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柑橘体细胞胞质遗传及叶绿体 SSR 引物开发 *

程运江

华中农业大学园艺林学学院,武汉430070

  以38个组合的柑橘体细胞杂种(或胞质杂种)
为试验材料,综合应用RFLP、CAPS和cpSSR分子

标记技术,对这些杂种的线粒体和叶绿体遗传组成

进行了分析;同时对试验技术体系进行了完善与拓

展,开发了柑橘叶绿体SSR标记;并对柑橘愈伤组

织长期继代保存过程中胞质基因组遗传变异进行了

分析,主要结果如下:

1.完善了柑橘类作物的DNA提取方法。发现

在DNA提取过程中高浓度 NaCl结合水饱和乙醚

处理能有效去除多糖,获得高纯度的 DNA样品。
用此方法能获得衰老、萎蔫或霜冻柑橘叶片的高质

量DNA样品。在其他30余种热带、亚热带果树作

物中试验也同样有效,证明该方法对这些富含蜡质

层和多糖的作物普遍适用。

2.对4个属间组合的体细胞杂种和3个种间组

合的胞质杂种(或体细胞杂种)的5个叶绿体区域和

3个线粒体区域进行了CAPS分析。4个属间体细

胞杂种组合检测到了线粒体多态性位点;而在3个

属间组合和2个种间组合中检测到了叶绿体多态性

位点。所有杂种的线粒体多态性位点与悬浮系亲本

一致,叶绿体与叶肉亲本或悬浮系亲本一致。

3.用5种限制性内切酶对38个组合的杂种

DNA进行酶切,并与12个线粒体探针随机组合进

行RFLP分析。结果表明:柑橘体细胞杂种线粒体

的来源偏向于悬浮系亲本,且普遍发生遗传重组;杂
种线粒体的遗传组成受核背景的影响,异源四倍体

体细胞杂种较二倍体胞质杂种的线粒体的遗传组成

更为复杂;双亲共有的线粒体区域很容易传递给杂

种后代。另外,线粒体的传递能力与亲本的基因型

有关,在起源与进化中越古老的品种,将其线粒体传

递给后代的能力越强。

4.对伏令夏橙 + 宁波金柑的体细胞杂种在1a
中按月连续采样,进行RFLP分析结合田间观察,发
现线粒体DNA的丢失会导致植株的枯死,表明体细

胞杂种的生长异常与线粒体遗传不稳定性有关。

5.综合RFLP和CAPS分析结果,38个组合中

仅有14个组合检测到了叶绿体多态性,整体上呈现

随机分离的趋势。现有的标记无法完成对其余组合

叶绿体来源的分析,必须寻求新的叶绿体标记方法。

6.开展了体细胞杂种及胞质杂种的线粒体和叶

绿体基因组的RT-PCR分析。并对线粒体基因组

进行了Northern杂交分析,发现体细胞杂种线粒体

表达量高于融合亲本,而胞质杂种与亲本之间无明

显差异。

7.根据黑松(Pinusthunbergii)、水稻(Oryza
sativa)、烟草(Nicotianatabacum)和拟南芥(Ara-
bidopsisthaliana)叶绿体基因组序列设计的33对

引物,对柑橘类作物的总DNA进行扩增,经过筛选

得到 了 14 对 能 特 异 扩 增 的 引 物,分 别 命 名 为

SPCC1-SPCC14。随即开展了以下研究:

1)选用34份柑橘及近缘属材料进行扩增,检测

到等位位点的数目为1~8个,平均位点数为3.54
个,平均多态性信息量(PIC)值为0.356。聚类分析

结果显示,34份材料聚为7类:枸橼类、来檬类、柚
类、宜昌橙类、金柑类、枳类和宽皮柑橘类。

2)对SPCC1的17个片段和SPCC11的21个

片段进行克隆、测序,并与烟草和拟南芥中引物原始

模体序列进行比对,结果表明所有特异性扩增片段

均来源于叶绿体基因组,SSR是多态性产生的直接

原因。
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3)根据引物归类结果选择合适引物,对柑橘体

细胞杂种的叶绿体基因组进行了分析,所有组合都

检测到多态性,进一步证实了柑橘原生质体融合过

程中叶绿体的随机分离,并且在金诺橘 + 锦橙,朋
娜脐橙 + 枸头橙等组合中检测到叶绿体呈1∶1的

分离。

4)应用这些引物对31种热带、亚热带果树的

64份样品进行了初步筛选,得到了1批通用性很强

的叶绿体SSR引物,能在柑橘类、柿类,香蕉类、番
石榴类、番木瓜类、葡萄类等作物的近缘属或种间检

测到多态性,为这些作物开展叶绿体SSR标记提供

了新方法。

8.选取23份愈伤组织材料,以对应的田间叶片

作对照,对他们在长期继代保存过程中线粒体和叶

绿体(质体)基因组进行了遗传稳定性的RFLP分

析、组织切片观察、cpSSR分析及线粒体向核基因组

转移等研究。结果如下:

1)愈伤组织在保存过程中线粒体变异的几率很

小,但线粒体DNA含量普遍增加,而叶绿体(质体)
基因组DNA含量无明显变化。

2)cpSSR分析发现,引物对SPCC4在愈伤组

织中检测到比叶片多了1条谱带,Southern杂交和

序列测定均表明,该谱带为特异扩增产物,说明愈

伤组织中质体基因组普遍存在短核苷酸序列插入

现象。

3)用线粒体探针与核基因组DNA进行斑点杂

交,结果表明愈伤组织中线粒体基因可能存在向核

基因组转移的现象。

关键词 柑橘;体细胞杂种;线粒体基因组(mtDNA);叶绿体基因组(cpDNA);叶绿体SSR
(cpSSR);愈伤组织;分子标记

Cytoplasmicinheritanceofsomatichybridsanddevelopment
ofprimersforcpSSRinCitrus
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Inthepresentstudy,cytoplasmicinheritanceofCitrussomatichybridsandcybridsfrom38interge-
nericandinterspecificfusioncombinationswasanalyzedwithrestrictionfragmentlengthpolymorphisms
(RFLPs),cleavedamplifiedpolymorphicsequence (CAPS)andchloroplastsimplesequencerepeat
(cpSSR)markers.Theexperimentalproceduresweremodifiedandoptimized.Anovelmarker,cpSSR,

wasdevelopedinCitrusandothertropicalfruitcrops.Meanwhile,geneticvariationsoforganellefrom23
Citruscalliwereanalyzed.Themainresultswereasfollows:

1.AsimpleandefficientmethodforgenomicDNAextractionfrom woodyfruitcropscontaining
highlevelofpolysaccharideswasdeveloped.ThismethodinvolvesamodifiedCTABorSDSprocedure
employingapurificationsteptoremovepolysaccharidesbyusingwatersaturatedetheratthepresenceof
1.25-1.30mol/LNaCl.ThequalityofDNAsamplesextractedwiththismethodwassuitableforPCR
andRFLPsanalysisandforlong-termstorage.Inaddition,thisprocedurewassuccessfullyappliedin
DNAisolationfromthefreezedorwitheredorsenileleavesofCitrusandmorethan20kindsoftropical
andsubtropicalfruitcrops.

2.FiveuniversalpairsofchloroplastDNA(cpDNA)primerand3universalpairsofmitochondrial
DNA(mtDNA)primersamplifiedmonomorphicfragmentsamong4intergenerichybridsand3inter-
speficfusioncombinations.Afterdigestedbyrestrictionendonuclease,polymorphicmitochondrialCAPS
markersweredisplayedinthe4intergenericcombinations,whilepolymorphicchloroplastCAPSmarkers
werefoundin3intergenericand2interspecificfusioncombinations.Theresultsshowedthatthespecific
bandsofmitochondriaamongallthehybridswereidenticalwithembryogenicsuspensionparents,while
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thechloroplastwereidenticaleitherwiththemesophyllparentsorwiththeembryogenicsuspensionpar-
ents.

3.DetailedRFLPsanalysisofmitochondrialgenomeamongthehybridsof38fusioncombinations
wereperformedthroughdigestingthegenomicDNAwith5restrictionendonucleasesandthenhybridi-
zingwith12mitochondrialprobes,resultsrevealedthatthemitochondrialgenomeofCitrussomatichy-
bridsandcybridswasbiaslyderivedfromtheembryogenicsuspensionparentwithcommonlyoccurred
rearrangements.Thecharacterizationofmitochondrialgenomerecombinationwasinfluencedbynuclear
backgroundofthehybrids,andmtDNAcompositionusuallyexistedinallotetraploidsomatichybridswas
morecomplicatedthanthatindiploidcybrids.ThecommonmtDNAfragmentsinthefusionparents
couldbeusuallydetectedinitsoffsprings.Mitochondrialinheritabilitywascorrelatedwiththegenotype
ofthefusionparents.Theancientancestorhadstrongermitochondrialtransferabilitythanitsoffspring
had.WhenbothfusionparentsareevolutionarilylaterthanC.reticulata,therehadthepossibilitiesof
C.reticulatalikemitochondrialRFLPbandingpatterndisplayedintheirhybrids.Whenmoderngenotype
actsasembryogenicsuspensionparentandancientgenotypeasmesophyllparent,themitochondriainthe
fusionhybridsmayderivedbiaslyfromthemesophyllparent.

