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Fig.1 Survey area and sampling stations to fish eggs and larvae in the Bohai Bay in different survey periods
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1998 4FE 5—6., 8, 10 H; . 1993, 1999 4F 2 H); ¢ il f: 2000—pre2010s 3#ifi7(c. 2004 4F 5 H, 2012 4E 6., 8 H, 2009 4F 10 H ,
2013, 201445, 6, 8, 10 H; £.20144FE2 H, 20154E 1 H); g #1j: mid2010s #i{i(g. 2015, 2016 4E 5, 6. 8 H, 2016 4F
10 H; j.20164F 1, 12 H); h il k: late2010s #ifii(h. 2017, 2018 4E 5. 6. 8. 10 H, 4 FRuiAiXTE 2017 4E 5. 6 HIFR;
k. 2017 4£ 3, 11—12 H); i Ff11: pre2020s ufifii(i. 2020 4 5. 6. 8. 10 H; 1.2020 4 12 H).
a and d: Sampling stations in the1980s (a. May, June, August and October in 1982; d. January—February in 1983);
b and e: Sampling stations in the1990s (b. August, October in 1992, May—June in 1993, May—June, August and
October in 1998; e. February in 1993 and 1999); ¢ and f: Sampling stations in the 2000s to pre2010s
(c. May in 2004, June and August in 2012, October in 2009, May, June, August and October in 2013 and 2014;

f. February in 2014 and January in 2015); g and j: Sampling stations in the middle 2010s (g. May, June, and August in 2015 and 2016,
October in 2016; j. January and December in 2016); h and k: Sampling stations in the late 2010s (h. May, June, August and October in
2017 and 2018, stations marked as ‘4’ only surveyed in May and June of 2017; k. March, November—December in 2017);

i and 1: Sampling stations in the early 2020s (i. May, June, August and October in 2020; 1. December in 2020).



TWEARAE I £ S R TR v 45 A0 R i L 1) A A ST

x1 JFHAENRHEEEN., FHAFEMEMEGEY

Tab.1 Survey time and number of sampling stations to fish eggs and larvae during different survey periods in the Bohai Bay
8 A5 3l K A ]
JE 2 B 4 ARy Number of sampling stations/survey time (month.date)
Survey period Year BE H_EHE S e &2
Spring Spring-Summer Summer Autumn Winter

1980s 1982—1983 26/5.6—5.19 28/6.7—6.17 26/8.5—8.27  27/10.7—10.25  13/1.28—2.5

1990s 1992—1993 15/5.25—6.7 15/5.25—6.7 16/8.8—38.18 16/10.7—10.21  5/2.15—2.21
1998—1999 15/5.25—6.4 15/5.25—6.4 15/8.5—8.13 15/10.8—10.16  4/2.1—2.7

2000s—pre2010s  2004—2012* 10/5.22—6.1 10/6.21—6.27  13/8.5—8.11 11/10.21—10.29 -
2013—2014 14/5.17—5.26  13/6.18—6.26  12/8.10—8.20 13/10.13—10.31 13/2.23—3.5
2014—2015 13/5.17—5.26  12/6.15—6.24  12/8.13—8.22 12/10.9—10.24  11/1.9—1.20

mid2010s 2015—2016 26/5.17—5.30  23/6.13—6.25  27/8.5—8.17 - 10/1.9—1.28
2016—2017 26/5.16—5.26  27/6.18—6.28  26/8.2—8.12  23/10.13—10.26 10/12.15—12.24

late2010s 2017—2018 23/5.22—5.30  30/6.7—6.19 14/8.10—8.18  14/10.13—10.26  13/3.21—3.29
2018—2019 11/5.24—5.31 16/6.14—6.23  16/8.2—8.11 16/10.19—10.28 14/11.28—11.30

2020s 2020—2021 25/5.25—5.29  25/6.20—6.26  23/8.23—8.28 25/10.30—11.3  25/12.9—12.15

W - B . BFEENTTE 2004 4, H-EEBMEFRFAELE 2012 45, BFREATE 2009 4

Note: —: No data; *: The spring survey was conducted in 2004, the spring-summer and summer surveys were conducted in

2012, and the autumn survey was conducted in 2009.

14 ailffEaABEMEMEEMRE
iz | Pinkas AHX 5 2P 45 £ [index of relative
importance, IRI, ZA7(9)](Pinkas et al, 1971)%}4:fi
U At 0 A B AT HE f8 A 2 AL R a3 B i T A
DLBA A £ 5P B HE £ L 3R 2 (dominant species) . 5
ZLFP S (important  species) Fll I EZLF1 2 (main species)
1Y B4
IRI = (N%+W%)*xF% 9)
IRI = N%xF% (10)
KOO, N% Ry BRI I A o 75 v B £ DN sl A7 HE £0
AMRECE 7 DR s AT RE f R LR s % BRI I
A aod A v B A 0 R A AE AR i L. T A DR R
FEMEL A AMARERAR N, A Y, R% IR
PR X — IR IR A IHE AT DL A 22X (10)
(FHEZR4E, 2018, 2022a, b), HUIRI>1 000 AYFhZEE
SCRy f0 B AT HE (AL AR RS EANSE IRI {H N
200~1 000; ff#fEfidHZAZE IRI{H4 100~1 000,

15 GaiFHayMHSHEEKkFTFREMEES

K o ZRPEMEE 71, B AR—migh 48 %X Shannon-
Wiener Index, H'/Zy 3 (11)]F1 2 3 7% £ & M35 4
[Simpson's Diversity Index, Ds 22 20 (12)10F 5T i 75 A
(] %] 25 I 00 5 2 0 DR AT HE (L ) R 200 SRT B
ZHREVEDN B i, Jaccard BEVE RIS AUAH LT85
[coefficient of community, CC v x(13) (Whittaker,
1972)1FAE T 0 28 FL D B2 AP AR URR B 1 IR R SR 26

J7 105 He A 45 4F () #0288 W 10 % U (£ DR A7 HE f0 R B OF
THEOR AR BE (R I AR5, 2018, 2022b),
ANFADFII2) 7, S Ry A [] I8 e bof 1 45 2y 2k
T B8 b B £ B SR f R SR, PO EYE D
SF5 i P £ O AT RE 8T R B S A RE f R A
B, AXA3)F, Sooh 2 A HEAE Oy R] M2 R BT R
IEFEL, S S 2 A AR 45 AP R 24
CC J 0~0.25 B, V5 Z [ AN AL 24 CC 4 0.25~0.50
I, B Z IR 2 CC 24 0.50~0.75 W5 #HF
AR 24 CC N 0.75~1.00 I, BEEZ AL
FHL(Whittaker, 1972; NHEZREE, 2018),

H’:—ZS:B InP

(11)
i=l1
S
Dy =1-3P? (12)
i=1
CC = 5,/(5,+ 5-5.) (13)

16 #HESEEGRGNFRFERY

ik TS ¢ (Engraulis japonicas) . T /N0 T
(Sardinella zunasi). ¥t#¥(Konosirus punctatus). 755
W B2 (Thryssa kammalensis) . #51(Setipinna tenuifilis) .
WS I E (Scomberomorus  niphonius) A€ fif
(Lateolabrax maculatus)% L5} EDN-ELH H{ 3= 2 7= BjJ
(5. 6. 8 M 10 AR, & ALIHRTT
PIE 1.2 e gn . f7fEf AT TFE . 8 Origin
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545 %

2018 FfFeztil 1980s LI i1 2 2 A BT IR
FEESRRL I
17 RO, ERMEILBSHN

WAl BN 5 28 ALK S AR R 4y S T OB R 2
(pelagic egg, P) . =535 UL PE DN 15 (demersal egg, D).
FE 2 1 O £ 25 (egg with adhesive filaments, AF), 7=
VEAE I DN 411 2K (agglutinative pelagic egg, AP)FIDN AR
He £ 2 (ovoviviparity, O). HRHEMAIEIX R 3IH KL
BRSO B Ol B R R A X K ) g R 2R L2,
1990; WA, 1993 VK i 25 2 i I 28 0 4 73y
% {5 (warm temperate species, WT)., BE/KFf(warm
water species, WW)FI¥R & F(cold temperate species,
CT). HLHE X #545 (2011) i A 5288 AR 73 i v 125
FEARRN 43 A K Bl 42 8 7K K )2 £ 25 (continental  shelf
demersal fish, CD) . K[t 28 & /K i JE 2 L 28
(continental shelf benthopelagic fish, CBD). KRz
7K /I JZ .25 (continental shelf pelagic-neritic fish,
CPN) . K Ffi 22 ‘& # 1 ff 28 (continental shelf
reef-associated fish, CRA) . JFHZR A M b 2
ffi2%(oceanic pelagic fish, OEP)FI IR KIE)JE M2k
(oceanic bathydemersal fish, OMP),

2 RS9

21 BBEENIMEYEMESEESTTEUNE
KEREWL

IT 40 4530, BHEETE(S. 6. 8 F 10 A)f bk
fH 1980s [ 27 F, 1990s BiiHARY 20 F , J5 AR 19 Fir,
UK T B 28 2000s—2010s FIH 11 Fl(2014—2015 4,
AL 1980s 1) 50%); H 2010s FFH(2015—2016 4F)
TR, MR ECE A BT, & 2018—2019 43k 16 Fl,
B 2020—2021 4F28 22 Fh(E 2a), AR L, %%
TR R 2R (5 ) FIEE 226 H )R 1T MU0 P8R
%, BZ@8 AyWkz, #kE00 ARk, £Z01 A
BWAE 3 H)ARREZTEEIN (A 32), KWAEL L,
H . FHEEMERRAEMINFPBAEAFRIE 20 R,
BAETRE LA, FRAIMFIEH 1980s
B9 19 B, 1990s H1HAMHY 18 Fh . S5 AR 15 B, BT
[ 22 2000s—2010s FIHAMY 4 FCRIE 1980s 1Y 25%);
WG, AINFMEGEL T, & 2020—2021 FKkE =
17 #h (1 3a), HEZE, MmEIFZSH 1980s 1Y 15 Filr,
1990s #IIH Y 18 F J5AAY 15 F, B2 2000s—2010s
I 7 F0(2004—2015 4 KA AN 2 1980s 1 50%) ;
H 2010s HEHIFEE, MO EOE L L, 2018—

2019 435 18 ;& 2020—2021 4E4 13 F(F 3a),
K2 A GiFhZEd 1980s (1) 10 Flr, 1990s #IHIAY 8 Filt |
JEHAEY 6 il 3B 22 2000s—2010s FIHAY 3~4 F1(2013
—2014.2014—2015 445 3 Fl , 2R /& 1980s ) 50%);
H 2010s "HIIFGG, MERAECZEL I, & 2018—
2019 4E24 8 Ffr, 4R 2020—2021 4K 6 F. FAFE L
A ONFP BRI AR E , 7E 1~3 FhZ[E] (& 3a).

WA 1982—1983 4B AL by 1, R4 L/E H W
PR EREHE OB 0.21~2.09 4%, T S AR{ETE 2014—
2015 4F, Ji e {EAE 1992—1993 4E, fBH Al H56
ETHE TR R X BT AR S, i 1980s 11 1.00
BRTHZE 1990s #19 2.09, BLJE AT 28 T 26, 2 1990s
JE A 0.24; 2000s—2010s Fi, AL —H AL TRK
X H](0.21~0.26), 7E 2014—2015 4k 2 P AR
0.21; H 2010s HFHIIFLG, Al B2 BT, Frial
2017 )5, ALYREEHEHE, 2018—2019 FT+ZE 7
PREE 1.61, i 2020—2021 4F AL Jy 0.88, Z=5
ARfb b, A ORSF-24% JE % BE (AEDN, ind./haul) £ 4%
EHTHES T (ERMEE SR ; EFM0 AEDN
SURITT R, BRI IE A XA 2 B0 5P 4 A
(Kl 3b); AFTIFEMON oA . KIASE |, AFAE
347 AEDN 2% 54 i 3 (Kruskal-Wallis H-Test for
one-way ANOVA by ranks, H(j9, -204=81.97, P<0.001;
BAEMIE HLES v=59.68, df=10, P<0.001), H1 1980s [
4869.5ind./haul T} & 1990s %) W B P7 b B (H
30 666.0 ind./haul, 1990s J5 A Ik 2 292.2 ind./haul,,
TE 2004—2015 4F AEDN HEA7E 7 LARMEIX[E] 16.5~
542.3 ind./haul (2013—2014 FEEE P EAIK(HE 16.5 ind./haul,
ASJE 1980s 119 0.4%); [ 2010s FRJ T4, .58 AEDN
Bk sh FAT#a, 3 2018—2019 4E 4 3 718.9 ind./haul ,
2020—2021 4EN| =535 25 159.5 ind./haul ([ 3b), HE %
5 AEDN i ghifa#5F 250, A4 AEDN 2
S 2 (Kruskal-Wallis H-Test for one-way ANOVA by
Ranks, Ho, ,231=68.92, P<0.001; #%4F ¥ {H &
¥’=55.54, df=10, P<0.001), 1980s >4 70.61 ind./haul,
1990s WIERTHZ 30 666.0 ind./haul; % 1990s Ji7 HH il id
[ %8 292.6 ind./haul, 2000s—2010s #JHAMRAILE J7 A%
{#[X.[6] 27.9~98.55 ind./haul (2013—2014 4 % Jj £{i%
{H 27.9 ind./haul); [ 2010s FIIFEA, AEDN S i)
AT#aH, H 2010s J5#4H, AEDN 2J7F 1 000 ind./haul
Z b, % 2020—2021 44 1 130.4 ind./haul (& 3b), K
ARG |, R[RIE A ARy 5 22 B AEDN [H] 25 558 )
2 fd 2 2 1 3% (Kruskal-Wallis H-Test for one-way
ANOVA by ranks, Ho 13=21.49, P<0.05; F4FH4ME
FeAs *=18.01, df=10, P=0.055>0.05), HZ AEDN H
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Fig.2 Abundance index and species number of (a) fish eggs and (b) fish larvae across different survey periods (year)
since the 1980s in the Bohai Bay

PR ZES Survey season
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Fig.3 Number of species and ecological density to fish eggs and larvae profiles along the survey season
across different survey periods in the Bohai Bay
a: fOIFNE; b MOUIEREE; o (FHEMANZS; d. fFMEfE ST

a: Number of egg species; b: Ecological density of fish eggs; c: Number of larvae species; d: Ecological density of fish larvae
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1982—2015 4F:[i] 2 N R E, i 1980s 1) 238.9 ind./haul
F%Z 2014—2015 4EJ5 S fIK{H 1.54 ind./haul; H 2010s
ST R, AEDN #8h B4T, F 2015—2016 4FiE)0
SEE 263.2 ind./haul, KHAAEfL b, AS[EEAE ARG K
7= AEDN 25 I % (Kruskal-Wallis H-Test for one-way
ANOVA by ranks, Ho ,-175=81.34, P<0.001; #4FEH{H
FeAE y?=71.17,df=9, P<0.001). £k £ 5 AEDN [ 1980s
i % 7 {H 100.9 ind/haul FE & 1990s R W 0
10.6 ind./haul, IttJ5 AEDN —F7E 0.28~4.64 ind./haul
BARKEX BN s, & 2020—2021 4E{LH
0.28 ind./haul, %5 %51E ™8 (& 3b).

22 HBEFHAMERBMESTESTEHME

KERT{L

T 40 AE, T R A PR A AT HE L R B 1980s
[y 27 Flr . 1990s iR 25 Bl AR 22 B, BIKE
F% 2= 2000s—2010s #IHIAY 10~15 FREAL X 7] (2004—
2012 4EAY 10 ', Z5°4 1980s 4 37%); 2010s H1 )51
FEREf AN B EF, 2017—2018 4EFHZ 28 i, 2020—
2021 454 26 Fp(E 2b), ZETARML, AR A IATAE
AP EETHRE R B, FEREERTENR
{8 AT HEAMECT %, Bk BB — 25 T R,
275 AR N AR (I R 2 AR BRSBTS AT — e Bl 2
friefa MBL(E 3c) KL L, HF. FEE . B
ZE IRk AP HE AP EOY E R R TR LT
Batad . HEBITHEAMEH 1980s 1Y 15 Fix
K2 2000—2010s RFIIAY 3~7 Fl,2014—2015 4E 5
P SARAE 3 F; 2010s HUEHATH 2 6~15 Fl(& 3¢), 4
Al 2020—2021 4F 4 12 F . 2 H BT HE R H
1980s—1990s FiHA/NME LT, 13 FpFk2= 15 F, it
J5 R A BOR BT RAR , 7£ 2000s—2010s FHif 1 il (& 2 5~
6 Ffi, 2014—2015 4FZ P £AKMH 5 F; /5, 2010s
IR AFHE RO AT 2 10~16 F, 2017—2018 4
ZH R EE 16 F, 2020—2021 4%y 13 Fh(J& 3¢). B
Z5 W PRAFHE f A gl 1980s 4EAY 10 R THZE 1990s i
WKy 15 A, 1990 J5H0 14 A, HJS7E 2000—2010s
B RIS 2 3~5 Flt, 2014—2015 4E 2 7 S {IR{H 3 Fir;
2010s FRIITLG, FREC ETFE 8~11 F, 7 2018—2019 4F
P E A 11 A, 2020—2021 4E K 9 A& 3c). Bk
Z= AT HEA R Bt B 1980s AT 1990s RifHA 5 F
[ 25 1990s A WA 1 A, 2000s—2010s FiH & 0~1 Ff
/K IX E], 2013—2014 4E 2 7 4K 0 Fh; 2010s
S IRTT GG, APHEfRPEGR ARG, 7E 2020—2021 4
W2 5 M 3c). AFBHBFHEAFEED, K
WAL S L E TR %, 1980s 1 1990s {UHFL 1~

2 Ffr, 2000s—2010s HiH#A T2 2~4 Ffr; 2010s )5
Z 1~4F el 2020—2021 45 2 17 5 =l 6 #0 (8] 3c).
AR 1982—1983 4EAFHEA Al 4 1.00, AR A LIS
H ATAEShN 0.25~1.33 4%, 7 SARMEAE 2004—2012 4F,
Ji S S EAE 2020—2021 4F . A7AfE (T AT B8 FREE L
THey s shiaste, Al {EH 1980s F1 1990s #JHK) 1.00
% 2004—2012 4E11% 0.25, M5 Al #sh BTF, =
2017—2018 4EKIE & 1980s /K-, IT4E3K, fFHEfh
AL{ETE 0.35~1.33 X [A]JRIZN 3 8l , it 2020—2021 4
h 133, FTAEML, frHEfi AEDN YE£5 2 T
BZETES, IEREEABFENREE; ERHE
fii AEDN 2UsI R, ZERKZEfFHEM AEDN [ 24N
A, 2B — B W ATHE oA (B 3d). K
Ak b, MIEZAHEf AEDN 25 B ZUAEBR FI4E
fRERUE B (K 3d). ANFJE A4S, 28 AEDN 2 %)
I # (Kruskal-Wallis H-Test for one-way ANOVA by
Ranks, Ho, p-204=81.97, P<0.001; $4EXIH AL =
59.68, df=10, P<0.001), £t ETHE R Xk
TS, 1980s 9 1018.6 ind./haul T} &
1990s #3157 s 7= {H 2 844.8 ind./haul, 1990s Ji7 N
%% 42.07 ind./haul, 2004—2015 4= AEDN {4l 75 7
P ARAE X H] 0.3~37.3 ind./haul (2004—2005 4F & 5
A& 0.3 ind./haul, A& 1980s 4 0.03%); [ 2010s
WS BLRfHE . AEDN 2B IR, 7+2 136.92~
2 670.04 ind./haul [X[](2017—2018 4EBR4M), & 2020—
2021 4y Ji Y 2 670.04 ind./haul([&] 3d)., AN
WA HEE Z(FHEM AEDN 2 %W W 2 (Kruskal-
Wallis H-Test for one-way ANOVA by ranks, Ho,n-213~
72.32, P<0.001; S4AERMELES *=64.39, df=10,
P<0.001), 5% ETHE FREmE XS BT, H
1982—1983 4F 1116.11 ind./haul J} & 1990s %7 ]
2 844.8 ind./haul, % 1990s J5 WL % %% 42.07 ind./haul
2000s—2010s ®IHATETT ALMEIX [H] 0.62~5.64 ind./haul
(2014—2015 4= [ PARAE 0.62 ind./haul); H 2010s 1
Wi4G, AEDN IS FAT#H, = 20202021 4£8
H7 S H 5 424.75 ind./haul(& 3d)., AS[a] A ARGy B
ZEA1HEf AEDN 2% 5 i 3 (Kruskal-Wallis H-Test for
one-way ANOVA by ranks, H(j9, -213= 39.38, P<0.001;
BAEBIME LA v*=25.63, df=10, P<0.01), W55 1
THE T E ks E TS, 1982—1983 4F
10.35 ind./haul F =& 2012—2013 4E 75.21 ind./haul , I,
JE7E 2013—2017 4EAEMNIFE 2.31~16.56 ind./haul K7k
X, JFAE 2014 —2015 4F Bk E DT £ KA
2.31 ind./haul; [ 2010s J5#iJF4h, AEDN S3zh 1
rka%, % 2020—2021 43k 39.32 ind./haul (& 3d).
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AR A4 k2 AEDN 274k 0~2.19 ind./haul f7K
X ], AR BR 22 5 8 3 (Kruskal-Wallis H-Test for
one-way ANOVA by ranks, Hg, ,-175=49.53, P<0.001;
BAEVIE ILE v*=47.38, df=9, P<0.001), [ LM%M
1E 2013—2014 4F, & 0 ind./haul, 4H] 2020—2021 4=
4 1.76 ind./haul (/& 3d), %47 AEDN 4fr2: 57 3%
(Kruskal-Wallis H-Test for one-way ANOVA by ranks,
Ho, -118=48.71, P<0.001; £ 4EHE HLAL x°=35.89, df=9,
P<0.001), PisflR{E7E 2017—2018 4E4 0.4 ind./haul
7 s E R 2014—2015 4/ 106.9 ind./haul, 24T 2020
—2021 44 6.96 ind./haul (& 3d).

23 BiBEEETN(EN)HHHFKRED

1980s #7725 f6 5 EDN-ELH V- [ 43 47 % B 5 [
S AR B s %, % EDN-ELH &k 542
A ELRAS, PRI 2534 T 118°00'E LAV #hifs
TR, #0778 X (EDN-ELH /T 5 000 ind./haul)
S T80 F I e g 1 2 T el ye) () VS RSB (18] 4a)o
1990s WA BE R 2R %, 6251 = % B X (EDN-ELH =T
1 000 ind./haul) JL-F- A5 il 5 A3 , #45) EDN-ELH
EHERM N ARSI G E (& 4b), 2000s—
2010s #)4], faBP EDN-ELH 2 N, B
TCHH = BRI o A, SRR R iV VS RS 1 i T
T 11 ZE Gk g ynnyn] 1 [a] P= BRI %, fa B 200 T8
2R B 1R FE ) A AR (B 4c). 2010s HOIHTF 4R,
VS S P IR K S e, B B VE AR AR A
R RE X Ah, 5 EDN-ELH 4R HHAT4 4], 2 N4
Xof 45 R L DX AN, 00 10 I T YT T R T Tl e
T[] 75 JFC 30 AR 1 50 25 9T AW T PG 6 (& 4d) .
2010s J5 i, #hiEis a0 EDN-ELH #—2Tb5, 7™
Y37 434G T 118°00'E LAVY VA PSS L A< g S0 T %
TA) AR 1AL T v A5 103, e, R e
AT 11 28 8 T30 T I i B 5 B AR R (B ).
2020s W1, EHEEVE ISR EILIE— YK, fa
5 EDN-ELH 3k JJj 52 Wi, 55 % B85 DX A 1 A~ i v v
e A S B PV ORI I i (4D, DL 118°30'E
2k Jp L, 1982—1983 . 2016—2017 F1 2020—2021 47~
YU EE O 53 R IVT VS IR ;. 1998—1999 . 2004
—2012.2014—2015 F1 2018—2019 4F/= G L>7E 43 A
LIRS 3 1992—1993 . 2013—2014., 2015—
2016 1 2017—2018 4EF 0043 JE 4 FER BN (] Sa).
5P 53 A0 FC FH 19808 A7 T 1 725 I 00 8 ¥ ) V5 11 58
HE#, £ 1990s KEIEHE 118°30'E LAATE LB E
A CTPE BN (& 5a); 2000s—2010s FJ4, 125 387~

Gz — AR PR E O — B T 118°30'E LIRS
13 (FEl 5a);2010s H 146 77 R H0 AT B 2 118°30°E
PIVE VS R (2018—2019 4EBRAM, T 118°30'E LIAR
T IER), H, 2016—2017 4E/=§R &0 F 118°E LU
POV (] Sa).

1980s ¥ {7 HEf EDN-ELH =% X (5 T
100 ind./haul) fi 1l & B E , B OB (E T
500 ind./haul){s; 7 3 9y Jo] 1 22 B 0] 53 - 1 T
AT R R B i v 1 RS I B P I TS AR b 1
SN TS U P JE 0 v B X, T S VS LR T e Y A
B AN (8] 6a) . 1990s #1725 {1 HE . EDN-ELH
1 2 B DX WA, B0 B A A T i v L R v T
(BN S T W B N 4 2 s R R e (e
[P o S R e e I e I PN A T R BN 3
IR 25 i [X (4 6b), 2000s—2010s ¥13], 7 4h37m % iE W
W, fFHEfa EDN-ELH IR, T804 TEikis vk
wh, B EE H RIS S, B E YA
(Kl 6¢c). 2010s i, IS BN EARE, T2
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Fig.4 Variation of the distribution patterns to the spawning ground of fish in the Bohai Bay since the 1980s

a: 1980s; b: 1990s; c: 2000s to pre-2010s; d: mid2010s; e: late 2010s; f: early 2020s
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g, 2000—2010s HII N RIWILL5 B g /)
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FAFHEfAALHAE LR A 1980s 2 2010s ¥, BEi
PR/ CPN L3I B T ek, iR E/N Y CD
1 CBD L FTF, % 2020s 4], WBEiRPE/NE
CPN fZRIEH M AW s FRAFHEALHFIRAE
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I RIAE SR 1990s A IR P CD 1200 I & i)
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JE LT RIS A 20108 WIATTLG, LR
B, R EL R 22 P B VD IO A K CPN
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375 F AP 2R % ). K224 |,



12

a5k

38°00’

38°00’

N
39°30’

117°30

117°30'

118°00’

118°00"

118°00’

118°30’

118°30’

118°30’

unt: ind./haul

a: 1980 s; b: 1990s; c: 2000 s to pre-2010 s; d: mid2010s; e: late2010s; f: early 2020s

&l 6

119°00

119°00’

119°00'

119°30'E

119°30'E

N
39°30’

117°30

117°30'
R:<Fivady=v/ oI I [y I [ N B B = [ ||

118°00’

118°00’

118°30

118°30

118°30'

119°00’

119°00’

119°00'
[

<5 6~10 11~20 21~50 51~100 101~200 201~300 301~500 501~1 000 >1 000

1980s LA )it V25 45 V) 285 Aok S0 £ 24 25 3 43 A
Fig.6  Variation of the distribution patterns to the nursing areas of fish in the Bohai Bay since the 1980s
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CD 2R RNt (Hexagrammos otakii)Fl 1990s J&
WA IR CD 128 E #f i (dmmodytes personatus)
F 2013—2014 4EFHF 46, B 2018—2019 4E4h, ¥ i1
CD #ZEF K =i (Pholis fangz)ﬂjjﬂ%ﬂ%ﬁff \ﬁ[}é%“
ES(GE

25 BiBE&N. FHEYHEZHEEKFHETE
HAIFEREREN

ZR A R, BTSN B (K fabp Ds AF
S H, SO KR IT R F T AR AL I G
(Kruskal-Wallis 51K 2 75 22437871 Kruskal-Wallis H-test
for one-way ANOVA, H ,-55=37.62, P<0.001; #%Z=
WIH L3 4*=36.08, df=4, P<0.001), FI K H1EH
R EFMEE R EIFE EHER, EN S
WHTERRE S, B HITE TR, BRI ERAL,
R A RE R LI E A OE (] 72) H M H(E
4 0.86£0.49 (n=11), FHEZH 1.06+0.48 (n=11)5 7,
HZ0 0.83+0.24 (n=11)FK, FkZEmRML 0.18+0.25
(n=11), 5P H'(K 8a)5 Ds (K] 8b)ZEFa I AR —
], ARCHANGHE HAES), Ds A8 shia#ax BN F3k
ik KA b, FIaO HAERRZ g, #

2017—2018 4F; IR{E57E 1992—1993 . 2014—2015 Fil
2018—2019 4F, 1998—2015 4F H'Z4E R, H 1998
—1999 4 1.18 FEZE 2014—2015 4EHY 0.01; 2015
—2018 AENZ LT R EH 1.49, FHEEMIN H
AF B 52 0H B R B, 1E 0.32~1.78 [X[f], 2012—2013
AEARAIL, 1982—1983 4Fd5 i (K] 8a). H' i {H s 7E 1982
—1983. 1998—1999, 2013—2014. 2014—2015. 2016
—2017.2017—2018 1 2020—2021 4F ; {18 25,7 1992
—1993. 2012—2013, 2015—2016 F12018—2019 4
(Kl 8a), HZfa by A4 5EW ) BT, S ks
TR, 7F 0.38~1.31 [X[a], 2020—2021 4F
MK, 2014—2015 4F& e (# 8a). HARIHALTE 1982
—1983.2013—2014 ., 2017—2018 F 2020—2021 4,
HEAH S AE 2014—2015 Al 2016—2017 4, 1982—
2015 4E H')%5h ETF, i 1982—1983 4F 0.73 J1 % 2014
—2015 4FY 1.31; IUE HBsh FREE 2020—2021 4
0 038, FkZFEMEY HIHAL, 25e ETHE TR
Ja X ETH AR SR, #E 0~0.64 X[E](E] 8a). 2009
—2010 4Ef% 1, 2013—2014 1 2015—2019 4E &40
By 1Y 0, 1982—2010 4F H'Ab FTHI, 1 1982
—1983 4E1 0.01 FFZ 2009—2010 4E 7 5 = {H 0.64;

0.01~1.49 X[, 2014—2015 4FEHfK, 2017—2018 4F 1E 2010s, 4 2014—2015 4F H' M 0.25 4, HAEK4A
= ( 8a); HE{EMSAE 1998—1999 ., 2013—2014 H5 0, 2020—2021 424 0.41(A 8a).
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Fig.7 Box plot of the fish eggs (a) and larvae (b) Shannon-Wiener Index (H’) in different seasons
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B Mean, O Mean+=SE, I Mean+SD; Data based on 11 round ichthyoplankton surveys carried out
in the Bohai Bay since the 1980s lised in Tab.1, n=11.
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NS AT RE @ B (AFHREMD Ds B shfa#ia 1,

SCH AL R AT RE M HJR T 3 AT ) 22 W AR Ak W3
(Kruskal-Wallis H-test for one-way ANOVA, Hy, =55~
18.6,P<0.001; £ Z=¥{H L% y*=16.44 ,df=4,P<0.01),
R H HETHRIMWEEZNERLZZR T E, 25
T FAE AR ; FERRIRIIRK TR NS, A — D%
ZAENAE(E o). BEEAFHEM H R 0.58+0.33
(n=11), BEZETIE 1.09£045 (n=11), HZEKENE
B 1.22+0.49 (n=11), FKFFEZ 0.64+0.59 (n=11), EX
ZAHE H A% 0.39£0.35 (n=11) (& 7b), FATHEt H
(K1 8¢c)5 Ds(IEl 8d)2E A BEA —F, A ORI I8
frfetn H7EZN, KIS, BEEEGEirHia B4
[ I ZN P 5, E 0.09~1.09 IX[i], 2004—2005 4F %/
2016—2017 “Fieflk. H'&5E ETHE FREmE X Tt
AE (& 8c), mi{EARAE 1992—1993 il 2004—
2005 4F; fR{EATE 2014—2015 F1 2016—2017 4.

1982—2005 4% H'iezh BTt i 1982—1983 4£11) 0.54
EFFZE 2004—2005 4E/Y 1.09; 2005—2017 4 H'I5h
B2 AR 0.05; 2010s 54 A& ETH, =
2020—2021 4F20 0.63. FHZE HAFRIFIZLES), 1E
0.39~1.89 [X[f], 2018—2019 fxEr, 2020—2021 4F

Bl o B 5ERE G T L FERE XTHBE TS T s sl
1982—1999 4F H'5E &A%, 1999—2016 4F3 50 I
Tb, AR SHME, 2017—2018 4FZEI T %, B
J& 2018—2019 X F+Z Iy s & fH, 1 2020—2021 4F X
k2 7 S A E(E] 8c)o HZEATHEM H 25 T RERE ) 6 1]
P s, 78 0.45~2.07 IX[H](E 8c), 1992—1993 4E
B, 2020—2021 4E5cfik . 1982—1999 4F H'&: T [#
e, 1982—1983 4F 1.78 & & 1998—1999 4F 1.15;
biJE HSE RIS, S {E A TE 2013—2014, 2016
—2017 F12018—2019 4 IR {E s 7E 2015—2016,2017
—2018 F12020—2021 4F, FkZ= HESRIZL, R5E T %
5 BT s sh#ag, Ky 0~1.4 (K 7c), 2016—2017 4E
B, 1998—1999. 2009—2010 F1 2013—2014 41y
HE ., 1982—2014 4F H'E RS, H 1982—1983 45
0.85 F1 1992—1993 4 1.02 [%%= 0; K5 H 2014—
2015 4EJFEG, H'H 0.27 FHZE 2016—2017 4F 1.40 i
F e, TR — EAERRE 1.0 DL b &2 HAERRI) I )
JZN, 78 0~0.99 [X[d], 2013—2014 4Ffcf, 1992—
1993 41 2015—2016 43428 0, H 1982—2016 4F, H'
HH 1982—1983 4114 0.17 S 3h74EH 2015—2016 41 0;
A ,2016—2020 4E7E 0.23~0.60 X [a)/MEIR S (& 8c).
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26 IKA0ERHBTEXERHZTEMHEEE 2004—2012, 2017—2018 F1 2020—2021 4F CC {H{ 7 F

VT VS 5 VR A B 40 28 U DR R R S T R 4 A
i, 1982—1983 4E 5 1992—1993 4E | 2020—2021 4E
2 RN IRYI A 1 CC EAL T 0.50~0.75 X |H],
VR I A A S AR TS 1998—1999 . 2004
—2012.,2013—2019 4F44 CC fii T 0.25~0.50 X [i],
T ZE AR 2). 1992—1993 4F 5 1982—1983 4FH
1998—1999 4E CC {H i T 0.50~0.75 X [H], FEV&[aE]Y)H
AR PSR 5 HASEN CC AT 0.25~0.50 [XJA],
H AL 2). 1998—1999 5 1992—1993 F1 2017
—2018 4E CC A T 0.50~0.75 X [a], FEV&E] Y ApH
PR 5 HAMEA S CC EHAT 0.25~0.50
X [6] , FAEARHIL(EE 2), 2004—2012 5 2013—2014 .
2015—2019 4E CC {7 T 0.50~0.75 [X[f] , & AH1 ;
M5 AV AN CC {ENMT 0.25~0.50 [X[i], H4
AL 2013—2014 45 2004—2012, 2014—2018 4F
A CCAENMTF 0.50~0.75 K [a], HZstffel; s H
Ay CC HALT 0.25~0.50 [Xfa], rPaEAHH{
(£ 2). 2014—2015 4 5 1982—1983., 1992—1993

0.25~0.50 IX[i], FPEEAHAIGE 2); IS HARTE ARG
CC fH{I T 0.50~0.75 X[A], HHEEAMICE 2). 2015—
2016 4F5 1982—1983 ., 1992—1993 Fl 1998—1999 4
CC fEfF 0.25~0.50 X [H], *PEEAAML, 1S HARS
iy CC N T 0.50~0.75 X i), "PEEAHRI(EE 2), 2016—
2017 4F5 1982—1999 4E[IZJHE 4 CC AN T
0.25~0.50 X [H], HAEAFAMRL; i 5 HRRAFS CC
{HA7 T 0.50~0.75 IX[H], HEFAHPIER 2). 2017—2018 4
551982—1983 . 1992—1993 #1 2014—2015 4£ CC {4
fF 0.25~0.50 X [H], HPAEAHIML; 15 HAFM CC
HAL T 0.50~0.75 IX[H], Hr&EAHL, 2018—2019 4FE 5
1982—1983. 1992—1993 Al 2013—2014 4E4&4E{y
CC fHAIF 0.25~0.50 [X[], HH&EARAHRL, 15 HA
HEy CCAEAL T 0.50~0.75 X Ja], H25EAR L3 2). BE
v [] 4 Tl 280 S AT ) AR AL Rl B /NHES T R 1998
—1999. 1982—1983 . 1992—1993 , 2020—2021 . 2015
—2016.2018—2019.,2016—2017.2017—2018 ., 2004
—2012, 2013—2014., 2014—2015 4=,

R2 ARAERBHEEEXFTHFTERNTAMEE g8 CIEREBER

Tab.2 Matrix of the f similarity index (CC) of species composition to the ichthyoplankton community

in the Bohai Bay between different survey periods

PRI 1982—  1992—  1998— 2000— 2013— 2014— 2015— 2016— 2017— 2018— 2020—
Survey time 1983 1993 1999 2012 2014 2015 2016 2017 2018 2019 2021
1982—1983 0.63 049 042 040 036 044 045 045 044 052
1992—1993  0.63 059 043 045 037 043 040 038 044 042
1998—1999 049  0.59 0.44 041 041 043 043 050 052 045
2004—2012 042 043 044 053 043 055 054 054 053 038
2013—2014 040 045 041 053 055 052 060 051 043 049
2014—2015 036 037 041 043 0.5 057 056 047 052 049
2015—2016 044 043 043 055 052 057 071 065 074 057
2016—2017 045 040 043 054 060 056 071 072 063 057
2017—2018 045 038 050 054 051 047 065 072 070  0.67
2018—2019 044 044 052 053 043 052 074 063 070 0.59
2020—2021 052 042 045 038 049 049 057 057 067  0.59

27 40 ERBBEEEERENERFEEIEHTH
1982—2021 4F-HFFE 1 7 Fiigh it i fa 25 fa 5 EDN-
ELH 7A76 ] W It K 4 . iR 1982—1983 45
& O R R AR 1, B4 s B2 B
EDN-ELH 785} 0.92~65.37 15, BHPHE Ky 1~3.24 1%,
WA RO 1~2.44 £, FREBEREN R 1~2.24 £,
BEBEGN Ry 0.44~1 155, W 8/ N> T #1000 0.48~1.75 £%,

HIBEN 0.41~1 %5, AR IRE R R R g, HkCh
Ol WE DB, FEEND T M SRR L. JEHEH
B, 40 4E3%, 1050 EDN-ELH B i FRAR R R Bre .
i /NVD T B RAE S IR ST R ) D T L B AR
Bt SR shRIZH 2T E (A 9), it EDN-ELH
FE 1992—1993 43k [y 5 W AH 65.37 %, ILAk, Bk 2016
—2017 F12017—2018 4F AL i T 1982—1983 44k, H

AT 1982—1983 4F; HoH, 2015—2016 44
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2020—2021 4 M figim &4y, D SARMEAE 2016—2017 4F
(K 9), B SAR{EAE 1982—1983 4F, 1£ 1992—
1993 43k JJ7 L UEAH 3.24 £%; 1992—2021 4RI 2T
MeJm B sh BAT %, & 2020—2021 4F KK
1.81 15 WAL T AL Py AR AE 1982—1983 4F, JJj
TUEEAE 2017—2018 4E4 2.44 %5 1992—1993 4E
AL 1982—1983 4E W E T+, /G 1998—2015 4F
[) 5 A B AT AR FEARRT AR IH] , [ 2016—2021 4F
W ETHIE 9), AREEER AT PR TE 1982—
1983 4%, [y s 0E{HAE 2016—2017 4, 4 1.81 fi%; H
1982—1999 4F[H] 1 L THEa%, 1999—2014 42 TR
e, 2014—2017 AL FFHES, WG SXGRAE R RE,
% 2020—2021 4E 1.08 £i5(I&] 9) . B 7 s I {E 7 1982
—1983 4, 1998—1999, 2013—2014 F12016—2017 4F
AR R s DT SEARMEAE 2015—2016 4F{X 0.48 1
(F 9)o /NS T 0I5 1 IE(EAE 1992—1993 4F, Ky
1.75 f%, PisSRAETE 2015—2016 4F, 12 0.47 £%; 1982
—1993 4ETF 2 Jy S UE(E, TMJE 2 1998—1999 4 2R
T, H 1999—2014 FFAAFEALEIX [E], 2017—2020 4
(55 _ETH(EL 9). AEf1 ) S0 IE(EAE 1982—1983 4, [
SRAEAE 2016—2017, 12 0.41 1755 FI 1992—2021 - 7E
IR X [T Py i 3l (1B 9)
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Fig.9 Eggs abundance index of the main fish in the
Bohai Bay since the 1980s

- OB - AN Tt~ @=L —Ye— I B i~
W, - 4 WEASEL -A-ER,
= &= Konosirus punctatus, z$r Sardinella zunasi,
=Ye= Thryssa kammalensis, =@= Engraulis japonicas,

W= Setipinna tenuifilis, * & Scomberomorus niphonius
and =A=- Lateolabrax maculatus.

28 FE&R, HEMEREXBMEBFEREREL

T 40 43k, AN R JR A I T AR A DS SR AR 4 R
BBV e IDGREME R TR L B4 @ =N = R Gy Dl o P a2
B . FREEAE UUE IR AN OE G AR s, PRBE AR VR RN
{AE 2020—2021 4EHBL(E] 10), KIAAS L -, =%
PO BRI R e T RS Lot ny s shitass, FhEh
1982—1983 4F 29 Fh[% E 2014—2015 4F 13 F#,2010s
AR ORI, & 2020—2021 4ETFZ 20 A
7B B A AR I A L I L, H 19808 &
2010s WAL ETE 4~6 B, H 2010s AL RS
B ETHRFFAE 9~12 B, & 2020—2021 44 10 Fb;
7RG UOPE DY fa 2 R LR e S THE S E Y,
1982—1983 4F 3 Fl[& & 2004—2012 4E() 0 Fh, M)
Wsh ETF, = 2020—2021 45K 4 Fly B iR 2 Fh
B— HYERFTE 1~3 F (& 10). KA fL, F=iFpkonf
HFPECE o 5 TR P A RS e BT R s T
T, H 1982—1983 4EHY 74.36%7% A 2004—
2012 51 77.27%, MJE, B2 55%~61.9%, 2020—
2021 4N DT HARIE 55%; FeBEMEI M E 5
SR ETRES, B 1982—1983 4EfH 12.82%TH &
2015—2016 4FfY 5 2 i {H 34.62%, 2020—2021 44
25%, HAH TS 1 AR CREDUEI A E
AR TREE LTSS, Hh 1982—1983 4F
7.69%F% % 2004—2012 4F 0, M5 THE 2020—2021 4F
10% (& 10),

40 RAER, AR A I I v S 0 2 R IR B
AR LN CD Fild s, ko CPN. CBD. CRA
025, OEP PRI shEK, OMP a2 {AE 2020—
2021 AEH LA 11). KAAE{E I, CD f1 CBD fa2k
FREOR LR 43 o LU R N RIS LT AR ke s
1982—2015 4E CD 11 CBD faZlFigrh 1982—1983 4=
27 FhFER 2014—2015 4E 11 F, FhECE 05 etk
1982—1983 4EfE 69.23%F% % 2014—2015 4E1
52.38%; ItJ5, CD Ml CBD #i#g 4 FTF, & 2020
—2021 454 26 Ff, FHECH 4> 5 TR 65%(K] 11).
KHARE |, CPN M R e XS F2 2, BR 1990s
11 B4, HAAEE SR IE 7~10 22, CPN
O RFIECE 43 7 LE RS B TR TR AR S
1982—1993 4 CPN a4 E 4 bl 1982—1983 4
M 20.51%TF%E 1992—1993 4FIE(H 36.67%; 1993—
2015 4F CPN fHZEFECA 73 o5 LLIIHE 30%LA (2013
—2014 4EBRAN, N 29.17%); M 2010s HhEIT4R,
CPN 12580 2 LR & 25%~27.27%IX 6], 2020—
2021 44 25% (B 1), KIAEfk I, CRA fa2EFp%L
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SERF= IR FPFRZEEL Number of spawning stock taxas with diferent spawning type
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Fig.10 Comparison of the number of taxas in different spawning adaptation type of the spawning stock
in the Bohai Bay between different survey periods since the 1980s

P: PUEPEORME; AF: PHEEMEINME; D PURIETUMEINME; O DRI, AP: PUREEFEMEINMA,
P: Pelagic egg; AF: Egg with adhesive filaments; D: Demersal egg; O: Ovoviviparity; AP: Agglutinative pelagic egg.

2 FhZE AT, HARREE(1992—1993 H12015—2016 4F
BRAN, AL 1 Fi); OEP 2[4 M i all £ 0 A1 AL Ak
(Coryphaena hippurus) /5B ZH K ; OMP Fp2E[5E
BEER(Lophius litulon)[{ HBLAE 2020—2021 4F 5 J1 14
A 11),

AN TR R A s 309 9V fa SR ARGE IR 2R AL DL WT
A Rm, WW SRR 2, CT MR Eum ik,
WA CW A (E 12) KA, WT 1 Ww
R R TG LT AR g, Fhgsr il t
1982—1983 4F 26 i1 10 &R 2014—2015 4EH)
12 FpF 7 Fh, BEJEFREGE ST ETE, 2 2020—2021 4
A3 R 27 FRAL 11 Bl CT FPEUN— HAE 1~3 FliAd 4
RIX ] . KA b, AGE RSER E 4 e &R
A I R ARG , WT 251 2 i o7 4% T 2 )
M 55%, 2018—2019 45l 69.70%, 2014
—2015 4E AN 57.14%, B4 1992—1993 ,1998—1999
F12014—2015 4E4N, WT EIIFE 65%LL 5 WW i
KE o E A 25%~33%, 2013—2014 AR5 [KN 25%,
2014—2015 4Ef il 33.33%, WW 250 s
{H7E 1992—1993 . 1998—1999 . 2004—2012 F1 2017—
2018 4F, fIR{HAE 1982—1983, 2013—2014 Fl 2020—

2021 4E(1#1 12); CT 2K H 5 N 2.9%~9.5%, 1998
—1999 4ERMEH 2.9%, 2014—2015 FEGHN 9.5%, F
{E7F 1982—1983 . 2013—2014. 2014—2015 F12016—
2017 4E, R{HTE 1998—1999 F12017—2018 4E (& 12).

3 it

T AR L A 3 SR B B A i R I e
55 . X S PR B AR A AURR A B R A B B, /N ER A
AR AR T B8 23 %) B R b 7 B 7 AR TR 2R R (Houde,
1987) a2 L 9% U5 A A7 136 B 2 Yl 98 R kb 78
Fn] HR2E H) FH A He Rl (Houde, 1987), [A] It 2 i PEER
AR AK  BURFE FR (Nielsen et al, 2021), HR@ 3544 4
22K Hjort (1914)7E 20 M2 WA T a0l 95 R 1
i i =AU — “WEENE”, R IREE R
I AR S 0 R EH . A Hjort (1914))
FFAMHETFE ISR, PRI eIl R R 30 285 14 A B DA 60 B il
T MM A ool A PR RE S, AN SEHLHIBF 5
— R el IR 2E B 5E B4 (Somarakis ef al, 2019),
AR, VFE PR, 3BT gl T s ol
BUE ) 8 (Hsieh et al, 2006; Anderson et al, 2008), [A]
A, ERAEASE T 5 T 3 Sl g I s 2R
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SERH S 2R BV YRR FP %L Number of spawning stock taxas with different habitat type
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Fig.11 Comparison of the number of taxas in different habitat type of the spawning stock in
the Bohai Bay between different survey periods since the 1980s

CD: KEFRBKIRZ A CBD: KREFZRBOKPIREMIE; CPN: REZRHEKP LIZMEIE; CRA: REFAAHENMEMI;
OEP: RMiZAFEMe LT B2 OMP: KIFHKIRIZ Mk,
CD: Continental shelf demersal fish; CBD: Continental shelf benthopelagic fish; CPN: Continental shelf pelagic-neritic fish;
CRA: Continental shelf reef-associated fish; OEP: Oceanic pelagic fish; OMP: Oceanic bathydemersal fish.

SEIREE IR AL Number of spawning stock taxas with different temperature adaptation type
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Fig.12 Comparison of the number of taxas in different temperature adaptation type of the spawning stock
in the Bohai Bay between different survey periods since the 1980s

CT: ¥iFh; WW: BEAKF; WT: BEHRF.
CT: Cold temperate species; WW: Warm water species; WT: Warm temperate species.
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BEOR B PR 23 & AR % 7% (Rijnsdorp e al, 2009,
Portner et al, 2010), {HE Rt 5 AW H %
i S 25 A FRIXE o v g 5B Sk 2 Rhfa S n /N i
(Larimichthys polyactis) (245, 1960; XI%i%%, 1960,
DRI 755, 1965; KRGS, 1965). fE#1 (RG34,
1983; Jrdiis 5, 1988) . PR H (1 AR 3K 5E, 1984;
ZE AR, 1988) . BEERFIE B /NP T M (FLAL ISR,
1996), R 4nh E Xt EF (Penaeus orientalis) (XS5 W,
1960 . 1980; X 5 HE 45, 1983) Fl v [H T T (Acetes
chinensis) (1L T8 W FEK =058 Ir RNAT A6 A8 W K =
WEFEIT, 1961; MR TF4E, 1982, 1987; “HhiES | 3¢
M B AR FAR S BB B, 1992), &N
=M T (Portunus trituberculatus) (P 50RESE, 1988)
O S0 O BRI (Oratosquilla oratoria) (X 5oESE,
1988; #FFEBT4E, 2018)55 7 Ui sz MH 2 1 = 2R
Yi. 1980s, i s A~ whig U0 1 25 B fe ok L 77 B
R I ] fi I A0 T 0 (28 75 R 45, 1988) . I 40 4R AE
SRR . WS R R R LSS EER R, B
S EA I MR EE LD aER b, —LEE
WL AR =90 . R E N S B e 2k Bk A

31 #iEEAXRIFIFELMEEE R 5 TR

T VS A0 2 L R PR B A0 2 R B B R B
HOR R PEN | PR B DOME BN RIB G A fa 2,
UL 7= BEAE TR PR O A0 28 5 A S8 28 R 38 DA ki 4R v 7k
JEJZ MR, O KK 2 L K
K R 2 AR A A Tk A1 2 R 2R PR
P L2 R BT ) % sh K, 18 LR PER KR 2
2 SERGE TR DL IRt R B v, R K
Rz, BIRE R RURAR . £ TR A ) 2k
W IR A RN LR . RIS | Wb B R T
VR R BB R, PR SR rE 5—
8 A THEB B, 5. 6 F 3k AN LI~ 00 o 1
PSS AR Ak =00, B AR B s 7, 8 H
KA AR, BRI E T, gL
w i R, Hl T R A AR R e, @
VT ER R I R, A B AR T R K X TT RA B
B4 7= O AN R 1) BT RSN (22 5 1655, 1988);
10 H V5 /K s R, Rk 22 B30l i 1 b 28 4 4k i
SR, AN Y A I X 0 O A 2 R 4 A
fii; 11 AZEZAE 3 H, A /DBOHT G 5 B
B — RN ) R R A, 19905 XR SR,
1988) = Fh & LB AP 2. /NEY CPN S N BEhg . &
figg/Nyb T g g JREb R B kg g VIR

A R I S5 NELHE M CD Ml CBD £k,
oy BERE | oS24t B ER T 1 . KAR i (Protosalanx
hyalocranius) . W) L1758 J7 [ B F1 /D 85855
KA1 CD Ml CRA f28UNeR . 0565 . fE85
TRV AR: Ay 0 VA VS 45 8] A s 10 £ 248 L AT U 1) A R
Jte H 1990s 2, HZEW A DB W E 2T,
IFAE R ARy A DA E o A 0 T AH S 3 M 5 7K 35
(TIRARAE, 2022b), iSO H¥E A E 2 04F
Wik EN, FRERZ, BEHR, BERIL, &%
VAL X TC TR B 0 A s AFHES HS(EAE TR
WHREEMERLFER T, AR RENEE, TR
TRk T R, &R AR, 1M SEMIIE KR MY H7E
HFREEE, REEBERZ, EENHR, KER; 17
Mefh HEEZFERENEE, ERRZ, FEHIK,
A BUAR . FKZE A N AR 45 T8 A 2215 il TS £ Y
H 53BN /P IEW 2 5% [(FFEME (TR
H'=0.95+£0.63(n=11), Mann-Whitney U Test, U=52,
P>0.05; HE 2% H'=0.91+0.61 (n=11), U=46, P>0.05;
HZ& H'=0.83+0.35 (n=11), U=50, P>0.05; #kZ
H'=0.15+0.24 (n=11), U=57.5, P>0.05], HhiFsi7aE
i H'TEA 22 B AR T SR M VS [ MVS A FRE . H=1.12+
0.38 (n=11), Mann-Whitney U Test, U=14, P<0.01],
I A 25 25 501 i 2 (R B %8 H'=1.52+0.45 (n=11),
U=33, P>0.05; E%& H=1.31£0.49(n=11), U=56,
P>0.05; #kZ H'=0.64+0.33(n=11), U=55, P>0.05;
&7 H'=0.77+0.37 (n=11), U=31.5 P>0.05], 2020—
2021 FFIAALER BN, BB a HBE 6 H g
TR R RIS, A 2 N IR T s
MR MArHES HE A . AR R R EGE
o VRS (T R 45, 2022b) o i VS A5 v A B s 9 %)
TR S K SCEL RGN A AN IA], A 2 L B R 2k |
LB TN R 22 1 KT 10 2245 78 Ak 32 22 AN W]
ARG R AU A I G DS TR ) £ SIS A S
ERFE AR SCER B ZE R

F 1980s DAk, i fo 2 0 B8 U 45 4 Ab Rt
TR R, PR R SR A PR AR PR Bl o 1
Vi Y £ BT AT £ R BRI 8 5 = B R R S S TR S
TR SRR, S7E 20108 WK Z P ARG, AR
K, FEHIA 20172018 AELISKIA AR . faOR A 1HE
faFigh 1980s (19 39 F, 1990s I 31 F . 510
34 Ffr, 2000—2010s FIHIAY 22 Ff, BIRFESE 2010 7
By 21 #, 20108 HPEBIEL EIH, 2 2020—2021 4
TLik 40 F, fAGIFECH AL ¥7E 2014—2015 4E[E &
i ARAE, FECAR R 1980s 1Y 50%, Al {LK 1980s
) 20%; 1 2010s H 0145 A DR FRECRT AT {H 2 IR R
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545 %

2 2020—2021 EFELZH 1980s 1Y 80% L AT, AL %
FI BT 88%. B AT 7EAS R 275 5 BUAS [ ) 22 5
e, Hp, . REMERYRIE TG LTH0AE
st MAENR B E FREEE, M 1980s, X
HIfaBP Al EEEMFEE FZ S5 MY, T2 I
THEas, BB TR . fFHEAFECR AL W ITE
2000—2010s FIHIRE 2 D7 s ARME, FHEUCH 1980s 1)
37%, ALY 25%Z 455 H 2010s FHHATFLG, FhECR AT
S BAKERES, & 2020—2021 AFEAFHEMAIECS
1980s REHH Y, AL W BEETIY 1.33 f5. f1fEfa Al
1R EREMEEY R F G T MRS I sh LT+
A, MFKZE 2013—2014 4E A ] 0] £1-#E £ 25 B A
i, 42 2014—2015, 2016—2017 F11 1982—1983 4F
T HABAESY s M 1980s, HZ MK HE BA1HE
i Al ETHE, 2. k. &Z5 1980s ZRARE
AHEE 1980s, 2 2020—2021 4 ik 25 Hh PR A1 28 L ¢
TERP B Al B 5 H O W22 5, (A2 R oe R
SERYE A I AR AL . 40 VARSI 1 26 R VS R 4R ]
FIR T B RINIE 26%~64%IX 1], BIVE J2 A0 41 AF 43 1]
Pl o B R 3k 30%, LT AF S 5L 0 mm et 3i
F2 L BT P [R) 21 f 2I E  OR UEA AR 2 R B
S, OO AHE B S AR B A ARAR PR R 203
KR AL (P PO 2R BR A . WEEAL | GEIR
R P= PR SEARFIBORBUR e TR JE LT A sl 3
SARLEA SRR PP 2 R b e PR M R AN RO 2 R R,
FR 6 1R B0 A A5 0 0 2 T e s MR 2RI CPN A2
i e THE, CD A CBD fa 2T (5 H A 5 3 T2
At CT A 2010s FPHILICK R TS Aam)HE
W MR AR /N CPN 25N
i JREBR BRI, /NE CD ST RS
7N 22 i Bl R . BT B Ofll 8] T 0 (Acanthogobius
Sflavimanus) F K i #R 5 8% 8 1 (Gymnogobius
macrognathus)Vh Je KA CPN a3 N o B 4
AL 1T 1980s 7K Vo (H V5 A% 48 28 T £ 28 T/
CPN a2 F /NS T 1 BEEE, KA CRA a2 anfe
fiyi, KA CD A an % 8155 ALE 1980s T FEH
s R N A0 RV 0 SRR GER R 4 Tt 25 R )
PR E AL, {H EDN-ELH A%, EP4aslk, 3
AH 6 VS VR M L G B =00 . B S i T
RSN

32 #HBEEXERFRTENT EEMLFFE

RS BORE B IRE I, HE 5 AN KA B L
TR ZU A 3 45 5 LA e R K RO 32 A S T IR U AR K
U Vg A 225 v v e 6 5 5 I S, Herp—

S TR AL T e S, O 5 LI R KR K R
iy U R Y G B PR B SR A, 1983). 45
A I 3 i g T 0 2 B i MR IR — AR b oy e 1
VS e IS 7 AN ] P i VA U 2 I DX R B A AN [ 7K
RIEAX, HTAERKEE SRR, MR EYE
A, RAREF R R AR T (b AN R ORT [ B
WK =R SE T, 1960) . PR v 22 H50im i i 28 DUk 4
30 7 P S 36 47 A B i 00 1) %oF 6 B 9 3 A — A4~
A TR DX 2R 7 1ot G R X A R, 224 Pl IR A
LA B 5 55 78 Ak B I T 5 | S R [ K 3R 28T X Ar
BORER A TR AR B, £ 1R 255 R S5 A O AT 3 I
5|6 7 O A o AR Ak (PP A N R A ] 0 K S
JIT, 1960). XK F SR 355 60 208 U AR 30 s B Br (PR
UR R EAT £0) 32 B VR e A 06, R R IR M R o ik
A HEWEKRE ST, AR T PR AR T BRI
MRS o H TS R RS R I K ) D s 2 P B 7 SR
VRS TR R, A2 TR TR, VS P 1 A
ZRVG [ (RS R4, 1983),  FIT LAAS V) A s 725 v i35
0 5155 EDN-ELH ZHEZ i 5 7R VY )38 i i 5 2 4k
R, [FHESE EDN-ELH ZHES 3TN R

1980s, MRS =N M (5—6 JH)BRfE . fiffn
W R B A /RSO S A W V0 TS 11 5 S AN R B R
BH B2 55w K S B A, 2 BRI AR 3 B 7
ANVD T8 A ARV SR B2 U I KK R AR
il Y3 AT 11 0 B 30 DX B B, 7 B9 o 57 T ]
FT ARG ZE SE sl ] 11 DLIE K 5~13 m ¥ X (5 1
%5, 1988), 1990s, B #OIM(RFEESE, 2004; ARE T
IR BT 5145, 2003)FNEE] (FF W 4%, 2007)%5 A
VAR A RN T 2 T, 45 Tl 11 R AR AR IR
IR FRIES , AR DGR /N, 3258 B B 0K 8 iy 2L
WS AR AR IR TR G e 10, AN s AR K AR
S, DRV RV 11 AR R R T e (AR AL AR, 2004; TR
4%, 2007; Wang et al, 2010; Wu et al, 2020). 411 1961—
1996 4F1Y 35 4FH, 5 IR SZ Y e IR K AR 45 i i vk
SHARSEYERBERE N 1.9, VAR ECE N 1 AN R E
MRER X O s SR IO (R R AE, 2004), AN
1990s 4, 38 1 b B A% I R A K 1) B (1 I8 4R 45,
20222) I T K H A3 A i Bl Z 8 AN R, B AE R
A AR, BRI BN T up A
B, A5 1980s 1 12.4%1 65.5% (J7 Fii 5+
45, 1998), TS PR O EE O AT F T R R B
() 118°30'E £RFIT 5 1990s i, [ifi 25 oy 1 iAg ya) 5
NI — 20 TR, WS 2 48 7= Bl X B AN
&, PRI RS S T AR R R B O AN R X
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W, BLAERON L AR, HEA 21 4, A 2000s,
Xif 0 57 N B A R WA G5 H)E AR
PN UG8 37 o o 25 7 S AR A 14.87 42 m® (K3 i)
IKFIZE B2, 2002—2021), ¥E5JEF =0k — 4
B}, MO0 AL Wk =y RS CRF BB N %R), ™~
B 3 b R 375 B A e 0 W S B A T, PR
OB TS 38, 20108 W1, H 2012 4FL, HFREH
MR B T, TS A AL 4 RETEARAL
FEPNELL— HAE 118°30'E kLIRS L #8, Hrh, PDO
FRBOA (AR A 2 ) A AR I B AR FET Y 2013
—2014 4E(FBEA SR, 2022a) (034 Fh hy BE&E, w0 FEIE
118°30'E £&; 1Ml PDO 45 UL v AH & 2= o] A%
TR D Y 2014—2015 4F (K RSB B ] 7K F 25 5
4%, 2002—202 1)L #Fh Ry fi , FCo e a1 7 13K . 2010s
WO BT R B OB R PR PR AL, PR OGS IR
BB 1 (7= IR ST ) ()3T 2 R TS 7 B R B A i (N R AR
55, 2022a)F KH A u B H AR BTF; R4 2016
—2017 4F- 75 Z= V8] A VAR I e R G 558 /0 (K R3S 2 ]
IKFNZE 5145, 2002—2021 4F), (HM4E 6 & A i/,
DT A BEER, 7= B FO 7 F 118°E LATH VSRS 52017
—2018 4F 5 H, 7= U £k A3 B R 558 5 10 1 o S
Rl A AR, 6 H (L0 TS 119°00'E
PAAR T 11 38) A R S b B (R B0 A6 T 3RS 118°35'E
DIV ) AR, FRBEO T 118°30'E £k
BT 2018—2019 4EF W AR 19908
13 DK 19 i v B (R R 0T K R 25 B3 25, 2002—
2021), {HEPAA A EZA T 118°00'E LIZRELE
5 W R B K XS (VS S R TE ol 62), 44F 5. 6 HJH#A
PEARIIR M B, A 20205, =R ARG Bk
48.55 42 m’ 4 17 52 R K AR BT 7K R 25 51 43, 2002—
2021), 5 HEEAIEREFIZ 504 T 118°00'E Zk LAZRTE
AR R O A, SR B B RN A T
118°15'E e LAVGIE H IR ; 6 H R Bk i S A #5hp &
B AT O118°00'E LAAMESL, A4FE B E.Of T
118°E £ .

33 HETARBEHPRENTTLAY “LITEH

FSEZE

IV Ry — > = E R b VR AR R AR
K SCEEZR AR A ) R (AR M8 7K 5 ey A AR Ml 8
T X Wl HE 58, 1990) . AR IREEMESES, &ALk
S0 1 B0 I I8 (AR TR R A R P,
2020—2022), HA HELAE Al 0 TV K IR AR S
FLAS I K SCE 2 AR 25 0] 43 A5 R [R] A5 £k b )RR AE B
AL, FEANY KRR LY T i i 7= p i i K

JIN IR B A A A 2 RS R LA % £ I R 2
I3AT o AR AN ER A S W VR A 0 R LR IR
FAFEE Y 2 D E 2 PR - (Bunn et al, 2002),
AR A ] f 2 A A AL R, 3h FE 4R 02808 i
5, FEME R AR ALRE & AR AL, BAE H AR R
AR ME T B AR B DR AR T, DT A R e A
PR E KBENEBM FE TR, 2R B 5
T, H 1960s DI, ShifEdS AR iR (SST) & 2%
Pesh bk, o 1982—1997 4R AL 7 T i )
(warming period); 1998—2013 44 &b F Tk 4] &k 1Y)
(warming hiatus period), {H¥h 5 24482 & H 5O
it e U 2 R I 4 S B THEA (L er al, 2019,
2021); 2015—2020 S 44 SST 4% 6 40T
s 1980s LIOK, SRR A LEIRIR | 55E
P )R SR AR iR HE 1 £ S e hn A, i A 2019 4R L
K, B S R AR E PRI AR YTE 7 R LA, W
PRI R4EY) 80 d LA L, ~FHPIRIRELE 1.2 CLLLE
(AR BT E S AR by, 2020—2022), i
T 23 i 7= O 4l 7 I B BE S0, W S 52 A IR Y
PR B R A, WU R AR
A VB IR R ORI U T RE (Pepin et al, 1997,
Laurel et al, 2008; Pinsky et al, 2013; Bian et al, 2014,
2016; Free et al, 2019), 728 1H A A= ¥y v] 3R 45 1
(Beaugrand et al, 2018), EHH e M B2 IRAE G
ARBL, HE 500 H U5 55 (Almatar, 1984), WEFEFAIR
WA W) 2 S5 BRI R A 2 AR G A0 28 L B IR A A Y
o 7E 2014—2016 4 [HIAUA B PIR E S EBURL
P e A 20 R B IR 45 0 LR TR Z0 784k, AnTE
43 B0 B o0 S R RS B SR AR LT A T R v
o, ZHEALGHLERERIGER AL AT A RFFIC R
R B OK - 5 TAE 55 ¥ 1 V25 445 J3E A 20 S [ 4480 I
R AT AN PR IX, WK vkt S R B B R A A
JER AL 2 ETHES HS5Je/RE B2 i oA
(), R TR AR A A 00 75 T T PH 0 2 v v Ut P £ 2
IR AT R F T3 (Nielsen et al, 2021), 1E4F
¥ SST b . HHEHIRMUA Y 2015—2020 4, &)
T T /0 % RN IR OAR VL fR S B OK MR 2R
EDN-ELH & #ThEr, &Rty R a5 i
IR AT B BT HE SR .

AR RE 1) 1 AR A T 15 4 5 i D 5 3 M R A HE £
13151877 (Holliday et al, 1960; Laurence et al, 1981),
Tk £ 20 1) 52 i R Sl 2 A IR BRI A S R o 7 B 37 b
PR A Y SR, TR BE S e S ER B 00 T
P, R R AR T 7 B 1 b B 43 A 0 S Gl L B 1) B
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ERFERON U R 3, RIS AR IR AR R i i = R 3 A
VEF AR I K i S AR B, sk mi K il &
IR, A B TR S AN TR T R) s M,
AV T 75 R g YR ARG R 0 3 VB FH R K R 28 o s s &k
B, SR KR S AR B, K BRIV A b 78 1)
#) (Alderdice et al, 1971; Bunn et al, 2002; Bian et al,
2016; AR, 2022a), DT = D i 48 B AR AL S5 VR
i AR 7K e RV S A T AR 2 K/ N AT 28 M 9 R (R S
&5, 1983), PHASTAIG A48 30 i HL I g i 5 A4k
VI VS 7 O g R B PR TR R 2 PR AR AR K R A e
KA R, S BFEHl . 1960s LUK, MK 2 K
WIHA(ARE S, 2021), RARBEHRMMILSE AN K,
B 0PSRN 2 35 Bl G oK 2 R T I IR R T B
KPS SEOER AEARTR R O IEA BRI
(BHAFE 10 H 2845 5 1 TR B 0 I8 5GP 22 58007 i 7
i) (FEHIAE, 2007), WIS TS F= o b7 46 B AR Ak 3=
B EO A AR T AR B R (R AL AR, 2004; FRAp
4, 2007) 0 XUV IR A0 27 O S B
SCH AR ZE BT AR L 1 A PR AR S 2 B M Bt S 7=
IIATE R RN iR A I AN RN, TR e
R IR IRSEE . [ 1970s & 2000s #I, EIHE
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Temporal Variation of the Early Life Stages of Marine Fish Assemblage
Structure and Abundance in the Bohai Bay

BIAN Xiaodong'?, WAN Ruijing', SHAN Xiujuan'?, JIN Xianshi'*", WANG Kaichuan'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, State Key Laboratory of Mariculture
Biobreeding and Sustainable Goods, Key Laboratory of Marine Fisheries and Sustainable Development, Ministry of
Agriculture and Rural Affairs, Shandong Provincial Key Laboratory of Fishery Resources and Ecological Environment,
Qingdao 266071, China; 2. National Field Observation and Research Center
for Fisheries Resources in Changdao Waters, Yantai 265800, China)

Abstract Bohai Bay is an important spawning and nursery habitat for a variety of economically
important fish inhabiting the Yellow and Bohai seas. Based on a meta-analysis of historical data
spanning 40 years, combined with a field survey of current fish habitat conditions conducted in Bohai
Bay, a long-term dataset containing early life resource surveys (including 53 voyages, from 1982 to
2021) of marine Osteichthyes was built. Based on statistical analyses, long-term trends in
ichthyoplankton assemblage structure, biodiversity, and synchrony were interpreted. The results
indicate that ichthyoplankton assemblage structure and the center of gravity for spawning and nursery
habitats in Bohai Bay are currently experiencing continuous replacement. Seasonal variations in
ichthyoplankton assemblage structure, abundance index, predominant taxa, and species diversity
levels are evident. Spawning and nursery habitats are concentrated in the central and inner part of
Bohai Bay west of 118°30'E. Compared with survey results from the 1980s, the taxonomic
composition and abundance of the ichthyoplankton assemblage structure have changed considerably.
The function of Bohai Bay as a spawning and nursery habitat for traditionally economically important
fish has declined significantly. The abundance index and taxon number of ichthyoplankton in Bohai
Bay fell to a historic low in the early 2010s, then rebounded significantly. The taxa number of
ichthyoplankton decreased from 39 in the 1980s to 31 in the early 1990s, 34 in the late 1990s, and 22
in the 2000s to pre-2010s, then further decreased to 21 in the early 2010s. From the middle 2010s, it
recovered to a certain degree, increasing to 40 species just prior to 2020. The current number of
pelagic egg taxa is 22, 80% of the number in the 1980s, and 88% of the abundance in the 1980s. The
current (2020—2021) number of larval fish taxa is 26, almost identical to that in the 1980s, with an
abundance 1.33 times greater than that in the 1980s. Interannual and interdecadal variations in fish
egg and larvae species diversity fluctuated drastically. Interannual taxon substitution was noticeable.
However, the substitution rate has increased significantly in recent years. Spawning, habitat, and
temperature adaptation studies of breeding stock indicate that the number of taxa first decreased, then
increased. The annual proportion of the number of taxa to pelagic eggs decreased, while the
proportion of the number of taxa to adhesive eggs and eggs with egg membrane filaments increased.
The annual proportion of continental shelf pelagic-neritic fish taxa increased, while the continental
shelf demersal and benthopelagic taxa decreased. The ecological density of numbers in the early life
history (EDN-ELH) of Konosirus punctatus, Sardinella zunasi, Larimichthys polyactis, Trichiurus
japonicus, Lateolabrax maculatus, and Cynoglossus semilaevis decreased significantly, whereas the

EDN-ELH of Engraulis japonicus, Scomberomorus niphonius, Thryssa kammalensis, and Sillago

D Corresponding author: JIN Xianshi, E-mail: jin@ysfri.ac.cn
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japonica increased. Ichthyoplankton abundance in Bohai Bay mainly depends on environmental
conditions in the spawning habitat, fishing intensity, and the degree of damage to the early life stages
of fish resources. The temporal variation and succession of the ichthyoplankton assemblage structure
in Bohai Bay were the specific manifestations of the multidimensional niche disturbance and
structural performance deterioration of the fishery resources under the dual disturbance of global
warming and overfishing.

Key words Early life stages of marine fish; Recruitment abundance; Spawning and nursery
habitat; Species diversity; Long-term variation; Bohai Bay
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Appendix I The dominant (IRI>1 000) and important (IRI>200) taxas of fish eggs with temperature adaptation (TA) and
habitat types (HT) to the spawning stock in the Bohai Bay since the 1980s
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Appendix [I  The dominant (IRI>1 000) and important (IR[>100) taxas of fish larvae with temperature adaptation (TA), habitat
types (HT) and spawning types (ST) to the spawning stock in the Bohai Bay since the 1980s
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Fig.1

Stations of spawning grounds survey in offshore waters of the Liaoning Province in the North Yellow Sea in 2021
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Fig.2 Density distribution of Engraulis japonicus eggs in offshore waters of the Liaoning Province
in the North Yellow Sea from April to November 2021

a: 4 H; b: 5—6 H; c:

7H; d: 8H; e: 9H;

f: 10—11 A

a: April; b: May to June; c: July; d: August; e: September; f: October to November
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Tab.l AIC, deviance explained, R* and P-value obtained
by single factor GAM test

FRA R Deviance JHHJEHY R P-value

Model factor explained Adjusted R?
%
factor(Month) 120.53 28.30 0.022
(Lon, Lat) 118.76 48.40 0.110  1.2x107+™
(SST, SSS)  110.77 45.00 0518  2.5x10°""
SSS 128.51 26.70 0.146  1.6x107%
Depth 129.73 23.10 0.031  6.3x10°"
Chla 132.66 14.50 0.059  5.5x10°"
F, 138.02 10.60 -0.024  43x1073"
Fy 124.86 27.90 0.046  6.1x107%"
e e FoRAE 0.001 KB TFEE, 7 FTRE

0.01 /K FTF 2, “*” FIRTE 0.05 KFTFE.
Note: “***” means 0<P<0.001, “**” means 0.001<P<0.01,
“*” means 0.01<P<0.05.
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Fig.6 Effects of explanatory variables on egg density of Engraulis japonicus
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Distribution Patterns and I nfluencing Factors of Engraulis japonicus
Spawning Grounds in Offshore Waters of the Liaoning Province
in the North Yellow Sea

CUI Peidong'?, BIAN Xiaodongl’zq’\, ZHANG Yuxuan'?,
SHAN Xiujuan'?, JIN Xianshi'?, WANG Huibin'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Key Laboratory of Marine Fisheries and Sustainable Development, Ministry of Agriculture and Rural Affairs,
Shandong Key Laboratory for Fishery Resources and Eco-Environment, Qingdao 266071, China;
2. National Field Observation and Research Center for Fisheries Resources in Changdao Waters, Yantai 265800, China;
3. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract The ichthyoplankton stage is the stage that is most vulnerable to changes in the marine
environment in the development cycle of marine fish. Subtle changes in the marine environment have a
strong impact on fish survival, development, and growth. The abundance of fish eggs directly affects the
early recruitment of fish resources and determines the vitality of generations. As one of the important
spawning grounds of Engraulis japonicus, it is of great significance to understand the distribution patterns
and relationship between environmental factors in offshore waters of the Liaoning Province in the North
Yellow Sea. Based on the spawning grounds survey carried out in offshore waters of the North Yellow Sea
from April to December, 2021, first, Garrison's distribution center of gravity was used to analyze the core
spawning ground of E. japonicus and its migration route. Second, a generalized additive model based on
Tweedie distribution (Tweedie-GAM) was applied to convey the main drivers of the distribution patterns
of the spawning grounds. The relationship between E. japonicus egg density and six natural environment
factors of seawater surface temperature (SST), seawater surface salinity (SSS), seawater surface
chlorophyll a concentration, zooplankton abundance, phytoplankton abundance, and depth, as well as the
factors of time (month) and space (longitude and latitude) were interpreted. Finally, the cross-validation
method was used to validate the model and predict the potential spawning grounds. The results showed

that the spawning period of E. japonicus was long, lasting from April to November, and the main

D Corresponding author: BIAN Xiaodong, E-mail: bianxd@ysfri.ac.cn



4] REREARAE: AL ARAL T T 5 B R 7 1 37 43 A A B S R R R

spawning period was from May to August, with peak spawning from late May to early June, in offshore
waters of the Liaoning Province in the North Yellow Sea. During the spawning season, the size and
location of the E. japonicus spawning grounds showed obvious spatiotemporal variation. There was a
significant nonlinear correlation between spatiotemporal factors and the density distribution of
E. japonicus eggs. Although spatiotemporal factors were the main drivers of the spatiotemporal variation
of the density distribution of E. japonicus eggs, these factors did not directly affect their distribution
pattern. Rather, spatiotemporal factors indirectly affected the concentration distribution of E. japonicus
eggs through SST, SSS, and depth. The optimal temperature range for the spawning of E. japonicus was
wide, and the distribution of spawning grounds indicated a synergistic effect under low temperatures and
low salinity and an inhibitory effect under high temperatures and low salinity. During the early spawning
season in April, the central spawning ground was located in the deep waters southeast of Haiyang Island.
Alongside continuously rising water temperatures, both the size of the spawning ground and the
concentration distribution of E. japonicus eventually reached their annual peaks between late May to early
June, thus, constituting the peak spawning season. During this period, the central spawning ground was
located around Shicheng Island and the Yingna River estuary. From June, however, water salinity
decreased along the southern coast of the Liaoning Peninsula due to increasing coastal freshwater runoff.
The inhibiting effect of higher temperatures and lower salinity drove the spawning fish away from the
coastal waters and into deeper offshore sea areas. The E. japonicus spawning grounds, thus, migrated
further offshore with SSS as the dominant factor driving this migration. As autumn and winter arrived, the
spawning activity of E. japonicus gradually ended. E. japonicus eggs were sparsely scattered in the
investigated sea area during October. In November, large numbers of E. japonicus began gathering in the
center of the investigated sea area and gradually migrated further southward to their wintering habitat.
Accordingly, no E. japonicus eggs were collected during the month of December. The main spawning
grounds of E. japonicus were located in the coastal waters of Shicheng Island and the Yingna Estuary, and
gradually showed a contraction trend after July with the gradual weakening of E. japonicus spawning
activities. Overall, from April to December 2021, the distribution of E. japonicus eggs in offshore waters
of the Liaoning Province in the North Yellow Sea showed a migration trend from the southern offshore
deep water area to the northern offshore shallow water area, and then to the southwestern offshore deep
water area. This study elucidated the spatial and temporal distribution patterns of E. japonicus spawning
grounds and its influencing factors, which indicated that the Tweedie-GAM method could be effectively
applied to analyze the relationship between the early fish resources and environmental factors. This
method showed good performance in solving 0-value problems. The results provide a scientific basis for
the conservation and management of E. japonicus spawning grounds in the North Yellow Sea, assist with
evaluation of the current situation and development trend of E. japonicus resources in the sea area, and
provide an important reference for the rational development and utilization of E. japonicus resources and
research on spawning ground protection strategies.

Key words Engraulis japonicus; Spawning ground; Main spawning period; Tweedie-GAM; North
Yellow Sea
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AR 0~1.67 mg/(gh), POC RYBHIGE AL T
0.005 mg/(g-h) (Xu et al, 2022); i X3¢ (Chondrus ocellatus)
A= G B # (Sargassum henslowianum)&g 11 Ff kil
TS DOC B F R 0~7 mg C/(g-h), POC Bl
AN 0~17 mg C/(g-h) (Chen et al, 2020), [&—Fhif
B, R R PR AN, A HILAR 4 B i R 25 7
H i Al A 2224 10 % (Chen et al, 2020), A~ [ Fr 2 i 8
e DOC 5 NPP Z [8] (9 LL B A AR [R], dnds 4830
FEEy DOC U5 NPP HY 6.3%~25.7% (Xu et al,
2022), HEN A 18%~62% (Wada et al, 2007), K&
# (Sargassum thunbergii)Z: T4 W8 , 5582 7K )5 , DOC
(RT3 R B2 75 T NPP (Zhao et al, 2022).

VT A AR 5% O 1Y L) 4 34 (Sargassum  hornerri)
h EFECR T D BB A R T2 R E R IR
2, 2022) 0 4R 2 TORBR AT B, 5 3 R ROR R
B 2 Wh 48 35 & (Enteromor pha) 44 ] 22 Ji i) X — 3T 16
KA E (Caselle et al, 2018; EFFEE, 2021), 4
AEAE K ERERR K B ) DOC Fil POC, %4t DOC
F1 POC AT BEXTIT IR AR 245 R GE B IG A0 7= AE R I 52
M (T KR4, 2017). HRT, KB A HLIK i R
R SR A 2Z ) 5 FR S S R R A )
R AN SE AV A, U HR Bl 56 4 e RO AL 1Y)
FoT . Pk, ABFST AP A e Xt 4, il ad = N IE
SESLH, TRITHRE | 6 RE RN HE A 300 %o A 3 B A AL
R RE N, LA T A AS T) A1 28 X ] s A s A AL 11 97
RN . A BRI BRI R | A HLER BRI R 5 09
A= I Z IS RS R, R AT A4 i 1 A 2

Az A R T Y TR A 25 2R R A1 P 1 5 ) £ 43
BHE S

1 W57
11 ZHEHBEHLE

SCYR BT 2021 AFIRHCA IR AN R
FRIH X o SR BURE SR 1 s i B0 I %, FEPRIRK
FAGPEI 3d)a, MTEE, HRKEEN
20 Co J11 0.8 pum FLACHYIR & £F 4E U B uE ek,
TIRSESes . S TTIRET, SR DK Ve B
LR ERIZ IR E Y .

1.2 gt

i A K IS BIR B  7.1~20.5 C (P BR 5,
2009), YEHRGREE/NT 200 pmol/(m*-s)i, il NPP 55
RG22 [AIZE M SC 2 3, YRR KT 200 pmol/(m*-s)
BF, et RA R ZE X, 2019), T, &ER
FEFDERKE, BRI LR 1. ARSI B

JE | OGHREGR B FDE BRI 3 AR, AR EE 3
K, SRR C). HiR(15 C) . miRES C);
Y686 pumol/(m*s)]. " E[172umol/(m*s)]. Tt
[258 pmol/(m*-s)]; JEHEAMI L : D=6 h: 18 h, L:
D=12h:12h, L:D=24h:0h, SCI&A N 2L H
N, MAHIPEEG~S ¢/L), LHFFL: 24 h, LT,
Ot R R 1SS Sy SE PRI S DGR A S
Yk 3 AT, XFRRAL5E 2 M FAT

TESZHTTF 4R (0 h)FIZ5 R (24 h)AF, 0 BIH 200 mL
KEEFF DOC 1 POC ¥R JE/#T, HBUEERT, R
Winkler ALt vk I 2 7K AR A 5 i SE(DOY IR BB . TK B
0.7 um fL7% Whatman™ JEJE (450 ‘CHIALHE 4 h)id g
J5, DR EEAE 30 mL AR IR LN, FHT DOC ¥
FEodTs IEREH S AN, HIT POC WEAHT. Fr
B REAES PRI T—20 CHROEA AR A L5
FHBEES A LA AT BRYE . Kvk . 4lizkiEde . Ht+.

