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Tab.1 Information of 20 microsatellite loci that used in this study
GenBank (5™-3") (5'-3"
locus  GenBank accession no repeat motif forward primer (5'-3") reverse primer(5'—3") T,/C
HLJYJ004 FI827508 (CAG)§" GAGCCCGTGTTACAGACAGC CATCCATGACCGACAGACAC 65
HLJYJ0O08 FJ827509 (AC), ATCGATCGCTCCGTGTGTTA AGGAAAAATGCTCCCAAACC 55
HLJYJO15 FJ827511 (ACAG)s(ATAG)s AAACCGTCCAGGCTGAATAC CTGTCTGGGTAGAGGCCTATCT 50
HLJYJO18 FJ827513 (AGAC)o(AGAT)24 TCTGCCCAGTGACATAATTTTC TGCAAGGAGAGTCTCAGCAA 65
HLJYJ092 FJ827529 (GCT)1s GCGCTGATTCTGTTGCATTA GGCCATTAAAGAGGAGGTCA 55
HLJYJ094 FJ827548 (AGQC)y" GGAGACTGCAGAAGGAAAGG  TCACCTTGCTCACACGAAAG 65
HLJYJ123 FJ827561 (TGC)5(TGT)s TGCAGATGTTTCTGTTGTTGGT TTCATCGTCAGCACCAGATG 50
HLJYJ143 HM449131 (TGA)6 GCAGGATTTCTCTCCGTCTG TTCTGCAGTGAGCAGCATGT 50
HLJYJ175 HM449146 (TCA);" GAAATTTCTCGCGCAGAGTC TCAGGAGCCTGTGGTTGAAT 65
HLJYJ177 HM449147 (GAT)6 GCTGACAGAGTTGTTGTTGAGT CAGCATCGGATTGTCAGCTA 60
HLJYJ179 HM449148 (TCAM TGGGATGTAACCGTTGATGA CAGATGTGGACATTGGATTTG 65
HLJYJ192 HM449155 (AC)13(AG)s TGATGGAGAATCTTTACCTGTGTG CATTCCTTGTGTCTGCGTCT 60
HLJYJ193 HM449156 (GAT)1, ACGCAGACACAAGGAATGAT TTCATCAGCTGGTACTGCAAA 65
HLJYJ205 HM449159 (TGA)1' CTCGGACAGATGTGACGATG TTCACACGTGTCACATGACCT 65
HLJL2560 JF764887 (AC), GTCAGGCTCTTGGCTTGTTT TGTGCTCTGTCTAACCTTTGG 60
HLJL3130 N/A (ATT)s TGGTTGAGAGCTGAGCCATA TGAGGCCATGCTGAAAATAG 60
HLJL3727 IN687079 (AAACQ)6 TTGATTACAGAACACTCCCCTATC TCACAACCAGCCCAACTTT 60
GF17 U35616 (GT)s GGAACTAGAGCCCACTGACA TGCATTTGGGAGACGATA 65
GF29 U35618 (TG)15" ATGCTAGGTGACTGTTTGT CACCTCCACTCCTAATAAT 60
YJ0004 EF532920 (GATA) 14 CATAGAGGCGTTTCATAGAG CAGATAAATACAGTAAGCCA 50
s
Note: “*”indicates imperfect repeat.
441” 460’7 s 14 DNA R
Excel (Microsoft, Inc.) 3  DNA , 7
(HLJYJ092 HLJYJ123 HLJYJ143 HLJY-
5 J175 HLIYJ177 HLIYJ179 HLJYJ205)
2.1
48 3 ()] , 3
10 , 46 . HLIYJOOS HLJIYJO18
) 20 HLJYJ094 HLJYJ143 HLJYJ175 HLIYJ177
288 HLJYJ179 HLIYJ193 HLJYJ205 GF17 GF29
HLIYJ175 YJ4 12 ; (1) , 2
, 4 1 :
, 2 HLJYJ004 HLJYJO15S HLJYJ123  HLIJYJ177
HLIYJ175 4 : (11D) , 3
1~3 R , HLJYJ92 HLJYJ192
1~2 20 >
56 DNA , 45 DNA
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2.2
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Fig. 1 Segregation patterns of three different type loci in the sire triploid Carassius auratus
(I) Complete heterozygote: three alleles of sire are different with each other, each allele segregate in a ratio of 1 : 1; (II) Partial

heterozygote: two of three alleles of sire show the identical size with each other, which segregate in a ratio of 3 : 1, the other one with
different size segregates in a ratio of 1 : 1; (III) Homozygote: three alleles of sire show identical size with each other, DNA band

segregate in a ratio of 7 © 1.
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2 (Cyprinus carpio Q) (Carassius auratus 3) HLJYJ177
48 , 288 9 3 M 20 bp ladder (200 bp, 180 bp, 160 bp).

Fig. 2 Genotypes of hybrid family between Cyprinus carpio (?) and Carassius auratus (&) at HLIYJ177 locus
48 progenies each line (in a total 288 hybrid embryos). @, & and M represent dam, sire and 20 bp ladder (200 bp, 180 bp, 160 bp),
respectively.
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Fig 2. Segregation patterns of microsatellite markers in a hybrid family of C. carpio (?) and triploid C. auratus (3)

