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(1. A AKTFR G Ry AT P A R E ST IR L 3RS
AR E LR R EK RO B B K BT F R 2660715

2. T BB SEORS E R LR LR SR I R R S 266071)

WE hTHEEMREE VRFREEMN TN, £T2013F6 A(EF)MI ABE)E. &
o R R PR BB, M RIFEAEAR, R, ERESE A, BE S MEE
BEMHATTHE, ZRET, HLwm WML 1858, HPRELL B M, P LEAXII M F
A AR, KRR 2K I Fr, EEXF, BHEMERS, 2TH 4T R S6 f, EaXK
i K HH 45.2%. F F % Ak o B2 (Engraulisjaponicus) . # 4 4R (Crangon affinis). # # (Trichiurus
lepturus) e /N # £ (Larimichthys polyactis), # % # = % & F % (Portunus trituberculatus) . /N #
BT BB EN RS AL KFE T LR E 8 K& O 46.60 kg/h, B T E %(39.35 kg/h).
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YOV HLTE (B RS, 2017), B vh 3 F g 307 X 5%
BEREVA K AT | RS R B X B TR . b
TR T MR K S, VP PR PR 7 XS AR Ak B
TR T A B% 22 SR AN [RI T IAT , 3 B T #00 Hh i A
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BRI . VTR K B P8 v K A B 2 A VR R ), 3
Bl B, AT 0 BRF ST A4 PV VA Rk B T a2k
(7= B3, 70U R B I A 4 2R & T a2k
AR T, AR U 30V ) A M T R S K s SO 2 R s i
AR Yy, KRR EEEN R, Wi
A A Kz — (R IHEE, 2008).,

] P 25 B R KI5 R EAE R R R
R AT Ui 3 fa R TR R 25 0 (X B5 55, 2006; H55 15
S5 2014; W EVRESE, 2017), X HE T RN AR Vi B
ANl TR VR S A B 2T AR S R D (R IR AR,
2013), 2003~2017 4, 35°N PAb A% 8 16 A1 i i V7 du
R K7 A1 H~9 A 1 H, 26°30'N~35°N [ #
R AR a3 6 A 16 H~9 A 15 H ORI H 4,
2003), 6 HA 9 H Ay e AL o BB AR e 5 if5 ma &6 AN
2 V0V S e SO LU R S 30 %) B R AR, X PR A
PR R e i) S 0 R Y 5 A SO B A A
X

1 #wREFE
1.1 MREKRBESHH

FEMELE 2013 4F 6 H (2 9 H (FkZ)#E .
IR AT B N AR N HE R A A X
27°24'59"~37°00'00"N, 120°30'00"~124°30'00"E, LI
HEREIE TR FAMART 11 ZREEEH RN
Wite, FEit 47 AEAL(E 1) A P E K PR R
WEFE B B K = gE b 21 ) A S0 W H
836 Hx20 cm, M KA 167.2 m, MK K 83.2 m,
R H K 24 mm, K 3 kn, BEEEHEM 1 h 245,
TE L0 % IR R A W kA7 A 28 25 R AR
IO AF—Fh Ay o AR AR, T SR I [a] e 3 (kg /h)
B 5] (] ¥ 3 B2 4 (ind . /h)

1.2 HEMEEHIEH

AR B A FE 4 (Index of relative importance,

IRI)(Pianka, 197 1)it58& AW F .
IRI=(NY%+W%)xF%

Ao, N% kg S —Fh s B4 B R W E 4 L
W ok B — B e B R A B Fo% ol e —
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Fig.1 Sampling stations in Yellow Sea and East China Sea

FORM A R R R BE oA, P, AR5
MR A Wy st Ol A= Y VR P 2R A . 2R
(1) Margalef P25 3= 5 BEH5 5 (Margalef, 1958):
D=(S-1)/InW
K, SHEFE, W RhEMmIR G,
(2) Shannon-Wiener Z#£44:$5%((Shannon et al,
1949).

S
H'=—ZRlnR

A, H'A Shannon-Wiener ZFEMEIEEL, P =
/NG NSRS RN SRR Y A
(3) Pielou #12] £ 5 %4 (Pielou, 1975):
J'=H'/InS
A, YRSEEAIEE, SO EREL
14 BEEEMOW

N A AL Y 21 °F 34 77 3 (UPGMA) i 17 5 2K
(CLUSTER)Z3#1, fiff HI5 K AH B 43 BT (ANOSIM)
X AN [ AL TR U 245 4 25 S A 7 S B PR R 56, I R AR AR
PEE 43 Lo 43 BT (SIMPER) 43 A7 385 18045 21 PR 1 7% 235 440 A
1oL ML TR LKL 35 BN [ 2 TR 5 ) 2 S5 R 43 ol
(Clarke et al, 1993), | Bray-Curtis F{RIPETSH0HE A
2 [y G TR TR S5 A A ) 22 57 (Field et al,1982)
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WOTHESF: B AR E TR 7 2 M 72 AL 5T 3

21% =Xl

B=100x|1-=——
1%+ Xim |
i=1

P, B 2 Bray-Curtis f#HIPEFEEC, S AR 2L,
X\ X 2P HIAER | ASFIZETE | AT m AT Y A I (]
(AR B, A T B A it (X AL ARL A B i), e 42
4 W7 M 3t A T AR A o

DL EEAE GE it 5 B R AR/ PRIMERS 52 -

2 #R

21 BAWHEREMEARMABHFTEN

2013 4F 5 Z IRk Z= 8 A Ll AR 0l A2 185 Al
KIET 25 H o8 #b 148 J&, HAJEZM2 93
)R 31 A, SR 12 Fh ., FEFE 48 FhRI DI
1R, 2050 G BRI 50.3% . 16.8%. 6.5%. 25.9%
M 0.5%, g, BEHMERZ, 27 Bt 47 8
56 Ff, 52 EFPRENY 45.2%, HRCHENE H,
10 B} 14 J& 16 Flr, HAK BB 9 FLITF; Hagdk
HH3IH22F 328 48 f, FENTRBEMI; kK
K3 H 6B 9JE 12 Fi(ER 1), EF:EMEILT
149 ffr, Hoh R mk 74 fh . b FEMmIE 21 Fh . Sk
JEZE 42 B HFESE 1L RO DLSE 1 A, 40 R A
1 49.7%. 14.1%. 28.2%. 7.4%H1 0.7%(F 2). k7
A FIEILTE 143 B, JRZMAE 71 Fp L RE M
23 Fi. SR 39 FARTH ST 10 A, 4300l SR AL
1 49.7%. 16.1%. 27.3%F1 7.0% (% 2).

F1 03 FEFMRTE. Kigad
R KM TRIERK
Tab.1 Taxonomic category of fishery
resources in the Yellow Sea and East China Sea
during summer and autumn in 2013

H Order Bl Family J& Genus ' Species
JT %€ H Myctophiformes 1 1 1
5t H Lophiiformes 3 4 4
E % H Carcharhiniformes 1 1 1
#EIE H Rajiformes 1 1 1
fig i Hl Anguilliformes 4 6 6
i H Clupeitormes 2 7 7
fiffi /£ H Mugiliformes 1 1 1
filiZz t H Aulopiformes 3 5 8
#H )KL H Osmeriformes 1 1 1
%72 H Gadiformes 3 3 4
Jilf1 H Gasterosteiformes 2 2 2
72 H Scorpaeniformes 10 14 16
#fif H Perciformes 27 47 56
i H Ophidiformes 1 1 1
W5 H Zeiformes 1 1 1
%1 H Pleuronectiformes 4 7 8
#J H Siluriformes 1 1 1
tifi 2 H Tetraodontiformes 3 3 5
J\JBi H Octopoda 1 1 3
#HJ¥ H Teuthoidea 3 4 4
L% H Sepioide 2 4 5
B4 H Euphausiacea 1 1 1
+ /& H Decapoda 20 30 46
M j& H Stomatopoda 1 1 1
#rE JE H Neogastropoda 1 1 1
BT Total 98 148 185
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Tab.2 Species composition of different fishery ecotypes in the Yellow Sea and East China Sea during summer and autumn in 2013

S seson | JEREE i ER% ENES 5% IER i

Bottom fish Pelagic fish Cephalopods Crustaceans Shellfish Total
X 25 Summer 74 21 42 11 1 149
k2 Autumn 71 23 39 10 0 143

MR AR B ZE e 5, E MR A A o i
i % R (Crangon affinis) . 7 fa Fll/NE (3 3), 4 M
PRSP B I (B AR B 13330 7.73. 14.76
H12.06 kg/h, 3X 4 AEHEF G B 2 G g Rtk R
B FL 43 30 R 51.4%F0 56.7%, Horp, 6 B EAE
R /N B RN a4y ) SR 20.9% . 9.2% .
17.6%H1 3.7%. BKZERHF S =Ptk + 8 (Portunus

trituberculatus) , /N £ BEFIHT 0, HOF 35 B B
)3 34l 17,76, 7.55. 5.99 #120.25 kg/h, 4355
MHEARE 19.5%., 11.6%. 7.6%F1 20.0%. & 2=
FRZ A B Fh B IS 2 2 e gk, o B2
FACH I T 8, /NE | Al AR S B 2R IR 2R Y
PeFh, 3 FpG T o 2 AR 0 2 e K & E A1) 43 1
H 42.2%K11 39.2%,
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Tab.3 Seasonal variations of dominant fishery resources during summer and autumn in 2013

Z=7 Seasons 4 Species F(%) W(%) N(%) IRI

X7 Summer fit E. japonicus 61.7 20.9 28.3 3033.9
HIE AR C. affinis 70.2 9.2 21.8 1450.0
Hi A T. lepturus 46.8 17.6 3.0 963.6
/N fi L. polyactis 46.8 3.7 3.6 509.1

k2= Autumn =R T8 P. trituberculatus 51.3 19.5 16.0 1822.7
/NEE AT L. polyactis 71.8 11.6 12.7 1744.3
fi E. japonicus 59.0 7.6 19.9 1623.6
i i T. lepturus 46.1 20.0 2.5 1042.9

22 BRETEHSMMELTEN

FK 2 -2 AL I} B 8 3K 46.60 kg/h, TR
Z%(39.35 kg/h), HEMBEMT, JRJZ 0O L
RSP AR R R R . R, IKZE A
Jeh I R O A ) AR 4351k 17.27 kg/h
F110.68 kg/h, HoffgR & b7 B3k Gt 1A 53 Lo 5
43.88%F0127.15%, Bk, JRZEIEH FR a2
SR A SRR A ) A 23.43 RN 11.40 kg/h, Hoia gk
B MUY 50.27%F1 24.46%, 2 NET
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Fig.2 Distribution of average catch per haul in the summer and autumn of 2013
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RSN it GIISE A T SIS E S 1T NS U A
I HITE 0.16~4.43 1 0.33~2.36 Z AP 5h; kB 5
TEECR Z e SR BN, &0 sr BIFE 0~3.87 Al
0~2.33 Z I sh, HE3PFEEHE(1.99)8 K%
(1.69)F (£ 4). fEEFIHA T, SRS BUR &7
HIAE AR AL WV 7 A, R AL VRMEX 2 A i

AT A 22 B SR RO T, TRV 1 1T 1T 2 (3 224
PEFE BB (B 4) BRI, I XSk i
FRFIAN R L 22 AR PR TR R R, AT 2 R AL
P DI BT AR £, =R MIB S A AL
PR RN 0.54; IREGTR R M IVESE B, Rk
R RIPEIRECH 0.30,

F4 WBFEFTNRTE. FigBlMHESHEERNTN

Tab.4 Variations of fishery species diversity indices during summer and autumn in 2013

FEEHRH D Shannon-Wiener ZFEPEFEEL I Wa R HY
Z=75 Season — — —
JL[Fl Range 44 Mean JL [l Range 14 Mean JL [l Range -5 Mean
B Z Summer 0.16~4.43 1.99 0.17~0.87 0.51 0.33~2.36 1.45
k2 Autumn 0~3.87 1.69 0.08~0.73 0.50 0~2.33 1.36
6HISIEER M 6HFHED
N N N . .
350070 3500/t * 3500°0"F .
L N
. .
. - &. .
30°0'0" 30°0'0"} * 30°0'0"t ..
{E Value v (B Value
o 0.87 ad ] 42
0.01 < A ko.01
120°0'0" 122°00" 124°0'0" 126°0'0"E 120°0°0" 122°0'0" 124°0'0" 126°0'0"E 120°0'0" 122°00" 124°0'0" 126°0'0"E
M 9H etk P IH S ER M IHFEEED
. 9 S »
N . N o L N
35°0'0" . L ] 35°0'0" 89 . 350007+
s v o s -
- - .
» .
‘o . . =
3000!0/7 k . 3000[0" I . 3000[0 ” L .
® (B Value . {E Value . (B Value
=233 r0.73 =387
0.01 .01 0,01
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Fig.3 Spatial distribution of H', D and J' of fishery resources in the summer and autumn of 2013
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Fig.4 Cluster analysis for the fishery species communities in Yellow Sea and East China Sea based on
Bray-Curtis similarity matrices during summer and autumn in 2013

Group B

2.4 BEEREHOW

i CLUSTER AT, K EEE . M
BB AR M AL v L A M RE TS ol 2 dl(A 4R
B4, ¥ 5), Hth, 13, El. C1 Fl S4 siffi#sfh2sh
1~3 Ff, HAMER D, APl R FARPE ST
(ANOSIMA )2 HH A ] il 437 21 7 180 g 95 V5 Ak W e V%
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Fig.5 Fish assemblages in the Yellow Sea and East China Sea during summer and autumn in 2013
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Variations of Fishery Resource Structure in the Yellow Sea and East China Sea
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Abstract

To elucidate the dynamics of fishery resources structure in the Yellow Sea and East China

Sea, species composition, dominate species, spatial distribution of catch, community diversity and
community structure of fishery species in the Yellow Sea and East China Sea were studied based on the

bottom trawl survey data collected from June and September in 2013. A total of 185 fishery species were

collected, including 93 dermersal fish species, 31 pelagic species, 48 crustacean species, 12 cephalopod

species and one mollusk species. Among these fish species, the richest species was found in Perciformes

(27 families, 47 genera and 56 species). There was no obvious seasonal variation of dominate species. In
summer, the dominate species were sand shrimp Crangon affinis and hairtail Trichiurus lepturus, whereas

in autumn, the dominate species were the swimming crab Portunus trituberculatus, yellow small croaker
Larimichthys polyactis, Japanese anchovy Engraulis japonicus and hairtail Trichiurus lepturus. The
average catch per haul was higher in autumn (46.60 kg/h) than that in summer (39.35 kg/h). The spatial

distribution of fishery resource in autumn concentrated in the Yangtze River estuary and Lvsi fishing

ground. The diversity indices of fishery species in summer were higher than that in autumn. The fishery

biological communities could be divided into two groups based on the cluster analysis. The separation

between two groups was primarily influenced by the temperature and discharge of Yangtze River.
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F1 TGR BRI RSN 3G K, IF 45 ) Raster #%20; Al
LI B o) B ) SR8 5 58 % B 43 A (RT3 I, 43 B B 4 i %
V5% B 2= (8] 3 A 5 R BE I OC &R

122 GAM R J7XAINEE(GAM)Z) X4
PRI GLM) Y i, & —MAES UL ECES 8 ny
(105 5B 77 v, ARG i ASE 40 g iy A8 et A — N B 2
T A 2 ] ) 5% 7 (Hastie et al, 1990), AHF5E R A
GAM 51U 73 By 4% B 25 FIVER B PR o) fiid i 305 % B 1 e
LM o TR A e R AL B, — Ot
CPUE fin E—/~ %, ARWF5E XA CPUE i b
1 JEHOEL, MR GAM BEELANTE .

In(CPUE+1)=s(Year)+s(Hour)+s(Longitude)+s(Lat
itude)+s(SST)+s(Depth)+s(TGR)+s(Chl-a), family=gaussian

K, Year FR4EH, Hour FKIx T MIEE],
Longitude £/RA, Latitude R/nEE, SST £nifF
FIRFE, Depth F/R/KIE, TGR FrnifE /K IREH R,
Chl-a /R4 R a WREE ., BEAUAR e f L TR [
T4 i 1 (P<0.05), AL BE R R FH 25 1th {5 B 1t v 0
(AIC, Akaike information criterion), Jff Bz BEBEAL
BAMMA GAM BEAY, 153340 5 AN [F] P - 18, AIC
{H I/ NE N E AR A (Damalas et al, 2007),

2 FL A R 2R B2, A7 S X6 0 28 0 AT R M AR )
IRBE A F A AT REXT CPUE SEM AN I 35, XPIZ 2 A AR &t
MR8 S PR A LA 7 A 2

s /7 FH ArcGIS 10.2. SPSS 17.0 il S-plus
8.0 BA5E N

2 #R

21 BERRESHEEFHREERFHXR

I 1A FTA, A RS IR,
2T CHA R, AH TR X EE e 7~13°C
PSRN, HAEPTERR K E R UK, B 1B fF
TN, BRI FEARM AR E a MR EEIREI, EEEEN
0.5~2.5 mg/m’, 2000~2015 4, A L5375 5
JEVEFImE A ARk, 2005 AEFFLR, SRR XA E
FERBREK AR, (HALFTA -0y, R4 3 B A
IR BB BE MR, 3N 0.5~4°C (& 1C),

2.2 GAM EH

221 BRI GAM BRI 58 22 73 A S FLIE S
Q-Q E(Quantile-Quantile) i FH i 6 6 45 H 43 A7 R 15 o
2A R, BIRIBRZEIRMIER 04 B 2B RIES
Q-Q Mo i KW, BRE(EE T TR ALk L IR R 2k
Iy, RO W T RN A Z R IES i, —
H I GAM BB ) 43 A (K HL AR A
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Fig.1 Spatial distribution of stock density of wintering anchovy and environmental factors
such as SST, Chl-a and TGR in the Yellow Sea
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INARSELS | F K06 P<0.05, H G 84 (2% fif B %
KT SST, B, Kl B ah B [RREAE R R 7
MR 2 a R XA SRR B A B AN i, R
IR . F KRS P>0.05, (AR AZHETF/E, AIC
EFFEAR /N, HI SR ER a i B 4 B2 o A th A7 —
SEMSEM, HIL, AR AP Ok A TR A v B
CPUE 1 S 22 il By 44.76% , Horpr, 28 B s Bt
CPUE W52 i 0 1 3, 73 SR RE T 22.76%F1 12.64%
B 225 AE0y . IRERREE . R . KR X
CPUE W2k 2, M4tz a W BEXT CPUE fY5% 1 iz

N, FRBET 0.51%0 2 .

223 BATAHRREELGI R SRISE-S SRR
TR AR BE A AT I, S T80 T, A B
TE B AR A AR AR AR (K 3A), 2000~2015 4F, IR %
B RS TR R 2000~2002 4F, BURES R IGE T
K5 2002~2011 4, BRRSEAFNA 25, HAIRE
BN 2011~2015 4F, BRUREEE TR . T AT
[i] 5 ik A% B 8 % B A OC R T LUE (K] 3B), 0:00~
07:00 PEiR% 2 TR, ZIRAEREMERE -
FHOB B, K29 19:00 2247, WIRHEFMHHE BT,

#1 GAMRBREIUSHERMRESTREEMRFIEEF

Tab.1 Summary analysis of deviance for generalized additive models (GAM) and the obvious factors selection

TR [A] 5 B I 2 FRR S A 2 AIC 5% FAEK KK

Factors added Residual deviance Cumulative of deviance explained% AIC Pr(F) Pr(Chi)
Null 5641
+AE(Y + Year 5490 2.68 2277 0.001 0.048
+ T M E + Hour 5393 4.40 2272 0.018 0.049
+Z: ¥ + Longitude 4109 27.16 2159 0.000 0.000
+45F + Latitude 3396 39.80 2081 0.000 0.000
R + SST 3333 40.92 2075 0.102 0.001
+7K¥E + Depth 3250 42.39 2067 0.037 0.017
HRBEE + TGR 3145 44.25 2055 0.012 0.300
+H4E a W + Chl-a 3116 44.76 2053 0.463 0.323

{E: Pr(PSBUAST 5 L —A707 2270 i) FASS(E,  Pr(Chi)Z /B N1 HE 2R 82 i (19 3R 26 1 T ik
Note: Pr(F) is the P-value from an ANOVA F-ratio test between that row and the previous row of the model; Pr(Chi)
indicates the score of the test to assess the non-linear contribution of non-parametric effects
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124°E DAARTRRSR, W 0605 B RN 28 B 5 1R A DG (81 30),
i & BRAE M AR TE 33°~36°N Z [, 7F 34.5°N LIFg [
T3, B A R T, PR G T TR 34.5°N
DA asg , Bl 2 26 B T i, e % R PR B (18] 3D),

IBER N T, AR R EE ST
60~80 m KIRVE Y, (HAKEEMFZ M LLIKZ) 50 m
AYFS, TE 50 m DIVRIKIR, BE KRG, %
PR RETEE  MAE 50 m DAVRBY/KER, A5 fkifa3i A
K (FE 3E). 7E 7T~11°CH, B4R, KIEAG
T 9.5CHy, WRHESHEEMI; KiE&ET 9.5
CHE, BEE% S H 2 A& 3F), A6 245
MIERERE 0.7~2.5C N, ¥R LT FRprEL,
BEE IR BRI R, KB 2°Cls, WIRSEH B TR
(I 3G). ZEARFIFEEIP, MER2E a ik B X % 1)

SR, o Z O R A A, IEAH G A BUAH
KAREA, (HEARE , B i fe 4 &
aife)F 1.2~2.3 mg/m’ Z [0 (& 3h),
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VARG, BB 0E I8 M R ST RUE T &, 2 5 il
Zepd Pl R, TEE SR LA AL B T I A A B R
T, 2003 4 1 AEAE K, GRS BT 8 f A
OSSR, PRSI 5t i 2 (B %E 55, 2006) . A WF 58 GAM
RERIZE LB, [ 2000 4FTFLG, 2003 4F 9% 6 2 4 Ak
AR, 5 ERBFoE 45 R —50, ISR M)
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Impacts of spatio-temporal and oceanographic variables on stock density of wintering

anchovy derived from the GAM analysis in the Yellow Sea
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The Relationship of Stock Density Distribution of Wintering Anchovy
(Engraulisjaponicus) and Environmental Factors Based on Remote Sensing
in Central and Southern Yellow Sea

NIU Mingxiang', WANG Jun'?", WU Qiang', SUN Jiangiang'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Devel opment of
Marine Fisheries, Ministry of Agriculture and Rural affairs, Shandong Provincial Key Laboratory of Fishery Resources and
Ecological Environment, Qingdao 266071, 2. Pilot National Laboratory for Marine Science and Technology (Qingdao),
Laboratory for Marine Ecology and Environmental Science, Qingdao  266237)

Abstract Marine environmental factors affect the survival, growth, and reproduction of fish, etc.,
which play an important role in controlling fish population distribution. In addition, variation of marine
environmental factors influences the spatial distribution and aggregation of fish. Based on remote sensing
(RS) technology and geographic information system (GIS), the relationship between the spatial
distribution of wintering anchovy (Engraulis japonicas) and environmental factors are analyzed, and then
generalized additive models (GAMs) were established to quantitatively investigate the effects of
spatio-temporal and environmental factors on stock density, using data collected by bottom trawl surveys
and RS in central and southern Yellow Sea during 2000~2015. The results showed that wintering anchovy
was concentrated in certain ranges of sea surface temperature (SST), chlorophyll a (Chl-a) concentration,
as well as temperature gradient (TGR). The final model accounted for 44.76% of the variance in anchovy
stock density. The spatio-temporal factors (year, hour, longitude, latitude) all had significant effects
(P<0.05) on stock density, and spatial factors had the greatest impacts, accounting for 35.4% of the
variance. Environmental factors such as water depth, SST, and TGR all had significant impacts on stock
density (P<0.05). However, Chl-a concentration did not have a significant effect on anchovy stock density.
The distribution of Chl-a concentration represents certain hydrodynamic characteristics; therefore, Chl-a
concentration was included in the final model. Wintering anchovy was most abundant where the SST was
between 7°C and 11°C. The effect of SST on stock density was positive for temperatures lower than 9.5°C,
and then there was a negative effect at warmer temperatures. Stock density was high where Chl-a
concentration was between 1.2 and 2.3 mg/m3 and where TGR was from about 0.7°C to 2.5°C; however,
there were slight changes between the abundant ranges. The results of this study have important
implications for fisheries management under marine environment dynamic scenarios in the Yellow Sea.
Key words Spatio-temporal distribution; Environmental factors; Generalized additive model; Marine
remote sensing; Engraulis japonicus; Yellow Sea
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Sampling sites of phytoplankton in offshore area of Laoshan in 2016 and 2017
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2016~2017 dominant species in offshore area of Laoshan A% Spring A% Summer HF Autumn
2016-05 2017-05 2016-08 2017-09  2016-11  2017-11
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52017 4 5 HHIPUE L 70%.55 1 418f 2017 4 9,
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PR R AT 2 T MR PRl A 32, ANPEPERR 2 A9 41 i %X
BEX—AHFFP A —EhH. 2017 FERHEH
ML RBAR . WE 4 AT IFH, 2017 4EFEEE
EXco AMEET 5 A, Xl m RREEA K
WHS T AS [R] FR) 5% 1) R 7 BT B0 (AR5, 2012) Qi A

ZIVEE . FHE SRR R N7 iRy, R A
P F B0 T8 COD(ERKEE, 2014), T8
R 5~9 F OCHE PR 1A BT el S, ER 4 I i A
Wy PR AR T U D BT, —S6IE A B PR B Y A
TRUFR AR R, NI 5. 9 s hai & 7%
TE A YR Va AR AR DL B A . 55 2 2T, 2016 4F
5 75 2017 4F 5 F VR IWERE I REVE A BUAH (oL B s
LR R Ry v UIR 3 L MR R O L IRV AR T
2.5 FHEYBEELEMSTRBERTXER

U5 L3 R A AR DR A I (E LR 2, MR 2
ATLVE Y, R Eh 13.35°C~26.76°C, h
FERYARABYE R 31.74~32.11, DO ZRfkyullly 5.75~
9.30 mg/L, pH WZE{LIERIR 7.97~8.31, COD M7
FBIEH N 0.36~1.27 mg/L, DIP HYZR{LIEHE K 5.75~
17.53 pg/L, DIN HYZE{LIEFE 2 30.28~182.44 pg/L,
Chl-a 22 fLE R 0.40~1.58 pg/L.

W A BE DR 7 R A ) F B AT [ A S 2 4y
Mres W2 3. R 3 TLAAE H, 5510300 2 PRt 4

&2 2016~2017 FUFLILEKBIFESH
Tab.2 Environmental parameters in waters in offshore area of Laoshan in 2016 and 2017

H 1 b eyl LT A m WA BMATHA AR mgEa

Date T(C) S DO(mg/L) COD(mg/L) DIP(pg/L) DIN(ng/L) N:P Chl-a(pg/L)
2016-05 15.29 32.05 7.77 8.24 0.63 11.77 97.77 8.31 1.58
2016-08  26.76 31.74 6.04 8.09 0.96 5.75 84.65 14.71 1.50
2016-11  15.79 32.08 9.30 8.30 0.36 17.53 182.44 10.41 0.53
2017-05 13.35 31.94 8.15 8.00 0.65 13.06 30.28 2.32 0.40
2017-09 24.93 32.11 5.75 7.97 0.93 7.81 102.58 13.14 0.46
2017-11  18.25 32.02 7.40 8.31 1.27 12.63 76.82 6.08 0.48

®32016~2017 Fl A #FiFEME % SHER FHEXXR
Tab.3 The Pearson correlation between phytoplankton community and environmental factors
in offshore area of Laoshan in 2016 and 2017

LIPS ER SRR

Most relevant factor

K+ Spearman APl £ 5k
Factor Spearman similarity coefficient
AR T4 Single factor group 0.536
XL -2 Two-factor group 0.411
0.400
0.321
= HTF4l Three-factor group 0.393
0.382
0.293
0.275
VYA F4H Four-factor group 0.271
0.268

fb2: T % & COD

pH, b2 E & COD

fb2FF A= CoD, KHLA DIN

B4 DO, LT % & COD

pH, {2/ COD, JTHLA DIN

W% DO, pH, b7 % & COD

pH, fL2:FHE & COD, JTHLEE DIP

A S pH, fb2=FR%H & COD

%4l DO, pH, fh2=7 % & COD, JTLHl#k DIP
WA DO, pH, k¥ % & COD, "4t# aChl-a




28 ook B

2 R %41 %
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0.536, 7= EEEMAMHA T4 N pH 5 COD, H
XZHH 0.411; COD 5 DIN, HEZRECH 0.400;
DO 5 COD, #tHXRECH 0.321,

COD VPN /K BuTs du i e br, KREU M T
KR A BT Y & B (RS, 2014), A HIE], COD
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2017 SRk ZE, COD o {B R R ] BB 212 28 B XL T 4o
T B T T AR BB, A, ERPER
MW . A NGRS — R TREANR, COD
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S E H ILE R, TR A SR . S5 AR T
MR ZR , WK pH B SRR KRR BE B 52 i A= My i AR
R T I SRR S O UE T R K B T R K HE
T TR PR VR O i 30 v 3k ) b g G A
2015), E X IIEES, W I DT ) 07 B i A Xt
B, HPEWmY #OER GG, (04GR ; L 5 e 8
FEE AN AR/ NEMES, 2016), Hitk, HZE N, P E5E
A BT HAL ST, R 2 KR DO AR
o, WA R AR, K DO i,
{HIFEF DO 5 2 A, KR s sy
K, HFER R DOXIK A, 2016), Hit,
B 7 BA P AN 5 DO A it (H SRS FE RO,
S5 K DO K.