R1 LBHYEZZWIFITE
Orthogonal experimental design of Lo(3%)

JEIRGR
Light intensity/

Tab.1

SR i B JEHBIL ¢ D)

Group Temperature/C [umol/(m?-s)] Photoperiod
1 86 6h:18h
2 172 24h:0h
3 258 12h:12h
4 15 172 12h: 12h
5 15 258 6h:18h
6 15 86 24h:0h
7 25 258 24h:0h
8 25 86 12h:12h
9 25 172 6h:18h

1.3 ®maH

DOC M5 . {fiFH H A &3 TOC-LCSH 2 PLiK
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f) NPP, TEAXN.
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W xt ><3_2
o, NPP Oy 3T I i i eI 226 7™ J1[mg Cl(g-h)],
AO, AEEHHIG 7KK DO W28 4k, 12/32 8 C 5 0,
BRI 2R b, WO SEER A A T E (g); t Mk
B (h),

NPP =
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ACxV 12
- W xt X§
Arb, ROVHA & (T ) DOC (POC) R #
Emg/(g-h)], AC FLIFF DOC (POC) ¥ i 75 fk 1+
(mg/L); V RSB 2K AR FR(L) s Wb SE 504 e 1) T
H(g); t ALEM(h),

LU A3 AT i 2 3 3 X A R 2R A M 1 i 25 ok
Fres B (BRI 4, 2008), 18 1 4 22 mI ] W 52 i)
SCERAE A EE R E AR BN R, T BT R
FENS N R RMAS . EWSHT RS K, .
Ky F Ky 43 B R R 745 I 3 L 45 K- T S0 gi 45 1
(NPP., DOC F1 POC)J~F-HA{H, 1T 4z Ay o S e 485 1
e KX 7 1 R R Ko R R i) — R R AR [ K-
AR EE R A 22, RAE T R AE % K Z K
A5 B X LG 4 SRR KN

2 SLIGHER

2.1 $RAEHEREREFSI(NPP)

HAHERY) NPP B SEgn 45 R LR 2. AR &M, 4
% NPP 7£ 2.785~21.190 mg C/(g-h)=Z [a] . FL W/ M4k
RWos, AT, WERE NPP 1 REZmEE,
JCHREREEXS NPP HUSZIR /N e & R FEA R T

T NPP 20 IR 15 ‘C>25 'C>5°C,24h : 0h>12h :
12h>6h : 18 h, E>HIEOE, LA, 4% NPP
A 15°C. L:D=24h: 0h. &%,

2.2 $AETEM DOC MR RS

221 RE. REEEE A LR R B DOC B kg &
A HSEREL DOC M SLgn 2 R LR 3, K]
FAFT A3 DOC HYREGHE %R 7E 0.653~4.785 mg/(g-h)
ZIal, HEWAPTEE R ER, H1% DOC B HGH i &
FIZM4 AR 25°C. L: D=6h: 18h, 6, IR
't AR 2 R ] 31X 4] 35 DOC R 28 32 14 52 1)
S B FSAR YO TR | JEREER T | CRE . 7ESCEIR
FEJO I, DOC A R T3k 23 I et B 1) v T4
DOC ) Bl 3 56 i 4 D' AR B2 1) 38 I R Bk S T v
PR AR5 e R Ao [ T Sk o3 e v
2.2.2 4R DOC 5 NPP X a8y £ &

DOC/NPP f{E ILIE 1a, SEEZ5 R o, ARG
T, SBEREH DOC di NPP 1 LGk 4%~130%.
Horp 6 5 4105 KT 10%,3 4105 He R 20%~42%,
1405 el ad 100% (129.5%). & 1b &7, DOC Bk
WAL NPP Z AT AUAHDCOC R (LI AL 1 Fl 3 NPT
A

2.3 AR POC LIS RS

231 BE. HBBIRE AL A POC Bakik &
e PIERI POC SRS R L 4. AR

K2 BUIREFNEREUSTREREH

Tab.2  Visual analysis of NPP results and optimal conditions

SR RZE i JE O B R

Group Error term Temperature/'C  Light intensity/ [umol/(m?-s)] NPP/[mg C/(g-h)]
1 1 5 86 6h:18h 2.785+0.339
2 2 5 172 24h:0h 14.678+0.992
3 3 5 258 12h:12h 3.545+0.793
4 1 15 172 12h:12h  16.612+1.217
5 2 15 258 6h:18h 18.058+1.967
6 3 15 86 24h:0h 16.430+1.083
7 1 25 258 24h:0h 21.190+1.653
8 2 25 86 12h:12h 9.223+0.694
9 3 25 172 6h:18h 3.694+0.124
K, 13.529+1.070  7.003+0.708 9.479+0.705 8.179+0.810
K, 17.493+1.287 17.033+1.422 11.661+0.778 9.793+0.901
K, 17.975+1.537 11.369+0.824 14.264+1.471 17.433+1.243
R 10.030+0.714 4.785+0.766 9.254+0.433

Pt %54 Optimal condition 15 258 24h:0h
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Tab.3 Visual analysis of DOC results and optimal conditions

JGIEBR B Light

S| IR 22T i 1 onsitv/Tumol/(m- LD DOC FEl i 4
Group Error term  Temperature/C intensity/[mol/(m?s) DOC release rate/[mg/(g-h)]
1 1 86 6h:18h 0.653+0.066
2 2 172 24h:0h 1.050+0.083
3 3 258 12h:12h 1.488+0.331
4 1 15 172 12h:12h 1.438+0.413
5 2 15 258 6h:18h 1.198+0.296
6 3 15 86 24h:0h 1.595+0.495
7 1 25 258 24h:0h 0.917+0.093
8 2 25 86 12h:12h 2.421£0.165
9 3 25 172 6h:18h 4.785+0.798
K1 1.003+0.191 1.064+0.160 1.556+0.242 2.212+0.387
IZZ 1.135+0.196 1.410+£0.401 2.424+0.431 1.782+0.303
K3 1.055+0.157 2.708+0.352 1.201+0.240 1.187+0.224
R 1.644+0.192 1.22340.191 1.025+0.163
F & 1F Optimal condition 25 172 6h:18h
160 - -
a 6 b
140 - sk, y=—0213x+4.953 4
120 + %‘j R2=0.8589
S 00k Mg 4r
& 100 rer %
Z 80t 223t
8 ¥
A 60 le) § 2k
40 - = Ae
20| E I g1r
I = = - A
0 1 1 1 1 1 1 1 ] 0 1 1 1 1 ]
1 2 3 4 6 7 8 9 0 5 10 15 20 25
SLIG4H Treatment group NPP/[mg C/(g-h)]
K11 DOC/NPP [t (a)5 DOC Bjift i# K fifi NPP {25 1L#4 % (b)

Fig.1 The ratio of DOC/NPP (a) and the trend of DOC release rate with NPP (b)

R4 POCEHEREUSTERERMILEHE

Tab.4 Visual analysis of POC results and optimal conditions

S| PRI i & JCHRBER E Light LD POC B i

Group Error term  Temperature/°C intensity/[pmol/(m*s)] POC release rate/[mg/(g-h)]
1 1 5 86 6h:18h 0.165+0.008
2 2 5 172 24h:0h 0.231£0.031
3 3 5 258 12h:12h 0.149+0.009
4 1 15 172 12h:12h 0.190+0.008
5 2 15 258 6h:18h 0.074+0.004
6 3 15 86 24h:0h 0.083+0.005
7 1 25 258 24h:0h 0.322+0.025
8 2 25 86 12h:12h 0.066+0.005
9 3 25 172 6h:18h 0.182+0.019
K, 0.226+0.014  0.182+0.016 0.105+0.006 0.140+0.010
K, 0.248+0.021  0.116+0.006 0.201+0.019 0.135+0.007
K, 0.209+£0.020  0.190+0.016 0.182+0.013 0.212+0.020
R 0.074+0.010 0.096+0.013 0.077+0.013

Pt %54 Optimal condition 25 172 24h:0h
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R, i POC MIBEIGE K 0.066~0.322 mg/(g-h).
EOWA AT A5 SR R, HiEE POC BEHE R i i 1 4 14
HAEHK25C, L:D=24h:0h, %, [RIEG C).
FR2S5 C). HEROEIERHK AR POC BRI .
BTG RE SR B AT LU POC Bl R, {H 24 IR 5
FE N RO 2 E B, POC B 48 B i A7 /)N iRt
T
2.3.2 4AMEBHH POC 5 NPP X ] # £ £
POC/NPP MI{H ULIE 2. SCoe 4 R o, A4
T, BB POC 5 NPP 1 H B R 0.4%~5.9%.
Horp, 33t 6 4105 AR T 2%, 3 4H 7 He R 4%~5.9%.
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6r d
T I
o3
o
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SZIG4H Treatment group
& 2 POC /i NPP [ L.l
Fig.2 The ratio of POC to NPP
3 it

3.1 DOC #1 POC Wy iE =

AT A, EWEEHE DOC 1 POC BElGH
R HITE 0.653~4.785 mg/(g-h)F10.066~0.322 mg/(g-h)
Z I, H#EEE) DOC BAHPR 5 2 A is i) Hoh & 2
B DOC BEHCH A T (Chen et al, 2020), & T4¢
P ZT B R A AR R R DOC B R
(Paine et al, 2021) .4l # DOC/NPP 7E 4%~42% ] (5
¥4 9 BRAL), H DOC WBEIRE 11 H AT & AR5
F TN R B S T I (Wada et al, 2007; Watanabe
etal, 2020; Xu et al, 2022). %45 H 68 AR B PEA A i
TEARTRI PR | AN [A) A2 4 B 0 9 AL A R o o B A}
8,

mE. SLREEMERERX DOC #1 POC #
T3 2R B9 B M

AWFFERM, TS W R SRR DOC
POC HIfEJ1 , IR 54 % DOC R 5 2 [a] IE A7 C,
5 POC Bl R 2 (8 R BN A Bl . LIAEX H &
FIIFIE HEX — 2558, RRYIREE AT &K, H
DOC MBI, POC Bk s /b (Wada et al,

3.2

2007) Barron 4 (2014) 7 X 4] A A5 rb -t A
5 DOC B F A AR A BE

PLA B9 5T s, VA (Saccharina japonica) Flliz
LRGN DOC BH R 5 s R 11 A ¢
(e BEAEE, 2022; Xu et al, 2022), R, ABFFH,
B BRI DOC 13K 5 56 IR 2 (8] 1) 56 2R 5 2 i (14 i
RAFES, SFTHER, J6IR5S DOC Bt R
I IEAHOC T BB A A T SR 1) ' R B DX R 1Y
45l IR 8 A DX (RIS, DA A DG M s B
G, B, PTLAG M ERT, AS[FEFPE S DOC B
IR RN B i 3 AR Ak 1y i 17 R R TRl P AR RS
Hh O HE 5 B K B D, TCER R FI RS R
JILAT. , WA T 3 2 T 221 R B 11 B PR 2 S
FE—HBUE AL, FEEF X IR R I R B
—ASERE T, REEEE A, DOC R HH 2
o ZHTMAFFR R, ALK pH., IREFRER .
BoK L RSO AE)JE TG EER I DOC IR BIIH % ,
VB AE A A R v T I P58 T B, 2 i B0 i R b
i BiEET m B A LUF S, AR &
5|58 40 i P9 A5 9 B9 K& it (Thornton et al, 2014;
Zhao et al, 2022; Xu et al, 2022), 4#EHAEFICE IF
ERJIM AT, A [ e 3 AT HA K A3 B A A B
WA, SR E WS SRR 4 SN (Fogg,
1983). ZEAMEFTH, SCHRR /N A K ER
Z—, JCHARRERET AR R A AR R R
Kk, SGHEEFE] S DOC By REGH R (A OG . 76 SRy
ST, HASE R RF AR FH RE NS W B AR K Y pH AN
DO. EVAWFFIESE, pH FFEARAEAS I 1 KA 5 2 B
DOC (liiiguez et al, 2016; Diaz-Pulido et al, 2020), 9%
i, IFAERITA B R RIS RE i DOC #6532 pH W52
1 Paine %5(2021)% 11 7€ B i (Ecklonia radiata) . 1%k
#) 3% 2 % (Lenormandia marginata) I $i7 4§ f1 3¢
(Plocamium cirrhosum) 3 Fh kRIS WF 5T K B, pH
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The Effects of Temperature, Light Intensity, and Photoperiod on the Organic
Carbon Release Rate of Sargassum horneri Seaweed

SUN Wei'?, WU Wenguang’, LIU Yi*, ZHONG Yi’, WANG Xinmeng’, ZHANG Jihong”"

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

Abstract The ocean is the largest carbon pool on earth and plays an important role in the global
carbon cycle. Marine organisms contribute over half of the global carbon fixed by photosynthesis
every year. Therefore, much attention has been paid to the role of the ocean in the carbon cycle and
carbon sequestration. Macroalgae are an important component of coastal ecosystems, with strong and
highly efficient carbon fixation capacity. The net primary productivity (NPP) of macroalgae was
higher than that of phytoplankton and other primary producers in coastal waters. Parts of the
photosynthates are released into the sea in the form of dissolved organic carbon (DOC) and
particulate organic carbon (POC) during algae growth. Dissolved organic carbon and POC have
attracted widespread attention because they can play important roles in carbon cycling and carbon
sequestration in coastal ecosystems. However, the organic carbon release rate of macroalgae, its
relationship with primary productivity, and the regulatory factors require further study. The growth of
algae and the organic carbon release are influenced by temperature, light intensity, photoperiod, and
other factors. However, organic carbon release rates among algae species might be quite different.
Therefore, studying the regulatory effects of different factors on organic carbon release by algae and
organic carbon release rate distribution has important implications for quantitatively evaluating the
organic carbon release ability of algae and its contribution to the coastal ecosystem carbon cycle.

In recent years, Sargassum horneri is the most common wild macroalgae in the Yellow Sea. Its
ecological role in the coastal ecosystem has attracted widespread attention. Few studies have focused
on organic carbon release by S horneri. This study conducted an orthogonal experiment to measure
DOC and POC release rates of S. horneri at different temperatures (5, 15, and 25 °C), light intensity
[86, 172, and 258 pumol/(m*'s)] and photoperiod (L:D=6 h:18 h, L:D=12 h:12 h, L:D=24 h:0 h, L
means light time, D means dark time) to study the organic carbon release rate of S. horneri, its
relationship with NPP, and the main regulatory factors. The release rates of DOC were
0.653-4.785 mg/(g-h) and the release rates of POC were 0.066-0.322 mg/(g-h). There is an order of
magnitude difference between DOC and POC. This indicated that DOC was the main form of organic
carbon released by S. horneri. The highest DOC release rate [4.785 mg/(g-h)] occurred at 25 °C,
172 pmol/(m*'s) light intensity, and L:D = 6 h:18 h. The highest POC release rate [0.322 mg/(g-h)]
occurred at 25 °C, 258 umol/(m?s) light intensity, and L:D = 24 h:0 h. The organic carbon release
ability of S. horneri is consistent with previous studies of other macroalgae.

This study found that changes in temperature and light conditions significantly affect the ability
of S. horneri to release organic carbon. Temperature was the main factor affecting the release rate of
DOC; the DOC release rate increases with increasing temperature. The DOC release rate initially

D Corresponding author: ZHANG Jihong, E-mail: zhangjh@ysfri.ac.cn
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increases, then decreases with increasing light intensity; it increases with a decrease in the
photoperiod. Light intensity was the main factor influencing the POC release rate; increasing light
intensity and photoperiod accelerated the POC release rate. However, the POC release rate slightly
decreased when the light intensity increased from 172 to 258 pmol/(m*-s). There was a greater POC
release rate under extreme temperature stress (5 and 25 °C).

This study showed that a proportion of DOC and POC in NPP were unstable in macroalgae. The
range of DOC/NPP was 4%—130%. POC/NPP was relatively concentrated to approximately 0.4%—5.9%.
The NPP was significantly lower in the experimental group with a high ratio of organic carbon compared
with other experimental groups. The DOC release rate negatively correlated with NPP, but the negative
correlation was poor in the low temperature groups. There was no significant correlation between the POC
release rate and NPP. POC/NPP was relatively stable [approximately (1+0.6)% when NPP > 9 mg C/(g-h)].
The growth pressure of S. horneri was high when NPP < 4 mg C/(g-h), and the regulatory effect of
organic carbon was manifested as the release under environmental stress, with POC/NPP increasing to
4%—6%. This section was modified for clarity. Please check that your meaning was retained. This study
provides scientific and technological support for an in-depth understanding of the contribution by
macroalgae to the coastal ecosystem carbon cycle.

Key words Sargassum horneri; Net primary productivity; Dissolved organic carbon; Particulate

organic carbon
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Numerical Simulation of the Effect of Inflow Velocity on the Flow Field
Characteristics of Circular Circulating Aquaculture Ponds

LI Ruipeng', TIAN Yunchen™?", LI Qingfei', CONG Xueqi®, QIN Haijing*

(1. College of Computer and Information Engineering, Tianjin Agricultural University, Tianjin 300392, China;
2. Tianjin Key Laboratory of Aquatic Ecology and Aquaculture, Tianjin 300392, China)

Abstract To meet the growing demand for animal food among the population, China has proposed
the strategy of building a “Blue Granary,” relying on marine space, marine biological resources, and the
application of modern marine high-tech. Industrialized recirculating aguaculture (also known as
land-based factory aquaculture, factory aquaculture, or industria fish farming) has the advantages of high
production efficiency and small land occupation. It is a high-density, high-yield, high investment, and
cost-effective agquaculture method. The recirculating aguaculture system isin line with the “ Blue Granary”
strategy, effectively reducing water pollution while ensuring food security. Therefore, in recent years,
recirculating aguaculture in China has developed rapidly. In this context to achieve intelligent regulation
of the inflow velocity of industrial recirculating aquaculture, this article firstly summarizes the three main
factors that affect the inflow velocity from previous research: The flow field velocity of the aquaculture
pool, the discharge velocity of the bait (residual bait), and the velocity of temperature regulation. With the
improvement of computer software and hardware, computational fluid dynamics (CFD) is gradually being
applied in various fields. CFD provides cheap tools for simulation, design, and optimization, as well as
tools for analyzing three-dimensional complex flows. In complex cases, measurements are often difficult,
even impossible, and CFD can easily provide detailed information on all flow fields. Compared with
conventional experiments, CFD has the advantages of no restrictions on parameters, lower cost, and no
interference in the flow field. This method can be used in aguaculture to solve the problems of
temperature control effects, solid particle emission efficiency, and flow zone division that cannot be
directly measured in actual production under different flow rates. At present, there are few studies
reporting CFD numerical simulation of multiphase flow in agquaculture. Existing research focuses on the
impact of theinlet and outlet structure and the shape of aguaculture ponds on the flow field, and the effect

D Corresponding author: TIAN Yunchen, E-mail: tianyunchen@tjau.edu.cn



%3 2G5 TR AR (8] 478 PR K IR 1 L 2 5 P o ) B (A A

65

of sewage collection. There are few reports on the use of numerical simulation methods to design the
regulation scheme of inlet flow velocity. Because of the advantages of CFD, we chose it for simulation.
Secondly, the specific model used in the numerical simulation was determined through experimental
verification, research discussion, and other methods. Based on this, grid independence verification was
conducted, indicating that the simulation results under the number of grids in the text are not affected by
the number of grids, and the simulation results are reliable. Thereafter, based on the above research, and
taking Scophthalmus maximus as an example, the effects of different inlet flow rates on the flow field,
sewage discharge, and water temperature regulation in aguaculture ponds were simulated. The results
showed that the inlet flow rate significantly affects these three factors. Therefore, the inlet flow rate can be
adjusted according to production needs. Based on the simulation results, a set of inlet flow velocity
control schemes were proposed: For the feeding stage, low flow velocity can be used to reduce feed costs
(inlet flow velocity = 0.2 m/s); after eating, the feed can be quickly discharged at a high flow rate for a
short period of time (inlet flow velocity = 1.2 m/s for 20 s); at abnormal water temperature, different flow
rates and times can be used to adjust the water temperature in the breeding pool (water inlet temperature =
15°C; an inlet flow velocity of 1.2 m/s can be used to inject water for 230 s, reducing the water
temperature in the breeding pool from 22 ‘C to 18 C). Numerical simulation experiments can be
designed based on this method for different aquaculture environments and organisms to determine the
inflow velocity control scheme. Unlike traditional methods, the numerical simulation method proposed in
this study for regulating the inflow velocity of recirculating aguaculture systems can be used to determine
the inflow velocity control scheme at a lower cost. The method can directly measure the discharge of
particulate matter, the overall water temperature, and the flow field in aguaculture ponds. This method is
safer than the method of indirectly measuring water quality to determine the inflow velocity control
scheme. In terms of regulation time, traditional methods are only accurate to the hour in regulating the
inlet flow rate, whereas this method is accurate to the second, which makes it more reliable to determine
the regulation of the inlet flow rate. Therefore, from the perspectives of cost, safety, and accuracy, it is
better to use numerical simulation methods to regulate the inflow velocity of recirculating aguaculture
systems. In actual production, the method described in this study can be used to determine the inflow
velocity control scheme, which can be combined with the control system to achieve automatic control,
reduce breeding costs, and increase breeding success.

Key words Discrete phase model; Particle distribution; Flow field characteristics, Water temperature
regulation; Round aguaculture pond
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AR 2R B (Abou Anni et al, 2016; Song et al,
2021), NiXF R S AR IR, TR T AR
PEL5 o0 B HEA T8 155 1 RRR BT, A K Gl 3 3 ok A7
S m (HINAE, 2022; FARRAE, 2022), M TZ250K
AAEPIMELAEER K AR AR, KRS ioK BER K
BT INERE, AROT KRR IR XA 5 i 1%
8. R R RS BT R eI B ERE X,

FEHRFMET , AWM BT AR B AT
FRAIE o AN ) £ S 0 18 B 1 AL A2 SR BB ) 22 S s A
JRANTR], AREE L B 1 A ST A R, i
BERESIRCE . WL A I8 1 A S D 7R 7 (R 3 BR O
(ZEHLEE, 2018; Kulezykowska et al, 2010), FF4r-iF
A P SRR B B T e S 5 PR S AR s S AR
LA MY AT (Saha et al, 2019), Y
AL 37 TR S AR A 2T R 43 M R (Landgraf et al,
2017) 4 Ak B 15 M (Solovyev e al, 2022)5 0, 1@t
P B TR B 0 | I YR M B SR R R 2 b A
TR AR R A B O AR AL, S T R AT O B R AR
(B2 4%, 2021), AR E T S HAC U bE
FERXTEY R AIHEE, T m A R (TR MG R AT,
2020), UL, AT FR5E I BEAG A2 BE E HEEf T
P A Bt o £ AR Y TH AL BE T (Solovyev et al, 2022)F
Y HE J1(Chen ef al, 2022), Wfta2si: K BAMESEE

T W R B (Gymnocypris przewalskii)y, X 4415
| JoEEEE, VRN IR AT A, 7R
ARGV R B CHAE ] (Xiong et al, 2010),
Vi 1) 1t A R T VG 5 7 A v i, S TR L R K PN B e i
R0 o T 20 4 60 AFEAR T BE B LA I X PR
Ak, FIE ALY IR ORI TR, Bar, REE
EHH 0 RN T B U A R O T T AR A, T
A+ FH W A S A (AT AR, 2022, F 5 A,
2011), 1B R ] ZEERBR/K A5 AR K I RRpR 42 5 f
T AR AR K MU G218, (Rl 250~500 g 175 1
TR LT 5 T 2L 8~10 4P P AR KI(E S48, 2011), &
B L T AT T B 2 4 O T R A R A
HET IR 4 K (Tian er al, 2019), 1B T35 1 1
fiE [ FEHE B R RIS A G, I T AR A
FE BT T 1 R ) S A R R R SE T
5 A SR R D TC Y 45 M R s ok 48 i TDRE R AL 30T
e . TR TIRaEfafr e B A RKE T
16 A4 520 (Karakatsouli ef al, 2010), ASHFSEIE T H R
O BRZH 14 PRREZE G LU S22 Ol BEUR D S 15 0
VAR B LA A R, O AR A A
A, AN, BIFFE I AE I 2K RTR K B85 Hh i VA A
B AR FG R, 8 78 7K FRBE X 7 1 ) AR A KR R 1Y)

SO o ABIFTE IR AR -7 15 SR 77 9 T /K PR 558 %
PRORN TSR B9 A B4 i S A RO, iR
TR RN TG AE R, T T L IR DR LA
TR 5 Hh A0 2 B B ST PR AT ST SRR S A

1 #RI5F*E
1.1 IXABE5EHREE

S BT B T AR el 7 AR R b 4R
At S HR (R HRAR R I (%) 75 T T R B 5% T PR G
REN. BFEHK AR 24 h LU A€ HRK[IF
fie /KL, A5 AC/KDF-150B(T)-1-150], B 3:11H],
JKI A (17.46+0.23) °C, i M (8.14+0.09) mg/L,
M AN 0.56£0.01) mg/L, FhFEH 0.40, BRIRELBRUE
A 2.04 mmol/L,

SCEGIF AR, AR AT T A B R R I
2>, BRI R E R H SRR RS (E 1)
BEAT H F BB (Wang et al, 2022), R IF MBS AR
CHLEHF=32%. MUIENT =5, HIZ 4 <8.5) 0 TH8.

1 2

P

HE A

-

B 7 T R A ) RE S T AT
HEfEE R

Fig.1 A schematic diagram of G przewalskii
using self feeder

1. fafir; 2. ML 3. SGHARRESR;
4: JCHALIREOLYE KM s 5. ARG HR o ;
6: WEERE; 7. fRIREE.
1: Aquarium; 2: Feeder; 3: Photoelectric sensor; 4: Optical
emitter; 5: Optical receiver; 6: Feeding ring; 7: Protector.
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1.2 kit

121 =3 AKEH L w1 S K AR
0 75 76 W AR [ SR A A T AL A T I K B L
fil(Na" 23.05% . K" 1.34%. Ca’" 0.11%. Mg*" 6.88%.
Cl 40.39%. CO3 5.07%. HCO5 7.09%. SO3 16.07%)
HEAT I o AR T V) 080 7K g sk 5 (i B 4%, 2005,
Yao et al, 2016) ¥4 /K L B ¥4 15.00, BRFRER &
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545 %

%M 28.00 mmol/L,

SEERTHEAT SRR DAL , Fe WA K B T A ORI
PRSP K AR LR BESR T2 5.00, Bk R £ A5 $2 7 3
8.00 mmol/L, PBfij54Ekg 48 hoBr R BEHE T 2,00, Bl
$2Tt 4.00 mmol/L, 1 Z S5 WI/KEREEIAF] 15.08+0.02
B TR £ 5% 15 3] (27.53+0.16) mmol/L .,

122 HHEHPREAHEZHELE P EN TN
H R, a0 PR 4 R Y B B L A T4
BTN, RE [ RJERIRKLL(14L  10D), H
SROG IR K 40 (141 @ 10D)FI4 B 5 8 7K 4H (24D),
Hik 3ANEE, BIHEEWE 15 BB E[{AE
H(57.96£2.09) g, PR A (16.31£0.17) em], H ARG
ZH(14L : 10D)AYGIE i LED 4744, LED 4T48i%1E
SEYRET b, e TR EDER AR . AR T I X
JCIRJEIHRDOG R, IESH AU (T AR,
2019; BAAEMESE, 2021; ZEHa4R4E, 2016) K &= KN
5 ABFBE: FAREIRZLY 05:00—08:00 Fil 15:00—19:00
FHEOCHI K TG 500~600 1x). 08:00—11:00 i
11:00—15:00 A3 YEH (K FIEE 900~1 000 Ix) .
19:00—05:00 A EEHIOK TG 0 1x), £0fEERE
KR YCRGR EESTME L 1, ARYE Wang %5(2022) )
5%, NORUET AR B T T T e, R E e R
(24D)%F HAF 52 6 REJE 0 H S HE 2, R
PR S AT XHRT HEA T AL B, B B B B 34 R
0 1x. SCESARAE N 95 cmx60 cmx60 cm MIPEIREL, 2C
B, REIWT A, KRN (17.2420.32) C . %
F M (8.12+£0.07) mg/L . /K ERE N 15.08+0.02, &
1% ERBRUEE 4(27.53+0.16) mmol/L . pH 24 8.92+0.01, 787K
HERREH 0.40+0.01 . HRFRERTHE 41(2.04+0.03) mmol/L
pH 2 7.39+0.03, S48 46 )5 , T8 H 9 05:00.,08:00
11:00, 15:00 Fl1 19:00 F iz kG B 78 e} ) 2
PR 2SI B M AR A B B i, SCERILRRSE S d,
S B L S d P IE TR LT

1.2.3 FHi#igee £ KERFR R 4l 18 1 A
LIRSS R E H ARG IR S (141 1 10D) 1T 5 i)

®1 BAXRARHEAEUE

Tab.1 Measurement of light intensity at each time
period in light-dark cycle group
1] B e

Beginning and ending time Period Light intensity/Ix

05:00—08:00 2] Dawn 556.33+12.34

08:00—11:00 _4F Forenoon 919.67+£15.33

11:00—15:00 T4 Afternoon 1 045.67+17.07

15:00—19:00 & Dusk 641.17+11.48

19:00—05:00 PZIH] Night 0

A K S WK SR K LI R 1.2.1, 4B K
SCRHLRESE 63 d, FELRAUYE 34 EE, B ER
BCE 15 R EEIRAE, SCIRAER N 95 cmx60 cmx60 cm
MIEIREL , SR A sh 33 B A TR, JF b
[ 45 VL T AN IR P B DR S B T ) i 0 %y
100%. #5863 d J&, R H MS-222 (100 mg/L)*} 4
T U 0 BRG] R AT RR I R 0 A AR OR =
0.1 c) IR (FEHH 2 0.1 g)-

1.3 HiEsSH

ST B 2 V- Y 5 E 1R (Mean+SE) . 1153 8%
B i [feed intake, FI, g/(kg-h)]. AR 3K &K (length
growth rate, GRy, %) . AH K % (weight growth rate,
GRy, %). FrEd K F(specific growth rate, SGR, %/d).
JE# BE (condition factor, CF), JFFZil A4 X & it
2, HHEAXWTE:
FI = TF/(W,xt,/1 000)
GRL = (LI—L())/L()X 100
GRy = (Wl—W())/WQXlOO
SGR = (InW,—InW,)/t;x 100
CF = W/L*x100

KL, TF AR B E), W, MEELA(g), n N
B BE(h), L A K (cm), W RIKE (2), Lo BPIEE T
B (em), L WEARTFHEA (em), Wo BPTEG -
(), Wi WERTIIET (), tq WFRFEMFEI(d),
KT SPSS 25.0 F8 31 A b 48 6715 1 S 56 4% e Bt
B M K R A AR AR UEA T 5 2R T 25 43T (one-
way ANOVA), 25 BENRMH LSD %LilfrZ&E b
B, W EYEKFN P<0.05, BRI ZH AR 7K 2H 4 i
R, T A EREINGEm, A58 i)
IR FIR K R ) b AR T A T 22 5%, R 7 22
43 HT(ANCOVA) (Stanley, 2022; He et al, 2018)ffi % ik
1 31 B SRS A BT AR Ei G KR e A KR
BV R A BOT (W =aL) 3 Frg-n iR K~k 56
Z, I KW mAE 5 b (H S BSA AR KA 3 J2
HHAREZES . 23R Origin 2018 FAER

2 HRE5HW

21 REAEMEGHREEEEE R HEOH

TEASRCIRFT 5 1 AR 2 B 1 R
ol TR BB AT I8 SIRRE o FE IR K AN K R85 o
B AR E S KRR E S 2 KB 65.74%
70.72%, 3B TR M(P<0.05), RAKME T, #Hif
TR SR %) 5 2 5 W B 67 T Y IR A3 19 08:00—11:00,
VLIS B4R /N R e B 3 i T A B (P<0.05),
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05:00—08:00 F-F-¥ &/ Nif4EEH W E LT 11:00—
15:00 F1 15:00—19:00 (1 -3 58/ N3 £ 5 (P<0.05) ,
BRI R FUE R R A 2A) TEBIKEREEH,
WAL 08:00—11:00 ,11:00—15:00 F1 15:00—19:00
BRSP4 /INI B B BTG W 3 22 S (P>0.05), (H &
F 05:00—08:00 F1 19:00—05:00 [ F-34HE/ N &

(P<0.05) (K 2B), [FIFEERH FESE R TTHAHE. 4
MEFREE R, PR KA T B, 517K 47 V6 T AR ) e £ 2
T REZEFP>0.05), HH 19:00—05:00 )15 45 /Nt
PRI, (SR B BB E T 20), %
SCHERI, A ASOLIREINT , AR EA B Y
BRI, AE MR R e s s k.

[

BaE
Feed intake/[g/(kg h)]

I
. 14L:10D ¥R/K4H
L5ra FW of light-dark cycle group
b
b
be
c
05:00—08:00 08:00—11:00 11:00—15:00 15:00—19:00 19:00—05:00
i B Period
I

S
W
S

14L:10D 7k 4R
L15 of light-dark cycle group

e
[\
G

/

T

BaER
Feed intake/[g/(kg h)]

05:00—08:00 08:00—11:00

11:00—15:00
B Period
|

15:00—19:00 19:00—05:00

=

80751 a 24D K40
” =4 a a L15 of darkness group
& 5 0.50 ;i‘}_//{—l\?
= é 0.25

o

é 0 1 1 1 1 1

05:00—08:00 08:00—11:00 11:00—15:00 15:00—19:00 19:00—05:00
i} Bz Period

P2 AT A BEH 55 TR I AR 5% £ R ) R ) CF 34 (LR TR, n=3)
Fig.2 Effects of different treatments on feeding rhythm of G przewalskii (Mean£SE, n=3)

FW MiR/K, L15 MEREN 15 WK ;

AN FREFR R 22 57 8.3 (P<0.05),

FW is freshwater, L15 is saline-alkaline water with a salinity of 15; Different letters represent significant difference (P<0.05).

2.2 HWIKIMEXEEHRE L KR IT

FEAR] K IS | 75 U I AR A 8 A7 A 2
ZE5(F 2)o ARWFGER T AR [ 3R U R
Wy, SCERHT, TS MR L [ 32 5] F sk
R, 220t 63 d MY ERRE LY, 41T A
F LTGRO 100%.0 78 7K FR 8 v A K A 75 i T
SRR 3G R IR R R A KRR
JIE 35 Y 2 1 I K IR i U ) AR A AR A (P<
0.05). I FARFEAMAVIRIAEAFTEE R, HEHE R
SR FH 25 B0 1 1 T 25 S5 1 A B3 30 B S 8 B 2R A7 X
SYHIT IR IK BRI v i g WA AR ) 0 KSR N AR R
KRG BRT-YME (67.32%F1 0.82%/d)[FFE B 35 5
T KPR (10.66%H1 0.16%/d) (P<0.05).

2.3 *"ﬁﬂbkﬂxi%ﬁ%iﬁiﬁﬁﬂﬂﬁiﬁ&ﬁ%%%i%
E;ul‘]

TEIR K IS N /K PR v 1) 75 Vi T R R U 47 A
AR 22 5 () 3)o AN[RIZK ISR T T T AR A %) ALt 3 L
AW E R, A TS TEIR K FREE P B T v T AR A A
(1.48%) I 2 =5 T A= 1% 78 9 K BR 5% v 1 75 il 19 Rt
(1.19%) (P<0.05),F 5 T I RRI A (A4 5 1A E 4005 1RE
PRBOC R, AR RS : 17K 4 . W=0.039 98xL*>>®
(n=90, R*=0.859 3) (/& 4A); R/KH4L: W=0.030 07<xL*"*
(n=90, R’=0.936 2) (K 4B), Hi ¢ IFH], 7EIRKIR
FEAmK RS, H AL b (M BN T 3,
FEEH T IR At S AR K A S KA
TR b (E /N, UL, HIXFFIRKIREE, WIKIR
52 T A 7 T I A ) (A B R A R A A B TR
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Tab.2 Growth indicators of G przewalskii in different water environments

F8F5 Indicators RIKY] Freshwater group

17K 4l Lake water group

S5 Measured mean

Ji% % Surival rate/% 100

WIHAR K Initial body length/cm 17.03+0.22°
KR Final body length/cm 20.21+0.32°
PR 4K % Length growth rate/% 18.66+0.41°
WIHAIA T Initial body weight/g 76.84+1.09°
2 RAKHE Final body weight/g 122.07+3.09*
PR K % Weight growth rate/% 58.82+2.09*
T4 K % Specific growth rate/(%/d) 0.73+0.02°
AE# & Condition factor 1.48+0.04°

A3 11 b - {8 Estimated marginal mean

WIHAIA T Initial body weight/g 61.66+6.91°
2 RAKHE Final body weight/g 103.17+1.88"
PR K % Weight growth rate/% 67.32+3.05°
FEE 42 K % Specific growth rate/(%/d) 0.82+0.03*

100
15.84+0.37°
16.03+0.40°

1.19£0.17°
46.48+2.67°
49.33+2.73°
6.16+£0.28°
0.10+0.01°
1.1940.03°

61.66+6.91°
68.23+0.61°
10.66+0.98°

0.1620.02°

e [FATEERE AR TR A R 22 577 18 35 (P<0.05)

Note: Data in the same row with different letters represent significant difference (P<0.05).

Fl 3 ZEMIZK(A)FNRK(B)YH L 63 d A=K 256 1Y T 6 AR 4

Fig.3 G przewalskii after 63 d growth in lake water (A) and freshwater (B)

120 A W7k 4H Lake water group B RIK4H Freshwater group .
100 200 0,030 07227
@ W=0.039 98xL25% @ O 56 .
Z (n=90, R>=0.859 3) z (=90, B*=0.936 2)
g 80r g 150
g g
@ 60 @
i &l 100 -
® ®
a0t
20 L .l °* 1 1 1 1 1 50 I °
12 14 16 18 20 22 14 16 18 20 22 24
&% Body length/cm &K Body length/cm

K4 5 IA KR ESC R 4
Fig.4 Body length-weight relationship of G przewalskii
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TEHAROE AN T, i AR R BN (B RS
M, SRR AR A B R B R . ARSI A
FERE VRN A, 7 ASRCREBT, Wk
T AR B ) B R AE 08:00—19:00 BB, %
R4 05:00—08:00 1 19:00—05:00, HA
PEo AR BE TR SRS B EATE
A H 20 (Montoya et al, 2010), Fr HEBHEE . &K
R . R BB R JC R 5 & 2 (Boujard et al,
1992), M PflE(4losa sapidissima)ff . HEAERE &
W EIAE A, JR T A ESE R, HEemigl
KEEBEAT . HE M0 R A K R F B HE K (R N iR A
2015), W T (Clarias fuscus) I &S IELE 07:00—
09:00 1 17:00—19:00, J& T /= B EIH (Fast et al,
1997), K55 E JG#H(Colossoma macropomum) ¥ E 17
SR R A AR BRSO Y = WA TR, R TR R R
25 #I(da Silva Reis et al, 2019), 16 ARCIBEW T,
T R I AR B 1 1 T R AR T A A TR 1Y
IRBE R, 7 AR AN [ s B 38 AN
P4, 05:00—08:00 5 19:00—05:00 A £ 7 >R 4%
AR A R30I IA 4R T, 08:00—15:00 R 77 SR #%
H ARG IR [RIAA BF N % . B (Carassius auratus)i) 4
A5 5 W G G B R A6 (Saiz et al, 2021), WS & 4 5 45%
Fegl I G VAR G I IA O | Nl o A 1118 - A
(Goémez-Boronat et al, 2018), SHIFH{L, 75 14 I #F i
) T AT SR A 3 5 i B ' i ) sk 9 T RRAIG, R
B A SO BRI B DA OC . T B R ER LR T
ANER BRI sg i, H % 73 I (Rennestad et al,
2017)FH AL B % P (da Silva Reis ef al, 2019) 77 7E
PO A o A B ' RE R i Vi T AR S I A Y
FISEIR , N4 BRI T ) AR E R 0D A 45 el B 4B i AR
etk F , GRS XT T i W AR A A7 o Y 52 )
B, FERFLRBRE AR T, AN B B
MVE R BT, AR KB A RKIEE WM . H
THR—NERNIREERN T, AR, ot
SRR, 520k E A K e RE Y] (Wang
et al, 2019), JEXF 75 W AR S5 115 F 0 B2 i AL i
A FREiE— LY.

FTHAL 5 POKAT I —ASBE R B HEA T (PRI 4R,
2011), Wang Z5(2022)0155 K W], & I AR AL 1o 75
AN TR) s B X1] 43 B 3 1) AS TR) ) 8 DL G2 ik 3 b RIS 38 A
TGS o BT R A B I R R Y I Y B

MG, R T ER AR K I BT X T 96 I R £
SR, TR IR KOG HR A E— 25 LA F ARG R R I T
TR AR SRR BT, SRR A EL, IRK
FRIE 7 U6 T AR L s B 34 B/ N R R A T4
w, Hi, 08:00—11:00 AR g . o TEhHK
IRBE bR T AR P R R TR A, TR
08:00—19:00 B H ¢ i HAFLE e M4, RH
VR0 AR B L R k5 R R SR U AR BT T AT R B
5 T S R B B T AR

32 HEKIFENFEHREFRMEKAI M

TEFR WK AL T, HiG IR i TR 4K
PEREAZ 2N A AT o FEAMEFE T, 17K 21 75 Vi ) 4 fe
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Abstract
across northern China, coastal areas, and areas along the bank of the Huanghe River. About 46 million

The total saline-alkaline land area in China is about 99.13 million hectares distributed

hectares of saline-alkaline water areas are distributed around these saline-alkaline lands, most of which
are thalassic and characterized by a high pH value in excess of 8.8 associated with high-carbonate
alkalinity concentrations and various types of ion imbalances. Saline-alkaline waters are stressful
environments in which only relatively few organisms are able to survive. Consequently, most of the
saline-alkaline water resources have been desolate for a long time. The effective utilization of
saline-alkaline water resources will benefit restoration of saline-alkaline habitats and the expansion of
aquaculture space. Naked carp (Gymnocypris przewalskii) are endemic to the austere saline-alkaline
environment of Qinghai Lake. Due to overfishing in the 1960s and environmental changes in the lake area,
the resources necessary for naked carp survival in Qinghai Lake declined substantially. At present, the
major measures to protect the naked carp and maintain the ecological balance of Qinghai Lake are through
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a fishing ban and artificial stocking and releasing. The feeding behavior of fish under natural conditions
has obvious rhythm characteristics, which is an important research topic for healthy aquaculture. To
explore the characteristics of self-feeding rhythm and growth performance of fish in a saline-alkaline
environment and provide basic data for the protection of native saline-alkaline fish, naked carp were taken
as representative in this study. First, the freshwater and lake water group with natural photoperiod
(14L:10D) and the lake water group with darkness (24D) were set. The artificial lake water was prepared
according to the ionic composition of Qinghai Lake, with the contents of Na" 23.05%, K" 1.34%, Ca*"
0.11%, Mg”" 6.88%, HCO3 7.09%, CO3 5.07%, Cl” 40.39%, and SO; 16.07%. The measured salinity of
the artificial lake water was 15.08, and the carbonate alkalinity was 27.53 mmol/L. According to the local
photoperiod of Qinghai Province, the whole day was divided into five periods as 05:00-08:00, 8:00-11:00,
11:00-15:00, 15:00-19:00, and 19:00-05:00. The feeding rhythm experiment lasted for 5 d, and the
average food intake of each period was calculated. The results showed that naked carp had an obvious
daily feeding rhythm during their natural photoperiod. In the natural photoperiod, the feeding peak was
from 08:00 to 11:00, and the low feeding period was from 05:00 to 08:00 in freshwater. In the lake water,
naked carp showed high and continuous feeding from 08:00 to 19:00, and their average hourly feed intake
was significantly higher than that from 05:00 to 08:00 and 19:00 to 05:00. Therefore, naked carp were
determined to be the daytime feeding fish type. In addition, the high proportion and the continuous
feeding in daytime in lake water indicated that the osmotic and acid-base regulation of naked carp in
saline-alkaline water may enhance their diurnal feeding rhythm. Whereas in the continuous dark
environment, the feeding rhythm of naked carp was weakened, and the average hourly food intake of each
period was similar. To explore the growth performance of naked carp under a self-feeding rhythm, the
lake water group and the freshwater control group with natural photoperiod were set up. After 63 days of
self-feeding, the individual body length and weight of the naked carp were measured after being
anesthetized with MS-222. The length growth rate (1.19+0.17)%, weight growth rate (10.66+0.98)%, and
specific growth rate (0.16+0.02)%/d of naked carp in the lake water group were significantly lower than
those in the freshwater group [length growth rate (18.66+0.41)%, weight growth rate (67.32+3.05)%, and
specific growth rate (0.82+0.03)%/d)], indicating that the growth of naked carp was inhibited by high
salinity and carbonate alkalinity environment. The parameter b of body length-weight relationship curve
of the naked carp in both the lake water group and the freshwater group was less than three, which showed
that the naked carp was a negative allometric growth fish. The b value of the lake water group was lower
than that of the freshwater group, and the body length of naked carp increased faster than body weight in
the lake water. The growth characteristics of naked carp were affected by the high saline-alkaline
environment. The self-feeding rhythm and growth performance of naked carp provided a basic knowledge
for creating a feeding strategy for fish cultured in a saline-alkaline environment and recovering
endangered native saline-alkaline fish.

Key words Saline-alkaline environment; Gymnocypris przewalskii; Self feeding rhythm; Growth
performance
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(2017) B 4K 15 F: B4t (Ctenopharyngodon idella)liE %k
MEZNAE A B, Arg REAE 1 R fh 0 i ) 55 28 56 42 2 1 3
B Ik Jiang %5 (2015)%F & (Cyprinus carpiovar.
Jian)RIFIE KB, Arg RERSIR T NG WA 10 418 9 e
JNE, S Rk, RS R I FiyERE, B
YEFHBLE I ANTE R

VI QT fif (Sebastes  schlegelii) 2 38 1 At 75 W 44
FRGE R B RO P HAR AP I (R LA, 2019), 1B
WEMHLFaEI, HXamTRER, SHEHY
H T BN G A0 W T R . AR RS A S
WS TV IROT il 58 1 & A, SCHG £ 35 L BN N R
BE R AN . AHMAZHESN ZE AL . AR A I ] G 2
¢ SBMIE [y RUER o JLF DL FSCss, AWFoE LLE
S TR R B VF IGOT il [(54.97+0.12) g M5
X4, MWAEKMERE. Arg U, WEHLGH . B
BE R U (occludin, clndl5 R zo-1). RIE
FHRHG-1B. -8, il-15 F tlr8)FIHT 48 P T3 A
(il-12b)FiRF 2 I BT Arg X GH A 5% B E
VEJ B HWLBR, DAl Arg 4E4 025 I 38 fd B 7 T
)N EE AR AR, A E A e R gt & fa
AR GRS R L VA EE R e
1 #mRER=E
1.1 SLIgfEw

DLE R . SRS 2R o EEE R, Al
FEARWIR, Arg 0 TSN AFIRZH(DO), Arg (L Y,
Sl 98%, i e MAELRHE A BRARDHE I 1%
2%F1 3% MALBZH (D1, D2 #1 D3), FAHZABR DL &,

46 98%, LiEA sEARAACRIECA BRAY R ECF- 1
SR FERROK-, BL 4 45 RAERERY SR R,

BCT7 . E RS AR Arg SSE UL 1.
R1 EABEFREFREM

Tab.l Composition and nutrient levels of the
experimental diets/%

JEURE 21 5| Groups

Ingredients DO D1 D2 D3
[} White fish meal 28.00 28.00 28.00 28.00
M1 Soybean meal 30.00 30.00 30.00 30.00
1% 4E 14 Casein 16.00 16.00 16.00 16.00
& MR Arginine 0 1.00 2.00 3.00
H4 R Glycine 3.00 2.00 1.00 0
2tk Wheat gluten 240 240 240 240
A-JEH} a-Starch 8.00 8.00 8.00 8.00
#4131 Fish oil 8.00 8.00 8.00 8.00

A E WK Vitamin premix  1.00 1.00  1.00 1.00
YRR Mineral premix ~ 1.00  1.00  1.00  1.00

3708 Betaine 1.00 1.00 1.00 1.00
KEH#ENE Soybean lecithin 1.00 1.00 1.00 1.00
S4LIBHH, Choline chloride 0.50 0.50 0.50 0.50
B L] Antioxidant 0.10 0.10 0.10 0.10
&1t Total 100.00 100.00 100.00 100.00
B 40 i Nutrient composition

HL#E 1 Crude protein 52.11 52.16 52.32 52.15
ML Crude lipid 11.41 1137 11.22 11.52
HMLJKA3 Crude ash 10.84 10.78 10.74 11.01
fit & Energy kl/g 19.97 19.99 19.97 20.60
K& R Arginine 280 3.80 4.83 5.82

TE: 4EAE R BRI S 4 5 BRI 7 20 L2 7% 5C
HROLEETE AR, 2022).

Note: Same contents of vitamin premix and mineral
premix as reference (Shen et al, 2022).

1.2 LMK FEAFEE

FRIE S AE LR AR IR B2 IR S IR 9T B (AR B
TR0 B M 2 (R) A K e AT, S0 R TGP il [
M2 FWKEEHARAR, B R —H#R i K
fil, FSLHBEE 30% . 40%F01 50%A0 EHITR NG, 4>
WITSCE0 RS 14, 21 F1 28 KEURE, WL I8 A R AE
FEEE, LUITA R 25 B BH S 1 38 98 i A v R o
SRR N X7 5 R, 5 5 S0 B Al T 40% 8
TR IR 28 d, i S GBI R 0 &4 BRI
LT, Pkik 480 B HI 1A (initial body weight, IBW)
(54.97+ 1.12) g. C#:I5TF MRS R B91F GF-fil,
BEMLY R 4 4, M43 ~EE, B0 EKR 40 B,
BEHLE T 12 /> Hl A (60 cmx60 cmx90 cm)f1, &
EI AT 6 JB, AR EMT(08:00 FI 17:00)5E i HME
2 W, WA IRER 1%, MRS E%
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545 %

PR 0 SR AE £ B0 R A IR K SR ) ) 4K
IR, #HIKIE R 18~22 °C, pH El 7.6~8.2,
WE>6 mg/L, AWML <0.05 mg/L, JEhE
JEIA R B ARG A

1.3 #m%

TGRS 24 h, AT BOF AR E
(final body weight, FBW). ffiHLIL 10 i, BREF
Je AR AT, E#ICRING B, e
BIREKBENTER . MWT 4 CHE 4 h FEL
(4 000 r/min, 10 min), MIFRAT-20 C, HTEHE
PERARE =i e . FAREL 3 B R, A K
A1 5 B (2500 t/min, 10 min), FIEWARTE T
=20 °C, HITFREEPEDE . FEARI 3 B 15 )1%(0.8 cm)
[#E T Bouin’s 1, 24 h B3 70% P+, &4
Wik B R S, SRR LA R S R
(5FE 7.0 pm), HE Je0)5, hHMREF, &
5 3% 2 4 (LEICAICCS0HD) FWLEL I 4A IR . A4 HL
6 Bfa(l cm) FRAT, B E-80 CUkA1A7F,
FH 3 P Rk il

14 HEAKXESZLF*

14 5 % (weight gain rate, WGR, %)=[FBW(g)-
TBW (g)]x100/TBW(g);

JIFA H (hepatosomatic index, HSI, %)=T i i &
(g)*100/FBW(g);

JIEAA L (viscerosomatic index, VSI, %)= i i &
(g)<100/FBW(g);

A i & (condition factor, CF)=FBW(g)x100/{&
(cm)’;

1715 % (survival rate, SR, %)=HI% FE£>100/5
AL

Tl R A 1 R LG E A7 (GB/T 6432-2006)11

=2

FE 5 FHRR 7 R 2 K427 (GB/T 6433-2006) 7 ;
FLK 4y % 550 ‘C 2k B #:(GB/T 6438-2007)i%E ; /i
kE Arg 1 FH 2 382 43§/ (HITACHI L-8900) 4 .

i 18 S BT & K BE 7 (total antioxidant capacity,
T-AOC). N _[¥(malondialdehyde, MDA) & 4F, ML
W5 AL B (diamine oxidase, DAO) ., M—%A L& A
(T-NOS) ., S —S L& A #GNOS)IE M M —% 1k
A (NO) 1 ¥4k F g ot s W 2B ) T AR 53 il 7
ME

1.5 LRI E= PCR &M

fift L AR JE B BE AR W R A BR A R R &
(SPARKeasy Improved Tissue/Cell RNA Kit)i/£17.54 RNA
HLHL, NanoDrop®2000 (Thermo Fisher Scientific, 35[H)
Rl RNA HeRE SARE, 1%E iR PEE I kA RNA
SEENE K FE 2 V5 YLt 0 , ] SPARK script 11 RT Plus
Kit (with gDNA Eraser) & % 5 i 7 & 2 bR 2E H 4l
DNA I % 55 i, cDNA. f#if 2x SYBR Green qPCR
Mix (with ROX)i#/TSEAT#EEE = PCR (LightCycler”
480 ) #r. LIBHEIREE A L17 (rpl1 7)) NS, HHR
27N B SR A Rk, BRI 2,

1.6 HESIT

FTA EdiR F SPSS 18.0 147 B K 2 7 2243 #T (one-
way ANOVA), il Duncan’s #; 5117 2 5 L4, P<0.05
INKNZESWE, P>0.05 NN ZESF AR E . G EUE L
S {E HhR HE TR (Mean=SE) £ 7 o

2 #R
21 FEEEEY SBMIE-if K T4 K s fn k15
A

2 3 Al 0L, Arg X} SBMIE-i/ [ F-fil A= KM g

VR FahfpEEXERS M F 5

Tab.2 Sequence of primers for gut related genes of S. schlegelii

FLK & B Gene names

1E [ 5[4 Forward primer (5'~3")

181514 Reverse primer (5'~3")

rpll7 AGGCGACGCACCTACCG CCTCTGGTTTGGGGACGA
occludin ACACCACAGGAGGAGAAACG CTCTAAGGTCGGCATCAAATT
clndl5 TGCCGAACCGTTACTGGA CGAATCCGTCGCACAAGA
zo-1 AACGCCGCAACAAAAGA TGGCGGGGAAAGGATT

il-18 TGGTTTCCCACGACTTCAC TTTCGGTCACCAGGCTCT
1L-8 CTTATGGGACCCTGTTTGCT TTCTTTAATCCACCCCTCGT
il-12b CTCTGGCATCCTTATCAGTTCA GTCTTGGTTGCTGGCGTAG
il-15 CGCCTACAATACAACTAAAGAGC AGATGACGGAGCATACAGCA
trs ACGTGATCGTGCTGCTGA CCAAAACCAAGGCTCTGC
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KIEARFE R EAT B 25200 . D2 A1 D3 21177 FCAF- il 1
AR A AR P S 5 T DO 41(P<0.05), D1 415 HA
K20 2% R 1 2#(P>0.05); D1. D2 1 D3 4 A
FIEAA F 35 5 2% T DO 2H(P<0.05); D2 ZH HE i B i
FE T HAb 4 4(P<0.05), DI 1 D3 & & T DO
4 (P<0.05); 254 B A7 1% F 22 5 A B3 (P>0.05).

2.2 BRI SBMIE-iF K F i i% 5 S B L 1548
X B R M R AR 15 7 B 2

1S 4 7] UL, 80 Arg 1945 20 V8 EG -l 3 DAO
W . NO & & J INOS WEMEH B EMT Do 4H
(P<0.05), #5AbBRLH ) JC i 1 22 5+:(P>0.05); D2 Al
D3 A IfiE T-NOS &Pk ZAL T DO 41(P<0.05), DI
20 5 oAt 4% 2H 8] T b 3 1 2% 5 (P>0.05)

2.3 1EREEXT SBMIE-1F KT &7 18 4H R £ B9 =50

r 2 5 a0, 45 4b B ) 45 BE R AN L2 R B G
B EME2ZF(P>0.05), N Arg 44, SR

T DO 4H(P<0.05), LA D2 #HEw, D345 DI,
D2 4 JC B EME 2 5 (P>0.05), & 1AL, DO W
BRI Z 2P0, FAJEETEIE 1-1), PR AL
SO, AR ) R AR R A TR R, HES)
AEL & 1-5), S Arg B84, Bl B s # 52
B, AR SR 1-3) AR AIE S 2 B4 B R 2
H(E 1-2~4), HEER E AN, B4
W HSEHES T4 b TR (A 1-6~8)

24 FEEHBY SBMIE-FKTEizER LR

AL

6 L, A4 7 IE T-AOC B3 T DO
41 (P<0.05), D2 41 % T H 45 41 (P<0.05), D1
D3 4 5% B 25 A B E(P>0.05); MiH Arg ¥
T T, T MDA 55 i 5L RS T a3
D2 il D3 4 WK T DO £4H(P<0.05), D1 #H5 HAth4%
2 R A2 (P>0.05),

&3 HEEEX SBMIE-1F K T &£ K e AR AR R R B R 1T
Tab.3 Effects of arginine on growth performance and body indexes of SBMIE-S. schlegelii

= 2 5] Groups

Items DO D1 D2 D3
WITRE IBW/g 54.90+0.03 54.92+0.01 54.93+0.05 54.99+0.03
KIKE FBW/g 81.51+0.39° 83.18+0.67% 84.94+0.41° 83.97+0.16°
HE R WGR/% 48.43+0.81° 51.47+1.25% 54.65+0.81° 52.68+0.44°
JHFA L HST/% 4.08+0.06° 3.45+0.11° 3.30+0.10° 3.40+0.04°
N L VST/% 10.39+0.22° 9.56+0.08" 9.29+0.07" 9.33+0.12°
e B CF 2.45+0.03° 3.24+0.10° 3.65+0.07° 3.30+0.05"
G2 SR/% 98.33+0.83 98.33+0.83 98.33+1.67 98.33+1.67

T R RATIE bR AR R /ING S b s 05 B3R R 22 5 R L35 (P>0.05), ANIRIZING SFREFR 7R 22 53 135 (P<0.05), R,
Note: In the same row, data with same small letter superscripts or no letter superscripts mean no significant differences
(P>0.05). Different small letter superscripts mean significant differences (P<0.05). The same below.

&4 FEEEEX SBMIE-1F K F i 1 7 15 SER 548 X BE S 1 R R = M B9S2

Tab.4 Effects of arginine on metabolism-related enzymes and arginine metabolites of SBMIE-S. schlegelii

WiH 20 %) Groups

Items DO D1 D2 D3
— A ALE DAO/(U/L) 122.80+6.33° 92.66+3.13° 96.61+3.70° 97.78+6.43%
— &1L % NO/(umol/L) 27.02+1.59° 18.39+0.91% 19.09+2.35% 18.56+2.80%
S — A A U T-NOS/(U/mL) 21.21+0.78° 19.34+0.57% 18.86+0.70° 17.41+0.31°
PG — R AL A B iNOS/(U/mL) 15.77+0.77° 11.88+1.22° 11.62+0.63° 11.29£0.19°

x5 BEEEX SBMIE-¥F KT 718 H R &K 500
Tab.5 Effects of arginine on intestinal structure of SBMIE-S. schlegelii
W H 2053 Groups
Items DO D1 D2 D3
425 %0 H Duplicature number 25.67+0.33 26.33+0.67 27.33+1.20 26.33+1.20
4B 75 BF Duplicature height/um 295.22+13.15° 414.05+8.04° 505.72426.57° 468.47+23.77%
WUZEJE Muscle thickness/pum 97.32+5.14 97.87+3.01 93.42+8.31 87.68+5.47




80 woor B % 3 R 45 %

Kl 1 SBMIE-V/F [ F-fil 7 18 41 21 4544
Fig.1 Intestinal structure of SBMIE-S. schlegelii

Bl 1~4 235003 40<F DO, DI, D2, D3 45280 fhfif B8R 25K s 5~8 735U 400<F DO, DI, D2, D3
HIIEBELE ;1 2, 4 PEEKPUREA 298, 5 Pk B MO 4 i 4o 5 .
1~4 represent the overall structure of intestinal tract under 40x in group DO, D1, D2, and D3, respectively; 5~8 represent the
intestinal fold structure under 400% in group DO, D1, D2 and D3, respectively. The arrows in figure 1, 2 and 4 indicated lamina
propria widening, while the arrows in figure 5 show an increase in goblet cells.

R 6 HEEEX SBMIE-IF KT ihf7iE i KN R
Tab.6  Effects of arginine on intestinal antioxidant capacity of SBMIE-S. schlegelii

It H 2l 5] Groups

Items DO D1 D2 D3
M EALEE S T-AOC /(mmol/g prot) 42.65+0.93° 46.44+0.51° 50.56+1.17¢ 45.75+0.53"
P Z % MDA /(nmol/mg prot) 1.68+0.10° 1.454+0.05 1.15+0.10° 1.32+0.11°

25 fREBx SBMIE-FRFHMFERXBEZER  AREP>0.05); DI 4l zo-1 mRNA HIXRIAL W2
ERRIZEHFM T A 45 41(P<0.05), D2 Ml D3 415 DO 417 A
HIE 2 T, AT DO 41, WRIN Arg M4 3 (P>0.05).

occludin mRNA FiX} 51k 5E 2% 8 (P<0.05), D1 f1 2.6 fEREXT SBMIE-¥F K ¥ &7 18 K i B F 4T

D3 415 & FX I DO 41(P<0.05), D2 415 H A% REFEEREEHRM
LHYTC 35 2 5+ (P>0.05); D2 413 =T DO il DI M 3 ATUL, W0 Arg 4 45 CElliz s i-18

ZH(P<0.05), D1 H1 D3 % clnd15 mRNA HH¥} A H 5 mRNA X255 FiE, D1 il D2 48K T Do 4
DO 4125 A .3 (P>0.05), D3 415 DO fil D2 41 2% 5 (P<0.05), D3 #H5HAb44H 0] T 2 % 25 7 (P>0.05);

~
1 Lse occludin B cindl5 . E s . zo-1
X5 s ow A W Zis Qg
agBg b A b a a2 b b
= S1.0+ = E 3 C ™2 10
Egé S EEw c =8 b
5% s £
> =l L 5= <
%E.éo.s a§§0.5 %%05
CR: ) a
3 2 E 0 "E s 0 . . . T e 0
s 3 =
g D0 DI D2 D3 O DO DI D2 D3 NE D0 DI D2 D3
2451 Groups 415 Groups 2 415 Groups

Kl 2 HEE X SBMIE-T [QF-fif i 18 55 8% 1 4 2 1 ik X ek B RS20

Fig.2 Effects of arginine on intestinal tight junction protein gene expression of SBMIE-S. schlegelii
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W
1

_ i1-18 il-8 e il-15
. 1.5 i 5 1.5 X =
M= 34 < % K <3 a
R a Bz = % « 1.0
2B C10f ab #%%10 ZE S b b
o b b 58 g o § b
i H 25
22 ¢ g5 ET &
i E 58
%8 20 = 0
= D0 DI D2 D3  ° D0 DI D2 D3 DO ]Zl D2 D3
415 Groups 413 Groups 4133 Groups
ir8 il-12b
1.5 - g 15¢
I RS 3 a ab
N a g b
Rz210f k%Elm
",,‘?% ° b EE%B
Eo8 b b =28
$2%05 £2 05
25 L R
% ] . § 5 .
= DO DI D2 D3 = D0 DI D2 D3
217 Groups 26 51| Groups

&3 KRR X SBMIE-VF V- fil 7 18 28 5 PR Rt 48 PRk PR 3 3K i 14 52
Fig.3 Effects of arginine on intestinal inflammatory and anti-inflammatory factors gene
expression of SBMIE-S. schlegelii

Arg X} IL-8 mRNA AHXF 35 5 0 1 252 10 (P>0.05) 5
BHEFRLH i1-15 F tlr8 ) mRNA FIXF ik B FHE T
DO 4 (P<0.05), H#&AbPRA] A2 7R 5% (P>0.05);
D1 1 D2 41 il-12b mRNA HIXf ik & 8 3% 5 T DO 4
(P<0.05), D3 25 HAlh 44125 5 A i 3 (P>0.05).

3 ifip

XFgb A B (EE K, 2019), fEfF (Lateolabrax
Jjaponicus)(ENEAN, 2017). B4 5 (Perca flavescens)
(RATFEE, 201)E MBI RV, KIEE S M
PR Ss R KRR . TORTh AR R GhURER . B
. MR . EVEH 2 EHUE IR H F(Gu et al, 2016),
SRR BT AR T, 3G P R Y 4
PSRN M@ENEREE, 2005), EHKERFHL
T, fEEE KX Arg ERIE T RE N 2.78%
(LEEITSE, 2022), ABF5E DO @ikt Arg KFN
2.799% , T A IEH VR IGCP il ) SR ACE FR R OR, H
SBMIE-VF- [V fith 1) il 52 245405, Wi DI RE A 56 H
PEE a2 AE KRR, T7E KZE 6 (Gu et al,
2017) . HRBEHL A & fia(Sciaenops ocellatus)(Cheng et al,
201 D)5 RFFE Y EUER, Arg sl et B MriE DR, F

R0 S0 0 A K RE o AR ST AR SRR 77 Arg KT
EAMNEN I Arg, XRG4 5 R AR T R Y
M, 2% Arg (D2) 2 425 T SBMIE-1F [CAF-fifl )
WER, JFH Arg IINECE TR . BEALE, 4
T AEWERE, HEI Arg X} SBMIE-i4: [ - fih (1) iz 18 7

AT R, TR T AR K RE

A AT (DAO) R S Wi 38 LR B B 37 5115
FERE ML N B, AE /DA RE I d ol B b & i
[N R 2 77 U2 7 B 1w ) | W1 0}
P DAO 23 i i i B s B 00 3 40 it A 1 A I W
(LT RREE, 2018), AHBFSE Arg i35 MK T 13 DAO
TEE, $E8 DO 4 T8 20 it R A RN, I Arg &
EREAR T DAO BB, CRAFT T I 7 5 5 s 11 o A
WS NOS (INOS)E A THE MM, —& 4k
A Az KB NO (Wang et al, 2009),NO &5 |
KA IR, TR RUH Y LR A, e R s
TERIER N T, BRYITESRE NO A 5Bk
(FINLTBELE, 2014), B NO £ SR A 4 44
AL ONOO 1 NO*, 53/l % 45473 (Upperman et al,
2005), K fia(Larimichthys crocea) H LRI Arg i)
FHEE AN T-NOS FFIE T-NOS | iNOS £, NO
L T+ (Zhou et al, 2012); YRR 145 (2022) 7834 &S
filh LR AT AR Rl R 3, 17 NO MK REZ 4.82 pmol/L
P23 19.26 pmol/L. AF5E Arg WHNZL 1T T-NOS
FTINOS 1 14 i B, 17 NO M DO 4 27.02 umol/L
F% % 18.39~19.09 umol/L, 5 Eibst#a¥ M, H
Arg WL R EEARAT , SRR AT 2 b iR AR i S 56
b TR, 3G SN Arg A4 NOS {4,
TGN NO By =4, ARFSE DO 414 FCF- fil iz i
Z RN EA, RAE RIS T EELE INOS B A
B, W T NO AR, SBUMTE NO S,
Arg FIABUE R ARSI, FRARRAE RN, MKy



82 ook B

545 %

NO 18 -5 B A il 72 1E I

i T 245 4 %) 52 B AR 5 i TE R WACRE g 4 DA G o X
K VG PEES A (Gadus morhua)(Refstie et al, 2006), K3
B¥(Sun ez al, 2022) . ¥ & (RATITE, 2017)55 A
FEIFH AR v Il ] SORT 2 5 20 1 b 5 2
Ak, ELBE A T L GOR H 91 T e B ] R B [ 42 < i
RIVE, ST EARZHNEYEEER, SEAEM
KA WS A IR R A5G BT, ATVE I T 25 A
ARG, 5| S L 45 A8 1 IR K 3 P 14 i (J) 2176 4%,
2006), AHFSE DO 41 B 1 9 i BERRAR . bR 4R
JE 7% . A2 G T AR AN i 1 A Y
SBMIE Stk , W Arg J5 M RAEIRIH B2k, DA D2
2H A5 o P e o FEZLff(Sciaenops ocellatus)(Cheng
et al, 2011)F1423 L 8L fyi fii(Morone chrysopsxMorone
saxatilis)(Cheng et al, 2012)HF 5% vt Wi 22 5] 25 () 2%
B BRI 1% Arg (FORIR ML 40%18 5 F1 ),
AR B R T L T N L o P R R X A T 4R
wo VLRI, Arg TEZES 1738 R 25 40 58 B T
T P R AE o

T-AOC (IR BLHLAATE BRIG P4 A i &R L fR e
290 e 5% R0 200 L PN A TR HIRAED 1 ey i AR 451 R T 1
R (H AN KEE, 2018), MDA JeA4= MR N i ot S8 AL iy 2%
P, BT R, AR R S W LR S A TR A A
ilio xKE AR, 2016), BB A4l (Oreochromis
niloticus xO. aureus)(Lin et al, 2011), B 4H(Carassius
auratus)(FEEEESE, 2022)5F WWFR YR, SR &
B Rk yiE Lt . AR5 DO 4 liE
T-AOC H k1M MDA & iy, 5 LRER—E o]
AEJZ DO ZH 1/ [P il 0 O i 40 A ORI B T i 2
A1, LRSS i B R A AN B SV B, AR R
B A AL ) MDA (220 5F, 2017). AN Arg
#A i T-AOC B#THR, MDA REFEK, K
Arg AT LABGGE H R 00 1 oS DR LR S, 78
A (BRIFEE, 2017) . B Ffa(Pelteobagrus fulvidraco)
(BRI, 2016) LA 3] T 264518, Tan 55(2010)8F
FERH, Arg BERI AN ML 3G 7T Ty N 8 = 5 D 1
AMAEFET, FIRERE Arg B T Z WA IHIE R, PRy
JiE A SR sz 45, RS T LIRS A AL g

I T B i s M R Y R R TR
5 B [0 A1 4 2 1 (occludin) A1 525 H (claudin,
CLND) LA F f 5 55 1 (A0 zo- 1) K] i 5 3% e 422 1) B 2R
HHBEH, zo-1 T & Ay PDZ 45 14 5 Al
occludin. claudin %4, 7ER%EE LA L
R P AR (LR IE S, 2020), XTEER JpIH £1 5
i (Epinephelus g x

fuscoguttatus Epinephelus

lanceolatus 3 )W W98 3R B, K %5 % #: AH OC 3 A
occludin. clndl3a. zo-11EHi. B . J5HFEEEEHK
15, PR AR 8 B B T e L ) SCEEE
(BRAR 4, 2021) 0 z0-1 Feih T AEAH M FEFE b A7 kL
TR R B AE T (FLEEBESF, 2020), 7£ Arg (Chen
et al, 2018). AW (Jiang et al, 2017), %R (Luo
et al, 2014) I YR BRIESL , XK SEBE I 55 21, 40%
M BRAR T R EE B 1 R T R A OGS
Fikwm G| & Wil RIE(Chen et al, 2018). Arg /E M)
RETE LR , 1T RE 32 253 1o 035 I 18 266 05t o 1) R
WA, TR IO B (R AR S5, 2021)
FEL 0 (WRIF IR, 2017) AU SR R W], Arg W] figid ik 35
occludin M clndl5a FEHFiRkKF-, Mg Z0s X &
BRI SR B <P IR, TR B 2R
WE DI RE . AL iR R Arg B2 S BURIE B E
FEE 323K 52 (Wang et al, 2016) , AHF5E DO 41 30%
B SIS EFE occludin., clndl5 . zo-1 =Fp'E%
AR VB AR SRR B Z B, Arg PYER N
B LET 3 ANREAMH SRR R, 5 LRI g;
—3, R Arg FEEE A FERE S R T BA —EER
2 R G RS 5 ROE N 2 VIAE S, Bk
Rz S n i BN, W . S RESWE MR
LY, 5] & RfE RN IFRCR R IE RN T, #
Wi By L Bz 400 6 XoF 355 35 40 S5 1) W AL R X S T 1 i as
(E4n, 2017), SBMIE i@ 5 HAMMANZE ). TLRs
EE R N T A R R R G & (Zhao et al,
2019), il-1B. IL-8. il-12b. il-15 Fl tlr8 J&/i7 if f s
1) T T R, R b A R e Sy S A O B
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IL-8 . il-15 T tlr8 ik K- RIEAHS, 5 il-12b Kk
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The Repairing Effect of Arginine on Soybean M eal-Induced
Enteritis of Sebastes schlegelii

WANG Xiaoyan, LI Baoshan, SUN Yongzhi"”, WANG Chengqiang, LI Lu, SUN Xiaoyu,
WANG Dan, ZUO Zhen, LI Peiyu, HUANG Bingshan, WANG Jiying

(Shandong Marine Resource and Environment Research Institute, Shandong Marine Fishery Feed Engineering
Technology Research Center, Aquatic Animal Nutrition and Feed Research and Development Innovation Demonstration Platform,
Shandong Key Laboratory of Marine Ecological Restoration, Yantai 264006, China)

Abstract The complete intestinal structure is important to ensure the rapid and h  ealthy  growth
of fish. However, the feed composition, aquaculture water environment, intestinal microbial
population, and other factors may affect the intestinal health of fish. Intestinal health problems caused
by feed ingredients are mainly due to the antinutrient factors contained in raw materials.
Antinutritional factors contained in high-level soybean meal can cause oxidative damage to the
intestine, thus, inducing soybean meal-induced enteritis (SBMIE), which leads to a decreased appetite
and the slow growth of fish. Alleviating the damage of soybean meal to the fish intestinal tract and
improving intestinal health through nutrition are essential methods for ensuring the sustainable
development of the feed industry, which has significant ecological and economic significance.

As a functional amino acid, arginine is a precursor to the synthesis of bioactive substances, such
as urea, glutamic acid, creatine, proline, polyamine, and nitric oxide. Arginine modulates metabolic
regulation, including growth, immunity, intestinal barrier, and endocrine regulation. It plays a vital
role in the immune regulation, maintenance, and protection of the intestinal mucosal structure and
function. It has been reported that arginine is beneficial for repairing intestinal mucosal injury in
poultry and aquatic animals. In this study, the carnivorous marine economic fish Sebastes schlegelii
(54.97+0.12) g were used to investigate the repair effect and mechanism of arginine on SBMIE. This
study aimed to provide a scientific basis for the application of arginine for maintaining the intestinal
health of fish and provide a reference for the application of plant protein to the compound feed of the
carnivorous economic fish S. schlegelii.

The purpose of this study was to investigate the repairing effects of arginine on the growth
performance, arginine metabolism, intestinal structure, antioxidant performance, relative expression
levels of intestinal tight junction protein genes (occludin, cindl5, and zo-1), and inflammatory
factor-related genes (il-1p, il-8, il-15, and t/r8) and anti-inflammatory factor-related gene (il-12b) of
S. schlegelii with SBMIE. S. schlegelii were fed high-level soybean meal (40%) for 28 days to induce
SBMIE. SBMIE-S. schlegelii weighing (54.97+0.12) g were used as the study animals. Four

D Corresponding author: SUN Yongzhi, E-mail: sssunyongzhi@126.com
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isonitrogen and isoenergetic experimental feeds were formulated. The basic formula was
supplemented with 30% soybean meal, arginine 0 supplementation as the control group (DO0), and 1%,
2%, and 3% arginine supplementation as the treatment groups, named D1, D2, and D3, respectively.
Each diet group had three replicates, and each replicate consisted of 40 fish. The fish were randomly
placed in 12 homemade cages (60 cm x 60 cm x 90 cm). The experiment lasted for 6 weeks. The
experimental fish were fed twice a day (08:00 and 17:00), with the initial feeding amount being 1% of
the body weight, and the feeding amount being adjusted according to the feeding situation. During the
experiment, the bottom of the cages was cleaned, and the water was changed every day to maintain
the water temperature at 18~22 °C, the dissolved oxygen at > 6 mg/L, the pH at 7.6~8.2, the ammonia
nitrogen content at < 0.05 mg/L, and the nitrite nitrogen content at < 0.05 mg/L. The light cycle was
the natural cycle. The results showed that the weight gain rate of the fish in the D2 and D3 groups
was significantly higher than that in DO group (P<0.05). The hepatosomatic and viscerosomatic
indexes of the fish in the arginine treatment groups were significantly lower than those in the DO
group, and the condition factor was significantly higher than that in the DO group (P<0.05). There
was no significant effect on the survival rate (P>0.05). Diamine oxidase (DAO) activity, NO content,
and iNOS activity values in the serum of the treatment groups were significantly lower than those in
the DO group (P<0.05). The serum T-NOS activity in the D2 and D3 groups was significantly lower
than that in the DO group (P<0.05). The duplicature height in the treatment groups was significantly
higher than that in the DO group, while no significant difference was found in the duplicature number
and muscle thickness (P>0.05). In group DO, the intestinal mucosa lamina propria widened, and the
number of goblet cells increased, while in groups supplemented with arginine, the intestinal mucosa
was intact, and the problems mentioned above improved significantly. Intestinal total antioxidant
capacity (T-AOC) in arginine supplementation groups was significantly increased, and the highest
value was found in group D2 (P<0.05). The malondialdehyde content in groups D2 and D3 was
decreased significantly compared to that in the DO group (P<0.05). The relative expression of
occludin mRNA in each treatment group was significantly upregulated compared to that in the DO
group (P<0.05). The relative expression level of c/ndl5 mRNA in the D2 group was significantly
higher than that in the DO and D1 groups (P<0.05). The relative expression level of zo-/ mRNA in
group D1 was significantly higher than that in the other groups (P<0.05). The relative expression
levels of IL-1f, IL-15, and TLR8 mRNA were downregulated in all treatment groups, while the
relative expression of /L-12b mRNA was upregulated (P<0.05). No significant differences were
found in /L-8 mRNA relative expression (P>0.05). In conclusion, under the conditions of this
experiment, the growth and antioxidant performances of S. schlegelii with SBMIE were significantly
increased, arginine metabolism and the intestinal structure were improved significantly, and the
relative expression of intestinal tight junction protein and anti-inflammatory factor-related genes was
upregulated, while that of inflammatory factor-related genes was downregulated, with arginine
supplementation in a high-level soybean meal diet. Arginine (2% best) was effective in repairing
SBMIE of S. schlegelii. The results of this study provide a theoretical basis for the mechanism of
repairing SBMIE with arginine.

Key words Sebastes schlegelii; Arginine; Soybean meal-induced enteritis; Tight junction protein;
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F A 2 2 7 & 3R ZLFH E AT H 34T GO (gene ontology)#f KEGG (Kyoto encyclopedia of genes and
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HEAT 0T R A < R L DK K RNA 52 % 1, NanoDrop
2000 K5 RNA BYHJEFI4ERE, Agilent 2100 K54G
55 RNA 5638 . ff HA A Oligo dT AY 4 2k 38 43 Bl
FEH MY T E 4 mRNA, B R HAT W e e ez
PCR ¥ 375 3| 55 B 5% 5 40 cDNA S0, 3y
## 6 1~ cDNA SCE ., FAgEEH% 1 cDNA LA
[lumina =538 & 55 5 NovaSeq 6000 HEATIN 5%
SR SCER R TAERFER I F Y R HGEEE
RELA ) 56 1o
1.3 HRAFBEIES W

2 el B - 5 AR A9 B AR JE 8] (raw reads)
TR R AR SR R S, AR T
5S40 Hr , O R FH SOAPnuke K 4(v2.1.0)% i i
FEANHE T I, Bl RT5 gy . RS AR A B RAR A AL
J#51(clean reads), FH/FITH Q20. Q30 (im{E =20
5 30 BUBRIE T & A ) M GC F . KRR A
RO Hf ] HISAT2 (Kim ef al, 2015). bowtie2
(Langmead, 2010) bEXf B0F 54 52 56 28 15 9 L 1)
S FEF A W (NCBL R K ), MR R .

14 BEREXESH

ARG I T RN £ ik FPKM (fragments per
kilobase per million bases)XFEAS ] i) 4 5 1 17 49
Mr, LARZ IR M 5 2250 2 VR FIWT AR o, G R B0
FEIT 1, DUUAE o P A AR R R
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15 ZERRZEEERSWTRIME

R G R ] FPKM 3R IF Al B R 3R A K F
PMBRZH yxf B2, P S, ] DESeq
BT 22 5 363K 5L N (DEG) iE A7 0 6, 07 1ok 9 (A
FDR(false discovery rate)<0.05 H.|[log,(FC)|>1(FC, fold
change) . Jk T 22 5 RIBFEHLER, K53 A1 (hyper-
geometric distribution) ¥ 75 2 %t 22 7 Rk KL K i# 4T GO
(gene ontology) 3] it 1T B (Ashburner et al, 2000) &
KEGG (kyoto encyclopedia of genes and genomes)fi 5
i 4 5 4220 (Kanehisa et al, 2004).

1.6 QPCR I&iF
XPFRVE Y 10 A OCH 2 3Rk 1T qPCR

Bk, ] R e 50 & (TaKaRa, H A R sk
cDNA, #RH#EFEH CDS F5I{fi i Primer 5.0 B 4511
qPCR 5|¥1, B-actin HNZSFHH(FE 1), qPCR ffi [
SYBR qPCR Mix 7| & (EnzyArtisan, )74
., PCR ¥"34{AZ J 10 uL: 2 x S6 Universal SYBR
qPCR mix 5 pL, 1IERMGIH4 0.2 uL, cDNA it
0.5 uL, ddH,0 4.1 uL; ¥R . 95 CTHIAEE 30 s;
42 MIEER  JERFLF A 95 “CAEME 55,60 “Cil & 30 s;
WA, 95°C 15 s, 60°C 1 min, 95C 15 s, ffif{
QuantStudio 6 Flex Real-time PCR {¥(Life Technologies,
S ENKI qPCR 455, 2R 2724 Jy it S AT Rk
o A SIZRTA TAY TR B A BRA A
B

%®1 QgPCR3|I#FE7!
Tab.1 gqPCR primer sequence

FE ID Gene ID  #: K44 Gene name

1E 1M 5]% Forward primer (5'~3")

1759 Reverse primer (5'~3")

Cus11128 atp2a? TTATGAGTCTGACCTGACCTTCGT GTCCACGTCGTCCTCCTCG
Cus27094 atp2al GTGCAATGACTCCTCTCTGGACTA CCTTCACAAACATTTTAGCTCCG
Cus32796 myhl GTCAAGGGAGTCCGCAAGTA CTTAGACATGTGCTGGTTTGCT
Cus32832 myh4 TTGGAAAAACACAGGCGTTTG TTGTAGTCCACAGTACCGGCG
Cus32788 myh6 CTGGTGGCGAGAAGAAGAAGGAAG  TCACTGTCTTGGCATTACCGTAAGC
Cus37534 myh7 GAAGTTTAAGAATAAGCAGCGGGA CTTTGGTGACCCACTCATTTCC
Cus38339 myh9 GGCTACAACAACTACCGCTTCCTG GACACCACCTTCAGCAGACCAATC
Cus32793 myhl3 GAGAAGCCCAAGCCTGCCAAAG CCAGCCAGCCAGTGATGTTGTAG
Cus00245 g6pc GTCACCTCCATCCTAACCATCA AGAGTGCCCCGCAGATACAG
Cus13680 igfbpl CTGACCAGGTTCTATCTGCCAA GGACACACACCAACACCTGC
LOC100136352 p-actin CACAGACTACCTGATGAAGATCCTG  GTAGCACAGCTTCTCCTTGATGTC
o pm FEAS PEFEJE 15 1E B A H BE4E AR o ASHF S0 i e A ik

21 HRANFFMARELER

AWFFEMNMHER 6 1 cDNA SCHE I3k 15
295 605 738 ZRIFURITH, 26 g s il i Ok e LR
283 133 612 ZRAMITH), & FE G B A R XS HRAE
94.43%LL I, Q20 WYEFHTE 97.80%L) I, Q30 M
wAE 93.90%LL I, GC 5 & 5 B IE A 49.10%
Pk, JoHHS GC 3 AT /B4 . #ss A 30T
G5 555 L R S LR A T HOR, 25 R EOR,
XPRIE 94.93%LA I, ULHIIN P& R nr &, nli T/
ZLor AT (K 2).

22 BABEXESH

S 3R BOR AT LK 0 2 25 5 50 T
FALME, ST LIVPA 2 57 R A AT | SR VPAY

TR A REA Z W A AR SCHE R B, IR (8 1),
HITEL 1 AT, A REAR TR OGME R B 7E 0.83 LILE,
T WREAS [ FH 5 BE RS2 56 ] SR PRy o

23 ERREERSWH

A FPKM Skt Rik i, i DESeq
BAF(v.1.22.2)%F FE R B 85 R b7 0 b7, R LA
) FC {H. LA FDR<0.05 H|log,(FC)|>1 1F k&1 Fii 1k
0o B e Y A e 2 e R, JF el A
DLW S B PR 20 R0 4 21 2 o L e e L ) 2 21
S RIBEER AL 2) 4R BN, TES I E
HEELA S S e 2 211 DR RIR A, H
AL E 659 ANHT TN ; SEKAM, KA
H 583 AL LR B, 1628 2RI ERIR
T
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Tab.2 Quality control results of transcrlptome sequencing
B4 Bt HHUFI ATHH 0ore  qsoms GO
Sample Raw reads Clean reads Effective rate/% GC content/%
FM1 48 933 582 46 768 662 95.58 97.90 94.20 50.80
FM2 49 829 420 47 957 942 96.24 97.80 93.90 51.20
FM3 50470 284 47908 972 94.93 97.80 93.90 51.00
SM1 50 036 756 47 888 408 95.71 98.00 94.30 49.10
SM2 49 964 426 48 012 690 96.09 97.90 94.10 50.80
SM3 46 371 270 44 596 938 96.17 97.80 93.90 50.40

T FM PR NI AL, SM O KRANAHL., T,

Note: FM represents muscle of fast-growing group, and SM represents muscle of slow-growing group. The same below.

00000
OGOQ

009
00

0.91

0.93 0.94

0.88 0.83 0.85

0.89 0.90 0.90 0.86

0.90 0.87 0.88 0.94 0.89 SM1

0.6
K1 R

Fig.1 Sample correlation analysis
60 = ARIEE R Up-regulatded gene
" . = FJEZEKIENA Down-regulated gene
50 = 57K 155 H None-DEGs
. P<0.05
40+ -+ |log, fold change| >1

20 -0 0 10 20
log; (fold change)
B2 ZRFRIRFEKFKILESM vs FM)

Fig.2 Volcano map of differentially expressed genes
(SM vs FM)

24 ERRIEEFE GO NBEEERTIF

GO IAE R T AR o, 22 Rk 5

& SETEA W) 2F 11 FE (biological process, BP). 43T UIfig

(molecular function, MF) 140 i 21 43 (cellular component,

CO) 3 620 1~ GO term 1, Hrft ,BP fz£(2 457 1),
di 67.87%; MF R2Z(782 1), 5 21.6%; CC &/
(381 1), 5 10.52%. & 3 WJ%0, 7E BP Hifer,
22 RIBFEN F LS 5 UL 72 (cellular process) 5
38} 3 F2 (metabolic process), 43 5l & A 2 &K
578 1489 4~; £ MF IifigH, 25454 (binding)id 72
2R RBIENIRZE, N 543 4, AT M (catalytic
activity) i3 FE IR, A 364 4; 1 CC Mifigrh, 2%
FEIRFEIN T BS540 (cell) M ZH L2 43 (cell part)id
T2, I3l Er 386 il 382 25 SRk S M

25 ERFILEEFEKEGG BEEEST

Xt 24 5 FR I AT KEGG 3 % & 55 /M i 4
FoR, WA ALEUrf i 22 S ek JE DBl 3 R 31 251 4%
E M KEGG g, Hof 73 (5 Sl gl 5=
#£(P<0.05), KA M ERFEEN L EE
TEWE B At /B8 54 (glycolysis/gluconeogenesis) . H Y
M A YA
(biosynthesis of amino acids) . i Lifif (carbon metabolism)
DA B A (proteasome )i 55 (18] 4a); T IH MY 22 5%
Fak BN W E TR B 41 M 43 £k (osteoclast
differentiation) . IL-17 {5 5 il #% (IL-17 signaling
pathway) . 2 FEMR 1Y) 4 9 & Bl (biosynthesis of amino
fig Wi 40 Me B+ {F % 38 % (adipocytokine
signaling pathway)ll & TNF {5 58 }(TNF signaling
pathway)Z§ (I&] 4b).

