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CompletechloroplastgenomeofDongxiangwildriceanditsapplication
inphylogeneticanalysis

LinZhangxiang WangYingying FuFei YeChuyu FanLongjiang* (ZhejiangKeyLaboratoryofCropGermplasm 
DepartmentofAgronomy CollegeofAgricultureandBiotechnology ZhejiangUniversity Hangzhou310058 China)

Summary Completechloroplastgenomesequenceisveryusefulforstudyingtheevolutionofspecies Toget
chloroplastgenomesequences purificationofthechloroplastorPCRamplificationpriortosequencingis
commonlyinvolvedin conventionalapproaches Advancesin DNA sequencingtechnology provide new
opportunitiestoobtainchloroplastgenomesequencefromthewhole-genomehigh-throughputsequencingdata
withoutpurificationofthechloroplast Inthisstudy wefinishedthecompletechloroplastgenomesequenceof
Dongxiangwildricebasedonhigh-throughputsequencingdatafromtheirfreshgreenleaves Thechloroplast

genomewas134537bpinsize andhadatypicalquadripartitestructurewiththelargesinglecopy LSC 80585
bp andsmallsinglecopy SSC 12346bp regionsseparatedbytwocopiesofaninvertedrepeat IR 20803bpeach 
region Onehundredandfifty-twochloroplastgenesweresuccessfullyannotated Aphylogenetictreewasconstructed
basedonthechloroplastgenomesofDongxiangwildrice Indica Japonicaand10othergeneraofgrassesusingthe
neighbor-joiningmethod TheresultshowedthatDongxiangwildricehadacloserrelationshipwithBambusaoldhamii
andPanicoideae Furthermore theSNPsof22riceaccessionswereidentifiedusingthechloroplastgenomeofDongxiang
wildriceasareferencesequenceandaphylogenetictreewasconstructedbasedontheseSNPs Theresultillustratedthat
Indicahadacloserrelationshipwithwildrice-I whileJaponicawasclosertowildrice-III suggestingthatIndicaand
Japonicaweredomesticatedindependentlyfromdifferentwildricepopulations 

Keywords Oryzarufipogon chloroplastgenome high-throughputsequencing ricedomestication Dongxiang
wildrice China 
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东乡野生稻叶绿体基因组拼接及系统进化分析 英文  浙江大学学报 农业与生命科学版  2014 40

 4  397 403

林张翔 王营营 付菲 叶楚玉 樊龙江* 浙江大学农业与生物技术学院农学系 浙江省作物种质资源重点实验

室 杭州310058 

摘要 为了优化叶绿体基因组DNA序列的获取和拼接方法 以东乡野生稻 Oryzarufipogon 嫩绿叶为材料 不
需分离叶绿体DNA 利用高通量测序获得的全基因组短序列及叶绿体基因组高度保守的特性 与参考序列进行

比对 从而组装拼接出叶绿体DNA序列 并同时利用生物信息学手段和聚合酶链反应扩增进行补洞 最终获得东
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乡野生稻完整叶绿体基因组序列 大小为134537bp 大、小单拷贝区和反向互补重复区大小分别为80585bp 
12346bp 20803bp 共注释叶绿体基因152个 基于获取的东乡野生稻及其他稻属物种叶绿体基因组序列进行系

统进化分析 研究结果支持已有的关于栽培籼粳稻起源的结论 即栽培籼粳稻分别与野生稻聚类到2个亚群中 其
中粳稻与中国普通野生稻聚在1个亚群中 表明粳稻驯化起源于中国 而籼稻起源于另外一次独立驯化过程 

关键词 野生稻 叶绿体基因组 高通量测序 水稻驯化 东乡野生稻 中国 

 Chloroplast is an important organelle for
photosynthesisofgreenplantswithasemi-autonomous
geneticsystem Ascomparedtothenucleargenome 
thechloroplastgenomehasspecialfeatures e g  
haploid maternalinheritance andhighconservation
ingenecontentandgenomestructure Chloroplast
genomesofhigherplantstypicallyrangeinsizefrom
120to180 kilobase kb pairs withconserved
quadripartitestructurewhichiscomposedoftwocopies
ofalargeinvertedrepeat IR regionandtwosections
ofuniqueDNA i e  largesinglecopy LSC and
smallsinglecopy SSC regions 1  

