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General　lntroduction
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　　　　AlthoU9h　most　plant　development　occurs　after　embryo9enesis,　the

basic　body　plan　in　the　vascular　plant　is　9enerated　durin9　embryo9enesis

(Meinke,1995;　JOr9ens　et　al･,　1994),Like　all　sexually　reproducin9　or9anisms,

thevascular　plant　be9ins　its　existence　as　a　sin9le　ceH,　the　fertilized　e9g　or

zy9ote,　This　cell　proliferates　to　be　an　embryo　with　some　or9ans　and　tissues.

Early　in　the　embryo9enesis,　axes　paUems　which　contribute　the　basic

or9anization　of　a　plant　body　are　formed:　namely　the　apical-basal　pattem　and

the　radial　pattem.　Based　on　the　re9ional　information　of　these　axes,　the　shoot

apical　meristem(SAM)and　the　root　apical　meristem　are　developed　dUrin9

embryo9enesis(JOr9ens,1995).

　　　　After　seed　9ermination,　the　shoot　and　root　apical　meristems　retain　some

properties　of　embryonic　cells　and　continue　to　produce　the　post　embryonic

shoot　and　root　systems　of　the　adult　plant.　The　entire　9round　portion　of　a　plant

body　is　constructed　by　pilin9　up　a　shoot　unit　called　phytomere　which　consists

of　an　axillary　bud,　a　leaf,　and　a　stem,　SAM　continuously　produces　these　units

keepin9　itself　as　collectionof　indeterminate　stem　cell　(Steeves　and　Sussex,

1989).

　　　　After　the　phase　chan9e　of　the　SAM　has　occurred,　most　flowerin9　plants

transform　the　ve9etative　shoot　apical　meristem　into　the　inflorescence　meristem

from　which　determinate　reproductive　or　floral　meristems　are　arisen.　Floral

meristems　produce　floral　or9ans　which　become　sepals,　petals,　stamens,　and

carpels.　Thus,　plants　continuously　perform　or9ano9enesis　throU9hout　the　life

cycle　even　after　embryo9enesis.　0r9ano9enesis　after　embryo9enesis　is　a

distinct　feature　of　plant　development,　comparin9　tothe　development　of　higher

animals(Walbot,　1985).ln　the　animal　embryo,　all　the　or9ans　and　tissues　are

formed　at　least　in　rudimentary　forms　durin9　embryo9enesis.　Just　enlar9ement

of　the　body　and/or　its　maintenance　in　a　functionally　efficient　state　only　occur　in

postembryonic　development　of　animal　bodies.
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　　　　The　process　of　axis　establishment　durin9　embryo9enesis　has　been　the

focus　of　the　developmental　biolo9y,　re9ardless　of　plant　or　animal　materials

(JOr9ens,　1995;　Lawrence　and　Morata,　1994).Recent　advances　in　studies　on

animal　embryo9enesis　have　established　the　9enetic　pro9rams　by　which

9enes　control　pattemin9　(Gehrin9　et　al･,　1994;　Lawrence　and　Morata,　1994),

Some　important　concepts　on　the　molecular　mechanisms　9ovemin9　the

developmental　processes　have　been　derived　from　the　studies　on　the

∂rosoφ//a　embryo9enesis　(Lawrence　and　Struhl,　1996).The　studies　on

developmental　processes　of　many　other　eukaryoticor9anisms　often　depend

on　such　concepts.　(1)There　is　a　set　of　9enes　controllin9　the　pro9ram　of　the

developmental　processes.　(2)Throu9h　this　pro9ram,　re9ional　information.over

a　wide　ran9e　is　transmitted　to　localized,　re9ion　specific　information.　(3)This

process　is　mediated　by　the　cascade　of　transcriptional　re9ulations　and/o｢

si9nal　transductions.　(4)Before　anyvisible　differentiation　ofor9ans,　a　set　of

transcriptional　re9ulators　which　control　the　expression　of　9enes　involved　in

the　or9ano9enesis　are　expressed　as　if　they　mark　the　re9ions　of　the　future

or9ano9enesis.(5)Families　of　related　9enes　often　specify　related

developmental　processes.

　　　　Recent　advances　in　the　molecular　9enetic　studies　on　the　determination

of　a　floral　or9an　identity　or　the　maintenance　of　indeterminacy　of　the　SAM

indicate　the　existence　of　molecular　mechanisms　in　plant　development　similar

to　that　9ovemin9　the　developmental　process　in　animals　(Bowman　et　al･,　1991;

Clark　et　al,,　1996).From　a　number　of　homeotic　mutations　affectin9　floral　or9an

identities,Bowman　et　al･,　(1991)established　a　9enetic　model　for　the

determinationof　floral　or9an　identities.　lt　has　been　revealed　that　most　of　the

floral　homeotic　9enes　are　encoded　by　a　family　of　MADS　box　9enes　(Coen　and

Meyerowitz,1991),Also　in　the　analysis　of　the　indeterminacy　in　the　SAM,　it　has

been　sU99ested　that　9enes　desi9nated　CM/7　and　S7M　function　in　the

competitive　manner　for　the　maintenance　of　the　indeterminate　cells　inthe　SAM
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(Clark　et　al･,　1996).lt　has　been　revealed　that　Cf　y7　encodes　a　receptor　kinase

and　this　su99ests　the　involvement　of　a　si9nal　transduction　pathway　via　extra

cellular　li9ands　to　the　SAM　activity　(Clark　et　al　･　,　1997).Also　it　has　been

revealed　that　ST/W　encodes　a　K/＼/07‾rE∂'type　homeobox　9ene　and　it　may

function　in　the　meristem　maintenance　(Lon9　et　al･,　1996).Thou9h　they　are　stiH

fra9mental　evidences,　these　two　examples　of　molecular　mechanisms

9ovemin9　plant　development　su99est　that　it　is　possible　to　apply　the　concepts

of　the　molecular　mechanisms　9ovemin9　the　animal　pattemin9　to　that　of　plant

development.

　　　　Homeotic　mutationsof　th　e　fruit　fly,　∂rosoμ7//∂mθ/∂ηogaslθG　in　which

entire　body　parts　(albeit　non　functional)develop　in　inappropriate　locations,

such　as　the　replacements　of　halters　with　win9s,　antennae　with　le9s,　or　mouth

parts　with　le9s,　have　beenvery　useful　in　addressin9　the　molecular　9enetic　´

mechanisms　underlyin9　the　body　plan　of　∂rosopM/∂(forreview,　see　Hayashi

and　Scott,　1990),Homeotic　9enes　are　therefore　thoU9ht　to　play　a　crucial　role

in　positional　specification,　Molecular　clonin9　of　Drosoμ7//a　homeotic　9enes

hasrevealed　that　they　share　a　conserved　180　bp　DNA　sequence　element

called　the　homeobox　(MCGinnis　et　al･,1984;　Scott　and　Weiner,　1984),The

homeobox　encodes　a　conserved　60　amino　acid　sequence　referred　to　as　the

homeodomain　which　interacts　with　specific　DNA　sequences.　Throu9h　the

DNA　bindin9　propertyof　the　homeodomain,　the　products　of　homeobox　9enes

are　believed　to　re9ulate　the　expression　of　batteries　of　tar9et　9enes　as

transcriptional　factors　(Affolter　et　al･,　1990;　Andrew　et　al,,　1992).The

evolutionary　conservation　of　the　homeobox　sequence　has　enabled　the

identification　in　many　or9anisms　of　homeobox　9enes　and　9ene　families　that

are　potentially　important　re9ulators　of　development　(Scott　et　al･,　1989).

Recently,　it　has　been　revealed　that　homeobox　9ene　families　also　exist　in

hi9her　plants,
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　　　　ln　hi9her　plants,　the　first　homeobox9ene　was　cloned　by　transposon

ta99in9　from　the　maize　Kn�ed7(h7)mutant　as　KM)T7‾E£)7(K/＼/7)9ene

(vollbrecht　et　al･,　1991)jn　the　Kr?7　mutant,　abnormal　arran9ements　oHateral

veins,　sporadical　out9rowths　called　knots,　and　li9Ule　displacement　are

observed　in　leaf　blades　｡　lt　has　been　revealed　that　Kr77　is　a　dominant　mutation

caused　by　ectopic　expression　of　K/X/　7　in　leaves,　and　that　its　ectopic　expression

results　in　the　disor9anization　of　the　developmental　pro9ram　oHeaf　blades

(Smith　and　Hake,　1994)･

　　　　Many　homeobox　9enes　have　been　cloned　from　various　plant　species　in

an　effort　to　address　the　biolo9ical　functions　of　homeobox9enes　in　plant

development.　Based　on　amino　acid　sequence　similarities　within　the

homeodomain　or　conserved　protein　motifs　outside　of　the　homeodomain,　plant

homeobox　9enes　have　been　classified　into　five　9roups　(KersteUer　et　al　･　,　1　994;

Lu　et　al･,　1996).These　include　the　KNOTTED-type　homeodomain　proteins,

homeodomain　zipper　proteins　(HD-ZIP),plant　homeodomain　fin9er　proteins

(PHD-fin9er),the　GLABRA2　homeodomain　protein,　and　the　BELLI

homeodomain　protein.　ln　animals,　families　of　related　homeobox　9enes　often

specify　related　developmental　processes　(Gehrin9　et　al･,　1994).Based　on　the

observations　that　KNOTTED-type　homeodomain　proteins　are　expressed

around　the　SAM　and　overexpression　of　these　9enes　affects　the

developmental　pro9ram　of　the　leaf　blades,　it　has　been　su99ested　that　9enes

of　this　class　are　involved　in　maintenance　of　the　SAM　and/Or　the　development

oHateraS　or9ans　from　it　(Smith　et　aS･,　1992).

　　　　lam　interested　in　elucidatin9　the　role　of　KNOTTED-type　homeobox

9enes　in　plant　development,　especially　in　monocotyledonous　plants.　Toward

this　9oau　have　isolated　a　family　of　KNOTTED-type　homeobox　9enes　from

rice.　RecentSy　rice　has　become　a　model　system　in　monocotyledonous　plants

for　plant　biolo9ists,　mainly　because　of　the　accumulated　mutants,　the　feasibility

of　efficient　transformation,the　creationof　a　hi9hly　saturated　molecular　9enetic
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map,　and　the　lar9e'scale　analysis　of　expressed　sequence　ta9s　(lzawa　and

Shimamot0,1996).So　the　isolation　and　characterization　of　KNOTTED-type

9enes　from　rice　will　permit　further　molecular　and　9enetic　analyses　of　this　class

of　homeobox　9enes.

　　　　ln　this　thesis,　l　have　analyzed　the　functions　of　two　KNOTTED`type　rice

homeobox　9enes,　0Sμ7　and　OSμ75　with　several　approaches.

　　　　As　l　mentioned,　ectopic　expressionofKNOTTED-type　homeobox9enes

includin9　0Sμ7　in　trans9enic　plants　resulted　in　the　abnormal　leaf

morpholo9ies,　This　phenomenon　has　been　explained　that　the　developmental

pro9ram　of　leaves　are　disor9anized　by　ectopic　expressionof　the　homeobox

9enes.　The　relation　between　misexpression　of　homeobox　9enes　and　the

cellUlar　basis　of　these　abnormal　leaf　morpholo9ies　were　unknown,　because

the　trans9enes　were　expressed　ubiquitously　by　the　Cauliflower　Mosaic　virus

35S　promoter　in　the　previous　studies.　ln　chapter　2,　1　tried　toanalyze　when　and

where　OS/-/7　acts　for　inductionof　the　abnormal　leaf　morpholo9ies　in

trans9enic　tobacco　plants.　ln　chapter　3,　in　order　to　analyze　the　function　of

OSμ7　in　wild-type　rice,　l　determined　the　expression　pattem　of　OSμ7　durin9

embryo9enesis　by　/r7　s/ωhybridization　analysis.　ln　chapter　4,　from　the　ectopic

expression　experiments　in　trans9enic　tobacco　plants　and　the　analysis　of

expression　paUem　throu9h　almost　all　the　rice　life　cycle,　l　discussed　the

pleiotropic　fu　nction　of　OS/“/75　durin9　rice　development.　ln　order　to　determine

the　bor?∂&yθfunction　of　a　9ene　of　interest,　it　is　a　crucial　step　to　identify　loss-of-

function　mutations.　lhave　identified　the　loss-of-function　mutations　in　OSμ75.

1n　chapter　5,　1　analyzed　the　phenotype　of　these　mutants　and　discussed　the

function　of　OS/j75　dUrin9　rice　development.
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lntroduction

　　　　The　molecular　mechanisms　which　underlie　the　body　plan　of　livin9

or9anisms　havelon9　been　a　fundam6ntal　question　of　biolo9y,Homeotic

mutants　of　the　fruit　fly,　∂rosopM/∂me/∂nogasler,in　which　whole　(albeit

nonfunctional)body　parts　develop　in　inappropriate　locations,in　effect

replacin9　halters　with　win9s,　antennae　with　le9s,　or　mouth　parts　with　le9s

have　been　very　useful　in　addressin9　this　question　(for　review,　see　Hayashi

and　Scott,　1990),Homeotic　9enes　are　therefore　thou9ht　to　play　a　crucial　role

in　positional　specification.　Molecular　clonin9　of　∂msoμ7//∂homeotic　9enes

has　revealed　that　they　share　a　conserved　180　bp　DNA　sequence　element

called　the　homeobox　(MCGinnis　et　al,,　1984;　Scott　and　Weiner,　1984).The

homeoboxencodes　a　conserved　60　aminoacid　sequence　referred　to　as　the

homeodomain　which　interacts　with　specific　DNA　sequences,Throu9h　the

DNA　bindin9　property　of　the　homeodomain,　the　products　of　homeobox　9enes

are　believed　to　re9ulate　the　expression　of　batteries　of　tar9et　9enes　as

transcriptional　factors　(Affolte　r　et　al　･　,　1　990;　Andrew　et　al･　,　1992),

　　　　The　evolutionary　conservation　of　the　homeobox　sequence　has　enabled

the　identification　in　many　or9anisms　of　homeobox　9enes　and　gene　families

that　are　potentially　important　re9ulators　of　development　(Scott　et　al･,　1989).

0ne　useful　means　of　investi9atin9　the　function　of　homeobox　9enes　has　been

the　analysis　of　dominant　9ain-of-function　homeotic　mutations　resultin9　from

over`expression　of　the　cloned　9enes　in　vivo.　For　example,　the　function　of　the

mouseμox　9ene,　μox7j,which　contains　a　∂rosoμ7//a∂η1θΓ7ηapθd/∂type

homeobox　sequence,　was　investi9ated　by　expressin9　a　Mox7,　7　construct

under　the　control　of　an　ubiquitously　expressed　promoter　(Kessel　et　al,,　1990).

AlthoU9h　the　embryos　were　not　viable,　a　numberof　transformations　of　cervical

vertebrae　intomore　posterior　body　se9ments　were　observed･Je9alian　and

DeRobertis(1992)also　9enerated　a　trans9enic　mouse　ectopically　expressin9
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the　human　μox3,3　9ene,　and　found　homeotic　transformations　of　the　skeleton,

These　results　demonstrate　that　over-expression　of　the　cloned　9enes　in

transformants　is　one　of　the　useful　means　for　investi9atin9　the　function　of

homeobox9enes.

　　　　Recently,　homeobox　9enes　have　been　cloned　from　several　species　of

hi9her　plants,　maize　(vollbrecht　et　al.　1991;　Bellmann　and　Werr,　1992),

4a£�9sS(Ruberti　et　al　J　991　;　Mattsson　et　al　･　,　1992;　Schena　and　Davis,

1992;　Carabelli　et　al.,1993;　Schindler,　et　al.,1993),and　rice　(Matsuoka　et　al.,

1993),By　analo9y　with　the　functional　roles　of　animal　homeobox9enes,　plant

homeobox9enes　are　thou9ht　to　encode　transcriptional　re9Ulators　that　play

important　roles　in　developmental　processes　(Schena　and　Davis,　1992).　As　in

the　case　of　animal　homeobox　9enes,　experiments　usin9　trans9enic　or9anisms

are　a　powerful　means　of　understandin9　the　function　of　the　cloned　homeobox

9enes　in　plants,Schena　et　al,　(1993)succeeded　in　9eneratin9　trans9enic

4a&dops/s　which　alter　the　expression　of　a　homeobox　9ene,　&47'4,　and

observed　morpholo9ical　alterations　in　those　trans9enic　plants.　Based　on

these　observations,　they　predicted　that　/゛/4　7j　functions　as　a　master　re9ulator

of　developmental　rate,Sinha　et　al　(1993)have　also　produced　trans9enic

tobacco　plants　transformed　with　a　maize　homeobox　9ene,　K/＼/7,　and　observed

altered　phenotypes　in　transformants　such　as　abnormally　shaped　leaves,loss

of　apical　dominance,and　severe　dwarfism.　Based　on　these　observations　they

proposed　that　the　K/＼/7　homeobox9ene　plays　a　role　in　determinin9　cell　fate.

　　　　We　reported　that　overexpressionof　a　rice　homeobox　9ene,　0Sμ7,

causes　altered　morpholo9y　includin9　abnormally　shaped　leaves　and　flowers

of　trans9enic　/49b/(yops/s　and　tobacco,　and　sug9ested　that　OSM7　acts　as　a

re9ulator　of　leaf　morpholo9ical　development(Kano-Murakami　et　al･,　1993;

Matsuoka　et　al･,　1993),ln　these　experiments,　the　introduced　homeobox

9enes　were　driven　by　the　caUliflowermosaicvirus　35S　promoter　(35S

promoter)in　the　trans9enic　plants,The　35S　promoter　constitutively　drives　the
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trans9ene　expression　in　almost　aH　or9ans　of　the　transformants,　and　this　made

it　difficult　to　decide　which　components　of　trans9ene　expression　were

necessary　or　sufficient　fordevelopment　of　aberrant　morpholo9ical　features.

We　have　recently　found　that　an　OSF/7　trans9ene　controlled　by　the　promoter　of

a　tobacco　patho9enesis-related　protein　l　a　(PR7a)morpholo9ically　alters

trans9enic　tobacco　plants,　even　thou9h　trans9ene　expression　is　undetectable

in　fully-developed　leaves　(Kano-Murakami　et　al･,　1993).

　　　　Northem　analysis　usin9　the　PR　7∂cDNA　indicates　this　9ene　is　not

expressed　in　healthy　tobaccotissue(Matsuoka　et　al･,　1988),however,　PR7∂is

specifically　induced　in　response　to　patho9enic　infection　as　weH　as　some

chemical　inducers　(Ohashi　and　Matsuoka,　1985),lchose　the　PR7a　promoter

for　OSF/7　trans9ene　expression　expectin9　to　be　able　to　induce　OSM7

expression　usin9　chemical　inducers.　Contrary　to　my　expectations,　the　PR7∂'

OSμ7　constructs　result　in　abnormal　phenotypes　without　chemical　treatment,

and　interestin9ly　OSμ7　expression　is　undetectable　in　the　leaves　of

transformants　that　have　aberrant　morpholo9y.　0S/'‘/7　expression　was

observed　in　the　shoot　apices　of　these　plants,　however,　indicatin9　that　ectopic

expression　of　OS/-/7　in　the　shoot　apex　is　sufficient　to　alter　the　morpholo9y　of

developing　leaves,Theonly　abnormal　phenomenon　l　observed　in　shoot

apical　meristem　tissue　expressin9　the　OSM7　trans9ene　was　periclinal　division

in　re9ions　where　anticlinal　division　would　normally　occur.　AIl　the　other

abnormal　phenomena　l　observed　occurred　in　tissues　which　donot　express

OSμ7,　Thus　it　appears　that　the　abnormal　morpholo9ical　features　induced　by

OSF/7　are　attributable　to　the　occurrence　of　abnormal　periclinal　division　in　the

shoot　apical　meristem.
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Experimental　Procedures

Construction　of　chimeric　9enes

A　CDNA　clone　encodin9　rice　OS/-/7　was　introduced　into　the　xbal/Sacl　site　of

pB1121(Clontech　Lab,　lnc･　,　CA,USA)to　construct　35S-OSM7(Matsuoka　et

al,1993).The　promoters　of　the　NOS　and　PR7∂9enes　were　each　amplified　by

PCR　usin9　51　primers　containin9　Hindlll　reco9nition　sites　(positions　-256　and

-902,　reSpeCtively)and　3l　primerS　With　xbal　reC09nitiOn　SiteS　(pOSitiOnS+37

and+29,　respectively),The　PCR　products　were　cloned　into　the　Hindl　1　1'xbal

site　of　pUC119,　and　the　sequences　were　analyzed　to　confirm　that　nucleotide

substitution　had　not　occurred　durin9　PCR.　Both　promoters　which　were　cloned

into　pUC1　19　were　used　to　replace　the　35S　promoter　of　the　35S-OS/-/7

construct　at　the　HindHI-xbal　site　to　produce　the　NOS-OS/゛/7　and　PR7∂-OS/j7

constructs.

Transformation　and　re9eneration　of　tobacco

The　fusionconstructs　were　then　introduced　into　4grob∂cleμamωmθ/∂c/eηs

LBA4404　by　electroporation,　Transformation　of　/＼/&01/∂/1∂1∂£)∂c£/m　cv.

Samsun　NN　was　accordin9　to　the　leaf　disc　method　as　previously　reported

(Matsuoka　and　Sanada,　1991).Transformants　were　selected　in　medium

containin9　100　m9/Lof　kanamycin.

NOrthern　blot　analysis

Total　RNA　was　separately　prepared　from　various　or9ans　for　NOrthem　blot

analysis.　Each　RNA　preparation　was　transferred　to　nitroceHulose　membranes

and　hybridized　to　the　entire　OSμ7　insert,Hybridization　with　a　labeled　cDNA

insert　was　performed　in　50%formamide,5　X　SSC　(l　x　SSC　is　O.15　M　NaCI,

15　mM　sodi　u　m　citrate),6　X　Denhardtls　solution　(l　x　Denhardt's　solution　is

O.02%Fico‖,0.02%PVP,0j2%BSA),0.5%SDS,and　O.l　m9/mL　salmon
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sperm　DNA　at　62゜C　for20　Hr.　Each　filter　was　washed　with　O.1　XSSC　and

0.1%SDS　at　55oC　for　3　Hr.

Histolo9y　and　/r?　s/fu　hybridization

Plant　material　was　fixed　in　4%(w/V)paraformaldehyde　and　O.25%

9lutaraldehyde　in　O.I　M　sodium　phosphate　buffer,　pH　7.4　ovemi9ht　at　4゜C,

dehydrated　throu9h　a　9raded　ethanol　series　and　then　a　μbutanol　series

(Sass,1958),and　finaHy　embedded　in　Paraplast　Plus　(Sherwood　Medical),

Microtome　sections　(7-10μm　thick)were　applied　to　9lass　slides　treated　with

vectabond(vector　Labs),The　sections　were　deparaffinized　in　xylene,

rehydrated　throu9h　a　9raded　ethanolseries　and　dried　ovemi9ht　prior　to

stainin9　with　hematoxylin,　/ηs/ωhybridization　with　di9oxi9enin-labeled　sense

or　antisense　RNA　was　conducted　accordin9　to　the　method　of　Kouchi　and　Hata

(1993).
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Results

Limited　expression　of　OSμ7　in　shoot　apices　alters　the　morpholo9y

of　trans9enic　tobacco　leaves

　　　　OSμ7　trans9ene　expression　under　the　promoters　of　the　nopaline

synthetase　9ene　(NOS)and　35S　in　tobacco　transformants　resulted　in　aberrant

morpholo9y　includin9　wrinkled　leaves　with　thick　blades　and　short　midveins,

dwarfism,loss　of　apical　dominance,and　formation　of　ectopic　shoots　on　tiny

disc-shaped　leaves,　as　reported　previously(Kano'Murakami　et　al,,　1993).

The　severityof　the　aberrant　morpholo9y　differed　in　each　transformed　line　but

almost　all　NOS-OSμ7　transformants　had　less　severe　phenotypes　than　35S-

OS/j7　transformants.　The　severity　of　the　phenotype　of　a　9iven　transformant

correlated　with　the　level　of　OS/-/7　expression　in　fully-developed　leaves;　e･9,

hi9h　level　of　OSμ7　expression　was　associated　with　ectopic　shoots　on　disc-

like　leaves　and　severe　dwarfism,　while　plants　with　low　level　expression　had

wrinkled　leaves.

　　　　ln　P/?7a-OSμ7　transformants,　however,no　such　correlation　was

observed(Fi9,　2-1),ldivided　the　PR7∂-OSFμtransformants　into　four

phenotypic　cate9ories;　plants　with　the　mild　phenotype　have　wrinkled　leaves.

The　intermediate　plants　have　elon9ated　stems　with　slender　leaves　and

wrinkled　older　leaves.　The　severe　plants　are　dwarfs　and　the　leaves　have

deep　sinuses.　l　describe　the　phenotype　of　the　fourth　9roup　as　bein9　"shooty¨.

These　plants　are　severe　dwarfs　with　axillary　buds　which　develop　into

ve9etative　stems,　rather　than　remainin9　dormant,Shooty　leaves　are　not

wrinkled　but　are　tiny　and　often　form　ectopic　shoots,l　was　unable　to　detect

expression　of　the　trans9ene　in　fully-developed　leaves　of　the　mild,　intermediate

orsevere　transformants.

　　　　PR7∂9ene　expression　in　tobacco　does　not　occur　in　leaves　under

normal　conditions(Matsuoka　et　al･,　1988),butoccurs　durin9　stress　conditions
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such　asvirus　infection　(Antoniw　et　al　･　,　1　980),woundin9(Ohashi　and

Matsuoka,1985),and　treatment　with　some　chemicals　(Antoniw　and　White,

1980),therefore　lack　of　Pma-OS/j7　expression　in　fully-developed　leaves　is

not　an　unexpected　result.　Hi9h　level　expression　of　the　trans9ene　was

detected　in　shooty　plants;　however,　interestin9ly,　the　endo9enous　PR7a　9ene

is　also　hi9hly　expressed　in　these　plants.　Constitutive　expression　of　the　PR　7a

9ene　was　also　observed　in　the　35S-OSm　transformants　(data　not　shown).

Productionof　the　OSHl　protein　by　the　NOS　promoter　did　not　induce　the　‘

expression　of　the　PF?7a　9ene　(data　not　shown)su99estin9　that　the　OSHI

product　does　not　work　as　a　direct　re9ulator　of　the　PR　7∂expression.　My　recent

results　demonstrate　that　the　hi9h　amount　of　OSHl　product　causes　some

physiolo9ical　stresses,such　as　chan9es　in　levelsofsome　phytohormones.

These　stresses　may　result　in　the　induction　of　PRl　a　promoteractivity･

　　　　lt　is　noteworthy　that　severe　phenotypes　were　observedeven　in

transformants　showin9　nodetectable　expression　of　the　trans9ene　in　fully-

developed　leaves(Fi9,　2-li),Northem　blot　analysis　with　a　hi9her　quantity　of

RNA(10μ9)also　supported　no　or　very　low　level　of　expression　of　OSF/7　in

developed　leaves　in　PRl　a-OSM7　transformants(Fi9.　2-2).This　indicates　that

OSM7　expression　in　a　9iven　leaf　of　PRl　a-OS/゛μtransformants　is　not

necessary　for　that　leaf　to　develop　an　abnormal　morpholo9y,Furthermore,

when　OS/-/7　expression　in　the　fully-developed　leaves　was　induced　by　salicylic

acid,　a　chemical　inducer　ofthe　PR7∂promoter,novisibele　effect　was

observed(data　not　shown).This　further　su99ests　that　expression　of　OS/-･/7

durin9　a　limited　time　period　or　in　a　limited　area　is　sufficient　for　producin9

altered　leaf　morpholo9y.　Toexplore　this　question　further,　l　performed

Northem　blot　hybridizationanalysis　usin9　RNA　isolated　from　various　or9ans　of

asevere　T2　transformant　line,　that　do　not　express　the　trans9ene　in　developed

leaves(Fi9,　2-2).RNAs　of　about　l　,6　kb　were　detected　in　ve9etative　and
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reproductive　meristems,　correspondin9　to　the　size　of　the　OSM7　clone　that　l

used　to　construct　the　trans9ene,

　　　　lalso　analyzed　temporal　and　spatial　expression　of　the　trans9ene　in　T2

trans9enic　plants　with　the　severe　phenotype　by　/r7　sO　hybridization　(Fi9,　2-3).

ltested　five　trans9enic　plants　and　found　the　same　results　in　all　the　lines.

