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WE: RZHERERENL B ERAFHREA, LBSHAMEREAREALY AR Y.
ARRARBIRES & %H?«P{]%lﬂikéﬁ jom, AREIAHAE 30 d BN SR AT R, £A
H 2.0 Wm2(W 2.0). 1.0 Wm%(W 1.0)F= 0.3 W/m2(W 0.3)54F T #4577 A 66d a9 R FEH#, &
B RE, BRIk ZAmEGAR. BERAGETE, £REA, W 2.0 A HRHEEKRKFITE 2 FK
F W 1.0 4= W 0.3 284k & (P<0.05), 2.2 402 ] 64 A7 % & B 5 M £ F(P>0.05). R, RANHMET W2.0
Ao W 0.3 0P 24k & IRZA LR 69 4% AL S FF AT S8 F M F, 4 RERIFEFRALE 3684, 5 W0.3
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£+ # B (retinoid isomerohydrolase, RPEGS), #k % /& 70(heat shock cognate 70, HSC70), 14 & K F
1-a(elongation factor 1- alpha EF1A4)#= &) %) #% -6-5% 8% 5+ #) B (glucose-6-phosphate isomerase, GPI) 6 4~ £
SRR LB AT qPCR ik, R 5 FAHE —K, LN TREMR LA R LBEREN IR PRLE
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-3(caspase-3)FE K ik [, MCH-R mRNA 1Rk
G 7 S R B 3N T A HG n, 1G n A ) g
MR R, caspase-3 J&) 2 H T A TR AR,
SR TR A% AR B, DL R AR L R R
WG RS 20 R I s 38 bt 43, X 5 TUNEL il 5
G5 FRAFFOO AE o — TG T i bt e KB, FESk
DAL 3R TG T 4E AR A0 R AR, 1 i AR P A
Y P AR D7 (B R 5 B X0) £ AR ) B PN R 3R
K Y e 3 A LA

WO 5 1A B, EROPR R A B L RS, SRIE&E B
(Perciformes) . R i B} (Moronidae) . & % @7 &
(Dicentrarchus)!'®), WU 14 85 17 & R 308 . B IR
S PUR IR . IS E A T AR PR K SREE N,
S RO T ML AL TR 5 00 55— A AR R K 2, SRR
RN b, mh g DX K 7 5 B v %) S 2 A 2 1200,
2010 4F, i Rl G0 T A 9T B X B 5 O R T
2010 ARG | Rh IR B BEA T N T3R50, JFT 2014 4
G AN EEF HOR P RS0 B B 2 AR 23 5
DU 5 A7 SR £ R R R G, A ST DAL S 30 d Y
RN 5 U5 AR R F X 42, FE 16 2.0 W/mA(W 2.0),
1.0 W/m2(W 1.0)F1 0.3 W/m2(W 0.3)5%44: F % H k47
66 d BUFRFESLE . SEERAS A AL T 3 41l
AR IR E MRS, IR R E T W2.0 flw
0.3 79 4 £ I 41 2000 A S 2L SO AT 1 v 1)
Fr, LAY ki B ' R i B 6 £ 288 A K R HE B 2 )
MU AL IERE R, JF TR A = Rt 2%

I BB

1.1 SBA#H

ARG T FHIR N 5 U 5 (LS 30 d, 1A 12.52+
1.34 mm, I 92.35+4.77 mg)ih Ki%E 8 &K 4 R
NG L6
1.2 Fik
1.2.1 FE5EAHE

T 5EH AR RO T A B HE A BE LR ) 9 A
100 L BEEHIGE 62 cm)H, 4540 37 58 % 5
700 B, FRFEJEHK 66 d. AR fR 2 A K 1
i HIEHT AR CEAL G 55 30 & 40 )R H AR (0
LG5 41 2 96 d), BRI 6~8 K, BRI,
PR RTHf8 HI5R AL (50 DE i, LA TR
TADRHIF S o )3 Ak i STC T 4l B R A% IR B KA
G —HoKEOR, JFHE AR, KRR S

) H@ART/CLE

FET- 4k . RFEA SR KM AR B 33, IR
18.5~19.5°C¥ A N 8 mg/L LA |-, pH 7.9~8.1, NH,-N <
0.2 mg/L, NO,-N < 0.05 mg/L.

