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WE  EZPWaXLEKAFNAENRETFZ — AR RETE., &, #. AL 4L
@, 41, 75 B 5 R oK B B4 1 T R FE A% 85 (Lateolabrax maculatus) 45 d, % % F B & xE 687 £ K |
BE rREBERENTN, FREF, EXALE Y & HEFTEN K EWGR) fks & & K %
(SGR) [(45.70+2.20)%. (0.90+0.08) (%/d)] % % /& T 3 >t 41 fn it 8 41 (P<0.05), HAFMEfE & & 4 K A
Figr-l figh)fk KM EZ R 1 (gh-DERANEAKTE AR LAMIH 5. o4& xt
TR BHHEEEI AR, FELRAE E#LE, Ma#ELRIAH AL, REAFSITE
W, BobA Y F EE I L A B A5 sk iR Bt £ 8% X (LPE, 18:2/0:0)F K #t 4 £ & LR # &
HB AR M ms R EE 9 FEE(P<0.05), MW HALRMBERLNFTNER; GLAEE
R E L] L-B AR SRS E TR w4 K a8 KA fr sk B 55 5 438 B(P<0.05),
HTEHEEREERERIPE W KAREKY, ERFET AR KRS 4 & 0 K, FBIK
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FAF AR ) B2 T DA FOH ML,

HAR L i ROEIRASE, 2021)5 KVGHEEE(Salmo
salan)FELLGRMF T HIGE R, HGIRZ, #tHk
RGRIEEREE, 2020); ZLEEAR J5 ili(Takifugu rubripes)
TEWOGT AERMOCHN gh Rk, WEm TH
e FOEHETFAE, 2020), AEDE AR
AR AN ], T ELAN T B G €0 2 g 0 2R P K
M2 R G A B A B (Migaud e al, 2007). #&
M, ACHTE N ARG, ANEDEEXES R 178
S AR 8 52 men AL 1 45 AN 58 2V A

AT R E E AN A RO, B SOUHEDE
FEIIEL AT, TRUT TARRD X e g | 4%
B oA LA R, B ARG S s A
KRR, #E LB TR it e, e N5
B ARAAC NI P 45 5 S o

1 RS A%
1.1 SCIgsred

SIS FH AR i 4y £ ) 17 LU AR £ 808 T el AT
BT, SEA TR N (96.88+5.02) g, Ak fECH: . TG
i o R 12 A% NAREAL K I8 (K > 98 < 5=3.1 m
x 1.2 m x 1.2 m)FFRLE, KIRERFZH 3 m’ KR
0.8 m). LI FHAC A D RL A B 2SE SRS A
BN FfE K i A kL, REE AN HEA=
48%, HAEHT =6%, K <12%, AR =2.5%, Hl
FUE<6%, MK <18%, EWEi=0.5%. L4
BHE 14 d IR IEUSEE

1.2 SEIRigit

TR BEE W IC(E K 460~470 nm) . LREE K
515~530 nm)FIE G K 585~595 nm) 3 BB AL A
KTH7 (5 3535-120D, P iliTh H Lo A FRA F)
FEHOEIR L R FARE O IR 4 ROk tad . BN
3AFAT, BAEAT 20 BACH L fa (240 B). A
S 0 b U S A ] 5 T A 2 BLAT AR, KT )Ry
15 cm, S5 LK B 5 em BOME(E R HE . Y6
HRSREEZY R 300 1x, JGFIIAN 12 h DGR« 12 h R,
AN S 563t 22 (B 2R 2 2% 2R (0 30 B I B O, S Aol
HEGR BET ] SIS-20 JEIEAI & (b M I 7 Y ra AR B
WA BRA T, LAkEG AN [RGB A AR 4

STESHIE], AEK 08:00 F1 18:00 $EME 2 YR AT A1
RE, BT A kit Y AR B AR E Y 1.5%~2%, BFIK
B 1 h R AR A, KR 15~22 °C, #hEE

Hy28~32, WIRAMNET 7.5 mg/Lo KU W%
(M R4 ML, Smart265)E TS5 7, i05%
FEAS AL B 2R — 4k S 00 fa T AR B 12 2 T A fa 45 R 4
BIRIE], SCORI R AERR 5 d DU — R B IRl A
FFAZHLIC AL R B RIS 30 min 78 5503t 19 /3 A
185 00, B8 b B R A S 55 A0 48 1 75 75 (Buchanana
et al, 2006), KM BEAE T SHETTRUEL,
AR BEASCHERE 60 TR A, XA IR R A6 s 4 K
o3 RIRTF-Shibric R ARRAL BTN B, IF 50
Fb G Aff (A 7 JT A ) MRS

1.3 #HmxX

SCERFRAE SR W R 45 do LIRS, YUk 24 h ),
A FFEMBEYLIR 3 BAMAEEH 9 R, It 36 ), K
JH 0.1 g/L MS-222 (Sigma, 3% )78/ FEEY i, 4 40
R K, TR KRR 75%IRG i fa ik 3k
T, {HEEGE & T oK LV el g ], SRAE G Rk 20 2418
T EP &, SWAMIRE-80 CAURIRAE, H
T A AR AR DG HE K R 35 A A A

1.4 HEKIEHFEME

AHRA K AE bR A XA

4 H R (WGR, %)=[(Wo—W1)/W,]1%x100%:;

i E B K F(SGR, %/d)=[(InWo—InW,)/D]x100% ;

JE 36 B (CF)=W,%/L;

