; ~e3eB?Tv 6VTwo. ""." IAAAIlIIl~ .~~~ .~ iriea~~ie METHOD FOR LARGE SCALE
MUTAGENESI S I N CROP PLANTS 5 FI ELD Cﬂmmmuwmm ON The present invention
is in thavbvetzipf pl ant genetics an i mproved 2OTABIBNGHE f or
nmut agenesi s, gene identification and anaklygdes Of gene function in crop

pl ants. The nmet hods are useful in any pes and their use in tomato
is exenplified herein. BACKGROUND OF mmm ﬂ@@ 15 The genones of hi gher
plants are estimated to contain 30,000 t0,L0 | genes. A function has been
ascribed to only a few hundred pl ant genes. The isolation of new genes, and
the nutation of these newy isolated genes, is frequently required to
ascertain gene function. Crop_ inprovenent th i.ote I depends on
20 detail ed METRODFOR L @Smgmﬁﬁigﬁﬁggﬁgwgriﬂr‘%*ﬁopsi s nodel
system has greatly contributed to the remarkabl e advances in pl ant

nol ecul ar biology during the | ast decade. The mmjor reasons for the
successful_ use of Arabidopsis are its small size, short life cycle and

rel ativel y7 smal | genone (Leutwiler et al., t984). Additionally, Arabidopsis
can be easily transfornmed 25 with foreign DNA (Bechtold et ai., 1993).
These features facilitate the genetic dissection of any trait expre$sed in
Ar abi dopsi s t hrough screeni ng of FIEALIYOFIIEE INVENTION nutants for the

vari ous genes, which control a trait of interest. Plant popul ations

nmut ageni zed by et hyl nethanesul fonate (EMS), fast neutron bonbardnent,
T-DNA insertions, Brdreseansyestion it &gtherfieldefslamroeneits iand edlatedo dmpfoved pl ant
bi ol ogi stg, as a,neaps of dissecting,the geneti.c contrql of plant,

devel opmslri}t arﬁﬁthé%n ‘Et?%ﬁ“f%‘s’(g@ﬁg%“é&c%}qn, angd galysis Iﬂgsgﬁm finctign in crop
consi der abl e maitantB@e metHody Sk Usefuirl 9PPlaft dfechs WdCtheit Ase IENGHME is
analysis, it is not a crop plant. and the know edge 1 i WD 99112411
PCT/ i L98/ 00442xeBplfied Bereitn thi s speci es cannot al ways be applied to ot her
agronom cal ly inportant crop species. For exanple, Arabidopsis has a
silique type of fi uit and therefore it is a good nodel species for fruit
devel opment in nenbers of t hBACKERQUNDAF ARE INVENTIONef ul for plants
whi ch progduce a fleshy, berry-type, fruit. 5 On the other hand, tonato
(Lycopersicon esculentun) is a good nodel for crop species that produce a
fl eshy, berry-typeThe géromes ofrhigher antehre ehtiroased Weonrtainc3.000.to TO,000 genkas a

relatively smal] dijpl, oi eno n=| =| ont ai ni ng..hundr eds of mapped

traits and non?‘egemt k}‘?ﬁ(rjbﬁ ?C%@@n&? %‘Qg‘ggd.re%ﬂ%ﬂf)mégﬁl%éo o8 REME Ve

with foreign R (MdLHdThfdath ¢ thesel 180Dy ishldle@ Weqés, ik trehSer@PCreqbirddh® NOSt

10 inportant crops in the fresh vegetable nmarket as well as in the food

processi ng i naWSHAP gene| fupcuen. 5) Crop1 pymovemenk thrquehy biptechnelogs dependsregror

obstacl e 4@ Makhildh dHdfdcRezafhVeie Ry fsBlaEcQ’é@#;ég. genetics is the lack of large
' t

mut ant popul ations required for gerie | den I cation. A useful nutant
popul ati on The Arabidopsis model system has greatly contributed to the remarkable

advances in plant molecular biology during the last decade. The major reasons for the
successful use of Arabidopsis are its small size, short life cycle and relatively small
genome (Leutwiler et al., 1984). Additionally, Arabidopsis can be easily transformed
25  with foreign DNA (Bechtoid et al., 1993). These features facilitate the genetic
dissection of any trait expressed in Arabidopsis through screening of large
populations of mutants for the various genes, which control a trait of interest. Plant
populations mutagenized by ethyl methanesulfonate (EMS), fast neutron
bombardment, T-DNA insertions, and transposon tagging have proved invaluable to
30 plant biologists as a means of dissecting the genetic control of plant development and
genome traits (Koncz et al., 1992). Despite the considerable advantages of using

Arabidopsis as a model for genetic analysis, it is not a crop plant. and the knowledge
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for tomatoes woul d contain at |east one nutant allele for every tomato
gene. Such a 15 popul ation would nmake it possible to achi eve saturated
mut agenesweoymndtihi s crop. Al though techni ques exist for prReCEEMGO4#2t ant
tomato plants, it is currently inpractical, due to tinme and space
constraints, to apply these techniques on a sufficiently large scale to
obtai n popul ations in which the genone is saturated with nutations. These

ol ant o nave e B s ReaR StabluRhiChe ARRL et °an1§%&%§1%§%%%°2? ’
EMS (Hil deri ngom;ﬂ:ciée,r Rardxamj:%grmdbpanm@ﬁﬁq&ttypé of frdi99dd thé¥efora i ik al .
1991 ), X-rays rin nd. Verke 196S), or f eutrons (Verkerk,
1971), al t houlfif t’6°% %s%g fuif F‘?HEEOQH’GE'X‘P ?m?%?rﬁga@ﬁ%‘@ﬁﬁelb&? 180%tor t s

i n Arabi dopsi &eﬁﬁféml@ﬂ&@grdau&@@ﬂeshﬁlmﬁ? -typd)&Rit, avai | abl e through the
Tomat o 25 Genetic Resource Center, have been déscribed, but no stocks of

nut ageni zel M2 seec@ds thecﬂ*hfgh% FQ@W (lammraz@mgeéc@@pwnhtslmoéquphfopm@nt s,
are avail abl e i enesi s
by T-DNA t agglsgr?g’e? ?9#1 pr act I cﬁﬁf t%‘rﬁt o as ans or rral{nb g octgggr es

are still | ab®omatshas Irreimbssmalt diglpichggnooe (hhE2, @1=hpg) tmminmg h8fidreds of
prom si ng appro for SI s .and atl o n tomat o and
ot her agr ononf™@P %%etﬁné Iﬁéaﬂfefs ggﬂg‘g%ﬂg% t‘31“" sga

shown to be “@tﬁtfoﬁeﬁ‘gxi mumm@r?tﬁ{wga #24 0}386) bm&d vgg,nd i{@fédeeémi&eofnogtg/ Ds
transp05|t|on in this species have n descri be rroll et al., 1995;
Gsbor ne etl0al imporeggy crogs ipeh feph h yegerafys g@rliemmw#t; ay/ip theforsh procgsing 1992,
Yoder et al., i|QA&R) Hl'[ggpﬂoléggtg%k%ge(oggrepggggoduced contai ning Ds el enents
that were rrapped i'm the tomato genone (Knapp ét al., 1994; Thonmas et al.
1994) . These | i nesAnmmijer obzstqs&tgurbak@gtibrtbqleévamamtagetcogemh@ lpltk@fledenﬁu al

i nsertion of (d0 agh
al ., 1990). Tﬁ%é%}l %ﬂ tﬂ gxgé?szfgﬁggesd te vvasdeglggdﬁ% 3 ?\ a@gglr% Ip%? ‘glg@ever al
genes, such adorctpmatoas wosldsonmgpatrieisbore mmant(?illatid’spevem momas |gsnan8m:h(aJ ones

et al., 4) encodi a cytochro p450 honvol og,,(Bi shop et
o 2 1o06)13 magbulRionnPul Bk RorSuR B SHieds -G BRtAERte PRt CRP ol
1996) . Rever selgRagt ithniqed exit ffof ipestfuciml I auegy t&xﬁﬁtodftaﬂfsmmu@g:uhhﬁﬂy
function of an 10 |soI at ed gene (Benson et al. 1995 n mai ze, for

exanpl e, a nutiEprstcalndue e iingand FpaseetInsEaptsp o |aﬂlélr3(t fhyes% dechpiayes @8nt ng a
large plant p%ﬁfﬂc?&t'tl?']a&@'ﬁ%@é?djo%m%pglggor{ﬁHm}ytH@Géﬁgﬁ@'lggﬁAﬁtﬂn&tﬁh In
principle. each plant 1n this nutant population contains a different

nut at i on causedutayorisnJbeseisyne epnstraintsaing prysabihen ettsnegronomicsirenst  cont ai ni ng

t he insertjpon of a ' t.e -
identifi edi 025 by pgfi %%3??‘2’2@45‘?‘%@53”@%‘? %ﬁdé%wgﬁaﬁ{/s‘%sg ° /%\I’d g‘?la%lpgner
havi ng a nucl exgeitd esusie g8 @htdeeisg)@ndii\t‘érkdrb, 1 96; t Schoepoaers, etand, 498econd
B e used 1 n T PR Foabt (8 u TROBNAIEOTarEa | Peitor LOath JEREeS. i n
principle, a ROR:rEAYIL), hithawgh o ﬁl’nﬁﬂh(hﬁﬂe lxﬁutte&exkﬁtamw@nols&nilﬁwot@d in
the gene of interest, Mitan %g@RLants conprised 20 of DNA fromwhich a
product is protu@hidopsis.nd fepRhpndzd %nma@@a%hwzwﬂebledbwghn%'ftrﬁ@o
effect of 341e OufeRki Rio@le Wenft, KiveWebh ABLHB&Y BuPRBERSIAYE hitggdriaimon of
the gene of interest iIs thereby ascertained. It Is inpractical to use
reverse genet i éesds, nnmtmg: frop 8 jares papuiationsf ! plratsaarreavailable foriscresgingr e
consi der abl e t}nﬁl’i}% ge and extensive field facilities, to produce 25
e tens

and accommodat € | Thousands of T-DNA or transposon-tagged pl ants
t hat nust be grown Imemamahrmtmﬁgemswdtyed'tDNhetaggmgms ndt prattéoabsh .tomato as

Accordi ngly, an aIter ative trate ed to e reverse netics a
roart oy e PR proSedtrts isE L Bl R T indidn TR P S Sl G o
screen | arge pwb@mmﬁ rodchOfor Rlutdgbifesisiand S 1HRAktifidatibn 3n EIfat BME biheet
capabl e of detecting a el enent_which 30 control s gene expreSS|on such

as a pronoter @HOBMIENIPSFERr The Ac/Ps fignsposabls elqmeny Y her beegeshowpEReTPON
PCT/ | 98100442 glifue s RihaRPI(Ber i dLNSo)CHEYark ST AOS Qo clE}d R OVed

met hods for mutant identification and characterization using mniaturized
crop plant. , B5pdciesihave hesnrdescraisddCarroll et dle 1993 Labormerat @bt 19% B@n}mmleﬂe
i mproved net hods for characterization of cloned nucl eoti de sequences. It is
yet anot her object of the present inventioh to provide inproved nethods




for the cloning of nucleotide sequences. These objects, and others, are
achi eved by providing a nethod for selecting a 10 nutant m ni ature pl ant
havi ng aW@¥¥/R2¢d trait, conprising the steps of: (a) provith ‘lﬁ%ul ation
of mniature plants, wherein said mniature plants have the foll ow ng
characteristics: (i) reduced size in conparison to a commercial cultivar of
the sanme species; (ii) maturation to produce viable seeds or tubers at a

pl ant density of at |east ten-fold higher than standard growh conditions
15 used for 4., clo9ppiotal etpdlariossy. ThmaralResSRARi eh @beuced icontaidpaiDse of
being crossed with a commercial plant of the same species; (b) generating
mut ant mi ni atigpents thahpere; ‘H%P&‘?H‘&FFR%‘& ﬂén%?%ﬂ?naﬁbﬁgﬂatlﬁBﬁ masehelng sai d
miniature plgghss, whid idedhd it QBsHIC RO AGRAEe ofﬁxeg{r&%ﬁ alandBidbe P! ant
popul ation; and 20 (c) selecting a nutant mniature ant having sard
desired trai Acistdtingarbyistesniitoguerrdnd ditlashewat W% Jpiea et alpd®30kt T AciDs al |

aspects d i S Ny i as descri bed.,herein, the
popul at i % o] Eglﬂgi%%bew%% é‘%%yse to?éa%sgﬁeﬁ glggeorﬁ:a\effggvee b%enﬁ'gt iurcélasogpi ﬁdf?(?'é%

mut ati ons, byespaniie for Eplosyeeimgsistancel(Jories eted Ye9I4)Wihbdrf, [l gahé eiodidgh
factors. Exanpl es of 1 niature, pl ants t C be, .used according to the
i nventi on in%ﬁﬁg?mﬁﬁgé%g]@n%g?é}sprgﬁg lt’c}tggﬁr ﬁ?épﬂr%hﬁﬁ%@?ﬁ:&mﬂ‘\? t such
as Mcro- TOHéveﬁﬁ;%ehMI@ddaieEeﬂghb%). The nutation-induci ng agent used in step
(b) above may be a chem cal nutagen such as ethyl nethanesul fonate (EM5),
met hyl met hane- suRewHs genetings  anneffipignt. Nrataey o datesmining\by , fungtipnbefeamy ci ns.

