)
U. pugilator

411% G. natalis 94(357.83)  4(15.23)  18(68.52)  23(87.55)  14(53.29)  1(3.81) 1(3.81)  155(590.04)
B 68(250.47) 5(18.42)  7(25.78) 27(99.45)  16(58.94)  2(7.37) 3(11.05)  128(471.48)
M. magister

W% C. sapidus  850(417.66)  31(15.23) 134(65.84) 306(150.36) 105(51.59) 24(11.79) 22(10.81) 1472(723.29)
A C.maenas  1655(186.54)  94(10.60) 419(47.23) 775(87.35) 350(39.45) 146(16.46) 32(3.61)  3471(391.23)

Jif 5 7505(328.26) 430(18.81) 1545(67.58) 2431(106.33) 2044(89.40) 553(24.19) 87(3.81) 14595(638.36)
P. cinctipes

HREHIF 682(601.01)  20(17.62) 189(166.55) 41(36.13) 38(33.49) 8(7.05) 7(6.17) 985(868.02)
P. carinicaude

H AR HF 678(124.60)  41(7.53) 185(34.00) 311(57.15) 162(29.77) 27(4.96) 30(5.51)  1434(263.53)
M. nipponense

CRELIN 274(151.66)  18(9.96) 79(43.73)  67(37.09) 60(33.21)  14(7.75) 6(3.32) 518(286.72)
M. rosenbergii

A1 Total 18386(275.57) 1020(15.29) 4178(62.62) 6472(97) 4061(60.87) 1313(19.68) 356(5.34) 35786(536.36)

%4 RBTERFEEES ST EST-SSR SN HIAE

Tab.4 The number and frequency of SSR containing different size of repeat unit of EST sequences in Dendrobranchiata
Wi 2&(1)  Zad)  —pig SgEm R TR SR p

Compound ~ Compound Di- Tri- Tetra- Penta- Hex- !

SSRs( 1) SSRs(Il) nucleotide  nucleotide nucleotide nucleotide  nucleotide

Species Total

FLANEXTIR  7261(341.96) 362(17.05) 1135(53.45) 1183(55.71) 1357(63.91)  306(14.41)  175(8.24) 11779(554.74)
L. vannamei

BET XTI 5828(448.98) 357(27.50) 725(55.85) 620(47.76)  598(46.07)  110(8.47) 85(6.55)  8323(641.19)
P. monodon

GRIESHEDOR S 619(350.20) 19(10.75)  75(42.43) 77(43.56) 73(41.30) 13(7.35) 15(8.49) 891(504.08)
F. chinensis

EENESHOEN 525(382.91) 34(24.80)  92(67.10) 74(53.97) 77(56.16) 10(7.29) 16(11.67)  828(603.90)
M. japonicus

EFESOLIN 38(70.49) 1(1.86) 9(16.70) 25(46.38) 14(25.97) 2(3.71) 1(1.86) 90(166.96)
L. setiferus

A1 Total  14271(376.64) 773(20.4) 2036(53.73) 1979(52.23) 2119(55.93)  441(11.64)  292(7.71) 21911(578.28)
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Fe6 REBIBEP_. ZHHHRET SSRNHEMHEXLH
Tab.6 The number and frequency of EST-SSR with di- and tri-nucleotide motifs in Dendrobranchiata
o
BRI AC/GT AG/CT AT/AT CG AAC AAG AAT ACC ACG ACT AGC G‘?gc ATC CCG Hit
Rept??t /CG /GTT /CTT /ATT /GGT /CGT /AGT /CTG ~ [~ /ATG /CGG Total
motifs
JLNEEXTHF 1756 2186 647 18 282 792 1530 130 168 158 171 640 570 42 9090

L.vanname (82.71) (102.97) (30.48) (0.85) (13.28) (37.31) (72.07) (6.12) (7.91) (7.44) (8.05) (30.15) (26.85) (1.98) (21.23)

BEGHER 1283 2085 1560 126 167 566 1495 105 40 115 133 365 274 32 8346
P. monodon  (98.84) (160.63) (120.18) (9.71) (12.87) (43.61) (115.18) (8.09) (3.08) (8.86) (10.25) (28.12) (21.11) (2.47) (12.98)

FIEBAXTIE 85 81 161 0 7 32 120 12 8 7 16 20 31 0 580
F.chinensis (48.02) (45.76) (90.96) (0) (3.95) (18.08) (67.8) (6.78) (4.52) (3.95) (9.04) (11.3) (17.51) (0) (1.77)

HAFEXNIUF 113 14 151 1 19 33 79 16 6 18 19 44 25 7 678
M. japonicus (82.48) 7(107.3) (110.22) (0.73) (13.87) (24.09) (57.66) (11.68) (4.38) (13.14) (13.87) (32.12) (18.25) (5.11) (1.37)

NI 15 7 5 0 0 6
L. setiferus  (27.78) (12.96) (9.26) (0)  (0)

23 Total 3252 4506 2524 145 475 1429

(11.11) (35.19) (9.26) (1.85) (0)

3243 268 223 298 343 1070 906 81 18763
(85.83) (118.92) (66.61) (3.83) (12.54) (37.71) (85.59) (7.07) (5.89) (7.86) (9.05) (28.24) (23.91) (2.14) (495.2)

5 1 0 4 1 6 0 69
(7.41) (1.85) (11.11) (0) (0.54)

8 73 A1 LA 1y T A ZE AL ) — AL IR BE T o MR AA
KA, 21 Fit 2 ARSI SSR P2 NE & AT
2R,

24 BEAY EST e R

it Blast2GO HJREIH B T H, WX H R AT
SSR 11741 5 NCBI £l & i C A A i L KL (& 1),
HREAYLF EST-SSR iR FE 5| F O ANE BRI A (1)
Wy Fh 32 2 ok i e Bt (Hyalella azteca)(4.67%), Ak,
FEXTER R 1.83%, WHEN 1.37%, HARBEXTIF 7
GRS AR 43550 A 1.28%F11 0.92%

P R IR & SSR A EST 4 WA= W23 72
ST FUIRE R MIZE 4y 3 25k T GO 43, Hir 47 %%
(5.87%)FHNH — B2 L&l TiEe. HE 2
ATRVE W, 76 11 DAY S F b A A 72 i oy
Pk, iK% 20%, ok, & A G R iy L il
K 18%. WK 3 Fias, 5 FMaFIlaeEsiic st 47 Ik,
Horp, 42U LB B KO 47%, HIR, kil Pk
B ELA A 28%. Al 4 Fizs, 9 N, 2
2H o3 R I LGSR 24% o

3 iTig

AT 21 B2 B2 EST J¥4
SSR [P 4345 4 R M B FE T R A, BRI AR H
A SSR i E AR TUAY EST ¥4 i B 32.15%,
BN H AR 31.00%, 3 He ¥ E T H Al K = 3
Yy, W &E(Paralichthys olivaceus) i1 L 6514 7.95%
(BRAN IS5, 2010), 7EBE 5 R #(1ctalurus punctatus)
o H A5 K 11.2%(Serapion et al, 2004), 7548 #8415

HAth Others

¥ 2 B Hyalella azteca

IRPABEE Tribolium castaneum

JLGN XTI Litopenaeus vannamei
HIEZEE T Agrilus planipennis
PAEE T E Zootermopsis nevadensis
KIGHF 8 Escherichia coli

5% Callinectes sapidus

YFf Species

H ZAZESXTHF Marsupenaeus japonicus
HZ Apostichopus japonicus
T ERJEHEAF Procambarus clarkii

54 Camponotus floridanus

B O Ancylostoma ceylanicum
0.1% 10.0%
AHAUE 43 L Percentage similarity

K1 #HREUF EST-SSR 5 H A YRR LR 511
Fig.1 Percentage similarity of Top-Blast hits for EST-SSR
in E. carinicauda against other species

(Crassostrea virginica) i tL 1 7 1.4% (Wang et al,
2007), fE4: 3k (Sparus aurata) P Y LIk 4.94%
(Vogiatzi et al, 2011), iX#62= 5 A G J& H y EST-SSR
TEZK 7= Bl ) v (R W o e S R 5 v (MR U 46, 2010),
7] R 2 1 FHAS [a] (948 2R B0 18 R S5 AN W)
SR

FERE IR B ARS8 H p, RFE#EE HIC SSR
4> A %A R R B H— B e, 2R
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Cellular process

Localization

Metabolic process
Single-organism process
Biological regulation
Regulation of biological process
Cellular component organization or biogenesis
Signaling

Developmental process
Response to stimulus
Locomotion

K2 GO ir-tefsid e
Fig.2 GO analysis-Biological process

<

= Binding

= Catalytic activity

= Transporter activity

© Structural molecule activity

® Molecular function regulator

K3 GO 7#r-70 1 Uik
Fig.3 GO analysis-Molecular function

™

w Cell part

w Cell

w Organelle

= Macromolecular complex
m» Membrane

m Membrane part

m Organelle part

m Extracellular region

m Membrane-enclosed lumen

K4 GO -4 M2 7>
Fig.4 GO analysis-Cellular component

A ()AL & T HABZE A, Bl & 4 SSR 2l
H S 5 I ( EEE 7.07%) (A, 2016), .
= WUERRIETGHSE Z TH . ASEFRIEG, 7
oA B 7K 77 3h W an A B (PR AN U 55, 2010) R0 4x =k B
(Vogiatzi et al, 2011, [FIFE T =B HFmRETTH
BOH % %, Wang %5 (2005)8F 58 & B, E X} i
EST-SSR ' =& I u B H i £ , SAMFEX
FE X UR A 285 A0 — 20+ 2 B B 52 3h i b DU e
JUHYEL B HAR K EL ], R e AE LA X R, Py
EHBREHRZ, MURHRER D,

JE RN A% R E R A A A R g e 2
%1% AC/GT, [A] Vogiatzi Z5(2011)%} 4 3k 88 1 BF 52 v
KB AC/GT di s M —a; Bl 3 i
M2 R AG/CT, [RIFE7E R I 27 5 (Labeo rohita) (1) i
R A AG/CT i #«(Dinesh et al, 2013), 2 Filk
HH ¥ CG/ICG Mo Al ek, Hrfr, o E XS
B BERAER . AR e [CJRER | AR
B CG/ICG KA, R mZmifsnd, Wik
H CG/CG 2 (Ju et al, 2005). A =R 3T
SSR /AR Ml R AE AN R b b 25 SRk, ik ok
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F, EAE B rh oy E I B4, R H
N OAAT/ATT %, MR H b2 aiEdh T
ACC/GGT. AAT/ATT, 3 Ml RRIE T N E & A/T
) SSR, TEVF K F-ili(Sebastes schlegelin) (I HF5E H1, =
K RRIETTERE N & & A/T i) CTG/CAG 1 GAA/TTC
LB I A A v (RE R 5, 2015),

XA B MR A SSRI T 41 5 NCBLEUE 2+
VYIS R, R B R 1 R ] A8 2 1 5 PR A L
BAK, WangfE(2017)MAF5R LB, R HUF 5 NLghiE
X TR TR BRE 7 6T B 5 0 ol %) 32 DR AFARL Bb (it A, G2
Jit A& NCBIEUHE e A7 6+ 2 5 I 76 30 W 0 5508l ¢
RE> . GOMHTE LB, i e . sEier=y) .
S Y 2 4 R0 240 P L 481 4 S AR 3N B B i R P
P, X 5 LGN E XS UF(FNBLAE, 2013) FlH2 i1 (Sander
lucioperca)(Han et al, 2016)H T 53 45 A0 —2

4 it

A kMR BH 53 EST-SSR i B4
RS, 2R H Y T = U RR LT SSR 4%
%, HZMEE , EST-SSR {5 B B2 A T A
IIF4 2 BHFE34 SSR 437 AR IAIR, A H
sesl¥) EST-SSR #Ric iy FF & M S brn RS %
e B 52 S RS SR TR A BT R o EF XA R R
FERDIREE BT LB, 78 3 NIRRT, 4l
BT | BB . AN L5 RN A0 i G Ee ) s A O
B O R IR L R D BE O IR AR S $ it 52

& % x #
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Analysis of SSR Information in EST Resource of Decapod Crustaceans

GAO Haiyu'*?, LI Jian"**", WANG Jiajia>*, LI Jitao™>

(1. Shanghai Ocean University, Shanghai  201306; 2. Laboratory for Marine Fisheries Science and Food
Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071,
3. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea
Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract The distribution frequency and characteristic of base repeats of EST-SSR (expressed
sequence tag - simple sequence repeats) were induced and analyzed in 21 kinds of decapod crustaceans by
applying bioinformatics methods. The results showed that EST-SSR abundances were different between
various crustacean species. Exopalaemon carinicauda had the most abundant EST-SSR (868.02/Mb),
whereas Scylla paramamosain had the least (286.48/Mb) in pleocyemata. Penaeus monodon had the most
abundant EST-SSR (641.19/Mb), whereas Litopenaeus setiferus had the least (166.96/Mb) in
dendrobranchiata. The abundance of EST-SSR with di-, tri-, and tetra-nucleotide motifs was more than
that of those with penta- and hex- nucleotide motifs, which accounts for 41.11% in pleocyemata and
28.00% in dendrobranchiata. EST-SSR of compound (I ) type occupied a large proportion in the
pleocyemata (51.38%) and dendrobranchiata (65.13%). The frequency of the AC/GT repeat motif
distribution was highest in dinucleotides, and ACC/GGT and AAT/ATT repeat motifs were the most
abundant in the trinucleotide repeats in the pleocyemata. The frequency of AG/CT repeat motif
distribution was highest in dinucleotides, and the distribution frequency of AAT/ATT motifs was
significantly higher than other motifs of dinucleotide repeats in the dendrobranchiata. A total of 12,155
sequences containing SSRs were predicted; moreover, Gene Ontology (GO) Classification with the
blast2go application was performed based on sequences containing SSRs of Exopalaemon carinicauda.
The results demonstrated that ‘cellular process’ comprised the largest proportion in the biological process
category, whereas ‘binding’ comprised the largest proportion in the molecular function category.
Additionally, the cellular component category showed that many sequences likely possessed ‘cell parts’
and ‘cell’ by GO annotation. This study compared the characteristics of EST-SSR in different species of
crustaceans and the diverse regions of the species genome. The consequences deepened our understanding
of the distribution of SSRs and provided a reference for the development and practical applications of
EST-SSR markers. The results also provided powerful information for future conservation and breeding
research.

Key words Decapoda; Crustacean; EST-SSR
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XUFREH, SRR, MR, R, EiEd. HEIRR T ARG A B R IEBE” AU B . il B,

2019, 40(3): 103-112

Liu RY, Shi CY, Xie GS, Li C, Wang HB. Histopathology of hybrid grouper (Epinephelus bruneus Q x E. lanceolatus ) naturally
infected with red seabream iridovirus (RSIV). Progress in Fishery Sciences, 2019, 40(3): 103-112

&, HARSE T AAFAE N BRI AR S L4, Aesc i Bt

HERITMREERBRRERTAKE
“BRTHALRREST

g ERAY #ER' &£ B TEg
(1. TP EDKRREREE B K BT T SRR SRR A RS w2 S
IR LIE AR TR K IR FE A E AN E TR 5L RE S L=
B 266071; 2. LBIEFERZEKT 54205 B 201306)

BE 8 7, 3 2 b P 48 7 BE # (Epinephelus bruneus)#n 4 |4 # 4 7 3¢ # (E. lanceolatus) Ze 25 = 4 1Y
FRe ENFERARENFH RN, EBRNSELEHELEIERFORE, 2017 £ 7 A, EXRAEFHEL
EHAAMIT, 10d NERATEEE 80%. AFEELI, KANNLHLRE, (ERRHA,
RIEFT . E R EFFHAT LEfE~ER A, B, ARRETRFWNELIN, EARFHFEK
BEREWEmE, MR —. ARN 10~15um WP A A, BHEALEY A PRI, FAHRA
FNBFEAEREELREN 130~150 nm WL B Mk, ERAERENPCR I, Nme, LES
2 28 H 3446 | 2| 4 4T % # (Red seabream iridovirus, RSIV)BY B E R4, M ZF T ZRFEEK
7% % A (Major capsid protein, MCP)# & 1362 bp Wy &K R X, MET 19 MR ERFLAHEALF
B, ERET, ZREBETOURERN KB FERE RSIV X8, KAARXEAHRT B LI
RERWALIRERE, Br T HAERSIVHNEREE, 1 ERARERFRNLH 5%
RETEEZNSEKIE.

KR  EhI; EAs; BT ARE;, AR YRS, A8 RE

FESERS S943  XEARIRED A XEHRS  2095-9869(2019)03-0103-10

UEAER, B A0 BE AN T2 A2 P Al B R 14 3k

H T MU 7 BRI IF] 5, T R PN A o A 4 e B
PORIARGE . 2017 4 7 A, IWARE K IR L 5T

W B A T 3 B BT T (R B AR, 2015, HR R AR,
2017), #5718 BER4 41 BE i1 (Epinephelus bruneus )5
¥y 4 BE A (E. lanceolatus &) U238 T8, fAAE I i
MBI, B KIRFE W 1 ) A KA S ol

MBLEAE . KEIET: . AR RN 00, Bst
R A IEAT R BT R WS, TR AL A
e PR AR Y RS 9 75 R

IR H5 2 20 TR KA DNA s, ok

e KRR ST B S RN g PE R BE AT S A BT 55 2% L 0S4 (201 7THY-ZD0303) Rl Al [ B 232 Ui 5 6 1 55
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2 R 40 &

SAMEEE , b, MR 4 Mg 7 Jm (Megal ocytivirus)
1) TSR 9 i A2 0.2 1Y) B B )i 2 — (Jancovich et al,
2012), MKHENR 7 1 32 2K FE 4R [ (Major capsid protein,
MCP)JEA 20 B i A B s WL 55 0] 402600 3 R
KA, RP 32 SR v K 0 2 Y B8 T R0 B
(Red sea bream iridovirus, RSIV)ZERE | FERYLIR K
025 B9 A% e PE BB IR BB 9 7 (Infectious spleen and
kidney necrosis virus, ISKNV)ZEHEFI 2 2 B YL i it £r1
5 1 K 32 BT 214K 995 WT % 9% 5 (Turbot reddish body
iridovirus, TRBIV)ZS#(Fu et al, 2011; Kurita et al,
2012), ECHHUTZHN AR TR AR, ™
RN TR0 SR & J& (Inouye et al, 1992),
PRI, 08 0T R 0 R s 3 LR gt S 2 T AR 2H 41
(OIE) Fil rr [# 31 2y 6 25 5 %2 9% 3 (Jung et al, 2000,
Rodge et al, 1997; Weng et al, 2002; Chua et al, 1994),
AT GEI LB R A L A A I R A A L 220
FHLER O PR ZE . ) A0 B A R 3 - AR ) A
E, BRI AE R B B BRI AN RE , TR X
TR AR S %

1 e
1.1 LIl

%9 WILAE At R 1A 4 R BE R B Ll AR AR R B
135563, TSA. TCBS }EFE 50 B b 5T BB A= Wil
A BRAE, WEESIY 44 DNA $2BGRF & 3 R
WAMRE AL AR A, Ex Tag DNA R4 .
dNTPs. DNA Marker 4 [ TaKaRa A7) ; FrHE14H
A TAEY TR AR MRS A BRA A A R
1.2 EHRAESKRESE

VA SR B SR L FE T I 5 WS 05 B 1
B, X BE SR A TS RN FIAG o
1.3 HAARFRERBHMFENE

Z: B8 o AR (2004) ) 7 3, ERUHIAE A5 f R £t £
BORT . BB SR B OOHE. R IE 42
AU R AR Y R, RIS . SR TR
BE A AR
1.4 HFEHRUBERMAEFTE

HAEs i 822 | IR R B ROKR R R, W
Tl UL o G i 0 1 LB BB TSA A TCBS
SR, 28°CHiFE 48 h, WIEZRANTE A KAFM, 4140
PRSI

1.5 £HA%% DNA iEE#1 PCR #& 7

PECHAE R i . . LRI 4LZU DNA,

R A N BRI ] A B RG  AG 21 7 o LB
WA TR IR K E H AR FLVE ) (SN/T 1675-2014), i
514 1-F/1-R 1 4-F/4-R 47 PCR #zill(F 1). 50 ul
A PCR X WK Z . 10xReaction buffer(¥ 20 mmol/L
Mg®") 5 ul, 2.5 mmol/L dNTPs 4 ul, 20 pmol/L F|#)
# 1 ul,5 U/ul Taqfi 1 pl, 100 ng/ul BYFEH DNA 4 ul,
A REBAIKZE 50 ul, PCR KW ARF: 95°C Azt
2 min; 94°C 30 s, 58°C 60 s, 72°C 60 s, Lty
30 MEFR; FJE 72°CHEMH 5 min, JH 10 g/L BEfEkH
g EERT @K 27

Fz1 AHREHH PCR SIFFREBFHF~HKRN
Tab.1 Sequences of PCR primers and products
length in this study

Hr™ 9
Sk 514551 S
. Y ize o
Primer Sequence of Primer (5'~3") Amplicon
(bp)
1-F CTCAAACACTCTGGCTCATC 570
1-R GCACCAACACATCTCCTATC
4-F CGGGGGCAATGACGACTACA 568
4-R CCGCCTGTGCCTTTTCTGGA
MCP-iridoF GTGCAGGTTTCCAGAAGA 1581

MCP-iridoR  CATGGTACGTAACGCATAG

1.6 MHFHFMCP £ KEREY 15

Z B8 8 AR (2004) , FH 514 MCP-iridoF I
MCP-iridoR 44 MCP % [H 4K (3% 1), 50 pl 1y PCR
KWK Z : 10xReaction buffer (7 20 mmol/L Mg*")
5 ul, 2.5 mmol/L dNTPs 4 ul, 20 umol/L 5[#J4% 1 ul,
5U/ul Taq i 1 pl, 100 ng/pl BYEIH DNA 4 pl, b2
LK 2 50 ul, PCR M AFESF: 94 CHIAEE 5 min;
94°C 2 min, 57°C 1min, 72°C 1 min, 35 MEH;
e, 72°CHEMH S min, F 10 g/L B fEb e A FL vk ke
A LER O PCR =¥ i A T AE W R A B RN
Uity L[] U , FEHE4Z S22 Y PCR 72491751, JH Blast
LU A3 A0 45 2
1.7 MIHBRBENRELESH

Wi Blast FuxFad S, wEH 18 Fh(kk) HAa 1R bk
R IR R, M GenBank T #459M # A9 MCP &K 4

K75, H MEGA 7.0 WL IR R AR ER, 47
BT« 5 58 B A R BRE 1 95 B AR MR e R P 9 40 2



B3 X BH A BRI R T A AR TR

B AT BE A8 45 e B 1) 20 25 B 43 105

B BRI PR XL GenBank & 55 8. ATV (NC_
005832). CIV (AF303741), FLIV-JIY (AY633990).
FV3 (U36913). GIV (AY666015). 1IV-3 (DQ643392).
ISKNV (NC_003494) ., ISKNV SB04 (KY440040) .
LCDV-1 (NC_001824), LCDV-C (AY380826), RSIV-1
(AB666328) . RSIV 2HSB (AB666318) . RSIV-8
(AB666335) . RSIV-9 (AB666336) . RSIV 10GG
(AB666324) . RSIV Ehime-1 (AB080362) . RSIV
TGA14 (AB666320). TRBIV (GQ273492).

2 #R

21 HERAESKREE
W PELIE IR K T AL IRIE , M B K A

28°C . FhIEFE N 31, pH K 7.5, AN 4.5 mg/L . Fil
R 1000 F2/40 m® . K I30] 9 £ G 7 W R R
Bt 2 Kk R, e AR EE L RIS, IR EISET
AR, HIET-ZZ 10%, 10d N ERET- Rk
80%.

fetah 2 1, 4K 29.5~31.5 cm, {KEZAN
500 g, ZEARFR LA R R, 56 R b
ikt o R EELT, O (B 1A). AT UL
s B, LR LR R, SRS
B, MR EM R SR, BEEIRE 1B).

22 HALAREBENE

il RFE £21 JP S 5 40 BRI T AT L RS B (I 2A)
o L IR AV IIR AL, WO LA IR, i ™

B 1
Fig.1

AR LB
Diseased fish

A RSN B By RN O, B AR

A: No obvious abnormality in the appearance; B: Swollen spleen and kidney, pale kidney
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K2 A SUREFAR L (BRI N 20 wm)
Fig.2 Histopathological changes in the diseased fish (Bar=20 pm)

A (@REAMALZ; B: i IRIEL b B R I R AR )5 C o F MUMRE P K3 P L % 38 R TURR (= AR k)
D: @A FAHL E: Sk BB R BRI R s Fe o Sk B LU BRI MRS (R 5, A A
A (AR ) FEBLE A I R AT R) s G (AT LY He i I 1052 (V) S B A A0 D A A8 Pk, i BB R S (=

Fmi); 1o AT IR AR PEIRSE (B 5) B % B SR I R AR ML (k)5 T R A4S K. iR s A S URSE . 4

A 181 45 (= A 15 ) IF IR BUM ORI (F k) s L B/ DERAIMI S AL (B2 5) s M (R ERAIZY; N i R i 22 fih

KT k)s O Wk P2z b p AR (A k), A4 MBS 2B A0 LAY IRIE (F k) Pe ERRAL.OHZL Q: R

O LB A AT ) LIRFER T)s Ry S: SRR AT )2 Th 2 2 S I R (R k) s T (@R i B 4148

U: it HAZURM M . AL D)
A: Spleen tissues of healthy fish; B: Enlarged cells with basophilic cytoplasm in the spleen of diseased fish (solid arrows);

C: Hemosiderin deposition in the spleen of diseased fish (arrowheads); D: Head kidney tissues of healthy fish; E: Enlarged cells
with basophilic cytoplasm in the head kidney of diseased fish; F: Localized necrosis (asterisk), karyopyknosis (arrowheads) and
enlarged cells with basophilic cytoplasm (solid arrow) in the head kidney of diseased fish; G: Liver tissues of healthy fish;

H: Amyloidosis of hepatocytes around the blood vessels (V) and false appearance of double nucleus (arrowhead) in the liver of
diseased fish; I: Focal necrosis (asterisk) and scattered enlarged cell (solid arrow) in the liver of diseased fish; J: Kidney tissues of
healthy fish; K: Hematopoietic necrosis, karyopyknosis (arrowhead) and enlarged cell (solid arrow) in the kidney of diseased fish;

L: Hydropic degeneration of glomerulus (asterisk) in the kidney of diseased fish; M: Gill tissues of healthy fish; N: Oedema
(solid arrows) of secondary lamellar in diseased fish; O: Exfoliation (arrowheads) and telangiectasis (arrow) of secondary
lamellar in diseased fish; P: Heart tissues of healthy fish; Q: Myocardial degeneration (arrowhead) and necrosis (asterisk) of the

heart in diseased fish; R and S: Scattered enlarged cells (solid arrows) in lamina propria of the intestine in diseased fish;
T: Stomach tissues of healthy fish; U: Degeneration and necrosis of the stomach in diseased fish (asterisk)
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T . LR BT A R E R I R A, B
10~15 um, 4HAEFTI—F0(& 2B). M8 30 R S 4K M
RV 20). iR 0 Sk 5 2 3508 19 R &5 44
(Bl 2D) o i £ 1Y Sk B 20 23 v mT DL K o g a1 1) i K &t
Mi(& 2E), HAHZIGEPATL, i 20 A & A A% [ 4
TN, 22 ULAR M AR A J5 TE B SR L (1 2F)
fa R AR B RN L TR — , S5 M8 i HES ) %
(K1 2G) o o £ JFF Uk 200 J S e, 300 FAS0RHE L 40 o At
— R, TSR G 5 A A% ek R T A SO i S
AR5 il 52 8 B A AR VE R PR AR, I R R 55
ARG RE IR e o (B 2H) . 9 AR P9 AT O JRy kb P 3R
B, IR IR R ) P R A (] 21). fEERE (Y
B LAV R AR . (R 2T) . R FAL Y B 14 23R
AN )i Oy AT E N TR 2 TR e O N i I SRV g n e
RN B AU /b g fa B /NS L R AP, 2R
Beas WAL (B 2K) o B /NER I AS BRAN A KB AR M, /N
P AR AE (K] 21), (R B f 81 i 20 i 2R 2 e HEF
YR 0 22 25 KT I (8] 2M) i fa B 2H 2R S5 R R I,

IR B2 P (& 2N), H E R sl e | vk 4y
MMM, SECEA MY HKAE (& 20), @R ML
WLZH B 45 440 35 B R4 (T 2P) o o £ ULET ZE S5 0 s
. AL, OILRIEAE M, MR 2 B S Y
Jio FUE O HLATBIRSE, M T A IR IR AL
(K 2Q). WAL E; MEKEEZER
HH B0 B A — . WE R Y B R A B, A B A [ 4 T
ifEih sk, SCEEMOR, 2SR 2R,

[’ 2S). Jath i FAR T 2R AS M, 4 L B IRBE
fift, BRI A IRFELL (K 2U0).

2.3 BRRIENE

75 SR BT ULER e B, o £ 9 3 1 2H 2 AN PR A S
i 2, RRERT DLROR TS, A% A BRI sk,
Giep oy 2 Y e A DD R R AN Y A N
Ji U T 2 (1 3A) o I I 200 B AR 5+ A7 R o R
B EERL T, JCREE, EA& N 130~150 nm (& 3B),
s 1 Sk B 3k I 2H 2 v T BB A O e ORI iR
Yf, HERRMPK . 0SS, g M £
R ) 2 ek A 4 P4 2 L FEE P o T 18 K e R S AR Y [
ZiH(E 3C). M E R/ MAEE 3D), fEfa
JHF 40 6 5 % SR 453 B 45 4 S, A P R A e L T
fif, A% AT AT UL R TET P9 0T D0 4 AT B /DN 3 R
W3, SRR, M E A A, R
BESHFE/MA, TRBORIARTE , S5H AT 2 (B 3B,
Bl 3F). B /N L e A0 P A 1 40 o B A, A
JEL P HH B SR TR, Zh AR UG e ik S A iR, R

G R WL (18] 3G o B 1 1. 2E 23 Jier oK 248 L 16 240 L Py
V. IR SH, A 3K (E 3H), kg -
Bz A0HE . AR AN AR S R, 2ok AR K | 5k,
FEFRE TR L S B Y TR AR LRI,
DL KGN I 2R A s 4 AZ B Rl ok, kL P
J5 R 0L I Bk (] 3T, 1 3T). i i 1l A % 1 4
J UL 21 K i B R AL (B 3K BT 3L), F B
R AT 28 P IR P IR e f0 1A 45~ L 21 g £ JUL AT iR
KRR R, AT LK BRI AR (E 3M),
A8 K A 40 mT L2 L s d kT (18] 3N & 30),
D LA A LR 5, PR R BEREIR (& 3P), i
CINRZE A7 QT S RS B N B A O R TR
(% 3Q).

24 FEHAKRENAESE

ST G S5 M e B2 AR L B 2 A e R AL T
B, RS TSA I TCBS 153838 UK 21y
W%, AR TEBORRRIE . £ 16S IDNA T % 7E
43 53R W 4 TG 9IRi (Mibrio harveyi) . 9IKT& (Vibrio spp.) .
35 A\ A & 6AT B (Photobacterium damsel ae) | I 38 2 2.
Jifi 1 (Pseudoal teromonas sp.). 385 B fifd 14 (Alteromonas
sp.). VAR R ER AT I (Sulfitobacter sp.)%F .

2.5 fRBEHELZH PCR KM

3 R, K EHL, HEIW 1-F/1-R
4-F/4-R #£47 PCR k], Z55RI M@ BHM:, 1ifd e ts
e BEAR Y 48 AT ] S50 (] 4 5)o MRIEAT bR HE
SN/T 1675-2014, AJ )20 H 8 7R o Bt 45 2H 2 rh A0 3
90 RSIV,

2.6 BEBEHMNIHFESREE

M JE A b P A5 B TR (A N
LZ170711 #k)DNA R B, KEH 1581 bp, £ Blast
FeXtH b, 1ZF 940 MCP 3[R 5¢ 4 i 2 i [X. % H:
U 57 A RE 162 MR . Hivt, MCP SR g
G IX KN 1362 bp, Zwfi 453 NEIER .