S REHIT LA H, PRBE R 0 e i 77 i
L (R V% 2540 52 BN P Bl , 320 717 X B 9 AL 7y ek
A%, REWAEREE N A pH. COD i, 5 DO £
WML, 2016), WA &E. RIKAE
B OWEEJLN SR CRILFAE, 2017), B, X
S5 EBE . JEREM E#S pH I DO 2 3 IFARC,
5 COD & W #E A C(F Se 4, 2018), HBLAT UL,
BT R T 5 PRI YRR S5 h0 C R B ), 6L B
Hh AT S A A T T R 1 A Ak T 3 A R
ARG DL, S DU GRS B O A A B ST ) 5 b

3 i

2016~2017 . H . Bk 3 AFA5 34 R Y)
20731 )8 69 Fh, REEEIT 258 60 A, T 68 9
Bl TRIFE LA BEZE T AR B, B 2L
PARAT R RIS R RIG RS, 5

FEMAFA AR TG . 57 KA BE . ZHhEE
BAE; PR ETRSFA R RS . RICH B
BB S, 3 AR .

IFUFAE YA =F EEAE N AR fE B L, 2016 4F iR
W AR R, RIS 2R, 2017 A d5 i 06 H B
EEZE, WV fERA D, 71000 B sy
TEIEAR ) 22 FE VRS BOR = & BE T8 B LT, BETs 4519
R E .

TR YRI5 25 R r a5 R o, A RUBEAE
40% /K-S 2 KR, Horp, MR R 70%7KF
B 2016 4 5 AR 2017 45 5 A, XATHES 2016 4
5 AHM 2017 45 5 A B REEA TR F COD AEfb A K
.

XoF P58 DR - R AR ) 3 B R AT R DG 437, 45
RWIR, FIFAEY F R E LA H 1A
COD, tHR R EH 0.536, FHICHIAUA F4 pH 5 COD
¢, COD 5 DIN 411 DO 5 COD 4.
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Seasonal Variations in the Phytoplankton Community Structure and Their
Environmental Impact Factors in the Offshore Area of Laoshan, Qingdao

CHAI Ran'?, FENG Juan', CHEN Bijuan®*, XIA Bin**, SUN Xuemei**",

WANG Xiaoxiao®!, CHEN Jufa®, CUI Zhengguo®, QU Keming®

(1. School of Environmental Science and Engineering, Qingdao University, Qingdao  266071; 2. Yellow Sea Fisheries
Research Ingtitute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of Marine
Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071; 3. Marine Ecology and Environmental Science
Laboratory, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071,

4. Qingdao Laoshan Marine and Fisheries Bureau, Qingdao 266106)

Abstract To explore the seasonal variations in the phytoplankton community structure and their
relationship with environmental factors in the offshore area of Laoshan, we designed 15 monitoring
stations and made six investigative voyages in the spring, summer, and autumn during 2016~2017 while
monitoring other environmental factors simultaneously. We detected 69 species belonging to 31 genera
and two phyla of phytoplankton, most of which belong to temperate coastal species. Diatoma was the
dominant phylum comprising 25 genera and 60 species, and dinoflagellates comprised 6 genera and 9
species. The seasonal variations in the dominant species were obvious. The most dominant species were
Coscinodiscus oculus-iridis, Coscinodiscus asteromphalus, and Ceratium fusus. The total number of
phytoplankton ranged from 732.10x10* to 1142.19x10* cell/m’, with an average of 937.15x10* cell/m’.
The number of phytoplankton cells changed significantly during the year. The highest peak in 2016
appeared in autumn and the second highest peak in summer; the highest peak in 2017 appeared in summer
and the second highest peak in autumn. The spatial distribution showed a decreasing trend from north to
south, and the high-value areas appeared in Wanggezhuang Bay, Nanyao River, and Shilaoren Beach. The
diversity and abundance of phytoplankton in the surveyed area are at a high level, and the phytoplankton
community structure in this area is relatively stable, indicated by the analysis of the phytoplankton
community structure index. The result of cluster analysis showed that the interannual variations in
phytoplankton cell abundance are unobvious in spring, and the similarity is approximately 70% both in
2016 and 2017. However, the interannual variations in phytoplankton cell abundance are relatively
obvious in summer and autumn, and the similarity is only approximately 40%, which is mainly related to
environmental factors. The correlation analysis between phytoplankton community structure and
environmental factors showed that the correlation coefficient between cell abundance average and COD is
the highest (0.536) and the two factors that were most related to environmental factors were pH and COD,
COD and DIN, and DO and COD. Therefore, the key limiting factors for phytoplankton cell abundance in
the offshore area of Laoshan are COD, pH, DIN, and DO.

Key words Phytoplankton; Offshore area of Laoshan; Community structure; Environmental factors

D Corresponding author: SUN Xuemei, E-mail: sunxm@ysfri.ac.cn



B41E H Wl B o% U R Vol.41, No.1
2020 4 2 H PROGRESS IN FISHERY SCIENCES Feb., 2020

DOI: 10.19663/j.issn2095-9869.20181015004 http://www.yykxjz.cn/

, 2020, 41(1) 31-40

Li FX, Jiang ZJ, Gao YP, Du MR, Wang XQ, Li WH, Hou X, Dong SP, Wang JW, Zhang YT. Distribution of size-fractionated
phytoplankton and its relationship with environmental variables in Sanggou Bay. Progress in Fishery Sciences, 2020, 41(1):
31-40

R FHFEMARENNE
ERBERFHXER

FRE BHAS BT HEED EpkE’
Exz? fF X FHp? TERY RLE!
(1. B ERFR=S5ham%0 i 2013065 2. qﬂ@lﬁ#ﬂ%ﬁ??ﬁ&%éﬁ%%ﬁm#ﬂ%%
mummr@{imm% SR REEEE T 266071; 3. HRIFHERESEALEERLRE
WO R S B - I RIS E FE 266071 4. xbwf%‘m%kfﬂﬁl?ﬁ/\? L 264312)

WE F20175F 4, 7. 11 A 2018 5 1 F 4 MURAE T 5 W75 3404 k42 45 4 o B 2=
i, AIMTHEEMEEENFEEATH X R, ERET, FHTELEL. KE Chl-aREWEL
38 Bl 25 4 0.74~3.27 F1 0.81~3.66 ng/L, FH{E 27 4 (1.90+1.28)#1(2.01+1.29) pg/L, FHEM
EFNETERPOONFZEE QTN LH M, NREEWKE, NFEEDEESTER. KEF
WA EETIRE, TIFE 25 h 54.05%7F0 58.08%, Z . ﬂ%ﬁé%%%ﬂﬁ%ﬁ%E%%%
i, AFMEZWHAFHEDHTRER N, BEFTKENTREREN S, XK. KE

Rk F 7 3K 24.46%70 20.70%; FkF % | R & TR F 27 3k 35.88%41 40.77%. ff\/\#ﬁ(Redundancy
analysis, RDA)4 R £ W, BE (T2 W F AN EEHN EEIRFRH T EFEADO) %A
A R AR A B B E R R MR U A B b % T2 BR 2 (NO,) . % #h(NHY)
SR ML E; MFHEEAYEFHEEN TR EEZRES W, EEMEKX, HRERHENAR
RNBRBESRAF Y NRELEN | EFITEREE N RN RE R ERME T L3,
XA & a; RMEEH; et £FHE

FESZES S931  XHEFRIREE A XEHRS  2095-9869(2020)01-0031-10

PRI IR I E R TTEE, BRIl R B R GRAELL, 2008; BRIR, 2012;
WK SRR B R DR B A YORIR (R3O, BRhaE, 2012) (BURBTFEERM, IFAEBTA A7 et
2016). FREEARIEAG ORI DR T FFLe A ) Wkl IBE Ve DUSER R, 72 A ARMEK T, IR I
R, HAT, AP IR NIRRT A IE 2 (Mytilus edulis). (KA4T45(Crassostrea gigas) & HifL A

* 5 A AR FE A T I H (41676147) R 5% 01 77l 4 A U 3R 37 5 458 B VPG 55 4 BB 7. (CARS-49) 3 1] %5 1)
[This work was supported by National Natural Science Foundation of China (General Program) (41676147), and Modern
Agro-Industry Technology Research System (CARS-49)]. Z=X\Z, E-mail: 825590220@qq.com

O EIRMEE . HHA, P56, E-mail: jiangzj@ysfri.ac.cn
Weks HIY: 2018-10-15, g ek H1: 2018-11-09


abc
图章


32 ook B

2 R %41 %

Il (Chlamys farreri) % kiA2 2 pm A4 Uk B9 85 B 2R AT
9 19% . 17%H1 8%, XF 2 um LA T B OR 1 % BE 550%
FAR(KARLT, 2008), PEHRIE, FEMHT 50%L0 L
VIR 7= 1R IE R4 /N T 3 pum (7R UFHE Y (Glover
et al, 1986; Li et al, 1983; Platt et al, 1983), {HiX#B4)
[ TE IR ) AN BE B UE B DL 2SRRI, FrA, X
A3 T V7 Ui A A R AT R B A VP AN ) 1 VA
SRRt Al

SN T IR AR, 1A 133.3 km?, b
V9. R ORI, RS EBAE, B9
11.5km, H[]J63]FHMHE(37°08'49"N, 122°34'32"E),
R E A% 15(37°02/32"N, 122°34'14"E) 3 % 25 1 g A4
T2 H O, N B KK IR R 15 m, SFEEKIE N 7~8 m,
AV AT gL B SR L TR R A R o A
2, 1996) JhRs ) b BRA B AR S R b ifEsh T
FIVEWG K DB FRIN 0 K e, KAt . FFL RS D
U B UL 2RI T DU SR AR il Z24F
Y KE5KRIEK T ERA N Z o= hisw
]V AME IR R DL 28551 X . 417 (Laminaria japonica)
54T R 37 X RN A FRAE X, OF Fg A R e 4
JEE T AN R R O #O65E, 1996b; Mk AE
45, 2012), TEBAENR, AV 2F 5 WIS i DL 2R IR 25
HHET T 1P (Ge et al, 2008; Ferreira et al, 1997;

40.00°

38.00° |

36.00° |

N 37.15°

37.10° k

37.05°

JrEGAE, 1996a), HPG S HRNAT HRATME ) OG5 S 4L
BRI T B4R E a fid, XA [RDRLAR I AR 1 2%
WESE ARS8 PP A kLA 5 BB i D1 SRR
FIHA BIERR , AT PR AR 0 RLAR 2548 X T
HEBRVEAL DU IR A 25 5 | PRAE DL IR (9 g B ] ¢
gk AA BN MEME S E L, AR T
2017~ 2018 45 Sy TSI IT e T 4 WOR 4, 3%
LT SR 00 V5 Y S5 I AL ) A ) i (Chhl-a) Y B 25 3 A
KR A UL ST S RN B RGO R, e
N SRS [R) R 07 U A A0 1 B 2 0 A R R HL R
ST AL, DI A A PRAR U 1 DL 2R ) SR A 2
PEHUEILRAEE
1 MEE5FE
1.1 BA(IigEFFRRE

AR AT T 21 D RAEGAL, 204 WL 1
SPRIF 2017 4F 4, 7, 11 A 2018 45 1 Hi%ESE 4 Mt
UCRFE S i KRN F 10 m AURERZK, #8310 m B
L REK, KEEACHAE. . RLORZKEM.
pH. B (S M i A (DO) 5 7K i 2 50| F A 485 X 7K
FAr AT (YST A H], Professional Plus, 3 [E)EIZ
FE o 375 W RE A0 2 fufE A T R

L}

34'0218.00° 120.00°  122.00°  124.00° E UK Bivalves
? [CREFEIX Bivalves+Kelps
37.00 ) %547 X Kelps
122.40° 122.48° 122.56° 122.64° E
1 500V B A il o7
Fig.1 Investigation stations in Sanggou Bay

1.2 H@iSthAE

B 2 LKA, A 3 ml BFRBEE I
RIG , HERA UK RS 800 ml 3 JEF] 0.45 pm B BERR LT
Y YRR L, FH 005 45 500 AR Chl-a BRI
75 B 800 ml /K BEAR YL JE B FLAZ K 20 pum G2 .2 pm
J 0.45 um W ESFREFAE R B L, FHTIE 3 AR

HTRWEH Y B Chl-a W, RS ROEEL
TR . IRIREEE T, H 90% A PN B A B 24 h,
M2 W KA E Chl-a ¥E, Hf, KF
20 pum K/NRUFRUEAE Y, 2~20 pm AR IEIREAEY)
0.45~2 um AR TR ALY o 5 SRR B s 2 IR
PRI ) (GB12763.4-2007)H (i 52 77k« W TR
(PO )R HPLIR MR IA B AH W 7 . AR ER (NO3)



CAR Y

PR R TR RAR S5 SO S R T /) 6 AR 33

KA A . B (NHD)SR R IR E A
il FR ER (NO3) R H 4R If IR vk

HiRAEE ST

T Ui FE 0 1) S T 9 AR LR ] Golden  software
Surfer 11 Az o AN [F) 255 17 AT ) 1) 25 55 LU BR R
H % J5 22 4> Ht (One-way ANOVA), %t it id #2 i H
SPSS 19.0 #AF5E M. Rife s34 Chl-a & 5 FE IR
855 R [R] 19 56 22 R I TCAY 43 M (Redundancy  analysis,
RDA), Z3-#rid 2 F Canoco for windows 4.5 % HR [

1.3

43#T (Detrended correspondence analysis, DCA), &
e /<3, BrLk, RDA Z73#mid &AW .

2 ZER59Hm

2.1 RBEIFREKIE Chl-a B2 44T

ZINVEWGIRGE | )2 Chl-a Mk (1A 25 AR AL AR AE 1
Kl 2, WETMKE, RWEEEE. IKJZ Chl-aifk
FERIAEASEE R A 0.74~3.27 F1 0.81~3.66 ng/L, F
PHE Y ) H9(1.90+1.28) pg/L F(2.01+1.29) pg/L, Z=5
Z 50 5 (P<0.01),

37.15° 37.15°

e
)

37.10° 37.10°

3 FH AR M 58 B0 o S X AR 25 A B i A T 2 B BT
e
@

37.05°

37.00° 7

37.05°

37.15°

37.10°

37.05°

0°

122.48°

122.56° 122.64°E 122.40°

122.48°

122.56° 122.64°E . 122.40° 122.56° 122.64°E

37.15°

37.10° 37.10°

37.05° 37.05°

37.15°

37.10°

37.05°

37.00° . - 37.00° L . . o .
122.40°  122.48°  122.56° 122.64°E 122.40° 122.48°  122.56° 122.64°E 122.40° 122.64°E

N N h

37.15° 37.15°

37.10° 37.10°

37.05° 37.05°

00° . . , .00° . . .

122.40°  122.48° 122.56° 122.64°E 122.40°  122.48°  122.56° 122.64°E

K2 RWEHEEE . JK)ZE Chl-a ¥ B A1 53 A Rk
Fig.2 Spatial distribution of Chl-a concentration (ng/L) in the surface and bottom layers of Sanggou Bay
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Fig.4 Seasonal and spatial variations of different size-fractionated phytoplankton in the surface layer of Sanggou Bay
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Distribution of Size-Fractionated Phytoplankton and Its Relationship
with Environmental Variables in Sanggou Bay

LI Fengxue'?, JIANG Zengjie**", GAO Yaping?, DU Meirong?, WANG Xiaoqin®,
LI Wenhao'*, HOU Xing'? DONG Shipeng'?, WANG Junwei*, ZHANG Yitao*

(1. College of Fishers and Life Sciences, Shanghai Ocean University, Shanghai  201306; 2. Yellow Sea Fisheries Research
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Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071,
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Abstract
size-fractionated phytoplankton and other environmental variables in Sanggou Bay in four seasons for the

Surveys have been conducted to investigate the spatial and temporal distribution of

period covering April 2017 until January 2018. Results showed that chlorophyll a concentration in the
surface and bottom layers ranged from 0.74 to 3.27 ug/L and from 0.81 to 3.66 ng/L, respectively, with
average values of (1.90£1.28) and (2.01£1.29) pg/L, respectively. There were significant differences in
a concentration (P<0.01) and spring,
microphytoplankton was the most abundant, accounting for 54.05% and 58.08% of the total

chlorophyll spatial distribution between seasons. In
phytoplankton in the surface and bottom layers, respectively. In summer, picophytoplankton was the most
abundant, accounting for 24.46% and 20.70% of total cholorophyll a in the surface and bottom layers,
respectively. In autumn, picophytoplankton accounted for 35.88% and 40.77% of total chlorophyll a in the
surface and bottom layers, respectively. The contribution of picophytoplankton was low in winter and
spring but increased significantly in summer and autumn. Redundancy analysis (RDA) results show that
temperature is the main environmental factor affecting the size structure of phytoplankton. Dissolved
oxygen had a significant effect on the percentage of picophytoplankton to total phytoplankton. The
percentage of nanophytoplankton correlated with NO; and NHj. There was a significant positive
correlation between temperature and the percentage of microphytoplankton. This study provides basic
knowledge for understanding the size structure of phytoplankton and estimating the carrying capacity of
filter-feeding shellfish in the aquaculture ecosystem in Sanggou Bay.

Key words Chlorophyll-a; Size fraction; Redundancy analysis; Sanggou Bay
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Fig.1

The location and depth contours of the studied area for kelp aquaculture suitability assessment

(Source: Copernicus Open Access Hub. https://scihub.copernicus.eu/)
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FE(Leigh et al, 1987; Wheeler, 1980), JCHLA & iEH 4
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Tab.1 The criteria for assessment of culture suitability of kelp S. japonica

FEHE R Species  TEMr#8 R Criteria

[® {5 F Threshold i E [ Suitable range

%7 Wk Reference

1 Temperature ('C) 0.5~20
I Velocity (cm/s) 2~80
X JFEHLA DIN (mg/L) 0.01 FIR
S. japonica P Salinity 340

JEREBREE Light

/
intensity (umol/m?-s)

5~10 ik SLZE(1964); 228 F45(2009)

50 Wheeler(1980); 5K R 25(1982)
0.15~0.25 ey A N
29~32 PRARARAE(1958)
350 Duarte 5$(2003)

1.4 4
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IrRHT 8 I3, 1~8 J3 27 PRI 25 A o Tty % B 1 L
T FE PR 57 o SR TR 2R R AH S BRI 2 B 5 il R
RORANEVE I3 T2 o 35 1] pRBSCE 7S AN [R] BRI A 1 X6
LI SRS AN 78 e S GUE T TSP JE|
P IESL YA

Uk E B 43 1 2 3R JH 28 % 24 2 L JE 7 2 (EPA,

1985):
2
3| 2T
Tx _Topt
AP, TSR, Top o fRis FIRE, 4
T<Top I, T Toin(IRE AR TER), 4 T>T,, B,

f(T)=exp
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o= T Gl B A2 25 M BR)
£ BE V73 il 4R T ER 2 R R % (Martins et al,

2002):
Hsy—(s_%“]m )
Sx - Sopt

K, Sp MEGEEREE, 2 S<Sp I, S=Shin,
m=2.5; 4 S=§, Hf, S=Sun, m=2

TR VE 43 5 A R T 2 A A AU K Bl g A A
FHFE G (%) U T 2 (Barr et al, 2008)

f(v)=20.55+7.33Inv 3)

K, v,

VA 0T U W R FE A A AR AR W sl 0y 2, T
I, JEHLE 7 2R H AL Monod 5%, Michaelis-Menten
3l 124 )7 FE(Kitadai et al, 2003):

— CN
f(CN)_kC-‘rCN Q)
X, CyABAME, kA N A AR 1L

S BT 432k FHO'E PR bR %5 (Steele, 1962):

WU=”*£CJ (5)
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TEAF IR . REEVE IR IR 2, REE<S m, MER
BHHO0; HWE>Sm, SHEIEEN 1,

x2 EENESHESHTURHSURE GRS, 2019)
Tab.2 Sensitivity of kelp to the variation of
environmental parameters (Cai et al, 2019)

SRR

ZH E X U
o Change of ey

Symbol Description parameter value (%) Sensitivity
lope  JCA 1R IR o +20 1.33
-20 2.51
S BOEARKERE +20 0.51
-20 1.96
Top  WIEAKE +50 0.39
-50 0.78
Nimax Z&T%ﬁ‘ij(é'iﬁ% +50 0.30
-50 0.73
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Fig.2 The scoring curve of environmental variables (temperature, DIN, velocity, light intensity, and salinity)
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FARSME R AT TR, AR SIAHT , FUH ArcGIS
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Tab.3 The classification for culture suitability

AAFEME T, FIZER, SakHE level of the kelp

Ja B R E TR (1~8) . BEANEEEE i HAEPES> Score & H PSR Suitability level
PEPAY T B, WA PR — R 0-2 AEE Unsuitable
PRI 4 DGR 3), RIS IS 2w 24 —MLETL Less suitable
R AR RIS TR . B, SR 4 A BIE IS 46 AL Relatively suitable
FLPEVES, AT IR, A AU M55 ot JUEH Optimal

R4 BEREEEMEITNIERNE
Tab.4 The weighted indices of kelp culture suitability

Eigan St R T THLA e R

Indices Light intensity =~ Temperature Velocity DIN Salinity w;
Y6HE Light intensity 1 2 3 4 5 0.4185
B Temperature 12 1 2 3 4 0.2625
Hi# Velocity 1/3 12 1 2 3 0.1599
TeHLA DIN 1/4 1/3 12 1 2 0.0973
L Salinity 1/5 1/4 1/3 1/2 1 0.0618

Consistency ratio (CR)=0.0152<0.1
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A ey T DX S8 G AT AR LR R TV RIS Iy AR VKA L E AR, A9 5 FSE X A TR AR Y 56% .
TR AR D A TIE R Tl EME Y 86% 1 78%, H Bl BN K m AR, 4R IX
HEBEERTE4~65, JBTHEE (2989 km®), 4 SR 65%, A FRAE BN, 4 ST ANE AR
B IX SR 67%, RIEF (1037 km)MIAEE X EAW Y 45.4 km?, (BT XA TG 10% (& 4b
(45.4 km®) 23 1) 5 WF 5T IX R A AR 9 23%F110%, B84 4 FIE 5).
(B3 A A2 — s B (BI3FNELS) I E M AR 5B R A R H R, SR
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- T T \ T 5
A A
37°10' - : L 37010}
WRFEEESR
i Kelp culture suitability / e
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Fig.3 The score and level of kelp culture suitability in Sanggou Bay and the surrounding waters in 2011
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for 4 quarters of 2011 in Sanggou Bay and the surrounding waters
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GIS-Based Assessment for Culture Suitability of Kelp (Saccharina japonica)
in Sanggou Bay and the Surrounding Waters

SUN Qianwen'?, LIU Hui*", SHANG Weitao™, YU Liangju®,

JIANG Xiaopeng™, CAI Biying'?, CHANG Lirong’, XIAO Luyang’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao  266071;
3. University of Chinese Academy of Sciences, Beljing 100049; 4. Key Laboratory of Coastal Environmental Processes and
Ecological Remediation, Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai  264003;
5. Weihai Changging Ocean Science & Technology Co., Ltd, Rongcheng 264316)

Abstract With the expansion of aquaculture, there is an increasing concern regarding issues such as
conflicts with multi-sea use, low productivity, and higher economic costs. The selection of suitable sites
for aquaculture is essential for utilization of sea space and improvement of the efficiency and profits of
aquaculture industry. Kelp (Saccharina japonica) is the main culture species in Sanggou Bay and the
surrounding waters. The assessment of suitability for kelp culture has been conducted with factors,
including light intensity, water temperature, velocity, dissolved inorganic nitrogen, salinity, and depth. The
remote sensing is employed to obtain the information of the existing culture areas. The environment
variables were collected from field surveys along with model simulations. The Dynamic Energy Budget
(DEB) model-STELLA model coupled with analytic hierarchy process was applied to calculate
weighted-sums of scores for suitability evaluation. The result showed that the suitability scores were
0~6.7 with the main distribution range of 4~6. 23% of area was estimated to be the most suitable for kelp
culture, whereas 10% of total study area was not suitable. The high score areas are mainly located in
Ailian Bay and Chudao eastern surrounding waters, whereas the low score areas are mainly located in the
shallow waters near the shore. The results have provided a guideline to help in site selection and in the
management of kelp culture.

Key words Aquaculture; Suitability assessment; Site selection; GIS
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i,
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T K eDNA FEK A i A7 B B[R], 20200 fRIE
KA —E R eDNA,  H 76 JF 44 46 0 i) by =
eDNA PR, UL A= P AACAS W7 1l ) 7K A4 o R il
DNA [ sEaaas . Kk, 35 27 [ K 4
HR FRIE IR R — B ], K eDNA B — 5 =
YRR B 51 A iR KR B B

ARSI i KA B A H DK = B 22 0 5T B v T
TR SE T 7K 7 st A 7 A e o LR I 5 B b (5 R
N AT E R B — A, HFRGE I A R
) eDNA), FEFHMIK 5.5 m, F& 3.6 m, & 1.2m, i
KRR RUR 14 m®, A d E TR 180 H, Rk
PR R 27 go M NER 25 L /KAE FER AT B2 1)
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T G EUER S RS s %, ERAAE, WNH TR
FARFF A H 2 BORE 58 B (R R SR A I A7 2. B v [ )
WRRA | R M 3 s AL B A G TAE L)

BURE TAEZ IR Dejean 45 (2008) 14 J7 31 m LA B
P, B 24 h MOKAENERL 15 ml ZKFE, 250 50 ml G
BN, IR, fEEOE NN 3 mol/L S FR A
W 1.5 ml SIKZEE 33 ml, B3 SEATREAR, —20
CHAAF EE AT eDNA $2H, AKBERERH R 2018
£ 1 H 12 H2 A 7 H, BUEERHE 4K 08:00,

1.5 eDNA I2E

% | DNeasy Blood and Tissue kit (Qiagen, Hilden,
T FED)KF) ST eDNA AUHEEL, $2HU S8 Ficetola
£(2008). Dejean Z¥(2008)5 Renshaw 55£(2015), JF
HEATAR N i, FHEEAREE UL IR

BrKEE KA S, 4°C 9000 g B0 1 h, ¥ |
— LB IR DIE 2EI . A 2 ml G
HEDE Y, A 570 ul /Y Buffer ATL 5 60 pl f4E
i K, WIERHIRS), HE/KE 3 h EEVEY 5T
e, AKEIE, B 15 min BEBENR SO
LA, 2400 50 UG IR TERR T 15 s HAR P BR
F RO G U BT, Horp, )5 —4 DNA
VEMEH 60 ul Buffer TE, 1fidEiA5 & H Buffer AE,

eDNA 2 HUSE UG , S BV RS S B TG
DA RS, # eDNA FESVREE S T 250 ng/ul, LK
HTH B . B4 eDNA BESIEL 10 Wl FHESEIR S
HE I HL VKR B2 PCR 22 40T, A% 50 ul eDNA ¥
W T—80°CIR-AT -

1.6 eDNA HIEEHT

JIr A 20U eDNA 5 R F BB A finBl2= A7 B
/A F] 2xTagMan Fast qPCR Master Mix(Low Rox)3JZH
P E 7t PCRORG & #E 7€ 143 1. PCR R H] 20 pl
K% . 10 ul 2xTagMan Fast gPCR Master Mix, 1EX
651 97(10 pmol/L)4% 0.4 ul, 0.4 pl #%H(10 pmol/L),
2 ul #EHT DNA, 6.8 ul PCR 20K, #7414 i v e % H
Wik . 94 CHIALYE 3 min; 94°C7AEYE 55, 60°CiE k
GEMH 34 s, 40 DEH,

PCR ¥ 3 # ] ABI 7500 %5 & PCR {XF1 96 £L
Mi(Thermo Fisher), FrifEfh DNA S5 AKRFIWKE eDNA
R T 3 ANEE B 96 TG T 3 ANBAMEXT RO
BibR) 5 3 A FHMEXT B EXTEREE 40 DNA), frifE
L 10 fE5HREE R M 107 copies/ul FiBEZE 10" copies/pl.,
SEHRE R FHAE X 8 ik 5317, eDNA 45 DUEC A PR
PSR, N H RS SDS1.4.0.25 [ 5l

T C A KA bR 2 541 i £k
1.7 BB
FT AIC EHE T HiE T eDNA i 7] [F5 i i A5

A (Burnham, 2002; Wickham, 2009), JF4 5cdifdi
R3.5.0 AT BH, RZEFEHIFE 95% M EAF X H LA .

