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SUMMARY IN KOREAN

감귤에서 다배성은 주심배 발생으로 인해 하나의 종자 안에 여러 개의 배가

형성되는 현상으로 유성배의 출현비율을 매우 낮아지게 하거나 없게 하는 경우

가 많다.이러한 특성은 교배 육종에서는 교잡 실생의 획득을 어렵게 하여 문제

가 되지만 품종을 균일하게 증식할 때 이용되는 대목에서는 필수 형질이 되며,

주심배실생을 이용한 품종개량에도 유용하게 이용되고 있다.이와 같이 감귤의

다배성은 품종육성 및 대목 개발에서 육종 효율에 영향을 미치는 주요한 요인이

되고 있으며,이에 대한 다양한 연구가 진행되어 왔다.

본 연구에서는 다배성 품종을 모본으로 이용한 교배육종에서 엽 형태를 이용

한 형태적인 방법과 PCR 기법에 바탕을 둔 RAPD 및 SRAP방법을 이용하여

교잡실생의 효율적인 식별방법을 개발하고 다배성(또는 단배성)형질에 연관된

SCAR마커를 개발하여 육종효율을 높이고자 하였다.그리고 주심배를 이용하여

궁천조생과 흥진조생 등 현재 가장 많이 재배되고 있는 조생계 온주밀감을 대체

할 수 있는 품종을 선발하고자 하였다.

1.다배성 품종을 종자친으로 한 교배육종에서 한개의 종자에서 유래한 교잡실

생과 주심배 실생을 효과적으로 식별할 수 있는 마커와 다배성 또는 단배성 형

질과 연관된 마커를 개발하고 이의 이용성에 대하여 시험을 수행하였으며 주요

결과는 다음과 같다.

엽형질을 이용한 교잡실생 식별 시험을 수행 한 결과,‘성전온주’×‘병감’조합

에서는 44.2%,‘성전온주’×‘Lee'조합에서는 31.8%,’궁천조생‘×’Orlando'조합에

서는 7.0%의 교잡실생을 식별할 수 있었다.RAPD기법을 이용하였을 때는 각각

52.6%,51.1% 및 7.0%의 교잡실생을 식별할 수 있었으며,SRAP기법을 이용하

였을 때는 51.6%,46.6% 및 4.7%의 교잡실생을 각각 식별할 수 있었다.상기의

세 가지 방법을 모두 이용하면 ‘성전온주’×‘병감’,‘성전온주’×‘Lee','궁천조
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생’×‘Orlando'조합에서 각각 52.6%,51.1% 및 7.0%의 교잡실생을 식별할 수

있었다.

한편, ‘성전온주’×‘병감’,‘성전온주’×‘Lee'두 조합에서 주심배로 판명된 모

든 실생들은 교잡실생에 비하여 현저히 생육이 부진한 왜화현상을 보였다.이것

은 감귤에서 보고된 적이 없는 특성으로 ‘성전온주’에서만 특이적으로 발생하는

것으로 판단되며,다배성 종자친(‘성전온주’)을 사용하는 교잡육종에서 교잡실생

과 주심배 실생을 구별할 수 있는 유용한 지표로 사용될 수 있을 것으로 판단된

다.주심배 실생의 왜화성을 지표로 ‘성전온주’× ‘병감’조합과 ‘성전온주’×

‘Lee'조합의 전체 실생을 조사한 결과,약 90%가 주심배 실생인 것으로 판별되

었다.

다배성 품종을 종자친으로 한 교배육종에서 RAPD와 SRAP등 분자마커를 이

용하는 방법이 엽 형질 등 형태적인 특성을 이용하는 방법에 비하여 효율적으로

교잡실생을 식별 할 수 있었다.

‘청견’(단배성)×‘진귤’(다배성)교배조합 F1후대의 다배성(또는 단배성)형질

을 갖고 있는 개체의 비율을 조사한 결과 1:1의 분리비를 나타내었다.각각의 집

단을 이용한 BSA-RAPD분석을 실시하여 단배성 후대 집단에 특이적인 밴드를

선발한 후 이를 바탕으로 단배성 개체를 선발할 수 있는 pMono-U/p468D

SCAR마커를 개발하였다.

2.다배성 품종을 종자친으로 사용한 교배육종에서 발생한 주심배실생을 이용

하여 “하례조생‘을 육성하였다.

1992년 ‘입간조생’에 ‘하귤’을 교배하여 얻은 주심배 실생에서 선발,육성한 ‘하

례조생’은 밝은 등황색의 과일은 과중이 80～90g,과형은 편평형이며,과피두께는

약 2mm이다.숙기는 11월 상순으로 성숙기 당도는 10-11
o
Bx,산함량은 1-1.1%

이며 과육은 등황색을 띠고 있다,이것은 제주도에서 가장 많이 재배되고 있는

궁천조생에 비하여 당도는 약 1oBx높고,산 함량은 0.1%정도 낮은 것이다.수세
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는 강한 편이며 개장성이나 초기에는 다소 직립성을 보인다.해거리 정도는 궁천

조생과 비슷하다.또한,토양멀칭 재배 시 11월 상순의 당도는 13.8
o
Bx,산함량은

1.0% 로서 궁천조생에 비하여 당도는 1.2
o
Bx높고,산 함량은 0.1% 낮다.

상기 결과를 종합해 볼 때,하례조생은 궁천조생 및 흥진조생의 대체품종으로

서 유망할 것으로 기대된다.
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ABBREVIATIONS

A Acute

BSA Bulked segregant analysis

LBAS Leaf blade apex shape

LBBS Leaf blade base shape

LBS Leaf blade shape

LBW Leaf blade wave

PA Pointed acute

PO Pointed obtuse

PCR Polymerase chain reaction

RAPD Random amplified polymorphic DNA

SCAR Sequence Characterized Amplified Region

SRAP sequence-related amplified polymorphism

SS Spindle-shaped

V Vestigial

WS Wing shape
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SUMMARY

Thetraitofpolyembryonyhaslong beenamajorchallengetocitrus

breeding.Polyembryonyisassociatedwithnucellarembryony,whichresults

in thedevelopmentofmultipleembryosin seedsand often leadstothe

productionoffew ornosexualprogenyduringconventionalcrossbreeding.

Polyembryonyisessentialfortheproductionofuniform rootstocks,andit

also provides an opportunity to improve cultivars via nucellarselection.

However,polyembryony hasbeen aseriousproblem in conventionalcross

breeding,whichrequiressexualprogenies.Asaresult,manystudieshave

beenconductedtocontrolthistrait.

Thepresentstudy consistedof2parts.PartⅠ-1wasconductedto

evaluate the ability of various identification methods,including visual

observationofthephenotypiccharacteristicsandmoleculartechniquesbased

on PCR such as RAPD and SRAP,to distinguish zygotic and nucellar

seedlingsofsatsumamandarin,apolyembryonicfemaleparent.PartⅠ-2was

conductedtodevelopamonoembryony-specificSCARmarkerandevaluateits

utilization in citrus breeding.PartⅡ was conducted to develop a new

nucellarselectionofasatsumamandarincultivarcapableofgrowthonJeju

Islandforreplacementofthe'MiyagawaWase'and'OkitsuWase'cultivars.

PartⅠ:Theuseofmorphologicalmarkers(leafshape)toidentifyputative

zygoticseedlingshadaselectionefficiencyof44.2%,31.8% and7.0% when

usedtoevaluatecrossesof'Moritaunshiu'×'Ponkan','Moritaunshiu'×

'Lee' and 'Miyagawa Wase' × 'Orlando',respectively.When molecular

techniqueswereutilized,RAPD analysisselectedzygoticseedlingswithan

efficiency of52.6%,51.1% and 7.0% when crossesof'Morita unshiu'×

'Ponkan','Moritaunshiu'×'Lee'and'MiyagawaWase'×'Orlando'were
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evaluated,respectively,while SRAP selected zygotic seedlings of these

crosses with an efficiency of 51.6%, 46.6% and 4.7%, respectively.

Furthermore,when a combination ofthese methods was used,zygotic

selection ratesof52.6%,51.1% and 7.0% wereobserved forthe'Morita

unshiu'× 'Ponkan','Morita unshiu'× 'Lee'and 'Miyagawa Wase'×

'Orlando'crosses,respectively.

When'Moritaunshiu'×'Ponkan'and'Moritaunshiu'×'Lee'crosses

were conducted,allnucellarseedlings showed inferiorgrowth (dwarfism)

when comparedtozygoticseedlings.In addition,dwarfism-basedselection

wasconducted,approximately 90% oftheseedlingsofboth crosseswere

nucellar.Thisfindingindicatesthatthedwarfism originatedfrom the'Morita

unshiu'cultivarandcouldbeausefultoolforobtainingsexualhybridsfrom

satsumaprogenies.

TheRAPD andSRAPmarkersweremoreefficientthanmorphological

markerssuchasleafshapefordifferentiatingzygoticandnucellarseedlings

whensatsumamandarinswereusedasafemaleparent.

RAPD-basedbulkedsergeantanalysisconductedusingthemonoembryoic

andpolyembryonicF1populationsofthe'Kiyomi'and'Jinkyul'crossenabled

developmentofasequencecharacterized amplified region (SCAR)marker,

pMono-U/p468D, for selection of monoembryonic seedlings. The

pMono-U/p468D amplifieda500bpsinglefragmentfrom themonoembryonic

seedlings.

PartⅡ:Anew earlymaturingsatsumamandarin,'Haryejosaeng'(Citrus

unshiuMarc.),wasdevelopedfrom anucellarseedlingproducedbyacrossof

'Tachima Wase'(C.unshiu Marc.)and C.natsudaidaiHayata thatwas

cultivatedattheCitrusResearchStationonJejuIslandin1992.Thisstrain

produced seedless fruitthatmatured in early Novemberand had higher

solublesolids(10to11
o
Bx)andloweracidity(1to1.1%)thanthefruit
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producedby'MiyagawaWase',theleadingearly-maturingsatsumamandarin

cultivargrownonJejuIsland.Thefruitwasapproximately80-90gand

composedofcompressed-oblateglobosewithalightorangecolorandarind

ofapproximately2mm thatwaseasytopeel.Thetreeshowedvigorous

growth,spreading of thornless twigs,and alternate bearing similar to

'Miyagawa Wase'.The tree was susceptible to citrus scab disease and

melanose, but resistant to citrus canker. In addition, subjecting the

'Haryejosaeng'cultivartoamulchingexperimentresultedintheproduction

offruitthathadbettersolublesolidcontentsandaciditythanfruitproduced

by'MiyagawaWase'thathadalsobeensubjectedtomulching.Thesoluble

solidandacidcontentofthe'Haryejosaeng'fruitwere13.8
o
Bxand1.0%,

respectively,inearlyNovember.Inaddition,the
o
Bxandacidcontentofthe

'Haryejosaeng' fruit were greater than 1.2 higher and 0.1% lower,

respectively,than these values in 'Miyagawa Wase'.The'Haryejosaeng'

cultivarshowspromiseforuseasanalternativeto'MiyagawaWase'and

'OkitsuWase'thatcanenhancetheprofitsofcitrusfarmersonJejuIsland.
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RESEARCH BACKGROUND

Satsuma mandarins are a primary citrus crop in northeastern Asia

includingJapanandChina.InKorea,satsumamandarinshavebeenamajor

citrus productforseveraldecades.Citrusfruitproduction on Jeju Island

represented25% ofthedomesticfruitproductioninKoreaand55% ofthe

agriculturalproductioninJejuprovincein2006.Nearlyallofthecitruscrops

growninthisareaweresatsumamandarins,whichrepresented95.6% ofthe

annualtonnageand93.0% ofthecultivationareareportedforJejuIsland

during2006.

Recently,severalmandarin hybridscultivarsincluding 'Shiranuhi'((C.

unshiu×C.sinensis)×C.reticulata),whicharealsoknownas'Hanlabong',

and'Setoka'(((C.unshiu×C.sinensis)×C.reticulata)×C.reticulata)have

beenproduced.Thesecultivarshaveagoodfruitquality,rich-flavorandhigh

levelsofsolublesolids.However,thesecultivarsarestillaminorfruitcrop

thataccountforless than 10% ofthe citrus production on the island.

Althoughthegrowthofthesecultivarsisexpectedtoincreaseinthefuture

duetotheirhighmarketprice,theirhighcostofproductionmayprevent

theirwidespreadcultivationontheisland.

Asaresult,satsumamandarinsareexpectedtoremainastheprimary

croponJejuIslandunlessalternativecultivarsthatcanproducefruitbefore

winterreplacethem.However,nosuchhybridshavebeendevelopedtodate.

Accordingly,developmentofbreedingprogramsdesignedtoproduceanew

satsumahybridhasbeenaprimaryobjectiveofthecitrusbreedingindustry

inKorea.

Conventionalfruitbreedinggenerallyfacesthefollowingproblems:there

isoftenalongjuvenileperiodandgenerationtimefrom thetimethatthe
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crossismadetofloweringorselection;itisnecessarytoevaluatelargescale

populationstodevelopnew hybridsorrootstockswithusefultargetgenes

due to the highly heterozygous nature offruitgenotypes (Roose,2008).

Accordingly,the development of fruit breeding programs is expensive,

requires a greatdealofeffortand is time-consuming.Moreover,many

commercially-important citrus crops such as satsuma mandarins,some

tangerines and oranges are polyembryonic,which results in theirseeds

containing azygoticembryo and oneorseveraladventitiousembryosof

nucellar origin (Hamilton, 1936; Koltunow et al., 1996). Furthermore,

polyembryony is a heritable traitthatoccurs during conventionalcross

breeding.Asaresult,polyembryonyhaslongbeenaproblem intraditional

citrusbreedingbecauseitresultsindifficultyintheidentificationofsexual

hybrids for new varieties or nucellar hybrids for the development of

rootstocks. Generally, more than two seedlings are germinated when

polyembryonicvarietiesareusedasamotherplant(Fig.1),anditisdifficult

toidentifysuchembryosduringtheearlystagesofdevelopmentwhenthere

aremixedseedlingsfrom seedsproducedbyazygoticplant.

Consequently,thedemandformethodscapableofseparatingnucellarand

zygotic embryos has increased.Severalstudies have been conducted to

evaluatetheeffectivenessofvarioustechniquesatenablingsuchseparation,

including thin-layerchromatography (Tatum etal.,1978),isozymeanalysis

(Moon and Ko,1991;Luro etal.,1995;Elisiario etal.,1999),and gas

chromatography (Weinbaum etal.,1982).However,themetabolicproducts

evaluatedbythesetechniquescanbeinfluencedbytheageoftheplantand

environmentalconditionstherefore,theresultsareunreliableforidentification

purposes(Luroetal.,1995Yunetal.,2007).Recently,molecularmarkers

havebecomea usefultoolforthedirectanalysisofDNA withoutany

interferencefrom theenvironmentortissueage(Tansksleyetal.,1989).Itis
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generallyrecognizedthatDNA marker-basedselectioncanbebeneficialto

theplantbreedingfield(Hospitaletal.,1992),andsuchtechniqueshavebeen

widelyusedinthecultivationofavarietyofplants(Oliveiraetal.,2002;

Ruizetal.,2000;Sunetal.,2006;LiandQuiros,2001).Polymerasechain

reaction (PCR)hasbeen especially usefulasan inexpensively method of

genomicDNAanalysis.

SeveralPCR markersystemswithdifferentcomplexities,reliability,and

informationgeneratingcapacityarecurrentlyavailable.Theseincluderandom

amplified polymorphic DNA analysis (RAPD), simple sequence repeat

polymorphism analysis (SSR), amplified fragment length polymorphism

analysis(AFLP),and a few othermethods(Lee,1995;Lin etal.,1995;

Rafalskietal.,1996;DelRioandBamberg,2000;Negietal.,2000;Ruizet

al.,2000;Oliveriaetal.2002).Each system hasitsown advantagesand

disadvantages.For example,RAPD is a simple,fast,and inexpensive

techniquethathasbeenwidelyusedforthedevelopmentofgeneticmarkers

(Fangetal.,1997;ParanandMichelmore,1993;Yenetal.,1997),butpoor

consistencyandlow multiplexingoutputlimitsitsuse.Recently,theuseofa

new marker-related technique known as sequence-related amplified

polymorphism (SRAP),which combines simplicity,reliability,a moderate

through-putratio,andfacilesequencingofselectedbands,wasproposed(Li

andQuiros,2001;Sunetal.,2006).SRAPtargetscodingsequencesinthe

genome,whichresultsinamoderatenumberofco-dominantmarkers.SRAP

molecularmarkerscanbeextensivelyappliedintheconstructionofgenetic

linkagemaps(LiandQuiros,2001),geneticdiversityanalysis(Ferrioletal.,

2003;Linetal.,2004),andcomparativegenetics(Lietal.,2003)ofdifferent

species.ApplicationoftheSRAP techniquetoidentifyzygoticseedlingsin

citruscropsalsohaseconomicbenefitssimilartothoseoftheRAPDsystem.