Al t er nat hyel trakd a0l ¢ i | at | as W
g1 rradi A0 oioiaee i BLAR o BEUOYE T RBETor BMAL o MLAHLTH BhRLEE, 1O
agent may be irterassiriah de [Digmtified) be isergening aHaigs péanT pONAatiom eompossts pH4H0@

el ement which_i I . he, gr onsiksting. of..an _aut ono S
t ransposon, & (%)rﬁl-%gu ug%ﬁ)ﬁ%%s%gp gs'hsbrg g‘ﬁgpg‘*hagﬁ‘nf"% @n%ﬁ%ﬁ%’?ﬁ?&rﬁ?%ﬁ%mus 4
WO 99/ 1 2411 [eeithink A81ifiérést Antationseanswirbysinsdrdon sfig rafsposdbid eleméntbeA ffank i M t ed
to, the maize Ac/Ds transposahl e el enent. The .comrercial. pl ant .of the sane
species is a°pramneSedst IOBPEB_IS@BSPPE%’&C, elemgpi in he $‘?“6\)92r‘%tgreftrfél‘%ﬁ‘f‘hﬁ but
not bei ngsl i myt@flyherasddbiit SeablideC (PCR)OSHAGRIA Refifsy phWRE hhvikg ta SuLGELtRAS
tomat o, grape, prune, eggplant, citrus fruits, and apple, or a plant of the

5 Sol anaceae Speuenes, coreesponding: tatthe UpRspashs: ARt 2 Speondinsarar having appucdeotide
i nvention prQyl s M NdLat ti ' 1048k u pl ant
of 'sai d_popuayiace Pofpitind e dihe AR bMITh the peR IR G Tl 7
conpari son t dNAcsnlatedcfran presumiptivé miventsani ppeciples;a PCR) prodbetr ssonly
produce vi abl e t.ten-fold 10 higher

ee r..tubers.at ensity of..at |e
t han standar cPrﬁfuc?\?\? ﬁt@eotﬁ%‘lsg?sﬁés NG 1) e§¥réeo°t & f:els‘taﬁagt&f“tﬁ U CBPPRIE sane
speci es; 20 i iof MAdEdne whichePOR peoduesBhroductd & the POR hatonpranhalpfeditbe sanme
species; and (iv). carries a ation.induced by an agent ichis a
chemi cal nut a‘%féﬁ’i%““?er pﬁd’ffgetcf SE}{F’%P%‘WBM"F é’?ﬁ\l@; @ﬁ’ué’?fﬁg?"%“‘%‘ﬁo"t’ﬁew‘:
enbodi ment  of frh&HnUTARESIEhe bNMneRdst RhgERVisdatigedret hod for 15 identifying a
m ni ature plant caontai ni ng a nobil e DNA sequence inserted into a gene of

1

i nterest conprisi N§istiAPrastieal &0 W reeRY SSRRHAS iR MGSIETRILINGFISS,NEWEWT, PFCaNSSt ur e
plants, wher e} goaf lgqmélioﬂ&iﬁérﬁble time and effort, and extensive field facilities, to produce
25 and accommodate the tens of thousands of T-DNA or transposon-tagged plants that
must be grown to maturity to detect the mutant of interest. Accordingly, an
alternative strategy is required to make reverse genetics a reality in most crop species.
Likewise, a practical method is required to screen large populations of crop plants
transformed with a DNA construct capable of detecting a DNA element which

30 controls gene expression such as a promoter or an enhancer.



pl ants have the follow ng characteristics: (i) reduced size in conparison
to a coomercial plant of the same species; (ii) maturation to produce

vi abl e s@ai99/A1120 tubers at a plant density of at |east tRGIHHBERO44Zgher
than standard growth conditions used for a comrercial plant of the sane
species; and (iii) capable of being crossed with a commerci al plant of the
sane species; (b) generating nutant plants in said population of mniature
plants by treating said plants with a nobile DNA sequence; 25 (c) screening
DNA extracted from sai d nut an§UMMATRSY OF TIEE INSENTON | rst prinmer to a

nucl eoti de sequence corresponding to said nobile DNA sequence and a second
primer corresponding to a nucleotide sequence of said gene of interest; and
(d) identifying aypn.ni t f f vl CR
product in the prgglesnéc[ggg%&sg{ gﬁf?@%{ﬁpéﬁn‘%ﬁgggé%%’&n&lﬁé}&%%@?ﬁ%% her
enbodi ment ofmutdnt ideneSeation iand elrracterizptionisitegsa minEtdized ctaprplgnt.oduci ng a

mut ant popul ation_of a m ni.atur | ant conpr.ising the steps . of: (a)

provi di ngga popul gt*rs&ﬂmg]?r ?hl?ﬁlflaffﬁepfﬁe%%,“m&@r%“f% r‘g‘ieﬁi“%ﬁ Bt ant s
have the f ol IcRswhdterifkion aféionddsiuckstidd dequdrRediced si ze in conparison to a 5
WO 99/ 1241i PCT/1L98/ 0044% com ré:ijtgl pl ant. of the sane species; (hii)
mat uration to produdey €& 0QIeEHQ! 187 PESSEK iRveRtion tg,prayide yapoved methods | east
ten-fol d hi ghgriht BRAingLRAREAES 8 s@MeRcesONdi tions used for a commercial plant
of the same species; and (iii) capable of being crossed with a conmmerci al

cul tivar of the sdhesesqhiedisand gthdrsoarggphigeadebyapioniginga method fortselsrting s i n

sai d m niature | . ' [: al:d- g i plants with a
mut at i On_l?ndur%t.%@%ugﬁgﬂm}%ﬁglg%d e%r%‘fqgtﬁlg%?'?iﬁh Lr(]:“%qrtllg S%B%%f of step (b) is a
T-DNA, the m niature pl@nt s peorviding)fa gopualatior lofAgrimibtacst eiantsy whdreia gaidduci ng
mul tiple transformnts wherei ach transformant contai.ns. a T-DNA insertion
' & i 11 er orRInGEBHACS RSV 08 T HOHRE TR A0 ESUF BT 1B GRPRERBANE of
step (b) is aohiniEiBDEMIvar ldT@hé s bpebichi @) UhfuBtiato PORulealialle séeds @Bt ai ned
fromthe progeny of mniature plants containing an actjve transposition
system This He¥s \?Eatpﬂa&héﬁ%tﬂtqfcﬂﬁ leaststearipidelighiE ‘B%?tﬂﬁa’%&fpmc?w&‘éo_son
or a transpospq it £ estHmeRidl Plait b thePafRtspB¥ied SRE[HiH cﬁmlé]@feééi%ggckﬁ‘éébm ques
wel | known to an artisan in the field, such as an autononous 15 transposon
or a transposwuith & cemmersial pisist af the 8arkg/speeiessi ng a pl ant containing a
non- aut ononous transpo Wi J: t S sQu . I

contai ni ng an aut onom)ﬁgpt ré%g%rg!é’%%“f%‘é %?g%g%o@gﬁﬁseﬁef'agﬁerﬁbaﬁg? @%&t
exanpl e, the papuksicActyDsredtig spdsmimisyst plants Yeith an atutetiondmduonhig megent, oo t he
pr esent inventign provideﬁ a nethod for 20 identifying a nucleotide

sequence whi cPrOgYTsa BrentRla PogUpon. a0 ossion conprising the steps of: (a)
transformmg a niniaturg) pl aklectiig @ GbGHt Bisdturdviplant dakhip saidnadsired tiraito
produce a popul ation of random.y. nmutageni zed plants, wherein said DNA
construct conpithdisaidmyagrnizedmiBistue BABRAPRIBG scr eenabl e marker whi ch

| acks a pronoter ofy AP 2Rk ahl Snfbolinftht¥eds HE PFRLA nveISH 6 BesSAbdd HErdhat ur e
pl ant has the follow ng

the population of miniature plants may be generated by natural or induced mutations,

by genetic engineering, or by treatment with plant growth factors. Examples of
25 miniature plants that can be used according to the invention include, but are not
limited to, miniature tornato cultivars such as ‘Micro-Tom’ and ‘Micro-Peach’. The
mutation-inducing agent used in step (b) above may be a chemical mutagen such as
ethyl methanesulfonate  (EMS), methyl methane-sulfonate = (MMS),
methyl-N-nitrosourea (MNU), and bleomycins. Alternatively, the mutation-inducing
30 agent may be irradiation such as UV, y-irradiation, X-rays, and fast neutrons. Finally,
the mutation-inducing agent may be a mobile DNA sequence which is a T-DNA or a
transposable element which is selected from the group consisting of an autonomous

transposon, a non-autonomous transposon, and an autonomous/non-autonomous
4
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characteristics: (i) reduced size in conparison to a commercial plant of
the sanme species; (ii) maturation to produce viable seeds or tubers at a

pl ant deweigom241i at | east ten-fold higher than standard grRGEILI&OMH ti ons
used for a comercial plant of the sane species; and (iii) capable of being
crossed with a comercial cultivar of the ' 30 sane species to produce a
popul ati on of randomly nutageni zed plants; (b) identifying a mnitature
plant within said plant population which is transformed with said DNA
construct anghnepdRbr SEemSALH as,Chr &t briag Miiled to, BBGnfize AWPOP4nbgckable

PCT/ 1L98/ 00442 (c).cloning the nucleotide sequence which is operably |inked
to sai d genclemevdibycunmercd plash9bihe sameisaeciesyis s plans usest tol profuseifeed, at ed
fromsaid tr ay i ' i |

screenabl e nﬁg?ﬂﬁésg%ﬂ(&%%gﬁ ¢ ﬁttgdia?neglrlg?gd t%h@gﬂrﬁ) Pﬁg%&\(&%%age (t:yé) E.'5 may
be a T- DNA dffuitsuchasdposatabireps | pewe, eggpiant; digusiiitse and apples oqaetane ofithec h
control s pl n essi y be a pronoter or an enhancer. In yet a
further eﬁb%@%ﬁf&@%@h%@é’%ﬁ@ﬁ provi des a nethod for produci ng a nut ant
popul ation of a cianumtiter aimbpldanént\wihie hpresedie ftivegtibnt provides whheintCaifdstinges t he

steps of i0 (a),crossing.a nmutant mnjature plant having sajd desired trait
sel ect ed accé‘?‘%ﬂ%‘@nt 8"1‘?%81 ol BEYIV R&Pﬁo‘g Stid¢ H%P"‘Ear“ege #s jthg IP\S’H‘B with a
commer ci al  péiapdctefstibd §i)SRABeANEE BS corAftiséP o 3&oRitdrélal PRRISNthe Maldeh
resenble the commercial parent plant and express said desired trait. 15

Accor di ng t oShegies; @)sairesstatproduce viableseedsorr tabessatedessinn of atdeastitearfold

popul ati gins Gk S |

bESCR pri oy B e s R fiediBhd e ¥ b I8nBlicS RO ol ©
to different sppcimst (ii)ceapdble iof ihsingRirgused with shaomsmerhakplentTafithe warhel spegips; and
mut ant phenot S. Figure 3 shows schematic representation pof constructs
t r ansf or med f“mw? mag%é-aré?ﬁ‘?“‘ﬁ Sti‘?‘%edfig% hmg?’ﬁé"%@s i ?S&S‘F‘I‘:é&“é‘ﬁ?%eﬁg t hose
pl ants whi chiredaidtidin)orrErhkisileSDRA deg@mhcé.Or transposition selection. Figure 5

shows the results_of a South r& bl ot .of chlorosul furon-resistant (Chl ; and
hygr omyci n-r esi st 35t 2PRIPEF fmgP Aeat ofithy, PEesentsMyTSion ReYidesnajmethod for

represenyati engfyitde rrﬁhi%ﬁiiréjtl%r édﬁ@iiﬂiﬁ% AP DNAdquert ifiectl Gutd a3RAUS the
result of Ds-Luciferase (Ds-LUC) insertion into genes expressed in various
pl ant or gans of interest comprising the steps of:

(a) providing a population of miniature plants, wherein said miniature
plants have the following characteristics: (i) reduced size in comparison to a
commercial plant of the same species; (ii) maturation to produce viable seeds or

20  tubers at a plant density of at least ten-fold higher than standard growth conditions
used for a commercial plant of the same species; and (iii) capable of being crossed
with a commercial plant of the same species;

(b)  generating mutant plants in said population of miniature plants by
treating said plants with a mobile DNA sequence;

25 (©) screening DNA extracted from said mutant plants by PCR using a first
primer to a nucleotide sequence corresponding to said mobile DNA sequence and a
second primer corresponding to a nucleotide sequence of said gene of interest; and

(d) identifying a miniature plant comprised of DNA which produces a
PCR product in the presence of said first and second primers.

30 Yet another embodiment of the present invention provides a method for
producing a mutant population of a miniature plant comprising the steps of:

(a) providing a population of miniature plants, wherein said miniature
plants have the following characteristics: (i) reduced size in comparison to a

5



WO 99/1 2411 PCT/1L98/ 00442 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention enables the rapid and | arge scal e producti on and

ef fi ci entwoos/ermi ng of nutageni zed plants. This i s acconpl PERALISIHN442
utilizing a 5 mniaturized crop plant which can be crossed with a
commercial cultivar of the same species. Mitations are induced in the
mniature plant, and the nmutants subsequently identified in the nutant
mniature plant population which can be efficiently grown to maturity at
hi gh density.cohlifertBi 9Ian{3@f ttlkee%ﬁé(sﬂe‘éxebméﬁrrhﬁ&'aﬂ&x rt@?%d%@e YRR Séeds W{
nost crop species, 10 such as a tonmato, IS the considerable tine ort
and space redubsraat ?cPIWdG%RM i lmmnéol\déngher dhagestandpudl apw&ngorxdﬁtmmt ant

pl ants. The p a gb% scal e
production an‘é*%a?ﬁt Ci e 1;s"J(I:ér? l%?%gh%fsafnr %ﬁ%ﬁ%sgﬁéﬁu ; leegée}{aﬂhf% %\(Ii\lhl ch
I's otherw se with agomoteraalcultiviaihofdhs saetspguiaxcarelt i on techni ques. It is
estimated g hat 100,000 different..transpgson- nut. ed 15 plants are
necessary Yo produ® a §BFPELE ?13t’f’®§mpﬁ€m§ "bﬁ?iag‘ﬁ %"Hef gnt nopulation MXnet i cs
of nost speci ggatiab saidmPiRTAMrE piafis Wbt metbidh-iaducing 4¥R 0. The production of
such a library of mitants in a crop plant can be acco Ilshed with the

present invention WeﬁééﬁsmBﬁatlﬁ?fH!dBVPﬁ@g@‘rﬁ ritept (W ds 31 ErNATHe minjatwrei on
enabl es the ipagki %At @@l vath™ obaaxnﬁ,ﬁsmu%d a&mng)xnmﬂsx@t irhrSihates! | N€
which carries”a transposon inserted in ?arget gene of Interest in a
| arge pl ant pwpenem ieagh dpansiproyant [eoptains n@ﬁa@b’ébmepioanm agdiffersat gehemic
identific i i s.done by

scr eeni ng poopestit b BRE BRI REL Bt ool B B HER g o e BreRLr
havi ng a nucl mﬁmnhee s;ﬂamepmpmlatmnr sspbxanhedlg&dm ﬂxhepﬁogéxgemfgmﬁtﬁatatbd paaansecond
primer having a nucl eotide sequence corre ond .to the trans‘goson

product is onFfPPPBERY ?ftﬁ AYIHOTHRATEDY O s agtie fraspasition § EﬁWH"“BIb&rﬁ

nut ant whi ch Bas: tia@ivé reRsRRERNor AS@Esekoh Nintrb@ic8& NAtOfthd PRk Y - gt

met hods of the present invention are suitable for any plant of agronomc

i nterest incl gegingrrnedrthpigrseell dnpye iutbatizadn the Beld. Biehep gnapionompes e
agronom c 161 OFEraHéS;ﬁ%r§ ok NC kil osABidt el%gmn%talhécf"bﬁre&o§ B ﬂ&itscdéﬁﬂxﬁh paf oduce
berry-type fruit uch 30 as tomato, grape, citfus L% prune,

eggpl ant; pl AMOB-aUfoNDMEUSHANSPRsOB Avithf atﬁerytraespgsasepmtmmor aaylahtrcan@mx%amel |

oS 1 oner 2 shblghd FEBRR, S Lo 905 Ele S BRI B i 20
genes, i ntrodugismsom§ysteaw genes in cl aSSI caI 8 WO 991 12411

PCT/ 1198100442 bre and ol ation, of tissue specific
promoters and enhan e‘élr’ig‘ R’@%ESD"B‘F“EBB T iPESeR} QYEntion praidey; anmethet 118k i ng
fruit ripeg ndderdifging eNRscidotiBé Q¥dudgreyWRICH camtebi P pladitgéret skpfissibh @oRpdsthg New
genes, which are likely targets of isolation, include genes related to
sugar content PRSEPEO%ruit, to mineral uptake, and so on. Tissue 5 specific
pronoters nmay be isgj at q&nbmnﬂﬁFragmﬂmnﬂ@fa@mtdfa%manmnh@@N@%sﬁﬁaltaeer ed
within the transposon. Inactivation of nost any desired gene is

acconpl i shed bErodugscoRIIWALAY Of aandomily, mutasemized @l@w,ewlmrantsa@yDNﬁsmm of a
nobi | e DNA seqys %gﬁg giqp =\ t P me,
and identifying Fgﬁgpnvﬁ& 8%%%%?%35 a %geetg lFllgns oléég)nWh?chs%afs %Bﬁ%%m?ﬁe%‘?
target genzs Idmtﬂns‘ iac atinioral giromnhter,i whereini smdtlmrmnmmt plafit ihat ahe Sbllowing
carried out by ,scr ool.s qf .transposaon-carryi ng pl.ant,s b usi ng
one pri mer hav?}f?éacge hﬁgé@tﬁcﬁlécegesbzﬁelﬁccé’p"tp&woé‘stﬁoﬁ(‘f"mu‘ep%ﬁtﬂﬁm a[/frggt S e
and a second psfeRE; ?h{aﬁﬁ'ﬂwmdbrjﬂoduﬁe V1aBletst e P QfRfS. at hRaridBhsity WTiak fdstcr Op

plant population is also utilized for efficient screening and
i dentificati onedf OH glgxer Fhetapdazd growth conditions used for a connnermal plant of the

