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Mutation rate and pattern of microsatellites in gynoge-
netic silver crucian carp (Carassius autatus gibeblio)

LIU Xiao—Fengl’z, LU Cui—Yunl, CAO Ding—Chenl, SUN Xiao—Wenl, LIANG Li—Qun1

1. Heilongjiang Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
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Abstract: The natural gynogenetic triploid silver crucian carp (Carassius autatus gibeblio Bloch) provides a good system
for studying evolutional genetics of the unisexual and polyploidy vertebrate. Microsatellites are abundant across genomes
and show high levels of polymorphism and mutational rate, so they have been widely used for studying evolutional biology.
In this study, the mutation rate and pattern at 33 microsatellite loci of silver crucian carp were investigated. As a result, it
was found that the only one of 22 offspring had 18 mutant alleles at 15 microsatellite loci. The overall mutation rate of the
33 loci was 1.16x10™%/locus/generation (95% confidence interval 6.87x107 and 1.83x107%). The mutation rate in the gyno-
genetic triploid silver crucian carp was obviously higher than other fish, which was closely related to the transitional phase
of parthenogenesis and gamogenesis in the natural gynogenetic fish. The repeat numbers had more than 10 times at 13 loci
of the mutant alleles, and there was no obviously different in the mutant rate between the 11 compound microsatellite loci
(1.31x107% )and the 21 perfect microsatellite loci(1.00x107%) (P = 0.67). The mutant rate had affinity with repeat numbers

instead of repeat types and GC content in flanking sequences of microsatellite. The mutation pattern of silver crucian carp
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was very complexional, as well as some loci did not follow the Stepwise Mutation Model.

Keywords: silver crucian carp; microsatellite; mutation
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Table 1 33 SSR primers and PCR amplification in silver crucian carp
GenBank
GenBank . - Annealing Size range
Locus ACCession 1o, Repeat Primer sequence(5 53T temperature (C) (bp) Number of alleles
Cca02 D37887 (TA)z F: ATGCAGGGCTCATGTTGCTCATAG 50 173~194 1
R: GCAGACAGACACGTTGCTCTCG
Cca04 AF132287 (TA)24 F: ATCCCTTACCGCCCTGTGT 50 294~359 3
R: AGCTGAAAAACGCTGTCACG
Ccal2 AU183353 (GT)y F: ACGCGTCCGGCTGACATTAGAGC 50 176~182 4
R: ACAACCCCCGATCCCCAACACA
Ccal4d C88441 (GT);TT(GT)24 F: GCAAAGTCCCATTCTACCCACTCA 50 106~128 7
R: CTGCCACCTGCTGTTCATTCATAA
Ccal9 AB003585 (TTTG)s F: CCTGACCCTGAAGAGAACAACTAC 50 229~234 2

R: TGGCCTCATCAAAGACATCAAG
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GenBank
GenBank . - Annealing Size range
Locus ACCESSIon N0, Repeat Primer sequence(5 S 3T temperature (C) (bp) Number of alleles
Cca22 M14088 (TC)21(AC)32(AT)1s  F: AGGGCTTTTATAGCTTTTCCTACC 50 104~160 1
R: CAGCTTCTCTGTGGAGCAACTGT
Cca23 M14088 (GT)ny F: CACCGTGTTTAACCTGATTTACCA 50 136~145 2
R: GCTTATTCCAGTCCTTCACACTCA
Cca65 AY 169247 (TG)s(TATG)s F: CAAGTGAGCGGGAGACAGAGA 55 187~225 4
R: TCAGCGGTTAGGAGACAGTAGG
Ccab7 AY 169248 (CA)3o F: GTAGCCCCAAAAGATGTAGCA 55 180~201 1
R: TGGTCAAGTTCAGAGGCTGTAT
Cca86 AY 169253 (AC) o F: GTATTCCTCTGCCTTTCCACAA 55 197~231 5
R: CACTTCATGCACTCGTTCACC
Cca90 AY 169254 (AC)1» F: CCTCTGCCACAGTGCCAGTG 55 209~222 3
R: AGGGCCACAGACAAGAGATACCA
J1 AY 115092 (AC) 14 F: CATTCCTTTGAGCCTCAGTGTCG 60 129~155 4
R: GGGGAACATTTCTGTCGGTCATT
J12 AY 115097 (AT)4(GT)i6 F: TTCTGCACCACTAATGACAAACAA 55 105~131 4
R: ACCCGGATGAATATTAAGAAACAA
J58 AY115102 (CA)14 F: GCGGTCCTGCCTCAAAGTA 55 106~132 7
R: GAACCCTAAAGGCGACATCAA
SCM4 DQ378974 (CA)s F: TTCACTAGAACAGCAGGAGT 52 117~126 4
R: ACAATGGTAACAGGGACAC
SCM8 DQ378979 (GA)7 F: GCTGTTTGCTCAGGGAC 52 196~296 6
R: TGGAGGAGGGTTAGGGT
SCM9 DQ378981 (TG)ss F: GCTTGTTTTGCTGCTCAAGA 52 136~176 2
R: ATATGACTGGGCCACAGAGG
SCM10 DQ378986 (GT)14 F: GAGCCGCTCTTACCTTGATG 60 137~167 5
R: GTCTCATCCGCTCCAAACTG
SCM12 DQ378994 (AC)p F: AAGCACCGGAGATCATTCTG 60 238~263 5
R: GGGGCCTCTCTGTTATTCCT
SCM13 DQ403234 (CA)1o F: ACCGTTTTGAGAGCGAGTGT 60 146~160 4
R: AACCAGGTGTGACACAATGC
SCM14 DQ403235 (TA)34(CA), F: ACCGGGGATCTGCATTTTAT 51.5 159~176 3
R: TGCCAATTCATTGCAGACAG
SCM17 DQ403236 (GT);T(TG)3, F: CGGATCAGTCACCAAGTCAG 60 113~154 6
R: CGACAGACGCATGAGGTAGA
SCM21 DQ403237 (AG)11(TG)y5 F: CCGCAGTATGCTCTGCTGT 57 142~172 6
R: CTAGAGGATCCGCATGGAAA
SCM22 DQ403238 (GT)14 F: CGGAGACAGTCTTGGAGGAG 57 238~255 2
R: GGCATCATTTGCTTTGACCT
SCM28 DQ403240 (GT)14 F: TTGGGAGGAGAAATGGAGTG 57 232~245 2
R: GGCATCATTTGCTTTGACCT
YJO5 DQ378987 (CA)y F: CGGGGATCAATAACAACC 51.5 151~179 6
R: GACGCCATTTTACCAGTG
YJO6 DQ378973 (GA)sGG(GA), F: AGACCCGATTCATTGTTC 51.5 149~175 4
R: GCTCTGAGTCACCGCTAT
YJO8 DQ403241 (GT)14 F: CGGAGACAGTCTTGGAGG 55 240~261 3
R: ATGGCATCATTTGCTTTG
YJ11 - (GT)io F: GTCATCTTCCTTACACCAGCAT 51.5 300~351 3
R: CTCCTCCTCAACATCTACAATCA
YJ12 DQ403242 (GT)yGC(GT)s F: GGTCCTTAGAACTTCACAA 55 255~303 3
R: AGTGTCTACCCTCGCTAT
YJ13 DQ403243 (GA)1o(GT)18 F: CTTATCCTGTATAGCTCGTC 50 154~162 4
R: TCATCCCGTATAGACCAC
YJ15 DQ378985 (GT)s(CA), F: GTCGTTGCACTGCGGTAT 55 248~306 2
R: CCTGGTGAGGAATGTGGC
YJ17 DQ378991 (G2 F: AGGTAGCCCCACATCAAG 58 101~110 3