2 ZER59H

2.1 SI¥%FRERIE

PCR J7 W45 2% S5 I M e Jie rEL KA, 45 5L
/N, 5l#%} CO 1 PF/PR 5 CO I DF/DR Zhy 1
597 bp 5 106 bp M H I B, SHUMIS A 8 2 —3L,
HLUK AT B — HW] e, JeA (81 1), IEMEriset i
TP S AR

K1 5% CO1PF/PR 5 CO I DF/DR 4 14k
Fig.1 Amplification of primer CO [ PF/PR and CO [ DF/DR

M: DNA Marker DL 2000; Jkif 1~4 24%5[%) CO 1 PF/PR [
PCR #); ¥Ki& 6~9 y75]%) CO I DF/DR i) PCR /4
M: DNA Marker DL 2000; Lane 1~4: PCR products of CO |
PF/PR; Lane 6~9: PCR products of CO [ DF/DR

22 HREMEKEIRERAFEIEE

AT g E i PCR §74%, PCR A& R AR
P AR, A E R P EXTEF Cco T JH
IbREZE (B 2), & IIRPEN K=-3.15, HXHR
B R=0.994, [FIHHFEN y=3.24x+37.47, UiIALER
TR BORLAR HE S DNA R B2 N B R4 i 2k %
F, RUIAIFGE 37 B A5 1 i 2 R 405 M b s e v [
XTHF CO T AP 3%

2.3 eDNA #i

fifi 2R SN O BTG TR JN VR B eDNA i &
B, KEBITHEA Y Aoeo nm/Aoso nm TR T 1.8, HAK
ERE Y Aogo mn/Poso nm TELTE 1.8~2.0 Z[H], H eDNA
P it e B 3k AL, BB KR eDNA & 50 HoK
Rrh iz, HM-EEEET DNA 4iEEIK,



54 W R

2 R %41 %

3516

N w
[ (=]
T

Il FAEFFAE Thershold cycle
[ 3]
(=)

151

1 2 3 4 5 6 7
o U s Yot v
log start quantity/copy number
K2 HEXHEE CO T B AQ-PCR AR il £k
Fig.2 Standard curve of AQ-PCR of
Fenneropenaeus chinensisCO [ gene

2.4 eDNA GRER

K25 B 58, 7F eDNA BREIR L LIRS, b
L] Y HERS , KR eDNA F4 % D1 % 55 i) ] 5 7 A
KR, 1 RQOI8 4 1 H 12 HH#mt4 15 ml
IR A ) DNA #5 D150h 3.76x10%, i 5 27 K
(2018 4F 2 J1 7 HOHK AT, & 15 ml /KI5 eDNA
P DUV RS R 711, AL, T AIC T GAM
(Gaussian) ., GAM(Inverse.Gaussian), GLM, —Jt—
W RNE B — 0 R B1H 5 R AL e DNA R it -5 it 1]
Z A5 R 03E F P, 2 BH GAM(Gaussian)fi %I 1)
4+ eDNA [ SR Z SR L AIC (A
(AIC=472.0694)(F 1), [N, HAXZRE R Bk
(R*=0.984) (1 3), 1}iHH GAM(Gaussian)fi % i B 4 52
It eDNA [ FE S 5 i ] 2Z ] 1Y 56 3R

F1 ET AIC EXREEIESE
Tab.1 The choice of model based on AIC value

Ui H Items GAM (gaussian) GAM (inverse.gaussian) GLM —JC—IK Linear —JC _IK Quadratic
AIC 472.0694 497.6066 518.5996 518.5996 491.4329
R 0.984 0.977 0.8969 0.8969 0.9635
Deviance explained 98.9% 96.6% — — —

40000 | BE TE K PREE Th B Wi 9 B £ (Levy-Booth et al, 2007),

35000 — GAM(Gaussian) S LR 1) P R EECR IR . IRJE . pH. 55b

—— GAM(Inverse.Gaussian) . N " e
30000 | —— GLM(Gaussian) FeRE IR A 2E KA ) 1E 3 E — R A SR EY)

—JLIK Quadratic
—I6—KHU-E Linear

25000 r

eDNA of Fenneropenaeus chinensis/copies

z
)]
o N
E § 20000}
?E% >
15000 |
5
10000
5000 t
0 L

1 3 5 7 9 1113 1517 19 21 23 25 27
i) /R
Time/d

K3 EXTEE eDNA REAR -5 ] 2 5] 1 6 R 05
Fig.3 Relationship fitting between degradation of eDNA
and time in Fenneropenaeus chinensis

3 itig

eDNA (/A6 H} 24 32 B HCPR T8 T30 4R 5 o i
R, R, FRR R EACE Y /R eDNA BAS Hi 26
WA —EWRM . Hoh, BT AR AR R RS,
— BN PR XS eDNA K Hh 31 = AR AT A AT 240
AN . eDNA MAEMIIRRE G AK RS IS , "l RES
FrEefrde, WM TEA HLala oA L s DU,

[K % (Barnes et al, 2014; Strickler et al, 2015; Tsuji et al,
2016),

3.1 KFE eDNA 55 F K eDNA EH R BRI X 5

eDNA i B IR A KIS J5 , Bl & B () (8 A
b, — Mg ad th K R B i o i ok /N e B 2 R ik 1)
AR, e R e, AR HRBE SRR TR, eDNA
TEAR R AL 7 52w T gk B g . BE /N
300~400 bp Y eDNA 7E AN SZE0 4 il 1Y 251 T g
TEKIK P EFEEfF7E 7 d (Zhu, 2006; Dejean et al,
2011), 7 d J5A/REAG I 2] ) eDNA W2 <100 bp Z45
1% Bt DNA . A B 98 R H S 98 56  # PCR
(TagMan )4 48 T —B: H 1 A Be K/ R 106 bp %8
F Bt eDNA, K T % H Bt eDNA 78 /K& Hh iy 84 15 ]
P, R A, KA B eDNA i, M
eDNA TE/KIRAF R i [ R AR S, Hooe 2 fk g 20
TE30d, (HE, KH Bt eDNA HESS T i a5z e
B B9 4E 9015 B (Hinfling et al, 2016; Bista et al,
2017)o [RIAS, 3t 5 e AFF 5% 25 i T X A 2
KHPBITER, P ISFF 5T KW eDNA BB, LIk
PR AE R FE R o Jo Z5017)BEH T 1 X REME 4 14
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719 bp MK Bt eDNA 5195 1 XTREME Y H4 127 bp
Y%L F B eDNA #5147, 73 51 B FH S22l 5 it PCR
Xif A1 4 411 (Trachurus japonicus)#E17 1 2k Hy Ak Az
Sy AR W, R R 5 B eDNA RESS BT IR i b
VA A= Wy LA R X W b A A s D o AR R
FrB eDNA FE/K (A H i 88 I ) A AN TR], iU FIL T
eDNA AR AT A4 W) = 1P Al 5 W) Fh ik 2= 2l 285 53 A i
Wi, W RE IS 1K B eDNA 51 LAY 34k A
T AR BRI A KRR DNA, A 2 A i
B PR DNA, DLk 2 A% I8 8 2 J5 0 2 [
i1 Bt eDNA 19 BRBOCR T 3 300 L0 1 22

3.2 ANEYHEEFGE eDNA fFE/K & iE B R E X Bl

— I KA SRR eDNA TEAKAK A7 B
B R 7~30 d, AHASIA] 8 AR P i S 00 26 3 SRR IEAS
[A], B eDNA A3 KA [A] (Minamoto et al, 2017),
FE eDNA Y £ /0 5 e DNA F Bt 1 A/ 45 A A [H]
(Geerts et al, 2018). Kk, XIAR PRI, HE
LY DNA TER5E o 977 B i [ B[] . Thomsen 4§
(2012)BF 58 & B, 717 57 9) /2 1 (Pel obates fuscus) Fil it
JLWE(Triturus cristatus)is), FRFE/KIEH eDNA ()12 Fif
B ()N W3, (DR RS BR S , KK eDNA [ TR
WM, 7~14 d J5, eDNA 5E4Ff#; 1 Goldberg
£5(2013) LATR 7K B2 (Potamopyrgus antipodar um) A F 5%
PG, fE 15 CHEBR AT 1 IR IRK IR — B ] 56
HBER, AMHBERRK AT DNA BRI TR L
PR 14~42 do AR SETANRIBEFEAILL, b EXER
JIr B L) eDNA TE KR 77 B i R 4 i, B2 A
F R FEE R A ARG S R A R I, DR
BRI K %) eDNA IR . AL, A58 T UK
R R 5 5 b 7 b 6T R 8 BE K, & eDNA TEZKAA
HAE B RV ) R 22—

3.3 INERFEFIT eDNA 75 B8 B i8] 5 82 0

B T AP AS B A 3 s 2 S 3 R A7 B B TS
[F41, P45 K 1 22 30,25 2 B0 eDNA 7EK R A7 84
AP 22 5. SRR, IRE S eDNA /YRl
R B F A 56 2¢ & (Strickler et al, 2015; Lacoursiére-
Roussel et al, 2016), Strickler Z:(2015)WF5F T £ H 4
I (Lithobates catesbeianus) B¢ i 2 K /& H1 () eDNA 43
BIFE 5°C . 25°CHI 30°CHY SR T BRI AL, A
HEi R eDNA By AIFER, 5°CH} eDNA 1) [ fift e 2%
M, FER IR FAF N RAEY R E RS R NS
1, BEAR T A S EAr G 3 B eDNA HIREfE . At
FET AR TEA R EIRASCTIENL TIRfFR, 5

KB, eDNA BIFEMHEBHNEE . HIL, XF
H SRR 5, BEE 277 S8 A8 4k, KR & AR 1k
HIOK IR ) eDNA [ AR R & 2R A8 . LA,
IR, pH. LHMRE LI KIL2EST eDNA HIRE
- AETE— E RY52 M (Pilliod et al, 2013; Barnes et al,
2014; Eichmiller et al, 2014, 2016a. b). {Hf&, LI LI
3% DA~ A T B a0 o] 520 e DNA 14 F4 A 13 AT 28
R HATE N eDNA AR HERAIEAY H bR Fh2E B 2 1,
filpke IR T-XF eDNA FEff B 265,

4 ING

I eDNA FEK A P A7 B i i) & BR, St A
Bt eDNA 1E/R IR REAS 7 B 1A 30 d Zefr, T LA
PR A BT8R T 5 0 5 3 A SR A SR T L K
TR ZH ) eDNA fEA#77 1%, T eDNA FOR B4
ST E K A A 25 R GE R BIE 5 U B8 5 Al

Bt s Ragt B R E A A 5 IR 3 K T A
RITKZSh W7 AEF A SR E LT L RALAR
BAARLIZREREFTOLTHELEH 8!

& £ x #
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Studying the Retention Time of Fenneropenaeus chinensis eDNA in Water

LI Miao'?, SHAN Xiujuanl’m, WANG Weijil’z, DING Xiaosongl’3,
DAI Fangqun'?, LU Ding', WU Huanhuan'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Devel opment of
Marine Fisheries, Ministry of Agriculture and Rural Affairs; Shandong Provincial Key Laboratory of Fishery Resources and
Ecological Environment, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot
National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071;

3. College of Marine Sciences, Shanghai Ocean University, Shanghai  201306)

Abstract Accurate knowledge of species distribution and population dynamics is the basis of
conservation biology. However, for certain species that have a special life history and very few
populations, species distribution detection becomes extremely difficult. The combination of DNA barcode
technology and environmental DNA (eDNA) has solved these difficulties. Currently, this method has been
applied successfully to biological testing, biodiversity assessment, biomass assessment, fish migration,
and other research. Given the ease of degradation of eDNA and its low level in the environment, exploring
its persistence in the environment is critical for accurate qualitative and quantitative analysis. In this study,
Fenneropenaeus chinensis was used as the research subject. The degradation of eDNA in a water
environment was quantitatively analyzed by real-time fluorescent quantitative PCR. The relationship
between eDNA degradation rate and time was explored. The most suitable eDNA was selected based on
Akaike Information Criterion (AIC). A statistical model of degradation of eDNA over time was used. The
experimental results showed that the level of eDNA in water is negatively correlated with time. After the
source of eDNA was removed, its residence time in the environment was about one month. The aim of
this research was to provide a theoretical basis for the qualitative detection and quantitative assessment of
rationally planned species, with a view to minimizing experimental error caused by human factors.

Key words Environmental DNA; Retention time; Fenneropenaeus chinensis

D Corresponding author: SHAN Xiujuan, E-mail: shanxj@ysfri.ac.cn



B41E H Wl B o% U R Vol.41, No.1
2020 4 2 H PROGRESS IN FISHERY SCIENCES Feb., 2020
DOI: 10.19663/].i1ssn2095-9869.20181011001 http://www.yykxjz.cn/

FERESR, PRRME, MR, BGAR, BEDY, BUOHE. WAL T ORI I BN A TR R A5 R oA Ml B R, 2020,
41(1): 58-65

Tang LC, Zhong CH, Lin Q, Lu Z, Huang RF, Huan ZY. Comparative study on the community structure of epiphytic bacteria in
sporophyte and gametophyte stages of kelp Saccharina japonica. Progress in Fishery Sciences, 2020, 41(1): 58-65

iz

ST, BT RATHARN A B R IR LE R

ERE #EE MK HY B R EmF ELE
CRELAK B FT AL A IR S B (LR TR A0 0T 361000)

BE AR 5 (Saccharina japonica) £ & & A, BFARARE N BT A EEREMN =
S, KA Hlumina M 78 A, 247 7 F#EH# (S, BFES2). 47T H(S3)F A #F 4K (S4)ix 4
T B BBy SR B AT 16S TRNA F 7|, AR HMARHEELEM, ERETR, 4 MHEERAH
23 [1 156 &3t 244 NEAEH K B T(OTU), AT 2% K3, & H 1 (Proteobacteria) fE # Hr & M
By HRIAB RSN EE, &£ SL. S2. S3 A1 S4 3 A A d A8 4t F E 25l 3k 53.0%. 94.3%. 77.2%
#36.7%, 40 H |1(Cyanobacteria) 2 75 S4 AR PRI B RGN FE, K 438%; MNEL» £ E
K, 1B # # ML T JE (Pseudoalteromonas) 72 & FF A ] 2 ik, S2. S3 it S4 FEAR P AE X F
A 7 65.00% . 44.88%71 25.57%, {E4E SI HEARF N 0.18%, &FF & | I £ WA E S = KA,
SI1 5 SAMARMARL—X, 25 S3FHEANT —H. 2HFANHEBEMN XL - HpH L4, S1.
S35 S4MARAEMLEE, ESAFATHBENEEZRRA, BHHHHEE N B(S2 f S3)

GHEERREBHEE MBS, BFENESHN A FENELR EME,

ES7 40

thE SRS S946.1  SCEAERIDAD A

S AN R e R E 2, BEAIE A (Berg et al,
2002; Hodson et al, 2007; Amin et al, 2015), X AH .1l
Zj(Manage et al, 2001; A%, 2000), A AHY4—&B45r
BV B 2T A A K T LT 4k AE 2 B, i, T8
1 5o 20 B S AL — Fh A B (Croft et al, 2005), {HAEWFVE
RES h BL g R e = ), TR X s B R
FEr g, dEm G2 4 K (Rier et al, 2002), KA
T 3 5 B0 A TR 22 ) 1) 5 3R T XoF T R 78 g 8 1) gkt S
AERKBXET, T — BT, S2m 20 IE
WEKER, ARES AR EREINE, 2013),

W, MAEH; 16STRNA; WEREME; EAHI]
XEHRS  2095-9869(2020)01-0058-08

N TSR B ) 17 2 10 R A 114 48 35 o o it 1, E /K T T
o BT SR U R e v A R A i AR R A
RE(RESSE, 1979, 1981, 1984), [HItt, A4 i b
AT AR A5 A0, B LR TR I A AR
HAEERNZ L,

W EE TR RS L TR A i
BHEEERA, 2016), HAETE 2 i A AR A7 4R (2n)
NGRS 22 R B R (n) 41 6 (2=, 2015) . N &
(Vibrioy . # il 7 J& (Halomonas) . {32 % 5Ll 17 )&
(Pseudoalteromonas) . Z T i J& (Bacillus) 55 4 & i

* B ML AR MR B L TT(CARS-50) . A 24 Rl AT -5 77 kAL T AR 5T H (2017FISCZY 0 1) FE 15 J5 g FEF
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FETE TR, FAF2E 5N EA G, ANFE
S8 1) T A B AR R 45 A8 A7 7E 22 3¢ (Duan et al, 1995;
Wang et al, 2008; Sun et al, 2017; Wang et al, 2017),
VEAER , B AR PP B R T P A W R s 1Y)
AT, AT AR, PR M AT A R B A A (R
5, 2014; 2RI, 2015; XISCAE4E, 2017), AWF5RTEE
G Tt b5 2 5 NI S 2 R NN LT e N X
MREVE S5 A0, B TE N B R B 5 SR pE 4 A 0 D Ak
P, Ay Vi R L B LB AR

1 #REFE
1.1 EIGHEARRZEIRTAIE

A REAC N R G IR A AL R, 2016 4F 4 HK
FI AR B T RO IR BT SRR, OF T
PN P a0 R AT (] ) ML HERE A
M RO A TR R AT . BT TR E N
(151 1b) . P77 Al 65 1A% by METSC 3~ (4 B0 400 -5 i 1K
TRCHCARS 1 220 S R VE D™ A2 (o) FRAH X R
T AR M A TR IR B AR 4 H BYJE Y
fE R R AA (18] 1d)o 25 A3 S By BEAYREA S AL BET5 ¥k

W 1R, BRI R R R AEAL , HAREEAR
Ak BT 34 28 K TR K DR RIOH 25 PR AR I 2% 5

L1 AN TR A 47 s B B A AR AR

Fig.1 Samples collected in deferent growth environment

A. B, CHID 735N FEF(S1) . BCTH(S2).
496 FR(S3)FIRIE T 14(S4)
A, B, C, and D showing the samples of mature sporophytes
(S1), gametophytes (S2), sporelings (S3)
and big sporophytes (S4), respectively

&1 OBARDE, KE. MREEERILESE

Tab.1 The types, source, environmental temperature and pre-processing methods of samples

s ; NI o ;
5 Bk g K PRI AT
Sample ID Type Source temperature ('C) Pre-processing methods
3! o REEE " PIR R K 3 em PR, WA
ature leafy onservation room for . e
sporophytes mature sporophytes YRR T80 CHRA7 7]
52 e oo JETIRRRE " FHITE A S R AR, LR T
ilamentous onservation room for o
gametophytes gametophyte germplasm —BOCHRAF
S3 FURIRRIN A E FriEHE R EMYATARKE 23 cm
Sporelings Hatchery room for young 10 B, BB HE e IS, ARG
sporophytes F80°CIRA7 5
54 MAFE TR o IR K 3 om DB/, O
ig leafy quaculture area for big N e i
sporophytes sporophytes YRI5 T80 CHRAT 71

1.2 DNA 2. FIy g rF

LN 4] DNA $2HULH & (QIlAamp DNA
Mini Kit)Jd B 525K, SEIORAF I T JE K 2H DNA,
DA £ 3L ] 40 DNA Sh#id, ffifH 16S rRNA il fH5]
¥ 338F(5'-ACTCCTACGGGAGGCAGCAG-3")#l 806R
(5'-GGACTACHVGGGTWTCTAAT-3")§ 1% Hx DNA
HB(Xu et al, 2016). EANRIEIREY 1Y, IFIRUES:

AREARY B PE IS — 3. 20 pl PCR ¥ G {R R 1 J
NEAAE: 95 CHIAEYE 3 miny 95°CAEME 30 s, 55°CiB
k30 s, 72°CHEff 45 s, H27 ANMFEI; 72°C )5 LEAH
10 min, REAMFEARB 3 AN EYEER , B —FEAR
PCR YR A TG 2%B e bl 58 e el vl D, i
AxyPrepDNA #E I [FIJUA & (AXYGEN 2w YIIE
[E1 PCR P24, Tris-HCI PR, 2%B I e ok 46
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Ja, Wt alifl, TE LESE s AW R 2GR IR A
AT 73 Hr

1.3 #HIFEHW

H Mothur 5 {F 1 Excel k{417 8098 5811
58, LU 97%H LM A 1 X o AR o 2 T
(Operational Taxonomic Unit, OTU)., >k Jil RDP
classifier V1M EEXT 97%MI K FH OTU R EF
GNHAT R E 000, eIt S HEAR BRI L, JFHET
OTU 5 THEEN Y Alpha 2R, GG HFAIEE
(Shannon index). ¥ 74544 (Simpson index). ¥F
F 5 B8 8(Abundance based coverage, ACE)%F (17
45 2018).

2 #R

2.1 PCR F=¥IREHRN

FH 7 45 3L 20 DNA, LA 16S tRNA 3 51
Yy a5, PCR FEYIA 2%B IG WHEE e HL Tk RGN, &%
WK 2 pros, ZriEwi s, ol T e 2L r iy
T o

—100

K12 PCR ¥ 2% Ml 5 I L DK AGL I 445
Fig.2 The results of PCR products examined
by 2% agarose electrophoresis

1.2, 3F4: S1. S2, S3 Il S4 FEA;
CK: Z5HXTHR4]; M: Marker 2000
1,2, 3, and 4: S1, S2, S3, and S4 samples, respectively;
CK: Control check; M: 2000 DL Marker

22 MEFEREMNFESE

T 4 ADFEAR G i a0y P iE , JE3k
13156950 B RUTH), FHK BN 442 bp, 4 RKHES
YA T IN K E R 421~460 bp, i 99.96%., #Ff
ARG 244 F OTU, XI5 78 55 8 #4745 3T,
SRR, HEEAR OTU WLEEE ik 24 Fl(Good's
coverage>0.999), %I /7 R B Rl 6% 45 4 T M s e vy

TEAN [F) A 5% o i Be Wi A= B 9 AR D RE T 254 (3 2).
F2 BHANFLERG

Tab.2 Statistics of the sequencing results of samples

SainDp le Sequence Average length OTU Coverage
S1 33038 441.95 131 0.999410
S2 37513 444.50 61 0.999850
S3 43532 443.00 178 0.999516
S4 42867 438.97 161 0.999484

2.3 MEEREEHNARKRENEE

Keitgaly 4 Fh 71K . BT AREAHY 16S rRNA I
JPEE R, 5 Silva BURE LS H P TR, 4
TR OTU Bty ] @ S H AR 2R, i)
H 23177156 J& . Hr, Z8IE ] (Proteobacteria) 7E 4%
A LB B TP R R OL ., fE ST, S2. S3 A
S4 FEA T 51 53%. 94.3% . 77.2%F1 36.7%(F 3),
M AFT B [ ] (Bacteroidetes) . #4540 [ ] (Cyanobacteria)
FPERE 1T (Verrucomicrobia) 78 484 ¥ 4544 4 Eb
B, e ATIA . AR ARKES. SI HA
HAUFF I T 40.0%, S4 FEAHIN A 1.9%; i
BT TRIERUR T THE S4 FEAS T 73500 7 43.8% 1 16.5%,
BFE S2 FEA IR B K. B TiX 4 MAEXT
FER = AR T 125 LA, BRFT 1T T (Acidobacteria) |
LR [ ] (Actinobacteria) . 4725 B[] (Chloroflexi) % £

FTIRA A AL B, (EAHRS AR
*x3 BHEAEREEEMEMERES
MBAELXRENFEE
Tab.3 Dominant bacterial phyla and the relative abundance
of bacterial communities at different stages
of life cycle in Saccharina japonica

[72%¢  Phyla S1 S2 S3 S4
AT Proteobacteria 53.0 943 772 36.7
WFFETT  Bacteroidetes 40.0 53 157 1.9
W4T Cyanobacteria 34 0.0 0.7 438
PELH] Verrucomicrobia 2.5 0.0 62 16.5

Hifth  Others 12 04 03 1.0

TEJ&8 7K b X6 25 R A B A R v 45 SR X ==
FESATE b (E 3), iR, 4 DRI A
PARETR 4500 SO = BEAA AR IR K 22 5% 0 78 ST FEA
N ERFE ST, IRAELI AN ME R, FE
195 (9 R BHR F3 K IR ® (Colwellia), f 21.28%, HIR
& & FT B Bl (Flavobacteriaceae) ' I K K E &, N
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19.37%, 1A 16 NEMAE FETE 1%~10%Z [,

i 32 5 B it 14 J& (Pseudoalter omonas) 4 AH % 3 Ji 2k
0.18%; S2 FEAS PR A TR A S A X B — | (R ASHr PR 1A
J& Lh 65.00% AR XS F BE i 4 1 4axt g, Rk
Roseovarius &, 5§ 10.32%, FF&ETHA 6 0
X FERE>1%; 76 S3 FEACT, R3S B iR Jm AR SR
FEEBER L 5 44.88%, HIRANZ EIMER
(Polaribacter), & 8.71%, HA% @ A 12 NEHEH
TR 1%~10%2 00, S4 FEAS, 54075 P i A4
K@ NI ERE, 5 43.80%, HUR MR ASH: B &
J&, N 25.57%, ZJ5 N Persicirhabdus & , 15 16.49%,
HApsE R A 348 BT R 1%,

100

]
(=]
T

Relative abundance/%
) IS oy
S S S
T T T

0 S1 S2 S3 S4
B Pseudoalteromonas O Loktanella
B Cyanobacteria_norank B Maribacter
O Persicirhabdus O Psychromonas
B Colwellia O Sulfitobacter
B Flavobacteriaceae B Cobetia
unclassified B Maritalea
B Polaribacter Sphingorhabdus
B Algibacter B Hyphomonadaceae_
@ Roseovarius uncultured
@ Neptunomonas H Kiloniella
B Rhodobacteraceae 3 Litoreibacter
unclassified B Aquimarina
B Hoeflea B Octadecabacter
B Roseobacter O OCS116_clade no rank
B Nonlabens E Pseudomonas
I Peredibacter O Cellvibrionaceae_uncultured
O Arcobacter O Others
O Phaeomarinomonas
&3 M) AR T S B B AR R K
FNFE L5 AL S YT = B

Fig.3 Bacterial communities and relative abundance of
bacterial communities at the genus level during the different
stages of life cycle in Saccharina japonica

24 EEHEFE, BRFEMEMERBEENSHFE.
HEEREMRS T
AR FE AN [R) AR T S0 B B o A= TR Vi 45 A R
WEMEEENES, ETIFHWE, gt T ACE.
Chao. Shannon 1 Simpson ¥§%0(F 4), R BN,

TE S1 5 S3 FEARH, Tt Bl 45 Bk 2 Fh 2 4
5, BRI BEENKTE, ST HEARKYMHEEE
i) ACE H Chao 5 %7330 164 F1 145, UKW FIZ
FEPERY Shannon Al Simpson F5 %0435k 3.35 H
0.058; S3 FEAHIX 4 4580515120 190, 189, 2.81
F10.194, S2 FEAYRI =& B2 TN ZHE P TAR XA
H. ACE. Chao. Shannon F1 Simpson 840435 4 64 .
63. 1.65 1 0.378; 7E S4 FEAH, REYF FEE
) ACE Fl Chao fa 8% K, 5lh 172 5 172,

SR, FFYFh ZH4: 89 Shannon FI Simpson $5 (]
2K Shannon FEE(E/IN(1.9). Simpson F5%% K
(0.271), I GEHERAN S B H R[] 4040 L AR

R4 BHEAEEFREMEMERERERH Alpha ZHEM
Tab.4 Alpha diversity of bacterial communities during
different life stages in Saccharina japonica

Sample ID Ace Chao Shannon  Simpson
S1 164 145 3.35 0.058
S2 64 63 1.65 0.378
S3 190 189 2.81 0.194
S4 172 172 1.9 0.271

HE—2E e AR TP AT E R T 1% 31 A4
BT S 1 62 4~ OTU, M # T RS HEARI RN
AR TR 4 7, AS TR e AR AN [R) g AR X 3=
B, T A REAR R SE R M . ST 5 S4 FEARR —2%,
S2 Fl S3 FEARR H—Z, [, M4 OTU 4ing, Xt
A5 FEAS () B2 TR TR 5 22 5 AN BE B EA T R B T, 45
R S s, PCL HIXTREAS ) DTSR 54.32%,
PC2 MR REA B TR Z N 26.36%, 4 PREA 5174
TEE R 4 ASRTE B GRR 1, 45 i () 28 B 4 K 1Y
25

VERAAEA OTU I, MR REA 8] B A TR 1
TR ZREME A C FR, 251 Venn EI(E] 6), 455%
WoR, TEX 4 DM, 200l 131, 61, 178 Fil 161
A OTU gl Ak, B FIRBY BEAE AR 20 F 46+ &
BrBeREA o 22 4> OTU 1 4 MRS TR I TEAE
FF5r G &S OTU EEK 16.8%. 36.1%. 12.4%
H113.7% TEFHL FARB BE(S1.S3 H1 S4), A 52 41 OTU
WAL, 9 E 3] S1. S3 1 S4 BEA T OTU %L
[ 39.7% . 29.2%F1 32.3%, HIERL FIR(S2)REA rhogk
PEASIE]; 54> OTU MBI FIRBYBRFA . 5 S2 FEA
1 OTU BEAY 8.2%.
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genus

OTU abundance heatmap (log?(abundance value))

=3

-
a

genus
E— I 0TU39 14 Ml Pseudoalteromonas
e e ey OTUISS Il Cyanobacteria_norank
1 OTUI181 [ Persicirhabdus
15 A (5 OTU139 Colwellia
__=_ 8%%84 12 Flavobacteriaceae_unclassified
I P OTU131 Polaribacter
I [ I OTU 38 Algibacter
e — oo B8 1 Roseovaris
[ ] ] OTU47 Neptunomonas
s s O OTU106 Rhodobacteraceac_unclassified
I I S OTU55 [1 Hoeflea
I I I e OTU205 3 [ Loktanella
I I OTU238 Maribacter
e E— e OTU1 3 Psychromonas
] I OTU144 Sulfitobacter
s E— e OTU194 6 Cobetia
————— I OTUL16 Maritalea
I B OTU 145 Sphingorhabdus
—— e I — O B Hyphomonadaceae_uncultured
I I R OTU112 4  MKiloniella
I — I OTU122 [l Litoreibacter
e S N cros B Aqimarina
15 I N [ OTU195 Il Octadecabacter
I OTU211 2 B Roseobacter
- OTUS I Nonlabens
—__ OTUSS I Peredibacter
OTU171 [ Arcobacter
e e o Ml acomarionons
I R B OTU 47 Il OCS116_clade_norank
I A OTU12 [l Pscudomonas
=‘ ‘ 8%:? [l Cellvibrionaceae_uncultured

B4 SRR AR RS T 1%00E 89 OTU Jp A 4 4]

[l Others

Fig.4 Heatmap analysis of the OTUs that belong to the genus with relative abundance over 1% in samples

3 itig
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Fig.5 Sorting analysis of different samples

AR EF XA . TR DR KA Ak
4 AARIRI B BEREAS , HEAT BF AR TR IRE TR 5 A 4B, TIESE
FEREAT A 16 S0 RS A B B, B AE T BER 4 T — 2 2
5o ARTE BT IAEFIREAT | AL PR . DA Y
FIH T 50% M F R, (B KTk
R S AR ] o FERC TR, AR
25/ HIg ) A A A 5], 3 ] 58 5 171 e 1 IR e A%
P BN 35 U9 & N2 B = S N S S % NS E U
TN AL PR U b F T ) /K BR B, B R R
o AHFRBE 25 B R AT A Bk A TR T 22
PEACERAR
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Fig.6 The similarity analysis of bacteria diversity among different samples

oy TR % i TR 2 — R PE T R L B Tz
I3 A0 T 5% FE K AR B 3 R 2% T LA I iR A TR i
TR, FEABRCERREE . B RREE
(Alteromonas) . K & J& (Vibrio) . HF W& M
(Saccharophagus) . % ff I J& (Flavobacterium) # i
ZFZE(Li et al, 2011; Wang et al, 2008; &+ 5%,
2014; (WA, 2007), IS4 5 R K A TR 2 25 1R 3
TR, 3 TE LR IR G 3, (R TR IR AL,
PR AT R EETE, ] SO (BRESSE, 1981), A&
T, (BRACRE M vA s AR R s, HLPEAS[A) A2 1%
SR B 22 SRR o BT AR B B 5 A AT R B B A X
FREIY B 65.00%H1 44.88%, X FRFH K A1
o, HAEXT R 25.57%, TAEAE B, W H
A 0.18%, X Al g SFEHT AERT 2 VeI DIBR & &
i T ) A S AR 0 kR i AR B ol A G, AT
TR BRI B AR B O], Wt . SRR
RET| RS PR R B K B, TR B
PO (MREESE, 1984). ik, Mgkt . AbBEFpE
W, B ERK, ERE SR, Ko %)
L FA, XTI B A E AR R K i B
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Comparative Study on the Community Structure of Epiphytic Bacteria in
Sporophyte and Gametophyte Stages of Kelp Saccharina japonica

TANG Longchen, ZHONG Chenhui, LIN Qim, LU Zhen, HUANG Ruifang, HUAN Zhongyan

(Fisheries Research Institute of Fujian, Key Laboratory of Cultivation and High-value Utilization of
Marine Organismsin Fujian Province, Xiamen 361000)

Abstract To explore the community structure of epiphytic bacteria on the sporophytes and
gametophytes of kelp Saccharina japonica, sequences of 16S rRNA of epiphytic bacteria found on the
mature leafy sporophytes (S1), filamentous gametophytes (S2), sporelings (S3), and big leafy sporophytes
(S4) were analyzed using Illumina sequencing technology. The results showed that 23 phyla, 156 genera,
and 244 kinds of OTUs (Operational Taxonomic Units) were identified in these samples. At the phylum
level, Proteobacteria showed higher abundance, with relative abundances of 53.0%, 94.3%, 77.2%, and
36.7% in S1, S2, S3, and S4 samples, respectively. Cyanobacteria showed higher abundance of 43.8% in
S4 samples only. At the genus level, the relative abundances of Pseudoalteromonas in S2, S3, and S4
were 65.00%, 44.88%, and 25.57%, respectively, but only 0.18% in S1. The community structure of
epiphytic bacteria varied greatly among samples. S1 and S4 samples were clustered together, but S2 and
S3 samples were clustered in another branch. The species of the bacteria in S2 samples were single and
unevenly distributed. S1, S3, and S4 samples were rich in bacteria, while the relative abundance between
different bacteria in S4 samples varied greatly compared to that in other samples. This study revealed that
there was an increasing trend in the abundance of alginic acid-degrading bacteria during the breeding
stage of S. japonica (S2, and S3), and there was a high abundance of symbiotic Cyanobacteria in the big
leafy sporophyte stage (S4).