5 GenBank BUHEFE T 18 Fh ()T R % 55 FOAH N
FEF AT LT R B, LZ170711 ¥E5 40 i i 0 75 @
W9 25 45 FE AR A UMEAE 94% LA |5 T 5 i 758
I OB M B2 L SRR BE B R R 1 R T R
TR TR AR AR E S5% LR o 7 40 it b Ko
BEJEMN, 5 RSIV & EtkA e T 97%, 5
ISKNV Fl TRBIV 455 & HRAHITE N 94.5%~
95.1%., LZ170711 5 RSIV TGAl4. RSIV 10GG.
RSIV-8 ., RSIV-9 ] MCP 374158 4 —%, 5 RSIV
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Fig.3 Ultrastructural changes in the diseased fish (Bar=1 um)

A WERRAAN A (N R IK A 2R R (M) s B U R AIME N R B FE R 5 C: I RN A 2ok R (Mo i fiK L 290
WBAETS)s D: MORAMEEC) R I A BE (7 k) . BN, AT T /MA(Ab) ;s E: SRSERIAT A (He); Fo 4N
J b ER AR AMARET R ) - IR (FA)FZRAMY; G: B/ME LRI 4 (R 5), IMRZUATR(= AT k), Lok
RO, WPRZ BT 2T k) He IR0 ML(EC) B JIE Hh 40 i B9 BB N B (35 3k ) . BNV IR S, AR, 1 6l
bR AIEAZ (N) BRSO (Fi k), okt BRI (ER)ATRASIE 5 1. SEARM 05 3 O A ml s 2ok R (M) ;. Ko i f 47
R TEAL T (EAEN); L. S8 AR AR R T (5 5) s M DL BUR B0 HA (R 5); N: DR
PR RERL T (F7 k) O: O VAN N I 3R 7 (7 3k )5 Pr O IEAIIE P AR S O O IR (735 )5 QWO AN L v
FEARTE(HT k) BN Iy (= A k) Y ZORL A
A: Collapsed cell nucleus (N) and swollen mitochondria (Mt); B: Numerous viral particles in the cytoplasm of enlarged splenic
cell; C: Swollen mitochondria (Mt) and invagination of cell membrane (solid arrow) in the enlarged cell of the head kidney;

D: Invagination of cell membrane (solid arrows) in the enlarged cell of the head kidney(EC), nucleus (N), apoptotic body (Ab);
E: Necrotic hepatocytes (Hc); F: Myelin figures in the cell of hepatocytes (solid arrow), fat droplet (Fd) and mitochondria (Mt);
G: Karyopyknosis (asterisk), primary lysosomes (arrowheads), swollen mitochondria (Mt) and broken brush border (solid arrows)
of renal tubular epithelial cells; H: Invagination of cell membrane (solid arrows) in the kidney cell, abnormal nucleus (N) and
perinuclear space nucleolus in the enlarged cell (EC); I: Enlargement of nuclear gap in the gill epithelium (solid arrow), swelling
deformation of mitochondria (Mt) and endoplasmic reticulum (ER) in gill epithelial cell; J: Abnormal mitochondria (Mt) with
longitudinal cristae in the gill cells; K: Viral particles in vascular cavity of gill (dotted rectangle); L: Viral particles in leucocytes in the
gill (solid arrows); M: Numerous primary lysosomes (asterisk) in myocardial cells; N: Scattered viral particles in vascular cavity of
the heart (solid arrow); O: Viral particles in leucocytes of the heart(solid arrow); P: Myelin figures (solid arrows) of mitochondria
in the heart cells; Q: Myelin figure (solid arrow) and longitudinal cristae (arrow heads) of mitochondria in the heart cells
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Bl 4 {514 1-F/1-R K5 ke o B
Fig.4 PCR results of diseased and healthy fish using primer 1-F/1-R
M: DL2000 DNA Marker; 1~2: BHYEXSIE; 3~4: PFIMEXTEE; 5~8:. 1 S9_@mn. fF. LB,
9~10: 2 S H IR 5 11~12: 3 SR BRI 13~14. fdtRRE A A A
M: DL2000 DNA Marker; 1~2: Positive control; 3~4: Negative control; 5~8: Sample from spleen, liver, head kidney
and kidney of diseased fish #1; 9~10: Sample from spleen and kidney of diseased fish #2; 11~12: Sample from
spleen and kidney of diseased fish #3; 13~14: Sample from spleen and kidney of healthy fish

Fs G4 4-F/4-R R R R FEAS Jo Bt
Fig.5 PCR results of diseased and healthy fish using primer 4-F/4-R
M: DL2000 DNA Marker; 1~2: FHMEXTHR; 3~4: BIMEXTHE; 5~8: 1 Sy, B, SKBRE;
9~10: 2 SHG A IRANE . 11~12: 3 SR @M ; 13~14: (RGN IHNE
M: DL2000 DNA Marker; 1~2: Positive control; 3~4: Negative control; 5~8: Sample from spleen, liver, head kidney
and kidney of diseased fish #1; 9~10: Sample from spleen and kidney of diseased fish #2; 11~12: Sample from
spleen and kidney of diseased fish #3; 13~14: Sample from spleen and kidney of healthy fish

Ehime-1. RSIV 2HSB #Ff 9 MR ZE S, ML IR R A R (B PR A, 2010; fl g E 45, 1998), AW
P 97.9%, BRI, B IRBRE R NR A, M B RO, HLLTT M

WA EIRESR, T Mega 7 HVFRIEE TR 19FI(BR) 55, LB RE 76 FE I 22 W) 7 (L ates cal carifer) Fil
RN RS R B (A 6). MWK 6 i LI B HH, 1% 111 (Sganus fuscescens) {4 i E CCHESE, 2015;
SRS M S RTINS, LZIT071 BROLTFAINIE e, 2014). s esith T T i ke 20 B T R 9 250

AT E N, H5 RSIV &4 BRI C R R . T F120) 2512 17
3 i TEAH LG HE 7 T, WL S5 10 4% 4H 2 A7 AE 40 i

AR R TR R T A A LR A £ A
Y T I R ARG R Bl S A SRR R AN MR s A AR R ERD) ] L
. WA SR . RNRAE, VERE, HRELM . B KERERE . S5 EARN 15~20 pm B BFORGNE,
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r RSIV TGA14 (AB666320)
& LZ170711 (&HF5T)
RSIV-8 (AB666335)
RSIV 10GG (AB666324)
RSIV-9 (AB666336)
RSIV-1 (AB666328)

_[ RSIV Ehime-1 (AB080362)
1bo | RSIV 2HSB (AB666318)

71
99
9

(=]

Megalocytivirus

43

100

99

98

0.1

82 L ISKNV SB04 (KY440040)

100

—|:EATV (NC_005832)
99 GIV (AY666015)

———————LCDV-1 (NC_001824)

100 ————LCDV-C (AY380826)

1IV-3 (DQ643392)
CIV (AF303741)

\{96 FLIV-JTY (QY633990)

TRBIV (GQ273492)
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FV3 (U36913)
Ranavirus
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Kl 6 KiE MCP JEHMIE 19 (BRI G TR RS AT R

Fig.6 Phylogenetic tree of 19 iridovirus isolates (strains) based on the complete coding sequence of MCP gene

1200 1Y B FEARAE (Jancovich et al, 2012), 1Eid
TR B RS, FENRLNE . Sk VB A i K 4 b
IR 24 T 5 o o AR R A B T o A N JBSR 11
JE, FERBTAEMYI A b, 2% n LIS S bR A0 A Y
0 0 R EL A R o AR AR Y [ 285 ), TR B i PR R A
P2 UM ANTERE , (EAR i — 5. b, TEdNf
O WEFNSE A I . A0 N R BT — B 1 B
KL, 22 B i R 4 T R 55 7 AT L 3 It Y A A
RS e B BN Y HU(ZE R SE, 2009), JoHAHS 4
WS, — 7T, AHIST & B R e B S B
OISR . Wi RS KA B E , 5 I FT 4 E
B IR T TR 9 B 1 2% £ 15 (Oplegnathus fasciatus).C»
U5 BRI — B (2R 4, 2011), 5 — )7 1T, TR L)
AR R, s U LN B A b A A8 B i . K
4.0 FILEH BB A i R A ) 05, o Akt ] O T3 AR
MBEREIR, IR IR DIRER e E 2k 4Rf Lk
IR FURFAIE 5 feC U HH BT ™ S R R A, e T
AR RGN, A AR, H IR 30 R
WK TG Ty . RONREE | R AT AR

MCP JEHR G i RS, HIE A
B REORNT, SO RS IS St T DS A3 S BT R g
BT AL OC R, R TR B 4 28 5 1 AR A
(Inouye et al, 1992; Chou et al, 1998), AL & If:
GIHT T AR R BRI TR 1Y MCP (], R T
ORISR TE RGLR B W, UEISRIR B AR 43 28 M s T
BT RS s 25 AR 240 B s 5 L B8 e R s B 2R R

ey e B ) 1200 155 S8 e LR (Pagr us major)f RSIV-8 .,
JEYL AT (Seriola dumerili)f RSIV-9 . & YL Rl 4
KA (E. coioides)i) RSIV 10GG . JEYLAE s 1 K
(E. fuscoguttatus) ) RSIV TGA14, H. MCP LK 4t
X8 5E 42—, LA ENT R —Fh . X
W] RSIV EURTE ERFEAR), HXF 2K M2
Y B W SO . RSV X6 o BE A4 250 1 e Rip
RIWAHE, ARIRABI.
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Histopathology of Hybrid Grouper (Epinephelusbruneus ¢ x E. lanceolatus &)
Naturally Infected with Red Seabream Iridovirus (RSIV)

LIU Ranyang'?, SHI Chengyinl‘@, XIE Guosi', LI Chen', WANG Haibo'*

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences; Laboratory for Marine Fisheries
Science and Food Production Processes, Pilot National Laboratory for Marine Science and Technol ogy (Qingdao);
Key Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture and Rural Affairs;
Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity, Qingdao 266071;

2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract “Helong grouper” is the hybrid progeny produced by female longtooth grouper
(Epinephelus bruneus) and male giant grouper (E. lanceolatus). As a new breed of hybrid grouper, there is
no report on the diseases of the Helong grouper, at home or abroad. In July 2017, the Helong grouper on a
fish farm in Shandong Province suddenly died, and the cumulative mortality was as high as 80% within
10 d. A field survey found that the water temperature was 28°C and the salinity was 31 during epidemics.
The appearance of diseased fish was normal. However, they were unresponsive, and died at the bottom of
the tank. Clinical examination and necropsies revealed that the spleen and kidney of diseased fish were
severely swollen and crispy. Histopathology studies indicated that tissues of diseased fish were severely
damaged. A large number of basophilic, homogeneous cytoplasmic, swollen cells, with a diameter of
10~15 pm were observed in these tissues. In ultra-thin tissue sections of the spleen and head kidney, there
are a large number of iridovirus-like particles, with a diameter of 130~150 nm in the cytoplasm of the
swollen cells. Using specific PCR primers, severe infections of red sea bream iridovirus (RSIV) were
detected in the spleen, head kidney, kidney, and liver tissues of diseased fish, which was consistent with
electron microscopy observations. The complete coding sequence (CDS) of the major capsid protein
(MCP) gene of the virus was 1362 bp in length. Based on the CDS of the MCP gene, a phylogenetic tree
of 19 species (isolates) of the iridovirus was constructed. The tree showed that the iridovirus infecting the
Helong grouper belongs to the RSIV cluster of the genus Megalocytivirus, family Iridovirus. This article
describes for the first time the histopathological features of the iridoviral disease of the Helong grouper
and confirmed that RSIV can naturally infect the hybrid grouper. This study not only revealed that the
Helong grouper is a new susceptible host of RSIV, but also provided an important reference for the
diagnosis and control of hybrid grouper viral disease.

Key words Helong grouper; Epinephelus bruneus; E. lanceolatus, Red seabream iridovirus (RSIV);
Histopathology

D Corresponding author: SHI Chengyin, E-mail: shicy@ysfri.ac.cn
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RBIRARNESFAHEMNNAEN I INFEE
Bt W EPRERRIERNZME

MER Y ek EEE? ORRB O '® O
(1. iR L 2013065 2. P EUKF=RREOF I8 e i K=o i 35 B ERE S5 HR KN
B R S = Ol B2 5 e i BRIOIRE LI . R R AR K SIS F A S R =
H LK RATRY SEYLZRELLRE FY  266071)

BE B & 5 L 240 9% AT 8T (Litopenaeus vannamei) 4~ % | 4k 3 2F AT B (Bacillus subtilis) . K 5
AT (B. licheniformis)Fa %8 /N 2F H 4T B (B. pumilus), ¥ EFAR FRATE U B —F 3 5 E A0 T AW EE
HabtAkbkw, #lREEFAR; SRR, 3 AREHTAMEAMERFWSSVIALRELE,

St foxt BA W BRATF, MEXIFEL LN WSSV $# 5, 247 345 i 1 41 404 ft
BRI R A AR E A8 F(Caspase) A AL R B A EFH (Tt k£ &, £ RE~, RELH
SRE, AAREEFHATE). BACGLKFAATH). C ACEANFAATE) M D 4L(F 25 FAFE -+
REFBAE+ENFHATEE 5 & W)W XTI 2 AR F 207 K (73.3+£7.0)% . (63.3£5.5)% .

(75.0+7.9)%71(50.0+5.3)%, B 2 1% T xt B8 21 (PBS 41)(100%); 7 AR L M, & 206 4 Wy S 4%
NHBEEREAETHEOGES, EXBRAEN-ALAEY, HREHTER4, URARERRLER
2R, WSSV B 5, &4 I 38 Caspase #xt Rk BRI rt H B ZEK 28 FIAF THANAS,
FL A 18 h A Ao 738 Caspase R ik B3R F| & K8 3 & WHE BN WSSV R 440 860 Tix B 5%
K, wAWERGANFE, HA& LR AT HE Tx /8 RKXEAE WSSV 351 18 h B A
FlHAME, REEHTHELA, AU D AWHER I RE, FRIEE, REFHFE. HRFR
HHEAE N FRATE S TR G AT WSSV R, EAFANERAER I RR S . MR
HHMNRE TR EFATEREZ T RS EEARNAEE, |5 T Caspase Fn Trx FH £ K F
AHx

KR LM FRAE; WSSV RAAREOMER,; mALRELEN; 2EPCR
FESHES S945.1  XEFRIREE A XEHS  2095-9869(2019)03-0113-09

b

FL&H I X5} 8 (Litopenaeus vannamei) J& H [ 5 X IRFRAE A, 2016 A4 [ Y LN I X IR IR 7K

ot [ K PR R AT B SE ARl 45 %% 15 (20 16HY-ZD040 1) FELAR Al 72 ol 7 AR 4 3 6 301 %5 4 (CARS-47) 3L [] ¥ Bl
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2 R 40 &

FRIHET R 167.2 7 t, (HXPURSEFRIE T HY 91%
(P EH S IHELE, 2017). % A 240 3750 2 L
YRIEXT R R A A, B R TR A AL R
K, RFERFRAE AR e F R H 55, SRR A B
ZE4 fiE(White spot disease, WSD) ., 2t T [ IR IR FEH%
(Acute hepatopancreatic necrosis disease, AHPND) . ffi
HEWF A% (Covert mortality nodavirus disease, CMNVD)
W I B M B2 95 (Enterocytozoon hepatopenaei disease,
EHP) % 5295 & 4= 5 i 17 (Flegel, 1997; Zhang et al,
2016; FEIKA S DAR LR 2, 2016)0

g 2B TR Ay % 58 X R 5 A ) B S i S T B
E 2 TEFE B0 A0 BT B8R s 5 T R T R
PRAPRCR, B AR TR R 2 W 2 AR RO A
Y T 1 25 0T % (Ninawe er al, 2009; Wen et al, 2015;
FAG S, 2017) 0 ZEAIAT B AN AT LA i 18 3 A 4
AOVA | AR TR ARDR A T AL IR USCRE T | 2 i ke
WRGo e RT3 /K-, 38 o] DA ] 35 58 A A4 0 g 5 TR
A P 1 AR VBB 5 XTI ) (PSS, 2012,
Lakshmi et al, 2013; Zokaeifar et al, 2014), {8 HHj#F
585 W 22 B — 2R AT IR, Z RS 2R AT IR
& #6418 (Ravi et al, 2007; Sanchez-Ortiz
etal, 2016),

ATH 5T LA B ZEA0KT 7 (Bacillus subtilis) A 2
AT (B, licheniformis)F 8 /N ZE KT (B. pumilus)
gk a5 AL TR, SR FHAR ML — RN A G A TE =X A 22 1)
B se LA IEXTIR , 3 J8 5 #6147 325 G AR B
(White spot syndrome virus, WSSV) N TJEYL LK, 4
THSL IR 2 A% REZH i RBBE T, IR A 2R AT A
XF ML T X6 MR 40055 B BE ) B 52 5 I 38 0 9O i
PCR AR 43 BT 45 52 565 2 LG 2 ) R 2 4005 7 45 D
BBtk DS R 1Y K 4 2 B 2 i (Cysteinyl
aspartate specific proteinase, Caspase)3i K F1#i & 4 &
5 1 (Thioredoxin, Trx)3& P 75 5252 [ Bl WSSV iy
B B AR R IR 18 O, TR 4 A T 4 8 X R0
e S pL

1 #REFE
1.1 X 5EH

1.1.1  x3F S LRI XTERI F 1L AR A8 i B T
TR SRIE S [ A KSR FE S 201 TR A (25+1)C,
XPURHE SR HEATRAE, Ik WSSV, CMNV
L 5 BT R SRR I BA A L g SIS T A S 86 2 5
PAAAE TSR | R A A, (f S B 050 = SR AR
7 % T 1R R MR AR, B Ak PR VR e 5 A

KA

1.1.2 EAEIEA /NIRRT R R R
A ZEAHT TR 32 0 2 Tt R ML X R il , 2lifk
J5 45 16S rDNA J¥3 43 M7 I Biolog B Y5 1] FH 45 A 2 A
FEAFAE AT 58 IR AR 2808, JF T-80°CIRAFE. WG
T JE 4k B R e s 7, B O UCER AR, /N 2R F AT
T H A F](1~2)x10"" CFU/mI, #A4 2E AT 5 Ak
L LE AR T T T B A F (1~2)x 10" CFU/ml,

1.2 AR E

S 43 TR 1 U BR R AR Ry SR AR .
RETR R — 2 HL BRI S o PBS IRA S, W
TESERARL | IR A YA, Bl TR T4 CukFa P IR—- 17
B JR AT 25 AR TR A AR [ A 2216 Bt K
DU ERL IR FF A 200 BRSO 75 08 B T T TR R R L LAt A sk
WG 45 PBS R 25 AN R

1.3 SLISAH

P8 AR 5 1 FLAR T R B AL R B AR 34 5
TG SRR 1200 B FCAE e B iAf v, 2 5 41, B
6 NEM, BAEE 40 BXFEF. 5 202 B3 A [F) 46
B A 1SR AL B TG R (1~2)x 107 CFU/g, B 41
B HBA ST 1 T (1~2)x 107 CFU/g, C 41 & 5 /INEE
FOFF BT B (1~2)x 10" CFU/g, D 203l 5 25 0T 1
Hb A ZF A FT B RN ZE R TR ) A IR BT T
(1~2)x10" CFU/g, PBS 41 A WA 35 35 A B 1 FE Al )
BT B, SCHIIE], 2% SC I 2H AT REZH B H AR
3 YA R AR, H B b LA E T IMA T 1Y 10% (1K
i 0T IR I DU ANGE TR AR ), IR R R A 1R AT R
ig=g

1.4 WSSV BEEIIg

W5 6 2 AR AE ISR WSSV I I 25 B3 T I A
Bk M 2Ry, hn A& & 4°CHA Y PBS, 20000 r/min
VKIBEIH s S 4°C . 3000 g 5.0 10 min, bW
4°C L B0 3 YK(4000 g, 6000 g, 8000 g 4% 10 min);
IEW L 400 B4R IERR LA E, ] 0.45 pm 8
BRI UEBR AN TR, 32 ORAF T —80°C o il £ 1 s B AL 42
W R 0.16 g/ml, VEGHEYLRTHEATSCSS , i
TGN 50 pl/R .

TEGE 21 d J5, DA SEUR2H AT B2 Hh B ALk
B 240 EEXFHRHFA TR SLS, B 6 AN ER, BAE
540 BXTIR, H, 3AEZHTEITRBILT R,
3AEE T REE, BYLAT 1 d = R BARL, H
TFAFEXTIRES 2 1845 1 4 WSSV HLEZ# 50 ul, UL PBS
TR PR X IR . g, SO0 ARG AR AR
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WEAH B FRRE . AR K AR HE AE T BB XT U, 10 S 5E
ToHUE, 14 d 45 R YL S5

1.5 HmIXESLIE

G B B 1] A RE R B S5 A0 B . SIE8 T BA A URE AR
HO0h, RIS AMNAE 1. 3. 7 115 d FEAL
KA XTI (PBS)MISLIR41(A. B, C. D 4)XJUF, ¢
BB XHEF 7 T 7% T 1.5 ml G RNase 2504 1,
T—80°C B AR IR VKA IR AT o

TR ] 0] O RE TR AR S AL BE . SRR SIS TR IR,
BUREVEN 0 h, &L IFIRE, 2HITE 6. 18, 96
F1192 h BEVLREXT A FSLIRA(A. B, C. D 4l)
STHE o 4350 T AR R X AR A I T 1.5 ml
JG RNase B0, F-80CRBARIR VKA -1

1.6 RNA i2H

FIHLE RNA $2HGAT £ (TaKaRa)$2 B RNA, J7
B2 Z M AHVHA5 . A NanoDrop 2000¢ (Thermo)iill
7E RNA ODag nin/ODago um 18, #FATE HME , 533 0%
FT-80°C e o A7 Ui sk, 2Bk A RNA gk i
B A 2] DNA,

1.7 ¢DNA &/

ffiF Prime Script RT reagent Kit With gDNA
Eraser i{jf| & (TaKaRa)i#t 17 cDNA & K, 7E 20 pl LW
RRERBMA 1 pl (S1 pg/pu)BIE RNA, 4 pul 5x
PrimeScript Buffer 2, 1 pl Prime Script Mix, 10 pl 3
K41 DNA £ W, 4 pl JC RNase /K, 37CHEH
15 min, 85CHN# 5s, A cDNA B,

1.8 fREEEWRN

1.8.1 & 3] 4 P BE E G | ) DL A g 5

(2010), WSSV-FP(CTCTTGTGGTTCATCAGGGGC);
WSSV-RP(CTGGATTTTCTCTCAGGGTCTTTAGT),
1.82 #osald  HlEEH WSSV HEY A
By BORLAE A AR E o 5 IR AL 30 DA 421 (OI1E)
CK A=Y R 2 W T )Xt WSSV #E47 PCR 73,
132 256 bp MY 34 =4y SR 3 = ) 4 ) pMD18-T
AR, AL KA DHSo, MEE Y4 Tk, 7 LB
FiFRFE(E 100 pg/ml Z N HER) LA, $ERUTORL
DNA, ] NanoDrop 2000c (Thermo)ill| 5 5t ¥ DNA H
WL, X IRAERF > T 649 g/mol, PR
BT S R A 602107, T H AR v S AO 4 D%
g 8x10'" copies/ul, %08 100 f55 Bekh i, ihilbrifE
ik .

1.83 WSSV @32 %  SLFOEER PCR R
A% : Real-time PCR #% TransStart Top Green qPCR
Super Mix i 7 & (Trans Gen Biotech) Ui Bl H 17, &
DiRZ A 25 ul: DNA AR 1 pl (10~20 ng/ul), &
4 200~400 ng; 1F. SIa5|#4% 0.5 ul (10 pmol/L),
MM 5 pmol; 2xTransStart™ Green qPCR Super Mix
12.5 pl; 1xPassive Reference Dye 0.5 ul; J& RNase 7K
9 ul, BB 3 1 F4T, JG RNase KAE A BHPEXTER
PR . 94CHIAEME 5 min, 1 AMEH; 94 CTHIAE
P£30s, 61°CiBk 30s, 72°CHEffI 30 s, 40 IMEHF,
It HAELA 72° CHAEDEE, 72 CIEMf 10 min,

1.9 HFESHEXERREZENESKLN

1.9.1 314 B GenBank H LGN IE N URAR T
%, FIF Primer Premier 5.0 #47 H 3L H Caspase F1
Trx 518, 5IMFFI LR 1, NSREAS5HK
FERTEY BE B I A G S il , B3 5 0 ith 4 JC R 4E
SV

%1 Real-time PCR 3|415%I
Tab.1 Primer used for real-time PCR

H (2 A Target gene J¥%15 GenBank No.

1EM 5% Forward primer

JZ 1 5|4 Reverse primer

EF-a GU136229.1 ATGTCAGCACGGCAAAA AAAGATGGTTCCCAGCAAGC
Caspase-3 EU421939.1 CGGGTAGGAAGCCCACATATCAA ACGGCGAAGTCAAAGCCAGAA
Trx EU499301.1 TTAACGAGGCTGGAAACA AACGACATCGCTCATAGA

1.9.2 ZEHEXEF PCR R ik R A2 F Ui
SYBR Premix Ex Tag™ 11 i3] £ (TaKaRa)fig ] 25 pl
K Z . 2xSYBR Premix Ex Tag™ T 12.5 ul, 1F.
B 51414 10 pmol/L 2 ul, DNA #5547 1 ul(< 100 ng),
JC RNase 7K 9.5 ul; F Rotor Gene3000 (Corbett, J#H Kk
R )HEAT SE 96 f PCR, W AR : 95°C AR

10 min, 1 PMEEFR; 95CHIAEME 55, 60°CiR K (HEA
FEHRHE)20s, T2°CHEMH 20 s, 45 PMEIR,

1.9.3 g g&n g SRPOLE R PCR KN SE
W5, #E Rotor Gene 3000 "H&R5EM 1 NMER LT
1 A5 B R4 . R Rotor-Gene Analysis Software 6.0
HEAT AT, 2 Pl G BE A G35 PR 4 A G 33 1R ) 2740
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2 R 40 &

BRI (Livak et al, 2001),
1.10 Sit44

ARWFSE A B R SPSS16.0 itk k4T
BAK & 7 2250 HT(One-way ANOVA), 2 H B i 3 25 7
if(P<0.05, P<0.01), F LSD L& & L.

2 #RESH
2.1 HAEFEMLMEIIREE WSSV FERETE
sE-AIG|

FLENTEXT IR Y WSSV 5 14 d WA BEFET-R
GEITEERILER 2, MR 2 AT, AR ZE AT R+ A
ZEAOFT B+ DN 2R AT R 2 A 2 2B R AL(D 4 3 kg
SEERZE AT, XTHF BRI T R AAL, HA(50.0£5.3)%;
HU AR ZF AT R 4B 4), X BEBET-FR N
(63.3+5.5)% ; T8 M T Ak L ZF AT B AN /N ZF AR AT T )
BEZEG (A AR C ) XFIF Y BEIET: R4 518
(73.3£7.0)%F1(75.0£7.9)%; XF HRZH (PBS ZH) X} HF i) 2
FRBET 3R 100%, 2w T4 LI i BB T3,

2.2 WSSV WEFE&LIGAHNMEITRERHL K
EENHNTHER

FIFHZa X} 2 PCR HoAR, W T ML i ) o 2%
Yo WSSV 5 FEAN [) B e i ] 3 11 08 20 20005 2 4 DK
(Bl 1) TERENRYBY B, &SI 4l i #545 DR
e TG T RERA S, AXT AL RS DU — 2 B
T, HREEINEYE TERA, 25 0F
(P<0.05)8i# i #(P<0.01), FREHEYL 6 h J5, XFHR6E
ML R REE DUBGA ] 2.73%10°~1.59%10° copies/ul, *f
MAme, 5A. BHZEREE, 5C. DAERN
W3 18 h A AU IR EE 2 2005 5 48 DL ARGk a1,

SR RE, SA. BHEREFE, 5C. DAHER
W2 ; 2 96 h A4 HYGEEFE DB ik B R,
XA RE, SBHERTE, 5A.. CMD4%

SR 192 h XTRRALGHEHE DUEmE TR, Scdnd
TR, D A&k, 4 1.69x10° copies/ul, Xt
HREH 5 90 0 20 1] 2 S b 35 o G SRR S, DR i
Ings A, fE— & FREE L RBAESE0G 5E 2 R L, FEAIR
W EEE DU, &2 G g AR TR A A 2 B A AR T A

#2 OBRFRZERGEFABONIEIIRER WSSV FHIRAETH

Tab.2 Cumulative mortality of L. vannamei fed with different probiotic preparations after injection with WSSV

2151 JB YL J5 1 [B] Time post injection (d)

Group 3 4 5 6 7 8 9 10 11 12 13
A 12.5£1.9 29.246.9 37.5+£5.0 50.8+3.8 59.2+6.9 65.8£10.1 68.3+7.0 70.8+7.0 71.7+6.7 72.5£6.7 73.3£7.0
B 8.3£2.3 15.845.1 20.842.5 29.2+£1.9 31.7£3.9 50.0£3.3 53.3+4.3 58.3£5.7 59.246.0 61.7£7.5 63.3%£5.5
C 9.2+0.7 20.0£3.0 30.0£5.0 47.5£5.7 53.3£7.1 68.3£5.1 72.5£3.3 72.5£3.3 74.2+£0.2 75.0£7.9 75.0+£7.9
D 10.0£2.4 16.742.3 22.24+3.8 26.7+0.2 30.0+2.6 40.0+2.3 43.3+4.7 46.7+9.4 48.9+7.1 50.0£5.3 50.0+£5.3

PBS 5.8+1.7 22.542.5 37.5£4.7 57.5+£5.1 67.5£10.0 80.8+6.7 88.3£7.6 95.8+5.0 100+0 1000 100+0

T A ARCZFAFF R B HACHEMTHAL; C: B/NFRATHAL; D: &8 2R m Al v 2R AT . R/NEF

A B b ZEHAT ) ; PBS: XTHRAH

Note: A: B. subtilis group, B: B. licheniformis group, C: B. pumilus group, D: Mixed Bacillus group, PBS: Control group

2.3 Caspase EEERZEHEF WSSV B LHA B Y
RO E 7.

2.3.1 SR A1 FULAIE ST EF il P Caspase & B & ik
i 3 2 E T PCRECARNE T X EF7 8 Caspase
FERTE S R A X R iR i, SR B, il
SHO A Caspase BRI AN Fk B2 1 K LIH R,
Bif i A X 3% 38 ek i 2 f 28 B[] 1) B K 3% T i A 3]
EH K, BT 5 Caspase FEPHFIX ik 22 5
AN (5 2).
2.3.2 WSSV & J5 JUUh E T ¥F I i F Caspase 35 B
*ik PG PCR F AR E T X EF iz iE
Caspase FHEFFE WSSV UL 5 I FHXT b &, 450 0
7N, WSSV YL 5 4 A XTI IE Caspase AN 235 =

B JER % B[] A S 2 5 R R Y a3, HAE 18 h
FHXTEF A IE Caspase 32155 B ix KAE . 7F 6 h B,
A FHFT B A I XT BRI 38 Caspase F ik wil ik 35 5
FXF IR, MK ZE AT XS R IE Caspase Fik
B TR 18 h B, A SR A0 I i
Caspase Feik it 4 2 5 T X RRZH, 1 96 h B, H
HEZEFMFTE AN R IE Caspase 23518 35 5
TXF A (] 3)

2.4 Trx EEESEEET WSSV B L5 5 #y8 %4
Rix

2.41 R AR LY ESTIF A PG Tre AR kA
Wi %G E e PCR Fi AR E TXTUFIGIE Trx 3t
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Fig.1 The virus copies in gill of L. vannamei
during WSSV infection
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A: B. subtilis group, B: B. licheniformis group, C: B. pumilus
group, D: Mixed Bacillus group, PBS: Control group.

