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論 文 内 容 要 旨

Chapterl

Introduction:Genetransfertechnology,itsapplicationon

plantbreedingwithspecialemphasisonindicariceand

Moricandiaarvensis

Genetictransformationisnowconsideredtobeapromising

techniqueforplantbreedingandhasbeenappliedtoseveralcrops.

However,itsapplicabilityisstilllimitedtosomecropspecies.

Technicalinnovationisrequiredforthistechniquewhichwouldbe

applicabletomanyothermaincropsandseveralexperimental

plants.

Inthepresentstudy,effortsweredirectedtodevelopa

reliablegenetictransformationtechniqueofindicarice,because

therehasbeennoreproduciblereportsforsuccessful

transformationinthiscrop,whileitwassuccessfulinjaponica

rice.Inordertoachieveit,somebasicresearchesonthetissue

cultureandprotoplastcul*.urehavealsobeenextended.

Furthermore,atransformationexperimentwascarriedoutin

Moricandiaarvensis,whichisattractiveforthestudyof

photosynthesisandgeneregulation,becauseithasbeenidentified

asC3-C4intermediatewithrespecttophotosyntheticcharacters.

Inthisconnection,atissueculturestudywasalsocarriedoutto

obtainsomebasicinformationsforgenetransferinthisspecies.

Inthischapter,pastinvestigationsontheseproblemswere

reviewed.

Abbreviations:
2,4-D=2,4-dicholorophenoxyaceticacid;NAA=a-naphthaleneaceticacid
BAP=Benzylaminopurine;N6medium:(Chuetal.1975);MSmedium:(Murashige
andSkoog1962);AAmedium:(ToriyamaandHinata1985)
GUS=i3-glucuronidase;HygR=hygromycin-resistance
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Chapter2

Animprovedmethodofshootregenerationfromcalliin

indicarice

Threeindicacultivars,Basmati370,Basmati385and

Basmati6129wereusedthroughthepresentexperiment,because

thesecultivarsarehighlyevaluatedinPakistan.A2,4-D

concentrationat2mg/IinN6mediumwasfoundtobesuitablefor

callusinductionintheformertwocultivars;while3mg/1wasin

Basmati6129.一WhenthesecalliwereculturedonMSmedium

supplementedwith3%sucrose,3%sorbitol,2g/Icasaminoacids,

5mg/1BAP,1mg/INAAand4g/Igelrite,thehighestshoot

regenerationfrequencywasattainedtobe40-56%.Regeneration

frequencywasincreased2-7foldsbytheadditionofsorbitoland

gelrite(Table1).

Chapter3

Establishmentofembryogeniccellsuspensionsandplant

regenerationfromprotoplastsofindicarice

Cellsuspensioncultureswereinitiatedfromscutella-calli

oftworicecultivars,Basmati370andBasmati385.Rapidly

growing,embryogenicsuspensioncultureswereestablished.Useof

AAmedium,replacementofhalfsuspensionmediumevery4-6days

(Table2),一andselectionofsmall,sphericalandyellowishcells

wereessentialtoobtainthesuspensioncultures.

Highyieldofprotoplasts(1.2x107/ml)wasobtainedfrom

6-day-olddividingcellsbyusingenzymesolutionconsistingof

CelMaseOnozukaRSジMacerozymeR-10,mah面tOl.andCaCl2・H20・
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NursecultureofrapidlygrowingcellsuspensionofNipponbarewas

essentialforsustainingprotoplastdovisionandcolonyformation

inN6medium(Table3).

Thehighestshootregeneration(30.890)wasattainedundera

combinationoflmg/INAAand5mg/IBAPonMSmediumwith39%

sucrose,3%sorbitol,2g/Icasaminoacidsand4g/Igelrite.Some

regeneratedplantsweredwarfwithlowfertility.

