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Table 1 Characterization of 46 polymorphic SNP loci of Apostichopus japonicus used in this study
(5—3) SNP
. Primer sequences Annealing temp. Amplicon SNP type and
Locus Accession no.
(5—3) /C length(bp) location
F:GAACCTGAAGGAGGATTAAGACC
SNP4 GH986253 60 63 A/G 776
R.: GAAGTAGTCCGACCGTTCCAC
F.GCTAATTTGACAGGTATCACACACC
SNP8 GH253714 i} i} 60 86 A/G 851
R: CAACACCTTTAGTGGTAGCGGC
F. ACTCACTGTGCTGGAACTGTCG
SNP20 GH253420 60 67 A/G 586
R. CGCCGTAAAGGCTGACTGATT
F. GTCTTAACCAGACCTCTTTCCTATT
SNP26 GO253762 60 114 A/G 723
R: ATGGGACTGATTCTATAACTATCGG
F. GGTAACCAAAGGGTGTAGCAGC
SNP27 GH986068 60 91 A/G 412
R. ACCTGACTTACGTCGGTCTGAAC
F: GACTGCTCGTAAATCAACTGGTGG
SNP33 GH986384 62 71 T/G 287
R: CACTCTTTCTGGCTGCCTTGG
F. GCAACCGTGGAGAAAAAGAAT
SNP59 (0253323 60 97 A/G 389
R:AACTTTTTCCGTTTACCAGAGTAAC
F:GGGGAGTCACAAGTATGTATCAGAG
SNP62 GH985579 60 89 A/G 258
R: TGTAGTGCCATGTACGGATTCTC
F. TATCTGCCATTTTGTTTACCTCTCT
SNP68 GR706505 60 126 A/G 642
R: TTGACCTGTGTAGTAAGGCTGATAC
F. GGAAGCGTGCTCTTATTAGGAAC
SNP84 G0O270701 60 132 A/G 106
R: GATAGAGCAGACTTTTGAAGGGAG
F. CCCATATTGACGAGAAGGATTGC
SNP88 G0O495976 62 134 C/T 441
R: GACCTGACTTACGTCGGTCTGAAC
i F.:GAAGAAGTGACCAAGAAGAGGACC
SNP92 GR706116 60 110 A/G 422
R: CTGACCTCTGGCTTCTGATTCTT
F.GGTGCTGTATTTGCTATATTTGCC
SNP105 GR706656 60 139 A/G 434
R: AGTGTTGTGGGAAGAAGGTTAGG
F. GATTACCCAGACGCTTATACAACAT
SNP106 GR706656 60 163 A/G 625
R: ATTGTCATTCCAGAGATGCGG
F.:AACATCTTGGAAACAGGAAAGTCAC
SNP115 G0O496096 . i 60 64 A/G 219
R: CTGGTTTACTGTGGTTTGCTTCAT
F. CTTTCAGTGTGTAATGTGTGGTTGG
SNP123 GH550818 62 167 C/T 124
R:GCACAAATGAAGTGTTGACGATAAG
F.: TGTGTTGGTGAGAGCGGTGAC
SNP126 GH985773 62 85 C/G 255
R:.CTTTTGAGAAGACTGGTGTCTGTCC
F. AGGGTGACAACAAGGTCCAGG
SNP131 G0269824 60 74 C/T 262
R: AGCCTCTGTTGGGTTGAATCC
F. GGACGGCAAGTTCAACCAGAT
SNP136 GR706115 60 109 C/T 479
R. CCAATAATGACGAAGACCACGAT
F:GAGGATGTTAGAGGCAAGAACTGTC
SNP138 GR706048 62 78 C/T 464
R: GACCATAGAGCAATACTTGTCCCTG
F. TGAGGGAGTTGAAGGAGCAGTAGT
SNP141 GH986450 60 120 C/T 488
R. ACCTCCATTCCCAGAAAGATACTC
F. AATCTGAACTTAGCAAACTCAAACG
SNP143 GH985516 60 111 C/T 388
R. CCTGGAGTTCTCGGCTGGTAT
F. GGTAACCAAAGGGTGTAGCAGC
SNP146 GR706693 R 60 59 A/G 244

