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EH A (22+1)°C, LA B A 16L:8D, L 58 h 200 mW/m®, #F 5 5% %t 41 # % 7 4 (Takifugu rubripes)
TR AA R 1~18d (AL % 623 R)FHABAMRK (K. KKk, BFK. Bk, Lk,
REREBAREKHEXER, BFEKKRERGH . £KkBEZHR 1 A(GHR])., £BEEELEKH
F1AJIGFNEFRMEM KA EN T . £RET, B &, ELALBANZTHIN LA LAELA TR 24
M AR, BhAEAd, FHamsK, hk KTKkEKEKER, #XAES
kK, REMEREEKERR, X TAEKMEXEE, EXTHWGHERXAERERGTH., AL
4(P<0.05), 5K LA LEEM.ZF; FREXIET, GHRI, IGFI ZHWEXEL R EFRZ 7,
GRERW, Bh, GhmE LRI ER T REIN NN, EAAATOB R afffamEk
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iR OGS LR R AR AR B B
A 2 He /D (Villamizar et al, 2009), B8 —LE0F5E
KW, K2R O . FEAERKAE
(Puvanendran et al, 2002; Yoseda et al, 2008)., #H4b, A~
T EL ) 5 B T X R R A IS ) L R R AR
FECH R B AL liFUkGE ] ¥k (Battaglene et al,
1990; Trotter, 2003), I, BF5% 65 i B 71 25 10 52 i
A R G B AR 1 2 R A

21 B8R T Bl (Takifugu rubripes) 2 0 N 1 X (5 [
HAM B EWEZEFRH L afh, BAr, A X%
X 216 2R Ty A A A S i (T AT 2L, ARBIF IR R
5% LED Y XT 2168 7R Jy fili A7 HE 08 AR K A= K AR
KIERFRIK I RENR, R FRHH ) X1 68 7R Oy 6 B i 4
PRI S KT

1 #wREFE
1.1 LI

S 56 P B ET AT G R A Sl AT BR 2 w57
SRAEY HARO0, RIS H, AR iE B RGE IR
KPR B R IH 5 2% 7 TARRMT SSRGS T 5256
ARG har Mt s .

1.2 %

SIHTF 2018 4E 3 H 16 HIF4A, SR G4
P SROG, KA 4 A LED SGi% AT RN =R}
A A RAT), 2030 (Aaso am)« D (As25 am)
BE(As90 nm)~ 1 (La00~780 nm)» FEFIGCIERE 2 P47,
FREAAT R B AR (B AR 80 em, KRN 60 cm), 7K
K%y 250 L(10 KiBP/L), /KiRQ2+1)C, 6N
16L:8D, G582 200 mW/m?, £ K 08:30 &1
SRI-2000-UV St R EETH (i B B fn A BRZA 7)) T /K T
5 cm ZbISE A HE . A 6 K, ZAFINITLRIRL,

WAL S AT I O S, AR K A B B R A R
(Rotifer)(#] 10 4~/ml), K H (drtemia)(Z) 5 ~/ml), M
ZAGIRIEAL AT T IR IORE, FESCIRSE 6. 7. 8. 9.
12, 13, 14, 15, 18, 21, 23 KHYJ 09:00 HUFE, HEK
BEMLIC 15~20 &, G ZEELRAE, SRH 9SMZ 745T/
SMZ1000 = AR i 15 [JE R AR A 2% 8 65 ()
BRAFMESK, KK, BTK. Bk, kK.