C

same species; and (iii) capable of being crossed with a commercial cultivar of the
30 same species to produce a population of randomly mutagenized plants;
(b) identifying a miniature plant within said plant population which

is transformed with said DNA construct and expresses said screenable marker; and



15 The ternms used in the specification are defined as follows: A mniature
plant, cultivar or crop has an overall size or biomass which is

si gni fi cwe 99y12eBduced conpared to the wild-type crop of thBCESIBOUNdi ng
plant, cultivar or plant. The miniature plant, cultivar or crop can be
grown to maturity to produce viable reproductive organs such as fruit,
seeds, tubers, etc. at a plant density 20 which is inpractical wth the
corresponding w ld-type plant. For exanple, the mniature plant, cultivar,
or crop can be grown t®) matdienipg thg nuclentidatseenenss whichf isaapetablystinkeds tol d,
preferably 5 %0l = £ : 2 , = - -fold, .
250-f ol d, 308{@5?“& él2cr°]:i'q{|gg aécfgrtgﬁ%ﬁletr&%ﬂg{ glﬁ atpé§(g?loﬁ %:Séfr%Pl t@gﬁssa'ﬁsed for
a conmer ci al trpdsfiorinedfminiatire plast idpifieddn stkp ()s possible to grow a wil d-type

pl ant at high densjt but, only 25 u he seedl i or . | ant st age,
and no fruits, seﬁﬁg‘{f?e“? é?g}é%fr’@a%B%b&éﬂﬁ“?‘f?@ﬁn‘?‘gﬁb}lxw ﬁ?‘lﬂeﬁ‘i%r e
crops of % hepjayaseat TIDNA N ©frafisfdsdite Gleaitht ahd Medhudidotiat dQRatd YvHich
maturity with devel opnent of mature fruits, seeds, tubers, etc. Transnoson

- a natural EPRroleRIAR,REEC SHIMESSIOR TIARARE Rrompigrpr an eghancer-er ent | ocati ons i n

the genome. ThrouglydinSfhdrRhbolinfent EEAFeRidH pfmkhmoaefﬁlggrea@'i@m' on, 30

the transposon causes a nutation i1 n the gene. Transposons e been found

i n bacteri a, nitans pppilation gf@pommaencipkenlerd dath adesinedstraita whivhrenmpsdses reansnosabi e

el enent - COLf, g@{ands to a transposon. 9 WO 991 12411 PCT/1L98/ 00442
ﬁro'ein expressed by an aut ononmous transposon which binds to

Transnosase -
the termibal regi @)s otroasihg ansios atiniatarcplame dhviag edd Hesirad pais sglectedci si on and
transposition to. another |ocation in.the genone., AutQnonous Transposon - an
el ement t hat 26%gding f%?‘eéelf?té’r?srﬁ?}g%i%ﬁéﬁareg% 1@6*3@%%@@%5%@@ ogni zed
by the transpegrRs8mkQpedidsSaipit al ytic activity and thus transposes

aut ononously. Mitations caused by autononous transposons are unstabl e.
Exanpl es of ~aut oné®ous Selpgtingmseeshy vdueh resrmble the semmgrpiad pyrepyplans padons  of
mai ze. | ~I on-eQFxte dsirdd BSr 0son - an element that contains the term nal
regi ons recognfze y a transposase but does not code therefor, and thus
needs a 16 tr anspdsaeniing fophis ethbpdintent the inventipulalso enzospeissematant t r anspose
to another laocation in the . l,es ., of .non-aut ognonous transposons
are the Ds ([Hog‘élgc?%sﬁr}o%c}mql?fgﬁgg%‘s“gn%)sét%gﬁ‘% d%ﬁiﬂ}eea,boﬁ‘é‘?t% (N be used together
wi th an autononous, e.g. Ac, transposon. The mniature cultivar of the crop

pl ant may be devel oped fro r [ C Lons, by genetic
engi neering or by treat mn%ﬁﬁglﬂmﬁpﬁggﬁ%ﬁéﬁéﬁ with plant growth
factors. Dwarf nutants are ubiquitous in the plant kingdom and have been
found in a large nunber of species. One of the nost significant set of
dwarf ger’®s are tHEgEFR 1 showsibetrsprnsgpt Migeonkem oo diffesent erawth gongitipns.
Youssefian, |985).gilhESEsRRe MidloCTdn Widd-U5e RAE fudBt &w‘gﬁgg‘ ble for the
green revol ution. The shorter straw of dwarf cultivars c be "l oaded" to
hi gher yi el ds (head¥igure Spshoss)a selrempitia rrepresantitiah | oddveonstaictsl wansformed hrtogr own
at a hi gher d%ﬁ%&_%&han is possible with tall cultivars, leading to an

i ncrease in wheat yiIelds worldw de. The height of a wild type of wheat is
about 120-140 cm Figures 4rshdwselie tasulOofl Edecting hiyost Ipdanty ehicheentain markers

dwar fi ng ne, t.q 40-60 cm by,the 25 presence of two dwarfing genes. Today,
st andard ea’t’seég.?"tlirﬁP%SItb%‘r%gicﬁo'bne or two dwarfing genes. In these

plants, reduced hefgure 5Shéd the $&ARE af £Southdrh bidt Hf Motbduifdtdna8sifthntthES
pl ant organs (e.g. leaves or spikes) and therefore is not useful for |arge

scal e nut agenard kygremyeiaresigont(Hyghelentspl ants, however, could be used for
facilitating |argepffikes UbAECERhéindtR fdpleSer® B &5 the plamid Ds-Luciferase
(Ds-LUC).
30 Figure 7 shows the result of Ds-Luciferase (Ds-LUC) insertion into genes

expressed in various plant organs.



30 Simlarly, dwarfing genes have been found in other cereals such as maize.
‘and rice; in legunes such as pea; in vegetables such as pepper, g‘gﬁgl ant
and t omaweee9/12d811 or nanental plants such as roses; and in t 98/ as
oranges and other citrus. The node of action of these genes varies. Several
exanpl es of dwarf plants, the genes 10 WO 991 12411 PCTI |1 L98/ 00442
responsi ble, and their node of action are described in a recent review
(Hedden and Kam ya, i 997).. For exanple. sone dwarfs are defective in the
synthesis of one of the %%Pﬁé TION OF THEJNVENTION yher eas ot her
dwarfs synthesize gi bberellin but are insensitive to it (e.g., GAl =

gi bberellin insensitive nutants). However, for nost 5 dwarf plants, the
nmode of action i sThetpresaewmvemsinsh erphies f the | rapidsand large snadel predustionhindh can
be mani pul at i C anty..Sisze . X i.t.ed for
subsequent | grﬂ%@gcsgﬁgﬁhngf(gg@ﬁég‘?@%una %‘%’ c?%% yacP ?C1e é@gﬁi Mhﬁhﬁ%ﬁ on.
CGener al ngt hadsiafunized srob alani gvhinhoban be crstedrwith ocomivercial phltindrsofithe gidiger ous

crops are available. Pl.ants cgn he transformed with jsol ated genes which
fThct 10 ovapsee: yBtoHEgre Btk e AR Alnh Bahe Tudnin whsRe
Arabi dopsi s V@mtifie®th the niiat finibhiee SlhitSophlalisrPWAiR CHEHe BARIAy kWM fo

M ni ature crops can be constructed through traditional breedihd nmethods. In
the case of dnaterity gt highdesssY-Toni, two maj or genes designated miniatarre and

dwarf are responst s OF Wl : - Pl or
mniature culti vapﬂg??fjég}rbg\t}%ﬁ%({pﬂg %gﬁ%?@%%%@g%&%ﬁ‘fg{?ﬁ gi‘%iefgsher
t han undédP stsaciday a tdmaid,ds therapnsidernble biswaaffert tahd sprce aequired e prmduceatnd e

o a1 TSRSV el SGRs T hhed B Kb Bl

"Mcro-Tom , examglescnhdechpid) tlageaxaeplpsduonsei nadt effficiedie fredhl ape gr own
at a density of about 200-fo]d. higher than can be achieved with comerci al
cul tures undéfanéﬁ“éﬂ%fmgf:’i“ée_fdd R@%ﬁi‘f‘?‘ﬂhs‘? Yo% ot aPragical cyitkyi gigrent

i nsertion MutBpdiRteNtedhmgeks! Mt fsReMAERd bt 008l diffeht thmSpdisnfidkRhzed ed to
a conmerci al ‘background by standard crosses with the crop by segregating
out the  ridni alamts aemgeepsans £9 p@siqumgémy)e.planm»om@tagegemvsrsmemicque can
be used to obtai 1.0 at y or di t i i .qcl udi ng,
but not. bei neo TP CR S Eranhd KAkSn 3AEEEL Wnkd I BNEbn 8F PR

i nsertion of librByAofonutents itspooppdant canbe imsompkithed watht tho prefem imeention by
het er ol ogous or%,gi 0 u%nla tecqlriﬂt ues wel kngwq. to t{;lle %Ib(i || etd ﬁrti an in
this field. IREEPCHAOYHRS A PRSP I%adt g™ ST PP St ity i%yed by
t he screeni ngalfifost dyodesipddagene (bypidemifyiag 2. linehetiitic sdrritd & atafddbord Mserpgdoigluct i on
of nmutantgs of the nini at‘#f.e cul tivar can be ca[rri ed outw‘g%ﬁknom t echni ques
with mut gfensthe fRIEehEens HyPlesst Mo Harse SR SRBYIRNYRERTRYN Yithipy manageable

net hanesul f onghtidgMY&. . TReIdedfiddhioh bf 88 UAh§RsdrMNSBrtio® L2 B Sdt en@tdddride

i ke. Mutation can also be effected by known techni ques through irradiation
with Wirradi BY poeening podsof Si9asrosen-caming pias pab£CR wingqnenpsinecr lpyiagianan,
1987 or Ml mbggeotili@ Yequente corresponding to the target gene and a second primer having a

nucleotide sequence correspond to the transposon. A PCR product is only produced
25  from a DNA substrate isolated from a plant mutant which has the transposon inserted
in the gene of interest.

The methods of the present invention are suitable for any plant of agronomic
interest including plants used to produce food, fiber or flowers. These agronomic
crop plants include, but are not limited to, plants which produce berry-type fruits such

30  as tomato, grape, citrus fruits, prune, apple, eggplant; plants of the Solanaceae family,
e.g. potato; and maize as well as flower and fruit tree species.

The methods of the invention will also facilitate identification of genes of

commercial value, isolation of new genes, introduction of new genes in classical
8



WO 99/ 12411 PCTI|L98/ 00442 I nsertaonal inactivation of genes with a nobile
DNA sequence may be undertaken. The nobile DNA sequence may be a T-DNA or a
t ransposewo 99/2@¥A nut agenesi s may be carried out by known PET/HISH0442a
Agrobacterium (Hoekema et al., 1983; US Patent No. 5,149, 64S) Transposon 5
i nsertion nmutagenesis may be done by well-known nethods (Fedoroff et al.,
1984; US Patents No. 4,732,856 and No. 5,013,658). The transposabl e el enent
may be an aut ononpus transposon, a non-autonompus transposon, or an

aut ononous/ nbreeding programss and iasnbp’os ofitissye tspatificeprgmotedne ambenhandirs. Déienes

transposon system 10, L ul at i ant.s r.ef er abl

t housands of Xt; onypescial v uquflg‘g%%ed’e? St?“ﬁﬂ% §?+B§1P°'i“8 fgeﬁ%ﬁl ¥P‘6‘Fg fig nt s
can be done widsstaduality dfahe pisatINew gees) Whish afeylikElytadgeis 6f BhE6H, iAdede
Addi ti onal strate can be used. to |gmt|fy ot her types_ of rrutants for

exanpl e, ass&ASHEE Fﬁﬁa 19 SUBAT; Gontanf ip the fpitck Mineral ptaksy andi s oRot TISFYE t ed
0, responseleRiftOpFititets sy Nbe9dolist blyOusiag NPIBES Pﬁ'@ﬂﬂﬁ’s %%G@O‘io%,and the

li ke, by 15 Known echnl ues used in plant biol ogy ficatron

i nsertional engngesed within pasoyene of interest i S accorrpl i shed by

met hods i nvol vi ng egni i d|n Q

nucl eot i de sequen%:nggﬁf %tg{l]eg?rag}%gégos nadgffc’ilr%f g(eﬁé ]{PIE %’eé%ﬁ%? rimer

cor r espondi nenutagenesislialthomimsueqriam rbgensmfndnhﬂ agﬁﬂﬁld)leArﬁeQﬁdiﬁé suchh® gene of
interest 20 may be.an i sol.ated,gene, which n sequenced in part, or
in a whole. Kla%/ feklg ¢ement ’Pfﬁethagpi’@t 8FPomee é?‘g “&V‘%é% 8’2‘
sequence jpag u(a&%&on Rstedeinh@e Qb gdne. \RkAtAARNN of Mhd li}%eﬁibﬁal Mufagl 6f al

of

description pears in Delidow et al., 1993. Design of suitab

ol i gonucl eot |“%1€°§§rl$ ﬁeﬂe%eﬁwrﬁeegnmsmlﬁef PaRPASRiteRYinglants by PERAusipe
Rychlick et Sotf %Q&p S, 1S
descri bed by lpé%r% ?a'fpa gnﬁ/‘% ?géj 3“‘9 eg p g%%ﬁi&?b&ge%tt?f% ?% rtoén%gua%tgh DNA
was i sol at ed sedvad mmchjcesesgom pe othe ctranspesont h&hti miniatarizeds ecopnaglant i ner .

