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H R 76 & Be R 42 BV X B 2 X A K F0
FT B %% SR 4B 3K Y F2

g R, #xt", &0, H ', @@z,
B R, A #, % %
(L TR R SRl IR 2 5 A R 2 2 e, TLI58 A K s E I B s s e %, Y0758 JRM 215123,
2. AR BISEE AR ARAA, AR R 264300;
3. B =R AEYRIE AR AR, LI B8 214000)

WE: yARA P EYHRARBR N AX BEE KPS A RENYH, &8
B B A 0 g/kg (S, X EE 41). 0.3 g/kg (KP3). 0.5 g/kg (KP5). 1.0 g/kg (KP10). 1.5
g/kg (KP15). 2.0 g/kg(KP20) #y i %7 Be AR AR U4, DAAUSEER)T & 4 (51.18+1.14) g 8 38 5 X
R8N ERXE, MWL 64, BHINEELE, ENELZ40RE, EHENHFF X
E60d. ERLR: O 54 (S) M, 18K fn i 7 B8 A 42 B4 2T 38 B X R W
BESR)EHEFTW, fFEEKE (SGR)#RE T 1.20%~539%, 17 # £ # (FCR) [ 1%
7 —0.83%~9.09%; 4 %] LL SGR #n FCR 4 B A7 # AT — K £ B © A4, 13 2] o By ff
& B4 A2 R R B R E R & 4 A 5 0.98 Fr 0.96 g/kg; KP10~KP20 41 JIE i & (CF) Fn fi
R (VSD) B # (%, KP10 41 P (kL (HST) B W (%; 428l ka. HER. HE
BRFHASSELZRIAEF. QKP3 A E % 2m)E, KPSABE%EsE. TE.
ALEREE, KPIOAWH BT EHL EE T S4. OFHIS M5 KPL0 4 & AF JF 32 5 &
RNA E#THFANFREEZR XA, XL D EZTRANEEHASIA, BF L
VA 1994 GO XM ERE &, 57 ki HH (DEGs) # i+ # 2| DNA # % .
SREHTHEE EREAR KL% 4% B E; KEGG pathway 441 4 R L 7=, DEGs £ & &
Empas ot HEEE. BERA. BEARBURAKEFRHEEH LN 12
NEELBRMER. FRZH, HRFIMEGH MBI T R L R4 K,
BRI R, REMER AL, IR KRB Y, EEARmE N 0.96~0.98 g/kg.
R A X B B EARRY; £K; Fliftxa

FEDHES: S963.7 XktrER: A

BE 5 X B M (Ictalurus punctatus) H 1984 #% 5] PR B Z 08 o BRI Pk . 38 3 % 2 B A
IR & =T 2T, BRI R RFEIF K B B IR R 80 B R I AR K
Iz, REREEENIRAKIFEAR M, R PR, R X B R SR i SR A 1Y AT RE 2k
Bl SR AR O, TR AN WS e, KRR EE AR,
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Wi (Saccharina japonica) J& — F V& i 1
RIEDJEWGTBREDS , E 2 A0 T LR85 MR P 5
T iEE o 3[R IR B S B T ARUR A g A
£, B 2018 AT E A YA e At 150 7 17
Br T BRSO MOAR R SRR AL, T IR B AT
Bm M EFROE, w5 F W MmKILE Y %
e AT ERY . MR . HEREE) . N
L NI 7/ DT A a5 N = 1) e s A L 15
B BAT Z R AW, IF HoAT AR g — Ay
R TR 700 ) 4 S 5 ARV Y T X 2
iEaly Z B B IR BR Al R A RE ) AT AR
FHS, T AR SR AL S e ™, i SR HLE IR A
PE B XUEE Tk, B g sl iRDREGS el i B
RN, CHRDIRERY, FLANEXSEF (Lito-
penaeus vannamei)” fifl [Haliotis discus hannai
(QxH. discus discus ()", 5 & R W (Carassius
auratus gibelio)t" 55 7K 77 51 ) $5 £ S I it 7 1) 7]
BHE . AR MERRYA A F LR M55 . SR,
TR A0 L R P AR TR R R RS R, KR PEAR
75, BEAS T AL A8 IR 7 FOE Y B
T ARG T PR g A2 BR T AN [R] Y T
AT DL X — SRy BRAE 01 40 FR e i | IR R4
s | AR AR RO L P D R IO R e I A
X BE Ty kAT L v 1 R W O B M R
Horp mg ik RA KA R L — . mR. VSR
R AL, FFa LR T ok o A SEI il
FH 18 8 1 TR A i JBCH e IO P T A 32 AR g 28 2 Jo
AR B S 7 i, 48 BB 290 M T 0 4 Ji 1) Jo 9 b
MW BT, P2 S Al Al E [ W A AR AT B 7
VR T TR A i I T LR B, AR EDRE R B S
IR WL, AR T, fE
FEO R AT E TR

AT DLBE s ORI X 4, fE H R P
AN TR] A5 6% ¥ 5 ol A 5 I, F 58 R BRE
XA A il A R, AT
Il S 20 B PR 22 S R IR 45 SR 40 BT T ) ARBSIR 2
Shy TR T A 2 JBOP) A Sy BRE R SR R S i )
A RO A B s 4R i 2%

1 MRS T

1.1 KEXR

BE 5 Ry [ K T AR R K R A R
OSEIFRGH M, ARG AR TR (51.18+1.14) g,
TR RIS, SRS — B0, M5 R ) R b
Mlormi 6 4, A3 NELE, I8 NFHRIEHIT
(M%), BRIt 40 B, 3720 2.

