WO 03/ 072790 PCT/ EPO3/ 01465 Nutritionally enhanced plants. Field of the
invention 5 The present invention relates to the field of inproving
nutritioralDogom7ent in plants. Mre particularly the i nverCr@ro3/osabates to
the nodification of selected plants to inprove their content of
oestrogeni ¢ conpounds and to the plants and plant derived products

obt ai nabl e therefrom 10 Background to the invention |Isoflavones are a
group of oestrogeni c conpounds which belong to the flavonoid class of

pl ant secondary met abol i t e¥utFifdonally enhaneeddrlar®s produced naturally in
certain plants expressing the enzyne i sof | avone synthase and in particular
in | egum nous plants. The presence of isoflavones is known to provide
several advehtageshe novediiepthe facilitation of antimcrobial plant
defences and establishing bacterial or fungal synbioses within plants as
well 20 aiding nitrogen fixation in root nodules. In addition to the
advant ageghthaprasentonieyeedono pledatss the ahet afyepieseficelgproving

I sof | avong%tﬁtfééaol b{@&ﬁ@evr&d 19 Bﬁgm;ge MQF@ert:@lé@lﬂ!ﬂ/ﬁntﬁ@ahhbenﬁwn
exanpl e, etary 1soflavones are believed to be effective at reducjng
the risk leeaﬁéetoahbe @9@df%¥ﬁ§@@l&ﬁ diedegsed RLapbeskat 1MPROYhethian
diet the only QWO%GSO&Jtﬂo%%héV%%oaﬁ@s G8At g LRgURSItSUCh@Spsaybean
or chi ckpea. %oy constitutes by the major dietary source, however
supplenen@@ﬂn@ﬁdG@rqdﬂﬂisppbﬁékﬂ%?hﬂ Fhe§%§¢Qﬂ' soy-extracts may adversely
affec{ythe flavour profile. It would therefore be desirable to extend the
range of plants or plant tissues capable of providing an effective source
of isofl akas&grewnd Heo RheRANHRBEioANd in particul ar a source which 35 does
not adversely affect the flavour profile of a product. WO 03/072790

PCT/ EPO3/ 01465

Isoflavones are a group of oestrogenic compounds which belong to

the flavonoid class of plant secondary metabolites. These
15 compounds are produced naturally in certain plants expressing the
enzyme isoflavone synthase and in particular in leguminous plants.
The presence of isoflavones is known to provide several advantages
including the facilitation of antimicrobial plant defences and
establishing bacterial or fungal symbioses within plants as well

20 aiding nitrogen fixation in root nodules.

In addition to the advantages that are conferred to plants, the
dietary presence of isoflavones is also believed to provide
benefits to human health. For example, dietary isoflavones are
25  pelieved to be effective at reducing the risk of cancer and

cardiovascular disease.

At present, in the human diet the only sources of isoflavones are
certain legumes, such as soybean or chickpea. Soy constitutes by
30 far the major dietary source, however supplementation of food
products with soy or soy-extracts may adversely affect the flavour
profile. It would therefore be desirable to extend the range of
plants or plant tissues capable of providing an effective source
of isoflavones to the human diet and in particular a source which

35 does not adversely affect the flavour profile of a product.



2 WD 00/53771 teaches that to formthe isoflavone daidzein in transgenic
pl ants that do not possess an isoflavonoid pathway and thus do not produce
i sof | avorw® 03072180 ure, it woul d be necessary to introduc@CriEPoainet hree
new genes, nanely chal cone reductase 5 &CHR) to co-act with chal cone
synthase (CHS) to form2',4',4"- trihydfoxychal cone, a suitable chal cone

i sonerase (CH) to convert 2',4'",4"-trihydroxychalcone to liquiritigenin,
and isoflavone synthase (IFS). 10 The applicants have now found that the
approach #Pscd@SEd7iin tARCchRE/ 58Tl doestarat Bh¢ owscthéaTeremtiedAZ6i N ddindzei n

|0 respect of IR HLABLS nFUIdDGIIDLR-LBE, app! | cantaychekheyscha) ddw
transformation®of the tomato plant as exenplified in exanple 3 of WO
00/ 53771 itbuapde uat i kedduaeo isoddavend ot deSukEr hitn¥peadel® BE5CPERANYs of

dai dzei n g% 95%98&\%&9 %?T%@%ﬁ\éeq}etmegréﬁe@y Sudi €S Al EbRE eHiubyasd et

al ., (Production of isoflavones genl stern and daidzein in non-I,eZ(I:;,urrq di cot
and noMocdEHR} s§geso-aPt ant tPhyirbronoppnaaser gICHA3) typppFRd2’ 14" 14" -

transcri p%’g?g},&%ﬁ{&%ﬂon@o ang iR wh £ et e Q- i BbRogud | @u1of tEHR@pskd FS

i nto non- erentiated Bl ack Mexican Sweet (BMS) mmize cultyres, This
approach ¢ ektet! omipviraseckdlavast s tof dardzeiridsmiasi agle d&PFLATIRe. 25
The use Ofsylflma&séi ﬁglsgi_cel | systemin drawi ng any conclusions relating to
enzynol ogy "and regul ati on of secondary netabolic pathways in
differentiated tissues is recognised in the art as wunreliable (Stafford

H A i@'gg@necggpf_{@é?bs Boca RakONsoudldonindd RBhe 22913381 . d38cBMedmnizeaicel |

cultures are undifferentiated and are not active I.n, flavonol biosynthesis.

The obj ectOiOVE37 &khdeeal Nt obt e e e Egriear b§tt ABIPFeEYEnt® 3%°8%/eritl on
t her ef or e jfglat @3a4h0st herneeskb i@ ror oinde n@yek cphedt Sbelieve that the

transformation of the tomato plant as exemplified in example 3 of
WO 00/53771 is most unlikely to produce tomatoes with increased

15 levels of daidzein as purported to be achieved therein.

Studies carried out by Yu et al., (Production of isoflavones
genistein and daidzein in non-legume dicot and monocot tissues.
Plant Physiol. 2000 124:781-793) applied transcription factors Cl
20 and R with the co-introduction of CHR and IFS into non-
differentiated Black Mexican Sweet (BMS) maize cultures. This
approach yielded only trace elements of daidzein in a single cell

line.

25 The use of this single cell system in drawing any conclusions
relating to enzymology and regulation of secondary metabolic
pathways in differentiated tissues is recognised in the art as
unreliable (Stafford H.A.(1990) CRC Press, Boca Raton, Florida p.
225-239).

30
BMS maize cell cultures are undifferentiated and are not active in

flavonol biosynthesis.

The objective technical problem to be solved by the present

35 invention therefore relates to the need to provide novel plants



WO 03/ 072790 PCT/ EP03/01465 - 3 which conprise significantly increased

| evel s of daidzein and/or daidzein derivatives. It has now been found that
t he sol utwonsw7dhi s problemlies in a 5 process which seCe#mPe3/eu46s
non-i sof | avone producing plant or part _thereof conprising both active

ant hocyani n and flavonol pathways and alters said plant to increase the
enzyne activity of chal cone reductase and isoflavone synthase therein. 10
At the time of filing it was not known that the selection of a
non-i sof | avbeie @Eemgdicieng ighant cawriyr | Siqrgabetihlavel vecnthbéyim nendind

fl avonol 859?%5&9%%29v$@%@¥9y5 in conbination with an increase in these
specific enzyne activities could be used to provide plants with increased
| evel s of daidzein and/or derivatives 15 thereof. Definition of terns A
non-| SOf | Qyonge pI{oQAgLf)Cele gfghg‘@ttﬁasc %ﬂetw.%lagxtg&{ '{bedckﬁ% E)ngl_@rpsfirb%e i9f a

i sof | avoné syn%hase enzyme actirvity which renders the 20 tissues of the
pl ant funapkecdss pwinthicesésofisavanesn-Tief kysapc @rolducsdf | M6RE SYntivade

activity e d i chi.evi ng LV e L a rd

A e e e e S

2000 p. 268d24Rjerimcerigopatet theimineasy thfeperiges THiTAEYL ef nthplee or

part ther ggﬁ%c{efseu%ig{ Qggﬁ%én% rs?fi@lrlaéé) e re€ht ire plant or differentiated
cells

group of ormng a part thereof. A part of a plant for the purpose
of the invention may relate to | eaves, stens, fruit, seeds, flowers,

roots, t“R‘é‘r%he?’gnge eXRE@SSE 0Nt ;ST 8861 REowk Stiusedid) SOMRAIIosOR st & an
equi val ent unnodified plant or part thereof and may be on an absolute dry
wei ght basis-broflrvicakapirodue BrdreR 1 aBtc G9MPE bF Lrh oY FGCdFi gr§hocyanin

and flavonol biosynthetic pathways in combination with an increase
in these specific enzyme activities could be used to provide
plants with increased levels of daidzein and/or derivatives

15 thereof.

Definition of terms

A non-isoflavone producing plant is suitably defined by the
absense of isoflavone synthase enzyme activity which renders the

20 tissues of the plant unable to produce isoflavones. The absence of
isoflavone synthase activity can be determined by achieving a
negative result in a standard enzyme assay as disclosed in Jung et
al., (Nature Biotech. Vol. 18 Feb 2000 p. 208-212) incorporated
herein by reference.

25
The term ‘plant or part thereof’ is used herein to refer to an
entire plant or differentiated group of cells forming a part
thereof. A part of a plant for the purpose of the invention may
relate to leaves, stems, fruit, seeds, flowers, roots, tubers.

30
The expression ‘increasing’ is used in comparison to an equivalent
unmodified plant or part thereof and may be on an absolute dry
weight basis or in relative terms. Except for the modifications
introduced by the process of the invention, this equivalent plant

35 is genetically identical thereto.



i ntroduced by the process of the invention, this equivalent plant 35 is
genetically identical thereto. WO 03/072790 PCT/ EP0O3/01465 4 Daidzein as
used her eWp i3®7179ken to conprise 7,4' - di hydroxyi sof | avon@CTBPo3/viabi ves of
dai dzein are taken to conprise those nolecules which result fromthe

cel lul ar biocherical 5 nodification of fardzein. Preferably a daidzein
derivative is selected fromthe group conprising pterocarpans

e.g. nmedicarpin, glyceollin, isoflavanones e.g.vestitone, rotenoids e.g.
munduserone, isoflavans e.g. vestitol, a-nmethyldeoxybenzoins e.g.

angol ensi p, ; 2; ary! benzof yraps §.g.sgent ol ohgiupan, o sofdagyenols 10 0.-9.
7, 2" - di hydroxy- -ne?hoxylsoflavono , isoflav-3-enes e.g. " haginin,

3-aryl courhnyarxigofyhysye i Merduatbsearnst clagdzesn mestiagen to comprise
Counar onoghE QIDNES des! URhLA DI Lo SQUMREBROCLOMENA 1 0. PAEOYALINSAMENe.
15 Derivatives of daidzein may also result fromone or nore chem cal |

pr ocessesmsél itagd ofr ond t eigreim. cErpFesing net HAldEPeR, degIlyessye atiison,
prenyl ati qo, and £t hety | Lnkagesub RLABL: OfnPabteidiaenhst hal ksasedine, | n
ant hocyanin” brosynthesis 20 has an active anthocyani n pathway and is taken
to conpri séveeokliigsue whicH avonpreses RNAVeREHdIN®y oner S¥eNfFE enSmfes

sel ect ed mm&g;émegr QuB £¢ QOB ) fkiégﬁ%@ﬁl a&%@&raqlgg&g%&%ﬁﬁzoins e.g.

4 Sk
proant hocyani di n synt hase, and UDP- ucose: f [ avonoi ,
gl ucosyl t pansiersise. 25 Fgbenfelptapose-of ERRLMIECRIFI RRveAtPEh BRI We

ant hogyanin .bi9§yraéﬁﬁyd%o§§¥4bfmégﬂdﬁngegga@dhdi,pl@%bf@%$sgfbﬂﬁh de.g.
spectrophotgneprlc test wherei n absorbance of a hydrolysed plant extract
at Avi s- mBRIABR 560mmatylcatReEiive o Jan aft¥¥¥rBD antIeEFahPRS pathvikry.

Plant tisgugse &9 %Hqtﬁairenbézﬂfgn%rfgst r0geN 1uphda exid ACE 8GaMahB cBOadnY V)
et hanol at 100ng/ 7001 for 30m n at ‘
e.g.pachyrrhisomene.

15 Derivatives of daidzein may also result from one or more chemical
processes selected from the group <comprising methylation,

glycosylation, prenylation and ether linkage.

A plant or part thereof that is active in anthocyanin biosynthesis
20 has an active anthocyanin pathway and 1is taken to comprise a
tissue which comprises mRNA encoding one or more enzymes selected
from the group comprising dihydroflavonol reductase,
proanthocyanidin synthase, and UDP-glucose: flavonoid-3-0-
glucosyltransferase.
25
For the purpose of the present invention active anthocyanin
biosynthesis may be determined in a plant tissue by a

spectrophotometric test wherein absorbance of a hydrolysed plant
extract at Avis-max 480-560nm is indicative of an active
30 anthocyanin pathway. Plant tissues are ground in liquid nitrogen
and extracted with 80% (v/v) ethanol at 100mg/700ul for 30min at
room temperature (~22/C). Following extraction the cell debris is
removed by filtration through a 0.45pum Millex HV filter unit
(Millipore Corp, USA). The ethanol extract (360pl) is mixed with

35 12M HC1 (40ul). The acidified ethanol extract is assayed by



roomtenperature (-22/C) Follow ng extraction the cell debris is renoved
by filtration through a 0.45mMllex HV filter unit (MI1Ilipore Corp, USA).
The et harwi oaxta7act (3601) is mixed with 35 12M HO (401 ) PCThPozei4es f i ed

et hanol extract is assayed by WO 03/072790 PCT/ EP0O3/01465 - 5

spect rophot omet er and absor bance det ernPned as AXvi s- max 480-560nm with
the A657 subtracted. It is preferred that a plant or the part thereof that
is active in 5 anthocyanin biosynthesis contains nore than 10ng/ kg fresh

vei ght  anbbeeyHHAonEREE MHETHAYNBE detsinih@ANEA K, J 1L Lheskopr efiatr ed
at | east 1000ng/ kg and nost preferred from 1000 to 10, 000ng/ kg fresh

wei ght . Stitealdsy stRitsarsedal cul at ed from absorption val ues according the
formula C = AAMM103*DF/ (E*l) in which C refers to 10 concentration A

refers to absorption (as defined above) C wei ght ;
dilution £hctdrerefardefpoFart i 7eti 8h tlEeoéDfafrl chDfe tha}ba(fO l1sof7m&3y‘éten|ld1 n

3- glUQ95|@ﬁth@@&dﬂﬁn@ﬁn&ﬂ@ﬂ@ﬁ&@ﬂéncomﬂhﬂmQt&b&k &mdnllnﬁth@ passh | esnigitt. 15
A plant or gart t hereof which is active mﬁ%l ?é@ %/I, ti‘é he5|s has
active fl &PBRSFYHEC AP En8 FEeTHEh &0 166 m rﬁ?’tl & wﬁf%ﬁerre
conpri ses a7RNAagRCadiontlg PR aﬁdmbete@zyﬁesr@el ecdred100@meot he, 9oy kg

conpri sing chal cone synt hase cone i s flav anone 3- hydr xyl ase,
f1 avonol %ﬂfﬁﬁlﬁa@%lghfo Fo1tRE: ﬁu?lbjo%elsofcaﬁﬁél 6?%‘% | nventr &t ﬁey

plant is aetb¥€ingd ntid amamnmllabicosy m+vesi s’y (beldeler whied (byrepfeemartlmg a

hydrol ysed tissue extract and detection by.HPLC analysis, 25 Far .
ext ra{: i orOREPRETAN e har e ted© r?&’sfolrggﬁo?r %Séngle% 19 qu&f?b Vii‘'t rogen
bef ore bemdgestDirdwaight80DF The tiu$et|:em afactden grdandolto axtinetpowder

to ensure a haonobgeneo .X. AN aI| rom _thi
extract ed qOSF%éﬁﬁ‘?nrqc a(%%r’gh% F%ﬂpcé’ra ure @ (351|d§ g%%%\(/j/ v% %ntt 89 nif
100ng/ 700lin Retlos nghdext Hacth@®math length.

15 A plant or part thereof which is active in flavonol biosynthesis
has an active flavonol pathway and is taken to comprise any tissue
which comprises mRNA encoding one or more enzymes selected from
the group comprising chalcone synthase, chalcone isomerase,
flavanone 3-hydroxylase, flavonol synthase.

20
For the purpose of the present invention whether a plant is active
in flavonol biosynthesis may be determined by preparing a

hydrolysed tissue extract and detection by HPLC analysis.

25 For extraction, tissues are harvested and flash frozen in liquid

nitrogen before being stored at —-80°C. The tissues are then ground
to a fine powder to ensure a homogeneous mix. An aliquot from

this mixture is then extracted for 30min at room temperature
(~22°C) in 80% (v/v) ethanol at 100mg/700pl. Following extraction,

30 the cell debris is removed by filtration through a 0.45um Millex-
HV filter unit (Millipore Corp, USA). The filtrate is stored at -

20°C prior to HPLC analyses.

For hydrolysed extracts, 40pl of 12M HCl is added to 360 pl from

35 each tissue extract, before incubating at 90°C for 40 min.



30 the cell debris is renoved by filtration through a 0.45m M | 1|ex- HV
filter unit (MIIlipore Corp, USA). The filtrate is stored at - 20C prior to
HPLC analweas/o7Her hydrol ysed extracts, 401 of 12M HCl i s pattrd3/01@6360 |
from 35 each tissue extract, before incubating at 90C for 40 mn. WO

03/ 072790 PCT/ EP0O3/01465 - 6 After ﬁy@rﬁl ysis, an aliquot from each
extract is filtered through a 0.2m PTFE di sposable filter (Whatman) . The
filtrate (201) is injected into the HPLC system (HP1100, Agilent) via an
aut osanpl er 5 nmaintained at 4C. The anal ytical colum (Prodigy Phenyl -3,

¢ 6 X 150mm. RALLGLes sl 26, Sy Bhenonpnexh Lecheld & [0C. DlaGER 1S

by di ode array, ‘nonitoring a 0 nm Qobserved peaks are
scanned fgom 2&0- &HkE M dpesabllai Aispect (hatGhehst Theonilsof tenalZdplRevis

A. 8.03) was, K used to coptrol_the syste collect . .1Q .and_ana a.
Absor banceP 3t a Lot Pect et fsgrs)éﬁlﬁsgﬁalﬂgoépég% Hy and rBt %Iﬁ%(ly%aﬁnpql%itrrre of
peaks @ArensopanRd Wikt ot hosee afn09nmeaLi @dldmmv@ircable phéayongl 4steamdar ds
to determ ne whether the plant tissue is active 15 in flavonol

bi osynt hesbemm, tpargipief erzedithat(Phepranexor ishbeparat tHEFeof PetrAtjog
active in,_flavgnol _ bi t |5 aLps I t kg fheshweight of
fl avonol , lspré?ergzlig{j?/ g?é%g’agﬁ&{fgcg%ﬁéggﬁorzgébrg?g'r r%jg@gt I elglgt 20
1000ny/ kgpeabst apr efenred firom 2000530 MO0 liegn APeCiket | shestation

equi val en%gfava%{{%ﬂe@e. acgy @)C?wéaf ARY SEAHERCS 1 WHLR BRERUSS] A PIILLI N

whi ch perforns e sanme brological function. 25 According to another

enboditrentnd aardainctel dag&kly equi val ent nucl eoti de sequence shows at | east
50% identity to the respective DNA sequence. Mire preferably a

functionally equival ent DNA sequence shows at | east 60% nore preferred at
| east 75%Rbegdpance spectra (corrected for baseline spectrum) and retention

time of peaks are compared with those of commercially available
flavonol standards to determine whether the plant tissue is active

15 in flavonol biosynthesis.

