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1 Recent advances in genetic _engineering have provided the
requisite fools to transformplants to contain foreign genes. It is
now possible to 5 produce plants which have uni que characteristics of
agronom c and crop processing inportance. Certainly, one such

advant ageouswd geRidr9i S enhanced starch and/ or solids @®CHUSYsI01950d
quality in various crop plants. Anot her is enhanced oil and protein
content of seeds of various crop plants. Sucrose is the carbon
storage unit which is transported fromthe 10 source tissues of nost plants
to the sink tissues. In sink tissues it |s hydr ol yzed and t he
conponents used to build other, nore conpl ex storage units, primrily
starch, protein, and oil. The hydrolysis is primarily acconpl i shed by
sucrose synt hase which produces UDPqucose and fructose. UDPgl ucose is
converted to gl BEXPR] QN A SR (51 RIANT

The starch content of the S|nk tlssues of various crop plants has been
i-ncreased through the use of a gene encoding a bacterial ADPgl ucose

pyr ophosphoryl ase. SMMB%};M%B@SD@&IWSM@&)@‘(WM& e requisites,
Serial Nunber O | f 20
This enzyne cataoglsgge{’szt gfogirn(s) es|f')dn fﬁ%ﬁ%ggrgﬁ?y d s@ié'bféaio
phosphat e. | t® hBeodyce plants v 6’& V?H&Eq‘%ec%haé'ﬁﬁewg%ﬁ EIEPPH@“&@P &FP phases

?f tsﬁEd ﬂevtel opﬁamess‘aag ﬁﬁﬁéx&aﬁ&% t h@ﬁﬂhh%ls'o%ﬁx%n&ué&h'a@bahﬁaéebﬁﬂgﬁ'hltiQst betdue
o the shunting r ri e starc n an
decrease in its® ‘gﬁ%ﬂ ediste ﬁ “%6‘?"364‘ S foRiant ARd uaw)\Eananouséfra ot

Eot glt oes is g phﬂﬂﬂmwﬂmﬁipﬁuﬁﬂmﬁﬁf@ﬁmﬂkegsofvmmwghmts |

andl i ng, and storage -br | [ kS |n
t he cor'?ex area of ?%é‘cﬁl}gel?.tﬂ%r%%bso?lnsggﬁa ‘é‘ga"qt‘ %%Lf)?maﬁ ?{oﬂé Y
the tuber, |bhwesowsadissses af cugst plantsdio Iphetankemssand dotsink qmsudamt &8

and processing hodbipled'adHaths oo M&m@ﬁ%@ﬁ% Eild SlfrSmbfe Bictibiek Bgbragd s

30 been found that potato varieties wt tarch content have_greater
susceptibi ity BBt grimaraly starch, prstejs, &@él 9ihp|The Bydrolysis de primarilel or

accomplished by sucrose synthase which produces UDPglucose and

fructose. UDPglucose is converted to glucose 1-phosphate by UDPglucose
15 pyrophosphorylase.

The starch content of the sink tissues of various crop plants has
been increased through the use of a gene encoding a bacterial ADPglucose
pyrophosphorylase. See PCT Application WO 91/19806 (equivalent to U.S.
Serial Numbgr 08/120,703, Kishore, incorporated herein by reference).

20 This enzyme catalyzes the production of ADPglucose from glucose 1-
phosphate. It has also been found that its expression during certain phases
of seed development can decrease the oil content which is thought to be due
to the shunting of raw material to the starch pathway with a concomitant
decrease in its availability for oil production.

25 Bruising of potatoes is a phenomenon found during large-scale
production, handling, and storage. The bruise is seen as a dark spot
primarily in the cortex area of the tuber. Bruising can lead to loss of quality
in the tuber, lower consumer acceptance of potatoes and potato products,
and processing loss of tubers having excessive levels of bruising. It has

30 been found that potato varieties with higher starch coritent have greater
susceptibility to bruising. It would be desirable to decrease the level or
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of " bruising and particularly desirabhl.e to do so while increasing the

starch content of the tuber. A nore uni formdistribution of
st.arch and solids within the potato tuber is also desirable. The pith
or core of the pwsses’enerally has lower 5 solids content tpetwsdsoiosst er
or cortex region. \Wen |ongitudinal strips are cut fromthe potato
tuber to make french fries, the mddle portions of these strips

therefore have | ower solids levels than the eéhds and this is especially
true of strips cut fromthe center of the tuber. Strips with | ower solids

content or wth redheidene ofbpitisingseid shitie@lary Wesirolb ité §o SOWHRE irfcPEASin}Othe
times 10 to achi eve lq:% J20E d ee.of acceptability to the consuner.” These
pretheRtiy of Al

| onger cooki ng tI fres “fn over - cooki ng of the higher solids
strips. Longer f ryi Agnerenmsiferhsdistributicn ofstgretoaed salidsorighinotheqfota gt

and therefore | ow | hDS | ' ont ent
i e i 1] Chie bt s alsg desitdtE’s BRI OF ol dritn; Bao pndrilfly BRENSE:,
| ess nutritious Podlids contenicthat thewuteror eartexgregiont dWhen hingitudinal stspsare

cut across the pot ah® fédmb €k d ' | S i 3 iﬁ& I ds
can result in a fried grodu%i:tgfi;;hﬁgrlgorPaﬁgﬁeﬂé%gﬁée%wg%ﬁg@lpk}h er-sg’fg(gﬁéegg
e

centers, and a hi gHfiFiP$ there e logep selidg leyels than th apd thisriy espeially
non- uni f orm di stri bt ofi stripssait ftsmi thetdefterdfahe thbbe’ Strips with low&SsH® | N
di sproportionate | 035 stof vg&h@to sol 'hétls (f 8&1 the cortex) during .20 the
peel i ng process. nient or eginms of lewercsoligs content xeqyire donges g times
tomat 0. Hi gher d8! itoachieve the saie degree offaceaptaliiliey to theadohyumery aThest 1dnger
aci ds) and i nsol ubl | ri r PRESSI ef.f.i ci ency and
the yield of pr oduc(!t%gﬁlg1 é: g‘ﬁ%&%t’%ﬂ%ﬁ‘ %Vgsﬁogﬂhgng °P&§’§H§€% S°L’ﬂﬁ52'&?ss Mg¥ese
sol i ds al so cont ri Hiyiagtimesnalse result inigreater absarption abfat hud therefore daiv solids

products. Higher saltigs adSthos®WitH ﬁigJe?lsBﬁdL BéntelP Fréc’g‘@gsl will hab83! ﬁi\%ﬁ;zé F;'artes h

t omat oes. Sucr ose, phgsphorylase is a m | enzymne

cat al yzes pr o F9RFE N gﬁgﬁgru seontent, fries, are agless syutritiong foedicr dnethel t s
activity haz . 153mmmw¢omo axn%,lamitcéﬁagé%mﬁfacb@s%ttﬁé ba%aft@?ﬁbértﬁ}maéhe
speci es, an e N ep is rom g .nunber, o em
(Pinentel et al., %ﬁ&mﬁ%ﬁﬁgﬁﬁ@ °gfglé  can xegy .m(‘;‘g&b‘? profuct with gyeoy e
have been isol at ed doplsed edges, underiraoked ¢canterspand  Fdglierifar conitert! (espetBAl, inand
references cited t "Iﬁ%%bﬁ'ﬁer).l '131e gﬁﬁfm%%&%u%ﬁ%?ﬁoﬁﬂqﬂ% PoatS et Rso

(Russell et al., Perry et al. |
results in disproportionate losses of potato solids (from the cortex) during

20 the peeling process.

Higher solids content is also desirable in tomato. Higher solids in
the form of soluble (usually sugars and acids) and insoluble solids contribute
to processing efficiency and the yield of products such as ketchup, paste,
sauces, and salsa. These solids also contribute to the taste and texture of

25 the processed products. Higher solids also contribute to the iinproved_
taste of fresh tomatoes.

Sucrose phosphorylase is a microbial enzyme which catalyzes
production of glucose-1-phosphate directly from sucrose. Its activity has
been observed in a wide range of bacterial and fungal species, and the

30 enzyme has been isolated from a number of them (Pimentel et al., 1992;
Vandamme et al., 1987). Genes for this enzyme, have been isolated from
Agrobacterium spp. (Fournier et al., 1994, and references cited therein),
Streptococcus mutans, denominated géfA, (Russell et al., Perry et al.) and
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Leuconost oc nesent erol des, denom nated spl (Kitao et al., 1992).

Het er ol ogous expression of the gene fromsS. nutans:in E. coli is disclosed
in U S. Patent 4,888,170 (Curtiss, 1989), incorporated herein by
reference. wooenddre utility of the transformed nicroorganPemusseese as a
vacci ne agai nst S. 5 nut ans. It is an object of this

i nvention to provide an inproved neans for i ncreasi ng starch content
of various plants. It is a still further ®bject to provi de a neans of
decreasing the sucrose content of seeds in oilseed crops resulting in

a gecrfe;gl_se in tD@u&oﬁ‘é@docQiesM&ﬁHéﬁbHengﬁﬁﬁ)@ﬂbﬁdlrs@fl%mh e@sal.lO19gHchyose
and raffinose, e, i ncreasi car bo ila

protein productxl@he ‘W?%”?’%ﬂ’ﬁq °%B?§ﬁ'é“r§8‘5‘] %g{zu 3%?%{,[”3@18”‘@?&5%
constructs whi cH. S.rEaﬁeneﬂ;SSSLl‘VOp(iGnrussn@pst theorponated| herein by seferéndeur t her
obj ect to provi E&{TPF nt nore
uniformy thr ougﬁout ?%gﬁ%%ggé&f s a s &syt}rgt{s riggb‘j%tg@%‘gggmﬁ‘t's

I nvention 1§tmqé¢'w| de potato tubers with a reduced susceptibility to

bruising. It is a It isSAnh bbjebt/bf 185 i Rintioh tof protide dzﬁi&ﬁﬁid\@ﬂ rﬁéh:i%r@i“ de
i nproved cereal _crops, such as naize, rice, wheat

rie 2
The present i nvifreamng searcl centonh of yatevs plantan It %ﬁ@Bcfert&er obJecsER;r ose
pthos pﬂor yl ?S et ( prviderd %ﬁ&n&%ﬂd&%&fﬁéﬂn@tﬁe m&s&f co?ﬂeritrdfdwdsriﬁ oilseed aﬂb@tnced
starch content | ants ano S 0 vention
seeds having a B@Eﬁéﬁgéﬁ 8 asgan zﬁﬁ ?%%E gﬁﬂd?ﬁ' %ﬂxﬁﬁﬁ ‘6‘5%1
whi ch wi || r#8uktachposeranderafBrloss), Whilednpreasimgrthe carbornavailable f@&kaxhl t of

S CXPresst on i rifibion, 1t g gy st el YR SO BV bRUIoBRA'S

there is pr ovid I n"accor ance one presen

invention, a e coRgiTRsts whiel grenysef hlem providing isaidmeans Hoistacshill Surther get
tissues of tranaggem ;%ﬁﬁ& oteif Fidiers W} émbm acréd B Stdteh corfint more ()

inserting into t gepione o a reco I nant
doubl e- st randed robject of this invention (i)

a pronoter WpsClio privadé porate mﬁd&s watl h&e@i&cea suaééiftibility to bruising. Itisa
plant tissue, still further object of this invention to provide improved cereal crops, such
as maize, rice, wheat, and barley.

20 The present invention provides DNA constructs which encode a
sucrose phosphorylase (SP) enzyme and which are useful in producing
enhanced starch content in plants. In another aspect of the present
invention, seeds having a decreased level of sucrose and other
carbohydrates, which will result in increased oil and protein, content as a

25 result of SP expression are provided.

In accomplishing the foregoing, there is provided, in accordance thh
one aspect of the present invention, a method of modifying the
carbohydrate content of target tissues of transgenic plants, compnsmg the
steps of:

30 (a) inserting into the genome of a plant cell a recombinant,

double-stranded DNA molecule comprising in sequence
(i) a promoter which functions in the cells of a target
plant tissue,
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4+ ___ (i1) a structural DNA sequence that causes the
producti on ' of an RNA sequence whi ch encodes a
swtcrose phosphoryl ase enzyne,

(i-ii) a 3 non-transl ated DNA sequence which functions in 5

plant cells to C¥@46Panscriptional ternination and PCT/US96/01959
the addition of polyadenyl ated nucleotides to the 3' end

of the RNA sequence; ~(b) obtaining transformed plant cells; and
(c) regenerating fromthe transfornmed plant #ells genetically 10
transforned pl ants. " I n anot her aspect of the present invention
there is provided a r econfii) nam structuvaldDNArsequentedhiAt caises theproduction
conprising 1 n sequence - (é9 an ﬁWAQE%\FJnc il Ué}féohggsa'gh&%ge
cells of a target plant tisstue, 15 Il a

structural DNA sequence that causeghasphorylaseeneyme, of an _
RNA sequence which encodes a 6Kl 058" i EraRSIaYePPNA sequence which functions in

enzyne, (iii) a 3" non-tranpslated DNA sequence which functions
in plant 5 cel I's tRJaphgells to gpuse transgintionsd termination and)
t.he addition of 20 pehleyaddition aftpelyadunylated siktectides frthe' 3' end
of the RNA sequence. Th%r W al so _been provided, in

accordance with another aspect of ot the Bf% i nvention, transforned

plant cells that contai n(BNA obtaining éehnsformed plant cellsyund rent i oned el enent s
(i), (ii), and (iii). Ingacco ' ot he. spect, of the
present invention, di ffer(@nt [ g%ggg%%aé gfo\ﬁft(%%%tu&nasg%ejspﬁaéﬁecgpsrﬁegﬁ{}?l?#e
provi ded that ha¥® increased teasformedplants. i n t he tubers, fruit and
seeds, respectively, andifidf{Rh&F ekt bfoines t ;
provi ded that have decrease u osgéa Be' g%ggﬁé:%ﬁ%%g %B%tégfrﬁrﬁgvglded a
sucrose, such as stﬁ?ﬁMﬂ%‘ﬁ%‘?‘F | DNA mplecule comprising in sequence Ther e
have al so been provided i@t hodspromotec e AendtithsSinaflecell 608 taRket! flabbe
starch production organs of pggnts, such as the tuber of pot at o and

the seed of cereals, and decr %‘Teng the sucrose levels in oilseed crop
pl ants, such as 3®ybean &ild casthmturad DNAgequence thstocmdedtte production of an

protein content. In carrying RIA (fQuBkéd' Whith odbd a sheldds woes)fa?i%%lggéy
enzyme,

(iii) a 3" non-translated DNA sequence which functions in plant

cells to cause transcriptional termination and the addition of

20 polyadenylated nucleotides to the 3' end of the RNA sequence.

There have also been provided, in accordance with another aspect of

the present invention, transformed plant cells that contain DNA comprised

of the above-mentioned elements (i), (ii), and (iii). In accordance with yet

another aspect of the present invention, differentiated potato, tomato, and

25 cereal plants are provided that have increased starch content in the tubers,

fruit and seeds, respectively, and differentiated oilseed crop plants are

provided that have decreased sucrose and oligosaccharides containing
sucrose, such as stachyose and raffinose, in the seeds.