1.2 SEIgER

TRk T S 0 A v T A B B W L AR
B A D BB R |, 1Al A 4R O 1Y
YRS WL FE 1o AAS VS NI 7 il A 412 T 1) )
BHE Ry X R 2 (S)o VY il A £ IO A8 AR
TIMEA 910 0.3 g/kg (KP3). 0.5 g/kg (KP5). 1.0
g/kg (KP10). 1.5 g/kg (KP15). 2.0 g/kg (KP20),
Tk 2 B B SR KO L3 20 TR EDRR A i A
60 Hifi, TRAIMEEKSERE, (4 HKj200
FERHM TR EAR R 1.5 mm, KE N 4mm A4
MBURL, KT 5B 4 °C IRAEFREH

1.3 AFEHE

T B S B0 A R Ik T R T X AR JR K S A
B2 ) 5 5 35 b vl 398 1 52 26 DA TP AT, AR
MM 1.5mx1.8mx 1.8m, P EE 1.5kW
s ENL 1 &, E17 7hvd. HEMR 2K
(07:00. 16:00), H 5% M 4K 5t & (1) 3%~4%,
B 10 d AE G 1 R AR T OF R A R . E S
SC M 20184FE 7 H 8 H—9 A 8 H, 3tit 60 d,
F2 5 1 (8] K I 24.0 ~32.5 °C., 52 5o 1 i) 75 i 48
#>7.0 mg/L, pH 7.8~8.2, % & M & <0.10 mg/L,
AP ER R <0.005 mg/L, bk E<0.05 mg/L,

14 H@RERTH

A RFBARIATIT . RIS AL
B 24 hJE AT RAE . IE R BB R E
MFARKEE . FRRHITE . B0 Bal
HRK . RFE, g5 R, PRI IE AR
ot DA SR B i, IR AR bRt o,

®1 EFHBRBRERIRARS

Tab. 1 Composition of S. japonica enzymatic hydrolysis extract %
WG HESiHEZ ] T SN A H e o 5 it
alginate kelp polysaccharide kelp oligosaccharides protein mannitol potassium calcium iodine
28.27 9.10 17.70 3.50 14.26 18.60 0.77 0.05
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Tab. 2 Composition and nutrient levels of experimental diets (AD basis) %
o gﬁem S KP3 KP5 KP10 KP15 KP20

Rl ingredients

M flour 10.00 10.00 10.00 10.00 10.00 10.00
KB rice bran 5.00 5.00 5.00 5.00 5.00 5.00
KHERT  rice bran meal 7.00 6.97 6.95 6.90 6.85 6.80
b KE  expanded soybean 8.00 8.00 8.00 8.00 8.00 8.00
TH1  soybean meal 26.80 26.80 26.80 26.80 26.80 26.80
M1 rapeseed meal 14.00 14.00 14.00 14.00 14.00 14.00
BEM #4365  imported fish meal 65 12.00 12.00 12.00 12.00 12.00 12.00
FERY K American chicken meal 6.00 6.00 6.00 6.00 6.00 6.00
PR —445  Ca(H,POy), 2.20 2.20 2.20 2.20 2.20 2.20
AR zeolite meal 2.00 2.00 2.00 2.00 2.00 2.00
JiZid+  bentonite 2.00 2.00 2.00 2.00 2.00 2.00
il soybean oil 4.00 4.00 4.00 4.00 4.00 4.00
HNTEEARSZENY)  kelp enzymatic hydrolysis extract 0.00 0.03 0.05 0.10 0.15 0.20
THIER  premix feed' 1.00 1.00 1.00 1.00 1.00 1.00
it total 100.00 100.00 100.00 100.00 100.00 100.00
EFEKF  nutrient levels

/K%>  moisture 6.63 6.74 6.02 5.88 5.72 6.06
FE MR crude protein 36.01 35.92 36.22 36.82 37.21 37.26
FIET  crude lipid 9.42 9.38 9.49 9.52 9.58 9.53
HK4  crude ash 12.10 12.14 12.17 12.20 12.30 12.26
f# phosphorus 1.44 1.51 1.48 1.43 1.50 1.51

VE: 1L AEkgBURKEIESH 2.5 mg, ¥ 64 mg, 4 13 mg, 4F 19mg, Ml 0.021 mg, i 0.07 mg, 440.016 mg, %% 96 mg, 47 0.05mg, 4iEHKA0S8
mg, #E4E%EB, 0.8 mg, 4EEEKB, 0.8 mg, 4EEEBg 1.2 mg, 4EEZEB,, 0.002 mg, 4EEZEKC 30 mg, ZERE 2.5 mg, MR 2.5 mg, 4EAED,

0.3mg, #44FEK;0.5mg, MR 0.5mg, WIEE 10 mg

Notes: 1. one kilogram of premix contain Cu 2.5 mg, Fe 64 mg, Mn 13 mg, Zn 19 mg, 1 0.021 mg, Se 0.07 mg, Co 0.016 mg, Mg 96 mg, K 0.05 mg, VA
0.8 mg, VB, 0.8 mg, VB, 0.8 mg, VB, 1.2 mg, VB, 0.002 mg, VC 30 mg, calcium pantothenate 2.5 mg, niacin 2.5 mg, VD3 0.3 mg, VK; 0.5 mg, folic

acid 0.5 mg, inositol 10 mg

B Ea TSN BA P
U2 B fh, FREHORTE 6 R fbrfih, JEFTH AL

PR3 I 7 o ok D) B BT A S 6 A R AL
WrwE3s 2], 76 LGI-18B B R TR AL T 2 1E
FIEAKS; RHIE A (GB 5009.5—2010)
e AR A B i R TR R4 % (GB/T
14772 —2008) I 7 *H B 05 & & 5 >k H K ke ik
(GB 5009.4—2010) & JK 53 25 >R Lok
(GB 5009.87—2016) il & B & &

MRk FMEREENE B
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2, a6 RM, WM sE Tt
B 124, Wb is 10 mm BB, HEEE
G, EE ALY L ATIOK . B BN
AWAMEEY) R, VIR 5~6 um, H.E Y4 f,
Yl 78028 B AUBE T WLER 10 S U I 25 45 74
fE, BAE, MR,

A B v P 28 R B T g 2 S 1M1 o Ak 1)
e BLEE B R, BESK YT B ML R 10 A4 B
W, BOFYIEAE AR 95 TR DL RE LT |
e 13 F0 273 Ab S B S8 RO, kYD B
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PLEEE 10 S B i, BOFIEAE NS R; &
sk U) R B AL BE L 10 Ab WLJZ B BE AT 00 4, B
BIEAE AR

inil iR i I S B M3 R
i, 49 A, JH MS-222 J§f )5 fil i) H T e
40, KRN 3 RAaR SRR )G
(B 3 N FATRE) BCA 1.5 mL EP &, WA
R IZ [ 5L % -80 °C IRAF 4 o W AR K45 A
RS, 5 BURE R AR 1 R A e 119 S 55 41 (KP10) Al
Xof HEAH (9 T IR 2 2R A T SR )

