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AnlmprovedProcedureforProtoplastCultureand
PlantRegenerationofSpinach（ShinacmoIeI1aceaL.）

TakakoGoto，MasanoriMivazakiandMasnkamOku

ProtoplastsofSpi"αｃｉａ０/ｅｒａｃｅａＬ、wereculturedinamodifiedhalf-strengthMS

mediumsupplementedwithKM8pvitamins，１．０ｍｇ･liter-IBA，1.0ｍｇ･liter~’２，４－，，

andglucoseormannitoLPlatingefficiencyinthemediumcontainingglｕｃｏｓｅａｓａｎ

ｏｓｍｏｔｉｃｕｍｗａｓｍｕｃｈｈｉｇｈｅｒｔｈａｎｔｈａｔｉｎｔｈｅｍｅｄｉｕｍｃｏｎｔａｉｎｉｎｇｍａｎｎｉｔｏＬＴｈｅ

ａｄｄｉｔｉｏｎｏｆＫＭ８ｐｏｒｇａｎｉｃａｃｉｄｓｔｏｔｈｅｇｌｕｃｏｓｅｍｅｄｉｕｍpromotedthedivisionof

protoplasｔｓｓｌｉｇｈｔｌｙ；ｔｈｅｓａｍｅａｄｄｉｔｉｏｎｔｏａｍｅｄｉｕｍｃｏｎｔａｉningmannitolappeared

inhibitorytothecelldivision，Severalshootswereformedfromcalｌｉｏｂｔａｉｎｅｄｏｎｔｈｅ

ＭＳｍｅｄｉｕｍｃｏｎｔａｉｎｉｎｇ1.0-10.0ｍｇ･'iter~ｌＩＡＡｏｒｌＢＡ、Adventitiousrootwas

developedmostvigorouslyontheMSmediumcontaining２％sucrose，０．５ｍｇ･liter-1

IBA，ａｎｄ0.8％ａｇａｒｗｈｅｎｐＨｗａｓａｄｊｕｓｔｅｄｔｏａ３・Someregeneratedplantlets

transferredtoagreenhouseDroducedmanyseeds．

Keywords：protoplast，culture，plantregeneration，ＳＤｊ"ａｃｉａ０/ｃｒａｃｃａＬⅢ

plantregenerationfbrmmesophyUproto-

plastsofspinach（GotoandMiyazaki，

1992)．However，efficiencyofshoot

regenerationwａｓｖｅｒｙｌｏｗａｎｄｏｎｌｙａ

ｆｅｗｐｌａｎｔｌｅｔｓｗereobtained・Fujitaet

al．（1994）reportedthatcallusformed

frommesophyllprotoplastsofspinach，

butplantletscouldnotberegenerated

fromtheprotoplasts・

Ｉｎｔｈｅｐｒｅｓｅｎｔｓｔｕｄｙ・wereporta

moreefHcientprocedurBfOrtheprctoPlasts

divisionandｐｌａｎｔｒｅｇｅｎｅｒａｔｉｏｎｆｒｏｍ

ｍｅｓｏｐｈｙｌｌprotoplastsofspmach．

lntroduction

Spinach,Ｓが"αcia0彫mceaL・jbelongs

toChenopodiaceaeandisaveryimportant

vegetable，ｂｅｃａｕｓｅｉｔｃｏｎｔａｉｎｓｍａｎｙ

ｖｉｔａｍｉｎｓａndminerals，suchascarotene，

vitaminC，calcium，ａｎｄｉｒｏｎ・However，

spinachdoesnotgenerallytoleratｅｈｉｇｈ

ｔｅｍｐｃｒａｔｕｒｅｓａｎｄａｃｉｄｓｏｉｌ，andmay

containalargeamountofoxalatewhich

interfGreswithCaabsorptionifexcessive

amountsareingested、Protoplastculture

hasbecomewidelyappliedtostudieson

cellbiologyandmolecularbiology，because

ofitsusefUlnessingenetictransfolnmation，

somatichybridization，andinductionof

somaclonalvariation・

WerecentlvreDortedtheHrstsuccessfUl

MaterialsandMethods

MesophyllprotoPl顕tsofSpbmcjtzo/2種ｃａ

Ｌ．Ｗ、Jiromaruwelcisolatedasdescribed

previously（GotoandMiyazaki，1992)．

Receivedl8octoberl995・Accepted8Januaryl996，

注）本論文はJoumaloftheJapaneseSocietyfOrHorticulturalScienceVoL65・No.２，ｐ、
349-354．SeptGmber，1996．掲赦論文を転赦したものである．



