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ABSTRACT
In this study, we report the complete mitochondrial genome sequence of Achatinella sowerbyana, an
endangered Hawaiian tree snail. The mitogenome is 15,374 bp in length and has a base composition of
A (36.4%), T (42.7%), C (9.1%), and G (11.8%). Similar to other pulmonates, it contains 13 protein-coding
genes, 2 ribosomal RNA genes, and 22 transfer RNA genes. The gene order is the same as its sister spe-
cies, A. mustelina. To our knowledge, this is the second mitochondrial genome sequenced within the
superfamily Achatinelloidea, and will aid in the examination of the genus Achatinella, part of a spec-
tacular radiation in the Hawaiian Islands.

ARTICLE HISTORY
Received 7 July 2016
Revised 15 July 2016
Accepted 29 July 2016

KEYWORDS
Endangered species;
Hawaiian tree snail;
mitogenome; Mollusca;
RADseq

Achatinella sowerbyana, endemic to the Ko‘olau Mountain
Range on the island of O‘ahu, is part of a spectacular radi-
ation with more than 41 species in the genus (Pilsbry &
Cooke 1912–1914). Habitat loss, predation by introduced spe-
cies, and over-harvesting by collectors led to the extinction of
at least 30 species of Achatinella, and resulted in the declar-
ation of all remaining species in the genus as Endangered
(Hadfield & Mountain 1980; Hadfield 1986; U.S. Fish and
Wildlife Service 1981). Of those that remain, A. sowerbyana is
the second most abundant, with less than 10 populations in
the wild.

We sequenced the complete mitochondrial genome of A.
sowerbyana (GenBank accession number KX356680). Small tis-
sue samples were collected from 26 individuals at a single
study site (21.53742, -157.92099), using non-lethal methods,
and preserved in 100% ethanol until DNA extraction (Thacker
& Hadfield 2000). DNA was individually extracted from tissue
samples using a DNeasy Blood and Tissue Kit (Qiagen,
Valencia, CA) according to the manufacturer’s protocol.
Extracted DNA was quantified using the Biotium (Hayward,
CA) AccuClear Ultra High Sensitivity dsDNA quantitation kit
using seven standards. Equal quantities of DNA from each
individual were pooled to a total of 1lg, and a library was
prepared for genome scanning using the ezRAD protocol
(Toonen et al. 2013) version 2.0 (Knapp et al. in press). The
sample was digested with the frequent cutter restriction
enzyme DpnII from New England BiolabsVR (Ipswich, MA) and
fragments between 300 and 700 bp in length prepared for

sequencing on the IlluminaVR MiSeq using the Kapa
Biosystems (Wilmington, MA) Hyper Prep kit. The sample was
amplified to generate 1 lg of adapter-ligated DNA, then vali-
dated and quantified to ensure equal pooling on the MiSeq
flow cell, using a Bioanalyzer and qPCR. Quality control
checks and sequencing were performed by the Hawaii
Institute of Marine Biology Genetics Core Facility.

We obtained 5,737,666 sequences. Reads were paired,
then mapped to the mitogenome of A. mustelina (Price et al.
2016) using Geneious 6.0 (Biomatters, Newark, NJ). In total,
5442 reads, or about 0.1% of reads, mapped to the mitochon-
drial genome, with coverage ranging from 1� to 844� per
site (99 ± 172). Coverage was lower in regions that had mul-
tiple cut sites within a 200 bp span, and in regions that had
greater than 2000 bp between cut sites. Annotation of mito-
chondrial elements was carried out with DOGMA (Wyman
et al. 2004) and MITOS (Bernt et al. 2013).

The mitogenome of A. sowerbyana is similar to those of
other pulmonates (Figure 1, White et al. 2011), with 13 pro-
tein-coding genes, 2 rRNA genes, and 22 tRNA genes, and a
base composition of A (36.4%), T (42.7%), C (9.1%), and G
(11.8%). The mitogenome is 15,374 bp in length, nearly
1000 bp smaller than that of A. mustelina (Price et al. 2016).
Most of the difference in length is accounted for in the inter-
genic regions. This is the second mitogenome sequenced
within the superfamily Achatinelloidea, and will aid in the
evolutionary studies of the spectacular radiation of Hawaiian
tree snails across the Hawaiian Islands.

