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c a n a d e n s i s s e x u a l

dimorphism

Griffiths et al., 1998

Z Z chromosome-linked DMRT1 double

sex and mab-3 related transcription factor 1 W W chromosome-linked PKCIW

protein kinase C inhibitor Ellegren, 2001; Hu et al., 2005 polymerase

chain reaction, PCR Itoh et al. 2001

DNA PCR

D'Costa and Petitte 1998 5

Duan and Fuerst 2001 CSL Clinton et al. 2001

DNA random amplified polymorphic DNA, RAPD

10 bp DNA relaxed stringency

PCR DNA DNA fingerprint

DNA

DNA , 1999

RAPD Welsh and McClelland, 1990; Williams et al., 1990

dominant markers

Waugh and Powell, 1992 Levin et al. 1993

RAPD DNA

I. 

RAPD

i RAPD

6 6 12

ii RAPD

58 28 30 DNA

II.  DNA 

i 0.5~1.0 ml DNA

ii DNA IsoQuick, Microprobe, USA DNA TE

Pharmacia LKB, England DNA

 25~35 ng/ l PCR template
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III. PCR

i 220 10 bp Operon Technologies, Inc.,

USA 6 6  DNA  Taq 

PCR 25 l 10 mM Tris-HCl pH 8.3

50 mM KCl 2 mM MgCl2 0.001% gelatin 100 M each of dATP, dCTP, dGTP, and

dTTP 5 pM primer 200~300 ng of genomic DNA 0.5 units of Taq DNA polymerase

Boehringer Mannheim, Germany, BM PCR Perkin Elmer Cetus,

Thermal Cycler, USA RAPD-PCR denature  94  1 

annealing  36  1 extension  72  2 45

4

ii 10 bp AE03 Operon, USA AE03

5'- CATAgAgCgg -3' 58 DNA PCR

PCR

IV. 

PCR 1.5 % 0.5X TBE Tris-boric acid-EDTA buffer

150 3.5~4.0 ethidium bromide

Spectroline, USA  RAPD Spectroline, USA

RAPD 6 6 DNA 220 Operon 10 bp 

95.5% 210/220 DNA  1

DNA 55.5% 122/220 2 RAPD

8.6 1,806/210 PCR DNA 0.3-3.0 kb 210

RAPD DNA DNA

1 2 DNA

AE03 670 bp DNA

DNA DNA DNA 3 AE03

AE03

58 28 30 DNA RAPD

DNA 670 bp DNA AE03

100% 58/58

AE03

Griffiths and Tiwari,1993; Griffiths et al., 1998; Ito

et al., 2001; Russello and Amato, 2001 RAPD control

reactions Clinton, 1994; Clinton et al., 2001  PCR nested PCR

1996 RAPD  AA16 

 DNA  AA14  DNA Bello and
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Sanchez 1999  RAPD  D10 2001  RAPD  AB14 

 DNA Huang et al. 2003 RAPD  AE06 DNA

2003  RAPD  AI05  DNA He et al. 2005

CHD1 chromo-helicase-DNA-binding 1

1.  AD04 5'- gTAggCCTCA 3'  RAPD 1~6

7~12 M DNA 

Fig. 1. The RAPD fingerprint polymorphisms of Australian Black Swan amplified with Operon primer

AD04 5'- gTAggCCTCA -3' .  Lanes 1~6 were males and lanes 7~12 were females of Australian

Black Swan.  M represented molecular size markers.

2.  AD15 5'- TTTgCCCCgT -3'  RAPD 1~6

7~12 M DNA 

 DNA 

Fig. 2. The polymorphic RAPD fingerprint of Australian Black Swan amplified with Operon primer AD06

5'- TTTgCCCCgT -3' .  Lanes 1~6 were males and lanes 7~12 were females of Australian Black

Swan.  M represented molecular size markers.  The band variation among swans was indicated by

black arrow.
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He et al., 2005

AE03

86 91

2001  DNA 

 34 1 79-87

2003  RAPD

36 1 53-60

3.   AE03  RAPD 1~5 11

6~10 12 M DNA  DNA 

 DNA 

Fig. 3. RAPD products amplified by AE03 in different gender of Australian Black Swan. Lanes 1~5 and 11

were females and lanes 6~10 and 12 were males of Australian Black Swan.  M represented molecular

size markers.  The female-specific DNA fragments was indicated by black arrow.
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Genetic marker for sex identification of
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Abstract

To search for a sex identification candidate marker for the Australian black swan, a sexually monomorphic

species, whole blood DNAs of individual Australian black swan from Changhua Animal Propagation Station

of Livestock Research Institute, Council of Agriculture were analyzed by random amplified polymorphic

DNA RAPD . In phase I, 220 different 10-mer primers of arbitrary sequence were used to screen twelve

Australian black swan 6 males and 6 females . An RAPD marker AE03, 5'- CATAgAgCgg -3' demon-

strated high sensitivity and accuracy in gender diagnosis. A sex-specific DNA fragment 670 bp amplified

with primer AE03 could be observed in the RAPD fingerprints of females only. The proof stage, phase II, AE03

was used to test other 58 birds 28 males and 30 females from the Station in Sep. 2001. Results showed that

it was 100% 58/58 accurate. The specific DNA fragment 670 bp amplified with primer AE03 could

therefore be a sex identification marker of the black swan.

Key words: Black Swan, Random amplified polymorphic DNA RAPD , Sexing.

1 Contribution No.1348 from Livestock Research Institute LRI , Council of Agriculture COA , Executive

Yuan.

2 Division of Breeding and Genetics, COA-LRI, Hsinhua, Tainan, R.O.C.

3 Division of Animal Physiology, COA-LRI, Hsinhua, Tainan, R.O.C.

4 Changhua Animal Propagation Station, COA-LRI, Changhua, R.O.C.

5 Department of Animal Science, National Pingtung University of Science and Technology, Pingtung,

Taiwan.

6 Corresponding author, E-mail: lin0429@mail.tlri.gov.tw



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 true
  /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 300
  /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 300
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


