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ABSTRACT

Chloroplasts (cp) are indispensable organelles in plant cells that perform photosynthesis amongst other
functions, including producing pigments, synthesizing sugars and certain amino acids. The complete
chloroplast genome of Tartary Buckwheat Cultivar Migiao 1 is sequenced in this study. Migiao 1 is cur-
rently the only Tartary Buckwheat variety that can produce the whole nutritive Tartary Buckwheat Rice
by hulling. The Migiao 1 cp genome size is 159,272 bp in length, including 79 protein-coding genes, 30
tRNA genes and 4 rRNA genes. A pair of inverted repeats (IRs) of 30,817 bp were disconnected by a
large single copy (LSC) of 84,397 bp and a small single copy (SSC) of 13,241 bp. The cp genome with

37.9% GC content contained 113 annotated genes.

Chloroplasts (cps) are indispensable plant cell organelles that
conduct photosynthesis in the presence of daylight. The chloro-
plast genome in land plants is a circular molecule ranging in
size from 76 to 217kb, with a highly conserved structure of
two copies of large inverted repeats (IR) detached by small
(SSO) and large (LSC) single-copy regions (Dane et al. 2015).
Characteristics of the cp genome have been used comprehen-
sively as a tool to investigate evolutionary relationships and
molecular phylogenetic of seed plants (Jansen et al. 2011).

Buckwheat (Fagopyrum species) which belongs to
Polygonaceae, a member of knotgrass, is an annual herb-
aceous plant. Buckwheat is classified into 20 species.
Geographically, it is principally centred in the Eurasian region
and grown in the highlands. Further, it is an extensively culti-
vated multipurpose crop (Kump & Javornik 1996; Ohsako
et al. 2002). Tartary buckwheat is an exceptionally opulent
source of rutin compared to common buckwheat. Rutin assists
moderate diabetes, high blood pressure and intravascular
cholesterol (Fabjan et al. 2003). It is also reported to have a
decisive role in pharmaceutical research (Kim & Kim 2004).
Migiao 1 is currently the Tartary Buckwheat variety that can
produce the Whole Nutritive Tartary Buckwheat Rice by
hulling. Recently, the cp genome sequence of some plants
have been reported, but medicinal plants are rarely reported
(Dane et al. 2015). Three species of Fagopyrum Mill have been
reported recently (Logacheva et al. 2008; Cho et al. 2015;
Yang et al. 2015).
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The genomic DNA was extracted from the leaves of
Fagopyrum tataricum Gaertn. cultivated in the field of
College of Life Science, Sichuan Agricultural University, Ya'an,
China. This study reports the sequencing of the Migiao 1.
The whole cp genome was sequenced using HiSeq 4000
PE150 Illumina (Biocode Biotech Co. Beijing, China) and
assembled into the complete cp genome using Sequencher
version 4.10 (Bankevich et al. 2012). DualOrganellarGenoMe
Annotator (Wyman et al. 2004) was used to annotate the cp
genome with BLASTX and BLASTN identifying the location of
encoding genes and RNA (Altschul et al. 1997). The complete
genome sequence was submitted to GenBank under the
accession number KX085498.

The total size of complete cp genome was 159,272 bp with
37.9% GC content, consisting of one LSC (84,397 bp), one SSC
(13,241 bp) and two IRs (30,817 bp). The GC content of the IRs
(41.3%) was higher than that of LSC and SSC (36.2% and
32.8%, respectively). A total of 113 genes were successfully
annotated, including 79 protein-coding genes, 30 tRNA genes
and 4 rRNA genes. There were 17 intron-containing genes, all
of which were single-intron genes except for ycf3 and clpP
with two introns separately. rpsl2 was a reverse-splicing gene,
of which the 5 end exon located in the LSC region and 3’
end exon was in the IR region. The phylogenetic relationship
of the Migiao 1 was deduced by comparing it with other
nine chloroplast genomes downloaded from the GenBank
(Figure 1).
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Figure 1. ML tree based on Tartary Buckwheat Cultivar Migiao 1 chloroplast genomic sequence compared with 9 sequences obtained from NCBI.

Disclosure statement

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

Funding information

This work is supported by funding from the Department of Science and
Technology of Sichuan Province (No. 2014HH0012).

References

Altschul SF, Madden TL, Schffer AA, Zhang J, Zhang Z, Miller W, Lipman
DJ. 1997. Gapped BLAST and PSI-BLAST: a new generation of protein
database search programs. Nucleic Acids Res. 25:3389-3402.

Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS, Lesin
VM, Nikolenko SI, Pham S, Prjibelski AD. 2012. SPAdes: a new genome
assembly algorithm and its applications to single-cell sequencing.
J Comput Biol 19:455-477.

Cho KS, Yun BK, Yoon YH, Hong SY, Mekapogu M, Kim KH, Yang TJ. 2015.
Complete chloroplast genome sequence of tartary buckwheat
(Fagopyrum tataricum) and comparative analysis with common buck-
wheat (F. esculentum). PLoS One. 10:e0125332.

Dane F, Wang Z, Goertzen L. 2015. Analysis of the complete chloroplast
genome of Castanea pumila var. pumila, the Allegheny chinkapin. Tree
Genet Genomes. 11:1-6.

Fabjan N, Rode J, Kosir IJ, Wang Z, Zhang Z, Kreft I. 2003. Tartary buck-
wheat (Fagopyrum tataricum Gaertn.) as a source of dietary rutin and
quercitrin. J Agric Food Chem. 51:6452-6455.

Jansen RK, Saski C, Lee SB, Hansen AK, Daniell H. 2011. Complete plastid
genome sequences of three rosids (Castanea, Prunus, Theobroma): evi-
dence for at least two independent transfers of rpl22 to the nucleus.
Mol Biol Evol. 28:835-847.

Kim JK, Kim SK. 2004. Physicochemical properties of buckwheat starches
from different areas. Kor J Food Sci Technol. 36:598-603.

Kump B, Javornik B. 1996. Evaluation of genetic variability among com-
mon buckwheat (Fagopyrum esculentum Moench) populations by
RAPD markers. Plant Sci. 114:149-158.

Logacheva MD, Samigullin TH, Dhingra A, Penin AA. 2008. Comparative
chloroplast genomics and phylogenetics of Fagopyrum esculentum ssp.
ancestrale — a wild ancestor of cultivated buckwheat. BMC Plant Biol. 8:59.

Ohsako T, Yamane K, Ohnishi O. 2002. Two new Fagopyrum
(Polygonaceae) species, F. gracilipedoides and F. jinshaense from
Yunnan, China. Genes Genet Syst. 77:399-408.

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

Yang J, Lu C, Shen Q, Yan Y, Xu C, Song C. 2015. The complete chloroplast
genome sequence of Fagopyrum cymosum. Mitochondrial DNA.
27:2410-2411.



	The complete chloroplast genome sequence of Tartary Buckwheat Cultivar Miqiao 1(Fagopyrum tataricum Gaertn.)
	mkchap1197056__ack
	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