It is preferred that a plant or the part thereof that is active in

flavonol biosynthesis contains at least 10mg/kg fresh weight of

flavonol, preferably at least 100mg/kg more preferred at least
20 1000mg/kg, most preferred from 1000 to 10000mg/kg.

A “functional equivalent’ nucleotide sequence is any sequence
which encodes a protein which performs the same biological
function.
25
According to another embodiment, a functionally equivalent
nucleotide seguence shows at least 50% identity to the respective
DNA sequence. More preferably a functionally equivalent DNA
sequence shows at least 60%, more preferred at least 75%, even
30 more preferred at least 80%, even more preferred at least 90%,
most preferred 95-100% identity, to the respective DNA sequence
(DNAStar MegAlign Software Version 4.05 and the Clustal algorithm

set to default parameters)

35 According to a further preferred embodiment a functionally

equivalent sequence shows not more than 5 base pairs difference to



30 nore preferred at | east 80% even nore preferred at |east 90% nost
preferred 95-100% identity, to the respective DNA sequence (DNAStar

MegAl i gn \8ofoswza7eo Ver si on 4. 05 and the Clustal al gorithm PESEEPVBOEES aul t
parameters) 35 According to a further preferred enbodi nent a functionally
equi val ent sequence shows not nore than’/5 base pairs difference to WO

03/ 072790 PCT/ EP03/01465 7 the respective DNA sequence, nore preferred

|l ess than 3, e.g. only 1 or 2 base pairs different. According to another
enbodi nentha fdspetcicanal bya espgueakent mewyperderrsdi ke o fdbhe 3of € hybrdrdivsi ng
under |ow, stri g}ent 2xSS%.f0f 1%@@8 at 25C for 20mn) conditions to the
respective Sequéiics, PRHFR “hriéférably a functional ly equival ent sequence is
capabl e of hybridising under nedium stringent conditions (1xSSC, 0.1%sDS,
25C for 20mn),. further preferred. td l, i .ent @%eis
capabl e of “HYBH"@ &Png DAy %Hfbg)%lg?%‘?%efr# %?5h§?tf?%nés/&h‘(%%.lfigs%g 0. 1U&8DS,
25C fdr 20si ndpatPreefed abfyrisn ségui vadent LONS dggente (R5Seapabl B3P at
transcri ptj and qu atio } Ci nc oW n
w15 1 GASE SO0 Gty CaPhe AN nePactl seqibnce. tacdai byt has e
respect i ver&Nradquence fuMriompridier eedi valsatansaoueréed seéqueppable of

transl at egg%zl.:fcg%s%%gsqﬁ}'lgeaé eﬂlgd% %%g%"xg redh§§n tiloqf'%St 32@95%90,”05 €15sDs,

preferred 5% even nore pre at least 80%_ even nore
preferred2aic | ast BV4n)nosfuptiefer peg¢f95raD0%R | depetignald 20 ahEv Ao

acid guen cade e 21k q gt L4 a |

oL SRR AL Qe sl D! SaReLLve Dk peruens ey LMK oMo G

par anet er 40) 1833&f Wd$EPPpt DR 6PrtHuimvention 25 It has now been found

t hat novel plants which conprise significantly increased |evels of

dai dzei n and/ or dai dzein o
Preferably an equivalent DNA sequence is capable of transcription

and subsequent translation to an amino acid sequence showing at
15 least 50% identity to the amino acid sequence encoded by the
respective DNA sequence. More preferred, the amino acid sequence
translated from an equivalent DNA sequence has at least 60%, more
preferred at least 75%, even more preferred at least 80%, even
more preferred at least 90%, most preferred 95-100% identity to
20 the amino acid sequence encoded by the respective DNA sequence
(DNAStar MegAlign Software Version 4.05 and the Clustal algorithm

set to default parameters.)

Brief description of the invention

25
It has now been found that novel plants which comprise
significantly increased levels of daidzein and/or daidzein
derivatives may be provided by a plant or part thereof which has
both active anthocyanin and flavonol pathways and has been
30 genetically modified to increase the enzyme activity of CHR and

IFS therein.

It is a therefore a first object of the invention to provide a
genetically modified plant or part thereof comprising daidzein
35 and/or derivatives thereof, wherein said plant or part thereof is

active in flavonol and anthocyanin biosynthesis and comprises one



derivatives may be provided by a plant or part thereof which has both
active anthocyanin and flavonol pathways and has been 30 genetically

nodi fi ed wo oBnTa7e@se the enzyne activity of CHR and | FS PoEEPOI01463 is a
therefore a first object of the inventi%n to provide a genetically

nodi fied plant or part thereof conprisifng daidzein 35 and/or derivatives
t hereof, wherein said plant or part thereof is active in flavonol and

ant hocyani n bi osynthesi s and conprises one WD 03/ 072790 PCT/ EP03/01465 8
or nore negcl soredausbeeieiitessaneddrfgeepeddvhechd@gecasedaftR Thernbrotfor e

nUC'EOtidgrsﬁgH§Qﬁ§§£%Qq9gi5@hdéﬁygsagge§a§y tiRageavoiardntwhak . advant age
has been found to result fromgenetically nodi fying said plant to al so

increase the activity CH, wherein production of daidzein in the tissues

concer ned pshoywedh & 994 9hidhqd NEI L8OV b utdIer gL cat ireBnt gchnet gass, CHR
and IFS activities alone. gThI s additional benefit has been found to be

dependent meAifyheg serkdt Phantofta THIC | SYFGAFPWHINEh & 1gapab el of "Rt et si ng
the 10 conpyehstobPfof Zaidheihl ERYdReXY b &ONR AR rhed’ snoidy di oxyf Famanone
(liquiritigenin) . Suitable CH's are obtained fromlegum nous plants. At
sone 15 tilmeseen Vel y-iReMgRE Thartion thancegare ot AW, difY FresEnt ¢
conventionabngoyrhhi Sad@suldnall 8RRESENt Sadt 15daNidfdue@ntcol MBI Q¥pERMnt Cort he
art. This result is 15 surprising and clearly denonstrates a s&neré:;ytﬁrom a

combi ned thRcFeale i tHede i d&CEMTy Mgt i1Fi CRRILHhete fpityeing the

ant hogyanidanvapgi dd avonals pat hways, ar e prgesRBkybaBedieant . Aofirst7, 47—
enbodi nent_of the invention therefore conprises a 20 genpetically npdified
pl ant or FAPYIEREYEGTVaeNGesdimBea BHRAE D) -f L hEPLIRofPli Si AGS oRBT R Tor e

nucl eot i d%@ﬁqmeggﬁnmqﬂimsa aehabgenes i somey ass capal! eveabheababysi ng
t he conversion o 4,2', 4 -trjhydroxychal cone to 7,4'-dih drgﬁ/f | avanone.
c

25 A furt i@e erfisdi neht 9BEFHe | AVt ot 2 ofipRY S¥s A agertty result

represents a significant improvement to the art. This result is
15 surprising and clearly demonstrates a synergy from a combined
increase in these three enzyme activities where active anthocyanin

and flavonol pathways are present in a plant.

A first embodiment of the invention therefore comprises a
20 genetically modified plant or part thereof as described above,
further comprising one or more nucleotide sequences encoding a
chalcone isomerase capable of catalysing the conversion of

4,2’ ,4’ -trihydroxychalcone to 7,4’-dihydroxyflavanone.

25 A further embodiment of the invention comprises a genetically
modified plant or part thereof as described above wherein said one
or more nucleotides sequences comprise sequences according to
sequence identification numbers 1 and 3, or functional equivalents
thereof.

30
In the preferred instance where the synergistic advantage of an
additional CHI increase 1is sought, the invention relates to an
embodiment wherein said one or more nucleotides seguences
comprises sequences according to sequence identification numbers

35 1, 3 and 5, or a functional equivalents thereof.



nodi fied plant or part thereof as described above wherein said one or nore
nucl eoti des sequences conpri se sequences according to sequence

i denti fi capioan72trbers 1 and 3, or functional equival ent sPCrlEPogofics 30 | n
the preferred i nstance where the synergistic advantage of an additional

CHI increase is sought, the inventionTrélates to an enbodi nent wherein
said one or nore nucl eoti des sequences conprises sequences according to
sequence identification nunmbers 35 1, 3 and 5, or a functional equivalents
t hereof . WD G3/MZ21e0 REFLEPOSAO1466 ifventricn freldters ewbodi penetidrlly

|nvention,pel AP [P OSPCRLER! Lo IPAI LL CdPLAMN LIaRRId INEIA0l g
descri bed above wherei n sai pl ant or part thereof is selected fromthe
group conptastngr bamt Hoireodstisi seédctel fubacde, drastucamsplsingrodedl i,
asparagus, [e : p spj Lhubar b, .Jad onisgQ Al 1,0ty
auber gi ne?ol&rg%?%lﬁl,acb%\?\lnggsb’cﬁ%?%?cop’u&pa{%%%gsigp, \?\%ﬁtt ecr r?el on astgdr%%ﬁi es.
Pl ant s> or cpbpage t lrertedio, msdihael, irhubesbr dandeoniath tHhalilgpfentitoprging,

i ncrease ﬁighCQQﬁ%@tcﬂgrgghﬂﬁﬁh@_gggify WHaldzel on deld vathyes, 10 are

particul arl'y advantageous for providing health benefits associated with
i ncreased dietary uptake of isoflavones. Plants or parts thereof may

therefore 9§ny§e5k€%§ﬂ¥§'ﬂh@r%gfiﬁo&?ﬂﬂ@@ahnsE@E@;déﬂcd3WﬁQ§r%ﬂea§n@eﬁ%@dh30t
to treat glsgase states or induce health benefits as a preventative agent
or by coufipeingreair) tedragerhgnt 16f maideedn Andbeoripishyedst deFivakives

i nventd ont.her gf of & provides gan €x4d ARGt ¢br appbaMiRs drsGEhbedenbome
wherein said extract conprises daidzein or derivatives thereof. 20 Athird

obj ect of asheciaiashtdish preveaRad SieERTY dRtHS @éstFPbErRYOaiSovBI#RYS e as
a nedi camgites! fhardyehen edeedbodi MNtusBdeither in their natural state

or prepared as a extract to treat disease states or induce health
benefits as a preventative agent or by counter acting the ageing

15 process.

A second object of the invention therefore provides an extract of
a plant as described above wherein said extract comprises daidzein
or derivatives thereof.
20
A third object of the invention provides an extract as described
above for use as a medicament. In a preferred embodiment and
extract according to the invention may be used in the treatment
and/or prevention of one or more conditions selected from the
25 group comprising, osteoporosis; cancer; menopausal and post
menopausal symptoms comprising hot flushes, anxiety, depression,
mood swings, night sweats, headaches, unrinary incontinence; pre-
menstrual syndromes comprising fluid retention, cylical mastalgia,
dysmenorrhoea; heart disease atherosclerosis; hypertension;
30 coronary artery spasm; high cholesterol; Alzheimer’s disease;
impaired cognitive function; inflammatory diseases comprising
inflammatory bowel disease, ulcerative colitis, Crohn’s disease;
and rheumatoid arthritis.
Cosmetic benefits may also be gained from the use of an extract as
35 described above in the treatment and/or prevention of one or more

conditions selected from the group comprising sunlight induced



extract according to the invention may be used in the treatnent and/or
prevention of one or nore conditions selected fromthe 25 group conpri sing,
ost eopor o8DI3TAMNCEr ; nmenopausal and post nenopausal sSynPCEMPOYEERF i Si ng
hot flushes, anxiety, depression, nood sw ngs, night sweats, headaches,
unrinary incontinence; pre- nenstrual” s¥hdrones conprising fluid retention
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hypertensi on; 30 coronary artery spasm high cholesterol; Al zheiner's

di sease; skipadaeageognkin verinkdmoon;ldssf |dimeitior ysehsiddgesyeomprisiafg

i nf| anmat of . bovel, disease, Yt ALI Ve ARLILbS, o Y dediseaser  and

rheumatoi d arthritis.  Cosmeti Its may also be gained fromthe use of
an extract as 35 described above in the treatnent and/or prevention of one
or more 99@9 Sagela0t ed REQ theh HQUP GRMRA kST BYoSild Gl draduged WO
03/072790 %EPO /5&45% 7 Di aﬁhgea skin mm?ni l'i ng, gﬁéss of skin
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bal dness. [hesg, dgdigal ng&ec%sfn%bcdgmeémt $n8Y 6r 350 RQvhdede hyat he use
5 of the genetlcally modi fied plants or parts thereof according to™ the

i nvent i onvigpezide oaf tenécahiappdiifabhelt®dr its derivative may be via oral or
topi cal applications. For convenient dietary uptake of increased anobunts of
i sofl avones 10 a plant or part thereof accordl(? to the invention may
sui tably Ber F@Rﬁﬁﬁﬁﬁ@étééeFﬁ¥b WHadEd Ofr daGEe2 I MRIINEBoRAl L3aph Ernsst .

Henceyo asf yigher,,objeet tRErdde dpyent A Priani desehOfod e Usei 0B, be
genetically nodified plant or part thereof or of an extract as described

in a foodipromRAitated ﬁHF?l%l%ﬂﬂﬂ PEaPpFerntutIstienis SprdeTRbt editMfRy

unl i ke copvemticpaal o%a)écqerdf/edhéoqmeﬁtpcﬂn dietades | $6F | avanasse dakdzein
and the derivatives thereof provi ded by plants according to the

|nventnongﬁﬁ9tﬁ€ﬂ#ﬁb&F§Hﬁé€€dPlant or part® thereof or of an extract as
described in a food product or nutritional supplement.

15
It is to be noted that unlike conventional soy derived sources of
dietary isoflavones, daidzein and the derivatives thereof as
provided by plants according to the invention may be incorporated
into food products without adversely'affecting the flavour profile
20 of such products. In this way an additional problem in the art is

solved by the present invention.

A further object of the invention is therefore to provide a food
product comprising a genetically modified plant or part thereof
25 according to the description above. Preferably a food product
according to the invention will be frozen to allow the content of

daidzein and/or its derivatives to remain stable on storage.

In a most preferred embodiment a food product according to the
30 invention is selected from the group comprising pre-packed mixed

salads, soups, spreads, sauces, fruit/cereal bars and ice creams.

A nutritional supplement comprising an extract of a plant or part
thereof as described above is also provided by the present

35 invention.



into food products w thout adversely affecting the flavour profile 20 of
such products. In this way an additional problemin the art is solved by
the presewDosjovamiion. A further object of the invention iPeTiEPes/ef465 e t O
provi de a food product conprising a genetically nodified plant or part

t hereof 25 according to the descriptidd above. Preferably a food product
according to the invention will be frozen to allow the content of daidzein
and/or its derivatives to remain stable on storage. In a nost preferred
enbodi mentt ai 4 CH)deMﬂI@iCtobgé(iﬁr dingh¢ oidtentidl knvenovbie iz mEl@ssedofr om
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extract oplantpleanbadt p]aéﬁeoﬂ,haheoéuassad@splrobes:b mlsssaﬂse) gepvi ded by
the present 35 invention. WO 03/072790 PCT/EP03/01465 - 11 It is a
further object of the invention to provide a process for increasing the

conterst ofidaisdzechimndd arordésbiatvoes Hriednebhy i mlant phemneior spied tPlighér eof |
wherein said process,_conpris e (i g anfongi sRfl.avone
prOdUC|ng pIaﬁF MB%F tSa %§ EQ géé%%% §n gnéﬁ%éﬁ%ﬂla an no'

in 0 pl ant ~or part thereof 7is active in
ant hocyani n am;dofshzavn@@is, bi osynt hesi s; (| i) genetically nodifying said

plant to |ncrease the LV f r n S ]
synt hase it s 8% pllan moaf&%lgl?t E gf)%}& @%%tﬁﬁgféeﬁ%%d?%ﬁﬁye %
process of thehanventi @adﬁmaﬂaeran%@mflsﬁsn@eﬁémﬂ@aﬁel VAo i M@@alod:
pl ant, or part th gﬁferéo increase the activity of a chal cone isonerase
V\/nere]l h said F5‘chal'cone isonerase is capabl e of catal ysing the conversion

of 4,2',4'-trihydroxychal cone to 7,4'-di hydroxyflavanone. In this way the
PrOCESS aghleve%l%gg %%&Ehgﬁéﬁtc 'HW%reﬁgﬁEés@ the centeptvaftiodai gzeiner

and/or its detiva
comprises genetlcally modifying said plant or part thereof to

increase the activity of a chalcone isomerase wherein said
15 chalcone isomerase 1is capable of catalysing the conversion of
4,27 ,4’ -trihydroxychalcone to 7,4'-dihydroxyflavanone. In this way
the process achieves the synergistic increase in the content of

daidzein and/or its derivatives.

20 A further embodiment wherein the activity of chalcone reductase
and isoflavone synthase are to be increased comprises a process as
disclosed above wherein one or more nucleotide sequences according
t5 sequence identification numbers 1 and 3, or functional
equivalents thereof are stably integrated into the genome of said

25 plant.

To achieve the desired increase in activity of chalcone isomerase
a preferred embodiment comprises a process as disclosed above
additionally comprising stably integrating into the genome of said
30 plant one or more nucleotide sequence according to sequence

identification number 5, or functional equivalents thereof.