" There have also been provided methods of increasing the starch

30 content in the starch production organs of plants, such as the tuber of

potato and the seed of cereals, and decreasing the sucrose levels in oilseed

crop plants, such as soybean and canola, leading to increased oil and

protein content. In carrying out the method in potato, it has unexpectedly



WD 96/ 24679 PCT/ US96/ 01959

5 been found that there is a nore uniformdistribution of starch as
conpar ed between the pith and the cortex of the tuber. In another
aspect of the i nvention, a nethod of providing potatoes having a
reduced susceptibility to bruising is provided. 5 An

addi ti onal sbssaaage of sucrose phosphoryl ase activity i nPeEmE96/01989 ti ssue,
such as the tuber of potato, is related to providing an increased,

novel sucrose hydrolyzing activity having a nuch |l ower Kmfor sucrose (1-
25 mM than that for plant sucrose hydrol§zing enzymes - sucrose

synt hases and invertases, which have a Kmin the range of 50-300 M 10

Thi E ?dvant age b§e1i| Etﬁﬁﬁﬂ&mthbfe {shemesd &B!fdragaaﬂ%bmomtﬁch%%ﬂpﬁeds uch
sin i ssues, sul ti pat.ent i y enhancenen

DETAI LED DESCR nshe') %{}‘F “eﬁp"y %‘etlh taber. 7 b?eé's%ﬁpé’ﬁ‘ BFthE bl ant
gene which exi Sixﬁrentioﬂ,mumleﬁ:oﬂtof@mﬁdinerﬂetatoes hdvirigna redired sasceptibility toot | on
of nessenger %%%@J’e‘%{" gy one strand of the DNA by RNA pol ynerase
enzyme, and the subs proocessi ng of the nRNA primary transcript
i nsi de the nugl eus. 'Hm additionakadvaptage of snerose phosph@rylaseractivityshasinkl
Legi on whi ch adgsepoleGeHeR YR EpeH of ga%w'qﬁ rpftbd'fo pAlbiding'Uh HerkiieaRA

Transcription o i nt o IS re a region o sual |y
referred to as npeelsuerpse bydrolyging petavitehaying |adnueb veardom dor sucrosedduence

of bases that s . ,QSI@; and to
initiate the trgggw)p%egkymusﬁt gua?)’?igqiﬁtr%%%h%e'strsn S as a
tenpl ate to nak&mthages andinyartases hﬁ%‘fea? s in the remge of 50-3R0,

A nunber  of PﬁOMﬂ&rﬂﬁhﬁhﬁﬁo@%‘ﬂﬁ tweahsmhxﬁéﬁd &Ms%rafg%ﬂ of such
described in the literature. These include the_ nopaline synthase (NOS) and

oct opi ne synt ha§l*}k(t!%575 mmspgtep ¥ jr vield enbapeereentn t unor - i nducing 30
pl asm ds of Agrobacterium tumefaciens), the caulinovirus pronoters such

as the cauliflower nosaic virus (CaM) 19S and 35S and the figwort

nosai ¢ virus 35S-pronoters, the | |ght-| ndu0| bl e prormter fromthe small
subunit of ribul ose-1, 5-IDEEA 3 R i § a very

15 The expression of a plant gene which exists in double-stranded DNA
form involves transcription of messenger RNA (mRNA) from one strand of
the DNA by RNA polymerase enzyme, and the subsequent processing of
the mRNA primary transcript inside the nucleus. This processing involves
a 3' non-translated region which adds polyadenylate nucleotides to the

20 3 end of the RNA.

Transcription of DNA into mRNA is regulated by a region of DNA
usually referred to as the promoter. The promoter region contains a
sequence of bases that signals RNA polymerase to associate with the
DNA, and to initiate the transcription of mRNA using one of the DNA

25 strands as a template to make a corresponding complimentary strand of
RNA.

A number of promoters which are active in plant cells have been
described in the literature. These include the nopaline synthase (NOS) and
octopine synthase (OCS) promoters (which are carried on tumor-inducing

80 plasmids of Agrobacterium tumefaciens), the caulimovirus promoters such
as the cauliflower mosaic virus (CaMV) 19S and 35S and the figwort
mosaic virus 35S-promoters, the light-inducible promoter from the small
subunit of ribulose-1,5-bis-phosphate carboxylase (ssRUBISCO, a very
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pl'ant pol ypeptide), and the chlorophyll a/b binding protein gene

pronoter, etc. Al of these pronoters have been used to create various
types of DNA constructs which have been expressed in plants: see, e.g.,

PCT publi cati onwe@s@4#r92913 (Rogers et al., Mnsanto). 5 PCT/USOSH 8Pt er s

whi ch are known or are found to cause transcription of DNA in pl ant
cells can be used in the present invention. Such pronoters may be
obtained froma variety of sources such as pkbants and plant viruses and

I ncl ude, but are not |limted to, the enhanced CaW35S pronoter and

gr onot gr 3 Lsfﬂ at ed abafdam ?mht ﬂﬂﬂgépﬁfd?{;hﬁﬂﬁfﬂlﬁ:om Wﬁﬁdir@spﬁ%gei? gene
escri bed bel ow, i referr e particular pronoter selecte
shoul d be capaé’é’ggf)erb Stisi ﬁ'g oﬁﬁffec P‘e‘ﬂg‘?‘é%f‘&% F’B%’ Pﬁeé g% Greate yapqus
production of an types éfcONA/eormtmcts wiidicts have beerp bgmebsed/implants;Ree o gy me

to cause the — Oou¥ soblicBof WO S8 REpdaBLaN Mohlhadflf Ui on, 11 1S

preferred to bring expression o ‘gene 1 h Specific tissues
of the plant such as rodtromotersrwhich are kaowhrayiare found tapahsetrapscripsionr of

chosen shoul d have DN ifl @¥aritasdilkicaf @ 184 in the Eg%%h@ﬁi%ﬁhﬂh. ﬁil?fcrhﬁbiéfs

Those skilled in the t will reco nlzeth?t t ampunt of sucrose
phosphoryl ase need&®@f% ?%‘H{eé frora gty gt squreessichiag plants and plentcirmsest
rrﬁy Vﬁr y }Nith th;a_ ta_ylfleindhde,lblantaraﬁ?t li_ufité?le{oﬁm%eﬁeﬂl{hﬁcl e% Q}&MV35STBF<#in&HP hRg®e
phosphoryl ase acti vi o el eteriqus, to the plant. ef ore,
pronoter function ?ﬁ'?)%'logearéé%??‘*n% ‘ﬁ?“ggFE?ﬁ PR &quq;ﬁgﬂg]éé gengst hAghe
desired tissue &@pdesaibed betovy i isiprefesredtiatyiermurtioniae prometes selected should
strength and sel ectj r . ' roduces the desired sucrase
phosphoryl ase acti&;e?g?iﬁﬁlgfﬁéﬁ{gé e lfi:@tslgu e5SiER Eeéf"&c‘f‘iqgﬁpﬁfgﬁ%ﬁeﬁ???om
t he pool of transf &figative amouniyef scrpse phiospharylasectSMcerdynre 06 caBise the
het er ol 0gous st UCiiekiRbd BRAGBSe id'stakd Yontetit 36 aliRIoE. §

transformants containin tB?\g}sﬁaé’% het.ergfdogou,s gene éﬁ%ﬁﬁéﬁ%&&@%&%@

gene insertion wit FEAFSREN EsRfin 8 wes ofdhe plany sueh as roogdaiber,on
effect"). 15 seed, firdif; efd. @h@the frirhéter thddeR SROEH Have thé désiRd tisdub Hﬁ?
ively

doubl e- stranded 30 |l ecyl es .af. .t h resent,inyention have rel gt

hi gh expression inmoﬁgggag?pﬁﬂgﬁéy't ﬁ@gﬁé?ﬂﬁ%é‘ﬂ art Spllaeceenize thatthe
dry matter is desi msthunt of secrobe phospherylascnesded thindirkahe dpsiféd inchdi@efin Ui t
of tomato, or seedspircHBbAfent may VS Akith theGyp& B pladt 'ahY fuFtiRiEesd HhtQoo! NE

doubl e-stranded DNA mol ecul es i
much sucrose phosphorylase activity may be deleterious to the plant.

20 Therefore, promoter function should be optimized by selecting a promoter
with the desired tissue expression capabilities and approximate promoter
strength and selecting a transformant which produces the desired sucrose
phosphorylase activity in the target tissues. This selection approach from
the pool of transformants is routinely employed in expression of

25 heterologous structural genes in plants since there is variation between
transformants containing the same heterologous gene due to the site of
gene insertion within the plant genome. (Commonly referred to as "position
effect”).

It is preferred that the promoters utilized in the double-stranded

30 DNA molecules of the present invention have relatively high expression in
tissues where the increased starch content and/or dry matter is desired,
such as the tuber of the potato plant, the fruit of tomato, or seed of maize,
wheat, rice, and barley. Expression of the double-stranded DNA molecules
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7 of the present invention by a constitutive pronpter, expressing the
DNA™ nol ecule in all or nost of the tissues of the plant, will be
rarely preferred and may, in sone instances, be detrinental to plant
gr owt h. The class | patatin pronoter has been shown to be both
hi ghly 5 amosermernd tuber-specific (Bevan et al., 1986; roxfuses/nesy et al .
1990). A sequence of -1.0 kb portion of the tuber-specific class |
patatin pronoter is preferred for tuber expression in the present

I nvention. A nunber of other genes w7t h tuber-specific or -enhanced
expression are known, including the potato tuber ADPGPP genes, both

the large and sipikhe présent irventivhl Byei coistithfivalpromdftPOdxpresking she PN hase
( Sal anoubat and '

Bel | .d, 471987, .1 . th +t ub t el
el adi gt ho o SRACHF 68 BIL 0T AL YRS tishiFs sf she plfBie owitl BE Fhaehf Brtpiza
(Hannapel , 1990)andtrhay,dn aombe éndtances, lsd deteimentalt topdentgrowth. (GBSS) (Rohde
t al., 1990), dt I tat | - . t
o 2 0s0. M gnory oo T C1aSh Topdiatin ptithebt nAE 1kh hoWiofEs both nighty® ©
cont enpl at ed o dstive anditubien-specifici(Bevan eval.i A1986;0kefferseet Bhi 1890w A

enhanced or SpeGedhéned o g DUWPorkidnRF tRE fabetldpbcific LIBAS I fAtaLIRA/ pHORIoBSs

normal |y associatéd with the expression of starch biosynthetic or

modi fi cati on en®F tuker expeession dn,the presert-inveRliare A aumbes of pihesi on
Wi thin the pot atgenésiwith tubgitcifie op Lehh@fed RkpIBEiOh ard RedwatlGnélaaig ther t he
enzymes ( KossmuRfuaip Hiper ABPGEE gme hah the lrge o sl shumiss, Mfgiaret "
enzynes ossnma © ; ) . ) % ;

WD 92/ 14827; 100 £32/1996Y, Bucrabe/symphade (Sadanoubae mndrBelliiaka1887:1198D), the
2 10ge: %B?P'f@%ﬁé?%%*f@%@@ﬁ?w el BRI mPI 8 St MERAREE o)
the 40 25 kD glipbihitars dHannapel; ul990), thes pranule houndcstarcte synthasetgane
(Stukerlj et al, h w ga,g | Pl P ] -

pol yphenol oxid (Ggs?’s()éﬁaﬁgé Et_h"?lggt%’a ] @;‘%8{512 ( Esnngﬁté)gcgée?gn ggﬁlﬁlﬁhr?ber S
MP5196 and NMp519Psa et al., 1989 Mignary,eisah, 198%)yi Dsher prometess whishrarepnas
(Stiekenn et 13l .coniéiiplated to berifefud in| €His linPéticis endide IROEARhEE shbwOM

pomce, b2t ot 25 e KRRt Clncln cx i i Seale S, S L mpmters
screeni ng a cDNAadrmally \asebciatediiwith otheg expressionc bf atarche bissyntkétic wr
modification enzyme genes, or that show different patterns of expression
within the potato tuber. Examples of these promoters include those for the
20 genes for the granule-bound and other starch synthases, the branching
enzymes (Kossmann et al., 1991; Blennow, A. and Jobansson, G., 1991;
WO 92/14827; WO 92/11375), diproportionating enzyme (Takaha et al.,
1993), debranching enzymes, amylases, starch phosphorylases (Nakano et
al., 1989; Mori et al., 1991), pectin esterases (Ebbelaar, et al., 1993), the 40
25 kD glycoprotein, ubiquitin, aspartic proteinase inhibitor (Stuker]j et al,,
1990), the carboxypeptidase inhibitor, tuber polyphenol oxidases (Shahar
et al., 1992; GenBank® Accession Numbers M95196 and M95197),
putative trypsin inhibitor and other tuber cDNAs (Stiekema et al., 1988),
and for B-amylasé and sporamins (from Ipomoea batatas; Yoshida et al.,
30 1992; Ohta et al., 1991). |
In addition, promoters may be identified to be tuber specific by
screening a ¢cDNA library of potato for genes which are selectively or
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expressed in tubers and then deternmi ne the pronoter regions to obtain

t uber sel ective or tuber-enhanced pronoters. Ot her pronoters can
al:so be used to express a sucrose phosphoryl ase gene in specific

ti ssues, such asva®&M&Mor fruits. [err]- 5 conglycinin (al so BOTASNE9t he
7S protein) is one of the mmjor storage proteins in soybean (d ycine
max) (Tierney, 1987). The pronoter for [err]- congl yci nin or other
seed-specific pronoters such as the napin and phaseolin pronoters, can
be used to over-express an SP gene specifically in seeds. This would

| ead to a decrease preferablyexpressed imtuberﬂamdthdmedetmnime thé prérhatier wédibns to
result in a decreasgyhin wggpgléﬁwe%r%b&@ potentially an
I ncrease in the oil and/ proteln content, "be desirable in
seeds used for oil or BT, BromRIErs wﬁ%@ﬁoabesgmm exnnessq,a sucrose

oi | seed rape, sunf |§M§§phaﬁﬁﬁ§é QéRk, mehﬁecxﬁh%s%%egegﬁcﬂ"'ds sEHARV bAFriRL e an
mat erial nore qui_ck I,

but, t ants own r u atory mechani sns w
unl ess i nfluence® b M’ in, ﬁ%ﬁr@@‘ﬁ?@éu@éd rPSﬁeFF@t’érQﬂeo%ﬂ!? Wssmrage
direct its use in tproteins I{ntsbybams( Glycine max) (Tx&’hﬁeyz 298. Tke Prathévep f6X B-

storage proteins fo ndos m c cl.ones for zein
genesgha\ee been i so‘%m‘%ycfn '(“gﬂa ﬁr sfg%ﬂ’ec’gﬁopw%ers spch, a5 the, nepinandese
cl ones, including tphaseglii m‘om_@e@canbe kBed RPoviéDexpress an ISP, gamctpgaﬁwly in
genes, could al so bgeHsedhiOwanid feéﬂ t&% @Dcrgfs@q?'tﬂe s{iErose conte of Bh C%‘}'&lée

and ot her plants. Qther pronoters ion-rn nai Ze
the pronoters f 0 thl%Ml’évﬁeﬁBIthhésdeW&ﬁ§e imryndesirabbholighsaecharides and

Branching enzymes | &Eﬂnhﬁy aﬁtla&xceaséymi@m%ndﬂﬁbm{m 'cBfenl Wik would be
ol eosins, glutelins sucrose s particu y pre erre
pronoter for maize ‘Eﬁﬂf lféPr?F%‘i“p‘Fs@ég?'oﬂf%‘TP@FP%ﬂ’%Eoﬂﬂ @s snybeen. canelay
aI gl ua Slgl3 )n gene frosilsebd eapeysunflpner, safflodel Yetk. h?hwl gehe%ﬂ%ﬂde%‘n‘é']ﬁwet
al ., nche e 0i mai Ze seed, rat jer
than starch, one materk%laxg ﬁo@@gi‘% blpgrﬂ} E%’gﬁ?r% 15308 Bl he
SP gene duri ng did wuless pnfinariced bySubhlar anpymnmodmdlﬂdohdxmtolugm&dgdwm ng

the formation of thﬁrechtsﬂls@%tm?l ssiesd Pl es of pronpters active during
enbryogenesi s are ronoters fromthe genes for globulin 1 and the

| at e enbryogenesi s acti v?he zeing Arey3 gpQuR ofisherage proteins found in maize endosperm.
Genomic clones for zein genes have been isolated (Pedersen, 1982), and the
promoters from these clones, including the 15 kD, 16 kD, 19 kD, 22 kD, 27
20 kD, and gamma genes, could also be used to express an SP gene in the
seeds of maize and other plants. Other promoters known to function in
maize include the promoters for the following genes: waxy, Brittle, Shrunken
2, Branching enzymes I and II, starch synthases, debranching enzymes,
oleosins, glutelins, and sucrose synthases. A particularly preferred
25 promoter for maize endosperm expression of an SP gene is the promoter for
a glutelin gene from rice, more particularly the Osgt-1 promoter (Zheng et
al., 1993).
If one wanted to increase oil in maize seed, rather than starch, one
would choose a promoter which causes expression of the SP gene during oil
30 deposition. Such a promoter would be activated during the formation of the
plant embryo. Examples of promoters active during embryogenesis are the
promoters from the genes for globulin 1 and the late embryogenesis active
(lea) proteins.
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9 Exanpl es of pronoters suitable for expression of an SP gene

i N wheat include those for the genes for the ADPgl ucose

pyr ophosphoryl ase (ADPGPP) subunits, for the granule bound and ot her
starch synthases, for t he branchi ng and debranchi ng enzynes, for the
enbr yogenesweo-eshagngslant 5 proteins, for the gliadins, anpc¥trshivse

gl utenins. Exanpl es of such pronoters in rice include those for the
genes for the ADPGPP subunits, for - the granul e bound and ot her starch
synt heses, for the branching enzynes, 9 for the debranching enzynes, for
sucrose synthases, and for the glutelins. A particularly preferred