4.Leavesfromthesomatichybridof‘Valencia’orangeand‘Meiwa’kumquatwereharvested
monthlyforawholeyearandanalyzedwithRFLPsmarkercombinedwiththefieldobservation.Results
revealedthatthelossofthemtDNAfragmentswascorrelatedwiththeplantdiedback,suggestingthat
thegeneticinstabilityofmitochondrialgenomeisonepossiblereasonsforthegrowthabnormalityofthe
somatichybrids.

5.CombinedthedataofCAPSwithRFLPsinchloroplastgenomeanalysis,14outofthe38fusion
combinationsshowedsomedegreeofpolymorphisms,chloroplastswererandomlysegregatedamong
thesecombinations.Tofurtherstudytheoriginofchloroplastgenomeamongothercombinations,new
markersarerequiredtobedeveloped.
6.Tocharacterizetheorganelleattheexpressionlevel,RT-PCRandNorthernhybridizationwere

usedinmitochondria.Resultsshowedthatexpressionofmitochondrialgenesinsomatichybridswas
higherthanthatintheircorrespondingfusionparents,whilenocleardifferenceexistedamongcybrids
andtheirparents.

7.Thirty-threepairsofcpSSRprimersdesignedaccordingtothechloroplastgenomesofpine(Pinus
thunbergii),rice(Oryzasativa),tobacco(Nicotianatabacum)andArabidopsisthalianawereamplified
withCitrusgenomicDNA.Afterstrictlyscreened,fourteenspecificprimerswereobtainedandnamedas
SPCC1toSPCC14,andsubsequentstudieswereperformedasfollows:

1)Thirty-fourrepresentativeaccessionsofCitrus,Fortunella,Poncirusandsomeoftheirhybrids
wereselectedandamplifiedwith14SPCCprimers.Lociamongthe34genotypesrangedfrom1to8with
anaverageof3.54,andthemeanPICvaluewas0.356.Resultsofneighbor-joiningclusterbasedupon
thecpSSRdatashowedthatallthesamplesweredividedinto7clusters,namelycitron(C.medica),lime
(C.aurantifolia),pummelo (C.grandiss),Yichangpapeda:(C.ichangensis),kumquat(Fortunella
spp.),trifoliateorange(Poncirusspp)andmandarin(C.reticulata)clusters.

2)SeventeenfragmentsofSPCC1and21ofSPCC11werecloned,sequencedandalignedwithse-
quencesoftheoriginalprimermotiffromtobaccoandArabidopsis,theoutcomesrevealedthatallthe
clonedsequenceswerefromthechloroplastgenomesandthepolymorphismwascausedbymononucle-
otiderepeatofpoly(A)orpoly(T).

3)AccordingtothecpSSRclassificationresults,suitableSPCCprimerswereselectedtoanalyzethe
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chloroplastgenomesamongthehybridsofthe38fusioncombinations,randomsegregationofchloroplast
inCitrusfusionhybridswasfurtherproved,and1∶1segregationratiowererevealedinthefusioncom-
binationsofKinnowtangerine+JinchengorangeandBonanzanavelorange+Goutousourorange,respec-
tively.

4)Sixty-fourDNAsamplesbelongingto31kindsoftropicalandsubtropicalfruitcropswereampli-
fiedwiththesynthesizedcpSSRprimers,andasetofwideadaptableuniversalprimerswerescreened.For
instance,SPCC1wasrichinpolymorphismamongintergeneraorinterspecies,suchaspersimmon(Dio-
spyroskaki)anddateplumpersimmon(Diospyroslotus),banana(Musaspp.),guava(Psidiumspp.),

papaya(Caricaspp.)andgrape(Vitisspp.).
8.Twenty-threegenotypesofcalliadequatelyrepresentingtheCitrusspeciesandrelatedgenera

wereselected,andcorrespondingleaveswereusedasthecontroltoanalyzethestabilityofmitochondrial
andchloroplast(plastome)genome.RFLPs,histologicalsection,cpSSRandmtDNAtransferringfrom
thecytoplasmtothenucleiwereanalyzed.Theresultswereasfollows:

1)LowfrequencyofmtDNAmutationexistedinCitruscalli,whilethemtDNAcontentsincreasedin
individualmitochondria,andnosuchphenomenawereobservedinchloroplastgenome.

2)AnalyzedwithcpSSR,novelbandsweredetectedamongmostofthecalli.BothSouthernhybrid-
izationandsequencingprovedthatthebandswereamplifieduniquely,suggestingthatshortsequences
insertionoccurredfrequentlyinCitruscalliplastidgenomes.

3)DotblottinganalyseswereperformedbyusingnuclearDNAhybridizedwith mitochondrial
probes.ResultsshowedthatmitochondrialDNAtransferingfromcytoplasmintonucleioccurredduring
long-termsubculture.

Keywords Citrus;somatichybrids;mitochondrialgenome(mtDNA);chloroplastgenome(cpD-
NA);chloroplastSSR(cpSSR);callus;molecularmarker
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