TR R BU(FCR)=F/(Wy-W));
K, Wi Wy 43R ER SIS T Uh 2 AR s £ ) S
W RGRE, g), D NERFEAM(d), L R FEEK (ecm),
F R R ()0

1.5 ERERZENE

FFH SRt 7 62 it PCR (RT-qPCR)E AR A3 A
[F] O 0 2% 748 5 46 4y 0 JF IR R S | AE K B+ 1
(insulin-like growth factors-1, igf-1) . i & E A KK T 2
(insulin-like growth factor-2, igf-2)FIA: KM ZEZIK 1
(ghr-DFER IR K. HIWFERH (igf-1 | igf-2 1 ghr-1)
DA K N2 5 H (B-actin) ) RT-gPCR S1#IFHI W 1,
PCR &% (20 uL): TB Green Premix Ex Tag II 10 pL,
b FEETI(10 pmol/L)45 0.8 pL, ddH,0 6.4 L,
cDNA Bt 2 pL o PCR 4 14 254 : T2 1 95 °C .30 55
FEM 95 °C . 5s, Bk 60 C. 20s, F:45 PMEA,
PCR 2530 J5 A T4 A it 2 2 A ASS e 7= e vk . B
(1435 AR P 2 35 DR AR s R 2R A 56 R B8O S8R
(E): 0.990</7<0.999, 0.9<E<1.1, HH3EH M %



%4 X AR AP AR RS

B A R AR5 131

F1 HILKRRILEE PCREIWFT

Tab.1 Primer sequences used in the RT-qPCR of L. maculatus
5% Primer 5|47 %1 Primer sequence(5'~3")
igf-1-F TCAGTAAACCAACGGGCTATG
igf~-1-R GCTGTGCTGTCCTACGCTCT
igf-2-F GCAAAGACACGGACACCACT
igf-2-R CGAGGCTACTTCCACCACG
ghr-1-F ACCAGGGCTCAGATACCGA
ghr-2-R GCAAGGTGGTCATCAGCATT
B-actin-F GAGGGAAATCGTGCGTGAC
p-actin-R GTTGTAGGTGGTCTCGTGGATT

B BB S %, SR 22 Bt
1.6 RFHEFNE

S5 10 i 2H 24 P A e A A 2 R A TR
W) TR (V) IR A BR A /e o I iR s 26 2 M
. FERLAIESE LO/MS Z3Fifs B, DL R IR 5L
PR T UE FIE AR | B 0 — 1k . B e 4 A A
AL, FeZAR BN T 5 250 i i B JE 1 . kb B8
J& B9 BUE 76 A T4 A5 = °F 5 (https://ngs.sangon.com/
businesslicense)#E 1753 #7 .

1.7 HBIEZITS5HH

SEIG KRS ] SPSS 26.0 A AT SE 0, B
A X R (AR E R (X £ SEM )R, Fi i #
[K 2 77 22 /3 FF (one-way ANOVA), P<0.05 KR 03,
REHH R Student's T K46 AS[E] G0 2H 5 % IR 2H

Z AR, EIE B AR, DL VIP>1, P<0.05
XS R (e 20 5 %) B2 2 S At = M adE A 7 0 ok 5 il
KEGG Mapper T H X Py FAH I 8 A2 2547 AT 40

oM, 4125w B
FHERRE S P<0.05,

2 RS54
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AR L AR () 2 AR AR T i | 3G R R
1 i EIRAR U R 5 6d > 2 A > B A > F AR
g, Hrp, BRSO AR IR E[(141.48+5.24) g
(134.94+6.44) gl f F & T EHOLA M A LRt A
[(125.18+4.89) g. (120.60+6.46) g] (P<0.05), HAh#
QPR 6] 25 58 25 (P>0.05) ., 15 G4 AE i AT 3k o
m, AH 5 A A A A 25 5O W3 (P>0.05) . #GAl
A 5 ) L R B 2 I T OB R B RO 4 (P<0.05)
(# 2).

22 AEXEMEHER. SHITANRM

AFEDCEFMT, s RGN TR 20~
60 s, Jorfr, WG AH AL fr 7 Y4 E i R B, (3 1.44+
2.46)s, HROLH R ERERK, H(39.56+3.54) s,
Lt . HEOG T H B B IR 4 ) R (33.38+2.51) s
F1(33.62+1.77) s, #AbBRAH AR 2 5 A B 3%
(P>0.05) (K 1),

AN[ED'G 8 20 AR B e 52 30 b A A A B an 18] 2 B .
SRR, AOCH ML R BTG E RS
A T I P o DX, e ) B A s DX A R 3 A
b WG A B A S o AT A S5 b Y JE G R
DIl 5 O 2H AR B B8 B i S TR SE g i 4 ) o0 A, T BT
CZH AR B 55 B i S = 20 78 S 56 3 v 1] DIk, )
SR X I A A 5

Eﬂ}
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Tab.2 Effects of different light colors on the growth of L. maculatus

vl WA mTE  AORR TR R %%EEKK HE 6 2 Tk R %
Group Initiz}l body Fingl body Weight gain  Specific growth Condition Feed conyersion
weight/g weight/g rate/% rate /(%/d) factor ratio
ARG H 96.78+5.51  120.60+6.46°  24.61+2.72" 0.52+0.12° 1.51+0.06 2.84+0.33°
Natural light group
WG2H 97.11+5.09 141.48+5.24*  45.70+2.20° 0.90+0.08* 1.56+0.05 1.56+0.08 *
Blue light group
okl 96.85+4.98  134.94+6.44°  39.33£2.72"  0.79+0.11° 1.51+0.02 1.85+0.14%
Green light group
BOLA 96.68+5.12  125.18+4.89°  29.48+2.07° 0.61+0.09° 1.52+0.06 2.27+0.15%

Yellow light group

T =308l B ARG TR R 4 ) 22 57 1. 35 (P<0.05)

Note: Different superscript lowercase letters in the same column indicate the significant difference between different groups

(P<0.05).



