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Abstract
A total of 108 single nucleotide polymorphism (SNP) markers from the Iwagaki oyster, Crassostrea nippona were isolated 
and characterized based on high-throughput sequencing in this study. The minor allele frequency per locus ranged from 
0.0167 to 0.4844. The observed heterozygosity and expected heterozygosity varied from 0 to 0.9688 and 0.0333 to 0.5079, 
respectively. Eighteen loci showed significant deviation from Hardy–Weinberg equilibrium. These SNP markers described 
in this study will provide a valuable tool for population genetic analysis and natural resource conservation of C. nippona.
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The Iwagaki oyster Crassostrea nippona is a commercially 
important bivalve, which is distributed along the coasts 
of Japan, Korea and China (Boudry et al. 2003; Itoh et al. 
2004; Yoon et al. 2008). The commercial price of C. nip-
pona is nearly five times as high as that of the Pacific oyster 
C. gigas in Japan, as it is edible during the summer when the 
other oyster species are unavailable (Itoh et al. 2004). Since 
the production of C. nippona is based almost exclusively 
on natural stocks, over-exploitation has led to continuing 
decline of the natural populations over the decades (Fujiwara 
1995; Li 2007). Therefore, it is urgent to perform population 
genetic investigation on C. nippona to conserve the wild 
resources. Single nucleotide polymorphisms (SNPs) are now 
the most popular DNA markers in genetic studies because of 
their high level of polymorphism, favorable reproducibility 
and wide genomic distribution (Vignal et al. 2002). With 
the rapid development on next generation sequencing tech-
nologies, discovery of large numbers of SNPs in any non-
model organisms of interest is becoming easier and faster. 
In this study, we developed and characterized SNP markers 
in C. nippona for the first time based on the restriction-site 

associated DNA (RAD) sequencing. These markers will 
facilitate the researches on conservation genetics and genetic 
evaluation in C. nippona.

To obtain SNP marker resources, the RAD libraries were 
constructed and sequenced on the Illumina HiSeq 2500 
platform using 150-bp paired-end reads. A total of 538,594 
putative SNPs in C. nippona was identified, of which C/T 
and G/A were the most common substitution and the ratio of 
transition to transversion was 1.22. Four hundred and twenty 
putative SNPs were randomly chosen for primer design using 
Primer Premier 5.0 and evaluated for polymorphism by high 
resolution melting (HRM) analysis in a cultured population 
of C. nippona from Yantai, China (n = 32). Genomic DNA 
was extracted from adductor muscle by standard proteinase 
K digestion and phenol–chloroform extraction. PCR was 
performed in a total volume of 10 µL on a Light  Cycler® 480 
real-time PCR instrument (Roche Diagnostics Burgess Hill, 
UK). The reaction mixture contained 0.25 U Taq DNA poly-
merase (Takara, Dalian, China), 10 × PCR buffer, 0.2 mM 
dNTP mix, 0.4 µM of each primer set, 1.5 mM  MgCl2, 5 µM 
SYTO9 (Invitrogen Foster City, CA, USA), and about 10 ng 
template DNA. The PCR amplification procedure was as 
follows: first denaturation at 95 °C for 5 min, then 45–55 
cycles of denaturation at 95 °C for 40 s, annealing and exten-
sion for 40 s at 62 °C for the first cycle and thereafter at 
0.5 °C decrease each for 10 cycles, and a final extension at 
72 °C for 40 s. Following amplification, the products were 
denatured at 95 °C for 1 min, and then annealed at 40 °C for 
1 min to randomly form DNA duplexes. Melting curves were 
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Table 1  Characterization of 108 SNP markers in the Iwagaki oyster Crassostrea nippona 

