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ABSTRACT
The silver stripped skipper, Leptalina unicolor Bremer and Grey, 1853 (Lepidoptera: Hesperiidae), is listed
as endangered insect in South Korea. We sequenced the whole genome (15,854 bp) of L. unicolor spe-
cies using Next-Generation Sequencing method and the subsequent gap-filling method. This genome
included a set of typical genes and one major non-coding Aþ T-rich region, with an arrangement iden-
tical to that observed in most lepidopteran genomes. Twelve protein-coding genes (PCGs) had the typ-
ical ATN start codon, whereas COI had the atypical CGA codon that is frequently found in the start
region of the lepidopteran COI. The 757-bp long Aþ T-rich region was the second largest among com-
pletely sequenced Hesperiidae, which ranged from 234 to 793bp. Phylogenetic reconstruction was per-
formed by maximum-likelihood method using the concatenated sequences of 13 PCGs and two rRNAs
of available species of Hesperiidae, including that of L. unicolor (a total of 28 species). The resulting
phylogeny provided strong support for monophyletic Heteropterinae in which L. unicolor belongs, with
the highest nodal support and a sister relationship between current L. unicolor and co-subfamilial spe-
cies Carterocephalus silvicola with a bootstrap value of 91%.
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Leptalina is a monotypic temperate east Asian genus. The sil-
ver stripped skipper, Leptalina unicolor Bremer and Grey,
1853 (Lepidoptera: Hesperiidae), is distributed in Japan, east-
ern China, Russia Amur, and throughout Korea, except for
the remote island of Jeju (Seok 1973). It occurs 2–3 times per
year in the warmer region and once a year in the cold and
mountainous region of Japan (Fukuda et al. 1984). In Korea,
adults occur twice per year, showing seasonal dimorphism;
the summer type adults produce more eggs than the spring
type adults (Hong et al. 2016). In Korea, this species is under
sudden decline in population (Ministry of Environment 2012)
and, therefore, is listed as an Endangered species. Leptalina
unicolor population decline has also been reported in Japan
and Russia, and is listed as a Near Threatened species (Mano
and Fujii 2009).

In 2016, an adult L. unicolor was collected from Inje-gun,
Gangwon-do Province, South Korea (38� 010 39.9200 N, 128�

25 58.2200 E), and subsequently deposited as a voucher speci-
men at the Chonnam National University, Gwangju, Korea,
under accession no. CNU7526. To sequence the mitogenome
of L. unicolor, a library was prepared using the TruSeq Nano
DNA Sample Preparation Kit. Whole genome sequencing was
performed on the Illumina NextSeq-500 platform using a Mid
Output v2 kit to produce 150 bp paired-end reads (Illumina,
San Diego, CA, USA). Construction of the genome was con-
ducted using MITObim ver. 1.9 (Hahn et al. 2013). Annotation

of various genomic features was conducted using MITOS
WebServer (http://mitos.bioinf.uni-leipzig.de/index.py) and
subsequent manual BLAST search (Altschul et al. 1990). To fill
and clarify gaps, a long fragment encompassing ND5 and
lrRNA genes was amplified and then short fragments
(CytB�ND1, ND1, and ND1�lrRNA) were individually amplified
using published primer sets (Kim et al. 2012). Phylogenetic
analysis was performed using available species in the family
Hesperiidae, including L. unicolor. Thirteen protein-coding
genes (PCGs) and two rRNA genes of 30 mitogenome
sequences, including those of the two outgroup species,
were aligned and concatenated (12,487 bp including gaps).
The substitution model, GTRþGAMMAþ I, was selected
using Modeltest ver. 3.7 (Posada and Crandall 1998). The
maximum-likelihood (ML) method was conducted using
RAxML-HPC2 on XSEDE ver. 8.0.24 (Stamatakis 2014), imple-
mented on the CIPRES Portal ver. 3.1 (Miller et al. 2010).
Trees were visualized with FigTree ver. 1.42 (http://tree.bio.
ed.ac.uk/software/figtree/).

