; rstue3de>n; TF6TnWO METHOD FOR LARGE SCALE MUTAGENESI S | N CROP PLANTS s

FIELD OF {, § 12\11\(|§l\ﬂ'| ON The present invention is in the fielgc®OfLopbdads

genetics and relates to i nproved 10 nethods for nutagenesis, gene

identification and anal ysis of gene fun crop plants. The nethods

are useful in any plant species and mm‘mm tomato is exenplified

herei n. BACKGROUND OF THE | NVENTI O\I s of higher plants are

estimated to contain 30,000 to Q),OOO genaw2* A function has been ascri bed

to only a few hundred plant genes. The isolation of new genes, and the

mut ati on of these newly isolated genes, is frequently required to ascertain

. gene functi onyEFARD FORYARGE SCARENTUTAGENESIS INYCROPPUANTS 20

detail ed characterization of newy isolated genes. The Arabi dopsis nodel

system has greatly contributed to the remarkabl e advances in pl ant

. nol ecul ar biology during the |ast dec reasons for the
successfuls use of Arabidopsis are |tsmmmlmmm"mm“ short life cycle and

relatively small genome (Leutw ler et al.,,1984). Additionally, Arabidopsis

can be easily transformed 25 with foreign DNA (Bechtold et al., 1993).

These features facilitate the gepfil s ot PREGNVENTIO P?ny trait expressed in

Ar abi dopsi s through screening of |arge populations of nutants for the

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

nmut ageni zed by et nesu f onat neut r ar dnent

TEDNA T neerti one.  LRePREraR ARERnT B s Gkt elahf bepefie e AGD RErOR pl ant
bi ol ogi St 50 asmethoasa e mﬁtagemspgm&gxdbxkt&iogemehndca@mwr@ﬂ gedt fiMcAiBh in cro

devel opnent and %en its gKogchg et al, 1995% te t he consi derabl e
advant ages of P3g} B SH%| P4 P "r?e't“idc Ha‘i‘s)?slf‘sm“ia@ 55 not
a crop plant. e@ﬁéaliﬂ@ghlémw edge 1 W acquired in this species cannot

al ways be applied to other: agronom cal |y inportant crop species. For
exanpl e, Arabi dopsis has a sili que type of fruit and therefore it is a good
nodel species for fruit develg bnw‘ﬁ aSSI caceae but is
not useful for plants which pro uce afgefﬁ%erry%pe fruit. 5 On the
ot her hand3 tomato (Lycopersicon esculentum is a good nodel for crop

speci es that produ a flesh er I’UI Tomat o wel | - known
genetical ly. Tomat gﬁﬁﬁsn‘g“‘?s #&fﬁ%@?@“@é&qs "&'f’tﬁ ‘iﬂmbaé’hé%éo(tﬁ P$00 genesy,
cont ai ni ng hundfigegordhasirppastribedid snlpadewrblgired ﬁﬁnt@h&eﬂ‘ﬁe {sdRiskbByew
1993). Tonmato can be t ansfor.med&gl‘th foi ei.g ck et al 1986) .

m
Mor eover, it ig§“?§né‘n6ft{"? HRUAR 0F BISSEIEM yaﬁﬁopa(':"rdoé’?e?'n‘st{ﬁ uERtlys Qe bl e
mar ket as wel las@stain ghhee fh@dnpr Q@(ﬂﬁ%hﬁﬂ:véxﬂémsthfo\ﬁﬁﬁmibde&m%bg?'d eperidfi8n Rick

and Yoder, 1988). A ITB.] or obstacle to making further advancesS in tomato
genetics 128 t Ketallgd rhasacterigagian af mexyly isedatesl ge0Pons required for gene

identification. A f %W;} 0 I at
| east one mut ant alqlshgl g} or everpe&?oﬁg{eh Hae{lg{ea%‘ﬁgﬁﬁ@%%my tg? %%q%%wv]\f)ul d
make it possi bidearces acplaemolsaariadiegly dmrtrmghmkasticbczide fThe mamrmqmsorﬁltbh«hagh

techni ques e:cist f ro nut an 0 n nt |

i npractical, Ecets%tﬁ PS% Otd bé‘%g B af:eo %Fﬂ?es L?'g §°p‘f91°§F ‘i’ﬁé’g% ﬁﬁ‘%‘dues
on a SUij ci ehrgehymbqr,gwsleaﬁmr, 09841 aumnmmgl a;tabwlapsm Bar\bd €dsil¥ E&ufm@hrre i's
-saturate t rrutatlon Thes me constraints limt r s arch in other
agrononi ¢ grop‘gl Joreign MH@@%‘% aftt slgr?a}/enl%’@%enfﬁ&%?fu Hitate, the grnetife use
of DNA damagi ngs@gest SofSUa} aait Eprdskéd d@r}i%xaﬁ?ﬂs Merdugh kscrée%g of large
Schoenmakers et al., 1991; Wspan et ai., X-rays (Hildering and

Ver kerk. 1965) popylations Of FRIANL IR the\arious Renesgyhivh controh U qfontaream cMantor e
limted e: ctenﬁg opfufitidRs eqlm;t enizal | Ay %J‘?h %ﬂh&ﬂl%gop M gs ew,huRdr ed

mut ant tonato I'nes, ava-~la | e thr oug mat o esource
Center, have bbembaiément, Ei‘eBNAbmscrnona;taoftk@&pbsmmamhmcprmdsa@dlmble to

originating,from i Ian fox
screeni ng taP agtﬁtgoﬁ)ﬁ%ﬁsew 0 ﬁ%’ss.c’?pnsg%cruf’?g% %ﬂftcgaéﬂe‘gp g {ﬂ'{j‘@ ng
i's not practicgénonte tranai(Komcz dtrahnddeR)raDespite pn@cmwmleammgdsl of using

| aborious. Trans n,~tag on the other hand, 30 is a

approach for Qﬂg‘?@’é“ as aa‘g‘ﬂd‘aé %ﬂ&%?ﬁ!{%t‘ 1HR0Y arF’?%H‘&P‘o%@ @%%gdge
agronom ¢ species. The Ac/Ds transposable elenent famly has been shown to
be active in tomato (Yoder et al., 1988) and patterns of Ac/Ds

transposition in this species have been described (Carroll et al., 1995;
OCsborne et al., 1991, Rommens et 2




al ., 1992; Yoder et al., 1988). Tomato |ines have been produced contai ni ng
Ds el ene were mapped in the tomato genone (Knapp e 4,
Thomas e%élgwﬂibw These lines nmake it possible to taketpcg%/%?lgtlg)sgzgo t he
preferenti al |nsert| on of Ac/Ds at nearby sites (Dooner and Bel achew, 1989;
Jones et al., 1990). The Ac/Ds 5 tagging systemwas used to tag and isolate
several genes, such as ¢, f9, a locus responsible for C adosporium

resi stance (Jemmigedin tis spemszrymnouwaw ba agplissl tonatbeti: ag;ommxyalbchnpmmnp450

devel opment ( RoRGPeekes; Faf Sxtple A0anidzyialtds € SUGHF bipd of sl P rdibi i is o
strategy for @e&demeuénspgnésrfer fruh e vedshnint aﬂmé&bm%cdfan@mﬁaaﬁ:eé&ﬁtsa@rmoet al .
199S). In muaize, for exarrg*ﬁ a nmutation in a gene of interest can be

e,

i dentified by usefildanplagjs P@‘@"ﬁ?&ﬂ?s}‘ﬁdﬁfﬁ{}’aﬁpéﬁf‘%mosed of 48, 000
random y myt ageni zeﬂtﬂé&mﬁm&%ﬁ&b@&%e@m&@ uﬁh@m id 4 F&J& ao@ftf@r%op

popul ati on contains a different nutat’i on cause ser I on
transposabl e epesinsrthat psoguicarat flesbps bérmyi-tyge . |"ﬁ@eatbllonwil‘ kesovwr geregicallybl e

elen'entlnth |f|e__ S

Ceaction (Pory OB b8t BRARF Stoah St RIS RAT CURS KRR G of
cor r espondi ng migppéd @aits mdaneisaiiar amilera (’Bmsﬂaszl, s heTomats m b thamsfopmed de
eaction wi t b oRRtrean 200a MelRR b (E8H MATSVS i it PR 08 B MosbcR
product i s;00nlip P&Eﬁﬁ“&ﬁ@ﬁ mfmt:r@eshr@g&ms%arka hsRNt 8did el HBdYR0EsShg

i nterest. Mitan | ants conprised 2 DNA from which a PCR product Ts

produced in tHEdIPER(Hé]&Gﬁ iﬂoﬁ9§? RiglnandyYadgr.t188%et er ni ne the effect of the
mut ati on on pl ant b oBReiday ?ﬁﬁ‘l‘h of
interest is ther eby a erta| rlléejg] ﬁi};ﬂ{? ﬁg%bg/g’{l%gatﬁ ggn&é:ic'/es:]@cegdgg%gtl cs
in nost crop slprgemaSant lpopwtatiems révmiradi e gete Mifaan@quAnmeﬁnbmstadquiulwom e
and effort, nsi ve |eldf ilities uce_ 25 and acc date
The tens of ¢ non RS gtotd ¢ty pPEpeL ok Bt MUt B S o ade S

grown to nps Ur}bdp)dlahﬁn oadubd inakb dt pwsﬂﬂﬁ to0 hichigVeeda@fthited ARGagshesig liy thlal’brop
alternative strateg wred make . reverse genetilﬁs areallty i N nost

crop species. £ s@cméq‘éﬁa?:‘i‘?t I PrRfYCiRG nautanty M clteln CHETY

popul ations of m&fr&b@icﬂl‘ %lﬂE Sot fiABSinar §Rek WhbhdramitING S5y Lihéket teﬂﬁﬁ@&keorpf
detecting a DNA el enent which 30 control s gene exgresm on such as a

pronot er or answuhtienibyelargesscale tosbmpvpu@normm WHIZENTS: @rnome isi sgtusgtedyidict of
the present i n}{{ﬁ%hb&" "1‘;11(¢?.-se°sra&‘é'c‘E!ffst}atqmér f?ﬁ{ﬁqesgﬁw%dcftg%?drgrcg}é}rﬁpﬁrobgent i fication

and characterizatron using a mnraturized cro anot her
obj ect of 2@e preseMutanhtoamtoe plantsdapy been qbeodulmt mvcmthrthe lnsxlsf DNA damaging

characterization one tide et ano h ect
of the present ?Weﬂfc#’ E%mgﬁdg’g ?“r@ i‘&&é‘?ﬁ&ﬁ kI’o tt aﬁl’r@%
nucl e(r)\t :j dfe seqwﬁmas et THSSIOo0))] Kahgs (Hilderidgheids ,Veakaﬁk.a_chﬁsgy%g ﬁ;{t rwéx&unsdl ng
a met ho or see n ant m ature | ant havin esi.red_trait,
conprising the (¥gr gf)‘% g“?ﬁ zf?thﬁlh%\/‘locﬁrﬁ '%"FF%FOWP%egf%?‘Hu giferts
wherein said mlﬁ‘A?&M@s@' A S MaM@ed mtzin@kdr@aab Mes; DRI € EHiriighCihe Tolmato

reduced size in conparison to a
25  Genetic Resource Center, have been described, but no stocks of mutagenized M2

seeds, originating from a large population of M1 plants, are available for screening

mutations in new genes.
Insertional mutagenesis by T-DNA tagging is not practical in tomato as
transformation procedures are still laborious. Transposon tagging, on the other hand,
30 is a promising approach for mutagenesis and gene identification in tomato and other
agronomic species. The Ac/Ds transposable element family has been shown to be
active in tomato (Yoder et al.,, 1988) and patterns of Ac/Ds transposition in this
species have been described (Carroll et al., 1995; Osborne et al., 1991; Rommens et
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comercial cultivar of the sane species; (ii) maturation to produce viable
seeds or weghsaat a plant density of at least ten-fold hi giempkand?
standard growth conditions 15 used for a comrercial plant of the sane
species; and (iii) capable of being crossed with a commercial plant of the
sanme species; (b) generating mutant mniature plants in said mniature
pl ant popul ation by treating said mniature plants with a nutation-induci ng

agent, to produ ) an I popul ati.on: .and,20 (c sgjgecti.nc a_Jrut ant
mniature pl & t(iﬁ?ﬁi %‘}"éaﬁg &Rdzgsr)'eg‘??’?%f)th%?thﬁ‘m been &“%ﬁh‘f‘ S?RtTB_E“gnPﬁi ature
pl ant popul ateleaients thatibdre afpped i tROnREPSHARTKS gy et 1S 1094 T6inak RVANT i ON
as described herein, the population of mniature plants nmay be generated by

natural or inda®edlhase Hegsdpake ibposgibledpitekecadynniags ofithe pesferpitial insartioarnl wi t h
plant growth {aptqf ﬁear@_xafee!@a?m agégmaer,@vs,q@ggﬂoi@;a %D%Wﬁ‘rﬁ%%&'ﬁﬁd
accordlng to the I nvention I nc ude, ut are not Imte to, ‘mniature
tomato culsti \/caggin§ sy sieraswasvisedotoTtag randaisdiatelViaveral Reaedy suciae ¢f9, a locus

mut at i on-i nduci nqg . t ed i.n ste b), above e, a_chem cal nut agen
SUch ae. et hyIFTRRTHENGEL £ Aot ok erh Lofoh & flt oo 4B cofirt B aehecetienig 3

net hyl N-ni t reyseaifante p4890homadel (Biklepret al.n$996% drrlr Avdtwhied Yontdoltechloroplast

mut ati on-i nduci ng 30 ?Rg?é mé%( i? (rradiation such as L1V, y-irradiation,
X-rays, :and qegglppwg!e&_ ¢ i 965", the nutation-inducing agent may be a
mobi | e DNA sequencgevaiie Gendifes s n i sefaiegﬁrféﬂoeaa%ﬁngltﬁmcﬁm'&% S
sel ected fromthe group consisti né:; of an autiononous transposon, a

non- aut ondhouisolated respod SRansom gidala h9%Nt & eaiees farorrampleo Aopatioin a gene of

t ransposon syst . ' L ; '

tr ansposabl o DS SHF e AnuRl o Qe ile0 ek LRl pdriack NEHBLER odlng
used t o produmeddmiydmufagbezedoplabts.oviar principie| enth ngarun thist mbanngopulatidred t o,

pl ants whi ch produce berry-type fruit .such as. tomato rape, pr.ung,

eggpl ant, ci t FUaP; ﬁfiﬁgefenéﬁéméléﬁIcg",lseg:byén‘ff‘éoﬁ‘tosfoaf tr?'ﬁgo%b%oq?%ﬁ%‘,t‘céshgﬁf’%m ly,
e.g. potato. tdntaniaghes inssiedbMERinspbdablei@i@n in tHaVRAE bPtENYY BRAtBedTUt ant
m ni ature gopul ation wherein a mnjature plant of said population has the

f ol | owi ngl¥haPh@obimesasedain yepctiop(FEd agplyeisi A dgppeiimeohaving a nusleetide al
plant of the SR HeSHndinb itd B4 Oafdr L Jdbers
at a density g‘%ﬁgrtl I easf\p%tnel‘nf’foltd 10 Sﬁ?%(ghe? t:ﬁgéﬁgg% ghglg% §a‘§§%g¢ ugrcegﬁ Itions
used for a comquerdeatorrsspandingrioghe gene sfamterepewrt ased i the) PCRipedstien ofittbei ng
crossed with ! | an| : peci es; (YA rpi a
nmut ation i nducgpd&)ggl@é%a glrgogﬁtpq%qfng&v% tsglﬁletl o 'enllicgﬁ%cgﬁ?’agxgﬁiprr%%‘ I é%iogﬁ;,
nobi | e DNA sequoeinced if Whettraasposdrels isababinnengenefof itheregr dbsait plantsaromprized

provi des met r 15,1 deng i g yi a_ m niat,ur t containing a.,nobile
DNA sequezge PE@M grdm‘ \legggr%iéﬂéroggctix%%o:aggetd 183%"8%&& TRFHPR AT EEEd 0 ( q)
provi ding a pepttaineofe @ffedi bf &ieUmatapbandnS planh @Fith &l Geveiopihtiagd phant s
have the followi ng characterjstics: (i) reduced size in conparison to a

