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; uvwxe3eODnOATF6TN8 March 2002 WD 99/ 12411 PCT/1L98100442 nooi ooT METHOD
FOR LARGE SCALE MUTAGENESI S I N CROP PLANTS S FI ELD OF THE | NVENTI ON The
present invention is in the field of plant genetics and r eBAarsh 2603 npr oved
10 met hods for mnutagenesis, gene identification and anal ysis of gene
function i wes¥p4pl ants. The methods are useful in any pl afCTIp¥EE and
their use in tomato is exenplified herein. BACKGROUND OF THE | NVENTI ON 15
The genones of higher plants are estimated t'8°&ntain 30.000 to Q0.000
genes. A function has been ascribed to onl ndred pl ant genes. The
i sol ati on of new genes, and the nutatio i @Hﬁﬂl@g y isolated genes) is
frequently required to ascertain gene fu i nprovenent through
bi ot echnol ogy depends on 20 detail ed charactefization of newy isol ated
genes. The Arakj l{qﬂ | 1904 ISER B MET SN ¢ROPILANTEhE

remar kabl e adv%ges In'p az‘t rmFecuI ar bi oﬁ?gﬁst}rl ng the | ast decade. The
maj or reasons for the successful use of Arabidopsis are its small size,

short life cycle and relatively small genonme (Leutwiler et al., 1984).
Addi tional | g, Arabidopsis can be easily transforned 25 with foreign DNA
(Bechtold et al., 1993). These features facilitate the genetic dissection

of any trait expressed in Arabidopsis through screening of |arge

popul ations of mutants for the vaFiRpogaESINVENEIONONtrol a trait of
interest. Plant popul ati ons nut ageni zed by et hyl nethanesul fonate (EMS),
fast neutron bonbardnment, T-DNA insertions) and transpason taggi ng have

proved inval uabl e t%@gregérﬁmvem&l' el &meﬁsofqﬁlﬂeeaéu&f @lrea&es%lﬁgmw;e
genetic control of plant devel opnent and genone fraits (Koncz et

1992) . Despi0 e matkods dpsmyREsnss's s dfantifentiopand, apalysis ofpgensifiensiies | gx @ep a

model for genetjiguadnghy Shéthodstaré sdf@l indary’ glampépéaés aDthelrNBe KPWLROGE 1 -
V VW~ 8 March 2002 WO 99112411 PCT/ 1198100442 ‘acquired in this species

cannot al ways bZempifisddwrain, ot her agrononically inportant crop speci es. For
exanpl e, Arabidopsis has a silique type of fruit and therefore it is a good
nodel species for fruit devel opnent in nenbers of the Brassicaceae but is
not useful for plants which prRdCKEROYNBINTHEINVENTIQE, fruit. 5 On the
ot her hand,{4omato (Lycopersicon esculentum) is a good nodel for crop

speci es that produce a fleshy, berry-type fruit. Tomato is well known
genetical ly. Tomat o Thageeormasiofhisher Blanshare bstigfiafstl ¢t ePnipimhe00(tn 30,000 Baggq)

cont ai ni ng hundg ggl5.;8§ hﬁmgsqschs@a tB%aneWuﬁ&%’ll\ﬁﬁ?tmﬁé&eT& é&ﬁmﬁ%kﬂyw

| 993). Tonmato can be transforned wth forei mck et a | 986) .
Moreover, it isgeor® szi thiy anytation qfothpmwlansolasmp@e&nmtfrmuffmlwhqm@getpabl e

mar ket as wel | erlg Bfe ffaﬁ@lopm@,%?()hg?godemmsma Ml&k&mako,a'de%en&s‘ﬂ%ﬁ Ri ck

and Yoder, 1988 ] or obstacle ki ng urt advances
genetics is2@ heddtabﬂcwa¢tngéormftr\§wiy ipolpled atewns required for gene

identification. 5ﬂ-{ UArMaZ)E‘zE rﬁ’é?iQP's@stzérQ%ai gFea Q’Iﬁﬁtﬂﬁﬁey"%"tﬁ FaRhabR At

| east one mut ant aI | el'e Tor every tonato
advances in plant molecular biology durmg 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 (Bechtold 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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15 popul ati on would nake it possible to achi eve saturated nutagenesis in
this crop. Although techniques exist for producing nmutant tomato plants, it
~is currently inpractical, due to tinme and space constrai nt $Mawh20p2y t hese
techniques on a sufficiently large scale to obtain populations in which the
genone i s WaMkded with nutations. These same constrai nt SCPsear ch
in other agronom c crops. 20 Mutant tomato plants have been produced

t hrough the use of DNA damagi ng agents such as EMS (Hildering and Verkerk,
196g Schoetunakers et al., 1991; Wsman et al., 1991 ), X-rays (Hlderin~
and Verkerk. 1R6fjed ifthif aticneainooaisay ey kplikd tol 8ihkr) agrandntieiitg Nimpbrtant Much
nore limted extent .conpared to simlar efforts in Arabidopsis. A.few

hundr ed mut ant “?RHRETE Irgg’ﬁ gampls, Arebiopgs basaciligye tps °f£‘ﬁ‘&taﬂg g‘?;’ RYts 2

Resgur ce Cent egood Im]ya &p%ﬁliﬁeﬁﬂhidb&([bbl rdagxttinl’iﬁbfnﬂj‘eQCdf&hl @Brﬁﬁ&aﬁ%rﬂulﬁfhomz f
seeds, originati roma.large po tion o plants, are available for
screeni ng nut awg‘ﬁ@fpﬁmﬁ&wcgé’ﬂ@g& ?ﬂ"ég}"tbf’%ﬁpeg’%'t“ggenesi s by T-DNA taggi ng
is not pracdical imdheshe hakd,témas ([DespaEsin ewumsiﬁgﬁﬁég@aenom fot crop

| abori ous. Transposon t aggi n n the other, hand, 30 is a prom si n&

) g . )
appr oach for niPEgEetaisprediss g %ﬂé begrgityner irght Tomators (siakngWa Renesica

agronom ¢ spect&sato fitea fafildly bhalnan nBme m,nc-:f@ﬁcbﬂtamﬁ; hRfREdsIFOWN to
be active in tomato (Yoder et al., 1 @) atterns of Ac/Ds

98 an
transpositi on MAPPeftiits anddpoleguiar maskess ééﬁ‘fl"deg?;‘)ﬁﬂ-bgamew&f trapsforgied | 995;
Gsborne et al -witﬂ-Q@r@ignW@&c@ﬁrmﬁ:k et&l.',vﬂgﬁdg. 2{f3keoVE?, 90118t 1ds the most
PC f11L98/00442 al ., 1992; Yoder et al., 1988). Tomato |ines have been
produced céft aimoRantIEORs| Bribaftesh (yageahle marksp pravelliest Wethe dhed orogessoge
(Knapp et al., /4394 HARRIRAS 1989; Rlick and $34dr; 19B8Fse | ines make it possible to
t ake advantage of the preferential insertion of Ac/Ds at nearby sites
(Dooner and Bel achefvmajayg@bstacietoegaking fyrther adoamogs in Wreatgegmescss's thedatkaf syst em
was used to ta thrit QbARicAEYRNRLd HERRS ideRHiiDaS Q% WopdigRRONSI bl e
for C adospori %In@?g?si s?a‘?fgem(\]qeﬁes et al. l el%%ﬁ‘%cﬁml&%lf?lqg&ge gp eﬁg)gdi ng a
cyt ochrome p456rhemaibesgrouldl eomtnin attieas) one moage pllele fut ederdy tomitetgerw nuchlas
chl or opl ast;<de I Al I t4.CS:d n
ef ficient sltsr a}ég%ly ?g%é‘(efit(g% _ﬁ‘i ﬁégsmt eet))f%%?:"?el) f)artl o¥8<'§1‘ﬁi%ﬁ§§o na‘t?negdéra ne
(Benson et al . Altbgh. techniqugs Zx)st fior peodaeipg enutantnipmatd glanisy ik iy enaensly
interest can be_i i fi ] p | osed
of 45, 000 T andaryscis € Men® ShE RPARC Ruis BN BRPRbiGRR, GREPS
mut ant popul at isefficigutht Rrassscale ¢ Phlamenepulatignatin ehichdbs echome i nararated orvithof a
transposabl e el ene. | I n!ii NGed I t ransposabl e
el enent in the gen‘gksdfﬁe%t%&tggtg&péﬁlls ent ieife?%g lr{l]éﬁigfg%gf)@kné:r aé’e chain
reacti on (ROR) anal Ykitagt tomafa plants pavierbeen predricedythaough dheewsei of ®Ne durnagng
correspondi ng tg I ANSHRS Io! d REL. ' uc|feti de
sequence cor resaﬁ%%%?‘hcé 2{@'oét ea'giedr?gg‘basd ?ﬁf‘%ﬂés ég’gggehoggﬁe%’&?snat ﬁé %@Z
reaction with DNKismasct al.ed99onX-paye sihideninge amdi tVeenitesk. 1965pr om dasphentross PCR

product is only u i A0S |

it erest. Mt ary PSP FE ) sloddf b hARRRRRYHAed RGE bl b BE RO |
produced i n t henH@Ridapsist ifofevahedmdahytag domnhao diptw rmiilablet thmuglf fheckousto t he
mutati on onypl ook A AUl AUaflEVELORIEN heeBNa! DS JH08LL00 RlaldiS.I80E Of
interest is thereBy ascertained. 1t IS I frpractica 10 Use Teverse genetics
in nost crop spedascerigiming fiom a largapaepelativon wbHM Idplares) ke evaiiohls fatexcabhieg t | me
and effort. andm‘%&oegﬂ ve fci |d facilities, to produce 25 and acconmodat e
the tens of thoUsands of T2 or transposon-tagged plants that nust be

grown to maturity t dnsigioeat mhtagemesis digt T-AINA nh@ims is ndéic pactibahid yoman as

alternative strate is required to. e. reverse geneti.cs a,.real { N nost

crop species. Lﬁ%@mxgaetfonegrogg‘%uéfsl %%Ftll{rlgﬁ%né)as'i graf’s?a%i"rq@%ﬁ’?% g g}ee(gjlﬁerl é?dge

popul ati ons3@f Bragpompisiagtapproichnfef outmecheyis il genBINRnd ficesion e tormaapatd| cehenf

detecting a DNA el ement e"\hisCtl'hg’q\ ng raols 4ENR SXPL eslsihonbsuc as a,.

pr onoter or an %gﬁ?{lanccer[? Cl1CS. C/Us transposapic €lement Iamilly has been shown (O
active in tomato (Yoder et al, 1988) and patterns of Ac/Ds transposition in this

w2

species have been described (Carroll et al., 1995; Osbome et al., 1991; Rommens et
2



3 8 March 2002 WD 99/ 12411 SUMVARY COF TIC I NVENTI Chi PC TI1L98/00442 It
is an object of the present invention to provide inproved nethods for

nmut ant .identification and characterization using a niniatuﬁﬁM@@hgpg% pl ant .
51t is another object of the present invention to provide i ﬂ@%@f met hods
f or char act™Q 9943#%ilon of cl oned nucl eoti de sequences. It isrgg$ Her

obj ect of the present invention to provide inproved nmethods for the cloning
of nucl eoti de sequences. These objects, and others, are achi eved by
providing a nmethod for selecting a 10 nutant m ni aiwe plant having a
desired trait, conprising the steps of: (a) providing a popul ation_of
mniature pl an@ls,lgg}ie‘!@fieﬁ e al-dl¥¥8hi diomate bnesrhage hasre producet glontaigingy Ds
charact eri Sti Cemddsd mbGHRHE GEpRUAE the RortiR SRR nbih & of OTHFR P sehi ] var of
the same species; (11) maturation to produce viabl'e seeds or tubers at a

pl ant density W94ht Theselinesteake ftcrogsitle tphieke advaniags ofthkaprdfeganteltihsectdondétt | ons

15 used Tor a gomuef Glaly Bl8bodits dABARNEY SPAS ffes AN, iédok ) ThERAME Of

bei ng crossed w a co rciral plant of the sane species; (b) generating
mut ant mi ni &t ulegipg snstemi wassugted toritag andiisolay sgverap @ondsatsuabnashgy/Yt melweusng sai d
m ni ature plan i L on- | j , . t. pl ant
popul ati on; an%’f’g&%ﬂs‘%g&s@z@% }."ﬁg” {fggn%xt%gg%n%’lgﬁ?gt thgg) gf"g'g’tjac%ggf%td%gi %
desired trait uvytodhromepdd homtoinge(Bishepl endlnil 83Qr andpdcAmhichaputrals cldnroplast all
aspects and e”?&%hﬁ%@&%K@%ﬁé §1.Pfg8gent i nvention as described herein, the
popul ati on of M niatur e pl ant's nay ‘be generated by natural or induced

mut ati ons, by genetRevesagemaes isng cfficietnysitareggptfore ddterwiitihg heafuhctipmovdt in
factors. npl e f 25 .41 ni at ur, ants that. can be used .accordin o the
i nventi onEﬁﬁcl § %}e%b%ff' © gg nsAr?o ! all'ielr?ig%)'e ntmé?,npel’h&onri E\ uP%’ 7 ogn (‘:Ihlatgle’{}%?gs such
as M cro-Tom iraerest chh be alemfzdBy. sctedineg mldrae piant papailatom gorageed ofig&00G N st ep
(b) above may be .a heghpak ha enl§u8h. g'gkgyh net? nesqéﬂonathSENB),
met hyl met hane “8PPER SHEECNARE) Pt AY POREIRIFT P58 it 4 (RiREtant Roguiation

bl eonyci ns. Al kem#ias a didfeyent mhation t@bdddiy- inswehitgi ¢fgr Bhspugeabié elemyntbeA plant
irradiation such as.LJ\é. -i.rradi ation Xﬂra s, and fa&g.neutro s...Finally,
the mutation-i AERIERIRG BeRTdp) POl Tenoaie BEasenTdniFrTh SRt Dua
or a , transposfiiotyrdresgahhinwhictbn (BCReimbisRd A rfiasn privGer Ha0lap « Aeddotide Ng of
an autononpus transposon a.non-%utononnus trans oson, nd. an A

aut ononous/ non-SeaveER O%ﬁgnoadmg to the transposon. and a second primer having a nucleotide

sequence corresponding to the gene of interest. are used in the PCR reaction with

DNA isolated from presumptive mutants. In principle, a PCR product is only

produced if the transposon is inserted in the gene of interest. Mutant plants comprised

20 of DNA from which a PCR product is produced in the PCR reaction are analyzed to

determine the effect of the mutation on plant growth and development and the
function of the gene of interest is thereby ascertained.

