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> B >

(Liu et al, 2006; ,2012)
EST 15641 SNP
) SNP
(Zhou et al, 2010)
, 71107 contig,
SNP
) QTL
SNP

, (Gene chips)
(Wang et al, 1998) (TagMan) (Martinsohn et
al, 2009),

strand conformational polymorphism, SSCP) (He et al,
2008) )

(Single-

, SNP
(High Resolution Melting, HRM),
SNP ,

DNA (Li et al, 2012);

E > E

) (
, HRM )
PCR ,
, (Liew et al, 2004)
Solexa ,
SNP R HRM
, EST-SNP 21,
QTL

,2011)

1.1

( , 2012), 96 ,
1 DNA ,
DNA ,

, 40ng/pL, —20°C

T1 KEESNPIFCHFAHRER

Tab.1 Sample information of turbot for SNP in S. maximus

1 12
2 12
3 12
4 12
5 12
6 12
7 12
8 12
1.2 SNP
Solexa contig
SNP
500 SNP , 147
Primer5.0 s
20bp , GC 45%—65%,
80bp; Oligo7.0 s
50bp DNA , PCR
68°C  88°C 5-ATCGTG

ATTTCTATAGTTATCTAAGTAGTTGGCATTAATAA
TTTCATTTT-3> 5’-GCGGTCAGTCGGCCTAGCGG

TAGCCAGCTGCGGCACTGCGTGACGCTCAG-3’
(Seipp et al, 2007)

1.3 PCR HRM
8 , 6 DNA
DNA, PCR 10pL: 40
ng/uLDNA 1uL, 2>=<ES Taq Master Mix 4.5uL,
(10umol/L) 0.5uL; (10umol/L) 0.5uL,
ddH,O 3.5uL PCR 1 95°C Smin;
94°C 30s, ( T )
30s, 72°C 30s, 35 ; 72°C
7min, 4°C Genefinder 2%
PCR
LC Green Plus
PCR 1.0pL,
0.25uL, 95°C Smin
4°C
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LightScanner HRM , 1 3
0.1°C/s ,  56°C 97°C, /s g g
S 6
B (3]
. L 4
LightScanner 2
1.4 0
) RS S P A
SNP POPGEN32 (version & oY e
G
1.32) , AA BB, < &
AB, (Effective number
of alleles, N,), Expected heterozygosity, H,), 1 SNP
) (Exp . Zygostty ) Fig.1 Distribution of SNP variants
(Observed heterozygosity, H,),
(Minor 2a S3 HRM ,
allele frequency, MAF) PIC_CALC(0.6) , , y T 78.7°C,
(Polymorphism information content, T , , T
PIC) 79.4°C, C/C , T/IC 2b
) S16 HRM , >
) s T 80.7°C,
2.1 HRM T , , Tm  80.1°C,
A/A , A/T
8642 SNP 1.3 22 SNP
500  SNP , , 45 POPGEN32(version 1.32)
63 PCR , , 21 SNP
To 2% ( 3); H, 0.256—1.000,
21 H, 0.276—0.518
SNP 2 N, 1.352—2.051
. 8 96 PCR, ; MAF 0.0426—0.5000
HRM (LightScanner) , 21 21 PIC 0.226—0.446, 2
1 » 10 ; (CS5, S7) (PIC<0.25), 19
C/T G/A ( D (0.25<PIC<0.5) -
F2 O SNPAEE ; SI1 842
Tab.2 Detailed information of part of the SNP loci in S. P<0.05, H-W
maximus SNP
SNP SNP (5°-3) (bp) ’
TTTTGAGCATTAGGTA
Cs6 T Grrre 53 23 SNP
s1a G/a  GITGGGGGGCGGATA s
ACTCAC NCBI BlastP, 21
s14 GIC  oopee TOCTOOCTTT gy SNP contig .21 SNP
TTTGCAGTGCTTCTAT :
S15 GIT  rrare 76 20 contig s
TTGGGATGTTTGCAA RNA
S16 TA  creacT 75 )
3 o ?:CGAG[?ACCGTTTGGCA %0 Q) .
4 ta  TTTGTCATACTCGTGT 68 ORF finder . NCBI
g?}/}rgiGAGGAGCAGA ’ ORE ’ SNP
62 GIA S errer 84 ’
GCTTGAAGGAGACAA ,
S63 GIC \TACTG 57 CSl1 5°UTR ,S11 S15 S16 S42 S3 CSI10
SNP 3’UTR CS5 S7 , CS9
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Tab.3 Genetic variability at 21 SNPs in S. maximus