In a most preferred embodiment the process according to the
invention relates to a plant or part thereof selected from the
35 group comprising, but not resticted to, tobacco, Lactuca sp.,

broccoli, asparagus, red cabbage, potato, spinach, rhubarb, red



20 A further enbodi ment wherein the activity of chal cone reductase and

i sof | avone synthase are to be increased conprises a process as disclosed
above wheweion/0zateo or nore nucl eotide sequences accordi ng PCO/EPsUEBTe
identification nunbers 1 and 3, or functional equivalents thereof are
stably integrated into the genome of sal4d - 25 plant. To achieve the desired
increase in activity of chal cone isonerase a preferred enbodi nent
conprises a process as disclosed above additionally conprising stably
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to the invention relates to a plant or part thereof selected fromthe 35
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asparagugBe 5 cr}p£1 2 O%(ghe'lgv ?él % barb, red WD 03/072790

PCT/ EP®3/ 01465 - 12 onion, shallot, aubergine, radish, Sw ss chard,
pur pl e basil wat er mel on_and . berri C t i £S. i
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may be a m.c_or DINA .3 S qﬁg LCch. i e |

frame enc%ggg %ﬁxmanfﬁoaagg 8%§§L§%é§hm§?0 %%rrgﬁgg}%%a Egge%ﬂFga egglto
t he am noabfnacacicsermproecoihite b oBynmthenptlyesmiiondededtoythheaidron c
or QENA l.ope cti M i he chapagtg6i 64 Qynan

i nser |on%c§glg?§¥§#%% %?2%%%?%fﬁ&?gﬁ¥o(£g%glofgﬁb?e bageg otgt%e DNA
sequence, cpNapadedeby Aknbwetdorayedpeitaicivei qises krchhasr&iarasedi PEctadd

mut agenesi;§ oF. der i ved LEom dgféLgfes%@ftﬁp&pi@ﬁ-onﬂeS JrOmok-BenRess osFapge of

the present nvention any nucleoti
DNA sequence, prepared by known mutagenic techniques such as site~-

directed mutagenesis or derived from a different species.

15
For the performance of the present invention any nucleotide
sequences encoding an enzyme with the biological function of a
chalcone reductase, isoflavone synthase or chalcone isomerase may
be used in the transformation of a suitably selected plant to

20 increase these enzyme activities with said plant or part thereof.

Biological function of a nucleotide sequence encoding a chalcone
reductase can be assessed by a standard assay (Welle et al., 1988
FEBS letter 236:221-225; Welle et al., 1991 Eur J Biochem 196:423~
25 430; Welle and Schroder, 1992 Arch. Biochem. Biophys 293:377-381).
To obtain protein, the nucleotide sequence is sub-cloned into a
prokaryotic expression vector, such as pTZ1l9R (Pharmacia), and
transformed into Escherichia coli. Selected E.coli clones
harbouring the nucleotide sequences of interest are grown to a
30 culture density of BAgp=0.6-1 before inducing expression with 1mM
isopropyl B-D-thiogalctopyranoside (IPTG) for 2.5 hours.
Following induction, bacteria are harvested by centrifugation and
resuspended in 0.1M potassium phosphate, 0.6mg/ml lysozyme and
1.2M EDTA and placed on ice for 45min to lyse. The lysate is
35 centrifuged at 16000g for 20min and an aliquot of supernatant used

in the chalcone reductase assay.



sequences encoding an enzyne with the biological function of a chal cone
reduct ase, isoflavone synthase or chal cone isonerase may be used in the
t ransf or meDIodn70P0 a suitably selected plant to 20 increaseCrhPszornyyne
activities wwth said plant or part thereof. Biological function of a

nucl eoti de sequence encoding a chal conel3 reduct ase can be assessed by a
standard assay (Welle et al., 1988 FEBS |etter 236:221-225; Wlle et al.,
1991 Eur J Bi ochem 196:423 25 430; Wlle and Schroder, 1992 Arch. Bi ochem
Bi ophys 293:377-381). To obtain protein, the nucleotide sequence is
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(absence of chal cone isonerase). The identity of 61 -deoxychal cone is

establ i shed by co-chromatography with a reference sanple.
Suitable CHR encoding sequences already known in the art comprise;

15 Alfalfa (Medicago sativa): accession numbers CHRla - XB2366,
CHR1b - X82367, CHR2a - X82368, CHR7 - U13925, CHR12 - Ul3924;
Chickpea (Cicer arietinum) accession number AB024989; Soybean
(Glycine max) accession number X55730; Liquorice (Glycyrrhiza
glabra) accession numbers CHRa - D86558, CHRb - D86559; A

20
Alternatively suitable CHR encoding sequences may be isolated from
other species. Sequence alignment of CHR’s already known in the
art, show two conserved regions Met-Pro-Val-Val-Gly-Met-Gly-Ser-
Ala (Seq. ID No.7) and Ala-Ile-Ile-Glu-Ala-Ile-Lys-Gln (Seq. ID.

25 No. 8) identified toward the 5’ end of the coding sequence.
Degenerate primers 327 and 328 (see figure 4) are designed to each
of these coding sequences respectively. Sequences encoding CHR are
isolated by polymerase chain reaction using primers 327 and 328 in
conjunction with a dT;; primer and using a 3’ cDNA library target.

30 The resulting fragments were cloned into a pT7 vector and
sequenced. Alignment of these sequences with those known in the
art would allow provisional identification. To obtain full-length
coding sequence, 5’ and 3’ sequence can be obtained using standard
5/RACE and 3’RACE procedures as disclosed in example 1 (1.3.3).

35
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Al fal fa (Medicago sativa): accession nunbers CHRl a - X82366, CHR b -
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wher ei n yeast Cros $qar redqf omvcont ol tMERL . andest (@i A1
expr Ogi ng- & ey u(]):ghr%prrg I(-)>4E§rg/J Waé’ccoﬁgi ng_t%&l{ Re ot hods of !go,rr/{};%n)et
al ., 5 (Metboos Enzyndl0 wirh B 64) napiagassny oF s 188r iled 18U T Hekdi éing
to Jung et étz{at(eNaéM €, B QLELN,20RBppY OLadé FEOF UBRYN 2000 PE0&t Zlid)a1 The
protein content of each m crosone preparation 1s assayed using the

Br adf ord peateion nicruneassafol BivgrRadinqdbaien, ecayctions are extracted

with ethyl acetate. Samples assayed on a Hewlett-Packard 1100
15 series HPLC system using either a LiChrospher RP-C18 column ( 5m
250 x 3 mm) or a Phenomenexz Luna C18 (2) column (3u; 150 x 4.6

mm) .

On the first column samples in ethyl acetate of candidate cDNA
20 assays are isocratically separated for 5 min employing 65%
methanol as a mobile phase. For the second column samples are
evaporated and resuspended in 80% methanol and then separated
using a 10 min linear gradient from 20% methanol/80% 10 mM
ammonium acetate, pH 8.3 to 100% methanol at a flow rate of 1 ml
25 min™? or using 65% methanol as mobile phase for isocratic elution.
Genistein and daidzein are monitored by the absorbance of 260 nm.
Using authentic naringinen, liquiritigen, genistein and daidzein
(Indofine Chemical, Somerville NI) dissolved in ethanol as

standards for calibration peak areas are converted to nanograms.

30
To confirm the identity of genistein and daidzein, samples are
evaporated and resuspended in 25% acetonitrile in water and
assayed on a Hewlett-Packard/Micromass LC/MS by running 25 ul on a
7orbax Eclipse XDB-C8 reverse-phase column (3 x 150 mm 3.5pm)
35 isocratically with 25% solvent B (0.1% formic acid in

acetonitrile) in solvent A (0.1% formic acid in water). Mass



From 30 to 150 pg of mcrosomal proteins are incubated at room 10
tenperature in 80 mMM K2ZHPO4, 0.5 nmM gl ut at hi one. 20% (wt/vol) sucrose, pH
8.0 with wO®3pk7e@ri ngenin or 100 pMIliquiritigenen subsPCcatEPORmd6s0 nnol
of NADPH added per each 100 Ill of final reaction volune. Follow ng

i ncubation, reactions are extracted wWih-ethyl acetate. Sanples assayed on
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CDNA 20 assays ar ev(i)focrc%tniecaxlrw adeeoar ated. fof paM L | QY LAY 85%ere

net hanol &3 nobi | e " phase. For ]?1 second col um sanpl €s ar evapor at ed
and r esuspemniiadddn b8d¥e art HeheindaAdo tirerinsbpshateetrupsingg-a 10 nin |i near
gradi ent from 20% net hanol / 80% 10 nM anmoni um acetate, pH 8.3 to 100%

met hanol at a flowrate of 1 m 25 mn-1 or using 65% net hanol as nobile
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confirmthe identity of genistein and daidzein, sanples are evaporated and
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vol t age. e diode array signals were nonitored between 200 and 400 nmin

bot h i nst Fhireatslover, hairy vetch and lentil can be obtained from Pinetree

Garden Seeds (New Gloucester, ME) seeds for lupine cv. Russel Mix

15 were obtained from Botanical Interests (Boulder, CO), and seeds

for sugarbeet were obtained from a commercial source.

Seedlings were grown and RNA prepared using TRIzol Reagent {Gibco
BRL) and first-strand cDNA was prepared as described above.
20 0ligodT was used as the reverse transcription primer in all cases
except with white clover for which random hexamers were used as
the reverse transcription primer: Polymerase chain reaction
amplifaction was carried out using Advantage-GC cDNA polymerase
mix (Clontech) using primer set one 5’ATGTTGCTGGAACTTGCACTT-3’
25 (Seq ID. No. 9) and 5/ TTAGAAAGGAGTTTAGATGCAACG-3" (Seq. ID. No.
10) or the nested primer set two: 5/ TGTTTCTGCATTGCGTCCCAC-3’ (Seq.
ID. No. 11) and 5’-CCGATCCTTGCAAGTGGAACAC-3’ (Seq. ID. No. 12)as
follows: Mung bean and red clover PCR products amplified using
primer set one were cloned directly into pCR2.1.
30
For white clover, lentil, hairy vetch, alfalfa, lupine, and beet a
first PCR with primer set one was followed by a second primer set
two, and the resulting fragments cloned. For snow pea, a first PCR
with primer set one was followed by a second PCR with high
35 annealing temperature (60°C) using primer set one. The expected

size product was gel purified and used as a template in a third



5 Suitable I FS sequences already known in the art include Ming Bean

accessi on nunber AF195807; Red C over accession nunber AF195811; and Snow
Pea acceswpan/omraber AF195812. Alternatively suitabl e | FSPCDNRe3/mys be
isolated fromother 10 species. Jung et al. (Nature Biotech 2000, vol 18
February 200, p208-212) descri be how H‘l§n§ bean sprouts and snow pea
sprouts were obtained fromthe grocery store. Seeds for alfalfa, red
clover, white clover, hairy vetch and lentil can be obtained from Pinetree
Gar den Sektk {New Q@elriast emnaviEingesdupéortungpiane @rimRysser MPR-150¢er e

obt ai ned Eés&@tﬁ%@a@r%%hcl:n%%%e%l%nggoﬁlnggr ’pclg_@). 1. aRd15eReS ri@heAtganheet

were obtaln m*a commerci al source. Seedlings were grown and _
prepared peihd TRl sReegrerd.(G BEb BROMMSHES f FP5E - SREARST cDNA W&dnI

pr epar ed ?b%%sdc%ﬁrcrﬂr%rﬁqflﬁgogﬁftwg& Qd.9qd] wagsused afet BeuLEVErSRyorithm

transcription pri all cases except with white clover for i ch random
hexaner s sef eeusedanst pa@mmededfse transcription prinmer: Pol ynerase chain
reaction anplifaction was carried out using Advant age- GC cDNA pol yner ase
m x (Clontech) using prinmer set one 5' ATGTTGCTGGAACTTGCACTT-3' 25 (Seq ID.
No. 9) anths' TTAGKAACSRAGTIST AGAT GEAREE 1 (BaEgensD, ARG °8070) (Myndt REaRest ed

pll’i mer S%Erig%llg E%TZQ%IT%@@%%ﬁ (§Qﬁf pe'alp- wiiPe Aﬂ})liaf_fl@d and
5' - CCGATCCTTGCAAGTGGAACAC- 3" (Seq. ID. No. 12)as follows: Ming bean and
red cl ovefl@BR pibbucPRSARPTIFS edSIRI ngIaPr itRBALIEEt 3Bfe TETESCMBRed e

directdy bP(B&JCREq?%né 2302 Mhigbscsimepokentil, hairy vetch, alfalfa,
| upi ne, and beet a firstt PCRwith prinmer set one was foll owed by a second

prinmer set two, and the resulting fragnents cloned. For snow pea, a first

PCR W t haphi,pBEoSkRie wease f ahbowety Mh aesLeRNAiRER oMallBohé ghsdherase
anneal i ng tenperature (60C) using priner set one. The expected

product wastyeitypuriaPredeanatusEatasy B Wenpi’st e SCHVESEH? d 0@’?%%%7’9‘0
PCT/ EPO3/ Q%ﬂ@ﬁirdxy%@alcone to 7,4’ -dihydroxyflavanone may be determined by
15 a standard assay (Dixon et al., 1982 Biochem. Biophys Acta 715: 25-

33; Mol et al., 1985 Phytochemistry 24: 2267-2269, Terai et al.,

1996 Protein Expression and Purification 8:183-190). To obtain

protein, the nucleotide sequence is sub-cloned into a prokaryotic
expression vector, such as pET vectors (Invitrogen), and

20 transformed into Escherichia coli. Selected FE.coli <clones
harbouring the nucleotide sequences of interest are grown to a

culture density of BRgp=0.6-1 before inducing expression with 1mM

isopropyl B-D-thiogalctopyranoside (IPTG) for 2.5 hours.

25 Following induction, bacteria are harvested by centrifugation and
resuspended in 0.1M potassium phosphate, 0.6mg/ml lysozyme and
1.2M EDTA and placed on ice for 45min to lyse. The lysate 1is
centrifuged at 16000g for 20min and an aliquot of supernatant used
in the chalcone isomerase assay.

30

Chalcone isomerase activity is assayed in a final volume of 1Iml,
comprising either 18.4pm tetrahydroxychalcone (naringenin chalcone)
or 12.7ug trihydroxychalcone (isoliquiritigenin) substrate,
chalcone isomerase protein extract, 5% (w/v) bovine serum albumin

35 and 0.1M potassium phosphate buffer (pH5.8). Chalcone isomerase



PCR with the high annealing tenperature and prinmer set one. The resulting
product was cloned into pCR2.1. Al PCR fragnents in pCR2.1 were
sequencedwOABlo7abe gnnents were carried out using DNAStar PREFR03/gR6SOf t war e
version 4.05 and the Clustal algorithm 5 set to default paraneters. The
codi ng regi ons for accession nunbers ARY95807 (nung bean). AF195811 (red
clover), and AF195812 (snow pea) were anplified and cloned into pRS315-gal
using "gap repair"” and m crosonmes were 10 produced and assayed as

descri bedaahoney Agaiasedidite tséguendetencodivdgoaycherdizpne wibstraigiscafe

i somerase . act.i vi capahbl e_of. c | ysi e ersi-on of 4,2',4" -
trihydrox?%ﬂ%#@gnéyt% ffe?a?HVH%%%?¥$%€%%%Ee3§§§Mbe deternined by 15 a
standard assay (D xon et al., 1982 Bi ochem Biophys Acta 715: 25- 33; Mol

et al., 1985 Phytogchenistry 24: 222 eral &l alro  dgP8 sBr oliRjsa
Expr essi oR“RHE Bur .c%&?%ﬁﬁc§?1§§%%58§.Q?SW%bﬁain pr&iei%, phg nucl eot i de
sequertce dsrswhl ciomed Frércha lpraskaf Potsepluexprdssrdn vaetedssiosuchH s IpET

vectors (ng;oq&géu AL Z(Q:u%&gpfge gﬂt{o{ﬁggng {0, Eschghl £hi a&akion Séheted

E.coli clones “‘harbouring the nuc e sequences of interest are grown to
a cul t ur p68ETsi t30ybRaA6(CEOcBreal M) or @cicrdedhgrEisreISiPdA3SNE t KA 1kamTa

| sopropyl {3 P 0GRl £1.0RYT 80081.d8n (|EHEL f lo18090 0k aeRS el | prisia

i nducti on, BACTeri a are harvest ed y centrifugation and resuspended in
0. 1M pot asstiumrphosphassiorOnempg mUA3¢3szyme and 1.2M EDTA and pl aced on
ice f 45mn to lyse. The lysate is «centrifuged at 16000g for 20m n and
an alTquot of supernatant used in the chalcone isonerase assay. 30

Chal cone Rdbeerasaedrt i ey iveldseayedlished fi pRETSIGICHRE ofPqtyeen  CHI

comprising,eLENsl LaAmiteliahedr axyehal cone:bbed | Rgeni seghiieancio e
12.7g trihydroxychal cone (isoliquiritigenin) substrate, chal cone isonerase
protei n exspagted SxomyoEhehoseHESSer NRRST BN OB AN ERARLFSt A_EF hfic™

phosphat e Jhuf f el (DB Ehod cON@ 30885 @S®01ating CHI cDNAs and may be
15 adopted by the person skilled in the art to identify alternative

CHI encoding sequences.

Shirley, B.W., et al., (Plant Cell, Vol. 4, 333-347 199%92,)
describes a PCR based approach to obtaining CHI cDNA from
20 Arabidopsis wherein the identification of consensus sequences for
primer design as well as PCR reaction conditions are disclosed.
Sparvoli, F. et ail., (Plant Mol. Biol. 24: 743-755, 1994)
describes the cloning of CHI from a cDNA library by wusing
heterologous Antirrhinum CHI cDNA probes. Grotewold E. et al.,
25 (Mol. Gen. Genet. (1994) 242: 1-8,) describes the isolation and
characterisation of a maize gene encoding CHI, the cloning

strategy and suitable primers.

The literature outlined above clearly demonstrates that
30 corresponding CHI sequences from other plants; alternative cloning
strategies for other CHI genes; knowledge of consensus sequences
for the generation of primers; appropriate PCR conditions are
known in the art. The person skilled in the art is therefore able
to identify and use alternative CHI sequences for the

35 transformation according to the present invention.