The complete 15,854-base pair (bp) mitogenome of
L. unicolor is composed of typical gene sets (two rRNAs, 22
tRNAs, and 13 PCGs) and a major non-coding Aþ T-rich
region (GenBank acc. no. MK265705). The length of Aþ T-rich
region of L. unicolor is 757 bp, which is the second largest in
Hesperiidae (793 bp in C. silvicola, Kim et al. 2014). The gene
arrangement of the L. unicolor mitogenome is identical to
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that of the ditrysian Lepidoptera (Kim et al. 2010). However,
cofamilial Erynnis montanus has been reported to have trnS-
trnN arrangement at the tRNA cluster region located between
ND3 and ND5 genes, instead of trnN-trnS arrangement (Wang
et al. 2014). Twelve PCGs had the typical ATN start codon,
whereas COI gene had an atypical CGA codon frequently
found in the start region of the lepidopteran COI gene (Kim
et al. 2012).

Phylogenetic analyses showed that Heteropterinae, which
includes current L. unicolor, formed a strong monophyletic
group (Bootstrap support [BS]¼ 100%). Likewise,
Megathyminae (100%), Eudaminae (100%), Pyrginae (100%),
and Coalidinae (100%) were strongly supported as monophy-
letic groups, whereas Hesperiinae and Pyrginae were non-
monophyletic groups (Figure 1). Lerema accius and Parnara
guttata in Hesperiinae grouped together with Megathyminae,
forming a strongly supported group (99%). Euschemon raf-
flesia in Pyrginae placed as the sister to all subfamilies,
except for Coalidinaeo, whereas the other two co-subfamilial
species, E. montanus and Pyrgus maculatus in Pyrginae,
formed a strong monophyletic group. A previous mitoge-
nome-based phylogeny showed that Potanthus flavus, L.
accius, and P. guttata in Hesperiinae formed a strong mono-
phyletic group (Zhang, Cong, Shen, et al. 2017). This result is
inconsistent with the present results, indicating the need for
further in-depth analysis and taxon sampling. The placement

of E. rafflesia as a sister to the rest of Hesperiidae subfamilies,
except for Coeliadinae, was also supported in previous mito-
genome-based phylogeny (Zhang, Cong, Shen, et al. 2017).
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Figure 1. Phylogenetic tree of Hesperiidae, using maximum-likelihood (ML) method based on concatenated 13 protein-coding genes (PCGs) and 2 rRNAs. The num-
bers at each node specify bootstrap percentages of 1000 pseudoreplicates. Papilionidae (Papilio maakii and Parnassius bremeri) were utilized as the outgroup.
GenBank accession numbers are as follows: Pyrgus maculatus, KP689265 (unpublished); Euschemon rafflesia, KY513288 (Zhang, Cong, Shen, et al. 2017); Tagiades
vajuna, KX865091 (Liu et al. 2017); Erynnis montanus, KC659955 (Wang et al. 2014); Celaenorrhinus maculosa, KF543077 (Wang et al. 2015); Daimio tethys, KJ813807
(Zuo et al. 2016); Ctenoptilum vasava, JF713818 (Hao et al. 2012); Achalarus lyciades, KX249739 (unpublished); Lobocla bifasciatus, KJ629166 (Kim et al. 2014);
Heteropterus morpheus, KF881050 (unpublished); Carterocephalus silvicola, KJ629163 (Kim et al. 2014); Polytremis jigongi, KP765762 (unpublished); Parnara guttata,
JX101619 (unpublished); Potanthus flavus, KJ629167 (Kim et al. 2014); Lerema accius, KT598278 (Cong and Grishin 2016); Ochlodes venata, HM243593 (unpublished);
Polytremis nascens, KM981865 (Jiang et al. 2016); Choaspes benjaminii, JX101620 (unpublished); Hasora anura, KR189008 (unpublished); Hasora vitta, KR076553
(unpublished); Burara striata, KY524446 (Zhang, Cong, Fan, et al. 2017); Megathymus yuccae, KY630500 (Zhang, Cong, Fan, et al. 2017); M. streckeri, KY630501
(Zhang, Cong, Fan, et al. 2017); M. ursus, KY630502 (Zhang, Cong, Fan, et al. 2017); M. cofaqui, KY630503 (Zhang, Cong, Fan, et al. 2017); Agathymus mariae,
KY630504 (Zhang, Cong, Fan, et al. 2017); M. beulahae, KY630505 (Zhang, Cong, Fan, et al. 2017); Parnassius bremeri FJ871125 (Kim et al. 2009); and Papilio maackii
KC433408 (Dong et al. 2013).

MITOCHONDRIAL DNA PART B 3419



Hao J, Sun Q, Zhao H, Sun X, Gai Y, Yang Q. 2012. The complete mito-
chondrial genome of Ctenoptilum vasava (Lepidoptera: Hesperiidae:
Pyrginae) and its phylogenetic implication. Comp Funct Genomics.
2012:1.