Furthermore,theSRAPsystem onlyrequiresasmallamountofDNA,takes
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littletime,andisrelativelysimple.However,todate,theSRAPsystem has

notbeenusedfortheidentificationofzygoticseedlingsincitruscrops.

Incontrasttocrossbreeding,apomixisisanimportanttraitintraditional

citrusbreeding programsdesigned toimprovecitrusrootstocks.Apomictic

embryos arising from nucellar tissue give rise to seedlings that are

genetically identicalto theseed source tree,which enables citrus to be

propagatedbybuddingthedesiredscionontotherootstockseedlings.Asa

result,the rootstock is a majorcontributorto the treeperformanceand

longevity,and influences tree size,yield,and fruitquality (Davies and

Albrigo,1994).Therefore,nucellarembryonyisessentialtothedevelopment

ofcitrusrootstocksbecauseitallowsnurseriestopropagatetreesthatare

highlyheterozygous,butgeneticallyuniform,whichresultsintheproduction

ofuniform rootstocksforpropagationandplanting(Frost,1943;Xiangand

Roose,1988;Garciaetal.,1999;Ruizetal.,2000;KepiroandRoose,2007).

Severalstudies have been conducted to evaluate the inheritance of

nucellar embryony. Spiegel-Roy and Goldschmidt (1996) reported that

monoembryonictraitsincitruscropsresultedfrom asinglehomorecessive

gene.Additionally,Parlevlietand Cameron (1959)suggested thatnucellar

embryonyiscontrolledbyasinglemajordominantgenethatisheterozygous

intrifoliateandabsentfrom the'Chandler'pummel,andthatminorgenes

may controlthelevelofexpression in thesecultivars.Ithasalso been

suggested that several genes control nucellar embryony and that

polyembryonyisanindependenttrait(Garciaetal.,1999;Asinsetal.,2002).

Finally,Hongetal.(2001)reportedthattwocomplementarydominantgenes

controlapomixis.

Markerassistedselection(MAS)involvesmolecularmarkersaswellas

phenotypicorbiochemicalmarkers,whichrequirelesslabor,moneyandtime

thantraditionalselectionthatusuallyincludesaexaminationoffruittrait.
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Furthermore,DNA-based polymorphic markers thatutilize traits thatare

linkedtoasinglegene,especiallyagriculturallyvaluablecharacteristics,can

increase the efficiency atwhich hybrids thatcontain a targetgene are

selected during an early stage.Although PCR-based marker selection

techniquesareconsideredtobeusefulforMAS,anadditionalprocessisoften

required to enable PCR-based markers to be more informative.Because

arbitrarymarkertechniquessuchasRAPD andAFLP providereproducible

results(Agarwal,2008),amethodforPCR-basedidentificationofsequence

characterized amplified regions (SCAR)linked to specific qualitative and

quantitativetraitlociwasdevelopedbasedonspecificprimerpairsdesigned

from thesequenceoftheRAPD marker(Barzenetal.,1997;Brahm etal.,

2000;Cao etal.,2001;Gilletal.,1998;Kim etal.,2000;Paran and

Michelmore,1993;Vidaletal.,2000).SCAR markers havethe following

characteristics: low abundance, high reproducibility, medium degree of

polymorphism and the requirementfor a low quantity ofDNA.SCAR

markers can also facilitate the development of a dominant marker

co-dominant,whichhasadvantagesforgeneticanalysis(Plomionetal.,1996).

Thecitrusbreedingstrategygenerallyinvolvestheselectionofanucellar

seedling from polyembryonic citrus plants.This strategy has also been

adoptedasabreedingprogram forthedevelopmentofnew satsumavarieties.

Becausenucellarseedlingsaregeneticallyidenticaltothemotherplant,they

enableselectionofplantswithvaluablehorticulturalcharacteristicssuchas

hightreevigor,freedom from virusdisease,andhigheryields(Spiegel-roy

andGoldschmidt,1996).Sincethe1950s,many citrusvarietieshavebeen

cultivatedusingnucellarseedlings,including'OkitsuWase','MihoWase'and

'Okitsu Wase',which were developed in Japan (Iwamasa,1988).These

cultivarsarenow majorcropsthroughoutnortheastAsia.

'MiyagawaWase'and'OkitsuWase'areearlymaturingformsofthe



- 9 -

satsuma mandarin.Theproduction ofthesecultivarshasincreased for4

decades,andtheyhaveencompassednearly80% ofthetotalcitrusareaon

Jeju Island sincethe1990s.However,thesecultivarsnow often produce

low-qualityfruitwhencomparedtonewerhigh-qualitycitruscultivarssuch

as'Shiranuhi',whichisalsoknownas'Hanlabong','Setoka',aswellas

improvedapples,pearsandgrapes.Forthatreason,alternativevarietiesare

neededtoreplacetheseoldersatsumamandarinvarieties.
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PART Ⅰ.DevelopmentandUtilizationofMarkersin

PolyembryonicCitrusBreeding

Abstract

Thisstudywasconductedtoevaluatetheabilityofselectionbasedon

morphologicalmarkers such as leaf shape and molecular marker-based

selectionmethodssuchasRAPDandSRAPanalysis,aswellastodevelopa

PCR-basedSCARmarkerfortheselectionofmonoembryonicseedlings.

Theuseofmorphologicalmarkers(leafshape)enabledtheselectionof

putativezygoticseedlingswithanefficiencyof44.2%,31.8% and7.0% from

crosses of 'Morita unshiu' ×'Ponkan', 'Morita unshiu' × 'Lee' and

'MiyagawaWase'×'Orlando',respectively.Whenmoleculartechniqueswere

utilized,RAPDanalysisselectedzygoticseedlingswithanefficiencyof52.6%,

51.1% and7.0% from crossesof'Moritaunshiu'×'Ponkan','Moritaunshiu'

×'Lee'and'MiyagawaWase'×'Orlando',respectively,whileSRAPselected

zygoticseedlingswithanefficiencyof51.6%,46.6% and4.7%,respectively.

Furthermore,when a combination ofthese methods was used,zygotic

selectionratesof52.6%,51.1% and7.0% for'Moritaunshiu'× 'Ponkan',

'Moritaunshiu'×'Lee'and'MiyagawaWase'×'Orlando',respectively,were

observed.

When'Moritaunshiu'×'Ponkan'and'Moritaunshiu'×'Lee'crosses

were conducted,allnucellarseedlings showed inferiorgrowth (dwarfism)

when compared tozygoticseedlings.When dwarfism-based selection was

conducted,approximately90% oftheseedlingsfortheentirepopulationof

bothcrosseswerenucellar.TheRAPDandSRAPmarkerswereadequatefor
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the identification ofzygotic and nucellarseedlings from 'Morita unshiu',

althoughvisualselectionbasedondwarfism alsoenabledtheidentificationof

nucellarseedlingsfrom thiscultivar.

RAPD-basedbulkedsergeantanalysisconductedusingthemonoembryoic

andpolyembryonicF1populationsofthe'Kiyomi'and'Jinkyul'crossenabled

developmentofasequencecharacterized amplified region (SCAR)marker,

pMono-U/p468D, for the selection of monoembryonic seedlings. The

pMono-U/p468D primer amplified a 500 bp single fragment from the

monoembryonicseedlings

We expectthatthe selected markers can be used to increase the

selectionefficiencyinpolyembryoniccitrusbreeding.



- 12 -

Introduction

Satsumamandarinsareamajorcitruscropthatoccupy greaterthan

90% ofthetotalacreageusedforcropsonJejuIsland.Inaddition,theyhave

beentheonly speciesharvestedbeforewinterforseveraldecadesinthis

region.Asaresult,they havebecomean importantbreeding resourcein

Korea.

Conventionalfruitbreedinggenerallyencountersthefollowingproblems:

thereisoftenalongjuvenileperiodandgenerationtimefrom thetimethat

thecrossismadetofloweringorselection;itisnecessarytoevaluatelarge

scalepopulationstodevelopnew hybridsorrootstockswithusefultarget

genesduetothehighlyheterozygousnatureoffruitgenotypes(Roose,1990).

Accordingly,the development of fruit breeding programs is expensive,

requires considerable effort and is time-consuming. Moreover, many

commercially-important citrus crops such as satsuma mandarins,some

tangerines and oranges are polyembryonic,which results in theirseeds

containing azygoticembryo and oneorseveraladventitiousembryosof

nucellarorigin(Hamilton,1936;Koltunow etal.,1996).

Therearetwolargebarrierstocrossbreedingsatsumamandarins.One

isthatplantshaveaweak seedformation ability duetofemalesterility

(Nesumietal.,2000)andtheotheristhatpolyembryonyisoftencausedby

undesirablenucellarembryogenesisofthefemaleparent(SoostandRoose,

1996).Polyembryony has been especially difficultto overcome in citrus

breeding programsbecauseitmakestheidentification ofhybridsdifficult.

Generally,two ormoreseedlingsemergefrom polyembryonicvarietiesof

citrusplantssuchasthesatsumamandarin(Fig.1)(Yun,2007,unpublished

data),anditisdifficulttodeterminewhichoneiszygotic,evenduringthe
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early stages of growth.Despite this problem,satsuma mandarins are

commonlyusedasafemaleparentinthecitrusbreedingprogram because

theyprovidebenefitstonew hybridssuchascoldtolerance,earlymaturity,

seedlessness,production ofa moderatetreesizeand easy peeling.Asa

result,thedemandformethodsthatenableseparationofthenucellarandthe

zygoticcultivarshasincreased.

Accordingly,severalstudieshavebeenconductedtoevaluatetheability

of various techniques to identify nucellar and zygotic cultivars.These

techniquesincludethin-layerchromatography(Tatum etal.,1978),isozyme

analysis(MoonandKo,1991;Luroetal.,1995;Elisiarioetal.,1999),andgas

chromatography (Weinbaum etal.,1982).However,becausethemetabolic

productsevaluatedbythesetechniquescanbeinfluencedbytheageofthe

plantandenvironmentalconditions,theresultsareunreliableforidentification

purposes(Luroetal.,1995Yunetal.,2007).

Many DNA markertechnologieshavebeen used in commercialplant

breeding programs since the early 1990s.Recently,PCR-based molecular

marker systems have been used to identify zygotic seedlings when

polyembryonic varieties are used as the motherplant.These techniques

includerandom amplifiedpolymorphicDNA (RAPD),simplesequencerepeat

polymorphism (SSR),amplifiedfragmentlengthpolymorphism (AFLP),anda

few others(Lee,1995;Rafalskietal.,1996;Ruizetal.,2000;Oliveriaetal.,

2002).Recently,the use ofa new marker-related technique known as

sequence-relatedamplifiedpolymorphism (SRAP),whichcombinessimplicity,

reliability,a moderate throughputratio,and facile sequencing ofselected

bands,wasproposed(LiandQuiros,2001;Sunetal.,2006).SRAPrequires

onlyasmallamountofDNA andlesstimethanothermethods.Inaddition,

SRAPisasimpleandinexpensiveprocess.However,todate,SRAPmolecular

markershavenotbeenusedtoidentifyzygoticseedlingsincitruscrops.
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Markerassistedselection(MAS)involvesmolecularmarkersaswellas

phenotypicorbiochemicalmarkers,whichrequirelesslabor,moneyandtime

(Gmitteretal.,2007).Furthermore,DNA-based polymorphicmarkersthat

utilizetraitsthatarelinkedtoasinglegene,especiallyagriculturallyvaluable

characteristics,canincreasetheefficiencyatwhichhybridsthatcontaina

targetgeneareselectedduringanearlystage.PCR-basedmarkerssuchas

RAPD,AFLP and SSR have been used in MAS however,Sequence

CharacterizedAmplifiedRegion(SCAR)markersareneededbecausearbitrary

markertechniquessuch asRAPD andAFLP arenotsensitiveenough to

obtainreproducibleresults(Agarwal,2008).

Therefore,this study was conducted to evaluate the efficiency of

phenotypicbasedidentificationmethodsandmolecularidentificationmethods

employingRAPD andSRAPtechniquetoidentifyzygoticornucellarorigin.

Inaddition,amonoembryo-specificbandwasidentifiedforuseasaSCAR

marker,anditsusefulnessforcitrusbreedingwassubsequentlyevaluated.
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A B C

Fig.1.Appearanceofseedlingsgerminatedfrom polyembryonicseed.A:'Aoshimaunshiu'× 'Po

'trifoliateorange',C:'SasakiWase'×'Ponkan'
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Materialsandmethods

Identificationofzygotichybridfromthesatsumamandarincross

PlantMaterials

Crossesbetween'Moritaunshiu'× 'Ponkan','Moritaunshiu'× 'Lee'

and'MiyagawaWase'×'Orlando'wereconductedattheCitrusResearch

Station(CRS)inMayof2004.Theseedswereharvestedfrom themature

fruitofeachofthesecrossesandsowninaseedbedthatcontainedartificial

soilinDecemberofthesameyear.Almostallseedsgerminatedwithin3

weeks.Twomonthslater,theseedlingsweretransplantedtoplasticpotsata

densityofoneseedlingperpotandthengrowninagreenhousethathadno

settemperaturecontrols.

A totalof 226 pots were then randomly selected for subsequent

identificationofzygoticseedlings:95potscontainingseedlingsproducedby

the'Moritaunshiu'×'Ponkan'cross,88potscontainingseedlingsproduced

by the 'Morita unshiu'× 'Lee'cross,and 43 pots containing seedlings

producedbythe'MiyagawaWase'×'Orlando'cross.

Table1.Scientificnameofcultivarsusedinthisexperiment(Tanakasystem)

No. Commonname Scientificname

1 Moritaunshiu CitrusunshiuMarc.

2 MiyagawaWase C.unshiuMarc.

3 Ponkan(Batangustangerine) C.reticulataBlanco.

4 Lee C.reticulataBlanco.

5 Orlando C.paradisi×C.reticulata
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GenomicDNA extraction

Young leaves were collected from the seedlings and used fortotal

genomicDNA (gDNA)extraction.Whenaseedhadthreeormoreseedlings,

twoleafsampleswereprepared,onefrom aleaffrom themostvigorous

seedlingandanotherfrom theremainingseedlings.TheDNA extractionwas

conductedusinganAutomatedPurificationMaxwell16Instrument(Promega,

Madison,WI,USA)andtheisolatedgDNAwasstoredat4℃ untiluse.

Morphologicalanalysisofzygoticornucellarseedlings

To determine the origin of the seedlings,the leafmorphology of

2-year-oldseedlingsandtheirparents(Table2)werecomparedforleafblade

shape,leafbladeapexshape,leafbladebaseshape,leafbladewaveandleaf

wingshape(Fig.2).Treevigoramongseedlingswasalsocomparedbased

ontreeheight.Seedlingswithmorphologiesthatdifferedfrom thoseoftheir

seedparentsorbothparentswereputativelyclassifiedaszygotic.

Table2.Leafmorphologicalcharacteristicsofparentalvarietiesusedinthisstudy.

Parental

varieties
LBSZ LBAS LBBS LBW WS

Moritaunshiu SS PA PA None None

Ponkan SS PO A None None

LEE SS PO A None V

MiyagawaWase SS PA A None None

Orlando SS PO PA None SS

Z
LBS:Leafbladeshape;LBAS:Leafbladeapexshape;LBBS:Leafbladebaseshape;

LBW:Leafbladewave;WS:Wingshape;SS:Spindle-shaped;PA:Pointedacute;PO:

Pointedobtuse;A:Acute;V:Vestigial
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Figure2.Morphologicalcharacteristicsanditsterminology.
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RAPDanalysis

The DNA polymorphic pattern analysis by RAPD was conducted to

evaluate seedlings produced by crosses of'Morita unshiu'× 'Ponkan',

'Moritaunshiu'×'Lee'and'MiyagawaWase'×'Orlando'.A totalof199

arbitraryRAPD primers(10base)wereusedtoidentifyuniquepolymorphic

DNA bandsfrom theparentsofthecrosses.Ofthe199RAPD primers

(Bioneer,Korea)thatwereinitiallyscreenedinpreliminarytestorpreviously

screened,3 primers (Table 1) were selected to identify various citrus

seedlings.