: 2 (
conmerci al pl d#retgn of s egam e iatpess ‘_ééh,ere(oi)’ia)s‘:‘?i‘ﬁt“ﬁ?-ati on to produce viable
seeds or 20 tuber s 1af i@pRbial d8Osdvkie Binetiks InBASE: ciBpl G IntWaRE ek ARP

standard growth conditions _
it would require considerabie time and effort, and extensive field facilities, to produce

or a

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.
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used for a commercial plant of the sane species; and (iii) capable of being '
crossed vvjvbgglgzﬁpm"rerci al plant of the sane species; (b) gaeayabso@sut ant
plants in said population of miniature plants by treating said plants with
a nobil e DNA sequence; 25 (c) screening DNA extracted from said mutant
plants by PCR using a first prinmer to a nucleotide sequence correspondi ng
to said nobile DNA sequence and a second priner corresponding to a

nucl eoti de sequence of said ge interest: and (d) identifying a

m niature plant conprised o;f M@ﬁ%@%w&@ product in the
presence of said first and second prinmes. 30 Yet another enbodi nment of the
present invention provides a nethod far producing a mutant popul ation of a
m ni ature plant cdhyis ianiabiect jof the epesewst inyentiopr oy prdvidg impooyed| methods £dr

m ni ature pl ﬁ?ﬁ ' Fe RNl r ts | he fpl]ow ng
characteri st ?r@étim{ll ﬁéé‘ﬂ%‘i d5| Zg%ﬁia@gﬁpug#gggﬁmggﬁ%%cr%p pi%cn,{jmrer cial plant
of the sarfe speci dsjs {rother whjettr aft the prekent iveaition to/ prabide imprded MetHodb@rs at a
pl ant density of at. | east Een-fol d higher than standard grow h conditions
used for a co‘?Pﬁ@FE"F‘é?m_ﬂI"gﬁ° ‘il_n‘t“ﬂ@ AREIUSPEEi es; and (iii) capable of being
crossed With a CONREY gdtahothel sHj¥dof Be frERnf MVeBntiRS6! BSvid@Mhrovedthethods
generating said mutant plants _ in said mniature plant population by
treating sai dforthsideningoisugleotdssearensesrut at i on- i nduci ng agent. Wen said
mut at i on-i nduci ng Al S i : E)% i, r ?% ar e
infected with Agro ac?tgPJi utrsﬁ &ltaﬁlbtﬁﬁsé?%ra%%ﬁ%?ér?é lptréwgﬁﬁgﬂla%ﬁé ofraFnE?ij'ﬁl S %haer ein
each tran¥d or nmtant ;imistarerpdang haviha desired triaitocomprisingdhé ftepsexfit genoni c 10
position. Wien said nutation-inducing agent of_.ste b) 1s a_transposon,
the mutant niniature plgiut p%rﬁ‘(l‘ag‘@i 8np?pgl?a(5‘8f‘af’f1é8‘ q’%& Plﬁ‘éts’prwg’ﬁ%er‘& %

m ni ature pl apfisiaeplantnhag thafollotvingechiradRERGS! (i) RBucy $iz€ M cohfpasis@Ciol av e
transpositi on system may, be pl ant nati ve,txansposon or_a transposon

i ntroduced | anﬁ@%waﬁwmbgf 88T SPEH (L MAREIOBAR ARANES VIS Sof3oth ¢ o
an artisan i nylHe@ dti Lpidnt Gesiby 86 aPRad YeRivMRithed thah 'sBRARATPEWE' corditions
transposabl e el ement obtained by crossing a plant containi rcl)g a

non- aut ondfrou ysadr fon remwreripk plagy efithe same spaswsoandsdilk eapplble obbeingsressed

cont ai ni ng an t.0 . .Iransposable elenment is, for
exanpl e, the n@?&zae&gfg?@a{élg’ﬁs%gg’;ﬁm%& téérsﬁ Yet anot her enbodi ment of the
present invention provi(®s agenetdting motan® @ninciame i flatitsgn ssaidu oliefred @lant

sequence which cgntrols plant gepe .expression c rising the.steps of: (a)
t ransf orm ng QOWiﬂﬁ?Qﬂ L?P'et?ﬁ%gﬁtsgbc? "gmég‘ﬁep pgqngsntw‘%ingﬁnﬁtaﬁ%ﬁmgﬁﬂgﬁ A%E‘Et’ {9
produce a poprafuc® A nfiftant plAHOFIplativh;agani zed pl ants, wherein said DNA
construct conprises a gene sequence encodi ng.a screenabl e marker, which

| acks a pr¥Snoter or 25 §9nt aSHESHRS M MURAt BindaRecplant paving sId degired Halht ur e
pl ant has the fifih Ok Rfitagenized 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-Tomi’ and ‘Micro-Peach’. The
mutation-inducing agent used in step (b) above may be a chemical mutagen such as
ethyl methanesulfonate ~ (EMS),  methyl met&me-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



characteristics: (i) reduced size in conparison to a commercial plant of

t he sane j.es; (i1) maturation to produce vi abl e seeds ,at a
pl ant de?@?ﬁﬁzgfl at |east ten-fold higher than standard grgvevtT %‘ﬁg‘?tions

used for a comercial plant of the sane species; and (iii) capable of being
crossed with a Comrercial cultivar of the 30 sane species to produce a
popul ati on of randomly nutagerlized plants; (b) identifying a mniature

plant within _said plan opul atio ich .s.transformed wth said

const r uct anH‘a‘é‘PB?CE‘s?é_tmgéﬁ%z‘ e ?B@H‘i@‘re&m&é ;t°’a’I\'_Ei mgize XI‘I( TERHOSIRE t he
nucl eoti de sgRERAC Thelbofinersialopignitadt the bk Q5tcled i$ ApAnPERA 18 PeqRte Gooaai d
screenable marker fromthe total DNA i solated fromsaid transforned

mi ni at ure pl &her ardloveers including bytaiet bejpg limited s plantsawtiich preducera basy-type GUS or
| uci f erase, ' nt!SA u ~ e
el ement and ?ﬂgsg%lfgeg’ i dé s qﬁgﬁxglg’ %g?@ﬁ@%@%}hp%é{@%ﬁﬁ?@@éi on
may be a Hr oSolasaceae faprilygeigapetato., | n yet a further enbodi nent, the
i nvention provides a_nethod. far uci ng.a nut.ant popul ation of, a
commerci al pl ant %Fﬂgﬁeﬁé@P?‘gﬂ‘eg{’ 3€? Pfﬁﬁ}‘c‘n"iﬂ%‘ﬁﬁﬂg‘g et § uqnt Jumgpure 1 ( g)
crossing a %bﬁﬂhtidﬁ Nykdrein € ap et vilag 38 gidlasopiRbod st tikelfeitdvadg

e

according to t sel _ecti,onﬂglet od of the present invention, with a
commer ci al  plcARRCteRsticho (1) seAuced) Sz dB :CORRANIIon) tos cpmpierrial ey afythevspme
resenbl e the ﬁg@ge 13y [ ' raal fei315
Accordi ng tos[5 is’gqr?blg%j?%g?\f%td Ejé@?%?{lgﬁtgeidg)r?pa sgs %%cdcg)?r% s%f;agﬁer?htttg{#t’fom
popul at i dBs diigheo tixeay andardygromitls coditionscused ort - cominersial wultivarof BRIsERe

DESCRI PTI ON THE = =] no the response.of "Mcra-Tom to
different gro cﬁgc (glrlllbi ??Jg(@nﬁsgpﬁ% ?@gfﬁs‘ﬁ‘%lm%owp’c? chaf\l Tt o\?viﬂreqs_wpsg *Yf
mut ant phenotanie@v) Farges @ Mushionsinduced gmah i apentephith eigt Atchamicall maged,r uct s

transforned intg .M croh‘gg)[p Dég"&gure 4 shows the results of selecting those
pl ants whi ch EBHEY?™H ORAMOSHE EBE"%Cor transposition selection. Figure 5

shows the results pdt sotttdi¥odimemt oo theChe QNP SN ehidb P Prdvedds St JbthddCler!
and hygronycin-resistant (Hyg ) plants. Figure 6 shows a schematic
repr esentkt i odewsifyingea minigig niant coppningasmobils DNAGequege fisgugdein® & Bengs t he

result of Ds‘n'ﬁ‘_}ﬁﬂ'e;egf@o?ﬁ‘pr(s%‘ﬁé)@epé%e”ion i nto genes expressed in various

pl ant organs.
(a) providing a population of miniature plants, wherein said miniature

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

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

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

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

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

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

(a) providing a population of miniature plants, wherein said miniature
plants have the following characteristics: (i) reduced size in comparison to a
5



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention enables the
rapid and | arge scal e production and efficient screening of i,zed
pl ants. TWPs”ﬁ%‘“écconpl i shed by utilizing a 5 niniaturized Pc(;%gg/ﬁ% whi ch
can be crossed with a comercial cultivar of the same species. Mitations
are induced in the mniature plant, and the nmutants subsequently identified
in the nutant mniature plant popul ati on which can be efficiently grown to
maturity at high density. The major bottleneck to undertaking reverse
genetics wi t hcommercigl apans (f the samq gpepigsh (s maturasiont to, prpduaehdable rasedseombl e
time, effort spac el ’ : sk

popul ati ons o?ﬁl’ gumtzgﬁat ﬁsﬂg ta‘%&‘&%éﬂﬁ%ég%%ﬁ ﬁggeﬁ{}iﬁ% g Ltgxrm]&éaﬁ é‘s‘d,v%%?n%&lgﬁspl e,
the rapid, | aogs focalconmeydalcplamtrofaie sanid species)tand (iiamapaige of being crossed

t ransposon- nut ageni zed P‘%’FQ‘? Wht‘?}g i S ot her.vf\né%e not practical with current
product i on t e AfEEYRETPIRt QUUVAE P PG PR ATSES: £8, 000 di fferent

t ransposonsnut ageniwed é&xefdﬁagtsiidam&taﬂEPaﬁﬁﬁhysatdommiiﬂdwﬁlaﬁt heRARANGAL | ve
pl ant popul ati on_for reverse genetics of nost species of agronom c interest
such as a tomdteatingrsaid iR Plasks With 3 putstign-indyeing et nut ants in a crop

pl ant can be acco i SN b s an " i a . oyi ng
a mniature plant. T °3‘ ?dg(%/\gir}{t#gﬁ lgtﬁlggl:’ggig%%%f %‘g@lﬂ {\%2% ?g%ﬁgf q?ﬁ %‘s@ﬁgény
desired gene Iplentders iiffpéted) with i 4grobdatecinme ahus @soducingamsitido nransfoenamsl i n

20 the target gene of i Ertﬁ [N | ar t. ulation.grown within a
manageabl e pl é’ﬁﬁ% %?Ffé;& g&‘?dde%ot%fafr%cgte}" '@ Ofm?eﬁ(gor{ ?%nasggg%ﬂl\e?ﬁ?ﬂ”t’? on in
a target gene ;iositidﬂ.nWhhbiy saidrmam‘dmlgnmm{ngageﬁt 6ﬂ§iﬁﬁﬁi}396-tﬁﬂ§p’0§6mgh@hﬁnﬁn$h With
PCR using one priner havin nucl.eoti de sequence correspondi ng to the
target gene ar{g‘“é?“gécm BFP ‘fo%é%/i“ﬁ?&"}fdnﬁgﬁ"‘e G @é°g§8&u&o16né“&%’? RlBYRd to
t he transposononfirdthiRal betfleGiankfosih ¥y REMRINGSactAR than§iBsRiokNstembaiy 8¢ @
isolated froma plant nutant which has the transposon inserted in the gene
of interest. THentnBathEdEaRPOIome Op rae SBRIPOFAR, ditoduerda indo st t PlBhte by ogenghy

pl ant of agro LGoads j [ I e r.oduce. f Leer or
fl owners. Thescr;eq1 gnr%gllrlllg%nﬁgﬁgé%és pllﬂogﬂitﬁéﬁghgﬂ@u@egfrg}ad?rslg% ﬁar%%g%otr%l,ug

pl ant s whi th pradpesenbar a \tranygesaltile elament wbhind0 s ctossing & plpntpentaiing as

fruits, prune, apple, e | ant: plants, of the Sol anaceae fanil .€. g.
potatol and malEREoRAE oot it st AP PESORSE B a el teiaiEpdsns o
the invention aitblontdusarahgisdi. tTk ransperibld elementds, fof egansis, thé nedERE/Disal

val ue, isolation of new genes, introduction of new genes in classical 8

br eedi ng progr S#ASPOSPRFYFEB ati on of tissue specific pronoters and
enhancers. Genes of YeORHRA&G @hbdtiheR dfNkk UsiBseBENREnEd Fdvided d mitflod for

ri pening, aid genes inproving yield and/or quality of the plant. New genes,
whi ch are P9 keidgnifyingee suglpotidgoieguanss Whichcqontels qudnt geps F¥RIBEionoCAmpyising
content in thegfidikoerto mneral uptake, and so on. Tissue 5 specific
pronoters may E)e igol ated by using a "gene trapping" nethodol ogy engi neered
within the transpos@. | wenstarming ominyfiucg|plass of zergp glaot with adahié cogstruct to
acconplished b e S 1.n) e i | of a
robi 16 DA seqfSee @ BopbaEaeBhdor) holfadlzRl B WReAH i oS RhhLA, O
and identi fyi ngompfitear genbiseduenaer enceding a kfretmableapakeanwhiocs dacked prombtee or

target gen Identjficatjon . of the ingertional nutant of interest .is.
car ?i edgou(t35 by Cg’&tP’jéléln‘i‘ ntB{nBB‘E}I §r°8?°?etrlr iﬁ?%‘!‘sosﬁﬁcﬁ’r’?lﬁﬁ% pgﬁ”élrhaé iy Wik i ng

