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ABSTRACT

Here, we present the first complete mitochondrial genome of Malayan Gaur (Bos gaurus hubbacki)
inferred using next-generation sequencing. The mitogenome is 16,367 bp in length with the structural
organization of a typical bovine mitochondrial arrangement comprising 13 protein-coding genes, 21
tRNAs, and 2 rRNAs. No internal stop codon was found in the protein-coding genes. Phylogenetic tree
analysis revealed that Malayan gaur is more closely related to Burmese banteng instead of gaur.

Introduction

Traditionally three subspecies have been recognized based
on coloration and size (Duckworth et al. 2016): Bos gaurus
gaurus; B. g. readei; and B. g. hubbacki. However, only two
subspecies are recognized by the International Union for
Conservation of Nature (IUCN) which were based on the
measurements of skulls and horns (Groves and Grubb 2011;
Duckworth et al. 2016). These two subspecies are B. g. gaurus
which can be found in India, Nepal, and Bhutan; and
B. g. laosiensis found in Myanmar, southern China, Laos,
Vietnam, Cambodia, Thailand, and Peninsular Malaysia).
Nonetheless, this dual classification is still inconclusive as the
morphological measurements are based only on a few skull
samples, and there is no supporting genetic analysis
(Hassanin 2014).

In the past, wild gaur can be found in significant numbers
in the states of Pahang, Perak, Kelantan, and Terengganu
(Conry 1989). Nonetheless, due to poaching and habitat
destruction, recently it is estimated that only around 270-300
individuals of wild gaur still exist in Peninsular Malaysia
(DWNP 2012). Here, we present the first complete mitochon-
drial genome of B. gaurus isolate from Peninsular Malaysia
with 16,367 bp in length. The full mitogenome reported here
have the structural organization of a typical bovine mito-
chondrial arrangement comprising of 13 protein-coding
genes, 21 tRNAs, and 2 rRNAs. No internal stop codon was
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found in the protein-coding genes. This annotated mitoge-
nome has been deposited in GenBank under accession num-
ber MK770201.

Genomic DNA isolation and
mitogenome sequencing

Tissue sample of a deceased male Malayan gaur with stud-
book number S0029 from Sungkai Wildlife Conservation
Centre (Latitude: 4.034714 | Longitude: 101.369063) was used
for extraction and analysis to generate the data presented
here. The tissue samples are catalogued as WGRB-BGH40 and
deposited in the Wildlife Genetic Resource Bank (WGRB) at
National Wildlife Forensic Laboratory, Department of Wildlife
and National Parks Peninsular Malaysia. Genomic DNA
(gDNA) was used to generate sequences library of paired-
end, 250-bp reads. It generated 2,541,912 of short-read
sequences (SRS) totaling 635,478,000 bases of DNA.

Assembly and gene annotation

The raw SRS were screened using FastQC (Andrews 2010)
and trimmed using BBduk (Bushnell 2015). Trimmed SRS
were then assembled using repeated referenced mapping
and de novo assembly. Repeated reference mapping was per-
formed by employing end-to-end mapping and local
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Figure 1. Phylogenetic tree of complete mitogenome among members of Bovini tribe and a member of Antilopini as outgroup inferred using Maximum Likelihood
method based on General Time Reversible model with 1000 bootstrap value. GenBank accession numbers for each mitogenomic sequences are shown in

parentheses.

mapping using BowTie2 plugin on Geneious Prime software
(Biomatters, New Zealand) with high-sensitivity setting and
re-iteration using a published mitochondrial genome of gaur
as reference (JN632604). A total of 5782 contigs were
assembled. NOVOPIlasty (Dierckxsens et al. 2017) was used to
perform de novo assembly of the trimmed SRS. Pair-wise
alignment of sequences assembled from repeated referenced
mapping and de novo were carried out in Geneious Prime
and the consensus sequence from the alignment was
selected as final sequence. Annotation generated by MITOS
Webserver (Bernt et al. 2013) was used to identify protein-
coding genes, ribosomal and transfer RNA gene and the
result was compared with JN632604.