Key words Saccharina japonica; Epiphytic bacteria; 16S rRNA; Alginic acid degrading bacteria;
Cyanobacteria
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AR EBRTER T LI T RIRE L MRERL . B EFEA L pH 3 & A&

(TAN)Fa 3 A8 A(NO3-N) & & iy % 7 . K i Design-Expert 2+ # Box-Behnken # ¥ 1% 21 & & U] %
T B & = AP0 BT SE 5, £ B B R A R e, S S T AR AL AR RORL A

, wJE AR A HATRIE. £RET,

WO . BARE R AR B BE A0 4T 46 pH By

A TAN 2R E F A, EHRERN&HT, TAN R EHE T 80%, [ER M AHHKE EF
PR B®ENONHN ER, NO;EBR XA 29.8%~809% G E N TN, mMuBHEAKNEETZH R ¥
0.9340, RIER%K R % 0.8681, VA ZHA LA RFMER L. NOTERR BN &4 BRTE
H 25.6 mA/em’, FAMHAALE R A 1.6 1 1, HARIESEH 2.5 cm, 44 pH 4 6.6, *HZ R &4 T
By AR BT LB 30 & FL, TAN R E % 87.3%, NOsEBRE N 81.5%, M RA KXW, wiLFL
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hESERE X703.1  XEERIEEE A

K SR B A A v R 43 R R A R R B
BT G PR K O, I A R BRI L FEfE L
B A= Wy AR 7 W 0 7K A v A U(TAN) . 6 il iR 3
(NO) S5 45 b 1 Pl T g (WA ¥ 6 55, 2004; 35 %2,
2010), 1558 375 R 2R K e K 1)y Xk B AR 37 78
W NS YR B, TG PR K 37 i T A i A
ALK K TAN A1 NOy B4 Ak M XS Jo 5 o il
2R (NO3) (Zhang et al, 2011; AR EH %, 2014), {HK
o NO; I B iR 23 = 500 mg/L, TETEIR K FRIE R G
L, B ENNO B FR MM R A K A F RS AR
ZAL . PRz . FET- R IGm, [FEE, % NOsi5 /KM
A0 HE B X S B2 5 i AN K R2 W (Hondov et al,

KPR wAFEE AR BFBA; "0 E
XEHS  2095-9869(2020)01-0066-09

1993; Chrisgj et al, 2012), NO3i5 4z #i5 & A1)
i, MR ELFE NOSE R N 53R BR fil HHE# (Torno
et al, 2018; European Council Directive, 1998), HHi,
T [ 1 7K 5 5 R 7K — S HE BObR v A2 1 JEHL AU (DIN)
HeRlcHe b5 vk BEAR T 0.5 mg/L, itk b DIN i £ %
WA TAN, NO, fil NO;, 2 HEMXT TAN Fl
NOZ I ELFR, (HXFEM K IR N F , KA H NOS & it
I F TAN fil NOWI & &, ik, [RIZMERIRH
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2012), pfb i 7 7 ZAs I Hfh Ak~ 31000, ST EL
IR ES T PE AE RTS Y 5 T A N K T fE
B B[] S B EAASE (CUR . R . A, pH.
fhAS RS R A s RAVEDI A b AR . =
G B M AEY AN F (Ruan et al, 2016; FRiEAE,
2016).

AR, H A A R 3 o e i 19 =Xk Ak 3
15K, AR J B R T YL ) 7 A 3R & AR T )
e Absg RO AR Bk, DT SEBTS Y 1) 25 Bk
FUA T BnT 45 RN SRR . T2 R IG5 #(Zhao
etal, 2018), W LIARLEBRAMET ALY . TAN,
PO; . NOZEVG YY), [N fEis S A7) 12 I
FHl(Xing et al, 2011; Ye et al, 2017). [7E %4 TAN F1
NO3 2 7870 FI LAl B FH L PEAR & A= 19 8k 3 T s
N, B NOSHR 2 L F A IR, RS i85 =9 (=
BLE TAN)EBHR L FHE AR, RS TAN
Ak NOS R TR A, SE N V5 i a5 22
ARSI A5 YY)(Ding et al, 2015), F4&, mik¥
JKAL B AR TAN Fl NOHIAH — & M LSO, H
TE SR R G R e, AR S ] A 2 B D R B X6 S
M T A . AR SCE T BRI R, PR HELK
AR PRI R A R A5 N V5 e R BRRCR AR,
133 Box-Behnken 356 g N7 M I ThIAR U X6} H Al 2 7K
Ab B TR A5 W SR A AT AL, IR IRAR IS I R
N S5 AR A T S B BRI, K A K IR A A R 1 &

JEEAR MR Y R I 7 725
1 HRE5H®
L1 #ME5&E

SR E WL 1 LR RS E R AR EBE RGOV,
5A). BIFH# AR (100 mmx30 mmx5 mm) . B 136 HERS |
AT . 2000 ml BEFREELH

Bl ERR
DC power
M [A
30V,5X_f
— Electrod
ectrodes
BEAT | WA
Beaker Aé&gb Po) — Zeolite
SRS @Do
_ WEIIBEHERS
8 o] Magnetic stirrer
Bl 1 Segmdes

Fig.1 Schematic diagram of experimental device

1.2 SLIGRAK

SEHG KB 75 B 5B o 4R PR R OK 3R B 4
], FEOKBHEIR LA 1.

F1 FTHWAKKBRIER

Tab.1 Water quality indexes of experimental water

SEA W AH R R MR R BA TR oH
TAN (mg/L) NO; (mg/L) NO3 (mg/L) TN (mg/L) Temperature ('C)
2.32~2.54 0.02~0.05 13.1~15.7 21.8~26.5 25.9~26.4 6~8

1.3 LI H*E

S0 3 A+ 9 o LA RE L ARORR IVDRE L B AR T
FREE B4R pH AR/ INRIFSE RN 554428 fEXT TAN . NO3
FBROIFEM o R FHRE J7 B0 F 2 I A 3 11 R A AR
B, R A — 2B B TAN, B SO0 AR 2 i
e, e R, R R TR /INRE R R
3N, =10 mA/cm®. J,=20 mA/cm?*, Jy=
30 mA/em®, JHESHAR B 1 HI R ALE D1=1.0 cm,
D,=2.5cm, D;=4.0 cm, SEHH, FHBAR K/NAAE,
SR T TRVF A J55 AN [ U 110 BF AR AR A, 3775 F B e Al T
U A=1:1, A=1.5:1, A=2 0 1, BRSSO
T ARfEXT TAN, NOsZEBRAYFE M, iz NaOH K&
HC1 ¥ 7 5256 K 91 46 pH A Pi=6, P,=7, Ps=8,

TEF ST HL I 28 X TAN . NO3Z=BR 52 ma i, ot
HAh 3 ANHF5EES] Dy Py A BRI FERFSE
AR () B X TAN . NO3Z<BR 2 mnd, 5 HoAth 3 4K
T BEEl 3y, Pay Ay Ko ZEBIFFE A A T AR EE XT
TAN. NO;EBRIYZ MR, K HA 3 AP 4 51l il
Dy. Jy. Py I/K. ZERFFEPILG pH X TAN. NO3Z
BRI MRS, B Al 3 NPT Dy X A
BRI, BT — 2 AR AR X R BRASCR 52
PR BRI LER G, B TAN. NO3 BB % AE Jy @7
Jof TR AR 360, 1E— 25 e M B A R R AR R N
15 YL R BRAKCER A 2, T R S G R 5 I i 7 [T AR
RIAr s . scsbad v, 4 10 min W1%E 1 KK
1 TAN, NO;WKE, HATRELR 31K,
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1.4 KEHHHZE

S IOK B bR AN 2 342 B8 g W IR TS )
(GB17378.4-2007) " iy 7% o Hirfr, TAN BYAIR
FEI WA LR NOSRIZE 2 i e i vk
NO R HEHmIA IR ; pH, IREESHCRM YSI £
FIE K BT 5 S (S R A

1.5 SHItE

IR B R J (mA/em?): J=I/S

AP | S LK/ INA) , S SRR TR (em?) .

EBRFE R=(C—Cy)/Cyx100%

K, Co MUY IR IE (mg/L), CONHL# t 4
BTV P ) R Tk B (mg/L) o

2 HR5H®

2.1 BEERXE

AR ESNERR . AR LXRAENG Y
FL 5 SC I SR, TAN . NO3UK B 1 [ i 37 25
JEE V1A b TR fge st ) ) TSR T R, L 40 min
J&, 3i~Js 4 TAN B P14 1 2.4 mg/L 43 5 REAKH]
0.34. 0.22. 0.20 mg/L, HHr, J. I3 4 LFRECE I
FIFT 30 H(P<0.05) (K12). HI T HLUL %5 BE B T g
TN IR B A R R, ol () 2 AR Ak SO R AR
HCIO V& BENWrg i, [RIE, i ps S BBl A < (N)
B —ERRASEN, IET TAN 255Gk,
2012; Cao et al, 2016). 7ESCHH A, Jo. Js BUH TR
BT TAN M RPRBCRIEARMFE, XrEEY J ik
B — R , J5 2 BN FE O 2 N P PR s
Y RBRE) B E, ARSI % R SRR
N B B TRACE I T R (M ETILAE, 2011), HL
fi# 40 min J5, Ji~J; 41 NOVKEE HWIAA1E 13.1 mg/L
SRR 9.2, 3.4, 2.5 mg/L, EBERFHEEF] 29.8% .
74.0% . 80.9%, #%-2H [R5 B (P<0.05)(K13), 25155
(200)HFFEIN N, NOSHIIA R H, B 5% 1. 2),
10 mA/em® B [ B OREEHE IR R AP A LA H, it
NOIRJR, XAl RER Iy 4 bR m ) E 2R, BT
TR LR I A3k, S84 5 Hy A NO3
WEARE T R TMR, AT NOsABRFEM
(AR, 2009).

2NO; + 2H,—N,+20H +2H,0 (1)
NO;3+2.5H,—NH;+20H" )

2.1.2 BB BRI ERE, HER L ERARG YR
PR TR B SC 56 s, i A T AR G S
TAN [ L PR HCR B T R, HEA RN, TAN

2.1.1

g
[

—a— J=10 mA/cm?
—e— J,=20 mA/cm?
—a&— J:=30 mA/cm?

g
(=]
T

BERWE
Concentration of ammonia/(mg-L™")
W

1.0}
05k
0 10 20 30 40
8] Time/min
K2 HREENERRE LR

Fig.2 Effects of different current density on ammonia

removal

—
o]
T

—a—J=10 mA/cm?

SRR EL e
Concentration of nitrate/(mg-L™)

10 20 30 40

if 18] Time/min

B3 HE I R X i R R 2 B 1 5

Fig.3 Effects of different current density on nitrate removal
e B Y AEAE W . 25 5 (P<0.05) . HLfi# 40 min Ji7, Ai~A;
ZH TAN W45k 4 021, 0.31, 0.38 mg/L (K1 4). BT
BR TAN 42 1 52 5] NO3IBJF 520, B AR AR EL
iy, BABTE ARG K, NOI&JFEH A, Sy
By KA TAN B BE , ASHT TAN ZLBRACR AT §E 5
(CRHE, 2013). HAR TR /NG TG Y 4 1) 25 B3 a2 P
R L SN, R AR AR SR AT, A T AR K
i TAN. NO;$AETT 20 [ 8 GBI, 2018), 2
NAT R, NOSWRBE ¥ 2 e TG ETHr&s, ik
AR A BT NOsHy 2Bk, Sedarh A~A; 21
NOHEEH 14.6 mg/L 4 illf#(%5] 7.9, 3.2, 44 mg/L,
A AT, NO3RBRECR 3 & T HAh 4% 41 (P<0.05)
(1 5). Reyter 4:(2010)i 5% & 8L, 401, FHARAR HAH
Fb &A= AR ), NOSIR U M= Ytz A8 4k, 4
B . BHB AR AR LN 2.25 BF, NO3SGIAJF =4 TAN,
Bif TAN AL BN, FeX NO3 22 BRAUR B W42 7t .
A, B AR AR 1.5 0 1 B, NOs&BR
ORI R A, HoARMERF|H R TAN FHi, Xl
AE 15 250 v R A0 FR AR BT DA B B AR H A 55 L R
Ko AWEFE, NOWREER S, AL AR,
T8 RN BAARAR AR A T NOs i
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BEERE
Concentration of ammonia/(mg-L™)
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Fig.4 Effects of different plate area ratio on
ammonia removal

—_ = =
A O
T

THERERIR L
Concentration of nitrate/(mg-L ™)
S

0 10 20 30 40
H}IA] Time/min
Bl 5 FAR I AR L s AR Eh 25 s 32

Fig.5 Effects of different plate area ratio on nitrate removal

2.1.3 MAMRE A E AR, HEE L LA EGH R
WA [A]E S50 45 5 W, L 40 min J5, D,~D;
ZH TAN HH 2.54 mg/L 43 3IR#4K%E] 0.23.023.0.24 mg/L,
226 1) G B 2 22 5 (P>0.05) (K1 6) . R PMES(2016)1E
FIFETHCHL R A P B N FRBE IR K B & B0, — i Y
W, AR I EE R AR NS IR TAN [5BR, SAFGT 45
RIAR -, RHQ013)FFTEI, WA AR
M) TAN Z2BRE9 TR, PRI 2 i 32 2 g i1
TR, FEMEN TAN BEBRFCE . bR
JINESE R R SR, PR A Y HCLO 22, T I FRL g R 1] £
WK, A ZET HCIO 78, Ttk A2
M) TAN BRI FEZHRER, FIL, 54 LBRRIEAM
(BR4:28, 2008) . Bl & HA i st (] A 24, R R [E]EE A NO3
ERBORAEAE 22 R, Di~Ds 41 NOTHREE 43 71l B A 2]
8.3, 4.3, 6.8 mg/L (P<0.05) (I 7). WkHFI4(2015)WF5T
KIL, WAREIERE N, NOs Z:PRF h 32%42m 3] 77.2%,
LERFRWE I, A T, HAREIEEA 2.5 cm
B, NO;ZEBRECR oM EIAR, 38 /M A [B] B 45
AN F15 G 285, 3 R A 1A A 7 ) e i
AARZAET , WA 5 10 156 o £ 488 R e W P i L, el
HL T RS R AN, ETTE M BRSO s b B)
F/NEE, B TR VR A3 B NOS B RS i R AZ I

[RVARE, A o] o HE S OB M R T A A= ik, PRI, 38K
s/ MR A EEER 250 NO3 IR IR 3R (Brylev et al,
2007; MHEFILAE, 2011),

N
W

—a—D=1.0cm
—e—D,=2.5cm
—aA— D;=4.0 cm

—_ N
(%] (=]
T T

BERWE

Concentration of ammonia/(mg-L™)

o
W
T

(=]
T

0 1I0 2I0 3‘0 4‘0
fifE] Time/min
6 B A B X B A BRI s

Fig.6 Effects of different plate distance on ammonia removal

7’\18 - —m—D=10cm
?11)16 —.—D2=2.5 cm
g —&— D,=4.0 cm
5 14
® B 12+
% 3
5 10
ey
g = i
D
g 4f
3]
O ) L . . .
0 10 20 30 40

At E] Time/min
B 7 B ) B X i R R 22 B 1 5 1

Fig.7 Effects of different plate distance on nitrate removal

2.1.4 ¥k pH S EAA. B S Rk E
With pH 5256 o, #WIE pH BT AR T TAN
I NO3IZERR, HLfif 40 min i, P~P; 4 TAN ¥R JE 4>
WK 0.18. 0.25. 0.36 mg/L(/& 8), P~P;4H NO3#kE
i 14.6 mg/L 2 BIFEARE] 3.2, 4.7, 5.5 mg/L(E 9),
4] 22 573 B 35 (P<0.05), Gendel %(2012)fF 58 £ 1,
pH 3 28 52 M 7K r i B S A7 A6 T =X TS i TAN 1
EBR( N 3), 24 pH<T i, K FPiiF B S/ E L HCIO
WRAELE, pH>7 B, KriiF B | EZE L) OCIFE7E,
HCIO R AL EZ I 1T OoCl, ik, MR
B FhnidE TAN B2, pH BARERE BT NOsHY &
B, X EEE RS T KR HWREE R, 7
() Hy iJVE R A H 482 5 3] NOsIE IR, M,
A BT S NOs I AR (25 48, 2009)
MR ZE SIS E , Ak FKARBEXT TAN 1)k
IRAE S S FHFBEIA R 80% LA, (EASTR] S 451
T, NOsHEBRFUR IR K, NOsZLpRFAR, Rl
T TAN. NO;H[FI LB, RStk LA AL
H, SRFHWA R AT NOs =R A it T Ak
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—m—P=6

2.2 MR E S HrAEER EL Y K R &
—e—P,=7

Pt 220 KAAIRIZFHESN  APRAERNE
SEEG LR IR ILA |, A Design-Expert 8.0.6 4X{4 N
Box-Behnken HU.0 20 A1 1T R HE, DL IR BB . B

—
W

MEERE
Concentration of ammonia/(mg-L™)

10F I AR b, ®04h pH 3E 4 ASE2 0 K i
0.5+ At , DL NOsZ&BRECR W N, HE47 PR =K
FIR M 7 TR S BT, S8 DR 3R K B i UL 258 T A
% 10 20 30 40 4, 2018),
A/ Time/min
Kl 8  WIh pH X B 5 22 5 1 52 i % 2 Box-Behnken 38 i% i+ B F R K F
Fig.8 Effects of different initial pH on ammonia removal Tab.2  Factors and levels for Box-Behnken design
A5 fefy Zifi%7KF Coding level
8 Variable Code -1 0 1
! L% BE Current density A 10 20 30
' WA I Plate distance B 1.0 2.5 4.0
2 WA TE AL Plate ratio C 1:1 15:1 2:1
#14h pH Initial pH D 6 7 8

i1 Design-Expert #7270 R BIEZRAF I
AH: Ri=0.81+0.073xA+0.011xB+0.033xC—

THRRER MR BE
Concentration of nitrate/(mg-L™")
S

0 1o 20 30 20 0.009xD—0.025xAxB+0.003x10°xAxC—0.024xAxD+

B[] Time/min 0.0046xBxC—0.006xBxD-0.003 x CxD—0.076xA’*-0.100x

9 0hh pH SRS R £h 22 I 0 S R B*-0.075xC*-0.038xD’, XPRIUIAT I 22504, Friatf

Fig.9 Effects of different initial pH on nitrate removal W3, R 3 TR, B P<0.0001, Uilfrfs e

x3 EPKFEATESH

Tab.3 Analysis of variance for regression equation

A il A H ¥r F{H P
Items Sum of square Df Mean square F-value Significance
LA 0.19 14 0.013 14.16 <0.0001"
A~] 0.064 1 0.064 68.02 <0.0001"
B~D 1.34x107° 1 1.34x10°° 1.43 0.2522
C~A 0.013 1 0.013 13.8 0.0023"
D~P 9.90x107* 1 9.90x107* 1.05 0.3227
AB 2.50x107° 1 2.50%x1073 2.65 0.1256
AC 4.23%107° 1 4.23x107° 0.045 0.8353
AD 2.40%x107° 1 2.40x107° 2.55 0.0327"
BC 8.10x107° 1 8.10x107° 0.086 0.7737
BD 1.56x10™* 1 1.56x107* 0.17 0.69
CD 2.50x107° 1 2.50%x107° 0.027 0.8729
A’ 0.038 1 0.038 40.02 <0.0001"
B? 0.065 1 0.065 68.49 <0.0001"
C? 0.037 1 0.037 38.97 <0.0001"
D’ 9.49x10°° 1 9.49x107° 10.07 0.0068"
5% 7% Residual 0.013 14 9.42x107
ST Lack of fit 0.012 10 1.19x1073 3.53 0.1179
4fi iR 2% Pure error 1.34x107° 4 3.36x107*
S Total 0.20 28

T PONEIET RS SEPREM LG TREE s FAECIZINR AN B E VR, R 2

Note: P is the fitting degree between the regression equation and the actual value; F is the significance degree of the
influence of this factor, * is the significance degree of the influence
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HRLESWREE, KT P=0.1179, P>0.05 #iI%
A 2, SO AR Y [0 9 5 RO BRAR, SOnT
PRI AR A S84 E T A9 NO3 2 BRRCR 17 43 #7 Al
T, ARG ] T R R RP=0.9340, f5IE R R=
0.8681, Ui BHA A T 45 S 15 FL B W) B B A v (PR AL I
4,2013), R 3IATLIAE T, ML E B AR AR L
XF NO3Z:BR 52 ma Al i 2 (P<0.0001);  H Ui %5 BE FA)
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f pH Y28 A FAB 25 %2 NO3 25 Bk (P<0.05);
BEAh, BRI R kI A7 B, CPL DX NOsAbHRL
SR AL TR B R 2 KT

222 AATFERXZAERSH Ry ik — 5 A
K19 28 RN X NO3 LBz my, [alnt, KA e
TR A A, [ Ho 2 AN SRR, RAMER 2 A
FACHAEFIXT NO3 ZBRa M il iz AT 3D R E (4] 10)0
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Fig.10 Response surface plot for effects on nitrate removal under the interaction of different factors

M 10 ATRAE Y, A5 4k TR DL R ih 4 b g
T A8 FUN SRS, A e 2 S A IR Lk B R
Vi P A8 ELAR R s I =2 A ELAE R 3 Gk i
25 2018; HibihEE, 2018), B 5404k pH Z 18]
LHAER BN . @it NO3Z B il ik ol L &
PR, BN S5 b, H R 5 N NOs 22 R R i i Kk,
HR R AR E R, XA EIIE T3 3 Ho 20 R 45
S o T 17 T S BT B A T, A A A R R e o, 4 AR
ZIRIMRR R S, TR H—R& M RmrE,
J A0 %7 TET 349 R 1 1] T (81 10), BB 4 AN PRIER Y S
55 Bl Y S A S AR (A (B SR R A5, 2014) 38 23 X5
RUENE R IEsR R, 3RA3 T NOsEAELBRE N

83.4%, IATAYRIN 2. J=25.6 mA/em?, HeblA]EE Hy
25cm, AR 1.6 : 1, #I4h pH N 6.6,

2.3 DEIESRIE

TERERLOL AL J5 1Y S50 4508 T I Jie 3 IR i,
FH T 0E SR8 K 8 B SR WL 11, DAL 11 7T L
F i, L TAN MR 2.28 mg/L B4 0.29 mg/L,
T FIA T 87.3%; NOMKEEH 13.5 mg/L [N
2.5 mg/L, VHEBRAILEF] 81.5%, i o7 [ A A4
fBJG NOsZEBRFHTAE S 83.4%, —HAIRZEN
1.9%, IbAh, XS b a4 NOJR EE /3t Js A& 81,
A SRR NOS VR FE KR 2 E T, B —Beif a) s
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Fig.11 The nitrogen removal effect under

optimal reaction conditions.

FOR AW TR, BRI NOy BUR AR
SEYZE AR, SR e 7 TR %o Fi A K A PR 2%
BT OLAE, A BT IR AR K R R A B

3 i

AR BRSO R, H R . AR AR | B AR T
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Optimization and Validation of Electrochemical Technology for Simultaneous
Nitrogen Removal in Aquaculture by Using Response Surface Methodology

ZHANG Peng'?, ZHANG Long'?, CHEN Shibo, ZHU Jianxin®"

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai  201306;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071;

3. Qingdao Excellent Ocean Group Co., Ltd., Qingdao 266400)

Abstract The simultaneous removal of ammonia and nitrate nitrogen is a challenging process in the
treatment of recirculating aquaculture systems. This study first analyzed the effects of current density, plate
area ratio, plate spacing, and initial pH on the removal rates of ammonia and nitrate nitrogen by a single-factor
experiment. To understand the effects of different influencing factors on the efficiency of nitrogen removal,
four-factor and three-level response surface experiments were designed on the basis of the central combination
principle of Box-Behnken in Design-Expert software. Subsequently, the reaction conditions for the
simultaneous removal of ammonia and nitrate nitrogen were optimized using a response surface model. Finally,
the optimized reaction conditions were evaluated using verification experiments. In the single-factor
experiments, we found that the changes in the current density, plate area ratio, plate spacing, and initial pH had
little effect on ammonia and nitrate nitrogen removal. The removal rate of ammonia is always > 80% in the
given reaction conditions, whereas the changes in reaction conditions significantly affected the removal rate of
nitrate nitrogen, which ranges from 29.8% to 80.9%. The constructed response surface model showed that the
regression coefficient (R?) was 0.9340 and the correction coefficient (R?) was 0.8681, which showed that the
model has good accuracy. We obtained the optimal reaction conditions using the response surface model:
current density was 25.6 mA/cn?’, plate area ratio between cathode and anode was 1.6:1, plate spacing was 2.5 cm,
and initial pH was 6.6. Experimental verification under the reaction conditions proved that the removal
rate of nitrate nitrogen could reach up to 81.5% and the removal rate of ammonia up to 87.3%. This
experiment showed that electrochemical treatment can effectively achieve the simultaneous removal of
ammonia and nitrate nitrogen and that application of the response surface model can improve the nitrogen
removal efficiency of electrochemical treatment in aquaculture wastewater.

