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[20]
, , 19 ,
SNP Primer Premier 5.0
, 20,
[7-10] (Clupea harengus)™ , 1
(Oncorhynchus tshawytscha)'” 1.2.3 PCR PCR SG
(Cymoglossus robustus) (Clupea 15 DNA, LG
harengus)'"! (Salvelinus alpinus )!'* 15 DNA , PCR
(alpinus)!™! (Tilapia)'¥ (Cyprinus DNA , PCR supermix kit (TaKaRa)
carpio)t™” SNP , PCR 1% ,
(Litopenaeus vannamei)[16]
(Scylla paramamosain)t'”? (18] 1.2.4 SNP
SNP , SNP
, (TOF-MS) SNP
oms] 125 SNP 5
o, 117 SPSS 17.0
) , P<0.05 , P<0.01
SNP
[16-17, 20] SNP
2
SNP , 2.1
SNP , 2.1.1 SG
, 79.9~171.9 g, 103.13~140.37 mm,
1 52.39~67.58 mm, 55.90~70.62 mm,
27.98~39.67 mm LG 174.0~289.0 g,
1.1 140.6~166.42 mm, 71.33~87.03 mm,
“ | , 72.47~82.57 mm, 35.42~41.57 mm
160 2
( )> 2.1.2
45 3
SG LG, ,
) ) (P<0.01),
-20C , DNA ,
1.2
1.2.1 DNA , 0.945; ,
R 7 DNA 0.841
DNA 1%

1.2.2 SNP
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Tab.1 List of primers
(5'-3") /bp /bp
gene code primer sequence(5'—3") designed length product length intron or not

F: AACTCCCCACCTGATAATGTCCTCG

comp 54958 1000 1200 yes
R: CGTAACTTCGGGATAAGGATTGGC
F: ATTGAACTGGTCCCGAGGTTGGC

comp 54958 1275 1275 no
R: CCCGAAAGATGGTGAACTATGCCTG
F: AGGCTTTCAGGCATAATCCCACG

comp 55883 700 700 no
R: ACTTACTCGGTGAGACGGAATCGG
F: CCTTCGTGGGCAACGCTGCTTT

comp 58070 1531 1700 yes
R: CTCCTTGCCTTGAATGCCACAGTAT
F: GAAGTTGGAGACGCCAGTGATGATG

comp 58769 843 843 no
R: GAGCACAAGGACAGTCTTACCCCC
F: ATCTTGATTTTGATGGTGGAGGGAGC

comp 48505 528 600 no
R: TGGACTCTGGTGACGGCGTAACTC
F: GCCTTAGAACTTGATGCCAGCCTG

comp 45541 741 800 no
R: TGGCTCCCGCCTGTGTATTGTG
F: AAAGCCCCAGACACGACAACAGG

comp 55595 794 - -
R: CTCCTGTGGTCCAAAAGGTGCG
F: CCAGAATGTGTTGTCACCGAGCC

comp 56676 1319 800 no
R: GACACCTGGATGGGCTGCTCAA
F: CTGGGAAACCTTCGCTGGCAAC

comp 58769 566 700 yes
R: ACGCCGTCCACATCCTCAAAGT
F: CTCCGTTGGTTGGTGTCTTCCTC

comp 57303 670 1200 yes
R: TTTGTCAGCATCTCCAGATAGCG
F: GTAGTCCATCTTGATCTTGAGGCTGTC

comp 50558 833 - -
R: CTAACGGTTATCGCCGGTTTGTG
F: AGGATACCCAAGGGCTTCTCAAT

comp 17448 736 1600 yes
R: TCTACCAGCTCATGTCCAACCAG
F: TGTAGACGGTCTGCCAGCCTTTG

comp 40819 1208 2500 yes
R: GCGATACCATCCCGCTTACTCCC
F: AGTTGGCTCGGTGGAATCTTGTG

comp 52896 760 - -
R: ATCGCTGTAGTCTATCCTGAACTTGG
F: AAGGGCAAGCAAATACCAGAAAG

comp 32720 569 569 no
R: ACAGGCACGGATACCGCATCGTC
F: TTGGAAACCGAGGCTTCTGGACC

comp 57375 815 900 no
R: CCCACCGAAGTATCCTCCGACAT
F: GCCGCTCGTGTTCAACCTCTGTC

comp 46623 761 800 no
R: CGAATCCGCTAACATGACTTTACT
F: ATTCATTTATTATTCAAGGGCAATC

comp 49193 522 1200 yes
R: GTGACAGTCGCCTTGTTGGTGCT
F: AGGCATCATGGTTGGAATGGACC

comp 54937 999 - -
R

: CATTTGCGATGAACGATAGTGGG

«w

Note: “—~"denotes no amplification result.
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Tab.2 The growth trait parameters of Portunus trituberculatus
n=45;x +SD
trait group
SG LG

