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Most domestic cattle worldwide belongs to the species Bos taurus or Bos indicus (zebu), 
which both descend from the wild aurochs (Bos primigenius). Other cattle species (Lenstra 
and Bradley, 1999) are the yak (Bos grunniens) in and around Tibet, the gayal (Bos frontalis) 
in Eastern India, derived from the gaur (Bos gaurus), and the Indonesian Bali cattle derived 
from the banteng (Bos javanicus).  
 
Since 15 years, DNA analysis has allowed a reconstruction of the origin of most domestic 
species (Bruford et al., 2003). For instance, analysis of mitochondrial DNA established          
a taurine maternal origin of all zebu populations outside Asia. Indonesian cattle breeds are 
supposed to be derived from zebu as well as banteng (Rollingson, 1994), species that in 
contrast to taurine cattle and zebu are not fully interfertile (Lenstra and Bradley, 1999). 
However, this mixed species origin is not supported by breeding records, while there are only 
sporadic molecular data (Namikawa et al., 1981; Kikkawa et al., 1995, 2003; Nijman et al., 
2003; Verkaar et al., 2003 ).  
 
Blood and skin tissue samples were collected from Bali cattle on Bali, Sumatera and 
Sulawesi. Blood samples from Aceh, Pesisir and Filial Ongole were collected on Sumatera. 
DNA was isolated by using standard SDS/proteinase K extraction or the Qiagen blood and 
tissue extraction kit. 
 
Because of the divergence of cattle and zebu, identification of the species origin by PCR-
RFLP analysis of mitochondrial DNA (mtDNA) or Y-chromosomal DNA is straightforward 
(Verkaar et al., 2002; Nijman et al., 2003). Aceh and Pesisir zebu breeds carry zebu 
mitochondrial DNA, while maternal lineages from both species are represented in Ongole 
cattle. In two earlier studies, banteng mtDNA has been found in 20 out of 26 (Kikkawa et al., 
1995) or 6 out of 7 (Kikkawa et al., 2002) Ongole animals. We found banteng mtDNA  also   
in  56%  and  94%  of  the  East-Javanese  Madura  and  Galekan  zebu  breeds, respectively. 
However, the maternal origin of Bali cattle from different locations on three isles is almost 
exclusively banteng with a zebu origin found in only 1 out of 125 animals. This is in contrast 
to the mixed maternal origin of Bali cattle from Malaysia (Nijman et al., 2003), but agrees 
with the results recently obtained for a feral population of Bali cattle (Bradshaw, 2006). 
 
Interestingly, Y-chromosomal typing as probe of the paternal lineage does not completely 
parallel the mtDNA results (Fig. 1). All zebu bulls including those from the East-Javanese 
breed carry exclusively zebu Y-chromosomes. For the filial Ongole only females were 
sampled, but Kikkawa et al. (2005) found zebu Y-chromosomes in 7 out of 7 bulls. With one 



exception in South Sumatera, all Bali cattle descend from banteng bulls. However, the 
parental species origin of Madura cattle may depend on the sampling site: bulls on Madura all  
descend from zebu, but earlier we found banteng Y-chromosomes in two Madura bulls from 
a breeding station in Malang (Verkaar et al. 2003).  
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Figure 1. Locations of sampling and genetic constitution of Indonesian cattle populations. 
The species origin of the paternally transmitted Y-chromosomes (Y), maternally transmitted 
mitochondrial DNA (mt) and autosomal microsatellite alleles (μst) is represented by black 
and gray shading of the indicated circle segments.  
 
For a quantitative estimation of admixture, we carried out a microsatellite analysis with        
16 markers (INRA63, INRA5, ETH225, ILSTS5, HEL1, INRA35, ETH152, ETH10, CSSM66, 
ETH3, BM2113, BM1824, HEL13, BM1818, ILSTS6 and CSRM60) from the panel of           
30 microsatellites recommended by the FAO for diversity studies and compared with 
genotypes for the same markers from seven Indian zebu populations (Kumar et al., 2003). 
Allele distributions of Indonesian and Indian breeds matched well. However, for several 
markers additional alleles were observed that are also present in Bali cattle. Quantification of 
the autosomal species composition was achieved by calculation of genetic distances and 
model based clustering (Pritchard et al., 2000). For Aceh, Pesisir and Filial Ongole banteng 
introgression is in the range of 11-16 %, but is clearly higher for Galekan (22%) and Madura 
cattle (31%). 
 