1.5 #EREANF

RNA #9505 . sefbfefiids KHFREAL
HTHHAT I AR A 28K, H TRIzol (Invit-
rogen, Carlsbad, CA, USA) J7 % XF & £E 5 i RNA
AT E Ltk $8)5 H NanoDrop ND-1000 (Nano-
Drop, Wilmington, DE, USA) X} . RNA Y & 5 4li
JEPEAT P . PR G Agilent 2100 X RNA ()58 %
PEZEFTAGEM, DL RIN number>7.0 "5G4 AR YE o

cDNA X E 4| &5 n 5 cDNA SCJ% (i
28 Loy Z3 FE RN BRI AE W0 B R A A7 R A
SER, HARTJ R U S pg B RS A RS A
RNA, fi#i i oligo(dT) BE ¥k , 18 i P %8 Y 4l 1k f
Hrp 7 A7 PolyA(Z AR 11 R) 1Y mRNA #E174HE
SEPE AR . B3R B 1) mRNA #E4T Bk, H
i gk 3 2 SR i VR T & 8 cDNA. 4K 5 fi 1 E.
coli DNA polymerase I 5 RNase H #E 17 4% & .,
H4 3% £ DNA 5 RNA 1 & & 3k % 1k i DNA 3U
B, [FF#B A DUTP, #h5FF Kb, 7 H 7 i
B b A AR, 5K A T i
Pe b AT e, A REBRIEAT I e A 2lifh . DA
UDG M {4 fb — 4%, P it PCR, fifi Ho® i i Bt
F/INH 300 bp (+50 bp) Y SCEE . fJm, il H Tlu-
mina Hiseq 4000 (LC Bio, China) XJ J: 1 17 X3 il
J¥, 54 150 bp,

HRMBAE SN RIEEHEAEREA T
Tk, SeItRRBRERNGEE, FIRL 2 WK,
% 5 F A58 (fold change) FXTEUE , B log, (FC)
fH . log, (FO){E N IE £ /R 25 KL LW, ki
FKREFEIRTHE, Lllog, (FC)|=1 [F P<0.05
VE R b 2 25 S A, O 328 o 3k 309 2% 1
PR i 22 S RGRFE IR . SR G X 25 5 Ak S
PEAT GO & 4 7% 43 i1 F KEGG {5 = 18 i & 4 1
I3t o
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1.6 TSR

J5 U B R 28 Excel 2010 7441 20 S
JH SPSS 18.0 # A #E AT HL A % J5 22 73 BT (One-Way
ANOVA), [d] i #t 47 Duncan [X £ & Fb 48 5 #r 52
B BOPE Y 22 Tk, 5 SR LLOE Y b o 22
(mean£SD) 75, LA P<0.05 k2557 B & K,

2 iR

21 EEFIEHEKEXREZERS

TN TR T T A 1 RO o 4% 2 B A S A
TR T W E N (P>0.05), £ R E A KR
¥iE T s4l, H KPS M KPI04l5 S AM L,
SRR BIRE T 4.19% F1 5.39% (P<0.05);
Rk KP20 2 404 2H i i kL R AR T S 41, KP10
HFRAK T 9.09% (P<0.05), &5 8o H I N
Tt i 42 IR AT LB R R AT SR i AR K R
R R 0 (R 3). H AR TS JIER 57 o Vi Ay il A
PEIBCY) I B i SR R A L A B S R
ZAH e A A ) R B2 AR, KP10, KP15, KP20
2 A 3 RD E 4AR LE S 3 B AR (P<0.05), KP10 4
JF PR LY 3 ARG (P<0.05) . 4% 21 B i S J2 fil £ 4
MK 5r . BLRE T . FLAE 1 B RO K 43 % 1 G
F Ak (P>0.05)(5% 4).

i 5 Ak r Vi el AR B B S o 2
BE A S 7 R A R R B R (R U T R Y
Ak B, F W G PR W AE HOR Ty
TN AT A RN R AE o R E AR K RS T il
fiff 42 U S i 22 (8] A5 S —oT kI Oy R =
~0.060 2x+0.118 5x+1.686 4 (R*=0.552 5), 4 it
5 20 DL A K RO AR E RS, I AR R L)
TEfaDE Y B 3 TS N 0.98 g/kg (1 1) fil e}
H U TG A R RO SN S DR R B O R AT
B —IC R I J5 & y=0.091 2x*—0.175 5x+1.2163
(R*=0.747 8), 231545t 4 LU EL R ECH AR ERT
Vgt B B U A R P I SRl S iR 0.96 g/kg
(% 2),
22 EEHFEHEFERESE. REEM,
AR E &

BEAS RN FEAE 60 d 5, B i 4141 Y)
F, AT AR AR

W AU WA S R R, 45 AL I8 98
BEW R GEEEGE R ANLZ EE R RS R WK,
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Tab. 3 Effects of S. japonica enzymatic hydrolysis extract added in feed on
growth performance and FCR of I. punctatus n=3
TiH
. S KP3 KP5 KP10 KP15 KP20
items
YIEA TR/ IBW 52.34+0.83 50.26+1.13 50.75+0.69 51.52+1.11 51.43+1.06 50.84+1.70
AR T R/g FBW 144.48+1.66™  141.57£3.91™  144.39+4.84  148.26+3.16°  140.62+0.71™  141.33+6.51™
TG /% SR 96.67+3.82 95.83+3.82 99.17+1.44 100 100 100
L AE KR /(%/d)  SGR 1.67+0.01° 1.73+0.03° 1.74+0.08" 1.76+0.02° 1.69+0.01° 1.70+0.03"
5S4 th#/% compared with group S 3.59 4.19 5.39 1.20 1.80
R R FCR 1.2140.05° 1.19+0.02° 1.15£0.06™ 1.10+0.03° 1.19+£0.01° 1.22+0.03°
5SH /% compared with group S -1.65 —4.96 -9.09 -1.65 0.83

I FATRARARNE R OR % 7 B35 (P<0.05), T
Notes: values with different lowercase superscripts mean significant difference(P<0.05), the same below