PCRwasconductedusingaTakaraPCRThermalcycler(Takara,Japan)

and a reaction mixturewith a totalvolumeof20 µL thatconsisted of

AccuPowerPCRPremix(Bioneer,Korea)[250µM dNTP,1.5mM MgCl2,1.0

unitTaqDNA polymerase,10mM Tris-HCl(pH9.0),40mM KCl]and50

pmoleofeachprimerandtemplateDNA.

PCR was conducted by subjecting the samples to the following

conditions:initialdenaturationat94℃ for5min,followedby40cyclesof

denaturationat94℃ for1min,annealingat38℃ for1min,andextensionat

72℃ for2min,withafinalextensionfor10minat72℃.Themixturewas

then cooled to 4℃,after which the PCR products were separated by

electrophoresisin1.2% (w/v)agarosegelandthenstainedwith0.5µg/ml

ethidium bromide.

SRAPanalysis

DNA polymorphicpatternanalysisbySRAPwasutilizedtoevaluatethe

samecrossesthatwereevaluatedbytheRAPDanalysis.Toaccomplishthis,

primersetscomposedof32forwardand32reverseprimerswereusedto

amplify samples from 5 parentalvarieties.Primers that revealed DNA
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polymorphism betweenparentalvarietieswerethenselected(Fig.2,Table3),

afterwhich thecombinationsofforwardandreverseprimersweretested

again againstthesame5varieties(Fig.3).Finally,3primersetswere

selectedforidentificationofzygoticandnucellarseedlingsfrom thecrosses

usedinthisstudy.

SRAP sampleswereanalyzedusingthesamevolumeofPCR reaction

mixturethatwasusedforRAPD amplification;however,thesampleswere

subjected to differentreaction conditions,which were as follows:initial

denaturationat94℃ for5min,5cycles1minofdenaturationat94℃,1min

ofannealingat35℃,and2minofelongationat72℃ followedby35cycles

withincreasingannealingtemperatureto50℃ andfinalelongationfor10min

at72℃ (Sun etal.2006).The PCR products were then separated and

visualizedasdescribedabove.

Table3.Listofprimersusedinthisstudyandtheirsequences.

Primers Base sequences (5'-3')

RAPD

OPO14 5'-AGCATGGCTC-3'

UBC27 5'-TTTGGGGGGA-3'

UBC229 5'-CCACCCAGAG-3'

SRAP

F4 5'-TGAGTCCAAACCGGAAT-3'

F7 5'-TGAGTCCAAACCGGACG-3'

F11 5'-TGAGTCCAAACCGGAGG-3'

R14 5'-GACTGCGTACGAATTATC-3'

R29 5'-GACTGCGTACGAATTCTA-3'
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(A)

(B)

Fig.3.PolymorphicDNA band patternsof4 varietiesasdetermined by

SRAPanalysisusing32forward(A)and32reverse(B)SRAPprimers.From

lefttoright,'Moritaunshiu','Lee','Orlando'and'Ponkan'.
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Fig.4.ScreeningofpolymorphicSRAPprimersetsbyusingcombinationsof

forwardandreverseprimerstoevaluatethe4varietiesincludedinthisstudy.

From lefttoright,'Moritaunshiu','Lee','Orlando'and'Ponkan'.
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DevelopmentofaSCARMarkerLinkedtoMonoembryony

Plantmaterials

Onehundredseedlingoftenyearoldfrom thecross'Kiyomi'(C.unshiu

×C.sinensis)asamonoembryonicseedparentand'Jinkyul'(C.sunki)asa

polyembryonicmaleparentwereusedfordevelopmentofmolecularmarkers

related to a polyembryony. The polyembryony of the seedlings was

determinedbycountingtheembryonumberoftheirseeds.Thecrossingand

growingitsseedlingsweredoneatCitrusResearchStationlocatedinJeju

IslandinKorea.

GenomicDNA extraction

TotalgenomicDNA (gDNA)wasextractedinyoungleavesfrom the

seedlingsusingAutomaticNucleicAcidExtractor(CompacbioSciencesCo.)

andstoredat4℃.Amplifiedproductswerevisualizedandmeasuredwith

LambdaDNA whichhasvariousDNA concentrationsafterelectrophoresison

1.0% (w/v)and0.5ugml
-1
ofethidium bromidestaining.

BSA-RAPDprimerselection

ForBSA-RAPD analysisofthe'Kiyomi'× 'Jinkyul'population,two

bulksofDNAswereprepared:themonoembryonicbulk having an equal

amount of DNAs from the fifteen monoembryonic seedlings and the

polyembryonic bulk having an equalamountofDNAs from the fifteen

polyembryonicseedlings.

A totalof800(UBC 1-800)random primerswereusedtoproduce

polymorphism.Total20 µL ofPCR reaction mixture was obtained from
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AccuPowerPCRPremix(Bioneer,Korea)[250µM dNTP,1.5mM MgCl2,1.0

unitTaqDNA polymerase,10mM Tris-HCl(pH9.0),40mM KCl],and50

pmoleprimerandtemplateDNAwereaddedforreaction.

PCR wasperformedusingTakaraPCR Thermalcycle(Takara,Japan)

underthefollowingconditions:preheatingat94℃ for5min;40amplification

cyclesat94℃ for1min,at38℃ for1min,and 72℃ for2min,and

elongationwascompletedbyfinalextensionat72℃ for10min.Themixture

wascooledto4℃,andPCR productswereanalyzedbyelectrophoresisin

1.2% (w/v)agarosegelandstainedwith0.5µg/mlofethidium bromide.

Theprimersgeneratingpolymorphism betweenthemonoembryonicand

polyembryonicbulkDNAsonBSA-RAPD analysisweresubsequentlytested

oneachDNAsfrom thefifteenmonoembryonicandpolyembryonicindividuals.

Theprimersmaintaining thepolymorphism werefinally used to makea

monoembryoniclinkageRAPDmarker.

Cloningofmonoembryony-specificDNA fragments

Monoembryony-specificpolymorphicRAPD fragmentfrom BSA-RAPD

analysiswasexcisedfrom a1.2% (w/v)low-meltingpointagarosegeland

purified using the Wizard PCR Prep DNA purification system (Promega,

USA).ThepurifiedDNAfragmentwasclonedintotheTopoCloningkitpCR

2.1-Topovector(InvitrogenCo.)andtransformedintoTopoSupercompetent

Cells(E.coli)byelectroporation.Positive(White)colonieswereincubatedat

2XYT media.A plasmidDNA wasthenpurifiedusingtheWizardPlusSC

MiniprepsDNA Purification system (Promega,USA).Afterpurification,a

insertontheplasmidDNAwasverifiedbyEcoRⅠ.

ThenucleotidesequencingwasperformedwiththeBigdyeTerminator

CycleSequencingkits(PEBiosystems,FosterCity,CA,USA)byusingan
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automated DNA sequencer(ABI3730XL,Applied Biosystems,Foster,CA,

USA).

SCARmarkerdesignandanalysis

The DNA sequences ofthe cloned fragmentwere searched forthe

similarityusingtheBlastalgorithm withinNationalCenterforBiotechnology

Information(NCBI)andtheMultiplealignmentsprogram ClustalW programs.

ThesequenceswereusedtodesignSCAR primersbyBioneerCo.(Korea).

Thesizeofdesignedprimeris19-22bases(Table1).

PCR amplifications were performed in total20 µL ofPCR reaction

mixtureofAccuPowerPCRPremix(Bioneer,Korea)[250µM dNTP,1.5mM

MgCl2,1.0unitTaq DNA polymerase,10mM Tris-HCl(pH9.0),40mM

KCl],and50pmoleprimerandtemplateDNAwereaddedforreaction.

ThePCRamplificationprogram consistedofaninitialdenaturalizationat

95℃ for5minfollowedby35cyclesof95℃ for50sec,annealingat53℃

for1min30sec,and70℃ for1min30secwithafinalextensionat70℃

for5min.Amplificationproductswereseparatedin1.2% agarosegelsin

TAE buffer,stainedwithethidium bromide,visualizedandphotographedas

fortheSCARmarkers.
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Results

Identificationofzygotichybridfromthesatsumamandarincross

Morphologicalanalysisofzygoticornucellarseedlings

Seedswereobtainedfrom crossesof'Moritaunshiu'×'Ponkan','Morita

unshiu'×'Lee'and'MiyagawaWase'×'Orlando'(Table4).Amongthem,

226 randomly selected seedlings were examined for ofthe presence of

putativezygoticseedlingsbymorphologicalanalysis.

Becausenucellarseedlingsaregeneticallyidenticaltotheirseedparents,

itispossibleto identify hybridsmorphologically based on characteristics

donatedbythemaleparentthatthefemaleparentdoesnotpossess.When

themorphologicalcharacteristicsofseedlingsaredifferentfrom theirseed

parentorbothparents,theseedlingscanbeclassifiedasputativezygotes.In

thisstudy,atotalof73seedlingswereputativelyclassifiedaszygoticbased

ontheirmorphologicalcharacteristics.Specifically,42ofthe'Moritaunshiu'×

'Ponkan'seedlings,28ofthe'Moritaunshiu'×'Lee'seedlings,and3ofthe

'MiyagawaWase'×'Oralndo'seedlingswerezygotic(Table5,6,7,8).

When crossesof'Moritaunshiu'× 'Ponkan'and 'Moritaunshiu'×

'Lee'wereconsidered,only a few seedlingswereevaluated becausethe

remainderhadaverysmalltreesize,low leafnumberandabnormallyshaped

leaves.Thesedwarftreeswerenotobservedwhentheseedlingsproducedby

'MiyagawaWase'×'Oralndo'wereevaluated(Fig.5).Theimplicationsof

thisdwarfism arediscussedlaterinthepaper.
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Table4.Artificialpollinationandseed-gathering

Cross combination
No. of

fruit (a)

No. of 

seedy fruit

No. of 

seeds per fruit

'Morita unshiu' × 'Ponkan' 558 293 2.7 bZ

'Morita unshiu' × 'Lee' 207 165 4.6 a

'Miyagawa Wase' × 'Orlando' 435 49 1.3 c

Z
Differentlettersdenoteasignificantdifferenceatp ≤ 0.001asdetermined by

Duncan'smultiplerangetest.
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Table5.Identificationofputativezygoticseedlingsbasedonacomparisonofleafmorphologicalc

parentsandtheirprogeny.

Cross No. of
seeds

 No. of
obtained 
seedlings

No. of
examined
seedlings 

Total No. of 
putative 
zygotic

seedlings

Leaf Morphological Characteristic

LBSZ LBAS LBBS WS LBW

Morita unshiu×Ponkan 95 135 56 42 0y 32 32 16 4

Morita unshiu×Lee 88 148 50 28 0 16 16 6 3

Miyagawa Wase×Orlando 43 86 76 3 0 0 2 3 0

z
LBS:Leafbladeshape;LBAS:Leafbladeapexshape;LBBS:Leafbladebaseshape;LBW:Leafbladewav

Spindle-shape;PA:Pointedacute;PO:Pointedobtuse;A:Acute;V:Vestigial

y
No.ofputativezygoticseedlingsidentifiedbasedontheconcernedleafmorphologicalcharacteristic
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A B

C D

Fig5.Growthstateofnucellar(left)andzygotic(right)seedlingsproduced

by 'Morita unshiu' × 'Ponkan' (A),'Morita unshiu'× 'Lee'(B)and

'MiyagawaWase'×'Orlando'(C).Dpottedzygotic(left)andnucellar(right)

seedlings germinated from one seed produced by a 'Morita unshiu' ×

'Ponkan'cross.
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Table6.Themorphologicalcharacteristicsofseedlingsproducedby'Moritaunshiu'

×'Ponkan'cross.

No.
z
Plants(No.)

yLBS LBAS LBBS WS LBW

1 2 SS PO PO None None

2 2 SS PO PO None None

3 1 SS PO PO None None

4 2 SS PA PA None None

5 1 SS PO PO None None

6 2 SS PO PO None None

7 1 SS PA PA None None

8 3 SS PO PO None None

9 1 SS PO PO None None

10 2 SS PA PA None ○

11 1 SS PO PO None None

12 1 SS PO PO None None

13 1 SS PO PO SS None

14 1 SS PO PO None None

15 2 SS O O SS None

16 2 SS PO PO V None

17 1 SS PO PO SS None

18 2 SS PO PO None None

19 1 SS PO PO V None

20 3 SS PO PO None None

21 2 SS PA PA None None

22 2 SS PA PA None None

23 1 SS PA PA V None

24 3 SS PA PA V None

25 1 SS PA PA SS None

26 2 SS PA PA SS None

27 1 SS PO PO V None

28 2 SS A A SS None

29 1 SS PA PA V None

30 1 SS PO PO None None

31 1 SS PA PA None ○

32 1 SS PO PO V None

33 1 SS PA PA None None

34 1 SS PA PA None None

35 1 SS PA PA None ○

Z
Numberofseedlingsproducedbyoneseed

y
LBS:Leafbladeshape;LBAS:Leafbladeapex shape;LBBS:Leafbladebase

shape;LBW:Leafbladewave;WS:Wingshape;SS:Spindle-shaped;PA:Pointed

acute;PO:Pointedobtuse;A:Acute;V:Vestigial
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Table6.continued

No.
z
Plants(No.)

yLBS LBAS LBBS WS LBW

36 1 SS PA PA None None

37 2 SS A A V None

38 2 SS PA PA None None

39 3 SS PA PA None None

40 2 SS PA PA None None

41 1 SS A A None None

42 2 SS PA PA V None

43 1 SS PA PA None None

44 2 SS PO PO None None

45 2 SS PO PO None None

46 1 SS A A None None

47 2 SS PO PO None None

48 2 SS PA PA None None

49 3 SS PA PA None ○

50 3 SS PA PA V None

51 2 SS PO PO None None

52 1 SS PA PA None None

57 2 SS PO PO None None

61 2 SS PO PO None None

70 2 SS PO PO None None

82 2 SS PO PO None None

Z
Numberofseedlingsproducedbyoneseed

y
LBS:Leafbladeshape;LBAS:Leafbladeapex shape;LBBS:Leafbladebase

shape;LBW:Leafbladewave;WS:Wingshape;SS:Spindle-shaped;PA:Pointed

acute;PO:Pointedobtuse;A:Acute;V:Vestigial
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Table7.Themorphologicalcharacteristicsofseedlingsproducedby'Moritaunshiu'

×'Lee'cross.

No. z
Plants(No.)

yLBS LBAS LBBS WS LBW

1 2 SS PO A None ○

2 2 SS PA PA SS None

3 2 SS PO A None None

4 2 SS ND ND None None

5 2 SS PO A SS None

6 2 SS PO A None None

7 1 SS PO PA None None

8 1 SS A PA None None

9 1 SS PA PA None None

10 1 SS PA PA None None

11 2 SS A A W None

12 1 SS PA PA None None

13 1 SS PA PA None None

14 2 SS PO PA None None

15 2 SS PO A W None

16 2 SS PO PA None None

17 1 SS PA PA None None

18 2 SS PO PA None None

19 1 SS PA PA None None

20 2 SS PO A None None

21 2 SS PO PA None None

22 1 SS PO PA W None

23 2 SS PA A None None

24 1 SS PA A None None

25 1 SS PA A None None

26 1 SS PA PA None None

27 1 SS PO A None None

28 1 SS PA PA SS None

29 1 SS PA PA None None

30 1 SS PA PA None None

31 2 SS PA PA None None

32 4 SS PA A None None

33 2 SS PA PA None None

34 1 SS PA PA None None

35 1 SS PA PA None None

Z
Numberofseedlingsproducedbyoneseed

y
LBS:Leafbladeshape;LBAS:Leafbladeapex shape;LBBS:Leafbladebase

shape;LBW:Leafbladewave;WS:Wingshape;SS:Spindle-shaped;PA:Pointed

acute;PO:Pointedobtuse;A:Acute;V:Vestigial
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Table7.continued

No.

z
Plants 

(No.)

yLBS LBAS LBBS WS LBW

36 2 SS PA PA None None

37 2 SS PA A None None

38 4 SS PA PA None None

39 2 SS PA PA None ○

40 2 SS PA PA None None

41 2 SS PA PA None None

42 1 SS PA PA None None

43 1 SS PO PA None None

44 4 SS PA A None None

45 3 SS PA A None None

46 2 SS PA PA None ○

47 3 SS PA A None None

52 2 SS PA PA None None

58 2 SS PA PA None None

75 2 SS PA PA None None

Z
Numberofseedlingsproducedbyoneseed

y
LBS:Leafbladeshape;LBAS:Leafbladeapex shape;LBBS:Leafbladebase

shape;LBW:Leafbladewave;WS:Wingshape;SS:Spindle-shaped;PA:Pointed

acute;PO:Pointedobtuse;A:Acute;V:Vestigial
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Table 8.The morphologicalcharacteristics ofseedlings produced by 'Miyagawa

Wase'×'Orlando'cross.