IRAE RIS o FESZIGEE 23 K, AN ALHZH L 30 AT
HEAALRAE T80 CUKAR , T Az K AH 56 K 9 AH
XfFREHE

1.3 2 RNA HIEBRMEKBXEERREZENNE

B BUE S, ## UNIQ-10 #£3X Trizol
A RNA Hh#2iR7) & (BBI, A606695))45:4F 15 1A 45 ik
174 RNA AHREL ., F 0 40 6% EE TH(SMA4000,
Merinton){ll i RNA £ 51 # ODago 2 ODago fH, HRHE
OD160/OD,so [ FLIEF BT EL RNA 46 5 1.5%F 8 B
JiE FL KA RNA

HR#E RevertAid Premium Reverse Transcriptase i
#] 45 (Thermo Scientific™, EPO733)i/F Uil 45, 142
HURY A RNA JEAT US98, 445 cDNA. st
T 20 C ORI E ], ] LightCycler480 II (BBI,
Roche, fE[E){{#%F1 SG Fast qPCR Master Mix(2x)
(BBI, Roche, 7&[E )i & #1T Real-time quantitative
PCR 45, Y% GenBank U A BYLL € % Jrfili GHRI |
IGF1, SS1. GH 1 B-actin 3 F 5], % Primer
5 MY, slFEsILER 1. 2,
B-actin Fik AR E, Wk NS HE, PCR K
A 95 CHIZAEYE 3 min, 95°CARE 3 s, 60°CiH k/
HEAH 30 s, I 45 AMEER; SCHSE T X g h £
F1O3 M7 o FiAS PCR s #E b, LEW2f Rt bR 3 P47,
B RNA KA 3 FEE R RT-PCR (2 49)
AT 256 e R 1 1 0 A K AR S 1 3 L iR T

=1 ZEEPCR3YEY

Tab.1 Primer sequence for real-time quantitative PCR

F[H Gene J¥%1 Sequence (5'~3") GenBank & 5% 5 GenBank accession No.
GH F: CTCATCAAGGCCAGTCAGGAT XM 003968318

R: CTCCACCTTGTGCATGTCCT

GHRI1 F: TTGGGTCAACACGGACTTCT XM 011615550.1
R: CTTCAGGATCTTTTGCCTTCTT

IGF1 F:GGCAAACAGCGTGAATGAG AB465576.1
R:TCAACACGGAAGCCAGGA

p-actin F:AGAGGGAAATCGTGCGTGAC XM _003964421.2

R:GAGGAAGGAAGGCTGGAAAAG
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1.4 HFESWH

I AT E G 35 LLSF- B4 47 fE 1R (Mean+SE) %R ,
i/ SPSS 17.0 GEitHiiE47 P & J5 2% 7301 (One-
way ANOVA)FI LSD ki g A [m] b B2 7] 5 K 3% 15
WIS, P<0.05 NZEREE, o8 TS
Origin 2017 47145 .

2 R

2.1 EIEXTLIEE R T S A5 I AL B9S2 A

MELEERATH, TR 6 K, . &%, #OL
A R B ST IR OT SR IBEAL , FOCAR BRZH Y 520K B AL 5

8 RITURIFAL(F& 2). FOGALFRA 9 32K B0 5 H Al (1
ML, BEfCAF s 1 2 d.

2.2 RIEXTERFAEFHEAESERRMm

TGS 6. 7 K, ANFEDGIE T 0IMA7HEfa 4
KA E 2R, B e K FHES
Fat, #otdl. 7ERfE AR RF, BT HE
SRIGAACT HAB IR, 255 17 K, FOLYLFHE
kKB EE T, A4 P<0.05), HEEE4 M
PR, 7555 20 K, . BOGABRAfFHE M 4
KEEHTE. AB4(P<0.05), £ 23 K, &4
HZ m TG R EMES, (A B A &K
K.

R2 NENABERFEHFHEESKNTMN
Tab.2 The effect of spectra on the total length of Takifugu rubripes

£ Total length

# Yellow (2500 am) F White (2400-780 nm)

S U6 HsF [
Experimental time (d) i Blue (4450 am) %k Green (1sss m)
1~5 - -
6 2.801+0.026 2.725+0.037
7 2.750+0.020 2.814+0.022
8 2.960+0.020° 3.038+0.022°
9 3.097+0.025° 3.097+0.025°
10 3.081+0.028% 3.001+0.035
11 3.123+0.026® 3.094+0.045°
12 3.258+0.039 3.232+0.039
13 3.320+0.030° 3.235+0.034%
14 3.340+0.044 3.337+0.040
17 3.195+0.033¢ 3.324+0.047%
20 3.373+0.047° 3.157£0.054°
23 3.54240.055 3.399+0.068

