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ABSTRACT

Solanum nigrum is a wild non-tuber-bearing species belonging to Solanaceae family. The complete
chloroplast genome of S. nigrum was constituted by de novo assembly using a small amount of whole
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genome sequencing data. The chloroplast genome of S. nigrum was 155,432 bp in length and consisted

of 25,289 bp of a pair of inverted repeats, 18,402 bp of small single copy, and 85,852 bp of large single
copy regions. A total of 139 genes were annotated including 96 protein-coding genes, 39 tRNA genes,
and four rRNA genes. Maximum likelihood phylogenetic analysis with 25 Solanaceae species revealed

that S. nigrum is grouped with S. melongena.

Solanum nigrum, a wild hexaploid species, is a relative to
potato (S. tuberosum) and widely grows in South Korea. It has
several desirable characteristics such as various resistances
against biotic and abiotic stresses, especially late blight resist-
ance (Colon et al. 1993), and has been used as a resource for
potato breeding. However, breeding using the wild species
has been limited due to its sexual incompatibility with
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S. tuberosum caused by the different ploidy level of the gen-
ome and endosperm balance number (Oritz & Ehlenfeldt
1992; Cho et al. 1997). Therefore, protoplast fusion of the two
different species has been attempted to breed new varieties
of potato (Binding et al,, 1982; Barsby et al., 1984) and som-
atic hybridization via protoplast fusion provides opportunity
to overcome sexual barriers for interspecific gene transfer
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Figure 1. Maximum likelihood phylogenetic tree of S. nigrum with 24 species belonging to the Solanaceae based on chloroplast protein coding sequences. Numbers

in the nodes are the bootstrap values from 1000 replicates.
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with late blight resistance in potato breeding program
(Eijlander & Stiekema 1994; Zimnoch-Guzowska et al. 2003).

The S. nigrum (DU_GS8) was collected in Gyeongsan,
South Korea, and has been stored at Daegu University, South
Korea. An Illumina paired-end (PE) genomic library was con-
structed with total genomic DNA according to the PE stand-
ard protocol (lllumina, San Diego, CA) and sequenced using
an lllumina HiSeq2000 at Macrogen (http://www.macrogen.
com/kor/), South Korea. Low-quality bases with raw scores of
20 or less were removed and then ~1.9 Gbp of high-quality
of PE reads were assembled by a CLC genome assembler
(ver. 4.06 beta, CLC Inc., Rarhus, Denmark) with the parame-
ters of minimum (300-1000bp) autonomously controlled
overlap size as described by Kim et al. (2015). The principal
contigs representing the chloroplast genome were retrieved
from the total contigs using Nucmer (Kurtz et al. 2004) with
the chloroplast genome sequence of S. bulbocastanum
(NC007943) as the reference sequence (Daniell et al. 2006).
The representative chloroplast contigs were arranged in order
based on BLASTZ analysis (Schwartz et al. 2003) with the ref-
erence sequence and connected to a single draft sequence
by joining the overlapping terminal sequences. The chloro-
plast genes were predicted using DOGMA (Wyman et al.
2004) and BLAST searches.

The complete chloroplast genome of S. nigrum (GenBank
accession no. NC028070) was 155,432 bp in length including
25,589 bp inverted repeats (IRa and IRb) regions separated by
small single copy (SSC) region of 18,402bp and large single
copy (LSC) region of 85,852 bp with the typical quadripartite
structure of most plastids, and the structure and gene fea-
tures were typically identical to those of higher plants. A total
of 139 genes with an average size of 571 bp were annotated
including 96 protein-coding genes with an average size of
754 bp, 39 tRNA genes, and four rRNA genes. An overall GC
content was 38%.

Phylogenetic analysis was performed using chloroplast
coding sequences of S. nigrum and 24 published species in
Solanaceae family by a maximum likelihood method in MEGA
6.0 (Tamura et al. 2013). According to the phylogenetic tree,
S. nigrum belonged to the same clade in Solanum species.
However, interestingly it was close to S. melongena and
separated with six other Solanum species including
S. tuberosum (Figure 1).

Disclosure statement

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

MITOCHONDRIAL DNA PART B: RESOURCES @ 859

Funding

This study was supported by the Golden Seed Project [Project No.
213001-04-3-SB540], Ministry of Agriculture, Food and Rural Affairs
(MAFRA), Ministry of Oceans and Fisheries (MOF), Rural Development
Administration (RDA), and Korea Forest Service (KFS), South Korea.

References

Barsby TL, Shepard JF, Kemble RJ, Wong R. 1984. Somatic hybridization
in the genus Solanum: S. tuberosum and S. brevidens. Plant Cell Rep.
3:165-167.

Binding H, Jain SM, Finger J, Mordhorst G, Nehls R, Gressel J. 1982.
Somatic hybridization of an atrazine resistant biotype of Solanum nig-
rum and Solanum tuberosum. Part 1: clonal variation in morphology
and in atrazine sensitivity. Theor Appl Genet. 63:273-277.

Cho HM, Kim-Lee HY, Om YH, Kim JK. 1997. Influence of endosperm bal-
ance number (EBN) in interploidal and interspecific crosses between
Solanum tuberosum dihaploids and wild species. Korean J Breed.
29:154-161.

Colon LT, Eijlander R, Budding DJ, Van ljjzendoorn MT, Pieters MMJ,
Hoogendoorn J. 1993. Resistance to potato late blight (Phytophthora
infestans (Mont.) de Bary) in Solanum nigrum, S. villosum and their sex-
ual hybrids with S. tuberosum and S. demissum. Euphytica. 66:55-64.

Daniell H, Lee S-B, Grevich J, Saski C, Quesada-Vargas T, Guda C,
Tomkins J, Jansen PK. 2006. Complete chloroplast genome sequences
of Solanum bulbocastanum, Solanum lycopersicum and comparative
analyses with other Solanaceae genomes. Theor Appl Genet.
112:1503-1518.

Eijlander R, Stiekema WJ. 1994. Biological containment of potato
(Solanum tuberosum): outcrossing to the related wild species black
nightshade (Solanum nigrum) and bittersweet (Solanum dulkamara).
Sex Plant Reprod. 7:29-40.

Kim K, Lee SC, Lee J, Lee H, Joh HJ, Kim NH, Park HS, Yang TJ. 2015.
Comprehensive survey of genetic diversity in chloroplast genomes
and 45S nrDNAs within Panax ginseng species. PLoS One.
10:e0117159.

Kurtz S, Phillippy A, Delcher AL, Smoot M, Shumway M, Antonescu C,
Salzberg SL. 2004. Versatile and open software for comparing large
genomes. Genome Biol. 5:R12.

Ortiz R, Ehlenfeldt MK. 1992. The importance of endorsperm balance
number in potato breeding and the evolutino of tuber-bearing
Solanum species. Euphytica. 60:105-113.

Schwartz S, Kent WJ, Smit A, Zhang Z, Baertsch R, Hardison RC,
Haussler D, Miller W. 2003. Human-mouse alignments with BLASTZ.
Genome Res. 13:103-107.

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

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

Zimnoch-Guzowska E, Lebecka R, Kryszczuk A, Maciejewska U,
Szczerbakowa A, Wielgat B. 2003. Resistance to Phytophthora infestans
in somatic hybrids of Solanum nigrum L. and diploid potato. Theor
Appl Genet. 107:43-48.


http://www.macrogen.com/kor/
http://www.macrogen.com/kor/

	The complete chloroplast genome sequence of potato wild relative species, Solanum nigrum
	mkchap1250133__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