No. z
Plants(No.)

yLBS LBAS LBBS WS LBW

1 2 SS PA PA None None

2 2 SS PA PA None None

3 1 SS ND PA None None

4 2 SS PA PA None None

5 2 SS PA PA None None

6 2 SS PA PA None None

7 2 SS PA PA None None

8 2 SS PA PA SS None

9 3 SS ND PA None None

10 2 SS PA PA None None

11 2 SS PA PA None None

12 2 SS PA PA None None

13 1 SS PA PA None None

14 1 SS PA PA None None

15 2 SS PA PA None None

16 2 SS PA PA None None

17 3 SS PA PA None None

18 3 SS PA A SS None

19 2 SS PA PA None None

20 2 SS PA PA None None

21 2 SS PA PA None None

22 2 SS PA PA None None

23 2 SS PA PA None None

24 2 SS PA PA None None

25 1 SS PA PA None None

26 2 SS PA PA None None

27 3 SS PA PA None None

28 2 SS PA PA None None

29 2 SS PA PA None None

30 3 SS PA PA None None

31 2 SS PA PA None None

32 2 SS PA PA None None

33 2 SS PA A SS None

34 2 SS PA PA None None

35 1 SS PA PA None None

Z
Numberofseedlingsproducedbyoneseed

y
LBS:Leafbladeshape;LBAS:Leafbladeapex shape;LBBS:Leafbladebase

shape;LBW:Leafbladewave;WS:Wingshape;SS:Spindle-shaped;PA:Pointed

acute;PO:Pointedobtuse;A:Acute;V:Vestigial
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Table8.continued

No.
z
Plants(No.)

yLBS LBAS LBBS WS LBW

36 2 SS PA PA None None

37 2 SS PA PA None None

38 2 SS PA PA None None

39 3 SS PA PA None None

40 1 SS PA PA None None

41 2 SS PA PA None None

42 2 SS PA PA None None

43 2 SS PA PA None None

Z
Numberofseedlingsproducedbyoneseed

y
LBS:Leafbladeshape;LBAS:Leafbladeapex shape;LBBS:Leafbladebase

shape;LBW:Leafbladewave;WS:Wingshape;SS:Spindle-shaped;PA:Pointed

acute;PO:Pointedobtuse;A:Acute;V:Vestigial
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RAPDandSRAPanalysis

ThreeRAPD primers,OPO14,UBC27andUBC229,wereselectedfor

identificationanddataanalysis.InthepreliminarySRAPanalysis,whichwas

conducted using 62 primers,10 forward primers and 4 reverse primers

showed parent-related polymorphic amplification. After analysis, three

forward/reverseprimersets,F7/R14,F11/R29andF4/R14,wereselectedfor

identificationanddataanalysis.

TwotypesofpolymorphicDNA bands,dominantandrecessive,were

observedamongtheprogenies.A dominantmarkerindicatesthatabandis

presentinthemaleplant,butnotthefemaleparent.A recessivemarkeris

presentinfemaleplants,butabsentfrom thehybrids.DuringRAPDorSRAP

analysis,seedlingsshowingapollenparent-specificband(dominant)orno

femaleparent-specificband(recessive)wereconsideredtobezygotic(Fig.6).

DominantandrecessiveDNA amplificationprofilesamplifiedbytheRAPD

andSRAPprimersareshowninFig.7,Fig.8,Fig.9andtheappendix.

RAPD analysisresulted in theamplification of13dominantmarkers.

Specifically,six dominant markers were observed among the offspring

producedbythe'Moritaunshiu'×'Ponkan'cross,whilefourwereobserved

among theoffspring produced by the'Moritaunshiu'× 'Lee'cross,and

threewereobservedamongtheoffspringproducedbythe'MiyagawaWase'

×'Orlando'cross(Table9).Theidentifiedmarkerswerethen usedfora

consecutiveanalysis.Whentheoffspringofthe'Moritaunshiu'×'Lee'cross

wereevaluated,all4dominantmarkerswereamplifiedbytheOPO14primer.

However,2markerswithsizesof2700bpand750bpwereexcludedfrom

theconsecutiveRAPDanalysisduetotheirunstablereproduction.
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A

B

Fig.6. PolymorphicDNA amplificationinresponsetoRAPD (A)andSRAP

(B)analysisofseedlingsproducedbythe'Moritaunshiu'×'Ponkan'cross.

Thearrowsindicatedominant(A)bandsproducedbytheOPO14primerand

recessive(B)bandsproducedbytheF7/R14primer.Thefigureatthetopof

eachlaneistheseednumber.The"a"representsthefirstseedlingand"b"

representsthesecondseedlingproducedbyoneseed,thethirdandfourth

seedlings were combined with b.S:molecularsize markers (1kb DNA

Ladder);M:'Moritaunshiu';P:'Ponkan'
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Table9.ZygoticseedlingsidentifiedusingRAPDandSRAPprimers.

Cross

No.of

seedlings

(seeds)

Total

no.of

zygotic

seedlings

Primers Markers

No.of

zygotic

seedlings

Moritaunshiu

×Ponkan

135

(95)
50

z
OPO14

y
2700 20

50
750 24

550 26

450 25

UBC27 250 39

UBC229 1200 13

F7/R14
500 29

38
x
1000 20

F11/R29 1050 23

F4/R14
800 29

40
x
650 24

Moritaunshiu

×Lee

148

(88)
45

OPO14
550 24

45
450 44

UBC27
800 27

45
250 44

F11/R29
1050 23

28
x
450 14

F4/R14
800 19

28
x
650 15

Miyagawa

Wase

×Orlando

86

(43)
3

OPO14
550 3

3
450 3

UBC27 200 2

F4/R14 800 2

z
OPO14,UBC27andUBC229areRAPD primers;F7/R14,F11/R29andF4/R14are

SRAPprimers.

y
Dominantmarker

x
Recessivemarker
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WhentheSRAP analysiswasconducted,3dominantand2recessive

markerswereidentifiedamongtheoffspringproducedbythe'Moritaunshiu'

×'Ponkan'cross,while2dominantand2recessivemarkerswereobserved

amongtheoffspringproducedbythe'Moritaunshiu'×'Lee'crossandonly

onedominantmarkerwasobservedamong theoffspring producedby the

'MiyagawaWase'×'Orlando'cross(Table9).

The dominant markers were as follows: OPO14-2700,OPO14-750,

OPO14-550,OPO14-450,UBC27-250,UBC229-1200,F7/R14-500,F11/R29-1050

and F4/R14-800 forthe 'Morita unshiu'× 'Ponkan'cross;OPO14-550,

OPO14-450,UBC27-800,UBC27-250,F11/R29-1050andF4/R14-800forthe

'Morita unshiu'× 'Lee'cross;OPO14-550,OPO14-450,UBC27-250 and

F4/R14-800forthe'MiyagawaWase'× 'Orlando'cross.In addition,the

followingrecessivemarkerswereidentified:F7/R14-1000andF4/R14-650for

the'Moritaunshiu'× 'Ponkan'cross;F11/R29-450andF4/R14-650forthe

'Moritaunshiu'×'Lee'cross.

When RAPD analysis was conducted,a totalof98 seedlings were

identified as zygotic.Specifically,50 of95 'Morita unshiu'× 'Ponkan'

seedlings(52.6%),45of88'Moritaunshiu'×'Lee'(51.1%)seedlings,and3

of43'Miyagawa Wase'× 'Orlando'(7.0%)seedlingswereidentified as

zygotes(Table9).

WhenSRAP analysiswasconductedusing primersspecificforthe3

dominantand2recessivemarkers,92seedlingswereclassifiedaszygotic.

Specifically,49of95'Moritaunshiu'×'Ponkan'seedlings(51.6%),41of88

'Moritaunshiu'×'Lee'seedlings(46.6%),and2of43'MiyagawaWase'×

'Orlando'(4.7%)seedlingswerefoundtobezygotic.

TheOPO14primerwasthemostefficientoneusedinbothanalyses.

Whenthe'Moritaunshiu'× 'Ponkan'seedlingswereevaluatedusingthis
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primer,4maleparent-specificdominantmarkersamplified by theOPO14

primer enabled detection ofallofthe zygotic seedlings thathad been

identifiedbasedonthepresenceof11markersamplifiedby6primersets.

When the'Morita unshiu'× 'Lee'seedlingswereevaluated,theOPO14

primeramplified2maleparent-specificdominantmarkersinall45zygotic

seedlingsthathadbeenidentifiedusing8markersfrom 4primers(Table9,

Fig.7).

TheUBC27primershowedthesecondhighestidentificationefficiencyof

zygoticseedlings.When theseedlingsproducedby the'Moritaunshiu'×

'Ponkan'crosswereevaluatedusing theUBC27primeralone,1dominant

markerrelatedtothepollenparentenabledidentificationof78.0% (39/50)of

50zygoticseedlingsthathadbeenidentifiedby11markersfrom 6primer

sets.Whenthe'Moritaunshiu'×'Lee'hybridswereevaluated,theuseof

UBC27 primeralone amplified 2 dominantmarkers related to the pollen

parent,whichenableddetectionof100% (45/45)ofthe45zygoticseedlings

thatwereidentifiedbasedonthepresenceof8markersamplifiedby4primer

sets(Table9,Fig.8).

When the efficiency of the dominant and recessive markers were

evaluated,thepollenparent-specificdominantmarkersutilizedforboththe

RAPD andSRAPanalysiseffectivelyidentifiedthezygoticseedlings,while

the recessive markers efficiently identified zygotes when used forSRAP

analysis(Table9,Fig.9).
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Fig7.DNA amplificationprofilesobtainedusingtheOPO14primertoanalyze

samplesofseedlingsproducedbythe'Moritaunshiu'×'Ponkan'cross.The

figureatthetopofeachlaneistheseednumber.The"a"representsthe

firstseedlingand"b"representsthesecondseedlingsproducedbyoneseed,

thethird and fourth seedlingswere combined with b.S:molecularsize

markers(1kbDNALadder);M:'Moritaunshiu';P:'Ponkan'
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Fig 8.DNA amplification profiles obtained using the UBC27 primers to

analyzesamplesofseedlingsproducedbythe'Moritaunshiu'×'Lee'cross.

Thefigureatthetopofeachlaneistheseednumber.The"a"represents

thefirstseedlingand"b"representsthesecondseedlingsproducedbyone

seed,thethirdandfourthseedlingswerecombinedwithb.S:molecularsize

markers(1kbDNALadder);M:'Moritaunshiu';L:'Lee'
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Fig9.DNAamplificationprofilesobtainedusingtheF7/R14primertoanalyze

samplesofseedlingsproducedbythe'Moritaunshiu'×'Ponkan'cross.The

figureatthetopofeachlaneistheseednumber.The"a"representsthe

firstseedlingand"b"representsthesecondseedlingsproducedbyoneseed,

thethird and fourth seedlingswere combined with b.S:molecularsize

markers(1kbDNALadder);M:'Moritaunshiu';P:'Ponkan'.
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Thepairedidentification efficiency ofmarkersfrom threeprimersets

wasalsoinvestigated(Table10).TheOPO14-750andOPO14-450showed1:1

segregationinthezygoticseedlings,butappearedinalloftheseedlings.The

presenceofthesemarkersenableddetectionof98% ofthezygoticseedlings

produced by the 'Morita unshiu' × 'Ponkan' cross. Conversely, the

OPO14-2700andOPO14-750markersonly identified 68.0% ofthezygotic

seedlings.Theefficiencyoftheremainingmarkersusedinthisstudyranged

from 70-78%.Furthermorewhenthreeprimersetswereusedtogether,the

identificationraterangedfrom 83.0to100.0%.WhentheUBC27-250marker,

which identified geneswith a3:1segregation,wasincluded,themarkers

werecapableofidentifyingmorethan90% ofthezygoticseedlingsinall

crosses(Table7).ThesegregationofdominantmarkersidentifiedbyRAPD

and SRAP are described in table 11.Generally,the markers showed

segregationratiosof1:1or3:1(or1:3)withoutexception.TheOPO14-450

andUBC27250markers,whichwerepresentinalmostallofthe'Morita

unshiu'×'Lee'hybrids,wereapparentlyhomozygousalleles.
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Table10.Identificationefficiencyofzygoticseedlingsasdeterminedusingcombinationsoftwoorth

toevaluatetheprogenyproducedby'Moritaunshiu'×'Ponkan'crosse.

Markers
OPO14-

2700

OPO14-

750

OPO14-

550

OPO14-

450

UBC27-

250

F7/R14-

500

OPO14-

750 +

OPO14-

550

OPO14-

550 +

OPO14-

450

F7/R14-

500 +

UBC27-

250

UBC27-

250 +

OPO14-

750

OPO14-

2700
Z34(68.0%) 39(78.0%) 35(70.0%) 43(86.0%) 40(80.0%) y44(88.0%) 43(86.0%) 49(98.0%) 46(92.0%)

OPO14-

750
37(74.0%) 49(98.0%) 46(92.0%) 38(76.0%) 49(98.0%) 48(98.0%)

OPO14-

550
39(78.0%) 44(88.0%) 42(84.0%) 49(98.0%) 48(98.0%)

OPO14-

450
42(84.0%) 40(80.0%) 48(98.0%) 50(100%)

UBC27-

250
47(94.0%) 48(98.0%) 46(92.0%)

F7/R14-

500
46(92.0%) 45(90.0%) 47(94.0%)

Z
No.ofzygoticseedlingsidentifiedbytwomarkers

y
No.ofzygoticseedlingsidentifiedbythreemarkers

Atotalof50zygotichybridswereidentifiedby11markersbyRAPDandSRA
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Table11.Segregationofdominantmarkersinmaleparental'Ponkan'and

'Lee'plants.

Cross

combination

No.of

zygotic

seedlings

Markers

Pollenparent

specificband Expected

ratio
χ2

PresentAbsent

Moritaunshiu

×Ponkan
50

OPO14-2700 20 30 1:1 2.000

OPO14-750 24 26 1:1 0.080

OPO14-550 26 24 1:1 0.080

OPO14-450 25 25 1:1 -

UBC27-250 39 11 3:1 0.240

UBC229-1200 13 37 1:3 0.027

F7/R14-500 29 21 1:1 1.280

F11/R29-1050 23 27 1:1 0.320

F4/R14-800 29 21 1:1 1.280

Moritaunshiu

×Lee
45

OPO14-550 24 21 1:1 0.200

OPO14-450 44 1 1;0 -

UBC27-800 27 18 1;1 1.800

UBC27-250 44 1 1;0 -

F11/R29-1050 23 22 1:1 0.022

F4/R14-800 19 26 1:1 1.089

5% criticalvalue:3.841
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Relationshipbetweennucellaranddwarfism

Whenseedlingsproducedbythe'Moritaunshiu'×'Ponkan'crossand

the'Moritaunshiu'×'Lee'crosswereevaluated,wefound thatnucellar

seedlingsidentifiedbyRAPD andSRAPanalysistendedtoexhibitdwarfism

(Fig.5).Specifically,2-year-oldzygoticseedlingswereatleast50cm tall,

whilethenucellarseedlingswereonly10-12cm tall(Table12).Accordingly,

the337seedlingsproducedbythe'Moritaunshiu'and'Ponkan'cross,and

the285seedlingsproduced by the'Moritaunshiu'and'Lee'crosswere

classifiedasazygoticornucellarbasedontreeheight,andtheresultswere

thencomparedtotheresultsobtainedbytheDNAmarkeranalysis(Table13,

14).NozygoticdwarfseedlingswereidentifiedwhentheRAPD andSRAP

analysisofthe'Moritaunshiu'x 'Ponkan'seedlingswereevaluated,and

only2ofthe23seedlingsthatdisplayedmedium vigorwerenucellar.Allof

thevigorousseedlingswerezygotic.Similarly,whentheseedlingsproduced

bythe'Moritaunshiu'and'Lee'crosswereevaluated,therewerenozygotic

seedlingsthatexhibited dwarfism and only oneofthe22seedlingsthat

exhibited medium vigorwas nucellar.Among the vigorous seedlings,25

zygotic seedlings and one nucellarseedling were observed.Hence,most

vigorousseedlings,including thosethatdisplayed medium vigor,could be

identifiedaszygotic.