Expressionof　the　trans9ene　was　observed　in　cross　sections　of　the　shoot

apices　of　transformed　lines　(Fi9,　2-3A).　Hybridization　si9nals　occurred　mainly

in　shoot　apical　meristems　(sam)and　leaf　buttresses　(Pl　and　P2　in　Fi9.　2-3A)

and　the　youn9est　leaf　primordium　(P3　in　Fi9,　2-3A).ln　more　mature　leaf

primordia(P4　and　P5)faint　si9nals　were　observed　in　the　vascular　strands　of

the　developin9　midveins,Under　the　same　conditions,　no　hybridization　si9nals

were　obtained　with　the　sense　probe　in　any　part　of　the　shoot　apical　re9ion　(Fi9･

2-3B).ln　lon9itudinal　sections　throu9h　the　shoot　apex,　hybridization　si9nals

were　found　in　shoot　apical　meristems,　PI　leaf　buttresses,　in　the　provascular

tissues　of　leaf　primordia　and　in　the　procambium　of　the　stems　(Fi9.　2-3C).NO

si9nal　was　detected　in　cross　sections　of　leaf　primordia　located　l　'2　mm　below

the　shoot　apical　meristem　(Fi9.　2-3D),indicatin9　that　Pma-OSm　9ene

expression　occurs　only　in　shoot　apical　meristems,　leaf　buttresses　and　very

youn9　leaf　primordia,Recent　studies　of　endo9enous　PF?7∂expression　in

untransformed　tobacco　(To)indicated　the　same　expression　pattem　as

observed　for　the　PR7a-C)Smtrans9ene(Murakami　et　al.　unpublished

results),This　resUlt　also　indicates　that　the　expression　of　OSF/7　by　the　P/゜?　7∂

promoter　does　not　affect　its　own　expression　pattem　in　transformants　with　the

severe　phenotype,

Leaf　9rowth　in　phenotypically　severe　transformants

　　　　Northem　analysis　and　/r7　s/a/hybridization　demonstrated　that　the　OSμ7

trans9ene　is　expressed　only　in　shoot　apical　meristems　and　very　youn9　1eaf

primordia,　and　therefore,　the　altered　morpholo9yobserved　in　mature　leaves
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must　be　a　consequence　of　unusual　leaf　development　pattems　initiated　by

OS/“/7　9ene　expression.　l　followed　leaf　development　in　To　tobacco　and　in

several　transformed　lines　by　placin9　marks　at　l　mm　intervals　on　relatively

normally'shaped　leaves　of　5'15　mm　in　len9th　and　observin9　the　pattem

formed　by　the　spots　durin9　development.　A　typical　result　is　shown　in　Fi9.　2`4.

1n　th　is　l　eaf,　th　e　9　rowth　of　the　ri9ht　side　of　the　blade　was　arrested　relative　to　that

of　the　left　side,　and　asymmetrica1　9rowth　of　the　leaf　blade　resulted　in　curvature

ofthe　midvein　to　the　ri9ht.　Anisotropic　9rowth　occurred　in　most　areas　of　this

leaf,　particularly　in　the　basal　re9ion,　however,　the　most　abnormal　9rowth　was

observed　in　the　basal　re9ion　to　the　ri9ht　of　the　midvein.　A　limited　area　of　the

leaf　mar9inin　this　re9ion　expanded　to　form　a　lobe,　The　left　mar9in　of　the　leaf

was　initially　entire,　however　within　3　days　the　mar9in　was　sinuate　and

thereafter　became　undulate.　Such　abnormal　expansion　of　the　leaf　blade　was

observed　in　all　the　leaves　l　tested,　indicatin9　that　the　expression　of　OSμ7　in

leaf　primordia　causes　anisotropic　expansion　of　the　leaf　blade,

　　　　lalso　measured　leaf　9rowth　in　len9th　and　width　in　the　severe

transformants　and　in　To　plants　(Fi9.　2-5).　Transformant　leaf　9rowth　in　len9th　is

similar　to　that　of　To　plants　up　to　the　2-3　cm　sta9e　(Fi9.　2-5A).Beyond　this

point,　leaves　in　transformed　lines　len9thened　at　a　slower　rate,Leaf　9rowth　in

width　was　slower　than　that　of　To　plants　at　all　sta9es　of　development　measured

(Fi9.　2-5B).These　results　correspond　with　the　observations　presented　in　Fi9･

2-4,　and　confirm　that　OS/-/7　expression　arrests　lateral　expansion　and

len9thenin9　of　leaf　blades.　These　observations　also　indicate　that　the

pro9rams　9ovemin9　lateral　9rowth　are　affected　more　severely　by　OS/-/7

expression　in　youn9　leaves　than　that　9ovemin9　lon9itudinal　9rowth.

　　　　lalsoobserved　the　morpholo9y　of　the　youn9　1eaves　surroundin9　the

shoot　apex　(less　than　20　mm　in　len9th,　Fi9.　2-6).The　leaf　blades　of　To　plants

expand　symmetrically　at　the　same　rate,　and　the　lateral　veins　arise

symmetrically　in　an　or9anized　manner　at　anoblique　an9le　to　the　midvein
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(which　is　almost　constant)toform　a　pinnate　venation　system.　ln　the　severe

transformants　asymmetricaHeaf　blade　expansion　is　evident　in　leaves　of　3.5

mm　in　len9th　and　becomes　more　pronounced　with　further　deve§opment.　As

mentioned　above,　the　midveins　of　some　leaves　curve　due　to　this　asymmetry･

The　formationoHateralveins　was　also　disor9anized　in　the　leaves　of　severe

transformants.　For　example,　as　shown　in　Fi9.　2-6,　the　an91es　of　the　lateral

veins　tothe　midvein　varied　in　a　leaf　of　19　mm　in　len9th　and　the　number　of

veins　differed　between　the　left　and　ri9ht　sides　of　the　leaf　blade,Consequently,

this　leaf　did　not　form　the　pinnate　venation　systemobserved　in　the　leaves　of　TO

plants(Fi9,　2-6).　ln　To　tobacco,　the　first　three　or　four　veins　arise

simultaneously　in　the　leaf　blade　when　the　leaf　is　l　mm　in　len9th,　and　by　the

time　the　leaf　has　reached　a　len9th　of　3　mm,　all　six　or　seven　major　lateral　veins

have　been　initiated　(Poethi9　and　Sussex,　1985),Abnormal　development　of

the　lateral　veins　was　observed　in　transformant　leaves　of3-5　mm　len9th,　in　that

only　one　or　two　lateral　veins　were　present　on　each　side　of　the　leaf　blade,

Therefore,in　leavesofthe　severe　transformants,　the　formation　of　lateral　veins

is　notonly　disor9anized　but　fewer　lateral　veins　are　initiated.

　　　　The　above　observations　demonstrate　that　some　abnormal　phenomena

in　the　extemal　morpholo9y　have　already　occurred　by　the　time　a　leaf　has

reached　a　len9th　of　about　3　mm.　l　observed　the　anatomy　of　leaf　primordia　of

the　severe　transformants.　ln　To　tobacco,　the　leaf　blade　consists　of　six　to　seven

cell　layers　which　9enerate　from　the　upper　to　the　lower　layers　the　upper

epidermis,　the　palisade　mesophyll,　the　middle　spon9y　mesophyH,　the　lower

spon9y　mesophyll,　and　the　lower　epidermis(MCHale,1993,Fi9.　2-7A).　ln

contrast　toTotobacco　leaves,transformantleaves　did　not　show　clear　ceH

linea9es　except　in　the　outer-most　layers,　which　9enerate　the　upper　and　lower

epidermis(Fi9.　2-7B).The　leaf　blades　were　thicker　than　those　of　To　tobacco

leaves　due　to　the　intercalation　of　cells　into　the　cell　layers　todisrupt　the　linea9e

of　these　layers,ln　more　mature　leaves,　the　cell　linea9es　were　severely
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disrupted;　for　example,　the　leaf　blade　shown　in　Fi9,　2-7C　is　comprised　of　more

than　ten　ceHs　stacked　near　the　basal　re9ion　to　form　very　thick　blade.　ln　some

sections　of　the　leaf　blades,　lobserved　abnormal　clusters　of　meristematic　cells

indicated　by　arrowheads　in　Fi9,　2-7D.　Radial　cell　clusters　observed　in　cross

sections　of　To　tobaccoleaf　blades　develop　to　veins,However,　cell　clusters

such　as　those　shown　in　Fi9,　2-7D　never　extended　lon9itudinally　in　the　blades

of　transformant　leaves.

　　　　The　six　ceH　layers　in　To　tobacco　leaf　blades　are　maintained　durin9

lateral　expansion　of　the　leaf　blade　by　a　strict　pattem　of　anticlinal　division　of

each　ceH　relative　to　the　blade　surface　(MCHale,1993,Fi9.　2-7E).At　the

initiation　of　leaf　blade　formation　in　the　transformants,　lobserved　abnormal

periclinal　divisions　in　the　mesophyll　ceH　layers　(indicated　by　white

arrowheads　in　Fi9.　2-7F　and　2-7G),These　divisions　occurred　sporadically　in

leaf　blades,　thickenin9　the　leaf　blade　and　disor9anizin9　the　cell　layers.　/r7　s/la

hybridization　indicates　that　OSF/7　is　expressed　in　emer9in9　blades　of　the

transformants　at　this　sta9e,　thus　OS/-/7　either　directly　or　indirectly　causes

these　periclinal　divisions　to　occur.
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Dlscusslon

　　　　ln　previous　studies,　we　reported　that　the　expression　levelof　the　OSF/　7

trans9ene　in　leaves　with　aberrant　morpholo9y　correlated　with　the　severity　of

the　abnormalityof　the　leaves　and　su99ested　that　the　expressionlevels

affected　the　de9ree　of　these　abnormalities　in　trans9enic　plants　(Matsuoka　et

alJ993).Sinha　et　al,　(1993)reported　similar　observations,　su99estin9　that

the　severity　of　the　phenotypes　of　trans9enic　tobacco　depended　on　the　levels

of　KNl　protein,　a　maize　homeobox　protein.　lnterestin9ly,　0SF/7　expression　in

developin9　or　fully'developed　leaf　blades　is　not　necessary　for　these

aberrations　to　occur.　PR7∂-OSμ7　transformants　display　all　of　the　same

morpholo9ical　abnormalities　observed　in　NOS-OSμ/7　transformants,　even

thou9h　the　P/゜?7∂promoter　drives　the　expression　of　OSM7　only　in　shoot　apical

meristems　and　very　youn9　leaf　primordia,　demonstratin9　that　limited　OSμ7

expression　is　sufficient　toinduce　severe　morpholo9ical　aberrations,　which　are

evident　much　later,　in　well-developed　leaves.

　　　　ln　the　present　studies,　l　used　PR7∂-OS/`‘/7　transformants　to　investi9ate

the　function　of　OS/-/7,　because　limited　expression　of　the　trans9ene　makes　it

easy　toeliminate　indirect　phenomena　caused　by　the　secondary　or　tertiary

effects　of　OSμ7　expression,　which　occur　in　tissues　in　which　OSμ7　is　not

expressed,lf　abnormal　development　occurs　in　a　tissue　which　does　not

express　the　trans9ene,　this　must　be　due　to　an　indirect　effect　of　trans9ene

expression.　ln　the　35S-OSμ7　transformants,　it　is　difficult　to　distin9uish

between　direct　and　indirect　consequences,　because　the　35S　promoter

constitutively　drives　OSF/7　expression　in　almost　all　tissues.

　　　　The　only　abnormal　phenomenon　that　l　observed　in　tissues　expressin9

the　OSF/7　9ene　was　periclinal　division　of　mesophyH　cells　at　blade　initiation.

Accordin9　to　the　observations　of　MCHale　(1993),the　tobaccoleaf　blade　starts

as　six　superimposed　cell　layers　by　the　cell　division　of　the　inner　and　outer　cells
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of　the　midrib･　The　six　cell　layers　are　classified　into　three　cell　linea9es,　LI　,　L2,

and　L3.　Theouter'most　celHayer,　LI　,　forms　the　upper　and　lower　epidermis,

and　the　L2　cell　layer　contributes　two　cell　layers　tothe　expandin9　blade,　the

LjppernnaS)and　lower(spon9y)mesophyH.　The　L3　cell　layer　forms　the

spon9y　mesophyll,　the　inner‘most　cell　layers　in　leaf　blades.　These　cell　layers

are　all　established　and　maintained　by　a　strict　paUem　of　anticlinal　division

relative　to　the　leaf　blade　surface　durin9　blade　initiation.　ln　To　tobacco　plants,　|

observed　well-or9anized　cell　linea9e　as　reported　by　MCHale　at　blade　initiation

and　at　vaious　sta9es　of　development　(Fi9,　2-7　A　and　E).The　strict　cell

division　pattem　was　disrupted　in　trans9enic　tobaccos.　The　L2　and　L3　ceHs

often　divided　periclinally　relative　to　the　blade　surface　(Fi9,　2-7　F　and　G),

These　periclinal　divisions　did　not　occur　continuously　throu9hout　the　cell

layers,　but　occurred　sporadically,　disruptin9　the　L2　and　L3　cell　linea9es　and

consequently　disruptin9　the　or9anized　cell　layers　in　leaf　blades.　lndeed,　the

more　mature　leaf　blades　of　transformed　lines　were　composed　of　irre9ular　cell

layers　and　were　thicker　with　more　than　the　six　ceH　layers　observed　in　TO

leaves(Fi9.　2-7　B　and　C).

　　　　There　is　a　ne9ative　correlation　between　the　frequency　of　periclinal

division　and　the　lateral　expansion　of　leaf　blades.　The　hi9her　the　frequency　of

periclinal　division,　the　more　lateral　expansion　of　the　leaf　blades　was　arrested.

Thus,　the　difference　in　the　lateral　expansion　between　the　ri9ht　and　left　sides　of

a　9iven　leaf　blade　can　be　explained　by　the　difference　in　the　frequency　of

periclinal　division,　lf　hi9her　rates　of　periclinal　division　occur　in　the　ri9ht　side　of

the　blade　than　in　the　left　side,　the　blade　expansion　of　the　ri9ht　side　becomes

slower　than　that　of　the　left　side　and　consequently　the　midvein　develops　a

curve　to　the　ri9ht.　A　similar　observation　was　reported　for　the　&lmutant　of

/＼//coμ∂na　sy/1/esMs,　namely,　that　abnormal　periclinal　divisions　in　leaf　blades

arrest　lateral　leaf　blade　expansion　(MCHale,1993),The　leaves　of　the　�

mutant　show　a　deficiency　in　lateral　development　and　attain　just　over　half　the
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width　of　the　wild　type,　The　leaf　blade　of　the　mutant　contains　extra　cell　layer(s)

resultin9　from　abnormal　periclinal　divisions　in　L2　and　L3　founder　cells　durin9

blade　initiation　and　expansion,This　9enerates　a　blade　approximately　twice

the　normal　thickness　and　causes　the　arrest　of　lateral　development,　These

observations　for　the　&lmutant　support　my　findin9s　and　interpretations　in　the

PR7∂-OSM7　transformed　lines　and　also　indicate　that　arrest　of　lateral　leaf

blade　development　is　not　a　direct　effectof　the　OSF/7　expression　but　a　result　of

abnormal　periclinal　ceH　division　that　occurs　at　the　sta9e　of　blade　initiation.

　　　　The　molecular　mechanisms　controllin9　the　orientation　of　cell　division　in

hi9her　plants　are　unclear,　however,　it　has　been　pointed　that　microtubules　play

a　crucial　part　in　influencin9　the　site　and　plane　of　cell　division　(for　review,see

Gunnin9,1982).0ne　of　the　earliest　si9ns　of　orientation　of　cell　division　is　the

con9re9ationof　microtubules　in　a　discrete　band　circlin9　the　cell　toform　a

preprophase　band　(Gunnin9　and　Sammut,　1990).　This　preprophase　band　of

microtubules　predicts　where　the　new　ceH　wall　will　join　the　old　one　when　the

cell　later　divides.　lt　is　possible,　therefore,　that　the　OSF/7　product　may　interfere

with　the　re9ulation　of　microtubule　ali9nment　resultin9　in　periclinal　division　of

mesophyll　cells　durin9　1eaf　blade　initiation,　The　/∂19ene　may　be　one　of　the

tar9et　9enes　of　the　OS/-/7　product,　or　perhaps,　vice　versa.　The　expressionof

the　OSμ7　9ene　in　transformed　lines　may　result　in　ectopic　expression　or

suppression　of　9enes　which　re9ulate　microtubule　ali9nment,　consequently

resultin9　in　abnormal　leaf　blade　development.

　　　　lalso　observed　abnormal　lateral　vein　formation　and/or　arrest　in　the

early　sta9es　of　leaf　development　in　the　PR7∂-OSμμtransformed　l　ines.

Accordin9　to　the　observations　of　Poethi9　and　Sussex　(1985),lateral

provascUlar　strands　first　appear　in　the　leaf　blade　when　the　leaf　is　l　mm　lon9,

and　by　the　time　the　leaf　has　reached　a　len9th　of　3　mm,　all　six　or　seven　major

lateralveins　have　been　initiated.Then,lateralveins　extend　from　the　midrib

toward　the　mar9in,　toform　a　pinnate　venation　system　(Avery,　1933)･ln
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trans9enic　tobacco,lateralvascular　differentiation　was　severely　arrested

relative　to　that　of　To　leaves.　MOreover,there　are　fewerveins　in　mature　leaves

than　in　To　leaves　and　the　orientation　oftheveins　in　the　leaf　blade　is　irre9ular,

those　in　To　leaves　are　well　or9anized　in　a　pinnate　venation　with　a　constant

oblique　an9le　tothe　midvein.　At　this　sta9e,　0S/-/7　expression　is　quite　low,so

the　failUre　todevelop　normal　vascular　tissue　is　probably　not　a　direct

consequence　of　OS/-μexpression.　vascular　tissues　ori9inate　from　inner

mesophyll　cells.　Therefore,　the　aberrant　venation　pattem　in　these　transformed

lines　is　probably　due　tothe　occurrence　of　periclinal　cell　division　in　the　inner

mesophyll　cells　and　the　resultin9　disruption　of　the　inner　mesophyll　ceH　layers.

The　abnormal　arran9ement　of　inner　mesophyll　ceHs　may　also　arrest　the

differentiation　of　mesophyH　ceHs　into　vascular　strands,

　　　　From　several　structural　studies　on　OSμ/7,1have　predicted　that　OS/j7　is

a　rice　counterpart　of　the　maize　K/＼/7　9ene,　and　therefore　the　biolo9ical　function

of　OSμ7　in　rice　is　thoU9ht　tobe　similar　to　that　of　KT/＼/7　in　maize.　|ndeed,

tobaccoplants　overexpressin9　0SF/7　and　K/＼/7　from　the　35S　promoter　exhibit

similar　abnormalities　in　leaf　morpholo9y,　loss　of　apical　dominance,　severe

dwarfism,and　ectopic　formation　of　shoot　meristems　on　the　surface　of　small

leaves(Kano-Murakami　et　alJ　993;　Sinha　et　al･,　1993).　Smith　et　al･,　(1992)

have　hypothesized　that　K/＼/7　may　function　to　oppose　determination,　the

process　by　which　cells　become　committed　totheir　developmental　fates,

manifested　in　pattems　of　ceH　division　and　9rowth,　and　ultimately　in　cellular

differentiation,This　hypothesis　corresponds　well　with　my　observation　that

OSM7　expression　chan9es　the　orientation　of　mesophyll　ceH　division　in　the

process　oHeaf　blade　development,　and　consequently　affects　the

differentiationof　lateral　veins　from　mesophyll　cells.　Based　on　the　observation

thatthe　down-｢e9　ulationof　K/＼/7　within　the　shoot　apical　meristem　occurs　just

priortothe　emer9enceof　a　leaf　primordium,　these　authors　alsosu99est　that

the　K/＼/7　9ene　may　play　a　role　in　the　switchin9　of　an　indeterminate　or9an,　the
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Undifferentiated　shoot　meristem,　toa　differentiated　or9an,　a　leaf　primordium

(Sinha　et　al･,　1993).This　contrasts　with　my　observations　in　that　leaf

primordium　development　appeared　to　occur　normaHy　until　the　sta9e　of　leaf

blade　initiation,　thus　the　transition　from　undifferentiated　shoot　meristem　to

differentiated　leaf　primordium　was　unaffected.　The　ectopic　expression　of

OSM7　from　the　35S　promoter　in　trans9enic　rice　also　does　not　disrupt　the

development　of　leaf　primordia(Matsuoka　unpublished　result),su99estin9　that

this　resUlt　is　not　due　toabnormalities　associated　with　expression　of　a　monocot

9ene　in　a　dicot　plant.　We　have　recently　observed　OS/-/7　expression　in　rice

plants　by　/r7　s/ωhybridization,　and　it　mainly　occurs　in　developin9vascular

strands　of　stems　but　not　in　the　shoot　apical　meristem　or　in　leaf　primordia

(Matsuoka　et　al･,　1995),These　observations　indicate　that　the　biolo9icalrole　of

OSm　in　rice　is　not　related　to　the　development　of　a　determined　or9an(a　leaf)

from　an　undetermined　or9an　(the　shoot　apical　meristem).　ln　contrast　to　OSμ7,

K/＼/7　expression　in　maize　mainly　occurs　in　indeterminate　or9ans.such　as　the

shoot　apical　meristem　and　the　tassel　inflorescence,　while　its　expression　is

absent　in　the　presumed　position　of　the　incipient　leaf　(Jackson　et　al･,　1994).

Why　such　differences　were　observed　between　the　OSM7　and　K/＼/7

expression　pattems　is　presently　unclear,　but　it　is　possible　that　their　functions

differ,even　thou9h　the　9enes　are　very　similar　in　structure　and　result　in　very

similar　aberrant　morpholo9ical　featUres　in　trans9enic　tobacco　overexpressin9

these　9enes.
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Summary

　　　　Trans9enic　tobaccoplants　carryin9　a　rice　homeobox　9ene,　0S/j7,

contro‖ed　by　the　promoter　of　a　9ene　encodin9　a　tobaccopatho9enesis'

｢elated　protein(PR7∂)were　9enerated.　The　trans9enic　tobacco　lines　were

morpholo9icaHy　abnormal,　with　wrinkled　and/or　lobed　leaves.　Histolo9ical

analysis　indicated　arrest　of　lateral　leaf　blade　expansion　often　resultin9　in

asymmetric　and　anisotropic　9rowth　of　leaf　blades,0ther　notable

abnormalities　include　abnormal　or　arrested　development　of　lateral　veins.

lnterestin9ly,　0SH　7　expression　was　undetectable　in　mature　leaves　with　these

aberrant　morpholo9ical　featUres.　Thus,　0SFμexpression　in　mature　leaves　is

unnecessary　for　abnormal　leaf　development.　Northem　blot　analysis　and　/r?

s/la　hybridization　indicate　PR　7∂-OS/‘“/7　9ene　expression　only　in　the　shoot

apical　meristem　and　in　very　youn9　leaf　primordia,Therefore,　the　aberrant

morpholo9ical　features　are　an　indirect　consequence　of　ectopic　OSμ7　9ene

expression.　The　only　abnormality　observed　in　tissues　expressin9　the

trans9ene　was　periclinal　(rather　than　anticlinal)division　in　mesophyH　cells

durin9　blade　initiation,　This　9enerates　thicker　leaf　blades　and　disrupts　the

mesophyll　ceH　layers,　from　which　vascular　tissues　differentiate.　The　OSF/7

product　appears　to　affect　the　mechanism　controllin9　the　orientation　of　the

plane　of　ceH　division,　resultin9　in　abnormal　periclinal　mesophyll　cell　division,

which　in　turn　resUlts　in　the　9rossmorpholo9ical　abnormalities　observed　in　the

trans9enic　lines,
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Fi9.2-1.Phenotypesof　plants　transformed　with　the　PR7∂-OSμ7　conslruct

and　expression　of　the　OSμ7　and　F)R7a　transcripts　in　mature　leaves.

(a　and　e)The　mild　phenotype　with　wrinkled　leaves.　(b　andf)The　intermediate

phenotype　shows　elon9ated　stems　and　slender　leaves.(c　and　g)The　severe

phenotype　shows　dwarfism　and　deeply　lobed　leaves･　(d　and　h)The　shooty

phenotype　shows　severe　dwarfism　and　ectopic　shoots　on　disc-like　leaves,as

do　the　35S･OSm　transformants･　(i)Northem　blot　analysis　of　each　phenotype

was　performed　with　three　micro9rams　of　total　RNA.　Lane　l,　2,3,and　4

correspond　tolhe　mild,　intermediate,severe,and　shooty　phenotypes,

｢espectively.The　positions　of　the　OSμ7　and　PR7a　transcripts　are　shown　al

the　ri9ht.　Bars　indicate　5　cm　in　(a-d)and　l　cm　in　(e-h).
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Fi9.2-2.Expression　of　the　OSM7　trans9ene　in　various　or9ans　oHhe　PF?7∂-

OSHytransformants　with　the　severe　phenotype.

TotalRNA(10μ9)from　the　or9an　indicated　was　loaded　in　each　lane.　The

positionsof　the　28S　and　1　8S　rRNAs　are　shown　ontheri9ht.Y.Lf,youn9

leaves;0.Lf,01d　leaves;　St,　stem;VSA,ve9etative　shoot　apices;　RSA,

reproductive　shoot　apices.
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Fi9.2-3.Localization　of　the　OSM7　transcript　in　shootapex　by/ηs/ω

hybridization.

Positive　hybridization　si9nals　are　indicated　by　blue　to　violet　color･(A,B)

Cross　sections　of　a　ve9etative　shoot　apex　of　trans9enic　tobacco　hybridized

with　the　antisense　and　sense　probes,　respectively.sam,shootapical

meristem;　PI-5,　1eaf　primordia　l　-5,　｢espectively.(C)Lon9itudinal　section　of　a

ve9etative　shoot　apexof　trans9enic　tobacco　hybridized　with　the　antisense

probedD)Cross　section　of　a　leaf　P5　primordium　of　transgenic　tobacco　with

the　anlisense　probe.　AIl　trans9enic　lines　were　of　the　severe　phenotype.　Bars

indicate　0.1　mm　in　all　panels.
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Fi9.　2-4.　The　9｢owth　of　a　transgenic　tobaccoleaf(severe　phenotype)from　l

cm　in　ien9th　for10days.

The　leaf　blade　was　marked　with　dots　when　the　leaf　was　l　cm　lon9　and

photo9raphs　taken　on　the　indicated　number　of　days　after　markin9　are　shown

The　photo9raphs　show　the　actual　sizes　oftheleaves.
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Fi9.　2-5.　Leaf　9rowth　in　trans9enic　(PR-OSm)and　To(wild)tobacco　from　2

cm　in　len9th　for　10　days.　Each　line　indicates　the　9rowth　of　a　sin9le　leaf　on　a

different　transformed　line.
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Fi9.2-6.Leafmorpholo9y　in　To　and　trans9enic　tobacco.

The　upper　and　lower　panels　show　the　leaves　oftransgenic　tobacco　with　the

severe　phenotype　and　To(wild)tobacco,respectively.　The　len9th　of　each　leaf

is　indicated　above　each　panel.　The　To(wild)leaves　have　a　typical　pinnale

venation　system,　while　the　transformantleaves　have　disor9anizedvenation.
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Fi9.2-7.Cross　sections　of　the　leaf　primordia　in　To　and　trans9enic　tobacco

plants.