B:gg{ g:sl st£ he plrgnnk% Lé&rotf &%&%%é:ﬁl:ﬁble@:%xﬂresn@ﬂm ﬁg@fmsuch
subunits, for t‘% igerllgﬁﬂﬂ%@ Bt ré gB’t‘?ﬁe’?’ %ﬁs@?’%&a‘mﬁ&mhﬁ °ry 88€  he

]pr anCEi nﬁ egzymm)PGBP) sdlmmpfoﬁale@lggalnﬂawﬂﬁand Bﬂleﬁ@ﬁ’relseynthase§ﬁm hafses
or the hordein 0 globul ins one ecific
pr ot ei ns. th "’%‘ﬁ%é‘gs‘?&a%ﬁ hﬁﬁ] nzgfdefoﬁﬁtt eﬂpﬁ ® enﬁmﬁgbuﬁ%gtg[ased by
expr essi ng ar5 proteiBh, demthé gliadihsy dndifdr tipe ghitienins: orﬁﬂampleihé‘ suchnot er

from the 2ALL  promdiElrfeethifife (eRR%r &gg%;,ewogkhw s of

ADPgl ucose pyrophosphoryl ase 1 n ma

(Dei kman, 1988)the granyjehoynd|and @hm@whmtmegeﬁqethmb enzyfoes. | n

addi tion, pronpfpike dgﬁ'a‘ﬁ/@h%? efn‘iﬁ‘ﬁkb Ciﬂr ShikrbssyritRastisCond forithe ghitdfigs.of
t omat oes are di scl ose EB(TI cation PCIUS94/ 07072, filed June

27, 1994, desi ghPertieplariy preferred promoterds the promater for zice alytelip; Opginte. They
are desi gnatmi EHﬁpMd»fIEwpromotersTMa Ghclhe &xdabl&:fﬂﬁggm ,foﬂﬂﬁl ated

fromtomat o, mﬁ kh,of th shown
in SEQ I D NO 3. A@E’w %f%' W“‘Z&Q‘P&Q#&ﬂd‘?}?‘ z. ghach @6&?‘6 L 87 whi oh
400 bp of the Stheebdandnngomymeﬁﬁérlthe debrdﬂhdng enzymes, for sucrosr. al so

now known that st ?&}e{hﬂ&ﬁgﬁ&r orwhe ex%% Lélgié\ﬂws and gxé Omﬁporﬁuant S

to cause fruit b expression-o ene.
Serial Nunber OQPPS Em@%rry et al., flled Novenber 4, 1994

i ncor por at edyger ei n %e%ﬁﬁﬁ&%@nﬂof&#ﬁ%h%@@iﬁ@xﬂ&f&# % Qz%?és@m%a&?t in
pronoters, pota ters otato granu arch
synt hase pronot Sgeng%ﬁpﬁ e&or‘awsy f@PP@EFrpr%PE?mPW%nm
genomic clone (Pear, 1989) will control expression of ADPglucose
pyrophosphorylase in tomato fruit. The E8 promoter (Deikman, 1988)
would also express the SP gene in tomato fruits. In addition, promoters
20 which function during the green fruit stage of tomatoes are disclosed in PCT
' Application PCTUS94/07072, filed June 27, 1994, designating the U.S,,
incorporated herein by reference. They are designated TFM7 and TFMO.
TFM7 which is a DNA fragment, isolated from tomato, of about 2.3 kb, of
which 1.4 kb of the 3’ end is shown in SEQ ID NO:3. TFM9 which is a DNA
25 fragment of about 900 bp, of which 400 bp of the 3’ end is shown in SEQ ID
NO4.
It is also now known that potato tuber promoters will function in
tomato plants to cause fruit specific expression of an introduced gene. (See
U.S. Serial Number 08/344,639,Barry et al., filed November 4, 1994,
30 incorporated herein by reference.) Such promoters include potato patatin
promoters, potato ADPGPP promoters, and potato granule bound starch
synthase promoters. A particularly preferred promoter for tomato fruit
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10 expression is the pronoter for the gene encoding the small subunit
of ADPGPP i n pot at o. The solids content of root tissue can
be increased by expressing an SP gene behind a root specific pronoter.
The pronoter fromthe acid 5 chitinase gene (Samac et al., 1990) woul d
express the SP Wwaes/:24619 r oot tissue. Expression in root ti 2EDESHHIASY

al so be acconplished by utilizing the root specific subdomai ns of the
CaWv35S pronoter that have been identified (Benfey et al., 1989).

The RNA produced by a DNA construct of the pA@sent invention 10 may al so
contain a 5 non-translated | eader sequence. This sequence can be

derived fromthe prarpréssioxseé ¢h¢ edomoterxfor ahe gene eyeodingathe small smbunit of
specifically I’YDdIfl‘gﬂ Sﬁo {ogncr ease translation of the mRNA. The 5'
reglon can

non- transl at "al so be obtained fromviral RNAs, from
sui tabl e eukar yot i cTheselids emtémtosfi reot tissuteetsincheyimereased by rexpresying an
present 15 invent Isp geaerwhxﬁa W PG stpecmr;ﬁfowéxs TRE grofsoRey ﬁ%ns thé RAgid
foll owi ng exampl €s, wherein the nontrans ated region_ is _derived from
the 5 non- 5 aﬂgtlaﬁw gS@%]uSﬁFé‘é tet ., 1088 womld express the AR gene iy redlce.
Rat her, the NOfisduied ExXpRéseibn! A6l tisstd donldAlsotie LQordplished byl ditflizing the

unr el at ed pr onot er odi ue sed abov

Targeti ng B gnal © Sotnsbaeific subdomaths o, Bue GaMIBHS S bmtiey that tave chesmg
the rate of sucroseideytified (Benfey et al.,1888)d be to target the SP to the

apopl ast. To do so requi | St & tred on.t.h .

N -term nus of the funct fl‘g‘ﬁ ?Ni %{zﬁuﬁgfﬁ;p?@p Fe 23}‘& qgseo ual§entxon
sequence encodi Nk swe alﬁlcgn@nsﬁmmnshﬁdwmsequem&n i4 segwiepce can
reticulum signal segliganed ot 'the fBmbPerbelbabd thAphialithe gene, Shdan be

1990). Thus the SP e active 1n the apop Sutrose
to be hydrol yzed ex%ﬁecﬁmHF‘&W‘&WI‘BW@R“P&%‘PEW%%%BMOTM;?lR?BSe

into the cell. 30 translated\99é1h3£ cah [886d1Bé obthinéd Rl Hraf RNAS fﬁﬁntsﬂuidlﬂ’e
vacuol ar space. Tar g of trh 0SP to the vacuole of a
requires informati oﬁ“\“?‘ﬁ% C BERfFr (ot °TD 3 AL ﬁe‘ﬁeﬁ?‘i‘lﬁ“’f‘m@ﬁuﬁ’?s&ﬂﬁ
Mat suoka, 1993) .15 jmvemtion is not dingited tpahnstiticts)dsdphesehtek ih tthet foHoatimgn o
termnus of the FT E:anﬁﬁfeg,e%hghqn the non-translated region is derived from the 5’ non-
translated sequence that accompanies the promoter sequence. Rather, the
non-translated leader sequence can be derived from an unrelated promoter
or coding sequence as discussed above.
20
T ing Sienal S
An alternative method of increasing the rate of sucrose hydrolysis
would be to target the SP to the apoplast. To do so requires a signal peptide
is required on the N'-terminus of the functional protein. A preferred
25 example of a sequence encoding such a signal sequence is a plant
endoplasmic reticulum signal sequence from the PR-1B protein (Ohshima,
et al., 1990). Thus the SP would be active in the apoplast and allow sucrose
to be hydrolyzed extracellularly and allow for faster transport of glucose
into the cell.
30 Another alternative is to target the SP to the vacuolar space.
Targeting of the SP to the vacuole of a plant cell requires information in
addition to the signal peptide (Nakamura and Matsuoka, 1993). A prepro-
signal peptide could be fused to the amino terminus of the FT to target the
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11 enzynme to the vacuole (Sonnewald et _al., 1991). Alternatively a
carboxy Term nal sequence extension could be conmbined with an ER signal
sequence to target the enzynme to the vacuol e. 5 Sucrose

Phosphor yl ases As used herein, the term "sucrose phosphoryl ase"
Feans an woesmywe Whi ch catal yzes a reversi bl e conver siRETAUSHSUNIr ose and
i norgani c phosphate to [err]-D-glucose-1-phosphate and D-fructose. It
may be isol ated from many mcrobial sources, including Streptococcus
mut ans, Clostridium 10 pasteurianum (Vaddanme et al., 1987), Pseudonobnas
sacchar ophil a (Silverstein et al.), Pseudononas putrifaciens,

Pul lularia pul bayaiéto the vachok!(Sonnéwildet!dly 199 Vandheimativelyla carb@g7)

Agrobacterium sp. .(Eournier .et al... 1994

nesent er oi des. Eimital sequencemenalgﬁgo?gbet%%g%ﬁdeﬁ?g#é%ngg@? %%uglll Red by
known net hods tdlfargetcthieanzyhe ¢athe vawaoledone so from several organi sns, such
as Agrobacterium sp. (Fournier et al., 1994) and Leuconostoc

mesent er oi des (Kitao et al., 1992). The gene from S. mutans has been
expressed i nb ESucrese Phosphorglaseson et al ., 1983, identifying the activity

as a glucosyl transfar ased herein, theCtdrad!“3hér@Re PhodplbRfabéOMeainkeh 0COCCUS

hut ans i s described in the 0 Exanpl eg .bel ow. Jts sSequence ,is given as SEQ

ID NO 5. This g@mnw%lﬂbcmfyzeﬁgef%%ﬂ lgﬁpaveéalwfisngmsﬁw& BPTEAMS, pl ant

expr essi on vec | L i I | ; oi ce as
P gﬁﬁﬁlﬁ% & BlB-ghttosé-16hosphate r%%%"g gé ;Eéﬁ@&'mﬂat@@

descri bed belo A gene encodi has been
identified in ffom fangmisrobild sourcesdhcladingiSeremotaccus/mutmns, Clostrdiuym A, _
tunef aci ensy§i Qb ¥RgrfinumINAnamede o 8HYII6PT PRURINESIs! SOQEREpANa (e T
pl asm ds of "ot her "A. "t unef acl ens strarns,” Tnparticular plics8
(Fournier et aXSilvarsoein. ettalils Peendomonnaputrifpeiens, Pullulariniphffulmsvay be

found on all sueh,Bbds Hykhum (Vandamme et £U1987%; Udroba@éritRBpSropgiere has
been denonstrated from oth bacteri al . and fungal sources (described

r *
above). The av&F%&Wi’PS&EW%“mﬂdﬁ-s renders facile the
subsequence cl oni ng THe jgédie eRhe SH eidiinfe may b tBtaiked by knpwatmethoday be

used an i oge 0 rajse,antibodjes th may be used to identify

o onea i n 1B 858, ber alraReF hen Mgl heTram pgrfiel Sfeatifits) SucH°ak
Agrobacterium sp. (Fournier et al., 1994) and Leuconostoc mesenteroides
(Kitao et al., 1992). The gene from S. mutans has been expressed in E. coli
{Robeson et al., 1983, identifying the activity as a glucosyl transferase).

The isolation of a gene from Streptococcus mutens is described in the
20 Examples below. Its sequence is given as SEQ ID NO:5. This gene can be
used as isolated by inserting it into plant expression vectors suitable for the
transformation method of choice as described below.
A gene encoding SP (ORF 488) has been identified in the Ti plasmids
of Agrobacterium vitus (formerly A. tumefaciens biotype 3). Related
25 sequences have been reported in the Ti plasmids of other A. tumefaciens-
strains, in particular pTiC58 (Fournier et al., 1994). It is likely that a gene
encoding SP may be found on all such plasmids.
Purification of the SP enzyme has been demonstrated from other
bacterial and fungal sources {described above). The availability of such
30 materials renders facile the subsequence cloning of the gene for this
enzyme: the protein may be used an immunogen to raise antibodies that

may be used to identify clones in expression-based libraries such as Agtll
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12 (Sanmbrook et al.); peptide sequences at the N-term nus of such

pf ot ei ns may be obtai ned by routine protein sequencing; and, follow ng
wel | established |imted proteolysis procedures, the sequences of
Internal regions may al so be determ ned. Such sequences may be used in
t he design of WOM&26Woti de probes or priners that may be useRFIUSHMEH | fy
t he genes from cl one banks or to anplify the gene or portions of the
gene from RNA, CDNA, or DNA preparations fromthe source organism

Det ection of E. coli cont ai ni ng sucrose ¥hosphoryl ase clones is al so
possi bl e by growth on m ni mal mediumw th sucrose as the sol e carbon
source (Ferretti, éBambrookOetlfldgpeptide sequences atOlecN-termirow ofsuichrproteing
use SP to hydrolyze, 0, 0

whi ch can utilize su%}jg%e&g‘gﬂ?% hg ﬁoum{e Hmeﬁyonaié%tgg(%umssgiwhé?e?

The protein can be eptablishesiimited proteviysig provedures, the spauences efdnteypalregionshe
fractions using kneygy mbWaeteﬁhmaensu&s&imeay& fsed Bi thCassihep be

i'sol ated as just_describ u en enes ch
encode an protei® H’é?\‘/'{ SEIPEP‘EE?E"" ane’ﬁ?n&‘?ﬁ ”§%§§eda %%H‘Y‘%V

i.sol at ed aﬂd used |chntehEr|n{se&eatlﬁ anipliﬁatthergene orz]' portianbxoii(tha)deablfm mgnal
20 The 3' non ns re chinmeric an e c

ol yadenyl ati on | GNAR A ReHEeteBRes froiy e s R préatbed” Do ot oty
pol yadenyl at e nucl eontaiamgt sndrhsse phesphorflase eldRida, is I‘ﬂlsmpbmblofbss growtll en

3" regions are (1) r.ans n the
pol yadenyl at ed si gﬁ%’mm? k{;ro *’Rﬁ%&& gst%%oéro?% n%&éﬁ%b% (?Qpﬂt% EPQI
genes, such as #Re 19884l i ne synt hase (NOS) gene, and (2) plant genes I|ke
the soybean storage prot@iHerdRiEso ﬁxstzﬁ'@tﬁﬂahl;e S‘Pbtmhi'dﬂﬂyiehﬁmrrbwhﬁ%é

1, 5- bi sphosphate carbo Iase SS ene n exa

preferred 3 regi on(} Xtaqu gchj’é @'5#3’?%’#58@‘6’9?@ wﬁ@é“%%d“ﬁ(%\/ﬁ“&
the E93' region. Idrbon soutye(Risell ef8)E T prioteifiichft be isolated by following tﬁB
gene from Streptocogccus nuta

s.high in A+T conte
inimcal to high | Vet m&ﬁr 3% §Y‘bﬁ p ntgﬁl %ﬁfn%résl Pgmgaﬁ"%ﬁ g'ﬂet‘g'\ga hTHH gene
: 15 encoding the protein can then be isolated as just described.
Thus, many different genes which encode an protein having sucrose

phosphorylase activity may be isolated and used in the present invention.

