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ABSTRACT

In this study, we analyzed the complete mitochondrial genome of the spike-topped apple snail,
Pomacea diffusa Blume, 1957 (Gastropoda: Ampullariidae). The mitochondrial genome of P. diffusa was
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16,373 bp, consisting 13 protein-coding genes, 2 rRNAs, and 22 tRNAs and a non-coding region with a

12 bp repeat unit. There were 29 mitochondrial genes of P. diffusa are distributed on the H-strand, and
the other eight tRNA genes encoded on the L-strand. The average AT content of 13 protein-coding
genes was 68.7%. A phylogenetic analysis showed that there was a close relationship between P. diffusa
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and invasive apple snail species, Pomacea canaliculata and Pomacea aff. maculata.

Introduction

Pomacea diffusa is a common pet apple snail species popu-
lar in aquarium trade, which has been introduced to
Australia, Asia, and North America from South America
(Hayes et al. 2008). However, unlike its congeners, such as
P. canaliculata and P. maculata, P. diffusa is the only
Ampullariidae species permitted to be transported between
states by the United States Department of Agriculture
(Gaston 2006; Rawlings et al. 2007). Owing to their similar
shell morphology with a distinctive stair-like appearance on
their whorls, P. diffusa was frequently referred to as
P. bridgesii by mistakes (Cowie et al. 2006). In this study, we
characterized the complete mitochondrial genome sequence
of P. diffusa to contribute to further molecular and phylo-
genetic studies of this snail species.

Alive adults of P. diffusa were bought from an aquarium
store, preserved in 95% ethanol and stored in —80°C. The
specimen was stored in China Jiliang University, China, under
the code: 150302-IPS-PD-W-01. Genomic DNA was extracted
from foot muscle using a Tiangen DNA extract kit (Tiangen
Inc., Beijing, China) and obtained DNA eluted in 200 pl of
sterile deionized water with a concentration of 69 ng/ul. We
used the Illumina Hiseq 2500 platform to build up a genomic
library and obtained the mitochondrial genome sequence of
P. diffusa. The resultant reads were assembled and annotated
using Geneious 7.0.6.

The complete mitochondrial genome of P. diffusa was of
16,373 bp long (GenBank accession number MF373586), thus

566 bp longer than P. candliculata (Zhou et al. 2014) and
857 bp longer than P. aff. maculata (Yang et al. 2016). The
complete mitochondrial genome has 37 genes, including 13
protein-coding genes, 22 putative tRNA genes, and two ribo-
somal RNA genes, and an AT-rich non-coding region. The
nucleotide composition for the mitogenome was 29.9% of A,
39.6% of T, 143% of C, and 16.2% of G. Eight tRNA genes
(trnM, trnY, trnC, trnW, trnQ, trnG, trnE, trnT) were encoded in
the L-strand, and all other genes are encoded in the H-strand.
All the protein-coding genes began with ATG as start codon.
ATP6, ATP8, ND1-4, ND4L, ND6, COX3 genes were terminated
with TAA as stop codon, while COX1, COX2, CYTB ended with
TAG. The control region of P. diffusa was 806 bp, and the AT
content was 73.8%. A 12bp-repeat unit (ATCTATACATAQ)
repeated 37 times, with 19 repeats encoded in the L-strand
and 18 repeats encoded in the H-strand.

To further validate the phylogenetic position of P. diffusa,
we constructed maximum likelihood phylogenetic trees
using MEGA 6.0 (Tamura et al. 2013) based on the nucleo-
tide sequences of 13 protein-coding genes (Figure 1). We
included mitochondrial genome sequences of other nine
snail species in Caenogastropoda published in GenBank in
the phylogenetic analyses. The phylogenetic position of
P. diffusa was closely clustered with P. canaliculata and
P. aff. maculata, which supported that the mitochondrial
DNAs of P. diffusa were closely related to other species of
Pomacea. The mitogenome of P. diffusa will provide essen-
tial data for further phylogenetic and evolutionary analysis
for apple snails.
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Figure 1. Maximum likelihood tree based on the nucleotide sequences of 13 protein-coding genes illustrating the phylogenetic position of P. diffusa among a subset
of Caenogastropoda species. Haliotis rubra (Gastropoda: Vetigastropoda) was used as an outgroup.

Disclosure statement

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

Funding

This study was supported from Natural Science Foundation of Zhejiang
Province (No. LQ15C140002) and Yucai Project of the Zhejiang
Association for Science and Technology Foundation (No. 2017YCGCO006).

References

Cowie RH, Hayes KA, Thiengo SC. 2006. What are apple snails? Confused
taxonomy and some preliminary resolution. In: Joshi RC, Sebastian LS
editors. Global advances in ecology and management of golden apple

snails. Nueva Ecija (Philippines): Philippine Rice Research Institute.
p. 3-24.

Gaston EE. 2006. Aquatic snails; permit requirements for importation and
interstate movement. Federal Register. 71:16973-16975.

Hayes KA, Joshi RC, Thiengo SC, Cowie RH. 2008. Out of South America:
multiple origins of non-native apple snails in Asia. Diversity Distrib.
14:701-712.

Rawlings TA, Hayes KA, Cowie RH, Collins TM. 2007. The identity, distribu-
tion, and impacts of non-native apple snails in the Continental United
States. BMC Evol Biol. 7:97.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGAG6:
Molecular evolutionary genetics analysis version 6.0. Mol Biol Evol.
30:2725-2729.

Yang Q, Liu S, Song F, Li H, Liu J, Liu G, Yu X. 2016. The mitochondrial
genome of Pomacea maculata (Gastropoda: Ampullariidae).
Mitochondrial DNA Part A. 27:2895-2896.

Zhou X, Chen Y, Zhu S, Xu H, Liu Y, Chen L. 2014. The complete mito-
chondrial genome of Pomacea  canaliculata  (Gastropoda:
Ampullariidae). Mitochondrial DNA Part A. 27:884-2896.



	The complete mitochondrial genome of Pomacea diffusa (Gastropoda:Ampullariidae)
	Introduction
	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


