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pH7.0~9.0, % >4 mg/L. WAY%<0.15 mg/L fl
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FEW A TG S min, P55 2]-80 CrkFa hiifT
JE T

LI TS S A5 5, A3l B AL 10 B UF
PRk, HF AR A KR (specific growth
rate, SGR) . ¥ 5 % (weight gain rate, WGR) N A7-1i
K (survive rate, SR)FFA K EREFE A . 115 BT
L NS E A R R G N 2 s e o B B 51 DN
Y %E (GB 5009-2016).
1.3 RNA #2EE qPCR

K H Trizol 42 HCA F& AL HH Y RNA
AP TRE: vKURME S T UK T f#0R, A RNAiso
PLUS W, B0 JE4 L5 208 s .04
IR, FRRE IR )E A,
N GERTR Y 5 N B IT 24 2R A HTPATCE RNA S
PG RNA HEATIEH CREBE R IR IR AL
i DEPC /K, & HAE 260 nm 1 280 nm 1
THIWOEEEE, FEH 1% L kR A T 4 H
) RNA A2l FI e 8k . 70 e i i 2K 5,
it TRANS 0 #% S0 G i W, BBGE 59 5L RNA
gDNA EFBEH| . BEYLESI ¥ F1JC RNase /KA
cDNA. ¥ 3R15H) cDNA Fikt 8 fi5 LAtk & 3
& B#E LV (qPCR) o

% 14 qPCR 5195 P8, #H BRI T3
Y3514, FFHAT5 0P BRI R, B
JH 2xSYBR Green qPCR Master Mix i & 7E Ep-
pendorf Mastercycler realplex #4752} qPCR.,
SR Z A 2xSYBR Green Master Mix 10 pL, 1F
S 51#145 1 uL, cDNA 1.5 L, JC RNase 7K 6.5 uL.
SR 27O B AL N B A X A B
1.4 HESH

Jr A b BAER SR [R]— X BR, - DA T I e 4%

* 1 SER qPCR KI5|#3 R 5 AR NGB B (Tm) 5 3R
Tab.1 Primer pair sequencesand its Tn, for
real-time gPCR in the experiment

S 3E R/
SR 7R SIEI(5-3) BAIRE/C
ene name primer sequences (5'-3") annealing
g temperature
Clock F:CTCGGTGACCCACAGTCAAA 58
R:ACCTTGGTTGTGGTGAGACG
Cryl F:GACTTGCCTCCTTTACCT 56
R:TGTCAAATCCGAGTTCCT

Tim F:CCTAAAGAGGAGGAGTCAG 58
R:CACATTCAGAGCCAGTCG

Per2 F:GCGGAAAGCGAGCAAGAAAT 58
R:TACTACCACGAGCAGACCCA

f-actin F:AACTTTCAACACCCCAGCCA 58

R:TCTCCAGAGTCCAGCACGAT

FE R TE 45 A B A] 1 22 57 LU A SR Acro BT
AR 3 A B R 2R Gk 1Y R A BcHE, LA E H bR
S IOE =Sy e Y N ATk I L R U N & [y
HH s S5 PR WA {2 K 1) BsF ) o5 (TBUAR BeF (1) o el FH
B ) 5 28 53 W SR Bt o 1 BRLAS [R] SR AR I ] 22 (1]
M 4eit 22 5, Tukey K% HH T8 & HEACHT [H] 51 5
ANFREASE- Y Z (0] 25 50 21 . B R kg
LA B3 B 53 A% SPSS26.0 X {4 Ab B, I3
TR & )7 227 H (one-way ANOVA), kb 3
[] 22 5 3 4K Duncan’s £:56 7, LA P<0.05
F Ko SEE U - YR 1fE 25 (X +SD)
TR,