* denote significant difference (P<0.05), **denote highly
significant difference (P<0.01). The same as below
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Fig.2 Relative expression of immune gene Caspase in the
gut of L. vannamei fed with different probiotic preparations
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Fig.3 Relative expression of immune gene Caspase in
the gut of L. vannamei fed with different probiotic
preparations during WSSV infection
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Fig.4 Relative expression of immune genes 7rx in the gut
of L. vannamei fed with different probiotic preparations
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AT B TITE 1989 4F 3L H A i 25 4% FHLUR) (FDA)
128 E AR 2 22 (AAFCOY A Y 44 B 0] B 4%
T W ELE F A R L N HUEY” JaRZ N, s T
2008 4 12 A ERALES 1126 5204 (bR
an AP E S ) FELE Y 16 AT DL 1A R Sl ) i ek
PPN GERD o ZF AT TR ASUE AT 3 . LR A
Sl g an AR R A L, BATE R 2R -8 SR AR n Ry
AR SR, DU RE R . AR . E IR K
M, HATHIR . M. TS RIS
P, BRI AL R BEAE ™ o SR AR A DR
AEPATLL 100%T6 WARSRIA G, Wik, RiEk
Ry XAE A sh W 37 58 A 7 v A ARG 5 g i
:(Ninawe et al, 2009; Lakshmi et al, 2013),

X U R 38 A AR R TR, ANRT 15 57 4
SBGHE FTE 10°~10° CFU/g 22 [8), 3K J& (Vibrio sp.).
FLEREE & (Lactococcus sp.) . 2FfOFF B J& (Bacillus sp.) .
A BREE B (Staphylococcus sp.). i FLICH & (Shewanella
sp.). TNHAFHJE (Arthrobacter sp.). KA HIE
(Photobacterium sp.)  fl/INFF- 1 J& (Microbacterium sp.)
5 Sy X B M 3 Y S (AT BE R ) A SRR (oK R A
2015), KA BRI M TR — g5 AR T R PR
RESSAH LM AE ], 4B B A RBOR (X4 55, 2017).
Salinas 2 (2005) 1 FIA® &5 25 FAT B A0 FL IR i LA S 5
FEA— I INIE A% e 4 Sk 80 (Sparus aurata), 2554
N, AW —TA A RRSCR, AR A 7R
Y T R A ) IR BT Ak A= A ST AR TRD PR 52 TR L B —
WA S . Ravi %(2007)7EBE 15 X UF (Penaeus
monodon) 4 VRFEFE ], ] 55 58 7K AR H oS 0 28 LT 1T
AT DL 280 1 ) K A H i s ik R (Vibrio
parahaemolyticus). WHECINE (V. harveyi) 5 EUR H
A4, IEAT DL 5 M P IRAE T2 % . Sanchez-Ortiz 5
(2016)4R3& , K N Tt (dnadara tuberculosa) 53 &5 1Y
Hb A ZF AR AT T AR B 2F FAT PR TR S B ARDEL R L
DNIEXTUR , S5RFEALT WSSV FIfL Yett iz s i
HAIRBEH EE(HHN V)RG5 AT, W58 T XF iR
) R A DG BE PR R 3K o ASBIFS 3% FH 1) 2 FOAT DR 34 43 B8
H X ER i IE , DLsh A A 08 s i 2 X iR
Freb, N 21 dJ5E, @ WSSV UL SRk 1 uE
PURRBOCR o S5 HRAESE, PR i n i — 502 5 2 AT
PR AT B FLANERTER 94T WSSV JBLfig )y, LR
B AT PO RERE T B i 2 . WSSV IS I LA
PP [¥) 4 5%k S0 658 2 200 P 75 48 D05 0 R RBUE T
FIEERAAW) A, UE S ZEHOAT B E AT 6 18 i i
Sk Z2 AL ) B2 52 T8 B AR X IR A P 1Y &2 A
FBEEE , SO E T X IR R EBRE R . SR

A 25 A2 B AT FE IR EE RO LA B RE , — T T 4 1)
g SR A W ) B, OB Ak R P R R o A A K
s T T Y A TR R A R U B
HEIX R, A B TR s EREY A
AV, ] 4 T X IR A% Gl M 2 s 1Y A AR RN
(Tannock, 1998; Chai et al, 2016; Sha et al, 2016), Hf
FEUESE , K 4T 40 L RE 143 rT A Sy H 55 sh ) fe i b
s, PR, AT g SR AR LB ] g R e i
DA A B 1 A A RE B A3 R S P A e S S R A
RAEAMET, DT 42 55 2 4 5 9% 77 FI4ii 71 (Rengpipat
et al, 2000; Zhou et al, 2006; Sruthy et al, 2015)

B2 DR 1Y R A E R B i (Caspase) & iy & i
e iy 2 U 0%, BT kb PRSI, AR 40 i
TP EZEA/EH ., Caspase ZEABFH T IREF, &
(ORI RES , (AR T, 2 T
APRAT S8 IO e A A I K A, e 4 i
7~ — R BN T-4E (Wakiyama et al, 2006), Wu £
(2004) #E M , 4 H A X BF (Penaeus japonicus) Ji& 4t
WSSV J&, 2 i 8h— A~ E s8R 7 A 4 st - L ok
= WSSV BIAAR, H AN T RS 5 %
YA, Phongdara 45(2006) 5 [ T KE15 X iR (Penaeus
monodon) Caspase &K, IEI%ZIEHEA Caspase-3
FROE,  H &30 s # B Al T I SRR A X iR
Caspase FEFFRIKETHE . KICHFEF(2010)38kE T h
[E| A XT MR (Fenneropenaeus chinensis)Caspase 3, 11
SHEYY WSSV 3 h J5, XTERAFBEAR T Caspase B2 15
S L, HEMNZE N S M T ARG . AR
[FIAEUESE , £ A2 T H H 1R M LGN XT IR, AN 230 %) iR
il Caspase HEDHWFRIBA 5200, T 250 IR Bk Gy
WSSV J& 6 h Caspase #EKNZFE#=A LT, 18 h
Caspase FEH Feik i, 1 HZ03 8 A 2F AT 58 1]
AR GRE () X W45 B — ZE AT TR LY Caspase TE 7] —
B} %) Fe ik B 22 7 B % . 20~45 h & X R 7 Sk g
WSSV 5 i 7 19 15 B4R KW CR IR 2 45, 2002),
Caspase )15 Feik Wbk 5| A& X R EE AN ML 98 1=, AT
5% 1 9 B L0 0T I G 41 i A 1S 5 S L {HJ2 , Caspase
FER P FRIBE M T WSSV B, 1 xR R
FET- R BRI F R 8 REM 25, A i fEik
— 5

Bt S0 JRLER 1 (Trx) S ) 12 AF 76 T DA 40 i Fi
PHarh i BA 2R E YR . Rk B ARSI R
H, 1964 SE1E KIGFT H (Escherichia coli)™ & Jo#i &
Mo Trx Z540MR b0 Jsiads, dERedn i s 4k
TR JRA, B—FEZENPORPLSE A Jin et al,
1997) . Garcia-Orozco %5 (2012) Fb 3 T WSSV #l
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THHNV YL FLAAEEXT R Trx (LVTrx) £ mRNA Fl8
FUFR K B A ST IR, 45 SR 0E S 7 B e 2 41 i3 X6 IR
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T PO R L T XA ARTR], X 0]
& FH T AIE ST R B AR 2 | A1 S 3] S 56 b By AN []
W . SAh, BARICKA Tie FMR RS
18~192 h — B AEHp i fm /KT, (B S5 4 TR RARBE T
RERYL T B 8 K (192 hyA LB R 25, HEM Trx
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W B B B SR L B ) 1) 2 i 2 i 2 R R R 2 A 3
LI

25 LRTIR, Al B ML X6 S i 3 O 32 F) Aty o 2
TR« HOAC ZERAT TR L /0N 2 F AT P ok 4% o 28] 1)
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Effects of Single or Mixed Bacillus on WSSV Infection and Immune-Related

Gene Expression in Litopenaeus vannamel

SUN Bochao'?, YANG Yunkai'?, LI Yuhong?, SONG Xiaoling”", HUANG Jie?

(1. Shanghai Ocean University, Shanghai 201306, 2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery
Sciences; Laboratory for Marine Fisheries Science and Food Production Processes, Polit National Laboratory for Marine Science
and Technology (Qingdao); Key Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture and Rural Affairs;

Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity, Qingdao 266071)

Abstract Bacillus subtilis, B. licheniformis, and B. pumilus, were isolated from healthy Lifopenaeus
vannamei, and were added to the base feed surface in single and mixed treatments. Probiotic feed was fed
to the shrimp daily, and the shrimp were infected by white spot syndrome virus (WSSV) three weeks later.
During the virus infection, the cumulative mortality and the number of WSSV copies in the gill tissue
were statistically analyzed for each group. The relative expression of cysteinyl aspartate specific
proteinase gene (Caspase) and Thioredoxin gene (77x) in the intestinal tissue of the shrimp was measured
by real-time PCR during feeding of probiotic feed and virus infection. The results showed that the
cumulative mortality of B. subtilis (Group A), B. licheniformis (Group B), B. pumilus (Group C) and B.
subtilis+B. licheniformis+B. pumilus (Group D), were (73.3+£7.0)%, (63.3+£5.5)%, (75.0£7.9)% and
(50.0+5.3)% respectively, significantly lower than that of the control group (Group PBS), where the
cumulative mortality of shrimp was 100%. The number of WSSV copies in each experimental group
firstly increased, and then declined in the whole infection stage, but the number of WSSV copies of
Bacillus groups was significantly higher than that of the control group every time (P<0.05 or P<0.01).
The number of WSSV copies in the gill tissue of the mixed Bacillus group was extremely significantly
lower than that of the control group, in the 8 d after virus infection. The relative expression of the Caspase
gene was not significant in the 21 d of feeding with probiotic feed. After WSSV infection, the relative
expression of Caspase in the intestinal tissue of each group firstly increased and then decreased, with time,
reaching the maximum at the 18th h. The relative expression of Caspase in the intestinal tissue of the
mixed Bacillus group was the highest, with the expression level at the 96th h still significantly higher than
that of the control group. Feeding with Bacillus spp. and infection of WSSV, both could stimulate
expression of the Trx gene, and the stimulation of feeding with Bacillus spp. was relatively gentle. After
WSSV infection, relative expression of the 7rx gene in the intestinal tissue of each Bacillus group grew
quickly to its maximum at the 18th h, which was extremely significantly higher than that of the control
group, and the activation on Trx gene expression from the mixed Bacillus group was the strongest. It can
be surmised that the enhancement of the anti WSSV infection ability of shrimp may be related to the
reduction of the speed of virus amplification in the target tissue, and the increase of the expression level of
the anti-infection genes, such as Caspase and Trx, that were brought by feeding Bacillus spp.

Key words Litopenaeus vannamei; Bacillus spp.; WSSV; Caspase; Trx; Real-time PCR
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Song ZL, Dong X, Zhao RH, Wang XH, Wu HY, Yu DH, Xie GS, Huang J. Evaluation on the detection of Enterocytozoon

hepatopenaei in pooled DNA samples of Litopenaeus vannamei based on TagMan qPCR. Progress in Fishery Sciences, 2019, 40(3):
122-132

E T TagMan qPCR #& il L 285 X 5545 an H
iR AT A% B FR HE AR T 7 R B IR A

XHEZ # 57 BREES EFELT AR
FRE? WER? # @'
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it P AR P I A5 HE T A 1) 952 055 12 W 245 SR 0 RT A 1 I
TG A 98 2518 10 G, H X — B AE AR 7= R i
2 o XoF— A BER AT RANLRAERS , 155 95% 0] {5 B
[14) SR 536 T 5 0 4 5 ARG 00 81 %) A e S R A v e
AR RN A TR R KNG, L&A 10 TTADL
AR RBER R B, 76 2% B AT 3R B AR
A REAR KL Z R KB 1505 10% 3517 R I ZR ik 5]
30 MREAS (Ossiander ef al, 1973), 3FER SRR R LESS
B 25 7= (432 W7 7 T Hp o SRR R A T o R ARG I 2 s
I RAS , (B FREE MY E LA AR ZZ T R A I U] B
FEARAA , HWARE 2 s I B4 . Rk, @
X FERERTIN 7 LA T VEAL , SR ARIE IS W 2 5 iy m] Sk
Al £5 1 (Williams et al, 2001) ., 7E OIE FiifE & 3¢ [ AR
e, A RZE 5 AR T IR AL, (HaX R
1) 5 7 2% 78 7K AR Sh B e F 5 v 5 T A B i ) A0F
FURAESCRF(OIE, 2017; FHS, 2014) fEREA S 41500
o, A B /D 5 b 58 i 18 (Mufloz-Zanzi et al,
2000; Arnold ez al, 2009; Rovira, 2008), Hitt, A L%
XoF 7K A Sl R AR ) AR T T R AR5

H 2003 4ELIK, 78 [E 3% 5H B 15 X BF (Penaeus
monodon) 1 LA K N2 LR 5 AE(MSGS), # L T/ 5&
H 22 5 101 2% (Chayaburakul er al, 2004), 7E 2009 4,
7 I 5% 3 7 A 4K % 15 1) B X 0 JRE R w0 1)
48 BT B 8 B (Enterocytozoon hepatopenaei, EHP)
(Tourtip et al, 2009), EHP &Y -1 A4 1A & 1Y I R I
AFRFAE X200 JE A 32 W7 3 a4 2 R
PCR 7 M 2 FRic % R EREH IR A 24 38 75 DL S LAMP
Kril 75 9% (Tangprasittipap et al, 2013; Suebsing et al,
2013), 2013 4F, pEZKRHAOTSE BE BT K 5T
P SR R R AR S o TR R R = N T
EHP 1) SYBR Green qPCR J5i&, I8 IRAEH [ 5758
1 FLAN X R (Litopenaeus vannamei) P ¥ 4 EHP , #f
— X FRFERTHR A R R EHP 288 AR K SC R4
Mre i, Xt R B AR i 5. DNA(HpDNA)H EHP #;
H7E 10° copies/(ng HpDNA) LA I, %36 T 485 19 X
KSR %, 2016), Liu %5£(2018)%57 T EHP 1Y
TagMan #£%F qPCR Fik, REZER T SYBR Green
qPCR FIEZ PCR Jrik, JFUESE iR EHP it 5%t
WA K SE R BUAFAE , X BEAFSE S BHP ARG A B 4%
PUET 2T AR F B

EHP 114 7 f A6 I X6 T 57 58 XU 1) ) o LA o
TS, AR R AR A7 A v A R A A R A
[, AT 4R EHP KGNS AR R, A
B RN IR O 28 . AWF5ELL TagMan qPCR
() EHP R 7 v R i, % 2R R T4 )7 484 EHP

I A EE , LA S K Az gl e SRS B AR F) S2 Bn o
FHRIK A S AT 2 M 0 2 AR AR AR

1 MH5TE
L1 R

2017 4 6 A~7 H BN MEEBHHEY 2 K355
AR AE FLANIE X UE ¥ PHAE & 45 S 60401~60450,
e B RE B S N 60301~60350 . 61401~61450 Al
70701~70750, HFREIGEFH 3 5 LA FAARFE 95% 4 B
HEATIRAE
1.2 BFRERR S DNA 2E

95% £ T T DR AF 14 % U T i Jij 26 21 28 JC T ¥ 7K
MPERBR OBERS , H—WR M ] R P12 30 mg,
FI e S M e 2L R 2 DNA 2 B0 & CRAR A=
AR A B2 a4 B BREF B9 5 I i L DNA,
H 253 M1 (NanoDrop 2000c, Thermo)ill % # i )
DNA W, I M B DNA Jii:, 85 45 DNA
WeBERANTR], X HGEATIE S H AR FEJS , 5 DNA FE i
BT -20CUKAE AT

1.3 # & EHP HEHHE N

# 1.2 PRAERY DNA A5 Liv 46 (2018) 2. 19
TaqMan #REFEESEHF 9656 qPCR JEATREIN, ARG AT
G - AE G0 HSF g [F A X B 4 2 0 B 4 0 26 1
H(Cn) M 31, XIEHEM EHP s i3

1.4 HmBFERN TR

1.4.1 & TEAE S 69 FFARAE M) Bl A FH Y 50 1
FE A% BERE S5 I, B S A 1AL, XA RE S
I 10 pl DNA £ 1.5 ml B0 T, mMRAE, i
HIRBEARFE 200 ng/pl, 53] 10 4~ 5 : 1 (SP)IFFE K
FORESY . 43 W6 4% H5PO1~H5P10, FEXFiX 10 MHE
R BRI RE 9 TR R AT IR R, 193 2 4~ 25 1 1 (25P)
IR FESY, A alar 44 H25P01 A1 H25P02,
XFIX 12 A AL AR St AT BEHP A, 5 4 Py X bz
R it G 5 SR O S {07 7 b

1.4.2 2R354 & 0y SF AR PR 3 Ik
IR B SRR P 5 4 S B L 2 BE R & Y R O T
WEATALEE, BEALEESLASE] S - 1 (SP)FEEJS I 10
g, A RlER 4 WSP01~W5P30, X 30 MRES R
BRI B i AT R, 193] 6 4~ 25 1 1 (25P)FfHE
T RE Sy, a4 o W25P01~W25P06, #5354}
X 6 MM R 2 DHETTIRRE, 755 3450 1 1 (50P)
FERERESL, 239444 8 WS0PO1~W50P03, Xif S0P )
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2 R 40 &

3ANEEM PP ITEE A5 5] 34100 = 1 (100P)JfFERE N,
A3 Rl4E 44 W100PO1~W100P03, )5 X 50P A9 3 4~
FEMPEATIRRE, 53] 1 4 150 @ 1 (150P) AL
W150P01, X IFFES M4 FE i iEAT EHP Rtk
55 BN ARSI Y 4 SRR T LR

1.5 FEENEEMSES T

N T 25 GEAE AN [ FH PR 55 BE 1Y KK T IR RE XS BE A
Rt BRI, i ) A [ (BUE e SR FRMEL(C)
35 PR T PRI DA S ) EHP AS D A 6 25 L (C)
5 C I, HMmT LA CEZATHE, W G
< C,, WUFIE R Hr B, B HrBAE, KA
[ Co (EAYAIFREALBHPEFI PR o AR R IF AR L Y
FAANKE S 3 BT B JF AR B, BIOFREZE
A UL AL E B B, WFRE O B
PR o DA B SR B AN FRE Rd o 2, AN TR i E
i S0 B0 (BT 114 28 80 FE PR 250G 80 ) BE A S AR [R]
FEREAGE A4 & R0 BH P A A X B R 22 | AN ] 2 R0 FH
FRB A% TR LA 0 FE P A D 0 ) B R L AR
PEATFAE LA 0 FH P ORI FH P A TR A
WYL R TSR 571 (OTE, 2017)

1.6 FHEKNHEES

1 Microsoft Excel 2016 1, #R ¥ Bo— £ 5 A9 EHP
o, HAIEHIET Y, HREIFHEA EHP 2
. 55 S PRl 2k 2 257 e, m1E
THER DA 5 C 0 28 B ) 22 (R AR S R 8L, i
2 5 SR I 2 [a] A E REL(R), AR HiE bR K

P=TDIST(, df, 2) (Firh, t=|R/\JA-R®)/df |, df=
n-2, n AFEARE)ITEBRAEP), LI P<0.05 fF
N E K-, P<0.01 VE R %K.

2 #R

2.1 HMEHP HEHNKNER

SPINAEERH 50 ANFEM AL AR HEYT 3 UCRFERY
150 MEESL 2 B #EFT EHP 1k BRI (% 1), Hp,
T BHRERRE A 18 ANPEYE, 32 Bk, FHPERA
36%; HEDIER 1. 2 UCRFERER HPRE i 238 R B M 5
553 UCRMEREAR AR S 23R BRI, PR 28 100%,
22 FEHERUNLERHOEESH
221 REBEZBMATHAANGEEE 5
S Xk v BR324 37 0 il 2R A5 AS TR X ) R REAGI , He%
AR C, (5T, FFRELLE J0 BH P BORTAS I BH A %4
(F 2). SRR, EBERTET, WHENIE

FESZPRAGIN Z S0 O BLBAE, 50 1 JFRERY, TEZFR
T T ARAFAEAS H 0 BE PR B T B O, T e R
JE T SEBRAI ) AR A A 0 B R, 177 50 1
Db A R ARG I 2 A = 5 M R AR AP R U Y T
222 RESFARAER 69 R A Fed 2 S RER
PR FIF R 1 AE 16~31 NIl A 1 1
FE R AR R LAY B0 BH M R R R R I PH M R (R
3), BN, BEIFERT AR LSRR T
FRACI AR T B R NS FEAR Y 50 ¢ 1~
150 : 1 FAER T A PHME R T IE R, X —F
mOFFER 10 DIFRE SN BRI R R A T IE A
B, JEREC A BH M R AR FIAF A LR - AR
) BHPE 2R < A v IR 2 10 BH 1k 26 < AR T B R A B
PSR T T AR R AT AR . Y IR 45 4 PH P %
AR, IR S A AR R BH M, SRR 45T
AR 2 R B A o A I 55 SR A S A 2 260 B P SR s
{5 T X IR AT S PR AN i 75 1 4 B
2.2.3  RFE M SEA 6 R B F AN R IFHE
HAFARE BRI ], ST A 16~31 I FHE 3R
B AE R BIEE T 4% I 4 44 B i HE A2 0 E R0 B
B PHPE B, 5 TR 2 2 S GG I T A5 ) R i
AT (R 4)o BR TR, HHMERTE 0.1%~10.0%
B, 251 1~150 = 1 BYFFREALERIM S FHYE, FHMER
7 10.1%~20.0%F5, 348 I 2H iy 52 35 00 R 15 19 FH
HegE 5 AR AT A, 20.0%FHMERT, 51
FEAEZ AR B AT PE YR 172 B B TE s BHPER
TE 40.0%[%) 5 ¢ 1 FEAEA M BH M S B A BH A
DEFES, H 30.1%~40.0%FHPER 25 1 1~150 : 1
FERELL P A RE AR T 0 BH M B0 A [R] B 2
s R PR A S IR A L I TR 5 B
BRI 22 5

XoF A 2L P PH 1 23 (B A 0 v SRRt 7 PH M
RV GEA R G B T AR M (3R 5), 45
R, EHEHEES T, RLIFHHQRS : DIPA
2 B LA IR Ay BE A (BH 2R 8.0%) A, HAHICH) 5 0 1
125 0 1A T PEYE R IR AR BEAG H PHE ; IR
FFRELLAT 3 R ATUR A BHPE (BHPE R 12.0%)F, HAHC
B 5 1 CAIFEMER IR F o PE R, (H 25 11
FERELLURRER 5 I BT RRAL A 4 B XU A BH A (FH
RN 16.0%)0, AHEH S« 1 IFRELH A F /0 BH T
th, H25 0 1 MFFRELURBERL o FEMEDTRE SR, B
ZOIFFELL (150 = 1)fa 2 EBXFIF A BHMEEYE R 1.3%)
B, HAHCH A 5 ¢ 1~150 = 1 FEREAH A BERS B
s A7 6 EXTIF M BHIE(PEE R 4.0%)0F, EAIBHMES < 1
FEREA AT REAS B, H 25 0 1~150 : 1 HFfREA



%3 RIGFSE: BT TagMan qPCR Rl FLANE T UFAE v R R M s D F R A DU 5 05 B AR 125

R 1 NLAUREXTARE G P AT ERAREY EHP #8 01%

Tab.1 EHP copies in hepatopancreas of farmed L. vannamei

PGS IR FESGS W i i PGS IR RS W i i
Sample No. EHP Sample No. EHP Sample No. EHP Sample No. EHP
60301 0 60401 0 61401 0 70701 (4.74+1.30)x10*
60302 0 60402 0 61402 0 70702 (9.68+0.29)x10°
60303 0 60403 0 61403 0 70703 (6.39+0.59)x10°
60304 0 60404 (1.79£0.25)x10° 61404 0 70704 (5.49+0.47)x10?
60305 0 60405 (1.45£0.17)x10° 61405 0 70705 (9.99+1.76)x10°
60306 0 60406 (4.92+0.10)x10? 61406 0 70706 (5.15+0.68)x10°
60307 0 60407 0 61407 0 70707 (2.17+0.02)x10*
60308 0 60408 (9.63+0.49)x10" 61408 0 70708 (2.02+0.33)x10?
60309 0 60409 0 61409 0 70709 (9.72+0.11)x 102
60310 0 60410 0 61410 0 70710 (9.72+0.11)x 10>
60311 0 60411 0 61411 0 70711 (1.04£0.17)x10*
60312 0 60412 0 61412 0 70712 (1.620.02)x10*
60313 0 60413 0 61413 0 70713 (2.05£0.03)x10*
60314 0 60414 0 61414 0 70714 (5.11£0.60)x10*
60315 0 60415 (2.36+0.17)x10? 61415 0 70715 (1.70£0.17)x10?
60316 0 60416 0 61416 0 70716 (6.64+0.90)x10°
60317 0 60417 (2.36+0.66)x10? 61417 0 70717 (3.98+0.11)x10*
60318 0 60418 0 61418 0 70718 (3.46+0.56)x10*
60319 0 60419 0 61419 0 70719 (3.53+0.08)x10°
60320 0 60420 0 61420 0 70720 (1.98+0.50)x10°
60321 0 60421 0 61421 0 70721 (1.58+0.02)x10?
60322 0 60422 (1.83+0.15)x10° 61422 0 70722 (5.27+0.07)x10°
60323 0 60423 (2.02+0.16)x10? 61423 0 70723 (3.78+0.27)x10°
60324 0 60424 0 61424 0 70724 (1.27+0.03)x10*
60325 0 60425 (1.22+0.11)x10? 61425 0 70725 (7.42£1.51)x10?
60326 0 60426 (1.2040.16)x10? 61426 0 70726 (7.82+1.68)x10°
60327 0 60427 0 61427 0 70727 (1.18+0.06)x10?
60328 0 60428 (1.06£0.08)x10? 61428 0 70728 (1.06£0.19)x10?
60329 0 60429 0 61429 0 70729 (3.07£0.17)x10?
60330 0 60430 0 61430 0 70730 (2.32+0.45)x10?
60331 0 60431 0 61431 0 70731 (2.44+0.22)x10°
60332 0 60432 0 61432 0 70732 (9.52+0.76)x10°
60333 0 60433 0 61433 0 70733 (1.63+0.77)x10*
60334 0 60434 (2.48+0.23)x10? 61434 0 70734 (9.24+1.08)x10*
60335 0 60435 (3.88+0.45)x10" 61435 0 70735 (1.91£0.06)x10*
60336 0 60436 0 61436 0 70736 (3.76£0.17)x10*
60337 0 60437 (7.47£1.03)x10" 61437 0 70737 (3.88+0.01)x10?
60338 0 60438 0 61438 0 70738 (1.77£0.14)x10?
60339 0 60439 (2.31£0.10)x10? 61439 0 70739 (6.52+0.70)x10?
60340 0 60440 0 61440 0 70740 (3.10£0.24)x10*
60341 0 60441 0 61441 0 70741 (6.26+0.14)x10°
60342 0 60442 0 61442 0 70742 (5.77+0.09)x10?
60343 0 60443 (7.81+0.81)x10? 61443 0 70743 (8.71£0.38)x10?
60344 0 60444 0 61444 0 70744 (1.01£0.09)x10*
60345 0 60445 0 61445 0 70745 (2.84+0.66)x10°
60346 0 60446 0 61446 0 70746 (1.03£0.07)x10?
60347 0 60447 (1.34£0.07)x10? 61447 0 70747 (1.24+0.79)x10°
60348 0 60448 (5.45£1.21)x10? 61448 0 70748 (5.41£0.29)x10*
60349 0 60449 0 61449 0 70749 (1.63+0.08)x10°
60350 0 60450 0 61450 0 70750 (4.74+0.10)x10°

{E: EHP Jy%F ng IF/BER & DNA ) EHP SSU rRNA J& {945 I £ (copies/ng HpDNA)., 0 fUE KT 31 4> qPCR # 337
PR B AG I 45 2R

Note: EHP means copies of SSU rRNA gene of EHP per ng total hepatopancreatic DNA (copies/ng HpDNA). 0 means
negative result above 31 cycles during qPCR amplification
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Tab.2 The positive number of sample detection at
different assumed sensitivities

s E i S AN TR] A 1 2 60 B A A 0 I 1
HEIR Y Ratio of known positive numbers to detected
Assumed positive numbers by different pooling
threshold 5 : 1 25:1 50:1 100:1 150:1
cycles (n=40)  (n=8) n=3)  (n=3) (n=1)
16 0/0 0/0 0/0 0/0 0/0
17 2/0 1/0 1/0 2/0 1/0
18 5/2 2/0 1/0 2/0 1/0
19 6/4 2/1 1/1 2/0 1/0
20 9/5 2/2 1/1 2/0 1/0
21 10/8 2/2 1/1 2/2 11
22 10/9 2/2 11 2/2 1/1
23 12/9 3/2 11 2/2 11
24 12/11 3/2 1/1 2/2 1/1
25 14/11 4/3 1/1 2/2 1/1
26 17/11 4/3 1/1 2/2 1/1
27 19/13 4/3 1/1 2/2 1/1
28 20/17 4/4 1/1 2/2 1/1
29 20/19 4/4 11 2/2 /1
30 20/20 4/4 1/1 2/2 1/1
31 20/20 4/5 1/1 2/2 1/1
A3F Sum  196/159  45/37 15/13 30/22 15/11

TE: O BH P 2 AR PR it A DN 45 R A i (R R R 4 45
R, IR AT — A BRI TR BOE e SO FMEL(C) B HIE
B, TR Sy C R s C, 368 1B0E i ) FE v A
[ B e PO PR, A A DN I R AR ERBOR T Co L,
FIEZRE B

Note: Known positive was resulted from the detected
individuals in the pooled sample group. If an individual in the
pooled samples was positive under the assumed threshold
cycles (C,), the pooled sample group was decided as a known
positive. C, is the critical cycles to determine positive and
negative. If non amplification was detected above C,, the
sample was determined as negative

YIRaeR i PHM:; A 10 A1 17 EEXTER R FHE(PH MR
SEIA 6.7%F 11.3%)IF, EFIBHMER 51, 251
150 = 1 FFFEALREA FHMERH, /H 100 2 1 A 150 ¢ 1
FIFHERES N REAG H o

2.2.4  FHERAR W 89 B R AR AR WA 4t
TR 16~31 AN A8 P A R RV T AR A
A5 2 A 8 260 B A 28 200 B 1 0T 7 A 0 B A ARG T
FAPE R, Hodr, 00 BEPE AR AG: H A BEE DU A 3
PR, C0 B A ok B U A B BE A, B T A
HE R BHPE ) Sk ECRH P, 60 BH PR AGE A B D A 11
PE, TR A IR T A2 I R AR A2 Wi S
PE(EE 6), 45N, 50 1~50 : 1 A2 R U AMIK

T 80%, H.5:1F150: 1 Fi2Wr REUERET, 100 : 1
~150 = 1 BYIZ W RBUEA BT RIS 2 1~25 1 1 Y2
FrSEMEN 99.5%~98.8%, 50 : 1~150 : 1 AYiZWiHE
PEFIIE 100%.

2.3 FERNHEESHF

2.3.1 SHAAERE L T30 XoJ g BH i
Di AR B O EHP 28 - Y E AT FER DN 1Y EHP 2
AT R (R 7). AR TR, WRHAES B 1045 1 1
IFFERTIE A 4 e T AR YME, 6 ML T A
mn ERME, o, 3 AR 22 A RE R 50% LA
by 2425 0 1 FFRERAS IUAE 43 0 AS 1= AR 73
I 50%. PERESHI 5+ 1 3FRET, 20 DB IRE
H1 AR T SRR, HARBIPEIFRETE 31 MBI
5 R BAE 5 9 A BHEIFE A R B 34 & T3 e,
2 SR E J S E Y 10%~183%., HELTAESS 25 0 1 JF
e, 4 NBAMEIREEA 1 AT 31 MBI T 55
FEME; 2 A BEMEIRE AR I E KT EE, 225708
JELEHIMEE) 5%~50%3E . 50 : 1~150 : 1 AYFFRE
W, BR T RS RE A ARS IIAE SR SR B, A PHAE I
FERRLIMME K TP (E, 22T 0RELE 14%~61%31
Bl BRI, 76 31 ARSI R B X ], i
FHATHEDTR 5 2 1~150 = 1 FFRERY & A 45 5 5 2
AN il B 7 (B FEABLTE (0.27+0.28)~(2.83+0.08) 3
FEIPY, SFH4°8(1.26+0.78), Ui B ARl H-REAL T 15 1Y
E ARG 45 A e K - BE K SR R i -1
EHP # i,

2.3.2 A4 EHP REWM T A MA L H M4
FoyARAE  HTIFEER) EHP 30 59 R A I AE
(%1 4 (LgD) 5 IFFE AL AR 3 5o — A S SR 2 2 0
(LM KRR 1), g5RER, —HRLE
K FR(R=0.9741), FIIMEM B (P=2.64x10""), LgD=
(1.055+0.028)LgK—(0.153+0.095).

