51 1 Vol.51, No.1
2020 1 OCEANOLOGIA ET LIMNOLOGIA SINICA Jan., 2020
(Scophthalmus maximus)
%k
1,2,3,4 1,2,3 1,2,3,4 1,2,3,4
1,2,3 1,2,3
(1. 266071; 2.
266071; 3. 266071,
4. 100049)
(Scophthalmus maximus) s
1 4 9 , qRT-PCR
, ws) , (RHI) (SWS1)
(SWS2) , (RH2) RH2b1 LWS
1 57.2% 11.4%, RH2b1 1 29.9% 73.3%
) , LWS RH2b1,
Q955; S965 doi: 10.11693/hyhz20190800159
red-sensitive) (SWS1, ultraviolet-sensitive)
G (SWS2, Dblue-sensitive) (RH2,
(GPCR) (opsin) green-sensitive)( , 2009; ,2015)
(chromophore) , >
11- R (Chinen et al, 2003;
, R Matsumoto et al, 2006; Ward et al, 2008; Rennison et al,
(Nathans, 1987) 2012; Nakamura et al, 2013)
(RH1, Rhodopsin), > (salmonid)
(M/LWS, )
* , 2017YFB0404000 ; , 2018GHY 115031 ; s
2019B020215001 ; , CARS-47 s , E-mail: wangyunong94@163.com
: s R , E-mail: junli@qdio.ac.cn; s , E-mail: lixian@qdio.ac.cn
:2019-08-27, :2019-10-24



1 : (Scophthalmus maximus)

187

(Bowmaker et al, 1987; Kunz et al,1994; Flamarique,
2000; Allison et al, 2006) (Oncorhynchus mykiss)
, SWS1

SWS2(Cheng et al, 2007) ,

(Cichlids)

(Danio rerio)
(Poecilia reticulata)

(Takechi et al, 2005;
Carleton et al, 2008; Laver et al, 2011; Harer et al, 2017)

1.1

1 (0.15£0.09g) 4
(40.68+0.97¢)
300mg/LMS-222

(7.24+0.18g) 9

(Scophthalmus maximus) , gPCR
(Pleuronectiformes) (Bothidae) 1.2
(Scophthalmus), , BLASTn BLASTp
s NCBI Ensembl (Altschul et al,
, , 1990),
(Chinen et al, 2003; Kasagi et al, 2018)
s ClustalW2 , MEGA?7.0
(Neigh-borJoining) qPCR
, PrimerPre mier 5.0 , 1 B-actin
(Dang et al, 2011)
% 1 qRT-PCR A5 RENRAREFT EHE
Tab.1 Nucleotide sequences of oligonucleotide primers
(5'—=39 (°O) (%)
LWSF TATTGCGTATGCTGGGGAC 53 95.9
LWSR TGGGTTGTATATGGTGGCG '
SWSI F AAACACTTCCACCTGTATGAG 58 100.4
SWSI1 R TGACGAGGATGTAGTTGAGA '
SWS2 F CATACCCTCCTGCCTCTCCA 58 93.8
SWS2 R AATCCTCATCATCGCCTCCA ’
RH2al F GCAGTCAAACGATTCCCAT 53 98.0
RH2al R GTTCCTCTAACAACCACCAAAA '
RH2a2 F CTATCCACCAGCAAGACAGAAG 58 105.3
RH2a2 R CCATTTCAAGTTAGCCATTCAG '
RH2b1 F TTGACCAGTGACGAATGGCTCC 57 95.1
RH2bI R GCTGAGAGATTCCTGTTCCCCG ’
RH2b2 F TTACCGATTGCTTCCAGATTTC 58 993
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RH2c F CTGTGGACGCTCTCCTTGAC 57 99.9
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RHI F AACGACTGAAGGCTAATGT 57 102.6
RHI R AACTCTGTAATGGGCTGAC '
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,  Nanodrop 2000 H,0 7.6uL : 95°C 3min; 95°C
RNA , 1% RNA 10s; 57/58°C 30s; 72°C 30s; 40
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cDNA ,—20°C 1% , 5
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Tab.2 Sequence similarity among S. maximus opsins
SWS2 LWS SWS1 RHI RH2c RH2b1 RH2b2 RH2al RH2a2
SWS2 100.00 49.10 52.21 55.23 55.95 55.18 54.60 56.03 56.23
LwS 49.10 100.00 51.87 50.53 54.04 55.65 55.84 51.16 53.78
SWS1 52.21 51.87 100.00 53.00 56.45 55.56 55.46 55.65 55.36
RHI 55.23 50.53 53.00 100.00 62.71 64.35 64.35 62.22 63.38
RH2c 55.95 54.04 56.45 62.71 100.00 85.17 87.72 75.34 79.29
RH2b1 55.18 55.65 55.56 64.35 85.17 100.00 94.43 76.69 80.44
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Fig.1 A phylogenetic tree constructed by the Neighbor-Joining
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Fig.3 Relative expression of cone opsin genes during the development of juvenile S. maximus
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Tab.3 Proportional expression of different cone opsin during the development of juvenile S. maximus
LWS SWS1 SWS2 RH2al RH2a2 RH2b1 RH2b2 RH2c
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EXPRESSION CHARACTERISTICS OF OPSIN GENES IN DIFFERENT
DEVELOPMENTAL STAGES OF SCOPHTHALMUS MAXIMUS
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Abstract

Opsin plays a critical role in scotopic and color vision, and teleosts show a great variety in visual opsin

complement and expression pattern. Turbot Scophthalmus maximus is one of the important aquacultural species. However,

little is known about its visual sensitivity in detail. To evaluate ontogenic changes in visual sensitivity, we investigated the

opsin gene expression in juvenile turbot with quantitative RT-PCR. The results show that opsin gene expression of turbot

had a significant change: the main “green-sensitive” opsin gene subtype (RH2bI) was expressed at a constant level,

whereas the expression of “red-sensitive” opsin gene (LWS) decreased, and that of “ultraviolet-sensitive” opsin gene SWS1,

“blue-sensitive” opsin gene SWS2, and “dim-light sensitive” rhodopsin gene RHI increased during the ontogenic

development. By calculating the proportional expression level, we found that the dominant one shifted from LWS to RH2b1,

meaning that the visual sensitivity shifted from red to green during the development. Our results indicate the dramatic shift

in visual sensitivity, which is caused by heterochronic opsin expression in turbot, would be an adaptive way to benthic life.

Key words Scophthalmus maximus; opsin;

heterochronic expression;

visual sensitivity