* 4 HIVETEBME RN B R X B 4R 5 im0 5 5 5 B 20

Tab. 4 Effects of S. japonica enzymatic hydrolysis extract on the body parameters and body composition of I. punctatus

mH
. S KP3 KP5 KP10 KP15 KP20
1tems
RIS body parameters (n=10)
M E/(g/em’®)  CF 1.53+0.06" 1.57+0.02° 1.48+0.05" 1.39:0.02° 1.410.03" 1.38:0.03°
EfAEL/% HSI 8.18+0.95° 8.09+1.06* 7.76+0.69™ 5.89+0.67° 6.71+1.17* 6.69+£0.49"
IR E/% VST 1.16£0.13° 1.09+0.14™ 1.07+0.12% 0.960.09" 1.08+0.04™ 1.07+0.04®
A4 body composition (n=3)
7K43/% moisture 65.0621.46 67.54+1.58 65.73+1.86 68.89+1.75 67.01%1.58 69.30+0.83
HE M /%  crude protein 16.32+0.25 14.47+0.97 16.21£0.57 15.2940.33 15.74+0.61 14.23+0.90
HEMI /%  crude ligid 14.44+1.39 12.89+1.51 13.56+1.22 11.37+£2.20 12.2242.26 11.96+0.75
FKSY/%  crude ash 3.86:0.84 3.460.07 3.53+0.48 3.47+0.41 4.00+0.53 3.56+0.23
185 ¢ 1.35

ic) 1.30 ¢ $=0.091 2x>+0.175 5x+1.216 3

3 1.80 R>=0.747 8

= & 125 1

o 175t ,,,_f_,h Rg L . Py

T ——— -0 1.20 P~

e t T Z 2 . .

H 1.70 |- . . = 1.15 | T P

}ﬁ}% 1.65 | 3=-0.060 2:4+0.118 5x+1.686 4 Lio b {

i R*=0.552'5 l )

1.60 . . . : 1.05 . . . g
0 0.5 1.5 2.0 0 0.5 1.0 1.5 2.0
INE/(g/kg) INE/(g/kg)

addition amount
1 HAXESFEEKESHR+BIBT
R EAMEN X R

Fig. 1 Relationship between specific growth rate of

L. punctatus and the addition amount of
S. japonica enzymatic hydrolysis extract

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

addition amount

2 HRXBEHEMAKSHRDIEE

Eg R IR BRI E R X R

Fig. 2 Relationship between feed conversion ratio of

L. punctatus and the addition amount of

S. japonica enzymatic hydrolysis extract
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1876 Ko

i 45 &

B 5 VT G i 4 U S 3G, 4 4 s T
A B g P W AR S A ¥ 0 1 s B
(R, K 3). SXTRAIM L, KP3, KPS 445
TR RE A SN T 11.98% F119.29% (P<0.05); KPS,
KP10 ZH /7 B 4 5E v B3N T 46.10% F139.76% (P<
0.05); KP5 4 iz & L2 EE 3 N T 26.10% (P<
0.05), 4R W, HAEM 0.3~1.0 g/kg W7 il
fiff $2 B AF — o R L 03 T B A SR B 1)
S5RGBT B R G R

0 % _
B BRGNS X R 078
HAOLEHIMSNE (HE 326, 200%)
1~6 43 5l TR BE £ X R A I 0. 0.3+ 0.5, 1.0v 1.5, 2.0 gkg iff
Y R A B ) ERS T I A SR S A8 4k . DH. i
e, DW.SEETEE, M. LZREE

Plate Effect of S. japonica enzymatic hydrolysis extract

on the intestinal structure of 1. punctatus (H.E staining, 200x)

Histological examination of 1-6 shows the changes of midgut tissue mor-
phology of I punctatus fed diets supplemented with 0, 0.3, 0.5, 1.0, 1.5,
2.0 g/kg S. japonica enzymatic hydrolysis extract. DH. the height of
duplicature, DW. the width of duplicature, M. the thickness of muscu-
laris

23 FFREPHE. EREXEMMAMERS. B
KEZEENRyEEERFRIE LB

BEEFARAGEARHK  BURASHE
0T T Tk B B A I O A SR A BB R AT St
i, ZRFRBLBETHYEHNE 811, L
TR NECH 19914, ERRIAIDE LRMER
B KT F RS E (3R 5).

75 396 14 Y 7 A A IO AH LL X B2 9 B
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500
)
g 2 400 b b b ab
3.9
B 5 300 | a a
E e
j;g; 3 200
= =
é" 100
O 1
S KP3 KP5 KPI0 KP15 KP20
ZH 5
groups
(a)
100
o
= b b
g § 80 b o
= § 60  a
=)o
) 5 40
=
# S 20
E
0 1
S KP3 KP5 KPl0 KPI5 KP20
205
groups
(b)
120 .
100
80 | a T
a a

[N I
oS O

HUZ 5 /um
thickness of muscularis
oy
S

[«]

S KP3 KP5 KP10 KP15 KP20

2

groups
(©)
B3 BHERRENINKSXELR
t A E RGN R

() WL, (b) BT, (0 WZEEZ. BPhAREEREERA
] ¢ 1F] 22 5 {2 % (P<0.05)

Fig.3 Effects of S. japonica enzymatic hydrolysis

extract on intestinal structure of I. punctatus

(a) height of duplicature, (b) width of duplicature, (c) thickness of mus-
cularis. Different letters mean significant difference within different
groups (P<0.05)

R B B R R 10 47 B, H GO R A
KEGG il M E R R R . B LI IERE
AI3INCRHEER, 5050 R8sz R E 2
(ncoa2). Kriippel #£ & F 12 30 &Y (kif12) F1 f1 &
BTB 45 F438k () % 48 2 11 16 (zbtb16); 3% T RAY

o E K P2 2 320 sponsored by China Society of Fisheries


https://www.china-fishery.cn

114 &}

R, HORRIEAT AR SR X B A SR A T e S R IA R
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*5 BARSFMETHMENYMARNERBERREERKES T