: GTAGGGAATTAACGGACGAACAG
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F: CTTGCCAGGGTGACAGCG
SNP147 GO253384 60 87 A/G 736
R: CATATCCCCAACTGGTGACTCC
F: AGGTTCTTGTTTTGCTATCATTGTT
SNP148 DY625372 ) ) 60 103 A/G 151
R: AGTTTACCCGTGTTCAGCCAT
F: AATGTCATCAGAGTCAACTGGTCC
SNP149 G0O253404 60 63 C/G 415
R: GTTAGATGTGGAGACCCCATAGAG
F. AACACTGGCTACAACAGAGGACC
SNP153 GO270690 o 60 67 A/G 442
R: CTCAAAGCGACCGATTGTGC
F: GTTGTTTCTGTTTGGTGCTTTTTTC
SNP154 GH551555 ] ] 62 118 C/G 721
R: CCACCAAGCACACCAAAAATG
F. CGCAGATGAAACTGTTGAGCAT
SNP155 GR706565 62 126 C/T 742
R: TGACAAGAAGAGGCTTTTCCAGAT
F: GACCCTACCCTGGAGGTTGC
SNP163 GH550645 60 155 T/G 765
R: ATCTCCGTGGTGGTGAATGACT
F. CCATTTGCTCTTTGAAGACTGTTT
SNP164 GH551587 60 124 A/C 68
R: ATTGCTACAGTGCAAAAGACGAG
F. GCCAAGGGAACCCAGGACT
SNP166 GO270325 62 119 A/C 289
R: TTCAGTGCCTTGATGATGAGAGAG
F:GGAGGAGAAGTTGAACAAGGCAC
SNP175 GH985470 62 111 A/C 301
R: AAACTGTCGCCATCTTGCTTG
F: TGAAGTTATTTGGCAAGTGGAGC
SNP177 DY625159 60 113 A/G 188
R: CGGAAACGCTTGACCTGGT
F: CAGTGCCCAGCCGTAGAAC
SNP178 DY625289 60 72 C/T 153
R: CATCAGTTTCTTGCCATTGTTTC
F:CGGAGAAAATGTCCTGATGTAAAC
SNP183 GH550884 62 111 C/T 334
R:CCAGTGAATGTGTCTGATCAAACG
F: CTTACTTGCTGATTTTGTGTGGTG
SNP186 GR706604 ) 60 56 A/G 607
R: TACGGTCTACAAGGAACATACACTG
F: ATGCTCTAGTTTCCTTCCATTACAC
SNP187 GR706604 60 157 A/G 854
R: ACAAACTGTTTTCCGATTTATGGT
F:GCTCTCAGGGTCAGTGTACTCAAGT
SNP189 GH986408 62 64 A/T 263
R: ATGATGGAACGGTTTGTGTCG
F: ACTGGTCAACTTCCAAAGCGTAT
SNP213 GH549884 i o 60 68 C/T 241
R: TCATCTCACAGTAGCCCTTGGTT
F: AATGTGCTACTCATGGGGTGATT
SNP216 GO269843 60 104 A/G 427
R: AGTCGGGGATCTCTCTCCTTATT
F: AACTGGATGTGGTTACACGAGG
SNP217 GH985485 60 156 C/G 551
R: CTTTGGGGAGGTCTGATGGTC
F: CTGCTCTATTCTGTGCTTTATGTCC
SNP222 GH551382 60 60 C/T 351
R: ATTGGGAGTGCTTCAAGTCATAAC
F: CAGGGATGGTGCTCTTTACGAT
SNP223 GH550323 60 92 T/G 175
R: ACTGCCACCAGCAATTCCAG
F: GTCTTATGGTTGCTTTCCTTATCCT
SNP225 GH550784 60 140 A/G 565
R: AACACCGTTCTCTCTGGTCAAAT
F: GCTATCAGACGCCCCCTACTT )
SNP228 GH551832 60 58 A/C 447
R:GTAACGTCAGAGAAGGACAGTGGT
2.1 SNP
46 : (PIC)  0.2738, PIC
SNP147, 0. 3750; PIC SNP59.  0.0302C 2),
0.0156—0. 5000, 0.2631, SNP141 0. 4688. SNP59
0. 0312, 0. 2428; : 0. 3510,
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SNP20 9 ) 0. 2617, - 18
(P<C0.05),
2 SNP
Table 2 Genetic diversity parameters at the 46 SNP loci in a full-sib family of A. japonicus
P
Locus Ho He PIC Fixation index P value
MAF
