
MITOGENOME ANNOUNCEMENT

Complete mitochondrial genome of the deep-sea asymmetrical barnacle
Altiverruca navicula (Cirripedia, Thoracica, Verrucumorpha)

Se-Joo Kima, Won-Kyung Leeb, Bo Kyeng Houa, Benny K. K. Chanc and Se-Jong Jub,d

aKorean Bioinformation Center, Korea Research Institute Bioscience and Biotechnology, Daejeon, South Korea; bDeep-Sea and Seabed Mineral
Resources Research Center, Korea Institute of Ocean Science & Technology, Ansan, South Korea; cBiodiversity Research Center, Academica
Sinica, Taipei, Taiwan; dMarine Biology Major, University of Science & Technology, Daejeon, South Korea

ABSTRACT
The hitherto suborder Verrucomorpha contains asymmetrical barnacles of two groups: the true
Verrucomorpha (EoverrucaþVerrucidae) and the Neoverrucidae. Here, we determined the mitochondrial
genome (mitogenome) of Altiverruca navicula, a true Verrucomorpha species. The mitogenome was
15,976 base pairs in length and had the typical pancrustacean gene arrangement. Its protein-coding
genes were very similar to those of other thoracican species in terms of length, AT content, and start
and stop codons. In phylogenetic trees constructed with 13 protein-coding genes, A. navicula was posi-
tioned at an ancestral node of sessile barnacles, consistent with the findings of previous studies.
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The suborder Verrucomorpha, recognized as basal sessilians,
is asymmetrical barnacles which are characterized primarily
by the status of their paired scuta and terga (movable or
fixed). Based on morphological and molecular studies, its
members have been divided into two groups, the true
Verrucomorpha (fossil EoverrucaþVerrucidae) and the
Neoverrucidae, which is restricted to hydrothermal vent habi-
tats and has a challenge to revise its taxonomic status (P�erez-
Losada et al. 2014; Gale 2015; Herrera et al. 2015). Among
the true Verrucomorpha, the genus Altiverruca is one of the
most common deep-sea barnacles (Buckeridge 1994; Young
2002). Although several previous studies have investigated
the evolution of verrucomorphs, little is known about their
phylogenetic status at a genomic level. To understand verru-
comorphs, we determined the mitochondrial genome
(mitogenome) of Altiverruca navicula (Hoek 1913).

In December 2016, A. navicula specimens were collected
from the North Fiji Basin (17�60S 173�520W; 2255m in depth)
in the southwestern Pacific Ocean using a ROV (ROPOS,
Canadian Scientific Submersible Facility). Genomic DNA was
extracted using the QIAamp Fast DNA Tissue Kit (QIAGEN,
Hilden, Germany) and mitochondrial DNA was amplified with
a DNA REPLI-g Mitochondrial DNA Kit (QIAGEN, Hilden,
Germany). Library construction and sequencing were per-
formed by Macrogen Service (Macrogen, Seoul, Korea) using
the Illumina HiSeq 4000 sequencing platform (Illumina, San
Diego, CA). A complete mitochondrial genome was obtained
using NOVOplasty 2.4 (Dierckxsens et al. 2017) and Geneious
(Biomatters, Auckland, New Zealand). Mitochondrial genes
were annotated using MITOS (Bernt et al. 2013) and ARWEN

(Laslett and Canb€ack 2008). The used specimen for
mitogenome analysis had been deposited in the Library of
Marine Samples (KIOST, Geojae, Korea; accession no.
BS_MA00010132).

The complete mitogenome of A. navicula was 15,976 bp in
length (GenBank accession no. MG252956), and consisted of
13 protein-coding genes (PCGs), two ribosomal RNAs (rRNAs),
22 transfer RNAs (tRNAs) and a non-coding region. The gene
organization largely followed the ancestral pancrustacean
pattern, except for some tRNAs. The base composition was
38.2% A, 17.0% C, 10.4% G and 34.4% T. All PCGs had an
ATN start codon, except COX1, which was initiated with TTG.
Most of the PCGs terminated with a complete stop codon
(TAA or TAG), but four PCGs (COX1, COX3, ND3 and ND4)
had incomplete stop codons (T�). The 16 and 12S rRNAs
were 1295 bp (77.5% AT content) and 755 bp (72.3% AT con-
tent), respectively. The tRNA genes ranged from 61 to 70 bp
in size. A 443 bp-long (79.7% AT content) non-coding region
was located between the 12S rRNA and tRNALys.

Phylogenetic trees were constructed with the PCGs of 13
barnacles using maximum-likelihood (ML) and Bayesian infer-
ence (Figure 1). Although ML and Bayesian trees showed dif-
ferent relationships among balanomorphs, both methods
positioned A. navicula at an ancestral node of sessile
barnacles, which concurs with the previous studies (P�erez-
Losada et al. 2014; Gale 2015; Herrera et al. 2015). Considering
the biodiversity and the taxonomic ambiguity of verruco-
morphs, further mitogenomic analysis of undetermined taxa is
required. Our results will contribute to the understanding of
barnacle phylogeny, evolution and biogeography.
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Figure 1. Phylogenetic tree of Altiverruca navicula and related barnacles based on 13 protein-coding genes from mitogenomes. The model GTRþ IþG was selected
as the best evolutionary model using jModelTest 2.1.4. Numbers on internodes are the maximum-likelihood bootstrap proportions (A) and Bayesian posterior proba-
bilities (B). An asterisk indicates a bootstrap value of less than 50%. The accession numbers of barnacles are as follows: Altiverruca navicula, MG252956;
Amphibalanus amphitrite, NC_024525; Armatobalanus allium, NC_029167; Balanus balanus, NC_026466; Chelonibia testudinaria, NC_029169; Chthamalus antennatus,
NC_026730; Lepas australis, NC_025295; Megabalanus volcano, NC_006293; Nobia grandis, NC_023945; Notochthamalus scabrosus, NC_022716; Octomeris sp.,
KJ754820; Striatobalanus amaryllis, NC_024526; and Tetraclita japonica, NC_008974.

MITOCHONDRIAL DNA PART B: RESOURCES 935


	Complete mitochondrial genome of the deep-sea asymmetrical barnacle Altiverruca navicula (Cirripedia, Thoracica, Verrucumorpha)
	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 <>
		/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.)
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NOR <>
		/DEU <>
		/SVE <>
		/DAN <>
		/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.)
		/JPN <>
		/SUO <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/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


