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ABSTRACT
Chloris truncata (windmill grass) and Chloris virgata (feathertop Rhodes grass) are both weedy grass
species that have developed resistance to glyphosate in Australia. This paper describes the complete
chloroplast genomes of these two species generated by high throughput shotgun sequencing. The
chloroplast genome of C. truncata is 135,584bp and C. virgata is 134,561 bp; both have a GC content of
38%. The gene content and order followed the conserved pattern observed across the subfamily
Chloridoideae.
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Chloris truncata Sw. (windmill grass) is considered native to
Australia (Michael et al. 2012), whereas Chloris virgata R. Br.
(feathertop Rhodes grass) is considered naturalised (van
Klinken et al. 2004). Both species were identified as having a
high risk of evolving glyphosate resistance due to high seed
production and other life history characteristics (Werth et al.
2011). Chloris truncata was confirmed as glyphosate resistant
in 2010 and C. virgata was confirmed resistant in 2015 in
Australia (Heap 2016; Preston 2016). High-throughput shot-
gun sequencing was conducted on genomic DNA from these
two species to develop molecular markers for population
genetics analysis. This sequencing also yielded the complete
chloroplast sequences for these two species which are
reported here.

Chloris truncata seeds were collected near Trangie in NSW,
Australia, and C. virgata seeds were collected near Aberdeen
Road, Wyaga, Queensland, Australia. Both populations were
subsequently confirmed as glyphosate-resistant and GPS co-
ordinates have been withheld to protect landholders. Plants
were grown from these seeds and DNA was extracted from
leaf material, seed-lines are maintained at QDAF,
Toowoomba, representative vouchers and DNA samples of
each species are held at the University of Queensland
(C. truncata¼WR01, C. virgata¼VA2). Genomic sequencing
libraries were constructed using the NebNext Ultra DNA kit
(New England Biolabs, Ipswich, MA) and PE125 Illumina
sequencing was performed by Novogene (Beijing, China).

The chloroplast sequences were assembled in Geneious
v9.1.3 (http://www.geneious.com, Kearse et al. 2012) by first
mapping reads to the complete Chloris barbata Sw.

chloroplast sequence (genbank accession KT168393, Duvall
et al. 2016), followed by de-novo assembly of chloroplast
reads. Annotations were made based on the C. barbata refer-
ence and then checked manually. All available complete
chloroplast sequences from the subfamily Chloridoideae were
downloaded from genbank and aligned with the new Chloris
chloroplasts. Centropodia glauca (Nees) T.A. Cope (Accession
KT168383) was included as an outgroup. The most appropri-
ate substitution model was found to be GTRþ IþG using
jmodeltest2 (Darriba et al. 2012). A Bayesian phylogenetic
tree (Figure 1) was produced using this model in MrBayes
(Huelsenbrook & Ronquist 2001).

The two new Chloris chloroplasts have the same gene con-
tent, order and inverted repeat size as C. barbata, and overall
there were <2.2% sequence differences between these three
species. The C. truncata plastid was larger (135,584 bp) than
C. barbata (135,372 bp), but C. virgata plastome was smaller
(134,561 bp). With the exception of the RpoC2 gene, which is
known to be of variable length in grasses (Cummings et al.
1994), all insertions and deletions were in the intergenic
regions. The phylogenetic tree recovered the same overall
topology as previous whole-chloroplast analysis (Duvall et al.
2016) and multi-gene phylogenies (Peterson et al. 2010).

The fully annotated sequences have been deposited at
genbank (C. virgata¼ KX765279, C. truncata¼ KX765278).
These resources will allow the filtering of chloroplast
sequence from future genomics work on these two species
and enable further phylogenomic analysis of the genus
Chloris following the completion of additional plastid
genomes.
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Figure 1. Phylogenetic tree produced using Bayesian estimation (Mr. Bayes) on all complete chloroplast genomes available from subfamily Chloridoideae under the
GTRþ IþG model, node labels indicate the posterior probability after 1�106 iterations.

MITOCHONDRIAL DNA PART B: RESOURCES 961

http://dx.doi.org/10.1038/nmeth.2109
http://weedscience.org/Summary/Species.aspx?WeedID &equals;262
http://weedscience.org/Summary/Species.aspx?WeedID &equals;262
http://weedscience.org/Summary/Species.aspx?WeedID &equals;330
http://weedscience.org/Summary/Species.aspx?WeedID &equals;330
http://dx.doi.org/10.1371/journal.pone.0042140
http://dx.doi.org/10.1371/journal.pone.0042140
http://www.glyphosateresistance.org.au
http://www.glyphosateresistance.org.au

	Complete chloroplast genome sequences of two species of Chloris grass, Chloristruncata Sw. and Chloris virgata R.Br
	Disclosure statement
	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