SNP4 0. 3065 0.2903 0. 4320 0. 3348 0.3170 0.0678
SNP8 0.2258 0. 2581 0. 3554 0. 2885 0.2619 0.1372
SNP20 0.1129 0.2258 0.2036 0. 1802 —0.1273 0. 3815
SNP26 0.0161 0.0323 0.0323 0.0312 —0.0164 1. 0000
SNP27 0.2742 0.2903 0.4045 0.3188 0. 2706 0.1189
SNP33 0. 4355 0. 4194 0. 4997 0.3708 0.1471 0.3625
SNP59 0.0156 0.0312 0.0312 0.0302 —0.0159 1.0000
SNP62 0.3438 0. 1250 0.4583 0. 3494 0.7229 0.0000*
SNP68 0.0156 0.0312 0.0312 0.0302 —0.0159 1. 0000
SNP84 0. 2500 0.3750 0. 3810 0.3047 0. 0000 0.9279
SNP88 0.2188 0.3125 0.3472 0. 2834 0. 0857 0.5708
SNP92 0.1719 0.2812 0.2892 0. 2442 0.0120 0.8734
SNP105 0.0156 0.0312 0.0312 0.0302 —0.0159 1. 0000
SNP106 0.0625 0.0625 0. 1190 0.1103 0. 4667 0.0465*
SNP115 0.2031 0.2812 0. 3289 0.2713 0.1312 0.4183
SNP123 0.3594 0.2812 0. 4678 0. 3545 0. 3892 0.0222*
SNP126 0.4516 0.2581 0.5034 0.3726 0.4790 0.0050%
SNP131 0. 2656 0.2812 0.3963 0. 3140 0.2791 0.1046
SNP136 0.4531 0.2188 0.5035 0.3728 0.5586 0.0009*
SNP138 0. 4844 0.2812 0.5074 0.3748 0. 4370 0.0093*
SNP141 0. 3281 0. 4688 0. 4479 0. 3437 —0.0631 0.7872
SNP143 0.3167 0.2333 0. 4401 0. 3391 0. 4608 0.0097*
SNP146 0.1719 0.1562 0. 2892 0. 2442 0.4511 0.0169*
SNP147 0. 5000 0. 2500 0.5079 0. 3750 0. 5000 0.0028*
SNP148 0.0156 0.0312 0.0312 0.0302 —0.0159 1. 0000
SNP149 0.3125 0. 1875 0.4365 0.3374 0.5636 0.0011*
SNP153 0.2031 0.3438 0.3289 0.2713 —0.0618 0.7869
SNP154 0. 2969 0. 3438 0.4241 0.3303 0.1766 0. 2826
SNP155 0.4531 0.2188 0.5035 0.3728 0.5586 0.0009*
SNP163 0.2742 0.2258 0. 4045 0. 3188 0.4327 0.0151*
SNP164 0.2969 0.3438 0.4241 0.3303 0.1766 0.2826
SNP166 0.3387 0.4194 0. 4553 0. 3476 0.0639 0.6555
SNP175 0.3125 0. 2500 0. 4365 0. 3374 0.4182 0.0155*
SNP177 0.3226 0. 3871 0. 4442 0. 3415 0.1143 0. 4695
SNP178 0.3125 0. 4375 0. 4365 0. 3374 —0.0182 0. 9895
SNP183 0.4839 0.2581 0.5077 0.3747 0.4833 0.0046*
SNP186 0.0625 0.0625 0.1190 0.1103 0. 4667 0.0465*
SNP187 0. 1406 0.1562 0. 2455 0.2125 0.3535 0.0639
SNP189 0. 3281 0.4062 0. 4479 0. 3437 0.0786 0.5942
SNP213 0. 3750 0. 4375 0.4762 0. 3589 0.0667 0. 6409
SNP216 0. 4355 0. 3548 0. 4997 0.3708 0.2783 0.0996
SNP217 0.1667 0. 2000 0. 2825 0.2392 0. 2800 0.1328
SNP222 0.4219 0.1562 0. 4955 0. 3688 0.6797 0.0000*
SNP223 0.0645 0.0645 0.1227 0.1134 0. 4655 0.0483*
SNP225 0.4219 0. 3438 0. 4955 0. 3688 0.2953 0.0774
SNP228 0.0625 0.0625 0.1190 0.1103 0.4667 0.0465*
0.2631 0.2428 0. 3510 0.2738 0.2617 0.5295
: MAF, minor allele frequency; P - ;K7 (P<<0.05)