Polvadenylation Sienal
20 The 3' non-translated region of the chimeric plant gene contains a
polyadenylation signal which functions in plants to cause the addition of
polyadenylate nucleotides to the 3’ end of the RNA. Examples of suitable
3’ regions are (1) the 3’ transcribed, non-translated regions containing the
polyadenylated signal of Agrobacterium the tumor-inducing (Ti) plasmid
25 genes, such as the nopaline synthase (NOS) gene, and (2) plant genes like
the soybean storage protein genes and the small subunit of the ribulose-
1,5-bisphosphate carboxylase (ssRUBISCO) gene. An example of a
preferred 3’ region is that from the ssRUBISCO gene of pea, also known as
the E9 3’ region.
30
Synthetic G c .
The SP gene from Streptococcus mutans is high in A+T content,
which may be inimical to high level expression in plant cells, although as



WD 96/ 24679 PCT/ US96/ 01959

13 shown below, the gene is expressed at levelks sufficient to
positively affect starch content. |f desired; the gene sequence of the
SP gene can be changed wi t hout changi ng the protein sequence in such a
manner as nay i ncrease expression, and thus even nore positively affect
starch cont wo9si24679 5 transforned plants. The rul es for naRCHysssO®SEhanges
in the gene sequence are set out in WO 90/10076 (Fischhoff et al.). A
gene synt hesi zed by following the rules set out therein may be

I ntroduced into plants as descri bed Xel ow and result in higher |evels
of expression of the SP enzyne. This may be particularly useful in

monocots such ghowhibelow, the genpiceitpreddedandewsls bafficient to posicivelyeffdcons wit h

G h T . fect of SP b
enhanced by oo RHth gomtent. 1fdeqiied, Bhd Ele lanetice b ohd SRR b B llref 2" ©°
st arch and/ or o'nl:hmnrvhangmgﬁheptéteaxsequeapemgmimMamﬂermhnaymrmse .
ADPgl ucose pyr%ﬁg y&@&%us evenDRidee) @s%wl t%ﬁ‘é% %ﬁgﬁbpchgx nPgnused in

conbi nation w to 1 ncr ea e sta genes

i nclude the E tmstmgmgkplgwﬁe Thaaules for makingithe chapgeein the gone sequaye

di scl oses how tgpeigat P QhaNO boﬁlaowmhschhoff%&wmnx g%hergynm@émxswn order
to increase St%f,ﬁh and/.or solids. whi ch can be

20
combi ned with PWINE, the xules sef qui thergin maygb%n?rasu%q?cmfeep laRt% Bfat e
synthase (SPS) debérgbediselov andheqiltrhigherevels oﬂbﬁ;ﬁt@ﬁmoﬂ@'ﬂﬁ@lﬁéﬁﬂyﬂe scl oses

i ch can_be.c e Y B Brnindy HER G mopdtofloci zs maire. rises BRI con

car boxyl ase 10wmndibagtey. be obt ai ned from plants. WO 93/ 11243 di scl oses
one such gene. Pl ant Transformati on/ Regenerati on Pl ant s
whi ch can be made to have |ncreased poI ysaccharl de (e.g. 30 starch) content

by practice of R&Sude, but are not limted to,

mai ze, wheat, r|c THér@ﬁ‘ébt PSQﬁ
cotton, strawber ber? Sl’ag%gﬁﬁﬁ phiéHsgedn bEEARMIced 1/ dofidbining

have modi fi ed dﬁ%@h? H’ Pesil &@ﬁe%g%}"sh HEI BF&ééi?Pt?%\rIyﬂﬁ on

15 example, a gene which will increase ADPglucose pyrophosphorylase
(ADPGPP) activity in plants may be used in combination with an SP gene
to increase starch. Such ADPGPP genes include the E. coli glgC gene and
its mutant glgC16. WO 91/19806 discloses how to incorporate this gene
into many plant species in order to increase starch and/or solids.

20 Another gene which can be combined with SP to increase starch is a
gene for sucrose phosphate synthase (SPS) which can be obtained from
plants. WO 982/16631 discloses one such gene and its use in transgenic
plants.

Another gene which can be combined with SP to increase oil is a

25 gene for acetyl CoA carboxylase, which can be obtained from plants. WO
93/11243 discloses one such gene.

Plant Transformation/Regeneration
Plants which can be made to have increased polysaccharide (e.g.
30 starch) content by practice of the present invention include, but are not
limited to, maize, wheat, rice, tomato, potato, sweet potato, peanut, barley,
cotton, strawberry, raspberry, and cassava. Plants which can be made to
have modified carbohydrate content by practice of the present invention
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14 I nclude, but are not limted to, maize, wheat, rice, tomato,

pot at o, sweet pot at o, peanut, barley, sugarbeet, sugarcane, apple,

pear, orange, grape, cotton, strawberry, raspberry, and cassava. Plants
whi ch can be nmade to have reduced bruising discoloration by practice of
the present i nva¥R1G#75 include, but are not linmted to, wheZRCT/UBMWIOILSH,

" sweet potato, barl ey, sugar beet, sugarcane, apple, pear, peach, orange,
grape, banana, plantain, and cassava. Plants which can be nmade to have
| nproved uni form solids content by practtte of the present invention
I ncl ude, but are not |limted to pot at o, sweet potato, banana, plantain,

and cassava. Pl ant Sngjudehbutaaresnotiidmiteddot makwey wvhieat,rrees domuto [pitath, sweet
harvested materi al 1o, peAAEE baflel NSuga I 6Shlttar ' | :

are not limted to,mrr%i zg, wheat , esr'l CE, r?%ér%rht 0, aﬁ@ﬁ?&%’%{%ﬁ’%@%ﬁ%ﬂ
peanut, barley, sudfFBBestrawberay espberny,mnd caseana. Plants whigh capbeaiade to

banana, plantain, diseeredtedd Sruisit'dyddfirhtion ' B pP£dtick of 0E present APrAtdn
Pl ants which can_be %‘513 é(‘)lﬁhave decreasged sucrose | eadi ng Po 15 1 ncreased
n

oil or protein c8nt® fFesBOh mteqyip,, whegh\pptato, ffeet potagef bavley..
A doubl e- stranded Rigarhset,Guigarche; dplarpeas Yeach)@ahiz€Erape, badRh&) plaRGifn

SP gene can be insert Lnto t e of ,a plant by any sui.t abl e.

met hod. Suitabl e plare{‘r?fgts%gﬁsf oé]gﬁ%l %ﬁ%@ﬁ&?ﬁ?ﬁcﬂ%"t‘ﬁ%’é@’eﬁd‘“ :'ri“v%‘g‘dlsr om

a Ti plasmd of Agreobtentdwyipracticenafithe ipeesent awentioh indutlidnst are godlinﬂtedstad,

e.g., by Herrera-E I , 8 a .4+ EP

publ i cation 120,51 sé’hﬁ"%%‘%g’%?' E?ly%{;’ %ﬂﬁﬂ%%%aagllit% Ig%s%%?b%lpgﬂs[wmm cah e .

transformation V&ctBpde dehayedneregsed yield; of harveeted | material by Rrjctise aofrtihes

of Agr obact er i Ujfesedt livendion {RcliB, R arE Rt 106i f‘d%'n?tiagzé Wieht, ricdCollito, 25
e

constructs of this invention i n{?g%pl ant cells. Suc ods may 1 nvol ve,

f or exanpl e, t HP'R0: SEEY Poiate, pranut, baziey, sugarbeet, sugazeane, apple, pear,
i ncrease free [D¥dngy) ipakich, bahafa [dntich, grapy, cotton Bteawherey aakpbeéiry, and

bonbar dnment, and nsf t usi viruses or, pol |l en. . A
pl asnmi d expression c\?%%:%vgf , Igél a‘gﬁghfcgf’ %gtﬁatﬁ%ﬁ’relw&qq%ﬁ?sﬁ sucroegleading to.

i n monocots usi A nncreagedjoik or | proteintxntentnindude aoyinaty) mhizeeanola, and
follow ng: a pronotgnabwat is specific or enhanced for expression in the
starch storage tissues in nonocots, generally the endosperm such as
promoters for the zein g@n@%uw(?tﬁfdailge‘i HeNfnimaleepl¢o of pres¢otsinventionl . |

containing an SP gene can be inserted into the genome of a plant by any
suitable method. Suitable plant transformation vectors include those
20 derived from a Ti plasmid of Agrobacterium tumefaciens, as well as those
disclosed, e.g., by Herrera-Estrella (1983), Bevan (1984), Klee (1985) and
EPO publication 120,516 (Schilperoort et al.). In addition to plant
transformation vectors derived from the Ti or root-inducing (Ri) plasmids of
Agrobacterium, alternative methods can be used to insert the DNA
25 constructs of this invention into plant cells. Such methods may involve, for
example, the use of liposomes, electroporation, chemicals that increase free

DNA uptake, free DNA delivery via microprojectile bombardment, and
transformation using viruses or pollen.

A plasmid expression vector, suitable for the introduction of an SP

30 gene in monocots using microprojectile bombardment is composed of the
following: a promoter that is specific or enhanced for expression in the
starch storage tissues in monocots, generally the endosperm, such as
promoters for the zein genes found in the maize endosperm (Pedersen et al.,
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15 1982): an jntron that provides a splice site to facilitate
expression of the gene, such as the Hsp70 intron (PCT Publication
W93/ 19189); and a 3 pol yadenyl ati on sequence such as the nopaline
synt hase 3' sequence (NOS 3'; Fraley et al., 1983). This expression
cassette nawoise24ssenbl ed on high 5 copy replicons suit aPFEUI96PI98Ne
production of |large quantities of DNA A particularly useful
Agrobact eri um based plant transformation vector for use in
transformation of dicotyl edonous pl ants 18 plasmd vector pMON530
(Rogers, S. G, 1987). Plasm d pMON530 is a derivative of pMON505

pr epar ed by t r 2982k ran ingranhtha? . prokidesShdplikck site itd fdcilitate expressidl qfvBRI316

gs:‘)?\e/;tsl ve of ;ﬁé&éﬁ%‘?“l n %ﬁﬁﬁﬁf‘ﬁ‘“@@@?@%@’m@?’ﬁlm g%ég stion

with Xmal, tredolxadenylationieeerence sutly aethanonalinelsygthases. sequenm d
PMONG30 et ai Ny Fraldy & o), P083)! This %ﬁm&%s&@éjnfag%e asser Bl D

expressi on cassette and now cont ai nNs uni_que_cl eavage 15 site for Smal
bet ween the Pr SAPY EyPlicpRs %ﬁ%@ﬁﬁhﬁi’m@?‘g?ﬂﬂgeq“ant‘t‘es“DBH‘\ary vect or

PMONSO5 is a deri vatA\@ﬁrﬁEura&v@\laﬁéru! Mﬁb&cteﬁuﬁ-based plaxw&ahsfdmwo@h t he

Ti pl d honol b
H: ngl ?Ismt 0 S(r)ramlj"eg Qn ‘Fl'ésl??ﬁ’?ﬁan?ﬂée foRx ac e't?l‘ﬁ%‘?? 1s plas’?’gc"i‘i’ﬁ?% hauser
& Hel i nski , 198ﬂ\ﬁONEGOS(Ihmm3rS G:,omsaﬂ)nsPldsmxazliﬂVION@Omsoﬁ dedivativiei efat i on,

1V, dth :
o0t Voo e BNAR bR ek o RIS i oy of
1986) . Pl asd gM@%ﬂ& (Rogersn S. GJ,II%Hbm ONSR61 Hlasmid pPMONRES 00

| udi th

fragnents, “ﬁ?@ﬁ.‘ﬁé’ﬁ‘t& SESMPRB05 o AR L Sailt 41683 Fem M b

fragment s, anamyci n_[esistance in
pl ant 25 cells, G??émé‘p%tth Mcﬂ%’!‘ﬁébﬂ"@m/ eRove Polymerase andoligationt 1 or

selection  Plaskid GMONSSD Pet.a‘iﬂﬂ&ilﬁ@h@ PropértidsNbLpMONBOEI &fd thet hase
gene for facil t ransf ormant,s and i nheri tance |n rogeny

and a pBR322 oeqagl}{x?’é%%ég%g?ﬁsf%ﬁ%ﬁ“? Snd ey contaps s ique JEavags nt s of
t he vector 18 EutedomeaIbetwdéh&hapdumwa\lEﬁﬂpobaﬂmmesgngLe T- DNA bor der

anal yees have Shoun Binatd vERGr BMONBoPE g i AfE orBRONRgo [Rokles, S, 1700
are integrat ed }987bin which the ’I‘pplanmuybmqbgy région, L3H, rieplaced withi d i s
the T-DNA that 4 3.8 RBCHIRHTI 84 (SmaI seétﬂ&m%@me SRRPRK2 Phianwald palas7ge
| ntegrated DNA ISghxlm a;[uggr geﬁevilxenesﬂl 1985) This segment contains the RK2 origin of
20 rephcatlon, oriV, and the origin of transfer, oriT, for conjugation into
Agrobacterium using the tri-parental mating procedure (Horsch & Klee,
1986). Plasmid pMONS505 retains all the important features of pMON200
including the synthetic multi-linker for insertion of desired DNA fragments,
~ the chimeric NOS/NPTII'/NOS gene for kanamycin resistance in plant
25 cells, the spectinomycin/streptomyecin resistance determinant for selection
in E. coli and A. tumefaciens, an intact nopaline synthase gene for facile
scoring of transformants and inheritance in progeny and a pBR322 origin of
replication for ease in making large amounts of the vector in E. coli.
Plasmid pMONS505 contains a single T-DNA border derived from the right
30 end of the pTiT37 nopaline-type T-DNA. Southern analyses have shown
that plasmid pMONS505 and any DNA that it carries are integrated into the
plant genome, that is, the entire plasmid is the T-DNA that is inserted into
the plant genome. One end of the integrated DNA is located between the
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border sequence and the nopallne synt hase gene and the other end is

bet ween t he border sequence and the pBR322 sequences. Anot her
particularly useful Ti plasm d cassette vector is pMO\ 17227. This
vector is descrmoo8246)® Barry et al. in WO 92/ 04449 (corres- PCIBWHBINY to
U S.S.N 07/749, 611, incorporated herein by reference) and contains a
gene encodi ng an enzyne conferring gl yphosate resistance (denom nat ed
CP4) which is an excellent selection marker &8ne for nmany pl ants,

I ncl udi ng potato and tomato. The gene is fused to the Arabi dopsis

EPSPS chl or opl ast tﬁahﬁsbqrdpemudece( gd-the nopaling synthase génoand the gther endis

promoter as descri bgfyleB rdersequenceandmeﬁBRﬂ?ﬂéEﬁhﬁn&d”bers of cells
(or protoplasts) containi ng t or cDNA are obtained, the

cell's (or protoplasts) aAéWhﬁJé??é‘Fl&FJ@Hb‘i H%Qflﬂ Ti plagmifccaspette gecton és pMON-
met [lodO: og% for t her{mle rrmfii%weefbrs& Wesdr§bedOby Barry &f AL if WO %wal)?mf:bﬁgke
prot ocol s being avail apl e gumi nosae alfalfa ybean,
clover, etc.), UfbeP®® Egégot%é;g ﬁ)to’;@g{éiﬁ Ingornopated Bevels l'ﬂ?é‘?’?@?edeanf
(-cabbage, radi sh, ceomhms apeaneashcoding an efizgmebednierineg @lmilmaste resistance
cucunber), G an ne @ﬁéwhea

Chotate i obaceo. : GiehpREsated 134 ich s G IR selefrion mathal B 1or many

sunf | ower, andplants, bedndmg nm$ndsmmatas Thie rgenel és fusad e thee, Anaeiidensts
and pecans. 20 See (gw ;gg% r 9%(&‘7
Vasi |, 1990; \/gm Fg %@%ﬂ{ﬁ% !hs}?ngf%tl@g Sﬁn gsed @@%‘t an
Datta, 1990. 10 promoterpsdesgribeditheyeidyanpl es are provided to better

el ucidate the practice WhehddqiuPhabers éesnslditoniilastiiehthiiy (e SP

interpreted in any resent | nventi,aqn
Those skilled in t h@e‘%/Fr?r ?/dn}‘g‘ ?E&&b‘ﬁp‘z’@ thggel?ﬁ&{r Rf&ﬁp s’rﬂfﬁlrf’g?,%ﬁ’?@t‘?sm“
truncations, etc. coholephads tChéibe ofmidthddology forithe gegmrdﬁsm lstdje ik not

her el n WhT e ot deQg s itabiprdichl et a3 B hosts skl Fe iR GRke

i nventi on.
Al | basic DNA mabd palfdlfgneybeah, covéoRtcagiimbelliféraet (cayroty eelesy, parsnip),

restriction di gest S orklifhs Abbagdalieh OololdfARELAY VAL, ERGuREtoRE L GHEC

by standard prot ocol's_as Scri
and cucumber), Gramineae (wheat, barley, rice, malze, etc.), Solanaceae

(potato, tobacco, tomato, peppers), various floral crops, such as sunflower,

and nut-bearing trees, such as almonds, cashews, walnuts, and pecans.

20 See, e.g., Ammirato, 1984; Shimamoto, 1989; Fromm, 1990; Vasil, 1990;
Vasil, 1992; Hayashimoto, 1989; Shimamoto, 1989; and Datta, 1990.

The following examples are provided to better elucidate the practice

of the present invention and should not be interpreted in any way to limit

the scope of the present invention. Those skilled in the art will recognize

25 that various modifications, truncations, ete. can be made to the methods
and genes described herein while not departing from the spirit and scope of
the present invention.