2.6 IOt E EHH iE

AT LI, S5 B A LA A KA e 22 L N
R E E L E MAPK {5 5 i 1% (MAPK signaling
PI3K-Akt i 5 il % (PI3K-Akt signaling
pathway) . 5% % 4% (tight junction) . 5% K {5 5 %
(insulin signaling pathway) . BHEEf#/BE 52 2E . PPAR 15

¥ (methane metabolism) .

acids) .

pathway) .



%3 S0 T AL 5 55 L LA K KB A B 5 91
13162 Cellular process [ I ¢

AR5 2 Metabolic process

B F2 Single-organism process

A Y1875 Biological regulation

H: 453 #2857 Regulation of biological process

2240 Mtk 4553 Multicellular organismal process

{55 Signaling

& & 137 Developmental process

SEfii Localization

2R R H 2R84 H & 4 Cellular component organization
Orbiogenesis

H: ¥ B A £ 4% Negative regulation of biological process
H Y R A IE AR Positive regulation of biological process
iz 3} Locomotion

H K Growth

e E R Gi 1 #2E Immune system process

A=t Biological adhesion

£ 4= ¥4 72 Multi-organism process

%% Reproduction

4513 7 Reproductive process

Fi 3 #2 Rhythmic process

474 Behavior

4 Cell

2 4 Cell part

i i Membrane

Yl % Organelle

2 M i 8.4 Membrane part

A4 Organelle part

B FHEE %) Macromolecular complex

M4 ME Extracellular region

HMIFME ALY Extracellular region part

#A>FE A& Supramolecular complex

Jifit 4] i Membrane-enclosed lumen

4 Mi3%E$E Cell junction

Z&fih Synapse

ZEfil %4y Synapse part

JHTE Virion

JRBEST Virion part

454 Binding

HEALIGE Catalytic activity

AR Y s R T 1% M Nucleic acid binding transcription activity
$32 1% M Transporter activity

ST P Molecular transducer activity

{5 5L AT Signal transducer activity

A TIhEEVE 5 2§ Molecular function regulator

25 5T M Structural molecule activity

HFFFIEM, %54 Transcription factor activity,protein binding
YA AT Antioxidant activity

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 T T 1 1 1 1 1 1. 1 1T 1 1 1T T 1T T T T T T T T T T T T T T T T

I 5
—mu
I |40
. 133
I |27
=
I 7 2
I 3 2%
I 7 g R
I— 2 )
I 7 g m
—
— 4
-
-
K
- 5 5
I 3 S
I 35 5=
— 5 I
I 265 R
I 43 8
I |03 "
o1
—
I 39
29 £
I 27 g o
£
— £
28
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=]
R 543
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F:H % H Number of genes

K3 2EsRikdEN GO TRk

Fig.3 GO functional classification of differentially expressed genes

53 % (PPAR signaling pathway)'(P<0.05), %Z5&
GO TIHeIBEAl KEGG i % & AR 45 0L, #HED 22 5 5%
N 2w R Sl T RS A 5 505 B s
PIAERAHSCHYZE I, S5 B AHOCSCHR, Rk th vl g
5O 8 B P A KA DR 25 R AR 31 A4S, gk 3
fr s o

Rk — 2 R 9 B 22 S B PR 22 () R DA FH oG
FIT 4 v] fE 5 5 5 FE e LY AR ORE DG Y DG B
FEIN, il STRING (Version 11.5)%% 4 J& (https://
string-db.org/)FAHE R HAEM 4 KK 5), Bk exclll. 1

FES, TE 31 > 22 5 3 P R B0 ) 30 S BE DK g hY
CHE A, Hrh 27 NMEARZ MAEMEEEN.
MR 28 1 P 28 BARETR L T 10 AR S SR A
fieg A= R DG Y B R BE DN . L3R/ B 45 ATP ity
FEH atp2al M atp2a2 . % -6~ TR 6 ARG HL R
gope ERKHTHEEHEA 1 B igopl I ENIEREH
EHEFED myhl . myh4 . myh6 . myh7 . myh9 Fl myhl3,
Hodr, PR ap2al . myhl T myhl3 KN FiHFE
ik, atp2a2. gbpci. gfbpl. myh4. myh6. myh7 Fl
myh9 BT KL
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a5k

a DEG_L¥ Up regulation

Cardiac muscle contraction
MAPK signaling pathway - yeast
Cysteine and methionine metabolism
Glycine, serine and threonine metabolism
RNA degradation
Plant-pathogen interaction
Insulin signaling pathway
Ribosome biogenesis in eukaryotes
Fructose and mannose metabolism 2.27x10™
Galactose metabolism [l 1.20x10™*
Biofilm formation - Escherichia coli } 2.82x107°
Glucagon signaling pathway | 1.07x107%
Carbon fixation in photosynthetic organisms | 5.38x1076
Starch and sucrose metabolism | 1.33x107¢
Pentose phosphate pathway | 5.54x1077
Proteasome | 3.54x107°
Carbon metabolism | 9.43x10°1°
Biosynthesis amino acids | 1.25x1071°
Methane metabolism  4.14x107"
Glycolysis / Gluconeogenesis  6.49x10713

7.65%107*
3.65x10*

5.10x1073
4.58x1073
4.25x10°2

2.39x1073

1.66x1072

1.45x1073

0

b DEG i Down regulation

Glycolysis / Gluconeogenesis
Pancreatic secretion

Carbohydrate digestion and absorption
Nicotinate and nicotinamide metabolism
Glucagon signaling pathway
Phenylalanine, tyrosine and tryptophan biosynthesis
Circadian rhythm

Insulin signaling pathway

Protein digestion and absorption

PPAR signaling pathway

Tight junction

MAPK signaling pathway

HIF-1 signaling pathway

Apoptosis

Cysteine and methionine metabolism
TNF signaling pathway

Adipocytokine signaling pathway
Biosynthesis of amino acids

IL-17 signaling pathway

1.34x10°°
7.30x10°¢
7.76x10°¢
5.46x10°¢
4.81x10°°
2.27x10°¢
9.25x1077
7.88x107
1.92x1077
2.08x1077
1.25%x1077
2.42x107®
6.69x107°

2.55x107

1 1 1
0.002 0.004 0.006

1.97x107*
1.70x107*
1.63x107*

1.10x10™*

6.58x107°

Osteoclast differentiation }2.39x1010
1

1 1 1
0 0.000 05 0.000 10 0.000 15 0.000 20

Kl 4 225RBHN KEGG & HE 51
Fig.4 KEGG enrichment analysis of differentially expressed genes

1
0.000 25

2.7 PCR WiF

SRy B E 2 75 L AL PR A SR 40 4 R 1 ]
P, XL Y 10 A5 4R KA SC Y S S 1A
Ph B-actin HINZ 4T qPCR BilE, 455 Won (& 6),
10 A~ 22 59 S R 2 TR 25 L 5 5 Sj 2L 000 A0 1) B TR 3%
IRGE R — B, WA S 38 2 5 S 4 D AR AR 1Y)
SEOLUERG, BT RO B SR N T R TS
SLUIRE R UEFN A FARIL I T & o

JULPA A AR T PP 7 987 i SO 28 5 8% 4 19 B
FhREZ — , IRl K A FP e B AR oA T 2 A e
bro L5 BL A f R R T4 B 44 BV K A, PRHG AL o
B SC T S2 0 P B o AN ST RTI A BE RItE T A
R TR) R I3 4 1T SR FE A 2 55 L P 4 (ARG A 7
RIZESE, AR A BE R 3% 25 57 i) T e 16t A AL
], AR BIFFE SR FH o 308 0 B AR PR ZH RS R 4 Y
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05 B AT T ALY, O 25 S A IR
JF#E41T GO M KEGG & 4430 4248 it 7T e 5 & 95
LR AE KA SERY 10 Mgk 5L
atp2al F atp2a2 & ATP2As KPR R 5L,

9w 15 fh BT R T A B N IS A G Y LR/ P9 T )
Ca™-ATP [iff(SERCA), REMEHE K v iy Ca” [l = L
5 I8 s R oA Joi ) v, DA UL AT R SO IR 2SR S R A
SRS, 7E 45 A0 A A K RN o A i v % 5 2 T B
F(Chemaly et al, 2018). atp2al & AE RN 531k
Rk B, 4iA%E) SERCAL HEAS S5 HLLE

Al L R R D 58 72 I 255 W WL 65 (Oncorhynchus
mykiss) )4 K (Salem et al, 2012), atp2a2 3N+
BAENRCNE . Bi A T AV B AR LI LA 4E) & B o 72
ik, 4% SERCA2 £ SERCA2a . SERCA2b
F1 SERCA2¢ =Fh W5 (Hino et al, 2007; Hovnanian,
2007; Periasamy et al, 2007), atp2a2 FH GEWE IR/
B4 Ca® 2k I3 i AY 7 95 A B (Goonasekera et al,
2011), SERCA it F RIS IELZ D ALEF SR, FEUL
WL 4 D BE T R, i 28 3 A0 IR 3 o (2 41 5
2020), AT AI, FEPRKHANAAL S aplal 3

x3 REESREERER

Tab.3 Annotation of candidate differentially expressed genes

HH 1D HH 4 PR
Gene ID Gene name P-value
Cus32796 WIERFE 4% 1 Myosin heavy chain 1, myhl 2.75x107"!
Cus32832 HLERFE [ H 4% 4 Myosin heavy chain 4, myh4 4.98x107"°
Cus32788 WLERZE A H4% 6 Myosin heavy chain 6, myh6 1.99x107
Cus37534 WLERZE A H4% 7 Myosin heavy chain 7, myh7 7.74x107
Cus38339  JLEkEE H E4% 9 Myosin heavy chain 9, myh9 1.29x107°
Cus32793  WIBKEE (1 E4%E 13 Myosin heavy chain 13, myhl3 1.34x107
Cus32818 JULEKEE HEEHE 15 Myosin heavy chain 15, myhl5 1.86x10°°
Cus25495 C-X-C #JF#1LF 11 Chemokine (C-X-C motif) ligand 11, duplicate 1, cxclll.1 9.24x107*
Cus33036 5533405 7 4 Activating transcription factor 4, atf4 1.35x107"°
Cus09210 %% 305 FF 7 Activating transcription factor 7, atf7 1.28x107°
Cus40180 #% %% 5% [H-F RELA proto-oncogene, NF-kB subunit, rela 8.06x107°
Cus05452  MAF4E4n ik K 5 1 Fibroblast growth factor 1, fgfl 9.08x107%
Cus13680 A& HF454E 1 1 Insulin like growth factor binding protein 1, igfbp! 2.56x107""!
Cus34244  —TWEMR e H 0% 2 1 -y3 Protein kinase AMP-activated non-catalytic subunit gamma 3, prkag3  3.95x107*
Cus33489 7E i 3 AKT serine/threonine kinase 3, akt3 1.25x107
Cus11870 THEHER I MEF Pyruvate kinase M1/2, pkm 8.46x107°
Cus23574 Na'/K'-ATP fiff a3 IV.3& ATPase Na'/K' transporting subunit alpha 3, atpla3 1.83x10°°
Cus27094  JJL2%/P 45 ATP i 1 Sarcoplasmic/endoplasmic reticulum Ca®*-ATPase transporting 1, ap2al ~ 3.47x107°
Cusl11128  JJL2%/P4 45 ATP i 2 Sarcoplasmic/endoplasmic reticulum Ca®*-ATPase transporting 2, afp2a2 ~ 1.75%107
Cus29966  §545:3E 932 1k Transferrin receptor, tfic 8.24x107°
Cus33302 MR ILIE-3-14 8 5 3214 Phosphoinositide-3-kinase regulatory subunit 5, pik3r5 4.05x107*
Cus27589 fIg iR & i Fatty acid synthase, fasn 5.30x107°
Cus23453  Hili )55 i 2 Glycogen synthase 2, gys2 2.58x107
Cus27723 iR H ym B2 22 {7 fif-1 Phosphoglycerate mutase 1, pgam 4.48x107
Cus02461 Wil imEE N B AR FR 3L Phosphoenolpyruvate carboxykinase 1, pckl 6.85x107°
Cus00245 M -6-BEfR i Z 8 Glucose-6-phosphatase, catalytic, g6pc 1.40x1078
Cusl5210 PAAMAERN Glutamate-ammonia ligase, glul 2.20%x107°
Cus20143 tEZA LM 2 Arginase 2, arg2 8.19x107%
Cus25173 F HEF [ 34 F-box protein 34, fbxo34 9.78x107"2
Cus05922  JFJ# 3L A Jun proto-oncogene, AP-1 transcription factor subunit, jun 6.24x107%
Cus39186 cAMP W& JCif45 4 1 5 cAMP responsive element binding protein 5, creb5 4.15%10712
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WRIKERF LI, ap2a2 FBWF T, wTREZE Ak, WS R aeEr.o s 5issh6e ),
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Fig.5 Protein-protein network interaction analysis of differential gene
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BeSRAMIT RNA-Seq

g6pc  igfbpl myh4 myh6 myh7 myh9 atp2a2 atp2al wmyhl myhl3
FH Gene
K6 2:mRikHN qPCR KuE4s R
Fig.6 qPCR results of differentially expressed genes
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MYHs HH 2 A LR A K L & OGN,
S B A JLEK B 11 B 2 AILER 25 1 (Myosin) 1T 2843+
PR OCHET A, R EEIh EEREE AR,
FENLR A Ko B v R 17 F 2R -H(BRZ 5E, 2017);
myh TEA R 2T 1) 5 55 LAF e vpe /e, 2 LR 27 4
INREAF TR EEE N R, A1 myh7 FEAENE AT 4E
thRik, myhl Fl myh2 F AR 2 3Rk (Gauvry
et al, 1996; Weiss et al, 1999), A5 &M, #5515
I B EEA KT 6 A myhs WHIH ) P4 i
F FWFEIEN N myhl T myhl3, myhl K 51
IERE F-1 (Myosin-1)5 Jg i A= Ay o, HE&k iR
AT HE IS LA 4 R e, BEsRILR A fLRE T, 12
53 B il J1 (Talbot et al, 2016; Ahn et al, 2018;
Czapiewski et al, 2022); myhl3 PH 4 i Sk R A
WUNLEREE A 8, 25 5 (toothed whales) JLJE £F 4
15 Y TY (Senevirathna et al, 2021), FRILZ 4N, A
WG myh4 . myh6. myh7 Fl myh9 FPIAEPLK 4
FRIXDETW; myhd FEPUE R bR G SE
it B LR K r i ey 1B Y LER 8 1 5 Ak 41 4
(Lv et al, 2020), myh6 35 r 4 i 1) ULBR 38 1 48 HoAth
WIEREE A HA T & ATP BEGPE, 5 filfL il 72
vh % ¥ 5 EAE FH (Buga et al, 2008; Miao et al, 2015),
myh7 &K 5748 255 | i s WL 0 L T 0 (f] — &
8,2017), [FEE, HENZERNAENREREEHEA
V8 ¥ 4E i (Feinstein-Linial et al, 2016; Zhang et al,
2016); FEMZET, myhd F myh6 IEHES 5B
(Acanthopagrus schlegelii) = 4 & 455 1 5 4 3 [F (Lin
et al, 2021), myh6 Fl myh7 FEPRAEPE A A 22 P i
(Silurus lanzhouensis) LA 412 H F3R8 T P (Xiao et al,
2022); myh9 HHF G AENLANIEKRE R T A HEE, H
Refe LA 4 1k, H3kik i 5t (Crenopharyngodon
idellus) LN 5t 1 45 5& (Pecci et al, 2018; Xu et al,
2020). ANEDNEIL) myh FPRRE S04 22 15 AN [R] ILEF 4
B, SR AEAR L, 18 L4 0 A B & A s
Bl 52 7 AR 2R U, il bR PR LR A R 4
TR LET 4 () Fiir BRI AR, $emris shae gy, it
WL £F 4t B 32 =5 AL R 32 30 19 45 22 B 8] (Yang et al,
2020), ARG A, ANFEIWAE myh P8 7855 H
TR Lo B e LA A, AT MYH 2R K
TR 1) 224 AR Ay 5 9 B fi A K OGS i A
g6pc Yihh i) % bk -6- 1 FR i (glucose-6-phosphatase,
G-6-pase) ALV BL , T2 N B W A5 i, RE S fi
Ak, 6 -1l 2 5 2 W 7K e 7 A A A W R , MR I e
Wi S AR IR AR ) G RG , 7E AEdr B A S T e 7 FE AR

B4, 2011; Liu S ef al, 2020), 1 5HAE KM
E W44k i (Scatophagus argus)IRN gbpe FEH Fik &
B LR, RO R AR SR R, THRE R E
ATP, SRR L, i 48R a0
A K (Tian er al, 2022), [AIFEFEXTRE M0 AR 5T H &30,
gbpc FEDFRIATT VR GRS A 1 I J5L 4 ik DA i 44 o e e
Hr kK AL A R TR (Yue et al, 2021), gbpe F:H E
ZZ e 5P R, AEPUARFGE A K 1B
PR R EEEN . AR AL, gope FHTER
KAL) 295 B P fekvh 25 T, gope BEPH A RETR
TR AR R AR L I IR L THAERE ZRE . b
AHLBLR , Z I 5 R IA R RE S BHAT 5 05 B
BER ARG, AR A AR DG SE R, i — 20X
HIEAT I REIRUE AT FARic A5 38

IGF 454 % 1 (IGFBPs)Hll IGF . IGF Z{&(IGFR)
DL IGFBP 7K fiff il DU 43 e [ b j ik 2 38 A A A
“F(insulin-like growth factors, IGFs), IGFs £ 5 4 fifi 43
HEne, YRR, AR ESEEESRE, 2
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Screening Muscle Growth-Related Genes of Coregonus ussurinsis Berg
Based on Transcriptome Sequencing

LI Wenwen'?, XU Gefeng2®, HUANG Tianqingz, GU Wei%, LIU Enhui®,
WANG Gaochao®, PAN Yucai’, ZHOU Jinxin®, JIANG Zaisheng’, WANG Bingqian®

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Cold Water Fish Industry
Technology Innovation Strategic Alliance, Heilongjiang Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Harbin 150070, China; 3. Tongcheng Fishery Service Center, Tongcheng 231400, China)

Abstract Coregonus ussurinsis Berg is a rare cold-water fish found in Heilongjiang Province, which
has high nutritional and economical value. The growth traits of fish are critical breeding target traits, and
improving the growth efficiency of cultured fishes has always been a major issue for researchers. As an
endangered fish, very limited research has been conducted on C. ussurinsis, and studies on its growth and
development are still lacking. Therefore, investigating gene expression in C. ussurinsis muscles would
significantly contribute to our understanding of their muscle development. RNA-Seq was used to find and
study the specific genes and pathways of muscle development under different conditions. Recently,
transcriptome sequencing has been applied to diverse animal populations, aiding in the selection of
candidate genes related to important traits by comparing the global gene expression profiles between
different animal populations with specific characteristics. This study aims to understand the genetic basis
of muscle development in C. ussurinsis at the transcriptome level and to provide new insights into growth
and development. To explore the molecular regulation mechanism of growth traits of C. ussurinsis, F,
individuals of C. ussurinsis were randomly selected from the mixed pool for test grouping (fast-growing
group and slow-growing group). The dorsal muscle tissue was clipped from 10 fast-growing individuals
(219.20+38.66 g, weight) and 10 slow-growing individuals (74.30+£17.86 g, weight) for transcriptome
sequencing to construct six cDNA libraries. High-throughput sequencing from Illumina NovaSeq 6000
and bioinformatics was used to determine the abundances and characteristics of transcripts. The
differentially expressed genes were screened with FDR (false discovery rate)<0.05 and
[log,FoldChange[>1; the functions of these differentially expressed genes (DEGs) were annotated and
analyzed by the Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGGQG) database
to identify the genes and genetic pathways related to the development of muscle in C. ussurinsis.
Moreover, to verify the sequencing results, real-time fluorescence quantitative PCR (qRT-PCR) was used
to detect the expression levels of DEGs. The results showed that the correlation coefficients of all the
samples used for transcriptome sequencing were above 0.83, indicating high correlation between the
samples and experimental reliability. Transcriptome sequencing results showed that a total of 295 605 738
raw reads were assembled from the six cDNA libraries, and 283 133 612 clean reads were obtained after
quality control. Q20 and Q30 sequences accounted for above 97.80% and 93.90%, respectively, and the
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content of GC bases accounted for more than 49.1% of the total bases. Through comparison with the
genome using EdgeR software, which was used to analyze the differences in gene expression, 2 211
DEGs were preliminarily obtained from muscle, including 659 novel genes. Compared with the
slow-growing group, 583 differential genes were up-regulated, and 1628 differential genes were
down-regulated in the fast-growing group. Function enrichment analysis found that the DEGs participated
in 3620 GO terms. Among them, 2 457 biological processes were primarily involved in cellular and
metabolic processes; there were 782 molecular functions, primarily involved in binding function and
catalytic activity processes, and 381 cellular components, primarily involved in cell and cell component
processes. The enrichment analysis of the KEGG pathway found that a total of 251 signal pathways were
obtained, among which 73 were significantly enriched (P<0.05). Among them, the up-regulated DEGs
were mainly involved in glycolysis/gluconeogenesis, methane metabolism, and biosynthesis of amino
acids, while the down-regulated DEGs were mainly involved in osteoclast differentiation, IL-17 signaling
pathway, and biosynthesis of amino acids. The genes related to muscle growth were significantly (P<0.05)
enriched in the MAPK signaling pathway, PI3K-Akt signaling pathway, tight junction, insulin signaling
pathway, glycolysis/gluconeogenesis, and PPAR signaling pathway. These pathways might be closely
related to muscle growth. Combined with the GO functional annotation, the KEGG pathway enrichment,
and the annotation results, 31 potential growth-related candidate genes were preliminarily screened.
Protein-protein interaction networks were used to further analyze the relationship between these
differential genes. It was found that atp2a?2, atp2al, g6pc, igfbpl, myhl, myh4, myh6, myh7, myh9, and
myhl3 might be closely related to muscle growth regulation, and these 10 genes can be used as crucial
candidate genes for the growth regulation of C. ussurinsis. The qRT-PCR validation of 10 randomly
selected differential genes showed consistent gene expression trends with the transcriptome sequencing
results, which indicated that the results obtained by transcriptome sequencing in this study were accurate.
A total of 10 growth-related essential candidate genes were screened in this study; these genes affect the
growth of C. ussurinsis by regulating their expression levels in muscle tissue. These results provide vital
information for the further understanding of the molecular basis and marker-assisted breeding of the
growth regulation of C. ussurinsis.

Key words Coregonus ussurinsis Berg; RNA-seq; Differentially expressed genes; Muscle growth
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FESES S917.4 XEERIEEE A XEHS  2095-9869(2024)03-0101-16

H WAL FE A | (suprachiasmatic nucleus,
SCN) H AX A 1 8 5 4% 41 2L 50 Ji A= W 8h (Yu, 2017;
Khan et al, 2016) . =950 3 K (BioClock genes)) 1Z 47

BARGEFR N AEYETHE . WO H
Clock:Bmal ZH i %) 1E #1755 PRI F1 Per:Cry £H B 1) £
ARG, A O WA i 1 R R B

TET HAZ AR 2 TP X AN E 80, 250554
PIRILIR AR 2 A PR Bl A% R W B 22 A BT Sh A7 A
JEIIPE G S th T NIRRT AL RO A A, X

gk T % W AN 2R K (pineal gland, PG) AR B E
(melatonin, MLT)¥4 BT, MLT a5 i fiki/
T B fiv — i 7 AR i3 5l (brain/hypophysis-pituitary-

* [ 5% 8 AU &R 3 H (2022YFD2400401) . E 5 H A B 54 T H (31772829) . 1L A & AR &R 5 B
(2021LZGC028) . 1 /K7~ Bl 0 5% B 2 ¥ /K 7 B 52 T ZE ARl 55 9% (20603022023023; 2020TD47)FlE K BALA L 77l
HARM A (CARS-47) I [A] #E B, 2813, E-mail: yankewen1201@126.com

O WBEEE: £ %, FIWFIEH, E-mail: shibao@ysfri.ac.cn

Weks H 9 2022-12-30, WeE ks H #1: 2023-02-01
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545 %

gonad axis, BPG )" i)~ Bl fe P IR i E B &
(gonadotropin-releasing hormone, GnRH) f¥) 43 ¥ ,
GnRH 5 T4 Hij M- 22 5 3 (pars - distalis, PD)fig ¥ {4&
# % (luteinizing hormone, LH) fl f& BP ¥y i £
(follicle-stimulating hormone, FSH) 43, & T
10288 S H A Zh ) 1) A TR P AR L2 30 ) B PR A5 1k (K eisuke
et al, 2016; Saha et al, 2019; Zhang D et al, 2022),

Bifi 5 2E ) o 5 DRAE A DL DY 1 4 32 0 4
IR, RTAED BN A Y B B i EH G R T
] AR S SIS AT oY # B . HAT, X AR Bh SE A
TR L) H AR 3. 2R R,
AR IEIRTEFLS . B2 MR SRR R R
M FE X AFEAE % H A5 (Takashi et al, 2000; Chen et al,
2017; Saha et al, 2019). BEEFHER, —FrhH
HIEHS RS T N R A RN, £
Py b 55 DX ) SRR A AE G A Y 225 PR AR A A
JifE 6 (Xiphias gladius). KP4y (Salmo salar). H
A 8 #F (Macrobrachium nipponense) . H A< %9 3
(Coturnix japonica). Hxi#%. /M (Mus musculus) .
N JEFEF(Ovisaries) I rh, 35 % BLA= W) 3 R 1Y
RREIEE T AL (Davie et al, 2009; Wharfe
et al, 2011; Chen et al, 2017; Takashi et al, 2017; 777K
45 2019; [M6HH4E, 2019a, b; Basili et al, 2021),
Wharfe 2 (201157 & B, AE Z 58 /N R o0 5 p
Clock, Bmal, Cryl, Cry2, Perl fil Per2 B[N ik G
e TEIEI, JFUEN] T AR Wb R DA R B )N B
H R RIAAETE R R A, [RI, e BRRAA Kz o
()45 Clock, Bmall il Per2 (A% VIMIE, HE
T A=y A R R 55 B 0L g I RO 21 ) ARl A E G
B myEIASE(2019a, byl ik X b AT RS e
R AR AR LA /N FEF(O. aries)IB L Perl,
Per2 SLNMFRIR2Z T EI, EWHhIEHTE R REE
O S H A AE T M FR E, [RIA, HEDN Perl. Per2
FEH B m RIAAF] T UL . Basili 5#(2021)3
T X BEAE 2 (6—8 J) AR BAE =15 (10—12 F)Hili 3k
) P T AT PR A I T, S R S T ) £ O B4
g1 Clock, Bmall, Cry2 fll Per2 K ) ik i T
BHHAN, HAR LR 2RI MLT
(A, TIF B A 9 I R AT 2 55 9 £ B SR 9
A [RIEHIE B A 4 35 R 7 £ DS BN B2 2 P Y Rk
A AR, Bz 2 > Mg, %t
% A BE X P B I £ B S 21 AU 52 4 Ok B R AR
W B N SRR R A TR 5T

1 3 75 i (Cynoglossus semilaevis) 2 ¢ [E b 75 44
B K IR IS . IR R I, e a2

32 B JR BT B O BRI B2 45 DR R 5 el 5 7E A
b, AR R AR TE R R IR . T A b 2
[A 5 £ 25 BAE PR 3 AL =2 8] (9 BF 5 38 7 2% (Herrero
et al, 2014; Pérez et al, 2019), AHF5T LA 7 53 BF
FERT G, vE B AR W B R 0 BRI Y OE BT T IR
(Clockla, Bmalla, Cryla, Cry2 fl Per2)®: XA, F14r
PrEfe T, M. IV, VA VI B 20 240 1y i85 1k
FUEE, DU p i n A K i 2 BE e,
FF R b = 2 W T R EEH HR 5 R AR RO

1 #RE5FE
11 FTWHABRERGIE

S FH e T SR A AR S E A L AR A H BT
FIREE S, B3 K B AN TR 309 BT 2 F 6 3k A
300 FE N TFRFHIA FIE A G W LL B fa (K E Sy
(1795.7£82.5) g LW MAREF &M TEENKIR
M (5 m x5 mx1 m)FKEEE (H KR53 600%),
KK 8~25 C, R/ K 28~31, pH Ky 7.8~8.4, Vifit
F(DO) M 5mg/L VU L, B HIECH 14 h, & H R 2 K
R Ak o T4 3 K AR ] 30 ke 0 42 25 £ 1
Ji B L, AN ) B TR A ] 5 £ 855 7 b B L
HU 4 i T aamEfn, MR 1 AR, AT
240 mg/L Y MS-222 JBRI, 38 ik 90 HE 4 A5 £L
HU/D e B REAR MR TS A, R0 B S & B B B (Shi
etal, 2016)., FEOIE LB LB B, AT A REE
BRI 4 R 5 B8, SR MS-222 (240 mg/L)
H 2 T T S £ JRR B TR R A T A ) DG R
RN S ZURA T RNA [ EP 45 v 3 37 B A
A, RIS E T IR KA (80 C)rh i ff i
Mo BRGSO E B, EELE Bouin's
] 5 Y o R A A S 6 2 2 W R B B O ) A
X T H B 5 20 ZURE 5 i Ak & WY B 4T 40 W (Shi
etal, 2015, 2016).

1.2 E RNA 2EUF1 cDNA £ —#H &K

BURAET-80 CHYIL . M. IV, VAIVIEHEE
BRI, SHUREAEY Y RNAex Pro RNA $2
UL (AG21101) 3 /E Ui B4R B OP S 41 811 5 RNA,
i NanoDrop 2000C #Afd 4 WEEE T E RNA
H Al FE R B, BiP% ODago nm/ODago nm fHFE 1.8~2.0
ZIE], RNA HEETE 300~500 ng/uL Z 0], #id 1%3K
JEBHEEIC LUK K B0 RNA BI5EH8E, 28S & 5o ik
FI| 18S 4547 Y 2 A5 W)y 4l B vy HL 58 2 9 RNA FE IR
Mo B FFAER B RNA BE B DS R 5O



%31

R ICAE 2 T B e W A R TR v B % A B S R T R AR o SR R S 103

JG B T80 CHAF,

Bl pg MM ELA 210 5 RNA, 2 TaKaRa
/N T PrimerScripy'™ 1st Strand cDNA Synthesis S
iR & (6110A) UL, [ %5kl cDNA #ifk, &
T-20 CHRAF#

1.3 Clockla, Bmalla, Cryla, Cry2 #1 Per2 EE =
FEF0 B 5 E

£ NCBI 1) GenBank (45 %2 H1 48 & 1 25 Clockla,
Bmalla. Cryla, Cry2 fll Per2 JL[HAY[F IR cDNA 7
%), If4r#1 Clockla, Bmalla, Cryla, Cry2 fil Per2
FER AR iS XFRST X, R A Primer 6.0 #3145 51
31¥)(3 1), {#iJ1] Bio-Rad S1000 PCR X ({15, #ijm
By, ¥ M TaKaRa A Tag™ HS Perfect Mix
(R300A)EEVEULIAEAT 7E % . PCR ¥ 14 (K &K : TaKaRa
Taq HS Perfect Mix (2x) 12 pL, ¢cDNA #iff 1 pL, [F
51945 1 ul, KEKENE 25 uL, PCR §#4450F. 95 C
5min, ZJ5 35 MEHOS C 55,T,30s,72 °C, 1.5 min),
72 °C 5min, fixi 4CIR-4F. Clockla, Bmalla, Cryla,
Cry2 Fll Per2 i T 4354 514 54, 52, 53 153 C,

2[5 5 Clockla, Bmalla, Cryla, Cry2 fil Per2
TP 4 1% R RE I ik oy B e, ]
Jt 50 K M 4= fk Y TIANgel Midi Purification Kit
(DP209) %t H 1y kv B 3 47 [\ i I 2 4k o I8l il i
Clockla, Bmalla, Cryla, Cry2 fil Per2 [ PCR ;=¥
5 TaKaRa A #H pMD™19-T Vector #/A(D102A)
B AL R T RS20, PRIBCH B B PR v R
KB F R W HORAG BR 2 /Y .

1.4 EBERARFISH
i FH DNAMAN 6.0 %4440 1 i 4514 17 51) B Bt
x1 EEEHEYHERTEEERAS YW

Tab.1 Cloning primer of BioClock genes in C. semilaevis

CIkVEAR 191751

Primer name Primer sequence (5'~3")
Clockla-F GAGCAAGAGCACAGGGAT
Clockla-R TAAATGGGCGGTGGC
Bmalla-F CGGCTGGGATTCGTT
Bmalla-R TTCTTCTGTTTGGGACTCTA
Cryla-F TTGGCAAGGAGCGAGAT
Cryla-R CAGGAAAGCTGCTGGTAGA
Cry2-F CCTCTGCCTGTCATCACTC
Cry2-R TGCTGCGTCGTATCTTGT
Per2-F TCCGCCTTGAATGAACTT
Per2-R CACTGGTGGAGGGATTGT

HEAT LU XS Pf4E, AR5 8 Clockla, Bmalla.
Cryla, Cry2 Fl Per2 J&[X 1 5¢ % 4ifith X (ORF))¥ 5]
Jf 4 & H & B ¥ 4, K JH NCBI % &
(https://www. ncbi.nlm.nih.gov/)JE 47 &5 A4 dek i 700
FIH Jalview #E4T 2 51 LU Xt ; F) ] DNAMAN 6.0
HEAT B 5 ) PR A o A s A AR L ExPASy
(http://web.expasy.org/ compute pi/)F W28 IR ¥ 51
7> ¥ XA AL M MEGAT il it AR %1%
(ND)#E AR, 1 000 IR H 2% (bootstrap) 51 &2 6 4 i
PR B A B

1.5 Clockla, Bmalla, Cryla, Cry2 #0 Per2 B &£
ZHE M RIE ST

L e B3R A5 A2k 5 5 Clockla,Bmalla.Cryla,
Cry2 Fil Per2 B F 8 it , witEmoI ¥k 2),
[FIET, DAt & i 18S JEHAE NS LN, & iR
SEGIYIE 2), 1Y R B MR A YR AR R
NEE L. i Mastercycler ep realplex Real-time
PCR {¥(Eppendorf), F%[# TaKaRa Ex Taq"(Mg*" free
Buffer) (TaKaRa)#fEUiH 1T PCR §73 . qRT-PCR
P AR . TaKaRa Ex Taq (5 U/uL) 0.125 puL, 10xEx
Taq Buffer (Mg*" free) 2.5 uL, MgCl, (25 mmol/L)
2 uL, dNTP Mixture (4 2.5 mmol/L) 2 uL, ¢cDNA #%
Bl uL, BEFHESI4 1 ul, KEKENZE 25 pl.
qQRT-PCR ¥ 34 454: 95 CHUAEE 30s, ZJ5F 40 M
#O5°C 55, Tw30s, 72 °C 30s), Clockla, Bmalla,
Cryla. Cry2 il Per2 J£H ) T, 43514 50.5. 53.6.
52.3. 53 1 52.5 °C. DL 18S 1FEJy NS KPR KL b o
RNA M HTRE . BIPIBIT8H )G, a4k
BT T, KR YR e . SRR AR S 3 AT
FEBEBAPEXT R (cDNA BAR K KA, DA & 55
B R AT AR

1.6 HBPLAESHH

FE A e A B ] 224 (Livak et al, 2001)3%
T, SR AT EbRE R (MeantSE) &R o R ]
SPSS 26 #ATHLIH FE J5 2 47 T (one-way ANOVA) 5
Duncan £ 4, P<0.05 ERTEH.

2 ZRE5H5H
2.1 ;5583 Clockla 1 Bmalla Y5 FI Fa &5 4943 (E

MY T 5 B S Y 4y B4 8] T Clockla FiI
Bmalla J#[H cDNA J¥31, 451381 T NCBI & 5%
2 0Q054330 F1 0Q054331, Clockla Kl ) 4 fidh [X.



104 ook B

2 R %45 %

R2 ¥EEHEVHERRESWAASIY

Tab.2 Primers for expression of BioClock
genes in C. semilaevis

514 PR 1975

Primer name Primer sequence (5'~3")
Clockla-F ATGCGTAGAATGGTGAGC
Clockla-R CAGGCGGAACAAGATGA
Bmalla-F TCCCTCCTCCCGTTTG
Bmalla-R ATGACAGCCCGTCTCG
Cryla-F GATTGCGACAGGGCTAAGACA
Cryla-R CGGCAGCAGCAGGTTCTT
Cry2-F GTTTGATTGCGACAGGGCTAA
Cry2-R ACGGCTCATGGATGTACTTGG
Per2-F GCGGGCAAGGATGGAGAA
Per2-R CACTGCCGATCCAAAGCC
18S-F ACCGCCATGCGTAGA
18S-R GGTGAAGGTCCCAGTAAA

FFHIEK A 2139 bp, 4fi% 712 NEIEER, T =N
81.9 kDa, Z5Hi 0 6.35, oI AF R ST PE AR 1Y
PAS11 (H 271~373 13 [#) 103 MR ) . PASDI (HH
28~91 V[ 64 PEILMRAB)LE (K 1), Bmalla

K B A X FEFIH A 1 881 bp, 2t 626 NEFERR, 43
THHN 68.9 kDa, S5 5N 6.35, JFFIPAEEAR ISR
SR PASTL (FH 71~134 i1 63 NEIERRLLK) .PASD3
(FH 343~446 £7 1 103 DRIERRA ) A5 (E] 2).

3B EE3 Cryla, Cry2 0 Per2 B Fe 5 F0 4545 1E

AT 00 §149 3 Cryla. Cry2 Fl Per2 JLA
cDNA J¥ %], NCBI % %541 5|8 0Q054332 .
0Q054333 F1 0Q054334, Cryla & [Hl ) 4 ih X 41) 4
1896 bp, #ifih 631 N2 IR, 43+ i~ 71.4 kDa,
SEHLCN 8.12, SRS ETEDIRE 45493 FAD7 (HH
288~486 1 199 N IR A) (K 3). Cry2 F:H 1 4
IXJFHIH R 2 007 bp, Zifd 669 NRIERR, 40T
Jy 76.0 kDa, Z5HL 5K 6.18, JEHhE1E S REELS Hy
5, FAD7 (H1 288~486 fii 1] 199 A~2 LR i)(K] 4).
Per2 JLH 4t X 7514l 4 248 bp, 4l 1415 4>
AR, 7 TFHH 154.0 kDa, Z5H 50 5.99, JF51
AR REESS #3, PASTL (Hy 373~474 fi7f) 102 4>
IR ) AR PRS0 Y PeriodC (FH 1 190~1 384 {if
) 295 AN IEFR4H (] 5).

2.2

1
136
46
271
91
406
136
541
181
676
226
811
271
946
316
1081

1 @}ACAACCAATOGACCTTTATTGTCCCCTGCTCGTCAACCCACAAGGATTGGGACAACATCTGCATGGAAGATATGTATGATGAAGATGAGAAAGACAGGGCAAAAAGGGAATCACGTAACAAATCTGAAAAG
MDNQSTFIVPCSSTHIKDWDNTICMEDMYDETDETZKDRAKRETSTZRNEKSETHK
AAGAGAAGAGACCAGTTCAATGTGCTCATCAAGGAGCTATGTGCAATGCTGCAGGGCCAAGGACATCCACACAAGATGGATAAGACAACTATTTTACAGAGAACTATTGACTTCTTGCAGCAACAAAAAGACATC
KRRDAQFNVLTIKETLTC CAMLQ G QGHZPHEKMDZEKTTTTLAQRTTDEFETLZ QQQKTDT

ACACCAAACAAAAACATCCGAGATATGAGACAAGACTGGAAGCCCGCTTTCCTAAGTAATGGGGACTTCACTCAGCTAATGCTGGAGGCCATAGATGGTTTCTTGGTTGCATTAACCACTGATGGAAACATCATA
_TPNKNTIRDMRQDVWEKPAFLSNGDTFT QLMLEATIDGFLVYVALTTDGNTITI
TACGTGTCTGATAGCGTGTCTTCACTAACGGGTCATCTCCCGTCAGATATGTTGGACCAAAATATCTTGAATTTCCTCCCGGAGCAAGAGCACAGGGATGTGTACAAGCTGCTATCTTCTCCAATGCTGATAAAA
YVSDSVSSLTGHLPSDMLDA QNTILNTPFLPEQEHRDVYZKLTLSSPMLTIZK
GACAACTCTGAGAATGTGGTTGAATTCTGCTGTCATCTAGCCAGAGGTAACACTGACCCACAACAGACGCCTGTGTATGAGTATGTGAAGTTTATTGGAGATTTCAAGTTTCATAACAACGTGCCTAAATCGACA
DNSENVYVY EFCCHLARGNTDPQQTPVYEYVKTFTIGDTFI KTFHNNVPIKS ST
TGCGACAGTCTTAAAGTGACCTTACACAGAAGCCTACAGTCAGCACTGGAGGAGGAGATCTGCCTCATTGCCACAGTCCAATTAGTCACTCCCCAGTTTGTCAAGGATTTGTGCAACATTGAAGACCGCTGTGAT
CDSLEKVTLHTRSLAQSALEEETICLTIATVQLVTPQFVKXKDLT CNTIETDT RTECECTHD
GAATTC ATTTCCAGGCACAGCCTTGAATGGAAGTTCCTCTTCTTAGATCAAAGAGCGTCACCAGTTATAGGGTACTTACCCTTTGAGGTTCTTGGAACGTCTGGCTATGATTACTATCACGTAGATGACTTGGAG
EF IS RHSLEWKFLFLDQRASPVIGYLPFEVLGTSGYDYVYHVDDLE
CCTATAGCTCAGTGTCATAAACAGTTAATGCAGTTTGGAAAGGGTAAATCCTGCTACTATCGTTTTTTGACCAAAGGTCAGCAGTGGATTTGGTTGCAGACTCATTACTATATCACGTATCACCAGTGGAACTCC
P I AQCHIKQLMAQFGKGE KSCYYRFLTI KG GQQWTIWILAQTHYYTITYHA QVWNS

AAACCTGAGTTTATTGTCTGTACTCACACAGTTGTCAGTTACTCTAAAGTACGAGCTGAAAAGAGAAGAGCCGTTGGCCTAAAAGAGCTGTCTCCATCTGAAAATGTTCTCCCTT CTGTGAAGGCTCAGGAACTC

31 X PEF I VCTHTVVSYSEKVRAEKRRAVGLEKELSPSENVLPSVEKAQETL
1216 TACTTGGATATCTGCTCCACAATAAACCCTACATTGGATGGAAACAGCGGTGCAGGTTCCCCTCACAGCTCTCGCAGGTCCTCACTCACAGAACTGTCAGACTCTGCATCTTACTCTTACACAGACACATGGCAA

406 YLDICSTINPTLDGNSGAGSPHSSRRSSLTELSDSASYSYTDTFVWAQ
1351 GCTGCTTCTACTGAAACAGAAAGAACTGGCAGACTCGAGCCTTGTGGTTCAAAGCAGCAGCAGCCACCGCCCATTTATCAGCCACAGAAGCCAAGACCTGGTATTGTGAATCAGCTGAAAGAGCAGCTGGAAGAA

451 A ASTETERTGRLETPCGSZ K QQQPPPTIYQPQKPRPGIVNQ QLTZEKTEQ QLTETE
1486 AGGACACGAGTTCTACAGGCTGATATAAAGACACAGCAGAAGGAGCTGTATAAGATTAAAGAGAAGCTTCATACAGCTAACCTCCAGGTCCAGCAGAGGACTGGGCAGGAGGGGCAGTTACAGCCCGTGACTGTG

496 R TRVLQADTIEKTOQQKELYZXKTIEKEEKLHTANLOQVQQRTGQEG QLG QPVTYV
1621 TCCCTTCAGACCGGTACAAGTCTAACGATGCCGTTATTTAGCAATCCCATGATGTTCTCTCATACCACCACCAGACCGTTTCACAACACAAACCAGAGACACGCAGATGGGTTTTTAAACCATGATGAACAAATA

541 S LQTGTSLTMPLFSNPMMFSHTTTRPFHNTN QRHADGTFLNHDEQ QI
1756 CGCTACACCTTAGAGCAGCAGATCACACCCTCTCTCTCCATGGAGCAGGTCAACTGTAACAATGTCCTCGTACCCTCTACCGTCTTCACGCCCCCCATTGTGGTTCCTCACAACGGCTTCATGACACAACAGCCT

586 R Y TLEQQITPSLSMEQVNCNNVLVPSTVFTPPIVVPHNGTFMTOQQP
1 891 CCGTCAATGCACATCAATCAGCACTGTTTGCAGCCTCAGCAGCAATTTGAGATGACCAGATGTATCCCCAGTGGGTCTAGTCCAACCACTCTATACACTTCTAATGTCCCACAGC AAAGTACTGTGGAATACATC

631 P S MHINQHCLAQPQQQFEMTRCIPSGSSPTTLYTSNVPQQSTVETYTI
2026 CAGCAAACAATGCTACAACCACCAGTACGGCAGCAGCAGCAACTAAGGCAACACCAACATTTCCAAAACCCGACTGATGCTGTTTCAGGCTTCAGAAATATGCAAACTAGGTAG

676 Q@ Q TMLQPPVRQQQQLRQHQHFQNPTDAVSGFTRNMAQTR *

Bl 1 2456 Clockla 2[5 ORF 4l Kfe S Ay &R 7 51
Fig.1 Open reading frame sequence of C. semilaevis Clockla gene and the deduced amino acid sequence

JrHERR Sy EIRE T FRIZ. IIRELSIAEK PASDL; HE T RIZ: THREASHIIER PAST;
BRIy PRSPIFSI; ARSI RoR .

Start codon is marked with frame. Functional domain PASDI is marked with underline. Functional domain PAS11
is indicated with virtual underline. Conserved sequence is marked in gray, and the termination codon is denoted by *.
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1
136
46
271
91
361
136
541
181
676
226
811
271
946
316
1081
361
1216
406
1351
451
1486
496
1621

E:éhCAGACCAAAGAATGGATATCTCCTCAACGATGAATGAGTTCATGTCCCAGAGCTCTGCAGATCTGATCAGCAGTTCCATTGGCACCACGGGCATGGACTACAACCGCAAGAGGAAGGGCAGCACCACTGAA
MADQRMDTISSTMNETFMSQSSADLTISSSIGTTGMDYNRIEKTERIEKTGSTTE
TACCAGATTGATGGCTTTTCATTTGACGATAGCATGGACACGGATAAAGACAAGACACTGGGAAGGGATGAACAGCAGGGCCGGATAAAAAATGCCAGGGAGGCACACAGTCAAATAGAGAAGAGACGAAGGGAT
YQIDGFSFDDSMDTTDE KTDE KTTLGRDE® QQGRTTZEXNAREAHST Q@TETZ KT RTR RTRTD
AAAATGAACAGTTTTATAGACGAGTTGGCGTCGTTAGTCCCCACATGTAACGCAATGTCTCGCAAGTTGGACAAACT CACAGTGCTTCGCATGGCTGTCCAACACATGAAGACAT TACGAGGGGCCACCAACCCA
KMNSFIDETLASLVPTCNAMSTRIEKTLTDIEKTLTVILZRMAY QHMEKTTLRGATNTP
TACACAGAAGCCAACTATAAACCAGCATTCTTGTCGGATGATGAATTAAAACACTTGATTTTAAGGGCTGCTGATGGTTTCCTCTTCGTAGT TGGTTGCGATCGCGGAAAAATCCTCTTTGTCTCAGAGTCTGTT
YTEANTYIKPAFLSDDELTEXHLTILRAADGFLT FVYVYGCDRGEKTILTFVSES ST?V
TATAAAATTCTCAATTACACTCAGAACGATCTGATTGGCCAGAGTTTATTCGACTACCTGCATCCAAAAGACATTGCCAAAGTAAAAGAACAGCTGTCATCGTCAGACACGGCTCCACGAGAGAGACTCATCGAT
YKILNYTQNDLTIG QSLTFDYLHPZEXKDTIAKYI KEQ QLSS SSDTAPRETRILTITD
GCCAAAACTGGTCTGCCGGTGAAGACTGACATCACTCCTGGCCCGTCCAGACTGTGTTCAGGTGCCCGCAGGTCTTTCTTCTGCAGAATGAAATGCAATCGGCCATCTGTCAAGATGGAGGACAAAGACTTCCCT
AKTGLPVXKTDTITPGPSRLTCSGARRSTFFCRMEKTCNTRPSVEKMETDTI KTDTFTP
TCTACTTGCTCTAAAAA GAAAGCAGACCGTAAGAGCTTTTGCACCATCCACAGCACAGGGTATCTGAAAAGCTGGCCGCCCACCAAGATGGGCTTAGACGAGGACAACGAACCCGATAATGAGGGCTGCAACCTC
S TCSKZKIKADRIKSFCTTIHSTGYLZXSWPPTIEKMGLDETDNETPDNETGT CNTL
AGCTGTTTAGTGGCCATCGGTCGCCTGCATCCACATATCGTCCCTCAGCCGATGAACGGCGACATCCGTGTCAAACCCACTGAATACGTCTCACGCCACGCTATCGACGGAAAGT TTGTGTTCGTAGACCAGAGG
SCLVYATIGRLHPHTIVPQPMNGDTIRYEKPTEYVSRHAIDGEKFVFVDAQR
GCGACAGCCATCTTGGCGTACTTACCACAGGAGCTTTTAGGAACGTCGTTTTATGAGTATTTTCATCAGGATGATATCGGTCACCTCGCCGAGTGTCACAGACAAGTGCTACAGA TGCGAGAGAAGATTAGTACA
AT AT LAYLPQEILLGTSFEYEYFHQDDIGHLAECHRQV I QWREKIST
AACTGTTACAAATTCAAGATTAAAGACGGTTCATTCATCACTCTGAGGAGCCGCTGGTTTAGCTTCATGAACCCCTGGACCAAAGAGGTGGAATATATAGTCTCTACAAACACTGTGGTTTCGGGCAGTATGCTT
NCYKPEKIXDGSFITLRSRY¥FSFEMNPYTKEVEYIVSTINTYVSGSHL
GAAGGAGCAGATCCTAGTTATTCTCAGACAGCCTCATCTCCTCAGAGCATGGACAGTGTATTAACATCAGGAGATGGCGGAGGGAAACGGCCTCTTCAGATTGTTCCTGGTATTCCTGGAGGAACGAGAGCAGGG
EGADPSYSQTASSPQSMDSVLTSGDGGGE KRPLG QTIVPGIPGGTTR RAG
GCGGGAAAGATTGGACGCATGATCGCAGAGGAAGTGATGGAGAT CCAGAGAATCAGAGGCTCCTCCCCCTCCAGCTGTGGCTCCAGTCCTTTAAACATCACTGCCACGCCCCCACCGGACACCTGCTCTCCTGGG
AGKIGRMTIAEEVMETIQRIRGSSPSSCGSSPLNTITATPPPIDTTCSZPG
GGAAAGAAGATTCAGAATGGTGGAACTCCAGATCTACCTTCAGCAGGAATTGTGCCTGGGCCTGATTCAATAGGATACCCCTATTCAAATAATTCATTAATGAGTGACAACTCTCATCTGAGCATAGACATCATG

541
1756
586

& 2

6 KKIQNGGTPDLPSAGIVPGPDSTIGYPYSNNSLMSDNSHLSTIDTIM
GAGGAGCCTGGATCCAGCAGCCCCAGTAATGATGAAGCAGCGATGGCCGTCATCATGAGCCTCCTGGAGGCAGACGCTGGCCTCGGGGGACCCGTGGACT TCAGTGACCTGCCCTGGCCTTTGTGA
EEPGSSSPSNDEAAMAVIMSLLEADAGLGSGPVDFSDILPF¥PL *

- ¥ 7 8 Bmalla JE [ ORF J741) KA 3 1 S SR )7 41

Fig.2 Open reading frame sequence of C. semilaevis Bmalla gene and the deduced amino acid sequence

FHESR 4y EIGESF; TXRIZk. Tinegiikk PASD3; B FRIZk. ThRELSHIE PASL;
; KRBT RN

B PRSI

y X

Start codon is marked with frame. Functional domain PASD3 is marked with underline. Functional domain PAS11
is indicated with virtual underline. Conserved sequence is marked in gray, and the termination codon is denoted by *.

¥ 8585 Clocklaf1 Bmalla S & B 5l B E &
bR G F L

X Clockla 2R )T 31 5 € N /R B
(Solea senegalensis: KAG 7515747.1), K6
(Scophthalmus maximus: XP 047185380.1) 1K # i
(Larimichthys crocea: XP 027129473.1)f#) Clockla &
SRR A AT X, IR T 2R IR T R R Y
G NI RGE AW (B 6). ZIVE H #3119 Clockla
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Fig

E:EhTCATTAATACAATCCACTGGTTCAGGAAGGGCTTGCGGCTCCACGACAACCCGTCCCTCAAGGACTCTCTGCAGGGAGCGGACAGCGTCCGCTGCATTTACATCCTCGACCCGTGGTTCGCTGGATCGTCC
MVINTTIHWFRIEKGLRLHDNPSLIEKDSLAQGADSVRCTIYTILDTPWFAGSS
AACGTTGGGATCAACAGGTGGAGGTTCCTACTGCAGAGTCTTGAAGACTTGGACTCCAGCCTCCGTAAGCTCAACTCTCGCCTCTTCGTGATCCGTGGCCAACCCACTGATGTTTTTCCCAGACTTTTCAAGGAG
NVGINRWRPFLLQSLEDLDS S SLREKLNSRLFVIRGQPTDVFPRLTFTKE
TGGAATATAACTCGTCTGTCTTATGAGTACGACTCTGAACCTTTTGGCAAGGAGCGAGATGCTGCCATTAAAAAGTTGGCCTCTGAGGCTGGAGTGGAGGTGATAGTTCGCACCT CCCACACCCTCTATGACTTG
¥ NITRLSYEYDSEPFG GKETRDAATIZ XK KLASEAGYVYEVYIVRTSHTLYDL
GCCAAGATCATAGAGTTAAATGGGGGTCAGTCTCCACTCACATACAAGCGCTTCCAGACCCTCATCAGTCGTATGGAGGCGGTGGAGATGCCGACAGAG TCCATCACGGCGGAGGTCATGGAAAAATGCACGACT
AKIIELNGGQSPLTYKRFQTLTISRMEAVEMPTESTITAEVMETEKTCTT
CCATTGTCCGATGACCACGATGACAAGTTTGGAGT TCCTTCCCTGGAGGAGCTCGGTTTTGACACCGAGGGTCTGTCTTCAGCTGTGTGGCCTGGAGGAGAGAGTGAAGCCCTGACCAGACTGGAGAGGCATTTG
PLSDDHDDI KT FGVPSLEELGFDTEGLSSAVW¥PGGESEALTRLETRIHL
GAGAGAAAGGCGTGGGTCGCTAACTTTGAGCGTCCCAGAATGAATGCCAACTCTCTGCTGGCCAGTCCCACGGGTCTCAGTCCGTACCTGAGGTTTGGCTGCCTGTCCTGTCGCCTGTTTTACTTCAAACTCACC
ERKAWVANFERPRMNANSLLASPTGLSPYLRFGCLSCRLTPFYFEKLT
GATCTCTACAGAAAGGTGAAGAAGAACAGCTCCCCTCCTCTCTCCCTCTACGGTCAGCTGTTGTGGCGTGAGTTCTTCTACACAGCCGCCACCAACAACCCCTGCTTCGATAAGA TGGACAGCAACCCCATCTGT
DLYRKVEKKNSSPPLSLYG6GQLLWRETFFYTAATNNPCFDEKMDS SNPTIC
GTTCAGATCCCCTGGGACCGTAACCCTGAAGCCTTGGCTAAGTGGGCAGAGGGTCGGACCGGTTTCCCGTGGATCGACGCCATCATGACCCAGCTGAGGCAGGAAGGTTGGATCCACCACTTGGCCCGGCACGCT
VQIPWDRNPEALAKWAEGRTGEFPWIDATIMTO QLRQEGVW¥TIHHLARIHA
GTGGCCTGTTTCCTGACCAGAGGAGACCTTTGGATCAGCTGGGAGGAGGGCATGAAGGTGTTTGAGGAGCTGTTGCTGGACGCTGACTGGAGCGTGAACGCCGGCAGCTGGATGTGGCTCTCCTGCAGCTCTTTC
VACFLTRGDTLWISWETEGMEKVFEFEETLTLTLTDADWSVNAGSW¥MWLSCSSTE
TTTCAGCAGTTCTTCCACTGCTACTGCCCTGTGGGCTTCGGCCGACGCACGGACCCCAATGGAGACTACATTCGACGTTACCTGCCTATTCTGCGAGGTTTTCCGGCCAAGTACATCTACGATCCATGGAACGCT
FQQFFHCYCPVGFGRRTDPNGDYTITRRYLPTILRGFPAKYTYDPVWNA
CCAGATAATGTTCAGAAAGCCGCAAAGTGTGTGATTGGACTCCATTATCCCAAACCCATGGTTCAACACGCAGAGGCTTCTCGCCTGAACATCGAGAGGATGAAACAGATCTACCAGCAGCTTTCCTGTTACAGA
P DNV QKAAKCVTIGLHYZPEKPMYVQQHAEASRLNTIETRMEKAI QIY®QQLSTCTYR
GGCCTGGGTCTTTTGGCCTCAGTTCCCTCCAACACTGGTGGAAACGGTAATGGCACTGACACAACTGAAACGTCCTCGGATGTGATGGCGTACCACGGCGAGGCCAAGCGTGACGCCACAGCTACGACCAGTTAT
6GLGLLASVPSNTGGNGNGTDTTETSSDVMAYHGEAKRDATATTS SY
CAGATGCCTGGGCAGTCCCAAGCAAATTGGCAGAGCGGCGCCATGATGTACCTGCAGGAGGCGCCACAAAGCAGCACCGTTGCACATCAGCAGGGTTACGCCGGTACCAGTAGCAGTAGCAGTACTGGTATGATG
QMPGQSQANVWYQSGAMMYLQEAPQSSTVAHQQGYAGTSSSSSTGMM
TGTTACCCCCAAGGCACGCAGCGGATTGCTGCCCCTGTCATTCAAAAAGCTTCTGATCATCACACCTCCCTCAACAAACGACACATCAATGACTCTGGGAATGGAAAAGGATCCAAAATCCAGAGACAAAGCACT
CYPQGTAQRTIAAPVIQKASDHHTS SLNEKRHINDSGNGIKG GSZKTIA QRIQQST
AACTGA
N *

E 3 B3-S Cryla 3L ORF FE 41 M HE S (9 24 JL R 471

.3 Open reading frame sequence of C. semilaevis Cryla gene and the deduced amino acid sequence

THERR Ay RAGES T FRIZ: RS HEL FAD7; BISZsr: ReFIFsl; ZOb®in+ H*Rm.

136
46
271
91
361
136
541
181
676
226
811
271
946
316
1081
361
1216
406
1351
451
1486
496
1621
541
1756
586
1891
631

Start codon is marked is framed. Functional domain FAD7 is marked with underline.
Conserved sequence is marked in gray, and the termination codon is denoted by *.

E:EhCGGTGAATTCAGTGCACTGGTTCCGCAAATGTCTGCGGCTGCACGATAATCCAGCGCTACAGGAGGCCGTGAACGCAGCGCACACGCTCCGCTGTGTTTATATTCTGGACCCGTGGTTCGCTGGCGCCGCT
MAVNSVHWFREKCLRLHDNPALQEAVNAAHTLRCVYTILDPWFAGAA
AACGTGGGAATCAATCGTTGGAGGTTTCTCGGGGAGGCTCTGGAGGACCTGGACAACAGTCTGAAGAAGTTCAACTCCAGACTGTTTGTTATCAGAGGACAACCCACGGATGTTTTTCCCAGACTCTTTAAGGAG
NVGINRWRPFLGEALEDLTDNSLIEKI KT FNSRLFUVIRGQPTDVFTPRLTFETKE
TGGAAGGTGACCAGGCTAACATTTGAGTACGACCCAGAGCCT TATGGGAAAGAGAGAGATGGAGCCATCATCAAGATGGCTCAGGAGT TTGGAGTGGAGACTGTTGTCAGGAACTCACACACCCTCTACAACCTG
WKVTRLTFEYDPEPYGKETZRDGAITIKMAQETFGVETVVRNSHTLTYNL
GACAGGATCATTGAGATGAACAACAACAGTCCTCCTCTGACCTTCAAACGCTTCCAGACTATCGTCAGTCGGCTGGAGT TGCCACGGCGCCCTCTGCCTGTCATCACTCAGCAGCAGATGGAAAAGTGTTGTACT
DRIIEMNNNSPPLTTPFIKRFQTIVSRLELPRRPLPVITAQQQMET KT CTCT
AAGATTTCTGAGAACCATGAGCAGCTCTACAGTATTCCCTCGCTGGAGGAGCTGGGGTTCAGGACAGAACGTCTACCTCCTGCTGTGTGGAGAGGAGGAGAGTCAGAAGCTCTGGACCGACTCAACAAACATCTG
KISENHEQLYSTIPSLEELGFRTERLPPAVWRGGESEALDRLNTIEKTIHL
GACAAGAAGGTGTGGGTAGCTAACCTAGAACACTCTCGGATCAACACCTGTTCTCTTTACGCCAGTCCCACTGGTCTGAGTCCGTACCTGCGCTTCGGTTGTTTATCCTGTCGGGTTCTGTACTACAACCTGAGA
DKKVWVANLEHSRINTTCSLYASPTGLSPYLRPFGCLS ST CRVLYYNTLTR
GAGCTGTACATGAAGCTGCGGAAACACTCCAGTCCTCCTCCGTCTCTGTTTGGTCAGCTGTTGTGGAGGGAGT TCTTCTACACTGCTGCCACCAACAACCCCAACTTTGACCGCATGGAGGGAAACCCCATCTGT
ELYMEKLTRIKHSSPPPSLFGQLTLWRETFFYTAATNNPNEFDRMEGNPTIC
GTGCAGATCCCATGGGATCAGAATCCAGAGGCACTGGCCAAATGGGCGGAGGGTCGGACCGGTTTTCCATGGATTGACGCCATTATGACCCAGT TAAGACAGGAAGGCTGGATCCACCACCTGGCCCGACACGCT
VQIPWDQNPEALAKVW¥WAEGRTGEFPWIDATIMTAO QLRQEGWTIHHLATRIHA
GTGGCCTGTTTCCTGACCAGAGGAGATCTGTGGATCAGCTGGGAGAGTGGAATGAAGGTCTTTGAGGAGCTGCTCCTGGATGCAGACTGGAGCGTTAATGCTGGCAGCTGGATGTGGTTGTCCTGCAGCGCCTTC
VACFLTRGDTLWISWESGMEKVFEETLTLTLDADWSVNAGSWMUWLSCSATEF
TTCCAGCAGTTCTTCCACTGCTACTGTCCCGTGGGCTTTGGACGGAGAACCGACCCGTCAGGAGACTACATCAGGCGTTACGTTCCCATCTTGAAGGACTATCCCAACCGTTACATCTACGAGCCGTGGAACGCA
FQQFFHCYCPVGFGRRTDPSGDYTIRRYVPILEKDYPNRYTIYETPWNA
CCAGAGTCGGTCCAGAAGGCGGCCAACTGTGTGGTGGGCGTGGACTATCCCAAACCTATGATTAACCACGCGGAGGGCAGTCGCCTCAACATCGAGAGGATGAAGCAGGTTTACCAGCAGCTGTCGCACTACAGA
PESVQKAANCVVGGVDYPKPMTINUHAEGS ST RLNTIERMEKG QVYQQLSHTYR
GGACTCAGTCAATTAGCATCGGTGCCAACGATCCAGGAAGAGGCGGAGCCACCAATGACAGATGAGTCTCAGACCAGCAGTGGTCCTGATTCTCCTCCTGCAGGTGGCGCACTCACTGAAGCGGCCGGCTGCTCT
GLSQLASVPTIQEEAEPPMTDES SAQTSSGPDSPPAGGALTEAAGTECS
ATTCTTCCTGATTCGTCCACACTGTGTCCAACCGTAGTCACTGCTCACCAATCATCGGATTGCCCTCAGACATCTGCTGCTGTCACCTCTACGTCTGCCTCCGTTAACGCTGATCCTCTGAAGCCTCCCTCACCT
rLepbDSSTLCPTVVTAHQSSDCPAQTSAAVTSTSASVNADPLTEKTPPSTP
TGTTCCTCCTCCTCCTCCCCCTGTGGCACCACATCTCCCCCCTCCACCTCTGCTCAGACTCTGACAAAAAGAAAAGGCCCAGCTCACAAGATACGACGCAGCATGAGGCAGCGGGGACACCAGGGGGCAGAAGAG
CSSSSSPCGTTSPPSTSAQTLTIE KRIEKGPAHE KTIRRSMRAQRGHO QGATEE

AGGAGGGAAGATGAAGAGGACAAAGGAAGGGAGGAGAGGATGGAGGACGACGATGATGAAAATGAGGAGAGCATGGAGCAGGACGCTACAGGAGAAATGTCAGGGCATCGTCAATGA
RREDTETEDIKGREERMEDTDTDODTENTEESMEQDATGEMSGHTR RA Q*

& 4 2135 Cry2 K ORF J¥51) R it 5 1Y 2 1 551

Fig.4 Open reading frame sequence of C. semilaevis Cry2 gene and the deduced amino acid sequence

JTHERR Sy RAGES T FRIZ: TIRELS M FAD7; BISEHr: RSFIFS; ZOb% 7 H*FRm.

Start codon is marked is framed. Functional domain FAD?7 is marked with underline.
Conserved sequence is marked in gray, and the termination codon is denoted by *.
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E:EFACAGCGGTTACAGTAAAGGTCGTGGGGGTCAAGATGTGGTGGATCTGGAGCCAGAGTTGGGATTGGCCTCCGAGGGAAGTGATAGCAGTCACGAACGCCCACCGTCTCCAAGCTCCTCCCTCGATGACAGG
MDSGYSKGRGGQDVVDLEPELGLASEGSDSSHERTPPSPSSSLDTDTR
AAGCGACCACGCCAAGCTTTGCAAGAAGATGTAGAGATGGGCGGTAGTGGCTCAAGTGGTAGTGGAACAGAATCCCACAGCAACGAGTCACACGGCAACGAGTCCCACGGCCATGAATCCGTGGGCAGCTCCAAC
KRPRQALQEDVEMGGSGSSGSGTESUHSNETSUHGNETSUHGHETSUVGS SN
GGGAATGGCAAAGATTCTGCCATTCTGGAGTCTTCTGGCAGCAATAAAAGCTCAAACTCCCATAGTCCCTCACCACCAAGCAGCTCCAATGCCTTCAGTCTGGTGAGCTCCGAGCAGGACAACCCATCGACCAGT
G NGEKDSAILES SSGSNIEKSSNSHSPSPPSSSNAFSLVYSSEA QDNPSTS
GGCTGCAGCAGCGAACAGTCTGCCAAAGCAAAGAATCAGAAGGAGCTTTTCAAGACCCTGAAGGAGCTAAAGAGGCACTTGCCATCCGAGAAGTGGAGCAAGAGCAAGTCCAGCACCGTCAACACCCTCAAGTAT
G CSSEQSAKAKNA QKELTFIKTLI KETLTZ KRHLPSETZ KU WS KSIKSS STVNTTLTIKY
GCGCTGCGCTGTGTCAAACAGGTTAAAGCAAATGAAGAATATTACCAGATGCTGATGATCAATGACAGTCAGCCTCCAGGTTTTGAAGTATCATCCTACACAATCGAGGAAATCAACCGCATCACGTCTGAGTAC
ALRCVKQVEKANEEYYQMLMTIND SO QPPGFEVSSYTTIEETINRTITSE]FY
ACTCTCAAGAACACGGATATATTTGCCGTCGCCGTCTCGCTCATCACGGGGAAGATCGTTTACATCTCAGAGCAGGCGGCGTCCATCTTGAACTGTAAGCCTGAAGTGTTCAGAAACGCAAAGTTTGTGGAGTTT
TLKNTDTIFAVAVSLTIT®GKTIVYTISEA QAASTILNCTEKPEVFRNAKTFVETF
CTCACTCCACAGGATGTCAGCGTCTTCTACAGCTTCACCACACCCTACAGGCTTCCCTCCTGGAGCATGTGCACTGGAGCAGAGTCATCTCCCACAGAATGCATGCAAGAGAAGT CTTTCTTTTGTCGCATCAGT
LTPQDVSVFYSFTTPYRLPSUWSMCTGAESSPTETCMAQETZ KT ST FFTCRTIS
GGTGGAAAGCAGCATGAAGGGGATCTGCAGTACTATCCTTTCCGTATGACTCCTTACCTGATGAAGTTACAGGATTCTGAGCTGTCAGAAGAACACATCTGCTGCCTCCTGTTGGCTGAACGGGTGCATTCTGGA
G GKQHEGDLA QYYPFRMTPYLMEKTLA QDS SELS SEEHTIT CCLTLTLAETRVHSSG
TATGAAGCACCTAGAATCCCAACTGACAAACGTATCTTTACCACCACACACACCCCCAACTGTGTGTTCCAGGATGTGGATGAGAGGGCTGTTCCTTTGTTAGGTTACCTCCCCCAGGATCTGATTGGGACGCCT
YEAPRTIPTDI KRTIFTTTHTPNCVFQDVDERAVPLLGYLZP QDILTIGTTFP
GTCTTACTAAATCTACATCCAAGTGACCGACCATTGATGCTAGCTGTGCATCGAAAAATTTTACAGTTCGCTGGTCAGCCCTTTGACCACTCCTCAATTCGTTTCTGTGCACGCAATGGTGAGTACGTAACCATC
VLLNLUHPSDIRPLMLAVHRIKTILAI QFAGQPTFDHS SS STIRTFCARNGEVYVTTI
GACACCAGTTGGTCCAGCTTTGTCAACCCCTGGAGTCGCAAAGTTTCCTTCGTCATTGGCAGGCACAAGGTCCGCATGGGTCCTGTGAACGAAGATGTTTTTGCAGCACCCACATTCCATGGAGGAAAGATGATG
DTSWSSPFVNPWSRIKVYVYSFVIGRHKVRMGPVNETDVF FAAPTTFHGGE KMMM
GATTCAGACATCCAGGAAATAAGTGAACAGATCCACCGGATGCTACTCCAGCCTGTTCATAACATGGGCTCCAGTGGTTATGGGAGCCATGGGAGCAATGGTTCCCATGAGCAGCTGGTGAGCATGAGTTCATCC
DSDIQETISEQQIHRMLTLA QPVHNMGSSGYGSHGSNGSHEZ QLVSMSS S
AGTGAGAGCAACGGCAACGTAATGTCGGGAATCACAGCAGAGGACATGGGAAAGTTAAAGCTCCCGAGGACTTTTCAGGAGATCTGTAAGGACATCCACATGCAGAAAAACCAGGAGTCCCAGGTTTGTCTGCAG
S ESNGNVMSGITAETDMGI KTLTE KTLPRTTFQETITCIKTDTIHMQKNAQET S< QVCTLAQ
TCGTTGTCATCCTCGGCTCTGCCACCCAAGCCTGAGCAAAGAAAGAGCACGGACACATCAGCCCAGAAGAGTCCAACAGCACGTTTGAAGCACTCTGCCCCGCCTCTGTTGGCCAGAGATGGTACTGCAACTACA
SLSSSALPPIEKPEA QRIEKSTDTSAQEKSPTARLTI KHSAPPLILARDGTA ATT
ACAGAGGACATCTCCTGCAAAGATCAGAACACATGCTCTTATCAACAGATTAGCTGCCTGGACAGTGTTATCAGATACTTGGAAAGTTGTAACATCCCAATCACAGTGAAAAGAAAGTACCAGTTCTCCTCCAAC
TEDTISCIKD@QNTCSYQQISCLDSVIRYLE ST CNTIPTITVEKRIEKYAQFSS SN
ACCACCTCCTCCAACTCTGACGACGGCAAGAAGGGTCCAGCGGACGCATTACAGGTGGCTCAGGACAAAAACACAGACACTCTGATGCTAGATGCCCAACCAGACCTGTCCAACCTGAAAGCACCCAAAAAACCT
TTSSNSDDGIE KT KGPADALG QVAQDI KNTDTTLMLUDAQPDLS SNLIE KA APTIKTEKF?P
CCATCTGGGGCAGTTGTAGGGGAGTCTCTGGCCCCCCTCAGTCTACCCAGCAAGGCTGAGAGTGTGGTGTCCATCACCTCACAGTGCAGCTACAGCAGCACCATTGTTCATGTGGGAGACAAAAAACCTCAGCCA
PSGAVVGESLAPLSLPSIKAESVVSITSQCSYSSTTIVHVYGDI KT KT PA QTP
GAATCAGAGATAATCGAGGATGTTGCAGAGAGCCCGGTGCCTCCAACTCTGCCCGGCAGCATGGTGTCTCCACCCAGTCAGGAAAAGGAGGCATACAAGAAACTAGGACTGACTAAACAGGTGCTGGCAGCTCAC
ESEITEDVAESPVPPTLPGSMVSPPSQETZ KEAYZKI KTLGLTZ KA QVLAAH
ACTCAGAAAGAGGAGCAGGCCTTCCTCAGCCGCTGCAGAGGACTTCGCAGCGCCAGGAGCTTACAGAAGGACTATTTCAAATATCTTCACCAGGACAAGGAGTCTGCTGAAACTCCAGCTGCCCCTAAAACAGGG
T Q KEEQAFLSRCRGLIRSARSTLA QKDY YT FZ KV YLUHO QDI KESAETZPAAPIKTSG
ACCACCAGACAGGAGAACACTGCCAAGAAGAACAACCGCAGCAGGAAGTCGAAAAAGCCACGAATGAAGCATGGCGATTCGTCGGACAGCACTGTGTCCAACCACAAGCTCCGCCCCCCTCTGCAGGGTCTAAAC
TTRQENTAKI KNNRSRIKS S KT KPRMIKHGDSSDSTVSNUHIKTLIRPPLAE QGTLN
CAAACATCATGGTCGCCATCTGAAGCCTCCCAGTCAGCTTTTAATGTCCCCTACCCTACGATGGTGCCTGCATACCCGCTCTACCCACCAGCAGCTGCTGCCCCTGCCCAGGCTCCTCATCTTGACCCCTCCCTT
QTSWSPSEASQSAFNVPYPTMVPAYPLYZPPAAAAPAQAPHTLTDTPSIL
TCCACAGGCTTTGGAGACGGGCAGAGTACTCAAGCTCCACCTACACCCACGCCATTTCCCACCCCTATGGTAACACCCGTGGTAGCTTTGGTGCTGCCAAATTATATTTTCCCCCAAATGGGACAGCTTGGGCAT
S TGFGDGQSTQAPPTPTPFPTPMVTPVVALVLPNYTITFPAQMGA QLG GH
ATGGGGGCTACACCCTCTCCCCAGTTTCTTCTCGAAAACCAGACACAATCTGCATACGCCGCCCAACAGCCCTTCCAGCCCCCACAGCTAGCATACACCATGCAAACACAGCCTTCATTCACCAACCAACACCAG
MGATPSPQFLLENQTQSAYAAQQPFQPPQLAYTMQTA QP SFTNAQ QHAQ
TTCCCTGTGCAAACTGGATTTACTCCCCAACAGCCATTTCCAACCCCTCAGCCAGCCTACCCTAGCCAGCAGCCCTTCACTGTCCAGCCCTCTTTCCCAGTGCAAACCAATTTTGCTGCCCAAACTTCATTTCCA
FPVQTGFTPQQPFPTPQPAYPSQQPFTVQPSFPVQTNTFAAQTS ST FTP
GTGCAACCCTTCCATTACCTCACCAAAGAGCCCTCGAAAGCCCCTGATATAGAGCCCCGAGAGGGCGCAGCATCCCGGTCCTCCACTCCAGCATCGGGAACACGAGAGCCGACTACCTCCCCGCCACTGTTTGAG
VQPFHYLTI KEPSI KAPDTIEPREG GAASRSSTPASGTRETPTTS SPPTLTFE
TCACGATGCAGCTCTCCACTACAACTCAATCTGCTGAGTATGGAGGATGGACAGCGGTCGGTTGAACGTCAAGACAGTATGGCGCCCCCTGCAGGAGGCCCGGGCAGCGTCACAGCGGCAGCGTCGGAGAAGAGT
SRCSSPLQLNLTLG SMEDG G QRS SV VERI QDS SMAPPAGGPGSVTAAASTETKS
GGCGGTTTTATAAACACAGAGAACCAGCCACAAGTGGTGTCTCTAGGAGATGGTGGACACAGTGACAGTAACTCCTCCTCCTGCGACTTGCTGGATATCCTTTTGCAGGAGCAGGAGGACTCGCACTCTGGCACT
GGFINTENQPQVYVSLGDGGHSDSNSSSCDLLDTILLAO QE® QEDSHSGT
GGATCAGCCACCTCAGGCTCAATGGGTTCAGGATCAGGTTCTGGCTGTAACCGCTGTGGGACTTCAGCTAGTGGAACCTCGGGAAGCAGAACAGGAAGCAGCAACACCAGCAAATATTTTGGCAGTGTGGACTCT
6 S AT S G S MG S6SG6GS GCNRCGTSASGTSGSRT GSSNTSKYFGSUVDS
CTAGAACACAACACTAAGGCCAATTCTATATCCAAAACCAGGGCCAAAGAGGGCTCTGAAACTGGACAGTCTCAGACCAAGGCCTCCTCTCAGGGAGAAAAAGAGCATTTCATCAAATGTTGCCTTCAGGAGCCA
LEHNTEKANSTSKTRAKEGSETGQS QTKASSQGEKEBHFIKCCLQETP
CTCTGGCTGCTGATGGCCAACACCAACGACAAAGTCATGTTGACCTATCAGCTACCATCTAGGGACATTCAAAAGGTTCTACGTGAAGACAAGGAGAGGCTAAGGCAGATGCAGAAGAGCCAGCCTCACTTTTCC
LW LLMANTNDKVMLTYQLP SRDIQKYILREDEKERLRQMAKSGQPHFS
TCAGAGCAACGACGAGAGCTTTTGGAGGAACACCCATGGATAAGACGGGGGGGTCTACCTGCTGCGATTAATGTCAAGGAATGTGTGTACTGTGAAGACCCAGCAGGCACACTTGTGGAGGATGATGTGCCAGAC
SEQRRELLEEHPWYIRRGGLPAAINVYVEKECVYCEDPAGTLVEDDVPD
ATAGACATGGGAGAACTGGACGATGAGCTGAGCCACGAAGAACAATCAGGCTCTGGCTCATGA
I DMGETLTDDETLTSHETEA®QSGSG S *

K5 55 Per2 LR ORF 351 B ifE 3 19 & FE R ¥ 5]
Fig.5 Open reading frame sequence of C. semilaevis Per2 gene and the deduced amino acid sequence
THERR . BRIGEMN T TRIZ.: TRESSHEL PASIL; BT RIZk: IIRETELZS IR PeriodC;
(M58 O S e | P S T o e A e

Start codon is marked is framed. Functional domain PAS11 is marked with underline. Functional domain PeriodC
indicated with virtual underline. Conserved sequence is marked in gray, and the termination codon is denoted by *.
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Fig.6 Phylogenetic tree based on Clockla amino acid sequences (Numbers on branches indicate bootstrap support values)

70

100

50

PRA4ERAR Sinocyclocheilus rhinocerous (XP 016366943.1)
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99| BEI 4 Danio rerio (AFV39705.1)
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3k 8 Megalobrama amblycephala (XP 048015598.1)
BSLER 1% Pimephales promelas (XP 039502942.1)
89 R BRTE A Squalius pyrenaicus (VAX53699.1)

JTWE Xenopus tropicalis (BAI82610.1)

JEXY Gallus gallus (NP 001384605.1)
F B Mus musculus (NP 001398907.1)
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Fig.7 Phylogenetic tree based on Bmalla amino acid sequences (Numbers on branches indicate bootstrap support values)
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Fig.8 Phylogenetic tree based on Cryla amino acid sequences (Numbers on branches indicate bootstrap support values)
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Fig.9 Phylogenetic tree based on Cry2 amino acid sequences (Numbers on branches indicate bootstrap support values)
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Fig.10 Phylogenetic tree based on Per2 amino acid sequences (Numbers on branches indicate bootstrap support values)
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Fig.11

Expression profiles of Clockla and Bmalla mRNA in the different developmental stages of ovary in C. semilaevis

AN [P IR 22 57 3 (P<0.05) . Tl

Different letters represent significant difference (P<0.05). The same as below.
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Fig.12 Expression profiles of Cryla, Cry2, and Per2 mRNA in the different developmental stages of ovary in C. semilaevis
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Cloning and Expression Analysis of Clock Genes During Ovarian
Development and M aturation of Tongue Sole (Cynoglossus semilaevis)

YAN Kewen'?, MA Xiaodong®, SHI Bao'*", CHENG Hanliang', WANG Chongnii’, ZHAO Xinyu'?

(1. College of Marine Science and Fisheries, Jiangsu Ocean University, Lianyungang 222005, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Sate Key Laboratory of Mariculture
Biobreeding and Sustainable Goods; Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao Marine Science and Technology Center, Qingdao 266071, China)

Abstract

Clock genes play a pivotal role in the rhythm maturation of bony fish ovaries. To explore

the role of clock genes in the rhythmic ovarian development and maturation of tongue sole
(Cynoglossus semilaevis), we used real-time fluorescent quantitative PCR technique to analyze the

expression profiles of circadian locomotor output cycles Kaput la (Clockla), brain and muscle
Arntlike la (Bmalla), Cryptochrome la (Cryla), Cryptochrome 2 (Cry2), and Period 2 (Per2) at the

ovarian stages I, III, IV, V,and VI.

The coding DNA sequence (CDS) of five clock genes were cloned and phylogenetically analyzed.
We found that the CDS sequence length of Clockla was 1 620 bp and encoded 539 amino acids, with
the encoded amino acid sequence of Clockla having a predicted molecular weight of 81.9 kDa.
Clockla has the functional domain PASD1 (consisting of 64 amino acids) and PAS11 (consisting of
103 amino acids). The CDS sequence length of Bmalla was 1 881 bp and encoded 626 amino acids,

with the encoded amino acid sequence of Bmalla having a predicted molecular weight of 68.9 kDa. In

the Bmalla sequence, the functional domain PASD3 is composed of 63 amino acids, and the

functional domain PAS11 is composed of 103 amino acids. The CDS sequence length of Cryla was
1 896 bp and encoded 631 amino acids, with the encoded amino acid sequence of Cryla having a
predicted molecular weight of 71.4 kDa. Its functional domain FAD7 was composed of 199 amino
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acids. The CDS sequence length of Cry2 was 2 007 bp and encoded 669 amino acids, with the encoded
amino acid sequence of Cry2 having a predicted molecular weight of 76.0 kDa. The Cry2 sequence
contains a functional domain FAD7 consisting of 199 amino acids. The CDS sequence length of Per2
was 4248 bp, encoding 1415 amino acids, and the encoded amino acid sequence of Per2 has a
predicted molecular weight of 154.0 kDa. In the Per2 sequence, the functional domain PeriodC
consists of 295 amino acids and a functional domain PAS11 consists of 102 amino acids.

The neighbor-joining method was used to analyze the Clockla, Bmalla, Cryla, Cry2, and Per2
phylogenetic relationships between C.semilaevis and other bony fish, amphibians, birds, and
mammals. The homology of Clockla, Bmalla, Cryla, Cry2, and Per2 with other bony fish was
60%—79%, 94%—100%, 85%—91%, 84%—-94%, and 70%—84%, respectively. Therefore, we believe that
these five amino acid sequences show strong conserved property. In addition, the homology of Cryla
and Cry2 was 62%, indicating that Cryla and Cry2 evolved differently during the evolution of
C. semilaevis. In the constructed phylogenetic tree, Clockla, Bmalla, Cryla, Cry2, and Per2 of
C. semilaevis were clustered together with other bony fishes, indicating a close relationship between
C. semilaevis and other bony fish in the evolutionary process. Moreover, the homology of Clockla
between C.semilaevis and mammals, birds, and amphibians is low, indicating that there are
evolutionary differences in the evolutionary process of Clockla. The high homology of Bmalla, Cryla,
Cry2, and Per2 with mammals, birds, and amphibians suggests that these four clock genes were
strongly conserved during the evolution of C. semilaevis.