Theparentaloriginofarandomlyselectedgroupof135seedlings(95

seeds)producedbythe'Moritaunshiu'×'Ponkan'cross,whichconsistedof

29vigorous,23medium,and83dwarfseedlings,wasdeterminedusingthe

DNA markersidentifiedinthisstudy.Theresultsrevealedthatalldwarf

seedlings were nucellar,while the remainderofthe seedlings,with the

exceptionof2thatshowedmedium vigor,werezygotic(Table13).Whenthe

'Moritaunshiu'×'Lee'seedlingswereevaluated(Table14),allofthedwarf

seedlingswereidentifiedasnucellarbyDNA marker-basedanalysis.These
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findingsindicatethatobservationoftreevigorcanbeusedeffectively to

selectnucellarseedlingsincrossesinwhich'Moritaunshiu'isusedasa

femaleparent.Indeed,itisexpectedthatapproximately90% ofseedlingscan

beidentifiedasnucellar(Table15).
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Table12.Treeheightofzygoticseedlingsandnucellarseedlingsproducedby

crossesof'Moritaunshiu'×'Ponkan'and'Moritaunshiu'×'Lee'.

Cross

Treeheight(cm)

Zygotic Nucellar

Moritaunshiu×Ponkan 118.0±43.4
***

13.4±10.2

Moritaunshiu×Lee 102.7±26.9
***

11.2±5.1

***significantlydifferentatp≤ 0.001asdeterminedbyastudent'sttest
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Table13.Relationshipbetweentreevigorandparentoriginofseedlingsinof

theprogenyproducedbycrossesof'Moritaunshiu'and'Ponkan'.

Parentorigin
Y

No.ofobtained

seedlings

(No.ofseeds)

TreevigorZ

Vigorous Medium Dwarf

Zygotic
135(95)

29 21 -

Nucellar - 2 83

ZVigorous:≥ 100cm,Medium:<100cm and≥ 50cm,Dwarf:<50cm

Y
Determinedonthebasisofmolecularmarkeranalysis
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Table14.Relationship between treevigorand parentorigin ofseedlings

producedbycrossesof'Moritaunshiu'and'Lee'.

ParentoriginY
No.ofobtained

seedlings

(No.ofseeds)

Treevigor
Z

Vigorous Medium Dwarf

Zygotic

148(88)

25 20 -

Nucellar 1 1 101

ZVigorous:≥ 100cm,Medium:<100cm and≥ 50cm,Dwarf:<50cm

Y
Determinedonthebasisofmolecularmarkeranalysis
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Table15.Treevigordistributionsofseedlingsproducedbycrossesinwhich

'Moritaunshiu'wasusedasafemaleparent.

Cross
No.ofseedlings

(No.ofseeds)

Treevigor

Vigorous Medium Dwarf

'Moritaunshiu'×'Ponkan' 528(337) 29 23 476

'Moritaunshiu'×'Lee' 513(285) 30 21 462
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DevelopmentofaSCARMarkerlinkedtoMonoembryony

The48monoembryonicseedlingsand the52polyembryonicseedlings

wereobtainedfrom 'Kiyomi'tangor×'Jinkyul'cross.Thesegregationratio

ofmonoembryonictopolyembryonicseedsintheprogenieswas1:1andX
2

valuewas0.160(<X20.05(1)=3.84).

Themonoembryonicindividualshad only oneembryo in theirseeds,

whilethepolyembryonicindividualsshowedvariousembryonumbersfrom 1

to 14.A totalof 915 seeds from 52 polyembryonic individuals were

investigated on theirembryo number.Seeds of22.7% had 3 and more

embryosand14.3% oftheseedsdidasingleembryo.Totally,85.7% ofseed

waspolyembryonic(Fig.10),showingthe3.6ofmeanembryonumber.

Total800UBC primersweretestedtoproducepolymorphism between

'Kiyomi'tangorand'Jinkyul',and 285designatedprimerswereprimarily

selected (Fig. 11). Then, BSA-RAPD on two bulked DNA samples,

monoembryonicand polyembryonicplants,wasconducted,and 67primers

with polymorphism between monoembryonic and polyembryonic progenies

wereselected.Finally,UBC55primer,whichshowedapolymorphicbandof

about750bponlyinmonoembryonicindividuals,wasselected(Fig.12).

Thefragmentof750bpwasclonedintotheTOPO-TA cloningvector,

andexaminedonitssizeandDNA sequences(Fig.12,13).Itwas742base

pairinsizeanddidnotshow ahomologywithanydataonGeneBank.In

thefuture,whetherthisfragmentisdirectlylinkedtoapolyembryonyornot

mustbeexamined.
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Fig.10.Distributionofembryonumberinseedsof'Kiyomi'(Citrusspp.)×

'Jinkyul'(C.sunki)hybridseedlings.
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Fig.11.DNA amplifications ofCitrus spp.'Kiyomi'(K)and C.sunki

'Jinkyul'(J)usingUBCprimers.M:1kbladdermarker;Numbersdenotethe

correspondingUBCprimernumber.Arrowsindicatepolymorphicbands.
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Fig.12.Selected RAPD markerlinked to the polyembryony which was

amplifiedwithUBC55primer(left)andpolymorphicbandcloningintoTOPO

TA cloning vector (right).Cloning vector was cut with EcoRⅠ.M,

Monoembryonic seedlings P, Polyembryonic seedlings *, Recombinant

individuals.
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From the 742 bp fragment,we generated 6 forward and 6 reverse

primersfordevelopmentofmonoembryony-specificprimer(Table16).Among

the36combinationsofforwardsandreverseprimer,thepMono-U (forward

primer)andp468D(reverseprimer)primersetamplified500bpfragmentsin

almostallmonoembryonic progenies with an exceptionalone individual,

probablybecauseofarecombinant(Fig.14).
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Fig.13.Nucleotide sequences ofmonoembryony specific DNA fragment

amplifiedwithUBC55primer.SquaresarePCRspecificprimersequencesof

pMono-Uandp468D.
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Table16.PrimersusedfordirectamplificationofSCARmarkers.

Primer Sequence

Forward

pMono-U 5'-TCCCTCGTGCCCCTCCAAATA-3'

p1U 5'-CGTGCCCCTCCAAATACTTA-3'

p122U 5'-ACCCCTTTTCCCACAACTCT-3'

p222U 5'-TTGCATGCTCTGTTTTCAGC-3'

p484U 5'-ACCTTCTCGCATCAGCAACT-3'

p561U 5'-CGTGGGAATGAAATGGTAGG-3'

Reverse

pMono-D 5'-TCCCTCGTGCTGTCATGCATT-3'

p334D 5'-AGGTTTCGACCAGAAGCTGA-3'

p468D 5'-GGTTGAGAAAAAGAGATAGTT-3'

p682D 5'-TCTTCGTCGCTGTTTCACTG-3'

p750D 5'-CGTGCTGTCATGCATTACAT-3'

p802D 5'-GCTCGCGTGTTACTGAGATG-3'
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Fig.14.PolymerasechainreactionofCitrusspp.'Kiyomi'(K)×C.sunki

'Jinkyul' (J) hybrid seedling using pMono-U/p468D primer set. M,

Monoembryonic seedlings P, Polyembryonic seedlings *, Recombinant

individuals.
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Discussion

Identificationofzygotichybridfrom thesatsumamandarincross

Many studieshavebeenconductedtoevaluatemethodsofidentifying

polyembryony using markers such as morphologicalcharacteristics,the

presenceofisozymesandDNA-basedmarkerstoidentifyzygoticornucellar

individuals.However,todate,ithasbeendifficultbalancetheidentification

efficiency andthecostofvariousmethods.Forexample,theuseofleaf

characteristicssuchastheratioofthetotalleaflengthtowidthhasbeen

used to differentiate zygotes and nucellar offspring produced by King

mandarinandorangecrosses,aswellastangelosandtangerines(Teichand

Spiegel-Roy,1972).Furthermore,thewidthoftheleafpetioleofseedlings

producedbycrossesbetweensatsumamandarinsand'Natal'sweetoranges,

'Rio'and'Carvo'tangerines,or'Murcott'tangors(Donadio,1979)hasbeen

usedtodifferentiatezygoticandnucellarindividuals,andthewidthofthe

leafpetiolewing(Ballveetal.,1997)hasbeenusedtodifferentiatethesexual

progenies of seedlings produced by a polyembryonic female parent.In

addition,theuseofdominantcharacteristicsasmorphologicalmarkersto

evaluatesexualcitrushybrids,suchasthetrilobateleaftraitthatisobserved

inPoncirustrifoliata(L.)Raf.,canenableeasyidentificationofthezygotic

progenyproducedbyacrossbetweenthisspeciesandothercitrusspecies

(Cooperetal.,1962).However,morphologicalmethodsareoftennotsufficient

todistinguishzygotichybridsinpolyembryoniccitruscrosses.

MooreandCastle(1988)reportedthatmostzygotesweremorphologically

distinctinSwinglecitrumelo,butnotinVolkamerlemons.Similarly,Xiang

andRoose(1988)foundthatnearlyallzygotescouldberecognizedbasedon

the morphologicalcharacteristics ofcitrumelos,butnotin Taiwanica or
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Volkamerlemons.Inthepresentstudy,morphologicalanalysisenabledthe

identificationof7-44% ofputativezygoticseedlingsthathadfeaturesthat

differedfrom thatofthemotherplantorhadacharacteristicfoundinthe

fatherplant.However,itwasnoteasytodifferentiatemorphologicaltraits

relatedtoleafshapeamonghybridsbecausetheparentshadsimilargenetic

backgrounds;therefore,itwaspresumedthattheirparentalleafshapediffered

only slightly.KepiroandRoose(2007)explainedthatiftheparentswere

fairly closely related (e.g.two mandarins),itwould bemoredifficultto

identifyzygoticoff-typesthaniftheparentsweredistantlyrelated.Oliveira

et al. (2002) also reported that,even though the LAMI (leaf apex

morphometric index)could increase theidentification efficiency ofzygotic

seedlingsproducedbyacrossbetween'Murcott'(CitrusreticulataBlanco)

and'Pera'sweetoranges,theuseofLAMIalonewasnotenoughtoidentify

hybridswithoutconfirmationusingmolecularmarkers.

Recently,manystudieshavebeenconductedtoevaluatethedevelopment

ofzygoticseedlingselectionmarkersusingadvancedmethodssuchasAFLP,

SSR,RAPD,isozymeidentification(Andersonetal.,1991)andflow cytometry

for use as complementary morphologicalmarkers.Scarano etal.(2003)

reportedthatevaluation oftheuseofflow cytometry,SSR andmodified

AFLP markers for the identification of zygotic plantlets produced by

backcrosses between Femminello lemon cybrids and a diploid clone of

Femminellolemonswasevaluated revealed thatflow cytometry wasonly

usefulfortheidentification ofinterploidcrosses,whiletheSSR technique

appearedtobemoresuitablethanmodifiedAFLP.Inastudyconductedto

evaluatethesamepopulation,Tusaetal.(2002)reportedthatamongflow

cytometry,isozyme analysis and ISSR-PCR,ISSR-PCR was the most

efficientand reliable technique forthe identification ofzygotic plantlets.

Furthermore,Ruizetal.(2002)reportedthatSSRmarkersweremoreefficient



- 63 -

thanisozymicmarkersfortheidentificationofsexualorigininacrossof

Poncirustrifoliata(L.)Raf.var.and tangor'Ortanique'(Citrusreticulata

Blanco× C.sinensisOsb.),aswellasin selfing progeniesproduced by

FortunellacrassifoliaSwing.

Astheaforementionedstudiesindicate,theuseofasingletechnique

aloneisoftennotsufficientfortheidentificationofzygoticindividualsamong

mixed seedlings.In many cases,multiplemarkersidentified using several

techniques,including morphologicalidentification,were used concurrently.

However,NageswaraRaoetal.(2008)reportedthattheuseofRAPD alone

was a less expensive and more broadly available method capable of

identifyingzygoticandnucellarindividualswhencomparedtoEST-SSR,and

thatEST-SSR shouldonlybeconsideredwhentheuseofRAPD aloneis

inadequate.Therefore,in the presentstudy,we attempted to identify a

DNA-basedmarkerthatenabledtheearlyidentificationofzygoticseedlings

from theoffspringofsatsumaoffspringbyRAPD andSRAP.Accordingto

Yun etal.(2007),20 of149 (13.4%)seedlings produced by a crossof

'Miyagawa Wase' and 'Ponkan' mandarins were zygotic.In addition,

Bastianeletal.(1998)foundthat54of202(26.7%)seedlingsproducedbya

crossof'King'and'Montenegrina'werezygotic.Thepercentagesofzygotic

progeniesinvariouscitrushybridshavebeenfoundtodependontheseed

parentused(Spiegel-Royetal.,1977),thepollenorigin(CameronandSoost,

1969),andtheenvironmentalinfluences(MooreandCastle,1988).Inaddition,

thepercentageofzygotic offspring has been found to vary considerably

amongspecies,yearsandlocations(XiangandRoose,1988).

Inthisstudy,approximately50% oftheseedlingsproducedbycrosses

between'Moritaunshiu'and'Ponkan'and'Moritaunshiu'and'Lee'were

foundtobyzygoticbyRAPD andSRAPanalysis.However,thisdoesnot

indicatethattherewasahighpercentageofsexualprogenyproducedby
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artificialfertilizationbetween'Moritaunshiu'and'Ponkan'or'Lee'.Itis

morelikelythatthesefindingswerecausedbyasmallstatisticalpopulation

(95or88)orsamplingerrorbecausemanyindividualswereoftentoosmall

toobtain leafsamplesfrom (Fig.5).Conversely,evaluationofhybridsof

'MiyagawaWase'and'Orlando'revealedthatonly 7.0% oftheseedlings

werezygotic,andthatthezygoticseedlingoccurrencewaslowerthanthatof

'Moritaunshiu'×'Ponkan'and'Moritaunshiu'×'Lee'crosses.

RAPD analysisconductedusingtheOPO 14primer,whichwascapable

of identifying allzygotic seedlings when used alone,had the highest

efficiency andproducedmultidominantmarkers.Specifically twodominant

markers amplified by OPO14,OPO14-750 and OPO14-450,which were

detected in 'Morita unshiu' × 'Ponkan' cross progenies,appear to be

co-dominantmarkers thataretrans located in repulsion.Williams etal.

(1993)proposedthatapairofdominantmarkerstightlylinkedinrepulsion

provided almostthe same information as a single co-dominantmarker

however,thiscaseisrarein RAPD.Atourinstitute,theuseofOPO14

primeraloneidentifiedapproximately20% ofthezygoticseedlingsproduced

by crosses of 'Miyagawa Wase' × 'Winking' (Citrus reticulata) and

'Aoshimaushiu'×'Ponkan'(datanotshown).Thesefindingsindicatethat

theOPO14primerdetectedatangerine-specificdominantallelethatwasnot

presentinsatsumamandarins.Therefore,weexpectthatthisprimerwillbe

usefulintheevaluationofcrossesbetweensatsumamandarinsandtangerines

ortheirhybridvarieties.