132 woo B o M R 2 46 %

SR 640 Natural light grou = alz s N =/

= %%22? ﬁthgr%)upgr P 23 AEXEXEGEKEXEEREHHM
. St Yellow light group RIFDE G AL 04D I igf 1 igf-2 A gh-1
e 80r a a YRR IR 7K AN AL 3 BT o 45 S 50 41 Ak i 4)) £ i Ak
go ol . ) ) igf-1. igf-2 M ghr-1 FEPRFEDKFTRE %P>
AR YV | R 1Y 0.05), Hrft, WLAIESHFIE igr1 1 igr-2 HPAIX
E “0nar[ Jjaa e, la a ag 127 Lo RIRAKTVBew, 405008 1.4120.18 Fl 1.02+0.06; 40L
g 20 - e i 2 ghr-1 FERARXS FRIRIKPoRemr, 4 1.6120.07, 6
2 igf-1 F igf-2 HePIAHXF FRIR AP AR, 73510 0.99+
S 10 15 20 25 30 35 40 0.12 1 0.64+0.44; H SR AL ghr-1 X Fk 7K AI,

FFEREL Culture days/d 5 1.00+0.02.,
R ARDERALTS SR P IT 24 FEISEELSRARK AL
Fig.1 Feeding time of experimental fish in different

light color groups

FATR] /NG SRR IR 21 ) 22 5 A8 Wi 3 (P>0.05) . [l
The same lowercase letter indicated no significant difference
between different groups (P>0.05). The same below.
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Fig.2 Distribution of L. maculatus in the pond
in different light color groups

PR R AL B T b 47 8 B AR
a HHPOGH; b AHOLH; ¢ HEOLdl; d hEtdl,
The black dots indicate the position of the L. maculatus.
a: Natural light group; b: Blue light group;
c: Green light group; d: Yellow light group.
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FIFH LC-MS AR MAE iR ZH 2 Hp EAG I ] 3 169 4>
R, 5XFRRATAI HE , WOkl 25 AR 3L 243 4,
Hrp, 76 W B2 RACHPA 167 4 BE T
Z 5 REYI(P<0.05); gRotd] 2 SR 137 4,
4G 44 40 3 FI2E A R 93 A TR
RFPI(P<0.05); #EOLd 2 AL 186 1>, fE
T4 FIHE SRR 112 B3 TF 2% S0
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G B FiR(P<0.05), N-FI LN 2 BE g |
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Fig.3 The expression level of growth related genes in the liver of L. maculatus in different light color groups
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Statistics - Up: 76 + Down: 167 - Insignificant: 2 282

Statistics « Up: 44 - Down: 93 - Insignificant: 2 388

Statistics « Up: 74 + Down: 112 - Insignificant: 2 339

VIP  -05-10 .15 VIP  -05+10 +15 VIP  -05 +10 - 15
a al b 4] ¢
3f ’ I !
5 R 3 . 5 S
> 27 Slopend i e > | oo & > L % I
3 2IG S g 2 i g’ Lt
- J v T L = Jaabadtse . . = pLAen <
2 1t 2 0 S oL
[ o1 Tl
0or 0 I L L L ot I I L L
-4 -2 0 2 4 -4 2 0 2 4 -4 2 0 2 4
log,(Fold change) log,(Fold change) log,(Fold change)

K4 AREDEEAS A ROLA 2 A kilE

Fig.4 Volcanic map of differential metabolites between different light color groups and natural light group

a: WG vs AROLLL; b Z0OL4L vs AZOEAL; o0 EOLYL v AZOCH . Kl I H:— 4> s R — R,
Hop, AR T MR AMY, Za U B2 R, KGRI R ) 22 58 B Y.

a: Blue light group vs natural light group; b: Green light group vs natural light group; c: Yellow light group vs natural light group.
Each dot in the volcanic map represents a metabolite, in which the green dot represents the down-regulated differential metabolite,
the red dot represents the up-regulated differential metabolites,
and the gray color represents the detected metabolites with no significant difference.
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Fig.5 Different light color groups compared with natural
light groups OPLS-DA scoreplot

A: Bt B: Hotdl; C: #OLY; D ALY
A: Blue light group; B: Green light group;
C: Yellow light group; D: Natural light group.

L-5# 5 & MR RAE 64 W% 1 H(P<0.05), LR
HAESRGL 2 T I (P<0.05)(3R 3).

KEGG il J% & EnHr A, SXTIAAHL, #h
2 25 AR 0w R RN R . R A
Wi LB AR WELEE (GPD-4 2L A il . 2 EL e BB 5 fih A
WAT IR RR R 515 RS 9 40 % (P<0.05);
o2 22 R 3w RTE AR AR AR . Ak
FRfL . & Bt (RNA WA R 12 B A AL RS S AR 2B
AR 2- S AR IR AR S 5 4538 B (P<0.05); #Ok

VAT 0 25 W G R, L o AR A N A R R
M A a s, B C . H RS AsS  EERACI R AE
AR AU AR . e, R ERRACE A
FIERIEAL Y 1 25 W 4 (P<0.05) (1 7).