Locus ID Primer sequence (5′–3′) Size (bp) Tm (℃) Types Ho He MAF FIS PHWE

CNP1 F: TGT TGA CGA CTG AGA GCT GG
R: CGA TCA CAT ACT GAC GTG TCC 

90 60 G/A 0.3548 0.2967 0.1774 − 0.2157 0.2553

CNP3 F: AGT GGT TTG AGG CAC TCG TC
R: TAG TTC TGG CCA AGC ACC C

116 60 C/A 0.3667 0.3045 0.1833 − 0.2245 0.2442

CNP8 F: ATG CTG TTT CAT GTT TGG GA
R: TCT GTT TGG GTT TCG GTT GT

113 60 G/T 0.3333 0.4520 0.3333 0.2500 0.1419

CNP10 F: ATT GCA TAG CAA AGA TCG CC
R: ACA TTC GGG ATG AAG ACT CG

124 60 C/A 0.1562 0.1463 0.0781 − 0.0847 0.6704

CNP11 F: AAT TCG CCT TAT TTA CTT AGA GGA 
R: ATC TCT GAA ACA CCA TCC GC

113 60 G/C 0.0645 0.4823 0.3871 0.8640 0.0000*

CNP14 F: ATA AGT CAC ATG CGC GGT TC
R: GAA AAA GCA CAC CAA AGC GA

85 60 A/C 0.0000 0.4528 0.3333 1.0000 0.0000*

CNP16 F: CGC AAG ATT TGA CAA TTT CTGT 
R: CCA CTT CGA TTT CAA TTT GTG 

111 60 G/A 0.3548 0.2967 0.1774 − 0.2157 0.2553

CNP19 F: CTC CGC CCC TTT AAA AGT CT
R: AAA AGT CTG AAA TTG CTT GCG 

124 60 C/T 0.1250 0.1190 0.0625 − 0.0667 0.7458

CNP24 F: TGG CCA TTG GTA AGT AAG GC
R: AAG CGA GCA TCT GTC GAT CT

115 60 C/T 0.0000 0.3913 0.2593 1.0000 0.0000*

CNP26 F: CGG CCA AGA ATA CCT TGA CT
R: CTA CTT GGA TGC TTC CGG TG

83 60 G/A 0.2500 0.2222 0.1250 − 0.1429 0.4528

CNP27 F: CCC ATT GCA CAA CGT TAC AA
R: CCG GGG TTA CGT GGT ATT TA

104 60 T/G 0.3571 0.2987 0.1786 − 0.2174 0.2786

CNP38 F: GGA AGA AAA CCA GTG CAT CAA 
R: ATG AAC TTT TTG GCG ACC TG

86 60 C/G 0.0312 0.0908 0.0469 0.6503 0.0000*

CNP41 F: TCG TGT CTT TCT TCG CCT TT
R: AAG GCA CTC TGA AAC AAG CC

102 60 T/G 0.1250 0.1190 0.0625 − 0.0667 0.7458

CNP45 F: TCT AGG CCA TTT ATC CGT GG
R: CAG AAA ATG CAC TCC CTT GG

87 60 C/T 0.0938 0.0908 0.0469 − 0.0492 0.8216

CNP55 F: TGC AGG AAG AGG ATG ATC TG
R: ATA AGC AAC AAA CCG CAA CC

113 60 A/G 0.7097 0.4654 0.3548 − 0.5500 0.0029

CNP67 F: TTT GAG AGA ATT GCA GCC G
R: CAG TCT GGA TTT CTC TGC TGG 

82 60 T/C 0.0645 0.0635 0.0323 − 0.0333 0.8964

CNP68 F: CCA CTT TCA CTT TTT GGG ACA 
R: CCC CCA ACT TCC TAA AGT CC

91 60 C/T 0.3871 0.3173 0.1935 − 0.2400 0.2036

CNP79 F: TGC TTT GCA CCT TTC AAT ATACA 
R: TGC TCT AAC GGC CTT TTG TT

99 60 C/G 0.0625 0.0615 0.0312 − 0.0323 0.8981

CNP91 F: TGT CCG CCC TTC TTA CAA AC
R: CAA ATA AAC GCA CCC CAC TT

103 60 G/A 0.5938 0.4241 0.2969 − 0.4222 0.0207

CNP95 F: AGT TCA TCC CGT ATT GCG TC
R: ACA ATG CTT CAA AAC TCG CC

117 60 G/A 0.2333 0.2593 0.1500 0.0850 0.5632

CNP105 F: GCA GTC TCT GAA GAG CAG GAA 
R: CAC GTT TTT GCC ATG CTG TA

98 60 C/T 0.5938 0.4955 0.4219 − 0.2172 0.2543

CNP113 F: AGG ACA TTT CGT GGT TCG AT
R: CCA TCT TTT GGG ATA CAG GC

99 60 G/A 0.0645 0.0635 0.0323 − 0.0333 0.8964

CNP124 F: AAG GCG CTG TAA AAA CGA AG
R: GAT GAA GAG AGG CGT TTT GC

104 60 T/C 0.3333 0.2825 0.1667 − 0.2000 0.3020

CNP133 F: CGT AGT CTT TGG TTT GCA ATCTT 
R: CAG GGA AGG AAC TGC AAG AG

89 60 G/A 0.2903 0.2522 0.1452 − 0.1698 0.3020

CNP137 F: GCA GCT GAA ATG TTC CTC CT
R: GGA AAT AGA GAC CAA ATA CGCA 

117 60 T/C 0.5938 0.4241 0.2969 − 0.4222 0.0207

CNP145 F: CCT CTT TCG AGA AAA TAA CCCA 
R: TCA AAG CAG AGC AAC AAG GA

115 60 G/T 0.2069 0.1887 0.1034 − 0.1154 0.5736

CNP150 F: AAG AAG CAC ACA TAC CGC CT
R: AAC TGT TCG GTG AGA GCC AG

118 60 T/G 0.0000 0.4950 0.4194 1.0000 0.0000*
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Table 1  (continued)