Dominantmarkers are commonly used in RAPD,while co-dominant

markersaregenerally identified by SRAP (Agarwaletal.,2008).Liand

Quiros(2001)reportedthatSRAPpolymorphism resultsfrom fragmentsize

changes due to insertions and deletions,which results in co-dominant

markers.However,therewerenoco-dominantmarkersproducedbySRAPin
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thepresentstudy,and allmarkersrelated to thepollen parenthad one

dominantmarkertype.Conversely,therecessivemarkerfrom SRAPwasalso

usefulfortheidentification ofzygotichybridswhen compared to RAPD.

Indeed,RAPD produced only a few recessive bands,while the SRAP

recessivemarker,F4/R14-650,enabledtheidentificationof24(48%)zygotic

seedlingsproducedby'Moritaunshiu'×'Ponkan'.Becauseseedlingswithout

female-specific bands amplified by RAPD analysis can be zygotic

(Andrade-Rodriguezetal.,2004;Bastianeletal.,1998),therecessivemarker

producedbySRAPinthepresentexperimentcanalsobeconsideredauseful

toolfortheidentificationofzygoticseedlings.

Theidentification efficiency between RAPD and SRAP did notdiffer

greatly in thisstudy.ThesefindingsindicatedthattheuseofRAPD or

SRAPalonewouldenableaccomplishmentofourgoalsregardingmanyofthe

crossesconductedatourinstitute.Furthermore,bothRAPD andSRAPare

lessexpensive,requirelessDNA andprovideresultsmorerapidlythanother

methodsofidentification.

Agarwaletal.(2008)andLietal.(2001)reportedthatrandom amplified

polymorphic DNA (RAPD) and sequence-related amplified polymorphism

(SRAP)weresimple,inexpensiveandefficientmethodsofidentifyingmarkers

thatare widely used for a variety ofpurposes.Although co-dominant

markersproducedbySSR,RFLP,andthehighmultiplexingratioproduced

byAFLPprovidegreaterefficiencywhenusedtoidentifyzygoticindividuals,

these methods are relatively complex, time-consuming and expensive.

Therefore,itisdifficulttoadaptthesePCRmarkersystemstothenumerous

populationsthatmustbeevaluatedduringcitruscrossbreeding.

Inthepresentstudy,wealsofoundthatnucellarseedlingsproducedby

crossesbetween'Moritaunshiu''Ponkan'and'Moritaunshiu''Lee'showed

veryweakgrowth.Manyvarietiesofcitrusplantsanditsrelatedgeneraare
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polyembryonicandcontain twoormoreembryoswith zygoticornucellar

origins(SoostandRoose1996).Insuchcases,thezygoticembryosusually

competewiththenucellarembryosforspaceandnutrients(Kobayashietal.,

1978).Weinbaum etal.(1982)reported that90 to 95% ofthe seedlings

producedby 'Satsuma'mandarinswereofnucellarorigin.Theresultsof

theirstudyindicatethatmostzygoticembryosdidnotgrow normallyinthe

egg cells. However,even though a few zygotic embryos germinated

successfully,therewerenoconsiderabledifferencesintreevigorobserved

betweenzygoticandnucellarindividualsintheirstudy.Conversely,Xiangand

Roose (1988)reported thatzygotic seedlings were generally shorterthan

nucellarseedlings,andthatuseofheightasamarkerofzygoticseedlings

wasgenerallymorevariablethanitsuseasamarkerofnucellarseedlingsin

12rootstocks.Asaresult,itisgenerallydifficulttodifferentiatezygoticand

nucellarindividualsproduced by crossesin which thefemaleparentisa

polyembryoniccitruscultivarbasedonphenotypiccharacteristicssuchastree

vigor.However,inthepresentstudy,nucellarprogeniesof'Moritaunshiu'

werefoundtoberemarkablyshorterthanzygoticseedlings(Fig.5),which

enabledtheidentificationofzygoticseedlingsbasedonvisualidentificationof

dwarfism.

Therehavebeenseveralstudiesconductedtoevaluatedwarfism incitrus

crops.Forexample,ChengandRoose(1995)reportedthatasingledominant

geneisresponsiblefordwarfism in acitrusrootstock,Poncirustrifoliata

('FlyingDragon').'FlyingDragon'trifoliateorangesgreatlyreducedtreesize

whenusedasarootstockforanycitrusscioncultivar(Bittersetal.,1979;

Roose,1990).However,todate,nostudieshavereporteddwarfinginnucellar

citrus seedlings.Itwas true in many crosses using a wide variety of

satsumamandarinsatourinstitute,withanexceptionalcrossusing'Morita

unshiu'asafemaleparent.Thesefindingsindicatethatdwarfism probably
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originatesfrom femaleparent'Moritaunshiu'trees.

Thedwarfism couldbeusedeffectivelyinthebreedingprogramsusing

satsumamandarinsasafemaleparent,because'Moritaunshiu'isthemutant

selection of'Miyagawa Wase',the leading variety in Korea;'Miyagawa

Wase'and'Moritaunshiu'areverysimilarintheirgeneticbackgroundsin

termsoffruitquality,maturationtimeandcultivation.

Inourexperiment,thecombinatoryscreeningusingmolecularmarkers

using RAPD,SRAP analysis and visualobservation could indicate that

15-17% oftheseedlingsproducedby'Moritaunshiu'×'Ponkan'and'Morita

unshiu'× 'Lee'crosses werezygotic.ItindicatesthatRAPD orSRAP

analysiscan improvethebreeding efficiency by early selection ofsexual

hybridsinsatsumamandarincrossbreedingprogram,althoughlargescaleof

primerscreeningisatcost.Someprimersselectedinourexperimentandthe

dwarfism alsocouldsavethemoneyandtime.Especially,thedwarfism could

bepowerfultoolforidentificationofzygoticandnucellarprogeniesinthe

crossesusing'Moritaunshiu'asafemaleparent.Thedwarfism hasnever

beenreportedinanyresearchesfornucellarembryonyincitrus.So,additional

researchesmustmakeitclearthatwhethernucellarprogenyisgenetically

identicaltomotherplantsincitrus.

Theresultsofthepresentstudyareexpectedtoaidinthedevelopmentof

satsumamandarinintrogressionhybridsforuseinabreedingprogramfocusedon

thegeneticimprovementofopenfieldcitrusscioncultivarstoproduceplants

witharicharoma,highsolublesolidcontent,andresistanceagainstscabdisease,

which is a majordisease on Jeju Island.Because satsuma mandarins are

susceptibletoscabdiseaseinareasthatreceivelargeamountsofrain,theymust

beprotectedfrom thisdiseasebyagro-chemicals.Therefore,theintroductionofa

resistanttraitagainstscab diseasefrom 'Ponkan'or'Lee'couldleadtoa

labor-savingandeco-friendlyformofcitrusagricultureonJejuIsland.
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DevelopmentofaSCARMarkerLinkedtoMonoembryony

PolyembryonyisverycommoninthegenusCitrusanditsrelatedgenus.

Itisaspecificseedpropagationsystem causedbysomaticembryogenesisin

nucellustissue.Itwasreportedthatnucellarembryonyiscontrolledbya

singlemajordominantgenethatisheterozygousintrifoliateandabsentin

'Chandler' pummelo,and also minor genes may controlthe levelof

expression(ParlevlietandCameron,1959).Onthecontrary,therewereother

reportsthatseveralgenescontrolnucellarembryonyandthatpolyembryony

isanindependenttrait(Garciaetal.,1999;Ainsetal.,2002).Further,Hong

etal.(2001)reportedthattwocomplementarydominantgenesarecontrolling

apomixis.On theotherhand,monoembryonictraitin citrushasasingle

homorecessivegene(Spiegel-RoyandGoldschmidt,1996).

In the presentcross of'Kiyomi'and 'Jinkyul',the segregation of

polyembryonic and monoembryonic progenies was 1:1. Because the

monoembryoniccultivar,'Kiyomi',hasahomorecessivegenecontrollingthe

monoembryony,itis highly probable that'Jinkyul' has a hetero gene

controllingthemonoembryony.

In the present study, 85.7% of seed had several embryos.

Andrade-Rodriguez et al.(2005) reported that the polyembryonic seed

appeared79.4~90.1percent,andPratesandPompeuJr.(1981)alsoreported

over60percentofpolyembryonicseedsinCitrusreshni.Similarresultshave

beenreportedinotherseedswithpolyembryo(SoaresFilho,1995;Pratesand

Pompeu Jr.,1981).The variation ofpolyembryony among fruits may be

influencedbytypeofpollinator,amountofviablepollen,plantnutrition,air

temperature,air and soilhumidity,and wind speed.Therefore,factors

affecting pollination,fertilization orseed developmentwillalso affectthe

percentageofpolyembryonyandembryonumberperseed.
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WemadeaSCAR marker,pMono-U/p468D,relatedtomonoembryony.

However,we did notadvance research aboutthismarkerthrough other

crossesbecausewehavenotanotherfruitingF1populationyet.Itwillbe

neededtotestavailabilityofthisSCARmarkerinthefuture.

A necessityofmarkerassistantselectionusingpoly-ormonoembryonic

traitcouldbedifferentaccordingtogoalincitrusbreeding.Becausethere

have been no reports thatthis traitis related to fruitcharacteristics,

resistance,andtreegrowth,thiswouldbeconfusedwhetheritisanecessary

and sufficientcondition in citrus scion breeding program.However,the

marker related to polyembryony is important in rootstock development

becauseitisessentialhavingatraitofpolyembryo(Frost,1943;Xiangand

Roose,1988;Garciaetal.,1999;Ruizetal.,2000;KepiroandRoose,2007).

In conclusion,a SCAR markerrelated to monoembryonic traitwas

developedfrom theseedlingsof'Kiyomi'and'Jinkyul',anditwasthefirst

casethatthemarkerlinkedtomonoembryonyincitruswasdeveloped.Even

thoughtheSCARmarkerneedsanadditionalresearchaboutitsuniversality,

it could help develop marker assisted selection (MAS) system on

monoembryonictraitincitrusbreeding.
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PART Ⅱ.Developmentofnew Satsuma mandarin

'Haryejosaeng'bynucellarselection

Abstract

A new earlymaturingsatsumamandarin(CitrusunshiuMarc.),which

wasnamed'Haryejosaeng',wasdevelopedfrom anucellarseedlingproduced

byacrossof'TachimaWase'(C.unshiuMarc.)withC.natsudaidaiHayata

attheCitrusResearchStationonJejuIslandin1992.

'Haryejosaeng'producedseedlessfruitsthatmaturedinearlyNovember

andhadhigherlevelsofsolublesolids(10to11
o
Bx)andloweracidity(1%

to 1.1%) than 'Miyagawa Wase',which is the leading early-maturing

satsuma mandarin cultivar on Jeju Island.In addition,'Haryejosaeng'

producedfruitthatweighed80to90g,wascompressed-oblateglobosewith

alightorangecolorandhadarindofapproximately2mm thatwaseasyto

peel.The 'Haryejosaeng' trees showed vigorous growth,spreading of

thornlesstwigs,andalternatebearingsimilartothatof'MiyagawaWase'

trees.'Haryejosaeng'wassusceptibletocitrusscabdiseaseandmelanose,

butresistanttocitruscanker.
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Introduction

ThecitrusfruitproductiononJejuIslandaccountedfor25% ofthetotal

domesticfruitproductioninKoreaand55% oftheagriculturalproductionin

Jejuprovincein2006.Ofthesecrops,satsumamandarinsaccountedfor95.6%

ofthetotaltonnageand 93.0% ofthetotalacreageused by thecitrus

industryonJejuIsland,Korea(JejuSpecial-GoverningProvince2007;MAF

2007)

SatsumamandarinsareamajorcroponJejuIslandforseveralreasons.

Satsumamandarinsaremorecold-hardy (Swingleetal.,1967)thanother

varietiesintheregionthatmustbecultivatedingreenhouses.Inaddition,

satsuma mandarins arewelladapted to environmentalconditions on Jeju

Islandsuchasavolcanicashsoilandtherainysummerseason.Theearly

maturing satsuma mandarins,'Miyagawa Wase'and 'Okitsu Wase',are

cultivatedon80% oftheacreageusedforcitrusproductiononJejuIsland.

However,thequalityofthesecultivarshasrecentlybecomerelativelylow

when compared tothatofothernewervarietiessuch as'Shiranuhi'and

'Setoka'.Therefore,mulchinghasbeenemployedtoimprovethequalityof

fruitproducedbythesatsumamandarincultivar(Hyunetal.,1993).Although

themulchingsystem hasbeenfoundtoeffectivelyimprovethequalityofthe

fruit,therateatwhichhighqualityisproducedisgenerallynothighandthe

effectsofthesystem differamongregions.

Accordingly,itisnecessarytodevelopanew form ofearlymaturing

satsumamandarintoaddresstheseproblems.Despitethisneed,nonew early

maturing cultivarsofsatsumasuitableforthereplacementof'Miyagawa

Wase'and'OkistuWase'onJejuIslandhavebeendevelopedinthelasttwo

decades. Furthermore, although many varieties of very-early maturing
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mandarinsfrom Japan,including'PungbokWase'and'Hinoakebono',were

introducedintheearly2000's,mostofthesestrainsdidnotexpresstheir

owntraitsintheirnew environment.Therefore,thisstudywasconductedto

developanew satsumamandarin thatproduceshigh quality fruitand is

adaptabletotheenvironmentofJejuIslandtoreplace'MiyagawaWase'and

'OkitsuWase'.
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Materialsandmethods

Crosscombinations

Eightsatsumamandarin cultivarswerecrossed with thepollen from

'Natsudaidai'(CitrusnatsudaidaiHay)in1992attheCitrusResearchStation

(CRS).The seed parentsofthesatsuma mandarin (Citrusunshiu)were

'Shinikjosaeng','OkitsuWase','MihoWase','TachimaWase','Miyagawa

Wase','Sigetaunshiu','NankanNo.20'and'Aoshimaunshiu'.Antherof

'Natsudaidai'wascollectedin early May,incubated at25℃ for24- 48

hours,andthenstoredat-4℃ untiluse.Thecrosseswereperformedwhen

the petals on approximately 50% of the flowers on the tree opened.

Pollinationwasconductedusingflowerswithpetalsthathadnotyetopened.

Toaccomplishthis,onepetalwasremovedusingtweezers,afterwhichthe

pollenfrom 'Natsudaidai'wascarefullysmearedontothestigma.Theflower

was then wrapped with an oilpaper envelope to protectit from open

pollination.

Germinationofpolyembryonicseedsandculture

FruitproducedbythecrosseswasharvestedinDecembereachyear,at

whichtimetheseedswerecollected.Thegatheredseedswerethenstoredin

tapwaterfor24hourstoexcludeviscoussubstancesfrom theirsurface,after

whichtheyweredriedatroom temperaturefor24hours.Toseparatethe

embryosfrom eachrespectiveseed,whichgenerallycontainedpolyembryos

(FrostandSoost,1968),thetestawascarefullyremovedwithtweezers.Next,

theembryoswereculturedinPetridishesthatcontainedfilterpaperat25℃

foronemonth.Theyoungseedlingsthatgerminatedfrom eachembryowere

thenplantedinaplasticpotinagreenhouse.Eachpotwascoveredwith
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vinylfor2monthstomaintainthemoisture.Aftercultivationfor2years,the

seedlingswereplantedinanopenfieldinMarch,andtheseedlingnumbers

werethenscored.

Investigationofgrowthandfruitcharacteristics

Thecharacteristicsoftreegrowthandleavesproducedbytheseedlings

wereinvestigated.Specifically,thetreeheight(cm),leafwidth (cm),leaf

length (cm),presenceofthorns,one-year-old shootlength andinternodes

were evaluated.In addition,the characteristics offruitproduced by the

seedlings in 2001 were investigated.The fruitcharacteristics thatwere

evaluatedincludedthefruitweight(g),fruitwidth(cm),fruitlength (cm),

fruitshape(width/length×100),peelthickness(mm),solublesolidscontent

(oBx),acidcontent(%),solublesolidcontent/acidcontentratioandrindand

juicecolor.The soluble solid and acid contentwereevaluated using an

analyzer(HoribaNH-2000),whiletherindandjuicecolorwereexamined

visually.