2 HRS5HMH

21 AREEBSRENEREOINERMEENZME
23t T 30 d IR, AR EE R F R
AR T B E 2SR 2), FAFEE R
FA R 18 37 F8 TG AT, SR, 76 AS R A0 5 PR AT
R, K ALHE A B R R A ORI R

x2 ARERRFEINEREBTERPRIN

Tab.2 Effect of different feeding frequencies on the growth of Exopalaemon carinatua

b3 IMAYI A /g IR AR T /g AR/ % FRE AR/ (%/d) T /%
treatment initial weight terminal weight WR SGR SR
A (1 &/d) 0.741%0.072 1.578+0.061 112.96+1.46° 3.76+0.33° 88.13%
B (2 ¥/d) 0.746+0.091 1.889+0.172 153.21+3.58° 5.11+0.73° 87.51%
C (3 k/d) 0.743+0.095 2.225+0.367 199.46+5.42° 6.65+0.98° 87.68%
D (4 1k/d) 0.745+0.117 2.112+0.131 183.49+5.33° 6.12+0.76" 88.11%

TE: BHIRYAR)/NG - REFo b HE) B AT 25 5 8 3% 1 (P<0.05).

Note: Various letter superscripts denote significant differences among treatments in each column (P<0.05).
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SGR il WGR #B i E g m, IFAE 3 Y/d HH R AR
K (C AL FR) A B K, 4334 (6.65+ 0.98)%/d il
(199.46+5.42)%, W& T A Fl B 4b3E(P<0.05),
5 D b3 22 7 AN i 2 (P>0.05).
22 AEEBMENEEQMNEVHERRIE
A

AR T, R AR 4 MY
B DR A AR AR I 1, NI 1 W] L, ASSZI BT
R 4 AW FER (Clock  Cryl | Tim ) Per2)
TEFTA 4 LB R IR A HR AR AR 2 B T
W R, JFHAE B 24 h NERSERL T
— AL AR T o EA S DR 7R AN [ 3 R AT %
TIRIEA 251 Hrh, Clock Z:H7E A 1 B
ALERH TSUAF S ()R H BEAE ZT17 Bfhi, ANl i3k
PRI 7 3 5 1> 4b B rp 7 5 58 A 25 4R K (P<0.05);
FE C FI D 1, Clock ZEH W FR LM IE, 5 B AL
PP RIA 22 RO, [HTUAH S BLI R A L B
BIHR, SRR S . A 3 NI Y
2 T THUAH 35) A% i 45 MEIAE 246 199 ;4728 T 14722 (P>0.05),
{BAE AL B rp ) ek i B H)13Z 3] —E 52

AN R 8E PEE AT 3 0 R 11 M T O v 1) A= 4 3
ek sgman &l 2, fEFFIES 4 A-%h 3 B 4 )
FERR S B 2 i e Ak, E S R AW A R B
AN —HE, & SERAEFRIR FE I . TOURE Hh BB ] A %
Fihw LA ERNZES, SEERECRA —EN
KRE 2), FEFRBFW L, 4 MEEEAE 4 08
H R Z B0 FE 24 h INHERSE I T — 4> 58 24 1 ]
W, BT AL Tim #1 C AL BRF 1 Clock, P
HHEI N 32 h, LI D ACBER Y Tim F1 Per2 Y
JAMIA R 10 ho FESRIBTAH b, REZEHERH A
ZT17 MHE@EHE P — K B IAE ZT17 Bifir), B A
B Tim #1 Cryl 43 5I4E ZT1 1 ZT21, LAJ B
ALERAN C AL HH Clock 439 #E ZT9 A1 ZT1, fE4
ki b, AREEAAI RSB REZERBLR, A
Tk - F, A RbFE 53 R e 5k AR B fIk, € 4b
B A X 5 1 o
23 AEHBMENEEANEYHRENE
WS

