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Entirechloroplastgenomesequenceoftea Camelliasinensis cv 
Longjing43  amolecularphylogeneticanalysis

YeXiaoqian1 ZhaoZhonghui1 ZhuQuanwu1 WangYingying2 LinZhangxiang2 YeChuyu2 FanLongjiang2* Xu
Hairong1* (1 Instituteof TeaScience Collegeof AgricultureandBiotechnology Zhejiang University Hangzhou
310058 China 2 ZhejiangKeyLaboratoryofCropGermplasm DepartmentofAgronomy CollegeofAgricultureand
Biotechnology ZhejiangUniversity Hangzhou310058 China)

Summary Camelliasinensiscv Longjing43isadomesticvarietyofteaspeciesandanimportanteconomic
cropinChina Inthisstudy wedevelopedarapidmethodtogetthechloroplast cp genomeandsequencedthe
entirecpgenomesequenceofC sinensiscv Longjing43 TheC sinensiscv Longjing43cpgenomewas
157085bpinlength whichcontainedalargesingle-copy LSC 86642bp region asmallsingle-copy SSC 
18283bp region andtwoinvertedrepeat IR eachwithasizeof26080bp regions Withthecpgenomeof
KoreanC sinensiscultivarasareference 134chloroplastgenesweresuccessfullyannotated Therewere15

geneswithnon-synonymousmutationsinthecodingregionandmorethan100polymorphicsitesinthenon-coding
region whichcouldbetheDNA markersforthedeterminationofdifferentC sinensisvarieties Wealso
investigatedtherelationshipof12C sinensisvarietiesinChinabasedonseveralcpgenomicregions which
containmanyvariantsites Theresultshowedthatthesevarieties weredividedintotwogroups with
Lingyunbaimaochainonegroupandtheother11inanothergroup Amongtheother11varieties the
Longjingchangye Longjingyuanye Longjingguazi andZhongcha102hadacloserrelationshipandwereformed
intooneclusterwith100%supportrate demonstratingthereliabilityofthemethodthatusedthecpgenome
sequencestoinvestigatethegeneticrelationships 

Keywords Camelliasinensiscv Longjing43 chloroplastgenome high-throughputsequencing genetic
relationship phylogenetictree

CLCnumber S571 1 Q7   Documentcode A

茶树􀆵龙井43 叶绿体基因组测序及其系统进化 英文  浙江大学学报 农业与生命科学版  2014 40

 4  404 412

叶晓倩1 赵忠辉1 朱全武1 王营营2 林张翔2 叶楚玉2 樊龙江2* 须海荣1* 1 浙江大学农业与生物技术学院

茶叶研究所 杭州310058 2 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 利用高通量测序技术对中国茶树品种􀆵龙井43 叶绿体基因组的全序列进行测定 拼接补洞后再利用

Sanger测序法对序列进行验证 最终得到􀆵龙井43 叶绿体基因组全序列 GenBank登录号 KF562708 1  该基因



叶晓倩 等 茶树􀆵龙井43 叶绿体基因组测序及其系统进化 英文 

组大小为157085bp 其中大单拷贝区的长度为86642bp 小单拷贝区的长度为18283bp 反向重复区的长度为

26080bp 共注释叶绿体基因134个 与韩国茶树品种叶绿体基因组序列比对 在编码区发现15个基因发生了非

同义突变 在非编码区有100多个多态性位点 这些突变可作为茶树品种鉴定的DNA标记 同时 选取12个中国

茶树品种 对其叶绿体基因组上的特异性片段 ycf1 psbA-trnH psbK-psbI-psbI 进行测序比对并构建系统进化

树 结果表明 12个茶树品种在进化树上分为2个亚群 其中􀆵凌云白毛茶 单独形成一支 其他11个品种形成一

支 而11个品种中 􀆵龙井瓜子 􀆵龙井长叶 􀆵龙井圆叶 􀆵中茶102 形成一支 自展支持率为100% 表明利用叶绿

体基因片段可有效区分茶树品种间的亲缘关系 

关键词 龙井43 叶绿体基因组 高通量测序 亲缘关系 系统发育树

  Thechloroplastisanorganellethatplaysan
importantroleinphotosynthesis 1  Italsocarriesout
anumberofotherfunctions includingthesynthesisof
starch fattyacids pigments andaminoacids 2  Itis
asemi-autonomousorganellethathasacompletesetof
geneticsystemandanindependentgenome 3  