Hong SH, Yoon CS, Kim HG, Cheong SW. 2016. Life cycle and breeding
information of Leptalina unicolor from Korea (Lepidoptera:
Hesperiidae). J Environ Sci Int. 25:1633–1641.

Jiang W, Zhu J, Yang Q, Zhao H, Chen M, He H, Yu W. 2016. Complete
mitochondrial DNA genome of Polytremis nascens (Lepidoptera:
Hesperiidae). Mitochondr DNA A. 27:3131–3132.

Kim JS, Park JS, Kim MJ, Kang PD, Kim SG, Jin BR, Han YS, Kim I. 2012.
Complete nucleotide sequence and organization of the mitochondrial
genome of eri-silkworm, Samia cynthia ricini (Lepidoptera:
Saturniidae). J Asia Pac Entomol. 15:162–173.

Kim MI, Baek JY, Kim MJ, Jeong HC, Kim KG, Bae CH, Han YS, Jin BR, Kim
I. 2009. Complete nucleotide sequence and organization of the mito-
genome of the red-spotted apollo butterfly, Parnassius bremeri
(Lepidoptera: Papilionidae) and comparison with other lepidopteran
insects. Mol Cells. 28:347–363.

Kim MJ, Wan X, Kim KG, Hwang JS, Kim I. 2010. Complete nucleotide
sequence and organization of the mitogenome of Endangered
Eumenis autonoe (Lepidoptera: Nymphalidae). Afr J Biotechnol. 9:
735–754.

Kim MJ, Wang AR, Park JS, Kim I. 2014. Complete mitochondrial genomes
of five skippers (Lepidoptera: Hesperiidae) and phylogenetic recon-
struction of Lepidoptera. Gene. 549:97–112.

Liu FF, Li YP, Jakovli�c I, Yuan XQ. 2017. Tandem duplication of two tRNA
genes in the mitochondrial genome of Tagiades vajuna (Lepidoptera:
Hesperiidae). Eur J Entomol. 114:407–415.

Mano T, Fujii H. 2009. Decline and conservation of butterflies and moths
in Japan VI. Tokyo: Lepidopterological Society of Japan; p. 107–265.

Miller MA, Pfeiffer W, Schwartz T. 2010. Creating the CIPRES Science
Gateway for inference of large phylogenetic trees. Proceedings of the
9th Gateway Computing Environments Workshop (GCE), New Orleans.
p. 1–8.

Ministry of Environment (South Korea). 2012. Red data book of
Endangered insects in Korea I. Sejong: Ministry of Environment (South
Korea).

Posada D, Crandall KA. 1998. Modeltest: testing the model of DNA substi-
tution. Bioinformatics. 14:817–818.

Seok JM. 1973. The distribution maps of butterflies in Korea. Seoul:
Bojinjae.

Stamatakis A. 2014. RAxML version 8: a tool for phylogenetic
analysis and post-analysis of large phylogenies. Bioinformatics. 30:
1312–1313.

Wang AR, Jeong HC, Han YS, Kim I. 2014. The complete mitochondrial
genome of the mountainous duskywing, Erynnis montanus
(Lepidoptera: Hesperiidae): a new gene arrangement in Lepidoptera.
Mitochondr DNA. 25:93–94.

Wang K, Hao J, Zhao H. 2015. Characterization of complete mitochondrial
genome of the skipper butterfly, Celaenorrhinus maculosus
(Lepidoptera: Hesperiidae). Mitochondr DNA. 26:690–691.

Zhang J, Cong Q, Fan XL, Wang R, Wang M, Grishin NV. 2017.
Mitogenomes of giant-skipper butterflies reveal an ancient split
between deep and shallow root feeders. F1000Res. 6:222.

Zhang J, Cong Q, Shen J, Fan XL, Wang M, Grishin NV. 2017. The com-
plete mitogenome of Euschemon rafflesia (Lepidoptera: Hesperiidae).
Mitochondr DNA B. 2:136–138.

Zuo N, Gan S, Chen Y, Hao J. 2016. The complete mitochondrial genome
of the Daimio tethys (Lepidoptera: Hesperoidea: Hesperiidae).
Mitochondr DNA A. 27:1099–1100.

3420 S. Y. JEONG ET AL.


	Abstract
	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