2.729+0.025
2.780+0.023
2.859+0.037°
3.058+0.032%
3.083+0.020%
3.198+0.030°
3.253+0.034
3.199£0.025°
3.335+0.036
3.41240.027°
3.363+0.048°
3.469+0.165

2.925+0.024%
2.984+0.025"
3.095+0.030°
3.150+0.036%
3.203+0.028
3.119+0.052
3.30620.037
3.266+0.040°
3.068+0.074°
3.189+0.196

T BRI RR PR EEAR HEDR (Mean+SE) (n=15); AH[R] 7 & {4 b B2H [A] JC 1 381 22 53 (P>0.05), AR FRERR

25 4b PR 22 5 1 3 (P<0.05), FIH

Note: Values are expressed as Mean+SE (n=15). The same letter indicates no significant difference between the treatment
groups (P>0.05), and different letters indicate significant differences between treatments (P<0.05), the same as below

%6 K, ARDGISHEK A BB R EHE2ES, 7d
BF, St AP HE iR K 5o g 2 R
(P<0.05), 7. 8 d, ®OHAAKKEER TFELH
(P<0.05). [REE, 17d )5, @AM ARKRN, 1
22 d B EETEOE. FE41(P<0.05). 23 d, #t
IR IR B e, HSHADGS A AR, o
WEZES, AR AR S 2K AL,

B 6 K, WAL R ik K 55 #6
ZH P 25 S (P<0.05), 7 d I, ARG L FgH
FIZSANRE, 65 11 K, Ek4l5% . a4l
BEMER, M504 2550 W3 (P<0.05), 7E55

17 K, ¥, &, #OGHEE S T HOG4(P<0.05), 1F
5523 REF, #EORAM kKRR,

TESCHRSE 6 K, S FiafrHEAamikTK S
W FE AL ERA B M 25 R (P<0.05), 5 8~11 K,
AP R TR BB /), T O ATHE (R KT
97 RIFWREWHSE, £55 10 Xaf, #EOLArRT
KB TR (P<0.05); 17d)5, MOt 5496
I FEEZES, 8 23 K, @4 FrfEmp iRt
KiK.

fE 6. 7 d B, AREDGIE T AFHE Y R TC W%
PR, EHE 8K, #. MLk FTHERKR S AN
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PR PR 25 S (P<0.05), 8 d I, W5, B, FG4E
FEETEOEHP<0.05), 20, 23 d, . &, WHZ
(G E M2 R, P YEH & T el

FEARE RS T A HE (IR AR T W E 22 5, 75
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The effect of spectra on the morphological character of Takifugu rubripes

HOGH T IR — B T A A B

X T8 AR Dy A FRE AR, (UAE 8. 14, 23 d
B, ANEACFRL 2 ) B 22 5. 7R 8 K, &%
64 2 B T EOEUL(P<0.05), 5. FOGA TR E
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GHRI FEH , KRG T RN Rk T E 25,
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Fig.2 The effect of spectra on the expression of
growth-related gene in Takifugu rubripes