Chapter4

TransgenicplantproductionmediatedbyAgrobacteriumin

indicarice

AsuccessfulAgrobacteriurrrmediatedtransformaionin

/aρoη'caricehasbeenreportedelsewhereduringthetissueculture

experimentintheformerchaptersandthismethodwasconsidered

tobebetterthantheprotoplast-electroporationmethod,ifitcould

beappliedtoindicarice."hepresentstudywas,therefore,

conductedtoknowtheapplicabilityofAgrobacteriurrrmediated

transformaiontotheBasmaticultivars,whosecharacteristicsin

tissueculturewerealreadystudied.

Three-week-oldscutellacalliwereservedasthestarting

material(Fig.2a).ThesewereinfectedwithanAgroわac亡e椥m

tumefaciensstrainEHA101carryingaplasmidplG121Hmthat

containsgenesforhygromycinresistanceand.GUSintheT-DNA

region,aswellasforkanamycinresistance(Fig.1a).

ExperimentalresultsbyusingtransientGUSassayproved

thatinclusionofacetosyringone(50NM)intheAgrobacterium

suspensionandco-culturemediawasindispensableforsuccessful

transformation.Hygromycinattherateof50mg/Iwasaselection
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agentforselectingtransformedcells.

Referringtotheseconditions,Iobtained26plantsinBasmati

370and4inBasmati385,whichwerehygromycinresistantand

GUSpositive(Fig.2bandc).Thetransformationefficiencyof

Basmati370was22%,whichwasashighasthosereportedin

japonicariceanddicots(Table4).Plantsfromllindependent

calliofBasmati370and2fromBasmati385wereevaluatedon

theircharacteristics(Fig.2dande).Theyexhibitednormal

phenotypeandhighseedfertility.BySouthernblotanalysisthe

GUSDNAwasdetectedasafragmentoftheexpectedlengthof3.5

kbinfour.plants(Fig.1aandlblanes2,3,5and6).Oneplant

showedbandsatdifferentpositionsfrom3.5kb(Fig.1blane4).

Somebandsofunexpectedsizeswerealsoobservedinallthe

transgenicplants.TheseunexpectedDNAfragmentswereprobably

producedbytherearrangementsofDNAupontransformation.

FivetransgenicplantsfromBasmati370andonefrom

Basmati385wereselected,andtheirselfedprogenywere

evaluatedforhygromycinresistanceandGUSexpression(Fig.2f

andg).TheRIprogenyofplants,N332andN381,displayed

segregationpatternof3:1,andN382showed15:1forboth

hygromycinresistanceandGUSexpression(significantatthe5%

level).TheRlprogenyofplantN320,N322andN381showed

unexpectedsegregationpattern.

Chapter5

Multipleshootregenerationfromsteminternodesand

leaf-derivedcalliinMoricandiaarvensis

Steminternodesbetweencotyledonandthefirstleafwere
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excisedfromasepticallygerminatedMoricandiaarvensis.Aculture

ontheMSmediumwithO.01mg/IBAPand10g/Igelriteresultedin

ahighfrequencyofadventitiousshootdevelopment;12

shoots/culture.

Next,abilitiesofleafdiscs一(thelstand2ndleaves)andthe

steminternodesweretestedtoformcalluswiththesubsequent

shootregeneration.Maximumshootregeneration,ashighas80%,

wasachievedforleafdisc-derivedcalli(Fig.3a)thatwasformed

onaCIM(callusinducingmedium)with2mg/INAAandlmg/IBAP,

andthatashighas83%forstem-derivedcalliontheCIMwith

lmg/iNAAandlmg/IBAP.Multipleshootregenerationwas

observedwhenthecalliweretransferredtotheregeneration

mediumcontaining2mg/IBAP(Table5).

Chapter6

TransgenicplantproductionmediatedbyAgrobacreriumin

Moricandiaarvensis

Leafdiscs,steminternodesandleaf-derivedca{liweretaken

asstartingmaterials.ThesewereinfectedwithAgrobacterium

加mef3deη5,astrainGV3101/pMP90carryingplG121Hm.1nview

oftransientGUSexpression,leafdiscsexhibitedahigher

rateandstrongerexpressionofgenesthanthe ,others(Fig.3b).Ina

comparisonofAgrobacteriumstrainsbetweenGV3101/pMP90

andEHA101,theformerwasbetterthan:thelatterontheGUS

activity.Furthermore,thetransientGUSexpressionwasobserved

onlywhenco-culturemediumwassupplementedwithtobacco

feedercells.

