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(Stockburge et al, 2000;

, 2003; Bessert et

>

al, 2003; ,2015) DNA , 0.8% ,
12 40ng/pL, 4°C
1.3
, ( , 2001; ,
, 2009) ( , 2005; , 2005)
DNA , 12
1 ( D,
(FAM)
1.1 1.4
(F¢) PCR 25uL, 40ng/uL DNA
, 2.0pL, 10mmol/L 0.5uL, 10mmol/L dNTPs
R 0.5uL, 10xPCR buffer 2.5uL, Taq DNA polymease
, 0.5uL (2U/uL), ddH,0 18.5uL. PCR 1 95°C
, , Smin, 94°C 30s, 30s ( 1),
30 72°C 30s, 35 , 72°C 10min
1.2 DNA (FAM) PCR
1.0g DNA ROX 500 , ABI3730X Genetic Analyzer
F1 WIEsSYFY. BIBRERSMERKN
Tab.l Primer sequences, annealing temperature, and alleles size of the microsatellite markers
(5'—=3") 0 (bp)
F: TCCAAGTCAGTTTAATCACCG
MEW4 R: GGGAAGCGTTGACAACAAGC >4 160-200
F: GTCCATTGTGTCAAGATAGAC
MEW16 R: TCTTCATTTCAGGCT GCAAAG 32 350-366
F: GTCCCTGGTAGTGAGTGAGT
MFW138 R: GCGTTGACTTGTTTTATAGTAG 36 272-286
F: GAATCCTCCATCATGCAAAC
MEW19 R: GCACAAACTCCACATTGTGCC >3 186-224
F: CAGTGAGACGATTACCTTGG
MFW20 R: GTGAGCAGCCCACATTGAAG 33 145216
F: GTATAATTGGGAGTTTTAGGG
MEW23 R: CAGGTTTATCTCCCTTCTAG 37 100-120
F: TTCACTAGAACAGCAGGAGT
SCM4 R: ACAATGGTAACAGGGACAC 32 98-138
F: GCTGTTTGCTCAGGGAC
SCM8 R: TGGAGGAGGGTTAGGGT > 246-258
F: GAGCCGCTCTTACCTTGATG
SCMI0 R: GTCTCATCCGCTCCAAACTG 60 142-160
F: AAGCACCGGAGATCATTCTG
SCM12 R: GGGGCCTCTCTGTTATTCCT 60 238-250
F: ACCGTTTTGAGAGCGAGTGT
SCMI3 R: AACCAGGTGTGACACAATGC 60 160-172
SCM17 F:TGAATCAGTCACCAAGTCAGAG 59 108-146

R: CGACAGACGCATGAGGTAGA




3 649
) 8 ;
; , 4% 12
(50w 2.5h), ABI PRISM 4 2
377 , 22 4
1.5 12 ,
; 1 ; «C 3
Genepop V4.0 EXCEL MS TK-2007 0.633
, 12 0.750 0.800 0.717, 0.502
(observed heterozygosity, 0.713 0.757 0.602, 0.364
H,) (expected heterozygosity, H.) 0.599 0.637 0.470,
(polymorphism information content, PIC)
Lynch(1990) , ,
, , MEGA 4.0 ,
(unweighted pair MFW19 SCMI13 PIC
group methods using arithmetic average, UPGMA) 0,
2.3
2
2.1 PCR ( 4),
12 4 , 4 0.421—
, 1 MFwW4  MFW20 4 0.787, 0.213—0.579
12
, 4—12 , 0.787 0.621,
, 6.58, 78 , , 0.213  0.379;
27, 49 ,
54, 34,78 0.421 0.482, , 0.579
14 4 0.518
, ( 4, MEGA
, MFw4 1, 4.0 UPGMA 4
MFW19 2, MFW23 3, SCM4 5 7, SCM8 ( 2), 2 , 4
I,SCM10 3 5 7,SCM13 5,SCM17 1 2 , , ,