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 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



one primer having a nucl eoti de sequence corresponding to the target gene
and a seGpadomig1rer corresponding to the transposon. The mpgraLesecasd crop
pl ant population is also utilized for efficient screening and
identification of plant pronmoters. 15 The terns used in the specification
are defined as follows: A mniature ylantt cultivar or crop has an overall
size or biomass which is significantly reduced conpared to the wld-type
crop of the correspondid)g ptifing 8! dukiafideseqbRt whidh s &hlﬁ&llfxﬂ’cecﬁ)'t@n.t’
cultivar or crop can. be grown to maturity to produce viable Teproductive
organs such 4&8idigene tenceding)said isgrsenable magker from thel tgtel TA dsalsted Fromhisaih i s

i npractical w d k ad { - pl ant. For exanple, the

m ni ature pl \yr??%}b%ﬁXﬁ%%ﬁ%@ﬁ%g“@%dnﬂée%gﬁém to maturity at a plant
density of at | eaSthekefeetable maktemaplbg GJS ot ticifafisd, thedmobile- DNACGseqdéiRe f ol d,

150.fol d, _.200-fol d, -fold, 300-fold, .or higher, than.t{he standayd growth
conditiond ud®d ¥’8ra i%ﬁnﬁ’? éitéa}“s?)?séhf %?m‘frﬁeg@a‘&?ﬁ %‘ﬁ@eﬁl .SeqPaneswé’Ggsi bl e
to grow a w lcdniryleplapt gdite edpreliighma B b bibmd¥tlor @ khagSerUp t0 the seedling
or young plant stage, and no fruits, seeds or tubers are%‘groduced. In

contrast, the mi nilBygreiEthenumbadiment. the gwenton prowdes aonetbedifoperagueingaat  hi gh
pl ant density ki A 3 J t ubers;
Cto Tr ananoanaantTbklalibl oft oS! BRAEVAN et Haf bk GomyaSRre
different |oc#epsofis in the genone. Through insertion into a gene and
resultin ene di srypti . tr spn causes. a nutation in.the gene:
Transposoris have E(% n fcg%ﬁégnﬁgg%tt%ﬁ%gg %%%agm% Sgl,d ‘E?%‘ée ,altﬁglt’?ﬁtf%des,
plants and nedtosdding td tiesejretabmethot efitatpresemtdfiventiom Ndlith & SorAmerfcRNgRASON. 9
W Transnosase, - protein expressed by an autononous transposon i ch binds
to the termni nélithe BAFCRESEY 2% r ansposon, and neditates transposon exci sion
and transposition &9 anleifsg bx@g&w Which PeskhiBle YR QBnercial WP PARUSG
Transposon - an el enent that codes for a transposase and has 5 term nal
regi ons recoghiiPress sy¢ desieditiaiinsposase for its catal ytic activity and thus

t ransposegs aut ono : el h : t gmﬁ ons are
unst abl e.PSExarrpI egg g‘f%lr%ﬂ%gwn%%toéus t}‘gﬁgﬁgggﬁéﬂ‘?ﬁg@%e & a%%%?ﬁ’\?/aglt or)

t ransposons opopwatives ofNoommetaial plantssobTaisatshyathe above aretleddenent t hat cont ai ns
the term nal regions recognized by a transposase but does not code
therefor, and thus needs a 10 transposase supplied in traps in order to
exci se and transpose to anotBRIEF DESCRIPTION OFETHERIGERES<anpl es of

non- aut ononous transposons are the Ds (D ssociation) transposons of naize,
t hat can be used together with an autononous, e.g. Ac, transposon. The

m ni at ur epgul ti var Ffurk 1@h&wOe RéspBhse MRS A8MEt PR EEreht BBWRALHERbnOT 15

i nduced mutations, by genetic engineering or by treatnment of the crop plant
of interest with pFigwregdsbown Micee-dpm’ Wikeype sndtmauians phenstymss-qui t ous in t he
pl ant ki ngdom and Iﬁé‘ﬁ. ' j e t he
nost significant set OFbjda\%gor‘?sogerk(r%ggﬂzg?cele?h%&}tﬁwgf;a%ggaﬁgagﬁ?%elﬁgi of
wheat (Gal e anMicrotfosefi an, 1985). These genes are in large part 20
responsi bl e for the, e o). ut | rter straw.of dwarf cultivars
can be "l oaded" to%ﬁ dﬁe“r]s'}g/osbe/ {rilg r%ﬁl@ng}ggleétgr} ttggje %l%?ts mhé‘f%’t con n?l%fe&;/v t he
pl ants to2be guaior atnspokitiginesleaensity than is possible with tall
cultivars, |eading o0

a wld type of whe t'g‘frg%a%’g% %'%’Sfeglﬂtg@%gs‘?&#‘&“ﬁ’i&%fmgkgu ﬁggﬁ-rel_ﬂ%mh(%h? ?t °

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 into genes

expressed in various plant organs.



reduced to 90-100 cm by the presence of one dwarfing gene, to 40-60 cm by
the 25 pgﬁég&}m lof two dwarfing genes. Today, standard whepgrgidsicoyar S
contain or fmo dwarfing genes. In these plants, reduced height is not
associated wth mniaturization of other plant organs (e.g. |eaves or

spi kes) and therefore is not useful for |arge scale nutagenesis. Extrene
dwarf wheat plants, however, could be used for facilitating | arge scale

mut agenesi s in this spemEPAIRED PESCRIPTYONWRTTHININVERGIORAVE been found
in other cereals such as nmaize and rice; in | egunmes such as pea; in

veget abl es such as pepper, eggplant and tomatoes; in ornanmental plants such
as roses; and in : d J TheduRsle, action
of these genes va??‘ggﬁe%gggh}‘gﬁugg%?%sagfmg&gﬁdg %'tjsg:?lct %dgenesq%%
responsi bl e, effient hsereenimgdef miutagenizesh phants. ddbisr isbemomplishedebye nttilizimgi 2w

(Hedden apd Kam ya 997) r,.examl e, some.dwarfs are defectiye in the
synt hesi sgof W&ﬁ@?@ﬂagﬁﬁvﬂ‘g} ?%’nﬁugscr?sé‘?d;% aicﬁmqlﬁicﬁﬁfv %83%’“& her
dvar f s synt hepédes. Mviadom dré thdatdd iartke mitGarate flantCaddothk tmitéhtd subs@?lent'fy

gi bberellin insensitive mutants). However, for npst 5 dwarf plants, the

mode of acti dfentidied dn theatant mupiafre Rlapk PopRisiien whigh cap bseffigenibysgrandp can
be mani pul at erﬂatﬁﬂ@a?ﬁ&‘ﬁid@ﬁsri bly reduce plant size, can be exploited for
subsequent | arge-Scal € nutagenesis in any crop by the clained invention.
General mnethods f drhejrsgipubatiieneeinty widartaldngreiverse genttias With|naest sroprspeciesr ous
crops arenavajl i Nt S$i. C ith isol.ated genes ich -~
af f ect 18100v2§ru§ ?g git%lggtg %?heegdg‘%%? rea?fetatﬁgé’ %'ggﬁ%n\é‘ ngécﬁer%&lglé da engoé]urcgn%\%

Ar abi dopsi s vigmdleswetly fargerpebulations ef siurmt fantsr aTisf presend inveplia emdbieaf for

M ni ature cro%s can bg constructed through t,raditiongﬁabreedin .methgds. In
the case of cuid™far f1 CFRIGToIF 8 nfPAYCtigR n Ad cetfigient o JCrsEtiRgt Afr e and

dvarf are respgsédhemitdfenizB® itk alvhicE RNRANRIWIRE. ndt! pRkhicA withd\eakéntor
mniature cultivar are grown at a density of at |east 15 10-fol d hi gher

than under st produgtignitechipiguesoréiist asimated dieh 4G 00 diffsrenbtrasposea-mutAgeizede
plants 1s$ig ﬂaislﬂs %ﬁ‘xﬁécxsssx?%%%ﬁucér by éﬁ&#ﬁé&?}@{ﬂ%ﬁﬁf& rQJergea%e%Ftiégl ant

popul ati onis i ma ar ea n the cdse o m ni at ure tivar
"Mcro-Tonl, afmdesspecibedf agrondmicantarcptl ish herabmafot eThe plodugioantfssush @ gr own

at a density about 200-fol d hi.gher than can be achieve ith co rcial
Ul tures undeRPEbTLPaRE LA sPorn it Een bE WschoRd B e Se RSy
insertion nut afehts obemplogihgi Nmimieturd plast UTRe vehtiohnenabiey the ihdcansioty ofed to
a commerci al background, by standayd.crossges with the crop by segregating
Ut The. m i 2B PR, CGURLEFIeY FeRi Lo 0y WhishFariis SgEEa1oen CReRA e can
be used togobk@i fardst ngﬁ’é Bf fhtdret tih \elafze AN SAT fHpRRLSPO ghdith wmﬁnhlx@&ageubwdl ng,
but not being limted to, chem_cal treatnent, 2S irradiation, or by DNA

insertion of Plapipg aeat ﬂhﬁé%&ﬁ%iwwéﬁh%@smge inSeRien iB P tareshgene is done
heter ol ogaus %g'sgfegningﬁbélgof AP IHRErYiRL blam%dﬁ(@a gxlssg%%gg h}i@gr Riidgan in

this field. ertion I'nactivation l'eading to dwar ) achieved by
t he screeni ng nutleptidegreapinas coprsponding tnthe t@Beingena land psgeondrprinhesr hayingdaict i on

¢ ; o . . ' .
u th it agens ERTALSGbHIE cBipbifle A8 RaRBAH Y BOR bR i Y bR UES
met hanesul25onadtam aVRE) sutsirhie\isoldted fromaspiant emutddyNtich Haks elenyarisposoarinkettiad

i ke. Mutation can al sg.wges ?ffect ed by known techni ques through irradiation
with UV-irradiBiBose IS and fast neutrons (See, for exanple, Poehl man,

1987 or Mal nbery, 18R3hethdds 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 inciude, 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



Insertional inactivation of genes with a nobile DNA sequence nay be
undertak bile DNA sequence nay be a T-DNA or a tr gghRs8foss? - DNA
nmut agenes 9%&?‘“?@ carried out by known net hods via Agrobacterium (Hoekema
et al., 1983; US Patent No. 5,149, 645) Transposon 5 insertion mutagenesis
may be done by well-known nethods (Fedoraff et al., 1984; US ' Patents No.
4,732, 856 and No 5,013, 658). The transposabl e el enent nay be an aut ononous
t ransposon, 3 S ut Qnonous

tr ansposon syiratsHbaARRS SOATNIIARNL. SeaBE SR ARATRINHAR-R, GO

popul ati ons aff cmhmntm;a,l vphueitmhmlblgynﬂtafﬂeetmgtfrmhﬁpmgjmmgerwk anprovingleld
screened for t|f|c i on of ant can be dagne visually, for
exanple, to i ﬁfﬂ mfnoﬁﬁﬁ gtér”e%ef’F‘b ?‘Q‘Flgﬁﬁﬁgeg‘t Avolafions mchide
used to identdehys Rl td WA cOteftlinafE anmf ) nﬁiﬁé’ﬁphﬁmk@%wo“gnf ofisseeci fic
traits which include, but are not limted to, response to hormones, to

m neral s, 3t o SpeRifie JUPEOters, MYr BF cisplated By disinge 2| f'zeme Bypping’k mstkodolagini ques
used in pI ante E{ngé@@%ﬂﬂﬁg%ggggl on of insertional events in a specific

gene of intere I's acconpl i y net hods involving PCR screening with a
first primer corrdstivationy of oalmosucing otlesired s gepee s cacsbmplished r byspmeom or  of

he gene of i APRFEEnS dritd oyfburt Bh BPREHOD0! £ aprild DR s bbaRCRE RS

whi ch has beemmume@whdnmmma plait defode Vﬂhﬁhﬂent&@fhgrdqﬁlbht\/ﬁhiﬁh chﬂﬂs gene of
interest may be an expr es‘zed seqguence tag (EST) . PCR,nmet hodol ogy is well
known i n tthe U3DEPOSAn dRseEES N (S‘ESE?FgethF% 4C“P@F@t%9ﬂp@aﬂ’§ ngerppnal aatantt ofy| |

1993. Design t ot b SRR AR
method .is de@gerrﬁ%glesdﬁ%egl?ych ck et adlogge?f% g; .Smﬁ./gt hodg?’]&gr % I;@S’ ggl on

of 25 PCR pr oohfcPrmers hadeg iej rb@h:owe AtquenceetoreespondirgoB) themegeplgam and; a
|dent|f|edfr m(wﬁl %%@2 | t odu o) ththe
first and secon rp?lne nhhg Fols ana%poggend t‘gﬁe; “f%ﬁhzgatﬁrg 1%‘41 of

t ransposon i np@mlatmn isalsd mthch ﬁn@ff;qnfmt sn‘rednhg gnkd adentifiéstéonn tplandsroafotériie
present inpyention n_be us o id t|f ar erize 30 any gene of

i nt er est ?%cl udi ng @"e’x‘/’ 'ﬂﬁ‘r@ﬁ’t f SR t‘flag Q?fé’?psafg(ﬁ&’é” Syenes. Suffi ci ent
nucl eoti de sequencg ypinidtife GARE cﬁftlvlaﬂbeéﬂ;ﬁ hasSarf eIl Side bobioMas WhicRfis a

pr| mer for PCR anal ysis. ce genes of particular interest have been
identified, tB&H few%éedv?féngqr@qr@dn teapypi-sei ¢er AothpesosemongingkA¥unds

by techni ques c\Bbdr deHBMR. IThe Rhifaturd Blant, \éﬁltlbﬁxe@xdérag ch® %@ gré\ﬁ{ tEHBAPIF to
Poehi man, JM Breeding Field Crops, New York parti cul ar

strategy util iprsdcewirbledensedistivie Bganhimich ep fruf seads, mmes, lstcegtemplamrmw on
d d f Dot t
was used b deyel Oﬁaﬂn,hﬂaaf Wit glwo?l%éﬁbnhi \t}ﬁd BL@“ Fo O%L“gb. K y ‘o

l'ibrary greatly enhances the st gene and 't
i sol at e i npor tuziniatugeplest, caltiva, omcaNantbommvm tlontmamy ats pirans dehsoy of hideast

t d f t i { i i i
M ero Tomt "2 irtokE eseBE) 5P IOTE SoFRE oty Fad-old oo RES HOFEE
(Scott and Hargloaxfag orligker, tthﬂihtlﬁ stt;amﬁixﬁ\@ﬁwlhfcoﬁdﬂtlbhs:hdedrfbya U&ﬁfntui'cxd]l- srpéa%dne
resent i nvention ecaus | can rown a ensi (0]
Do e per o e apscicm dt (A Posatie ™ B Y SlaTCA e 5 o gy
densities. 25Furlfﬂ'l€rtﬁg3§e€dhr§hﬂ 32 mrstalgeszma n® MRiids, §eb3§o§ﬁd§ér9&re}ﬁr@d&b@9n

mature fruits wthin 70 rom sow ng, whi ch facilitates screeni ng up
to four gener stontsees, fhermipiafre CWPéi @FW‘FSB%Ft!@SCWRecaNanEm@mf atchightplantst em

for screening qy;tagtg e Ul sat ur at ed

nut agenesi s |nA ?%%&o pos %FD&V%B@EMI%Z I |on, i he c’utf'lgé}\g/gcscan be easily
and efficiently tréllst_h_gp_gmn aTmasmrsf BNWHsaqumcbrabMMo%oanump”U@ diffrentr e
obt ai ned vvith grobact ri um mdtﬁ“f‘?i‘ nsfo mat i on g u@gxél edog.s ?nﬁj only
about 100 days® B S0P G HHEDYED iNFRBNGR o Decrgrng R BREPHS™ e
harvest of 3¢ r afhe geikgo sf)ii Walises MbmROVS ,in tthe gend, t iTeaispaliohf diase heamfdund in
standard tomato cuj t| var l}!f Yonl or genes. Because the two 20 genes

control |ing thBackrigeDEnsop ?S‘Sﬁ'g?ﬁ‘a‘%qeé’ﬂ‘%é“ﬁ PANMAsni nant traits can be