SNP PIC N, H, H, MAF

8S82 0.370 1.958 0.854 0.495 0.4271

CS1 0.373 1.986 0915 0.502 0.4574

CS10 0.373 1.983 0.907 0.502 0.4535

CS3 0.374 1.958 0.505 0.495 0.4271

CS4 0.374 1.992 0.723 0.503 0.4681

CS5 0.235 1.374 0.325 0.276 0.1625

CS6 0.259 1.441 0.333 0.310 0.1889

CS9 0.374 1.991 0.841 0.503 0.4659

S10 0.371 1.968 0.447 0.497 0.4362

S11 0.446 2.051 0.638 0.518 0.0426

S12 0.375 2.000 1.000 0.505 0.5000

S14 0.308 1.614 0.511 0.384 0.2553

S15 0.358 1.878 0.575 0.472 0.3723

S16 0.374 1.990 0.605 0.503 0.4651

S22 0.344 1.792 0.447 0.447 0.3298

S3 0.305 1.600 0.417 0.379 0.2500

S42 0.332 1.724 0.333 0.425 0.3000

S62 0.366 1.932 0.479 0.488 0.4062

S63 0.375 1.999 0.896 0.505 0.4896

S7 0.226 1.352 0.256 0.264 0.1538

S9 0.374 1.992 0.648 0.503 0.4688

x4 20T FIFNEANEREIRER
Tab.4 Gene annotation of 20 predicted proteins
SNP Query Name Annotation Length of contig
8S82 comp30956 carbonic anhydrase 4-like ( 4) 1645
CS1 comp38245 ribosomal protein L7a ( L7a) 1089
CS10 comp31070 uridine-cytidine kinase 2-B-like ( -2) 1108
CS3 comp28103 cyclin-A2-like ( -A2) 2668
ribonucleoside-diphosphate reductase subunit M2-like isoform X2 (
CSs4 comp35299 ) 1638
CSs comp38118 tubulin alpha-1C chain isoform X1 ( a-1C ) 2207
CS6 comp17868 midl-interacting protein 1-B-like ( 1) 702
CS9 comp18331 gem-associated protein 6-like (gem 6) 1064
S10 comp29672 RNA-binding protein PNO1 (RNA PNOI1) 1298
S11 comp32333 makorin 4 protein ( 4 ) 2310
S12 comp32257 microfibril-associated glycoprotein 4-like ( 4) 1547
S14 comp33063 cautophagy-related protein 101-like ( ) 1444
S15 comp31115 ATPase, Na'/K" transporting, beta 2a polypeptide (Na'/K" ATP B-2a 1149
S16 comp28490 tumor suppressor protein p53 ( 53) 3138
S22 comp28329 ATP synthase subunit alpha, mitochondrial-like ( ATP a ) 2306
S3 compl7656 caprin-2-like ( -2) 3546
ubiquitin carboxyl-terminal hydrolase isozyme L5-like isoform 1 (