The rapid development of high-throughput
sequencingtechnologypromotesthestudyofplant
chloroplastgenomes Sincethecompletechloroplast
genomesofMarchantiapolymorpha 2 andNicotiana
tabacum 3 werepublishedin1986 thenumberof
sequencedchloroplastgenomeshasincreasedgreatly 
AstoAugust9 2013 OrganelleGenomeResources
oftheNationalCenterforBiotechnologyInformation
 NCBI containedatotalof285chloroplastgenomes
fromdifferentplants 

Fortraditionalchloroplastgenomesequencing
method itisnecessarytoisolateandpurifythe
chloroplastDNA beforesequencing Duetolow
concentrationofchloroplastDNA itisdifficultto
separateitfrom nucleargenomeDNA Therefore 
chloroplastDNAisolation-basedmethodistediousand
time-consuming In2009 thechloroplastgenomesof
DendrocalamuslatiflorusandBambusaoldhamii 4 

wereobtainedbyasimplePCR-basedmethodwithout
isolatingandpurifyingchloroplastDNA andthe
chloroplastgenomeofOncidium 5 wasobtainedlater
bythesamemethod AdvancesinDNAsequencing
technology provide new opportunities to obtain
chloroplastgenomesequencefromthewhole-genome
high-throughputsequencingdatawithoutpurification

ofthechloroplast e g  thechloroplastgenomeof
PhoenixdactyliferaobtaineddirectlyfromRocheGS
FLXwhole-genomesequencingdata 6  Inthisstudy 
wefinishedthecompletechloroplastgenomesequence
ofDongxiangwildrice Oryzarufipogon basedon
high-throughputsequencingdatafromtheirfreshgreen
leaves 7  andperformedphylogeneticanalyses 

1 Materialsandmethods

1 1 Materialsanddatacollection
Dongxiangwildrice O rufipogon wasprovided

bytheChinaNationalRiceResearchInstitute and
Illumina high-throughput sequencing data were
generatedfromourpreviousstudy 7  Sevenreleasedrice
chloroplastgenomeswereobtainedfromNCBI http   
www ncbi nlm nih gov   1721 andotherricedata
 high-throughputsequencingdata wereobtainedfrom
EBI http   www ebi ac uk ena   Table1  Ten
PoaceaechloroplastgenomeswereobtainedfromNCBI 
includingFestucaarundinacea NC_011713  9  Lolium
perenne NC_009950  10  Agrostisstolonifera NC_

008591  11  Triticumaestivum NC_002762  12  B 
oldhamii NC_012927  4  Panicumvirgatum NC_

015990  13  Zeamays NC_001666  14  Coixlacryma-
jobi NC_013273  15  Sorghumbicolor NC_008602  11 

andAnomochloamarantoidea NC_014062  16  
1 2 Genomeassembly

Bowtie 2  http   bowtie-bio sourceforge 
net index shtml  22 wasusedtomapcleanreads
withsevenricechloroplastgenomesasreferences
 Table1  Assemblyofmappedreadswasthen
performedwithVelvet 23  ParametersofVelvet
haveagreatinfluenceontheassemblyresults 
particularlyK-merandcoveragevalue Therefore 
wesetmultipleparameters K-mersof13levels
andcoverageof4levels fordebugging Theset

893 第40卷 
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thathasthelargestN50wasfinallyselected K-
merwas33andcoveragewas100  Thegapswere
closedbyGapCloser http   soap genomics org cn 
soapdenovo html  24 andPCRamplification Allthe
variablesitesofDongxiangwildriceweregottenusing
SAMTools  http   samtools sourceforge net   25  
SevenSNPs singlenucleotidepolymorphisms 
werefinallyverifiedbyPCRamplification The
assemblyprocessisshowninFig 1 