Locus ID Primer sequence (5′–3′) Size (bp) Tm (℃) Types Ho He MAF FIS PHWE

CNP151 F: GGG TGT CAC CTT TTC CAC AA
R: GTG CCT TGG TCC TCT ACC AG

82 60 T/C 0.4138 0.3339 0.2069 − 0.2609 0.1815

CNP155 F: CAG TTT GAA CCT TTA CGC CC
R: TTA GCC GGA GGA AAT AAA AGG 

107 60 G/T 0.5484 0.4045 0.2742 − 0.3778 0.0423

CNP165 F: CTT CTG GGG AAC AGC AAC AT
R: GGT GTA AGC AGG TTT AGC CG

90 60 A/G 0.2581 0.2285 0.1290 − 0.1481 0.4436

CNP166 F: TTC CAA GTC AAC GCA GTT TG
R: TGA ACG GTT TGT CTT GCA TC

87 60 C/A 0.2857 0.2494 0.1429 − 0.1667 0.4130

CNP170 F: GGC TGT TTT CTC GAA GCA TT
R: CTA TGA CGC TCC ACA GCC AC

85 60 G/A 0.9688 0.5074 0.4844 − 0.9394 0.0000*

CNP171 F: AAT CAG ATT CTG GGC TTT GC
R: AAC CTT CGA CCT TTC GAC TG

111 60 G/A 0.8750 0.5000 0.4375 − 0.7778 0.0000*

CNP176 F: ATG GAG AAG CAA TTT GGG C
R: CCC AGT TCC GAG AAA TAC CA

98 60 A/G 0.0625 0.0615 0.0312 − 0.0323 0.8981

CNP178 F: GCC TCC TAA ACT CCA AAT TTCC 
R: GCT GAT AGA GAA CCA AAC TGT TGA 

93 60 T/C 0.7742 0.4823 0.3871 − 0.6316 0.0006

CNP180 F: CGA ACA ATG TTT TAG CCC GA
R: TGG TAC TGC TGG TGT CGA AG

101 60 T/C 0.0000 0.4881 0.4000 1.0000 0.0000*

CNP182 F: ATA ACC AGC TGC ATT TTG CC
R: CGA AGA ACA AGA CGA CCT GG

101 60 T/C 0.0000 0.4791 0.3793 1.0000 0.0000*

CNP189 F: TGC TTC AGA TTA ATG CCG TTC 
R: ATC GGA AAA CGC GTT ACA AA

106 60 T/C 0.0667 0.0655 0.0333 − 0.0345 0.8946

CNP192 F: TGC TAC CAT TTT CCT CAG CC
R: TCA TCA AGC GTG CCT TAG TG

90 60 C/T 0.9688 0.5074 0.4844 − 0.9394 0.0000*

CNP196 F: ACC CTG AAC ATC AAA ATG CC
R: GCG TAA AGA AGA AAC CAG CG

120 60 G/T 0.8387 0.4950 0.4194 − 0.7222 0.0001*

CNP197 F: AGA CAG ACT CGC TTT CAG CC
R: CCT CCT CTG GTT CGT CTG TG