Gb2

Protoplasts（1×l0sprotoplasts･ｍｌ－１）

wereculturedm60x15mmplasticPetri

dishescontaining3mlofliquidmedium

andthedishesweI巳sealedwithParafilm

(AmericanNationalCan)．Theliquid

mediumcontainedahalf-strengthofMS

inorganicsalts（MurashigeandSkoog，

1962)，ｅｘｃｅｐｔＮＨｨＮｏ．（200ｍｇ･liter-l)，

KM8pvitamin（KaoandMichayluk，

1975)，１．０ｍｇ･liter-1BA，1.0ｍｇ･liter-’

2,4-Ｄａｎｄｖａｒｉｏｕｓｃｏｍｂｍａｔｉｏｎｓｏｆｇｌｕ－

ｃｏｓｅａｎｄｍａｎｎｉｔｏｌｗｉｔｈｏｒｗｉｔｈｏｕｔ

ＫＭ８porganicacids（２０ｍｇ･Iiter-lsodium

pyruvate，４０ｍｇ･liter-1citricacid，４０

ｍｇ･liter~ｌｍａｌｉｃａｃｉｄａｎｄ４０ｍｇ･Iiter-】

fumaricacid)．ＴｈｅｐＨｏｆｔｈｅｃｕｌｔｕｒｅ

ｍｅｄｉｕｍｗａｓａｄｊｕｓｔｅｄｔｏ５,８．Thecul-

turesweremaintainedat２５℃ｉｎｔｈｅ

ｄａｒｋｆｏｒａｗｅｅｋ，andthenplacedunder

al6-hrphotoperiod・Ｔｈｅlight（2,000

lx）wassuppliedbynuorescentlamps、

P1atingefficiency（PE）wasdefinedas

thepercentageofdevidingprotoplasts

afterlOdaysofcultureagainstoriginally

platedprotoplasts・

Afteramonthofculture，protoplast-

derivedmicro-coloniesweretransfCrred

ontocanusfblmationmedia，ThesemRdiFl

ｗｅｒｅｃｏｍｐｏｓｅｄｏｆａｈａｌｆｓｔｒｅｎｇｔｈＭＳ

ｉnorganicsalts，ＫＭ８ｐｖｉｔａｍｉｎｓ，０．１

ｍｇ･liter~ｌＢＡ，1.0ｍｇ･liter-lGA3，２％

sucrose，0.25％gellangum（WakoPure

ChemicallndustriesLtd.）andvarious

concentraionsofauxin（工ＡＡ，ＩＢＡ，ＮＡＡ

ｏｒ2,4-,)．Aboutonemonthlater，ｔｈｅ

ｃａｌｌｉｗｉｔｈａｄｉａｍｅｔｅｒｏｆａｂｏｕｔ２ｍｍ

ｗｅｒｅｔｒａｎsferredontoMSmediumcon-

taming２％sucrose，0.25％ｇｅｌｌａｎｇｕｍ

ｗｉｔｈｏｕｔｐｌａｎｔｇｒｏｗｔｈｒｅｇulatorsfor

shootregeneration、AllmediafOrcallus

formationandshootregenerationwere

adjustedtoｐＨ５．８．

Ｒｅｇｅｎｅｒａｔｅｄｓｈｏｏｔｓｗｅｒｅｄｅｔａｃｈｅd

fTomthecallusandtransfbrredfbrrooting

totesttubescontainingMSmediasup-

plementedwithvariousconcentrations

oflBAandsucrose，ａｎｄ0.25％ｇｅｌｌａｎ

ｇｕｍｏｒＯ､8％ａｇａｒ（WakoPureChemical

lndustriesLtdJ，ａｎｄａｄｊｕｓｔｅｄｔｏｔｈｒｅｅ

ｖａｌｕｅｓｏｆｐＨ・Ｔｈｅｓｅｔｅｓｔｔｕｂｅｓｗｅｒｅ

sealedwithmilliporefilmstoprevent

vitrificationandmaintamedat２５℃and

alO-hrphotoperiod

Regeneratedplantletsweretmnsferred

toindividualpotscontainingvermiculite

andcoveredwithasmallplasticba区ｔｏ

ＴａｂｌｅｌＥｆｆｅｃｔｏｆｓｕｇａｒｓ，ｓｕｇａｒａｌｃｏｈｏｌ，ａｎｄＫＭ８ｐｏｒｇａｎｉｃａｃｉｄｓ
（KM8pOA）ontheplatingefficiencyofspinachprotoDlasts．