. EXAMPLES
30 Examplel
- All basic DNA manipulations such as PCR, agarose electrophoresis,
restriction digests, ligations, and E. coli transformations were performed by
standard protocols as described in Sambrook et al.
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17 A sucrose phosphoryl ase gene, gtfA was generated by PCR
arrrﬂ Ifrcatron from Streptococcus nutans cells. The gene was anplified

using the 5" oligonucleotide 5' CCCGGATCCATGGCAATTACAAATAAAAC (SEQ I D
NO 1) 5 and the 3' oligonucleotide

5' GECGAGCTCAOBERHMCTTATTGITTGATCATTTTCTG (SEQ I D NO p¢T/USS6/ODEE PCR
cycling conditions were as follows: 94 [err]C, 3 ; 55 [err]C, 2'; 72 C, 2
(5 cycles); 94 [err]C 1'; 55 [err]C 2'; 72 [err]C 2" (30 cycles). The
1462 bp PCR product 10 was purified usindithe GeneC ean purification system
(BiolOl, Vista, California), digested with BanH and Sacl, and |igated

into ]Ehe BgrrHl and A sudr6de ?)lhbeﬁh&fyldﬂdcé&ﬂe gira, Iwgatgedemcivxnss PCR f
transtforned 1 nto SCrgen Ty
col oni es for plm%"gp‘g?%'?gﬁp%ﬁ%mus m'i‘% @fl #cﬁ%‘é ‘?‘? gr?gést i on
with H ndl |1 wamingsthe 5 adigpoudestideor 15 transformants cont ai ni ng the gtfA

gene. C ones w %féc q@qp rCn ip j6‘gened for
phenot ypi c expr%ssr on % %Aty to ut? Ql'-!"'/Qeucr oseﬁas sol e carbon
source as fobl I@d/sthe&@ﬂeaumetransforrred |nto a gal - E. coli strain,

SK1592, and gr (yQGHGAGUTCACTEGANGCTTATTETITGATCAMTTPOTS (SBQCIDI s
t aken up and hydrolyzed to gal actose and sucrose) and 20 an active cl one

was identified ¥@# naned pMON17353. ‘An expression cassette was

const ruct ed ¢ 0.l P legiiObdi ke as IRAT SISO 85+ bzpcpbapts. A

fragment containing t ance pronoter (Kay,

Nopal i ne synt haggles); 94c@ 0955 Bevans M 21 &fifdycles). Tﬁad«;sb ?mﬁn \Redsdt
backbone was prepared from pI\/D\I999 (Rogers et al. 87a) by restriction

di gestion wilOh veA purified usieg tha Gengflean lwnﬁeﬁtmmgystem (Bipt0LytVistas odi ng

region was_pr enafiggmid)d (B IH] 688 Sk igated infld BREBLARIGl BanH
and Sacl. The correct f &ents wer. e ssﬁéate agar I

e e
el ect r ophor esi Sachaitey, 4%y The ligated DAYA was %@meém 10 anql?egnents
were |igated, tﬁlﬂéhﬁiflﬁ’lfe@&ehmrﬁlﬁed%ide &ﬂemaaﬂarwsﬁx \ﬁes&aﬁeﬁaﬂal nant

\F/)v;gs |mdgf1t :N]?Ir :dséﬁﬁ'?ﬂgq%gy e r J'Fglegtri]oﬁjlvﬁglf%&r}ilﬁ was used to screen ? cl one
15 transformants contaxmng the gtfA gene. Clones with correct restriction
patterns were screened for phenotypic expression by the ability to utilize
sucrose as sole carbon source as folllows: clones were transformed into a
gal- E. coli strain, SK1592, and grown on minimal medium containing
raffinose (which is taken up and hydrolyzed to galactose and sucrose) and
20 an active clone was identified and named pMON17353. '

An expression cassette was constructed to allow for constitutive
expression of gifA in plants. A fragment containing the enhanced 35S
promoter (Kay, R. 1987), the Nopaline synthase 3’ region (Bevan, M. 1984),
and the pUC vector backbone was prepared from pMON999 (Rogers et al.,

25 1987a) by restriction digestion with BglIl and Sacl. A fragment containing
the gtfA coding region was prepared from pMON17353 by restriction
digestion with BamHI and Sacl. The correct fragments were separated by
agarose gel electrophoresis and purified by the GeneClean procedure. The
fragments were ligated, transformed into E. coli JM101, and putative

30 recombinant plasmids were screened by restriction digestion with NotL.
One clone was identified and named pMON17359.
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18 A second expression cassette was constructed to direct
expressi on of gtfAto the potato tuber. A fragment containing the
patatin 1.0 pronoter (described above), the Nopaline synthase 3
region, and the pUC vector backbone was prepared froman internedi ate
vector by rest waed286v9 5 di gestion with BanH and Sacl. An eXSTAIS%6/0I989
cassette was al so constructed to direct expression of gtfA to the
tomato fruit. A fragnent containing the TFM/ pronoter, the Nopaline
synt hasé 3' region, and the pUC vect or B8ckbone was prepared from
pMON16987 (PCT Application PCTUS94/ 07072, filed June 27, 1994), which

i s derived from pMON999 Ahsdcorid erprission TasdettelWwh conistraxited to Hirecteetpressioron
di gestion with Bg/ I I or g r by
agarose gel elect r% ?}gsé?%an%omto -HIE rp A ?@%‘ﬁe@%@ﬂﬁgaﬁ%ﬁoceg{ﬁ%
These fragnents vvepmnMeh( desgahe;habuye) the Nwaﬁamn&ade Saregiohny; apdéhe pUCom
PNONL7SSS. Tt anst o goatd Bibkbile was iep&2a! fifin 3 ﬁk&%@n&ﬁr@ec&% HEREEASh
above. Cl ones were ghat e correct an nane

(Pat 1. 0/ gt f A/ NOS ém%m@s@amm(magﬂf AAnos;pressmn cassette wa#algo
expressi on casset t goné@fuctstd ﬂit@&tﬁéi:ﬁr@ss@dr{ epgtfmarm%ﬁm@ffnut Agtrﬁ efit t he

potato tuber using a 3, er of t| n. .The tati

oot er uas 0bt arfABE L TEIF BramotsR, e Nopalins g tese.d regipoiyd the
L‘hedlmlajl ori Ey ?f : t hpU® Geqmobmmronmsempt aﬂsﬂ frbgggmnmm (FO'D Apbplieation

i n site (a | e
remai nder of the pfgm‘”&@?%r@f’ﬁ(@a‘%?b g?@é’ ‘Ylblcgi %% ‘ﬁoﬁ‘g@&m@
(formerly a Dral0 s¢anghinsithe TEMY prompteyaby restriction dugaammmbthgIﬂil md)Saclbd a
Bglll site to for g@p, Sﬂ:é@g’:ﬁ i

di gestion of pI\/D\Il vmztaﬁﬂggéi—ﬁﬂ ?llhﬁgg) t% on of l%i&%gﬁhgmgys

into pBS. This vecPWﬁﬁﬁ?Y%ﬁeﬂ?géﬂeﬁ’WW Hhepe fragmentsoyere each ligakefitg 050
was digested with gk®BareHY aﬁaCSaﬂeﬁﬂéﬁ)Sﬂt fronfp Mmomna TransfGiMatid Badt he

patatin 3.5 pronoter, the aline s ase, and I he
vect or backbone. Tﬁgeﬁmge'gﬁ%?’fe‘ﬁ ey HE?F&b g'c’er longs a5 deﬁ’@“&b‘gfg%e
gel el ectrophor&5i sorrect ahéd ﬁ‘ﬁned:l mmmmsdmau.ormAmesmw pMON1788¢8

| i gated, transfor NW} i JMLO1, and screened by restriction
di gestion with Hi nd he was designated as correct and naned
pMON17495. A thxrd expression cassette was constructed to direct expression of

&tfA to the potato tuber using a 3.5 kb promoter of patatin. The patatin
3.5 promoter was obtained from the plasmid pBI240.7 (Bevan et al., 1986).

20 The majority of the 3.5 promoter was excised from pBI240.7, from the
HindIII site (at ~ -3500) to the Xbal site at -337, and combined with the
remainder of the promoter, from the Xbal site to a Bglll site at +22
(formeriy a Dral site), in a triple ligation into a vector which provided a
BglII site to form pMON17280. An intermediate vector was prepared by

25 digestion of pMON17353 with BamH1/Sacl and insertion of the fragment
into pBS. This vector was then digested with EcoRI and Sacl.
pMON17280 was digested with EcoRI and Sacl resulted in a fragment
containing the patatin 3.5 promoter, the Nopaline synthase 3’ region, and
‘the pUC vector backbone. The correct sized fragments were obtained by

30 agarose gel electrophoresis and the GeneClean pracedure. The fragments
were ligated, transformed into E. coli JM101, and screened by restriction
digestion with HindIIl. One clone was designated as correct and named
pMON17495.
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19 ln pMON17356, pMON17359, pMON17389,.and pMON17495  the

- pronoter, gtfA gene and the Nos 3' region can be isolated on a Notl
restriction fragnment. These fragnents can then be inserted into a unique
Not| site of either vector pMON17227 (described above) or pMON17320 to 5
construct gwQebRe™ e sel ectabl e plant transformation vectWMl%%l\/D\llnzo
is a pMONL17227 derivative which also contains a Ppatatin

1.0/ CTP1- gl gCl6 cassette. The CTPl-g/gd 6 fusion encodes a nodified

ADPgl ucose pyrophosphoryl ase as descri bd® by Kishore in WO 91/19806. A
vector was al so constructed for tomato expression of GfA by conbining 10

t he Igth gene and 31nmmum7ssa;mm®mzsﬁ@mommse,aﬂﬁmmmt thesnal |
Nunber 03/ 344, BUBIOBE RHACgA kAN M IGKS: BEAGH b felated o 8T ABIL

herein by ref erestetion frngmept aFheser fuagrhentsrandhen be fnserted inge sumique 7486
The vector DNANGH e dtRithdr D¥ctor Bm:mmw mbs&k%h ai)ﬁ#émv?@h@m%zd feat ment

with calf intestinal alkaline phosphatase cont ai ni ng

fragnments ar® feRSIEREY Slyphoga |iﬂ*39ﬁ°tbr¥e N&hnt afgapéﬁ@nwwn vectors.
el ectrophor esi glvmtdrmu ifsld3 ION17227hdérpnftivecillich \W6d eintaind 4 PH&EatirDNA i s

ccroened by re ﬁlﬁ’fﬁﬁgﬁaéaﬁe&w (e SR BlgCUb aion chpaeh  APRE! g1 14 20

screened by re
expressi on casABRghacosipgruphosphoriplask asrdesadbedoby HisHore in WO 91719806asset t e

e T R o R B Sael T e i) o
Pat | . 0/ gt f ALNCE)e 8¢/A gemaoanid/Fyggion from pMONLTIHECTIth the gZ;QGVPH@tato small

Pat | .0/ gt f A/ ) t

pﬁ/ﬂ\ll?Sgo (FWN%@%&Qﬁﬁhgg g‘ﬂ%%\ﬁ’%@@ (Sée¥.8! 5erbS)
(Patl .0/ CTP1-g ‘%&W?ﬁ’ﬁ#“ﬁ% axryr ety Aadiled Novemberd, 1994, ingonponated, 7496
(FMV/ CP4/ E9, PabrkiRb§iréfetddel) in a plant transforinaticH Wdchor B ifleR pM@NQ'M&GaS

contal ning the gl ut dereHInIN i epmeared by dgratin ATt Yok ST SRt above)
Nopal i ne sybl haeatient edtlo ealflintentinl malkaling phbﬁﬂfma&. (famPpw:hbagﬂbone was
Gened oan. A 1 Poreilib8 tollEl 4R, prepardfBl Mifestifh SENDHD iSRSl OTC
from pMON17359 elyytrpgbqrpslg and purifigetien with GeneClean. Vector and insert DNA is
ligated, transformed into the E. coli strain LE392, and transformants were
screened by restriction digestion to identify clones containing the gtfA
20 expression cassettes. Clones in which transcription from the gifA cassette
is in the same direction as transeription from the selectable marker were
designated as correct and named pMON17357 (FMV/CP4/E9,
Patl.0/gtfA/NOS), pMON17358 (Patl.0/CTP1-glgC16/E9,
Pat1.0/gtfA/NOS, FMV/CP4/E9), pMON17360 (FMV/CP4/E9,
25 E35S/gtfA/NOS), pMON17390 (FMV/CP4/E9, TFM7/ gtfA/NOS),
pMON17392 (Patl1.0/CTP1-gigC16/E9, TFM7/gtfA/NOS, FMV/CP4/E9),
and pMON17496 (FMV/CP4/E9, Pat3.5/gtfA/NOS).
A transformation vector was constructed to direct expression of
gifA in maize seed. A fragment containing the glutelin promoter Osgt-1,
30 Hsp70 intron (described above), Nopaline synthase 3’ region, kanamycin
resistance, and pUC backbone was prepared by restriction digestion,
agarose gel electrophoresis, and GeneClean. A fragment containing the

&tfA coding region was prepared from pMON17359 by restriction digestion
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20 wi th Ncol and Notl. The fragnents were |igated, transfornmed and
screened by restriction digestion. A correct clone was identified and
naned pMON24502 (Osgtl/ Hsp70/ gt f A/ NOS) . A transformation
vector was constructed to direct expression of 5 gtfA in seeds of oilseed
crops. A BanHl -WoobR467y agnent of pMONL7353 was |igated i nternidoso1ase
BglI1-EcoRl sites of an internediate vector to give pMON26104 whi ch

pl aced the gtfA gene behind the 7s pronmpter (discussed above) and used
the E9 3' termi nator sequence. A Notl fragnme2 cont ai ni ng the FW
pronoter, the fusion of the CIP2 and gl yphosate 10 resistance gene and a

Nos 3' sequence, wawith NMgol axtl Notlo Thedrdimidnts were igated, traididyafeiQhd serebned
D 0% 2 doub! SybAlsifteibh Wikeliidll> 2" WP bone el el aRE ardla "

cassettes in the saNe orlen
pMON17357 was tran@ﬁ@h@é“&f@sm&hﬂoﬂmﬂ& potato callus foll ovm ng

the met hod described by &%ﬁ&ﬁ/sf&tmé’ﬂmn 'v@ct\QPwaTs OO%ZH:%A(P td eregé Xgﬂ‘@gﬁtbﬁ dpf

sel ecti on of transforned |ines. I nes

eval uated in fiePd ﬂf&{%seeﬂﬁé’fp@%@ﬂdt@@ﬁ Arﬁ@nmﬁcoﬁl&agmewmpmlféﬁe
1. As can be seen Wiy l9gdted SNEY £He Bgﬂ@%’d&ﬁl%ﬂeg%‘?tahf n@érmicdigte %ﬂmgﬁe

hi gh t h | I I f th
d Ie% r g;s Zd alr)? ui s ?\rllg piiéﬁgg 104 w?uc%splagef the g2 A gene beh.mdS ggh?rgopo(t)esrei dlscussed

Br ui si ng above) andLused the E9 3’ terminatop! sefuentd. A Notl fragment
lcgﬁ?)r(o|25 ' c'oﬁ‘éaa?ﬁix{éﬁiiegb&i’v promoter, the fusiog_ogg:ge CTP2 and glyphosal\t/gam
1 10 resistance gene and a Nos 3' sequéhcéO®as ligated into the Notl site of3
gg :23 pMON%lgg go géve pMON26106, a double Bélrder plant transformation
21 8 vector with/bath of the cassettes in the same orientation.
Example 2
15 The vector pMON17357 was transformed into Russet Burbank

potato callus following the method described by Barry et al. in WO
94/28149 for glyphosate selection of transformed lines. A number of lines
were obtained and evaluated in field tests. The results of this test are .
shown in Table 1. As can be seen therein several lines were identified as
20 containing higher starch levels (measured as total solids) and some of those

had decreased bruising, .
TABLE 1
Bruising
Line Solids (%) Index
25 Identification Mean Mean |
Control 21.9 3.399
1 22.9 3.798
3 22.2 3.479
4 23.3 2.899
30 6 21.8 2.798
- 8 22.7 2.979



8 22. 7 2.979 WO 96/ 24679
PCT/ US96/ 01959 _ 21
11 21. 6 2.968 12
22.0 3. 383 . 14 22.3
3.218 15 22. 7
2.979 5 WO 96124679 : 17 22.3 PCT/US96/01959
3.394 18 21. 7
3.394 19 22. 4.
3.213 22 21 22. 7
3. 503 10 Tubers fromtwelve lines were tested for any change.in
th distribution of starch between the pish- or cortex. Thi2.968s
acconpl i shed by peeling the tubers, cutting theminto strips
resenbling french fries, ani2 measuring 2BI0i ds using a brind3BB8otation
conparison test. The average solids level for strips fromthe pith was
subtracted fromthe averageldolids, 15 |evel 28& strips fromth&238rtex.
Thus a difference in solids which is |ess than that for the control
(4.61%in this test) is an t&dication of nor&.7  uniform dist#&88tion of
starch in the tuber, which is highly desirable. The resul t re shown
in Table 2. & can be seen, {he difference i #2sblids betvvegﬁ he
cortex and the pith was redyced in ten of the_twelve lines. 20
TABLE 2 Tg Li ne 31'7 Sol i ds®B%f er ence
(% ntr ol 4.61
3 4183 22.4 | 3.218

22 22.7 3.503

10 . Tubers from twelve lines were tested for any change in the

distribution of starch between the pith or cortex. This was accomplished by
peeling the tubers, cutting them into strips resembling french fries, and
measuring solids using a brine flotation comparison test. The average
solids level for strips from the pith was subtracted from the average solids
15 level for strips from the cortex. Thus a difference in solids which is less
than that for the control (4.61% in this test) is an indication of more
uniform distribution of starch in the tuber, which is highly desirable. The
results are shown in Table 2. As can be seen, the difference in solids
between the cortex and the pith was reduced in ten of the twelve lines.