3 Tt

2017 4 GE AR 7 M B AR A 22 TF T 114 s 2l i i)
g o, UFHFIG M HU(ERP) B FE P E RS R R AE
Xz, FEliZR . WA, 195, Bl WL, R
TR T RN S Y A S (R R B A . EHP
TR | 7S 7 AR AR AL B S (HP M) 2 3 4T K 52 5
X WR 2 R A A K G2 Y BB, R I T B vh
EHP HY#E7E 10° copies/ng HpDNA LA Fif, 0T
B AR (M2 5, 2016), 1 A AEFE, EHP
PR AR A 1) 7 28 1A o LU B R AREAARATR 30% , ARV
P 2 5 W E NV REMESE, 2017) HI T EHP &



H3H RIGELE: KT TaqMan qPCR K FLAH VR X5 R AR fab P R 20 it e S AR A 100 12k 10 A 127
=3 AREHHFEAAMEER
Tab.3 The positive rates under different pooling modes
I FFEEE 1 FH Y% Known positive rate FEAEEI I B R Detected positive rate

TR i

Haiyang samples

HEDTRE AL

Weifang samples

TEPE R

Haiyang samples

HEDTRE A

Pooling mode |
Weifang samples

1:1 12.9% (103/800) 21.5% (517/2400) - -
5:1 40.0% (64/160) 27.5% (132/480) 30.0% (48/160) 23.1% (111/480)
25: 1 50.0% (16/32) 30.2% (29/96) 34.4% (11/32) 27.1% (26/96)
50 : 1 56.3% (9/16) 31.3% (15/48) ND 27.1% (13/48)
100 : 1 - 62.5% (30/48) - 45.8% (22/48)
150 : 1 93.8% (15/16) 68.8% (11/16)

AT, HNAE 1AL ERERAG
- AFFESTETT

VE: JFREC AN A IERE O A0 B P2 8 OF e S RE S LR, R R T RE 2 S
PR, DURZ AL JFAE OB s AR G B P 25 A S 6 I Y BE PR AR B BT RE R, ND R
", TR

Note: Known positive rate is the ratio of known number of positive groups of pooled samples to the number of all sample
groups of pooled samples. Pooled samples was grouped according to the combination of samples to be pooled. Known positive
groups are the number of groups with at least one positive sample in the group. Detected positive rate of pooled samples is
detected number of pooled positives to the number of pooled samples. ND: Not detected; —: Not exsit or unable to calculate, the
same as below

R4 [EIPAME R A FAERD S E0/AG N Y BF 1 R0 PR L B
Tab.4 Comparison of known and detected negative or positive numbers of pooled samples with
different positive rate of single sample in pooled group

FFERELH P B R AT FHFE R B AEU/KE AL Ratio of known number to detected number by different pooling
Inner positive rate of pooling group 5:1 25:1 50 : 1 100 : 1 150 : 1
Negative (0%) 444/469 83/92 33/35 18/26 1/5
0.1%~10.0% - 3/0 1/0 6/0 3/0
10.1%~20.0% 45/23 8/2 2/1 2/0 2/1
20.1%~30.0% - 1/1 0/0 2/2 3/3
30.1%~40.0% 45/42 12/12 1/1 4/4 77
40.1%~50.0% - 0/0 1/1 16/16 0/0
50.1%~60.0% 14/14 2/2 0/0 0/0 0/0
60.1%~70.0% - 2/2 1/1 0/0 0/0
70.1%~80.0% 17/17 1/1 1/1 0/0 0/0
80.1%~90.0% - 2/2 1/1 0/0 0/0
90.1%~100.0% 75/75 14/14 7/7 0/0 0/0

TE: JFRELE N BH M2 g IR A v i B 8 B 532, 0% BRI 38 (0 5030 S I 2 8 60 /A6 I £ B P 2%, 0.1%~100.0%
FRBSCHE 140 R JE AR 2H © /A4S 1Y B0 2H 4

Note: The inner positive rate of pooling group means the positive rate of individuals in a pooling group. The numbers in the
row of 0.0% are known numbers/detected numbers of negative groups of the pooling groups. The numbers in rows of
0.1%~100.0% are known numbers/detected numbers of positive groups of the pooling groups

WA APPG4I, WA A TAE 1 TiZ
g S A M B A, X T R T A
Mo AWFFEXTRAEN) 2 DR BYRE S HE T8 AT,
TR BH R AR R A BHPE RN 36% 5 i HET BEIAR R 2 YR
FEAETE 100 EEHESR, 28 31 MG RS 3 KK H FH
PR, FE R AL VT GE I 21 FHAME R ARG 0L, R 2L
AT REEAR B A REEFIRE I . PCR AN A9 Bl A AT 34
40~200 JG/J N, FEDESE 50 % R A I A9 h A ] g

B, FRIHGN RAEAS i 1 728 A I M SCAR Sk 15 (4%
JE TR ZI, P, FFRERR I 2l e — e d%
SRR 7 3

TE R REA o AR /0 B4 FH PR X T AR 0 5 48 2
AR EBITERMRARELL T, FFREAR IR R 5 H
ARBRIEIN, FEAS R BHPEE bR 2 B B, Xy A
075 2 HA AR s A 2 SOV AR S (BT AR, 1998;
Arnold et al, 2009). [ K= RHEAT 5T B 8 T 7K = fF
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Tab. 5 Detection of pooled samples with low positive rate
BH P 25/ i K PH 5:1 25:1 50 : 1 100 : 1 150 : 1
Positives/Total ~ Positiverate  K/T D/T K/T D/T K/T D/T K/T D/T K/T D/T
1/25 4.0% 1/5 0/5 1/1 0/1 - - - - - -
2/25 8.0% 2/5 0/5 1/1 0/1 - - - - - -
3/25 12.0% 4/10 2/10 2/2 0/2 - - - - - -
4/25 16.0% 4/5 1/5 11 0/1 - - - - - -
2/150 1.3% 2/30 0/30 1/6 0/6 1/3 0/3 2/3 0/3 1/1 0/1
6/150 4.0% 5/30 3/30 2/6 0/6 1/3 0/3 2/3 0/3 11 0/1
10/150 6.7% 6/30 5/30 2/6 1/6 1/3 1/3 2/3 0/3 11 0/1
17/150 11.3% 9/30 6/30 2/6 2/6 1/3 1/3 2/3 0/3 11 0/1

TE s FVERU S BOY R ZOF BRI B EA CE FUE S AR 2 L, A 4 17T BIEERY, )5 4 A3 i kE AL s KUT:
AN B IFRE R BT ARG D/T: RT3 i BE I RE R BT REAR

Note: Positives/Total is the ratio of the number of positive individuals to the number of total individuals in the final pooling
group. The above 4 rows are data of Haiyang samples, and the below 4 rows are data of Weifang samples. K/T: Ratio of known
positive pooled sample / total pooled sample. D/T: Ratio of detected positive pooled sample / total pooled sample

* 6 AEFHHERKXHISH RGEMISEEF 1T

Tab.6 Diagnostic sensitivity and diagnostic specificity of different pooling modes

IR Pooling mode  ELFAME TP ELPAME TN BFHYE FP RFAME FN 21 RBUE DSe(%) 2 Witk HE DSp(%)
5:1 171 442 2 25 87.2 99.5
25: 1 36 82 1 9 80.0 98.8
50 : 1 13 33 0 2 86.7 100.0
100 : 1 22 18 0 8 733 100.0
150 : 1 11 1 0 4 73.3 100.0

T 2 W R R = FC R/ (LR B ) s 12 W S k=L B/ (R B A+ B B )
Note: DSe =TP/(TP+FN); DSp=TN/(TN+FP); TP: True positive; TN: True negative; FP: False positive; FN: False negative;
DSe: Diagnostic sensitivity; DSp: Diagnostic specificity

=7 B 2 NS R
Tab.7 The comparison of two kinds of test results of samples from Haiyang
o) FE AT HE IR A 218 5 AL
Code Mean of pqoled Detected value gf pooled Diff@rence Vz}r%able
samples (copies/ng) samples (copies/ng) (copies/ng) coefficient (%)
H5P01 (6.48+0.80)x10? (1.22+0.99)x10° (5.71£10.7)x10? 88.3+179.1
H5P02 (1.18+0.03)x10? (9.70£1.70)x 10" —(2.07+2.0)x10" —(17.8+31.2)
H5P03 (4.73£0.34)x10" (6.06+0.77)x10" (1.33£1.11)x10" 28.1+49.0
H5P04 (4.72+1.32)x10" (7.17+0.41)x10" (2.43£1.73)x10" 51.9+90.5
H5P05 (4.31£0.34)x10? (6.11£0.89)x10? (1.80+1.23)x10? 41.8+47.4
H5P06 (4.51£0.46)x10" (4.1420.54)x10" —(3.76+10.0)x10° —(8.2£146.5)
H5P07 (5.73£0.54)x 10" (5.25+0.35)x10" —(4.87+8.90)x10° —(8.4+128)
H5P08 (6.10+0.41)x10" (4.46+0.91)x10" —(1.64+1.32)x10" —(26.9+46.6)
H5P09 (1.56+0.16)x10? (9.96%0.78)x10" —(5.65+2.38)x10! —(36.2+43.6)
H5P10 (1.36+0.25)x10? (6.77£1.50)x10" —(6.80+4.00)x10" —(50.2+66.0)
H25P01 (2.58+0.27)x10? (3.42+0.23)x10? (8.35+5.00)x10" 32.6+51.5
H25P02 (9.11+1.08)x 10" (5.32+0.80)x10" —(3.79+1.88)x10" —(41.6+49.1)
W5P01~W5P16 0 0 0 -

W5P17 0 (2.35+1.21)x10" (2.35£1.21)x10" -
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gk
g R {E JERERG DB ZE(H LR
Code Mean of pqoled Detected value gf pooled Difference Varigl?le
samples (copies/ng) samples (copies/ng) (copies/ng) coefficient
W5P18~W5P20 0 0 0 -
W5P21 (1.48+0.31)x10* (2.81£0.37)=x10* (1.33£0.68)x10* 89.9+69.3
W5P22 (6.17+0.24)x 10 (6.76£1.57)x10° (5.95£18.10)x10? 9.6+70.0
W5P23 (2.00£0.17)x10* (4.58+0.36)x10* (2.58+0.53)x10* 129.0+33.0
W5P24 (1.73+0.16)x10* (3.01£0.59)x10* (1.28+0.75)x10* 74.0+55.9
W5P25 (4.81+0.16)x10° (6.54+1.05)x10° (1.73£1.21)x10° 36.0+34.4
W5P26 (2.67+0.43)x10° (6.31+0.84)x10° (3.64+1.27)x10° 136.3+59.4
W5P27 (2.80+0.26)x10* (7.71£1.27)x10* (4.91£1.53)x10* 175.4£59.9
W5P28 (7.90+0.53)x 10> (2.12+0.21)x10? —(5.78+0.74)x10° —(73.2£18.5)
W5P29 (4.14+0.36)x10° (1.170.02)x10* (7.56+0.56)x10° 182.6+18.3
W5P30 (3.71£0.22)x10* (7.08+0.27)x10* (3.37+0.49)x10* 90.8+19.7
W25P01~W25P02 0 0 0 -
W25P03 0 (1.54+0.85)x10" (1.54+0.85)x10" -
W25P04 0 0 0 -
W25P05 (1.26+0.14)x10* (6.30+£0.41)x10? —(6.31+1.81)x10° —(50.0+36.6)
W25P06 (1.60+0.12)x10* (1.52+0.03)x10* —(7.53+15.0)x10? —(5.0£159.4)
W50P01~W50P02 0 0 0 -
W50P03 (1.43£0.13)x10" (1.16£0.40)x10* —(2.68+5.30)x10° —(18.9+85.2)
W100PO1 0 0 0 -
W100P02 (7.14+0.65)x 10> (6.13+2.05)x10° —(1.01£2.70)x10° —(14.1£102.2)
W100P03 (7.14£0.65)x10° (2.81£0.32)x10° —(4.33+0.97)x10° —(60.6+28.6)
W150P01 (4.76+0.43)x10° (3.49+0.86)x10° —(1.27£1.29)x10° —(26.7£61.0)
r B Green qPCR 145 T i 19 RAUME ARy S+ (Liu et al,
3= (1.055£0.028)x — (0.153£0.095) 1z R o ,
Al R2=0.94879 " “ﬁf 2018). FESLIEAN I, A FE I BH AN 55 77 58 R
. =4 e PLAB BT IFRE AR A BIAEAT 5 < 1, 255 1, 50 ¢ 1
33 %+f 100 : 1 F1 150 = 1 JFFEARIN . o TOFRESMR G, FEA
P AT, Ay 3k A fefT DRt RS ARTE W L A1 R A
T o B A I 4 R L G HL B, ACBFE R T 3 %T
1 . . . . ﬂ%ﬁ%ﬂﬁ%ﬁ%i@ﬁ%ﬁfﬂmmR
! 2 Lok ) > ATEHEIP BT 7k, MﬁﬁaA#mmlmdwR
B PR BHP B 05 LR (815 MERIERGET I 16 1 WA BTHORUE. PO 7
IR 2L B AT FE dh AR T RIS T m 5 B AR AR B 1 BT 7 AR

Fig.1 The correlation between of the detected amounts and
the known amounts of EHP in pooling groups

LegK: A3 B MR K I AE 40 EHP & X 50
LegD: faE| A IFHE4 EHP 2 i X 4L
LgK: The logarithmic of EHP amount of the pooled samples
calculated from the data of single samples;
LgD: The logarithmic of EHP amount of
the pooled samples directly detected

G T I 7K 35 5806 3 W7 8 5 40 9 LA S 06 5 ST 1Y
EHP /) TagMan %%} qPCR J5 1%, b 3 PCR Fl SYBR

ZRAEIRE

XPIFREBHE R T2 B, JEFER R, JFRERE
A5 380 11 IO 23R v o 9 B PR AR SR YL R I ()
Al LL3E i I R E (n) B0 R BH MR () %/T
r=l-(l=r)" MW, T #E (v E o A R
FM@%WMWWDH%VfPTﬁﬁMMﬁmme
et al, 1989; Jifi L75, 1998), iR RN T4 %
B T RE R A DLIR 22 AR K, FHASHIF 93 Fp it BH AN i
Pil) 5 0 1 IFRER O A FH MR R AR R R
SEPRBUE B 25 T R BUR 25%~T1%. MAHIFSE B9 B0l
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KT, IR RS BRI IR <42
o R 1) B 23 < AT 3R 1 T e o3 A g A
RIBAIHER" KR,

X} EHP [FFRERG ISk i, o s Bl 45 SR 2 15
SRFERER PSR PHMEAAE . BRI AT R,
T 1) R B RIS (Ossiander et al, 1973), ARAF5EHE
YA s, RES A RBHE S >20%0F, 51 1~150 ¢ 1
14 45 I 2EL RS I 28] f) BE PR 3R 5 L N 1 1 o6 4 — 35
TERE S AN A B PR 2R <20% T, JEAEAG I 45 525 1 3
ER . YRR, FIPER <10/150 B, 100 : 1~
150 : 1 JFREXEEA R R EYE, 2501 LT
IFFEA B ERR T MR <6/150 B, 25:1 LU
L RIERER O R B FHMERE <2/150 B, BT A
JEREY IO P . 7RV FHAYRE S, B R <
4/25 BF, 25 ¢ 1 WO A RO H FHE, PSR <
2/25 W, 501 L BRI oA YR . B BRI
[RIAT R T 7 KR (Ossiander et al, 1973), 1 Fid
TEOUHEI, QS 1 ASEER R 1 AR B N, T
RAAE B L RER AT %00 EAYRRTER, RR
£ 50 BAEES A IEN 1 ASFERERIN 5 17 0 SR A A 1)
SF-14 EHP #5 7E 10* copies/ng HpDNA [ 7K, W Af
AE BB 16% LA LR BEYE, RREE 25 BXTIRG IF
A1 ASFEEER . Mufloz-Zanzi £5(2000)i# 15 B A 43
BT 0, o 2= T 18 A A 0 ) 5 M1 AR 5 A R g
AT RA R, FATHRIE 0.5%~3.0%EF N, HKL
A IERERLE 15 0 1~6 = 1 70,

BTN 280k AR G0 B I RE T R 5% . 78
TFRERG I R SR AVEE SR T, BRI S 201 )/ 5
T R RURE SR IR O R R R i B BH R
FAL TS BEE ] . Mufioz-Zanzi 25(2006) % 520 If:
FERG I A R SR AR SRR RAT R | IR | JERe B
B DR R ARIRGE Iy 2 ) ARG I IR 4 S B AT T M
T, AHEFE NG A SR A s, ot E REE T
JUTAS A EL 0 BEE B0 BH P | ARG B R A B
HEE, A 4E OIE 12WrJr i S kAR fE(OILE, 2017)it5:
15 A I RERECT 1912 B R BUE RS Wiks 1 o 45
T, TR IR IR G R A S Wi ke S 5
W RELE 5 0 1~50 ¢ 1 HEER T HAMET 80%,
5:1 F1 50 0 1 iz REE H4r#E, {H 100 @ 1~
150 : 1 (2B REEF B TR, NX—akE,
OIE F i 192 AR v FL A REAS B AT 5 ARG 2R
(OIE, 2017; FHS, 2014), 7EZ40IEO0 T AT L% &Y
F] 50 A

EHP B i KUK 5 Hak A Bom i L R (KB4,
2016), ERHIXTT EHP &l oA E 8 E X, AW

FEWLER B IR DU ) 2 1 235 S 5 B — A A I ) 7
P8 AT B 038 A et (P=2.64x107"%), T5E (54
RS- A FUAE 0.27~2.29 TE R, AbTF R — s 2%,
Al DL R I e S

25 [tk it 3T TagMan qPCR [ EHP 46
WIIERES T, T e L EPRARE R HEER 5 0 1 JFFE
K g7 AT AP R R 50 ¢ 1 g9 =, AT o A R
FETE 7% LA 110 3% S5 A Joit o it e R PR AR AS 1
Mm%, HEWrER ez R80T S 5 0 1 IR
275 R WD b <o o [ | I VR L 0 W L 9/
e SR A ARG T 7 308 A R ARG I sz 1 AR h SR, B
FFHE R 1M 23 B AR AT RS A B 7 5 IR REAS I 1) 22 Ht
45 LG8 T R R 38 /K S AL P o A I
PEAS R oK A sh W e s 2 W MU A TR - A A it T =
AR
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Evaluation on the Detection of Enterocytozoon hepatopenaei in
Pooled DNA Samples of Litopenaeus vannamel Based on TagMan qPCR

SONG Zenglei'?, DONG Xuan®, ZHAO Ruoheng’, WANG Xiuhua®,
WU Heying'?, YU Danghui'?, XIE Guosi’, HUANG Jie"*"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306. 2. Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences; Laboratory for Marine Fisheries Science and Food Production Processes, Pilot
National Laboratory for Marine Science and Technology (Qingdao); Key Laboratory of Maricultural Organism Disease Control,

Ministry of Agriculture and Rural Affairs; Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity, Qingdao

266071; 3. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023)

Abstract Two populations of Litopenaeus vannamei from Haiyang and Weifang in Shandong
Province were sampled. TagMan qPCR was used to measure Enterocytozoon hepatopenaei (EHP) in the
shrimp hepatopancreas one by one, and then the extracted DNA samples were pooled by 5-pool (5 : 1),
25-pool (25 : 1), 50-pool (50 : 1), 100-pool (100 : 1), and 150-pool (150 : 1) to test the EHP in the
pooled samples. The amplification used a special threshold cycle value (C;) of samples lower/higher than
an assumed critical cycle value (C,), differentiated as an analyzed positive/negative ratio in the single
sample test and pooled sample test. The relationship between different pooling modes and the analyzed
positive rate, diagnostic sensitivity, diagnostic specificity, and quantitative accuracy were compared. The
results showed that the detection for high pooling rate samples could be reduced in very low analytic
sensitivity. When the positive rate of individuals in the pooled samples was above 30%, the detection
results of the high pooling rate were consistent with that of the single sample detection. If the positive rate
of individuals with heavy infections in the pooled sample were not less than 6.7%, satisfying results could
be obtained in the sample with a pooling rate below 50 : 1; while the positive rate of individuals with
light infections in the pooled sample were not less than 16%, the satisfying result could be obtained in the
sample with a pooling rate below 25 : 1. The pooled samples with a positive rate below 1.3% of
individuals with heavy infection, or a positive rate below 8% of individuals with light infection, might
lead to false negative results in all pooling rates. All of the pooling modes have good diagnostic specificity.
The sample with a 50 : 1 pooling rate had a similar diagnostic sensitivity to the sample with a 5 : 1
pooling rate, which is the highest pooling rate recommended by the OIE standard. It had a very significant
correlation between the mean of the detected EHP load of pooled sample, and the mean of the known EHP
load calculated according to the single sample, with a ratio of 0.27~2.83. The quantitative test results of
the pooled samples could roughly reflect the average EHP load of the single sample at the order of
magnitude. This study provides a reference for sample detection in aquatic animal disease diagnosis, and
epidemiological investigations.

Key words Litopenaeus vannamei;, Enterocytozoon hepatopenaei (EHP); qPCR; Pooled sample
detection
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ATKkEREEN 3 MESESE

AETE A AR

aie? ¥ =5 WEm® ® OEY
(1. BWwEREAE S4B B 2013065 2. HEUKRIEGF ST BE K BT B RS
FAR S E R LR =W O RE S E Y R BRI RS E R K IR R B IR
FEHERE FLOWEKREERITRESAEYRZRELSZRE HE  266071)

= PL—#k 8| 7 i 90 H (Mbrio parahaemolyticus)fE 7 #F %8 xf %, HE T MTT [3-(4,5-= W g
W-2)-25-“ KA WAM R B E L, ATP £ A LEeREL KB X EZEEAFHEZ T4 L
BRI 2R Bl 96 FLEARBAT AR R EMEEETH, B2 T ER 3 My AAR B LINEER
HHRAREE E &M E, SRR, BEMIE MTT £ % DL DMSO % f##9 MTT 747 #
# A 555 nm B H o Z (ODsss nm) 4 1T EK 3, 78 H 2189 3t #(LgC) 5 LgODsss nm 4 M % 2 B AT VE B 4
% LgC=(1.0439+0.0200)LgODsss nm+(8.0565+0.0125), #H % % % Re=0.9965, % I # | 56 H %
7.8x10°~2.5x10° CFU/ml; ATP ‘4 4 & 3= DL ATP 7 4 By 48 3t & 56 & (E(RLU) K i+ 2k 4, LeC 5
LgRUL % 1% x % th A7 # % LgC=(0.9590+0.0065)LgRLU+(0.9949+0.0366), 4 * % # R=0.9994,
% VA SE B A 1.0x10%~3.0x10° CFU/ml; B 3 & 4 K i 4 % DA K 23k 3] 45 % 09 i 18 (To) 4 3 3
A, LgC 5§ T, &M x Z At & & LgC=—(0.8727+0.0230)T+(9.0128+0.1572), #H x # #
R=0.9924, % A 3 B K 1.0x10°~1.0x10" CFU/ml, A 3 A 7 =4 SL IR B ol & 3F 5 ARG 4%
K, ATP AR EESHEEEA K AL ARTHEHKE, MTT e R EHEME, TTH
BEAKBEEARENEANEE, tREAFRENE,

KEIR  FHEIHEG MIT bk ATP ARt BEEE K &E

FESES S947.9 XEAARIREE A XEHEES  2095-9869(2019)03-0133-08

W ROTE R A YA SR B R, T2
Oy BT RRE R R T Rk . T ROE £
A BB (R BB | JO0 8
TR BOL 55 5 ARG IR B0s B2 A F
BRI v RO (AR AL G B B0k . TR 78 R 5)

1B K B AR BT #0: (Most probable number, MPN
%, WRR MR RS RS (LI ESE, 2008), R4
EHAEEOEARE X - I PR TS , HAR SR, Zebk
TEEIAE, [ ROk AR e Th A, (B
TAERR, ELAR A A it A7 W A . i,

* v [ A B A VR A0 H (2016~2018)  BACA ML 7 Ml 45 AR AR 2 (CARS-48) 1 Hh [ K 7 B B 52 bt S A BRIl 55 %
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1 i 2 A [ AR R R TR TR0 SR T MPN L R
BT %02 (GB 4789.3-2010), iX 2 Pkl TR 37
24~48h, HTAFRK. Wl&MamE s, MERAHTT
POk, RHEE AR TAE, MPN & RORS f 1 8 AE A
BEIN) s A TR ARA IR e . 4a kil i fa) [ Y Ay
BT T KA A PR A I T VA Y, B T T
K% . Sim Plate™ 4@ MLi140: . M EHAR . &
KRB & st R N5 (MPN-PCR %) | it
S LSO v A i, BUAR T — R, H
WAFFEA ] B BRBA AN o BN, 24 A4S e %
AR RBE | W EEAA TECRMRT, A i THA
A B, HABEIX /4 & I SENs , 7655 bR H v 32 3
TARKAIHIZ

MTT J& 3-(4,5-Z H B BEME-2)-2,5- — I 5L Y 2 ik
TRER, 82 i 4 AR I 4 A ok AR rh i B I i
it b J5, JE RS 2R 0 R I T K B9 Bk (Formazan)
(Mosmann, 1983), FE 4 il fili 1 P 3% 2% T % A B S
N o FHA BILVES 700 i B B S (0% 466, 1998), e %
W W G (OD AH) 17 #ff % 1 41 Hfd 5% (Gerlier et al,
1986). ZIE T . 2T . FRAEAEXS FE . R MR
U, JEAER )Tz W B K AT TE (Escherichia coli)
(F M4, 2002) . £& A FLFF B (Lactobacillus
bulgaricus) . & # 4% BR 7 (Sreptococcus  thermophilus)
(WS A, 2008) . 2k B W I (Haemophilus
actinomycetemcomitans) ( F 5155, 2010) A1 1 B
GRS, 2016)35 135 B £

BRI (ATP) 2 BT A A= A 16 30 19 AE o 4
(Velten et al, 2007), 1G4 H ATP & i S 4E e fE— &
JEHE, AHTRAET G ATP 23 7E kB[] Pk 240 Jf PN g ot
/1 f# (Holm-Hansen et al, 1966), B4 77 ATP & & Rl a]
[ 2 S BTG AN KO . ATP AW % 63 (Miller et al,
1992; Selan et al, 1992; Nyrén, 1994; McElroy et al,
1949) 25 R W FE Mg™ 5 F F LB R 5 ATP
NIE AN ZE-AMP IE A1, 5 O, 45 & A, &
TR S ATP Wk B S Ze M OC &R , DUITTASI 33% o 1) 4t
(Moyer et al, 1983; Gronroos et al, 1983), ATP =¥ %
FEBRAERIE, meth AR R R, SE5% TR
AL, ALBEX 34 B I FEIE , i B BRAS I AN
n] 15 # B4R ¥ (Hammes et al, 2010),

fEYE ST £ PCR A4 3 & s, R e
Y2 F PCR ¥4 A48 £ 4 K il 26 (Brewster, 2003),
Tl A K, RS SR MPN A5
AR, SR AR 2 o A A T8 B AR ok BE Y I () AT TS
TR, FERMALR B R S R AR L, E 2T
17, LAy a1 07 SO TAE P 0 A A R A T 52 B

KBRS E R PCR ABREAEN: 56 A9 L M a4 7
A RTINSO . 7 IR R, AR
MTT Hefayk . ATP AW Ak ik Al e i A K il 2 ik
AT T H# .

1 #MRER=E
1.1 HH

S FH @I I 9K # (Mibrio parahaemol yti cus) 1 2
5o 20130629002S01(LA T faifxk 2S01), Ht A H K
PR BRI Y BE 85V K W5 T SR A A W e A
A3 FIR BRI 5T 2 (L R4E, 2016; Dong et al, 2017).
FEURAERY 2S01 PERELE BRAR 11 VR K G B AR B 95 54 (TSA)
T bRk, 28°CREFR 12 h, PRECAAS VRS R T
ARG AR FRIE(TSB)H, T 28°C LA 110 r/min
HRIE S RS, 3000 r/min B0 10 min, T H#ERSE
R (PBS)IEVEUTIE . HA, % H ODgoom=0.5,
ZS BB TR YR BE 294 1.12x10° CFU/ml,
HU 2 ml $%FF 200 ml TSB 5373, 16 28°C LU
110 r/min 1B ¥R Z % 7 9% 4~6 h, 15407 WA 21550k
K, P E.OHL 4 CE O 3 WK, J1H PBS I8
THVEUINE . BB, W ODgo nn=0.5, #H-

1.2 MTT Lt &%

1.2.1 %k ke 100 wl HEFWIMA 96
FLAN L% FE M (Corning, 3EE), RIEEFLIMA 20 w
5 mg/ml [ MTT &R (AT PBS IE R4 0.22 um

JEE 38 8 BR TR )(Solarbio) , HBALARIR G UE ST, A
37°CHEERFFM T 2 h, BUHJE T 4000 r/min &0

10 min, W _E 3%, BFLAIIA 150 ul DMSO (Solarbio,
FE), JEZIRA) 10 min, & Varioskan Flash 4%
K 4 28 2 ) 68 32 04 (Thermo, 3 [ ) I K 7
400~700 nm i FBl N HFEITE S, B DMSO £

X IRAL, 4 3 AT

1.2.2 MTT Kk e R & FEA [F] 1 0 T D

AN AL HE M 0.05,0.10, 0.15,0.20, 0.25., 0.30.,

0.35. 0.40. 0.45. 0.50 mg/ml i MTT %W, FE50 %

RGBS L, 3 LW, B 3 NFAT, % MTT i

BRI 454 OD fH .

1.23 FTHY R Hh LI DMSO A%, UL PBS
PRVROR 121°C KB 20 min (IFET- B A MEES I MTT
i, B 3 AT

1.2.4 MTTE &5 B & R R B ) 3K MTT 3

B 37 CIERE R4 0.5, 1.0, 1.5, 2.0, 2.5, 3.0. 3.5,

40hJ5, BOFEHER, KRN, 43 FT,
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iz LRy i 45 41 OD fA .

125 %0 B 54 f W & kR
1x10° CFU/ml A4 T 205 2 A7 B A FE A U
9.77x10°~1x10° CFU/ml, %4 3 A~ F47, H MTT %
M 440 OD fi, H SigmaPlot 12.0 # k1745 dE 53
Br, F Polynomial #4750, 7 PR B 5 0
[ S5 OD B R fE T2k

1.3 ATP &£ & 3¢&

1.3.1 XA & 7T e ISR AL ATP A6 3R,
7l & (Beyotime) it Bl 5545 25 B8 AR & #2411 ATP
PRUE S AT S e, JRE T bR
1.3.2  %nlE B 5 AR v & FiR% OD JERYH
WS BRI B R 3x10%, 1x10%, 3x10%, 1x10°, 3x10°,
1x10° . 3x10°. 1x107 . 3x10". 1x10*. 3x10% .
1x10° CFU/ml {18 B , 98 J5 4 BR300 18 I - ol
F X RO RLY), #RH 3 P17, B ER
e 5 HR W R RLU BYR e 2
14 BEE£KHEE
141 FEDRERARE SIS ODANE R
# OD J5 B RF B 13107, 1x10°, 1x10*, 1x10°,
1x10%, 1x107, 1x10%, 1x10° CFU/ml Ay B
AEEREE 2 pl, H 8 iHIARW AT M BT INA 198 pl
TSB #5511 96 fLArh, BAWEE 3 AN ER, &E
PBS =5 X, FHIREdR IR S), A 28 CHEIR
K46, 300 r/min JRGHFE . FEREFEN 0. 1. 2., 3.
4.5.6.7.8.9.10. 11 hill5E ODgyommo
1.4.2 #ZFAFAEHZE B 4N 15 55 B 18] A1 ODgoo nm
PR T2 B80T B A T P 24 T ) 155 35 5L ) ODggo o TH., FH
SigmaPlot 12.0 #{F#A78HE /317, % Sigmoid HhZk
R 3 ZHHEAE, RIEUA R, Gt
SR K2Rk ) a/2 (H A9 TE] x0, HE 7 TH I Ik
JE 592 5 [R] (R AR v %
1.5 BiFmilEE &R NE

B 10 03 A [m] e B iy i s i o o1 7, 49l
3 FHEOT S PR EOE A TR LG, 43T 3 R
07 9 BT B0 S (C) 5 M50k 1 504 - (Co) 1)

LMXRZMERRZE(C. V).
C.V.=(C-Cp)/Cpx100%

2 SLIGHEER
2.1 MITT k&%

2.1.1 Ak ¥k MTT Z40E =42 5 i (o

P55 25 0 WA TR B A T B R E (R 1), 4553
WoR, WA YR BRI IIEEFE 550~560 nm Z
] . DMSO F4 I ' B Xt S 56 2H WO BE S AR /s, HL%
AU, J& TSk, Wik, $ MTT ki
K2 R 555 nm.,

0.5

—o— Testing -------- Control

041
031
a
8 |
02%

0.1+

0 L 1 L 1 L 1 s 1 L | L J
400 450 500 550 600 650 700
K Wavelength/nm
Bl 1 MTT j= 49y VB 8 WS AG I 304 4 41 4
Fig.1 The scanning of photoabsorption detection
wavelength of formazan produced by MTT

2.1.2 MTTZER &5 F BWEAE R MTT H
BTN, SR ERE 2), MY RN MTT
WK 0.2 mg/ml, =4 HEIIE N ERE, FHHR
W ioih £ 2R, Kk, B MTT KW EEN
0.2 mg/ml, MTT &3 0.2 mg/ml B, ;=4 1 FH 8

20

ODSSS nm

0!
0.05 0.15 0.25 0.35 0.45
MTT¥#E Concentration of MTT/(mg-ml™)

P2 MTT ¥ B A6 I 45 R 1) 52 i
Fig.2 Effects of the MTT concentration on the
measuring results

2.1.3 FHhpesHa L DMSO %8, H PBS
B B AR RS AT MTT SONAGTN , Frfs fks:
MHERMRE 1), & %, 30 3 dEdE MR
T I 3 22 5 (P>0.05), [HUt, AT LLZ WX s 144 %t
YR ZE R R

2.1.4 BB B A 69 %vh YHTE 5 MTT 52 (]
TE 0.5~2 h i}, JE R B BAE B #E £, 2 h 5 4 4F
TEAXS AR OE B (B 3), BRI, B S R B TR)SE A 2 ho
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&1 TEFHPLL DMSO K3t HRETH OD &
Tab.1 OD value of the different interfering substances compared with DMSO

T34 Interfering substance DMSO

PBS KIGH W Deactivated bacteria

OD 'fﬁ ODSSS nm 00393i00012

0.0423+0.0049 0.0502+0.0038

0.5 I 1;0 I ll.5 I 2I.0 I 2I.5 I 3I.0 I 3I.5 I 410
J% WA [E] Reaction time/h
B3 i et i) e G 0 3% SR ) 3 i)

Fig.3 Effects of reaction time on the measuring results

2.1.5 #%liER Wit LR S, A em
MTT JEAERALAR R AT R 1 5 ER7 A s 38 8 3% PR T T
#(, H SigmaPlot ) Polynomial £&VE43AT, 4R Mk
JE 4 7.81x10°~2.50x10° CFU/ml i}, FE 5 1 F) ODsss nm
H5 1 AU PE S R 3, YR LN
2 MW E R RS, HX RN LgC=(1.0439+
0.0200)LgODsss n+(8.0565+0.0125), R=0.9965 (/& 4).

