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Abstract

In this study, we report a complete mitochondrial (mt) genome sequence of the Texel ewe, Ovis
aries. The total genome is 16,615 bp in length and its overall base composition was estimated
to be 33.68% for A, 27.36% for T, 25.86% for C, and 13.10% for G indicating an AT-rich (61.04%)
feature in the O. aries mtgenome. It contains a total of 13 protein-coding genes, 22 transfer RNA
genes, 2 ribosomal RNA genes and a control region (D-loop region). Comparisons with other
publicly available sheep mitogenomes revealed a bunch of nucleotide diversity. This complete
mitgenome sequence would enlarge useful genomic information for further studies on sheep
evolution and domestication that will enhance germplasm conservation and breeding
programs of O. aries.
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Domesticated sheep, Ovis aries, have had an important part in
human settlement, providing a farmed source of food, wool and
hide since the Neolithic Agricultural revolution approximately
8000–9000 years ago (Ryder, 1984). Mitochondrial genome has
long been recognized as an important organelle related to disease,
apoptosis, aging and metabolism (Boore, 1999). The complete
mitochondrial (mt) genome sequencing and analyses of a number
of haplotype groups identified in domestic sheep and its wild
relatives have given in-depth insights into the sheep mtgenome-
wide variation and their evolutionary relationships
(Hiendleder et al., 1998; Hiendleder, 1998; Lancioni et al.,
2013; Meadows et al., 2011; Miller et al., 2012). These obtained
findings indicate that more representatives of sheep reference
mtgenomes would better provide evidence of its origins and
domestication and further enhance the germplasm conservation
and breeding programs. Here, using the Velvet package (Zerbino
& Birney, 2008), we assembled and characterized the
complete mitochondrial genome of the Texel ewe, O. aries,
with the Illumina sequencing dataset released by Jiang et al.
(2014). This mitochondrial sequence will enlarge genomic
resources of a global sheep reference mtgenome panel
that would greatly help germplasm conservation and utilization
of O. aries.

The complete mitochondrial genome (GenBank Accession
Number: KJ954145) of O. aries (16,615 bp in length) harbored a

total 13 protein-coding genes, 22 tRNA genes, 2 rRNA genes and
two non-coding regions: the origin of light-strand replication (OL)
and control region (D-loop) (Table 1). The total base composi-
tions are 33.68% A, 27.36% T, 25.86% C, and 13.10% G; the
percentage of A + T (61.04%) was found to be higher than G + C
(38.96%). Most of these genes are encoded on the H-strand,
except for the ND6 gene and 8 tRNA genes that are encoded
on the L-strand. All protein-coding genes are 11,373 bp in
length, which together encode 3805 amino acids. A total of
13 open reading frames of protein-coding sequences have the
typical ATN initiation codon. Seven genes used TAA as
their termination codon, whereas ND2 and Cyt b use with
TAG and AGA, respectively. In addition, there are four genes
(COX3, ND3, ND4 and ND6) that were found with an incomplete
stop codon.

The mitogenome of O. aries contains a small subunit of 12S
rRNA (958 bp), a large subunit of 16S rRNA (1574 bp) and a
typical set of 22 tRNA genes. These ribosomal subunit genes are
located between the tRNA-Phe and tRNA-Leu genes and further
separated by the tRNA-Val gene. The total length of all tRNAs is
1510 bp, varying from 64 bp (tRNA-phe) to 75 bp (tRNA-Leu).
The OL is 32 bp in length, which is located between tRNA-Asn
and tRNA-Cys genes within the WANCY cluster (tRNA-Asn,
tRNA-Cys, tRNA-Trp, tRNA-Ala and tRNA-Tyr). The control
region (CR) or D-loop is 1180 bp in length and is positioned
between tRNA-Pro and tRNA-Phe.

We next compared the complete Texel ewe mitochondrial
genome with seven O. aries breeds and three Ovis species
(O. vignei, O. ammon and O. canadensis) (Hiendleder et al., 1998;
Hiendleder, 1998; Lancioni et al., 2013; Meadows et al., 2011;
Miller et al., 2012) (Table 1). Our results show that the gene
order and base composition were expectedly conserved one
another; however, SNPs and genome sizes varied slightly within
O. aries but higher levels of variation were detected among
different Ovis species.
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Position Codons

Genes Start End Length (bp) Start Stop Strand

tRNA-Phe 1 66 66 +
12S rRNA 67 1024 958 +
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tRNA-Gly 9400 9468 69 +
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tRNA-Glu 14,085 14,153 69 �
Cyt b 14,158 15,294 1137 ATG AGA +
tRNA-Thr 15,301 15,370 70 +
tRNA-Pro 15,370 15,435 66 �
D-loop 15,436 16,615 1180

Species Names and NCBI
Accession Numbers

Genome size (bp) Base compositions SNPs (In comparisons
with the Texel breed)

O. aries (Texel breed): KJ954145 16,615 A (33.68%) T (27.36%) C (25.86%) G (13.10%) 0
O. aries (Merino breed): HM236174 16,617 A (33.66%) T (27.36%) C (25.87%) G (13.11%) 112
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O. ammon: HM236188 16,613 A (33.67%) T (27.46%) C (25.79%) G (13.08%) 429
O. canadensis: JN181255 16,463 A (33.75%) T (27.46%) C (25.86%) G (12.93%) 795

2 X.-d. Hu & L.-z. Gao Mitochondrial DNA, Early Online: 1–3

M
ito

ch
on

dr
ia

l D
N

A
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
G

az
i U

ni
v.

 o
n 

01
/0

3/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Miller JM, Malenfant RM, Moore SS, Coltman DW. (2012). Short
reads, circular genome: Skimming SOLiD sequence to construct the
bighorn sheep mitochondrial genome. J Heredity 103:140–6.

Jiang Y, Xie M, Chen W, Talbot R, Maddox JF, Faraut T, Wu C, et al.
(2014). The sheep genome illuminates biology of the rumen and lipid
metabolism. Science 344:1168–73.

Lancioni H, Di Lorenzo P, Ceccobelli S, Perego UA, Miglio A, Landi V,
Antognoni MT, et al. (2013). Phylogenetic relationships of three Italian

Merino-derived sheep breeds evaluated through a complete mitogen-
ome analysis. PLoS ONE 8:e73712.

Ryder ML. (1984). Sheep. In: Mason IL, editor. Evolution of
domesticated animals. London and New York: Longman Group
Limited. p 63–84.

Zerbino DR, Birney E. (2008). Velvet: Algorithms for
de novo short read assembly using de Bruijn graphs. Genome Res
18:821–9.

DOI: 10.3109/19401736.2014.953076 Comparative mitochondrial genomics; O. aries; Texel ewe 3

M
ito

ch
on

dr
ia

l D
N

A
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
G

az
i U

ni
v.

 o
n 

01
/0

3/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


	The complete mitochondrial genome of domestic sheep, Ovis aries
	Acknowledgements
	Declaration of interest
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/ColorImageResolution 150
	/GrayImageFilter /DCTEncode
	/DownsampleMonoImages true
	/PreserveDICMYKValues false
	/ColorImageFilter /DCTEncode
	/EncodeGrayImages true
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/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.)
		/NOR <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/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.)
		/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.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/CompressObjects /Tags
	/ColorImageDownsampleThreshold 1.5
	/AntiAliasGrayImages false
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/MonoImageMinResolution 600
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CompatibilityLevel 1.6
	/GrayImageDownsampleType /Bicubic
	/PDFXOutputCondition ()
	/PassThroughJPEGImages false
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