20 TABLE 2
Line Solids Diff %)
Control 4.61
3 4.53
4 4.16
25 6 8.57
8 3.20
11 3.94
12 4.39
14 - 4.67

30 15 3.56



4 4.16 25 6

3.57 8 3.20

11 3.94 12

4:39 14 4.67 30

15 3.56 WO 96/ 24679

PCT/ US96/ 01959 W0 96124679 22 PCT/US96/01959
17 2.61 18

3.79 19 5.19

22 3.92 5 Fi22e of these |lines were tested
the next year in the field, four of them in multiple | ocations. (Line
nunber 8 was tested in only one |ocatliion.) The absol ut e2.6bhcrease in
solids in those five lines, indicating an increase in S ch content,
was agai n denonstrated in each line. The results are shown in Table 3.
10 TABSE 3 5.19 Line

Sol i ds i ncrease 29 1

0. 256 - . 1 . . 0. 856

8 5 Five of these I}Ln_eg yere tested the next year in the figld, four of them
0.211 in multiple I®2ations. (Lme numberSwas tested in only one focafidn.) The

Exanpl e 3 d |
caralytic activity SORecREPeRh dite ip dniek e B peicariuesaH perease in

endosper m by creat i ffgreh contesttenrperagaundenIOnmmd iy eaclebinearThe ceadts/ gre
energy since the edgiod fiMtanil 3. one nole of ATP is nornmally required to

convert sucrose }0 a hexose plus a hexose Igélosphate The vector
pMON24502 has b i ntroduced into maize by microprojectile
bonbardnment using two different tpRes. of 25 enbryogeni c ; ue for
transformation. It was cotransforned with either (1) whi ch
contains a selection cassette of t'he enhanced 35S prom)t%?f‘ t he Hsp70
intron, the NPTII coding sequence 4§ or kananycin 0.856

8 2.61

15 15 0.211
22 0.162
Example 3

Expression of gifA in corn introduces a novel catalytic activity

20 which may facilitate sucrose import into the endosperm by creating a

steeper concentration gradient and conserve energy since the equivalent of

one mole of ATP is normally required to convert sucrose to a hexose plus a

hexose phosphate. The vector pMON24502 has been introduced into maize

cells by microprojectile bombardment using two different types of

25 embryogenic callus tissue for transformation. It was cotransformed with

either (1) pMON19476 which contains a selection cassette of the enhanced

35S promoter, the Hsp70 intron, the NPTII coding sequence for kanamycin

resistance, and the nos 3’ sequence or (2) pMON19336 which contains two

selection cassettes for glyphosate resistance, each using the rice actin

30 promoter and the Hsp70 intron, but one uses a gene encoding glyphosate
oxidase and one uses the CP4 glyphosate resistance gene.

(1) Immature maize embryos (H99 genotype) were isolated as

described in EP 586 355 A2. Embryogenic callus was obtained by culturing



resi stance, and the nos 3' sequence or (2) pMON19336 which contains two

sel ection cassettes for glyphosate resistance, each using the rice actin 30
‘pronmoter and the Hsp70 intron. but one uses a gene encodi ng gl yphosate

oxi dase and one uses the CP4 gl yphosate resistance gene.

I mmat ure mai ze enbryos (H99 genotype) were isolated as described in EP
586 355 A2.wamnemgeni c cal |l us was obt al ned by cul t uri ng PCT/US96019SAD

96/ 24679 PCT/ US96/ 01959

23 the i mature enbryos for about two weeks on the nedi um descri bed by

Duncan et al. (1985), called MediumD. A3 er 2 weeks, callus (Type I) is
obt ai ned and is nmai ntained by subculturing every 2-3 weeks onto fresh

Medi um D.  Appr eké imbeitird embryvefos aboutotwd @edlnhia tiierpivdiurAdesrébed bp

Ot 19, e s B a3 85 e Sl ) SRS Sl HNR YES B

hours after bo mbmded ndvis tthainsainied | byssubealtaring ehderp ReNe8RS ontadfresh

PMON19476, the pf ;ng e
sorbitol. Ap I‘OXI ma eP t%a s&lré ter rbmﬁ'ps\[ﬂ ssue | S trans Per?%tvont o 10
Medi um D conBaigmpwingrallnedmid |snbctﬂ§lmewahﬂ is plagerbon MedivmsPavith @dded

fresh Medium szﬁtaa&mmﬁtdl foé o%@fx??r@ﬁ%&éﬂeﬁﬂ” 9[??@:&&4@5&16@115
Pl ant regenerat | on | ) acco l'i shed

D h 6
(wi t hout di canthepr aydment, with- par;ls{&diﬂ‘é“édow a@ﬁgﬁ&&)purl ne

medi um wi t hout ﬂmommss tHe tissue is pladedTow Meédiuad D withalt! inaaditol om
| mmat ure enbryos 01 I s, used t he

the "Hi 1" | ow
ot hod of - Do ERebital: LRpproripately. sy ey tatl she tashe ds Wondter B dfte "N
1-100- 25 rredDurMed)nuamcmj,ammg/lmmbmycim Resistandrttissuel is (0adsferreddach) f or

on hi's sanb. o ebMPASHED RN ygRddoyly ot EpCIRGRl b W il 1

was then transf&la@*cweggnmhgn isarcomplished ondMpdirm,Piwith 6-beazdaminapyringl  or
sorbitol . ;3¢ eqbittivutQficAiiba Rir 8%!day “puld?, rfauawadw Alavpiessbe Ms N6

1-0-25 rne*dlum(c%‘i]l ai ”'tﬁ%q@} casam no Fertil
mai ze plants hd® FEYRER each net hod and their 25 seeds tested.
Expression afs t he gt@) DepelMadhue)délived trohy indatrenerhbBios of the SHRIY'Si s

Tnes Sorcencd #aPIBeIEIEE B Pl ping and Bahl HIERE Ry Hal 1900 Boe 1
callus was pretreated on N6 1-100-25 medium containing 0.4M mannitol +
sorbitol (0.2M of each) for four hours prior to bombardment with
pMON24502 and pMON19336 and left on this same medium for 16 to 24

20 hours after bombardment. The tissue was then transfered to N6 1-100-25
medium without added mannitol or sorbitol. Selection was accomplished
using 1 - 3 mM glyphosate in N6 1-0-25 medium (containing no casamino,
acids).

Fertile maize plants have been obtained by each method and their

25 seeds tested. Expression of the gffA gene was confirmed by Western blot
analysis using goat antibody raised against E. coli-expressed gtfA. Of the

16 lines screened for expression, 9 have been shown to express gtfA at
approximately 0.05 to 0.5% of the total cellular protein. The starch
biosynthetic rate in maize endosperm tissue expressing GtfA (sucrose

30 phosphorylase) was measured in vitro using a sugar feeding assay which
has been described previously (Felker, et al., 1990). Field grown plants
were screened by PCR to identify the positive and negative segregants.
Positive and control ears from two GtfA transformed lines (Knowl and De)



approximately 0.05 to 0.5% of the total cellular protein. The starch
bi.osynthetic rate in mai ze endospermtissue expressing GfA (sucrose 30
phosphoryl ase) was neasured in vitro using a sugar feeding assay which
has been described previously (Fel ker, et al., 1990). Field grown plants
were screened by PCR to identify the positive and negative segregants.
Positive and cowesd2dedr s fromtwo GfA transforned |ines (Knopgrnshshidbds)

WD 96/ 24679 PCT/ US96/ 01959
24 were harvested at 20 to 22 days post pollination, at the tine of
| i near grain fill. Endosperm sections wer3d recovered and were fed
[err] CGsucrose at concentrations of 50 and 200nM The 200mMM

concfent r ?t i ](c)n i S t hever®harvestedyt\20it0/22aiays lpbst pollisativil abfr;]lie tiime of Bnbdtegrapyer
Ki GfA {
ol T Tor Suct e il el SERC 5o ST AR o e

concentration (50mMV) wa ¢ rove

effect from GfA Teorceptrations\wéH0 and 200mddn The 26@mMncbricentration ds tlié most

feedi ng 14C and t hepheéo iy | t | S ar. | on
phpél EFR:El g Wytr%l)é;r%%t biit! '&Qét V\gﬂi’lﬁ 166ret Rinf of BEASER sﬁgrolglél %‘t

was determ ned. The resu Ines, are summarize
fol | owi ng Tabl e (Yathe priegengys suzymes.dbe lower gongentration (FOMM2owasnuged to

starch fraction): improveahe tikd¥hoodast dhétBuringAn et SUH'GHR. Timeldoiiits Were

sanplin cont r,0l Kno 1hr
90 gg 9 tt:aken 56 fne EBd two hougs er feeding 14C angs the; radioactivity
26695 incorporated into the stawthrfrdction was determined. Phe results with thd hr
10909 . . . f . 19193
24284 20 Table 4BFW%£85%%§9 fipmarized r’fR/lté‘Eu E‘%"{S’g’é"g Tablp (data separter,ns avprage
control 10 counts ippoyporated into starchifraction ): 9880
12980 2 hr 11175 21407
control De _Zg . .. 1 hr 7703
7471 2 h 13007
time of sampling control Knowl!
1hr 9033 20895
15 2hr 15947 26695
gontrol De
lhr 10909 10860
2hr 19193 24284

20 Table 4B: Feeding with 200 mM sucrose

1hr 9880 12980
2hr 11175 21407
control De
25 1hr | 7708 7471
2hr 11038 13007

The resuits demonstrate that corn endosperm tissues expressing GtfA can
produce starch at a more rapid rate (two-fold) than controls. The
30 differences in starch rate are more apparent at the lower substrate
concentrations, potentially due to the differences in substrate kinetics
between GtfA and the endogenous sucrose synthase. Differences were also
noted when comparing the effects in the lines De and Knowl, with Knowl



The results denonstrate that corn endospermtissues expressing GfA can
produce starch at a pnore rapid rate (two-fold) than controls The 30
differences in starch rate are nore apparent at the | ower substrate
concentrations, potentially due to the differences in substrate kinetics
between G fA and the endogenous sucrose synthase. Differences were al so
not ed when WOA@PHEI®Ng the effects in the |ines De and KnoHCTUP¢#MHN o

WD 96/ 24679 , PCT/ US96/ 01959
25 di splaying a nore positive effect. GfA-expression is very high in
Know , in the range of 0.5%of the 4btal protein, whereas GfA
expression in Deis in the range of 0.05% The differences in starch

bi osynt heti ¢ r displaying alménel positive effect;. (GtfAiexpressiogtis xempghis kpaul.dvel s.
5 Exanpl e e range of 0.5% of tRE1HtACHeiR MANR GtIA Sxpreatioh th DRAYGRd 1Nt o

canol a and soybéan cal lus vi a Agrobacteriumtranstormation (H nchee et
al.). After  therangefi0f}6%7 The differencesin sterchsbigesmibetis satesare likely,a

regeneration i FhRetiMhOfGLfA Bxpreadibs levelze seeds set by those plants will be
anal yzed. Exanple 5 The vector pMON24502 has been

i ntroduced i Ato wheat cells by m croprojectile bonbardnment. | nmmature
wheat enbryos \Bxagnpleédl ated as 15 described by Vasil et al. (1993).

Enbryogeni c cal |l us obt ai n cul.turing the i,nmature rwos for
4 to 7 days, on a no ?i‘@&?‘ﬁfxs"m%%‘?ﬁ hasc"c?ﬁﬁ_r’t‘ﬂf?#&“’%ﬂo °£f"(9n§%n% | tose
and about -2 ny/segbehnDcallitseviaadnodartasium transfovmationd Hincheeret al dmédterwi t h
m croprojectil | ] | Oi a

bi al ophos resi ??lg(r&lggﬁ g&%&%@%ﬁg&%glyglbfs%gen%é?g%ﬂ%ﬂtt%g%mﬁ?e _
enbryos wer 40t rrisntscthesgedspset bythogeplants willhe analyzsf: ai ni ng the sel ective

agent bi al aphos. After seven days on the growt h and sel ective nedi um
the i nmature e@r&o-dgzi ved cal |l us was renmoved to a shoot - produci ng
medi um (nodi fi iumno 2, 4-D) cont ai ni ng bi al ophos and grown

for 28-40 days. A PCFhésveétyr WMON2250® has been introduced into wheat cells by
microprojectile bombardment. Immature wheat embryos were isolated as

15 described by Vasil et al. (1993). Embryogenic callus was obtained by
culturing the immature embryos for 4 to 7 days, on a modified MS medium
comprising about 40 g/l maltose and about 2 mg/l 2,4-D. The callus was
subjected to bombardment with microprojectiles coated with pMON24502

and a plasmid containing a bialophos resistance gene. One day after

20 bombardment the immature embryos were transferred to a growth
medium containing the selective agent bialaphos. After seven days on the
growth and selective medium the immature embryo-derived callus was

" removed to a shoot-producing medium (modified MS medium no 2,4-D)
containing bialophos and grown for 28-40 days. A PCR assay will be done

25 to confirm that the gifA gene is present in the shoots. Shoots containing
the gtfA gene will be rooted and taken to soil. When transformed plants are

recovered and grown to maturity, their seeds will exhibit increased starch
levels.

30 Example 6
The vector pMON24502 may be introduced into rice cells by micro-
projectile bombardment. Upon regeneration and selection, transformed
plants will be assayed for expression of the g¢fA gene and those plants



25 to confirmthat the gtfA gene is present in the shoots. Shoots

cont ai ni ng the gtfA gene_wll be rooted and taken to soil. Wen
transforned plants are recovered and grown to maturity, their seeds
Wkl |l exhibit increased starch | evel s. 30 Exanple 6 The

vect or pMON24502 may be introduced into rice cells by mcro-
projectile bomh3NQ#6RAE? Upon regenerati on and sel ection, tranPCTULKHI959

plants will be assayed for expression of the gtfA gene and those plants
WD 96/ 24679 ' -

PCT/ US96/ 01959 : 26 26

denonstrating high expression will be grown to maturity. The seeds of the

mat ure plants wil | dexionbirating highnexpiessicn will begmiven to maturity. The seédd of the
publications and paiaaks plald WiDE&Ghibit iddal BE'#E.}E. ion are 5 herein

i ncor porated by re?é:r encg as ﬁl eac%1 fn‘%léa\?/ﬁegua pt@?hati on or patent
was specifically and individually stated to be incorporated by reference.