/g body weight 121.966 7+24.932 77 216.855 1£29.527 14

/mm full carapace width 125.112 7+£9.136 15 150.054 0+7.010 56
/mm carapace width 61.368 0+4.868 59 77.160 9+4.0413 8
/mm body length 62.949 8+3.967 00 73.815 1+£3.897 18
/mm body height 32.863 6+2.671 19 37.987 3+.907 50

R I ZHERTEIESHERZEMNEXRLY
Tab.3 Pearson correlation coefficient between morphological traits in Portunus trituberculatus
trait body weight full carapace width carapace width body length body height

body weight 1

full carapace width 0.927** 1
carapace width 0.945%* 0.923** 1
body length 0.907%* 0.885%* 0.882%* 1
body height 0.841%* 0.840%* 0.832%* 0.873%* 1

D EE (P<0.01).

Note: ** denotes extremely significant correlation (P<0.01).

2.2 DNA - (Hardy-Weinberg equilibrium, HWE)
1 , DNA , ( 4
DNA , , 4 , SNP
(H,) 0.162 8~0.833 3, (He)
— ol o 0.189 6~0.591 2;
-1 ¥ =t vor 7Y Ty - 21
vl ' - - -~ (H,) 0.222 2~1.000 0, (H.)
0.436 7~0.909 9;
SNP 221
comp57303-F54  comp57303-F352
SNP ,
Fig.1 Gel eiectrophoresis of Portunus t}zuNchulatus genome DNA comp33883-R42 (P<0.01)
Hardy-Weinberg , comp32720-F318
2.3 SNP (P<0.05) Hardy-Weinberg (HWE),
, 30 SG LG HWE
, 10 , “ | I
SNP , )
; SG LG , HWE
24 SNP SNP
POPGENE SNP comp55883-R42 comp32720-F318
(observed heterozygosity, H,) , SNP HWE
(expected heterozygosity, H.) SNP MAF 0.05, SNP

(minor allele frequency, MAF)
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Tab. 4 The analysis of gene polymorphism of SNPs