3 it

IR, A SZAE IR Y EAb 2 iR 3 L SR pH.
Ve S S PR R T Y S (R B AR S, 20125 BB AE,
2003), 1MEAEREEMATEHFZ—, X aIEZH
BRI IEAL . AT %) A K A A 2 A 5 T (R 2% JR) 45
2004; Villamizar et al, 2009; Blanco-Vives et al, 2010),
AL T ARFDGIE (R . g%, ¥ )X AR 7 il
ZABIRIEAL A HE R S AR 52 e, 25 R W, 5
. EOCEN A 6 K, KR IREAk, HAS A
ZEmaek Ak BKRE AE Ll EEs,
HAEN TR KB ERE TS, #0064, 806 FRT
KW ES T8 BRI TR G4 ES 8 K
FHRWHL R AFHE SR . A HTIA, TEIE . SRR Ab PR
H, SZRE DR AZ BB EOCRIRL, R T S2RE P R AL
FEOE SRR BEOGH I L FOB A R AT 2 d Bk
Downing %5(2002)5¢FY6i (i . LA )X BT M
(Melanogrammus aeglefinus)Z A5 W2 W, IR
RBDGTE X R T 0 A o B 25 5, X AT RE A2
B TSR A AN [ 3k () U B AR [R], HAT ol e A
SME(Boeuf er al, 1999). FESLIRAS BT, WG N ATHE
el K BTKAMERKAFERK, #6
TAFHE AR A | IR AR R BT B B K o A BTIAA
X A] e S H T AT HE f AN [ P R AN TR 3 i) SO 2
ANTF] o WA G X BN 5 4 5 (Dicentrarchus labrax)
FEWNN/R B (Solea senegalensis) . K VG5 i1 (Gadus
morhua)f{-fi B9 £ KA P2 #EA4E FH (Villamizar et al, 2009;
Blanco-Vives et al, 2010; Sierra-Flores et al, 2016), iX
SR G A B o RN 5 5 32 A5 R AE LIS 30 d,
WOETT MR AT AR K W, X T HASERT,
WOGTAFHE@ G LR B HA 100%, FOE. 26T
KEHRIIBHN 63%. 40%, a2 E N &k H R
W, R, (RE B —FE(Villamizar et al, 2009), AHF
ge, WOBfEHE TP A K@K KL KT
KHER), ditk, aTRHEN, EHEOGIExHF a1
A H & E W2 AL

IEE K i B L ORI OGS A Py ik
M4 (Kim et al, 2016), K E GH/IGF it
BHESIY A AT 0, GH v] LLIE i 500 35 40 A 43
R EE AR, IGFT ECMIIEGE, M mife sk
Y194 K (Bjornsson, 1997; Duan, 1997; Green et al,
2010), ABF5EH, W6 GH SEHFMHINT Rk E D
FE T O, W GHRI. IGFI RN
BT RRIETREWNZR, HEEDEH GHRI. IGFI
FEH F AR A CAL PR . NI 4. & 5 AT
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Effects of LED Spectra on Morphological Characters and Gene
Expression of Growth in Takifugu rubripes Larvae

WEI Pingping'?, LI Xin'?, ZHANG Junpeng'”, FEI Fan'*, MA He'”,
GAO Dongkui'?, SONG Changbin®, CHEN Tao’, LIU Ying'**"

(1. Dalian Ocean University, Dalian 116023,

2. Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266000;
3. Liaoning Aquaculture Facilities and Equipment Engineering Research Center, Dalian 116023;
4. China Academy of Sciences Institute of Semiconductors, Beijing 100083;

5. Led Cooler Technology Co. Ltd, Shenzhen 518000)

Abstract Four LED spectral parameters were set, which were blue (1450 nm), green (4sys um), yellow
(2590 nm), and white (A400~780 um), Water temperature was controlled at (22+1)°C, photoperiod was 16L:8D.
The light intensity was set at 200 mW/m?”. The results showed that the fertilized eggs of Tukifugu rubripes
under the blue, green and yellow light hatched 2 days earlier than the white light. At the end of the
experiment, the full length, body length, trunk length and tail length of the larvae under the blue light
were the most. Under yellow light, the head length, eye diameter, and body height showed the fastest
growth. For growth genes, the expression of growth hormone (GH) gene under the blue light was
significantly higher than yellow and white light group (P<0.05), but there was no significant difference
with green light group. There was no significant difference in gene expression for growth hormone
receptor 1 (GHR1) and insulin-like growth factor type (/GF-1) under different spectra, but the expression
of GH gene under blue light was the highest. The results showed that LED spectrum (blue, green, and
yellow) promoted the hatching of the fertilized eggs of 7. rubripes, and the blue spectrum is beneficial to
the growth and development of the 7. rubripes larvae. The paper provided a scientific reference for the
incubation of 7. rubripes.

Key words LED Spectrum; Takifugu rubripes larvae; Morphological character; Gene expression of
growth
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