In1909 C E Corrensdiscoveredaphenomenon
thatdoes notabide by the Mendelianlaws of
inheritanceinMirabilisjalapa Itwasthefirstreport
toindicate that chloroplast may contain genetic
information Thecompletechloroplast cp genome
sequencesofNicotianatabacum 4 and Marchantia
polymorpha 5 werefirstobtainedin1986 Inrecent
years thecpgenomicshasdevelopedrapidlywiththe
applicationof molecularbiotechnologiesand DNA
sequencingtechniques Usingthe high-throughput
sequencingtechnologies severalcpgenomesequences
wereobtained suchasbamboo 6 andduckweed 7  By
theendofDecember10 2013 there were420
completecpgenomesequencesdepositedinGenBank 
Thecpgenomesequencesareusefulforthestudyof
plantphylogenetics 810 and photosynthesisatthe
molecularlevel 1112  
Camelliasinensisisanimportantcropusedto

maketea 13  Inrecentyears many C sinensis
varietieswithspecialcharacteristicsincludingalbinoor
etiolatedbudshavebeenfoundinChina suchas
Zhejianganjibaiyecha Ningboqiannianxue and
Hunanbaojinhuangjinya TheresourcesofC sinensis
arethusmuch moreabundant andthesevarieties
stimulatetheenthusiasmofthefarmerstoconduct
seedselection on C sinensis Duetothe high
heterozygosity theresearchonthegenomeofC 
sinensisisstillintheinitialstage Therelativelysmall
cpgenomewillbehelpfulininvestigatingthealbinism

oretiolationmechanismsinC sinensis Inthisstudy 
weobtainedthecompletecpgenomesequencesof
Longjing43 whichisanimportantC sinensis
variety basedonhigh-throughputsequencingdata 
Furthermore weinvestigatedtherelationshipamong
differentvarietiesofC sinensisusingcpgenomes 

1 MaterialsandMethods

1 1 Materials
ThefreshleavesofLongjing43 Shuigutea 

Fudingdabaitea Fujianshuixian Maoxie Pingyun 
Linyunbaimaotea Zhenong25and Wuniuzaowere
collectedfromHuajiachicampusofZhejiangUniversity 
ThefreshleavesofLongjingchangye Longjingguazi 
LongjingyuanyeandZhongcha102werecollectedfrom
theChineseTeaResearchInstitute 
1 2 Methods
1 2 1 DNA sequencingandchloroplastgenome
assemblyofLongjing43  TheDNAofLongjing43
wasextractedusingtheplantgenomeDNAextraction
kit Transgen Company  Rawsequencereadswere
generatedusingtheIlluminaHiseq2000platformand
Bowtie2 14  http   bowtie-bio sourceforge net index 
shtml wasusedtomapcleanreadswiththecpgenome
ofKoreanCamellia GenBanknumber NC_020019 1 
asareference Chloroplastgenome-relatedreadswere
thencollected Assemblyofthemappedreadswasthen
performedusingCLCsoftware http   www clcbio 
com  ThegapswerefilledupbyGapCloser 15  http   
soap genomics org cn soapdenovo html  Fig 1  
PrimersusedinthePCRamplificationweredesignedby
PrimerPremier5 0 Table1  PCRproductswere
sequencedusingtheSangermethod 
1.2.2 Genomeannotation  Thecpgenomeof
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Longjing43wasannotatedusingDOGMA 16  http   
dogma ccbb utexas edu   Thefinalresult was
submittedtoGenBankwiththenumberKF562708 1 
Theannotatedfileswereusedtodrawgenemapsusing
theGenomeVxtool 17  http   wolfe gen tcd ie 
GenomeVx   

Fig 1 AssemblyoftheLongjing43chloroplastgenome
basedonthehigh-throughputsequencingdata

1.2.3  Phylogenetic relationships among 12
varietiesofC sinensis   Total DNA was
extractedfromfreshleavesofthe12varietiesofC 
sinensisbytheCTABmethod 18  PCRsforthree
regions ycf1 psbA-trnH psbK-psbI-psbI with
condensedvariantsiteswerecarriedoutin50μL
reactionmixturecontaining25μL2×TaqPCR
MasterMix 2μLofeachprimer 10μmol L 
 Table1  19 μL ddH2O and 2 μL DNA
samples Amplificationwascarriedoutunderthe
followingcondition 94℃for4min 50 55℃
 thetemperaturedependentsonprimers for30s 
72℃for30s recycledaround35times andat
last72℃for4min ThetotalDNAsamplesand
PCR products werechecked byelectrophoresis
through0 8% agarosegel ThePCR products
weresenttoShanghaiSonnyBiologicalTechnology
Co  Ltd to purify and sequence The raw
sequenceswerecheckedusingChroms2 13 and
someindividualsiteswerecorrectedmanuallyvia
Lasergene Thesesequences werethenaligned
usingUltraEdit Thephylogenyreconstructionwas