expected segregation rate Chi-square test

/bp /bp
loci dam sire present absent 1:1 3:1 71 non-segregation
153 124 164 0.018 0.000 0.000 0.000
HLJYJ004 .
147 195 93 0.000 0.004 0.000 0.000
150 137 151 0.409 0.000 0.000 0.000
HLJYJ0O8 148 134 154 0.239 0.000 0.000 0.000
142 149 139 0.556 0.000 0.000 0.000
171 149 139 0.556 0.000 0.000 0.000
HLJYJO15 «
163 186 102 0.000 0.000 0.000 0.000
230 137 151 0.409 0.000 0.000 0.000
HLJYJO18 210 132 156 0.157 0.000 0.000 0.000
206 146 142 0.814 0.000 0.000 0.000
175 247 41 0.000 0.000 0.373 0.000
HLJYJ092
166 288 0 0.000 0.000 0.000 1.000
191 162 126 0.034 0.000 0.000 0.000
HLJYJ094 185 150 138 0.480 0.000 0.000 0.000
182 156 132 0.157 0.000 0.000 0.000
151 210 78 0.000 0.414 0.000 0.000
HLJYJ123
148 148 288 0 0.000 0.000 0.000 1.000
191 288 0 0.000 0.000 0.000 1.000
171 129 159 0.077 0.000 0.000 0.000
HLJYJ143
165 143 145 0.906 0.000 0.000 0.000
159 133 155 0.195 0.000 0.000 0.000
163 132 156 0.157 0.000 0.000 0.000
154 129 159 0.077 0.000 0.000 0.000
HLJYJ175 151 125 163 0.025 0.000 0.000 0.000
148 288 0 0.000 0.000 0.000 1.000
145 145 288 0 0.000 0.000 0.000 1.000
197 288 0 0.000 0.000 0.000 1.000
HLJYJ177 170 145 143 0.906 0.000 0.000 0.000
158 214 74 0.000 0.785 0.000 0.000
169 138 150 0.480 0.000 0.000 0.000
158 130 158 . 0.000 0.000 0.000
HLJYJ179 0.099
149 288 0 0.000 0.000 0.000 1.000
147 137 151 0.409 0.000 0.000 0.000
157 141 147 0.724 0.000 0.000 0.000
HLJYJ192
149 148 140 0.637 0.000 0.000 0.000
146 145 143 0.906 0.000 0.000 0.000
HLJYJ193 141 154 134 0.239 0.000 0.000 0.000
136 155 133 0.195 0.000 0.000 0.000
176 139 149 0.556 0.000 0.000 0.000
HLJYJ205 167 135 153 0.289 0.000 0.000 0.000
164 164 288 0 0.000 0.000 0.000 1.000
159 127 161 0.045 0.000 0.000 0.000
HLJL2560
149 161 127 0.045 0.000 0.000 0.000

(

to be continued)
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( 2 Tab.2 continued)

expected segregation rate Chi-square

s

/bp /bp
loci dam sire present absent Tl 301 71 non-segregation
239 171 117 0.001" 0.000 0.000 0.000
HLJL3130 .
235 117 171 0.001 0.000 0.000 0.000
167 153 135 0.289 0.000 0.000 0.000
HLJL3727
165 135 153 0.289 0.000 0.000 0.000
204 137 151 0.409 0.000 0.000 0.000
GF17 200 129 159 0.077 0.000 0.000 0.000
188 140 148 0.637 0.000 0.000 0.000
205 142 146 0.814 0.000 0.000 0.000
GF29 201 135 153 0.289 0.000 0.000 0.000
197 147 141 0.724 0.000 0.000 0.000
201 130 158 0.099 0.000 0.000 0.000
YJ4 187 124 164 0.018 0.000 0.000 0.000
177 130 158 0.099 0.000 0.000 0.000
s DNA P P 001’ o

Note: In chi-square tests of segregation ratios, the maximum P value of each DNA band was marked in bold. If the P value was smaller than
0.01, then it would be indicated by “*”.
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Segregation patterns of microsatellite markers indicate triploid Cara-
ssius auratus generate aneuploid sperm

CHENG Lei, CAO Dingchen, LU Cuiyun, LI Chao, SUN Xiaowen

Key Laboratory of Freshwater Aquatic Biotechnology and Breeding, Ministry of Agriculture, Heilongjiang Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China

Abstract: Crucian carp (Carassius auratus) is an important aquaculture species, in which diploid, triploid and
tetraploid forms coexist. Diploid crucian carp reproduce sexually, while both triploid and tetraploid crucian carp
reproduce via gynogenesis. Because only females passed their genome to the next generation, gynogenetic fishes are
usually all female and reproduce clonally. However, there are unusual high proportion of males in natural populations of
triploid crucian carp. These males have normally developed testis, which can generate viable sperm. Additionally, DNA
content of sperm was about half of that of somatic cell, which indicated that meiosis has occurred during
spermatogenesis of triploid crucian carp. The average DNA content of a cell population can be accurately can be
determined by flow cytometry, but it is difficult to detect the change of certain chromosome in the individual sperm. To
answer the question whether or not the sperm of triploid crucian carp is aneuploidy, it is necessary to quantitatively
analysis the genetic composition of single sperm. In this study, microsatellite markers were used to genotype a hybrid
family between female common carp (Cyprinus carpio) and triploid crucian carp (Carassius auratus), the results were
as follow: the alleles of dam Cyprinus carpio showed mendelian segregation patterns in the offspring; the sire triploid
Carassius auratus contained three genomes of Carassius spp. and alleles of the sire showed random segregation
patterns. These results suggested that triploid crucian carp originated from diploid crucian carp by autoduplication,
rather than the hybridization between diploid Cyprinus carpio and Carassius auratus. Our results also indicated that
triploid crucian carp generated aneuploid sperm by random segregation of chromosomes which is similar to other
triploid fishes, rather than generated reduced sperm through equal meiosis. In summary, triploid crucain carp is a unique
bi-sexual fish that reproduce by gynogenensis but did not originate from interspecific hybridization.

Key words: Carassius auratus; triploid; microsatellite; segregation pattern; aneuploid
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