[he’ phenot yp e BRRIEE ish Sy a BoadAcBRSR Soa MRkt e "
used to ilgentify amdtammmlﬁnhezs@eaﬁcmya@eiaﬁnafasifbn&wsst i ncl udi ng

devel opnental or dij sease re i stance genes. Suffici e t nuc&)eotl de.s quence
of " the gene of | i miniature plank, culdvarcor, crap a8 an greral size pg Plomiss BB

anal ysi s. Cs?rﬂ&!%ﬁﬁy qtduead tchmph@d tb rth@rvaﬁttygav.ﬁ)pbsﬂhd G&F!afsgéddﬁ(b ptalaey can
be transferre to appropriate_ conmmercial backgrounds by techni ques well

known in pl arfultivar or pleniggFheyminjatpreplantogsienmn 2D crpeaa; bsgerowB 4o masurigtanpl e,
Poehl man, JMp, Lgscmfk Fgehqc@eca? Sans NeW XGhdte, sée%§7t)1tﬁ{; N, Q@E#aﬂ&‘ biési
strategy ut|I|ze upon the crop pl ant prese I nvention
was used 30 dehich op lmpracmair\yltbfthmomwpgndmg m@-typ@mlzmtanfort oxempde, thei s

l'ibrary great L,y to

i sol ate inpor }aglﬁa %g’scuffﬂlgrsﬁlﬁm&gé %hf 09? ?’%3’%&%& % g’gsegﬁ%'n Ft?‘tgleeal"t

mMnl atu [I' e mdvv?r-foldiepxefanabmﬁefolq; plé)_r-&ld;lcﬁﬂ) -foki; glofé-rfbld{]nlSOHfdsldygﬂo-fajdgsizS(gﬂﬂd,ed
cro-To rigina ot . hone eni r poses

(Scott and Ha'? g%@‘;’ th H‘*‘g ‘E‘Eﬁaf‘il%faw gondlifiqns é‘ﬁ?‘g E‘é‘%ﬁ‘?‘hjﬁ Iﬂa‘?the

present | nvenéﬂxﬁ@ sdiﬁ&éw:&ﬁsl It i€ pobsidE: @YW aamdnl\?vgb ph@pat l’hgh demity Ooul%ﬁvy

pl ant s per square_ nmeter, and it sets fruit 10 grown at such hig

densi t i es25 FuRR ishersiedling ployQupe Plaps stagea andine Aigits, S?qdﬁ er wéwsére moémdnbl
mature fruits | Bhe’ RiRRuAays r ng up
to four genergﬁ%ﬁs%egmgear %ggﬁfﬁ%@gg%%l&tcw% @?I (}:llf%‘n system
for screeni ngdénsity mmtuagemtlzédveﬁnpmmt tpﬁjpaﬂnatﬁ'm,sseadsdtwbendﬁcs sat ur at ed

nut agenesi s in tomato passi bl e, ddi t he cul tl“var ~Can:Re easily
and efficiently t?i-ﬁ%#—@%j a?'f“é"@for F‘?“eﬂ gbe%] eoves o'?“mlP d‘ 80% ar e
obt ai ned wi t hloaticr3ds tier denomsre Thaughl ifsetios iro mbnmdqfssxﬂmw@d@lmuptmnd only

about 100_days are required fromthe jnqcul atiop of the cotyledons o the
harvest of0t r HifsHaISPESOR, GAUSES {BPURRAD, In hee8eRE;i ¢ | PRTPORGTST RAVE ’?"'F’E‘)rﬁg't“ﬁt

standard tonatbgct@ﬁxiDry@bﬁﬂgg,egmlmémrameﬂlagfsag@ﬁﬁﬁxmaﬁ?@cause the two 20 genes
controlling the size of Cro-Tom are recessive, domnant traits can be
anal yzed in a stan@ﬁmaﬂgMTﬁpﬁﬁémﬁSlO yBMBPRRONON. One nor e
generation is required to transfer recessive genes to a standard
background. Therefore, any nutation or transgene can be conveniently
studied in "Mcro-Tom s genetic backgroun&, and when needed, transferred
into a standard background, using 25 traditional breeding techniques well
known to the skilled artisan in this field. W have al so determ ned t hat
the Ac/Ds transposon taggi ng system can be used in another mniature
tomato, cuitivar designated "M cro-Peach'. "M cro-Peach’




is simlar in size to Mcro-Tom. However, "M cro-Peach' has a peach fruit.
color instead of the red fruit color of "Mcro-Tonml. The Ac/Ds transposon
system i yyo/iig4id0 active in ~Mcro-Peach' allow ng | arge- SRGI/BI¥N44Yenesi S
and reverse genetics. In order to evaluate Mcro-Tom as a nodel system
for nutagenesis and reverse genetics, the growh conditions and
transformation conditions for this cultivar were optim zed. Subsequently,

t he screening of 20,000 EMS-nutageni zed M2 plants 13 WO 991 12411

PCT/ | L98/ 00442 demwﬂmre@wmsadrw an ammommuamposoinmhidubinds\tat ants

with altered,pi gnentation_ or hape of | ower s .and

fruits were f}%u% TR P TS 0tfr ang §58ﬁ ag‘se%ﬂa?egnmg?ont F‘é'ﬂmg?s

( Fedor of f andaxﬁpbﬂhontb&ﬁ&heﬁlpchtmngmﬂeghnape system ( Sunadar esan et aI

1995) were introdyced into,.. Mcro-Tom and 5 det e m ned to be act Thus,
uti1) 28t on of ¢ nAutagomayS Transnosen *gn elent tehrelrs mtrgeapsg%rmlsaqsurated
nut agenesss kdimiAMégionsOfecOnitcdUBy Mtk GhnspBsSE tfbxoﬂ's1|c iag%‘étéctiaﬁi QRd GhusnNy
gene. The nethods of the present i1 nvention can be used in any mniature

sel ection of transppsgsauiopempusty.outatiprs eaysed by aitenomeus rranspessinglargriwstablei ci ent

characteriza g{% fﬂ‘g [ ion are
under scor ed Fxg@%e %ato:ugnlﬁﬁoggg pﬁgp‘?&p\lg%a 3 \"Uboéserl ve?iet from
EMS- mut ageni zed Monrﬁmtﬁ_ngm e 1giagsposen of aﬁ4¢1&ﬁéhti thelt \coliamks Sthe weesmgslown on
only 100 m of . ace over, the rk of only on rson over short
o mront h pe RIS RSN dPohr P TPRCHE b Ory P tpeRp bR B B @e i  ne

sane yeanp Wasndpogdse &l?ﬁ)h&@nﬂ&ﬂﬁ@@&rd&hﬂo?exﬂwaﬁdaﬁn%bse&) Ardtige lobhtidhintiey of
mut ants were recovere even though the EMS mut agenesi s enpl oyed was

rel atively nigegPmes E¥mRistad BRp-fWienomous apsposeas &rg ths Ds (Dispesigen| ant s
vere found. lyfank stdsk@t YnaiRatnt0om sdeikdd @ag@themrtlamanmnﬁt@ pgeggnt in

the resulting popul at1on, which conpares favorably wth thé ITmted few
hundr ed t onmattenspesemt s reported to date by other researchers. 20 AIl the M

fami | es that ver oy gStioRile LLATLL BRT duploudd heb! S0L B0y HhGVRERA LNt

phenotype segregate m nan recessive S suggests
that in "1¥l cnﬁdu'Eemnutampderbytgeeet&mngmbmgalbymdmdm ofithe usopchldie pEintresyanet es

are derlvedfr m si ngl e _.cel es in the, embryo. o re seed at
the time of S sty Bival Bhuaft A0 SpRERENnGhe s EBRATE REro, £
(H I deri Rg am&v?/laédﬁefb&;d inAGacge AbmYer dfepdcies1 971) suggestjr ng that between
one to three cells grve rise to e sporqQcyte in nutated, to

Al t hough transposd& oy Séﬁﬁﬂghtfé“%%é?ﬂéﬁ EFEY AU h’d@g@w%g F‘&r
tomato (Ca”oééneﬁof%heat 1eRR afidaPRusSifiadl 19851)994The@'§€§égsar%t inAlarge pAR2;

Yoder et al. 88), there is no previous report in the Irterature of an

enhancer 2hd @mslblea@plth@ greeggevgigionm e sharres sgrpwref. dwastuewltivars e be
according 10 &gt &fBher MU0 HeBller LIRS PYGREE 8 BUSEEEHRA0 PE Wakknked

transposrtrons Were 1n I'nto tomato: oné system
sensitivity aah kigheaniggsity thasxsstoamble wWithunl anityans, letdmg 1o, anlia6)se inmdheat

second system based L he .~ci i op-insertio ction. ( of f d
Smith, 1993), vighs W‘tﬂg]“@é Fegd Bf 2odo st oL RS c“ﬁ i gl ég{;géutcg]gel?%f t he
efficient detadutedntoodo- t(tmcxlnylgsr dieyresente 81 shadoar@ngaae@d40460 BimbPshe | n
addition, _using the resri ce to chlorosul furon as an exci si.on
25  presence of two dwarfing genes. Today, standard wheat cultivars contain one or two
dwarfing genes. In these piants, reduced height is not associated with miniaturization
of other plant organs (e.g. leaves or spikes) and therefore is not useful for large scale
mutagenesis. Extreme dwarf wheat plants, however, could be used for facilitating
large scale mutagenesis in this species.
30 Similarly, dwarfing genes have been found in other cereals such as maize and
rice; in legumes such as pea; in vegetables such as pepper, eggplant and tomatoes; in
ornamental plants such as roses; and in trees such as oranges and other citrus. The

mode of action of these genes varies. Several examples of dwarf plants, the genes
10



mar ker, coupled with other agrononic features of "Mcro-Tom, a |large
popul ati on of presunptive nmutants can be screened for enhancers and

pr onot erwomed2413ed for gene 5 isolation. Futrthernore, thePGRBS§14¢2
descri bed approach for site-selected insertions in somatic tissues of
tomato (Cooley et al., 1996) can also be applied in "Mcro-Tom for stable
germ nal transposition events. In this respect. the Acl Ds system shown to

be active in Mcrp-To can als ontribute to reverse genefi Vi @ gene
knockout or rF?Pé’é?LH%oﬁ%theﬁa[B?ﬁ%ﬁ%H? a‘fo‘?eF dgy apesers r%‘ge"t' ﬁéﬁ%ﬁ’-@é&_ t
invention, "Nafifya; 1997, Pérexb@R, SonddBVRsPe defBRRelin S¥SYRARASUT 088 BE{HeC
studies in plants. It accelerates the characterizati on of transgenic

pl ants, and Flartihormeres §e.g4 gibbewsllin. wheress ofhsr dwerds synthsmae aibbergiia tyeass .

"M cro-Tom ener e o] (o] Lally

i nport ant cr%%égls?'gé 3.§q€f‘i?$'h?,’ﬂgr ?ptgdgéﬁg?gsf&\tﬁﬁgt %{agﬁhcgbgyg?’%y%%éhf ruit.
Any frui t5 gedwegrf plngsy theonede, ofaantiomis aettknosmnSuch dwericplanty emiclonad geaesi | i t at e

the study of tics, physi d bol i .ot her ,bot ani_.cal|
i bar 7 r o VR B4R 35 o Sikinelly” Rohue € Bl 598 G0 b BxPOHER st e
for study of sbséjiientclargelsoneniitalendsistinahg cdp by Je@sinRE ivRhliodS ot her

i nportant agrononic |aci. The_ methods of &ene identification and
charact eri zati on ‘gfnereli metheds fps dsplalingnandnehagciriging, dvarb plents iaunumeress 20

M cro-Tom gafs B beabley PHRIOMAN Ml IR wHIGSdiatR Rt SwhiPh OleIES
pl ants includihg agronomcally inportant crop species. e followmng

e: canpl ed0 ar everalbvizele dFof example.utbe agetalorgeandsadated from dmbhlopsomes nselitoas a
limtation u . i i C o] of . ordinary.skill,in the
art that var ?‘%g*sé' }I}Ygedlgilzl @gﬁfag%%ﬁrr%dyb ?ngrn%%%é’t oﬁ?ﬁ%‘%aicsm Socénelg)eeérl%%t(ﬁ'fcﬁ%dnt s and
that 25 suchtmoditftraiitidnohisreeding methedd elad thocdse oftditivar ‘Mico-Joapawefmijbe

present invention. .All publicatign nd pat en; i cations nmentioned in
Phis speci 1 Esieahsgmied Hmaitiagd oypd i erespapledpt b ApIaGHe RIGORPEn ¢ he art
to which the inveplangnoPgrdwairNsr nfidihrupdl Rhitivat hreNsrodn th RAG&REy 3PPt 1164t | ONS
are herein incorporated by reference to the sane extent as if each

@ ngg vi guéf | puBifeldahighsr than yndersandaphficld sopdiHonshesausp g sizeefl thy minigture
e o

geneti c nakewmal afeay. Methe cangof thebmao-omturp caltivars déicro-Tosn’cassteagrited dn gr own
up to fruit turity i r S, Q. Eor . t [ It

wper i ment ot propyoles BB, he oS Eler Rl S Rl 48 o0 SR i

vol une. For tthai caplepobieyedowth cemmerodal gnibuvas bimdee etanaxrd fiald condigertsy New

conpart talized tr . of. 13,33, 90 or, 200, m, or in pots of 465 nl

capaci tgsBThéP‘éta%r’é‘%gr HSFTHER BRAtS| PORREY, 1P Wt Wé‘mﬂ?ree‘é‘éﬂvafoca(f‘oﬁgi sting
of 84 (13 nl ttaneRbEBND)a cohrictdialNbhckg8Rind96y NtandarO clodRE with tid @rokb by465
m) plants that were analyzed for each trait. (b) Results: “Mcro-Tom

plants were FERAHIEAR HESPEIATHZRAEFNFSUPL THEEWCER on in nursery trays with
root conpartments Qfy Vahh@dlsis! weRnifiR &k M R& tiheoihihe fliniRincd @0RIVAY ON

plant growth as well” as on fruit and seed maturation. Densities of 15 100
to 1357 pl antascerdingn®, theuyansipe rincluding,ovtt neb beirre dimpizadgtion gheimieah treigBnang, 13
m, were jest . the r s Sn kO i ff t itions
i's shown ilsﬁ FL?%eragQri,.orﬁ;@Wgégw h % ergiG[{gNéxégﬁ{aSﬁg&qgéSe&{nﬁg}eég%%%wﬁ?grgc box
wi th the rangehetroladouesrigini udimgitechmopiesiwa! igiowarto ithe gkiltedrrtivas iirs thiFha.

trait, given as percentage,of the maxi numval ye for is trait, |
expressed as f‘lﬁﬁg’f’f’ r’r“%ff‘g‘[‘tﬁ’é‘ lF?fJ;’Pg %‘ﬁ?@sr?%‘f F‘b?ﬁh‘e"e& t?;y the screenib of large

plant populations. Chemical treatment for production of mutants of the miniature

o

cultivar can be carried out by known techniques with mutagens such as ethyl
30 methanesulfonate (EMS), methyl methanesulfonate (MMS), methyl-N-nitrosourea
(MNU), bleomycin, and the like. Mutation can also be effected by known techniques
through irradiation with UV-irradiation, X-rays and fast neutrons (See, for example,
Poehlman, 1987 or Malmbery, 1993).
11



20 scale), or of the plant density {upper scale). The following traits were
nmeasured: Days to anthesis (the average nunber of days fromsow ng to '
ant hesi s) walssyie4tio ri peni ng (the average number of days fr ®QTsLSS/60442 O
fruit color turning); plant height (the height (in cnm) fromthe soil
surface to the first inflorescence); nunber of |eaves (the nunber of |eaves
on the main stem; plant yield (the total fruit weight (in g) per 25

pl ant); nunber of fruits.(ih nber. of fru ts fruit weight
(the average (in 9#38?‘ ofal &tv)ayoxér?é b Y hoF E‘@é‘&éﬁ&éea‘?@r’ﬁg‘éﬁ%tﬁ%er of
seeds per pl aghdertakén. OTheldtile N & séq@endeidyl bl OTINA B fadspekonSOME traits
were barely affected bé pl ant density. For exanple, the nunber of days from

seed sowing to ant AddN r@‘l‘i@%"d‘ew ofRaR7 be o cawgied aypyt b}’tdk{lm nimetheds oviadays
30 fromseed g Litm! (ibdkednk P&N ngl 0

control st anda%}jyggrteér'rnn gg‘t’eet omatt%l cu % \%g? £t8{p 46%4 gr om%&l@er
simi | ar cohdi insemion mutagengsisaiay be @&tbfy’mnllt-hawntﬂmhdﬂs@eddmfﬁettaﬂ 59844 U8 -

