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ABSTRACT
We sequenced a complete mitochondrial genome of the marine sponge, Cacospongia mycofijiensis,
which is the first report for the family Thorectidae in the class Demospongiae. The mitogenome was
obtained from a de novo assembly of shotgun genome sequencing using Illumina Miseq technology,
which reconstructed a circular genome with 97� of sequence coverage. The assembled mitochondrial
genome consisting of 16,227 bp includes 14 protein-coding genes, 2 rRNAs and 2 tRNAs. This complete
mitogenome sequence will be useful especially for the phylogenic studies of Demospongiae.
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The class Demospongiae (Metazoa, Porifera) is the largest
and the most diverse class of the phylum Porifera, which
represents one of the most challenging groups in animal
phylogenetic relationships still being unresolved (Boury-
Esnault 2006; Van Soest et al. 2012). Recently, the complete
mitochondrial genome data were proposed as an effective
tool for molecular phylogeny studies of Demospongiae
(Lavrov et al. 2008). The genus Cacospongia (Thorectidae,
Dictyoceratida) contains 36 species and some species were
reported to produce bioactive secondary compounds (Rubio
et al. 2007; Van Soest et al. 2016). Particularly, the species
Cacospongia mycofijiensis (Kakou et al. 1987) is known to
generate multiple bioactive polyketide compounds in the
southwest pacific ocean (Quinoa et al. 1988; Johnson et al.
2007). This mitochondrial genome should be useful for
phylogenic studies in Demospongiae; moreover, it may con-
tribute to chemical product researches in Cacospongia.

The C. mycofijiensis specimen was collected from the sea
cave near Iejima Island (Ohoba No.2 cave, 26.7244 N 127.8297
E) at 30 m depth in June 2014, which was sequenced by
whole-genome shotgun sequencing with illumina MiSeq
(Illumina Inc. San Diego, CA) via paired-end library (75bp �2).
The mitogenome was de nove assembled using the Newbler v
2.7 software (Roche Diagnostics, Basel, Switzerland). The con-
tigs of mitogenome were identified by BLAST search against
GenBank database (Benson et al. 2015). Gene annotations
were predicted using MITOS (Bernt et al. 2013) and were
manually refined by using ORFfinder (http://www.ncbi.nlm.nih.

gov/projects/gorf/). As additional information for vouchering,
we sequenced two ribosomal RNA genes (18S and 28S) of the
identical specimen by Sanger sequencing (GenBank accession
no. LC136933 and LC136934). The leftover specimen is
deposited in the Ryukyu University Museum, Fujukan (RUMF)
(accession no. RUMF-ZP-00016).

The resulting mitogenome (GenBank accession no.
LC133169) is 16,227 bp long with 97� of the sufficient read
coverage. The GþC content of the mitogenome is 37.1%. We
identified 2 rRNAs, 2 tRNAs (trnW and trnM), and 14 protein-
coding genes including the subunit 9 of ATPase synthase,
which is a common gene in Demospongiae (Lavrov et al.
2008). The overall gene organization is consistent with the
conserved order among Dictyoceratida sponges.

We performed a phylogenetic analysis using 13 complete
mitochondrial genomes of Demospongiae. We concatenated
the 14 protein-coding genes and 2 rRNA genes, and employed
the maximum-likehood approach with MEGA7 (Kumar et al.
2016) using the GTRþGAMMA model for the tree construction.
The node support was calculated with 1000 bootstrap repli-
cates. As the result, C. mycofijiensis was placed in a cluster of
the order Dictyoceratida and in the clade of the subclass
Keratosa (Figure 1). It confirms the phylogenetic placement of
the order Dictyoceratida evaluated by Lavrov et al. (2008).
Moreover, this tree suggests that the family Thorectidae forms
a distinct clade from the other families, Verticillitidae, Irciniidae
and Spongiidae, which were not distinguished by CO1 and 28S
rRNA gene trees (Erpenbeck et al. 2012).
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Figure 1. Phylogenic analysis of the order Dictyoceratida in the class Demospongiae using concatenated gene sets in mitochondrial genome. A maximum likelihood
tree is based on 16 mitochondrial loci (cob, cox1, cox2, cox3, nd1, nd2, nd3 nd4, nd4l, nd5, nd6, atp6, atp8, atp9, rrnL and rrnS) of the 13 species, which were com-
pleted mitochondrial genome, including Cacospongia mycofijiensis (LC133169), Vaceletia sp. GW948 (NC_010218.1), Ircinia strobilina (NC_013662.1), Ircinia sp. LCJ03
(KC510274.1), Hippospongia lachne (NC_010215.1), Hyattella sinuosa (NC_021422.1), Igernella notabilis (NC_010216.1), Halisarca dujardini (NC_010212.1), Aplysina fulva
(NC_010203.1), Callyspongia plicifera (NC_010206.1), Xestospongia muta (NC_010211.1), Agelas schmidti (NC_010213.1), and Axinella corrugata (NC_006894.1), with
Oscarella carmela (NC_009090.1) and Plakina trilopha (NC_014852.1) as the outgroup. The tree is based on the General Time ReversibleþGamma site (GTRþG) model
of the nucleotide substitution. The numbers at the nodes are bootstrap percent probability values based on 1,000 replications. White box: the clade of the order
Dictyoceratida; Gray region: the clade of the subclass Keratosa.

478 H. AOYAMA ET AL.

http://www.marinespecies.org/porifera

	Complete mitochondrial genome of Cacospongia mycofijiensis (Dictyoceratida: Demospongiae): the first report for the sponge family Thorectidae
	Acknowledgements
	Disclosure statement
	Funding information
	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


