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Application of bovine heterosome painting probes  
to identification sex chromosomes in goral  

(Nemorhaedus caudatus) 
Wykorzystanie bydlęcych sond malujących heterosomy do identyfikacji  

chromosomów płci u gorala (Nemorhaedus caudatus) 

Summary. The syntenic conservation nature of many chromosomes enables to use several mo-
lecular probes obtained from one species of animals to detect homologous DNA segments in other 
species. The aim of this study was identification of sex chromosomes in goral (Nemorhaedus 
caudatus), using bovine heterosomes painting probes in the FISH technique . The results obtained 
showed strong red fluorescence signals in small acrocentric heterosomes Y and distinct yellow-
green signals in big acrocentric chromosomes X in all goral metaphase plates. 
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INTRODUCTION 

Phenomenon of genetic conservatism makes it possible to compare genomes of dif-
ferent species at the level of nucleotide sequences [Rejduch et al., 2004; Kozubska- 
-Sobocińska et al., 2007 a; 2009 a], chromosome banding patterns [Rubini et al. 1990, 
Bonnet et al. 2001, Chi et al. 2005; Kozubska-Sobocińska et al. 2006, 2007b, Oh et al. 
2011] and groups of linked or syntenic genes that are often in the same relationships 
even in taxonomically distant species [Hayes 1995, Rejduch et al. 2010 a, 2010 b, 
Danielak-Czech et al. 2010]. 
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Conservation nature of some chromosomes enables to use a number of molecular 
probes obtained by microdissection or chromosome sorting in one species of animals, for 
FISH chromosome painting in another species [Révay et al. 2000, 2002, Kozubska- 
-Sobocińska et al. 2003, 2005, Huang et al. 2005, Kozubska-Sobocińska and Rej- 
duch 2008]. 

This study was designed to use two commercial bovine molecular probes (ID Labs), 
specific to the heterosomes to identify sex chromosomes in goral (Nemorhaedus cauda-
tus) and establish genetic conservation of heterosome synteny groups in Bovidae. 

MATERIAL AND METHODS 

Metaphase chromosome spreads (50 cells) of two gorals with normal karyotype 56, 
XY were obtained from peripheral blood lymphocyte culture (pokeweed mitogen stimu-
lated) according to the routine protocol. 

In this paper we present identification of heterosomes by FISH technique with two 
commercial bovine probes (ID Labs): Bovine IDetectTM Chr X Point Probe GREEN and 
Bovine IDetectTM Chr Y Point Probe RED (Cambio Ltd., Cambridge, UK). Fluorescence 
in situ hybridization was performed according the manufacture’s procedure.  
DAPI-banding was applied to precisely identify the chromosome subregions. Hybridiza-
tion signals were observed under an OPTON-Axiophot fluorescent microscope using 
triple attenuation filters DAPI/FITC/Texas Red and the computer image analyse system  
LUCIA-FISH (Laboratory Imaging Ltd, Prague, Czech Republic). 
 

RESULTS AND DISCUSSION 

In the initial part of our experiment the commercial heterosomes bovine probes were 
tested by hybridization with metaphase chromosomes of bull (Bos Taurus) (Figure 1). 

The results of cross-species hybridizations presented in Figure 2 show the distinct 
red fluorescence signal identifying small acrocentric chromosomes Y and yellow-green 
fluorescence signal corresponded to acrocentric X heterosomes in all goral metaphase 
plates. 

The first comparative study in the Bovidae family showed band homology on the 
chromosomes of cattle, sheep, goats and water buffaloes [Evans et al. 1973]. 

Comparison of GTG-banded, haploid sets of sheep (2n = 54) and aoudad (Ammotra-
gus lervia) chromosomes (2n = 58) revealed complete chromosome homology in the 
karyotypes of both species and indicated that centric fusions of autosomes led to evolu-
tionary rearrangements [Słota et al. 2001]. 