Table1 ChloroplastgenomesequencesofOryzausedinthisstudy

Species Groups 8 Origin Accession

O rufipogon

NAa Dongxiang China KF562709b 

NA Vietnam NC_017835 17 

NA Australia JN005833 17 

Or-I India
ERX046456 8 

 W0101 c 

Or-I SriLanka
ERX046479 8 

 W0144 c 

Or-II Indonesia
ERX046720 8 

 W1977 c 

Or-II Indonesia
ERX046715 8 

 W1972 c 

Or-III China
ERX046828 8 

 W3026 c 

Or-III China
ERX046846 8 

 W3044 c 

O sativa

Indica China NC_008155 18 

Indica China
ERX005522 8 

 Guangluai-4 c 

Aus Bengal
ERX014265 8 

 GP89 c 

Japonica Japan NC_001320 19 

Temperate
Japonica

Japan
ERX002911 8 

 Nipponbare c 

Tropical
Japonica

America
ERX014455 8 

 GP640 c 

Aromatic Pakistan
ERX046332 8 

 GP295 c 



O meridionalis

NA Australia NC_016927 17 

NA Australia
ERX046915 8 

 W2113 c 



O nivara NA SriLanka NC_005973 20 


O australiensis NA Australia GU592209 21 

O glaberrima NA Liberia
ERX046902 8 

 W3104 c 

O barthii NA BurkinaFaso
ERX046903 8 

 W3106 c 

O longistaminata NA Benin
ERX046905 8 

 W3102 c 

  a Notavailable b Generatedbythisstudy c Samplenumber
inthereference 8  

Fig 1 ProcessofDongxiangwildricechloroplastgenome
assembly

1 3 Genomeannotation
Annotation of the Dongxiang wild rice

chloroplastgenomewasperformedusingDOGMA
 http   dogma ccbb utexas edu   26  The
annotatedfilewasusedtodrawgenemapsusing
GenomeVx tool  http   wolfe gen tcd ie 
GenomeVx   27  The complete chloroplast
genomeofDongxiangwildricewasdepositedinto
GenBankwiththeaccessionnumberKF562709 
1 4 Phylogenetictreeconstruction

The chloroplast genome sequences of
Dongxiang wildrice Indica NC_008155  18  
Japonica NC_001320  19 and10Poaceaeplantswere
alignedusingClustalX2 http   www clustal org  
Thephylogenetictree wasconstructed usingthe
neighbor-joining NJ methodinMega5 0with1000

bootstrapreplications http   www megasoftware 
net   28  ThephylogenetictreebasedonSNPswas
constructedusingthesamemethod 

2 Results

2 1 Genomeassembly
UsingsevenchloroplastgenomesofOryza

whichareevolutionarilyclosetoO rufipogonas
references Dongxiangwildricechloroplast-related
readswerefirstcollectedfromourhigh-throughput

993 第4期
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sequencingdata Subsequently denovoassembly
ofthesereads wasperformedresultinginfour
scaffolds PCR amplification wasusedforgap
closureandvalidationofvariationsinDongxiang
wildrice AllproductsofPCRamplificationwere
sequencedtoconfirmourassembly Finally we
obtained the complete chloroplast genome of
Dongxiangwildricewiththelengthof134537bp 
2 2 Genomeannotation

TheDongxiangwildricechloroplastgenome

displayed the typical quadripartite structure 
consistingofapairofIRs 20803bp 15 5%of
thegenome separatedbytheLSC 80585bp 
59 9%ofthegenome andSSC 12346bp 9 2%
ofthegenome regions Fig 2  Thechloroplast
genomewasAT-rich 60 99% whichissimilarto
otherchloroplastgenomes 6 29  Thechloroplast
genomeencoded152predictedgenes ofwhich128
wereuniqueintheLSC SSCregionsand24were
duplicatedintheIRregions The152genesincluded

  Thethickblacklinesininnerringindicatetheinvertedrepeats IRaandIRb regions whichseparatethegenomeintothe

largesinglecopy LSC andsmallsinglecopy SSC regions Thegenesontheoutsideofthemaparetranscribedinthe

clockwisedirectionandthegenesontheinsideofthemaparetranscribedinthecounterclockwisedirection 