90 60 A/G 0.8966 0.5033 0.4483 − 0.8125 0.0000*

CNP199 F: ATA GGC TGA CGC TGA TTG GT
R: GGT TTC TTC GTG TTG ACG TG

115 60 G/A 0.6250 0.4365 0.3125 − 0.4545 0.0126

CNP200 F: TTC AGG AGG TCT GAT ACC CAA 
R: GAC TTC GAT TTG CAC CTT CC

101 60 C/T 0.7500 0.4762 0.3750 − 0.6000 0.0009

CNP202 F: TGC CGT TCA TGA CTT ACG TG
R: ATC GGA AAA CGC GTT ACA AA

93 60 G/T 0.0625 0.0615 0.0312 − 0.0323 0.8981

CNP204 F: TGA TAA ACC TCT GCT CGC AA
R: AAG TGG CAT GGG TCT AGG AG

85 60 A/G 0.5667 0.5079 0.4833 − 0.1346 0.5193

CNP209 F: AGG GGC CTA TCT GCA TTT CT
R: ATT TTC CGT GAA AGG GTG TC

98 60 G/A 0.0000 0.1190 0.0625 1.0000 0.0000*

CNP225 F: AAT CAG CTT TGA TTC GTG GC
R: AAG CAA CAA CAA CAC AGA GGAA 

91 60 G/A 0.3438 0.2892 0.1719 − 0.2075 0.2660

CNP233 F: CTG GCT TCA ATC AGG TCA CA
R: GCA AGT GCA AGC TTT CCA AC

95 60 C/T 0.9688 0.5074 0.4844 − 0.9394 0.0000*

CNP242 F: CAA GTG CCA ATG TAA CCC CT
R: TGT TGC AGA GAT GTC AAA AGC 

89 60 A/G 0.1250 0.1190 0.0625 − 0.0667 0.7458

CNP252 F: AAA GGG ATG CAA CTC TTG GA
R: TGA CTC AAT ACA TGC CAG AACA 

92 60 T/C 0.4516 0.3554 0.2258 − 0.2917 0.1198

CNP254 F: GAT TGC TGA CGG TGT TTG TG
R: AAA ACC TCA AGG TGG ATT GAGA 

123 60 A/G 0.0000 0.1831 0.1000 1.0000 0.0000*

CNP256 F: TTT CAT GGT AGA TGA GTA GCA TCC 
R: GCG AGG AAA TCC GAG TCT TA

86 60 C/T 0.7407 0.4752 0.3704 − 0.5882 0.0030

CNP259 F: AGT CAG CCC TGG AGC ACT TA
R: GTG AAG CCA GTC CTT GAA GC

116 60 T/C 0.2258 0.2036 0.1129 − 0.1273 0.5148

CNP269 F: TGG AAT GTT TCA TTT TCC GC
R: TGT CAG CAA AGT GTA CAA AAAGG 

115 60 A/C 0.3448 0.4065 0.2759 0.1369 0.4011
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Table 1  (continued)