ARz >R T LED G (BRI T A =k
A BRI, i 8 3 RS R B G R AR FE A (3 Fif
O R B R T R FRIE 5250, 434E 0.3 W/m? . 1.0 W/m?
F12.0 Wm? I FG(ERR R W 0.3, W 1.0, W 2.0). i
A JETTGER Y 3 3% LED ATHRAOGM, et ahr
YL E 3 DNIFEVATEEE 9 A FRFEKAN h IF 5L
B)o RHAINBEICH IR OFEATR 2 K FH JE 1 7R 5
FEBF IR FCL A R, HLAE KA G 4 S 4 pr
I (PLA-20, BT 75 56 HLAE BB A7 BR 2 W) 7E 7K
T LA — K, B DR S8 BT D PR A AR -
122 AKFEEITE

TESCIG 25 RO AL AR 4L B 20 R AfEf, UK K
TERRIRE S, 05 LA R B A R TR 1 RIS B
FET- A0 B, AFIE R E 2% Yan S5 HHF5ERY,
1.2.3 RNA $#£H

R A A Bt 45 2R,y DRk 1k 56 s T S
FHHELW 0.3 F1'W 2.0 21 A HE (R (20 /A, TIKIR
AT B IRAL, A RNA later 1Y ES.O4
ZJ5 80 C B AR IR UK AR h b AT DR AF o IRALZURY 2
RNA A B FH RNeasy Mini Kit 37 £ (Qiagen, 7%
), AR T EEE R Agilent 2100 £ 4201 1Y
F Nanodrop ND-1000 735G EE T H: I RNA A9 5t &
FIE
1.2.4  FFESCEME R FUE5H

RS A% IS, B Z BRI AL RNA S5 5HR
G, BEFEEIC S AR BEOE A W AT BR S B HEAT SCEE AL
FE I Si 20 Y

Wy 7= A B B (reads )VE M R 4R K4 (raw - data),
B 1y | R TR 0 reads 33 D8 IR 2= 2E M 45 3 25 5
1 1] ¥ (clean reads). F1 FH 41254k F Trinity X3k
A5 01 e o B 0 R AT Y S 2 3

ik BLASTX #4545 NCBI. SwissProt,
KEGG. GO. COG. KOG. EggNOG. Pfam9 %k
EEEHEXT . FIF Blast2 GO #4473 R A (GO)
TR, JHEH TopGo #EATE 401, IFoltLit—2
5 COG Ml EggNOG #4l FEHEAT HLXT, FFXF F R 51
AT DI RE WU AT BE 4325 . FIAH Perl script #F4T
KEGG i % 11 5 5 X 3k P 7= 46 40 i v ) T g B H:
R IATRG M. Wil fEZk KEGG Hshid i
IR 55 (KAAS), W] LATS 3 )55 55 5 51 1) s BRBE R 5
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DR 2 [R] PR AR 2 3 B (KO) i B, I I S 310 A1 B 4
KEGG il
125 EFRFIERWEE

FIFH FPKM E 7m0 bz =l E 85 42 )7 41 5 A (unigene)
FRIEFEE . FPKM B AT

f—T 74 map b HY reads 1 map &b 5T
1K B % [ Y Fragments N40(FPKM)=cDNA H Bt
(cDNA fragments)/[#3% /i B2 (A J7)[mapped fragments
(millions)]/4% 5 ¥ J& [transcript lengths (kb)].

i 178 22 S 3R 78 5L R ) b v Ry 5 1R 1% (False
Discovery Rate, FDR)<<0.01 Fl12% %5 #((log, fold
change, FC)>1,

'M@AWME

1.2.6 ERPER PCR

ST U UE e SR 2 B Y IE A, R H SR E
PCR A5 SRR LF 2 EZE A . LS & 5E
M3, B4R A RA R, PIRTERTE 70, K
PIF 1-a R %5 B -6- DR TR S FA Tl © IR R Ik
51 Y){#i FH Primer Premier 5.0 #4471 (3 1) LA
PR AR L ZU RNA SH MR, %1 SYBR FAST
gqPCR Kit Master Mix(2x)iF &4 5 K cDNA,
SRIG VAR, DA B-actin kNS JE R 54 T 52 5 o
PCR #"#4(Applied Biosystems 7900 HT Real-TimePCR
%), PCR £444:95°C, 5 min; 95°C, 3 s #1 60°C, 20 s
I 40 MEIRZ,