(A)a　P4leafprimordium　of　To　tobacco･　(B)a　P3　leaf　primordium　of　trans9enic

tobacco.(C)aP5¶ea↑primordium　of　transgenic　tobacco･　(D)anotherP5leaf

primordium　with　abnormalmeristematic　cell　clusters　indicated　by　white

arrowheads･(E)blade　initiation　in　a　P3　leaf　primordium　of　To　tobacco･　(F　and

G)blade　initiation　in　P2　primordiaofthetrans9enic　tobacco.　White

arrowheads　indicate　abnormal　periclinal　cell　divisions　in　the　mesophyll　celi

layers.All　transformant　tissues　shown　were　from　plants　with　the　severe

phenotype.　Bars　indicate　O.l　mm　in　(A-D)and　20　μmin(E-G)･
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lntroduction

　　　　The　fundamental　body　plan　in　hi9her　plants　is　established　durin9　the

embryo9enesis,　althou9h　most　morpho9enetic　events　occur　in　the　post'

embryonic　phase　of　the　life　cycle.　ln　the　early　sta9e　of　embryo9enesis,　several

body　axes　that　cause　apical-basal,　dorsal-ventral　and　radial　pattems　are

established,　and　two　apical　meristems　(shoot　and　root)are　formed.　The　apical

meristems　successively　produce　various　tissues　and　or9ans　throu9hout　the

plant　life　cycle,　while　maintainin9　themselves　as　stem-like　ceHs.　ln　species　of

the　Po∂cθ∂θ,which　have　hi9hly　developed　embryos,　mature　embryos　contain

almost　all　or9ans　seen　in　the　ve9etative　phase　such　as　shoot　apex,　leaves,

vascular　systems,　and　root　(Randolph,　1936;　Hon9　et　al,,　1995).To　elucidate

the　9enetic　controlof　the　pattem　formation　and/or　the　or9an　differentiation

durin9　plant　embryo9enesis,　many　embryonic　mutants　have　been　isolated　in

4ab/6ps/s(Castle　and　Meinke,　1993;　Errampalli　et　al,,　1　991　;　JOr9ens　et　al･,

1991),maize(Clark　and　Sheridan,　1991;　Sheridan　and　Clark,　1987)andrice

(Hon9　et　al,,　1995;　Na9ato　et　al･,　1989),The　study　of　available　embryo

mutants　of　rice　indicate　the　existence　of　several　major　developmental

processes　takin9　place　durin9　early　embryo9enesis　before　morpho9enetic

events　start　(Kitano　et　al,,　1993),Despite　the　intensive　efforts　by　the　workers　in

the　field,　little　is　known　about　the　molecular　mechanisms　re9ulatin9　these

developmental　processes,

　　　　0neof　the　powerful　approaches　for　understandin9　the　molecular

mechanisms　involved　in　plant　embryo9enesis　is　to　identify　molecular　markers

which　can　be　used　to　monitor　cell　specification　events　dUrin9　early

embryo9enesis　and　to　9ain　an　entry　into　re9ulatory　networks　that　are　activated

in　different　embryonic　re9ions　after　fertilization　(Goldber9　et　al･,　1994).With

this　approach,　it　has　been　demonstrated　that　some　9enes　are　expressed　in

specific　cell　types,　re9ions　and　or9ans　of　embryo　(Goldber9　et　al,,　1989;
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Jofuku　et　al･,　1989),The　information　9ained　from　these　studies　helps　the　way

to　elucidate　the　functional　roles　of　these　9enes.

　　　　ln∂msoμ7//∂,the　principlesof　the　9enetic　control　durin9

embryo9enesis　have　been　unraveled　throu9h　the　combined　9enetic　and

molecular　approaches　(reviewed　inJn9ham,1988).These　approaches

demonstrate　that　the　homeobox9enes,　which　encode　evolutionary　conserved

61　amino　acid　domains　called　homeodomains,　play　important　roles　in　cellUlar

or　re9ional　diffe　rentiation　of∂rosoμ7//∂embryo.　ln　plants,　homeobox　9enes

have　been　isolated　from　several　species　such　as　maize　(vollbrecht　et　al･,

1991;　Bellmann　and　vverr,1992),rice(Matsuoka　et　al.,1　993;　Tamaoki　et　al　.　,

1995),,4ab/d9s/s(Ruberti　et　al･,　1991;　Schena　and　Davis,　1992;　Mattsson　et

al√1992;　Lincoln　et　al,,　1994)and　soybean　(Ma　et　al･,　1994),Plant　homeobox

9enes,　by　analo9y　of　the　functional　roles　of　animal　homeobox　9enes,have

been　expected　to　encode　transcriptional　re9ulators　that　mediate　important

developmental　processes　dUrin9　embryo9enesis(Schena　and　Davis,　1992).lt

has　not　been　demonstrated,　however,　that　the　plant　homeobox　9enes　are

directly　involved　in　embryo9enesis,　althou9h　ectopic　expressions　of　the

homeobox　9enes　have　caused　the　abnormal　leaf　development　in　the

ve9etative　phase　of　the　trans9enic　plants　(Matsuoka　et　al,,　1993;　Lincoln　et　al･,

1　994;　Schena　et　alJ　993;　Sinha　et　aL,　1993;　Kano-Murakami　et　aL,　1993).

0nlyvery　recently,　the　expression　of　maize　homeobox　9enes　was　observed　at

the　localized　re9ion　of　developin9　maize　embryo　(S　mith　et　al　･　,　1995;　Klin9e

and　Werr,　1995).

　　　　Toelucidate　the　possibility　that　plant　homeobox　9enes　are　involved　in

embryodevelopment,　l　examined　the　temporal　and　spatial　expression　of　a　rice

homeobox　9ene,　0Sμ7,　durin9　rice　embryo9enesis　in　wild　type　and　in

or9anless　embryo　mutant,　or/7,　which　develops　no　embryonic　or9ans　(Hon9　et

al･,1995).The　results　described　here　su99est　that　OSM7　is　not　directly

associated　with　shootdevelopment,　but　may　function　to　specify　cell　identity
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and　provide　re9ional　information　for　the　formation　of　shoot　and　its　adjacent

tissues.
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Experimental　Procedures

Plant　materials.

　　　　Toobservedevelopmental　course　of　wild-type　embryos　and　expression

pattem　of　OS/j7,　embryos　from　the　rice　(CWza　sana　L,)cultivar　Taichun9　65

were　used.　l　also　used　embryos　from　oμ7　mutant,　a　mono9enic,　recessive

mutant　of　rice　derived　from　chemical　muta9enesis　with　/＼/-methyl-/＼/-nitroso'

Ljrea(HOMμhJyUWW

Preparation　of　rice　embryo　sections.

　　　　Developmental　course　of　wild“type　rice　embryos　was　examined　by

standard　paraffin　method,　For　paraffin　sectionin9,　seeds　at　various

developmental　sta9es　were　fixed　in　FAA　(formalin/91acial　acetic　acid/70%

ethanol　,　5:5:90),dehydrated　in　9raded　ethanol　series　and　embedded　in

paraffin.　Samples　were　sectioned　at　10μm　and　stained　with　hematoxylin.

/n　s/fu　hybridization.

　　　/r7　s/lu　hybridization　with　di9oxi9enin-labeled　RNA　produced　from　the

OSM7　codin9　re9ion　without　poly　A-re9ion　was　conducted　as　described

previously(Kouchi　and　Hata,　1993).Tissues　were　fixed　with　4%(w/V)

paraformaldehyde　and　O.25%9lutaraldehyde　in　O.I　M　sodium　phosphate

buffer　and　embedded　in　Paraplast　Plus.　Microtome　sections　(7-10μm　thick)

were　applied　to　slide　9lass　treated　with　vectabond(vector　Labj,　Hybridization

and　immunolo9ical　detection　of　the　hybridized　probe　was　performed　by　the

method　of　Kouchi　and　Hata,　1993.
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Results

Expression　of　a　rice　homeobox　9ene,　0S/･･17,　durin9

embryo9enesis　in　wild-type　plants.

　　　　Rice　embryos　develop　much　more　quickly　than　those　of　other　cereal

plants　such　as　maize　and　barley.　They　complete　most　of　the　morpho9enetic

events　within　one　week　under　normal　conditions.　Globular　sta9e　lasts　nearly

three　days　after　pollination　(3　DAP)(Fi9.　3-I　A,　B),Althou9h　or9ano9enetic

events　are　not　observed　before　3-4　DAP,　a　dorsive　ntral　polarity　is　evidentfrom

the　9radientof　cell　size　in　the　late　9lobularembryos　at　2-3　DAP　(Fi9.　3-I　B).

The　first　morpholo9ical　differentiation　is　reco9nized　as　a　ventral　protrusion　of

coleoptile　at　the　late　3　DAP　orearly　4　DAP　when　UTle　embryo　reaches　100-110

μm　lon9　and　comprises　800-900　cells　(Fi9.　3-I　C).Shoot　and　radicle　apices

are　first　observed　at　4　DAP　(Fi9.　3-I　D).The　first　throu9h　third　folia9e　leaves

are　formed　successively　at　5,　6,　and　8　DAP,　respectively,　in　an　altemate

phyl　lotaxis　(Fi9.　3-I　E,　F,G).

　　　　Based　on　the　developmental　course　of　rice　embryo　as　describeq　above=

l　performed　/r7　s/ωhybridization　analysis　on　embryos　at　2　DAP　throu9h　7　DAP

to　determine　the　expression　paUem　of　OSM7　durin9　rice　embryo9enesis.

When　the　sense-strand　probe　was　used,　no　specific　hybridization　si9nal　was

observed　in　any　experiments(data　not　shown).Therefore,　si9nals　with　the

antisense　probe　were　caused　by　the　specific　hybridization　between　the　OS/-/7

transcripts　and　the　probe,

　　　　lfirst　examined　the　OSM7　expression　in　9lobular　embryos,　The

hybridization　si9nals　were　first　detected　in　91obular　embryos　comprisin9

around　100　cells　and　about　50-55　μm　lon9　at　late　2　DAP　or　early　3　DAP　(Fi9･

3-2A),At　this　sta9e,　embryos　show　nosi9n　of　or9an　differentiation.　lt　is　clear

thatthe　expression　is　restricted　toa　small　re9ion　just　below　the　center　of　the

ventral　re9ionofthe　embryo,where　the　shoot　apex　arises　later　(Fi9.　3'2A)Jn
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the　late　91obular　throU9h　coleoptilar　sta9es　of　embryos,　0S/‘‘/7　was　expressed

in　an　enlar9ed　ventral　re9ion　of　embryo　(Fi9,　3-2B,　C),The　si9nals　were

detected　in　the　outermost　several　cell　layers　just　below　the　coleoptilar

protrusion　extendin9　to　the　basal　(Fi9,　3-2B)and　inner　part　of　the　embryo

correspondin9　to　the　expected　epiblast　and　radicle,　respectively(Fi9.　3-2C).

　　　　At　the　shoot　apex　differentiation　sta9e　when　embryos　are　250'300　μm

lon9(4　DAP),0Sμ7　was　expressed　in　the　shoot　apex,　epiblast,　radicle

primordia,　and　their　intervenin9　tissues　(Fi9,　3-2D),but　not　in　coleoptile,

scutellum　ora　re9ion　where　the　first　leaf　would　differentiate,　The　expression

pattem　in　the　radicle　is　different　from　that　in　the　shoot.　Serial　sections　of　the

embryo　revealed　that　the　OSμ7　expression　in　the　radicle　was　observed　in　the

cells　surroundin9　the　root　apical　meristem　in　a　donut　shape　but　not　in　the

meristem(Fi9.　3-2E).At　a　more　advanced　sta9e　when　the　first　leaf　primordium

was　evident　and　embryos　were　400-500　μm　in　len9th　(5　DAP),the　expression

pattem　of　OSM7　was　basically　the　same　as　that　in　the　previous　sta9e　(Fi9.　3-

2F),Enlar9edview　of　the　shoot　apex　shows　that　nosi9nal　was　detected　in　the

LI(tunica)layer　of　the　meristem　and　the　first　leaf　primordium　(Fi9.　3-2G).This

spatial　pattem　of　OSM　7　expression　is　maintained　in　the　followin9　sta9e　when

the　second　leaf　primordium　is　formed,　althou9h　the　intensity　of　hybridization

si9nals　becomes　much　weaker(Fi9.　3-2H),indicatin9　that　the　OSμ/7

expression　is　reduced　and/or　the　OSμ7　transcripts　become　unstable　at　the

late　embryonic　sta9e.

　　　　ltis　noteworthy　that　the　onset　of　the　OSM7　expression　is　much　earlier

than　that　ofor9an　differentiation　and　the　expression　is　restricted　to　a　specific

re9ionon　the　ventral　side.　Althou9h　the　hybridization　si9nals　are　detected　in

the　shoot,　e　pi　blast,　rad　i　cl　e　(except　the　meristem)and　the　intervenin9　tissues,

clearly　there　is　norelation　in　cell-linea9e　amon9　them.　This　sU99ests　that　the

OSM7　expression　does　not　reflect　cell　linea9e,　but　may　be　related　to

re9ionalization　in　9lobUlar　embryo.　To　clarify　this　possibility,　l　analyzed　the
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expression　of　OSF/7　in　an　embryomutant　which　is　defective　in　or9an

differentiation.

OSμ7　expression　in　an　embryo　mutant,　or/7,　1ackin9　embryonic

or9ans

　　　　A　rice　embryo　mutant,　or/7,　1acks　embryonic　or9ans　includin9　shoot　and

radicle,althou9h　the　embryos　deve§op　relatively　lar9e　(lon9er　than　1000　μm)

(Hon9　et　al･,　1995).At　the　9lobular　sta9e　(1-3　DAP),they　do　not　show　any

abnormality　and　are　indistin9uishable　from　the　wild-type　embryo,　At　4　DAP,　a

smaH　coleoptile“like　protrusion　frequently　appears　on　the　ventral　side　of　the

embryo　but　the　embryo　continues　9rowin9　without　further　or9ano9enetic

events(Fi9.　3-3B).MicroscopicaHy,l　can　not　detect　any　si9n　of　shoot　and

radicle　differentiation　in　the　or/7　embryo.　At　4　DAP　and　later　sta9e,　or/7

embryos　are　morpholo9ically　distin9uishable　from　the　wild-type　embryos　by

the　absence　of　shoot　and　radicle.

lalso　examined　the　OS/‘‘/7　expression　in　the　oμ7　embryos　by　/r?　s/la

hybridization　toelucidate　the　epistatic　relationship　between　the　OSμ7

expression　and　or9an　differentiation,　ln　this　experiment,　l　used　embryos　set　on

heterozy9ous　plants　for　oμ7,　since　the　homozy9ous　oμ7　embryos　became

lethal,　Consequently,　l　can　expect　the　frequency　of　homozy9ous　oμ7　embryos

tobe　25%in　the　panicles　of　the　heterozy9ous　plants,　At　the　3　DAP,　all

91obular　embryos　examined　showed　the　same　pattem　of　hybridization　si9nals

as　with　the　wild-type　embryos,indicatin9　that　both　temporally　and　spatially,　the

OSF/7　expression　is　norma‖y　re9ulated　in　the　or/7　embryos,　At　4　DAP,　oμ7

embryos,retainin9　91obular　shape　(Fi9,　3-3A)or　showin9　small　coleoptile-like

protrusions(Fi9.　3-3B),maintain　a　normal　paUem　of　the　OSm　expression,

althou9h　neither　shoot　nor　radicle　is　differentiated(Fi9.　3-3B).Hybridization

si9nals　were　detected　in　the　ventral　re9ion　correspondin9　toa　place　where

shoot,epiblast　and　radicle　would　differentiate,　At　6　DAP,　the　same　expression
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pattern　was　observed　as　at　4　DAP,　but　the　expressionlevel　was　reduced　(Fi9･

3-3C),ln　the　lar9e　�7　embryos　at　7　DAP,　no　si9nal　was　detected　(Fi9.　3-3D),

Thus　the　OSM7　transcript　is　decreasin9　in　or/7　embryo　with　the　embryonic

maturation　as　in　the　wild　type　embryo.

　　　　These　results　indicate　that　both　temporal　and　spatial　paUems　of　the

OSM7　expression　are　exactly　maintained　even　in　the　or/7　embryos　lackin9

shoot　and　radicle.　Consequently,　the　OS/j　7　expression　is　not　directly

associated　with　or9an　differentiation.　Taken　to9ether　with　the　observation

made　in　the　wild　type　and　mutant　embryo,it　is　clear　that　OSμ/7　is　first

expressed　much　earlier　than　the　onset　of　morpholo9ical　differentiation,　and　is

considered　to　function　in　a　re9ulatory　process　prior　to　or　independent　of　or9an

determination.
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Dlscusslon

　　　　Do　plant　homeobox9enes　act　to　determine　the　re9ional　and　cellular

identities　durin9　embryo9enesis,　like　their　animal　homolo9s?　Expression　of

plant　homeobox　9enes　in　shoot　meristems　stron9ly　su99ested　their

involvement　in　or9an　formation　from　shoot　meristems　(Smith　et　al･,　1992;

Jackson　et　al　･　,　1994;　Matsuoka　et　al･,　1995),but　it　has　not　been　reported　so　far

that　plant　homeobox　9enes　also　mediate　some　or9an　formation　processes　in

embryo9enesis　as　in　animal　embryos.　For　evaluatin9　their　functional

si9nificance　in　development,　l　need　to　monitor　their　expression　9oin9　back　to

the　embryonic　phase.　ln　this　paper,　l　have　examined　the　spatial　and　temporal

expression　pattems　of　rice　homeobox　9ene,　0SF/7,　durin9　rice

embryo9enesis.　0S/-/7　expression　was　first　detected　in　a　specific　ventral

re9ion　of　9lobular　embryo.　ln　embryos　at　this　sta9e,　however,　no

morpholo9ical　differentiation　is　observed,　althou9h　re9ional　differentiation

such　as　dorsiventral　pattem　is　implied　by　the　gradual　chan9e　of　cell　size　alon9

the　dorsiventral　axis,　This　indicates　that　the　cellular　differentiation　at　the　9ene

expression　level　has　already　occurred　at　this　sta9e.　Althou9h　l　do　not　know

anythin9　about　the　initial　si9nal　for　such　cellular　differentiation　in　embryo,　it　is

plausible　that　OSμ7　may　play　an　important　role　in　the　cellular　differentiation

precedin9　or9an　formation.　Considerin9　the　possibility　that　the　putative　/r7　1//1/o

function　of　OSM7　is　a　trans-actin9　factor,　0Sμ/7　may　function　as　a　re9ulator

switchin9on　and　off　the　developmental　pro9ram　of　embryonic　cells　located　in

a　specific　re9ion.　With　the　advancement　of　embryonic　maturation,　the

expression　leve§of　OSm　is　reduced　(Fi9.　3-2H),The　down　re9ulation　of

OSμ7　expression　at　later　sta9es　su99ests　that　its　primary　function　resides　in

the　early　embryo9enesis,　This　result　also　su99ests　a　possibility　that　the　main

function　of　OSF/7　in　embryo　is　to　establish　cellular　identity　in　the　ventral　re9ion

at　the　9lobular　sta9e.　0nce　the　ventral　identity　is　established　and　then　the
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or9ano9enesis　is　started,　0S/‘‘/7　may　finish　its　function　in　early　embryo9enesis

and　decrease　its　expression　level.

　　　　0Sμ/7　has　been　considered　as　a　rice　counterpart　9ene　of　maize　K/＼/7

9ene　because　the　primary　structures　of　the　two　9enes　are　quite　similar　and　the

over-expression　of　the　9enes　cause　similar　alterations　in　morpholo9y　in

trans9enic　tobacco　plants　(Matsuoka　et　al･,　1993).K/＼/7　is　expressed　in　the

ve9etative　shoot　apex,　except　in　the　LI　layer　and　leaf　primordia　(Jackson　et

aly1994).From　the　expression　pattem　of　K/＼/7　in　the　wild-type　and　dominant

Kr77　mutant　plants,　Hake　and　her　collea9ues　proposed　a　hypothesis　that　K/＼/7

functions　to　promote　indeterminate　9rowth　and　its　down　re9ulation　is　important

for　the　entry　of　leaf　founder　ceHs　into　a　determinate　developmental　pathway

(Smith　et　al･,　1992),Recently,they　examined　the　expression　of　K/＼/7　durin9

maize　embryo9enesis　and　showed　that　the　K/＼/7　expression　is　closely

associated　with　the　shoot　apex　differentiation,　since　K/＼/7　expression　is　first

detected　when　and　where　shoot　apex　primordium　is　anatomically　visible

(Smith　et　al･,　1995).This　observation　with　the　KT/＼/7　expression　in　maize

embryo　is　different　from　my　observation　that　the　onset　of　OSμ7　expression

occurs　much　earlier　than　the　formation　of　shoot　meristem,　althou9h　the　spatial

expression　pattem　of　K/＼/7　in　embryo　coincides　with　that　of　OS/-/7　at　the　shoot

apex'differentiation　sta9e,　This　indicates　that　OSμ7　may　function　at　much

earlier　sta9e　durin9　embryo9enesis　than　K/＼/7　does,　and　therefore,　there　may

be　functional　differences　between　OS/-/7　and　K/＼/7　.

　　　　Normal　expression　of　OSm　in　the　or9anless　�7　embryos　(Fi9.　3-3)

stron9ly　su99ests　that　OSM7　is　not　directly　associated　with　shoot　apex

differentiation,　but　is　related　to　a　re9ulatory　process　operatin9　prior　to　or

independently　of　the　shoot　apex　differentiation,　By　analyzin9　many　rice

embryo　mutants,　Kitanoet　al,,　1993　presented　a　scheme　for　re9　ulatory

processes　active　durin9　rice　embryo9enesis　(Fi9.　3'4).ln　this　scheme,　they

have　proposed　several　re9ulatory　processes　before　morpho9enetic　events
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take　place:　pattem　formation　(apical-basal,dorsal-ventral),determination　of

or9an　differentiation,　positional　re9ulation,　and　size　re9ulation.　Embryonic

pattem　is　estimated　to　be　determined　quite　early　in　embryo9enesis,　because

the　pattem-determinin9　9enesof　Arabidopsis,　such　as　G/＼/OM　and

MO/＼/OP7'EROS,function　at　the　very　early　sta9e　of　9lobular　embryo　(Berleth

and　JOr9ens,1993;　Mayer　et　al･,　1993).My　data　on　the　OSμμexpression　in

specific　cells　ofventral　re9ion　su99est　that　OSM7　is　related　to　embryonic

pattem,especially　dorsiventral　pattem.But　OS/-/7　is　expressed　from　the

middle　91obular　sta9e　(ca.　100-ceH　sta9e),so　it　would　not　be　directly　involved

in　the　paUem　formation,　but　rather　may　function　in　specifyin9　cell　identity　or　in

the　detailed　re9ionalization　after　embryonic　pattem　is　rou9hly　established.

0therwise　there　is　another　possibility　that　the　rice　embryonic　paUem　coUld　be

established　later　than　Arabidopsis.

　　　　To　date,　aloss　of　function　mutation　of　OSμ7　has　not　been　isolated.

Consequently,　l　can　not　yet　specify　the　exact　function　of　OSμ7　durin9

embryo9enesis,　althou9h　the　temporal　and　spatial　pattems　of　OSM7

expression　imply　an　important　role　of　OSμ/7　in　early　embryo9enesis.　An

/4a&dops/s　mutation,　s17ool　mθμslθm/θss7(slm7),caused　the　loss　of　shoot

apical　meristem　in　embryo　(Barton　and　Poethi9,　1993).Recently,　STA/17　9ene

has　been　characterized　as　a　K/＼/7-type　homeobox　9ene　(Lon9　et　al,,　1996).

Considerin9　the　fact　that　homeobox　9ene　functions　are　often　conserved

amon9　or9anisms　as　different　as　mice　and　∂rosop/1//a,　the　function　of　OS/'‘y　7

may　also　be　involved　in　the　formation　of　the　shoot　apex　in　embryo　by

providin9　re9ional　information　for　shoot　differentiation.　ln　fact,　amon9　the　rice

embryomutants　that　show　abnormal　OSμ7expression　pattem,　a　rice　shoot-

less　mutant　is　included　(unpublished　data),

　　　　The　present　data　also　show　that　OSM7　can　be　used　as　a　temporal　or

re9ion-specific　markerof　embryo9enesis,　Normal　expression　of　OSF/7　in　or/7

embryo　implies　that　or/7　is　a　defect　of　a　9ene　operatin9　downstream　ofOSμ7.
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Thatis,　in　oμ7　embryo,　pattem　formation　is　normaHy　accomplished,　but　the

followin9　or9an　differentiation　would　be　impaired,　My　preliminary　data

su99ests　that　the　expression　paUem　of　OS/“/7　differs　amon9　embryo　mutants

exhibitin9　similar　phenotypes　(unpublished　data).Thus,by　examinin9　the

expression　pattem　of　OSμ7,　1　can　characterize　embryo　mutants　more

precisely　in　relation　to　pattem　formation,　which,　in　tum,　enriches　my

understandin9s　on　the　functions　of　plant　homeobox9enes.
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Summary

　　　　Homeobox　9enes　encode　a　lar9e　family　of　homeodomain　proteins　that

play　a　key　role　in　the　paUem　formation　of　animal　embryo.　By　analogy,

homeobox　9enes　in　plants　are　thou9ht　tomediate　important　processes　in　their

embryo9enesis,　but　there　is　very　little　evidence　to　support　this　notion.　Here　l

described　the　temporal　and　spatial　expression　pattems　of　a　rice　homeobox

9ene,　0S/j7,　durin9　rice　embryo9enesis.　/r7　s/ωhybridization　analysis

revealed　that　in　the　wild　type　embryo,　0Sμ7　was　first　expressed　at　the

9lobular　sta9e,　much　earlier　than　or9ano9enesis　started,　in　a　ventral　re9ion

where　shoot　apical　meristem　and　epiblast　would　develop　later,　This　localized

expression　of　OSμ7　indicates　that　the　cellular　differentiation　has　already

occurred　at　this　sta9e.　At　later　sta9es　after　or9ano9enesis　had　initiated,　0SH7

expression　was　observed　in　shoot　apical　meristem　(except　LI　(tunica)layer),

epiblast,radicle　and　their　intervenin9　tissues　in　descendin9　stren9th　of

expression　level　with　embryonic　maturation.　l　alsoperformed　//'7　s/ω

hybridization　analysis　with　a　rice　or9anless　embryo　mutant,　oμ7,　which

develops　no　embryonic　or9ans.　ln　the　or/7　embryo,　the　expression　paUem　of

OS/-/7　was　the　same　as　that　in　the　wild　type　embryo　in　spite　of　the　lack　of

embryonic　or9ans.　This　shows　that　OSM7　is　pot　directly　associated　with　or9an

differentiation,　but　may　be　related　to　a　re9ulatory　process　prior　to　or

independent　of　the　or9an　determination,　The　results　described　here　stron9ly

su99est　that,　like　animal　homeobox　9enes,　0S/“/7　plays　an　important　role　in

re9ionalization　of　cell　identity　durin9　early　embryo9enesis.
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゜i9.3-1.Developmental　course　of　wild-type　rice　embryo.

　　　Micro9｢aphs　shown　are　the　median　lon9itudinal　sections･　(A)Early

Jlobular　sta9e　(2　DAP),Nomorpholo9ical　differentiation　is　observed.　(B)Late

Jlobular　sta9e　(3　DAP).While　a　dorsiventral　polarity　is　evident　fromthe

Jradient　of　cell　size,　no　or9ano9enetic　events　are　observed.　(C)COleoptilar

;ta9e(early　4　DAP).The　first　morpholo9ical　differentiation　is　reco9nized　as　a

'entral　protrusjon　of　coleoptile　at　this　sta9e,　(D)Apical　meristem　differentiation

;ta9e(4　DAP).Shoot　and　radicle　apices　are　observed.　(E)Firstleaf

)｢imordium　differentiation　sta9e　(5　DAP).The　shoot　apical　meristem　is　flat　at

his　sta9e,　(F)Second　leaf　primordium　differentiation　sta9e　(6　DAP).The　shoot

lpical　meristem　become　dome-like　at　this　stage.　(G)Nearly　mature　embryo　at

}DAP.By　this　time,　the　fjrst　to　third　folia9e　leaves　are　formed　successively　in

ln　aiternate　phyllotaxis.　,4gow,shoot　apex;　4rrow17θad,radicle　apex;cp,

;oleoptile;　sc,　scutellum;　ep,　epiblast;lpl,first　leaf　primordium;　lp2,　second

eaf　primordium.　Bar=100μm
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Fi9.　3-2.　Detection　of　the　OS/“μtranscript　in　wild-type　rice　embryos　by　/r7　s/lu

hybridization,

　　　　Median　lon9itudinal　sections　of　embryos　are　shown　in　the　fi9ures

except(C)and(E)which　are　sectioned　adjacent　tothe　median　lon9itudinal

plane.　Positive　hybridization　si9nals　are　indicated　by　blue　toviol　et　colo　r.　(A),

Globularembryoat　3　DAP.　Si9nals　are　localized　in　the　ventral　re9ion　of

embryo,　where　shoot　apexwill　differentiate　later.　(B),Coleoptilar　sta9e　embryo

at　early　4　DAP,　Si9nals　are　visible　in　enlar9ed　ventral　re9ion　just　below　the

coleoptilar　protrusion,(C),The　section　of　coleoptilar　sta9e　embryo　at　early　4

DAP　adjacent　to　the　median　lon9itudinal　plane.　The　hybridization　pattem　is

different　from　that　on　the　median　section,　and　si9nals　are　observed　in　the

inner　part　of　the　embryo　correspondin9　to　the　re9ion　where　radicle　wiH　arise.