Thetestofselectiveagents,kanamycin-andhygromycin,
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revealedthatthecallusproliferationwas(～bservedonlywhen'

kanamycinwasused(Table6).Apre-selectionperiodofseven

daysafterco-cultivationwasessential(Table7)。Mu.ltipleshoot

formationwasobtainedthroughaprocessoforganogenesis(Fig.

3c).Plantsfromsevenindependenttransずormedcallisurvivedina

glasshouse.Theyexhibitedfloweringafter3-4months(Fig.3d).

Oneplantisnowsettingseeds.

lntheleaftissuesofthetrahsgenicplants,GUSexpression

wasobserved;the35Sbromoterbeingactiveinepidermis,

mes◎phyllandvascularbundlece閥s(Fig3e).NoGUSactivltywas

detectedintheuntransformedcontrol(Fig.3f).PCRanalysis

confirmedthepresenceofGUSDNAinsixtransgenicplants(Fig.

4).Southernblotanalysisshowedanexpectedbandof3.5kbin

transgenicplantsM21,M22andM406.Presenceofunexpectedbandヘ ノ
inM29maybeduetorearrangementsupontransform.ation.

Chapter7

Conclusion

Inthepresentstudy,Agrobacteriurmmediatedtransformation

wasdemonstratedinOryzasativassp.indicaandMoricandia

arvensis.Aneffortwasalsoundertakenforcellcultureinthese

plants.Itisexpectedthatthegenetictransformation

techniquecouldbeappliedtoefficientbreedingaswellas

molecularanalysisintheseplants.Thedevelopedgenetic

transformationtechniquecouldalsobehelpfulfortransferof

・・ef・lgene・ ・ 丁h・tlssuecul専 ・・er・ ・h・ique・.develgP・ φ 。
.thlr・tudy

mayalsobeusedaccordingtoagriculturalandexperimental

requirements.
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Table1.Effectofosmola巾yonsho◎tregenerati◎n

frequencyofricecallus.Shootregeneration

mediumwassupplementedwith3%sorbitol

and4g/Igelrite.Controlwaswithoutsorbitoiand

gelledwith8g/Iagar..Percentageofshootforming

calliwasscoredafter4-5weeksoftransfer.

Varieties

tested

Control

medium
Sorbitol&gelrite

containingmedium

Basmati370

Basmati385

Basmati6129

6.7

23.8

21.3

51.0

43.0

53.3

Table2.Growthresponseofcellsuspensionstovariousmedia;
N6,MS,R2andAAmediacontainedbasicsaltsand

vitaminsoftheirrespectivemediaandwere
supplementedwithlmg/12,4-D.N6-CHcontainedN6

plus500mg/Icasaminoacids,N6-AAhadN6plus
theaminoac.ｱdsofAAmedium,andN6-PrhadN6

plus50mg/Iproline.

Testedmedium

N6

N6-CH

N6-AA

N6-Pr

MS

R2

触

Basmati370

十十

十十

十十十

Basmati385

十十

十十

十十十

Basmati6129

十

十十

十

十十

一:cellsturnedbrown .,+:cellssurvivedwithslowgrowth.,++

cellsgrewrapidlyproducinglargecellclumpsand++十:cellsgrew

rapidlyproducingfinedispersedsuspension.
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Table3.Testoftwonursecultures(NipponbareorBasmati
385)andtwomedia(B50rN6)forthenumberof
colonyformationinapetriplateinwhichlx106

protoplastswerecultured.Datawasrecordedafter
6weeksofprotoplastisolation.