In the present study, we found that the expression levels of five clock genes were high in stages II
and III, which were equivalent to the non-reproductive season (P<0.05). However, the expression
levels of five clock genes were low in stages IV and V, which were equivalent to the reproductive
season (P<0.05). Therefore, the expression profiles of Clockla, Bmalla, Cryla, Cry2, and Per2 in the
ovaries of C. semilaevis also have seasonal characteristics. The ovarian development and maturation of
C. semilaevis goes through stages II, III, IV, V, and VI, and then reaches stage II again and
starts a new reproductive cycle. The variation patterns of seasonal factors, such as light and
temperature, in fish ovaries were consistent with the annual expression patterns of the five clock genes
in this study. Therefore, it can be considered that the expression of clock genes in C. semilaevis has an
annual cycle. The findings presented in this study can enrich the theory of ovarian development and
maturation of C. semilaevis and provide a theoretical basis for improving breeding technology and
seedling efficiency.

Key words Clock gene; Cynoglossus semilaevis; Ovary; Expression profiles
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ERPE AR BRI MR B mitfa RiEDHT

S OBER B B TER'
BT THEW' FAES
(1. ERFAEGRE 1078 BE  330031; 2. VLPEE KRR SHHE % s
LPE  FEE 330031; 3. mATAERFIRIRIREIEHL VTP HEF 330800)

BE AT RWET G 1~60 B # R 4 (Misgurnus anguillicaudatus) # &, & 41 jf 09 & i, . A7
AEERA, HAE3h, ERANEENTANZE G ERERERAM; AMFEBE 21 B8, R
MEERT Y BRAZCEAME; N2 BBy aR ek, RaEET LRER BEEAH,
MPAEEAE 1 ERREMTaNBREFHA, 3 12 BRAEEREBNLE, 7 AR aEE
WAEERME, EFME 221 dW, RENECZAEAYERAZCRak, THREERE
R E Ak, #H—FRAORE R A 22d TP 46, 3 MR B B RHIERRT KA RSN R AR
BaRmp, EALBRMEE, HHRECZANANERRER AL, £/ NMNEBRME L,
BRMMERBCRABREN R/, ELLRMEER, HRRBEZH RS FTH T AA
)18 B A LR O & PCR (qQRT-PCR)J7 i X JR 8L & 2 U0 & A8 x 2 B mitfa $4T 7 9047, &R
Bor, N UA x4 EF a 2 F (microphtalmia-associated transcription factor a, mitfa)%s 4
MITFa % & 4 408 N2 KB, M2 FHEN 4568 kDa, T % & &4 716, & 4
MITF_TFEB_C_3_N. bHLH-Zip fn DUF 3371 £ #9385 & & %ty mitf 3£ 7 248 th, mitfa f&
SEMEE, A AL 5 (58.8%~83.2%), qRT-PCR %4 % ¥ 7=, mitfamRNA 72 fE fs & & th % ¥ 0F
M Bk B, BEMEIRONREI KT G TEI AR AR FRER T B ¥ R 6 R iRk L3

B R R mitfa EE B RIK, NI —F T BRMEETH RN ENF EE T A,
K§EA R R €FH; mitfa; FEERE ST
hESES S917.4  XHEERIEEE A XEHS  2095-9869(2024)03-0117-12
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MXF SCZ Y S S B S e, I BEAM I 5T A BRR S
{4725 Ak T 3 3 7 2% Ak (Hirata et al, 2003, 2005), 7Efifi
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2000; Sugimoto, 2002; Burton, 2002; Burton et al, 2017;

Phang et al, 2012), 7EZL {8 F14: (03] 1 (Betta splendens)
HR B h EE R AR MM AR, 7E
Z& 0 (Cichlidae) (Maan et al, 2013)H17g & (Misgurnus
anguillicaudatus)(Sheng et al, 2022) 8 ik v (5, 2% 41 ity
FHEERAER HOARAMTE AR, ARAER
34 A B S RO AR B R A R 6 3R R B A
(Bagnara et al, 2006). F ik (03 K128 Sl T (4 K 41 i
A B ECE FNHESN G 00 o S R BR AT BIAR | BE AN
IR S 8O TR H 45 8055 36 18 %€ (Santos et al, 2016;
Roberts et al, 2009; Kratochwil et al, 2019, 2018; Ahi
et al, 2017; Hendrick et al, 2019; Sazima et al, 2006),
i ARt SRR IFI S bl & B W B i A2 4k, AN[F &
BB, AR ORI R A F & F e
fE(Reiss et al, 2012), &0 MAREREERGRE
By B BRI, T 4l A K R DR R A A A
MR, MEMUFF A RE. 2 H Ik,
PR N U AN ICE S R e -a= - 3 D&
ZAEVE R I 5T R4 7E BE T i (Danio rerio) il fiff
(Oryzias |atipes) &5 /D E i =0 A W (Meyer et al, 1993,
1995; Kelsh et al, 1996; Nagao et al, 2014; Irion et al,
2019; Patterson et al, 2019), Xl H i 2R LK EW)

KT MBS T Z B CRIRAE, 20025 Hhog b4,

2006; TiEMEEE, 2012),

7INHIR BT FH 2 5% 53 PR 7 (microphthalmia-associated
transcription factor, MITF)J& fif I 2 JiE 3 — 2 e 42 2
FR i (b HLH-Zip) 8 F 0L, AE W 4l & & 1Y
F B R T R AR A AT . B (E A 1h
(Hou et al, 2008) . mitf % [K &z 477 K /)y B (Mus muscul us)
/N HR WG IR A5 o 114 5 PR e A 5 28 1T 9 2 B (Hodgkinson
etal, 1993), EMFLEIYT, B~ mitf 55 o (8
AR AR 37 RS 77 A 22 A 28 () SCHE A,
2017). FEf2Erh, 5/NEL mitf-A F1 mitf-M AR Y
mitfa F1 mitfb EFC LA CLIER LA, 8| E M
(Xiphophorus hellerii)F1£Lfi& 7 J5 fili(Fugu rubripes)4
AR RGE . Hd, mitfa JERTE R R G Z 40
% B O F b & 4% HE EE H (Lister et al, 1999), i
mitfb FZAEMR ML, 7Esk/D mitfa {G PR T
MR 2 | J (RPE)AH L ) & B & #5065 19 D) B
(Lister et al, 2001). mitf 44 1B 5 £f1 58 A (R 78 AR i
KB R DRz BORAM, HITE 6 R A
L P 250 ) A B 1 BT B 48 AN (Lister et al, 1999).

VSRR — P/ NI TR T2 3 A T Y
P H A R TR E B 45 i (Wang et al,
2018; Yi et al, 2019), VLVGHEFH#IHL X AAAE 3 FhALBE
A YR, AR I R R PR L A YA TE SR /N3 il

T4 R RAEBEVES . /NAEBE Y BN TCAE B e ik, ELAE
BRI K7 ik A7 AR 3 RS 4 K 41 B (Sheng et al,
2022), R, FIHFTME, #J66TH A k@R 40
& B REAE S , X Je Bk fa 28 DA R 1Y o ML
W Z FL/D o A SCEE A5 30 PH I e ) Rz ik €2 25 4 it
(R % B RRAE , 4 3 b A6 B 6 S (5 A0 i & T R A
PEAT A, 520 mitfa R R 9 AR AE L B 2% B PR
FE VRS [R) & & B BER G 2 B AR AN [v] 4 40 o A 7 5i
R, UM IR R IR IA RS @R ZNTE R, &
J& RN B SR A S Atk B o

1 MR ERE
11 BYHERFEE

TSN T ZH LR 7 R B R 2A TP A K= sh )
IR S A S SE R S AT, TSR AR B ST
WRRFP VR Bk IR A S, BEECPER & B R oA
TCHRTE VR SRV S N T BB 1) 53 £, e BROR A6 BiE e fifk
()X KRAEBLIRHBK( &), /NMEBLIRBK( Q )x/INEBE R fifk
(8). JCACBLIREHK( @ )< CAEBEVEI( ST K R M
It 25 A SR A B 668 J AL R S48 7= R 0 D vk R AT N
TA# S, B R MESKE ST 40 TU A9 R (R4 T2
BRRATD), eSS R, BT FE AT
BAGEE A A2, Bl 5K 528G 90 e 78 2 R AL A
W, F(23+1) TR K IRk .

2021 4 5—7 A, FEMZKEONEIE] 60 H 4
WA R B OBV ERARG | {70 | HE ALl fa 4
BEDLEBGE B & B 1 H B9 IRIG st iR, AT g
R AMIEA e R E AN K F o W 5 — R
i ARG mitfan & AR PR 8O [R) 4 B B B G Hh Y
mRNA Fik/KF. R H4(20.0+0.2) g FJREK AR LE
KA (23£1) CH A SIER KRR G PR SR 3 d,
) B R HEIR 2 YORT BRI R, 25, P s HUE R i
etk 3 2, WO ER I bk . M IR T . BB . W . FFAE
O L AR RN I 24T T R ek T

12 B8RABMEERBRABBOES

FH 0.04% = F(MS-222, Sigma-Aldrich)%f gk
HEAT RIS AL B, WA ic s T Ve Sk MR iG 2251k
J& 60 d &y )t Z A P B FE RN R B R A IRE A,
JELREE T 3 AR Ye Bk ik B8 60 R A Y K B RE .

1.3 mitfa EE £ cDNA =&

15 F SuperScript™ M 044 SRR & (Invitrogen) ,
DL 4 pL ek fe ik S RNA SR, FIIH] SMART 4%
TG PH 57/3'-CDS 519 M4 | 5% cDNA, HR¥E
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SRR S BT e S5k R BT L5

< mitfa ik 44T 119

#R}(Cyprinidae) i35 mitf JE K A9 4% ST [R5 7 51 51T
G191 (mitf-F 1 mitf-R, & 1), 1o 6] 5 5 B 1 75 e fifk
mitfa 3 K ) a) P8 o AR mitfa H el A B 51

2 XFHE ST (3'-GSP 1 3'-NGSP, 5'-GSP Al
5'-NGSP, # 1), FIJH SMARTer RACE 5'/3"i&7| £
(TaKaRa) , i@ i cDNA K 3f Pt ¥ 3 7% (rapid
ampliﬁcation of cDNA ends, RACE)£: 2 % PCR i [ 3K

2 mitfa cDNA [ 3'Fl 5" 751, SEEG, o oo
%1%3 -GSP (5% 5'-GSP)FLE 5 1A PI(UPM, % 1)

PEATES 1 %8 PCR, FH ddH,0 ¥ PCR =i B /R A
B, iG99 3'-NGSP (& 5'-NGSP) il 5| ¥ &
YI(UPM)IEATES 2 # PCR. 2 %8 PCR ¥R M %X
PCR F£/¥(Golden Star T6 Super PCR Mix Ver.2, %},
dt50): 98 °C 2 min; 98 °C 10s, Tm15s, 35 MEH;
72°C 20s; 72 °C 5 min, HAYH B H DNA S

[ AR G R, LR E T IR, [l T A
L ORE, 2Rk IR A W CERE, L0 PR
THARR LR T3] o

&1 miftaRERERRESFSY

Tab.1 Primers for mitfa cloning and gene expression analysis

5|4 Primer 5|#) ¥ % Primer sequences (5'~3") T./C Hi& Purpose
mitf-R GGTGCCGTTGTTGAGGTCTA 55 ] B¢ Partial cDNA
mitf-F GCCCTTCTCACCCTCAACTG
3’-GSP AGTCCAATGACCCAGACATGAGGTGG 66 )
3’-NGSP TCGAGCGATCAAGCAGGAGCCCAG 67 3 oRACE
5’-GSP GGCGTGCTCCAGTCTCTTCTGTCGGTTC 65 5" RACE
5’-NGSP CATCATGCCGGGTGCTGGGGTAG 67
Short UPM CTAATACGACTCACTATAGGGC 3'/5"-RACE
Long UPM CTAATACGACTCACTATAGGGCA

AGCAGTGGTATCAACGCAGAGT
B-actin-F CCCATCCATCGTCCACAG qRT-PCR
B-actin-R CTTTCCAGTTTCCGCATC >
mitfa-F ATTCTCAAGGCTTCGGTGGAT
mitfa-R TCGGAGGAATAAAGCGTGGAA >

1.4 mitfamRNA RiESH

fdiFH Trizol 7(TaKaRa) AR 31 H 2 ZURE
PRI RNA L IRFSAY 5 RNA 23006 H(Genova
Nano, 2 []) Fl BB M EE I FL VKA IS & T80 “C UKAH
&M, 3o BV S 5 ) & (PrimeScript™  RT
reagent Kit with gDNA Eraser, TaKaRa) & il ¥ cDNA

i qRT-PCR H A, ffi[f] CFX96 Touch™ SHf
PCR #il & %t (Bio-Rad, 3 E KA A% & B B i
{58k S i RS AR AR [) 2 20 mitfa mRNA A k15 0 .
qRT-PCR KR AN : 12.5 pL 2xTB Green Premix Ex
Tagll , 2 pL cDNA #itk, b FHF5I#(mitfa-F F1
mitfa-R, 7 1)4% 0.5 pL (10 pmol/L), 9.5 uL ddH,0,
MARFN 25 uL. qRT-PCR BFWF: 95 °C Smin;
95°C 5s, 55°C 30s, 72°C 30s, 40 MEH, 2K
uﬁ FI AL AN ISR ) VE Ry B 6 R S B0 25 R s

I A A A R A S, SR 27 R

mitfa 35 A A A A i

2 HR

2.1 REA S REAMR G E M H I A EE IR

3 b AL BV BHOIE R A 7 B B OR DL (8 R A P
o DARAEBEDESR 1, S, 1 H g Je ki b
RO RANNEE 1a), 2 HEAF IR b BT R A0
BB 1b), 7 HE AR B s R A (& 1¢),

HE AR B A (B 1d). BEH Tk iy 2
— L RH, HARBERAMM . 00 40 AR 40
Ji ) RO Ok 2

MAT B HE S (21 A, Jekii =T i
AR TR IHE IR IY] (22 H i) 2 i A S0 e
55K 1% B SR L] LU SR R A . A7 fSBIIE, JRpkiA

FORORAMIR BN A TS TE/UUW%H((IEI 2a. b);
AT IS B RE £ 5 9 (21 H i), RERMMPIEESH

KEER BRI R BASRET , Ba MR SORET
(B 2c. d); MHEMJFEHQ2 BB M ml, 4085
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MR FER. 4R ExR, WA 2~21 d BRFERE)E

kA T A0 RHE (U0 & B B, AR B AR 41
PIhah iR R A Z A (& 3a. b). BFEL)E 22 d, TR
Rk FTF IR PR R R R AN, 22 40 2R IR,
Wil J P18 €2, 3% 40 2 5 2R T ) 1 K P S (T 3
d). WL 45 d, KAEBEVR SRR 2 6 K 4G L
MR, SEBLR(E 3e. ), &R WL,

Bl RAEBERET I R T B 3 MR A T

Fig.1

Development progression of three types of pigment cells in early development stage of large-blackspot loach

a: 1 H P O km BERAME); b: 2 B RGOk R g
c: 7 HIRMEM(ALOF R HERMN); d:

i) 5
12 H S HE AR (20 Sk s D 40 .

a: 1-day-old larva, the red arrow points to the melanocytes; b: 2-day-old larva, the red arrow points to the iridophores;
c: 7-day-old juvenile, the red arrow points to xanthophore; d: 12-day-old juvenile, the red arrow points to iridophores.

& 2

Fig.2 Development of melanocytes on body surface of large-blackspot larvae loach

a: 1 Hi7f; b: 5 Hgfrfa; c:

6 HikMEfh; d: 21 HIRHEM,; e M f: 45 H

RACBEL IR R R O R AR &

B e A R (0 R A M

a: 1-day-old larvae; b: 5-day-old larvae; c: 6-day-old juveniles; d: 21-day-old juveniles;
e and f: Melanocytes on body surface of 45-o0ld-day loach.
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Fig.3 Early development of melanocytes on body surface of large-blackspot loach

a flb: 20 HIRVEEL; o 1 d: 22 HIRUEEK; o Flf: 45 H ke,
g: 60 F VR im kB AR h: 60 H EVREE &R KB AR
a and b: 20-day-old loach; ¢ and d: 22-day-old loach; e and f: 45-day-old loach;
g: Melanocytes on side skin of 60-day-old loach; h: Melanocytes on the back skin of 60-day-old loach.
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Fig.4 Early development of melanocytes on body surface of small-blackspot loach

aflib: 7 HikUelk; ¢ fd: 22 HiRJeSk; o Ff. 45 HiBUesk;
g: 60 HER VBRI K2 Ik M (LR AN he 60 FH & YRBHH A1 A IR R (3R 2
a and b: 7-day-old loach; ¢ and d: 22-day-old loach; e and f: 45-day-old loach;
g: Melanocytes on side skin of 60-day-old loach; h: Melanocytes on the back skin of 60-day-old loach.
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Fig.5 Early development of melanocytes on body surface of non-blackspot loach

aflb: 7 HIBURHK; c Fid. 22 HEBUEHK; e FIf: 45 HB ek,
g: 60 H iUkl j e B F M ; he 60 H S VRHKE I8 A Ik B K 4.

a and b: 7-day-old loach; ¢ and d: 22-day-old loach; e and f: 45-day-old loach;
g: Melanocytes on side skin of 60-day-old loach; h: Melanocytes on the back skin of 60-day-old loach.
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74 CCAGGAAACAGCTATATGGGGGACAGCGTGTTTACCGCTGATTCAGACAGTTTCTACGAGCTGAAGAGTCAG
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650 CTTCCTCCAGCTGGGGTTGCCATTAGCAACACCTGTCCATCTAACCTACCAGCCGTGAAAAGGGAATTATCC

188 LPPAGVYV AISNTT CTPSNTLTPAVE KT RTETLS
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212 ATPAPGMMHETIMETZ KTPGPT CGNTFTDS Y Q

794 AGGCCCGAAGGGTTTCCAGTAGAAGCTGAGGTCAGAGCTTTGGCAAAGGAGAGACAAAAGAAGGACAACCAC

236 R PEGTFPVEAEVT RALATZKTETRTU QE KT KT DN H

866 AACCTAATTGAACGAAGACGGCGGTTTAATATAAACGACAGAATTAAAGAGCTGGGAACATTAATTCCCAAG

260 NLIERIRRRTPFNTINDTI RTITIKTETLTGTTLTITPEK

938 TCCAATGACCCAGACATGAGGTGGAATAAGGGGACCATTCTCAAGGCTTCGGTGGATTATATTAGGAGACTG
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380 S HLPSPDMS®RPTTTLDTLNNSGTT RTGT RTL

1298  AGCCCGTGGACGGTGIGAGCCCGGTGACGCCCCCCCCCCCGCCGGGGCGCGGACTTCTCGGAGTCGGGTTGT

404 S P W T V %

1370 TTGGGAAGCAGCCCAAAGCGGGTGGTAAACTCCCTTTAAGGCTAAATACCGGCCCGAGACCGATAGTCGACA
1442 AGTACCGTAAGGGAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Pl 6 785 FH e mitfa & DA AZ R Fr 1) F BT 5L IR Y 471

Fig.6 The nucleotide and predicted amino aquences of mitfa in loach

M i MITF_TFEB_C 3 N #5448 ; H > bHLH-Zip &5#934; D > DUF3371 &5fa4;
FRANLAL T T KOO S, KA XY bHLH-Zip 45F930F1 DUF3371 Z5# 31 & X .
M means MITF_TFEB_C 3 N domain, H means bHLH-Zip domain, D means DUF3371 domain. * shows stop codon.
The grey region shows domains, dark grey shows overlapping region between bHLH-Zip and DUF3371 domain.
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Fig.7 The relative expression level of mitfa in different developmental stages of loach with three types of black spots

a: KAEBEVRH; b: /NEBEJREK; c: TCAEBEIREL .
FO: KGO, MC: Z48MEi; BL: IEM; GA: FBIR; NE: sh&fili; ME: DLAZUN; HB: O#kN; HA:
WAL BC: MRMERRY]; FR: Mg, ARG RN AR B35 22 5% (P<0.01), T,
a: Large-blackspot loach; b: Small-blackspot loach; c: Non-blackspot loach.
FO: Fertilized ovum stage; MC: Multicellular stage; BL: Blastula stage; GA: Gastrula stage; NE: Neurula stage; ME: Muscle
effect stage; HB: Heartbeat stage; HA: Hatching stage; BC: Blood circulation stage; FR: Fry stage.
Different capital letters indicate highly significant differences (P<0.01). The same below.
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Fig.8 The relative expression levels of mitfa in different tissues of loach with three types of black spots

a: RAEBEVEEK; b: INMEBEJEHK; o2 JCAEBEIREK. FIEAE LI AR/ ING F-RERIRAFTE 35 22 57 (P<0.05).
a: Large-blackspot loach; b: Small-blackspot loach; c: Non-blackspot loach.
Different lowercase letters above the bar indicate significant differences (P<0.05).

PORST  A SRATTRER IR w7 oR (TR EEN K YR WSS i3
ALY K I TR B A R R AN S — 3

FEBE T IR AG | A7 RTHE (o, R A
i 253 Sy Sk Y o 25 Uk 240 e 1 £ U SR R AR 7R AR
AW, B A 6 0 TT 4G BT 8 i R
(Patterson et al, 2019), 7ERL AR B, MARAMIIN
BRI R AR AN, RS EE . Pk
(Budi et al, 2008), K22 WA fa H W & & B Bk = 19 22
{0 R AN R A PR R B (5 B AN, A 20 AR (2 XU
fa gl B, 47 A0 3 A R B R R AR R R R
R CRZNEE, 2002; FIEfEAE, 2012; 45 Hpk S,
2015). VRBH R (4 3 A M Y K B AR AR S KGR BRI (1
WUTEE TR 0 AR AR o A6 BRF e Bk bz Fok: DI 2 22 A4 e 7 JH AR L
/NAETRE RN TCACIE VS 8K ) K 5 75 /NGB TC AL B e 88K 174
Bk, R A0 0 RSO, 2RSSR (Sheng
etal, 2022), Kk, /NEBREYE G R 4R & T
A g 5 RAEBEIe AN F] , (B 5 TCAEREJe S AH A
SR, BORMMIETF gt R ERE, B
G R4 T 0 25 20 R P T R £ R A, B AN
LR

32 RHBRERERMENK

VE by o b 3 MR S RHIE 2 — , R UTE %R
Y ARSI Pl E HEWER . HEHE,
=11 (Gasteropel ecus ster nicla) 14 14 2 15 T 22 €4, 3xE He il
YN 4L, 1 BESE(Bothus ocellatus) it 4 2 th f i
INAN— ) BEER (Ramachandran et al, 1996); 781 i {4
FATFARBILRAE BRI, 2019); TRk IR KR
WER/NA—I BB, A X EaREZHT

BRI, AT A AR

PEAGE , 50 H & 0404 B 5 R AR 208 iR
BE RN, 2017) FERES MR H I EF B, 3 Fh
ERAMMCR ORI . B Z I M FTR 4Hi) 22 47
FE S ATIE OHARRIE TR K SR BB R RIS, XS R
20 00 AE B 1 0 B RIS SR S0 R I R L e
FF I HES , A B BE PR 9 748 st AT DA i 2 30 AR B £ )
280’ % (Parichy, 2006; Ceinos et al, 2015), A58 &
M, BEBESIE 45 HRWTesk ) aikRIE . #F—
NS B, RAEBEY B . /N4 B U 5k 11 JC A6 BiE e 5k
() SR BE A TR AT BT AN ) o KAETRE e Sk ) A 3R 2R 1
RAMF B A0, 8 A M SR AT R R BT 5 /)
AEIE DR 1A 2 J8 8 K At SR AR 0P /N R BE, B 2R
R AN S ORI SR TCAEBEJE I A R R AR
L3 A 3450, HIER FEZ R SUR IR SR . i T
REIRMIE B SR FZEBI AR MM LT . T8
RAEFMMEAEHE — R, HiH, JesktRER
TE B 1 20 B RN o3 BIL I A R i — 2D ISR

3.3 mitfa BEEFF 5 R EERE % & B HIRERR F1 A (&
HARRRIE

TEA R B2 20 W h#f A& B mitf FER, mitf L]
A B N S B S AE AN [ P P () A AE 25 5% . MITF 2%
HEARR YA E 54 MITF_TFEB C 3 N, bHLH-
Zip. DUF3371 S5Ha 8RN3R #5 IR IX (R R HE 4, 2021),
MITFa % H 5 HAL Y #h MITE 25 1 B V4 245 5T /0 45
MRRIE, HARXS TICHEMEShY), MITFa i sl
A HE W T — BN S TR T 51 (R B 2 3 R T 51 %) L
K, 1Eh—Fife N7, MITF n] L@t bHLH-zip



%3 1 2 TR MESE /0 B 0 U Rk R BT L 2% . mitfa 635000 125

45Ky 5 — 25 A E-box AL N 45 & KAEAE T,
A 35 2 47 P 0 2R A1 ML R o A A G B 3 DR R4 ) 4
JLJE) S AE S I 6 B, R Bl R 6 B A 5 3 B (Li
et al, 2013; Makimura et al, 1993), X i3 S6 {5 57 2% #4) Fl
5 4 % 5E F2 01, MITFa £ 176 Hok fbad A5 v oA 3
A TRE, M5 0RE.

BT 0 2R IR B, it BEPR e ik fE SR (0 K
41 i 434k 2 FiE Rt R I E1) (Béjar et al, 2003), mitfa
mRNA 7EJRSHIR G & & 104 B Ba A ik, HAESZHK
IR R A e . mitfa 70 B AR A0 IRIY B iR
kBRI, BN A mitfa FR AN S 558
R MM K F ML, 1 BLAE S5 A 5 gk
2R (0 2 Y M Y o 4k b & 4% B EEAE F (Johnson et al,
2011), XFERAE, mitfa 7E/NMEBEIRBIE G & B B B
()26 1k K5 K ACBE TR B AT AN [, {H -5 0 48 BRE e ik
FHARL

mitf JEH 5 Z RPN RER <, bR T RO E
A oAk . R DL R B e R A b R R AR
Ab, mitf KR ] LR AR K40 59 & B g DL
&K o B O 4 Y T BE (Jippo et al, 2003;
Mansky et al, 2002). 7EZkH, mitf mRNA #9357k
- 5 R 8, F A A G (Wu et al, 2020) ZEASHF5E 1, mitfa
R R VR B BT AT 2 R AL 4L A Rk, TR Ik
mitfa mRNA KK & TR . Ao, P
K 5 B2 R A 7 T SR A B R BS 1) J £5 ZE 41 i (Sheng
et al, 2022), WRFIERES mitfa mRNA )35k
KR IEASE . X R R EHR RS R~ T mitfa 76 Y2 ik
Rkt Z U0 h B WA ER o

2 £ X #

AHI E P, SEFC K M. Anterior-posterior gene expression
differences in three Lake Malawi cichlid fishes with
variation in body stripe orientation. PeerJ, 2017, 5: e4080

BAGNARA J T, MATSUMOTO J. Comparative anatomy and
physiology of pigment cells in nonmammalian tissues. The
Pigmentary System: Physiology and Pathophysiology,
Blackwell Publishing, 2006, 11-59

BEJAR J, HONG Y, SCHARTL M. Mitf expression is sufficient
to direct differentiation of medaka blastula derived stem
cells to melanocytes. Development, 2003, 130(26): 6545—
6553

BUDI E H, PATTERSON L B, PARICHY D M. Embryonic
requirements for ErbB signaling in neural crest development
and adult pigment pattern formation. Development, 2008,
135(15): 26032614

BURTON D, BURTON M. Essential fish biology: Diversity,
structure, and function. Oxford University Press, 2017

BURTON D. The physiology of flatfish chromatophores.
Microscopy Research and Technique, 2002, 58(6): 481-487

CEINOS R M, GUILLOT R, KELSH R N, et al. Pigment
patterns in adult fish result from superimposition of two
largely independent pigmentation mechanisms. Pigment
Cell and Melanoma Research, 2015, 28(2): 196-209

FU JJ, ZHU W B, LUO W T, et al. Comparison of growth,
tyrosinase activity, melanin content, and gene expression
between common carps with different pigmentations.
Journal of Fishery Sciences of China, 2021, 28(8): 939-947
(PEAEEZE, RS0, % SChE, 46, REREEIMARK . B
PRBETEE . FRER A IR RIK L. P EK R,
2021, 28(8): 939-947]

FUIJII R. The regulation of motile activity in fish chromatophores.
Pigment Cell Research, 2000, 13(5): 300-319

HENDRICK L A, CARTER G A, HILBRANDS E H, et al. Bar,
stripe and spot development in sand-dwelling cichlids from
Lake Malawi. Evodevo, 2019, 10(1): 1-18

HIRATA M, NAKAMURA K I, KONDO S. Pigment cell
distributions in different tissues of the zebrafish, with
special reference to the striped pigment
Developmental Dynamics, 2005, 234(2): 293-300

HIRATA M, NAKAMURA K, KANEMARU T, et al. Pigment
cell organization in the hypodermis of zebrafish.
Developmental Dynamics, 2003, 227(4): 497-503

HODGKINSON C A, MOORE K J, NAKAYAMA A, et al.
Mutations at the mouse microphthalmia locus are associated

pattern.

with defects in a gene encoding a novel basic-helix-loop-
helix-zipper protein. Cell, 1993, 74(2): 395-404

HOU L, PAVAN W J. Transcriptional and signaling regulation in
neural crest stem cell-derived melanocyte development: Do
all roads lead to Mitf? Cell Research, 2008, 18(12): 1163—
1176

HUBBARD J K, UY J A C, HAUBER M E, et al. Vertebrate
pigmentation: From underlying genes to adaptive function.
Trends in Genetics, 2010, 26(5): 231-239

IRION U, NUSSLEIN-VOLHARD C. The identification of genes
involved in the evolution of color patterns in fish. Current
Opinion in Genetics and Development, 2019, 57: 31-38

JIPPO T, MORII E, ITO A, et al. Effect of anatomical
distribution of mast cells on their defense function against
bacterial infections: Demonstration using partially mast
cell-deficient tg/tg mice. Journal of Experimental Medicine,
2003, 197(11): 1417-1425

JOHNSON S L, NGUYEN A TN, LISTER J A. mitfa is required
at multiple stages of melanocyte differentiation but not to
establish the melanocyte stem cell. Developmental Biology,
2011, 350(2): 405-413

KELSH R N, BRAND M, JIANG Y J, et al. Zebrafish
pigmentation mutations and the processes of neural crest
development. Development, 1996, 123(1): 369-389

KELSH R N. Genetics and evolution of pigment patterns in fish.



126 ook B

545 %

Pigment Cell Research, 2004, 17(4): 326-336

KRATOCHWIL C F, LIANG Y, GERWIN J, et al.
Agouti-related peptide 2 facilitates convergent evolution of
stripe patterns across cichlid fish radiations. Science, 2018,
362(6413): 457-460

KRATOCHWIL C F, URBAN S, MEYER A. Genome of the
Malawi golden cichlid fish (Melanochromis auratus) reveals
exon loss of oca2 in an amelanistic morph. Pigment Cell and
Melanoma Research, 2019, 32(5): 719-723

LI M, ZHU F, HONG Y. Differential evolution of duplicated
medakafish mitf genes. International Journal of Biological
Sciences, 2013, 9(5): 496-508

LISTER J A, CLOSE J, RAIBLE D W. Duplicate mitf genes in
zebrafish: Complementary expression and conservation of
melanogenic potential. Developmental Biology, 2001, 237(2):
333-344

LISTER J A, ROBERTSON C P, LEPAGE T, et al. Nacre
encodes a zebrafish microphthalmia-related protein that
regulates neural-crest-derived pigment cell fate. Development,
1999, 126(17): 3757-3767

LIU W Y, L1 Y, CATI Y Q, et al. Research progress of the
regulators involved in MITF-related signaling pathways in
melanocytes. Animal Husbandry and Veterinary Medicine,
2017, 49(8): 125-128 [XI3CHs, 20, KR, 5. AR
A MITF AHOC(R Sl B R R 1 O ek g, &4k
58P 2017, 49(8): 125-128]

LIU W, ZHAO J L, WEI L, et al. The early pigmentation and
color pattern formation of mandarin fish Sniperca chautsi.
Chinese Journal of Zoology, 2019, 54(2): 236-244 [XIfF,
BMaR, B, % HEHORRKFEMOEERRNER
AR, 2019, 54(2): 236-244]

LIU X D, CHEN Z Z. Study on the chromatophores and the
carotenoid components in the skin of discus fish
(Symphysodon  spp.). Journal of Shanghai Fisheries
University, 2008, 17(3): 339-343 [XI4, MRAL. L%
L HTEER-arS ke 2t O UE 2N E IR N 200 T
IKFEREFEFAR, 2008, 17(3): 339-343]

MA X K, LIU X Z, WEN H S, et al. Changes of melanophores
in the larval skin of Cynoglossus semilaevis Giinther. Marine
Fisheries Research, 2006, 27(2): 62—68 [h2g == )H,
TR, 5. PR TR AR R B
Wh5E. IEEEKFEWTSE, 2006, 27(2): 62-68]

MAAN M E, SEFC K M. Colour variation in cichlid fish:
Developmental mechanisms, selective pressures and
evolutionary Cell
Developmental Biology. Academic Press, 2013, 24(6/7):
516-528

MAKIMURA M, HIRASAWA M, KOBAYASHI K, et al.
Inhibitory effect of tea catechins on collagenase activity.
Journal of Periodontology, 1993, 64(7): 630-636

MANSKY K C, SULZBACHER S, PURDOM G et al. The

microphthalmia

consequences. Seminars in and

transcription factor and the related

helix-loop-helix zipper factors TFE-3 and TFE-C collaborate
to activate the tartrate- resistant acid phosphatase promoter.
Journal of Leukocyte Biology, 2002, 71(2): 304-310

MEYER A, BIERMANN C H, ORTI G. The phylogenetic
position of the zebrafish (Danio rerio), a model system in
developmental biology: An invitation to the comparative
method. Proceedings of the Royal Society of London Series
B: Biological Sciences, 1993, 252(1335): 231-236

MEYER A, RITCHIE P A, WITTE K E. Predicting
developmental processes from evolutionary patterns: A
molecular phylogeny of the zebrafish (Danio rerio) and its
relatives. Philosophical Transactions of the Royal Society of
London Series B: Biological Sciences, 1995, 349(1327):
103-111

NAGAO Y, SUZUKI T, SHIMIZU A, et al. Sox5 functions as a
fate switch in medaka pigment cell development. PLoS
Genetics, 2014, 10(4): €1004246

PARICHY D M. Evolution of danio pigment
development. Heredity, 2006, 97(3): 200-210

PATTERSON L B, PARICHY D M. Zebrafish pigment pattern
formation: insights into the development and evolution of
adult form. Annual Review of Genetics, 2019, 53: 505-530

PHANG V P E, LIM T M, KHOO G. Ultrastructure of
erythrophores and xanthophores of the siamese fighting fish,
Betta splendens. Israeli Journal of Aquaculture-Bamidgeh,
2012, 64: 20620

RAMACHANDRAN V S, TYLER C W, GREGORY R L, et al.
Rapid adaptive camouflage in tropical flounders. Nature,
1996, 379(6568): 815-818

REISS P, ABLE K W, NUNES M S, et al. Color pattern variation
in Cichla temensis (Perciformes: Cichlidae): Resolution
based on morphological, molecular, and reproductive data.
Neotropical Ichthyology, 2012, 10: 59-70

ROBERTS R B, SER J R, KOCHER T D. Sexual conflict
resolved by invasion of a novel sex determiner in Lake
Malawi cichlid fishes. Science, 2009, 326(5955): 998-1001

RODRIGUEZ F H, CACERES G, LHOREN J P, et al. Genetics
variation in skin pigmentation patterns and growth in
rainbow trout. Animal, 2019, 13(4): 675-682

SANTOS M E, BALDO L, GU L, et al. Comparative
transcriptomics of anal fin pigmentation patterns in cichlid
fishes. BMC Genomics, 2016, 17(1): 1-16

SAZIMA 1, CARVALHO L N, MENDONCA F P, et al. Fallen
leaves on the water-bed: diurnal camouflage of three night

pattern

active fish species in an Amazonian streamlet. Neotropical
Ichthyology, 2006, 4: 119-122

SHENG J, GUAN L, SHENG B, et al. Analysis of pigment cell
composition, pigment content, tyrosinase content and activity
of three kinds of loaches Misgurnus anguillicaudatus from
Poyang Lake. Journal of Fish Biology, 2022, 100(2): 366—
377

SUGIMOTO M. Morphological
Regulation of pigment cell

in fish:
density and morphology.

color changes



%3 1 2 TR MESE /0 B 0 U Rk R BT L 2% . mitfa 635000 127

Microscopy Research and Technique, 2002, 58(6): 496503

WANG J, PEI X, LIU H, et al. Extraction and characterization of
acid-soluble and pepsin-soluble collagen from skin of loach
(Misgurnus anguillicaudatus). International Journal of
Biological Macromolecules, 2018, 106: 544-550

WEI M X, SONG H M, QI B L, et al. Pigment cells
development and body color variation of postembryonic
development in Amphilophus citrinellus (Glinther 1864).
Journal of Shanghai Ocean University, 2015, 24(1): 28-35
[Ttk KMy, R, 5. WMEIGEm ARG G R
Mk B SR @ARb. LRk 4, 2015, 24(1):
28-35]

WU M, CHEN X, CUI K, et al. Pigmentation formation and
expression analysis of tyrosinase in Sniperca chuatsi. Fish
Physiology and Biochemistry, 2020, 46(4): 1279-1293

WU S J, HUANG J Q, LI Y J, et al. Cloning and expression
analysis of body colour-related gene mitfa in rainbow trout
(Oncorhynchus ~ mykiss).  Journal  of  Agricultural
Biotechnology, 2021, 29(4): 753763 [Ria%k, tHitim, 2
KAR, A BTSEREAOCEER mitfa 19 5T RIFRIA T

YAN J L, CHEN S Q, CHANG Q, et al. Early ontogeny of
chromatophores and skin color changes of spotted halibut
(Verasper variegatus). Journal of Fisheries of China, 2017,
41(5): 678-686 [“fRMH, BRIUNE, 7, 5. RIKEEGT
HME (0K AN A& B AR 80, JKP 274l 2017, 41(5):
678-686]

YIS, WANG W, ZHOU X. Genomic evidence for the population
genetic differentiation of Misgurnus anguillicaudatus in the
Yangtze River basin of China. Genomics, 2019, 111(3):
367-374

YU D D, LIU H J, GUAN J, e al. Early ontogeny of
chromatophores and body color changes of Acanthopagrus
schlegedlii. Progress in Fishery Sciences, 2012, 33(5): 1-7
[TIE, XU, fd, % BERPHERANETS
AR, ol R, 2012, 33(5): 1-7]

ZHU J, ZHANG X M, GAO T X, et al. The metamorphosis of
turbot  Scophthamus — maximus
observation on melanophores in larval skin. Journal of
Fisheries of China, 2002, 26(3): 193-200 [47, sKkF5H,
R, AF. REEERUN S R H AR B AR AT

and  morphological

v Y AR 22, 2021, 29(4): 753-763] A2EMEE. KPR, 2002, 26(3): 193-200]

(% 4%

Observation of Black Spot Formation and mitfa Expression Analysis of
Misgurnus anguillicaudatus from Poyang L ake

LI Zhixiong"?, SHENG Junging'*", SHENG Bin'?,
WANG Xinchen', ZHAO Yafei', DING Jiali', YI Xiaobing’

(1. School of Life Sciences, Nanchang University, Nanchang 330031, China; 2. Key Laboratory of Aquatic Resources and
Utilization of Jiangxi, Nanchang 330031, China; 3. Jiangxi Jiacheng Loach Breeding Base, Yichun 330800, China)

Abstract
distribution, and pigment state of pigment cells, and the reflective ability of iridophores determines body

Color pattern plays a vital role in animal survival and communication. The type,

color. It varies adaptively in response to external environmental changes and physiological states. The
skin pigmentation pattern reflects the number and arrangement of chromatophores. Some fish with rich
color patterns, including egg spot patterns, blotch patterns, melanism, horizontal stripe patterns, and
vertical bar patterns, have been studied increasingly. This study observed the formation, distribution, and
main pattern of chromatophores in 1-60-day-old Misgurnus anguillicaudatus after hatching. Larval
melanocytes were first observed in the yolk sac of loach larvae at 3 h post-hatching. From the larval to
juvenile stage at 21 days, larval melanocytes appeared on the loach body surface. From the juvenile stage
at 22 days to the adult stage, adult melanocytes appeared on the loach body surface. Iridocytes were first
observed in the eyes of one-day-old larvae but not on the body surface until they were 12 days old.
Xanthophores appeared on the body surface of seven-day-old juveniles. At 2-21 days post-hatching, the
melanocytes in the loaches were larval, and their shape changed from star- to snowflake-shaped before
forming a black spot. From 22 days, different morphological adult melanocytes formed on the body
surface of the loaches with three types of black spots. Chrysanthemum-shaped melanocytes regularly
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aggregated into large black spots on large black spot loaches. Round and dendritic melanocytes gathered
to form small black spots on small black spot loaches. Dendritic melanocytes were evenly distributed on
non-black spot loaches. The pigmentation-related mitfa gene was obtained from M. anguillicaudatus using
the rapid amplification of cDNA ends (RACE) approach with the SMARTer RACE 5°/3” Kit User Manual
according to the manufacturer’s recommendations and was analyzed using bioinformatics and quantitative
methods. The results showed that the mitfa gene encoded a protein with 408 amino acids with a calculated
molecular mass of 45.68 kDa and an estimated isoelectric point of 7.16. MITFa contained
MITF TFEB C 3 N, bHLH-Zip, and DUF 3371 domains. MITFa was well-conserved compared to
MITF of various species with a higher degree of sequence similarity with other fishes (58.8%—83.2%).
The qRT-PCR results showed that the mitfa mRNA was expressed at all stages of embryonic development
and reached a peak value at the fertilization stage. mitfa expression was detected in all examined tissues of
the three types of loaches, and the highest level of expression was detected in both muscle and dorsal skin
(P<0.01). This study explored pigmentation formation and mitfa expression, serving as a foundation for
gaining further insight into the genetic mechanism of body color formation in M. anguillicaudatus.

Key words Poyang Lake; Misgurnus anguillicaudatus; Pigmentation formation; mitfa; Expression
analysis
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Fig.1 Sample gene expression level analysis
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A: Venn diagram of gene expression; B: Sample correlation heatmap. LC, LL, and LH are liver control group, liver low
concentration group, and liver high concentration group respectively. The same as in Fig.2.
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Fig.2 Analysis of differentially expressed genes
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A: Heatmap of DEGs; B: Venn diagram of DEGs; C and D: Volcano map of DEGs.
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C: GO enrichment analysis of DEGs in the LL group; D: GO enrichment analysis of DEGs in the LH group.
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Fig.4 KEGG enrichment analysis of DEGs (top 20)
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3.1 YpfEE P450 B & k&

Y (5,25 PAS0 205 (CYPA50) 2 [ A AR P U5
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W, 76 DFB 2R 588 5500, A o 41t 5. % P450
X S W AR 2RI -4 (L R P450 1R
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A, PP BidE s 1 GSTs Al UGT nf LUAIER—
A5 RN G e ] PR 4 A, AT B Ik & AR SR g
TR SRR . 78 2 P BB KT, Bk
PR ¢ T8 1 400 s e 1 RV v 3 T X AMIE 9 BT DFB
B A My AR, X 5 Zaidi 25(2011)F1 Maduenho
HE(2008)FFT 4 S —3 . S 4h, CYP450 fERh—2K
TNERE, 2512 MBE%E . IR EAHALRS A
A W) B2 (DI Giulio er al, 2008; Olsvik et al,
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CYPIB, CYP7A1 ., CYP24A1, CYP27Bl1, CYP26Al
L FRRK T B M. CYP7AT A [ B Y
W 2 A BIITIE X 321K o (LXRa)RYHLIEN, HAF
T AR AE . A1 e A R L R AR L A
F B R S W20, CYP7AT 5 PR 223k ) 5 11
HAVRIE ML AR KA . KR YIA (BT 45,
2016), CYP2441 Fl CYP27B1 & 544 % D BI4MEAL
W, DT 2R RIS 5 4 T s LA % A A ) 3
5l AL A T (Jones et al, 2012),CYPIA F1 CYP26A41
JES GO B QR LAY FE N, 0 EE e R HA A
SPRNEEFE A W EZAAIEIE, FE D0 5126 R
W R A UR R AN RSN R ARG & b k4
YER (5 A%, 2019) . ARWFFEH CYP450 Z215FE A 1)
B FE, AMUEHE T X DEB AMEMAL S AL
TS, DR T 80T E 2] 20 6 [ i R AW &
B S REAE A B . IR RR A WA L B A
FEfRt, EAERENIE, % DFB ZE kK0
B, SR CYP450 B ZR LR Rk KRR
B, ULk DFB B 52 KV 4 Bk IR I
CYP450 Hif R TG . ASHFFT 45 -5 400 5% o 4 i A% H5)
%S KR EUF(Martinez et al, 2018)FI4B4E — HI R £k fig
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Effect of Diflubenzuron Exposure on Gene Expression in
Cyprinus carpio Liver Based on Transcriptomics

CHEN Lu'?, YANG Zhen?, XU Jinhua®, QIAO Lu?, SONG Jinlong?, SUN Huiwu®, MU Yingchun®”

(1. College of Food Science and Engineering, Bohai University, Jinzhou 121000, China;
2. Key Laboratory of Control of Quality and Safety for Aquatic Products, Ministry of Agriculture and Rural Affairs,
Chinese Academy of Fishery Sciences, Beijing 100141, China)

Abstract As a benzoylurea insecticide, diflubenzuron (DFB) has been widely used in the prevention
and control of diseases and insect pests in vegetables, fruits, grain cultivation, and other fields in recent
years. In addition, because of its low acute toxicity, excellent biological activity, and specific action
mechanism, DFB has been widely used in aquaculture to kill bacteria and lice. With its large-scale
production and widespread use, its partial residue remains in environmental media, such as water, soil,
and the atmosphere, and causes direct or indirect chronic toxicity to aquatic organisms. The residual DFB
enters the human body along the food chain and poses a threat to human health when it reaches a certain
concentration through chronic exposure and long-term accumulation. At present, research on DFB
insecticides has been limited to the usage and dosage, residual metabolism, and its toxicological effects on
the environment. There have been no reports, to our knowledge, on the effect of DFB on gene expression
in carp liver in China. The purpose of this study was to explore the differential expression of genes in carp
liver under DFB stress.

In this study, carp (Cyprinus carpio) was selected as the research subject, and three exposure
experiments for 15 days under 0.1 and 1.0 mg/L medicated bath concentrations were carried out in
parallel for each concentration. High-throughput sequencing of the liver was performed using the Illumina
NovaSeq 6000. Differentially expressed genes (DEGs) were screened by P,qj < 0.05 and [log,FoldChange|
=1, and bioinformatics analysis, such as Gene Ontology (GO) functional annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analysis, were performed. The transcriptome
analysis results showed that 2 406 and 2 688 DEGs changed significantly at 0.1 and 1.0 mg/L exposure
concentrations, respectively, and 821 DEGs were co-expressed between the two groups. GO analysis
results showed that DEGs in the DFB exposure group were enriched in biological processes, cell
compositions, and molecular functions. KEGG enrichment analysis showed that DEGs in the low DFB
concentration exposure group were significantly enriched in metabolic pathways, such as biodegradation
and metabolism of xenobiotics, lipid metabolism, carbohydrate metabolism, amino acid metabolism,
signal molecules and interactions, endocrine system, and immune system. In addition to the above
metabolic pathways, DEGs in the high DFB concentration exposure group were significantly enriched in
metabolic pathways, such as folding, classification and degradation, transport, and catabolism.

Studies have shown that DFB exposure causes the biodegradation and metabolism of xenobiotics,
lipid metabolism, carbohydrate metabolism, and amino acid metabolism, and generates endoplasmic
reticulum stress, inflammatory response, and immune toxicity. In summary, the results of this study provide
basic data and a theoretical basis for further research on the molecular mechanism of DFB stress in carp.
Key words Carp Cyprinus carpio; Diflubenzuron; Liver; Transcriptomics; Toxicology
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F, TRDRE RIS N 5 AR TR T I S R R K T B W ) S g
J1, WABIRI R

R AR I FLAT 3 (Lactobacillus) AT
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2017)c [RIIF, R B ARDRL AP 0 £ AR B AT DA e BILIAS
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2021) FKPBFRAEQO2DNBIFA L, TR B IIAL F 25
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S BRI A S A
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11 SEIgE

SEEFEVLINE IR AKIK PRI FE B K T SE M T 8, BB
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60 g 247 WBE 5 SR B F . SCIR I FPLL R4 (A)
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55 FH B A Rk Sk BE i SR A L B A 1R Ak (A T AR
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[i] S MR Ak A ek

1.2 HEmIXEMLIE
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R P A0 R e 1 T 7 5 B T ok B gl BUR B
i, FrimiE NEY T EP &P, SWAE GG
F-80 CLR-AFE, HTIREMHT. fEIREHG, X4l
S P R RS R A T, U RTDLE 24 h

1.3 BEENFFHBIESH

ST H B 7 B A 4 . DNA i 1] FastPure® 4 e/
ZH41 DNA X7 & (DC102, IEMER)$RI, DNA
4 (] NanoDrop2000 #&:. LLii FH5 %) 338F
1 806R P4 16S rRNA FE[H V3~V4 [X , 7 F
F 1 36 7 A W s 25 B AT R B 58 B - 5K
lllumina NovaSeqPE250, XI5 ff %4 #E 17 B4 i #
J&, HHZEEEY =S (https:/cloud. majorbio.com)
PEATECE 0, 2E3RAE 1133 769 MEALFEST, F2y
JPHI R 412 bp.

1.4 RKRiFA=ZNE

AR I 1) 3 20 22 D PR T 28 A e
AR BR A R AT o IR A e 28 M T | R
1E4E LC/MS i tif5 B4R, DU e B8 k26 (8 ik
DEFIIE A . BRI —fb . BRSO A B, A
LA 3N TR 220 A BCR R o Tk B A 85t 7 55
H Y= 6 (https://cloud. majorbio.com) i1 74347 .

1.5 #HBES&HITHAT
SRR d T Excel 2020 F1 SPSS 22.0 #f4F#E4T
Gt b, Ko LT 2 (E 45 ME 1R (MeantSE) %R

P<0.05 N2 5 B3 . ZREVERR BT, SR R
%M1 (one-way ANOVA), £ H 5 #1 H Duncan’s
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K e DR [] 5 W 7 =0 MR SR B SRR 6 A4~ ]
Jo, ESA s mikE, 2R A, AR L
KRR (745.60£214.57) g, WBEm TN BAH 5 H4:
B (P<0.05), Horp, Xt BB 2R PR M (588.10+
168.62) g, RPLLH M ZoRIRE M (624.10£194.70) g

22 AEHRRTT XA X EH7 8 F A &R

A

Simpson F5 40 5 V5 Z e 2 ) L, 1 Shannon
FREE SR ZHE R 5 1 H o Sl 3 R[] i 15 MRy
AT P BE 5 2 M7 3B 41 1 7% Shannon $5 %k .
Simpson f8%{. ACE #8%(f Chao #8470 EM2R
(P>0.05) (3% 1) [RIFRELMELAY) Shannon $8EUR K,
Simpson F8 /]y, Uk W ] BE 5% W 7 18 TR 22 A 1 o
K. ACE #8401 Chao $85U MUAE % W B, PRk
20 ACE 54U Chao $5 iR K, 156 HA [) i 4 ME 20
A YIRS ) P T B o RS R ZH Y Shannon H54L
AR Tl PR AR M, Hm T X BRZH, a3 In & 1 ]
AT LAk A% B A5 S R g 3 R I A, OF BRI
TR R SAE AR [RIFR B b5 e 2o
ZH 1) Simpson FRECK T XT R4, - H ACE #5%0#1 Chao
FRBUINT X BRAL, AT WAF SR U8 A I TRk Js i fifi 15 3
SR TR SRR A T R (R 1),

®1 AEEBARDE R X EHNREE S SHENRNE
Tab.1 Effects of different feeding methods on the diversity
of intestinal bacterial community of channel catfish

FrEeflRdl IRl

o papiiki)
R Continuous Interval
. . Control
Index feeding feeding roup (C)
group (A)  group(B) £
Shannon ¥& %% 3.10+0.48 3.89+0.29 3.05+0.88
Shannon index
Simpson F8 % 0.20+0.10 0.07+0.03 0.1940.13
Simpson index
ACE 5%k 358.61+£75.28 490.52+71.98 436.08+72.11
ACE index
Chao 5%k 353.53+73.19 472.86+£73.31 426.22+67.92
Chao index

e [ A7 P TR RR 25 A B E (P>0.05),
Note: Values in the same row without letter means no
significant difference (P>0.05).

23 AEERTT B A X EH E R RS A
b

IR L, 3 4, DL T2 EREFFRT  (Firmicutes) .
L4 ] (Actinobacteriota) . i % J(Cyanobacteria) ,
AT | ] (Proteobacteria) . #2FT &1 ] (Fusobacteriota) .
LR ] (Chloroflexi) . S+ BRI J(Deinococcota), 55 Xif
HEZHAH LL , FR 2 45 20 R ] PR 15 M2 ) S B AT TRT [ T AH
XPERE ETE, RRae P WA i 2 b ) R e T T AR R 32 B
R T T B R MR 2L v R TR TR T TR X S
Tt ARTE BT TR AR XS = AR S A WA v, TE ]
FAPEE A A, [RIES, 3 4, [BIRRH 4 AR AT
P TR 2 BE AR, SRR T AR 2 B i, I
BREE 1T A A = B e R B M 4 h B IR (R 1)

100 - === | JEEEFTE ] Firmicutes

"= W 1] Actinobacteriota
B 537 Cyanobacteria
M 75TETH ] Proteobacteria
#FF1"] Fusobacteriota
B 4357 Chloroflexi
S BRE ] Deinococcota
B PEi#ET Verrucomicrobiota
(] Planctomycetota
B HiAth Others (<0.5%)

FiXt 2R Relative abundance/%

FEf Sample

B B SRS AR e T 1K B R

Fig.1 Community abundance at the phylum level in the
intestine microbiota of the channel catfish

A PSR B: IR C: XA,
A: Continuous feeding group; B: Interval feeding group;
C: Control group.
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MEFEr I
Fig.2 Relative abundance of species at the genus
level in the intestine microbiota of the channel catfish

A FFEARRA; B [MFRARA; C: XA,
A: Continuous feeding group; B: Interval feeding group;
C: Control group.

24 ERRKRiEWaH

K Student's T 36X BB 5 R #4122 1)
i 25 A, R IE s R, LD VIP>1 ., P<0.05
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PEET; AEM I (2022)F 58 A BL, B X EENAIE
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Fig.3 Differential metabolic pathway enrichment analysis

I: XTI 5H5E ﬁk@%#ﬁ%L%*ﬁﬁﬁ I % R EH 5[] B 0 MR 2 22 S AR T8 e 4R 20T 5
o TSR (] PR A 2 S A QI B T R A0 AT
I : Enrichment analysis of differential metabolic pathways between control group and continuous feeding group;
Il : Enrichment analysis of differential metabolic pathways between control group and interval feeding group;
IT: Enrichment analysis of differential metabolic pathways between continuous feeding group and interval feeding group.
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Effects of Fermented Feed Feeding Mode on Intestinal Flora and
M etabolomics of Channel Catfish (I ctalurus punctatus)

ZHOU Liying"**, ZHONG Ligiang'*", ZHANG Shiyong'”,
CHEN Xiaohui'?, LIU Hongyan'?, WANG Minghua'>"

(1. Freshwater Fisheries Research Institute of Jiangsu Province, Nanjing 210017, China;
2. College of Animal Science and Technology, Yangzhou University, Yangzhou 225009, China;
3. Jiangsu Provincial Platform for Conservation and Utilization of Agricultural Germplasm, Nanjing 210014, China)

Abstract This study performed rational feeding of fermented feed to channel catfish and determined
its effects on growth, the intestinal bacterial community, and metabolomics of channel catfish. There were
three groups: continuous feeding (A, continuous addition of fermented feed to the puffed feed), interval
feeding involving weekly intervals addition of fermented feed added to the puffed feed (B), and the
control group only fed the puffed feed (C). The experiment lasted 6 months. Channel catfish were
weighed and the intestinal flora and metabolomics were detected by 16S rRNA sequencing technology
and liquid chromatography-based metabolomics technology, respectively after the experiment. The final
body weight (FBW) of channel catfish was significantly higher in the interval feeding group than that in
the control group and the continuous feeding group (P<0.05). The richness and microbial diversity of the
intestine was the highest in the interval feeding group, while the richness of the continuous feeding group
was the lowest (P>0.05). Firmicutes, Actinobacteriota, Cyanobacteria, Proteobacteria, Fusobacteriota,
Chloroflexi, and Deinococcota were the dominant bacterial phyla among the intestinal flora. The
dominant intestinal genera included norank f norank o_Chloroplast, Mycobacterium, Cetobacterium,
Romboutsia, Exiguobacterium and Clostridium_sensu_stricto_1. Metabolomic analysis showed that the
continuous feeding group mainly affected galactose metabolism and the phosphotransferase system of the
intestinal flora in channel catfish through the significant upregulation of N-acetyl-D-galactosamine
(P<0.05) that affected the digestion and absorption of carbohydrates by fish. The differential metabolites
L-serine and L-phenylalanine were significantly upregulated (P<0.05) in the interval feeding group. This
affected sulfur metabolism and amino acid metabolism of the intestinal flora, and affected energy
absorption, anti-inflammation, and immunity of the channel catfish. This study provided a theoretical
basis for the exploration of feeding methods using fermentation feed and healthy green breeding of
channel catfish.

Key words Ictalurus punctatus; Fermented feed; Intestinal bacterial community; Metabolomics
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IO AR R T L4 £ B 2 (Hyporthodus  septemfascia-
tus)FRIE BEIR A st A5 Z R ME AN B R 450 . ST T
Z£(2007)F1 I RAPD £ AR 437 T R4 A B B F R A
SR ie 2R, BT 2018) A FH i L2 Arid
SEHT T T i A s e A BRE £ [ EH 4 BXEAAL(E. 1anceol atus)
()8 ABEM(E. moara)(R)]5 HACBEA B4 ] Y
WALAR S B . AT, A B FAMC T KB A TR,
FET Bl BB et A iRGE o L, JF R R EA S
MBI 5 Fhic x4 A B B AR B R

MEAFR it 25 o 408 e Y P 5 R ) skt & Je R 5
AR T R, 4L A R SR ATt T B £y
THRICHIT & (Toth et al, 2000; FHIEHZE, 2017). H
Wi, RS BEf(E. akaara) . SR, ks A B
ff1(E. fuscoguttatus) . #7715 ff . = 80 B E 58 1k
SIERAM T . RIF %525 AR A S B 43 F A
e, MESTHBEMEARER, AR T 2R
HEEXT 5 P BEf SSR AT, JHEXT AP
Bt — et , O R A Bu Abos
SR A A BRE A7 Rk 7 B R AL

1 #wREFE
11 HMIBEMATFE

M CNGB (https://www.cngb.org). NCBI (https://

www.ncbi.nlm.nih.gov/) . DDBJ (https://www.ddbj.nig.
ac.jp) Ml Dryad (https://datadryad.org/stash)EUHE & Hp 4k
S FifrBEAA I 41751 (Ge et al, 2019; Zhou et al,
2019, 2021; Yang et al, 2021), FE4EE L 1, F)
A Micro-Satellite (MISA) %% 14 (https://webblast.ipk-
gatersleben.de/misa/) (Beier et al, 2017)#47 5 Fif 5
IR TR : HEHBIC: 1~6bp, B
WEEZE N =12, “WEEEZHE =6, —.
VU, FAOSIREE B A P DI =5,

1.2 HiESH

S MISA R %08, FIH A g A3 550805
Pk sE 5 MM P A, FIH Excel G 5 Ff B
FE R 4 58 LR TR A B L AR R B (4 /Mb;
B R B R A S E) . SSR IR E] (bp/ 15
FE AL E R B DR ) . A R OT R A R
BN SR, AI(AT) P AT]. A
(PR, . =, HASIEGEES) . 0 D E
EHITH B EL, 0. (AT T 16]. EEFEN
&) (e H A ) HLAA WP S e 3 AT A ) o AR B
T AN Ko B ) R R B R i HE S 2 S B ] 2K R
BHIF MR —FEE DG, 1 AGC RKAETE
AGC. GCA. CAG. GCT. TGC fl CTG, AGCG %
MELFE GCGA. CGAG. GAGC., AGCG, TCGC,
CTCG. GCTC il CGCT (Jurka et al, 1995).

2 HZRESW
21 5 MAMGERASESXBMIERGNH
H1E

NS SRR B AR 5 i BE £ 4 5 R 2H B0
(F 1), I MISA #5904 i 8 8 5 H 58 56
R BRTFA, Gitas R g 2. 5 FaBE kRl
KNSR 1G, L EFXTE A T 271~296 4~/Mb
Z I, BN 6.30~7.06 Mb, FHIKEEN 22 bp 22
fi, SEISEERZERNAK, ShgE—2. 5
A1 BE 055 T R B 5 E AR R BT 3
BN ARG R, HUCH RIS, TR R
JTHH LS H 3G s
22 S5HAMEERARIESTES & NEHHIE

LA 5 i BE R PR 2 v g o R D2
WORAIE A B, A [R)RR ) B A2 5 O i L o U A
25, [HRAREA G 3 MK 4, kLK
b, AL CZRGIMBHZEEE R, A R EE M



55 3 1) EBFE A 5 T £ BE 04 5 R LT R R 5 AR S AT 151
®1 SHAREEERARR
Tab.1 The information of whole genome in the five species of grouper
Pyl keiac) FEFIZH R/ Contig HiR I IR KRR [E]
Species Reference or Accession No. Genome size NS0  BUSCO analysis Assembly level Publish date
IR S A B4 E. akaara DRYAD: 4398b9f 1.136 Gb 525 Mb 96.80% Chromosome  2019-06-25
AU A BEfA E. coioides NCBI:GCA_900536245.1  1.024 Gb  2.49 Mb - Scaffold 2019-12-05
R BEAA E. fuscoguttatus  NCBI:GCA_011397635.1 1.047Gb 13.8 Mb 97.49% Chromosome  2020-02-22
ey A B 40 E. lanceolatus NCBI:GCF_005281545.1 1.087 Gb  119.9kb 96.40% Chromosome  2019-05-13
=UABEA E. moara NCBI:GCA_006386435.1 1.084 Gb 2.22 Mb 95.60% Chromosome  2020-05-26
®2 SHANERIEHERSHIHE
Tab.2 Amount and distribution of microsatellite in the five species of grouper genome
TiH IR AR AP A B PR AR By (TR U AR
Items E. akaara E. coioides E. fuscoguttatus E. lanceolatus E. moara
FH R4 K/ Genome size/Mb 1135.73 1023.56 1047 1087.42 1083.59
ik TR BT Microsatellites count 307 537 284438 310028 297 402 305214
PR R
LB . . 6877 655 6304559 7056 845 6421185 6 854 645
Total length of microsatellites/bp
YK Average length/bp 22.36 22.16 22.76 21.59 22.46
K] 4 1
ﬁgfﬂgﬂ sl 0.61% 0.62% 0.67% 0.59% 0.63%
Proportion of genome sequence
*HXHL#ETE . 270.78 277.89 296.11 273.49 281.67
Relative abundance/(pieces/Mb)
FARREERH B i L
Number and proportion of 74 443 (24.21%) 79860 (28.08%) 94003 (30.32%) 90363 (30.38%) 87946 (28.81%)
mononucleotide
AR Bt ke
Number and proportion of 166 081 (54.00%) 146 363 (51.46%) 151 984 (49.02%) 146 940 (49.41%) 152 421 (49.94%)
dinucleotide
SRAEEECH B it
Number and proportion of 43 688 (14.21%) 35492 (12.48%) 37769 (12.18%) 36367 (12.23%) 37 942 (12.43%)
trinucleotide
PUBREEEL H B it e
Number and proportion of 18 531 (6.03%) 17563 (6.17%) 20970 (6.76%) 18 583 (6.25%) 20 430 (6.69%)
tetranucleotide
TLHRAERL H Kb T
Number and proportion of 4069 (1.32%) 4 664 (1.64%) 5015 (1.62%) 4 839 (1.63%) 5679 (1.86%)
pentanucleotide
PRI Bt e
Number and proportion of 725 (0.24%) 496 (0.17%) 287 (0.09%) 310 (0.10%) 796 (0.26%)
hexanucleotide

HIE S A Bt R A SRR, Eixdah
A HEik 90.00% 7547 (35 3) 7E S EE A 54, AC
FERNBCR S P, PRI E R R g
80.00%, [AIf}, &Py 2 #5 DU b gl i 2 1 2
MG 4); CGRBIEmi/l, 785 Masifa ks
BAEBIPALE 0.04%~0.10%, —BEEEE 294, %%
R ER2RE N AAT. AGG Fil AGC, HBl55h
29.62%~31.41% . 17.38%~18.69% . 12.55%~16.26% .

PR ILE G AN, AATC. AAAT. AGAT il AATG
RARFEIE, 4 FONECRHET RS A AN, (H2ZEEAR K
Hrp, mocaprfadh AATC KBS0 s f A
FHVBERT T 44 . AR EHERZ I AGAGG,
AAAAT FIl AAGAT; JLrf, JR i 50 0 0% 55 42 230 4k
HHE 5 HAD 4 Fh A e AT e 22 00, SRS 3
HE KBS AHMIE, (HZH AAANNN (N R A DL
SRR HA 3 FhEs L) . AANNNN F1 ACAGAG.
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545 %

23 5 MAREERANMIEFIESENH S/
FHE

ML AT 5 oA B R PRI 2H o TR oA LA
S AN [ B 52 2R R T A 5 DL B A B 35 22
S, (B AR 2R Y A DU A — 3, T
R EIREYS DU g A (B 1) 5 B B R
AP AR OB AR AR B O R A
DA B ) B H A 1 DR B R 12~25 1K (18 1),

43 ) o BB E A B Y 99.35% . 96.54% . 97.54% .
95.39%F1 97.34%., _fRFLEE H, I FEE G
TE 6~32 Y2 ] (& 1b), o5 B i 52 B 97.53% .
98.91%. 98.58%. 99.59%F1 97.79%; i, A%k
HE 11~14 RZBVNERE Lk, 78 =mtEE T, #
N FEZEEDT 5~16 WA 1c), 43l 99.33%.
99.18%. 99.65%. 98.99%F1 99.34%. PUfHIEHE 5
DR FEAR T AE 5~17 WZIE)(# 1d), 090 99.51%.

®3 SMAMBEESRBPEI SHMABESEE NEKF

Tab.3 The top three dominant duplicated copy categories for each duplication type in the five species of grouper genome

FRSATES
E. fuscoguttatus

e A B
E. lanceolatus

U AR
E. moara

588 IR RATE wh A BEfa
Bases E. akaara E. coioides
A B A(67 960)91.29%  A(69 052)86.47%
Mononucleotide C(6 483)8.71%  C(10 808)13.53%
S AC(131 654)79.27% AC(111 722)76.33%
Dinucleotide AG(20 244)12.19% AG(20 214)13.81%
AT(14 121)8.50%  AT(14 362)9.81%
= AAT(13 119)30.03% AAT(10 846)30.56%
Trinucleotide AGG(7 595)17.38% AGG(6 616)18.64%
AGC(7 102)16.26% AGC(4 762)13.42%
DU B AATC(3 684)19.88% AATC(2 850)16.23%
Tetranucleotide AAAT(2 356)12.71% AAAT(2 203)12.54%
AGAT(2 291)12.36% AGAT(1 954)11.13%
FiR e AGAGG(492)12.09% AGAGG(598)12.82%
Pentanucleotide ~ AAAAT(320)7.86% AAGAT(357)7.65%
AAGAT(297)7.30% AAAAT(319)6.84%
AT AAATAT(178)24.55% AATCTG(52)10.48%

Hexanucleotide AAAATT(110)15.17% AAATCT(46)9.27%
AAATCT(98)13.52% AATCAG(28)5.65%

A(85 760)91.23%
C(8 243)8.77%
AC(114 330)75.23%
AG(23 389)15.39%
AT(14 210)9.35%
AAT(11 187)29.62%
AGG(6 749)17.87%
AGC(5 503)14.57%

A(80 222)88.78%
C(10 141)11.22%
AC(113 806)77.45%
AG(20 993)14.29%
AT(12 046)8.20%
AAT(11 423)31.41%
AGG(6 674)18.35%
AGC(4 564)12.55%

A(78 792)89.59%
C(9 154)10.41%
AC(114 533)75.14%
AG(23 630)15.50%
AT(14 109)9.26%
AAT(11 697)30.83%
AGG(7 090)18.69%
AGC(4 994)13.16%

AATC(3 417)16.29% AATC(3 136)16.88% AATC(4 593)22.48%
AAAT(3 332)15.89% AAAT(2 627)14.14% AAAT(2 338)11.44%
AATG(2 606)12.43% AGAT(2 045)11.00% AGAT(2 085)10.21%
AGAGG(527)10.51% AGAGG(586)12.11% AGAGG(660)11.62%

AAGAT(441)8.79%
AAAAT(435)8.67%
AAATCT(37)12.89%
AAATAT(25)8.71%
ACAGAG(15)5.23%

AAGAT(409)8.45%

AAAAT(402)8.31%

AATCAG(20)6.45%
ACAGAG(19)6.13%
AGATAT(13)4.19%

AAAAT(533)9.39%
AAGAT(482)8.49%
AATCTG(68)8.54%
AAATCT(67)8.42%

AATCTG(64)8.04%

TE: S NECF RZIER M TR RO A ROz P 2SR DR H o . R AR

Note: The number in parentheses refers to the number of microsatellites in this category, and the percentage refers to

microsatellites in this category. The same below.

x4 SMAMBIHIAHESH I0HMEEE AN ITHME S

Tab.4 The counts and percentage of most frequent top 10 duplicated copy categories observed in the five species of grouper

PR AT
E. fuscoguttatus

Bl AP
E. lanceolatus

U AR
E. moara

HEF I A B Rl 1 B

Sort E. akaara E. coioides
1 AC(131654)79.27%  AC(111 722) 76.33%
2 A(67 960) 91.29% A(69 052) 86.47%
3 AG(20244) 12.19% AG(20214) 13.81%
4 AT(14 121) 8.50% AT(14 362) 9.81%
5  AAT(13 119) 30.03%  AAT(10 846) 30.56%
6  AGG(7 595) 17.38% C(10 808) 13.53%
7 AGC(7 102) 16.26% AGG(6 616) 18.64%
8 C(6483)8.71%  AGC(4 762) 13.42%
9  AAG(4708)10.78%  AAG(3 741) 10.54%

—_
(=)

AAC(4 129)9.45%

AAC(3493)9.84%

AC(114 330) 75.23%
A(85 760) 91.23%
AG(23 389) 15.39%
AT(14 210) 9.35%
AAT(11 187) 29.62%
C(8 243) 8.77%
AGG(6 749) 17.87%
AGC(5 503) 14.57%
AAG(4 191) 11.10%
AAC(4 026) 10.66%

AC(113 806) 77.45%
A(80 222) 88.78%
AG(20 993) 14.29%
AT(12 046) 8.20%
AAT(11 423) 31.41%
C(10 141) 11.22%
AGG(6 674) 18.35%
AGC(4 564) 12.55%
AAG(4 021) 11.06%
AAC(3 714) 10.21%

AC(114 533) 75.14%
A(78 792) 89.59%
AG(23 630) 15.50%
AT(14 109) 9.26%
AAT(11 697) 30.83%
C(9 154) 10.41%
AGG(7 090) 18.69%
AGC(4 994) 13.16%
AATC(4 593) 22.48%
AAG(4 250) 11.20%
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99.41%. 99.36%. 99.81%F1 99.65%; Hft, AGAT FeARM g FE 4 5 ST B R

il AAAG B DVBE K i 2 . Hidk
EwEY, I ELERLE 5~14 (A le), sl
98.21%. 99.06%. 99.52%. 99.90%F1 99.56%; H:1,
AAGAG. AATAT Fl AGAGG & 4% I B KIS, 43
M m L, EARMBEELZ S, BB FEEEST
5~12 Rz E(E 1D, 43515 100%. 99.60%. 100%.
99.68%7H1 99.75%.,

NGRS @SR & R TV
(K1 2), ¥ VIETE 6 Fi 12 mﬁ%ﬁzﬂ%éﬂﬁé&gtﬂwﬂ
B, JfFfE+ DUB B sk Hoh, A
EEEHINECH 6 itixZ, HEGRTE 4~5 ﬁznﬂ
A3 RS TR BRI 16.75% . 15.77%. 14.78%.,
15.80%F1 16.00%. L4k, 45 D% A K SSR fi7
ST T A B A0 R 2 0 BEAL R 5 A B
P8 DURIUR K A O SRR S 5 T ik
2 TA FNHFET E AGACAG, 433l #EE 502, 803
48 o mBABEMAN =L TER GAG, MU E
5 CACT. TiffHdE S CCACA 5 # DL UR K i)
PEss, SRl 205, 652 F 111 1K,

3 itig
Ffi & T~ — 1% ¥ (next generation sequencing, NGS)

TR A E akaara
Bl AR E. coioides
B A E. fuscoguttatus
ety A ¥4 E. lanceolatus
=ECAYA E moara

25000
20 000
15 000
10 000

5000

MOEHE
Number of SSR

o ENEE =y

25 30 35
HpE T E Mononucleotide repeats

— IRE AP E akaara
Bl AR E. coioides
B A E. fuscoguttatus
ey A ¥4 E. lanceolatus
— =YOPA E. moara

B SE
WHEHE

Number of SSR

ZHEHETE R Trinucleotide repeats

— IR AP E. akaara
#i AP E. coioides
5 AP E. fuscoguttatus
Bty At E. lanceolatus

— YA E. moara

FAFFEF R Pentanucleotide repeats
K1

Fig.1

Ok B 22 ) i T0 R b IR I OF N . A
(Rachycentron canadum) (I Z£45%, 2023). M3k &5
(Megalobrama amblycephala) (3K 45, 2022) . ML %}
IR (Penaeus vannamei) (FAEHESE, 2023), 216 75 Jy fili

(Takifugu rubripes) (# & ¥ 5%, 2006) . B JE 68 6%
(Trachinotus ovatus) (5K 7k f& 4%, 2020) . # i fa

(Pelteobagrus fulvidraco)(f R 7R %5, 2021). 4%k
(Scatophagus argus) (RIS, 2020), B (Channa
maculata) (B g%, 2020)5F #8471 EER A T A
S FARIC R . AR C & A 1 B0 4 B
HEHE, e K TR . AH LT RFLP
(restriction fragment length polymorphism) (Ramirez
etal, 2006) il AFLP (amplified fragment length

polymorphism) (Xiao et al, 2018)&— U HALBETT & 9 4~
1600 A TLEbRIC AR5 7 =X éﬁtléﬁfﬁﬁzf)ﬁﬁ_
MR EZLZIA 28 TN E, BB L, L3 EE,
HEREE,

31 S5HANMEARIESERASHIH
5 Tl B £ 4 5 R 2 B8R O 2 S 1 TR P )
K35 5 4 1 ZE LR 19 0.59%~0.67% (3 2), 1%

F AZ&(Homo sapiens)(3%)(Subramanian et al, 2003) ., 4
(Bos taurus)(4.7%) . 4 F-(Ovis aries)(4.8%) (S,

400001 b — FEABA E akaara
é 3(5) 888 #FP A B E. coioides
4 25000 18 AL E. fuscoguttatus
& 20000 Bl fi B E. lanceolatus
g 150% — BYEAE E moara
i
z 5000
10 15 20 25 30 35 =40
T HEL Dinucleotide repeats
10000 d
% 3888 [ — AT E. akaara
@ 1 880 . LB E. coioides
g 3 008 I ¥ S ABEA E. fuscoguttatus
2 4000+ BoH A B E. lanceolatus
g %888 I — BECHBEH E. moara
R ORRE moare
5 10 15 20 25 30 35 =40
VUBRIEE R Tetranucleotide repeats
700 f
i f",i 600 — REAP E. akaara
® =z 500 FHE AP E. coioides
iz g §88 18 AP E. fuscoguttatus
=< 200+ BT AP E. lanceolatus
& § 100 — BYCHBEA E. moara
0 L TS TR T T TR TN T T TN T T T T T T T T T T T T T T T T T T T 1
5 10 15 20 25 30 35 =40

SPREFE K Hexanucleotide repeats

5 Flfr B0 4R D 4 v (R T R AN ) i AR 2R T 8 DL A

Distribution of copy numbers in different microsatellites repeat types in the whole genomes of five species of groupers
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60000 - a b
" H§3E Hexanucleotide 60 000 " Pt Hexanucleotide
i & Y RO * FLAAE Pentanucleotide & PR . ﬁﬁ}% Pentanucleotide
= {g 40 000 - E. akaara PUBHAE Tetranucleotide g 240000 T E. coioides POBREL Tetranucleotide
B 5 L , fﬁg Trinucleotide B o =HgFE Trinucleotide
% -g 20000 U " TR Dinucleotide Bl _é 200008 [ & . « —J§3E Dinucleotide
®3 i = FAPgHE Mononucleotide = 3 _ = BpfiHE Mononucleotide
0 0 n
567 8 910111213141516171819202122232425>25 567 8 910111213141516171819202122232425>25
# D1 % H Number of copy # D1 % H Number of copy
60000 - ¢ B AR " XhE 4t Hexanucleotide 60000 d BB = XBfE: Hexanucleotide
= i} . . ,
i & _ E. fuscoguttatus gL Pentanucleotide . & - E. lanceolatus " gk Pentanucleotide
= 240 000 PUBEAL Tetranucleotide S 2400001 PUBREE Tetranucleotide
5 o ggi ]T)f,muclleott,fe B o =P Trinucleotide
SIS w I " inucleotide =y 2 - fl 5 I » sk Dinucleotide
= § 20 000 B _ = BiggFEE Mononucleotide = g 20000 - | I 7 - _ = BpgZ Mononucleotide
Lis =
0 0 Illl IIIII.III-I
567 8910111213141516171819202122232425>25 567 8 910111213141516171819202122232425>25

#& DU H Number of copy

60000 - e
mEABEE

40 000 E. moara

HEERE
Number of SSR
N
(=)
(=2
S
(=)
[ ]
1
|

2 )1 %7 H Number of copy

= 7B Hexanucleotide

1 FifgiA Pentanucleotide
PUBsAE Tetranucleotide
=R EE Trinucleotide

= Z Tt Dinucleotide

= BApg 3 Mononucleotide

0
567 8 910111213141516171819202122232425>25
¥ I % H Number of copy

B2 5 ol B AR fol TR 4% T A2 98 DL A S Ak

Fig.2 The distribution characteristics of copy numbers of microsatellite repeat in five species of groupers

2013) S M FL S W By o Lo g (E AR A BE 5 K AE S
(Ailuropoda melanoleuca)(0.64%)(Z2F 1845, 2014)41
e, Br o B e o X A IR G T RE UH PR T PR 24 K /N
R PR 2H P R 2 R B HE B O Y 22 R (Hancock,
1996), FEf S, BN (1.8%)IRAALE, 2020).

BE 55 X (Ictalurus punctatus)(1.45%)(JF 5 M- 45,
2022) ., % ff1i(Ctenopharyngodon idella)(1.43%) (¥ £ 7
4502022) . LLEEZR T HE(0.77%) (Y4, 2006)% fo
U DR ARSI AL 3 91 v ) e 51 2 LA By, 2B
5 Tl B £0 5L DN 41 AR A0 AT RE A AR M B M (Xu
et al, 2020),

TE S Fra BB, BREEESL, BEE T
AL BTN E AL B BN, fCTI AL A3 A R 4
TR, BB SCREE RS, 2022), REAE( EEE
45,2020) ., FAA(EARSE, 2022)F MK K54 4¥E
ORCCHEEE, 2013), KAESN . LA AE(Ursus maritimus)
(ERAE, 2014) 550 2L 3h Py b B ms 6 5 52 i g 10 2
PR RURE, 5 Fhofy BEfa S PR 2 Hp — i 3 10 2 %K
HinZ, iDL R SE 49.02%~54.00%, SEULI
G109 5 DR 22— 2 T P A T0 2 0 35 0 AP R 0 0 DU AN
[Fo AHFFE R BRI H ¥ =12 bp JEN], i H Al z)
g 25 R U) SR FH BB R I 10 bp TR T 15 G AR T

FER A =10 bp Gk I, WAL 4 2 SR B
By, E7EKEE (Axis porcinus) (k) 145, 2022) 45 I L
YN B (F RIS, 2020) . FLAIRTIF(CE A4,
2023)4 K s, G R R AR R B
TIERAY, SRR R —8 T, REYF
ML TR B AR, iR 2 A L
()25 5 — e R L mT AR A S 2 i iE AL IS
SRR ASARURE], (H45 F 2 A A LA A R AR
b, TG TR AT

32 BREEHENLFNMIERHMEDT

SFeABEfart, A 5 E 7R R A
PEA R, H B 90% &4, S A KAES .
JbHRE . B BKET K (Tetraodon nigroviridis) . B 5, X
R, R SOl X PTRE S LiRSi K E 5
iR Alu 1 LINE-1(Long interspersed nuclear elements-1)
A8 I S7 5 R 3 TR AT K (Edwards et al, 1998), 7E
TG EE S, AC. AG. AT AITE 5 FhaBEfaix
P DU A6 TR A B HEATHT =, 1 CG 28
A E R, SR AR EZE N 0.04%~
0.10%, CG ZEI| 55 78 K &R 534 b vp B0 # Ak >
(Toth et al, 2000) . 3% J& K A [F] 9y F L L2 DY 4 B
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TFIEFES: 5 PG B A 4 58 R 20 1 T2 07 ik S5 4R iE 2 155

L AL F AR B B 250k, 59— ] fE 2 AN
B AEAE 454 F ) 1) L (Edwards et al, 1998), 1E =Hi
FEE T, HEAH =2 AAT. AGG Fl AGC,
Hrr, AAT Wymliiseanfi 5 A2 RAEM . FLaniext
MR AL LIEEAR B R 2R —8, AGG 5
AGC TERZHFh i, AoEm,
AGG &S 5 HAWY R I A K A B IF 25 %N 72
HEEAALE, T AGG 28 ) GGA il GAA HEJF
GBI 55 K L (Rattus norvegicus) % 3R i BRI FH 2 K
L R IB TR (RS, 2021), BRILLIAM, AGC
JEO W I T A 2 A AL S R R B O, B
L B2 B L, BRI, 7E AGC 2R 51
CTG HAEJFFIH, CTG ERMIVE F=A RAENLSR H 8
1 (DMPK)BE K 3" UTR X 94 sy, H -
Hoxn R N T B s B M WL 72 A BE (DMI)(Brook
etal, 1992), [FIAF B BHEART . ANREE, & SR
OB FZEE MR (Ergoli et al, 2020), Kk, AGG Fi
AGC 3 AY = 4% o A AR W] BEAE A1 BEFL D8 . BN
GHRMNP R REEZEM ., 720, 7. N
HFEE AP, AAAN, AAAAN Fil AAAAAN 2%
Y10 45 e 2 G P AR B 2R T 3 44,
. AAAN 2N ZEM 2L s b & & T 4 F & (Toth
etal, 2000); i AAAAN 7E R KR h il £,
TEM VT RS

33 ARAMIEBESLXEMENBFESHT

5 Fhm BEfn e FE A, 25 B2 AR i TR
B EG Y IECH 6 5 12 RETH BLE(E, JFYpE
E A2 DUBG RN, 3 H R A Bas dos A (] 2).
X 545442 i (Hemitripterus villosus) . 44kt . BIIE
B 0555 1 S 4 SR 21 P T 2 A AR A A — B, XD
25 H A R TR A B 1) R A Ak 1 R A
%, FER R TR AW P B S AR e M 2 UM
%, itk B ZAR 2 5 H A G ¥ DU IEAROC, B
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in the Whole Genome of Five Groupers
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Abstract

Grouper, a species of coral reef fish, exhibits a wide geographical distribution within the

warm waters of the tropical and subtropical regions across the globe, primarily inhabiting the middle and
lower layers of water. Characterized as a substantial marine economic fish, grouper possesses
considerable nutritional value, boasts a high market worth, and garners significant consumer demand. Its
popularity among consumers is attributed to its inherent attributes, and it holds immense potential for
further cultivation and breeding endeavors. This study utilized micro-satellite (MISA) software to
investigate the distribution characteristics of microsatellites in the genomes of five grouper species
(Epinephelus akaara, E. coioides, E. fuscoguttatus, E. lanceolatus, and E. moara). A custom script was
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developed to analyze the screening results, and statistical analyses were conducted on the microsatellite
repeat types, duplicate copy types, and core copy numbers in the genomes of the five grouper species.
Over 280 000 microsatellite sites were identified from the entire genomes of the five grouper species. The
relative abundance of microsatellites ranged from 271-296, with a total length ranging from 6.30-7.06 Mb.
The average length of the microsatellites was approximately 22 bp, and their proportion in the genomes
ranged from 0.59%-0.67%. These results provide insights into the distribution characteristics of
microsatellites in the genomes of these five grouper species and can inform future studies on their
genomic architecture and evolution. The repetitive types of microsatellites were analyzed in terms of
number, proportion, and relative abundance. The number, proportion, and relative abundance of repetitive
types followed a consistent pattern, with the highest number of double base repeats, followed by single
base repeats. This pattern decreased as the number of repeat units increased. A, AC, AAT, AAG, AGC,
AATC, AAAT, AGAT, AATG, AGAGG, AAAAT, AAGAT, ACAGAG, AAANNN, and AANNNN (N
represents any of the three bases except A) were the most dominant types of each duplicate copy type.
Type A accounted for 90.00% of single base repeats, while type AC was the most dominant in double base
repeats, accounting for nearly 80.00%. Interestingly, the content of the CG duplication category was the
least, accounting for only 0.04%—0.10% in the five grouper species. This may be owing to the fact that the
composition content of the four bases in the different species' genomes is different, and there may be
structural problems with different bases. The results of this study provide insight into the distribution
characteristics of microsatellites in the genomes of these five grouper species. The high frequency
distribution of AGG and AGC in the dominant types of triple base repeats may play a crucial role in
regulating genes involved in immunity, disease, and other genes in groupers. Previous studies show that
AGG is a well-known binding site for numerous transcription factors involved in early growth and
development of various species. Additionally, the change of base repeat polymorphism of the AGC
category is directly linked to genetic diseases and holds significant evolutionary and medical research
value. AAAN, AAAAN, and AAAAAN are dominant repeat types that are widely distributed in mammals
among the four, five, and six base repeat types, respectively. Different types of microsatellites show
significant variability in the number of core copy numbers. Nevertheless, the number of duplicate copies
of each type of microsatellite exhibit a consistent trend in the five groupers, and the number of
microsatellites decrease with an increase in the number of duplicate copies. The analysis of microsatellite
distribution revealed several key findings. First, over 95% of single base repeat copies were concentrated
in a range of 12 to 25 times. The main number of copies for two base repeats ranged from 6 to 32 times,
with a small peak between 11 and 14 copies, and decreasing numbers with increasing copies. The number
of copies for four and five base repeats was mainly concentrated in the ranges of 5-16 and 5-17, and 5-14,
respectively. Notably, AGAT, AAAG, AAGAG, AATAT, and AGAGG repeats exhibited a large number of
copies, even when the number of copies was high. The increase in copy number may represent changes in
polymorphism at these loci that may lead to disease or changes in corresponding functions. Overall, these
findings provide important insights into the distribution and potential functional significance of
microsatellites in the genome of the studied species. The distribution characteristics of microsatellites in
the genomes of the five groupers provide a valuable basis to understand the evolutionary mechanisms and
functional expression of these species. The distribution of duplicate copy numbers of each type of
duplication displays two peaks at 6 and 12 repetitions, with the number of microsatellites decreasing with
increasing numbers of core copies. Some duplication types show particularly prominent numbers in
specific species, such as T, TA, and AGACAG in E. lanceolatus, copied 502, 803, and 48 times
respectively; GAG, CACT, and CCACA in E. moara, copied 205, 652, and 111 times respectively. These
variations highlight the importance of exploring the role of microsatellite loci to develop a better
understanding of the genetic distance and kinship among the five groupers. This analysis lays the
groundwork to develop high-quality microsatellite molecular markers, and facilitates the selection of
favorable varieties and the development of new varieties. In general, these research results provide
important data to understand the genomic characteristics of the five groupers and helps to conduct
advanced genetic research on these species.