The　section　on　the　opposite　side　a9ainst　the　median　plane　shows　the　identical

hybridization　pattem.　(D),Embryo　at　late　4　DAP　in　which　shoot　apex　is　bein9

formed　.　PaUem　of　OSM　expression　is　similar　to　that　in　(B).(E),The　section

of　the　embryo　at　late　4　DAP　which　is　swerved　from　the　median　lon9itudinal

plane,　Si9nals　are　observed　at　the　re9ion　surroundin9　the　root　apical

meristem　like　a　donut　shape.　The　swerved　section　of　the　opposite　side　a9ainst

the　median　plane　showed　the　hybridization　paUem　identical　to　this　fi9ure.　(F),

First　leaf　differentiatin9　embryo　at　5　DAP.　Si9nals　are　visible　in　shoot　apex,

epiblast,　the　re9ion　at　the　ventral　side　of　vascular　tissue,　(G),Enlar9edview　of

the　shoot　apex　re9ion　in　(F).Si9nals　are　absent　in　both　LI　(tunica)layer　and

first　leaf　primordia.　(H),Second　leaf　differentiatin9　embryo　at　7　DAP.　Similar

pattern　to　that　in　(F)is　observed　but　the　intensity　of　si9nals　is　much　lower　than

that　at　5　DAP.　々7ow,shoot　apex;　/4rrow/7θ∂d,radicle　apex;　cp,　coleoptile;　sc,

scutellum;　ep,　epiblast;　LI　,　LI　(tunica)layer;vt;　vascular　tissue;　lp　l　,　first　leaf

primordium;　lp2,　second　leaf　primordium.　Bar　=100μm,
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Fi9.3-3.Expressionof　OSM7　in　rice　or/7　mutant　embryo　showin9　noor9an

differentiation.

　　　　AIl　fi9ures　shown　are　median　lon9itudinal　sections　of　or/7　embryos.(A),

Embryo　at　4　DAP.　The　expressionof　OSμ7　is　observedintheventral　side　of

the　embryo.　This　pattem　of　expression　is　essentially　the　same　as　that　in　the

wild-type　embryo　at　3　DAP　(Fi9.　3-2A)･(B),Embryo　with　coleoplile-like

protrusion　at　4　DAP.　ln　or/y　mutant　embryos,　a　small　coleoptile-like　protrusion

frequently　appears　on　the　ventral　side　of　the　embryo.　The　embryo　continuesits

9rowth　without　any　further　or9ano9enetic　events.The　expressionpattem　of

OSM7　is　similar　to　that　observed　in　(A)･(C),Embryo　with　coleoptile-like

protrusion　at　6　DAP.　Comparin9　to　the　wild-type　embryo　at　6　DAP　(Fi9,3-IF),

the　sever　defect　in　or9an　differentiation　is　observed.The　expression　paUem　of

OSm　observed　is　similar　to　that　in　(B),butthe　expression　level　is　reduced.

(D),Embryo　at　7　DAP.　The　embryo9｢ows　up　with　showin9　no　or9an

dif↑erentiation.No　OSM　expression　is　observed.　Bar=100μm.
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PaUern　formation　　Detai§ed　re9ionalizatlon　Determination　　　　　　　　Morpho9enesis

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Or9an　differentiation

osff7　expresslo!1　ヽヽ　E☆

　　　　　　　　　　`゛1　　　　　　　hi9h　level　expression　　　　　　　　　　low　level　expression
　　　　　　　　　　　start

Fi9.　3-4.　0Sμ7　expression　and　schematic　representation　of　hypothetical

re9ulatory　processes　durin9　rice　embryo9enesis.

　　　　The　OSμ7　expressionis　first　observed　in　a　specific　re9ionof　the　ventral

side　of　the　9lobular　sta9e　embryo　which　has　novisible　or9andifferentiation.

The　hi9h　level　expressionofOSμ/7　keeps　durin9　the　late　9lobular　sta9e　to　the

first　leaf　primordia　diffe　rentiationsta9e.　Then,　the　expressionof　OSM7　is

reduced　as　the　embryomaturation　proceeds.　From　the　observation　in　the　c)r/7

mutant,　the　localized　expression　of　OS/“‘/　7　is　not　affected　by　the　or9an

diffe　re　ntiati　on.　These　indicate　that　OSμHunctions　in　the　early　sta9es　of　the

embryo9enesis　and　may　play　a　role　in　the　specification　of　cell　identity　or　in　the

detailed　re9ionalization　after　embryonic　patte　m　formationisrou9hly

established.
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lntroduction

　　　　Althou9h　most　plant　morpho9enetic　events　occur　in　the　post　embryonic

development　of　plant　life　cycle,　the　basic　body　plan　in　hi9her　plants　is

9enerated　durin9　embryo9enesis.　ln　the　early　sta9e　of　embryo9enesis,

several　body　axes　such　as　apical-basal　,　radial　,　and　dorso-ventral　pattems　are

established･　Based　on　the　re9ional　information　determined　by　these　axes,

embryonic　or9ans　includin9　two　apical　meristems　(shoot　and　root)are　formed

at　the　correct　positions.　After　seed　9ermination,　the　apical　meristems

successively　produce　various　tissues　and　or9ans　throu9hout　the　plant　life

cycle　while　maintainin9　themselves　as　stem-iike　ceHs　(Steeves　and　Sussex,

1989),

　　　　The　process　of　axis　establishment　durin9　embryo9enesis　has　been　the

focus　of　many　studies,　re9ardless　of　plant　or　animal　materials　(JCIr9ens,　1995;

Lawrence　and　MOrata,　1994).Recent　advances　in　studies　on　animal

embryo9enesis　have　established　the　9enetic　pro9rams　by　which　9enes

controlpattemin9(Gehrin9　et　al･,　1994;　Lawrence　and　Morata,　1994),and

many　of　the　9enes　involved　in　this　process　have　been　cloned.　Amon9　them,

homeobox　9enes,　which　encode　an　evolutionarily　conserved　64　amino　acid

sequence　called　homeodomain,　play　important　roles　in　developmental

decisions　that　control　cell　specification　or　paUern　formation.

　　　　ln　hi9her　plants,　the　first　homeobox　9ene　was　cloned　by　transposon

ta99in9　from　the　maize　Kno㈲d7(477)mutant　as　K/＼/Or7TE∂7(KT/＼/7)9ene

(vollbrecht　et　al･,　1991).ln　the　Kr77　mutant,　abnormal　arran9ements　of　lateral

veins,　sporadical　out9rowths　called　knots,　and　li9ule　displacement　are

observed　in　leaf　blades　.　lt　has　been　revea§ed　that　Kr77　is　a　dominant　mutation

caused　by　ectopic　expression　of　K/＼/7　in　leaves,　and　that　its　ectopic　expression

results　in　the　disor9anization　of　the　developmental　pro9ram　of　leaf　blades

(Smith　and　Hake,　1994).
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　　　　Many　homeobox　9enes　have　been　cloned　from　various　plant　species　in

an　effort　to　address　the　biolo9ical　functions　of　homeobox　9enes　in　plant

development,　Based　on　amino　acid　sequence　similarities　within　the

homeodomain　or　conserved　protein　motifs　outside　of　the　homeodomain,　plant

homeobox　9enes　have　been　classified　into　five　9roups　(Kerstetter　et　al･,　1994;

Lu　et　al･,　1996),These　include　the　KNOTTED-type　homeodomain　proteins,

homeodomain　zipper　proteins　(HD-ZIP),plant　homeodomain　fin9er　proteins

(PHD-fin9er),the　GLABRA2　homeodomain　protein,　and　the　BELLI

homeodomain　protein,　ln　animals,　families　of　related　homeobox　9enes　often

specify　related　developmental　processes　(Gehrin9　et　ai･,　1994)･Based　on　the

observations　that　KNOTTED-type　homeodomain　proteins　are　expressed

around　the　shoot　apical　meristem　and　overexpression　of　these　9enes　affects

the　developmental　pro9ram　of　the　leaf　blades,　it　has　been　su99ested　that

9enes　of　this　class　are　involved　in　maintenance　of　the　shoot　apical　meristem

and/or　the　development　of　lateral　or9ans　(Smith　et　al,,　1992).

　　　　Plant　homeobox　9enes,　by　analo9y　tofunctionalroles　of　animal

homeobox　9enes,　have　been　expected　toencode　transcriptional　re9ulators

that　mediate　important　developmental　processes　durin9　embryo9enesis.

Recently,　the　involvementof　plant　homeobox　9enes　in　embryo9enesis　are

su99ested　by　their　expression　pattems　durin9　embryo9enesis　(Sato　et　al･,

1　996a;　Smith　et　al　,　,　1995;　Klin9e　and　Werr,　1995;　Lon9　et　al･,　1996).Also　loss-

of-function　mutations　in　an　4∂b/d9s/s　homeobox　9ene,　STA/7(Shoo!

Meristemless)result　in　the　shoot　meristemless　phenotype　of　embryos.　This

findin9　has　demonstrated　directly　the　involvement　of　this　9ene　in　shoot

formation　or　maintenance　durin9　embryo9enesis　(Lon9　et　al･,　1996).

　　　　lam　interested　in　elucidatin9　the　role　of　KNOTTED“type　homeobox

9enes　in　plant　development,　especially　in　monocotyledonous　plants･　Toward

this　9oal,　l　have　isolated　a　family　of　KNOTTED'type　homeobox　9enes　from

rice.　Recently　rice　has　become　a　model　system　in　monocotyledonous　plants
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for　plant　biolo9ists,　mainly　because　of　the　accumulated　mutants,　the　feasibility

of　efficient　transformation,　the　creation　of　a　hi9hly　saturated　molecular　9enetic

map,　and　the　lar9e-scale　analysis　of　expressed　sequence　ta9s　(lzawa　and

Shimamot0,1996),So　the　isolation　and　characterization　of　KNOTTED-type

9enes　from　rice　will　permit　further　molecular　and　9enetic　analyses　of　this　class

of　homeobox　9enes.

　　　　Here,　l　describe　the　clonin9　and　characterization　of　a　rice　homeobox

9ene,　0Sμ75.　Ectopic　expression　experiments　with　OSμ75　in　trans9enic

tobacco　provide　evidence　that　its　9ene　product　affects　the　developmental

pro9｢am　of　tobacco　plants,　The　/r7　s/ωmRNA　localization　analyses　throu9h　the

whole　plant　life　cycle　su99est　that　OSμ/75　functions　durin9　embryo9enesis,

and　around　the　ve9etative　shoots,　infloresence　shoots,　and　floral　meristem.

The　biolo9ical　functions　of　OSF/75　durin9　the　whole　plant　life　cycle　are

dicussed.
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Experimental　Procedures

Amplification　of　homeodomain　by　PCR　method

　　　　The　9enomic　DNA　from　rice　(09za　sana　L,)cultivar　Nippon-bare　was

amplified　by　PCR　usin9　two　oli9onucleotide　primers　correspondin9　to　the

COnServed　aminOaCidS　re9iOn　Ofthe　hOmeOdOmain(51

AA(A/G)CT(A/C/G/T)CC(A/C/G/T)AA(A/G)GAGGC　3゛,　and　5゛

TGGTTGATGAACCAGTTGTT　31).Amplified　fra9ments　were　cloned　into　pCRH

(lnvitro9en)and　sequenced.　0ne　clone　correspondin9　to　OSF/75　was　used　as

aprobefor　further　screenin9　for　cDNA　and　9enomic　clones,

Screenin9　of　cDNA　and　9enomic　DNA　libraries

　　　　A　CDNA　library　constructed　from　rice　rachis　mRNA　and　a　9enomic

library　constructed　from　rice　9enomic　DNA　di9ested　partially　with　SaU3Al　were

screened　with　a　probe　prepared　as　mentioned　above.　Hybridization　was

performed　in　50　%Formamide,6X　SSC,　5X　Denhardtls　solution,　0.5%SDS,

and　O.l　m9/mL　salmon　sperm　DNA　at　42　Å6　for　14　h　and　filters　were　washed

in　2X　SSC,　0.1%SDS　at　room　temperature　and　then　further　washed　in　O.2x

SSC,0j%SDS　at　65　Å6.

Sequencin9　analysis

　　　　Nucleotide　sequences　were　determined　by　the　dideoxynucleotide

chain-termination　method　usin9　an　automated　sequencin9　system　(AB1373A),

The　cDNA　and　9enomic　clones　were　completely　sequenced　on　both　strands

except　for　a　lar9e　intron.　Analysis　of　cDNA　and　amino　acid　sequences　were

carried　out　usin9　GENETYxcomputer　software　(Software　Kaihatsu　Co･　,

Japan)　　　　　　　　　　　　　　　　　　　　.

Construction　of　chimeric　9enes
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　　　　A　DNA　fra9ment　containin9　the　35S　promoter　was　exised　from　pB1121

(Clontech　Lab,　lnc･,　CA,USA)at　the　4ndl　l　l/Smal　site　and　introduced　into　the

same　siteof　pUC18　to　produce　a　plasmid　desi9nated　p35S.　A　DNA　fra9ment

containin9　the　noparine　synthetase　terminater(r7os)was　exised　from　pB1121

at　the　Ssd/Eco/゜?l　site　and　introduced　into　the　same　site　of　p35S　to　produce　a

plasmid　desi9nated　p35Snos,　Then　a　DNA　fra9ment　containin9　the　35S　and

r7os　sequences　was　exised　from　p35Snos　at　μ//ηdl　l　l/EcoRl　site　and　replaced

the　insert　of　pB1121　at　the　same　site　to　produce　a　plasmid　desi9nated

pB135Snos.The　cDNA　clone　encodin9　rice　OSM75　was　exised　at　the

xb∂|/EcoRvsite　and　introduced　into　the　x£?∂1/Sm∂lsite　of　p　B　1　1　2　1　to　construct

the　35S'OSμ75　fusion　9ene　in　the　binary　vector,

Transformation　and　re9eneration　of　tobacco

　　　　The　fusion　construct　was　introduced　into　/4gr6b∂cler/ljmωmθ/ac/θns

LBA4404　by　electroporation.　Transformation　of　/＼//col/∂r7∂1∂baa/mcv.

Samsun　NN　was　accordin9　to　the　leaf　disc　method　as　previously　reported

(Matsuoka&Sanada,1991).Transformants　were　selected　in　medium

containin9　100　m9/L　of　kanamycin.

RNA　9el　blot　analysis

　　　　Total　RNAs　from　rice　were　separately　prepared　from　various　or9ans　for

RNA　9el　blot　analysis,　Fifteen　μ9　of　each　RNA　preparation　was

electrophoresed　on　a　l　%a9arose　9el,　then　transferred　to　Hybond　N+

membrane(Amersham)and　hybridized　with　the　entire　OSm5　insert　as　a

probe.　Hybridization　was　performed　in　50%formamide,6XSSC(lx　SSC　is

Oy15　M　NaCI,　15　mM　sodium　citrate),5X　Denhardtls　solution(l　x　Denhardt's

solution　is　Oj2%Ficoll,0.02%PVP,0,02%BSA),0,5%SDS,and　O,l　m9/mL

salmon　sperm　DNA　at　42A6　for　14　h.　Each　filter　was　washed　in　2X　SSC,　0.1

%SDS　at　room　temperature　and　then　further　washed　in　O.2X　SSC,　0.1　%
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SDS　at　65A6.　1n　the　analysisof　the　trans9ene　expression　level　in　trans9enic

tobaccoplants,　total　RNA　from　leaves　of　wild　and　trans9enic　tobacco　plants

were　extracted　and　ten　μ9　of　each　total　RNA　was　subjected　to　nodhern　blot

hybridization.　The　probe　and　hybridization,　and　washin9　procedures　are　the

same　as　mentioned　above.

Histolo9ical　analysis

　　　　Plant　materials　were　fixed　in　FAA　solution　and　embedded　in　Technovit

7100　resin　(Kulzer&Co,GmbH,Wehrheim,FRG),Microtome　sections　(3-5

μm)were　stained　with　hematoxylin.

/n　s/fu　hybridization

　　　　Plant　materials　were　fixed　in　4%(w/V)paraformaldehyde　and　O.25%

9lutaraldehyde　in　O.I　M　sodium　phosphate　buffer,　pH　7.4　ovemi9ht　at　4゜C,

dehydrated　throU9h　9raded　ethanol　series　and　then　μbutanol　series　(Sass,

1958),and　finally　embedded　in　Paraplast　Plus　(Sherwood　Medical).

Microtome　sections　(7-10μm　thick)were　applied　to　9lass　slides　treated　with

vectabond(vector　Labs)./n　sO　hybridization　with　di9oxi9enin-labeled　sense

or　antisense　RNA　was　conducted　accordin9　to　the　method　of　Kouchi　and　Hata

(1993).Double-tar9et　/r･　sO　hybridization　was　conducted　accordin9　to　the

method　of　Kouchi　et　al.　(1995).
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Results

Clonin9　and　sequencin9　of　a　rice　homeobox　containin9　9ene,

0Sμ75

　　　　To　isolate　new　members　of　the　KNOTTED　type　homeobox　9enesfrom

rice,　l　desi9ned　de9enerate　oli9onucleotide　primers　correspondin9　to　the

conserved　amino　acid　sequences　from　the　homeodomain　re9ion　of　previously

reported　KNOTTED-type　homeobox　9enes　(KersteUer　et　alJ　994),and

performed　PCR　amplification　with　rice　9enomic　DNA　as　template.　Several

amplified　fra9ments　of　different　sizes　were　cloned　and　sequenced.　Amon9

them,one　clone　which　was　desi9nated　OSM5(pyza　S1/a　homeobox　jj)

was　used　for　further　screenin9　oHull　size　cDNA　and　9enomic　clones.

　　　　The　isolatedOS/-/75　cDNA　clone　contains　a　1　065-bp　open　readin9

frame,　capable　of　encodin9　a　polypeptide　of　355　amino　acid　residues,　with　a

93-bp　5l　noncodin9　re9ion　and　a　373-bp　3l　noncodin9　re9ion　(Fi9.　4-I　A),The

open　readin9　frame　contains　a　conserved　homeodomain　(64　amino　acids)at

the　C-terminus　as　is　the　case　with　other　KNOTTED　type　homeobox　9enes.

Comparin9　with　other　plant　homeodomains,　its　deduced　amino　acid　sequence

ismost　similar　to　that　of　KNOTTED　type　homeobox9enes　such　as　K/＼/7　from

maize(89%),0SM　from　rice　(94%),/＼/7M5from　tobacco　(86%),STMand

K/＼/.47j　from　4J/(4･s/s(86%and　95%,respectively)(vo‖brecht　et　al･,

1991;　Matsuoka　et　al　･　,　1　993;　Tamaoki　et　al　,　,　1　997;　Lon9　et　al　･　,　1　996;　Lincoln　et

al,,　1994).Furthermore　the　amino　acid　sequence　is　completely　identical　to　that

of　maize　RS7　in　the　homeodomain　region　(Schneeber9er　et　al･,　1995).

　　　　The　ELK　re9ion　consistin9　of　a　conserved　21　amino　acid　re9ion　located

immediately　upstream　of　the　KNOTTED　type　homeodomain　is　also　found　in

OSM5.The　N-terminus　of　the　homeodomain,　there　is　a　cluster　of　positively

char9ed　amino　acids　that　is　often　observed　in　proteins　localized　in　the　nucleus

and　mi9ht　work　for　nuclear　localization　si9nal　(Raikhel,1992).ltis　also
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noteworthy　that　there　are　three　9lycine　stretches,　three　alanine　stretches　and

one　histidine　stretch　near　the　N-terminus　of　OSH15(Fi9.　4-IA).Similar

homopolymeric　amino　acid　stretches　are　also　observed　in　OSHI(proline　and

9lutamine),NTH15(Aspar9ine　and　proline),KNI(histidi　n　e)and　RSI(serine,

alanine,91utamine　and　histidine).The　biolo9ical　role　of　these　homopolymeric

amino　acid　stretches　has　not　been　elucidated.　However,it　has　been

su99ested　that　they　may　be　involved　in　transcriptional　activation　because

polyproline　and　poly9lutamine　stretches　often　act　as　activation　domains　in

some　trans-actin9　factors(Gerber　et　al,,　1994).The　presence　of　these　clusters

in　the　predicted　OSH　1　5　protein　indicates　that　OS/-μ5　acts　as　a　re9ulatory

9ene　in　rice.　l　also　cloned　and　characterized　the　9enomic　DNA　that　completely

covers　the　OSF/75　codin9　re9ion,　By　comparin9　the　9enomic　DNA　sequence

and　cDNA　sequence,　it　is　revealed　that　OSM75　consists　of　five　exons　and　four

introns,　This　exon/intron　structure　is　also　conserved　amon9　the　KNOTTED

type　homeobox　9enes　(Fi9.　4-I　B)(Matsuoka　et　al,,　1993;　Lincoln　et　al･,　1994).

Expression　of　the　OSμ75　9ene　in　different　or9ans

　　　　To　determine　the　expression　pattem　of　OSμ75invarious　or9ans　of　rice,

lconducted　an　RNA　9el　blot　hybridization　analysis　usin9　the　entire　codin9

sequence　of　theOS/j75　cDNA　as　a　probe　(Fi9.　4-2),Total　RNA　was　extracted

from　leaf　blades,　ve9etative　shoot　apices,　inflorescence　shoot　apices,　stems,

roots,　root　tip,　caryopsis,　embryos　(8　DAP:　days　after　pollination),rachis,　and

suspension　cells,　A　sin9le　stron9　band　was　detected　in　RNA　from　rachis　and

stems.　The　size　of　the　band　was　approximately　l　.6kb,　almost　the　same　size　as

the　cDNA　clone,　A　relatively　weak　band　with　the　same　size　was　also　observed

in　RNA　from　ve9etative　shoots,　inflorescence　shoots　and　caryopsis,　but　not　in

leaf　blades,　roots,　root　tips,　embryos,　and　suspension　cells.　Thus,　the　OSμ/75

expression　pattem　shows　strict　or9an　specificity.　To　avoid　cross'hybridization

of　the　probe　with　other　homeobox　9enes,　l　alsoperformed　the　same
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experiment　with　the　3l　non-codin9　re9ion　as　a　probe.　The　blot　pattern　with

faint　si9nals　was　the　same　as　that　with　the　whole　sequence　of　OS/‘/75,

demonstratin9　that　the　whole　OSFμ5　cDNA　sequence　specifically　reco9nized

the　OSμ75　mRNA　under　strict　hybridization　conditions.

Expression　of　the　OSμ75　codin9　sequence　in　tobacco

　　　　To　analyze　the　biolo9ical　functions　of　the　OSF/75　9ene,　the　cDNA　clone

was　expressed　ectopicaHy　in　trans9enic　tobacco　plants,　The　complete　codin9

sequence　of　OS/“‘/75　was　transcriptionally　fused　to　the　cauliflower　mosaic　virus

35S　promoter　(35S)in　the　sense　orientation　and　introduced　into　wild-type

tobacco　plants　(cv,Samsun　NN)via　A9robacterium　mediated　9ene　transfer,

More　than　fourty　independent　transformants　were　re9enerated　in　this

experiment.　Most　of　the　transformants　showed　abnormal　morpholo9ies　such

as　an　aberrant　leaf　morpholo9y,　a　dwarf　phenotype,　and/or　a　formation　of

ectopic　shoots　on　leaves.　These　transformants　were　divided　into　four

phenotypic　cate9ories　based　on　leaf　morpholo9y:　(1)mild　phenotype,　(2)

intermediate　phenotype,　(3)severe　phenotype,　(4)shooty　phenotype.

　　　　Transformants　in　the　mild　cate9ory　appeared　to　have　normal　growth

exceptforan　aberrant　leaf　morpholo9y　(Fi9.　4-3　D,　ri9ht　side　of　G).The　size　of

the　leaves　in　this　9roup　was　sli9htly　small,　the　midrib　was　curved,and　the

shape　of　the　leaves　was　wavy.　l　coUld　not　observe　any　abnormalities　in　the

shape　or　the　or9an　number　of　flowers　in　this　cate9ory･

　　　　Transformants　with　the　intermediate　phenotype　had　severly　wrinkled

leaves　with　no　definite　mid　veins　in　the　center　of　leaves　(Fi9.　4-3　C,　left　side　of

G),Leaves　in　this　cate9ory　were　fairly　small　(compare　left　and　rKlht　in　Fi9.　4-3

G).The　number　of　leaves　in　these　plants　was　increased　because　of　more

phytomer　with　shorter　intemodes　than　those　of　wild　type　plants　(Fi9.　4-3　C).|

could　also　observe　abnormalities　in　the　morpholo9y　of　flowers　on　plants　in　this

cate9ory(Fi9,　4-3　H),They　had　waved　petals　and　stamen　filaments　with
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reduced　len9th,　whereas　the　len9th　of　pistils　were　normal.　Consequently,　the

fe　rtil　ities　of　those　plants　were　low　but　poHen　development　was　unaffected.

Actually　when　l　picked　up　anthers　and　pollinated　the　pistils　by　hand,　fertility

was　recovered.

　　　　Leaves　of　the　plants　with　severe　phenotype　showed　quite　aberrant

morpholo9ies(Fi9.　4-3B　and　F).The§eaves　were　very　smaH　and　their　veins

could　hardly　be　detected,　Those　plants　were　severely　dwarfed.　ln　this

cate9ory,　few　plants　produced　flower　buds.　Also　floral　abscission　occurred

prematUrely,　solcould　not　observe　the　morpholo9y　of　a　mature　flower.

　　　　ln　plants　with　the　shooty　phenotype,　the　size　and　the　shape　of　leaves

were　similar　tothose　with　the　severe　phenotype.　These　plants　were　also

severely　dwarfed　and　showed　weak　apical　dominance　(Fi9.　4-3A),The　main

difference　in　leaves　between　plants　with　the　shooty　phenotype　and　the　severe

phenotype　was　that　ectopic　shoots　formed　on　the　adaxial　side　of　leaves　(Fi9･

4-3E,　|,　and　J).Sections　throu9h　ectopic　shoots　revealed　that　the　layer

structure　of　a　leafjn　which　sixto　seven　cell　layers　were　normally　observed,

was　disturbed　in　leaves　of　the　plants　with　severe　or　shooty　phenotype　and　the

differantiation　of　the　palisade　parenchyma　was　obscure(Fi9,　4-3l　and　data　not

shown)･lnsome　cases,　ectopic　shoots　9rew　and　produced　new　leaves　just

like　a　new　branch　from　an　axillary　bud　(Fi9.　4-3J),lnterestin91y,the　phenotype

of　the　leaves　produced　from　ectopic　shoots　were　not　always　the　same　as　that

of　the　ori9inal　leaves.　As　shown　in　Fi9.　4-3J,　leaves　from　an　ectopic　shoot　on

the　shooty　leaf　showed　a　relatively　milder　phenotype.　The　same　phenomenon

was　also　observed　in　branches　from　axillary　buds.　For　example,a　branch　from

asevere　plant　did　not　always　produce　leaves　with　the　severe　phenotype,　but

produced　shooty　or　intermediate　leaves(data　not　shown).