Transposable element — corresponds to a transposon.




anal yzed in a standard background in the F 1 generation. One nore
generatiqp is required to transfer recessive genes to a st3p4aLssn0442
backgrouﬁﬁ‘.’”sft}?éflgfore, any nutation or transgene can be convenlf"ently
studied in "Mcro-Tom s genetic background, and when needed, transferred
into a standard background, using 25 traditional breeding techniques well
known to the skilled artisan in this field. W have al so determ ned t hat

the Ac/Ds transpo Sk NYrat¥in R iS22 b0 &n YSE &Eﬁpﬁ hidh q:{,-ws

tomato, cultivar g’%‘%‘éd%‘rM croﬁ)ﬁeach?. Hﬁog?ﬂno- eacs |695 sim arq?n si ze
to "M cro- Torthe téimimaleregionM off @- Fepsposon, harsl aeddated thanspdson odxsisiomahdad of
the red fruit_col or. “M,cro- . .Jhe Ac/Ds transposon systemis very 30
active in > MEPE° gg@ﬁp ”’g}”}eé\?ﬁ"%fg%ﬂ‘é‘r%gg%“é’&}ee mut agenesi s and reverse
genetics. |n orderAitondnaisuBianspddoar-canleletheratha doBekefor a)trdnSidshser and has

mut agenesi_s and .reverse ?enet{%gf, ttgg rowth conditions.and, transformation
conditions fdFmiraloregigns icrognized &y ohe i tHAnsrasasecior Jisq AlANS activiy ard 8B ng of
20. 000 ENS- mutageRbyAtbidfoRbigh Mutdtbns causd® by ¥@Endhows 2ndR hpgldnyd dual s
was carried out .Q‘%I%/Ut ants w tz altered pi ms%t at P'on or nodi ?x?éle%e{sn%gé of

| eaves, fl| owdixampiag of putbRemeus transposers Aeithe Ae (Astimrton) transposens lof maislee nent

erhancer {12 ov=UGRARGSRLL SPGB A7 Sl S50 A0 SHabE™

det erm ned t aefiensedcogmizedlhyi s trarispésagmnbutodoesfnot kede Meedfor, Badithwguhdedyar can
achieve the goal s of saturated nutagenesis in.tomato, or of tagging. or

i nsertiondl | FANSPISESESUBRHCSHN HADS DORIET torfrieisnand, Fanspgse tPﬁEO‘S?rég nikhent i on
can be used igenaf¥. NBXambles Cof AbRGLIATMOEs raRipSinsSRRCIRSDYf (Disosifisd) t O
aid in the rapid and efficient characterizati on of genes. 10 The advant ages
of the pr esen{gaﬂsmﬁéﬂ% iofmaize thatenns b8rwsgd pipeethes Wi eany avtopemeusate-sa MR pl ant
popul ati on de{r&n‘éﬁ&koﬁ.rom EMS- nut ageni zed “M cro-Tom consisting of 14,000

i ndi vi dual s, was" grown on only 100 m of space. Moreover, the work of only
one person over a Eiroministuse emitivdr qfehé obp( plintwasy de alemelbpedt fiem sptiralgorand M2
in the su r.of the sane year) .was.reguire o produce this, population. A
| arge 15 RmbiRoest Ty BETR ACBlb it Bt SR oF By BRI e BB bBisi e <
enpl oyed was ivithailant growthii fhctorsasD et denaes akyudidigtohadd tHehslint lk@igiotrhad 1%

al bi no pl ants, were fgﬁg& It is Iikelg t hat many additional nutant genes
are present | fRe¥ehseR fq?\[f’W‘ﬁ’btifﬁP THEERS whi ch conpares favorably with

the limted few hupde ed tﬁ@ﬂi%"st%i?f_\lﬁadﬁt Setl SPOWArE Gedcd Ak MY (RUB@ height)
researchers. 20 Al the M2 famlies that were derived fromindividual M

plants and shémed of nibeain{CHReMG: yousselanyr Eal-ed These agepes apel o lakgst part
recessi vepor atr%fﬁﬁnsmlé ForSthd 3R 84S rdvBRtioh N THY GbRer Qfw ob Aafs Ju:l}g/a@(%r parent al

condi ti ons use erein, ganetes are derived froma single cell present in
the enbryo of “idadedieo highespielisdheaviee spikemd porf planit angeailow e phntsse bdagrewmre in
agreenent wt i t. 1 i erkerk, X .V rk,
1971), sugges?’l1 gé%“ﬁg?&é%f\%%éﬁgé\gbheg&{tk%%&@e a%éé légglﬁglg ¥ %ggr% {ec?g %hne‘%é?
sporocyte in mididd exdridwitet oThe heiglst. ofAd Milduiyhe bf awvhepor@abota tiP- M aysitdss

have been previ pus ibed in tomato (Carrpll et al., 95: Knapp et
o 2604: "Rorraied o YBR00' Ry e giEhcg, e Fuashag o%e a0 4080 o B B6 ous
report in gshe prédefécdftine dWfarfily S6HRANTEdayq Bdn@ed WhedtRRRIVAG cBRaBYEHeINMWET
this plant. However, also_ according to the present invention, two systens

for sel ection Hrarfing E‘H‘r@éqh’_f ?‘5??5&56@?%’?%%‘1 Qﬁglﬁ is ﬁ‘?‘_raéﬁﬁﬂ?é“dl With minighEzgion one
system basedag%f agwgﬂggﬁ,gaigtahygg/. 1&Rs Wﬁm théreford AHof udeRt THAafAR AT

al., 1995), ond 'system based on the excision-insertion selection
(Fedor of f and ®niag¢nesis.0 Fxyremesdwarfyhegihplats.t horeyer gould thrgesed ffort faciliggtingci ent

detection of tﬂFgethQE Q¥ SpeResiAR 1RL QRGHs.

30 Similarly, dwarfing genes have been found in other cereals such as maize and

rice; in legumes such as pea; in vegetables such as pepper, eggplant and tomatoes; in

ornamental plants such as roses; and in trees such as oranges and other citrus. The

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



contained within Ds. In addition, using the resistance to chlorosul furon as
an exci sivg‘ﬁgm“@r, coupl ed with other agronomic features QoraMgsialont, a
| ar ge popuration of presunptive nmutants can be screened for enhancers and
pronoters and used fox gene 5 isolation. Furthernore, the recently
descri bed approach for site-selected insertions in somatic tissues of
tomato (Cooley et al., 1996) can also be applied in "Mcro-Tom for stable
ger m nal tr anspossitile,condehentmde lofi attionsare eleperibed ih haedsnt Reicsy Giaiden apgn to
be active in_, T m._. can al.so contribute E_o reyverse genetics via gene
350} Fo i

M T e)
knockout or REHER R SEATRIC,SPYHA AWRES 95 ASTagliveinthe s @ﬁ@fﬁﬁ%ggﬁﬁ
i nvention, " Madnt Rorkiks (@38, gibsellin), (AYRhORhE dWHR s ﬁ&%&iﬁ‘ﬁ[@iﬁﬁ!relﬂﬁ B& Ak

studies in plants. It accelerates the characterizafion of transgenic

pl ants, and fiBsensitiveated e FAbragibbereldin insansitive mparispt Howevendfqgemest .

“M cxo- Togl  GRR, y er rcially

i npor t ant g1cr ops f@?‘g‘?&g‘? ?g)&g,ogg?tg{)@ss)dgggg‘ﬁ't ﬁg‘fquérv%g 2%‘%8? (rel?‘?lq?a;ﬁ%nefr uit.
Any fruit geneichl Smpbomanipulatednahdnesnsiderablyuredudenplad sizep cdiobt exsivitédafr! i t at e

t he study of net i hysi ol ogy and netabolism of other botanically
sinilar frui tsggseﬂll"tfgar%{;ﬁcg?el\ﬂ‘%t?gg“ﬁﬁfn wﬁr%é’%i’@&i)aég‘e‘;mﬁ%‘ﬁ@%l nodel ~ syst em
for study of plantGeherthepoastiad isalating aid AReraBRASRg Awarehlantd Sn JubfeFous

i nportant agronom c |oci. The methods of gene iden%i fication and

char act eri zatrens @eravailaie| Plants gagibe ranstormedvath iselatesnaenss ovhich wfect20
"Mcro-T C et Lal e j S | [
plants i glg udc?«ﬁbahas&%eg ngar)#i %:&a Yy~ ?Hrf% rc:t{%%]?erg ggfatseg\éﬂéﬁgrés“f.m %ﬁéﬁsfso{vgsog\% eﬁgm
exanpl es ar e modif thedsifeoof transfrtnedtioplar phohtsar Miniaturé ordpe cawbs tconsrhcrd a

limtation upgn t lains. Lt wl ceur, to those. of .ordinary skill in the
art that variourss r&?‘f‘?%%?’fegﬁ?gﬁ%eﬁ%dg‘ ﬁr‘hg‘g ¥ (E}?félﬁﬂ’lag éﬁiﬁéoéﬁorgnﬁﬂﬂi%‘?ﬁ s and
that 25 such gepés ddsimbicdnanianee and Andfake respbasibie fdh the infifatieQBEndfpd he
present invention._ All Qubl i gﬁti ons . and p?t ent applications nmentioned in
this specificationf @Me of fdfWaR A eMBHatiTg - WINAS | ar R PY 2gfensifyoRb at Jeasthe art

to which {fie {QEDhigher Bk LAl Standhl RUDEIHEAIINS BecARE HRAAR Y tiPRljisdlel ONS
are herein incorporated by reference to the sane extent as I f each

i ndi vi dual publpmsas sisnifisentiyaredyped aghis feeiifates anelysissfdarie plaatl paputatians in

i ndi vidual l'y i ndi ' Jet 16€e b i entirety.
15 eampl Sl R RRS ol Bt QR0 BHANGHE QUYE GO by B0l I
"M cro-Tonm ptherexampled dexsgrafes dvnplamtsl agr grawvnug atdensicyudf abont 200-foyd higheir sery

trays or pots, For the plant .density .e riment ach t ment
cor r esponded {h(%né:?r(‘)\g)\f ﬁ‘:hIE)eI’Y eg “ﬂﬁ’f%oen}ne’%f ’afr(‘gugrtur??oqnﬂ%&mfé?dt ‘ﬁgfor&ff%s W) ant s
were growp0i nnieaiee isdhading) Unseetion eamgnis tobeiied! inz etk toiialasur®©fcukRar 33n 8O or

200 M, or in pots of 46S m ca ?cit . There vver%éi&lwo replications in each
treat ment, ealRUSRITehIRias FPRGe a89f1°¥%r§“ bYr 83pdazeh{ grosses) witg3thgy 5“,0136@)’(_90
), 50 (200 gireglily 461 thd fmihbizik aicts b dmiehgspnal yzed for each trait.
(b) Results: "Mcro-Tom plants were grown from seeds through fruit

maturation in nursédy FREARENGHY RechBigne compaet Wedt & sbtajm migipws| swtvary
determ ne the (gld@ak 0lmdlfehdon AIRIRN buOhG P Ami¥El ho, Aheilal fiblitneid
De ts per nz

seed maturation. Defsities of 15 100 o 1357 p , equivalent tq
root vol uRds raadjatiog, br nDNEGinsestiaBofT-DNk petrarsposeds fidmehe bespplaseordtom M cr o

Tom to diff ' ' ' 1, The ar.pwt it
exani ned ar o141 RdfsbefRal Yt halale IR Rpdylh [0 B SEinta ot HRN'RHA. " €S
(m ni mum naxi rrusga-ticgiavmﬁ\mipmmﬁm@es dwarfisacdantbeaichievegl biethe aGediiigCefithige Of

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,
Poehiman, 1987 or Malmbery, 1993).
11



the maxi num value for this trait, is expressed as function of the root

vol une (bottom 20 scale), or of the pl ant density {upper sc

fol |l ow ng“fqgﬁ’cé Lere neasured: Days to anthesis (the averagéfmﬁ%;gﬁz

days fromsowing to anthesis); days to ripening (the average nunber of days
fromsowng to fruit color turning); plant height (the height (in cn) from
the soil surface to the first inflorescence); number of |eaves (the nunber

of leaves on the niisertivh@MinaciVatioh ofi gérds (Witie d adoblle FONAL s aneg) per
2S plant); nunmber of fruits {the nunber of fruits per pl anéﬁ)ﬂ;b fruit weight

{the average (“P#l'@*e’bfn&mﬁb} DAzagrencrpay bor TSANAPr atmaspasar age nunber of

seeds per plant). I bei
were barely affect edbg l?l x%éﬁhs?@ Sglzggréaeé(% (ﬁn r?)?hg&hﬁ’gnber 0 days from
seed sow ng tmgmﬁdatesmm t(ngl@t:haf eoml. 3719831 s dratpst Nnds ,1455645) nhanspoorday s