Table1 PCRprimersusedingapclosuresandverificationoftheC sinensiscv Longjing43cpgenome

Primernames Primerlocations bp   Primersequences 5'—3' 

GAP1-F 33140 33161 AACGCCATGGTAAGGCGTAAGT

GAP1-R 34116 34095 TCCACGGGTCGAAGAAAGAAAG

GAP2-F 60382 60404 ATTGCCGAACCCAATGCCTAC

GAP2-R 60974 60954 TCCCATCCAACAGGGATTCTT

GAP3-F 60959 60978 TCCCTGTTGGATGGGATTCT

GAP3-R 62256 62237 TCGTAGGAAGACACGACGAT

GAP4-F 112473 112494 GAACAAGAGGGATCCACCGAAG

GAP4-R 113752 113731 GGTTATATTCACCGATTTTCGC

GAP5&6-F 113778 113798 GGACCAAAAACAAGCAAGGGG

GAP5&6-R 114986 114967 GCTCCACTTCCAGTTCCTGT

GAP7-F 114898 114920 TGAAAAGCCCACATACGACGAAG

GAP7-R 116377 116356 GATTGGGTTGAAAGCGGCAAAT

ycf1-F 127294 127316 TGTTCGGTTGAGGGAACAGATAC

ycf1-R 128407 128386 TTCTTCAATATCACGGAACGTC

psbA-trnH-F 156771 156791 CCGGATCTAAGCGTTGGCTAG

psbA-trnH-R 554 533 CGTGCTAACCTTGGTATGGAAG

psbK-psbI-psbI-F 7802 7821 TATGCTCTGGGACGGAAGGA

psbK-psbI-psbI-R 9126 9107 TGGCTGAGTGGACTAAAGCG

604 第40卷 
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performedusingneighbor-joining NJ method 19 

inMega5 0 Theconfidenceofeachbranchwas
testedbybootstrap1000times 

2 Results

2 1 ChloroplastgenomeassemblyofLongjing43
UsingthecpgenomeofKoreanCamelliaasa

reference Longjing43cpgenome-relatedreads
werecollected Afterassemblyandgapclosure 
thecompletecpgenomesequenceswereobtained 

The23 GcpgenomedataforLongjing43
wereobtainedwiththeaveragesequencingdepthof
10 Compared with the reference cp genome
sequence there was 99 98% coverage After
assemblybytheCLCGenomicsWorkbench the

contigN50was26kbandthelongestcontigwas
41kb Thecompleteconsensussequence was
157085bpafterfillingthegapsusingGapCloser 
WedesignedsixpairsofPCRprimers Table1 
Gap1 Gap7 forgapvalidation Theresults
showedthatfive gaps werethesameasthe
assembly results When the Gap7 site was
sequencedusingtheSangermethod itturnedout
thatthelengthofgapwas30bplongerthanthe
assemblyresult Thefinalcp genome ofC 
sinensiscv Longjing43hasbeenannotatedand
depositedinGenBankundertheaccessionnumber
KF562708 1 
2 2 CharacteristicsofLongjing43cpgenome

TheentirelengthofthecpgenomeofLongjing43
was157085bp Fig 2  includingthelargesingle-copy

Fig 2 GenemapoftheC sinensiscv Longjing43cpgenome
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 LSC 86642 bp region thesmallsingle-copy
 SSC 18283bp region andtheinvertedrepeat
 IR 26080bp region Thiscpgenomeconsistedof
58%codingregionand42%non-codingregion There

were134genesdividedinto75self-replicationgenes 
47photosynthesisgenes 3otherproteingenesand
openreadingframe 2pseudogenesand7unknown
functionalgenes Table2  