14 15 16 17 18 19 20 M

1 MFw4  MFW20

Fig.1 The SSR amplified results for the populations of 4 strains of crucian carp by the primer MFW4 and MFW20
M: ROX500 Ladder marker; 1—S5: ifBEFH#; 6—10: B4 =5l 11—15: B2E = RE0; 16—20: 2500
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Tab.2 Frequency of 12 microsatellites DNA loci among the populations of 4 strains of crucian carp
DCC 2nCC 3nCC PCC DCC 2nCC 3nCC PCC
MFW4 1 0.200 0.100 SCM4 1 0.500 0.300 0.400 0.800
2 0.500 0.100 0.500 0.500 2 0.100 0.100
3 0.200 0.300 0.300 3 0.200
4 0.500 0.200 0.200 4 0.100
5 0.100 5 0.200 0.100
6 0.200 6 0.100
7 0.100 7 0.200 0.200
MFW16 1 0.600 0.200 0.300 8 0.400 0.100 0.100 0.100
2 0.200 SCM10 1 0.100
3 0.200 1.000 0.800 0.600 2 0.500 0.200 0.100 0.200
4 0.100 3 0.400 0.300
MFW18 1 0.100 4 0.300 0.300
2 0.400 0.100 0.100 5 0.300 0.100
3 0.100 6 0.500 0.500
4 0.600  0.400 0.300 0.500 7 0.100  0.100
5 0.400 0.200 0.400 0.400 SCM12 1 0.100
MFW19 1 0.200 0.100 0.300 2 0.300 0.300 0.300
2 0.200 0.300 3 0.500 0.300 0.500 0.200
3 0.300 4 0.400
4 0.200 5 0.500 0.100 0.500
5 1.000 0.200 0.100 0.700 SCM13 1 1.000 0.200 0.600
6 0.100 2 0.100
7 0.200 3 0.200 0.300 0.400
8 0.100 4 0.400
MFW20 1 0.200 0.400 0.300 0.100 5 0.300 0.200
2 0.200 0.100 0.300 6 0.300
3 0.200 0.100 SCM17 1 0.200 0.100
4 0.100 2 0.200 0.100
5 0.200 0.100 0.300 3 0.100
6 0.200 0.300 0.200 0.300 4 0.100
7 0.100 0.300 5 0.500 0.100 0.100 0.500
MFW23 1 0.500 0.100 0.200 6 0.200
2 0.500 0.800 0.600 0.500 7 0.200
3 0.200 0.200 8 0.200 0.100
4 0.300 9 0.100
5 0.100 10 0.200
SCM8 1 0.200 0.200 11 0.500 0.200
2 0.200 12 0.300
3 0.500 0.400 0.300 0.200
4 0.200
5 0.500 0.500 0.800
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Tab.3 Observed heterozygosity, expected heterozygosity, and polymorphism information content at 12 microsattellite loci assessed for
the populations of 4 strains of crucian carp