　　　　To　test　whetherthe　expression　levels　of　the　OSM75　trans9ene

correlated　with　the　severity　of　the　phenotypes,　l　extracted　total　RNA　from

leavesof　four　individual　trans9enic　plants　in　each　phenotypic　cate9ory　and
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from　wild-type　tobacco　plants　and　performed　RNA　9el　blot　analysis.　The

OSM75trans9ene　expression　was　easily　detected　in　leaves　of　all　trans9enic

plants　showin9　abnormal　morpholo9y　(Fi9.　4-4,　1anes　3-1　8),and　no　cross

hybridization　si9nal　was　detected　in　leaves　of　wild　type　tobacco　plants　(Fi9.　4-

4,1anes　l　and　2),There　seemed　to　be　a　correlation　between　the　expression

level　of　the　trans9ene　and　the　phenotype　of　each　trans9enic　line.　ln　9eneral,

low　levels　of　O}μ5expression　9ave　mild　to　intermediate　phenotypes,　plants

with　a　moderate　level　of　OSμ/75　expression　had　an　intermediate　tosevere

phenotype　and　a　hi9h　level　of　OSF/75　expression　produced　severe　to　shooty

plants.　But　this　correlation　was　not　strict.　For　example,　in　lane　7,　C)&-/75

expressionwas　hi9h,　but　this　plant　showed　a　relatively　mild　phenotype.

ln　situ　localization　of　OSIlf75　mRNA　durin9　embryo9enesis

　　　　To　determine　the　spatial　pattem　ofOSμ75　9ene　expression　durin9

different　sta9es　of　plant　development,　l　conducted　/r?　s/ωhyb　ridization

experiments　with　di9oxy9enin-,　or　fluorescein-labeled　OSF/　7　5　antisense

RNAs　as　a　probe　(Fi9,　4-5　to　4-7).

　　　　ln　Fi9.　4'5,　the　expression　patterns　of　OS/'‘/75　durin9　rice

embryogenesis　are　shown　comparing　with　those　of　another　rice　homeobox

9ene,0Sμ7,which　we　cloned　and　characterized　before　(Matsuoka　et　al･,

1993;　Sato　et　al･,　1996a).After　fertilization,　rice　embryos　9row　in　a　91obular

shape　with　relatively　irre9ular　cell　divisions.　ln　the　early　9lobular　sta9e　embryo

(2DAP),embyosarecomposed　of　about　100　cells　and　the　size　is　about　50　μm

in　len9th･　AlthoU9h　l　can　not　observe　any　si9n　of　or9an　differentiation　at　this

sta9e,　the　expression　of　OS/‘μwas　already　observed　in　the　ventral　and　basal

part　of　the　embryo　where　the　shoot　apical　meristem　would　develop　later　in

embryo9enesis(Fi9.　4'5B),But　in　the　same　section,　0SF/75　9ene　expression

was　not　detected　(Fi9,　4-5A).ln　the　late　9lobular　sta9e　embryo　(3DAP),a

dorsiventral　polarity　within　the　embryo　become　evident　from　the　9radient　of
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cell　size　althou9h　no　or9ano9enetic　events　are　yet　observed,　and　OS/-/7

mRNA　accumulation　continued　in　the　ventral　and　basal　part　of　the　embryo

(Fi9.　4-5D).0n　the　same　histolo9ical　section,　one　can　see　expression　of

OSM　as　a　pink　si9nal　from　its　fluorescein　labeled　probe　(Fi9.　4-5D);and　in

the　same　area　the　first　appearance　of　O&-/75　by　means　of　its　di9oxy9enin

labeled　probe(Fi9.　4-5C).Thus,the　timin9　of　the　initiation　of　9ene　expression

durin9　the　embryo9enesis　is　different　for　the　two　9enes,　but　both　9enes　are

expressed　in　the　same　re9ion,　that　is,　the　future　shoot　re9ion　before　any

visible　or9an　differentiation.

　　　　At　the　coleoptilar　sta9e　(4DAP),the　first　morpholo9ical　differentiation　is

observed　as　a　ventral　protrusion　of　a　coleoptile　primordium.　The　initial　of　the

shoot　apical　meristem　is　also　reco9nized　as　a　notch　under　the　coleoptile

primordium.　At　this　sta9e,　both　OSFμ5　and　OS/'μmRNA　accumulations　were

observed　in　the　ventral　and　basal　part　of　the　embryo　includin9　the　initial　of　the

shoot　apical　meristem(Fi9.　4-5E　and　F,　respectively),By　this　sta9e,

expression　of　both　9enes　overlap･

　　　　Differences　in　the　expression　paUem　between　OSM75　and　OSμ7

be9an　to　be　observed　in　the　embryo　at　5DAP　which　had　a　developpin9

coleoptile,　shoot　apical　meristem,　and　provascular　tissue.　ln　the　embryo　at　this

sta9e,0Sμ/75　was　expressed　at　the　ventral　side　of　the　embryo,　but　the

expression　within　the　shoot　apical　meristem　was　down-re9Ulated(Fi9,　4'5G),

whereas　the　expression　of　OS/-/7　within　the　shoot　apical　meristem　continued

hi9h(data　not　shown).

　　　　By　7DAP,　rice　embryos　develop　successively　two　primordia　of

embryonic　leaves　at　the　periphery　of　the　shoot　apical　meristem　in　a　distichous

phy‖otaxis　and　the　root　cap　differentiates　at　the　tip　of　the　radicle　primordium.

ln　the　embryo　at　this　sta9e,　differences　of　the　expression　paUerns　between

OSM5　and　OSM　became　clearer　(Fi9,　4-5H　and　l).0SF/7　expression

stained　with　the　di9oxy9enin　labeled　probe　was　observed　in　the　shoot　apical
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meristem,　in　the　ventral　side　around　the　provascular　tissue,　the　epiblast(bud

scale),and　belowit(Fi9.　4-51).0n　the　other　hand,　the　expression　of　OSμμ5on

the　same　section　stained　with　the　fluorescein　labeled　probe　was　restricted

around　the　boundaries　between　the　two　embryonic　or9ans,　that　is,　the

scutellum　and　the　coleoptile,　the　coleoptile　and　the　second　leaf　primordium,

the　shoot　apical　meristem　and　the　first　leaf　primordium,　the　first　leaf

primordium　and　the　coleoptile,　the　coleoptile　and　the　epiblast　(indicated　by

arrowheads　in　Fi9.　4-5H).At　the　tip　of　the　epiblast,　the　expression　of　OSμ/75

was　alsoobserved.　As　often　observed　in　the　class　l　type　of　the　KNOTTED

9ene　family,　both　the　OS/-/75　and　OS/‘μexpressions　were　strictly　supressed

in　the　leaf　primordia　even　thou9h　they　were　embryonic　leaves.　To　constitute

the　three　dimensional　ima9e　of　OS/-/75　expression　in　embryo,　l　observed　it　in

the　rectan9ular　lon9itudinal　sections　of　a　rice　embryo　at　5　DAP.　Fi9.　4'6　A　and

B　show　the　schematic　representations　of　a　lon9itudinal　and　a　rectan9ular

lon9itudinal　section　of　a　rice　embryo･　Line　x　in　panel　A　indicates　an

approximate　plane　of　the　rectan9ular　section　shown　in　panel　B.　By　overlayin9

the　si9nal　of　OS/‘'/75　expression　observed　in　serial　sections　(panel　C,　D,　and

E),the　spotted　expression　of　OSM75　1ocalized　around　the　boundaries

between　two　different　or9ans　in　the　lon9itudinal　section　(Fi9.　4-5H,　and　Fi9,　4-

6A)was　revealed　to　be　a　rin9　shape　(Fi9.　4-6B),

OSμ75　expression　in　an　embryo　mutant,　or/7

　　　　The　expression　of　OSμ/75　durin9　embryo9enesis　prior　to　morpholo9ical

differentiation,　in　the　area　where　the　shoot　apical　meristem　wi‖　develop

indicates　that　OS/j75　functions　at　an　earlier　sta9e　than　the　morpholo9ical

differentiation　of　the　shoot　apical　meristem.　To　elucidate　the　epistatic

relationship　between　OS/j75　expression　and　shoot　differentiation,　lconducted

i7s/aj　hybridization　usin9　the　embryos　of　the　rice　embryo9enesis　defective

mutant,o9∂η/θss7(oβ7)which　is　caused　by　a　sin9le　recessive　mutation
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(Hon9　et　al･,　1995).oμ7　1acks　embryonic　or9ans　includin9　shoot　and　radicle,

althou9h　the　embryo　9rows　relatively　lar9e(lar9erthan　1000μm).Before　the

late　9lobular　sta9e,　l　can　not　distin9uish　wild　from　or/7　embryos　underthe

microscope　because　both　embryos　show　a　9lobular　shape　without　any

or9ans.　At　4　DAP　and　later　sta9e,　or/7　embryos　are　morpholo9ica§ly

distin9uishable　from　wild-type　embryos　by　the　absence　of　the　shoot　and　the

radicle.

　　　　lexamined　the　expression　of　OSM75　in　or/7　embryos.　At　the　9lobular

sta9e,　l　coUld　not　identify　which　sections　were　those　of　the　mutant　embryo

(homozy9ous　oμ7　plants　are　lethal　and　l　had　to　use　embryos　set　on　plants

heterozy9ous　for　or/7).The　expected　frequency　of　homozy9ous　oμ7　embryo　is

25%in　the　panicle　of　heterozy9ous　plants.　More　than　fifty　early　9lobular

embryos　examined　showed　the　same　hybridization　pattem　as　the　wild　type

that　marked　the　future　shoot　apical　meristem　re9ion,　indicatin9　that　OSM75

expression　is　normally　re9ulated　in　the　�7　embryo　(Fi9.　4-5J).At　6DAP,　the

mutant　embryos　become　lar9er　but　stay　still　in　a　9lobular　shape,　0SM75

expression　was　maintained　in　the　position　where　the　shoot　apical　meristem

would　have　developed　in　the　wild4ype　embryo　althou9h　neither　shoot　nor

radicle　is　differentiated　in　mutant　embryos.　These　results　indicate　that　the

expressionpattems　of　OS/‘775　are　exactly　maintained　even　in　the　or/7　mutant

embryos　lackin9　a　shoot　apical　meristem.　This　sU99ests　that,　in　the　wild　type

embryo　at　the　91obular　sta9e,　0SM75　is　first　expressed　earlier　than　the　onset

of　morpholo9ical　differentiation　(see　discussion).

/n　s/fu　localization　of　OSμ75　mRNA　around　the　shoot　apex

　　　　After　seed　9ermination,　expression　of　OSμ75　mRNA　was　localized

specifically　in　a　rin9　shaped　pattem　at　a　leaf　insertion　point　of　the　ve9etative

shoot　apical　meristem　(Fi9,　4-7A　and　B).Fi9,　4-7A　shows　a　near　median

lon9itudinal　section　of　a　rice　ve9etative　shoot,　0S/-/75　expression　appears　as
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pairs　of　si9nals,　each　onopposite　flanks　of　the　shoot　apical　meristem.　The

cross　section　throu9h　the　plane　xin　Fi9.　4-7A　revealed　that　those　pairs　of

si9nals　representin9　0SM75　expression　came　from　a　rin9　shape　(Fi9.　4-7B),

ln　the　same　section,　the　expression　of　OS/-/7　was　observed　as　disc　shaped

(Fi9.　4-7C)because　OS/j7　was　expressed　in　the　dome　of　shoot　apical

meristem(Matsuoka　et,　al.　unpublished　results).The　expression　of　both　9enes

were　also　observed　in　the　axillary　buds　at　the　base　of　the　second　Seaf

primordium(indicated　by　arrowheads　in　Fi9,　4-7B　and　C).The　earliest

appearance　of　OSμ75　expression　in　the　shoot　apical　meristem　was　observed

in　two　to　four　ceHs　before　any　visible　differentiation　of　PO　leaf　(indicated　by　an

arrowhead　in　Fi9.　4-7A),From　the　observations　mentioned　above,0Sμ75

expression　in　ve9etative　shoots　appears　to　represent　the　boundary　of　each

phytomeror　the　pre-paUemin9　for　the　future　intemodes.

　　　　0Sμ75　expression　continues　after　transition　from　the　ve9etative　to　the

infloresence　meristem,　At　the　sta9e　of　primary　rachis-branch　primordia

differentiation,　0Sμ75　expression　was　observed　at　the　base　area　of　each

primary　rachis'branch　primordia　as　dividin9　the　newly　formed　or9ans　from　the

stem(Fi9.　4-7D),whereas　in　the　same　section,　0SH7　expression　was

localized　at　the　rachis-branch　primordia　itself　and　the　vascUlar　tissue　(Fig.　4-

7E).At　the　secondary　rachis-branch　differentiation　sta9e,　0S/-/75　expression

was　observed　as　pairs　of　si9nal　or　stripes　dependin9　on　the　plane　of　its

bisection(Fi9,　4'7.　G,　H,　and　l),The　observations　of　these　serial　sections

demonstrate　that　OSμ75　was　expressed　in　a　rin9　shaped　paUem　at　the

boundary　of　each　unit　which　produces　a　floral　meristem.　Later　in　floral

development,0Sμ75　was　expressed　in　floral　primordia　and　subtended　lateral

structures　such　as　palea,　lemma,　and　9lumes　in　floral　meristems　(Fi9,　4-7　F).
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Dlscusslon

A　rice　homeobox　9ene,　0Sμ75,is　a　member　of　the　classl　type　of

KNOTTED'type　homeobox　9ene　family･

　　　　The　OSμ75　cDNA　encodes　a　hypothetical　protein　with　355　amino　acids

that　contains　a　homeodomain　DNA　bindin9　motif　at　its　C-terminal　side.

Homeodomains　represent　a　hi9hly　conserved　protein　motif　that　reco9nize　and

bind　specific　DNA　sequences　(Komber9,1993).Based　on　this　DNA　bindin9

property,　homeodomain'containin9　proteins　are　believed　to　act　as

transcriptional　factors　to　re9ulate　the　expression　of　specific　tar9et　9enes.

Homeodomains　consist　of　three　(x-helices,　with　helix2　and　helix　3　comprisin9

a　helix-tum-helix　structure　(Qian　et　al･,　1989),Within　the　homeodomain,　the

reco9nition　helix3　is　responsible　for　DNA-protein　interaction,　ln　the　third　helix,

0Sμ75　contains　all　four　of　the　invariant　amino　acids　conserved　in　aH　of　the

homeodomains,(W-52,F-53　,　N-55,R-57)(Wolber9er　et　al･,　1991;　Gehrin9　et

al,,1　994;　Scott　et　al　･　,　1989),Therefore,it　is　very　likely　that　OSF/75　encodes　a

homeobox　transcriptional　factor.　By　comparin9　the　OSμ75　homeodomain　with

other　representatives　ofthe　major　classes　of　plant　homeodomains,　lfound　that

the　OSM75　homeodomain　had　the　hi9hest　similarity　to　those　of　the　class　l

type　of　the　KNOTTED　9ene　family,　So　l　conclude　that　OSμ/75　is　a　member　of

the　KNOTTED-type　class　1　9enes.

　　　　The　amino　acid　identity　alon9　a　whole　re9ion　of　the　predicted　OSH15

protein　shows　hi9h　similarity　to　maize　RS　7　(88%)and,especially　within　the

homeodomain,　the　aminoacid　sequences　of　both　9enes　are　perfectly

identical.　The　aminoacid　sequece　of　OS/-/75　also　shows　hi9h　de9rees　of

similarity　to　the　maize　K/＼/OX4　9ene　with　an　exchan9e　of　an　aminoacid

residue　within　the　homeodomain,　RS7　and　K/＼/OX4　are　mapped　at　the　two

maize　9enomic　re9ion　in　which　ancient　duplications　of　the　9enome　are

thou9ht　to　have　occC｣rred(Helentjaris　et　al･,　1988).0Sμ/75　is　mapped　to　the
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lon9　arm　of　the　rice　chromosome　7　(Sato　et　al.　unpublished　results),where

synteny　is　observed　between　this　re9ion　of　the　rice　9enome　and　those　two

maize　9enomicre9ion(Ahn　and　Tanksley,　1993).These　results　indicate　that

OSM75　may　be　an　ortholo9ous　9ene　for　maize　RS7　and/or　KT/＼/OX4.

Furthermore,　the　similarity　of　the　expression　paUems　of　both　OSμ75　and　RS7

around　the　shoot　apical　meristem　also　supports　this　notion.

Morpholo9ical　alterations　of　leaves　in　trans9enic　tobacco　plants

expressin9　0Sμ75

　　　　Ectopic　expression　of　OS/-/75　in　trans9enic　tobacco　plants　induced

abnormal　morpholo9ies　of　leaves　and　flowers.　These　morpholo9ical

abnormalities　are　similar　to　the　phenotypes　observed　in　trans9enic　tobacco　or

･4rabapsS　plants　overproducin9　KNOTTED-type　class　1　9enes　such　as　K/＼/7,

0S/-/　7　,　K/＼/4　n　,　and　/＼/}/75(Sinha　et　al,,　1993;　Kano-Murakami　et　al･,　1993;

Sato　et　al.,1996b;　Chuck　et　al.,1　996;　Tamaoki　et　al　.　,1997;　MCIIlar　et　al｡,

1995).This　indicates　that　these　9enes　share　at　least　some　common　target

9enes　when　overexpressed.

　　　　The　de9ree　of　abnormalities　and　the　expression　level　of　the　OS/j75

trans9ene　in　trans9enic　tobacco　plants　9enerally　correlates,　but　this

correlation　is　not　strict.　This　su99ests　that　physiolo9ical　conditions　other　than

expression　levels　of　the　trans9ene　affect　the　de9ree　of　the　morpholo9ical

abnormalities.　Possibly,　physiolo9ical　conditions　affect　the　stability　of　mRNA　or

the　activity　of　the　protein　products　of　the　trans9ene.　Perhaps　due　to　this　reason

leaves　on　ectopic　shoots　or　axi‖ary　branches　do　not　necessarily　show　the

same　phenotype　as　leaves　on　primary　axes,

　　　　Phenotypesobserved　in　the　trans9enic　plants　overexpressin9　0S/'μ5,

such　as　the　formation　of　ectopic　shoots　on　leaves　and　the　shortenin9　of

stamen　filaments,　are　similar　to　the　phenotype　observed　in　trans9enic　tobacco

plants　with　artificially　increased　cytokinin　concentrations　(Smart　et　al･,1991;　Li
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et　al･,　1992)or　in　plants　with　reduced　9ibberellins　levels　(Pharis　and　Kin9,

1985),ln　fact,　in　trans9enic　tobacco　plants　overexpressin9　0SF/7　or　/＼/7}/75

which　show　similar　phenotypes　to　those　overexpressin9　0S/`μ5,　increased

levels　of　cytokinin　and　reduced　levels　of　9ibbereHins　have　been　reported

(Kusaba　et　al･,　1　997;　Tamaoki　et　alJ　997),Therefore,it　is　possible　that　these

9ene　products　alter　some　phytohormone　concentrations　via　transcriptional

re9Ulationof　9enes　involved　in　hormone　metabolism,　or　are　involved　in

hormonal　perception　by　plant　ceHs.

Two　separable　functions　of　OSμ75　durn9　embryo9enesis

　　　　lreported　previously　that　the　expression　of　a　rice　homeobox　9ene,

0S/j7,is　localized　at　the　limited　area　where　the　shoot　apical　meristem　will

develop　later,　prior　to　any　visible　or9an　differentiation,　durin9　rice

embryo9enesis(Sato　et　al　･　,　1　996a)The　same　phenomenon　is　alsoobserved

in　maize　K/＼/7　(Smith　et　al,,　1995),49b/dops/s　STM(Lon9　et　al･,　1996)and

tobacco　/＼/}/75(Kyou　et　al･,　unpublished　results).These　findin9s　indicate　the

involvement　of　this　class　of　homeobox　9enes　in　the　formation　of　shoots　and

their　maintainance　durin9　embryo9enesis　and　the　later　sta9es　of　plant

development　includin9　ve9etative　and　reproductive　sta9es.　The　appearance

ofOSμ75　expression　durin9　embryo9enesis　was　detected　at　the　same　re9ion

as　OSμ7,　where　the　shoot　apical　meristem　would　develop　later　in

embryo9enesis.　ln　the　or/7　mutant　which　can　not　form　almost　all　or9ans

includin9　the　shoot　apical　meristem,　the　expression　paUems　of　OSμ7　and

OS/--/75　were　the　same　as　that　in　wild　rice　and　localized　at　the　area　where　the

shoot　apical　meristem　would　form　in　wild　type　plants.　This　indicates　that　both

9enes　are　expressed　prior　to　the　onset　of　visible　or9an　formation,　and　also

su99ests　that　OSF/75　may　be　involved　in　shoot　apical　meristem　formation

durin9　early　embryo9enesis　in　cooperation　with　OSμ7.　However,　the　timin9　of

the　appearance　of　the　OSμ75　expression　was　later　than　that　of　OSμ/7;　Thus
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there　may　be　an　epistatic　relationship　between　these　two　9enes.　Some　of　the

homeobox9enes　which　are　thou9ht　to　be　involved　in　shoot　formation　durin9

embryo9enesis　such　as　K/＼/7,　0SM7,　0S/-/75,　/＼/7}/75,　and　K/＼/j4　7'7　produce

ectopic　shoots　on　the　leaves　of　trans9enic　tobacco　or　4/'∂&dops/s　plants

overproducin9　these　9enes　(Sinha　et　al,,　1　993;　Kano-Murakami　et　al　･　,　1　993;

Sato　et　al･,　1996b;　Chuck　et　al･,　1996;　MO‖er　et　al･,　1995),lt　is　possible　that

this　formation　of　ectopic　shoots　may　mimic　the　process　of　shoot　formation　in

the　natural　context　of　embryo9enesis,

　　　　By　the　coleoptilar　sta9e　before　the　differentiation　of　the　shoot　apical

meristem,　there　is　no　observable　difference　in　the　expression　pattems　of

OSμ7　and　OSμ75.　At　the　first　leaf　primordium　diHemtiation　sta9e,　however,

the　expression　pattem　of　OSμ75　dramatically　chan9es　and　becomes

completely　different　from　that　of　OS/'"/7.　At　this　sta9e,　the　expression　of　OSM7

continues　within　the　shoot　apical　meristem.　This　su99ests　that　OSμ7　is

involved　in　the　maintainance　of　the　indeterminate　state　of　the　shoot　apical

meristem　as　is　the　case　for　the　K/＼/7　in　maize　(Smith　et　al･,　1992),ln　contrast　to

OS/-/7,　the　expession　of　OSμ75　within　the　shoot　apical　meristem　is　down-

re9Ulated,　and　in　tum,　is　localized　at　the　boundaries　of　some　embryonic

or9ans　as　a　rin9　shaped　pattem　(Fi9,　4-6).This　expression　pattem　is　similar　to

those　around　the　shoot　apical　meristem　after　seed　9ermination.　Thus,　the

expression　pattem　of　OS/j75　chan9es　dramatically　before　and　after　the

formation　of　the　shoot　apical　meristem　durin9　embryogenesis,　The　chan9e　in

the　paUem　of　OSμ75expression　may　be　an　essential　process　for　proper

embryo9enesis.　ln　the　or/7　mutant　without　most　or9an　differentiation　includin9

the　shoot　apical　meristem,　the　chan9e　in　the　OSμ75　expression　pattern　did

not　occur.　These　observations　indicate　that　OSμ75　may　have　at　least　two

separable　functions　before　and　after　the　formation　of　the　shoot　apical

meristem.　0S/j75　may　first　function　in　the　formation　of　the　shoot　apical

meristem　durin9　embryo9enesis　in　cooperation　with　OS/‘μ.After　shoot
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formation,0S/‘‘/　7　is　involved　in　the　maintainance　of　the　shoot　apical　meristem,

whereas　OSμ75is　not.The　function　of　OS/j75　after　shoot　formation　in

embryos　is　probably　similar　to　those　after　seed　9ermination,　because　the

pattem　and　the　site　of　the　expression　of　OSμ75　are　quite　similar　to　those

around　the　ve9etative　shoot　(see　below).

Expression　of　OSμ75　marks　the　se9mental　unit　of　the　shoot　axis.

　　　　A　rin9　shaped　paUem　of　OSμ/75　expression　is　observed　at　each　leaf

insertion　point　around　the　ve9etative　shoots.　A　similarexpression　pattem　is

also　observed　in　the　infloresence　meristem　and　the　floral　meristem.　The

position　of　the　rin9　which　indicates　OSμ75　expression　is　always　observed

between　two　lateral　or9ans　newly　formed　from　the　ve9etative,　the

infloresence,　or　the　floral　meristem.　Such　rin9　shaped　expression　pattem　was

clearly　observed　in　the　cross　sectionof　the　shoot　at　the　embryonic　sta9e　(Fi9･

4-6).Such　expression　pattem　indicates　that　OSM75　may　be　involved　in　or

respond　to　an　early　paUern　formin9　event　that　defines　the　se9mental　units　of

the　plant　body　desi9nated　phytomers　as　proposed　in　Schneeber9er　et　al,

(1995)for　maize　/゜?S　7.　Lookin9　at　it　another　way,　0S/-/75　expression　may　mark

the　future　internodes　and　may　be　involved　in　their　differentiation.　This　is

su99ested　by　the　fact　that　the　rin9　shaped　expression　of　OSμ75　around　the

ve9etative　shoot　apical　meristem　is　always　observed　in　the　re9ion　between

two　nodes　where　the　development　of　the　intemodes　will　occur.　lt　also　supports

this　notion　that　all　of　the　four　loss-of-function　alleles　of　OSμ75　which　l

identified　show　defects　in　intemode　elon9ation　(Sato　et　al.　unpublished

results),lhope　to　clarify　the　functions　of　OS/-/75　around　the　shoot　apical

meristem　by　further　observations　of　the　phenotypes　of　these　recessive

mutation　alleles.
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Summary

　　　　ln　many　eukaryotic　or9anisms　includin9　plants,　homeobox　9enes　are

thou9httobe　master　re9ulators　that　establish　the　cellular　or　re9ional　identities

and　specify　the　fundamental　body　plan,　l　isolated　and　characterized　a　cDNA

desi9nated　OSm5(p9zajaM/e　homeobox　jj)that　encodes　a　KNOTTED-

type　homeodomain　protein,　Trans9enic　tobacco　plants　overexpressin9　the

OS/-/75　cDNA　showed　a　dramaticaHy　altered　morpholo9ical　phenotype

caused　by　disturbance　of　specific　aspects　of　tobaccodevelopment,　thereby

indicatin9　the　involvement　of　OSF/75　in　plant　development,　Tounderstand　the

functionof　OS/j75　in　plant　development　better,　lperformed　/r‘7　s/ω

hybridization　analyses　throu9h　the　whole　plant　life　cycle,　comparin9　the

expression　pattem　with　that　of　another　rice　homeobox9ene,　0S/-/7.　1n　early

embryo9enesis,　both　9enes　were　expressed　as　the　same　pattem　at　a　re9ion

where　the　shoot　apical　meristem　would　develop　later,　ln　late　embryo9enesis,

the　expression　pattem　of　the　two　9enes　became　different.　Whereas　the

expression　of　OS/-/7　continued　within　the　shoot　apical　meristem,　0Sμ75

expression　within　the　shoot　apical　meristem　ceased　but　became　observable　in

a　rin9　shaped　paUem　at　the　boundaries　of　some　embryonic　or9ans.　This

pattem　of　expression　was　similar　to　that　observed　aroundve9etativeor

reproductive　shoots,　or　the　floral　meristem　in　mature　plants,　Based　on　the

above　observations,　l　propose　that　OSμ/75　plays　at　least　two　different　roles　in

rice　development.　0ne　may　be　involved　in　the　establishment　of　the　re9ional

identity　that　is　prerequisite　for　shoot　formation　and　another　may　be　involved　in

seUin9　up　morpho9enetic　boundaries　of　se9mentation　units　of　the　plant　body･
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A

