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Psammochloa villosa is a sandy perennial grass (Poaceae) 
endemic to the northwest China, which has extremely 
important ecological and genetic values. To explore cha-
racterization and phylogenetic analysis of the complete 
chloroplast (cp) genome of Psammochloa villosa, we firstly 
sequenced and compared it with other cp genomes within 
Poaceae in this study. The result showed that the cp genome 
of P. villosa was 135,541 bp in size with a high A + T content 
of 61.2 %, and had a typical quadripartite structure with the 
large (LSC, 80,272 bp) and small (SSC, 12,453 bp) single 
copy regions separated by two copies of inverted repeats 
(IRs, 21,408 bp each). We successfully annotated 134 
genes, including 79 protein-coding genes, 42 tRNAs genes 
and ten rRNAs genes. Among these genes, 42 genes locate 
in IR regions. Additionally, we constructed a phylogenetic 
tree based on 40 cp genome sequences, which indicated that 
P. villosa has a closer relationship with the other species in 
subfamily Pooideae.

Key words: Complete chloroplast genome; Psammochloa 
villosa; Poaceae; Phylogenetic analysis; Northwest China.

ÏÎÂÍÈÉ ÃÅÍÎÌ ÕËÎÐÎÏËÀÑÒÓ 
PSAMMOCHLOA VILLOSA (POACEAE), 
²ÑÒÎÐÈ×ÍÎ ÏÅÐØÎ¯ ÒÐÀÂÈ, ßÊÀ ÐÎÑÒÅ 
ËÈØÅ Ó Ï²ÙÀÍÈÕ ÄÞÍÀÕ Ï²ÂÍ²×ÍÎ-
ÇÀÕ²ÄÍÎÃÎ ÊÈÒÀÞ

Psammochloa villosa – öå áàãàòîð³÷íà òðàâà (Poaceae), 
ÿêà ðîñòå ó ï³ñêàõ ï³âí³÷íî-çàõ³äíîãî Êèòàþ òà ìàº 
íàäçâè÷àéíî âåëèêó åêîëîã³÷íó òà ãåíåòè÷íó ö³í-
í³ñòü. Äëÿ âèâ÷åííÿ, õàðàêòåðèçàö³¿ ³ ô³ëîãåíåòè÷-
íîãî àíàë³çó ïîâíîãî õëîðîïëàñòíîãî (cp) ãåíîìó 
Psammochloa villosa ìè ñïî÷àòêó ñåêâåíóâàëè ³ ïî-
ð³âíÿëè éîãî ç ³íøèìè õëîðîïëàñòíèìè ãåíîìàìè 
â ìåæàõ Poaceae ó öüîìó äîñë³äæåíí³. Ðåçóëüòàòè 

ïðîäåìîíñòðóâàëè, ùî ðîçì³ðè õëîðîïëàñòíîãî ãå-
íîìó P. villosa áóëè 135 541 ï.í., ³ â³í ìàâ âèñîêèé 
âì³ñò A + T – 61,2 %, òà òèïîâó ÷îòèðèñòîðîííþ 
ñòðóêòóðó ç äîâãèìè (LSC, 80 272 ï.í.) ³ êîðîòêèìè 
(SSC, 12 453 ï.í.) óí³êàëüíèìè ä³ëÿíêàìè, ðîçä³ëå-
íèìè äâîìà êîï³ÿìè ³íâåðòîâàíèõ ïîâòîð³â (IR, ïî 
21 408 ï.í. êîæíà). Ìè çðîáèëè óñï³øíó àíîòàö³þ 
134 ãåí³â, âêëþ÷àþ÷è 79 á³ëîê-êîäóþ÷èõ ãåí³â, 42
ãåí³â òÐÍÊ ³ 10 ãåí³â ðÐÍÊ. 42 ç öèõ ãåí³â çíà-
õîäÿòüñÿ â ä³ëÿíêàõ ³íâåðòîâàíèõ ïîâòîð³â. Êð³ì 
òîãî, ìè ñòâîðèëè ô³ëîãåíåòè÷íå äåðåâî íà îñíîâ³ 
40 ïîñë³äîâíîñòåé õëîðîïëàñòíîãî ãåíîìó, ÿêå âêà-
çóº íà ò³ñí³øèé çâ’ÿçîê P. villosa ç ³íøèìè âèäàìè 
ðîñëèí ó ï³äðîäèí³ Pooideae.

Êëþ÷îâ³ ñëîâà: ïîâíèé õëîðîïëàñòíèé ãåíîì; Psam-
mochloa villosa; Poaceae; ô³ëîãåíåòè÷íèé àíàë³ç; ï³â-
í³÷íî-çàõ³äíèé Êèòàé.

REFERENCES

1. Gray, J.C., Genetic manipulation of the chloroplast 
genome, Biotechnol., 1989, vol. 12, no. 14, pp. 317–35.

2. Howe, C.J., Barbrook, A.C., Koumandou, V.L., 
Nisbet, R.E., and Symington, H.A., Evolution of the 
chloroplast genome, Philos. Trans. R. Soc. Lond. B. 
Biol. Sci. 2003, vol. 358, no. 1429, pp. 99–107.