It is impractical to use reverse genetics in most crop species. however, because

it would require considerable 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.



8 March 2002 WD 991124t 1 PCTI|1L98J00442 transposon system such as, but not
being limted to, the naize Ac/Ds transposabl e el enent. The comerci al

- plant of the sane species is a plant used to produce food, & Mpeen <9p2 .
flowers, including but not being limted to, plants which produce a
berry-typev@e2#lisuch as tomato, grape, prune, eggplant, L8044 t s, and
apple, or a plant of the 5 Sol anaceae famly, e.g. potato. In another
enbodi ment, the present invention provides a nutant m niature popul ation
wherein a mniature plant of said population has the foll ow ng
characteristics: (i) reduced size in conparison to a commercial plant of

t he same species; (ii) maturesSSUMMARUOIETHEINVENTIONs or tubers at a
density of at least ten-fold 10 higher than standard growth conditions used
for a comercial cultivar of the sanme species; (iii) capable of being
crossed with a contteiscinadbjeit aftthe fpreséne iswmtors pe provide impoved \metieds ribes a

mut ati on i nduc i LS. nem cal nutagen., irradiation, or a
nobi | e DNA Se(ﬁﬂa&}n?@%@%@ﬁﬁﬁﬂ%ﬂ%?ﬁ%%%g&%%g ao'fmt'%menzﬁélgrg%mami nvention

provi des aS5nmet hod ftas addshdr dbjeti dfithepresentinveraion e ppivike timponédahetheds far nobi | e
DNA sequence i serl eqt.‘i)ntfoclac&;encg gfi interest conprising the steps of: (a)
providing a pocgﬁ?%frilzélﬁ B ME AU %Teaﬁ?%?s‘Merei n said mniature plants
have the fol | ow nglcikgermambihei sijéct 8f thé ipfesérd dneatorsiozgovide @ifpigved nfetiddé 0 a
commerci al pl 3nt ofl t he arrﬁcpfsgegci es.. (ii) maturation to produce viable
seeds or 20 t 8%‘P§°8P‘“§°€rl“5 et YV*of at | east ten-fold higher than

standard growt h cormiiedei objestsiagichtiiets, are achieVealr i proviging Atmediodt fhesefeati®y £peEC €S;

and (iii) pabl e of. bein ossed with a commercial plant of the sane

apect es. (B CBERRPRGAER ARBA A Aered yiy SRR PR R or Cri i at ur o

plants by treating sai d@@l angreviding ha gpopolbiidre dDNAintaddre eplags, wheréia) sdr eeni ng

DNA extracted from sajd tapt .plants, by PCR using a first priner to a

nucl eot i de seqiEfEe ai??trs gg‘ﬁdﬁ%lfoﬂ&w‘c”é cgaé%/ctﬁer}‘?ﬂﬁgl: f’g“’%ﬂﬁ&dé'éﬁﬂ’éﬁg@a%ﬁ‘?ﬂ %2 second

E):j l) nre(r]I cor ][ €S Pevktin dil@alt@ltﬁxaﬂUf:}hEQs'EuinéiGpdiﬁﬁ;lﬁmfﬂﬁfnﬁitio%&eﬁ])r@ﬁ&eviﬁlge isaerderoaestdQ and
identifying a mniature plapnt conprised._ of DNA which produces a P

product in the b‘?’%éb?\@gmo‘gené‘g){ ap?‘i lF@%&ﬁﬂldglé%‘lfﬁéf‘aﬂrsfwg groxah penditignst her

enbodi ment 19f {ibe @ £&MthertiaV gkt FhePiaRéi PeSGies aR®lilTPEhphtE oPbkIGloRGd 2

mut ant popul ation of a mipiature plant conprising the steps of . (a)

provi di ng a popith acemmersiel plaptiofthSempIPSHES . wherein said niniature plants

have the follow ng char @t er bé&letatifig nhitdnt ' AFERE SARE ih Raid ONPMUE PlarkkO & S

8 March 2002 WO 99/.12411 PCT/ 1L98100442 commerci al pl ant, of .t he sane

speci es; (ii) Reprlatign iRntreabing By BIPHE pplants Suils agputptipnaipducing agept At

density of at hRasdk alrffadk pladt fUpGRGsn; kAN st andard growt h conditions

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

within said mutagénized miniature plant population.

In all aspects and embodiments of the present invention as described herein,
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 tomato 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



used for a comercial plant of the sane species; and (iii) capable of being
crossed with a commercial cultivar of the sane species; ancbala |%H)z 2
generating said nutant plants in said miniature plant popul®tf 89
treating said mniature plants with a nutation-inducing agent. Wen said
mut at i on- i wwernegpragent of step (b) is a T-DNA, the mini at BEEIIPEMIE are
infected with Agrobacterium thus producing nmultiple transformants wherein
each transformant contains a T-DNA insertion in a different genomc 10
position. When said nutation-inducing agent of step (b) is a transposon,
the mutant mniature plant population is obtained fromthe progeny of

m ni at ure pl antanspaspn Ystinh guckrasabet Rt being disptsd ite,i the maizet AgiDs Thnsposablei ve

transposition rq-,{ya% td gpﬁ n

i ntroduced int%glﬁng' pl ant ;aiél r%%{altogmeén%?ﬁﬁeséérc?%gp?éc tn‘?%ﬂggsb{/\e p@ﬁfgwn to
an artisan in fibeeof flewets, inahedingilont ant beinedimitedus, pldntst whicks prodesn aderma-type
transposabl e efe i Y, i . ..cont ajni
non-autonomush@?gt%éﬁgg%ﬁdt% ’eﬁ"tﬁ{ilée?r%§ %rt’gcﬁ[gtlﬁg%gtg’ea?’gg lg’e&%rrﬁ%lmﬁrgﬁt

cont ai ni ng an Sclameasdamily, e@npPagon. The transposable el enent is, for
exanpl e, the maize c(]g)g N, Sy, m . . [ e | BN f the
present invention p@ow gé@%@%@ﬁr&uﬂ?ﬁ Es‘%g? E“gg”&]‘Pﬁl&?ﬂs‘ﬁn‘g“aa ﬁ:&c {eﬁrluéfgl%
sequence whi chpemtion| whertiant gématurex plass sif o said opaprlatom chas htbe s follpwingf : |
(a) transform a. mniat.ur f cr.o lant with a onstruct to
pr od;Jce ? popuf_a ]C(t)erxz_s_t)cl) 'b rﬁ%lg%‘gg&n%?'iﬁgl;?égﬁ%ﬁ?@f;ﬁ?&%ﬁéﬁgeﬁ;ﬂﬁmh
construct conpspesies (i) metoees e produeyiab Sy tebesscat @ ef aBlehst tenviiolde
prant hae dfle. PSPRRFRoRLT BOPUT T hol® el BF R ipizarer 78HH B son 1 o
a comer ci al pkpeotes;afii)tdapatdcoftbeipeabsead withia)comiensialtplamn of theprmel ypeeiew] abl e

seeds or tubers_ at,. | ant densi t f | east ten-fald higher than
standard growt ﬁ“‘géwgic%"(%sa E}E@fﬂo‘f g?&gedggmr%ﬁe% waicane aoph @l YREBreci es:
and (iii) capalgiianbnlieiangbile DdFeskqwencdt a commerci al cul tivar of the 30

sanme species to produce opyl gtion aof random.y nutagenized plants, (b)
identifying a mni agﬁ'r é“%l‘%n&%?’?ﬁ“ﬁ °gaﬂ‘ed PEF%{M“V‘%MH gﬁ" S%F‘Eﬁo‘g fprg
transfor medsw tidentifikh DiNtifiene plantiCéntanidy 8 XRLRE DR &ahdhcs karRAaRba gihe ker ;
and 6 8 March 2002 WO 99| 12411 PGJI 1198100442 (c) cloning the nucleotide
sequence whi ch % BIGHL PPN GHEEPSOL sai d gene encoding said screenabl e
marker from the tota) DNaoligRead gepdidtRm stambhiduird prne WRdred BidininRopd ant
identified in ste b). The screenabl e marker may be GUS or |uciferase; the
nobi | e DNA seqLPé’H‘QSe el FRllowing. epgractristics; (Yneegired iz &t SABPATISIMJCthe
nucl eoti de sequap@RraMli fliht GINhd GArfe BheRidh; G HRAGARYNCHSHrOfucHBYabRE sekdPbP MOt er
or an enhancer. In yet a further_ enbodi n%&% .the invention provides a

met hod for 4% odBesrhe 2iPiRRE deRtityefipdliieast 5A-Teld highen Hap sapdard groxith copditipns
desired trait) wbd &y aCmMidr&ASIAMN & HeCffme Qhecldd; &) (1D ABMINBf BeikBiérafkd

m niature plant having said desired trait selected according to the

sel ection met hodith comrperpalplant of the amg $RSFieS Wi t h a cormerci al pl ant

(b)  generating mutant plants in said population of miniature plants by

treating said plants with a2 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 a2 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



of the same species; and (b) selecting progeny which resenble the
commerci al parent plant and express said desired trait. 15 According to

t his enbodi nent. the invention al so enconpasses mut ant popl8 aichr2908f
commerci al plants obtai ned by the above net hod. BRI EF DESCRI PTI ON OF THE
FI GURES 20wbisguzaar 1 shows t he response of ~Mcro-Tom to GWI&EPEME42gr owt h
conditions. Figure 2 shows "Mcro-Tom wild-type and nmutant phenotypes.
Figure 3 shows a schematic representation of constructs transforned into
"Mcro-Tom. Figure 4 shows the results of selecting those plants which
contain markers 25 used for transposition selection. Figure 5 shows the
results of a Somirhercial plagit ofothe chine spesiesf (if) ometuretsons toaprod§oEhviable aewds or

eor osont at i onts tha PR BF hlers LRIGE st BER ot BB oiesme ¢ ne

result of Ds- Luseiffar asanpésial plaht sfnsesainecPedias; andy@iecpabip bEB&RgE ciogsedar i ous
pl ant organs. 7., 8 March EZﬁFCX)Z \/\Qﬂgm 124é|.1 PCT/ 1 L98/ 00442 DETAI LED
DESCRI PTI ON OF A2 CPmiesci! BRPAR 8L 1BF 3PSt i on enabl es the rapid and

| arge sca: es Er gductq'b@_nI aaskraing| saidel_nht_amcplag:nﬁ:ﬂ@i@ﬁniﬂiﬂ?&gpﬁ%pﬁ)ﬁmiamtbz. Thi s
is acconplished by ut.ili.zin i.ni aturi zed cro ant ich can be
crossed with a'f ?gfxﬁ?'a%%lp??@a&hbﬁm TRlony ‘%ﬂgﬁxﬁes. Mut ati ons are

i nduced in the mini Whe Gaighnandtionditthcinh eageastofintep (B hseqUPNA Yhe shiidtinkei ed in
the nutant mniature plant popul ation which can be efficjently grown to
mmtur iy at i SAEeRE, pieed PR et e Ut e R EP i (T RS
genet | Cfovw' th mgsxteirpém &ﬁs@hﬁ(s;u doﬁ}aﬁﬂgeh 'IaENAde@éFﬂbh dr?),iniaﬁ diﬁl.@en@%ﬁbrﬂﬁl’ abl e
time, effort and spage reqyired. ta produce a ndl e very | arge

popul at i ond9of P%?%Bﬁlﬂ“ég‘g@mﬁ*%" ‘#)U@glgﬁgeqt ﬁeé‘ﬁ? i%ﬁris 8i2ptAgson, theymuant, ) e
the rapid, |argfnis®a ldaf GRpehicN iRBamtd | fdneNhe SE6RAP1 O nBhiature plants

t ransposon- nut ageni zed plants which is otherw se not practical with current
product i on t ecKAMEIHEE an|aPUYeSTARSROSIHAR Stftefmh Jhis POWYEIRISRASHIOR SETigm may be a

t r ansposon- nut aaenikeek Landbaat 5r A BaldEE:8H SRk MO THUE Splau! BPr RaaRt ati ve
pl ant popul ation for reverse genetics of nost ,sggm es of agronom c interest
such as a t onateBEnaEEs techpigeas; W k9pwa tRoen Atisanip Heyhelt spak agrfpauiggorows op

plant can bg aGeAPRLldnsbed Winkfbsitle eRMRHEMiaihddV SNt RBnEYa PRANSorMiniGBR OYi NY
a mniature plant. The invention enabl es the inactivation of al nmpst.any
desired gene byOR@BRReROsIgnsPosqEth\Aitheha Earspesase SQuIce §h3 PBBIIPNIAHERE ed i n

20 the target ggRBombud tHnSEBST. The tAndpadabR RIrRAL isPRP UkAHIOIhIMAE AUTHNI N a
manageabl e planting area. The identification of the transposon insertion in

a target gene |'BNFOF WF¥er eeni ng pool s of transposon-carrying plants with

PCR using one pri nefychaubiig embuasch@@lor dfe $RUMENGRNGS pRYVRIG! REibe hhe
target gene and a second prinper having a nucl eotide sequence correspond to

L .8 S€ prit .
t he transpo&bn.identibing gyeigetide; ssquspeey Whrl gerdels piant fgeph FEPressian SOBBTifing e
i sol ated from gupligitosmut ant which has the transposon inserted,

(a) transforming a miniature plant of a crop 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