Key words Grouper (Epinephelus); Whole genome; Microsatellite; Distribution characteristics
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IR W B2 B (alkaline phosphatase, AKP)¥% R =
A TR A B w0 G

1.6 REMBESHEENE

IR, R SR NIBOKEE 0.5 L, H
TR ARG A WRETS 0T o IKFEA T 0.22 pm LR
TG TR BE A T4 8 o 08 S5 9 S8 SEAE ) Tllumia MiSeq
W4 (lumina, 35 )17 16S rRNA REEIF
FIH PCR %} 16S rRNA [ V3~V4 X747 2 Y-
W, B35 19k 338F: ACT CCTACGGGAGGCAGCA,
TG 19 M 806R: GGAC TACHVGGGTWTCTAAT,
PCR 52805 , VIl PCR 74, ] QuantiFluor-ST
WAL E it R GE(Promega) HEAT E AT, A5 HE
b P AR DNA VR B LU [0 BE R HLIR A o B
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£ Illumina MiSeq “F- 5 L XT4liAb)5 TR AW Tl .
1.7 BEFHHBERMIE

R HE T T A R PR e AT e A T R
He, BAABEBEDAILH T, HEAREENA
HHFRFEAF AR ZEWHEXR. FIH IBM
SPSS 25.0 Guit X i B AT bR ifEfL b B, 3
T KMO K3 F1 Bartlett BRIEAGI , 2446 46 45 5 % 11
B 0 IR (5 2T LA 3 P g, W0 mT DAtk A T
HFodT . i, AR mr AR R, A
IESAE R T 236 AT e, 19 BN IERe Ja 1 4 4
o ARAEPTARAE RS, M T2 GIPM B AL, MR
WLEA e A

1.8 HESTELE

i | Microsoft Excel #4178 4511, 5290 Fr
THEHE L)L S {E PR E 22 (MeantSD)FER~ . il IBM
SPSS 25.0 Geit ik ik AT W E M T . BN E T 25
Mr(one-way ANOVA). T4, L P<0.05 £/R2E
S, P P<0.01 FREFHEE. HH Qiime 4K
A o 2R %, (R “pheatmap” K142
TE R REAE, I “vegan” AT IUAYSY
Br(RDA), AR AT e [ 55 35 LR W s 25 R

F RN A I-sanger = 3F 5 58 1.

M A — 35r1 B
: —-T5 - T7.5 —=-T10

r —e—T5 ——T7.5 —=TI10

2 R

2.1 IRENFREKRAIR I

AT AR, pH. EREE . MR MR A
PRFFFETE B IR A K BB I, HRBdE sk 1
o ANFHEMERFEI KA TAN, NO,-N 1 COD i
WAL Z i 1 P, BEE SR T, &4
TAN. NO,-N Fl COD F ¥ 5 34 52 38 i Tt i i e 34
HALMERE R, TAN, NO>-N Fl COD il B i
MFRFELE R, 3 A ERAI T TAN B4 518 4.76.
6.87 1 7.85 mg/L, 255 i} % (P<0.05). NO,-N ¥k 7E
FEAHRHF B LR, FEAHE I NOL-N IR W35 Tt
o, LA AR, W BEE I 135, 1.98 FiI
2.95 mg/L, 25 5.3 (P<0.05), COD ¥ ¥ Ffi % 555t i
T B, FRFH A5 I, Hk B2 43 51 15.43.17.75
F125.96 mg/L, 257 13 (P<0.05),

&1 FEEREFREKEIER
Tab.1 Water quality in breeding bucket
with different feeding rates

e 0 hAE R 4 DO
Group Salinity  Temperature/'C  /(mg/L)

T5 7.84+0.04 32.03+£0.28 26.96+0.19 5.08+0.29
T7.5 7.84£0.05 31.99+0.24 26.97+0.14 5.03+0.26
T10 7.85+0.05 31.98+0.37 26.98+0.18  5.01+0.24

301c
25+ -e—T5 —a—T7.5 —=-TI10

MEA TAN/(mg/L)
O = N WA U0 \O

024681012141618202224262830
BflE] Time/d

0
0246 81012141618202224262830
Bf1E] Time/d

6 24 6 81012141618202224262830
Bf1E] Time/d

BT ARFEHRRR SR K AR B Z A (A) . A SR (B) ML 2 At (O FE 2 b
Fig.1 Variations of TAN (A), NO,-N (B), and COD (C) concentrations of aquaculture water in
breeding bucket with different feeding rates

2.2 BIRENFEKIMEREMEE ZHMERZM

A [R5 W S8 TR 5 K IR BE S A ) Vs 2 ARt 4 A
W 2 iR, Coverage BU{EIIR T 99%, X EHII ¥
SR LT B SR K IR T A o AR T
(operational taxonomic units, OTUs), ZEMELE 4T
HA® S5, Chao F5%0M Shannon $5 ¥4 7E
TS dlfei, 41500 447.86 Al 4.14, 7€ T10 A%, 4>
AR 190.16 Fi1 2,73, 4540 0] 25 55 & 2 (P<0.05), 17K

S (1R R B K AR A0 B RV 1 R A B 2 BT, FRAE
KI5 A A2 JE TR [T (Proteobacteria,
50.36%~67.53%) . #UFT I [ ] (Bacteroidetes, 12.09%~
67.53%) . KiE ] (Myxococcota, 1.14%~10.86%)F1%K
£ 141 ] (Actinobacteria, 1.41%~8.61%). 2 # 1] 4 &
SEHAL, HALGE AR XS E AR 20 . RRA T
P ME X K PRI A PR 0 S 40 B 52 ), T @ 7K
SR, Gl 3 s, IR T R T [ R A
HEREIE S 2 5 TEARFHMRT , 9L (Mibrio)



162 ook B

545 %

FIMI ST F R e, M EERRE, A, RlERE
(Paracoccus) . %k # FT # (Tenaci bacul um) 3 4 41 X} 3£
FERGR TR A o B38BT (Pseudoal teromonas) 75
AN rp 7 AE, 78 T7.5 MR EE RS, >
9.78%, £ T10 AHX FEEHEAL, U 0.28%, Xf7%E
FEOK ISR pH . ERBE . R . RS . TAN, NO,-N
Fl COD Byl 2R ik I F(VIF) AT 2007 o VIF ${iE sk
AR AR 1 22 0] () 22 L 4R 6 FR b . 3 4T
VIF>10 f B F R0 TCRH F, 280tk i pH L $h 5
& . TAN 1 COD 5 A~7K Bz K+ FH RDA 4341k
WF 58 1o A P EVE 5 /K 5 T 22 8] A A 2 (B 4)0
RDA il 1 F1 2 87 22 5THR K 61.46%, ik K
PR AK T K -5 A4S ] 43 MR I B K AR B e R TR 2
] SEBRARRE . ZE R, T5 AR EY
VS 5 b B FIRLE 52 IE ARG, 6 B X Ak TS 1) 5
WK TS ; T7.5 F T10 2350 K A rh ik My e v
5 TAN., COD #l pH 2 IEAH3, TAN X4 YEdE
K520 KT COD il pH,

x2 AERMERERE o SHEMEEH
Tab.2 The a diversity index in breeding bucket with
different feeding rates

AH oy, FRERE EEH EEE
Group Chao index Shannon index Coverage
T5  443+4.58" 447.86+1.04"  4.14+0.53° 0.99
T7.5 194+4.38" 197.62+0.81°  3.11x0.25" 0.99
TI10 179+£3.06° 190.16+1.56°  2.73+0.36° 0.99

TE RSR[5 B SRR 4L R A7 7 1 25 22 57
(P<0.05), TIAl,

Note: Data in each column with different superscripts
letter are significantly different (P<0.05). The same below.

W ZEEH 1] Proteobacteria

W K5H1] Myxococcota TR B[] Actinobacteriota

I JREEH[] Firmicutes 45T1] Chloroflexi

W RAGIEB] Unclassified knorank d  Bacteria Wl HAf{[] Others
JSUBAT B4 ] Desulfobacterota

B #UFEI] Bacteroidota

1.0r . —
x 0.8
<
2
S 0.6
£
S 04
=0
=

021

0
T5 T7.5 T10
#H 5| Group

Kl 2 AR IRFEKARRE S AE T 1K B R o
Fig.2 Community abundance of samples in breeding bucket
with different feeding rates on phylum level

2.3 IRRREN LIS R EIE F IR R R R B R

el FH 500 G 6 LA X R A JE B ) SOD . CAT .
ACP Hl AKP A7, Z5R WK 5 Fros, FLAixRTiER
AR ) SOD il CAT FEAS [Rl B M2 i A7 7 I 3 25 5
(P<0.05), {H ACP Il AKP 7 T5 I T7.5 AP L &
Z5H(P>0.05), ZHMRZHE/N, (HIE T10 4,
ACP #1 AKP 1EPEEAL, HEEMLT TS M T7.5 A
(P<0.05), SOD. CAT. ACP Fl AKP iHMEHILE T7.5
i, 7094 160.34, 70.16, 7.08 F168.27 U/L;
TE T10 A%, 4394 112.88.50.57 .5.06 1 150.64 U/L,

2.4 3 IRZEXS RIS ER A (E) 3 F A K RERI R0

KA ] P M A FLAN X i A K A8 hr e 3 B
TNo SEESEERAT, T7.5 1 T10 4L HFAY R ik &
P KTF TS 41(P<0.05), {H T7.5 Fl T10 412 [8]JC &2
FXF(P>0.05), FAEFSHRWEENAME, H3 A
[ F77F i 3 22 5 (P<0.05) . T5 44 E A KRR AL,
J15.14%/d, T7.5 F1 T10 4 09%EEE 4 KR 51K
15.63%/d F1 15.64%/d, TG 3% 225 (P>0.05),

2.5 EFothidiE

EF XS AWF 5 A 5 diE , A IBM SPSS 25.0 4tit
BTN T, KMO {8 0.635, Mt Fil
0.6; Bartlett BRIEERIAI(E N 128.511, AME RN
28, P<0.001, FREAZCHEAHCHEN E , A HETHF
IR o A 32 A AT I R AR A TR, TR L
HOE S i K7 2 T hefs , iR ss L 4 ir
No B2 NARTFAE BT EM 95.971%, XFAris
FREY DT 22 STRRR S0 5N 48.967%F1 47.004%, [HI,
P2 DA WP R KRR bR . JERE
SERIETRAR S AN T Z RIS, h3k 5 0l
M, 1IN X%F AKP. ACP. SOD Hil CAT EA &k
far , PR Fin 4 A e 7 5 2 IR kK
(FL). Z&oR¥ik®EFEW). SR Fl SGR BA &H#ifr, BH%
P AR EF . 3R Er, f S  &
BOEREGR 6), B LA IR (] 155 5 0 PPN AR R .

F,=0.026FL+0.12FW+0.034SR+0.15SGR+

0.192AKP+0.239ACP+0.31SOD+0.33CAT

F,=0.231FL+0.319FW-0.207SR+0.336SGR—

0.047AKP+0.013ACP+0.119SOD+0.156CAT

S UER A3 AT, (T X PLAR Xk R e ) 55 B AR O
B, RGBT 255 0, 1214551
MR . F=0.511F,+0.489F,, i+ 8 AL MER K255
95y, SRR, T7.5 M50 m, N 0.92, TS 144
ik, H-0.43,
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Lactobacillus
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o Ink 5 :
c 4 ia
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P 3 N[ 45 MR AR 2 SR B K R A R 1 AR

Fig.3 Heat map of major bacterial genus in breeding bucket with different feeding rates

o T5
A T75
¢ T10

HhEE

(=)
(=)
T T T T T

RDA2(22.08%)
[=)

—100 -
—100 80 —60 —40 20 0 20 40 60 80 100
RDA1(39.38%)
K4 AEYREE SRS E TR
Fig.4 Redundancy analysis (RDA) of the microbial
communities and environmental parameters

|
(=)
(=
T T T T

TW RFARFIRA, TWI~TW3, TW4~TW6,
TW7~TW9 435124 TS, T7.5. T10 41 3 MEAR
TW represents different feeding rates groups, TW1~TW3,
TW4~TW6, and TW7~TWO are three samples of T5, T7.5,
and T10 group, respectively.

R3 AERREFLAIERERIER
Tab.3 Growth index of P. vannamei with
different feeding rates

Ui ZORPIRK ZORMRE AR FREERE
Group FL/cm FW/g SR/% SGR/(%/d)

TS 3.61£0.13* 0.47+0.25" 83.12+0.12° 15.1440.18°
T7.5 3.77+0.09° 0.54+0.61° 75.88+0.61° 15.63+0.35"

T10 3.77+0.39°  0.5440.35° 68.52+1.09° 15.64+0.22°
3 itig

3.0 $MREXT LAy R a5 B vk BUR A B R
el Al

TEREE B R R, 16 AR RR A B TR
KBS 45 . Herawati %5(2020)fF58 £ M, 7K 2
SR LT IR A KRB N, ARG T, FiE T
FEDEAT, TAN WP Thm, H B0 R e T = iR
K o 33X T A8 PR Ay ek 43 MR AR 7 A A v ) 2% 34



164 woor B % 3 R 45 %

e : :
#H~ 160 F g ~ Z)g i
EE 40 #'g T
g% 120 é% 50
§i§ 100 g;; 40
HWo 60r A< 0t
Ba 4l ®)
20 10+
0 - - 0 : ' '
TS 7.5 T10 TS 7.5 T10
20 5] Group 21 51| Group
or 200
c D
8k a b 180 a b
7k a 160 - ¢
Eul] Eul L
ES e fES ]
22 st 22
&2 100
gg 4T B3 gl
ﬁ A 3 ﬁ
89 9 oof
2 B 40 -
1 _ 20 -
0 : : 0 - ' '
TS 7.5 T10 TS 7.5 T10
#4651 Group 251 Group

Kl s ORTE R A B AR (A) . AL B (B) R B I Tl (C) VR P ol PR il (D) 185 172 Ak
Fig.5 Variations of superoxide dismutase (A), catalase (B), acid phosphatase (C) and alkaline phosphatase (D) activity of
aquaculture water in breeding bucket with different feeding rates

HET B ARAS ) 7 B 3R 4 AT 035 22 57(P<0.05) .

Columns with different superscripts letter are significantly different (P<0.05).

x4 RBETFHERE

Tab.4 Total variance explained of the extract factor

- N E ity 2R
i a1 . L . .
Item Total Variance contribution Cumulative variance
rate/% contribution rate/%

43 1 Component 1 FIEAHFE(E Initial eigenvalues 5.735 71.687 71.687

H N7

kﬂl?jﬁﬁ/\ . 5.735 71.687 71.687

Extraction sums of squared loadings

fibs .

BEFe P RBA , 3.917 48.967 48.967

Rotation sums of squared loadings
43 2 Component 2 FJUAHFAE(E Initial Eigenvalues 1.943 24.284 95.971

H, N7

:‘&EEX:F?T&/\ . 1.943 24.284 95.971

Extraction sums of squared loadings

ﬁﬁ%ﬂzﬁﬂﬁj\ . 3.760 47.004 95.971

Rotation sums of squared loadings
J43 3 Component 3 HJIAHFIFEA Initial cigenvalues 0.269 3.363 99.334
J&53 4 Component 4 HJIAHFFE(A Initial eigenvalues 0.028 0.352 99.686
J43 5 Component 5 HJIAHFE(A Initial eigenvalues 0.020 0.246 99.931
J&43 6 Component 6 HJIEHFFFE{H Initial cigenvalues 0.004 0.055 99.986
J&43 7 Component 7 ¥ IEHFFFE(A Initial eigenvalues 0.001 0.013 99.999

J&43 8 Component 8 ¥ IAHFFFEH Initial cigenvalues 0.001 0.001 100.000
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x5 PEFHEER

Tab.5 Load matrix for factors

WATHERE BERR S MM AT AR
A5 Component  Rotated component
Factor matrix matrix
1 2 1 2
LARBRK FL ~0.808 0.360 —0.334 0.819
ZRPAE FW -0.770 0.608 —0.135 0.972
TEM R SR 0.961 —0.244  0.525  —0.841
KR SGR -0.715 0.673 0.981
B PR R B AKP 0.979 —0.193  0.840  —0.539
R PEBEER I ACP 0.936 0.340 0911  -0.403
HBELYEALEE SOD  0.811 0.583 0989  —0.141

A LA CAT 0.748 0.662  0.998

R6 MBS RYIER

Tab.6 Component score coefficient matrix

Ea .43 Compontent

Factor 1 2
LR PR K FL 0.026 0.231
LARY)RE FW 0.120 0.319
TET %R SR 0.034 -0.207
R4 K8 SGR 0.150 0.336
Rl R B AKP 0.192 —0.047
R P W FR T ACP 0.239 0.013
A ALY BAL RS SOD 0.310 0.119
it F AL &l CAT 0.330 0.156

i, SRR A EEL, Bl KRR TAN WE L
FH(BR =45, 2018; de Melo Filho et al, 2020), NO>-N /&
B Ak S IO 1 e ) 7= 4, G i sk v 2 %o SR BE W o A
FEEHGEL S5, 2014), NO,-N He B Fii 4%,
ERIFR P, kBT Ra RSk e
(2019) W BF5E S5 1e AHALL, 3X 1] 58 N A SR FE T HH TAN ¥k
JERAR, fHfLR N T2, (HFiE TAN BFLER,
TAN #5460 NO,-N, S HUOL R B 3% T 55 (Wang et al,
2019), COD J Wt T 7K IRSZ 15 5% BoK BB AL RR R, H
W B R T RE S BRI YR 2 & (S HEHT A, 2002),
AWF5EFRM, T10 489 COD 47l m, HET TS5 A
T7.5 41, 3 Jz e H o 3 R S5 ] 68 2 1 e 22 & 114 KL
o JEF HaRWFIRAE I, o = BB IR R S e 37 AE UK
JEAL, PRI, T8 4R b R 0 B R I
W et R 77 A LA R

e B SR R P, A R B T4
FE IR K AR YRV S5 RRE o AN IR S X SR A
IR B B 2 BT A A 7 AR R, A RV S5 1)
ZFEME RN 6 R 5 R A K AR R M 2 VT A & (Yan

etal, 2016), AWFFTEI, T5 HIFM KRB YIRS
Y Chao $5 %4 fl Shannon ZAEMEFE 5 W 3 = T T7.5 Hl
T10 2. XA[AER N T7.5 A1 T10 4L/ A 5% 1H 24
BB Z, SBUKFEA, FidkYReaEm 2 m
FEE R, BEHISE Q013 5T £, HIFRAK
TR A MRV B 2 REME RN = B B RR AR, S 5 & A 5%
e E o BRI, BRI S R SR A A ) R IR
Bro ARBFGEEBL, ARITEHRE TR IR KRG T,
FEARF ST, IR 1500z HEw R el
P E(Shin et al, 2015), 7 a5 H BAGEIIIE .
BAKEHE, IETE T7.5 f1 T10 A ERm, HIL
T10 e (37.33%), NG 27K ™ F5 58 v 1) 32 280N
W, I AR S R EUMR R K, TS R X ERAE
T-(Quiroz-Guzman et al, 2013), ARAFFEHE LI, B
B A R R P A, E T7.5 AN
JE s, fE T10 4UAH%T 4= EE f k. Bowman (2007)HF
FER IR, BRSSP PR A TR | A 2T 2 R A 5 1A
R 2 X B 118 7705 238 RN AR A R 0wl DA T sz ke
IR R O R EUBR A R B R, X LGN I
M AR =R . LR B AT R 22 R R, R
[7i) 45 M (i SR FH K AR I RE T 4540 & AE S . RDA 43
Mr&#, TAN Fil COD J& i [a] 55 B F2 58 /K AR i A
YITEVE S5 R 1) B 2R 3K 1] BB R R AN (] 43 M e il
FIKEB I &= 25, SBUKBIE AR EAR
[, T AS T) 4 36 i 73 L 7K AR A At A S e i A RN
Wof 2 BEAEAE 22 (K, 2015), 5K 2 (2010)%F FLGA XTI
FRIE I A S E W RIS IR EE 1 R A T AR Sk A A, 4
R, TAN Fl COD %5385 K Xt 372 48 it A9 S 25
BEIS ARG B EEAE ], %5E 5 AW 4SS A
Ruan %5 (2015)iF 58 201 , FR 5K ARG A Y ETR 4540 32
ZRHNZILFEER, Wik, B0 e Ay
HETE 1) 2 FE 1 B FLRE e R 33 5 A T B IR A AR AT

32 BREXNAMNMIGPEEESESERERERE
KMHERER R0

ERRIEE SR R, I B AR R R AT F T XTI
P A SARRE SR 1o FLAAXTER B B Bk = R 5P
GPE RS, HOEEAR TR M S B R FR LN TR 1 A2 4k
(faT A 75 55, 2021)0 FREFK ARV BE 1 228 b 23 %) FLEA T
WREY AR R S e R G AR R . B AL(2014)
TR, TAN W& BE Ik i 2 (o FLAA X U %) 3F 4 5 1
G R 15 PR AR, ) B 4 v LA % R J G oI TR 19 JL
K, AKBF5EH, T10 41 TAN F1 COD ¥ &, HIkE
TSP G RE BTG PR I, X R IA SR KR b & A A L
Wk v 2P0 LN X R A R S e T (B R R A,
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2022), Fu “5(2018)WF5E R, KA Sl i W s i
SRR VIAOG . I, BFFT B R 5 LGy X iR
TR Z BRI R, KA B oo 5t 2 ek
Aok PLAA X U PR A A B R IR, X6 H ] 55 X U ) fe
e B A EE/EA . SOD 5 CAT J&HUA [ B 3E4L
W WAL 2R A I T B bR, TR R AR
WML XS S A IS HEHT RE 7 1958 55 (Muniswamy et al,
2008), AHFFE I, AFEEMEREEZ I SOD 1
CAT MyistE, MuUEHmRay, HIGHEAE T7.5 4k
=, T10 A A%, X R EEE ST IR SRR =
PEGRE IAE T7.5 dfEn, T10 A%, M agm
T2 (5 Lyt B 0 R S P S B, H R
SN AERE S P A W RIAE T, L gs R SN
LRI L R —3. ACP I AKP J& iz AL 4
a2 TR IFE (I FE A5 , XTHHKBTAM T 0 1= A 2R
(Muta et al, 1996). FX%(2022)7EWF5Y o [T A dF
(Procambarus clarkii) ()3 £¢ 5 e i & 31, ACP
H1AKP {5 B2 T 800 FC R M s XURS: 389
TEARWFFEH, ACP FI AKP 1E TS il T7.5 1 HFAK,
{A7E T10 b, HIG M B REAL, X R, SR
CiNi s G A= R PO RN OE (2 25 ih s b s e
TR RURS: , 5 MR X R A IE AR K

e Hr el BB, T7.5 HEs a8, A
WA T FLGR X AR v (] 15 55 0 de AR e 8RR
JERMXT IR A KA B R EE RN R, E B SER AT
IR, FEAR IR LA (Amirkolaie, 2011), M
RS FERMEEAN R, AR ETRE, MRS
IR IE A, I H B RAKEL, EE R
FHFHFFE T (Wang et al, 2021; Jin et al, 2019)., 7EAHF
g, PR S%IRE R 7.5%, RHIFAIA K fiA
WETHE, HARS R AR R K AR TG AR
6o Anh ZF(2021)WF 5T A ] 57 5 5% FE AR IR R X6 FLGH
X R RS, 5 5 e B, 2 37 4 2 R IRR 5 i
ML XA K L BIRGE . IS Q2022)0F 58 KB, 1E
G Y/ENZE I U S I ] NN SR U SN PO R A
REME YRR IE W A AR KO, X 60, S5t
MERAR L, 38 2 R AR MR BRI 1 FLAA X R i A 4
FAENG , XTURAR Mgk 45, ASREFIH&IIMY
THRE . BEMR a5 F R [A] 48 AR 22 0] A7 75 2% U)K
R, ARG R PREEEAAEES,
IKBUEAL, SRR K IR EE P i A YRR S5/ 35 L
IR 7 B R E FE L, AR RS T 1)
RE AR, SRS S X UF = Az E AL U, 8 BT
ISR 7 SR A R T, X FLAN Ko I %) A A7 368 i K
Jii(Liang et al, 2016; Sarsangi Aliabad et al, 2022).

e, FESEBRAL R, BIAE AR KA R B B s B B A 4
MR, fEHEXTURAE A, PREFXTIFMEROIRES, SCBmk
?%@O

4 it

A T BIFFE AR IR A PLAAAS B o [ 8 75 R IR AT
Fope KA KR, BRI 458 (DTER R & 57
SRR R, T RS IRARAT LASRE o FLAA S R A AR
REFNAE S St e )y, (Had SR S BUK UL,
SRR B, S0 HR A IEH A AT o (A
WM, a5 DR | KR AR5
PR BRI A R APEREAE N 2, LAY IR H (] 55 7 1 4500
RIE 7.5% /AT N H
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Effects of Feeding Rate on the Intermediate
Cultivation of Penaeus vannamei

WANG Liwei', LI Meng', SONG Xiefa'”, LI Xian', DONG Dengpan',

CHEN Zhao®, BAI Xuesong’

(1. Hydro-Environmental Engineering Laboratory, Fisheries College, Ocean University of China, Qingdao 266003, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Marine Fisheries and
Sustainable Development, Ministry of Agriculture and Rural Affairs, Qingdao 266071, China;

3. Dongying Kuohai Aquatic Technology Company Ltd, Dongying 257000, China)

Abstract Penaeus vannamei Boone is an important economic species in aquaculture. It has
become the main species of shrimp cultured in China due to its fast growth rate, high yield, and
delicious meat. Segmented culture, which is important for promoting the environmental adaptation of
shrimp, reducing the negative impact of diseases and improving the success of culture, is considered
one of the major methods of shrimp farming. The intermediate cultivation stage is an important stage
of shrimp farming as it determines the success or failure of economic benefits. P. vannamei are
usually reared in intensive aquaculture systems that are highly dependent on bait feeding, which
makes optimizing feeding rates fundamental to obtaining farming benefits. The feeding rate is the
amount of bait as a percentage of the body mass of the cultured object, which is an important factor
affecting the shrimp factory farming. Feeding rate directly affects the survival and specific growth
rate of the cultured species; an excessively slow feeding rate will slow the growth of cultured objects
and affect the normal development, while an excessively high feeding rate will increase the cost of
breeding and cause accumulation of residual bait, which reduces water quality and may even result in
death of the cultured objects. Therefore, it is necessary to determine the appropriate feeding rate to
improve baiting efficiency and to satisfy the needs of sustainable aquaculture. However, in the
intermediate cultivation stage, the determination of feeding rates relies on farming experience and
lacks a scientific basis. To the best of our knowledge, few scholars have analyzed the influencing
mechanisms of different feeding rates on shrimp growth, physiology, and water environment
separately from the perspectives of exogenous and endogenous factors; however, there is a lack of
comprehensive studies on the combined effects of feeding rates. Therefore, there is an urgent need to
elaborate on the intrinsic connections between different parameters, such as the growth and
physiological indicators of P. vannamei, water quality, as well as the microbial communities in the
culture environment. The main objectives of this study are (1) to analyze the effects of different
feeding rates on water quality conditions, microbial community structure, non-specific immunity
indicators, and the growth performance of shrimp during the intermediate cultivational stage; (2) to
elucidate the interaction between feeding rates and different indicators; and (3) to determine the
appropriate feeding rate of the intermediate cultivation of P. vannamei.

In this study, three groups of feeding rates, namely T5 (5%), T7.5 (7.5%), and T10 (10%), were used
to feed P. vannamei during the intermediate cultivation stage for 30 d. The effects of different feeding
rates on water quality, microbial community structure, non-specific immune indices, and growth
performance in the intermediate cultivation of P. vannamel were analyzed. During the experiment, water
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quality and shrimp growth were regularly tested, and pH, salinity, temperature, and dissolved oxygen
were maintained in a range suitable for shrimp growth. At the end of the experiment, the hepatopancreas
of shrimp was used for non-specific immunity activity testing, and the microbial community
characteristics of different culture densities were analyzed using high-throughput sequencing technology
(Illumina MiSeq). Results showed that the concentrations of total ammonia nitrogen (TAN), NO;-N, and
chemical oxygen demand (COD) gradually increased as the experiment continued, and significant
difference could be observed at the end of the experiment, T10 > T7.5 > T5 (P<0.05). Analysis of the
microbial community structure showed an increasing tendency in richness and diversity with increasing
feeding rates. At the phylum level, Proteobacteria (50.36%—67.53%) and Bacteroldota (12.09%—67.53%)
were dominant in all samples; at the genus level, the relative abundance of Vibrio (harmful to P. vannamei)
was the highest at T10 (37.33%) and lowest at TS5 (0.13%), while the relative abundance of
Pseudoalteromonas (beneficial to P. vannamei) was the highest at T7.5 (9.78%) and lowest at T10
(0.28%). Results of the redundancy analysis showed that the microbial community in the culture water
with a feeding rate of 5% was positively correlated with salinity and temperature, and salinity had greater
effect on microbial communities than temperature. The microbial community with feeding rate of 7.5%
and 10% was positively affected by TAN, COD, and pH, and the effect of TAN on microbial community
was greater than that of COD and pH. The superoxide dismutase, catalase, alkaline phosphatase, and acid
phosphatase activities were the highest in T7.5 and were the lowest in T10 (P<0.05). The final average
weight and length of T7.5 and T10 were significantly greater than those of TS5 (P<0.05), while there was
no significant difference between T7.5 and T10 (P>0.05). Survival rate was the highest at T5 (83.12%)
and lowest at T10 (68.52%), with a significant difference (P<0.05). Factor analysis showed that the
highest overall score of 0.92 was achieved at T7.5. This study showed that a feeding rate of 7.5% could
improve growth performance and non-specific immunity in P. vannamei, and T7.5 was recommended for
the intermediate cultivation of P. vannamei. This study elucidated the interactions between feeding rates
and different indicators and determined the appropriate feeding rate for the intermediate cultivation of
P. vannamei. This study might help optimize the feeding rates for the intermediate cultivational stage with
a view to providing technical guidance for the improvement of the success rate of P. vannamei.

Key words Feeding rates; Penaeus vannamei; Intermediate cultivational stage; Aquaculture water
environment; Non-specific immunity; Growth performance; Composite score
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Hamer et al, 2020).,
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Tab.1 List of parameters used in data analysis

4 Parameters ZH4%E Parameter code A7 Unit
iR Air temperature 1 C
/K Water temperature 2 C
L Salinity 3
PR pH 4
i 48 (DO) Dissolved oxygen 5 mg/L
Z A (NH;-N) Ammonia nitrogen 6 mg/L
T AH A &(NO,-N) Nitrite 7 mg/L
KA @ A%k Bacteriain water 8 CFU/mL
KRR %k Vibrio in water 9 CFU/mL
JKAHRE & b Proportion of Vibrio in water 10 %
WRR 44 k%% Bacteriain shrimp 11 CFU/g
SRR B8 Vibrio in shrimp 12 CFU/g
HFAYR & (5 & Proportion of Vibrio in shrimp 13 %
DaPEBERRE AKP 14 U/mg
TR IR ACP 15 U/mg
B AL Y B AL SOD 16 U/mg
WHEE LZM 17 U/mg
W L PO 18 U/mg
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PR, TR ST P (E. R X &
A LA, B Y R 2 AR, ENE
X= (X1, X200, %0) 3 Y= (Y1, Y2, ", Yn) » AR 4 Pearson A5
FER T AE X

n

(% =%)D (% -Y)

E @

J > (x5

NgE

[aN

r =

i=1
Arb, XMy 2350 2 N ERRF R A28 T
5 TR G AR O BT LB S 2 O TR0 X
FUNFRRIE , DR, A5 AR K] A b i ok F P9 5
AR o AR 5 RLAE B9 I S AE, 328 HOHR 26 55 0 o
FHYAOC R EOR Tl FHE R R 7, R 5 B0 0 R A0
SRR E A o ) — 26 PR AR D TR A TR 1 A

3 Deep Forest #RIfg2E

Deep Forest .3k A HUM L T2 530 2 B Bt - 240
JE 4 By B (multi-grained - scanning) F14% B 75 bk B B
(cascade forest), Deep Forest 5.1 i i HAA S B AL 3]
F2 B X R LA BOE Y A R AT Rk WAL B, R
Deep Forest 535X Y ZRFEAS SR HE AT 25, S5 )5 1) HH i
DA AR () AR 3 51 2545 T MRS A 4, 2019) 6

4 HRE5HH

41 mMEsREMNIRE

T WAL PEAY 100 H A , BEHLPEE 70% A
BARVE RN, YAMY 30%REAS BN E il

42 MRRFSSHEFRIEXED T

Pearson AH ¢4 #1 2 B (3 2), XTI A& 5 MR A0
BB, RTINS, LZM | BRI & L. ki
R EE. R . ACP. KIRIRE F1 PO %5 9 24K
FA 35 F A 56 PE(P<0.05), AHE 2% 90 05741,
0.5211, 0.4382, 0.3911, 0.3747, 0.3501, 0.257 1,
0.238 3 F1 0.228°9, & HYE— &7l [l X LS HH T
L ZRER S A B E 5RiRKIERE B
HAH P (P<0.05), HAHKE R ECN-0.227 9, RIFTER
T, KRR EE AR S KA. M. pH. DO,
A UAEAR . KA 5 L. AKP il SOD 45 8 4
S8 5 MR A AR A K (P>0.05)

— 5 L e AR A O R R L XHE AL T 0.8~1.0 2
] AR A 6 FR, 0.6~0.8 Z[A] WAL X R,
0.4~0.6 N AFFEEEM KR, 0.2~04 HIGH KK R,
0~0.2 gt 55 AH & BN AH O (Schober et al, 2018), JH:
H o R AR BB MR BB LZM
A R B 4 X HE YA T 0.4~0.6 Z (1], Krp a5
JEAHSEIEZR s UMAINEE 7 b . KRR TR g . R
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Tab.2 Correlation analysis results of each parameter factor and disease occurrence

S Pearson i % & 51 P {E K 5%
Parameters Pearson correlation P value
SR Air temperature -0.1896 0.059
JK I Water temperature -0.2279 0.023
ibBE Salinity 0.3501" 0.000
PR B 52 pH 0.017 9 0.859
4. (DO) Dissolved oxygen -0.024 8 0.806
2 & (NHz-N) Ammonia nitrogen 0.128 2 0.204
TWHEZS %A (NO,-N) Nitrite nitrogen 01177 0.244
KIRANH S Bacteriain water 0.374 7" 0.000
JKARYR B %k Vibrio in water 0.238 3 0.017
JKAKYRE (5 Lt Proportion of Vibrio in water 0.037 3 0.713
WA AN T A%k Bacteriain shrimp 05741" 0.000
MRS S8 Vibrio in shrimp 0.5211" 0.000
WRATRE 5 b Proportion of Vibrio in shrimp 0.3911" 0.000
IR AKP 0.0107 0.916
e PEwEIR AT ACP 0.257 1 0.010
A ALY B AL RS SOD -0.1016 0.315
WHE LZM 0.438 2" 0.000
W& ALl PO 0.228 9" 0.022

TE: "R BE K, R R B K. TR

Note: * indicates asignificant level of correlation, and ** indicates a highly significant level of correlation. The same below.

ACP., JKIRIREE . PO FI7K ik 55 S B AH G 3 B 4 %t
{H¥IA T 0.2~0.4 ZIA], NEGHCHLR, UL
S &0 o SN PR AR A e, i —
H UL S SR EREN R NE .

4.3 FuiRE Tk

FSEAE T R (& 1), RN AL, IR
BRI, LZM | BRI 7 Lh L KR A AL R
ACP., /KIKINE . PO FI/KIR% 10 S %5 XHIF
AHPND & A #4776 5 3 A M, S22 Ay AT 20 4>
AR, 7T AR TR AR AL ) T8 5

R F X S SRR F 22 i) o] BEAH R, B —A>
SRS S5 — S RmAEsh, Hit, Wil
Pearson AT itk — AR5 4 T Z M A G HE R R,
T8 — S0 93 X R A58 5 ) S S 2 I 2 1 A PR, A
Tl A5 R B 3.

(L) 000 2 T KR S AR A B L AR L R
PRI 5 HE . KRN R LZM 25D 75— 2 By ke
FMERFR, HMERBELIHEH N T 0.2~0.4 Z ],
R SRR I FR 1 B A 1 R U A IR AR A1 5 2 P
SR-ERENTE . S KIKIE . PO Al ACP

L5 F ARG R B A HEIET 0.2, aBA Wl py 7k
RS B F 2 R B A O &R .

(QERJE SIF AN 5 k. PO, ACP fil LZM %
HFE—ERIEMCHE SRR, HE PO, ACPfl LZM
X RE A SHEY R T 0.4, APEREME, 5
WA & HeAHOC R B 4 XHE - 0.37, S55HH5,
VLA B T i 2 5 R X S IR R R AR B A T i s 5
b PR F AR OC R B XHE ST 0.2, R E5 MG,

()R A M T 5 MR AR E . MR AR IER b L KA
YT . KIKINE . PO, ACP Il LZM 5 1E A Sk 56
Z, R R R AR IR B 50t A0 A A R AR, BT LA
ARHI AT B2 5 M R AR 4 7 10 B30, O 56 R e X
1 0.91, AMSRAASE, SRR . SRR LA
LZM #0356 R B4 A HEA T 0.4~0.6 2 [a], Ky rhZEfL s
A, SRR ACP A5G R B X HEN T 0.2~0.4
Z IR, AEHSE, 5 PO MISERELXHE N 017, Ik
HAH G o

(A)EF AR IER 5 MRS E (7 b KRR . KA
9N . PO, ACP Il LZM ¥ 2 IEA MR, HAplR
PRI 5 Lb A B 5 40 T Y LR, 2 R R 4
HRE R, AHE R AL XHE N 0.69, NERAHE;
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BEEMR - 1.0
DYSUNEOSRMER NI 0.57 052 044 039 037 035 026
AN B
Bacteria in shrimp IO 0.45 044 10608 0.17 023 o
LARE XN P
Vibrio in shrimp 091 1.00 048 020 025
VT
LZM ! d 0.50 0.20
HRRYRE o He
Proportion of Vibrio in shrimp 0.44 0.50 0.14 § . Lol
B*W‘ﬁ'ﬁ‘ﬁ 060" 048 020 0.14 0.17 013 028
acteria in water
HE . ~ ~
Salinity 0.17 = 0.37 0.17 041 —0.05 0.11
FRMERETR TR L =
ACP 029 0.13 041 EEINE-0.17 0.08
7J<1z£:§}117§[‘—j\§51 0.18 0.28 —0.05 —0.17 —0.18 0.09
Vibrio in water
Eﬁﬁﬂﬁfg o 025 0.07 043 MO.IS 0.02
K = _ » =
Water temperature 0.27 0.11 —0.08 0.09 —0.02 N
B HERE ES e g H2 28 B8 B2 EEEE
K5 g ol g ® N Mg W fE B B I KE
Mg Ew G " BT E: J 8% Eg ¥ g
WE =8 =8 =2E g #H O OES B £
£ .8 &8 R &F s =5 2
8 52 K8 ES %3 ¥ & 8
§ 3 ~ ~ A S
M S B
g
g
&

1 XPHF AHPND %A= Sl G 10 ANARAE (R AR A ]
Fig.1 Heatmap of the correlation between the 10 most relevant eigenvalues for the incidence of AHPND

EAKIRGHRE A LZM A REL X {E A T 0.4~0.6 Z
b)), AFPAERREEAIOG; SRR T ACP A R %L
Y X EA T 0.2~0.4 Z[A], AS5MHE; 5 PO X R
BT H 0.19, FHEIAHX

(5) AR (& b 57K ARGHEE . /KIAIREE . PO, ACP
FILZM ¥ EIEMCHE R R, 5 LZM A R B4 X HE
9 0.49, R AEREEEAHG; 5 PO Fil ACP AHIC R 44
SHEAT 0.2~0.4 Z[A], REGHISE; SRR AR A
SR HH O BB RHEN T 0~0.2 Z 1], AHEsHHE

(6) /KRN 5 KA E . PO, ACP Fll LZM #
BE—ERENEMEERR, Hd, S5KEIEHE
LZM 5 2B R HEN T 0.2~0.4 Z 6], J55AHK: ;
5 PO Fil ACP 36 R 54 X AT 0~0.2 Z [a], Ak
FHAH

(7KK 5 PO, ACP Fil LZM #H X R 504
SHEXIATF 0~0.2 Z[8], AL,

(8) PO 5 ACP. LZM #& Z By 4 XHE 53 3~

0.96 F1 0.66, ¥ iRAHC; 5 ACP fil LZM A FR L
BI4aXHE N 0.66, AIRAHFE,

gi TR, RS XN A RRAEHE P RT 10 (9 NP
Hh AR AN B S5 ARSI e A O, 5 R AR B
KRBT LZM rh 2SR BEA G, IR | b B 4
Z WA TR AR A A B 4 S TR 4, AR AR A0 BT 5 A
It B P R E IO, A AE X R A JR 5 R 4
e, AR IR G W AR KA N Sl P BILAAR Hh 1 S B B A
s LZM 5L PO F1 ACP BRAHX:, SUFAZNE
FR AR 4 rp SRR A G, $hES PO A1 ACP
SEFRFEAIDG , UdIH PRI DX 05 S A 2 0 110 A S 3k
AT RE SR e ERIEN N, H LZM . PO 1 ACP
A REAFAE— 2 B PMRIVE FH o 76 S80I A T R 4k Ah AL 4
B R R, MRIE S HUN F Z IR A A G e R X &
BAEATHE, PodemT DUR AR AN B B4, IR AT
SRR IR & L . LZM . KR S, EhEE
IRAARIR B A Sy T A% R g 2 %) e 6 s
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Tab.3 Correlation analysis results between parameter factors

B K g SR SRR TR IR KIS gy TR
Parameters Water Salinity _Bact(?rla \Abr_lom Vibrio in Bacteriain Vibrio in i} PO i LZM
temperature in shrimp shrimp shrimp water water ACP
K 1.000 0
Water temperature
£ Salinity -0.1110 1.0000
WA 40 15 -0.2960° 0.1695 1.0000
Bacteriain shrimp
R A 02816 01975 0.9100™ 1.0000
Vibrio in shrimp
BRI (5 1 —0.2721" 0.3712" 0.4449" 0.6935"  1.0000
Proportion of
Vibrio in shrimp
KA -0.3040° -0.1712 0.6040" 04839  0.1426 1.000 0
Bacteriain water
KA B 0.0882 -0.0521 03709 03531 0.1783 0.2794"  1.0000
Vibrio in water
iy A Ak PO -0.0215 043187 0.1686 0.1856 0.2484°  0.0740 -0.18201.0000
PR P Wi R i ACP -0.0822 041077 02295 0.2527 02911° 0.1297 -0.16820.96101.0000
R LZM 02166 0.6494 04537 04569" 04962 02010 0.03750.6638 0.66131.0000
XGBoost 51k

4.4 FREBHIGE

FIH Deep Forest SiE AT AR By [F]I, &
BT LightGBM (LGB)#ll XGBoost (XGB)%§ 2 fh 3t T+
PSR 1 8 B 27 2] T 1 SR X A [ ST R - 2 5
AR JRE RN 5 Deep Forest FUill &R 17
FEB AT, PEFIA ] 24 B 2 BRI [R) vk A s S A £
UM RN AT AT, SR e P f il T X AHPND &
A RS AL AR O AR S 5T Python i
Hamit, FEBRFBAUEINT .

Deep Forest 5.2 :

from sklearn.datasets import load_digits

from sklearn.model _selection import train_test split

from sklearn.metrics import accuracy_ score

from sklearn.model_selection import KFold

from deepforest import CascadeForestClassifier

import pandas as pd
LightGBM 5.

import lightgbm as Igb

import pandas as pd

from sklearn.metrics import mean_squared_error

from sklearn.metrics import accuracy_score

from sklearn.model_selection import train_test split

from sklearn.model _selection import GridSearchCV

from sklearn.model _selection import KFold

from sklearn.datasets import load_iris

from sklearn.model _selection import train_test split
import xgboost as xgb

import pandas as pd

from sklearn.model_sel ection import KFold

45 TR R EITF

W55 %2 I8 R R 8 3 B AR TEHE R R 20 A IR, B
WA B R SRS B LZM | SR ARSIET 5 H
KRG S, £hEE . ACP. KIRINE . PO FIZK i,
iz HEAR S KB/ INHES , MR 2 B 1) o 24 3 Ak vk
TA, #7 1~10 ZEXTEF AHPND Tl gl |
F 300 A AR N o A R PE A

BRI FN &5 R AN 4 s, AR 4 S8 & 5t
T AN [ B B P T %) U o i RS T, e mT 3k
89.00%. J:T Deep Forest ik, SBYEREH 1~8 1)
TR Y B R B A B 3 g b B i, RIS, Bl e
o, CAER R BEARE R BN, Hor, U 8 4
TR {14 T 4 7 3% 25 (89.00%) , LYK & 6 4E I 9 Zifi
#1(88.00%), 5 4EF 10 4ERIAIHERG K Fy 87.00%, 2~4
Y B T RN 85.000%, 1 4 A U A % A AT
(73.00%) , 156 HI 4k BE 3ot SO AR S A & I B RS R 2%
ATy BTN R
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Tab.4 Comparison of classification results of different dimension parameter combinations and different algorithms

SHAK SHAE #.9% Algorithms
Number of parameters Combination of parameters Deep Forest X GBoost LightLGB
1 X1 73.00% 83.00% 75.00%
2 X1+X2 85.00% 85.00% 75.00%
3 X1+X2+X3 85.00% 83.00% 75.00%
4 X1+X2+X3+X4 85.00% 83.00% 75.00%
5 X1+X2+X3+X4+X5 87.00% 89.00% 75.00%
6 X1+X2+X3+X4+X5+X6 88.00% 85.00% 75.00%
7 X1+X2+X3+X4+X5+X6+X7 86.00% 83.00% 75.00%
8 X1+X2+X3+X4+ X5+ X6+X7+X8 89.00% 82.00% 75.00%
9 X1+X2+X3+X4+X5+X6+X7+X8+X9 88.00% 83.00% 75.00%
10 X1+X2+X3+X4+X5+X6+X7+X8+X9+X10 87.00% 78.00% 75.00%

e X1~X10 2 FACRER AL . UMADRE . LZM , SMASRE i He . AKIRANEE . 3R . ACP, KIKIRE . PO K IE .

A

Note: X1-X10 represent bacteria in shrimp, Vibrio in shrimp, LZM, proportion of Vibrio in shrimp, bacteria in water,
salinity, ACP, Vibrio in water, PO, and water temperature, respectively. The same below.

T XGBoost 5.1, SH4ERE 1~10 (158
5 T I A A 3 1 A7 A A R B8 38 2y, A 78 1)
Rt Hm i —20r5E, B 5 4emiAIE R i
(89.00%), HIKJE 6 ZifKirY(85.00%), 1 ZEIAYEL
T Deep Forest Bk HMEIfER R = 10.00%, A
83.00%, 10 4 HELF Deep Forest Bk AR 7l i
BRIk 9.00%, & 78.00%, HoKSffi B A nl & PR 77
BRSEE— L IAUE . 22T LightGBM &3, S84
[~10 FAAR TR A Bff SR AN Bl A 32 1 AR fb T AR Ak, — B
TE 75.00%, FONZCRERE . MERREARL, Bz )t
PEFNARE S, FE 012 5375 T REAS 38 AR A 5% B0 80 114 5
AR, 3FPREIENT LA R R, Deep Forest H.ik4Er
XX EF AHPND & A8 44 2 i B R PE BB Z2LAL T X GBoost
Fl LightGBM W Ffiiai ik .

46 BREHH—THE

FR 5 2 50 K - 22 18] 18 A S 1 43 A 485 S a0 — 25 i
VSR , W55 & R o AR HE R T 7 AR
T, B UL S IMAITE B, LZM | ERfR
IR 5 H L KRN SR, SRR RSNG4 A
KM KRN /INHES DA 28 B 1) o 4 3 A vtk £ 7 4l
A, BT 2~7 S BN RHER AHPND FINAS S, I
T AR I B R A

BERIT 25 2% 5 ron, ANIRI4ERE S A 5
AN [ 5 Ay A 1) T 0 o A R A A A AN ] e
JLT Deep Forest Hivk, AR LS TR Z H Y
[) 24 P AR PR SR T — o R B Y 15 o TR R I
1 (89.00%) ALKy 4. 5. 7424l A, bz

Hi$% 5 7 4.00%. 2.00%. 3.00%; H:h 88.00%F 4
He(Jp'5 A 6 AL (P 8), 4 HEMEALLL 2 Fiidk
T 3.00%, 6 AEBIANEMR S Z AT 5 4ERIA Y
HER R AR AR (87.00%) (75 6); 3 4l 4 L5 A 1)
HERR R4 T 1.00%, 4 86.00% (JF%5 2. 3).
FF XGBoost 53k, IR % bl G S5
() 15 AR SR A7 A2 38 /NTE LY 19 38 By, B R b T
Deep Forest B 747 (R vER SR AR TG . Forp, HERR i
1251(89.00%) UKL RIAK SR 4 fe SR SR (F 5 5),
I Z RTH2 5 T 6.00%; Hk iR 86.00%01) 4
HALARI(F S 3), HEMIFIEE T 3.00%; HEHfF A
85.00%I1%) 4 4ERIAY L 2 FHif = T 2% ()75 4) .5 Al
B Z AR T 4.00% (75 6.7), BUMSCR A SE .
FT LightGBM 3k, i S84k B i B i1 % —
HRARRTE 75.0000R48, HIZz ik F 54 2 FpiEk,
ATREXT FXFHF AHPND #58 Fi % A 45 5 8 o
ik, Deep Forest, XGBoost. LightGBM
R A R 4 B S R 2 A A AR T R
R AHIE, H, ET Deep Forest 5wk Ay i
TR, 5 SE YA L, A pA R e
RAMEM ARG E  AE— R FIA X FXTEF AHPND
o A B A F8 5 2, BT AASHIE S 41 S 6 8% Deep
Forest .75 H X IR AHPND & 2 Ay AR
Hrfr, 5T Deep Forest 57k 11 %4 i /=1 (89.00%)
(A 4. 5. 7 AERERL DRk v 4 BE A T A5 0 2 408k
WEZ, BNE R, RS R TAEREOR,
SRAEBEME L S SE i, PRI, T SN AR e 1k
PRARLERE | R R = B S804 A Sk 7 X IF AHPND
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Tab.5 Comparison of classification results of different dimension combinations and different algorithms of screening factors

e SRR SR G

%4 Algorithms

Number ~ Number of parameters Combination of parameters Deep Forest X GBoost LightGBM
1 2 X1+X4 81.00% 82.00% 75.00%
2 3 X1+X4+X5 86.00% 82.00% 75.00%
3 4 X1+X2+X4+X8 86.00% 86.00% 75.00%
4 4 X1+X2+X5+X6 88.00% 85.00% 75.00%
5 4 X1+X4+X5+X6 89.00% 89.00% 75.00%
6 5 X1+X2+X4+X5+X6 87.00% 85.00% 75.00%
7 5 X1+X4+X5+X6+X8 89.00% 85.00% 75.00%
8 6 X1+X2+X4+X5+X6+X8 88.00% 82.00% 75.00%
9 7 X1+X2+X3+X4+X5+X6+X8 89.00% 84.00% 75.00%

B TUMAR Y . AHFSE PR X1, X4, X5 fl1 X6 4L
TR EE A 4 ZEASEAY | RIS A 20 B B0 IR RSB 5 L
IR ANTR AR BE 41 SHOR A AT EF AHPND A& A= T
ST AR A

5 itig

Deep Forest MU R 2= 2T AL Giblan 24 > i
() BE AL AR AR A SRR A6 | 2 I 4 B ASE AR 110 TR R A
B AT AFERR T KRS UGB 2 A AE 55 3k
T IR JBE ol 28 90 245 AL A B0, 30 ol 7 B A AR S Atk
e RENS AR A o ELEIT, FE PR 1 S Fm
Yy U (MRS AR 45, 2019) . L 2 G 3 67 e 75000
ST (I 5 8 45, 2018) B S22 W FH o BT STkt 1
T Deep Forest VLMY 4 4k AR 7Y RIMR{A4H 4 i
B RARDIR 5 Ee . KIRATBEFIERBE 4 DS EORXT X
HF AHPND &A= A7 H0 i, #E6f%E R 89.00%.
Deep Forest ik i) E AR R B e i . TN A4 2R A
SE L XTI AHPND % Az BLAT FRAR 10 52 B 1 17
FHBE o For, SRR P SRR A 5 e 2 R e ke
IF AHPND 2 &1 F 2R ZE, 5K d i A 97
TE— & A FE MR, FEh FE 3 [m] 52 e S BOULAA Y S5 )
TR, FREGE R, BEA SR EEAE AR AR, 5
KA Bl B 3B NI T 01 T R, e R E )
HA 1Y S e M R P 5 1R R FIAET S, X 5 A
45— 5 (Schofield et al, 2021) . £h ¥ B WAt & H K
AR R | WA YA R, R A ¥R
s A KB K PIE, ASIF 9 78 T A A v £ BE
RS EAE HE Y SO S IR AR & S 8Ok R
AP, K BN R E AR S ol R R R B R
(Karvonen et al, 2010; 5K{@& ¥, 2016), thIHFE5H L FE
W, KR SZ SR AR s, s 5 R K i

DO. pH. & A Gl 45 & A B 3h A8 b (F 7k B 4%
2023), fHIK AR fb a0 Bk sh et , I H 7638 BE
DAL ) 7K A8 A X A A 4 348 R X R ML AR B 8 1) 52 i)
BARH BEA WS, Pearson M/ Hrti KB, 2 H
I Fr) 7K R 5 95 T A A 40 = R R Ko £ 2 T T 2 7Y
FHSEPERAR o 1T A B BB, IS 5 L KAA
R 4 DS & TR E .

HHT, ENIMNFLEE EMRE TR E K= shYn
EFEATAD AT A KT P T R R T R
228, Hor, Silva %5 (2016)F4 £ T 31 . /K IEAI
IR ARG N T I E SR T R G, TU R
ik 85%. JEEGIA(201)FIH Z ekt mla . K RS
FRIE N BP M M4 G T 38 FoKIR . i HH BE AR
14 BR8N T 1Y K B 40 (Larimichthys crocea) 32 %5 4]
PR TSR, Horp BP 45 0 25 A5 50 i 3R ik
5k 5] 81.53%, ZLIBEHE (2013)F FH £ e vk a1 | il
PR TEAEE T 3 TR IR R AL AR R R AR
1% PRI 1) R o 0] 984 5% U (eryptocaryoniosis) il 4
TSR, AP BEHL AR AR R AR R f e 35 5] 83.60%.

K SR AE Sh ) AR TR 3 B LU A | 40 A P AR R
3 E, HATE NI AR ST bn b H K =
I Uy A R HGE S >, Hi, iR R
(2009)Fl| FH Z ek M Ge it ey T e T3R8 | (%W
o AV T K 1Y 55 B 4 2% 75 8 (Seylla- serrata) B 7K i T
A, HOMERRRIA 84.90%, W] LA - H T 4R
BRI BRI %, R (2020)F FH BP #4145 [ 2% k) 4
THRTUKERE , MR as, MEFEE . sy
SABT AL RE T RN A ST LA B 5 £ 1 3 B DL o
LR FR, H BT o 258 R K 7= B 2 H
WA, e B & A R | T B FIEREE = A 5
M AR EE5 . B H NN, IR AR e e & R
R T BRI, P TR A 2 P Al B JFUX — FR b
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ST B o A ST AL 11 3 Deep Forest Bk 1) 4
A HEAE R B HERA RN 89.00%, 7 T IR EA R R
FE b B4 Lo T2 A5 1 11%) S
AHIFSE 38 1ok %k FLAY XTI AHPND % A= /i 97K 5
7 R bR e R 45 0 =3 A P R s M e A T 40
S AL TERITE bR, AT AR B 5 9 & AR A
Ktk , iz FHZ 08 e FAA AR A, d R
RSB AHNE TR, 2 45 S B & id
R RN, 1 A AN TR) 9 0 ) T A A
Hdr, 2T Deep Forest H ik A AHPND Tl
RUWERG 58 , AR R F 2 (R R A M o6 R 443
MritibR, BE£E AP AR BB, RSG5 H . kA
YT AR BE 4S80 B X R AHPND % AF T i)
RERY, AN T K IR RGEAEEH . 95 AL
e A o R R Y T AR AR e (1) A S 1 A Mt
AR, BEHK = shnsm i sk R, IR EK
PRI AR T RN A R B T R AR AL

BEAZ-HIDALGO R, BALBOA S, ROMALDE J L, et al.
Diversity and pathogenecity of Vibrio species in cultured
bivalve molluscs. Environmental Microbiology Reports,
2010, 2(1): 3443

Bl C G WANG J L, HU N, e a. A Bayesan neura
network-based early warning model for maize diseases.
Journal of Jilin Agricultural University, 2021, 43(2):
189-195 [HEFOL, E4 e, Wifl, 55, HeT Uiz
L5 ORI TUE R, RO R4, 2021, 43(2):
189-195]

CAI X P. Preliminary construction of large yellow croak disease
diagonsis and pre-warning models system. Master’s Thesis
of Xiamen University, 2013 [ZXIM8. K&k faypiisk 5
TS RGN, I TR A 20085, 2013

CHEN L P YIN L F XU T, et al. Short-term power load
forecasting based on deep forest algorithm. Electric Power
Construction, 2018, 39(11): 42-50 [[4: B 16, BEAR K, AW,
S BLTURBE B R A L ) R G A T e g
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Construction of an Early Warning Mathematical M odel for
Penaeus vannamei AHPND Based on the Deep Forest Algorithm

WANG Yingeng"?”, YU Yongxiang™?, CAl Xinxin', ZHANG Zheng*?,
WANG Chunyuan®, LIAO Meijie?, ZHU Hongyang®, LI Hao'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, Ching;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao Marine Science and
Technology Center, Qingdao 266071, China)

Abstract

Acute hepatopancreatic necrosis disease (AHPND) is widely prevalent, has a rapid onset,

and has high mortality in shrimp culture, making it a key limiting factor affecting shrimp aquaculture
development in recent years, resulting in massive economic losses to the industry worldwide. Systematic
studies that investigate which factors significantly correlate with the occurrence of AHPND, and further
establishment of a prediction model for the occurrence of shrimp AHPND, are important for preventing
and controlling the disease. In this study, Penaeus vannamei in pond culture were preliminarily analyzed
for the coupling relationship between the occurrence and prevalence of AHPND in shrimps and pathogens,
and for environmental and host autoimmune factors by assessing the environmental factors, pathogen
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abundance, and host hedlth indicators under AHPND incidence. Then, a mathematical early warning
model of AHPND occurrence in pond-cultured P. vannamei was constructed using Deep Forest algorithm.
The occurrence of AHPND and its environment, pathogen, and shrimp immunity factors in pond-cultured
P. vannamei were continuously monitored to explore the relationship between the occurrences of AHPND
in relation to these factors. A total of 18 parameters were assessed, including the air and water temperature,
salinity, pH, dissolved oxygen (DO), ammonia nitrogen (NHz-N) and nitrite (NO,-N) concentrations,
culturable bacteria and Vibrio in water, culturable bacteria and Vibrio in the shrimp hepatopancreas, the
proportion of Vibrio in water and the shrimp hepatopancreas, and the activities of acid phosphatase (ACP),
alkaline phosphatase (AKP), superoxide dismutase (SOD), lysozyme (LZM), and phenol oxidase (PO) in
shrimp muscles. The parameter simulation prediction data based on the P. vannamei AHPND
occurrence-related factor sequence (environmenta factor, microbial factor, and shrimp health indicator)
were constructed for the first time. The one-dimensional sequence was mapped into the three-dimensional
space, different kernel functions were selected in combination with the actual classification problem to
compare the model fitting accuracy, and the test algorithm optimized the parameters in the model. A total
of 140 relevant data groups were collected under the same mode, and the groups of additional exogenous
inputs during the breeding process were eliminated. After deleting invalid data, there were 100 groups of
classified monitoring data, including 25 groups of morbidity data and 75 groups of health data. Moreover,
the model was affected due to the dimensional and quantitative differences among different factors. In
order to improve the speed of subsequent experimental training and prediction accuracy, the 100 groups of
training test data processed by the mapminmax function were normalized for data processing. The
relationship between 18 parameters and the occurrence of AHPND in P. vannamei was analyzed using
Pearson’s correlation, and the main influencing factors were further screened using pairwise anaysis
between the factors. Pearson’s correlation analysis indicated that the incidence of AHPND positively
correlated (P<0.05) with salinity, the number of culturable bacteria and Mibrio in the shrimp, the
proportion of Vibrio in the shrimp, the number of culturable bacteria and Vibrio in water, and the activities
of LZM, ACP, and PO in shrimp muscles. The correlation coefficients were 0.350 1, 0.5741, 0.5211,
0.3911, 0.3747, 0.2383, 0.4382, 0.257 1, and 0.228 9, respectively, indicating that AHPND was more
likely to occur with an increase of these parameter values within a certain range. The incidence of
AHPND negatively correlated with water temperature (P<0.05), and the correlation coefficient was
—0.227 9. Moreover, the water temperature, pH, DO, NHz-N and NO,-N concentrations, Vibrio proportion
in water, AKP, and SOD had a weak correlation with the incidence of AHPND (P>0.05). Furthermore,
parameters were removed in the model construction process according to the correlation between
parameters and factors. The occurrence of AHPND in P. vannamei directly and significantly correlated
with seven parameters, including the total number of shrimp bacteria, the total number of shrimp Vibrio,
LZM, the proportion of shrimp Mbrio, the total number of water bacteria, salinity, and the total number of
water Vibrio. The prediction performance of three popular integrated learning method algorithms based on
decision tree, Deep Forest, LightGBM, and XGBoost was evaluated using Python language programming,
and, finally, afour-dimensional vector early warning prediction model based on the Deep Forest algorithm
for the total number of shrimp bacteria, the proportion of Vibrio shrimp, the total number of water bacteria,
and salinity was established (accuracy: 89.00%). Although the prediction performance of the Deep Forest
model decreased somewhat compared with that of the support vector machine model established in this
study, the algorithm was gradually screened out based on the correlation between factors, including the
effects of al factors. It was proven that the Deep Forest model established in this study was the ideal
prediction model for predicting the occurrence of AHPND in P. vannamei among the 10 dimension
parameters tried, and the superiority of the Deep Forest algorithm was also further verified. The results
provide basic data and technical support for shrimp AHPND disease prediction, prevention and control, and
lay atheoretical foundation for further establishment of aquaculture animal disease early warning theory.
Key words Shrimp; AHPND; Early warning mathematical model; Deep Forest algorithm; Python
programming language
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X E A 36 N ROGHF W A A AD dly Fe PR B2k bR Al gt X - A W)~ R R R 5T 183

FE N AMIFFEE W], PDD (3 7 K1 35 g b
EEREE, MAMNA IR UL R = REA
(Terceti et al, 2016), ZHEE #7702 S 38008 F e
7 A S B0 R T 2 B AR Y 3 R 2 (Austin et al,
2007). ¥ L2 7 Z PP B0 #3245 & Bl (Labella et al,
2020), AEZFECRE M EEE HHTZ—, LHTE
ST J& (Mibrio) 4 T8 H 3% 3k 777E , 4n e 4k [CHI R (Vibrio
harveyi )l H A7 Z 14 1l 2 (Zhang et al, 2001). {5 32J8%
Yk PDD i HER 38 5 28 BIA Hh a0 e It A (R ) 22 55
2018), ik, %%} PDD BURHLEL S 24 T H
I AE S BOFSE . BRAT MOAFSEAS SR R, PDD R
B 75 % A0 9N TR BB pPHDD1 g il 7= 2 1 75 %
damselysin (Dly)#il phobalysin P (PhlyP) (Rivas et al,
2011), DARGLfA 1 gafihy™ A= B4 i i (phospholipase)
(PIpV)FII Ifi. Z (phobalysin C, PhlyC) (Terceti et al,
2017), [FIEF, R e AL ) 95 I 28 5 2% £ {R G ) 1) %5
1M 28 22 1] ) B [V R IR X B Ak 14 95 1L ) 2 B )
HA HE B (Vences et al, 2017).

ARSI R HATsr U E F) 45 ¥k PDD, 285 dly.
PhlyP. PhlyC fl PlpV % 244 11 36K B % e 45 & 30
VIR SL G, KRR AE Y PDD FR AR ST A 5 BE PR |
FRAEERR RIS B bR B 4E, 2021), b, B EEUR
P 5 B AR 09 SE B0 = 45 PDD1608 Fl PDD1605,
55 H Al Hp B R NS5 B R L, S BUR TE RS AR S
IR 4 PP LR ELVA IR ds , R R ELAT AR BRI
o 1. R RS BE MR R A B 1SR dly
PhliyP, X1 F ME0R 11 5 i 3 A0 LL B B BRI, JF
FLrp L 59BE R 43 00 8¢ Bk 555 0 0003 P RN G 10 7% 1 o
AW DAL 1 MR BOw PR Pk PDD1608 1
P4, it R A bk PDD1608 13N dly B
R, HEETAE AR AR AR AR K L 2 L AR ARk

FE TR Ak S HL M 5177 #) (extracellular products, ECP)
A IILE . BEARRES 55 2 Fh A Y2 Rk, I, BF
AT B A AR TN 2 Bk S e ECP %A /K 75 5 £6(Oryzias
melastigma) i A\ TG S 1143 LDso, LUHSA PDD
BRI R LR W v

1 #RE5FE
1.1 BRRFNRAL

ST TR LAY B AR PDD1608 BLAF T [ K =Rl 2%
HIF 5T 6 B IR K = F 5% T T /K 3 B0 SR R AR N, 0 5
F T 7K DA 77 58 R84 G- fil 1) 44 3% 15t 973 b (Zhang
etal, 2019), ikl pACYC184 Fl pCVD442 Il 4 #iX
R RAEBHABR A s KT (Escherichia coli)
B2155 M H E &AM AT .

1.2 EERXFIESY

% EL i PrimeSTAR® Max DNA polymerase It
H 5 HBEAEYHEARCEEOARA T 20xPBS 2l
A 22 (R YL A H A RS E R FRA W) 5 BRI
PEN DI Sma 1 1 F 388K K /RBHE A F]; T4 DNA
AR . 7 DNA 48U & . Kl DNA Zifk
R & BCA &7 ke B I 2050 & 34 W B e ot i P
e R R By A BN W) 5 O B 2T 4R 45 = 1L F R
SRR DA PR BR A 7] 5 Ui 259 25 et 1 A
BN A W00 A B2 7] 5 AR A 40 A RN 50% 51 B 3,
W A Sy AR YRR AR A\ 5 NaCl 1 4 24
b2 FRA E 5 RS R K G R (TSB)FI
TCBS Bl =508 1 A6 52 i M H AR B A FR A vl
TR . LB BiFREMGIMIGR DML TAY TR L)
Bty A7 BRZA w4l

&1 PDD FZEHEHE dy REKETEZNSIMER

Tab.1

Primers for the virulence gene dly-deleted mutant strain construction

514 FH(5'~3")

FERIR N

Primes Sequence(5'~3") Product size/bp
dly-5F GATAGTAATGACCGCTGAATGTGATATTAATAGC 293
dly-5R GGATCTAATTGATGAGAGATTTTTCAAGTC
dly-3F CGTTTTTATTTTCATAAGTAAATGTCCATATAACC 990
dly-3R GTTGAGCAGAAGATTGCAGATAGAAATATA
dly-CmF GACTTGAAAAATCTCTCATCAATTAGATCCGAGCTGCTTCGAAGTTCCTA 1071
dly-CmR GGTTATATGGACATTTACTTATGAAAATAAAAACGCATATGAATATCCTCCTTAGTTCCTATTC
dly-outF  GAGCACCCTGTGTTTACTGGAGG 3058
dly-outR  GTGCAGGGACAATATTGCCAACAG
dly-inF GATAGCCATGTATCAATTAATTGTTGTG 135

dly-inR  CTAGAGCATACTGTTCGATTACCA
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1.3 BRERHRIGE

DL N AR G I 55 N A FR BT A A% PDD1608
HEHZH DNA A, 514 dly-5F/5R #1 dly-3F/3R
Poug dly S L FERNEE R B B4 dly-CmF/
dly-CmR M pACYC184 ki b4 1 & R Ptk A
(Cm HrbEEFHEARH dy FEREH B, it s
PCR F AN dly FEH 1| Tl [RIJEE F BR Cm Bt
FEH B A U TR B Adly1608::Cm, PR H:
T A [ A FURL pCVD442 , #R15FTHE BTk, pCVDA442-
Adly1608::Cm,

T8 5o H B Ak (Lee et al, 2009) % FT 8 5 ki
pCVD442-Adly1608::Cm % AKWFF R DHSa Apir, ZEXL
PULB FAR(A T H R EZMEAEREESIN 50 pg/mL
F117 pg/mL) b, F 37 CHiFR B BEIE AL Hoa b2 Il
FFRAEIERG K AR T 3 mL XL LB AR S (R
NHERMAER SRR 50 pg/mL F1 17 pg/mL),
£ 37 'C. 180 r/min Z5F Tk 35 5%, W H A8 ATt
&AL PEIUTUR. DNA

FFTH AR pCVD442-Adly1608::Cm HLFE{k3FE A
KIGFFE B2155 Wk, WA T35 100 pg/mL 2~ 5 %
EM 0.5 mmol/L & IEBE —FR(DAP, FIHL T ik5)
9 LB VA, 37 CHEFR R PR TP AL, 1t s b AP
JH T A LR ABHAR PR E. coli p2155/pCVD442-
Adly1608::Cm.

HEATE#E E. coli B2155/pCVD442-Adly1608::Cm
FEFAE#k PDD1608 43 5l i 45537, 453 500 puL B
RAE, AR, S0 uL B4R MEBIR AT
SHAEZR0 ug/mL)AY 1.5% NaCl LB FHi, 30 C
R g% 2 B R TE B, B LRI (n=5) 5 e B TR 1
FH5 19 dly-inF/dly-inR . dly-outF/dly-outR %} 2 57 f
{KiE4T 2 R PCR P29 ¥ 5k, 514 dly-inF/dly-inR
K25 BB E, 514 dly-outF/dly-outR 5 i 45 5 i
P ) B S0 R TR R R R B I BE dly BRGRR, AR
AdlyPDD1608::Cm,

1.4 EFAERRT dly EESRK KRR ENE

BIWHI4S . Tk PDD1608 1 Adly PDD1608::Cm
RIZEHEAD T8 1.5% NaCl (¥ TSB [ & 55 723, F28 C
FEFERE N B 5, PRI 2 R 0 BT K 0 IR T
10 mL & 1.5% NaCl # TSB WAl 53kh, T 28 C .
180 r/min F&14F i R 5 7%, IHEE A B HE ODsgoo im=0.6
141 A ¥k WL FEhil e TR 10 100 L
RGBT 96 fLAR T, HFfL 300 pL, HEEREM 3 1
AT, & 1.5% NaCl B TSB AR 95 3 Jy 23 X IR

M4 A K& A (L5 . Bioscreen C°Pro)%f
B 2 h il 1 YK ODgoo nm fEL, 221 AE K HITZR

1.4.2 i 3P (swarming) ¥ R FHRS WA 43 51
B3 L VR LT 0 20k [ iR TSB 5537 (% 0.6%
TR, WK S ASPAT, KTARIE ST 28 C
HARBE TR R 24 h, WS A RIS R/
1.4.3 A AR E W A 5
Fo ARG PR A0 40 b i A A 5 A IR AT B
PDD1608 F1 Adly PDD1608::Cm FAE FH A= Ak 43 i
E, T 28 CHiFE 24~48 h Ji VLB [R] B bk Y 2 1 4
b SR SR 2 5

1.4.4  E DAL R AL Sl PR 10100
Fii B o B 200 wL i B S5 1Y RS N 2= G T 96 fLAR
BRI 3 A AT, LUBTEE TSB WA 72 564E R B
PEXTRE . 96 FLAR N 35 f5 F B D B, #EF 28 C
AR FRFE TP IR 48 h, WA, (T TR B R
2% WP (phosphate buffered solution, PBS)iE MR it
WAL, AT A, LN 200 pL F
JE 15 min, WOHEE, BT 1%%5 S mgs
5 min, ffi i ddH,O ¥4k 3 K. 52 TG, i 95%
TV TR S N B R B BB, A P AR XU 2 OD 505 nim
{E (Zhang et al, 2021),

1.5 ZYERMEEE

K H K-B 48R ¥ #0217 vk PDD1608 1 Adly
PDD1608::Cm MHiA K25, FK B JE L
25 0AC R (0 A BTN A R0 A B2 JDISF IR A T
Wz b, 28 CHALEEFMPHER S 12 h,
D AU B P AR, 2GRS IR 25 TR S S8 IR IR 3K 36 = b
HEAL PR3 (CLSDFRUEXT L, I ) 22 S [ B ik 1 265 40
U

1.6 E# K ECP A I iE M Fn kA B & 14 Nl E

1.6.1 & 4] &F= ECP #9425 itk PDD1608 Fil
Adly PDD1608::Cm £ TSB A b iffbIfaifb ks 3%
Jo, PR 2 BRIATAY R VR, 20T 50 mL YRR TSB
g T 28 °C . 180 r/min JETH ISR 10 h Hl 45 Fh
T A HIE S mL FfFRF B E 10° CFU/mL 4% A .
B ARE(2022) ), #H4T 10° CFU/mML ik
RN ECP JFR il 25, JF X ECP R #E 74 Joifk
T BIR S , W 100 pL 59 ECP JEIR 4 4 T TSB AR,
LR, KR L OWTE K, K ECP R o %E it
50 mL &.0E PR

1.6.2 HE# % ECP #E fbkn] & EEA 1.5%
NaCl [ TSB Hif I 5% (VNV)BEF4E27 E1i, 176
i rr SR — A A A A T AL AR S P A, T
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X E A 36 N ROGHF W A A AD dly Fe PR B2k bR Al gt X - A W)~ R R R 5T 185

W52 B kR X BCP (% ML RE 1 R 4E, 2021). A4 40
MR B A AL 3 A 100 uL (TR FT ECP
PR T IO RE , 76 28 CREFRA e 24~48 h,
MEFREI AR IIE SR, XTI To TSB AR 57
e, BRI 3K,

1.6.3 H 4B ECP #7555 Ba & M) & EEA
1.5% NaCl [ TSB HR I 3% (V/V)BRE L3k, 376 F
M r T — MR AR A8 BT FL O A,
JE TR PR ) ECP 43 SR BE IR A0 BE 1 (XIR 55, 2021), &
AR B HR 1 A HAR AL A3 A 100 uL A9 R
ECP 5B AT O WENG 7 B 1 /0, 7F 28 CHEE
FEThRE 24~48 h, MEPWEIFHHAIICE, XL
JCIR TSB A3, BHE TR 3 K.

1.7 BE# K ECP MIBUHR HWiE

LA S T 5 T 5 F) W S e g K il fa, S
BIRK N 2.5 cm, FIEREN 55 mg, S MK i
TAF% 77 (Wittbrodt et al, 2002; Takao et al, 2010), F#hd
RECAFT BB KIEH RS, KRN Q23£1) C,
fFH AW 1 YR pd H(Artemia salina) ok, ML
Smin WIZ5E A, 320 RBICK 7 /KA ER R3S A 2%
TR 7d, SHHT 24 h 7 IEIRE

M 1.6 14 10° CFU/mL B 5 1A ECP 5
B, FIRE 10 fAfRaLIRAT . RS, ICRBER R
WL s ff FH BCA 25 vk BE ) &0 2 ECP B R o

S K T W04 R 1, FEXT iR T Y
wOUL A2 A s s, 4 sl #E 4T PDD1608 |
AdlyPDD1608::Cm T M ECP HIZ I M 5L5 .

AT BEE S MWERLEE(10%, 107, 10°,
10° #i1 10* CFU/mL), MRSl 10 SRk
Hffh, WE 2 AT, ISR PBS AR
M, BRIV ECP ML e 5 MR EERRFE (1.
1/2. 1/4. 1/8 F1 1/16 ECP JFiK), 1525640 10 5%
WK E B, W 2 AVATEE, LIJCH PBS Xf
HRSLIR A

TG 2. 4. 6. 8. 12, 16, 20. 24, 48, 72,
96, 120, 144 F1 168 h #EATAEL, Khic SEAR]He E 2H
FIET B, B EELE 3 d UL F R I IAE TG n] 45 o st
¥y, 2% Bliss BLITHEAEEGER LDs.

1.8 HIEAIER ST

A, ARKIMENE . Wbk A Pek
FE AN F IR SR S B0 AR 2 B B R g
£ 8K F Graphpad Prism8 #E4 78085 I AL L 40T MAEHE

2 R

2.1 #tk#k Adly PDD1608::Cm BY £ E

FIFH ARed TAVEM AT dly LB RE, B
BLPR IR 5 B TR V& (n>10) 4T PCR %58 o IR 25 )
SEN dly f514 diy-inF/dly-inR #E17 PCR §73, 2552
UL 1a, B4 ¥k PDD1608 1y B X5 B4 31 1 335 bp
(4 E R BE (S5 23), BRERUE 22 S BRSO RE (S5 1~22)
WRVE A 19 NRYEG BB, 3 ST Y
HEHMRBERS 2. 5. 1) IRY G H 441 1Y 205
W TR % TP B M — AN B T B (1 5 B S ) R A T 3 ) SR I

M1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 M 1 2

bp
5000
3000
2000
1500
1000
750
500
250
100

BT dly ZEDI SRR R 0 5 e 45

Fig.1 Results of dly-deleted mutant strain identification

a: PICRERTERE SR dly SpIE AR I i Dk A 45
b: 1 SRR AL dly B BRI RIS (B Cm B R B SIS HE BRI B RS I 45 2R
a: Agarose gel electrophoresis test of monoclonal colony virulence genes dly;
b: Agarose gel electrophoresis test of the upstream and downstream homology arms (containing Cm gene fragment)
of the No.1 monoclonal colony virulence gene dly.
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dly SMEBIER B, RIS dly-outF/dly-outR i
1T PCR ¥ 14155 3 058 bp M H 1Y H BL(E 1b), 2t
M FEE RN, AR dly BRI E RS, Ay
4,4 Adly PDD1608::Cm.,

2.2 HEHRMREKHREER

221 A K E F KR Wt PDDI1608 #i
AdlyPDD1608::Cm 7£ TSB iR E; 37 3k b 225t 4 [ 3
AR HZR AT 32 h ARG IIC 5 (ODgoo am) i s 41
et eshl A Kith4k . 4R Bas, B4k PDDI1608
AR, 7E 2~10 h WAL FARKXTEOB B . ik
ek AdlyPDD1608::Cm A= 1 3 B 55874k PDD1608 4=
KA A PG, 76 8~16 h AL TR K
(1 2), MR, dly FE5H p 8k 7E— e R L sg
T PDD1608 F#kFE TSB AR K: I 56 v i A= K R

1.0
0.8 |
£0.6
&
3
0.4+
-@- PDD1608
0.2 —- Adly PDD1608::Cm

1 1 1 1 1 1 1 I

0 4 8 12 16 20 24 28 32 36 40
Time/h
Kl 2 EBf4:kk PDD1608 Flfk 2k bk

Adly PDD1608::Cm (44 £ il &
Fig.2 Growth curves of wild type strain PDD1608
and mutant strain Adly PDD1608::Cm

222 B OBRE G B tk PDDI1608 il
AdlyPDD1608::Cm 7£ 28 CH55% 24 h, X A,
dly FER B 5, Bidkk AdlyPDD1608::Cm 587 4 #k
PDD1608 AH LIl sh MR, A i 3% 22 % (P<0.01)
(H 3)

223 AR ANHESN Btk PDD1608 #l
AdlyPDD1608::Cm [ 26 F A b % 545 R R, 2 bk
W 26 RS E B RS R —3, BER dy #k
i R TR 1 A 3 A A SR TR R 1 AR (3R 2)

224 AT AR A AR (B ET T S )
%% PDD1608 F1 AdlyPDD1608::Cm 54k F F4) A= 4 9%
TR s o 25 3 o, 5 BFAEfk PDD1608 AH L,
AdlyPDD1608::Cm [ A5 4 4 I TP B B 11 & 3 F e (P<
0.05)(&l 4), X £ S H dly il GES 5/ T PDD
TR R 2B W9k FEE )T i

e 45 4%
10
£ |
8
A 4
G|
{d 51
0
PDD1608 Adly PDD1608::Cm
Bi#k Strains
K3 B4tk PDD1608 Al #k Adly PDD1608::Cm
TH Bl 43 B

Fig.3 Swarming motility of wild type strain PDD1608 and
mutant strain Adly PDD1608::Cm

ok RIR 25 TR . (P<0.01),
*** indicate highly significant difference (P<0.01).

2.3 MR EIR SN

Eitk PDD1608 #l AdlyPDD1608::Cm HYJ 38 Flit
ERAHEAIR TR, TEN dly SRS, AR
B 2 MY BBURR R Ul 557 , S R PR VRS 1 i PR A
Kk Adly PDD1608::Cm a3 F2 i A T S 5 Z Ptk
FER(Cm); HiAth 37 itk R 259 R i 45 R AP TE
ZES(F 3).