Domestication of banteng probably took place around 3500 BC (Rollinson, 1994; Felius, 
1995). Bali cattle is currently the main representative of the domestic banteng, and is kept in 
several Indonesian Isles. There is no reliable dating of the first entry of IndoChinese zebu 
cattle. Singalese immigrants may have brought Indian cattle already 1500 years ago. At the 
end of the 19th century Ongole zebu bulls were imported and became predominant on Java 
and other Indonesian isles, but not on Madura or Bali (Payne and Rollinson, 1976; Felius, 
1995). 
 

 121 



The predominance of zebu mitochondria (Fig. 1) shows that not only zebu bulls but also cows 
have been imported. This is in contrast to the zebu populations in Africa and America, which 
emerged by crossing imported zebu bulls with taurine cattle (Bradley, 1996). Banteng 
mitochondria in Indonesian Ongole populations as well as microsatellite analysis indicate 
crossbreeding of zebu and local cattle with a banteng maternal origin. Galekan cattle 
descends from original Java cattle and has a completely banteng maternal origin. Madura 
cattle predates the import of Ongole bulls, but DNA analysis shows a combination of a zebu 
paternal lineage with a mixed zebu-banteng maternal origin. Our data also indicate that Bali 
cattle on different locations in Indonesia has been kept separate from zebu, this in contrast to 
the situation in Malaysia (Nijman et al., 2003). 
 
We propose that DNA analysis would also be most informative for continental South-East 
Asian cattle. First, Siamese cattle is supposed to have a similar mixed zebu-banteng origin as 
Javanese cattle (Felius, 1995). However, there is no information on the preservation of 
maternal and/or paternal banteng lineage or on quantitative estimates of the species 
composition. Second, DNA analysis of species hybridization may shed light on the 
mysterious and contentious origin of the kouprey from Cambodia, which now is probably 
extinct. Galbreath et al. (2006) observed a similarity of a published kouprey mitochondrial 
DNA sequence (Hassanin and Roupiquet, 2004) and the sequence of continental banteng. It 
was proposed that kouprey was a zebu-banteng hybrid. On the other hand, Hassanin et al. 
(2006) found a kouprey sequence in a museum specimen that may have been domestic. This 
raises the intriguing possibility that the Cambodian kouprey has been domesticated and that 
genetic traces of this extinct species are still present in local breeds. This would be revealed 
by an analysis of mitochondrial and Y-chromosomal DNA of museum specimen as well as 
Cambodian local cattle. We also emphasize that information about the species composition 
and history of cattle breeds are most essential for strategic choices regarding breed 
management and conservation.  

 
Acknowledgements  
 
This work has been carried out as part of the Asia Link Project Reproductive biotechnology: 
modern technology to improve livestock production under traditional Asian conditions, 
supported by the European Union and coordinated by dr. R.W. Paling, Utrecht. Partially 
support was provided by the project Conservation biology of Banteng and Bali cattle in 
Indonesia. Strengthening of research capabilities in cryobanking and breeding soundness 
evaluation of Bali bulls for artificial insemination purposes, Swedish Research Council, Grant 
348-2005-5992.  
 
References 
 
Bradley, D.G., MacHugh, D.E., Cunningham, P. and Loftus, R.T. (1996) Mitochondrial 

diversity and the origins of African and European cattle. Proc. Natl. Acad. Sci. USA 93, 
5131-5135. 

 
Bradshaw, C.J.A., Isagi, Y., Kaneko, S., Bowman, D.M.J.S. and Brook, B.W. (2006) 

Conservation value of non-native banteng in northern Australia. Conserv. Biol. 20,   
1306-1311. 

 
Bruford, M.W., Bradley, D.G. and Luikart, G. (2003) DNA markers reveal the complexity of 

livestock domestication. Nat. Rev. Genet. 4, 900-910. 