25 contains a minimal promoter, wherein said miniature plant has the following
characteristics: (i) reduced size in comparison to a commercial plant of the same
species; (i) 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 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



in the gene of interest. The nethods of the present invention are suitable
for any plant of agronom c interest including plants used to produce food,
. fiber or flowers. These agronomic crop plants include, but 8erchdP02i nited
to, plants which produce berry-type fruits such 30 as tomato, grape, citrus
fruits, prwieyiagpl e, eggpl ant; plants of the Sol anaceae f%‘ﬁﬂ@?’“@’g.
potato; and nmaize as well as flower and fruit tree species. w. The net hods
of the invention will also facilitate identification of genes of conmercial
val ue, isolation of new genes, introduction of new genes in classical 8 8

March 2002 WO 99/12411 PCT/ 1L98/ 00447 br eedi n rograns, angd isql ati on of
ti ssue specific pronotef¥d and°Bhf c‘é‘f‘cge.on%eﬁe@geng'f’ “g‘bﬁ%‘nﬁr?ie?glyvlﬁﬁ‘ﬁ % ncl ude
gﬁnesI af f ecf\lie ngidf gdﬂktena%q@@hkmscrle@fbllgeml&riﬁmf ﬂl‘é}tﬂl_@! D}s:el Qomd_/f&rnll gadail ity of
the plant. w genes, iich are likely.targets of isolation, include genes
rel altoed to sug‘éﬂ%‘srgﬁ‘ﬁ‘fde’ﬁimqt‘?feﬁ’{‘?ﬁt‘fif'{}?‘f: N YPPher al uptake, and so on. 'gll'i ssue
5 specific pronot ermhensietble maketrg RYGUS ionBicHera@PiRe nidbild PNAJseqi@ichodol ogy
engi neered within the_transposon. In fti vation of al nost any desifed gene
i s acconpl issheﬂalbyeraa%‘éﬁf‘ 1 3 Jenweradly fement and hey pprleptide spAveRs? PSR! ¢ on

of a nobi Ig D&&n&Q?W€&&Hfﬁe§&$dyLbaa$w- Ioemi%&ma;. into the pl anfjI _
genone, and identifyin ant ich carries a 10 transpaoson jnserted in
the target gene. IcférYFTq*fg‘E'gﬁW°6‘f“°Ph§‘ei‘W§%‘fct“i%?lvé‘fcs <o fyrorodyriBRast s
carried out bymSGhERPuRAPE drnierdislPPRPRRONdGRE ¥if) Uhith 3hSrieytPCR,  usi ng
one primer having a nucl eoti de sequence corresponding to the target gene
and a second p?‘Fﬁf’é’tf: corresponding to the transposon. The mniaturized crop
pl ant populgt i on '5ﬁa)’7‘| S Qrdibihk b 4Rehnt Aniftht behORling 4i88RIRY A dlected
identification of plant pronpbters. 15 The terns used in the specification
are defined asaqcetdingje thexelerignanethed of|therpresentimvention: vath acemmerraal pleat over al |
size or bi omasgsmbighe dpdcisd; g ficantly reduced conpared to the wild-type
crop of the corresponding plant) cultivar or plant. The mniature plant,
cul tivar or crop cafP)be s§lestinie rreeenn thrchassemble Besamesrojdl agent plaspndduct i ve
organs such asekf;,g%tsaidgggggmﬁ.uber s, etc. at a plant density 20 which is
inpractical with the corresponding wild-type plant. For exanple, the

m ni ature pbant, culc¢opding toghisgmbpdimgnt. e inyensian also enpgmpassesymanta pl ant
density of at - 1= o < SO-fold, 100-fold,
150-fol d, 200- #)g no%’%gpkgw%gg)@gggF%‘alﬁ%{wﬁ?%%%ogeRtggr%lg% the standard growth
conditions used for a conmmercial plant of the sanme species. It is possible
to grow a wild-type plant at B@E?dﬁﬁﬁfﬁ‘ml@%ﬂ#h@wg to the seedling
or young plant stage, and no frulits, seeds or tubers are produced. In
contrast, the mniature crops of the present invention can be grown at high
pl ant densi to ma j 1 Fo} ; i t ubers,
to TransiSson - a ey bbb R RnaRIE Mo Toffol i e AR

di fferent | ocati ons Fignre Aeheyesndtiero-Tomy ouighyperrsd mutaphplienotypes. gene and

resul ting gene disr i t sSQs I i e gene.
Transposons have begﬁé‘*rglr}ng?ﬁl n %g%l{eré‘rqﬁéa?&@%‘stéégﬁi?qaﬁo%gg%tal Falnﬁg"n%e{&o%‘g)s,

pl ants and mamtMigo-Toménsuosabi e el ement - corresponds to a transposon. 9

8 March 2002 WO 99l ]F%éujr% 4P ggg(JJs lﬂ?e8 le@%“@f selecting those plants which contain markers

25  used for transposition selection.

Figure 5 shows the results of a Southern blot of chlorosulfuron-resistant (Chl ;
and hygromycin-resistant (Hyg") plants.
Figure 6 shows a schematic representation of the plamid Ds-Luciferase
(Ds-LUC).
30 Figure 7 shows the result of Ds-Luciferase (Ds-LUC) insertion intc genes

expressed in various plant organs.



Transposase - protein expressed by an autononous transposon which binds to
the termnal regions of a transposon, and neditates transposon excision and
. transposition to another |location in the genone. Autononoud$ Magh@p8zon - an
el ement that codes for a transposase and has 5 term nal regi ons recogni zed
by the traaspoedde for its catal ytic activity and thus tr'é’ftgr'%% fd42
aut ononously. Mitations caused by autononpus transposons are unstabl e.
Exanpl es of autononobus transposons are the Ac (Activator) transposons of
mai ze. Non- Aut ononous Transposon - an eI errent t hat cont ains the term nal
regi ons recogni zed by a ”l?h: ef or, and thus
needs a 10 transposase supp red in trans I'n order to excrse and t ranspose
to another location in the genone. Exanpl es of non- autonom)us t ransposons
e e e ot by ShAASACIMARs the JHid Snd 1BBE S0 BEaUESS H89°L NS
with an autononobus, e.g. AC, transposon. e m ni ature cull’f’ 19 of the crop
pl ant may be dﬁmhbptafcbningooﬁ matagemted oplats |'ﬁnhmxadccnmphshed>rlgf, uﬁlym@@raetl c

engi neering or_.h h i ntene i nt grow h
factors. i ‘?%‘fm‘nt% 3@8‘4}“53‘.’“‘&‘%3”%9‘5&%‘ acomt“eﬁc’ gﬁ%‘xtfaﬁ?‘ & been
found in a Iarsmncmulvbmuom‘arspﬂwedsn tt@rmmmtunt bhntnmstthsng:mﬁs subsequandly of

dwar f genes ar uced hei.ght nes ,of vr/n Gl e

Youssefi an, g% g"1‘5%1' efé gené"s‘“‘é‘r“é" g’ %?%%OBMC%" B{?thlﬁlgeo“f'btf’ t he
green revol ut manmtﬂ'kteugiﬂanshtgr straw of dwar f cultlvars can be "l oaded" to
hi gher yields (heayj er spikes er plant, and allaow the plants to, be grown
at a higher densit ﬁﬂg’ﬂp%(’é&ﬁég g'%?tnﬁ FRVSFSF BERANFS Wﬂ’é‘{) | BRIFRFGF0 an

i ncrease i10 vvhmtasw zetndﬁ jsalid ebasiderabld Bimeheff@hindbace requlifdd iy pRydade maeat is
about 120-140 _cr i s reduced t t he presence of

1
dwar fi ng gene ¢ eﬁﬁyéﬁg‘&ﬁ? “PPFeo “tﬁ?te'gﬂ’ﬁsc PrESESt tion fgallehd¥.  Today,

standard wheatexgipié,| v&es ripfd)t Alafge@Bfle OprddiicdVVednidi NEFEIERNE Sscrdertin hese
pl ant s, reduced hei ssoci,ated with mniaturi zail on of other

pl ant organs ’@F’ﬁmq Vé@“t}f“} s‘ﬁ At Syhich, ds (9tharwise  pot; Brapfigal et (fumely | ar ge

scal e mut agenq:%cﬁlcndﬁ)%d}ﬂmﬁesd\&ﬂfsfesmﬁﬁ&f thitl 190]060 diffeMAl/ @inkpdsehLflidpeniaed f or
facilitating Ia scal e rrutagenesl s in this species. 30 Simlarl

dwar fi ng dened! © PRSP R REPIPSF *bteﬁréf’en@é‘?"’ealia’s‘ ropulptiopsfopgvetse geng ¥‘F§ ce; in

| egunes such as @B speties YERRbRRIE ntérete BudhSasRERRBl: TRGRbARToRBH sdcANBt 0€s;
in ornanental plants such as roses; and in trees such as oranges and ot her

citrus. The motharppf mutantsin g cropplank cadieerscapaplished withethe Prasers epiansbyof  dwar f
plants, the gepgss b8 empRyMBrLRindftié piar 9 9hd 2dvbhiidiCeiabled NG RatiGs BENSI bl €,

and the| r nmode of action are descri bed |n a recent review (Hedden and
Kam ya, 1997).2lmett agy dpsied seneqiyeldenfidying 2 dipe which safriey @ tapspopRd ggaseAds| s of

one of theypl agé nﬁ?e’t@éﬂ@ﬁf {n@rdit in QIIABEHRA pdpllativh &aswﬁtmearm ediste
synt hesi ze glbbere but are insensitive to it gi bberellin

i nsensi tive muplaKingareapdheideptifiqaion piibe ransgosep in !aratnsa taergré efRRIS 99 act i on
i's not known. SUCReANEpholPbRSposEI-catry H3GIhnBSRESPOR LGk &R Prid@T hiwAg pul at ed

and consi derably reduce plant size, can be exploited for subsequent
| ar ge- scal e mUREHRHERTEGUInAE SATTFSRAnGinBy theHareey aemerard A 56qoRd iPEer 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 bas 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



General nethods for isolating and characterizing dwarf plants in nunerous
crops are avail able. Plants can be transformed with isol ated genes which
affect 10 overall size. For exanple, the apetal a gene isol & Marchr2p?

Ar abi dnpsis was used to nodify the size of transformed poplar plants.

M ni ature owopsi2aan be constructed through traditional bre®§TAy98M8¢43ods. In
the case of cultivar "Mcro-Tom, two mj or genes designated m ni ature and
dwarf are responsible for the m niature phenotype. Plants of a dwarf or
mniature cultivar are grown at a density of at |east 15 10-fol d higher

t han under standard field conditions _because the size of the mniature

pl anes is si gnPerdngProgramsyddsriaten;of ussye;specifiy premgige and; eahancers o Ggges| ant
popul ati ons i nys¢einherdlai®atie indlude Fenes affectiaf flufl eiphﬁﬂ%taad Bhriek ahptb@ing Yleld var

"M cro-Tom, as descrjbed in the_ exanples hereinafter, the plantS are grown
at a density ofndgssyality o thegrlant, NsWesenesh which ar¢ ielyargets el dsolgtion. iseluder ci al
cul tures under gsfandated té is@lad c6RBA| ih IR Fruit, NBnieralMpRRE, Sand ! 4101 Atksue
insertion nutants obtained 1n the mniature cuitivar can _be transferred to
a comerci aP barsedicopiomotys dpayndariselited dyeysing tth “eens Epepingy msthgdelgex i ng
out the m ni at Qﬁéiggemvgw@u% bdognsgene(s). Any nutagenesi s techni que can
be used to obtain mniature cul Fi vars according to the invention including,
but not being |im tbdctvgtion fnplmest @pe adesiset gens i aggamplished, bib rrapdonDNA
insertion of T IhOQsistih ARSNARARS plahtHY ihiGidiVTta RIRRIDA si{u@?@eguch as a _
het erol ogous origin, using techniques well known to the skilled artisan in
this field. |ndenppeshlel cl¢ment intg thei piant igernmengnd islentifaingi splretawhitiecamts ved by
t he screeni e t; I, QNS . o J E)@@i uction
of nmutants 13)19 ?&g}prgn&%l léltpétﬁtr%g l%t?%?#l‘\éﬁ Igg’%h Ibdgﬁggr%ﬁ@e%f f)hzéta]h y ﬁ{)\%{,ﬁ’ Eegﬁni ques
Wi th nutagens Sutefestascasti¢dygut BY sereaningiposlslof tanspesopEnBjipg piantsply PCR, using

nmet hanesul f onat ) yl=N-nit I i and the

| i ke. Mutation ogxg‘@%%gaﬂgé Ef #“é:gogéf %3§%E%&m&§5%?%goeg‘%{%r Sﬁé ] ?nrda?ji ation
with UV-irradi aktond, pritagraygresprardingsto theutrarspesoif.Sedhe fromiaturizeg | czgp 'plant

Poehl man, 1987 or I . : . . 99112411

PCT/ | L981 00442 ‘i°ﬁ‘é‘!‘\é{?‘ﬁqg§%‘¥“‘|“lr¥g‘g§% 3%%%8%“%?%%%‘gs‘g%’q‘?‘ﬁ%g“r?%%‘ep’%e%quence
nmay be undet% aken. Thetemppided iDhAsEeifiosivoerenefindginsdollovdBNA or a transposon.
T DAt agenesi s, Y miBafiBl blaifl el K9UL TELIOHP U & HOLABARGTL U
(Hoekema et al ., 1983 5, , ransposon I'nsertion

nmut agenesi s maysignificiothe rdiipcedetdmpersdvio the tWwildetgpe Eogdoofothe cetrespbndingl pBuht, US
Patents No. 4, 73,858 A0 MRk rindhik 028) cF of LRARSROBEUGntlo SRRy BY DO
an autononous tF nsp?)s%n, a non-aut ononbus \fransp son, Or ‘an

aut ononous| non- prodwa siblegeprrdirtgosrgmssyst Sfruie sqds, tkersyeicza a/darDgensity
transposon system. 10. | &L i . A, S r eqst
t housands o?é{pl a %,18 ééiéﬁggcraggvﬁ}gdﬁ% ocgg?rsup?‘gdﬁ@s%ﬁ%‘?ﬁ%@%ﬁaﬁgﬁ)‘%&plﬁuﬁgnt S
can be done vi smitidtyre pfaot, c@sivarpireroptcan belgnown ko maturiiyadt apéans ddneict o fa deast

Addi tional strategies gan, b e igentif t.he f t , for
exanpl e, assayi L’S‘g?’o?reébaggi ? 'if‘l)éﬁ't ?%?Q?ds’ %ﬁ‘fgk llx(r)fg?lg’dtgs,(}'%’gﬁszgrﬁéfm%t‘ §q1¥°r§nd‘t ed
to, response t o3¢efold)onekighdrothan the sahdard powlatdudiyiens usetl dohecdmmeérciesplagtnd t he

l'i ke, by 15 known, techni gues .used i | ant bi.ol ogy., | dentifjcati 0

i nsertional evefRt®e ?ar‘f‘easl’g?ﬁsci ¢ pé’(éshbge g’fgr?‘ﬁtae“f‘glévg%/gla‘éfcagg@ldlegsﬁatgdglgf "#et hods
i nvol vi ng P@R sap exah¢ sugdiivigtdr yawig pladt stagd, amd nccoditse spdaeh toisers are producddebt | de
sequence of the trans oson.alglrg of thﬁ T- DNA, . and & SEec nd l_gri ner . lant
correspondi ng t 60N, HeBiaEe S1ops X e Biesqnp, invention™ can be erown &F hish,plagt, o

i nt er est density to maturity with development of mature fruits, seeds, tubers, etc.