*1 5|¥F5
Tab.1 Sequences of the primers used for PCR amplification of differentially expressed genes in Dicentrarchus labrax
LR 2 Hx 5|4 Eb7E2 FEH KN bp
- N2
R K 2F 2 A E ; TCGGTCCTCTTTTAAATGCC Lo
i GAGCGCAGCTGAGTTGACTT
. U
Spk 55 713 70 ; AATGGCCTGGAGTCATATGC 226
i CGGCACTCTGGTACAGCTTA
S s S T2y J:%
-6 R S ; CAGCTGGAGTCTTTCCCTTC 166
i CACGCCTTCTACCAGCTCAT
U
T 1o ; GATGACCTGGGCGTTGAAGT 161
i TGGAGATGCACCACGAGTCT
. . U
QA A T R ; ACACATATGCCTACGGCCTG 179
i CACGATGGTCAGCAGCACTC
. - U
R AT 3 ; CCGACATCTTCCTCAGCATC 10
i CTGGCTTTGTTCAGGACGTG
U
B-actin ; GAAGATTCAAGGCATGCATTA L0121
i TAGCATACCCTATGAACTGGGT
1.2.7 G340 /INT W 0.3 F1 W 1.0 AbFEH T A SR A HE fL (P < 0.05),

SO E AR DL 2-AACT b SRS
Bk IBM SPSS 22.0(IBM, Armonk, NY, 2&E)H i ¢
o 56 o3 B RN A BE PR R Gk i B R 2 e, A
Duncan A5 P4 AS ]G R4 2 [R) HEfA R . YR A
RN, WEVEBE R P<0.05 Fl P<0.01,

2 &R

21 ARRXEHOIRMNBRMNELEFHRESE
K &7
TESZEGZE SR, W 2.0 2 FE £ A9 4R K RN B ig 2%

A =B H G A A R T E 2R
(P>0.05)(K 1)

2.2 HFAMNFHEE

¢ Tllumina Hiseq 2500 Ml FF, W 0.3 ZbBEAL 3R 15
raw reads(Zt it R LR)FHEHE) 50 907 730 4>, W 2.0
A PRZH 345 raw reads 50 265 736 ~; W 0.3 L FHZH 45
5 clean reads 50 273 392 4>, W 2.0 Ab B4 315 clean
reads 49 277 200 ~; W 0.3 AL PR #5415 clean bases(
7 7 50 B A~ Bfe LA s e 9 4 BE) 7.54 GB, W 2.0
A PRZH 3R4S clean bases 7.39 GB,
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0.6
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K1 W03, W1.05 W 2.0 ZLRRH T 0 B0 AR . MO AIAF IS %
Fig. 1 Wet weight, body length, and survival rate of Dicentrarchus labrax juveniles in the W 0.3, W 1.0, and W 2.0 groups

H W A1, T 2R B3P <0.05)

23 ERARZARFER LT ESM

FRE S RNA FEAS L R 1) 22 57 30 08 =F ok 2
SFRIBHT A 2 s, IS8R 25 RAFE NG
3681, 5 WO3HALEL, W2.0 0 234 LN FiF
ik, 134 DM EA TR ER A 2),

300
300
DEG (368)
m « i 234
A T 134
100 RS
231 bl
4 11 4
% R4
K2 WO035W2.0 40 & 4 s iR N 2 A3
IR L

Fig. 2 Volcano plot of differentially expressed genes in the
eye of D. labrax between the W 0.3 and W 2.0 groups

TE: 206 iR RIS LI ER,; e SRR A T AR
O R URIE N R IL K IER

TETR VAR B (1Y) 22 Sk SR, @RI LF o 322
A FER I (MIP), i RARET 4 B[54 £ 1 (lens fiber
membrane intrinsic protein), ff IR EF 4 R [E A
(lens fiber membrane intrinsic protein), b RARET 2k [ [#]
HEHMEITA Xl(lens fiber membrane intrinsic pro-
tein-like isoform X1)%, rho FHICHY btb Z5F, 175
H 2 FEWE A Xl(rho-related BTB domain-containing
protein 2-like isoform X1), R EHEEKETLEEE
i 1(insulin-like growth factor-binding protein 1), 44
R A BESFAMHRPECS)SFHTE W 2.0 AL T 174
(% 2).