TCGGATTTGGTTTTTTATTTTCTTTTTGTTTCTTGTGTGTGTT 90

CCTGCAGCTGCCG　　1　8　0

GTCGCAGTACCAC　　270

CAGTTC　　540

?TGATGGATCAGAGCTTTGGGAAT

M　D　Q　s　F　G　N　L　G　G　G　G　_q_　A　G　G　s　G　K　A　_.A　.λ　s　　s　　F　L　Q　L　P

CTGTCCACGGCGGCGGCGGCCACCGCGTACTACGGCACGC

GGTCACGGTCACCCCCACCACGGCGGCGGC

L　S　T　&_2_2._!　T　A　Y　Y　G　T　P　L　A　L　H　Q　A　A__A　A_._A_　G　P　S　Q　Y　H

TCTCGGCGGCGGAGGCCGAG　　3　6　0

G　H　G　H　P`　H　H　G　G　G　H　H　H　S　K　H　G　G　A　G　G　G　E　I　S　A　A　E　A　E
　　　　　　　　　　　　　　―-　　-

TCCATCAAGGCCAAGATCATGGCGCACCCCCAGTACTCCGCCCTCCTCGCAGCCTACCT cGACTGccAGAAji;TCGGAGCGccGccGGAG　　4　5　0
S　I　　K　A　K　I　M　A　H　P　Q　Y　S　A　L　L　A　A　Y　L　D　C　Q　K　V　G　A　P　P　E

V　L　E　R　L　T　A　?　A　A　K　L　D　A　R　P　P　G　R　H　D　A　R　D　P　E　L　D　Q　F

ATJAGGCGTACTGCAACATGCTGGccAAGTACAGGGAGGAGc?GACGCGGccGATCGACGAGGccATGGAGTTccTCAAGAGGGTGGAG　63　0
M　E　A　Y　C　N　M　L　A　K　Y　R　E　E　L　?　R　P　I　D　E　A　M　E　F　L　K　R　V　E

TCGCAGCTCGACACCA cGCCTccTCCTCGcc(31TGGTAAATCTGAATGTGTT　7　2　0
S　Q　L　D　T　　I　A　G　G　A　H　G　G　G　A　G　S　A　R　L　L　L　A　D　G　K　S　E　C　V

GGTTCTTCTGAGGATGACA″rGGACCCAAGTGGCCGCGAAAACGAGCCGCCTGAGATCGACCCGCGCGCTGAGGATAAGGAGCTCAAGTTT　　810

G　S　S　E　D　D　M　D　P　　S　G　R　E　N　E　P　P　E　　I　D　P　R　A　E　D　K　E　L　K　F
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　----･

CAGCTTCTGAAGAAGTACAGTGGCTACTTGAGCAGCCTAAGGCAAGAATTTTCCAAGAAAAAGAAGAAAGGAAAGCTGCCTAAGGAGGCC　　900

Q　L　L　K　K　Y　S　G　Y　L　S　S　L　R　Q　E　F　S　K　K　K　K　K　G　K　L　P　K　E　A
―-------------――-- ･--――--

ACAAGTGGCCTTAcccCTCXAGACGGAGAAGATTGCGCTTGCGGAATCGACAGGA　990
K　L　L　H　W　W　E　L　H　Y　K　W　P　Y　P　S　E　T　E　K　I　A　L　A　E　S　T　G

CTAGATCAGAAGCAGA TGCCGTTCGTCATGATGGAA　1080

Sacl

I　N　N　W　F　I　N　Q　R　K　R　H　W　K　P　S　E　D　M　P　F　V　M　M　E

GGTTTTCACCCACAGAA゛rGCTGCTGCATTGTACATGGATGGCCCGTTCATGGCAGATGGAATGTACCGCCTCGGTTCGTGAACCTCGATC　　1　17　0

G　F　H　P　Q　N　A　A　A　L　Y　M　D　G　P　F　M　A　D　G　M　Y　R　L　G　S　　゛

TCGATCATCGGCGTGTTTGATGAGAGATCCAATGCCAAGATAAATTGATCATGGAATGTATTCAGCATGCGTTGCAATGCATGGACATTG　　12　60

TTATGGAATTTTTGGTTTATTTACCTTTCACCGTGGATTGACAAGGTCTCGATCATGTTAGTGTTGACGGTCCATAGTTCTCCAGTAATG　　1　3　5　0

TTGTTGTTTTTCCTTTCGATGGCTTGTAAAAGTTTAGGCGTATCGGAATTTCGATCAACTTGCTCGTACGCTGGTAATTAA″rTTGGTGAT　　1440

GGTCTATATGTTGTATGGTTGTGCGTTTCAGATTGGTGTTCAAAGTTGCCTATCTGAAACAATTATATATATTTATATTGCTTCTCATTT　　153　0

T(A)n

B

SacI　Sacl

1 2

ATG

3 4 5 6 7

TGA

8 9kb

●
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Fi9.　4-1　.　Structure　of　the　OS/-μ5　9ene.　(A)Nucleotide　and　deduced　amino

acid　sequences　of　OSμ75,　A　boid　underiine　indicates　the　homeodomain.　The

ELK　re9ion　is　represented　with　a　dashed　underline.　The　homopolymeric

amino　acids　streches　such　as　poly　alanines,　histidines,or　9lycines,　are

indicated　by　thin　underhes,　The　insertion　sites　of　introns　are　indicated　by

fiHed　trian91es.　Numbers　at　the　ri9ht　side　indicate　the　nucleotide　positions.　(B)

Genomic　structure　of　OS/-/75.　The　scaSe　bar　and　the　Sad　reco9nition　sites　are

presented　at　the　top,　Exons　and　introns　are　indicated　by　boxes　and　lines,

respectively,　ATG　and　TGA　indicate　the　locations　of　the　initiation　and　the

termination　codons　of　the　9ene,　respectively･
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Fi9.4-2.RNA　9el　blot　analysis　of　OSH75　expression　in　various　or9ans　of

wild-type　rice.　RNA　was　isolated　from　reafblades(Lb),ve9etative　shoots　(vs),

infloresence　shoots　(lfs),stems(St),｢oots(Rt),rooltips(Rtp),caryopsis(Ca),

embryos(Em),｢achis(Ra),and　suspension　cells　(Sus).Fifteenμ9　of　total　RNA

were　loaded　per　lane.　The　blot　was　probed　with　OSμ75cDNA.The

approximate　size　of　transcripts　was　indicated　at　ri9ht.　ln　the　lower　case,

Ethidium　bromine　stained　RNAs　correspondin9　to　the　above　lanes　are　shown

forthe　control　of　RNA　loadin9･
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Fi9.　4-3.　Phenotypes　of　trans9enic　plants　carryin9　the　35S-C)SM75　9ene,　(A)

A　typical　trans9enic　plant　with　shooty　phenotype　(Bar=3cm)･(B)A　typical

trans9enic　plant　with　severe　phenotype　(Bar=3cm),(C)A　typical　trans9enic

plant　with　intermediate　phenotype　(Bar=10　cm),(D)A　typical　trans9enic　plant

with　mild　phenotype　(Bar=10　cm).(E)A　leaf　from　a　shooty　phenotype　plant

(Bar=5mm),(F)Aleaffrom　a　severe　phenotype　plant　(Bar=4mm).(G)A

typical　leaf　of　intermediate　phenotype　plants　(left),and　a　typical　leaf　of　mild

phenotype　plants(ri9ht)(Bar=5cm).(H)A　typical　flower　from　intermediate

phentype　plants　(Bar=lcm).(|)A　section　throu9h　an　ectopic　shoot　on　the

leavesof　the　plants　with　shooty　phenotype　(Bar=150μm).(J)ln　some　cases,

ectopic　shoots　9row　and　produce　some　leaves.　This　panel　shows　an　example

that　leaves　of　ectopic　shoots　are　not　always　as　abnormal　as　ori9inaHeaves

(Bar=4mm).
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Fi9.4-4.Trans9ene　expression　in　leaves　of　35S-OSμ75transformants.RNA

was　isolated　from　leaves　of　two　independent　wild-type　and　sixteen

independent　transgenic　tobacco　p↑ants.Lanes　l　and　2,　wild-type　leaves;

lanes　3-6,　1eaves　from　mild　phenotype;　lanes　7-1　0,　1eaves　from　intemediate

phenotype;　lanes11-14,　1eavesfrom　severe　phenotype;　lanes　15-18,　1eaves

from　shooty　phenotype.　The　blot　was　hybridized　with　the　same　probe　as　used

in　Fi9.4-2.The　appoximate　size　oftranscripts　is　l.6　kb.　Tenμ9　of　total　RNA

･　　were　loaded　in　each　lane.　ln　the　lower　case,　Ethidium　bromine　stained　RNAs

r　　correspondin9　to　lhe　above　lanes　are　shown　for　the　control　of　RNA　loading.
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Fi9.　4-5.　/r7　s/ωmRNA　iocalization　of　OSM75　and　OSF/7　in　developin9

embryos　of　wild-type　and　in　or/7　mutant　embryo,　Lon9itudinal　sections　throu9h

the　embryo　were　hybridized　with　an　OS/j75　and/or　an　OS/-/7　antisense　probe.

Panel(A)and(B),(C)and(D),and(H)and(|)are　double-labelin9　of　the　same

sections　for　OSμ75　and　OSμ/7,　Probes　were　labeled　with　di9oxi9enin-UTP　or

fluorescein-UTP　and　the　transcript-specific　hybridization　si9nal　is　visualized

as　either　purple　or　pink　color,　respectively,　Pane§(E),(F),(G),(J),and(K)are

sin9le-labelin9　for　OS/-/75(E,G,J,and　K)or　OSF/7　(F).Probes　were　labeled

with　di9oxi9enin-UTP　and　the　trascript-specific　hybridization　si9nal　is

visualized　as　purple　color,　(A)Sin9le　stainin9　of　fluorescein　labeledOS/-/75

antisense　probe　(pink)in　the　9lobular　sta9e　embryo　(2DAP).ln　this　sta9e,　no

hybridization　si9nal　of　OSm5　was　observed.　(B)Double　stainin9　of　mixtures

of　fluorescein　labeled　OS/-μ5(pink)and　di9oxi9enin　labeled　OSM7　(purple)

antisense　probe　in　the　same　section　as　in　(A),(C)Double　stainin9　of　mixtures

of　fluorescein　labeled　OS/-/　7　(pink)and　di9oxi9enin　labeled　OSm5　(purple)

antisense　probe　in　the　late　9lobular　sta9e　embryo　(3DAP).(D)Sin9le　stainin9

of　fluorescein　labeledOSM7　antisense　probe　(pink)in　the　same　section　as　in

(C).(E)Sin9le　stainin9　of　di9oxi9enin　labeled　OS/j75　antisense　probe

(purple)in　the　coleoptilar　sta9e　embryo　(4DAP),(F)Sin9le　stainin9　of

di9oxi9enin　labeled　OSm　antisense　probe　(purple)in　the　coleoptilar　sta9e

embryo(4DAP).(G)Sin9le　stainin9　of　di9oxi9enin　labeled　OSM75　antisense

probe(purple)in　the　first　leaf　primordium　differentiation　sta9e　embryo(5DAP).

(H)Sin9le　stainin9　of　fluorescein　labeledOSM75　antisense　probe　(pink)in　the

second　leaf　primordium　differentiation　sta9e　embryo　(7DAP).A｢rowheads

indicate　the　expression　of　OSμ75　observed　in　the　boundaries　of　some

embryonic　or9ans･　(1)Double　stainin9　of　mixtures　of　fluorescein

labeledOSm5(pink)and　di9oxi9enin　labeled　OSH7　(purple)antisense

probe　in　the　same　section　as　in　(H).(J)Sin9le　stainin9　of　di9oxi9enin　labeled

OS/-/75　antisense　probe　(purple)in　the　�7　mutant　embryo　(4DAP).(K)Sin9le
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stainin9　of　di9oxi9enin　labeled　OSFμ5　antisense　probe　(purple)in　the　or/7

mutant　embryo(6DAP).Bars　in　(A,　B,　C,　D,　J,　and　K)=100μm.　Bars　in　(E　and

F)=100μm.　Bar　in　(G)=160μm.　Bars　in　(H　and　l)=200μm.　cp,　coleoptile;　ep,

epiblast;　sc,　scutellum;vt,vascular　tissue;　pl　,　the　first　leaf　primordium;　p2,　the

second　leaf　primordium;　arrow,　shoot　apex;　filled　trian9le,　radicle　apex,
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Fi9.4-6./y7　s/ωmRNAlocalization　of　OSμ75　in　the　rectan9ular　longitudinal

sections　of　wild-type　embryo･(A)Schematic　representation　of　a　lon9itudinal

sectjon　of　a　rice　embryo　at　5　DAP.　Line　x　indicate　the　plane　of　rectangular

bisection.　Pink　si9nal　represents　the　spoUed　pauem　of　OSM75　expression･(B)

Schematicrepresentation　of　a　rectan9ular　lon9itudinal　section　of　a　rice

embryo　at　5　DAP･　(C,D,and　E)Single　stainin9　of　di9oxi9enin　labeled　OSM75

antisense　probe(purple)in　the　ractan9ularlon9itudinal　sections　of　a　wild-type

rjce　embryo　at　5　DAP･　(C),(D),and(E)are　sectioned　sequencially　from　the　left

side　to　the　ri9hl　side　in　panel　(A).Bars=60μm,cp,coleoptile;　ep,　epiblast;　sc,

scutellum;　lpl　,　lhe　first　leaf　primordium;sam,shoot　apjcal　meristem.
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Fi9.　4'7.　/r7　s/lt/　mRNA　localization　of　OSF/75　around　the　ve9etative　and

infloresence　shoot　apical　meristem　and　the　floral　meristem.　(A)Sin9le　stainin9

of　di9oxi9enin　labeled　OSm5　antisense　probe　(purple)in　the　lon9itudinal

section　of　the　ve9etative　shoot　apical　meristem.　Line　x　indicates　the

approximate　plane　of　bisection　shown　in　(B　and　C),(B)Sin9le　stainin9　of

fluorescein　labeled　OSμ75　antisense　probe　(pink)in　the　cross　section　around

thve9etative　shoot　apical　meristem,　The　yellow　outlines　show　the　border　of

leaves.　An　arrowhead　indicate　the　expression　of　OS/j75　in　the　axillary　bud.

(C)Double　stainin9　of　mixtures　of　fluor･･scein　labeled　OgW5(μ'i)and

di9oxi9enin　labeled　OSFμ(purple)antisense　probe　in　the　same　section　as　in

(B).An　arrowhead　indicate　the　expression　of　OSM75　in　the　axillary　bud,　(D)

Sin9le　stainin9　of　fluorescein　labeledOS/-/75　antisense　probe　(pink)in　the

infloresence　shootof　the　primary　rachis-branch　primordia　differentiation　sta9e.

(E)Double　stainin9　of　mixtures　of　fluorescein　labeled　OS/--/　75　(pink)and

di9oxi9enin　labeled　OSF/7　(purple)antisense　probe　in　the　same　section　as　in

(D).(F)Sin9le　stainin9　of　di9oxi9enin　labeled　OSF/75　antisense　probe

(purple)in　the　lon9itudinal　section　of　the　floral　meristem,　(G)Si　n　9　l　e　stai　n　i　n　9　of

di9oxi9enin　labeled　OSM75　antisense　probe　(purple)in　the　lon9itudinal

sectionof　the　secondary　rachis-branch　primordium,(H)Sin91e　stainin9　of

di9oxi9enin　labeled　OSF/75　antisense　probe　(purple)in　the　serial　section　of

(G),(|)Sin9le　stainin9　of　di9oxi9enin　labeled　OS/j75　antisense　probe　(purple)

inthe　serial　sectionof(H),sam,shoot　apical　meristem;　lpl　,　leaf　primordium　l　;

lp2,1eaf　primordium　2;　pb,　primary　rachis　branch　primordium;　lm,　lemma;　pl,

palea;　91,　91ume;　r･　91,　rudimentary　9lume;　fiHed　triangles,　the　site　of　OS/‘‘/75

expression　as　a　rin9　shaped　paUem.　Bars　in　(A　and　F)=50μm.　Bar　in　(B,　C,

D,and　E)=100μm,　Bars　in　(G,　H,　and　l)=30μm･
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Loss-of-function　mutations　in　a

rlce 　homeobox　gene,　θS　jEZ〕/j,are

　defective　　in　　internode

elongation　caused　by　the

　　　　abnormal　shape　and

arrangements　of　epidermal　and

　　　　　hypodermal　cells.
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lntroduction

　　　　The　entire　9round　portion　of　a　plant　body　is　an　assembly　of　shoot　units

termed　phytomeres,　which　consist　of　an　axillary　bud,　a　stem　and　a　leaf,　The

shoot　apical　meristem　(SAM)continuously　produces　these　units,　atthe　same

time　maintainin9　itself　as　a　collection　of　indeterminate　stem　cells　(Steeves　and

Sussex,1989),The　mechanisms　9ovemin9　SAM　activity　are　just　be9innin9　to

be　determined.　For　example,　recent　9enetic　and　molecular　studies　on　SAM

formation　and　maintenance　su99est　that　two　9enes,　desi9nated　(λy7　and

S7T/W,　function　in　a　competitive　manner　in　the　maintenance　of　indeterminate

cells(Clark　et　al　･　,　1995)J　Cl　y7　has　been　shown　to　encode　a　receptor　kinase,

su99estin9　the　involvement　of　a　si9nal　transduction　pathway　operatin9　via

extracellular　li9ands　to　re9ulate　SAM　activity　(Clark　et　al　･　,　1997).Further,STA/1

has　been　shown　to　encode　a　K/＼/07‾ηΞ∂-type　homeobox　9ene　and　to　function

in　meristem　maintenance　(Lon9　et　al･,　1996).

　　　　The　first　hi9her　plant　homeobox　9ene　to　be　cloned　was　K/＼/07'nΞ∂7

μ/＼/7μΓom　the　maize　Knond7　(KM)mutant(vollbrecht　et　al･,　1991).Leaf

blades　of　Kr?7　mutants　exhibit　abnormal　arran9ements　of　lateral　veins,

sporadic　out9rowths　called　knots,　and　li9ule　displacements.　Kr77　has　been

shown　to　be　a　dominant　mutation,caused　by　ectopic　expression　of　K/＼/7　in

leaves,　that　results　in　the　disor9anization　ofthe　developmental　pro9ram　of　leaf

blades(Smith　and　Hake,　1994).Many　homeobox　9enes　have　subsequently

been　cloned　fromvarious　plant　species　in　an　effort　to　address　the　biolo9ical

functionsof　these　9enes　in　plant　development.　Based　on　amino　acid

sequence　similarities　within　the　homeodomain　or　conserved　protein　motifs

outside　of　the　homeodomain,　plant　homeobox　9enes　have　been　classified　into

five　9roups　(Kerstetter　et　･ll.　1994　U　et　al.　1996).These　include　the

KNOTTED-type　homeodomain　proteins,　homeodomain　zipper　proteins　(HD-
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ZIP),plant　homeodomain　fin9er　proteins　(PHD-fin9er),the　GLABRA2

homeodomain　proteins,and　the　BELLl　homeodomain　protein,

　　　　ln　the　functional　analysis　of　plant　homeobox　9enes,　several　approaches

have　been　adopted,　includin9　the　analysis　of　9ene　expression　pattems,

ectopic　expression　analysis,　introduction　of　antisense　RNA,　inducible　9ene

expression　systems,　identification　ofloss-of-function　mutants,　and　others.　The

combinationof　these　efforts　has　led　to　the　characterization　of　functions　of　plant

homeobox9enes.　For　the　K/＼/07'7TED-type　homeobox　9enes,　ectopic

expression　in　tobacco,/49&&)ps/s,and　tomato,　and　dominant　mutations　in

maize,　barley,　or　tomato　oftencause　severerTlorpholo9ical　abnormalities

(Smith　and　Hake,　1　994;　Sinha　et　al　･　,　1993;　Matsuoka　et　al,,　1993;　Tamaoki　et

al･,　1997;　Chuck　et　al･,　1996;　Hareven　et　al･,　1996;　Schneeber9er　et　al･,　1995;

MQ‖er　et　al･,　1995;　Chen　et　al･,　1997).However,it　is　difficult　to　determine　the

function(s)of　these　9enes　in　the　wild-type　context　from　the　phenotype　of

trans9enic　plants　or　dominant　neomorphic　mutations.

　　　　Recently,　loss-of-function　aHeles　of　K/＼/7　were　reported　(Kerstetter　et　al･,

1997).Althou9h,　perhaps　due　to　the　hi9h　9enetic　redundancy　in　maize,　some

of　the　phenotypes　were　not　clearor　exhibited　poor　penetrance,　these

mutations　haverevealed　a　role　for　K/＼/7　in　meristem　maintenance.　ln　animals,

families　of　related　homeobox　9enes　are　often　involved　in　related

developmental　processes　(Gehrin9　et　al.　1994).Based　on　the　observation　that

mostof　the　K/＼/07TE∂-type　homeobox　9enes　are　expressed　around　the　SAM

(Smith　et　al　,　,　1　992;　Jackson　et　al　･　,　1　994;　Lincoln　et　al　･　,　1994;　Tamaoki　et　al･,

1997),and　from　the　phenotypes　of　the　loss'of'function　mutations　in　K/＼/7　and

S7‾A/1(Kerstetter　et　alJ　997;　Lon9　et　alJ　996),it　has　been　su99ested　that

9enes　of　this　class　are　involved　in　maintenance　of　the　shoot　apical　meristem

and/or　the　developmentof　lateral　or9ans,

　　　　Rice　has　become　a　model　plant　for　the　study　of　monocotyledonous

plants　because　of　the　feasibility　of　transformation,　its　relatively　small　9enome
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size,　the　hi9h　saturation　of　molecUlar　markers　on　the　rice　9enome,　and　lar9e-

scale　analysisof　expressed　sequence　ta9s　(lzawa　and　Shimamoto,　1996),

Furthermore,　the　9ene　knock-out　system　usin9　a　rice　retrotransposon,　Tos　7　Z,

has　been　recently　exploited(Hirochika　et　al　.　1　996).Transpositions　of　Tos7z

are　activated　durin9　tissue　culture　and　some　copies　of　7i)s　7　Z　can　be　inserted

into　the　rice　9enome.　ln　this　system,　it　is　possible　to　screen　for　mutants　with

insertion　of　Tos　7　Z　into　9enes　of　interest　from　a　lar9e　pool　of　plants

re9enerated　after　a　few　months　of　tissue　culture.

　　　　lhaveisolated　six　rice　homeobox　9enes　9rouped　into　the　classl　'type　of

the　K/＼/○T7TE∂-like　homeobox　9ene　family.　Most　of　these　9enes　are　expressed

around　the　SAM　and　their　expression　pattems　su99est　that　some　of　the　9enes

may　play　a　role　in　maintainin9　indeterminacy　in　the　meristem　and/o｢

differentiationof　lateral　or9ans.　A　crucial　step　in　determinin9　the　normal

function(s)of　th　e　K/＼/0　7'7TE∂-type　homeobox　9enes　from　rice　is　the　isolation　of

recessive　mutation　alleles　of　these　9enes.　l　report　here　the　isolation　and

characterization　ofloss-of-function　mutants　of　the　rice　homeobox　9ene,

0Sμ75,　1　have　analyzed　the　phenotype　of　plants　carryin9　loss“of-function

mutations　in　OS/-/75　and　demonstrate　a　new　function　of　the　K/＼/07‾77Ξ£)-type

homeobox　9ene　family　outside　of　meristem　formation　and/or　maintenance.
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Experimental　procedures

Plant　9rowth　conditions

　　　Rice　plants　were　9rown　in　the　field　or　in　the　9reenhouse　at　30　℃(day)

and　24℃(ni9ht),Rice　mutants　(d∂-7,d∂-la4ansnasasa,d∂-/∂∂)were

described　in　Kinoshita(1982)and　Na9ao　and　Takahashi　(1963).

PCR　amplification　and　sequencin9

　　　　For　screenin9　for　loss-of-function　mutants,　DNA　fra9ments　in　which

R)s　7　Z　had　inserted　into　the　rice　homeobox　9enes　were　amplified　by　PCR

usin9　transposon-specific　primers　desi9nated　LTR4S　and　LTR4A　and　a　9ene'

specific　primer　desi9nated　KN31　from　300　n9　of　rice　9enomic　DNA　sampled

from　a　pool　of　23　or　24　plants.　PCR　products　were　9el　purified　and　cloned　into

the　pCRI　l　vector　(lnvitro9en),

　　　　For　sequencin9　of　the　entire　codin9　re9ion　of　d∂-/∂∂and　shiokari　,　exon

and　exon/intron　border　sequences　were　amplified　by　PCR　from　30　n9　of　rice

9enomic　DNA　Usin9　primers　PF2-12R,　12F-13R,　and　l3F-RR.Toavoid　PCR

artifacts,　l　carried　out　three　independent　PCR　reactions　with　each　primer　set.

PCR　products　were　9el　pUrified　and　cloned　separately　into　pCR11.　Primer

sequences　are　listed　below.

LTR4S:　CTGGACATGGGCCAACTATACAGT,

LTR4A:　ACTGTATAGTTGGCCCATGTCCAG,

KN31　:　CCGAATTCTGGTTGATGAACCAGTTGTT,

PF2:　ATCTTCAAACTTTAATTCCTCC,

12R:　CATGAACGATATATGAACTGG,

12F:　GGGTTGATTAATCGGAATCG,

13R:GGGGATGGATGATTGGTTG,

13F:　AACATGGTCATGACTGAAGC,
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RR:　AACATGATCGAGACCTTGTC.

　　　　Nucleotide　sequences　were　determined　by　the　dideoxynucleotide

chain-termination　method　usin9　an　automated　sequencin9　system　(AB1373A)

Analysisof　the　nucleotide　sequences　was　carried　out　usin9　GENETYX

computer　software(Software　KaihatsU　Co･　,　Japan).

Genomic　DNA　isolation　and　southern　blot　hybridization

　　　　Rice　9enomic　DNA　was　isolated　from　leaf　tissue　and　l　μ9　was　di9ested

with　restrictionenzymes,　transferred　onto　Hybond　N+membranes

(Amersham)under　alkaline　conditions　and　analyzed　by　Southem

hybridization.　A　CDNA　probe　specific　for　OSF/75,　which　consisted　of　the　fourth

and　part　of　the　fifth　exon,　was　amplified　by　PCR　usin9　the　primers　OSH15d

(GATGGTAAATCTGAATGTG)and　KN31,　Hybridization　was　performed　as

described　in　Church　and　Gilbert　(1984)except　that　membranes　were

hybridized　at　hi9h　strin9ency　(68C).

RNA　isolation　and　northern　blot　hybridization

　　　　Total　RNA　was　isolated　from　rice　rachis　tissues　and　10　μ9　were

electrophoresed　in　a　l%a9arose　9el,　then　transferred　to　a　Hybond　N+

membrane(Amersham)and　analyzed　by　northem　blot　hybridization.　The

probe　and　hybridization　conditions　were　the　same　as　those　used　in　the

Southem　analysis.

Complementation　analysis

　　　　Toconstruct　pBI　'OSH　1　5,　a　restriction　fra9ment　coverin9　the　14　kbp

re9ion　of　the　OS/-/75　9enomic　locus　was　cloned　into　the　/-//r7dHI/S∂/l　site　of　the

hy9romycin　resistant　binary　vector　pBI　1　01　-Hm3.　This　vector　was　a

modification　of　pBI-H　I　(Ohta　et　al,　1990)and　contains　a　unique　SamM　site　in
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the　mUltiple　clonin9　site･　pBI-cont,　which　was　used　as　a　control　vector　and

contained　noinsert,　was　constructed　from　pB§1　01　-Hm3　by　di9estion　with　Sa/|

and　reli9ation,　Binary　vectors　were　introduced　into　y4gzobaclθμam　lamθ/∂c/θΓ7s

strain　EHA101　by　electroporation.　Rice　transformation　was　performed　as

described　in　Hiei　et　al.(1994).

Histolo9ical　analysis

　　　　Plant　materials　were　fix　in　FAA　(formalin:acetic　acid:70%ethanol,

1:1:18),embedded　in　ice　on　a　cryostat,　cut　into20μm　sections　and　stained

with　safranin,　For　hematoxylin　stainin9,　plant　materials　fixed　in　FAA　were

dehydrated　throu9h　a　9raded　ethanol　series　and　embedded　in　Technovit

7100　resin　(Kulzer&Co,GmbH,Wehrheim,FRG),Microtome　sections　(3-5

μm)were　stained　with　hematoxylin.

/r7　s/fu　hybridization　analysis

　　　　/r7　s/ωhybridization　with　di9oxi9enin-labeled　RNA,　produced　from　the

OSμ/75codin9　re9ion　without　a　poly-A　tail,　was　conducted　as　described

previously(Kouchi　and　Hata　1993).Tissues　were　fixed　with　4%(w/V)

paraformaldehyde　and　O.25%9lutaraldehyde　in　O.I　M　sodium　phosphate

buffer　and　embedded　in　Paraplast　Plus.　Microtome　sections　(7-10μm　thick)

were　applied　to91ass　slides　treated　with　vectabond　(vectorLabj.