Compositionofmedium Platingefficiency(％）

％
％
％
％
％

２
２
１
２
２

sucrosc＋0.5Mmannitol

glucoso＋0.5Mmannitol

sucrose＋１％ｇ】ucose＋q5Mmannito］

sucrose＋０．５Mmannitol＋KM8pOA

glucose＋０．５Mmannitol＋KM8pOA

q5Mglucose

sucrose＋0.5Mglucose

O5Mglucose＋KM8pOA

sucrose＋０．５Mglucose＋ＫＭ８ｐＯＡ

ｑ
』
民
）
『
人

目
〕
〔
■
ｑ
〕
『
１

（
Ｕ
ｎ
Ｕ
へ
Ｕ

ｎ
Ｕ
（
Ｕ
八
Ｕ
〈
Ｕ

十
一
＋
一
十
一

十
一
十
一
十
一
十
一

３
［
Ｉ
Ｆ
Ｏ
へ
Ｕ
へ
Ｕ
Ｑ
】
Ｑ
〉
Ｑ
〕
戸
、

【
ｄ
Ｆ
Ｄ
ｎ
Ｏ

９
Ｒ
）
ｑ
）
８

％
％
２
２

Eachvaluerepresentsthemean±ＳＥａｆｔｅｒｌＯｄａｖｓｏｆｃｕｌｔｕｒｅ．
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ｍａｉｎｔａｉｎｈｉｇｈｈｕｍｉｄｉｔｙｆｏｒｌ－２ｗｅｅｋｓ、

Subsequently，ｔｈｅｐｌａｎ[sweregrownirl

aRreenhouse．

days（)「culture、PlatingeHiciencyo「ｌｈｅ

ｍｅ(Ｉｉｕｍｃｏｎｔａｉｎｉｎｇｇｌｕｃｏｓｅａｓａｒｌｏ５ｍCLi‐

cum/CarbonｓｏｕｒｃｅｗａｓｍｕｃｈｈｉｇｈｅＴ

ｔｈａｎｔｈａｌｏ［ｌｈｃｍｅｄｉｕｍｃｏｎｔａｉｌ】ing

mannitol（Table］)．Thehighestplating

e｢｢iciency（9.9％）wasobtained「r()ｍＬｈｃ

Results

Protoplastsbc底ａｎ［ｏｄｉｖｉｄｅａｆｔｅｒ４－５

Ｒ９．１．ＰｈｏＫｏｍｉｃｒｏｇｒａｐｈｓ（)「ｐｒｏｔｏｐｌａｓｔｓｄｉｖｉｄｍＨｏｎｍｃｄｉａｃｏｎｕａｌｎｉｎｇｍａｎｎｉｌｏｌａｎｄｓｕＲａＩ･ｓ

ｉｎｖａＴｉｏｕｓｃｏｍｂｉｎａｔｉｏｎｗｉＩｈＫＭ８ｐorganic【lcid爵．

Ａ：0.5ＭｍnJ)､ｉｔ()｛ａｎｄ２％sucrose．Ｂ：0.5Ｍｍ【ｍｎｉｌｏｌａｎｄ２％gluc(〕ｓｏ．Ｃ：0.5M

Rlucose．Ｄ：0.5Ｍｇｌｕｃｏｓｃａｎｄ２％sucrosc．Ｂ【M＝100/２，．ArrowsindicaIocol()l1ics．
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mediumcontainingO､５ＭｇｌｕｃｏｓＧ・