Fromthe foregoing, it VAlllpubficafens hhdlpaitnts tBNABAEP h tRisCipe tion are
adapted to attaip all .the ends and }?ﬂ? ects hereinabgve set forth together
jl’éﬁe

with advant ages #h ig igcasporatersby rrifessnre as ieach individual publication gy patemsn.
10 ]Ict Wi :I bmu?éﬁﬁbagbthﬁ&ml \ﬂgﬁﬂw ﬁafe‘dablbfheﬁco@p&aﬁmr@h ' ?éé,ons
are of utility an be, e oyed w t.hqut refer e .to other fTeatures
and subconbi nat i ons @é{’ﬁr gh"f @8%‘%?@%1’3@3&? Tﬁ?naﬁi‘&?irgg‘svﬁ‘f'?ﬁtﬁ“l HeoREBSE of
t he cl ai ms. adapted to Sitaincalhrtive/emdssand bhjeetsiinateinnboee setyfotth togethenf

1S DVEILY 0015 bR LEP S SO U iy e blon.
acconpanyi ng dr i ngs i Jtllhe understpgdthat sertginfeatures and subcombinationstaren a
limting sense. of utility and may be employed without reference to other features and
subcombinations. This is contemplated by and is within the scope of the
claims. _
Since many possible embodiments may be made of the invention
15 without departing from the scope thereof, it is to be understood that all
matter herein set forth or shown in the accompanying drawings is to be

interpreted as illustrative and not in a limiting sense.
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(1) APPLI CANT: (A) NAME: Monsant o Conpany (B) STREET:

800 North Lindbergh Boul evard (O ATY: St. Louis (D
STATE: M ssouri - (E) COUNTRY: United States of America

(F) POSTAL CODE (ZIP): 63167 (G TELEPHONE: (314)694-3131

(H TELEFAX: (314)694-5435 (ii) TITLE OF | NVENTI ON: Expression of
Sucr ose Phosphowpleassrs N Pl ant s (i1 v) COVPUTER READABLECTAUNRE/P1959
(A) MEDI UM TYPE Fl oppy di sk (B) COWUTER: | BM PC conpati bl e

(C) OPERATI NG SYSTEM PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln

Rel ease #1.0, Version #1.30 ‘(EPO) (vi'$OPRI OR APPLI CATI ON DATA:

(A) APPLI CATI ON NUMBER: US 08/ 386, 860 ) FI LI NG DATE

10- FEB-1995  (2) | NFORNATI ON FOR saf'i"B"ﬁ&‘f’:sm{‘B (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 29 bass pairs (B) TYPE:
nucleic acid MNDEDNESS: single (D TOPOLOGY:
| i near (37 ) OERERAL E.' other nucleic acid (A

[_)ESCRI PTI ON: /desc“-) ”%Xpé‘n%t i ¢ DNA :

{A) NAME: Monsanto Company

(B) STREET: 80O North Lindbergh Boulevard
(C) CITY: St. Louis

(D) STATE: Missouri _

(E) COUNTRY: United States of America

(F) POSTAL CODE (ZIP): 63167

(G) TELEPHONE: (314)694-3131

(H) TELEFAX: (314)694-5435

(Li) TITLE OF INVENTION: Expression of Sucrose Phosphorylase in Plants
(iii) NUMBER OF SEQUENCES: 5

{iv) COMPUTER READABLE FORM:
' {A) MEDIUM TYPE: Floppy disk
(B} COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC~DOS/MS-DOS
(D} SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPO)

(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/386,860
{B) FILING DATE: 10-FEB-1995

(2) INFORMATION FOR SEQ ID NO:l:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
{B) TYPER: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
{(A) DESCRIPTION: /desc = “synthetic DNA"



WD 96/ 24679 PCT/ US96/ 01959

-31- (xi) SEQUENCE DESCRI PTI ONS SEQ ID NO 1. CCCOOGATCCA TGGCAMITAG- -
AAATAMAAC , 29 (2) | NFORMVATI ON FOR
SEQ I D NO 2: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 39
base pairs (B) TYPE: nucleic acid (C STRANDEDNESSS:
single WO 96/24600) TOPOLOGY: | i near (i) MOLECULE PeFES68195%r
nucleic acid (A) DESCRIPTION: /desc = "synthetic DNA"

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 2" GGGOAGCTCA CTCGAAGCTT ATTGITTGAT
CATTTTCTG -3y (2) | NFOVATI ON FOR SEQ I D
NC: 3: (kﬁilwm%ﬂﬁbﬂ: (A) LENGTH: 1478 base
pairs (B) TYPE: nucleic acid .(C) STRANDEDNESS: doubl e
(D) TOPOLQalcedrchE abccanrrad hinrahkeECULE TYPE: DNA (genoni c) 29

{2) INFORMATION FOR SEQ ID NO:2:

{i) SEQUERCE CHARACTERISTICS:
(A) LENGTH: 39 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(1i) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "synthetic DNA“

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

GGCGAGCTCA CTCGAAGCTT ATTGTTTGAT CATTTICIC 39

{2) INFORMATION FOR SEQ ID NO:3:

{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1478 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

AGCCTTGTGT TAGGGGGTAT TCAAACCTTC TTTGACTGAA AATTTTATTA TTTATACATG 60
TTTAMAATTA CTTTTTAATC TATATATAAT AGATATCAAT CCTITCATTTA ATITGTATTTT 120
TGTATTAATT CTATAAATAT TAAATTACTT TATTAAAAAT TCTAATTCTG TCACTCGTCA 180

TTTICATARTA TICTTGACGG TGATGGTAGT GATAATTACG TTGATTGGAG CCACATGGGC 240



(xi) SEQUENCE DESCRI PTION: SEQ I D NGO 3: AGCCTTGIT TAGCGGTAT TCAAACCTTC

TTTGACTGAA AATTTTATTA TTATACATG 60 TTTAAARTTA CTTTTTAATC TATATATAAT
AGATATCAAT CCTTCATTTA ATTGIATTTT 120 TGIATTAATT CTATAATAT TAAATTACTT
TATTAAAAT TCTAAATCTG TCACTCGTCA 180 TTTCATAATA TTCTTGACGG _
TGATGGTAGT GATAATTACG TTGATTGGAG CCACATGGEEC 240 WD 96/ 24679
PCT/ US96/ 01959 W0 96/24679 -32-  CGOTUYAIspsn1ese

TAAAAGGATG AACCTTGGAA TGTAGTGAAT GITGAGICTC ATAGCTCACT 300 CACGGACTCA
ACACCAAAAT CTGTICCTCTT TTTCCCTTCT CCAATTCACA TACTGICACT 360 TGGACAAATA
ATATTTGAAA ATTTTGGCCT MAAGTTAGGT TTGGAGCCGI2ATGGTAATTT 420 GATACACAAA

TTATTATATA ATT, TRAARSENTC T cEAehY SEtardiisCdiieAdierc ardSétcadsl TCARIET T
TCTCTCACTA AAATTTTCAA TTCACTITTT AAAAAATCGA TAAATTTTTA 540  ATATAACTTT

ACATAACATA TT$§§§$¥%§\géﬁﬁﬂﬁﬁ@Aﬁnﬁ&ﬁEﬁFF;ﬁﬁméﬁﬁﬁGgﬁﬁﬁakm;m@ﬁ@hmcFTTAéaﬁTA
AGATTAAATA T TTTTTAAGAA CGGTACAAGC AAATTAAAAG AGSAAAGCTA

TATASATCTT TOTFERTRAA SRert A e prlr i Ry astithaors o o

TAAATAAQAT CCTA% %LEIIM‘AQI%&% r&éprcn'c 480

GTTCATIGTT TCTCTCACTA AAATTITTCAA TTCACTTITTT AAAAAATCGA TAAATTTTTA 540
ATATAACTTT ACATAACATA TTCAAMATTA CAARAAATAAAR GGATATTTTT ATATGTTTAT 600
TTTTAATGTA AGATTAAATA TTTAGAATTC TTTTTAAGAA CGGTACAAGC AAATTAARAG 660
- AGAGAAGGTA TATTAGTGGG CCTATGTATC TTTGATATCA TATGCCTCTC ARAGAGCATC 720
CTGATGAGTC TATATATCTIT TGITGATAGT GATTTAACCA TTTATGTATG TACGTAGTAC 780
TAAGACATGT TAAATAAGAT cc'rmm GATTTTTGGA AAAGTGAAAA CAGCAATAAA 840
GAAAAGTCAT TTAAACACTT TCCAACAAAC ATTTGGTAAT CGATTTTAAT TACCCACTTA 900
AACAAAACTA TTTGTACGTA AMATGTITAMN GTAGARAAGA GATTTTTTTA AAARAAAAMA 960

GAAGGCAAGA GGTCATATAT CTGACCCTTC CTTAAATCCC CGCGTATAAC ACTTTCTTTT 1020
TTITCTGIGCT GTATGTTCAG Gmmc'r. ATTTTCTATT TGAAATTTCT CATTAAGTCA 1080
AATTCGAMAT CTTTTAAATA ATGTAGAGMI ATCTCATTAT ATTTAACAAT CCCACTTGAT 1140
GAATTCCTAR ACATTTICTA TAAAMATAACA CTAAATCTTT AATTATACAT ATTACATACC 1200
TAACTCAAGC AATCTTGTCG GAMAAAATCAT TAGAAAAGAA TTGGAAATAG GGAAATAAAT 1260
AGACATATTT TGGTTAGTAT CTTTGTCTAT AAGAATGGGT GTGTTAAAGA GCTAGTGCCA 1320
TAGIGTACCA TTCTATTGGT AGCATTTGGC AAGAGTTATT CCCTCTCTCC ATACCRATGG 1380
AGAAGTTTAA TCTTGCTAGR GTICITATTGT TGCTTCTTCA ACTTGGAACT TYGTTCATIG 1440

CCCATGCATG TCCTTATTIGT CCATATCCIC CTTCCACC 1478



CAGAAATCAT TTAAACACTT TCCAACAAAC ATTTGOTAAT CGATTTTAAT TACCCACI TA 900
AACAAAACTA TTTOTACGTA AAATGITTAA GTAGAAAAGA GATTTTITTA AAAAAAAAAA Q60
GGTCATATAT CTOACCCYTTC CTTAAATCCC COCCTATAAC ACTTTCTTTT 1020

TTTTSTGTOT CTATGITCAG GAACATTTGI ATTTTC TGATTTCT CQTTAACTCA 1080

Al TTCGAAI T CTTTTAAATA ATOTAGACAA ATCTCATTAT ATTTAACAAT CCCACTTGAT 1140
CAATTCCTAA WOY9ER4TETA TAAAATAACA CTAAATCTTT AATTATACAT ATFOIZRSNEDHS® 1200
TARCTCAAGC AATCTTOTCG GAAAAATCAT TAGAAAAGVA TTGGAAATAC GCAAATAAAT 1260
AGACATATTT T&STTACTAT CTTTGICTAT AAGAATGOGI GIGITAAAGA CCTACTOCCA 1320
TAGTOTACCA TTCTATTOOT AOCATTTGGC AAGAGPPATT CCCTCTCTCC ATACCAATGC 1380

AGAAGTTTAA  J CLfdnohid70n Gbi Tskd 70 Mo kGCTTCTTCA ACSTGGAACT TTGITCATTG 1440
CCCATCATO TECTTATTGT CCATATCCTC CTTCCACC 1478
WO 96/ 24679 CHARACTERISTICS PCT/ US96/ 01959
233- (2) | NFORVRT RN i Sleed Ikt Ga e (i) SEQUENCE CHARACETRI STI CS:
(A) LENGTH. 450 ba BdE"; Snucleic acia (B) TYPE. nuuleic acid (O
STRANDEDNESS doubl ) STRANDED 8D a P OGY: | i near (ii) MOLECULE TYPE:

DNA (genoni c) (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

AAATAAATAT TTCAAAGTAA ATTGTTACTC CCTCTATCCC ATACTCTTIT CTITTTTTAA 60
TCGATTTCTT ACTCTAATTG AACTATTGGA GACAACTTAR ATGTAAATTT TTTTITTCIT 120
TATCAAMATG ATTGGCTGCT ATATAAATAT CTAATGGTTA TTATACATAA ATTTTAATAT 180
TTTTTATAAA AAAATATCGA GCTAARATCAT ATCGTTTAAA TATAGAGATG TGTTATTTAT 240
TTAAAMATTA ATTTTAAAAA AGTGAATATT GTAMAATTAGG ATGAAAGAGT ATTATATIGG 300
TTGTCGCAGT uainmcc TGCATGCCAT TACATTIGTIT CAATCATCTIT TGCAACGATT 360
TGTGTCCTTT AGCTTCCITA CATAACATGG CTTCTATAAC TAAAGCCTCA TTACTTATCC 420

TTTTCCICTC CTTGAATCTC CITTICTTCG 450

(2) INFORMATION FOR SEQ ID NétS:

(L) SEQUENCE CHARACTERISTICS:
(A) LENGCTH: 1446 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: double
{D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (gencmic)



(xi) SEQUENCE DESCRI PTION: SEQ I D NO 4:
CCTCTATCCC ATACTCTTTT CTTTT _
AACTATTGGA GACTANVA ATGTAATTTT TTTTTTTCTT
ATATAAATAT CAATGGTITA TTATAMIAA ATTTTAATAT
GCTAAATCAT ATCGITTAAA TATAGAGATG TGITATTTAT
ACTGATATT GTAMI ' WRE8246m9 SURGACT ATTATATTGG
CATAACATGG CTTCTATAAC TAAGCCTCA TTACTTATCC
CTTTTCITCG
SEQ | D NQO5s
base pairs
doubl e

AAATAAATAT TTCAMTA ATGTTCTC
60 TCGATTTCTT ACTCTAATTG
120 TATCAAATG ATTCGCTGCT
180 TTTTTATAAA AAAATATCGA
240 TTAAAAATTA Al TTTAMAN
300 TGTGTGCTPErBREHISETs a
420 TTTTCCTCTC CTTGIATCTC
450 (2) | NORNATI ON FOR
(A) LENGTH 1446
(C) STRADEDVESS:
i) MOLECULE TYPE: DM

(L) SEQUENCE CUACURZSTZCS-
() PR e B s wouyy

(grnmc)

ATGGCAATTA

AAAGAATTGA

CTGCCATTCT

GACTCTGCTT

TTTGATTTCA

AAGCATGAMNG

AATCGCCCGA

CAGGAAATCC

CAGATTGATC

AATTTAGCAG

AAGCTAGATA

CGTGATATAG

ATTCAATTTA

ACGCTCTACA

CCGATGAAAC

GATATCCTGA

AATGTCAATC

TCAACTITACT

GATCTTGAAT

AGTGAAGAAA

ACTTACCGCA

CAAATAARAC
ATGAANATAT
TTCCTTCCAC
TTGGCGATTG
TGATTAATCA
CAAGTGCTTA
CACAAGAAGA
AATTTGCAGA
TTGACGTGAC
CCAACSGCTG

CGAATGATTT

CTGCTGTATC.

AARRTTGCAGA

GCCTATATTIC

AGTTCACCAC

CTGACGAAGA

GTAAGTATTC

ATTCAGCACT

CTCCAGGTAT

TACTGGAMG

TTGCTAAGGA

TTCAGTCAGC

AA?GTTGATI
TGAGAATTAT
AGGTGATCGT
GGATGATGTC
TATTTCGCGT
TAAAGATCTA
TGTGGACCTG
TGGCAGTGTT
TAAAGAAGTG
TGATCTCATT
CTTTGTTGAA
GGGTGCGGAA
CCATGATTAC

GGGCAAGGTT

ACTTACGCAG
TTTGCAGATG
GGCTTTGCAC
AMACGTTTGG
CAGTCTAAAT
TTTITAMIT
ATTTATAAGC
GAACATCTCT
ACTQ!@GATT
CGTTTGGATG
CCTGAAATCT
ATCTTGCCGG
“TATGTTTATG

GACCGTCITG

CCTTGATACA CATGACGGTA

AATTACCTAT

AACTGCCGAA

TGGTGATGAT

TCCACAGGTT

CACTAAAGAR

AGTGAAGCGG

AGCTTTTGAT

ACTTCTAATG

TATAATAACT

GATCAARAAAT

TATTACGTTG

GGCCGCATTA

CCAGTTGTCA

TTGGATGGCC

AATGAAGAGA ACATTGTCAT AGAACGTCAA AATAAAGATG

ACAGTTTGGG
CTGTTCGCSG
CGATTGATTA
GTCAAARATA
ATTATARAGA
GGGATAAATT
GTAAGGATCG
GGAACACTTT
PTATTCGCTC
CCTTTGCTTA
GGACTCTGCT
AMATTCATGA
ATTTTGCCCT
CCAMATGGGT
TTGGTGTGGT
AGCTTTATAA
TGGATATCTA
ACTTTTTGGC
GCTTTTTAGC
TCAACCGTCA
AGGCACTTTT
GTATTGAAGT

GCAGTCATAT

TAMAATTTG

TGTCCATTTG

CCATGAAGTT

TTACCTCATC

TTACCAAGAM

TTGGCCTAAA

AGCACCTAAG

TCGGGAGGAA

TACCATTGAA

TGCTGTTAAA

AGATARAGTT

ACACTATACT

GCCTATGGTG

GAAAATGAGT

TGATGTTAAG

GGTCGGTGCC

TCAAATTAAT

CCGGTTGATA

TGGCAAGAAT

TTATTATAGT

60

120

180

240

300

360

420
480

540

600

660
520
780
840
900
960
1020
1080
1140
1200
1260
1320

1380
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- 34- (xi) SFQUENCE DESCRI PTION: SEQ | D NO 5: ATGGCAATTA CAAATAAAC
AATGTTGATT ACTTACGCAG ACAGTTTGGG TAAAAATTTG 60 CTGCCCATTCT
TTCCTTCCAC AGGTCATCGI GGCTTTGCAC CGATTGATTA CCATGAAGIT 180 TTTGATTTCA
TGATTAATCA TATTTCCGST CAGTCTAA&T ATTATAAAGA TTACCAAGAA 300 AhGCAI TAAG
CACSTGCTTA THRAGMBIINA TTTTAAATT GGATAAATT TTGCCTAAA 3pErusHerdfass CCGA
CACA CAA " TTGOACSG ATTTATAACC GIAAGGATCG ACCACCTARG 420 CAGCAAATCC