R: TAAGCATCCTGCAAACAC
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Cca86(AC);y Cca90(AC);; JI(AC)is J58(CA)4
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YI17(GT)1; Ccald(GT);,TT(GT),4 Cca22
(TC)21(AC)32(AT)14  Ccab5b(TG)(TATG)s J12(AT)4
(GT);s SCM14(TA)34(CA);; SCM17(GT);T(TG)s,
SCM21(AG)((TG);3 YJO06 (GA)sGG(GA); YJ12(GT),

GC(GT)s YJI1L3(GA)1o(GT)s YJ15(GT)s(CA)4;
Ccal9(TTTG)s
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Fig. 1 Electrophoresis patterns of partial samples in the 6 SSR mutational loci

M: Molecular marker; 1: Dam; 2: Sire; 3: Offspring of the mutational alleles; 4-9: Offspring of the normal alleles.
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Table 2 Microsatellite mutation detected at fifteen microsatellite loci in gynogenetic silver carp

Parental genotypes Offspring genotypes
Locus Repeat Mutation rate
Dam Sire Normal Mutant
Ccal4 (GT);TT(GT),4 125/117/110 128/123/106 125/117/110 113/113/113 1.59x1072
J12 (AT)4(GT)16 121/105/105 131/121/105 121/105/105 121/111/105 2.27x107
SCM17 (GT);T(TG)3, 154/132/116 127/116/116 154/132/116 136/113/113 3.18x107*
SCM21 (AG)1((TG) 5 172/164/149 172/166/142 172/164/149 172/156/156 1.56x107*
YJ06 (GA)sGG(GA), 175/161/149 149/149/149 175/161/149 168/161/149 1.54x107*
YJ12 (GT)yGC(GT)s 303/258/258 303/259/259 303/258/258 255/255/255 2.38x1072
Ccal2 (GT)ao 181/181/181 182/177/177 181/181/181 182/175/175 4.55x107?
Cca86 (AC)o 231/206/200 231/206/200 231/206/200 203/178/178 3.18x107?
J58 (CA)14 120/117/106 132/115/108 120/117/106 117/113/113 1.56x1072
SCM8 (GA)1; 296/266/246 266/240/196 296/266/246 296/246/233 1.54x1072
SCM12 (AC)o 260/245/238 251/245/245 260/245/238 263/251/245 1.54x107*
SCM13 (CA)o 160/151/146 160/151/151 160/151/146 154/154/154 1.59x107*
YJO5 (CA) 177/151/151 166/157/157 177/151/151 179/166/155 4.65x107
YJ17 (GD)2 106/101/101 106/101/101 106/101/101 110/106/101 2.27x107
Ccal9 (TTTG)s 234/234/234 234/234/ 234 234/234/ 234 229/229/229 4.76x107*

Note: The mutant allele is indicated by bold fonts.
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