CONTACT Melissa R. Price melrprice@gmail.com Kewalo Marine Laboratory, Pacific Biosciences Research Center, University of Hawai‘i at M�anoa, Honolulu,
HI, USA
� 2016 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

MITOCHONDRIAL DNA PART B: RESOURCES, 2016
VOL. 1, NO. 1, 666–668
http://dx.doi.org/10.1080/23802359.2016.1219631

http://creativecommons.org/licenses/by/4.0/


Acknowledgements

We appreciate the invaluable field assistance provided by V. Costello, S.
Pillman, J. Prior, D. Sischo, and J. Tanino.

Disclosure statement

The authors report no conflicts of interest. The authors alone are respon-
sible for the content and writing of this article.

Funding

This project was funded by the US Fish and Wildlife Service 10.13039/
100000202, through the Hawai‘i Department of Land and Natural
Resources Fiscal Year 2015 Recovery Implementation Fund, Under Grant
Award Number: F15AP00314.

References

Bernt M, Donath A, J€uling F, Externbrink F, Florentz C, Fritzsch G, P€utz J,
Stadler PF. 2013. MITOS: improved de novo Metazoan mitochondrial
genome annotation. Mol Phylogenet Evol. 69:313–319.

Deng PJ, Wang WM, Huang XC, Wu XP, Xie GL, Ouyang S. 2016. The
complete mitochondrial genome of Chinese land snail Mastigeulota
kiangsinensis (Gastropoda: Pulmonata: Bradybaenidae). Mitochondrial
DNA. 27:1441–1442.

Gait�an-Espitia JD, Nespolo RF, Opazo JC. 2013. The complete mitochon-
drial genome of the land snail Cornu aspersum (Helicidae: Mollusca):
intra-specific divergence of protein-coding genes and phylogenetic
considerations within Euthyneura. PLoS One. 8:e67299.

Grande C, Templado J, Cervera JL, Zardoya R. 2004. Molecular phylogeny
of euthyneura (mollusca: gastropoda). Mol Biol Evol. 21:303–313.

Hadfield MG. 1986. Extinction in Hawaiian Achatinelline snails.
Malacologia. 27:67–81.

Hadfield MG, Mountain BS. 1980. A field study of a vanishing species,
Achatinella mustelina (Gastropoda, Pulmonata), in the Waianae
Mountains of Oahu. Pac Sci. 34:345–358.

Hatzoglou E, Rodakis GC, Lecanidou R. 1995. Complete sequence and
gene organization of the mitochondrial genome of the land snail
Albinaria coerulea. Genetics. 140:1353–1366.

He ZP, Dai XB, Zhang S, Zhi TT, Lun ZR, Wu ZD, Yang TB. 2014. Complete
mitochondrial genome of the giant African snail, Achatina fulica
(Mollusca: Achatinidae): a novel location of putitive control regions
(CR) in the mitogenome within Pulmonate species. Mitochondrial
DNA. 27:1084–1085.

Huang CW, Lin SM, Wu WL. 2015. Mitochondrial genome sequences of
land snails Aegista diversifamilia and Dolicheulota formosensis
(Gastropoda: Pulmonata: Stylommatophora). Mitochondrial DNA.
22:1–3.

Knapp IS, Puritz JB, Bird CE, Whitney JL, Sudek M, Forsman ZH, Toonen
RJ. In press. ezRAD- an accessible next-generation RAD sequencing
protocol suitable for non-model organisms_v3.1. doi:10.17504/
protocols.io.e9pbh5n.

Knudsen B, Kohn AB, Nahir B, McFadden CS, Moroz LL. 2006. Complete
DNA sequence of the mitochondrial genome of the sea-slug, Aplysia
californica: conservation of the gene order in Euthyneura. Mol
Phylogenet Evol. 38:459–469.

Pilsbry HA, Cooke CM. 1912–1914. Achatinellidae: manual of conchology.
2nd ser. Vol 21 Iviii þ 428 pages 63 plates. Philadelphia: Alpheus
Hyatt.