2.4 HEHkK ECP A ME MBI EEHNER

/4 ¥k PDD1608 [z ECP &30 H A 3 0 72 I 376 1
B IR IG M, miBkstk Adly PDD1608::Cm & ECP
)5 I RN S PR AR, ST ZE AR PDD1608 1Y
SIS 2k LR LU, A L T R i T 2 34 2R B R R AEG
( 5), 5B EW, FHHEA dy fEkJ Xt PDD1608
)5 0L P R A il 7 A Ak W RS, B
VA5 1L 4 R S T PRI

2.5 HHEECPHEBHESR

Fi#k PDD1608 Fl AdlyPDD1608::Cm Xif 73 7K 75 £
() SCRESE 0 IA 2 #R B Y LDso 435120 1.31x10° CFU/mL
F11.71x10" CFU/mL, # H1 5 dly S HR A LDso T+,
JEEFARRAY 130.53 £ [RIEE, 2 #RIE I A A7 2k
T, MIRIBGEERE T, SR EGEHE SRR,
HARMREESRIET , SRR U (7K T B 104715 2 1]
8 5 TP AR (& 6a~b), BEIARE 3£ dly (452 5 i
T Htk PDD1608 fYEUs T, S EOLHE SIREIL,

Hitk PDD1608 1 Adly PDD1608::Cm b4
ECP MYILFESLIRMA 2 ¥R ECP B LDsy 20 51H4
101.46pg/mL A1 110.19 pg/mL, HRJCHk ECP 1 LDs,
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Fz 2 B4k PDD1608 FnELk#k AdlyPDD1608::Cm K4 T8 4 L4514
Tab.2 The physiological and biochemical characteristics of wild type strain PDD1608 and mutant strain Adly PDD1608::Cm

Wi H P Strain Wi H bk Strain

Item PDD1608 AdlyPDD1608::Cm Item PDD1608 AdlyPDD1608::Cm
3% NaCl Hi b N N HLEE _ -
3% NaCl glucose Inositol
3% NaCl W% B B 6% NaCl ik _ _
3% NaCl gelatine 6% NaCl pepton water
FZ= 0% Rhamnose - - 11 Z4EE Sorbitol - -
10% NaCl [k B B 3% NaCl 45128 [ i 22 ity N N
10% NacCl pepton water 3% NaCl lysine decarboxylase
3% NaCl H #&l: N N Kovacs iz 7l _ N
3% NaCl mannitol Kovacs reagent
N R ¥ Malonate - - A~ H Amygdalin - -
0% NaCl Joh ek B B Abk _ _
0% NaCl pepton water Xylose
3% NaCl & & i bt R i - B 3% NaCl BT RLA(1 _ _
3% NaCl ornithine decarboxylase 3% NaCl Arabionse
3% NaCl 4 2R SUK fi il N N 3% NaCl B fb 5 _ _
3% NaCl arginine dihydrolase 3% NaCl hydrogen sulfide
PO 5E AR R B B 3% NaCl R Z il B B
Simmont citrate 3% NaCl urease
oy N N 3% NaCl FLik _ -
Melibiose 3% NaCl lactose
3% NaCl [k N N 3% NaCl [ih¥ _ _
3% NaCl pepton water 3% NaCl sucrose

3% NaCl MR-VP - -

3% NaCl ONPG - -

e+ MEETE, =" M.
Note: “+” means positive, “—” means negative.

1.5

I

PDD1608

Adly PDD1608::Cm
Btk Strains

Kl 4 BPA: Bk PDD1608 k2R bk
AdlyPDD1608::Cm 4= ¥ 9 5 )i BE T
Fig.4 Biofilm formation ability of wild type strain PDD1608
and mutant strain Adly PDD1608::Cm

* R 2 5 .2 (P<0.05),
* indicate significant difference (P<0.05).
H5WAERR ECP MHEL, #2755 17 0.09 £%, (H 35 1303E
I A A AE B 5 2% (] 6¢~d), BRZekk ECP 7EAH[E#

TR BCAAT: T X 7K 7 £ () SO0 SR A1, DA 7
JIFERA dly BT PDD RARALSN =) ECP 15 1
FEAET R, A TR R A S A A,
dly &P 2k &K T PDD RIS =4 ECP A
e Sy, MR T PDD bk ECP BIEUWPE .

PR B0 25 SR AR ECP B0t 25 3R AT
TEAHSEME, BF2E Rk PDD1608 2 H: ECP (B0 MR & T
Btk AdlyPDD1608::Cm K H: ECP fyEuitE, i
J13E dly %k PDD1608 FISUREAEAEAEHENE

3 itig

PDD 7R 2 404, BeWITE 1981 4E L)
Vibrio damselae i 4% it i (Love et al, 1981), % Smith
EOCRIN i R S LS N A RS E YNV S
¥ 26 A fa . Fh (Photobacterium damselae subsp.
damselae). I 10 244K, £ ¢ PDD XV 3 W) B0k
Az %, H PDD BURME EMEHE R L
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%3 Ef4#k PDD1608 FERSK K AdlyPDD1608::Cm HIM T AE R BHA MW ER
Tab.3 Antibiotic susceptibility test results of wild type strain PDD1608 and mutant strain Adly PDD1608::Cm

B Bk Strain B B Strain
Antibiotic PDD1608 AdlyPDD1608::Cm Antibiotic PDD1608 AdlyPDD1608::Cm
THRIB Amikacin R R B4 7 & Novobiocin S S
BEFE & Streptomycin R R PUIFZ Tetracycline S S
KM 7 E Oxacillin R R i }18 % Doxycyclin S S
I H A SMZ-TMP S S FEWi B F Minocycline S S
L BEI2 R % Spiramycin 1T R R e8IV Cefalexin R R
X Vb B Fleroxacin S S wHiE & Clarithromycin R R
ZEWERR Nalidixic Acid S S % % Penicillin R R
%3270 & Lomefloxacin S S 1% & Erythromycin R R
Skt REENG Cefotaxime S S Hr# K Neomycin R R
P& Whf Ceftriaxone S S N HEE Ampicillin R R
FAAHIAK Ceftizoxime S S JeHE s Cefobid R R
A JE# Florfenicol S S % FE Kanamycin R R
AP A Ofloxacin S S K KB % Gentamycin R R
FRMAR Norfloxacin S S Bt b &2 Enrofloxacin S S
Z $5 T & b Bpolymyxin b R R W% R Furazolidone R R
A2 Ciprofloxacin S S F 45 Rofampicin R R
kA IE Ceftazidime S S Fi] 478 & Azithromycin R R
%5 Chloramphenicol S R e VI Cefradine R R
ek V Cefazolin S S MEUR AR Pipemidic 1 1

TE: ROWAHUE; 1P U S ym iU,

Note: R is insensitive; I is moderately sensitive; and S is highly sensitive.

PDD1608 Adly PDD1608::Cm PDD1608 Adly PDD1608::Cm

Strains
Strains

ECP
ECP

K5 HPA: Bk PDD1608 Flik ek AdlyPDD1608::Cm Kt ECP [ A T 14 R il 0
Fig.5 Phospholipase and hemolytic activities of wild type strain PDD1608
and mutant strain Adly PDD1608::Cm and their ECP
a: 2 NEHR ML ECP MBEIREHG s b 2 DRk ML ECP AU LG o
a: Phospholipase activity of the two strains and their ECP; b: Hemolytic activity of the two strains and their ECP.
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-8-1.34x108 CFU/mL —%-1.34x10" CFU/mL A 1.34x10°CFU/mL -#-1.5x10°CFU/mL —#-1.5x10" CFU/mL 4 1.5x10°CFU/mL

-¥-1.34x10° CFU/mL
120 -

1.34x10*CFU/mL -e-PBS Control

100

[\S T N -
S © o o

FETE % Survival rate/%

(=]

6
fisf[A] Time/h
—e-ECP -#-1/2ECP -4 1/4ECP
-¥-1/8ECP 1/16ECP -e-PBS Control
0

[c
100

<«

5% Survival rate/%

] | 1 | 1
g 24 48 72 96 120 144 168
B8] Time/h

+

0246

F 6 HF2Etk PDD1608 Flidetk AdlyPDD1608::Cm 2 H ECP A T.JRHL 5L

FEi5 % Survival rate/%

FEi% % Survival rate/%

-¥-1.5x10°CFU/mL 1.5%10*CFU/mL -e- PBS Control

120 b
100 v
A
80 -
=
60 |-
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20 |
0 L & | ! ! ! ! |
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i8] Time/h
—-ECP -&1/2ECP -4 1/4ECP
-¥-1/8ECP 1/16ECP -e-PBS Control
120
d
100 o)
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6ol b— ;—¢—v
V
40 H
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AR

Fig.6 Artificial infection test results of wild type strain PDD1608 and mutant strain Adly PDD1608::Cm and their ECP

a: BA:Hk PDD1608; b: #tJitk AdlyPDD1608::Cm; c: BfA:#k PDD1608 ECP; d: #itJi#k AdlyPDD1608::Cm ECP,
a: PDD1608; b: Adly PDD1608::Cm; c: PDD1608 ECP; d:Adly PDD1608::Cm ECP.

FEME, 15 30357577 5 (Caranx sexfasciatus) (Yashgin
et al, 2015), B 47 % #F(Penaus monodon) (Vaseeharan
et al, 2007). A J& 1 F(Exopalaemon carinicauda) (Liu
et al, 2016)F1 4 % 85 (Cynoglossus semilaevis) (Shao
etal, 2019)% . I, F5 ZHEAWF5E PDD HYEUwRHLE]
VIS e 04k b S 7 97 4 B AR it , AP X Vg v A
Y fa

mﬁ%%1r? L pPHDD1 43 J1 3 dly
PhlyP FI T 44 .k 135 J B K PhlyC 2l PDD [ R
MR SCHE A, B8 5 dly B — & B ERE-D 1Y
1% (Osorio et al, 2000) . LHE AR E S R PlpV
RN BEG PEAHOCHE N, iX 4 PP )5 PDD
FREOH 7158 55 % UIMI X (Rivas et al, 2015), MR AT
ST = A = BUR PSP A Bk PDD1608 AU HIL
il e PR PR A OC JE B dly Y Bk KRR
AdlyPDD1608::Cm, 74 KFRME . 25Ut . %
I B A Tl R TR R B0 1 A 2 IR S
HIt dly 2 7E PDD1608 0 i 72 i SR A

ABEFE A, dly Fe R i S R B RV B AR A
1B S BB I PR A A R8RS, SRR BRBE AT RUE K

I I E) FE R A AR AR 6 h A Ay o IAE A= B AR

KAFFE PABAEAEERURE B, AN AE SR A (2020) 4 2L 11
Ji 0 L2 K FF T vseG 36 IR ke ke ok A Kok i 5 4
PRAR LA 0t , I ok T 55 (202 1) Fg 22 114 i 1L 5K
Ei(Mbrio parahemolyticus) VP2918 JLIH Bl de bk . 2745
A (2022) M EE R IR E (V. alginolyticus) VerV A
S AR A I A K B S AR R R AR AR A
HEM , PDD1608 B BRI dly 3[R 5 A K 3L R 22 ]

ATREAFAE DRI, (H dly SEPUE {25 PDD 1A
BRAE R B IR PEAL L T AT IR A RIS

PDD AR FE /K BREE v AR A7 Ny fig AR 5, Jf:
HXT Z RS A BomtE, R, 7528kt &k
AT A R A K B EOE S, (RSP AE R S
SECIR 24 40 7 Y S P (Santos et al, 2018), [HI, AHF
FEREER T 38 A= Z M1 26 FAE BRA AL S 245, XY
¥k PDD1608 Fl k26 #% Adly PDD1608::Cm #£47 & P

e Sy, HERN T A pE s aE J1 3 dly XF
PARR G 245 FEE AL R R 52 i . dly SRk ik 5 B
HERRAAEE , 259 SR RN A AR A B 45 IR A
250, BRRNT G R 2 W HURE BRI B TR
dly SER BRI R, 5 | ASME Cm B FE A
 dly FEPIE, MR T 6 e o) 2055 28 A0 Bk
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545 %

PEo DR, 55 dly A2 5k PDD fif 24 3%
PRI R IL, [RIE, X bk i BRAC R PR A 5

Y8y dly BRI R sl R B
W PEFRAR(P<0.01), AEWI R IR e ) Pk
FEAIR(P<0.05) A=A B T4 I 118 3240
ML, [RIE, 3 BE P Bl 4 T ik R 15 3 50 5 SO (Goger
etal, 2017), 44 YBIE S 4 e B A —E
K, AU EI, R AR 5 O A 1z B
REI WA, Gn=s s il 2 (Campylobacter jejuni)#ff
BEA flgA FPARARAG, RS SRR T
YT B PR R BE ) 2 PR (Kim et al, 2015).
X EE R B A S ST IESE, FE N FINF GERS I M 81y
AR 0 5 A A 1 7 294 (Kusumoto et al, 2006)
ABgEH, B8 EH dly B0, PDD B RE R S PE
A, AW REIE CRE T A, 17T 9 3P N A 40 BT i
A1 SRz hPEAI G, #EMISE I PDD AR X 18 3
HIBEIERE 7, 2, % PDD Wbk BB 7177 A 5,

AWFFEH, Btk AdlyPDD1608::Cm Y IfiL 1
FIWE i BTG 7 5 B 2 Bk PDD1608 AH LL# A it B A,
HAERJCHE ECP A7 I B A Bl 5 M 5 87 2B #k ECP
A A RN . £ H MR X ECP ISC 045 R 2 h] 4
PRIEAH S, WESE T 5 J13E A dly 76 B 48k PDD1608
e SIS 0P A IR S YRR, dly FER
B ATREXT PDD B MRS =9 0 R o 7= A T S
— S I TS PR AR DGR b, B ECP 1)
RIMLBE T REAR , X —3LE0 45 5 5 Osorio 4(2000) 1
FELE T

AT PRIE T AR Wi oK T B A AR S N TR
PUSLIR e 3, RS BE R B TRIVRR 2 A5 A R
ECP 43 HE A7 (A 473 5 12 v TR L S50, S 24300
$7 4= ¥k PDD1608 Flfk 2 #% AdlyPDD1608::Cm [ LDs,
39 1.31x10° CFU/mL Al 1.71x10" CFU/mL ,
PDD1608 ECP Fl#k4#k AdlyPDD1608::Cm ECP [/
LDsy 434 101.46 pg/mL F1 110.19 pg/mL. HK Kk
AdlyPDD1608::Cm [ LDso s& A ¥R 130.53 f5; &t
Jekk Adly PDD1608::Cm ECP [¥) LDs, 4257 2E #% ECP
) 1.09 %, B ECP B SL IR 45 R 2 M fF7E I
AR, BROCkE R BCP BYBURIERML, £ dly
FER BRI T PDD BEARIYTE T .

ECP 1 9 Jit 1 800 B e i B b i 2y o, 3L
RS 2R, W E . IR PERE T SE, 2
21 T B0 1 £ 75 1 K 7 (Pablos et al, 2010)., 41 1 i
LGN AT E E AR, B A K IR AR
ECP 151 1E EA&RRIET:, B I /g, BECP s T
WO E S A/E FH (Ben et al, 2018)., I, A#F5E

KAk ECP EURPEREAR , HE00 th T35 &N dly 2 514
2 PDD W FREE 1 1 1k Mo, I HAE 0 PDD
BRMR U i R A S AR AL BE T, X7 Bt — 2P Y
ZH g LM 20 i 75 B S IR R Bk
ABETELRA B Tt —2 T i3 12N dly *%f
PDD T RA )~ 2 R YRR RN, M AT 503 A9 By 4
S A A ) AR R o i O TR AR Wy i K 5
RS RAT BT R IR ASRSE PDD T 15 ERHYEL
B AR G RS M 2R ECP HYAR G
L5 AT LN PDD O RE T RBE R AR BEEE S
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Construction and Biological Characteristics of the dly-Deleted Mutant
Strain of Photobacterium damselae subsp. damselae

LIU Dingyuan'?, WANG Chunyuan®, YU Yongxiang”, WANG Yingeng®,
LI Jingze’, ZHANG Xiaosong®, QIN Lei', ZHANG th=,nz<g2‘"D

(1. Jiangsu Ocean University, Lianyungang 222005, China; 2. Yellow Sea Fisheries Research Institute,
Chinese Academic of Fishery Sciences, Key Laboratory of Maricultural Organism Disease Control,
Ministry of Agriculture and Rural Affairs, Qingdao 266071, China)

Abstract As a pathogen, Photobacterium damselae subsp. damselae (PDD) is distributed widely
in the marine environment, and the host species of PDD are diverse. Although in the past decade the
number of reports on the pathogenicity of PDD to marine animals has gradually increased, it is
necessary to study this further in order to establish targeted prevention and technical control measures
to reduce harm to marine organisms. In this study, a high-virulence PDD strain (PDD1608) was
selected to explore the effect of the virulence gene dly on the biological characteristics and
pathogenicity. The dly-deleted mutant strain Adly PDD1608::Cm was successfully constructed using
the ARed recombination technique. The biological characteristics of the wild-type and mutant strains
were compared, including growth, swarming motility, drug susceptibility, physiological and
biochemical characteristics, biofilm formation ability, and hemolytic and phospholipase activity of
extracellular products (ECP). Meanwhile, Oryzias melastigma was used as the target host, and the
pathogenicity of wild-type and mutant strains and their ECPs to O. melastigma was detected by the
artificial infection test. There was a positive correlation between the results of the bacterial solution
and ECP challenge, indicating that deletion of the dly gene affects the virulence of the PDD strain.
Deletion of the virulence gene dly resulted in slower growth of the PDD mutant strain; reduced
swarming and hemolytic and phospholipase activity; no change in the drug susceptibility or
physiological and biochemical characteristics of the wild type and mutant strains; compared with the
wild type strain, significant different (P<0.05) biofilm formation ability of the mutant strain; the
artificial infection test showed that the pathogenicity of the mutant strain and its ECP decreased. The
results of this study revealed that the virulence gene dly affects many biological characteristics of
PDD strains, such as growth, swarming motility, and hemolytic and phospholipase activity, and it was
found to be closely related to the pathogenicity of the PDD strain and ECP.

The results of this study contribute to further study of the influence of the virulence gene dly on
the biological characteristics of the PDD strain in order to determine the appropriate prevention and
control measures to curtail its spread and infection. The artificial infection test of the model organism
O. melastigma helps provide an animal reference model for further exploration of the pathogenic
mechanism and infection process of the PDD strain on the host. The results of the ECP experiments
provide a theoretical reference for the research and development of PDD subunit vaccines.

Key words Photobacterium damselae subsp. damselae; Mutant strain; Extracellular products;
Biological characteristics; Pathogenicity
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FTA FREFEXNTMERME TS M AR AT
f5E DNA R A £

EHE ' ETHERT F OB KKAC
BEIET BEET & kT
(1. WITLHFVER K20 Wil AL 3160225 2. rpEIK = REE0FIE B 8 i K P2 0F 58 Br
TR P O R R S E Y M BRI eI A R AT TR K SR TR FE B IR T R LR
BN KFERTRESEYREESERE LK FEH 266071)

BE & e M B T Frd ain 4 47 9K 6w 2 (infectious hypodermal and haematopoietic necrosis virus,
IHHNV)E f& # 85 B AR EEm )R, AT — M k3 (k& X4 % IHHNV DNA W07 3, A5
SRR T B AR AR, % H FTA (flinders technology associates) itk 7/ i, DA FTA 4k
R . TE (Tris-EDTA)% " ik K& % 8 F A b 2w L, 3T 7 # FTA £ 25/ DNA i 7 %, &
WKL EE PCR Bl 7k b F BB M B RER KR S ®RE, 428 R, T4 mm’
B FTA & b, AEHERA A 2.5 L, B 1E A AR B, Sk B A % 98 5 F & 1.47x10" copies/uL
PL b, W3R AR S R AR I R BUE A 100% 7 H 36 8 36 % J7 3% 4 50 L TE % v 7T 95 'C T 3% ¥k 5 min;
FE R OB, A B RS F E 1.82x10° copies/uL ML, FIiE(20~25 C)& 4T, A FTA #ifhiR
I 3 9k, BA TB & Bk 2 ok, ZRBLE I35 5 min, T RE&E AN R EUEF 100%H
VERE . VL FTA 1R 7 X & 38 48 & fE )7 % (white spot syndrome virus, WSSV) . ¥ Af i A &
(Enterocytozoon hepatopenaei, EHP) . #F+ & E &1 %% % 1 (Decapod iridescent virus 1, DIV1), fir 3% &
H #1 7 # (covert mortality noda virus, CMNV) ., 22 1 i ik i 35 70 8 7 . 7 # (Vibrio parahaemolyticus,
Vopaupnp)Z B, MK BT ZE TR I 7 R BRI SE T 1% 07 3 ot ot o 3K JRAZ B A o OB R
A4 T FTA FR%F kit IHHNV DNA i AW 7 £, HEIIEHERE . RELRKE
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18 VEWR /N TE 25 A0 0E (runt-deformity syndrome, RDS)
(Kalagayan et al, 1991), ZIFRELEEHRZ —, J7E
fo 3 A HR SR . g A S A 2 2L (World
Organization for Animal Health, WOAH)%! A% [n) H
FH A 14 T S22 B G (WOAH, 2023) . 1225553 Il 3ot
AL e B A I ZH ZURSE G BE(THHNV), 1981 4F
TE 5 [ B gl 35 X B Ukt & PR (Lightner et al, 1983), Bl
JEAERE B VKRR . B . Sokpuilr, #hiE . =g
A [ 45 4 BR 2 [ 8 F ML X (Saksmerprome et al,
2010; Kim et al, 2011; Yang et al, 2007), IHHNV J& T
Y1/ BB (Parvoviridae) , 2 H FIT & BUXTERG BE o
/NI, HRAEE DNA, JCEERE, iR T RK/ANAH
20~22 nm (Bonami et al, 1990). 40 ff i& X} #F
(Litopenaeus stylirostris)E& 4t IHHNV J5 ] 5 3H: 90%
RYFET- R (Lightner et al, 1983), JL4NXtHF(Penaeus
vannamei )& Yz IR G AN S S EUR R LT R, (B
SIRYIFERZE | WY, &R REEiik, 7
B = AR BRI B THHNV B g o0,
oz I B0 By AR L

IHHNV 77 A fE 20 Bl 247k . 3538 PCR
D5 | S 96 E B PCR (RT-qPCR)AIM 2 | I 2%
SR 4238 . A TR B R (LAMP) FIA: P45
NS (Bell et al, 1988; Lightner, 1996; Tang et al,
2007; Arunrut et al, 2011; Sun et al, 2006; Tang et al,
2006; Mari, 1993; Tang, 2000), HF{l, R 2
5> TAEW2E 8 WOAH HEZERY THHNV %38
PCR J7 %Ml RT-qPCR Kiillvk o £ 50 A2 A il Jr
b, 09 RE A2 TR R EU T L M AN ) o A
PRI, 3R EFE S, KR . vKEE . LB
ECH A A% R PR AT 3R] O 4 B A% IR (LI A 45, 2013;
PRR 7455, 2015) o AEARIR DR AT S5 A RN DRATV W 1) L o3
BRI 7 7 e DR AT RN AR A il K IR s i, UL R B
5 DX 3 A2 35 vy o — 2 IR, Ry AR T — b s RS (s 4 1)
I TR RAFBARAT B T K7™ SR 58 05 9 et A Rzl

FTA (flinders technology associates) s /& —Fl T
PRI . A A Y T A ITi(Rajendram et al,
2006), FLAJT(E  PRBE ML R A A% R O 35 B I BE B i
MM E P, FTA RZ2%E Whatman 2w & F|
P, R R TR IR AT REE | ffE Mz i
A IRAEREN, IE ] R PO RIET TR, FTA
R LR UR [ e W BT R B = W Wk (Wb N S & R 3. )
mnAb PR, AL FAL RS FTA RIEMEZREMA, A
VFZA R, FTA AL TR 1 W PR 4, BB A% R
BEWNEERR L, e T 5 SN 1% A,
HimHEREr A B9, DNA BEfE R |,
ALE R TILAE, Bk, B FTA RAEMHEDRE

i DNA 23|72 H 0 (Corradini et al, 2019; Smith
etal, 2004), FA7E B 22 KA PIAH 5G4 AR T T
W55 N (5% %, 2020; Shalaby et al, 2020; £ J3 5%
02015, R 2009), BIIHEQ015)HF 5 W
7~ , FTA 5 5 18328 5 B2 7% B (measlesvirus, MV)& 5
B0 TR AR, (R RFE 0 1 A ARG IR o

FTA RE7EAZHISh Y B 2 55 U845 2] Tz I
PR, 2012; PRI KAE, 2014; X284, 2012;
e [F5E, 2009; TR, 2012; XIEE%AE, 2014),
I BT FH T 58 3 9 It S0 2 A TR 1) A7 i (2% 01 4
2008; Picard-Meyer et al, 2007; Perozo et al, 2006;
Muthukrishnan et al, 2008; Maldonado et al, 2009;

Inoue et al, 2007). fEK =¥, EAMRER
FTA RH TR AIBESE S 1R 7 (white spot syndrome
virus, WSSV)  #IF 7 it H (Enterocytozoon hepatopenaei,
EHP) %% (Sudhakaran et al, 2010; Patil etal, 2013;
Karthikeyan et al, 2020), {H iR X HAT - DNA
VeSO B AR G e i, BRI T FTA RN H .

FTA R T ORAF B S5 1 AR ) R TG &
VEMRIAY, DIEIE S 06 I DNA Wi, AR
FTA RAEJ IHHNV B R 214 1 W HACR , AR WF5E R
7 FTA REGUEM 7 %8, dlid RT-qPCR J7 ¥4l
HFM THHNV R 0 PE B 8OR I35 FH 6 AR i
WSSV, EHP. #F+ 2 B U #Z 5K (Decapod iridescent
virus 1, DIV1) ., ffii#L%F H #H # (covert mortality noda
virus, CMNV) . {2 PE R R IR L 1) 345 1 9K B (Mibrio
parahaemolyticus, Vpaupnp) H S5 AR, A T7 vk
FH T AR 255 I PR A7 S DR R R, DUy vy —
i 2 (1) DNA A7 A S EOR SC4%

1 #wRERE
1.1 HEARFRRKRIZERIZE

THHNV DNA £ fi il £« BHPHAE & A 5255 2= R
17, 2R H IR HEYT b XY THHNV (1) FLEY X 5
BIHEAE it A SR VT 95 s A b DX (%) v [ 5% MR (Penaeus
chinensis), 4 5IHL THHNWV [ 01 BF 1 A Xof i i 25 4
30 g, fli ISP ALUILH 4 DNA $2 B0 & R
AR LR A BRZA 7R DNA, BT 2 %157
U

WSSV . Vpauenp. EHP. DIV Fil CMNV KZfA:

FTA £ | GE Healthcare UK Limited, TE 2%
# (10 mmol/L Tris-HCI, 1 mmol/L EDTA, pH=8.0)lly
B R AR A R |, FTA 2ifbiks g B b4
B A= PRk A BR A o
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1.2 IHHNV DNA REHERH &R RERERE
B8 E
¥ THHNV DNA #£BU&#E T 107", 107, 107,
10°%, 10°, 10°, 107 f5BRRERRE, 45 BEph BE
BEPR FE 431 5], W FH RT-qPCR Jy 32 0 58 9 75 28 0t
HRPEAT I 25 SR B, Gl B, FAAE FTA REER A
SR A

1.3 =&

# China FTA™ Card (Whatman™, 3% )57 i1
Kb 2 mm WIEFTER R, KR &g, 55
TR b 45 B R FE ) THHNV DNA, B H o5 ke
2.5 pL, BCEBIVER R GRBIMERER), IR SRR %
BT 1 do [FIAT, XTERZE AR B (WSSV L VParenn «
EHP., DIV1, CMNV)—Jf & #e, A A,
AR E 3 AT
14 BEBEAFR

MRPEA R A PE i B g7, it 7 A %,
BRTFEIMRE 1 R L 1 ZERAMT, e FTA
g ARV 3 Y, TR TE S vkt 2 i, Hik
Y1 S min; 2. FWAMT, JeH FTA 4ifkidi
PEME 1 Uk, PR TE Z2 Pkl 1 ¥k, B340 S min;
FEI3IME 4 H TE Zobwseli 1k, Belint
B8 5 min; 5. HAHEE TR 2 Ik,
WHIh Sming % 6: HHEE TR 1k, Y
BFIE R 30 ming %€ 7: HH FTA gifbilFIveii 1 ¥,
VERERSE] R 2 min, T I R =R AN T Ve 2
W, 95 CYEM TN PCR fUm#k, Hrh % 1.5
F 7 S5 i — R Ve BB TR B e 1 I R 247 2 0 T T g
1h, P40 ZUEME BB R JCTE AL . THHNV DNA

(0BRSS UE I AR S B AR A, ORI 1 4
28 Uk BT B4 T A R R B Y I R R AT
RT-qPCR £l .

1.5 RT-qPCR #&ill

RT-qPCR £l IHHNV ., WSSV, EHP. Vpaupnp .
DIV1 fl CMNV 4 6 il IR AR, 5184 . KR
MFF S5 B LR 2,

¥ H TagMan ¥REF A= T A Y TR )Ry
B2 Al A . PCR WK Z . Luna Universal Probe
qPCR Mix 10 pL, 10 umol/L ¥ Fii#F514#14% 0.8 uL,
10 umol/L HI#E4T 0.4 uL, JoKERRHEE/K 7 uL, DNA ##
B 1 pL, BUAFH 20 pL, IHHNV SN R : A 95 °C
5min, A8 95 °C 15, #Ef 60 C 30s, 40 ~F
¥F, EHP. Vpaupnp. DIV1 1 WSSV W FEF : FiAs
£ 95 °C 5 min, Z5PE 95 °C 155, ZEH 60 °C 20s,
I 40 MEFF CMNV KW FE T : [ % 5% 55 °C 15 min,
WAEYE 95°C 5 min, A8k 95°C 15 s, HEfH 60 C
20s, k40 MEH,

1.6 AEERARERHRZEF IHHNV DNA AHER

RT-qPCR Al 7 Ffr 5 52 v Jot ack 2 v 30 J3t vk o
IHHNV DNA A5 a2k i, WU [R]85 7 vk e it it
PP & Uk B Y BE THHNV DNA B35 A5 0, Se i Bt
BEEE R 107" BB T 7 Ryl 7 24T R, 4G 4%
A B BepE B THHNV DNA g 2738, S UEAS [ 3k
J 7 2225 A VR B B2 5 A R s

1.7 FTA £ERE%E IHHNV REXREZENHE

H4 RT-qPCR il 7 Fh 7 & h Ji — R P Rt 0 Fil e
JG—UR LS BB A IHHNV DNA BOesigkas, 454
K HRAELES M FTA RORE THHNV SefERebi 24

®1 THEBRAR

Tab.1 Seven elution programs

PE M Eluent/pL Ve 451 Elution conditions
JI% FTA ek s EETK o o RIBRUOR EREYL
VT TE b o i 2 I} [F) . f
Program FTA purification Deionized o . . Elution References
TE buffer Temperature/ C Time/min .
reagent water times
1 200 Z= & RT (20~25) 5 3 AMF5Y This study
200 ZEJE RT (20~25) 5 2 ZRWFFT This study
2 100 Z & RT (20~25) 5 1 AMF5Y This study
100 ZE & RT (20~25) 5 1 AWF5Y This study
3 100 ¥ RT (20~25) 5 1 ZRWFFT This study
4 50 95 5 1 AW This study
5 200 25 RT (20~25) 5 2 [E &4 55(2008)
6 50 95 30 1 Karthikeyan %%(2020)
7 200 Z il RT (20~25) 2 1 Shalaby (2020)
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Tab.2 Information of six pathogenic primers and probes

s Jir 519 A ® J¥ 51 bR/ 225 SCk
Pathogens Primers and probe Sequence (5'~3") Standards/references
IHHNV 1608F TACTCCGGACACCCAACCA WOAH

1688R GGCTCTGGCAGCAAAGGTAA
41 Probe ACCAGACATAGAGCTACAATCCTCGCCTATTTG
WSSV 1011F TGGTCCCGTCCTCATCTCAG WOAH
1079R GCTGCCTTGCCGGAAATTA
% Probe AGCCATGAAGAATGCCGTCTATCACACA
EHP 157F AGTAAACTATGCCGACAA SC/T 7232-2020
157R AATTAAGCAGCACAATCC
41 Probe TCCTGGTAGTGTCCTTCCGT
VPanpnD VpPirA-F TTGGACTGTCGAACCAAACG SC/T 7233-2020
VpPirA-R GCACCCCATTGGTATTGAATG
% Probe AGACAGCAAACATACACCTATCATCCCGGA
DIV1 142F AATCCATGCAAGGTTCCTCAGG Qiu %(2020)
142R CAATCAACATGTCGCGGTGAAC
241 Probe CCATACGTGCTCGCTCGGCTTCGG
CMNV CMN-CP-TaqIDT-F2  AACTACATCTGCACCCCATG Wang %(2022)

CMN-CP-TaqIDT-R2
%l Probe

TTGATGGTGTCGCTAGTCTTC
ATCCCTGCCGCTTAATGTGAGATCG

e a: BRER 5N FAM FRic, 3960 TAMRA ARic .

Note: a: Probe was labeled by FAM on the 5’ end and TAMRA on the 3' end.

1.8 FTA FERIRIGIE

4 THHNV FTA RUEME 7 2245 5, R BUsitm
T, WUFRT &S T AE WSSV, Vpapenp. EHP
DIV #1 CMNV 4§ 5 B i L 1 R FHACR . WSSV,
Vpanenp. EHP. DIV I CMNV 7EA% R R 5 IR )
RT-qPCR il 22k 543 74 6.40x107, 1.41x10°,
2.39x10°, 1.94x10° F1 4.22x10° copies/uL, Mk iE+HE
FEVM 4, L KNG — KRG R, J7
& 4 R S5 5 — R VR o

2 #R

21 IHHNV DNA RESERENHE

S E S AR SRR EE , R RT-qPCR 5 kAl
ANFEFG BB A THHNY & &, 258 oR, RO
PEDIECHN 2.75%10° copies/pL, WIREFFE 10 f5%, ¥
DUBCRRAR 1 A8, MR 10 s DL sy
1.78x10* copies/uL, FiFEE] 10°~10"7 g 46
AN H 9 R DUBIC . AR i b SR o B D T B R R R B
107", 1072, 107 A1 10°* FHfEE FTA KRR SRR B
FRie i o

22 AEEBREARERZEH IHHNV DNA AHER

R 7 i v it ok R v PRV P ) THHNY A%
PR oL, 25003 3. & 3 nl g, My £t
J sk A8 v B PR R v A R e LR, TR 1 R
FTA 2lifbif7] 3 P Mims 245 DUEUH 22 R K, TE %
U 2 R VRIS 7 5 DUEIOR 22 0% K F FTA 4lifb a7
VR, 0 A VR e DU IR A 2ZE AR T
%229, TE Sy ve b5 i 52 45 DLW & T FTA
Rai bR Ve S e s LB PR S, K&
BFK 2 VB , RS DUV ZE A K % 4 FI
Tr%E 6 Ve e e iE ¥ DUEC L Hofth 5 Fho VR R
BB 1 MRS, HAE 4 BB S T
R 6, KW, FTA RAEASIR AL R o 2417 78 4%
R 3
23 FTA &% IHHNV BERREEHBE

N7 b7 S8 0 A5 R B I d5 Je — IR PR R
FE A ) THHNV DNA #£4T RT-qPCR K|, Bk
WA ZE AN 4 FiR, WRE IR 20T 10M5 M B n
PEAT S, 45 MR R 2 P MO YR P A I AS B B,
107 T PRAH P R A R AG: H e s R A e 8 5,
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R 37T RAE LM S AR ER BYIA B JL(DNA )/ (copies/uL)

Tab.3 Lose of nucleic acid by eluate during the elution process of seven programs (DNA concentration)/(copies/pL)
Sy 3 X FTA é@fhﬁt%ﬂ?ﬁ'ﬂ% 2K TE UM YRS 2 {kzt—é% ?d@fﬁ‘&%
Program Eluted 3 times by FTA purification reagent Eluted twice by TE buffer Eluted twice by eionized water
1 2 3 1 2 1 2
1 2.06x10° 2.02x10° 2.81x10° 1.91x10° 7.87x10° — —
2 5.38x10° — — 7.86x10° — — —
3 — — — 4.98x10° — — —
4 — — — 2.32x10* — — —
5 — — — — 2.70x10° 2.90x10°
6 — — — — 2.05x10* —
7 1.55%10° — — — — — —
7 FRORKIAR e DU, TR
Note: “—”means no virus copies was detected, the same below.
R4 FRRBRRERR 7#MAREHRES IHHNV DNA RT-qPCR #ill 45 R
Tab.4 The RT-qPCR results of eluents from 7 programs with different concentrations of virus
VES #H BEAR I ALK {E Serial dilution
Program  10%(x10* copies/uL) 107'/(x10° copies/uL) 107%/(x10° copies/pL) 1073/(x10? copies/uL) 10*/(copies/pL)
1 0.54+0.05 0.77+0.06 0.93+0.11 7.41+1.19 —
2 10.11+4.60 7.67+0.57 1.11£1.20 2.45+0.53 —
3 3.93+0.78 4.89+0.63 2.33+2.03 13.60+17.50 —
4 20.72+2.30 20.32+3.00 4.02+0.50 3.50+1.05 —
5 1.9540.56 2.88+0.28 1.26+0.80 15.90+3.40 —
6 22.20+2.80 20.4042.40 1.43+0.92 4.87+0.57 —
7 3.46+0.99 1.54+0.60 1.63+£0.96 7.92+0.00 —

X} H& Control — — _ _ o

KW {8 A (15.943.40)x107 copies/uL, fx i) b6 Sk
WO R, DR A SRR 2, A
{8 M(2.45+0.53)x10% copies/uL, B[ 7 8 R, 047
2R B EE T B BRI A A s 75 PH A A R 2R (3R 5), 3R 5
AT, 2 R B A5 o 1 FH M A 1 2R e e R 4R

x5 ARRBEREER 7 #5%HARRREHK
RT-qPCR fm &R H &
Tab. 5 Detection rate of eluents from 7 programs with
different concentrations of virus by the RT-qPCR

Jr & £ B Bh B2 46 Y 2R Detection rate/%

Program Jgiy Stock solution 10" 102 107 107
1 100 100 3333 3333 0
2 100 100 100.00 55.56 0
3 100 100 8889 4444 0
4 100 100 100.00 55.56 0
5 100 100 8889 2222 0
6 100 100 7778 5556 0
7 100 100 4444 1111 0

FE2. 4,6, ¥Ih 55.56%, HAbAGEM 7 20046 H
RYURT 45%, £, SRR ELE 10° Fd
(M FE 1.82x10° copies/uL), 4577 5 M iR B 24 411K

TR IR 2t 10> BT, TR A A Hh e e vk
FEL AR %6 4, KM 4(4.02+0.50)x 107 copies/uL,
AT WG AR B, R REUE B w4l ok
Wi ZE 1, Ki{E 4(0.9340.11)x10° copies/uL, HJR
TORE eI o 0 BT T B T A 0 L % 3 5 L P A
(K S), ME S A, ZMBERE T P
o 5 e I A PRI 7 56 2 4, 3428 100.00%,
LA VI 7 58 AR R IR T 88.89%. Z5 L AT,
Fie YR 7 28 4 SEATRRPEMG , R VR VR A Al 21 7
R, AT ARAS 5 v Y RO RMERR . 25 b, SR
FTA KAEN THHNV DNA A&, i B A 5 5k 7E
1.47x10* copies/uL LA I,

A VAR iR, A VR 7 58 1 REARAS Rzl 45
W, HAL DT ZWEE R BIIOR R (LR 6), HAS
R PR A0 2L (ARG HE R340 100% P, &R A
J THHNV SREEAmAR , B BRI F R R 1.
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FHET, LBEH) DNA WBEAF] 1.82x10° copies/uL
R ar i o

24 FTA FHATHEMZBEREFERIEIE

K8 FTA 1347 THHNV DNA 7 Fhye I 7 22 10 45
WO wBEEAENTZE 1M 4 SRIE WSSV, DIVI,
CMNV . Vpauenp 1 EHP DNA FRAERCR . 455 5

AN, 5 RAZRRY N TR 1 R EERE LB T T O R 4,
W8 (B EHP 405 A I 5 4 DUEH A A IR AT I
PEULEAR 1 N BCR Y%, EHP MK 2 MRS, hT
5 Bl IR A A BRI A0 SRR RS DU RO 905 T 107,
I, 4535 THHNV PR s SR — 20, )20k Y i
07 2638 T T HAMmR %5 o5 AR 2 Ry A UE 45
RIWE T,

x6 ARRERERRE 7#MARERTB IHHNV DNA RT-qPCR #ill 45 R
Tab.6 The RT-qPCR results of eluted diaphragm from 7 programs with different concentrations of virus

VR BERRE KA. Serial dilution

J7 % Program

10%(x10° copies/uL) 107'/(x10* copies/pL) 107%/(x10* copies/uL) 107/(x10° copies/uL)

10*/(copies/pL)

1 4.50+0.47 5.90+0.59 1.35+1.68 1.25+1.32 —
2 J— J— J— J— J—
3 J— R R J— J—
4 _ J— J— _ _
5 _ J— J— _ _
6 J— J— J— R R
7 _ J— J— _ _
X & Control — — — — —
x7T SMEEZBERER
Tab.7 Elution results of nucleic acids of five pathogens
sl AR Ji% IR VEBU AL
Pathogens Type of nucleic acid Program Load of pathogen.nuclelc acid in Load of pathog.en after
FTA/(copies/uL) treatment/(copies/pL)
WSSV DNA 1 6.40107 5.93x102
4 3.44x10
DIV1 DNA 1 . 2.42x10°
4 1.94x10 1.73%10°
CMNV RNA 1 . 4.58x10°
4 4.22x10 4.52x10°
Vv DNA 1 2.64x10°
PaseND A 1.41x10° 1 79%10°
EHP DNA 1 s 5.20x10°
4 2:39x10 2.86%10°
T RAFRSERETR . AUS0E THHNV DNA T
3 itig

FTA R [E5E R 2 A T 208, AL [N T
B A B KA #, Karthikeyan 5(2020) 8T
FTA-DNA B[k . i &7k DNA 2 HCH %
(DNeasy” Blood & Tissue) AN, e &
PCR 43 #r DNA #2508, %P FTA K DNA [a1 i fR
9107, R AN 107, EhRIE N 107, WLUE
H, FTA RHEHGE AL DNA %R %1 ; Sudhakaran
(2010)fF ] FTA K M\ IESLAF LAk EL A 10 £55 B
il & DNA H£ i, 5 E & FE i PCR 407, 345

FTA K L, FIf RT-qPCR J7 32K 356 Bt i i) 35 e o
SRR, TR AT HoAt 5 FPERZEH I (DIVL . CMNV
WSSV Vpauenp A1 EHP)RZ R 1 5256 0 iF , iiEP] T FTA
RAECRAE T 522890 I3 5 T B )iz i i =5 1]
HAl, X FTA RN AR Z W HAAF iz
VRS B RSCR , SRR L B RS
K SR B X R ARE D . ARSI, AR 1
12 (R4 BRI B R B e I R BSOAS [ T A i Y i
IR FR R PE R B s e ke 25 R TR 3 fl4
B 22 S Al A, YRR IR P SR Ay 45
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HE S M7 YR A AR AT A, PE R ARt 2
SRS HAE R, I, FTA R FUR% AL TR AT,
AU i B TR A SR, AN TA) B B R Y i Al
ELIERZ MR O ARG 4 R AR ST 4 R R, TR BRI
R AR —E A T, R LRIk = T
10* copies/pL, PCR il T 3545 AR () 72 £ i K AG )
HEfBE s TR R 1 Je b B, PR R EE AT Z—,
FH A 2230 W06 14 58 AAORSE A A5 AN 380 AR %) 35 S A R 9
HERCR, N FTA R L& MR AR R
FAF 750 BEL RS AZ TR ) 1, T 8 350 R A 2 L 0 ot % L
I (] B R M R I 25 51 . AP SRR 6B, R 48
FTA 2lifbififl . TE 22 ol B L85 K BEME, & BB
Y B, S B R R a1 R,
HET R B R, R, 2 B A AR ) e M T
A DR A EARIES T PCR R, ] LAFR#N FTA RAEH
AR A I r s SR AN 2 o

W HRTEIZ BN EE DNA A7 B 7E 15 X 1 s
B 1o AR v DR A TR 32 B 2% 1 %) IR A 2 Ko A 0 2%
HE AR AR R, B TR9F DNA B B
FH T S5 LAV A DR AV Y1 80 4 4 58 3 38 i v 2
B PEAK S 1 1Y, 2T S A = A N K PR A YRR
136 S, FTA RI#-7F DNA A] IZER IR F it fria
By, AAREIOAE, SE—FROrE . PREE . IR IS
J5 o FTA RAORAE IS i 4L 2R T LR B AR R R 3
FEAER S, BA ) Z N AN E. FTA RIAAFF
Y THHNV A4 2 2R i 0 o sl vk S PR TR .
JEE S S A AR AT R B 5 M T I R TR AR AR
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Optimization of DNA Elution Method of Infectious Hypoder mic and
Hematopoietic Necrosis Virus Preserved by FTA Card
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GOU Ziyue?, LU Ruoxuan®, YANG Bing®"

(1. College of Fisheries, Zhejiang Ocean University, Zhoushan 316022, China; 2. Yellow Sea Fisheries Research
Ingtitute, Chinese Academy of Fishery Sciences; Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao Marine Science and Technology Center; Key Laboratory of Maricultural Organism Disease Control, Ministry of

Agriculture and Rural Affairs, Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity, Qingdao 266071, China)

Abstract Flinders technology associates (FTA) card (Whatman®) is a paper-based matrix designed to
fix, purify, and store genetic material from various biological sources. It can conveniently and quickly
preserve nucleic acids and may fulfil the requirements of long-distance and cross-border sample
transportation. The FTA card can store and transport tissue, nucleic acid, and other sample types at room
temperature (20-25 ‘C). Nucleic acid can be extracted directly for detection and be sent by express as an
ordinary parcel without being treated as dangerous or as special goods, eliminating tedious processes,
saving time, and ensuring sample quality. It is widely used in the human and animal medicine field. It has
been successfully used for the storage and transportation of livestock pathogens and viral nucleic acids. In
terms of aquatic animals, the FTA card has been used by researchers to store white spot syndrome virus
(WSSV) and the shrimp Enterozoon hepatopoael (EHP): However, there is no relevant research report on
the elution effect of the nucleic acid stored in the FTA card, which affects the application of the FTA card.
The infectious hypodermal and haematopoietic necrosis virus (IHHNV) is an important shrimp pathogen
and severely impacts the shrimp culture industry. It was first found in Hawaii, United States, in 1981 and
then spread to several countries, including to Australia, Singapore, Malaysia, South Korea, Brazil, and
China. The THHNYV infecting Penaeus vannamei does not cause high mortality, but growth would become
slow and deformed, resulting in great economic losses. Early detection and prevention management are
particularly important in current situations, which lack effective control measures for the disease. Several
IHHNV detection methods have been established that use molecular biological methods, including
conventional polymerase chain reaction (PCR) and real-time PCR (these are recommended in the aquatic
animal disease diagnosis Manual of the World Organization for Animal Health). Nucleic acid extraction
by the above methods meets the requirements for samples, usually frozen, ethanol, or other nucleic acid
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preservation reagents. Low temperature preservation conditions and composition restrictions of
preservation solutions present certain difficulties in disease investigation, surveillance, and monitoring of
shrimp farming. It is particularly important to address this dilemma. To find a fast method for the
preservation and separation of [IHHNV DNA and provide complete nucleic acid materials for subsequent
research, we selected FTA cards as the preservation medium, and designed seven kinds of FTA cards with
attached DNA elution methods based on the FTA purification reagent, TE buffer, and deionized water. We
evaluated the elution and separation effects of different nucleic acids and the minimum amount of dot FTA
card nucleic acids through real-time PCR detection. The appropriate solution was spotted onto FTA cards
according to the manufacturer’s protocol, labeled, and air-dried for 1 day at room temperature. The result
shows that on the 4 mm® FTA card, the sample volume was 2.5 pL. When the eluent is used as the
template, the minimum FTA card nucleic acid concentration needs to be 1.47x10 copies/uL above the
best detection sensitivity, and 100% detection rate can be obtained by washing the FTA card with 50 pL
TE buffer solution at 95 ‘C for 5 min. Using the FTA card as the template, the nucleic acid concentration
of the dot FTA card needs to be above 1.82x10° copies/uL, eluted with FTA purified reagent thrice at
room temperature, and then eluted with TE buffer twice. Each elution time is 5 min as this can obtain the
best detection sensitivity and demonstrates 100% accuracy. The elution effect of the above two schemes
was better than that of the other five schemes. The nucleic acids of WSSV, EHP, decapod iridescent virus 1,
covert mobility Noda virus, and Mibrio parahaemolyticus causing acute hepatopancreatic necrosis were
preserved using FTA card to test the efficiency of the established elution method. It is assumed that this
method is universal for the elution of other shrimp pathogenic nucleic acids. At present, research on the
application of FTA card is mostly seen in the nucleic acid effect of its preservation and transportation of
tissue samples. There are few reports on the relationship between the amount of preserved nucleic acid,
separation methods, and detection effect. This study shows that FTA cards used to preserve pathogenic
nucleic acid requires a specific amount of nucleic acid in the sample and directly affects the detection
results of the sample with different FTA card elution methods. This study provides a feasible scheme for
the preservation and elution of IHHNV DNA with FTA cards. The application of this technology has
potential use as storage and transport strategy for surveillance programs and can enhance biosecurity in
shrimp culture, which provides a scientific basis for the preservation and transportation conditions for the
collection of wild shrimp samples and the regional transmission of viral nucleic acid samples.

Key words IHHNYV; Flinders technology associates cards; Elution method; Optimization
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RETHBSE,
KB 4 BITH; BEE; B8

hE4SES S9675 XEERIAEE A 0 XEHS  2095-9869(2024)03-0203-11

45t (Sinonovacula constricta) & 6 [ i 14 3541 1)
FELFI2E(Niu et al, 2016), i) 4. LZELT
B N T3R5, 2021 4EFR[E 45 1% 5758 7 it 1k 859 651 t
(b AT ER AL B HE R 4, 2021)

R IRAERKET ARSI A AR
IR EE P, DI ZEICTe A b B 53 A5 340 S 57 A X Ja

B ety el

Wk H #9: 2022-12-28, UE i H #: 2023-02-06

HRAG LA T ER B Bh A AR A o FEIAT 1 3 T () 7 A
VRN B PRI S M X, R RO S RIBRK | IRKAR
B ZE T M 2% &k 3f (Casas et al, 2018; Molly et al,
2016; Ran et al, 2017), 4 3KAE B2 A1 AL S 17 iy
AR T R AL, 453550 U 2k A R R R
R4, L ZESET-(Carregosa et al, 2014), %% %

“HEEERARHLENE” L 5(2019Y FD0900700) % il . A4t #%#%, E-mail: 1934616073@qg.com
O #fE1EE: FAR4, ¥z, E-mail: dhniu@shou.edu.cn
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WEE TR . JBUKASIC AT 1 B RV v i b, B
EREEVE RN 15~25, X PRI o 4ie, HAR
2% B\ E iR K R (T 41 24, 2022).,

HA, T L AR R 55 7 1A e DX 48 v 1Y) 3k 4 4
BR B FREE R T — 2 R (Chen et al, 2022). iL4F
Ko, TEGRIR TG KGO AR, R K
K RIBEBET | A K8 AT R N S RE 1 25 ) R 42
AR 38, B =2 71T DA 1) S 3k Sl DX () A A A R T TR
PRI AN T B (220 245, 2016; MR 45, 2021;
Wi XM, 2022; T 4rde4E, 2022), AHFSELA4E0% S %F
%, R T NIRRT 2 NN R R AR AT IR
M), DASYI AT oAy 2 7K S 46 M58 Tt v 0 ot o e 7 4 3L
LR, RIS, R 1Ak 45 00 e SR it 52 MR A AT I
RE IR HESHTER]

1 SR
1.1 KIewr#t

SCEGARIR R CHIWT 15 B AR (SZSC) M
VLA =11 0 A SR BER (ZRSC), SZSC H AR KAk,
Ui PR o SR A o SCBRHT, AE =1 1 MER N A A B2
PO EE R 5 em 24 R YD, 12 [BISE 5 % (8], 42 100 H
5 28 P L 98 5 T TS0 50 . SR AEWT LA =0 T B S0 3t
HHEAT . SCHRRT, B4R s TR IR, IRk
TR UTTEI T IEI K, pH Ky 8.2, BFFRERIE N 20,
KRR 23~24°C, FREHEE R 300 Him?, B3I,
M A2 G A &% (Chaetoceros muelleri), & H 2 ¥k, £
B BT At R SIEYBRLK A (42 cmx 30 cmx22 cm) Fl
2L MBEhr, SEEOTHT, SRR BRI 2 h,
PR K Z e . 4Rt W2A s BOLE 1,

*1 GEREYEERENE
Tab.1 Biological dataof S. constricta
\ AN T FCIL i
Po ﬁjlggions Shell Shell Shell Wet
P length/cm height/cm width/cm mass/g
“Hgr—5%7 275015 0.99+0.07 0.74+0.07 1.33+0.26
R szsC
HSRBEA 2742022 0.99+0.12 0.73x0.10 1.32+0.50
ZRSC

1.2 EIRF*

121 ¥t 2 MRk 3 d B
Jo . BT KR AT AR B SR AR R 2
AAE(2016)MFFE Tk, WE 6 NEREEMEE 31, 32,
33. 34, 35, 36 il 1~ XFHE4H(20), HAIIEE 31F

15, BATAT 30 MR #5525 A NER Bk 20 TR
PR/ T LR R T BB R, GiiT 4 i AE )
i 120 h JERBET- AN, T A AE I R (relative
survival rate, P, %), Jfiz RN LR 120 h
()21 BFEER 2 (120 h LCyp) -
7 %5} 17 1% % (absolute survival rate, R, %)
=S 45 TR 5 0 A R R

AEXT AT 17 3 =28 X A7 1 30 R A7 TR %

122 #HIVFA%E WUAT RSy 240 . —H
JE P W 45 0k DT % L B g A% R B A T R S 08
(LA F R FRRL ), 99— R 4R fE 45 R B A
it 24 h 5 IR SE 5 (LU fRRINa 4), & 4 DA
[FIREREERRRE, 209k 20, 24, 28 Fil 32, M, £
JER 20 SR XF REAL, iR AR K 4 BE— 2 H A
Ao B S50 56 B A A . AR 3 AT, A
VAT4 IR BB 20 H,

TE 1 R K ARG IS S Al A B AR TR, RN
15 cm, fii ] PVC #UE W BAGRE , 7RI 22218
AR 5 em WECHIEEK, fEin, Mg KA E
A 15 5 8 BE R FFANAE o TR KT G, 4R A 2%
128 TR, 4R EOS 600D MEAHAL(H 4%)
WEEIF 0 4 T UD I AR, SR RS 30 S 4 0 i v
VPSR (T LA B2 50%3Z 384 v V0 BT I i Bsf ], BD2f
OBV E](BTso), [RIEY, 1E 4548 7E 30 min N
WA EU(n), ML (&6, HAR 0.12 mm,
KEEN 30 cm)ill i 5k 7 B [ 52 T4 % A 7e Ol Tl
38, 2 hg, MHEJRJE T Mg KR B o 45
VPIREE (D)o W VD[R] 45 4 408 D& T IS 3% 1 T 4
FE W APRZ ) —Bem Al ek ik v R A A
TRVD =R ) 58 LT VD B A AR BI0: (n) /32 56 B BN o
123 #HEEEHR  SGIERETEAE 2 L Bt
11, BT BB A T SR AR R A B, N 2.5x 10°
AL, EhEERSEE R R 1.2.2, SCIHT, 7EBSHR 5]
A LL @K, WEREIERE, SRR, fFHhER
FEJA, BB 6 H4gile, SCRIET 6 h, LI
ZEdE, BREMKEE NG KRB, FREA, R
P BRI ROl T B0 R4, 42 3, Kerkgs
IR PR TE AR B IR S A MRS, 7F 60 CA1FT
HF EEEIRE, AL T R3] 0.001 g.

45145 £ K[ feeding rate, FR, mL/(g-h)]i+& A=
(X HAR, 2020):

FR=V[IN(Ceo/ Cet)N(Ceo/Ccr) ]t
Ko, V(mL) R SEE AR TR w(g) k250 D212
THis; t ()RR E] 5 Coo (cells/mL)hy 5L
FEAR T 2S T BB BB R IR IR 5 C (cellSmL) A t
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A ] 2 | X6 B ZH A 98 KR B 5 Co (cells/imL) Ry SE G T
TR S2E02H MR 3 Co (cells/mL) Ay t i [A] S 56
AR L

1.3 HiEAE

S0 P AT ERE SR T Y (E 47 1 22 (Mean+ SD) 3
/~, iz 1BM SPSS26 S it k4 it 11 481t tr. R
FH =& )5 2250 #7 (three-way, ANOVA), #RiFHEA
R TSI 6 20 590 XoF 4 Wk VR VD R AR A R, SR B 2
7 243 Bt (two-way  ANOV O)4% i FE A4 Fll £k FF Xif 45 it
FR (520, f# ] Duncan’s ¥ 5 #4172 1 H 44 . P<0.05
i E PEKF, P<0.01 Rtk it & MK 8] Origin

100 A

(&)

80 [

of 0

60 -

40+ o

20 -

P EROp ET TS
Relative survival rate/%
o]

0F

2019 B AF il o
2 4R

21 FEFEEE

ARBFGE RN, 2 AL U A B AU A7 06 R Bl 2 R
FER T R R 1), Hb, SZSC fEihE R
34 1 35 W, XA X AE G #4500 A 55.68% Fl1
45.69%; ZRSC 7Eh ik 32 F1 33 1, HOF- A1
T RN 56.63%F1 37.35%., i 2 HE R B HE B
SZSC 1) 120 h{-3stih ol 34.04, ZRSC (1 120 h
LFBCERE N 32.04 (3 2).

100 -
80
60 -
40
20

0_

()
o Q
1

31 2 33 34 35
EhFF Salinity

31 32 33 34 35 36
HhFE Salinity

Pl 1 G E AN R8BI AR A7 36 6
Fig.1 Relativesurvival ratesof S. constricta at different salinity levels

A: “HIHT—S7 B B HARRFA
A: “Shenzhe No.1” S. constricta population; B: Natural S. constricta population

R2 WMERBMESWEE 120h PERTLHE
Tab.2 Thesalinity LCsg of S. constricta at 120 h using the probit analysis method

B4 Populations Pl 5 120 h - BUEHL TR R
Regression equation 120 h LCyp Lower limit  Upper limit
“« B S = Y
" K ) y=0.361x-12.301 34.04 33.43 34.81
“Shenzhe No.1” S. constricta
SRBE
FESEEIA y=0.684x—21.916 32.04 31.55 3243

Natural S. constricta

22 GEEEPITANERE

iR AU PR TS A SR T . s s
e o WUV 25 A o DA 58 HE A8 JD) S 4 I ik
B TR R 2 Ris sk Bl #2 (& 2A); BiJS,
LRI WU TT , 75 2 IF IRl BRI T, X Bt
SRR 72 18 shi () 2B); HiJe e, 45k 5%
RFFMRIZINCTT, AWK AR T2 8, KRG
W B TSR U (] 2C) 5 W V0 2 A DI 4 98 5 421
ARG I, SR BT A SR £ 4 38 46 1) 3 E
(K 2D),

2.3 = Eh X 4 0% 0 B 18] Y 820

S0 WAL 5% 38 45 408 T VD B () 5 R AR, S T R A
Hi XS HE 2 A4 e AT R R AR R I VDB Rl 22 5
ARG T 4% 2 B0 VP IRl (BTso), HP 50%57 1K
ARV BT ], =R 22 R, B
R IS0 20 X 45 158 1) BT 50 2947 1 i 2 5% i) (P<0.01) ,
H 3MHREXT41% 1 BT A 2 HEAEH(EE 3). MK 3 1]
PIEH, Ttk SZSC it J& ZRSC, £5£h R EE T b
LI BTso K FRII4L, {H SZSC 7EELE R 20
128 B, i 41 FUN BAL Y BT s A HLTC i 35 25 57
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K2 4l r)is v i
Fig.2 Burrowing process of S.constricta
A: HsEiEs ;s B: R Co IS D LI
A: Preparation; B: Moving axefoot; C: Drilling mud and stacking shell; D: Burrowing into mud

x3 Bk, HEMIRAFNNEERFBEEPHEZMU=ZEARTEZSH
Tab.3 Three-way ANOVA of population, salinity and group on BT, of S. constricta

25 SRR I A ¥y . .
Source of variation Sum of squares Degree of freedom Mean square

FEAR Population 9.105 1 9.105 150.782 0
EhE Salinity 69.255 3 23.085 382.284 0
S %] Group 66.488 2 33.244 550.519 0
B xEh B 6.521 3 2.174 35.996 0
PopulationxSalinity
B xS 20 51| 38.245 1 38.245 633.328 0
PopulationxGroup
Eb I xS 3 2 3] 40.766 3 13.585 224.972 0
SalinityxGroup
T x b B xSz 5620 51| 27.910 3 9.303 154.062 0
PopulationxSalinityxGroup
%22 Deviation 1.872 31 0.060
Bt Total 1817.794 48

TENZH H, R 20, 28 il 32 i, SZSC i BTso
WE KT ZRSC; fEMMa4h, BRXFHEZ4N, ZRSC
(1) BTso ¥ 12 3% KT SZSC (P<0.05).

TERI A, hE N 24 wF, SZSC ) BTso N
4.20 min, & EC Tk 28 Fi 32 ) BTso(P<0.05);
i gl , SZSCFEERE N 24 1 28 i, BTso 43514
5.12 min Fl1 5.28 min, 3 & TXTIEA, [FRF, B3
K T48 8 K 32 I BTs (P<0.05). i Wik ZRSC
TEEREE R 32 BF, BTsoi/ly, U4 3.48 min, I E(%
T SZSC (P<0.05); 7EXhJE A 24 F 28 if, ZRSC Ky
BTs ML C B EZER, HEF S TEE N 20 f1 32
it BTso (P<0.05); Wrifi 4 ZRSC 145N Eh 5 44 F
) BTso YI1AAE L 2 2% 5 (P<0.05), H. 5k B BUIE L6
2, EEERN 32 BHARIE K (13.11 min), i ik
P, SZSC TEEL iy 24 F1 28 ], BTsp 5%} HRZH TH 4230t
EEL RG24 h )5, SZSC % 11 i E LT ZRSC,

24 B EITLERID R R E RO

SR 22 R, B L R RS IR 2 X i
T VD R A 5 IR (P<0.01) , 5450 BT AT
S5 —30 H 3R RS4RI TR F A HAE (R 4)

M ATTLIE N, FER T, SZSC b RTELh
FE R 24 Wik ) 5 55 (96.67%) ; R 32 f, Wb
4y 88.33%, i3 =T ZRSC(P<0.05); Fifids&h i iy It
{1, ZRSC Wb H 5 3 N R . fEMrad,
Rl 24 28 1 32 f , SZSC I Vb K 1 i % 5 T ZRSC
(P<0.05); *hFEN 24 WF, SZSC Wb ik 2
(93.33%), ‘B TERE R 28 Fl 32 [V (P<0.05);
ERFEH 32 I, SZSC Wby 78.33%, it T+ ZRSC 1Y
VDR (56.67%); SRIRAEHEAIE, BEEERRERTHE,
ZRSC W7 ThFeth 2 TR, (I7EERE N 28~32 1,
TR R,
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SZSC-24h [[1ZRSC-24h [C1SZSC-0h [1ZRSC-0h

14 [P0.790 P=0.007|P=0.011 P~0.001/P=0.646 P~0.001 P~0.003 1;;((1).001
g 12+
xX
ERL0r Bc
=7 Gy
£3 80 ,
. Bb
]::g *:‘D 6r . 3 Ab Ab A ;
9H'§ 4t 4 |[b b g ;
g Baj é Ba|
& 2f
0 7
20 24 28 32

L Salinity

K3 iR AEA R Fh BN B HOE T E]
Fig.3 BTgo of S constricta at different salinity levels

NIRRT SR 73S [) — 0 B AN [+ 4 8 A AR A 7 B 2 S
(P<0.05), RIRl/NE F-h) 47 ARl #h HE T [l — B re e
{75 %2 57 (P<0.05); O h 2N HAl, 24 h Z Wi S5l
SZSC: “Hi#i—'5" #E{k; ZRSC: HARRHA, T,
Different uppercase letters indicate significant differencesin
BTs, among different populations of S. constricta at each
salinity, different lowercase |etters indicate significant
differencesin BTs of the same population at different salinity
levels, O h is the non-stress group and 24 h is the stress group.

SZSC: “Shenzhe No.1” S. constricta population;
ZRSC: Natural S. constricta population. The same bel ow.

SUOAS B Y 4 05 TRV TR BE DR AT S, BOGE A
2R IR w2 A SR IR AR TR VDR E 1) TR B4 A B I o
SHET TR, 4RI VDR G B BRI ]
2550, EER RS 00 2] 1) 2 R ) G 08k 1) v VD IR
(P<0.01), H. 3 MHZEX4eM VEVIIRE R 22 BAE
(#5). MNEISATLLEH, FER A, 2 B ARTEER

FESh 24 B, VU UREE A N T AR B A

AR R T, HOR IR MR Z R . RN
32 /), ZRSC VPG IRE R, #£%]8.22 cm, &
F KT SZSC (P<0.05), SZSC 7Eh /Ky 32 1, &b
AR, 50%H AN A S A TE 7.29~7.55 cm Z [H]

Ifii ZRSC fEELEE Ny 24 W}, Wb A 4E T,

e L, 2 A FEAAR 1 7 24008 VD TR B 2 /N T g
W, WEERENA S, PRIV IRE T
W, EhEN 32 i, ZRSC FHE VIR E N
7.45cm, % KT SZSC fY 6.56 cm (P<0.05); &
28 i, VPR B BRI I AHIE], SZSC Y
PV IR 2 K T ZRSC (P<0.05), AHF5Y & FE,
TEFR I &M, SZSC t ZRSC Wb A fE v, Wb
25 BEIMEEERERFRMIZN

4 JE U et D2, AR BT EEAREE AK
BRI Y ., AT FR @ B4 e S T
WET AL, WK 6 FTLIAE W, @ik x4
Bt M BAA BEEW, XB4H, ZRSC Y FR K
T SZSC, (HI R EER; ML E &I, SZSC
) FR ¥ 2 KT ZRSC (P<0.05), Fifig £h 3 it 71
ZRSC 1y FR 2 i & T K%, Ii SZSC 1Y FR 7E3h
Sy 24 Wik E B [89.54 mL/(g-h)], E K T H AR
JE 4 (P<0.05), RUHE 22/, A A 45 I B 1
FIEREEXT FR B2 ¥4 B 25 (P<0.01), REARFNER B
128 HAE DA FR 5% 00 [R]RE ) i 25 (P<0.01) (5% 6).

F4 B, HENMIWANNEREDREZMHO=ERFTESHT
Tab.4 Three-way ANOVA of population, salinity and group on burrowing rate of S. constricta

il

H

Yo7

Source of variation Sum of squares  Degree of freedom Mean square F P
#ER Population 0.064 1 0.064 41.178 0.000
EhFE Salinity 0.233 3 0.078 50.237 0.000
g2 %) Group 0.106 2 0.053 34.138 0.000
P NVEN 0.026 3 0.009 5.550 0.004
PopulationxSalinity
TR x S 6 2 53] 0.014 1 0.014 8.896 0.006
PopulationxGroup
EbBE xS 21 5] 0.021 3 0.007 4.616 0.009
SalinityxGroup
BEAR x £l BE < S2 5620 51| 0.005 3 0.002 1.006 0.403
PopulationxSalinityxGroup
2% Deviation 0.048 31 0.002
AT Total 36.225 48




208 Wl B % o B %45 %
[ “HW— 2 REA SZSC-0 h
A O aqagwf e B mmeHii—S Rk SZSC-24h
’ CJ HAREHA ZRSC-24 h
loof T A 100} s
l C ac
© c Acd . i Ba Ac
% T Bd % o Ac
¥ % sof ¥ 5 so0f
o £ D8
ol E
2 2
60 60| Bﬁc
20 24 28 32 20 24 28 32
L BF Salinity B Salinity

Kl 4 iU AR R BE R W e S0 20 (A) A 38 SE 9040 (B) i b %8
Fig.4 Burrowing rate of S. constricta in non-stress test group (A) and salt stress test group (B) at different salinity levels

*5 BF, HENIRANNGERELREXMH=ZERFTESN
Tab.5 Three-way ANOVA analysis of population, salinity and group on burrowing depth of S. constricta

5 5 7 A o ¥y . b
Source of variation Sum of squares Degree of freedom Mean square
HE{& Population 1.519 1 1.519 3.729 0.054
£h1E Sdinity 40.778 3 13.593 33.380 0.000
SCE4H ) Group 106.030 2 53.015 130.188 0.000
P x L T 7.545 3 2.515 6.176 0.000
PopulationxSalinity
BEIR xS 6 41 31 4.919 2 2.459 6.039 0.002
PopulationxGroup
b BE xS 2H | 25.904 6 4.317 10.602 0.000
SalinityxGroup
A xEb 132 x S 3 2 1) 9.921 6 1.654 4,061 0.001
PopulationxSalinityxGroup
%2 Deviation 327.403 804 0.407
Bt Tota 35 170.420 828
10 [HREE SAL 20 EREF SAL 24|[£hBF SAL 28| EhEF SAL 32 10 [ HEREE SAL 20| #hAF SAL 24 EREF SAL 28| R SAL 32
P=0.008 P=0.031 P=0.001+ P=0.001 P=0.004 P=0.489 P=0.002 P=0.001
£l : £l
g =i
ﬁ '§ Cd ! = ! : sz E "N | !
20 = ' fofj= M= B
SZSC ZRSC SZSC ZRSC SZSC ZRSC SZSC ZRSC 4 SZSC ZRSC SZSC ZRSC SZSC ZRSC SZSC ZRSC
REESEH2H Non-stress test B SEEG4H Salt stress test

Bl 5 SRl 7R R BT i v iR
Fig.5 Burrowing depth of S. constricta at different salinity levels
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100 " Rk S7SC
[ F#RBHA ZRSC

%%

1

HJF Salinity

K6 SiitfE AR TR E R
Fig.6 Feeding rate of S. constricta at different salinity levels

B
Feeding rate/[mL/(g-h)]

** R 25 S B 35 (P<0.01) .
** ghows highly significant differences(P<0.01).

3 e
3.1 SHSEBPITANTHTE
2 05 PR 3 WS DL 2 — R HAG A 3, L 3

IR, & T2 TR A 5 58 23K . BT,
M ARA SCHR F 08 L4318 TR AT R o ASHIF ST AR 38 4 1%
PRETP SRR, B UK I A SE e ] L 7 s s
P e B 5 WAV 25 A 4 B B 1 3 B B eIk
FLRTSERE, T RIS BN 4 s v iz sl =, &
Ja— W, 4ilm T E s TS RARR, £
T IR S AR B FR L AKAETE R 2 /LA
WP RTHEE B o 4 W98 5 HL A 3 AR 78 DL e s R B, 43
0% S 24 9 v ) B SC A (Meretrix meretrix) (25555,
2017) . JEH 2 45 i (Ruditapes philippinarum) (1 X4,
2016). fffFEA (Mulinia lateralis) (3 4% 2020)%
IR AL, MV IR EE TR, H 5 R AT i F} (Solen
strictu) 1Y R AT I% (Solen grandis) (F #:4%, 2019)4H 3k .
5 B 4R 18 10 L il (Anadara broughtonii) (£ & 4%,
2018). FEff(Scapharca subcrenata) (B4, 2016)
SRR, BT ERESKE, Wik, 7E3
TR, N8 %% —FE7ER T BT I b T 3¢
(1 FH 7K B L AL

®6 BHAEMBEMNARBREZMWONERTESN
Tab.6 Two-way ANOVA of population and salinity on feeding rate of S. constricta

5 SR I 11 e ¥y . .
Source of variation Sum of squares Degree of freedom Mean square
#1& Population 1395.117 1 1395.117 59.550 0.000
) Salinity 16 103.061 3 5 367.687 229.117 0.000
FERxERE PopulationxSalinity 711.913 3 237.304 10.129 0.001
%7 Deviation 374.844 16 23.428
It Total 89 928.830 24

32 EEXEME NEEIIT AR

b R R A BRI T O T die LR M ) Y PR R A o
Z—, HIE ST RS RALIAR )85 I -, MM
M DS A AR o ARFSE rh, o R PR X G 58 1) 1k
AT R EA WER W, K4 7E 30 min N
SERUETY, HVBUDRAEER S 24 Bk B e, (HIE
VORI e/, YEREEIR E 32 I, HB VR B TR,
RV TRBE IR B e K o 3X 5 5K 22 [ 45 (2015) X SCHA T 7>
AR 25 Al — 3k, B R T, Hg VR
BT IR N 26 BhA B (e, HHE kT
30 B, /N SCIS VYD IR BIRARME, 1 43%.
BRI A (2020)BF X WY, e Eh IR R 2% 1 X 5 e 4
TG VY ATy, AR A B Jolh 3 ) () F 38 o, L%
S 5 ) T T 0555 o ASBIEGR v, 4 00 i A 3 B ] 1Y)
BTNz 2052 T, ELARZR I R W v s ) 1 i A
WRMAL, ML EREF W “HPai—5" B Fhaes

it = R P REOL T AR BEF 1 [ SRBEAR, FLAz 2R Bk
BRI /N

HAT, B PN S ER B X DL v A7 Sk 52 0 ) A
KL Brmmihdh, TEARERAMET , VO i5 0 (Mactra
veneriformis) (¥ 1& Vb bl 7 £ B FRAILE TR
FEERE ] 6.7 5544 T, WA 30% (Nakamuraet al,
2009). JEFEEATIAEREH 30 RAEZE 10 1, WA
gy, RAZE 20 iF, A 20%~30%i% 10 (20 'C,
TG A7) EE 1009370 (15 °C, fREA T (R, 2016).
b i 8 (Mya arenaria) 7E{I% & B (5) 5k % 8l £ FE (5~15)
AT, ik 21~28 d, WV R AN HLRECER 2 T
ek s, (RER e & S SOV e 71 i B I (Haider
etal, 2018)., Woodin %:(2020)#F 55 %W, 1EFHERT
15 Bf, FEHEEATEE . LG (Ruditapes decussatus)
1 HE N S S (Venerupis corrugate) b T V0 1 5
ARy /L T H BT O ) B B =2 0 AR
TR, ER R I B AR 2 X A Y DL 2R A v T
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7 — e SR o AR5, 4Gl e 46 B S IR TT
rit, R B T RE S, HXREIRFFE 80%
VAL, UEIAHE T HAGL IS, 4Rl 7E A REREE T AN
PO S N AN, H AR RE ST

3.3 EHEMNEAR NXIEESEMEIN

BEREYEARLESITNZ—, RIS
Fr IR AR5 1 A T s )y X (BB 4%, 2006)
ST HUG D DL 25 A A 2R AT SY £ S AR RGGEE R
PEDLZS, HRTREE A KSRGS, FR J& R LE
1P DU 2R A BRSS9 — T 3 25 48 b (L K I %, 20086
LA 2021; WREEHT, 2020; #6145, 2017), WITFHE
B, bR b2 W DR BT, BT, 7E
e Z 00 e Y ORI S e L L 21 S T op R T
(Potamocorbula laevis) (BkE %4, 2018) . G (78T
45 2016) . K¥FkAE DI (Pinctada maxima) I3 Bk £ 11
(Pinctada fucata) (i fiil M| 55, 2014) . 424214 (Soletellina
acuta) (FEVEAF, 2014) 55 D125 1) FR Y523 bl 5k B2 i 35 in
S FTHE PR, FR Gk S0 R 09 ER B — i
PO R AR AR . AWFST AT FR i B 45 W A
B A TR T AL, H5HAL IR -5, 45
WA FR Bl A3 0 52 5 BT R BRI, SZSC
) FR TEER R 24 Wk Fi &, i ZRSC 1 e 45
AR 20, X 5 B S EAF (2016) 0T 5T 114 i 45 A A 4k
BN 20 45—, XL RM, KRS
BT 2T AL 1978 315 A, AT 52 i 38 & 17
Ry K 22 B T A D DL 2R ) S AR B R O 20~30,
XA DU ISE I [ AR 1 DX R B e P i 45 21 o

25 P TIAR A Y AR E Eh EA R T d R PH T VD
B, fEREEAMT, R —5" BHRME Y M
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Burrowing and Feeding Responses of Different Populations of
Sinonovacula constricta to High-Salt Culture Environment

DU Xinxin', NIU Donghong™*", ZHANG Shuyuan', DENG Min*, WANG Jié?, LI Jiale"®

(1. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, Shanghai Ocean University, Shanghai 201306,
China; 2. Sanmen Eastern Fisheries Limited, Sanmen 317100, China; 3. Key Laboratory of Exploration and Utilization of
Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract The razor clam (Snonovacula constricta, Class Bivalvia) is a kind of burial filter-feeding
shellfish. Salinity fluctuation is an important source of pressure for water habitats. High salinity in some
coastal areas of Shandong and Jiangsu impact the survival and germplasm conservation of razor clam. To
study the ecological behavior response of S. constricta to high salt culture environment, two populations
of razor clams were used, including " Shenzhe No.1" population (SZSC) and a natural population (ZRSC).
The semi-lethal salinity level of each population was determined. The effects of control group (20) and
high salinity (24, 28, 32) on burrowing and feeding behavior of razor clams were studied. The differences
in burrowing indices and feeding physiology between the two populations were compared. In the
burrowing behavior experiment, two groups were set; razor clams from the temporary pond were put into
each salinity group to start the experiment, while the other group of razor clams were stressed under each
salinity condition for 24 h and then put into each salinity group to start the experiment. The results
showed that the 120 h LCs of SZSC was 34.04, while the 120 h LCs, of ZRSC was 32.04. The burrowing
behavior of razor clams could be divided into four periods: The preparation period of shell closure, the
period of axe foot movement, mud digging period, and the end period of mud diving. In the non-stressed
group, the burrowing time of 50% (BTso) of SZSC was significantly higher than that of ZRSC (P<0.05).
The BTs of SZSC at 24 salinity was the minimum, which was significantly lower than that of BTsg at 28
and 32 sdlinity. The distribution of burrowing depth of SZSC was highly concentrated: 50% of the
individuals were between 7.29 and 7.55 cm. The burrowing rate was 88.33% at 32 salinity, which was
significantly higher than that of ZRSC (P<0.05). In the stressed group, the BTsy of SZSC was
significantly lower than that of ZRSC, while the burrowing rate was significantly higher than that of
ZRSC (P<0.05). With the increase in salinity, the burrowing rate of ZRSC decreased significantly
(P<0.05). The average burrowing depth of ZRSC was 7.45 cm at 32 sdlinity, which was significantly
higher than that of SZSC (P<0.05). By comparing the experimenta results of the two populations,
whether in SZSC or ZRSC, the BTsy of razor clams in the stressed group was higher than that in
non-stressed group at each salinity. However, there was no significant difference in BTsy between the
stressed and non-stressed groups at 20 and 28 salinity among SZSC (P>0.05). The BTso of SZSC was
closer to that of the control group at 24 and 28 salinity, and the vitality of SZSC was significantly better
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than that of ZRSC after 24 h of sdinity stress. Under high salinity, the distribution of SZSC in mud was
more concentrated than that in ZRSC, and the burrowing depth was shallower. In terms of feeding
physiology, the feeding rate of SZSC was significantly higher than that of ZRSC under high salinity
(P<0.05). The feeding rate of SZSC reached the maximum 89.54 mL/(g-h) at 24 salinity, which was
significantly higher than that of other salinity groups (P<0.05). In summary, the ecological behaviors of
both populations were affected by high salinity. The higher the salinity, the stronger the stress response,
with the SZSC having a higher salinity tolerance than ZRSC. In this study, the tolerance of two
populations of razor clams to high salinity was evaluated at the level of ecological behavior, and the
vertical distribution and feeding ability of S constricta in sediment in a high-salt environment was
revealed. The results provide a theoretical reference for the further breeding of novel high-salt-tolerant
strains of S. constricta.

Key words Snonovacula constricta; Burrowing behavior; Feeding rate; High salinity
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BRI RWA BRI EFREBAR MO 5 i
e, AR DU L AR K SR AL oA 26 2 R B E Y
YEM .

o [C Bk AF D1 (Pinctada fucata martensii) . B K 53
DI (Pecten maximus)Fl K -7 41 W7 (Crassostrea gigas)
G ZBOFE W UARSNZ R 0 07 K AT A I 5 F K
T 5N FAER G & A 2 VE T (Alavi et al, 2014;
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2012; Demoy-Schneider et al, 2012; J& W # 4%, 2011),
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27 HA XU5E DU WSO WA T 4%, T nkGs +
BOE R M 20%~90% A %5 (Awaji et al, 2018; FIEARZE,
2016), i ATE BUbR AL RS T HOE T %, HIRXT
WL RN T 0032 B d8 A A e i A N S EA T 5T o
BEAD, S FMIVTER BL T T 9 3222 6 58 U1 1 400 Jif - g
(Awaji et al, 2018, 2022; Qiu et al, 2014), LK T
K UE Uk iz Sl R AT AL R SR DG RE = AT RRAE (1Y)
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1 #RI5F®
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BN 29, FEME.CIE ¥ (Platymonas subcordifor mis) Al
#A17E3%:(Chaetoceros sp. IR A, T RFMEABR 1 K.
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DR bRiE, BT UK R
13 BFHEFEESZWIET

ARG IR S 2 DL 11 500 1 H K
FF B 505 WRTE 2 mL RE EP RS,
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14 % AT I8 B R (VAP) . HEB IR SR (BCF) . ATP
| Na'-K'-ATP fi#6 M . Ca®-Mg”"-ATP BG4 1
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TRZNTHEK(ASW): S8 Cavanaugh (1975)H)
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PN R INEERY N 7 TN ARG A SR L NEY | e 5o
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VAP (um/s)F1 BCF (Hz),
152 #FEHFEX > % W Billard (1983)F1
Cosson Z5£(2008) 77, NG T-1& IS5 MD 7R 6 4
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Tab.1 Criteria for grading sperm motility

W F1 5T B2 31 (TM) A A

Motility index Total motility Description
0 0 KT Ab T ARIEARTS
1 <1% R 7<1%
2 1%~<25% AR T7E 1%~<25%2Z [f]
3 25%~<50%  THALKE T-7E 25%~<50%Z [f]
4 50%~<75% AT TAE 50%~<75%Z [H]
5 75%~100%  {&E K T7E 75%~100% [1]

153 #F ATP 4& L& ayn & AT
TFIRAE 4 °C . 4000 r/min 504 F B0 15 min, WEER
FAMDIIE, &2 LIEH . VLA B AR A 5 ik
TR P P B, Ao i 4 BRG] S R At 1) 5 el i v
WK ATP ¥ J¥ . Na™-K'-ATP B 1% . Ca®"-Mg**-ATP
g iGPEFN SOD 16, SE6 Ar A & A e 5t J Al
W TR

1.6 HIEAE 5%

SCE R HGE T AT B DPS 14.5 #7581
Hr, P<0.05 X HA R EEER

2 &R
21 BETRE,pH B TFLEIXRBFTUIRNE
M 7% b 3%

N T2 7K B pH 23 Bl T 7K HR 0 2 385 e i 1
InmiAR &, N TR & BB Tk B4y o 1. 2. 3.
4 F1 5 mmol/L B}, FE 1 pH 43514 8.64.9.10.9.27 .
9.36 i1 9.42,

AN TR B B8 TR BE AN pHL B N T K A BEA YT Bk B
0K 15 B BB SR AN 1 TR o AT BN 77 ) R
H TN TR 2 ARIZ Sh ol i KK 132 sk 3
(MI<1), 7E¥#IE 21 min N, #5518 3R 1E(1.89+
1.44)%~(6.66+1.22)% 1 [l ] 77 sh 284k . 78 & 38 5
W, BEE R T pH fTHE, ML Bk 6 7
SAAZ Bl A 2 ) B PR, ET X L ) A B )
JEATA

WE 1A Fios, 7EMBEN 1 mmol/L A2 1R /K I
WD, FIVTERS FH0E 1| minJ5, T™M 2 & T
151 Z2(33.89£2.60)% (P<0.05), 1% 176 MI=2 RS 14H;
T 5 min; #5305 6 min 5, TM FFIE 01 BIEA%, 35T
BB LR — HAE R MI=1 AIRES, f(K TM
(13.84+1.14)%. M7E5 1 mmol/L &/ /K LTS Ak pH
{ELXT I 1) TG 28N T IR 7K BT W (pH=8.64) , T3k
K JREN — 47572 MI=1, TM & &N
(19.88+1.28)%, IWIHHR B 2T 1 mmol/L ZifF /K
W, B T A, B pH=8.64 Az 4 5 %t
HE A AH B A7 7E — 8 T2 B 1428 S BTG RUR .

mE 1B fin, FVTBkKS 288 2 mmol/L iY%L
KBS R, 6 TS 14 min N— E4ERE MI=2
RS, TM fi H(36.48+1.91)%, TIAEEGES 15 434
TR R IZ L AN, K EI%E MI=1 IR
A, HELWA R, MES 2 mmol/L 2 KIIEH
T pH (X A T 2N T K 05 W (pH=9.10), A
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TTHRE FI6 RS — H e MI=1, ™M Em A
(17.82+1.24)%, JATHHOR & 22 T 20K, A5
FETXEA, HEm TRk

mE 1C P, HITTERS 732 308k 3 mmol/L A%
TGS G, 35 IO 21 min N— B AR4R7E MI=4
FPRAS, TEBGE RT3 min B, SIZ 3R EBTE 80% LA
b, 54 rEPOT IR 2T BRI ABCERRE
(MI=4), HELEEHR TR &S T 60%, 1F%
AL ORISR A . M7ES 3 mmol/L &
T IK PG VS pH BV IO ) J6 &N T 0 7K 380G T P
(pH=9.27), FTHRS 716 S RE—H 4R MI=1,
TM 2 5 4 (23.32+1.93)%, 376 SR 3 25 T &K
W, HEZE TR

WE 1D Fis , FivEEokS 712 21 9% 4 mmol/L &
KIS IS, % IAEEGE 21 min N— EARERE MI=2

TR NS4, TS5 4 mmol/L &I /KIS 5 pH
{ELXT N 1) TG 2N T 7K B0 W (pH=9.36) , AVLBk
K iz s R ARE T AE 4 mmol/L & /KB,
AT A, FEMERES 2 288 E AR
(26.40+1.88)%, JF7E 5 min N4ERFE MI=2 RPIR TG
71, BiJF iz sh R R SRE, PARFETE 5 MI=1 IR .
W 1E iR, M BRKS Fiz 8% 5 mmol/L )& 1
JKEOE I, 6 TR RT 5 min N — B AR EEE MI=2 1Y
IRZS, NG TIB 3 %AE(25.04+1.22)%~(30.64+1.93) %1 [l
WIFsh k. BfS 2B LRRIRAES, 5% ZE MI=1
FPIRZS, SEERAETHRG, TM B PRI % (7.44+1.26)%.
15 5 mmol/L Z /K 380 7 pH E X N i o=@ N T
VKOS W T (pH=9.42) , FITEBKNE 128 sl AR L 505
R A BT, 7EB0E 4 min B, TM ik,
{UR(7.71£1.26)%, BJE 2224k, 31— Eh MI=1

FPRAS, KT 38R 1E(43.9621.92)%~(32.44+1.26)%  WRARAS, HGB R oL TR L B 4
+XF B84 Control group < Xt H#4H Control group =i #&4H Control group
@A) +1 mmol/L &K (B) 2 mmol/L &K © +3 mmol/L ﬁ@ﬂ(.
© 1 mmol/L ammonia seawater 2 2 mmol/L ammonia seawater ° “ 3 mmol/L ammonia seawater
S 50F »n S 50 +pH9.10 TEM/K pH 9.10 seawater =100 - | +pH 9.27 FTRAHK
= a5k @ +pH 8.64 TLEH/K E 45+ s 90 IP= pH 9.27 seawater
E 40> F < pH 8.64 seawater € 40l 51043 £ gl M4 <
Zash I £ 35 Z 70t
2 30[N= g 30f g 60r
B 25t Boasr E s0
T 20h S 20 : S 40
2 15} e 15F, . gt Py £ 30
% 10) PN g 10T M 201
R OS5k WM =R S_NAMM R 10
Uﬁ! |III||||III||||III|||lwolllllllllllllllllllll uﬂgo
$ 013 57 9 111315171921 % 1 357 9 111315171921 = 1 3 5 7 9 11131517 19 21
2 W(H T Time post-activation/min % st E] Time post-activation/min %t E] Time post-activation/min
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o O +4mmolL &Mk e (B  +5SmmolL &K

S 801 4 mmol/L ammonia seawater S 50 5 mmol/L ammonia seawater

2 70| +pH9.36 MK g 45k« pHO42 THPK
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Fig.1 The kinetics of A. pectinata total motility (TM) after dilution with artificial seawater of different ammonia ion concentration and pH

22 BEBURETHIIREFFKSIHFLESFT

BB S R ZE R AT A, 3 mmol/L Z /KAl
A ROE MV EE T kiz 8, itk —25 i f Bk
K FUFUkIz shas e, ARWFE LS 3 mmol/L 2 K1
SRR BT A T e DL TG W, Ak RS IS S
Ui K R B 5 B30 T 12 s AR AR I 1 AT
221 ikik EEACHAE FI T RS + 28

3 mmol/L Z I /KITE G, WFikiz ol i S R &
P B [ () SR 1T 22 B B BRI Y B (B 2). VCL 7
3 mmol/L & /KIKIEIG, 3 min PWARFFER S HEFR
(>56 um/s), TE57 5 434 i EFEAR 2.(47.69+1.40) um/s
(P<0.05), 7E5% 9 4r%h i EHFEL 2 (40.87+1.08) pum/s
(P<0.05), B PRFFECFFRAIRAS . VSL 7EBUG 5 56
4 43EPH(17.51£1.64) pm/s PR (12.14£1.35) pm/s
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(P<0.05), BfiJ5 A TE (7.4141.43)~(8.46£1.37) pm/s 3 10
Z 07772k (P>0.05), VAP TEBIEIEEE 3 b 2 ol
(30.37+1.32) pmv/s I ERFAILE(26.25+1.30) pm/s (P<0.05), 5
TE55 6 ArAhRt, PR EFITE (21.3241.36) um/s "g 6l
(P<0.05), B )& , &t 8L ARk, FEARAERFTE 20 pm/s g
#2451 (P>0.05). %?: 4r
70 ¢ & N
65 rp ~VCL ;@
1 i)
ol

2

>

+§gJr30 ABBBB

W25r CccccccecCcCceccecccece
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¥ 5EF[A] Time post activation/min
E 2 £ 3 mmol/L Z /KB G ML A T iz sh o

ZH(VCL. VSL. VAP)4E1k
Fig.2 Variation of velocity parameters (VCL, VSL, VAP) of
the A. pectinata sperm movement after activated by artificial
seawater of 3 mmol/L ammonia ion

VCL: MiZRizsh# # (um/s); VSL: H iz sl K (um/s);
VAP: “FHFE#RIE 3 5H2 (pm/s) ;
RIS R R B2 2% 7(P<0.05), FH.