Note: MAF= minor allele frequency; P value means deviation from Hardy-Weinberg equilibrium; “ % ”

from Hardy-Weinberg equilibrium (P<Z0. 05).

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.
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2.2 SNP
N N N SNP , 10 SNP
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( N N N ) AA AB ,
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0.035), BB AA (P<C0.05), SNP183
AB AA BB (P<<0.05),
( 3,
3 SNP N N N

Table 3 Significant correlation analysis between genotypes of SNP markers and growth traits

Body wall Dressing

Locus Body length Body width Body weight
weight percentage
SNP4 — 0.016* — — -
SNP146 0.012* 0.010%* 0.003** 0.004** —
SNP154 - - - 0.046* -
SNP163 — — 0.041%* 0.043%* -
SNP164 - 0.017* 0.027%* 0.041% -
SNP175 0.039* - - - -
SNP178 0.031* — 0.044%* — —
SNP183 — — — — 0.021%
SNP189 0.009* * - — - —
SNP216 0.010* 0.002** 0.000* * 0.000* * 0.049%*
( N N . ) SNP ;%7 P<<0.05, “*% *x” P<<0.01,*—”

Note: Values in Table 3 are the probability of association analysis (P) between SNP loci and body length, body width, body weight, body

wall weight and dressing percentage, * “means P<C0. 05, “ % "means P<C0. 01,“—"means no significant correlations.
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4 10 SNP N N
Table 4 Multiple comparisons of body length, width, body weight, body wall weight and dressing percentage
with genotypes of SNP correlated with growth traits in A. japonicus
. . Body wall Dressing
Locus  Genotype No. Body length Body width Body weight )
weight percentage
AA 16 27.73412. 36 3.64+1.06 3640. 33 0.2340.22 0.63+0.09
SNP4 AB 9 24.254+6.30 3.20+0.76 0.1740. 09" 0.1240. 06 0.65+0.05
BB 4 31.55411. 36 5.15+2.51 0. 65+0. 642 0.42+0.41 0.63740. 04
AA 23 27.09410. 06 3.6941. 31 0.3540, 31 0.22740. 20 0.64+0.08
SNP146 AB 5 21.1947.72° 2.8840. 61" 0.1140. 08" 0.0740. 02" 0.62+0.05
BB 3 42.73+5.10° 5.76+0.33% 0.99+0. 34° 0.6640. 25" 0.66-+0.03
AA 16 23.5947.95 3.35+0. 82 0.25+0.11 0.16+0.07" 0.61+0.06
SNP154 AB 10 29.1747.25 3.95+0. 96 0.3140.21 0.214+0. 14% 0.67+0.06
BB 4 36.32417. 38 4.42+1.22 0.66+0.59 0.4240. 37° 0.67+0.06
AA 19 26.42+9. 98 3.52-0. 94 0.25+0, 24 0.17+0. 15% 0.65+0. 08
SNP163  AB 6 23.0849. 22 3.1840. 70 0.17=0. 14" 0.1040. 08" 0.5940. 09
BB 4 33.73413.09 4.70+2. 68 0.79240.70° 0.52£0. 45° 0.66+0.04
AA 16 24.1047.29 3.3240. 78" 0.1940.11° 0.1340. 08" 0.64+0.09
SNP164 AB 11 29.22413.51 3.6841. 22 0.4340. 38 0. 28740, 24 0.63+0.06
BB 3 35.7947.51 5.75+2.51% 0.8340.67° 0.5340.43* 0.63+0.03
