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OntheAdvancesofPlantBreeding
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Introductoryremarks

Byexploringthepathplantbreedinghasfollowed,wewouldliketoforeseewhereit

willleadtointhefuture.Plantbreedinghasgraduallyadvancedsincethetimewhenthe

so-called``oldexpertfarmers"madeeffortstointroduceandcultivatevariousnewcrops.

Afterthediscoveryofthelawofheredity(Mendel,1866),ithasmadegreatprogress

withthehelpofwide-rangeresearchesoninducedmutation,cytogeneticsandgene

action.Moreover,newfactshaverecentlybeenbroughttolightwhichcouldnothave

beenconceivedfromclassicalgenetics.Sotheneedpressedanewfieldofplantbreeding

tobeestablishedandbreedingwastobeseeninanew.light.Thisviewisaccepted

usuallyinJapan,andinmostothercountriesoftheworldplantbreedingprobablyhas

followedtheforegoingpathorwillpursueasimilaroneinthefuture.

1.Genicbreeding

SincetherediscoveryofMendel'slaw(deVries,Correns,Tschermak,1900,respec-

tively),geneshavebecomeanimprotantaspectinplantbreeding.Atfirst,better

strainswereproducedsolelybycollectingvariousstrains,thencrossingthemwithone

another.Lateroninducedmutationcametobeavailableinplantbreeding.Onthe

otherhand,collectionandpreservationofvariousgenesofdifferentspecieshavebe-

comeoneoftheimportantfieldsofplantbreeding(Vavilov,1926).

(1)Breedingbyseparation

Intheearlydaysofplantbreeding,onlystrainswhichappearedtobegoodwere

cultivated,thenitwasfoundthatthebetterstrainscouldbeselectedbycollectingmany

localstrainsandbycomparingthemwithoneanother.Soonaftertherediscovery

ofMendelism,however,itbecameclearthattheso-calledlocalstrainsconsistedof

variouslines.Johannsen(1903,1909)demonstratedinhispure-linetheorythatno

selectionswouldworkinapureline.Restingonthistheory,alotofattemptshave

beenmadetosegregatebetterpurelinesfromgoodbutheterogeneouslocalstrains,and

actuallymanyexcellentstrainshavethusbeenproduced.

(2)Breedingbyhybridization

Astherewasalimitinimprovementofplantsbytheseparationbreeding,itgradually
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becamepopulartobreedexcellentstrainsbyrecombininggenesbasedonMendelism,and

continuestodayasamajorcurrentofplantbreeding.Agreatnumberofworkshave

accumulatedwithregardtomethodsandtheoriesofhybridizationandfixationofgenes.

Especially,suchsubjectsasincompatibility(Correns,1912),photoperiodism(Garner

andAllard,1920),embryoculture(Laibach,1925),polygenes(Mather,1949)andothers

havedevelopedintensively.Therecentachievementsinbreedingbyhybridizationare

representedinDr.Borlaug'seffortsagainstthestarvationofhumankindforwhichhe

wasawardedaNobelpeaceprizein1970,wherehebroughtsomeMexicanstrainsof

commonwheatwhichhadbeenimprovedinMexico(Borlaug,1968).Theyhadthe

characteristicsofshortculmandlongearacquiredfromJapanesewheatstrain,Norin

10.

(3)Inducedmutation

SinceMuller(1927)succeededininducingartificialmutationsbyX-rays,various

mutagenshavebeentestedtofindtheirabilitytoinduceusefulmutantgenes,someof

whichcameintoextensiveuseinplantbreeding.Breedingbymutationshasbeencarri-

edoutonalargescaleatther-fieldinBrookhaven,U.S.A.,since1947.Japanalso

constructedar-fieldatOhmiya-cho,IbarakiPrefecturein1961.Breedingbyinduced

mutation,whichmightberelatedtoonepeacefuluseofatomicenergy,isbeingpursued

withtheaidofvarionsfacilities.Gaul(1963)reviewedtheworksonmutationsinplant

breeding.Gustafsson'sstudiesonbarley(1963)attractourattention.SinceAuer-

backetal.(1947)andothersstartedresearchonmutationsbychemicalmutagens,

studieshavebeencarriedoutbymanyinvestigatorsu.ptothepresentwheretheyare

elucidatedintermsofchangesingeneconstitution.Breedingbyinducedmutationsare

beingexploredatvariousresearchinstitutesofmanycountries.