30 fromseed sowi ng to frui.t dfro 0,82 .da a
control st ndé?s&nlfgt'g?tﬁﬁ?ﬁ‘%m%ﬁﬁpg I‘t’? OWW%PEE@ doraE e’g%/lod/ﬁg}gﬁg%
sinilar condi tragss Nbt 4/732,8861 ah® Neets 0‘13;658) atrhé hﬁntpoeébléﬂelaﬁieht giay (vhlen -
1357 plantsln2), and it devel oped fruits only in sonme of the pl ants at

| oner densiti G¥NIWOUD 26 IFANSRASEMND) 2 O RIFAHONAMAYS s EHISBRSOnG  OND 9N 1
| ant vyield, g e
P nalr 1o pAaSalndt b, (LSt Sfaods, Y B ek HRGMBE,

linearly to changes i n plant densit
bet ween t he msystemym and nmaxi num val ues obtained in the experinment. The

densi by with & two ropt R AR BC B0 brotBHElY, o R Snend SR mR T RS

Mat ure pl ants sgfeened foocararitd)eldentification ofxastahty chiebe isneavisiaRfiFonetampht,gor e 2A

and 2B. Figure 2A depi cts ero nts rown in nurser trays with a
root conpart meAEntEy ﬂﬁ@*ammt "c?ﬁ"?%f‘%gmcg’ﬁ FHat "Gﬁa’i‘ P’E:;H’t"amgﬁ BE YRS

left), and Zoooﬂﬂtutﬁmtfopﬂiﬁd;ﬂ@talsaytﬁg%ﬂsﬁeaﬁc S8R WhiSh ﬁxcl’t!dlacb\ﬁ)(ﬁ%ot Ntﬁt@g Tom
mature plant, grown in a m conpartment, with a scal e bar. pl ant

is 5-6 cm taI | tog FRSPONSACP @em‘gf\epdetfslylerahdter Pﬂh@@nﬁéoéle@w!deamcbmedfket bg to 2
cm "Mcro "tu}]éuna@&lﬁn Eﬁsé&rﬂ?mln%ml@ggens' ty of 226 plants/m in a

nursery. cro-To | ant organs are reduced in size in
a well - proport| onedlidentificatiof wpf Hnsettionalx cerpats oim of spesifits, gemhi ofh iareesst is

near-normal in_size r. he t t ich
are 1S conpact AR }IShé{é:B nc%%;&r? Rﬁc&@g@?g? gsg;ﬁegl%téxg&gao&sp tcc()’nte%’% gmér al |
pl ant si ze. The;se nnelsotlidesseqeema of izt gartshason toref da TFDNA| hmd/arsecon Qrimekont

can be routinel rowp at densiti.es of up 1357 npi ant s/ for use
according to tﬁ‘é"‘% 9/%33’?5 2 ““‘ﬁ)?c’&‘rdS Sﬁ"éﬁm\lﬁlstﬁ?: e dntgFesth ne é.’lfl interest

det er m nat gg CUkdalyVBE anAnglatid lendl-86nick? Ga@i ek dRg@nted q,aﬁ,ulotlmaﬁ widie. F 1
plants of both crosses were very simlar in height to the " arent

i ndi cati ng t hat“klteﬁé‘“@%lﬁe@er%?w dNETEE My b¢ pe exmeis%ﬁq%’ﬁt‘cet ?&é ar
recessive. JR a9 kiR H"ﬁteczfrps% L@%ptl%H%FQ’CQ@% a}‘!
the 17 gna yzed

range of growt ablt pheno pes. i X out o F2 plants
were clearly odelidowtdiarl, WP oDF@Bn of ywbl%&lmsﬂtqtgletmer|St=quﬁsctt§0ﬁ¢trﬂaﬂ | ed

Todi 1 er'e, Bas o ol e irtas trmhhil BPIP LBORAHRIR, ik be o)

it appears %hatPGRz\moﬁuamd desanbadbyallametdlt(d%}/}o genes invol ved | n the
"M cro-Tonml phenotype. i ndj c hat .t r | tiv
“Mcro-Tom can be 2@‘& éq?sc‘? 6@%@5 ‘%%05‘ ‘é’hﬁﬁﬁ‘% a‘f’asc‘ﬁqt]?ﬁegvﬁt g)rCFSO 17

product with the first and second primer. This plant is analyzed to determme 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
12



Exanpl e 2. EMS nmutagenesis (a) Methods: For the EMS experinent, plants were
gr own as‘ﬂe 59{1 ped in Exanple 1, with the exception that tbeTm_,muzwere
grown in an'1nsect-proof 5 nethouse at the Wi znmann Institute of Science,
Rehovot, Israel, instead of in a greenhouse. EMS-nutagenesis was perforned
on 1 S, 000 M cro-Tom seeds. The seeds subjected to nutagenesis and the

pl ants germ nated fromthe nutageni zed seeds are designated the M1

generati on. [ r g % %@j &h er
Petri di shesimtsrgﬁ%%grre %dtl)ﬂgn Egﬂtx{ea?un\gl Bdine ai nin %569% of an
unbuf f er ed Omwmleﬂmgtegyusmedtmljrdppmdchpomﬁxabmpqﬂmwern| ght for 16 hours
at roomtenperatu 22C entl e aki ng. t agen; ze seeds were
extensi vel y was heg‘g éjaeﬁe%r‘fwe& ‘%‘ﬁa"aéé‘vtt?sg’ é(ﬁvglgpsa%a&ﬁ% AW '?‘ﬁd”?ff ays.

Conpared to plaat enmits.0l THY libfary phatlyehrges dednmigest tontto Wehdics @harged in
their grow h, itnd the 15 percent of germ nation was reduced by about 25%

Appr oxi et el $PiliBdSisqlsie Wp"'ﬁ@arﬁes‘e%e r IS fyang dompe  Hbvags isvbasedhem vibst ed

from 9000 M fn;plaind & m'%fdetehﬂﬂat/ﬂ Bson V2 r est
i ndi vi dual I'y T om each plant, and RypBon ﬁ%ﬁé‘%rg"@gy\m deienated

plant in prodelisroriom (Mitre toraate), ofiginaily ed §<Uéume\mr®nhmrpnqmsw(8|cmﬂaud Kk,

pool i ng one I 20, 000 M2 20 seeds
fromthe bul &faﬁ%r esﬁg\?g?gnss%ﬁv%v%nd ?/L{em&’ g‘&t’ﬁ’éﬁfﬁmﬂ ?”EIC’B%S%’E? ng M2
plants. M séechm beegrewhat hghtdedsnyn ubwd» k35X lmmeSxUéqusre thétet, had M setPp@ivl ation
(the treat ed neratlon%%_ EIF&J 1 %of the plants showed chl or g hyl |

vari egat itBn. WhEn{ERRWR/St Sish gaities, Fythermere. g cyBryaphasg shagklise ¢ckpan in
nursery tray 16’!&5915 atSe TRAS i T0- %‘Hﬁ’ﬁtfrm@MBXP@ﬁth&xﬁﬁﬁ‘é‘@cr’e&uﬁé gyre 2
C. Figures epi ct EMS- gener at ed plants W th a nutant phendtype.

Qut of th| s p@pfaumgmtatwpweé D opﬂwt afifibwieR salierie ahoeffiglent sxsterdi fog

al bi nos, QWF QWAg'ew%%dr(gDaﬂPﬁlulahg&t an‘&rz%ﬁ s ?:?&ﬁ%?ed xﬁht? ?&%

depicts an th awc mut ant enotype (ye
Plants with aonuamlp‘osﬂbllel eaf shape, rovver (pet aI s) and fruit 30

pi gnent atj.on were als bserved Corrpare to t d- r qund. shape
fruit, si® . plant® §ﬁ%\ﬁg& PR & N S pean negf“%lgtefhelt’r‘anffto&f’?
i ncl udi ng phenahstmtaudhqa@cnehs uﬂwm%h@@m&cgwnﬁ .&Q}ba%&dxuﬁﬁ@édﬁi&ape

(Figure 2E). P ants wi t h _obl frui ad al sg | ong and narrow, | eaves
(Fi gure 2F). tapstormaton, of 1G9 orﬂ qté>§ Adbeuy ethr days iaFFdi‘?H"éFﬁ‘g fram1t6) ant s

were al so scrggafstidndf (Ao 1EAIRS to the hfuvéd of BRskEES fruft. mremer nh@aﬂttme was
observed that invariably segregated in a 3:1 ratio. One such

segregat ed f othfiqﬁtmmritwdewpma@) cufivgreit enly sme mmrre@nwe&@e@se tlm o
famly, wyg Cht’én%s ct%mratlﬁg dlet sﬁh%ﬁ%x@k&-t‘érﬁ ger tex@sqwé de $afi0lcn e Pl ant

and segregated a 1 Tatio for anthocyani n. Tr ansuoson
t aQai n~ and eamé)rmérmtar stppiardy backgronné im ok gencranon One more generation is

required to transfer recessive genes to a standard background. Therefore, any

eaves).

mutation or transgene can be conveniently studied in ‘Micro-Tom’s genetic
background, and when needed, transferred into a standard background, using
25 traditional breeding techniques well known to the skilled artisan in this field.

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

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

In order to evaluate ‘Micro-Tom’ as a model system for mutagenesis and
reverse genetics, the growth conditions and transformation conditiens for this cultivar
were optimized. Subsequently, the screening of 20,000 EMS-mutagenized M2 plants
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(a) Methods "Mcro Tom plants were transforned as described with the 10
follow ng constructs; the transgenic plants were then gro Qﬂ@ hi bed in
Exanpl e (??f’”&f"e]enhouses. (1) Constructs: Constructs BanB\fgciéLan i
Ds378-@JS , which were used for enhancer trapping (Fedoroff and Smth.
1993), were obtained from Ni na Fedoroff. Constructs DsG and DsE (Sundaresan
et al., 1995), which were used 15 for gene trappi ng and enhancer trapping,
respectivel y . t.Sun eghoe lindividgR) . obt al neq (f.ram Kk n
Sundar esan. ?ﬁé@g glgrr{‘str’ugt ygrxgdﬁ{epl ctgayvie{n |gt??‘% 3?{461’1 aﬁﬂdgl%%‘?qabed as
fol | ows. Seqpineation rr Imedified Almparef ledhvesynflowerg nay of vintits wixe foandi ned

i nverted repea shown as gray arrows. Constru a nked the right
(RE} and | of S BAle S eraPhs PREAER iR SR (oAor A ST 199 and a

~3- @ ucur oni gaseuss Stdniinalisreda @Al 09955 Wik kntiueeHtiglo MicksPER: GhiP, toO
ei t her thg mrﬁintlt\rm'l éitls’&o t-.:16_ng*rqor¥§_t er retg%(bl %ck ggg) of thfs 35§¢| n
DsE, or t& adelaraige jastiyeyt Fiows, wtdizpiéaneef sretomt ewlvascas pehievs thé t es
(bl ack box) i J . C8_ipS : cine(Kanr)
o Dyar onyel oREp R AR Sl iflomal & Yo be dible ISR KANRKER 0r

am R?ﬁyfl [ toIanQquub.os’fﬂeoNg\xlt\e/gmds_ﬁ of abefpgamsi,ngue?ﬁe@_hi belyed Beasy tdﬁmgmft o

napht hal ene acgt ani .is.conferred. e .indole.acefic r.ol ase
gege.Ds%8m£§ffg§:1h§%tﬁwée%&s&€“‘é‘%%ﬁ?ﬁ_ *Pﬁéjrbg*fi@?ﬁféffcpwgﬁafﬁft 5 o
an - whdsh a transposase- produci ng pl an ransformed wi

BanB85S-Ac. In tghi s _construct, Ac transposase is produced under the control

of the 3549 pronot dherad¥anagss of sheyprepent avengn argrindersepred by e absereagican, up
to the uniqu i : W8 RIne SC?Ju f R b ace. (Chl ™)
i s obtained &B%W)%C‘?gt ng‘lf% n‘?ﬁg&ﬁggel errgth rﬁ%alﬁhued &%&8?@3%‘%%@% ng
construct andofadid0Pandividuds, wamgrownas edet 60 actedtspacsy Nvibzeeergtheewdrk aih

QUS- cont ai ni ng,const ruct d tk | tated acet ol act at q

synt hase gene l¥ ST WY %%iod%g%?hgﬁ(sﬁ}e/%é}r“g& ¥ Hédn@dg#laf %r,o%d@%e_ SPERR PE?B’# n
footprints (Ekk samthebo?)thevedrse ghirdiwmdrequired ©Xmroducenthisf pdpmBfidn CUS larget he F1
of crosses_between BanB85S- Ac and Ds378- GUS gn ified with prinmers prl
o pr 2. e G ALBURRS HATH BoPLTRh TP ust e S BUECHSHs YIS The
underlined 5 spgiweIyGeild, B8leviadmRed by thelTRS thatl1eBd ihat Yu0bihb plkisNerdEounAS@r ti on
site in the original w-nv naize allele fromwhich Ds378-GUS was derived.
(2) Transf or mtlikely: thatynany addigignal aikiant espesrasy prewnhintthe eswiting Y romiativ- GUS,
BanB5S- Ac, DsEj: J f ;O\ ey S

cont ai ni ng K 1c§erl%| Em ; ngﬂol atbiI Q@th tgél ll&%@%ﬁﬂgﬁﬁ%%ﬁ g%j%vm?% ﬁp(g))héZH %gl m
10 2, 4-D and date bpatheoresengehsrs. cel |s | ayer (Horsch et al., 1985) were

i ncubated,at 25C u ' i Ll . 24 .h I n f
seven- day-zgl d seed?‘ﬂngesw\ﬁle\y?%hggghaggg% C{ehggd;fé{[gé?%“gﬁ%%gt g@%‘é ‘?8‘,‘°§Ye§iad on a
pl ate, and pr eiulphéned/pkosegRgated $n af:128Gninade recesyive) rgiot Thinsliggeantat The
concentration,of, A r?bact er.i um strain I@EA 4404 us%ghf or co-culti v(gt.i 0
ranged from 5% Migro-{gmg,undey the £xpermental condinons jsedyhrging gampgtes, are depved, |
fromO0.4 to O.ffom £6inglelcéll prbdnd th e SmbRfordfelk Mathrelsaetbst thdems afButpekisisi ons
as preincubatian and | asted for 48 hrs. Subsequently, .the cotyl edons wer e

transferred t dhose faiatmy RETPERENt WWih greviou geppyts sting Agd Mskesk.gh965;
kananyci n ,3nd \AQQ R, @7, 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 i_nto 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),
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carbenicillin for 3-4 weeks, and then transferred again to 1 Z mediumwth
200 pg/nm_ c icillin for 2-3 weeks. Shoots were then exgg sloo2a t he
cotyl edoﬂvé)@rﬁ@?‘g‘o transferred to a rooting nmedi um ( MSSV) (#ﬁ?g’t? et al.,
1987) supplenented with 2 pg/m 1BA 50 ~cg/m kananycin, and 100 ~g/m
carbenicillin. Plantiets with roots appeared after 1-3 weeks and were then
tfransferred to the greenhouse. (3) Selection markers and GUS reporter. In

addition to the kapa in selection_needed for transformati on and the GUS
reporter utiV E}édta{g‘??n%ﬁ_i‘@_nf“g%rf’gi'ﬁi‘@ %f§°’§5}'s§%‘ﬁ%‘}°na°fu}h"_bé’uy%¥nm Kefistanger e used
to sel ect f ogontdiaaseiesh DsOth ﬁﬁftwn,suéifgeﬂgmtsime&f& cﬁmrﬁﬁ’lfuéo%ga%gn%'*@fgﬁaﬁes an et

al., 1995). To that end, sterilized seeds were germnated and grown in 0.8%
agar - cont ai ninarkenicoepledrwith athesagsphamie feasues it Mieiot T’ e lergopopulatiombitnat i on

of the follow unds: hygr.o LN | bi och - 0. 25 pgl m
napht hal ene gggj?négrﬁ 'ge TRARF angt: ngr?g#{’égafr?#%ﬁaé%scﬁn%ér%aw? S ?&e‘geﬂmfgf gene
chl or osuls urigoiafibh PBatherméel3he terkintyndesuitteddppacte fop sHe-8dediat ihedrtiersmn
(1987) and tissue clearin vva@‘;gdone cggg@i ng to Beecknan and Engl er
(1094) . (4) THEHEASPIFSPEOBRR (aeleg et fla AR B0 DB ERR)ier ah MisTgy opy) dor