Fieldevaluation

The'Haryejosaeng'cultivarswerealsoinvestigatedbycomparisonwith

'MiyagawaWase'(CitrusunshiuMarc.)infieldevaluationtrialsconductedat

threelocations,Namwonup,HamdukriandBomokri.Forthefieldtrials,

scionswerecollectedfrom theseedlingsinearlyMarchof2002.Thescions

werethenwashedwithtapwaterandsubsequentlywrappedwithvinyl,after

whichtheywerestoredat4℃ foronemonth.InearlyApril,thescionswere

graftedonto3satsumamandarintreesthatwereapproximately25yearsold

ateachlocation.Inaddition,'MiyagawaWase'scionsweregraftedontothe

sametrees.
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Field evaluation trials werealso conducted attwo locationson Jeju

Islandthatwereusedtoproducecommercialproducebetween2005and2008,

WimiandDaejung.Ateachoftheselocations,scionsof'Haryejosaeng'were

graftedontoSatsumamandarintreesthatwereapproximately25yearsold.

Thecharacteristicsofthefruitproducedby'Haryejosaeng'and'Miyagawa

Wase'from 2007to2008werethencompared.

Mulchingexperiment

A mulching experimentthatutilizedpolyethylenefilm (Tybek,DuPont

Co.)wasalsoconductedat'Wimi'in2008.Intheseexperiments,polyethylene

film wasusedtocovertheentiresoilsurfaceinearlyJuly.Thetreatment

was applied after three days of continually clear weather.The fruit

characteristicsweretheninvestigatedfrom lateAugusttoearlyNovemberat

anintervalofapproximately15days.
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Results

Selectionofnucellarseedlingswithhighfruitquality

Two hundred ninety-six nucellarseedlings wereobtained from eight

satsumamandarin crossesin 1993(Table17).Flowering began in afew

seedlingsin2000.In2001,mostoftheseedlingsproducedfruittherefore,the

characteristicsofthefruitwereinvestigated.Thecriterionofselectionwas

basedonthecharacteristicsofthefruitshape,solublesolidcontent,acid

content and the ratio of soluble solid to acid content. Among the

characteristics,solublesolidcontentwasapriorityfactorforselection.

Twoseedlings,92-Na-T-8and92-Na-T-22,werepreliminarilyselected

from the'TachimaWase'nucellarprogenyin2001becausetheywerefound

tohavehighersolublesolidcontentsthantheotherprogeny(Table18).
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Table17.Crosscombinationsandseedlingsusedinthisexperiment.

Cross No. of seedlings

Shinkijosaeng × Natsudaidai 51

Okitsu Wase × Natsudaidai 8

Miho Wase × Natsudaidai 36

Tachima Wase × Natsudaidai 25

Miyagawa Wase × Natsudaidai 23

Sigeta unshiu × Natsudaidai 12

Nankan No. 20 × Natsudaidai 65

Aoshima unshiu × Natsudaidai 76

Total 296
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Table18.Characteristicsoffruitproducedbynucellarseedlingsof'Tachima

Wase'.

Seedlings
Weight

(g)

Fruit

 shape

Rind 

thickness

(mm)

Soluble 

solids

(oBx)

Acid

(%)

Soluble solid 

/Acid

Z92-Na-T-2 y
101 130 1.62 11.0 1.08 10.1

92-Na-T-3 91 128 2.23 9.8 1.17 8.3

92-Na-T-7 84 147 1.52 10.3 1.44 7.1

92-Na-T-8 76 127 1.36 11.4 1.26 9.0

92-Na-T-12 102 125 2.20 9.9 1.33 7.4

92-Na-T-14 88 124 1.63 11.2 1.23 9.1

92-Na-T-15 84 119 1.71 10.9 1.19 9.1

92-Na-T-17 122 134 2.30 10.4 1.52 6.8

92-Na-T-20 70 135 1.54 10.4 1.18 8.8

92-Na-T-22 98 137 1.51 11.6 1.15 10.1

92-Na-T-25 84 128 1.96 10.5 1.15 9.1

Z
92:yearofcross;Na:nucellar;T:TachimaWase;numeral:seedlingnumber

y
Datawereobtainedusing10fruitsamplescollectedon2Nov.200
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The'Jegam gaNo.2',firstselectionnameof92-Na-T-22,wasalso

comparedto'MiyagawaWase'(CitrusunshiuMarc.)inafieldevaluation

trial(Table19,20)from 2003to2004inthreelocationsonJejuIsland.After

2years,'Jegam gaNo.2'wassubmittedtothejudgingcommitteeofnew

variety(JCNV)oftheruraldevelopmentadministration(RDA)forevaluation.

TheJCNV judged'Jegam gaNo.2'asanew citrusselectionoftheRDA

basedonitssuperiortraits,highsolublesolidandlow acidcontent,when

comparedtothe'MiyagawaWase'cultivar,afterwhich'Jegam gaNo.2'

wasnamed'Haryejosaeng'.
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Table19.Treegrowthcharacteristicsof'Jegam gaNo.2'and'Miyagawa

Wase'asdeterminedbyafieldevaluationatthreelocationsonJejuIsland.

Cultivar Location Germinating Flowering
Maturation
period

Jegam ga

No.2

Namwon
z
9Apr. 18May Ear-Nov.

Bomok 2Apr. 7May Ear-Nov.

Humduk 8Apr. 13May Ear-Nov.

Miyagawa

Wase

Namwon 9Apr. 17May Ear-Nov.

Bomok 2Apr. 7May Ear-Nov.

Humduk 8Apr. 13May Ear-Nov.

z
Datashownarethemeansfor2years(2003to2004)
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Table20.Fruitcharacteristicsof'Jegam gaNo.2'and'MiyagawaWase'as

determinedbyafieldevaluationatthreelocationsonJejuIsland.

Cultivar Location
Weight
(g)

Solublesolids
(
o
Bx)

Acid
(%)

Soluble solids

/Acid

Jegam ga

No.2

Namwon
z
123 10.0 1.37 7.3

Bomok 89 10.0 1.03 9.7

Humduk 91 9.2 1.09 8.4

Miyagawa

Wase

Namwon 92 9.6 1.34 7.2

Bomok 89 9.6 1.14 8.4

Humduk 83 9.2 1.10 8.4

z
Samplingdate:4Nov.2004
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Descriptionof'Haryejosaeng'

Origin

A new early maturing satsuma mandarin designated 'Haryejosaeng'

(CitrusunshiuMarc.)wasdevelopedasanucellarseedling(Fig.16)produced

byacrossof'TachimaWase'(CitrusunshiuMarc.)withC.natsudaidai

HayataattheCitrusResearchStation(CRS)onJejuIslandin1992.This

nucellarseedlingwasinitiallyselectedin2001,atwhichtimeitwasnamed

'Jegam gaNo.2'.Fieldevaluationtrialsofthiscultivarwerethenconducted

atthreelocationsonJejuIslandfrom 2003to2004,afterwhichitwasfinally

selected.Thename'Haryejosaeng'wasassignedbasedonthelocationofthe

CitrusResearchStation.

Characteristicsofgrowth

The'Haryejosaeng'treeshowsvigorousandsomewhatuprightgrowth.

In addition,the tree has strong thorns during its youngerperiod that

disappearasitages.Thetreegerminatesin early Apriland flowersin

mid-May at the CRS.Fruit coloration begins in mid-October and is

completedbymid-November,whenthefullymaturedfruitcanbeharvested.

Similar to the early-maturing satsuma mandarin 'Miyagawa Wase',

'Haryejosaeng'showsmoderatealternatebearing(Table21).



- 85 -

Fig16.Seedlingof'Haryejosaeng'
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A

B

Figure17.Fruitmorphology(A)andfruiting(B)ofanew earlymaturing

satsumamandarinCitrusunshiu'Haryejosaeng'
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Table 21.Tree growth characteristics of'Haryejosaeng'and 'Miyagawa

Wase'grownattheCitrusResearchStationonJejuIsland.

Cultivar
Tree
vigor

z
Tree
habit

Germi-
nating

Flower-
ing

Maturation
period

Alternate

bearing

Harye

josaeng
Strong Medium

Early

Apr.

Mid.-

Mar.

Early-

Nov.
Medium

Miyagawa

Wase
Medium Spreading

Early

Apr.

Mid.-

Mar.

Mid.-

Nov.
Medium

z
Identifiedbyupright,medium andspreading
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Characteristicsoffruit

Atmaturity,thefruithasarichandsweettaste,solublesolidsof10to

11
o
Bx and 1to1.1% acidity.Thefruitshowsastableseedlessness,is

approximately80-90g,iscompressed-oblategloboseinshape(128infruit

shapeindex),andhasfleshthatisorangeincolor.Therindofthefruitis

approximately 2mm in thickness,easy to peeland light-orange in color

(Table22,Fig.17).

Asdescribedin Table24,thefruitproducedby 'Haryejosaeng'was

larger,sweeterandlessacidicthanthefruitproducedby'MiyagawaWase',

theleading satsumamandarin produced on Jeju Island.In addition,other

characteristicssuchasskinthicknessandfruitshapeweresimilarbetween

thetwocultivars.

Culture

Thestrongvigorof'Haryejosaeng'whenitisyoungmaycausepoor

fruiting;therefore,pruningofastrongshoot(watershoot)isneeded.When

thetreereachesthetimeoffruiting,itisnecessarytospreadthetreeshape

usingaprop.Thediseaseandpestcontrolandnutritionmanagementare

generallysimilartothatofearlymaturingsatsumamandarins.Thelongterm

storageoffruitisnotrecommendedbecauseitsacidcontentdecreasesrapidly

afterharvest.
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Table 22.Fruitcharacteristics of'Haryejosaeng'and 'Miyagawa Wase'

grownattheCitrusResearchStationonJejuIsland.

Cultivar
Weight
(g)

Fruitz

shape

Skin
thickness
(mm)

Soluble
solids
(
o
Bx)

Acid
(%)

Soluble

solids/acid

Harye

josaeng
y
92 128 1.8 10.6 1.15 9.2

Miyagawa

Wase
80 130 1.7 9.8 1.24 7.9

z
(fruitwidth/fruitlength)x100

y
Meanfor5yearsfrom 2001to2004attheCRS
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Fieldevaluation

The field evaluation of'Haryejosaeng'was conducted atcommercial

citrusorchardslocatedinWimiandDaejung(Fig.18,Table23).

In2007,therewasnodifferenceinthesolublesolidcontentoffruit

produced by 'Haryejosaeng'and 'Miyagawa Wase'grown atWimi,but

'Haryejosaeng'showedasolublesolidcontentthatwas1
o
Bxhigherthan

thatof'Miyagawa Wase' when the cultivars grown atDaejung were

compared.In addition,theacidcontentof'Haryejosaeng'declinedtoless

than1% byMid-tolate-November.Theacidcontentofboth'Haryejosaeng'

and'MiyagawaWase'werelessthan1% atDaejung.

In2008,'Haryejosaeng'showedasolublesolidcontentthatwas0.5-1

o
Bxhigherthanthatof'MiyagawaWase'producedatWimiandDaejung.

Furthermore,theacid contentof'Haryejosaeng'washigherthan thatof

'MiyagawaWase'whengrownatWimi,butloweratDaejung.Despitethis

difference,theaciditylevelofthefruitproducedinbothregionswasless

than1%.
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A

B

Figure 18.Field evaluation trials in Daejung (A) and Wimi(B) for

commercialproductionofcitrusorchard.
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Table23.Fruitcharacteristicsof'Haryejosaeng'and'MiyagawaWase'obtainedduringcommercialpr

locationsonJejuIsland.

Location Sampledate cultivar Fruitwt
(g)

Soluble solids

(
oBx)

Acid (%)

Wimi

22Nov.2007

Haryejosaeng z88.4.0±9.88 10.7±0.32 0.87±0.07

MiyagawaWase 103.1±7.80 10.7±0.22 1.04±0.18

10Nov.2008

Haryejosaeng 90.3±13.31 10.3±0.51*** 0.94±0.09

MiyagawaWase 96.1±13.59 9.9±0.44 0.87±0.09*

Daejung

22Nov.2007

Haryejosaeng 106.7±18.21 10.9±0.64 0.75±0.06

MiyagawaWase 99.5±9.05 9.9±0.50 0.91±0.10

10Nov.2008

Haryejosaeng 88.5±9.24 10.7±0.64*** 0.69±0.09*

MiyagawaWase 86.8±11.49 9.4±0.53 0.83±0.15

zDatashownarethemeans±Standarderror

*,***Significantlydifferentbetweencolumnswithinthesamelocationatp≤ 0.05,0.001asdeterminedbyas
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Effectofmulchingonfruitquality

Theeffectofmulching on'Haryejosaeng'wasevaluatedatWimion

JejuIslandin2008.Thesolublesolidandacidcontentofthefruitproduced

by'Haryejosaeng'cultivarswere13.8
o
Bxand1.00% duringearlyNovember

after4monthsofmulchingtreatment(Table24).Thesesolublesolidand

acidcontentswere1.2
o
Bxhigherand0.1% lowerthanthoseof'Miyagawa

Wase'.Furthermore,theacidcontentwaslowerwhenthefruithadsoluble

solidlevelsthatrangedfrom 11.0-11.9
o
Bx,buttherewasnodifference

observedwhenthesolublesolidswere12.0
o
Bxorhigher(Fig19).

Thechangeinsolublesolidcontentwasexaminedfrom lateAugustto

earlyNovember.Thesolublesolidcontentof'Haryejosaeng'and'Miyagawa

Wase'increasedatasimilarrateuntillateSeptember.However,from early

October,thesolublesolidcontentof'Haryejosaeng'increasedmorerapidly

than that of 'Miyagawa Wase'.Furthermore,the acid content of the

'Haryejosaeng'washigherthanthatof'MiyagawaWase'duringtheearly

stages,butlowerinearlyNovember(Fig20,Fig21).Therateofthefruit

thathadasolublesolidcontentgreaterthan12oBxwas98% whilethatof

'MiyagawaWase'was84% (Fig22).
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Table24.Effectofpolyethylenefilm mulchingonfruitqualitycharacteristics

of'Haryejosaeng'and 'Miyagawa Wase'produced during a commercial

productiontrialatWimiin2008.

Cultivar
Weight

(g)

Soluble

solids(
o
Bx)

Acid

(%)

Soluble

solids/acid

Haryejosaeng
z
72.8±11.39 13.8±0.81

***
1.00±0.14

***
13.8

MiyagawaWase 72.3±12.54 12.6±0.65 1.10±0.12 11.5

z
Datashownarethemeans±Standarderror

***
Significantlydifferentwithincolumnsatp≤ 0.001asdeterminedbyastudent'st

test
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Fig.19.Relationship between acidity and soluble solid contents offruit

produced by 'Haryejosaeng' thathad been subjected to mulching.The

differentlettersabovethecolumnsindicatesignificantdifferencesinacidityat

p≤ 0.05asdeterminedbyDuncan'smultiplerangetest.
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Fig.22.Distribution ofthe fruitbased on the soluble solid contentof

'Haryejosaeng'(A)and'MiyagawaWase'(B)thathadbeensubjectedto

mulching.
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Discussion

With the exception of acid content, the characteristics of the

'Haryejosaeng'cultivarwerealmostidenticaltothoseof'MiyagawaWase'.

However,the acid content of 'Haryejosaeng' was lower than that of

'MiyagawaWase'.Tenyearsago,low acidcontentwasconsideredtobe

disadvantageousintermsofthestorageoffruit.However,theconsumer's

definitionofhighqualitysatsumamandarinfruithasshifted,andtheynow

preferfruitwithsolublesolidcontentsgreaterthan10oBxandaciditylower

than1%.Asaresult,citrusfruitfarmersonJejuIslandhavemadeaneffort

toproducefruitthatmeetthesecriteria.

Mulching isconsideredtobethemostpowerfulmethodofproducing

highqualityfruitfrom satsumamandarins.Somereportshaveindicatedthat

mulchingwithpolyethylenefilm resultsinanincreasedsolublesolidcontent

inmandarins(Rohetal.,2002;Baeketal.,1992).Therefore,thenumberof

farmersadoptingthissystem hasincreasedsincetheearly2000s.Theresults

of the present study indicated that,although mulching facilitated the

developmentofhigh quality fruit,theproduction rateoftreesthatwere

subjectedtomulchingwasgenerallynothighandtheeffectofthissystem

differedamongregions.