XHFEIEY 368 22 RIKIEN AT GO ik
W, ZFRIENFEEEESFIRRWMF)FEY
FUIRE(BP) 1o HoP e MF |25 5 Rk LN £ 850 A
TEZMMIZL B (cell adhesion) . A=#%kf (biological ad-
hesion) . W&k (phosphorylation)=5ii i I 17 BP
2 S R R P 32 S A1 TR A A -6- B RR S 4 UL
(glucose-6-phosphate isomerase activation). 43F P4
Ak 3£ 5 i (intramolecular oxidoreductase), H. 431
L&l 3)

®2 WO035 W20 BRMBEFRAKRKENERFEER
Tab. 2 Differentially expressed genes in the eye of D. labrax between the W 0.3 and W 2.0 groups

HFH 4 2 AT H(W 2.0/W 0.3) R

Cluster-12044.126948 2.14 rn R 2 B A O
Cluster-12044.66417 3.32 i PRAA £ 4k RS [ 2R
Cluster-12044.74718 2.60 m PRAAR£F 4 IS [ 2R
Cluster-12044.75099 2.66 s PR £ 2 R 151 2 1 7 28 X
Cluster-12044.77564 2.38 r R R 2 R B A R A
Cluster-12044.77983 2.35 FrR R 4T 4 = 2 [E A B A
Cluster-12044.99465 2.51 R AT S A &
Cluster-12044.76151 2.25 i PRAA £ 4 RS [ 2 1
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L ARTICLE
K % 2B EE(W 2.0/W 0.3) HR
Cluster-12044.75559 2.10 PR 2 A E 1 1
Cluster-12044.78026 2.13 BB A EA 3
Cluster-12044.76857 6.23 MBS A EA 3
Cluster-12044.127436 3.18 AR FEFIE 70
Cluster-12044.168690 2.04 P G 2 (A5 3Z (B RPE
Cluster-12044.172822 2.89 EH 2 TR X1
Cluster-12044.187133 3.56 R REHEEKHETFESEA 1
Cluster-12044.196439 2.25 de i E A DA T
Cluster-12044.72787 9.65 AL L 21 SR U cGMP 37, 5'- BB R — R i IV 807 y A
Cluster-12044.202225 2.55 PRI G 8 H BBz Ik
Cluster-12044.193339 40.50 HER cGMP Rt 3, 5'- I B IR — 5 W 2A1 o
40~
32
= 241
K
= 16l
sL

JrT-oihg

K3 W03 5W2.0 ZHEHHT R &R A2 R RIKEEH I GO & HE T
Fig. 3 GO enrichment analysis of differentially expressed genes in the eye of D. labrax between the W 0.3 and W 2.0 groups

KEGG & £ R K 4 R, 25 RN E4E
TEBRAC ] (carbon metabolism), £ EHLEh A1 — Rz h
fRi} (glyoxylate and dicarboxylate metabolism), RNA
%32 (RNA transport), 4 1k W % 1k (oxidative phos-
phorylation), — ¥R & fii¥F TCA 7§ ¥F (citrate cycle
TCA cycle), €453 F1REME 185 (starch and sucrose
metabolism), Z=H1#T # /% (legionellosis), B2 W i%
12 (pentose phosphate pathway)%5 20 /i % |, 7EiX
BB T, RNA Feiz | AR | S AL BEIR T A AR
R FRIRFER S A R Z

24 qPCR#%& %R
XFEN 6 A2 7 FRIENPATIAE, 4518

JNTE W 2.0 4 HE IR Y MIP .HSC70. RBP3.RPE65,
EF1A FIl GPI M REMEE ST W 0.3 dffEf
(P<0.05, &l 5), X 5 A s R —3.
3 it

VP2 M i, IF W8 — R
O HE S B (R, (LS O0F i G 5 e A fB R vE, 2R T
S AR A AR, H RO T X 5 T AR SR A
o TR SE B TP fE G IR XT IR G, U2
PR B ) 2H 21 2 B B WL, T KT HIR A 2 AT 6% 4 DG
FEIR AR W E > 2 > Bayarri 48 ABFSY
e B W O 1A g R O DR OB AR O B 1
0.06 W/m?24, Villamizar 58 A B CIEIRE H 0.42 W/m?,
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Fig. 4 KEGG enrichment analysis of differentially expressed genes in the eye of D. labrax between the W 0.3 and W 2.0 groups