9.0r
LgC = (1.043940.0200) LgODsss 1, +(8.0565+0.0125)
I R?=0.9965 T
85F .,I".
8.0F 3
% o
=
7.5+F o=
70F
=
6'5 1 1 1 1 1 1 L L 1 J
-1.2 -0.8 -0.4 0 04 0.8
LgODsss om

Bl 4 BN LgC 5 OD {HXT 4L
LgOD555 nm E"J*fﬁ?ﬁﬂﬂé}é
Fig.4 Standard curve between the logarithmic
concentration of bacteria (LgC) and
logarithmic ODsss p, value (LgODsss ym)

2.2 ATP &% 3%

2.2.1 ATP Ar/fEER AR & AR A ATP
K5 &5 ATP ARAEVEWGHATAEIN , ATP bR
W BEAE 1.0%107'~1.0%10* nmol/L B, ATP ¥k B 1%}
B(LgATP)5 & 5% B X 5 (LgRLU) A 44 ¢ R i

F, HX AKX K LgATP=1.0509LgRLU-4.3223 ,
R=0.9974(& 5), 2RI GAE 1230 B N I o 25
R

N

| LgATP = 1.0509LgRLU - 4.3223 .
| R2=0.9974

LgRLU

K5 ATP ¥ X EU(LgATP) 5 A% & 58 B (RLU)
XHE(LgRLU) A 1 1 22
Fig.5 Standard curve between the logarithmic concentration
of ATP (LgATP) and logarithmic relative intensity of
luminescence(LgRLU)

222 Wik EITH LgC bAoA k& E AT
LgRLU #9472k FHHEGRA ATP X577 &% & %0
W B ) RIS i I A S E A TR, A SigmaPlot (1)
Polynomial Z8¥E4r#T, MBI REAE 1.0x10%~3.0x
10 CFU/ml B, X R i FH X5 2% S 8 B X 5 (LgRLU)
SR E(LeO Mt e 2 W, AMiuEE
EL R 4.5 ADUNRRER RS, HXERAN LeC=
(0.9590+0.0065)LgRLU+(0.9949+0.0366) , R=0.9994
(" 6)
23 BEEL£KMZ&E

FEHEE N 1.0x10°~1.0x 107 CFU/ml Y &I il 9K i
IR W nAE B IR 2P, BRE 1 h, W
ODgoo nm 1B, FIBRAFEFP AN R LAY ODgoo nm 5, 5
WV FE 0 A B RO B BT AR R AR K AR, T B
XA KA E S S T (Sigmoid) £ 20 A , A ] vk
() S il 27 5 a5 Ak i A K R BE AR R, 4 SigmaPlot
) Sigmoid £ 3 ZHALAPL G, 192KV 1Rk
1) 4 B AR i 26 (& 7). FH SigmaPlot ) Polynomial
RN, B VR BB il e 1 53 B TR 2 50T
BTy A K 5 B R ALY 50% 19 A A s ), 32 1 ] 78 JF
I S 10 ) ks 200 TR v B2 3 1B P 341 5 3 0 R U
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%3
9T LgC = (0.9590+0.0065) LgRLU +
(0.9949+0.0366) o
81 R =0.9994 .
."-.
7t -
% e
il s
.‘.‘..
5F =
-‘..‘.
4 R L
3 4 5 6 7 [3
LgRLU

Bl 6 DR XA LeC 5 AHXT & OG5
P LgRLU AR £
Fig.6 Standard curve between the logarithmic concentration
of bacteria (LgC) and logarithmic intensity of

luminescence(LgRLU)
0.6}
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£ 0471 ; /
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0.2 F 7/ /% ,1 o 1E+2
p ¥ ¥ / 2 / /
3/ S [ / /7 a1E+1
0.1 - Y S /m/ §/ / I/,.: %/ o 1E+0
0 s - f“'_,__.f'/ P -~ -~ N
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fif[E] Time/h
K7 25400t e BE T A A Kl 46
Fig.7 Growth curve of each initial concentration of bacteria
(LeO R AW R FWARMRR, KMERRBELX 7 4
BEH, HX RN N LgC= —(0.8727+0.0230)T+
(9.0128+0.1572), R=0.9924(%] 8),

Tr .,
6f e,
o ‘
P S ..
B L T
=3[ .
2 LgC=(-08727+0.0230)T,+  “wx.
| (9.0128+0.1572) .
[ R2=0.9924 e
0 1 s L T
2 4 6 8 10

1 s At E] Spinodal time (7,)/h

K8 B LgC HAEK LM
P s 1] (T BB A il 2
Fig.8 Standard curve between the concentration of bacteria
(LgC) and the spinodal time (T;) of growth curves

2.4 B)iA I 5N E B A

SR MTT btk . ATP &Gk A
KA ZREEXT 10 0y A [E) i B A w37 1l 5 Bl o YR R A 7 4G

W, IF 5 PRI ECE AT A (] 9)0 25 R WR, MTT
BT 9 ARG MEE [ AR ST EUE A X £
(LgCurr) 5 M it 50k 45 S 1% (L g Cp) Z ] HAT 1
BN R (R=0.9620, P=3.42x107), H X R
J LgCunrr/LgCr=1.0123(1F 9), 9 NEEMAYAE 5 R 5L
F(18.50+12.03)%, M RIS PETEFR 1 FE Y
el 4.82x10° CFU/ml, HZE 7 ZH0H 36.61%. ATP
KGR 9 ANTE LRV Fl N AR it 0B A X
B(LgCre) 5T AR 5005 19 45 5 (9 X B (L Cp) 22 1] L
R AP R (R=0.9981, P=1.72x107""), H&
Z A LgCarp/LgCp=0.9981(18 9), 9 LM AYZE 7 £
N (8.5945.90)%, AT ZR M TE FIAY 1 ANFE S
WPl 6.43x10° CFU/ml, HAFSF RZH0N 23.65%. =
AR KR RO 9 AN TEZR TS BN B RE S
BAH 1 X H(LgCo) 5 M 1T 5501k 45 5 1 X 40 (LgCo)
Z 6] B W W3 0 2R 26 & (R=0.9985, P=3.89x
107", HEZRK N LgCu/LgCr=0.9985(1F 9)., 9 M
78 S R RN (9.78+7.46) %, B ERIETE I 1 4>
FES B E N 77.00 CFU/ml, HAF ST 2500 68.43%.

sl LgCurr = 1.0123LgCy
I R2=0.962
7¢ LgCare = 1.0036LgCy s2”
i R2=0.9981 o7
6 A&
s| LgCs=09996LgCy /#/
QL R=09985 o
= a4t e
[ ...o-""
3r 4 MTT method
I o 0 ATP bioluminate method
2 . o Growth curve method
1 L 1 1 1 1 1 L 1 1 1 1 1 L 1
1 2 3 4 5 6 7 8

LgGe

K9 3 i il i I s R0 5O RO O 45 R LA
Fig.9 Comparison of logarithmic counting value three high
throughput counting methods for living bacteria(LgC) and
logarithmic value of plate counting (LgCp)

B3 3 FITE S AR EOE B AL R, ATP K
DG AR A R T 2k ny 2R AR R 1, B
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MTT ERIRERS 1 AP, i ELE (i {7 8 i s v
JEEAULERGERE, YK —J7 ik iS4 R A e —
ERZE

3 i

SR D T TR R B A T i G RE N
T RE LTI RS G, B — L8R5
AFEEFRAA, BIURAR R e (R 358, 2017) a8 & {4
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TUL 1B P 1 S B it A T A I B, A543 5 P A4k
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ATE T RFEA R A e A, BEAh, AR S R
HARIER) ATP T3, At o0 i e 1 7= A AR
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Comparison of Three High-Throughput Viable Counting
Techniques for Aquatic Pathogenic Bacteria

ZOU Peizhuo'?, YANG Qian’, DONG Xuan®, XIE Guosi’, HUANG Jie'*"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Laboratory for Marine Fisheries
Science and Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao); Key
Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture and Rural Affairs; Qingdao Key Laboratory of
Mariculture Epidemiology and Biosecurity; Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Qingdao 266071)

Abstract Three viable counting methods, including MTT assay, ATP bioluminescence assay, and
high-throughput growth curve assay, for live Vibrio parahaemolyticus were compared in a
high-throughput manner on a 96-well culture plate. The standard curves and linear ranges of these three
methods were determined. The results showed that the directly detected index of MTT assay is ODsss ym,
which is the absorption at 555 nm of DMSO-dissolved formazan produced from MTT. The liner standard
curve for viable V. parahaemolyticus between logarithmic viable counts (LgC) and the logarithmic ODsss
(LgODsss nm) was LgC=(1.0439+0.0200)LgODss5 1 +(8.0565+0.0125), with a correlation index Re=
0.9965, and the linear detection range is 7.8x10°~2.5x10* CFU/ml. The directly detected index of ATP
bioluminescence assay is the relative luminescence unit (RLU), which is produced by ATP of viable cells.
The liner standard curve between LgC and LgRUL was LgC=(0.9590+0.0065)LgRLU+(0.9949+0.0366),
with a correlation index RP=0.9994, and the linear detection range is 1.0x10*~3.0x10° CFU/ml. The
directly detected index of the high-throughput growth curve method is the spinodal time (T), which is the
time reaching the reflection point on the growth curve. The liner standard curve between LgC and T, was
LgC=(0.8727+0.0230)Ts+(9.0128+0.1572), with a correlation index RP=0.9924, and a linear detection range
of 1.0x10°~1.0x10” CFU/ml. These three methods were used to measure 10 broths of V. parahaemolyticus
and comparison with the plate counting method, respectively. The results showed both the ATP
bioluminescence assay and the high-throughput growth curve method had satisfying accuracy, but the
MTT assay had lower accuracy. The high-throughput growth curve has the widest linear range and is the
most suitable for high throughput measurement.

Key words Viable counting; MTT assay; ATP bioluminescence assay; High-throughput growth curve
method

D Corresponding author: HUANG lie, E-mail: huangjie@ysfri.ac.cn
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LE. e, RENMEEEREam
TEER A ELh A K IERE . HEEXENIBIRIR I

o' RHEEFY %EE' Iyp!
Kk EAMT EEg’

(1. "PEKRIEEE R AT H8 266071; 2. R RYK™ 5L EiF 201306)

WE KL E AR E(Gradlaria verrucosa) . i % (Enteromorpha prolifera), # j& fu 1 i £
R 2 49 3t 41 88 7R 07 # (Takifugu rubripes)4h & 4 K PE 68 . ifn 7 A0 AT I 4 (LA A fn iR 4 R B % v . 5236
HEFIR 6 FER . FAAE, A a0 60%5 XA 1 F1 45% &0 x4 2, 254 10%K5
TH. HE, BE, WESHNEAREASREERTEA 1 HEF 0% 2, HRWHEEY
(17.33£0.55) g W4T ¥ A rbsh & 56 do AR T, DB LA T EKFSCGREER THM 5 4
(P<0.05), &4 SGR B EFH T H4 2 il A (P<0.05), G 1 fEEHLEEER
(P>0.05); *t A 1 ik & 4147 £ 3% % (FER) 2 3 & T X B 41 2 A0 H #(P<0.05), 5L & M4 T
B £ 7(P>0.05); dE4 1 WELGRAREPPV)FEL T EXPER)E 25 TAEE 2 mEiE
4(P<0.05), 5L #E . WL MEELL L EZ 7 (P>0.05), 2)% 40w & fo it i o A 7 % 2 8 (GPT)
5 4 F B (GOT) W M3 & B % 2 7 (P>0.05). 4 41 17 7 — B (MDA) 4 & fn 8 & 1L 4 3 b B
(SOD)J&E M T & # % F(P>0.05). 3)HEA &K E A 48D EE THEEHP<0.05), SxHEA
1, XEB4 2, IEMFLELEEZRP>0.05); FEREEHAKMEENCERZFS TAEYA 2
(P<0.05), StHE4 1, LEMEELLREEZFP>0.05. 46%EF, ¥ 10%LE., HE., EifM
HESHMEGREARRRAEF 30% N &Mt R sy aEKkMETTRY R, - HH
EHUREREOER TN EKER,

KR asARH; R, KMl ENER

FESES S963  XEKARIREE A XEHRS  2095-9869(2019)03-0141-10

HYIEABCRARIR | P ERRE M IRERS T i — L8R &SRR A A Koy, IR AN RESE &
Pert, —EAEER AR NEABORI, Ah Ty Ak SRR —K A Y, SRERY)
HEHFSAPUE RN T@BEFE, 2015), JFEk=m2E ML, BESAFESNT YR, GFER BRI,

* PAC AR 7=l B AR AR R £ T ¥ 4 (CARS-47-15G) % B [This work was supported by China Agriculture Research
System (CARS-47-15G)]. 8 &, E-mail: 1219615337@qq.com

O #WiRfEH . BRI, A, E-mail: liangmq@ysfri.ac.cn

Wk H 41: 2018-04-20, Wfes ki H 1B 2018-05-25
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ANRFING TR | W 2 FE R A X B S A i — Lk
Wy, AT DA 7 Rl AR AR 8 1 BT R R AR o BT 3
ME IR Z (B T4, 2006, 22 AJE4E, 2009).

41 4% 7% J7 fifi (Takifugu rubripes) & H B & %1 &
SRR —, HaREsE, ERFEE, BAm
L ARIEN RS, ARSI AT E . L8R )T
0 28 1 BT B R R, ARG R I, 2LEE AR Dy fif
Sl R R A A SR AE 40%~50% (Kim et al, 2009;
EIE, 2008) ., HRTLLEE 7R 7 il i) N TIRIEFCR E 48
FU ARG, EX 2166 7R fili 8 5 5 SR RN BC A e A A
GEUE I, W o S AR 1) & FHRC A iDL R 2R ) fid
PRl KOG, AR ST LR LAY 2 BRI TR
[ VT & (Gracilaria verrucosa) . T # (Enteromorpha
prolifera)] 1 2 Ff Tl T BAH (VT i HOHS 8 e I )
. R AR AR A R IR S ) TR ) S A ) AR
e TR A AT ) 2 B A 21 8 2R fili &)y £ A ) v
BBy, PRITH XS LG AR Dy il gy f AR KCMERE L VS
WA= fb 4 b AR B 52 e, DAIA ki3 B2 Tl
T AR 216 AR T i ARk v 0 1 R S

1 #REFE
1.1 LBER

SCEG LR 6 FPAEA . ARSI RRL, DL
W 60% R IRZH 1 FIE 45%fps Ty bt IREH 2, 439 LA
10%VLES | WhE | i (T 4R IR S IS I 0 A2 )
PV (i e T A AR R s 1) P2 T ) 5 A ) 1 o
B A Ja B AR AR X RE AL 1 30% 1 Fks o T JRURLEY
it 80 HIfM , el FraE, BHIRS), SRIFm
RS, I 30% K FE45T, HEIRIAILE B B4R R
2 mm fEURLERE, SSTCEXNTHE 12 h J5E F-20C
WHERAE o VIS . WREy . P IA R VA 1) B 93 Ay
DL 1, SEERERZE B SR KO WLER 2, SEE kL
RILFRA I 3.

x1 IE. TE. BENEENENEFRRS
(THBLEERL, %)
Tab.1 Proximate nutritional components of G. verrucosa,
E. prolifera, algae residue and fungi residue (DM basis, %)
. Algae  Fungi
Items G.verrucosa E. prolifera : .
residue residue
HLE PR . 18.25 8.47 17.30 23.10
Crude protein
N B
LT 0.49 0.76 0.50 0.33
Crude lipid
LK Ash 25.42 27.65 23.13 24.81

1.2 HFEE

FRFH S I A L AR A AR £ T R R K A BR S A
AT, SE6 T F 21 88 ARyt 4y £ [ 110 2R 48 ¥ BH T 00
IR BN T o SIS (8 6T R 4 ) 77
7 d, {EHIE N FRIEIA S AR KN L R, SR
KA, B KI5, KN A R
K, KR 14~25°C, WHEMRE R 5.5 mg/L 247, i
FER 35 /4, pH M 7.5~8.0,

SLHGIF AR E 24 h, SRJ5 BEMLIEBUEEE | MUK
— ML EEAR g, WA IR hy(17.33+£0.55) g,
BEHLZMBC S 18 ST 1501 AR SR FEAR T , B4
B 25 o ¥4 18 AN FRFAMRBENL Yy 6 41, Fp4l
3ANFREEME, ARABEHLAEME 1| FPSC g iRk, SRS
WA R | A R 3 1k, B 0.5 h
Je X REAAR I B T, AR R 100 RLERDEH -3
Fiat, THESRI R, FRAE 28 d JE IRAEARHE N 500 L
KAG, HARBA &R AT LRI A 2017 4
8 H~2017 4F 10 H, F#FHAMIE 56 d,

1.3 HEmEES5HH

SCEG T AR HTREALEL 20 4188 43y fili 4y fra 4 A 4
W, FHFHEEIRB . LWESHR)E, YLk
24 h, XEARASEATIIEC, PRE . AEARBEALE 3 B,
RGO, M 1% RbiEe, 4CHE 4 h 5
3500 r/min &.0> 10 min, B EZEME, B TRA PG
FE 5 RIS 0 fFR IS AR, i 43 25 3 0k TR
JEREIFAREE, THRAACWERE . R L RIEAA LE , BRI
BT WA AT . TR BEALEL 3 B TR RS 4
Bro

TRl A A H S TR A 93 TS % AOAC(1995)
M7k o, JKAr SR E R A 105 CHET 2 H &
%, R 0T 0 SR R L EC E 05 (VELP PILIGE
A4, UDK-142 Automatic Distillation Unit, 7 K#]),
FERE 7 25 1200 5 SR R QAR LA il kAR Ry 4
W (SOXTEC2050 FOSS REMil AL, Fi), FH K5
B R 3 (550°C)KkE 6 h TS,

JF U o 52 7 5 TR ifF (ACP) . Wik W R T (AKCP)
BRI E(GOT) . A N5 ZE(GPT) . % 14 i (LZM)
T A K I i v A Ak ) B AL i (SOD) . ACP . AKP,
GOT. GPT. LZM J& AT —E(MDA) & & #°R
T A A ) TR T A R A T

)b Z SRR 41 A I E 2% GB/T 18246-2000
7k, (I L-8900 4 [ 3h & &R 4317 X (Hitachi,
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Tab.2 Formula and nutrient composition of experimental diets (DM basis, %)

1% Groups

EES X AL 1 X R4 2 T WE b [Epic
Control 1 Control 2 G.verrucosa E. prolifera  Algae residue Fungi residue
JEBl Ingredients
fa ) Fish meal 60.00 45.00 30.00 30.00 30.00 30.00
VI G. verrucosa 10.00
W& E. prolifera 10.00
¥ Algae residue 10.00
B Fungi residue 10.00
AWk Wheat gluten 1.00 9.00 16.00 16.00 15.00 15.00
EKEAK Corn gluten meal 2.00 5.00 9.00 9.00 9.00 9.00
TZHI Soybean meal 2.00 8.00 15.00 15.00 15.00 15.00
/NFEHS Wheat meal 26.30 23.30 9.30 9.30 10.30 10.30
Wille Phospholipid 1.00 1.00 1.00 1.00 1.00 1.00
B Choline 1.00 1.00 1.00 1.00 1.00 1.00
031 Fish oil 4.00 5.00 6.00 6.00 6.00 6.00
Wi — &% Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50 1.50
4k R TURK Vitamin premix’ 0.20 0.20 0.20 0.20 0.20 0.20
B R R Mineral premix? 0.50 0.50 0.50 0.50 0.50 0.50
44 & C Vitamin C 0.50 0.50 0.50 0.50 0.50 0.50
41t Total 100.00 100.00 100.00 100.00 100.00 100.00
%?%QHEE Zi)lﬁ:;)f)l:tlon
HLEE 1 Crude protein 51.04 50.72 51.38 51.54 51.67 52.32
HLIEN Crude lipid 9.92 9.66 10.28 10.05 9.46 9.51
K4y Ash 10.40 12.70 13.77 10.35 10.59 11.31

I fAZBEY(mg/g IBEY): BilkE, 2.5mg; BEE, 45mg; MW E, 2mg; 4i2E% By, 0.01 mg; 4k
HEFEK;, 1 mg; WIEE, 80 mg; iZHR, 6 mg; MR, 20 mg; MR, 2 mg; AR, 0.12 mg; 4EERK A, 32 mg; 44K D,
0.5mg; #/EKE, 12mg; WK 867 mg; 2.0 YR G Y (me/e IREY): AL, 0.2 mg; MULER, 0.08 mg; Sfb4G, 5mg;
TR, 1 mg; GRFREE, 8 mg; BRMREE, Smg; BREREE, 120 mg; BAMR 45, 300 mg; Sfb#N, 10 mg; WEAHK, 551 mg

1. Vitamin premix (mg/g premix): thiamine 2.5 mg, riboflavin 4.5 mg, pyridoxine 2 mg, vitamin B, 0.01 mg, menadione
1 mg, inositol 80 mg, pantothenate 6 mg, tocopherol acetate 20 mg, folic acid 2 mg, biotin 0.12 mg, vitamin A 3.2 mg, vitamin D
0.5 mg, vitamin E 12 mg, wheat flour 867 mg; 2. Mineral premix (mg/g premix): NaF 0.2 mg; KI 0.08 mg; CoCl, 6H,0 5 mg;
CuSO4-5H,0 1 mg; FeSO, 7H,0 8 mg; ZnSO4 7H,O 5 mg; MnSO,-4H,0 120 mg; Ca(H,PO,4),-H,O 300 mg; NaCl 10 mg;
Mordenzeo 551 mg

FAORIRE . Kol T AR O RS T U EMR 8 R WIA IR B B DR T

T IR AR BRI 1Y) 5 2, €0 2R IR R /K A e DR T oA 1 T LU (Protein productive value, PPV,
LRl %)=100xfa /A FE H F TR /DR 1 A =
1.4 HEAR M B3R (Protein efficiency ratio, PER)=(4K

PRE WA PR )L I I AR

G R (S lrate, SR, %)=100xZK 11 %/
(Survivalrate " JFA& H (Hepatosomatic index, HIS, %)=100x i

Wb R AL
BEEr R (Feed intake, FI, %/dy=100<Erips  B/ME;

T[S0 TR (0 B P B+ R R )2 JIEAA He (Viscerosomatic index, VSI, %)=100x P4 I
¥ 8 42 K % (Special growth rate, SGR, %/d)= GAlEEEENGER

100x(In AR T —In I UR AR /S0 50 KR AL JIE 36 i (Condition factor, CF)=100x{4 & /{& K 3

TR (Feed efficiency ratio, FER)=(Z AR~ (RFEANL: g3 HENAL: cm).
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Tab.3 Amino acid composition of experimental diets (DM basis, %)

205 Groups

55 FLin
CAER WA T AE4l2 T W it Tt
Control 1 Control 2 G.verrucosa E. prolifera Algae residue Fungi residue
Wit B HER EAA

INEER Thr 1.91 1.75 1.73 1.42 1.52 1.53
MR Val 2.13 2.06 1.99 1.98 1.98 1.96
EAR Met 1.16 1.19 0.96 0.74 1.05 1.31
RELER lle 1.84 1.81 1.77 1.59 1.72 1.70
SERR Leu 3.43 3.51 3.75 3.44 3.55 3.49
KINETR Phe 2.27 2.13 2.29 3.39 2.93 2.84
MR Lys 3.19 2.64 2.28 2.34 2.15 2.15
HE MR His 1.14 1.26 1.12 1.02 1.02 1.03
K& Arg 2.44 2.20 2.19 1.99 1.96 1.98
BT AR SEAA 19.52 18.55 18.08 17.91 17.88 18.00

e AL NEAA
KRARIR Asp 3.92 3.55 3.50 2.66 3.05 3.05
2258 Ser 1.85 1.91 2.10 1.76 1.84 1.86
HAMR Glu 7.32 8.87 8.51 8.68 9.06 8.96
HZAMR Gly 2.26 2.08 1.99 1.94 1.92 2.00
AR Ala 2.77 2.49 2.30 2.09 2.13 2.12
LR Cys 0.38 0.62 0.60 0.58 0.70 0.47
B R Tyr 1.60 1.60 1.64 2.00 1.79 1.82
& 82 Pro 5.73 7.00 8.33 6.80 7.13 7.19
4 HEIR Tau 0.42 0.31 0.34 0.33 0.31 0.37
BAENTH A INEAA 26.24 28.53 29.32 26.84 27.94 27.84
AR/ TEAA/ENEAA 0.75 0.66 0.62 0.67 0.64 0.65

RAEL TR A IR

R IR 1, 45% Mk X R4l 2. VIE . il
I L (P<0.05), W4 3 = T X IR AL 2 FIvEeg
ZH(P<0.05), xR 1 HAAEBAH LR FHER
(P>0.05); X HAZL 2 Fnp e 0 ARl b0 1 3R W 2 s Tt
TR 1 FIVTE 41(P<0.05), SHF& fsEilgl e i &%
5(P>0.05); XFHRAL 1. WF & AR R0R W Xt
HAZH 2 FITAEE (P<0.05), SYLEMBEA T % ER
(P>0.05); XFREZH 1 Ay 8 1 BTDTR AR R 1 AR
FE TN IR 2 B L4(P<0.05), ST . &M

1.5 HIEZRITSH

SRR F SPSS 17.0 Ak Ab#E, SR H
E 5 2531 (One-way ANOVA)EE P IEAT 5 2408, 45
FATE %22 5 (P<0.05), WISRA] Duncan [KiLiEfT41MH]
MZE LA, GRS BIEHARME R (MeantSE) RN

2 R

21 IE. BE. RENEAEERENTLERS

fli%h & KRR

TLEE . RS . A R DR A Ay o) A1 B AR B
gt A K AERERY AN R 4 BT o 45414088 45 fili 4y
AT BT 80%~90% , e 1t 20 i 2 1w T B 4 2
(P<0.05), X84 1, VI8 . WrEMEEa %
Z 5 (P>0.05); W& 4 SGR ki, BERTH 60%

P 2H TG i 2 25 5(P>0.05),

PR AR L 3 s TR AL 1. X4 2, YT
BRI A 2H (P<0.05), 515 40 W3 22 7 (P>0.05);
BT L AR L 2 s T X IR 2(P<0.05), SXTHRAL
1, VL WS AR 410 3 22 7 (P>0.05); #5411
JIES it B TG ik 2 2% 5% (P>0..05)



53 £

WA VU WFE . BRI R QO R L8 AR 7 i) i A PR

FASRAEALAR PRI RN

145

=4

A%, B8 RENEEERERTABRA S E S K EIFAERIZNT

Tab.4 Effects of fish meal replacement by G. verrucosa, E. prolifera, algae residue
and fungi residue on the growth performance and physical parameters of juvenile tiger puffer

205 Groups

E;ES XFHEZE 1 X R4 2 T e i i
Control 1 Control 2 G. verrucosa E. prolifera  Algae residue  Fungi residue
7153 SR(%) 85.33+3.53%"  80.00+2.31°  81.33+2.67%  85.33%3.53"  90.67+£1.33"  89.33+2.67"
A KR SGR(%/d) 1.96+0.07% 1.88+0.07° 1.91£0.03° 2.20+0.02° 2.08+0.01° 1.98+0.05%
FEER FI(%/d) 1.89:+0.06° 2.14+0.02° 1.95+0.07% 2.08+0.03®  2.07+0.03% 2.14+0.05°
TABHL % FER 0.93+0.01° 0.80+0.03° 0.88+0.04  0.93+0.01° 0.89+0.02%° 0.83+0.03%
B HFRUTER PPV(%) 28.04£0.20°  24.69+0.87°  26.33+1.32°  26.96+0.30°°  25.34+0.40°  24.89+1.47°
FEH MR PER 1.85+0.02° 1.64+0.06" 1.72+0.09"  1.80+0.02% 1.73£0.03*°  1.59+0.07°
JFA L HSI(%) 9.30+0.41° 9.15+0.52° 9.32+0.58°  10.26£0.54  11.19+0.55° 9.51+0.56"
MEAR L VSI(%) 18.65£0.65"  17.73£0.72°  18.98+0.46™  19.51+0.57®  20.25+0.66°  19.23+0.54%
HEW B CF 3.71£0.13 3.65+0.12 3.55+0.11 3.82+0.10 3.84+0.08 3.76+0.25

e FATEEE R bR E RS R P R R 2 B AN B (P>0.05), ARFHRFEREREFHP<0.05), A

Note: In the same row, values with no letter or the same superscripts mean no significant difference (P>0.05), while with
different superscripts mean significant difference (P<0.05), the same as below

22 IE. BE. RENEAEERENTLERS
il % £ 1fn 37 F0 B BE A 4L HE AR Y 220

VLB | WRE . B I R TR R A Ay o &1 6 2R i
MG FUFNE S GPT il GOT &R 2 5 frs .
B MEEFAFAEF GPT Ml GOT JEMEL LB #2557
(P>0.05).

TLEE | WFES L R TR AR Ry o) 4T 8 R
1 A0 10 375 0T A 4 S A 28 B AR AR FE A 10 5% i)
W 6 Fim. XA 1 Mg ACP 5 8 35 T X g
20 2 FIiF & 41 (P<0.05), SYLE . e AR i 41 0
H 2 5(P>0.05); TLE Al 4l i AKP 36 M B 3%
TXFHRLL 1, XFHRYL 2 FIE 40 (P<0.05), SHF &4
Tl 22 5 (P>0.05) ;W & 4L L7 V% T Ol 0 1 0 = s

TFITEH(P<0.05), SXFHEZE 1, XA 2 J i Fl
B TC W 2 5 (P>0.05); £ 4LIMiE T MDA & it il
SOD & PE 4 JC i 3% 22 5 (P>0.05).

HFIE ACP 354 TG 1. 3% 25 5 (P>0.05) ; XJ HR4H
2 FIE# AN E AKP 35 M B & & T X4 1
(P<0.05), HVLE . WrHEMBEBEHTEH 2R
(P>0.05); X HEZH 2 FNT 35 20 ok 1 il 0% M S 3 0
FXFHRA 1, #E MR E41(P<0.05), SiF&E4lR
F 22 5(P>0.05),

23 I8, %8, RENHEEREMNALERS
fili 4 £ {4 26 AL B 55T
VIS R | R T A AR X £ AR Dy i
4y AL SN AN 7 TR o & 2R AR K 5

x5 1B WE. EENEATEREMILERS LA MFERMFEES GPT A GOT &SN
Tab.5 Effects of fish meal replacement by G. verrucosa, E. prolifera, algae residue and
fungi residue on GPT and GOT activities in serum and liver of juvenile tiger puffer
#4151 Groups
it
Items XHHREH 1 X HRZH 2 TLE W B R
Control 1 Control 2 G.verrucosa  E. prolifera  Algae residue  Fungi residue
L3 Serum
KN R B GPT(U/L) 26.75+4.26 21.16+5.96 24.97+4.29 19.95+4.04 25.62+5.95 31.56+0.54
REEE B GOT(U/L) 13.57+2.09 11.83+3.37 12.62+2.02 12.58+3.40 11.42+2.59 19.09+1.24
HFHE Liver
RN GPT(U/g prot)  48.15+1.36 51.0245.24 40.08+3.53 42.82+2.01 45.23+4.41 43.28+5.23
RHE R GOT(U/g prot)  48.45+3.48 47.22+1.55 48.24+4.22 47.10+3.93 46.57+0.95 41.57+1.43
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Tab.6 Effects of fish meal replacement by G. verrucosa, E. prolifera, algae residue and
fungi residue on the serum and liver non-specific immune and antioxidant indices of juvenile tiger puffer

15 Groups

i H

ltems X IR 1 o R4 2 L W Wit T it
Control 1 Control 2 G. verrucosa E.prolifera  Algae residue  Fungi residue

il Serum

PR i i N 4.40+0.28° 3.44+0.25° 3.99+40.27"%  3.4440.14° 3.93£0.40°°  3.89+0.13%

ACP(4: [C LN /dl)

Ll N 2.91+0.16" 2.47+0.11° 3.69+0.17° 3.22+0.08"°  3.44+0.24° 2.86+0.06"

AKP(%: K 5143 /dl)

408.59+5.76™
9.49+0.55

411.20£11.27%
9.87+0.54

W (U/ml)
N MDA (nmol/ml)

ALY AT
SOD(U/ml)

HFAE Liver

% P T TR

ACP(%: [GHL0] /g prot)

ol 1 Tl 1 it

AKP(4: [CH01/g prot)
WM LZM(U/mg prot)

241.15+5.80 247.49+16.79

142.95+12.34  150.16+5.01

9.45+1.06° 14.78+2.21°

74.54+6.80°  105.82+9.34°

385.42+10.29°

113.49+1.60°

430.73+11.64* 424.48+6.89%® 414.32+21.83%

9.19+0.45 9.33+0.88 10.35+0.83 8.27+0.36
253.88+18.34 256.95+18.28 257.59+5.47  269.90+3.00
144.74+6.70  135.10£5.30  138.3549.29  159.17+5.41

14.15£1.04*  12.06+1.67*°  11.86+1.03*®  16.74+1.41°

97.3245.77"  55.87+10.78°  61.95+16.64°

=7

I8, W8, EENEZBREMNIERS 64 & KERBFOE R, %)

Tab.7 Effects of fish meal replacement by G. verrucosa, E. prolifera, algae residue and
fungi residue on the body composition of juvenile tiger puffer (Wet weight basis, %)

1% Groups

IIEES XFHREL 1 X A4 2 T W Wit it
Control 1 Control 2 G. verrucosa E. prolifera  Algae residue = Fungi residue
K4y Moisture 77.54+0.33 77.89+0.30 77.36+0.28 76.94+0.47 77.64%0.39 77.2120.42
MR Crude protein -~ 14.8040.16%°  14.70£0.02°°  14.84+0.14°  14.73+0.14®  14.49+0.03°  15.10+0.19°
LA Crude lipid 4.33+0.22% 3.88+0.05° 4.68+0.22% 4.94+0.32° 5.01+0.35% 4.32+0.21%°
K4 Ash 2.46+0.03% 2.49+0.05% 2.53+0.01° 2.40+0.01° 2.1440.04° 2.39+0.04°
PIE W EEF(P>0.05); Wil mAHEARSEE  (Dayetal, 2000; BRHEZE, 2012); ST IR

Fm T 4H(P<0.05), SXFIR4L 1, MR 2. T
IS TC i 3 22 5 (P>0.05); WF & A8 i 41 fa Aok g
105 2 i 2 T A IR AH 2(P<0.05), SXFIR4 1, V1
FIPA M 20 TG W 35 25 57 (P>0.05) 5 W 75 FH BRI i 2 A K
SrEE U ER TS 41(P<0.05), B &E& TiEd
(P<0.05), SXFMR4H 1 FIXtIE4] 2 W& 2ERP>
0.05).

