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Summary
Inductionofdesiccationtolerancebyabscisicacid(ABA)

andosmoticstresswasinvestigatedinmicrospore-derived

embryosofChinesecabbage.ExogenousapplicationofABA

waseffectiveforgerminationandplantregenerationfrom

dryembryoswhosewatercontentdecreasedtoapproximate-

lylO% bytransfertoaseriesofdesiccatorsin whichthe
relativehumidib,remainedconstant.Inductionofdesicca-

tiontolerancedependedontheABAconcentration,butnot

onthegenoも,pe.Themaximumpercentagesofgermination

(87.6%)andplantregeneration(46.3%)Wereobtainedin

theembryostreatedwithlOFLM ABA.Though osmotic

stressbyhigh concentrationofsorbitolalsoinduceddes-

iccationtolerance,itseffectivenesswaslessappreciable

thanthatofABA.Ontlteotherhand,alltheembryoslost

theirviabilityafterdesiccation,whentheywerenottreated

withABAorexposedtoosmoticstress.Thedryembryos

treatedwithABA wereabletoregenerateintoplantsin

soiLProteinanalysisrevealedthatABAandosmoticstress

increasedtheaccumulation ofseedstorageproteinsin

microspore-derivedembryos.

KeyWords:Brassicaeampestris,abscisicacid,artificial
seed,desiccation tolerance,microsporeculture,osmotic
strees.

Introduction

Desiccationofuncoatedsomaticembryostoalevelof

watercontentsimilartothatoftrueseedsisimportant

forartificialseedproduction(Fu]'iietal.1987).Itis

alsousefulforgermplasmpreservationaswellaseasy

handlingofmaterials.Someattemptshavebeenmadeto

desiccatesomaticembryos-inseveralplantssuchas

orchardgrass(Grayetal.1987),alfalfa(Senaratnaetal.
1989;1990),carrot(IidAetal.1992)and broccoli

(Takahataetal.1993).Recently,thedesiccationtoler-

anceofsomaticembryoshasbeenreljortedtobeen-

hancedbytheexogenousapplicationofabscisicacid

(ABA)(Senaratnaetal.1989;1990,Browrletal.1990,
Iidaetal.1992,Takahataeial.1993).Ontheother

hand,manyofthephenomenar,egulatedbyABAarealso

influencedbyosmoticstrees(FinkelsteinandCrouch

1986,FinkelsteinandSomerville1989).Zeevaarttand

Creelman(1980)andRonaldetal.(1990)reportedthat

ReceivedMay31,1993. AcceptedDecember6,1993.

osmoticstressstimulatedendogenousABA accumula-

tion.However,therelationshipbetweenABAandosmot-
icstressintheinductionofdesiccationtoleranceofde-

velopir唱embryoshasnotbeenelucidated.

Theobjectiveofthisstudywastodeterminewhether

exogenousABAandosmoticstresspretreatmentswould

induce desiccation tolerance in microspore-derived

embryosofChinesecabbage.Ⅰnaddition,directplant

regenerationabilityofdryembryosinsoilwasex-

amined,andproteinanalysisofembryoswhichbecame
toleranttodesiccationwascarriedout.

MaterialsandMethods

Plantmaterials

FourcultivarsofChinesecabbage(B.campestrisvar.

Pekinensis)wereused.Seedsofthreecultivars(̀Ho

Mei',̀Formosa45Days'and H̀isFuEarly30Days')

werekindlyprovidedbyT.Sato,NationalResearchln-

stituteofVegetables,OrnamentalPlantsandTeaand

S̀pringtime'wasobtainedcommercially.Theseplants

weregrowninagreenhouse,andthentheyweretrans-

ferredtoagrowthchamberundera13/8oCday/night

regimewithnaturalphotoperiodatthebeginningof

bolting.

Microsporeculture

Flowerbuds2.0-3.0mminlengthwerecollected.Ster-

ilizationandmicrosporeisolationwerecarriedoutas

describedpreviously(TakahataandKeller1991).After

washing,themicrosporesweresuspendedatadensity
of3×104/mJin1/2NLN-10medium,inwhich13%suc-

roseofthe1/2NLN-13medium (TakahataandKeller

1991)wasreplacedbylO%sucrose.TwomlofthemiC-

rosporesuspensionwasplatedina60×15mm plastic

petridish.Themicrosporeswereincubatedinthedark

at32.50Cfor1daybeforeincubationat25oC.