Tab. S Statistics on the differentially expressed genes of transcriptome between common diet and

diet supplemented with S. japonica enzymatic hydrolysis extract

I E- 155k R
log,(FC) log,(FC)
down-regulated gene number up-regulated gene number
<(-D~(-2) 72 =>1~2 142
SC2-4) 8 =24 55
<(-4) 1 =4 2
/Mt subtotal 81 199
Eﬁﬁﬁ%m‘gﬁ . 7464 12264
total number of differentially expressed genes
6 BHIERRIYES X REML EiE/ T EEE & AME 10 L EE
Tab. 6 Top 10 genes with the greatest up/down-regulation in the S. japonica enzymatic
hydrolysis extract group compared with the control group
£ log,(FC) KR A GOMER KEGGi## Pl
gene £2 gene description GO annotations KEGG pathway P value
LOC108268537  5.43 R ERIE AR GO: 00709894 A Jlit FH 4t NA 3.39x10°"
uncharacterized protein oxidative demethylation
ncoa? 2.86 2 A IGHIEE T2 GO: 00037135 FILHEH TIEYE NA 2.89x10°
nuclear receptor coactivator 2 transcription coactivator
LOC108271496  2.52 1,25- YA KD, 24-3240 /8, GO: 0016491%84LIEHEEEME 00100 SR B A& % 1.40x10™*
SR UALN oxidoreductase activity steroid biosynthesis
1,25-dihydroxyvitamin D5 24-
hydroxylase, mitochondrial
c5hlorfl94 248 RBALE FIClorf194[FVEH NA NA 2.29x10°*
uncharacterized protein Clorf194
homolog
LOC108271131  2.30 JIE A FE R I A A GO: 00044651 & FIEITAHEYE 03320 PPAR{S il 4.09x10°™*
lipoprotein lipase-like precursor lipoprotein lipase activity PPAR signaling pathway
kif12 222 KriippelfE T 12378 X1 GO: 00468724 BB 454 NA 7.78x10°*
Krueppel-like factor 12 isoform metal ion binding
X1
LOC108267282  2.14 IR A R TL AR GO: 000473 1EEMAZFBERRILIE 00760 JHFR TR R LA A G 9.17x10°™*
purine nucleoside phosphorylase- it 4 nicotinate and nicotinamide
like purine-nucleoside phosphorylase ~ metabolism
activity
zbth16 2.12 AEBTBSSIIRINEEREE16  GO: 000635586 1H4%, DNA NA 1.07x10°
zinc finger and BTB domain- AR
containing protein 16 regulation of transcription, DNA-
templated
LOC108271807  2.06 Y KD R EA R AR GO: 001602 1 ¥ HE A Bl 4 04723147 WIRHE KRR RE S 1.56x10°
X1 integral component of membrane  retrograde endocannabinoid
vitamin D5 hydroxylase-associated signaling
protein-like isoform X1
LOC108270518  1.97 C-CHFi#atb IR THE21aC-C GO: 0002548 A% HMuatbtt 046727 FIgARIIBE RIEM % 2.24x107°
motif chemokine 21a-like monocyte chemotaxis intestinal immune network for IgA
production
LOC108258483  —3.12  rasHISCHIUILME AR HBE  GO: 0007165(% 5% 04611 I /MR AL 2.18x10°°
BERAIFETR signal transduction platelet activation
ras-associated and pleckstrin
homology domains-containing
protein 1-like isoform X1
LOC100304637 -3.19 i HFEA KK T2 GO: 0005159/ FHFEAEKHF 04010 MAPKAS 5 il % 1.67x10°
IGF2 TR MAPK signaling pathway
insulin-like growth factor receptor
binding
LOC108259607 —3.26 M E I B GO: 0006412%1% 04146 i3 A4 1.84x10°°
uncharacterized protein translation peroxisome
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1878 Ko 45 &
CEHS -
87| log,(FC) 2SR BaN GO R KEGGi# i Pl
gene &2 gene description GO annotations KEGG pathway P value
LOC108255161 329 K2R ZKE1 DELRL G124 NA NA 9.46x10°°
nuclear receptor subfamily 1 group
D member 2-like
adralb -333 15 LIREEZA GO: 0001994 H'E LIRE-15 04080 #l 48 0H HEAC4- 32 14 1.16x10°°
alpha-1B adrenergic receptor FIRER MERA S 54 53Kl neuroactive ligand-receptor
JE Y interaction
norepinephrine-epinephrine
vasoconstriction involved in
regulation of systemic arterial
blood pressure
LOC108267421  —338 MRS TFEIEF2ME QIR GO: 00001661% R4S & 00230 %A 6.67x10°°
retinal guanylyl cyclase 2-like nucleotide binding purine metabolism
isoform X1
LOC108259372 -3.50  HSEAMEMREA-BRATHE  GO: 0030099 HE4HH 1L 04330 Notch{s 5 L #% 3.88x10°°
X4 myeloid cell differentiation Notch signaling pathway
transducin-like enhancer protein 3-
B isoform X4
col24al -3.96  BJREM0-1(24) GO: 0005201ZH/I4MER45H  NA 2.00x107
collagen alpha-1(X X IV) chain &%
extracellular matrix structural
constituent
LOC108255274  —4.59 BRI R4 AR A 1RE GO: 0003700DNALS S KT 04010 MAPKSS 5B B 4.55x107
nuclear receptor subfamily 4 group %4 MAPK signaling pathway
A member 1-like DNA binding transcription factor
activity
LOC108254794 —5.64  25-FRJE4EERD-1020EF, 2k GO: 000449845 1HE —FF1-H N4 00100 S AME L 3.54x10"

pRzS FRs Pk
25-hydroxyvitamin D-1 alpha

hydroxylase, mitochondrial activity

steroid biosynthesis

calcidiol 1-monooxygenase

W NA. RIKE
Notes: NA. not available
EHEA2ACHER, 2010 o1 B LIREREZ
1K (adral )R JEZE 1 o-1 (24) 4 (col24al) (35 6).
HRMAR GO £ELE R ¥ 43t GO
TR 22 R RGBT 2, Y
B H T, DNA RS {55/ 2R 2%
MAE R, H¥RIM PERRE LW, E5 T
REAHT, ZEMBERYNEGRI, UEsE
BT . ATP 454 . DNA 454 . M. ¥
MG . BHETHEAGSRERN, MCEHIZER
ik LR HUCH I, SRR . K
Bl . EEMEEEYE, HERRIADE LA
PRI 53] o 2 2 SR B PRBUNY 65% . 60% Fl1 58.3%
FEAN ML AL % B b, R R S A 43 1) A G 22
SRR BERNERZ, 25057 514, #.
AT . A AN XIS B 49, 41 A1 1241
2SRRI (R 7), XS5 RLR IR
1 VA TR A R A B 10 KRR A 240 i 2 A
MR 55 S M4 FOIRE Jr i P= 2k T R,
AT AT BE S 040 A 4 20 45 F R o i R AR el g
WM GO Term K #8735 4 J {5 5 4% T AH ¢,
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I 240 LA 5 i 5 R B A T G 5 . o fk
R R, BFEABE TSR, NREER
LIRS TFREMERE G, 28R
A, PR IS T A R AR R ECA) AT R X e A 4
BB A DL RO s A L G E B 1 A T LA
AR -