Phylogenetic tree (Figure 1) was constructed based on
Maximum Likelihood by General Time Reversible model (Nei
and Kumar 2000) with 1000 bootstrap value using MegaX
software (Kumar et al. 2018). It showed that the Malayan
Gaur was grouped together with the Burmese Banteng
(JN632605) while the Burmese Gaur (JN632604) emerged as a
sister group with the Borneon Banteng (Ishige et al. 2015).
However, this grouping is only supported by 52% bootstrap
value. More representatives from these two species may help
to verify this grouping.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This research was supported by Fundamental Research Grant Scheme
(FRGS) by Ministry of Higher Education Malaysia with reference numbers
FRGS/2/2014/SGO3/NRE/1 and FRGS/1/2015/SGO5/NRE/2. We appreciate
Monash University (Malaysia Campus) for providing NGS facility. Special
thanks to RMIC of Universiti Malaysia Terengganu for publica-
tion funding.

ORCID

Norsyamimi Rosli http://orcid.org/0000-0002-0232-3060

Frankie Thomas Sitam https://orcid.org/0000-0001-7160-6243
Jeffrine Japning Rovie-Ryan https://orcid.org/ 0000-0003-2910-5431
Han Ming Gan https://orcid.org/0000-0001-7987-738X

References

Andrews S. 2010. FastQC: a quality control tool for high throughput
sequence data; [accessed 2019 Jul 4]. http://www.bioinformatics.bab-
raham.ac.uk/projects/fastqc.

Bernt M, Donath A, Jiihling F, Externbrink F, Florentz C, Fritzsch G, Putz J,
Middendorf M, Stadler PF. 2013. MITOS: improved de novo metazoan
mitochondrial genome annotation. Mol Phylogenetics Evol. 69:
313-319.

Bushnell B. 2015. BBMap v35.66; [accessed 2019 Jul 4]. https://source-
forge.net/projects/bbmap.

Conry PJ. 1989. Gaur Bos gaurus and development in Malaysia. Biol
Conserv. 49:47-65.

Dierckxsens N, Mardulyn P, Smits G. 2017. NOVOPIlasty: de novo assembly of
organelle genomes from whole genome data. Nucleic Acids Res. 45:218.

Duckworth JW, Sankar K, Williams AC, Samba Kumar N, Timmins RJ.
2016. Bos gaurus. The IUCN Red List of Threatened Species 2016:
e.T2891A46363646; [accessed 2019 Jul 4].

DWNP. 2012. Laporan Tahunan Jabatan PERHILITAN 2012. Kuala Lumpur:
Department of Wildlife and National Parks, Peninsular Malaysia.

Groves C, Grubb P. 2011. Ungulate taxonomy. Baltimore (MD): Johns
Hopkins University Press.

Hassanin A. 2014. Systematic and evolution of Bovini. In: Melletti M, Burton
J, editors Ecology, evolution and behaviour of wild cattle: implications
for conservation. Cambridge: Cambridge University Press; p. 7-22.

Ishige T, Gakuhari T, Hanzawa K, Kono T, Sunjoto |, Sukor JR, Ahmad AH,
Matsubayashi H. 2015. Complete mitochondrial genomes of the tooth
of a poached Borneon banteng (Bos javanicus lowi; Cetartiodactyla,
Bovidea). Mitochondrial DNA. 27:2453-2454.

Kumar S, Stecher G, Li M, Knyaz C, Tamura K. 2018. MEGA X: molecular
evolutionary genetics analysis across computing platforms. Mol Biol
Evol. 35:1547-1549.

Nei M, Kumar S. 2000. Molecular evolution and phylogenetics. New York:
Oxford University Press.


http://www.bioinformatics.babraham.ac.uk/projects/fastqc
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
https://sourceforge.net/projects/bbmap
https://sourceforge.net/projects/bbmap

	Abstract
	Introduction
	Genomic DNA isolation and mitogenome sequencing
	Assembly and gene annotation
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice




