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resistance, drought tolerance, improved yield, and better agronomic quality. Field
crops generally are bred by pollination, including by self-pollination (selfing;
selfed), in which pollen from one flower is transferred to the same or another
25 flower of the same plant, or to a genetically identical plant, and cross-pollination
(crossing; crossed), in which pollen from one plant is transferred to a flower of a
genetically different plant.
Plants that are selfed and selected for type over many generations become
homozygous at almost all gene loci and produce a uniform population of true
30 breeding progeny. A cross between two different homozygous lines produces a
uniform population of hybrid plants that can be heterozygous at many gene loci. A
cross of two plants, each of which is heterozygous at a number of gene loci,
generates hybrid plants, which differ genetically and are not uniform.
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30 satisfactory, and a need continues to exist for alternative hybrid
production net hods that reduce production costs, increase production
safety, and elimnate self-pollination of the femal e parent during the
production of hybrid seed. Anot her nethod of preventing parental

plant selfing is to utilize parental plants that are nmale sterile or fenale
sterile. Male fertility genes have been identified in a nunber of plants
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hand defasseling, but is faster and less costly. However, most detasseling
machines produce more damage to the plants than hand detasseling, which
reduces F; seed yields. Thus neither form of detasseling is presently entirely
30 satisfactory, and a need continues to exist for alternative hybrid production
methods that reduce production costs, increase production safety, and eliminate

seif-pollination of the female parent during the production of hybrid seed.

Another method of preventing parental plant selfing is to utilize parental
plants that are male sterile or femaie sterile. Male fertility genes have been
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sterility includes identifying a gene that is required for male fertility;
sil enci ng the endogenous gene, generating a transgene conprising an
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As apove, however, such female parental plants cannot be selfed and, therefore,

require the preparation and use of a maintainer plant line, which, when crossed

with the male sterile female parent restores fertility, for example, by providing a

25 dominant male fertility gene, or by providing a means to inactivate or otherwise

inhibit the activity of the cytotoxic gene product (see, U.S. Patent Number
5,977,433).

Additional methods of conferring genetic male sterility have been described

including, for example, generating plants with multiple mutant genes at separate

30 locations within the genome that confer male sterility (see, U.S. Patent Numbers

4,654,465 and 4,727,219) or with chromosomal translocations (see, U.S. Patent

Numbers 3,861,709 and 3,710,511). Another method of conferring genetic male

sterility includes identifying a gene that is required for male fertility; silencing the

endogenous gene, generating a transgene comprising an inducible promoter
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causing male sterility in plants (see, EPO 89130101518 publication no.
329, 308 and PCT application PCT/ CA90/ 00037 published as WD 90/08828). One
nmet hod i ncludes delivering into the plant a gene encoding a cytotoxic
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I nvol ves an antisense 5 systemin which a gene critical to fertility is

I dentified and an anti sense construct to the gene inserted in the plant.
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Another type of genetic sterility is disclosed in U.S. Patents 4,654,465 and
4,727,219 to Brar, et al. However, this form of genetic male sterility requires
maintenance of muitiple mutant genes at separate locations within the genome
and requires a complex marker system to track the genes, making this system
30 inconvenient. Patterson described a genetic system of chromosomal
translocations, which can be effective, but is also very complex. (See, U.S. patent
numbers 3,861,709 and 3,710,511).
Many other attempts have been made to address the drawbacks of existing

sterility systems. For example, Fabijanski, et al., developed several methods of
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Figure 3 shows that the rice M545 plRis effective in suppressing the 10
correspondi ng pronoter fromrice but not from naize. Figure 4 is a
schematic of a generic conpl enentation/suppression vector. Figure 5is a
schemati c of one exanple of an MS45 conpl ement ati on/ suppr essi on vector.
Figure 6 is a schematic showi ng vector design for maintenance of recessive
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pr oduce pr%gmﬁé that exhibit the phenotypic change (e.g., male sterility).

Progeny of? Ps conpri sing suppressed male ferti I|ty genes for 30

exanplig, can b@ sHehthel@fnprov@hés dimhidYdYsich K 87d JREQHAELAIANS. Patent
Accor di nglhéml n one enbodinent, the present invention relates to a breeding

pal r of pI ker §54&8.869 in tvehigh anmthgdn@fr impanting pentrlleblgi walepsterilitdrie fertil e
.e., e.g.,
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endogersousohstitufively gtegienbecawhieg dentile dray smeorthle pl'camter ® iheutcteldl ellovdogh a

breeding pair is furt cha ed in that, if the first 5 endogenous
fertility %e%r??loé'?ﬂﬁé"}a& ?ﬁlnféé ene, then the second endogenous

fe&tl lity gfenelralesaumea dﬂmamuh?tmést? mtl@ularapﬂnt srati isae:kgrﬁssieti bjnedfi rst
endogenous_f.e s afemle ferti t £, secon
endogenoud diBlEnRes yots endrameopds aretensire. sandlicft 1y nyEdled [Hishi00g: ng
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or the fi s RBARAESWAYS bbFiticdl td MaleRetIRAN dPR] rﬁ.@@z@a@o@;@dﬁmmy@oﬁer tility
gene can encode gene products that are in separate but convergent pathways.

I'n either ferie damjgan Msdn abelgrarg fulnigrtde idHaé‘? thesreroplytici gty Addbe in a
pl ant doefm@@é rEMRGL Rt | aildétdé: ﬁth&ﬁ)tn nemel 'Méﬁ)s g&-né hgediyridd ridasp! ant s

derived therefrom “except that when a first cond pl ant as defined
herei n ar dmpats sedale ﬁéﬁrllltYthﬁmw&)rﬁO mlarﬁs;twh@ fhl$ snutapidaliele ée dmdhe ert| | i ty
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mal e s
non-mutant form of the gene is introduced into the plant, either through normal

crossing or transgenic complementation methods. However, restoration of fertility
by crossing removes the desired homozygous recessive condition, and both
methods restore full male fertility and prevent maintenance of pure male sterile
30 maternal lines. The same concerns arise when controlling female fertility of the
plant, where a homozygous recessive female must be maintained by crossing with
a plant containing a restoration gene. Therefore there is considerable value not
only in controlling the expression of restoration genes in a genetic recessive line,




The inactivated fertility gene can be inactivated due, for exanple, to a 20
mutation (e.g., deletion, substitution, or insertion of one or nore

nucl eotides in the coding or non-codi ng sequence that reduces or inhibits
expression of the fertility gene), including, for exanple, knock out of the
gene (e.g., by a honol ogous reconbi nation event), preferably in both
alleles of the fertility gene. The inactivated fertility gene also can be

i nacti vateg .d : , [ n ct, such as a
tr ansgene. Dfolge i BEnESHIELE, coRsRBRR IR o ool Ba BoBRRE AN of T e
pl ant i n winediybtih@refriciomprotats.y i s expressed, or in progenitor cells,
wherei n the gene product reduces or inhibits expression of the endogenous
fertility gene. Further, in a breeding pair of plants of the invention, the
first endogenous fertilityBRIBEF DESCRIPTIONSOF IHEFIGUREShe second
endogenpus 30 fertilijt ene of the_secgond plant can be inactivated in the
same or’ differ epﬁgur\ﬁ/a ﬁvq%dae%%wgwepfmﬁﬁm @e<ip %ﬁdﬂﬁé?rowzpeﬁﬂ?ﬁ'i A gene
can be i naBSy \yahes afder bnbididlor Vel mayd Orf s 6 04t ARBRIBPIRUSalfapRL I ity
gene can be inactivated due to expressiaon of a transgene product (e.g a

hai rpi n RNA corfi8¥r§i EPPEeSRNt aginterancefidhe bompzygrussperrsivermatationé second
fertility gapedteridMam®idhysid Emalﬂéﬁ used herein refers to a pronoter
I I and ma

hai rpi n RNA nol ecul' e, y be use 'interchangeab[y with the notation
"pl R for prondtigire] d\ahowsdthet featrice| MS4ar pibLds effectivenionsuppressindthaedi ng
pair c i o vpicd lﬁ@% Lirst endogenous fertility
gene igfpi nact#@g?gggl%&goﬁtﬁghrgﬁrb an P'go@gﬁ%'%%' pl ant having 5 a second
endogenous f er thiguneyd igerschematic of atgedeiincamplementationfsapptdsaion ¥eaot.at i on; or

hact vated_by SO ierRell s dut BRanbe A NSHT cht he second O

endogenouscdmplemientafiognppressionaettovat ed by a nutation; or can include a

first plant havi.n first endogenous fertilit ene, [nactivated in a
manner ot her t rfdﬂﬂg%@aﬁq%gma 'ﬁgﬁo‘ﬁ{mgé’&?{?@ dﬁF'gﬁtfgri 'ﬂa‘f%?r\%ﬁi:% H‘é‘ﬁeﬁﬁs%‘@c ond
endogempusleftell ehed.y gene is inactivated in a manner other than by a
mutation. In aspects of this enbodinent, the first or second endogenous
fertility gene of the first or second plant is inactivated by knockout of

the first or second fertiliSYUMMARY OFIPECINVENMIONT the first or second
endogenous fertility gene of the first or second plant is inactivated by

nutation of thel§rRIRBERINVGNtipM is Basegiordhe determinatinn thatthe perstypaeafan
respectiv Ly frat her t f it st e rtility
Genos. of | rhaaphl, (g, 18 pRRECH Mranklél) L o RoBRENTS AR ASHRSKE] L
first Zhd RS alleles pr franggene, consttuelsthatgegucaybut het atlater therattivigc ond
endogenous bl i me | i vat ed
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fcprrpri si nge_adpmmmve@h ! _arupmlalsteyilé,iqnlgad ;E&taﬁn @minef:t éwlﬁ)r%emuammﬁ ey Eg a
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suppresses expression of the first endogenous fertility gene; or the second

endogenousCarASNg (e qamingr! SrRRIEssl: alpler Ot BARSASNBSSIBNURE £#R Becond
plant of creeean o PHBEGRL \Woduly! Hick aish T SHenBERRhaRIdJe B, PHRIP! €1
operably linked to a nucl eotidé sequence encoding a second hp , erein

t he secondStBfHRNA Forogemypaf selants aeEPEYNG deuPpeepsedcaals fertility saenmsd for
endogeqpu i SERR " . | n expression, the
secondﬂﬁpéﬁ%ﬁgﬁ%ﬁ?@gées eég%ggg%gﬁ*%39@H§G§@§®@8”§ﬁﬁ%genous fertility gene;
or both the fi rAscoedinglydmons efrbotdirhénty theqresentdnveatiom celated tge beaeslidgertil ity

gene are i j . t eSSl dngthe first plan nd. second pl ant
of e 111 st REH oS v ietEin e B BB i Bresbind ot A ey HLS T R

above- desdertiteednd iemaletfertiled; and whercinspeité progfeny lje.g.,andlediteriie progehng) fi r st
exogenous nucl ejc id mol.ecyle en present. . i tagj integrated.in the
genone of HEALAYGed By cropying H}ﬁ %\rﬁ%\l,gmgr&t'rh%feé]@gané @5?8 ‘é‘ﬁcﬂﬁr ﬁ%@r&? el aci d

nol ecul e, when present is stably integrated in the genone of cells of 5 the
second plant; or both the first exogendus nucleic acid nol ecul e, when
present, and the second exogenous nucleic acid nol ecul e, when present, are

stably integrated in the genone of cells of the first plant and second
pl ant, respectively.



Where a first and/or second endogenous fertility gene is inactivated due to
expression in a first and/or second plant, respectively, of an exogenous
nucl eic 10 acid nol ecul e conprising a pronoter operably linked to a

nucl eoti de sequence encodi ng an hpRNA, the pronoter can be any pronoter
that is active in plant cells, for exanple, a constitutively active

pronoter, (e..q...an ubi t|n om)t r) .SS specjfic pr t.er,,

parti cul ar f’? 'ﬂVGF’E‘BPo%ﬂEH c\yge "Bﬁ'Sn@t @r# P %‘.”g?‘?‘"ﬁﬁ é{hﬂ?&ﬁ"aﬁg‘géﬁti C
pronot er ssrefogasos fel'wﬁylgenspemweim tipe dinstt want, isafertileydared bl secondrpidrer, or 15
a devel op The fe ene that is

ntal or s ecific, pronoter
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a reedl ng palr I rs en nous nual e er | e secon
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di fferent f&ﬁmga Qé}ﬁa Elsbs’% £ RO QARG Juee aha! sirlilaky, .QWf.rsa%ﬁdog&ous

conversely, e fertility gene 1s i hactivated in a first pl ant of a
br eedi ng p‘amhtY(ser@ is %femaigtfe@wucﬁy@ﬁoﬁ@nff@ﬁeﬁegom%eﬂmgwugé@réyty Qefe second

pl ant of t%]@ograeﬁgﬁa#@fé?ﬁﬂt %ﬁ.?é an inactivated female fertility gene that is

different fromth rst e enous female fertility gene. Further, the

i nactivation oflna bl‘eleémgoﬂa"’s@ pladtscoldigeinventioneths filst gndegamoualfentilty does

first haddholZhe Sefid erioRbRRnfin R ell efbob e PrAfibietRdRS TS 11
i nact i vat eure$enttin lai sipglgeméwmnlewdv& wpd@@enyungﬁﬁﬂ@ef atptanrt | ar.thé firsknot her
enbod e andpBSniaflky, 0BNE BhY e SBHANE Bnlidholé F6fl) Geh@! dardndihiansgentc

pl ant s, wH 'nc fert ran enrc avin égr at ed
in its gengene profiucts thatxavg émeemaratachiei ennaerigdnhpatewaysa tmelﬂrelrs:aag thepr onot er

30 bly |inked | wher ei
e P ot opbagkSctl byl ARkl SRR 8AE 452 BpE et oS one "
fertiligy memmmrot e, plmcbr\lm&‘itg idarivetptherefromn esxseplithat valeerf & fisst ahg RNA

f f t d fertility d d
Torti Lo trasiehb e g ARrRa TR in EQRRRdnt iactitpshRot Sckebal Bxogenous

nucl ei ¢ acdddon® @€ty &yeheNPPréddMd Mants results in the progeny plants being sterile
{i.e., male sterile or female sterile).

The inactivated fertility gene can be inactivated due, for example, to a

20  mutation (e.g., deletion, substitution, or insertion of one or more nucleotides in the

coding or non-coding sequence that reduces or inhibits expression of the fertility

gene), including, for example, knock out of the gene (e.g., by a homologous

recombination event), preferably in both alleles of the fertility gene. The

inactivated fertility gene also can be inactivated due, for example, to expression of

25 a gene product such as a transgene product (e.g., an RNA or an encoded

polypeptide) in cells of the plant in which the gene normally is expressed, or in

progenitor cells, wherein the gene product reduces or inhibits expression of the

endogenous fertility gene. Further, in a breeding pair of plants of the invention,

the first endagenous fertility gene of the first plant and the second endogenous

30 fertility gene of the second plant can be inactivated in the same or different ways.

For example, the first endogenous fertility gene can be inactivated due to a

mutation, and the second endogenous fertility gene can be inactivated due to

expression of a transgene product (e.g., a hairpin RNA comprising a nucleotide

sequence of the promoter of the second fertility gene). The notation hpRNA as

g



pronoter operably |inked to a nucl eoti de sequence encodi ng a second hpRNA,
wherein the second hpRNA conprises a nucl eoti de sequence froma second
endogenous fertility gene pronoter, wherein the second endogenous fertility
gene is different fromthe first endogenous fertility gene, and wherein,
upon expression, 5 the second hpRNA suppresses expression of the second
endogenous fertility gene. As disclosed herein, the first endogenous gene
is different fromthe second endogenous and rthe in a preeding
bai 1 of U ORI, TEIEPS (0 ch OBERIRT o AT RNA, Mol arch ey vhchint 1 o

mal e fertijhicdrohaHgBab tvhﬂhtﬁehﬁotémormemomﬁw 'heérited répeaﬂeme vafiodghe
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genes). In conp ogenous-genes to be I hhibited are
f emal e f erenddagepogsfestiity gere ﬁrloaﬁwetedc@e tocexpression in tbp@emmd:plpnb@fcﬁ er, for

exanpl e. Hoyever., agqoﬂsﬁﬂc%%%&‘ﬁo?%ﬂme @&hpﬁ%ﬁ@?l Arom t%? oESra‘t'.t

directs expreSS|on e repro |ss %erest
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bl ul 441, G5RERGS . WabBeuehbide HRelHeeSblord UREBHERLS ety "BSfe O 2!
promoter, and wherein, upon expression, the second hpRNA suppresses
expression of the second endogenous fertility gene; or both the first endogenous
fertility gene and second endogenous fertility gene are inactivated due to

expression in the first plant and second plant of a first hpRNA and a second

9



The present invention also provides cells of a first plant or of a second
plant or of both a first plant and a second plant of a breeding pair of

pl ants of the invention. In addition, seeds of the first plant and/or
second plant are provided, as are cuttings of the first and/or second

pl ant. 20The present invention further relates to a transgeni c non- human

O gani M tfiaky S AQIOLXAPUS, ORI SIpbe Robd LORRSLUALRE 0N Aecithgy &1 N the

transgeni c "orgahi smcont'ai ns dn expressi exogenous nucreic acid
nmol ecul e cthispembbdigant,f thesfirsp rexopereusopasteibl acid inmdeclile,owbepqirgsant| isot i de

That 1 o ot HeRN BeSaERing bR Rs B SRR By Rt & 83 &by BRedBe.  hnct
second exogeisicacidunbletweawhen prasentisestably ddegrgteainin HipRkidnora ef telansfgeni c
B TR G VAL R R T
anphi bi ansandthe|saBbsd dxdgemsuse RbEdicNBEl , mbleeulee Gaitth BMd¥eRs Sarkl stabyogenous
nucl eic acid 30 nol ecul e of a} tran ellgi C Fl ant of the invention encodes an
hpRNA spectegeated in Nggenpmg ol ge ttg?,‘rﬁm aohapy SeRANdBIFNtESPEFHIVEY- t he

restorer gene. WhHeN£fiRSBRGor 9bcdridi endRgBRSISRMIty §&ife BaRaRIRaRYRIRSEI bl e
exogenous nucleic acid nolecule further conprises a second pronoter

oper abl y |$fpkespianyin Adirs@Nddet $erend dianin ERSPERIEGH, 19 APNBXIYERRIS NYFigiCsecond
promot i GEREMAAIbNI SoMpHERESA prdh&tat biBErably MtkedPloCARBleoligd skhfercer St
expressi bl e exogenous nuclerc acid nolecule), and can be, for exanple, a
const i t ut i areogingran RERNAthe piereeter earpbe Aoy erometer ihatigactyr in #lant gslisnot er ,

or a_devel @pRRhal SLARSKIRER diifo BRASLE (o g% U bREGIBRNGRR Do

expressed I n the transgenic ganismin conistitutl
5 manner, specifisspromsberc idaricutaxlynerrepmduativen tipse ipcarhater {eageamfanther

devel opnent. . Il r i . | aQys
nucl ei c ac%p(?chglpggrﬁ%’%(?gP 8@2? %atﬁggl‘e"m c‘;b Sﬁ'fg:ﬁfégggteﬁ%r nﬁﬁ@%ﬁ%’?@ﬁ@%@gé@s an
hpRNA Epeca tiecelbpmeatapcosmgerspetifie prarhater.t Mbe ffetilty genertbateis imdtivatedr | ves
expression of the restorer gene of .the fir expressi bl X nous,_nucl ei c
Sord ol ectikb® oaIs IUHk ARerare female i SERR P oVt HACH A otifes
exenplifi aﬁrthie/rg??én'e ib)‘na@tiwta@ageﬂiscﬁtahanta bieedingpdirqiez ydiestentegestisve for a
recessive sterjle genotype (e. 0 ous,recessive for the ns45 gene,
W oh- 1 5 MG BT GeTIaN e Gerest PIBREOL R TR PRC ek pndn et additPea bi e
transgene fepiNey Gondthat if idiffdre fRITRURS fiefedridgEndus ik fetilly Heabeaid,de
sequence encodi ng a restorer gene, which, upon . .
20 conversely, it a female fertility gene is inactivated in a first plant of a breeding pair
(i.e., a first endogenous female fertility gene), the second plant of the breeding pair
has an inactivated female fertility gene that is different from the first endogenous
female fertility gene. Further, the inactivation of a first or second endogenous
fertility gene, alone, does not render a plant steriie, whereas a cross of a first plant
25 having the first inactivated fertility gene and a second plant having the second
inactivated fertility gene generates progeny that are sterile.
In another embodiment, the present invention relates to a breeding pair of
transgenic plants, which includes a first fertile transgenic plant having integrated in
its genome a first exogenous nucleic acid molecule comprising a promoter
30  operably linked 1o a nucleotide sequence encoding a first hpRNA, wherein the first
hpRNA comprises a nucleotide sequence from a first endogenous fertility gene
promoter, and wherein, upon expression, the first hpRNA suppresses expression
of the first endogenous fertility gene; and a second fertile transgenic plant having

integrated in its genome a second exogenous nucleic acid molecule comprising a

10




15 expression, restores fertility to the transgenic plant (e.g., transgene
conprising an M545 codi ng sequence), and (b) a second expressible transgene
encodi ng an hpRNA, whi ch, upon expression, suppresses expression by a
second pronoter, which is different fromthe first pronoter. In one

enbodi ment, the first pronoter is a constitutive or developnentally

regul ated pronoter, wherein the fertility restorer 20 gene is expressed in

t he transgenlc | ant tran n lant is fertile, In

enbod et SrepRiSt prerpo R ke e ' BUSHSIsaRBPEe shsnfintie SerafLRRRNESG,
cont act of whbn@[rt rtwensgeamd: hpRam: complised aappsieptideatequenda clrory @gebbdnd
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expressible fi1rst exogenous nuclelic acid nolecule conprising a first
pronot er opedQaSNpUS peNR and.dudheriit lieatbrerding naie ot Blapts, St erdageneds or er
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absent due to onbzygo recessive e, and a secon pressi bl e
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b gani G cBRpERed iR s aaeb 8 ity dehd e e TR Blanu 1 & BREN b 2o ©
conpr i si nggéres thew dinel speamb tadoggyeua Hestilityl gére of thea sacarideplanti elseeiguence

encoding a.re ene, the expression of which restores the phenotype
that is otf‘?é‘?qj?g%ﬁ%ggrﬁ? due to the honpzygous recessive genotype, and a

fourth expressilalg@rakognbotiments; lithaf axeyendid BGdikie dcltbinoRRORICHtaiRedPRNA 5
speC|f|cfor %ﬁflrst onot er, . Thefflrst dand se(é?@gatra eni ¢ pon- human
or gani sm ale? fiiitt th SFCR rﬁ'&?@‘?"-‘z@'&”‘ﬂ ? (REgeding, gAIr 'E'He’HPHer
progenys ar ﬂmem&{&‘ﬁéé sb@é’ﬂ%’e@hcbbﬁgﬁﬁ&ﬁﬁﬂoh%ﬁd'ﬁ”ﬂﬂm trés;ﬁé@ﬂ(l&g% Qactef the

restorer gene of the first transgene and the first RNA inhibits

expr essi onthgt it Relupas e spayrite of thenaromgteriot F%f@@@mé gesg dhat ialo Behe
progeny exmaEﬁJaté&"epb W 4R matr}é BaChf {Hae I%Qﬂdi@ﬁ?@c}i%ﬁé R GRA Ve

genot ype pair ansgeni ¢ non- human organi sns of the
i nventi on HROTERXPrESSIEN, eaﬁlfﬁwbadﬁa@mfn@e A resulisrindgigation qiltlathRN&s

follows. As such FHE n[:bl@gttlde% en% \{lll]'& Qﬂﬁrgasée%l A c'I gélf 'fér'r:hsté ﬂQlﬁ?ﬁ rﬂl\ﬁ% pl ant

havi ng a honozygous recessi ve ster having integrated In its
genonez@a fmohiculfxmgemdmﬂwmmm sume&em(ul eectdchlcemnpml'xﬂ)msgexprasmd:reotl de

sequence e |nked to a

het er ol ogoﬁﬁﬂg eﬁg?a%{ 3‘?‘?&%@ R’ g?@%%?ﬁ‘f@ﬁ@%’gﬁ“&ﬁe restorer gene
restores fertilTle grombles, fwhteit isr apsgelyi tinkddartd; tmdwmlesaed@nsbcmneng@nous
nucleic acid | ecul e r|5| af|r elntheflr hpRNA
conprises §" Qa@te & OHS§HE|8WCF%$BW¥]°QFG carpiajn %5}% EO upon
expr essi ongeddh@ tfarfs?émbrp‘iﬁ% cﬁlaomamgq:aw REA DB Ay infoﬁibtéhtﬁas %lede iy oot er,
which is different fromthe first pronoter second tr n;sy_genlc

plant & tH@"baﬁeﬂs’hQ@FH@”gaﬁepmﬁiﬁﬁld% ig aciva P8 %ﬁ"’brqq @ as the

first tranggesdictits 888uesadith B@ﬁt (1§ .S drrb\)ah@gpeﬂé’@ﬁcl@ th@'prrcﬂ'n@tépgenous
nucl ei ¢ acid nol ecul e, which conprises a nucleotide 25 sequence encoding

the fertil Fary beedarop@mplena copsiitaliysy lachive @rargotenean é‘wﬁbi?)mfﬁ@féﬁ a whi ch
heterol g f th
I's heterol ganuss ébt lflE‘Bﬁ‘Olﬁ’!@fetrl %ai' E\ydé\/%h&)ﬁ{é?ﬁalﬁé% sp’gﬁf Fbrﬁé‘t% e?\?éooﬁhé" €

restorer gene r or ertility to e secon nic ant; "and
fourth exopromunier niithecfirst mogemmlsenmt@cmlq)mdemge a:aedme)rtimb rspmHAas wher ein

the segond HBRMERTRE pPéinor BHRERRLOAE RGFUABUS Rulbid 4if ARl ogous first

In general, a promoter is selected based, for example, on whether
endogenous fertility genes to be inhibited are male fertility genes or female fertility
genes. Thus, where the endogenous genes {o be inhibited are male fertility genes
(e.g., a BS7 gene and an SB200 gene), the promoter can be a stamen specific
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30 pronoter, and wherein, upon expression, the second hpRNA suppresses
expression of the first exogenous nucleic acid nolecule conprising the
het er ol ogous first pronoter. As di scl osed herein, in progeny of a
cross of the first and second transgenic plants, the second hpRNA
suppresses expression of the first exogenous nucleic acid nolecule,

i ncludin il & 0 j erein,.a first
hpRNA sugp%@%rfeg}sﬁeéxr{p%’éés/%‘ﬁcgﬁpog#&%hgsgﬁiargoéﬁe&oégﬁgége r%%rp%ﬁeé QQC#ZE %Ptecul e,
i ncl udi ng 6,0875@8},id 5136 gerst promoterdileS.deateat 5)887,85€) eiBS7 4enspimotéhe
rogeny ar tan] or_e e, femal e sterile. din ir_of
!to ragsggni c@@aﬁ?@sgpzi)hea%%gnﬁegﬁ %rgﬁ'%%f L@hmsﬁeéegégéegﬁ'ﬁr nal e
;erti : ity preneser({Nature ?W:ES'St(wgob)ﬁ,a PP end Proraier ¢9S| ?,MQ,PB‘Q‘.hlﬂS
ertili rer_gen z recessive enal e
fortil ity HERade] PR 9) aplipat 201 ol o5y Bhith pee Skpetes . drotere
fertility serL359%ra GONgone brontlér A3.86 Faterd HBTELHM B, 530 510Y, o RO FRENI C
plants of th nvent | Ancludes 10 a first transgenic plant, which is
homzygousSLFgc'begﬁ\?ehﬁ)Fg}‘ % Z8OreRpRY ﬂ"thﬁFearfq/%w%aoqéﬁd@ummaéigg;veaci d
mol ecul e CAYDIY SRRePcdl @R sHllel CHERDY TGRS bP ity Qﬁﬁé?éi&kﬂo{ fnaked to a
5126 gene pronoter, and the second exogenous nucleic acid nolecul e

conpri ses @N99geBeUH FRAG febligsraancadi-an Manfiuatingtheepedagespus ety fgdiiy
br oMLY - GEed) DY lnBardRN, Wrhd IPEnddihbide et RARD iridiRASAE Tefalk® P! ant,

whi ch I's honbzygous recessive for ns4 exogenous nucl ei c
aci d nol edertiit gapes.sthe promeiercean de gequanc spetitio diromoteRs Hropansiie.y | i nked
to the BS7 p I ; e | el i ecul e
compr i ses HOGor A8 MRERfred BRrbih, Sy Sidhidir et ia s A ofpbs TabdBnsene
pronot er. dipthe bpRNAI ingtheutEprdductive dissues of dmtdrest, anslgdinge fal exdrsplemal e

sterile 20, pr pl.&nt s bt .aihed. ... The present. i nvention al so
rel at es tocoﬁesﬁﬂ@%yo C%g% ODJg}(::rl%tt‘leg l?é?t ggiﬁme uBPéfHW. p@lﬁ'(?, s Wélf;hoqfn@éﬂ@be
per f orifed dffects inmsicripticn inmeesdiongl! paint calls. pl ants as di scl osed herein. In one
enbodi ment, the.first plant.of the breedi ai.r contains a nutatiaon

i nactivating ael;‘qer ?S%'EHBGQH%EISB@H%W S%?rﬂggfﬂ\ﬁ/éﬁ} pfar\{;Bf 9@?13?9?’\%9'@%25
fertili ty,%rad]?f?btbthea Jiestqightphmn savohdi mhéntaofsiﬁ@@;ﬁiiﬁ@fmﬂgﬁppléntﬁ%fethléf t he
sane or a different ._conver t t hway so involved in the male

Steri |1 vy, yenepa; i andtie. GoeRy O e eia Aaelss ecani BARErB RO VA 58 ol o
steri|e phageuiings of hedstdioraalesti prAL, the method i's performed using
first and second transgenic plants, each containing a transgene encodi ng an

hpRNA That i nadfieIEERIMENRE fetharyelatRs o Faesaans PT-NHMRR\IGRTRMI n t he
second andnf fsShorhéAlgede Héoshahp a P@E@éﬁ&g@ﬁcﬂﬂﬁé%wr%rtéﬂ% foRFRHEgeRE. DY

crossing the parental plants exhibit the sterile pheno .

present i rfEARIBEN CANEINS cdrat eprespilie nfitshoexegenprHednuslalg @cidr anelgewec

non- human ngﬁ'&i. oordibld i [RY A ; ' -
par ent al ﬁansg@rﬁ ﬁgg?rgam gllrjr%&et?%@%’ i 0 not&”g?<I [ ||t i%ﬂﬁé%ﬂg@%g@éﬁé%bp enot ype.
For exanplgene; the expreasianaf whidviestsesithenhgnotype thajdsicihegvise sbsaritideepr ogeny

oot SO0 Mol RUsSEEUMAGL R 3T Sl LivoclS Fhelbhl |
t r ansgeni onpleawe enaodlipg tanl ipRNA e Jtherteansgemie nics-human organism can be any
non-human organism that has a diploid (or greater) genome, including, for
example, mammals, birds, reptiles, amphibians, or plants.
in one embodiment, the second expressible exogenous nucleic acid
30 molecule of a transgenic plant of the invention encodes an hpRNA specific for the
first promoter, which drives expression of the restorer gene. In one aspect of this
embodiment, the second expressible exogenous nucleic acid molecule further
comprises a second promoter operably linked to the nucleotide sequence
encoding the hpRNA. The second promoter generally is different from the first
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5 expressed froma first pronoter and an hpRNA is expressed that suppresses
expression froma second pronoter, and in the second transgenic plant, the
fertility restorer gene is expressed fromthe second pronoter, and a second
hpRNA i s expressed that suppresses expression of the first pronoter. The
sterile progeny plants can be female sterile or male sterile plants. For
exanple, in a 10 cross of a first transgenic plant containing a first

VA oper aPITPE (AN 678 caias S EIge B ALcokrard el aRhgendss |

nucl ei ¢ acfod éminﬁmul 8 EoNEEMuti®e Nomotdr! %h ih@&éilﬁiel PRInmEteN ta msmls@@&w@le
sequence of a BS7 gene pronoter; and a second transgeni Cdﬁl ant_containing a

third exogliosmaen d afevelrnmenial #age spedlinPramater. sueh thatdhe MPRNA sauence
encodi ng '\'ﬁé%xﬁﬂfgs@@'lb{ thé BsRSgdric LRgankRel w%n@or&fum&erﬁanﬁé?daﬁ

exogenous nucl eic acid nol ecg?e conprising a second I ncl |ﬁ(§.}b§t§lé‘
nucl eot} demaBgee it dsgie ﬁlPﬁQ'fB?lE’@ngéhé)fpatoﬁirmaélcmaf&?rt@g%tOérdeN@iopmgbn)}'n are
d d. t hod
e i sl os AP Fet fBbdimentans SRS SRbrBlablb HRBofholsRldt gL Rele Ry ™
i nventi on adransgenicenlanteef the mvamqmen@rdeprmuhpRm lapehmﬁlujfmlarpu'ometed Such
t hod d t |1
a nNethod ¢ epﬂwé?ﬁ{ﬁeofrgp;?mn"fo%r Whid rn?ste %%Pa %zohnoq’ h%gl(aétgreg (ﬂeggﬁjégéa Y,

mechani cal nal e 's pro 9 herein
with poll eﬁrsbéxm‘easlble eixageéndus rpickeit acidatolecuid.ai ns at | east one dom nant

mal o <tBr1 | o bek peeeri AR ISl R MeBuch B exemlipe b Bee
hybrid seed trafsgenic plarit higati i Weridzegodl eRepsiey fates rdiglsive staitsl ganegpsed by

such a net hod. The resent invention relates to a nethod of obtaini ng a
ybri d bl alRShOTRERIS BAERYS b GoSEME rte. WHFD R Mol Frilbs Sy

pl ants progug Qﬁlatb&orﬂélﬁwwg asmeh ehi#%rslsiﬁles ﬁﬁﬁsgéﬁ@ec&hﬁﬁﬁﬁﬁ d seProfbiet ur ther

relates to a nethod of identif a function of 30 a gene expressed in a
cell. The @ré?fébwb\keéée& nw'%@&&qpee%ewdwwag’eﬁew&ﬁnsn WhicH, HPoR ormt er,
i ncl udig nNgQ

o hod o Ry G e B T e o T 2 1

i ntroduci n¥iS4At @ch Q:éﬂﬂuﬁﬂﬁewﬁ%(h)h@ sgeprd |espr@ﬁplbbs§edsge@ef ¢ﬂ®ﬂl@x@genous

nucl ef ¢ achiRR! Ghit ) HOARILRABN? sn%ﬁ#gseég gr,girggg%@gea sg&@@eaﬁwpm

operably |1nk to a eterol og rern
conpri ses whichds dibferand fropytherfirst m‘bmtererinlogemmtmdirnelnix)tr@rﬁretfpmhmtgéﬂe whose

; . . . ’ . o h
suppr essess Any RSB UREor O il e flten, R, MERTh M oriRe BIRRE ype of
the 5 2@l | genois expessesi iarthe ftransgerip Rt asnd thepgaeshenic plant isdfettitge In

ressi on of the change in

phenot ype | he nce. o t h ere

phenot ype ?'E%h?r ?%ngwgtfthﬁ%%owomo thig %H@UC’?’ENAWVQEM@{GF@'%HP% hod

f ulrt helr I nedritgetsofi thé rtmdugem@ tplamt ithhgn Q@dn‘opﬁatégﬁ@mhg?égﬂﬂn@k?egﬂﬁh oF Cdag i g
mol ecul e ¢ a nucl eqt | sequence encodin i de encode

the gene o %‘@ 'R}’ "g?"i‘?ﬂ%(@ef'ﬁ IHm % %‘gg%?ﬂf*f!ﬁ’@tta? HPB@&H"B’ %@FE‘P wher ei n, Y
upon expr essi onnoindtiér aAbyARiN, ctﬂeqﬁe@éiﬁcln@éhnbhea@@msla{ersoe@ 5 hpeadrgnd

het er ol ogous pronoter, the wild type phenotype i s restored A et hod
of the?J nvRalf P%ﬁﬁa'%%@nﬁém@r'&tmﬁ%@@aﬁ% inglysinga dest transgeniapraanism aed gene of

interest, %coﬁ@ﬁra?@g@ﬁlé%@é?ﬁé#n WS LR 9f @chﬁrigﬁam?%%cﬁ{ék@b&sr\% fof'fhe‘:%nhe The 15

or ganl sm can be an organi smof Interest I n ene O Interest is
expr essed. recassive gengtyae meMe braedingepair iis fwtrraraahtarameﬂlzedmml that Swenfitst a

pl ant cel 'tréﬁ\ﬁ,?}aéin génlﬁﬂncgﬁta - e"PFe%sﬁanltfﬁ'stex%HQﬁ% Hd&leﬂ lq: ps,? ne

enbodi nent Ismis a transgen whi'c alns
exogenous nmataceleccaupnbmg)laeﬁnst @rarhotelr pper&b@;ghakaﬁto 3 nmcsecgﬂeosm;u_ehce an

a ect 20 tran r _cont
oD eor 16 PRl SRR bend e Sxa RO ECR Efhres 1t FenSi R Bidl s
(conpri si rmhewviseIabrsbntldueetquﬁmﬁomnﬁ@ﬁusgre@eme’ Repbivge, angosladcbyd t he

gene of |nterest erably linked to cond het er ol ogo pr
wher ei n, é’E‘g %f"%qlréc eeédn@ee@sé%?{&i@ %PB%@H ‘?ﬁqt‘:e{eﬁl e from
t he seconda fﬁcahel ProfiblerD VHIEH 6§ ,diffélentVfloth N SirBh PRSMBE | Phe second

transgenic organism contains an expressible third exogenous nucleic acid
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25restored. In sone enbodi nents, the present invention addresses the
difficulty in propagating a plant having a honbzygous recessive
reproductive trait w thout |osing the honbzygous recessive condition in the
resulting progeny. This may be acconplished by introducing into a plant at

| east one restoring transgene 30 construct, operably linking (1) a first

| eotid t hat | ement s
The. mut antDRSHE! sBrBRERG; e el a@de‘[}&é*"%?%eoﬁ%ﬁém e il e BiYeStShai i on
with (2) osespeocel émnmdtngoraalresimr egﬂnedethsequasmomknfchrh}oht ﬁesﬁemestrwi trd1 t he
f t th t t. nt and is
oot " A B oo gRRL e B PR ErRRR R el V€ s dBbenc:
is maint mm&ﬁafcrurtﬂwdmﬁtﬁqgmn&haheclam(hc&l mbiadllechatieticoiegans HERNA
constr i s ref kho her el T%Errﬁrégta ner. \When t he, mai ntai ner pI ant

cont ai trlg'sP?ﬁE'ﬁ 3t dupidpteg @ndsSecopd| rRRsaeRitoORHUMER: i | i ze

the homzy@gumsmsanth@ dﬁbﬂmenzéaem ik mhenahé@mle@cu@ﬂ%tre&ogér%réed to
ous rece55|ve | ant t hose whi ch contain the recessive

the 5 h
al Ieel e, °”‘3m%85c%m voink dfve serRnde apibigsy emﬁ%ssa%ﬂfs@@rr@sw@err@cq None

of the polthemirgrtpinageMdaatl tr@fhtsahPRNheinﬁiaﬁé @ﬁﬁr@ﬁ‘s:&r‘i éf‘%el‘é%to?él"?érfeu&ft are
viabl e, due to the action of I nked second gene t hat vehts the

f or mat i on B¢ irhbpasgane such thakthe piogeny gehibit igcrepesdivr phermgynier ghtheuch a

sexual (prqﬁn@gﬁongpegeggoéggﬁét pd¥ th respect to this 10 transgene
construct Wil e no Vviab e pol | en groduced by the maintai ner contains

the restoring tﬁrém@e}mgbpétsrm‘tﬁrmagenson@m umhe wganisss (afhtbef iowentiongiamet e) of
t he mai nt aé)&ﬁ{ m%g,b %%é@dlﬁ%gggafﬁgﬁsgrergq?lérﬁg%l 6 Sconst ruct. Therefore,

t he mai ntainer can eprop I'on, with the restoring
t ransgene constlihedirspigntcafdbe pgir is a fertile transgenic plant havmg a homozygous

recessive sterile genotype, having integrated in its genome a first exogenous

15 nucleic acid molecule comprising a nucleotide sequence encoding a fertility
restorer gene operably linked to a heterologous first promoter, wherein expression
of the restorer gene restores fertility to the first transgenic plant; and a second
exogenous nucleic acid molecule comprising a first hpRNA, wherein the first
hpRNA comprises a nucleotide sequence of a second promoter, and wherein,

20 upon expression, the first hpRNA suppresses expression from the second
promoter, which is different from the first promoter.

The second transgenic plant of the pair has the same homozygous
recessive sterile genotype as the first transgenic plant, and has integrated in its
genome a third exogenous nucleic acid molecule, which comprises a nucleotide

25 sequence encoding the fertility restorer gene operably linked to the second
promoter, which is heterologous to the fertility restorer gene, wherein expression
of the restorer gene restores fertility to the second transgenic plant; and a fourth
exogenous nucleic acid molecule comprising a second hpRNA, wherein the
second hpRNA comprises a nucleotide sequence of the heterologous first

30 promoter, and wherein, upon expression, the second hpRNA suppresses
expression of the first exogenous nucleic acid molecule comprising the
heterologous first promoter.

As disclosed herein, in progeny of a cross of the first and second transgenic
plants, the second hpRNA suppresses expression of the first exogenous nucleic
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15 such that it will be contained in 50% of the seed of the ear of a self
fertilized nmaintainer. By linking the restoring transgene construct with a
sel ect abl e marker, the 50% of the seed containing the transgene can be

i sol ated to propagate the naintai ner popul ati on, which remai ns honbzygous
for the recessive gene and hem zygous for the restoring transgene
construct. 20ln a further enbodinent, if the female ganete is prohibited

L or el noabg ik, FUAEHERE el Hblod Rl el e RERETS, .
to aid in hmRNAesmpressﬁs e:kmesmmtoaltherthpdaenoge&zum naclpicaatig miolaculexposed
to the inducgj C n have femal fertlllt tored, and t

pl ant nay 'Pﬁfé‘ﬂ%get% II?yel;ets}/&r?rzg@q 80?}?5138 e pﬁ@g%‘ﬁb PivY E‘)‘.é"’%ot h t he
desired regefiel Veor mmé fonsdlé statille.t e brestity pag of tapsgetie plans tof uied .

Whil e the j nvention hs exe I|f|e in %gnts a.person of skill in the art

woul d recolfienton ¢an [S‘PITP? Qus; RpCRHt 3|8 feilibngengs §i G1Ae stefler udi ng

manmal s. F@.\EcegKleheexﬁrbs%ldm\beﬁﬁé FBrtf CRIZRAES 86nd), TRtdMpdbef herbdygessi Ny a
phenotype in 30 eny of a parental pair of non-hunman organi sns, wherein

(a) said p'F?é‘ﬁ%%"ﬁ)éo" §"@J@p§e€§'§éae’?€ﬁ (éﬁalﬁe@ﬁlesﬁ?@fep%ﬁi 4pon BYPIEREORShone of

each parengdis rtﬂﬂrrl'b%'ré}t o as to inactivate a gene affecting the
phenot ype of |§n|terest ag%g ?c) the gene inactivated in the first parent

encodes a di f f dneme appest. proseediog pAES trarsapnicpiRnEf ithainwention inalkdescond
parent I t he

i nvent |lon reﬁtlggﬁsgﬁ%gﬁlgfgr@\b'%l %W%%%%H%{?p%swr%ﬁggm s?n can be
nmodi fi ed texagenotus mudieié rasitt nmhpmﬂees:s:mprlabsa @sicleptide megyense Boooding uct s

t hat suppr (Ln ot e I Chl f

wherein th@é%ﬁeéﬁ%ﬁﬁslg @%ﬁhg g %anl ﬁQ &%ﬁot&ru%g? {';'F %‘% d ?)?oe(%ﬁgﬂé

In some enhwxdéinmtdsmotelcelepxmrsbs|arfwsﬂupmlc3n@xnsmglanfmed-tad tdpeaksfpect to
pl ant fertLLLt and icu i respect to p mal e .

Perti 11ty BRgdanet Anribler B4 ik ball AneE RS Mes s Bed SFBsdenis o
transgene gianstwhich iém@mgomlg rétﬁ;ssmenfowmnmmnmeewdeéxddeabwUDpr ess

t he expression of 51amoiandogenous male fertilit rg{lene W 1 ho&t render.i ng t he

pl ant mal eN4GIQIFAC ecule’cqmprisRe Rufientide seaHenoe anrPAnchMS45RRAADIY e

- sequenti al jidkelas Ihe BS7 q#‘ré%tér)/aﬁd)ﬂﬁeﬁu&h \éﬂage&fo@%uués@aaatn#mwé eadi ng
to a product. In a first plant I s suppressed so as to reduce, but

not abl at ecor@rl'ﬁ?SAaa%quﬂﬂt@PR%(&Wfﬁm%y‘nV%ﬂ%ﬁpﬁ%ﬁ APei 2126, 9ePdi bi t ed,
and thus the @rnoUb%ﬁ &Bssaﬁé dubh Fdt dHPBcdrd t’PQﬁsaﬁH ;glrlaﬁlf% mdle &t&ris ond

pl ant, Gene I'S suppressed So as to reduce, but ate, Gene
activi 2§. megepwyplantgateobiginedubst antially inhibited, and thus the

Dherit e, O <Pt SRS nik Al 4o MRSy RRAREs Bln BRSO
Gene B | ea@sch a method c¢an be performed by crossing a breeding pair of plants as
disclosed herein. [n one embodiment, the first plant of the breeding pair contains
a mutation inactivating a first endogenous gene of a pathway involved in male
25 fertility, and the second plant contains a second endogenous gene of the same or
a different but convergent pathway also involved in the male sterility, wherein the
progeny plants are double mutants and have a male sterile phenotype. In another
embodiment, the method is performed using first and second fransgenic piants,
each containing a transgene encoding an hpRNA that inactivates the respective
30 endogenous fertility gene in the second and first transgenic plants, wherein
progeny plants produced by crossing the parental plants exhibit the sterile
phenotype.
The present invention also relates to a method of producing a transgenic

non-human organism that exhibits a recessive phenotype, by breeding parental
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20 to loss of the product of the pathway and a change in phenotype.
Suppression of Gene A and/or CGene B could be acconplished by use of hairpin
constructs (hpRNA) as described el sewhere herein. I n anot her
exanpl e, Gene A and Gene B nodul ate steps of convergent pathways prior to

t he poi nt of convergence, and t he converged pathway | eads to a 25 product.

Gone A act4sBEhe dAfiels (GacuPROCETRIN 18 RBPesd Bidifine; orlpiiered’ |,
a second rihanmvenmen@rwdes mgﬂmd@s@femi'oémlag atstemiecnmgenyoplanh?y cmbmrgel Cene
o ogeny. ofraC Sl AQBpR WERLHE ples, Bafly BEGRIR P nAMb-I B FeediEMER R of

suppr eSSI osmnmef fe@dite génea nehdeeing irthadi r$tetead'sgemc lotzs, 2ofertilinergstardugéneos t he

conver ath Y, Suppr.essi on of I GEne oul d be

Zccompiy oo 4 R B P Rsend 38 RS HeEeoit dnft BitbreResune: o

her ei n. expresstdm ﬁernt al Qemoﬂﬂom1ér$ an@emeth% aadm@ensn@emﬂplaat ethat eps 0]1:
fertil In . th crosses o]

pat hways inv¢ pl ant , ex | e,

oty pi Aty Tty Heg) inBiprestsiilomhytel SReRRobr oA S0 cor@Bdcar
gener at e IRHRNA iL&kdréssidanbSsudpPéssel JXPlelsiol F EY Mkt Prloibisr. hﬁhél étenia
honozygous recessjve nale sterile genotype can be transforned such t hat

each expr 6¥88¥W;PRRts 6k Pefgmale gleflle pf V‘%ﬁeﬁ@”ﬁ BNt f Far examplet & 8| ogous
prondt gy s ok HRhAS trhhgéerwaahmtanﬁéMﬁgﬁéﬁ@eﬁéué ﬂﬁ'clé.e%tcfanﬁ&lee@ee in the

other parental plant. Such parental plants, which are fertile, can be
crossed wiGOMRSSHS BNUERolde spavense encading MB4Boperabiydinked tapi &I 26 gene

exenpl i fi efod? BRAH"a Q%ecﬁﬁ& eeioﬁ[—:-ﬁbu@ kR 5%%@5@%g§ Bﬁgﬁﬁsﬂ&fas First

honbzygous recessive nmale sterile genotype,
t r ansf or mpRANA lincluding anyickeadide iseRuéenecoicd BT ganespromolar? ang reosryoad

oper abl y |tHH§SgplEﬁ>lé7'|£rcSﬁf if a4l é\’@gé%&%ﬂgnu&% %@%lé{%ﬁﬁ%ﬁénﬁg for the

BS7 pronoter ansfor I'n"singl e or
const rifct snuciaeoBSé seruaieeencingaliSy S | apekably tinkes hoethe@&w gl prageater, and an

hpRNA spe p e Pl an

mal e-ferti é‘ %UGO%ETS pﬁ@%ﬁﬁ%eﬁl@i&% A’c%éﬁcﬂ%ﬁé C@B%(S' t‘g 5 %C@ § @fz@nof Pl ant

A and Pl anhci&dxng@smummtlderseqtzerhwmﬁthet5>126:gene\pmmetér dnaletsmertlél@ragehyon of

the 15 conpl enenting nstru ts targeted t r ec

o oot or o B BTN e AakRidhe RS SEHEER kS A BlabPoronficd Bl Bhate. o

Vrr\?:g steriéﬁii?@m}m fﬁr@ﬁ?Weﬂﬂ:@me}‘mdleé&nfeepgahtﬁS 'ndhéb” d prﬁductlon ,
type po can restor reilit t he ri ue. to recessive

iy FBF Tre heirasdrivention fudner Evlbisaiia e metne of REAUERE PER Asor | e a

t ransgani Gselag- lERNa Zﬂeﬂbﬂa&ﬁfﬂehéwfm&i H@ﬂ‘é&ﬁ&ﬁk&s tfye%ﬁiﬁbﬁf@ g@gotype

that results in absence of a particul ar ghenot pe of interest, sard

or gani sm AR BeFHATIEIKgOT BY hand) Astalexygda iRt reded agidisclaseecul e
conpri si n%%:ﬁ%ﬂ%&l@n&ﬁ@m&%ﬁehf@pﬁﬁf frat Bb@RBInB RENRLY BRe dgﬁﬁ{a?ﬁpbuelé' nked to

a first pronoter; and (b) a second exogenous nucleic acid nolecule
conpri si ngFosespensiing i hemogyaousbEessivecdriegenobpeniche gnalgestedguence

encod'{%Rmémr%e% fha’ié g{éﬁ%t%h% B&hE éﬂB tf‘c‘é;‘rl#%ng%@p‘).& s Y185 ghg the

first rs ilil nuc € sequence I rst ronotér or a
nucl eot i déngadjaormiso efovideshiytuidpsesdoproduceach by eiunh mmtchané'gemreSMn human

o Saneen dpilobighhs BERUNRE Lo E3honl HRel S PP RN TURATY
further ussddiandpiuniber,ipnokicds hydsid tptants ppaueedbpgueaisy such hybrid seed.

The present invention further relates to a method of identifying a function of
30 a gene expressed in a cell. The gene expressed in the cell can be any gene
containing a promoter, including an endogenous gene, which contains an
endogenous promoter. A method of identifying a gene function can be performed,
for example, by introducing into a cell in which the gene is expressed, a first
exogenous nucleic acid molecule comprising a nucleotide sequence encoding a
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di verse as adhesives and expl osives. Miize (corn), for exanple, is used as
human food, |ivestock feed (e.g., beef cattle, dairy cattle, hogs, and
poultry feed), and a raw material in industry. Food uses of nuaize include
consunption of maize kernels as well as products of dry-mlling and
wet-mlling industries (e.g., grits, neal, flour, maize starch, maize
syrups, and dextrose). Mize oil is recovered from nmai ze gern1 which is a

by- product o he dry-m | 1li.ng an t-mlling i ndustri uses
o P et el cSesr e ks B BafTh R Terolbap S PES e WRSEL N PPN | ho
i ndustry agshpidesta hliGlgstidesdduenes bfﬁh'ehd@&ﬂdmdgﬁémmerﬂﬂmd Gehes vhb e 5

applications of nmaize starch and flour are based on thejir functi onal
properties function Jai REINGr AXaBIRRM| andy wWheRn.: PO |axPrasEient | B8, heiYSi ve

properti essup’iﬂ?é’ss%@'ébeééstﬁ (ﬁ“{ﬁé’aﬂﬁe PRt ddtbQing dV&he?n%e%ﬁ %r&rénﬁ%efdf% have

application’'in the pap er and textile industries, and also are used in

adhesi ves, caluupad ﬁ:garmlem pétm hw%rdﬁoﬁsq/cqmmﬁre@ 40 3 wilshtypg pheaptypedn the
| t
expl osi ves, ?ﬁghe‘ﬁ‘ﬁlekpﬂé‘ég on o Fr?gl S, %@"ﬁg? 5@@8%@% |h§>fﬁ§not%g e Mhind OP

pl ants, inc Ing rice re grown as
hybri ds, wtiechinetiomi ¢f theg.m!@t eln tmegasp%hcthe mpetbod durthes lindides iatrodagipar ed to

the par ent glo Balion LSS SYELORIE N Rc AAThSCl Al P1ERMAG, or 00" am

reqU|res enera onbZygous I nes
crossing oéeqdease dricoding anpblygeptide adncatedrbyothe lgene ropesaidy liRked do e

br eedi and r rrent 15 sel ection breedi ng nethods ar used. to vel op

" hbr ed i neReopchFGFleantR, PRutit: Wodem Rufoh BXhiegon o S1F Homperif et ho
prograns cefduded bnehgeajiriel frola e sacuits hbtepslogows @romateg thebwid typees (or
vari ous other er Igénrsources) into breeding pools, fromwhich new inbred

lines are BRRNS ogggh 1 pollinating (selling) and sel ection of desired

phenot ypes. Then srdtiesd eﬂheweeﬂén th& Be PractidBd %m?%zé\téu% Unkihing kg ed
a

| i nes and the %brlds romthese crosses are evaluated to determ ne which
of those ha%e ebintaiest ar Cﬂ%tb@rﬂrﬁ“éﬂcedﬁcss'%é‘horﬁ"éﬁm CBF'@EEF%B‘%‘PF%! hﬂﬁ

devel 0P§"‘~‘”?@ﬁﬁi‘%n’?)&@ﬁ”E?}V&gﬁBﬁgédréﬁ?O&OiPﬁérﬁbt”% Wrﬁ’&?%ﬁ&sgene 9f int mter%%?“@r ee

breeding s ts wit rossin enoty E. each may have
one or morexnre%ﬁadaﬂnener@mmreentsthec@"tlﬁatplarg ce ckhrergcambe ﬁé)l@mtrr@!l ipr 25

whi ch C.O”p Chara r{ B Icgieh‘SF mork dei§ &f"‘é’ge rth PR Sﬁé 3"‘3% %:ﬂlprfgr' de al |

the desired I CS, other sour ces can be I nc eedi ng
popul at i onorgasisnyist artsarmeehiomlarsiumahocomaraatthe dirst axepentusdnuatidicsadid ed i n

Pocurront - TREHE AR ntdbtatea IS TRGEBRNS It 4Lshadtis (AR RABE 8, ove an
i nbr ed2¢ i ngarsy@nic Mabrfﬂh&ﬁcoamlriselnwgretedsmng gém)nnmhar edmndBeniganoasr ng can
be used to transfﬁ% 'eegﬁfec ic _desi rabllgqﬂdr ait fromone,.inbre ource to

a second i NY1QE &€ CORBYISING A pucleefideSEaENES eRcPding 8Po 5’ %g a

superior i ghdodidd(beahergdtie RAriRRIIstY oparadin rkdd s efl sebormyt m;e@erorogans parent)
that carries the a ger ri ate gene nes for the trait in %uestron

crossi ng t ROMAYyMYerEMn. ¢ YRON ﬁngesr%roes Ba%ksqcenﬁhexwevr UGG RGNt

parent, angofRURCHrbRYH sbbéhd RBterdIBEdu RIS, f @B WIRE tfRS bheRbtypaiis to be
transferred fromthe non-recurrent parent. After five or nore backcross

gener aZ? ontestiredh sel ection for the desired trait, the progeny are

LY B2"% e hCBimg SRS, Whe SR aBh el hosaicaly 9. anc
propagating a plant having a homozygous recessive reproductive trait without
losing the homozygous recessive conditicn in the resulting progeny. This may be
accomptished by introducing into a plant at least one restoring transgene
30 construct, operably linking (1) a first nucleotide sequence comprising a functional
copy of a gene that complements the mutant phenotypic trait produced by the
homozygous recessive condition with (2) a second functional nucleotide sequence
which interferes with the formation, function, or dispersal of the male gametes of

the plant and is operably linked to a male-gamete-tissue-preferred promoter. This
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5 other genes. The | ast backcross generation is selfed to give pure
breedi ng progeny for the gene being transferred. A single cross
hybrid (F1) results fromthe cross of two inbred lines (Pl and P2), each of
whi ch has a genotype that conplenments the genotype of the other. In the
devel opment of commercial hybrids in a maize plant breeding program for 10

exanpl e, y a e re nore.vj goLous t han
their i nbrgoé%ggée%t@&n%ﬁésca g?el hSWfZggguk% ﬁ@?efssrahgi%)o%@gﬁo t@'% ‘f‘%&?ed in
nmany pol ygemstruttr i refesed Hoaben’em: rBeas edammmetrat Wlmrgttlmarvtrﬂialaﬂamer neamased

yi el d. The devel opnment _of a brid £,005.am for
exanpl e, %1‘ 10ed 5{'1?@ §e‘|'rl§8fj| %q.psg cbeaHf‘% quofh Qfg@f'o‘g d[ﬁ %ﬁﬁ ﬁool s for
initial brmﬂmmoas assessivd ptargetiid nalyoliable e sﬁm&sECbr@Mam Stofﬂh@m t he
breedi ng crosses for several rgener atio sg%o?ﬁ)t ce a seri (?s of i nbred

lines, “whi RTMOZYOPYS [RAPSEIVE PR e fHask etS?‘é“éa'VFﬁJE‘eaﬁad SPe hi ghly
uni form amsi c@h&ﬁﬁbﬁb@c&rﬂﬁoﬁ@it&ﬁ‘tt@trﬁﬁﬁy’eﬂd obhélﬂ&:tWNdhedifﬁﬁe?bﬁern drafpsed |ines

to produce the hybrid Fl progeny. During the inbreed |n? tﬁBocess in maize,
t he vi gor which ﬁ%”tﬁinn@g r%ewé&&réesgeﬁatcongtf%§febvra@emﬂ% %418 agtien b8/t i nbred

lines are 2fle8'sB88S%H gbRe %ﬁ%@eﬁt??hé‘%?ﬁiaﬂorﬁ"o@'ﬁa‘ble ARNnTPPhrBRdre CRRS EQUENCE
of the honobzygosity and honogeneity of the inbred Iines is that the Fl

hybrid betRiegenyregelfing &@maiich apexumbewss fae ean HRnpgenin withregrpst tedhishe sane.
As suc b eds that provide a superior hybrid are identified,

t he hyLbrl g%“%gn éﬁge roduced indefinitely as long as the inbred
parents are rraNHltllbl n@owabzsmlbm erashused Mdbadmlo!aln%mntams thiei mestosingon or

i nacti vati r e noval or
nact i vat | Sansgpnd RonSRRRA OP el R fe BaEE of Wi RS WA E O
ri sk that aanrbaindheeﬁsloyingeﬂrénqgehbimmlskdctseé’diemfdme uima rrtaaintaurmnaddry bbe

har vest ed hybri ee the seed is Iante t he
calfeq o J1BRadREd BY SEItAaRR Wi HES st FrahGe e st b e s o o
genet i Al Is;ucequwmlvamtbet wﬂthmeﬁ em':BO% lombm@deéal e thes @dr o aps@ﬂmszbbe

hybri d. Typ t dentj fied, and sel ected based
hei 1 oot BAGEINS, ki 87 lpRs Taftdans @Brun YiranrestebRronsh o

i dentifi edhb%d"/h@t‘ thd €8&d CoBRIMME tHRPP&HgRNs &ahWe \soRRddtd mpagst/eome
reproductive ((;har acteristic i ncl udi n% shorter pltﬁnt hei R/ smal | ear

size, ear MAGtaingr rmpug&ﬁlgﬂew red'gqa|5§ hoglozygqs, for the recessive gene and

hemizygous for the restoring transgene construct.

20 In a further embodiment, if the female gamete is prohibited from being
formed or functional, it will be desirable to link the gene capable of complementing
this mutant phenotype with an inducible promoter to aid in maintenance of the
maintainer plant. Such a piant, when exposed to the inducing condition, will have
female fertility restored, and the plant may then be self fertilized to produce

25 progeny having the both the desired recessive mutant trait and the restoring
transgene construct.

While the invention is exemplified in plants, a person of skill in the art would
recognize its applicability to other non-human organisms, including mammals. For
example, the invention encompasses a method of suppressing a phenotype in

30  progeny of a parental pair of non-human organisms, wherein (a) said phenotype is
expressed in each of said parents; (b) the genome of each parent is manipulated
s0 as to inactivate a gene affecting the phenotype of interest; and (¢) the gene
inactivated in the first parent encodes a different gene product than the gene
inactivated in the second parent.
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characteristics. Selfed lines also can be identified using nol ecul ar marker
anal yses (see, e.g., Smth and Wch, (1995) Seed Sot Technol. 14:1-8).
Usi ng such net hods, the honpbzygosity of the self-pollinated fine can be
verified by analyzing allelic conposition at various loci in the genone.
5Because hybrid plants are inportant and val uable field crops, plant
breeders are continually working to devel op high-yielding hybrids that are
agronom cal ly sound based on stable inbred |ines. The availability of such
hybrids all ows a maxi num anount of crop to be produced with the inputs

used, while mnimzi n@BUALENDESCRIBTION QFSIKE INVENTION onnent al stresses.
To acconplish this 10 goal , the plant breeder, K nust deyel superior,inbred
parontal |1 nes SERONBRGAT 1P BRI efsch e detaruriagon it & Gekatms o

genet i cal | an Rjafiiéth EdfbY infbdrict foltntdhs Gbmirdht BusMBsaIaIbRS oP&RHEgdeoN. The
present invention contributes to this for exarrpl;qﬁe&prow di ng plants

I
that, whercansByaisdhaysHBpiass (v eregw@,?t?@ prtogRiAle) 1R Pf 6 9898d as
femal e pargiin b PRbfotRE ofPRAIGANEH ST dubskiRBiPaftdbled? | arge nummber of

genes have been identified as being tassel preferred in their expression
pattern using tln&ame embodimentsode arasenbinventinndatexamghfiedhwitiy gegpect teet hods.
The correl g11.,0 f tl f e Ly t | engcal or
devel opmarfé1 %.+t p&}r@géséﬁg rftnﬁ%t %SFHE%*? eﬂgﬂl %gﬁé(%toto:‘ rglr%‘;ﬁ FI@&%oﬁr@ﬁﬁi rsr': g’?duous
when appr cacingie,aplantsi may et genelically i roadiifiéd toanodtaim a assgemegeorsiiuct 20

mut at i gnal _anal ysi s. . i sel her ein ression.a S.i.n maize
provid ane%oﬁl nfﬁ‘l{p{@%@é?@pﬁéﬁ@@g&ﬂﬁ%&ﬁé&?gupd%%éessﬂ}ehggﬁégéaﬁiolf &€ y

][el at Ied tOermdgbaﬁl\l}Jés}aaE fenmm‘gederwittﬁiaeand‘éhﬂg}ﬂw bianMaMmﬂ?.zedkmi ze mal e
ertility gene, 5, and seyeral an r-preferre enes .o nknown
aneti o ver o da e xatles e St Hanalh mRt Sl et BB 1y
llizi)?grpoziniqeéﬁ?ﬁgg%é&_?_ﬁitegds Pl Eﬁ is;tget 4”2?3@55%?‘- r t'rgﬁggiﬁtg{ﬁﬂgﬁél gene
si | enci ng PFOEA Se8UPRrassesk S Aso fasiuce, buk nak ?b'ﬁ?@dgﬁ"aeﬁs@“ﬁm: 4-5201)

appr oagespathway is notSuBS@RLAR, iRhibked aid LS 1868 BhahdlyFd o ¥ e PNt Lt s t hat
have stem structures conposed of inverted repeats of the anther-expressed

cONA 30 setpicitested. dae seeisbriapht@eng Rds sHpRessed /O msHE Bl bsit 8BHI ng
sequence Spl Le¢inJiddt 1 ' kL T At |.7€e.

To exam ngébl%g' ?s?h gﬁé)ge%‘}r“gécﬂq% EE‘@WS@*‘ ?)ﬁtt s&éﬁ;‘{tﬁr&tﬁéﬂgéﬁgbi uth ?Jﬁl,jgg!e;econd
set of conghanatitns afeeaicysenandtplantiis nahattected eImprogeny pba srossiad said first

ant her - Spe&d E&caﬂﬁﬂcﬁarﬁg%g%%iﬁﬁﬁ)w @{agre%%ﬂ‘ Bere AL B90MFs
sequence ormed the [0op.” The construc were expressed using constitutive
pronot Zr s tarldssoft the produet of thedpathway ead 1. change in pliematyfees t Sugpréssion bf t y

phenot ypes e, Qbser.v pendi 0 l.r.pj.Nn. C

Epr essed. Ot SNags, S8ue 15 Rl BR oehdl by nd P HBE SPIAE. |

contrast, (pbRNA asxjesedtsidgseveeré@Braionstructs were nale sterile, and

| acked Mb45 an rotein. Eurther, .the sterilit enot.ype of the

pl ants cont ai ni'RF rtﬁ?ﬁﬁl@"’sp‘g@??i apgr&?rpﬁaWgular%ggpgrof{q%_ngqgep e TGS

const r uct spath@sys SRS Gtk phianof\iohveMis ce xdHdemhsRdnldget Patrwag! legms a

pronoters in these plants. These results denonstrat eedt hat, TGS prb(?é/tledes a
r

tool f&r rRipAusty Ina firel plaphdsene A is suppressed so as fo reduce, but not'a
Gene A activity, and the phenotype of said first plant is not affected. In a second

plant, Gene B is suppressed so as to reduce, but not ablate, Gene B activity, and

the phenotype of said second plant is not affected. In progeny of a cross of said

first and second plants, the combination of suppression of Gene A and Gene B

30 leads to loss of the product of the convergent pathways. Suppression of Gene A

and/or Gene B could be accomplished by use of hairpin constructs (hpRNA) as
described elsewhere herein.

In certain embodiments, Gene A and Gene B modulate steps of pathways

involved in plant fertility. In this way, for example, crosses of phenotypically fertile
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10 gene expression with function of unknown genes such as ant her-expressed
nonocot genes. Accordingly, the invention provides breeding pairs of
pl ants, wherein the plants conprising the breeding pair are fertile (i.e
male fertile and female fertile), and wherein progeny produced by crossing
the breeding pair of plants are sterile 15 (e.g., male sterile). As

di | d i i i f | ud

Cor Conans ) BERE BxorBadii T8LBRARANE mBleBIbS Ih ARl Rl SBugHabgs 1P

gene, wher Eon axample,r pareptahnplants hevmgl e; hmdzy\?ﬁsecmdfsgvanﬁaibamen@ atn _

ted d d ferti erein e ant is

ool 2 eRted Fal B HTRib TS id il eBEN SxpreBehs s TetBer R IE o

first dendog@ﬁwummfercﬁfféremty I%elg@meuss plomdtes fa&fd]E altRNAsyemet Mwnemédﬁe .
econ nouys ene a er ne er eas

Phe O £ S Bt R eurblofer PN RdRs oltier Paffial pidits Steh ol PHEN « he

second endagRAGHS fédild, ichh e (ﬁéélﬁeda\lrvﬁlﬁ) eh6h atHeP W@ gEnératd inaid Mte8Nantdhe
met hods of _the_ i nventi.on may be enbodied to i npact male fertility, ferral e

fertility, TO® i§t aeamplifigd: by e?s Pﬁlrs?feﬂ"@ st eplantsefeiand BnclBaghgs a
phot osynt hging fg@@gfré(%s§N6h§€%t&iI@@En&96@'rﬁ@ﬁrﬁgﬁ. PAEntUR dififdiieg t he

term' endogenous when used in reférence to a gene, neans a gene that is
nornal |y pWildsinge emaulelkarestuctsca 5320 promalgiceneraley linkegdniosiestoserd i s

PLgsng(t) gnMn Wﬁ?—;‘ﬁ%”@ll\d ?\g ?E&{\l‘f\ sﬂet&ﬁ;ccf@} ihe B87 Eromcﬁéreslﬂig%B iy ﬁé}%f&ﬁﬁﬂ”e | n

present 1 n nature erm exogenous
is 30 usedwhl@.rcelsmgde)ow@uétplet@r@trychsaeasmrommr qmrahlu hm@dded: iemtovera cel | .

The o1 m * GRIGS0AKS Y ShHsRIBE oL RN 5108 ordhABPIBDR! A §1PRI B 20

nucl ei ¢ acl 'S ho esent 'in a celll genone
or is intraskeet maledertileahle to t&nptesenogeﬁ’aba%&iﬁ:tastm:eradn@ crosscafiPlast

general |y ar god SSQEPENARLPURIELF i) HOHGRMAP aulhle® he e bed Ui ng
15 complementing hairpin constructs targeted to the respective promoters driving the
restorer gene, and the progeny of said cross are male-sierile. Such progeny are
useful as females in hybrid production. Wild-type pollen can restore fettility in the
hybrid due to the recessive nature of the ms45 allele.
Certain embodiments of the invention comprise a transgenic non-human
20 organism having a homozygous recessive genotype that results in absence of a
particular phenotype of interest, said organism further comprising (a) a first
exogenous nucleic acid molecule comprising a restorer gene for the particular
phenotype, operably linked to a first promoter; and (b) a second exogenous
nucleic acid molecule comprising a second promoter operably linked to a
25 nucleotide sequence encoding a first hairpin ribonucleic acid molecule (hpRNA),
wherein the first hpRNA comprises a nucleotide sequence of the first promoter or
a nucleotide sequence of a third promoter, wherein said transgenic non-human
organism exhibits the phenotype of interest.
The agriculture industry produces crops that are used to feed humans and
30  animals, and that are further used in other industries to prepare products as
diverse as adhesives and explosives. Maize (comn), for example, is used as
human food, livestock feed (e.g., beef cattle, dairy cattle, hogs, and poultry feed),
and a raw material in industry. Food uses of maize include consumption of maize
kernels as well as products of dry-milling and wet-milling industries (e.q., grits,
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di scl osed herein or otherwise known in the art. In various enbodi nents, a

t ransgeni ¢ non- hunman organi sm as di scl osed herein, can contain, for
exanple, a first transgene and a second transgene. Such first and second
transgenes can be introduced into a cell, for exanple, a progenitor cell of
a transgenic organism 5 either as individual nucleic acid nolecules or as
a single un|t (e g., contained in different vectors or contained in a

singl e vecto pectl In either ca confirmati on may be made t hat
SR LY Lo AR MR B R I R s

the transggrogs mﬁzélggerrmutwmeh ajgda WBY-prddl@ybf Meie @RS rfilied Al %ﬂﬁﬁlﬁﬁg on of
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30l n one enbodi nent, a breeding pair of plants of the invention can include
a first plant, which contains a first exogenous nucleic acid nol ecul e
conprising a pronoter operably linked to a nucl eotide sequence encoding a
first hpRNA, wherein the first hpRNA conprises a nucl eoti de sequence
conprising an inverted repeat of the first endogenous fertility gene
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In general, the nucl eotides conprising an exogenous nucleic acid nol ecul e,
(transgene) are naturally occurring deoxyribonucl eoti des, such as adeni ne,
cytosine, guanine or thymne linked to 2'-deoxyribose, or ribonucl eotides

such as 10 adeni ne, cytosine, guanine or uracil linked to ribose. However,
a nucleic acid nol ecul e or nucl eoti de sequence al so can contain nucl eotide
anal ogs, including non-naturally-occurring synthetic nucl eoti des or
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arduous when approaches are limited to classical forward or reverse genetic
20 mutational analysis. As disclosed herein, suppression approaches in maize
provide an alternative rapid means to identify genes that are directiy related to
pollen development in maize. The well-characterized maize male fertility gene,
MS45, and several anther-preferred genes of unknown function were used to
evaluate the efficacy of generating male sterility using post-transcriptional gene
25 silencing (PTGS; see, for example, Kooter, et al., (1999) Trends Plant Sci. 4.340-
346) or transcriptional gene silencing (TGS; see, for example, Mette, ef al., (2000)
EMBQO J 19:5194-5201) approaches.
To examine PTGS, hairpin-containing RNAI constructs that have stem
structures composed of inverted repeats of the anther-expressed cDNA
30 sequences, and a loop containing either a non-homalogous coding sequence or a
splicable intron from maize, were introduced into maize.
To examine TGS as an approach to knock out anther gene function, a
second set of constructs was generated in which the promoters of the anther-

specific gene sequences formed the stem and a non-homologous sequence
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5 sequence encoding an hpRNA, or a pronoter linked to a nucl eotide sequence
encoding a nale fertility gene product. The term "operably |inked" is used
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25 particular cell types (e.g., plant anther cells); and devel opnental - or
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11: 983- 99zbevebmt 5 @Mﬁréh@ opET#inBut eaffigigntto a‘talr&@m f@@é@w?f( tf!eaﬂ@fe%‘! Bi ol .
ror ot eos Dok 8F oBRAEREAlly Yook IRt BIARIEIR IV YR WASTORTBING dihe oSy
5 pronot er pafentah plaghisonaintaines! duedo)expeassion af@rssend ene erausl-e, AGLS, vvh| ch
ot “sulla, | Do Bkap o o RdRRRohe Goht ARG ol hf slodfdStion Iy e O .
the ri peni fupctiorh aao ek teffeated, jot wrainplet LhyodHSMQ)mmnse'tlng Nirehol &6 fsw et at

(1995) Pl ant t, Bi.g 28: 423- 435 t he E 0 i (1992)
birant Phy < PEHeOESBls: 1 BISRRE Samle Rt o RIS L b RISRY Bl

and U5 snRbgding soqerices, or mmnnlmjesuhsumtuﬁgopemmwhu@amtategenehegewh ng the
Z4 22 kD zeL r ot the, Z ter rom cod 0 kD zein
orotei n, b P SRt Mo g e CYUTo NG Uh %15 Bedn bl PRREIERONT he A0
pr onot er fromthe gene encoding a 19 kD zein protein, and the like.

Addi tional tissue-specific pronoters cah be



15 isolated using well known nethods (see, e.g., U S. Patent Nunber
5,589, 379). Shoot-preferred pronoters include shoot neristempreferred
pronoters such as pronoters disclosed in Wigel, et at, (1992) Cell

69: 843- 859 (Accession No. MP1208); Accession No. AJ131822; Accession No.
Z71981; Accession No. AF049870 and shoot-preferred pronoters disclosed in

It of escoreRmparet ulfid Pt andoare GhBled gl e RPNyt hase

(Van der Neatatioas inciboth @ﬂﬂ@@):atﬁ’b&rdbta]ne@(e@‘)exéﬁ‘@{e 28k, cr@sﬁlﬂrgameﬂ'[mdslahl c LAT52

Twel | t .at 89). Mt . Ce t 2 2 45 | en- f Bp4
gAIWSanl aeq g%{?seﬁd(l%@ OTDPH‘r‘?f“n“I% ne5'| mlt%g 9685%"%{%3"3@3 8fe$'e$?p§§!%?ﬁ@§cpgene
Znl3 (Hamdetmnthaetreauts iG1Sipredsionntf Mel géhed funcliBn Ziso 238, beCofisdted @y 25 at

at, (1993), 4. 68 m crospor e-specific ters such
25" the Ty GRHSTER B A YRR PIETL 64 Fahsqoregaa MoRrosBrs R REROA he

6:217- 224)encﬁ@dné@é3 éh@bﬁ@eﬁﬂoﬁu& SXRERIA! Forfi URE edBlob&ub dcheORNE, BhONDt er
(Mariani, et at Nat ure 347:737; U S. Patent Nunber 6 . 967), and
ot her st arfisod B @PWPSP%ﬂed-nWt%F@“%QRm that eHOIRBAPRHHE (Brdon¥t BNA)%’%G gene
pronoter, prexded rd¥sRI0LChe E@J cPBls Bh@@tgrpr&&&t%rﬁége@% thelS

5, 545, 546 lant J 3(2):261-271 9q3 § gene pronoter (US’5,470, 359),
& gene pmﬁ@g@mt(%gm’em cglipof the mt emlylch Smeg@r@aﬂy iSraNpEasseh0
02/ 26789) , K e e

i nt erest furthteé;F gﬁfdgﬁirﬁglgﬁﬁﬁ%%%&% Er'?ag Oglsssfeeg“g%eﬂggg%ﬁﬂgﬁt et
at, (1992)effretediyagprassingniagirpin RNA- mgllayuies hpRi‘MDMB cplis Ofethe$€pm'odtﬂciwegenes

%’ﬁgggledgrecﬂé?'r%ea é?pggrrﬁ% e;b ?qﬁJrn ?Fﬂlgnc ued@f%ﬁ@%?%%r%&@}é%%%%to at

at, (1997)in@taated] arel B(al) @iy 26meshs ali®) stakwemnehich cetrglrises (ttflé)gﬁz)le Pl ant

Ganet . 554payea28nelodaf shdiays nabdes |RIR"G SbeBgngitiby b Relss °

6(2): 157- thésilapventyardher/ tapBRim 2ati0polizai ThepRNAs 0ssfi@i or parﬁée)s of tRenehart,

et at, (1996) Pl.ant .Phys 112 1 134 Fbl12A from cot Van Ca
at at, Elé@f@%eﬂil'%ﬁ"t'ﬂﬂyﬂ? EI%?'QTT ?é)'"é&%e '%?‘igu”@%ﬁa\t%ﬁ AYQRY B8 4A2) ; ™
Canevasci réndogéndis géﬁh@%) b&l tﬁﬁétzVQfédSl Mﬂs’z(r%)./m 1ﬁre536m{¢\lltcmh pregs | t pl)
Yamanot o, et at, 10 1994%3 Pl ant SI oL 35(5 @(773 77226%) s cab-6
pronot er) ; OXPLaRSt {og¥A Seres iRy Pesn, ?S%EP‘P §58 P&t Matrkegal dlg >, et at,

(1993) Pl appinMabnét %va?)(ﬁ)zzi-éa?—ééﬁe?u (e?BI.N@ gbzsyﬂmcsnaﬂa@édav@%ﬁ UsKa) ) ;
Mat suoka, at  at Proc Natt Acad. Sc!. USA 9%320 9586 9590 (PPDK

199 3
pr oot 2 ) ;9% H#P58 rhpuse and Helliwel GO83) Matre Revier(sayensdiss 429
(Agr obact ejg. wurémesep&:om 62 Prod® NAF AR, 88i 9064 164S0-RESOR Sien bl | S
active in cells of male or female reproductive Organs can be partlcul arly
useful in (@88H)fur. a@!ﬁédﬂ§3§f449heA§|d§§@$§d haedmtthe gse of stamenswegifigiosf er r ed”
pronot ers p t ctive
during see%%é@gf%%ﬁée@n S%rsggﬁglfléc[)'h aenlrmsé}o %gﬁeéd{r St gﬁag%eﬁ%ggt %?1'2? as well
as "seed gEomotess. i tagrettpm-epmufg:r prgradtesse gndothet dke allawsy fordexpressid@® of eed

Jeca: pret RNAE R PRSRa AR gt dPdlodle SERSRY T it g e

(cytokini mpthMceubpremgeypresEibﬁBbf (eni 2eddgerobDa fartility, gond pshereby

i hasph 00/ 11177 US. P Nunb
6. 325, 520, AR BHREoR Y Qi SOpOTRLp e Y cOF RO AT er s BRI

(G ob-1) iy aﬁprmnépfﬁdfmﬁoEHbfrdmOte?%aiF@ﬁ@btfsl dXpPERIN 6 a fdriiity geaot s,
seed-specific t limted to, bean f3- phaseolln

ronoters |nclu a
napi n, 13- mﬁﬂagﬁ/emﬁaﬁ‘ﬁ%lf?%%e F@@Ppﬂgerl?Pﬁg?rf’@Vigﬁneand the |ike. For

nonocops, seed{sBRE eibediMiehid BfedingCldicst pldhié offHR iRRintioh Bah &sbiids a M ze 15
kDa zein, 22 kDa zein, 27 kDa zein, gamma-zein, waxy, shrunken 1, shrunken

2, gl obul ififstiplagl é"h'(@eﬁo’ﬁ@'% a {iet 96?9_92"}”93 %GEQJSC‘MP%[RFUIG OPWIEEE, @ wher e
seed- 30 RishBldreshetBOVOIRES bf SThGNHNGE Bfide Aa83Ig & S RhRARA.

Addi ti onal%renbr;e&p pec?ql C pronoters alrené(;?q?c | ose mg at bat (1996)
Proc. Nat |whesgigdhe 8est hpBblAgaomprises 2 qu%féldﬁ@ﬁﬁeme ccumn@ng aminverted

Post ma- Hagy tyat n Kly%genes)
Addi ti onal e@%osgetp% grggi&%%éeﬁ%ng?%@g gére ose R:ege?rh et at,
(1984) EMBO 3: 1405-15; Al bani, at at, _(1999) Theor Appt Gen. 98: 1253- 62;
Al bani, at at, (1993) Pl ant J. 4:343-38; Mena, at at, (1998) The PI ant
Journal 116:53-62 (barley DOF); Opsahl-Ferstad, at at, (1997) Plant J

12: 235-46 (mai ze Esr); and Wi, et at, (1998) Plant Cell Physi ol ogy
39:885-889 (rice uA-3, AuB-1, NRP33, RAG1).




5An inducible regulatory elenent is one that is capable of directly or
Indirectly activating transcription of one or nore DNA sequences or genes
in response to an inducer. The inducer can be a chem cal agent such as a
protein, netabolite, growh regulator, herbicide or phenolic conpound; or a
physi ol ogi cal stress, such as that inposed directly by heat, cold, salt, or
toxic elenments, or 10 indirectly through the action of a pathogen or

di sease agent such as_a virus; or other biological or physical agent br
envi r onmen®resionithe St PRRMASHPPEgSSES Sxpessian ﬁ% thefrstenitadsneus @Sfmtsét ory

el ement mMeyehe MP@S8ETHA PN, NIKERT cditaifX £ 586 d cREFINGUBInidMGic i asicer to
the cell or plant such as sprayi ng, watering, heati ng or simlar
A

 as by ! .
met hods. ARolesylecicRPagiaaT auBeIter eperalhydinkgd elopde surkAtide crRAueBcan
| nduci bl e phQRHPLE deBoi® nBRNAD ARPEH tRE dobbnd R F(N%%?ﬁpz‘i%%'n%l%oﬁ&&“} atory

el ement. In response to exposure to an mgum ng agent, transcription from
t he i nduci sgquensgwompoisingareinyetedcenaatiof the sedondtengogenais feaiity gens s

i ncreased I L0 [t L 1 ev 0 r h@n. i ly the
protein fa@?@?&?ﬁa?ﬁ%?‘%g{eéﬁegﬁﬁ c%ﬁqrégﬁ'%rﬁaﬁ{ﬁ ng L?gﬁ I @f’?ﬁ’gmsé‘@é'%ﬁge enent
t o acti vat exgressiemt of fhé @ecorsd pndsganous nettilityagena acdidcod i tantivhipedsents t hen
directly or indirectly.c rt e active.faqr the i nducer,. Any
nduct bl o BB oiet EAAEE RSP BB icic 06, 7 tiEoeBaEhpe 2t o
(|1993) Pl asthFNbintBJ]mtedZ?! tBﬁ_lgé’tﬁﬁl)t_ e of clells Eﬁalm: €isstoand/od wecbhe pisgy!l a})lory
el emen i ncl ude t of hionein r atory, el enent ., a copper-induci bl e
Fegu al &r yespentiD: "Suchfist ond Setdher A8 3k e et ain e BB et
the transcii pdrt,an thatosBohis Gartik ankas ehitieat@arddleriRANANBS, Whedicredseat et al
i ons, copper or tetracycline, respectivel P/&(Egurst, et at, (1988) Cell

55: 705- 71 7thenegenyf sych crasgds sterilede-qeplesleie). sci . USA 90: 4567- 4571;
Gatz, at at, (IBR2terflsafhstd. "séeaRy :W&I“,@fﬂ?"fcu@ﬁ" lﬁFe uéé@%(}jeiﬁ/tﬁnl\p?&

Genet. 243:32-38). Inducible regulatory elenents also include an ecdysone

30 regul at ¥agfyaplatippshieg obvagioys selly and siddequiasuerloghstinguishudiferepthiypes
transcg4 pt| ' T i t ot her
Steror i (cpl P InoBEIBT ahd, GBS Spfihcahl Shuibel ARG, o SRANTRAGRATo

89: 6314- 63ingica: hey partisulantorder: dopprimmase or uantitaive deatarst | Fosaxample,
88:10421-10425: . Né [{&F 4, ; COked b Lye. regul atory
el enent orgnag 2’5? 3 gﬁ%égﬁéa(rﬁg%nu "5 oréthgr@rgr%’nrtg?e% 'F\%eatotér)afﬂgtcﬁﬁg'ﬂg%ﬁg@fnr%i ch can
be ef f ect etfirstnendegpoos®e geoe'eispréandedt v mdicdteooniyectha thee specified, geye is
(Takahashi , et at 1992)..Pl.ant Physgiol . 99:383-39Q); the pronoter of the
b1 conol - deRGFaPaG 468 SHakinen Bl cYBY dhay o £ koM Lritie 4A0: udBsS 2oge:
Vil ker 20 at spdcificabP SrdicaBaSoBeiSe, o&drkerce2f) a rirdtipldrtecdntainimaenofrist 5
condi tions; and the

S N PR R S CRAT T O e
Ii ght - i ndugérithis two exogenous nucleic acid molecules that are different from each other.
As used herein, the term "nucleic acid molecule" or "polynucleotide” or
"nucleotide sequence" refers broadly to a sequence of two or more
25 deoxyribonucleotides or ribonucleotides that are linked together by a
phosphodiester bond. As such, the terms include RNA and DNA, which can be a
gene or a portion thereof, a cDNA, a synthetic polydeoxyribonucleic acid
sequence, or the like, and can be single-stranded or double-stranded, as well as a
DNA/RNA hybrid. Furthermore, the terms are used herein fo include naturally-
30 occurring nucleic acid molecules, which can be isolated from a cell, as well as
synthetic molecules, which can be prepared, for example, by methods of chemical
synthesis or by enzymatic methods such as by the polymerase chain reaction
(PCR). The term "recombinant" is used herein to refer to a nucleic acid molecule
that is manipulated outside of a cell, including two or more linked heterologous
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regul atory el enment (Feinbaum at at, (1991) Mot Gen. Cenet. 226:449; Lam
and Chua, (1990) Science 248:471; Matsuoka, at at, (1993) Proc. Natl. Acad.
Sci . USA 90(20):9586-9590; Orozco, at at, (1993) Plant Mt Bio.
23(6):1129-1138), a 10 plant hornone inducible regulatory el ement

( Yaneguchi - Shi nozaki, at at, (1990) Plant Mt Biol. 15:905; Kares, at at,

(1990) PI B 22 £ ' WA e ry

el enent afr%:le%gﬁe %84 egg:%sf orﬁ? eért%({-)}i1 trﬂ%’rlﬁ!g@ % %Q %%g %ggﬁ 8vvhl ch
responds truclpmtide rseguéicenthat de mr&rr‘tmirmaﬂtelim%nenamré Ide,rn's heged, ate Iatk,ed( 1991)
Mot Cen. Gene 227, 229-23 1994) Mot . Gen

D05 o 38) AGIERRL Tadns; higndBeleisdbsdt FerSelp Thisatkn 8 Bansgshe 1901
Mol . Gen. daerﬁrﬂtslr@i c3difg 28dqlencBtapessbly ek tol £hetemBrorspromotendeasal t / wat er

21 oneds 108 s praBbRT RSIe IRl den el A, Grect cXpreRsigE of ik ASIERRg; ol o at

at, (1990)seRuante My speuifisdel 2 hatkps2) , cor 15b (Wi hel m at at, (1993) 3
Plant Ml Biol 23:1073-1077), 20 wsc120 (Quellet, at at, (1998) FEBS Lett

423: 324- 328), dn 99(‘Waf dhe naq;le%_ttdeS(@gg)mswg AHeXOg8NOYs Blee‘g?C@g?o@G'@'? ci 21A
(Schnei dertragégede) &9 hbturBly2Hechhing @koxyribonucleotides, such as adenine,

cytosine, guanine or thymine linked to 2'-deoxyribose, or ribonuclectides such as

10 adenine, cytosine, guanine or uracil linked to ribose. However, a nucleic acid
molecule or nucleotide sequence also can contain nucleotide analogs, including
non-naturally-occurring synthetic nucleotides or modified naturally-occurring
nucleotides. Such nucleotide analogs are well known in the art and commercially
available, as are polynucleotides containing such nucleotide analogs (Lin, et al.,

15  Nucl. Acids Res. 22:5220-5234, 1994; Jellinek, et al, (1995} Biochemistry
34:11363-11372; Pagratis, et al., (1997) Nature Biofechnol. 18:68-73). Similarly,
the covalent bond linking the nucleotides of a nucleotide sequence generally is a
phosphodiester bond, but also can be, for example, a thiodiester bond, a
phosphorothioate bond, a peptide-like bond or any other bond known to those in

20 the art as useful for linking nuclectides to produce synthetic polynucleoctides (see,
for example, Tam, et al., (1994) Nucl. Acids Res. 22:977-986; Ecker and Crocke,
(1995) BioTechnology 13:351360). The incorporation of non-naturally occurring
nucleotide analogs or bonds linking the nucleotides or analogs can be particularly
useful where the nucleic acid molecule is to be exposed to an environment that

25 can contain a nucleolytic activity, including, for example, a plant tissue culture
medium or in a plant celi, since the modified molecules can be less susceptible to
degradation.

A nucleotide sequence containing naturally-occurring nucleotides and
phosphodiester bonds can be chemically synthesized or can be produced using

30 recombinant DNA methods, using an appropriate polynucleotide as a template. In
comparison, a nucleotide sequence containing nucleotide analogs or covalent
bonds other than phosphodiester bonds generally is chemically synthesized,
although an enzyme such as T7 polymerase can incorporate certain types of
nuclectide analogs into a polynucleotide and, therefore, can be used to produce
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113: 335-45); drought-inducible pronoters, such as, Trg-31 (Chaudhary, at
at, (1996) Plant Mdl. Biol. 30:1247-57), rd29 (Kasuga, at at, (1999) Nature
Bi ot echnol ogy 18:287-291); osnotic inducible pronoters, such as Rabl7 25
(Vilardell, at at, (1991) Plant Mt BioL 17:985-93) and osnotin

(Raghot hama, at at, (1993) Plant Mol Biol 23:1117-28); and heat inducible
pronoters, such as heat shock proteins (Barros, at at, (1992) Plant Mot

19: 665-75; rrs, at at et 4: 2 Wat er,s,

L 00 o ol LD HBThily rSFnEh sud oo it ke LR, b o
el errent fr sspraneogmyr sl ey ubiquitin 30 prormt er (WD 03/102198). O her
stress-i nduci bl&zprom)ters I nclude rip2 (U S. Patent No. 5,332,808 and U. S.

Publ i cation No o@@%@%g@ycl@ﬁdawazgy'%%%mrﬁomasﬁofaﬂwablvat'mb%d (1993)

Mot Gen. Cro@édtfe 33§usktbs34Uch deelal pramBleP BHRARY AirketNEH A MuRleBide
woundi n i ncl udi ng the Agrobacterium pmas pronoter (Guevara-Garcia, at at,

(1993) Pl apequpnca @coding. i HPRMAY art promeighdinked it m witadlidsr snnveace
(Hansen, epn&dind & 990 &Blity Gee JrelRk. ZPe(8Im SSerddilinked” is used herein

to refer to two or more molecules that, when joined together, generate a molecule
that shares features characteristic of each of the individual molecules. For
example, when used in reference to a promoter (or other regulatory element) and
10 a second nuclectide sequence encoding a gene product, the term "operably
linked" means that the regulatory element is positioned with respect to the second
nuclectide sequence such that transcription or translation of the isolated
nuclectide sequence is under the influence of the regulatory element. When used
in reference to a fusion protein comprising a first polypeptide and one or more
15 additional polypeptides, the term "operably linked" means that each polypeptide
component of the fusion (chimeric) protein exhibits some or all of a function that is
characteristic of the polypeptide component (e.g., a cell compariment localization
domain and a enzymatic activity). In another example, two operably linked
nucleotide sequences, each of which encodes a polypeptide, can be such that the
20 coding sequences are in frame and, therefore, upon transcription and translation,
resuit in production of two polypeptides, which can be two separate polypeptides
or a fusion protein,
Where an exogenous nucleic acid molecule includes a promoter operably
linked o a nucleotide sequence encoding an RNA or polypeptide of interest, the
25 exogenous nucleic acid molecule can be referred to as an expressible exogenous
nucleic acid molecule (or transgene). The term "expressible" is used herein
because, while such a nucleotide sequence can be expressed from the promoter,
it need not necessarily actually be expressed at a particular point in time. For
example, where a promoter of an expressible transgene is an inducible promoter
30 lacking basat activity, an operably linked nucleotide sequence encoding an RNA or
polypeptide of interest is expressed only following exposure fo an appropriate
inducing agent.
Transcriptional promoters generally act in a position- and orientation-
dependent manner, and usually are positioned at or within about five nucleotides
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Addi tional regulatory elenments active in plant cells and useful in the

nmet hods or conpositions of the invention include, for exanple, the spinach
nitrite 5 reductase gene reqgul atory el ement (Back, at at, Plant Mt Biol.
17:9, 1991); a gamma zein pronoter, an ol eosin olel6 pronoter, a globulin I
pronoter, an actin | pronoter, an actin cl pronoter, a sucrose synthetase

ter, | ter,., NMb . | obul.i.n2 ter,
bS5 ADPB B RE, AR B 5 e BE MR s ooty F380 Birog er
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. y . by ; !
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dehydr ogenase pronoter, a cab binding protein pronoter, an H3C4 pronoter, a
RUBI SCO SgSestigiay elemgblsi ing addiignredo pa cpreteter. dicluding Az mosiieries, oA actin7
pr onot er, } odn 2 O, hhs otein L9
pronot er, tgaisgﬁ%fggimin)t?@ggﬁ?%eﬁgﬁn 5?1’2?/%393? gﬁ?leﬁgsgﬁﬁs-a er?oés"y%’l?bzo
L- honocystaansatey degilatiory peoent such as aupell oxnpertriestalization demaintiean a
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ri peni ngi i bl e- i rotein. promoter. a yl al ani ne anmoni a | yase
pronot er, n@%ﬁ@i}‘é@n%bl @7??? A %H?%@é“’gya*aé%@& - L- honocyst ei ne hydrol ase
prondt gy, a ch#Erombeers ysefubRe eRPRFBINGra n@cl@eiadidomorBllerof imte@sobah be- 1
pronoter, an auxin- ?63 bhjn%ln rotein pronpter, a UDPﬁI%I,ucose fl avonoi d
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an opaque zhileRIaS Mesired. ProMibtefX G0 ARES dXpfddich iACefls TP ! be férmflebe
introduced into a cell as a naked DNA nol ecul e, can be incorporated in a
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vector can faciTitate mani pul ation of the polynucleotide, or introduction
of t he2ol ipyrigios sandecligr eonstipitivaprarapters, mhicky ganelly are getiveciotaestean be
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cell, whi cirosatersewhichl sret actizaiony dubag leedéfiled p¥riodndering thesgroagh lor or
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of a nunbehe @kpRgdibhileweh! Ceftainsmibdirmentsabptika pidnidte@Ne@ben®ns B, thencl udi ng
constitutive and inducible ;%r onoters, enhancers, and the like (see, for

exanpl e, 13PeBieft BgingeMmagjpulated.ggirpr me'%nw$451930%1‘ﬁtrgﬁ%e.d e

exanpl fy an¥srhsds HRke UM BIaRNEMAYRRL drivaa iy p?d?ﬁot@tai_%&ﬁﬂﬁi’ fr&Hh QiMothed
expression in a bacterial system “including a bacterial origin of

repl i cat i dMantzspseigRoa daimiRrfanstrecirmae then b derignsdetopiaraad the exeganoupe | i ke.
A vect or t @HNA; r ; trdiCEd e ¥ gnition
and cl eav%@ﬁs lt%@sﬁa?n%Pg%ﬁ{?:gPQf%@g}ggﬁmﬁ?eﬁé'@ﬁr{pgﬁﬁﬁen elrm Oﬂégé%rg%ge, to
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25 transgene, can contain one or nore other expressible nucleotide
sequences encoding an RNA or a pol ypeptide of interest. For exanple, the
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structural 25 and physiological unit of the plant, conprising a protopl ast
and a cell wall. A plant cell can be i3 the formof an isolated si ngl e cell
or aggregate of cells such as a friable callus, or a cultured cell, or can
be part of a higher organized unit, for exanple, a plant tissue, plant

organ, or plant. Thus, a plant cell can be a protoplast, a ganete producing
cell, or a cell or collection of cells that can




30 regenerate into a whole plant. As such, a seed, which conprises nultiple
plant cells and is capable of regenerating into a whole plant, is
considered a plant cell for purposes of this disclosure. A plant tissue or
pl ant organ can be a seed, protoplast, callus, or any other groups of plant
cells that is organized into a structural or functional unit. Particularly
useful parts of a plant include harvestable parts and parts useful for
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ensire. t haP L SpBReT ThHLTe BT ate ity do) ST RHIRIMGECed ©
message), ¢Z19B1 (maize 19 kDa zeln) mitps {myo-inositol-1-phosphate
synthase); see WO 00/11177 and U.S. Patent Number 6,225,529. Gamma-zein is
an endosperm-specific promoter. Globulin-1 {Glob-1) is a representative embryo-

25 specific promoter. For dicots, seed-specific promoters include, but are not limited
to, bean B-phaseolin, napin, B-conglycinin, soybean lectin, cruciferin, and the like.
For monocots, seed-specific promoters include, but are not limited o, maize 15
kDa zein, 22 kDa zein, 27 kDa zein, gamma-zein, waxy, shrunken 1, shrunken 2,
globuiin 1, etc. See also, WO 00/12733 and US Patent 6,528,704, where seed-

30 preferred promoters from end? and end2 genes are disclosed. Additional embryo
specific promoters are disclosed in Sato, ef al, (1996) Proc. Natl. Acad. Sci.
93:8117-8122 (rice homeobox, OSH1), and Postma-Haarsma, et al., (1999) Plant
Mol. Biol. 39:257-71 (rice KNOX genes). Additional endosperm specific promoters
are disclosed in Albani, et al., {1984) EMBO 3:1405-15; Albani, et al., (1999)
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characteristic is stably maintained and i nherited, and seeds can be
harvested. In this manner, the present invention provides a transforned
seed (also referred to as a "transgenic seed") having a pol ynucl eoti de of
the invention, for exanple, an expression cassette of the invention, stably
incorporated into its genone. Methods for further selfing, selection, and
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specifically to an inducible regulatory element to activate transcription is present in
20  an inactive form which is then directly or indirectly converted to the active form by
the inducer. Any inducible promoter can be used in the instant invention (See,
Ward, et al., (1993) Plant Mol. Biol. 22: 361-366).
Exampies of inducible regulaiory elements include a metallothionein
regulatory element, a copper-inducible regulatory element, or a tetracycline-
25 inducible regulatory element, the transcription from which can be effected in
response to divalent metal ions, copper or tetracycline, respectively (Furst, et al.,
(1988) Cell 55:705-717; Mett, et al.,(1993) Proc. Natl. Acad. Sci., USA 90:4567-
4571; Gatz, et al, (1992) Plant J. 2:387-404; Roder, et al., (1994) Mol. Gen.
Genet. 243;32-38). Inducible regulatory elements also include an ecdysone
30  regulatory element or a glucocorticoid regulatory element, the transcription from
which can be effected in response to ecdysone or other steroid (Christopherson,
et al., (1992) Proc. Natl. Acad. Sci.,, USA 89:6314-6318; Schena, ef al., (1991)
Proc. Nall. Acad. Sci., USA 88:10421-10425; U.S. Patent Number 6,504,082); a
cold responsive regulatory element or a heat shock regulatory element, the
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transformation, see for exanple, Townsend, at at, U S. Patent Nunber

5,563, 055; 30 direct gene transfer, Paszkowski, at at, (1984) EMBO J.
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transf or majjoon g@ﬁé’%tﬂ@ﬁ p éiéﬁéé% b@ﬁéé?\%@uﬁ&{anhlﬂé %%ﬁdé‘ga@néfsacwaéﬁg into
pl ant s (Horsch &eﬁ cl ence 227:1229). A. tunefaciens and A

rhi zo genest @Ir,é“%?ﬁrMOIp é')éﬁecz%'/ofr-’zg B%Et@@?aei #at( 190 &l capiyGoget.
transfesm phanb. 3@2' érﬁi t -Bh?etTn‘ePPéégoRbf RhASIEsEA 1|0'2(§étk' & AC I fae) g A

rhi zo genes, res genes responsi genétic
t r ansf or ma3eon G@ﬂet %7@28&370 s&irese .ilgi.qcrbte@mm@tgm m)ﬂUGEl saltvRéer. strisant

5 10 1, 8o B Y ahogt L0 o7 kRl SERRERS g0 U3
Pl ant Ml e8%); aoldBnduail)y’ prc(rﬁmieghesum as dar‘bSECHa}afa,let&a) (1&9&¢Prathkfy3r¢l pages
London- 10683 T2ER1282) o718 nulhoRt) o8l CEHHSR) Aiafl B aidfpsionsafhig
r especp) t owlc120u(taicNet, @i/, (1998)FEBS yate mrmm)ammsmcmet . p 5190}
Plant Mol Biol. 33:897-909), ci21A (Schneider, et al, (1997) Plant Physiol.
113:335-45); droughi-inducible promoters, such as, Trg-31 (Chaudhary, ef al.,
(1996) Plant Mol. Biol. 30:1247-57), rd29 (Kasuga, ef al, (1999) Nature
Biotechnology 18:287-291); osmotic inducible promoters, such as Rab17
25  (Vilardell, et al., {(1991) Plant Mol. Biol. 17:985-93) and osmotin (Raghothama, et
al., (1993) Plant Mol Biof 23:1117-28); and heat inducible promoters, such as heat
shock proteins (Barros, et al., (1992) Plant Mol. 19:665-75; Marrs, et al., (1993)
Dev. Genef. 14:27-41), smHSP (Waters, et al., (1996) J. Experimental Botany
47:325-338), and the heat-shock inducible element from the parsley ubiquitin
30 promoter (WO 03/102198). Other stress-inducible promoters include rip2 (U.S.
Patent No. 5,332,808 and U.S. Publication No. 2003/0217393) and rd29a
(Yamaguchi-Shinozaki, et al., (1993) Mol. Gen. Genetics 236:331-340). Certain
promoters are inducible by wounding, including the Agrobacteriurm pmas
promoter (Guevara-Garcia, et al., (1993) Plant J. 4(3)2495-505) and the
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whi ch directs production of tunorigenic crowm gall growh on host plants.
Transfer 30 of the tunor-inducing 1-DNA region of the Ti plasmd to a plant
genonme requires the Ti plasm d-encoded virul ence genes as well as 1-DNA
borders, which are a set of direct DNA repeats that delineate the region to
be transferred. An Agrobacterium based vector is a nodified formof a Ti

plasmd, in which.t r- i nduci function e ced by a
nucl eot i deAgrgaﬂ‘étﬁff‘émoF}i H 33erpé%rf'c"teﬁ @%”5 R 0) el5ea’s'| E{@gim@@g &ﬁ’l’o Ga08t pl ant
host. Met m3m3m343)g Agrobacterium nedi ated transformation include

I ti [ h I I |
Fransf of mat | on AHIENEhTeRdrioy eleriers e, i PIgH sl 919 WRPRET the
transfor n&he@ﬁdgfor%eﬁ%smm éﬁﬂhe%veﬂﬁbh sﬁcﬂnr@e Yhrt dkafHiORAE s |hbémhttﬂlta
addition, in 5 planta transforpmation %r obact eri um can ﬁ)er or med

44

usi ng \ﬁacJ@ﬁPFtﬁﬁ‘i’ I9ERatrPewatery &'e%éﬁé‘% ot Riardidet &aluhd: Qe $21)( Becht ol d,
et at, %mg 2Bin ﬁt‘é%telsﬁh olddain e fd-Brokdaid, a glo%llln I%rﬁ@l@?tﬁrédﬁﬂ‘ﬂ”ﬁd' at ed

t ransf ormati on can errp oy col nt egr ate vectors or nary vect or st ens, in
whi ch t he rremetaTerdns agtin theprpmoi@rashisgcese gyrihetage Jmometane@n laN RS per

vector, vhighois dis NIRRT T t BRLARPDBRIARELMANOSpandopRLr T €5 L he

virulence genes, vect or, which contains t ge€he of I nterest
bounded bypylomn%pbeww@ﬁcgr@mmmawLtpéquromt@tr anwelpl ;kmmmten ant dleosint ( see,

(o SXRIP! Bt PR drhAE g olkd8831c1B ALRGAIOL O 1o 208 oISk iR S (1983)

Nat ur e are conmerci al
For t ransfp)mtmn |pwmotAgra)lmﬁerespem‘iccamtbm b;ramj lgene epdnmbtim' ae XRBRT eenai t h

pl ant cell s Nels as_| eaf root explants

P aocos 1 oot 8 Gither Rt 1k 8%0e Plimgte® 40 'BBr AOBRERLS” 801 ek ana
Thonpson, dd\&t lpestaoten Bl sapetivb| swadifir F&Bﬂmg}enanﬁrdﬂhdtésecmcﬂmm iidt8oca

Rat on FL, Pr es 1993%@1 Wounded cel I@ within the % ant ti ssu%that have
been i nf ecSasy ﬂ@ﬁhﬁbaﬁ i PRMYCEaAN 488 0f°1Br PRI ALATMWRBIAR Ul ¢ ur ed
under fse @mmasprbeﬁ sub@iidploh@isr; atdieydr@gipichinite GYRASEE Probndid0al Thi |

eventual ly 8| ve rise to tranwg)em c plants which contain the |ntroduced

pol ynucl eo‘? mgterA@rp glsateldanydoaanass @H"Wee{n@%? RIdingPrRie PRBIRIRIsET t o
produce a MaCk @irymeler,! 5 RIVSVCS S 8@kdh bidhehing HzymeOprometsiP bR, adihg@nsgeni ¢

cruciferous plants such as

promoter, an actin7 promoter, a regulaiory proiein GF14-12 promoter, a ribosomal
protein L9 promoter, a cellulose biosynthetic enzyme promoter, an S-adenosyi-
20 L-homocysteine hydrolase promoter, a superoxide dismutase promoter, a C-
kinase receptor promoter, a phosphoglycerate mutase promoter, a root-specific
RCc3 mRNA promoter, a glucose-6 phosphate isomerase promoter, a
pyrophosphate-fructose 6-phosphate-l-phosphotransferase promoter, a beta-
ketoacyl-ACP synthase promoter, a 33 kDa photosystem 11 promoter, an oxygen
25 evolving protein promoter, a 698 kDa vacuolar ATPase subunit promoter, a
glyceraldehyde-3-phosphate dehydrogenase promoter, an ABA- and ripening-
inducible-like protein promoter, a phenylalanine ammonia lyase promoter, an
adenosine triphosphatase S-adenosyl-L-homocysteine hydrolase promoter, a
chalcone synthase promoter, a zein promoter, a globulin-t promoter, an auxin-
30 binding protein promoter, a UDP glucose flavonaid glycosyl-transferase gene

promoter, an NTI promoter, an actin promoter, and an opaque 2 promoter.
An exogenous nucleic acid molecule can be introduced into a cell as a
naked DNA molecule, can be incorporated in a matrix such as a liposome or a

particle such as a viral particle, or can be incorporated into a vector. Incorporation
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25 Arabi dopsis, nustard, rapeseed and flax; transgenic | egum nous plants
such as alfalfa, pea, soybean, trefoil and white clover; and transgenic
sol anaceous plants such as eggpl ant, petunia, potato, tobacco and tomato
(see, for exanple, Wang, etal., 'Transformation of Plants and Soi

M croor gani sns" (Canbridge, University Press 1995)). In addition,

Agr obacteri um nedi ated transformati on can be used to 30 i ntroduce an
exogenous nucleic acid nolecule into apple, aspen, belladonna, blac

| e, k
currant, cafihgrolxurieptde iir pyRotor Gansdiate graniulatitsy ddpapplyRucieelideuce,
mor ni g gl gf iroBUSKIEAEIARe pRRATLICORR Rfo a AR WRE! TAbcoRArEY, tREGbctos Y | over

wal nut, asparagus, rice, wheat, sorghum 'barley, maize, ‘and ot her plants
(see, for pexdaryed framiz lplasmtid Miorass 68, a irph yectepsgch Hised  T-BNAatvecton 994)

Plant J. 6{@&0@%5[%\'9@%&?@nc& 39892084 b8C & déSlreh! ffes debicPean include

Suitable strains o acl ens ‘and vectors as well as transformati on of
Agr obaci er cempoaerdp mf oprplante trgnepashblandleswing c faroexamrieaaabe aspokerown i n

th t 5 , K)., t . - 383- 396;
(Cocr PR a8 BRI L00% 6t N 201 1 7o OB o Znsisan
(1984) NuclAarts, Atk (ROS5) el GEbl Geroh Qa7 5650M8). Fr additiddato confinidg tei . USA
86: 8467- 84 ant

1: Koncz,. (1992) PI t Biol..20:963-976; oncz, Specialized
voctors | ofredsdatdrinferestone Wgor 80 cBh Gomifiavanons naraRidy fsaidicss
ﬁ;glhog?/ Ngmﬁ?dimbte, ior ?&mblablﬁoa@o%aﬁgi \le?cﬁrofzibm éﬁfﬁlshrmgd{ﬁlazftciéﬂi gge

erl ands.: uwer caaem.,C . 4), - ; uropean ent, -
516: HoRkeRBSSaRLTHNE MeFiop|IR R H%a%rwgvﬁtf‘eﬁﬂ g'r:-*;rafe Bpr"’hW%'r aclRedh 8F s B. V.,
Al bl asser dgettlifskd kel ChredipPéssibn & &t Bicodiid hubledtidd séqienselin the Jecddéy, AN,

(1985) EMBO J. 4:277- 287%_. As noted herein, the present invention provides
vect ors cafgBidingll or a portion of a rescued coding region. As such, a vector can contain

any of a number of additional transcription and translation elements, including
constitutive and inducible promoters, enhancers, and the like (see, for example,
15 Bitter, et afl., (1987) Meth. Enzymol. 153:516-544). For example, a vector can
contain elements useful for passage, growth or expression in a bacterial system,
including a bacterial origin of replication; a promoter, which can be an inducible
promoter; and the like. A vector also can contain one or more restriction
endonuclease recognition and cleavage sites, including, for example, a polylinker
20  sequence, to facilitate insertion or removal of a transgene.
in addition to, or alieratively to, a nucleotide sequence relevant to a fertility
gene (e.g., an hpRNA comprising an inverted repeat of a fertility gene promoter, or a
coding sequence of a fertility gene, alone or operably linked to a heterologous
promoter), an exogenous nucleic acid molecule, or a vector containing such a
25 transgene, can contain one or more other expressible nucleotide sequences
encoding an RNA or a polypeptide of interest. Fdr exémple, the additional
nucleotide sequence can encode an antisense nucleic acid molecule; an enzyme
such as B-galactosidase, B-glucuronidase, luciferase, alkaline phosphatase,
glutathione a-transferase, chloramphenicol acetyltransferase, guanine xanthine
30 phosphoribosyltransferase, and neomycin phosphotransferase; a viral polypeptide
or a peptide portion thereof; or a plant growth factor or hormone.
In certain embodiments, the expression vector contains a gene encoding a
selection marker which is functionally linked to a promoter that controls

transcription initiation. For a general description of plant expression vectors and
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15 expressing genes of interest under the control of the regulatory

el enments. In general, the vectors should be functional in plant cells. At
times, it nmay be preferable to have vectors that are functional in E. col
(e.g., production of protein for raising antibodi es, DNA sequence anal ysis,
construction of inserts obtaining quantities of nucleic acids). Vectors

and procedur S|on N, 20 E. call are.di ssed in
Aoy ook t4pBae! Gnds, SPLENBRE ! R oriEnt Frap§Brpef s HARRC . e
pronot er off et Molesafat Bnomggmndcalotepmadiyj?/sg-nmemcmrass 11908 ntiadisimgc| eot i de
seqguence i an r.essi on,cas can S ontain at | east one

o or ol Pr B i 2eel s e n 78, @ SR Beike i Y B ARPR L8 ¢ he

or gani sm éﬂoﬁ'aﬂ@@trlselﬁcﬂvetmpﬁﬁidiohl@Wch@ﬁﬂ@l@@l@i@éecﬁ:@ﬁc@@aﬂ%@&é ded on
anot her_transfo nat%qulﬁFtor Wiere the exoafnous nucl eic acid nolecule is

cont ai red TRABS 5 a\pell captaping (g seRsFIGfRE BXARRIE, QY OdQITiag af or
exanpl e "| @ddiraBRr sﬁénot to ra et bjéll Ot%taﬁmﬁgletneemﬁonaeeseﬂqu% of por

Agrobact eri um | ow for stable int egrat lon Into a p ant genone.
Furt her mr@am\%@ hB’t?s a«a%omﬁédit@@tlﬂm&eqaemqﬁ £an ke, nenspdeod sﬁleqﬁble

mar ker - frefﬁaFkreﬁr\%Hx%H'\ﬁh@ﬁ%'?és%ntfoWex 9@;{%%5&&@4 gd\ﬁ’d?efg dIRMker gene

is lost at a certain stage o ant opnent or nt bree |ng are
known, anddemwmpiamdl@patﬂm@ thegn@res of co- transfornatlon (Lyzni k,

(1989); Pl ant My  Bidlonid Sl HI L e 4989) oL 8lhg o nﬁpﬁhonhom ogous

27:91-104), or that uti'lize enzynes capa
r econbi natq:rgamsmsmramlb gfsam organism (emgmamsmmaaayeitsy to (d=9giy tiﬂsant Mot

o0 L0 SR i AP GRS SR Bl 1253)

see, al so,gepemndilyomdnferst a selectiealpdeantd@8®) the cell, or to an organism (eg a

plant) containing the cell, for example, the ability to grow in the presence of a

15 negative selective agent such as an antibiotic or, for a plant, an herbicide. A

selective advantage also can be due, for example, to an enhanced or novel

capacity to utilize an added compound as a nutrient, growth factor or energy

source. A selective advantage can be conferred by a single polynucleotide, or its

expression product, or by a combination of polynucleotides whose expression in a

20 plant cell gives the cell a positive selective advantage, a negative selective

advantage, or both. It should be recognized that expression of the transgene of

interest (e.g., encoding a hpRNA) also provides a means to select cells containing

the encoding nucleotide sequence. However, the use of an additional selectable

marker, which, for example, allows a plant cell to survive under otherwise toxic

25 conditions, provides a means to enrich for transformed plant cells containing the

desired transgene. Examples of suitable scorable or selection genes known in the

art can be found in, for example, Jefferson, et al., (1991) in Plant Molecular

Biology Manual, ed. Gelvin, ef al, (Kluwer Academic Publishers), pp. 1-33;

DeWet, ef al., (1987) Mol. Cell. Biol. 7:725-737; Goff, et al., (1990) EMBO J.

30 9:2517-2522; Kain, ef al., {1995) BioTechniques 19:650-655; and Chiu, et al,
{1996) Curr. Biol. 6:325-330.

Examples of selectable markers include those that confer resistance to

antimetabolites such as herbicides or antibiotics, for example, dihydrofolate

reductase, which confers resistance to methotrexate (Reiss, Plant Physiol. (Life
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Direct gene transfer nethods al so can be used to introduce the desired 5
transgene (or transgenes) into cells, including plant cells that are
refractory to Agrobacterium nmedi ated transformation (see, e.g., Hei, et
at, (1994) Plant J. 6:271-282; U.S. Patent Nunber 5,591,616). Such nethods
i nclude direct gene transfer (see, European Patent A 164 575), injection,
el ectroporation, biolistic nethods such as particle bonbardnent,

pol | en- medjat ed, t.r ansforngati . plLan RNA_ v asfornatlon
 posom. et At TP e APmtBPEn o8 Al Fahtte: SRt IE1 0 Sodioii) N

enzyne- deggesteds-2naaiMdier,e@brarQs(199n) Wammiorsrmzmﬁem)adwbm yogeni c
cal lus, and the Ilke Direct gene transfer rre&ﬂﬂo
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transgene ksndraydin %@hdoaarbhﬁ;cmuméﬁ@racéstmlsrpww)eEMBbes h@smas;raﬁw 1to 4
mm A vector, particularly an expression vector contai he transgene(s)

of intet esh)/grPst‘ﬁh r‘@ﬂtﬁf%de?r'ﬁ?BCﬁJF‘hHYgrf’F‘é’g'UéMe\ﬁﬁh rﬁ%%)l @P”%??(‘}Salél@ﬁce t hat
accel er at e§?é BRoTIWiRBA O?teé?t '(i@aﬁs)tmaﬁrnﬁs.dgld?fs :$88-108; ﬁﬂﬁar{”é} al. S{Afgbsyl ent to

penetrate plant cel s and nbranes (see, e.g., Sanford (1987)
Part. Tec hﬁ’t&nf sicience s&iﬁw@c{zﬂomg@) wirich ralewss asils 4@ utiizep glolexineplace ef at |

(2955) 20, BYSLAEANChE8Y .§ Vﬁhéﬁ s oKl t8: ufffze2histindioBF Joidte” BECHIORIRDY

10: 268). veral target tissues can be b
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nucl ei c acadmuarécan%@aﬁateosmntbaw wblﬁh eqnferspiraidezalisone eopuifotyiie®, pl ant
prot opl ast eclr opor h of ucleic
Dl d ol oo TN ((HC T 1 X1 8bEF ol F RISFETER0T P A Aol
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i bl I
o . Bl eefF BIBTAtLClRar B 8T o tr @ YR Ut AR 8P e ©
form E pl abfjheratﬂaasars I\/bmf?mggemssﬁegnw[rtobeanfql)_cldE? sach MOgiufbeldaien I
Potrykus a eds. ne, Transfer To Pla nger, Verl a
Bor | Ny adB R ShS ibie SRBRabIE K 9ot Inchgier Sithiath TERATIRR Bauced-
recolrrbl Pag ﬁé@'eﬂb@dlﬁ@lrésig@g@;ﬁub?:gﬂ@rﬁmbﬁttamd@?@-lérr@d Ei@ila 0ot e, pr%sﬁnce of
a selectabl e marker included in the constru ove
n cr o) oSG nEdpiLel i e it 50801 et Sprr el ifieRos .,
i ntroduci ng1 ﬁw“@ @t'a@né—@a‘énﬁ?él' @H# Q$996}tﬂ'aﬁs§&rﬁd‘ll?e§€8 131287 Kl ei n,
et al (198 ture3 _? lizes mcropro jectiles

such as gobigodweirurgileenet (@l CHH990) Bl clon ok hE 145370 SHIRENES ac d
ml ecul e byaReddadl bA4, Qod) Makeibl, 18 937.456) ,%P&Qawngsta%rpgdafet hyl ene
gl ycol . m croproj ectile particles are accelerfated at speed into a
pl ant ti ss(Pa&iSvipnae 2421418-42%hglyshadate Sraw, STIat, mam@!qmﬁt%@t‘b"sgun
(Bi oRagy HagGyl @RsSiWothricin (DeBlock, e al, EMBO J. (1987) 6:2513-2518), and the

like. One option for use of a selective gene is a glufasinate-resistance encoding

DNA and in one embodiment can be the phosphinothricin acetyl transferase

(“PAT"), maize optimized PAT gene or bar gene under the control of the CaMV

35S or ubiguitin promoters. The genes confer resistance to bialaphos. See,
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20 Mcroprojectile nediated delivery ("particle bonbardnment”) is especially
useful to transformplant cells that are difficult to transform or
regenerate using other nmethods. Methods for the transformation using
biolistic nmethods are well known (Wan, (1984) Pl ant PhysiolL 104: 37-48;
Vasil, (1993) Bi oTechnoI ogy 11: 1553- 1558; Christou, (1996) Trends in Pl ant
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(Svab and d\dﬂlctmabe (iL9@3Aprifradan ibblatedVingle Sail or ldﬁ@r@@t@&:ﬁea[b@uch as a

Appr oxi mat e 15 to 20 cell d vi sion cycl es foII transf rmatLon are
general |y fF'@ Gi dys & ?e%’(':tHr ﬁrt% Pgyipartsplyt e&rg?'aze unt, for

example, a plant tissue, plant organ, or plant. Thus, a plant cell. can be a

protoplast, a gamete producing cell, or a cell or collection of cells that can
30 regenerate into a whole plant. As such, a seed, which comprises multiple plant
cells and is capable of regenerating into a whole plant, is considered a plant cell
for purposes of this disclosure. A plant tissue or plant organ can be a seed,
protoplast, callus, or any other groups of plant cells that is organized into a
structural or functional unit. Particularly useful parts of a plant include harvestable
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30 expression, in which genes are inserted by honol ogous reconbination into
all of the several thousand copies of the circular plastid genone present
in each plant cell, takes advantage of the enornous copy nunber advantage
over nucl ear-expressed genes to permt expression levels that can readily
exceed 10% of the total soluble plant protein. The cells that have
been transforned can be grown into plants in accordance with conventional
ways. See, for exanple, McCormck, et al., (1986) Plant Cell Rep

5: 81- 84. Tﬂ%%ami é’ﬁft§ t@ﬁwl f%é%omﬁga@%m PERIENY Rl3NtHa Pelarpstad ?H@"%%fn%

transf or megiaft tah beCinydUSSEI Sak of ol BlbRE foPBrarhSIE UTbWaS, Bbﬁ’éﬁ Sseaaw éﬁm .

expression of the desired phenotypic characteristic can
Two or nor BibgehdeauesosigMsaiuibesagaauioots and e bke. hétpaék@fr%i?bﬂbbls%fﬂl fohe

Lo R, R o g, S R SR

A "subj ect plant bj ect pla I's ohe 1n
al t er at§ onrootste¢ksaend ﬂuﬂﬁ@orrratlon has been effected as to a gene of

i nterest, or |s . o.pl ant | Iant or
plant cell so al 3‘3?‘%@%%% o) @%r?% %éé%eg@hfg&ﬁlﬂsgrgﬁét?‘%ﬁ%i"&'ﬁ%ﬁb‘?
"contr_ol pbﬁhue wwhdeﬁtamb%rpbamegcfwwrafédmmvlaqutaeiwa‘gnoap@épmt néllsfor
measuri ng change n t subj ect t _or ant
Tant o ScBaToEpiEst & 1928, 5t T hie B i Ciud R 165 4 sovleden g & KRG pe
pl ant or pRaQén@'ahdm fronEpr,otoIﬁlaétélQaﬁ@gremgcﬁp,eh%saﬁ mmsstmrtemmtaerl al
f or th a%netjc t i on i ch resulted I n.the subject plant or

pI

subj ec peggion.of Py a B 430 R MreAndc i gerigin ?FPF‘&*%%@H‘ Irationis t he
starting rreérertiealndbuéd \M@hﬁ I dPotbpRBt susEEHsRnEE the tdage reiﬂlrlpeﬁmpsaﬁdict
0

(i.e. with a construct which has no known effect on the trait I nterest,
such as a S¥WuPRYRN Eehpyiivee mpdia gapgally Q@Hé'ﬂ vafigyls SORPQRENIS NSEESSAY cel |

whi ch is afopQfovithadief e &?&at&ﬁgﬁrﬁﬂﬂﬂ’iq %Pa&nm@mmoﬁésé?@aéam.ﬁscan@' ant or

subj ect plant cell; 'Béd a plant or ant cel'l ‘genetically rdentical to the
subj ect pI @mklﬂmsw mmqoaqﬁ% sueh Bsmtamwmagd mllrmﬁeg@mmmoudhﬁh tions

or stim y\?% [ e t (e) the
subj ect pI ant or | ect an?é@&%ﬁ? rQébﬁatHP\ gghl ti oﬁ%ﬁnonvmq'ﬁ%h t he
gene of i nmedisse, the gnootyeapan;ttt@dazs@w of meratl&um. apdos esproduaithle dfsthese ze, t he
control an f ts may represent two hybrids, where the first
hybrid is garrég’lﬂ%@%f%?é‘?n& WO parent inbred Iines, and the second hybrid is

produced from tRegerenationvearpacen fimim plnt ediis, Ieﬁplaabscergansl“ca‘tplamtqnanfs t he

parent i nbr.e I ne contai.ns a eco COﬂ truct. Per e of
P Secons TESIATRTRE S 8 Sartrmel i aBe, SoMeS T DA, et Bar
30hybr 2@. regeneratibny (seey Me'mﬂr&ymophaﬂt 1t&;rmée Seing, @195?)% et PIAINA
construct as S or, . .nea Ilve to .contro a

conpri si ngba}‘l% 5 gg‘ﬁ% néﬁﬂ'z'ﬁﬂlxhﬁﬂ?afo‘? F'W’%fer “n@gﬁ"%@ﬁ‘ﬁ'a F‘é‘s d8het i ¢
backgr oundgtamplee dRk@re cultGreB08H kBlecii Ml TEMfFR bR ¥hobBibriAgs® iRt | east

90% 91% 92% 93% 94% 950 96% 97% 98% 99% or 100% sequence identity
of nucl ear 2RRHAWP O faureweels S?HeHBfS&F‘ee?Tﬁhysqpé%oWbr whegtseihat devalerjues

avai | abl e §Qr ok&8cNRnY Lafli a Q@ "PHshbRMReA %Jbﬁﬁ%ft@rrb Bhien® fseRlca

genetic backgrounds; anong these are isozy ectro or esl's, Restriction
Fragne®l Lewgiumn.pRogiesrpiantsis aerramapjanted to soil as soon as possible after roots

appear. The plantlets can be repotted as required, untit reaching maturity. This is
the TO generation.
In seed-propagated crops, mature TO plants can be self-pollinated. The
resuiting seeds can be grown and the progeny planis tested for presence of the
30 transgene, often by screening for the expression of a linked marker gene. These
transgenic plants represent the T1 generation. Multiple generations (T2, T3, stc.)
may be produced to ensure that expression of the desired phenotypic
characteristic is stably maintained and inherited, and seeds can be harvested. In
this manner, the present invention provides a transformed seed (also referred to
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5 Randomy Anplified Pol ynorphic DNAs (RAPDs), Arbitrarily Primed

Pol ynmerase Chain Reaction (AP-PCR), DNA Anplification Fingerprinting (DAF),
Sequence Characterized Anplified Regions (SCARS), Anplified Fragnent Length
Pol ynor phi sns (AFLPs), and Sinpl e Sequence Repeats (SSRs) which are al so
referred to as mcrosatellites. 10Plants suitable for purposes of the

present |nvent on_can be nnnocots or di a i.ncl ude, . but ar
i ted t S Relraisdb e bagH 8 Phniehalide BE e Beniis or skaPhlntor .
lettuce, cadpbagion amsbétid wfethe mamtioh,i stably Nigbrpdratiids intos ns ngeribme.

Z;B?;aggzamo{ﬁéa? nfé’ga{uhb? ﬁgﬁlﬁgurﬁelegﬁtlérﬂ %nd ass %rﬁéﬂ{;@rqfngl g;pn?‘a(\fégccm ni,

st r awber r ydesithpR&hatdrteisied bﬁbﬂhkér crliﬁra@tbhﬁrcrsm ifdérasEinEiLge tiseeRdibseRapaya,
mango, banana, soybean t omat o, rghum sugar cane, sugar beet, sunfl ower,

rapesedd, hareipand qtaersoved kn@;gr,nrtgtpla BrasgRrs. ATrpgenya Variats, andgnyi@sts ggpl ant

cucumber, heaRiydRBGed Ptd aha. al§6‘%&?ﬁ@9d’ vl tti%e %Beaﬁ fRNidvehfs and
deci duous trees. Thus, a transgenic pl ant or ?enetl cally nodified plant

cell of trwowﬁefémqtmeymmweé igruegsepalynycleptides:rmosper m

Angi osperns ar C g%g;% r
cot yl edons, m?%ﬂ}a\gpggggggé e&g}ggb@%g%t tﬂ%ﬁfﬁg ?ﬁgfdgr@[}gér lﬂgg gf'(&‘)'od
nmonocot yl edhm@m@damjfb ospller m Wasn ausachdn eretﬁremeed@na tansgendi doe yﬂeemonous
angi osper n : (o) Yinfaf 2 ful
pr oduc m nAg'?)Eﬂ Fn ﬁr‘%{a}ééﬁ% gi% ;rllj e é@@%ﬁ&ﬂ&ﬂﬂgﬁcﬁ MB{?EG% 'rét(ra P élﬁers such
as cott on Andcleicreeit mhlecols candaermtdoduqed:mte m:hanisedbyrameamf methbdsst i ne

The- pr eserioriagtin o€ bR EEn A0Sl fid ichin b IRkt iy, P01«

and veget githmes celAmgam;ﬁ p:erdimce rgme;p&raasfer \methedi ysuzh Bboelecirogprpfiamtos,

i ncluding,_ for 30 l.ant s eqgum pou | ant s, oj.l seed
l'ant's. RGBS S BRdted ¢ Fradpriydh: o SR ATREABRELT e wni ch
gene(r]I aibsI cltagsesmalkion. no;gs mse@smem! ytlweemhuswmor%ﬁe\e,\rﬁfepé a@? ,pllamimceh produce
an edi bl e grai.n, include, X corn, eat arl ey, oat, rye,
or char dgr £28taighg ﬁ@&xagmsﬁdﬂﬁotﬁ@awmeﬁ%%mo .ol ants i ncl ude menbers

of the pea fanidne cFaRAECAHReABE: nDEIBRUSE] InGIBANISS kBRI 5 ifirddlbéd itHOWn as a
| egunre. Exanpl es of | egum nous plants include, for exanple, soy bean pea,

chi ckpea, F?mthCQi@aHs'”%r%'é{doi)@Hﬁ‘er%sdW@U‘kﬁ@ﬁ'ﬂl and !ﬁ't'ﬁéaﬁeﬂ'loé’ﬁtfﬂ PlaBupea,
dry bean, taamf&ﬁ@ﬂyﬁ :n@ﬁxdl’?@' baoﬁfgm%ln faakf gh dvstaar ‘HJFJr@QFanTsfcﬁﬁ'n‘éhbn drberss and

sainfoin. Ol seed plant have see hat are useful as a 5 source of

oi |, i¥cl dgee.soghddii, o e rBﬁn@edure§ﬁ@rsB@de@mﬁpsglgram%mt@ dJriartsy. in
Ang' osper ’Tﬁ?@)aﬁad Peht@6IRak eﬁ?@@%ﬁéﬁnﬂ e\‘)ﬂ@&ﬁg@w?% ﬂrﬁﬁb psBROEls, Pl ant s

t hat genera ave a sing (trun I'es of such trees I nclude
al der, as HC% frass, bass visana Blatqride‘ﬁm) pages ,67:8%)ch In clddition, expressinnood,

el m _ eucal w5 oy FKOEY:ctEURetndTRALE pRloy RGNS I RORLA, aRyCaTr €
wal nut, sequol a, an rees are usetul, tor exanple, as a source
of pul p, pagemeratdn oftplads arat @uling anid wetkihown (see, Anpj GBpeemsstpa/oduce

seeds cl, ure d ov n angi ospermfruit can be
sui t abte fgécﬁﬂ%{}é’ﬁ@é@tjﬁqﬁ rm@&ﬂ%uﬂ%ﬁ%@%ﬁ%Kﬁbol | ection of seeds to

]E)r op?gatﬁ the Suitebles. md?basdsemr‘r}n‘afalsfohning pramt acetienidediudy mmr;olhjestzc{)ml berry
angi obper ORGSO deepiafie + Reioh: Shrimeardlin. REGSA: dat e,
peach, chenogs) qirbde Nap waaacosa:nUUSAaBBIssoarséoeeancgrbb&ﬁérmﬂ%éd:a%@aberry
bl ueberry, raspbe st.rawb errg/ pi neappl e, tomato, cucunber and eggpl ant

pl ant s. ﬂ@ﬁ?&?‘i’@ﬁ?%lseﬁlf‘%ﬁ/@i‘ar‘?@ Tr?“ﬁ]?@f‘%sﬁi@f ) & Rates Nuntes 5. 56%0% R cor at i ve

f1owersg Excﬁﬂ&{ ?‘é]ezt@ar%fferCP%Wsﬁﬂ bYafl, Wﬂ) EMBO YNGR Q|72i | eesahistigc! ude
rose, lily, and chrysant hemum 'sna ra on, canel |'i carnation and

pet uni a pueawcﬂe %m‘aleé%twn» el examplas Sanforgy ef abe U&oﬁaipﬁtealumw t he
present | nyeiy e %ﬁ@s%&“ HE AH98Y .rPE)ﬁiaMSb@ﬂ LS BREBrgaiiciltufp not

produce seeds 'in a
Fundamental Methods, ed. Gamborg and Phillips (Springer-Verlag, Berlin), and

McCabe, ef al., (1988) Biotechnology 6:923-926. Also see, Weissinger, ef al.,
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Certain enbodi ments of this invention overcone the problemof 25

mai nt enance of honbzygous recessive reproductive traits when using a
transgeni c restoration approach, while decreasing the nunber of plants,

pl anti ngs and steps needed for maintenance of plants with such traits.
Honpbzygosity is a genetic condition existing when identical alleles reside
at correspondi ng | oci on honol ogous chronobsones. Heterozygosity is a
genetic 30,¢c %fltlon X|2%4n when different alleles reside at .

Sor r espond TR0 Aenugh et ansh GEAaint Grsoiss. st BRI BRFUe Soigene: i c

condi tion ey TechsbiIes: 2trfwr(enioﬁ2]@1+rhét&ﬁ%t a0RY988) P{agﬁn@sﬁd?rsﬁeh -8¥4 genes)
with no allelic counterpart on e sister chronosone. Mai nt enance

of the hontPYBeRR): MsCabsi glalo dNAR)i Bie Trehnafegie 6:9281926i (sgvheanidPatia @d by
i ntroduci ng | @bgo)asmtﬁcfmg?@gye@m@awﬂcé)fﬁréwesﬂgarflcmésg%ct}m Acad, | nked

to a sequence which i fes wth t format i tion persal
of mal e5gafet déSAIETHIDPHAR (meige); ridlaine &f al el 1 98831 Bigrechaplogy dHo5a- 5@:5 ant .

The restorfg,g. %é‘uﬂsg‘?’b‘?t ﬁ%lﬁf%f 991?%!' 8. 446t GO Eé}t F"r&ﬂh'é? al.,

honozygous recesst Ve’ ST : ores’'t he
geneti ¢ f uti@90p Biatechrciegyt 8:888- 83%Hobmdaasevarn ISlhmﬂeranet dk,i (1684 pNature

mal e- ganet f I | l,en n|n he, re r.at

transgene ﬁ's%fagmjeé’rigﬁ% a%ythfeﬁl ?\ﬁlab @ng) "8 g{ﬂgldu%éafcgﬂt (Hﬁg a copy

01(‘) the r ecesﬁeae-sahga.madnﬁm ;DeWet0st .0 (MIB5) it Mes Eﬁp@rﬁﬁ@:ﬁt&b[ﬂaki{o&ﬂﬁ@ene The

10 tran en t 1nt zygous state in t I ner

The: ol andf Plfiet FBSussy AtagnE: CoalBg: aleh (Codmmst Nes Y Rbs 1HEM oy e

hormzygous@dnén); heaeppResst ¥ig (1990)t Pladh Cell RepeFe ILME-M 8;| arldRaEHREE et et ai N

t heir honoz ﬁ@@g&jess' ve condition. The mmintainer plant containi ng the
a

restoring f heghs fPplc 1Genet 34980908 d(whiskesredialed  transigrmation)
hal f of the WA, dtRa @’@gﬁﬁ%ﬁamwmy-mgléd%bb@uoﬁ iﬂte?at/hmg%)

hom)zygous recessjive ftor t ene of interes hem z gous for the

restoring EfahSerlh&eperst12:230-255 and Chestadi &f &/ né?gﬁﬁ)aﬁﬂ"d%ereQOfaQYa
ol I enyeon { v t

Pai ntalher 7 A0PA13AP D Oy PG (19000 RBENS Bitlociibkp AerdsRod (matde

recessi ve vigaigrobaniefihn étlrmaﬂagensoagl! nﬁwhegtar@l ée@e'qmemmte@ by refetetioecd

ther ef 1 whi ch R BaCERLAL RehlR KALiRRERLT hiBlintl% "GIBaY Sglied BFoo! Ve

alleles. Further: restora i On sequence | t 0 nucleodoti de
sequences Mﬂumlngarﬁ'mwemﬁumtotulmts (Mmsclmmt dlml(fﬂﬁﬁ)cﬂweme 287189095 alA. of nal e

t t f {
orevent " f ulriaREas Aa e ThRbe e e PG nf eI, KPP B SRR IR e
nodal : 2o gs:ramfztamls ﬁ]értmmbllé i NiTthedTi and Ralr;i!as:rulldarofrrgt haeadfegyns Brdway OI/\/n )
exanmpl e but, .not |initation is can inc e o oeor mor e genes whi c
oxorbse o HiteoeSOosatUSPY. tanaR Ba ERevible 8 DeReit BRndhrantan &R ant
Nurmber s 5, gRat 828, e@d(&icﬁ%%@l‘}%ntpﬁa/ﬁ%ﬁi 861495, ,sebnﬁlBGIMoWn@ Usittal ,

formati on of anot her enelr’glortant to mal e ganete fornmation, unctlon or

di spersal {'988) Hiant CelRepertd\Bifssr V-3, Batgnelumbsr 5916180 WY 47%83nbi ne

Wi th anot hgyeigi®Rgh PArAVWdisdtich! Odefds ﬁwhﬂéﬁn%m%%vesluogg Fic
formation, function, or dispersal (See, U S. Patent Nunbe , 162, 964,

6, 013, 8%59: Pessg IN'B4H988), 390tigré/lilc prgss oiR-463;750e868; aahdCereyosPms) ar e
anti sense {RidralRRgy? R RRY, GBHRIR, AorcAeIead! IdHapirs {ROMeE also,
Horsch, et al., supra, 1985).
With respect to A. fumefaciens, the wild type form contains a Ti plasmid,
which directs production of tumorigenic crown gall growth on host plants. Transfer
30  of the tumor-inducing T-DNA region of the Ti plasmid to a plant genome requires
the Ti plasmid-encoded virulence genes as well as T-DNA borders, which are a set
of direct DNA repeats that delineate the region to be transferred. An
Agrobacterium based vector is a modified form of a Ti plasmid, in which the tumor-
inducing functions are replaced by a nucleotide sequence of interest that is to be
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ganete formation, function, or dispersal (See, U S. Patent Nunbers

6, 184, 439; 5,728,926; 6,191, 343; 5,728,558; and 5,741,684), or the |ike.
Ordinarily, to produce nore plants having the recessive condition, one

m ght cross the recessive plant with another recessive plant, or self
pollinate a 5 recessive plant. This may not be desirable for some recessive

traits and for rai.ts r ctive
devel opnenpgg%'fc‘tegr Hﬂ‘? %gl §|3%6 0sf:o i@e%lior t%@%dﬁ%@gg% r.g:grb rﬁ%ﬁ' %Ht h a
second pl atranslfrarmaugntime[udesn:ocmtwabmngeﬁeqmbmaMUm witig ucuiizsed Lisdibied
crossing to seqr e away .the restori ene to once,again reach the
ecessi ve RIRDRBRD, tansartatonnal P GalE ffe Bessa MBS PRRCRH T ABH | on
provi des argnstsragtioh bf ebedd) doshanveigens wittCAgobieaandilh iadditioaninbe

mai nt ai nhed,, while crossjng it th the maintaj ner Iant Thi s nmet hod can be
used wix h %{ﬂ’i‘/as .trtana@maﬂt'q '@IIWOP?CfP’%”’HeWP ehet BedYAISth HSINEh 3P Bs si ve

condi ti on.inflitafor @ﬁ gl élﬁSpbﬁSl@ﬂ | Rgrob@dierieh CBIIE (B&chidId e&f gCt(nuessggpem for
mai nt ai ni n}c‘; a popul ati on of om)zygous recessive pl ants. 15When t he

homozy gousA¢t &5 RFES 83Adi1PHbn i s one that produces male sterility, the
mai ntai ner pl anfg roﬁgcté}ﬁﬁﬁeﬁ%cﬁéfed %ﬁ&foﬁﬁéﬁ&f Sarfefnptyt doMi8hrale o RbrsH

t ransgene construct capabl e of n'ﬂ enenting the mitati on and rendering the
honozygousblﬂ@fﬁfe\@;ﬁfqresyﬁkeiﬂ% 'é!bWblChd 9r®mn9@evﬁ5a@‘| eppl plasmidaiekdivigethi s nal e

ferti| Eoty 5&%% r%te ane GQ&HWvﬁ%ﬁréﬁﬁé%”H?%%Hhﬁrﬂhé" pl-cﬁy%}eﬁ}’ rrﬁﬁ&éie”ce

which 20 inter ormat1 on unct or drspersa the nmal e
ganet es ofanchearpesthe v:edemctesgenesaanduarﬂralltteeveqb‘brawhichrmntqmsotummepﬁl | en

contai ni nqp%rpﬁ ebtoggﬁoggﬁﬁsbm PalEhées BuBQ% efc‘:?&rgra?? m%ﬁ%m% :hgﬁ Qgtive

| ocus due speci f1C ¢y ot 0X1 ¢ At e secon nucleotlde
sequence. (EbesfoviexbimplgdDe Emarhoad,t (1083) Biodeoknalagys §R62cHoekdma,eglaa/d t o t he

i e st or | EBFERERE 30870r Ry afES e RRIdarde (FiohfEb! BRodbeel i cn
are steyi |Eéor6t\5;.\ihnafd1'matidm Azjrobmtev@:m@anbpgnusltdred far mmlé oMt ﬂahh@eli%%
gene, a gene I

h t
I el o1 S e eSS 3hahat Rar e ok etPints htrbog i cosiong
(repr esent;ﬁd(}éky ot hebdret (%beon’orﬂ‘é)ééiﬁ;ﬁlé4@hcldlaiﬂ| THEMp £, hmww F&Q’It

S pat eriioRgHe ooy Tald dhoiebiangiit o, S%ng%ef R Bredsa T8 v bot
Lgfnlt glb[] e?df\ﬁ%&lﬁ'dé&’@él!s@uﬂhﬁdﬁétpﬂé?ﬁ tBERE 8128 Bave bbeh InfBEEAILY Agobs&EritM
20 can develop organs de novo when cultured under the appropriate conditions; the
resulting transgenic shoots eventually give rise to transgenic plants which contain
the introduced polynuclectide.
Agrobacterium-mediated transformation has been used to produce a variety
of transgenic plants, including, for example, transgenic cruciferous plants such as
25  Arabidopsis, mustard, rapeseed and flax; transgenic leguminous plants such as
alfalfa, pea, soybean, trefoil and white clover; and transgenic solanaceous plants
such as eggplant, petunia, potato, tobacco and tomato (see, for example, Wang,
et al., "Transformation of Plants and Soil Microorganisms" (Cambridge, University
Press 1995)). In addition, Agrobacterium mediated transformation can be used to
30 introduce an exogenous nucleic acid molecule into apple, aspen, belladonna,
black currant, carrot, celery, cotton, cucumber, grape, horseradish, lettuce,
morning glory, muskmelon, neem, poplar, strawberry, sugar beet, sunflower,
walnut, asparagus, rice, wheat, sorghum, barley, maize, and other plants (see, for




honbzygous recessive condition. Wien sequences encodi ng the M545 gene are
I ntroduced into a plant having the honbzygous condition, sporophytic
restoration of male fertility results. (Ci gan, at at, (2001) Sex. Plant
Repro. 14:135-142). By the nethod of the invention, a plant which is

nms45/ ms45 honozygous recessive may have introduced into it a functional
M545 gene, and thus male fertility is restored. This gene can be linked to

a second gene which operates to render 5 pollen nonfunctional or which
prevents i esamplentiickoand bhompsah sppred 188% Hiel et alal(1990dlant 4 B:29d1382h, and

which is lbﬂhﬁgﬂ&@pﬁé’%?%’%@%‘e g}d:qﬁi_qgﬂ)@s expression in the nmal e ganetes.

This resulfs Iin a roduces vi‘abl e pol |l en contai ni ng ns45
wi t hout the resSuitableysirains of dndunefreiensend vantoexasmledl asdransimmstionof t hat

{1 ssue. pr eartBgRER G ARRIERE oighN 8o bBieplod MR E8 uBl SEBY it £, e
| Ir (r;lr(ne)de{ (o] (S(E‘e3ﬁy|t, ?M%ﬁ?ﬂ%hﬁmxﬂ@ﬁﬁ)g@bh%_&md@enebgﬂﬂ;d?ﬁ%gﬂ; If:(@ﬂl?ﬁqrng
BI ant t pr oéﬂgg@aé@ﬁr@ I?e@agrer K%I@"‘Jné‘iﬂg?’éﬁoﬁ?g’%ﬁbﬁ?aﬁn@*ﬁé HC yene.

It can t hemlefaoféi.gezng;/ K@ngz,pﬁbbgﬁfé’gdg) Nfﬁtl{ ﬁb&dﬂ Bzie us® Wﬁ
recessi ve an . n (0] e_progeny. proaduced w
conti nue t BCBRE* r{ﬁf’%é)s lapt @’A}-aé'oé : 'QT%fKan'QPHnghW?dBE BEYe f or

nms45. The pRHRWhd\bkdresitn SRAIR! Th: Pidnti NISIEOHACBIBIdgY MAHUaNYol. PaTHRME
construct. d earl many variations on this nmethod are avail abl e as

it rel & esand Pehilpepd, {ﬁqsc-)y. aeechHt:hERe Jiethedands; ddvwen Agadamice PPl ity nay
be used in ' t I | t This MG i genes
can' i nol uds Y B8y SBiprcah PRREATES SYeC iRl ThkRibaY Blnt BBl O Vo
02/ 26789; BhsteBeRifptdiukker( afandetsnBih, AblBsz)dage {985 Ehaptenyy;0Bra®3021;
M52 gene d rd bard 7] idslsh BSs 4559\ pmental Cytol ogy of 13
Genetic I\/aﬁg&é#%r??’{az&l#éi' gﬁn‘%%rgé?g@#yﬁgr{' ﬁ'gl?r?\r%:??of Genetics & Cytol ogy
23: 195- 208 (JanAs 189@ad ; heneirt, hthe2 Provenb adegdion pB¥idgsneediostrdapableatof Aart s,

et at,  .Transposon Taggi f erill ne |1 abi | S,

Nat ur e,15 36§?‘9“%§§'$%199ng no?%g%reétg%e? ti%ocoph‘gf ﬁi ﬁq g‘?%@?t@&ggﬁ&% c&%scr I bed

?t W | sQnJ,[ _gemerlat ,théT\lkmgdks adi'ioﬂ&plsésfuwéﬁcEaBTrElﬂle_mtTdéﬁsﬁ hl\/B%)tirrmnét 'rrgtayai:uc;:1
ranscri ptional . regyl ator e nmet.ogenesi s, . o). o 0, the

L. 11 ngor PraaRPls B dmelrs it ore RAHORITT Eppahls. 01 pRESHSIY BRIGE: 28,

2001).  for rAisigsanitidodies! ENA se@lericaeartiniis Tonstrudtion dfnivedsl @Btdising hat t he

pl ant having the restorer nucl eotjde seguence may be self-fertiljzed; that

i's, pol | endHRBHE RENPFIgITacidsinYeEiorRaNd pracsduresdARFORNd AR XBRRESBNdRt t o
achi evegt he phPRRAASIURSedPin SARbRLR! e/ qBLSra).(Note that "self fertilization”
I

i ncl udes both the situation where the plant  produci n& t he p(%I_I er;]]t.i S
RICPRINLIB@NIPB M a

fertilized wi thThhHensfarmation vesior, camprising tietRiampian _
Rhich i s 2 bancD RPHS Bh EREL noBekiad SEflercsin BhebesBl o tal Peally
i denti cal plsantantyin Bideasisong iadditionalnsypientideosanauence fou alganet tobee moesent in

the transformed into the organism. Alternatively, the additional sequence(s) can be

25  provided on another fransformation vector.

Where the exogenous nucleic acid molecule is contained in a vector, the

vector can contain functional elements, for example "left border" and “right border”

sequencas of the T-DNA of Agrobacterium, which allow for stable integration into

a plant genome. Furthermore, methods and vectors that permit the generation of

30  marker-free transgenic plants, for example, where a selectable marker gene is lost

at a certain stage of plant development or plant breeding, are known, and include,

for example, methods of co-transformation (Lyznik, (1989) Plant Mol. Biol. 13:151-

161; Peng, (1985) Plant Mol. Biol. 27:91-104), or methods that utilize enzymes

capable of promoting homologous recombination in plants (see, eg.,
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5 pollen, but it will be contained in 50%of the ovules (the female
ganete). The seed resulting fromthe self-fertilization can be planted, and
sel ection nade for the seed having the restoring transgene construct. The
sel ection process can occur by any one or nore of many known processes, the
nost comon being where the restoration nucl eoti de sequence is Iinked to a

dent 1 1 cal o8k OBRSTr ARt s Noah oal e, B eRle SR U LiesBh BT Rt o of
t hose pIngnGenetr ada;ﬁe?esr?oma@ersemmmawmn@ehhesbe{ngat%aw mjmaee?wm?he
romot er oY huehAbPS Regy EbSATpats: sod. S starnireck dlalsur B8t rol i s
thus 15 al | onediaet igefe [HFeRH Smethdas QilsOcsiedbr @dd BYinfb@Ydedineddédiab t he
pl ant havi ng the restoration nucl eotide s&guences i s constitutively nale

steril e NSOENB obirapsgenes) dtp gallg: ingluding plapk pelisnthat qreyrefragieiydft  Nunber

5, 859, 341. Aér’&bﬁét@ﬁumfrﬁédré@@ wéménﬁacmohe@eeeepermé; Cet tahe (1004 @i gubst ance
nmust be provided || becone galn when conbi ned

with the o 212820 S r%atemeﬁmbeﬁ 5a5591ﬁ16d}e§}ﬁhb@§th§ﬂﬁﬁ%m%@|r@ﬁI%?npol | en
produced vwér{sfé]o(seeompmahhpafe%tﬂp%h' S’ﬁs&” ie&Bh! dfec g«pg&eﬂ&ﬁsb.oﬁéﬁcyet

anot her enbodi nent of the | nvention, te contr
transm SSI athets t suehr ass trartiels mmhéﬂﬁfﬂf@mtl oelieremediatest tltaanOUeat!dme dlantal e

ganet ey, i ngggad w@% gg@ét:e %anghe atighe - PdeBAR- “hSdibRe SR %%&P&%

descri ed above he exce I on 0s€e 1 nst ances ere one al so
desires tdramfm'nmtmnt hging| a‘nuntﬂﬂd/lwrg enhﬁnedegmdadi onmatuce eembgessenquences

Y et | blddetbl SReyrhdiabBlied Bfnblerth ol SREHE ik g depbhat the

pr onot er r|V|n hé T 1 on gene " ¥s1n
fertility tmysfére methgder edtivole enmmmjecﬂle-mdmdatemd(mmmyc)suﬂnmmrfmtloﬁnd seed
can be forne '

R £ e
fertilidy massutihg 1 te4 nerasi Atvector, aretivttirly(aihéypresdien vedtbe bortaiginganes api cal
dom nanCe’tt‘ansg;;ene(s) of interest, is introduced info plant tissues with a biolistic device that
accelerates the microprojectiles to speeds of 300 to 600 my/s, sufficient to
penetrate plant cell walls and membranes (see, e.g., Sanford, ef al., {1987) Part.
Sci. Technol. 5:27; Sanford, (1988) Trends Biotech. 6:299, Klein, ef al., (1988)
20 BioTechnology 6:559-563; Kiein, et al., {1992) BioTechnology 10:268). |In maize,
for example, several target tissues can be bombarded with DNA-coated
microprojectiles in order to produce transgenic plants, including, for example,
callus (Type | or Type ll), immature embryos, and meristem tissue.
Other methods for physical delivery of a transgene into plants utilize
25 sonication of the target cells (Zhang, ef al, (1991) BioTechnology 9:996);
liposomes or spheroplast fusion (Deshayes, ef al., (1985) EMBO J. 4:2731;
Christou, ef af, (1‘987) Proc Natl. Acad. Sci., USA 84:3962); CaCl, precipitation or
incubation with polyvinyl alcohal or poly-l.-ormithine (Hain, et al., (1985) Mol. Gen.
Genet 199:61;, Draper, et af, (1982) Plant Cell Physiol. 23:451); and
30 electroporation of protoplasts and whole cells and tissues (Donn, et al., (1990) In
"Abstracts of VIlith International Congress on Plant Cell and Tissue Cuiture”
IAPTC, A2-38, pg. 53; D'Halluin, et al., (1992) Plant Cell 4:1495-1505; Spencer, et

al., (1994} Piant Mol. Biol. 24:51-61).
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resulting in nultiple tassels and repression of female tissue. Hubbard, et
aL, (2002) Genetics 162:1927-1935; Doebley, et al., (1997) Nature

386: 485-488. Anot her exanple is the so-called "barren 3" or "ba3". This
mut ant was isolated froma nutant naize plant infected with wheat-streak
nosai c virus and is described at Pan and Peterson, (1992) J. Genet. And
Breed. 46:291-294. The plants devel op normal tassels but do not have any
ear shoots aloqg the stal ks. Barren-stalk fastigiate is described at Coe

and Beckett, (198¥rechagnsiransies meihadsuch R@wlackipporatian £g0Pe Pattigidarexanpl es

i ncl ude t hﬁsé?@l%ﬁﬁrtr%&@d:i#df eS8 oLSRUERICOAdid mokdcuids info2PB4) sAtdy §Pl_ant
432: 630-635); lethal ovule mutant (Voll brecht, (1994) Mai ze Cenetics

Cooper at i offliNefiar eraraplesBlapt BrotoRiAsts fancls plestrpperatad mutharregancrfd
Mistyat sa, re‘:é%an@ﬁﬂ@éigl&%id%él%}:hléfs@h%ﬁ%n b@rm_ame%[b?'(ﬁ%mﬁ,tétgl.,eg@%?fm er

el enents can be enployed to control 10 expression of ‘the regiohs of the
restorihg Pragndpindcgdn§eir, UdDA182:5824)c drlecispalditoulsegraitign Seldnstrengtict i ons.

Those can . .0 . I | qutin
promot or (eI pefERRle" iRl e 4l e RiroBIBR Gt b it By D1
car boxy! asElectropgratadailantprétoplastsirefdrontbe -celh dat, digde kad dérdsa blanbtallus.

Agr obact er R ci.en such as the,nopaljne nt hase apd oct opi ne

synt hase 1 'S%ﬁé sc,a%ose\ﬁ glmsaoﬁ%tde@rsgﬁgelﬁcﬁ‘ fﬁ‘t"h‘és (?:S\gl P?W‘?’g%sai c

Vi rus (CaMéé)ds:I)QEGmm Trabsfpr ?Tb;tlélaatgorsibﬂngegi gem%gaaﬂi?li CNYI (1895853 A
pronoter. See, Ka t aL 1987) . Sci.ence 1 and Eur opean pat ent

ool i i ofeRalomERe, any’ 661 sgantaininge (i FsAAYCash JPBRTBN. 6w 8406 f or a
revi ew of inbledtle @i beidehffidd Midd PR FreSehdeddtl 3/ seleRhBIEeHarksr hbRded asent

i nvention. The range of available plant- 20 conpatible pronoters includes

ti ssue- spelfrGoRsHut i nduci bl e pronoters. The invention contenpl ates
the use of prongy ffehtidrhaVashvedmidrosifsdictheainre @f@f&ﬁ@h@ﬁambg{m@ém

promoters which preferentially express to the ganete tissue, e or

femal e, of 2ugefubmeiiod fontiodyeing espgersws nvsteiq aejdimalequies intthg pleat eeltul ar
ganete;dis = e AR t9f Ae744s g6lid (TeI=EN t he
many 2155 SUWBE%%E’ g??l)(ﬁ{)vm tsg?glr?g?%kiqﬁlée e?”r%et"ﬁ'g art %n%@.alggﬁg%g\?%hyed. By
way of exaapgeld ertungden) whichaare siwatashwitls dhh dpsitatonuslieit acichmoitale fyr onot er

wey of exaapueld ouknge shits do cheoBLaB y oot o
o o B lebatin Y CBfthin CEREARS, SRbcfliie ol BBTRlIE Rliebt, The 505 851
and 5, 689, iloprOicctie padinigd e acnslerdtedt dtchiglb 4pequt mboteplantdssue siigad U, S.
Pat t N . 6, , 523: d i bed, at _U.S. P Nunb
b en. oy, Belies sbat ¥ fe BROOISTICTANGh Gk S6f Bpras) st e
gBMJ 2 O%D g r M:mmm'gjadgh?néfiatédadlelMQSyO(Z{;%}G&lggnorﬂbﬁﬂp}ﬁggﬁ @ééﬁd@faﬂy @E@f{ﬂiﬁ fﬁL

escri pe . O. al en er N3 , d (0] unow, e alL,
(To60) 0 Fanstom Al os b e ol 18 drariimy Qe apun oratd e OibEG;
during antmethodeY alienogs for th&ltaRkformhtior? uding bidlided mettisdsdiengsii Biova |

(1993) AntR@r devel opment . basi c_pri_nci pl es and@tsr actical applications.
Pl ant Cel | (¥§ano(1R84) FantRayaist pRfei{r4iuvath (39999BdechrpledyadddSSiadeau,

SE 13; ; 2(1 ég?%%g; PEARdto&e 1908 2Trehds- AOPIanR Usdithcet 1 :483-4413 99 QlicBh Afd otife! |

25 mediated transformation has been used, for example, to generate a variety of
transgenic plant species, including cotion, tobacco, corn, wheat, oat, barley,
sorghum, rice, hybrid poplar and papaya (see, Glick and Thompson, supra, 1993;
Duan, et al., (1996) Nature Biotech. 14:494-498; Shimamoto, (1994) Curr. Opin.
Biotech. 5:158-162).

30 A rapid transformation regeneration system for the production of transgenic
plants such as a system that produces transgenic wheat in two to three months
{see, European Patent Number EP 0709462A2) also can be useful for producing a
transgenic plant according to a method of the invention, thus aillowing more rapid

identification of gene functions. The transformation of most dicotyledonous plants
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5The nmet hods and constructs of the present invention nmay be used for
transformati on of any plant species, including, but not limted to,
nonocots and dicots. Exanples of plant species of interest include, but are
not limted to, corn (Zea mays), Brassica sp. (e.g., B. napus, B. rapa, B.
juncea), particularly those Brassica species useful as sources of seed oil,

| falf Med t t 10 S | | ,
2 o1 ghum ( &, poanBEr St Mne gnHeR V ARstd  Sduqvgy { L Tpins SHesRafe ol | ec )
P t tyGadion plehts @ido eh aind resfanmad] xbowoleai Biolistit | et
ESgtnglr;SS mfo@ %% f|mr11$)r 'ﬁlet nE{(:E in«? cordaléi?]@um ¥ nmegl e
bl Dot nSthofeks sbdQREs Afbie Dot Rlast Bl FRkeR A dnoron e ey cum

aesti vum pepnphsind( Gelsi Merodaston todbBRIRO usNGC glasanfibérab Aytodactgnimt 0
( Sol anum t uber osum RF‘%S%;D&&N achis 15 hypogaea), cotton (Gossypium

bar bad nsé"e%%ﬁ@f‘ﬁ e Wfeet potato (I ponpea batatus), cassava

(Man/ hot escul efisay . &b amtioROhls8acsP be us‘é@cﬁﬁhﬁtrdo@@é% Mddic SAcid
pi neappl e (Ananas conos citrus trees Theobr oma

cacao), té@oleadendnio g §|3ﬁzarﬁ3§i’s()u Sp&tadent NW@&%&& 15%\"«0535%3( ePR@a
amer i canals, 515 &&W@@sﬁe%@amcaaa@vat QPS 1@9!4ngs@l ﬁy@)Acémrmq (Mpagi fera

i ndi ca), 20 ol'tveé (0/es europaea), i ca papaya) cashew

( Anacar di &h 63 TN ap@)oroma%tetcmﬁcarr@m anrahﬁea mtfqdeigmfr@mlpay of elpneshd
(Prunyg ap{&%@ BRA: AR 2 ERIrSd (IR sgguérae el Fd1pg UM
arle e I

spp. ), onanen grasses a con
Veget abl esnarket togetheowiik oelyn(xtjgeomsaemfsnmt,dem euitally targeadttissen U@mgg 25

Lactuca Sab el £ ORI rbRRST BHT UM B oo B CHERR MRS 0! 1S

| i mensi s), yrus s nenbers dm's Such as
cucunber (o€ PBEGt media)ed (Tamfajrmntpm)(mneaot‘aﬁuﬂ:erﬂahlehg regldnsnc’ﬁkrgenm)n (C

0). Ornanent al ea (Rhod dro S dra
(Nuc ophy PACTERa-gEaetE BeRelidbls(aPamBraten JeasBR.nerd SoFgEEcantkosa
spp. ) ,15t uldlipw thd wébpipcersen.or, m@wiféamnlcsf sbblaf:c irSgions Bﬂtmgnas)tompe_twm:h@s
bul chor 1 5 MEAM. SR SR IRIRIMAS chiororiapt SBSIRNA A EBAE BERES WMEnt o of
the pr eSe%nféﬂVn%Qistd?l@eatbesﬁédﬁﬁoﬁJy@lht and fsiie @ﬁ@j@i andceam beefilzed, agl fal f a,
sunfl ower, Brass/ca, ¥ ean, cotton, saff f% 6%gum wheat ,
milet, t Seleckable g'[aékears qrrassfarmiation £B ¥R r?éﬁfs 199;9 %8’3303 %t ants are
opt i mal , apsia 19y 852618530, W'aﬁBnMﬁhg‘é)r(ﬁg@i)amaﬁt el QBQJAIJEW resulted in Ot her
pl ants of interest include ral n plants that provide seedS of interest,

oi | - s€8d ik SomapiasmiglianHien rrw At 3 freqeqney foaﬁpmwm@t@{y e PEAEOQr ai n
seeds, 5 b'BH‘gﬁr@tﬁerﬁQrd? ta?gé??éavegartse?’prééeﬁge o?%rmlt 4 Setm}%'eﬁ thékd - seed

plants i ncl ude cotton bean ower, sunfl ower, rass/ca, nmize,
al fal fa, paarmrsw@mdtcre@tm Oﬁ_églhaﬁtﬁot@sgq&nanﬁtegtqr riet wgdu@@nsofafﬁfp@éas

e con” i WAl Mgl R8) EROLERL o e S ek cheEs i couben
set fort h tramsBEQatidh N@;uehcy arel dhdineddiygepiademeninofl tha gedessive rRNA or r-
25 protein antibiotic resistance genes with a dominant selectable marker, the
bacterial aadA gene encoding the spectinomycin-detoxifying enzyme
aminoglycoside-3'-adenyltransferase (Svab and Maliga, (1993) Proc. Natl. Acad.
Sci.,, USA 90:913-917). Approximately 15 to 20 cell division cycles following
transformation are generally required to reach a homoplastidic state. Plastid
30 expression, in which genes are inserted by homologous recombination into all of
the several thousand copies of the circular plastid genome present in each plant
cell, takes advantage of the enormous copy number advantage over nuclear-
expressed genes to permit expression levels that can readily exceed 10% of the
total soluble plant protein.
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This pronoter was isolated froma genom c clone corresponding to a nai ze
EST sequence. The sequence showed |limted honology to putative pectin
nmet hyl est erase. The pollen specificity of expression of P67 has been
confirmed by RT-PCR 15 and Northern bl ot anal yses of RNA sanples from
different tissues including |leaf, root, anther/mature pollen grains, tassel
at vacuol e stage, spikelet, cob, husk, silk and enbryo. The results
indicateahig | evel of ec C|tyfor expressi pn i n devel opj pol | en,
particularly at l?%ecql#?dthﬁﬁq?ﬂg bﬁf”% iq %rm%:)t??ﬁegﬁ gioy 5 Hhs shown
that the cherRddrmR Wilieobvehtiogd Svaye! Séé’\fforQ&Wé’ [AE0EEMICK) étl‘é# 91@86} ggn?hﬁet
e a

Chr onpbsone rb usi ng_the oat chronobsone substitution |ine revea
the sequenE@ Fé‘ﬁ gg%qogég%@! -Bhr JSS6 RIANES Gan 1y be grown angipollippieqdevifihs used
to screen thaMBhd@ %fbm@@mm%ﬁId.ﬁef@nﬁéﬁaﬁls%ﬁa ?@Mﬁn&eﬂﬂn%o%&g@'

subcl oned into pBluescript KS. Subclones corresponding t
sequences R¥REsHerRAf igdasired oheneiypis chamstasistic TaAR thandbrs ileniifiedontwo ot ar t

site has DR dRRralioRSdodt?! B doliiid I9das TRAl Blsidsdian! ot AP Igeli&nt i on of

5' end approach. The pronoter region was nane pr onot er
set forth phersipic maﬂentezstiC’elSMmmtmned dad inherifesihgt h. Thi s pronoter was

solated 1 10m SIRMB A0 EMIAINCIAN od T, SR ERNATe" The

sequence showe ogy "adtey
pol | en spesidh as trgnsfbnmtpnebss baeroéff&d&d haso bmnemrﬁr‘rriterestedar ya BIEnPaQ and

Norther bI t.an S.0 e [om di ff sue I ncl.udi ng
omt 1ot PRBHERE MG i B it ol e 60, o ARHE B SN et o
cob, P_us_k c@mbﬁsesathia altbragion. T‘ge“(:b?&w ter ‘lcbfltlrﬁlab[%nﬂ bt gdﬂ)ldtrel/@lar@fcerli”

Specli ICIt oI ex €SSl on |1 evel 0 ollen arti ar at the

P unt mucPuifles 8BRS s oint oSk an e Theboes e iblerEaladt enaitest: t ne
clone repr esentfs cBhiigl! ;ﬂantQ:Fr doPitror SIBMt Qﬁﬂﬁ@y'd&nid?i%ecﬁfr%xﬁﬁﬂﬂ@ﬂga) &hjjignosone
mappi ng using the oat 5 chronosonme substitution |ine reveal hat the

sequence | YPEQBRtY PRNt G/ sontBe sommderptyge ﬁg,t%stamng materigkfog tthe was

used t g5 SCHERAiclalBRbtIh ﬁﬁ@h':’e@ul&rde fFRSsbjet dpAe gﬂéfﬁ D@faound and
subcl oned Tnto pBluescript KS. Subcl ones corres ond

sequences Rapkoplant cglkof ithe samgrapnodypsens doe Stﬁﬂ'énq dﬂi ittt wdvichl has

been transformed with a null construct (i.e. with a construct which has no known
effect on the trait of interest, such as a construct comprising a marker gene); (¢) a
plant or plant cell which is a non-transformed segregant among progeny of a

20  subject plant or subject plant cell; (d) a plant or plant cell genetically identical to
the subject plant or subject plant cell but which is not exposed to conditions or
stimuli that wouid induce expression of the gene of interest; or (e) the subject plant
or subject plant cell itself, under conditions in which the gene of interest is not
expressed,

25 In certain species, such as maize, the control and reference plants may
represent two hybrids, where the first hybrid is produced from two parent inbred
lines, and the second hybrid is produced from the same two parental inbred lines
except that one of the parent inbred lines contains a recombinant DNA construct.
Performance of the second hybrid would typically be measured relative to the first

30  hybrid.

Further, where a plant comprising a recombinant DNA construct is
assessed or measured relative to a control plant not comprising the recombinant
DNA but otherwise having a comparable genetic background to the plant, the
control and reference plant may share at least 90%, 91%, 92%, 93%, 94%, 95%,
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10 start site has been determ ned using a RNA |igase-nediated rapid
anplification of 5 end approach. The pronoter regi on was nanmed P95.
Usi ng wel | -known t echni ques, additional pronoter sequences nay be isol ated
based on their sequence honology to SEQID NO 1 or SEQID NO 2. In these
techni ques, all or part of a known pronoter sequence is used as a probe 15

whi ch sel ectg i di t ] ti f
ol onod gerdiier B Sokoff & 1505 SEleRETIGIY of it} dhfloth ARRAL " ©
i Medrbodse t hainyalabarstadi-basedv ded i ravialisEblar forf dine t aealysis,
ﬁ;g?in:jisgnati or:- gf nucl eiyg aci d E!g gtf?nvee hIrrt:am'@l:?I o sed ?L_Oc:bt a? seystlsénces
whi ch cor r SYPRATIEOR Ak EHEKApRAATRH O Sla arPetc PackgRaess amRRe S gaehut not
limted t?isoiﬁxdfé}!e(dﬂﬁbmtezea Héemf:}ion @mﬁ@ntZEborr@ﬂli mmpﬁ)amuqRH&Pg;si Ica
rapa SSp. a a | 0O satll , I Za satlva),_.rye ecal e
cerpeal e? @6?%@%%@#%&%%?‘8@%& E,Sﬁ)éﬁr(me\()uﬁéﬁq%’ﬁY EDEU}?PI %‘i‘)@%’?‘e%\ﬁél i ant hus
’ O3t ! . . t
N ot Ana o T g A Sofseriee
hypogaea) , CoareeisRzedo Apiifigsh HrediensunSCARERt ABplifies (Tpameat LNt at us)

cassava ( Mg hBkonesid (RALPS), af@iRBie( SEfLRMCE Mpeats G WHIGIP GRS altyCi f er a) ,
pi neappl e (Ahanas conosus), citrus trees (Ctrus spp.), cocoa (Theobrona

cacao), te®fgrashp|asiniceisatliies)  banana (Misa spp.), avocado (Persea
anericgpa), fi i } QL A i~V ), ifera
?d,‘ ) Q?I%i's%ﬁaﬁlésfbf; rpogé@kﬁﬁtrf)egéﬁeg%/h't%géﬁbﬁba?a)&bé%ﬁcétybd?g

indica), olive ea europaea), oats, , vegeta , ornanental s, 30
and coni f edisots Andfie¢lady, \but preanetdinited tadmaingi wheak bptewn nye, swelet ookatq,

saf f| over, g ?,ng:c 5ot b |CQFP3(#%%?H|%IO%|{,‘¢&DG Idtﬁﬁéggﬁ@h spinach The

entire prondteér sequence of por ereof’ can bé used as a probé capabl e
of speci fiasdaragusy bniod; garlig feppen celegpeadasty punmpkdt, éempe queEahedsappl® achi eve

specific hybridization under a_vari f ¢ i ti o ro i ncl ude
sequences %/?'ﬁ{t qgapcé'e,urnﬂ?ﬁep i %{}egrtylp§§¥% ’a'?ﬁcgé} o |a§§§qt, g@%"@fe{?’?obgﬁ%%%’eoti des
i n | engd h, ragpblermp shlagkbetrgr aileapalke, lasasddoamaphay2 Onmaingb cbanates sogbéamngt h.
chosen or GRRTA B SAERRorHoR: Bicie SO0IOS! ARERaRs ANErn OPRge on
chosen org ' Ko r 5 i n ‘i on
(PCR). Thi <]§arﬁat,t mﬂgni, _qmgaqame,b@tmedggmams@g@irﬁbaﬁmﬁﬂmmvs m?m t@hd .
sequences from esired organi smor as.a diagnosti c assay to determne the
ot asence. oFOSHEHIBE RUEEAS SRRSO GG S TS o R asgeNich Bo

hybri di Zfit déHbtissllye MadifedO fplaHt akqd dPNPe! iifientibe Scdreiteh@h Bh%ﬁ_bt%i‘rrpror
colonies; see e.g., Innis, et at, (1990) PCR Protocols, A Guide to Methods
and Ap#l i cCOTRREPEMBdIs. | Acadenic Press). 10 In general, sequences that

correspond 0 ndfdUFBERS 2R ANRRESNES Mlsﬁoggeagégefiﬁa%eatdnomemwmfi dize to

a pronoter sequerice disclosed herein w e at | east 50% honol ogous, 55%
honol ogoussot@edensenwhishoare, sesdslRavas depiugeneraly derel efARsorb7408diofol ogous,

B0% horo! oRgH3coASd6REAARGYEm 903k HOTRLRTBLYIe SR ShETP sl even 98%

honol ogous or no i scl osed™seq ments of a
parti cul arangiespsrer haedwencetyl@ders. osdgiheperms producped atasietyo oprusehtle t he

pol | en;pref er . . j . Ly-] i Lsal at. Lde

Cequont, - WRHLES AFARET Hhetlicly <At SRLAReL GbBSP Sl 3Re8L ekt SLET RS

nucl eot i desottopr @hdr fidry aerbseast aledidings0 stuoht aguquisineuahe ovinbiastineyor e

preferably 20 at. least about 75 contiguaus nucleotides, even nor

D1 of or abl YO RAMPBIEL FORBIS, PUcTee Cofe Yirb s ol Uit REy B SEOpRAT 08I ar

Pr onot er rym:}siaﬁt irdentlscsrquemms; o&mfllfommrsahn. ad hgramsc| ails] ifctmsf caﬁcri]s uch
ragnents w sually conprise the TATA recogniti on sequence o e

par U1 cul arveselaie, ARdERRATRE SreaRRars AgiERbeoRNaIBI MR P BOu RS  of
restrigli OSkaphlY,MBErelaP MARSY feduffnd\al Widtd,y ofiseadr foldis, 2hardveb®t geesequences

di scl osed herein; by synthesizing a nucleotide sequence fromthe

. nat ur al | y-Bitbearingg P SgusHEgieny tawersg Vi rRNSrYr clpeges: @himftogy. See

particul arﬁé/oes%ﬂhk bReludile 2iCerdl PRk, MHIB0 Bfodedd rEedibId IpaiRd SR8, fornd
Erlich, ed. (1989) PCR Technol ogy (Stockton Press, New York). Again,

variants ofxamugecomadisenivbeat gileysothdye. peehardarags. fqubifas prassdisdct ed
sorghum. Leguminous plants include members of the pea family (Fabaceae) and
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30 nut agenesi s, are enconpassed by the conpositions of the present

i nventi on. Thus, nucl eoti de sequences conprising at | east about 20
contiguous nucl eoti des of the sequence set forth in SEQID NO 1 or SEQID
NO 2 are enconpassed. These sequences can be isol ated by hybridizati on,
PCR, and the |ike. Such sequences enconpass fragnents capable of driving
pol I en-preferred expression, fragnents useful as probes to identify

simlar sequences, .as . as.el ements bl e or al r tissue
Spaci 1 o ¢ groauss & cndactisti B2ytio5HE Hava G e oS R eommte ARt uonac
are al so emmeame@dwpréheomﬁogeél omiskpia, tm@thpnsmrﬁroam\beam RitineyA
regulatory 'varj ant" nodi fied form f a rom)tﬁ V\a/rf g’e or nore
bases have %@br\'"’rﬁ)‘a\?ﬁn é%r“*' rCQH’B\?édd"éf e dRe PRINULRS WG @S %ch"idﬁ Shay to

renove par ireffi, @oldNandesHiome Oifscka draﬁsamerxaauebe@@@maﬂa@u@afmaslam with
DNA anplifi cation to produce unidirectional nested deletions of

doubl e- Bt r BeiEe AN CNElHER . SOXbEFIMENIPWET kiapeseRd (PP IHuANb SBMPRSET) d under
the trade AggRsEeris H8d Mcliihartwold Be88 MR oAb BerdARIP Uobdy Mbts that
Briefly, procedure entails I ncubating exonucl ease

progr essi vgenyera@rrba\ee AN slege Srunk).t Ee(ampletsOof&ucbutrmun@indetai@r asher hangs
bl unt ends t I c s unabl e
to renove ng&f ‘ggagt(n@d%b%géﬁé @\P/@r‘ hée_{ll(nég %F?r@’g él ijl 'Vgtdc?r one
with this bnkqnyeiopuﬂdmlmmah rpecimonoal pnalar.esycamm nuaieut Béqucnm,eam(arrpl e

nor o obfer FUREY; PSR bR SR cadmPic 1 B ROupe PSRRI SRSRE

pronot er umaterid bad WBTA box near the transcrl ptl on start site may be
acconpl i shed w { hqut abol i shr rormt s described by, Zhu, et
2t (1005) “The Andite<iam Producdss Srrise Wik 7 hafifeiRenen SyPe: 1A% ai n

pr onot er 23ngr@§r§erm fryit carabé s@rtdbaéfoy hUfiRinaRidnirh3l doBsGinplien 6xfiF e@rrﬁcm: in
speC|f|ct| e B|0I0|cally active variants include, for l e, the

native r egG giss thet sperdes: nfORt P GRS IoRS 8 age oh B¢ eot i de

substigyti ermoer@erawm@t Qfre | g1 tbO Mfeir AGYANAG ¥ Ak i&ﬁ.oraearsrurt%amg

Nort hern bl ot analysi's, reporter activity neasurenments when using

transcri pt PRGIASPETS| Alssinclude arare. (orange. iwaon, qu@p%f;raﬁqﬁvecadgsd@anm%k at
at, (1989) ,l}@.lqe n Qr I ng

Har bor Labor at owi,kla ﬁnﬁ’ b(?kfbr?uf‘ éﬁ% ﬁ&b&aé\%égraerf@n%%ﬁgger oraigee@gy

ref erence. raspberry, Wbﬂlm emmeam!asefqmtmegucruﬁmbarhwcpcﬂggehn Ends.r ot
pronot ers ﬁﬂ%.:l F=1s d
fragments ? ere q'é"r“@" usrs%'? Eﬁ&B eélé@%ﬁ%cﬁ&rlrtg%%ﬁa%& ar ‘?(’g‘ﬁ %ﬁ@%ggm ant
when oper abf ycdrmmkladaliw trhpartant somatedtalutibwersi dechsdsguenee livhokilip eand essi on

nucl oot dcouuynaRH PRSP cARRIE" Fa4FRE 8| BehRRf BRER: ondh €29 occa

herein canm&rdenorahidsseltswnlsee]uemrz‘edr that ttaeg:ﬂ'emhtgevmt:oByalsﬁ amahi sense DNA
nucl eoti de se is int endedwﬁ,cgld uence er se orientation

to the 5' - P& cex B?'%QV'BP?WQFI 1A PT Pé&lf’éﬁ tfH'uence When

delivered into gefhiantenfidimentsPiofs Hi®nimeniide awircsmaseh&Nprabistente

prevents norrmal expression of the DNA nucl eotide seqt uence for the targeted
gene. Ihe maintenance of homozygous recessive reproductive traits when using a

transgenic restoration approach, while decreasing the number of plants, plantings
and steps needed for maintenance of plants with such traits.
Homozygosity is a genetic condition existing when identical alleles reside at
corresponding loci on homologous chromosomes. Heterozygosity is a genetic
30 condition existing when different alleles reside at corresponding loci on
homologous chromosomes. Hemizygosity is a genetic condition existing when
there is only one copy of a gene (or set of genes) with no allelic counterpart on the
sister chromosome.
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5 antisense nucl eoti de sequence encodes an RNA transcript that is

conpl enentary to and capabl e of hybridizing with the endogenous nessenger
RNA (mRNA) produced by transcription of the DNA nucl eoti de sequence for the
targeted gene. In this case, production of the native protein encoded by
the targeted gene is inhibited to achieve a desired phenotypic response.
Thus the regul j ein ¢ I ked to
ant: sense. A Saquiees AR TSR foosthil T alon daP BRIG Hett,
exogenous @u:me\mdrby introdhecimd Etd a plant a restrajion trehegenedmnsgeidnaids linked knovvn
whi ch i nhi en f tign or fupction or ersa and sequences
whi on accolt isBuiEoRRR e v Pesiofatin. Haodieoe B srBfSarotmABa whi o
can i npact mateerofdmed:lamm@tcratefwhﬁhhwmﬂs owdomﬂ wikedl aheUrdstoringt ent
Number 399,856 and inclu nant nes such gs totoxin
Jones, et Wyieasae g B TRbCRIb I 4 RETD T b TOBIENGo s FoRsalre Mol ve
genes incl ydes shepity hietic tralt] Resfored e gasdtr fLRERIPoRME Mit.( Rl Heant

Physi ol . 95 687- 692 cell cy cI e division mutants such as CDC in nuaize

(Col asanti ‘”“@E‘ gane ‘%T@Ql‘)y ﬁ‘rrB%e ganate-spedfic-praptoterisAll polles eontgining) they he wr
20 gene (Fl%rsfﬂ?étiorﬁtﬁ'aﬁgené @%Be*‘é‘drﬂonWbleG%W:a@e%ﬁeﬁ Bl%liuc@cﬂz%rﬁﬁiﬁs gChen, et
at, (1991) Proc. Mad. Sot USA 88, 315-319). A suitable gene may al so
encode a p@Qm’e'Pfthﬁ ri'@@ﬁ&?é’@ allels hu dnesi ney cgntam thegesstaraiinretiansgeel dmest i gma
interagi I conmbi nati on

t her eof . ?ﬁéréﬁﬁ%Ir%ﬁbﬁtﬂgﬁgg{%ﬁ*bogigtsﬁagé H| ﬂma ﬁlgfréfah eVrMBfaH@t he nor mal

accunul ati on ofThst aaiten frampéie eraingainar caotbeosred ite fodilizen planes thatt aren pol | en
may al so bﬁorﬁ&&éﬁ%% r e S&iBie tF‘LT‘i lé‘?ﬁ thteoﬁrogé@f%ﬂ?'thérgfﬁrﬂétéﬁ their

al pha- anyl ase mai ze ta- ng enzynes such as
Sugaryl anbbmaiﬂgahartasaﬁswgl o;omilltme TrafnmaB:ftaBer plant cohtalrmg tHeI restoriagi ve

nbodi t | f whi.ch
catalyoes RIS PERTA Rda e REASA o JRUTRIEN R B Bt B 4% PR,
used. Met hydeat e@datdqmmdeae fairthier paintsathBearte lerhdzygoabirdddsgivarfor tveldenbe f ound

ly in the, .t DAM net hyl d, b
Cuch ot hy S o AR g BRI RAO BRI IR ol ant DNA. Exapl os
of so-call ed " cpHeohikitaineg PRAS msdass(wgam sonsa ok pwm ihaQingd@e but are
not Ilmted to ectate | yase from Ervmpla chr ther;g%m(Kenn

e
ot at, | ( 10BUSlOGs Becasseatait cdne SeIaes iR REVTIAIN SEOHC B A
(Greenfi el Raviry thid horidAGdUs MiceBsivBidalt-anfCaslch Ao RN EREEE Seqbiaidast er, et
at, (1987) Cell 50;435); T-urfl3 gene fromcns-T naize mtochondri al
genomeZ0 ( BRiEAUCas: tfl?{e'"(‘ﬂg'gb)W‘P’F'ﬁnﬁeS@é? the - trais creadege\py e BPMoEYaPs'$) Proc.
Natl . Acadreceedivd2felRd: 571%41}1& %Arés’iﬁ?bfbrg%'éﬁuéﬁ&mls's llﬁﬁ&i lth Uﬁuélé’&ft'ﬂbng' ensi s

| sraeliensis that causes cel nbrane di sruption (MLean, (1987) J.

Bact eri ol a®Biencas tha, mterﬁ%reemth Ntheb &inclion 1 Srosipn, wa@é@ersﬂmé eraale( u s
Pat ent Nu?ﬁﬁﬁeésfsg'ﬁ ‘é?ﬂ)e caHrdbb?eﬁé?os reVentIBhaat d?f&r rhale g&%e?é'g be 8

Furt her, met h t he |nvent| n are use in retaining the
honozy gousfuneiizsef the rcalagjametes by any af asvavietyeof waihimqmwdahtmcandnlg pI ant

fertilydy. ncﬁh‘?m%ﬁr}g E{i{l I%I{(@gfhogglgﬁ%ugﬁg%aycﬁze St]rga ﬁ'tqlnc;t li ﬁ“tg

i ntrodticed" 7 nt o a cewh I‘thBItS t he
formati on, czimrmchndem,seanf odespengal genbs pdiidhesxrmash ammn:iuctraytomlcfturmdﬂer | i nked

Egraegglngl EES (FeoiE; Pty RE PSRl Mgty 25 /a2 8a5 a0t a0t ol ane
of the gene o | er oSt and one o' LNE ¢St o o | LASIne. Saguanees. ol
OF the Peneamsts RTatb, fandionnar oRpaiL (55 U suritaien idBes, S SRR o>

transgene amf 6207, 405)S 6binbpe! With adrdther jerROblddiat ¢l ﬂ?ddtﬁ:epbaéﬁbsfé?ﬁ@“ sing
the recessive alleles. Half of the seeds produced will carry the 70

transgene BSVERlGY SAMElgRIMAtiRy fWEtinRans dspeisab (Pendd s rﬂi\t%r unthgrs

hem zygousg @IG@@B&' 08, 0@@'8598 g2sRlaakned 30y, 886! f 6IMsidys: heMmspypayS aphant ;
hal f of the offspring contalnthetransgene and thus t frait of
i nterest. 5792, 85 ) are antlsense to or cause co-suppression of a gene cntlca! to male
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Genes of interest are reflective of the commercial markets and interests of
those involved in the devel opnent of the crop. Crops and markets of
i nterest 25 change, and as devel opi ng nations open up world nmarkets, new

crops and technologies will emerge also. In addition, as our understanding
of agronomc traits and characteristics such as yield and heterosis
i ncreases, the choice of genes for transformation wll change accordingly.

Regul ation of male fertility is necessarily neasured in terns of its effect

on 30 i ndi GAMeH ferEatian, fﬂﬁﬁty%(éﬁrﬁ@e@%ld&eéséi SnPaInO RS, 4B gr ai ns
i's required #53 GNeeYe 348! 5B S58t ghd ‘5'7143( GEQI of HEReCI al use. However,

successf ul suppreSS|on or restoration of expression of other traits may be
acconpl i shed w Ordinailisr tos praduge nagre Wétnlfﬁ mayingathei ageasive joopdiionf one

exanpl e, ’f‘rﬁ%ﬁsébgé‘ the’ re%%é@%g@?‘@nt%?ﬁ aﬁ&?{ PFeJe@gY% pﬁﬁtl or 48Y oﬁiﬁ ' n the

desi red pheno®t Ion utrlr or avarie
genes, ot reqerssmledaiartb tTiniss exawinet beaieiseeblelfq OIS o&hmﬁweérasta;aammqy bé;ener al

'm0 or ral O3 dor g SNl Bk FClmple e B on s AR GbEn  ccn

as ki nasespnamdulthoess thevimmezygoos plains witbemewndfpiaiudiavﬁ@ the agsteiation

proteins. Mire ific cat rles of transgen for,, exa i ncl ude
genes encodFfg $'ﬂ§§}5tr§ﬁl‘"rﬁ ST LIRSSING 18 %gﬁea thﬁr'@%f'%tgﬁpﬁ to
devel opmenbate hisintgactiheirotddsivel sHendiyplcanated Uastee, ig oPvtdinbdditiestithe
resi stance, di sease resistance, herbicide resistance, steriljt grain

char act@r i ¥veation prayides A RIPERSS INYYRiEh Kedionegzygeus recessiye eandif F%Ee

general |y, pidiamelNWAlle/ 6@sbifg A With e SbfidiRer Man OTHE diSod B4n Betursb@nt
met abolismas well as those affecting kernel 'size, sucrose |oadin and t he

li ke. Agr oMéhiany situation 8y which it &Sadqsyedd@ﬁoaw@ the' recessive cansdition: o
cont ent CaPe%%ﬁig %%!gﬁ?%lblé:rﬁﬂ)l&eéc?ﬂ Bclﬂ%déﬁfsléﬁ'i‘ fdrOmHtdisin taaﬁgiptu'le{?Bﬂlof

br eedi ng net cations 1nc ude i ncreasli ng conte el c acid,
saturated SamozygRusUesessivediarts. i ncr easi ng | evels of lysine and sul fur,

provi difg 15 eqrehl il nathAndis! Aesddl dBhifioR0d! bd¢ it Broilicsd ﬁlﬁéﬁrgers

Fbrdothlonln protern no l'ons are describ ten
5, 703, 049, steri§gs tm)lnalﬁtam 397, ohmecEsMg0 MBeo. coAtanm e funeiiomg | resfosing ysi ne

and/ or sul n the s n 2S alb escri bed
ThuS, * pat HeodiGpa Rt ERE of Helticmetinanter URRRR, 40 rlsind 6,

barl ey, dehomoﬁﬁgbusnrdaé‘sépwarmam , akid taCb(;a:ﬂuce( ﬂzi%lé% pbien. J.ml?g)mnmate

165: 99- 106 er ortant gepes encode_gr owt a rs and transcrjption
factors. e “qty,@?{?n%m"cg??edg‘?g’ CaRCHRn; ﬂ%Fﬁ?/@q idgr ?“?@"eé'fﬁr‘@g‘g on of
genes bhat intéfféras twiglr Mt formators GMQJ:W tdispese Cdfathb ymgler gdrfeted \ofrtagment al
stress. The e include, for ex genes encodi ng g%:t oki ni n bi osynt hesi s

enzynes, t JESYIES jiry @pé’?ﬁ"éﬁan?t ﬁ"é'ﬁs gt Jraduegs, @9" COAAYNG X the n

cat abol i C ?e"té‘éﬁﬁé alISICHT tRS rE3tbRK g?‘érié itdRgRe IS@J&?&U@E&H@ pelicRApgpmpt | des
involved in regulation of the cell cycle, such as CyclinD or cdc25; genes

encodi ng cyYelG activaf ke |5§0Qﬂd wm seguempaasTmRmabi@npﬁen fARlionKs 2,
hi sti di ne HB{??@RQ%&B@W&H% h%rre %ﬁﬁ lt,gh ?r@ctr egul at ors. 30Furt her

exanpl es inc I sease or ICI SIS nce , funonisin
det oxi 2§ cat i on benexarmnie, 3t Isnmsaablem pm]mzn&ss}erllawmaiems fordisgiigease

Sei ence 268 EuRd {RAGRGH pBbess WAEh s SRR pS Dt reblly VRl by >
synt hase (ﬂdr@ mutetiants thehB45 gedet @ ghee bihidhde essaritial foneeals fertilitps Subke S4
and/or Hr 4a mutant MS45 allele is designated as ms45. A plant that is homozygous for
ms45 (represented by the notation ms45/msd5) displays the homozygous
30 recessive male sterility phenotype and produces no functional pollen. See, U.S.
Patent Numbers 5,478,369; 5,850,014, 6,265,640; and 5,824,524. In both the
inbred and hybrid production processes, it is highly desired to maintain this
homozygous recessive condition. When sequences encoding the MS45 gene are

introduced into a plant having the homozygous condition, sporophytic restoration
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mut ations; inhibitors of glutam ne synthase such as phosphi nothricin or
basta (e.g., bar gene); and gl yphosate resistance (EPSPS gene)); carbon
fixation, such as phosphoenol pyruvate carboxyl ase (PepC) or

ri bul ose- 1, 5- bi sphosphat e car boxyl ase/ oxygenase (Rubisco activase, RCA);
traits desirable for processing or 5 process products such as high oil

e. U s 3 [
((jesgturase genegfghU{}%eS@t% ﬁ?aﬁg)etéﬁ) g}éjdéz%egvg%géﬁf%’?léfa&%yrﬂo%ﬂ i%é’d

st ar cﬂe; (taegnethéﬁ)%twlrrw(phw?hsop&Stawbmhé@?gﬁﬁhMﬁhomoiwwatrbe?slye( )S)S) ;
starc ranchi.ng enzynes (SBE nd st ar ranchi,n SDBE) ); an
o yrors. JRKiGYeABrPRLERpon 1t 3 FicaBhd fiS4REoErd! Goa Bus Whogriariges )

Eet gt hi ol aaetoﬁl ymrwlgeuﬁbu?xﬂeanr&eamwaé@:ndagéhamma@ﬁrmlesG@Aren@auct ase
of  pol vy TR Y HAL) jrevanis Bf doadincar BhcRERUCERE HPB) o
i ncor por at@ddit if prﬂérerm wHibie isRikeads a0drofbeerRiieesiy itd ByRBEdiemirHel d al so
be conbined with neth or transformation technol ogy, such as cell cycle

regul at i orfMale gaingtess ?@?g@w*ﬁgfn(% plpnt whishyprosligas viale pelflervemyaininad W

99/ 25821) , mgmmh§&|tﬁ§%§&;r@ftr%ggﬁle gbestiugr ei n i ncorporated by reference.
| nsect resistance genes nay encode resistance to gests that have great

yield drag sucrﬁragxara@ﬁwbﬁrﬁonébrwtdhaﬁms_iud%ﬁ)%@nMéé 1geBg raperabiin inkeldetol i ke.
Such e I ene
0 PP crnb A Brorofir SRR SsuBRRsuts sl IsaI S, BAgl Midbdenes
5, 593, 881:;5,837.861) amt ftailﬂ'ler (rlmkstp t@metoéra«clbel\d methyilase, gerenurtemeentralt  at |
(1994) Pl agty, MbﬁGE’??fieréf’erS@t bgﬁﬁ kY n L iNtaber 5792 @ﬁﬂ'%a@é‘%ﬁﬁ' ng th' sease

resistance traits i I cat1 on genes,” su as "agal dnoni sin
(WO 96061 7&sditihg dlahtiprdiced pdEN, bavthe whbndzbl¢ paulidn condaifs thei medS gemesi st ance

R enes 9. Martin,_ at a

S oo 2ds B0 EBrefite B paed 88 Aoolifafp SE wiER 5¢ nodfBLislss Bherdivedinoe.

Commer 3 al(msr4svms45)aancahe{af/ohﬁ tb@pmbedymmcaxcgemﬂn scontwhueczb bzombld stetiler or

i ncrease for _exa te arch for the duct P g extil ?s_ and

et hanol . S PrEefte’ DeiIEa s oAV aPuVLPh EaP: nT1i ABEREL LRSS contiaa

Anot her i ripefidtAytiucdd rasterirer ttArdhens Comdtrutt, ansforned pl ants is the producti on
of polymers and_bi opl astics, E<¢uch n.US. Patent Nunb

as, .desc
5, 602, 321 i ssuédefbhMA Vet °'1339'7?“' é%a%a\a%laei%% Btrﬂ?t'ﬁsatgé"alﬁHBase

(pol yhydr ostasiey. ym&g%tﬁéﬁ'ﬁéh@ﬁ@ﬁtmaﬂt@ RaR! AN mbg%éeadhqh@%%s{eﬁe%r
Schubert, et at 988) J. Bacteriol 170(12 837

5847 litat
oxbr 658 orPHEMA B UHL Amialingn e geaan helude s, SENE03 ganedates
i ncl ude pl mwneagﬁm%oaa%sae}ﬂaééé.baa atelb @ﬁzémﬁ Ethé rs-‘saze% &he JaubCes

i ncl udi ng prokaryotes and ot her eukaryotes. products 57 1 ncl

enzymes, JoRR 8y BSThHslespikes abWwP Qﬁ@ﬁﬁp‘% M$Héﬂ"@v@ﬂscﬂbe%@é&|trﬁf§ﬁ@| ns,
particul arér%ﬂhﬁﬁﬂfpg' %@%%%&&atcﬁﬁ&ﬁgpgggg% SAREOMSE @t@hl’%‘l%? % oy but i on

to i nprove e nutrient val ue can be I ncrease I'S1s
achi eved byanddaredouvewd i oh Geneics K& p@ﬂO@DﬁisZ&&%-ﬁgBehhanc%mnvndham d

cont ens Arabadopsis MS2 gene described at Aarts, et al., “Transposon Tagging of a Male

Sterility Gene in Arabidopsis’, Nature, 363:715-717 (Jun. 24, 1993); and the

Arabidopsis gene MS1 described at Wilson, et al, “The Arabidopsis MALE

STERILITY1 (MS1) gene is a transcriptional regulator of male gametogenesis,

with homology to the PHD-finger family of transcription factors”®, Plant J., 1:27-39
30 (Oct. 28, 2001).

A desirable result of the process of the invention is that the plant having the
restorer nucleotide sequence may be self-fertilized; that is, pollen from the plant
transferred to the flower of the same plant to achieve the propagation of restorer
plants. (Note that “self fertilization” includes both the situation where the plant
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Expressi on cassettes of the invention, conprising a pronoter and isol ated
10 nucl eotide sequence of interest, may also include, at the 3' term nus
of the isolated nucl eotide sequence of interest, a transcriptional and
transl ational term nation region functional in plants. The term nation
region can be native wth the pronoter nucl eotide sequence of the cassette,
can be native with the DNA sequence of interest, or can be derived from
anot her source. 15Q her conyenient term nation regions are available from
the Ti-pl aRRAHCIHE the Rofigr s igrblired Wit thal Samperelians fNAhe FHUAUL WARER
nopal i ne Sﬁéliehaﬁ@:ntﬁr{)lﬁrﬁ,aéﬂ ROm' & Yo of é@ﬁetﬂﬂaﬂfide@ﬁ@él‘ MaAd; pdlindtes 4 1991)
Mot Gem Genet 262:141-144; Proudfoot (1991) Cell 64:671-674;, Sanfacon, at
at, (1991)plaphudkicheis. a mengticallygdenficgé indivgual: or @1900p ¢ sigh ganetically
2:1261- 1273 r t : ) ; i : | -
1989) Nucl dentedlhénts 31 8 %7ﬁe$€§§§-87t5%§?§3§;°ﬁ?’,§&%°tta@ %f 1%%%&%%?& ® i d
Res. 15 96pallepcBat it will be qurdaiarerir S8t thes swtles {thedsmatrigamered! | Theont ai n
5' | eader I : C ation.
Tranel a1 ofe i aaanne §oHF e ERASARANTAR YR ARl ind SiERIRES 1R SLers
for exanpl seedEMBihg teadmsidiing t(dhsgepd abostpuet aTtietsedecibn pooveesdicag ooegr on) ,
Elroy-Stein, et at b &‘%?891) Pr o]o8 Nat - Acad. .. Sci. tUSO%EIB‘g: %%‘26- 1eC,%_0'
pot yvi rus PEARLPES OF BTG QLAY KNG POcEERTS: (FRoBRELE RICH BHMEULe e K9 i son,
ﬁt at, (19&6)?rawkub | :kle@twerse(qr\{hhwflmﬁd tyles Ariackeyi game) , Thé mdrm)kcah% 9- 20;
uman j mmuno ulin heayy-chajn, bindjng. praotei Bi P), ,Mace] ak, at at,
(1501 | SroEAEI8 500 e bl  oith B R Bufaon o) e Sbed Lot it 8 ' e
of alfal f arggnFatich Yeduihct MA/GINGF thbse It Bebdudbd dom (HED8dad Nading the
325: 622-625); tobacco nosaic virus |leader (TW), Gllie, at at, (1989)

Mol ecul ar ‘ESEHTBW BAURRES- pages 237-256; and mai ze chlorotic nottle virus

| eader (MCW) LigmER| emBddident ¥ 3Bd) inVeAtRINO Y isg?oggigr@%éprﬁée ahaP the
Del | a- Ci oppa, etal., (1987) Plant Physiol ogy 84: 965-96 The cassette can

al so cont aplemaieER¥ies thaalestorpion. ge0¢ dnJndudiie. afddienalreentel 4pithis y such
as intyons : ' Ne, hi-d ?dﬁ.,g he
expres?;d %Ilrogv ucltrI o? érﬁﬁégﬁgkig&gﬁgﬁttﬁd%%gg? encyt?l)b%gﬁ gaﬂﬁ%%aé

par ti cul arrestagalins hecleglidet sasuieneesyist ¢rasiutiyshn sialel stesily| dplsaype obmaled t he
endopl asm Gehf) i bhitBln e BEOSC o 40 S4F I Bfr fr e plant
extracel | urarly, e expression cassette can fuUrther conprise a coding
sequence fnecone rfartis, t thpeptiucieg stbstanceamsst bpepoiided, and thel plakheih i n t he

art and ingclude, .b arg not limted.to: the.transit p e r the acyl
corrior progare ile oAb bt TR ECEE %R REGRE Seriionca® and”  ne
| i ke. 3®I ndegotipadi sgprahehexaiigsiolien paxsietd ewillt hot \oantain sthBNAestoratiorent s can

be mani pul attgd .dso as to provide for the DNA sequences in the proper
ori ent at i oOPUGIRRIIe BRI oriate, in the proper reading frame. Toward this

end, adapters ap {dtngRitRercambbeinfimp|cPWRg ihveritioh) tidgafidfe fcoagoRmY ther ot her
mani pul ati ons can be i nvol ved to provide for convenient restriction sites,
renoval of rangsaissip( @ sheprestoration nucleotide sequences can be the female gamete,
instead of the male gamete. The process is the same as that described above,
25  with the exception in those instances where one also desires to maintain the plant
having the restoration nucleotide sequences by self fertilization. In that case, it will
be useful to provide that the promoter driving the restoration gene is inducible, so
that female fertility may be triggered by exposure to the inducing substance, and
seed can be formed. Control of female fertility in such a manner is described at
30 U.S. Patent Number 6,297,426. Exampies of genes impacting female fertility
include the teosinte branched1 (Tb7) gene, which increases apical dominance,
resulting in multiple tassels and repression of female tissue. Hubbard, et al,
(2002) Genetics 162:1927-1935; Doebley, ef al., (1997) Nature 386:485-488.

Another example is the so-calied "barren 3" or “ba3”. This mutant was isolated
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15 renoval of restriction sites, or the like. For this purpose, in vitro
nmut agenesi s, prinmer repair, restriction digests, annealing, and
resubstitutions such as transitions and transversions, can be invol ved.

The following terns are used to describe the sequence rel ati onshi ps betmeen
two or nore nucleic acids or polynucleotides: (a) "reference sequence", 20

(D) o oAb, ARk SRR e BB BP0

a defined éespnbedeatd%mdaad Retérasn,s(1062) deGaseic dndaBrpatli $&1091-294ef Bveence
bset th LI et f a specified se nce; . for

xanpl o, apaB-afe Al tatsdls, 8Ok 45308 nBve Aoy e nefiE A8 T ekS et e

pr onot er qun‘emfa!k fastigiate (ib)deAsriber ait Goeeand Béﬁké’aaﬁmm be@d@énétﬁkes

Sequence, FREPeNPRAR TR caTntl SamBiEc Bk e BompAr Lok codre

ref ?L ence (i@élmame e@rw WwegHi N%mree 492*6'(30@35§f i{-)ihléﬂ oIO@IbMﬂUi‘a'n@QVblﬂfP?@rﬁquence

in the comparis conpri se additions or i ons :

Gaps) - conpeed) idS e i anee e Naree ERRR hok 86 CSENEpiBN O deata ¢ i ons

or del eti opgikutafd m;gtyd”fgé (@gygm,kgﬁ4@2@gesmgrequences General ly, the

conparison w ndow is at least 20 contiguous nucleotides in length and
optional |y can @& wntmmmblelommtehﬂ@ﬂe@ﬁtwud@s efupigvedt tadeontral | engt h.

Those ¢f skidrbsdith Bhl‘ﬁeq'égioHQg {rétr@%nﬁ@ﬂ%ngdén%"é&hgtr@ctIﬂilegrén {E%@cﬁﬂéy to a

ref erence sequence due I NClI UsI on gaps nuc sequence,
a gap penaplto;emsamymr@a@mq/ Thasecdndedlantdene mmboﬂess;tsedw as, d’m etemplenber of

mat ches. (e, 5ol biBRR e BRIASEE A°ua! aR8fuEAGE: bARRLRLYY wERns | he

val ue 5 de ed sequences "ov
conpar i sonphwaptats, catb@melaaet he qm:moﬁem faim tthe tpmioy—mdublegt pldsms*lsqtremce in

e comha Aaha s A Mo oS e SR Rte S0 o
del et i 0f1s) ploomotensi brairalaprogmtestsuch dshibet camilifeepranossic viFbe («parmwezmgsge S
cal ol 2t Y RSt 1 rdfoR b TP JBS PSR Shb ! Bl S G
posi ti ons, (1¢8V) diciegcé Izeenugbqndoﬁqrapé@hpstenpammac@m iy, 0I3a2tagsl seenber of
DOS! L1 0nS i OGH Bl SRR 7S e SR e sty °° *°
Pdentity” fitapgl BmHidyat irflehs estHeEtemvBR®IRS The range of available plant-
20 compatible promoters includes tissue-specific and inducible promoters.
The invention contemplates the use of promoters providing tissue-preferred
expression, including promoters which preferentially express to the gamete tissue,
male or female, of the plant. The invention does not require that any particular
gamete tissue-preferred promoter be used in the process, and any of the many
25 such promoters known to one skilled in the art may be employed. By way of
example, but not limitation, one such promoter is the 5126 promoter, which
preferentially directs expression of the gene {o which it is linked to male tissue of
the plants, as described in U.S. Patent Numbers 5,837,851 and 5,689,051. Other
examples inciude the MS45 promoter described at U.S. Patent Number 6,037,523;
30 SF3 promoter described at U.S. Patent Number 6,452,069; the BS92-7 or BS7
promoter described at WO 02/063021; the SBMu200 promoter described at WO
02/26789; a SGB6 regulatory element described at U.S. Patent Number
5,470,359, and TA39 (Koltunow, ef al., {1990) "Different temporal and spatial gene
expression patterns occur during anther development." Plant Celf 2:1201-1224;
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| 5 that a pol ynucl eoti de conprises a sequence that has at |east 70%
sequence identity, preferably at |least 80% nore preferably at |east 90%
and nost preferably at | east 95% conpared to a reference sequence using
one of the alignnment prograns described using standard paraneters. Methods
of aligning sequences for conparison are well known in the art. 20 Gene
conpari sons can be deternined by conducting BLAST (Basic Local Alignnent
Search Tool; Altschul, S. (1993)J. Bi ol . 215:403-410; see
al so, ww. Folstbery. nehidk. dé@?ﬂ&@’f‘?ear Q%\éﬁ'%%ﬂturhféic éneinies BBd practisal f or

identity tgpSRAHSRCEPISANES! Bel%'rﬂzhbeaﬁtl}w ?ﬁl‘t"ﬂ@h rdetséb%%é desequence
can be anal ?/zed for identi tg to al |cl_%/3ﬂava| e DNA sequences
3

cont ai ned flgooNadeni, eERENBD @a?’ﬁ%taﬁ@ Q@D A3 @@.NS‘FNGAJ @8951 Bntqelr the

def aul t paé @ﬁ?w gFor purposes of defining the present invention, GAP
(d obal G rogran) I s used. GAP uses the algorithm of Needl eman and
Winsch iJ Mol . Thi ohetheds 4nd- aBBirud9 2d) theopdesent inentigini gmyehe usedt fao

compl et e SEAUANERTOh A 3P pIRKISPRAES hOSARNTB oA RLE U SpaRal BT zes

t he nunber gaps eation na ty val ues a gap extension
penal ty vatioets. |Exafviemlcr5|plahﬂsmécaetshﬂ nr\ttmsbneiude Pataegmnt nmltcétﬂtor;ed)mxzea I nc.

San Di ego, f rote| n_seguences, are and 2, respectivel

mucl ot | deELN ESSTERL 16 (s PGSR 2PBa . A sah He ey LR pres st

dﬁf aul Lb gﬁmﬁéﬁmﬂﬂmsmlads‘swﬂsee@oll PafaﬁfemMeBIca’tjycb aativayfrlc% (Orpzapsatiogint  of
the s ols t re si ar eacross rom gaps, are
|gnorg&|0 AYE; E%CQ gyepiE 's%glé‘ﬂxﬁé’ NI W(’g@’g} Hipb?eg pair of
symbol s i spedreailrs épmﬂséwmegw@du@oPQ;saQnmémasﬁcam Aillatsuk ieasp hfliet The
scoring matrix used in Version 10 of the Wsconsin Packag e&&%s (Accel rys,

Inc.,” San (el italsp).ifinopr orlletd Sleysing coragaer)w synflowrn (refakssst annuysig o)
Proc. Nat! saffeRer (CarthamtSAin8B8ridS) MReat (Triticum aestivurn), soybean (Glycine max),

tobacco (Nicofiana tabacum), potato (Solanum tuberosum), peanuts (Arachis
15 hypogaea), cotton ((Gossypium barbadense, Gossypium hirsutum), sweet potato
(lpomoea batatus), cassava (Manihol esculenta), coffee (Coifea spp.), coconut
(Cocos nucifera), pineapple (Ananas comosus), citrus trees (Citrus spp.), cocoa
(Theobroma cacao), tea (Camellia sinensis), banana (Musa spp.), avocado (Persea
americana), fig (Ficus casica), guava (Psidium guajava}, mango {Mangifera indica),
20 olive (Olea europaea), papaya (Carica papaya), cashew (Anacardium occidentale),
macadamia (Macadamia integrifolia), almond (Prunus amygdalus), sugar beets
(Beta vulgaris), sugarcane (Saccharum spp.), oats, barley, vegetables, oramentals,
grasses and conifers.
Vegetables include tomatoes {Lycapersicon esculentum), lettuce (e.g.,
25  Lactuca sativa), green beans (Phaseolus vulgaris), lima beans (Phaseolus limensis),
peas (Lathyrus spp.), and members of the genus Cucumis such as cucumber (C.
sativus), cantaloupe (C. cantfalupensis), and musk melon (C. melo). Ornamentals
include azalea (Rhododendron spp.), hydrangea (Macrophylla hydrangea), hibiscus
(Hibiscus rosasanensis), roses (Rosa spp.), tulips { Tulipa spp.), daffodils (Narcissus
30 spp.), petunias {Pefunia hybrida), carnation (Dianthus caryophyllus), poinsettia
(Euphorbia pulfcherrima), and chrysanthemum.
In specific embodiments, plants of the present invention are crop plants (for

example, com (maize), alfalfa, sunflower, Brassica, soybean, cotton, safflower,
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Large anounts of the nucleic acids of the present invention may be produced
by replication in a suitable host cell. Natural or synthetic nucleic acid
fragnents coding for a desired fragment will be incorporated into

reconbi nant nucleic acid constructs, usually DNA constructs, capable of
introduction into and 10 replication in a prokaryotic or eukaryotic cell.
Usual I'y the nucleic aci nstr t.S W e suitable for replicatign in a
uni cel | ul aredsordni ShesfoFp Sosagth eieds I stERmeckimeds (o e | or
intr olduct i suybéi@n prahtsharangtinmall Sediin deﬁhuawnmddﬁﬂem bdirh@;]etnlnaearge#pﬂm) cul t ]thr ed
manmal i an or plant or other eu c_ce nes. The purification o

el e o aci ds Bt BEaRe) hieEssaRalia e plaots, ML bl RSB B LsSh

descri bed, oil-dedepailel @ndi IBgHAMBUS Piant! SHeds\Fl iR AINGIRN yRMn sBeli@bor at ory
Manual , ond Ed, (Col d Spri g Har bor Laboratory, Cold Spring Harbor, N.Y.
(1989) Sor %l&’@u%%lcorfbtw at, BAMSY iCeProrBRHsVen ol &dbgead BPBﬁSoW'UdQ W | ey
and Sons, &ftohl88Bban, WI&U&' 3GAOWeR Sraksied, Sk PAfRE pfaq’rrn boddnaflugd.i on into
a prokaryotl c or 20 eukaryotic host nmay conprise a replication system

r ecogni zed-agpmineushpiants insedadrarpstans peasenBeans iidludecaeai Pouphge/mt

encodi ng t r &5l pR4 o f a I

transcri pt?gg&gﬁg f‘ﬂ’ansﬁ ??or?glad%rqﬁ ngglﬁ%éral 'ﬁﬁe éaé{'oi@gs%é(%&éz%%s operabl y

| i nked t o lendsmhinkeea, elecodi ng segnent. Expression vectors may include, for
ERAID! (20 O MHeI6F ol Gl A SBHNEYNBDYI {112 RAEARLG e auence
(ARS) and expression control sequences er, ancer snd
necessary Tmsoe}mmtagwaaﬁmmmfmm 8 gmmnsubhemrmsﬁm@mﬁom naizegESTt es, RNA

and i stbefee ) oP BhdiBhes' Kidvad | BRG] (RimaRy S SRt nilca ">

wher e apprmptiyleseragsuch vectors may be prepared by means of standard

r econbi nant 30 ech t and di scus f exanpl e,
1 Santbr ook, _arBPOIRERBRAT S o8 SRIdRgon T PE A BED RERiTIAC SHRE R Col o
Spri g@jlﬂ'larémf mebmaitaranalﬁelscbfmA rsgrriﬂaersbﬁmsm diffefent(tE8883 inefudhisieas! , at
at, rrent

r ot ocol | ecul ar, Biolo Wl ey and Sons, NY. 1992 )
Vect or s 1 gPok ARIBHTIAE PAUEN GEABS tBHeh of TACuole. SAGR SRR St Phigk sik -

ext rachr ongP eRlbrytRi MhenRRRGRs %ﬁcﬁcé{@%nleﬂfblecﬁé ecifityl fan¥xsreksioRlig vect or
may be used. Methods for introducin into cells such as

el ectr opor%‘ﬁe&f?'“gdé? lepRArpeiapbhatttee EBd‘HF'@HFlﬁﬂea‘-it?Qﬁ‘i and viral transduction
are known i n_tligugid bRISrENeIsSRRORANDhaMNIGhd feokideisTsihge. 6PRIE! ence of

one skilled in the art (Robbins, Gene Ther apy Prot ocols, Human Press,
NJ (1937))copy genescdiethe Li0sm egewee emCINABRAROTA Megpiagt usiag e watful in
the prac“&ﬁ%r%sdrﬂ@ Qﬁtﬁ%ﬁ%n' MHEN b Uk Thtﬂé ﬂh@c'sﬁgngeﬁéer% BRgeaong Vi r al
transfer methods er Jof Viruses have een us as gene ftranster
vectors, iGolomgisemedodiyoaiae. i .e., SV40 10 (Madzak, et at, (1992)J. Gen.

oot 3o agmh e YN D ke s Yot T B Mg o

Gor zi gl i a,hae kEen f6dadand Subc}bmen_mtcﬁﬁBme&?&pﬂKBZ SuQplanes oorreespoamng(tc1992)

P . tl S USA._ 89: 258 R feld 19 Cel I,
o 130> 1582 A, RGsnoBB hayB bt RENoha, TredkanhBion
Stratford- stariEutePBas beaw determitied aising( 4 B8R ligdseamddiaed Tép)di ambln%blmﬂ%)

vacci ni a vi aé&l\/ackettl_ et at 199 Bi ot e | ogy 24:495499),
adeno- asso |e§ PARCls bﬁ/@f%?ﬁ?é YAy %3“@3? op. M crobiol. |nmunot

158: 91-123; OhiThe @98 promol&O8E: féem §@Q2E}9ﬂ@82)s1¢wmﬁﬁedﬂdéy$resmgﬂcl udi ng
HSV and EBV ( Margol skee ﬂ1992 Curr. Top. Mcrobic,. Inmmne,. 158:67-90;
Johnson, ef" '%Pm“@qtg'g‘ﬂ?s isplateg figm a@&’“?@‘ﬁ?"’?@%ﬁ""ﬁ%@d'”étm&'t magg l?5_'0.392) Hum
Gene THET . sediubdesl 9: THE SRkl snhed imilekORdholday gﬂt‘aﬁ\béﬂbaé’eo%ﬁe 371;
Fresse, of at, (1990) Bi ochem PharnacoL 40:2189-219 and retroviruses of
avi an (Bra@i@ﬂﬂ?ﬁadhyay et at, (1984) Mt Cell Blot 4: 749 754; Petropoupl os,

o oot o a0 PPLE! oY 3R Len SpPoBgt HokhSomi R s oR Top

5: 431- 437; argoNg@heretbiQtta;naiyses of RNA samples from different tissues mcludlng leaf,

root, anther/mature pollen grains, tassel at vacuole stage, spikelet, cob, husk, silk
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25 (1984) Mol. Cell Biol. 4:1730-1737; Mann, et al., (1985)J. Virol.
54:401- 407), and human origin (Page, at at, (1990) J. Viral 64:5370-5276;
Buchschal cher, et at, (1992) J. Virot 66:2731-2739). Non-viral gene
transfer methods known in the art include chem cal techniques such as

cal ci um phosphate coprecipitation (G aham at at, (1973) 30 Virol ogy

52: 456- 467; Pellicer, at at, (1980) Science 209: 1414-1422), mechani cal
techni ques, for exanple m croinjection (Anderson, at at, (1980) Proc. Natl.
Mad. Sot URAE EMBreg. Eigsesulis, Wdicatep high leviedad)sneciigity fert expression &bt USA
77 7380- 73§é\kelﬁ55h@gblﬁn, Sﬁicaﬁarly@i—%idﬁ?ﬂihucﬁ’%t@%&g%?’l? Constantini, of at,
(1981) Nature 2947 92- 94?, menbr ane fusion-nediated transfer via |iposones
(Fei gner, of a®outhemgiigt myalysis Nas ishowa diapt te iclonggpp@sents sdie1ar lowang,  at

at, (1989) .Bi kS 28-,9508: 4; (19 Ju..Bigl. Chem
264: 12126- c%ﬂ%t Ee%??, o %%,n 8?’%992@ﬁunmiéb°£éneﬁ%‘%%éf& ggé%f-h?ﬁ%t Nabel ,
et at, §190cUprespmecsuRsdutiogslings@vedleth that g ¢a@@Ppe Cig clatated oat

83: 2007- 20 ' pt ake and receptor-nmedi ated DNA transfer
(VI T, etég‘%‘fm‘?%’é%)éég‘?gg’ée T1465-1468: Wi, et at, (1991)

Bi oTechni ques 1ThelClbnd8rms deatk &y sereeata malRIBACRiboary. Rasitive Badclobes USA
87:3655-36R9; Wi t gt (198 Bl . Chem, .264. 16985-16987; Wl ff, at
2t 1991) ey e g d o Bhed ante ese RSk SR b dnoiar ARG HRG 1oy ' a
(1991) Pr Iome elaltam. s,Se@;uadzssesSgavéJgégBS%%#ﬂiﬁsdm; ?@khcéd. a'hféigﬁrﬁcgptﬁma)e

Pr oc. tl. Acad. t U 7.4 -4037; riel, at at, .. Pr.oc. tt
e, ib | e 5 nesRengsiem et eing 2 RMA IopSeteR atgih s ARPHIREIOn 97 147
154) . 5' dhtBagpfbadre drHeproffotér regionadts namdppes. ates that the nethods
descri bed herein are anlldflf cabl e to other species not specifically

exenplified, inesiidiWeHoawn pleghriquas; adritienah ArOMGIRTh BeRHENGPYMPYNRE The
fol I owi ng YR BSscdl¢h thBlr 8BHBENIPhdhbIBEY fPSEQIBINGOY oPSEtggrhé: bnygntion.
EXAMPLE 1 PROMOTER HAI RPI'N RNA EXPRESSI ON AFFECTS PLANT FERTILITY

Thi s exanpthesedaehniqyes: al or art ehe knewnipremgtessefuendd istysedaseatdralpe of

pl ants;gan ; d ' b0 P JdANA :

speci f |l% f\gﬁﬁp ?gq%?lgﬂ%:ﬁ XP@‘%‘%@&@%@? tg %%"E&Ig%%ggge prﬁ%ﬁ@%ﬁ%bﬁ@ghﬁ mal e
fertility gendmigyONA fragmententeergenoRNA liwaes) utos wercbosmmerrgamismby

i nking a Mo [N 0 [ | r . e L,red onot er,

I ncl udi ng g{g sptb%n%{ee%%g@@r?%%{a%%h{;ﬁl%wée@ﬁo'{ﬁger%\vg%ﬁ% nggé?ﬁsaeéa ences.

Expr essi onsejuenaes magrbst wsedt togibten sequbreeb piRivh apespbnd td these peomébtet he

fol |l owi ng grorgﬂpt e%s: l\/[345,i ql I6 _BL§7 Er%ﬁo‘g and PP47._ ucl ei ¢ aci _

ol ecul es XTOHEREEHBLPSAGS ingludding; O rof Amfied I, Maire (SR 492/REYDr SRR ai ze

Were aso pr¢Brassicd \napesc Brasdcd Giag@nssp@]E #falfa (@H&M@f ag‘aexaﬂaa,lnﬁcélemryzb

L4 135 1024l X sde SRRSHE," S LSS BRSIo," Shrghu gt %0
sunfiower (Hellanthus annuus), wheat (Triticum aestivum), soybean (Glycine

max), tobacco (Nicotiana tabacum), potato (Solanum tuberosum), peanuts

(Arachis hypogaea), cotton (Gossypium hirsutum), sweet potato (/pomoea

25  batatus), cassava (Manihot esculenta), coffee {(Cofea spp.), coconut (Cocos

nucifera), pineapple {(Ananas comosus), citrus frees (Citrus spp.), cocoa

(Theobroma cacao), tea (Camellia sinensis), banana (Musa spp.), avocado

(Persea americana), fig (Ficus casica), guava (Psidium guajava), mango

(Mangifera indica), olive (Olea europaea), oats, barley, vegetables, ornamentals,

30 and conifers. Preferably, plants include maize, soybean, sunflower, saffiower,
canola, wheat, barley, rye, alfalfa, and sorghum,

The entire promoter sequence or portions thereof can be used as a probe

capable of specifically hybridizing to corresponding promoter sequences. To

achieve specific hybridization under a variety of conditions, such probes include
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O 32 transformati on events conprising hpRNA specific for the M545 gene

pronmoter, 29 produced TO plants that were nmale sterile. O 32
transformation events conprising hpRNA specific for the 5126 gene pronoter,
29 produced TO plants that were male sterile. O 32 transformation

events conprising hpRNA specific for the 357 gene pronoter, 23 produced TO

| ants thaf_ ejth aduc | ] nt..of . nonyi abl e, pal | en.(" breaker™
Bhenot ype) §%arue\%$% trﬁ%laggf"gﬁ% %H@Lﬁre 3’?%%[&% abpﬂﬁyﬁgg%wﬁ néi'ﬁjﬁ%(ieso'f] vi abl e
pol | en (" sleadthernhd piwesh ptefermbly &i0Bailabioun s hacleatidesnindsiggth.s Stohprotsisng hpRNA
specific for the S8200 gene. pronoter,. 13 IO uced TO plapts of either the
breaker or “¥hFd&FeHH! ngWEfé( corresponging, Rram ﬁ%fSSPH%Qq%Sn aPe At SN$Mor i si ng

hpRNA specigafisfroby te waEkrogh Nsropsssdl salyrheralke thal fattiss (PCR). Tk
her bi ci de reEi_st ance, 15 reveal gii? g‘ad#i{)a sm ssj on of her b]JFci de resistance

to the T1 GEBUAYRFAMRENRRY I%'SE RIRAEORS SeAHBNGPS FUR ¥ defiedt s. Thi s

| s consi st giganihi Br ¥RediRABINS bsd®) @) HEteANPEORE! MBséHcePs¥the promoterAnt her
RNA from pl ants expressing the various, hEENAéy was anal y nort hern
INeHERt

as d Zed Dy
bl ot. For TREUSNERIGAN, OGARISThaEyemplat bRgizatieih aFseeemgi of platedTl
gener ati ONplA AShAEST(BithetNhGREs BPRAIBDNREPRESE QN IMARUGE D/ S eesh) ﬁf:ﬁt e RNA

15 levels of the targeted genes. Anthers were Staged at tetrad’'release to

ear |y uni nBicatesis AGdige o Malhedsoyisbirrligaliasopdenficadentiy PresskNA was

I sol at gd, separgt | n r €%, sand

hybr i dﬁjzjed seqdgnﬁﬁyg\%m&ﬁﬁ%feg@ég%gggﬁﬁr@c f%rﬁﬁg_'éf%é,l- g%g[%'h@%ﬁ th%GZOO,
NOS, and aeresent(imrentipo adid hybidine tog promtenVstBiensd 2iclosed BeRin willecati pt s
wer e detec ' 8 ' LEL G . f kot genous
b oot or 5. oagh 3% HiGadts, 380 A3HoRRLE Rl adus, 35, HPFIRBRHE:
expr essi ng7EB2GOndipgius, 75% homdiogoeasn30¥%niorodibgbusa 8aly domotigoast HR%
proteins al sQ was LOred essentially a escribed previously. (& gan, et
L C2001) el oas BRIB3aR) 2o by Bp i RERRIRGRUF G O Win e nden
event si1sner ¢isclosddysmpience.t he T1 25 generation to determ ne whet her

Car get od gencs. AHDREPS ARt LSl JraHe S OATCo A A SV ROV for

separat ed foy prbmcter A OpdiRnSpref@dr @Rpieesios eafiedr | eidrabipihkedansdiedi es
specific for M45, 8S7, 3B200 qr 5126 protein. Simlar to_the northern bl ot
ooul ts. rEialRsigs seasioe,: TS TGt Gor o ab Bestaban gD Santatous
nucleotides, preferably at least about 50 contiguous nucleotides, more preferably
20  at least about 75 contiguous nucleotides, even more preferably at least about 100
contiguous nucleotides of the particular promoter nucleotide sequences disclosed
herein. The nucleotides of such fragments will usually comprise the TATA
recognition sequence of the particular promoter sequence. Such fragments can
be obtained by use of restriction enzymes to cleave the naturally-occurring
25 promoter sequences disclosed herein; by synthesizing a nuclectide sequence
from the naturally-occurring DNA sequence; or through the use of PCR
technology. See particularly, Mullis, et al., (1987) Methods Enzymol. 155:335-350,
and Erich, ed. (1989) PCR Technology (Stockton Press, New York). Again,
variants of these fragments, such as those resulting from site-directed
30  mutagenesis, are encompassed by the compositions of the present invention.
Thus, nucleotide sequences comprising at least about 20 contiguous
nucleotides of the sequence set forth in SEQ ID NO: 1 or SEQ ID NO: 2 are
encompassed. These sequences can be isolated by hybridization, PCR, and the

like. Such sequences encompass fragments capable of driving pollen-preferred
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30 expressing hpRNA specific for these endogenous pronoters, and only a
slight reduction of SB200 protein was observed for events conprising
hpSB200. These results denonstrate that expression of pronoter hpRNA
can sel ectively suppress endogenous gene expression in plant cells. In
addition, the results denonstrate that suppression of different genes
involved in nale sterility of plants can variously affect the plant
phenotype, including the degree of male fertility. EXAMPLE 2 5EXPRESSI ON OF
EXOGENOUS  RRfsSHpRETagueenieiSpiubpemrepesteridentify similar sepypacesc aspyvell as

deronst r at gnidifd rd%béﬁ'élﬁlerf&*tgﬁ{pé%lﬁ?'n%@é ecliginpy expression of an Ms45

pronmoter hairpin construct can be restored to fertility by expression of an
exogenous M545 Belasicedvnsectiva . vatamiastaf udhe weoraoter e saquenceonarai ralsy t he

MB45 codi DEncéi %k.gg;%a AL aaﬂnx?#;&@& th8 Redih FVRARIPUR r&@suceb}dva b8! ) .

5126, SB20 ese constructs were I'ntro o ms45ns45
pl ant c&lls.a R@gleftedrfatreof glmmeteaMar@elanemmgmmbases date beeh eodified,

S tonat i ¢ ufdtiRielrb D™ FYE RERTFECE Bty B Aol LB A tNA £ | 0
EhenoéI ypa*senquencans tosdde Hﬁl@@nucﬁaeeah&mmbihajmn with DNA 4rdpiditatidsexo Pl ant
epr o

135- 14 Furt.h ants.c M545 o
S106. N5 PBRLER L digastional BRE ooBiftH, oo Tl HettennPaiaaite dhe o
expr essi oncerhmecibiBégb farehie FUrposs & sblﬂRMslerl?h@gQﬂ}é MRhe Ex@3igsibyNdeR f or
presence o UBI : M545 or 5126: M545. RNA

he h h
hybri di2at &Bﬁtllagﬂa&?% S\é‘%‘%’bﬁ&ﬁ?ﬁSde” 'Ver“ﬂ'?lF?"P(j‘e%%n?ﬁ‘t?ﬂr%én‘i}d@ﬁgn%cored

Norther n bbedmuiRaisysiliswith B BbpRIgRadVenO RheRY PficibtiddiCiP iRESN Yo I@# ants
reveal ed that Mb45 was expressed fromthe ubiquitin pronoter in 7 12

hp- cont ai nﬂwtﬁﬂoﬁe%yomaélgﬁeww GRds Y nigts sths PNAs tempdatet hﬁpwe‘éed'pr essi on
of 25 NMSeidrmaéaﬁs PR UREIEES Pomb 08 hﬁhl@hﬁ‘é&s"‘étti' 2hpags %@thfaﬁgé' I'I’irﬁé(d' n the

progeny pl ant's ese resu ts I n |cate t Is expressed fromt
const i t ut i dEestsiaj@iaens Withinia enzymenproduee unidiiestionat nastecesigletiansi on of t he

MB45 ggpe produghe @ahipie of 8l Rglihdry! ddqliehfe VAR 89 BYoRbBP toimed by

causing one or more deletions in a larger promoter. Deletion of the §' portion of a

promoter up to the TATA box near the transcription start site may be

accomplished without abolishing promoter activity, as described by Zhu, et al.,

(1995) The Plant Cell 7:1681-89 (1995). Such variants should retain promoter

20 activity, particularly the ability to drive expression in specific tissues. Biologically

active variants include, for example, the native regulatory sequences of the

invention having one or more nucleotide substitutions, deletions or insertions.

Activity can be measured by Northern blot analysis, reporer activity

measurements when using transcriptional fusions, and the like. See, for example,

25 Sambrook, ef al., (1989) Molecular Cloning: A Laboratory Manual (2nd ed. Cold

Spring Harbor Laboratory, Cold Spring Harbor, N.Y.), herein incorporated by
reference.

The nucleotide sequences for the polien-preferred promoters disclosed in

the present invention, as well as varianis and fragments thereof, are useful in the

30 genetic manipulation of any plant when operably linked with an isolated nucleotide

sequence whose expression is to be controlled to achieve a desired phanotypic
response.

The nucleotide sequence operably linked to the regulatory elements

disclosed herein can be an antisense sequence for a targeted gene. By
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Further, anther RNA from these M545hp mai ze plants contai ning 30 5126: V545,
BS7: M545, or UBI: M545 was anal yzed. Anthers were staged at tetrad rel ease
to early uninucl eate stage of m crospore devel opnent, and poly A+ RNA was
col | ected, el ectrophoresed and hybridi zed sequentially with probes for
MB45, SB200, and BS7. Ms45 was expressed in anthers of the mal e- fertiIe

progeny pla e dr| t he ,con ufive UBI om)ter or
rther” Psatisene 5 dieaths Bukiters Teris pl Shonghod TAEH T rEiLct i on
likely aff@mntatg)nsbrteegmo-ef nbmtmr@nwtuothW@dﬁ&ﬁquom v@thehn the

I ni sults denonstrate that

mal e- sterll halrpno nt ai ni ng pl These_r

Suppr essi o‘iiie g’ @%ﬂ?'ﬁs@qﬂ F’rx'?.ﬁ?'és'gﬁ qfﬁ@ ﬁgﬂ?%ﬁmﬁﬁq”ﬁﬁc%i?@”%ﬁe by
expr essi ngnm eicpre@s[an%ﬂeﬁem;ﬂomueoﬁd@ﬁ@qﬁncéha;t thdl farfRSe® YBRES Than at

| east in anther cells. Eggm)t er expr essi nqht he 5 gene can be

derived f r@?ﬁsﬁn%m‘@%"t&e}ﬁquﬁﬂ%e dgs anRYAJERNSEERt tha is cempineentanyy pl ant
pronot er cpbahd Q:a?ﬁblbr&nﬁ?drld?il W&es !éﬁﬁbdé?ﬁhs %eés%agéplmm (HNNA

transcrlptlon uni renders p ants_nale fertile. exanple he rICG and

Ar abi dopsi BoREeRS! By Frapscriphien %F%Dmciemdeﬁzeue@sﬁoam twae@ec@eﬁ@% have
b |
een i sol afeghiapgkd, %Qaa&.bﬁ%ftﬁ st:getein %ﬂ&%ﬁé@@*@@g SR YNt e

prOV|d|ng sequence 1 n rmati1 on
Ar abi dopsi @hlbste@ tesachlﬁve\rebqiewem phemgypiBSEspAnss. ceThseetheE@gu[atm 3.

Overal |4t Cﬁcﬁuehéessélguméd' kb GRAd G, SherablY fhked & éﬂti’séﬁ%é %Or t%}é\@ﬁﬁeés[‘tﬁe

speci es, conservation of the i'n I'C regions
cor r espondiedgcd &r lphlbltmxpwessuoh of acetive dr exngesoas profgip umbbiermarej y 50 to 60%

i dentical over %énc)’t }%élgot H?’Fy a?e q‘ﬁé%’hq‘%ﬁé'l‘ cr{i\]]"Prlit [Sp§ﬁ%}ei‘${|@%:ﬂPt hart t hese

pronoters may functi on su I'h rze 't petu Bt he MB45
gene. funcfiom bedlispeleas, ar&h@hycﬁequhaces whichbdcgontplisie thisZibhibtionewiBS7, rice

G e L T T
const r 15t :heluaeanéeu g. emzedthqmmems@g 856 had Meflides doniimaHe Medativeljerbs. Usi ng
11 four OIS AR Gorieh. caituaer dspet: Snd orPeRanDaN ag88IS 1 o use.
non- mai ze PHPAFANE hEgdtRretddiesSAciLAE diftiierBedRin AQhaRXgémd CzanbedrRi RrONOt er
NpRNAS T O(r1n$3t9tf1 )eP?Qént Physiol. 95:687-692); cell cycle division mutants such as CDC in
maize (Colasanti, et al., (1991) Proc. Natl. Acad. Sci. USA 88:3377-3381); the WT
20 gene (Farmer, of al., (1994) Hum. Mol. Genet. 3:723-728); and P68 {Chen, et al.,
(1991) Proc. Natl. Acad. Sci. USA 88, 315-319). A suitable gene may also encode
a protein involved in inhibiting pistil development, pollen stigma interactions, pollen
tube growth or fertilization, or a combination thereof. In addition, genes that either
interfere with the normal accumulation of starch in pollen or affect osmotic balance
25  within pollen may also be suitable. These may include, for example, the maize
alpha-amylase gene, maize beta-amylase gene, debranching enzymes such as
Sugary1 and pullulanase, glucanase, and SacB.
In an illustrative embodiment, the DAM-methylase gene, the expression
product of which catalyzes methylation of adenine residues in the DNA of the
30 plant, is used. Methylated adenines will not affect cell viability and will be found
only in the tissues in which the DAM-methylase gene is expressed, because such
methylated residues are not found endogenously in plant DNA. Examples of so-
called “cytotoxic” genes are discussed supra and can include, but are not limited
to pectate lyase gene pelE, from Erwinia chrysanthermi (Kenn, et al, (1986) J.
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25 speci es reduce target gene function such that the plant is non-viable or
non-reproductive, a pronoter froma different species can be used to
transcriptionally express the conplenenting gene function (e.g., M45),
thus circunventing this potential problem Mreover, an hpRNA construct can
be generated to target the non-naize pronoter used in the M545 expression
cassette, to suppress M545 30 gene expression as a neans to reduce or

abol i sh functlon and_render . the égant mal e sterile. nB an nms45

homozy gous BREEHRSTRABIafiPhingia e AarR3IB G988 (ﬁr%ewfsw I?S@’S {Pge) Bf%’rmt er

honol og dr pgknAcHX RS@SIEABESS3N Palvhiter, BEBE (ﬁWﬁCeWﬁéﬁBS{vgeﬁWﬂ bese t he
plant male fertile. To su? press expression ‘of th cassette, a

second mai FeMpHasil make saitechnadial agnames HBrayn, kéekr d29Qobent 6pl 2HE3imi ze
MBAS mut at D@ ?”Qf &X g‘i @%@%OB”NW@EJOP SIMUSA SARIIA, ARALBER§ eﬁé Gro?.

eqw val ent ogenou 5 rice pronoter target sequences In‘this nalze
pl ant, 1 hi Bag!hamthumgﬂeasﬂsésrﬁah@sf%ﬂ@t CauseBhg rsembmemlanptlomww@m ossed

ont o the_hgmzyaey PeT) T Bk pl 16890 7t U S0LG: Mittiar ABfRoRas BAREL . and

ns45 honnzygous recessive progeny scréeéened Tt he
MS45r hpRI\RNé\sast(rUJSt fatdnh Numtzergi 63&14413)’1,er5§3. or \jeAés @epmsﬁungcantion S
suppr essed l?/ %ﬁApresence and expression of the M545r hpRNA, resulting in
a mal e-stePTl & plant. Use of such constructs is supported by the finding

t hat expressi orFuufhdrhethéOnratlﬁmisSbZGtrw anvértionh aré NuseEulz dn dc&iélnimgt thesult in

mal e sterile plants. Thisisi st ,to the results obt sing a
mi ze Mochibrgous apessiesonelah sl vls ot helg bseimprahatatdedlBh "or "t he
rice 5126 pre@ehebf téreBl Which res@@@@ahé@oﬁaunsww@ma% imgrotiiedBREIpRAYS Nai ze
5126 gene.  15EXAMPLE 3 PROVOTER SPECI FI C HAI RPI N RNA SUPPRESSES

TRANSM SSI tiSSHOFRAYGIRGHIE sprEpPReFRENAR il TinefprpatipANGiction, or digpessabx anpl e

demonst r at g6 pbila aRg! WAEh Fha dP'b%nﬁﬁthB?'l"hKé@%'sa Tidle Yakfdte Risdde ArBRES.
construct is non-vi able as et erm ned non-transm ssi on of i cide

resi st ancePfomoter and & 6@5@@%&%@@ mﬁfb?f@ ifereexaraplet & seed-goaefi¢ snarkeked to
the PGy hgigbRd &olféﬂrb%aﬁtfétd b p|ar@rh189\ﬁpki}@a%%g§ ctli@ntrolGcddZhhtdR

pr onot er COh‘pI’I SI ng I nve t repeat gene I’OTTD'[ er %I’I ven by
a ubi quiti nnlprm@or@e3§lu8| almmmri)\e 4}¢ﬂlﬂ<e§tﬂ interest3asi Frmecchstlner urestorings

intr Oducedtrélqst 8! &{&heﬁ%AsHaiP ok {h%WeHa?anth%fgs e lfr@?ahg%a%g enic.

transgene, esen ?rans on ev S, was
carried t oplaat sontblmvtﬁedtrm)qgenmrwecm aat self-;ﬁdhrmtesdatoropnlhrmecbaysa \pmt very

o008 21 SSBALRY o' Bcklle DSBS Y CHel S ol s Sed BB B 38, £
days post - gensgenatdarancan bdid2ntifiddBRINGEms vt g tinldd markdet Thé hbmatygoussi on of
30 UBl: Pm?hrpdltltolnnga(\andbé ma?fntalned-%y selfing the hemizygous plant; half of the offspring
will contain the transgene and thus the trait of interest.
Genes of interest are reflective of the commercial markets and interests of
those involved in the development of the crop. Crops and markets of interest
25 change, and as developing nations open up world markets, new crops and
technologies will emerge also. In addition, as our understanding of agronomic
traits and characteristics such as vield and heterosis increases, the choice of
genes for transformation will change accordingly.
Reguilation of male fertility is necessarily measured in terms of its effect on
30 individual cells. For example, suppression in 99.99% of pollen grains is required
to achieve reliable sterility for commercial use. However, successful suppression
or restoration of expression of other traits may be accomplished with lower
stringency. Within a particular tissue, for example, expression in 98%, 95%, 90%,
80% or fewer cells may result in the desired phenotype.
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It was expected that if P&7-specific hpRNA functioned at the post-neiotic
di vision of mcrospores, then viability would be normal, and 50% of the
poll en would carry the transgene, providing herbicide resistance in 50% of
t he progeny. However, if PGA7 function is required for pollen viability,
and the hairpin construct can suppress expression of the P&7 gene

product, then 9 : | Sy -Mahlex. all. vl abl e

pol l en woul d | 2@1@ %’gﬁﬁaﬁ%}gﬁ@y gc;nrgé 8%"%?;8’3&?%% i r'%ﬁécﬁiﬂ?%en\a rgr bi ci de

r ﬁSi st anceaffeoﬁ?g freprotdudtivernagppaiity. PGeﬂhrlgal cetwories:}aﬁ genaed ?If ngterelﬁtieduaml e b;d/

the presen r i, Cl resi. t aFi fteen of. vents teste

were er or B 8ogBE ot SehBE el R ERbarph: aff Raclnd Indef ks,

const r uct sinselped Escon@dicgiion sastpee Kkess, andibbseimyvolved thehdusgk&dibmf t he
transni ssjon_of herbicide.resistance

pol | en on-vihabl e ?nﬁ revent i r}g

oper ably | AR Mgt eRACkRIBRISs YTy B5REE Satadoritn BiREENaS. BTARPEIRGNT Al NI NG
MULTI PLE RRENEE EfrRREGNEbdiniiAniiinRNGRs StRPRESHoMitsT | bkt BARBEEURROVOTERS
Pl ant s conéeai i n ?]]26HP (i.e.,. a.transgene E{Jcodi ng,a,5126 pr.onoter hpRNA)
are used AAVERANIENICHRGEARY ThIRIOSh of JHPRIEYRINES BIID, FSEEE (BRSNSt 5. | 15
In plants gigsdsdl Mesigtahed h hedidt® RBdtdRed HRteRifd OGRING UshaPadibmties Oangf 5126
and BS7 is suppressed, leading to a strongﬁr sterilit phenotqyfge t han

observed vFaRMeicah@rodusist Aeres of iferesingiuds, ﬂ?'éﬂ"_éu%é sEgnyev M ail:n either
the 51g6 HPstQFch,Bﬁ?rb@nﬂrat'éobhmﬁﬂéint%ﬁé’tﬁﬂ&%% 59 weRGdIthdse afftfing i@@rnéi_eéiiet,' ity

phenotypes of these resultant plants are determ ned. 20Alternativel'y or in
addi ti on t¥CE9sssiopdiggaand thielies Agroseminaly imapitantirails ssich @stall, staseh,of sai d
constructs t 2 : | ace@qik : i ptional
control ofa%Jn%ﬂ%ﬁ%%ﬂtp?@nﬁeﬁ&%nﬁgl{wgﬁgggeﬁcgg% |ﬁ§iudcs?ﬁo{r'1’?é'? ﬁ'gége
BS7HP- cont kieatling pietheds. arModifipatione mcludeo ihweeasing roontgnt pefl bieic tasidel f .
However, ' i 4p126HP, . : 1]le, and
can be 25%%3&%5'?%#&?%@%&%@%#% ﬁg@??‘&bgg‘z Bic fﬁgér'ﬁe %hlgsgaglrﬂgc@é\g&hépends
upon the cessentiaddaneikpr asid$,oandfalsdenduificapom afostatahuctHorddthidain pmteiender a

oot ¢ oY <hbhEaet o BSHRRE, BT 05, Phbof Mo 8RR a0 L

under the 5,885802, atd &red0, 38Nt rAdlotiafr examphglie Iwiterandlor sulfar exmngekbd, the

5126 pr Onnérg{ein encoded by the soybean 2S albumin described in U.S. Patent Number
5,850,016, and the chymotrypsin inhibitor from barley, described in Williamson, ef

20 al, (1987) Eur. J. Biochem. 165:99-106. Other important genes encode growth
factors and transcription factors.

Agronomic traits can be improved by altering expression of genes that:
affect growth and development, especially during environmental stress. These
include, for example, genes encoding cytokinin biosynthesis enzymes, such as

25 isopentenyl transferase; genes encoding cytokinin catabolic enzymes, such as
cytokinin oxidase; genes encoding polypeptides involved in regulation of the cell
cycle, such as CyclinD or cde25; genes encoding cytokinin receptors or sensors,
such as CRE1, CKI1, and CKI2, histidine phospho-transmitters, or cytokinin
response regulators.

30 Further examples include disease or herbicide resistance (e.g., fumonisin
detoxification genes (U.S. Patent No. 5,792,931); avirulence and disease
resistance genes {(Jones ef al. (1994) Science 266:789; Martin ef al. {1993)
Science 262:1432; Mindrinos ef al. (1994) Celf 78:1089); acetolactate synthase

(ALS) mutants that lead to herbicide resistance such as the S4 and/or Hra
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30 region can be juxtaposed to the 6S7 pronoter region and both are pl aced
under the transcriptional control of a single ubiquitin pronoter or other
constitutive, devel opnental or tissue preferred pronoter, resulting in the
expression of an RNA containing a 5126 and BST hybrid hairpin that directs
t he suppression of both 5126 and BS7 endogenous genes. Any conbi nation and
nunber of various pronoters that target nultiple and different pronoters

can be used in.the schene. .For, _example, a pronoter that regul ates plant
hei ght genBWitelionSs MBI oF GABITE, SYnihase, SHER, i AEPPRENGIRTte & BB he
conbi ned, (£ bkl BEné)Nahd elyphesdtbansistaney (ERSPEYdnePt dabbe fixatidn ANERE 5

| NBRED MAI NTENANCE AND HYBRI D PRODUCTI ON OF PLANTS Al NI NG
PROMOTER- SBECIPEPEPN9ENRIDYRIVRIG sCaibpdasss) fRePfArR@ET fﬁ@‘éﬂzﬁéisﬂhﬁpham

COVPL EVENT Adiiohli555hddase dRubisioSacdtivade IRC Al TS bedkdble P pratBssingbed pl ant
containing two constructs, a dom nant hair RNA ghggg% )construct

in
speci fi& f @foc@%pm%tp@rsu&h@%mgmse-gehbseﬁaﬁeeg&led pMedifiedpils such as
a tissue-s | fel i4C | [ I t iAnt & ed in
The. productigh oY AuicRRRlik s gfRed (0 et R, B MY B ab e
plants Al awdifieg stachbst(e.ghohBP(geiisphaspboriases idiitaseh. stamehtsynihages s

oS, LESSLORE Bl ey DL Bhgchiom BssRARGC erngL 0 11
pl ant s al s(SDBBE))aiand ap@BTER- ox hicdastiog (eansthdicPatehibdde HHBARBR1T,chatabe
sel fed,gnd i tfifhidthse, RBIyh)IRGB TR " YntldlS, L AT SIERSalMALIA relidctdBE Nt &1 Ned
(Schubert et al. (1988) J. Bacteriol. 170:5837-5847) facilitate expression of
polyhydroxyalkanoates (PHAs)); the disclosures of which are herein incorporated
by reference. The methods of the present invention could also be combined with
methods for transformation technology, such as cell cycle regulation or gene
15 targeting (e.g., WO 99/61619, WO 00/17364, and WO 99/25821), the disclosures
of which are herein incorporated by reference.

Insect resistance genes may encode resistance to pests that have great
yield drag such as rootworm, cutworm, European Corn Borer, and the like. Such
genes include, for example: Bacillus thuringiensis endotoxin genes, U.S. Patent

20  Numbers 5,366,892; 5,747,450; 5,737,514; 5,723,756; 5,593,881; Geiser, et al.,
(1986) Gene 48:109; lectins, Van Damme, ef al., (1994) Plant Mol. Biol. 24:825;
and the like.

Genes encoding disease resistance traits include: detoxification genes,
such as against fumonisin (WO 9606175 filed June 7, 1995); avirulence (avr) and

25 disease resistance (R) genes, Jones, et al., (1994) Science 266.:789; Martin, ef al.,
(1993) Science 262:1432; Mindrinos, ef al., (1994) Cell 78:1089; and the like.

Commercial traits can also be encoded on a gena(s) which could alter or
increase for example, starch for the production of paper, textiles and ethanol, or
provide expression of proteins with other commercial uses. Another impoitant

30 commercial use of trénsformed plants is the production of polymers and
bioplastics such as described in U.S. Patent Number 5,602,321 issued February
11, 1997. Genes such as B-Ketothiolase, PHBase (polyhydroxybutyrate
synthase) and acetoacetyl-CoA reductase {see, Schubert, ef al., (1988) J.
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20 i ndependently of inbred A2. In inbred A2 plants, fertility is restored
by expressing the Mb45 coding region operably linked to the 8S7 pronoter.
The A2 inbred plants also contain a 5126HP- expressi ng construct. These

pl ants can be selfed and the A2 |line, honbzygous for the transgene inserts,
I s mai ntained i ndependently of inbred Al plants. 25In sone enbodi nents

or 1 hol ogs B2 1P902Reer BRAIC ifare) PRpIaRRRR IF URIFOgRlahiBes | ¢,

exanpl es. (PHAs) species is indicated, naize is assuned. Table 1. Plant Al

i consy - a5 PR RRERFR IncRER SRR BBkt e MR,

from other sources including prokaryotes and other eukaryotes. Such products

5 include enzymes, cofactors, hormones, and the like. The level of seed proteins,
particularly modified seed proteins having improved amino acid distribution to
improve the nutrient value of the seed, can be increased. This is achieved by the
expression of such proteins having enhanced amino acid content.

Expression cassettes of the invention, comprising a promoter and isolated

10 nuclectide seguence of interest, may alsc include, at the 3’ terminus of the
isolated nucleotide sequence of interest, a transcriptional and translational
termination region functional in plants. The termination region can be native with
the promoter nucleotide sequence of the cassette, can be native with the DNA
sequence of interest, or can be derived from another source.

15 Other convenient termination regions are available from the Ti-plasmid of A.
tumefaciens, such as the octopine synthase and nopaline synthase termination
regions. See also, Guerineau, et al, (1991) Mol Gen. Genet, 262:141-144,
Proudfoot (1991) Cell 64:671-674; Sanfacon, ef al., (1991) Genes Dev. 5:141-149;
Mogen, et al., (1990) Plant Cell 2:1261-1272; Munrae, et al., (1990) Gene 91:151-

20 158; Ballas, et al.,, 1989) Nucleic Acids Res. 17:7891-7903; Joshi, ef al., (1987)
Nucleic Acid Res. 15:9627-96389.

The expression cassettes can additionally contain 5' leader sequences.
Such leader sequences can act to enhance transiation. Translation leaders are
known in the art and include: picornavirus leaders, for example: EMCV leader

25 {Encephalomyocarditis 5' noncoding region), Elroy-Stein, et al., (1989) Proc. Nat.
Acad. Sci. USA 86:6126-6130; potyvirus leaders, for example, TEV leader
(Tobacco Etch Virus), Allison, et al., (1986); MDMV leader (Maize Dwarf Mosaic
Virus), Virology 154:9-20; human immunoglobulin heavy-chain binding protein
(BiP), Macejak, et al., (1991) Nature 353:90-94; untranslated leader from the coat

30  protein mRNA of alfalfa mosaic virus (AMV RNA 4), Jobling, et al., (1987) Nature
325:622-625); tobacco mosaic virus leader (TMV), Gallie, ef al., (1989) Molecular
Biology of RNA, pages 237-256; and maize chlorotic mottle virus leader (MCMV)
Lommel, et al., (1991) Virology 81:382-385. See also, Della-Cioppa, ef al., (1987)
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Restoration construct rice5126:: M545 riceMs45: : M545 Hai rpi n construct
Ul31l::riceMs45pl R UBl::riceb126plR To generate seed for female inbreds for
hybrid production, inbred Al 5 (containing honbzygous transgene inserts) is
detassel ed and fertilized with pollen frominbred A2 (containing honbzygous
transgene inserts). The seed resulting fromthis cross is planted; all of
the progeny plants are nale sterile due to the presence of the honbzygous

ms45 all el d the plRs which th di ng_Ms45 truct
(e.0. . ricERolsyRokgPEICe9os; ¢ RB.ESSRk san195a oA FOLRAPSGIRR

suppr essesghhgiRakitislaiBA ahd/oPATRITA GtbRitdsuchSiatrghant s are used as fenal es
i n hybrid production and pollinated wt | ant s honozygous for the

wi | d-type Ms45 lgethese instancesywhara ihigiasirable tachaye ap|expreased RIS @8 from

this seed r ; I

ortite. TREsOSleer RIS oofofcuiiels B badilar DRI AR 1 vt 15
suppr es$i oplaghdl amyioplashgorc tndhe wodepleamicheetiguium, apmeecraled ak & call's hybri d

Pob B Or Sk 5f LRAIRMNubAY, 460 SplRsRh Udssand BAR K Uofithisd Woddihd | ©
sequence for a transit peptide. Such transit peptides are well known in the art and
include, but are not limited to: the transit peptide for the acyl carrier protein, the
small subunit of RUBISCO, plant EPSP synthase, and the like.

10 In preparing the expression cassette, the various DNA fragments can be
manipulated, so as to provide for the DNA sequences in the proper orientation
and, as appropriate, in the proper reading frame. Toward this end, adapters or
linkers can be employed to join the DNA fragments or other manipulations can be
involved to provide for convenient restriction sites, removal of superfluous DNA,

15 removal of restriction sites, or the like. For this purpose, in vitro mutagenesis,
primer repair, restriction digests, annealing, and resubstitutions such as transitions
and transversions, can be involved.

The following terms are used to describe the sequence relationships
between two or more nucleic acids or polynucleotides: (a) "reference sequence”,

20 (b) "comparison window", (c) "percentage of sequence identity", and (d)
"substantial identity".

(a) As used herein, "reference sequence” is a defined sequence used
as a basis for sequence comparison. A reference sequence may be a subset or
the entirety of a specified sequence; for example, a segment of a full-length

25  promoter sequence, or the complete promoter sequence.

(b) As used hersin, "comparison window" makes reference to a
contiguous and specified segment of a polynucieotide sequence, wherein the
polynucleotide sequence may be compared to a reference sequence and wherein
the portion of the polynucleotide sequence in the comparison window may

30 comprise additions or deletions (i.e., gaps) compared to the reference sequence
(which does not comprise additions or deletions) for optimal alignment of the two
sequences. Generally, the comparison window is at least 20 contiguous
nuclectides in length and optionally can be 30, 40, 50, 100 or more contiguous
nuclectides in length. Those of skill in the art understand that to avoid a high
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EXAMPLE 6 UTI LI TY OF PLANTS CONTAI NI NG PROMOTER- SPECI FI C HAI RPI N
RNAS 20SUPPRESSI NG TARGET POLLEN- SPECI FI C PROMOTERS AND Ms45

COVPLEMENTATI ON CONSTRUCTS FOR HYBRI D PRODUCTI ON AND | NBRED MAI NTENANCE

Thi s exanpl e denonstrates how a nethod conprising the use of two
constructs, a dom nant hairpin RNA (hpRNA) construct specific for a pollen-

25 spect {1 GribANES (3Rl Bo Rl ONIT A TIRARAR IR ool MBoREARRT2L I O

of a plant aV| recessive repro Ve tTairt | osi ng
t he hormzygmwnlcec@gapwenalt;nldltymmllynmtradwedasdlls sutyrastegigieory thd oumbee in the
producti on Pr];l &hgéi |l e plants for hybrid production. This is acconplished by
I nt roduci n% A ' plant at |east one restoring transgene construct,
operably |inking)a fAs asedhbereirntpeteerstage ofi cequemtprideritid rmednsnibkivahal copy

of a ge at conpl enent s .t he nut ant  ph pic trait roduced by the
homozy gbus P ETBEER Y SOMARIIS PR Mie 1 ARG PRRTTIGR TR FOGPPERP S equence
whi ch i nt ewfreioes widréintthe govliorabf @ik pblyncdiestite S¥quenel %P@Iﬁé&bm@érréd?\e mal e
ganetes of the plant. This c truct ? mai nfai ned {n the hem zygous state
and a pl anW'r@GH{)m"‘Wl FYMRERS, @ gg@g%tqr&qe;ogs Pergaéﬁs t45 5%maarﬁal%t51%er

| nt er f er enegerghtd sbiericar Mdidnodbest hﬁt@da@ﬁme%dﬂhﬁe% seletibhs) 3€ ofBngl ganete
may be accorrpl i shed by |inking the sequences interfering with formation,

functi on, Bfgrﬂ‘%é’fﬁﬁ twor saayenchEt T trprIcRNtage If calgudiad by detarmining Kieer r ed
pr onot % AGmBNGe ddifiohs MSHRIRA ﬂhé id@nﬂél# MREIZ MIRUBaSE YcBursOM ¥ofp! T Of

the pollen grains produced contain restoring transgene construct and
none of t h8eaueaces o aield fb@emﬂfﬁb@’h@f a'@ttq"-fmﬁi pesitions. |divitieg tbe cumabeyeoke t hat

prevents the, Jh‘éﬁ%’itﬁﬂs‘ﬁy t\ﬁﬁqgﬂaﬁnﬁﬂbéﬁﬁf iR grt WBPEO blngd?'ll ner

plant contai ning 'suc construct 1s use Ien nor
fertilize amdmuliphiygihesesdtingtit/ie yieldthe pementage;af sacmelnee dentityl e garret es

provi ded 0 the floraEuams a68alaY SalBP o HoRrbhBoG Shlk AR Al e

recessive allel'e/ but do nof cont rrans
const r UEt . thihe polygecigotides odbmprigesf a segeiente dhatehasabt toass Y08 eseqoence

transgeni Cid‘é“nﬁt@, 6:%?&5&5 aE Peagp éUQ%t Ny ePeratﬁ ae feastC éO% and most preferably

at least 95%, compared to a reference sequence using one of the alignment
programs described using standard parameters.

Methods of aligning sequences for comparison are well known in the art.

20 Gene comparisons can be determined by conducting BLAST (Basic Local

Alignment Search Toal; Altschul, S. F., et al., (1993) J. Mol. Biol. 215:403-410; see

also, www.ncbi.nim.nih.gov/BLAST/) searches under default parameters for

identity to sequences contained in the BLAST “GENEMBL” database. A sequence

can be analyzed for identity to all publicly available DNA sequences contained in

25 the GENEMBL database using the BLASTN algorithm under the default

parameters.

For purposes of defining the present invention, GAP (Global Alignment

Program) is used. GAP uses the algorithm of Needieman and Wunsch {J. Mol.

Biol. 48:443-453, 1970) to find the alignment of two complete sequences that

30  maximizes the number of matches and minimizes the number of gaps. Default

gap creation penaity values and gap extension penalty values in Version 10 of the

Wisconsin Package® (Accelrys, Inc., San Diego, CA) for protein sequences are 8

and 2, respectively. For nucleotide sequences the default gap creation penaity is

50 while the default gap extension penalty is 3. Percent Similarity is the percent of
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Whil e no viable pollen produced by the maintainer contains the restoring 20
transgene construct, 50% of the ovules (the female ganete) will contain the
restoring transgene construct. Therefore, the naintainer can be propagated
by self-fertilization, with the restoring transgene construct segregating
such that it will be contained in 50% of the seed of a self fertilized
naintainer By linking the restoring transgene construct with a sel ectable

mar ker , 50% of seed ontainjng the tra ene can be isolated to
o opagat e TRCHHRIE MR EPS SOHETa YO RERTS STRPR IO oM 38/9 SR the
recessive gginarigng sherédzwmvﬂwef Soring enditeis valuerter arp@mmmmatgrugfer I'n
this scenario, a si n%te I nbred can be nmaint %I ned. I nbred Al onbzygous

recessi ve H8p arpaupk §-59.1 e simitaripg ifeshalgh BeﬁForﬁ'lga'HPg'xd!ﬁ?fjd‘P CEI-BNst ruct

in which _n%%fftﬁétWHcBHSIh $dcﬂ§§é®e(ﬂc@éﬂrﬁxﬂ’r5@33bﬁmléﬁ@ 8R) \esb.omse regi on
using a tissue specif étb‘ﬁ'inomt for exanp he native Ms45 pronoter.
an

| nbred A iﬂeént"gnﬂipﬁ ioff. £988) P{ﬂ%"@ﬂrﬁ@ﬁ%@ﬁ’ a¥y89:4891%- suppress a
pol l'en express e B bty 4" itld boRKATRIE. of tChfdschl’ iRyHitBASIAY gonst ruct

operably Iinke 5 restoring construct, ect abl
scr eenabl eproduced by replication in a suitable host cell. Natural or synthetlc nucleic ac:d

fragments coding for a desired fragment will be incorporated into recombinant
nucleic acid constructs, usually DNA construcis, capable of introduction into and
10 replication in a prokaryotic or eukaryotic cell. Usually the nucleic acid constructs
will be suitable for replication in a unicellular host, such as yeast or bacteria, but
may also be intended for introduction to {with and without integration within the
genome) culiured mammalian or plant or other eukaryotic cell lines. The
purification of nucleic acids produced by the methods of the present invention is
15 described, for example, in Sambrook, et al., Molecular Cloning. A Laboratory
Manual, 2nd Ed. (Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. (1989)
or Ausubel, et al., Current Protocols in Molecular Biology, J. Wiley and Sons, NY
(1992).
Nucleic acid constructs prepared for introduction intio a prokaryotic or
20 eukaryotic host may comprise a replication system recognized by the host,
including the intended nucleic acid fragment encoding the desired protein, and will
preferably also include transcription and translational initiation regulatory
sequences operably linked to the protein encoding segment. Expression vectors
may include, for example, an origin of replication or autonomously replicating
25 sequence (ARS) and expression control sequences, a promoter, an enhancer and
necessary processing information sites, such as ribosome-binding sites, RNA
splice sites, polyadenylation sites, transcriptional terminator sequences, and
mRNA stabilizing sequences. Secretion signals may also be included where
appropriate. Such vectors may be prepared by means of standard recombinant
30 techniques well known in the art and discussed, for example, in Sambrook, ef al.,
Molecular Cloning. A Laboratory Manual, 2nd Ed. (Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y. (1989) or Ausubel, et al., Current Protocols in Molecular
Biology, J. Wiley and Sons, NY {1992).
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mar ker, for exanple, a marker that confers herbicide resistance and/or a
construct that serves as a visual or detectable marker for plant and/or
seed screening. These plants are fertile and can be sel fed and nmai nt ai ned.
The seed on these plants will segregate 50:50 for the transgene because
only non-transgenic pollen is viable and capable of effecting fertilization

of an ovul e, J.%l}s bPhBﬁ&ﬂfc‘%bH Bhe ét%nsﬁcﬁHCFcr recombir;ré:hogle%rdatfg seed

for femal e |nbre produc inone row, non- transgenlc
plants fr oaxtraﬂbrcﬁdosumamm@nan@a ar@dsnowwee ¢hepadmarst weswtehbzwgtnnsna}ecesa ve

nms45 and e I | 0, t i d. i
non-t r ans oo Casd Metdocs B PoBELAS Fla, ¥ ol Rrids e @R paiguy o,
segr egat espluxmﬁhate omrare(cimhatmth eand)vh;aldrérisd)lctldneartei lkmmpﬁ imnilhe at.eands ek t o

P oncd 1 afibiesbEmptpafis it el eica e dnel fer 1 GO R 5 O 0%

scr eenabl eGene W’ﬁewwﬂ%’btoaoﬁssHumad Fakss, 0fJ (18@7)pr ogeny ar e mal e st erile due
to the presence.,of

ns45 al |l el e. Thes nt s ed a
Fmml e 1 hy brPEe FARRER POTFERE QU 1 HaEETE DR SR bR SR8 £} Bus 1 or
the wild-tyReeMiderdione THessifdiing: Vifal Ryl mod-Jital Gaeder pﬁlaihoa‘sam furdlBér ved
fromthis seed are heterozggcﬁus for the M545 gene and, therefore, male

fertile. Of VIUSSRNEVRRERHHECQBHERES irapgfer YerlerSpinglyding pelvemiail Ry Y 4%oni nant

pol | em@upm&@z%koat é)a'(’fQQZ) L @apt st 7@“(153@ {535 a'ddehbiwfu%sﬂa@mdé@ @993y r uct
can be maintai ned 20 as i nbreds and used in a rid seed ducti on

strategy t&utjeher-dYisrafiely (murdad58:39 by @Pék%de‘f &y ﬁTQ@)ﬁPbﬁ‘ﬁ’”{ﬂUQﬁt s.
EXAVPLE 7 CENBIOHTLONRIR0 e T1008Y 2 VRS 8o 4ab7 A4WRCOGAIR, UEBE(1968) herei

may be co In varil ous create systems for controll ng gene

expr essi onPege NaloAprdhald/. dd@An&@/%%“-ﬂﬁ% %sﬁelnfaiﬂklﬁi@fséﬂﬁ@%@?ﬂo%ﬁlé%- Wit hin
?r Z 'ng?l)fn;f% ﬁ'w H%g)-\s' &9 eﬁ“' 9BLf NES CAciad NREL MBbIBREYS9 O sEAEN T al

15 Perricaudet, ef al., (1990) Hum. Gene Ther. 1:241-258), vaccinia virus (Mackett, ef

al., (1992} Biotechnology 24:495499), adeng-associated virus (Muzyczka, (1992)

Curr. Top. Microbiol. Immunol. 158:91-123; Ohi, et al., (1990) Gene 89:279-282),

herpes viruses including HSV and EBV (Margolskee, (1992) Curr. Top. Microbiof.

Immunol. 158:67-90; Johnson, et al., (1992) J. Virol., 66:2052-2965; Fink, et al.,

20 (1992) Hum. Gene Ther. 3:11-19; Breakfieid, ot al., (1987) Mol. Neurobiol. 1:337-

371; Fresse, et al., (1920) Biochem. Pharmacol. 40:2189-2199), and retroviruses

of avian (Brandyopadhyay, et al., (1984) Mol. Cell Biol. 4:749-754; Petropouplos,

et al., (1992) J. Virol. 66:3391-3397), murine (Miller, {1992) Curr. Top. Microbiol.

Immunol. 158:1-24, Miller, et al., (1285) Mol. Celi Biol. 5:431-437; Sorge, et al.,

25  (1984) Mol. Cell Biol. 4:1730-1737; Mann, et al., (1985) J. Virol. 54:401-407), and

human origin (Page, ef al., (1990) J. Virol. 64:5370-5276; Buchschalcher, ef al.,
(1992) J. Virol. 66:2731-2739).

Non-viral gene transfer methods known in the art include chemical

techniques such as calcium phosphate coprecipitation (Graham, et al., (1973)

30 Virology 52:456-467; Pellicer, ot al., (1980) Science 209:1414-1422), mechanical

techniques, for example microinjection (Anderson, ef al., (1980) Proc. Natl. Acad.

Sci. USA 77:5399-5403; Gordon, et al, (1980) Proc. Nall. Acad. Sci. USA

77:7380-7384; Brinster, ef al., (1981) Cell 27:223-231; Constantini, ef al., (1981)

Nature 294:92-94), membrane fusion-mediated transfer via liposomes (Felgner, et
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breedi ng of plants conprising one or nore conponents. Possi bl e conponents
are 30 described below and in Table 2. Table 3 provides representations of
illustrative, but not exhaustive, conbinations useful in controlling male
fertility. For exanpl e, the conmponents may include pronoters or
codi ng regions other than those |isted, and the order of the conponents
within the constructs may be different than those shown. Further, a

construct could ¢ ri se individual. npt er / codi ng uence corrbl nat i ons,
o one " pr ot 4198131 By NathAtad pSroUSR BT 114! G ouERg: Sadlenciosd
conponent s Bloeﬁemt@x @lsmiaescﬁsmh«dneaa Cbt af, pmsey UJCB.'OIC leeeh CAIRR{2138- a
constitutive pronofer i vi ng transcription of di ng se&gence as
591 Qhci ng or

wel | as a palsfiRipwer ﬁtea’erfé Rnigua. Gane HFQfdQ&GTTZ”T\%N?éQ' i a%
regul ati ngSﬁfeﬁEé Qagéllébs 1BBBXEim, (dr 1., F’W?l(ﬁﬂcu%'tlgﬁ%@t?bf}t?%ﬁﬁ?airﬁ @rdcysi on

product. This would allow screeni ng ransformants using any tissue of

the plaht, DM u@taéﬁmr@s@icentownadﬁtewmdmsw (¥eajificical..r(@980) Scienceral e

fertilit h
component 2458 E0 T NG, Bl (1Y) R EHlGuast TR 4Pl a8y A, "rp P!

encoded ge{@90) Groc Wathicad.rSa BSAGT: 3855Fﬁﬁ59chw.! g at. .54 Ba9), J. thoIaéIh&m initial
mor e pr omo£ 468t i vt o el T BB gk iegk B fr BB Walren oraly o1
colnf i gur at (mm) Wagbﬁe?r epall, i 19et) e't;]rf)c sl stvaddBoig Ul 8854255;19?9;00011&@ teﬁ o mal e
oot o0 1860 1BBM BRiA dyarf dRe S5t U B3 RF 5Ty Srtc p Bt ABBIT B

i ncl ude, f meﬂexadmlse; PS4 88:9886-888asElridlcbiels 190G -HandGemd FheBNUgL eat e
stages; see, SEQ ID NO 2), and P67 (profile simlar to P95, nore highly

expressed 454 d- uni nucl eat e stage; see, SEQID NO 1). Tapetumspecific

("Tisp-P") or t@ﬁ@TsHlﬂed)Frﬁﬁ\%rdr?fEaﬁilﬂ_ Qﬁplgchté%rtﬁﬁﬂhgrrﬁetﬁé’dé A&ddreed hfeFHm
exampl e, M545 (U.S. Patent Nunber 6, 037,523); 51 26& . S. Patent Nunbe
819

5, 837, 851) areganpliceledo/ YBe0sPeciesanel w@eaimﬂwlﬁe gluding both Qs
ti 55U61§pe‘éh:§'&thQF nbhsrﬁM?arPro‘?éﬁ{:érﬁ%gg?ngog&@%S%&é@g%g) Lie :dt cf‘élf el

I ncl ude, for exanple, Br2 (ScTence and LTP2
(Pl ant J oilgsatsatedot natdyal the7a@mtioni t uti ve pronoters (" ConstP ) |ncI ude, for
exanpl e, the CaW 355 pronoter (WD 91/04036 and WO 84/02913); and the maize
ubi quitin pronoter.

EXAMPLE 1

PROMOTER HAIRPIN RNA EXPRESSION AFFECTS PLANT FERTILITY
20 This example demonstrates that the fertility or fertility potential of plants can
be altered by expression of hairpin RNA (hpRNA) molecules specific for the
promoters of genes that encode proteins involved in male fertility pathways.
Promoter hpRNA consiructs were generated by linking a ubiquitin promoter
to an inverted repeat of the desired promoter, including a NOS promoter segment
25 between the inverted repeat sequences. Expression of each construct generated
a hpRNA specific for one of the following promoters: MS45, 5126, BS7, SB200,
and PG47. Nucleic acid molecules and methods for preparing the constructs and
transforming maize were as previously described (Cigan, et al., (2001} Sex Plant
Reprod. 14:135-142). Progeny (T1 generation) of transformed (T0) plants were
30 analyzed.
Of 32 transformation events comprising hpRNA specific for the MS45 gene
promoter, 29 produced TO plants that were male sterile.
Of 32 transformation events comprising hpRNA specific for the 5126 gene

promoter, 29 produced TO plants that were male sterile.

T



Male fertility genes ("MF') useful in the invention include, for exanple,
M545 (Cigan, et at, (2001) Sex. Plant Repro. 14:135-142; U.S. Patent Nunber
5,478,369) and Ms26 (U.S. patent publication 20030182689, issued Decenber
3019, 2006 as U.S. 7,151, 205). Pol I en abl ati on genes ("Cytotox")
useful in the invention include DAM (GenBank J01600, Nucleic Acids Res.

11:837-851 (19 " = . f '
105(2) : 750- (7608@1%?? ﬁ%gﬁg%ﬁ%r‘éﬁgﬁﬁgﬁg&ﬁ% :5%%@5"85 mﬁgg%gine%‘w
(Pl ant Phypiooioter] 23( pdassst 303plantedbp) eithdrpereducesind sralbamauhteaisesn- I n this
d, L. ngl Q [ ' ' t

Genor at o a PSRBT BEEReH HenBlymBL bl by e !t Bl RE e E SIS °
useful in ameurFtrcdwtdb@pMIbnt(?weUdméphémﬂy;i:e)cI ude, for exanple, herbicide

i st by PAT. MbPAT. 5Sc I ful i
e S E N ST RO T R s
anong pr oggmyncidr, 23 peiduedd Maipiiras ﬁ?ﬁigHgArfﬂmsbrbabérwieh&fdér(pﬁen@i@ﬁe.( 1996) FEBS

. Sci

Lett. 389:44-47; |fie, et al., 263:802), REP. DSred
(D cirion o 0 2 Sotssimgtioncichls aubrisin BIRA sa9sTic Rihe A7 (erE: al .
(1995) Devprofiét ilitRed 6icd)a 3dhsidd) forlCRlerbifide ( Bisitancest 18! rovehR0GH 10
Plant Cell 12(1):65-79, and Sugaryl (Rahman, at al., (1998) Pl ant Physiol.

117: 425- 43%3nsnaipsion obhergicide iesistatice e i Toapeding svhenaising nolig gy the

Hai 1 pi [ COpfirhan tRinsRitthaRBY THNTR doPSistehPiite SRENEd ps¥EhEItic EPpédsionst P67 hp.
A hairpin may target a single promoter or may target two or nore pronoters
by means oPG47single transcribed RNA. The hairpin could be |ocated in any

15appropri ate B L.t DI ; Lt ' on of |
any of the enco e’&éﬁg!gﬂg\éw%rﬁ %ﬁ%%ﬁﬁ%@l&?tﬁ% Wr‘non-co‘giﬂ\rlllk‘g‘\é ?@3%&%@#@?& e 2 :
Synbol Desnerthsrn dlot Efnsash target, six independent events were analyzed in the T1

generation to determine whether hpRNA expression reduced steady state RNA
15 levels of the targeted genes. Anthers were staged at tetrad release to early
uninucleate stage of microspore development. Poly A* RNA was isolated,
separated by electrophoresis, transferred to membranes, and hybridized
sequentially with probes specific for MS45, 5126, BS7, SB200, NOS, and actin
(RNA loading control). No MS45, 5126, or BS7 transcripts were detected in plants
20 expressing hpRNA specific for these endogenous promoters. Only a slight
reduction of SB200 RNA was observed in planis expressing SB200 hpRNA.
Protein immunoblot analysis of anther proteins also was performed
essentially as described previously (Cigan, et al, (2001) Sex Plant Reprod.
14:135-142). For each target, six independent events were analyzed in the T1
25 generation to determine whether expression of the promoter hpRNA reduced
steady-state protein levels of the targeted genes. Anthers were staged as above,
ground in Laemelli buffer, separated by electrophoresis, and reacted sequentially
with antibodies specific for MS45, BS7, SB200 or 5126 protein. Similar to the
northern blot results, no MS45, 5126, or BS7 proteins were detected in plants
30 expressing hpRNA specific for these endogenous prometers, and only a slight
reduction of SB200 protein was observed for events comprising hpSB200.
These results demonstrate that expression of promoter hpRNA can
selectively suppress endogenous gene expression in plant cells. In addition, the
results demonstrate that suppression of different genes involved in male sterility of
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.PoI | -P Poll en Pronoter PO47, P95, P67 Tisp-P Tissue Specific Pronoter Br2,
CesA8, LTP2 Tap-P Tapetum Pronoter M45, 5126, Bs7, Sb200 ConstP
Constitutive Pronoter 355, Ubi

plants can variously affect the plant phenotype, including the degree of male

fertility.
EXAMPLE 2
5 EXPRESSION OF EXOGENOUS MS45 GENE PRODUCT RESTORES
FERTILITY

This example demonstrates that plants rendered male-sterile by expression
of an MS45 promoter hairpin construct can be restored to fertility by expression of
an exogenous MS45 gene construct.

10 Constructs were prepared containing the MS45 coding sequence operably
linked to a heterologous ubiquitin (UBI), 5126, SB200 or BS7 promoter; these
constructs were introduced into ms45ms45 plant cells. Regenerated plants and
their progeny were fertile, demonstrating that the native promoter of MS45 can be
replaced with either a constitutive or anther-preferred promoter to confer a male-

15 fertile phenotype to mutant ms45 maize. (See also, Cigan, et al,, (2001) Sex Plant
Reprod. 14:135-142)

Further, plants containing the UBEMS45 or 5126:MS545 construct were
crossed to plants that were male sterile due to expression of an MS45 gene
promoter hpRNA. Progeny were tested by PCR for presence of the hp construct

20 and either UBI:MS45 or 5126:MS45. RNA hybridization analysis was conducted
and fertility phenotypes were scored.

Northern blot analysis of RNA obtained from leaves of the progeny plants
revealed that MS45 was expressed from the ubiquitin promoter in 7 of 12 hp-
containing progeny obtained from the UBIL:MS45 cross. Further, expression of

25 MS45 from the UBI promoter correlated with observed fertility in the progeny
plants. These results indicate that MS45 is expressed from the constitutive
ubiquitin promoter, and that constitutive expression of the MS45 gene product
confers male fertility in the progeny plants.

Further, anther RNA from these MS45hp maize plants containing

30  5126:MS545, BS7:MS45, or UBL:MS45 was analyzed. Anthers were staged at
tetrad release to early uninucleate stage of microspore development, and poly A+
RNA was collected, electrophoresed and hybridized sequentially with probes for
MS45, SB200, and BS7. MS45 was expressed in anthers of the male-fertile
progeny plants whether driven by the constitutive UBI promoter or by the anther-
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M- Fertility Gene Ms45, Ms26 Cytotox Cytotoxic Gene DAM Al pha- Anyl ase, 08,
SacB PAT, MPAT Herb R Herbicide Resistance Screen Screenabl e Marker RFP,
GFP, KN1, CRC, Sul HP Hairpin

specific 5126 or BS7 promoters, with timing of anther collection likely affecting

strength of the signal. No MS45 RNA was observed in the male-sterile hairpin-

only containing plants. These results demonstrate that suppression of MS45

expression due to the MS45 hpRNA can be overcome by expressing MS45 from a
5 heterologous promoter that drives expression at least in anther cells.

The promoter expressing the MS45 gene can be derived from a source
other than maize, and can be, for example, any plant promoter capable of
transcribing MS45 such that expression of the transcription unit renders plants
male fertile. For exampie, the rice and Arabidopsis homologs of the maize MS45,

10 5126, BS7 and MS26 genes have been isolated and identified. See Figure 1 for
chromosomal coordinates providing sequence information for MS45, MS26, and
5126 in rice and Arabidopsis, and BS7 in Arabidopsis. For BS7 in rice, see SEQ
ID NO: 3. Overall there is significant coding sequence similarity between the
species, with conservation of the intronic regions. Importantly, the corresponding

15 promoters of rice and maize are approximately 50 to 60% identical overall, with
regions up to 85% identical, suggesting that these promoters may function
sufficiently in maize tapetum to transcribe the MS45 gene.

To test this, each of the rice MS45, rice 5126, rice BS7, rice MS26 and
Arabidopsis MS45, Arabidopsis 5126 and Arabidopsis BS7 promoters was fused

20 to the maize MS45 coding region and tested for ability of the construct to confer
fertility when transformed into ms45ms45 mutants. Using this test system, a high
frequency of male fertile piants was observed for all four constructs.

In certain respects, it is advantageous to use non-maize promoters to
express the MS45 gene. For example, where promoter hpRNAs from the same

25 species reduce target gene function such that the plant is non-viable cor non-
reproductive, a promoter from a different species can be used to transcriptionaily
express the complementing gene function (e.g., MS45), thus circumventing this
potential problem. Moreover, an hpRNA construct can be generated to target the
non-maize promoter used in the MS45 expression cassette, to suppress MS45

30 gene expression as a means to reduce or abolish function and render the plant
male sterile. For example, an ms45 homozygous recessive plant may be
transformed with an MS45 rice promoter homolog driving expression of the MS45
gene (MS45r::MS845), rendering the plant male fertite. To suppress expression of
this MS45r::MS45 cassette, a second maize plant can be generated which is
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P&A7hp, P95hp, P67hp 20 Table 3 Description Conponents Single cytotox +
Sel ection Poll-P: Cytotox/ Tap-P: M-/ Const P: Herb R

Pol | - P: Cyt ot ox/ Tap- P: MF/ Const P: Herb PJTi sp- P: Screen Single cytotox +

Sel ection + Screen Double cytotox + Sel ection

heterozygous for the maize MS45 mutation and expresses an MS45r promoter
hpRNA. As there are no equivalent endogenous MS45 rice promoter target
sequences in this maize plant, this plant would be male fertile. This second plant
can be crossed onto the homozygous ms45 plant containing the MS45r::MS45
5 construct, and ms45 homozygous recessive progeny screened for the
MS45r::MS45 and the MS45r hpRNA constructs. In this situation, MS45r:MS45
gene function is suppressed by the presence and expression of the MS45r
hpRNA, resulting in a male-sterile plant.
Use of such constructs is supported by the finding that expression of the
10 rice 5126 promoter hp in maize does not result in male sterile plants. This is in
contrast to the resuits obtained using a maize 5126 promoter hp (see, Example 1)
and suggests that expression of the rice 5126 promoter hairpin is incapable of
suppressing the endogenous maize 5126 gene.

i5 EXAMPLE 3
PROMOTER SPECIFIC HAIRPIN RNA SUPPRESSES TRANSMISSION OF
TRANSGENE MEDIATED HERBICIDE RESISTANCE

This example demonstrates that pollen of plants hemizygous for a

UBIL:PG47 hairpin construct is non-viable as determined by non-transmission of
20  herbicide resistance to T1 outcrosses when a herbicide resistance gene is linked
to the PG47 hairpin construct.

An hpRNA specific for the PG47 gene promoter comprising an inverted
repeat of the PG47 gene promoter driven by a ubiquitin promoter (UBI:PG47hp),
linked to a 35S:PAT construct, was introduced into plant cells. Pollen from plants

25 expressing the transgene, representing 24 low- or single-copy transformation
events, was carried to ears of wild-type maize plants. Seed set on the ears was
very good, and comparable to that observed when wild-type polien was used. For
each event, 32 seeds were planted in soil, and seedlings were sprayed 5 days
post-germination with 2X LIBERTY™ herbicide to detect transmission of

30 UBLPG47hp linked to 35S:PAT.

It was expected that if PG47-specific hpRNA functioned at the post-meiotic
division of microspores, then viability would be normal, and 50% of the pollen
would carry the transgene, providing herbicide resistance in 50% of the progeny.
However, if PG47 function is required for polien viability, and the hairpin construct
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Screen HawopldnbernGeiviabta; @il viable pollen would lack the transgene and be incapable
of transmitting herbicide resistance. Non-functioning UBI:PG47hp constructs
would be detectable by the presence of herbicide resistant plants.

5 Fifteen of 24 events tested were herbicide sensitive. This result
demonstrates that the UBI:PG47hp constructs suppress PG47 gene expression in
pollen, rendering 50% of the pollen non-viable and preventing transmission of
herbicide resistance operably linked to the suppression construct.

10 ‘ EXAMPLE 4
PLANTS CONTAINING MULTIPLE PROMOTER-SPECIFIC HAIRPIN RNAS
SUPPRESS MULTIPLE TARGET PROMOTERS
Plants containing 5126HP (i.e., a transgene encoding a 5126 promoter
hpRNA) are used as pollen recipients for potlen from BS7HP-expressing plants.

15 In plants containing both 5126HP and BS7HP, endogenous expression of 5126
and BS7 is suppressed, leading to a stronger sterility phenotype than observed
with either construct alone. Plants are selected to contain either the 5126HP or
BS7HP or both and advanced to maturity, and the fertility phenotypes of these
resultant plants are determined.

20 Alternatively or in addition to crossing as a means to combine hairpin
constructs, one of said constructs, for example the 5126HP, can be placed under
the transcriptional control of an inducible promoter. in the absence of induction,
these BS7HP-containing plants are capable of producing enough pollen to self.
However, upon induction of the 5126HP, these plants are male sterile, and can be

25 used as females during hybrid production. This process depends upon the
combined expression of the hairpin constructs (HPs) to render a plant infertile,
while expression of only one of the HPs does not impart sterility.

In certain embodiments, expression of hoth hpRNAs can be placed under
the transcriptional control of a single promoter. For example, the 5126 promoter

30 region can be juxtaposed to the BS7 promoter region and both are placed under
the transcriptional control of a single ubiguitin promoter or other constitutive,
developmental or tissue preferred promoter, resulting in the expression of an RNA
containing a 5126 and BS7 hybrid hairpin that directs the suppression of both
5126 and BS7 endogenous genes. Any combination and number of various
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Tap- P: MF/ Const P: Screen Enbedded HP

promoters that target multiple and different promoters can be used in the scheme.
For example, a promoter that regulates plant height genes and a promoter
important to a reproductive process can be combined, resulting in sterile plants
having short stature.

EXAMPLE 5
INBRED MAINTENANCE AND HYBRID PRODUCTION OF PLANTS
CONTAINING PROMOTER-SPECIFIC HAIRPIN RNAS SUPPRESSING
TARGET PROMOTERS AND COMPLEMENTATION CONSTRUCTS

10 This example demonsirates how an inbred plant containing two constructs,
a dominant hairpin RNA (hpRNA) construct specific for a promoter and an MS45
gene expressed from a promoter, such as a tissue-specific or constitutive
promoter, can be maintained and used in the production of male-sterile females
for hybrid production.

15 Inbred plants A1 and A2 are both homozygous recessive ms45ms45.
Fertility is restored to inbred A1 plants by introduction of a transgene expressing
the MS45 coding region operably linked to the 5126 promoter. The A1 inbred
plants also contain a BS7HP-expressing construct. These plants can be selfed
and the A1 line, homozygous for the transgene inserts, is maintained

20 independently of inbred A2. In inbred A2 plants, fertility is restored by expressing
the MS45 coding region operably linked to the BS7 promoter. The A2 inbred
plants also contain a 5126HP-expressing construct. These plants can be selfed
and the A2 line, homozygous for the transgene inserts, is maintained
independently of inbred A1 plants.

25 In some embodiments comprised by this example, promoters from the rice
(Oryza sativa) orthologs of maize genes 5126, BS7, and/or MS45 are used. See
Table 1 for examples. If no species is indicated, maize is assumed.
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Pol | - P: Cyt ot oxf r ap- RMF/ Const P: Scr een Enbedded HP Si ngl e Cytotox Enbedded
Hai rpin/ Screen Constitutive Fertility/ Screen with Enbedded Hairpin
Const P: (MF + Screen) Enbedded HP Tap- P: Cyt ot ox/ Const P: (M- + Scr een)
Enbedded HP EXAMPLE 8 5VI SUAL MARKER- BASED SELECTI ON The experinments
descri bed bel ow were designed to ask whether the maize pl gene, when
expressed from various non-p/ pronoters, could be used as a visual marker
for seed carrying a linked transgene. As part of the experinental design,

coloration of seed fromthe transformasleplant, as well as coloration of
Seed 10 g per-at-e nrl h\l ot r-rn:c| na naol | F=Yal frnmfhn frnncf ormed.nlant was

tested to|exanine inheritancd FIANGAT BNAPMsAs) pat ﬂ%IA%ﬁmﬁﬁﬁ'@s@pressi on.
The pl ge‘ﬁegforéiﬁinzc%n‘sﬁué 'Wb rfc@B@i@(MSJ}@nSC“ PTI ABeBSRQUE¥AT OF _
denonstrated to regulate thelal and c2 genes to produce 3-deoxy flavonoids,

Hairpin construct UBI::riceBS7pIR UBI::rice5126p(R

OR

Restoration construct rice5126.:MS45 riceMS45::MS545

Hairpin construct UBI::riceMS45pIR UBI::rice5126pIR

To generate seed for female inbreds for hybrid production, inbred A1
5 (containing homozygous transgene inserts) is detasseled and fertilized with polien
from inbred A2 {containing homozygous transgene inserts). The seed resulting
from this cross is planted; all of the progeny plants are male sterile due to the
presence of the homozygous ms45 alleles and the pIRs which suppress the
corresponding MS45 construct (e.g., riceMS45pIR suppresses riceMS45::MS45,
10 and the rice5126pIR suppresses rice5126::MS45). See Figure 2. These plants
are used as females in hybrid production and pollinated with plants homozygous
for the wild-type MS45 gene, resulting in hybrid F1 seed. All plants derived from

this seed are heterozygous for the MS45 gene and are therefore male fertile.
This example demonstrates that plants containing both dominant
i5 suppression and restoring constructs can be maintained and used in a hybrid seed

production strategy to generate sterile female inbreds and fertile hybrid plants.