2.Chromosomalbreeding

Thediscoveryoflinkage(Batesonetal.,1906;Morgan,1917)enabledtheconsideration

ofchromosomesasthecarriersofgenes,andthefindingof.sexchromosomesresolved

manypuzzlingproblemsofgenetics.Furthermore,theadvancesofthestudyon

polyploidygavesuggestionsregardingthepracticaluseofpolyploidsforplantbreeding,

anexampleistheincreaseinsizeandamountofaparticularcontentofpolypl.oid

cells.Theapplicationoftriploidsintheproductionofseedlessfruitattractedpublic

attention.Plantbreedingwasadvancedfurther,attainingtomakeuseofhaploidyand

chromosomaltranslocation.

(1)Polyploidy

ThestudyonpolyploidystartedinChrysanthemum(Tahara,1921)andTγ 漉 ω 〃z

(Kihara,1924),andwasintensivelydevelopedbyProf.Kiharainaseriesofworkson

genomeanalysesof7'riticumand.4θg∫Z砂 ∫(KiharaandNishiyama,1930;andothers).

Synthesisofnewspeciesorallopolyploids(Karpechenko,1928;KiharaandKatayama,

1931;andothers)andproductionofautopolyplo{ds(Nishiyama,1947;MUntzing,X951)
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werethetypicalapplicationofpolyploidytoplantbreeding.Anincrementofsugar

contentofsugarcanewasachievedbyincreasingthechromosomenumber(Bremer,

1923;andothers).Triploidplantsbearingseedlessfruit(KiharaandNishiyarria,1947)

andtriploidsugarbeets(Matsumura,1953;Mochizuki,1953)wereproducedandput

intopracticalculture.Inmedicinal.herbs,chromosomedoublingwasalsoattempted

toincreasesomeusefulingredients(Suzuka,1958).1Vluntzing(1957)reviewedthe

worksonplantbreedingrelatingtopolyploidy.Concerningthewheatgeneticsinclud-

ingpolyploidy,aninternationalsymposiumhasbeenheldeveryfiveyearssinceitarose

withProf.Kiharaasleader(Japan)in1958,1)andWIS(WheatInformationService)

hasbeenissuedsince1954withProf.Kiharaaschiefeditor.2>

(2)Haploidy

Subsequently,thehaploidmethod(Katayama,1950;KatayamaandTanaka,1969)

wasintroducedintoplantbreeding,whichrestedonanassumptionthatpurehomozygo-

teswouldbeobtainedbydoublingthechromosomesofhaploids.Thismethoddeve-

lopedintobacco(TanakaandNakata,1968),hasextendedtovariouskindsofcrops.

Thestudyofthehaploidmethodstemmedfromtheinductionofaconsiderablenumber

ofhaploidsinTriticummonococcum(2n=14,genomeformulaAA)bymeansofpolli-

nationwithX-rayedpollen(Katayama,1934)andalsofromthefindingsofcolchicine

methodindoublingchromosomes(BlakesleeandAvery,1937).Thehaploidmethod

hasbeenestablishedintobaccowhereanthercultureenablestheproductionofhap-

loi.dplantsinlargenumbers.Haploidbreedinginriceplantshasalsobeendeveloped

asintensivelyasintobacco(NiizekiandOhno,1968).KatayamaandNei(1964)

andothersreviewedtheresearchesonhaploidy.Inrecentyearsthestudyonhaploidy

hasbecomesoextensivethatHIS(HaploidsInformationService)withProf.Melchers

aschiefeditormadeitsfirstappearancein1972,3>andthefirstinternationalsymposium

ofhaploidsinhigherplantswasheldinCanadawithProf.Kashaasleaderin1974.4>

(3)Translocationandaneuploid

Recentlyitbecamepossibletoproducenewvarietieswithdifferentgenicconstitutions

resultingfromtheexchangeofwholechromosomesorofpartsofchromosomesbetween

differentgenomes.Thismethodisfavorableforplantbreedingbecauseitexchanges

onlythechromosomesorthepartsconcernedwithoutaffectingothergeneconstitution,

formingaremakablecontrastinthisrespectwithbreedingusingmutagens.Inplants,

Yamashita(1950)experimentallyproducedachromosomeringconsistingof14chromo-

comesinT.monococcicmusingtranslocationsinducedleyX-rays.Tazima(1944)already

1)The丘rstsymposiumwasheldattheUniversityofManitoba,Winnipeg,Manitoba,Canada

andthisproceedingswaseditedbyProf.Jenkins.