3 iTig

TE DR R & AR A s, Rtk
JE ) v A ) AR R AR AR I B AR . K3
(Scophthalmus maxima) 17 K} H #8592 (1 ] LR AR
17%~21% 1 £ 853 T AN 52 Wi G 2B K1 B R A ) 2R

16% I £71 493 1117 AS 52 i ¢ i/ (Lateolabrax  japonicus) 4
(EEEESE, 2014); kPR LIBAER T 13.5%10)
F2K55 1T A 52 Wi T %% (Oncor hynchus - mykiss) A A= K fig
TR AT 45, 2016), 78X 2168 45 )5l fr) fF
FER R, SRR LU AR 13% 25 45 1Y H8 T A
SN 21 6 75 )7 fli A= K (Kikuchi et al, 2009; Lim et al,
2011), FEARDFZE T, VLE . WE . EEMEEAd M
Bt R 30% , HA K PEREIAL T 45% 8 i %) IR
42, JF HFEHAK B E G T 60% MM 1) 20
1, RPLILE . e . B MEERLSHEY &N
Ak BEAE (2 HE 21 68 7Ry fili A= 4K 31X 5 H AT 2 B )
FEARDARE A S it i R DA 2 HIR 35 $UA B £ (Sciaenops
ocellatus), K326}, K7 ff1(Pseudosciaena crocea) .
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JFL 4 1 % IF (Litopenaeus  vannamei ) 45 2E K 1 BIF 57 45
RABIEEAEEAE, 2016, FESE, 2015; Asino, 2010;
FRGEE, 2017),

TR K Sh A KM RE A e E , — T T v) R
o T b S A — 2 B R W B (i
DMSP S5) 380 T 4% & & (4R A1 e S5, 20055 E£52,
2012), fedk VA, ARBPSE, TEE . Wre . B
TG A P Ry TR IR 1, AV . s
TS R TR VA X 21 ARy A AR B — e iE AR D)
—J7IH , WS A AR T e b TR TR A A A AR
HAAC R 5 AR G = o ABFSE T, T8 s .
TS R TR VA 2 DR} b ROk S Dl 30%, AR TR 7 1 A
IR T 45% Mg XT IRZ 2, UiBVLE | W&
BB RS AN T — 2 AR, X AT REL RV
e . B R 4 AR KPR RR I R BRI R 22—
VLB IR L v TR v AL ) e o i S R P 90 R
WA . AR . e d@MR . BAER . AR
PR Y o e IR TR IE A 1 AR R 2 RN &R & it
Im X B 1 Axd B 2, mvrE . A A A
ARPETRIRA 2, XARRTLE . W EFE 4
AR FIAG Z R 7 1t AT BEEEACH 2 T 2L AR Uy i A K
M A K BT, AT RE 5 W & DRl e s AR
FR oA K (R 3), FRLLEEZR Iy bl X i 75 AR
M R A e — 2D VLB R & RN rh A i
W LU BE A Dy A K v e AT R A E R, A it
GEHRIE T DR s 0 v e 22 0 AT LU 22 2RO IE A
B 4 (Epinephelus fuscoguttatus @ x E. lanceolatus &)
(PREEAE, 2017), B Fifh(Pelteoobagrus fulvidraco)
(K545, 2014), #lifa(Carassius auratus) (k3745
201AAERS, I TARWE IR IF R X g e rh i) 2 M A T
D5, DAL B A i R 3 5 S 3 — 2D 5 o T T s X 21
B 7R 7 il AR A B A E PT REAR S BB RV A T I 2
XK, HWAMEhSH RS20 AURRY, 1A
LRI m Fe OB AT DL E & BE 1] #E (Platichthys
stellatus) 4l fa (FE Broe4s, 2013) . H 2 Hrd (Acipenser
gueldenstaedti) (M #1345, 2017) 4K .

VE# Z RIS L WP e S R v B AR 22 BT
TP Ry B SE T, VB L R RN R AT DA
60% FKy A XF R 2L 35% 14 FR3 17T AN 52 i) K 32 B A
SO (TR =T AR < (A N (2 S S o
2018), W # 2 5L 90 45 A 5 A B9 v 2188 R Jy Bl 1 52
Uent NGNS AR ¥ 78 L e O e ST S
SKFNH AL B H R G5 AR 5 56 R M AL B A7 7R
. i . i RE e s, B REA 2R,

R ISHE MR CE B I 5, 2008); £16E 75 fili 1 Ak
A BS/NaR e, ANgHT . T JEERIX AR,
BATHR, (CA WA OA H S, 1998), JFH
A W5 & BTG 2Ry fili B rp B AR R M A IS
PERA, TAE pH=6 I A IE{H(J12£32, 2005), 16§78
Dy il A % ) el 5 R SEWEAN[R] , 216 R Ty i LK IR
R, AEEARITE G KRR 28°C (k= 4%, 2010),
MR B fc i KR ) 18°C (234, 2017), £L6E7R
Jy i e Sh B B AR, T AL R L, AR i
B 1) B i 20 M A fi o B A B 1 AR S RT RE S
ARG | MRRCRINFAAE R, A SR & 44
KAy () HLAAR S R A 5 B — 2B 5

GPT Fll GOT J& f1 2 S FE R Al b 18 2 A G S iy
CATTAE I v 3 1 190 v AR sz Bl T 3R R A R R 1
5 55 AU IEDIBE A9 IE 5 & ™ 2 I 5, 2016), ASHE
GEH, VLE . WRE . A RN B A A 4T 6 AR i
GPT 1 GOT {&PEMC T X BRLL 1, (HIF L & 25,
VLIAVEES | WF 8 . MBS AR S AR T
TR FE IR L, FREAR T DR TR R T A
(EBISVZERTE S ANEAR ¥y (DOE=E 9 4 iOE AN’ Py
&L T I h GPT il GOT & AR/, 4Pk 4157
AN, 4R AR & R P2, GPT il GOT 2 iEA
M, SEAMWETH GPT Ml GOT P b THG™ 2 i 45,
2016), AMFGEH, VL& W& MEEEAlnE GPT A
GOT ¥R TXI R4 1, UiBVLE | W . dEm e
3 X 21 158 2Ryt 4y £ %) DR B AT 3 AN R R TR
MDA & Z N FI i 17 R ke SR B 5 1 el Bk 44k
1= IR B A Ak, oA At FecE iR
AT G0 AR S S RERE RS, 1L P MDA Y5 2 ]
2 5 e 20 20240 i ) AR A 4 4 R R (R R B 45, 2013;
Jain et al, 2001), SOD XfHLIAE L 5T AL &
HEEEH, RIEREANE T AR, RirdResz
P ARWEFER, VLB WRE . SR A AL T
MDA &l SOD 15 5% BR4H 1 Fix) FEZH 2 #4000
FES, ULIATIES | WRE | A R0 pE i AR A X 4T B
ARt £ R A BT SR AR RE T A i BN R R

VA5 TR i 2 TG A 2 ) IR R S e 1) A
BB 2 — , BEAH /K A A 24 G BH I A 20 R v ) IR
E A 2 A0 M S A, AT S DK S A A 9 (] i G 2
2017), AHFEEHY, WFE . BRI . DA 4068 2Rt
I Y35 75 T il % M v T 0 R 1 AR R 2, VTR
B Y AR R G T 2 TR IR 1, R R
P T T R T X v T M ARy B AR R S e B —
SEVEFT, TR 1. o T BT s A P O V2 T T 1 S
FART XA 2 YRR AN, ST B — .
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Effects of Gracilaria verrucosa, Enteromorpha prolifera, Algae Residue
and Fungi Residue on Growth Performance, and Related Biochemical
Indices of Juvenile Takifugu rubripes

GUO Bin'?, LIANG Mengging'”, XU Houguo', WEI Yuliang',
ZHANG Qinggong’, LI Benxiang’, LIAO Zhangbin®

(1. 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 This study investigated the effects of dietary fish meal replacement by seaweeds or residues
on growth performance and related biochemical indices of juvenile tiger puffer (Takifugu rubripes), with 2
fishmeal diets containing 60% and 45% fishmeal as the control 1, and the control 2, and other four diets
with 30% fishmeal replaced by 10% four kinds of seaweeds or residues (Gracilaria verrucosa,
Enteromorpha prolifera, Algae residue, Fungi residue) and vegetables protein(wheat gluten, corn gluten
meal, and soybean meal), and they were named as C1, C2, JL, HT, ZZ, and JZ. Each diet was fed to three
replicates of 25 tiger puffers with initial body weight of (17.33+0.55) g for 56 d. The results showed as
follows: The special growth ratio (SGR) of HT group were significantly higher than that of other groups
(P<0.05). The SGR of ZZ group was significantly higher than C2 and JL groups (P<0.05). The feed
efficiency ratio (FER) of C1 and HT groups were significantly higher than C2 and JZ groups (P<0.05).
The protein productive value (PPV) and protein efficiency ratio (PER) of C1 were significantly higher
than C2 and JZ groups (P<0.05). No significant differences were found in activities of serum glutamic
pyruvic transaminase (GPT), serum glutamic oxalacetic transaminase (GOT), liver GPT and liver GOT
(P>0.05). No significant differences were found in activity of serum superoxide dismutase (SOD) and
content of malondialdehyde (MDA). Crude protein content of whole body in JZ group was significantly
higher than ZZ group (P<0.05). And crude lipid contents in whole body in HT and ZZ groups were
significantly higher than C2 group (P<0.05). Above results showed that replaced 30% fish meal with 10%
G verrucosa, E. prolifera, algae residue or fungi residue and vegetable proteins have no adverse effect on
the growth performance of juvenile tiger puffer, and E. prolifera can significantly improve the growth
performance.

Key words Tiger puffer; Seaweed; Growth performance; Biochemical indices
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Zhao TT, Chen C, Shao YX. Comparison and evaluation of nutritional components in the muscle of male and female Centropristis striata.
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2. KPFRHEEE R R LW BTG RIEEERS B 201306)

WE RSk & SUJE 8 (Centropristis striata) AL A 8 & Ik ik HEAT T B AT, JEX T
HAT TN G . SFRE T, MEMA LSRG P oA B F KT H# M (P<0.01), MR T
F8 THEP<0.01), HEERMRK)EELLEZ F(P>0.05). MHELSEEGIA F AN H
16 Fa X, REAR., ARMHARNSERLALERZ R(P<0.05)4, Hfb 13 F & HLEK
FAaEBRLEETAA) ., LFEAEREEEGCA)MEREZ LR S EDAAB A FEEE R Z R
(P>0.05). &K & FEBRIF 2 A7 1 (AAS) T AL 22 3T AR E(CS) B, M A A SUSE B AL B9 & — IR FI &
EBRHNEAR, F_RAMEERYNFEAR, EELFLFEN AN L FAEREIE T,
W 84.83, M N 8528, b F A AEL WY 4 K ] 3 A & FAO/WHO #Arie . #EM A& L05E 48 ILIA
By X ek BBy Ak AR W L (F E)RE & TR, 4 0 2.28, M 2.24, Hf M SR
B4 Fe g B B (MUFA)R B % & T3 M (P<0.01), % 4070 i i B (PUFA)#0 EPA+DHA 4 & =
T L EP>0.05), #HMEALA B X n-3PUFA/ X n-6PUFA & T, MW 643, BEMH 551, 5
Ah, ML B9 4T 40 H (K/Na) 8 Ttk B o 827, HE& h 14.27, BEE KW, MM A LB

Wi e R s B R R A

KA O LA M ERRL; TH
FESES $965.334 XHIFRIEE A 0 XEHES  2095-9869(2019)03-0151-09

% 5L AR BE(Centropristis striata) LR E Y B
B, H RN EAR, J& T8 H (Perciformes) . #gF}
(Serranidae) . 1 BEfi W F}(Serraninae) . 4 #R/E
(Centropristis), &3¢ [E K PUVENT 7 3 Fp i 2R 2 554
BERZ — . ROURERIE IR e Bt s, R R
W, BOEALSE, PTLIAISREE . BRI, RER ., %
AT BEAE 2 R0 365 B PR A 58 . 11 J 5 e

HREEHTREE . A2/ EE RS &, I
TIFE, FFERERE AR R, PR GAS 5 [ A 52K
IR RE TR, REERRTIRE . mAL e
BORTEE M ARl 3 4h, NHIE R PSR, J& T 1%
AKPERG T TR, AT AL R R SR, fE
AR PR N T OB ARDRL , M AR R, i ko
S AR, BT LR AR s, TR SR [
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HRT, RSNG4 SCR B BT 55 476 A IR 1E
WE AN Charles 45(2004)%F 12 fi £ 4 Fh 25 K 4% AT %
FIBFFT, Able 55 (1997)% 458U 8k B4 f0 7F 35 B 1Y
ARG IR, N S R AR (2006) 6 H A 12
FEPE S R s, AR UESE(2008) X Tk
FER AR BYIRAE , S HEE (2009) A JE BH ¥ (201 1) 4 1
T MBS RIBETE , AREE (2012)%] Z5 205 BRI i
EH GHBEAEFTEARMWIRE, KELFQ2017)% %
Fita 4T TIHL RGNS K B A L1E e, A
011Xt Hegh o il A R R 9T, PR E 2 (201 7)%F
HCRIRAE” FRAE Y BFSEHGE , SEHAE(2010)% H AL
VB SR ST 4 o (RJRAE 4R 1k Wl M Al 25 11 25 80
HRBRILIA S F5 LA O X LA R B AT 1 AR DG HRGE - AR
A ) FH &5 R PR ARG D0 7 3k Xof e 4 2 B R AL R 7
eI T BN RGN E 5 HE, DI 2 80
Tl U () ST L PR AE RN S b I T FH DA B AR 75
b b S5 SUHRBRINY 3E ORI R T H A I Al 5l 3
WA

1 HR5H%
1.1 ##

ST I FH ME I 2% SCHE BR Y N AR S 6 SR T
AR H 8 57 5 37 10 ] — St B A — 50 EL A o ot
Toie 0 A BEFA e fa 3 3258 F [ — A~ K e
KK IR T, BREERR 2 R(07:00 F1
17:00), faRIE FHKF 52%, BaWiKFE 8%, MEl:sk
SR BRI S R K 20 518 (26.30+1.31) em. (25.50+
1.27) em; F ¥ 4K 5 53 5 4 (470.00£20.50) g .
(450.00+18.90) g.,

1.2 HmAiIE

Wi 4% SUARBRAS BORE 10 B, FESAZE MS-222
RIS, DU R AR, YK PR E AR, BRI
R, gl A, B R ABCL TR -y &=
68 T Z BAALA, %' J57E-40°C &0 TR st
TFo TS MEME S, 20 i 43 DR UL PR D /B, e
TR FES Y 3 ANEE, WLRIR A 7 ik 354% B BE AL 43 i
3RAMALASEBNR A R 1 ARES, SRIEEE T
1 B3] 3 AR AU EPLEE i

R, ET-40CHE M. NI A UM IE T 5 i A
R B A FRZS w AT R

1.3 EELF

ARSI R IEAL T 25 1 SR, AR SR BRTE %
S o MBS IR G, A W22 e fEARFE SR
T A R £ I 2 IR e ) B A Ok o B
H P Al 340 T Y S Ak (0 S R 0, R ] )
T 5 THT 68 2% 1 2 ) R 4 o B B B 4 0 (B T A
2014); 1 MEVE PR AT BEAE A Ll Bt D) T e £
RIS BRI, JF HIEARB B . 53, L
PAUAE it I [ P OS2 6 £ P, 45, DI/NBR S Bouin
FCIETE T AE 24 h, 5 FIBEEERS AR B, 1 £
o, DA, RA, R, BEERE, hYERRE A
R, BB LSS . AR, KM

1.4 MWRAMBS5AH*

S FH B HE T 5 (GB5009.3-2016) 1 5E 7K 43 &
s 4 A YLK EEIU(GB 5009.5-2010) & H
FAET SR MG S 2ok & Rk (GB/T
5009.6-2003 )il 5 ; JK 53 W 5 2K FH 5 3h 47 550°C e i 4y
115 (GB 5009.4-2016) . 2 FE R 19 I & K% GB/T
5009.124-2003 ffi F H 37 L-8800 %1% 3 ik 43 #7113 ]
R S E LR A F 7890A KA EIE{L(GB/
T22223-2008)M & A5 Wi FR 1Y & & . R GB/T 5009.
(13, 14, 87. 90. 91. 92)-2003 FI GB 5009.93-2010
D5 B A
1.5 EFmBitmrmiE

Y5 FAO/WHO #1811 2 3 iR PF 43 b o AR =X
(Pellet et al, 1980)F1H [ 10 By = 24 Bl 22 B 5 97 5 B i
TPAWFFE T4 ARG FR R ) A SRR AR, T M I
S BURBRIN LR IE N (AAS) . ALFIESR(CS) . TR
FEMRTE BU(EAAD) J Z FE PR 1) 3 5 (E.(F E) o AR F

_ FEIIER B R R T AR & B (mg /g N)

FAOVF /3 B U3 b 5 Z R % S (mg / g N)

_ PRI P A A T R B (mg / g N)

A ER R 0T R R TR SR 2 B (mg / g N)

Ky, R 48 1 v AP U R 1 22 e 4K
AR FE(mg /g N) =
SHEIR 5 B Y(BFFF)
FHLEE 10 & % ()
EAAI= (100CS;x100CS,x-+-x100CS)"" n N Ho 4%
() O T 2 LR AN

x6.25x1000




%31

XS5 A MR 2 SOURBRIL I 4 3R o3 1Y A S AT AR 153

F{H 2 XA ILR(BCAA) S W F IR A
M L (R AR S, 2014), ARXWTF .

F=(# & IR +5¢ @ R+ 57 s AR/ (R TN &,
1.6 HIFELABS5HH

SIS 4E ] Excel 2007 ¥Ef74033154, JH SPSS
17.0 B B9t ST REAS ¢ 4636 XEECHE HEA T 00T, ik
PG THE LT 2 {07 1 22 (MeantSD) /R o

2 ZER59H

21 AAEMREFHS

S8R BRME R A0 LA TP R R R 5
ﬁ%loﬁn%%,mw BURERILIA I K o B Qﬁ
FELAE 5 25 h 22 S0 i 38 (P<0.01), HLEE 1 SRR 43 1)
SRILEFEEFP>0.05), Hi, “HIAFIH
EES YR, 5N 20.52%F1 20.44%, FREL
HRERME LN PR IE B B S AR, N 6.75%;
MERIAL, S 3.42%.

2.2 REERANS®RITEN

FETR(AAA)

PR+ 2R

221 REMARLSE W e 2% SCERBRITLIA
M SRR AL LS & i W3R 20 ARSI BRME Ik £ JUL A o

PRI 16 v DL S LR (R R e R A 3, £ 5
FRBEBEIR , RN, 45 7 A RS T EILRR (Thr
Val, Met, lle. Leu., Phe I Lys)., 2 fjf- 0T 2 3R
(His 1 Arg)fll 7 FplE A5 2 EMR(Asp. Glu., Gly.

Ala, Tyr. Pro Fl Ser), ZxZCHHBRME LA GEFE Y
DT E IR SN 7.81%, WA T HE(7.87%), &
2N EE(P>0.05), MM LA AR T E IR |

IR S LR | IR A ] ERE Y 1.72% . 7.51%
I 19.46%, HEf LA A P00 T5 2 BE IR . fF IR 24 Bk
MR LR AR T A, 3 EERERY 1.70%

7.40%7F1 19.33%, {H22 5 ¥R .35 (P>0.05) . 2204k
e LAY R AT SR (5 LR AR 1Y 9.93%, i fh
JULPA o A AR 0 75 S R 5t t 35 1K T £.(P<0.05), 1y

9.76%. A<SCHRERME M NLIA T E IR i S A
PR o 5 1Y B AH (Weaa/Wran) 5 1 (8 A7, 53 900 R
40.15%H1 40.74%, {H 25 SCH5BEME A LR o 75 2 3
iR o it 5 AR T R 1 1Y HUAE (Weaa/Waiean) G T
ML), 23510 78.71%F0 80.70% ., FAO/WHO 4,
2R U Y b T5 R R i R Vi (Weaa/Wraa)
(1) 40% 24, Wb Ts IR & it S AR T 2SR % 1Y
FEAE (Weaa/Wreaa) TE - 60% LA_E T2 S B4R LAY ?%*
%Eﬁﬂﬁiﬂ*ﬁﬁﬁ(ﬁmi% 2005). [HUt, MM
BRAL PR 2 L R 1 4 AR LU (B 38 4 45 DA - FR PR R, wﬁ

ﬂ SOUIRERILIA i SRR B R AP, JE T
P BT (4 3 1 B

FE MEIE S5 SCHRSRIL DA A I R 1Y) 16 i DL 2 2k
H SRR S R BRI LT —3, RS
Mo, AR 3.14%H1 3.12%, HUCh R
TR (2.05%F1 2.02%) | M 22 (1.87%F11 1.90%) . 5%
TR (1.69%F1 1.69%) . & it AR MY 2 FERR A LIT 45
BEIR . 2R IR . EERAMAER., —FHNA RS
Tl 2 2 2 A H 2 HAT 3 P22 55 (P<0.05)
Ah, HAZ IR 2 57 YR i 2 (P>0.05)
2.2.2 WUR b F R ER LA GE N MR 48 26 oo
YrAmiE, K MEHE S5 SO BRILIA) i ) 0 T 2 IR & e
Pk 43 T R P T B A R Y =2 7 B (mg/g N), TR
ZHENA RN BT EAEERN AAS 1 CS SrH{EF
EAAI(E 3). M3 3 050, MEMEARSCIRERILIA i)
TREMRYVIERRN AAS MmN, 9K
0.89 1 0.86, HUCZEM L, 75120 0.90 Fl 0.96,
PL CS SHEARAERT, ZF WA b5 R CS
SHEIR/NEIE AR, 40 0.51 Fil 0.49, Hik
RHERR, 251 0.68 A1 0.72, LA, AERE
LI AAS SME MRS JE L CS A A bRidE, MEMES
SR ER S ARL P %) 57— PR 1 2 35 1R 0 5 R ok
ZETRAAIR], 53900 R 85 A R R4 2 R o o 2 24 R TN 46
RTRIN, MEESSCIRERNLIN LT IE TR AAS )
EHYIRT 1. BREZEmAIN, MRS ERILA b T
LRI CS AMEBI KT 0.6, 3% 35 H] S5 SCERBRIL A 19

%ﬁﬂ%

F1 MEFGURENARERNEFH SR ELRRE, %)

Tab.l Nutrients in the muscle of female and male C. striata (Wet weight, %)
Kb Sample 7K 43 Moisture A A i Crude protein HEWT Crude fat K4 Ash
? 72.22+0.26" 20.52£0.10 6.75+0.46" 1.20£0.11
3 73.40+0.34"% 20.44+0.05 3.42+0.85° 1.44+0.24

T [ASVEOE R bR RS 7 BN ) 3 3R 28 5 .35 (P<0.01), T I

Note: Values in same row with different superscripts mean highly significant differences (P<0.01), the same as below
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Tab.2 Amino acids in the muscle of female and male C. striata (Wet weight, %)

R EEBR Amino acids

¥ Samples

? 3
HEM  Thre 0.96+0.21 0.95+0.08
WA val”?t 0.92+0.02 0.97+0.09
EHEB  Met 0.64+0.01° 0.62+0.01°
FREAR e 0.94+0.02 0.93+0.11
SRR Leu™ 1.69+0.01 1.69+0.03
KN Phe™® 0.800.20 0.81+0.16
BER  Lys 1.87+0.07° 1.90+0.04°
KRIT&HR  Asp 2.05+0.09 2.02+0.13
REKR Gl 3.14£0.10 3.12+0.06
HAm  Gly' 1.07+0.02° 1.03+0.02°
WEmR  Ald 1.25+0.01 1.23+0.03
k& Tyr® 0.78+0.01 0.76+0.05
4R  Pro 0.86+0.08 0.83:0.04
227/ Ser 0.77+0.06 0.77+0.13
HHEM  His® 0.48+0.01 0.47+0.04
e  Arg® 1.24+0.22 1.23+0.13
W@ AR Essential amino acids (EAA) 7.81£0.06 7.87+0.09
AT = IR  Nonessential amino acids (NEAA) 9.93+0.04* 9.76+0.08°
RNFEEIIR  Semi-essential amino acids (SEAA) 1.72+0.03 1.70+0.01
fif DR R Delicious amino acids (DAA) 7.51+£0.02 7.40+0.11
BEHFR  Total amino acids (TAA) 19.46+0.11 19.33+0.04
YR IEBR  Branched-chain amino acid (BCAA) 3.55+0.05 3.59+0.55
FEWERIEMR  Aromatic amino acid (AAA) 1.59£0.01 1.57+0.10
Weaa/Wraa 40.15 40.74
Weaa/Wneaa 78.71 80.70
Wpaa/Wraa 38.61 38.27
F(BCAA/AAA) 224 228
* NLTEEIERR , & NPT R, #NERESERR, ORI, @ NI HIEEILR . FATEUEE R NG F

F AR s 2 57 B3 (P<0.05), FIA

*: Essential amino acid (EAA); &: Semi-essential amino acid (SEAA); #: Delicious amino acid (DAA); ¢ : Branched-chain

amino acid (BCAA); @: Aromatic amino acid (AAA). Values in the same row with different superscripts mean significant differences

(P<0.05), the same as below

W S S TR O i T ELA A X B I R S B
LA B2 55 B TR H5 L (EAAD) /351y 84.83 i1 85.28.,
2.2.3 LK EfoR 2R R 20 R 3% 4 AT, M
T S5 SCHR BRI PR ) R S S R B T 2R LA 1 3
PS4, HoAh 3 ﬁﬁ%%ﬁﬁai’ﬁii% ﬁ%ﬁo fiff
FEER IR, ABUREERILA A 2R 80T s ik

3.14%, RITA RN & i il 53k 2.05%. S804 SR
Mo LA R B IR R B RS A 225, AR
7.51%H1 7.40%, H2= 5 A 8.3 (P>0.05). it LA
Hh i IR IR 43 1] 5 A SR B B 1Y 38.61% 11 38.27%.
UL, ZBCRERIL A rh R SR & AR, UARHIZ
PR T A B 3%
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Tab.3 Evaluation on essential amino acid components in the muscle of female and male C. striata

T IR BEfh Samples FAO/WHO ¥ AR BRI AAS CS
Essential amino acids Q a3 FAO/WHO standard Egg protein standard ~ Q g Q 3

IE MR Thr 292.40  290.48 250 292 1.17  1.16 1.00  0.99
B R Val 280.21  296.60 310 411 0.90% 0.96% 0.68% 0.72%
R MR Met 19493  189.58 220 386 0.89* 0.86* 0.51* 0.49*
FSL R e 286.30  284.37 250 331 1.15 1.14 086 0.86
SER R Leu 514.74  516.76 440 534 1.17 117 096 097
KNE PR+ AR Phe+Tyr  481.24  480.06 380 565 127 126 085 0.85
R BR Lys 569.57  580.97 340 441 168 171 129  1.32
41t Total 2619.40 2638.82 2190 2960

EAAI 84.83 85.28

OO — PR R & HE — IR R

* means the first limiting amino acids; & means the second limiting amino acids

FT4 WIESARENAPEKSERMEREE, %)

Tab.4 Delicious amino acid contents in the muscle of female and male C. striata (Wet weight, %)

FE 5 Samples KITLZAMR Asp HRE Glu H4&®R Gly WA Ala Mt Woaa
® 2.05+0.09 3.1420.10 1.07+0.02° 1.25+0.01 7.5120.02
a 2.0240.13 3.12+0.06 1.03+0.02° 1.2340.03 7.40+0.11
2.3 FERAERAA R T SiEM P il 3 T EME(P<0.01); B Sk S HEBRIIL

M6 5 RTAN, fEE A5 SO ERIVL A rp X A
17 IR IR , A04% 5 FRLFAE TR (SFA) . 12 Rl
FUIR MR (UFA), o, BRHRUR B 5 2 (MUFA)S Fiir,
Z AR BFR(PUFA)T Fr, WFFTFREH, M £ 8085
BELATR C14: 0. C15: 0, C18 : 2n6 &2 B &
T 4 B8R HR(P<0.05), C18 : 1n6., CI18 : 3n3 I
TR TR SR BURER(P<0.01) 5 MEME SR SR ERAL
W C18: 0, CI8: In9 F1CI18 : 1Inll E’Jé‘%i’ﬂmﬁ
T MENE S SR BR(P<0.01), AR ER 19 &
SRR E . fERRTRA R b, & é;c%ﬁ'.:ﬁ )
> MUFA # 2. 2 = T M 1:(P<0.01), X SFA 1Y PUFA
25 ¥R B (P>0.05) . 34, MfEPE S SUER ER Y
Y n-6PUFA ¢ &k % = T I £11(P<0.01), 1fij ¥ n-3PUFA
25 A W3 (P>0.05), 53T MEE R X n-3PUFA/
> n-6PUFA KT, BLah, MM ASURERLA i
EPA+DHA Z Fll& & T HErE, H22 5K B2 (P>0.05),

24 WHILEREESH

AT FTR T M I A5 SOHREEAILIA R Y 10 R4
JRCE, KZER IR 6. B2 6 AT, BR Mn Ak
%, Fifth 9 FOCRIARL o MEMESRSCRERILA Y Ca
TR, MEfhh 77.67 mg/kg, M 69.33 mg/kg.,

f’ﬁ AR SCHRERILIA T Cu 17 1 3 1 i (P<0.05),

PIF Na 0935 i 2 2% THEPE(P<0.01), HABITER
AR E . “HIATEEILRIE K FitR
=, ORICERMN Zn SRR

3 it
3.1 MRS SUREEA A EME F RS

ZRBURERIILA B A R I i 2 DT
TH :.%ﬁ‘{ﬁﬂ’l K. WFFE R, MEME S SCHRERILIA
A SRR S, SRR, MR
T HERE, A 20.52%F0 20.44%, TR
BE £ (Epinephelus fuscoguttatus)18.80%( 35 7k % 4
2009) . A A f1 BKE i (Epinephelus malabaricus)
19.14%( %4 K M %5, 2008) . & 7K £7 BE £ (Cichlasoma
managuense) 18.90%( Bt i 55, 2012) . 7F /5 f1 B A
(Epinephelus akaara)19.15% (M@t 2, 2010) , BERTp
JIE-F BT £11(Q Epinephel us fuscoguttatus x & Epinephelus
lanceolatus) 19.95%( F 59z 45, 2015) P
(Epinephelus moara) 20.60% (#5545, 2018)Fl-L
11 B 11 (Epinephelus septemfasciatus) 19.60%(Fe i %5,
2009)%F Z R A BEAILA AL A RS S35h, A
W5 v e B 2% SCHRBRL IR oKL A 5 e T
FEHAE(2010) 19.09% M BFREEE S . X AT RBJEAZ1H R}
AR BRI TG, AT BB A2 AR AR A RZ R
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WHE T 2% SCERBRIVLIA) HHOREL A o B 7 e A e e T FTo WHELLBEEMATMRIECEE, mgke)
WEME N 6.75%, HEYE R 3.42%. ,Eﬂ—{g‘ft@ﬁﬁiﬁ\j\] Tab.6 Contents of minerals in the muscle of female and
BTG 2 HHLIE I & BT Sv6(Periago et al, male C. striata ( Wet weight, mg/kg)

2003), TAHISE P HERE & SOBBRIORLIE 7 o5 g3k 0 PUC A Mineral 0 3

6.75%, X ] AESE T AR URIBURE TE AL TR £ 14 S5 5H
W1, MEVESRSUIRERTEIR N R R A8 s SE Z ORI, LAAE
NEF AR RE ORI . AR BRI LD P YK 7
R T, X UL e B SR SRR L
WEPE 2 SCTRBRILIA B 1R B S A i, AL, A0SR
Pk -d= I AU WD RO S SN ER i

PERY A g, SRS
x5 LS SUIEESAL A AR AR RY S AR BR
AR ETERE, %)
Tab.5 Fatty acids of crude fat in the muscle of female and
male C. striata ( Wet weight, %)

HE W R Fatty acids Q g
Cl4:0" 5.860.40" 4.87+0.38°
Cl15: 0 0.63+0.12° 0.53+0.03°
Cl6: 0" 23.08+0.74 24.36+1.01
C17: 0" 0.40+0.02 0.42+0.08
C18:0" 3.21+0.08" 4.39+0.11°
Cl16 : 1* 10.35+0.38 9.44+0.44
C18 : In6" 0.51+0.02* 0.39+0.228
C18 : 1n9* 15.124£0.20%  17.15+0.22 B
C18 : 1n9t" - 0.13+0.01
C18 : 1nl1* 2.89+0.034 3.04+0.04 8
C20 : 1n7* 1.61£0.13 1.4420.11
C22 : 1n9* 0.33+0.06 0.36+0.03
Cc24: 1% 0.97+0.04 1.02+0.04
C18 : 2n6* 2.67+0.09° 2.22+0.01°
Cl18 : 3n3% 1.32+0.06* 1.09+0.08"
€20 : 2% 0.180.06 0.18+0.05
C20 : 4n6(ARA)* 0.56+0.04 0.49+0.03
C20 : 5n3(EPA)* 6.66+0.35 7.17+0.44
C22 : 5n3(DPA)* 1.13+0.07 1.06+0.09
C22 : 6n3(DHA)® 11.5+0.76 10.610.78
Y SFA 33.19+1.10 34.58+1.36
Y MUFA 31.76£0.09*  32.97+0.108
Y PUFA 24.02+1.31 22.83+1.33
EPA+DHA 18.16+1.11 17.78+1.19
¥ n-3PUFA 20.61+1.20 19.93£1.28
¥ n-6PUFA 3.74+0.13" 3.10+£0.03°

2. n-3PUFA/ Y n-6PUFA 551.24 642.95

AMIFARITR 3 # A B ARG ; & Z AL
Jig W7 PR

*: Saturated fatty acid (SFA); #: Monounsaturated fatty
acid (MUFA); &: Polyunsaturated fatty acid

elements (mg/kg)

BEK 4396.67+164.29  4243.33+175.72
] Na 531.33+18.57%  297.33+9.07"
45 Ca 77.67+3.51 69.33+5.69
B Mg 355+25.29 360+24.58
P 2178.67+31.21%  2334.67+42.71°
il Cu 0.08+0.01° 0.19+0.03°
#F Zn 3.27£0.15 3.3740.15
2k Fe 1.31+0.14 1.55+0.11
fiff Se 0.36+0.02 0.33+0.04
£f Mn - -

H /4 K/Na 8.27 14.27

HE /% Ca/P 0.04 0.03

—R AR

—: Undetectable

3.2 MEFLUREINNSERARSEFMR

F 75 25 S 0 o, M e A U HR BRI T X B A
16 Fhag W BETR, FREEIR . #a T =me &
HEAA BRI, AR 2 RN S . M
P SUHRERIL P P AR 0 SR 1 7 B 0 R T
P, U EIER S ﬂﬁﬁaégﬁﬁ%ﬂ%ﬁawi
2SR MEIE 2R SUIRERIL A RO A R Y
(BF) P EIL 1.87%FH1 1.90%, 435 i & 5L i
) 9.61%H1 9.83%, iR & 1 o *ﬁ%@&ﬂz*ﬁ‘ﬁ)ﬂé
PEEIER, A AT SEE5 i, T8 FE R DLAS
Wb E &, AR — AR AZLE AR —
FR T 1 2 R TR (P35 B 4%, 20112), H I M Al £ S0 S B 1)
A Ay R RN R DL W ok T 5 | 1 A R B A
AN, R BAT AT K R 000 I ) A L 6 o (R e 5
2013). Hoop il T UEPE S SR ERILIA Hh b 75 S LR
e T M LR R A e i T, T DA
P B 1 ELAT T i A SR R R A

FAO/WHO 48 22 JL i) b 75 S FE R T >R 12 (45 4F
% B A fe s ) il e T e IC PR BE T AR 1 (AAS) o
XA B O N R B SR A T Y, IR i e
PR E AR E(CS)(XIMR FIEE, 2011) EAAT A CS
FSVEbRME, BB, ERMEEE . &2
IR B P & SR E RN N EE R bR . &8
WA H, ARG L AAS 4E WFRERZLL CS
AE RBRAE , MRS SR BRAY 55— BR M SR A
BRI IR AR ], 4300 o AR R A R L R
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TEXT 2 SOURBRIEA T 17 37 BB W I T, BRSNS X 2
Fhbs 2R, RERGUE— R Mz M A dh i 7
S, HEVEASCIRERILN Y EAATL & THEME, UiWILL
EAAL JARUERS, HErE S SR BRI E TR M E LT
WEVE

1D 1R 9% R e 3 B 5 LA B i 5 118 7K P HOR T HG
JULPA e R 2 L R 5t 1) 22 /0 L e 2 RS o A 2
SURBRILIA) rh e DR S RE R Y 5 1 22 5 AN 2 . X Ui ]
I % SCHRBRIVL PR 1A B 35 5 Ay B 5

SCHE B ETR T LI R SRR IR e L PRI . 52
HERIEIR 5 05 A IR = HE IR ) LU AR A SO, AR F
6. AN FEAEIEREL TN 3.0-3.5,
MY ISz i dame, WIEER 1.0~1.5, Pt S8k s 2R
W TR T IFRE AL (RS, 2014) o MERE SR SR ERILIA
(4 F (ES W i T AT ESZ 40 i K F-, R, —
B LA X AT JTF 5 b e SRR R R R, HAT ARG
PRI

3.3 WEMERGURENABHRAR ST EEF MR

JiEk J TR A A I 40 it O A AR N ] A
FRYTR 2 — o BRI A& B WA= A B S T s i) B
BNy, NI 7 TR B e v A R e
AR R , N HAE—E R LTRSS i 2
(PRI SCEE, 2005), I HEATREIMAR . Bl
P R T SR 1 AR A ALESE, 2013); BROR
TG R LA B s . R LA, R AR I ) T R
(LEKESE, 2005) K 2h 55 W, b 4 SR EaILA
)Y PUFA 2253 AN %, MEvE K acsE8RILA b iy
> MUFA &t 2 5 T 1

EPA Fll DHA 2 M EZ A AAS R, EPA
BFR“IM G IE K, DHA ARl 4, B8
WK KB BT IR TR, LA 1G5 0 ik 1055 8t 5 Fn
{2 o iR 2L LA ) R 71 & & 0 AR (R AL AR SE,
2013). MEMEZSUHRERNLA Y EPA+DHA )& &5
WK 18.16%F1 17.78%, —HERAWFH, Hik, %
SUIHERIE N — Rk (a2, oA — AR

ZAMAAR IR E 2458 n-3 Fl n-6 R,
> n-3PUFA/ Y n-6PUFA i1y — 4~ 8 Z ()5 =M (E
fabr, FEEF AR NAMIEREESHEA T 20
n-6PUFAs, SEHH ST HIZHE T AKTZEE, MW
n-3PUFAs B9 ™ A 2 DL 2 T Iok i L 7ok, i
S K25 PRGN o WL A SUHRERILIA H X n-3PUFA/
> n-6PUFA 5514 5.51 Fil 6.43, % FUd Mk o T 0
PE, T LUME P 2% 2000 BR M o BB O NS b
n-3PUFAs, TR 0o L9505 . 3 e AR e sie .