1357 plants/ sone, of the pI a s at

| oner densi trnglwe’(‘t%gg 242%§f$l§a\1én%p°e E'dg §5 ?ﬁéﬁ Frgmpgi?gﬁ ¢jem g | 2411
PCT/ | L98/ 0044 utphémbusy i eltﬂnspostrﬂ)er of fnovtratuﬁo,no@rbusﬂun‘ft&hspbfsoxﬁeed& perappl ant,
responded linearly to chan es in plant density with a nore than ten-fold

di fference beta’rﬁﬁégf“?‘i‘f’é“%‘ RIFMCHH FERPRIPL M SR LS BBtk de/Ds fraRsposon
experi nment. Trg%té,ﬁarts of average fnzit weight and plant hei ght showed a

| esser resgonse to density with a two-fold difference 5 between m ni num and
maxi num vdPues. Malargs porationg obyplanisdereferdbly \aarigasti shasarsis tof plauts) srear e

shown in Figur, Fi cr | ant s in
s sery tr aye b B mbtinis” 1deifegion B Gihs cf el ol S, ' S b R
right), 90 m iddmtfyt mmiatefets)a],ecmm 2@@itichal (shrategiesrean tghisyd tol-'iﬂgiﬂilfjeOﬂlBr @@9& cts a

id-t M m. my t t i th
Seal o bar. The B & ssbiensEine B eetiilrda hitoas Bale poURbedave 5

di ameter of 1.5, xtespoassm horMoRes) td adiherslh, A0t fathoRE®, & R¥Biciles, aandetﬂé liky, Wf 226
plants/m' _in a nurs ) in Mcro-Tom, all plant organs are

reduced i fdsi ABOWVA teghp] PFs‘b‘FgBHQ?‘?t(?%%yrranner (vmth t he exception of seeds,
whi ch are near - nor fIBéntiﬂ&at%inZQ))f inBriSndt OBYn@Stig W N gbnd YFRLRedvard

mut ants which are S conpact in aglpearance and have | arge | eaves conpared
to the overal |acemaphshs¢ Erémetfwéva g RGR geraening with @ ﬁrﬁammeneommpmdmg
cultivar “Mcrg 4T o LQUb# pe! I £ S,nff

pl ants/m for tgsaexg{a?(l:%oglradrsﬁﬁ’eto tfhe it%v r?tgermgﬁlakf &%2?0- drr?fnavs‘aééb%gltrlcggsegl?m th
UC82, a det er monasrmnduﬂgtto wancleatide seiqudnce/B8ehe g20e afiinterektt dherigest ef imtdrd:s't var

TheFlpI f bot h e e imlar _in her tothe "
parent, in cart'1 gbet ﬁ%t‘g‘tl%%&géeﬁgsgv?‘é’ép%%s?’%ﬁ“ SEARpRGER oI Eﬁ‘é tv e are
recessi ve. I n Aluﬁnﬁ&ew akye pynef dstrmetetsemyd&Sam/\t:tﬂﬂcskKaS&quédaeltzfg rmr)a PERIE
range of growth heno F out f t he 2176 F2p {;1&5 anal yzed
were clearly O‘BF 019 18 K °”V8rrf‘ thy BE, Sugrgeel fergripgpn of P RsaRPS%FtSr‘BI | ed

by two major rpeigiwW ¥Eaerves. Aesidr! & %hﬁbl@%@brﬂlcﬁoﬁ&@ Fﬁm@:ﬂ@é uicke ¢dr @b
nodi fiers. Based on the pedi %ee of "Mcro-Tom (Scott and Iﬂar baugh, 1989),
i

it appears t haPCRBvmethodirddesrmbest it Byehliekienel 1ROy erMethpan for Wheddgtectioneof
"M cro-Toms php@g?;%cts'@ggsgng Afenl 291 ﬁ;gg that the dwarf cultivar
m can

"Mcro-To easl | crossed to a co rcr al cultivar of tomato. 30 17
WD 99/ 12411 PCT/ | Lgﬁh@pmﬂzls identified from which DNA was isolated that produces a PCR

product with the first and second primer. This plant is analyzed to determine the

effect of transposon insertion on the phenotype of the plant.
The methods of the present invention can be used to identify and characterize
30 any gene of interest including developmental or disease resistance genes. Sufficient
nucleotide sequence of the gene of interest is required for design of a primer for PCR
analysis. Once genes of particular interest have been identified, they can be
transferred to appropriate commercial backgrounds by techniques well known in plant
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Exanple 2. EMS nuta enesis (a) Methods: For the EMS experinent) plants were
grown as described in Exanple 1, with the exception that the plants were
grown i nWexesiiaeidct - proof , 5 nethouse at the VJei zrnann | REYEI8/00443

Sci ence, Rehovot) Israel, instead of in a greenhouse. EMS-nutagenesis was
performed on 15,000 "Mcro-Tom seeds. The seeds subjected to nutagenesis
and the plants germ nated fromthe nutageni zed .seeds are designated the M
1 generation. The seeds were inbibed for 9 hours on wet Whatman 10 paper in

Petri di shedreadinghseariprekamples Roehiman v Breddine Field-GropsiMéw & okl 1987). of an
unbuf f ered % 1 k i ncubat e verni ght for 16 hours
at room terrporél'g3 %‘%gﬁ%@ﬁ‘?}%gggﬁ?@ﬁg&ﬂ&Cfﬁapggﬁm zed seeds were

extensi vel y washefhe prasentliriventionnatassassti torevdiep 5 dibbargay mutate &dlthengropr ays.
Conpared to the controkbgr up, the nutagenized See lings were retarded in
their grow HM{gmate, d ey 5489 oAt cRsRelsE dMbtbe 25%
Appr oxi mat el abif}) %o0fsolahe ilporRhfefes Ve MRisSthtaht RmdM 188484 SisVisEd AT Hgst ed
from 9000 ML pﬁ{gnts. From 70 I\/[L@pl ants, M2 seeds were h(;lrl\s;estedhﬁ]l t

i ndi vi dual | yminiawiecdwast-geterminate,n d Lygersicomp ¢seilemtymyer ailtivapn designedh ML

plant in pro R : 0 : . in bul k,
pool i ng one ??iglyot T%W&%ﬁ&@)b@ﬁégﬁ?%ﬂgﬁﬂg éﬁa/&ﬁggé%"gg%gg%usa@ ds from
t he bul k har Hexbaughe 188 ovihisarudtivgaiseparticalarly msdfdl, idGhe present invenibichbatgusy?

pl ants. M3 segeds.were harvested.in bul k. Results: In the M1 popul ation
(the &1 eat edtBhbr HTUNR HEbHTEey e By 115 OBt Sauit metproHioR Spp TR

vari egat i®n. whén glvvnVit saelphightdefditiesd Rudthatmodd, tHedellfiParHad AlshoMBIE cgdi@wWn i N
nursery trays, and 25 screened for nutant phenotypes, as_shown in Figure 2
C. Figures 2Yipldingymanis frptiowiiuino/0-40:4pyRBrom somting. wihich Sciliateseresningsipy pe.

Qut of this pORlrafdn@fatiodsl helC P!:Q.r OffiYde! affthRS tRaiefiCard QeGInt ! ﬁ@ie&pg&g

al bi nos, yellow (xant hophyll-Tike) and |ight é;reen | eaves; Figure 2G

depi cts an Mecrganang lapger mutagemzedrpiym popuiptiona and penglarst sapwateéd glutagenésimines) .
Plants with ?Orﬁg?gbé%'sﬁ)qeleaf shape, flower (petals) and fruit 30

pi gment ati on Were*al so observed. Conpared to the wild-type round shape

fruit, six plantslmshaddtibnanthal celtiear faani be sémihe amd atfficiehty r trhnsfiortred.

i ncl udi ng phenot ypes..such as .persi .,Shap Fi.gur.e 2D) and pear:shape
(Froure Se) TPaieomis foBRRer b s SRt R A Z bR et
]gFi gur ed_2F_) atriﬁsflovmm\mloﬁ96ﬂ.24t§tﬂedﬁl€é;f /alnu9&k190ze%gt ?e&edﬁyy e xfeqmdldj e:f@_nd&ﬁé ved
rom i ndi vi dya pl ants re al so screened for nutations. In five
fanilies, a rﬁ%&cahfmbHgWBF9‘\|§@dR&%t°d‘B%WH°fﬁF?§§gCP Bl PP MEFHIBAr i n a

3:1 ratio. Offfe¥ednd MBlslandar8 WrRad cevie by RNV YRR b gdride Bl cRilseRhBRAL at i on
in the leaves; this famly, which is dgplctegln Fi'gure 2H, is derived 5
{0

from a siPAgl €engs pandrellingnthesuzn af aMigtodomy e Teqestivyey dompinaphttrriisyenni be
Exanpl e 3. Tr, i h Mgt i e r o= 4. (:a)

Vet hods: M GRATREE (s RIS bBARoRR ANGE 1 FABRLED  he o fenttiin 13

fol | owi ng conequitedt ®; tradmfert reaessiyenganepltart standarde batierogrdowThesefoles any bed i n

[E)ngggl_ %Ué : nvuﬁ:ﬁgtgﬁgnhool%s ?r%ﬁsgg:x%e) cgnongé rclf)(f;la\[/esn:ien yngthcrlilé& t 1Sn Bﬁ/ﬂgx’g-sf o.f:'xa’(s: ggn%tic

background, and when needed, transferred into a standard background, using

25 traditional breeding techniques well known to the skilled artisan in this field.

We have also determined that the Ac/Ds transposon tagging system can be
used in another miniature tomato, cultivar designated ‘Micro-Peach’. ‘Micro-Peach’
is similar in size to ‘Micro-Tom’. However, ‘Micro-Peach’ has a peach fruit color
instead of the red fruit color of ‘Micro-Tom’. The Ac/Ds transposon system is very

30  active in ‘Micro-Peach’ allowing large-scale mutagenesis and reverse genetics.

In order to evaluate ‘Micro-Tom’ as a model system for mutagenesis and
reverse genetics, the growth conditions and transformation conditiens for this cultivar
were optimized. Subsequently, the screening of 20.000 EMS-mutagenized M2 plants
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were used for enhancer trapping (Fedoroff and Smth. 1993), were obtai ned ,
from N na Fedoroff: Constructs DsG and DsE (Sundaresan et al., 1995), which
wer e usedVO3I9A41 gene trappi ng and enhancer trapping. resp@CTIL0p442
(Sundaresan et al., 1995), were obtained from Venkat esan Sundaresan. These
constructs are depicted in Figure 3, and are described as foll ows.
Sequences simlar to Ac are shown in gray, with the termnal inverted
repeats shown gs gray arrows. Constructs are flanked by the right (RB) and
left (LB) bordgEred fr9my:9.000:iM!1  indiyiduelsy avay- eanpied Pue ~34@ants uwithi diesei gene

(QUS) is fus | 78- Lkoeither th iniml -1
to -46 pr om)"?ﬁ(:grrﬁér?‘tg,ag%i€> g\rg&(at%?cg{é d“é%aj:{e dofp eﬁ:?g’ é%‘%?ﬁ"ﬁ)soéé‘ﬂg Vorea “gflli'abﬁfhopsi s
intron fol | owedDy yransposablezaieragit enhaptri teap syisteas(RebbrdtiandBSith, N 993 and a
(Sundar esan o Besi st ance. t nanycin (Kant) or hygromycin
(Hyg~) is co%%%e?#%%%ﬁ% O abhg%%ﬁd”fef HEPQP%Fgesz’r M#ﬁmgelybm ol 25
phosphot r 4nsfdetearmimed erigactive SPiRs] wtilhtion SFRRS INGH-T¥mt auﬁfmm aLeaR

i.s conferred by the indole acetic hydrol ase gene. ﬂﬂ?s

acet am de (HAI\/ﬁl)s 1 _
mobi ity is &ORP&SSHuirdnwagsnads imiomato, o5 0f tagaingPrinsertional PSGivabeEofind

Ds378- QUS) wigh b angPasto8s RFQRL G p b T orned. wi t h BanB5S- Ac.
In this const rgcgt%,n Ac transpossasegéidy%ggdﬂggggmhn%gﬁet hge%cgh?’?yolmll}’la“{r%e 35S

pronot er f usdaledn of apanhspasiesof interett ¢ aid5h titeanpitinad effiefin® Bharatert-atishe
uni que BarmHl gitechas been deleted. Chlorosuifuron resistance (Chl") is
obt ai ned upon &XCi'sion of the Ds el ement from the Ds378- GUS-cont ai ni ng

constructlOand act iThatadeamtages af thet preselt &6ehinogt AnBerSooidd 18y %egﬁﬁh%nfaf'gr{n
GUS- cont ai ni qﬁ t%&p@tru t and. acéei .Va‘ii on of a nutated acet ol actate f WO
99/ 12411 PCT/T'g8l g% PapHetRideriyah &om EMSamulaeeitsd; ‘Microe Bum odnsisting Sni t h,

1993) . Exci siofn4fo0otimtiviatss, (Wl crangl oedly Y6 &2 cpe @3 Of
Ds378-@JS in the F1 of crosses gbr,et vvgen E’YarrBSS- %?Egdr?g %%@%@ﬁégéﬁdéﬁ)gf

anpl i fied wi tARPTEREFON GYST 25581t Sixomonth geriody Ml wercgrowh émitiesgrils AEMBHS i s
shown above Exd T, j a i.ndi cat t he, host

dupl i cati on EF aﬁ%iaﬁmgﬁg ﬂilen%g?é;?%ﬁy g}ia?g&iuﬁe?ﬁgtbg(rqlﬁng r@? pvc\’/f’yﬁrﬁo’hai"sz Af 1 el e
from whi dR DIRMEe Viarts sherd sgeeverqdyvefirtbmmhaherBliSanutagdvesis empyed was

transfornmed w I 4G 8- e BAMBSS- Ac,  DSE, and DsG using the

f ol | owi ng opﬁ%ﬁ‘z’%g gglﬁdb%oeé’{(;qegé Ibglttgg; a@bﬁ?@?ﬁﬁ%‘ VCI%%“?P&?@P‘HWGH’ ﬁ%}‘%ig“ et

al ., 1987) suplikelpeint esinyvadditihaP mughtigentard, plesbhtaf thedeuMAROND Joﬁagt%n,cel I's
| ayer (Horsch l<1=,t al . 1;(9%?%; Elere. tilﬂ_{"étibal ed_at 25C under |ow light

condi tions foyuoCcofpgare PR oNY Halrehfeyhungred tomaig mugatswepastedde near
the petiol e adutk B othé¥@edeheherkai d on a plate, and preincubated for 24 hrs at
25C under, | ow | i ght &glrﬁji %i aQns. The concentration of Agrobacteriumstrain
LBA 4404 Psed for Abed4 famiiieshatousse derived SionsindiyiduabM xplants arfd shoived a

cor r espondi NOmbi@n@ghefddype? séég%ﬂté@infarﬁm&xﬂn&xﬁ: rgge%iiv@(}éﬁé“ tl‘}lé%%l%%@ﬁs\é\ﬁa% 48

earned out under the sane conditions as prelncuba n-and S
hrs. Subsequeft MicrotTom’cuader Srtorrpenimentalt condisibes ned Herei Zamecks ure Gdrlvieliat i et

Sy LT oA G S BN e S B B
These data are in agreement with previous reports (Hildering and Verkerk, 1965;
25  Verkerk, 1971), suggesting that between one to three cells give rise to the sporocyte in
mutated tomato plants.