% R0 KEGG @34 K4 R HEWK
P, AN TR KA B R AT M L AR S T Re,
T KEGG Pathway 1953t A7 By T 58 ifF — 20 figf 132 3%
AR W2 T e . KEGG B4y K45 R iR, 2%
I 2 AR R D A0 {5 5 % . FoxO
F S S R AR ) R A S 12 AR
i [ (P<0.05)( 8), X LbfF 5l i 32 AL 5 41
fiL 34 58 55 4 4k (FoxO {55 3@ % . #RET-. PS3 1R
S . TGF-beta {55 i), WME MK RS R
&) RIS (IR W7 40 i X515 5 3 i
A YA B AR CRELICE . Wk
FURERE AR . AR ) DA R AR K AR
(R LA L AR R T R R T e AR 55 7
M, FEHTESRES LRERBRT2RE

R E K P72 22 3240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

11 4] B 5, 5 BRI R B R SR A R IE e St R IR R 1879

®7 BRRXEWERRFMETEBREINYNBREFEEREESFFEEFER GO Term 5 LER
Tab.7 GO Term classification results of differentially expressed genes in liver transcriptome after
ingestion of diet with S. japonica enzymatic hydrolysis extract
BEERIEERY EHEEK I E-TE5E

GO T GO ID GOfER .
. number of genes with ~ up-regulated ~ down-regulated
GO function gene ontology ID GO Term .. .
significant differences  gene number gene number
ER7jorid G0:0006355 LADNA AR i1 3 i 25 15 10
biological process regulation of transcription, DNA-templated
G0:0006351 3%, DNABIUR 19 8 11
transcription, DNA templated
G0:0008150 iR 17 12 5
biological process
GO:0006468 R 15 10 5
protein phosphorylation
GO:0035556 ML NAE SH T 14 12 2
intracellular signal transduction
GO0:0007165 CReEids 13 12 1
signal transduction
G0:0055114 AR 12 11 1
oxidation-reduction process
7 T Ui G0:0046872 ERETHEE 46 38 8
molecular function metal ion binding
G0:0005524 ATPZ:& 25 15 10
ATP binding
GO0:0003677 DNA% & 23 16 7
DNA binding
G0:0003674 Pl 20 14 6
molecular function
GO:0016740 PRl 20 13 7
transferase activity
G0:0000166 MHRS & 16 7 9
nucleotide binding
GO0:0016787 K S Bl i 15 9 6
hydrolase activity
G0:0003676 A ey 14 8 6
nucleic acid binding
G0:0003700 DNAZS &[5 T 1tk 14 10 4
DNA binding transcription factor activity
G0:0004672 = (e 12 7 5
protein kinase activity
G0:0008270 FEE T E A 10 8 2
zinc ion binding
)k G0:0016020 JiE 57 42 15
cellular component membrane
G0:0016021 T PRI R 43 51 37 14
integral component of membrane
G0:0005634 3 49 31 18
nucleus
G0:0005737 Y 5T 41 27 14
cytoplasm
G0:0005575 Ay 27 20 7
cellular component
GO0:0005886 Jo B 14 10 4
plasma membrane
GO0:0005576 41 AP X 5k 12 9 3

extracellular region
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*8 WRAXEMRRFMETHRMEIYINHRETEEREERFEEFN KEGG @7 RER

Tab.8 KEGG pathway classification results of differentially expressed genes in the liver transcriptome after ingestion of

diets supplemented with S. japonica enzymatic hydrolysis extract

WD i E%ﬁ%ﬁl&géﬁ( bR PR A S R 5L
number of genes with up-regulated down-regulated

pathway ID pathway significant differences gene number gene number
k004920 ARMi4n A 715 5@ adipocytokine signaling pathway 8 6 2
k004068 FoxOf55iE#% FoxO signaling pathway 9 6 3
k000100 KAV A steroid biosynthesis 3 2 1
ko04216 BRIET:  ferroptosis 4 3 1
ko04115 P53{5 5l P53 signaling pathway 5 4 1
k000562 R WLEEAC ! inositol phosphate metabolism 6 5 1
k000052 PR galactose metabolism 3 1 2
k000760 JHER S FIHIERZ A1 nicotinate and nicotinamide metabolism 3 2 1
k000500 VERFNREREARI  starch and sucrose metabolism 3 1 2
k004910 RS RS SIEEE  insulin signaling pathway 7 5 2
k004350 TGF-betaf5 5 iB#% TGF-beta signaling pathway 5 4 1
k000010 VERE/FESF A glycolysis/gluconeogenesis 4 2 2

BTN E, R 2 o X5 5 % AR IR
TS 0, I HG s o 20 i 6 B A SR AR
R EVE o B 2 25 R 3R B A i 1A 3% 8 X 5 )
RO, i A A R AR R

3 iR

3 BHHMRERYITNERSXEE K
4 B

H HIC A 55 2 SCHR 2 8 1 358 A 1R Jin 5
J5 T R, SR T AN [R) I 3 E AN [R] 2 £ A py
) R VS N 25 5 B, R R AR R —Fh A
FEUR N W B aE TR A AN . A T R I
WIE BV NG, A SCIR U T I AR R Y S
ARG IR B, 45 BoR, HARE N 0.3~2.0
g/kg MR BB U Y7 — e R B R T B
SOSCR MR E A KA, TN 0.3~1.5 g/kg T
T A B2 BUY) AT DA R AR R R B, R i
0.98 g/kg it X B pii, SRR M () A K gk R e i o

S0 FH A I A T A B IO T2 R A
T B0 LA B ity Z2 W R SERE . 48 e IR A T L5 1R
e i BH S - N B LA AR, AR LR R AR R
T ek DA T 3K I R A TR K R T
R PR FE I RIS BT, 42 T 1R Bh 45 1
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i KPR RS PR, DT B e Rk i ) AR 1,
BRI, W 2%~5% BT BEVE N B 25 750 4
) P ek A, A R A R A M AR (pellet
durability index, PDI) IR & A fr 45, H XY
R R R B P