Del | aporta 2Qaple gefRinHORankpRIHoARIENS &l 11 respetDBRY 4oMst s S doonal
phenol chloroformextraction PCR reactions were performed using Pronega Taq
goISy mr ﬁ/g (e:I g@fﬁb’ﬁdh g‘lgh@mm;@ ia_bﬁsmﬂ@d'\bgw;fﬁﬁmetgﬁn?m Y_mtggllfﬁallsllmni@utsqr Wi th

: - S in an ernocycl er. e foll ow ng program
was used: 2 }%S%% Iéna{l)ahcgatl on S at 94C and 30 cycles of 1 min at 94C, 4S mn
at SSC, 10m n at TR byandas dfitieapressme mvedtion, fMitradT o2 Gvas Thed for develop aised to

anplify Ds exci,sjon prqoducts.were: pr2, S TAGTCGCGATTGIGCGI.C 3' ich
is conpl errenf‘}frdﬁll ?36“‘5% PreRTEEC ° %{eﬁé“ FRA,, %Cg fat%fnﬁ‘ep%“@“mtmn o
GGATGATTTGT T ¢oakigEaitApiants, Wit €tilitStes QHED VMDA HTYmLANGEE PrARRES Add ©pBREesALS

gene (Fi gure‘@té Bands of the expected size 10 for excision products (ca.
322 bp) wer e ¥HPHOME $2R Py e A2 §esED Modglerystenfar oIReY sREENgsEiallY freperist ng

Gend ean accoghng 4 Ocitrde $FRRNS BEHUIR! 'pRodubS heHG I @ SritThess BOR REgduct s

2
were cloned into a pGEM T vector (Pronega) and sequenced using thgT‘/ or
SP6 pri méfs. pFanotenAndemptapintupdiin ‘MicrofTomy cpanaeilitatOnls siady oif ggesedes, wi t h

Hndlll, fracti d el ar qs I tr er to .
nitrocel | ul o(sbé&%l%}%gnﬁggn%e%tﬁl%&‘asgd%fr%gmgmeg%bsr%?g%rza |§'n V\é‘zkeﬁwe“r’ef or med
accordi ng t o ‘MioofBot'ucaarbe ssddrestaraeotraionsdel Aystanntersnally oBpEnf davghandencd 1 kb

was anplified by PCR, radiol ahel ed by the random pr,i m net ho ei nberg
hnd v bgei st dniiints gad ees o8 vGlds SheP Imphpl SHARTHE 166 e MhSEur sl 1 o
Constructs Dsddiificeifon Baldhasctbzatios BificdiddyRDséd Wah ehe’RiriftarSbaneshltivi 0

"Mcro-Toni as described. Theseg constructs contain the NPTII g{ene whi ch
confers rdsi sMifteTen €ahIm eIy fprieyed: 3ithphersdyarg mufants 4p FRsTRIRRSN

mar ker to detigglhdﬁgqgfgngﬁmgga&g]gor{ah@qu DNaegand to map Ds elements relative
to their donor site rn Ds378-CGJS, or for the selection of unlinked

transposi ti on eventhke Jpligwims Examele DA pQvideddipanilagjetionr 2 el Botgendeis its

use as a hon- i . i I s
Mero Tom | pTIRFRUEE' End AGRLOG! wk Bt EnOIRL TP B MG he
on t hree succas shat evadayssmodificpioey incaysheymadesor thb elibc[odéd embeadimants,anld A84&) |

W thout their

allows identificati f kanarnygi,n-sensi.ti ye pl ant

destructi oh. FiSHIReFipiont & 1peded dp Be ik, B€ shore ofthe PrreeL iispiot pAllecone
WEi te shork t ?’g@ﬁl}\ﬂoﬂfiomﬂ_r ﬁamf a;qﬁicaltmlmliméﬁﬁorieﬁ iﬁitlﬂﬂ&p&cﬁicaﬁbxﬂ&kﬁn&iﬁaﬂ&mﬁ:t s

t hr ee- week- o "Mcrao-T, ant ol l owi.ng . three spray. treagafnents.(one per
day) with 3004y 'gret Qgéh‘ﬁrﬁfégﬁ? “Kiﬁaﬁ‘}‘y‘ei -‘qb%‘Fé‘iV&H‘EmeP ns. “ﬁi P“&ma“ ns

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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transfornmed with BanB85S-Ac (top panel) were conpared to w |l d- type

sensitiv pl ants of the sane age (bottom panel). Wi

devel op :W%]%%’é%‘ﬁoot tipin sensitive plants. Eventually, t ese ?}gaves di e
but the subsequently enmerging | eaves are green and the plant survives. The
hygronyci n resi stance gene indicates the presence of Ds378-QGUJS, as 5 shown
in Figure 4B. Plants transfornmed with Ds378-GJS are resistant to 20 ~g/ m
hygronycin (Figure 4B, left) while wl g-égge "Mcro-Tonml is sensitive
(Figure 4B, bottomright). The indole rol ase (i aaf~ gene confers
sensitivity to NAM Sensitive plants develop a callus-like tissue at the
root base and di e about three vveeks 10 after germ nation, as shown in

Fi gure 4C. PlExampleily Livg :0jt 2 ereieEFkenn are sensitive to 0.25 pg/m
napht hal ene acetami de (Figure 4C Ieft) whi | e the wild-type is resistant
(Figure 4C, right). NAMsensitivity can be used as a negative sel ection
mar ker to5sel ect aghiMishodsariBixSeAom't plat sdeddiwletez kdvgn AW drowr nip @ Fmitand/ or
to sel ect agai nst, the donor site in G .15 The ALS gene confers

| ow resi st ancBAREY B gﬁY%P‘bB‘E}Ff %%ﬁh“t glla?}l density eXRerimenh ea?h teamentsed Ds
el enent, and &pRERINAed &5 kAR Ge atcﬁffgreﬁpfﬂo@%ﬁhﬁsui?é#ﬂﬁ{‘ phrpofd] %ts w&%fe Ds
i s exci sed as shown in a?ure 4D. W ag | ant s rown on )

chl or osul f ur oBFO#MER SEMBIETS @“{SFWQQW@WDGN rad)trayatef 118, 33, Qftos 2ﬂ9amlsbmnmad

wi th Ds378- 3¢e4ds0 an Ri.gur g 4 S S of
sel ecting f%tge rr":'afjrsk}(g{rl scgﬁdﬁg fgjr;er%rg%g fc?‘g)l ﬁpgglt%gkgéteaég %-Jr&gné? gécth

Fi gure 4.1X- GonsisshgpfHigh(3ahl ﬁea&m@@},n (BBanﬂMﬁBs(aea)l) [H0a{208 nﬂhamﬁlb(flﬁé
sectors (Figur E-F). The pro t s.,GUS reporter gene, in DsG was
activated as E@e’ﬂmﬁ/h‘f‘h‘@crﬁﬁﬁﬂyg@ rreﬁcﬁ%?‘ﬁ'e root of a ten-day old F |
seedling (Figure 4f). Résuiny f'MitiosTonWplangekereagiobin &bMhesks thkadghl fAmM Lar ge
in diameter, were stagined for GQUS 25 activity (Figure 4F). No GUS activity

was obt ai ned m"“ﬁ%‘%‘f‘\?@mﬁ‘an‘faryélw‘ﬁ! LORt SoTERRERneRts thﬁ’é“\%‘ﬂ #i295/p dlegrming dhe
BanB5S- Ac par @H&ct@FH&H&ftﬁoﬂElan{ £iddvih SR VES o it YR REd MAnRRBR. Penkitits 5r 1
fruits (Flgure 4F, bottom . Thys, all of the selection features previously
descri bed1$or 109 il dDhplrats PEeEG: efivalend tsaeat fyolumes Jangng famedemteis al, |

1995) are al S%e?@f%kée&a’?h@reg n§90f "NhﬁfoorJ "y cfi‘ﬂé’reﬁt;!zt%ﬁfhoéoﬁﬁﬁﬁﬁs g%h&%‘% for a
transposon tagging sys e strat egy or gener ng unlinked and
stabilized tr &mpodi ThegrofthDsijts @nemined as¢ iralicaged ihorack dor ovitlo theofange of si on
and reinsertiaon ere linked tr osition events are nost often
recovered, havaYfd ngpggl%a&gpvnggg 1 HRAe ealscg?ﬁléﬁéﬁ' A ReEERRee 9596) .

22 Usi ng BesSrh8xiClt adiek RBatldTaifds expiedsed/ad fanctivonfuhd Rat uslemef(bdttven
excision/reinsertion systemr sul ts fromits ﬁ?l ity to identify and rescue
kananyci n Kensfil Flyé"p?? ahst Ela(‘ﬁ: fe (Upper seqjed o ?1601]@%%%%‘%@’?%%33“‘5‘1

Ds378- QUS- andhFa nﬁSﬁuﬁsrsqgferWe?@ewn@u&sof @94 okl bwi thzmﬂle@m Sddy8'to

hygronycin resi stance and kananmycin sensitivity enables the sel ection of

unli nked, st amnenwedttteraaﬁsmmb% af daysrfram sewing mntw relortugning; nipnt teieght| ant s
(BamB5S-Ac X | (T?e%?e@gh%ﬁ)cm)' fFoniieCddiiBurface to the first inflorescence); number of leaves

(the number of leaves on the main stem); plant yield (the total fruit weight (in g) per

25  plant); number of fruits (the number of fruits per plant); fruit weight (the average (in
g) of a fruit); and number of seeds (the average number of seeds per plant). Error bars
were too small to be indicated.

Some traits were barely affected by plant density. For example, the number of
days from seed sowing to anthesis ranged from 37 to 40 days, and the number of days

30 from seed sowing to fruit ripening ranged from 75 to 82 days. When a control
standard determinate tomato cultivar (cv. UC82) was grown under similar conditions,

it failed to set fruit at the high densities (412 - 1357 plants/m®), and it developed fruits
only in some of the plants at lower densities (100-226 plants/mz). Other traits, such as
16



germ nal Ds excision event occurred, are fully resistant to chlorosul furon
(Figure ight). This feature nakes the system devel opedehyy dsageqnof f and
Smth (1@@2&34’/!‘}8 licable to tomatoes. This dual systemis suitable for

sel ection of both Iinked and 10 unlinked transposition. The use of this
systemin tomato involves first, the selection of Hyg and Kans plants.
which permits the identification of unlinked, stable transposition events.

For this grouP Of'P ants, NAM sel ection is unpecessary and chl orosul furon
shoul d not b&lagk ¥igld, JMbSE of poRERSs; tf peedfePeEnplatt, msnendedlinsad do egat es
away. Second : I - OGih Qr 8S14Sd r 1 anong
the Hyg anddf(a s %F%%?S&ggpﬁ‘lﬁ}tfs‘%txﬁe eiatg%an'rs]tte?? §lgﬁﬁ%n%%ﬁ%@g§§ﬁ%%\%gsi tion
events. Thi s agd mapinyim yhlues gbtaived in therexgerimens.u die dxaits of avrageufsait okighbe

nat ural tenden for, Ac . to transpose_nearhy nd. because of, so of the
unl i nked traﬁg‘%g’&r‘?ihﬁ@&?g?ﬂ'% aelgﬁ:sﬁ 5'758‘”550\%&(‘?%‘“,“ nté”oéfﬂgl @feéenﬁ? ant s)
are el i m pat &dtwe2® mikiguariddrhiymam dahesAcl Ds system i ntroduced into
"Mcro-Tom was confirned in F 1 ﬁl ants of a cross hetween transgenic

pl ant's transf or medalus PantsErpwe; unden e yariqusdensity lewsisars shewnjn Eiggtec?i ng Ds
exci si on footpgiHpt Sg; d PR ] [ | :

Ds378- GQUS cor?g{i rzgctflgg{&?fyf)?g{gl N([)l?&\?\}r‘]o;? h‘?g%%e@ gg{l%g%y%%:y%\&l{h&g{o%f four
cl ones anal yzempatthemeofHadmt (tep dfiye3hmdlopright)i 80 tplr (battony GFt)280d 2AEME| on)

as generated ot lJ.el £ 0 i s hdopsis (C. Weil,
per sonal comw(g%tltd?g Hg&?i) ?M%%Eig 8!3%(%5(?@3%2%&8%) l{e%/éﬁ‘%tlyé%g' gr%ﬁ%l(l%e and
Levy, 199D). 9Dhebeommsimens witlggasdle birat Ther i rie5t6 e tild Gigd inodidifgrdved) i on,
as described previ.ously by. Scott .et_al ., 1996, is.species independent. In
addi ti on, QUSRS ERiFS Ry o fRERE of 10 2y gﬁ?ﬁ&ﬁ@ﬂ?npﬁa%t‘%efsfg?weaka
BanB5S- Ac ( Fi @iy ¢iE06 plantd/@AVes n(iely. 30bts BRAMY ‘Mitrd-ToMQUN Gidnk Yidasis fie
Ds378- GQUS X BanB5S-Ac (Figure 4F) indicated reintegration of Ds 1n or near
genes in the 1€difed &n gre in avell-geapartionat manner with thesxgamsiomos sesds.avitich e ch
has the weak Ag. TI T8 agki Wl d it he

i mmat ure seeds OP 6%?\’3 S¥zre gi tlg{lyg%ﬁﬁﬁv {It:l? \rél)gfewm?tf aﬁgﬁgﬁﬁgﬂﬁﬁé&s}l atk
confirmedli n Gmpahkinappdacance ard haviedargé leavdssompaet to the oxerdll plagr Hmayci n

resi stant F2 pl ant [ r o] of .0SS (5378 QS X

BanB5S- Ac, as depi@fe\géc] rlgﬂ’l%i gﬁ}r’%%g%(‘gﬁg&ec dgﬁﬁe\?\gév%xt ré%‘?gra""% r §i b§
transgeni ¢ pl soatindlp nmrawgoatsdémaities hef s 37 S3GUSplants/at’r foe tusé | mberdimg; ta tipl ant 5
honozygous .for the Bam 35S-GUS construct (lane b); the F1 plant of the
cross bet ween™FEE two plants (lane c); and the derived F2 plants which

were resistant to A RRATER! Va9stdsiadrwith BAY2 OddMeHi Y Chllivdr] Afdewitkl viFgs, ANA
was digested with Hindlll and run on a 0.8% agarose gel, transferred to a

nyl on nenBP anan ideterypate gpbivar 1 edil plaptepihoth aropsss wers yarppatilaringeight gy
points to theud . ..bﬁgg,f- : 5 L8 n f
fromthe Ds- cg%t lgﬁmni ng |ct)’a1?1 gﬁ%ﬁgg?gm&%&cf%iﬁggﬁo? hra;eHih;ril_l(rgfolaT&gu%yg gtaﬁégNA
junction bet wesnssivee I5'thefid rodgedy framl thehaos' witlk U383, Ges wane wadedradge of not

cut the T-DNA t kL ds. f r i T 0 p nt
within Ds, re 50%51%%‘ E’Fné)}@eg Eg{ g'gtnoé(ﬂlf):éo?%t’ﬁzegggtsp%rglgn%észv?%ncg%y,g&%?