VCL: Curvilinear velocity (um/s); VSL: Straight line velocity
(um/s); VAP: Average path velocity (um/s). Different letters
indicated significant difference (P<0.05), the same below.
222 WMEZHMETAME  HTLIOH R T
28 3 mmol/L Z /KI5, BCF Bl WS i 1] ) 4
B 5 Se TH i Je s BRI A (181 3) 0 ATL kRS 112
3 mmol/L Z /K HF % i, BT 4 min HYHEE 2SR
1E(6.14+0.58)~(6.60+0.32) Hz 2 [i] 1% 51 22 k(P>0.05),
T4 5 20 B E AL 2 (4.97+0.33) Hz (P<0.05), [l )5
RSB EMRANEE . EE 10 M EREE

(3.68+0.40) Hz J&i , FEAYERFTE 3.3 Hz A4,
23 BFHEEATPRENTWL
ML RS T30 5 17 ATP & 5 Bl s (8] A 48 k.
4 JI7R o REWAE WAL PLAHE 7 HA i ATP
1#[(425.17+45.36) umol/g prot], K+ ATP & 7EI%

{EF fY 5 min PN 42 R R (128.80466.92) umol/g prot,
ZINRIIR AR 30.29% (P<0.05), Ff7E k)5 M T

N

., WAFAETE 200 umol/g prot £ 45 o
24 TEFHER ATP EBEEMNEL
FOVLEERE F 005 J5 ATP TS P i Ast 1] %) A2 4k G

1 3 5 7 9 11 13 15 17

1% it [E] Time postactivation/min
Bl 3 2 3 mmol/L & ME/K BT Ja HivL Bk + i &
BB AR AL
Fig.3 Variation of beat-cross frequency (BCF) of

A. pectinata sperm after activated by artificial seawater of
3 mmol/L ammonia ion
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Fig.4 Variation of ATP content of the
A. pectinata sperm post activation

5 fi 7R o A5 F Na'-K'-ATP BE PEZERT 15 min f£55
FE, LiEZESF(P>0.05), JF7E 15~20 min N &
THE(P<0.05), 45T Ca**-Mg®"-ATP BT I S A 55
R, IFTEIGE I 15 min NBHi TS, RS RS T R
Hor, WITLEEAS T Na'-K'-ATP il i £ 8% [(0.62+
0.03) U/mg prot], Ca®"-Mg*-ATP Jiff LA %5 25 i 3% Pk
[(6.08+0.04) U/mg prot].
25 FBFHiER SOD iEHRZTH

FOVTERAS T30 I5 SOD {i AL aniEl 6 s, 7¢
OIS S 15 min ARG SOD 1 PS80 T PR 3,
FEAEWEE 15 min 5 ik A AR (E[(1.23+0.73) U/mg prot].
Bfi)5 , SOD & PEAERARS E HORN A B & 21k (P>0.05)

3 i
31 BKEBFRES pH M IERBFHEIR

E;ul-']
R 22 BOHE P TG ME Sl RS 5 B8 S80S BIL A AR G T
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Fig.5 Variation of ATPase activity of the A. pectinata sperm post activation
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Fig. 6 Variation of SOD activity of the A. pectinata
sperm post activation

T HRARST , LIRS 324 Ty 2 BBE i e DL kG
Tk IE B TR BN & 2K AR rh i 2 P R 3
F/ERAY, b, BFmM pH &% F Z4EH (Boulais
etal, 2019; Zheng et al, 2018)., HZHFTINN, FMR
TR ) pH Ak Tk 23 (5 78 7K A4 r 0 3t B 8 - 40 i Y
0 pH & Ak, Mt —B ks Tz 8h;
R M A T SIS s 8h . Rzt iR,
K" Na"%§ 5 125 5 H 1P R & #4781 (Boulais
et al, 2018; Christen et al, 1983). 414 Fll ki U1 25 X5 I
JEBORE F T8 A SR K RS, IE X AR i ol
AP AE A AEAE .

SRIMT, W R DL G T liF ik iz sh i G A7 e
YIFPE] 22 5 . Boulais % (2018)F5E & B, /K ERJE
{4 A8 b 25 I 25 5 W) RS TR AL W A T 1932 Bl R Rl vk
TR MR T SR AR W ) [QBR RS DUKS 42 2his
WIFGE R BR , WK £ B A A X HokS a2 shag it R E
FEYE 15035 5 0 (Zheng et al, 2020), ARFFEEB, &
2 PP i v 0 B A VT BORS 72 RIS 1L L A2 )
1, B S FUB L A ARG AR A7 —i, th A
ER A ARG - 2 BRI RK 1932 BIPRAS , ELAGHE o fa] PR
N T K 8 5 AN 2 W I 52 e HoAS Uik iz 31

(=

M5 22 A0 B AR 2, 38 0 4 5 i Ak N T3 7K iy =AT
A R & ML BRORS F 1K IE B o AE H IR ER B DL
(Zheng et al, 2020)F14 s #kfl(Haliotis discus)(# £ 7%
&, 2017)K FiE Uk 2 20 A G 5 b A8 21 K
BB M AEAE WA AU - A v B UK B B Y
S50 X TEIRE MR 5 FCERAE DL S W Fh RS T 76
PRANEE SR T, AT RBAEAE — & S5 4 AL DL AE A —
FERPRS F RS PLE, TR k1S 2] B
T, 40T B4 B 45 LAt SR A BTSN 247K \NaOH
Fl KOH 7ELMERHE FAH A9 v 32 22 A el Ak K
A, B 24 & KR pH BI/E I (Alavi et al,
2014; Christen et al, 1983; Wada, 1961), K, xut
WFFE I 1 o5 B e KRG pH 28k, i HoAth 25
T HIVE A B 20 . ARBFEERIA, 7KAK pH A
IS il e R AL AT BN 2 sh A SCBE I 22, T
BB A AE DU T R R AR AL RS TT BN F & AR ik iz
BRI . AN, ABFFEIAN, 3 mmol/L HYE
TR 7K AT BRORS  BA BAF O ROR , AT RS 5
FKS 28 81K

32 HBFIFKESIHEFIES

¥z she SRS N THAE ) 08 2 Gl
B, WU R0 FhE T B8 O R I
A BP 58 B 52 65 16 i (Billard, 1983; Pandey et al,
2017). K FUEIKIE 50 i AH OG22 SR A 18 Zh g J1 )
BAUAFAE , JEAFR, BROR 2 A2 ISR T XK il
VkH# JE RUBFSE(De Los Angeles et al, 2018; Demoy-
Schneider et al, 2012; Zheng et al, 2018), X {53 %1ks
FIBRE ST PE A T . AR, 1
TR ) B S - R A AR AT BN Ui vk s 3 A
G BE T e 2 RS 42 B RE 1A RT Re = A2 K L)
o WAL, BRI TK IS S B KOR X ALK 1Y 18 B
SLIN A1) (4 R AT ol B 5 2 AR e/ i I 2 CGT P JRR AR
AJ LARAIE A FORS - [R] Bk HE 50 9 A7 Bl 25 i 2l 32
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545 %

K, X AT R R R AR AR B B SR 1) R B K
2 — (Demoy-Schneider et al, 2012; Pandey etal,
2017).

WA EMENm R RN T ez —
NI, KT A0 S LR G B ATP, A HEE
iz SR L BE & (Gagnon et al, 2006). #i T4 35K
e, AR NS T 4 B B 2540 S D e 58 5%, b
+ 4 2 kLA g i A 77 A B AR E (Murphy et al,
2018). T4, K FHEEM SRS B TS
BV, A HEE IS 3 AT IAE— R B X1
iz B AT E AR o FEK AR SRS T MBS
th, ¥ JH(Paracentrotus lividus)ls T#i & RIDTF IR 4R
Iz, MRS R, MR E R SRR 36 Hz
7t £ (Fabbrocini et al, 2017; Gibbons, 1986; Gray,
1955), AWM, MivLBOR 005 5 B 1% s
FL R 6 Hz, X 0] TN 112 3 2 10 J5 2L ot #2
H—E B HLS IR
33 BTFREREFEIF

T BEIHAE R ER ATP DIdEfF H & wlipikiz
3, K ATP PG & G H 9A R 5 AR )%
PIH 5 (Kommisrud et al, 2020), 7E40H5 2SR AL 7E
WK ZHEFEY T, T ATP S R¥EHEE
FHE S E, HFizghal ATP RIS i3 1k
(Cosson et al, 2008; Kommisrud et al, 2020), H:H, i
PEA SR 32 S () AR X 42, 3 F 7E 30 s~20 min
Z i) (Boulais et al, 2019; Dzyuba et al, 2017); [fiifEE
XLFE DL 2R K F-i2 BB 1R T KGR 4N AT (Alavi et al,
2014; Suquet et al, 2013), AWFFEH, FIVLERHRE T
ATP & B EBOS G WG 15 min FF22 TR, fEX—id
B, 29H 70%09FE i ATP BiHFE. RIIERTTIRE
K Fzahv, H ATP &G Rk, ATP JHAEH
T ATP SRR Bif5, H ATP & s 0%
ThiE, 5 ATP WHAEHCRATA, DMRE ATP &t
THE . IR R, KT IEVERRE N TR Sehd fE38 o
ATP, H K T2 2w R4 #E(Boulais et al, 2015;
Fedorov et al, 2015). Boulais %(2015)iF55 %M, KT
BRI ATP 75t RREE T Bl & 17 AR B IR AL
PRS- s = GeVE FH APz 2h I BE R e i T AE .

K MBS 22 O CE o2l CHES, O
FHERKEMNER, ShEAESHFE ATP 74
N5 FRATHER SR | IRIEMPIE , #Em
TS T W)UK 32 3l (Bondarenko et al, 2019), 30 /1 &
F IS METERR MR A5 1 B 2 M (pH<7.2), JEZ2 4L
Na", K'Fl Ca® % B T BE AL 52 R, RS T A i

AL 5 B 11 B 10 Sl S PR 4 X RS 712 sh I 0S5 4E
% 5 % % (Boulais, 2019), Na'-K™-ATP fii5 Ca®'-
Mg*'-ATP iS40 M 555 2 it 2 i |- S LA B
Bt , Hom AT 0 N Na™ . KR Ca? 45 2 1 1Y R i
R TAE T REE U R, IFE4E P A N AR S
2 o R F 2 0 B | A0 % ) R 5 A A T LA DG A
YERT, 88 0 PP 40 A Q= 15 2 L Y 2 48 b
(Bradley et al, 1980; Jimenez et al, 2012), 24 Na"-K'-ATP
B A2 R B, S FEOE iz 1R (Woo et al,
2000), 24 Ca*"-Mg*"-ATP Bl iih MEFEARIT, 53k i am i
W Ca® MR E i E, FEERIATREZ 1 (Boulais et al,
2019), ABFFEH, MITEEERE T Na™-K'-ATP fi5
Ca’"-Mg*"-ATP G ERAMREEAAL, X R F1E
iz Bl R AT 4E R RO A B N RS, Rl R
AR AR R ARUEFF 21 12 Bl (Medrano et al, 2006),

W 38 R 5 LB R LA B ATP, Hrf 41
e b 2K TS RPN EE " RIERE
(Boulais et al, 2019), FZ IR, K THrE ™6k
it AR 25| & 20 N TG 1 S (ROS) L B2 BB AR, B fiff
K TAb T2 AL BOIR 25 (Chianese et al, 2021; Guthrie
etal, 2012). KF1E i EERA AL A A0 A, G200 it i oy
A RKENZ AR FIENR . 49451240 N 1Y PR
Tl e, SRS AR B A AL, S
B IA TGN RS GORLR D RE 2, B Te Ik R A
ATP (Correa et al, 2018; Guthrie et al, 2012), A58 &
B, MBS F T A A B S 7R LGS /5 1Y 15 min
IR . DA LRE TR, MiTTEERS
b T B AR IR S B XU (L et al, 2023), i#F— 4 358k
A LRLIARZ Sy ATP & 4 7E B i o4k
SLAERF R AKOF

4 Zit

AWFFE R, R K pH XMV BERS 115
SR S, B2 B XK iz 2l i fioh & HL A B2
PEEVEM . Hidr, 3 mmol/L ZHE KX HIVTHE A T3
BRAS PRE B AR BOE ROR , AR T IR A
15 (R3Sl RNk G2 shl B o VTR 1768 s Bt
WIATEA K Y RE BEIHFE , J A5 Se iz ghad Fe rh 4
FERER ATP &, RER I Na'-K™-ATP i 5
Ca®"-Mg*"-ATP Wi I%ME7E B0 5 (R R fa e, AdtéafL
RE 1T B sl (RS A 2% 5 T SR R ORAS 1 AU

Z % X

ALAVI S M H, MATSUMURA N, SHIBA K, et al. Roles of



BRIALAE: AR B B T S pH A TR X ATV IEAS T W08 SICR 1 L 221

extracellular ions and pH in 5-HT-induced sperm motility in
marine bivalve. Reproduction, 2014, 147(3): 331-345

ARITA K, ISOWA K, ISHIKAWA T, et al. Effects of cooling
rate on post-thaw motility and fertility of Japanese pearl
oyster Pinctada fucata martensii spermatozoa. Fisheries
Science, 2012, 78(3): 625-630

AWAJI M, MATSUMOTO T, FUNAYAMA S, et al. Artificial
fertilisation method for the production of pen shell Atrina
pectinata juveniles in hatcheries. Aquaculture, 2022, 553:
738101

AWAJI M, MATSUMOTO T, OJIMA D, et al. Oocyte
maturation and active motility of spermatozoa are triggered
by retinoic acid in pen shell Atrina pectinata. Fisheries
Science, 2018, 84(3): 535-551

BEIRAO J, BOULAIS M, GALLEGO V, et al. Sperm handling
in aquatic animals for artificial reproduction. Theriogenology,
2019, 133: 161-178

BILLARD R. Ultrastructure of trout spermatozoa: Changes after
dilution and deep-freezing. Cell and Tissue Research, 1983,
228(2): 205-218

BONDARENKO V, COSSON J. Structure and beating behavior
of the sperm motility apparatus in aquatic animals.
Theriogenology, 2019, 135: 152-163

BOULAIS M, DEMOY-SCHNEIDER M, ALAVI S M H, et al.
Spermatozoa motility in bivalves signaling, flagellar beating
behavior, and energetics. Theriogenology, 2019, 136: 15-27

BOULAIS M, MARC S, ARSENAULT-PERNET E J, et al. pH
controls spermatozoa motility in the Pacific oyster (Crassostrea
gigas). Biology Open, 2018, 7(3): bio031427

BOULAIS M, SOUDANT P, LE GOIC N, et al. Involvement of
mitochondrial activity and OXPHOS in ATP synthesis during
the motility phase of spermatozoa in the Pacific oyster,
Crassostrea gigas. Biology of Reproduction, 2015, 93(5): 118

BRADLEY M P, FORRESTER I T. A [Ca®*+Mg*']-ATPase and
active Ca®" transport in the plasma membranes isolated from
ram sperm flagella. Cell Calcium, 1980, 1(6): 381-390

Bureau of Fisheries, Ministry of Agriculture and Rural Affairs,
National Fisheries Technology Extension Center, China
Society of Fisheries. China fishery statistical yearbook 2022.
Beijing: China Agriculture Press, 2022, 23-58 [V 4K
el Y P PRy, A K EORIE ) S, KA
23,2022 PEMIL G, Jat REgO i,
2022,23-58]

CAVANAUGH G M. Formulae and methods of the marine
biological chemical room. Marine Biological Laboratory:
Woods Hole, 1975

CHIANESE R, PIERANTONI R. Mitochondrial reactive oxygen
species (ROS) production alters sperm quality. Antioxidants,
2021, 10(1): 92

CHRISTEN R, SCHACKMANN R W, SHAPIRO B M.
Metabolism of sea urchin sperm. Interrelationships between
intracellular pH, ATPase activity and mitochondrial
respiration. Journal of Biological Chemistry, 1983, 258(9):

5392-5399

CORREA F, PAVON N, BUELNA-CHONTAL M, et al.
Calcium induces mitochondrial oxidative stress because of
its binding to adenine nucleotide translocase. Cell
Biochemistry and Biophysics, 2018, 76(4): 445-450

COSSON J, GROISON A L, SUQUET M, et al. Marine fish
spermatozoa: Racing ephemeral swimmers. Reproduction,
2008, 136(3): 277-294

DE LOS ANGELES P M M, JAVIER V S, ALBERTO R O D.
Evaluation of sperm quality in adult white fish (Chirostoma
estor) Jordan 1879, Mexico. Journal of Entomology and
Zoology Studies, 2018, 6(1): 121-126

DEMOY-SCHNEIDER M, LEVEQUE A, SCHMITT N, et al.
Motility activation and metabolism characteristics of
spermatozoa of the black-lip-pearl oyster Pinctada margaritifera
var: cumingii (Jameson, 1901). Theriogenology, 2012, 77(1):
53-64

DZYUBA B, BONDARENKO O, FEDOROV P, e al. Energetics
of fish spermatozoa: The proven and the possible.
Aquaculture, 2017, 472: 6072

FABBROCINI A, D'ADAMO R. Motility of sea urchin
Paracentrotus Lividus spermatozoa in the post-activation
phase. Aquaculture Research, 2017, 48(11): 55265532

FEDOROV P, DZYUBA B, FEDOROVA G, et al. Quantification
of adenosine triphosphate, adenosine diphosphate, and creatine
phosphate in sterlet Acipenser ruthenus spermatozoa during
maturation. Journal of Animal Science, 2015, 93(11):
5214-5221

GAGNON C, DE LAMIRANDE E. Controls of sperm motility.
In: DE JONGE C J, BARRATT C L R. The sperm cell:
Production, maturation, fertilization, regeneration. New
York: Cambridge University Press, 2006, 108—132

GIBBONS I R. Transient flagellar waveforms in reactivated sea
urchin sperm. Journal of Muscle Research and Cell Motility,
1986, 7(3): 245-250

GRAY J. The movement of sea-urchin spermatozoa. Journal of
Experimental Biology, 1955, 32(4): 775-801

GUTHRIE H D, WELCH G R. Effects of reactive oxygen species
on sperm function. Theriogenology, 2012, 78(8): 1700-1708

JIANG Y R, LI X, QIN Y J, et al. Activation and
cryopreservation of spermatoza in Haliotis discus. Journal
of Yantai University (Natural Science and Engineering
Edition), 2017, 30(4): 348-351 [ E3E, 258, LA, 4.
BT HORS 1 ROS SOBARIR PR AT ST, M i
(BB 5 TR), 2017, 30(4): 348-351]

JIMENEZ T, SANCHEZ G, BLANCO G. Activity of the Na,
K-ATPase 04 isoform is regulated during sperm capacitation to
support sperm motility. Journal of Andrology, 2012, 33(5):
1047-1057

KOMMISRUD E, MYROMSLIEN F D, STENSETH E B.
Viability, motility, ATP content and fertilizing potential of
sperm from Atlantic salmon (Salmo salar L.) in milt stored
before cryopreservation. Theriogenology, 2020, 151: 58-65



222 ook B

545 %

LIJZ, DONG CF, WU HY, et al. Transcriptomic analysis and
stress response of Chlamys farreri to paralytic shellfish
toxins. Progress in Fishery Sciences, 2023, 44(6): 166—-176
(TN, BRI, RIMEHE, S FALE DURT R D125
KA S SR bRt g, 2023, 44(6):
166—-176]

LEE Y, CHOI K, LEE D, et al. The role of the adductor muscle
as an energy storage organ in the pen shell Atrina japonica
(Reeve, 1858). Journal of Molluscan Studies, 2015, 81(4):
502-511

MEDRANO A, FERNANDEZ NOVELL J M, RAMIO L, et al.
Utilization of citrate and lactate through a
dehydrogenase and ATP-regulated pathway

lactate
in boar
spermatozoa. Molecular Reproduction and Development:
Incorporating Gamete Research, 2006, 73(3): 369-378
MURPHY E M, OMEARA C, EIVERS B, et al. Comparison of
plant- and egg yolk-based semen diluents on in vitro sperm
kinematics and in vivo fertility of frozen-thawed bull semen.
Animal Reproduction Science, 2018, 191: 70-75
PANDEY D, RYU Y W, MATSUBARA T. Features of sperm
motility and circadian rhythm in Japanese anchovy (Engraulis
japonicus). Fisheries and Aquaculture Journal, 2017, 8(2): 203
QIUTL, ZHANG T, BAI Y C, et a. Gonad development of the
pen shell Atrina pectinata from Shandong Province, China.
Journal of Shellfish Research, 2014, 33(2): 465471
RURANGWA E, KIME D E, OLLEVIER F, &t al. The measurement
of sperm motility and factors affecting sperm quality in
cultured fish. Aquaculture, 2004, 234(1/2/3/4): 1-28
SUQUET M, QUERE C, MINGANT C, et al. Effect of sampling
location, release technique and time after activation on the
movement characteristics of scallop (Pecten maximus)
sperm. Aquatic Living Resources, 2013, 26(3): 215-220
WADA S K. Fertilizability of Crassostrea and Pinctada eggs as
related to germinal vesicle breakdown. Memoirs of Faculty

of Fisheries Kagoshima University, 1961, 1-8

WOO A L, JAMES P F, LINGREL J B. Sperm motility is
dependent on a unique isoform of the Na, K-ATPase.
Journal of Biological Chemistry, 2000, 275(27): 20693—-20699

XU S, SUN J C, LIU S L, et al. Progress in research on
cryopreservation technology for echinoderm sperm.
Progress in Fishery Sciences, 2021, 42(3): 26-37 [¥FUil, #)
SRR, XK, S R SR TR RIS R DA BOR B
U, BRI R, 2021, 42(3): 26-37]

YU F F, YU X Y, ZHENG J, et al. Cryopreservation of
spermatozoa in pen shell (Atrina pectinata) and suminoe
oyster (Crassostrea rivularis). Journal of Agricultural
Biotechnology, 2016, 24(2): 305-312 [T-4EIE, &FEH,
oy, S ANLBRNE LA IG RS BRI IR, 4l
HEYIFEAR AR, 2016, 24(2): 305-312]

ZHENG X, DENG Z H, QIN J G, et al. Noble scallop, Chlamys
nobilis, sperm motility duration in the post-activation phase.
Animal Reproduction Science, 2018, 196: 197-204

ZHENG X, FU Z Y, LIN S Q, et al. Which is the major trigger
in aquatic environment for pearl oyster Pinctada fucata
martensii  sperm from gonad: Ammonia ion or pH?
Aquaculture, 2020, 520: 734673

ZHENG X. Sperm swimming movement characteristics and
cryopreservation for Pinctada fucata martensii and Chlamys
nobilis. Doctoral Dissertation of Hainan University, 2019
B4, Ih IR BRE: DUFNAE SATFL B DUKS 7 Rk iz sl 4
TE BRI AR AE B AR E. 16 RS AR 2 e
3, 2019]

ZHOU L Q, YANG A G, LIU Z H, et al. Fertilization biology of
eggs and sperms in two scallop species, Patinopecten yessoend's
and Chlamys farreri. Progress in Fishery Sciences, 2011,
32(1): 75-81 [JAmT, Mz, XU, 4. IR &
O 5~ B G LR W) F R AE . L B R, 2011, 32(1):
75-81]

(%8 LH#)

Comparing the Effects of Ammonia lon Concentration and pH on
Atrina Pectinata Sperm Activation in Artificial Seawater
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Abstract

Pen shell (Atrina pectinata) is a Bivalvia species with high commercial value in China.
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However, large scale production is difficult owing to the lack of seed. Pen shell uses external
fertilization with sperm stored in the testis in a nonmotile state. Sperm motility is initiated when they
are released from the reproductive tract into the aquatic environment, which enables fertilization.
Various chemical signals including pH, ions, and cyclic nucleotides control sperm motility. However,
there are interspecific differences in activation conditions between different Bivalvia species.
Screening out an effective activating medium is the basis of artificial breeding technology.

Swimming parameters, such as total motile sperm (TM), movement velocity, and beat-cross
frequency (BCF) are common indicators to evaluate sperm quality. Sperm must have sufficient
motility to reach the egg to complete fertilization. In addition, sperm needs a large amount of ATP to
maintain its swimming movement. Intracellular ATP content controls the duration of the sperm
movement phase in most marine species. Studying the movement characteristics and energy
metabolism of sperm during activation will help develop and optimize artificial breeding technology.
Studies of A. pectinata mainly focus on their oocytes. However, the activation conditions, moving
characteristics, and energy metabolism of sperm during activation remains unknown. Thus, there is an
urgent need to screen appropriate media and study the activation mechanisms of A. pectinata sperm.

Adult A. pectinata were collected from Wuzhizhou Island, Hainan Province in November 2021.
Artificial seawater with different levels of ammonia ions and pH were used to activate sperm. This
study examined A. pectinata sperm activation in artificial seawater by varying the ammonia ion
concentration and pH. The change in sperm motility, curvilinear velocity (VCL), straight-line
velocity (VSL), average path velocity (VAP), and BCF were described. The ATP content, ATPase
activities, and superoxide dismutase (SOD) activity were quantitatively recorded during the full
activated stage. The motility was slightly improved by increasing the pH of seawater, but could not
achieve the fully activated stage. Furthermore, the motility was significantly improved when
activated by alkalized seawater containing ammonia ions, and the best results were observed in
groups containing 3 mmol/L ammonia ion: The sperm motility index (MI) was in the fully activated
stage (MI = 4) until the end of the experiment, with TM = 80%, VCL > 56 um/s, VSL > 17 pm/s,
VAP > 30 um/s, and BCF > 6 Hz. Sperm ATP content decreased to 30.29% of their initial values
[(128.80+66.92) umol/g prot] during 5 min post activation and was maintained at this level during
post-activation. ATPase activities were maintained at a constant level. Na'-K -ATPase activity was
lower [(0.62+0.03) U/mg prot] compared to Ca2+—Mg2+—ATPase activity [(6.08+£0.04) U/mg prot]. The
SOD activity of sperm steadily decreased to [(1.23+£0.73) U/mg prot] during 15 min post activation
and remained stable.

In conclusion, pH was not the decisive factor in pen shell sperm motility. Instead, ammonium ion
promoted sperm activation. There was a significant decrease in sperm ATP concentration (P<0.05) at
the beginning of the post-activation stage and the ATP concentration followed by stabilization at a
lower level. The reduction in SOD activity may cause oxidative stress. The findings in this study can
be instructive to conduct further research on sperm activation mechanisms, and help develop artificial
breeding technology for A. pectinata.

Key words Atrina pectinata; Sperm; Motility; Ammonia ion; pH; Energy metabolism
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Tab.1 Sequencing results of bacteria on the surface of artificial reefs
FO X B R XT3 415 HUNENEARZS AR AR
Comparison strain Matching sequence number Test strain Upload serial number Similarity/%
Mesoflavibacter sp.2 OP740538 ECSMB21121 NR134082 99
Pseudoalteromonas sp.31 OP740539 ECSMB21122 MN746173 91
Exiguobacterium sp.1 OP740540 ECSMB21123 NRO043005 99
Sutcliffiella sp.1 OP740541 ECSMB21124 NR040852 99
Cytobacillus sp.1 OP740542 ECSMB21125 NR112635 99
Vibrio sp.22 OP740543 ECSMB21126 NR036929 98
Jeotgalibacillus sp.1 OP740544 ECSMB21127 NR114573 97
Phaeobacter sp.2 OP740545 ECSMB21128 NR042673 99
Pseudoalteromonas sp.32 OP740546 ECSMB21129 NR114547 99
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Fig.1 Inducing activity of M. coruscus plantigrade
settlement on the different bacterial biofilm
on the surface of artificial reefs
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on the surface of artificial reefs

24 RERBENHN

Wik 3 ROy T N TR A E N RS K
BB A 25 R —3, ARWF5E RS AR B A 4
(& 3). 3 NAWII AN A R . 45
R, [FJETECE B EER Pseudoalteromonas



228 ook B

R 545 %

A
s

sp.31 5 Pseudoalteromonas sp.32 = [f] 5 1% i 25 Ky
0.027 9, 52 A A T A ik 2 1 70 15 75 2 ) 240 7 v st A%
B BT 1% ; Mesoflavibacter sp.2 5 Jeotgalibacillus
sp.1 MBI IEES S 0.414 6, J& AT A N\ T if 3% 1 41 B
MR R, Bk 2 MW R A —LE S
Jeotgalibacillus sp.1 Al Exiguobacterium sp.1 R h—
%o X—4r % 5 Phaeobacter sp.2 B h—3, ZJ5
5 [HJ& F A E W '1h Pseudoalteromonas sp.31 .
Pseudoalteromonas sp.32 Fll Vibrio sp.22 &5 —41
X, fa AR THAFET T Mesoflavibacter sp.2
Rk,

25 AEEHRENKEEERESHESERR

375 S 1% PE 41 1 Phaeobacter sp.2 12 A4 2 1wk
ez oERR E& T o # 0 MEHH
Mesoflavibacter sp.2 (P<0.05), #2775 1% 4a).
Phaeobacter sp.2 J& i i A= Y9k B5 B 5 88 1 ot S i i
FET Mesoflavibacter sp.2 (P<0.05), 2 T
T 57.79% (& 4b), i rHTEAR . S ESH

94%

W TER A CIE R CGE 4), SRS HEN /B S
P 5 I 2 0RO (P<0.05), 18R 155 X HE DAY i S
PR S IEAH S PE(P<0.05).

R2 ANI&#XREAREVRREAREES
FEREEZ EEEXE
Tab.2 Correlation between bacteria density and inducing
activity of bacterial biofilm on the surface of artificial reefs

MR AR Test strains r =]

Mesoflavibacter sp.2 0.745 3 0.2
Pseudoalteromonas sp.31 —-0.260 8 0.6
Exiguobacterium sp. 1 0.983 6 0.0513
Sutcliffiella sp.1 0.800 7 <0.000 1*
Cytobacillus sp.1 -0.773 2 <0.000 1*
Vibrio sp.22 -0.472 6 0.894 6
Jeotgalibacillus sp.1 0.908 7 <0.000 1*
Phaeobacter sp.2 —-0.706 3 <0.000 1*
Pseudoalteromonas sp.32 -0.403 1 0.8

T R R EVE 2257 (P<0.05). R,
Note: * indicates significant differences (P<0.05). The
same below.

NR 117854.1 Sutcliffiellazhanjiangensis strain JSM 099021
NR 026144.1 Sutcliffiellahalmapala strain DSM 8723

NR 040852.1 Sutcliffiella sp.1

NR 108491.1 Cytobacillusgottheilii strain WCC 4585

NR 112635.1 Cytobacillus sp.1

NR 117285.1 Cytobacillusoceanisediminis strain H2

NR 136485.1 Jeotgalibacillusmalaysiensis strain D5
94% | | NR 114573.1 Jeotgalibacilus sp.1
91%'—NR 116713.1J eotgalibacillus terrae strain JSM 081008

FNR 043006.1 Exiguobacteriummarinum strain TF-80

94%

93%

85%

88%
89%

95%
87% —NR 036929.1 Vibrio sp.22
86%| 'NR 042468.1 Vibriokanaloae strain LMG 20539
INR 114982.1 Vibriolentus strain CIP 107166
,—NR 042981.1 Pseudoalteromonas sp.31
NR

NR 043005.1 Exiguobacterium sp.1
94%"NR 043204.1 Exiguobacterium profundum strain 10C

114191.1 Pseudoalteromonasundina strain NBRC 103039

NR 025139.1 Pseudoalteromonasissachenkonii strain KMM 3549
NR 114801.1 Pseudoalteromonas spiralis strain Te-2-2

NR 114436.1 Pseudoalteromonas distincta strain KMM 638
NR 114547.1 Pseudoalteromonas sp.32

NR 042673.1 Phaeobacter sp.2

88% [NR 157650.1 Phaeobacterporticola strain P97
NR 159171.1 Phaeobacterpiscinae strain 27-4

NR 133778.1 Aurantibacteraestuarii strain KYW 614

89%\—FNR 134082.1 Mesoflavibacter sp.2

85%

0.050

NR 165769.1 Mesoflavibacter profundi strain YC1039
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Fig.3 Phylogenetic tree of bacteria on the surface of artificial reefs in this study
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Mesoflavibacter sp.2 FMIiF T 140 Phaeobacter

sp.2 PEATHOEHE [, S A Pk R S e A v A 4
I Phaeobacter sp.2 &4 MLF4E £ & mti i gy, M
T Mesoflavibacter sp.2 Ftk, HELF4ER &I 3.07 %
(K 5) (P<0.05),



553 P A5 N T AR SR T 43 B3 A A TR I — £ 0 o J %o T 7 s DL DL 5 14 52 Tl 229
R3 FAARHPAIGEROAEMNEEES
Tab.3  Genetic distance of bacteria on the surface of artificial reefs in this study
ECSMB ECSMB ECSMB ECSMB ECSMB ECSMB ECSMB ECSMB ECSMB
21121 21122 21123 21124 21125 21126 21127 21128 21129
ECSMB21121
ECSMB21122  0.401 6
ECSMB21123  0.4130 0.346 1
ECSMB21124  0.407 3 0.3333 0.156 2
ECSMB21125 0.411 3 0.330 8 0.148 0 0.076 4
ECSMB21126  0.400 5 0.165 4 0.344 2 0.3357 0.3519
ECSMB21127 0.414 6 0.3316 0.166 7 0.107 2 0.090 7 0.3593
ECSMB21128 0.3821 0.308 5 0.313 6 0.318 4 0.3232 0.309 4 0.322 6
ECSMB21129 0.384 8 0.027 9 0.347 5 0.3270 0.326 8 0.167 8 0.324 5 0.296 8
400 - a B Mesoflavibacter sp.2 ~ 80r b a m Mesoflavibacter sp.2
S =1 Phaeobacter sp.2 E =1 Phaeobacter sp.2
5 300 - = 2 g
=Ry i i
®E E 2000 WS 401 b
BEE ® 2
g5 B3
HE 100} ] § 20} 1
s b g
2
N :
0 A0

1
Mesoflavibacter sp.2  Phaeobacter sp.2
M B Bk Test strains

1
Mesoflavibacter sp.2  Phaeobacter sp.2
A B AR Test strains
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Fig.4 Content analysis of proteins and polysaccharides in biofilms
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Tab.4 Correlation analysis of proteins and polysaccharides
in biofilms and inducing activity of M. coruscus
plantigrade settlement

Wil T Protein £ 4 Polysaccharide
Item r P r P

[t 5 = Settlement 0.891 <0.000 1* -0.878 <0.000 1*
151 a
e —

B Mesoflavibacter sp.2
=1 Phaeobacter sp.2

i 1.0

<

e

&

= 9 05 b

£
Cellulose content/(pg/mL)

.

Mesoflavibacter sp.2 Phaeobacter sp.2

WX FE R Test strains
K5 ZFHER &

Fig.5 Comparison of cellulose content

e

ABEFEH, MW T AR RE R 225 1 9 BRI AR

4y 9 J& F Mesoflavibacter . Pseudoalteromonas .
Exiguobacterium, Sutcliffiella, Cytobacillus, Vibrio .
Jeotgalibacillus I Phaeobacter %5 8 Niim, Hr,
Mesoflavibacter . Pseudoalteromonas. Mibrio F1 Phaeobacter
A 7E LA A SR 52 T DL 8 40 B AR DA 5T v R RE A
TE(TRFEFESE, 2021; #WR5, 2017). 9 BRANTETE MUY
BAL— 24 TR A B X R 5 i DUAE DL 2 0475 S T
ANT],  HL ] — T e A ] P 2 )35 5 36 A AN ]
X 1t BH B — 41 TR A B BT JEE 56 T DUHE DL B o 9 5
UGS M E A TCOC, AT AR ARIESE T X — A
(Yang et al, 2013; Li et al, 2014; %4 4%, 2015),
DITERFFE R, 4018 % B AR A= Wy i 1) A= o
Rtz —, SWETETCE HESh Y 0 B R R B A G
IMRZRAEQ015)MFFE R, M aEE AL Y B & 23R T
BRI 9 BRI TR T, A7 7 PRI VE AH B0 R 52 1 D
HE DU B 25 1) 375 3 15 1 5 JHC 24 0 e 4 T 2 R I 5 A
XKoo LidEQ014)F 58 L BL, MBEEES 1w b5 1 3 R4
PR [ oy B AR B0 10 BRIEFEATE T, 9 HRX 5T
Tty DUHE DB 36 0 75 905 M 5 o — 2 1 2E ) 1 P ) 4
TR PR 5 W R OC o T A VSR 7 T DL i 3 B R 1) A DG B
FEH, MIRAFQO17)FFE A IR, 10 BRI H JE 52 Ik DT
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WAiE A, A S HREBEMHG; RFEHRS%2021)
R, WA 10 BRIESEIRDUmE A T, A 6tk
14 J5E 5 Ty D HEE D355 5 0 4 5 HG A W e 40 7 o T I
EA FEAMRGE R, DAY 9 MR\ T A 2 1f 41 TR
W, AR 4 BRANEETE B AE D S S R R
FAHIC, HCHEN , A OR 20 TR B TR SR 5E I DUAE DL R
H W AR A —E R, (EIEANIE T A
TFVELNTR , ATRE SRR R IEA G, Ah, ARAF5RE
RIR, FlAE U6 A TR % B B T, 45 TR AR R 52 T DL
HE DL BN 19155 S 15 1 A Al S AN AR TR, X Ul B
A0 b 240 R 2 R, HE DAY BN A e S, A TR PR
A ARG %, H 5w Ea X, X5
DIMERFFE S5 AR (B 9555, 2017; Peng et al, 2020b),

XEARWFGE A B2 9 BRI s Lt b 55
FEIE DIHE DL B & 5 G M TR OG0T, RAEKRE
Iy B 89 45 SR R, Pseudoalteromonas sp.31 5
Pseudoalteromonas sp.32 Y38 & I B it , Hxt 2 5e
i DUHE DL 16 P RAT W25 25 5% 5 T Mesoflavibacter
sp.2 5 Jeotgalibacillus sp.1 Bt L HE B feie, — %}
JEESENG DUHE DU 5 il et B 2 22 5, X Ui B 4
TRt R B 1) 3 5 )R I DUHE DL YRR TG, 51
FESE B —F(Yang et al, 2013),

DIEROT 2 W], BE S0k 40 0 53 M AL 225 5
VS 00 1 0] REAE DL S S5 T 1 J0 8 HE S ) 1Y) B 2 28
R EE—EMVER (Yang et al, 2013; Chung et al,
2010; Fuqua et al, 1994; Tran et al, 2011), ASHFFTIHEI
T IESE G DUHE DUEAT 5175 5 1 14 1 Mesofl avibacter
sp.2 SARiFE G PE ) Phaeobacter sp.2 PR 4T
AP AN (AT, e IR kR 5 Dl D
HEDL RS M SR 2 0 DG, 456 58
= DAEXT AR F B BF5E, KB P. marina K
FA R fliP G RTS8 1 fliC-02330 2[4 ik
YVISE RO RO RS R R E S B2
HERRAG, R RRAR T RS 0 D1 &) e g B A AR AR
(Liang et al, 2020; Z<HiMH4E, 2022); HFE P. marina
T A P o RS iy 2t A b, 2SN R B 1 B A S 2 Y n
AP F R AT SRS RS R, (R EE
DUHE DU B & (5% W0 W0 55, 2021), ZE A 5E
Phaeobacter sp.2 JE B i) 2L ) 8% B 1 i &% &
Mesoflavibacter sp.2 ik, #f& UL #EN , Mesoflavibacter sp.2
AP R R SRR R A BT AT RE S e T 2R B
FEAE S EOE B A Yk RO IR 5 T DURE DL R 22 81
ARSI

AWEGEH, 2 SR E R E DB 2 S S

W06 M O OC . AR R AT 2 B i B 5T T
A, NG TR B A= W0k RS B 1 228 ) A8 AL R ) 5
HE VL& 16 DA A0 AR — B (R 45, 2020a); TEAR 5
FQO2DHIIFFT R, 2 RRIN K B AR 1 A P w5 A A
Y, o-Z0E 5 R 506 DL G 5 S 06 PR 5 W U
K, R GATI G RIML . ZHEY B RS2
D& BB SRR, IR0 (RN,
2022). FEFRER (R E RS, 2022). WIHifiR(Peng et al,
2020a)55 Z MYy T 2 R HE IR 7 ik DL RS 28285 . AR
Ifii, ASHFFY Phaeobacter sp.2 JE ik AE My ol I o d &
% Mesoflavibacter sp.2 & 2 71, JEIHEN o] figj&
Phaeobacter sp.1 43 [ Z 0529y o o & A 30 46 1 3%
PEYy, XSG DURE DT 80 B AIGIF5 S 0 o 3l )
Mesoflavibacter sp.2 #1 Phaeobacter sp.2 P& ik ™=
HEAYEZEEE N KL, KA SIEME R Phaeobacter
sp.2 WP 43 & 102 =i I PE R Bk Mesoflavibacter
sp.2 [ 4 4%, FHUCHED, 2 BRANE 15 U6 T2 5 R
RS A AE R MR, DR LB, 2F
4 K Ge e 1 ) I 52 G DL R & AR A A AR T (BRI 4,
2020b; HRZHLAE, 2023), [FIEYT, FEXT P. marina £F 4
FEA IR besQ MRFFEH A, %I M EE 57
HUEYPERIE EE S TR, ML c-di-GMP &
W, M o-di-GMP & BT S, FEIRT
JEFEMA DL &y B % A8 A5 % (Liang et al, 2021), X —%45
SRR, 20T R R TR S TR DUHE DL AR 5 0 A
FEsg ), ELZ0 B T B IE A 52 M A1 7 A 43 D TR 5
JEFENG DL BB -

ZE T, ARWEFE Y 9 BRI A % T 40 TR X
JESEIE NHEDI B iE e I e EM 2R, B
2 T 2 () P 35 2 P 2 T AR DR IR & 3 e K 2 Ak %o TR
Fe i DURE DU AT A [ R2 B2 375 3 30 14 %) T PR 2 ) 9
S Y R &, R R TR R S 2 b
B0 7 I DUHE DU 5 A — 2 iy 2 mifE i, ()
IF, RFEF4E R B i D 1Y SE 4R IR 1 A E 2RI
Xof JEE 5 e DUHE DL B 1 B R 454 T o A9 B IR R
N I AR i % TR 4 R X SRR e T DUKE DL R 152, Sy
Jo Sk — D AE A AR DXCTT JRe N T A R 3R T A ) ke
5535 F TG HE Bh W B A 0 B G R 9T B9 B At
filt, [RVESE, %k N T Ao il SR TRV A W B AL ) %) B
5% HAT B2 1 SEER M (E .
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The Effect of Mono-Species Bacterial Biofilms Formed on the Surface of
Artificial Reef on Settlement of Plantigradesin Mytilus coruscus

YANG J inlongl’z’”}, YU Xiangbing'?, HU Xiaomeng'?, HE Chuhan'?, LIANG Xiao'*

(1. International Research Center for Marine Biosciences, Ministry of Science and Technology, Shanghai Ocean University,
Shanghai 201306, China; 2. Shanghai Collaborative Innovation Center for Cultivating Elite Breeds and Green-Culture of
Aquaculture Animals, Shanghai 201306, China; 3. Southern Marine Science and Engineering Guangdong
Laboratory (Guangzhou), Guangzhou 511458, China)

Abstract Aquaculture is the fastest growing food production industry. The Chinese mariculture
industry has made great progress in the past 40 years to become the dominant producer of aquaculture.
However, the current deterioration of the water environment and the aggravation of farming diseases
poses challenges for the traditional culture model to meet the new requirements of healthy
development in marine fishery resources. This problem was addressed using marine ranching. This is
a new mariculture model that includes two approaches (artificial reefs and stocking) with the goal of
achieving environmental and ecological harmony. Artificial reefs are an important component of this
marine ranching model since they can help improve the water environment around the reefs, promote
nutrient circulation, provide a suitable habitat for marine organisms, and encourage colonization of
the reef surface by sessile organisms. The placement of artificial reefs into seawater may serve as a
substrate for bacteria to form a biofilm on the surface. Biofilms play a crucial role in the settlement of
many marine invertebrate species. However, limited research was conducted into the relationship
between bacteria on the surface of artificial reefs, biofilm formation, and the settlement behavior of
Mytilus coruscus.

This study placed white acrylic plates and tetrahedral structured artificial reefs in Gouqi Island,
Zhoushan City, Zhejiang Province, China (122°46" E; 30°43’ N) . Nine strains of bacteria isolated
from the surface of the artificial reefs were used to construct mono-species bacterial biofilms and
induce plantigrade settlement of M. coruscus. The aim of the study was to investigate the interactions
between marine bacteria and the settlement of M. coruscus on the surface of artificial reefs. The
marine biofilms impacted the settlement process of M. coruscus. The bacterial species from the
marine biofilm were screened for high and low inducing activity and analyzed for bacterial density,
protein, and polysaccharide content to further explore the relationship between different bacterial
biofilms and M. coruscus settlement.

There were significant differences in the induction activity of biofilms formed by the nine strains
of artificial reef bacteria on the settlement of M. coruscus: Mesoflavibacter sp.2 and Phaeobacter
sp.2 showed the highest and lowest induction activity, respectively. Bacteria within the same genus

@ Corresponding author: YANG Jinlong, E-mail: jlyang@shou.edu.cn
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exhibited differences in induction activity. This indicated that the induction activity of bacterial
biofilms on mussel settlement was independent of bacterial species. Phylogenetic analysis showed
that genetically similar strains (such as Pseudoalteromonas sp.31 and Pseudoalteromonas sp.32) and
genetically distant strains (such as Mesoflavibacter sp.2 and Jeotgalibacillus sp.1) showed significant
differences in the induction activity of M. coruscus settlement. Only four of the nine bacterial strains
showed significant correlation between biofilm density and the settlement rate. Sutcliffiella sp.1 and
Jeotgalibacillus sp.1 exhibited a positive correlation between bacterial density and induction activity.
This indicated that bacterial density may play a role in M. coruscus settlement, although it may be
strain specific. Additionally, the trend of induction activity of mussel larvae attachment varied with
increasing initial bacterial density. The optimal density for settlement is strain specific. Further
analysis of biofilm active substance content in Mesoflavibacter sp.2 and Phaeobacter sp.2 revealed
that polysaccharide content negatively correlated with induction activity of M. coruscus and
positively correlated with protein content. This suggests that bacterial species may not directly affect
M. coruscus settlement, although bacteria may indirectly influence settlement by affecting the
secretion of extracellular products.

This study showed that nine bacterial strains had significant differences in their ability to
induce mussel settlement on the surface of artificial reefs. Interestingly, these differences did not
necessarily correlate with the genetic distance between the marine bacteria. Further investigations
were conducted on two selected strains of bacteria (Mesoflavibacter sp.2 and Phaeobacter sp.) that
exhibited different levels of inductive activity on M. coruscus. The polysaccharide content and
protein content negatively and positively correlated with the induction activity of M. coruscus,
respectively. This suggests that the presence of specific polysaccharides may negatively affect the
settlement of M. coruscus according to cellulose content measurements.

This is the first study investigating the effect of bacteria on M. coruscus settlement on the surface of
artificial reefs. This has significant theoretical implications for further research on the interactions
between biofilms and marine invertebrates on the surface of artificial reefs in natural marine environments.
Understanding the settlement mechanisms of marine benthic organisms on artificial reefs is crucial to
manage and conserve marine resources since artificial reefs are widely used to enhance marine habitat and
biodiversity. The findings of this study have practical implications for the design and construction of
artificial reefs. Understanding the role of bacteria in mussel settlement facilitates the optimization of
artificial reef structures to promote or inhibit the settlement of target species. This knowledge can help
develop effective strategies to manage biofouling on artificial reefs. This can impact the performance and
longevity of these structures. Further research in this field will deepen our understanding of the
underlying mechanisms and enable development of management strategies for artificial reefs and marine
conservation efforts.

Key words Artificial reef; Mytilus coruscus; Mussel juvenile; Settlement; Biofilm
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PR L 55 7 i SR I(MINNG)(Yan et al, 2004) F1H) 35
AR50 v B2k (Lee et al, 2018a; Wang et al, 2000), F|
MNNG X} 25 BEE (P, yezonensis). ¥n283045EiG T
TR BT BB, AN 22 ARIR(E B S, 2007; Li et al,
2008) . Sefl i B IR (ZEHEAE, 2006) AR (Lee et al,
2018a; J 244, 2009) 5 AT AL, W) M R A
T RER R A SR Co-y B2 BI% 4 B4
FMRAR K (P dentata) 7618 F W & AR EAT 15
BRI T 2R AR KR (Lee ef al, 2018b;
PEMHESE 2009), HAR, DL EIEARFIEREA KA
AR A AR R R — o 175 YU
BefE e 2VEk, A7 WG g i a8, Yy BRI AE
OCo-y BAETEALFIFHALFI M LI B AE R A, (HAE
AT BA — & A Wi 0 SEI0 AR R R 22 4R 18
ANEL TG AROUE A6 - 0 D A o R B iR A TSR o i 2840
LARGIA B HA TG YL . AR . 5 THAE. iR
TREEL A (T R4, 2007; Ding et al, 2020; W54,
2020). P KFEEH 100~275 nm B I LML (UV-C)
AT LAfRER A= ariA DNA FIEE T2 M 5cHK, fff DNA
DT T B SR AR, DT 5 B R 28 A5 (B Lot et al,
2001). FIH A THI 4519 UV-C SCIEA AT LU T H %
EETR R EINEE, H UV-C 8 IR Ry B
BRI R (Pfendler ef al, 2021; Slatinskaya et al,
2018; Jeon et al, 2018; Rezzan et al, 2014), # 4k
(1990)FI™ 24Uk (1992) W 5 T B, Fl I 55402k i IR 2%
B2 R S0 I A A, T DAARAS IR A8 A8 S (A R
A EAR TR i Fe e E RS A iR 2200k
AR R R S5 3R AT 5 A8 (™ 6 UL SR, 20005 5K A A,
2019; BXFEEE, 2019; BREASE, 2008), APfEA X 5a4
T TR BB IT IR IE o 7 ds S AR S B 1 A 7 o
H, SEAL T R IR U 22 R (2n ) e 72 1A
AR () B S HER T BB, R0 E A 24 & AR Y
JRP A T AR R S B A I, BRI, X
AR B e AL R A G U Sy 1 A0 R HE B A Ak D s
Ja SEMRR ) & & #an) (Ohme et al, 1986; Zhang et al,
2013), EEF LT, XHT R R IR S SE A Tk
TR AR B, B R b i SE PR 2 A8 5%, HLY) 4RI
W2 Rt AR, KRR T AR IR AR = A 1Y
SURZRAR R G SRR R I AR I . A
TIFGY e FH 0 I 22 A2k (A=254 nm)$E BB 125 L3055 01,
ISR B (00 A8 S5 1 e 118 R AR, IF R ik
G E A RIK, 8 FE IR RSB R TR

AL PR AR A IR

1 #RE5FE
1.1 SLIEHE

AW T FH 35 58 S0 0 AR U 5 3ROk A 4 TR
S ARATE L, T 2017 R A FOR ST m L
afi R, LA A HZ2RIR AT X ORAEAE S0 S N o IR 251
TREE R (23£1) °C, SEIEEREE N 4 pmol photons/(m*-s), Y6
JEN 10L ¢ 14D, HRPAETEHR 1/2 9 MES B3R

K /AU EALE — 2 AR W H B 22 R )
PERLZT 100 pm AY#E 22, F HAERP B R T 1Y D5 R T
FEHEALEE 3 d 5 RN R DL ek R IR R (23+1) C |
YGHRSRE 4 5 pmol photons/(m*:s) . YEJE A 10L : 14D
A FREFE . B3R 10 d J, IHUEN sekm L 2R
H 2R, K T4 e 5 R0, KRR i B 2 e 3]
20 pmol photons/(m?:s), HAME IR &R, B8R,
R R SOIE T TE=EAN R i I S =
(28+1) °C, [mlr, FEIEHESR KRS 10 pmol photons/(m’'s),
JEIEICE 101 14D, BUHJG, I SER K K
PELLET W 1~2 A AR DL FE 2RI &4 150 mL
B IR W REOAR JE B 4 BR 22 () B AR (250mL) itk 1 T 78S
B59%(Zhong et al, 2019), FEIRIEIE M (24+1) 'C, JEIEGR
J& 4 40 pmol photons/(m®-s)., 24455 K J& g 41 B2z bt %5
—ERHEMATE, ¥iE s 2id 100 HJE
JeiidauE R s, A TR EER] 250 mL 42
RN AEZE AR 528

12 ZNEFTMBEHREENSH

PR B I 35 530 7o il T B VR IR R SR 3 5], BT
Wrh e F I BT 10%20 135 M AMes T BT 2y
£ 20 Mo NE, FHET 24 DEFRIL(G=9 cm)
H, JEFRILNIE FROK)Z R BN 2 mm, SR AT
KHMTEVE AR, i LS126C #5841 B8 B -0
1 UV-C fE5T IR (425 pW/em?), $##IBAZ. IR
T (J/m®) =4 FR A 8] () < 4% BA 5 3 (W/m?), 43 1] 15 2
BRIy 0 (RFREZH) . 50, 100, 200, 300, 400, 500
1600 Jm®, FEAFIEHBEE 3 NPATH. S4RIEE
eI FFE SRR A TR E G 3 d, R 2 DG T ake:
K3t 7d, G TG EE fig 25 H o B4k
T R A(23+1) C, JEHRIRE A 30 pmol photons/(m*s),
JCJEHIN 10L ¢ 14D, FEAHFISAE T, Ko vk
RAkSERE 3 7 d, Bait kAR SN E T A
RECH . FRgkeESE 7d, BEALIMER 30 AMFEA, lE
F LI AT 0 AR KRS, TR K S
{H. f#1H Leica DMi8 {31 ' il it e (1 ) ) WL 82 57696 7~ 1
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ARG AR R A AR AR A, AR R R 35 d.
4T S AR A IR A T b AL L, £ PR 41 i 2R
BN, &R FRE R T AR (Zhang et al,
2011), H2Z (0 2 5 Mt - A8 S 73 51l i 45 (Wada,
1956).

1.3 HiESH

SefllF AR B RR AR R AR

0% K (survival rate,%, SR)=D./Dyx100%

i &% % (germination rate,%, GR)=D,/Dyx100%

275 3 (mutation rate,%, MR)=D,/D,x100%
K, Dy LI HIHR KM T8 E, DA
BWEREFR 3 d R AEE e TR H oDy IR 3R 7 d
Ja BT R ARECH , Dy RECIR LS R & A A
AR B AT R ARECH S

K Excel 2010 HFHEAT SEEEUE RO gE 3T, (81
IBM SPSS 20 A%k 5 40 54l A7 2 53 b Mo
T AT S 90 K0 R4 T B R 2R T 2243 B (one-way ANOVA)
K, B ESKEN P<0.05, GoiTE R FEEE:
PrifE 22 (MeantSD)FoR ,, Ui A7 K3 A Origin 9.0 3k
i E

2 #R

21 IREXRZMTFHEFEETERSCR)SHEZEGR)

UV-C #5 Bz 585870 40 7 AN [R) R I BB AL
I $EIRIG, #4057 T SR YU T 4K 1), %
FIHRE(50 1 100 J/m*)HY UV-C 48 BB X584 70 & A —
SERIRUEMER, 448 I T 100 J/m® i, GR £
TR, HBEE BRI, 52T SR Bl

& 50 pm

TR, 4E BEFEAF] 600 J/m? B, DA R A,
He 17 SR FAK(Kl 1), UV-C & BBFH|HJ 300 J/m?
W, REIERCIREFE 3 d g, LI RH e
FHBESE, AZBIR MR AR 2a), FFRLIEH
HRREFR 7 d J5, 8B 7e 67 W00 & 7 1 oUU A i ) 440
H(E 2b), HIFLIEHCIREEIE 7d )5, ik
TR B ROEH B4 (B 2¢).

—_

[=3

(=)
1

PZAFEE % Survival rate
W% % Germination rate

o0
(=]

(o))
(=]

N
S

N
(=]

R R H
Survival rate and germination rate/%

2!

300 400 500 600
45 B & Irradiation dose/(J/m?)

K1 TR UV-C 48 BT 72481 B4 16 A A k3
Fig.1 Survival rate and germination rate of conchospores
under different doses of UV-C irradiation

M IR L5 B[R] 378 22 57 .35 (P<0.05)
Different letters on the top of the columns indicate
significant differences (P<0.05).

(=]

22 EHRFHEEEHETESRERZMR)

FEIRFIEAE 100~600 J/m*JEFEIN, Bl UV-C 5818
FIE RGN, Fefl T K ARIET- % (death rate, DR, %)
B ETHES, FEEFEN 600 I/m* i, FEfl T L4
HRILTZ(DR A 97.65%) . LLOTALR A Ry A8 Ptk ik
7881, 7RIS 50~400 J/m? i, (ARSI

50 pm 3 € 50 pm

Kl 2 UV-C & 5 35 3555 I &

Fig.2 Germination of conchospores of P. haitanensis after UV-C irradiation

a: UV-C RIS, #rrefl F2BIER e KRG aEk), EREZETEREBIR . MREHSICTCRETX);
b: UV-CHilJE, MMM (BEAHi%); o & UV-CHRE, #MFREBIEEMHE RO L),
a: After UV-C irradiation, a few conchospores with normal chromatophores (red arrow), but a large number of conchospores with
light colored chromatophores shrinked in shape or died (black arrow); b: Two-celled clusters appeared after UV-C irradiation
(black arrow); c: Conchospores developed into normal germlings after UV-C irradiation (black arrow).
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FEALF I AR IRMR)FEE UV-C 56 B8 & a1
P ETRGEaFE; UV-C $E I 400 J/m* B, MR
M5 R UV-C fEIEFIEAE] 500 J/m® Bf, MR
Al 24 UV-C 4@ B85 R 300 1400 J/m* Bf, MR ik
PN RAE, 9 15.22%F1 17.18%, —F Z 4] ik
25 (P>0.05), (A5 H A4 Mt 25 B E
(P<0.05) (£ 1),

x1 ENEERWIZEXRZRFHTERR
CFHELbREZE, n =3)

Tab.1 Mutagenic effect of UV-C irradiation on

conchospores of P. haitanensis (MeanxSD, n=3)

imiEsE AR BREMET R KuIE

Irradiation =~ Mutation  Germlings death Length-to-width

dose/(J/m?) rate/% rate/% ratio

0 0 15.85+3.62° 8.13+0.63"

50 1.343£1.69"  22.71£11.72*®  7.06£0.77°
100 2.330£1.79°°  19.48+3.35% 6.29+0.53%
200 5.140+3.29°  32.19+22.36° 5.01+0.68"
300 15.220+£7.62¢  51.70+11.98° 4.2440.57°
400 17.180+10.2¢  61.00+5.8¢ 3.80+0.89%
500 3.310+2.68° 83.98+4.10° 3.16+0.48°
600 0 97.65+2.51° 3.06+0.55

H: AFVNG FRERIR 22 57 1 3 (P<0.05),
Note: Different lowercase letter superscripts indicate
significant differences (P<0.05).

23 ZHRFHEFHKELRLEREE

AR UV-C BB, fA06 71 fr =k
FIH & EVR B YE IR 9% 21 d JR BB iRk, 5
SFHRLHAA L, 100~600 J/m? 31420 R A 1 K 58 HU A7
1 5 3% 22 5 (P<0.05), H. =778 (300~600 J/m>)fE & 21
AHRIR K TE L % FREGR 1o SR, W T
UV-C 48 B8 52 £ Fr 7= A i e £ 1 i & AR A 25728
fbo G5 NIR, X B T2 i R AR G 2R HR IE 7 1Y)
A AR (K 32), HAE UV-C %5 B8 5K 5 6 IR IE % 15
F% 14 d, STHTF IR EEAIES N B & E Ak
(F 3b~f), oAl B M A T00ms 40 B o B0 & B4
(K 3g~1),

24 BEHEAMRE

ARFIFIHE UV-C 48 BB B R 10* 4~ /mL f5eflF
Ja TR A ST AT B A M R B A R i R4
KHEIE 4), WHEERAERZEHR UV-C ERiES
JIP= AR o B R 27 B A R AR L 2 i
3 A iREL, 4 G ek E 5). 4
B R A R AR (B (B (0 AT Al (. (0

50 pm

50 pm 50 pm 50 pm

Pl 3 SEAEF il AR 25 R T i 200 L 1 s 75
Fig.3 Cell morphology and apical diapause of
conchospore germlings

a: REIEWMCH TR b~f: SR T
etk gl TR ML 7 (5 Sk ) 5278 1 W7 A 1A
a: Normally developed conchospore germlings; b~f:
Abnormally shaped conchospore germlings; g~1: Apical
diapaused cells (arrow) of conchospore germlings.

Wk M RS, Hid, BREW G IE R RS
sk, AR DU O B R s, R
TRAF A, TR 2T €0 v o 6 D) HE BUAT R IR . 7 R
SHEA 50~500 J/m?* J R, BEE R RESR BE ARG, bk
A b R R AR N i L B B 5 S = e AR
B FRIBRES Ky 300 F1 400 J/m? I, 2 48,58 48 1 0 ek
%, FWIX 2 MEER RS T LR A
T 5L I A MRS R SR BB R (R 1 A& 2),
FEVRE S IREE S 35 d )5, R IRIR T RE IE# & F
IR —R W (R 6a), ARIM, FLBARAEOE
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Fig.4 Apparent pigmentation mutants of tetrads in conchospore germlings

a: KHIEWMWRMTHEE; bp: @

T3 IR HEI T i 475 T R 1

a: Normally developed conchospore germlings; b~p: Apparent sectored pigmentation mutants
linearly arranged in conchospore germlings.
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Fig.5 Proportions of different chimeric germlings
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25 BEREELISEH

Bea A 7 R TR] R A8 G 5 IR R 4%
VeI 1 MRAEAT R , AR TOREAY R, 20t
HRIETR 60 d Jm, MURENM A b Pkt T 8HE . 40
W, TR RGRNRLLAE 5 R Y B SR IR A
10 B, 2SR BIE 5 50 ik IR A B EI Y
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3 iTig
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55 MNNG Fl “Co-y, {H UV-C %8 B8 J&—Fh e
BRI L TSRS AR AR i, Tl AR
TREA FUARSEATIRAE . BAR, UV-C 8 SHAZ &5
SRR AR R oY A G L (H R LR AR R
i, RIS EGORIEAT AT 724Ut 1992), AW
T AT F AR AR, A B T ELAT 4N RE S R gt
RN ZZ AR AR AN, MRS 52 £ F JC A i, T %)
F UV-C W25, [N, FEflT & A0 208 i
FE AL DU A4, Xt FE A F AR TR TR A 28 AR
A, X 58 AR [R) T 75 A8 PR AR 22 RAA T 7= 1 1) 5
REAE

ARWFFEAE FH UV-C 58 MR 15 220 Y Fe i FHUS T8¢
T (R S AR PRI AR 5 R i HR B R 50 T 100 J/m?
i, B R R AN, SeA AT A A i
ARG, FUA D ER 4 50 4 4 65 A8 IR N 4, (H
FflF GR A2 LIS, XS5 HKHE UV-C §&
SR XF 2% B 58 3 DA T AR 435 AR 2 SR R AL (M %
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*k2 RPFEFEFE UV-CEBRGEF BdEFENREHREPFHAFARETH LMY S
Tab.2 Types and numbers of color mutations in chimeric blades produced by conchospores
irradiated with different doses of UV-C for 35 days

B AR NFIZE 5% Types and numbers of color mutations in chimeric blades

= AR
it EW oW ®W % ma Rk mk AR RE A
dose/(J/m?) Purple Red Yellow  Purple Light Light Light Light Gray Total
brown brown brown red red yellow gray green brown  number

0 0 0 0 0 0 0 0 0 0 0

50 4 1 1 0 0 0 0 0 1 7

100 13 2 9 0 1 2 0 0 5 32

200 17 3 13 0 1 0 1 0 5 40

300 19 9 12 2 2 1 4 2 6 57

400 20 11 13 3 3 3 4 1 8 66

500 2 0 2 3 3 0 6 28

600 0 0 0 0 0 0 0 0 0

411 Total number 79 28 54 5 9 9 12 3 31 230

a b lcm ¢ d lcm e
pr.
P I
5 y g 1
P n gb o
lem pb 1 cm lom (8
£ g h i

Ir.
Ig b
Ir Ir
pb & g
b lg 55
r—>% 1 cm lem g 1 cm 1cm iml

K6 UV-C R IRFEA 77 A R 5 A2 i IR 14
Fig.6 Pigmentation mutations in chimeric thallus developed from conchospores irradiated with UV-C
a: EWABMROHRE; bd: PEIHREMHRIE; e~i: ZEHHRGHRES j. HEDRE R
pb: M b: MEM; yb: FBM; pr: FKAM; Ir: WRAE; ly: EEE; 1g: RKEA; lg: REO; gb: K,
a: Normally developed blades with single color; b~d: 2-color sectors; e~i: 3-color sectors; j: 4-color sectors.

pb: Purple brown; rb: Red brown; yb: Yellow brown; pr: Purple red; Ir: light red;
ly: Light yellow; 1g: Light gray; 1g: Light green; gb: Gray brown.
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Fig.7 Somatic cell germlings with color mutation isolated from chimeric thallus

a: IEWEAE; b WA o LBE; d: HRE; o RHA; {1 REA,
a: Normal color; b: Light red; c: Red brown; d: Yellow brown; e: Light yellow; f: Light green.
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A Novel Pathway to Produce Color M utants by Short-Wavelength Ultraviolet
Ray Irradiation on the Germinating Conchospore in Pyropia haitanensis
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Abstract

Ultraviolet mutagenesis is a safe and efficient method to induce mutations in laver. It has

the advantages of non-pollution, high efficiency, easy operation, and low cost. It has been primarily used

for mutagenesis of the filament, protoplast, or blade of cultivated Pyropia species, but is rarely used to
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induce genetic mutants from germinating conchospore. The germination period of conchospores is the
period of meiosis in Pyropia haitanensis. The four progeny cells of germinating conchospores are linearly
arranged forming a meiotic tetrad. The tetrad cells that undergo genetic recombination can determine the
developmental pattern and segregation of traits in the thallus. In this study, short-wave ultraviolet (UV-C)
irradiation with different doses (50, 100, 200, 300, 400, 500, and 600 J/mz) was used to induce color
mutants during the germination of conchospores in P. haitanensis. The results showed that low-dose
irradiation (50 J/m?) promoted the germination of conchospores, while irradiation doses above 100 J/m?
inhibited the germination and growth of tetrad germlings. Therefore, low-doses of UV-C irradiation were
used in the production to promote the germination of conchospores and improve the production efficiency
of laver. In the dose range of 50400 J/m’, the frequency of color chimeras increased with increasing
irradiation intensity. When the dose was 300 J/m” and 400 J/m?, and the pigmentation mutation rate was
15.22% and 17.18%, respectively, and the death rate of conchospores was 51.70% and 61.00%,
respectively. In the dose range of 50—500 J/m”, with the increase in UV-C irradiation dose, the proportion
of 2-color sectored chimera showed a trend of first decreasing and then increasing, and the proportion of
3- and 4-color sectored chimera showed a trend of first increasing and then decreasing. Among them, the
regenerated color chimeras that appear were generally 2- and 3-color sectored chimera, yet the proportion
of 4-color sectored chimera was the least. When the irradiation intensity reached 500 J/m?, the majority of
the conchospores died, and the death rate was 83.98%, and the frequency of color mutants was
significantly lower than that of 300 J/m” and 400 J/m® dose groups. These results indicate that the
mutagenesis effect was the best when the dose was 300 or 400 J/m” which was convenient to obtain
abundant genetic recombination and genetic variation in progeny cells. In addition, UV-C irradiation also
had a significant effect on the early development of conchospores and phenotypes of pigmentation mutant
arranged in tetrad germlings, which was mainly manifested in the large number of color-sectored blades
developed from the irradiated conchospores. Simultaneously, UV-C irradiation retarded the development
of cells at the top of conchospore germlings, inhibited the development of cells at the middle base toward
the poles, and increased the lateral development, resulting in the decrease in blade aspect ratios. Somatic
cell germlings with single colored pigmentation were also isolated from color sectored chimeras by
enzymatic hydrolysis. The color species of the five monochromatic mutants obtained were basically
consistent with the pigment variant sectors observed on color-sectored thallus, indicating that the obtained
color mutants were derived from a single mutant cell on the maternal color-sectored thallus. In conclusion,
UV-C irradiations can effectively mutate the conchospores of P. haitanensis, and appropriate irradiation
doses (300 or 400 J/m®) can obtain a certain number of color-sectored thallus. This study provides a novel
pathway for the preparation of artificial color mutants and mutation breeding in P. haitanensis.

Key words Pyropia haitanensis; Conchospores; Short-wavelength ultraviolet; Color mutants;
Isolation
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THIZE 4 H P AR ; 2,4,6- = T BLNEBEFRIE S (trimethy]
pyridine, TMP)IJF i H REFIF A F); NaCl, G
JKZ B . Na,COs, CaCly,, HCI Fil NaOH %54k ~#38 5
Yk ortrat, W 2 4R A Ak 2= 1R A TR A A o

1.2 NEE5iE&

MDF-U53V BUBAGR KA, H A=A F; £21)
BEE AN THL, WTRMmEERH AR 4K15
%Ok ML, fEE Sigma /3 Al ; T10 Basic
ULTRA-TURRAX ¥JJE#L, 7 IKA (A5 % 5& A R A
A) 5 R VR G AE , L AR T 5 0 2K L VKA A PR
yH]; TSQ 8000 Y — H PULL AT B FHIL(GC-MS),
2 E SRR KR BHE A ] 5 Heracles 1T AU E S AH
e &, ¥ Alpha MOS S.AATH]

1.3 FEIH*E

1.31 #ebl&  HEEOsE SR LB Kk
EBE. KBRS AR AR, RIFEDE 3~5 &K, M
TEBUIRL s, RBRMEE, F TR, LIk
P o HSTHENLECRRARAT 1 A e g, R O A &
%%, MEAETEVKAE (20 CYP & H .
132 w“sk® FEayiZky ik fOEEFESTE 4 CT
ff R 12 h, I PRI A B, S b BT A 0 R TR] vk
NFRWIZE 1, 218 Zhou %5£(2016), EVRA TR A
B. C. D. E fl F A BEAMRERALIRINT . )5 1Y
0 RRE it 43 0 BBORFL ) ot d, B3 S V3R 00E 3 IR (5 A5 T
i R BU VR . R UG VERTE] R 15 min, TR
JE AT ER B K (4 °C, 4 000 r/min, 4 min), DLtk
15 SIS PR 0 BE

EEUEA T G A H A n RS RIT : #
T R RRE S I 5 IR ZE1RK , IS P22
MR, R85 M JLI% 1 mol/L HCI 3K 1 mol/L
NaOH #5%& pH, pH 435Il I8 2] 7€ 8 2.3 (G 41)F1 11.8
(H &), FifE 15 min; S8R5 .04 °C, 10 000 r/min,
20 min), ZPEUIIE. R IEW pH HH] 5.5, K
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B0 (4 °C, 10 000 r/min, 20 min), F/ZFTTERN R iris
B E

DL B A R e 28 K, BB AT ik
AW b . % R £ E A R &
PE, KB ZEEAE SPME 2 HUK ] fie 23 0% B 31 45 Hit
Sk, S A A% & P B R . PRI, R e R Y
JEA R, RS B A S, S KT TR
— K, WA TR e fa BE P JCAR R o RESL B T
RAEAST, T80 CHRAGIR VKA h I A7, #& 4t
TEITE 0~10 CF#AE,

K1 TEEENTROERK
Tab.1 The components of different rinsing media
#H %1 Groups EUEA BT Rinse media
0.5% NaCl (W/W) + 0.35% Na,CO; (W/W) +

A 4.0 % C,HsOH (V/W)

B 0.5% NaCl (W/W) + 0.35% Na,CO3; (W/W)

C 0.5% CaCl, (W/W) + 0.35% Na,CO; (W/W) +
4.0% C,HsOH (V/W)

D 0.5% CaCl, (WW) + 0.35% Na,CO; (WW)

E 1% NaCl (W/W) + 1% Na,CO; (W/W) +
4.0 % C,HsOH (V/W)

F 1% NaCl (W/W) + 1% Na,CO; (W/W)

G 1 mol/L HCI

H 1 mol/L NaOH

1.3.3 GC-MS | 7 35 & M & o 8 &4k EREi s
HUL(SPME) 41« 5 7E4R BT 12 BB Gao %5(2016)1
Tyl & IEE T T — 2B B 3.0 g BEATICA 20 mL
FRE TR A, A 7 mL 41 NaCl E A 2,4,6-
= H LN IE(2,4,6-trimethyl pyridine, TMP, 100 mg/kg),
AR5, RN . £ 4EFEBGL (65 pm,

PDMS/DVB){fi AFE B T %S, 7E 60 “CHEEH 30 min
Ja, TE 250 CHRFEA L f#EN 3 min,

M IS (GC) 5 1E(Gao et al, 2020): f#i ] TG-5
B FE(60.00 m x 0.25 mm x 0.25 um); %< M He,
fEE & 1.0 mL/min, FHERT : PIHIRE 40 C;
WIS E] 3 ming HEAE CREE 280 °C; #EE 40 C, &
¥ 2min, P15 °C/min 7+ & 90 'C, 4% 5 min; A%
TR ECHERE

B (MS) &4 - Af F ET 251, 251U 300 °C,
KETHI 25 pA; HFRER 70 eV; R AREENX
JE 35~350 m/z; $2 i EE 280 °C; #R M #8 HLH 1 000 Vo
134 Zhfzsod  Ef RS YR
Y5 H A HY NIST 2008 F1 Willey 7 FrifE B e LA K SCHik
I8 B B E A e PEDC S, HLAN Y 1E s DT i B 3
KT 800 (FAMH N 1000)LEWATLRGE, [F

Af, DL C7T~C40 M IERIBEREAE b it , R bR 5
(AR B BsF ) 31530 LR A RE i R Ak S G IR R R 5,
SCiR P B HR AT L, 2 B R A 43 A 4
F, IR FE B B 4 R AR A R AT e e AT
(FEFRFRAE, 2018),

FEH: B 10 pL RGBT E 50O 100 mg/kg A
R 2,4,6- = H BL0EEE(TMP) A (3.000+0.006) g ff
BERE SR, SEADE A A RGNS TMP (9 I
BUEAT Heg, TR AR R R A R B,
fEA nglkg (5 GE 245 & PR 434S IE N F R 1.0), 11
BANXWT .

FE RN 1 B = [(AcAT ) xme]xmy ' < 10°
K, Acc AT FE RSy x 5 TMP I,
mr e AR TMP (5 (ug), myJe B i 4 i
(2)(Gu et al, 2013),

135 X4EAarkibs ey ahE R PEA 1 i £ 58
SRS Tk, AR E A
OAV, = C,/OT,
K, OAV, KR A KR Y T 1 ARG BE(E, Co Rom
HACB YR, OTy 2L Wae K b B8 N 59
5, Hr, OAV=1 b &l O RiG AL &
YI(Xu et al, 2021),
136 #EXMERGEGITFEH IRV T A I
VSRR RFR, IHEARXWT .
R=C,/C, x 100%
A, Co Ml Co 43 51 Ry S B 2H AT HE APk I 4 41 x
R0 ) 5 2 B (ng/kg) (B EE AR, 2015),
137 wFF oM %% Wen 25(2020)89 77 B:If
FEANMET, A BIVERIFREL 2.0 g FijAb BRGS0t BERE 5
BT 20 mL Wz, FEMABRHEE T Heracles
T H 7 & 34701 (4% DB-5 F1 DB-1701 1,
10.00 mx 0.25 mmx0.25 pm, Agilent), % [ 3Tz
PERE, BARESNESE 3 RINE. BIAFNTR . 18
40 C IR 30 min, FID & #8 iR R 250 C, Ak
MBS AL AG T S5 BE 260 C 5 HHAEIREE 50 °C; W]
IR 250 °C; dEFEIIEFE 200 C; #EFEEE 3 000 uL;
ERREEE 125 pl/so AR MR GG FE TR 50 CLA 2 °C/min
BT E 250 C,
1.3.8 REWFM  MERSERERMH 10 40
(2 5 8 L)Lk 5 il AT AR (S 4, JEH R
455, 5k 35, BEE; 25, 595 141, B E)(Anet al,
2020), BEHUIGME . ARMR . FEk . Lk, B
RN & B IR 6 Fh R B YR W E PR R b, RPF
flRE SRR B, S5 R RIAE TR R B b . B I 7
FiR22+2) C T AT, BANEEE— 3 riffT.
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1.4 #HFAIE

A ERE 3 K, ERaR AT E b
7%”(Mean=SD) 3/ . i Excel 2019 PEFT4CHE 4b 34 ;
SPSS 19.0 H1f#) Duncan Z 3 BIAG K PEALF- 125 5% 0
£(P<0.05)2E 47 W 3 # 5 Origin 2019b HAT4 A .

2 RS

21 HEEHGEFRELAMERSETE

2 SPME-GC-MS Kl 74T, 11 6 £a )58 o HL A%
KNEY) AL N B AR R 1 BTN . 48 NIST 3%
R, Mt gE AL E 65 MIE R R, Holr
BAAWEAS(23 By, BEAE13 A, BIZE(10 B, ke
(7 FINFEABIEY (12 Fivy, 29 A B 405
BN 37.78% . 24.34%. 8.83%. 2.90%71 9.14%,
Horpr, EEASFEZEY) A o0 e e, X f0UE A AR
i F AR, X5 S0k B AR TE B i £ BE R 4 AR
AT FRAANTT (An et al, 2020; Zhou et al, 2016; Geng
etal, 2022), LSRN )X SO SR I A, T
FerbEE . OB, BREE . SRR, TRESEEE, 50
B SRR 1.76%. 21.10%. 3.22%. 2.84%F1 4.94%;
BESHOE G IEC B, BREE . 1R3-SR EES
o, ahE R SR 1.31%.6.00%.2.02%.8.31%
1 3.4%; BAZsrh 2-BMd . 2,5-¢ —E&E8wE, 5l
HESER 1.10%F 5.21%; BRI H 3,5,5-=
FI - Bie, HESEN 1.15%; Hiks
YIrh IR . 2- R .\ SR RR O A AU e
e, aulE SR 1.92%. 1.54%F1 3.10%, H
R DO i S e 1T BB AR BCR VR 2 R I It
EME . A 18 PP R RTE BE(H OAV =1, it
# 1 PR, SRR OB, PBEE . FBE. (B)-2-
FWEE . T/, (B)-2-THMms . 2815, (B)-2-23 0w |
+—EE . FOEE. BEEE . -3 SRR 1T
2-CFEIKIR | 2-IBE K IR A TR T o

22 AEFEZEN BB 6 & R R Y R R0

P £0 58 v SR A R 2%, T R &
H5®E AR RS T YRGS G WY U7 O 1545,
2014), SRAARFERA FALEE, AAAT LGE o J %
TEVEIR 2 AR LAY H Y, 38 AT DL B RS R
5 A5 Ko 9 5 2 8] R 45 A7 s B AR
AER B R H (L, 2015), AETESE T Z6A
it A1 JBEF5 2 MR R B SE R AN 3R 2 FIT/R o 48 8 FPEEYREAY
AL, 0B R R M A B s, R R

SIS 6. 8. 7.9, 6. 12, 9 Al 9 PRI TEY
T, $E RS IRY B R 5% B K 16.5345.11 26.72+
3.73. 12.08+1.42 21.03+1.59. 6.57+0.77 . 188.68+6.77 .
812.68+3.54 F1(21.27+0.12) pg/kg, HA KB B 243 51
7(0.380+0.120)% . (0.610+0.086)%.. (0.280:£0.033)% .

(0.480+0.037)% . (0.150+0.018)% . (4.330+0.160)% .

(18.680£0.081)%71(0.490:£0.003)%, Hi, vk A, B.
C. D. E Ml H 411X 6 4%k 7 =00 1 6 £ JBE AL P )
WY P S . . PERE . SRl TR FIEE
KPP IE CBE . PREE . 126 0-3-0 . SR B
TR, PRKREAR T AIRER B 4 (HEEURIR F 4%
P 25 1 BT b By O T O Bk B R A (145.5344.88)
ng/kg, IEVER G AAXTEERY T EE . ClE . PR
B TEEMEEEY R P IIECEE . 1-54-3-FE AT |
GF R BRAVER, TR ] BRI RO B R, Tl RE 86
Sy BE PR TSR, AR 1 0 4% 5 4 ) PEBE
i, M= 2RI . R 8 FIEESRA I,
RIEEVER E AN 0 BESIRTR B A i, 5k
YIRS Ak, o, EREE ORI 1-o0-3-REAY
BB 2.93+0.32 F1(0.26£0.09) pg/kg, 4 H HYS,
LA B RN 0.18%F11 0.04%.