Although transposon tagging systems have been previously described in
tomato (Carroll et al., 1995: Knapp et al., 1994; Rommens et al., 1992; Yoder et al.,,
1988), there is no previous report in the literature of an enhancer and gene trapping

30  system for this plant. However, also according to the present invention, two systems
for selection of unlinked transpositions were introduced into tomato: one system
based on NAM sensitivity and kanamyecin resistance (Sunda;resan et al., 1995),and a
second system based on the excision-insertion selection (Fedoroff and Smith, 1993),
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carbenicillin for 2-3 weeks. Shoots were then excised fromthe cotyl edons
and 20 transferred to a rooting nedium (MSSV) (Fillati et al., 19%7

suppl enewoad/1zéiah 2 p.g/ M 1 BA, 50 pg/m kananycin, and 10CTILS5/Ad4
carbenicillin. Plantlets with roots appeared after 1-3 weeks and were then
transferred to the greenhouse. (3) Selection markers and GUS reporter. In
addition to the kananycin selection needed for transformation and the GUS
reporter utilized in the trapping 25 systens, a nunber of markers were used

to sel ect fehidh amaoﬂvm@g”e of ahd ffidiafl odetdctiomnsd H&1 hyroh§8R; resisslag esan et
al ., 1995). To that sterilized seeds were germ nated and grown in 0.8%

agar - cont ai ﬁpwgmﬂmﬂeﬁm@ﬁ' Iaﬁﬁélawvéwsﬁbeeremmqq te Fhigeosulfien ay amexcisen nat i on
f the fol | gy ERAUR /i ] .
(r)lapht ﬁal gne aceta (N%ﬁfl)th%gé{-o%g afr?SEY‘ %8’ ﬁ% %@%%ulaﬁo%f ~9

chl or osul f upossumptiPo mujantsCas be tsancnedg"omaJanworsemdcpmnutersgnﬂ mseuefdr@es@n

(1987)adt| sue rin sdoe ccrin t eeckman and En

(1994). ?4)* ?&‘i“?/‘s“% e, iigaegendy o8 %8‘? SQPQ?‘?C&FE %FFgEF‘ég “!fgmt“he

Del | aporta %Gmaudi t1§sué§ ofrtbmﬁtot(Codlév Etralm996)'canldl§o be dpplied int*Micrd-Torh’ for I ' ~
ra i rrt r rr~t
{ or ~t rstable perminal transpogitioy er%@% Ilé‘p‘B‘rStraSPé‘E‘ the, Ac/izgwiem #hewn &, be

addi tional pRAROLN AllcRs-2bRF RALHES 8&duitle tfme{s@@eﬁetﬁy%xawgn@ kl%&ﬁ&& wed using

Promega Taq pol ynmerase according to condi t| ons recomrended

manuf act ur erigserggnahimaclvainr-MyC z, and 200 p, M dNTPs in an IVU ther nocycl er.

The 1010410 1o Sl TS T S AR Y o5,

72C. The primedsd sysenh fop gengic $tydiBs ireplahsi oh spradues she/veharactmzanoﬁ of

GGATAGIGEGATTGTGCGTC t
sequences i nrwgerggglw%gﬁff%acxpgﬁﬁ Bﬁcl‘)smgmo"(ﬁ ; CO erren %‘?&\ %"‘C’)‘es( SEQ I D

NO. 2), whi ciMicfo-Tomplaitanised 3 at@néﬁﬂxﬁﬁd&@ﬁstdnﬂfdrhﬂxeﬁb&n@l@ftﬁﬂl@ﬁh@dﬁ&l@ ) -
Bands of the expected, size for exci SI on products (ca, 322 bp)_ were

extracted fr@RpY K%gaﬁ”a‘%sé"z@%ﬁ eteyh dhasnodRes BRFY-BiPe it ndnGhwE esene,

accor di ngs t Op ol dFRAKd Aeliatt Gourkl I SNHETbANSan FRSRERePER SUQIYE bendtRE €
cloned into a pGEMT vect or (Promaga) and sequenced using the T7 or 'SP6

primers. For PiSsinlegy nangnangiaiolism? opf othery hptaninglly  EMplafa fuls. geskikewiget h

Hndlll, fra d

nit rocel | ul og%icgg%n%&aﬁ%p%eg?sgﬁased ?agnn?] %Ellssfyséﬁgf? |¥ %flﬁgg{)f l%ﬁ\%/ggaogm?ntal

accordl ng tomumxta‘ardgnnesaswclhsst othet m(mstantMrdmnm hoed. '&Bmletimg)smﬁgemf 1 kb

was anplified, b bel ed b rinn Felnberg
and Vogel st efgFnt }‘?@%%, m@ﬁ%ﬁarﬁgeér&a%l\%“ f%ﬁ‘reB gw‘& 8&18‘5‘%"% o % lﬂé%m ts:
Construces DsMiGoGdm’ &Bantd feadily eBﬁJE)yeandntmfﬁev\&ilv&rﬁ mmis)medaer rhlamts

"M cro-Tonm as described., These constructs contain the NPTII gene which
confers resi $1AHERE RYPORAPSHYIMPOTRIPEIIP PEHEShe used as a transformation
marker to detect tig fpliew gcma{ 1ésh§reTpr@Mem@lr §10ustRforPan® | B4TBIM S0 B4 at i ve
to their donor site in Ds3 g for the selection of unlinked
transposi ti ogonsied gs Mlmﬁam@mndhem@nsdw@mwmg@smfqrﬁn@rygécﬁbxm thejts
use as a non-ge r

"M cro-Tom a% {V&Edug%gﬁgéé 0165 dettg%g&lg%g%ea%go@ dg’%‘?y éhr?érrym n
on three 2§uccsasls modifttatiens mmpﬁndvd tousd yvxthﬁasber sdope of Whei ptesentt inméntion] 48ID) |,
aIIOV\/sldentlf atlon C|ns itiy ants .ithout their.
destruct i on. RAFREAHORS AR Ran ApHEePafBoiontE P iieRel et dor bufdivg Becone
white shortl yhaidverl oSskilkyf fhgse m&hs b\ whith Fheginventibn pettginig.e Afpublipatitng
t hree-week-old “~Mcro-Tom, plants following three spray treatnents (Qne per
day) with 300ANHgratent ARBLAAHETS af?(hﬁ&‘r?y‘@??@?‘é@ﬂé‘b’éﬁ‘t%mﬁ\%m e spmg X8t A%l wi t h
BanB85S- Ac (tog, 2 1
991 12411 PCT/| Lgg?%g)ﬂ%‘%gﬁ?gn%?téggSg\br%{ég%%z&(&gost%t@ g%b%gyvngxd) iy, - ves
devel op a0 t himdhtsdtto b¢ incomomteddivtrefpeenpe mritssnti®Yent ual |y, these | eaves die
but the subsequently energing | eaves are green and the plant survives. The
hygronyci n resi stance gene indicates the presence of Ds378-QJS, as 5 shown
in Figure 4B. Plants transfatned with Ds378-GUJS are resistant to 20 wghnl
hygronycin (Figure 4B, left) while wild-type "Mcro-Tom is sensitive
(Figure 4B, bottomright). The indole acetic hydrol ase (iaal-~ gene confers
sensitivity to NAM Sensitive plants devgkop a callus-like tissue at the
root base and di e about three weeks




10 after germnation, as shown in Figure 4C. Plants, transfornmed with
BanB5S-Ac are sensitive to 0.25 ~g/ Ml napht hal ene acetam de (Figure 4C,
left) whiweobleivi | d-type is resistant (Figure 4C, right). poRiyLeS#M0842t i vity
can be used as a negative selection marker to sel ect agai nst BanB5S- Ac,
thus stabilizing new insertions, and/or to select against the donor site in
DsE and DsG 15 The ALS gene confers |ow resistance to 100 ppb

chl orosul furon in plants carrying an unexci sed Ds el enment, and confers
resistance to 2 ppmchlorosul furon in @)@KN‘[?LEEGVG Ds is excised, as shown
in Figure 4D. Wl d-type plants grown on 100 ppb. chlorosul furon axe
sensitive (Figure 4D, left), while plants transforned wth Ds378- GQUS have

| ow resistangg, F'igf_rermhlmbﬁcun en c;mﬁe esults of selecting for the
mar kers used rmr-sg%v@vn-m-@ shown in Figure 4. X-Qd uc
staining of F 1 (Ds X transposase) plants shows blue sectors (Figure 4E-F).

The pronoter-Iess repor fer ne, in Ds was activated as seen_hy the
bl ue colof in the (‘Sg&‘t"(ﬁ’?"a I\ﬁ’cé?FPqﬁ%} (ﬂllad‘tl‘—sie%éeﬂiff*iﬁ?ﬁm{ﬂ grovn, pp .t°\f6‘!]%g
fruits, two oty ahinarsedrdyaSdr o dFdr @B Piddk densht) éib@rii)?ﬁérﬁ! cach@feamidnd Ned

for GQUS 25 activity (Figure 4F). No GUS activity was obtained in negative
control pl antegrrespepdedstor grawily jnga diffsent rroptheolmaes For Abat purpase, Wity wege 4F,

top). GUS Wa%f@‘%' V@&x‘?ﬂ 3 i { e on}. Thus,
all of the select ?non e%rth%lr ‘3‘%9%“{ g&ﬁ“&%@f‘gﬁ%ﬁeéglrﬂ% seéi}:*:g?gﬁ?ﬁgﬁ %@g}é’l}’s? min
{ Fedor of f ango8nf K65 18I0 8apasitindaltesewest twb. replic@fibns ar ead weatagepl,iezelbl e to

The str atloy PRRie ST S5 e TRt sihel LA P LA REH Y ¥ e
and t he str atmiyypldnertha eleecinatyzedforexdh igdion and reinsertion, where |inked

transposition events are nost, oft recovered, have been previously .
descri bed and conr@r e%ef’%ndal?’l&%fﬁgml gyis wese gropym Joym sgeds WPL%B‘;‘ 00442

Usi ng Ds378- Ghitumiien BRa@Seey Mgy £ Aih rbdtCofapafimBRYof 9@tk izeS td difermine the
excision/reinsertion systemresults fromits ability to identify and rescue

kananyci n serfifect ofedeprifyrnsplantiggemria a3 mell asonifoiiand seqdosatuetipet Reesities of
Ds378- QU5 a”fbo%”%%%f*&éfgérrkr}{*, Ruit e MoSroof %lﬁr?l&é %gigﬁfgefgg'[‘ Rle81h Sle:?f,

hygronyci n resi stance "an ananycin sensitivity en he sel éctron of
unl i nked, st awereitestad. tThemesporsetaf SMicwo dions to défesnogrovitin cotiditinns istéhowrdnpl ant s

(BanmB5S- Ac X 78; ' i ch a.germ nal. excl sion ev. occurr.ed,
are fully resf@ raen{‘c;ﬁ‘? %rﬁi”([)"’r %{Jlltﬁ ?’fjarmol%ec{ ﬁeglﬂglgggfbf" F?%’h? X W’I‘ﬁirlée faéléfuqfe
makes the systsussdmisimamemiakiynube givenfih paredthSsis.t BachtB83 piveppt perastspetof
tomat oes. This dual system. s, suitable for selection_ of both Iin@ed and 10
unl i nked t r anB5 SRR Valif dor IS THft 1Sfxeressrd @s fyncHon 8?1’2‘960‘?%931% OfPRst |

t he sel ec2o onsdafe)Hdof tBhldtaensydftipper ¥aiey.n THE 3116 Wink Neaits At irhdagi@bd:on of
unl i nked. stable transposition events, For this group of plants, NAM
sel ection is Daretxaathesis Ghe avemeer sumbepbAayshizemdsonsee b anbess); days tve

T- DNA cont ai ni:Qg.: . i r : B
sel ection for hgﬁ‘é{‘é@h%@pséf gg’?lggro&ctﬁﬁ%?rggluﬁ%?ﬁ; rggtﬁ f@‘%&“?ﬁgﬂ%& lixgﬁa&%an‘
pl ants per mi t éhe heightdémem) frosut the soib furfica ke thetfirstrisflaresdencn); muslrer ©f Ieakess
group of plan is_enrigh in,such events bec f e. nat | tendency
Por Rt o't a5 BREBRITIRTEs b iii6dn S0 PafBUT e diat ffi Mgl o B8

t ransposi 25 on phmeninambke of fiuite (the homber( dfyfnits péaplantyniiuiCiveiphp(the iverager(in

wes cont | 1 med 8 fF EAth s of SEHEGhe BISRHE SHTPPLA SRl PEr PR Bor b |
transforned sepadabamdilts bdinBreatéd- GQUS and BanB5S- Ac by sequenci ng Ds

exci sion footprints. These footprints, shown in Figure 3 below the

Ds378- GUS const r uctSpmgrtiaits ysrecharely pffogied by plaetdsasitye & or sxammie.the nanker6f f our
clones anal yzegys kb5qEed\@%ind'® mtHEEis MArfpk8 Tofs 7 8H0Rfal$ and e number of days

30 from seed sowing to fruit ripening ranged from 75 to 82 days. When a control

standard determinate tomato cultivar (cv. UC82) was grown under similar conditions,

it failed to set fruit at the high densities (412 - 1357 plants/m?), and it developed fruits

only in some of the plants at lower densities (100-226 plants/m?). Other traits, such as
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25 inversion) as generated by Ac in the wk-n¥V allele of maize or in

Ar abi dopsis (C. Well, personal comrunication) and tobacco (Gorbunova and
Levy, 19@%099fbahev and Levy, 1997). These results suggest ROTALIYPMAZr ent i al
footprint formation, as described previously by Scott et al., 1996, is

speci es independent. In addition, GUS staining patterns in F1 plants found
inroots of DsG X BanB5S-Ac (Figure 4E), in |leaves (not 30 shown) or in
young fruits of Ds378-GUS X BanB5S-Ac (Figure 4F) indicated reintegration

of Ds in Of PERyieANGsmbe: SMEufto\r Sfinfber BF 30kis 42 BlALRtHond éyﬂh%ﬁﬁm- QS

parent, whic s the weak Ac pronoter, ict | VI wa ected
only in the chmaﬁsun@lmdwnmqukou mapré m;nttgx-foﬂsdlffemw%m&n kthe-minimum

PCT/ 11L.98/ 00442, Fi na n_was_confisy ned in Southern bl ot

anal ysis of &h 8ot TYJafl%Jr‘? °%§23&ﬁ§/%’r ?Tf/’&qcﬁmtgggi tlﬂea “SF‘% ﬂl"?ﬁ?gm%h dBitare t he
progeny of thel ghasheipb3sHbwadS YesBanEionée to Asnsitgpivith &l tidfdtdl Aiff@efce

Genom ¢ s extracted from a transgenic plant honozygous for the

Ds378- GUS coREWPeRiinyRand maximyn yales " honpzygous . for the Bam 35S- GUS
construct (I ane byfankdplafh g&mhn&fr tﬂef%n%ﬁé)&éxsﬁﬂé%ﬁ%émlh‘ﬁaﬁééﬁtS

(lane c); and the derlved | ants which were Tesistant to
chl or osul f ur 8 &Ad Rigprp2dr @ﬁh}@$ mMigre fem’ glapys groMA insmrssing treysewithiat sootHi ndl | |

nybr§ di zed o mpenAgbETF ol Uop RREI LGkt B BB AR R0l )

fromthe Banﬂﬁﬁtﬁaﬁ@t) Figereeit depTateaMiidnypofMENATbmo matre plast, gaowraintd ng

par ent 78- i geste h H| t he, unct on between th end
of Ds aﬁg 36”% BF%?%@ %Ug“béh%a f‘?B{ c%is lT(-n “@gw&rfa%ts he
|l eft border Gid Guite hdve a'a"ﬁnﬁisopllgblﬁ 2 Ex&xes%icrd/\ﬂl'bﬂi hidAts weRV@aWatata Si ngl e
8 kb band for the Ds garent {lane a), indi catlnﬁlthat a l5 single T-DNA

copy is i nsedgwyioh22 elogise i@ 2 seY:HNets thatrip SMistasosbt dll plaet, orgapsespect ed,
Wi th the transpesrRQiRah&Melllprdpsiibied rEazmQJ thsthé @@e@sfimvefrée@&%' @hich are

hybri di zati on patterns (Figure ~, lanes d-1) indicating elenent excision
and rei nsert ing#r-nermalein fgdat Tbﬁsconmﬁf ydthsotser omat siwarf fpiants awhich sge

b 378 df
cﬁf \gfggu:??ur ong esi s?pf% é%fé%{l %ag'gf é{@a{&% tﬁ{/%‘r?egar%yécllﬁﬁt glst :\S/;[ gencg(rj

by vi gorous root dhesl mnhmtdemioaﬂratmdhdﬁameddwarf houdtivarmy ‘dMitroc @0indi cannbe

medi um This nmakes the cent.age xcl sed Ac about , SO% ichis
S Lar 1o prBGiEs BPFD B ERIAR ghresty 335l IR Duntre Adras 4 b

i 989; G eenbliatdntiod984; McC i ntock, 1956), tobacco (Jones et al., 1990),
and Arabidopsis (Altmann et al., 1992 25 Exanple 4. Reverse CGenetics in a
M niature Cron Cul‘Migrarlomnevan Gpsed PahYrd2 adets"rrmna&rcuitmabraad Toh Vikes

sel ected J00 PHQAGSETEARORIHI A THe 01 piahé’b?B@t%Q%s‘é&%&b RERGiRAHh Beight to
"Mcro-Tom was transfornmed with 30 plasm d BanB5S-Ac, depicted in Figure
3, by the trahefieHineteow indieatiog thatdhe Eenss resnomsiRieniorethe ‘Migrarfons ipmers wer e
selfed to pro h I i.C, Zygous
for plasmd ég%%%%é Agn Eaﬂr?dﬁ Q%%é@ggrggttﬁgﬁrs&%gg@ eﬁg%% tﬁer): m ‘Dldle%%’%n&
Ds378- GUS, degrowthebbbitrphenoypes. Nix andoDdhe LOE F2ddpite nmlyzed vFarg vlearlb putvedr € 24
WO 99/12411

the ‘Micro-Tom’ type, suggesting that it is controlled by two major recessive genes
25 with the possible additional effect of modifiers. Based on the pedigree of
‘Micro-Tom’ (Scott and Harbaugh, 1989), it appears that dwarf and miniature are the
two genes involved in the ‘Micro-Tom’ phenotype.