3.4 WEEFGURENAY Y RITRABRITEN

Bl AT AP &, AR, e
A S, AR B R e e R AR R, KT
Mt maEs, 2508 LEiE ., BRmEEL
P B AR G o A BIF 5% G 0 1% hfE e 2% S0 BRIL A Hh 1Y
10 FE P ocEd, ¥R K & RRE, K#E5S
Na FCARHEVER, 2Ede ARV IR 0 TR B T o 22
WL BB, HURBE R, S 548Uk Z
fROBPEAT . K AT AR SE Na fOHER:, fEfgi@ad b ik
B, BRI BRI MM o 5380, R 2 4
W2 KR REI , K23 FNORR & 28 9 40, T R
M &A . L, K/Na XFAMREERZCEZ, AR5
Hh PR S SCRBRITLIA H Na (99 o 3 v THRfErE, K
TEERARE, MEONIN TR K/Na 535128 8.27 F
1427, KU, ZREURERE A IR O PR R A B
., BA RN, BS b, HErE T M

YR E, LA A EE B RSB L o Rl
AL, MEPESRBCHEERILA Y Ca/P Ol 0.04, HEYEN
0.03, ¥k T Bk A B A A 0.09( L Pro %,
2015)., B A B 0.06(F8 K 45, 2009), A4
B 1.67(1R KM%, 2008) , HRK A7 BE£f 0.29(H 145,
2012) ., LA A B 0.05(F2 55, 2009) 5 Z Fl A1 B £
W I 25 SCHRBRIIL A P Ca B 5 B AR XA, AU 77.67
69.33 mg/kg, KT Rz, Wik, 7ecHmERHY
FE, B AR A A L] — R P A
Eb R 0.7~1.6 Z[AIGRMEHE, 1999), fa bkl o s f g
R A — 22 H AT JE A0 28 IR AR K BB R,
R fa Bk Tl iR IR Ca X —ik AR 41, B AT
KRB, PRt Ca B ES A T R e H A 77
KRB Ca™ VR, Ik, kR Ca/P — Bk
PAVEIERE, Tt — B IRABE

4 it

3 o XoF I £ SUHR BRIL DA 3R 43 B A3 AT 5 R
YrmlAn, A A SCHRBRYY 8 95 T B I SR K 28 %
s Horp v S SCRBRAILIA 1 0 75 B IR R 4R B0 T
WEPE, SCIF(EME = T MEME, Yn-3PUFA/ Y n-6PUFA Fi
BRAN L (K/Na) i s TErE . ik, ZEE e mmE
L, HEERS O T

£ % X #
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Comparison and Evaluation of Nutritional Components in the
Muscle of Male and Female Centropristis striata

ZHAO Tingting"?, CHEN Chao'”, SHAO Yanxiang'

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. National Demonstration Center for
Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai  201306)

Abstract Centropristis striata is an economically important marine fish worldwide. In this study, the nutritional
content in the muscle of C. striata was compared and evaluated by routine biochemical analysis methods between males
and females. The results showed that the female C. striata contained significantly lower moisture than the males (P<0.01).
However, the crude fat content in the fresh muscle of females was significantly higher (P<0.01) than that in the muscle of
males. There was no significant difference in the crude protein and crude ash content in fresh muscle between females and
males (P>0.05). Sixteen common amino acids were detected in the muscles of both males and females. Except for
methionine, lysine, and glycine content, there were no significant differences between the other 13 amino acids, total
amino acids (TAA), essential amino acids (EAA), and delicious amino acids (DAA) (P>0.05). According to the amino acid
score (AAS) and chemical score (CS), the first limiting amino acid for both male and female C. striata was methionine,
and the second was valine. The essential amino acids index (EAAI) of the male C. striata was 85.28, a little higher than
that of female C. striata (84.84). The composition proportions of the essential amino acids in the muscles of C. striata are
all in accordance with the FAO/WHO Standard. The ratios of branched chain amino acids to aromatic amino acids
(F values) in the flesh of male and female C. striata were 2.28 and 2.24, respectively. The monounsaturated fatty acid
(MUFA) concentration in the male C. striata was higher than that in females, the difference was highly significant
(P<0.01), but the polyunsaturated fatty acid (PUFA) and EPA+DHA (Eicosapentenoic acid+docosahexoenoic acid) content
were not significantly different between the males and females. The ratio of Y n-3 PUFA to > n-6 PUFA in the flesh of the
male C. striata was 6.43, which was higher than that of the females (5.51). In addition, the ratio of K to Na in the muscles
of the males (14.27) was higher than that of the females (8.27). In conclusion, it can be suggested that male C. striata has a
higher edible value than females.

Key words Centropristis striata; Muscle; Male and female; Nutritional component; Evaluation

D Corresponding author: CHEN Chao, E-mail: ysfrichenchao@126.com



40 % 53 Wl B o% U R Vol.40, No.3
2019 % 6 H PROGRESS IN FISHERY SCIENCES Jun., 2019
DOI: 10.19663/j.i1ssn2095-9869.20180208002 http://www.yykxjz.cn/

TURH, AR, B, TR, A, A, TR SERESERISLS R 0 BB Wl B, 2019,
40(3): 160-167

Wang XY, Qiao HJ, Huang BS, Wang CQ, Li PY, Li BS, Wang JY. Application research of five seaweeds in juvenile sea cucumber
Apostichopus japonicus (Selenka). Progress in Fishery Sciences, 2019, 40(3): 160-167

5 FEEER B4 SR ch i R RS

Fusd s EBIHL FTRE ZEE ZFx FREY
(UERBEERESHENRT G WA BEEASBEESSKE WG 264006)

FE  KHT 5 1T 447 # S (Apostichopus japonicus) 4 £ [(10.02+0.03) g] 4 K M8 . R4 o . 73
A EEE M KA R e R R Y R A, IR BB 3 (Sargassum  thunbergii) . %R 7 (Sargassaum
horneri). % (Saccharina japonica). ¥ # & . # Zii(Ulva lactuca L.) K & 5 0 7 #| 5 4 5 57 71
BN R, EENEIRKRGEFHATT A S6d AL R, £FET, 1) REREMREAGER
AR 5 i B E E(WGR) M 4F E 4 K F (SGR)W T 3 & T H i & 3% 8 41(P<0.01), ¥ 4 & 41 8| 5 iy
WGR #1 SGR & 1., 71K th(IBR)F B (K L (VBR) Y B 2K T 2 b & 41.(P<0.05), 8 4l 4 77 08 &
(SR)% W+ 8 E(P>0.05); 2) FREERMRSEERS, HAS. HEAMMEHZHLLE
(P>0.05); 3) REEfMRAENAEBEAREUREZ S TIEY . BH e Ea, BHEH
R IK(P<0.01); BT o-72 ¥ B o flg 7 B8 78 M T B 2 % 781 (P>0.05), 1B xR 5 818 6 B R M R
EAWEE R H(P<0.01); 4) B2 %4 AR 4 %0 4 R 5 W8 #2045 B (T-SOD) . B M3 iR
B (ACP)fn 2 1 2 BR B (AKP) /& MR 2 2 5 T H b & 41(P<0.01), 4 4 H B MDA & ER L E
BT H A (P<0.01), XKW, ERERFUET, 65 RASHEKEREERREEZE
B, RinE—EREARABNERRRENAERR, ESHERRAGHTM, HEKBREES RS
RS R e R R AR — 3

KA RA, RER; Eh; £KME; HAE; EEREaRERE

FESES $963.71  XEFRIRAEE A XEHES  2095-9869(2019)03-0160-08

135 %2 (Apostichopus japonicus), LR %2,
AT B IS SRR Z — B SE N RN
KBz —, IEEA . B2 £ 5 BN & i i
B, Bl AN (AR I, IS8 0 A S5 ik
B, FISTOREMIGEA, 5HRIRGE = ARl
ARG K, OC TS 8 TR PR b T AR
BB, BT RARMESLZ , R IE VR G Tk i &

J& ., B 4 (Sargassum thunbergii ) 1 2 2 34 (Sargassum)
PO Z F LB AR ZERL, T ad BT R B 4 fE
TR A R 5 5 KRR, 2 £ DL
Yrh g B BE s | JRAESh Y . AT . ORI R
KU e, PR R 2R e e BT T R B v o
POTEIR, 7R IR R R R S BBk
W, B AR AL i o N A bRk E 25k, B

* [ GO 5 PEAT LRI L 11(201505022-5) M 65 11T L AUBTE 2 14 (2017ZH066) A1 AR 48 BRARA M 7l A A 3R -
W2 408 B A 15 151 5 (SDAIT-22-06)3: [F] %5 B [This work was supported by Research Project of Marine Public Welfare
Industry (201505022-5), Key Research and Development Project of Yantai City (2017ZH066) and Modern Agricultural Industry
Technology System of Shandong Province-Innovative Team of Sea Cucumber (SDAIT-22-06)]. F ¢ i, E-mail:

wangxy1109s@126.com

O @RMEH: EhrdE, F5RHA, E-mail: ytwjy@126.com

W R H 1 2018-02-08, Weis A H #1: 2018-04-12


abc
图章


%31

EREH A 5 R AE R 2 4 2 4R b Y 1 ST 161

HI A A HEFEHRIE , &3 KR T 00 2 57 5E L
187 AES B 5% RS (Wen et al, 2016; BB T4,
2015; Z5R5%, 2017; FEARSE, 2014; &5 0R5, 2017,
A 4E, 2007) . A ZE(Ulva lactuca L.) Fl i 47
(Saccharina japonica) & H [ 4t 77 1R 52 Yol H A % 4
AR EVASE, A FEEMTHER . KL EY . &
F L AR R M iEds, Hare iz T8
S5 . Hi B (Sargassaum horneri) 2 H [ I il 16
SV T IX U P A Y R B R KRS SRR, MR
K, R, ZAERKAEN FaiRiEaiE L, B
TR, HEFR < AR, S B AE S A E & SR
U FE | PG R LY, i H AR Y T
A, VB Tolk . B OB I HAA W R i I &
F1, AT H AR A BTz T R R i R 4
2008), I I Sk Tk B AR A i, TR oK
RS UIRE, WA, EmARE T, FHBRIR A
BEAL A uE, DR TR R, AV AL
T 5 A BT EORE, BT LA, TR 4 SO o
BUG, WA reiF 2 ME A . A4 my Y S5 772
J, R A S AR R S B i A e (LA A
X — B 43 B YR A R T A Y T 5 Y R R
45% 1547 (BRI ANEE, 2010) , AHFFRAERI S 4 S R4 1R
RIS IR AT Ry L AT A R A 2Bk, SR
FEHE A IR MESCRAE X LU 9T, R A 8 0 0L
SR, DU KA S e 0 S T LA Dk b i g
5%,

1 MBETE
L1 ERER

DAY . NAE R | IR AR N R ELURE, X IRAL R
SURB B (D1 W [ S T i m il PR R, 4051
B R (D2 R FVLH A ERIRTH K F X IR KK, T
7% 41 20840 CFU/g; KT 16 MPN/100 g; ¥01]
[CHR . WA MRS . & ORI A BRI . BB R
K ) IR (D3 W R ST AR O R AR R A R
ONTD) IR (D4 WA F SR MO R A R A B
N E) A BB (DS W A TS Z IR DR R A R A R
K S Mg EER S FIRAQ < 111 : 1; DO
B, BOHIAL 6 Fhac s imlkl, ARSI iR ML & 30%
IBERY o W5 T A SEU0 JFUR B IR A), 518 B fif 221
KRS, TR EHLIN TSR K 2 mm B9 H R4
B, BRAT BRI N 5%EEAT, B T-20C kA&
FH o TARHEC T B A SR L 1, SO0 fA Rl 3
FRZL AN L3R 2,

1.2 (AFERE

SIS A S0 T AR LR AR A BR A
A, IERSEET, T AESKFERS T, H
X FEZH (PR B4 TR W 14 d, il S 40508 1 5%
B R B A S S ikt BEHR 540 kRS g8 — | 1K
JERE . WIHARTE 4(10.02£0.03) g KIS BENL M BC
F 18 PHEEHNKAE N (D 65 cmx80 cm), LK N
6 4, Bl 3 A FiT, BT 30 k1=, B
WCE 2 AR ORISR EANE AR 2 Rl 5K
ERFERME 1 7R (16:00), HIEEMER S HS MG E
() 2%, WUEER B0 IF B i R e it 4 3 d R
IR W AR S S, SEER SR 56 d, SEg ]
B KoK i 1/3, 36K (18+2) °C L, % >6 mg/L,
pH 4 7.6~8.2, Ll 28~32, NO,-N<0.05 mg/L,
NH;-N< 0.05 mg/L, Y& EHA AR50

1.3 HmXEE&E

S PO T IR I I S 20, AT AT Y
NI TERE AR, TR TR 60 CHET,
FFRRANEME IR I RE . WIS RIG 251 48 h, 43
)X A R S AT I RO FREE A A Bl AL 2B H
10 SKZ, filor B IE . IARRE K il , FREE IR
T80 CIUKFRE&H . I HBEYLE 3 L=, I
FHV 2 A N e ) Gl B I IS i R L), S0 B R IR )
B 0.8 em A2 45 9 [ T Bouin’s i 24 h )5, {4
T 70%KE H, Sk, B B, ail)E, o
TTERAWESY R, VIREER 7.0 um, K54
H.E a5, P E R dt 'S, 7Epk R mig i
A4 (LEICA ICC50 HD) FWIEFF4A R . M—-80°CUKAfih
BRI 2 miE, KBRS, 4CEL 20 min
(2500 r/min), F¥EWCHERR)T 4 CHRA7, HFWk
il G 38 A 1% 1 0 5E (24 h NI AE ) o
14 HEAKXESXWHE

H4 % (Weight gain rate, WGR, %), iK%
(Specific growth rate, SGR, %/d), {71 & (Survival rate,
SR, %), MKkt (Ratio of intestine weight to body
weight, IBR, %), lE#A H(Ratio of viserosomatic weight
to body weight, VBR, %), MWL F AR ITHE:

WGR=(W—Wi)x 100/W, ;

SGR=(INWINW)x 100/T;

SR=(17{% B /0] i i) < 1005

IBR=(/Ifs 1 J5 /14 )< 1005

VBR=(N HIE S5 ft /1 H)x 100

=, WRT Wi 4350 B4 9 R 2 17 240 Bk
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Tab.l Composition and nutrient levels of the experimental diets (%)
J5 B} Ingredients A15 Groups
DI D2 D3 D4 D5 D6
fi} Fish meal 12.0 12.0 12.0 12.0 12.0 12.0
T Seaweeds 30.0 30.0 30.0 30.0 30.0 30.0
/NZ ¥y Wheat meal 10.0 10.0 10.0 10.0 10.0 10.0
AL 4EE  Microcrystalline cellulose 50 5.0 5.0 5.0 5.0 5.0
¢ Sea mud 36.4 36.4 36.4 36.4 36.4 36.4
KEZIIHENE Soy lecithin 1.0 1.0 1.0 1.0 1.0 1.0
W BEREL: Wall-broken yeast 0.5 0.5 0.5 0.5 0.5 0.5
B{J5E Xanthan gum 0.5 0.5 0.5 0.5 0.5 0.5
JR/R G Guar gum 1.5 1.5 1.5 1.5 1.5 1.5
HiF b5 Antioxidant 0.1 0.1 0.1 0.1 0.1 0.1
e 2R K Vitamin premix® 2.0 2.0 2.0 2.0 2.0 2.0
YR BUEK Mineral premix® 1.0 1.0 1.0 1.0 1.0 1.0
41t Total 100.0 100.0 100.0 100.0 100.0 100.0
BEFRAN(T¥ ) Nutrient composition (Dry Matter):
HLZE 1 Crude protein(%) 15.26 14.46 16.64 16.83 16.23 15.90
KT Crude lipid(%) 1.54 1.91 1.80 1.73 1.41 1.80
KUK 3 Crude ash(%) 50.03 53.06 47.99 46.32 48.14 49.21
fiEf® Energy (kJ/g) 11.57 10.58 12.30 12.73 12.12 11.94

a 4E/E R IR B (mg/kg TRRL): 4E2E R A, 38.0; 4i4:K By, 115.0; 4i4: % B,, 380.0; i/ K By, 1.3; 4i4:% Ds, 13.2;
-4 F W, 210.0; MR, 1030.0; 22, 368.0; EHZ, 10.0; MR, 20.0; HLIRIMAR, 500.0; FHEZMH M EE, 88.0; JILEE, 4000.0
b IR TR (mg/kg TEEH: KCI, 3020.5; KAI(SO,),, 11.3; NaCl, 100.0; KI, 7.5; NaF, 4.0; ZnSO4-7H,0, 363.0;

CuS0O4-5H,0, 8.0; MgSO,4 7H,0, 3568;
C¢Hs0O7Fe-5H,0, 1523.0; Ca-lactate, 15978.0

MnSO,-4H,0, 65.1;

Na,SeO;, 2.3; NaH,PO,-2H,0, 25558.0; CoCl,, 28.0;

a Vitamin mixture (mg/kg diet): vitamin A, 38.0; thiamine, 115.0; riboflavin, 380.0; vitamin Bi,, 1.3; vitamin D3, 13.2;
a-tocopherol, 210.0; nicotinic acid, 1030.0; pantothenic acid, 368.0; biotin, 10.0; folic acid, 20.0; ascorbic acid, 500.0; pyridoxine

hydrochloride, 88.0; inositol, 4000.0

b Mineral mixture (mg/kg diet): KCI, 3020.5; KAI(SO,),, 11.3; NaCl, 100.0; KI, 7.5; NaF, 4.0; ZnSO,4-7H,0, 363.0;

CuSO4-5H,0, 8.0; MgSO4 7H,0, 3568; MnSO,4H,0, 65.1;

C¢HsO7Fe-5H,0, 1523.0; Ca-lactate, 15978.0

UNSINRIEZ S RN S SR E PN

TR SR AR RBE 7K 43 . MUK 43 . RLRE 7 SOf 2R
HE B4 kYR GB/T6435-2006. GB/T6433-2007 .
GB/T6433-2006 F1 GB/T5009.5-2003 i , 4kl e+
K FH R 1 T 72 (PARR 6100), R AN A 7 K 43
(Acid-insoluble ash)f 45 GB/T23742-2009 & ; Wih
FE R AR R T (5 S 578 L TR B (Trypsin)
J8E 75 1 fiff (Chymotrypsin) . a-JE ¥} ff (a-Amylase) . JI§
Jii i (Lipase) . &L # % 1k 9 157 1k (Total-superoxide
dismutase, T-SOD) ., fii{": B2 it} (Alkaline phosphatase,
AKP). BRVEBEMRHF(Acid phosphatase, ACP)i& 4 K A
—[#(Malondialdehyde, MDA) % t342%k F g 5t s 2B 4
TARFZE B Gl e, W ik S A0 el
A5 AR TR E 2 BIE BRI E 755 (GB/T 14924.10-
2008), K4 H & ZLMR I ¢ {X (Hitachi L-8900, HA)
M

Na,SeO;, 2.3; NaH,PO,2H,0, 25558.0; CoCl,, 28.0;

1.5 HIESWH

B Bl R0 SPSS 18.0 HEATEAN &K )7 2270
(One-way ANOVA), H Duncan’s ¥ 503E 172 & He i,
P<0.05 NZEFTE, P<0.01 NZERWTE, P>0.05
HZEFREE . G B LT AR 1 1R (Mean+SE)
L EIR

2 #R
21 AEEMI RS ERMLE. BEBRREEER
SEA)

AN [R) A X 2 10 A KR BE LA S,
3R, IRAE 5 XA 2 WGR Fl
SGR & & T HABA 4 (P<0.01), 4 ¥4 5524 2%
SN E(P>0.05), HIEEMLT A 24 (P<0.01), ¥
WE A A AL S ) IBR A VBR ¥
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2 LWERSEBRER(TYITILR, %)

Tab.2 Amino acids composition of experimental

diets (Dry matter basis, %)

AR #2015 Groups
Amino acids DI D2 D3 D4 D5 Dé6
HRIR Arg 0.77 0.78 0.90 0.89 0.90 0.82
2H & MR His 026 0.27 0.27 028 0.28 0.27
ot e 0.45 0.47 0.56 0.58 0.57 0.51
SE %R Leu 0.97 0.99 120 1.21 1.17 1.07
5 B8 Lys 0.83 0.90 0.91 0.89 0.88 0.85
HATR Met 0.33 025 0.43 0.43 0.43 0.40
TN % R Phe 0.59 0.61 0.74 0.74 0.73 0.66
Jr2 R Thr 0.63 0.64 0.78 0.79 0.76 0.70
R Val 0.57 0.59 0.71 0.73 0.72 0.64
KEHIR Asp 133 1.49 1.67 1.66 1.59 1.1
22 1R Ser 0.75 0.76 0.88 0.89 0.86 0.81
HE M Gly 092 0.94 1.11 1.10 1.07 1.00
HE R Ala 0.86 0.91 1.07 1.06 1.04 0.96
LB BR Cys 0.19 0.18 0.24 0.25 0.23 0.22
M S R Tyr 0.41 0.37 0.41 0.40 0.38 0.40
A &R Glu 3.33 278 3.08 3.09 3.00 3.00
[ 22 Pro 0.74 0.78 0.90 0.90 0.87 0.82

B ER TAA 13.93

HLUIE S Crude fat (%)

1.24

13.7115.8615.89 15.48 14.64
WIS IR (T4 R) Seaweeds nutrients (Dry Matter)
M Crude protein(%) 16.08 13.1819.5320.86 18.25 17.60
1.26 2.02 1.98 142 1.62

IC T HAth 2% 2H (P<0.05) , Hifth 2% 2H [H) 22 % A B &
(P>0.05) ; A [F] ¥ 5 k3 X il 2 SR S A i 2 (P>0.05)

X4 5 REos, FRHR I | AR . A28
KRA BN S REHE = ) 2 R BERL R 1 % i, (HS %
HEZH 22 57 N 235 (P>0.05), AN [R) Vi 356 493 X i) 2 40 BE 7K
g3« LR 3 ARG 0 5 A (2 3 (P>0.05)

22 AEEEHNRSELEE TR

SR i R B o 4 ) 2 i 38 i 2 ¥ Rl O 2
FE TS | WA LG 2641 (P<0.05), i e 4
WA 20 2% R 25 (P>0.05); A i M A 2y L il 2
TE 114 8 1A i TS IR T A 45 4 (P<0.05), HiAfh
B ) 22 R 25 (P>0.05); AN[RIALFRA o-FE 45 i A1
JE BT Tt 1% 1 22 SR 35 (P>0.05) 3 A4 S 2818 1Y
PR ANV M K 20 35 8 T X IR 41 (P<0.01), Hifth 45404
W E T X 4L (P<0.01)(3E 5).

23 REBHENFIS IS SR BRI

H 2% 6 ] 0L, AN [n] i e o ) 2 AR R S v e e AT
WER, A AU S 5iE T-SOD {5 % B KT
HALAA1(P<0.01), TRABMY W E & TH# .
KA ZEH(P<0.01); Wl ZHiE MDA &&=
FE T HAB R 4 (P<0.01), f7 2641 B A% T % B4
(P<0.01), TRABENAL 55X IR 22 5 8 1 3% (P>0.05);
AR TR S/ ACP, AKP 17k HA W 5 m
(P<0.01), A7 EAHIZH) ACP 7Pk K T X 8

®3 AREESMRSEKMERE. BAEREREERNNE

Tab.3 Effects of different seaweeds on the growth performance, morphological parameters and survival rate of A. japonicus

1ji H Items

2 5] Groups

DI D2 D3 D4 D5 D6

WITRIAE W (g) 10.01+0.01 10.02+0.02 10.04+0.01 10.04+0.03 10.02+0.03 10.01+0.01
KIKE W (g) 18.83+0.23°  13.17+0.07° 13.3120.09%  11.19+0.11¢ 13.72+0.07° 18.92+0.16°
BEH WGR (%)  88.33+2.33%  31.29+0.23° 32.76+0.93¢ 11.37£0.57°  36.97£0.60°  89.20+1.60°
FiEEK#E SGR (%/d)  1.13£0.02° 0.49+0.00° 0.51+0.01° 0.19+0.01¢ 0.56+0.01° 1.14+0.02°
Wik L IBR (%) 3.34+0.04  3.37£0.05° 3.26+0.05% 2.3740.09° 3.16+0.03° 3.39+0.05°
JEMA L VBR (%) 7.84+0.38° 7.12+0.37° 7.44+0.35° 5.77+0.27° 7.49+0.15 7.75+0.34°
5% SR (%) 91.67+1.67 88.33+1.67 88.33+1.67 83.33+0.00 95.00+5.00 88.89+1.11

T [F—4T AR A [F SR A R 40 ] 2% 5 8 35 (P<0.05), T %A

Note: Values within the same row with different letters are significantly different (P<0.05), the same as below

R4 TEIEEM IR S B R Y20
Tab.4 Effects of different seaweeds on the body wall composition of A. japonicus

i H Items

2 %) Groups

D1

D2

D3 D4

D5 D6

7K 43 Moisture (%)

M Crude protein (%)

HAEW Crude fat (%)

K4y Crude ash (%)

90.80+0.35 91.30+0.08
42.96+0.44 42.71+£0.35

3.58+0.26 3.66+0.05
36.23+0.04 37.30+0.24

90.72+0.15 90.58+0.20
43.46+0.07 43.63+0.62

3.58+0.09 3.94+0.14
35.92+0.29 36.73+0.16

91.05+0.21 91.32+0.06
43.63+0.23 43.70+0.09

3.63+0.02 3.77+0.10
36.224+0.43 36.44+0.51
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Tab.5 Effects of different seaweeds on the digestive enzyme activities of A. japonicus
Hu G
i H Items A3 Groups
D1 D2 D3 D4 D5 D6

Ji % H B Trypsin (U/mg prot) 820.93+21.13% 798.95+42.57 714.61+27.94™ 630.35+24.67° 720.34£13.07° 816.15+26.80"

BETE AT Chymotrypsin (U/mg prot)  4.39£0.26°  4.30+0.14®  3.75+0.15™  3.39+0.11° 3.55+0.14° 4.29+0.18%
o-TEH E a-Amylase (U/mg prot) 1.13£0.03 1.24+0.06 1.07£0.06 1.09+0.07 1.07+0.06 1.2420.07
& 5B Lipase (U/g prot) 6.32+0.27 5.60+0.09 6.20+0.35 5.83+0.20 6.53+0.14 6.52+0.20
A AT A
@AJ G PRIy 4224+022°  43.52+0.16°  39.71£0.15%  41.85£0.24°  40.75£0.15°  40.47+0.13°
Acid-insoluble ash(%)
%6 TRIEEMRSIEFREERBEEENTN
Tab.6 Effects of different seaweeds on the nonspecific immune performance of A. japonicus
Hi G
Ui H Items A1) Groups
DI D2 D3 D4 D5 D6
Ty
S AL AL 20.99+1.07"  18.81x1.00° 19.14+0.82° 14.96+0.60° 18.37£0.12°  22.65+1.30°
T-SOD(U/mg prot)
9 ¥ MDA(nmol/mg prot)  1.44+0.04° 1.36£0.07> 1.2940.06™ 2.010.11° 1.17+0.08° 1.310.04%

TRVEREHRME ACP(U/g prot)  134.2246.92%°  119.04+£3.45°  129.21+4.45™  111.19+2.93°  129.57+4.18%
TRPERERREE AKP(U/g prot)  457.58+11.64°  366.27+17.56% 418.42+14.20% 352.44+16.66° 385.15+20.42"

138.33+8.25"
461.99+11.38"

HIORGHMAL(P<0.01), HAKHASGXIMAZ A  BE, BUZEATR S ARSI 18 9505 5 B ok
RF(P>0.05); B | WA AT 2G4 IE AKP iEPE T HAMMAS A, AR ARACK, S8 4 e i v 2
WEMTXEAP<0.01), REWHASHRAZR Bk, HSEEm PR, i Lo s a0

A E(P>0.05), R,
2.4 AREEEIRSFEERAEHZ0 .
3 it
Bl 1 h 6 AR R 32 09 v i ks bl 41 4145

Lo N R N T S0 P B 7B iR Y b AL g RS LR R T T, AR AS I 30% 14 Bk

D4

P S [ T T 3R 2 M T 2H 4 A5 A 52
Fig.l1 Effects of different seaweeds on intestinal tissue structure of A. japonicus

D1~D6 735 0 R 3 . e . T . A . A2 SRS B AR S I 454
muc: ZEBEE; sum: FBET)ZE; mus: WLRJZE; ser: KBS
D1~D6 were intestinal structure of A. japonicus in group of S. thunbergii,
S. horneri, S. japonica, degummed kelp, U. lactuca L., and their mixture, respectively;
muc: mucosa; sum: submucosa; mus: muscle; ser: serosa
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AE fc SR FE 2 5 ) 2 19 A4 K BB (Yuan et al, 2006),
1M BB A AR SR, TEARSEERIE T,
SRRy | VAT | A TS AT 2 ) S ) 1 Ak R
YIRS, SR, RS ELAE T 5 R M
[ L B LA AR, XATRER N, 2R sk
RAEFRE W, yRAN T 5 — 58 IR AN 7 1) )
M, 5 Gao QO RIS AT &5 R —8, Ml B
AR S R BEARRIGR 2), HARAKBCEREI]
BAKERE, RN HEAER & E02.78)H
R FREHRA(3.33), MARAMRE P 2R LR
UK HREE, 2015), RedgamshPraa, REHER.
AHFFE i R 4 S 19 IBR Al VBR ¥ g LT H:
A2, AT RESE PR A i T 7R 4 U B R A R v
R T R B B 0 2 5 A Y R RS 5
FREE, M T RIS ERTIRE, ALY SR 5
HAh 441225 K3, RREATEXT 20 SR TR
FISZm, ERF T I8 A i AL, R4k (2014) B
FEFRM, IR A SR, RS04 Kk aE
I AR TR SRR (P<0.05), SARHFSE S5 AR .