3. Jansen, R.K., Cai, Z.Q., Raubeson, L.A., Daniell, H.,
Depamphilis, C.W., Leebens-Mack, J., Müller, K.F.,
Guisinger-Bellian, M., Haberle, R.C., Hansen, A.K., 
Chumley, T.W., Lee, S.B., Peery, R., McNeal, J.R., 
Kuehl, J.V., and Boore, J.L., Analysis of 81 genes 
from 64 plastid genomes resolves relationships in 
angiosperms and identifies genome-scale evolutionary 
patterns, Proc. Natl. Acad. Sci. USA. 2007, vol. 104, 
no. 49, pp. 19369–74.

4. Odintsova, M.S., Yurina, N.P., Chloroplast geno-
mics of land plants and algae. Biotechnological Appli-
cations of Photosynthetic Protein: Biochips, Biosen-
sors and Biodevices, US: Springer, 2006, pp. 57–72.

5. Yin, Z.B., Genus Psammochloa. In: Ma, Y.Q. (eds). 
Flora of Inner Mongolia, Hohhot: Inner Mongolia 
People Press, 1994, vol. 15, pp. 115–52.

6. Liu, Y.X., Flora in Desertis Reipublicae Populorum 
Sinarum, Beijing: Sci. Press. 1985, vol. 1, pp. 357.

7. Wu, Z.Y., Wang, S., and Tong, F.Q., The extinct 
danger of the Procapra przewalskii, Endanger. Spec. 
Scient. Newslet., 2003, vol. 2, pp. 10.

8. Dong, M., A La, T.B., Xing, X.R., and Wang, Q.B., 
Genet features and ramet population features in the 
rhizomatous grass species Psammochloa villosa, Chin. 
J. Plant Ecol., 1999, vol. 23, no. 4, pp. 302–10.

9. Dong, M., Effects of severing rhizome on clonal 
growth in rhizomatous grass species Psammochloa 
villosa and Leymus secalinus, Acta Bot. Sinica. 1999, 
vol. 41, no. 2, pp. 194–8.© Y. LIU, T. LV, X. SU, Zh. REN, 2020



74 ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2020. Ò. 54. ¹ 6

Ðåôåðàòè ñòàòåé, îïóáë³êîâàíèõ â «Cytology and Genetics», ¹ 6, 2020 ð.

10. Huang, Z.Y., Adaptation strategies of seed dormancy 
and germination of Psammochloa villosa, a sand du-
ne grass inhabiting Ordos Plateau, China. Acta Bot. 
Boreal-Occident Sin. 2003, vol. 23, no. 7, pp. 1128–
33.

11. Wang, K.Q., Ge, S., and Dong, M., Allozyme vari-
ance and clonal diversity in the rhizomatous grass 
Psammochloa villosa (Gramineae). Acta Bot. Sin., 
1999, vol. 41, no. 5, pp. 537–40.

12. Li, A., Ge, S., Genetic variation and clonal diversity 
of Psammochloa villosa (Poaceae) detected by ISSR 
markers. Ann. Bot. 2001, vol. 87, no. 5, pp. 585–90.

13. Xu, Z.X., He, X.L., Guo, H.J., and Zhao, L.L., AM 
fungi colonization and soil factors of Psammochloa 
villosa (Trin.) Bor and Hedysalum laeve Min. in 
farming-pastoral area of Inner Mongolia. J. Hebei 
Agric. Univ. 2011, vol. 34, no. 1, pp. 56–61.

14. Doyle, J.J., Doyle, J.L., Isolation of plant DNA from
fresh tissue, Focus, 1990, vol. 12, no. 1, pp. 13–5.

15. Bolger, A.M., Lohse, M., and Usadel, B., Trim-
momatic: a flexible trimmer for Illumina sequence 
data, Bioinform., 2014, vol. 30, no. 15, pp. 2114–20.

16. Zerbino, D.R., Birney, E., Velvet: algorithms for 

de novo short read assembly using de Bruijn graphs, 
Genome Res., 2008, vol. 18, no. 5, pp. 821–9.

17. Lohse, M., Drechsel, O., Kahlau, S., and Bock, R.,
Organellar Genome DRAW-a suite of tools for ge-
nerating physical maps of plastid and mitochondrial 
genomes and visualizing expression data sets, Nucl. 
Acid. Res. 2013, vol. 41, pp. W575-W581.

18. Katoh, K., Standley, D.M., MAFFT multiple se-
quence alignment software version 7: improvements 
in performance and usability. Mol. Biol. Evol. 2013, 
vol. 30, no. 4, pp. 772–80.

19. Swofford, D.L., PAUP*: Phylogenetic Analysis 
Using Parsimony (*and other methods), version 4. 
Sunderland, MA: Sinauer Associates, 2002.

20. Stamatakis, A., RAxML version 8: a tool for phylo-
genetic analysis and post-analysis of large phylogenies. 
Bioinform. 2014, vol. 30, no. 9, pp. 1312–3.

Received November 26, 2019
Received January 19, 2020

Accepted November 18, 2020



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