Key words Aquaculture; Electrochemical technology; Simultaneous nitrogen removal; Response
surface methodology
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GHEEFEMWEAR, k2L FMETCE, BA
AR 175 ) 245 FEANME RIS S R BN, 23R K SR FE
EELF MRS, 1997). [ 20 42 80 1L
JI2 N T EFEHARRELUG, WS 35507 b ek &
J'&, #ak 2017 4%, 4 E IS 25 1 Lk 21.9 J7 hm?,
FRAH R 21.9 T t, ELEEM 300 /250 E
GEITARSE, 2018). SR, BEZE P AR K, S
FRPE A B K RS | R E R . IR AL R
MRS FP TR B i 7 o [ AR 2 107 00 2 A 4R
Oy AR, T B RIS Y e, B A
2 [ AR GEIR A TR, AR A AR I 2R Y
B, i 30~50 AELLCE, BPAE RIS AR, H
ARTRET 30%, 5 E TR T 40%, K2 W T % T 80%,
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FBALSERY 3BT, AALUAT LR 2 )k 5 S AR
SR, 38T R B PEA S 1 o 5 B R BCIR P 4
R,

HAT, TR RIS 095 FFric 2 AR5
5 DNA FIZEA {4 DNA %, Horr, 4ok /&< DNA(mtDNA)

#%; 16SrDNA; CO1 ; D-loop; wE LN
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6 ML 8 MAFM IR AR S, IR 16S
rDNA . D-loop il CO T iX 3 /4~ Box R 4L i) Hh B
BT BT SR ALS AL 25 AT VPAL , DA B 1R Al
170 S 57 % 5 IR A ARl S, O T U
PRAF BT R AL R A A

1 #wRlERZE

FEZAR SRR

LA ERS A RRETHEETL . MG . K
WAL R R s L e IR I L e ] A Y R e
3k 6 M, AR PR ERI SR A 2R, #EE
BUREE RIS oy W S | S MBS 3 FHE, &
MHEABEDLER 10 SHISE LR S, GiFRE
6 Mk 8 ANRFIHLEEEE AR S 80 k. SREMHS
KV Iz ek %, FIRANUN T DNA 194
W, AN AR ) SRAE b B B I IRT 1 Nk 1

1.1

N
45°00" + N
A Sea
e f
REHRPARIHEE
RU Japan
40°0'0" |
oHE HHEBL
YT SK-QS-B
o ° I
° ﬁi" ® SK-PX
3500!0" - Q
o THEIAM
SK-MP-B

East

China

s 0 90 270

onN'Nn"” ea
30°0'0" 45 180 360 m
115°0°0" 120°0'0" 125°0'0" 130°0°0" 135°0'0" 140°0'0"E
Bl 1 S RAEH S

Fig.1

Locations of sea cucumber A. japonicus sampling
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Tab.l Information of A. japonicus sampling

k2 R SRAEH (] o FEA i

Population name Collection date Location Number
HHKFARES QD 2017-05-26 36°02'N, 120°21'E 10
i [E i T 2 & SK-PX-B 2017-06-09 36°05'N, 129°27'E 10
i EH 45 SK-PX-R 2017-06-09 36°05'N, 129°27'E 10
i [ Y 30 75 2 SK-PX-Y 2017-06-10 36°05'N, 129°27'E 10
i E A1 225 SK-QS-B 2017-06-09 36°34'N, 126°23'E 10
i E A 225 SK-MP-B 2017-06-09 34°07'N, 126°17'E 10
HEK SIS YT 2017-07-03 38°17'N, 120°49'E 10
&2 Hrifg % RU 2018-04-19 35°39'N, 119°49'E 10

1.2 mtDNA F3lH &R NE

FIF Omega Mollusc DNA kit $EHUESIEHH
DNA, F|H NanoDrop 1000 5z 1% AEH#EE A F yicRs: il
DNA 4 K e 8 Is , B T-20 CUKAI AT RIS
16S tDNA . CO I il D-loop J¥FFERGI1#1%F 3 /1> mtDNA
JBEHEAT PCR 788, %F PCR P15, 3 X519 F
¥ JLZ% 2(Kerr et al, 2005; Arndt et al, 1996; Ui Fg 5L %5,
2014), FIWHEBERAEY ARG, PCR ERTD
50 pl: 2xTsingke Master mix 25 pl, 10 pmol/L 1F 2 [7]
19145 1 ul, Bk DNA 1 ul (50 ng/ul), Hl ddH,0 #b 2
% 50 pl, PCR WY HEFRT: 95°CHAENE 60 s, 95°C
30s, 52°C 30s, 72°C 60s, % 35 MEHE, 72°CHEf
10 min, 4°C{{47. PCR PEHIZ 1.5% MBS IHEE I HL Tk
KRG, 267 SR A w2 TR I

T2 RSBk DNA 1 HSI4F5

Tab.2 Primer sequences of mtDNA of A. japonicus

519 JFr 4 5149 i 4k
Primer Sequences(5'-3") Reference
16S ar CGCCTGTTTATCAAAAACAT
Kerr(2005)
16S br CTCCGGTTTGAACTCAGATCA
CO1 ef ATAATGATAGGAGGRTTTGG Arndt %5
COI er GCTCGTGTRTCTACRTCCAT (1996)
D-loop-F  CAAGCCCTAAACCCAAGT i e T 4k
D-loop-R  ATTCCCTAGATGTAAGTTCG (2014)
1.3 HiEALE

MY AR 751K ClustalX 1.83 #R{F4nkE . Aext
FIHEE (Thompson et al, 1997), % JH DnaSP 5.0 #ff
T Z 5058 H (Number of polymorphicsites),
%5 B4 % H (Number of haplotypes) . Fo {5 B & k¢
(Haplotype diversity) . #ZHT2 2R E:Nucleotide diversity) .
- 4 B A iR 22 5+ 50 (Average number of nucleotide

differences) . % W4 TR (7] (19 35 1% 70 fk 2 B0 (F ) (Librado
et al, 2009). FIJfl MEGA 6.0 S {/FGeit e i . 78
SEALSE, TR AR P AR AL R S, >R Kimura 2-
Parameter J5 44 & N-J(Neighbor-joining) & 4t & & #4
(Saitou et al, 1987). #f Network 5.0 X {FA I T
Median-Joining ¥ B 7 ) 25 5]

2 HERE5HW

2.1 #/% 16S rDNA, CO I #1 D-loop = FI4%{E 27

28 PCR Y3 T, A5 S Lk 1Ak 16S tDNA |
CO [ il D-loop /%41, FIMH ClustalX1.83 #&k4-#E47 7
FIHCXT . A 1E 2B 51 P st AR PR SF s L J5 R AT 80 A4
AMREF R JF 5015 H . 16S rDNA JEF1 K Ji 2k 543 bp,
B A L AT RS (3R 3), A IS &M 27.5%,
T W EER 29.1%, G BEHEEN 21.7%, C
FISEY &R 21.7%, G 5 C WY & S B &
IS, A+T &N 56.6%, BEE T G+C &,
CO I WFFHKEH 656 bp, A. T. G. C P& &
AR 32.4%. 26.5%. 21.7%. 19.4%, A+T (&N
58.9%, T G+C &t . D-loop I HIK N 509~527
bp, A. T. G. C ¥ ERDHIN 34.5%. 25.3%.
27.0%. 13.3%, A+T &R 59.7%, BEm T G+C
T, AT SREANRRFRFBERZESBE, 3R
Bt D-loop ¥4t iy, e HEAS ] B AR 225 4 7 A iz
BHRg i &I, ER—FIRFRR R 22 58 3%,

16S rDNA ¥ 543 i, B0 5 16 1
(K 2), 5 A7 S 2.9%, Hid B & IUE Ak
MG, B THi ., 76 CO 1 FENAY 656 i,
A 62 AN 3), A s 9.5%, Hr,
WA BIIENRIAL S, , 2T Hifk, D-loop MG
KR 551 bp (FLEHRIAL ), ZBSA7 A4 200 ~(E 4),
i S Y 36.3%, Horh, 68 A3 L AE TE B IE (1) 4
A SERRAL B
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X3 RSTEMIEEK 16S rDNA. CO 1 F1 D-loop 55! Baf £ 40 5 (%)
Tab.3 Base compositions of 16S rDNA, CO [ and D-loop sequences in different populations of A. japonicus(%)
B 16S rDNA Ccol D-loop
Population A T G C A+T A T G C A+T A T G C A+T
HEKRFA QD 275 29.1 217 21.7 56.6 323 265 21.8 194 588 345 254 265 135 60.0
HE K YT 275 29.1 21.7 21.7 56.6 323 265 21.8 194 588 346 254 269 13.1 60.0
ghE A B2 SK-MP-B 27.5 29.1 21.7 21.7 56.6 324 26.6 21.6 193 59.0 346 252 26.8 13.4 5938
EEEREL B SK-QS-B 27.4 29.1 21.7 217 56.5 324 265 21.7 194 589 346 252 269 133 59.8
B E 2 SK-PX-Y 27.5 29.1 21.7 21.7 565 324 266 21.6 193 59.0 345 253 27.0 132 59.8
HEWI 4% SK-PX-R 27.5 29.1 21.7 21.7 56.6 322 265 219 194 587 341 251 273 135 592
EENHTIE S SK-PX-B 27.5 29.1 21.7 21.7 56.6 323 266 21.8 193 589 343 251 272 13.3 594
& i 2 RU 274 291 21.7 21.7 565 325 265 217 194 59.0 345 255 27.0 13.0 59.9
SEHME Average 275 29.1 21.7 21.7 56.6% 324 265 21.7 194 589% 345 253 27.0 133 59.7*
* R 22 58 3 (P<0.01)
* represents significant difference (P<0.01)
B 117790535 595308 0 M SEMMBTE, BFRESFRER, Hh, i
Haplotype 59 123848974702 8 5 number TIHLIX 3 NS R A (2 0 ) 2 B R 22 R HE At
myp L orAtrrerenasse A BEARCE 5. 8 AREAR T 80 A KIY D-loop J751 4%
Hap3 A . o 12 Rz 200 2 A0M . 61 FPEafERl, PAAEAI LR
Hap4 N ¢ 4 HFEECH 0.933, UiH 8 MHEIANY D-loop JT A 22
Hone A {31 RO AR N F 3, A SRR S,
Hap?7 . . .. T... . oo TR IS5 0.0157, FHRTMRERECH
E:ig 2: I(‘:I B T B A i 6.834, 1Rz REHE K, XTI 3 /l\}#fﬁﬂ"]iﬁ%g
Hapl0 A . . . . .. cC. . . .. G . 1 ﬁ‘fﬁ%?’ﬁﬂ%%ﬁ, COI%%H D-lOOp E@ﬁ'fgﬂg
Hapll . G . 1 FEPE . 280 BT IR 2 R R & T 16S
Egjf?f: . i rDNA, % F NCBI $u# i il % 1913249 CO 1 24
Hapld A . CC.L 1 BAEE G, 1 D-loop FAIEA, T ARIES A
Eﬁz --A--~-~----G- f AT IUERR AT LR, ARBFEIEER CO T BT
ap . e .o .o

Bl 2 #ilZ 16S rDNA JF 5148 540 sk
Fig.2 Variable site of 16S rDNA in A. japonicus
7 B RN A S L A AR R TRk 1 AL
FEM RS SRR, A FR A% H
Numbers on the top represent the locations of mutative

nucleotide acids, on the left are the names of haplotypes,
on the right side represent the number of individuals

2.2 AREBBEEERSHIEESEEST

8 AMEEIKIHI Y 16S rDNA ., CO 1 . D-loop AYRZF
it e ZREES BT 40 N 8 EEIR 80 AR K)
16S rDNA JFHIHp A E] 16 280, 16 Fp
f i, PSR ZBEMERR BN 0.629, MR Z AT
R 0.0016, IR 4L 0.880, Bikiifh L
BEERAR o 8 MR 80 ANAMAY CO T 81 ALA
) 62 NN 38 FIEAATAL, FE RIS R R L
0958, BT ZHEMTEECH 0.0073, PR ITRR
ZE5HCR 4.796, Ui 8 NEFIR) CO T 781 A5 7Y 2

J SN ) M B AR S AR S5 48 AT
2.3 BEEEEHSN

HRAE BT 22 1) 8 A BEARR) cOo T PFlfE R, RA
MEGA 6.0 3K {115 8 AT P R (AR 1] i) st 1 B
MIZEIR LR 5 TR S LI, BEARNBEIEE N
0.0023~0.0084 , B4 P 5t 1% 1 2 i K 1) S s [l VR T 21
Z AR (0.0084), FLyR R EH IR S HE4(0.0075),
M2 AR 30 R T T B AR %) R P 38t A S /)
(0.0023) o 8 A 1) JHE A4 ] 38t 1% HE 2 A 0.0027~
0.0081, i [EI VA 70T 21 2 i A 5 o [ Yol 200 S S AR 1] 1)
WL B A K (0.0081), TS SHHE . MEHHES
i IO SR Y 3 il S AR AL BE 2R (0.0054~
0.0071), &% W4 P ik HC re R 5 B E LR A
()35t A% I B /1M 0.0027)

i3k DnaSP # 3T CO 1 FoIME B4 HT I 2 1
M TE] A AL L 25 SR ILER 5. st ML RBU(Fo) IR
W T BRI B] A AL AL AR, 24 Fy fEAE 0~0.05 i),
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111111111112222222223333334444444444455555555555555666666666
/%l 47011234456780134567790146770123356789900012234455678022444555 ¥&
Hapf(')type72514921428406943573943579282735898135814795810925435978169013number
Hapl GCAAAAGATGTGGATATATCATCAACTCGTCACTATGTGTAGCTGCAAAAAATTAGGAAATA 2
Hap2 . ... . . . C...T. ... ... .. ... G..G........ C. 10
Hap3 . . ... . ... ... .. G..... C.. . T. .. .. G..G.......... 9
Hap4 . .. ... ... ...... G. .GCT. . .C.. . T......... G....... G..G.......... 1
Hap5 . . ... . ... ... ... G..G..C...T...... ... ... G..G.......... 2
Hap6 T. ..o G..... C...T......... G....... G..G.......... 1
Hap7 P € £ C G. . GCT .C...T. . C. .Gl G..G.......... 1
Hap8 . . ... .. ... ... . 0. ... G..... C...T......... G. T..... G..G.......... 1
Hap9 . ... . . . ... ... .. G..... C.. . T. ... GG. G.......... 6
Hapl0 . . ... ... ...... C..... G..... C...T. ... ... ... .. G..G.......... 6
Hapll . . . . . . e T. o e C......... 2
Hapl2 . ... ... ... ... .. .... G..... C..CT......... G....... G..G.......... 1
Hapl3 . . . . . . . e T. . T. o e e e e e 5
Hapl4d . ... . . . ... ... . 0. T....... T e 1
Hapl5 . ... ... G. . . e C.. . T.T....... . ....... G..G.......... 3
Haplé . .. ... .. .. ... ....... G..... C...T...G..... G....... G..G.......... 1
Hapl7 . T. .AG.A...G..C.C.G.T...C...T...G..C.G..TCA. . GGG. G.......... 1
Hapl8 . . ... ... ... ... .. ..., G..... C...T......... G....... G..G.......... 1
Hapl19 LCLCL L C...T. .. ... ... ... .. G.. G.A.CA. TT. G 1
Hap20 . . ... ... ... ......... G. TC. .. T. ... ... .. ... ..... GG. G. . ... C.... 1
Hap21 .G - cC...T.T......... T.. ... G..G.......... 2
Hap22 . ... ... ... ... .. ..., G..... C...T....C............ GG. G.......... 1
Hap23 . ... ... ... ... ... G..G..... C.. CTG........ G....... G..G.......... 1
Hap24 . . ... . . ... ... . .. ... G...G.C..CT......... G....... G..G.......... 1
Hap25 . ... .. ... ... .. . 0.0, G..... C...T. .. ... . ... .. ... G.GG.......... 1
Hap26 . T......... A. .CoL .Gl c...T. C. C. G. AT. . ... G..G..G....... 1
Hap27 . . .. . . . C...T. ... ... .. ... ... .. G..G.......... 3
Hap28 . . .. .. . ... ... .. ..., G..... C...T. ... .. G..G...CAT .T 1
Hap29 . . .. . . . C. A T..... ... .. ... ... G..G.......... 1
Hap30 LT e c...T. LC G..G.......... 1
Hap3l . . ... ... ........ C..T....... T. .T.......... Ao 1
Hap32 . . . . . . P 2
Hap33 . ... ... ... ... ... ... G...G.C...T...... ... . ...... G..G.......... 1
Hap34 . . ... . . ... ... . ..., G..... C...T..... A.A ... T..G..G.......... 1
Hap35 . . .. . . . . .. C... T..C........... ... G..G.......... 1
Hap36 . T.................. G..... C...T. ... ... . ... G.G..G.......... 1
Hap37 A. ... .. ........ G....GCT LG T G....... G..G.......... 2
Hap38 . . ... . .. .. ... . ... GC. LCoL LT G....... G..G.......... 2

K3 2 CO T R 75148 S i,
Fig.3 Variable site of CO [ gene in A. japonicus

BB RN AR S LS AR BAS R h XE  AALE, ZE R R A R A B, AR M AREE, NARRR A R
Numbers on the top represent the locations of mutative nucleotide acids, on the left are the names of haplotypes, on the right side
represent the number of individuals, N represents sequence degeneracy

BRI )15 22 AR, AFEAESME; 7E 0.05~0.15 B,
AE P AR AL Mk ; 0.15~0.25 B, AL LFE
FERK; KT 0.25 BF, N5sfE 5 fEAR K (Wright, 1931),
% % W B 1R 5 40 S 8 R )0 a5t % o Ak R Boie R
(0.1598), it b RERER R, M5 MRS w0
L AT R A Th S 0L o1k, B SRS
i I SR E IR S AR A e S P A
WAL, AR R ZE BN, AMEEME. #iE
THIUHLIX 3 ANR[RIE G R B ARG AR K, 1
WAL R B BN, BA YR & Wi L 1k .
24 EFCOIFIMESHL

BF co T FEMAE MM (B 5)BRE S
SRR SIS S AR — 1, HSHERILES
FARRN—%, SHEAHBSHARE—K, HS5
T BRI g — 32, 1M AMER R R i BRI 3 AN

RGO REAR, X5 H B A HA — 2 B AR G
i L 000 Pl T AR A N A% o AR, TR A Hh Ad
T AMU, AT RS 2 HPERUE A K,

F ] Network # A% T 3845319 CO T 1y 38 P ELA%
A AR I 25 [ S BR(RT 6), 37 A B ARG LA
Hap3 R0 B USRS B M08, tbAh, Hap4d
Hap6. Hap9. Hapl2. Hapl3. Hapl8., Hap27., Hap32
F1 Hap38 8k 41l SR D00 28 45 i, i A B35 284 DU
J R 4 A R AR O UM AFAE . Hap3 fR7E T ERIRS
SRR R N [ 8 S AR S O RE A R, O 6 REIA
Fr3AT, 78 37 BRI A 10 A B B o s Bk
B, E R R 26.3%, 28 B RL R HEAS TR T
FEAT o AR 28 P vl LA g3 A R AS [] B4 1 55 e 7
KRR, HONHRITC W 2= Stk R[] sy
TEAN R R A (6] 58 U A1, AN TRV REAAS Y AT A LA S e
P CHA R E
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Fig.4 Variable site of D-loop sequence in A

. japonicus
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x4 FISAREEHK 16S rDNA. CO I 70 D-loop F R RYE1E L A MR
Tab.4 The genetic diversity indices of partial 16S rDNA, CO I and D-loop sequence in different population of A. japonicus
N , e 2B/ FHBIERE RS R
AR R FEASL R R H ;Qr} He ,réi%ﬂzfs e ity
Gene . Sample Number of . ;
fragment Population number haplotype ~ Haplotype  Number of of nucleotide Nucleotide
diversity  polymorphic difference diversity
16S rDNA 7 & KF 4 QD 10 3 0.511 2 0.556 0.0010
MHEK S YT 10 5 0.756 5 1.156 0.0021
i [ A 22 5 SK-MP-B 10 3 0.600 2 0.667 0.0012
i [ERE 1 2% SK-QS-B 10 4 0.533 4 0.800 0.0015
i [E i 1 % & SK-PX-Y 10 4 0.644 4 1.067 0.0020
g E 4T 2 SK-PX-R 10 4 0.533 4 0.956 0.0018
i [E 0 R 2 SK-PX-B 10 4 0.644 3 0.756 0.0014
AP HrifF 2 RU 10 3 0.733 2 1.000 0.0018
& Overall 80 16 0.629 16 0.880 0.0016
Cco1 H S KFfM QD 10 8 0.933 16 4.600 0.0070
MERE YT 10 5 0.867 10 3.733 0.0057
i [F A 22 5 SK-MP-B 10 9 0.978 16 4.156 0.0063
[ #F10 R 2 SK-QS-B 10 8 0.956 13 3.111 0.0047
i [E I S SK-PX-Y 10 8 0.956 22 5.378 0.0082
i E 425 SK-PX-R 10 8 0.956 22 5.867 0.0089
i [ 1 2 % SK-PX-B 10 8 0.956 24 6.600 0.0101
WP HrifE S RU 10 5 0.867 10 4.067 0.0062
B Overall 80 38 0.958 62 4.796 0.0073
D-loop &K QD 10 9 0.978 59 17.311 0.0345
HEKS YT 10 7 0.933 20 5.156 0.0109
HEARE B S SK-MP-B - 10 0.978 30 7.533 0.0159
i [ERE 1 2% SK-QS-B 10 0.933 47 14.756 0.0290
i [ 1 #% & SK-PX-Y 10 10 1.000 75 22.067 0.0441
EHE 4T 2 SK-PX-R 10 10 1.000 58 16.200 0.0323
i [E 0 R 2 SK-PX-B 10 0.978 49 13.778 0.0272
P HrifF 2 RU 10 0.933 37 16.511 0.0324
JE Overall 80 61 0.922 200 6.834 0.0157
x5 EFCOIFHH 8 NMRISEEM( )RR B K 8] Y i3 1% 2R B ( VR IEE SR E( )

Tab.5 Genetic distances within (diagonal) and between eight different populations (below diagonal),
the fixation index (above diagonal) of A. japonicus

Cco1
Pofffj;on HE WG SHEARHES GEFLES SEWE NS SEWROS SEWRES R
QD YT SK-MP-B SK-QS-B SK-PX-Y SK-PX-R SK-PX-B RU

#H5% QD 0.0054 —0.0532  0.0424 0.0454 0.0612 0.0362 0.0606 0.0931
A YT 0.0045 0.0040  0.1087 0.1171 0.1206 0.0826 0.1063 0.1598
i [E AJH B2 SK-MP-B 0.0047 0.0043  0.0036 —-0.0168 —-0.0192 0.0354 0.0225 0.0249
W ERE 2% SK-QS-B 0.0044  0.0040  0.0033 0.0030 0.0016 0.0472 0.0404 0.0278
B ENH 8 2 SK-PX-Y 0.0058 0.0054  0.0045 0.0043 0.0055 0.0137 0.0053  —0.0125
EhEH 4T 2 SK-PX-R 0.0071 0.0068  0.0062 0.0060 0.0070 0.0084 0.0192 0.0246
g E B S SK-PX-B 0.0069 0.0065  0.0057 0.0055 0.0065 0.0081 0.0075 0.0269
% B RU 0.0042 0.0037  0.0030 0.0027 0.0038 0.0054 0.0050 0.0023
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Fig.5 Neighbor-joining tree of eight A. japonicus groups
based on CO [ gene

Kle HIZ COT M AL AL 25 454
Fig.6 The haplotype network of
A. japonicus based on CO [ gene

3 iTig

AL 2R TS M Bk T T AR Y P HE A 1Y) A%
FREA, RPN AR BT U O Y — A E AR
mtDNA {ERWEANE SR 7, B EbE SR, &R
WAL, W TR B L 2548 53 1 (Liu et al,
2007), Hrb, # 3 A9 mtDNA FRic 4% 16S rDNA |
Cytb, CO I . D-loop, iX4Et5ic i h FH T AR Fp 2
(R4, 2013; 25K ArsE, 2017; FMVEEZE, 2018), I fh
(Onychostoma rara)( ¥ Hit 45, 2009) . ¥ fH &
(Temnopleurus)(t5 BEHLEE, 2012; X EEESE 2007), 7K
BE(Aurelia sp. ) (SRR B %5, 2015; EHI%E, 2013)%5: 1)
WAEZER AT, FISERR SRS 37 NEEM
3RS IX (B w64, 2012) AT ZAL0F5E 2 5 )
1 168 rDNA ., Cytb, CO I . D-loop 55 mtDNA F Bt
Xof AN [i) b BERRRE AR 119 358 A% 2 RE SR AT T 20T o A 4 B ot
(2014)FIH D-loop J37 31 1) 22 25 1 Xof A [R] b B A4

150 S W s e S5 M AT T 40 223055 (2006) F1)
16StDNA . CO I . I'rRNA-CO I ZEFEXf P EM A | B
. SRS ATt 15 ZRE T o3 A7 S as AR 4540 73 AT o
RN AR e B o T R S AL ZRE M ROER , AFSE
N FH 16S tDNA. CO I . D-loop 3 > mtDNA F Btx}
6 MHLFERNEE 8 DNHEARIEAT T 00 3 A F B A
(it 2 REPERG I 25 2RI, 2T 3 AN 8 0 45 TEIAR
HIRZ AT TR ZREPEFE M 0.0007~0.0441, 16S rDNA JF
G RS, RILH BN BE 2, Wi CcO Tl
D-loop istfe Z AR o 3 55 BRI A5 (2008) A5 114
2 16S 1DNA B fE ZFEMALT CO T M MBE £
FEPE—2, MRS IR ERIT, 16S 1DNA AETH T
A — ) Fh B Bl R R EAR A it A 254 438, CO T I
D-loop B3 T #EAT Fh P REAAR [B] 35t 1% 2 WM it AL 25
KA. HEES A, ML T D-loop 51, CO 1 3
P Bk T NCBI B e b R BB B %, T
A THAT R 0T, T, ASHES S 25 it
CO T %M.

AWFFEFEM 16S tDNA . D-loop A1 CO 1 J¥31HY
MR 2 R 8 5053 % 0.0016, 0.0157 A1 0.0073,
RN . SRS R 16 Fh . 61 AR 38
Fl, BAAERIZAREE SN 0.629. 0.922 Fl1 0.958,
fERI Z PR R, PP IR Z FE MR FR Bk, A
RIZFEMERC R G, FE A Tl il S SR R SE R
Bt i) ¥ f£75 (Soliman et al, 2016; Uthicke et al,
2010), XFFTaRAF 8 ANHEIAR MY B AL ZREE BT s
FEH, o EEI 3 AN RV B AR I SRR RS
FEMEFR B s, AHELZ T, o 5 FUOR & B A R
FIZ AL 2L, X5 FEEQ016)ITFR 4
SR — 2, RIS E SRR B a8 AL 22 e Lo A
P L ZREME R o SRR B R R AT BB 2 0
T, B e A B 22 S5 R BULR S K 22 5 &
KR 25 S8 K, o — T vl g el T b R S R
GG R SR E 2, fEHEK G R A7 7E 1 Fh ik itk
ML, AN S 584 S — e P LR AE
W, ICREIEBG Y, B 5 AU A A
S AR BN S

FIF CO T EEHXT R AER 8 MEHAIEFTBEIE
BN E RGN, T CO T FH Py r s
fEREES R 0.0023~0.0084, R G HEAL /T R, A
TR ()it 1 225 40 5 B, 8 EL AT — /g MO O TE, RN
B MHE L T FE A AR A I R LA 0 S AR AR
SRR . B ARV AT E S A s X, Hoe
B WA G, e, X 2 S Hb R R
RIS RN —3, SRIG S EBEL . AW RHARR N
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o REQ00NWFEINR, RSl 4 d 5 2 Al
TR S e A e, 2R AS ] Ml dol ) 765 396 2 0 1) 2 4
JiL . &y He e A A e A A, DT SR M AN [ B
13 {4434k (Pante et al, 1992), & FEVHIR 3 44 @ R
IR AL A AL SN, B A IR B 54k WA TR Bl (4 7K SF- o
Zhang 45(2016)F) F 2k 1A 4= 3 R 41 4 B 45t A [m) 23
ORISR TR — P Fh, @22 502 T vE = &
H AR LAY . Sun SE(2010) @ i XF4r 4% 6,
A S R RS AL LR R B, R RR S 0
TR I BRI AP 0 04K, X S5 ARG R 25 5
=B,
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Genetic Diversity and Population Structure of Different Geographical
Populations of Sea Cucumber (Apostichopus japonicus) from China,
South Korea and Russia Based on Mitochondrial Genes

WANG Jinjin'?, LIAO Meijie**", LI Bin®’, WANG Yingeng®’,
RONG Xiaojun®®, ZHANG Zheng**, GE Jianlong®

(1. College of Fishers and Life Science, Shanghai Ocean University, Shanghai 201306;

2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of
Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, 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 order to explore the genetic structure of sea cucumber populations with different body
color characteristics in different sea areas, 16S rDNA, CO I and D-loop gene sequences of eight
populations of sea cucumber (Apostichopus japonicus) from China, Korea and Russia were amplified by
PCR. Genetic diversity and evolutionary relationship of the 8 populations were analyzed by 16S rDNA,
CO I and D-loop gene sequences from 80 samples. The results showed that the sequence lengths of 16S
rDNA, CO 1 and D-loop genes were 543 bp, 656 bp and 509~527 bp, respectively. There were 16
polymorphic loci and 16 haplotypes in the 16S rDNA sequence, the haplotype diversity index was 0.629,
the nucleotide diversity index was 0.0016, and the average nucleotide diversity was 0.880. A total of 62
polymorphic loci and 38 haplotypes were detected in the CO I sequence, the haplotype diversity index
was 0.958, the nucleotide diversity index was 0.0073, and the average nucleotide diversity was 4.796. A
total of 200 polymorphic loci and 61 haplotypes were detected in the D-loop sequence. The haplotype
diversity index was 0.992, the nucleotide diversity index was 0.0157, and the average nucleotide diversity
was 6.834. The results showed that the polymorphic loci, haplotypes and nucleotide diversity of D-loop
and CO 1 sequences were significantly higher than those of 16S rDNA sequences, which were more
suitable for the analysis of genetic structure in different populations of the same species. The genetic
diversity of the three populations was the highest in the Posco area of South Korea, which may be related
to the influence of ocean currents. The CO I gene was used to analyze the genetic differentiation of three
body color sea cucumbers collected from Posco, the genetic differentiation coefficient Fy was less than
0.05, and there was no genetic differentiation. The results of phylogenetic tree construction using CO I
gene showed that the Qingdao and Yantai sea cucumber population were clustered into one branch, then
the Korean Mokpo black sea cucumber population clustered into one branch, from the inner outward are
successively the Russian population and the Korea Posco population. The results showed that the
populations with different body colors were poorly differentiated, and the genetic distances and clustering
of different populations had the strongest correlation with their geographical distribution.

Key words Apostichopus japonicus; 16S rDNA; D-loop; CO I ; Genetic diversity
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BE4E ., id blastx ¥ Unigenes ¥4I LT %] Nr.,
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Transcriptome Study of Kidney of Turbot under High-Temperature Stress

YANG Kai'*?, HUANG Zhihui'?, MA Aijun'*", LIU Xiaofei'*, YANG Shuangshuang'?

