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Abstract

The complete mitochondrial genome sequence of the Aetobatus flagellum is 20,201 bp long
and consists of 13 protein-coding genes, 22 tRNA genes, 2 rRNA genes and 1 control region
(CR). The base composition of the genome is 30.9% A, 28.2% T, 27.1% C and 13.8% G.
Comparing mtDNA of elasmobranchs submitted in NCBI, our study not only identified the
longest mitochondrial genome with 4490 bp CR in A. flagellum, but also strongly revealed that
records in the northwest Pacific may belong to a separate species from those distributed in
Indonesia.
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Aetobatus, one of the genera of the family, are benthopelagic
batoids comprising three valid species of eagle rays in the family
Myliobatidae (Oh et al., 2006). Aetobatus flagellum has been
distributed disjunctly to Pakistan, India, Indonesia, southern
China, Korea, southern Japan and possibly in the eastern Atlantic,
where it is primarily found on the inner continental shelf
(Compagno, 1999). Considering the limitations of life history
parameters in myliobatid rays (including low fecundity) and very
high level of fishing pressure in inshore regions, A. flagellum
has been categorized as an endangered species (EN) by IUCN
(White, 2006).

In this study, the complete mtDNA of A. flagellum was first
amplified and sequenced by polymerase chain reaction (PCR)
with 15 primer pairs. Nucleotide sequences were deposited in
GenBank (Accession Number KF482070). The complete mito-
chondrial genome of A. flagellum is 20,201 bp, containing 13
protein-coding genes, 22 tRNA genes, 2 rRNA genes and 1 CR.
The nucleotide composition is 30.9% A, 27.1% C, 13.8% G and
28.2% T, and this composition shows a bias for AþT. The
mitochondrial genes from A. flagellum are overlapped in a total of
27 bp at six locations and interleaved with a total of 224 bp
intergenic spacers at 22 locations (Table 1).

Thirteen protein-coding genes for 3799 amino acids were
identified. The longest gene is ND5 with 1833 bp and the shortest
is ATP8 with only 168 bp. Eleven of the 13 protein-coding genes
require ATG as the start codon, whereas CO1 and ND6 utilize

GTG and TTA, respectively. The CO1 gene has GTG instead of
ATG as a start codon, as numerous fish do in mitochondrial
genomes (Miya & Nishida, 1999). Eight use TAA as stop codons.
ND6 ends with CAT; COI ends with TAG; and CO2, ND3 and
ND4 use T as an incomplete stop codon. The 22 tRNA genes
range in size from 75 bp in tRNALeu to 68 bp in tRNAcys, tRNAtrp

and tRNAtyr. The 12S and 16S rRNA genes are 952 and 1642 bp,
respectively, and are located between the tRNAPhe and tRNALeu

genes and separated by the tRNAVal gene. This species has the
longest mitochondrial genome with 4490 bp CR, which lies
between the tRNAPro and tRNAPhe genes.

Mitochondrial genome sequences are very useful in determin-
ing the phylogenetic relationships among individuals, populations
and even species (Irwin et al., 1991; Kocher et al., 1989). Studies
on A. narinari have revealed that deep molecular differences are
found among various geographic populations in this circum
globally distributed species (Vincent et al., 2009). Through the
comparison with the mtDNA sequences deposited in NCBI, the
Chinese individuals used in this study share common COI or Cyt
b sequences with those collected in Japan and Korea (Nos.
FJ8122051, FJ8122041), but quite different from the ND2 gene of
the individual from Java, Indonesia (No. JQ518839). This
revealed the high possibility of the existence of cryptic species
in Aetobatus and this taxonomic clarity represents a key element
to the urgent conservation of elasmobranchs in the northwest
Pacific.
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Table 1. Characteristics of the A. flagellum mitochondrial DNA genome.

Gene
name

Coding
strand

Start
position

End
position

Intergenic
nucleotides

Overlapping
nucleotides Size (bp)

No. of
codons

Start
codon

Stop
codon

tRNAPhe H 1 69 69
12S rRNA H 72 1023 2 952
tRNAVal H 1032 1103 8 72
16S rRNA H 1178 2748 74 3 11,642
tRNALeu H 2808 2882 59 75
ND1 H 2883 3857 975 324 ATG TAA
tRNAIle H 3859 3926 1 70
tRNAGln L 3928 3999 1 72
tRNAMet H 4000 4069 71
ND2 H 4070 5116 2 1047 348 ATG TAA
tRNATrp H 5117 5184 68
tRNAAla L 5186 5254 1 69
tRNAAsn L 5256 5328 1 73
tRNACys L 5362 5429 33 68
tRNATyr H 5435 5502 5 68
CO1 H 5509 7062 6 1554 517 GTG TAG
tRNASer L 7067 7137 4 71
tRNAAsp H 7138 7208 71
CO2 H 7212 7902 3 691 230 ATG T- -
tRNALys H 7903 7976 74
ATP8 H 7978 8145 1 168 55 ATG TAA
ATP6 H 8136 8819 10 684 227 ATG TAA
CO3 H 8819 9604 1 786 261 ATG TAA
tRNAGly H 9613 9684 8 72
ND3 H 9686 10,034 1 349 116 ATG T- -
tRNAArg H 10,035 10,108 74
ND4L H 10,109 10,405 297 98 ATG TAA
ND4 H 10,399 11,779 7 1381 460 ATG T- -
tRNAHis H 11,780 11,848 69
tRNASer H 11,850 11,918 1 69
tRNALeu H 11,921 11,992 2 72
ND5 H 11,993 13,825 1833 610 ATG TAA
ND6 L 13,822 14,343 4 522 173 TTA CAT
tRNAGlu L 14,345 14,413 1 69
Cyt b H 14,416 15,558 2 1143 380 ATG TAA
tRNAThr H 15,565 15,638 6 74
tRNAPro L 15,643 15,711 4 69
D-loop H 15,712 20,201 4490

2 J. Zhang et al. Mitochondrial DNA, Early Online: 1–2

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 
U

ni
ve

rs
ity

 o
f 

M
el

bo
ur

ne
 o

n 
10

/1
1/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.


	Mitochondrial genome of longheaded eagle ray Aetobatus flagellum (Chondrichthyes: Myliobatidae)
	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