Hybridization　and　immunolo9ical　detection　of　the　hybridized　probe　were

performed　usin9　the　method　of　Kouchi　and　Hata　(1993).
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Results

Screenin9　fOr　loss-of-function　mutations　in　the　rice　homeobox

9enes

　　　　Rare　insertions　of　a　transposable　element　into　a　9ene　can　be　detected

by　PCR-based　screenin9,　1f　an　insertion　of　a　transposable　element　occurs　in

the　9ene　of　interest,　a　suitable　template　wiH　be　9enerated　which　can　be

amplified　exponentiaHy　by　PCR　usin9　9ene-specific　and　transposon-specific

primers.　My　9eneral　approach　for　screenin9　for　loss-of-function　mutations　in

the　rice　homeobox　9ene　is　depicted　in　Fi9.　5-I　A,　l　desi9ned　transposon-

specific　primers　from　the　lon9　terminal　repeat　(LTR)of　7“os　7　Z　in　sense

(LTR4S)and　antisense　(LTR4A)orientations,and　a　9ene-spe�c　primer

(KN31)from　the　conserved　re9ion　of　the　K'/＼/○ΥΥE∂-type　homeodomain.　Usin9

either　LTR4S　or　LTR4A　plus　KN31　,　1　performed　PCR-based　screenin9.　For

efficient　screenin9,　1　adopted　a　pool　samplin9　system　in　which　plants　were

arran9ed　in　a　two-dimensional　matrix,　Genomic　DNA　was　isolated　from　leaves

sampled　in　pools　consistin9　of　either　a　column　or　a　row.　ln　this　way,　the

9enomic　DNA　from　each　plant　is　represented　in　a　unique　combination　of　a　row

and　a　column.　l　screened　47　DNA　pools　consistin9　of　24　columns　and　23

rows,These　pools　contained　9enomic　DNA　from　about　550　plants　in　which

transposition　of　the　rice　retrotransposon　7Tos　7　Z　had　been　induced　and　random

insertion　had　occurred.　A　ran9e　of　amplification　products　was　obtained　(Fi9,　5-

IB).

　　　　From　these　amplification　products,　discrete　bands　with　the　same　size　in

a　column　and　row　were　cloned　and　sequenced.　DNA　sequencin9　analysis

revealed　that　the　amplified　DNA　fra9ment　derived　from　the　pooled　9enomic

DNA　correspondin9　to　column　5　and　row　l　contained　the　sequences　of　Tos7Z

and　the　rice　homeobox9ene　OSM75,　which　belon9s　to　the　classl　'type　of　the

K/＼/07‾7TE∂family　homeobox　9enes･　Since　Tos　7　Z　was　inserted　into　the　fourth
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exon　of　OS/-/75,　just　upstream　of　the　homeodomain　re9ion　(Fi9.　5-IC),this

transposon-ta99ed　9ene　was　predicted　to　be　a　loss-of-function　allele.

　　　　To　confirm　that　the　insertionofTos7　Z　had　occurred　in　the　OSH75　9ene

and　was　transmiUed　9erminally,　l　performed　9enomic　Southem　blot　analysis

with　individuals　of　the　pro9enyof　this　plant,　Genomic　DNA　was　isolated,

di9ested　with　λMl　and　hybridized　with　a　probe　specific　for　OSM75　(Fi9,　5-2A).

Amon9　40　individuals　tested,　three　paUems　of　hybridizin9　bands　were

observed.These　were　a　sin9le　6.4　kbp　band,　two　bands　of　6.4　kbp　and　4,5

kbp　or　a　sin9le　4,5　kbp　band.　The　number　of　individuals　showin9　each　paUem

was　9,　21　,　and　1　0,　respectively.　The　ratio　of　these　numbers　fits　the　theoretical

l　:2:　l　predicted　for　Mendelian　inheritance.　ln　wild-type　rice,　only　a　band　with

6,4　kbμin　size　was　detected　(Fi9,　5-5A,　ri9ht　panel,　lanes　4　and　5).This

corresponds　to　the　size　predicted　from　a　restriction　map　of　the　OSμ75

9enomic　clone　which　l　isolated　previously　(Fi9.　5-5B).Altematively,a　band　of

4,5　kbp　was　predicted　tobe　9enerated　from　the　insertion　aHele　of　OSF/75

based　on　the　restriction　maps　of　OSF/75　and　7os7Z　Consequently,

individuals　showin9　a　sin9le　band　of　4.5　kbp　were　homozy9ous　(-/-),those

with　two　bands　of　4,5　and　6,4　kbp　were　heterozy9ous　(+/-)for　the　insertion,

and　those　with　a　sin91e　band　of　6.4　kbp　were　wHd-type　(+/+).These

observations　confirmed　that　the　insertion　of　Tos7Zhad　occurred　in　OSμ75

and　was　transmitted　9erminally,

　　　　To　ensUre　that　no　normal　OS/-/75transcript　was　9enerated　from　the

mutant　aHele,　total　RNA　was　isoSated　from　the　rachis　and　subjected　tonorthem

blot　analysis,　As　shown　in　Fi9.　5'2B,　no　transcript　was　detected　in　the

homozy9ous　plants　(-/-),This　also　sU99ests　that　the　Tos7zinsertion

represents　a　loss-of-function　a‖ele,　Althou9h　si9nals　correspondin9　to　the

OSm5transcript　were　detected　in　both　wild-type　(+/+)and　heterozy9ous　(+/-)

plants,the　intensity　of　si9nal　in　wild-type　(+/+)plants　was　about　twice　as
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stron9　as　that　in　heterozy9otes　(+/-).Thus　the　expression　level　of　OSM75　was

controHed　in　a　dose　dependent　manner.

　　　　lnext　observed　the　phenotype　caused　by　loss'of'function　of　OSμ75.

AlthoU9h　no　abnormality　in　morpholo9y　was　observed　in　plants　heterozy9ous

for　the　insertion　or　wild-type　plants　under　normal　9rowin9　conditions,　aH　the

plants　homozy9ous　for　the　insertion　displayed　a　dwarf　phenotype　(Fi9,　5-3A),

indicatin9　that　the　insertion　of　R)s　7　Z　into　OSM75　was　9enetically　linked　to　the

dwarf　phenotype.

ldentification　of　allelic　mutations　in　OSμ75

　　　　To　confirm　that　the　dwarf　phenotype　was　caused　by　the　loss-of-function

of　OSM75,　1　identified　allelic　mutations　in　OS/‘‘/75.　Because　of　their　a9ronomic

importance,　a　lar9e　number　of　dwarf　rice　mutants　have　been　isolated　and

characterized.　These　mutants　are　cate9orized　into　six　9roups　based　on　the

elon9ation　paUernof　the　upper　four　to　five　intemodes　(Fi9.　5-4,　redrawn　from

Takeda　1977),ln　this　dia9ram,　the　ratios　of　each　intemode　len9th　to　total　culm

len9th　are　draWn　schematica‖y.　ln　the　6　type　mutant,　the　ratio　is　very　similar

to　that　of　wild4ype　but　the　len9th　of　each　intemode　is　shortened,　ln　the　d77

type　mutant,the　len9th　of　the　second　intemode　is　specifica‖y　shortened.　ln　the

S　type　mutant,　intemodes　below　the　second　are　shortened.　ln　the　r?/type

mutant,　the　fourth　intemode　is　relatively　lon9er　but　the　first　intemode　is

shortened.　ln　the　sMype　mutant,　the　first　intemode　is　specifica‖y　shortened.

　　　　ln　order　to　fit　the　OSμ75　1oss-of-function　mutant　into　this　classification

scheme　of　rice　dwarf　mutants,　l　measured　the　len9th　of　the　upper　four

intemodes　and　panicle　of　the　loss-of-function　mutants　and　compared　them

with　those　of　wild-type　plants　(Fi9,　5-3B),Althou9h　no　difference　was　observed

between　the　mutant　and　the　wild-type　plant　in　the　len9th　of　the　panicle　and　the

first　intemode,　the　len9ths　of　the　second,　third,　and　fourth　intemodes　were

shortened　to　approximately　25　%,27%,and15%,respectively.　By　comparin9
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this　internode　elon9ation　paUern　to　the　previously　described　six　9｢oupsof

dwarf　mutants,　ldetermined　that　the　OSμ75　1oss-of-function　mutants　clearly　fit

into　the　d∂9roup　of　dwarf　mutants　(Fi9.　5-4).

　　　　Mutations　in　at　least　two　loci　can　result　in　a　d∂phenotype(Kitano　et　al.

unpublished　results),Atone　locus,　which　is　mapped　at　the　telomere　end　of　the

short　arm　of　chromosome　7,　three　allelic　mutants　desi9nated　d∂'7,　d∂'/D∂,

and　d∂-M4ans4asasa(Kinoshita　and　Shinbashi,　1982;　Na9ao　and

Takahashi,1963),have　been　identified.　AII　of　these　mutants　are　recessive　and

they　are　often　used　as　tester　lines　for　this　chromosome,　ln　addition,　0SM75

maps　to　a　position　8,3　cM　from　the　telomere　end　of　the　short　arm　of

chromosome　7　(data　not　shown).

　　　　ln　order　to　test　the　possibility　that　the　three　d∂type　dwarf　mutants　also

contain　mutations　in　OSF/75,　1performed　Southem　blot　analysis　(Fi9.　5-5A).

Genomic　DNA　was　extracted　from　d∂4a4∂nsaasasa(lane　l),d∂-7(lane　2),

S-/∂∂(lane　3),and　from　two　different　wild-type　rice　cultivars,T-65(aparental

line　of　d∂-Uane　4)and　shiokari　(a　parental　line　of　d∂-/∂∂,lane　5).These

samples　were　di9ested　with　either　Sacl　or　x/7ol　and　hybridized　with　an

OSM75-specific　probe　consistin9　0f　all　of　exon　4　and　part　of　exon　5.　1n

9enomic　DNA　from　wild-type　plants　di9ested　with　S∂cl　or　x/7ol　,　two　bands　of

4,5　kbp　and　5.0　kbp　or　a　sin9le　band　of　6.4　kbp　were　observed,　respectively

(Fi9.　5-5A　lanes　4　and　5),ln　contrast,　no　hybridizin9　bands　were　observed　in

9enomic　DNA　from　d∂-1∂r7k∂ηs/7/as∂s∂ord∂-7　di9ested　with　either　enzyme

(Fi9.　5-5A　lanes　l　and　2).Similarly,no　hybridizin9　bands　were　detected　when

the　51　re9ion　upstream　of　OS/j75　was　used　toprobe　DNA　from　the　dwarf

mutants,whereas　a　specific　band　was　detected　in　wild-type　DNA　(data　not

shown).This　indicates　that,　in　d∂-1∂βkaηsMras∂sa　and　d∂-7,a　deletion

occurred　in　the　re9ion　of　the　OS/-/75　9ene･　ln　the　case　of　d∂'/∂∂,hybridizin9

bandsof　the　same　size　as　those　of　wild-type　plants　were　observed　in　S∂cl'

di9ested　9enomic　DNA　(Fi9,　5-5A,　left　panel,　lanes　3,　4,　and5).However,　in
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xhol-di9ested　9enomic　DNA,　a　nove§band　of　approximately　18　kbp　was

detected.　This　contrasts　with　the　6,4　kbp　band　detected　in　9enomic　DNA　from

wild-type　plants　(Fi9.5-5A,ri9ht　panel　,　lanes　3,　4,and　5).To　identify　the

mutation　in　d6T/D6,　1　cSoned　and　sequenced　the　entire　codin9　re9ion　and　the

junctionsofexons　and　introns　from　d∂-/∂∂.Bycomparin9　the　sequences　of

the　d∂-/∂∂to　its　parental　line,　shiokari　,　l　determined　that　a　deletion　of　about

700　bp　includin9　the　entire　first　exon,　the　5'　upstream　re9ion　and　part　of　the

first　intron　had　occurred(Fi9,　5-5B),As　an　M7o/　site　exists　in　the　first　exon　of

the　wild-type　9ene,　the　x/7QI-di9ested　9enomic　DNA　from　d∂-/∂∂showed　a

poSymorphism　compared　to　that　from　wiid-type　plants.Thus,　aH　of　the　aHeles　of

the　d∂locus　contained　deletions　in　the　OSF/75　9ene,　This　stron9ly　su99ests

that　loss'of-function　of　the　OSμ75　9ene　causes　the　d&type　dwarf　phenotype

in　rice.

Molecular　complementation　analysis　of　d∂by　OSμ75

　　　　1　alsoused　compiementation　analysis　to　study　d∂-7　by　introduction　of　a

wild-type　OS/‘･/75　9ene.　When　l　introduced　a　control　vector　which　carries　no

rice　9enomic　DNA　to　6-7,no　chan9e　in　the　culm　len9th　was　observed　(Fi9,　5-

6,　ri9ht),However,when　a　14　kbp　DNA　fra9ment　containin9　the　entire　wild-

type　OSm5　9ene　was　introduced,　the　normal　phenotype　was　restored　(Fi9.　5-

6,　1eft),confirmin9　that　the　d∂dwarf　mutant　is　caused　by　the　loss-of-function

mutation　in　the　OSμ75　9ene.

Anatomy　of　the　d∂mutant　internode

　　　　Piants　homozy9ous　for　a　loss-of-function　aHele　of　OSH75　displayed　an

abnormal　pattem　of　intemode　elon9ation　which　resulted　in　a　dwarf　phenotype.

AIl　foUr　alleles　showed　the　same　pattem　of　intemode　elon9ation.

　　　　Under　normal　9rowth　conditions,　the　shoot　apical　meristem　(SAM)

exists　near　the　base　of　the　9round　portion　of　the　plant　body　durin9　the
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ve9etative　sta9e･　ln　wild'type　rice　plants,　after　the　chan9e　from　ve9etative　to

reproductive　9rowth,　the　upper　four　tosix　intemodes　elon9ate　in　succession

from　base　totop･　When　an　intemode　elon9ates,　the　intercalary　meristem　(IM)

differentiates　at　the　base　of　the　intemode.　lntemode　elon9ation　is　caused　by

mitotic　activity　in　cells　of　the　lM　and　by　the　elon9ation　of　these　cells　in　the

elon9ation　zone　immediately　above　the　lM,

　　　　Fi9,　5-7　shows　the　mature　fourth　intemode　of　a　wild-type　plant　and　the

third　and　fourth　intemodes　of　a　d∂-7　mutant,　Althou9h　differentiation　of　nodes

and　intemodes　is　obvious　in　both　cases,　internode　elon9ation　was　severely

affected　in　the　d∂-7　mutant.

　　　　ln　order　to　understand　the　cellular　basis　of　the　d∂mutant　intemode

phenotype,　l　prepared　sections　of　intemodes　from　wild-type　and　mutant　plants

and　observed　them　microscopicaHy.　ln　lon9itudinal　sections　of　wild-type

matUre　fourth　intemodes　at　2-3　mm　above　the　node,　cells　of　the　lM　were

observed　to　be　closely　packed　and　small-sized　(Fi9.5-8A),Simi　lar　results

were　obtained　with　the　d∂mutant(Fi9,　5-8B),demonstratin9　that　differentiation

of　the　lM　was　not　affected　in　the　d∂mutant.　ln　the　upper　re9ion　of　the　intemode

of　wild-type　plants,　parenchyma　cells　were　lon9itudinally　elon9ated　(Fi9　5-

8C),whereas,　in　the　d∂mutant,　parenchyma　cell　elon9ation　was　not　apparent

(Fi9.　5-8D).ln　cross　sections　of　intemodes　from　the　elon9ated　re9ion　of　the

stemof　wild-type　plants,　epidermal　cells　and　sclrenchymatous　cell　layers

(hypodermal　cell　layers)were　observed　in　the　outermost　part　and　outer　part　of

the　stem,　respectively.　Sclerenchymatous　cells　were　very　lon9　(often　reachin9

1　mm　in　len9th)and　slender,　and　had　well　developed　secondary　cell　walls

(Fi9,　5-9B),Fourteen　or　fifteen　small　vascular　bundles　were　arran9ed

concyclically　at　the　inside　of　the　sclrenchymatous　cell　layer,　Lar9e　vascular

bundles　were　also　arran9ed　concyclically　in　the　inner　re9ion　and　air　spaces

were　located　between　them,　The　central　re9ion　of　the　stem　consisted　ofa

lar9e　lacuna　(cavity)(Fi9.　5-9A),
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　　　　ln　d6'7,　the　or9anization　of　small　vascular　bundles　was　severely

disrupted　whereas　the　arran9ement　of　lar9e　vascular　bundles　and　air　spaces

was　similar　to　that　seen　in　wild-type　plants　(Fi9,　5-9C).ln　addition,　epidermal

cells　of　mutant　intemodes　were　obviously　enlar9ed　and　sclrenchymatous

cells,characterized　by　well　developed　secondary　walls,　were　absent.　ln　place

of　sclerenchymatous　cells,　vacuolate　cells　resemblin9　parenchyma　cells　were

observed(compare　Fi9.　5-9　B　and　D).The　rin9　shaped　arran9ement　of　lar9e

vascular　bundles　and　air　spaces　was　not　chan9ed.　Finally,　the　number　of　ceH

layers　from　the　epidermis　to　the　air　spaces　(8　to　9　layers)or　to　the　lar9e

vascUlar　bundles　(13　to　15　1ayers)that　constituted　the　outer　part　of　an

intemode　were　similar　in　wild-type　and　mutant　intemodes.　These　observations

su99est　that　radial　paUem　formation　was　not　affected,　but　that　differentiation　of

sclrenchymatous　cell　layers　was　defectivein　d∂4　intemodes.

　　　　Epidermal　cell　shape　was　observed　in　sections　taken　parallel　to　the

epidermis　usin9　Nomarskyoptics,　ln　wild-type　intemodes,　lon9,　rectan9ular

cells　with　a　wavy　mar9in,　termed　lon9　cells　were　observed.　Amon9st　the　lon9

cells　were　seen　pairs　of　oval　cells,　termed　silica　and　cork　cells,　which　derived

from　a　sin9le　cell　termed　a　short　cell　(Fi9.　5-10　A　and　B).ln　intemodes　of　d∂-7

mutants,　the　shape　of　epidermal　ceHs　was　quite　different　from　that　in　wild'type.

lobserved　lar9e,　distorted　cells　with　smooth　mar9ins　which　probably

correspond　to　the　lon9　cells　in　wild-type　plants.　ln　addition,　small　cells　were

also　seen　which　probably　correspond　to　short　cells.　However,　differentiation　of

silica　and　cork　cells　was　rarely　observed　(Fi9.　5-10　C　and　D).This　abnormal

epidermal　cell　morpholo9y　is　specific　to　the　d∂mutant.　Epidermal　cells　of

otherdwarf　mutants　defective　in　intemode　elon9ation,　such　as　d7∂or　d7,　did

not　show　this　phenotype　(data　not　shown).Therefore,　such　abnormal

epidermal　cell　morpholo9y　is　not　caused　by　the　defect　in　intemode　elon9ation

but　rather　may　cause　it　(see　Discussion).
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Expression　pattern　of　the　OSμ75　9ene

　　　　Since　the　loss-of-function　mutation　of　OSμ75　affects　the　development

of　epidermal　and　hypodermal　cells,　l　predicted　that　the　expression　of　OSM75

mi9ht　be　restricted　tothe　differentiatin9　protodermal　cells　of　the　intemode.　TO

address　this　possibility,　l　performed　/r7　s/ωhybridization　to　observe　the.

localization　of　OS/-/75　mRNA,　ln　lon9itudinal　sections,　0SH75　expression　was

localized　just　below　the　leaf　insertion　points　and　at　the　primordia　of　axillary

buds(Fi9,　5-1　1　A),ln　cross　sections　throu9h　planes　at　different　levels,　0SM75

mRNA　seen　below　the　leaf　insertion　point　in　lon9itudinal　sections　was

observed　to　lie　in　a　rin9-shaped　pattem　(Fi9.　5-1　1　B,　C,and　D),This　localized

expression　of　OSμ/75　between　two　nodes　corresponds　well　to　the　paUem　of

defects　observed　in　the　loss-of-function　mutants.
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Dlscusslon

Tar9eted　inactivation　of　the　rice　homeobox　9ene,　0Sμ75

　　　　1dentification　of　a　loss-of-function　mutation　in　a　9ene　of　interest　is　a

powerful　tool　for　understandin9　its　function.　TO　9ain　an　understandin9　of　the

biolo9ical　function　of　a　rice　homeobox9ene,　l　screened　for　losssof'function

mutants.　l　identified　one　such　mutation　in　OS/j75from　about　550　plants　which

were　muta9enized　with　random　insertions　of　the　rice　retrotransposon,　7i)s7Z

SUch　a　hi9h　knock-out　efficiency　may　be　due　to　the　selective　transposition　of

R)s　7　Z　into　transcribed　re9ions　(H　i　rochika　et　al　･　,　1996),and　indicates　the

effectiveness　of　7i)s7Zas　atoolfor　tar9eted　9ene　inactivation.

　　　　A‖　the　plants　homozy9ous　for　the　insertion　of　7i)s　7　Z　intothe　OSμ75

9ene　showed　a　dwarf　phenotype　with　properties　similar　to　the　conventional

dwarf　mutants,　S.　l　conclude　that　this　dwarf　phenotype　was　caused　by　the

loss'of-functionof　OS/j75from　the　fo‖owin9　experiments.　First,　a‖

conventional　d∂mutants　have　complete　or　partial　deletions　in　the　O&-/75

9ene　which　caused　its　loss-of-function.　Second,　the　S　dwarf　phenotype　was

complemented　by　the　introduction　of　a　wild-type　O&y75　9ene,

　　　　The　OSFμ5　9ene　in　rice　encodes　a　member　of　the　K/＼/C)r77ΞD-type　of

the　homeobox　transcription　factors　(Sato　et　al,　1998).Homeobox　9enes

encode　a　hi9hly　conserved　protein　motif,　the　homeodomain,　which　acts　as　a

sequence-spe�c　DNA　bindin9　motif　(Gehrin9　et　al.　1992).Based　on　the

deduced　amino　acid　sequence　around　the　homeodomain　of　OSμ75,　this

9ene　is　classified　into　the　classl　-type　of　the　K/＼/07TE)9ene　family.　0SM75is

most　similar　to　maize　RS7　and　K/＼/OM　(Kerstetter　et　al　･　,　1994),and　its　map

positionis　8.3　cM　on　rice　chromosome　7,　where　synteny　to　the　maize

chromosome　re9ions　of　both　RS7　and　K/＼/C)X4is　observed(Ahn　and　Tanksley,

1993),These　results　indicate　that　OSM75　may　be　an　ortholo9ue　of　maize　RS7

and　K/＼/OX4,　The　presence　of　twoOSμ75　ortholo9ues　in　maize　may　be　due　to
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the　9enetic　redundancy　in　this　species　(Helentjaris　et　al.,1988).ln　fact,　lhave

isolated　six　distinct　class　l　-type　KT/＼/○ΥΥE∂-like　homeobox　9enes　from　rice,

and　in　most　cases,　the　rice　9ene　has　twoprobable　ortholo9ues　in　maize.

　　　　Most　classl　-type　9enes　of　the　K/＼/○T7TE∂-like　homeobox9ene　family

are　expressed　around　the　SAM　and　thou9ht　to　be　involved　in　SAM　formation

and/or　maintenance.　Loss-of-function　alleles　have　been　identified　in　K/＼/7　from

maize(Kerstetteret　al,,　1997)and　S7TA/Hrom4ab/d9s/s(Lon9　et　al･,　1996).

ln　both　of　these　mutants,　defects　related　to　meristem　maintenance,　such　as

abnormal　branchin9　pattem　and　lateral　or9an　formation,　or　maintenance　of

the　SAM　in　the　embryo　were　observed,　ln　contrast　to　these　previous

observations,　l　could　not　identify　any　abnormaSity　reiated　to　meristem

formation　or　maintenance　in　the　OSM75　1oss-of-function　mutant.　ln　fact,

0SM75　is　not　expressed　in　the　center　of　the　SAM　durin9　ve9etative　and

reproductive　9rowth　(Sato　et　al,　1998),This　indicates　that,　in　contrast　to　K/＼/　7

and　S7T/W,　0Sμ75　has　roles　other　than　meristem　formation　and/o｢

maintenance.

Therole　of　OSμ75　in　internode　elon9ation

　　　　l　found　that　the　loss-of-function　mutations　in　OS/j75　resulted　in　a　d&

type　dwarf　phenotype,　ln　d∂mutants,the　abnormalities　that　l　observed　were

restricted　to　the　developmentof　epidermal　and　hypodermal　cells　(Fi9,　5-8,　9,

and　10).Fromobservations　of　dwarf　mutants　unrelated　to　the　d6　mutation,

such　abnormalities　are　not　9eneral　characteristics　of　dwarf　mutants　but　rather

are　specific　to　the　d6　mutants.　Therefore,　these　abnormalities　may　likely　be

responsible　for　the　defect　in　intemode　elon9ation　in　d∂mutants.

　　　　Based　on　the　phenotype　of　the　loss-of-function　mutants　and　the

expression　pattem　of　OSμ75,1considered　howOSμ75　mi9ht　function　in　rice

deve§opment,　0Sμ/75　expression　was　observed　just　below　the　leaf　insertion

point,　where　the　intemode　woUld　later　develop,　before　anyvisible
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differentiationof　the　node　or　the　intemode　had　occurred　(Fi9.　5-11).0SM7

mRNA　was　present　in　a　rin9-shaped　paUem　which　delineated　the　several　cell

layers　destined　to　become　the　outer　part　of　the　future　intemode.　Thus,　0Sμ75

responds　topositional　cues　that　determine　the　outer　several　cell　layers　of　the

developin9　intemode.　The　loss-of-function　phenotype　of　the　d∂mutant

intemode　demonstrates　that　the　differentiation　of　the　sclrenchymatous　cell

layers　and　the　morpho9enesis　of　the　epidermal　cells　are　affected　by　the

product　of　OSμ75　within　the　developin9　intemode.　Taken　to9ether,　these

results　indicate　that　OSμ75　may　interpret　positional　information,　and　controls

the　differentiation　and/or　the　morpho9enesis　of　the　hypodermal

sclrenchymatous　cell　layers　and　epidermal　cells,

　　　　How　loss'of'function　of　OSM75　could　chan9e　the　morpholo9y　and/O｢

differentiationof　epidermal　or　hypodermal　cells　may　be　interpreted　as　follows.

0ne　possibility　is　that　9ene(s)required　for　the　morpho9enesis　of　these　cells

are　re9ulated　by　the　products　of　OSM75.　Cell　morpholo9y　is　determined　by

re9ulated　cell　expansion.　Expansion　of　plant　cells　involves　coordinated

assembly　of　the　cytoskelton　and　cell　wall.　The　orientation　of　microtubules　is

believed　to　play　an　important　role　in　determinin9　the　direction　of　expansion

(Carpita　and　Gibeaut,　1993).ln　the　outer　cell　layers　of　wild-type　intemodes　in

the　elon9ation　zone,　the　orientation　of　cortical　microtubules　was　clearly

horizontal,　enablin9　these　ceHs　to　elon9ate　vertically,　whereas　in　intemodes　of

d∂mutants,　microtubule　orientation　was　irre9Ular　(data　not　shown).Thus,

0Sμ75　may　function　in　the　re9ulation　of　9enes　involved　in　the　or9anization　of

cortical　microtubules　in　the　outer　celHayers　of　the　intemode.