WO 03/ 072790 PCT/ EPO3/01465 - 17 activity against both tri- and
tetra-hydroxychal cone substrates is detected by a decrease in absorption
at 385nmwBuwszaibe CHI sequences al ready known in the art pcompod/erés hose 5
derived from French bean (Phaseol us vul garis) accession nunber X16470;
Kudzu vine (Pueraria nmontana var. |obat’®) ~ accession nunber D63577;
Soybean (d yci ne max): accession nunber AF276302; Alfalfa (Medicago
sativa): accession nunber MP10079; Garden Pea (Pisum sativun): accession
nunber U0G4B3. cdBtalubesnatcyeding e wekl iesembidrs kédheor celnption dnet wesen

cl funchign ang. plduclur & cnabies suhballe, i seaipnces.dnd. | st ed

from ot her sources. Ninmerous cloning strategies een shown in the art
to be effeéstilavcae isyokhtiag GH carbMAseande nay herel Sradeptéde byequrngssr son

skilled inp . art i tif nati e i S en :

Shirl ey, %fléé]‘?lng 8{’?%&%%]aﬁte&&g%%$é’vOF'.ng%av%qf- 3?1%9%%% ) et Tison, bR
based fappioaudrase depandimy C@HtheDNAEFtoIRe 20 Anaddadcpsioddhherei n t he
identification of consensus sequences for priner design as well as PCR
reaction conditions are disclosed. Sparvoli, F. et al., (Plant Ml. Biol.
24: 743-78Be 499%%)seqieseesbes theerdvniviig lofbeCidprerpbhy al e mRgd | {Bradr yishy
using he ntJ r.r-hpn L SONA 5 REO . d el 4 25
(Mol . Gbn%gég%ggg£§f§94nsgg%:HQ%S, ndescﬁﬁ eg??hggTg%%:?%oﬁg%%déu%ﬂable
char act er bsemdtarrsof waighi zellehe Wsco®Ag CMl , P hetxamsitagedst r @t P &nd
suitap e gﬂ) s, Thehild 6LAF Use Auhdi Rd sakay e, ol &a1 by g8 meBstihat &enkhat
30 correspondi ng CH sequences from ot her giants; alternative cloning
strat egi esthaf &8 henotHnagapasly kabardilge binkshsEnsds EEGUATREESLINT0RY he

gener at i 0R, Qf,Pr iddRr Sk1 AUHARN | BL 8RR8I t i RSFuar erokNAMR rkBsihie amt .
The person skilled in the art is therefore able | ,
plants are well known in art, as described, for example, in
‘ Weising et al., (1988) Ann. Rev. Genetics 22:421-477. Promoters
15 for use according to the invention may be inducible, constitutive,
or tissue-specific or have various combinations of such

characteristics.

Useful promoters include, but are not limited to constitutive
20 promoters such as carnation etched ring virus (CERV) promoter,
cauliflower mosaic virus (CaMV) 358 promoter, or more particularly
the enhanced cauliflower mosaic virus promoter, comprising two
CaMV 358 promoters in tandem (referred to as a "Double 358"
promoter). These would have the effect of increasing isoflavonoid

25 levels throughout a plant.

Accordingly, the invention provides in a further aspect a gene
construct in the form of an expression cassette comprising as
operably linked components in the 5'-3" direction of

30 transcription, one or more units each comprising a suitable
promoter in a plant cell, a plurality of nucleotide sequences
selected from the group comprising sequences encoding a CHR and
IFS and a suitable transcriptional and translational termination
regulatory region. More preferably said group comprises sequences

35 encoding CHR, IFS and a CHI capable of catalysing the conversion
of 4,2’ ,4"'-trihydroxychalcone to 7,4’ -dihydroxyflavanone.



to identify and use alternative CH sequences for the 35 transformation
according to the present invention. WO 03/072790 PCT/ EP0O3/01465 - 18 GCene
constructwoasom7gh ng to the invention either conprise onePOT/EPODOEGS

nucl eoti de sequences encodi ng chal cone reductase and isoflavone synthase,
or conprise one or nore nucl eotide segdénces encodi ng chal cone reduct ase,

i sof | avone synthase and chal cone 5 isonerase dependi ng on the magnitude of
i ncrease sought. The gene sequences of interest will be operably Iinked
(that is, positioned to ensure the functioning of) to one or nore suitable

pronoters_whi ch all ow t he DNA . ri.be i I AALES,
whi ch nayT%%IH%WBFS@O%%dgﬁﬂﬁgﬁégésgg%%gﬁ%%ok ega%ﬁgh;?@ﬁgt%?sﬁinotkﬁai

nat ur al | yiopettatosd igpiked teld gedemandordiafenelogarymecf oholdlnsOHGi &°

bi osynt hesj s) ., useful. -for .e ess| on 4 n : i I as
described?h?cﬁlagiaﬁfﬂé,aP% %@éiG%%§ gklg?gig?%%)8f%£%ﬁkh§§€9m%%%%1?§§d

22: 4215 474dre Ricorotieed d%of@r use according to the invention may be

i nduci bl e, constitutive, or tissue-specific or have various conbinations
of such characteristics. Useful pronoters include, but are not limted to
constitutihe t20mpnapbirer segubitary cheiatt omaet Greddeyigdyi Fire (BERV)'

promoter,  _caylifi Ot\,{?flé %&gaai - TS HhCaMY) p3BRoPERTRL 8T ob O4i Bl & from
particul affy 't he" efihanted caul| f ower mosai c virus promoter, conprising
two CaMaB8sSher opmteer s Puitamderhqrénaiier redkansa "ol @359 Hisshot er)

) Thiﬁf m?Hde fyekggﬁne{%egﬂ of i NGhEashAGuES Okl AYINQIE i uRD tLRY L Siens
t hroughout "a plant. Accor |ng?y, the invention provides in a further aspect
a gene constiimt isynthes$ oterainakcexgress] on 495988t e HHhp tHEFIRF LSS

operably 55955§h&%”9ﬁ%9&h%iﬂ%ﬂHﬁﬁa§6f3VTﬂhéﬁpt£H@ 0t B6cd r amser | §ideiLt one
or nore units ‘each conprising a suitable pronoter in a plant cell, a
pl ural i t ytefmimaticsot | §Brkefjuenaed the CaMV 355 termipator — (T355).

Particularly preferred termination regions for use according to

15 the invention include the Tnos and TrbcS termination regions.

Such gene constructs may suitably be screened for activity by
transformation into a host plant via Agrobacterium tumefaciens co-
transformation and screening for daidzein levels.

20
Conveniently, the expression cassette according to the invention
may be prepared by cloning the individual promoter/gene/terminator
units into a suitable cloning vector. Suitable cloning vectors
are well known in the art, including such vectors as pUC

25 (Norrander et al., (1983) Gene 26:101-106), pEMBL (Dente et al.,
(1983) Nucleic Acids Research 11:1645-1699), PBLUESCRIPT
(available from Stratagene), pGEM (available from Promega) and
pBR322 (Bolivar et al., (1977) Gene 2:95-113). Particularly
useful cloning vectors are those based on the pUC series. The

30 cloning vector allows the DNA to be amplified or manipulated, for
example by joining sequences. The cloning sites are preferably in
the form of a polylinker, that is a sequence containing multiple

adjacent restriction sites, to allow flexibility in cloning.

35 preferably the DNA construct according to the invention is

comprised within a vector, most suitably an expression vector



selected fromthe group conprising sequences encoding a CHR and IFS and a
suitable transcriptional and translational termnation regulatory region.
More prefwoabloy27s@i d group conpri ses sequences 35 encodi n@CTHRP3AHHEES and a
CHI capabl e of catalysing the conversion of 4,2',4'-trihydroxychal cone to
7, 4" - di hydr oxyf | avanone. WO 03/ 072790 BET/EP03/ 01465 - 19 The pronoter
and termnation regulatory regions will be functional in the host plant
cell and may be heterol ogous or honol ogous to the plant cell and the gene.
Sui t abl e adapmedermhexdrasmyiobe insedh &Hruowrdeser ikbedl dpdeet) Trell. It

termnation fequl oy L g AhJBYe vI8ELY Sfh{dOMt Repdh1o regiRLibhe
gene fromwi C 58 pronoter was obtal ne orJTronl anot her gene. Suitable
t erm nat i @arpragi cosprivinh tiey iberodered DIRasedyrside Kadhnbe sufifécaprttand
i ncl ude Agrobacteriumtumefaciens nopaline synthase term nator (Tnos),
Agrobact eri um tunefaci ens nannopi ne synthase term nator (Tmas), the

rubi sco sswdtalslgbumicttorsepmenaedt kTewe Sjo abPacheslddipdlss taenmiehat gRd

(T359). ti A ef t gL NalkhonkegboRss falcise athaedsngtt o
15 the ingg%té%%Lﬁﬁﬁﬁu % Pﬁgggﬁ%sgéﬁgﬂ$%ﬁcseterninatioﬁ:regions.eSuch gene

const r uct sl mayChenirabl Yedwrser edheteionateei viepyaby ELpanstor ititGiPRt o a

host pl anglyé?% .Agf%%%%wm une{ Al RNSy Lo A4 anstnrdmt £ and miGsaeni ng
for daidzein l'evels. Conveniently, the expression cassette according to
t he i nvenveéomoravay be prepared by cloning the individual
pronofgr/gene/termnator units into a suitable cloning vector. Suitable
cloning vectors are well known in the art, including such vectors as pUC
25 (Nor r afidens &yrmgition( 198nicuge 26910 LG LCHENBLEN DehE efORTEEUCTE1083)

Nucl ei ¢ AgLds, A Lh k1111645 16990t PBIJLESERLPE atavaél Bbbfow GM the
Stratagene), pGEM (available from Pronmega) and pBR322 (Bolivar et al.,
(1977) Gemst2: gBd113hnclpgier j ey | ymethods as  micro-idjection, —using

polyethylene glycol, electroporation, or high velocity ballistic
15 penetration. A preferred method for use according to the present
invention relies on Agrobacterium tumefaciens mediated co-

transformation.

After transformation of the plant cells or plant, those plant
20 cells or plants into which the desired DNA has been incorporated
may be selected by such methods as antibiotic resistance,
herbicide resistance, tolerance to amino-acid analogues or using

phenotypic markers.

25 Various assays within the knowledge of the person skilled in the
art may be used to determine whether the plant cell shows an
increase in gene expression, for example, Northern blotting or
quantitative reverse transcriptase PCR (RT-PCR). Whole transgenic
plants may be regenerated from the transformed cell Dby

30 conventional methods. Such transgenic plants having improved
daidzein levels may be propagated and crossed to produce
homozygous lines. Such plants produce seeds containing the genes
for the introduced trait and can be grown to produce plants that
will produce the selected phenotype.

35



useful cloning vectors are those based on the pUC series. The 30 cl oning
vector allows the DNA to be anplified or manipulated, for exanple by

j oining swquwantzsl The cloning sites are preferably in tireTiEPosOEES a
polylinker, that is a sequence containing nultiple adjacent restriction
sites, to allow flexibility in cloni n‘g.2135 Preferably the DNA construct
according to the invention is conprised within a vector, nost suitably an
expression vector WO 03/072790 PCT/ EPO3/01465 - 20 adapted for expression
in an appebprisate hests (fHembf weldh have i¢n nedlifppd ek Ar@ropage hyh

vector which is_capabl f..pLo j I cQaprd sifg-dhesd ngsadieced DNA
sequence \l?mh‘fl pB%Ségu f%ug‘(%nttlg%q%g '?%bl gh%/)_egtg%crl's gIr)éi1 vvecln% known to those
skill ed i andhe: ante and mogee odestsi Bedivatiyesedal thechAreaPLr &t ePRAEESSuch

as Pouwel gx\?];lagcggl)o?, E%\?glg;:tr&?‘gry?ﬂiprﬁre%&ﬁppr atory manual, Elsevier,

Anst er dam _ y suitable vectors include the Ti plasmd
vectors. 10 Transfornmation techniques for introducing the DNA constructs

accor A NGgb0y ! BEod N0yl UofpPOS! Ofl 191818, WRlLankNBUEALL Not hextaidtsand

i nclude such’ )ds as mcro-injection, using poly yl ene gl ycol,
el ect ropotheiest dm hhgroxdsnsei t yival I1hst i BrasePendtvartin APAPLET ertd

met hod for, use accql difg 11t hgaPLeSEl of RreNhbantk ebd.asrian Agkebagtiari um
tumef aci ens nediated co- transformation. After transformation of th%e‘% ant
T DNA

cel I's or piisht inchersedliantlaponeetiksr 'HraAt 5 P8 FATEHh “tH' 88S
has bggn 'tﬂgoﬁﬁx?%ﬂe?%a%ﬁ{r bgs s£lieLe 0w h SIsh daRt hedsi asr1aRbhds Ofn Cthe

resi stance, herbici de resistance, tolerance to am no-acid anal ogues or
usi ng pheroeypExt-markers. 25 Various assays within the know edge of the

person skilled in the art nay be used to determ ne whether the plant cell
shows an . .
Salad leaves are particularly suited to genetic transformation by

the process of the invention and therefore species of lettuce
15 (Lactuca sp.) such as Lactuca sativa e.g. ‘Red Oak Leaf’, “Red
Leprechaun’; ILactuca sativa group Butterhead lettuce e.g. Mira,
Redcross; Lactuca sativa group Cos lettuce e.g. 'Romaine Red Cos’,
Four Seasons Red’, Seville; Lactuca sativa group Crisp lettuce e.g.
‘Red Salad Bowl’, Red Grenoble’; Lactuca sativa group Cutting
20 lettuce e.g. ‘Lollo Rosso’, Revolution transformed in accordance
with the present invention provide a ideal means of supplementing
dietary needs and may be provided washed and pre-packed to the

consumer.

25 Fruit containing snack bars or Dbreakfast cereals provide a
convenient means of supplementing the human diet with isoflavones.
Fruit pieces derived from a plant according to the invention are
suitably dried to from 10 to 90%, preferably 20 to 60%, most
preferably about 40% of their fresh weight to give shelf stability

30 and incorporated into a bar or cereal product.

Fruits with high levels of daidzein and/or daidzein derivatives in
accordance with the invention are also be ideally incorporated into
yoghurts and ice creams or to flavour fruit drinks.

35



i ncrease in gene expression, for exanple, Northern blotting or
quantitative reverse transcriptase PCR (RT-PCR). Wuwol e transgenic plants
may be regomanzt’ed fromthe transformed cell by 30 convenPCoreRo3/mbhods.
Such transgeni c plants having inproved ., dai dzein | evel s may be propagated
and crossed to produce honobzygous | imé€ ~Such pl ants produce seeds
containing the genes for the introduced trait and can be grown to produce
plants that w Il produce the selected phenotype. 35 WD 03/072790

PCT/ EP03/ Bdushle. fzuitp| ew sthasepdred PRRAESE WAPER Ha&e'dse&ASRBAFFiSSd in

accor dancg. W ifa -t BE, Pr e36RkchAMER, ON Yy beuthgwised BiudbesRiEse afnd
dai dzein and/or one or nore of its derivatives in the formof an enriched

extract oblacihgssiantially pure form 5 Food products which conprise the
pl ants, plant parts or extracts thereof in accordance with the present
invention enable the consunmer to take full advant age of the health

benef iXs Bhawes apedPaRi htheracdastd ohs Ay HRENUFERRE Gt He 2RrAtHESs dRe
time avoi difg-ddhdeheiddvens & fdaveul ndssitiuntagd M id Seyrider hvesurce of

i sofl avones in the prior, art. Salad Ie/aves_ are particularly suited ,t%
genetic t PANSFERRE i OrfhyiD (49 IBPOR BRI tHE ideNEFORC AT theP BT ore
speci es Ok L@t tiie8eokd EbACtULASHon SUEh @mSduaesucsuaat iasa augritiRath10ak

Leaf', 'Red Leprechaun'; Lactuca sativa group Butterhead |ettuce e.g. Mra,
Redcr oss; SPBRt e tSat P95°5+%Lﬁ?n(§6§l%?t%‘%é‘?‘é‘. G?Ig'i% i9te SREG2Chs' ,  Four

Seasons Red', Seville; Lactuca sativa group Crisp lettuce e.g. 'Red Sal ad
Bow ', Red Grenoble'; Lactyca sativa group Cutting .20 |ettuce e, .eél_t%llo
Rosso', RBVOFETE oY s OrHEact ns‘é%%ogrtﬁaﬁég CWIP%JIChean& ggéh?al %‘Q/en]tl on
provi de apkdesd treams: ofarsUppl evEribugd dicetraiygnnerdsaand conyurye: ipmovifded
washed angsggfg éﬁgée%ngoighgérticular daidzein. These include: activity as
both estrogenic and anti-estrogenic agents (Coward et al., 1993;
15 Martin, et al., 1996); anticancer effects associated with
phytoestrogenic activity (Lee et al., 1991; Adlercreutz et al.,
1991); anticancer effects associated with inhibition of several
enzymes including DNA topoisomerase and tyrosine protein kinase
(Akiyama, et al., 1987; Uckun, et al., 1995); suppression of
20 alcohol consumption (Keung and Vallee, 1993; Keung et al., 1995);
antioxidant activity (Arora et al., 1998; Tikkanen et al., 1998);
increasing bone remineralisation (Tomonaga et al., 1992; Draper et
al., 1997); and beneficial cardiovascular effects (Wagner et al.,
1997) .
25
The present invention may be more fully understood by reference to

the accompanying figures in which:

Figure 1: shows the pea chalcone reductase DNA sequence (SEQ ID

30 ©No. 1) and its corresponding protein sequence (SEQ ID No. 2).

Figure 2: shows the soy isoflavone synthase DNA sequence (SEQ ID

No.3) and its corresponding protein sequence (SEQ ID No. 4)

35 Figure 3: Lotus corniculatus chalcone isomerase DNA sequence (SEQ

ID No. 5) and its corresponding protein sequence (SEQ ID No. 6)



consuner. 25 Fruit containing snack bars or breakfast cereals provide a
conveni ent neans of supplenenting the hunman diet with isoflavones. Fruit
pi eces dewDwad7f7p@m a pl ant according to the invention ar@CT@EpPyetsby dried
to from10 to 90% preferably 20 to 60%_nost preferably about 40% of
their fresh weight to give shelf stabTIﬁ%;f 30 and incorporated into a bar
or cereal product. Fruits with high levels of daidzein and/or daidzein
derivatives in accordance with the invention are also be ideally
incorporated into vyoghurts and ice creans or to flavour fruit drinks. 35
VO 03/ .072F7‘%%u3|f3eCT£ EP§§AX%IZ%655 pr’in%% sodbable fLdd t5nf orcdheskof apdnprigduct s
woul d i nclude raspberries, ‘strawberries, blackcurrants, red currants,

bl ueberri ésvamdiorbl ackberries. 5 Plants or parts thereof which have been
genetically nodified in accordance with the present invention nmay al so
provi de a source of an extract rich in daidzein and/or _its derivatives or
a puridi e@igfor nbt het bestagres FdlagsidnmpRs ppEdBEY SLEuchPEE nREE Tt i AT
suppl enmen al.oyd-e C | I i lbew fat spreads. 10 A | arge body
of eviden%gE%gbﬁgﬁPg'tEgﬁggéégﬁﬁgoaﬁgénggﬁgél health benefits that can be
attributed to human di etary consunption of isoflavones and in particular
dai dzei n. ;These ighclydesactiyi E¥-128 ROLPs@StE0IeBbEcaNdpandl - estFageni C
agents (Coward et al., 1993; 15 Martin, et al., 1996%' anticancer _effects
associ at edrait eDIFBANGASH VO gEPRac A Lrens {oarde  ePPRI 20/ 299 PPEAGP 620 10 2 et

al ., 1&991313F5§F‘E£3£1€’&9%i&i‘ fect-sitenoct aythmihh skahibidi onaof sexveraltn

enzynes including DNA topoi sonerase and tyrosine protein kinase éﬁk(¥ana,
et al., 198entijuntimg @@TresP9ugding sipph eREiRteF S§19F&LholREon H%)ion
(Keung and;ValkLegnt 199%%r180ynd 8hd abpr12099%) transformants. B. Selected

ion monitoring of pPE120/24 and pPE51/9 spiked with an authenitc
daidzein standard shows characteristic peaks in pPE120/24.
15

Figure 7: illustrates accumulation of daidzein in petal tissue

from tobacco transformants harbouring constructs encoding chalcone

reductase and isoflavone synthase (pPE120) activitites with

controls (pPESL). Ethanol extracts from petals were hydrolysed
20 and analysed by HPLC.