ABAandsorbitoltreatmentsandembryodesiccation

Aftertwoweeksofculture,themediumwasreplacedby

2mJfresh1/2NLN-10mediumsupplementedwithABA
andsorbitolatvariousconcentrationsasindicatedin

Tables1and2,respectively.Afteroneweekofincuba-

tioninthedarkat25oC,embryoswereselectedbysiev-

ingthroughalmmnylonmeshandwerewashedwith

steriledeionizedwater.Alltheembryoswereatthe

cotyledonarystage.Theyweretransferredontoaster-

ilefilterpaper,whichwasmoistenedwithafewdrops
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(Ẑ〇uanba･【J(T̂〇uanb叫
uo!1tuau∂鮎･IuO!叩u!uu∂3

1ut21dドuuON

PalSal
SO▲lLIqul∂･tt2Al叩1〇

(lLV71)

VgVJO
才0̀ONuO!1tZJluaつuO〇

(suJs∂QILLD3'g)細管qqeaaS叫tI〇JOSO･叫uraI)∂̂l･lap-∂･IOdsoJ〇!ulJO

∂〇u121ⅠatOluOPtZ〇〇lSap才OuOtlつnPu!JOJluau11t!∂JIVgVJOlつaH3'latql‡L

-叩ldd甘aL11Aquor岬〇〇!SaPOHutZlalOlauttZ〇aqS∂dj(10u∂岩

IleJOSOL(lqtuaatlエ■SJ(叩∂AtJu叩叩lOOLI甘padolaAaP

puでua∂J岩paulnluO!叩〇〇!SaPOl叩tZLIalOl∂ute〇aqtP!ttAl

asotPp̀a叩Jpj叫aJaLI∂1仏SOJ(LIqulaAJpattlu∂q血◆1uauI

-叩∂11uO叩〇〇!SapJOSj(叩9Ja号才12%Oti(lai官叩ⅩOlddt2

S官AISOL(Jqulap∂̂羊J∂p-∂JOdsoJ〇tuI∂LrlJOIuaiuO〇Lla叩瓜

33utuatOluO!叩33!SaPJOuO!13nPu吉uOVaVJO13∂JJ耳

SllnSa笥

'∂TnI!1SuI

LPtI甘∂Sa甘LrDa1u甘Id!̀℃巧tZS●エJ(qpap!AOJdI(tput巧∂laAt

q〇!LIAls̀u!∂10LIda鮎JO3Speas(utLIaJtつtuD)SZIPaaSadでLl

lSutt2加satpoq!1u官Bu!snpa1〇∂laPala瓜SuIaIOLId∂BtuoIS

'岩u即OtqulalS∂瓜10JaueLIqutatnaSOtnll∂〇0叩u管01uO

panolqOJl〇alaaJa爪Su叩Oldaql3̀9Vd-SClSlalJV

'(oL6t)亨ItuuJ∂官Ii(qp∂q!tI〇SaPSe

(39Vd-S(IS)S!SaLIOtldoJl〇叩laDqaP叩CTL(13eJtlOds(ユS

i(qpazAltZut2al∂juSu!∂10JdatIIJOB71st∂̀tdtueStPt!∂

Lio且･1嘩a瓜p∂∂S山p紬J∂dlaHnqu叩〇甘JIXaZ71os

titP∂13℃11ⅩaOSltZ∂Ja瓜Su!a叩Idpa∂S'叩J(t!SStZu!∂101d

pでtl-0!aatPBu!snpau!tulalaPSt2AlSu!∂10Jd∂ttlJOuO羊I

lt2LIlua〇uO〇●(∂SOJ〇nS%Zts̀GS%ZⅤ̀エ03muleェ̀ェG

Nu1099̀'9Hdl〇日-Sトtエ川tuO9)laJJnquO!叩Z!l!qnlOS

l7100一uH)aPu∂dsnsalputZPaト叩ù!tuOIJOJtudJOOO'01112
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-1233tSaPLI0才PaJt2daJdaLl∂瓜tPtq爪s̀oj(Jqul∂attl才0∂tuOS