2)Kih.araInstituteforBiologicalResearch,Yata-Ohara,Mishima,Japan.

3)Maw-Planck-InstitutfurBiologie,Tubingen,WestGermany.

4)ThefirstsymposiumvasheldattheUniversityofCsuelpf,Guelpf,Ontario,Canada

andthisproceedingswaseditedbyProf.Kasha.
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succeededintranslocatingthegenesforeggcolorofthesilkwormonthesexchromo-

some.Thetranslocationisutilizedforthesewidentificationofthesilkworminthe

eggstage.TheresearchesonaneuploidsofwheatbySears(1954)provedtobethe

basicachievementsinthisfieldformingthefoundationoftheso-calledchromosome

engineer;ng.Mochizuki(1961)discussedonthegeneintroductionfromrelatedspecies

ofwheat.ItisalsointerestingthatNishimura(1961)triedtodogeneanalysesofrice

withtheaidoftranslocations.

3.Physioecologicalbreeding

Althoughthepurposeofthegenicandchromosomalbreedingsistoobtainexcellent

strainswithfixedgenotypes,physioecologicalbreedingdoesnotneccessarilyaimat

fixedgenotypes,butatmakinguseofexcellentphenotypeseveniftheyaretemporary;

fromapracticalviewpoint,animprovementeveninonegenerationcouldmeetthepur-

poseofthebreeding.

(1)Heterosis

Inthecourseofbreedingbyhybridization,aphenomenonknownashybridvigor

(orheterosis)wasfound;FIhybridsbetweendifferentstrainsshowedagreaterviabi-

litythaneitheroftheparentsdid.Hybridvigorwasstudiedregardingthebreedingof

thesilkworminJapan(Toyama,1906)andinAmericaithasbeenappliedtothepracti-

calproductionofcorn.Concerningheterosis,Jones(1917)andothersgavevarious

workinghypotheses.OnaccountthatauniformvigormanifestesonlyinFIgenerations,

yearlyproductionofhybridseedsbyartificialcrossesisindispensablefortheusageof

hybridvigor.Tosavehandlaborneededforemasculationintheproductionofhybrid

seeds,useofmalesterilitywashighlightedandextensivelyinvestigated(Jonesand

Clarke,1943).Hybridseedproductionwasalsodiscussedinwheatandriceusing

themalesterilitycausedbythealiencytoplasms(Kiha.raandTsunewaki,1964;Tsune-

waki,1969).

(2)Cuttingandgrafting

Cuttingandgrafting,whichhavebeenemployedforthevegetativepropagationof

goodstrainssinceformeryears,taketheadvantageofphysioecologicalphenomenon

ofplants.Alotofresearcheshavebeenconductedontherootingofcuttings.Grafting

putstwodifferentplantsinasymbioticstatewherethescionissubjecttovariousin-

fluencessuchasnatseen、vhenitisindependent(Winkler,1907;Baur,1910;Imai,1936).

Althoughitmightbeexplainedintermsofgrafthybrid,thephenomenaarethought

tobeascribedchieflytothetransferofsomecomponentsinthesapfromthestockto

thescion.Inconnectionwiththis,however,studyonprotoplastfusion,whichwillbe

describedlater,mightmakeafreshdPvelopmenc.Cuttinghasbeenanimportantpartof

treebreeding,andgrafting;hasbeenasimportantaspruninginpomiculture.Recently,

graftinghasbeenextendedtotheproductionoffruitvegetab】estoendowthemwith

resistancetodiseasesandinsects.
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(3)Resistanceandenvironmentalcontrol

Acquisitionofresistancetodiseasesandinsectshasbeenamajorobjectofthestudyon

resistanceofplants;ithasbeenworkedoutbyselectingsuitablestocksforgrafting,

andlatelyUybreedingofresistantvarietiestovariousdiseasesandinsects.Eventhough

aresistanceofavarietycanbeattributedeventuallytoitsgenotype,itissupposedto

begreatlyconditionedbythemodeofphysioecologyofplants.Morestudies,therefore,

areexpectedinthisrespect.Prof.Hemmi(1949)wasengagedinthissu切ectinhisstudy

onriceblast.StalζmanandHarrar(1957)dealtwiththissublectingeneral.

