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ISSR (inter-simple sequence repeat,

) SSR
(Zietikiewicz et al, 1994),
SSR  RAPD ,

(Kojima et al,
1998; Reddy et al, 2002; Jian et al, 2004; Ai et al,

2006) ISSR ,
1
1.1
(Fe)
) 30,
95%

1.2 DNA

1.0g DNA, ;

DNA 0.8%

s 40ng/|L, 4°C
1.3 ISSR-PCR

British Columbia ISSR

PCR 25ML, 40ng/uL DNA

2.0uL, 10pmol/L ISSR 1.0uL, 2.5 mmol/L
dNTPs 2.5uL, 10> PCR buffer 2.5uL, Tag DNA
polymease 1.0uL (1U/uL), ddH,O 16pul. PCR

:95°C 5 min, 95°C 30 s, 52°C 45 s, 72°C 2 min,
45 , 72°C 10 min 4%
(50 W 2.5 h), ABI
PRISM 377 , 50—1000
bp
1.4

GENESCAN3.1 ABI PRISM 377

> >

XLS , EXCEL 0/1 ,
cc|zr  cc(yrr
Apostol  (1996) ,
, P) =
/ ><100% Lynch(1990)
Sy = 2Ny / (N, + N,), N
x y DNA , N, N,
x y DNA
S
, D=1 §;
Sij i J
Dy =1-5;
1.5
, MEGA4

UPGMA (unweighted pair-group methods with

arithmetic means)

2
2.1 ISSR-PCR
96  ISSR ,
9 9
1637 ,
75—1000 bp , 141—
232 (1 1637 :
1572, 96.03%,
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2.2
( )
( 2
(P<0.05),
(P>0.05)
2.3
3 b
0.8622—0.8809, 0.1191—
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The ISSR amplified results for the population of 4 strains of crucian carp by the primer (AG)sYT and (CTTCA);

Fig.1

;22—28.

21.

;15

; 8—14.

M. ROX1000 Ladder marker; 1—7.

0.1378

(0.1191);

(0.8809),

0.8622),

(
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3.1
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ISSR
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UPGMA
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(C. auratus)

(Kol et al, 2007)
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Tab.1 Number of polymorphic loci and the percentage in the ( , 2010), ISSR
population of the 4 strains of crucian carp with a single primer Liu  (2009)
by ISSR analysis
12 ISSR
(%)
(AG)T 227 218 96.03 ’ (2011) 8
(AG)sC 160 153 95.63 ISSR ’
(AG)sG 154 148 96.10
(GA)T 195 190 97.44 9 ISSR
(AG)sYA 149 139 93.29 , , ISSR
(GA)YT 195 193 98.97 182, 175 9 ISSR
TTCA 232 21 .
(CTTCA); 3 7 93.53 1637 ’ 65 .
(GGAGA); 184 180 97.83
1572 s 96.03%,
VDV(CT), 141 134 95.04
1637 1572 96.03( ) Zhou (2000) RAPD
Y=(C,T);; D=(A, G T)V=(A,C,G) (2008) RAPD ,
x2 ONEIRAFEAMNERSHFLE
Tab.2 The genetic diversities within the population of 4 strains of crucian carp
661 740 785 695
305 484 579 361
(%) 46.14 65.40 73.76 51.94
0.0905 £ 0.0100 0.1186 + 0.0228 0.1351 £0.0123 0.1056 £ 0.0178
F3 mAMERABFKEMNEERURE A& LR EEBFIALTH)

Tab.3 The genetic similarities (above diagonal) and genetic distances (below diagonal) among the 4 strains of crucian carp

0.1377 £ 0.0046
0.1378 +0.0057
0.1191 £0.0178

0.8623 + 0.0046

0.1336 +0.0140
0.1367 £ 0.0049

0.8622 + 0.0057
0.8664 +0.0140

0.1378 £ 0.0060

0.8809 £ 0.0178
0.8633 +0.0049
0.8622 +0.0057

(1 , ISSR
L4
] 2 DNA
l3 ,
15 10 5 0
2 UPGMA PRISM 377
Fig.2 UPGMA dendrogram for the 4 strains of crucian carp
1. , 2. , 3. , 4. (
Liu (2009) (2011)
ISSR ,
, ISSR RAPD . 32
, RAPD 7

DNA (Mattioni et al, 2002);

ISSR 4%

, ABI
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I=0.1—0.5 (D = 0.5—0.9), = : : » 20052, :
[2005] 006
0.8—0.97 (D = 0.03—0.2) s , , . 2005b.
0.8622—0.8809 ( ,30(3): 44—45
0.1191—0.1378), , , 2010. ; 4
> 12—18
C. auratus , , 2006.
, , 15(1): 90—93
) , , 1983.
’ , 7(2): 87—94
) ) , 2011.
’ ISSR . ,30(7): 421—424
i , 1996. . )
> 26(2): 25—26
5 Ai H L, Jian B W, 2006. Genomic evolution of Brassica
, , (2012) allopolyploids revealed by ISSR marker. Genetic Resources
and Crop Evolution, 53: 603—611
’ Apostol B L, Black W C, Reiter P et al, 1996. Population
( ) 5 genetics with RAPD-PCR markers: the breeding structure of
Aedes aegypti in Puerto Rico. Heredity, 76: 325—334
’ ( Jian S G, Tang T, Zhong Y et al, 2004. Variation in inter-simple
’ sequence repeat (ISSR)in mangrove and non-mangrove
1983; , 1988), populations of Heritiera littoralis (Sterculiaceae) from