Transposon - a natural DNA sequence able to move or “jump” to different

locations in the genome. Through insertion into a gene and resulting gene disruption,

30 the transposon causes a mutation in the gene. Transposons have been found in
bacteria, Drosophila, yeast, nematodes, plants and mammals.

Transposable element — corresponds to a transposon.




20 may be an isol ated gene, which has been sequenced in part, or in a
whol e. Alternatively, the gene of interest may be an expressed sequence tag
(EST). PCR nethodology is well known in the art. A general 8Mdarchi2f02on of
PCR appears in Delidow et al., 1993. Design of suitable oiigonucleotide
prinmer sequ@engpesifor the PCR nethod.is described by Rychl ipCtne?8/08442 (1993).
Met hods for the detection of 25 PCR products is described by Allen et al.
(1993). The plant is identified fromwhich DNA was isolated that produces a
PCR product with the first and second prinmer. This plant is analyzed to

determ ne the effect of transposon insertion on the phenotype. of the pl ant .
The methods of t helEaAngRosase -FRIERCRRIFSSEhDY HARIgmOoEDiTingeqseR Pyich hinds

characterize 33 apuinglei&idts bﬂtae&ﬁﬁstposoaclawlxaedxéegelr&aﬂ&%aéxceiondmease _
resistance genes. Sufficient nucleotide sequence of the gene of interest is

required for ﬁé@%“%m&“%qfﬁ%a“?wmn@ﬁél ysis. Once genes of parti cul ar
interest have beenayflgBinbhd Eranshb\@Y -Gakiddent ANSIERE F&G &M&E%
commer ci al backgr ounds

y techni ques wel I known in plant March 2002
wo 99n tai 5i pemingl cagions gecoepized By il (BBWOsHY foreitn AERlytic Petmwm thgy|
Breedi ng Fi el QafdBses autmeamon%k MukA cagmypﬁ[&bﬁum%s@ﬁs%gg able! Z€d
w || depend upon‘the crop plant. The present invention s used to devel op
a library of rﬁymﬂs@ﬁaﬁtonmoer@psm%tarqwﬁ &C‘IIVNOS) Wiﬂoéﬁl}? ofymaige.| y
enhances the studyngh a %m‘h{bugei‘?z{dsﬁéoﬁ”d ahhéfe J Ea{nni;ﬁs Ok @afhal
i mportant genes. | [ant tonato Iibrary ase e mnl ature-dwar f
deterntinate Wxsstle@qgm%énlaemn;msew hut\ﬂacs m@iemdgnmrefglr, "ap ¢hus-rEedsia (M cro

tomat o), ofy gi d ( t augh,
1939) - i Y @ firlesPhEICh AT ot LARLRPRRAREE s R oAy LS
because it cargeiangr oEwmmleShbfighoniemsmmyous upﬁnsmnsal& Eri pleabts SDpssocigpunr e
meter, and it [ d e Furtherm)re
the cul tivar %g&%si g‘%‘imﬁ’?‘f\éﬂgﬁc e, yl‘gqtcf)gr% ure grU|(§m°uV\l Fﬁl A*¢70- 90
days from sowtragsposdmn.ch facilitates screening up to four generatl ons per
year. These attrib rr?‘@e fflcl n S or s enin arge

mut ageni zed pl ant g%p%fln‘ oné‘h%%g °?é$$d°e'§)§ Fx‘agte evel oé'éin hofomato
possi bl e. 1% lindwmedimtriabons, bhgeneud tnmmr(gambynteamasoﬂdye aqdplmitfdf mteedtl y
transfornmed. Transfor 1o 80‘V

Agr obaci eri um Plgt‘te%”gﬁrhgf%cst?or mati gaflgcacg? Jpiagigys ﬁd’la Rﬁ‘ifngg%%t?f' o0
days are requihaedbéendonrtﬁmealammmatmfnpmcst he cotyl edons to the harvest of
transgenic fruit. the ¢ r.differs fromt r onmat o
cultivars by only tWo (r%aﬁc mOSt s‘%myc lecauggwf“ﬁeg’ef“’s‘ A5 8P h’ ‘§5%°8§3‘F§¥“§. ng the
size of "~ M cr ogehesriof ammatr @dssandeYomksaﬁanan?SSt)r al’rhesecganed)ereanallgtgee@antn a
standar d D36 oAl Tol 18 Fod AOORAL! 9 Hi018: TR PRQREALLON| By AU T o
to transfef recessive 6L TO F standar nd. “thererore any

mut ati on or tr dosigdhe hmgmr pields direariar mﬂtelsypcsipladt enﬂ aliow Ihb(plamsT@h& grog/eneti C

background, an ee rr. nt rd back usi ng
25 traditionai Ctbarvﬁé]gt}ff gensg‘gﬂ%aﬂllsq oesgh\%e ﬁ‘qﬁfﬁg\’/\lﬁgva{’%%aﬁ ?(a‘i‘ R R |‘Jsi‘§éﬁ in
this field WyiekdyeavoalkdweisledeTler lmxghnexﬂ at widd titpaef AdiemiSist abams|P0sidd dngdgisng

system can be Y ed.in her iature tomat ul tivar na
*M cr o- Peach' . megrtgﬁﬁ-g@@ﬁm |b§ 5 Riepegre pﬁogei g‘é‘”ﬁl}g BRR Qﬁg{;n% f%\%?ver
"M cro-Peaeh' bisende pRravahivwatfing gened. OToday, standard wheat cultivars contain one or two

dwarfing genes. In these plants, 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
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instead of the red fruit color of "Mcro-Tom . The Ac/Ds transposon system
is very 30 active in "Mcro-Peach' allow ng | arge-scal e nut agenesi s and
reverse genetics. In order to evaluate Mcro-Tonml as a m)&'ﬂa@?@p@?nfor
mut agenesi s and reverse genetics, the growh conditions and transfornmation
condi ti onsWQ¥2Hits cul tivar were optinized. Subsequent!|y, PENEI88442ni ng of
20, 000 EMs- nmut ageni zed M2 plants 13 8 March 2002 WD 99! 1241l

PCTI 1 L98/ 00442 derived from9,000 ML individuals was carried out. Mitants
with altered pignmentation or nodified shape of |eaves, flowers and of

fruits were forggbnsitie, M/ ther koad sPasivhlaf @&lseiRAtn @HERACRVieh (FRIENSEM
(Fedoroff and Smith, 1993) and a gene trap system (Sunadaresan et al.,

1995) were i nt Kemiaeldo ntar example Sorgmiwarfsgredeiotivg v ey nihgsipef epsof the.  Thus,
utilization of pibfiomidres @:gl Wbbefetid)!] N&Eeaﬁ@&e?@»@i&‘éﬁn&x%c%ﬁﬂﬁxfb@ gleur at ed
mut agenesis in tomato, or of taggi rjg@or _insertional inactivation of any
gene. The net hisgensigve fhi (pﬂes@?ﬁ( =i givRerrilino inseraitivp anwiz). | Mowavgr, feminastur e

sel ection 0§ adihPlanPRE bR OF altldhdf ElknbOnaistlo Mukef BlahBPALIGA oack! oMt
characterization of genes. 10 The advantages of the present i nvedAtion are
under scored bywhish cerb&aemmwbwdmétc?@mwb% epducepppnt sizei ean teaxploited forom
EMS- nut ageni ze bs%%t%%%le%ﬂﬂeﬁéﬁﬂﬂaﬁvcr%?bgﬁn'g cleiflidihtighs. Was grown on

only 100 mi' of space. reover, the work 'y one person over a short
six month period (Manewhsneghodouion inolating andr thaggciaridng/@warf planss summesrowst t he
same year) was cxrogglz{fer Si1ie. PP lt'scgzﬁlt B‘}{Iﬁ'ax&& eé‘t\biﬁpisoé‘teha%ggs ngicgua%égtr of
mut ants were recovered. even though the mut agenesi s enpl oyed Was

rel ativel y16i | dyeralbsies/i Hemexendpley thelppethlacgent satated efsan tdhalidopsidovaks setbtopl ant s
were found. It _is.Jikel. n i tional tant genes are present in
the resulting Wﬁ‘&& %‘%el Ec))tkr]l{%“\/S\,El?’(‘fl d ?%’crir?)r rl‘élgs'f %’rﬁ g’fﬁ §/'%9\ﬁ " lfch"éongﬁr'f‘ﬁ%"[eded few
hundr ed t onmat o throdghntagitionp dreedidg hreticods. dnblye @bhefrcuhmaedMiclefom’, 2o ndjbr t he M2

famlies that were ,derived .fromindjvidual M .plants and showed a nut ant
phenot ype, segfSFaf %Ségmtr?gé" BT g r‘r'%wﬁfa(%fe re?pémmﬂe ?orélise PR{aEe PRIPYPE g gest s

: Cessiv
that in ~ M cro- Ton Plantaddra dwef ex peniamentdliva andigtawanst aldedith ef ait Neasganet es
are derived.fr Lngl e _cel rese in the enbryo of the.mature seed at
the tine o1ﬂsrm'gi g’é@ﬁzusﬁ%gr.t ese’ g‘a d}rd;lrieeld ic%“({é:téornéebﬁ%aﬁfe ti)‘Wf:tc“ﬁ‘: B?tg\cli"%‘%mﬁepor ts
(H I deri ng and plsarskie signifit86iy; redfsed/ Ehik EacllitatdOahalysip of Sgroaitipppulativms ibet ween

one to three cell ive rise t he sporocyte in tated tomato plants.

Al t hough t r~an§‘B’8§ 3'%2‘% glaé}i‘cncéls % C%st{’eetﬁgmﬁa{{‘/’@mé‘éeeﬁu“bvragwgﬂ%'f?}“déss‘ief?'ﬁ’é T n

t Ogat o ( Calr r ol |thc183£8xaﬂiplers1 her@afierKtha pibanet arﬁbrqxvnlﬁ&lﬂenﬂymmsm@moaﬂ)ld,hig’lﬁfQZ;
Yoder et al., 1 there i,s.no previ report in t iterature of an
enhancer and géﬁaé’ %"Pgﬁﬁﬁﬁﬁ'eé%‘@ﬁ@@ﬂv‘#aﬁ#aﬁf s""SFraSﬁTI ‘Flafag I P‘,m‘ﬁ'lFJSs ew
accordi ng t2® t heutpite dedhiding) \nesaitioo Nmuta® chysitedmn filgr nEsbwet cdtivaaf cannbe nked
transpositions were introduced in tomat 0:, one tem based on NA
sensitivity anc}rﬁ?ﬁfﬁﬁ?‘f{/}i? i} F%"éIP%rf?Frl% Ck(gg’dlﬁga yeg‘éﬂds%qs CHjsses Y’é‘éd’% éhot?why second
system based orsegisgating ©ai the miniatmdad gene(spaltaaidendis)( Fedor of f and Smit h,
1993), 14 Any mutagenesis technique can be used to obtain miniature cultivars

according to the invention including, but not being limited to, chemical treatment,