NaCl #l Na,COs; &% HIWEYE/ BT, NaCl F1
Na,CO; EAFAMRE T, K= P RSk S
Na,CO5 &A= W A s TR R W 5, I & ik — A7
NaCl [FEF MoK ™= 5w s (I, 2015), Na™fil
Ca” 458 FRYMFAERES H A g b I 4T 85 1, B AR
BOCHEIN, W5 T 5 RS RS RS, ot
AR A 7 T P A R PE D I B I . NapCOs ] 55k
53 5 0L A TG R R B 0 I, A, T 2 o fe i T
W) I3 1) 3 PR 7K Al B e VS T K Y v G D TR M R AN
H i AFEI A &, 2008), M Ik ] FREAR IR B R 1)
Hi. B 1 B TAFETEGEA BN 18 F ARG 1Y
B OAV /DRI . OAV 84k 1] L) 26 B A [ia] () v
VA T BE 2 5 BURE S 1 AR SR A A A R AR
fb(Zhou et al, 2016), Z5A3% 2 FIIE 1 lHl, 7E 8 4
BEVRA i, 18 M ARG YEY LAY OAV JEE 4371 %
KM 7.66+2.56. 11.02+2.62, 4.80+0.99. 9.93+0.68 .
2.5240.25, 50.27+1.61. 283.22+1.60 Fl 8.77+0.04,
Horp, YRR E ZH%F OAV M2 i 1 2 (B)-2-E 45
B (B)-2-THsls . 550 | (B)-2-58 MM . +—E A 2-
PHEIR IR S5 6 il A MG M) 0 2 R A H SR B B
H OAV Jl/bRIRFN R A ; R, FlE. TR 1%
I5-3-BER) OAV FREIREEER, H OAV W/ R ITE
200 DA bo Zg BT, PR E ATEMA 4.0%
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OAV JB/bH& Reduction of OAV
I
3

LN RN B B N B I E E B N B BN N B B B N

E¥EA R Rinsing medium
Bl 1 IR IRHEGE A B SR TGP BT OAV By 52 iR

Effects of different rinsing media on OAV of odor active substances

Fig.1

A. B, C. D. E, F, GH HKKHIESR/ANT A, B, C. D, E. F. G#l HAAFEHAERES. TR,

A, B, C, D, E, F, G and H were the surimi samples treated with rinsing medium A, B, C, D, E, F, G and H, respectively.
The same below.

VWER)E, A 17 FrSsRIEED R OAV < 1, X
T-FEH) OAV 4 1.34+0.05, 33X AR £ BE SR 7% B 2
B TARGF A D RISV . BRI, T ARARLAR
IR, AR T BERR T ER AL, nble T AR LA 1)
V5 TRl £ 58 2 T K, 3 e A SO VAR A R 3
A AR, IR K SR i 5 8 5K
TR Z IS GVER T, mE R NaCl i
HEASE, SRR R B R, RORFRAIG
TR SR 2K RIS Y B BR R, DA AT A A IR
R I BEA AR T

23 HEFESH

F 5431 (principal component analysis, PCA)
S AT IR AR R I i 22 4 R P A 3 A R 4 | B Ak
T 2R M 00 2 e ol S M 6 I LA 2R B 8 b i
P REF SCEE, 2019), PCA A —Fly O RE e
Tk, BEMEHE AN R RE 44 B8 = 43R 20 76 AN TR Y X
W, DX 0] A B R R N R RE i 22 A B 22 S5 (R
8, 2022), HLF SRR PCA BT 4 R A&l 2a
ffi7R . PCA Bl 2 Ml PC1 F1 PC2 4H A%, Hrf, PCI
BT 2Z TTHk RN 99.993 0%, PC2 Y7 2Z STk R N
0.004 5%, 2 ZH A BT R A 99.997 5%, FHH PC1 il PC2
2 AN EFER Y T DA TUFP g 0 U 5 1 2 A S e

fE. MIE 2a HATLAB Y, A L1 B ZRE S, 5 fef £ 58
FEAAE PCL AYBE B K T AR S, 7ESR AR5
AL, FEUHERA T A 4L E 21 B9 PE85CR  oh
o FI 5 K F 43 i (discriminant factor analysis, DFA)
D EINHFRIER AR R Z MR S5 2 5,
i1t DFA A3 AT LA S 25 ] B 25 B KA 1) e 2
WS RN, TR, SRS R 22 75 PCA
B U0 XA BE (R P, 2022), HR4E DFA 434745

DF1 il DF2 J7 22 5TBR 35058 85.714%F11 9.493%,
95.207%I1 S AR T 25 STk %, B DFA 43 Hr s A &L
WA R R AR 22 5. MRAEE 2b WAL, A 4RI E
MG HeffaERE B i, TP R OITERY
GC-MS st RHEA —2, H—PUES A HHE H
() R AL A RE AT S8 AT £ Y SR AR BA

24 RBEFHM

S [a] fe BE AR BV R S B SR E R A I 3
JIE7R o 555t (1 % £ ERE i OB E A AT B, 8 iyt
A AL B BRSBTS RZ I T 0 BE B SR E R, 7E—
TEFRRE AR T &R E PP 4y, JE R A
i A. B, C. Dl E HIEVEA RS, Wf<fa k>, “fg
R YR T ELBR R R R A
&6 FIAMEEYSA BEEm, X5 GC-MS T
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Fig.2 PCA (a) and DFA (b) of e-nose response data for different surimi samples
Control: FifffiE. T[H.
Control: Fresh surimi. The same below.
BIFMEIEARTER —/KEA B, R EE A 3)H R
EREARMEX 43k . o, E ZIEVRAR S X 4R
N . B MRS R o B, 6 R AR JE MR I B E PR ME
Metalli Fish N W, S s N
Bk Metalli GIARTISY ko 0, BT (0B 5 B 28 ) T IRk 7k
L S AR AR [ AR f BEAS Y A4 AR U
3 #ig
4R Mushroom FEBR Grassy % SPME-GC-MS 43, 7E [ fik £a 58 op 4L 46

—e— Control —e—A
-e-E —o-F oG
AN [ 0 BE A T SR E T A

Fig.3 Odor sensory radar chart of different surimi samples
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LB TS R — 2 SR, IR E IO LT RE
UEAR Gy ML X 7 PR UL IR A Rl BERE A, JEHJEXT T A
B. C. D il E HEEA o, ENSRIE MR 2 &

JétBR Earthy

B

65 MR I, ETALIEIESS 22 Bl B 13 Ff
s 9 Fh Ko de e 7 Fhds, Hovp, EESSRIEE ) 0T 7 bk
e, Ok BRI SR EE R TTERER . RIS
BRIG BE(EVR(OAV = 1), HRUOE Y 18 R BRIG PEY) i
AT BT UL SRS PP T DR T AR .
GC-MS FrHras ], 8 B/ i 7 AN Al R B bk
FEOREIC T 1 i £ B8 R SRS MR B 8% B A, DA
ST A R R ASBR TR . AR T AL IR VR A I,
EREAIE A T BRI PMRINER, At i R M T
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b, ARIEH TR S8R B 1R (6.57+0.77) ngkg, &
FRERFAUH 0.154%, OAV MHFELE 2.52+0.25, %<
R 2R AR e A . IR, BT B G AR BT TEA
L3 T ANRIEE A A R i £ B 2 [ () AR
TE2E57 o A FE 0T 37 AR 1 [ A £ BERR AT —
MZEARTE TR, BTt T —Fh o U

AN Y Q, QIAN Y P, MAGANA A A, et al. Comparative
characterization of aroma compounds
(Hypophthal michthys molitrix), Pacific whiting (Merluccius
productus), and Alaska pollock (Theragra chalcogramma)

surimi by aroma extract dilution analysis, odour activity value,

in silver carp

and aroma recombination studies. Journal of Agricultural
and Food Chemistry, 2020, 68: 10403—-10413

Bureau of Fisheries, Ministry of Agriculture and Rural Affairs,
National Fisheries Technology Extension Center, China
Society of Fisheries. China fishery statistical yearbook 2022.
Beijing: China Agriculture Press, 2022 [4% M A< it b i
BUE R, AEKEORHET Suh, hEK A2 2022
thEE GRS bR T ERAL AL, 2022)
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LIU M. Study on the volatile compounds and their combination
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Silver Carp (Hypophthalmichthys molitrix) Surimi
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Abstract

214122, China)

In the Healthy China Strategy context, fish are increasingly in demand as a source of

high-quality protein. Silver carp (Hypophthalmichthys molitrix) is a resource-rich and highly
productive freshwater fish species found in China that is not edible raw or cooked in its original form

due to its many boney spines. However, due to its advantages of being low-cost, low in fat, and high

in protein, it is an ideal choice for surimi production. Currently, it is widely used in the industrial
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production of surimi products. The development of the freshwater surimi industry can significantly
improve the added value of freshwater fish utilization, which has attracted extensive attention.
Freshwater surimi is high in protein and low in fat and has a smooth and delicate taste, making it
extremely popular with consumers. It has a high output, low price, is growing in demand, and is
gradually being accepted throughout domestic and foreign markets. It has also driven the
development of some related industries and produced significant economic and social benefits. As
domestic consumers experience improved living standards and a faster pace of work, premade dishes
containing surimi products as well as recreational snack surimi products with increased shelf-life are
more attractive, as they save the consumer processing time, are enjoyed by the consumer, and meet
their nutritional demands, affording these products great market potential. With the development of
surimi products and related industries, specific requirements are being put forward for its production.
Although China supplanted Japan as the largest producer of surimi products worldwide in 2006,
ushering in a period of nearly 10 years of high production growth, the annual production of surimi
products in China since 2014 has stagnated or even slightly decreased. Moreover, the surimi industry
has entered a bottleneck period for quality enhancement caused by the expansion of quantity. The
fishy odor of freshwater surimi is one of the industrial problems that affect the quality and efficiency
of surimi. The flavor of surimi products (such as fish balls, fish intestines, fish cakes, and others in
hot pot) has become one of the quality attributes that consumers are extremely concerned about.
However, the adsorption and release laws of key odor-active substances are still unclear. There are
existing research technologies for surimi odor, mainly including instrumental analysis (gas
chromatography-mass spectrum, gas chromatography-olfactometry, gas chromatography-olfactometry-
mass spectrum, electronic nose technology, etc.), sensomics analysis (odor activity value (OAV),
aroma extract dilution analysis, odor recombination, odor omission test, etc.), and enzyme-linked
immunosorbent assay. The research objects of odor sensory experiments are mostly rice wine, oil,
vegetables, fruits, and fungi. Moreover, present odor research is mainly carried out in a prepared
solution, mainly using odor recombination of a liquid simulation system, which is different from the
interaction between the real odor active substance-solid surimi. Therefore, constructing an odor
model based on solid surimi is necessary to better simulate the sensory characteristics of surimi. To
build an odor model based on solid surimi, an odorless or low-odor surimi background model must be
established in order to investigate the interaction between various odor components and surimi. There
are several fishy substances and complex components in freshwater fish and surimi products,
including aldehydes, alcohols, ketones, esters, sulfur compounds, nitrogen compounds, and alkanes.
At present, most studies on rinsing surimi reported worldwide are based on how to better apply it
to the food system, ignoring interactions between components in the complex system of surimi, which
creates certain limitations in establishing a background model of surimi. Therefore, salt, salt-alcohol,
acid, alkali, and other rinsing media were selected in this study, which was not limited to food
systems. By comparing the removal effects of different rinsing media on the odor residue of surimi,
an odorless or low-odor background model of surimi could be constructed. Here, the effect of
different rinsing media on the odor residue of a surimi background model was studied. Specific
rinsing media were as follows: 0.5% NaCl (W/W) + 0.35% Na,CO; (W/W) + 4.0% C,HsOH (W/W)
solution (group A), 0.5% NaCl (W/W) + 0.35% Na,CO; solution (group B), 0.5% CaCl, (W/W) +
0.35% Na,CO; (W/W) + 4.0% C,HsOH (V/W) solution (group C), 0.5% CaCl, (WW) + 0.35%
Na,CO; (W/W) solution (group D), 1% NaCl (W/W) + 1% Na,CO; (W/W) + 4.0% C,HsOH (V/W)
solution (group E), 1% NaCl (W/W) + 1% Na,CO3; (W/W) solution (group F), 1 mol/L HCI solution
(group G), and 1 mol/L NaOH solution (group H), respectively. The results showed that
SPME-GC-MS detected 65 volatile compounds in silver carp surimi, including 22 aldehydes, 13
alcohols, 9 ketones, and 7 hydrocarbons, among which the contents of aldehydes and alcohols were
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high, which had a major contribution to the odor of silver carp surimi. A total of 18 odor-active
substances were detected by the OAV (=1) method, which helped illustrate that odor-active
compounds contribute to the overall odor of surimi. After treatment with eight kinds of rinsing media,
the residual amount of the odor-active substances in the silver carp surimi was washed or released to
varying degrees, affecting the sample's overall odor contribution. The rinsed surimi samples
contained 6, 8, 7, 9, 6, 12, 9, and 9 odor active compounds and residual rates of volatile odor
compounds were  (0.380+0.120)%, (0.610+£0.086)%, (0.280+0.033)%, (0.480+0.037)%,
(0.150+0.018)%, (4.330+0.160)%, (18.680+0.081)%, and (0.490+0.003)%, respectively. According to
the SPME-GC-MS analysis results, due to the synergistic effect of ethanol, the content of volatile
compounds detected in group E was the lowest, the total residual amount of odor-active compounds
was reduced to (6.57+£0.77) ng/kg, and the total residue rate was only 0.15%. Meanwhile, the total
OAV decreased to 2.52+0.25, there were 17 odor-active substances with an OAV<I, and the OAV of
nonanal was only 1.3440.05, which could establish a low-odor background model of surimi.
Furthermore, electronic nose and sensory evaluations distinguished the overall odor characteristics
between different rinsed samples and fresh surimi.

This study took silver carp surimi as the research object and studied the influence of volatile odor
compounds and salts, salt-alcohols, acids, alkalis, and other rinsing media in surimi on the residual
rate of odor substances through SPME-GC-MS, electronic nose, and sensory evaluation methods,
which will significantly contribute to the establishment of an odorless or low-odor solid surimi model
and provide a novel idea for sensory analysis.

Key words Silver carp; Background model of surimi odor; Volatile compounds; SPME-GC-MS;
Odor activity value; E-nose
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Attached Tab.1 Composition and content of volatile components in silver carp surimi
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Compound Compound Volatile Retention Identification [t Peak area  JBi&E /%K Odor Odor
species number substance time/min method percentage Mass fraction threshold activity
% /nghkg)  Nuglkg)  value
g 1 T Butanal 5.85 SLRSLMS  0.1240.03  9.05+2.26  N.A. N.A.
Aldehydes 2 JGEE Pentanal 8.11 SRS, MS  1.76£0.68 132.73+51.28 12.00 11.06
3 (B)-2- s i 10.11 SI, RSI, MS  0.13+0.01 9.80+0.75 1500.00 0.01
(E)-2-Pentenal
4 C.% Hexanal 11.82 SI, RSI, MS  21.10£2.92 1591.25+£220.21 5.00 318.25
(E)-2-C s 14.33 SI, RSI, MS  0.21+0.04  15.84+3.02 19.20 0.82
(E)-2-Hexenal
6 B Heptanal 16.66 SI, RSI, MS 3.22+0.01 242.84+0.75 2.80 86.73
7 (E)-2-BE i i 19.54 SI, RS, MS  0.15+£0.03  11.31+2.26  13.50 0.84

(E)-2-Heptenal
8 ZKXHEE Benzaldehyde 19.84 SI, RSI, MS 0.40+0.03  30.17£2.26  41.70 0.72

9 M Octanal 21.94 SI, RS, MS  2.84+0.36 214.18+27.15 0.59 364.87

10 (E,E)-2,4- ¢ ISt 22.40 SI,RSI, MS  0.11x0.03  8.30£2.26  15.40 0.54
(E,E)-2,4-Heptadienal

11 (B)-2-3F Mt 24.85 SI,RSL MS  0.40£0.01 30.17+0.75  3.00 10.06

(E)-2-Octenal
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Compound Compound Volatile Retention Identification Lt Peak area  Ji& /4L Odor Odor
species number substance time /min method percentage Mass fraction threshold activity
/% /ug/kg)  /(ugkg)  value
(S 12 T-#% Nonanal 2721  SI,RSI,MS  4.94+0.60 372.55+45.25 1.10 338.68
Aldehydes 13 (E)-2-T-Js s 30.02 SLRSI,MS  0.13£0.03 9.80+2.26  0.08 122.55
(E)-2-Nonenal
14 4-7 FETEH 30.36  SI, RSI, MS 0.26+0.03 19.61£2.26 123.23 0.16
4-Ethylbenzaldehyde
15 &% Decanal 32.27  SI RSI, MS 0.17+0.03 12.8242.26  2.00 6.41
16 (B)-2-B I 3498  SI, RSI, MS 0.14+0.04 10.56£3.02  0.30 35.19
(E)-2-Decenal
17 +—® Undecanal 37.07 SRS, MS  0.10+0.02 7.54£1.51  5.00 1.51
18 BBF 1 Octadecanal 39.72  SIL,RSI,MS  0.50+0.03  37.71+2.26 N.A. N.A.
19 + —# Dodecanal 41.61  SI, RSI, MS 0.15+0.03 11.3142.26  N.A. N.A.
20 + =& Tridecanal 4590  SI, RSI, MS 0.21+0.06 15.84+4.52 N.A. N.A.
21 - DU e P 49.97  SI, RSI, MS 0.22+0.09 16.59+6.79 N.A. N.A.
Tetradecanal
22 + 53.82  SI, RSI, MS 0.20+0.01 15.08+0.75 N.A. N.A.
Pentadecanal
[l 1 1-7% 0 -3 - 7.71  SI, RSI, MS 0.85+0.28 64.10+£21.12 358.10 0.18
Alcohols 1-Penten-3-ol
2 %R 1-Pentanol 10.53  SI RS, MS  0.85+0.28  64.10+21.12 150.20 0.66
3 (2)-2-J.475 -1 - 10.69  SI, RSI, MS 1.31£0.22  98.79+16.59 89.20 0.19
(Z)-2-Penten-1-ol
4 1-0 Js-3-it 11.00  SI, RSI, MS 0.22+0.02 16.59+1.51 N.A. N.A.
1-Hexen-3-ol
5 IECfE 1-Hexanol 15.02  SI, RSI, MS 0.09+0.03 6.79+2.26  5.60 80.80
6 1-Pi s -3-ist 15.59  SI, RSI, MS 6.00+0.47 452.49+£35.44 N.A. N.A.
1-Hepten-3-ol
BEFE Heptanol 20.19  SL,RSIL,MS  0.11+0.02 8.30+1.51  5.40 28.21
1-2F 475 -3 -t 20.69  SI, RSI, MS 2.02+0.22 152.34+16.59 1.50 417.80
1-Octen-3-ol
9 2-7, 3L 1-C 23.30  SI, RSI, MS 8.31£0.89 626.70+67.12 N.A. N.A.
2-Ethyl-1-hexanol
10 (E)-2-3 451 - 25.32  SI,RSI,MS 0.50+0.05  37.71£3.77  40.00 1.00
(E)-2-Octene-1-ol
11 M Octanol 25.44  SI, RSI, MS 3.40+0.60 256.41+£45.25 125.8 2.04
12 1- Tl 30.53  SI, RSI, MS 0.82+0.18  61.84+13.57 50.00 1.24
1-Nonanol
13 L o i 30.85  SI, RSI, MS 0.18+0.03 13.57£2.26 N.A. N.A.
L-Menthol
GBS 1 2- I 7.89 SILRSI,MS  0.36+0.04  27.15+£3.02 1550.00  0.02
Ketones 2-Pentanone
2 2,3-15% — i 8.03  SI, RSI, MS 0.65+0.11 49.02+8.30 N.A. N.A.
2,3-Pentanedione
3 2,3-C —fid 11.19  SI, RSI, MS 0.09+0.01 6.79+0.75 316.00 0.02

2,3-Hexanedione
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Compound Compound Volatile Retention Identification Lt Peak area  Ji& /4L Odor Odor
species number substance time/min method percentage Mass fraction threshold activity
/% /(uglkg)  Augkg)  value
i 2 4 2-pEfi 16.14 SRS, MS  1.10£0.01 ~ 82.96+0.75 141.00  0.59
Ketones 2-Heptanone
5 6-FH 3L Bl 19.47  SI, RSI, MS 0.21+0.04  15.84+3.02 N.A. N.A.
6-Methyl-2-heptanone
6 2.5-3 . Fif 20.91  SI, RSI, MS 5.21+0.85 392.91+£64.10 N.A. N.A.
2,5-Octanedione
2-%fil 2-Octanone 21.33 SLRSLLMS  0.45+0.05  33.94+3.77 50.20 0.68
(E.E)-3,5-3 —}5-2- il 26.68  SI, RSI, MS 0.30+0.10  22.62+7.54 100.00 0.23
(E,E)-3,5-Octadien-2-one
9 2-+—[H 2-Undecanone  36.44  SI, RSI, MS 0.33+0.07  24.89+5.28 N.A. N.A.
Rk 1 7K Benzene 7.25  SI, RSI, MS 0.16+0.04  12.07+£3.02 3630.00 N.A.
Hydrocarbons 2 1,3-% 0 — 4 8.50  SI,RSI, MS 0.05+0.01 3.774£0.75  N.A. N.A.
1,3-Cyclohexadiene
3 3,5,5-= I H&-2-C 20.43  SI, RSI, MS 1.154£0.15  86.73+11.31 N.A. N.A.
3,5,5-Trimethyl-2-hexene
4 T =%t Tridecane 36.69  SI, RSI, MS 0.18+0.03 13.57£2.26 2140.00 0.01
5 +PUkE Tetradecane 41.17  SIL,RSI, MS  0.32+0.03  24.13+2.26 N.A. N.A.
6 +75%%¢ Hexadecane 4941  SIL,RSI,MS  0.20£0.05 15.08+£3.77 N.A. N.A.
7 +-E%E Heptadecane 5320 SLRSL MS  0.84+0.06  63.35+4.52 N.A. N.A.
ot 1 FEHFH Ammonium 4.08  SI, RSI, MS 1.9240.10 144.80+£7.54 N.A. N.A.
Others carbamate
2 LR ZBE Ethyl acetate 6.24  SI, RSI, MS 0.07+0.02 5.28+1.51  5.00 1.06
3 A 6.29  SI, RSI, MS 0.05+0.01 3.77+0.75 11700.00 N.A.
Trichloromethane
4 AN AR 7.65  SI, RSI, MS 0.03+0.01 2.26+£0.75 N.A. N.A.
Hexamethyl disiloxane
5 b — s — B R 7.86  SI,RSI, MS  0.10+0.01 7.54+0.75 N.A. N.A.
Dimethyl silanediol
6 2-7, Kk g 8.25  SI, RSI, MS 1.54+0.45 116.14£33.94 2.30 50.50
2-Ethylfuran
7 NHER =EE 12.99  SI, RSI, MS 0.19+0.01 14.33+0.75 N.A. N.A.
Hexamethyl
cyclotrisiloxane
HiAth 8 275 Rk g 21.40  SI, RSI, MS 0.72+0.03  54.30+2.26  5.80 9.36
Others 2-Pentylfuran
9 ANGEE 37N P E =R < 21.60  SI, RSI, MS 3.10+0.03 233.79+2.26 N.A. N.A.
Octamethyl
cyclotetrasiloxane
10 - RE-1F O ke 24.13  SI, RSI, MS 0.3740.05  27.90+3.77 N.A. N.A.
1-Nitro-hexane
11 WA/l Anethole 36.27  SI, RSI, MS 1.05£0.21  79.19+15.84 N.A. N.A.

TE: “NAPRR AR,

Note: “N.A.” means not acquired.
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(1. B SHREE WR W 5711265 2. PGB EMNECM R e = 572025;
3. MR EEERE PRI LA S HE R E LR E R =W 572022;
4. A PTEKFHBORE SRS W H 571126)

WE  IERLEHMEEE 4 & (Thunnus albacares) L & 7= ik o & & i 2 55, L5 DL B # B
3 MR B A J1 (4.2+1.2) kg, J2 (22.5+2.5) kg A1 J3 (50.8+3.9) kg K A & At &, #ik A AL
AT E B NANERERRY . BER ., BHRET PR TEHR TR . ERET,
I AKPAHERESH TR, I34; 2. BAMEASELE ST J1 4(P<0.05); J3 445 fi &
EREHT J1. J2 4(P<0.05. Qml 19 ¥ ARk, aXREERGHAHLAKEG.04~
325¢/100g), SbF AL T4 E &5 0N BA K Q2.02~2.15 100 g), & IKH N & & # (031~
0.45 g/100 g), FELFALT A E 13512511 (P<0.05); LFAER ., ERAEBLGEI HEZEKT
J3 4(P<0.05), KIEAIEBRIFH(AAS), HARNE —RAEATLR; U FITF5(CS) N IF 7,
N RAF-REAKLEEABR NV EAR, BAAXFAR+BEAR., Q&40 E 25 HEHE, U
ZFAMMBEHBBPUFA N £, 2 ERXREW N T 2R AHEBRDHA), S LR A EN
37.46%~39.18%., DHA 4B I3 A2 5T J1. 124; —+5%AMHEREPASE R, 3485 T
J1 %41; DHA : EPA W 11 AR E & T 12, J3 41(P<0.05), 2241070 5 i % (MUFA) & & 13>J2>]1;
PUFA & I3 A% & T J1. ]2 4(P<0.05), PUFA/{a %1 g i % (SFA). n-3 % % A~ 150 fig B # /n-6
# % A0 fig i B (n-3/m-6)He 18 J2. I3 AR F T J1 41(P<0.05), WH th{E 13 A8 FHT J1. 12
#1(P<0.05),(4) 12,03 A Na.Ca A ERZFH TN 4,J1 A KA EZH AL EFEE T 12.13 4(P<0.05).
4 RELBTEARTEEFENNRALTRE, ¥ Fe G ERANY J3 4, H 13>12>01
(P<0.05); Cu 4 BHZAMA 134, HREET I 4(P<0.05), %400, KABEZLHE LY
FHNERRE, AHARNERBENAFER EHE 4 ATRAFANEFRET B EKRE,
E3 4| Hehtta; WA; W; BErREa; a8%8; BH®R

FESES S917  XEFRIEEE A XEHRS  2095-9869(2024)03-0258-10

H 6% 43/ 4 (Thunnus albacares) i J& fifi 1 H SA )R (Thunnus), | 32048 TEDREVE . RF-EERIR
(Perciformes), i1V F (Scombroidei) , #%F}(Scombridae), PR R IAY | SEHT DA SR T ek, AE 3R E &
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B A T AR R, 2 B M2 . A fh 2
EERANIN B PE e T s, LR EE 3L | B 5%
a2 HE N EZ, TYR-KEEX, HE
I A A8 ) B v BT R B G I, A f0 BT R A
SURI TR, F45 7= s BRARG, e LA 2 [ AT 75 2R
VRN 3 G A A AR R AN R B DR AP B A R, TR
St N TIRME AN, B4 8 S N TR
AR E LR, HET, P2 EZMHA . KR
RV RSO RS A N TR0, HARD A
PL Y W 6 4 4 8. (Thunnus  orientalis) Y4 J&1 A T35
JH (Nakamura et al, 2007; #2115, 2019), & EWTH
BARA SRR, HEZE HET, ENTEESR
i N TFRFE T JLFAb T 28 IR AL R TR 7K 7=
WFFE T R AH DG B 9IFR TAE R 7R 5, 2022),

E WA T EE S AL ERAR SN E
A A CHEFE 0 &l a0 Ak Bl S 1 A A 3 R 4 AR
(Buentello et al, 2011); K% Al (dark muscle) ¥ it B4
fiE(Elena et al, 2011); AN[w]i X B 6 446 A JIg ot i &t
F#¢(Domingues et al, 2021); & #8446 f FIKAR 446
ff1(Thunnus obesus) L A1 2H 21 2 J& iR 1 g 7 iR 2H i e
4 (Peng et al, 2013); SETFHERT U5 3 Fh 446 £ (KR
it RS BEE S M) R BRI A IER
8, 2021); HEE S H TS (P B AR, 2008)

S o LI IT R A FUR X B A f S — A K By
B al A [] v XA R B L, T G AN R KA o 6 4 4
£ 1) UL IR 5 SR AR b A o A DL ARGE , WP F A At
A4 43 1T Sk e e N T3R5 8 3R 75 SR AR It S %
(Mourente et al, 2009), A58 18 1 X A [5] J A% 25 €
At LR S SRR . R . IR
B R LG AT SR, e R S 1 5 e i g
S AR N T SRR A T T AR 2 AR B

1 #REFE
1.1 ##

S P EAE AT 2021 4E 9 H—2022 4E 12 A
TE T 1R DO AR (LR 1), RIEEIIRE SR 11
(4.2£1.2) kg J2 (22.5+2.5) kg 1 J3 (50.8+3.9) kg 3 Fi
Hks, 3R, BELH 5% e ma LA,
FH VK 33 5 5 7 A 80 C UKAR A7 4511 -

1.2 AAENEFESBNE

K F GB 5009.3-2016 F #1452 0 2 LA K 45,
KHI GB 5009.6-2016 F/K fiftk e LAV RLAE DT, R
GB 5009.5-2016 HLECE LM ENAHIE T, R GB
5009.4-2016 fi il 1813550 C )M MLPY A A«

®1 SHMARMBRERSREBEE. HERBERMS

Tab.1  Yellowfin tuna with three different sizes weight, sampling date and sampling region.
i H Item 1 12 J3
AT Weight/kg 42+£1.2 22.542.5 50.8+3.9

50T E] Sampling date 2021.09~2022.01

55 b 45, Sampling region

2022.02~2022.07
17°29'N, 111°10" E B 3T X

2022.08~2022.12

1.3 MASRERSEHRANE

JUL PR B8 R 5 £ FH 4 1A 2 28 R 43 BT A (S-433D,
fE), Hi, iR GB/T 15400-2018, Rl
ROWAR G5 R & PEE R . HEARL M GB/T
15399-2018, R JT B FAc s ikl , HAb 2R
F2 18 GB 5009.124-2016, KL %E

JULIR g R T ) ol FHACAH €7 (A gilent 7890A,
%), S8 GB 5009.168-2016, FHHNFRENE .

1.4 ZEBSEMBR=ETEN

HRHE FAO/WHO (1973) 8 i H 2 FE FR 1T/ bR A
ORI 20 A (A 1 SE R 2 I3 H 6 AR f
R N EIEIR I/ (AAS) . AL2E N (CS) (RIS
2, 2021); JRUE IR EEA LA N FE AR IEAS , RREAHTE
P /T HE [ AR T R (h/H) . 22 AN R 5 AR/ A

JEMiTR(PUFA/SFA) . n-3 REZAMFIIENIR/M-6 REA
ML R (n-3/n-6)(Domingues et al, 2021), &4
AAS=
B i E T P P SRR 7 B (mg/g)
FAO / WHO P-4 B [F] P 2 FE R & & (mg/g)
_ FESER AR P AR R AR 5 B (ng/g)
e B B A P R PP B TR 1 E (mg/g)

h/H = (C18:1n-9 + C18:2n-6 + C18:3n-3 + C20:4n-6
+C20:5n-3 + C22:5n-3 + C22:6n-3)/(C14:0 + C16:0)
PUFA/SFA = Y PUFA/Y SFA
n-3/n-6 =( X n-3)/( X n-6)

15 TYRTEMNNER TR

Na. K, Mg, Ca, Fe. Cu. Mn. Zn fifi F B8 J8%HH
BB TR K BB (Optima 8000, SE[E)RH GB
5009.268-2016  HLJEAN A 45 B 114 & b1 (ICP-OES)

CS
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ME . AR LTSI FAO (1998)F1 WHO (1989)
(Mokhtar et al, 2009) 2 T8 A9 ff HH A I e K 3 i

1.6 #HIFAIE

BE VLB 65 HE 22 (Means=SDYE X K7, fiff
JH SPSS19.0 #47 5K 3 J7 22 73 A1 (one-way  ANOVA)FI
LSD ZH [L#, WEHAKTFEH 0.05,

2 #R

21 EMEFMOBILLER

ASTRIHAE B B S A0 £ H I R ILER 2. 1 4
KAy e B ERET 12, 13 41(P<0.05), 12 F1J3 4
WEMEZERP>0.05); 2. BHMEASEHEEST
J12H(P<0.05); KW & B HABFEET I, 24
(P<0.05), J1 F1J2 470 #1225 (P>0.05), 41K
o3 F T 2 M 25 5 (P>0.05).

K2 ITMARERSREBNAENERES (LHEHET)
Tab.2 Proximate composition of muscle in three different
sizes of yellowfin tuna (g/100 g) (in wet basis)

EIR T

Proximate J1 2 I3
composition
JK4Y Moisture  72.12+2.11*  70.91+3.19°  70.38+2.85°
HEE 25.43+1.21° 26.68+0.83* 26.89+1.14°
Crude protein
LS 0.51£0.03°  0.53+0.02°®  0.64+0.01
Crude fat
JK4Y Ash 2.85+0.4 2.8240.28  2.76+0.33

T [F—47 AR Eb 7 RERon 22 57 .35 (P<0.05), TA.
Note: Different superscript letters indicate significant
differences (P < 0.05) in the same row, the same below.

22 SEBMARSEMN

BE LA AL A 19 R WLEEIR (R 3),
36 9 P T ZIER(EAA) . 2 Rl T 2 SEm A 8
T2 IR . 3 FhEIAK M BE A0 10 2 B R & HE fe i
B2 R A8 Z R (3.04~3.25 g/100 g); Wis S FLi b &
o i N R R (2.02~2.15 g/100 g), Sk i)y (4. 2 R
(0.31~0.45 g/100 g) . AN [AIFRAK B 5 42 40 f0 2 LR 7 ik
SRR, BRAEARR . BER. HER. FoaiR.
B R . RN A RS H2E T AR EI, HAah a5 &
wmll I3 H>12 >0 Aol F . BEAERR(TAA). B
AR T 3 d1>02 d>T1 41(P<0.05); RSk
R, SRR SR T 4B EKT I3 4(P<0.05),
{85 12 400 B EME2E R (P>0.05); 0T RERS &=

J1H B EMT 12, 13 4H(P<0.05), %4 EAA/TAA [t
{EIITE 40%LL I, HIG B #FE M2 R (P>0.05),

®3 IMAREEERENATERARCIHEET)

Tab.3 Amino acid composition of muscle in three different
sizes of yellowfin tuna (g/100 g) (in wet basis)

RITAZE R Asp*  2.08£0.11°  2.19£0.09°  2.21+0.12°
JEMR Thr" 0.95+0.05  0.99+0.07  1.09+0.06
2R Ser 0.83£0.02°  0.88+0.06" 0.95+0.08"
BEMR Glu* 3.04+0.08°  3.16£0.10*  3.25+0.11°
HEm Gly* 0.98+0.06°  1.10+0.08°  1.22+0.05
R Ala* 1.2340.05°  1.30£0.09% 1.38+0.08"
HER Val" 1.11£0.08  1.1440.08  1.18+0.05
EER Met" 0.66+0.01  0.69+£0.01  0.72+0.02
SRILE R e 1.0240.03  1.05+0.02  1.10+0.02
ZEMR Leu" 1.74£0.05°  1.78+0.03* 1.82+0.05"
%z /2 Tyr 0.83+0.01  0.88+£0.01  0.89+0.01
HN%ER Phe™  0.88+0.01  0.9140.02  0.93+0.02
AR Lys" 2.02£0.05°  2.09£0.06® 2.15+0.09"
HE R His 1.9240.02°  2.23+0.08°  2.38+0.04
R Arg? 1.31£0.05°  1.37+0.05%  1.42+0.03°
i & Pro 0.65+0.01°  0.7440.01°  0.88+0.01%
BER Trp" 0.31£0.01°  0.35+0.01°  0.45+0.01°
AR Cys 0.29+0.01°  0.29+0.02°  0.39+0.01%
EEMR Met" 0.7740.01°  0.82+0.01* 0.88+0.01%
M ERR TAA  22.60+1.21° 23.95+1.32° 25.29+1.08°
WESE IR EAA  9.45+0.52°  9.81+0.38" 10.32+0.69"
VT S R 3.2240.08"  3.60£0.11°  3.80+0.09°
HEAA

ELRSLR DAA  7.33+0.11°  7.75+0.08"  8.06+0.08"
B[ a7y 9.93+0.06° 10.54+0.08° 11.17+0.06"
NEAA

EAA/TAA /%  41.81£1.35  40.96+1.25 40.81+1.32

0 MYDTHERER; 0P OFREER; ANER

AR

Note: H: Essential amino acids; .: Semi-essential

amino acids; A: Delicious amino acids.

K AAS F1 CS PF4r, X[ RS 5 8 440 £
IR IATE TRV (FE 4). KIE AAS 5, 54055
RIRVE I EH/NT 1, RS — R 5w, J1.
J2 5 IR SR N AR, 13 AN AR
PL CS NPEsrbrifE, BRE iR M 13 4l e ish, HAox
BRIERVEDEART 1, 1, 2 4H%— . B BREE
AR N ORAR . RN AR+ AR, 13 A5 — .
55 BRI 2 LR A Tl R R TR A TR T TR | AR
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Tab.4 Nutritional evaluation of essential amino acids in muscle of three different sizes of yellowfin tuna
L = ﬁ/\ﬂ/ / #ﬁ ,‘:-‘V// ,ﬂl»-‘t\//
AR FAO/WHO W& RN e it /(mg/g) RIERS fesiry
. . ; Amino acids content Amino acids score Chemical score
Amino acid /(mg/g)  Egg protein /(mg/g)
12 13 1 12 13 I 12 13
FEEMR e 40 49 4513 43.84 4350 1.13 1.10 1.09 0.92 089 0.89
TLEIR Leu 70 81 76.99 7432 7197 1.10 1.06 1.03" 095 092 0.89
R Lys 55 66 89.38 87.27 8501 1.63 159 155 135 132 129
EA BRI AR 35 47 42.04 4092 4389 120 1.17 125 089 087 0.93
Met +Cys
WA R+ IR E R 60 86 75.66 7433 7197 126 124 120 0.88" 0.86" 0.84"
Phe+Tyr
IR Thr 40 45 42.04 4134 43.10 1.057 1.03" 1.07 093 092 096
HERR Val 50 54 49.12 47.60 46.66 098" 095 0.93° 091 088 0.86"
&R Trp 10 17 13.27 1461 1779 132 146 1.78 0.78" 0.85" 1.05

T N — BRI IR o5 IRV E R

Note: * The first limiting amino acid; **, The second limiting amino acid.

2.3 PERRERHYZE AL LLBE

3 FhRLAK B G A f0 L LA 25 Rl B
FR (3 5), FL4E 10 B SFA, 5 Fl A FIAR B (MUFA),
10 ' PUFA. £ 9 FBNIRR EH 8 S im T 1%, HF
Y& E #MKHES €22:6n3 (DHA). C16:0, C18:0,
C18:1n9c. C20:5n3 (EPA).C20:4n6 (ARA).C18:2n6c .
C24:1n9. Cl6:1n7, #EiX 9 FIRMIERH LA Cl16:0.
C24:1n9 M1 Cl6:1n7 = Fh fig Wi fR & o & 4 22 =
(P>0.05). #HEESAMANLN T AR L PUFA 3,
Horp, T TERNIER(C22:6n3, DHA) S (5 BRI
R &Y 37.46%~39.18%, DHA & I3 HEEEHT
J1. J2 44(P<0.05), J1. J2 410 & &M% 5 (P>0.05);
THBEREREPAYE R 12, I3 AREST 14
(P<0.05); DHA : EPA o J1 B E =T 12, 134
(P<0.05), #5441 SFA Jolit ¥ M2 % (P>0.05), MUFA
B 13 41>02 4H>T1 41(P<0.05); PUFA % I3 41 3%
BT 1. 12 44(P<0.05), PUFA/SFA. n-3/n-6 [L1H J2.
B HBEST J1 4(P<0.05), 12. 13 AT EMES
(P>0.05). h/H {13 45T J1. 12 41(P<0.05).

2.4 WYIRTTERARLLE

3 PG SR LR R Y O E WL 6,
4P EEICE T Na, Ca i m J2, B4l EmT I
ZH(P<0.05), K i J1 s HieEmT 12, 134
(P<0.05); #%4H Mg % Jo i 1 22 55 (P>0.05), 4 Fl
4R ICE LT WHO (1989)5% FAO (1998) £ i
HUER R AVFRE, Fe SRR AN A IZH, H I3
ZH>12 ZH>J1 4H(P<0.05); Cu S Em AN I3 4, H

BE T I 4H(P<0.05), 44 Mn . Zn &G &%
£ 5 (P>0.05),

3 itig
31 3FMMBEESWEEAEFRRLIWDHT

WL R 96%~98% K7 . HIAFE. JE
5 10 43 # F(Rani et al, 2016), F2 A 5543 2 46 36 #2114
JEOE L OCE SR . A DR A H W E E IR
(Ravichandran et al, 2011), 7EARBFFEH, #EiES M
LKL 7 & (0.51~0.64 g/100 g)FHLE FH i & &
(25.43~26.89 /100 )5 KR GAR A CHLAEDT 0.6 2/100 g,
HIEE I 23 ¢/100 g). fifhi(Katsuwonus pelamis) CHLAg [l
0.6 g/100 g, HEH 25.9 g/100 g)Z5EA13L(Venugopal
etal, 1996). B HE 44 (0 A 11 5 A R 105 3 o Bl KA
3G T IG N, X 5 4 R N TSR E i A A
(Nakamura et al, 2007). i [K f# (Mystus bleekeri)
(Naeem et al, 2011)%F iUWFFE 45 AL ; Venugopal 55
(1996)WF 55Ny, KR4 L A 2 g i 5 17
15 HAK o B i AR 5 AR O, Xt S AR R 45 LA
Bl XRTAFEMAEAIRA 32257, HHERRZ,
WEEEELETRANEY . A0 s 35
(Ahmed et al, 2022), BHEGA A [E AR BT B A4
BB 2SS CRENFAE, 2008; RS, 2017),
BV ARG AR ATE N, 0 GE 5 B A P A
MY, HA X B RO I B A KRR B LT
#7575 B (Koizumi et al, 2009; X445, 2018), IHAh,
AN ] A K B B 4 A 0 AR 38 S iz B AR AR 3K
(Graham et al, 2004), X LEERA] G FHEA IR 5302557
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Tab.5 Fatty acid composition of muscle in three different
sizes of yellowfin tuna/%

JEWiBR Fatty acid J1 2 13

C12:0 0.06+£0.00  0.05£0.00  0.04+0.00
C14:0 0.81+0.02  0.81+0.01  0.87+0.03
C15:0 0.59+0.01° 0.48+0.01° 0.48+0.01°
C16:0 21.1441.02 21.57+1.18 22.37+0.98
C17:0 0.96+0.03*  0.82+£0.04* 0.93+0.03"
C18:0 11.33£0.86* 10.19+0.95° 10.30+1.02°
C20:0 0.24+0.01  0.23£0.01  0.23+0.01
C21:0 0.06+0.00  0.05+0.00  0.03+0.00
C22:0 0.27+0.01°  0.15+0.01° 0.12+0.01°
C24:0 0.34£0.01* 0.19+0.01° 0.15+0.01°
C16:1n7 1.3940.11  1.33+0.09  1.43+0.12
C18:1n9¢ 8.99+0.25° 9.78+0.32° 12.87+0.21%
C20:1 0.37+0.01°  0.45+0.02° 0.32+0.01°
C22:1n9 0.40+0.02° 0.95£0.02* 0.87+0.01°
C24:1n9 1.54+0.12  1.5240.15  1.46+0.09
C18:2n6¢ 1.95£0.11* 1.48+0.12° 1.54£0.12°
C18:3n6 0.04+0.00  0.07£0.00  0.07+0.00
C20:2n6 0.29+0.01° 0.43£0.01° 0.56+0.01°
C20:3n6 0.15+0.01°  0.09+0.01° 0.09+0.01°
C20:4n6 (ARA)  4.61+0.12° 4.68+0.16° 4.72+0.15°
C22:2n6 0.15+0.01° 0.11£0.01*  0.05+0.00°
C18:3n3 0.34+0.01°  0.23+0.02° 0.20+0.01°
C20:3n3 0.19+0.01  0.25£0.01  0.19+0.01
C20:5n3 (EPA) 435+0.12° 5.1340.13* 5.3740.15°
C22:6n3 (DHA)  37.88+2.10° 37.46+1.54° 39.18+1.98"
SFA 35.80+1.88 34.55+2.11 35.53+1.09
MUFA 12.70£0.98° 14.03£1.01° 16.96+1.11*
PUFA 49.95+3.21° 49.93+1.22° 51.96+2.14%
n-6 PUFA 7.20+0.88  6.86£0.65  7.02+1.01
n-3 PUFA 42.7543.35" 43.07+2.84% 44.94+1.56"
DHA:EPA 8.71£0.35*  7.30+£0.21° 7.31%0.68°
PUFA/SFA 1.40£0.08"  1.45+0.05° 1.46£0.11°
n-3/n-6 5.94+0.65° 6.28+0.82°  6.40+0.39°
h/H 2.65+0.11°  2.62+0.09* 2.75+0.15°

TE: SFA JAHRUFINE R S s MUFA R 5 ANIL R AR s
M2 PUFA 9 Z AEFIIRINTER S5 5 n-3 PUFA 4 n-3
R L ARWAIEINIR ; n-6 PUFA 2} n-6 2 Z AU AING TR ;
h/H Ay R A [ 1 A 1/ 1 UL e i s R

Note: SFA means the sum of saturated fatty acids;
MUFA means the sum of monounsaturated fatty acids; PUFA
means the sum of polyunsaturated fatty acids; n-3 PUFA
means the sum of n-3 polyunsaturated fatty acids; n-6 PUFA
means the sum of n-6 polyunsaturated fatty acids; h/H means
the ratio of hypocholesterolaemic/hypercholesterolaemic.

32 3MNIBERERERERSENIEREEHR
S

RIS AN . 1B AL IR ARL, VT
W& W8 TN A B 2245 F5 (Ahmed et al, 2022), 172
QIR NH R R b R E 2R, FAR
XA MG TE B OCE T, I MR AR i AR AR K R
B BRI s ) ST I R EEAEA, R A
— BRI PE SRR (T B4R, 2021), FEARHFSEH, 3 Fh
A B 4 M0 0 i i P R R B O A AR
(3.04~3.25 g/100 g), Whits A HEMR P i = 1 A A TR
(2.02~2.15 g/100 g), FRfIRAY R L 52(0.31~0.45 /100 g),
X5 Peng %5(2013) AU B 78 45 SR AT . 0 75 & FE R 1 A1
o EEREBYEARERNENEERNR, A
e, AN[E RS 8 A0 i EAA/TAA H(E TG B &1
Z5, WAETE 40.81%~41.81%22 0], WD T 1 #E 440
1(37.90%~39.01%) (B4 55, 2023), 44 FAO/WHO
BR, W TS AR T SR 0 RS (R LR
39%, JLEHR 26%, AN 11%) (Oluwaniyi et al,
2010), KU, #E 40 A RRIT N AEBOLE, 2
R S R S i R KU () B b, AR, RAH
iz, AERR ., HER . WER 4 Fh LR E LRI bl
FAK G R, X 5 435 (Acipenser schrenckii
x Acipenser baerii)iff 53 45— 8 (FL5R 4, 2017), X
VLB R HAS S48 0 11 B 4T

WG AAS PPy, AR R A — BRI P R
J1.J2 258 — PR S L TR N R =R, I3 41N e &R
PL CS HIEIrbRaE, T1. J2 HEE— . 45 PRI 4 3
Moy i E R . RINARIEAR, 134%E—. 56
PR R 4y B O AR TN R R . TR
X 15 I AN [) 0 A 6 06 4 A £ 11 B o (R R O N 58
SAHME, PFREIEE IR AT RS R/ B B,
FL 2 URE AR S5 R R AHOC (R MERESE, 2016, X143 B4,
2013), TR AE A Tk bR B Ry, A
G R, Tk e = SR s B B AR, s Bk
K fsmme | IR SRR (Ahmed, 2010), ik 438 4 4
P o S 2 5k R 1) 5 T 6T AR 1 0 28 1 A K R 3 i £
H i )1 B B4R (Craig et al, 2017; Ahmed et al,
2006), UL, 05T o6 4 e fn S SR RR AL,
SETEAN R AR K oy BEAR T M S R 1Y 75 oK o N T
TR B 8 S MO A0 SR DR IR LA RS E M E

33 3MHMREHTREENRNILBRSERSN

PUFA & BRI 0 28 R M B A B8 bR 2
—, UHE T iR TR (EPA, 20:5n-3)F1 —+ Z#k oS
J#TR(DHA, 22:6n-3), AT T7ER N FIfR SR 2 Fh A= 1k
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Tab.6 Concentrations of macro and micro mineral elements in the muscle of three different sizes of yellowfin tuna /(mg/kg)

AW%FEE% J1 2 I3 WHO(1989) FAO(1998)
Mineral elements
EERILE Na 173.36+5.98° 250.37+4.96" 268.34+7.65%
Macro elements K 785.58+13.26" 719.52+10.92° 730.79+15.21°
Mg 209.21+£9.21 195.41£10.68 215.58+8.67
Ca 26.82+2.88° 35.23+1.89° 38.62+3.28°
T2 Fe 2.83%0.67° 3.23+0.74° 5.67+1.13" 100 -
Micro elements Cu 0.46+0.05° 0.69+0.04* 0.754+0.06" 30 10~100
Mn 0.25+0.07 0.26+0.05 0.28+0.05 1 -
Zn 1.86+0.02 1.89+0.02 1.95+£0.03 100 30~100

R &5 2E EEAE A (Calder, 1997), ff5# 2%
AEJ) . RERINA LR, WAy, BT I
B Jok 585 A e b R S S R S e 1) R AR AE EL
£ H (Bucher et al, 2002; Damsgaard et al, 2007), &g
LA P& IENIR & /L PUFA A3, DHA A
FEASHIER,, &Ik 37.46%~39.19%, Wt s T 41 B
(Epinephelus spp.) (EARHESE, 2018) I BF JE 48 5
(Trachinotus ovatus) (& #5455, 2020)55 # WLk fi, H
KFUAK B #E 440 10,1 PUFA . EPA . DHA &5 T/
AL, X 575 [C IR I fitt(Pangasius sutchi )il 5% 45 5
LGB #AE, 2020), MEALN, ZEARBII T, HiE4
¥ 11 DHA : EPA HfH 7.30~8.71, f& T K& EHFF
i i) .25 (Hossain, 2011), #H X4 =5 i) DHA Fil DHA :
EPA L3N RER AR MY R — A RHE, 75 R 2 500H
BHAC 7 i fa3h v, DHA : EPA H(EAR /DBt 2, v
0250 EPA #:4k -}y DHA HYHE /14 FR(Sargent et al,
1995), X SEHERATHEXT 4 M f0 A T35 F 4R R i 7 7=
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2009), HEEESR AN ESE Cu, Zn IKEZIKTE
i ORI B e K VPR
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Analysis and Evaluation of the Muscle Nutrition of Different
Sizes of Wild Yellowfin Tuna (Thunnus albacares)

LIU Longlong'*?, LUO Ming'**", LIU Hongtao*, CHEN Fuxiao'*?, HAN Lina'

(1. Hainan Academy of Ocean and Fisheries Sciences, Haikou 571126, China;
2. Yazhou Bay Innovation Institute, Hainan Tropical Ocean University, Sanya 572025, China;
3. Key Laboratory of Utilization and Conservation for Tropical Marine Bioresources, Ministry of Education,
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Abstract Yellowfin tuna (Thunnus albacares) is popular with consumers due to its delicious meat and
high nutritional value. It is a globally recognized high-end marine economic fish. With the advancement
of fishing equipment and the increase in fishing efforts, the amount of tuna resources has decreased
significantly. To make up for the insufficient supply of tuna in the market and protect wild populations, it
is essential to carry out research on artificial aquaculture technology for tuna and to gradually establish
full-cycle cultures of tuna. In order to study the differences in the nutritional components and quality of
yellowfin tuna muscles of different sizes, three different-sized yellowfin tuna, J1 (4.2+1.2) kg, J2 (22.5+
2.5) kg, and J3 (50.843.9) kg, were used as the research subjects, and conventional biochemical analysis
methods were used to compare and analyze the proximate compositions, amino acids, fatty acids, and
mineral elements of tuna muscle. The results showed that (1) the moisture level of the J1 group was
significantly higher than that of the J2 and J3 groups (P<0.05); the crude protein levels of the J2 and J3
groups were significantly higher than that of the J1 group (P<0.05); and the crude fat level in the J3 group
was significantly higher than that in the J1 and J2 groups (P<0.05). (2) A total of 19 common amino acids
were detected in yellowfin tuna muscle, including nine essential amino acids (EAA), two semi-essential
amino acids, and eight nonessential amino acids. The amino acid with the highest content was glutamic
acid (3.04~3.25 g/100 g) of the three tuna sizes; the essential amino acid with the highest content was
lysine (2.02~2.15 g/100 g), and the essential amino acid with the lowest content was tryptophan
(0.31~0.45 g/100 g). The amino acid content of different-sized yellowfin tuna varied greatly, except for
threonine, valine, methionine, isoleucine, tyrosine, and phenylalanine, which were not significantly
different among the groups, and the other amino acid contents were mainly J3>J2>J1. The content of
nonessential amino acids was J3>J2>J1 (P<0.05). The content of essential amino acids and delicious
amino acids in the J1 group was significantly lower than that in the J3 group (P<0.05). The content of
semi-essential amino acids in the J1 group was significantly lower than that in the J2 and J3 groups
(P<0.05). The ratio of EAA/TAA (total amino acids) in each group was above 40%, and there were no
significant differences. According to the Amino acid score (AAS) score, the valine score in each group
was the lowest and < 1, which was the first limiting amino acid. According to the chemical score (CS)
score, except for lysine and tryptophan of the J3 group, the scores of other amino acids were all less than 1.
The first limiting amino acid of groups J1 and J2 was tryptophan, while the first limiting amino acids of
the J3 group were phenylalanine + tyrosine. (3) A total of 25 fatty acids were detected in the muscles of
yellowfin tuna of three sizes, including 10 saturated fatty acids (SFAs), 5 monounsaturated fatty acids
(MUFAs), and 10 polyunsaturated fatty acids (PUFAs). There were nine fatty acids whose content was
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greater than 1%, and their average content ranged from high to low: C22:6n3 docosahexaenoic acid
(DHA), C16:0, C18:0, C18:1n9¢, C20:5n3 eicosapentaenoic acid (EPA), C20:4n6 arachidonic acid (ARA),
C18:2n6¢c, C24:1n9, and C16:1n7. Among these nine fatty acids, only C16:0, C24:1n9, and C16:1n7

showed no significant differences (P>0.05). The fatty acids in yellowfin tuna muscle were mainly PUFAs,

and the content of DHA accounted for 37.46%~39.18% of the total fatty acid content. The DHA content
of the J3 group was significantly higher than that of the J1 and J2 groups (P<0.05). The EPA content of
the J2 and J3 groups was significantly higher than that of the J1 group (P<0.05). The DHA:EPA ratio of
the J1 group was significantly higher than that of the J2 and J3 groups (P<0.05), and the MUFA content
was J3>J2>]1 (P<0.05). The PUFA content of the J3 group was significantly higher than that of the J1 and
J2 groups (P<0.05). PUFA/SFA and n-3/n-6 ratios of the J2 and J3 groups were significantly higher than
those of the J1 group (P<0.05). The h/H ratio of the J3 group was significantly higher than that of the J1

and J2 groups (P<0.05). (4) Among the four macro elements, the contents of sodium and calcium of the J2
and J3 groups were significantly higher than those of the J1 group (P<0.05), and the potassium content of
the J1 group was the highest and was significantly higher than that of the J2 and J3 groups (P<0.05). The
contents of four heavy metal elements were all far lower than the maximum allowable limit (FAO and
WHO) suggested in food, among which the iron content was the highest in the J3 group, and J3>J2>J1

(P<0.05). The copper content was the highest in the J3 group, and was significantly higher than that in the
J1 group (P<0.05). Comprehensive analysis showed that large size yellowfin tuna had better nutritional
quality, and the results of this study also provide a scientific basis for the selection of residents' diets and
the formulation of artificial nutrition feed for yellowfin tuna.

Key words Yellowfin tuna (Thunnus albacares); Muscle; Size; Nutritional components; Amino acids;
Fatty acids
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FH I AR G2 BUEF 2 B0 30 min, KRG T 3ERE O @ BT
5 min,

GC-MS £fF: (it HP-INNOWAX T4
FEF(30.00 mx0.25 mmx0.25 um); N He, ik
I mL/min, 43EH 5015 #EEEREE R 250 C; THE
T N EIBIRE N 40 °C, £4F 5 min, UL 8 ‘C/min
F+% 250 C, R4F S min,

B BIHEER, fER 70eV; B TIREE
230 °C, PUMGAFIRE 150 °C, $ELEE 250 'C,
JEF 30~400 m/z.

i FHIEA SE 48 (ConCao) TH 4 KA G W I 2 Pk
PREFREL, JHEETXT GC AR BB 8 BU(R) AT S £ (MS)
5 NIST 14 fil Wiley 11 Y LB 2 R AL B

AR ESE LGP & it
FH(ng/ k) =

HRIEDF IR 0.5 pg (TMP & i) 1000 (1

TMP U T A 3 g(FA IR )

i A Q@) A 1 B (odor aroma-active,

OAV):

OAV, =—L )

Ci
oT,
R, G R RARAERE R P F L OT, ik

W I A XU 11
133 wFEMTHE  SHEZELQ019MTE,

PR E— 5 Joi o 11 A PARE B TORE AL, $ R 10 6
() LG B A gl g oK, A ek uE, BCIE WO T
TS-5000Z BRSEAHT RGN, [ HA T 8k e
SN TR BAL BEs , RRES AR 1, Bk
VISR R IEZ LB, SN 5 RhIEABR (R . ¥ .
T ECRUED) FE R PR . RN RESEAT 4T 3 K,
R VA 1A EHE P2 X BHE R AT AT o

2 RS9

21 GC-MSHELZR

K GC-MS 5E KA [] 461 Bk T 71 4 5 %
R o 20 8, A A (D) RS R LML S Wi &
B, SR 2 R, LRI E R s
XL RE . BRUKLGEAADE 58 FhiF KKk
YIi; CK4. 0 dd. N4, C45 U 4459
F| 28, 29, 55, 53, 55 FE LRSI, Hd L
B T ) e T E X R I T Ak T XU
I B R 0 7 K AR B 2 B 2 AN FIE I R S Ak
ZH 1L (Fabio et al, 2017).
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F1 BFEEES
Tab.1 E-tongue sensor
AIEEA [RGB Evaluable taste
1Rl aR 2 PR
Sensor name FEARHERSH) A1 (CPA {H)
Basic taste (relative values) Aftertaste (CPA value)

BERIZ AR (AAE)  BEBR(ZIEMR, RS LK)
Umami sensors Umami (amino acid, nucleic acid-induced freshness)

JHRAL IBRER(CTO)

Saltiness sensors

JRUR (R TR 5 T YRR

salt)
BRI AL IR (CAO)

Sourness sensors
tartaric acid)

T IRAL IR (CO00)

Bitterness sensors

[l )

Bitterness (umami aftertaste caused by bitter substances,

perceived at low concentrations)

ARG IRARAELD) SRR T RIS, (KT
Astringency sensors JE1 Ay il S A1)

Astringency (pungent aftertaste caused by an astringent

substance, at low concentrations perceived)

FHIRALIEE (GLL) SR SO B D A AR

Sweetness sensors

PRWR(BRTR . Fr e RIS 41 RS 5 EC AR IR

Sourness (sourness caused by acetic acid, citric acid, and -

R RY ST R ARIE, 7RI T Hg R iR

BRI B (TR R 1 )

Richness of flavor (consistently perceived freshness)

Saltiness (saltiness caused by inorganic salts such as table -

e IR [T A (AT AR e 55— P £ ) 7 R )
Bitterness aftertaste (bitterness of beer, coffee and
other general food products)

TR [T R AL S5 2 B IRR)
Astringent aftertaste (astringent taste of tea, red wine,
etc.)

Sweetness (sweetness caused by sugar or sugar alcohols)

CK4H. 0d4H. N4H. CH5 UHhspsmnz)
9. 11, 17, 16, 17 FIEESEYI . BESRAGWIIBI(E L
I, W BE(S pg/ke) EME(0.59 pg/ke)  TRE(1.1 pg/kg),
T H AT G0 e DR A o T A b e
L EY BRI, 2014), REWAE RS A it & v ek
TE R, 5 H A 5 e [ 8 i XUBR R, PRI, X4
Bk D £ i KR Bl T ik . Tl R = Tk
i Cs~Co AN 707 i I, ARk ] (R T
& FIIH IR & AWK (Samar et al, 2022; Amjad et al,
2022), Hovb, AEE. (J2,J%)-2,4-BF M 3 2Ok I
TR, O/, PR, FlE . R-2-FImE R
KT Wi AL, FREERIE TR A L, [,
MR A &=k T, FEERIIANmEES
(Fereidoon et al, 2019),

i 2 3 A o g T S Ak i H ) 7=, (L O L
SHE S SRR R, EEREFEE K] A
SREIVERT o 2,3- R E N 2,3-5 ZHid i 5 I
BR(RMEMESE, 2016), XTIRBRY) A — & M BESRAE T,
Horpr 2,32 i 7E 3 BTl YRR, BB
F il BEAF— R U 5 HL R s 1T 2-T/ . 3,5-9F
I5-2-I | 2-+ — B G HAG RAER . LA LLBE 4 R 1Y
Y)Fi(Amjad et al, 2022)7E Tl J5 & &34, £&5 T+
Tl Ak T o Y AR AR

T A A7 R ) £ AR B 8 FhEES, RELIAR

WG il 32, TG = A s . TR S A
1B 1-0 0 -3-FE 0 1-2005-3 B AR AEE, X T
R ERAE KBRS 5, Hor, 1 -3-BE A R 15-
AT R i S AR Ak B 24 ik i G TR 4 A — ik T TR
PR ERRAE, 2014), HAMER . AWK, W o1
I -3-BEELAG WA A P 05 A vk, (A N AT 2 S A&
(BFERLAE, 2019),

G 3] f PR R 2 B O R RN TR, U0 S A PR R
2 H I = BR FIBE R 19 K f# 7 P (Li et al, 2020) k)
AR ZEEY T, BRI B EEE
(ZEAESE, 2022), XF Al 5 XU B STRRAS Ko T fillad
T2 B = B Bz ] BE SRR T £ By N IR I A A S A
T 14 7 4 (Bekhit et al, 2021), 7] B8 5 %04 9143
4 X (Eman et al, 2016), HAMPEWK . kRILE&Y
F= YR T I R S A RN R I 2 A R S (R R BH 4R
2017), THilJE BB ] fah & B 2 1 B A A A%
) 2- 2 kg DL K ELA 2% kR A R 19 2 -2-(2- 130 0
FE)-IC IR (BT R 4R, 2017), XAk T f2 Y XUk th A
FLTTHR

MR 5% 4 W R e Ak T forp () 5 R0 R, {6
N Q)ITEH OAV, i e H Tl Bk U £ $ ik
SR TTERES ; & OAV>1, NISZH 5 %Rk J1 £ 1 X
WA HE ], MG YEY) T (Jiang et al, 2022);
#5 OAV<1, WZY) xR ] (R RS i 4055, &



%3 £ HKSE: GC-MS 5T H G 0T T 5 2Bk T 0 XU (4 5 1R 271
x2 MINEHNEREWRER
Tab.2 Volatile compounds identified from C. saira
5 R B I i) CE
Clasgic?fation Retentign Sulﬁ;}ﬁnf Tlﬁ;me Content/(ng/ke)
time/min CK 0d C N U
S 2.16 N% Propanal — 13895 221.63 383.84 577.30
Aldehydes 7.21 C. % Hexanal 668.29 499.09 541.82 894.89 1202.12
7.49 2-H - 2- T J# 8% 2-Methyl-2-Butenal - - - 61.99 101.79
8.43 J2-2-1% 4% B (E)-2-Pentenal - 80.96 89.83 167.52 175.03
9.14 2-H 32 I8 2-Methyl-2-Pentenal - - 187.86 296.94 481.81
9.82 BEfE Heptanal 288.45 160.08 254.91 245.78 429.27
10.55 2 -2-CL i T (E)-2-Hexenal 102.92 151.16 268.46 346.98 437.86
11.12 JI5i -4- B4 12 (Z)-4-Heptenal 160.91 131.61 222.20 213.07 324.18
12.08 SEWE Octanal 24470 129.87 325.52 316.02 569.48
12.77 JWi-2- 55 4 1% (Z)-2-Heptenal - - 3324 4219  64.96
14.08 T-¥# Nonanal 105.09 47.92 185.69 230.60 393.19
14.72 S -2-F )4 (B)-2-Octenal - - 66.37 88.72 105.80
15.35 (S, 2)-2,4-B% 4B (E,E)-2,4-Heptadienal 64.51 98.07 176.94 284.02 281.38
16.35 75 H ¥ Benzaldehyde 146.65 77.73 291.97 21331 490.17
16.49 2 -2-T- 4% (E)-2-Nonenal - - 54.87 35.85  45.08
17.31 (% ,J2)-2,6-T — I (E,E)-2,6-Nonadienal 50.29 60.37 287.70 261.95 315.37
19.18 4-2 FFEH S 4-Ethyl-Benzaldehyde - - 61.10  63.27 120.60
S 9.25 1-7% 445 -3-1% 1-Penten-3-ol 352.06 372.45 502.40 788.51 1137.73
Alcohols 11.24 JXE 1-Pentanol - - 1831  50.53  44.34
12.52 S -2-J%.4%5-1-l5(E)-2-Penten-1-ol 164.16 52.83 56.69 84.24 109.59
12.67 JWi-2- 1% 45 - 1-#5(Z)-2-Penten-1-o0l 177.11 153.12 209.06 246.94 359.61
15.02 1-3¢4%-3-B% 1-Octen-3-ol 140.47 106.15 178.01 276.66 364.52
15.09 Bl 1-Heptanol 91.23 5622 101.85 106.99 167.18
17.68 JWi-2-3F 45 - 1-B5(Z)-2-Octen-1-ol - - 60.97 33.19 -
18.33 T-#% 1-Nonanol - - 50.55 68.16 107.89
GES 6.74 2,3-7% i 2,3-Pentanedione 287.75 254.15 148.17 136.08 227.87
Ketones 12.83 2,3-3% i 2,3-Octanedione 107.22 4373 - - -
13.98 2-T-fi| 2-Nonanone 49.17 30.89 102.44 157.98 203.50
16.25 (% ,J)-3,5-3 —}%-2-8{(E,E)-3,5-Octadien-2-one ~ 200.61 191.94 850.55 944.79 1 457.92
17.06 3,5-% " J#-2-Fil 3,5-Octadien-2-one 130.43 9251 354.84 363.38 668.30
17.46 2-+—Pfi 2-Undecanone - - 28.68 31.12  52.81
B 21.46 CL 2 Hexanoic acid - - 49.68 63.14  70.45
Acids 24.97 T Nonanoic acid 95.63 - - 79.01 92.29
Pk 3.01 T4 Nonane - - 85.80 165.84 284.11
Hydrocarbons 3.32 2,4- ¥ 2,4-Octadiene - 62.57 156.66 190.51 393.02
3.48 (i JI50)-3,5-2F — 45 (Z,Z)-3,5-Octadiene - - 91.30 68.04 166.81
4.87 %45 Decane - - 14277 232.61 422.61
7.55 +—%¢ Undecane - - 67.06 9535 173.84
7.73 1,3-)7,5-0i-2 =44 1,3-Z,5-Z-Octatriene - - 111.04 115.65 183.53
7.78 1-Z,3£-1,4-FR 2 — 4% 1-Ethyl-1,4-cyclohexadiene - - 90.20 81.04 149.14
10.12 + ~%% Dodecane 7626 - 95.49 106.42 224.39
10.65 1,5-¥F2% "4 1,5-Cyclooctadiene - - 39.18 - 83.93
12.25 + =%¢ Tridecane 90.54 39.84 79.87 84.12 175.89
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&k 2
g B R Pt
Classification Retentlgn Substance name Content /(ng/kg)
time/min CK 0d C N U
Bk 14.12 U %E Tetradecane - - 21.57 3556 37.18
Hydrocarbons 15.20 3,5,5-=H %-1-CV 4 3,5,5-Trimethyl-2-Hexene — - 34.48 - 51.61
15.63 2,5,5- = HH-2-C )4 2,5,5-Trimethyl-2-Hexene 360.30 293.89 499.91 531.56 768.77
15.83 + FJ5% Pentadecane 620.95 541.46 727.08 1073.15 1 115.51
17.61 1,2,3,3a,4,6a- N &M - - 11486 76.71 103.94
1,2,3,3a,4,6a-Hexahydro-Pentalene
18.48 2,6,10,14-P0 H B 5 4594.161 607.783 005.481 975.083 310.61
2,6,10,14-Tetramethyl-Pentadecane
18.71 FR3E 4 1,3-Cyclooctadiene 227.96 185.60 458.26 562.13 694.35
20.98 1-FF L2 H LR 2 4 - - - 53.06  73.03
1-Methyl-2-methylenecyclohexane
21.69 5 -5- 1 H-3-(H 3k 2, 0 35 )- 3R 2 - - 5240 57.74  62.13
(E)-5-Methyl-3-(1-methylethenyl)-Cyclohexene
HoAh 1.61 = H'J}i¢ Trimethylamine 282.12 147.26 149.88 386.58 792.28
Others 31.21 H H: Bt Dodecanamide 49.19 27.79 - 33.31 71.24
3.93 2-Z LW 2-Ethyl-Furan — - 86.23 119.28 189.27
11.49 1-Z R4 1-Acetyl-1-cyclohexene - - 86.20 153.22 202.36
12.37 2 -2-(2- 13 45 5k )- W iR (B )-2-(2-Pentenyl)furan - - 93.54 167.10 188.38
19.25 2- H 45 3 ek i 2-Methoxy-Furan 23.71 36.78 -

He 7 RN RANTRINER . CK @Rk TI M, 0 d SHEH i) 4

Jifa, U RIS KT . TRIZRR
Note: “-"

Ny ATl fRk T f1, C e Xl i Bk

represents the content below the detection limit, CK represents fresh C. saira, 0 d represents cured C. saira, N

represents naturally dried C. saira, C represents cold air-dried C. saira, U represents UV treated and cold air-dried C. saira. The

same in the figures and tables below.

EURFEEAWMEN ., k3 FR, Ol PR,
JGL-4- BRI | S TR . (R, 0R)-2,4-B G L (%,
J2)-2,6-T- % 18003 120 0-3-0E . 1P
2,3- 0 W . 3,5-3F d-2-EA A =R 5 ARk T
FE AR ISR T, 1R BT M R e XUk AL
B FAE L0 IR R R R o S -2- TR | 2-2 30k
M. S-2-2FHlE . 2-TfR . 2-+—B . LR 3 AT
TRk ] fa RE A B ARRTE M I, b, HA TR R
(Amjad et al, 2022) 1) L -2-F I . T2, 2-+ R LA
K EA AR (SIS, 2019)0Y 2-2 FEnk I 7E 2841
A KAl OAV ffmr, RN KUl £ K
FE MR EE; WA, W-2-PekE s A AR | 4
I (Amjad et al, 2022), HAELLHM4 XAl £ h
OAV>1, X T & HAR A E S0 A EE 5Tk,

22 BFENELER

i E A 3 W 43 43 BT (principal  component
analysis, PCA) ¥ [ Ik Ji2 46 B8 1) 4k 5 (Jia et al,
2020), $ 2GR T AL LA BEARERMER

SRR T, R 1 R, FERr B TTECR
H 99.65%, Tl LIRAEFE G0 BB RAE B . CK4lS
T3 AN LARE S AE B o A BE S, X B B Rk D £ 5
HAFK ) fa ke S vRaE 2250k, Hd, CcK 4M
0 d AT PCA A MrEIMZEM, N, C. Ui
T, X 3B 5 Bk ] fa ) S A g vk & R ARk
M C 45 U npamir, vty X1l fam s sh+%
DT f AR G R TR T

2 SRRk ]RGS bR TR AR, LAS IR
e, SRR T AR T AOBRMR | SR (] TR RN 7R b ml ik
PITETOMR S DT, R TR | 75 A [m] B 7R ] e
T B IR | RIS R A R[] W 250 A 0 v B M O L, e
HZE H AR SE 8 4 o

DL X o SR (R, Y oM BRIk, SR
INFETRBR , LRI EIXT L 5 AR, AR 3
Fras, Tl E Rk T f ELAT B I A R A R ] B
R AR T fef £0, U AL EERRFRANRRE S C N 4,
ECEEVR MR T €. N ZH . SEmR [ R Sz e % i
R AEREE T, SERY RN E &R
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X, CK, 0d, C. N, U Bk RIFARRIG K, &
M =1 T i 2 Y SR o, Rk T
R TR i SR 5 B, 3k 8 BH 55 A1 BE SR AE T il Bk T 8 1) 3%
A XUBR$E T 7 T A 22 DUk o

3 it

K it DRHG B A R 98 XU T TR 32 1 9
B, TETHE AR Bk o & A 4 A, IR TR A e
WO A NG TR L B BE L PR FRSE, MM ARy

A1 AT (Amjad et al, 2022).

Mok JERGR L RS T LIRS BT AL AR
T L BT B (Lilian et al, 2017), K51 EA4b
FHZEECO,), AR A A RS A
ey, it S AT E , R 2 B AR
PR R R A, IR L R EERAE
A o A N o B =W i O A = B2
('02)(Celia et al, 2021), {5 B % 4 e Ak . 'O, 0,
PR, I EA RGN RN, SBOGEALE S

*£3 MINBEXREWRIBEE OAV

Tab.3 Odor thresholds and aroma-active compounds of C. saira

I5% WA B Th'ffold S AV
Classification Substance name Flavor profile CK o0d C N U
value/(ng/Kg)
Pk A Propanal 15.00 SRR | TR Caramel, sweet — 926 14.78 2559 38.49
Aldehydes ./ Hexanal 500  FHEIL Green 133.66 99.82 108.36 178.98 240.42
2-F -2 T4 46.00  fLAH K Chemical - - - 135 221
2-Methyl-2-Butenal
B Heptanal 2.80 TR Green 103.02 57.17 91.04 87.78 153.31
JFi-4- P71 (Z)-4-Heptenal 0.40 PR . MR Oily, fishy 402.28 329.02 555.51 532.68 810.45
3 Octanal 0.59 FHHLR . MR Green, cittus  414.74220.11 551.72 535.62 965.22
Ji-2- AT (Z)-2-Heptenal 56.00 TMKERR | % PR - - 0359 075 116
Fried, roasted meat
T-f% Nonanal 1.10 fajlEsk . HEFIK Fishy, caramel  95.53 43.56 168.81209.63 357.45
-2 (E)-2-Octenal 3.00 HHIR . {64 Green, floral - - 22.12 29.57 3527
(R, JR)-2,4- 8 — I 15.00  FEsk . ISP Green, oily 430 6.54 11.80 18.93 18.76
(E,E)-2,4-Heptadienal
JZ-2-T-J#T4 (B)-2-Nonenal 0.19 ISR Fatty - —  288.77 188.66237.26
(,J2)-2,6-T i 0.50 BRI WUk 100.58 120.74 575.41 523.91 630.74
(E,E)-2,6-Nonadienal Green, cucumber
Tk 1-J3Jfi-3-F% 1-Penten-3-ol 360.00 IR, PIFFIR Caramel, meaty 098 1.03 140 219 3.16
Alcohols 1-345-3-% 1-Octen-3-ol 1.50 PE 7 Mushroom 93.65 70.77 118.67 184.44 243.01
1-B#fE 1-Heptanol 5.40 THARYE . HHAFIAR Fatty, citrus 16.89 10.41 18.86 19.81 30.96
-2 -1 -l 20.00 B4R Mushroom - - 3.05 1.66 -
(Z)-2-Octen-1-ol
T-# Nonanol 46.00 Mg Oily, fatty - - 1.10 148 235
iES 2,3-J%. il 2,3-Pentanedione 30.00 WiEE . BEIBE Creamy, buttery  9.59 847 4.94 454 7.60
Ketones 2,3-2F il 2,3-Octanedione 2.52 BEZER Mushroom 4255 1735 - - -
2-F-fifil 2-Nonanone 82.00 7 Flower - 0.75 250 3.85 496
3,5-3 —Hs-2- M 150.00 bk . BEfEE 0.87 0.62 237 242 446
3,5-Octadien-2-one Earthy, mushroom
2-+— 2-Undecanone 5.50 TR . JHIEYK Fruity, fatty - - 521 566 9.60
iz Acids  T-fi% Nonanoic acid 9.00 2 Rubber 10.63 - - - 1025
" =% Trimethylamine 2.40 R . BEIK Fishy, amine 117.55 61.36 161.08 62.45 330.11
OB 2 A 2-Bihyl-Furan 230 WAlg. e ~ - 5186 3749 8229

Cocoa beans, burnt aroma
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Fig.1 PCA of the E-tongue of C. saira
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Fig.2 Radar map of taste indicators of C. saira
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Fig.3 Bubble chart of the saltiness, freshness and
richness of C. saira

R 1) 52 o7 3 2% L 1) AU AR e PR o il 4R Ak 3k g 1 480
it ST AR e BEME AR S 1,400 TR s S A ) £
ARG 5 R & HE AN T S84, I 7 A S AR S bR
B GRS Ak, SRR | L RS
INGFARE Y, R KU B AT B Bk (S
%,2018). HARTHIBK I kA AL, AR,
AL LR FE (52, %0)-2,4- B I | 2,3- 18 i 4%
KRG RERR, BT i, B X EH—

SE R IR ST TR AL I AL, (A 5T A A i IR
WD, SO KT IR ] fa RBRE R % o 2850
TN Tad e, SRAMNRFE—E B LAt T
Sk, HAHE R AL S YIRS RS R, o
R T RE I -4-JE s . SFmE . -2- B I N
2-Z MY, FE T wIRK ] A S R

Ak, Tl R kO] BRI e ik S
P Strecker [ A 3 O AEBEMS A8 SN, WA oA AL
YI(E)-2-(E)-4-Ji 5 Mt 2 R B o A= i 2- R 3 -2- G I
BECOLEHRSE, 2019), X HIBRA HEZMH, C. N,
U 4 2-HIBE-2- UG EE R S 5310 187.86., 296.94 Al
481.81 pg/kg, BT, M 3 FpFHlm T H LIS KT
Y 2H IRk ] A B8 i 484k S Strecker [ A B AH AR -

ol FH H T AR N R 3 A G 5 R A S
FUN T 0 5 2 [ea) 1 e ek A FH St /K M A B P ™ 2R
R L A 25 Ak (Lu et al, 2022), HERM . UL T
WRK I (A TR R . VMR . SRR L JRORR . EERR . EER
KT BRPEMY o B A A T3S A, SRR ek AT
A5 Tl P A R LR A LG RS, 2007),
ol XURR B A S5 . 3 b T 7 X H8 g Rk ) £k
TRV A ] A S B0, TSR A0+ T o] Jal A £
TR IR AR AL i 2, ELA RO T LR [

4 ZEit

R VR OAR PR L a Rt e Y2 R T A E S
TR RTS8 3 R D7 A
e o JEE U I Bk 7D 8 B3 D A AR T LA R, R
e, M M R AR R T B I B A IR
WREGHI, [RIE, 0T-2-PERGRE A 2- 2 KLk 25 1) ot
AN T TR T f SR o RO | B R N IR
(] IR 2 4 K ) 0 B B R BRBE AR B, 3 R D XY
HEN T R T ARG U R R (IR, R SRS KT
NI A RV L | S o e R L
Jrarf, BEAH TN T RE A8 i R FE Ml = Bk
PARERIUPAN SN

& % X W
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Effect of Drying Methods on the Flavor of Cololabis saira Assessed by
GC-M S Coupled with Electronic Tongue

WANG Lin'?, ZHAO Ling', LIU Qi'”, QI Xiangming®, CAO Rong', MU Weili®

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. College of Food Science and Technology, Ocean University of China, Qingdao 266100, China;
3. Rongcheng Yinhai Seafood Co., Ltd., Rongcheng 264308, China)

Abstract Flavor is an important characteristic of seafood products, and drying can produce unique
pleasant flavors. Drying is among the most common methods for processing seafood products. It can
improve quality and shelf-life of seafood products and produce unique flavors. Oxidative hydrolysis of
lipids during dry fish processing in the presence of light, photosensitizers, heat, oxygen, transition metal
ions, and microorganisms produces volatile small molecules, including alcohols, ketones, aldehydes, and
acids, which contribute to the flavor profile of dried fish. Volatile compounds are important components
of seafood flavor. Flavor analyses are usually performed using gas chromatography-ion mobility
spectrometry (GC-IMS) and gas chromatography-mass spectrometry (GC-MS) in combination with
electronic nose/tongue techniques, which not only characterizes the molecular composition of volatile
components in the sample, but also yields macroscopic results via the electronic nose/tongue, ultimately
combining instrumental analysis with quantitative sensory data for a comprehensive evaluation of sample
flavor. Currently, the market sales model of Cololabis saira is mainly based on a single frozen whole
C. saira, and excludes most types of deep-processed products. There is an urgent need to enrich research
into processing effects on C. saira quality and flavor, and further develop markets for deep-processed
C. saira products. To explore the effects of different drying methods on C. saira flavor, we assessed
flavor molecule profiles using GC-MS and electronic tongue techniques. This study aimed to provide a
theoretical basis for improving C. saira product flavor, thereby enhancing the economic impact of the
C. saira industry. In this study, C. saira was thawed in low-temperature air, and the giblets were removed
and diagonally cut. Pre-treated fish were then soaked in 15% salt water for 1 h, drained naturally, and
subjected to natural drying (natural air-drying on a sunny day in autumn for 3 days, environmental
temperature 10~20 C, humidity 25%~42%), cold air-drying (continuous cold air-drying for 3 days,
setting temperature (15+2) °C, relative humidity 38%~40%), and UV with cold air-drying (continuous UV
with cold air-drying for 3 days, ultraviolet lamp irradiation, setting temperature (15+2) C, relative
humidity 38%~40%). The flavor profiles of fresh fish (CK), cured fish (0 d), naturally dried fish (N), cold
air-dried fish (C), and UV treated cold air-dried fish (U) were compared. Significant differences were
observed in the odor and taste of dried C. saira among products of the different drying methods. GC-MS
results showed that a total of 58 volatile flavor substances were detected, including aldehydes, alcohols,
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ketones, acids, hydrocarbons, and nitrogenous compounds. Increased alcohols, aldehydes, and ketones
enriched the fatty aroma of the three dried C. saira samples to varying degrees. Among them, the contents
of cis-2-heptenal, octylaldehyde, 2-ethylfuran and other substances in U group increased significantly,
increasing to 64.96, 569.48 and 189.27 pg/kg, respectively, so that the U group had richer fat flavor.
Hexanal, heptanal, Z-4-heptenal, octanal, nonanal, (E,E)-2,4-heptadienal, (E,E)-2,6-nonandialdehyde,
1-octen-3-ol, heptanol, 2,3-pentanedione, 3,5-octadien-2-one, and trimethylamine were the odor-active
substances common to the five C. saira samples and were used as flavor compounds to characterize the
oily and fishy taste of C. saira. E-2-nonenal, 2-ethylfuran, E-2-octenal, 2-nonanone, 2-undecanone, and
1-nonanol are three odor-active substances specific to dried C. saira, with E-2-octenal, 1-nonanol and
2-undecanone, which have an oily smell, and 2-ethylfuran, which has a burnt smell, having the highest
odor aroma-active in the U group. Salty taste, richness, bitterness, astringency, and sourness of the fish
increased after the drying process, especially salty taste and richness. Only fresh taste was significantly
reduced relative to fresh fish. Saltiness, freshness, and richness of dried fish are important taste indicators.
Salty taste and richness increased significantly after the three drying processes, whereas freshness
decreased. Group U exhibited the highest salty taste and richness.

In conclusion, the volatile odor and profile of C. saira changed significantly with each of three
drying processes (natural drying, cold air drying, and UV with cold air drying), all of which increased the
fatty flavor and considerably reduced the fishy flavor. Moderate oxidation positively contributes to
C. saira flavor. Increased fatty flavor reduces the proportion of fishy substances, thus improving C. saira
flavor. UV irradiation with cold air drying promoted lipid oxidation to some extent, producing more fatty
substances, as well as cis-2-heptenal and 2-ethylfuran, which enriched the roasted, charred flavor of dried
C. saira. Salinity, freshness, and richness are important taste indicators of dried C. saira. All three drying
methods enhanced the salinity and richness of C.saira, and UV irradiation with cold air-drying
significantly improved the salinity and richness of the fish and enriched its taste and aftertaste. Therefore,
among the three drying methods, the method involving UV with cold air drying significantly enriched the
flavor of C. saira to the greatest extent.

Key words Cololabis saira; Natural drying; Cold air drying; UV with cold air drying; Flavor change
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