These results indicate that the dwarf cultivar ‘Micro-Tom’ can be easily
crossed to a commercial cultivar of tomato.

30
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PCT/ 1L98/ 00442 transforned into "M cro-Tom as described in Exanple 3.
Transformants were selfed to give rise to a series of plants which

contai nedwop ewais Ds in the T-DNA. The transposase and the germlesoésr wer e
crossed to produce F 1 seeds. The F 1 plants were grown w t hout sel ection
and selfed to produce F2 seeds. F2 seeds were selected for a 5 stable
transposition event by growing F2 seedlings in an agar-based nedi um

cont ai ni ng chl orosul furon, hygronycin and NAM as described in Exanple 3.
F2 plants, carresponding to i ndependent transposition events, were grown
and screened ¥Xampie s JoW eEls. F2 plants were selfed and F3 famlies,
each famly consisting of 12 F3 plants derived froma single F2 plant, were
screened for recessive 10 nmutations. A nutant mniature plant containing a
Ds insertion into (a) kMethodsnuFoe diei EMSsmgeriinane, plhine wepd giwn sedeseritdtinf i ed.
DNA was extracted from|eaves of F2 plants. These DNA sanpl es were

subj ect ed t o Farenly lscWé’én‘ihﬁgex\ﬁFEthaR‘Pi the plapiswerec grovas b 7@ Mgeqtdrepf

nucl eot | d?. 5%&%@%‘ aPfind Wei&ﬁxgﬂ? RRTiRke %sa?ﬂ%%&ﬁ@&“‘isﬁ&' Tteali®of in a
corresponding to the nucleotide sequence of the targét nutleoll de sequence.
The pl ant thagregnhodseced a PCR product with the first and second priners was

identified and an ed to determne, the ef Qf . transposqn insertion
into the nucl eoti g%%é’aﬂtéﬁ?f@mﬁfwaisrﬁegf”&etd %Ifﬁ(@ 3{%‘&%‘? eSEFSt N8 gFt . 20
Exanpl e 5: Dssubjiclian am@addnesiOtid RNidtd gérmirdiedIRRE thd ARRIBUzdickaNALed
Ds-Luciferase is shown in Figure 6. Sequences simlar to Ac are_shown in

gray with thedssigngieddhe Ml\gspeisgon e Pstesdssweraimbibedyfosy haursoswetcWhatmenct s
are flank b i s k2B t r : ¢ ctive
T ona, TS| oot PR bioh Pt Efinrdey P BOE cBnflindd B30 pl ST

nucl eoti de 1 tubw@fsped OrfeEMS ghigmag solutinnandtieubated nveraighi fov &6 haws atepemt but

cont or red by, IR CEA. bROLDIAOE G s QM BPESTYeo KT YR ovidnively

phosphot r ansf eaged, §eNeriedChd k@& bh ko Banfiegdys i ste@idgClthyl OSbhpate@ Mo khd S
obt ai ned upon excision of the Ds 30 elenment fromthe Ds378-GJS-contai ning

construct and°erih\aIeRR e myaganized cqedingt ofest rerded i ths ergyehe 214 Hif
Arabi dopsis. ( Bereliloehithalbil Was B8 bPUbdull 955 R HRREYy 10Ba RS
confers resistance to the herbicide Basta. 25 99/ 12411 PCT/ 1L98100442
The pl asni d Dplantscwensrsigrde.wdd2 seads twere hartdested frarh 19908 MIThlan®s kspmnEhMli n Ds

378-@AUS (Figur r C t-he. nent de i.hed, akoy
depicted in Fipgaﬁ’?% vggjigﬁﬁlgé%?ecg%f'gs?(er?slgglgﬁa@uléerf)?‘eeraﬁg8&%&“ &ﬂg%@é’t}qg ﬁlEE:}llgt;n
resi stance gemerbdgrovae fiort daehAd] hpdar én progEhe fowdl e TRE Tegprofinid dM2 sdods Adete

Jonat han' JonederiFdan huR R whie Jrl i B8 o, adw- Ry ZRobRLa

into the moni akedseirdrl AR Bulk HatvedBivere MoGhomd @ate #se @em@dob@ﬁh-?mde&agME 3. A
total of 1,000 plants containjng i ndegendent transposition of Ds. Luciferase
vere cul ti vat SWentsp) Mdseeds yuene hardeyigd i Qulkeedl i ng, flowers and fruits, were

screened for 10 Luchf ReAds: SHPHEIS] Bhpulatdf (fetRA1RH YWndtafor CABUPYYLSHT Y | NY
the plant tissue with
plants showed chlorophyll variegation.

.
1a k1CeN

In the M2 population, a total of 14,000 plants were grown in nursery trays and

25 screened for mutant phenotypes, as shown in Figure 2 C. Figures 2 D-H depict
EMS-generated M2 plants with a mutant phenotype. Out of this population, 111
chlorophyll mutants were found, including albinos, yellow (xanthophyll-like) and

light green leaves; Figure 2G depicts an M2 plant with a chiorophyll mutant
phenotype (yellow leaves). Plants with a modified leaf shape, flower (petals) and fruit

30 pigmentation were also observed. Compared to the wild-type round shape fruit, six
plants showed an altered fruit shape in all their fruits, including phenotypes such as
persimmon shape (Figure 2D) and pear-shape (Figure 2E). Plants with oblong fruits

had also long and narrow leaves (Figure 2F).
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1 mM Luciferin, and subsequent imaging in total darkness. |nmaging was done
with a cooled CCD Princeton Instrunment canera that can detect ultra-Iow

| i ght siwwed9a241800 pl ants glowing in the dark, i.e. that eqIH880W442i ferase
in various tissues, were detected as depicted in Figure 7. Qut of the 1,000
pl ants screened, one plant 15 expressed Luciferase in seedlings, under
normal conditions, but was repressed by a cold treatnent (Figure 7, bottom
panel). In order to detect very specif c types of pronoters or enhancers,

| ar ger popul &Q%‘g Allen et
al. (1993) %léaﬁi2’%@@?3%?%9?2@‘%@5@ﬁ‘@z@%@??ﬁﬁa“énﬁf“ﬁ tection of
Anpl i fi eoutaiensuc s "fiven familing o mutamtbphenotyae WBisodbbseved \that FaridddR 25

115 126, SRS e, £ R ORE LBP oY sBRRearcd fic sleifuf bologih"O°°

W Il m t zdgmentatidn 92 )ledves;athisi famiipntvhich ia dgsieed i Gigune 2HY & fived
Ar abi dop IS thal gga based on thﬁ %&e tr nsposabl e elenent Ac. Theor.
Appl 3 Geé@?asme plaggand sggregated g 41 rgo E?I} Eyann.  and Pel letier, G
(1993) In planta Agrobacterium Medi ated gene transfer by infiltration of
adul t Arabidopsis thaliana plants. C R Acid. Sci. Par| s, Sciences de la
vi e/ Li f cExymplede Jransposon tapginycandoanhanean tempim ‘ A8/ 00442 Beeckman,
T., and Engler (1994) An easy techni que for the cl earing of histochem cal I y
stained plant tissue. Plant Mbol. Biol. Rep. 12, 37-42. Benson, Robert J.
Johal , Qurnukde) Mfetwds: \/MigiorTem Cblpntimberagp,fomﬂras‘ﬂescﬁsedh rvathl the Patri ck
Rober t nd Briggs I,
SOl (oM AR A O KR,
G J., Hat i ge#hholises. and Jones, J.D. G ( 1996) The tomato Dwarf gene

i sol at ed by heterol ogous transposon taggin encode the first nber of a
new cyt ochr ome P45@) f &eFaucess) a(gn)‘tnsﬁjé‘tt? %’n’gg ngﬁ Bhi Sr:% V.L, K,

Thomnas, @eM use@I @henm@epltrapadag (U IQFdEE tﬁtd sx%ﬁaf \@39’w31@ obtdihed f6& Jones,

J.D.G ( 1995) Germinal transposition of the nmaizée el enent D ssociation

f r om T- DNindg Indorafh Crpseecss Degriad iRsE: (§39dar¢serret4¢ﬂo 192Domkich wargused

Gol dgbro lgmg Si S ct ed

[ nse? [ oﬁgl ené}r §S|dsé“(§‘ Q:eWrayt: rgs%g&{\telzvé(é,&gd&;%%%s al 159 mw 5{% Gen.
Genet 252btafhﬂdfrbﬁl4\/erﬂ&tdmt Sulwlarestn. alhesd mﬂMrydqntasémCH)gurn 3Raw|lct | on.

Basi ¢ Prot Odrc? (Hg) X%t hods in Mol ecul ar Biology, Vol. 1 ~~ PCR Protocol s:
Current RET4FS g{ Stcations, B.A Wite (ed.), pages 1-29, Humana

Press, Tot owaSedkbncddsihagabtat arSshown W)@le v@ith thé feimiziat K}S’ertch erez{tsl983) A
pl ant DNA m ni preparation: Version_|I Bi ol 19-21. 20

Dooner, Bh®¥I 23g1aY BEPYE hERPSUACTS @ro Bandyd ’?Y&?‘sttﬁ%@‘?mddaft Elewoatlerf he mai ze
eI e t 1 oroff, NV.
gga (?Séﬂ ,Pgl?%égﬁvpmpm.( ggtée B dlﬁttﬁom@tﬂs@?&h&go @Zm fgééea téFggbO\rNgfﬁg %

and Sni t tprorinter in(DLIB)GUS veregther the mayigmbnh fooft6 dreometsriregjon (Havkpos) tion in

Ar abi dopsi 3, 27 Fei npher ogel steln B.
(1055 A Bie SRRty oF o Ai it e BNt plnfes: o B SRRELSEE 1 coment s
to high &‘(Bﬁek fbbﬁ) astol GSlu;(daré’daﬁkt aBi mebpnmestaance&oﬂ&na:ﬁytlhau(un)er Ki ser,
J., Rose, R, and g&aw& Ef ficlent pﬁs‘rans er of a. Iy hosate

t ol erancé‘ygéﬁ’év‘i“ht%y%bﬁé‘%fe{f Yt ‘EPMF';?P FPOREESETISE OF e s 30

vect o5 BiiaksHoRamirerdy J, 28spéd; thds% a00iyYRURSRhilaR ackRRRE (NAMAeat . In
ProgressEi?n Pl ant Breeeék:nﬁe ssgt E 3’ Bu?terworatch London) pp

1-3~). 27s couferebbﬂﬂmrldqizeqqepebssirobamem

Ds mobility is achieved by crossing the Ds-containing plants (DsG, DsE and

Ds378-GUS) with a transposase-producing plant transformed with Bam35S-Ac. In
this construct, Ac transposase is produced under the control of the 35S promoter fused
30 to an Ac element whose 5' terminal region, up to the unique BamHI site has been
deleted. Chlorosulfuron resistance (Chl") is obtained upon excision of the Ds element
from the Ds378-GUS-containing construct and activation of a mutated acetolactate

synthase gene from GUS-containing construct and activation of a mutated acetolactate
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20 transferred to a rooting medium (MSSV) (Fillati et al., 1987) supplemented with 2
pug/ml IBA, 50 pg/ml kanamycin, and 100 pg/ml carbenicillin. Plantlets with roots
appeared after 1-3 weeks and were then transferred to the greenhouse.

(3) Selection markers and GUS reporter. In addition to the kanamycin
selection needed for transformation and the GUS reporter utilized in the trapping

25  systems, a number of markers were used to select for transposition events (Fedoroff
and Smith, 1993; Sundaresan et al.,, 1995). To that end, sterilized seeds were
germinated and grown in 0.8% agar-containing Nitsh medium supplemented with
either one or a combination of the following compounds: 20 pg/ml hygromycin
(Calbiochem); 0.25 pg/ml naphthalene acetamide (NAM, Sigma); and 100 p.p.b. or 2

30 p.m. chlorosulfuron (DuPont). GUS staining was done according to Jefferson (1987)
and tissue clearing was done according to Beeckman and Engler (1994).

(4) DNA analysis. DNA was extracted from young leaves by the Dellaporta
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kanamycin. NPTII can be used as a transformation marker to detect the presence of

the T-DNA and to map Ds elements relative to their donor site in Ds378-GUS, or for

the selection of unlinked transposition events with DsE and DsG. One advantage of
this gene is its use as a non-destructive reporter in whole tomato plants. Spraying
‘Micro-Tom’ plants at most developmental stages, with 300 pg/ml kanamycin on
three successive days, as previously described (Weide et al., 1989), allows
identification of kanamycin-sensitive plants without their destruction. In such plants,
the young leaves next to the shoot tip become white shortly after spraying, as shown
in Figure 4. Figure 4A depicts three-week-old ‘Micro-Tom’ plants following three
spray treatments (one per day) with 300 pg/l kanamycin. Kanamycin-resistant plants,

transformed with Bam35S-Ac (top panel) were compared to wild-type, sensitive
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ppb. chlorosulfuron are sensitive (Figure 4D, left), while plants transformed with

Ds378-GUS have low resistance (Figure 4D. middle).

20 The results of selecting for the markers used for transposition selection are
shown in Figure 4. X-Gluc staining of F1 (Ds X transposase) plants shows blue
sectors (Figure 4E-F). The promoter-less GUS reporter gene, in DsG, was activated
as seen by the blue color in the root of a ten-day old F1 seedling (Figure 4E). Young
fruits, two weeks after anthesis and 1 cm large in diameter, were stained for GUS

25  activity (Figure 4F). No GUS activity was obtained in negative control plants such as
the wild-type or the Bam35S-Ac parent (Figure 4F, top). GUS was activated in some
of the F1 fruits (Figure 4F, bottom).