FPigure 8: illustrates accumulation of daidzein in petal tissue
from tobacco transformants harbouring constructs encoding chalcone
reductase, chalcone isomerase and isoflavone synthase (pPE125)

25 activitites with controls (pPE51). Ethanol extracts from petals
were hydrolysed and analysed by HPLC.



antioxidant activity (Arora et al., 1998; Ti kkanen et al., 1998);

i ncreasi ng bone rem neralisation (Tononaga et al., 1992; Draper et al.,
1997); amwowenef’pei al cardi ovascul ar effects (Wagner et alPCI/EPA9@IAyS 25 The
present invention nmay be nore fully understood by reference to the
acconpanying figures in which: Figure-124shows the pea chal cone reductase
DNA sequence (SEQ ID 30 No. 1) and its correspondi ng protein sequence (SEQ
ID No. 2). Figure 2: shows the soy isoflavone synt hase DNA sequence (SEQ

| D No. 3) ExachpileslcocP¥s pohdiimg pfotéahC$QQU®ﬂb@téSEﬁ)¢m}3¢pne4ﬁsgﬁeFagyre

3 Lotus coii Gulalys, ehal fong L so Aseguenge (SEQ AL bas5)oand

its correspond ecroe

PCT/EPOS/Oi@@EgeleSQ Fiagpacem4: provi des prlner sequences used in
accordance with the invention. 5 Figure 5: illustrates Plasm d maps of
pPV5LN, pPE2, pPE5, pPE9, pPEl1l, pPE15, pPE51, pPE120 and pPE125. Figure
6: illbstrlatles R3EnMBradgalighbi s of tobacco petal extracts from

representative tobacco transfomants, pPE120/24, pPE120/26 and 10 pPE51
spi ked with an authentic daidzein standard. A Peak with retention tinme
cor r espondildg emptshua@:mmmarc RfaipgzépAngRTEsing. 6Oymalby preseble sPEaoe? 24
and pPE120/,£6. 13 95598&1&5 gBnoSRlEC L8 tnl OB JMNinGORL BYr Of1 PPEL20424,4N0d
pPE51/9 sppé'g an authenltgﬁﬁgaldzeln standarg sh omg characterls?lc
peaks in pPEIZU,&Q4SR]151$|nghea7gelil¢t}MP§t r aPéantee Qfmil- aebegumfoddilgasi fR1 n
petal 1hi SSHGe IOt QRacenr ks ANST AIIRBESHAL DOMI RO LRASE EMELS a8780HbRY
chal cone reductase and isoflavone synthase (pPE120) activitites with
control s (PPESPRriogtHarfolteBREFAEYLS ofoRP et al s were hydrol ysed 20 and
anal ysed by HPLC.

1.2 Bacterial strains

15 Escherichia coli strain XL1-Blue: recAl, endAl, gvrA96, thi-1,

hsdR17, supk44, relAl lac [F' proAB lacl9ZAM15 ™nl0
(Tet*) ] (Stratagene Europe, The Netherlands). Transformation of E.
coli XL1-Blue was performed using the method of Hanahan (1983).
Agrobacterium tumefaciens LBA4404 (Hoekema, 1985). Transformation
20 of Agrobacterium tumefaciens LBA4404 was performed according to

Shen and Forde (1989).

1.3 Gene cloning

25
1.3.1 Total RNA isolation

RNA was isolated from Lotus corniculatus (Lotus), Glycine max
(soybean), Pisum sativum (pea) and Medicago sativa (alfalfa) leaf
30 tissue using a Purescript RNA isolation kit (Pharmacia) according

to manufacturer’s instructions.

1.3.2 cDNA synthesis

35
5/ ¢DNA library construction: 2ug of RNA isolated from either

Lotus, soybean, pea or alfalfa tissue was heated to 65°C for 10

minutes, then snap cooled on ice. The RNA was reverse transcribed



Figure 8: illustrates accunul ati on of daidzein in petal tissue from
tobacco transformants harbouring constructs encodi ng chal cone reductase,
chal cone wema®rzase and i sofl avone synthase (pPEL125) 25 actPCTYiRPOY/@=—6 t h
controls (pPE51) . Ethanol extracts frompetals were hydrolysed and

anal ysed by HPLC. WD 03/ 072790 PCT/ EPO3D1465 -24 Exanple 1: cDNA cloning
of chal cone reductase, chal cone isonerase and isflavone synthase and the
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[I_acl fZ?\I\/Ileh_?Eﬁlﬁurn(fEﬁor )us]lnﬁSﬁrcaikag;eﬂaLEpa:noge;rffheafxle@ﬂnd{ﬂtan(ds):ordlng to
ransformati o XL1- wa erfor

Hanahan (f@@ﬁ?aCt%@ﬁ 5%8f@FFHﬁ$%TP faC|é%%Ff§A§§ %P@%kwgg 9@%£§§?ﬁg B

Transforn&bhmedZBnoBowgr@barietannnmgubafﬂ@reﬁ&mﬂBA440me@§TBeKR@@m@d 1

according to . Shen and Forde (1989 1.3 CGene_c¢l onj 3.1 T t I
i sol ati on YRNA Wé§mP§6PaI¥RPW%ﬁSﬁPE%tdéoea?hi@Glaf t%? é) FYES ng]ﬁE&

(soybean)denghﬁgg&gggkﬁpg1ﬁgqu and.,Medi cago satlva (alfalfa) leaf 30

tissue using a Purescript RNA isolation kit (Pharmacia) according to
manuf &8t urer's instructions.

3’ ¢DNA library construction: 2pg of RNA isolated from either
Lotus, soybean, pea or alfalfa tissue was heated to 65°C for 10
minutes, then snap cooled on ice. The RNA was reverse transcribed
in a 20pl reaction for 90 minutes at 42°C using 10 units of

15 stratascript in 1 x RT buffer 30mM dNTPs, 0.1M DTT, 1lU/pl Rnasin
and 5 pmoles oligo dtis.

1.3.3 PCR amplification

20 Library PCR amplification: 50ng of 3’ cDNA was PCR amplified in
50pl of 1x PCR buffer (Roche), 20mM dNTPs 25 pmoles 5’ primer, 25
pmoles 3’ primer, 2.5 units Tag DNA polymerase (Roche), 0.25 units
pfu turbo DNA polymerase (Stratagene). Cycling conditions were; 30
cycles of 94°C for 30 seconds, 55°C for 30 seconds, 72°C for 2

25 minutes, using a Perkin Elmer PCR machine. The initial denaturing

step (94°C) was extended to 2 minutes.

Vector PCR amplification: 1ng of a vector was PCR amplified in
50pl of 1x PCR buffer (Stratagene), 20mM dNTPs 25 pmoles 3’
30 primer, 25 pmoles 3’ primer, 5 units pfu turbo DNA polymerase.

Cycling conditions were; 30 cycles of 94°C for 30 seconds, 55°C
for 30 seconds, 72°C for 2 minutes. The initial denaturing step

(94°C) was extended to 2 minutes.



1.3.2 cDNA synthesis 35 5" cDNA |library construction: 2pg of RNA isolated
fromeither Lotus, soybean, pea or alfalfa tissue was heated to 65C for 10
m nut es, wben/ozTtap cool ed on ice. The RNA was reverse tramSErEPO& 04610

03/ 072790 PCT/ EP03/01465 -25 in a 20pl reaction for 90 m nutes at 42C
using 10 units of stratascript (Gbco-BR) in 1 x rt buffer (G bco BRL),
30nmM dNTPs (dATP, dCTP, dTTP, dGIP) (Pharmacia), 0.1M DTT, 1U pl RNasin
(Roche) and 50 pnol es random hexanmers. The random prined cDNA was 5 t hen
purified 8si Rgpid Guigeld-BREtpon qnﬂrdn‘l\izscahﬂen (kd tac(@)cccﬁﬂmhigngft b6’ cDNA was

manuf act ur er tryucti h t d
50pl of Ifo{‘l%? I]lﬂennzc &Jl %ra é?ocg ? p%H E%E’g%lﬁ@ dﬁ%% uni Irp}{l?%sm ﬁijlgeo a
t r ansf er agie;;( Rbche) uant§7@afqorDNﬂ malymesaséen0. déhatnied #fug0Oroor NG

m nutes. 10_.3'" cDNA library constructiop;, 2pg of RNA isolate om ei ther
Lotus, soYBeERSTHitex or %‘?9%1@8“& SEIE V\g% cheg‘fredzto BB §r % Crmq‘p?lut(.gh
then spap.cool ed omdCes The N8, MaSHECUBRAE yhE aan iibeth by @0 the

reaction for 90 mnutes at 42C using 10 units of stratascript in 1 x RT
buf f er 30FMLYNTRY: R MDTFs 31U/ PRABSEN ZEaWOBeﬁnﬁré%e%IRogoldﬁiwnlltss 3

PCR anpl i fz*a&ab&qgn %Q#né}?é@g fqasaraﬁhltél I@ﬂrbéOBgA%o@ SRNA was R
anplified in Ip 1x P buf fer ngé{ 20mM dNTPs Z%m nol es 5'

primer, f25eV9-ﬁ®¢ e%raglsoﬁﬁpﬁé@n JZEEE"rt&ﬁPt sC Woﬁéwh@?%é@r@%éﬂewcjﬁﬁ%S
units W ety I di 30
Pl gl dubo HNL R0 MRS 65U @ g%eegec%{&g 1 Npe£0Rdisk oNS, WT i

cycl es of secon 0 secon 2 25 m nutes,
usi ngl@ PeénkinaEl dematﬁﬁﬁn@adhepe waFhexiend¢dl talehanimiteps . stBpl (@ﬁlO)h:Was

Sﬁéfpgﬁgd%%R rgég%kéﬁswage%gogm£¥¥%f%gpkhf£6ﬁﬁiéyqﬁxlB@RQBU§ﬂ¥gcbgﬁMm@ﬁTﬁ§j?

25 pmoles 5'Ry primer, 25 pmoles R, primer, 2.5 units Tag DNA
polymerase, 0.25 units pfu turbo DNA polymerase. Cycling
conditions were; 30 cycles of 94°C for 30 seconds, 55°C for 30
15 seconds, 72°C 30 seconds. The initial denaturing step was

extended to 2 minutes.

3’ Rapid Amplification of cDNA Ends {(3'race): 50ng of 3’ cDNA was
amplified in 50ul of 1x PCR buffer, 20mM dNTPs, 25 pmoles 5’Rg
20 primer, 25 pmoles primer Ry, 2.5 units Tag DNA polymerase, 0.25
units pfu turbo DNA polymerase. Cycling conditions were; 30 cycles
of 94°C for 30 seconds, 55°C for 30 seconds, 72°C 2 minutes. The
initial denaturing step was extended to 2 minutes. 1pl of this
PCR reaction was re-amplified with 5’'R; primer and R; as before
25 with cycling conditions: 30 cycles of 94°C for 30 seconds, 55°C
for 30 seconds, 72°C I minute. The initial denaturing step was

extended to 2 minutes.

1.3.4 Isolation and cloning of amplified products

30
Fragments generated by PCR were analysed on an ETBr-1.2% agarose
TBE (45mM Tris-borate, 1mM EDTA) gel. DNA fragments were isolated
from the gel using a Gibco-BRL gel extraction kit according to
manufacturer’s instructions and cloned into a pT7 TA cloning

35 vector (Novagen).



50ul of Ix PCR buffer (Stratagene), 20nM dNTPs 25 pnoles 5° 30 priner, 25
pnoles 3" priner, 5 units pfu turbo DNA pol ynerase. Cycling conditions
were; 30 woaBen7ed 94C for 30 seconds, 55C for 30 second®CTHEP/O1@HS 2

m nutes. The initial denaturing step (94C) was extended to 2 m nutes. WO
03/ 072790 PCT/ EP03/ 01465 -26 5 Rapid AfpTification of cDNA Ends (5'race)
. 50ng of 5° cDNA was conplenented in 50111 of 1x PCR buffer, 20nmM dNTPs,
5 pnoles oligo dtl1l7, 1.25 units Tag DNA poI ynmerase, 0.125 units pfu t ur bo
DNA pol yner ase. Condltl ons vvere 94C for m nutes, 42C for 2 5 m nutes,

72C 45 m nut.e il the foll ow ng; 25 pnol es
5 Ro pri gletr3 §25-1l5 B estE: Xna(g‘%/ﬂ g DNA pol ynerase, 0.125
units pfu turbo DNA pol ymer ase to the reverse transcription reaction.
Cycling c 3 I 0 ds o¢ 0
seconds, % é&%ﬂ%?%% Qr |§?tplg% dg%gtg&ﬁ%gdg e(és%%wavél%xtgn eéé Of

m nut es. Iq@lchofappmpslamerséamnl@n rasymee-(Bapid)f ilad tha 5eepmmehded hD@f:Rer
buffer, ZOJqV' R %Sh%%' €S ppqdl Pk P2 P! &S sREr P IBBL g %58 ¥R TS
Taq DNA yneb&rrafgg uni tDs pfuS tu?% %Aa ymer as]é Cycl ?Eﬁgs

condi ti onsae\iher &he 3gesdyedl efraghenuC wege %J@ééoﬁ@% p%@%rusa@g 15he &EbRes,
72C 30 se d o1 Hi€rd ltohakltd%e@éwlhagtéEnsﬁuymur@eﬂseagg&utcelgnsm hutes. 3
Rapi d Anpl i ation o Ends (3'race) : 50ng of cDNA was anplified
in 50i1 of Ix PCR buffer 20rr1\/| dNTPs, 25 prml es 5 RO 20 prinmer, 25 pnoles
primegoR0,; 3 g U%B§t£‘fj%‘&19’1\'%fp9{;ﬂt!ﬁ%'&§éeilnﬁel?s5 units pfu turbo DNA

pol ynerase. Cycl rmg-conartrons were; 30 cycfes of 94C for 30 seconds, 55C
for 30 seconds, 72C 2 minutes. The initial denaturing step was ext ended to
2 minutes.qJul @f thhse PGRireantiapnuas serqymldibbedqasd t &Rl RhkaeEg and
R1 as before 25 with cycling conditions: 30 cycles of 94C for 30 seconds,
55C for 30wdabenddy RAEELingr rmut®i°CTHeri hi nimbtefeniat Uk imhglsadd onabutffer

and then cooled to room temperature over a period of 30 minutes.
15
1.3.7 De—-phosphorylation of DNA fragments

Vector DNA fragments were incubated in 50pl of 1x sip (Roche)
buffer with 0.5 units shrimp intestinal phosphorylase (Roche) at
20 37°C for 15 minutes and then denatured at 80°C for 5 minutes.

1.3.8 Sub-cloning into vectors

DNA fragments of interest were ligated into appropriate vectors in
25 a ratio of 5:1 in a final volume of 20pl containing 1x ligation
buffer (Roche), 2 units of T4 DNA ligase (Roche) at 4-8°C for 16

hours.

1.3.9 Preparation and transformation of competent E. coli

30
To prepare competent cells a culture of XL1l-Blue (from a single
colony) was grown up overnight at 37°C, 225 r.p.m. in 10ml Lennox
broth containing 12.5ug/ml tetracycline. 1ml from this overnight
culture was transferred into 100mls of fresh, pre-warmed, Lennox
35 Dbroth and cultured for a further 2 hours until the ODgo was in the

fange 0.3 to 0.6. The cells were then recovered by centrifugation



extended to 2 mnutes. 1.3.4 Isolation and cloning of anplified products

30 Fragnents generated by PCR were anal ysed on an ETBr-1.2% agarose TBE
(45nM Triweotseza7eg 1nM EDTA) gel . DNA fragnents were isol a’CEdEPOS/onﬂsthe gel
using a G bco-BRL gel extraction kit according to manufacturer's
instructions and cloned into a pT7 TA c?®ring 35 vector (Novagen). WO

03/ 072790 PCT/EP03/01465 - 27 1.3.5 Digesting DNA with restriction
enzymes PCR anplifications or 2pg of plasm d DNA were digested with 10
units of a% é@@hgapﬁpmopmi atieutest at céfn efzgneelRochede | wadhval rietoiﬁménded
buf f er o] epar o] [ 2% 2 TBE
gel : The E]Le3| regg{: ngme Oz‘ﬁev\éfregggé%?%%{c?eaﬁnd %urﬁ%??led\p%%%g qh] bco

gel extrackCon kiTheacebtsliwryet shemrmpfartdurer iseifst ludbitons. 10 1.3.6
Construction of synthetic linkers lug of sense and anti-sense

ol i gonucl eoti des were anneal ed together by heating to 94C for 5 mnutes in
1 x ligat manbﬁéfﬁtiomdwblaenpeﬁmmcit asr ol dednperat-fietovenpn) pteffiiﬂda of

Fragnont s MEPEPhARAROE™ HoSOBE CPyCllp (RBERGT DUt rar with BLELHAA s
Zhri [rp [ gtwa?t tégghk;a)&mgpd’iph}c{eager(m&hﬁﬁuiﬁs ltB@_nBﬁé‘gﬁ ?ﬁhdlcﬁce{dil rtt eg°@ntbxt hen
enature or nut es. cl oni.n nto, vectors

fragment s 0 SSFPBFEst \R/@PETI Pgalzga Wﬁ?oggﬁﬁrfﬁlg??%t ngg?olrr%xll};lre %%t o
of 5:1 iniactbaalnydwsy°of 200k .pont atsur AP Iminh;itgati’ﬂm thuinfsép rifdocdrey) , 2

LS o ST s 0% O k. RSP

carbenicillin or 50pg/ml kanamyicin and incubated at 37°C

overnight.

1.3.10 Identification and screening of E. coli recombinants

15
Positive transformants were identified by amplifying DNA from a
single colony in a 50ul reaction containing the following mixture,
1 x pcr buffer, 0.2mM dNTPs, 25 pmoles 5’ primer, 25 pmoles 3’
primer, 1.25 units Tag DNA polymerase. Cycling conditions were

20 94°C for 30 seconds, 55°C for 30 seconds, 72°C 1 minute, for 30
cycles. The initial denaturing step was extended to 2 minutes.
The pcr amplifications were then analysed on EtBr-1.2% agarose TBE

gels.