EXAMPLE 6
UTILITY OF PLANTS CONTAINING PROMOTER-SPECIFIC HAIRPIN RNAS
20 SUPPRESSING TARGET POLLEN-SPECIFIC PROMOTERS AND MS45
COMPLEMENTATION CONSTRUCTS FOR HYBRID PRODUCTION AND
INBRED MAINTENANCE

This example demonstrates how a method comprising the use of two
constructs, a dominant hairpin RNA (hpRNA) construct specific for a pollen-
25  specific promoter and a restoring fransgene, allows for the propagation of a plant
having a homozygous recessive reproductive frait without losing the homozygous
recessive condition in the resuiting progeny, for use in the production of sterile
plants for hybrid production. This is accomplished by introducing into a plant at
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such as C-glycosyl flavones, 3-deoxyanthocyanins, flavan-4-ols and

phl obaphenes (G otewl d, etal,, (1991) PNAS 88:4587-4591). Synthesis of
these and rel ated conpounds results in the coloration of floral organs

i ncl udi ng pericarp, cob, silks, husks and tassel glumes (Cocciol one, at

al., (2001) Plant J 27(5):467- 5 478). Typically, expression of this gene
Is maternal ; that is, outcrossing of the pl gene does not confer coloration
to reprodu t|v arts until the nexﬂ@generatlon is growmn fromseed. As the

pl gene ha e KERIATAG, tFanIFoBRe CANSITUSl PRAPIKpRIING 13 Virshelugieotide sues by
constituti y&%}@h@é eRPiRirgNa %tﬁﬁblaédﬁy'\@fxé @%ﬂeﬁﬁsﬁéc)mg@lﬂeﬁts( ﬁ%’e%ﬁ%'t d, at
all, (1998) Cell), expression of pl ‘gene was | nvest 1 gated by

pl aci ng thB Wtwﬁwﬁrm@uqeﬁebx mmﬁwpyﬁaec%wer@ndﬁpntw& fresiegend
seed- pref ef o] HiRlicRide @Q%eﬁdédg%ﬁzunte%'?éé WthﬂhéefoWQt;%ﬁ{x tfohC§r Actin

and mai ze Ubiquitin were also used to transcriptional
gene. Tﬁesdispeﬁﬁbﬂfsthﬁoma@ gavetestnitthe miantprBYs iconstaict tlmmqnﬁalgeden\lkml d

confer col Rém%{;&% SBfE Sanguh T |§ﬁte65nt%lﬂ{nﬁaa?cha gfrﬁ to 48 '€
Vec

fol |l owi ng S were introduced 1n 1 Ze gro act's
t r ansf or natmainained tietetfetnterwithette daration fdmtubntd)redispensaf of thed npdleéant and

ears polli Lth pollen.fr t ransf or ned s. 23030End2:

o b o PRt Bk deRtepMRiHeAm Hkid 83 Pnilisfing fifp torstn,
23528Fnd2' fﬁhcﬁﬁﬁ%ﬁzsb@fs’zéggg’toﬁa rﬁ%le gagze&%?)% gﬁﬁijﬁﬁhﬁé-tn@éu%ﬁ%f&ﬁ? ﬁl’gmoter Crat
Trans I on t.h PHP as pr an enonstrating
segreggél n mg&tﬁ”get&argggae%f%% h@ﬁP@gBPstsﬁ%tepPPE’aH??PF POreREMENt s and
on ears popiddaaéedomtindPk! restofin® MahbgsiRe EarRitOaRE AoRb 3N tifeseRRE VRIBIZ 3030,

12 of the %4 mckegendent events used for outcrossi nghdermnstrat ed 30 brown

col ored kefffeit togAfithg ligfRshgeqand grie it ResvReisstha formationyof yiable
segr egat i Oolleit lrheréeres vientthe nidihiEiey pFah@BéﬁthnWéLﬁ:hV‘éaLrﬁ(eﬁcﬁo'nbﬁ@ét%d with

pollen fromnon-transformed plants and the kernels on these ears al so
segr egat edum@mawl'%dpwﬂﬂéﬂ%@h?@t thadwmazygous receasive plantiding palyviabéssul t s

vere opser e Wahlbtdd pRiddd 188nd WmENGBLS BEQARIR! Bint 4 REEL 3G

contain the recessive allele, but do not contain any component of the transgene

construct. The progeny resulting from such a sexual cross are non transgenic with
respect to this transgene construct.

While no viable pollen produced by the maintainer contains the restoring

20 transgene construct, 50% of the ovules (the female gamete) will contain the

restoring transgene construct. Therefore, the maintainer can be propagated by

self-fertilization, with the restoring transgene construct segregating such that it will

be contained in 50% of the seed of a self fertilized maintainer. By linking the

restoring fransgene construct with a selectable marker, the 50% of the seed

25  containing the transgene can be isolated to propagate the maintainer population,

which remains homozygous for the recessive gene and hemizygous for the

restoring transgene construct. In this scenatrio, a single inbred can be maintained.

Inbred A1 is homozygous recessive for the fertility gene ms45. Inbred At

plants contain a construct in which male fertility is restored by expressing the

30  MS45 coding region using a tissue spegcific promoter, for example the native MS45

promoter. Inbred A1 plants also contain a hairpin construct targeted to suppress a

pollen expressed promoter, in this example, a PG47HP expressing construct

operably linked to the MS45 restoring construct; and a selectable or screenable

marker, for example, a marker that confers herbicide resistance and/or a construct
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Brown and yel |l ow seed from5 singl e-copy PHP23030 events were sorted and
planted to test for germ nation of the brown seed and co-segregation of the
| i nked herbicide resistance narker, 35SPAT, with the colored kernels. In
this small test, the majority (>95% of the brown seed produced herbicide
resistant 5 plants whereas 39 of the 40 seedlings germ nated fron1ye||ow
seed were rbicide_sensitive,

f d
From PrpoalEh e & Pelel Bt getoctaien e BF R piledbedd Sede Rl ot e
endosper m tlrheénr pwntssamdfeiﬂlemnal-msﬂﬁgemm rﬁénn@h@dgrﬁwsééwonetaemce when

conpared to w 10 s ng seed derived fromthe sane ear. This is
Comer et ant ST Wil a0t SO0 T B GitsRne peETu. Ok COBIRDRaREE RIS coi | s
borbar ded W Jidibld abd RBap4lske of eff@dting fertifdation 6L 2R ByulBl 804 dEalhichlddntain thel- 740) .
Mor eover, exam nation of the transforned callus with PHP23528

(End2: Pi- 35%B#HCl and PHP23535 (LTP2: P1- 35S: PAT) reveal ed, in contrast to
unt ransf or med G%’»géﬁérbtesseée%hféﬂrm%ﬁﬁ&s @MYB@ Pttt i 6nd riviong, cal | us

fluoresced green. The observation of green fluorescence in these
transf or rreaora-apnﬁger@mdpleﬂ@ dtwr eipberfht Abnatst HaBi@Ngdr Hease \qlans  Aee

herbi ci de RghBgidHiser % h@4§r§ﬁ1§faﬁélﬁegteﬂiea“tﬁ1 'a'?nd'aﬁj%fcé% t&RL pBirpPr essi on

of pl from at east see -preferred pronoters can be used as a visual marker
to identi f {ranggemiy @mqireanﬁmnﬁeequ@!amfromnwwmr@ reWERNATHINED ER POLLEN
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Tamee. ot I Blams SRR sSed Hre Aieroziansiselbr ey isia: 7 E78m nges,
et at, (zomefa@ma@egdnew(s) 666- 680; Wi, at at, (2002) Archi ves Bi ochem

Bi ophys 406( 1 '??’821 32‘3 XAMPLE 10 SUBST] TUTI NG. ORTHOLOGOUS PROMOTERS
O t hol ogous pr ohig P& ’6n¢$’ﬂ€@5f%%§ Anatn pleslss icontednieg a:.f{jw'aarit) PoRane

suppression hairpin construct and a ferility restoring construct can be maintained
20 as inbreds and used in a hybrid seed production sirategy to generate sterile
female inbreds and fertile hybrid plants.

EXAMPLE 7
COMBINATIONS

25 Two or more construct components described herein may be combined in
various ways fo create systems for controlling gene expression. Such
combinations may be made by linking said components within a single vector, by
using multiple vectors in simultaneous or sequential transformations, and/or by
breeding of planits comprising one or more components. Possibie components are
30 described below and in Table 2. Table 3 provides representations of illustrative,

but not exhaustive, combinations useful in controlling male fertility.
For example, the components may include promoters or coding regions
other than those listed, and the order of the components within the constructs may
be different than those shown. Further, a construct could comprise individual
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5 isolated and tested for (1) their ability to regulate transcription of

the mai ze M545 restorer gene, as described in Exanple 2; (2) the effect of

an orthol og-based pl R on endogenous gene expression; and (3) whether a plIR

for an orthol ogous pronmoter could effectively silence the M545 transgene

operably linked to said orthol ogous pronoter. 10The isolated rice and

Ar abi dopsi s DNA sequences were nodified by PCR to accommpdate construction
tation and inverted repeat vectors. Hndi!'! and

of Ms45 conpl ene , Typically,
Ncol 1 est 1 PRIIQSRIRAdng Segeacs coMBINAlERs. ohf ane BOmPter,diihg transription of

respecti vehitipled bodiRg seQiHRNEIMFIcAls. VRS (Y Sxanfifé of ife RILRATA @hndtAiser t ed
repeat vectors, Notl-Ncol ends and Hi ndll1-EcoRl ends were ﬁenerat ed 15 by

PCR and su€RYlédmemnrise sxpstitutivieoproinaderodriving traserintipe ofi an coding at
(2005) PI n , p%?h AL LAt MmO » A& gjﬂgﬁl j 4P
restorer gﬁqeu%%rﬁﬁlnégﬁsettggk\%é% %:dg?sﬁtn uca:t%da),/ée ac ngmm ng a
pronot e¥ oprodueingerriegulaliisn 8, sareeratb p@rker (for ®@Smple, gigmeBAe wealBi dopsi s
M545, Ar abj ' 265, ' .S AV I t he

o v VB SR hBABGE SmiS el aldaP BBl fo R REHE il A GRud B D€ e
t r ansf or nethegpiantpivhie sxpwession ettbe d3d e dodisg sequiineg reésultsen adesfeilibpan t o

those of skill \,a.th r Typically, single plants. fromsix to ten

si ngl e-copy TO wgwsgqfﬂgmesX%ﬁ@cg%ﬁq?a?rgmqgrprﬁgﬁgré’g’mtpg} f?'f’??@ﬁnt? n each
case, a hi ghuld beguelndyd,(faP@s@mple wittdntan ihtromof aele @é nidke ehcdddd genesent | ons
denonstrated restorafion of fertility by the orthologous promgter. driving
VBA5.  Wor eBURP 3 5 T NPRoORnBoIan; SRS ER IR A IO GXERSBN a SIMIBm ( hese
fertile evelystangste ad RRIGI §foinbted U IR CRNE b ﬂ@f@gﬂbh@@s, (Within % Rirgd s per
event and 12, 3 tg I?ts per event).. 3%51%2) ffect gf an ort hgl og- based
pI R on endb@asfsie q%?'fg qipapEerapter haiipin egsfighiatiens Jnsier eelwucastideprisi ng
the Ubi qui bhdhding® "BéIRN-ASEPER] Ypdlipetides O darP! Rriasefl gRveRC hratisgbhe rice

MB45, rice 5126, rice BS7, Arabidopsis 5126, and Arabi dopsis BS7 pronoters.
W d-type Wamsmaisgientyoygh themalegameles and pl ants regenerated. Typically,

si ng| e}?' ants fﬁ&ﬁq\zﬂrréfeh‘édto‘? oﬁérflg%é‘c‘:ﬁhoﬂ%mﬁ%r%&‘mf@? [Rﬂi{c/i% re?arﬁﬁl%l uat ed

for defects in el pl ant deve ment” or nma fert n each case,
pl ant s devEGdgedondonaet botween roidf and ate-uninoclehls stggems seenBEQJIDNG VX,

ot odd B B SPIe Baa kB P b AR AR ol .,
sai d ort hose@EQ ID NO: 1).
Tapetum-specific (“Tisp-P") or tapetum-preferred (“Tap-P”) promoters
20 include, for example, MS45 (U.S. Patent Number 6,037,523); 5126 (U.S. Patent
Number 5,837,851); Bs7 (WO 02/063021); and SB200 (WO 02/26789).
Other tissue-specific or tissue-preferred promoters useful in the invention
include, for example, Br2 (Science 302(5642):71-2, 2003), CesA8, and LTP2
(Plant J 6:849-860, 1994).
25 Constitutive promoters (“ConstP”) include, for example, the CaMV 35S
promoter (WO 91/04036 and WO 84/02913); and the maize ubiquitin promoter.
Male fertility genes (“MF") useful in the invention include, for example,
MS45 (Cigan, et al., (2001) Sex. Plant Repro. 14:135-142; U.S. Patent Number
5,478,369) and MS26 (U.S. patent publication 20030182689, issued December
30 19, 2006 as U.S. 7,151,205).
Pollen ablation genes (“Cytotox”) useful in the invention include DAM
(GenBank J01600, Nucleic Acids Res. 11:837-851 (1983); alpha-amylase
(GenBank L25805, Plant Physiol. 105(2):759-760 (1994)); D8 (Physiol. Plant.
100(3):550-560 (1997)); SacB {Plant Physiol. 110(2):355-363 (1996)), lipases and
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pronoter driving M545. Male fertile, nms45 honpbzygous recessive plants
containing constructs 10 described in (1) above were used to fertilize male
fertile Ms45/ nms45 heterozygous plants containing the correspondi ng pronoter
pl R described in (2) above. Progeny ns45-recessive plants containing both
an orthologous pronDter operably |inked to M545, and the corresponding plR

cor 1 eepondNIgUsIRtor PRy iRy ST PR ustaibe B E R FIRGN ford 12 o

due to thepmig@mmlesetomeraieca‘fuwztspmmct hsacomtamplateq/ cSeled’um)l@nmrhelor
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results vvefeslstmio@dwdartai m;gPAm@rMape\ﬁlze and the Ar ab| dopsi s 5126 and

Ar abi do SI s BS7 g'eéﬂlﬁl ers.  See, XAVPLE 11 ALLEL TE.'?TI NG AND

2
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conbined in a single vector. See Fi gure I n one nt of the nethod,

the vari anfSraith, @i &l.i €99pbBarcdensticgdhid)Hdr48). r@RCSP r @t@@ﬁ & af- 02080k h DNA
shuf fli a f I St 9 oc. Watt
30 acad  SSEPLGILIA DI Chid Se TRafiFBH o# ol T2, S o T
Craneri, af1&#25-¢38o0pmeamwtek (BIR)Vant Qalf BAET-42BUNSOBE, at at, (1997)

0. 4504 4500; (AT 0P AaonR TR ofhpfte, i RbI S PR R PR o

Nunber s 5, BR5 A784&ramhdy, 8Riet 458ngle promoter bn nfayrtatget t\mbommmwnotarqol ant

|1 f d. W . d
variant ol PoreBfortd SpRniRiBSd o rF naefisRld, Ber8odied o a
t r ansf o5 medpgropnatei positiogenitiatthel cofiteuct egneas dttinparaimitranagt anys pf the a

phenotypi ¢ change. In ¢ od | men ts the phenotypic change is 5
neasur abl eeB?ﬂc{}%\ﬂ?é‘ﬁstoﬁ@"b %or ML %WEH'@I ng the variant allele or its

gene product also conprises a second gene or gene product, such as a
reporter nol ecule or cofactor. Blgge 5 presents one enbodi ment of
the method as applied to the M545 mall@ tility gene; however, the nethods

of the inyention may.he.enployed with 10 respectto a gene—ef—interest
selected froma w de rlange of genes which encode a pol ypeptide invol]ved in
a netabol ic_p8ymRAl afif ect i nd?98e0PUAN 2 varilety of phEXAMYGIi c traits
i ncluding{those |isted elsewhere herein. In further enbodinents th
nmet hods of this exanplie are used in conbination with other nethods
descri bed| her étak:P For_|exanpPellensd?romotdrng of | an end8sEh&9S. B6he and
Tisp-P Tissue Specific Promoter Br2, CesAS8, LTP2
Tap-P Tapetum Promoter Ms45, 5126, Bs7, Sb200
ConsiP Constitutive Promoter 36S, Ubi
MF Fertility Gene Ms45, Ms26
Cytotox Cytotoxic Gene DAM, Alpha-Amylase, D8, SacB
Herb R Herbicide Resistance PAT, MoPAT
Screen Screenable Marker RFP, GFP, KN1, CRC, Sui
HP Hairpin PG47hp, P95hp, P67hp
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15 transfornmation with a selected variant allele could be conbined with a

nmet hod descri bed in Exanple 5,

operably |

conprises a plRtargeted to said pronoter,

inked to a pronoter in

a first plant; and a second pl ant
such that expression of t

such that the selected variant allele is

he

selected variant allele can be controlled through crossing. 20 EXAMPLE 12
MAI NTENANCE OF RECESSI VE LETHALS

In a further

enbodi nent of the

conpl enent ati on net hods incorporati ng B%? an orthol ogous pronoter is
enpl oyed to conpl enent expr essi on of £y mutant. In this way, plants
conpri si ng—recesstve—tethal—utan ray—be—selted—OCrossinrg—of—prants
conpri sing correspgfdidish t ransgere construct S (@Rpafiaun in Figure 6
results in SITENCing of TNe COMpPIEmENt g promorer,  thereby exposing t he
recessive|nmutation. 30Met hods uSe¢d herein, such as Tor constructron _of
expr essi on__cas¥atetogistox Salegibor matii on, BblaPcCytbmﬂm EEComstP:maeRel ¢ _aci d
I sol ati onfand anal yS| S, and SCOI’I of male fertility, are known to|those
of skill -PRSHEYQIK T 888 : 2 ol Cyigtoxaap-PMF/GanstP:He o@n J
43: 929-940, apd the ef ces mtg F;E@reig3 i g udi n at,
b + -E: -P! - :
(2001) Se; PE U gﬁtoox esre%% 535 j ql b Cp tox&apgNg[&mstPlﬁer%E& geni ¢
Res. 10:409- 42@ingle cytotox #8draugh the i n‘#%nblc‘aﬂtoﬂﬁ& bﬁl@ﬂ'lsg@%\cl:e'eped wi th
reference{to the above exanple, i[T WiTT Dbe understood that nodrficati ons
and vari ati onsDabig cgnoorassed SWi Phi-MCithtex/BiitR:Cytot @ Tap-SOMAIRspeH:Sdrdta
I nventionj Accordingly, the invention is limted only by the clains.
Hairpin + Singte cytotox + Selection ConstP:HP/Poll-P:Cytotox/Tap-P:MF/ConstP:Herb R
Hairpin + Single cyiotox + Screen ConstP:HP/Poll-P:Cytotox/ Tap-P:MF/Tisp-P:Screen
Hairpin + Selection ConstP:HP/Tap-P:MF/ConstP:Herb R
Hairpin + Screen ConstP:HP/Tap-P:MF/Tisp-P:Screen
Hairpin/Male fertile fusion + Screen ConstP:HP + MF/Tisp-P:Screen
Hairpin/Male fertile fusion + Selection ConstP:HP + MF/ConstP:Herb R
Embedded Hairpin/Male fertite + ConstP:MF Embedded HP/ConstP:Herb R
Selection
Embedded Hairpin/Male fertile + ConstP:MF Embedded HP/Tisp-P:Screen
Screen
Embedded Hairpin/Screen Tap-P:MF/ConstP:Screen Embedded HP
Single Cytotox Embedded Polt-P:Cytotox/Tap-P:MF/ConstP:Screen Embedded HP
Hairpin/Screen
Constitutive Fertility/Screen with ConstP:(MF + Screen) Embedded HP
Embedded Hairpin Tap-P:Cytotox/ConstP:(MF + Screen) Embedded HP
EXAMPLE 8
5 VISUAL MARKER-BASED SELECTION
The experiments described below were designed to ask whether the maize
p1 gene, when expressed from various non-p? promoters, could be used as a
visual marker for seed carrying a linked transgene. As part of the experimental
design, coloration of seed from the transformed plant, as well as coloration of seed
10 generated by outcrossing pollen from the fransformed plant, was tested to

examine inheritance of maternal and patemnal p7 gene expression.

The p?1 gene of maize

is a Myb-related transcriptional

demonstrated to regulate the a7 and c2 genes to produce 3-deoxy flavonoids,
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Al'l publications and patent herein referred to are hereby incorporated by
reference to the sane extent as if each was individually so incorporated.
WHAT IS CLAIMED IS: 1. A nmethod for controlling expression of an allelic
variant of a gene of interest in a plant or plant cell, conprising:

5(a)silen

cing said gene of interest using a plR construct targeting

e a a1 el ety aff o BRERIE) Joroiie,  FFaRantBegaiss, ffan B 0

0 a ‘'secon r onot

t he
si ng

e net hod of

d ai m 1 cohebapheges (Gropavenid, e)‘fal Q18R ANAS 88: 45&7345% )-afynthngisfofi thaser

conprisin
pl ant,

i nter

10fir st

ancBER ol R a3y CAle B o BlOBRR RRMA R )

t he SeCOﬂCboIbE emt hUsks’Sadehmsset gIOMesf(CGhaolnn&, eiralCl(%Oth) Platteh 27(B):464-d gene

ol ant corATebedPiealh pAprseer o sar 6 Rlleiot M Sy Bothente o

I nterest;

10

15

20

25

30

gene does not confer coloration to reproductive parts until the next generation is
grown from seed. As the p7 gene has been shown to confer color {o non-
reproductive maize tissues by constitutive expression in BMS (Black Mexican
Sweet) cells (Grotewold, et al., (1998} P! Celi), expression of the p7 gene was
investigated by placing the p7 gene under the transcriptional control of the maize
seed-preferred promoters END2 and LTP2. Constitutive promoters rice Actin and
maize Ubiquitin were also used to transcriptionally reguiate the p7 gene. These
vectors would test whether expression of the p?7 gene would confer color
differences sufficient for use as a visual marker.

The following vectors were introduced into maize by Agrobacterium
transformation and tested for seed color of both the transformed plant and ears
pollinated with pollen from the transformed piants.

23030 End2:P1-UbimoPAT
23066 Actin:P1-UBImoPat
23069 LTP2:P1-UBImoPat
23528 End2:P1-35SPAT
23535 LTP2:P1-35S:PAT
23537 UBI1:P1-358:PAT

Transformation with PHP23030 and PHP23069 has produced plants
demonstrating segregating colored seed both on ears of the primary transformed
plants and on ears pollinated by pollen from these transformed plants. For
PHP23030, 12 of the 14 independent events used for outcrossing demonstrated
brown colored kernels segregating among the yellow kemels at nearly a 1:1
segregation ratio. Ears on the primary transformants were pollinated with pollen
from non-transformed plants and the kernels on these ears also segregated
brown:yellow kemels at nearly a 1:1 ratio. ldentical results were observed with
three of the four events generated with PHP23069.

34
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(b) a plR construct targeting said first pronoter, (c) a construct
conprising a second pronoter operably linked to an allelic variant of the
gene of interest; and the second plant conprises a plIR
construct targeting the second 20pronoter. 5. A nethod for controlling
expression of a nmutation in a first plant, conprising: (a) transformng
said first plant with a construct conprising a pronoter 25operably |inked
to a pol ynucl eoti de, wherein expression of said pol ynucl eotide will

conpl ement t he B{AWY arshyelayy spedioa ﬁ@lrwl%@@mhaHmaéﬁo CYAPpiWArAgosepl R
construct hﬁﬂgﬁédtéWté?és‘? fdA Qé“ﬂ%{n%tloﬂf Hﬁétbnél se?@%mﬁ@o-%ﬁﬁr@@%ﬁzwc}f th r055| ng

said first an econd plants. 30 6T od o aim relnt
mut at i on i dnkest Rewbicide ﬂ'qz%stpn@mtmarkem IS&PATofwilh the solotashpeinslsngin (ﬂma first

plant compjah st ki MBS Ry '(995%9 'of Id BRSw? Sebd rb it ¥ Wbicide resistant

5 plants, whereas 39 of the 40 seedlings germinated from yellow seed were
herbicide sensitive.

Close examination of the brown seed from PHP23030 revealed that the
aleurone layer fluoresced green, while the endosperm of brown seed from
PHP23069 showed strong green fluorescence when compared to yellow

10 segregating seed derived from the same ear. This is consistent with the
observation of green fluorescence observed in BMS cells bombarded with 35S:P1
(Grotewold, ef al., (1998) Plant Cell 10(5):721-740). Moreover, examination of the
transformed callus with PHP23528 (End2:P1-35SPAT) and PHP23535 (LTP2:P1-
35S:PAT) revealed, in contrast to untransformed GS3 callus, both PHP23528- and

15 PHP23535-containing callus fluoresced green. The observation of green
fluorescence in these transformed callus and the co-segregation of brown kemels
with the herbicide selectable marker in transformed plants indicates that
expression of p1 from at least seed-preferred promoters can be used as a visuai
marker to identify transformed maize tissues.

20

EXAMPLE 9
ALTERNATIVES FOR POLLEN CYTOTOXICITY

As shown in Tables 2 and 3, disruption of pollen function may be
accomplished by any of numerous methods, including targeted degradation of

25  starch in the pollen grain or interference with starch accumulation in developing
pollen. For example, a construct comprising the alpha-amylase coding region is
operably linked to a pollen specific promoter. The native secretory signal peptide
region may be present; may be removed; or may be replaced by an amyloplastid-
targeted signal peptide. In other embodiments, a construct may comprise a

30 pollen-specific promoter operably linked to a coding region for beta-amylase; or for
a debranching enzyme such as Sugary? {Rahman, ef al., (1998) Piant Physiol.
117:425-435; James, ot al., (1995) Plant Cell 7:417-429; U18908) or pullulanase
(Dinges, ef al., (2003) Plant Cell 15(3):666-680; Wu, et al., (2002) Archives
Biochem. Biophys 406(1):21-32).
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(ii)a construct conprising a pronoter operably |linked to a heterol ogous

pol ynucl eoti de, wherein expression of said polynucleotide will conpl enent
the nutation; and (b)a second plant conprising a plR construct targeting
said pronoter of the first plant. A breeding pair of plants conprising four
pol ynucl eoti des, wherein: (a)the first plant of said pair conprises: (i) a
first pol ynucl eotide which encodes a gene product and is operably linked to
a pronoter A and (ii) a second pol ynucl eoti de which encodes a plIR

pol ynucl eoti de targeting a pronot eEXAMPLENHE B, wherein pronoter B is not

present in said first pair conprises:
(iii) a third pol ynuc?g}mgum%mﬂﬁgégogjgghﬁ?i%gt and is operably

i nked to said (prltmmgcﬁxs Bromaatelrs( frou)n eicd cindt Argbilopsiscises} iFigiravhi)clhencodes a
br esent? | noeafed @ iECls D) ik eolhoBRaaR sl 88 dretes Bisftel
wher ei n Onﬁesa:rre e, @k @%bﬁbédowEmhmelzcmqhe@ﬁécﬂﬁam&mwsaseﬁhmbr eedi ng
pair of plants d'ai m 8, wherei n sai bﬁene roduc;ﬁi af f ect t e same

phenot ypi cOf r%dpgew BPRR WSSt A pHawbethsr acpiR deren owtee %Qwssai d
trait is nﬁﬂowtaf &dadldi t@ffectm@y Rnasd e RIS pénggbaetci)eeébzpnakéa 19 saiherein

said trait female fertility. The breeding pair of plants of Caim8,
wher ei n: orthologous promoter.
10 The isolated rice and Arabidopsis DNA sequences were modified by PCR
to accommodate construction of MS45 complementation and inverted repeat
vectors. Typically, Hindlll and Ncol restriction sites were introduced onto the &
and 3’ ends, respectively, for the complementation vectors. For the promoter
inverted repeat vectors, Notl-Ncol ends and Hindlll-EcoRI ends were generated
15 by PCR and subcloned into expression vectors as described in Cigan, et al.,

(2005) Plant Journal 43, 929-940.

(1)  Ability to drive the maize MS45 restorer gene
Expression cassettes were constructed, each comprising a promoter of the
20  rice MS45, rice 5126, rice BS7, rice MS26, Arabidopsis M345, Arabidopsis 5126,
or Arabidopsis BS7 gene, operably linked to the maize MS45 coding region. Cells
of homozygous recessive ms45ms45 maize were transformed and plants were
regenerated, according to methods known to those of skill in the art. Typically,
single plants from six to ten single-copy TO transformants were evaluated for male
25 fertility. In each case, a high-frequency (>80%) of plants from independent TDNA
insertions demonstrated restoration of fertility by the orthologous promoter driving
MS45. Moreover, fertility restoration was maintained when plants from these
fertile events were analyzed in subsequent generations, (T1, 3 plants per event
and T2, 3 to 5 plants per event).
30
(2) Effect of an ortholog-based piR on endogenous gene expression.
Constructs were created comprising the Ubiquitin promoter operably linked
to a pIR based on each of the rice MS$45, rice 5126, rice BS7, Arabidopsis 5126,
and Arabidopsis BS7 promoters. Wild-type maize cells were transformed and
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(a) said first polynucleotide is selected fromthe group consisting of

pol ynucl eoti des encodi ng mai ze M545, naize BS7, maize 5126, and the
correspondi ng orthol ogs from Arabidopsis and rice; (b) said second pronoter
is selected fromthe group consisting of rice M545, rice BST, rice 5126,

Ar abi dopsi s BS7, Arabidopsis 5126, and Arabi dopsis M545 pronoters; (c)
said third polynucleotide is selected fromthe group consisting of

ol ynucl eot s encodi n 'z,e 5, i ze BS7, maize 5126, and the
Eor ?/espondphé' Sbr"?gﬁﬂ%@@gf r EE'AB‘BE@ glagtsy from eix (t@l)teﬁaﬁ'ﬂghrqoﬁv T? onot er

i s sel ect egrafhsomanite m@u&a;m&u Sbf R@ets i efha V%A d@vasp;ﬁéﬁv of infffe 126,
Ar abi dopsi s BS7, Arabidopsis 5126, and Arabi dopsis M545 pronoters. 14. A
met hod of FEWEY-adn ﬁgcfppa?'ﬁ Planis dewgloned apmallyl and %ﬁéﬁf@tipﬁeﬁlﬁtb’omrpmoént s
exhi bi ti ngoﬁééﬂe@hﬁﬂ%bﬁlﬂl_f thtOfR" g&h&lgg&rggsﬁi B hbEe aﬁé&eg#d}gssf?{a a%‘f %

1015. A cell of a plant of Clarm ed or progeny o
8. 5 endogenous target gene .

Clalm

(3)  Effect of an ortholog-based pIR on expression of said orthologous
promoter driving MS45.
Male fertile, ms45 homozygous recessive plants containing constructs
10 described in (1) above were used to fertilize male fertile Ms45/ms45 heterozygous
plants containing the corresponding promoter plR described in (2) above.
Progeny ms45-recessive plants containing both an orthologous promoter operably
linked to MS45, and the corresponding pIR, were evaluated for male fertility. Each
pIR silenced expression of its corresponding promoter driving MS45 and resulted
15 in male sterile plants due to the recessive nature of ms45 and the inability of the
promotor operably linked to the transgenic copy of MS45 to direct transcription of
this gene; for example, a pIR for riceMS45 silenced riceMS45::MS45. Similar
results were obtained using the rice 5126 and the Arabidopsis 5126 and
Arabidopsis BS7 promoters. See, Figure 3.
20
EXAMPLE 11
ALLELE TESTING AND UTILIZATION
This example provides a method for evaluating functionality of variant
alieles of a gene of interest. Using an appropriate pIR, the endagenous gene of
25 interest is suppressed. A variant allele of the gene of interest is expressed under
the control of a non-target promoter. The complementation and suppression
elements may be combined in a single vector. See Figure 4. In one embodiment
of the method, the variant allele is produced by gene shuffling. Strategies for such
DNA shuffling are known in the art. See, for example, Stemmer (1994) Proc. Natl,
30 Acad. Sci. USA 91:10747-10751; Stemmer (1994) Nature 370:389-391; Crameri,
et al., (1997) Nature Biotech. 15:436-438; Moore, et al., (1997) J. Mol Biol.
272:336-347; Zhang, et al,, (1997) Proc. Natl. Acad. Sci. USA 94:4504-4509:
Crameri, et al., (1998) Nature 391:288-291; and U.S. Patent Numbers 5,605,793
and 5,837,458.
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17. A method for selectively expressing progeny of a plant, conprising:
(a) transformng said plant with a first construct conprising said
15pol ynucl eoti de operably Iinked to a first exogenous pronoter; (b)
transform ng a second plant with a plR construct targeting said first
exogenous pronoter; (c) crossing said first and second plants; and (d)

sel ecti ng progeny. risi sald first d cand c ryct

20expr ession | (jn rfﬂﬁﬁggglrﬁ’@a',%eiﬁ% "(‘éaia'iteiz%gf‘e’l ﬁgnﬁ?'&%%cﬁ&ﬁ tt{:’ofyr'%rel%?lrérll%%égi d

1; ;3 r sEI_ hconsﬁ]sggﬁe ]Emgpﬂi_@mgﬁis\%@eam_ mdriam;m)‘erwoperamlyelirﬂxeenprmabpmnp'riatedesi red.
: e nmethod o aim erein said secqn t t ' [

Co- transt PREWGH EHY o TSBFBRTSLPIANLds KEYTEGHED. JDPo SBRESTHE AN ai m 17

wher ei n s akigplhy rasﬁ:héﬂog{ﬁc ERAdRET IrcesTRin $Abodinkdlits thes pReidtysic chamgw issi ng a

pl R taggetl ng a secon exogenous pronmpter, and said ,seco(_g pl ant further

conpr i ses MeRABHIAPR inAeache RANATSFH AR SN ep‘@”ﬁﬁb@ﬁ B d& B nt er est

operably 1haKget LiRoSEikbiRe0RkRSAY NS 0P GBAB Mbduct0sdéh abhg repbitgd of

Claim 19 ereln said first and second pol ynucl eotides of interest affect
the sanme pmelesulgmreofactrt. 21. The nethod of O aim 20 wherein said trait is

][rg'r e f e ;' ity .Fiddre 5 PRsTRENAL ShbGliRidM 8P tHUNRERLA a2hshikH 3b thd Mdsgmal e
male-fertility gene; however, the methods of the invention may be employed with
10 respect to a gene of interest selected from a wide range of genes which encode a
polypeptide involved in a metabolic pathway affecting any of a variety of
phenotypic traits, including those listed elsewhere herein.  In further
embodiments, the methods of this example are used in combination with other
methods described herein. For exampie, silencing of an endogenous gene and
15 transformation with a selected variant allele could be combined with a method
described in Example 5, such that the selected variant allele is operably linked to a
promoter in a first plant; and a second plant comprises a pIR targeted to said
promoter, such that expression of the selected variant allele can be controlled
through crossing.
20
EXAMPLE 12
MAINTENANCE OF RECESSIVE LETHALS
In a further embodiment of the complementation methods incorporating
piRs, an orthologous promoter is employed to complement expression of a
25 mutant. (n this way, plants comprising recessive lethal mutants may be seifed.
Crossing of plants comprising corresponding transgene constructs (as shown in
Figure 6) results in silencing of the complementing promoter, thereby exposing the

recessive mutation.

30 Methods used herein, such as for construction of expression cassettes,
transformation, plant regeneration, nucleic acid isolation and analysis, and scoring
of male fertility, are known to those of skill in the art; see, for example, Cigan, et
al., (2005) Plant J 43:929-940, and the references cited therein, including Cigan,
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23. The nmethod of C aim 20 wherein said first and second pol ynucl eoti des
encode the sane gene product. 24. A nmale-sterile plant produced by the

met hod of C aim 21.

et al., (2001) Sex. Plant Repro. 14:135-142; and Unger, et al., (2001) Transgenic
Res. 10:409-422.

Although the invention has been described with reference to the above
example, it will be understood that modifications and variations are encompassed

5 within the spirit and scope of the invention. Accordingly, the invention is limited

only by the claims.

Ali publications and patent herein referred to are hereby incorporated by
reference to the same extent as if each was individually so incorporated.
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WHAT 1S CLAIMED IS:
1. A method for controlling expression of an allelic variant of a gene of interest in

a plant or plant cell, comprising:

(a) silencing said gene of interest using a piR construct targeting the
promoter driving expression of said gene of interest; and
(b)  expressing said allelic variant operably linked to a second promoter.
The method of Claim 1 comprising the plant of Claim 1 as a first plant and
further comprising a step {c), wherein a second plant is crossed with said
first plant, and wherein said second plant comprises a pIR construct
targeting the second promoter.
The method of Claim 1 or Claim 2 wherein said gene of interest is an
endogenous gene.
A pair of plants wherein the first plant comprises:
(a)  afirst promoter operably linked to a gene of interest;
(b)  a pIR construct fargeting said first promoter;
(¢) a construct comprising a second promoter operably linked to an
allelic variant of the gene of interest; and
the second plant comprises a pIR construct targeting the second

promoter.

A method for controlling expression of a mutation in a first piant,

comprising:

(a) transforming said first plant with a construct comprising a promoter
operably linked to a polynucleotide, wherein expression of said
polynucleotide wili complement the mutation;

(b)  providing a second plant comprising a plIR construct targeting said
promoter of part (a); and

(c)  optionally, crossing said first and second plants.

The method of Claim 5, wherein the mutation is lethal to the plant.

A pair of plants, comprising:

(a) afirst plant comprising
(i) a mutation for a gene of interest and
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10.

11

12.
13.

(i) a consfruct comprising a promoter operably linked to a
heterologous polynucleotide, wherein expression of said
polynuclectide will complement the mutation; and

(b) a second plant comprising a pIR construct targeting said promoter of
the first plant.

A breeding pair of plants comprising four polynucleotides, wherein:

(a) the first plant of said pair comprises:

(i) a first polynucleotide which encodes a gene product and is
operably linked to a promoter A, and

(ii) a second polynucleotide which encodes a plR polynucleotide
targeting a promoter sequence B, wherein promoter B is not
present in said first plant;

(b}  The second plant of said pair comprises:

(it} a third polynucleotide which encodes a gene product and is
operably linked to said promoter B, and

(i) a fourth polynucleotide which encodes a piR polynucleotide
targeting said promoter A, wherein promoter A is not present
in said second plant.

The breeding pair of plants of Claim 8, wherein one or more of said four

polynucleotides is exogenous.

The breeding pair of plants of Claim 8, wherein said gene products affect

the same phenotypic trait.

The breeding pair of plants of Claim 10, wherein said trait is male fertility.

The breeding pair of plants of Claim 10, wherein said trait is female fertility.

The breeding pair of plants of Claim 8, wherein:

(a) said first polynuclectide is selected from the group consisting of
polynucleotides encoding maize MS45, maize BS7, maize 5126, and
the corresponding orthologs from Arabidopsis and rice;

(b) said second promoter is selected from the group consisting of rice
MS45, rice BS7, rice 5126, Arabidopsis BS7, Arabidopsis 5126, and
Arabidopsis MS45 promoters;

91



10

15

20

25

30

14,

15.
16.
17.

18.

19.

20.

21.
22.

(¢) said third polynucleotide is selected from the group consisting of
polynucleotides encoding maize MS45, maize BS7, maize 5126, and
the corresponding orthologs from Arabidopsis and rice;

(d) said first promoter is selected from the group consisting of rice
MS45, rice BS7, rice 5126, Arabidopsis BS7, Arabidopsis 5126, and
Arabidopsis MS45 promoters.

A method of generating plants lacking a particular phenotype from parents

exhibiting said phenotype, comprising crossing the breeding pair of plants

of Claim 10.

A cell of a plant of Claim 8.

Seed or progeny of a plant of Claim 8.

A method for selectively expressing a first polynucleotide of interest in

progeny of a plant, comprising:

(a) transforming said plant with a first construct comprising said
polynucleotide operably linked to a first exogenous promoter;

(b)  transforming a second plant with a pIR construct targeting said first
exogenous promoter,;

{c)  crossing said first and second plants; and

(d)  selecting progeny comprising said first and second constructs, where
expression is not desired; and

(e) selecting progeny comprising said first construct but not said second
construct, where expression is desired.

The method of Claim 17 wherein said second construct comprises, or is co-

transformed with, a selectable marker gene.

The method of Claim 17 wherein said first plant further comprises a third

construct comprising a pIR targeting a second exogenous promoter, and

said second plant further comprises a fourth construct comprising a second
polynucleotide of interest operably linked to said second exogenous
promoter.

The method of Claim 19 wherein said first and second polynucleotides of

interest affect the same phenotypic trait.

The method of Claim 20 wherein said trait is male fertility.

The method of Claim 20 wherein said trait is female fertility.
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23. The method of Claim 20 wherein said first and second polynucleotides
encode the same gene product.
24. A male-sterile plant produced by the method of Claim 21.
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