Nurseculture

with Media

B5 N6

Nipponbare

Basmati385

Withoutnurse

culture

69

5

0

124

8

0

Table4. EfficiencyoftransformationbyAgrobacterium

inindicarice

Rice Numberofcalliorplants

Cultivars Co-cult-
ivated
calli

(A)

ProducedShootProducedProducedTransform.

HygRform.HygR

callicalliplants

HygRandefficiency
GUS+pits.%

(B)(B/A)

Basmati370118

Basmati385 84

Basmati612953

102

41

22

40

5

0

37

4

0

26

4

0

22.0

4.8

0.0
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Tab畳e5.Callusformationandshootregenerationfrequencyfrom

leafdiscsandsteminternodesofMorたaηd'3arveηs'5

40-50culturesweretakenforeachtreatmmentand

culturedat25ｰC.

Hormoneconc. Leafdiscs

NAABAP

Steminternodes

o/

Callus

formation

96

Shoot

regeneration

%%

CallusShoot

formationregeneration

o.o

0.1

0.1

0.1

1.0

1.0

1.0

2.0

2.0

2.0

o.o

o.o

0.1

1.0

0.0

ai

1.0

o.o

0.1

1.0

o.o

71.4

76.9

91.7

87.5

68.8

100.0

84.7

85.4

100.0

o.o

o.o

12.5

28.4

41.5

51.4

63.5

32.1

59.2

80.0

o.o

27.0

47.3

50.2

82.5

79.2

89.9

76.2

81.2

79.3

o.o

33.1

62.5

68.9

50.3

80.2

83.4

60.0

62.5

67.4

CallusinducingmediumwasconsistedofMSmedium, .3%sucrose
and5g/Igelrite.ShootregenerationmediumconsistedofMS

medium,3%sucrose,2mg/IBAPand5g/Igelrite.
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Table6.Effectofselectionagentsontransformationefficiency

ofMoricandiaarvensisbyusingAgrobacterium

strainGV3101/pMP90

Selection

agent

(mg∠1)

KmHyg

Total
explants
tested

(A)

Selected

calli

Shoot

forming

calli

GUS

POSIt曜ve

plants

(B)

Transform.
efficiency
96

(B/A)

100

zoo

0

0

0

0

10

20

44

58

57

51

197

14

5

0

6

0

0

3

6

0

0

6.8

10.3

0.o

o.o

Km=Kanamycin,Hyg=Hygromycin

Table7.Effectofpre-selectionontransformationefficiency

ofMoricandiaarvensisbyusingAgrobacterium

strainGV3101/pMP90andkanamycinasaselection

agent.

Pre
selection

period
(days)

Total
explants
tested

(A)

Selected

calli

ShootGUS
formingpositive
calliplants

(B)

Transform.
efficiency
o/Q

(B/A)

0

5

7

io

50

52

56

60

O

4

17

26

0

0

9

14

0

0

7

4

0.0

o.o

8.0

6.7
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Fig.1.TransformationvectorandSouthernblotanalysis.(a)

Schematicdiagramofa.partoftheT-DNAregionoftransformation

vectorplG121Hm.355,35Spromoterofcauliflowermosaicvirus;

intron,thefirstintronofcatalasegeneofcasterbean;GUS,gene

forβ 一glucuronidase;HPT,geneforhygromycinphosphotransferase;

NOS,terminatorofnopalinesynthase.(b)Southernblotanalysis

offivetransgenicplantsofBasmati370(lanes2-6)andan

untransformedplant(lane1).DNAwasdigestedwithBamHIand

allowedtohybridizetoGUSprobe.Anarrowindicatestheexpected

bandof3.5kb.Molecularmarkersareindicatedontheleft,.
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Fig.2.Productionoftransgenicplantsinindicaricecv.Basmati
370andtestofRIprogenyforGUSexpressionandhygromycin
resistance.(a)Three-week-oldscutellumderivedcalliusedfor
co-cultivationwithAgrobacterium.(b)Hygromycin-resistant
coloniesofcellsproliferatedonhygromycin-containingmedium3
weeksafterselection.(c)Plantregeneration4weeksafter
transfer.(d)Seedsatmaturitystage.(e)Atransgenicplantat
floweringstage.(f)TestforGUSexpressionofrootsegmentsin
RIprogeny.BluestainingindicatesGUSexpression.Segregationof
GUSpositiveandnegativeplantswereobserved.(g)Hygromycin
resistanceinRIprogenyoftransgenicplants(right)and
untransformedplants(left).Seedlingswereplatedona
hygromycin-containingmedium.Transgenicplantsshowednormal