25  irradiation, or by DNA insertion of T-DNA or transposons from the host plant or from
a heterologous origin, using techniques well known to the skilled artisan in this field.
Insertional inactivation leading to dwarfism can be achieved by the screening of large
plant populations. Chemical treatment for production of mutants of the miniature
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).
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8 March 2002 WO 991124] 1 PCTI I L98100442 whi ch takes advantage of the
efficient detection of the hygronycin resistance contained within Ds. In
addi tion, using the resistance to chlorosul furon as an exci&Marchi2d0Rer,
coupled with other agronomc features of "Mcro-Tom, a |large popul ati on of
presunpti vivonstiadils can be screened for enhancers and pr orRSITALES/AEE used
for gene 5 isolation. Fut-|hernore, the recently descri bed approach for
site-selected insertions in somatic tissues of tonato (Cooley et al., 1996)
can also be applied in "Mcro-Tom for stable germ nal transposition
events. In this respefhonal achRlibl of YRHATWIRU ndbfle NACL Mol Taayhg' O- Tor
can also contribute to reverse genetics via gene knockout ‘or 1nséertional

i nactivation. wslenaies. Bhe mabilsDRA seqyencs may bae TrANAPE B &rAYsPOsON cr o- Tom  was
used to devel op a rMRERiA s_)ﬁ%{agégegig)r mgfnggl CarStd db@S b?n kRbwnt eth!o{ls via
accel erates the characteri zation of transgenic plants, and tacilitates the
| sol ation of ndgrehecteriym (Hoekems etnal..gt3%85.US Matenb Nporf, 149645h draspasons a

general nodel . : Lalihy.d €,dd4. Ghirus,
rapce. ores) BBkl hy CORIERSWALSobRALA Irei 08 ot 1idby; G TP
and nut ant f ouRatents) No. wi732,866 3uhNoc 5013,658).| iThattensposablxt elepernfmayehetancs,
physi ol ogy and t abolis er pbotanically simlar fruits. Likew se,
“M cro-Tom cafl neonlljoséd as apogzé'gera}fj n@gg%&g?ﬁé{%’ﬁ] fo?a“g oﬁ%%? of orpI afif

devel opnent al aubEmcisAamEagermamus srangpbdonasystemh erg. ithepmaiza Ac/Tgtrasposon | OCi .
The net hods of ﬁs?err‘r? I dentification and characterization effictentlv used
with the niniaflife tomato cultivar 20 "Mcro-Tom can be readi| y enpl oyed
wi t h ot her 1dwar f nuLage¢ opulatinherf Pames)tsefenblyust lrgst aboaamis efaplants, ageor t ant

crop species. The fol.l owin anpl es are provided for.illustration and are
not to be consfcrrﬁeélﬁg;gosr %uz?;?sm?ti&a_ '5% on S5 UG c@i‘i‘f ﬂ%“.evstua%’??"éﬁ‘ﬁglf’ o those
of ordinary skidehtifyrminfaeurasdectibrast Additionl straveyidsicas bé ised $o identifpsthe@pest 0 t he

di scl osed enbod'tmant S i cat {ﬁions r.e,int endeid tao be
within the scof %nt

_and_t hat 25.su%h m).(ilif
mganSh {6° EraBIe, ASPYRERY PRERTC RIS BhIER Pelie Spkare o
appl i cations neg)tresponsd tb hotrngs, 3P @therdls ab ipatiogehs, tb Meibicidck,v:dahe tike tyevel of
skill of tt}gse in the art to \z\hil(riﬂbthe I nvention pertains. Al publications
and parent ‘app/PeXR feshraaugs 85t ah pIFRt D99ES hor at ed by reference to the sane

extent as if each i idnufichtieh @fUhdsketiatal Oeveats pAtaehecifp|gesatdfointerest eis

specifically and indiwviduall 0 i ndi d to. be.incorporated by reference
ThF i ont i 1 et ypeeoppusieg Bypertod ol e g Sesirfine puli ARG ERS SRR ot
habit ari d genabiacnudiekidepseeshce bO e Gadspason or of the T-DNA, and a second primer

corresponding to a nucleotide sequence of the gene of interest. The gene of interest

20 may be an isolated gene, which has been sequenced in part, or in a whole.
Alternatively, the gene of interest may be an expressed sequence tag (EST). PCR
methodology is well known in the art. A general description of PCR appears in
Delidow et al,, 1993. Design of suitable oligonucleotide primer sequences for the
PCR method -is described by Rychlick et al. (1993). Methods for the detection of

25  PCR products is described by Allen et al. (1993).

The plant is 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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S (a) Methods: "Mcro-Tom plant seeds were sown and grown up to fruit
maturity in nursery trays or pots. For the plant density experinent, each
treatment corresponded to growth in a different root vol ume Meth 2002t
purpose, plants were grown in comercial nursery conpartmentalized trays of
13, 33, 90w@me@ini, or in pots of 465 m capacity. Ther ePGRHESPAA
replications in each treatnent, each 10 consisting of 84 (13 m treatnent),
72 (33 nml), 63 (90 m), 50 (200 m) and 15 (465 m ) plants that were

anal yzed for each trait. (b) Restrlts: "Mcro-Tom plants were grown from

seeds through fruit ration in nurse trays W|th root caqnpartnents of
various sizes 'irﬁedéfgtgaﬁ# "?‘?Rg @F‘é‘ﬁ’tﬂno‘?"}/ ntey ERk-n 989- wel | as

on fruit and smcbaﬁ&hwatatdgyunmﬂ%nu@%n&&poa%ew%;slgxt1357 plants per nz,
equi val ent to root vol unes ran from465 to m, were tested. The

response of M cro F§HEsER ‘ﬂYq“?‘é‘F a3 uged Judevelapri libragynel mytagts dnihe ¢roFi gur e
1. The growt h fiadithat®X aPfi§) G6rasf grehtlyibma&g merw%c{?f Q%Mgédeuww fgoe of

val ues (m ni mtm maxi mum given rn parenthesis gl ven as

per cent age Df Y xISPIA iPRPTRAt faspest hiThistmutant tometoe librarys iscbasad outhet i on of
the root vol ungifihakliomiienriahte) L%erﬂzont N&sBliHRtm de?élh{rﬁ' (uﬁ)&f} natdd 2l e)
The followng traits were neasured @P/S to anthesis nunber of
days from sowi AicrooTem’ (verp s9mate)agriginablyrbresefon We(aar@me@nmgeesmmmeandof days
from sowing t oglhiiidh FSHopr it EdHiR)s pallcaiibly NElg m from
the soil surface togthl ?I rst |r11flosr escence %ng’(e?p&?ﬁq%%\g{é%&% "% nunber
of |eaves on thcambg @M@ﬁiughp‘hmw Vi ol 65thetswaluaﬂenmttr,amigh¢ts@m g) per
25 plant); {mu u n LUl wei ght
(the aver agée] ??’ﬁé“gg‘[""? e hi%tﬁh&ngm q{ zeran%f h{seeegﬁgI F%ga %hétérlage YRunber of
seeds per pl anYl)eldlrErmdmelfams wirhine70- Qibdaysrﬁbm spwmbewhnhthitads scﬁmnmgmlpal ts
were barely af t he ays from
seed sowing to agﬁggsepés/m?%ngg} romL%“}se "lfgé%g“g“é“ i f“émhu o? days
30 from seed soukenipgtiargt magemz@mmgopdngmsi afdr mmle?ss szttm'aﬁa miaggkneszn a
control standa[oqnag lgo%gl nate tomato cultivar (cv. UC82) was grown under
simlar conditions, "failed to set fruit at the high densities (412 -
1357 plantdsm), ankh |addttielueltlwpeldlti'vamidas bmlo,asxlyn mdneffmientlhetrplsﬁmsd at

2005 v 65/ 124 P BRRPF B BBS 0 ¢ AL ARk Sy Aialpip meaiel 0

of seeds per pltraqunnaeistp@ﬁdmylédormamdyonlm abh‘angms days p&eamqmﬂalnﬁlomy tlw th a

nore than ten-fol d dif e LAl rum Xi mu va

obt ai ned in t h&"8Xper gf% &?ﬁ#&"%ral TE togl '?sgg%cﬁ'r"gl W\f%’lv‘érh pI ant
hei ght showed ahffmfrem thaessqndalgeommodelnsars by oaly Itwvoaniamg‘éndsdB«ﬁhmfxdeeheenme S
bet ween m nj,nmum_and Xy e e yr.e, plants gro er .t he varlous
density Ie\r/}gl s =§1R csrrgv&lﬁm [ Qf‘%]urog BN:B 8m B Ecesﬁi%e %‘%\m&%‘g tf:af“s af\’/l cro Tom
pl ants grown i nadyredenya mm;{lysl lvackgromdr mahe fbrgpmaratmantOm‘ mbﬁ: genefatiop id ef t ),

33 m (top right ottomleft and 2 n%apbott m Flgure
2B depicts a vmr?%iﬁrf: @qg 6&?53?116 L 2t ?rd ggmu?qﬂ) fhf%?ﬁ%r
conpart nent, wWiddtatibns oaltemmne éﬁhebcplcﬁmtlenieatbs studésdd tirdl Mi¢rocTon’nCeaneling

r oot s) andfru av er 1.5.t0 cm ~M.cro, Tom ants were

grown at a dendl s‘iﬁ EQ?BSI W‘I'lﬁa"éfeﬁﬁq Jupy2 sgsdard; H%‘S‘gﬁoﬁ&;’l\/}‘%‘%- Toni ,

ail plant o;rsgansadaroﬁalrbeaumg&chnnq@dsmmknom toethd skidle® pisdn sl fiel@nner (with

t he exception of Se&ﬁ? whi ch are ngaorlénor in size). This contragts W th

ot her tomato dwarf hnecalspndetarmige § {ransposnR JASHRG, Systet, garh By,

l'arge | eaves campdinshotter fmhﬁatﬁl‘d&dirﬁitb daltivad deSipEated MieREPS Ul Mscrél@emnst r at e

that the dwarf culr%kvar M cr be routinely gﬁgwn at gm‘_mtles of

up to 13S7 pi anf SImHar AR sizg o ’80 ?l‘?ng"rl]?"ffvf‘hé“l‘:ﬁ\?%‘?‘i’f"i‘ &M was

crossed wi th UGBgteadPofdd &arﬂunaioﬂarwwmvm@m’aMemes ¥irBBosoR Gysiéin is very

i ndeterm nat e cuI tivar, pl.ants of both crgsses were ver% simlar in
I

hei ght to t#t "icirein bfa?reﬁfach F]*N:ﬂ‘Yi%& fergg-sealepupgrac e YR SPRECHl e for the
“Mcro-Tom type ar gnld8@S61cvaluat "Mid16-Tom’ RE QARENE! iR tHE mufag&fesididbll UCB2,
there was a wi de range of  growm h habit phenotypes. Six out of the 176 F2*
pl ants anal yzedT%F‘ég"é‘F’é‘ér‘?‘9 gEoEh enditioes angitepgformatien sqpdiions fog Jus YR ¢ hat
it is controll egeR¥bpliffredBEsHseduBRBS aievsere&sﬁge& 24209 EME- allaag&e&alm Blants

addi ti onal effect ofp nodi fiers. Based on the pedl gree of "Mcro-Tom (Scott
and Har baugh, 1989), it appears that dwarfl3 and mniature are the two genes
involved in the “Mcro-Tom phenotype. These results indicate that the
dwarf cultivar "Mcro-Tom can be easily crossed to a conmercial cultivar
of tomato. 30 17




8 March 2002 WD 99/ 12411 Exanple 2. EMS nut agenesis PCT/ 1L98/ 00442 (a)
Met hods: For the EMS experinent, plants were grown as described in Exanple
1, with the exception that the plants were grown in an i ns8dfarph g2 5
net house at the VJeizmann Institute of Science, Rehovot, Israel, instead of
in a greemwmevged1 ENVS- mut agenesi s was performed on 15, 000 PEFHS80%H seeds.
The seeds subjected to nutagenesis and the plants germ nated fromthe
mut ageni zed seeds are designated the M1 generation. The seeds were i nbi bed
for 9 hours on wet Whatman 10 paper in Petri dishes, transferred to an

Erl enneyer bottle.c an unhbuffered 0.7% Si gma)

sol uti on, anda"‘ir}’(& 12 ?Mgﬂﬂg’ﬁ?w“dﬁ% 1825 6FEY Uty o ONFRRFpEY t‘é’i"@g(ZZC)
with gentle shigiemgtion\t modified eithps &f deaves; Mowet MidsifVialits wereiteehd. f ap dri ed
and sown on the,sane da seedl i n trays to, t ntrol group.
the nutageni 2 65 e FF&B ﬂ“lc%lfa& SHS‘?’??Z#E%% @E‘g%fj 'ghd8 Hend 3 per cent
of germ nati ogemprﬁdaﬁqsu&ma&mm aQ,SBéss)Aweeqmam&@I M:olmxetmﬁv%m pl ants
were steri I e. M2 seeds, were h veséed f[?gr’g 9000 ML Iants From70 M

plants, M3 se8temiraddo peaciidet eyW‘i‘%‘ﬂ:f’ EHtAT s achigygtheo- 20 M2

plants were ggeadlof samapxhu%ene&xam tohﬁtoPBD&QHﬂg:ﬁ%’Uﬁnsc%af ﬁ.ﬁém@ﬁoxme Me
seeds were harvested in bul k, pooling one frurt fromeach M1 plant.

Appr oxi mat el y 2390 8eRs0  [he W‘@é‘éd’s the BIFseh dnYsHlion Faty be dsedy ans gUipiatisd gave
rise to |4, 00Qeiddidh bf PpIactupiid oVBntbRt Sd ilMBe BHROMI W el RSBy bul K.
(b) Results In the M1 population (the treated generation), about 1 % of
the plants sh@*&\&!‘eﬁzhl orophyl | variegation. In the M2 popul ation, a total of
14,000 plagts werergy mthgaswueeﬁrxsew ew&ma%@@&e&ee&s&i Lﬁé)ébs@?&@d%t
phenotypes, as shown in Figure 2 C. Figures 2 depi ct” EMS-generated M2
plants with ataeddt plapcrppiiisfien deryed Gpth§ rwpgsrma@d dvicrot Tam’ceangistinghy | |
mutants wer e 1p4foo indfddial oLl of onweidoqw QéchQﬂPﬁéHer'&xF%)or@ | ght
green | eaves; Figure 2 depi cts an oro ant
phenot ype ( yeIOhb!wﬂIB em@s()ver Pehgritst mrtﬂhpqwﬁﬁw fwaeérd“ean tlshalpeg arfd] Mviay
(petals) and fyg r e 4 he
w | d-type rouncf'us %rﬁg @rtgﬁ%gpiéwlwgﬁt{qusﬂ o g}e,a&rea@g gggpg{ll '?A ti%iw)gélpe in

al | their ¥ruinumper chﬂwwrprpeﬁwvlpe@némhég EMS p@h&ﬁmnmshap‘e\”éﬂ gure
2D) and pear t ong and
narrow | eavesSt J( lgw%gwgg)cwﬂﬁ/g?% m%tol%i%qgg?%éﬁ%ﬁ%% %I l0442
Seventy M farﬁllk Etf@@nﬂv@ddmpmhmw! ganguite pivsen inthe sswlbn@\'@lp@elﬂstmneened
for mit ati ons.wiith Ldntfires MVodof wirlt ity BHIRIAP RS mBRAE YRSkel P

i nvari ably segregate In a ratio e suc y segregate

ant hocyani n ( platediyedthepragereeitesst i on in the |leaves; this famly, whi ch is

depi cted i4 Figure | I gat ed
at a 3:1 riebtl o for ﬁﬁ?ﬁ%@y%ﬁ{l{ﬁgﬁg&‘gﬁépg%aﬁ?‘r“g%gg‘gg%rw té&gf %sté‘ﬁﬁ&[eﬁhancer
trappi ng i n ° Mogtaw-pherdtypeadegivieated mos3: 1 (ddngnant: Tenessive) satibs Thisrseggasanist or ned
as described w

t‘ﬂﬁ&h‘?r om’, under the experimental conditions used herein, gametes are derived
from a single cell present in the embryo of the mature seed at the time of mutagenesis.
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 kanamycin resistance (Sundaresan et al., 1995), and a
second system based on the excision-insertion selection (Fedoroff and Smith, 1993),