s!叫ゼutEu!310Jd

◆sa叩JPJ叫oqtI甘〇put!SutuI叩A

Dqu!甲でl叩∂トllrLult21au!uSgtll!瓜PaualS!OtLt叩Itl〇!tLt

-JaA01ulVtOSA11〇altpSt2爪SOj(lqtLL∂i(Jpaql才0lltZdv

'j中!̂13adsa∫
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InductionofdesiccationtolerancebyABAandhighosmoticun

tionofABA (Table1,Fig.1).Thegerminationand

plantregenerationfrequencyofthedryembryosde-

pendedontheconcentrationofABA,butnotonthe

genotypes.Highestpercentagesofgermination(87･6%)

andplantregeneration(46.3%)Wereachievedwhenthe

embryosweretreatedwithlOpM ABA.BothlFLM and

lOO〟M ABA alsoinduceddesiccationtolerance,espe-

cially,inthecaseofHisFuEarly30Days,inwhich1

〟M ABAinducedahigherdesiccationtolerancethan10

〃M･Ⅰncontrast,desiccationtolerancecouldnotbein-
ducedinembryosintheabsenceoftreatmentwithABA.

Though9.1% oftheembryoscouldgerminateafterone

weekofrehydration,theylosttheirviabilityafter4

weeksofrehydration.

Germinationfrequencyofthenon-desiccatedembryos

washigherthanthatofthedesiccatedones(Fig.2a).In

theabsenceofdesiccation treatment,almostallthe

embryosgerminatednormally,buttheembryostreated

with100/JM ABA showedareducedgerminationrate

(70%).When theembryoswere treated with 10/JM

ABA,thegerminationabilityofthedesiccatedembryos
wasnotdifferentfrom thatofthenon-desiccatedones.

Plant regeneration frequency of the non-desiccated

embryosvariedfrom 37･9% on1/∠M ABAto60･0% on
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Fig.2.Effectofdesiccationofmicrospore-derived
embryosofChinesecabbageon(a)germina-
tlOnand(b)Plantregenerationfrequencyon
B5agarmedium.Embryogerminationand
plantregenerationofdesiccated(a)and
non-desiccatedembryos(ii)wereexamined
afteroneandfourweeksofculture,respec-
tively.

31

10′JM ABA (Fig.2b).Desiccatedembryoswhichwere

treatedwithABA showedasimilarabilityofplantre一

generationtothatofthenon-desiccatedembryos.

Theregenerantsfrom desiccatedandnon-desiccated

embryosgrew normallyinsoil.NomorphologiCaland

ploidy differenceswereobservedbetween them.The

percentagesofdiploidywere75.0% and81.8% forthe

plantsfrom desiccatedandnon-desiccatedembryos,re-

spectively.

Effectofsorbitoloninductionofdesiccationtolerance

Theembryosalsobecametoleranttodesiccationwhen

theyweretreatedwithsorbitolatvariousconcentra-

tions(Table2).However,thefrequenciesofgermination

andplantregenerationintheseembryoswerelower

thanthoseintheABA-treatedembryos.Thoughgenotyp-

icdifferenceswereobserved,thehighestpercentagesof

germinationandplantregenerationintheembryostre-

atedwith10.5% sorbitolwere17.1% and7.1%,respec-

tively.12.5% sorbitolwasalsoeffectiveinSpringtime

andHoMei.Atahigherconcentrationofsorbitol,the

frequencyofsurvivalrateofembryosdecreasedand

embryogrowthwasstronglyinhibited.

Plantregenerationabilityofdryembryosinsoil

ThedesiccatedembryostreatedwithABAwereableto

germinateandregenerateintoplantsinsoil(Table3,

Fig.3).Fifty%ofHisFuEarly30Daysembryoscould

Table2.EffectofsorbltOltreatmentforinductionOfdesiccationtoler-

ar)ceofmi｣crospore-derivedembryosofChinesecabbage(B.cam-

♪estn'S)

Concentration No.of
ofsorbitoI Cultivar embryos

(%)･ tested

Normal Plant
germination regeneration
frequencyl) frequency2)

(%) (%)

O Springtime
F｡rm｡sa3)
HoMe主
Tota1

8.5 Springtime
Formosa
HoMei
Total

10.5 Springtime
Formosa
HoMe主
Tota】

12.5 Springtlme
Formosa
HoMet
Total

14.5 Formosa 166

HoMei 224

Tota1 390
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1)Examlned 1weekafter rehyd ratlOn

2)Examined 4weekafter rehydration

3)Formosa 45Days
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hductionofdesiccationtolerancebyABAandhighosmoticun

resultsarecompatiblewithpreviousworks.