3 it
31 AExEXIEEE KRR

RN EA AR ES, SCIE Ry —KEZEH
AN Y AR AR PR, 6 LA FURNAT S sk R A 45 AR
A4 ] (Rashidian e al, 2021), #F5E#W, BK
W& U5 8 (Dicentrarchus labrax)TE W G IR BRGS0
T 2R A 0y e AR KRB T (Villamizar e al,
2009); TE#EYE TSR 4 f(Carassius auratus) ] L3z
A KRR, BCGEAT M AR 9 )2 R (Noureldin
et al, 2021), MIRPIFESEEAELL R T AAE R AE R
R ERTEOCMASeA, Wb, HEERmEeah
(VB RS, 2015), AT, Bt RISSL4 L
£ ) 3 i R AR R 2 R T RO A ARG,
RO CMEOC AR T s ALK, B T4
o RIS ARG EART AR 5 H AR EAIEA L,
KPU e = A TR AERRKZE , 2060 DL K T )
RAKIX 5 AR 6 32 A IR AR AR K2, KB )
WOLMEOEHE A AN ES S, 1986), WL, i
SRR N IS A AR fT AN

T Fr M — 2 A R R ALA AR K R F
Ol AR GH R R A K H T IGF k2
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Tab.3  Significant differential metabolites in brain tissue of L. maculatus in different light color groups and natural light groups

logy(fold change)

2SR Wt 45640 b el
Differential metabolites Blue light Green light  Yellow light Compounds class
group group group

W -1.67 -1.10 FHLIR LA )
Fumaric acid Organic acid and its derivatives
N-HJERE IR £ Bl -1.33 —2.15 -1.42 FHLRR LA )
N-Methylethanolamine phosphate Organic acid and its derivatives
3B AR —0.40 —0.49 FHLIR LA )
3-Hydroxycinnamic acid Organic acid and its derivatives
1,2- Z 3 -sn- H il -3- W i 15 L0k 113 1.04 0.63 Hhiis GP
1,2-Dioleoyl-sn-Glycero-3-Phosphocholine
LPE(18:2/0:0) 0.76 -0.86 HmwEgE GP
FEA MR Methionine -0.83 —0.68 -0.59 G AT EY)

Amino acid and its metabolites
L-5# 58 4R L-Isoleucine 0.28 BEER KATHEY)

Amino acid and its metabolites
KIFK A2 Nostocyclopeptide A2 1.16 0.90 0.99 TR KA

Amino acid and its metabolites
L-F% % fR L-Tyrosine -0.82 -0.67 BHEIR LAY

Amino acid and its metabolites
L-{6 %R L-Tryptophan —0.44 BHEPR LAY

Amino acid and its metabolites
I Purine -2.05 -1.67 -2.06 AR XA R

Nucleotide and its metabolites
FE4PL k. Simulanoquinoline ~1.42 -0.88 -1.05 HWhE Alkaloids

162 66

12

27 17

130

C
K6 3 Mol 2522 AR Y o 5 UK
Fig.6 Wayne diagram of the number of metabolites
significantly different in three light color groups

a: BOCHZSCY; b SOtz RGN ;
c: EOLHZERAEY .
a: The differential metabolite of blue light group;
b: The differential metabolite of green light group;
c: The differential metabolite of yellow light group.

X — LAl BB S K - (Shweta er al, 2019) i1
KB FRM . EKY ighl FBWIEMELR, @
AT igf-1 . igf-2 I ghr-1 MK} 3R A8 A B F M43
TV ETRAf#MT 284 K LB (MR TIFA S5, 2010),
ABEFEH, S AALE G aJTAE igf-1 . igf-2 F1 ghr-1 3
KT 3 2 5(P>0.05), o, WG AL TE
W igf-1 Fligfl-2 MAXTRIE AR - fem, GG ghr-1 AEXT
PRI s B igf-1 TN igf-2 X Fk K eIk,
HARGL ghr-1 AT RIB A AR . X S5 AR HOCR
SR CH AL IR R A RN TR A SRR — B

32 AEXEBMNEHRERITAHKIIM

ANTRE AR B A E WK R B T iAW A 22 51, Hep
ot BOtERER/DN, Bt FOLIRZ, 406, ot
FI R KR XES S, 1986), (LT — B b i Ak i/
HFINKZE, WIRE MK st iz . f
AL 100 JIEE T HAT B4 000 2K R e A T UL 7
T I OL I I — B CR B SF, 2018), RIFESTXT
i SOCHUR. DHFEERW], BEE L pes, T4k
BEYRMERE RN, B2 S EEa RO B A,
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Phenylalanine metabolism

Pathogenic escherichia coli infection

Kaposi sarcoma-associated herpesvirus infection
Autophagy - other

Dopaminergic synapse

Tyrosine metabolism
Glycosylphosphatidylinositol (GPl)-anchor biosynthesis
Autophagy - animal

Retrograde endocannabinoid signaling

Butanoate metabolism

Ubiquinone and other terpenoid-quinone biosynthesis
Valine, leucine and isoleucine degradation
GnRH secretion

Metabolic pathways

2-Oxocarboxylic acid metabolism
Antifolate resistance

Pyrimidine metabolism
Glycerophospholipid metabolism

Ether lipid metabolism

Estrogen signaling pathway

b Phenylalanine metabolism
Oxidative phosphorylation

Aminoacyl-tRNA biosynthesis

Ubiquinone and other terpenoid-quinone biosynthesis
2-Oxocarboxylic acid metabolism

Tyrosine metabolism

Central carbon metabolism in cancer
Alpha-Linolenic acid metabolism

Metabolic pathways

Antifolate resistance

Arachidonic acid metabolism

Choline metabolism in cancer

Glycine, serine and threonine metabolism

Linoleic acid metabolism

Thiamine metabolism

Propanoate metabolism

Phenylalanine, tyrosine and tryptophan biosynthesis
Citrate cycle (TCA cycle)