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Devel opment of
Marine Fisheries, Ministry of Agriculture and Rural Affairs; Shandong Key Laboratory of Marine Fisheries Biotechnology and
Genetic Breeding; Qingdao Key Laboratory for Marine Fish Breeding and Biotechnology, Qingdao 266071;

2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 3. Laboratory for Marine Biology and
Biotechnology, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071)

Abstract In order to explore the molecular mechanism of high-temperature tolerance in turbot,
Scophthalmus maximus L., and to screen heat tolerance related genes, the IlluminaHiSeq-2500 platform
was used to sequence the transcriptome of five turbot kidneys from five different heat treatments, through
bioinformatics analysis, including GO (gene function annotation), SSR (simple repeat sequence) analysis,
etc. The main results obtained were as follows: the total number of Unigenes obtained by assembly was
68525, the length range was 201~23456 bp, the average length was 1124 bp, and the length of N50 was
2316 bp. Sequence alignment and function annotation of Unigenes was conducted in Nr, Swissprot,
KEGG, KOG, and GO databases. A total of 25,498 clusters were obtained, of which the Nr database noted
the most Unigenes; and according to GO function classification, had three kinds of cell components,
molecular functions, and biological processes, including 56 functional groups. A large number of
Unigenes were related to cell processes, metabolic processes, catalytic activities, biological regulation,
and stress response. Further, Unigenes were classified into 218 metabolic pathways and five KEGG
pathways: metabolic pathway, genetic information processing, cellular processes, environmental
information, and biological systems. A total of 65 transcription factors were detected by transcription
factor analysis, with the C2H2 Zn finger protein family having the highest number of genes. Through the
analysis of gene expression profiles under different temperature stress, there were significant differences
among different temperature groups, In the 20°C and 28°C groups, the difference was the largest; 4734
genes, of which 3386 were up-regulated and 1348 were down-regulated. In this study, we established a
database of renal transcriptional groups in turbot under heat stress, which provides abundant data for the
study of molecular mechanisms of heat stress in turbot.

Key words Turbot; Kidney; Hyperthermia stress; Transcriptome; Bioinformatics analysis
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KA, HlHERL

BT W AP BEPLEUE 100 SkES T, 48
THHEIIMES S8, T EMES BHERCR .

WESHE R =HEBN S E M 7 S5 S50 100%

FrATA S LIRS, THE M SO
BB b P i S BT HEDE PR A, BEPLIU & 100 5P
TFIHORAE, SR IG FH IR — 55 8 it b (9 b 2 BT HERS T 61 7
ANTHH., 2h )5, IHEZREER,

NG R= R BN A2 K U B T4 100% .

55 B M BT ARAT A AZ RS B0 3 BIAE 21°C oK it g
b, WAL 3 S /ml. 2K 48 h J5, ST fbR,
FEEALIN 30 AR AIAK

WEAL =/ N E Ll AR K/ A2 K5 T £ < 100%

FHAEGET Z R BB BT R 3 K, Bk S
THAAMAECH 100 4~

1.6 HIEH

S A5 R Y EAAR E DR (MeantSE) & x , R
FH SPSS 20.0 A #EATGE 14307, XIS A RE B 734X
P AVER: B B 0] <35 B 7K IR A WU 2R 22 5341 (Two-way
ANOVA), F#I/H Tukey’'s test #4748 52502 - Y(H
Z L EILE, P<0.05 FmEFRE.

2 R

2.1 BRESW

211 REE RS EA MERFEKER 12°CHE, 5
S RBE ook AR ORTOREL IS U o 38 R S R R AT e
BT E S, METEKEN 15°CRE, fEREA R
BT, FESUREE TR (A RCHLAR G & 5k # T
Fo BATI R, 2 FEE IR T SRR O
EE SR AL E(E 1a), 78 12CELBH, =S
PRE ML 7 & f e St B v AR AN B 2, T
16 15T, S 90 K, RIS IREE b A HLIG I
S T HABR A £ (P<0.05)(E 1b), BN E )
LN R, BB K IR A B] 4 58 B AR F S5 5 ks
HORLER 1 RORELG o 7 B A 2
MELEKIEA 12°CHE, SESREE P Kk
BRI, LI 60 K, BRI,
MEE KIS 15°CHE, RIS REE ) Sk LA 9
TR ERRARE T L SRS TR R S Ty 2500
WoR, 2 AT, GESRBE T SRR G

TR F AR b A KA B AR (E 1¢).
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Fig.1 Percentage of proteins(a), lipids(b) and
carbohydrates(c) in the body wall of A. japonicus
conditioned at two different temperature regimes
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TR T EEAREZES . (ARA 15CKIiRE;
B AES HE R AR 8 (RS G 2 i TR 12°C
KRS E HBES:, v b SO S Y B E
THIFGER 1),
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BRESHAT TN, 7= Z B SRk 2,
W T PERRTE B, 76 15°Cok IR IS T 00 Ml PE g0 2 i 1
HREEEL . O F 32 A A2 KGO R & T 12°C R
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Tab.1 Percentage of proteins, lipids and
carbohydrates in the female gonad of A. japonicus
conditioned at two different temperature regimes

KB KR X ¥ e 4 N
Condition Pﬁﬁﬁ HBElr - EBUKL A
temperature rotein(%)  Lipid(%) Carbohydrate(%)
12°C 59.60+1.74  9.64+1.02 15.08+£2.50
15C 62.54+1.78 10.83+1.04 10.01£2.60

W, B2 A BE 2R 12CEREAESHE
IR TR NG AR S T 15 C SRR, (H&
ZIEEA R EES ., 16 15CRIERET S
HEOP I AR B 2 TR 12 C/RIR G B B2
(P<0.05)(3 2).

2.2 fAEstIg
2.2.1 AR R S SJZ G v SR FH AR R KL A 43

(18.28+0.03)%, a1 #3 B KELAG 1 AN K Ak & 90 7% e
B, M(0.7440.08)%H1(72.05+5.40) %

2.2.2 REEHR ST e frh R
B FRA B IS, RBE b L RO AR 107
SBT3 S R RE oM AR R
N & B AL . R BT S R 1R
AR, BT AR A R 1 5E S R RE PR B
RO B R RS AR A B R RSk
BE R LTS S AR 3 SRR R R RS
FESCIEE 90 K, PRBE ML (M & 2 B T A
FF ] A5 (P<0.05), I HL i 2% T3V 1 MR A& 8
WIREZ(P<0.05, & 2a), MR B E SR
5090 K, MREEH LG I A B S TR RE
(P<0.05), JfH I 25w TR BRUZ B FUR S B8 1)
2o 15 IS R RVRDRL R S 25 2 (A BE v LIS 5 75
I EA BERm, H _#W38 BAEH B3 (F=4.299;

3 PR, Heb, RESMIOHES SRR, N P<0.05, K 2b).

*2 BEKEMNESEEN. BFSHERENEN

Tab.2 Reproductive capacity and offspring quality of A. japonicus females conditioned at two different temperature regimes

f‘r_ii‘ N=| . %% b %7 o TN A -, 7 2% 7N 7.
Condition Gonad index(%) Spawning rate Fecundity (x10%) Oocyte Fertilization(%) Hatching Early larval body
temperature ) of females(%) Y diameter(pm) ° rate(%) length(pm)
12°C 3.91£1.51 6.00£1.15* 157.00£33.5*  163.20+2.59 90.80+£0.86  78.00+3.39  479.90+£8.78
15°C 6.87£2.02 16.00+2.31°  312.00+59.3°  162.27+2.90 92.80+1.50  82.00+2.55  463.73+9.51

T ARSI AR A RN FHRR R B 2257 (P<0.05), T MR/ NG FREFRR G P2 5 (P>0.05), T
Note: The means in different groups with different letters are significantly different (P<0.05), and the means in different
groups with the same letters are not significantly different (P>0.05), the same as below

*3 FSEFRAMERD
Tab.3 Biochemical composition of A. japonicus
conditioning diets

(P<0.05), —HZBINFIELEAEN . TRIES Hkh
PES, FESLERAE 90 K, MREEH BRKILS Y& a
B F R TG E(P<0.05), MR K 1SR S TR S

Tk R HUISHT  BERAKIEEY . NN ot e .

Diets Protein(%)  Lipid(%) Carbohydrate(%) #5090 K, PREE BBOKAL A Y0 ik TS50
EUR K %wo%ﬁ%ﬁmm91§MQo o
S thunbergii 18.28£0.03° 0.28+0.02°  57.86+0.32° 223 SEAGHEIRAL R 5 PR B Bk AR G
powder MEHES R P HER NS &P E S TEETHA
@%& ) (P<0.05) 45 MR P 7 Ay 1) fE 2 1 it v AL 07 5 e
L.japonica 11.97+0.02% 0.74%0.08 72.05+5.40 —"%— , &@/ﬁ%@*ﬁﬁ@%%‘rﬁ&%**ﬂﬂgﬂﬁﬁifiﬁ& ,
e L3 G2 IIAT 85025 5% SLORIE AP e S
Mx@éewﬁmﬂbwww& 63.95+6.74° BWOKAe e o B e, BRI & B 9 HE S T IR
powder B KGR, (0 3 HZRA 25

(i“:{ 4)0

3AMARHE A B R SRR B BRI 224 BEAEANSHREE 3 AR R A

ARG SEREAR . SR TR SRR SRR A fRDRL
SRR SRS ABE R 5 SRR R A WS A R
B8 I )0 55 2 OBE S oK A 1 e R

O SO PEIRABC THHETR  HERCR | 50T
PSRRI AT 5.9 22 5% o W2 OB RO S B (o
AL K 522 5 T 41 (P<0.05, % 5).
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Fig.2 Body wall chemical composition of A. japonicus conditioned with three different diets

Fz 4 TRERIERR S ERE R 5 RS20
Tab.4 Gonad chemical composition of female A.japonicus
conditioned with three different diets
HLAE Githil=3)i) SRR AP
Proteins(%) Lipids(%) Carbohydrates(%)

Tk
Diet
B BB 2
S. thunbergii
powder
R 20
L. japonica
powder
RAHmA
Mixed algae
powder

60.82+0.52°  8.45+0.77 13.86+1.60

52.17+2.11*  8.82%1.55 17.75+1.83

59.18+1.26" 8.29+0.56 12.31+£1.40

AN

3 e

i
REZWFERY, WG ICE S BT &
He 221K IR EE R R AT JE 455 (Fabioux et al, 2005; Marshall
et al, 2012). /K T LLIER vk & k5 DL (Chlamys
islandica) (Thorarinsdottir, 1993) . %5k U1 (Wolff, 1998) 1
336 JIH (Srongylocentrotus droebachiensis) (Siikavuopio
etal, 20060 EE . AUF5EH, RA 15°CKERE
BHHESELRAE 82 KILZERNA HIMES FARHERS
MR 12°CKIRET B HIES LS 103 KAWL
A NHES FHARHERG o X R WT, P2 7K IR s n R
ZNMERLE . WAPIREY, FHEsiE g KIEIARE
5 B DUBC ¥ B s By [R] (Martinez et al, 2000a).
Griffond %(1992)iky, TEONEAAERTN, KR &
S T BUA BT A, 8ot A7 B T T 00 3 R A 1
REI B THAE, WU A MOy FECE R, B TR
KM (2012)iF 58 &8, 2uKih 16°CHE, FIZH T4
KB L 5 48 Tk AL R i Y B B e . X A
AIREY KRR 16°CHE, IS8 & P i ie w4 1k

FVERR R RCR T, MR R F TR, 1M 16°C~20CH
IS0 A SR IRK IR (FARFESE, 2010), SR 16°CK
WRATHRSEE, 5FECESWT . Ash, kA
ISCKIRIEE MRS, HHEBCR R HE DD 34 W 2%
T 12CKERBNES, Wik, Z46%1E, 15C
ARE NS N T AR A S KR

XM BR R A W 2 B R R R A SRR
I 5T AT AR K 7= 3l N AR 0GH AR A e a7 4 1 3
R KA, 2006, H 5245, 2008; #RKILEE, 2011),
PN E A 202 5 S 00 A ) 2 R R AR
RRIT THIGE . 9K E 55 (2005)R 18, MR % gl Sk
3% B HIE YA N 6.64°C , HEFE IR & B A AR
N 759°C-d. AEHAFQ2016)4HE , T M IR 24
PR R B AV AEE R 6.14°C, 1A SR AN
800.19°C-d., W% 2017)RE, WS LA E
AP EE R 6.88°C, AXIEN 717.31°C-d. &
T, AW, RIS AERRE WA SFE N
4.81°C, AN 881.11°C-d, AW FEEL I
WAFFEAR, WA B LR . LIRS,
RSER RN HHETEE R 13.07C~15.80°C, i
FEARBFFE R K IRLSE S0 T, SRS 558 B - 2408 533
b 11.85°C I 14.02°C , 3X A e sUA 5T il 2%
Ji R HE 2 R AN A ORI s Y S A

AR BB AR R A T B ) B T R
B[ i i H A 1 EL52 00 (Uriarte et al, 2004) ., $2 75 3 D1
BB HE R, fentese s MR R R
5 v W 3 DL B %% /7 (Farias et al, 2001), &R
F % 1 B R B KT PR 4 W5 (Crassostrea. gigas)
SRR, AT S SRR MR o AR R I 5 e RS2 KG B AL
i (Uriarte et al, 2004), ASAFFEH, $MEAS [R] 4] Ak A o)
ST G ORI AL A 25 S 3 TR AR A B
oy v R 1 P A 0 s TR, SR 2 A
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BH T B RS HECR A 257 B0 AR T 7 32 K IR Y
P 3R S 4y A A g s TR T A A G ) 0%

Z, XUl —EREZ LR AR P AHER K, A
FITF2E2 AR IR A 7 AR = B0 1 it

RS TREAMNIFSEENMFREENFM
Tab.5 Reproductive capacity and larvae quality of A. japonicus conditioned with three different diets

) Bk . %% Y 2% - T 24 = 57 3% 7N |~
Tk PERRAE R M ﬁFﬁﬁli Y {7 T % ﬁﬂﬂ't? (NERZIJURINIS
Diet Gonad Spawning rate Fecundity (x10%) Oocyte Fertilization(%) Hatching Early larval body

index(%)  of females(%) Y diameter(pum) 0 rate(%) length(pm)
B SR 41
S. thunbergii  4.19+0.77 13.67£1.45 240.67+44.44 164.15+£3.22 92.60+1.63  75.33+4.03" 457.77+16.13%
powder

Hpl Hy 2

L. japonica 3.24+0.87 12.33+£2.40 220.00+£24.58 159.85+3.28 93.60+2.01 66.00+3.40* 428.08+18.66"
powder

LEE LT

Mixed algae 4.89£0.96 14.00£2.89 256.00+52.17 161.92+6.34 93.00+£1.48  80.67+3.86" 497.31+11.63"

powder

ARG, SR 5 A RS BT )
Hh 2 1, P 2 BRI AL SR AL R A e T
KRG B R MES , X 0T R B g # v s
oK E W &R, MiH&E A& E8 %, Hammer
ZE(2006)HF5E T Ak H 8 RS RIK A5 W7k X
JH (Lytechinus variegatus) ! i & & W2, ifFo7 21 ,
Bt o ek B R R KT T R R R K AR S KT
BEAG, 96 IR B v v 2 8 At L L9 T s, TR, B
MIBRAEIE K. Heflin 45(2012)IK%, b Y Sk 7k
G W KT b v £ i e R G 28 1 5 T AR R

R} v D7 e 0V TG ME Bl ) B AE ) AN
P Jot et B e, — SRR D R A T
RIS 2 A 00 & B R AR R BT T
FR .53 (Navarro et al, 2000), AHFFEH, WK H Y
ARG & it 2 T RUB R, X T RE R R IR &%
MIEE NGRS EC. MESHECE | E IR R D
SR BRI RN B g IR R & T O34 2 A
BRI Z— o B T AR AT LSRRk S 1
A B WA T i A R IR R R AR (LR AE,
th—E R Lo T HE S E (Kian et al, 2004), It
Ph, R Z Rk sORHE & 35008 T 3R 15 I RO — i
U B A R — b DR R R (Martinez et al,
2000a).

TE DU A Az s A b, LA BIH AR IR 9 A9 Bk 7K
G ARSI , S M b R B B 28 1Y R
AE = MIAT K (Martinez et al, 1998; Vite-Garcia et al,
2008)., Barber 45 (1985) X 114 J33 DL 7EBC T A A B BLy
HEZ 3 FAE SR DL 72 L SRR L A 2R 47 1
i, MFRRWL, B DUFERC KA B, sl i

SR IK AL G W A R i 105 A A B v AEAS RIS T
AL, ESERE R WREE N Bk LAY
PRI R NG, B2EEEY, ESk
BE R ) S KAL) B i AR RI AR, T B rPor
Hi I Btk v T AR R RE v i B, XU EH, R DL —
FE, TERCF A b R b, IS RBE b i kK A6 59
AT R, RS K B A e
ARG, 12°CHE WES DL R R S50 v D
W R A R R SR SL R T IR IS, R RE TPORL A
LRG0 HF B 2T 19 FAIK - Martinez 25(2000b)
PIBFRE R, SRR B slcH 55 & KR T, B D
P 7 LA 48 S ORI D 2 1o 2 ) B R R A1
X2 R A s A A AL e K Ak A 4 At Y R R
A, B DLTHFE AR (1 SORTR A 7 ok R AR e i, 3 UM o
WLrb 35 B R BRI . TR, FERI S T
KA, RIS 05 B A A RE b i e K Ak
YRS RE R, MR IR A R DL SRR R R
B, R G SRR Ik AR AR g i YK IR AN S
BF, RS8R AL R R (RLZR, 2008), I,
TH ARV BE SCIL IR P 0 2 1 5T AR 7 K S M R R B 4
LRE L, 12 LAV HE M R TR, R Sk Vi A9 2 1 o
Erm ik, W, S m Aok A S R R TS
XPEE R TH AR, SRR REEA L, B,
THFE AR BE B3 UL PR P9 09 28 1 50 TR 7 ok S PR AR & B 4R

fLag .
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Effect of Temperature and Diet on the Reproductive Condition of
Sea Cucumber Apostichopus japonicus Broodstock

TAN Jie'?, LI Fenghui', CHEN Siqing'?, MA Tianyi’, CHEN Aihua,
GE Jianlong'”, SUN Huiling', WANG Liang™"

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Devel opment of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071,
2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266071; 3. Wendeng Ocean and Fisheries Administration, Weihai  264400;
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Abstract The effects of two factors (temperature and diet) on the gonadal development and quality of
the resulting offspring of sea cucumber (Apostichopus japonicus) were examined in this study. Two
temperatures (12°C and 15°C) and three diets (50% Sargassum thunbergii Kuntze powder + 50% sea mud,
50% Laminaria japonica powder + 50% sea mud, and 25% S thunbergii Kuntze powder + 25% L.
japonica powder + 50% sea mud) were tested through single factor experiments. In addition, changes in
the biochemical composition of the body wall during conditioning and biochemical composition of the
female gonad after conditioning in different treatments were also quantified. Sea cucumbers were
maintained in seawater, which was changed daily and provided with aeration, and were fed at a daily
ration equivalent to 5%~10% of their dry biomass. Three replicate tanks were assayed for each treatment.
Gonad index and spawning rate of female animals, egg diameter, fertilization rate of eggs, hatching rate of
larvae, and body length of early auricularia were also evaluated. The results of the temperature treatments
revealed that spawning rate, gonad index, and fecundity of females were significantly affected by
temperature, and significantly higher at 15°C than that at 12°C (P<0.05). In the diet treatments, there
were no significant differences in gonad index, spawning rate, and fecundity of females among the three
groups; however, the mixed algae powder group showed the highest values. Hatching rate of embryos and
body length of early larvae in the mixed algae powder group were significantly greater than that in the
L. japonica powder group. The results indicated that egg quality was the best in a broodstock supplied
with mixed macroalgae powder and sea mud. Biochemical analysis of the body wall revealed that
carbohydrate levels in the A. japonicus body wall declined during conditioning, supporting the theory that
carbohydrates are mobilized to provide energy or precursors for lipid or protein synthesis in the gonad.
Key words Apostichopus japonicus; Conditioning; Gonad development; Temperature; Diet
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Diet Feeding Rhythm and Analysis of Gastric Evacuation Associated
Mathematical Models in Juvenile Thamnaconus septentrionalis

ZHANG Pengfei'?, CHANG Qing””, CHEN Siqing®*, XU Zhengxin**, ZHAO Jicjie'?

(1. Centre for Research on Environmental Ecology and Fish Nutrion (CREEFN) of the Ministry of Agriculture and Rural Affairs,
College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. 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,

4. Huaihai Institute of Technology, Lianyungang 222005)

Abstract To investigate the diet feeding rhythm of juvenile of Thamnaconus septentrionalis and
gastric emptying model, a once-per-day satiation feeding treatment (one day was divided into eight time
periods, each time period was used as one treatment, and the fish of each treatment were fed to apparent
satiation once a day) and a continuous feeding treatment with fixed intervals (one day was divided into
eight time periods, the fish in each tank were fed to apparent satiation, eight times a day) were conducted
for 7 days. The experimental fish [(4.28+0.46) g] were removed at various intervals (0, 2, 4, 6, 8, 10, 12,
14, 16, 20, 24, and 28 h) after satiation feeding. The wet mass of the chyme was determined and the
applicability of the three mathematical models (linear model, exponential model, and square root model)
was compared by the fitness of gastric evacuation data in juvenile T. septentrionalis. The results showed
that T. septentrionalis exhibit a 24 h diet feeding cycle under two feeding scenarios. The feeding rate
under the segmental continuous feeding mode was not significantly different at 03:00, 06:00, 09:00, and
12:00, but decreased rapidly after reaching a peak at 15:00 (P<0.05), and at 0: 00 reached the lowest value
(P<0.05). The feed efficiency was not significantly different at 03:00, 06:00, 15:00, and 18:00 in the
once-per-day satiation feeding, and the specific growth rate was significantly higher than that of a
once-per-day satiation feeding (P<0.05). (2) The feeding rate of experimental fish decreased rapidly after
18:00 in the continuous feeding with a fixed interval (P<0.05), and reached the lowest value at 00:00
(P<0.05). The specific growth rate and feed efficiency at 09:00 and 12:00 in the experimental fish were
significantly higher than at the other times of the day (P<0.05), optimal feeding times in T. septentrionalis
culturing were during 15:00~18:00. (3) Among the three models, the gastric emptying rate was best fitted
the square root model, and the equation was y**=2.802-0.204t (R*=0.987). According to the square root
model, the feed in the stomach was fed for 10 h. The left and right sides were completely emptied to the
level before feeding, and the 80% gastric emptying time was 6 h. Based on the above indicators, it is
recommended to feed the T. septentrionalis 3 times every day during the production practice from 09:00
to 15:00, with an interval of 3 h.

Key words Thamnaconus septentrionalis; Feeding rhythm; Feeding efficiency; Specific growth rate;
Gastric evacuation rate
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Tab.l Mortality of L. maculatusjuveniles under different salinities

Eh LT Mortality (%)
Salinity 10d 20 d 30d
0 0 0 0
10 0 0 0
15 0 0 0
20 0 0 0
30 4 2 0
2.2 &8

LR R 0 B, AEff 4l (0 8 22 HES) B % TR K,
Tt i R SR, PN R Y LA 5 8 22 P A 4
K0 e PR EE N 7 EATHES 5 88N R H e P-4
FEANARL . I 20 B S A SR AN A B, AR, HESE
B A DV AN AR RN R S -F AR RDE
WM RSO, MIERE CRE; 8N
A Z AN, A0 R HES B (R 1.1).
EREEN 10 B, WA, BoEi L, g iR
D 1.2); BB22FERE W E/NT SO 4, BN AR YT,
Ji A, HAbLE A TEI B ARk (R 2). EREHN
15 i, 822804, HEFIAE 5%, 96 B 25 8 78 (P<0.05);
E/NR BRI R, KB4, TEAE%E, 5 S0, S10
¥ 255 W3E (P<0.05); WFEANMARFIE K, Koy
Z(F 1.3), #hEEN 2 B, 682258 S15 4158, H3/NA
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Fig.1 The effect of salinity on the gills of L. maculatus juveniles

1: $hPF 05 2. M 105 3. EhEF 155 4. #HEF 205 5. #HF 30
BC: M#A0ME; CSC: MGE4ANM; GL: 8U/hF; PVC: RFLZ40M8; PC. F41ME; CC. HE 4
1: Salinity 0; 2: Salinity 10; 3: Salinity 15; 4: Salinity 20; 5: Salinity 30
BC: Blood cell; CSC: Chloride secreting cell; GL: Gill lamellae; PVC: Pavement cell; PC: Pillar cell; CC: Chondrocyte

F2 REMIES L) ERA LN S KR 0D
Tab.2 The effect of salinity on the gill meristic characters of L. maculatus juveniles (um)

heE 8 22 5 /N TRl BN E VAN
Salinity Breadth of gill filament Intervals of gill lamella Length of gill lamella Breadth of gill lamella
0 4.3140.75° 1.85+0.42° 5.13+1.54° 0.99+0.20°

10 3.21+0.65° 1.88+0.37° 4.89+1.08° 1.20+0.32°

15 1.96+0.86° 2.72+0.20° 3.98+0.82° 0.70+0.10°

20 3.78+1.75° 2.6140.39° 3.41+0.39° 0.86+0.11¢

30 4.22+1.01% 3.01<1.15¢ 6.38+1.85% 0.87+0.12%

TE: [FZEE EARAN R 5= BER R 41 10] 22 5 .35 (P<0.05), T [A

Note: Different superscripts in the same column indicate significant differences between groups (P<0.05), the same as below
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Fig.2 The effect of salinity on the spleens of L. maculatus juveniles

1: £hJF 05 20 3R 105 3: R/ 155 4: 8 205 50 £h1F 30, “ 17 /R bk L A0 =s it Ak
BC: IM#fiffL; E: WiBlfA; EC: WEZAML; C: WER; G: AdiMd; L. WA, LC: WMt
M: FEBE4Nf; MC: BRI ; S 5E; ST: M/NZ; SRBC: FEL40
1: Salinity 0; 2: Salinity 10; 3: Salinity 15; 4: Salinity 20; 5: Salinity 30. “ T "indicate lymphocyte enlargement and vacuolation
BC: Blood cell; C: Splenic cord; E: Ellipsoid; G: Granulocyte; L: Lymphocyte; LC: Lymphocytes center; M: Macrophage;
MC: Melano-macrophage center; S: Splenic sinus; ST: Spleen trabecular; SRBC: Senile red blood cell
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Fig.3 The effect of salinity on the muscle of L. maculatus juveniles

Lo #8205 2. 4878 10; 3. RS 155 4. ¥ 205 5. #HJE 30
BC: B4 ; CT: Z54FH4; MF: NIZF4E; MN: JL40M#%; NF. Myt
1: Salinity 0; 2: Salinity 10; 3: Salinity 15; 4: Salinity 20; 5: Salinity 30
BC: Blood capillary; CT: Connective tissue; MF: Muscel fiber; MN: Myocyte nucleus; NF: Nerve fiber
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x3 BEMESHEMNANEMHREFIE
Tab.3 The effect of salinity on the muscle meristic characters of L. maculatus juveniles
i WLEF 4 72 WL 4t 72 (200 T R
Salinity Length-diameter of muscle fiber (um) Short-diameter of muscle fiber (um) Density (pieces per unit area)
0 11.09+4.07° 5.78+2.23% 33.334+4.99%
10 7.64+3.14° 5.25+2.46% 94.33+5.91°
15 7.36+2.71° 4.60+1.79° 116.00+12.03¢
20 7.77+3.53" 4.77+2.26 79.00+9.42¢
30 10.93+4.77° 4.40+2.22° 65.67+9.53¢

YR AR, MR R, HEpR %, Bk
BN, BRE2MIE, WD EWE R 3. £ 3), HE
A 15 B, ALA4emie s, wE K, 5 S0, S10
g2 5 B 35 (P<0.05) $REEh 20 B, LEF4EHRITE
WEZ M, HEHIGRS, YR ERRE R (E 3d), $hEF
930 BF, WLEF4E KRR, %R/ GER 3).