i ndi cati ng t hatie Mitho-Fomytype,suplyéstingphatiisisi coagoliedby twd hajoyecmessive fimes
hybri di zatj_on s obt ai ned, .expecited, .wWth_the transposase ent (Il ane
b). F2 pldnts *8 &%%R?ﬁﬁﬂrjﬁab?@%‘h‘if‘ﬁf e o o’ﬁ°‘3§?‘t~°‘er ”E‘fs:iﬂhratﬁe Fedfetire oF - 1)
i ndi cating el emﬁb-’l%&’i(Sé&ﬂaﬁiﬂaﬂb@ﬁmWS%,Qﬂg@eaﬂ%ﬂdﬁ@%{dnﬂﬂﬁniaMélbﬁbsthé of
F2 plants froma cross between Ds378- GUS and BanB85S- Ac indicated that out
of 22 plants ttwageeesimyolyadiip thes Mirtr BomrRIENW B ice, i 1 20 were resistant to
hygronycin as evi defjeed ity iGGERL!Shdt ARE RV LARVEN IMIRERoln CHR HeBehsP
hygromyci n-cont ai ni ng medi um This nmakes the percentage of |oss of excised
Ac about 50% anbsisechtojascogimgrbigl culdvaspbtomatssl y reported figures for maize
(Dooner a Bel achew, 1989; Geenblatt, 1984; Mdintock, 1956), tobacco
(Jones et al., 1990), and Arabidopsis (Altmann et al., 1992). 25 Exanple 4.
Reverse Genetics in a Mniature Crou Cultivar The mniature tomato cul tivar
"M cro-Tom was selected to produce a popul ati on of transposon-cont ai ni ng
plants. "Mcro-Tom was transforned with 30 plasm d BanB55- Ac, depicted in
Figure 3, by the transformati on nethod described in Exanple 3.
Transformants were selfed to produce the first parent plant (line R2-1-1)
whi ch is honpbzygous for plasm d BanB5S- Ac ldnd expresses transposase
activity. Plasm ds Ds378-QJS, depicted in Figure 3, and Ds-LUC, depicted in
Figure 6, were 24




transforned into "Mcro-Tom as described in Exanple 3. Transfornmants were

selfed to e to a series of plants which contained a in the
Fosl: ehdAabie

T-DNA. Th rarisposase and the Ds plants were crossed to pr seeds.
The F 1 plants were grown wi thout selection and selfed to produce F2 seeds.
F2 seeds were selected for a 5 stable transposition event by grow ng F2
seedlings in an agar-based nedi um contai ni ng chl orosul furon, hygronycin and
NAM as described in Exanple 3. F2 plants, corresponding to i ndependent
transposi ti orEgimilel. BMSEmataenestind screened for doni nant nutations. F2
plants were selfed and F3 famlies, each famly consisting of 12 F3 plants
derived froma single F2 plant, were screened for recessive 10 nutati ons A

mut ant m ni ature n ai E%Es

sequence (the targ@)Mv\g@%de}%’tﬁ%e ﬁﬂg\ﬁ@é@ ﬁflrac e?‘#‘?‘gm %ggiéés&)o

pl ants. TheseERiple alyplvith ther exceptigre diaedhd @ldifSRweye pesveerihngh \sett-prodfi r St
primer corresponding to a _nucl eot| de sequence of the transposon Ds, and a
second pr idrer nethousg rat $8¢ IN eizmgnR Jnghigye r9%c§°§‘6€‘? dRehawgt, legl, oinsteade of 4R det
nucl eotide seglence . The plant that produced a PCR product with the first
and second prrners was identified and anal yzed to determ ne the effect of

transposon i nsert i BMS-mumgetesisnwasl meoformed sre ¢5160@ EMato-Tome sesik. (Fhet seeds
phenot ype of t 20 Exanpl.e S:, Ds-Luci ferase The DNA copstruct for
gene trapping ‘@é%‘i%ﬁ&?t’@ﬁtaﬁ“ﬁ’ﬁgg??? e Rignt §°’§HWFF[ %ﬂmlﬂ?‘@lﬂ‘@agﬁmz §Fd aks
simlar to ACdedigatdlione M Ngeheititiow The kdeds wemnﬂaded 'f&\/gi‘ﬁéxﬁ‘ﬁoﬁ QREQUMBtrEHOWN as
gray arrows. Constructs are flanked by the right and Ieft (LB) 25

borders ofi0t h@pper st dishes, trappfaredrfan Galpameves é’oﬁ@n‘é’n(al 150 mliafedn t 0 Ac
left term nus {"ﬁ dwq%em'sctslghageo&% aﬁlhéuﬁa&@o@&a@ﬁ%d?'l@%o%xg%t Eo%an nal

inverted repeat | acks a pronofer. Resistance to kanamycin (Kan
hygrornycin i sempmziterer €2°6y wite gtatbmﬁbamng)hoMpmgtmmtEfseadaswemrextenswely

am nocyC| i tol S ot ran fe ase en on I esi ance
(Chl or osul f ur d‘lfoi’sg qog %’ ‘E&S%’f‘%ﬁ%fnf Fraling gy eﬁé’gﬁpgﬁ’fl Pt t he
Ds378- QUS- conteghidiNgro nﬂierMGfag&ﬁﬂzdaé‘efeﬂMfgtslﬁé’ie QbtalefUh atheid ga&emolaa@tmé e

synt hase glene from Arabi dopsis (Federoff and Smth, 1993) by the 3
pronoter. Hhe pepeRng e EETERRRLian Jvas degdused RY @beus 25K ﬁEP’B?"é’P"’(%Y E‘sgé't%lft}@@’u The

pl asmid Ds-Lugj ;:&g ARk ¥i@:§leCQ\Vl§tsEHﬁt»e§e %M&é& B¥R 9 gb%%lﬂsﬁ‘”ﬁ’&n b IJPP

378-QUS (Figure 3) was replaced by the | enent descri bed above and
depi cted in Fipans M2 smﬁsovaredmvastcémdmduam&ofremb@lmmw@ -JaMBnplants

LSt Stance 0o NG i R Sy T TSR AR i B,
Jonat han Joneshariatediin rbulld,Jmolm‘ghmepfhasfmd elsh M aildner Approxdaaately 204500rviR2 d
Into the ”id‘ I a;[elécrlse fr%r%n%t %uﬁ(ull’xz'frve\:/fl were sown and gave rise to 14,000 fruit-producing M2
plants. M3 seeds were harvested in bulk.
(b) Results: In the M1 population (the treated generation), about 1% of the
plants showed chiorophyll variegation.
In the M2 population, a total of 14,000 plants were grown in nursery trays and
25 screened for mutant phenotypes, as shown in Figure 2 C. Figures 2 D-H depict
EMS-generated M2 plants with a mutant phenotype. Out of this population, 111
chlorophyll mutants were found, including albinos, yellow (xanthophyli-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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M cro-Tom as described in exanple 3. A total of 1,000 plants containing
i ndepend position of Ds.Luciferase were cultivated gans,
such as S’@%%Mﬁ , flowers and fruits, were screened for 10%@(‘:‘?#@%‘&
expression. The screening was done by spraying the plant tissue with 1 nM
Luci ferin, and subsequent imaging in total darkness. Imaging was done 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 tiss anéﬁgfmilet@weéﬁomepdmd@al Mh phaintsuweze Zlso @ueened farhe |, 000

| ants s , 1N I .15 e ifera N, seedling under

lrc1)or mal c%%%ﬁ'?‘%gns@ gﬂét) t%/g}she%’esrésgégéiﬁ%oﬁgowg{ tof’geé-i’ef?eﬁ}a?(lﬁaﬁf'slg 7, bottom
pane!). degregawdrint® ddetmitt \Oneyswhefainily csegyagaed dbr laﬁtﬁBQtaﬁihS(pﬁfpleﬁglalncer s,

| arger popul atj.ons of nmutants peed to.be screened. .20 References en et
al . (t9oH me*?‘ﬁ%%é‘baﬁf‘emé’%bﬁ?ﬁﬁé&’é@“%ﬁi PiREsSCIn; 3 gurs 74 tih demysdect i on of
Apl 1§ i eflolRra0ahiid M2 plantdba b@;ilggaitda b acdlie for Bh@b&@Min, Vol 15 PCR 25

Protocol s: Current t hods and Applications, B.A" Wite (ed.), pages
113-128, Humans Press, Totowa, NJ. Altmann, T., Schmdt, R, and

WITm t2@Lambile 3 Pranepodon t2&Uihs P MhaRbePr 8515e LPQHPE TSNS €M 1 N

Ar abi dop t Ac. Theor.
Appl. Genet) 84, 371 B3. 30 Bechtold, N., Ellis, J., and Pelletier, G

(1993) In planpts obacteri um Medi ated gene transfer by infiltration of
adul t~ Ar abi doﬂéi Qﬁ’%‘%{#i ar@%ﬂ ?ﬂ?“s Piaésl?\)?’ergctfaﬂ?é’gﬁ? .aSPgl‘?sF'é?edéﬁ‘iﬂémFes de la
vi el L0 f e foBomeRiE eshstrack§;, thd fr8dsgBfic pBus were Be@Ck6WRA as describdtdin Exahple (1994) An

easy technique for the clearing of histochemcally stained plant tissue.
Pl ant Mol 10 Biegrhousgsy 12 37-42. Benson, Robert J., Johal, Gurnukh, Crane,

Virginia C., Tossbend.col@icd: . cSned! BamTBLAL Gia Dss7deriey wiRgbert B. and
Briggs, Steven P.,g?1995) Clconi @ and S cnrl1ar acteri zasti on of Yt é mai ze and

gene. Thavept aspd fos|enhancer Gapping K edeeqdt awl SmithHd P93 )s wwere edbtainech drodones)

D G (180 kedihbi! CORAPIN 08 [SRLALEY LY M08, AhpdousLisgnsposon

t aggi ng encodes new cytochrone y. Pl ant
Cel | 18, 9&89%«a6%apgiagand knhaBcet.trapping, reshectividhg idisydaEsdd et aBj K96 ,wee J. ,

Harri son, , K. cofield. 10.S.R , and Jones, J.D. (1995). Germ nal

t ranspos iQPfagf?d?fm? h’g%‘fsﬂ SB?‘gﬁfﬁ?' n‘&’?% 8%'?55{’?‘6?(33?61&#-‘ Uoe A" n Tomat o.
Geneti CS aie3&bschbbd-AFovspol ey, M B., Col dsbrough. A P., Still, D.W, and
Yoder, J.l. (1996) Site-selected |nsertional, nutagenesis of tomato with
mai ze Ac and [SIensEEHpdlar iphc asHOWEEHgRY p¥ph thedermingl invededeapeaidw et al .

| 993 " Pol 1. R i : i - 2323 i | ecul ar
B of oey . o 2 Bre Mol TERAMHRES arl Al B IhOARRE) Bd Eh 08P birdert Dl PO

Wi t €0( echf)theip sggpective Z0DNAnmdha Prokseronitiateopeas (BUS) BefusaiporAawesk L., Wod,

J., and Hicks, J. B .{1 ). A.plant DNA m nipreparation:. Version LI. Pl.

voi i o1 promdss 1 PR ufpiflelitk mibind M LB RA Rt sion B o

gaans posi 4fl tgﬂ3ﬁi7d ?mén, (ﬁféo gﬁar??iimisehmfm}uo&?dlg% demeﬂm[\ﬁﬂféﬁks a:jl eISe_.
netics - 5 ro , . t. al, | roc. Nat . Acad. Cl .

USA, 8L, é’é@%—"%kg} ?%ﬁé}db%a%{e%_. ‘Ww h%é)-Srﬁeﬁlﬁﬁanftﬁ. 0 kangmyep (Kapargati| e

system foﬁ)}@&h?&h'(ﬂg%? [AbRRRU Wy Qe hddnfYcAPHHIGDEnsféth@Yr athinoayci#dld- 289. 2S

Feinberg, ‘A P., and Vogelstein, B. (1983) A technique for radiolabeling DNA

rest r#%t i phesprriRtferase senes ragpseatitely . t Snpitiyiy wywphthpleneacetoniideMNAMS)| |

Bi ochem ?s%%nfeﬁ‘e&%ytl@ibhﬁsia?et%'hé'firol%%g%@. J., Rose, R, and Conumi, L.

(1987) Efficient transfer o yp ate tolerance gene into tomato using
a bi nary AgrobBsmmatilitsnis achiéwedibyngolhguwbe DerconBinateemmio (DY, [BE a@6- 730.

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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25  systems, a number of markers were used to select for transposition events (Fedoroff
and Smith, 1993; Sundaresan et al,, 1995). To that end, sterilized seeds were
germinated and grown in 0.8% agar-containing Nitsh medium supplemented with
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30 p.m. chlorosuifuron (DuPont). GUS staining was done according to Jefferson (1987)
and tissue clearing was done according to Beeckman and Engler (1994).

(4) DNA analysis. DNA was extracted from young leaves by the Dellaporta
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Genet. 2125 29his 2ewe is3i(s use as a non-destructive reporter in whole tomato plants. Spraying

Gen.