Biosynthesis of cofactors

African trypanosomiasis

Pentose phosphate pathway

Fatty acid biosynthesis
Phototransduction - fly
Glycerophospholipid metabolism
Vitamin B6 metabolism
Biosynthesis of amino acids
Phenylalanine, tyrosine and tryptophan biosynthesis
Galactose metabolism

Ether lipid metabolism

Carbon metabolism

Glycerolipid metabolism

Metabolic pathways

Arachidonic acid metabolism

Purine metabolism

Selenocompound metabolism

Biotin metabolism

Biosynthesis of nucleotide sugars
Vascular smooth muscle contraction
Long-term depression

Cysteine and methionine metabolism

r [ ]

+ .

+ °

+ °

. L]

+ °

r [ ]

+ .

r @

- °

F [ ]

@

F .

+ .

r ®
025 050 075 100

Rich factor

+ °

F ®

- L ]

I [ ]

+ °

- ®

F °

@

F .

e

- e

+ °

- e

- °

F L]

- °

- L]

Fr @

0.1 0.2 0.3 0.4 0.5
Rich factor

F @

t °

r @

Y

)

+ °

1@

e

- e

F e

L o . . . .
0.25 0.50 0.75 1.00

Rich factor

Bl 7 AEDEEA LS N 2 2 Y KEGG & F
Fig.7 KEGG enrichment map of different metabolites in brain tissue of L. maculatus
between different light color groups and natural light groups.

a: WO vs AZROLAL; b SO vs HEOLA; o0 BEIGA vs ALY,
a: Blue light group vs natural light group; b: Green light group vs natural light group;
c: Yellow light group vs natural light group.

P value
1.00

0.75
0.50
0.25

Count
e 10
®20
@30
@40

P value
1.00

0.75
0.50
0.25

Count
® 10
@20
®30

P value
1.00

0.75
0.50
0.25

Count
® 10
® 20
@30



136 ook B

¥ B 546 4

2000) AWFFE T, AN[E]DG (0 2H A4 i B B FE Y PR T
FI ARG, HEDAS [R] 6 06 I8 0% BRI XA ) T A6 gl
mFREY), E—EfRE LEy agt flE,

ARDEET, B8 At AR . ARCH A
By B T S 2 0 A1 A S 6 K D S e 3 T i DX
Hha) S A X AR A A b, X R e A B
T, B WCTE PR ISR A 2 2k i sl (3K AR TR, 2023)5
WG AL B B B AT 5 32 S0 A1 78 S 4 1t I JE DG R X
B, W AR T O IRAA T R e v s D
AR 5 B B I Je 32 0 A A S it v ] DI, P DY
PRI o A b, HEMAE ST BOCA U m e, )
[r] J2C 725 (0,016 YR 1 S 3l v ) X AR o Dl (ke
(Ctenopharyngodon idella)liF kAT MWFIE LB, a4
o EHREE RO, MPSHLOEMu et al, 2019), X5
ARWFFEL R —E

33 AREtextEsi i EFH I

RN AR —Fh AR I R AR, 2 5
HRERE A BUSSY , FE RN Sl AR A S 8 ik
A K s AR B R P AR AR (D EE, 2024), ARBFST T,
TERE G ISR CAL, A6 65K TR & IR A I 48 B &
£E SN2 TN R AT I AT R W G AR X AE
o 2L 2R W A AR AR, MR IR AR 195 &)y £ Y E
R, MR FEAE B K, L-BR & R AE £ 14 P 5 7
HORIEE EENEM, W AHIRIREE A Rz
REAER A LS, L-Ws &R = ] e & R BUERME
JHF I 97 B2 78 3 AN 38 S5 i IR G HEA7 55, 2022), AHE
FH, WA L-msE BRI = RN, KR A
AR AR I I 22 TR R 5 fi i 66 12 4l 38 T R0, 9 00 D' 3
T 5 A B R R 40T R 4 W R U A B IR | TR
PRI kA, BB S 50 . IR . E PRS0
S FRGKHIAESE, 2007) L (RNA W6 W 7E & A R
A6 R B EAE R R FESE, 2017). 1ZR
A 2 VT IR A A AR (TR 1855, 2015), L%
ffk . & (RNA AR ARG . 72 R e st dl B 3%
BAE, NSO 1 R e AR A G A SRR
SRR s R K EORA S AR B iR,
B 3w A, X 5 EORA M A ARG TR
B e AR KR R — 3

T E RSP AR T IR 2 — , FEAB M
etk . 8 50 T AR RN G0 88 I 24 J It A5 T ZE 4R
(ZEURIFSE, 2023), RERIK A2 $8 UG LR IR EETE 1A
&Y, B TR AW . AR, 3 sk
e b R IR A2 # EIE, MEZERS TIE, #
WG R R IR A & AR L5522 R

J& TR a3, BABE NN M YIRE(™ b4,
2021), AbtRT, L-Fsiafi REEOLH FiE, &
BT e A K AR R L ANE S A R -

BERE S AU 20 2 A A ML RS 4, S E 2
YA LA, HAHLA . B b A A X AL AR A
e oy E B s e AR (25T, 2016). AT, @
MRS EE Z B2 (LPE, 18:2/0:0)7EW G40 Fid, 7Eik
JCH R, FES AL TE W A b . WO B 2 R
AC AR DY I BB 2=, 2 5 £ A 200 B 1 B AR
WA RS

