22 JUN 2006 WD 03/072790 PCT/ EP03/01465 Nutritionally enhanced plants. Field
of the invention 5 The present invention relates to the field of inproving
nutritional content in plants. Mre particularly the invention r&l dyieg006 o
the nodification of selected plants to inprove their content of oestrogenic
conpounds 3YAYY2PRe plants and plant derived products oBEHEREHIESS
therefrom 10 Background to the invention |Isoflavones are a group of

oest rogeni ¢ conpounds which belong to the flavonoid class of plant
secondary netabolites. These 15 conpounds are produced naturally in certain

pl ants expressing the enzyﬁgkgf%ggégﬁ@ggnﬁ¥ﬂﬁggigaﬁgﬁ_in particular in
| egum nous plants. The pr wn to provide several
advantages including the facilitation of antimcrobial plant defences and

est abl i shi ng; bacterimd akehtiigpl synmbioses within plants as well 20 aiding
nitrogen fixXatton rm root nodufes. In addition to the advantages that are

conferred to plants, the dietary presence of isoflavones is also believed

t2 0 EVFViSjedTﬁkﬁnfﬁﬂets??{:o byt 1Baal thiateer @@amahe,f@i@:oar Yot soizdpaweﬂle@ are
5 believed to bhe effective at u0|ng e risk_of c

car di ovascuP&r™ Y %ﬁgﬁﬁlsecc’%e“ﬁre’é’e Lankg- t#@rﬁuﬁﬁﬁtﬂ?ﬁa‘ﬁﬁe t&’r?l "SVSBH%% of

i sof | avonesreratescent ahn he@iﬁmmsmchf aSemybéaplmta:hm:km{&:ovSoyhelr

constitutes br}/teng fafr secr nlc di S%pac[%ﬁo% ’to y g}g}eﬁg{) ?ﬁg %;?5}119” of

f ood produc?s Wit so oy- extr S may adverse avour
profile. |tdewiied ptﬂﬁu&&@rebtﬁandééertﬂﬂrefr@nextend 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

af fect the Bagkagapngrief ithe Hiveatdemduct. 22 JUN 2006 WD 03/072790
PCT/ EPO3/ 01465

Iscflavones 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  believed 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 soflavones in nature, it would be necessary to introduce therepn Przgﬁ?ﬁ new
genes, nanely chal cone reductase 5 (CHR) to co-act with chal cone syn hase
(CHS) to de&PSZO':'ZZ?O 4' - trihydroxychal cone, a suitable chBCEGRE/4Sner ase
(CH') to convert 2',4',4'-trihydroxychaj cone to liquiritigenin, and

i sof | avone synt hase’ (1 FS). 10 The applicants have now found that the
approach disclosed in WO 00/53771 does not all ow the formati on of dai dzein

|0 respect g8 ofphy Al A s RUriner TRre dle aRp! Laanag.bel ! augadial e

transformatlono he to as exenp daon-ex
00/ 53771 i stymsigeunt | Welng st oh@tr cucett pme@@saw id!pilracnoeaé;@dpaii@ahreaedls of

dai dzei n as. Qi RS ?—B élf‘cea%b@l’%ntege gi Hat@e“d'l‘%s WwoaLd | 5 %Besgifr yu et

al ., (Pr oductl on o |sof avones genistein and dai dzein In non- une” di cot
and nonocot t¢ i s’kresiuce PFhﬁlfeilﬂh)FshrGP ngP0geTH: WW?%F*‘%%W%&%@“&H%% ption

factors 0 28i@ndR W-Gltt b@tﬁothaidd}@ucstyhenasﬁ @iyand | £l g anop+ -
differentiated Bl ack Mexi can Sweet f I\/Sﬁ)hlarral ze cultures. This ac%gr oach

yi el ded onl {EPEEexEthatenns: o Sél‘é(F heopesiiigReresy | (CHE} ke CPBVeHe use
of this singlgrgellesiysiieskyshadicank Ngranyliconel tisjemis, I ehat i g flavone
enzynol ogy and reg I]gst%j on of secondary netabolic pathways in differentiated
tissues is APsEdS'n the art as unreliable (Stafford H A (1990) CRC
Press, Boca Raton FI orida p. 225-239). 30 BMS nmize cell cultures are

undi ffefff LA S L2 MRle 36K ¥Ephd nldeaR0lBLOSHN D3RS a Iy O et T Ve
t echni ca pro%l epr'ﬂ & sol the I nvention tﬁere ore
relates to @%ﬁééddpﬁs pmim@éon‘oﬂiéﬁ éomtsoz QfJ@NLQiEEZ@ NO B3PeFR 79D