14



10 follow ng constructs; the transgenic plants were then grown as descri bed
in Exanple 1 in greenhouses (1) Constructs: Constructs BanB~S :4c and
Ds378-@US , which were used for enhancer trapping (Fedorofﬁ"dﬁ&hgﬂ@%h
1993), were obtained from Ni na Fedoroff: Constructs DsG and DsE ( Sundaresan
et al.. 1999)99kich were used 15 for gene trapping and erffdE¥W¥iZpping.
respectively) (Sundaresan et al., 1995), were obtained from Venkat esan
Sundar esan. These constructs are depicted in Figure 3) and are described as
fol Fows. Sequences simlar to Ac are shown in gray, with the term nal
inverted repeats shown as gray arrows. Constructs are flanked by the right
(RB) and | ef t whigh) takey adyagtagg) obfthe eéfigient cdefretion 98 tre (hgromppia resistance

~i-g d { in si °
i ucur oni @gﬁalg&{‘@n&%) Id Sidftids Sfink cAEsiNERK 1P W%%“ g?s ﬁg’@%‘g n DsE

either the minimal -1 to -46 pronoter region Me
or to an Ar abimbslss eouplad wahoﬂleqagmneanqaf;eamme% @e}inrmsamqmubnmegf(m ack

box) in DsG { Resih &?g% or
hygronycin ( géggﬂ S con e‘??“lé‘ féhe‘fneon%% p é Bﬁo ran;dfseras% oez

am nocycl i ol iﬂﬁatpho§phhnnnansﬁlercagéiygiembed appoyack far sitd-selecBd imsettions fry t o
Gone. Do mobi et E8uidtiied EabBPLALT RiSe tn WIS ok AR i ASSP N 5 oy
DsE and Ds378-s@EUB) gaxmmlal aarlsptmm@p@sa@e Iprthcdmcspwg th¢ awastsyamfsbasmt[b bé t h

of 'the 355 praRRte ISR Uit ph sk ANTBRE RS Rrd Sy el Y iR dE T on. L
to the uni que 1ﬁkmtd|nabnaoevd¢@s been del eted. Chl orosul furon resistance (Chl )
constr uct Shd act VAT BhRSHe S HERel BRBION aPar 38 MPhAEd DaRE P om
GUS- cont ai ni ngnmmysrmtfoxagd\emnsmmm iroplandk. dt mueama mee:hﬁrhcaaimnen b9 8
2002 b oA BB M DEIORET e TR FE0e PR

obt ai ned upon ®ficioSTanT cah bd’DﬁisB&YEh-QéSeﬂahnbd?:ES\Eteﬁl fof otﬁéxﬁﬁ&ﬁ&rdﬁﬁlty\ﬁﬂ@ﬂn&rr%s- Ac

and Ds378- GUS and li.fied w and e, sequence f I anki ng
Ds378-GUS i s sﬂ%?eggo?}guﬁﬁmpﬁﬁde[giége ‘Bﬁhobéwl ﬁ‘eedf’g“seéﬂeg%‘é‘ i&78F cat es
t he host dupl igréinoen dddambdantgfodtd i Sdictd-Dén'S tdnefacilitdid) ¢heOstudyi 6B endicd)V nai ze

allele from which. 2 nsformat.i on: - ro- Tom
was transfor neBl‘y\ﬂQﬁSf;y C8H‘SJV‘ﬁt\é\€i‘srBs§98°‘ S(b éﬁﬁ@ S SHRHlar pfpcs. andlj‘v'b?@ *Usi ng
the foll ow ng OgictorT&RUcapbouedat a glileail @mdeamiian IﬁbrrkgldKGE/ﬁaﬂtﬁﬁvﬂﬁprﬁEltdll ati et
al ., 1987) suppl enent d with 0.2 fﬁg' 10 2,4-D and. ag_koba 8 {eeder cells
| ayer (Horsch B{agfs2 and BEREA S WP &5 PREUBIRPEA! 3¢ronespic fogke YRt BERC

condi tions fOdeZAuﬂiHaﬁon St shhradaia af efsavmmaaywah%esmeﬁturagﬁnmmuwt near
t he peti oI he ti | ai pl, at i ncubated for 24 hrs at
25C under qYl E‘Bn(ﬁf"Fi%%ﬁ?.dﬂ’Tﬁ@p ﬁ‘?:éH?‘r %‘F h‘B‘H? AN, e PRET BIAPS: rai n
LBA 4404 used f&[udg@-a@wnbmmamg iportaigRP shdcd) 5x 10" to 9x 10" cfulm,

corresponding to an_QOD
P g The following examples are provided for illustration and are not to be

construed as a limitation upon the claims. It will occur to those of ordinary skill in the
art that various modifications may be made 1o the disclosed embodiments and that
25  such modifications are intended to be within the scope of the present invention. All
publications and patent applications mentioned in this specification are indicative of
the level of skill of those in the art to which the invention pertains. All publications
and parent applications are herein incorporated by reference to the same extent as if
each individual publication or patent application were specifically and individually

30 indicated to be incorporated by reference in its entirety.
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15 ranging fromO0.4 to 0.5. Co-cultivation was carried out under the sane
conditions as preincubation and |lasted for 48 hrs. Subsequently, the

cotyl edons were transferred to 2Z nedium (Fillati et al., 19BREjcha®Rai ni ng
| 00 p.g/ M kananmycin and 400 pg/m carbenicillin for 3-4 weeks, and then
transferresoagedn to 1 Z mediumw th 200 pg/ m carbeni ci | IROTALYA00M23 weeks.
Shoots were then excised fromthe cotyledons and 20 transferred to a
rooting medium (MSS (Fillati et al., 1987) supplenmented with 2 ~g/m |BA,
50 wg/ m kananycin, and 100 pglm carbenicillin. Plantlets with roots
appeared after i-3 weeks and were then transferred to the greenhouse. (3)
Sel ection markers and GUS reporter. | nEXAMPLE® to the kanamycin sel ection
needed for transformation and the GUS reporter utilized in the trapping 25
systens, a nunber of nmarkers were used to select for transposition events
(Fedor of f andEsainble 1. 1B88th Bahitar eticinakdup, 1995). To that end,
sterilized seeds were germ nated and grown in 0.8% agar-containing N tsh
medi um suppl enented with either one or a conbination of the foll ow ng

corrpoun(cjis (520 p. %/(zib mlgw@nymgdgo-(rﬁiar lpianch&m;?fveee B&xnpgﬁc:mgrmp:n?halﬂaﬁe
acetam de (NAM Sigma); and 1 .p.h. or . m chl orosul ftuon
(DuPont). ws%tﬁ?%ékmgaﬁng ‘%’Esg P‘b’i tﬁ@ péﬂt e PARGHmENty each)tregiment | ssye
clearing was den@pariedtdgivath & B@ﬁfdfémno@%llﬁﬂwl Bér m&%ose(ﬂ)m@mr@nal ysis
DNA was extracted from oung | eaves ¥ t he Del | aparta Mar ch 2002

met hod ( Del | aSE¥{main capmigcial nyggers co e%l%%ﬂéﬁél”pﬁ%ﬁb?%wl@rm orm

extraction. PG@Rsr g5 ﬁmscamrtse pﬁsefr@wmwcslremlcﬂrdagrqgaealmmame&iwaase
accordi ng to condi tions rscom'rended tﬁ/ t he manuf acturers 2.5

Myd 2, and 920608500 RFEL (15 mitreaimenpn &% Foapbi & C0mid 5PdP9Q)W')r?g‘ddr5c5@§<5am was
used: 2 mn de,nﬁ,}uﬁ@map\neraan@ﬁe‘dmda&qrﬁycl es of 1 mn at 94C, 45 mn at
55C, 1 mn at 72C, and a final step of mn, at 72C. The prlrrers used to
anplify Ds exci si oft) prisafest s “Yige-Topy 2’13‘53 WISASIRER P TSPessCHhgh 3f it SEQ | D
NG 1), whi cmat&a@malnma@t@wwha r&ﬁqusl &ffents blVaRodreR i8R Rfine BOd prl,

5" GGATGATTTGITGGEGGITTA 3" (SEQ | , Wwhich is conplenentary to
sequences in toEctRf dengiinen ("PP‘gQE?‘é‘hB‘)‘ WeBé‘hG%frB‘ﬁ apdyssebmgration. Depsifies of

exci si on pyodugbhso (1567 pidms pBiPm?, V&Gﬁal@?&%%&%l&ﬁc@.%& ﬁ&ﬁrﬁ%Qog‘?'ml and DNA
was purified using Genl():l ean according to the manufacturer's instructions.
These PCR pr od¥ee tesigy Thecenonts qf nMdFr‘aTB@EMdefVé@t%?W‘PPPW)‘S #rimdrquenced

using the T7 Oifl%\ﬁ?fi fht @Wh 1Al exRHhdCLD iRAGkedSih Soact? bOE “&h%gmgmo@ ww DNA
was digested wih Hi ndll fractionated on 0, 8% agarose ge

transferred t ovaaleﬁ(mmw WW)@%ﬁ%ﬁ§CW§h£§éUWF @NeNBS PerERgedf zat i on

was perforned e aRkiktunOvAR BRM R H%%re%e!i stﬁuﬁé{ﬁ)h'o@'i}% rob¥ VoM £bBRdm CUS
fragnent of 1 kb was anplified by PCR, radiol abel ed by the random prim ng

met hod (Fe?hbescaiehrg of/dtfeplantedensity1 gper scalall Gk pllawing isritshwere gpeagysed:
detection. (b)pRrsyl &&esx@ﬁ%t{v@ﬁ%en@%%@ s (3 Baning\Ge alhEsis)2B4l,sQ8G were

transformed intg 'Mcro-Tom as described. These constructs cont ain the
NPTI | gene whi Gpeningr{the aecragegiugbarefalay Hirem sewps knfruinNmlen tuming)iipdany beightas a

t ransf or mati on. By . % Ds
el ements rel at § ve étg%{mhel r %gﬁ%(reggf?gfaﬁ%gg% éqg&s%;rn br%@?gle ection of
unlinked tr ansﬁbsnmbym%b@ms on et thaipsEmplarDy @ld (Dhectotadl Gruit tegight 60 2) hérs gene

t |
M cr o- Tond® pi BaPRTuseer dniRhi R BERR of i pot i, O RE B WAL hbraad R0y O
on three succes)s<pf\befnnlfz)c>nsd nusquésqeéﬂﬂhqmdvesﬁsmunmmﬁwmr planth| Errorte89) |
allows identifi %@tt&ﬁﬁnﬁ‘ﬁfo%@%%ﬁhn sensitive plants wthout their

destruction. IR Suc e young | eaves next to the shoot tip becone
white shortly aft erSw@}ﬂs mgre basely hifooted by piangdensityl . Fdriegample,4lte dogier o6

t hr ee- week-ol d ne per
day) with 300 P pLicatiif Bt Ohiapll B 37 10h &P M USRI MRET, PT
BanB5S- Ac (30op fpanede} sowing tocfrmlanmmg)rangéd:lfrm;ap’lé tos&’hslaya vvheqd a ccsnrMar ch

2002 WO 991 1241 / gg% R samne 0

Wi te | eaves det\]?’e‘(l%qdét% Qeé %to Lﬁﬂtﬂs n seﬁzl“{aﬁe qmdf('rsu'%/erpﬁ .
t hese | eaves duet‘aimttosété'uamb&xed}@mlbhs;nesr@n@ 1357 blams/es) anéltgeempediﬁdltst he
pl ant survi ves.

‘only in some of the plants at lower densities (100-226 plants/m ). Other traits, such as
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The hygromycin resistance gene indicates the presence of Ds378-GJS, as 5
shown in Figure 4B. Plants transforned with Ds378-GJS are resistant to 20
- p.g/mM hygronycin (Figure 4B, left) while wild-type M cr o 8ARFeh 2002
sensitive (Figure 4B, bottomright). The indole acetic hydrol ase éi aal ~
gene confewOIytMei tivity to NAM Sensitive plants devel op BCTALPY442 § (e
tissue at the root base and di e about three weeks 10 after germ nation, as
shown in Figure 4C. Plants, transforned with BanB5S-Ac are sensitive to
0.25 p.glmM napht hal ene acetam de (Figure 4C, left) while the wild-type is
resistant (Figure 4C, right). NAM sensitivity can be used as a negative
sel ecti on nar kpdant yisld er elgfpits tor pumBgPiNeeds; prsplantatssrandédn ingadyy to

i nsertions) a f | ect: i It i I eldk, S 15 The
ALS gene conf ggé%e%v&\) %gidgfstgr}@ga% %ﬁ{fﬁ%m%bgggﬁﬁﬁo@%%g?dfe tr})re on |§Q§P§2&§"
carrying an urresciaxisehinbDyalu¢serhgined innkk operfmend. Tbes itgitaalCavetage Zujppwaight

chl orosui furon_i L | sed, . I Loguke 4D.