HHLR—EA R PR RESEEH . 55
FRFN 3-F23k WEERR R T A WL M HAT A E W (P &5,
2021), & ODREELZRESTRMEA R KX B WiE
ANIE FSEIR (224 2005), ABF5EH, & DR 3-
PR RERRTE HOBAL S A Y TR, RIHE . gbxt
UG e HEVERT, BEm> T30 WL A 43 o

W e A IR A~ R oy 2 — , B A BRIl
() EA OB R, 2008), RN E&HER KL, °]
e FEURMRAE T 2, SRR AL, A5
W, IERSAE 3 RRSCIROE A YRR, 2ROt
W] /b PRIR A B, o 4 R R AR AR R A 5 e
fEH o

4 ZEig

WS R, 6 T L= N FRamT, i FH ik
AR AR igfo1 | igf-2 A ghr-1 AR FEKE, I H.
WAL TR AT DL A LS R R I B s e 2
BEHE(LPE, 18:2/0:0)5 & i, Sz LM . Hl
TR R S5 A K, AT it 155 6 805 A PR 0 45 i i
I, WERERsTE R, RIURREL RS 4551k
fpE SR A P AT O R ) O, FR AR S B
A T IEATIRA . WFFE 25 R A o R R et
TEPF K 7 TE TR W A T B AL T SR A

& % X W

BUCHANAN A, FITZGIBBON A.
tracking using K-D trees and dynamic programming.

Interactive feature

Proceedings of the IEEE Computer Society Conference
on Computer Vision and Pattern Recognition, 2006(1):
626633

CHEN N S, ZHOU J, JIN L N, et al. Effects of fasting on
growth and expression abundance of IGF-1 mRNA in
largemouth bass (Micropterus salmoides). Journal of
Fishery Sciences of China, 2010, 17(4): 713-720 [B4J3
VNNV T¢I o = 90 NI R 0 o8 N1 2
IGF- I mRNA Kik-FREMFM. o EK ™R, 2010,



43 X

WA ARFDEEX LS S 3 AR RS 137

17(4): 713-720]

CUI Z Q, LIU J L, XIA Q, et al. Effects of different light
colors on the growth and physiology of Pseudosciaena
crocea. Journal of Jiangsu Ocean University (Natural
Science), 2021, 30(1): 1-6 [EIRAN, MR, Hi, 2.
AN R €850 R £ 2R 4 Je A= BRI S ). YL IR TR K
R (H KRBT, 2021, 30(1): 1-6]

GE J Y, QIU X T, JIN H X. Aminoacyl-tRNA synthetase
acting mechanism and its applications. Chinese Journal
of Biochemistry and Molecular Biology, 2017, 33(1):
22-29 [HRYE, BRIRHE, SiFme. 2Bt (RNA 7 AT
FHALH B R v A A2 5 001 A W24, 2017,
33(1): 22-29]

HAN J, WANG M L, CAO S N, et al. Effects of light color,
light intensity and photoperiod on growth and feeding of
juvenile turbot (Scophthalmus maximus). Journal of
Dalian Ocean University, 2023, 38(5): 787-794 [#i#,
FAk, EEDR, GOt SEIREEFDL X SR b
4y i A R B B S R VE R A A 4, 2023,
38(5): 787-794]

HOU S Y. Analysis on nutritional characteristics of
Lateolabrax maculatus. Master’s Thesis of Tianjin
Agricultural University, 2023 [ 8 & . 65 1L IR F= 47
TEAY BT TR 2 Bt - AF 5 25 25 67 18 5, 2023]

JIANG Z Q, TAN S R. Effect of light intensity on feeding
intensity of Lateolabrax japonicus juvenile. Fisheries
Science, 2002, 21(3): 4-5 [Fksm, HHSE. ARG
X AR B ) R B s . KRR, 2002, 21(3):
4-5]

LI D P, ZHUANG P, YAN A S, et al. The influences of
illumination, water current and stocking density on
feeding, behavior and growth in juveniles Acipenser
schrenckii. Journal of Fisheries of China, 2004, 28(1):
54-61 [A2 KM, HEF, %A, 55 LB, KuAFRIH
38 JRE X L TR ARHE 0 B AT I A R BRI, K™ 4R,
2004, 28(1): 54-61]

LI M Y, YANG Y J, XIA H. Effects of two types of
methionine on growth performance, muscle quality and
antioxidant capacity of largemouth bass (Micropterus
salmoide). Hebei Fisheries, 2023(12): 1-6, 18 [ZS4R 1T,
s, B, PR & & X K OB &5 (Micropterus
salmoide) EASTERE LA &t 515 BT B AL RE 1 B2 M. ]
deifalk, 2023(12): 1-6, 18]

LI S. Discussion on the problem of phospholipid metabolism.
Biotech World, 2016, 13(1): 238 [Z=Hr. RiG#E e
MR SE. AR R, 2016, 13(1): 238]

LI X K, ZHANG K, GAO Z, et al. Progress in synthesis and
application of fumaric acid. Modern Chemical Industry,
2005, 25(S1): 81-83, 88 [ZE=M, KR, Wik, ¥ &
TYERAYA RN . BRAL T, 2005, 25(S1): 81-83, 88]

LIU L Z, LT W. A study of the attenuation properties of the
light with various wavelength in the sea. Advances in
Marine Science, 1986, 4(1): 27-32 [X|#£¥, 2=, fEH

AR W D TE . SR, 1986, 4(1):
27-32]