2 B 18 RN B AR AR, A 232 iy A AL AL P
T EYNAIER, F 2 ToRe b 0T A0 IR (B TR 55, 2000,
ZEN0AE, 2013), AT AT G E BRADAE , BE S WA T AL
SHE Y HEAT AR AN A (CE S RS, 2007), ABFZE R,
2 M8 B RIS PR, ELASZ AN R E R )
17 JE J T 05 PR AU, 2 B ) 2 % AN [ 5 S 8 1 ) R A
REJIATR], XHAg 7 AN 52 MK (Seo et al, 2011), £
WS AR B T i 2 8 5L A A v ) 2 1 T T R AR
K 1% B i it 005 7k (O 2R 4%, 2007; 242555, 2007,
BXRLAE, 2015), SAHEFTAE R —20. 4w Rk i 2
i) 2 M A T A TG A, I R 2 % L9 AR R A
T8ES . SI—2, AT R A T L S
TH A v B U A T R L R IR A R A, Al
AR, I B 986 1 56 B P e T 8 AR ) SR T
ARSI A G B, T B8 A2 R Sk 7 A DA A o TR T
FIEARE RS, 2007), 2 X 4 86 Ry i A Wiz e
REFI555 , GRB 2 0] A Bess 4 i 7 24 FERRAR, ARk
KBS AbiE R, AN FEIEH BT 198 E b R (135 B 4,
2007; FhERE, 2013), JEALMI A FR AR D, AT
SO T XS R R W AL, BRSNS IK 4y 48
AN EEHE AL 2R A e bR (Li et al, 2008), ABFFEHT,
T | A0 26 M IR B R AL TR AN A PE A 1 B AR T
XFREL , v 2 T RR AL, W S X IR 2
AN, RARNS AT | A28 IR A BRI A
R A, Ko S AR A T AR R AR, AT RE A
AN R, WA ALG ZE R R AR, B B

BB

T-SOD. ACP il AKP /21 B S PR G 11
HEEAEIR . T-SOD ML TE B3 16 M A1) S5 B i il
HTE M B AR R 0% R GRS BT bR B 3 AR
T T, 2016; A, 2015, EBESA, 2013),
MDA & H 1 3AEH TR & AL A &=y, &
SIS A IR Y K538 R A (Wakita et al,
2011), FEAMEFTH, W i 4L S 0 A4k 7= MDA
SEBER THAMA A, T-SOD i B % T H A&
4, FUHZA RS AR it S R N R ™, AL
RIERR A R RE 85, IRA M4l T-SOD &k
XA 22 R0 E, B85 5 T HMAY, £
Z IR TR A 1R M S 0T DL R S ML S B A
Fmee sy, EEHS PR MMERE. ACP Al AKP &
VAN T A 110 L 2E R A O BR A, 2014), [RIR A2
ISR NS 5 G252 B A6 20 09 BLK i, 780 S 4%
U | G R S A AR e 2 R v B — e
W SRR, 2007), FEAHSE R, AT, i
Wt A2 AR A R AL S 518 ACP Fl AKP 1
PRI 3 v T R AN SR A, R R DR A I R A 2
S IR G R R EINSY, BRI S A G
TR, NI A AKCHR S e AR (2R S SR,
2014), WFFEUESE, 2 B o3 1) G 35 S5 I 8 2 v v
KA MIAS, Canicatti(1990)7E%12: H. polii i
KOFFWEA T R ACP. AKP ., B-#i %5 BG4
LN . VRS G . AP B R I il A 2 R T
AR, [RIB7E R T A 2] T ACP {4

4 it

X RS AR AR RE | AERE Sk S e S AL RE
A ZE TR, TR b LA Bl 2 3 A D A ) T 2
R, WL BORZ 42 3050 h Z Fhig s iR A
PAPRIE R 25 3R 49 1
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Application Research of Five Seaweeds in Juvenile Sea
Cucumber Apostichopus japonicus (Selenka)

WANG Xiaoyan, QIAO Hongjin, HUANG Bingshan,
WANG Chenggiang, LI Peiyu, LI Baoshan, WANG Jiying"

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

Abstract In order to evaluate the application of Sargassum thunbergii, Sargassum horneri,
Saccharina japonica, degummed kelp, Ulva lactuca L., and their mixture in juvenile sea cucumbers
[(10.02+0.03) g], an 8-week-long experiment was conducted in a circulating water system. Growth
performance, body composition, intestinal digestive enzyme activities, and nonspecific immune
performance were analyzed. Results showed that the weight gain rate (WGR) and specific growth rate
(SGR) of sea cucumbers fed S. thunbergii and the seaweed mixture were significantly higher than those of
other groups (P<0.01), and were the lowest in sea cucumbers fed degummed kelp. Sea cucumbers fed
degummed kelp had significantly lower ratio of intestine weight to body weight (IBR) and ratio of
viserosomatic weight to body weight (VBR) than those of the other groups (P<0.05). Different seaweed did
not significantly affect survival rate (P>0.05). Body wall moisture, crude ash, crude protein, and the crude
fat of sea cucumbers were not significantly affected by the seaweeds (P>0.05). The intestinal trypsin
activities in sea cucumbers fed S. thunbergii, and the seaweed mixture were significantly higher than those
in the kelp, degummed kelp, and Ulva groups, and were the lowest for degummed kelp (P<0.01). The
different seaweeds had no significant effect on alpha amylase and lipase activity (P>0.05), but significant
effects were observed in the hydrochloric acid-insoluble ash of fecal matter (P<0.01). Intestinal
total-superoxide dismutase (T-SOD), acid phosphatase (ACP), and alkaline phosphatase (AKP) activities
in the sea cucumbers fed S. thunbergii and seaweed mixture were significantly higher than those in the
other groups (P<0.01). Intestinal malondialdehyde (MDA) content in sea cucumbers fed degummed kelp
was significantly higher than that in the other groups (P<0.01). In conclusion, a comprehensive
consideration of growth performance and nonspecific immune performance indicated that the four
seaweeds individually cannot achieve the feeding effect of replacing dietary S thunbergii; however, using
mixed seaweeds can achieve an effect similar to S thunbergii under these experimental conditions.

Key words Apostichopus japonicus;, Sargassum thunbergii; Seaweed; Growth performance;
Digestive enzyme; Nonspecific immune performance
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Apparent photosynthetic rate and respiratory oxygen consumption rate of S. thunbergii and

Nitzschia after cultured in white, blue and red light for 7 days
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Different letters in the diagram indicate significant differences, and the same letters indicate no significant differences.
Lowercase letters represent respiration rate, and capital letters represent photosynthetic rate
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Apparent photosynthetic rate and respiratory oxygen consumption rate of S. thunbergii

young sporophytes after 1% ammonium nitrate treatment (nmol/g-min)

W IEH 5514 F 5557 2 h Restore 2 h

WK TEH 5 T R59E 24 h Restore 24 h

FZ5 1]
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Tab.2 Apparent photosynthetic rate and respiratory oxygen consumption rate of S. thunbergii
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iz WK T8 5 T 1 5% 2 h Restore 2 h WK IE 8 Z4F T B5 3% 24 h Restore 24 h
2y (A

; EOGA R N . MIGE R
Time  gtams vy SEEER s ey | BEERE
(min) = R Total photosynthetic P R Total photosynthetic

n n
rate rate
0 635 872 1507 730 828 1558
3 428 888 1316 52 403 454
5 385 884 1269 =79 218 139
10 142 774 916 107 159 266
R3 1%ITIRERA B E R E) 3 R R AN 18 P, A R B9
Tab.3  Apparent photosynthetic rate and respiratory oxygen consumption rate of
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Effects of Different Light Quality and Stress Treatments on
Photosynthetic Efficiencies and Physiological Characteristics
of Sargassum thunbergii and Epiphyllous Algae

YUAN Yanmin"?, LIU Fuli**", LIANG Zhourui**, WANG Wenjun>?, SUN Xiutao®

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory of
Sustainable Devel opment of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao  266071; 3. Laboratory for Marine Fisheries Science and Food Production

Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao  266071)

Abstract In this paper, Sargassum thunbergii, Nitzschia, Ulva lactuca, and Callithamnion
corymbosum were used as the experimental species to determine the influence of different light qualities
(white, blue, and red light), medical treatments (1% ammonium nitrate, 3% ammonium sulfate, and 1%
citric acid), and freshwater immersion on their photosynthetic efficiencies. The effectiveness of various
harmful algae removal methods which are harmless to young sporophytes of S. thunbergii, were also
discussed. The results showed that: for RGR (relative growth rate), P, (apparent photosynthetic rate), and
P/R (the ratio of apparent photosynthetic rate and respiratory oxygen consumption rate), S. thunbergii
under blue light were significantly larger than those under white and red light. In comparison, P, of
Nitzschia reached its peak under the red light. The P, of S thunbergii and Nitzschia under blue light was
significantly higher than that under white and red light, indicating that S thunbergii outcompetes
Nitzschia under blue light. Irreversible injury appeared when young sporophytes of S thumbergii were
exposed to ammonium nitrate, ammonium sulfate, and citric acid. These chemical treatments also
inhibited the growth of C. corymbosum, but the effects were not significant on newborn branches of S
thunbergii and U. lactuca. Freshwater treatment caused harm to S thumbergii young sporophytes and C.
corymbosum, but there was little negative effect on U. lactuca, and newborn branches of S. thunbergii.
These results suggest that in the early stages of S thunbergii cultivation, increasing the irradiation of blue
light or reducing the irradiation of red light to a certain extent, can promote the growth of S. thunbergii,
and inhibit the growth of Nitzschia. The use of ammonium nitrate, ammonium sulfate, and citric acid
should be avoided in the removal of unwanted algae from young sporelings of S thunbergii. While it is
not advisable to use fresh water during the early stages, a fresh water soak for half an hour can remove the
unwanted algae and causes no harm to the newborn branches of S. thunbergii.

Key words Sargassum thunbergii; Unwanted-algae; Light qualities; Medicine treatment; Fresh water
treatment
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PEAFFEIREE, SREFESENS YL, 20174 (Nature
Communications ) WP E, 2EREGFEF115~24177t
SR 30 DA YA 3E A T (Lebreton et al, 2017), Ffii
i N R A SR R R ) — A Bk T

(2) VEWEHRIE AR I B A 0 A VA i
Jil e, BTV LG, FHE R OB
PeUiF R BE RS R A A8 L T SR IO/ S Bk B
W, GhymEweiy s e ek A B IR

(3) MRS bk A 1 TR X K
14 Y8 R 57 W A R B — S R VR . 4l UNEP
(2005) i3, 20054F A ERAR AN A2 Fir i 78 g A 2
(R E R B R B S00 7t Uk, i FAIE &S
SR R S E AT

(4) Wl FEIRAETZ U AN HE R AR Y ol
B s, s A N 2 B . ERIBTTRERL, A
T3 TR b K B R G & i, S9 40, T
Sy FL A R AN 249 ) BN, RRAE S Ko
R ¥ H 9k % 35 7F ¥ 2 P (Macfadyen et al, 2009) .
Lusher®5(2013) & 88, 167 A= Wy 44 A (1) 988} £ 4
55 i B 25 R AR ARL, DA TATIE 52 A= P44 P i) 2
5 Y 5 2 W el 2E 7 3 B 25 D) 5CHK (Dantas et al,
2012; Witte et al, 2014; Mathalon et al, 2014),

(5) FREEVLNE 3 AR AL U IR A A R ok
SR | e gE A ERAE DR &, LR i AT
Z3iE K B SRR 7 E A . Mathalon®(2014) B
GERI, SEFAENG DA, A T FREE i TG DL Py 980k
LU IR .

(6) KAV Dris?H(2016)% KITFEY BT
AT T 508, KRILS50% K KIREF TR, 21% K
2ot N TN TR R IREF 4, 17% 9 N3t SR 2T 4 (&
RRXS R IR L T ERR), 12% M N IRA 4R
Xof R R & T R RN 2R T 1 TR A 2 A DL A R
RWERE AR A 214k ) o X R KA D0RE AT B I 1 i
b 7K S5k R R A R

2 i AokE PR EE R 5 T R E

TERT TR RAE T | 7 PR b i) S ) 2
ITIEEEIER, O 2 e, i, mif . i
H R A5 A BR A AN AR . — Mok, KU R AN
H G P AT LA HE ROk A2 ) S ) R A T S BBl 1
(Law et al, 2010), 7EE/NEEIAN, i i A % 2 53
DUEL W) 1Y 13k 98 L T YR B V7 (Ballent et al, 2012,
2013),



540 4

#

il

I

i

180

91e[A10BATOg :VHJ UISaI PANTY IV ‘oprwueA[od :vd ‘ousikisA[od :Sd ‘ouojAdordAjod :dd ‘ouo[Ay1akiod :dd 910N
G VD (G IV (AW (VT2 S T ‘dd T2 ‘Ad R

(1100; o1h0a W OCHHN BH — - Yl W HE roSoon ST S H
(910745 onse) o i dd “ad N Mm Hgt 747 YW U/ PUL 9] wur 6> &k eqnfnang
(81008 Mz UHHAY  — - HlCH W ey WES WS RS
(+100)45; s9B103590 B — - BE (oo W ITSTESS M e B S
(P10D)4; 98105500 wE O — — BE  (orpoee) TILEREE  RUBHBEN S
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1 MRS TORTRN O K SR SRR R L kL
(N |72 NN TSR )

(1) MWBHEBE 8T, 2 mdEE A5,
i [ 77 5 K SR A R A L 15 81 10° ind./m” (Song
et al, 2014), i 4% 4 i 0 K R RS =AU 107
ind./m’ (Frias et al, 2014).

(2) MR RLAR 3BT, AN Al 7K B 2 e
PRLARS 26 S 88K o AN, FE ISR IR B B P4 i 5 A
W3 f 88 kL (5584521 pum) F E R (1710+£1110)
ind./m® (Desforges et al, 2014), 7EFH#H5 I sh % £ 19
KR, v T AR, 4 K S E0 R
R LA /INRE AR O TE A AE L 0.5~5 mm FORLEERE 5 90%
ZE4i(Zhao et al, 2014), T3 E 4 1L #s OB B R
FEAMGALE 0.25~2 mm, FHIRiAE A (1.54+1.53) mm
(Chen et al, 2018),

(3) MTHIEHIEAR 30T, FEEEREFLEIR . W .
WM ANERAR, b, ZF AR b K 3k
DL TR R}, 3k F2 Bt T B AR AE T 3l v i 48
U BB, S B LT AR OB BT o PR o
I KV Ry 55 T K SR it v FE AR v, X b eF
AR IR B Fi i 25 3 N (Desforges et al, 2014).
TER 7 TG S B B AR LR P PR R AR AL RO 2, 2R 4tk
ARG T 70%L) I (Lusher et al, 2014; Desforges et al,
2014), (HFEERE R AR, R 32 S DLUSORL A
P AEAE e B R IR e 25 O B 8 FH B RG &58)
BORD M Uk (Song et al, 2014), fib Al W, w6
T HIEE SRR Y S R RN R WL A PR B,
JAR3E 5 o

(4) MR B @ BT, AS Rl K B o
B A sz RER, BRZERA, Af, 46,
BB NI, Hor, RACKPGEE s @kl b
37.7%, T2 B AR MR N A B 22 (R TR SR,
B LT YR (Lusher et al, 2014),

(5) MR 7, FLEURERK . KL
N A R U (e s S G
S I RE RS AL, B R 1 DR R T
FREE A B IE s, WK 205 5 R 7K = 375
IR IEAR, B . B L0 R B 2 F Tk
WE R sg . W Rask . AR R, RES
LIS A Ry g S A I T T /K SR 5 DX, 00 8] ) R e
BELIVRR I NE, 4 38.6%(Chen et al, 2018),

ZE Lk, iRl Kk, SO R kL
PG 22 IR, TR LALT iR AUBORLRE FOIR 3
Bt EEONWG . A6, a6, BeEa, £

WA W R . ROEMBRLA .
3 MERXEEELEYNSERN

TRz oA T HE PR i R K B, i T
RiAR/IN, vl 2E Y18 A (Moore et al, 2001), i
77— RIVFEMERON (R 2), FEAFEMHRIERK AL
B W LATNEE D) . AN SRR
(EEYVIE

3.1 MHEEKEE

OB R SR A A K R E . B,
DU b i K W O RE(40~1300  pum) £ I 25410
Vb 72 (Arenicola marina) i 4= 1, ELIMHHI AL EE 5 s
B9 5L 1 A € (Besseling et al, 2013), 5 2198
BL2s 3] IH (Tripneustes gratilla) & 54 K, H
AN RE = A= BAE AN (Kaposi et al, 2014) 58 k)
BTV M A AR Y S 2 E T AL T B EUIT R
FETHALIE (Browne et al, 2008; Wilcox et al, 2015), 7=
AR, SEOUREGET) TR, RN Re R A
(Wright et al, 2013), M sZM L AP 41 . Yin
FEQOIBMFFE KB, AR LIRHIBRL B E 5 TG
SF-fifh (Sebastes schlegelii) (U RE R i 45, AL T A1k
FR7E F5 4 BT . Bour %5:(2018) WL 5% 1) 5 75 75 # K 3 RH
BT (125~500 wm) 52 D2,k AR 1 5 RN i
S AR R A AR, (HUE Y RE B A% B 2 R IR
Er RIS FE AR . BLAR R 1~50 pm 195 M o Rl 25
R 42015 D1 (Mytilus galloprovincialis) i 4 N P45, S
FER I DU BE B FE RS I A AR K 3R TR B (Detree et al,
2018).

32 HMBERRITAHRE

P AT IR 25 i el A ) ) B AT R R
IR, BRI HIBARL(1x10° ind /L) £ 1 3 FEAIK
VFIGFfili(S. schlegelii) iy £ FIFIKBE 1, 4/ MG
ST B P 35 SR, 3 R 4 ECOT il X B2 A T (Yin et al,
2018), R OIEHIBK RS, #8)% fi(Pomatoschistus
microps) i ik AE 11 F % (Oliveira et al, 2013), #i & fig
F1U85 (Ferreira et al, 2016), Jf H. i 5L BE A 45 1iF
(Oliveira et al, 2013), P74 (A. marina)ih T vk B2
R R T, BT R RAE RN, FRAICRE L i &,
It H BRI 3 32 F 306l (Wright et al, 2013), {H
WA KM, EHIBRMERERET, Ry
(Lates calcarifer) 2 f (1) 5% £ HE J1 %A 32 3 i & 52,
E i vk 74 B &5 R B (Guven et al, 2018).
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33 4EEH

TOBRL 2 fa E W AR W A AR AR . TE R IR
BRI R EE T, K45 (Crassostrea gigas)HE
F14) 10 240 i 5 i S FRAIG, RS T Yas Bk TR R, R
TR R} 2 S B o) RV A W 11 25 BB ) (Susssarellu
etal, 2016), HHT, T RUEEIRT LAY A 58 w7 PE
AR IRAR > U — S0 HAth Vg v A= W i 41 . )
U, Ogonowski %5 (2016)AF 57 # M, fL ¥4 (10° ind./ml)
25 KA R (Daphnia magna) (I FE T2 Tt i, 16 2308,
559 KA ) ZAE BE 17 o Sussarellu 4520168 K14t
WisE AR RBAERFE LISk, R MRE mH5
AN RE R FOAAEFEIR B Lee F(2013)WF58 %
B, YR LKEHIERN0.05 pm)ikE KT 12.5 pg/ml
i, 2530 H A RIS /K % (Tigriopus japonicus) F —
RIFET; WFE 0.5 pm BRLIGIMIBRIRE T, i
R BEAL(25 pg/ml)[FIAES: T2 H A FEBEAR K & FAR
AR B T % Jeong ZFQ017IF5R L FL, 5 0.5 um
H1 6 um (4RI IR IBRAH L, 0.05 pum fek T DL 2¢
TGRSR A AR, 5 A A0 B 0 A A R i
A FEE R AR R T R R G RE I8 55 . Cole
ZEQOISHFFFEERM, 20 um BR LG HIBRHC I R
B TR L Y RE A A BB RE T, ASH
TR A AR e M.

34 ESHEMH

OB RHE S A A S GBS, 251
K—FRHNGPE RN o BN, Rife Ry 40~150 pm [Y5R
S K (PVC) B 2 45 (PE) o ¥8 ) 2 %t 5 8 (Sparus
aurata) Fl17 ffi (Dicentrarchus labrax) i i 40 il 7= 4k 4
e#ith, M= eRe sk, JEH PVC MEEEZE R
F PE (Espinosa et al, 2018), #4k, AW A, K
7 3.0 pm Fl 9.6 pm AYRLEELZS AEE TR DL (Mytilus
edulis) i) N IERE RS Bk 10 R GE, (IR ) LR A Ak
(Browne et al, 2008), TMiAiA2/NT 80 pm (1) % B 5
SRR AT AR DLRIH AL R e, S 38U DL i kL
S 1 22 RS B R ANARE , NI 5 R ALK e R 5
A4 9E 2 i (von Moos et al, 2012), 75 el
(1.5x107 ind /L) 255 T , &5 12205 (M. galloprovincialis)
EAE NI G N L K 4l JH T (Detree et al,
2017). Granby Z5(2018)F58 KM, FHAIEAEL A& R
15 YL e M T 23 £0 0] i AT G W ) AR
i, A S PR Rk S, (A | A 4R A vy 8K
FGRE SN o A W24 JIH (Par acentrotus lividus)
T T HJFBM R I AR IBRE(10 1 25 pg/ml)
r | N L) AR TR ) AN AR R R T

R IR L0 A0 K I ORL X i IH 7 AR A g
(Marques-Santos et al, 2018),

3.5 EfEs

BRSO A== A s A . TR,
TR 22 30 05 Ja Je 2% 48 1 DL(M. galloprovincialis)
FEAEGIETEE | ST L IR F I, X Sl
UL E 805 (Avio et al, 2015a), {H12, HETH CM
SRR MO A Y AL B RS IR AR D, R —
Wb o LA ARV A W O R 3E o Besseling 45(2014)HF 57 3
B, KALE(D. magna) ARl ik 4 /N5 40 Kk I8 2 06 9
BHBURL Y 22 88 A O, S 8O AR Il D S B
FFt

4 BRGNS A B AL A

(D R R DORGRE S NAZ R 7/ Fagle S 3 E 4 U VAL E= & N
i) AL A AR L AR My R | O RS
FABT5 R AR08, LR A= | B
A SR B R S

4.1 BNLEERLXEE A A 9 B 2 i

OB Z AR e T VR, THOR AR
N, Syl A YR . Browne Z5(2008)f# FHA7 9t
FRIC A9 3R 2K 2 0 R BR TR A 100 15 W 2 0 DL (M.
edulis), BifiJ5 70 DU IE FIOE A 2R Geh ¥4 R 30 T o8
BHEORL, X FR IR DL GEAS B M IASE R AT R}
PV 0 b AR R bt & BT 8 RL . Jabeen S
QOINFERIL I, ARGV KT 21 FhigK M,
R & B, BT A g K f0 ) B h B S A O R, I
H2F AR R e UL ITEAR . Ory 8 (2017)7E [V 1+
17 ANl ORI T IR TG, Rl &2 B 84% ) 4 W5 v
AR, BRI A YRR, T4t B
B 2 A S B, TRl 2E 9y 7= A )
FEPERLEE . von Moos %5(2012)45 281 D1 (M. edulis)Z&
TR OIHMIBRE T, SR ER G DU AL B 1 9
T, RINER LIRS 15 28 6 DUIH AR R 0% | iz
YA TIEE, FLEANM . 4L ZUZh Al bkt DA ik
AR . Avio ZE(2015b) K LR 2 . IR LM
SRR 0.2~0.6 mm)H .25 B I 18 565 2 NE

TR RLAR | 2 T FL A7 55 1 B 52 e HL e 2R )
B E TN K (Lusher et al, 2017), — &5, kit
N, HEAAEYIRG A SR, AR,
50~100 nm {5 245 BBHIK [ 300~3000 nm (1473
BR 25 5 9 UR R AR A U T 45 N i T 48 B UL (Jani
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et al, 1992; Florence et al, 2001), {HA&, a4 ¥)x%}
BIE YRR —E R . pHoE R 8L, ML
T2 pm AUTECEBRL, T PR W5 S AR ] £ B 6 pm [ SR
IR LR (Sussarellu et al, 2016), Jif ATEAF ST 404
Bk EEPERON S BEEAL B, N5 SR A P ) 45
1) P A FE RSN (Mizraji et al, 2017).

42 WERSEMSEINESRE

TERFPEREE h, MOBR R AR, HEA EH
KM, 5 W AN [) 2K 0 1) B 55 15 e W (AN 22 SR
ZHHRE . BARGV K EL RS, ORI
WO AE RS, T ST SR W B 1 ¥
Yo AWFREM, DRI IE AL P i X Y
VB W HCR AR K R R 30 245 (Bakir et al,
2014), MIXF it A= 7= A B i (9 B PRIV (TR R 4,
2018). Avio F5(20152)fff 55 KM, ROMGHMIBK 5%
W5 IR M2 G155 T BRI DL (M. galloprovincialis)
Xof 28 I 5 I ) W ORI FH 2% BH 42 48 /57 . Barboza %5 (2018)
ISRk R0 T R AE B AL ((D. alora) A 8 AL
N Y E S . Rochman %5 (2013)UBFSE £, X4fa
EEN TAHPIG LR IR )5, Rk
STEfRN RBOR= A BRAVER , B 252 2 305 1
ZR(ARR)IEH Rk . 7 —T R kM, S5{UR
T BB IE DL (Mytilus spp.)AH EL, 76 R F 22 88 T 008
ARFRHZE AL DI D v 00 381 O v ) 8 VR B, HLIR DL 1Yy
ZH AU R0 T A0 2, X U IORL 2 S HoAt TS
e B B R 1 2 & 7% (Paul-Pont et al, 2016).
Rochman Z£(2014)F55 % B, H A< f(Oryzias |atipes)
B RN 2 &R | 205 R 20 RS
YIRS, AR PIMER R AZ R (ERa) . BP 2
HEHE(Vig D). G5 HTA DS F1(Chg H) Y 3 K Rk K-
KW, RARIER S LARE VG RN RE G155
ST H AT B N RS TITE  OBER T 50
WIS e e e A R PESL , B BT B A2 S )
FEMFFEREE TP el A e A i X B
IO FE A . BHIAR . BBAEFVFI A EA
Y. DI A R, ERROE . RN FER
RACHFEIRRG Y REING, G5 N /-,
HEA —E IR AR SRE . teAk, BRI
L S0 R e A L Bt B A 5 A A S (AR
45 2016).

HHETHFE R W], OB R B 0 3 M2 AH X B/
(), IRBEVRE T BT R BEA S S g e A 1 7= A B3
PRI, AR IOB B R B A 5 e )i, 25 i o

W B Y P B RN o AN, AR RO 5 T
U OER K Bt N = & A= XTI PE & HL (Brachionus
koreanus) ) 221350 (Jeong et al, 2018), [HI, {8
E At 5 G o) ol A W 1) 5 A BN A 5 |
1o FE EE A o TRV A P O 5 05 e W i 52 B RN
T AR E TN &2 2, e A1 T R O R
X5 Qe R L A RETSORIE Rk B, AH DG EL
ML S e R 2R iR A ik — 2D IR, Lo T o i
RN TR At PR B RLN o

43 WERMEAIREY. WESEYRIEEER

WOBBHE ARG, 52 WY . A
LY FNTCHLE FR R, 25 005 | G2 ) R i 0 A 40
HHFRIM Lo ARG XA — IR R, %
SR T 5R A A T A ) 32 B S SR AT A L EOIR R RN
SPIARAE 45 (Carson et al, 2013) ., [A]A}, Oberbeckmann
E(2014) KN, WAR A g [ b Y SRR 3R 18 B &
T HUFFE ] (Bacteroidetes) . ZFJE 1 ] (Proteobacteria)
5 4B 1] (Cyanobacteria) 4 . Jiang %5(2018)K
JH vy 388 e 0 A AR K e L R Y ] A R A
LR AR T T, RBLEEM R o-BIE T
(Alphaproteobacteria) , y-A¢JF I (Gammaproteobacteria) |
B 2 (Flavobacteriia) . B2 FT 14 1] (Acidobacteria) LA
KW AT 1] (Cyanobacteria), A W5 EIL I . 8
(14 T T b R P A A 2B R S e A I s N e
(Mibrio spp.) (Zettler et al, 2013; Kirstein et al, 2016),
Bl OB R AT RS, AT e 02 150 B 5 75 H 2% i i 3
o R, ORI BB R, R E A
@R Jioh, BRI RIS Ry i e A R AR H AV
BUEEE, (T HRTG 5 198 IR, MmN s BARE 7R
WO AP0 OB R R, R AT BE 2 e £8 £ /5 5
R WY FEPERON o AHOCHH SR & B, 76 Hb i Pa L0
FTERRL I, B TR AR SE . /NS g DL AT 3
P (Maso et al, 2003), — H XL RLER 2E HA
FH AR AL, FTRES 2R SAEY H, BORE
BER, SUMAUK ™ S BT Ay, ST NS A T
TEfeH o

PSRRI i S A ) R AR E
BAMAT R RGERA WIS, IRZ 450 KGEHRIGA
BB AE S, (RO R 3 i 2R B 1 S0 TR A B i
%, WEEMIBRIAER , RATRED] K AR AR U,
LV AE R 15 | A v B E R A I I s R VR VR T
B AR Py A A R S, IR RRUAR T AT gt R
) A5 JXUSS: i A A R0
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5 MEMERYEPHESEER

TR/ MERE A | TR 5 B R AR A
JFHBEBRERN . Bii, CERAELEY . b, 37F
WY B R . s s RS
IR ARSI RO 28 S R AR IR R I T
T BBl (Christaki et al, 1998; Thompson et al, 2004;
Besseling et al, 2013; Cole et al, 2013; Tanaka et al,

2013; Ugolini et al, 2013; Hamer et al, 2014; Kaposi
et al, 2014; Watts et al, 2014; Avio et al, 2015b; Hall

et al, 2015; Nobre et al, 2015; Peda et al, 2016), #H4
NP, WOBRHE 21T E BYEE, MREFRHUE
Y% 2 F 5 FRHE Y (B 1) 35 Farrell 25(2013)4fiH
RN E TG 0.5 pm K L5 BDRHEEK ) 52 15 D1 4] i
T 18 (Carcinus maenas)Jii, T SRHSURE B 22 HH B0 AE

Eaﬂﬁ 1
astic w3
Wit rf .
‘:::‘::v
KD
| ]
. “ YA B
"I Secondary microplastics

| Prkpome - .
"rimary microplastics< ~*= [

\
\

YRR
\ Nanoplastic

R
~o Ui 4

BERYE | A b A 2, IR 3 ik
PRI RS R R o Cedervall 25(2012) % 1, RHEL
I 240 K BURL 23 W 4 W 3 (Scenedesmus sp.)- R Y 3%
(Daphnia magna)-fijl ffi (Carassius carassius) —Z &%)
Hiflid , RAFEBIEM @A, 5X UM, @it
YR IR G, SRR T L AR EDIRS R
Jigs S A s B 34 & 2 I 3 Bl 78 (Mattsson et al, 2015).
B A B LB, OB RE AT LU T2 4F IR % 38 2 B H £
N, (HIFRCATEBE RN &R, AT RS i T
DL ZEAE 1 T X Bk 3 D fa HE R 4 (Batel et al,
2016). WAk, TEEWEELES R, HOEEHE B
BTG YW DL SR IR A W T e s — Rl e B 2 e
FREY), IHE S EREAEYIRAY L, R aH

HAEBRGTIE NEKERFE,
}\ ﬂ
Humans
i
pipelagic fis|

\\
/,ﬂ ,I‘ \\
& 1
P Lo HSkE,
Zooplankton H urstaceans ‘v,
\
g N

Wnds/Surtace runoft /([ 22

- , ~ ~§
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Fig.1 Environmental behavior of microplastics in the ocean and their transfer in marine food web (revised from Liu et al, 2017)
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Black arrows indicate the fate of microplastics in the marine environment. The red arrow indicates the direct uptake of
microplastics. Red dotted arrows indicate indirect uptake of microplastics (potential trophic transfer). The yellow arrow indicates
that humans consume the microplastics through eating seafood
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Research Progress on Microplastics Pollution in Marine Fishery
Water and Their Biological Effects
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CHEN Bijuan'?, SUN Xuemei'?, QU Keming'
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Abstract
global climate change, ozone depletion, and ocean acidification. Microplastics (less than 5 mm in diameter),
as emergent contaminants, are of great concern globally. Available studies show that microplastics are

Marine plastic pollution has become a major global environmental issue combined with

present in marine fisheries waters, and marine fishery organisms, an important source of high-quality
protein for humans, have been contaminated by microplastics. Therefore, the study on microplastics
pollution in marine fishery waters and their biological effects has attracted increased attention. In the
present study, we summarized the main sources of microplastics in marine fishery waters and their pollution
status, summed up the main toxic effects of microplastics on the marine fishery organisms and the
corresponding toxicity mechanisms, discussed the transfer of microplastics along the marine food chain and
their potential impact on the quality and safety of seafood, analyzed the current problems, and finally,
provided the outlook for future work. This study provides a scientific basis for better evaluation of the effect
of microplastics on the marine fisheries resources as well as seafood quality and safety.

Key words Microplastics; Marine fisheries; Food chain; Toxic effects; Quality and safety of seafood
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