A R IR %) HR AW R v 4 4> A g 3

PRI 23R 10, DA 356 DRI 1) ik JE 409 . T A o R
] A S bt b, R I W A ] 45 AT 32 61 8
P AR R R ) 30 A= 0 b 2R e ) [R) A0 R S e 1 1O
ZERIFE 3, WNFETAIIL, AL B, C3MAb3f45
HE D HRAW 55 P I 7 2R3 18 [R] 20 P 008 56 4 AH
W], Ik A 25, S0 B0 [ A [,
SN R IAE LA AL, SR LE, C AL
—38 BR Clock SEPRURIRI A1, HAlh i) Ik R R A
FF . MifE D Ab3ir, A Cryl BERTEP A~ E
oo B[R]
24 AREIEIRME X E E 5 4R A R 520
4 RSB R B R A AFALA 41 4
BB IR TR Bl R A S
S AR B AL R oK R 7 & s A TR
K, R FOROHLAR I & A T B, &by
B, A AR K 3 R S35 B e T AR 3 A Ab
(P<0.05), T AH 2 (A AUHLAS i & s AL H AR %
AbF(P<0.05); 7£ B, C. D 3 ZbFd, /K4 FIK 4y
T AT (P>0.05), {0 B ALFRARLER IR AR 2
ik—s, 5 C. D HfAEREW2F(P<0.05); C 5
D Z [] 1) 45 T bR #f AN A7 7E i 1 25 57(P>0.05)
3 iTig
31 BRINERNEEBMEYHERERIZNZ N
PN ZE X 7K A S W R A PR S e E 32 ¢
FE, Wk gV o e IR R R A R
it (Pelteobagrus fulvidraco) A ETT AT
o M4k (Sparus aurata)R N B Py BhIE A
(Clock J Per3) 5 Wi A XA #212% Kuroda
AU Bt g /D SO AR W b S TH A 35 4
7 A2 B WA R (R A, H 2 45 MR 44 ] B AR 4 —
B, X RN 23 KRS o SR, P AR R
X HRZE S S RS LR D, HORHRAR
TR 32 H X UR(Litopenaeus vannamei), U, Santos
2RI e B RE 9 11X 0 O 1) B, L3k o
AT NSRBI L Paredes 2R B
G R I 10 I v i MR ASE X, e B X T 5%
M4 WA A B AL S RSR[5 R
7 5 7 55 R LR i T (FAA) AT A1, e T
VE F 25 HMEI R OC, O T B MU X H 7628
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Fig. 1 Effects of different feeding frequency on the expressions of biological clock genes in the eyestalk of Exopalaemon carinicauda
Different letters indicate significant differences in the relative expression of genes in different treatments (P<0.05). The left figure
shows the relative mRNA expression of the biological clock gene under different treatments. The right figure shows the cosine curve
fitted to the gene expression, and the presence of the cosine curve indicates that there is circadian rhythm in gene expression under the
environmental condition. The thick black lines are the regular rhythm vertices of the genes, and the black arrows are used to indicate
changes in the phase of the gene rhythm.
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Fig. 2 Effects of different feeding frequency on the expressions of biological clock genes in the liver of Exopalaemon carinicauda

Different letters indicate significant differences in the relative expression of genes in different treatments (P<0.05). The left figure
shows the relative mRNA expression of the biological clock gene under different treatments. The right figure shows the cosine curve
fitted to the gene expression, and the presence of the cosine curve indicates that there is circadian rhythm in gene expression under the
environmental condition. The thick black lines are the regular rhythm vertices of the genes, and the black arrows are used to indicate
changes in the phase of the gene rhythm.
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Tab.3 Analysisof the expression synchronicity of 4 clock genesin each treatment during the experiment

AH XS 2 35 B (HRADI/ )
relative expression
(eye-stalk/liver)

THUAH A ] CHR AP/ )

acro phase time
(eye-stalk/liver)

5 8 1]
b s JE 19 O )
treatment gene expression (;ycle
(eye-stalk/liver)
A (1 ¥K/d) Clock 1/1.20
Cryl 1/1.33
Tim 1/0.75
Per2 1/1
B (2 ¥&/d) Clock 1/1.33
Cryl 1/1.08
Tim 1/1
Per2 1/1
C (3 Ik/d) Clock 1/0.75
Cryl 1/1
Tim 1/1
Per2 1/1
D (4 ¥k/d) Clock 1.08/1
Cryl 1/1
Tim 1/2.38
Per2 1/2.38

179.69+13.97/35.99+2.65"
236.96+24.86/72.69+14.45"
165.52+18.44/145.2+10.25
147.72+18.52/126.8+17.46
301.11+8.22/251.24+24.817
226.8+24.68/177.13£19.64"
209.4+25.99/131.45+17.13"
221.73+27.98/159.65+16.87°
306.09+26.21/254.86+16.87
262.05+23.99/239.86+19.76
212.81+25.22/132.42+13.92"
253.53+28.15/177.78+24.53"
306.79+34.94/177.92427.38"
228.72+18.45/230.31+25.06
247.96+26.91/183.42+13.65"
191.38+22.21/220.86+24.44