PCT/EPOB/OlAéﬁ& plants. Furthermore the applicants believe that the
transformation of the tomato plant as exemplified in example 3 of
WO 00/53771 is most unlikely to produce tomatces with increased

15 1levels 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



- 3 which conprise significantly increased | evels of daidzein and/or

dai dzein derivatives. It has now been found that the.solution to this
problemlies in a 5 process which selects a non-isoflavone proddd’iﬂg] bant
or part thereof corrprl sing both active anthocyanin and flavonol pat hwa

and al ters ¥QPW7B™Ant to increase the enzyme activity of BRHERGd465, educt ase
and isoflavone synthase therein. 10 At_the time of filing it was not known
that the selection of a non-isoflavone producing plant conprising both
active anthocyanin and flavonol biosynthetic pathways in conbination wth
an i ncrease, i) Lhese; SPagihh &, SNANTE Ackialdl 630! de DG ARt Qi gyi de
plants with PRcr eased 1evers ot daidzein an eri va i VEs B fher

Defi ni ti on &fidzeimsiexinaniveof | avone produci ng plant is suitably defl ned by
the absense of isoflavone synthase enzyne activity which renders the 20
tissues of the plant unable to produce isoflavones. The absence of

i sof | avone Eyhaasev kagnyifeynd dhabe thet ¥riwthen ¥ BdNi ByPptemh Ligegitide

result ish gr&icandardi ENZ¥EE-ASSA Asn-disselosad Im:oéiuegn@t pladt , of Nadty €
Bi ot ech. VoI 18 Feb 200Q E B208 212) |ncor$orat ed in by reference. 25
r

The term p‘?tﬁt’ﬁ“&‘:ﬁ%ﬁrﬂsﬁﬁ ] %tHY§e&nﬁ}é Céiaﬁ’lf‘oanfg AP Un PEERYAY¥S pl ant
or differendiidatzedess cnmdoi:mﬁt | to fmmmga a:hléaéhzyxﬁdﬁe\rcﬁ(ﬁfrit_\f\ ¢ardhabtome pl ant

for the pur po etof th 1?llawlon mar}/i_‘has te 9 | eaves, stens, fruit, seeds,
flowers, rootsy tibel s 13‘6 e expY eSS on "T¥¢feasing' is used in conparison
to an equivalent unnodified plant or part thereof and may be on an absol ute

dry wajight S I Nerl i ] f 0
i nt roduc?gd %@%ﬁ-{? tqgﬂgcggs%(%?ﬂ(%:l% ﬁ'{/aregfltﬁogl% QTEII s%eaq%r]%aelwgs% Ehfgéldt &;5 is
geneti cal | ynqrdeﬁpfhwon@hére@@lnzzpéw 2pgprising both active anthocyanln

and flavonol blosynthetic pathways in combination with an increase

in these specific enzyme activities could be used to provide

plants with increased 1levels of daidzein and/or derivatives
15 thereof.

Definition of terms

A non-iscflavone producing plant 1s 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
isoflavene 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 hy 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 comparisen to an equivalent
unmodified plant or part thereof and may be on an absoclute 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.



WO 03/ 072790 PCT/ EP03/01465 4 Daidzein as used herein is taken to conprise
7,4' - di hydroxyi sof |l avone. Derivatives of daidzein are taken to C??@gﬁﬁ@

t hose nol ecul es which result fromthe cellular biochem cal 5 nodi [ é of
dai dzein. Preferably a daidzein derivative is selected fromthe group
conpri si ng PP &¥YeHPpans e. g. medicarpin, glyceollin, isofPﬁVEH@N@%5
e.g.vestitone, rotenoids e.g. nunduserope, isoflavans e.g. vestitol,

a- met hyl deoxybenzoi ns e.g. angol ensin, 2-aryl benzofurans e.g.