25 1.3.11 Extraction and purification of plasmid DNA

Selected colonies were grown up overnight in 50mls of 2TY broth
containing either 100pg/ml carbenicillin or 50ug/ml kanamycin (as
appropriate) at 225 r.p.m. at 37°C. The cells were recovered by
30 centrifugation at 4500g for 10 minutes at 4°C. The bacterial
pellet was resuspended in 4ml of solution 1 (25mM Tris.Cl pH8.0,
10mM EDTA), then 8ml of solution 2 (0.2N NaOH, 1% SDS) was added,
and left at room temperature for 5 minutes to lyse the cells. éml
of ilce-cold solution 3 (3M potassium, 5M acetate) was added and
35 the mixture incubated on ice for 15 minutes. The bacterial lysate

was then centrifuged at 15000g, 4°C for 20 minutes, and the



To prepare conpetent cells a culture of XL1-Blue (froma single colony)
was grown up overnight at 37C, 225 r.p.m in 10m Lennox broth containing
12. 5ug/ mMwoasnzoyel i ne. |mM fromthis overnight culture wa3/EPOHOGEr r ed
into 100m s of fresh, pre-warned, Lennox 35 broth and cultured for a
further 2 hours until the OD600 was in #he range 0.3 to 0.6. The cells
were then recovered by centrifugati on WO 03/ 072790 PCT/ EPO3/ 01465 - 28 at
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bef ore resugpendiarg i nwas fi falteoédinetbfodghh 180nMay€a€l2.oThengehtbotter e

t hen pl ac .1 ce for ur Tr Lon e.pe FBPE f OWs:
me-fifth%?3?€l%§he[ e ]ljolmg‘%tiogn%rsgggtg?%ﬁgfngggdggggéotgogﬁﬁ%corrpagﬁ%en?{é
cell's. TheNAi wndr ehewaseicnpubatedsmm | ter f by BOnwigrwtas theiheat shovked
at 42C for___4 nds. 01 2 ed. .t he_ @i xtur ore
i ncubat i n& eIé‘P%%%’?IOeZZS rﬁ% r]’i)é]flge:t Sgg?nm%%’tsgg.g&fﬁéewt rgralms olr IT%.?: )gtr?s %&%r e
then pbat @dtieu€l opHL ehinokmMgEPTEONYEEMI hgnd00! i Rjade Aapbéniceibdtedorat

50pg/m  Kapamyi gl anm Lpcunal ed, e 345 + MG A0t ryal: 3.4 Isdenthbh catd on
and screening of E. coll f

reconbi nants 15 Positive transformants were
identifiedxtbyaahpdi WJ}W; @Nm faoneauali viglune o onghene lo chdprofeset { bnl)
containi th%ge ofn(a}el OMA-N9 01 XHE®: volue PGE BRI &S por . 2MMidNTRE, s PADL es

5" priner, proles 3" priner, 1.25 units Taq DNA pol ynerase. Cycling
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for 39, PgL%'ogﬁpgm,' nidjeal depat uebpg step; wasextendadobeg?2 MUt fSom The
pcr anplifications were then anal ysed on EtBr-1.2% agarose EHBE gels. 25
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1.4 Vector construction

15
Expression vectors were generated containing chalcone reductase
(CHR), chalcone isomerase (CHI) and isoflavone synthase (IFS)
cDNA’s from Pisum sativum, ILotus corniculatus and Glycine max
respectively. CHR, CHI and IFS transgenes were placed under the
20 control of the double 35s promoter to give high levels of

expression in tobacco tissues.

1.4.1 Construction of plasmid pPV5LN

25 To construct pPV5LN, pUCl9 was modified as follows. Firstly,
plasmid pPV3 was constructed by removing the HindIII/EcoRI
multiple cloning site from pUCl9 and replacing it with a synthetic
DNA fragment, destroying the original EcoRI and HindIII sites and
introducing SgfI, HindIII, KpnI, EcoRI and Xbal restriction sites.

30 This synthetic fragment was constructed by annealing the
oligonucleotides 624 and 625 (Figure 4). This resulted in plasmid
pPV3.

The KpnI/EcoRI insert from pSJ30 containing the 2x35S-promoter

35 sequence upstream of an ~1.9kb coding sequence, followed by the



appropriate) at 225 r.p.m at 37C. The cells were recovered by 30
centrifugation at 45009 for 10 m nutes at 4C. The bacterial pellet was
resuspencwo osn724ed of solution 1 (25mM Tris.d pHB8.0, 10mNTHEPIHI463 hen 8m
of solution 2 (0.2N NaOH, 1% SDS) was added, and left at roomtenperature
for 5 minutes to lyse the cells. 6m ~oB0ite-cold solution 3 (3M potassium
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respectively. CHR, CH and IFS transgenes were placed under the 20 control
of the dowfsice SBB1gmcenDiEredigtgilye Hi ght| éel sSToITt expii@ssPER i t BBARkO
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was nodi fi . Firstly, _
Oligonucleotides 640 and 641 (Figure 4) were used to amplify the

189 bp 37 fragment of the 2x35S promoter from vector pCPO31 (van
15 FEngelen et al., 1994), modifying the Kozak sequence via
oligonucleotide 641. pCP031 and the amplified fragment were then
restricted with HindIII/EcoRV and EcoRV/Ncol respectively before
ligation with pPV5L restricted with HindIII-NcoI to replace the
promoter. This resulted in plasmid pPV5LN (Figure 5).
20
1.4.2 Construction of plasmid pPE-2

To construct the plasmid pPE-2, the multiple cloning site of
pPVSLN was modified by the insertion of three oligonucleotide

25 adapters. First, oligonucleotides 331 and 332 (Figure 4) were
annealed together and ligated with plasmid pPVSLN restricted with
EcoRI-Xbal. This resulted in plasmid p5LNa. Next, the multiple
cloning site from pPVS5LN was amplified using oligonucleotides 248
and 191 (Figure 4) and the amplification product restricted with

30 Xbal and EcoRI. This product was then ligated, in conjunction
with the annealed product of oligonucleotides 333 and 334 (Figure
4) with pbLNa restricted with NcoI-EcoRI. This resulted in
plasmid pS5LNb. To construct plasmid pPE-2, oligonucleotides 329
and 330 were annealed together and ligated with plasmid p5LNb

35 restricted with SfiI-HindIII. This resulted in plasmid pPE-2
(Figure 5).



pl asm d pPV3 was constructed by renoving the HndlIl/EcoRI nultiple
cloning site frompUC19 and replacing it with a synthetic DNA fragnent,
dest r oyi rgotob®72990 gi nal EcoRl and Hindl Il sites and i ntr@duapogoses |,

H ndl 11, Kpnl, EcoRl and Xbal restriction sites. 30 This synthetic fragnent
was constructed by annealing the oligoRlcteotides 624 and 625 (Figure 4).
This resulted in plasmd pPV3. The Kpnl/EcoRl insert from pSJ30 containing
t he 2x35S-pronmoter 35 sequence upstream of an -1.9kb codi ng sequence,

foll owed by the WO 03/072790 PCT/ EP03/01465 30 Nos term nator sequence
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pPV5. Thee'L- f\,\g %—m%i%@afgﬁgaes—%as—hﬁﬁgn renoved frompPV5 as a 5
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t he anpli f| ed fragment were then restri cted with Hi ndll1/EcoRV and
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by ‘filling-in’ with klenow polymerase.

15
1.4.4 Construction of plasmid pPE-9 {2x35S+kozak-Lotus CHI-Tnos)

Lotus CHI cDNA was amplified from the lotus 3’ and the 5" cDNA
library using primers 160/323 and 160/321 respectively (Figure 4);
20 the amplification products were then re-amplified wusing primers
198/324 and 198/322 respectively (Figure 4). The amplified
fragments were separated by electrophoresis and products 5a.3.19
and 2.11 respectively were cloned into the wvector pT7 and
sequenced with primers 152 and 191 (Figure 4).
25
To verify the DNA sequence of the amplified fragments primers 386
and 387 were used to amplify the complete coding region of the CHI
gene (in triplicate) from a lotus 3’ c¢DNA library. The resultant
fragments LCHI-A, LCHI-B and LCHI-C were cloned into vector pT7
30 and sequenced with primers 152 and 191. Clone LCHI-A was re-
amplified with primers 386/403 and 402/387, the resultant
fragments were digested with NcoI-PstI and PstI-NheI respectively
and ligated into NcoI-XbaI opened PE-2 to create the vector PE-9
(2x358+Kozak-Lotus CHI-tNOS in PE-2) (Figure 5).
35
1.4.5 Construction of plasmid pPE-11 (2x35S+kozak-Pea CHR-Tnos)
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1.4.6 Construction of plasmid pPE-15 (2x35S+kozak-Soy IFS-Tnos)

15
The isoflavone synthase cDNA was amplified from a Glycine max leaf
tissue cDNA library using primers 339/340, 341/342, and 343/344
(Table 1}). The resulting amplification products were restricted
with NcoI-Apal, ApaI-Sall, and SalI-Nhel respectively before
20 ligation with pPE-2 restricted with NcoI-XbaI. This resulted in
plasmid pPE-15 (Figure 5).

1.4.7 Construction of plant transformation vector pPE-120 (CHR-

25
The single gene constructs described above were used to construct
the plasmid pPEl20 as follows. Plasmids pPE-11 and pPE-15 were
restricted with SalI-EcoRI and HindIII-Sall respectively. The
2x35S8+kozak-Pea CHR-Tnos and 2x358+kozak-Soy IFS-Tnos fragments
30 were then ligated with pPE-5 restricted with HindIII-EcoRI. This
resulted in plasmid pPE120 (Figure 5).

1.4.8 Construction of plant transformation vector pPE-125 (CHR-

CHI-IFS)
35



and 2.11 respectively were cloned into the vector pT7 and sequenced with
priners 152 and 191 (Figure 4). 25 To verify the DNA sequence of the
anplifiedvbriagmoet s priners 386 and 387 were used to anplPChEPS@I46DND] et e
coding region of the CHI gene (in triplicate) froma lotus 3' cDNA
l'ibrary. The resultant fragments LCHF -3 1LCHI-B and LCHI - C were cl oned
into vector pT7 30 and sequenced with prinmers 152 and 191. C one LCH - A was
re- anplified with priners 386/403 and 402/ 387, the resultant fragnments
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( 2>C<1355+k02ak5$)eleoz®HRL$mgs) cmwmmtgmemﬂ BPO8/IFF465 was32hemhelgdedone
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library udi %Asﬁﬁe?g}?%%%isee% %Eg‘%nla'?' @égultrlte:éﬁgkeoaggé bgrﬁgﬁﬁ%tpﬁ?\%
| i gat e’ wi(Fhgtie PCR cl oni ng vector pT7Blue [Novagen] and the sequence
verified before further sub- 5 cloning. The chal cone reductase sequence was
then anplified fromthe pT7Blue vector using oligonucl eotides 384/ 362,
363/ 398, 399/#00 aG@TH0¢rE8S Y PdbBEmid). The resulting anplification
products were 10 restricted with Ncol-Narl, Narl-BanmH , BanHl -Mnl, and
Munl - Nhel  respectively before |igation with PE- 2 restricted wth
Nfcol I Xbal A GRfisbessdl tdairy plasmid, pPEERL (Higure 5./ 1°90BicdAst rith& i on
of p m X Jﬂg_ggn 0 TNRS) vol5 (dhe | apengssynhbase
cDNA fl\/\gs %OBFE? cfﬁ\f?r%?a d %leﬁeé{%%féleeg% 'Flosgl(Jethi |ll brarysugl n(g@
priners 3379/5314@edm/mzroénal@m/daﬂhleT%H@Slfilr?ﬁé FERATSRG between

anpl i ficatiqnspspdUEt S Wele beshfd ChRf plants containing the CHR, CHI and
IFS constructs generated via a tissue culture procedure.
pPE51 was constructed by restricting pPE2 with EcoRI-HindIII. The
15 2x358+kozak-Tnos fragment was then ligated with pPE5 restricted
with HindIII-EcoRI. This resulted in plasmid pPE51 (Figure 5).

1.5 A.tumefaciens transformation

20 Binary plasmids of pPE120, pPEl125, pPE130 and pPESl were
introduced into Agrobacterium tumefaciens strain LBA4404 by high
voltage electroporation as described by Shen and Forde (1989) .
Briefly, electrocompetent cells of A.tumefaciens were prepared by
inoculation of 50ml of 2xYT medium (Sambrook et al., 1989) and

25  culturing with shaking at 100rpm at 28°C until the culture reached
an ODgyp Of 0.5-0.7. The cells were cooled on ice, harvested by
centrifugation and the supernatant discarded. The cells were then
washed successively in 50, 25, 1 and 1 ml of cold 10% (v/v)

glycercol before re-suspension in 0.5ml 10% glycerol.

30
For transformation, 40pl of cells were transferred to a pre-cooled
0.2cm electroporation cuvette (Bio-Rad Laboratories). One pl of
either pPE120 or pCJl02 plasmid DNA was mixed with thel cell
suspension on ice and an electric pulse applied immediately using
35 a Gene Pulser with Pulse controller wunit (Bio-Rad). For

transformation, the field strength was 12.5 kV/cm, a capacitance



wi th Ncol -Apal, Apal-Sall, and Sall-Nhel respectively before 20 ligation
wWth pPE-2 restricted with Ncol-Xbal. This resulted in plasmd pPE-15

(Fi gure 5y0 0302790 Construction of plant transformati on ve®COrEPPPE4ER0 ( CHR-
| FS) 25 The single gene constructs descrl bed above were used to construct
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pl asm d, pPE51 (Figure 5), containing the 10 double CaM 35s pronoter and
the nos poly(A) signal (Pd35s- Tnos) was used as control plasmd. This

al  ows di riet peonpace samd bigthegentyt o ansformednidat Lol kphamts randspbamis
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A tunefaci-ens tfanafo
specific primers respectively (Figure 4).

1.6 Stable transformation of Nicotiana tabacum cv SR1

15 A.tumefaciens cells from PCR positive colonies were used to
inoculate a 10 ml Lennox media broth containing kanamycin 50 :g/ml
and rifampicin 50 :g/ml and incubated overnight with shaking

(120rpm) at 29°C. The overnight culture was centrifuged at 3000g
and the cell pellet resuspended in an equal volume of MS media (3%
20 sucrose). Leaf segments were cut from young Nicotiana tabacum L.
cv., SRl leaves from plants grown in tissue culture. The leaf
segments were placed directly into the A.tumefaciens suspension

and co-incubated for 10 minutes.

25 The leaf segments were then transferred, axial surface down, to
feeder plates (10 per plate) and placed at 22°C for 2 days in low
light. The leaf segments were then transferred, axial surface up,
to tobacco shooting media supplemented with hormones, cefotaxime
500 :g/ml and kanamycin 50 :g/ml and placed in a growth room at

30 24°C with a 16hr photoperiod. After three weeks, callusing
segments were transferred to fresh tobacco shooting media in
vitro-vent [Melford Laboratories ©Ltd.] tissue culture vessels.
Shoots were then excised from callused leaf segments and placed on
tobacco shooting media without hormones containing cefotaxime 500

35 :g/ml and kanamycin 50 :g/ml.



20 Binary plasm ds of pPE120, pPE125, pPE130 and pPE51 were introduced

i nto Agrobacteriumtunefaciens strain LBA4404 by high voltage
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(GPTV2-300338fh Bpewific priners respectively (Figure 4). 1.6 Stable

transfornmati on of Nicotiana tabacumcv SR1 15 A tunefaciens cells from PCR

positive colonies were used to inoculate a 10 mM Lennox media broth
containirufqaaﬁaﬁ?éﬁhe5WE§gﬁaﬁvested from each independent transformant and

stored for subsequent analysis. When flowering had finished, each
15 plant was cut-back and allowed to re-grow to form new flowers,

from which seeds were harvested for propagation and analysis.

1.7 Extraction of flavonoids and isoflavonoids from tobacco

tissues
20
Flavonoids and isoflavonoids were determined as their glycosides
or as aglycones by preparing non-hydrolysed and hydrolysed

extracts, respectively.

25 For extraction, tobacco petal tissues were harvested from fully
open, mature flowers. To ensure representative analyses, all of
the flowers (> 10 per plant) were harvested at a similar
developmental stage from each pPE120, pPE125 and corresponding
pPPE51 (control) plants. The flower was fractionated to remove

30 stamen, carpel and corolla tube tissue and the remaining petal
tissue was then flash frozen in liquid nitrogen before being
stored at -80°C. The petal tissues (>10) from each plant were
then ground to a fine powder to ensure a homogeneous mix. An
aliquot from this mixture was then extracted for 30min at room

35 temperature (~22°C) in 80% (v/v) ethanol at 100mg/700ul.

Following extraction, the cell debris was removed by filtration



and rifanpicin 50 :g/m and incubated overnight with shaking (120rpm at
29C. The overnight culture was centrifuged at 3000g and the cell pellet
resuspendcwo o3n7am0 equal vol ume of MS nedia (3% 20 sucrosepCI/HPexsb146gnent s
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kanarrym n 50 :g/m. V\D 03/ 072790 PCT/ EP03/01465 - 35 GCenom c DNA was
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pl ant $010 were renoved fromthe propagator and subsequently potted up into

5-inch pots.g Pet I e e ch independent transfornant
and stor eld fo agh8t M%Sg%x‘%ﬁ Se? ing had finished, each 15

pl ant was cut - back and al lowed to re- grow to form new fl owers,

1.8.1 HPLC conditions for flavonoid and isoflavonoid analysis

15 After hydrolysis, an aliquot from each extract was filtered
through a 0.2um PTFE disposable filter (Whatman). The filtrate
(20pl) from was injected into the HPLC system (HP1100, Agilent)
via an autosampler maintained at 4°C. The analytical column
(Prodigy Phenyl-3, 4.6 x 150mm, particle size 5um, (Phenomenex)

20 was held at 30°C. Detection was by diode array, monitoring at
262, 280, and 370 nm. Observed peaks were scanned from 210-550 nm
to obtain spectra. Chemstation software (Rev. A.8.03) was used to

control the system and collect and analyse data.

25 Separation of flavonoid and isoflavonoid components within the
extracts was performed using a gradient of acetonitrile in 1%
acetic acid, at a flow rate of 0.8ml/min. The gradient of
acetonitrile was: 15-37% linear in 22min, then 37-80% in 2min,
before a hold at 80% for 2min. Then the acetonitrile was reduced

30 from 80-15% in 2min and held at 15% for 2min prior to next

injection.