3 iTig

125 10 v A% 2 A B 40y £ R A7 SRR AR o, SR IHE
0~30 MEREEVEEIN, 4 BE I R4 58 B 8 i
WRE, REWEAEK . AT

AR R, ARFTEIR K FLER M58 (S0
A1 S10) R 22 FEL/N 8098 AR, A0
HEV R %, AR T 5K TR, T 58 ATKH Y
TEHLE - LAE AR IR 5 s W S 2B MR R/, i
R, T IE DB R IE S AFE 5 1 40 A4
2, HEZNE %, ATResERs ik & A 2 N(Evans et al,
2005), P EREE RSN, SR FEREAR /N, BE/N (]
PEIE K, KBEARAG ; WAL MR B K . b
iKF] 20 B, FEERN AR YE , 6E22 R s A
MoBA B 21 R 30 i, HRZZYERERIR,
BN I S U Al w1 O 2 27 vk N DA it G R Y
K, WHEMIRA . X 56 (Mugil cephalus), % 4E
(Oreochromis mossambicus)(T 445, 2012; Nolan et al,
1999) T4 RIEA — B, BEAE LB AIE N, e
Wy ok 35 N AR TR HNOK | R RS DL SRR AT
fli, JLER 22 (25 KR —E R B 2R S, B 22 4 i
ANFIEE N R RGO, Y BE Ak — e Y i 52 3
(ERBE Sy 30 M), HoH 22 Z5F AN [W] R B 04 1 7% 5500 25 o
fiffl 22 |- () S A M KR P S B hn, AR AR R, R
WE D Re A A M A AR ACE B R 8 &, RHE T Na',
K", CI45 & TR F- % 15 /E H (Prunet et al, 1994),
TS AEFRENLAR S B, FEARFERE T, 48Uk
AESE O, 3 R R U Bl S i s 25 4 o

IO R R A e L I AR I RS, H T
SR Lo | D IR SR NG| D A 1 a1 RN = 1
(EPSHSAE, 2006; R IBAE, 2002), A F0 G 40 il B
AU R MANE AT RE . KRG T, FKF
fifi(Sebastes schlegeli) it Ak 20 21 v bk B4 200 iy 45 3 3 2
RE, FAMIES LA B 3#E (E RS, 2006).
ZHR AR BN, WK ERE R 0), 1EHifh
AT S 2 AT A, IR Al s>, epefe .
B R BERE N, FEERIE N 10 F1 15 BYRREE R, RE 40
Fe o, HEUIH A AT R AR L, A, B
2, BEOFEE VR, BRI, #
N2 ph T 8 B e ol L 7 A 3 P e I N, 39 i
WS e fe . FESREE Y 30 B, 20 Ff RN 45Uk O 21
H BRI . 2 Ak BI G, v RE S R T R B K st ]
68 (5 A 55 &y £ B o N L 37 461, 3 BOR AR 40 B T RE A
555 PEE AT A, RORE A RE L
A L PN STER BNl 1 o S EAY P i A ER
BEOZEEAMBMELS LT, BOFE O
TR/ o R R K PRI TN K 0 R R AR A 2 %o AL B
ahfa A K R E AR

JUL PR %) 2 2 254 32 2 ph 4 AL PR 1 LT A 5
WLEF 2 i BLAR RN . KB LA SR EF e vesE , i ILER
Y AR ERGA LA RE M EZE S R, E35F
KL iBEsh R N AR Mg A E
(3B Bibk4E 1993; Johnston et al, 2000, 2003). WF5E4%
R, BEE LR RN, FE85 4 UL g KA R
TR YAG Je Ui/ IN J 358 i iy R e, B T B LT 2 i )
SRR N R, 2257 B (P<0.05), WFIEk
B, WLAF4E5 HAE A TE FE, Wik, EBARR
EREFREE RN HRS K E RN
(Stickland et al, 1975), WLZF 4k % 5 5z e T LD 18 A ik
I, IR 0 2K A AR AN [T 22 71
JEH 2 — (5 SO, 2008) ., ASWIFFEAE A [l 6 3 41
T, Aewighta LN 2S5k A 22 57, Bl DILER 4
ML, WL 2540 H 2V 5 BRI A2 36, WLET 2 %
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Effects of Salinity on the Histological Structure of the Gills,
Spleen, and Muscle in Lateolabrax maculatus Juveniles

WEN Jiufu', LAN Junnan'?, CAO Ming®, ZHOU Hui', OU Youjun'”, LI Jiaer'

(1. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of South China Sea
Fishery Resources Exploitation andUtilization, Ministry of Agriculture and Rural Affairs, Guangzhou 510300; 2. Shanghai
Ocean University, Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education; National
Demonstration Center for Experimental Fisheries, Science Education; Key Laboratory of Marine Animal Taxonomy and Evolution,
Shanghai  201306; 3. Guangdong Provincial Fishery Germplasm Conservation Center, Guangzhou 511453)

Abstract To explore the histological features of Lateolabrax maculatus juveniles cultured at different
salinities, the structures of the gills, spleen, and muscle were analyzed at different salinities (0, 10, 15, 20,
and 30) via histological analysis. The results showed that at salinity 0, the gill filaments of L. maculatus
juveniles were closely arranged, the top of the gills expanded into a rod shape, and the gill cells were
plump with more chlorine-secreting cells; the breadth of the gill filaments decreased, and the intervals of
the gill lamella became larger as the salinity increased (P<0.05). At salinity 20, some gill lamellas
decomposed and fell off, the number of chlorine-secreting cells on the gill filaments increased
significantly. At salinity 30, the number and size of chloride cells increased as the salinity increased and
some chloride cells expanded and dissolved. In freshwater, more blood cells and fewer lymphocytes were
observed in the spleen, whereas in the hyposaline environment (salinity 10 and 15), the lymphocytes were
enlarged and the number of melanin macrophages increased. At high salinity (30), the spleen cells and
some lymphocytes showed swelling and vacuolation and were loosely arranged. At salinity 0, the muscle
fibers of the juveniles were loosely arranged, polygonal or oblong, with larger major and minor diameters
and smaller densities. With the increasing salinity, both the major and minor diameters of muscle fibers
tended to decrease first and then increase again. At salinity 15, the short diameter of muscle fibers
decreased and their densities increased, which were significantly different from that observed at salinity 0
and 10. At salinity 30, the long diameter of muscle fibers increased and their densities decreased. In
summary, as the salinity increased, both the long and short diameters of muscle fibers tended to decrease
first and then increase (P<0.05). The results indicated that the histological structures of the gill, spleen,
and muscle of L. maculatus juveniles were affected by the environment and salinity.

Key words Salinity; Lateolabrax maculatuswas; Gills; Spleen; Muscle; Histological structure
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% FRaREXFHAmS EIEH
EREIIRMENL

BB R I wBE MWK KRAR M o Lk’
U ARMFER AR BE BT 524088)

WE KRB H R F P4 £ (Oreochromis niloticus)# £ ¥ +F 41 i (Sertoli cells, SCs), # 57 3
RUREBFaRBEIHFARL FRAER AFLAG T, BRATEZMANRE T FE 2L, PBS
Bk, WHEEAYL, 025%F & A B, F& 10%%E F i & (Newborn bovine serum, NBS) )
L-15 ¥R m 4 b, k. B, REHM, 2HWEEXRE SCs &, £ 26C. L COtaFniE
BRI R RIS, 2B R4 10%NBS B L-15, M199, F12 ¥ 5K, 4 5%. 10%. 15% NBS
B L-15 B3R, 4 1%Z & i L-15+10% NBS ¥ 5r i 5= B % B4 # SCs, &A% 2d W
BT, %% SCs Akdhs; FRAELE, BIEDMETWE SCs WA, RE FHH SCs Fxr
1~2d, AR R 3~5d, AT WEEFREE, 24 SCs EAMN S AT, ERA TR
Fobse, BOEA, MR ILES B A, 2 R T S M e AR Sk T A e
J. SCs 7 L-15 ¥ b B K, 78 F12, M199 ¥R ik e, 5 F12. M199 £ 3 5k 4
o, L-15 B35 EHE TR % B4 & SCs £ KH(P<0.01), 57 Hn 5%F 15% NBS # b, & L-15
F A F R 10% NBS EA B TR 2 B4 SCs 4 KB (P<0.05), 5K7AMRE T B4 & mEH,
7 10% NBS+L-15 352 i n 1% 8. % Z 4 2 muiE, #6 0 F(EHE SCs £ KA (P<0.05). #FR KM, %
F B (LR WK R T P £ M, 10% NBS+1% % 3E & i +1-15 3 3m 303% 5%,
L ERARTZ Do BELFHME KA,

XEIm  REPEE; PR 28N RAKRNL

hESES S917.4  XEAARIRED A XEHRES  2095-9869(2020)01-0119-08

SCHRF A Dy SE AL B — PP I AL, 7EDT BSR4 (Bdelsztein et al, 2018), ITARRAS SRR
FEAT FRMEVELEFE R GUBN I AR ILR LA R SNIEYEY RORTSE R, SCRFAII & ik SCF. FGF. TGF
JEOXRREPE A 50 AR ST A FHALB , APl 295 &% F IGF 254 KA 7-(Jiang et al, 2013), X514 i

* IR R AR B A4 (R17027; R17021)F1) ARG R 22 K2 2 A 3 SC 56 701 H (CXXL2016012; qhjh20172r12)
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(Regueira et al, 2014),

UM EAT S RE I D g, T LA TAESEALL
AR5 Ry A4 A 210 B B2 1A G 95 3 4 Y 3R 8 (Koji et al,
2001; Luca et al, 2018), Willing 25(1999)44 52 .37
S 0 VR s v M 0 e ) % 5 IS B AR A A 4 AR 3
Pk, 7 d SRS AR K 2R A ALl FH PR
JUECE B E RN, i B 2 T MR B RN SR YA
BN, T X S AR LS R A A R A SR A, B
KRR AN RN | alifk B R g, B N4
VA 4508 (B R4, 2005; Sakai, 2002), 43854l 1k 5
90%, FFEEN. T —2L AN MIAR, H R ZHR4E Hh e
FLah Wy, 02 SR A0 AR A BE 5 G B 5 AR
(Ghaem Maghami et al, 2018),

Je % % 3 £ (Oreochromis niloticus)J& T #57F H i
kb, B TSR], 2% R s KA L A
GE)T AR, 20115 BXTNEEAE, 2014), AWPELIES B
e i, WoE)e S B RO SR o 25 L 46
RSN SR 10 L W2 e, N7 IRk e B Pk fa
K SRR S B3 SRR R, DU #0 28 SR A R
AR R RS IR A

1 MRIEFE
1.1 SEIEzhid

e Je % % A 4 1 VR T B K R T & A
FRAF RN, ARAEK BB ARG YN, Rk
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1.2 XHEHHABRNSEER

1.2.1 REaBEE TCH A1 B A
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N2 ST LK
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ZAFAME 1~5 AAB AR FH RO AR, 75 IR 240
BEREIR 70% LA R TAE4C, H PBS 5 UL 1~2 KA,
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2~5 min, EFRIELEWEIFRATEIENGREAN I, 40
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TR AN, LA E 131084 /ml, BERR R
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1.4 ZREMERKSEENRMERE

Xt DUt B P9 B 2% 240 J T P e PR A (AP ) it 79
(P U AR TRROE T BT e &, R I SCFr A 4l L
WEAT TCIRAE P ARSI T 0, AR5 YAk 52 ekl
ISR o 0 B L A I 25 S G (B L

1.5 7N [E) B A 55 55 M 32 4 20 B A K S TR Y RS N
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Fig.1 The cultured Sertoli cells after separation and purification
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A: Primary cells cultured for 3 days in vitro; B: Primary cells cultured for 10 days in vitro
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Fig.2 Sertoli cells cultured in tissue

A PRONESR 3 d IECAINE; B (RSNEESR 7 d B RRAN R

A: Primary cells cultured for 3 days in vitro; B: Primary cells cultured for 7 days in vitro

K3 SRR S
Fig.3 Morphology identification of Sertoli cells

A: AKP S 1SR ; B HERERYL )5 (1 SR A
A: Sertoli cells after AKP staining; B: Sertoli cells after methyl green dyeing
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2.3 EAHiE IR 3T HE G R4 SN S TE Y S 0

& 10% NBS f¥) L-15, F12 1 M199 FEhili 1% 3%
W, 78 26°C. J& CO, RN &M N IEFRE S Bk
0 ST FR AN, ) F12 FI M199 15 3% A4 S 5 41 A B Il
BE, AR BEENTE S0%MUEC 1A, mA L-15
FE SRS SR 0 SR 20 MG BE R AT, TR TR, AR HE
B KGR 4 d G A ORFF RS A B, 8~10 d RIA]
E A2, 55 8 KI5, F12 il M199 B5 3= h il
THEA AT b A, B AT, BRI .
REFEAE 10 KI5, F12 F1 M199 15 350 v © G BE 114 S 47
L2 el 4, AR R BB V% 5 L-15 o B 4 Mt
CEEN T, (A A KA 1R AR 18, 7ERE 57
AR, AT EOE R SR M AE L-15. F12 Al
M199 Bi IRl h A K I FR G O, SCRp AL 3 Fhd%

TR LR T DL IET 4,

[ ——L-15 A A
[ -m= F12
L M199

4%
Cell number/(10° cells-ml™)
S = N W A LN N X

Fif ] Time/d

Bl 4 %At S A0 M LA R S Al 5 SR b 9 A R i
Fig.4 Growth curve of tilapia Sertoli cells in
different medium
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Different letters marked on the data at the same time mean the
difference was highly significant (P<0.01), the same letters
mean no significant difference (P>0.05). Biological repeats
n=3, the same as below
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WmE 4 B, L-15 35520 b 0 240 i 5 7 G e
F F12 il M199 41 (P<0.01), L-1541, 55 4 K5 ¥
540 i 9 B0 B B 2 T F12 M M199 41 (P<0.01), 4%
WREW, L-15 BRETHB TP P I F 4
{OJAERSE: - D7: 8

2.4 BRA I E S 3T HE 4R R R S G TE Y 2 0

DL L-15 RFEaliE g2, I ildsm 5% . 10%
1 15% NBS, Hi3Re ¥ W e, #5505
W BEFRECAT, 5% NBS JE 80 40 52 AR mg N, b5
=5 dJ5E, 5% NBS A4 5E A X AR S, T LiF 2
A SZRF AN M ARG A, S ORI AR B R RE L i
10%F1 15% NBS 41, AR ECR, 40tz B nyiE
PR AL, Ji9R SdJE, 10%F0 15% NBS 41 h—28k
Y1 M 4 75 RO A K o AR TS0 RGN S R 40 B Y A
BRI AL, AR LA 5,
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15% NBS

S = N W A LA I ®
T T T T T T

e
Cell number/(10° cells'ml™)

58] Time/d

B s AS AN ) e J38 A A i 3
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Fig.5 The cell growth curves of tilapia Sertoli cells
cultured with medium containing different
concentrations of NBS
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10% NBS 4140 M &t 3% £ T 5% NBS 4
(P<0.01); REF%4E 8 KiF, 10% NBS 41+ (1) 20 il B
BELZT 15% NBS 41(P<0.05); 557555 10 KEF, 10%
NBS 2 iy 4 fd 3 i e 2 3% 2 T 15% NBS 41
(P<0.01). Z55350, ¥ 10% NBS 54 ] F 3 k40
1) A R A B

2.5 FHEfa I E R X A AT 2200
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et i, B e P P A i . S5 BoR,
Rigenn 8 K, SXTRBAIAH L, S Hpdl Mo A= K 38 58 JC i
2R, RPN EE R A R K. 8 8 KA,
WP AR S 4L, SCRP AN S B, A 4N
FAZ AT IR B B R, ERE RS 10 K, 1%%
Ao 1 3 A1 A0 Mk i 2 22 T IR (P<0.05); 7RSS
8 KA 12 KT, TR 1%% Ao 1M T4 20 20 ff B i A
WEZTXRA(P<0.01), 25502, i 1%2 k4
I35 S AT B F SRR AR Y A K IG5 o 40 3T 50 A
SCRPANM R A K I HR I, A K 2R LI 6.
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Fig.6 Growth curve of Sertoli cells with
addition of tilapia serum
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The different lowercase letters marked on the data at the same
time mean difference was significant (P<0.05), different

capital letters mean difference was highly
significant (P<0.01). Biological repeats n=3

3 iFig
3.1 HEEMMNSBEELEE

X AR RT /N R ol 25 4R AU BT
W, AN JE 320 R SRR A 0 B B 45 4 2 2R
JC, SRR DA/ T 34555 TR /N ik oA A 5 240 A=
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LI 2 B USSR A, HORS 8 b 32 0 A S 40
J RPN RS AR R B BT A 2 R
JELAC AR B 1 2 Al 19 D ik P I P Rl O A 0 Al
Uk, APTER, BEAMHEE B iR R
M SCRP A Al BE Ay, BEAS AT IR AR A FEL A ML, i
HIRANSHPSESHEIS TE SN2 i PN
A FEANNE , KB E LA JR B A= L, 24 i
B2, ARIT AR alifl . CARGE 1 L3 4 2
Frem i o3 B AP B SR, o 22 5% IRl T T vk 22
U BE Y 7 1 R AR AT v AR Y SRR A . SR R A
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(2008)7E 43 BS A 52 I Rp Al MR, B 58 10 f5 T414L
B 1 mg/ml REREE L, 76 37°CHEM 30 min,
WA AERE S minTRAT 1K, 205 FH 0.25% /858 [ i-EDTA
THAL 5 min, 300 HANGEAI I8, 22 MU REVL &
BRAH s-AEpa AN, L HFAMufS 8 4li{k . Syed 45(2001)
X 20 mmol/L Tris-HC1 X 55 3% i 19 32 35 20 i AT
BALHL, AR AR AN, TR SR S R AN
A RIEREF(2008) K B, M52 AL S 45 40 i Fn A=
B 210 MG BE AR, U BE A B ] 223/, BB AL
FREBRAFEANME, A BEARAF ALY LR
AT i 5 B ARTE () 3h ) SR 43 5
alifb A TR FEARBIR G, R A TGS Ab
B 0.25%RE A RHE L P F AE i A2,
A3 S B4R AT LAIK F] 90% A FEIE 3R 543 B 15 2 il 40
MRS, FEE BMBEWE R, R A e
WI— N 12~24 h, 24 h 5350 SRR A0 NG BE O
FEUR T | A 2k . A IE A Atk S R 4 B i 7
SRR A N BE AT /N A M B T Bl R | i S
R A 2R s, B RS VRO IR IO R R R R F T
REFRMOMRE , ORI W 2SI PN & 8 AR E 20 0 15 FR T
PBS {5 UL 2 i J5 , et B R, BaAS oA A A0
T 2 R i Ag Bl alifl . ARBF5E I R AT IR B A
B e 2 e 0 e R S ) RNV 3 S AR ) O
IXFERRAE B AR 25 T ARAS I SRR A i B B D, H 23
TRARB J5 X M 15 B 4053, IF HLIRIRERAIE T 32 4
ALl . R R, XA e B B AR Tk
YR 2L T SR A B, ARAR T 90%4l B 1) SR A

32 XEFHAMBMMERE

THEM R S, — A AR SR A | A
Y {4 T 4551 (Ghaem Maghami et al, 2018; #H S
5§, 2015; T#EA, 2013) 0 SCRpAR ML AR OB IR R R
R EEA K 23 T AR AL, AT B SR
MO S E LR RE Z M AR, 58
T F A R SRR AR S — B, s B4E(2001)
FKHIHEL O Yefayk, kLI, SCRPAHME A 4 f B
TR AN P AR A 1 20 B AL B B LA B R NS —
BB /NI, 245 SRAIE S HE Y (0 Tl 28 21 19 25 ¥,
I B SRR A I ML N IR R o AR g, B
FEYNMH JELk g, v LLBH B 2 SRR 20 M i 20 e
A, MivF 2 M b R e 0 i) 25 ke 454, S SCkE
2 o B 5T 8 BT o AS RIS AR R AR SRR R 2
SERHERME ST IRGE , A A, W T e F Ak
10 SR AR ) — OB SRR, X HAE T %, 22
TG R o 3 B A v IO B S A A Ml B e v, {H G

IR SA LA A%, T AKP {5 PEY 2 46 A=
S AN — e bR . A AKP @ n] LIS e
R FR i L Fr i A O AN IR 2 . e ta s Rk
B, KEBraAaE @, A AKP B, HADEA
U ZHZORE A A g e 2, A AKP BEbE, R
DLAEBH 2R, 2 B A 5 BT 05 FH A 4l Ak 7 R OR8¢
U5 ARG R AR AKP e AL, 4 A 40
AEBE AKP Yetadric I, b AKP FHYE, ZFAMIEARE
ebRic, 9 AKP BA1E(Chapin et al, 1987), AT
FER B . Al SRR A G 7 ik A R, 3RS
TR Al R Y SRR AN

3.3 EMiEFEMNEE

ARG IEWA MEM, DMEM, F-12, M199 1
L-15 % (Sakai, 2002; ['F 5755, 2003), JEook: %
(2005) 15 F% %2 AL S FF 40 M R A M OB R R 2
DMEM/F-12, Hrpaindid: R A g/ R E. RS
F.OINERIME . B AP RS . Matsui 5F(1991)
FH =5 DMEM AE 8 LRI R0 % SCRedii, Bus
BOMBAE SR FE DL L RTFIE R, RSN SR AN R
FERAE 5% CO, IREE . I IR MG =
SEIRTE 5% CO, IR G, WA ERIAE TG
Fto HIL, XFAFEIP AR, B AR 78
BERNTEE, BEEE AN 1 SRR TR

HEPES fERZ AT HARREmIR A, LI
PR EEm W T COy B BRI IR . AW 52 R H
HEPES 1E %% vhi| , (R 4515 72 pH (HAEFE 7.0~7.2
N, TERAIAEE TR i, o k8, H
{8 ] HEPES 1E 22 0h3, M199 5 F12 535 pH {4
ALK, KRB FRAM, 5557 pH (5.8 % 7+
[, M SCRFAEMETE pH EA S I EREE T, I RE R X
AR F UM A . Leiboviz's L-15 55 3% 7] F AR
KEAE P LMK, ZREFRIERH T 504
[FfY) BSS VEIEA, A7 vk B 1 S R ok 42 = 2% o
Ae 1, Rigrdbb i R LB R, DLRH LR R R
FRIEAL, D EEMA CO, NERRRICI =4, L-15
KA, R R IE R R S COL IR IERT,
PRI AE KA T 535 e, L-15 A HAT
RABPE A . Sakai(2002)H L-15 FEaliRs I8 WA K
Bh i h i35 T B i (Danio rerio)ds 5 T4 i &% 52
Franfe, AT R, 5 F12 #1M199 AHE, I L-15
FER R R 3R e B W AR SRR AN, A RE R
I, ARG, A BT E Y B AR SRR A K
WG, WESEAE RS IS, L-15 BEIREGE A
TR
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3.4 I iEX SRR B A K IE SE A RS0

AP LA SN G SR ST T, I IN10%~15%
B 6 2 107 B8 10%~15% 452 2 1L 7 (NBS)AE A X6 22 i
BEFRFEMAN T . FEAM R T, A RIHEINS% . 10%
F115% NBSHE IR 35 e B B Akt i, 559
TNBSX}JE B B A fo 7 Fp 20 i A= K 58 (52 0, IF7E
WIN10% NBSHEAl LR M1%%S EAm, HitT
B A A I35 0 SRR A KB BE R S . g SRR,
15% NBSTH 37 F5 20 B AS S W BE | {EL B (Y 200 Jf A
PEICH ARk s S5 INS5%A115% NBSAH EL, 10% NBS
W S 2 A Je B B A £ SCRE A0 M A 4K 3 GRS e
(P<0.01), SXTIEAAHLL, FEEM10% NBSHA
TSI 1% 5 401037 BE 5 325 018 7F S 40 4 e 1) A 4 3
(P<0.05).
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Establishment and Optimization of an Isolation and Culture
System for Sertoli Cells of Nile Tilapia

KANG Kai, WU Jiang, YUAN Linyong, LIU Lihuan, CHEN Yongling, XIAO Mei, AN Lilong"
(Agricultural College, Guangdong Ocean University, Zhanjiang 524088)

Abstract The aim of this study to establish and optimize an isolation and culture system for Sertoli
cells of Nile tilapia. Fresh testis tissues from Nile tilapia in development stage Il were obtained and then
rinsed with phosphate-buffered saline. The tissue was dissected into segments and digested with
0.5 mg/ml collagen for 30 min, followed by 0.25% trypsin—0.04% EDTA for 5 min, and the digestion was
terminated with L-15 culture medium with 10% newborn bovine serum (NBS). Sertoli cells were selected
using the characteristic that they adhered more quickly than germ cells to the culture vessels. Sertoli cells
were cultured in 96-well plates in L-15, M199, or F12 culture medium, supplemented with 10% NBS, or
L-15 culture medium supplemented with 5%, 10%, and 15% NBS, or L-15 culture medium supplemented
with 10% NBS and 1% Nile tilapia serum. For each treatment group, Sertoli cells were collected from six
culture wells every 2 days; the number of cells in each well was counted using a hemocytometer, and a
growth curve was drawn for the Sertoli cells. Compared with F12 or M199 culture medium, more rapid
growth of Sertoli cells occurred in the L-15 culture medium (P<0.01). Compared with supplementation
with 5% or 15% NBS, the proliferation of Sertoli cells was accelerated (P<0.05) by supplementation with
10% NBS in the culture medium. Comparatively, the effect of the addition of 1% Nile tilapia serum was
greater (P<0.05) than the absence of serum. The proliferation of Nile tilapia Sertoli cells can be improved
by supplementation with 10% NBS and 1% Nile tilapia serum in L-15 cell culture medium.

Key words Nile tilapia; Sertoli cell; Isolated culture; System optimization
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FEHB EF%EL@&# AR EERREE
HRIEAFES T

etk EE IRA B R
WA w1

ARV RES EESRERE LT IR EEEYHRE SR
HEmHs 2220055 3. VLAHA LA FEERY SR HES

4. IHBWHRBETFANRBECGERRE) EHE 222005)

2

WE KRR IEL R & T (Exopalaemon carinicauda) # < 41 JF 7, % i cDNA 7 i 3 H  A
TRREGTERATLATHA T L4 HEEFE(SHMT), %2 FE cDNA 4K % 1855bp, Hi, FFik
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ERHE 222005;
210014;

Cd M, ZERXLERK, EETRHK
WL H 3k — F %
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transferase, SHMT)J&—25) W H1E T IRAZ AW M E
AW v B A W R I % 1 (PLP) DY 2R A Y 4R 1 T
(Schirch et al, 2005), HFEZIHEE7E N 5L U S i
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2010), HAT, XTF SHMT BIRFSETER A=Y . A Al
sh¥ 7 #iiiE (McClung et al, 2000; Garrow et al,
1993; Bauwe et al, 2003; MFEES, 2018), {UFEHARS
J¥(Arabidopsis thaliana) 5t & ¥ SHMT [ 1y 7 Fh
WH: SHMT1, SHMT2, SHMT3, SHMT4, SHMT5,
SHMT6 il SHMT7, Hrbr, SHMTI Hl SHMT2 #ik
Al e A ALY SHMT3 Sy g i Y, {H i K A (SHM T4
H1 SHMTS)F14H 4% (SHMT6 il SHMT7) b 4 & A5 A
F43IF 52 (Wei et al, 2013; McClung et al, 2000).

KF SHMT il 7 14 ot A 8 55 5 T i F 9% 24
rR R B A (S %5, 2002; FLICIEZE, 2010), 7E4H
M B2 1, SHMT 2 iR A ik A v i) S B il 22
—, 25 DNA. RNA G 8. IR K H i 22 R
G AE 22 Bh Zei = M) 0 A B . SHMT W RE B8 1k, 5,10-
IV FF 35 0 0 R K A B 5- PP R O AU R 5- T DY
AR 1) A B A B N Oy 2 — R B T R A 5 I PR
FEZR AR B R AE AT 30 . SHMT S5 R e AR 9 v ()
RE5EK . Pri b BLUE A 5C(Weinstock, 1970,
RIBERG, 2017; FME4E, 2016; Sonnewald, 2008), [t 7E
Ah, SHMT i AT 38 ik 52 i HLAA A9 S5 FE A 5 iR 2
ey 2 R ) S0 R R B R AR 2R 0, AR g 1 kA
G, HAEANR TR Z 5 MRA X (E 4% R,
2006), CLAMFFTUESE, TEREANMusE st fErp, Zhn
PRI SHMT2 Y335 10 357, IR SHMTL 3R
WA B 12 74 1k (Deberardinis, 2011; Koppenol et al,
2011), [HIZERER AW AR WHRE, HAEY
SEUIRE AN RE o ERT RS A R YL e 25 14 T
B B IR FE SRR B v e B T i3k I, AR F 9T B TR
AT o IR S R — 20 e R LR R AR i AR

1 #MR57EZ%
1.1 SRIEHH

ARSI T A R (R [ S50 W] — AR AR
B MR R R, EBOEH &4 T R . K
BISIE R R 3 2, BRI
OE. 88 M. WU JERMEZ . BT RRN DL N
10 MHZUHT RNA B9HEHL,
1.2 Cd*'BhE£HENIEE

MR TSR, SR AR 9 i ik
TN REZH R4 AN [l BE AR FE R S 20 . SRR 21
(0.0100 mmol/L) ., SZ42H2 (0.0175 mmol/L), 525403
(0.0210 mmol/L) L4544 (0.0278 mmol/L), #%#6

PI1 mol/LICACL JFE AT IRIEC o JHirae 556 75 2= P
S FRFEFE (K x B < 5 80 emx60 ecmx60 cm) 1 #fT, 5
B RITEZ I (ZIE20~25°C, $hEF25) 47957 d, W]
BRI, BB MR S W5 451K . SEERHT,
BRHIEREI N L) | A B A ER705, (] Akt
G KRBT Cd™ MR BE AR IR B A K, SREUAN IR . R
Pk i B s b ir96 h, 43I#E0. 3. 6.
12, 24, 48, 72F196 hI:8ANIHH] S HUEE, FH4HAF R
G

1.3 5 RNA BYIREXFN cDNA &R

1.3.1 % RNA 69823 R4 T/ B A ir & m
MRS, A3l BOR BB R4S H 28U s T RNA
AR, RNA $EECE ] UNIQ-10 #:3% Trizol & RNA
PR & (A LAY TR ()], M BjIE RNA 754
DL R R, $RBUS TR SRR O, i TE, JF
K RNase Free MUSEIG#RA o 1 %3 g 5 12 L 1k 35
IE RNA 28k, fla 2 0GR UV-Vis JllE RNA
4ifF, RNA T—-80°CIRFE.