growth,whereasuntransformedplantsweredied7dayslater.
Bar=1cm
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Fig.3.Shootregenerationfromcallus,transgenicplant

productionandhistochemicalanalysisofGUSexpressionin
Moricandiaarvensis.(a)Multipleshootformationfromleafdisc-
derivedcallusofuntransformedcontrol.Bar=Smm.(b)Transient
GUSexpressioninleafdiscaftercocultivation.Bar=1mm.(c)
Kanamycin-resistantcalliproducingshootsafter4weeksof
selection.Bar=1cm.(d)Transgenicplantatfloweringstage.
Bar=1cm.(e)SectionforGUSexpressionfromleafoftransgenic

plants.Bar=50ｵm.(f)SectionforGUSexpressionfromleafof
untransformedcontrolplant.Bar=50ｵm.
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Fig.4.PCRanalysistodetectthepresenceofGUSgenein
transgenicMoricandiaarvensisplants(lane1-6),plasmid

plG121Hm(lane7)andanuntransformedplant(lane8).Anarrow
indicatesa430bpfragmentofGUSgene.
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論 文 審 査 の 要 旨

近年遺伝子導入による育種が展望されているが,遺 伝子導入の出来 る作物はまだ限 られてお

り,そ の技術開発が求められている。本研究は従来遺伝子導入が困難 とされていたイ ン ド型イ

ネ,お よびモリカンデア ・アルベンシスへの遺伝子導入方法を確立 したものである。

インド型イネの うち,パ キスタソで評価の高い,バ スマテイ370,バ スマテイ385,バ スマテイ

6129を 供試 して,こ れら植物の組織培養における再分化条件を検討 し,培 地にソルビ トールを加

え,さ らにゲルライ トを用いると高い再分化率が得 られることを明らかに した。

つぎに,再 分化率の高かった前2者 を材料として用い,そ れらからプロ トプラス トが得られる

こと,そ のプロトプラス トから再び植物を再分化させるときの条件を明らかにした。

これら培養技術を基礎 として,種 子胚盤から出来るカルスにアグロバクテリウムを利用 した遺

伝子導入方法を用いることによって,遺 伝子導入 したイネを作出することに成功 した。さらにそ

れら遺伝子導入個体の次世代を育成 して導入遺伝子が明らかに遺伝することも示 した。これらの

研究は,ア グロバクテリウム法を用いてインド型イネに効率よく遺伝子導入できることを示した

世界最初の例である。

さらに,本 研究者はC3とC4光 合成の中間型であるモ リカンデア ・アルベンシスが光合成機

能を研究するには良い材料であることに着目し,本 種の培養条件および遺伝子導入方法も検討 し

た。

まず,本 種の茎切片か ら直接不定芽が形成 される条件,お よび茎切片 と葉切片 カルスを経 て

シュー トを得る条件を明らかにした。さらに,本 植物において,葉 の組織に対 してアグロバクテ

リウム法を用いて遺伝子導入ができること,導 入遺伝子が葉内で発現す ること,導 入遺伝子が次

世代に遺伝することなど世界で初めてその実例を示 した。

以上,本 研究は従来困難とされてきた,イ ン ド型イネおよびモ リカンデア ・アルベンシスへの

遺伝子導入技術を世界で初めて開拓 し,遺 伝子導入育種の技術開発に大きく貢献 したものである。

よって,審 査員一同は本研究者に博士(農 学)を 授与できるものと判断 した。
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