Wo0.3 W2.0

Wo0.3 W2.0

Bl5 WO035W2.04/MESRAN 6 ~3k K Fik

1 qualue: 25 B

2.5 b s 4.0
20+ 32 .y
15 24
1.0 F 1.6
0.5} 0.8 .
0 I J 0 1
Wo0.3 W2.0 W0.3 W2.0
5re 2.5
Hk
4r 2.0 .
3k 15
2+ 1.0
1+ - 0.5
0 1 0 1 ]
W0.3 W2.0 Wo0.3 W2.0

Fig. 5 Expression of six genes in the eye of D. labrax between the W 0.3 and W 2.0 groups

W B, EREFEWP<0.05), 7

B EFE P <0.01); TE a: MIP; b: HSC70; c: GP; d: RBP3; e: EFIA ; f: RPE65
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67 DRV A7 s R R R 0 e R R 3 e R
RS FEARMF 5T, BATTA I 8 AT 55 25 I 24 B 5
JEE R, RO T 8 S £ 04 A 4 | A7 R 2 75
ZEW . IR ATEHE A B R TR T 0.3 Wm?,
1.0 W/m? 1 2.0 W/m? iX 3 PERESRET, B 3 4
AbPHAN , SCIRZE AT, AECIRREE N 2.0 W/m? i FRE
PIFE L A PR . E A B /N T 1.0 5 0.3 W/m?
A FR A HE (P<0.05), 17 1.0 il 0.3 W/m? YGHESR i
T S A HE £ PS8 R T B35 25 5 (P>0.05), 3 Ak EE
Y 22 [B) A AE 16 2R TG B 35 M 25 5 (P>0.05) . 1T ABFSRIIE
M, B BE(Paralichthys lethostigma) %% 100 Ix
(R I iR DL Bsp A A FIAE 106 SR ARAT BT R 2T, 42
KR (Sparus aurata)TEHAEIRBE N AR ILAF, ATHER
TR ARG T 2 R A - e 2R, s
FEWIRIEE 1R, N i fa (vellow perch)B v RS,
Bl DGR AR T MR AIG, Mo R RE RN T 2
Ix B, e ROF-34 g E B 2 T R, R SR R
SN BN SR B e, G RRER BEAE 1~65 Ix,
MR A KA 2, AR 130~290 1x BOGRETR 25
TR 8 A R 20l B R DL, RS [R) P o ) 2 3% PR 5
N IR 90 B R r AN S S N I U i
o GRS AR K AR R e PR, AESRBEE
FEH, TR AR A K TR Y A DG BRI B G

— BT Ry R o T K £ R 3 I I SR R, T
W 2.0 ZHHEfm A AR KA 22, AT RESZ Al 2.0 W/m? Xf £
FOkULE TR, G Al RE S5 e e, i
XA = A5 5 B HESh A L, 28t
JE IR I TCHR G, AS BB 19 R FL RS /N R 45 A S 40
DO S ) i B, T LA R D I 0 2 ) R ) R B 2
5y Z BN FE B, R, B RV S | R PG b A
KI5 V3 895 8 T 24 h mGsRIREH AT, e
Do 5 257 N F A1) FRATTRT A58 i R 30, 24 h 22
W 25T, IU 5 147 o HE 0 110 400 ) B8 45 2 SRR 3 2
ZHm, HIBOGREY &2 RAREE W, H
LW 0.3 41, W 2.0 41FHE A 1% 10 I IO 2 52 51 5y
JUEE, BRAUAT A A A1, FRATTIA K 3R A A A
CORTI B E PSR Sy ) QRS e AR 0
Vs, X —F AR SE I BREDY WG R B, i
0GR AT i 2 AR 45 S DA T R B AR Y, X 3R
A A 2 02 dee e 1 A2 B 0 1, 460403 1) 7™ R R R
0 R B A OB R ER A Y R, R R T L
| A K R MR 3K R ki 2, %o 400 ) B OISR A7 e 1
BB AR SR, RN, S B