 122 



Felius, M. (1905). Cattle Breeds: An Encyclopedia. Misset, Doetinchem, The Netherlands.  
 
Galbreath, G.J., Mordacq, J.C. and Weiler, F.H. (2006) Genetically solving a zoological 

mystery: Was the kouprey (Bos sauveli) a feral hybrid? J. Zool. 270, 561-564. 
 
Hassanin, A. and Ropiquet, A. (2004) Molecular phylogeny of the tribe Bovini (Bovidae, 

Bovinae) and the taxonomic status of the Kouprey, Bos sauveli Urbain 1937. Mol. 
Phylogenet. Evol. 33, 896-907.  

 
Hassanin, A., Ropiquet, A., Cornette, R., Tranier, M., Pfeffer, P., Candegabe, P. and Lemaire, 

M. (2006) Has the kouprey (Bos sauveli Urbain, 1937) been domesticated in Cambodia? 
C. R. Biol. 329, 124-135.  

 
Kikkawa Y., Amano T. and Suzuki. H. (1995) Analysis of genetic diversity of domestic cattle 

in east and Southeast Asia in terms of variations in restriction sites and sequences of 
mitochondrial DNA. Biochem Genet. 33, 51-60.  

 
Kikkawa, Y., Takada, T., Sutopo., Nomura, K., Namikawa, T., Yonekawa, H. and Amano, T. 

(2003). Phylogenies using mtDNA and SRY provide evidence for male-mediated 
introgession in Asian domestic cattle. Anim. Genet. 34, 96-101. 

 
Kumar, P., Freeman, A.R., Loftus, R.T., Gaillard, C., Fuller, D.Q. and Bradley, D.G. (2003) 

Admixture analysis of South Asian cattle. Hered. 91, 43-50. 
 
Lenstra, J.A. and Bradley, D.G. (1999) Systematics and phylogeny of cattle. In: The genetics 

of cattle (R. Fries & A. Ruvinsky, eds.), CAB Int., Wallingford, pp 1-14. 
 
Loftus, R.T., MacHugh, D.E., Ngere, O.L., Balain, D.S., Badi, A.M., Bradley, D.G. and 

Cunningham, E.P. (1994). Mitochondrial genetic variation in European, African and 
Indian cattle populations. Anim. Genet. 25, 265-271. 

 
Namikawa, T. (1981) Geographic distribution of bovine Hemoglobin-beta (Hbb) alleles and 

the phylogenetic analysis of the cattle in Eastern Asia. Z. Tierzuchtg. Zuchtgsbiol. 98, 
151-159. 

 
Nijman, I.J., Otsen, M., Verkaar, E.L.C,, De Ruijter, C., Hanekamp, E., Ochieng, J.W. 

Shamshad, S.B.M., Rege, J.E.O., Hanotte, O., Barwegen, M.W., Susilawati, T. and 
Lenstra, J.A. (2003) Hybridization of banteng (Bos javanicus) and zebu (Bos indicus) 
revealed by mitochondrial DNA, satellite DNA, AFLP and microsatellites. Hered. 90,  
10-16. 

 
Payne, W.J.A. and Rollison, D.H.L. (1976) Madura cattle. Z. Tierzuchtg. Zuchtgsbiol. 93,  

89-100. 
 
Pritchard, J.K., Stephens, M. and Donnelly, P. (2000) Inference of population structure using 

multilocus genotype data. Genet. 155, 945-959. 
 
Rollinson, D.H.L. (1994) Bali Cattle. In Evolution of domestic animals, (I.L. Mason, ed.), 

Longman, Essex, UK, pp 28-34. 
 

 123 



 124 

Verkaar, E.L.C., Nijman, I.J., Boutaga, K. and Lenstra, J.A. (2002). Differentiation of cattle 
species in beef by PCR-RFLP of mitochondrial and satellite DNA. Meat Sci. 60, 365-369. 

 
Verkaar, E.L.C., Vervaecke, H., Roden, C., Romero-Mendoza, L., Barwegen, M.W., 

Susilawati, T., Romero Mendoza, L., Nijman, I.J. and Lenstra, J.A. (2003) Paternally 
inherited markers in bovine hybrid populations. Hered. 91, 565-569. 



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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