Fig 2 GenemapofDongxiangwildricechloroplastgenome

004 第40卷 
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49transfer RNAs 8ribosomalRNAsand95
protein-codinggenesinthechloroplastgenome 
Thefunctionalclassificationofchloroplastgenes
wasdeterminedaccordingtoCpBase These152
genes could be divided into four categories 
including 50 photosynthesisrelated genes 87
transcriptionandtranslationgenes 2biosynthesis
genes and13 openreadingframesand other
protein-codinggenes 

Thelength ofthecultivated rice chloroplast
genome NC_008155  20 was134525bp Thelengths
ofLSC SSC andIRswere80592bp 12335bpand
20799bp respectively coveringalmostthesame

proportionofthegenomewithDongxiangwildrice The
cultivatedricechloroplastgenomeencoded162predicted
genes including40transferRNAs 8ribosomalRNAs
and114protein-codinggenes AccordingtoCpBase 
these162genesincluded32photosynthesisrelated
genes 80transcriptionandtranslationgenesand50
openreadingframesandotherprotein-codinggenes 
2 3 Phylogeneticanalyses

A phylogenetictree wasconstructedbasedon
Dongxiangwildriceandother10Poaceaechloroplast
genomesusingNJmethod Theresultshowedthat
DongxiangwildricehadacloserrelationshipwithB 
oldhamiiandPanicoideae Fig 3A  

  A PhylogenetictreeofDongxiang wildrice O rufipogon andother10 Poaceaechloroplastgenomesusing NJ method 

B PhylogenetictreebasedonallSNPsofDongxiangwildriceandother22Oryzachloroplastgenomes Table1 usingNJmethod The

scalesmeanexpectednumberofsubstitutionspersite 

Fig 3 Chloroplastgenome-basedphylogenetictreesofDongxiangwildricewithothermembersfromthegrassfamily Poaceae 
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  Furthermore weusedthechloroplastgenome
ofDongxiangwildriceasthereferencesequence 
and collected theidentified SNPs of 22 rice
accessionsto build a phylogenetic tree The
phylogenetictreeshowedthatIndicaandJaponica
clusteredwithdifferentgroupsofO rufipogon 
and Japonica had a closer relationship with
ChineseO rufipogon Fig 3B  Therefore our
resultssupportthehypothesisoftheoriginofrice
domesticationfrom Huangetal  8 thatJaponica
wasfirstdomesticatedfromaspecificpopulationof
O rufipogon in China while Indica was
developedfromanotherindependentdomestication
process 

3 Discussion

Chloroplastgenomestructureandsequence
provideimportantresourcesandinformationfor
studyingtheevolutionofspecies AstoAugust9 
2013 OrganelleGenomeResourcesoftheNCBI
containedatotalof285Viridiplantaechloroplast
genomes Withtherapiddevelopmentofhigh-
throughputsequencingtechnologyandthenew
bioinformaticssoftware therewillbemoreand
moreplantchloroplastgenomesbeingsequenced 
Chloroplastgenomeis maternallyinheritedand
highlyconserved Accordingtothefeatures this
studyusedasimpleandefficientmethodwhich
assembledthechloroplastgenomesequencefrom
wholegenomehigh-throughputsequencingdataof
thegreenleaves Thismethoddoesnotneedto
separateandpurifychloroplastDNA thatisa
majorlimiting factor in traditional methods 
reducingtheexperimentaldifficultyandsaving
time Additionally therequired depth ofthe
wholegenomesequencing wasreduced dueto
multiplecopiesofthechloroplastgenome Using
this method we successfully obtained the
Dongxiangwildricechloroplastgenomesequence 
andperformedsomeanalysesregardingtherice
domestication Ourresultssupportthehypothesis
of the origin of domesticated rice in
Nature 2012 8  

Althoughthismethodissimpleandefficient 
therearestillseveralinevitableshortcomings 
First the appropriate reference sequence is
necessaryforextractingthechloroplastgenome
relatedreadsfromthewhole-genomesequencing
data Second thereferencechloroplastgenome
shouldbeevolutionarilyclosetotheassembled
genome Moreover some chloroplast genes
transfertothenucleargenomeinhigherplants 
therefore theextractedshortreadsmaybefrom
the nucleargenome Althoughthechloroplast
DNAhasahighcopynumberandthussuchreads
hadlittleimpacton assembly the possibility
cannotbeexcluded 
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