LU N, LI Y H, CHEN N, et al. Advances on metabolic
engineering of L-isoleucine and its derivatives. Food and
Fermentation Industries, 2021, 47(9): 307-313 [)5'"1‘["%'61, zs
FUL, BRT, S L-Rse @R SR E A TR
R RS EEETL, 2021, 47(9): 307-313]

MA L. The optimal theronine, phenylalanine and histidine of
requirements in diets for juvenile hybrid grouper
(Epinephelus fuscoguttatus @ x Epinephelus lanceolatus
3). Master’s Thesis of Hainan University, 2021 [5#:.
PRI A S PRy 1 g3 R . AR TN B R P 2 I i 7 oK
HFIE. R R AE LIRS AR 2R AR S, 2021]

MIGAUD H, COWAN M, TAYLOR I, et al. The effect of
spectral composition and light intensity on melatonin,
stress and retinal damage in post-smolt Atlantic salmon,
Salmo salar. Aquaculture, 2007, 270(1/2/3/4): 390-404

MU X P, ZHEN W Y, LI X, et al. A study of the impact of
different flow velocities and light colors at the entrance
of a fish collection system on the upstream swimming
behavior of juvenile grass carp. Water, 2019, 11(2): 322

NOURELDIN S M, DIAB A M, SALAH A S, et al. Effect of
different monochromatic LED light colors on growth
performance, behavior, immune-physiological responses
of gold fish, Carassius auratus. Aquaculture, 2021, 538:
736532

QIU D G, XU S H, LIU Y, et al. Effects of different types of
environment light on the growth performance and feeding
of Atlantic salmon (Salmo salar) in recirculating
aquaculture systems. Journal of Fishery Sciences of
China, 2015, 22(1): 68-78 [fL&w, MWRilkaz, X1, %.
JCIREE R X6 PR K TR 58 R 48 v P VR A KRB
Hszm. W EDK R, 2015, 22(1): 68-78]

RASHIDIAN G, RAINIS S, PROKIC M D, et al. Effects of
different levels of carotenoids and light sources on
swordtail fish (Xiphophorus helleri) growth, survival rate
and reproductive parameters. Natural Product Research,
2021, 35(21): 3675-3686

SHWETA B, VIJAYAKUMAR P, SHILPI S, et al
Characterization of a novel POU1F1 mutation identified
on screening 160 growth hormone deficiency patients.
Hormone and Metabolic Research, 2019, 51(4): 248-255

SONG CB, LIULL, LU P Z, et al. Design of artificial LED
lighting in aquaculture workshop. Journal of Dalian
Ocean University, 2018, 33(2): 145-150 [ &3k, X7
#, A, fF. KW IR LED SEIRME RO
K& WG R 222447, 2018, 33(2): 145-150]

VILLAMIZAR N, GARCIA-ALCAZAR A, SANCHEZ-
VAZQUEZ F J. Effect of light spectrum and photoperiod
on the growth, development and survival of European sea
bass (Dicentrarchus labrax) larvae. Aquaculture, 2009,
292(1/2): 80-86

WEI P P, LI X, ZHANG J P, et al. Effects of LED spectra on



138 ook B

e 46 %

g3

morphological characters and gene expression of growth
in Takifugu rubripes larvae. Progress in Fishery Sciences,
2020, 41(1): 162-168 [BLT-F, Z=5%, AN, 55 LED
TS 218 AR T5 Sl A HE IR 2SR B AR AR DG HE R 3R
BRI, bR ERE, 2020, 41(1): 162-168]

WEN H S, LI Y, ZHANG M Z,
japonicus—a well-known China

et al. Lateolabrax

Sea Dbass. China

Fisheries, 2020(8): 110-111 [I&¥FIR, 250, KEM, 4.

e —— S P e Y b L L P E DK, 2020(8):
110-111]

WEN H S, ZHANG M Z, L1 J F, et al. Research progress of
aquaculture industry and its seed engineering in spotted
sea bass (Lateolabrax maculatus) of China. Fishery
Information & Strategy, 2016, 31(2): 105-111 [JEIET,
sKREMR, 7, 5. EL G IR l HR S R
TR R, Wl (B 55, 2016, 31(2): 105-111]

XING D X. Study on related problems of purine damage and
functionalization. Doctoral Dissertation of Shandong
University, 2008 [JIRBAF. MR8 4515 B T e AL i AH 56
(LRI E. LA R A A W98 A 2 18 3, 2008]

XU T, LI H, LU S S,
mitochondrial electron transport chain and its biological
significance. Fudan University Journal of Medical
Sciences, 2015, 42(2): 250-255, 261 [#xlE, 242, £
W, A5 LML A% 8 I R B e A 2 T SO B
R, & B2 (ERR), 2015, 42(2): 250-255, 261]

YU Y J, WU L, HE J Z, et al. Inhibitory effect and
mechanism of ethyl p-hydroxycinnamate on pancreatic

et al. Research progress of

lipase. Science and Technology of Food Industry, 2021,
42(9): 94-99 [T, 8, ME, 5. XNRERE
PR <L TG % IR A s T 4 400 o P S MLBE. £ Tl B,
2021, 42(9): 94-99]

ZHANG H G, ZHANG Y L, SONG H Q, et al. Effects of light

color and photoperiod on growth and physiology of
Salmo salar during smoltification. Fishery Modernization,
2020, 47(3): 16-21 [3KiEHk, KT &, KA, % Ot
0 'G R ] S 08 78 3 e A 0 A R R A B R S
#al AT AL, 2020, 47(3): 16-21]