Table2 GenesofthecpgenomeofC sinensiscv Longjing43

Categoryforgenes Groupofgenes     Nameofgenes

Selfreplication

tRNAgene

rRNAgenes

tRNA UGC* x2  tRNA ACG x2  tRNA UCU tRNA GUU x2  

tRNA GUC tRNA GCA tRNA CAU tRNA UUG tRNA UUC 

tRNA GCC tRNA UCC* tRNA CAU x2  tRNA GUG tRNA 

CAU* x2  tRNA CAA x2  tRNA UAA* tRNA UAG tRNA 

UUU* tRNA CAU tRNA GAA tRNA UGG tRNA GCU 

tRNA GGA tRNA UGA tRNA GGU tRNA UGU tRNA CCA 

tRNA GUA tRNA GAC x2  tRNA UAC*

rrn4-5 x2  rrn5 x2  rrn16 x2  rrn23 x2 

Ribosomegene

RNApolymerasegene

rpl12* x2  rpl14 rpl16* rpl20 rpl22 rpl23 x2  rol32 rpl33 

rpl36 rps2 rps3 rps4 rps7 x2  rps8 rpsl1 rpsl2-5'end rpsl2-

3'end rpsl4 rpsl5 rpsl6* rpsl8 rpsl9

rpoA rpoB rpoC1* rpoC2*

Translationinitiationfactorgene infA

Genesforphotosynthesis Photosynthesisproteinsgene psaA psaB psaC psaI psaJ psbA psbB psbC psbD psbE 

psbF psbH psbI psbJ psbK psbL psbM psbN psbT psbZ

􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋

ATPsynthasesubunitgenes

NADHsubunitgene

atpA atpB atpE atpF* atpH atpI

ndhA* ndhB* x2  ndhC ndhD ndhE ndhF ndhG ndhH 

ndhI ndhJ ndhK

RuBPcarboxylasesubunitgene

ProteasesubunitPgene

Cytochrome-relatedgene

rbcL

clpP**

ccsA petA petB* petD* petG petL petN

Othergenes Membraneproteingene

Acetyl-CoAcarboxylasesubunitgene

Maturasegene

Pseudogene

cemA

accD

matK

ψyefl ψrpsl9

􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋

Unknownfunctionalgenes yef1 yef2 x2  yef3** yef4 yef5 x2 
􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋􀪋

  * ** Representoneandtwointrons respectively  x2 indicatesthegenesduplicatedinthecpgenome 

2 3 GeneticvariationbetweenLongjing43and
Koreancultivar

TheresultsshowedthatthelengthofLongjing43
cpgenomesequencewas18bpshorterthantheKorean
cultivar Therewere15geneswithnon-synonymous
mutationinthecodingregion Table 3 ofthe
Longjing43cpgenome includinggenerpl2 which
wasontheinvertedrepeatregion GenespsbT rpl2 
andrpoC2ofLongjing43hadframeshiftmutations 
amongwhichtheproteinsizesofpsbTandrpoC2were
notchanged Themutationofrpl2 wascausedby
someinsertion whichresultedinaddingeightamino

acidstothefinalprotein Therewere16basesmutated
onpartialregionsoftheycf1geneinLongjing43 
which could be a great characteristic among
differentvarieties based on such concentrated
single-nucleotidepolymorphisms Incomparingthe
codingregionsofthecpgenomesequencesbetween
Longjing43andKoreancultivar thereweremore
than100polymorphicsitesfound Thereespecially
existed30basesinsertedin61266sitesonthe
largesingle-copyofLongjing43 whichcouldbea
DNAmarkertoidentifythedifferentvarietiesof
C sinensis 
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Table3 GenelociwithvariationsbetweenLongjing43andKoreancultivarcpgenomes

Gene
Longjing43

 site base 

Koreancultivar

 site base 

DifferencesofLongjing43
andKoreancultivar

psbT
76633 76634
76672 76673

76641 A
76680 76681 AG

13AA 14AA
 

rpl2 ×2 
86845 IRA  T
156877 IRB  A

86848 86849 IRA 
156896 156897 IRB 

19AA 24AA
 

rpoC2
20084 T

20165 20166
20113 20114
20194 C

28AA 28AA
 

matK
2367 T
3362 A

2368 C
3363 G

N AAU D GAU 
I AUU T ACU 

rps16 5205 G 5208 T T ACG K AAG 

rpoC2
18307 C
20910 T

18336 T
20939 C

A GCU T ACU 
Q CAA R CGA 

rpoB 26807 A 26836 C V GUA G GGA 

ycf3 44549 T 44587 C E GAA G GGA 

accD
59112 A
59184 A

59148 G
59220 G

K AAA E GAA 
N AAU D GAU 

clpP 72526 A 72532 C S UCU A GCU 

rps8 82856 A 82866 T I AUU N AAU 

ndhD 118331 G 118345 T P CCA T ACA 

ndhH 124958 G 124965 T Q CAA K AAA 

rps15 126018 T 126025 G N AAC T ACC 

ycf1

127579 G

127589 G

127643 T

127676 T

127679 G

127681 T

127688 G

127720 T

127754 T

127757 T

127802 G

129923 A

127586 A

127596 A

127650 G

127683 A

127686 A

127688 A

127695 A

127727 A

127761 G

127764 G

127809 A

129930 G

S UCG L UUG 

R CGU C UGU 

N AAU H CAU 

T ACG S UCG 

L CUU F UUU 

Y UAU F UUU 

L CUU F UUU 

Y UAU F UUU 

K AAG Q CAG 

N AAC H CAC 

L CUU F UUU 

F UUU L CUU 
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2 4 Phylogeneticanalysisof12varietiesofC 
sinensisinChina

