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Two complete chloroplast genome sequences of genus Paulownia
(Paulowniaceae): Paulownia coreana and P. tomentosa
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ABSTRACT
The nucleotide sequence of the two chloroplast (cp) genomes from Paulownia coreana and P. tomen-
tosa are the first to be completed in genus Paulownia of family Paulowniaceae. The structure of two
Paulownia cp genomes shows similar characteristic with general cp genome of angiosperms. The
lengths of two cp genomes are 154,545 bp and 154,540 bp, respectively. The cp genomes are divided
into LSC region (85,241bp and 85,236 bp) and SSC region (17,736 bp and 17,736 bp) by two IR regions
(25,784 bp and 25,784 bp). Both of two cp genomes contain 113 genes (79 protein coding genes, 30
tRNA genes and 4 rRNA genes), eight protein-coding genes, seven tRNA genes and four rRNA genes
duplicated in the IR regions. Similar to the general cp genome of angiosperms, 18 of the genes in the
two cp genomes have one or two introns. The overall A-T contents of two genomes are 62.0% which is
similar with general angiosperms. The A-T content in the non-coding (64.6%) is higher than in the cod-
ing (60.1%) regions. Seventy-one and seventy simple sequence repeat (SSR) loci were identified in the
P. coreana and P. tomentosa cp genomes, respectively. In phylogenetic analysis, genus Paulownia shows
closed relationship with Lindenbergia philippensis of Orobanchaceae.
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Genus Paulownia which included eight species is one of the
four genera in the family Paulowniaceae (Nakai 1949;
Olmstead et al. 2001; APG 2016). Paulownia is fast-growing
plant which is used for ornamental tree, the materials of
instruments and contributions in agroforestry system. We
sequenced and analyzed chloroplast (cp) genomes of
Paulownia coreana Uyeki and P. tomentosa Steud. P. coreana
is controversial and unresolved species that there is no sig-
nificant morphological difference which compared with
P. tomentosa.

The plant materials of P. coreana and P. tomentosa were
collected from a single individual that planted in the Korea
University. Voucher specimens (KUS 2014-1539, KUS2014-
1540) and DNA samples (PDBK 2014-1539, PDBK 2014-1540)
were deposited in the Korea University Herbarium and Plant
DNA Bank in Korea (PDBK), respectively. Chloroplast genome
sequences were analyzed using Illumina MiSeq (San Diego,
CA), and assembled by Geneious 8.1.7 (http://www.geneious.
com, Kearse et al. 2012). The complete cp genome sequences
were submitted into NCBI database with accession numbers
of KP718622 and KP718624, respectively.

Length of complete cp genome sequence of P. coreana
and P. tomentosa are 154,545 bp and 154,540 bp, respectively.
The cp genome of P. coreana is composed of 85,241 bp of
LSC region, 17,736 bp of SSC region and 25,784 bp of two IR
regions, whereas the cp genome of P. tomentosa is composed
of 85,236 bp of LSC region, 17,736 bp of SSC region and
25,784 bp of two IR regions. Both of two cp genomes are

consist of 113 individual genes which included 79 protein-
coding genes, 30 transfer RNA genes and four ribosomal RNA
genes. Among them, eight protein-coding genes, seven tRNA
genes and four rRNA genes are duplicated on the IR regions.
Similar to the general cp genome of angiosperms such as
Panax and Sesamum, 18 of the genes in the each cp genome
have one or two introns. Of these, rps12, clpP and ycf3 have
two introns (Shinozaki et al. 1986; Kim & Lee 2004; Yi &
Kim 2012).

The major portion of the P. coreana and P. tomentosa cp
genomes consist of gene-coding regions (57.4% and 57.4%)
which consist of protein-coding region (51.1% and 51.2%)
and RNA regions (6.2% and 6.2%), whereas the intergenic
spacers (including 23 introns) of both cp genomes comprise
42.6%. The overall A-T contents of two genomes are 62.0%
which is similar with general angiosperms and other cp
genomes of Lamiaceae and some genus of Orobanchaceae
(Shinozaki et al. 1986; Kim & Lee 2004; Yi & Kim 2012; Wicke
et al. 2013; Zhu et al. 2014; Welch et al. 2016). In both of two
genomes, the A-T content in the non-coding (64.6%) is higher
than in the coding (60.1%) regions. The A-T contents of the
IR region is 52.8% in two cp genomes and the A-T contents
of LSC and SSC regions are 64.0% and 67.6%, respectively.
Seventy-one and 70 SSR loci which repeated more than ten
times identified in the P. coreana and P. tomentosa cp
genomes, respectively.