Ithasbecomepopulartoincreasetheyieldofcropsbycontrollingtheenvironment,for

example,irrigationcultivationandgreenhouseculture.Recently,itisca]ledhorticulture

understructure.Illuminationculturetakingtheadvantageofphotoperiodismofplants

isagoodexample.Artificialcoloringandgrowthcontrolbychemicalsprayscanalso

beregardedasgoodexamples,andhormoneshavebecomeappliedextensivelytograpes

andotherplantsintheproductionofseedlessfruit.

4.Breedinginnewfields

Althoughtheachievementsinplantbreedingsofarmentionedweregainedrykeeping

instepwiththeadvancesofbreedingmethodology,therehaslatelyoccurredsucharapid

progressinthebiologicalfieldleadingtonewaspectsofbreedingthatcouldnothave

beenimaginedfrompreviousknowledgeofbiology.Weintendtorefertothenew

fieldsofbiologyince]1culture,protoplastsandplasmi.dsconsideringtheirconnection

withplantbreeding.

(1)Cellculture

Tissuecultureusinganimalmaterial.haslongbeencarriedout,andhasrecentlyex-

tendedtoplantmaterial.Studyontissuecultureusingplantsispresentlyflourishing,

andStewardetal.(1958)haveatlastsucceededinculturingsinglecellsandinredif琵r-

entiatingintactplantsfromthem.Cellcultureisexpectednotonlytobecomeapower-

fulapproachtotheunderstandingofcelldifferentiationfromasinglefertilizedeggcell.

intoanindividual,i.e.,morphogenesis,butarevolutionarymeansforfutureagriculture,
'

namelystarchproductionbycultureofsinglece)lswithchloroplastsintanksnotdepend-

ingonearth,mayalsobecomepossible.RecentforageproductionfromChlorellacul-

torecanbeconsideredasleadingintheway(Tamiya,etal.1953).

(2)Protoplast

'Th
atahybridofhigherplantscouldbeproducedwithoutinvolvinganormalsexual

cycle,bysimplefusionoftwonakedcellsorprotoplastsisolatedfromdifferentspecies

(Carlsonαal.,1972)asisnowunderstoodcouldnothavebeenhintedashortwhileago.

Studyontheprotoplastsofhigherplantsstartedwiththeuseofsomedegradingenzymes

fortheisolationofprotoplasts(Cocking,1960).Manypossibleadvantagesofprotoplasts

wereappreciatcdwitllrespccttc)plantbreeding,suchastheproductionofnumerous

mutantslt1`1Petridish,parasexualhybrid{zatiollthroughcellfus{011alldregeneration
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andsoforth(Takebe,1975).Developmentinthisnewfieldisexpected.

155

(3)Plasmids

Bacteriaarethemostfavorableorganismsforgeneticresearchesbecauseoftheirhap-

loidgenomewhichenablesamutationtomanifestimmediately,andoftheirveryshort

lifecycle.Geneticsofplasmidshasespeciallybeendevelopedremarkablyusingbacteria,

mainlythecolonbacillus.Plasmidswhichcarrysomegeneticinformationbehavein-

dependentlyofordinarygenomesandwillbecomeapowerfulmeansforthegeneengi-

neering.Thestudyofplasmidsmayleadtotheunderstandingoflife,andmoreover

tothecreationofnewlifewhichwouldbetheultimategoalofbreeding.Thisstudy

originatedfromtheworkswithNeurosporabyBeadle(1945),andhasbeenpromoted

byLederbergetal.(1952)andothers.

Closingremarks

Wehavedescribedtheprogressofplantbreedingmadegraduallyfromwhatiscalled

"seedselection"
,andreferredasfarastothesubjectoflifeitself.Ourdailyefforts

afterthetruthareexpectedtobeputtopracticaluseandtomakethenatureoflifeclear-

er.
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