Thestudyusedthethreefragments ycf1 psbA-
trnH andpsbK-psbI-psbI withcondensedvariations
from12varietiesofC sinensistobuildthephylogenetic
tree Theresultshowedthatthesevarietiesweredivided

intotwogroupswithLingyunbaimaochainonegroup
andtheother11inanothergroup Amongtheother11
varieties the Longjingchangye Longjingyuanye 
Longjingguazi and Zhongcha102 had acloser
relationshipandwereformedintooneclusterwith
100%supportrate Fig 3  

Thescaleindicatesthegeneticdistance 

Fig 3 Phylogenetictreeof12teacultivarsbasedonneighbor-joiningmethod

3 Discussion

The second generation sequencing
technologies namely the high-throughput
sequencingtechnologies 20  which preservethe
highaccuracyofthefirstgenerationtechnologies
andcandramaticallyreducesequencingcostsand
increasesequencingspeed serveasamilestonein
thefieldofgenomics Akeystepintraditional
technologiestogetcpgenomeisthepreparationof
sequencingtemplates whilethe extraction of
cpDNAisthelimitingfactorofthepreparationof
sequencingtemplates Uptillnow nogeneral
methodofextractionwasexisted Basedonthe
maternalinheritanceandhighconservationofcp
genome wecollectedthecp-relatedreadsusingan
evolutionarilyclosedspecies KoreanCamellia as
thereferenceandthenassembledLongjing43cp
genome PurificationofcpDNApriortosequencing

isnotrequiredinthismethod However ifthere
isalackofefficientreferencesequencesorsomecp
genomefragmentsareinsertedintothenucleic
genome thecpgenomeishardtobeassembled In
thisstudy wesuccessfullyobtainedLongjing43
cp genome directly from the whole genome
sequencing data It fully demonstrated the
efficiencyofthismethod 

Previousresultsshowedthatthestructureof
thecpgenomesequencesishighlyconservative 21 

andcpgenomehasimportantvaluetotheresearch
on the evolution of species and the genetic
relationshipbetweendifferentvarieties Instudy
on phylogeneticgenomics weshould usethe
properDNAsequenceswithdifferentorigins cp
and nucleic genomes  and combine with
traditionalphysiologicalcharacters Thenwecan
obtainthedistinctivecharactersatthedifferent
classification levels This study analyzed the
geneticrelationshipamong12C sinensisvarieties
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inChinabasedonthecharactersoftheLongjing43
cpgenome Theresultsgenerallymatchedtothe
identification theories of species resources 22  
whichdemonstratedthereliabilityofthemethod
thatusedthecpgenomesequencestoinvestigate
the genetic relationships Recently DNA
molecularmarkerssuchasRAPD AFLD and
RFLPhavebeenusedforthedeterminationofC 
sinensisvarietiesandtheanalysisofthegenetic
polymorphism ComparingthoseDNA molecular
markersinidentifying the relationship among
differentspecies RAPDhasalowerreliability 
whileAFLPandRFLParemoredifficulttoutilize
andexpensive Themethodpresentedinthisstudy
wasbasedoncondensedvariantregionsofthecp
genome whichiseasiertobeprocessedandthus
hasmorereliableinformation 

Chinawasthefirstcountrytodiscoverand
utilizeC sinensis KoreanC sinensisoriginated
fromChina 23  Itcanbeseenthatthereareno
majordifferencesbetweenthecompletecpgenome
ofLongjing43andthatofKoreanC sinensis 
There were 15 genes with non-synonymous
mutationsinthecodingregionofLongjing43cp
genome psbT and rpoC2 which had been
frameshifted couldexpressproteinsinthesame
size whilerpl2expressedtheproteinwitheight
moreamino-acids Whileinthenon-codingarea 
wedetected morethan100 polymorphicsites 
Thesemutationsmaybetheresultofthegenetic
changescaused bytheenvironmentalchanges 
whichisapossibleresultofspeciesevolution 

Camelliasinensisisanimportanteconomiccropin
China Duetothecomplexchromosomestructures the
genomicresearchonC sinensisisnotconductedas
muchasconductedinothercrops Thisresearchtook
advantages of the high-throughput sequencing
technologiestoobtainthecompleteLongjing43cp
genome which provided sequenceinformation for
furthergenomicresearchonC sinensis 
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