Absorbance spectra (corrected for baseline spectrum) and retention
time of peaks were compared with those of commercially available

35 flavonoid and isoflavonoid standards.



fromwhi ch seeds were harvested for propagation and analysis. 1.7
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mn. Dai ffﬁfaé%?s TS ah §$ﬁ%aV%féU%§g%%$§§§i &ﬁggr tlgqgﬁne condi tions
as the petal extracts providing a control for the hydrolysis process. 10
1.8 Flavonoid.and i safl i d _analy 841 L I-tLogs r.f:l.avonoi d
and | !ngf  avdid d%gnidugyg?%&{'}%oiﬁ 3.8L if@?‘iﬁ}lfgidb ,abg. .%?C]?%?S%b??u?é%é’fﬁsext r act
was filtered

After hydrolysis, 5ml of 10 % Na,S80, was added to an aliquot from
each tissue extract before extraction with 2ml ethyl acetate. The
sample was then centrifuged at 1600g for 1 min. The ethyl acetate
15 layer was decanted to a fresh tube and evaporated to dryness under

N, (<45°C).

Samples were dissolved in 30 pl pyridine and derivatised by
heating with 20pl bis-trifluoroacetamide (BSTFA) at 45°C for 15
20 min., 1lpl of sample was injected onto a CP-Sil 8 CB/MS (25m X

0.25mm x 0.25pum £film) GC capillary column (Chrompack) through a
splitless injector port at 280°C (Hewlett Packard 5890 gas

chromatograph) . The oven temperature was set at a linear

temperature gradient from 100-320°C at 10°C/min with a helium gas
25 flow rate of 1ml/min. The mass spectrum was monitored using a
Hewlett Packard 59722 quadruple mass-selective detector set at
300°C (EI) and mass ranges of 175,184,383,398 Daltons for daidzein
(selective ion mode); 228,399,371,486 Daltons for genistein
(selective ion mode); (219, 307, 371, 457 and 472 daltons for
30 isoliquiritigenin (selective ion mode) and 151, 179, 192, 235,
385, and 400 daltons for liquiritigenin (selective ion mode). In
addition, mass ranges of 170-400 Daltons for daidzein, 130-480
Daltons for isoliquiritigenin, 130-410 Daltons for liquiritigenin

and 180-490 for genistein were selected for full scan mode.
35



t hrough a 0.2m PTFE di sposable filter (Wiatman) . The filtrate (20l) from
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particle size 5m (Phenonenex) 20 was heI d at 30C. Detection was by di ode
array, nmonitoring at 262, 280, and 370 38nT Observed peaks were scanned
from210-550 nm to obtain spectra. Chenstation software (Rev. A 8.03) was
used to control the systemand coll ect and anal yse data. 25 Separation of
fl avonoi d larid iZsofunavehden cerfpondatdzasint hi Ant hetramsigeadts Was pérberumd
using a gradi ent.;of,;acet ONi &8st A 1%n AC8HLC 23k 2404 00 348,01
0.8nml/ mn. The hen
37-80%in 2m n,synsédpeee a hold at 80% f or omin. Then the acetonitrile was
reduced 30 from80-15%in 2mn and held at 15%for 2mn prior to next

i njection. Absorbance spectra (corrected for baseline spectrum and

ret ent Pon Ta idesecohipeaks thereecoripar ekrwes hieomhasie b@ﬁihCGhﬁ?b¢@i%.|rleylu&V@.$¢ abl e
35 flavon V, t and S 5 37
Cal 1 br ot O e e or e ek Gm 21 Ol BORr S cf re ] AR et

i soliquiriddlgenta ah@dllliqmu r ﬁﬂag@mw w@ﬁ/étb%w-bl itswaddt odpbdaaim and/or
quant'tatkﬂ%;s@eiﬂes@%@59£¥§edt59b%ﬁﬁgoﬁéiéaﬁﬁé 1E%¥§5§OH§¥§E5&5¥Hﬁ§”§$ed
on a fresh weight (pg/g F. wt’) basis. Wth the HPLC ~system and software
used, det&atiedntispies Was debacebneskt r §8is Wedlysdsoasopepigied by HPLC

cor re§Qonﬁﬂ%g%ﬁzﬁroﬂ%s'mﬂle&t%@%‘ de 5&%1 rVariatd, on hehyess, nerhbsabfy

i njections was | ess than 5% -M5S conditions for flavonoid and

i sof | avoncilg &ﬁﬁﬁ%/s?%an%éﬁ‘otr@ﬁnﬁ?drol ysis, 5m of 10 % Na2SO4 was added to an
aliquot from each tissue extract before extraction with 2nm ethyl acetate.

The sanple was then centrifuged at 1600g for 1 mn. The ethyl acetate 15
| ayer was deddst 8§Lfo02B2}¥eisch YWBerantm valpseat adrel uishatadngstracts

from flowers of N.tabacum transformed with either pPE120 or pPE51

15 indicated that in several of the pPE120 transformants a small peak
with the same retention time as the daidzein standard was
detected. By contrast, this HPLC peak was not present in control
(pPE51) transformants. To confirm our preliminary identification,
this peak was collected from the HPLC and analysed using GC-MS

20 assay. In addition, fractions with the corresponding retention
time were collected from a typical pPE51 transformant and from a

daidzein standard as controls.

GC-MS analysis showed that the retention time and the relative
25 abundance of the measured ions (175, 184, 383, and 398 [M']) from
the pPE120 fraction were similar to those from the authentic
daidzein standard (Figure 6). Furthermore, the fraction from pPES51
showed no GC peak with a similar retention time or with a similar
relative abundance of the measured ions confirming the absence of

30 daidzein in the control transformants (Figure 6).

Quantitation, based on comparison with authentic standards showed
that levels of daidzein accumulation in pPE120 petal tissues
reached up to ~2.75ug/gFwt (Figure 7).

35



N2 (<45C) . Sanples were dissolved in 30 | pyridine and derivatised by
heating with 20l bis-trifluoroacetam de (BSTFA) at 45C for 15 20 mn., |

of sanpl ewaag/or2pected onto a CP-Sil 8 CB/ M5 (25m x 0. 25nPCI/EP026s3 i | m) GC
capillary columm (Chronpack) through a splitless injector port at 280C
(Hew ett Packard 5890 gas chronmatograph).” The oven tenperature was set at
a linear tenperature gradient from 100-320C at 10C mn with a helium gas
25 flowrate of Im/mn. The nass spectrumwas nonitored using a Hew ett
Packard 53724 geadredd e snpssusetbot ive detecigemiset NatabB300C éEmﬁeiﬂmhgﬂass

ranges of 175, 1%4 383 398 gacéons for <& ?ﬂn 4 %h%%glvelkpn

228, 399, 371, 486~ Bartors—f6 i Se

371, 457 and 4120ﬂaia$ms for 30 |soI|qU|r|t|gen|n (selectlve ion nDde) and
151, 179, 192, 235, 385, and 400 daltons for liquiritigenin (selective ion
node). In addition, mass ranges of 170-400 Daltons for daidzein, 130-480
Dal t ons f 6p dsbeimuia ivhegdrirn congomidkdtDakpoassiar d4f qhadicohgenpductans
180-490 f genj ' r t far a d 03/, 72790
PCT/EP03/g%36§ﬂk§ﬁ§g8n%é5§ﬁggéﬁﬁlgglonng%ﬂs zepﬁg?n%%rgﬁggg%lgﬂ%}g%g%acum
ect opi cal iyorgpressiing thal come legduttase thﬂtsdﬁﬁé@éﬁém $ast haBée 50To
det erm ne ‘A’ﬁ%?ﬁ £ HE! %v%lexcpf eﬁéi&i’eﬂ{ Qgéﬁk}n@m'leﬁne trh%duffaﬂz%%01@ndand

i sof | avoné synthase i n the non-legum nous ant N.'tabacumwas able to
redirect fisafbaoinbisynresiset onar cpétmlldzéllﬁsaﬁ%j/ ofas géiﬂ@?@ilﬁeéynt'-ﬁ@sﬁ s,
the f i@voam and v!rasoofﬂe@r‘.’f%gﬁég %Ofﬁéﬂce a%fmgpﬁgﬁakoi s%w%%t\e@étgeéﬁrpfsa

Thi s anal yS|s was perfornme 10 usin ydr sed extracts peta

ti ssue frémsailaetedh trwamop%%ZS gind pPESIPRYa SR BT atsl.n the HPLC

anal ysi s conpari son between hydrol ysed petal extracts

In the HPLC assay comparison between hydrolysed petal extracts
from flowers of N.tabacum transformed with either pPE125 or pPE5S1
15 indicated that for several of the pPEl25 transformants a peak with
the same retention time as the daidzein standard was detected. By
contrast, this peak was not present in control (pPE51)
transformants. To confirm our preliminary identification, the
peak corresponding to daidzein was collected from the HPLC and
20 analysed using GC-MS assay. In addition, fractions with the
corresponding retention time were collected from a typical pPE51

transformant and from a daidzein standard as controls.

GC-MS analysis showed that the retention time and the relative
25 abundance of the measured ions (175, 184, 383, and 398 [M']) from
the pPE125 fraction were similar to those from the authentic
daidzein standard. Furthermore, the fraction from pPE51 showed no
peak with a similar retention time or with a similar relative
abundance of the measured ions confirming the absence of daidzein.
30 Quantitation, based on comparison with authentic standards showed

that levels of daidzein accumulation in pPE125 petal tissues

reached up to 246.7pg/gFwt (~4934pg/gDwt) (Figure 8).
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fromflowers of N tabacumtransformed with either pPE120 or pPE51 15
indicated that in several of the pPE120 transformants a small peak with the
sanme ret ewDioon727p0re as t he dai dzein standard was det ect e®CTEBPODOIGF ast ,
this HPLC peak was not present in control (pPE51) transformants. To
confirmour prelinmnary identification,49this peak was col l ected fromthe
HPLC and anal ysed using GC-Ms 20 assay. In addition, fractions with the
corresponding retention tinme were collected froma typical pPE51

t ransf or nBrémred2f r om a Tdansixeinat smanfakedtase control s. GC- M5 anal ysi s
showed that the retention tinme and the relative 25 abundance of the
nmeasured ions (175, 184, 383, and 398 [M+]) from the pPEL120 fraction were
simlar tcStaddse tipnafeims bignhefit flectuls dgzéive shamfaldllifi Regse 6pijou,
Furthernore, the fraction frompRESl, showed Ro GC peak with a simlar
retention time or with a siml ' nce of the nmeasured ions
confirming the absence of 30 daidzein in the control transformants (Figure

6). Quant tqt.g?}'égﬁacﬂ@éedcgmgorm%i SHER ;\%Bgié‘&'&@e@oil%n§é§-n%&3 sbeyed. t hat

| evel s of d zel n accumul ation 1 n pPE120 petal tissues reached up to
2. 759/ gFwtinpEubare &) 1035 MRS (22790 bPCTH EPO3L 06y kand8ycin 100Bairdzei n
accunul ation in transgeni ¢c_N. tabacum expressin chal cone reduct ase, ,
i sof | avoné"8ynthE®and chAME Ghe alnéjonég‘é‘é@t@gﬂivaﬁ?]e?}?ﬁ né \wHet gllé‘?klng
concom taﬂ&z@%@ﬁlﬁsﬁ% arpeef CE&% C@@@rrfi@ﬂﬂliCEaiﬁur@ﬂﬁhéhsﬁdt&\i;iﬂge@y@t has® g n
conjunction with a | egune chal cone isoperase in_the non-legum nqus pl ant
N. t ab]a%umaﬁ&st]é%l%e]tlo%eéﬁﬁﬁnﬁ%s‘isr?@nﬁ@ge’rn gt c?é@'iuﬁieffﬂl%ectﬂﬁﬂ%gt 6 }at%éla
f1 avonoi d zandioi spfd)avanatdoprofdd €oof t petadorinbssoes was determ ned. This
10 anal ysis was perforned by HPLC using hydrol ysed extracts of petal
tissue fromtwel ve pPE125 and six pPE51 transformants.

Cotyledons were cut from 7-day old Lactuca Sativa L. seedlings

grown in tissue culture. The abaxial surface of the cotyledons was
15 scored with a scalpel-blade before placing directly into the

A.tumefaciens suspension and co-incubated for 10 minutes.

The cotyledons were then transferred, abaxial surface down, to
solidified UM media supplemented with 3% (w/v) sucrose overlayed
20 with one filter paper (8 per plate) and placed at 25°C for 2 days.
The cotyledons were then transferred, axial surface up, to
solidified MS media supplemented with 3% (w/v) sucrose, 0.04mgl™

NAA, 0.5mgl™* BAP, 100 ug/ml cefotaxime, 500 pg/ml carbenicillin and

50 pg/ml kanamycin and placed in a growth room at 25°C with a 16hr
25 photoperiod. The explants were transferred to fresh medium every
14 days. After eight weeks, regenerating explants were

transferred to solidified MS media supplemented with 0.11% (w/v)

MES, 100 ug/ml cefotaxime and 50 pg/ml kanamycin.

30 Genomic DNA was isolated from shoots that had rooted and
transgenic plants harbouring the constructs were selected
following specific amplification of the CHR,CHI & IFS transgenes

respectively.



In the HPLC assay conpari son between hydrol ysed petal extracts from
flowers of N tabacumtransforned with either pPE125 or pPE51 15 indicated
that for wewanz79of the pPEL25 transfornmants a peak w th tPha/EPanel4s®t enti on
time as the daidzein standard was detected. By contrast, this peak was not
present in control (pPE51) transformamts.— To confirmour prelimnary
identification, the peak corresponding to daidzein was collected fromthe
HPLC and 20 anal ysed using GC-Ms assay. In addition, fractions with the

cor r espongicags g@icenpo it itiemp lwete celrkeched ftrensaetyg cad pEESIiameter

transformant and fr.om a dai dzejn ndard_as_control.s. - | ysSi

showed tthIC? h%oﬁ%atjéﬁf’igogref’ e Oarhi&f etpar ]f‘%/’éeOE i%%bﬁ&ﬁélg‘g? ¥ s
measur ed bepsi{d7&:31:84, ad83planutl 398 a] Mrdpadatmm inhe pPEIEErdomaetti 8h°Gher e
simlar to,those fromthe authentic aji dzejn_st a r e
fraction 1"’?’%{% SPI::Lﬂ‘rsl%l\fgap%m%eakA\];\n th g ‘é’le?nél g?gréggﬁﬁ‘ohgﬁ gg&g?v%\cnht h a
siml|as rekahi veheabundpage:of tdel nessimtednednsatonbilri rigittthe absksice of
dai dzei n. got%&nlgé ation, based on conparison with authentic standards
showed tRaP "P&VelS 'of dai dzein accunul ation in pPE125 petal tissues
reached up to 246. 79/ gFwt (4934g/gbwm) (Figure 8). 35 WD 03/072790

PCT/ EPO3/ Q1465 .- 40 . Exanpl e, 2; ansf,or Q0 40f + | HE Bt AR &ng i
transforng'felagnt& *Lac ﬁgggg%?cli v%r(ﬁ %%/Jq_o%p%ossa, .%Haou,o l\/Uscarna &’
Revol ut i ostbrAdt amef@Cenisr catbdueom PCR gusict iend éodbhienoidr anasesrs o
inoculate a 10m. Le k roth containing kanamycin 50g/m and

ri farrﬂfalélci 38586?H01§nqg/0;&ﬁ%§g%$%%' overnight with shaking (120rpm at 29C.
The overnight culture was centrifuged at 3000g 10 and the cell pellet
resuspended in an equal volunme of UMnedia and a 1:10 (v/v) dilution used
for transformation.



Cotyl edons were cut from 7-day ol d Lactuca Sativa L. seedlings grown in
tissue culture. The abaxial surface of the cotyl edons was 15 scored with a
scal pel - bWwada/oiybor e pl acing directly into the A tunefacPen®EPstigpensi on
and co-incubated for 10 m nutes. The cotyl edons were then transferred,

abaxi al surface down, to solidified tUM4redia supplenmented with 3% (w v)
sucrose overlayed 20 with one filter paper (8 per plate) and placed at 25C
for 2 days. The cotyl edons were then transferred, axial surface up, to

sol i di fi edxdMpleedi a supplresksicetlaticnhoB8%otatea) sucrose, 0.04ngl-'  NAA

(lz. Sngl-1 BAP, 100g/m cefotaxime, 500 g/nl carbenicillin and 50g/n

ananyci n_and |naro roomat 25C with_a 16hr 25 photoperi od.
The expl alREELR ormat, %M.?lum tugrs%. Sy I}S ysp Aftgr ei ght

(=)
weeks,_re ener ex n tran fer
suppl e n% Fﬁl g/l? . WE@S eﬂ?oéf?ﬁtlé’gf g%’c i n%g%%lﬁg ‘6&@ %g&aco
kananyci nlné’&ll@@eom Qoﬂ\lﬁLé&@l@xl aediat eftotn osdaheat sy thalanhath ram@exdl aset

transgenic plants harbouring the constructs were selected follow ng

sp/eCI fic aipindfictat Ponoofl the OrHRbEHRd 8£q¢§-@aaﬁs@3etﬁ\esshaké%qae&2|0y@w atwp
03/ 072790 / ERQ3/ 01465 Tr e RAAY

transferr eg(%tr J?"ica"msrefncub%%(l)?ns’ %g;?a%tﬁgé L‘Atéa{vsl %5?%%%6&%@03?? @?111 ?(%dd
wi th John th@n@lN@e:Ble& rpeudspemdecﬁ 33 ZZmletﬁﬂjrrptia@e@%th propegitted whtha
gr owtg%o aérﬁz Csu(\:/gotsh a 16hr photoperiod. After 1 week the plants were
r enmov he pr opagat or and maintained at 25C with a 16hr

photoperiod. Leaf tissue harvested from each independent transformant and

s previ oUETPUSREF B B 09072780 RERTEPOR baas: o g3 e JobREin 10

tissue culture, and placed axial surface up onto solidified L3 medium

[MS basal salts supplemented with 1.6% glucose, 0.8% agar, pH5.8]
15 supplemented with 0.02mg/l NAA, 20mg/l GA;, 2mg/l Zeatin riboside] and
placed at 23°C for 2 days.

The excised leaves were then placed directly into the A.tumefaciens
suspension and co-incubated for 10 minutes. Following co-incubation,
20 the leaves were ‘blotted-dry’ and transferred, axial surface up, to
feeder plates (solidified L3 media overlayed with 2ml of tobacco cells
suspension over which one filter paper was placed) and placed in
darkness at 23°C for 2 days. The leaf explants were then transferred,
axial surface up, to solidified L3 media supplemented 0.02mg/l1 NAA,
25  20mg/l GAs, and 500ug/ml cefotaxime and placed in a growth room at 23/C
with a 16hr photoperiod for four days. The leaf explants were then
transferred to fresh L3 medium supplemented with 0.02mg/l NAA, 20mg/1l
GAs, and 500ug/ml cefotaxime and 100mg/l kanamycin every 14 days.
After approximately eight weeks, shoots (~1.5cm) were excised from the
30 regenerating explants and transferred to solidified MS media

supplemented with 1% (w/v) sucrose, 0.8% agar, 500ug/ml cefotaxime and

100 pg/ml kanamycin.