ＩｎｔｈｅｍｅｄｉｕｍｃｏｎｔａｉｎｉngbothKM8p

organicacidand0.5Ｍmanni1oLmost

oftheprotoplastsweredamagedandno

cclldivisionwasobserve。（Table１，Ｆｉｇ．

1ＡａｎｄＢ)．Onthecontrary，ｍａｎｙpro・

toplastsdividedinthemediumconmining

０．５ＭｇｌｕｃｏｓＧｗｉｔｈｏｒｗｉｔｈｏｕｔＫＭ８ｐ

ｏｒｇａｎicacids，ａｎｄｆＯｒｍｅｄａ］argenumber

ofmicro-colonics（Fig.１ＣａｎｄＤ)．Pro-

toplastdivisionproceededmorerapidly

inthemediumcontainingKM8porganic

acid3

Protoplast-dcrivcdmicro-coloniesdeve-

loｐｅｄｍｏｒｅｖｉｇｏｒｏｕｓｌｙｏｎｔｈｅｃａｌｌｕｓ

ｆｏｒｍａｔｉｏｎｍｅｄｉａｃｏｎｔａｉｎｉｎｇ１．０－１０．０

ｍｇ･litcr￣ＩＩＡＡｏｒ1.0-5.0ｍｇ･liler-1

IBAonemonthaflertransfer（TabIe2)．

Ｃａｌｌｕｓｔｕｒｎｅｄｂｒｏｗｎｏｎｔｈｃｍｃｄｉｕｍ

ｃｏｎｔａｉｎｉｎｇｌＯＯｍｇ･liter-1IAAor5､０

ｍｇ･liter￣ＩＩＢＡ，Ｃｏｍｐａｃｔａｎｄｇｒｅｅｎ

ｃａｌｌｉｗｅｒｅｌｏｒｍｅｄｏｎｔｈｅｍｅｄｉｕｍｗｉｔｈ

5.0ｍｇ･litcr￣ｌＩＡＡｏｒ１．０ｍｇ･liter-l

IBA，Aboutonemonthaftertransferto

shootregenerationmedium，ｇｒｃｃｎｓｈｏｏｔ

ｐｒｉｍｏｒｄｉａａｐｐｅａｒｅｄａｎｄｓｏｍｅｏｆｔｈｅ

ｃａｌｌｉｆｏｒｍｅｄｅｍｂｒｙｏｓ・Ｓｅｖｅｒａｌｓｈｏｏｔｓ

ｗｃｒｅｒｃｇｅｎｅｒａｔｅｄｆromcallidevelopcd

onthecalluslOrmationmediacontaining

1.0-10.0ｍｇ･liter￣ｌＩＡＡｏｒｌＢＡ，Ｃa1li

deriｖｅｄｆｒｏｍｔｈｅｍｅｄｉａｃｏｎｔａｉｎｉｎｇＮＡＡ

ｏｒ２，４－ＤｄｉｄｎｏｔｒｅｇｅｎｅｒａＵｅｓｈｏｏｔｓ，

ｗｈｅｒｅａｓｔｈａｔｃｏｎｔａｉｎｉｎｇ５,０ｍｇ･]iter-1

a4-Ddi(L

Adventiljousrootswereformedfrｏｍ

ｔｈｅｓｈｏｏｔｓｅｘｃｉｓｅｄｆｒｏｍｔｈｅｃａｎｉａｂｏｕｔ

ｏｎｃｍｏｎｔｈａｆｔｅｒｔｒａｎｓｆｅｒｔｏａｒｏｏｔｉｎｇ

ｍｅｄｉｕｍ，Ａｍｏｎｇｔｈｅｔｈｒｅｅｍｅｄｉａｗｉｔｈ

ｄｉｆｆｅｒｃｎｔｐｌＩ，ａｄｖｅｎｔｉｔｉｏusrootswere

developedmostvigorouslyonthemedium

adjustedtopHa3（T臼ｂｌｅ３)．Adventitious

rootformationanddcvelopmentwere

Table２．EIIecto【ａｕｘｉｎｏｎｃａｌｌｕｓｆｏｒｍａｌｉｏｎ

ｍｅｄｉｕｍｏｎｓｈｏｏｔｒｃｇｃｎｃｒａＬｉｏｎ
ａｎｅｒａｍＤｎＩｌ１ｃ']lllllPQ
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ｚＳｈｏｏｔｓｗｅｒ巳mducedfromcaIlusbyculturingon

thecaUusforma1ionmedlum（l/２MSmedium

containodKM8pvitamlns，0.1ｍｇ･Iiter-lGA3）

ｆｏｒａｂｏｕｔｏｎｅｍｏｎｔｈａｎｄｔｒａｎｓｆｅｒｒｅｄtoshool

forITMltio【ｌｌｎｃｄｉｕｍ（ＭＳｍｅｄ】umwithoutplanl
FrowthlrBgulators)．

yl5shootswelretransplantcdi、ｅａｃｈこxnClIJlucULG．

hinderedinthcmcdiumadjustedtopＨ

6.8．

ｏｎｔｈｅｍｅｄｉｕｍｃｏｎｔａｉｎｉｎ宮ａＲａｒａｓａ
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gellingagent，numerous，largeadvemi-

riousrootsgrewvｉｇｏｒｏｕｓｌｙ，ｍｏｒｅｓｏ

ｔｈａｎｄｉｄｔｈｅｒｏｏｔｓｏｎｔｈｅｍｅｄｉｕｍｃｏn．

ｔａｉｎｉｎｇｇｅｌｌａｎｇｕｍ,Ａｄｖｅｎｔｉｔｉｏｕｓｒｏｏｔ
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ｄｉｄｎｏｔｐｒｏｄｕｃｅａｄｖｅｎｔｉｔｉｏｕｓｒｏｏｔｓｂｕｔ
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