SNP H, H. MAF — HWE(p)
SG LG SG LG SG LG SG LG
comp55883-R42 0.756 8 0.756 8 0.476 9 0.476 9 0.378 4 0.378 4 0.000 3 0.000 3
comp58070-R31 0.255 8 0.4318 0.3209 0.499 2 0.197 7 0.443 2 0.172' 1 0.364 8
comp57303-F54 0.162 8 0.250 0 0.189 6 0.286 1 0.104 7 0.170 5 0.3279 0.3890
comp57303-F352 0.162 8 0.250 0 0.189 6 0.286 1 0.104 7 0.170 5 0.3279 0.3890
comp32720-F129 0.2195 0.2500 0.197 8 0.2213 0.109 8 0.1250 0.459 2 0.368 6
comp32720-F318 0.476 2 0.5455 0.367 2 0.401 3 0.238 1 0.272 7 0.049 3 0.0153
comp46623-F49 0.348 8 0.386 4 0.396 4 0.499 2 0.267 4 0.443 2 0.4225 0.129 2
comp46623-F358 0.2750 0.162 8 0.3085 0.189 6 0.187 5 0.104 7 0.478 8 0.3279
comp46623-F511 0.2326 0.2955 0.2430 0.367 6 0.1395 0.238 6 0.770 6 0.184 2
comp49193-R333 0.5833 0.8333 0.476 1 0.5912 0.069 4 0.1111 0.266 3 0.005 6
2.5 SNP (P<0.05); comp46623-F49
SPSS 17.0 (P=0.05); comp49193-R333
(P<0.05),
, comp58070-R31 (P>0.05) SG LG
(P<0.01), , comp55883-R42
(P>0.05); comp32720-F3182 2
, comp58070- 2 HWE
R31 3 , ¢ 1 5
(P<0.01), 2 ( 9
x5 SNPmS5ERKMKEIXEKDH
Tab.5 The correlation analysis of DNA SNPs with growth traits
multivariate analysis of variance
SNP . mutation of general linear model MANOVA
mutation . )
SNP locus base location type x(P) body full carapace body body
weight carapace width width length height
comp55883-R42 C-T int N 0(1.000) 0.752 0.464 0.985 0.953 0.696
mitron
comp58070-R31 G-A ORF ~9.792(0.007)" 0.001"  5.58E-05"  2.38E-04"" 0.011" 0.033"
synonymous mutation
comp57303-F54 A-G ORF . 1.453(0.484)  0.167 0.281 0.229 0.494 0.607
synonymous mutation
comp57303-F352  G-A int N 1.453(0.484)  0.167 0.281 0.229 0.494 0.607
mitron
comp32720-FI129  A-C 3'UTR N 0.110(0.741)  0.487 0.478 0.649 0.964 0.391
comp32720-F318  G-C 3'UTR N 0.413(0.521)  0.519 0.540 0.622 0.571 0.841
comp46623-F49 C-T ORF . 4.981(0.083)  0.157 0.073 0.050" 0.366 0.158
synonymous mutation
comp46623-F358  C-T ORF . 3.875(0.144)  0.397 0.226 0.360 0.439 0.200
synonymous mutation
comp46623-F511  C-T ORF . 2.604(0.272)  0.261 0.358 0.268 0.407 0.323
synonymous mutation
comp49193-R333  G-A-C int N 6.090(0.107)  0.155 0.199 0.032" 0.298 0.290
intron
o (P<0.05); ** (P<0.01).

Notes: *denotes significant correlation (P<0.05); ** denotes extremely significant correlation (P<0.01).
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Identifying SNP markers correlated with growth of swimming crab
(Portunus trituberculatus) based on a comparative transcriptome

ZHANG Dening" %, LV Jianjian', LIU Ping', FENG Yanyan', GAO Baoquan', LI Jian'

1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: Comparative transcriptomics data have become one of the most important ways to study single nucleotide
polymorphisms (SNP). We have identified 129 gene segments associated with growth. SNP is a third-generation mo-
lecular marker and is useful for breeding rapidly growing species, such as the swimming crab, Portunus trituberculatus.
We developed an efficient method to select SNPs correlated with P. trituberculatus growth. Time-of-flight-mass spec-
trometry was used for SNP typing, and the chi-square test was used for the correlation analysis. Nineteen gene segments
were amplified based on comparative transcriptomics, and a total of 17 387 bp DNA fragments were amplified. SNP
frequency was estimated to be 0.43/100 bp of DNA sequence, the conversion mutation rate was 80%, and the transver-
sion mutation rate was 20%. The conversion ratio was far greater than the transversion ratio to comply with the princi-
ple of “transition bias”. The G/T (C/A) rate was 20%, the A/T rate was 9.33%, the G/C rate was 10.67%, and the C/T
(G/A), which is the most common gene mutation type, was 60%. The intron mutation frequency was 1.34/100 bp and
that of exons was 0.17/100 bp, indicating that the exon mutation frequency was more conserved. Three SNP markers
were significantly correlated with growth traits, and P-values of 10 SNPs were < 0.05. The chi-square test result re-
vealed that comp58070-R31 was closely related to growth traits (P<0.01). A multivariate analysis of variance showed
that comp58070-R31 was closely related to body weight, full carapace width, and carapace width (P<0.01). A signifi-
cant correlation was detected between body length and body height(P<0.01). Loci comp46623-F49 and comp49193-R333
were significantly correlated with carapace width (P<:0.05). Observed heterozygosity of the P. trituberculatus SNPs
was 0.162 8-0.833 3, and expected heterozygosity was 0.189 6-0.591 2, indicating less information content than that
from microsatellite markers. These SNPs will be helpful for pedigree analysis, association studies, and
marker-associated selection in this crab species.

Key words: Portunus trituberculatus; growth trait; transcriptome; SNP; correlation analysis
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