Locus ID Primer sequence (5′–3′) Size (bp) Tm (℃) Types Ho He MAF FIS PHWE

CNP270 F: ATC CCA TGG TGC ATT CAA GT
R: CAT AGG AGG ACT CGG CTG AC

81 60 G/T 0.3750 0.3095 0.1875 − 0.2308 0.2142

CNP273 F: TGG AGC GCA TTT CTT CAT AA
R: TGC CAA TTG TAA TGG ACG AT

91 60 C/T 0.2812 0.2455 0.1406 − 0.1636 0.3860

CNP274 F: ACC CAT TAG AGG TCG AGG GT
R: GAG CAT TTT AAC ACC CGT GC

105 60 T/C 0.2812 0.2455 0.1406 − 0.1636 0.3860

CNP282 F: TGG CAA ACT TGT CGG TAT CC
R: TCC TCA TCG CTT ACA TTC CA

97 60 C/T 0.7143 0.4675 0.3571 − 0.5556 0.0043

CNP283 F: ACC GGT AAT TTG AAC ACC GA
R: GGG GGT TGT TTA CTT AGG TGC 

98 60 C/T 0.5556 0.4088 0.2778 − 0.3846 0.0549

CNP288 F: GGG GTT CCG TTG GAA TTA TC
R: TGT GGG AGT ACC TTT TTG GC

85 60 G/A 0.4194 0.3728 0.2419 − 0.1433 0.4744

CNP291 F: GGG GGA ACA CCT GTC ACT AA
R: CCC TCC AGA ATC AGA CAT CC

112 60 T/C 0.6452 0.4442 0.3226 − 0.4762 0.0101

CNP292 F: GTT CAA CGA GCA CCC TTC TC
R: TTT ACC TGG AAA GAC CCT GC

84 60 A/C 0.3125 0.2679 0.1562 − 0.1852 0.3235

CNP294 F: CTC ATG CCT TTG GAA TGG TT
R: TCG GTG TTT ACT TTT TGC ATCTT 

92 60 T/C 0.1935 0.1777 0.0968 − 0.1071 0.5888

CNP295 F: TCC TGT GTC AGA TAA AGC TCCA 
R: GAC ATT CAC AGA TAC ACA GCCC 

117 60 T/C 0.2812 0.2455 0.1406 − 0.1636 0.3860

CNP298 F: GCA AAA TTC AGT GGT AGA GGAAA 
R: CAG ATC CCT GTG TAT AAG GACCA 

81 60 G/A 0.4828 0.3727 0.2414 − 0.3182 0.1008

CNP299 F: TCA AGG CAA AAT GGA TTC TATG 
R: GGA TGG TTT TGT ATG CCG AC

86 60 C/T 0.2143 0.1948 0.1071 − 0.1200 0.5653

CNP303 F: TTC AAA GAA TCG CCA TAG CA
R: CTT CAG ATT TCG GGA TGG AG

107 60 G/A 0.3548 0.2967 0.1774 − 0.2157 0.2553

CNP307 F: TTG CCC CCT AAA TGA ACA TC
R: AAT TGT GGG CAT TTG GAT CA

110 60 A/G 0.1875 0.1726 0.0938 − 0.1034 0.5958

CNP308 F: CTA TCC AGG AGC CTT TGT GC
R: CAG GCA ATG AAG GGG ACT TA

116 60 C/T 0.6429 0.4442 0.3214 − 0.4737 0.0153

CNP312 F: CTC TCT CCA ATG GAA AAA CAGA 
R: GTT TCC GGA ATC CTT TTG GT

80 60 T/C 0.7500 0.4762 0.3750 − 0.6000 0.0009

CNP315 F: CTG TAA GCG ATT CGA TCG TG
R: GAA ACC GAT CGG AGT TCA AA

85 60 G/A 0.3125 0.2679 0.1562 − 0.1852 0.3235

CNP316 F: GAG GAT GCA TTA TCA GGG GA
R: TTG ACA ATG AAA GTG TGT GGC 

83 60 A/T 0.1379 0.1307 0.0690 − 0.0741 0.7319

CNP319 F: AAT TCC TGT CGG ATA CCC AG
R: ACA AAT CTA GCA GCG GAG GA

92 60 G/A 0.5161 0.3892 0.2581 − 0.3478 0.0622

CNP320 F: AAT TCA CTT GAT TGG CAT CC
R: GCT TCG AGA AAA ATG GTT GG

126 60 C/T 0.0625 0.0615 0.0312 − 0.0323 0.8981

CNP321 F: ATC TCG TCG TCG ATG GAA TC
R: TTT TTG GGA ATT GTG GGG TA

94 60 T/G 0.6875 0.4583 0.3438 − 0.5238 0.0039

CNP322 F: TCC AAA GTT TGT CAA TGC TGA 
R: AGA AAA CCT GTT CCA ATG CG

97 60 G/C 0.3667 0.3045 0.1833 − 0.2245 0.2442

CNP324 F: TCC CAA GCC AAA CTC CTA AA
R: AAT TGG ACA TGT GGG TCC TC

93 60 C/T 0.4062 0.3646 0.2344 − 0.1320 0.5057

CNP326 F: ATA TTT TGA GGA AAC GGG GC
R: GTT GCC ATT AAC GGC TGT A

118 60 T/C 0.4375 0.3472 0.2188 − 0.2800 0.1291

CNP331 F: GAA CTT GCC ACC AAC GAA AT
R: TGT TCG TGG TCA TTT TCC TG

82 60 T/C 0.5000 0.3814 0.2500 − 0.3333 0.0795

CNP333 F: GCC AAT GTT ACA CAC CAA CG
R: AGA GCA AAC ACA CCT GAG GG

120 60 G/A 0.4688 0.3646 0.2344 − 0.3061 0.0962

CNP341 F: GAT GAC CCG GTA GTT GTG CT
R: GTC GTA AGG GGG ATG GGA TA

86 60 A/C 0.4516 0.3554 0.2258 − 0.2917 0.1198
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Table 1  (continued)