' H@ART/CLE

o) R S ) 48 405 1) 0 T HLAIAR IR J2& i 2

FEABEZE T, DA i )y o o B, A
T W 0.3 F1W 2.0 P 2 HE fo ) HR 55 SR 2l SC %, -0 1k
AR b B 2 o) 9 22 R R SR X, DU M 43 KT
R fifk ' MR iR X DU T 145 B D ) S, 2 R R
B, HARASAE W 2.0 FI1 W 0.3 ZHHEAHR N 2% 7 kil
HH 3681, 5 W03, W2.041H 234 NFEH
UEFRIR, 134 NIRRT RS . AR 2 BRI AL
Hrh, FRAT& M, MIP. RBP., RPE65. HSC70. EF1A
I GPL 6 NEEIYTE W 2.0 4l 283k, X, kit
S DR I R R R X s R R 1, 2 T S ) K
DN 1A B HE £ A L

FHr A0 A5 2 4 MIP Ay 7K 18 25 11—,
F2BLAE AR AR ZT 2 41 i S i 3R = H
I, CTEMYy . JiAE A FEHESh ) i ke B ik
200 K GE IE & B3 AR TRV, AR N R 4
WRF. B RS T3 8 Ok R A 1A
BEIRE, B LK S WAL AR B, A0 Rk R
EEFEEVEHBY, MIP 6]t ELA 45 Wk b 22
Uike, ©-5 R 5 0 K B R Y 2 1% U A
XKoo VTAESRAYBFIT K IR, MIP L5 (1 N B Y % A % 1)
FHOCE3Y, T P B R T DR 28 T 5 | 7 0
fl R AE IE 5 R TR 2B, AN W) D R 5 R 1Y)
AR EE AR PE | Kb . SFdEZ Il i as g, b Rz
Ji 348 A A DT A DR A7 B M S, BHAR 2R A
SR, JE R PR, SRR A0 ) 34351, HSCT70 2
1999 4 Ballinger 25361 31 (1) HA7 4l Bh #1850 T iz
R DR 00 B 0, AT LA a3 ity o A
PR R R A B E RS, R e R A
Uiy 15 4 AR 1 B I W R B7) . HSC70 2T A
4B WL Rk, (HAERRORE S IR U2
B A S B e S, A R L O A A
b ik, FEERR . M. L ORGARRTE R i FRak
IFXEARET FEIE 5 LT, HSC70 2 5 4 R5 ik
FIBT A28 R 5, S S 40 i SR SR AR Difig . 7l Y
2 6 I 30 B, AR AR s R 3Rk HSC70 T RH
IEARPE AR T A 2R, B 4 B BT AR AL
B8, AR R A AL B I (AR R AL 3-J0 A B
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Abstract: Most marine fishes rely on their sensory organs to recognize and catch food, but there are few studies on
the effect of light intensity on gene expression in the visual organ. In this study, to explore the effect of light inten-
sity on gene expression in the eyes of fish, juvenile Dicentrarchus labrax at 30 days post hatching were used as
research subjects, reared under white light at 2.0 W/m? (W 2.0), 1.0 W/m? (W 1.0), and 0.3 W/m? (W 0.3) for 66
days. At the end of the experiment, the body length, wet weight, and survival rate of the three groups were com-
pared. The body length and wet weight of the W 2.0 group were significantly lower than those of the W 1.0 and W
0.3 groups (P < 0.05), but there was no significant difference in the survival rate among the three groups (P > 0.05).
Then, the transcriptome libraries of juvenile eyes of W 2.0 and W 0.3 groups were constructed and subjected to
high-throughput sequencing. A total of 368 differentially expressed genes were obtained. Compared with the W 0.3
group, 234 genes were upregulated, and 134 genes were downregulated in the W 2.0 group. Finally, the expression
of six differently expressed genes, including lens fiber member intrinsic protein, retina binding protein, retina
isomerohydrolase, heat shock conjugate 70, elongation factor 1-alpha, and glucose-6-phosphate isomerase, were
validated by qPCR(Quantitative Real-time PCR). The results were consistent with the transcriptomic data, and those
genes may play a key role in the juvenile response to light intensity. These results indicate that light intensity can
affect gene expression in fish eyes, and this study provides basic data on the mechanism by which light intensity

modifies fish vision. It also serves as a reference for the healthy cultivation of Dicentrarchus labrax juveniles.
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