AA 18 29.20410. 98 3.85+1.40 0.44+0. 38 0.284+0. 25 0.65+0.07
SNP175 AB 8 20.7748.53" 3.17£1.1.0 0.19+0.17 0.1440.12 0.6140.10
BB 4 30.6347.03" 4.03+1.44 0.34+0. 28 0.2240.18 0.65+0.03
AA 15 22.65+7.720 3.26+0.85 0.1740. 13" 0.1140.08 0.6340.08
SNP178 AB 12 29.9349, 82 4.07+1.69 0.4740. 44 0.3140. 29 0.65+0.07
BB 3 38.50+15. 452 4.37+1.39 0.61+0. 48 0.3740. 28 0.61+0.07
AA 11 27.89+13.03 3.65+£1.19 0.34=£0. 30 0.20+0.18 0.6140.05°
SNP183 AB 7 29.6349.63 4.00+0. 88 0.40-+0. 38 0.2840. 26 0.69-+0. 06°
BB 11 25.85+8.38 3.57+1.77 4340.32 0.27+0.21 0.6440.07
AA 15 29.4249.71 3.77+0. 28 31+0. 28 0.2040. 16 0.65+0.07
SNP189 AB 12 27.20410. 70 3.70+1.80 4840.41 0.32740. 26 0.64+0.07
BB 3 15.56+6. 92" 3.29+0.53 0.09+0. 05 0.05%40.03 0.5940.13
AA 12 21.68+7.50 2.8940. 61" 0.1340.07" 0.0840. 05" 0.61+0.09
SNP216 AB 9 27.77412. 88 3.6841.05% 0.3340.30% 0.20740. 192 0.64740.09
BB 8 33.15+7.70% 4,.62+1. 64° 0.60+0.51° 0.4040. 32* 0.68+0.03
(P<C0.05)

Note: Trait values of every SNPs with different superscript letters within a column are significantly different at 0. 05 level
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of Apostichopus japonicas
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Abstract: The aim of this study was to explore the correlation between SNP markers and growth traits
of sea cucumber (A postichopus japonicas. Forty-six SNP markers were used to analyze the genetic di-
versity of a full-sib family with high resolution melting method, and examine the correlation of SNP
markers with the body length, body width, body weight, body wall weight, dressing percentage with
general linear model (GLM). The results of genetic diversity showed that the polymorphism informa-
tion content (PIC) value ranged from 0. 0302 to 0. 3750, and the observed heterozygosity ranged from
0. 0312 to 0. 4688. Significant departure from Hardy Weinberg equilibrium was observed at 18 of 46
SNPs (P<C0.05). The analysis of correlation suggested that 10 of 46 SNPs correlated with the growth
traits significantly (P<C0. 05). Of 10 SNP loci, the genotype of AB at SNP183 locus was correlated
with dressing percentage while the genotype AA at SNP189 correlated with body length significantly.
The genotype BB at eight loci (SNP4, SNP146, SNP154, SNP163, SNP164, SNP175, SNP178 and
SNP216) significantly correlated with body length, body width, bodyweight, and body wall weight,
respectively, suggesting that genotype BB was superiority at these loci.
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