China and Australia. Aquatic Botany, 79: 75—86

Kojima T, Nagaoka T, Noda K, 1998. Genetic linkege map of

i ’ ISSR and RAPD markers in Einkorn wheat in relation to that
> of RFLP markers. Theor Appl Genet, 96: 37—45



2 : (Carassius auratus var. Dongtingking) ISSR 431

Kol N V, Lazebny O E, 2007. Polymorphism of ISSR-PCR
markers in Tuvinian population of reindeer Rangifer
tarandus L. Russion Journal of Genetics, 42: 1464—1466

Liu L G Yan J P, Liu S J, 2009. Evolutionary analysis of
allotetraploid hybrids of red crucian carp><common carp,
based on ISSR, AFLP molecular markers and cloning of
cyclins genes. Chinese Science Bulletin, 54(16): 2849—2861

Lynch M, 1990. The similarity index and DNA fingerprinting.
Mol Biol Evo, 7: 478—484

Mattioni C, Casasoli M, Gonzalez M, 2002. Comparison of ISSR

breeding. Euphytica, 128: 9—17

Thorp J P, 1982. The molecular dock hypothesis: Biochemical
evolution, genetic differentiation, and systematics. Annual
Review of Ecology Systematics, 13(1): 139—168

Zhou L, Gui J F, 2002. Karytypic diversity in polyploid gibel carp,
Carassius auratus gobelio Bloch. Genetica, 115: 223—232

Zhou L, Wang Y, Gui J F, 2000. Analysis of genetic heterogeneity
among five gynogenetic clones of silver crucian carp, Carassius
auratus gobelio Bloch, based on detection of RAPD molecular
markers. Cytogenet Cell Genet, 88: 133—139

and RAPD markers to characterize three Chilean Nothofagus
species. Theoretical Applied and Genetics, 104: 1064—1070

Reddy M P, Sarla N, Siddiq E A, 2002. Inter simple sequence
repeat (ISSR) polymorphism and its application in plant

Zietikiewicz E, Rafalski A, Labuda D, 1994. Genome
fingerprinting by simple sequence repeat (ISSR) anchored
and polymerase chain reaction amplification. Genomica, 20:
178—183

GENETIC DIVERSITY OF DONGTINGKING CRUCIAN CARP AND OTHER
THREE STRAINS OF CRUCIAN CARP REVEALED BY ISSR ANALYSIS

LIU Liang-Guo, YANG Pin-Hong, XIE Chun-Hua, WANG Xiao-Yan, XU Li-Ming

(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

molecular marker was applied from the Dongtingking crucian carps, the diploid and triploid wild crucian carps, and Pengze

To realize the genetic diversity of different strains of Carassius auratus, inter-simple sequence repeat (ISSR)

crucian carps. Nine ISSR primers were used to analyze the four strains. A total of 1637 reproducible DNA fragments were
amplified from all the 120 individuals, in which 1572 fragments were polymorphic, and the percentage of polymorphic loci
was 96.03%. The percentages of polymorphic loci of the four strains were 46.14%, 65.40%, 73.76%, and 51.94%, and the
genetic distances were 0.0905, 0.1186, 0.1351, and 0.1056, respectively. The shortest genetic distance (0.1191) occurred
between Dongtingking crucian carp and Pengze crucian carp; and the longest ones were between the diploid and triploid
crucian carp (0.1336), and between the Dongtingking crucian carp or Pengze crucian carp, and the diploid crucian carp
(0.1377 and 0.1367, respectively) were slightly smaller than that between the Dongtingking crucian carp or Pengze crucian
carp and the triploid crucian carp (both were 0.1378). The unweighted pair-group methods with arithmetic means (UPGMA)
cluster analysis shows that Dongtingking crucian carp and Pengze crucian carp population gathers one group, and the
diploid and triploid crucian carp population assembled to another. The results indicate that the genetic diversity of
intrapopulation of the Dongtingking crucian or Pengze crucian carp was obviously lower than that of wild crucian carps.
Among the four strains, the Dongtingking crucian carp was closely related with Pengze crucian carp, and so did the diploid
and the triploid ones. It is speculated that the Dongtingking crucian carp, Pengze crucian carp, and triploid crucian carp
were originated from a diploid wild crucian carp. Therefore, it is necessary to enhance conservation of the diploid
Dongtingking crucian carp and wild crucian carp.

Key words strains of crucian carp; ISSR

Carassius auratus var. Dongtingking; genetic diversity;




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


