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ABSTRACT
The complete chloroplast genome (plastome) of Suaeda glauca, an annual halophytic herb, was deter-
mined in this study. The plastome was 149,807bp in size, containing a large single-copy region
(82,162bp), a small single-copy region (18,191 bp), and two inverted repeats regions (24,727bp). The
overall GC content of this plastome was 36.5%. In total, 113 unique genes, including 79 protein-coding
genes (PCGs), 30 tRNAs and 4 rRNAs, were annotated. Phylogenomic analysis showed that S. glauca
was sister to other Suaeda species.
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Suaeda glauca (Amaranthaceae), one of the wild resources
with incalculable ecological and economic benefit, is distrib-
uted in seashore salt marsh and inland of saline soil of China,
Siberia, Korea and Japan (Duan et al. 2018). Like S. salsa
(Chen et al. 2010; Song and Wang 2015), it is an annual

halophytic herb with tolerance to salt. The genus Suaeda
have been applied as model halophytes for understanding
salt tolerance (Sui et al. 2010; Yang et al. 2010; Song et al.
2011; Li et al. 2012; Cheng et al. 2014; Guo et al. 2015; Wang
et al. 2015; Chen et al. 2016; Song et al. 2016; Zhou et al.

Figure 1. A maximum likelihood (ML) tree inferred from 79 plastome genes is shown. Four Amaranthus species, one Celosia, one Deeringia, one Cyathula, one
Froelichia, and one Alternanthera from Amaranthaceae are used as outgroup. The numbers on branches are bootstrap support values.
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2016; Song et al. 2017; Guo et al. 2018; Liu et al. 2018). Until
to now, there are 19 of ca. 100 Suaeda species reported in
China (Xing 2018). As one of the 19 Suaeda species in China,
we reported the plastome of S. glauca for resolving its phylo-
genetic position.

Fresh leaves of S. glauca were collected from Hekou
District (Shandong, China; 38�5’N, 118�40’E). Voucher speci-
men (hsdwz-1) was deposited at College of Life Sciences,
Shandong Normal University. Total genomic DNA was
extracted by the modified CTAB method described in Wang
et al. (2013). Due to limited fresh sample, the plastid DNA
was not directly extracted (Liu et al. 2017). The total genomic
DNA was used for library preparation and paired-end (PE)
sequencing by the Illumina MiSeq instrument at Novogene
(Beijing, China). The plastome was assembled using Organelle
Genome Assembler (OGA) described in Qu X-J (2019).
Plastome annotation was conducted with Plastid Genome
Annotator (PGA; Qu et al. 2019), coupled with manual correc-
tion using Geneious v9.1.4. To determine the phylogenetic
placement of S. glauca, a maximum likelihood (ML) tree was
reconstructed using RAxML v8.2.10 (Stamatakis 2014), includ-
ing tree robustness assessment using 1,000 rapid bootstrap
replicates with the GTRGAMMA substitution model, based on
alignment of 79 shared PCGs using MAFFT v7.313 (Katoh and
Standley 2013).

The complete plastome of S. glauca (GenBank accession
number: MK867773) was 149,807 bp in size and contained a
large single-copy region (LSC: 82,162 bp), a small single-copy
region (SSC: 18,191 bp), and two inverted repeats regions (IR:
24,727 bp). The overall GC content was 36.5%. In total, 113
unique genes, including 79 protein-coding genes (PCGs), 30
tRNAs and 4 rRNAs were annotated. Among them, eleven
PCGs and six tRNAs contained introns, in which nine PCGs
and six tRNAs contained one intron and two PCGs contained
two introns. There were 18 duplicated genes in the IR. The
ML phylogenetic tree showed that S. glauca was sister to
other Suaeda species (Figure 1).

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study was supported by grant “Special Subsidies for Public Health
Service of Traditional Chinese Medicine” [2018, 43].

ORCID

Xiao-Jian Qu http://orcid.org/0000-0003-1201-2554
Shou-Jin Fan http://orcid.org/0000-0001-7586-4741

References

Chen M, Song J, Wang BS. 2010. NaCl increases the activity of the plasma
membrane Hþ-ATPase in C3 halophyte Suaeda salsa callus. Acta
Physiol Plant. 32(1):27–36.

Chen TS, Yuan F, Song J, Wang BS. 2016. Nitric oxide participates in
waterlogging tolerance through enhanced adventitious root formation
in the euhalophyte Suaeda salsa. Functional Plant Biol. 43(3):244–253.