‘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
30 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 Bam358-Ac (top panel) were compared to wild-type, sensitive
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CLAIMS: 1. A nethod for selecting a mutant mniature plant having a
desired tal nprising the steps of: 5 {a) providing a p lo@4k20f
m ni at ure%g%pgﬁ wherein said mniature plants have the fo??g}\}me‘}r?g
characteristics: (i) reduced size in conparison to a commercial plant of
the sane species; (ii) maturation to produce viable seeds or tubers at a
pl ant density of at | east ten-fold higher than standard growth conditions

used for a co | ant of  t he sa e capabl e, of bein
Cr 0ssed 10 i PRAS SRR 25 JPaiom Genthe hi apScaelon by Sheatdin iy
nutant m ni at Héxﬁltﬂle% i Evéxﬁﬁzﬂ'l M@ iddv & AL 30t tkﬁ%b@caﬁé 2 dier n%xhg%dvgg sai d

mniature plants wth mut at i on i nduci ng agent to produc geni zed
m ni at ure pl apxe anmﬁndtthmaméhm‘(eé) selecting a mutant mniature plant

popul ati on. 2. ho heCRBlpll rEisR@he etpe MAGRE W Shoolhet B BREAPOTRh e i e

plants is gengh@ieth PigureadBLr alancsrtrmﬂmmem Wit 37 HGUD HreesithitGo 20qighaEer | NQ,
or by treatnment with, plant rovvth factors. 20_3. The nethod of claim 2.
wherei n sai d #Vﬁ‘i°§%yﬁﬂ’e(Fr5$‘§ﬁt > et Whilg wildrtper c%*ﬁf%T%I isi spasitives (Figure 4Bet hod
of claim 1. ""ﬁ:? @hqgﬁgl d commercial plant of the sanme species is 25 used to
produce food er or flowers. 5. The nmethod of claim4, wherein said
comerci al pl ant ofThehindglgnacetise by drolase @aqmaacnwmm@fnrspsmuws w DeAMy- t ype

I/\Azglr ;I (r)]r Sgl 8' ?g??xr%gve #la.ﬁts §? {l?f r@%ﬁ:ﬁ flﬁg'tls e a?’?x ?ct)ot-ggs% agﬁtd[l]eo%oo{ tg%:clegbqrg%m

ces a ben e frui
t omat o, gri@pe,afipr gmunaggphmttown mrEngurferm tPéa,ntsaprphﬂ’om&iﬂ thh/\Ba:?xBSS'm aret hod
of claiml1, wherein s mut ndu0| n i IS chemi cal
mut agen sel ectEBIHY % %{F@ %‘i"?ﬁF‘ﬁg‘ %{h@ Es‘b”"&ﬁé R FENS)
met hyl met hanegylhangt furé WS)n hf)etlhxhw Iébx{smvﬁ@scqﬂrb%a.méwm n&Bfvd s@Qph 1 NS-
5 8. The nethod of claiml erein said nmutation-inducing agent in step

(b) is irradi amazser eselsst against Bamd h¥-Agr thup stgbitiging eWdnwtions, andiar taistlenti on,
X-rays, and f n@?ﬁ{&rd ﬁlﬁ‘su&%ﬂs%%ﬁ gt hod of claim1, wherein said

mut at i on-i nduci™g agent 1 n ste I's a nmobil e DNA sequence which is
sel ected friom the grteudllqese sonfers biw seststdobiA tarlG0 pb rehidrpadtatineineplanent .

10. The method of .claim9, t\éﬂ’uér n saidtr sposabl %ementhms u;@l ect ed
fromthe 15 gr Y MEASIREXFIE OF clemenheBY SATEES e SHRSH i b APt s A BB o u's
transposon, angiamd vaieted DO ID&IRISBE, esaib Wi AP iird 41N SPIRE §ipe %Yaﬁxftseg'fbwﬁ bn 100€
nmet hod accordl g}gqto claim 10, Wnere sal.d transposabl.e el ene is the nmaize

Ac/ Ds transposBRil ehiaresiiyron axg sepsitiye (Figurse 4 fthe While B‘P‘&‘ﬁt“’%‘éﬁ"éﬁ?deamby t he

et hod of any aersdbuglraldowlrebahcelFighde 4Bhgiagg.ant m niature plant of
claim 12, wherein said mniature plant is a mniature tomato cultivar. 2S
20 The results of selecting for the markers used for transposition selection are

shown in Figure 4. X-Gluc staining of F1 (Ds X transposase) plants shows blue
sectors (Figure 4E-F). The promoter-less GUS reporter gene, in DsG, was activated

as seen by the blue color in the root of a ten-day old F1 seedling (Figure 4E). Young
fruits, two weeks after anthesis and 1 cm large in diameter, were stained for GUS

25  activity (Figure 4F). No GUS activity was obtained in negative control plants such as
the wild-type or the Bam358-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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14. A nmutant mniature plant popul ation wherein a mniature plant of said
popul at i Yo Ig pe foll owi ng characteristics: (i) reduced JcAALIE00442
conpari son to a comercial plant of the same species; (ii) matures to
produce vi abl e seeds or tubers at a density of at |east ten-fold higher
than standard growth conditions used for a 30 commercial plant of the sanme
species; (iii) capable of being crossed with a commercial plant of the sane

species; and (iv) ri ) t d an _agent selected.fromthe
o oup conel st ng JERE DRETEGT' Th SBu SRR Dl do i 2 MelR B
sequence. 32 excisiod/feinstition myktamt remlm il ite apilignto Rieptifyadridorescuk l@hahyid 4,
wherein said con’rrerckl6 % thﬁk_(ﬁ‘arre species is useg?to produce f ood,
fiber or fl oRefsdives piAgLs At OX{IRg CTR{sght bepBis ats3H%rCdiS-cland m 15,
wher ei n sai dsaﬁmsr@d-@énymgaﬁémﬁi stetsetxéfaalepmﬂﬁh@?orlr@g?oxﬂyameéimﬁb ajgoduces
a berry- type fruit or plant of the Sol anaceae fam’l . The nut ant

m ni at ur eSpl ésnnarmwammtyoﬁm\bk@ rrhpmlecmmcﬁ polinkedy &t@hhmdc itrahspb6itiph ant
produces a b t | } Iant

B trus. rai ¢ ot afaRovh bied f51 79 SROIARR A & Bofre-8SHan 518
containing a gmbmhleDDbmnmquemcumsblateeﬁllv mtsnst:mt g@dﬁomﬁulﬁnbm(ﬁgﬁre 4D,
conpri sing the .o ;.15 roviding a,popul at.i pn af m Qi | ant s,
wher ei n sai d " Eeﬁ?“%?nfnée%'?a & YRE™ g?‘feb‘% ﬁg’ycﬁﬁ&é%f?@t“g‘sgmﬁ u(li(??}ﬁ
reduced size 4 Bll@db[éptaftbx%@tacst OTlls Q@ANERstemab siitadlt fof SelédiRn AMWSRAEHd (1 1)
maturatlon to produce viable seeds or tubers at a plant density of at | east

ten-fol dl |gH§¥1“¥?¢dFPn§?9§ﬁtﬂ’&rd growt h conditions used for a comercial plant
of the sanme speci ege R0Hf {hls'évlteﬁ:%@&hﬁo‘?ﬁvo@&'s@ﬂst%%ﬁ@&wﬁc&f‘ﬁ hafl Kan®

comercial plant of the sanme’species; (b) generating nutant plPants Tn said
m ni at ure pl aplantpophitkapéromts ibie ldp!etaﬁqangl 9aumxmaméaIWraMpasxnmbeﬁwtsDWbr

seauence; (©)y REEELALPNA B LACKES AN SAL I ARL.BRAN A IAER ||

using a first rrespon a nac
DNA sequence wsed, &5the ’I‘sBNAncbnmmne nhecanptea;tmadsxregsetgagatem uwheotSIedﬁxds €guence

of DA Wit Frostieaer Rsperepbr RRrashiaH aisotter Hee ind Roel Pl

second pri m?rﬁemﬁ-@ thd h€enfBtdied aﬂuqdeanmn&&mmemh@ SThid gmm af Wlarlsant is
a mniature tomato 30 cultivar. 20. The nethod of claim18, wherein said

mobi | e DNA seefuiched in sichevens Berapsecth the aagrab igndesysios ticrig tespesTnEMY.or a
transposabl e %@6@9\53\3 0B Some & the unlinked transposition events described above (Hyg', Kan®
and ChP® plants) are eliminated.
20 The activity of the 4c¢/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 Ac in the wx-m7 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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21. The nethod according to claim 20, where said transposable elenent is -
the mai ze_ Ac/ ransposabl e elenent. 5 22. A nethod for pﬁQﬂﬂi- mut ant
populatidﬁoaw liriniature pl ant conprising the steps of: (a) prgggﬁ?%g a
popul ation of mniature plants, wherein said mniature plants have the
foll ow ng characteristics: (i) reduced size in conparison to a conmerci al
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pl ant growth factors. 20 24. The nethod of claim wherein said
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sel ected fromthe .ar.Qu Qnsi St4n f - L Lradiat k en - S f ast
neutrons. 30 ?&ma}%e]&népﬁcﬁﬁ 0 T:ﬁ%‘}r%“ég‘?{“ﬁ%%?‘éi“ﬁﬁs%ﬁ’%%ﬁmQ?&ﬁ‘-ﬁ%ﬁg’ﬁng
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transformants wherein each transformant contains a T-DNA insertion in a
di ff erent gendagscnoseyl the gnDNB tegrardstibe tast brsderdFisareal)mThe Gl probepresghid

mut ati on-i ndugy. e i h i at-

popul ation i s%‘;cl)g1 a?bg’eg&?dr%dmgtsh{géggg%:%dg@p%}enﬁﬁpﬁ%@%ﬁnghgsﬁ%gﬁﬁg%ﬁﬁ% an
active trafspeiigie TrDNXxstopmis Iike@&d inlHe gerbimed Nd hgbridizatiaf wastubtained, s d
active transposition systemijs a plant native anspospn or, a transposon

i ntroduced i nESPEHE pvéitt%ﬁy{rﬁrgﬁg%s% %aﬁa}%n & ﬁ?@ ti?fhﬁﬁ&ﬁeé@%. Vﬂ%?‘?mt hod
of claim29. W@Bﬁ@i&ﬂicﬁﬁia&eﬁﬁgﬁgﬁrﬁi mpea)‘b iltn'tiiaﬁltlix‘@/esérﬁdﬁl Eﬁciﬁéﬂ &l efhsérfiod r om
an autononobus transposon. and a tr osa el enent  obt ai ne 0ssing a
pl ant cont ai ni%hde¥ IRGALCR oﬁﬂﬂﬁ% (ﬁ%ﬁ@%&%ﬁow % KOS tbﬁ‘é‘fee%lr]:l’ﬁgaﬁ@giég
source or W t ggnISORt isREtka thalBuPsf 20 HRARNBHE tdr HRRRREHron 3sistddte, Met hod
according to claim 29, wherein said transposabl e el enent 20 conprises the
mai ze Ac/ 39 t rwere pesisiants {os hpgromysin ¥ evidenged dbyo Vigoras noeb devslopmenpydiea n
sai d mniatur ' TRV MTT=T Holys ) Ul 4 ¥ /% or

i dentifying aqﬁﬁgg{e%gténzheﬁsﬁe% elﬁceﬁt\%ﬁls ch %%H?’r oﬂsﬁygﬁa}éer?t% ﬁeg %gmgh retgg‘%ogrf
conpri si ng t heexsisepsicvibout 4P%e, rvehielf ay mingilpr do previcuslyr ppitedh figues HoramBize,
construct to produce L atidfea. o . j | ant erein
sai d DNA const l?c?flerc%%pér)e?ag:gg‘ghi ég%g hékseégll%gh{?gxéﬂr%g@l%ﬁg& ?%8’38%%5 pé’ Pt ker
whi ch | acks a #r,aa90)eindurabdislopsis (SltmardOetal.Ni998). pronoter, said gene
sequence bﬁ']ng cloned within the borders of a nobile DNA sequence, wherein
said mniature plant has the follow ng characteristics: (i) reduced size in
conparison to Exsxﬁgw.cria}erm@mem& il #MinAARre DRI @itivdri i ) Maturation to
produce vi abl e"seeds or tubers at a plant density of at |east ten-fold

hi gher than

The miniature tomato cultivar ‘Micro-Tom’ was selected to produce a
population of transposon-containing plants. ‘Micro-Tom’ was transformed with
30 plasmid Bam358S-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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42. The ComrSEd&h_cé){tﬁéWaert% GhaidBnftfied. WDRIACKES Satacel TFAIR 1GIA ok BBlan{sS Used
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wherei n sai d ddesee VA samplest wees subiecsart tauPICR byr sereping withea rfyrst ppmer r i t

or a plant of : ] 0. Ccl. ai rein
sai d commer ci é:Ft}gfp?ﬁ?‘ﬂg?g%ﬁrggis&gh %éﬂuéﬁctey&g;ﬂig% éélisglg}n is)se’l Aél?tac[arkde%? rrlc(l:)\%ﬁfﬁce)rpnat o,
grape, prufe, cegygsloadingtd theumcleotide quenppbithe Biget nucleotide sequence. The plant
_Af. A3. A. A Asy, Ay. ANSL .. A.

% Av9. Aaf.. Av. AA L Af9. As{f. A ASUF . A .
. AFN. AyL. Ay. A% 1§9¢\‘§f§§\.aA’.9gl\§oPA&%?"A.‘"AQ‘O%%@%‘&? A® g)%’%l"?%{"@@%%ﬂ\‘)\?%‘ﬂuﬁd F 9!

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

mutagenized miniature plant population; and

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

15 mutagenized miniature plant population.

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

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

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

4. The method of claim 1. wherein said commercial plant of the same species is
25  used to produce food, fiber or flowers.

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

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

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

fruit selected from tomato, grape, prune, eggplant citrus fruits, apple.
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5
8. The method of claim 1, wherein said mutation-inducing agent in step (b) is
irradiation selected from the group consisting of UV, y-irradiation, X-rays, and fast
neutrons.
10 9. The method of claim 1, wherein said mutation-inducing agent in step (b) is a

mobile DNA sequence which is selected from the group consisting of a T-DNA and a
transposable element.

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

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

autonomous/non-autonomous transposon system.,

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

20
12. A mutant miniature plant selected by the method of any one of claims 1 to 11.
13. The mutant miniature plant of claim 12, wherein said miniature plant is a
miniature tomato cultivar.

25

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

DNA sequence.
32
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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 (a) providing a population of miniature plants, wherein said miniature
plants have the following characteristics: (i) reduced size in comparison to a
commercial plant of the same species; (ii) maturation to produce viable seeds or
tubers at a plant density of at least ten-fold higher than standard growth conditions
used for a commercial plant of the same species; and (iii) capable of being crossed

20  with a commercial plant of the same species;

(b) generating mutant plants in said miniature plant population by treating
said plants with a mobile DNA sequence;
(c) screening DNA extracted from said mutant plants with PCR using a
first primer corresponding to a nucleotide sequence of said mobile DNA sequence and
25  asecond primer corresponding to a nucleotide sequence of said gene of interest; and

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

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

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

the group consisting of a T-DNA or a transposable element.
3
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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 methanesulfonate
(EMS), methyl methanesulfonate (MMS), methyl-N-nitrosourea (MNU), and
bleomycins.

25

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

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

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

mobile DNA sequence selected from the group consisting of a T-DNA or a
transposable element.

34
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28.  The method of claim 26, wherein said mutation-inducing agent is a transposon

and the mutant miniature plant population is obtained from the progeny of miniature
plants containing an active transposition system.

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

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

30.  The method of claim 29. wherein said active transposition system is selected
15 from an autonomous transposon. and a transposable element obtained by crossing a

plant containing a non-autonomous transposon with either a transposase source or

with a plant containing an autonomous transposon.

-~

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

20  comprises the maize Ac/Ds transposon system.

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

25 33. A method for identifying a nucleotide sequence which controls plant gene
expression comprising the steps of:
(a) transforming a miniature plant with a DNA construct to produce a
population of randomly mutagenized plants, wherein said DNA construct comprises a
gene sequence encoding a screenable marker which lacks a promoter or contains a
30 minimal promoter, said gene sequence being cloned within the borders of a mobile
DNA sequence, wherein said miniature plant has the following characteristics: (i)
reduced size in comparison to a commercial plant of the same species; (ii) maturation
to produce viable seeds or tubers at a plant density of at least ten-fold higher than
35
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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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44.  The method of claim 43, wherein said commercial plant produces a berry-type
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10  fruit selected from tomato, grape, prune, eggplant citrus fruits, apple.
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