The karyotype of goral (Nemorhaedus caudatus) was subsequently determined as 
consisting of 56 chromosomes including 54 acrocentric autosomes of similar size and 
shape, X chromosome – defined as submetacentric by Oh et al. [2011] or acrocentric by 
Huang et al. [2005] and acrocentric chromosome Y [Huang et al. 2005, Oh et al. 2011]. 

In studies on heterosomes conservation in Bovidae most interspecies hybridizations 
were based on bovine probes generally [Kozubska-Sobocińska et al. 2003, 2005, 2009b, 
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Kozubska-Sobocińska and Rejduch 2008]. The example of using a probe from Bos in-
dicus (obtained from microdissected of Yp12 fragment) is identification of a comple-
mentary sequence in the X-Y bivalent at metaphase I in Bos taurus and performing com-
parative hybridization (using the Yq12.1-12.6 probe obtained from Bos indicus) of the 
appropriate segment on the q arm of the Y heterosome in Bos taurus [Goldammer et al. 
1996]. A probe specific for the Yp12 fragment was also used to identify the Y chromo-
some in metaphase plates and spermatozoa [Révay et al. 2000]. 

 

 
 

Fig. 1. Metaphase chromosomes of bull. FISH technique – red fluorescence signal labels small 
metacentric chromosome Y and yellow-green signal identifies submethacentric heterosom X 
Rys. 1. Chromosomy metafazowe buhaja. Technika FISH – czerwony sygnał fluorescencyjny 

znakuje mały metacentryczny chromosom Y a żółto-zielony sygnał identyfikuje submetacentrycz-
ny heterosom X 

 
 
Differently labelled bovine painting probes applied in FISH technique made it pos-

sible to determine the frequency of early-dissociation of sex bivalent in rams [Kozubska- 
-Sobocińska et al. 2009b]. 

The high conservation of sex chromosomes in Ruminantia is evidenced by hybridi-
zation signals obtained by Révay et al. [2002] for bull spermatozoa, following the appli-
cation of probes (using FISH) obtained by heterosome sorting of the yak (Bos grun-
niens). 
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Fig. 2. Metaphase chromosomes of goral (Nemorhaedus caudatus) – 56,XY. The cross-species 
hybridizations with bovine probes specific to the heterosomes: red fluorescence signal labels small 

acrocentric chromosome Y and yellow-green signal identifies acrocentric X heterosome 
Rys. 2. Chromosomy metafazowe gorala (Nemorhaedus caudatus) – 56,XY. Miedzydatunkowe 

hybrydyzacje z bydlęcymi sondami specyficznymi dla heterosomów: czerwony sygnał  
fluorescencyjny znakuje mały akrocentryczny chromosom Y a żółto-zielony sygnał idntyfikuje 

akrocentryczny hererosom X 

 
 
 
The study presented in this paper confirmed usefullness of hetrosomes-specific bo-

vine molecular probes for identification of sex chromosomes in goral (Nemorhaedus 
caudatus). 

CONCLUSIONS 

The experiments carried out revealed genetic conservation of heterosome synteny 
groups in Bovidae, which enable to apply of bovine heterosomes probes in cytogenetic 
diagnostics. 
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Streszczenie. Synteniczno-konserwatywny charakter wielu chromosomów umożliwia wykorzy-
stanie licznych sond molekularnych, otrzymanych dla jednego gatunku zwierząt, do detekcji ho-
mologicznych fragmentów DNA innych gatunków. Celem tych badań była identyfikacja chromo-
somów płci gorala (Nemorhaedus caudatus), przy zastosowaniu w technice FISH bydlęcych sond 
malujących heterosomy. Uzyskane wyniki ujawniły mocne czerwone sygnały fluorescencyjne na 
małych akrocentrycznych heterosomach Y i wyraźne żółto-zielone sygnały w dużych akrocen-
trycznych chromosomach X we wszystkich płytkach metafazowych gorala. 
 
Słowa kluczowe: goral (Nemorhaedus caudatus), konserwatyzm genetyczny, chromosomy płci, 
bydlęce sondy malujące heterosomy, technika FISH 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