For the phylogenetic analysis, we assembled the 54 com-
plete cp DNA sequences from the Lamiales clade and two
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Figure 1. Chloroplast phylogenetic tree of Lamiales. A maximum likelihood tree (-lnL¼ 458425.7176) inferred from analysis of alignment data containing 79 coding
genes in 56 chloroplast genome sequences by use of the GTRþCþI model. The numbers above and below each node indicate the Bayesian support percentages
and bootstrap value, respectively. Genbank accession numbers of used taxa are shown below, Ajuga reptans (NC 023102), Andrographis paniculata (NC 022451),
Boulardia latisquama (NC 025641), Cistanche deserticola (NC 021111), Cistanche phelypaea (NC 025642), Coffea arabica (NC 008535), Coffea canephora (NC 030053),
Conopholis americana (NC 023131), Dorcoceras hygrometricum (NC 016468), Epifagus virginiana (NC 001568), Genlisea margaretae (NC 025652), Haplostachys haplosta-
chya (NC 029819), Hesperelaea palmeri (NC 025787), Jasminum nudiflorum (NC 008407), Lathraea squamaria (NC 027838), Lavandula angustifolia (NC 029370),
Lindenbergia philippensis (NC 022859), Olea europaea (NC 013707), Olea europaea subsp. cuspidate (NC 015604), Olea europaea subsp. furopaea (NC 015401), Olea
europaea subsp. maroccana (NC 015623), Olea woodiana subsp. woodiana (NC 015608), Orobanche californica (NC 025651), Orobanche crenata (NC 024845),
Orobanche gracilis (NC 023464), Paulownia coreana (KP 718622), Paulownia tomentosa (KP 718624), Pedicularis ishidoyana (NC 029700), Phelipanche purpurea (NC
023132), Phelipanche ramose (NC 023465), Phyllostegia velutina (NC 029820), Pinguicula ehlersiae (NC 023463), Plantago maritima (NC 028519), Plantago media (NC
028520), Pogostemon stellate (KP 718620), Pogostemon yatabeanus (KP 718618), Premna microphylla (NC 026291), Rosmarinus officinalis (NC 027259), Salvia miltior-
rhiza (NC 020431), Schwalbea Americana (NC 023115), Scrophularia takesimensis (NC 026202), Scutellaria baicalensis (NC 027262), Scutellaria insignis (NC 028533),
Sesamum indicum (NC 016433), Stachys byzantine (NC 029825), Stachys chamissonis (NC 029822), Stachys coccinea (NC 029823), Stachys sylvatica (NC 029824),
Stenogyne bifida (NC 029818), Stenogyne haliakalae (NC 029817), Stenogyne kanehoana (NC 029821), Tanaecium tetragonolobum (NC 027955), Tectona grandis (NC
020098), Utricularia gibba (NC 021449), Utricularia macrorhiza (NC 025653), and Utricularia reniformis (NC 029719).
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outgroup sequences from Rubiaceae in Gentianales. A total
of 79 protein CDSs including rrn genes were aligned for
the 56 analyzed taxa. The aligned data matrix consists
of a total of 85,408 bp. An ML tree was obtained with an –
lnL¼ 458,425.7176 using the GTRþGþ I base substitution
model (Figure 1). Similar to APG system, genus Paulownia
forms a monophyletic group which shows closed relationship
with Orobanchaceae (Olmstead et al. 2001, 2009; Bremer
et al. 2002; APG 2016).

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 work was supported by a genome research grant for endangered
species in Korea from the National Institute of Biological Resources
(2014).

References

Bremer B, Bremer K, Heidari N, Erixon P, Olmstead RG, Anderberg AA,
Kallersjo M, Barkhordarian E. 2002. Phylogenetics of asterids based on
3 coding and 3 non-coding chloroplast DNA markers and the utility of
non-coding DNA at higher taxonomic levels. Mol Phylogenet Evol.
24:274–301.

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S,
Buxton S, Cooper A, Markowitz S, Duran C. 2012. Geneious basic: an

integrated and extendable desktop software platform for the organiza-
tion and analysis of sequence data. Bioinformatics. 28:1647–1649.

Kim KJ, Lee HL. 2004. Complete chloroplast genome sequences from
Korean ginseng (Panax schinseng Nees) and comparative analysis of
sequence evolution among 17 vascular plants. DNA Res. 11:247–261.

Nakai T. 1949. Classes, ordinae, familiae, subfamiilieae, tribus, genera
nova quae attinent ad plantas Koreanas. J Jpn Bot. 24:8–14.

Olmstead RG, Depamphilis CW, Wolfe AD, Young ND, Elisons WJ,
Reeves PA. 2001. Disintegration of the Scrophulariaceae. Am J Bot.
88:348–361.

Olmstead RG, Zjhra ML, Lohmann LG, Grose SO, Eckert AJ. 2009. A
molecular phylogeny and classification of Bignoniaceae. Am J Bot.
96:1731–1743.

Shinozaki K, Ohme M, Tanaka M, Wakasugi T, Hayashida N,
Matsubayashi T, Zaita N, Chunwongse J, Obokata J, Yamaguchi-
Shinozaki K. 1986. The complete nucleotide sequence of the
tobacco chloroplast genome: its gene organization and expression.
Embo J. 5:2043–2049.

The Angiosperm Phylogeny Group (APG). 2016. An update of the
Angiosperm Phylogeny Group classification for the orders and families
of flowering plants: APG IV. Bot J Linn Soc. 181:1–20.

Welch AJ, Collins K, Ratan A, Drautz-Moses DI, Schuster SC, Lindqvist C.
2016. The quest to resolve recent radiations: Plastid phylogenomics of
extinct and endangered Hawaiian endemic mints (Lamiaceae). Mol
Phylogenet Evol. 99:16–33.

Wicke S, Muller KF, de Pamphilis CW, Quandt D, Wickett NJ, Zhang Y,
Renner SS, Schneeweiss GM. 2013. Mechanisms of functional and
physical genome reduction in photosynthetic and nonphotosynthetic
parasitic plants of the broomrape family. Plant Cell. 25:3711–3725.

Yi DK, Kim KJ. 2012. Complete chloroplast genome sequences of import-
ant oilseed crop Sesamum indicum L. PLoS One. 7:e35872.

Zhu A, Guo W, Jain K, Mower JP. 2014. Unprecedented heterogeneity in
the synonymous substitution rate within a plant genome. Mol Biol
Evol. 31:1228–1236.

MITOCHONDRIAL DNA PART B: RESOURCES 629


	Two complete chloroplast genome sequences of genus Paulownia (Paulowniaceae): Paulownia coreana and P. tomentosa
	mkchap1214546__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