Inaddition,thereareotherobstaclestotheproductionofgoodfruitby

early-maturing satsuma mandarin such as'Miyagawa Wase'and 'Okitsu

Wase'duetotheirgeneticbackgrounds.Thefruitproducedbytheseplants

generally hasahigh solublesolidscontentconcomitantwith ahigh acid

contentin mid-November,which resultsin theharvestbeing delayed to

mid-December.However,thiscanleadtochillinginjurytofruitproducedon

JejuIsland.Conversely,'Haryejosaeng'canproducefruitwithqualitiesthat
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areconsideredgoodbytheconsumerinmid-orlateNovember.

The'Haryejosaeng'treesthatweresubjectedtomulchingshowedhigher

solublesolidcontentsandloweracidcontentsthan'MiyagawaWase'that

weresubjectedtomulching(p<0.001)(Table24).Generally,earlymaturing

satsumamandarincultivarssuchas'MiyagawaWase'and'OkitsuWase'

requirewaterirrigationwhentheyaresubjectedtomulchingtolowerthe

acidcontenttobelow 1%.However,thisresultsinincreasedcostandhas

prevented increased use ofthe mulching technique.Conversely,the acid

content of the 'Haryejosaeng' reached 1% in early November without

irrigation.Moreover,thesolublesolidcontentatthattimewasgreaterthan

13oBx,whichwouldenableanearlyharvest.Therefore,itisexpectedthata

mulchingsystem thatisaslaborintensiveorexpensiveascurrentlyused

mulching cultivation systems can be used to produce high quality fruit

through'Haryejosaeng'.

Inconclusion,'Haryejosaeng'isrecommendedasanalternativecultivar

toreplace'MiyagawaWase'and'OkitsuWase'.Thiscultivarisexpectedto

provideincreasedprofitstocitrusfarmersonJejuIsland,Korea.
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APPENDIX

1.DNA amplificationprofilesbyRAPD andSRAPprimers

Appendix1-1.DNA amplificationprofilesobtainedusingtheUBC27primerto

analyzesamplesofseedlingsproducedbythe'Moritaunshiu'× 'Ponkan'

cross.Thefigureatthetop ofeach laneistheseed number.The"a"

representsthefirstseedlingand"b"representsthesecondseedlingsproduced

by one seed,the third and fourth seedlings were combined with b.S:

molecularsizemarkers(1kbDNALadder);M:'Moritaunshiu';P:'Ponkan'
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Appendix1-2.DNA amplificationprofilesobtainedusingtheUBC229primer

toanalyzesamplesofseedlingsproducedbythe'Moritaunshiu'×'Ponkan'

cross.Thefigureatthetop ofeach laneistheseed number.The"a"

representsthefirstseedlingand"b"representsthesecondseedlingsproduced

by one seed,the third and fourth seedlings were combined with b.S:

molecularsizemarkers(1kbDNALadder);M:'Moritaunshiu';P:'Ponkan'
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Appendix1-3.DNA amplificationprofilesobtainedusingtheF11/R29primer

toanalyzesamplesofseedlingsproducedbythe'Moritaunshiu'×'Ponkan'

cross.Thefigureatthetop ofeach laneistheseed number.The"a"

representsthefirstseedlingand"b"representsthesecondseedlingsproduced

by one seed,the third and fourth seedlings were combined with b.S:

molecularsizemarkers(1kbDNALadder);M:'Moritaunshiu';P:'Ponkan'
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Appendix1-4.DNA amplificationprofilesobtainedusingtheF4/R14primerto

analyzesamplesofseedlingsproducedbythe'Moritaunshiu'× 'Ponkan'

cross.Thefigureatthetop ofeach laneistheseed number.The"a"

representsthefirstseedlingand"b"representsthesecondseedlingsproduced

by one seed,the third and fourth seedlings were combined with b.S:

molecularsizemarkers(1kbDNALadder);M:'Moritaunshiu';P:'Ponkan'
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Appendix1-5.DNA amplificationprofilesobtainedusingtheOPO14primerto

analyzesamplesofseedlingsproducedbythe'Moritaunshiu'×'Lee'cross.

Thefigureatthetopofeachlaneistheseednumber.The"a"represents

thefirstseedlingand"b"representsthesecondseedlingsproducedbyone

seed,thethirdandfourthseedlingswerecombinedwithb.S:molecularsize

markers(1kbDNALadder);M:'Moritaunshiu';L:'Lee'
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Appendix1-6.DNA amplificationprofilesobtainedusingtheF11/R29primer

toanalyzesamplesofseedlingsproducedbythe'Moritaunshiu'× 'Lee'

cross.Thefigureatthetop ofeach laneistheseed number.The"a"

representsthefirstseedlingand"b"representsthesecondseedlingsproduced

by one seed,the third and fourth seedlings were combined with b.S:

molecularsizemarkers(1kbDNALadder);M:'Moritaunshiu';L:'Lee'
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Appendix1-7.DNA amplificationprofilesobtainedusingtheF4/R14primerto

analyzesamplesofseedlingsproducedbythe'Moritaunshiu'×'Lee'cross.

Thefigureatthetopofeachlaneistheseednumber.The"a"represents

thefirstseedlingand"b"representsthesecondseedlingsproducedbyone

seed,thethirdandfourthseedlingswerecombinedwithb.S:molecularsize

markers(1kbDNALadder);M:'Moritaunshiu';L:'Lee'
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Appendix1-8.DNA amplificationprofilesobtainedusingtheOPO14primerto

analyzesamplesofseedlingsproducedbythe'MiyagawaWase'×'Orlando'

cross.Thefigureatthetop ofeach laneistheseed number.The"a"

representsthefirstseedlingand"b"representsthesecondseedlingsproduced

by one seed,the third and fourth seedlings were combined with b.S:

molecularsizemarkers(1kbDNALadder);M:'MiyagawaWase';O:'Orlando'



- 120 -

Appendix1-9.DNA amplificationprofilesobtainedusingtheF4/R14primerto

analyzesamplesofseedlingsproducedbythe'MiyagawaWase'×'Orlando'

cross.Thefigureatthetop ofeach laneistheseed number.The"a"

representsthefirstseedlingand"b"representsthesecondseedlingsproduced

by one seed,the third and fourth seedlings were combined with b.S:

molecularsizemarkers(1kbDNALadder);M:'MiyagawaWase';O:'Orlando'
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2.Tableofdistributionofzygoticseedlingsinthecrosses.

Appendix2-1.Zygoticornucellaroriginof'Moritaunshiu'×'Ponkan'crossasdeterminedRAPDandSRAPa

Seed 

No.

Plants
/seed

Zygotic 
or

Nucellar

RAPD markers SRAP markers

OPO14 UBC27 UBC299 F7/R14 F11/R29 F4/R14

2700bp 750bp 550bp 450bp 250bp 1200bp 500bp 1000bp 1050bp 800bp 650bp

1 2 z z
o o o - o - o * o - *

2 2 z - o o - - - o o -

3 1 z - o o - o - - * o o

4 2 z - - o o o - o * o o *

5 1 z - o - - o - o o o *

6 2 z - o o - o o o o o

7 1 n - - - - - - - - -

8 3 z o o - - - - - o -

9 1 z - - o o o - o * - o *

10 2 z - o - - o - o o o *

11 1 z o o - - o - - o o *

12 1 z - - - o o - o * - - *

13 1 z o - o o o - - - o

14 1 z - - o - o o - * - - *

15 2 z - - o o o - o - -

16 2 z - o o - o o o o o

17 1 z - o - - - o o - - *

18 2 z o o o - o o - o o

19 1 z - - - o o o o - o

20 3 z - o o - o o o * - - *

z
o:detectedbydominantmarker(pollenspecificband);-:noamplification;*:detectedbyrecessivemarker(femalespec
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Appendix2-1.continued

Seed 

No.

Plants
/seed

Zygotic 
or

Nucellar

RAPD markers SRAP markers

OPO14 UBC27 UBC29 F7/R14 F11/R29 F4/R14

2700bp 750bp 550bp 450bp 250bp 1200bp 500bp 1000bp 1050bp 800bp 650bp

21 2 z z
o - o o o - - o o

22 2 z - o - - o - o * - o

23 1 z o o o - o - - * o - *

24 3 z - - - o - - o - -

25 1 z o - - o o - o - o

26 2 z o o - - o o - - o *

27 1 z o o o - - - o - - *

28 2 z - - o o - - o - o *

29 1 z - - o o o - - - -

30 1 z o o o - o - o o o *

31 1 z - o o - - o o - -

32 1 z o o - - - - o o -

33 1 z - - - o - - o * - -

34 1 z - - - o o - - - o *

35 1 z o - - o o o o * - o *

36 1 z o o o - - - - * o - *

37 2 z o - - o o o - - o

38 2 z o - - o o - o * - o *

39 3 z o - - o o - - * o o

40 2 z - - o o o - - * o o

zo:detectedbydominantmarker(pollenspecificband);-:noamplification;*:detectedbyrecessivemarker(femalespec
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Appendix2-1.continued

Seed 

No.

Plants
/seed

Zygotic 
or

Nucellar

RAPD markers SRAP markers

OPO14 UBC27 UBC29 F7/R14 F11/R29 F4/R14

2700bp 750bp 550bp 450bp 250bp 1200bp 500bp 1000bp 1050bp 800bp 650bp

41 1 z
z- - o o o - - * o -

42 2 z - o - - o - o o o

43 1 z - - - o o - o * o o

44 2 z - - o o o - - * o - *

45 2 n - - - - - - - - -

46 1 z o - - o o - o * - -

47 2 z - o - - o o o - - *

48 2 z - o o - o - - o o

49 3 z o - - o o - - * - o *

50 3 z o - o o o - o - o *

51 2 z - o - - o o - - o

52 1 z - - o o - - - - - *

53 2 n - - - - - - - - -

54 2 n - - - - - - - - -

55 2 n - - - - - - - - -

56
～
95

n - - - - - - - - -

Total 50
20 24 26 25 39 13 29 20 23 29 24

50 39 13 38 23 40

z
o:detectedbydominantmarker(pollenspecificband);-:noamplification;*:detectedbyrecessivemarker(femalespe
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Appendix2-2.Zygoticornucellaroriginof'Moritaunshiu'×'Lee'crossasdeterminedRAPDandSRAPanaly

Seed 

No.

Plants
/seed

Zygotic 
or

Nucellar

RAPD markers SRAP markers

OPO14 UBC27 F11/R29 F4/R14

550bp 450bp 800bp 250bp 1050bp 450bp 800bp 650bP

1 2 z zo o o o o - *

2 2 z - o - o o o

3 2 z o o o o o -

4 2 n - - - - - -

5 2 z - o o o - * -

6 2 z o o o o o * -

7 1 z - o o o o -

8 1 z - o o o - o

9 1 z - o o o - o *

10 1 z - o - o - * o *

11 2 z o o o o - * o

12 1 z o o - o o o

13 1 z - o o - - o

14 2 z o o o o - o

15 2 z - o o o o * o *

16 2 z - o - o - o *

17 1 z o o o - o

18 2 z o o o o - o

19 1 z - o o o o * -

20 2 z - o o o - o *

z
o:detectedbydominantmarker(pollenspecificband);-:noamplification;*:detectedbyrecessivemarker(femalespe
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Appendix2-2.continued

Seed 

No.

Plants
/seed

Zygotic 
or

Nucellar

RAPD markers SRAP markers

OPO14 UBC27 F11/R29 F4/R14

550bp 450bp 800bp 250bp 1050bp 450bp 800bp 650bP

21 2 z z
o - - o - * - *

22 1 n - - - - - -

23 2 z - o - o o - *

24 1 z - o - o - -

25 1 z o o - o o -

26 1 z - o o o - -

27 1 z o o - o o * -

28 1 z - o o o o o

29 1 z - o - o o * -

30 1 z o o o o - o

31 2 z - o - o - - *

32 4 z o o - o o -

33 2 z o o o o - -

34 1 z o o - o o * -

35 1 z - o o o o o

36 2 z o o - o o - *

37 2 z - o o o - -

38 4 z o o - o - o

39 2 z o o o o o * - *

40 2 z o o - o - - *

z
o:detectedbydominantmarker(pollenspecificband);-:noamplification;*:detectedbyrecessivemarker(femalespe
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Appendix2-2.continued

Seed 

No.

Plants
/seed

Zygotic 
or

Nucellar

RAPD markers SRAP markers

OPO14 UBC27 F11/R29 F4/R14

550bp 450bp 800bp 250bp 1050bp 450bp 800bp 650bP

41 2 z
zo o o o o * -

42 1 z o o o o o * -

43 1 z o o - o o -

44 4 z - o o o o o

45 3 z o o o o o o *

46 2 z o o o o - - *

47 3 z - o o o - * - *

48 n - - - - - -

49 n - - - - - -

50 n - - - - - -

51
～
88

n - - - - -

Total 45
24 44 27 44 23 14 19 15

45 45 28 28

zo:detectedbydominantmarker(pollenspecificband);-:noamplification;*:detectedbyrecessivemarker(femalespe
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Appendix2-3.Zygoticornucellaroriginof'MiyagawaWase'×'Orlando'crossasdeterminedRAPDandSRAP

Seed 

No.

Plants
/seed

Zygotic 
or

Nucellar

RAPD markers SRAP markers

OPO14 UBC27 F4/R14

550bp 450bp 200bp 800bp

1 2 n z- - - -

2 2 n - - - -

3 1 n - - - -

4 2 n - - - -

5 2 n - - - -

6 2 n - - - -

7 2 n - - - -

8 2 n - - - -

9 3 z o o o o

10 2 n - - - -

11 2 n - - - -

12 2 n - - - -

13 1 n - - - -

14 1 n - - - -

15 2 n - - - -

16 2 n - - - -

17 3 n - - - -

18 3 z o o o o

19 2 n - - - -

20 2 n - - - -

21 2 n - - - -

z
o:detectedbydominantmarker(pollenspecificband);-:noamplification
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Appendix2-3.continued

Seed 

No.

Plants
/seed

Zygotic 
or

Nucellar

RAPD markers SRAP markers

OPO14 UBC27 F4/R14

550bp 450bp 200bp 800bp
22 2 n z

- - - -

23 2 n - - - -

24 2 n - - - -

25 1 n - - - -

26 2 n - - - -

27 3 n - - - -

28 2 n - - - -

29 2 n - - - -

30 3 n - - - -

31 2 n - - - -

32 2 n - - - -

33 2 z o o - o

34 2 n - - - -

35 1 n - - - -

36 2 n - - - -

37 2 n - - - -

38 2 n - - - -

39 3 n - - - -

40 1 n - - - -

41 2 n - - - -

42 2 n - - - -

43 2 n - - - -

Total 3 3 3 2 2

z
o:detectedbydominantmarker(pollenspecificband);-:noamplification
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아직도 진행 중인 이 흔적들이 머지않은 미래 농민의 얼굴에 웃음으로 돌아올 
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었을 것이라 생각합니다. 그리고, 제가 살아본 중 가장 오랜 이웃으로서 우리 
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다. 사랑합니다. 

  그리고, 아버지, 전 당신께서 걸어가신 삶의 궤적은 닮고자 하지 않았으나, 감

히 짐작코자 세상을 보고자 했던 본질은 따르고자 노력하였습니다. 이 논문은 제

가 아버지께 쓰는 두 번째 편지입니다. 그러고 보니 우연히도 이글을 쓰는 순간 

아버지가 이 세상에 흔적을 남긴 딱 그만큼의 세월만큼 제 나이가 들었다는 걸 

알게 되네요. 

  끝으로 나의 동행자 아내 이경미, 든든한 나의 원군이여 고맙다. 그대에 기대

어 세상에 나와 외롭지 않게 살아가는 것에 한없이 감사합니다. 눈물로 낳은 수

정아, 제진아 건강하게 크고, 이제 너희들 마음속에 넉넉한 친구가 되어줄 아빠

의 생활을 기대해라. 그리고 제진아 어린이집 에서처럼 고자질 하지마라,  “아빠 

사모실만 가이말고 나랑 가치 노아요”라고 하지마, 음,, 맴이 쪼매 아팠다. 이제 

많이 놀아줄게 !  ^---------^

감사합니다.
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