Locus ID Primer sequence (5′–3′) Size (bp) Tm (℃) Types Ho He MAF FIS PHWE

CNP344 F: CGT CAA CAT ATT GCT GGC TG
R: TGC ACA GGA TTT TAA AGA CGG 

84 60 A/G 0.8387 0.4950 0.4194 − 0.7222 0.0001*

CNP347 F: TCC CTC TTG CTC CAG CTC TA
R: CAC ATT CAT GGT CAA GGC AC

124 60 A/G 0.7097 0.4654 0.3548 − 0.5500 0.0029

CNP352 F: GGC ATT GTT TGA AAC TCG TG
R: GTG CGA TCT CCG GCT AAA TA

119 60 C/A 0.0333 0.0333 0.0167 − 0.0169 1.0000

CNP353 F: AGC ATT GTG TTT CCT CCT CC
R: TGG CAG TGA CCA GTA TGT GTG 

104 60 G/A 0.0333 0.4944 0.4167 0.9314 0.0000*

CNP356 F: CTT TCC CGT TTG TCA CCA CT
R: TGT AGG AAG CTG GCA GTG AA

91 60 T/C 0.1290 0.3173 0.1935 0.5867 0.0006

CNP357 F: AGG AAA CGT CGC AAC TCA AC
R: GAT TTG ATA GGG CCC TTG GT

96 60 G/C 0.1875 0.1726 0.0938 − 0.1034 0.5958

CNP365 F: CAA TAG CAA GCT GTT GGT GC
R: CCA ATG CCT GAT TGT CAT TCT 

92 60 T/C 0.5172 0.3902 0.2586 − 0.3488 0.0712

CNP368 F: ACA GTT TGT GTC TTC ATC ACGG 
R: CCC ACA ATT CTG TGC TGC TA

80 60 A/G 0.4815 0.3725 0.2407 − 0.3171 0.1158

CNP372 F: CAT ACA TGG CTA AGA CCC CG
R: TCA AAA TGA CTT AAT CCT GTCCA 

91 60 A/G 0.4828 0.3727 0.2414 − 0.3182 0.1008

CNP375 F: ACG CGT CAT CTG CAA TCA TA
R: TGG TTT TGC CTT TTA AGT ACGA 

81 60 G/A 0.1290 0.1227 0.0645 − 0.0690 0.7414

CNP377 F: GCT TCG GTC TAA GTT CTC CG
R: ATG GCT TTG TGG TAA CCG AG

81 60 A/C 0.6897 0.4598 0.3448 − 0.5263 0.0059

CNP379 F: GCA AAG TTG AAG AAA AGA ACTCC 
R: GAT CTG GTC TTG GTT GGG AA

98 60 C/T 0.1562 0.2892 0.1719 0.4511 0.0067

CNP381 F: TTC GTT GTA CAG ACA AGC AACA 
R: CCC TGA ACA GGT GTG TCA AA

91 60 T/C 0.4000 0.3254 0.2000 − 0.2500 0.1927

CNP382 F: TGC TAG CTG TTG TCA GTC GG
R: TGG TGT ACC TGA CAG TTC CCT 

85 60 T/C 0.1379 0.1307 0.0690 − 0.0741 0.7319

CNP384 F: CGC ATA ATG ATG GCG ATT CT
R: GTT CTC TCC CTG TCA CCC AA

109 60 A/G 0.0625 0.0615 0.0312 − 0.0323 0.8981

CNP385 F: ACC CAA ACA CTA CGA GGA CG
R: TCC TTC ATA GCT CGT TAC TGACC 

85 60 T/C 0.4062 0.3289 0.2031 − 0.2549 0.1685

CNP386 F: CCT CGC AAG AAA CTA CGC TT
R: AGC AGC CAG GTT GAA GTG TT

117 60 A/G 0.5806 0.4188 0.2903 − 0.4091 0.0276

CNP387 F: TCA TCT TGG AGC CTC AGT TG
R: CTG CCA TTC ATC AAC TGC TC

80 60 A/G 0.3125 0.2679 0.1562 − 0.1852 0.3235

CNP389 F: CGT GCA TGA TAG CAT ACA TTCC 
R: GCG GGC AGA TCG ATT AGT AT

110 60 G/T 0.6786 0.4565 0.3393 − 0.5135 0.0085

CNP390 F: CAG TCG AAG ACA AAT GGC AA