Price MR, Forsman ZH, Knapp I, Hadfield MG, Toonen RJ. 2016. The com-
plete mitochondrial genome of Achatinella mustelina (Gastropoda:
Pulmonata: Stylommatophora). Mitochondrial DNA Resour. 1:183–185.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGA 6:
molecular evolutionary genetics analysis version 6.0. Mol Biol Evol.
30:3735–2729.

Thacker RW, Hadfield MG. 2000. Mitochondrial phylogeny of extant
Hawaiian tree snails (Achatinellinae). Mol Phylogenet Evol. 16:263–270.

Figure 1. Placement of Achatinella sowerbyana among Stylommatophoran snails. Alignments, model tests, and maximum-likelihood analyses were performed using
MEGA version 6.2 (Tamura et al. 2013). The 13 protein-coding mitochondrial gene sequences were individually translated into amino acid sequences, then aligned
using ClustalW in MEGA version 6.2. Default settings were used with the following exception: the multiple alignment parameters were changed to a gap opening
penalty of 3.0; and the gap extension penalty was set to 1.8. The amino acid substitution model was found to be LGþGþ Iþ F using the Akaike Information
Criterion (AIC). Maximum-likelihood analysis of the amino acid sequences was run using the identified model, with bootstrap support values based on 1000 repli-
cates. The resulting tree shows similar relationships to previous studies (Hatzoglou et al. 1995; Grande et al. 2004; Knudsen et al. 2006; White et al. 2011; Yamazaki
et al. 1997; Gait�an-Espitia et al. 2013; He et al. 2014; Wang et al. 2014; Huang et al. 2015; Deng et al. 2016; Price et al. 2016).

MITOCHONDRIAL DNA PART B: RESOURCES 667



Toonen RJ, Puritz JB, Forsman ZH, Whitney J, Fernandez-Silva I,
Andrews K, Bird CE. 2013. ezRAD: a simplified method for genomic
genotyping in non-model organisms. PeerJ. 1:e203. doi:10.7717/
peerj.203.

U.S. Fish and Wildlife Service. 1981. Endangered and threatened wildlife
and plants; listing the Hawaiian (Oahu) tree snails in the genus
Achatinella as Endangered Species. Federal Register. 46:3178–3182.

Wang P, Yang HF, Zhou WC, Hwang CC, Zhang WH, Qian ZX. 2014. The
mitochondrial genome of the land snail Camaena cicatricosa (M€uller,
1774): the first complete sequence in the family Camaenidae. Zookeys.
451:33–48.

White TR, Conrad MM, Tseng R, Balayan S, Golding R, de Frias Martins
AM, Dayrat BA. 2011. Ten new complete mitochondrial genomes of
pulmonates (Mollusca: Gastropoda) and their impact on phylogenetic
relationships. BMC Evol Biol. 11:295.

Wyman SK, Jansen RK, Boore JL. 2004. Automatic annotation of organel-
lar genomes with DOGMA. Bioinformatics. 20:3252–3255.

Yamazaki N, Ueshima R, Terrett JA, Yokobori S, Kaifu M, Segawa R,
Kobayashi T, Numachi K, Ueda T, Nishikawa K, et al. 1997. Evolution of
pulmonate gastropod mitochondrial genomes: comparisons of gene
organizations of Euhadra, Cepaea and Albinaria and implications of
unusual tRNA secondary structures. Genetics. 145:749–758.

668 M. R. PRICE ET AL.

http://dx.doi.org/10.7717/peerj.203
http://dx.doi.org/10.7717/peerj.203

	The complete mitochondrial genome of Achatinella sowerbyana (Gastropoda: Pulmonata: Stylommatophora: Achatinellidae)
	mkchap1219631__ack
	Disclosure statement
	Funding
	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
	/GrayImageFilter /DCTEncode
	/ColorImageResolution 150
	/DownsampleMonoImages true
	/EncodeGrayImages true
	/ColorImageFilter /DCTEncode
	/PreserveDICMYKValues false
	/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 <>
		/NOR <>
		/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.)
		/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
	/AntiAliasGrayImages false
	/ColorImageDownsampleThreshold 1.5
	/CompressObjects /Tags
	/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
	/MonoImageMinResolution 600
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/GrayImageDownsampleType /Bicubic
	/CompatibilityLevel 1.6
	/PassThroughJPEGImages false
	/PDFXOutputCondition ()
	/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