ZT17+0.93/ZT17+1.21
ZT17+0.85/ZT17+0.96
ZT17+0.82/ZT1%1.107
ZT17+0.79/ZT17+1.01
ZT17+0.95/ZT13£1.21°
ZT17+0.73/ZT17+0.98
ZT17£1.05/ZT17+1.04
ZT17£0.71/ZT17+1.12
ZT13+1.05/ZT1%1.19
ZT17+0.71/ZT17+0.79
ZT17+0.94/ZT17+0.97
ZT17+0.85/ZT17+0.94
ZT13+0.85/ZT17+1.29"
ZT17+0.89/ZT17+0.97
ZT17+0.94/ZT9 (ZT17)
ZT17+0.87/ZT9 (ZT17)

T *2 [l — A B b ] — 2 Y ) 32 A 2 MOTE A ) PR 6 A 7 22 5 . 354 (P<0.05).

Note: * letters indicate significant differencess in expression parameters of the same gene in the same treatment in different tissues (P<0.05).

x4 ARERRIFEIEE B4R H R0
Tab. 4 Effectsof different feeding frequency on muscle
composition of Exopalaemon carinicauda
%

LIS 7 K5y

rude fat  ash content

JOBL Koy

treatment moisture

HEH

rude protein

A1 W/d) 77.31£0.72*  18.11£0.02° 1.71+£0.05° 2.87+0.08"

B (2 ¥/d) 76.65£0.77° 19.07+0.08° 1.79+0.13° 2.69+0.07°

C(3W/d) 75.98+0.96° 19.98+£0.04° 1.88+0.23* 2.66+0.09°

D (4 ¥k/d) 75.9540.59° 19.73+0.08" 1.83£0.09° 2.63+0.12°

e BYIA R SRR SRR A B E) B 25 5 0 25 1 (P<0.05).
Note: Different letters in the same column denotes significant
difference among different treatments (P<0.05).

F1 MW BT ST b R W T HRIE . R A = 4
B, A B KB U R, R R
WE AT 2 g 0 AR . FESEBR A R, SREE R
S5 IR 5 0E IR (L 22 B MR AH [R] # E 45 b Y
BARIEAT R RBR, RER b A R TIRA
WF5E o AWFFALIN & T A [F]$5 AR5 S AR
(18 HR A K U ) A= 0y A 2R DR 30K Y AR A 2 T
FExE A~ G B A W Bl R SR [R5 R AT TR
i, FFHENHE R AR89 & B ABR . 452R%K

W], BRIRBUL I A GRS R AR h Y
PRIL N RIARY LML, A, BORBTRE 1R 3 /d
A A [R) R A A 22 51 b o b 258 PR 3R 3K 19 K R 7
oo W 1~3 W/d IR, AR AR Y P
ARG EL R, AT HERAIFAER,
MY PR, 4 W/d B, R E RSP Sk A
M IR A A T AR, FRIBJH IS . R IR AR
R 45 2R BS503R A s A7 AR AR 1D A 1)
ZE5t, RGN FE PSS, XA AR Al B2 %
HRAMFRERERRE . R, SRR
K AFE AR N R W VIS, i E B B &
TP R W A T E— AL TR AR
32 HRMEXHREBTFERBZIT