Wl d-type pl a%}sir}’é%%ﬁggh%g{fﬂpﬁ?é%hr %J(r&}é%u f(lijer%glﬁs gﬁén%éﬂ%':f: l?vdéﬁe(rﬁc&ure 4D,
left), whil% pleavees minigwsfaad meetinuin MalBs378- GUS have | ow resi stance (Figure
4D. mddle). 20 The,re i.ng.faor, t kers used .for
transposition sel eC *}“g?ﬁlgﬁ‘% gg%%émﬁﬁgkbﬁlﬁéug dﬁ‘.&&-l e:ijscargfs‘tg)lwrﬁ‘ﬁ l%“fe?'—"b‘l (Ds X
transposase) pdndrBs Eigme2Abliepicts Bdicor SoiFplguts @rovin ) nurseine trpysowith @rredtess GUS

of " ton- day ormeeroey fit? ol Gae BhF o T CRGal of 1 ety B ool il or °

ant hesi s and 1(botorh gl Figurdi 2Bédpiats a wid-eypet Micre T ofrd maBldSplaht, giwinvih tay

(Figure 4F S activity.was obtain i.n negativ ntrol .plants such
o Dhe w110 ¢y Db pornsigin ek S TR N iy 8% gof SRR e B
activated i n sadefndifs Hahe aFdidméteruof k.5 (tbi2geni.e ‘¥icro i’ ofdnts WodSgroah lat @f t he

sel ection featyres i ousl y, descri bed for, Arabi.dopsis edor of F and
Smith, 1993: it SZ2h Pt N 2 ety g‘?’%“’ thag B‘a‘gjﬁﬁfl‘ﬁ%‘br &FP‘B"WMWr o- Torm

and therefore gaficeden sigeid afvadll-opdrasiid amaier (BIY tHe @ xsaptibie 6 seddsewhich akeegy f or
O ohes pouRLT S S ki PR B ooy i A N 1 o0
events ar e 150StorfiiatEiR apRERUEs £id hatldipe e dmpared tsthy oaearsladiede and
conpar ed (Sundaresap, 1996?. 2 8 March 2002 WD 991i 2411 PCT/1L98/ 00442
Usi ng Ds378- GUS and am&%&ézewﬁm%%}hea v Futs Mgo (g can be

exci si on/ r ei Nnsedutih€lP Gywh & densitidst 5f Lp QB 1353 FERitd/inf Yok Qsd desdtdidgy tankk r escue
kanamycin sensitive plants (Figure 4A). Foll ow ng crosses between

Ds378- GUS- and"™S8MS- Ac-carrying parents, selection of F2 plants for
hygronyci n resi st anQ@cRITbnS WaNaeeed Wits SITSL 4 detdriniRBadesr, e wig hagk] on of
unl i nked, stabilized transpgosition_events %ls shown in Figure 4D. F2 plants
(BanB5S- Ac 2R DB rgetemppate ol Che Bl paptpibath psgsseswptiver sEpdATin BgHfT ed,

are fully resi sfandn-tRrenh liffi@sil ikt @ dehbOisRndble 161 BBt MicrdTom® Rt €
makes the system devel oped_by Fedoroff and Snith &1993) applicable tg

t omat oes. Thi s refgsivesyatheds Brogeny fipmdhe gpsseuithe BCR &nhere viss 2rvids moge °hnd 10
unl i nked transpasith ha: pheh e 9k ol bfSthe YA B plafits aRAIeR vidtd/ QkatBSodtloSt , the
sel ection of Hyg _and ans&gﬁﬁts. ?wh' ch perﬁﬂ)s the 1dentifi ca?;son of

unl i nked. st abitee tMigresTsR’i Po fugsratinssthatdpls qopiralled by fyrogpaipy serssive REYEH

sel ection ig UNRAC YRS P6%ibR Gd&ibRd oSt WEOoRodRaY! d Hagdd e msgyedi tohe
T-DNA containing the enpty donor site sggregat es away. Second, the 15

sel ection for pMisredomeéScsttand Hagbaugh. dPEBL Arpeers thatder/ arbmizyaiure sFdhkan®

plants pernits fhe.idafbivki bt Micd-ThiniRfodpansposi tion events. This
group of plants is enriched in such events because of the natural tendency
for Ac to transpose Thessrissultsaindicate thelsthe shwagfopmitiver ‘Mieroukom ngaadbe easily
transposition eysnlfiodestmhicRed cabo¥Sriddh.. Kans and Chls plants) are
elimnated. 20 The activity of the AclDs systemintroduced into "M cro-Tom
was confirngd
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in F1 plants of a cross between transgenic plants transforned separately
with Ds378- GQUS and BanB5S- Ac by sequencin, Ds excision footprints. These
footprints, shown in Figure 3 below the Ds37%-GJS construct 8 Mareh 2§98 cal of,
what is expected for AclDs. Qut of four clones analyzed, three had the sane
preferred MOP2At (GC 25 inversion) as generated by Ac i RCTHSSMHa4M 7
allele of maize or in Arabidopsis (C. Wll, personal comunication) and

t obacco (Gorbunova and Levy, 1997; Shal ev 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 FlpjpahiM 3. EMOfhotdbeh@pt S of DsG X BanB5S-Ac (Figure 4E), in

| eaves (not 30 shown) or in young fruits of Ds378-GUS X BanB85S-Ac (Figure
~F) indicated reintegration of Ds in or near genes in the course of plant

devel opment. In the,Dgp S ,_e?M

faint GQUS activi ty?was eﬁdeg:t eogqlli SI rﬁ&e): I %zaélt ure - sbe sgso?ersgrg%hgﬁfrw ts.
23 8 March Zﬂﬁﬁxple WO vedy ﬂm&meﬁl@ﬁ/ thaO gleOpl4stR demegrb\yn mr:mnmemptdoon was
confirmed i her ﬁa i S or os uro CI n

resi st ant P%e %P‘S P%}Eﬁplgcggﬁgaﬂcc %"l"bglé "’5€3‘

Bat n35S- Ac, aSgrd@ﬂb&Eed in F| gure 5. Genom c DNA was extract ed from a
transgeni c plant hqQnozygous for the Ds378-GJS construct (lane a); a plant 5

honozygous for the EMAMTEREERESS wasetprned op) 1380 pMicrpfem: seqds.a The seds he
cross between $uBRsed RMuﬁEéﬁkﬁ ahdl 8leGpldnts ge@fﬂﬁta&@ %Qﬁﬁmk ViR gkRizdd RBdsSarihi E)RA

were resistant to 2 | orosul furon and to beg cin (lanes d-1).

was di gest ed V\ﬁlets’rgn?’lf’ M1 gspgratigh b sseds vaue Bours on weisWhatmen to a
nyl on nmenbygne a%admhyéiﬁldthé@drameﬁém toUnCEaine Jer k3 itfdUBnBiRAE 1 50T RE oftlah OW
points to the % kb band om t he Bam 35S-GUS 10 parent. Treatnment of DNA
from the Ds- covibaffered§- 75&?%&&5@3’7@“&5 2l geuaind axpmightfor 4 heurg gtreom he
junction betwegp thgrd 20§ With BRndNdhaldde. Sm ge%s S not
cut the T-DNA tO\}\)/ar ds t(hea?leflt l%xrlder (Firgure %CBIQ&L g@&?o%&qs‘ga sent
within Ds, reveathed fandirindland Sova Obalwdsafr@rdat/ he s@sllipatreys. Cbrameda)o the

i ndi cating tha g}ﬁ s l,osert.e enone.

hybri di zati on \%\(/3%0% %#)neé Smia eg%fg%d‘h Wt reham%fjrans%f) goggﬁ)parderll‘f: (1 ane
b). F2 plands shmdfgmlmbemmuchdzt&tabomMtepmxme@uﬂ@%mfﬂicamlés d-1)
indicating ele n rtion n alon | ysi s of
F2 plants fronfnggttérvggéégtghlg ﬁﬂqﬁé’%'y"g%&ﬂg&ﬁ%? n@grﬁ tc?l t%Zt out
of 22 plants tekhedM2oeedshiare b&utstqdrlochwrimms‘tomnc@h plan{, aﬁ@ lﬂéﬂevtl eknhst ant to
O 2 nREOBRRR Soback: K3/ cBAP of Bk L OPHE T HGH: MACUOR

hygr onyci n-contal ntng nmedi um The per centage Of 17055 o ex0| sed
Ac about 50% anmdixsbslknpbdm"tooe Meﬁomb!y\&lqpmntaqbpfomgm&hsm 000 Mai ze

( Dooner an BeI C{i{;gg 1956) .1 phacco
(Jones et %%ggl%’ hg%gl dop SI S ?%3({3%6 e g}f,&dbk%é%oéa% %’?‘arrpl e
4. Reverse Gen@talntss Mseedsivare harmse:dﬁiu wpk.Cul ti var The m ni ature tonmato
cultivar "M cro-Toni el gc u pul ati. o f oo

t r ansposon- cont ai ni A bé%?‘é’%f sﬁl &‘mr%‘“‘%ﬁ? @ges"?afgr%ef‘?f?%‘g’ %i’no't’thl A8t Masni d
BanB5S- Ac, depiptinescdhowedahiprophyl)vatiggatidie tr ansf ormati on net hod described in

3 TSSO R MSLBRE 6 & BN E S R0 B
t ransposas éZSactscmextegi foPraxamt qbbe@g&é’ﬁ aﬁiﬂﬁ)wrdepl?tgnedz i Figytese B- Hedaﬂich LUC,

depicted in Fi S generatec{ Ef[724lants 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 chlorophyll 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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8 March 2002 WO 99/ 12411 PCT/ 1198100442 transformed into "M cro-Tom as
described in Exanple 3. Transformants were selfed to give rise to a series
of plants which contained a donor Ds in the T-DNA. The trarfsMashg80and t he
Ds plants were crossed to produce F 1 seeds. The F 1 plants were grown

wi t hout seMsxariegsiland selfed to produce F2 seeds. F2 seedsPGRHEs/EMHECt ed
for a 5 stable transposition event by growing F2 seedlings in an agar-based
medi um cont ai ni ng chl orosul furon, hygromycin and NAM as described in
Exanple 3. F2 plants, corresponding to i ndependent transposition events,
were grown and screened for dom nant nutations. F2 plants were selfed and
F3 fam|ies, edetentyai2ifymitienddristd frgmadidivi@nalBi]1 plmitweerelsiko sce@ndd form a si ngl e
F2 plant, were screened for.recessive 10 mutations. tant .m.niature

pl ant contBFATNG a 'bgﬁ' F nég?lfcls’oﬁ THEY 2eRetyhi wﬁﬁcqbé%i"?%dg}é% é’ﬁ'&%%’é (the
target) wesgiegsted if actll rhiid) e axh rfagilye dedrégand | fondRBodbnifr Ap@ipRyt S. These
DNA sanpl es were. subj.ected to.PCR.by screening wth a first prinmer

cor r espondPAYSIE R ’ﬂdﬁ‘? L?Sﬁsdgussg%ﬁlghggmgf’s ??Pécg"tdr'érﬁé‘gg(}# BsderiyEd a second
prinmer 55 fahackmplei? pigntand sdppegated henl:i drioFaqudecyanidf t he target nucl eoti de

sequence. The plant that produced a PCR product with the first and second
primers was identified and anal yzed to determ ne the effect of transposon

I nsertion Egdrple BE Thapesni tiriseaieahenat tlaphiak ab MRR-Tha’ phenot ype of the
pl ant. 20 Exanple 5: Ds-Luciferase The DNA construct Tor gene trapping
designated Ds-Luciferase is shown in Figure 6. Sequences simlar to Ac are
shown in gray Wef hkMeds: eNHcRATomNpRkE Srd RRRRNReSRONMIcrRd HidYthal I OWS.
Constructs are_ flanked by the right {RB) and left (LB) 25 borders of their
r espect® vefotlopig contctsy b trapsgenic glapts WerUbsn grewh s desctibsd Ap Exatpelet er ni nus,
from nucl epty geenhodses.252. This region contains the termnal inverted repeat
but | acks a pronoter. Resistance_ to kananmycin (Kanaf or B%gronyci nis
conferred by the nedfyctHSHEHEFEPNOIMSURRLY Ep@P-8¢ a3 &8/ EUSt ovhich

phosphot r angfecdsed Ford@ihtnceapyifs i ddbiofiNandeSthigh. 068 (ek! QiAsdd! frsthon~) i's
obt ai ned ugﬁ; excision of the Ds 30 _elenent from the Ds378- GUS-contai ning
const r uct Egdprofia Cramirugte DsGranddiséd Surdarestnggd ht ©93) mhicheergyaied from

Ar abi dqpsi $or(gefoesipiny A0 dniaikdr frapdiSO spl¥iviiR @ S AriarePUTRE 8995y TREBAR gene
confers resistance to the herbjcide Banta. 25 8 March 2002 WO 991 12411
PGT/ | L98/ 0Qhwmed frampeakatesan Sundagrsart dhgssecopgmicts aigsiepiped indFiawe poindows: The Ds
el ement in extBedidSoli&vgure 3) was replaced by the Ds el enent described
above and depicted in Figure 6, which contains both Luciferase and the
kananyci n resi sbeayerced sipplap e Aedrh shavm INEPo Wik the terfhegh invpredIBatsr onot er -
Ds- ALS Asp ¢ & ésagﬁl{.}emové. R sthlcRNAINInRE Lo PP BEM (NBF LR 1ePlIDdardepbt ai ned
fromDr. Jonat han Jones) Norw ch, UK). The plasm d Ds-Luci f'erase was

t r ansf @Omed@fitheiroreseetivei hiDAAr dhe Bridinenranidase geae (GUS) is fused to Ac weak

promoter in Ds378-GUS, to either the minimal -1 to -46 promoter region (black box)

of the 358 in DsE, or to an Arabidopsis intron followed by three acceptor splice sites
(black box) in DsG (Sundaresan et al. 1995). Resistance to kanamycin (Kan") or
hygromycin (Hyg") is conferred by the neomycin phosphotransferase or aminocyclitol

25  phosphotransferase genes, respectively. Sensitivity to naphthalene acetamide (NAM®)
is conferred by the indole acetic hydrolase gene.