S42 comp31217 Ls) 1527
S62, S63 comp28258 putative deoxyribonuclease TATDN2-like ( TATDN2) 2760
S7 comp29640 calphotin-like ( ) 2824
S9 comp27994 nucleolar RNA helicase 2-like ( RNA 2) 3633
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Tab.5 Amino acid mutations of SNPs
SNP ORF D ORF  (aa)  SNP E
8S82 1571-618 emb|CAH69488.1| Ser TCT - TCG 317 1197 1.00E-157
CS1 239-1039 dbj|BAF98653.1| 5’UTR 266 230 0
CS10 160-948 ref|lXP_003453410.1| 3’UTR 262 970 0
CS3 2248-899 ref|lXP_003443464.1| Ser TCA - TCC 449 1463 0
CS4 1587-430 ref|lXP_005808744.1| Gly GGT - GGC 385 499 0
CS5 293-1648 ref|lXP_005532035.1| Ala GCC - Ser TCC 451 434 0
CSé6 547-140 ref|XP_005455118.1| Leu CTA- CTG 135 359 2.00E-70
CS9 319-816 ref|XP_003459829.1| Ser AGC - Arg AGG 165 630 2.00E-64
S10 1127-378 gb]ACQ58604.1| Thr ATC - ATT 249 840 4.00E-158
S11 2177-1047 reflXP_005732714.1| 3’UTR 376 1043 8.00E-136
S12 151-864 ref]lXP_004565306.1| Ala GCG - GCA 237 762 2.00E-109
S14 558-1214 ref|lXP_003459021.1| Leu CTG- CTC 218 623 3.00E-155
S15 903-37 ref]XP_004576377.1| 3’UTR 288 35 0
S16 438-1586 gb|]AG0O20700.1| 3’UTR 381 1804 0
S22 2192-537 ref|XP_003974858.1| Val GTC - GTG 551 1926 0
S3 3367-653 ref]lXP_006805618.1| 3’UTR 904 639 0
S42 213-1202 ref]lXP_003453569.1| 3’UTR 329 1319 0
S62 2504-393 ref|XP_003441345.1| Cys TGC - TGT 703 1434 0
S63 2504-393 ref]XP_003441345.1| Val GTC - GTG 703 1506 0
S7 2519-819 ref|XP_005738185.1| Thr ACG - Ala GCG 563 1052 1.00E-45
S9 231-2495 ref]lXP_005467227.1| Thr ACA - ACG 754 623 0
R SNP HRM, R
R SNP 5 4
( ) , ) ,
SNP 5
, ( , ,
,2010); EST s
5 ( ,2012) (HRM) s
(
,2012), EST 2 SNP
) Solexa , ,
EST-SNP s SNP 45
s 4314 10 SNP
SNP R 21 SNP
s s R 46.7%,
(Ma et al, 2011; Vera et al, 2011) ( ,2012; ,2013)
mRNA, 21 SNP R
R 45 SNP 5 R (PIC)
(11%) PCR R , 19
0.256 1.000, 0.451,
( , 2013), SNP 5
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(Hou et al, 2011; Vera et al, 2013)
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, (Coding Sequences,
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>

QTL
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DEVELOPMENT AND POLYMORPHIC ANALYSIS OF SNP MARKERS IN
SCOPHTHALMUS MAXIMUS BASED ON TRANSCRIPTOME DATABASE

WANG Ting"?, HUANG Zhi-Hui', MA Ai-Jun', MA De-You',
WANG Xin-An', XIA Dan-Dan', MA Ben-He'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Qingdao Key Laboratory for Marine Fish Breeding
and Biotechnology; Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Qingdao 266071, China;
2. Dalian Ocean University, Dalian 116023, China)

Abstract Turbot Scophthalmus maximus is a commercially valuable fish and one of the most promising aquaculture
species. Completion of turbot high-throughput transcriptome sequencing provides a reference sequence to identify and
develop large-scale SNP markers. Based on Scophthalmus maximus transcriptome sequencing data, we selected 45 SNPs
and designed 63 pairs of primers, of which 21 (46.7%) loci using high-resolution melting (HRM) technology with small
amplicons genotyping success. All the 21 sites have two haplotypes, and proved polymorphic. The observed heterozygosity
(H,) estimates ranged 0.256—1.000; expected heterozygosity (H.) estimates 0.276—0.518, and 19 loci were in Hardy-
Weinberg equilibrium after Bonferroni correction. Fourteen SNPs were located in the coding region, 3 non-synonymous
changes. Most SNP-containing genes were related to signal transduction mechanisms and transcription. This study shows
that high throughput transcriptome sequencing and small amplicons of HRM is suitable for large-scale SNP marker
development, which provides a number of candidate markers resources to molecular genetic breeding of turbot.

Key words turbot Scophthalmus maximus;

single nucleotide polymorphisms (SNP); transcriptome; high

resolution melting (HRM)
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