　　　　Another　possi　bi　l　ity　is　that　OSμ75　may　act　as　a　developmental　switch　by

which　cells　in　the　hypodermal　cell　layers　direct　the　formationof

sclrenchymatous　cells.　ln　this　hypothesis,　it　is　conceivable　that,　in　the　loss'of'

function　mutant,　the　development　of　sclrenchymatous　cells　was　blocked　and

the　cells　instead　developed　intoparenchyma“like　cells.　This　possibility　is
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supported　by　the　fact　that,　in　the　first　intemode　ofthe　d∂mutants,

abnormalities　in　the　development　of　hypodermal　celHayers　were　also

observed(data　not　shown).While　intemodes　of　d6　mutants　exhibited　nearly

normal　elon9ation,　they　also　showed　a　weak　fasciation　and　distortion,　and

were　somewhat　thicker　than　wild“type　intemodes,Cross　sections　of　the　first

intemodes　revealed　that　the　differentiation　of　sclrenchymatous　celHayers　was

blocked　as　in　the　lower　abnormal　intemodes.　Theseobservations　indicate　that

OSμ75　functions　in　the　same　manner　in　the　first　intemode　as　in　other

intemodes,　even　thou9h　normal　intemode　elon9ation　occurs.　The　elon9ation

of　the　first　intemode　may　be　compensated　by　some　unknown　factor(s)present

in　the　first　intemode　but　not　in　other　lower　intemodes.

　　　　lnterestin9ly,　in　the　first　intemode　of　d6　mutants,　epidermal　ceH　shape

was　relatively　normal(data　not　shown),This　su99ests　that　OSH75　may　not　be

directly　involved　in　the　development　of　epidermal　cells.　The　reason　that

epidermal　cells　showed　abnormal　ceH　morpholo9y　in　unelon9ated　lower

intemodes　of　d6　mutant　plants　may　be　explainable　by　the　ceH'cell　interactions

between　the　epidermal　ceHs　and　the　adjacent　inner　celHayers.　Examples　of

such　ceH-cell　interactions　have　been　reported　for　the　R4S　9ene　from　tomato

(Szymkowiak　and　Sussex　1992)and　the　K/＼/07“TE∂homeobox　9enes　from

maize(Hake,1992).ln/∂s㈲sc�ed)tomato　mutants,　a　lar9er　meristem　is

formed,　resultin9　in　an　increased　number　of　floral　or9ans.　ln　studies　of

periclinal　chimeras　in　which　the　Ll　and　L2　layers　of　the　SAM　consisted　of

wild-type　cells　and　the　inner　layers　were　the　/as　9enotype,　it　was　found　that

the　underlyin9　■s　tissue　could　induce　abnormal　ceH　divisions　in　the　wild'type

LI　layer　(Szymkowiak　and　Sussex　1992),The　interpretation　of　this　result　is

that　the　FAS　protein　normaHy　functions　in　preventin9　the　meristem　from

overexpansion　by　repressin9　a　diffusible　si9nal.

　　　　The　second　example　is　K/＼/7　in　maize,　ln　dominant　Kr77　1eaves　caused

by　ectopic　productionof　KN　l　proteins　in　leaves,　the　abnormalities　observed
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in　epidermal　cells　were　not　caused　by　the　9enotype　of　those　cells　(Hake,

1992).ln　this　case,　ceH-cell　interaction　is　thou9ht　to　be　mediated　by　the

movementof　KNl　protein　and　K/＼/7　mRNA　throu9h　the　plasmodesmata　(Lucas

et　aL,　1995),

　　　　ln　wild-type　rice　intemodes,　expression　of　OSμ75　in　the　inner　ceH

layers　may　re9ulate　epidermal　cell　morpholo9y　throu9h　the　action　of　a　si9nal

9enerated　in　the　inner　cell　layers　or　the　OSH15　protein　itself　on　epidermal

cells,　ln　the　d∂mutant,　defects　in　the　development　of　the　sclrenchymatous　ce‖

layers　were　observed　in　other　tissues　such　as　the　rachis　and　pedicel　(data　not

shown).These　tissues　also　showed　a　weak　fasciation　and　distortion.　/r?　s/ω

hybridization　analysis　revealed　that　OSμ75　was　also　expressed　in　the

inflorescence　and　in　floral　meristems　in　a　rin9-shaped　pattem　where　the

rachis　and　pedicel　would　eventually　develop　(Sato　et　al.　1998).These

observations　stron9ly　su99est　that　OSμ75　consistently　functions　as　a

developmental　cue　for　the　sclrenchymatous　cells　throughout　most　of　the　plant

life　cycle,　Such　a　role　of　OSμ/75`is　in　a9reement　with　the　notion　that

homeobox　9enes　are　master　re9ulatory　9enes　that　specify　the　body　plan　and

control　the　development　of　many　eukaryotic　or9anisms.　The　identifications　of

further　loss-of-function　mutations　in　plant　homeobox9enes　will　provide　more

clues　to　the　9eneral　function(s)of　plant　homeobox　9enes　in　plant

development.
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Summary

　　　　The　rice　homeobox9ene　OS/`U5is　a　memberof　the　K/＼/○T7T£F∂-type

homeobox　9ene　family.　Althou9h　the　K/＼/○ΥΥE∂-type　homeobox9enes　are

thou9ht,　based　on　the　phenotypes　of　9ain-of-function　mutants　with　ectopic

expression　of　the　9enes,　to　be　involved　in　the　development　and/o｢

maintenance　of　the　shoot　apical　meristem　(SAM),it　is　difficult　toknow　the

actual　function(s)of　these　9enes　in　wild-type　plants.　A　crucial　step　in

determinin9　the　function　of　plant　homeobox　9enes　is　the　isolation　of　recessive

mutant　alleles　of　the　9enes.　|　report　here　the　identification　and　characterization

of　a　loss-of-function　mutation　in　OSμ75　from　a　library　of　retrotransposon

ta99ed　lines　of　rice,　Based　on　the　phenotype　and　map　position,　l　havefurther

identified　three　independent　deletion　alleles　of　the　locus　from　conventional

morpholo9ical　mutants,　AH　of　these　recessive　mutations,　which　are　considered

to　be　null　alleles,　exhibited　defects　in　intemode　elon9ation.　lntroduction　of　a

14　kbp　9enomic　DNA　fra9ment　which　includes　all　exons,　introns,　and　51'　and

3'-　flankin9　sequences　of　OSμ/75　complemented　the　defects　in　intemode

elon9ation,　confirmin9　that　they　were　caused　by　the　loss“of'function　of　the

OS/-/75　9ene.　lntemodes　of　the　mutants　had　abnormal　shaped　epidermal　and

hypodermal　cells　and　showed　an　unusual　arran9ement　of　small　vascular

bundles.　These　mutations　demonstrate　a　role　for　OSμ75in　the　development

of　rice　intemodes,　This　is　the　first　evidence　that　the　K/＼/07‾7TE∂-type　homeobox

9enes　haveroles　in　plant　development　outside　of　SAM　formation　and/o｢

maintenance.
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Fi9.　5-1.　(A)General　approach　for　detectin9　transposon　insertions.　An

insertion　of　the　rice　retrotransposon　7i)s7　Z　into　a　tar9et　9ene　can　be　detected

by　PCR　amplification　usin9　primer　pairs　l+3or2+4,　Trian91es　indicate　the

lon9　terminal　repeat　(LTR),(B)Detection　of　transposon　insertions　into　a　rice

homeobox9ene.　DNA　from　about　550　plants　was　amplified　by　PCR　usin9

LTR4S　and　KN31　as　primers,　A　two-dimensional　pool　samplin9　system

enabled　the　testin9　of　about　550　plants　in　only　47　PCR　reactions,　The　number

or　letter　of　each　pooled　DNA　sample　is　shown　at　the　top　of　the　photo9raphs.

M:　DNA　di9ested　with　MhjlL(C)lnsertion　site　of　the　rice　retrotransposon

Tos7Z　into　the　fourth　exon　of　the　rice　homeobox　9ene　OSμ75.　FiHed　boxes

indicate　exons,　and　boid　underhin9　indicates　the　approximate　position　of　the

homeodomain,　The　Sen9th　of　R)s　7　Z　is　not　drawn　to　scaSe;　Tos7　Z　is　4.3　kbp

whereas　the　homeodomain　is　190　bp･
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B

A

+/-+/-+/++/-+/++/+-/-　-/-　+/-+/-9enotype

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　l

=---･-
‘=-･･●―wild-type　allele

　　　　　　(6.4　kbp)

〃〃∽〃　-･･●-mutant　allele

　　　　　　　　　　　　(4.5　kbp)

-/-　-/-　-/-　φ　+/-　+/-　+/+　+/+

-w●●●

　　　　　　-

Fi9.　5-2,　(A)Cose9regation　analysis　by　9enomic　Southem　blot　hybridization.

Each　lane　containslμ9　of9enomic　DNA　di9ested　with　x/lol.　ln　wild-type

plants,a　sin9le　6.4　kbp　band　was　detected　(lanes+/+).A　4.5　kbp　band　was

predicted,based　on　restriction　maps　of　7Tos77and　OSμ75,to　be　detected　in

x/7ol　di9ests　containing　the　mutant　allele　.　Therefdre,individuals　with　only　a

single　band　at　4.5　kbp　represent　homozy9otes　for　the　insertion(-/-)andthose

showin9　bands　at　6.4　kbp　and　4.5　kbp　represent　heterozy9otes　(+/-)･(B)

Northem　blot　analysis　of　RNA　from　the　rachisofhomozy9ous(-/-),

heterozygous(+/-)and　wild-type　(+/+)plants,　A　sin9le　band　at　l.6　knt,

corresponding　to　OSM75　transcripts,　was　detected　in　heterozy9ous　(+/-)and

wild-type(-/-)plants　but　not　in　homozy9ous　(-/-)plants.　The　lowerpanelshows

ethidium　bromide　stained　RNA　corresponding　to　the　above　lanes　to　illustrate

RNA　loadin9　levels.
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A

+/+､+/-　　　./-

B

+/+,+/- -/-

Fi9.　5-3･　(A)The　appearance　of　homozy9ous　(-/-),heterozy9ous(+/-)and

wild-type(+/+)plants.　A11　homozy9ous(-/-)plants　exhibited　a　dwarf　phenotype

(compare　the　hei9ht　of　the　positions　of　the　panicles).(B)Comparison　ofthe

len9th　of　panicles　and　the　upper　fourintemodes　of　homozygous　(-/-),

heterozy9ous(+/-)and　wild-type　(+/+)plants.　Len9ths　of　panicles　and　upper

foUr　intemodes　were　measUred　based　on　the　average　length　of　ten　culms　from

twenty　piants　of　each　9enotype　and　are　summarized　in　the　dia9｢am.ln

mutants,the　len9ths　of　the　second,　third　and　fourth　intemodes　were　severely

reduced.
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Fi9.5-4.Patterns　oHnternode　eSon9ation　of　rice　dwarf　mutants　(redrawn　from

Takeda　1977),
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A

　S∂C/　　　XZIO/
--

1234512345

　　　● L18kbp

･･-6.4　kbp
　　‾5.0kbp

　　‾4.5kbp

〃〃●

〃

B

　XZlolS∂clS∂cl　　　　　　　　　　　　　　S∂cl　　xZ701

2TG　2　　　3　　　4　　　5　　　6　TGA7　　8kb

l　　l

　　　|
　　　|

_｣

I　　　　　　　　TGA

Fi9.　5-5･　(A)Detection　of　mutations　in　the　OSM75　genes　of　the　threed∂type

mutants　by　9enomic　Southem　analysis.　Each　lane　contains　l　Flg　of　9enomic

DNA　di9ested　with　either　S∂cl　or　xy7ol.　Numbers　at　ri9ht　indicate　the

approximale　sizes　of　the　specific　bands.　Lanes　l,　d∂-lan㎏ηsj/r∂s∂s∂;lanes

2,d6←7;　lanes　3,　d6-/∂6;　lanes　4,　T-65;　lanes5,　shiokari･(B)Genomic　structure

around　the　OSM75　9ene　in　wild-type　and　cy&ID6.Boxes　and　bold　lines

indicate　exons,andintrons　plus　untrahslated　re9ions,　respectively.S∂cl　and

xjol　restrictionsites　are　indicated　at　the　top.　ATG　and　TGA　indicate　the

position　o↑the　start　and　stop　codons,　respectively.

136



Fi9.5-6.Complemenlation　analysis　of　the　d∂phenotype.A　14　kbp　wild-type

9enomic　DNA　fragment　containin9　the　entire　8　kbp　OSm5　codin9　re9ion

(plus　introns)and　6　kbp　of　upstream　DNA　was　used　totransform　S-7dwarf

rice　mutants　(left　plant).As　a　control,　the　vectorwithout　insert　was　also

introduced(ri9ht　plant).The　normal　phenotype　was　clearly　restored　in　plants

transformed　with　the　OSm5　9ene,
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Fi9.5-7.The　appearance　of　intemodes　from　d6　and　wild-type　plants.

Surface　views　oHhe　fourth　intemode　of　a　wild-type　plant　(A),and　the　third　and

fourth　intemodes　of　a　(y6　dwarf　mutant　(B).Bar=l　cm,
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Fi9.5-8.Lon9itudinal　sections　of　the　fourth　intemodes　of　wild-type　and　㈲

dwarf　mutant　plants･　(A)Lon9itudinal　section　throu9h　the　lM　of　the　fourth

internode　of　a　wild-type　plant･　(B)Longitudinal　section　throu9h　the　lM　of　the

fourlh　intemode　of　a　d∂mutant　plant･　(C)Lon9itudinal　section　throu9h　the

elongated　zone　of　the　fourth　intemode　of　a　wild-type　plant.　(D)Lon9itudinal

section　throu9h　the　elon9ated　zone　of　the　fourth　intemode　of　a　d∂mutant

plant.Bar=100μm.
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Fi9.5-9.Cross　sections　of　the　fourth　inlernodes　of　wild-type　and　d∂dwarf

mutant　plants.　(A)Wild-type.　Bar　=100μm,(B)Hi9her　ma9nification　of　(A).Bar

=30μm･(C)㈲.Bar=100μm･(D)Hi9her　ma9nifications　of　(C).Bar=30μm.

ep,epidermis;　sc,　sclrenchyma↑ous　cell　layers;　sv,smallvascular　bundles;　lv,

iar9evascular　bundles;　lc,　lacuna(airspaces),
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Fi9,　5-10.　Epidermal　cells　of　wild-type　and　d∂dwarf　mutant　plants･　(A　and　B)

Epidermal　cells　of　the　fourth　intemode　of　a　wild-type　plant.　(C　and　D)

Epidermal　cells　of　the　fourth　intemode　of　a　d6　mutant　plant.　Bar=20μm.　s,

silica　cell;　c,　cork　cell.
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Fi9.5-11./ns㈲¶ocalization　of　OSm5　mRNA　in　the　rice　vegetative　shoot.

(A)Lon9itudinal　section　of　a　rice　ve9etative　shoot.　Lines　b,　c,and　d　indicate

the　plane　of　cross　sections　correspondin9　to　panels　(B),(C)and(D).Bar=100

μm.　sam,　shoot　apical　meristem;11,12,and　13　indicate　leaf　l　,　2,and　3,

｢espectively.
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　　　　ln　this　thesis,　l　analyzed　the　function　of　rice　homeobox　9enes,　0SF/7

and　OS/-/75,　1t　has　been　known　that　K/＼/○T7TE∂-type　homeobox　9enes　often

cause　severe　morpholo9ical　abnormalities　in　leaves　when　the　9enes　are

overexpressed　with　constitutive　promoters　such　as　the　cauliflower　mosaic

virus　35S　promoter　in　trans9enic　plants.　However,it　has　been　difficult　to

ascertain　the　site　or　timin9　of　the　action　of　the　trans9enes.　ln　the　second

chapter,　l　tried　to　express　OSM7　in　trans9enic　tobacco　plants　in　the　timin9　at

my　disposal　by　drivin9　it　under　the　control　of　the　PR7∂promoter　which　can

induce　the　expression　of　downstream　9enes　by　treatment　of　a　chemical

inducer,　Althou9h　this　inducible　9ene　expression　system　did　not　work　as　l　had

expected,　lt　was　revealed　that　the　OSM7　expression　in　mature　leaf　was　not

necessary　for　the　abnormal　leaf　development　and　such　abnormal　leaf

morpholo9y　was　induced　by　irre9Ular　periclinal　cell　divisions　in　incipient

leaves.　Based　on　these　observations,ldiscussed　the　role　of　OSμ7　in

trans9enic　tobaccoas　to　affect　the　mechanism　controllin9　the　pattem　of　cell

division.　However,　it　shoUld　be　noted　that　the　ectopic　expression　experiments

is　always　difficult　to　discuss　the　bon∂/7dθfunction　of　9enes　of　interest　in　the

wild'type　context,　that　is,　the　function　of　OSμ7　around　the　rice　SAM.

　　　　Recently,　the　inducible　functional　expression　system　usin9　an　animal

91uococorticoid　receptor　has　been　developed　(Lloyd　et　alJ　994).ln　this

system,　9enes　of　interests　are　translationally　fused　to　the　animal

9lucocorticoid　receptor(GR)and　expressed　constitutively　in　trans9enic　plants.

ln　the　normal　9rowin9　condition,　the　fusion　proteins　are　inactive　because　GR

is　trapped　with　heat　shock　proteins　(HSPs),but　when　plants　are　exposed　to

dexamethasone,　a　steroid　li9and　of　GR,　the　fusion　proteins　become　active

because　GR　is　activated　and　is　released　from　HSPs,　ln　this　inducible　system,

functions　of　9enes　of　interest　can　be　induced　temporally　and　spatially　at　ones

disposal,　This　system　has　been　applied　tosome　9enes　related　to　the　plant

development,　such　as　an　4ra&dops/s　homeobox　9ene,　4T7jS7(it　is　not　the
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K/＼/07‾7‾E∂-type)and　,4rab/d9s/s　flowerin9-time　9ene,　CO/＼/S　7i4/＼/S　(Aoyama

et　al.,1995;　Simon　et　al.　1996)Jn　both　cases,　the　focus　of　these　studies　are

on　the　set　of　9enes　or　9enetic　systems　re9ulated　by　these　9enes　rather　than

the　functionof　these　9enes　in　wild-type　context,

　　　　ln　the　third　chapter,　lanalyzed　the　expression　paUem　of　OSμ7　durin9

embryo9enesis,　Recently,　analyses　of　the　expression　pattem　of　plant

homeobox　9enes　durin9　embryo9enesis　(Smith　et　al･,　1995;　Lon9　et　al,,　1996;

Klin9e　and　Werr,　1　995;　Lu　et　al　,　,　1996;　Sato　et　al･,　1996)become　focused　by

followin9　reasons.　ln　the　first,　by　analo9y　of　the　function　of　animal　homeobox

9enes,　it　is　plausible　that　plant　homeobox　9enes　may　also　act　in　the

re9ionalizationofthe　embryoor　the　determination　of　the　site　of　the

or9ano9enesis　durin9　embryo9enesis.　ln　the　second,　since　the　most　of　the

K/＼/○T7TE∂-type　homeobox　9enes　are　expressed　around　the　SAM,　these

9enes　are　thou9ht　to　be　useful　molecular　markers　for　the　SAM　development

durin9　embryo9enesis.　ln　the　third,　amon9　the　embryo9enesis　defective

mutations　in　4a&dops/s,　it　was　revealed　that　one　mutation　desi9nated　slm

was　caused　by　a　loss-of-functionof　a　K/＼/077E∂-type　homeobox　9ene,　S7‘M.

ln　slm,　almost　all　the　embryonic　or9ans　such　as　cotyledons,　hypocotyl,　and

radicle　are　formed　normally　durin9　embryo9enesis,　but　SAM　is　not　observed.

As　a　result,　seeds　of　slm　can　9erminate　but　can　not　9row　thereafter.　Based　on

the　phenotype　of　the　slm　mutant　and　the　expression　pattem　of　S7“/W　durin9　the

wild'type　embryo9enesis,　S7T/W　are　thou9ht　to　act　in　the　maintenance　of　the

SAM.

　　　　From　the　expression　paUem　of　OS/-/7　in　the　early　embryo9enesis　of

wild-type　and　the　or/7　mutant,　in　which　most　of　the　differentiations　of

embryonic　or9ans　are　not　observed　and　it　9rows　relatively　lar9e　in　a　9lobular

shape,|revealed　that　OS/-/7　is　expressed　both　before　and　after　the　SAM

formation,　Based　on　these　observations,　l　hypothesized　that　OSM7　may　be

involved　in　the　development　and　the　maintenance　of　the　SAM　durin9
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embryo9enesis.　To　confirm　this　hypothesis,　it　is　necessary　to　observe　the

phenotype　of　the　loss-of-function　mutation　of　OS/-/7　durin9　embryo9enesis,

But　to　date,　such　mutation　in　OS/-/7　has　not　been　identified｡　KT/＼/7　from　maize　is

thou9ht　to　be　an　ortholo9Ue　of　OS/-/7　because　both　9enes　show　hi9h

similarities　in　the　DNA　sequence　and　the　expression　pattem　and　are　mapped

tothe　re9ion　where　the　synteny　between　the　maize　and　rice　is　observed　(Ahn

and　Tanksley,ヽ1993).Recently,　loss-of-function　mutations　in　K/＼/7　were

reported(Kerstetter　et　al･,　1997),These　mutants　were　not　embryo9enesis

defective,　whereas　K/＼/7　is　expressed　in　a　similar　paUem　to　OSμ7　0r　S　7‘A/1

durin9　embryo9enesis,　and　the　functions　of　K/＼/7　and　OSμ7　during

embryo9enesis　are　still　unclear,　This　may　be　due　to　the　fact　that　most　of　the

maize　9enomes　are　duplicated　(Helentjaris　et　al･,　1988)orother　9enes　may

act　in　the　same　way　as　K/＼/7　(see　later).

　　　　ln　the　fourth　and　fifth　chapters,　l　focused　on　the　analyses　of　OSμ75.　TO

Understand　the　function　ofOSμ75in　rice　development,lperformed　/r?　s/ω

hybridization　analyses,　Based　on　the　expression　pattem　of　OSμ75,　1

proposed　that　OS/゛/75　mi9ht　play　at　least　twodiffe　rent　roles　i　n　rice

development.0ne　may　be　very　similar　tothat　of　OSM7　in　the　early

embryo9enesis.　Another　may　be　involved　in　the　determination　of　the

se9mentation　of　shoot　units　or　in　the　development　of　nodes　or　intemodes.　0n

the　function　of　OS/-μ5　durin9　the　post　embryo9enesis　sta9e　of　development,

thevalidity　of　the　latter　possibility　is　proved　by　the　isolation　of　the　loss'of'

function　mutations　in　OSμ75.The　loss-of-function　mutants　of　OSμ75　showed

abnormal　pattem　of　intemode　elon9ation.　ln　the　mutant　intemodes,　moreover,

the　differentiation　of　hypodermal　celHayers　were　obscure.　Because　the　site　of

defects　observed　in　the　loss-of-function　mutant　well　correspond　with　the

re9ions　of　the　rin9　shaped　expression　of　OSM75　around　SAM,　l　considered

that　OSM　7　5　is　involved　in　the　differentiation　of　the　hypodermal

sclrenchymatous　cell　layers,

146



　　　　Many　plant　homeobox　9enes　have　been　cloned　from　various　plant

species　since　the　first　plant　homeobox　9ene,　K/＼/7,　was　cloned.　Amon9　them,

only　few　9enes　have　been　elucidated　their　roles　in　plant　development.

ldentification　of　the　recessive　mutation　alleles　of　9enes　of　interest　is　one　of　the

powerful　ways　for　understandin9　its　function,　ln　the　plant　homeobox　9enes,

phenotypes　of　the　loss-of-function　mutants　were　reported　on　K/＼/7,　STA/f,

SEa7,G£2,and　OSM75　(Kerstetter　et　al,,　1997;　Lon9　et　al･,　1996;　Reiser　et

al･,　1995;　Rerie　et　al･,　1994).Amon9　them,　STA/1,　Saj-7,　and　GI-2　9enes　were

cloned　from　recessive　mutation　aHeles　and　their　functions　were　discussed

based　on　the　phenotypes　of　the　mutants,　This　kind　of　approach　is　caHed

¨forward　9enetics¨.0n　the　other　hand,　the　recessive　mutation　alleles　of　the

K/＼/7　were　produced　9enetically.　lntra9enic　suppressors　were　identified　from

the　heterozy9ous　dominant　Kr77　mutants　and　amon9　the　pro9eny　of　these

suppressors,　the　recessive　K/＼/7　alleles　were　selected.ldentification　of

recessive　mutation　alleles　of　OS/-/75　is　the　first　example　in　which　the　knock

out　line　was　screened　based　on　the　DNA　sequence　of　a　9ene.　This　kind　of

approach　is　called　¨reverse　9enetics¨.Recently,　tar9eted　9ene　inactivation　in

plants　has　become　practical　,　l　nsertionally　muta9enized　lines　with　T'DNA　or

(retro)transposons　have　been　9enerated　in　4ab/dops/s,　maize,　PθωΓ?/a,　and

rice,　Usin9　these　lines,　it　is　possible　to　screen　knock　out　lines　of　9enes　of

interest　systematicaHy　by　the　PCR,　Another　possibility　to　obtain　knock　out　lines

is　the　homolo9ous　recombination　method.　lndeed,　some　examples　of　the

9ene　disruption　based　on　the　homolo9ous　recombination　have　also　been

reported　in　/4rab/dops/s(Miao　and　Lam,　1995).Now,　lar9e　scale　9enome

projects　in　/4r∂&dops/sor　rice　are　pro9ressin9　and　enormous　sequence

information　is　released.　Establishment　of　the　methods　or　the　materials　for

tar9eted　9ene　inactivation　enables　further　the　analysis　of　functions　of　9enes

by　reverse　9enetics.
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　　　　As　mentioned　repeatedly,　K/＼/07'nΞ∂-type　homeobox9enes　are　thou9ht

to　be　involved　in　the　related　developmental　processes　since　most　of　this　class

of　9enes　are　expressed　around　the　SAM.　But　the　recessive　mutation　alleles　of

th　e　K/＼/0　7'7T£F∂-type　homeobox　9enes　reported　so　far(S7T/W,K/＼/7,and　OSM5)

showed　completely　different　phenotypes,　Since　both　K/＼/7　and　OSμ75　were

expressed　in　the　early　embryo,　the　loss-of-function　mutants　of　these　9enes

had　been　thou9ht　to　be　embryo9enesis　defective　as　was　the　case　for　STA/1,

But　both　mutants　did　not　show　any　defect　in　embryo9enesis,　therefore,　the

functionsof　both　9enes　durin9　embryo9enesis　are　still　unclear.　lt　would　be

often　observed　that　the　loss-of-function　of　a　sin9le　9ene　donot　exhibit　any

phenotype,　if　there　are　many　9enes　similar　in　sequences　and　in　expression

pattems　like　K/＼/07'7TED-type　homeobox　9enes,　or　in　the　plants　with　duplicated

9enome　like　maize.　The　reason　why　in　the　loss-of-function　mutants　of　K/＼/7　o｢

OSμ75　embryo9enesis　defective　was　not　observed　is　probably　due　to　those

mentioned　above,　To　solve　this　problem,　one　is　to　use　a　plant　material　which

have　less　duplicated　9enome　like　/4rab/dops/s　or　rice,　and　another　is　to

analyze　the　double,　triple　or　more　mutant　which　has　mutations　simultaneously

in　homeobox　9enes　with　similar　structure　and　expression　pattem.

　　　　0n　the　other　hand,　if　the　knock　out　mutant　shows　embryo　lethal

phenotype　like　slm,　it　would　be　difficult　to　observe　the　function　of　a　9ene　of

interest　after　embryo9enesis,　ln　such　cases,　analysis　of　the　weak　alleles　may

enable　the　analysis　after　embryo9enesis,　0r　if　the　conditional　9ene　tar9etin9

become　applicable　in　plant,　it　woUld　be　more　easier　in　such　cases,

　　　　ln　this　thesis,　l　tried　to　analyze　the　function　of　K/＼/07‾7‘Eatype　rice

homeobox9enes.0nly　a　few　part　of　the　functions　of　KT/＼/○T7TE∂'type

homeobox　9enes　inplant　development　become　elucidated.　Combined

9enetics　and　molecUlar　biolo9y　(reverse　and　forward　9enetics)will　enable

fUrther　identification　of　functions　of　these　9enes.　AlthoU9h　it　is　still　in　black　box,

further　analysis,　such　as　how　the　expression　of　those　homeobox　9enes　are
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re9ulated,or　what　is　the　tar9et　9ene(s)of　the　homeobox　9enes,　will　shed　li9ht

on　the　9enetic　re9ulatory　systems　for　the　plant　development　in　which　the

homeobox　9enes　are　en9a9ed.
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