Thoughosmoticstressinducedadesiccationtoler-

anceinsomaticembryostosomeextent,thetolerance

wasnotcomparabletothatinducedbyABA.Ronaldet
αJ.(1990)reportedthatahighconcentrationofosmoti-

cum increasedtheendogenouslevelofABA sixtimes

comparedwiththatofthecontrolinmicrospore-derived

embryosofrapeseed.However,theincreaseofthelevel

by the osmoticum treatmenTt was lower than that
obtainedbytheexogenoussupplyofABA.Thesere-

sultsindicatethattheconcentrationofABA synthe-

sizedduetoosmoticstresswasnotsufficienttoinduce

acompletedesiccationtoleranceinthemicrospore-de-

rivedembryos.ItisalsorecognizedthatABA issup-

pliedfrom maternaltissuesinthedevelopingzygotic

embryo(Karssenetal.1983,Hendrixetal.1987,Le

Pase-Degivryetal.1989).Therefore,itcanbespecu-

latedthattheincompletedesiccationtoleranceofthe

microspore-derivedembryosmaybeduetothelackof

exogenoussupplyofABA from thematernaltissues.

AccumulationofenoughamountofABAforinducingdes-

iccationtolerancemaynotbeachievedbyasingleap-

plicationoftheosmotictreatment.

Recoveryofplantletsfromdesiccatedembryosunder

soilconditionsisrequiredforpracticaluseasartificial

seeds.Thepresentresultswhichdemonstratedthatthe

dryembryostreatedwithABAwereabletogerminate

andregenerateintoplantsinsoilareconsistentwith

previousstudiesonrapeseed(Takahataetal.1992).
Accumulationofstorageproteinsinthemicrospore-de-

rivedembryoswhichwaspromotedbyABAmayinduce

plantregeneration ability ofembryos in soil.This

assumptionmaybesupportedbytheresultsobtainedby

KawanaandOhkawa(1992)whoobservedthatnon-des-

iccatedembryosofrapeseedcouldacquireaplantre一

generationabilityinsoilwhentreatedwithABA and

exposedtoalow temperature,thoughtheirproteins

werenotanalyzed.

Resultsofproteinanalysisinthepresentstudycon-

firmedtheimportanceoftheroleofABAinpromoting

theaccumulationofmRNA anditsproductsofseed

storageproteins asreported in zygotic embryosof

rapeseed(CrouchandSussex1981)andsoybean(Bray

andBeachy1985)and somaticembryosofrapeseed

(Tayloretal.1990,Ronaldetal.1990).Inadditionto

theeffectonstorageproteins,itwasreportedthatthe

ABA treatmentresultedintheincreaseoffattyacid

accumulationinzygoticandsomaticembryosofsome

species(FinkelsteinandSomerville1989,Tayloretal.

1990,Kin andJanick1991).Thoughtheseseedreser-

voirsbecameappropriatemarkersforsomaticembryo

maturation,theywerenotconsideredtobecandidate
materialsinrelation tothedesiccationtoleranceof

embryos,because the embryos exposed to osmotic

Stressdidnotbecomesufficientlytoleranttodesicca-

tion,inspiteoftheincreaseofthecontentofseedstor-

ageproteins.Inaddition,weobservedthatmicrospore-

derivedembryosofrapeseedtreatedwithABA for1
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daybecametoleranttodesiccationinspiteoftheabs-

enceofaccumulationofseedstorageproteins(Takahata

etal.unpublisheddata).Ontheotherhand,theaccu-

mulationofLEA(lateembryogenesisabundant)mRNA's

andproteins,whichstartsatthebeginningofzygotic

embryodesiccationandispromotedbyABA,isconsi-
dered toberelated tothedesiccation toleranceof

embryos(Dureetal.1989,Haradaetal.1989).Studies

ofLEA geneexpressionarecurrentlybeingcarried
out.
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