Genomic DNA was isolated from shoots that had rooted and transgenic
35 plants harbouring the constructs were selected following specific

amplification of the CHR,CHI & IFS transgenes respectively.



Exanpl e 3: Transformation of potato Stable transformati on of Sol anum
tuberosum L. cv. Desiree 5 A tunefaciens cells fromtransgene positive
(PCR) colwnioa®72me¢ e used to inoculate a 20ml Lennox nedi ChEpbhowent ai ni ng
kanamycin 50g/m and rifanpicin 509/ and incubated for 3-days with

shaki ng (120rpm) at 29C. Followi ng incébation, this culture was
centrifuged at 3000g and the cell pellet resuspended in 25nl M5 nedi a
(pH5. 8) supplenented with 10 3% (w v) sucrose. Leaves were cut from 4-week
ol d Sol anum tuberosum L. plants, grown in tissue culture, and placed axial
surface up onto solidified L3 iym [ M pasal salts suppl.emented. with

1. 6% gl uc OB EEeEs, JEHE, H%.lgggc&%%plegﬁgnttéﬁnﬁﬁrhe Opa%llvf NAA t20151“?{;/ I
GA3, 2ny/ kréeatdm ofi baai dehgabshf plodeetb ats 28414 osupdldegrsedThetle Xas (56d)

| eaves were then placed directly into the A tunefaci ens %ﬁpe\qsi.ocn apd
co- i ncubat¥gd e 2p8 B Huteger PBRRTRGERY | e GBAFTTE, 2t26° the | EAVESSTR

wer e
‘bl otted- dry. aRdektansteid @deh axdbestdfraceatdForhent eaderstpkad e -80°C
(solidified L3 nedia overlayed with 2nml of tobacco cells suspension over
whi ch one fioir| swrsegagrly fhasonsiidcany) laptlayPaciet 2paly¥ar kness at 23C for 2
days. The | eaf explants were then transferred, axial surface up, to
solidified L3 nedia supplenented 0.02ng/| NAA, 25 20ng/ 1l GA3, and 500gg/ m
cefotaxime and placed in a growth roomat 23/C wth a 16hr photoperiod for
four days. The |eaf explants were then transferred to fresh L3 nedium
suppl emented with 0.02ng/| NAA, 20ng/l GA3, and 500 gg/m cefotaxine and
100ng/ | kananycin every 14 days. After approximately ei ght weeks, shoots
(-1.5cm) were excised fromthe 30 regenerating explants and transferred to
solidified M5 nedia supplenented with 1% (w v) sucrose, 0.8% agar, 500
gg/ M cefotaxime and 100 gg/ m kananmycin. Genom c DNA was isolated from
shoots that had rooted and transgenic 35 plants harbouring the constructs
were selected follow ng specific anplification of the CHR CH & IFS
transgenes respectively. WO 03/072790 PCT/ EP03/ 01465



- 43 Mnitubers were initiated fromeach transgene positive plant by
transfer of -3cmlong | eaf node to M5 nedia supplenented with 8o(w v)
sucrose awo 03/08mmgar and nai ntai ning in darkness at 25C PHImPhaibess 5 were
harvest ed from each i ndependent transformant and stored at -80C for
subsequent fl avonoid and isofl avonoi d-afélyses. WO 03/ 072790 PCT/ EP0O3/ 01465
- 44 Exanple 4: Food product: Skin appearance benefits fromisofl avone
consunption 5 The investigation was designed as a double blind placebo
control | egyghpdy 4wi th 33 femal e post-nenopausal vol unteers. The
participants were random sed in a parallel design into two groups to
receive foods with and wi thout functional ingredients for a period of 12
weeks in twdl pr&@ict hexdur abbedrpicet benstikdy fdde 1B8osLbjeet sohadmpoiayoi d
soya containing foods and stop taking vitamns, mnerals or other dietary
suppl enments. The study conprised two phases. Firstly, a "run-in" or
"washoygt " THehasevwhengstiyrectwscorieyigdedl ageboa f odas feor Hhimdwepkscebd 5

Secondly, an intervention phase n subjects were randonly. a te o]
consume’ f SOIETL2IPOWSEY %rﬁét ogghgﬁpgfﬁepoa y?auggﬁfggnfﬁéu E%%%?bng?é

i ngr edi entg @ cpbasebovd@odantioni sed ulit herparbQlekelissi @0 Sthedywbogdsuper e
provided as a |lowcalorie bar, The bar re.._small _(serving. si.ze ). and
provi ded o aV&rHgE 1 d(?al"‘BTtihesane?nd’”%’.olug 4 n.Ctllz'gré#fg{ﬁ %?%ln%itzsba%o%g a
cont ai ned:perddSeya lizsafded¢ories 2@ay. Eoeemhtedupetyphendl §hd0bhgdy the

@ _1|OI nc)slu qle%tg'mlgacgllggg av%ailaOt se&?all d%ogtgg%g foods and stop taking

vitamins, minerals or other dietary supplements.

The study comprised two phases. Firstly, a "run-in" or "washout"
phase when subjects consumed placebo foods for two weeks.
15 Secondly, an intervention phase when subjects were randomly
allocated to consume foods (2 low-calorie food bars per day)
containing functional ingredients or placebo foods for a further

10 weeks.
20 Study foods were provided as a low-calorie bar, The bars were
small (serving size 29g) and provided on average 108 calories and

3.1g fat.

Each functional bar contained:

25
Sova isoflavones 20mg
Green tea polyphenols 100mg
Gamma-linolenic acid 240mg
Carotenoids 0.25mg
Vitamin A 300pg
Vitamin C 60mg
Vitamin E 7.5mg
Vitamin B2 0.55mg
Vitamin B3 Tmg
Vitamin B6 0.75mg
Vitamin D 5ug
Folate 200ng
Zinc 7.5mg
Calcium 600mg
PABA 120mg




Vitamn A 300g Vitamin C60ng Vitamin E 7.5ng Vitamn B2 0.55ng Vitamn
B3 7ng Vitamn B6 0.75ng Vitamn D 5g Folate 200g Zinc 7.5ng Calcium
600mg PABA 03AQTE0 WO 03/ 072790 PCT/ EP03/ 01465 - 45 The pCacPhyofedds
cont ai ned the PABA (para-am nobenzoic acid) but none of the functional

i ngredi ents. PABA was added as a conpl-i dAce marker to all the bars. 5
Consunption of the bars containing mcronutrients of which the isoflavones
are considered to nost efficacious, resulted in a range of skin health and
appearance benefits: i. Inproved skin appearance and reduced signs of

agei ng due to reduced winkle 10 height;_ j.i. roved firmmess and,s

t one; iii.Th§bﬂP€Fe8ﬂdfogqﬁxﬁ?ﬂﬁal§ﬁ§n?ﬂ?VPAéﬁI{? A5 ERET YR TS ﬁ?lghaguﬁakes

one feel rhetd er ahoutuidigionaskingradienipr ovesh oxer akbdednt s oxictamilishag us

of the body and_ski 5 The statistical significance of each of the skin
LGt thagss b

benefits d¥ 3ffer ten weeks intervention is |isted bel ow
Par ameter week, 10 value i. Winkle height (replicas) < 0.078 ii.

restitutio
isoflavones are considered to most efficacious, resulted in a

range of skin health and appearance benefits: i. Improved skin
appearance and reduced signs of ageing due to reduced wrinkle
10 height; ii. Improved firmness and skin tone; iii. Softer and
smoother skin; iv. A less sensitive skin, that makes one feel
better about their skin; v. Improved overall antioxidant status of

the body and skin.

15 The statistical significance of each of the skin benefits or serum

changes after ten weeks intervention is listed below:

Pazameter - .. | Week ‘10 P
i. — ernkle Height ’ (re;‘)liﬂcas)

ii. Firmness (indent wvalue) < 0.075

iii. Softness/Smoothness (Coefficient of restitution) < 0.15

iv. Sensitive skin (questionnaire) < 0.05

v. Serum antioxidant status (TEAC) < 0.065

20



iv. Sensitive skin (questionnaire) < 0.05 v. Serum antioxidant status
(TEAC) < 0.065 20 WO 03/072790 PCT/EPO3/01465 - 46 Cains 1. A

geneti calwg oaod7pé ed pl ant or part thereof conprising daiPdTdiPa3/enaes or
derivatives thereof, wherein said plant or part 5 thereof is active in

fl avonol and ant hocyanin biosynthesis‘aﬁ@ “conprises one or nore nucleotide
sequences encodi ng chal cone reductase and one or nore nucl eoti de sequences
encodi ng isoflavone synthase. 10 2. A genetically nodified plant or part

t hereof acdeiming to claim 1, further conprising one or nore nucl eotide
sequences encoding a chal cone isonerase capabl e of catalysing the
conversion of 4,2',4'-trihydroxchal cone to 7, 4'-dihydroxyfl|avanone. 15 3.
A geneti cdl.l ¥ n@@néhuﬂﬁléVaan@¥f{ﬁ#t HM@@ﬁeoPracEéFﬁlrﬁﬁ%R?Q§ aiCRTP TGRS ei n

sai d one or HQ{cleél%Cla%Bt/bg n%éﬁ%%%e§ E}Qé%dﬁewhéﬁgi‘@%% 306ardbRgpt O

sequence identification nunbers 3, or functional equivalents
thereob. 20 #heyeqferiet iasaiivy Apdiiserpl amd gntparyantericyackerdt nifd o

claim 2 whergin said one oF ABre pHel &qtide SefHLRRees GRBREh§EShaSEGMENCES
according to sequence i1dentification nunbers 1,3 and 5, or a functional

equi val ents rédreicfse 2508, Angenefi CBALS MOWILEPEHID| afRIUNGSEr t CRRRA R

according toy §§@@a¢yy% Q{nthespreceding clainms wherein said plant or part
thereof is selected fromthe group conprising tobacco, Lactuca sp.,

broccol i, asparagus, red cabbage, potato, spinach, rhubarb, red onion,

shal | o, aubgrgine: i d-adShoa SN &s Rakder PsyA Q:he%@oba&:cl:ord/ﬁﬁgeﬁ:ﬁehﬂ?éhr@-nd
berries. 6. An"extract of a plant according to any one of clains 1 tp 5

wher ei n sald1exf?%&heRn§ﬁﬁPF§%%PQkQQEZ@an%ﬁ%/%ﬁc%ﬁQFﬂgﬁtF%%E?nces encoding

a chalcone isomerase capable of catalysing the conversion of

4,27 ,47" —trihydroxchalcone to 7,4’ -dihydroxyflavanone.

15 3. A genetically modified plant or part thereof according to claim
1 wherein said one or more nucleotide sequences comprise
sequences according to sequence identification numbers 1 and 3,

or functional equivalents thereof.

20 4. A genetically modified plant or part thereof according to claim
2 wherein said one or more nucleotide sequences comprises
sequences according to sequence identification numbers 1, 3 and

5, or a functional eqguivalents thereof.

25 5. A genetically modified plant or part thereof according to any
one of the preceding claims wherein said plant or part thereof
is selected from the group comprising tobacco, ZLactuca sp.,
broccoli, asparagus, red cabbage, potato, spinach, rhubarb,
red onion, shallot, aubergine, radish, Swiss chard, purple

30 basil, watermelon and berries.

6. An extract of a plant according to any one of claims 1 to 5
wherein said extract comprises daidzein and/or derivatives
thereof.

35

7. An extract according to claim 6 for use as a medicament.



thereof. 35 7. An extract according to claim®6 for use as a nmedi canent. WO
03/ 072790 PCT/ EP03/01465 - 47 8. An extract according to claim6 for use
in the trweatm®m79@and/ or prevention of one or nore condit PcMEPS®IB6t ed from
the group conprising; osteoporosis; cancer; nenopausal and post 5
nmenopausal synptons conprising hot flusﬁés anxi ety, depression, nood

sW ngs, night sweats, headaches, unrinary incontinence; pre-nenstrual
syndronmes conprising fluid retention, cylical mastal gia, dysnmenorrhoea;
heart di sease atherosclerosis; hypertension; coronary artery spasm high

10 chol estgerp % et 208 g@&o§dﬂkﬁ%§§% L gpai £4d %%gghtgﬂg éﬂﬂﬁkb%@ and/or

|nflannatory i seases conprising |n annatory | sease, ulcerative
colitis, Crobneeerdiiovase cned gthewes otehddrttihnpt selegtedUsErom Hhe egrowwt

accor di ng tocGhal p:6n the SoRRLLG, 15.Lisatmenk andlaraPr eueat i 0goo! one

%I
or nore condifions sel ected rom t he group conprising, sunlight induced
skin damage, mekérrusadi nkisymgtondss @mpskisAngenshet vi tilughess of agriaty,

firmess, ° agosrcAnan hahtogondibhon adbal dhess, 20ci8achse Olndipexj ract

accordlng toclaim6 in a food product or nutritional supplenent 11." A
genetical | y hpeeriiiggnseant srepeenstiéleof S¥eERishg tPIPAAYibge ofleidim 1

to 5 for useréaeﬁﬂ%ntre@yﬂ%él anﬂis%l 23, prcﬁ)’s@c@hb??h@éaOn%é&rrtm)ﬁﬁsease
conditions according to claim38 EB a genetically nodified plant or

part thereof athe eﬁgsﬁéfahWYRﬁﬁieéﬁl@maJrﬁQFOPérS i AN coPRemy ¢ high

treat ggnt aeﬂépésﬂ%&%\ienmgﬂe%eprge Pl's JTBES Qﬁﬁgiéécpnéo%ﬁ%%@' Rgntei &h Al M
30 9. 13. Use of a %pnetlcally nodi fi ed plant or part thereof accordlng to

any one of clBfREWEYOEYS FieaferodtPprdaiRy . lnflammatory bowel disease,

ulcerative colitis, Crohn’s disease; and rheumatoid arthritis.

9. Use of an extract according to claim 6 in the cosmetic

15 treatment and/or prevention of one or more conditions selected
from the group comprising, sunlight induced skin damage, skin
wrinkling, loss of skin sensitivity, loss of skin firmness,

acne, poor hair condition and baldness.

20 10. Use of an extract according to claim 6 in a food product oxr

nutritional supplement.

11. A genetically modified plant or part thereof according to
any one of claim 1 to 5 for use in the treatment and/or

25 prevention of one or more conditions according to claim 8.

12. Use of a genetically modified plant or part thereof
according to any one of claim 1 to 5 in the cosmetic treatment
and/or prevention of one or more conditions according to claim

30 9.

13. Use of a genetically modified plant or part thereof

according to any one of claims 1 to 5 in an food product.

35 14. A food product comprising a genetically modified plant or

part thereof according to any one of claims 1 to 5.



35 14. A food product conprising a genetically nodified plant or part

t hereof according to any one of clains 1 to 5. WD 03/072790 PCT/ EP03/ 01465
- 48 15.waomBomt9pr oduct according to claim 14 wherein saPdTiEPo#014pF oduct
is selected fromthe group conprising packaged m xed sal ad, soup, spread,
sauce, fruit bar and ice cream 5 16. -A4futritional suppl ement conprising
an extract according to claim®6. 17. A process for increasing the content
of daidzein and/or 10 derivatives thereof in a plant or part thereof,
wherein said process conprises the steps; (i) selecting a non-isoflavone
pr oduci ng .pl ant erein _said, plant .or rt thereof is.acti.ve

ant hocyani 'and*m?%o$l598%8Ftbf%§§ﬁghggﬁgf (??‘uﬁe%étfghgﬁinnﬁ%¥f§iﬁao%aid
pl ant to incpeasett hes astiodited Dfonchidie omeouredemiaseiagd passbyad onigxed
synthase in sajd, plant or_part thereof., 20.18. _A.proce cording to
ciaim17, whéf %%’§§P§’p?8€%¥% SFHFFheﬁr%éhﬁP?s%Edgﬁﬁéfﬁ%ﬁﬁry nndi?ying
said pbant or part thereof to increase the activity of a chal cone

i soner ase . capapl e .of. . catal ysj t c ' of 4,2 .,4!.- .
trihydroxgﬁglcg%énggl;?gnggiagéﬁésg%ataggﬁggg%ﬂg% %ﬁ%e%%ﬁiﬁgcéggoggé%?dF%g to

claim17, wheieim @aid plant is genetically nodified to incorporate into
the genone of the plant one or nore nucl eotide sequences according to
sequence identification nunbers 1 and 3, or functional equivalents 30
t hereof . 20.. AXrpresssacéordiimpreesthai whes, carttensi ot sdpddpeimt apg/or

genetigal |y pgpd]fiedlo insarponate into the genemeof. ke yherein said

process comprises the steps;

(i) selecting a non-isoflavone producing plant wherein said
plant or part thereof is active in anthocyanin and
15 flavonol biosynthesis;
(ii) genetically modifying saild plant to increase the activity
of chalcone reductase and isoflavone synthase in said

plant or part thereof.

20 18. A process according to claim 17, wherein said process
further comprises genetically modifying said plant or part
thereof to increase the activity of a chalcone isomerase
capable of catalysing the conversion of 4,27 ,47 -

trihydroxchalcone to 7,4’-dihydroxyflavanone.

25

19. A process according to claim 17, wherein said plant is
genetically modified to incorporate into the genome of the
plant one or more nucleotide sequences according to sequence
identification numbers 1 and 3, or functional equivalents

30 thereof.

20. A process according to claim 18, wherein. said plant is
genetically modified to incorporate into the genome of the
plant one or more nucleotide sequences according to sequence

35 identification numbers 1,3 and 5 or functional equivalents

thereof.



pl ant one or nore nucl eoti de sequences according to sequence 35
identification nunbers 1,3 and 5 or functional equivalents thereof. WO
03/ 072790WB@3/HEROB/ 01465 49 21. A process according to &ay/EPEoahs cl ai ms
17 to 20 wherein said plant is selected fromthe group conprising, but not
restricted to, tobacco, Lactuca sp., brottol i, asparagus, red 5 cabbage,
potat o, spinach, rhubarb, red onion, shallot, aubergine, radish, Sw ss
chard, purple basil, waternelon and berries.

21. A process according to any one of claims 17 to 20 wherein
said plant is selected from the group comprising, but not
restricted to, tobacco, Lactuca sp., broccoli, asparagus, red

5 cabbage, potato, spinach, rhubarb, red onion, shallot,
aubergine, radish, Swiss chard, purple basil, watermelon and

berries.