1.3.2 cDNA % —4 64 m DL IR 45 21 21
IEA RNA AR, —&B5r B4R 5% cDNA, &
A & ] PrimerScript™ RT Master Mix(TaKaRa),
55— I SMART™ RACE c¢DNA amplification
I & (TaKaR), 5 54 AL 5'F1 3'RACE-ready cDNA,
A F RNA T-80°CH-FF

1.4 SIYMREFT

SCYG B 519 A AR TR (LT A R W
w1,

1.5 ZEAL SHMT EEHSE

H R a3 SHMT A B cDNA #7528y %
DL B R S 2790 AR, B3 SHMT A0
A5 1), UBRAIFSHLIES cDNA MR
#, PCR Y3 SHMT #.0 B, el 1.5%
WEAR B EE I Sk o VI ahifk i B 0974, g ik
FEre A4 TAY TR(ER)ERAR . Fikgifts
FEA LB AL G Bk A T AR TR (A BRA A
HATIT
1.5.2 A E &3 SHMT A B cDNA 5'F= 3' K i 64 Heik
I MRAEFRAFAE R AU SHMT R %0 F
B, WilHEF 54 1S-DNMT-GSP-1-1 T 5'hY
PRI S, IS-DNMT-GSP2-1. IS-DNMT-GSP-2-2 Hil
IS-DNMT-GSP2-5 HIF 3"Im PR 14 (% 1), 25 pl
RN AR Z, PCR W 2T #% i TaKaRa RACE 3 34K
A G BRI T o SOV SRR L 1.5%3 BEHEE i HL

1.5.1
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Tab.1 Primers used in the experiment

5| ¥4 FK Primer name

5| ¥ FF31 Primer sequence (5'~3") 1% Purpose

IS-DNMT-F4
IS-DNMT-R4
IS-DNMT-GSP-1-1
IS-DNMT-GSP2-1
IS-DNMT-GSP-2-2
IS-DNMT-GSP2-5
IS-DNMT-296-514-F1
IS-DNMT-296-514-R1
IS-DNMT-405-695-F2
IS-DNMT-405-695-R2
IS-DNMT-686-893-F3
IS-DNMT-686-893-R3
IS-DNMT-836-1174-F4
IS-DNMT-836-1174-R4
IS-DNMT-1048-1285-F5
IS-DNMT-1048-1285-R5
IS-DNMT- 1138-1438-F6
IS-DNMT- 1138-1438-R6
IS-DNMT-1420-1667-F7
IS-DNMT-1420-1667-R7

Bl By

Amplification of core fragment

5'RACE

GCCACCTGACCCACGGCTTCTA
TGATGACCTGCTGCTGATACTCC
AGCGTCTTGTGCGTCGTGGTGG
AGCCAAGGATGATCATCGCAGGCG
CCACCACGACGCACAAGACGCT
AGGGAGGGCCGCACAACCATCAGAT
GGAATGGTCGGTCAGAGGTATTAC
GTGGCCGCCGTCGGGGAG
TTAACGTGCAGCCTTATTCCG
GATGGCGGGGGTAACAGC
CCCCGCCATCTGGACTACGC
CCTTCTGACCTCTCCTGTAA
CACAAGACGCTGAGGGGA
GGAGAGACCGACAGATTTC
TCAGCAGCAGGTCATCAA
CGGTGTGCCTAGTCGAAT
CCTGGTCTGGGTCAACAT
CGTCTCAAACTCCTCTTC
GGAAGAGGAGTTTGAGA
TGGACGGTTTATTTGTG

3'RACE

& T Rk

Intron verification

1S-214-368-F1
IS-214-368-R1
EC-18S-Q-F1
EC-18S-Q-R1

AACAAGTACTCGGAGGGAATGG
GGAGAGCCGGAATAAGGCTG
GGGGAGGTAGTGACGAAAAAT
TATACGCTAGTGGAGCTGGAA

qRT-PCR

NS I 1Y
Amplification of internal reference gene

PRIRAIE , VIEH B4 5 i, seReml e, Jy ke b
M 458 7E DNAMAN v6 #cise i, PrEey)
TE NCBI (https://www.ncbi.nlm.nih.gov/)# 17 L X}, 3Rk
1521 cDNA JE51
1.5.3 A2 G3F SHMT A B DNA 4 57 6 5%
MG E A3 09H B AR SHMT 2L cDNA J#5)
W R 2P I S XN & TIUES 19, o5 LVE R
4R cDNA. DNA Bt PCR P74, ¥ 3™
DL 1%EE 5 HL UK 36 AN [7]) DNA BAR /] — 51 3 1
FEMI A K/NETR —E, LUK DNA F31E
BRENT T

HEBMW SHMT ERMENERFES

B AR WM B o B E R A DUR R Y B
PF3EAT : FIH NCBI X BT 4R 1555 PRy 471 254 7 4G D0 F 2
LR 75 e Xt s FIl H ORF Finder (http://www.ncbi.nlm.
nih.gov/gorf/gorf.html) R F 4T SHMT J& A Y il [
TIEAE FIUI L K JHE i ¢ i SRR e 47 1 43 5 ARG
B f': ExPASy Prot Param (http://web.expasy.org/ protparam/)

1.6

AT EE SR B4 B s A Compute pI/Mw R4
(http://web.expasy.org/compute_pi/)#F 17 F 18 55 Hi, 15
SRR FIA SMART 4% {4 (http:/smart.embl-
heidelberg.de/index2.cgi)iF 1 715 5 KT S 2K 11 25 4 35
B AR AT 5 38 FELR A4 Cell-PLoc 2.0 (http:/www.csbio.
sjtu.edu.cn/bioinf/Cell-PLoc-2/)%} SHMT & K #4737 4 Jifd
N F MEGAG6.0 3447 2 W2 7 51 (1) 2 35 Lkt
Lo NI R GEHEALH BIR

HEEAQM SHMT EE AR RIEKFESH

AR R HE B HEF SHMT £ [H cDNA 2%
IOt G Y, JELIE B AR 18S rRNA /E A
WS I (£ DIFITA SRR I (555, 2017).

qRT-PCR 73 #H7 it Hik M1 I SYBR Premix Ex
Taq 11 i & (TaKaRa), AN B 3 A FATRE, &
W& Z 20 ul: 2xSYBR Premix Ex Tag™ Il 10 ul, dd
H,O0 4 pl, cDNA #4% 4 ul, Rox Reference Dye I (50%)
0.4 pl, TERATIHI(10 pmol/L)4% 0.8 pul, S FE %
BRI 7] & 35K 74T, qRT-PCR ¥ H47E Step One Plus

1.7
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#s EEAT
1.8 #HIFEH

SEYG Fe 245 8 4G R SPSS 18.0 T Excel 44
TG, FR RN R 75 225301 (One-way ANOVA)
Hlc /N i 25 25 5392 (LSD) He 8 A [) B 4 4 ) 1) 22 5
P<0.05 FRERTE, P<0.01 BRWEEES,

2 #R

2.1 BEAW SHMT EEFIIEK RS

HEHEF SHMT ¢cDNA 4K 1855 bp (GenBank
oS MHO013225), FFRCRIEEHES 1407 bp, 5'dE
i IX R 39 bp, 3AEZWALIX N 409 bp, 4D 468
NIRRT [ BT 4> F i 152.55 kDa,
W SN 4.900 7 XS TRUES| Y7 B A IR
cDNA F1 DNA P a5 - —5, FIHIZER AT
AT W SignallP # 4% SHMT il & (A 15 5 ik
ST, WA ARSI . S A A

Cell-PLoc 2.0 THI# F& 1 8F SHMT & i LR AL
22 BEAL SHMT EREREFEES

TR A SHMT 3 R 5 HAh 4 #Y ] 95
PEXZ, M NCBI Y GenBank 4 rp 2B HL 15 &A1
e SHMT 25750, 1)1 MEGA 6.0 3KfF
(Neighbor-Joining )% A & 1HF SHMT #E47H 354>
Br, AR anlE 2 proR, B R A SHMT 5 H
FeREN Y E 55K % (Eurytemora affinis)®® h—2%, H
[FRMER R, 25 SR EER NI B A
(Homo sapiens)fllJE # (Pongo abelii)® h—2&, BG5S
/INE(Mus mUSCU|US) f(Bos taurus)fiEE & fii(Danio
rerio) B —3 . HJi, 09 SHMT2 FifEY2E . Az
%ﬁ?ﬂ%‘éjﬂ K, ZREERT AL A2r 850

23 BEAW SHMT AR RIEFLTES

AT SHMT 7EH R IR R 4l 2 R 1Y 2 38 45
fiE, FIFHZ¢ ' E f PCR F AR N R A EF 10 44
SHMT mRNA ZKFEFEA7R0 ., 2538 s (E 3), SHMT

1 CAGAGTCGTAGTGTGAGTGTCGACCTCCCGCTGGTAAAAATGATGAACGGAGACGCAAATTATCCTCTGCGAGACCCTCTCTCCCAAGATGACCCC

1 MMNGDANYPLTRDPTLS

D D P

97  GAGGTGTACGCCATCATCCGCAGGGAGAAGGACAGGCAGTTCCGAGGTCTGGAGATGATCGCCTCGGAGAACTACACGTCCCGCGCCGTCAACGAC

20 EVYATITI

RREKDRQFRGLEMTIASENYTS SRAVNTD

193 TGCCTCTCGTCGTGCCTCACCAACAAGTACTCGGAGGGAATGGTCGGTCAGAGGTATTACGGAGGCAACGAACACATCGACGAGATAGAGACCCTC

52 cLSSCLTNI KYS SES GMVG

RYYGGNEUHTIDETIETL

289  TGCAAGGAGCGTTGCCTAAAAGCCTTCGGACTGGACCCCGAGAAGTGGGGCGTTAACGTGCAGCCTTATTCCGGCTCTCCGGCCAACTTCGCTGTC

84 CKERCLIKAFGLDPEZ KUWGVNY

PYSGSPANTFAYV

Q
385  TACACGGCGTTGGTGGAACCACATGGACGTATCATGGGTCTGGACCTCCCCGACGGCGGCCACCTGACCCACGGCTTCTACACGGCCACGAAGAAG
116 Y TALVEPHGRIMGLDLPDGGHTLTHGTFYTATIKK
481  GTCTCGGCCACGTCCATCTTCTTCGAGTCGATGCCTTACAAGATCAACCTGTCGACCGAGCTCATAGATTATGACCAGCTTCAGGACAACGCTTGC

148 VSATS

I FFESMPYIKTINLT STETLTIDYDA QTL

D NAC

577  TTGTTCAAGCCAAGGATGATCATCGCAGGCGTCAGCTGTTACCCCCGCCATCTGGACTACGCCCGCTTCCGGCAGATCTGCGACGAGAACGGCTCC

180 L FXKPRMI

IAGVSCYPRHLDYARTFRQICDENSGS

673  CTGCTCATGGCGGACATGTCCCACGTCAGCGGCCTGGTGGCCACGGGGCTGACCAGCAACCCGTTTGAGCACTGCGACGTCGTCACCACCACGACG
212 LLMADMSHYVSGLVATGLTSNPFEHCDVVTTTT
769  CACAAGACGCTGAGGGGACCTCGGAGTGGCGTCATATTTTACAGGAGAGGTCAGAAGGGAGTCGACAAGACCGGACAGCCAATCATGTACGATTAC

244 HKTLRGPRSGVIFYRRSGEG

K GVDIKTG P IMYUDY

865  GAGGACAAGATCAACCAGGCCGTCTTCCCCGGCCTCCAGGGAGGGCCGCACAACCATCAGATCGCTGGGGTGGCCGTGGCCATGCGGCAAGCGGCC

276 EDKTIN QAVFP[GLQGGPIHNHQIAGVAV AMRGO QAA

961  GATCCTTCCTTCAAGGAGTATCAGCAGCAGGTCATCAAAAACGCCCAGGCCCTTGCCAGCGGCCTCAAGGAAGCCGGCTACAGGATCGTCACGGGA

308 DPSFKEFY
1057

VIKNA
GGTACCGACAACCACCTGGTCTGGGTCAACATGAAATCTGTCGGTCTCTCCGGAGGCAAGGCCGAGAAGATCTTGGAAGACGTTTCGATCGCCTGC

AL ASGLEKEAGYIRTIUVTS®G

340 G TDNHLVWVNMIKSVGLSOGGE KAETZ KTITLETDVSTIATC

1153

AACAAAAACACAGTTCCTGGCGACAAGTCGGCCCTGAACCCTAGTGGCATTCGACTAGGCACACCGGCCCTGACCACCAGGAACATGAAGGAGAAC

372 NKNTVPGDKSALNPSGIRLGTPALTTI RNMEIKTEN

1249

1345

GATATTGCAGCCGTCGTTAAGTTTATCGATGAAGCGTTCAAGATCGCCATCGACGTACAGACCAAGTCCGGTCCCAAACTGGTCGACTTCAAGAAG
404 DI AAVVEKFTIDEAFI KTIATITDV

T XK S GP KLV DFKK

GTGCTGAAGGAAGAGGAGTTTGAGACGCGAGTCGTCTCCCTCAGGAACCAGGTCGAGGCCTTCGCCAGGAAGTTCCCAATCCCCGGACTGGACGAG

436 VLKEEETFETRVVSLRNQVEAFARIKTFPTIPGLTDE
1441  CTCTGAGGAACGAGCTGTCGTTTACGCTAGTCTAACGGCGTCTCCATCAGCAATGCGTTATTCTAGAGTGCCATATATTTACGAGGAAGCTTATCT

TACTATATAGGAATTAAAATTGGTTCTGCATGTCTAAGGCCGTGACGCACAAATAAACCGTCCAAGAAACGAACCAGAGTTTGGAGACGTTGGCGG
ATCAACAATAATTAGAGGCGCATTAACCGCGTCATATTTTTCAACTTCGTAATCAAAATGTTTATTAGTATTTGGGTAAAGTGGCATATTATAAT
ATTGCTCAATAGAAGATACGACATATTGCATGTATCGCAATTTAGTTTGGTAACGATTTACTTTTGTAATCTTGTCAAATTATATTTTATTATGAA

Bl 1 AR EAEE SHMT JEH 1 DNA 41741 K G it 1) 2 SE /R T 51

468 L *

1537

1633

1729

1825  TCAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Fig.1

The full-length cDNA sequence of Exopalaemon carinicauda SHMT gene and its deduced amino acid sequence

KL A A2 4R B R (ATG) R UL 3 T3 (TGA), 5 HE A H 2R B 4R X B(GLQGGP), T RIZ Hz il 5 5 (AATAA)
The bold sections were the start codon (ATG) and the stop codon (TGA), the letters in box indicated
conserved glycine rich region, and the underlined sections were the tailing signal (AATAA)
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58 Bombyx mori SHMT (NM_001046814.1)
100 —I: Spodoptera litura cSHMT X1(XP_022830943.1)
100 L Bicyclus anynana cSHMT X1(XP_023945944.1)
97 Culex quinquefasciatus SHMT (XM_001862381.1)

Eurytemora affinis cSHMT (XP_023333950.1)
94

94 ¢ Exopalamon carinicauda SHMT (MH013225)
Danio rerio SHMT(AY850381.1)

Bos taurus SHMT1 (NM_001015553.1)
Mus musculus SHMT (AF237702.1)

100

100
77 leongo abelii SHMT1 (NM_001131150.1)
100L Fomo sapiens SHMT (L23928.1)
Bos taurus SHMT2 (NM_001034282.1)
] Loa loa SHMT (XM_003136987.2)

69 Pyropia haitanensi SHMT (MF687405.1)
96 Pisum sativam SHMT (M87649.1)

—
0.05

B2 HREALF SHMT R Gkt o bt
Fig.2 NI phylogenetic tree based on SHMT amino acid sequences of Exopalaemon carinicauda and other species

e 0 c BT S, ANTRIAY S804 1 (0.0100 mmol/L)
qg 12 GFRER ., HIXETABAL, 15 96 h W%
o (P<0.01), S:¥34H 2 (0.0175 mmol/L)%: FREIGTE 24 h
%IE » LB T 4 TRATHE 5 THE (P<0.01); 525041 3
f5g @ (0.0210 mmol/LYYE 6 h FFR AT HIXF TAFHRZL bk it 7+
§§h40 b =1(P<0.01), /G NRERFE; SC502H 4 (0.0278 mmol/L)
"2 M, ., a B B ab LI A T BRALIO B B E IR (P<0.01), JLTR

E S HE H G I M V SAT O Fik,
2l 41 Tissuess

K3 AFREALF SHMT 7EA R 4210 B Sk Rk

Fig.3 Relative expression of SHMT in various tissues of
Exopalaemon carinicauda

E: IR#A; S: H: HE: BN H: O G: 6 1
M: AILP; Vi BERME:; SAT: TR O: MR
AR PR FRR AR SHMT 355 2 5 B 3 (P<0.05)
E: Eyestalk; S: Stomach; HE: Hepatopancreas; H: Heart;
G: Gill; I: Intestines; M: Muscle; V: Ventricular nerve; SAT:
Subcutaneous fat tissue; O: Ovary bar of each column with
different small letters mean significant difference (P<0.05)

= X} 4H Control
8 0.0100 pmol/L

0.0175 pmol/L
= 0.0210 pmol/L
@ (0.0278 pmol/L

k%

k%

SHMT HX 358
Relative expression level of SHMT
S = = NN W oW s

o W O W o v o W o

5} E] Time/h

3 I N T 733 S o R 7S E M O < AR LAR N
SHMT Jit [ 14 3 2 fk B N 1] 114722 1k
Fig4 Expression of SHMT gene in Exopalaemon carinicauda

7E 10 MR AR, HARAL N ESR 2#,
Horpr, 700 PRI R, W T A A
(P<0.01), LERZ.

2.4 AEHRE CABMETEEGY SHMT B3 k45T after being exposed to different concentrations of cadmium
R [ vk B cd hE T LB REYE SHMT B * N 5 X FE A AR LY 22 57 1 3 (P<0.05),
QRT-PCR £ L ILFE 4. FFJR 1R SHMT G bAex) L R TRIRALIL S DL F(P-0.01)
. . . . *and ** represent significant difference (P<0.05) and
R AR RS, SCAL 1 (0.0100 mmol/L)FISE highly significant difference (P<0.01) between

540 2 (0.0175 mmol/L)4RIH H 3 h FFERTHE G T test and control, respectively
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SHMT 3 o 45 22 R A0 DU S0 R e 1k ok B &R
NS NLO W H DU AR, MR . 1 B
B Y G B PR PR AR AL 1) — Bk AT, IFSEERTT,
2 F IR P B S A — RSP H 2R s
X8 GLQGGP, WIHETES 5'-BhMRILMS HELS it
o R T EAE R, UOHT SHMT J2 DL 198 Nhk 0 15 S %t ity
BEAT RN Y (Usha et al, 1994), #EALM 87 &L, H
5 H5Esh ¥ B 5K M E A SHMT R —2& 1740
R S FR A TN R TR SHMT 5 i T4obifk
I, BB W AT R

TEWFFE A R IR SHMT 2H 2136 A 4% Sk b 2 B
HAEOP S rh FRIR il 0 3 = T HA A AL, 1 RIAR
K5 SHMT 7EBE D fa b (g kAL, R, SC8F
T SHMT Al R BE R T FE (1)U 45 (Chang et al,
2007; Vatcher et al, 1998). BRIt=Z4h, AT A,
SHMT 75 % 7 (Bombyx mori) i i I /4 Fi1 35 fz th 3k
Wi, VR R G T R AR (3R,
2014), Pk, HENE R AHERIIE S SHMT iy ik
et 5 HETA K.

4B H(CA)JE: H AT 25 ) 2 —, 7EK
RS B B, K A= i 3 W B 1 4TI as B AL
T2, BEASHM RSNk TGS, 2013; hlge
4% 2012; van Hattum et al, 1989), 1 & 71 HF 75 i Fi %
T T Vi I R X 3 7 1) H 4 i T Y 4[] A DR i 7
FGTEEEEM, 2011, WFFEEW, @nxtH5Eshy
FEAE AR R 2 TR, FEE R R
A AL BTG . QBTG | 40 45 R 45 405 LA R A
P L% 7 (Wu et al, 2004; Zhang et al, 2014; 2= 3C#
55, 2008), BRUILZ AN, I 23500 2 Fl A 4 15
FEAC DL Je BB T e L X ) R 3k (B F A4S, 2009; F
PSS, 2006; Zhang et al, 2015), Witt, #EELH
FFURARP SHMT fER X Cd> fikifl R 1E, Sk
ST RE RS AE Y e e . ARFRR I, AR
WRESTIR A (L] 1, LA 2 ML 3)HhiEk
PR P SRS (BAE S VR B SL g (SR 4), HEk
KRR RS, XU IR Cd® Ry ik a n]
AT BOHLIR A IE R, 33X 5 2% SCHE S5 (2008) Y IF 58 25
— 3, HEWEER Cd™ Wl aT REXTHLIR IR g K,
AR AL L0 0 8, e R U 2 AR I 4
i, FESHE(O/N)[%{(Zhang et al, 2014), SHMT ¥
FEIRAHNL 2 B o N TE R VR AL A Rk —
5T

£ % X M

Bauwe H, Kolukisaoglu U. Genetic manipulation of glycine
decarboxylation. Journal of Experimental Botany, 2003,
54(387): 1523-1535

Chang WN, Tsai JN, Chen BH, et al. Serine hydroxymethyl-

inhibited by

leucovorin: Characterization and comparison of recombinant

transferase isoforms are differentially
zebrafish serine hydroxymethyltransferases. Drug Metabolism
and Disposition: the Biological Fate of Chemicals, 2007,
35(11): 2127

Deberardinis R. Serine metabolism: Some tumors take the road
less traveled. Cell Metabolism, 2011, 14(3): 285-286

Feng Y. Expression and cloning of the glyA gene encoding the
serine Thesis  of
Nanjing Tech University, 2002 [54. 2575 H I
U85S T R B = B WA NG 2 1 o ) R =X o VA7 o
X, 2002]

Garrow TA, Brenner AA, Whitechead VM, et al. Cloning of

human ¢cDNAs encoding mitochondrial and cytosolic serine

hydroxymethyltransferase. Master’s

hydroxymethyltransferases and chromosomal localization.

Journal of Biological Chemistry, 1993, 268(16): 11910
Kong QS, Zhang XY, Han XL, et al. Molecular cloning and

expression of a glyA gene from Methylobacterium. sp SDM11.

Biotechnology Bulletin, 2010(5): 141144 [FLECHE, 5Kk fH,

SRR, 45 HEEH A SDMIT P gly A JE R A 7o e e H

HERGFF R RIE. AYE AR, 2010(5): 141-144]
WH, Bounds PL, Dang CV. Otto Warburg's
contributions to current concepts of cancer metabolism.
Nature Reviews Cancer, 2011, 11(5): 325-337

Li JL. Identification and enzymatic properties of Serine

Koppenol

hydroxymethyltransferase from the silkworm, Bombyx
mori. Master’s Thesis of Southwest University, 2014 [
BmSHMT
. ,2014]

Li WY, Kang XJ, Mu SM, et al. Research advance of
toxicological effects of cadmium on shrimps and crabs.
Fisheries Science, 2008, 27(1): 47-50 [Z=3CH, HEHLIL, B
U, A RN IR R RN PRI HE . KR,
2008, 27(1): 47-50]

Li XC. The study on the current ecological environment situation
and its developmental feather in off-shore area of Shandong
Province (focus on Yellow Sea). Doctoral Dissertation of
Ocean University of China, 2011 [Z=55H. 14T
(B ) A S B IR B R R RIS v [
AR A AR T, 2011]

Lin YH, Wang WL, Xu Y, et al. Cloning and expression analysis
of serine hydroxyl methyltransferase (SHMT) genes from
Pyropia haitanensis. Progress in Fishery Sciences, 2018,



CAR Y

PINERKAE: R 1 I 22 2R 8 TP L R R TR 114 e I X R R 1 23 A 133

39(5): 122-129 [MRFUHE, TICH, TRAE, % IRESRLR
PR P g I DR 1) S B S FRARARFAIE. UL 270
2018, 39(5): 122-129]

McClung CR, Hsu M, Painter JE, et al. Integrated temporal
regulation of the photorespiratory pathway. Circadian
regulation of two Arabidopsis genes encoding serine
hydroxymethyltransferase. Plant Physiology, 2000, 123(1):
381-392

Schirch V, Szebenyi DM. Serine hydroxymethyltransferase
revisited. Current Opinion in Chemical Biology, 2005, 9(5):
482487

Sonnewald U. Serine hydroxymethyltransferase as target for
herbicides. BASF Aktiengesellschaft, 2008

Sun J, Pang SZ, Xuan WY, et al. Proteomics analysis of banana
seedlings under drought stress. Journal of Southern
Agriculture, 2016, 47(12): 2020-2026 [#ME, HEAvE, #
45, . TR T AR E A . ROTR
AP 2£47, 2016, 47(12): 2020-2026]

Tibbetts AS, Appling DR. Compartmentalization of mammalian
folate-mediated one-carbon metabolism. Annual Review of
Nutrition, 2010, 30(1): 57-81

Usha R, Savithri HS, Rao AN. The primary structure of sheep
liver cytosolic serine hydroxymethyltransferase and an
analysis of the evolutionary relationships among serine

hydroxymethyltransferases. Biochimica et Biophysica Acta,

Protein Structure and Molecular Enzymology, 1994, 1204(1):

75-83
van Hattum B, de Voot P, van der Bosch L, et al.
Bioaccumulation of cadmium by the freshwater isopod
Asellus aquaticus (L.) from aqueous and dietary sources.
Environmental Pollution, 1989, 62(2): 129-151
Vatcher GP, Thacker CM, Kaletta T, et al.

essential in

Serine
hydroxymethyltransferase is
Caenorhabditis elegans. Biological Chemistry, 1998, 273:
6066—6073

Wang BL, Zhang YM, Tan YF, et al. Influence of cadmium and
lead on the DNA methylation level of loach Misgurnus
anguillicaudatus. Journal of Toxicology, 2006, 20(2): 78—80
[EWNE, ki, BER, 55 FExrjesk DNA HEfL
KRR, B4, 2006, 20(2): 78-80]

Wang YM, Guo W, Zhang XF, et al. Correlations between serine
hydroxymethyltransferasel C1420T polymorphisms and

maternally

susceptibilities to esophageal squamous cell carcinoma and
gastric cardiac adenocarcinoma. Chinese Journal of Cancer,
2006, 25(3): 281-286 [E 45, M, KFR, . 28R
TSRS AL C1420T 22505 8 b ol 1 i
SR SE R, FEAE, 2006, 25(3): 281-286]

Wang ZC, Ma HX, He YX. Effects of cadmium on Arabidopsis
thaliana DNA methylation. Plant Physiology Communications,
2009, 45(2): 115-118 [ETF M, HkE, (HE. TR
FXURIIT DNA AL R0, R A B4, 2000,
45(2): 115-118]

Wei Z, Sun K, Sandoval FJ, et al. Folate polyglutamylation
eliminates dependence of activity on enzyme concentration
in mitochondrial serine hydroxymethyltransferases from
Arabidopsisthaliana. Archives of Biochemistry and Biophysics,
2013, 536(1): 87-96

Weinstock J. The biochemistry of folic acid and related
pteridines. American Scientist, 1970, 72(4): 431

Wu JP, Chen HC. Effects of cadmium and zinc on oxygen
consumption, ammonium excretion, and osmoregulation of
white shrimp (Litopenaeus vannamei). Chemosphere, 2004,
57(11): 1591-1598

Xian JA, Wang AL, Miao YT, et al. Toxic effects of cadmium on
haemocytes of Litopenaeus vannamei in vitro. Journal of
Hydroecology, 2012, 33(1): 112115 [#efddz, T4eH), 4
SR D0 A R b9 LANCSEEN 1 2SS e - AL A
ARk, 2012, 33(1): 112-115]

Xue B, Zhang P, Li ZH, et al. Cloning, expression and stability
analysis of the reference gene glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) in Exopalaemon carinicauda.
Journal of Fishery Sciences of China, 2017, 24(5):
1003-1012 [FEF%, skI%, 250, 5. FRHIF GAPDH
BEDA A v R N N S B R e Mo A e DK = B2,
2017, 24(5): 1003-1012]

Zhang C, Li F, Xiang J. Acute effects of cadmium and copper on
survival, oxygen consumption, ammonia-N excretion, and
metal accumulation in juvenile Exopalaemon carinicauda.
Ecotoxicology and Environmental Safety, 2014, 104: 209-
214

Zhang JQ, Gui TS, Wang J, et al. The ferritin gene in ridgetail
white prawn Exopalaemon carinicauda: Cloning, expression
and function. International Journal of Biological Macromolecules,
2015, 72: 320-325

Zhang R, Zhang F, Liu FC, et al. History of heavy metal
pollution from tidal flat in Haizhou Bay. Environmental
Science, 2013, 34(3): 1044-1054 [3K3H, KWL, XIFHRE, 4.
T3 PN ) M < R 9 e B P SR SR BRI AR, 2013,
34(3): 1044-1054]

Zhu XL. Sequence diversity and functional analysis of SHMT
gene of small black soybean cyst nematode. Master’s Thesis
of Shenyang Agricultural University, 2017 [R5, /N
IHUERL R SHMT JERT A ZAEE R DiE 4. TR
LMV ARG A 2408 5L, 2017]

(hiE mib)



134 b /A - =

-
el

%41 %

Cloning and Expression Analysis of Serine Hydroxyl Methyltransferase
(SHMT) Genes from Exopalamon carinicauda

SUN Jinqiul, XU Wanyuanl, MA Hangkel, GAO Weil,
OUYANG Lefei', GAO Huan'***, YAN Binlun'***"

(1. Jiangsu Key Laboratory of Marine Bioresources and Environment, Jiangsu Key Laboratory of Marine Biotechnology, Jiangsu
Ocean University, Lianyungang 222005; 2. Co-Innovation Center of Jiangsu Marine Bio-Industry Technology, Lianyungang
222005; 3. Jiangsu Provincial Infrastructure for Conservation and Utilization of Agricultural Germplasm, Nanjing 210014;

4. Marine Resource Devel opment institute of Jiangsu (Lianyungang), Lianyungang 222005)

Abstract In this study, based on the transcriptome of Exopalaemon carinicauda under hunger stress,
SHMT genes were obtained by rapid amplification of cDNA ends (RACE) (GenBank accession No:
MHO013225). The full-length cDNA of the SHMT gene was 1855 nucleotides and contained an open
reading frame (ORF) of 1407 bp, encoding a protein of 468 amino acid residues, with the predicted
molecular weight of 152.55 kDa, and theoretical isoelectric point of 4.90. Multiple sequence alignment
and phylogenetic analysis indicated that E. carinicauda SHMT gene is most homologous (96%) with that
of Eurytemora affinis. The expression pattern of SHMT gene in different tissues was analyzed by
gRT-PCR. The results showed that SHMT gene was expressed in all tissues of E. carinicauda. Transcript
levels were high in the heart and ovary and were significantly higher in the ovary than in the other tissues.
The results of different concentrations of Cd®* stress showed that the expression patterns of lower
cadmium stress were basically the same, showing a trend of alternately first increasing and then
decreasing. Under high concentration of Cd*" stress, the expression level was extremely low; and not even
detected in these tissues. This suggests that high concentration of Cd*" stress can inhibit the expression of the
SHMT gene. The specific mechanism needs further study.

Key words Exopalaemon carinicauda; Serine hydroxyl methyltransferase; Gene cloning; Tissue
expression; Cd*" stress
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