Cheng S, Yang Z, Wang MJ, Song J, Sui N, Fan H. 2014. Salinity improves
chilling resistance in Suaeda salsa. Acta Physiol Plant. 36(7):1823–1830.

Duan HM, Ma YC, Liu RR, Li Q, Yang Y, Song J. 2018. Effect of combined
waterlogging and salinity stresses on euhalophyte Suaeda glauca.
Plant Physiol Biochem. 127:231–237.

Guo JR, Li YD, Han GL, Song J, Wang BS. 2018. NaCl markedly improved
the reproductive capacity of the euhalophyte Suaeda salsa. Functional
Plant Biol. 45(3):350–361.

Guo JR, Suo SS, Wang BS. 2015. Sodium chloride improves seed vigour
of the euhalophyte Suaeda salsa. Seed Sci Res. 25(3):335–344.

Katoh K, Standley DM. 2013. MAFFT multiple sequence alignment soft-
ware version 7: improvements in performance and usability. Mol Biol
Evol. 30(4):772–780.

Li X, Liu Y, Chen M, Song YP, Song J, Wang BS, Feng G. 2012.
Relationships between ion and chlorophyll accumulation in seeds and
adaptation to saline environments in Suaeda salsa populations. Plant
Biosystems. 146(sup1):142–149.

Liu F, Jin Z, Wang Y, Bi YP, Melton JT. 2017. Plastid genome of
Dictyopteris divaricata (Dictyotales, Phaeophyceae): understanding the
evolution of plastid genomes in brown algae. Mar Biotechnol. 19(6):
627–637.

Liu QQ, Liu RR, Ma YC, Song J. 2018. Physiological and molecular evi-
dence for Naþ and Cl- exclusion in the roots of two Suaeda salsa pop-
ulations. Aquat Bot. 146:1–7.

Qu X-J. 2019. Complete plastome sequence of an endangered species,
Calocedrus rupestris (Cupressaceae). Mitochondrial DNA B. 4(1):
762–763.

Qu XJ, Moore MJ, Li DZ, Yi TS. 2019. PGA: a software package for rapid,
accurate, and flexible batch annotation of plastomes. Plant Methods.
15(1):50.

Song J, Shi G, Gao B, Fan H, Wang B. 2011. Waterlogging and salinity
effects on two Suaeda salsa populations. Physiol Plant. 141(4):
343–351.

Song J, Shi WW, Liu RR, Xu YG, Sui N, Zhou JC, Feng G. 2017. The role of
the seed coat in adaptation of dimorphic seeds of the euhalophyte
Suaeda salsa to salinity. Plant Species Biol. 32(2):107–114.

Song J, Wang B. 2015. Using euhalophytes to understand salt tolerance
and to develop saline agriculture: Suaeda salsa as a promising model.
Ann Bot. 115(3):541–553.

Song J, Zhou JC, Zhao WW, Xu HL, Wang FX, Xu YG, Wang L, Tian CY.
2016. Effects of salinity and nitrate on production and germination of
dimorphic seeds applied both through the mother plant and exogen-
ously during germination in Suaeda salsa. Plant Species Biol. 31(1):
19–28.

Stamatakis A. 2014. RAxML version 8: a tool for phylogenetic analysis
and post-analysis of large phylogenies. Bioinformatics. 30(9):
1312–1313.

Sui N, Li M, Li K, Song J, Wang BS. 2010. Increase in unsaturated fatty
acids in membrane lipids of Suaeda salsa L. enhances protection of
photosystem II under high salinity. Photosynthetica. 48(4):623–629.

Wang HY, Jiang DF, Huang YH, Wang PM, Li T. 2013. Study on the phyl-
ogeny of Nephroma helveticum and allied species. Mycotaxon. 125(1):
263–275.

Wang F, Xu YG, Wang S, Shi W, Liu R, Feng G, Song J. 2015. Salinity
affects production and salt tolerance of dimorphic seeds of Suaeda
salsa. Plant Physiol Biochem. 95:41–48.

Xing JW. 2018. Revision of the Suaeda in CHINA. Oceanol Limnol Sinica.
49(06):1375–1379.

Yang MF, Song J, Wang BS. 2010. Organ-specific responses of vacuolar
H-ATPase in the shoots and roots of C halophyte Suaeda salsa to
NaCl. J Integr Plant Biol. 52(3):308–314.

Zhou JC, Fu TT, Sui N, Guo JR, Feng G, Fan JL, Song J. 2016. The role of
salinity in seed maturation of the euhalophyte Suaeda salsa. Plant
Biosystems. 150(1):83–90.

MITOCHONDRIAL DNA PART B 2781


	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