Xof - 1 i A A O ) A AR LR 2
AR, HAEMIEZEZ H M., B5EH
T 2K T R 3 A A — S BT R E
(DMPT) Al — W £ %5 L N 2 (DMSP) %8 B A 5 12
PR oS 38 o 3 B A R 2 Y A 2
JRGE AR, TR A 2 R S R
R AR e, Bl KU 2L
TEE ST, 57 il e 52 U 09 5 B A T AR
KRB FEIL A, R AEAE T 1853 0 T RCR
AR — 2B ST o A B R O (A AT R AT
MR 7R . HEREESEOK AL G WA, A b
TeHEEM ., TR, ER . AR HA
TGP By, ek e S I B8 Al A £ L T
DA 0B 35 1 RE 3 77 2 A 0N R T,
TR AT 7 R DR I B E RN, A
W B V6 i G i 412 B0 1) 22 o 43 T L3 ok
R 1 T T T T P R AR £ R X 2 R 0 I W
Zr U B SR 2 R, W 2 RE B R
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i #H7 A1 BE AL (Epinephelus coioides) H I 5 H i
TG VE R 5 22 ZF S T 5 Pk, {E 0] 2L W R R b
B 55 . Mg S MM RE R I, 8
JiE X #5501 1 (Pelteobagrus fulvidraco) %) '8 F1
TE i 7 e R B G sRAE . A A A B SEIE
W, SO s X A A4 1 30 4 31 Ak T8 AR 25 R A
—E WS . 718 N FLER AT (Lactobacillus) |
WG AT B (Bifidobacterium) 5 A1 #9212 AY
AEPRPEAR DA, AE Y I B AR SO, A
JRREAERKFEME LT, HEE EE R,
AEFHLEE . LB S 5 T A G A
0.04% I1)48 B SEWE AT LU = 5 10 LB AT T R B
0.2% Y #63 35 TR B0 FRI1 463 355 556 0 1D I8 A AR K o #F 1
(Escherichia coli) (%" A1 0 o 4 SO0 35 T
B 1 185 G DL KA i 9 5L TR AR K ok 4k i G T A
()P AT AR i 2R P 5 AR 2 A58 45 SR ALY
B, ARSZERATE H O S 0 A v AR S 0 I T
P& WU X B e SR i %) 2 AR KA T ST A B R
%, RIL TN RSN, BRI 7E B3l U & i n)
FBL o — 7 T 2 PR A Y T T A 4 BB T oK R ) v
2 AT AR 23 X605 32 ) 5T 00 W 0 A BEL A . AR
S B s 21 4t R 3R B 1) 2 YT T A £ ) P
A 2L 4y AT RE XTI 2R B B AR A R AR,
SR Y E R3] — e B, A SRIA D
JIG 7 B I o H o S 3 48 3 I A B %k JIE [
JE R LA AR 5 A W B TR AR S R Tk 2
A e i A, R — 2D BE Lk JIE [ R A4
M, 38 B 2 A IR R . R R AR T AR
XFART PR . E [ B E Y A, TR 2 b
YE R —FPrs e e B 2F 4, BRI piE s
PIAE R, AR R i 18 5% 32 1 [R) B o 25 k2 &
VI 7E i 38 (45 BRI IR) 3R R SR AR Oy — ol i
e a2, Wil KSRk a0 28 i
B, XA RES B ECE IR R A S FE o W IS fiE
HeB RSN, T REAR T HAE K PERE
32 SBWMRERYANEN S X E NG E
YRR AN

Jis 1 2 A R 5 DR A R AR
HA B | L R DL LR B R L
52 B SR R R, AR, HRIR
T 0.3~1.0 g/kg ¥ 7 il fige 45 5O WT LA 3G I 46 5% 1y
JE . SRR RENLZ R, T R iE S E
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F5 W oA fi i FR O ELIG SR g B R S sh
% B A I 70 2 VAR Y T A B IO T D R i A
SUE S L5 R, X AT REIE KT 16 220 0 48 1
BRI AR B« BB AT B Bkl A FHEY [
o O T T T LA R i BR T DA R i BR A S T el
TERAIE B AR, dE e T M8 41208 B 800 R
WE IR, B (1% J 35 P A 58 6 B6E 8 S i 114 gy 3
HARBEHRIEH. WHEFR LR, 1755
RERER N 120 pg/mL 11936 i Z2 05 7T DL 3% 1R/
7 % %% % 4% 7 [1 Occludin. Claudin-1 F1 ZO-1 %)
mRNA AHXF A5, B9 7% 8 1 M HLAK
[t W 1) S ik 45 K, VY T A 2 B T B A O e
B T BRI 3R 58 Ok 4 FF I 3B LK B B )
RE I T3
3.3 BT EBAR IR BNA 1L 0R BE A X E &m AT A 1K
K E

JHF RE AR 38 755 35 90 5 1) 6 70 % e A i A K
A R BREIR A5 A R B2 i, TR I 0 B AS )
Y B I I 5% Sk 41 B T B B VA T A 4 L) A
AR FAERBLE . A R A A 4 21 3%
BEMEFBEE RN, mMHbERRENEH
() 3 DR AT RE AR FH AR S 2 — o IR S 25 R
A BE A5 SR B U6 % S A 43 B O & R O ok
TH TR R 2 S R A ET 10 AR, A
T S (1

NCOA2 2 p160 2 [ iz 52 1A I 30% 7 F ik
FERRZ—. RV, NCoA2 1F R it
W X1 5 R 5 4B A Ak s S IR - R AR g
A 18 A= ) PPARG A H./E ], 3 i3 8 55 Phospho-
PPARG-S114 & & Wy AR 7F I 107 40 M 1) o4k, 38
TG 5 4B ) B . BRI NCOA2 Xt g i L AR
EE R EERH, ALK R NCOA2 3 H 7 3%
TR AN 105 DR — s AR A o

KLF12 2 —Ffr 55 E0 A 41 i % 5% 98 45 M1 56 1
BEFE B, AR ITIE S H 5 IR AR 15 A 8 Y A A
KAEH, ] LA L IE IR D R & Wi (FAS)., &
It CoA SR AL E (ACC) 55 JI5 AR ) AH 5C I X 1) 3R 3k
AR . LA, BE 8 NS I B A G 36 P R ik
ot 35 B o RIS IS HE I KLF12 3 (K 78 203 g
O JHF L 34 5 ) 2 S A2 A B 14 i B 2% Uk
PE 7 T A AR P

e LR ERIEE T, #R YR Dy &
Ak Tt A DG 2B P RE T &Y X1 FT C-C 5405 1k K 1 E
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21a WAL, H GO TN RETE RIS 5 40 M AR OC .
Yt R D3 B AL ) A AR 2 — e /N
20 FEE0T A5 A 1 S BT, C-C B AL I
BB 1 A(IgA) Y& UM DG, i 18 b I A
() IgA RERH k8 2 DA K BLIR AR, A e 3000 %
iy 3 fid o A 3] A R AP VR Y N R Rk
B, T AR B YT T B 6 RS B W DA
R AR My B A A BRI