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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"Mcro-Tom as described in exanple 3 Atotal of 1,000 plants contai ning

i ndependent transposition of Ds _Luciferase were cultivated. Plant organs,

- such as seedling, flowers and fruits, were screened for 10 8MerchaP@de
expression. The screening was done by spraying the plant tissue with I nM
Luci f eri n.w@s¥t2dllbsequent imaging in total darkness. | magPRYH#E&¥Ydne with
a cooled CCD Princeton Instrunent canmera that can detect ultra-low |ight
signals. 100 plants glowing in the dark. i.e. that express Luciferase in
various tissues, were detected as depicted in Figure 7. Qut of the 1,000

plant s SCr eenegyaRCedk Hiin Anfabpdie SR Blrol i’ Gh78°1908), S gﬁ%bﬂ%ap er

normal conditions, but was repressed by a cold tr Igure 7, bottom
panel ). | n or dEkl tapd d@kwere\abtajned pipen fexeisipyy 9& Dsd 78-St the Floof enobrancer s.

708" POPYL 1 oS AN, PRSP L0 SHERDP i Mo 1 ARERD B o1

al . (1993) "The e Polynerase ain Ton of
Anpl i fied Prodwsgieste iflankibg RSIE-GHS Ms| showh saboBi Elxd-and Eid. He wfderlidbd

Pr ot ocol s: r - f i . BLA. . Wi te .(ed. age
o T5e St e B Aok RRbIGRM Alind’ e ntiidiCslecfi e GRAGE
Wil nmitzer, L.w{-m7 ng@2)allélsframlvwisdhiRsi?8-6USawagaledvadaggi ng systemin

Ar abi dopsi s thaliang, b he. maj Hans | & el ement Ac. Theor.
Appi . Genet. 84, 37p Qea’?!?ﬂ‘éﬁﬂﬂe;’g'ﬁ‘t ol Mz’&&.tr?ga F’?SZ?Paﬁ‘%?“’éeﬁd “ﬁ‘té‘l RS G
(1993) I n pl anbs378¢31d%) al34ne¥5Btim, Ml adeBs@enimgttha fidfosvingd)yptimized prosdcobn of
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(4) DNA analysis. DNA was extracted from young leaves by the Dellaporta
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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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Zabel . P. { 1988qtod (Engml@-Fhoﬁﬁqxbmotct-leveGUS 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 | 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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for selecting a nu e nt ving a desired tr ri sing
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of the same® spEBRBECn (SESIYHH csnap! F%éhenﬁ%‘%ﬁﬁ‘fm fifnindinkede sablized tramseesitign

miniature pl anéveﬂ@mglsﬁ&wm 1¥urk 4DAFNGa%a (Barfi J3LAL R Bs308 VS, W WiiciRa
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popul ati on: angFTPERl REexEsion fyens opprEhtars fully desisamt ES’l?i‘FﬂmS(‘i‘bfVPﬁngaied*mem red

trait within sai) ! Fhi¥feAGRNhARH HE Bistit! develipal by PRI bR Smdth (1565)Met hod
of claiml ) wherein said population of mniature plants is generatéd by

natural or indeRplerbintodemaees: HisguRktRiEman ghitblerfagselestiomgf batk inkmsrandwi t h

plant growidh faginRiSrangBsiion.The method of claim 3. wherein said mniature
plant is a miniature tomato cultivar. 4. The nmethod of claim1. wherein
sai d commrer CI al pl afe uss ofithis systam instpmatodnval s fisst, thestlaciorpeidya end Kenf, fi ber

or flowers. I3RE \Hﬁ&hﬁ’e&ﬂﬁi (hE li@nlh é%uo%?[;ﬁhﬁle& %&a@lquﬂ%}ﬂsﬁ 'oﬁlevalltﬁanlt’or()f the

same species |§ a plant Ich pro uces a berry-type ant of the
Sol anaceae f anthis/gro@ooflams, &AM stiestion s wingdensasy, ammwfy@ndhwm@trhsl al

D ant oy Oduceouhy O TAGR it LSS U SRS S o,

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 Ac/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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7. The nethod of claim1l1l, wherein said nutation-inducing agent in step (b)
is a chem cal nutagen selected fromthe group consisting of ethyl

met hanesul fonate (EMS), nethyl methanesul fonate (MV5), net Wﬁ@rﬁgﬁp%osourea
(M\L)), and bleonycins. 5 8. The nethod of claim1, wherein said

nut at i on- WRISMIR#HA agent in step (b) is irradiation sel ect BEM8M4%he group
consisting of IJV, y-irradiation, X-rays, and fast neutrons. 10 9. The

met hod of claim 1, wherein said nmutation-inducing agent in step (b) is a
nobi | e DNA sequence which is selected fromthe group consisting of a T-DNA
and a transposable el ement. 10. The nmethod of claim9, wherein said
transposabl e el enefipallys Yanspesiéan fwasm ORBmeg gnodputhonsbiti agglyss aof
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of claim 15, wioeysitrusthe T-DNANEWaiaihe pfabirdef(Fighe 35alke SPSGra®, preseat pl ant
whi ch produces .g.berry-type fruit qr,a plant of the Sol anageae famly. 17.
The mutant min g’t“b?% %P’ apgﬁéfétﬁ’oha"gfgo%ﬂ’ﬁi liaée,m\%ﬁ'éer%i ‘rﬁ‘g’éfﬁti“@ ‘gi’frﬁrerci al
10 pl ant prsoduste B-DeA rcypyt YsPidsdrtediif tegaoined No BybridizakdnOwasgbiagifed, B¢ une,
eggplant citrus frujts, apple. 18. A nethqd for identifyi a mniature
pl ant cont ai nier’fﬁecéctérm‘i’)'i“} éf‘)%l\‘ﬁ"%aﬁénﬁaé“}‘ngﬂ’st gh i Hfd’l%f‘%esﬂ‘gw“djf Vnaﬂ‘th"r est
\(/:\grrpr i sing Ej he};y@ﬁeiﬂaio@fpasli&ns( mgﬁﬁ $)\ards a?) iiﬁdibﬂp@e&idﬁﬂtf’!:x&'&iomaﬁd @tnsérﬁoxpl) ants,
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feduced size i3 Ten9sHtioBon “t’&'yé‘sc%fn%m"bﬂ }f?JPeﬁw?mﬁf b?ﬂ%e"séﬁé%é%i%ia&; (ii)
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rd
of the sant’ spHEF JESISEH O INErImyeH ah c¥idghcef iyn ¥iepipts 2398 dstrloprpgpt yvhen
commer ci al pl ajtubafed tofhyg sy chb@atatitig mbdiuge Misahiked thelfe@Bitadgdl @bt ofn sai d

m ni ature plant popul ati on treating .said plants with nmobi | e DNA

sequence; P excgecP Ac about 5 ):/, w{ucﬁl is similar to pR:v%usly reported 6}igures for maize
(Dooner and Belachew, 1989; Greenblatt, 1984; McClintock, 1956), tobacco (Jones et
al., 1990), and Arabidopsis (Altmann et al., 1992).
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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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(c) screening DNA e.ctracted fromsaid mutant plants with PCR using a first
priner corresponding to a nucleotide sequence of said nobil e DNA sequence
and 25 a second priner corresponding to a nucleotide seque§déargh 2882 d gene
of interest; and (d} identifying a mniature plant conprised of DNA which
produces avRiR/lmnduct in the presence of said first and sBEOHSSBMhers.

19. The nmethod of claim 18, wherein said mniature plant is a mniature
tomato 30 cultivar. 20. The nmethod of claim 18, wherein said nobile DNA
sequence is selected fromthe group consisting of a T-DNA or a transposabl e
el ement. 33 8 March 2002 WD 9911 2411 PCT/ 1198100442 21. The net hod
accordi ng to ctraisfor@ded intm&rﬁercﬁ'ﬁdnd’ dsrdastsipakia Exampele énﬁ‘retnsfoﬁmtdmémkel&dAc/ Ds

transposable el enent. r oduci on of a
miniature pl ant %’5%]5‘??2 ?158’?"}51 sélaé‘gs W@Fﬁ cgr ained g@ic’ﬁlq%mzp‘bgw‘gtl

M ni at ure pl antragspudasy didrths Bs glanisiiend ubsecpiommcmcaaveeeahemwﬁll ]ﬁlwmflﬁrere
characteristics re ed size n (of0) i o] comer Ci | ant of
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pl agtfdensi 5y @:ﬁblatmheml itioheaveholby pioghey F heedimbantodd agirbatdd aieiddint | Ons
used for a commercia nt of the sane ijl1)._capable of being
crossed with ac%ﬂﬁ'é‘géglﬂmﬂf&‘ﬁ{" lb‘fgr?%‘%ﬁ'%gﬁéﬁédf gﬁsmg?flj"% E’}a"‘g’i“‘néf dt4 ng

mut ra;mt pl ants bﬁnsg&dreﬂgbcmimgub &dﬁbﬁd&xgpﬁﬁﬁabﬁﬁdrﬂeﬁreﬁl&’, Wére Frdwidaridictbefdant s
with a nutatio uci ng agent taq.produce sai ul ation of said 15
m niature cr opIg g ngRfi f“i“g‘ﬁf’“s 232 FlRR’S e ﬁd 'Eﬂag.ﬁ’nf lesy e familya) d
popul ation of @bdistihy belzaFaEraﬁts derig e ﬁ@gl@m paftivede streered d8iGeEsdRY at i on,
by genetic engl neeri ng, y treatment with plant growth factors. 20 24.
The net hod 18f ~@U39R32. wherein said nutation-i nduci ng agent in step (b) is

a chemical nutagen aeheGhedicid@dHldne catitAniRg & PRShseiiondn@fa RIWA nucleotide
nmet hanesul f onat e (EI\/B& met hyl met hanesul fonate ( , nmethyl-N-nitrosourea

(MWU)) and bl eSRYHERHs theptarest)’ WaFHéeqﬁléf%oE‘Néf wes %Prﬂ‘i‘i‘b}mwﬁ"@i af Explants.

nut ati on-i nducimgscA®RM shiiples Qferé Bhbjkded i PERALY ABre&Ghe Gligd afﬁlgtmgm?l@r group
consisting of W, y-irradiation, X-rays, and fast neutrfons.

met hod of cl ai rPDESPondiRg & & “§‘§F%‘dﬁﬁf’%l“i‘}’r\°ﬂ th tieseRFOR dSn g # SeeeBth PERSL [ s a
mobi | e DNA geq %%%ﬁ;oﬁ&h@&ttﬁdmidl&mié kegu&w&mh&@ﬁal rﬁxt:!eggdc%(i@na; Q%X%h

transposabl e el enent. 02 WD 991 12411 PCT/ 11. 981 004
that produced a PCR product with the first and second primers was identified and

analyzed to determine the effect of transposon insertion into the nucleotide sequence

of interest on the phenotype of the plant.

20 Example 5: Ds-Luciferase

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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27. The nethod of claim 26, wherein said nutation-inducing agent is a T-DNA
and said mniature plants are infected with Agrobacterium thusBN%r oduci ng
mul tiple transformants wherein each transformant contains 004sertion
in adifferent genomc position. 5 28. The nethod of claim 26, wherein said
mut at i on- iwmdowizag agent is a transposon and the nutant m BCEALABGO4IR ant

popul ation is obtained fromthe progeny of mniature plants containing an
active transposition system 10 29. The nethod of claim 28, wherein said
active transposition system is a plant native transposon or a transposon

i ntroduced into the enetic engi neering techni 30. The net hod
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construct to pmeﬂécpbnaapa&uh@gdh@amgfplerﬁndorﬂy mJt ageni zed pl ants, wherein
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PR
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claim 33 or 34) wherein said nobile DNA sequence is a T-DNA or a
transposabl e el enment. 15 36. The nethod of claim 33, wherein said

nucl eoti de sequence which controls plant gene expression is a pronotor or
enhancer. 3P. A nethod for producing a nut ant popul ati on of a conmerci al
plant with a 20 desired trait, which gg gs the steps of: (a) crossing a
mut ant m ni ature plant sel ected according to the met hod of claim 1 having
said desired trait, with a comercial pl ant of the sane species; and (b)
sel ecting progeny & [%ﬁ?ﬁ@ PR p ragd%g)ress
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Humana Press, Totowa, NJ.
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tagging system in Arabidopsis thaliana based on the maize transposable element Ac.
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40. The nethod of claim 39, wherein said conmercial plant produces a
berry-type fruit selected fi~omtonato, grape, prune, eggplant citrus
fruits, apple. 36 8 March 2002 WO 99/ 12411 PCT/ 1L98/ 004428 MarchR002
com*rerci al plant having a desired trait produced by the nethod of claim 37.
42. The comweswzi2all pl ant of claim41, wherein said commer cPar/Iigsam42i s used
to produce food, fiber or flowers. 5 43. The commercial plant of claim42,
wherein said conmercial plant is a plant which produces a berry-type fruit
or a plant of the Sol anaceae famly. 44. The nethod of claim43, wherein
said commerci al plant produces a berr{ pe 10 fruit selected fiotn tomato,
grape, prune, eggplBasekrean; fysand Bpgler IQB%I 4n egyy technique for the clearing of
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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 mutation-inducing agent to produce a

mutagenized miniature plant population: and

© selecting a mutant miniature plant having said desired trait within said

15  mutagenized miniature plant popuiation.

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

generated by natural or induced mutation. by genetic engineening, 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.

3. 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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10.  The method of claim 9, wherein said transposable element is selected from the

15  group consisting of an autonomous transposon. a2 non-autonomous transposon, and an

autonomous/non-autonomous tr ansposon 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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5 16.  The mutant miniature plant population of claim 15, wherein said commercial

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

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 (@ 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;

©) 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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maize Ac/Ds transposable element.

5 22. 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
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 methanesuifonate

(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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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
35
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OMLO%| & ()5 { -tmnsforméd/ wittSad DNA construct and expresses said screenable marker; and
(c) cloning the nucleotide sequence which is operably linked to said gene
encoding said screenable marker from the total DNA isolated from said miniature
plant identified in step (b).

10 34. The method of claim 33, wherein said screenable marker is selected from GUS

and luciferase.

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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