R: GAA AAT TGT GTA CCT TCC GCA 

102 60 T/C 0.1562 0.1463 0.0781 − 0.0847 0.6704

CNP391 F: AAG TGC ATC AAT TTC TGT GGA 
R: CAG AGC CAG GCT TGT GAT TT

106 60 G/A 0.1667 0.1554 0.0833 − 0.0909 0.6586

CNP400 F: ATA CTC CGA CGC CAA AGA TG
R: TAA GGG ACT GTT CTC GGC AT

96 60 C/G 0.0938 0.0908 0.0469 − 0.0492 0.8216

CNP402 F: ATT CTG TCC GCG TTT TTG AC
R: CGA TCA ACA TTG CCT CTT CA

114 60 G/T 0.0625 0.0615 0.0312 − 0.0323 0.8981

CNP405 F: TCT CTA CCC ATC TCC CAT AGAAA 
R: AGG CAA CAT TTG CTA AAG CC

91 60 A/G 0.2500 0.2222 0.1250 − 0.1429 0.4528

CNP409 F: CCT TTG GGT GGA GAA AAC AA
R: GCC TTG TCC ATG TGG AAT CT

116 60 G/A 0.8387 0.4950 0.4194 − 0.7222 0.0001*

CNP417 F: TCT TTA AAA GCC CTC CCC CT
R: GCG GAT ACT AAT TCC TTG CG

101 60 T/G 0.0938 0.0908 0.0469 − 0.0492 0.8216

CNP420 F: GAT GCC TGC CTT CAA TCA AT
R: AAA TTC TTT TCC CTC TCC AGC 

81 60 C/T 0.4815 0.3725 0.2407 − 0.3171 0.1158

Ho observed heterozygosity, He expected heterozygosity, MAF minor allele frequency, FIS inbreeding coefficient, PHWE, the P values for Hardy–
Weinberg equilibrium test (*P < 0.05/108 = 0.0005)
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generated by heating samples from 60 to 90 °C with 25 data 
acquisitions per degree. At the end of each PCR reaction, 
the Light Cycler® 480 Gene Scanning Software was used 
to determine genotypes by analyzing the peaks in the melt-
ing curve. The minor allele frequency (MAF), expected het-
erozygosity (He), observed heterozygosity (Ho), inbreeding 
coefficient (FIS; Weir and Cockerham 1984) and χ2 tests of 
deviations from Hardy–Weinberg equilibrium (HWE) were 
calculated using Popgene 1.32 (Yeh et al. 2000).

Of the 420 primer pairs, 108 SNP loci (25%) were poly-
morphic and produced distinct melting curves that can be 
genotyped by HRM (Table 1). The minor allele frequency 
was detected to be from 0.0167 to 0.4844. The observed het-
erozygosity (Ho) and expected heterozygosity (He) varied 
from 0 to 0.9688 and 0.0333 to 0.5079, respectively. The 
values of FIS were estimated from − 0.9394 to 1.0000. Eight-
een SNPs showed significant deviation from HWE after the 
Bonferroni correction (P < 0.0005). These polymorphic SNP 
markers will be useful for further population genetic analy-
sis, natural resource conservation and selective breeding of 
C. nippona.
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