MFW4 MFW16 MFW18 MFW19 MFW20 MFW23 SCM4 SCM8 SCM10 SCM12 SCM13 SCM17
DCC H, 1.000 0.400 0.400 0.000 0.800 1.000 1.000 1.000 1.000 1.000 0.000 1.000 0.750+0.056
H. 0.556  0.622  0.533 0.000 0.889 0.556 0.644 0.556 0.556 0.556 0.000 0.556 0.502+0.073
PIC 0.375 0.499  0.365 0.000 0.768  0.375 0.492  0.375 0.375  0.375 0.000 0.375 0.364+0.023
2nCC H, 1.000  0.000 0.800 0.800 1.000  0.400 1.000  0.400 1.000  0.600  0.600 1.000 0.717+£0.058
H. 0911 0.000 0.711 0.889 0.800 0356 0.889 0.800 0.778 0.733 0.778 0911 0.713+0.078
PIC 0.794 0.000 0.563 0.768 0.676 0.269 0.772 0.672 0.645 0.586 0.645 0.794 0.599+0.053
3nCC H, 0.800  0.000 0.800  0.600 1.000  0.400 0.200 0.200 0.800 0.800 1.000 1.000 0.633+0.062
H, 0.711 0.356 0.800 0.867 0.844 0.644 0.822 0.689 0.867 0.711 0.822  0.956 0.757+0.045
PIC 0.581 0.269 0.676  0.748 0.720  0.535 0.701 0.548 0.748  0.581 0.692  0.844 0.637+0.033
PCC H, 1.000  0.400 1.000  0.600 1.000 1.000  0.400 0.400 1.000 1.000  0.800 1.000 0.800+0.052
H. 0.689 0.600 0.644 0467 0.800 0.689 0.378 0.356 0.689 0.689  0.533 0.689 0.602+0.040
PIC 0.548 0.466 0.492 0.332 0.666 0.548 0.314 0.269 0.548 0.548 0.365 0.548 0.470+0.027
| DDC
' PCC
] 2nCC
3nCC
y } } |
0.20 0.15 0.10 0.05 0.00
2 4 UPGMA
Fig.2 UPGMA dendrogram for the populations of 4 strains of crucian carp
DCC: e, PCC: 3P4, 2nCC: T4 —f5 440, 3nCC: T4 = £ 46
R4 ATHRABHKEMERESIALZTA)RIER ,
Tab. 4 The genzﬁllﬁlii(i(?geﬁ%é;ial) and genetic (O’Connell et al, 1997 » 2003;
similarities (above diagonal) among the populations of 4 ,2007)
strains of crucian carp
DCC 2nCC 3nCC PCC o
DCC 0.421 0.543 0.787 (Bartfai ef al, 2003),
2nCC 0.579 0.621 0.482 12
3nCC 0.457 0.379 0.591 4 , 12
PCC 0213 0.518 0.409 78 ; 14 4
4 b
)
s
3 )
( 2,
( )
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, 2011) ,
(Leberg, 2002; , 2013) ( , 2015)
(2006) 1
0.5286—0.7000, ,
0.5235—0.6939; (2011) ,
4 0.7114— ,
0.8045, 0.6245—0.6739 ;
4 (H,)
0.633—0.800, (H,) 0.502— ,
0.757, , >
, 2012),
3 , 4
, 0.800, ,
, 0.750, (1983)
, 0.633,
(2006)
(PIC) )
( , 2011) , 6
Botstein ~ (1980) PIC>0.5 |
; 0.25<PIC<0.5 ,
; PIC<0.25 ,
12  3), ,
PIC  0.599, 83.3%, ,
PIC  0.637, ,
91.7%,
; (1)
PIC 0.364, 75.0%, ,
MFW19 SCM13 PIC 0,
PIC  0.470,
50.0%, , ,
) ) ; (3)

; (4

; (2)
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GENETIC ANALYSIS OF DONGTINGKING CRUCIAN CARP AND OTHER THREE
STRAINS OF CRUCIAN CARP BASED ON MICROSATELLITE MARKERS

LIU Liang-Guo, CHEN Hai-Kang, XU Qian, YANG Pin-Hong, XIE Chun-Hua, LI Meng-Jun

(Collaborative Innovation Center of the Aquatic Efficient Health Production in Hunan Province, Key Laboratory of Zoology in Hunan
Higher Education, College of Life Science, Hunan University of Arts and Science, Changde 415000, China)

Abstract We studied the genetic diversity of different strains of Carassius auratus by using microsatellite DNA
markers for the Dongtingking crucian carps, the diploid and triploid wild crucian carps, and Pengze crucian carps. Twelve
microsatellite markers were selected to analyze the four strains of Carassius auratus. A total of 78 alleles were identified in
the four populations, of which 14 were in common. The number of alleles generated from each locus ranged 2—12,
average 6.58. Results shows that the genetic diversity of the diploid and triploid wilds was richer than those in the bred
ones as indicated in observed heterozygosity (H,), expected heterozygosity (H.), and polymorphism information contents
(PIC). Analysis based on genetic distance showed that Dongtingking crucian carp and Pengze crucian carp populations
cluster in one group and the diploid and triploid crucian carps in another in UPGMA tress (unweighted pair-group methods
with arithmetic means). This study may serve as a reference for understanding their evolution to guild better breeding
practice.

Key words Carassius auratus var. Dongtingking; strains of crucian carp; SSR; genetic diversity
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