Thus, all of the selection features previously described for Arabidopsis
(Fedoroff and Smith, 1993; Sundaresan et al., 1995) are also applicable to

30 ‘Micro-Tom’ and therefore can be used for a transposon tagging system. The strategy
for generating unlinked and stabilized transposition of Ds, and the strategy for
selection of excision and reinsertion, where linked transposition events are most often

recovered, have been previously described and compared (Sundaresan, 1996).
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31 WO 99/ 12411 PCT/1L98/ 00442 7. The method of claim1l1, wherein said

mut ati on-i nduci ng agent in step (b) is a chem cal nutagen selected fromthe
group coweisup41y of ethyl nethanesul fonate (EMS), nethyl REEAYO48Z onat e
(MVS), nethyl-Nnitrosourea (Mt ~, and bl eonycins. 5 8. The nethod of claim
1, wherein said nmutation-inducing agent in step (b) is irradiation selected
fromthe group consisting of LTV, y-irradiation, X-rays, and fast neutrons.
10 9. The method of claiml, wherein said nutation-inducing agent in step
(b) is a nobile MgstMhthhm%S}M&ctceﬁktmmmat mewg feayre cofisthst i ng of
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of cl ai m 14, g ioh peafe e itndea6: Thh, JN BhBelod BlenPHAC 10
produce f oodthif groep obplafits d\l\&lvisseleﬁtlan f5. urifleessany and citbrosafuree siduddhhot be
popul ati on Orxseﬁl 2l e jlschon amm(7 ederggtmnor Site segregates away. Second, the
15  selection for plants resistant to chlorosulfuron among the Hyg' and Kan' plants
permits the identification of linked transposition events. This group of plants is
enriched in such events because of the natural tendency for Ac to transpose nearby,
and because of some of the unlinked transposition events described above (Hyg", Kan®
and Chl’® plants) are eliminated.
20 The activity of the A¢/Ds system introduced into ‘Micro-Tom’ was confirmed
in F1 plants of a cross between transgenic plants transformed separately with
Ds378-GUS and Bam35S-Ac by sequencing Ds excision footprints. These footprints,
shown in Figure 3 below the Ds378-GUS construct, are typical of what is expected
for Ac/Ds. Out of four clones analyzed. three had the same preferred footprint (GC
25  inversion) as generated by 4c in the wx-m?7 allele of maize or in Arabidopsis (C. Weil,
personal communication) and tobacco (Gorbunova and Levy, 1997; Shalev and Levy,
1997). These results suggest that preferential footprint formation, as described
previously by Scott et al., 1996, is species independent. In addition, GUS staining
patterns in F1 plants found in roots of DsG X Bam35S-Ac (Figure 4E), in leaves (not
30 shown) or in young fruits of Ds378-GUS X Bam35S-Ac (Figure 4F) indicated
reintegration of Ds in or near genes in the course of plant development. In the
Ds378-GUS parent, which has the weak Ac promoter, a faint GUS activity was
detected only in the immature seeds of young fruits.
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Example 4. Reverse Genetics in a Miniature Crop Cultivar

The miniature tomato cultivar ‘Micro-Tom’ was selected to produce a
population of transposon-containing plants. ‘Micro-Tom’ was transformed with
30 plasmid Bam358-Ac, depicted in Figure 3, by the transformation method described in
Example 3. Transformants were selfed to produce the first parent plant (line R2-1-1)
which is homozygous for plasmid Bam35S-Ac and expresses transposase activity.
Plasmids Ds378-GUS, depicted in Figure 3, and Ds-LUC, depicted in Figure 6, were
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30 26. The nmethod of claim 22, wherein said nmutation-inducing agent in step
{b) is a nobile DNA sequence selected fromthe group consisting of a T-DNA
or a trangpsmehiie el enent. 34 WO 99/ 12411 PCT/ | L98100442PQI7ILIsMe442et hod
of claim 26, wherein said nmutation-inducing agent is a T-DNA and said
mniature plants are infected with Agrobacterium thus producing multiple
transformants wherein each transformant contains a T-DNA insertion in a
different genomic position. S 28. The nethod of claim 26, wherein said

mut ati on- | NOYEhAEmBA%HD M. TorR RERBe AR E i1 Adho R BIWGE sdifant

popul ation is obtained fromthe progeny of mnrature p? ants contal ni ng an
active transpogiveirisa tg\essegies of Pladg whikk cowtainedi a gioned Bs im 28, TyM¥Aci Thesai d

active transposjt] t S 2 native.transposon.or-.a transposon

i ntroduced i %P? pio%}a%@gﬁ &/aﬁieelggyblé%&r@% %&éﬁsﬁghoe‘%gﬁlﬁge%?esgﬁnsr 3{]‘5551 IS YRE et hod
of cl ai m 29. gnivar withowt aeldctiont and aselfedon ppmincd FDseedy SF2s8eds weelseleted fk% from
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pl ant conggi ﬁfah{j H’aﬁﬁgfﬁlgﬁf O?Y_Bﬁtp&g £1° ofFSHIRES &t BReSas-bated BsdNEL o
source or W khninfg2EtiodSuiabn) KyGralycit! bl S Sast dABSRASA Examble 3NepgTet hod
according to claim29, wherein said transposable el ement 20 conprises the
mai ze Ac/ Ds tPlantss sosesRonding énindgpendgpdrangnopisan events, aiens s@wicanglscrashest ei n
said mniatulg Bbtiat Sndtalrd! 259" BihQMRER Gted |41 3 Zhnits, QuPEARS T OF
identifying a nucleotide sequence Ich controls plant gene expressi‘on
conpri si ng t lensisteygrfd2 . F3(pljnts dennetidrom agingle iR plaut,weze pdreawied WortriceasiBiNA
construct1 to rotduce a popul ati on of randomy mnutageni zed pl ants, wherein
sai d DNA 90n AR ns'(:orrpri ses a gene sequence encodi ng a screenabl e nmarker
whi ch | acks a pr omifitand migianiraipit aori&lnik i DRIns@ioN 16 M2 kivdnOn@edtide
sequence being clon wi thin the barde of a nobil e DNA sequence, wherein
sai d niniat urséq‘tﬂn&ﬁf‘ﬂﬁgg?tké"aﬁ d&?"&‘%F‘?d\g MW&EF’QF@?@i fé%’?‘.lffqv)‘s P%E&@@ﬂt%i ze in
conpari son t oriRs€ QMRS GnfPleP vRd sBbjedtbe 15 AR Wetdrbsind ivlith TBENE 3hbfap tO
produce vi able seeds or tubers at a plant density of at least te -fold

hi gher than 3®rmrespanding/te anuclegie |segBnor0athe dranspesend Dyr vk & serondiprimsns used
for a co rcj I t Les; I il e Wale]
crossed v h isaigt S iRIeSARF sARERE SEthe Bl bhlibdidk IS, OedBebI. o
of random y nthhtagedecedch PCRNprodudtbyith the rfirstf gnidnsgcandnprithat was igdmified \and hi n
said plant population, which |.s t sfornmed. wi t.h sai construct and
expresses sai abﬁ%ﬁ%ﬂ%f@‘ﬂ%bﬁe fec{;\%&ra(néﬁosgrf BRTHE" fqﬁ%ﬂﬁdﬁ’l"lﬂﬁ@ed%e%%ﬁence
whi ch is oper@fihierdst siked phendippeofgdslagncodi ng sai d screenabl e marker from
the total DNA isolated fromsaid mniature plant identified in step (b). 10
34. The nethod of claim3 3, wherein said screenable marker is selected

from GUS gnd kismhbRIASEs-Laviferhs€ Method of claim33 or 34, wherein said

nobi | e DNA sequence 15 a I-DNA or a transposable el enent. 15

The DNA construct for gene trapping designated Ds-Luciferase is shown in

Figure 6. Sequences similar to Ac are shown in gray with the terminal inverted

repeats shown as gray arrows. Constructs are flanked by the right (RB) and left (LB)

25  borders of their respective T-DNA. The luciferase gene (LUC) is fused to Ac left

terminus, from nucleotide 1 to 252. This region contains the terminal inverted repeat

but lacks a promoter. Resistance to kanamycin (Kan") or hygromycin is conferred by

the neomycin phosphotransferase or aminocyclitol phosphotransferase gene,

Chlorosulfuron resistance (Chlorosulfuron') is obtained upon excision of the Ds

30 element from the Ds378-GUS-containing construct and activation of a mutated

acetolactate synthase gene from Arabidopsis (Federoff and Smith, 1993) by the 35S
promoter. The BAR gene confers resistance to the herbicide Basta.
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36. The nethod of claim33, wherein said nucleotide sequence which controls
pl ant gene expression is a pronotor or enhancer. 37. A nethod for producing
a mut ant ypeReALi on of a comercial plant with a 20 desiregicifgysionsdshi ch
conprises the steps of: (a) crossing a nmutant mniature plant selected
according to the nethod of claim1 having said desired trait, with a
comercial plant of the same species; and (b) selecting progeny which
resenbl e the commercial parent plant and express said desired trait. 25 38.

The method of cl aiThePlasnil Oscllutifensel wad BomRirGdted ad kellbwst STHS B4 didindi GalUCe
food, fiber or flowers. 39. The nethod of claim38, wherein said comerci al
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comerci al _plant having a desired trait produced by the nmethod of claim 37.
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tubers at a plant density of at least ten-fold higher than standard growth conditions

used for a commercial plant of the same species; and (iii) capable of being crossed

10  with a commercial plant of the same species;
(b) generating mutant miniature plants in said miniature plant population
by treating said miniature plants with a mutaton-inducing agent to produce a

mutagenized miniature plant population: and

(c) selecting a mutant miniature plant having said desired trait within said

15 mutagenized miniature plant population.

2. The method of claim 1, wherein said population of miniature plants is

generated by natural or induced mutation. by genetic engineering, or by treatment
with plant growth factors.
20

~

3. The method of claim 2. wherein said miniature plant is a miniature tomato

cultivar.

4, The method of claim 1. wherein said commercial plant of the same species is

25  used to produce food, fiber or flowers.

5. The method of claim 4, wherein said commercial plant of the same species is

a plant which produces a berry-type fruit or a plant of the Solanaceae family.

30 6. The method of claim 5, wherein said commercial plant produces a berry-type

fruit selected from tomato, grape, prune, eggplant citrus fruits, apple.
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mobile DNA sequence which is selected from the group consisting of a T-DNA and a

transposable element.

10.  The method of claim 9, wherein said transposable element is selected from the
15  group consisting of an autonomous transposon. a non-autonomous transposon, and an

autonomous/non-autonomous transposon system.

11.  The method according to claim 10, where said transposable element is the
maize Ac/Ds transposable element.
20

12. A mutant miniature plant selected by the method of any one of claims 1 to 11.

13.  The mutant miniature plant of claim 12, wherein said miniature plant is a
miniature tomato cultivar.
25

14. A mutant miniature plant population wherein a miniature plant of said
population has the following characteristics: (i) reduced size in comparison to a
commercial plant of the same species; (ii) matures to produce viable seeds or tubers at
a density of at least ten-fold higher than standard growth conditions used for a
30 commercial plant of the same species; (iii) capable of being crossed with a
commercial plant of the same species; and (iv) carries a mutation induced by an agent
selected from the group consisting of a chemical mutagen, irradiation, and a mobile

DNA sequence.
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17.  The mutant miniature plant population of claim 16, wherein said commercial

10  plant produces a berry-type fruit selected from tomato, grape, prune, eggplant citrus
fruits, apple.

18. A method for identifying a miniature plant containing a mobile DNA sequence
inserted into a gene of interest comprising the steps of:

15 (a) providing a population of miniature plants, wherein said miniature
plants have the following characteristics: (i) reduced size in comparison to a
commercial plant of the same species; (ii) maturation to produce viable seeds or
tubers at a plant density of at least ten-fold higher than standard growth conditions
used for a commercial plant of the same species; and (iii) capable of being crossed

20  with a commercial plant of the same species;

(b) generating mutant plants in said miniature plant population by treating
said plants with a mobile DNA sequence;

(c) screening DNA extracted from said mutant plants with PCR using a
first primer corresponding to a nucleotide sequence of said mobile DNA sequence and

25 asecond primer corresponding to a nucleotide sequence of said gene of interest; and

(d) identifying a miniature plant comprised of DNA which produces a
PCR product in the presence of said first and second primers.

19.  The method of claim 18, wherein said miniature plant is a miniature tomato
30  cultivar.

20.  The method of claim 18, wherein said mobile DNA sequence is selected from

the group consisting of a T-DNA or a transposable element.
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the steps of:

(a)  providing a population of miniature plants, wherein said miniature

plants have the following characteristics: (i) reduced size in comparison to a

commercial plant of the same species; (ii) maturation to produce viable seeds or
10 tubers at a plant density of at least ten-fold higher than standard growth conditions
used for a commercial plant of the same species; and (iii) capable of being crossed
with a commercial plant of the same species; and
(b) generating mutant plants in said miniature plant population by treating

said plants with a mutation-inducing agent to produce said mutant population of said
15  miniature crop plant cultivar.

23.  The method of claim 22, wherein said population of miniature plants is

generated by natural or induced mutation, by genetic engineering, or by treatment

with plant growth factors.

20
24.  The method of claim 22, wherein said mutation-inducing agent in step (b) is a
chemical mutagen selected from the group consisting of ethyl methanesulfonate
(EMS), methyl methanesulfonate (MMS), methyl-N-nitrosourea (MNU), and
bleomycins.

25

25.  The method of claim 22, wherein said mutation-inducing agent in step (b) is

irradiation selected from the group consisting of UV, y-irradiation, X-rays, and fast
neutrons.

30 26. The method of claim 22, wherein said mutation-inducing agent in step (b) is a

mobile DNA sequence selected from the group consisting of a T-DNA or a
transposable element.
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plants containing an active transposition system,

10 29.  The method of claim 28, wherein said active transposition system is a plant

native transposon or a transposon introduced into the plant by genetic engineering

techniques.

30.  The method of claim 29. wherein said active transposition system is selected
15 from an autonomous transposon. and a transposable element obtained by crossing a
plant containing a non-autonomous transposon with either a transposase source or

with a plant containing an autonomous transposon.

31. The method according to claim 29, wherein said transposable element

20  comprises the maize Ac/Ds transposon system.

32. The method of claim 22 to 31, wherein said miniature plant is a miniature
tomato cultivar.

25 33, A method for identifying a nucleotide sequence which controls plant gene
expression comprising the steps of:
(a) transforming a miniature plant with a DNA construct to produce a
population of randomly mutagenized plants, wherein said DNA construct comprises a
gene sequence encoding a screenable marker which lacks a promoter or contains a
30 minimal promoter, said gene sequence being cloned within the borders of a mobile
DNA sequence, wherein said miniature plant has the following characteristics: (i)
reduced size in comparison to a commercial plant of the same species; (ii) maturation
to produce viable seeds or tubers at a plant density of at least ten-fold higher than
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and lucxferase.

35.  The method of claim 33 or 34, wherein said mobile DNA sequence is a
T-DNA or a transposable element.

15
36.  The method of claim 33, wherein said nucleotide sequence which controls plant

gene expression is a promotor or enhancer.

37. A method for producing a mutant population of a commercial plant with a
20  desired trait, which comprises the steps of:
(a) crossing a mutant miniature plant selected according to the method of
claim 1 having said desired trait, with a commercial plant of the same species; and
(b) selecting progeny which resemble the commercial parent plant and
express said desired trait.
25
38.  The method of claim 37, wherein said commercial plant is used to produce

food, fiber or flowers.

39.  The method of claim 38, wherein said commercial plant is a plant which

30 produces a berry-type fruit or a plant of the Solanaceae family.

40.  The method of claim 39, wherein said commercial plant produces a berry-type
fruit selected from tomato, grape, prune, eggplant citrus fruits, apple.
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