AATTTGC&GA TOUGOOOGTT GAACATCTCT GGA&CACTST TOGGGAGAGA 480 CLUATT5SATC
TTCACt GAC TA. MGAAGTG ACTASGGATT TTATTCRESTC TACCATTGAA 540 AATTTACAGO
CQAOGOCTG GAERIDRKTE [ écaRanmmer i SnsneAan Q0 AMCTAGATA
OOAATATTT CTTTGITGAA CCTGAAA%‘T OGAC%W “’6‘"‘% C CcTEMPATAG
CTOCTGTATC chFemOGCGAA ATCTTOCCCG AUATTCATGA ACH RAATACT 720 ATTCRATTTA
AASTTOCAGA CCATGATTAC TATGTTTATG ATTniTaccer GCCTATCCTC 780 AdtfércTACA
OCCTATATTC WOCAAl ST QACCGTCTTC, CCl UATGOOT GAAAATTAGT 840 CCGATGAAAC
AOTTCACCAC CCTSATACA CATGACOGTA TTGGTWIGGT TCATGTTAAG 900 GATATCCTGA
CTGACGAAGA AATTACCTAT ACTTCTAATS AGCTTTATAA GGTCGCTGC 960 AATTCOAATC
CTAAGTATTC AAh=CCGCAA TATAATAACT TGGATATCTA TCAAATTAAT 1020




TCAACTTACT ATTCAGC&CT ToGIcATCAT GATCAAAAAT ACTTSTTCCC {
CAACCTTTTG CTCCGTAT TCCACOCGCTT TATTACGITG GCTTTTTAGC Tgﬁi{ﬂﬂm I“lﬁ]ﬂ& |“|
CATCTTGAAT TACTGAAMA CACTAMAGAA GOCCCTTA TcAACCGTCh TTATTATAGT - 1208 *
AaTOAAGARA TTOMCAKOGA AGTGAARDG CCOaTTGICA AGGCACTTTT AAATCTCTTT 1260
ACTTACOCA TTCAOTCACC ACCTTTTGAT TTOGATI GCC GTATTGAAGT GGARACE CA 1320

AATGAAGAGA ACATWOSEAE79AGAACGTCQA AATAAAGATG GCAGTCATAT CoCAAREEDAI6H19980

WD 96/ 24679 PCT/ US96/ 01959
- 35- GAGATTAATC TCCAAGATAT GACATACAGA GTAACAGAAA ATGATCAAAC AATAAGCTTC

1440 GAGTGA 36

1446 WO 96/ 24679 ' '

PCT/ US96/ 01959 Claims: 36 Cl ai nms:

1. A method of producing a transgenic plant, comprising the

steps of: '

5 (a) inserting into the genbme of a plant cell a recombinant,
double-stranded DNA molecule comprising:

i) a promoter which functions in cells of target plant
tissue,

(@) a structural DNA sequence that causes the

10 production of an RNA sequence which encodes a
sucrose phosphorylase enzymé,

(iy a 3' non-translated DNA sequence which
functions in plant cells to cause transcriptional
termination and the addition of polyadenylated

15 nucleotides to the 3’ end of the RNA sequence;

{b) obtaining transformed plant cells; and

(¢) regenerating from said transformed plant cells a
genetically transformed plant, the genome of which

contains said recombinant, double-stranded DNA
20 molecule of step (a). '

2. The method of claim 1, wherein said DNA sequence encoding
sucrose phosphorylase enzyme is obtained from Streptococcus mutans.

25 3. The method of claim 2, wherein said DNA sequence encoding.
sucrose phosphorylase has the sequence shown in SEQ ID NO:5.

4. The method of claim 1, wherein said genetically transformed plant
exhibits a property selected from the group consisting of containing a
30 modified carbohydrate content; increased polysaccharide (e.g. starch)
content; enhanced yield; improved uniformity of the distribution of solids;
and reduced susceptibility to bnnsmg discoloration.



1. A nethod of producing a transgenl c ;.)I.ant, corﬁ)ri si ng “ﬂ“l“lﬂjmmmm

5 (a) inserting into the genone of a plant cdl
doublé-5tranded DNA nol ecul'e conpri si ng: L s Tt
pronot er which functions in cells of target plant

'tissue, (1i1) a structural DNA sequence that causes
the 10 WO 96/24679 production of an RNA sequerrussho®sp encodes
a sucr ose phosphoryl ase enzyne,

(iii) a 3" non-transl ated DNA sequence which
functions in plant cells to cause transcg? pti onal
termnation and the addi tion of pol yadenyl ated 15

nucl eotides to the 3 pRdnthbdef %S@Wﬁf‘n said property is contaifihg a

obt ai ni ng transf%{lgég lbaﬁ}' ‘ﬁ' ells; an { regenerating
fromsaid trand® %1 hqrats cor genetically
transforned plant, the genone of which contains said
reconbi nant , doubl est kan tep
(a). 2 8- ﬁ ﬁ%&%f g?‘%l Wherein, gaid » r‘lxml;m‘i %gggé%%nce
encodi ng 5 sontemt és guin rsepérse h aclidsaontemt. | s obt ai ned from Streptococcus

mut ans. 25 3. The nmethod of claim2, wherein said DNA sequence

‘encodi ng. sucr ose phos or}/l ase has the sequence shown in SEQ I D NO 5.
4. The method of cl §i rEhem elaim Bowherein said genetically Sransformed plant

exhibits a proggggmcﬁglfﬁﬂﬁ;géﬁg binGstall a0 Sndltop@tNf containing a 30

nodi fi ed carbohydrate content] increased polysaccharide (e.g. starch)

content; enhanced yield; i rrproved uniformty of the distribution of solids;

and reduced 19uscept i8I mhbymbthdii of elai@ 4] shekéihasdidnproperty is imp¥oved/ 24679
37

PCT/ US96/ 01959 uniformity of the distribution of solids.

9. The method of claim 8, wherein said genetically transformed plant
is selected from the group consisting of potato and sweet potato.
15 '
'10. The method of claim 4, wherein said property is reduced
susceptibility to bruising discoloration.

11. The method of claim 10, wherein said genetically transformed
20 plant is selected from the group consisting of potato, banana, apple, wheat,
grape, and peach.

12. The method of claim 4, wherein said property is increased
polysaccharide (e.g. starch) content.
25 i
13. The method of claim 12, wherein said genetically transformed
plant is selected from the group consisting of maize, wheat, rice, tomato,
potato, sweet potato, peanut, barley, cotton, strawberry, raspberry, and
~ cassava.
30
14. The method of claim 4, wherein said property is enhanced yield.



5. The nmethod of claim4, wherein said property is containi
nodi fi ed carbohyhdrate content . 6. The met hod oH“lﬂH”MH!JI"II”“"I
wherein said nodified carbohydrate 5 content is an increase*int sol

cont ent . 7. The method of claim®6, wherein said genetically
tcansforned pl ant I's selected fromthe group consisting of potato and
tomato. 10 WO 96/81679The net hod of claim4, wherein said praEmuss6d19s9

I mproved uniformty of the distribution of solids. 9. The
met hod of claim 8, wherein said genetically transformed pl ant S

sel ected fromthe group consisting of potatd@&nd sweet potato. 15

10. The nmethod of claim4, wherein said property is reduced

susceptibility to brui sitigThewmethodaficlaim 14, wherein said géfeticelly trahsforimed
claim 10, wherein 1.4 ' b m
the group consi sti %‘gé%flgggggteﬁ %ntz’n%%lfl% ﬁ@ﬁstﬁ%% 3 ze %h%rggégé g%ﬁg&%,
peach. potiato, Sweetnpathted paanut,abarlew, sugarheet; sugarcamep pppley pesr,

i ncreased pol %ééh ééil,e t rfﬁ}“’ 13. The
nmet hod of claim 12)6§ glén $al eggongl?csa P&t%%pgf andcassglv%nt S

sel ected fromth& group consisting of naize, wheat, rice, tomato,

potato, sweet potato, pganutrhetiﬁédheaofaaixhqnwhsiéiﬁmrﬁmméemafeerer:ﬁédfﬁﬁ:sl

cassava. 30 14. The thod of claimé4, erein sajd propert
i s enhanced yi el d. the group conﬂs Jggngmw.o plant cgﬁ a mvamglze plant ce i a lplce glanty

PCT/ US96/ 01959 cell, a wheat plant cell, a tomato plant cell , a barley plant cell, a sugarbeet
plant cell, a sweetpotato plant cell, a peanut plant cell, a sugarcane plant

10 cell, a grape plant cell, a pear plant cell, an apple plant cell, an orange plant

cell, a cassava plant cell, a banana plant cell, a plantain plant cell, a cotton

plant cell, a strawbe;'ry plant cell, a raspberry plant cell, and a peach plant

cell.

15 17. The method of claim 16, wherein said plant cell is a potato plant
cell.

18. The method of claim 16, wherein said plant cell is a maize plant
cell.

20

19. The method of claim 16, wherein said plant cell is selected from
the group consisting of a wheat plant cell, a barley plant cell, a rice plant
cell, and a tomato plant cell.

25 20. A recombinant, double-stranded DNA molecule comprising in.
sequence:

(a) - a promoter which functions in cells of target plant
tissue;
(b)  a structural DNA sequence that causes the production
30 ' of an RNA sequence which encodes a sucrose
phosphorylase enzyme; and
(c) a3 non-translated region which functions in plant cells

to cause transcriptional termination and the addition of



38 15. The met hod of c W“Bﬂumﬂusal d genetically
t ransf or ned plant is select ed”m onsisting of mmize

wheat, rice. tonato, pot at o, steet potdto? peanut I SHaR ,
sugar cane, apple, pear, orange, peach, grape, cott 'lt?flS %&I\% Eéﬁ?
raspberry, and cassava. 5 16. The met hod oft—clal erein
sai d pl ant owod62u&r9sel ected from t he group consi sti ngcmfusmopmato
plant cell, a maize plant cell, a rice plant cell, a wheat plant cell,
a tomato plant cell , a barley plant cell, a sugarbeet plant cell, a
sweetpotato plant cell, a peanut plant ce89, a sugarcane plant 10 cell, a
grape plant cell, a pear pl ant cell, an apple plant cell, an orange pl ant
cell, a cassava plant cell, mgmgrwdeanﬁuamtidesacoptwsaéﬂu of oié RNAI, a
cotton plant cell, a stra errey plant cell, a raspberry plant ceII
and a peach pl ant cell. 17. The method of claim 16,
wherei n said pl ant ceI I i s a pot ato pl ant cell. 18. The
met hod of claim 16, . 20
19. The nmet hod of cl a| m é&?‘é‘%&{s% @eél#ﬂ?oav'??*&s se{:‘ect ed T reglr@nL

the group con8i @Fwnsfsusrmemhosphamlamanzms s pbtajned from Strdplocaccus ce

pl ant cel | mmds.2a tomato plant cell. 25 20. A reconbi nant,
doubl e- stranded DNA nol ecul e conprising in. sequence:

(a) a pronoter which functions in cells of target plant

tissue; 22. THePNA moldculicofiulaim P whertin sail DINA sequeee t he

Clior ose " encoding suerose phosphprage dag e seceii phowc P W%ﬁﬁ%&%ﬁ a

(c) a 3 nodltransl ated region which functions in plant cells

EEPE%&ED %agzlcrzllg;'g@gal T txﬁ&@mﬁgdoftcﬁgin?%' %l’?é}eﬁm said promoter is

PCT/ US96/ 01959 selected from the group consisting of a zein promoter, a patatin promoter, a
rice glutelin promoter, the soybean 7s promoter, a promoter of a subunit of
ADPglucose pyrophosphorylase, the TFM7 promoter, and the TFM9
15 promoter.

24. A transformed plant cell comprising a recombinant, double-
stranded DNA molecule comprising in sequence:
(a) a promoter which functions in said plant cell;

20 (b) a structural DNA sequence that causes the production
of an RNA sequence which encodes a sucrose
phosphorylase enzyme; and |

(c) a3 non-transiated region which functions in plant cells
to cause transcriptional termination and the addition of

25 polyadenylated nucleotides to the 3' end of the RNA

" sequence.

25. The plant cell of claim 24, wherein said DNA sequence

encoding sucrose phosphorylase enzyme is from Streptococcus mutans.
30

26. The plant cell of claim 25, wherein said DNA sequence
encoding sucrose phosphorylase has the sequence shown in SEQ ID NO:-5.
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R EZQﬁZﬁﬁQYI'lﬂII!ﬂIIIIHI’IIIfﬂIﬂH]]IFTLS_mt NA 00l oCul & of

clFaim 20, wherein said DNA sequence * emcoli ny S’UCV,OSGTI-HSWEWWASQEEE

enzyne i s obtained from Streptococcus mut ans. REPI2GEDT

npl ecul e of claim 21, wherein said DNA sequence erj t

phosphoryl ase haoerdé73equence shown in SEQ ID NO 5. 10 PCT/US96/02439 The
DNA nol ecul e of claim20, wherein said pronoter is selected fromthe
group consisting of a zein pronoter, a patatin pronoter, a rice

glutelin promoter, the soybean 7s pronoter, &®ronoter of a subunit of
ADPgl ucose pyrophosphoryl ase, the TFM/ pronoter, and the TFMB 15 pronoter.
24. A transformed plant 2%l | Therglantscelboficlairs @dpiwherdin sdidiproznoter is selected
stranded DNA nol ecu LSl [ . . a) .. a _ _
pronot er which f unctr ﬁgggﬂ?ﬁ{‘ idaé] %’dpst gﬁfgqgl’é?%?m pppmoter, a patatin ?‘3’}’3“51" a nce
structural DNA sequghutelinipromoters ébe shybeano?sipromoter, a promoter of a subunit of of

an RNA sequence whi %p@ﬁ@d&?g?roiig%%ﬁﬁ&ylase, the TFMY promoter aBACSHR PRfhgs e

enzyne; and non-transl ated fegion Which tunctlons
in plant cells 5 promoter. to cause transcriptional term nation
and the addition of 25 _ pol yadenyl ated nucl eotides to the
3' end of the RNA guence. i . 25. The pl ant
cell of claim24, wherei %s'sai'r(!?em%%"dh‘ééfg%'m 24, whereinisaid plast gelhis selected
plhosphor ly: as;a elnzynﬁ-dgs the gm@mp@sgﬁg&ﬂ‘@pdﬁt&ﬁhnt calf, a mai%e_ plant c€ld, a 7ide
pl ant cell of claim er.ej ai seguence ncodi SUCr 0S
phosphoryl ase has t ga %e%éﬁc%ﬂgﬁo%npﬁlégﬁ)g?@m@m cell | ban?% E%PQAFB el
PCT/ US96/ 01959 10 sugarbeet plant cell, a sweetpotato plant cell, a peanut plant cell, a
sugarcane plant cell, a grape plant cell, a pear plant cell, an apple plant cell,
an orange plant cell, a cassava plant cell, a banana plant cell, a plantain

plant cell, and a peach plant cell.

15
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v 27. The plant cell of claim?24, wherein said pronoter is
sel ected fromthe group consisting: of - a zZei n_pronoter. a pat atin
p-rGrTDter arice glutelin pronoter, SQ % s,agrom)ter a
pronoter of a subunit of ADPgl ucose p ﬁ' H% L?y driag TFM7
pronoter, and the TFMD 5 pronoter. (“:II'J‘";" cell of
¢l ai m 24, whe psaid pl mmummﬁbmammmﬁrom t he\y p
consi sting of "a potato plant cell, ™53 ant cell, a rice pl ant
cel |, aINVERNATEINAL ARPMICATION tPUBhlSHEEI‘mERc'@E PATFQTK&QP@AH%W ®CH 10
SUgaf @6 Gherdaticail Pasku Clhssiicidos 92 €1 POt af 0 Nl g Pibnea Nthve?! 2Nt WD 9672867
sugaf caggaRhams, 1 lgy102 9rape pla I;uq ell, a pear plant cell, an apple nt
cel | an drange plant cell, d<4Spinmrngtiopah Publivedioh Datey b a hoAveustIPG S 08:56] || |
a pl gnram prant cerf, and a pe crprant cert. 5
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