WA AL TR B L, G
R B MR AT 2 T B A 2R 37 A BT 5 v A T R
PR R BT AR S B R K S I
KAERE, WA WRHR S, 5 mpae R, mhE
HIBRAK BB AL RS, (R 3 A R, S R
BHAF G A SR i, IR R IR AL i . AR
R RORE T BUK™= s A R PERE T R, A Ta] A=
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K2EFAR, FENRTY, KA, F75H K
AR KA AR A, B R AR
TE 3 W/d AT T A KR A o TR AR )
TEWFEH e AR I A AH [ A 45 2R, e 28 )
URCTIRT AR VAR A ik — BRI, 7E 3 i
B} P8y 18 B SR I i, [ 2B R MR (Penaeus monodon) it
FEEE A BRI, HA KRR S BT R 05,
AR WA KIS, i, B4 i (Lepomis
cyanellus) . fifii(Limanda ferruginea), & W
TR R 3 R/dPY; SR AE B AR 2 kit
A KR T H 4 P, et m Y
BRMR T REIRIG AP I A K g o AT IR
ANRBARRREI YK, B EYEA —
BE BRI AFAER Y SobR b, R B A R 1
e A KRB TEAR 2 FR A Rl T Y, (H Bk
BIFRANTT G o 13 X s SR i B R i v AN B
B, PIREE SRR T AR R e b, B
Py 36 5 T A ) R A P T B WA R AR,
M 8 A R PR RE R D A mT B SR M R
GE R O, RO A — S A Yy g B 5T b A R,
MAERUE ST Y R 5 A 5
F o 7 o B i) R A D 2 0T, e S DR A R
X —AEA Y N R A R PR o2 Re e SR £ W)
PhR GRS, DT SENa A Pyt RGE R MR
3.3 IRIMEXTE E B4R R 4 AR 220

JUL PR o VA 2K 77 i i B 1) B SRR v 2
—o ABEFEH, AR XS AR LA
YA W B, YRR I E] 3 Y/d i,
H R IR R B IR D & 2 A B
HHEE, KO MK S TR, LA B B Sk,
FUEGF . Tk 2R PR B 58 A [l $ A 2 3o
IR AA B 52 i ot e BRI R A 25 2R . fE— 2k
St a0 RN R 1 i A R R B
% 0 25 e AR Lo 3 2, A — 2R —
FUR R, R A7 SO AR (] 43 AR R )
e X R A A R AR L3 5 e I A0 e B, Bl AR
ARSI, FE 3 ORI LA TR K o BRI
WOy AR BT & 1T 0 W R Ak, Rt m Ak
AT, JFRN SR IR B R SR A R B
S (4 A th A £ R R H AR T R A R 402 A

DALA ] RE SRR R AR A KR T IA K.
AW S B e MR IR Ak T PR AR KB BL, 3
U/d B AR HAE Y R G R P e, AL
AR, BRI SRR, AT
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Effects of feeding frequency on clock gene expression, growth, and
muscle composition of Exopalaemon carinicauda

WANG Yongshuai, BO Yang, SUN Kai, XU Yongjian
School of Marine Sciences, Ningbo University, Ningbo 315832, China

Abstract: Asynchrony among the various biological clock systems is considered one of the primary reasons for the
occurrence and development of adverse diseases such as physiological and metabolic disorders. Changes in
feeding frequency can affect the expression rhythms of the biological clock system, thereby affecting biological
growth and development. To investigate the effect of feeding frequency on the growth of Exopalaemon
carinicauda and determine the appropriate feeding frequency for its cultivation, this study analyzed the rhythmic
changes in biological clock gene expression in the eyestalk and liver of E. carinicauda under varying feeding
regimens, evaluated the impact of different feeding frequencies on the synchronization of biological clock systems
in E. carinicauda, and simultaneously verified growth and muscle composition changes through cultivation. The
results showed that when the feeding frequency was less than 3 times per day, the expression rhythm of biological
clock genes did not change in response to changes in feeding frequency. Similar expression cycles and peak phases
were observed in both the eyestalk and liver, with no significant difference in their respective expression levels.
However, when the feeding frequency increased to 4 times per day, there were significant changes in the
expression rhythm in the liver, which manifested as changes in the expression cycle, phase shifts, and expression
levels themselves. Notably, when the feeding frequency is 3 times per day, the synchronization of clock gene
expression rhythm between the eyestalk and the liver is at its highest. Furthermore, the results also showed that the
growth of E. carinicauda increased with feeding frequency from 1 to 3 times/d. Indeed, the specific growth rate
(SGR) and weight gain rate (WGR) were (6.65+£0.98)%/d and (199.46+5.42)%, respectively. Concurrently, as the
feeding frequency increased, so did the crude protein and crude fat content in the muscle tissue, reaching a
maximum in the treatment C with (19.98+0.04)% and (1.88+0.23)%, respectively. In summary, the feeding
frequency has a significant impact on the expression rhythm of circadian clock genes in the liver of E. carinicauda,
indicating its modulatory effect on resetting or regulating the peripheral circadian clock system.
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