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ABSTRACT
The diving beetles Dytiscus sharpi is one of the most critically endangered species in Japan, caused by
excessive capture and destruction of their habitats. Here, the complete mitochondrial genome
sequence (mitogenome) of D. sharpi is described. The entire mitogenome sequence was 19,476bp
long, containing 13 protein-coding genes, 2 ribosomal RNA genes, 22 transfer RNA genes, and 1 con-
trol region. The average Aþ T content of mitogenome was 81.3%. This is the first description of a com-
plete mitochondrial genome of Dytiscus, and the second of Dytiscinae. The primary genetic data
obtained in this study is expected to contribute to conservation genetic studies using various genetic
analysis methods, including environmental DNA.
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Dytiscus sharpi is one of the largest diving beetles distributed
in the Japanese archipelago and inhabits muddy wetlands. In
Japan, diving beetles, a member of the Dytiscinae, are declin-
ing rapidly and 14 species are listed on the Japanese Red List
as endangered species. Dytiscus sharpi has been rated IA and
has been designated as a target species under the species
protection law in Japan, ‘Act on Conservation of Endangered
Species of Wild Fauna and Flora’, from 2011. In recent years,
several studies of genetic relationships among regions
(Nagata et al. 2018) and ecology (e.g. Inoda 2011) have been
reported. However, as a small number of mitogenomes of
diving beetles have been characterized, phylogenetic analysis
based on mitogenome and design markers for environmental
DNA analysis of diving beetles containing D. sharpi
are difficult.

In this study, the complete mitochondrial genome (mito-
genome) of Dytiscus sharpi is characterized using DNA from a
previous study (No. 6 from population F in Niigata prefecture
(Nagata et al. 2018)). The specification of detailed sampling
sites is not permitted for conservation purposes. Total DNA
was stored in National Museum of Nature and Science
(NSMT-DNA41512). Mitogenome was amplified in two frag-
ments by PCR except DNA barcoding region. Then, two frag-
ments were sequenced by pair-end sequencing using Miseq
sequencer (Illumina, San Diego, CA). The total reads were
assembled using CLC Genomic work bench (Qiagen, Hilden,
Germany). The control region was detected using the primer
walking method applying the Sanger sequence using BigDye
3.1 and an ABI 3500 sequencer (Thermo Fisher Scientific,
Waltham, MA). Circularity was checked visually, and the

mitogenome was annotated using MITOS WebServer (Bernt
et al. 2013)

The size of entire mitogenome sequence of Dytiscus sharpi
was found to be 19,476 bp long (GenBank/DDBJ/EMBL
Accession number LC466129), containing 13 protein-coding
genes (PCGs), 2 ribosomal RNA (rRNA), 22 transfer RNA, and 1
control region (CR). The overall base composition was
extremely AT-rich, with 43.0% for A, 38.3% for T, 7.8% for G,
and 10.9% for C.

The phylogenetic trees of Dytiscidae based on 13 PCGs
and 2 rRNA’s were reconstructed by maximum likelihood and
neighbor-joining methods using RAxML (Stamatakis 2015)
and PAUP� 4.0 beta (Sofford 2002), respectively. In these
analyses, the following eight diving beetles and one carabid
ground beetle were included as an outgroup, Acilius sp,
Colymbetes sp., Hydroporus sp., Liopterus sp. (Linard et al.
(2016)), Agabus uliginosus, Hygrotus nigrolineatus (Hunter
et al. (unpublished)), Limbodessus palmulaoides, Paroster mac-
rosturtensis (Hyde et al. (2017)), and Carabus lafossei (Liu et al.
(2018)). Both phylogenetic trees are similar to each other
(Figure 1), and Dytiscinae, including Dytiscus sharpi, were
monophyletic. The genetic distance within Dytiscinae was
13.49% at the COI and 9.84% at the 16S rRNA.

This is the first description of a complete mitochondrial
genome of Dytiscus, and the second for within subfamily
Dytiscinae. The mitogenome of D. sharpi obtained in this
study is expected to contribute not only to conservation gen-
etic studies using various genetic analysis methods, including
eDNA but also for the clarification the phylogeny
of Dytiscidae.
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Figure 1 The maximum likelihood phylogenetic tree of Dytiscidae based on 13 protein coding genes and two rRNA. The number beside each node represent boot-
strap values in percentage based on 1000 replication (maximum likelihood estimation followed by neighbor-joining estimation). The number after the species name
is the GenBank Accession number.

2376 N. NAGATA


	Abstract
	Acknowledgements
	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