F RS 0 i 1 Tl i 42 O I, T A SR A
ZER R, 255 RIBE B E R 12 4 KEGG
P, XS B RV TR M RS A S
At BEZEACHE . B2 DL B A K A
GRS . Hp, GoPC 3N K H b 6 & 15
A, BB a2 —, AR AR T
REJE 52 M Z2 R QI I FE A 2 — o G6PC |l
6Tk 1R ) 76 A I A A0 P K, R o~k TR ) 20 0 il
(G6Pase) HYLH BT 53, TEHLIAR AR FI 2 A1k 6-
T2 A6 2 AR I i A SR 7 R R R IR L W D A
A S ARG — 2 RN, MRy, H
2 0] LA 2R R 1 GePC /K-, e B LRt
¥ M B AL (Ctenopharyngodon idella) Ji G6PC %% ik
R, ARSI EE IR BoR,  H RIS I
PRI 5 R A ek s, HEIE G6PC /K- i 35 T
Fo HAN, PR WX 2EH GoPC FKikKF-H i
FEAEH, BF9E & B & 25 AT LA ) 0 65 (Onco-
rhynchus mykiss) 1) GOPC 3% ik /KB, FEAR S
FAEr, BRI AR, SR R A
/N, JF H KEGG M A1 W&\ £ RS RES
W EM G MO AR RN, M AR
U 1 B RG220 T DB g R I 2K
AL I YA 77 T fife 42 JBCH) W] BB L R R R
PR GOPC M FRIE K-, S A ¥ A ) % P
(BT ERENE S S

Bl i 21 S 00 45 R 32 T 4 s RL S i
T A B2 ) S T BRE 2 i A AR O RN AR
PLRERY RE ) o A SE S0 25 3R W, ARDRl b i il
e B EC) 1) B 0T B e S ) A AR A T
L, JCH G VR NG 5 20 7 AR JH AL
D5 T A 1G5 0 /R o ARDRE e 00 1 T A R )
A BE I A 5 A BACHHE T SR AR AE
FH 52 e RS AR5 N AR B ARG A5 i A A i IR A X
JR2 T g A BRI R A G, JF X B AR . I IE
GRS A T BRI , FE A BRI REAE
i, won A R AE AR T, AR
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PERAL R AR g A sl 5 A5 i i Bk —
A BIBTSE o

4 5

ARIEH KT, EVRIR & (51.18+
1.14) g A BE s SRS H R A s Jom Vi e e e £ B
LD i AR KR, BRI R R 8, s
TEIC A GG o HETE 30 o5 SR ) e} v ¥ T R A
PEICH I i 0.96~0.98 glkg.

JHFHE 2 S5 20 A 485 SR s, 3 RS o ) ¥
TR i 4 TR X BXE A S T O A A A R 3 K
AR R ]
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Effects of Saccharina japonica enzymatic hydrolysis extract on the growth and
hepatopancreas transcriptome of Ictalurus punctatus

LUHao', YE Yuantu', YIHaoming', SUNFei', SHI Yaoyao ',
LUBin', ZHOU Wei’, JIANG Rong’

(1. Key Laboratory of Aquatic Animal Nutrition of Jiangsu Province, School of Basic Medicine and
Biological Sciences, Soochow University, Suzhou 215123, China;
2. Shandong Rongcheng Hongde Marine Biological Technology Co., Ltd, Rongcheng 264300, China;
3. Wuxi Sanzhi Biotechnology Co., Ltd., Wuxi 214000, China)

Abstract: The aim of this study was to investigate the effects of kelp enzymatic extract on the growth and hepato-
pancreas transcriptome of Ictalurus punctatus. We prepared different diets with enzymatic extract of kelp addition
amount of 0 g/kg (S), 0.3 g/kg (KP3), 0.5 g/kg (KP5), 1.0 g/kg (KP10), 1.5 g/kg (KP15), 2.0 g/kg (KP20) to feed
channel catfish in cage-culture for 60 days. Channel catfish [initial body weight (51.18+1.14)g] as exprimental
object were randomly divided into 6 groups with 3 replicates per group and 40 individuals per replicate. The res-
ults showed that: @ Compared with the control group S, the addition of kelp enzymatic extract in diet had no sig-
nificant effect on the suvival rate(SR) of channel catfish, the specific growth rate(SGR) increased by 1.20% to
5.39%, and the feed coefficient rate(FCR) decreased by —0.83% to 9.09%. A quadratic polynomial regression ana-
lysis was carried out with SGR and FCR as the targets respectively, and the optimal addition amount of kelp
enzymatic hydrolysis extract in the feed was 0.98 and 0.96 g/kg. The condition factor(CF) and viscero-somatic
index(VSI) decreased significantly in groups KP10 to KP20, and the hepatosomatic index(HSI) decreased signific-
antly in group KP10. The moisture, crude fat, crude protein and ash of fish had no significantly difference in all
groups. @ Height of duplicature in group KP3, height and width of duplicature and thickness of muscularis in
group KP5, thickness of muscularis in group KP10 were all significantly higher than those in group S. 3 Total
RNA was extracted from S and KP10 groups’ hepatopancreas. Transcriptome sequencing results
showed that there were 81 significantly down-regulated genes and 199 up-regulated genes. GO func-
tional classification analysis results indicated that differentially expressed genes(DEGs) were annot-
ated to items such as DNA transcription, metal ion binding, membrane and membrane composition.
According to the results of KEGG pathway analysis, we found that DEGs were mainly enriched in 12
related pathways including cell proliferation and differentiation, hormone regulation, lipid metabolism,
carbohydrate metabolism, growth factor metabolism and so on. Our studies have indicated that adding
kelp enzymatic extract to diet can promote the growth of 1. punctatus, reduce feed coefficient, and have pos-
itive effects on the intestinal morphology and the glucose and lipid metabolic capability of liver and pancreas. The

suitable addition amount was 0.96-0.98 g/kg.
Key words: Ictalurus punctatus; kelp enzymatic hydrolysis extract; growth; hepatopancreas transcriptome
Corresponding author: YE Yuantu. E-mail: yeyt@suda.edu.cn
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