ZHANG L, LAN K'Y, SONG R Q, ef al. Selective behavior of
juvenile Brachymystax tsinlingensis depends on substrate
color, light intensity, and light color. Progress in Fishery
Sciences, 2023, 44(4): 179-187 [3KAk, *2FF B, RoHE,
. R AR B EEFE £ 0 R BT O IRR B RO G ik
PAT . WOl Bl R R, 2023, 44(4): 179-187]

ZHANG M Y. Study on the distribution and counting
detection method of fish stocks in cage culture in deep
sea. Master’s Thesis of Dalian Ocean University, 2023
(oK ARV R TEF D00 4 73 A £ AR 20 A1 e M B B0 ik it
G KWK AW 58 A 2= 001 5, 2023]

ZHANG Y F, SHA W. Oxidative phosphorylation and its
decoupling agent. Biology Teaching, 2007, 32(8): 66—67
(kAR Wi, AR A A B L AR R )
2% 2007, 32(8): 66-67]

ZHAO J C, SONG Y J, WANG Z S, et al. Relationship
between phenylalanine/tyrosine metabolic pathway and
its related products and non-alcoholic fatty liver disease.
Chinese Journal of Bases and Clinics in General Surgery,
2022, 29(3): 404-409 [BAEAF, RIER, TR, %,
RN R i R A i A SRR 57 ) 5 AR R M iR
AT B9S2 A I AR5 I IR 2R, 2022, 29(3):
404-409]

ZHOU X Q, NIU C J, LTI Q F. Effects of light on feeding
behavior, growth and survival of aquatic animals. Acta
Hydrobiologica Sinica, 2000, 24(2): 178-181 [J& .7,
SRR, FRIR. CIXIKAES YR R AR
. KA AR EEAR, 2000, 24(2): 178-181]

(hH DBIE)

Effects of Different Light Colors on Growth, Feeding, Distribution
and Metabolism of Lateolabrax maculatus
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Abstract

Lateolabrax maculatus belongs to the order Perciformes and is distributed in the coastal

waters and estuaries of China, Japan, and the Korean Peninsula. Its muscle protein contains many
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high-quality amino acids necessary for the human body, which have extremely high edible value.
Lateolabrax maculatus has the advantages rapid growth under wide temperature and salt ranges and is
suitable for various culture modes, such as cages, ponds, and factories. It is an economically important
marine fish occurring in China. Light is a key environmental factor that affects the behavior and
physiological and biochemical indices of fish, and optimizing the growth environment of fish by
controlling different light color conditions can markedly improve aquaculture efficiency. However, it is
not completely clear what kind of light color L. maculatus adapts to, and the influence of different light
colors on its growth, feeding, distribution, and metabolism. To explore these effects, blue, green, yellow,
and indoor natural lights were used to clarify the relationship between light color and L. maculatus growth,
determining the optimal light color for its culture, and providing a theoretical basis for the optimization of
artificial culture technology and environmental regulation.

Four light color groups—blue, green, yellow, and natural light—were used. Two circular light strips
were fixed around the bottom of each experimental pool to provide light sources. The distance between the
light strips was 15 cm, and the light intensity was measured 5 cm above the water center. The light
intensity was ~300 Ix, and the light period was 12 h light: 12 h dark. During the experiment, the compound
feed was given twice daily at 08:00 and 18:00, and the single feeding amount was 1.5%-2 % of the total
weight of the sea bass in the pond. After feeding for 1 h, residual bait and feces were removed. Video
monitoring equipment (Hikvision camera, Smart265) was placed above the experimental pool, and the
time from the first experimental fish to the end of feeding was recorded. Feeding time was measured every
five days. The distribution of L. maculatus in the experimental pond was recorded 30 min before and after
feeding. The number of nodes per minute was recorded, and 60 images were captured for each process. All
images of L. maculatus were manually marked according to the division area—black dots represented
the location—and compared with the video to ensure the location accuracy. The fish were cultured for 45
days.

The results showed that the weight growth and specific growth rates of juvenile L. maculatus under
blue light were (45.70£2.20) and (0.90+0.08) (%/d), respectively and were significantly higher than those
under yellow and natural lights. The feed coefficient of L. maculatus under blue light was the lowest. The
relative expression levels of insulin growth factor (igf-/ and igf-2) and growth hormone receptor 1 (ghr-1)
genes in the liver of L. maculatus under blue light were higher than those under natural light. The
phototaxis distribution of the fish differed for different light colors, with positive and negative phototaxis
for blue yellow light, respectively. Metabolomic analysis showed that the fish under blue light were
significantly upregulated by metabolites such as L-isoleucine and lysophosphatidylethanolamine (LPE,
18:2/0:0). This affected nine pathways—including amino acid and glycerol phospholipid
metabolism—thereby affecting amino acid and phospholipid synthesis. Under green light, fumaric acid, L-
tyrosine, and other metabolites were significantly downregulated. This affected five pathways—including
phenylalanine metabolism and oxidative phosphorylation—and protein synthesis and hormone secretion in
sea bass. No significant enrichment was observed under yellow light.

In conclusion, the relative expression levels of igf-1, igf-2 and ghr-1 in L. maculatus could be
improved by blue light illumination, and L-isoleucine and LPE (18:2/0:0) contents could be significantly
increased under blue light. This affects amino acid and glycerophospholipid metabolism, and other
metabolic pathways, thus increasing the speed of substance synthesis in L. maculatus and significantly
improving its growth. Combined with the fact that the distribution behavior of L. maculatus in culture
ponds tends toward blue light, this shows that L. maculatus is suitable for culturing under blue light. These
results provide a theoretical basis for the selection of light color and the formulation of a culture strategy
for L. maculatus.
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