centrol obofuran, isoflavonols 10 e.g. 7,2'-dihydroxy-4'-nethoxyisofl avonol,
i sofl av-3-enes e.g. haginin, 3-arylcoumarins e.g. glysyrin, counestans e.g.
counestrol, coumaronochronones e.g. |upinal bin, coumaranochronene

e. g. pachyr rbiisigatne. a5 Des¢dat heesinf dai dA@ikennaytal seoppside f fofione or

more chem calyyREREEITavERd ETedvi £ Ot BE EHiQUR: £ OMY itSikBE FRtdbalion,
gl ycosyl ati on,” prenylation and ether |inkage. A plant or part thereof that
is active i¥hoast hseﬁ%ﬁﬂlﬁsm BRI heseylt 20E0e8s BRe acts e laAt SFRRMECHat hway

and i s tsakefodi@ieQHYH St a dhl §Sdkeh Wb £d¥ecAADY | SeSadTRNAI BNGREt Agricke f nore
enzynes selected fromthe group co rLsLng dlg%droflavonol reduct ase,

pr oant hocyaffi ‘dichedy AF s & aAge 9§ﬁﬂﬁﬁéﬁ.fP5 &3S 0 - 9 -Medicarpin,

gl ucosyl t r agisfeebasin, 25 Fosfiahenpuegosee of . vebheifpmgent daveanidon aetgve

ant hocyani n__bj osynt hesi s be determned.in_a pl.ant. tj hy_a

spect rophotr?)‘f'lr"é]{ulﬁle Oqeéstls\ﬂgg?%?nns absor B’S?ltc%%f g ‘H‘g‘éﬁod)?‘s’%@g%ﬁezé’ﬁ%[‘s exiract at
)., Vis-max #8668 i 3-amdbeatofrrant a@ngacever@@bafitthaty absef lgabhoks .

Pl ant t.i.ssues_ ar FO j Lgu%g ';rqg&@ ‘QQQ extiract 2. W b, 80% L v/ V)

et hanollozt ﬁ'o:ng/%“/gOl&l#}g(rdrgéki n at tﬂlrjo}‘(r)lm te?r%erat’_urels?- 22/ C%M.e F%I I ovvi‘ ng
extraction hagindel | dEtivdcpumagiagoved by fiOlYFEEIion t FPBRGHRS0. 45n9 -

MIlex_HV f&édﬂ%%tﬁ&%ﬁ cdiMakbhOHBMEREP, e USA1upl A1 Bl anJumB ¥ iR okd@D! ) 1S

mxed wth 35 12M HO (401). The acidified ethanol extract is assayed by
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 is taken to comprise a
tissue which compriseé mRNA encoding one or more enzymes selected
from the group comprising dihydroflavonol reductase,
proanthecyanidin synthase, and UDP-glucose: flavonoid-3-0-
glucosyltransferase.
25
For the purpose of the present invention active anthoeyanin
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/700xl for 30min at
room temperature (~22/C). Following extraction the cell debris is
removed by filtration through a 0.45pm Millex HV filter unit
(Millipore Corp, USA). The ethanol extract (360ul) is mizged with

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



WO 03/072790 - 5 22 JUN 2006 PCT/EPO3/01465 spectrophot oneter and
absorbance determ ned as Al,i.-nmax aeo-560nmwith the A65, subtracted. It
is preferred that a plant or the part thereof that is active in 522 JuN s
ant hocyani n_bi osynt hesi s contains nore than 10ng/ kg fresh wei

ant hocyani N Prg‘?% ™Breferably at |east 100ng/ kg, further pPGT’E&?%““at | east
1000ny/ kg and nost preferred from 1000_tgo 10, 000ng/ kg fresh weight.
Suitably this is calculated fromabsorption values according the fornula C
= A*MM103*DF/ (e*l) in which Crefers to 10 concentration, A refers to
absor pti on éas def ned above DF is dilutjon

|
factor: ‘?ﬁ’f'IrSP LLEL i 6‘%1‘1 at?&é’f:ﬁ?‘?:m ec%i;%rngge ?0’?*“&?’5?1#%1%““‘3 Bttt osi de

t he rraj or afﬁdﬁ@ﬁyaﬂlb’traiclﬂedﬂature) and 1 is the path length. 15 A plant or
part thereof which is active in flavonol biosynthesis has an active
flavonol pathway and is taken to conprise any tissue which conprises nRNA
encodi ng onIatdrs poe fe ey st selpdebedod rtbm patie tgegespf Cdvapr isianpizhalrone

synt has h%%ggni %fd’s%‘éhesié RS %J%det‘?‘ﬁ %ﬁ {ﬁ& ayQngl w%i’@ﬁ@ase-

20 For t e pur pose resent 1nvention wh I's actl
fl avonol bi ¥sihockasin, Webérd&@bﬁi&'n@d IRassr éBﬁW/H@ra fuﬁ?ﬁ?%l@@éérﬁ*%sue

extract and;deigcdd oirbofe)ﬁglr%caﬁ@awﬂ SpredarFOd eXdd aLhdPNeo 16 VRRgAKE
har vest ed and flash frozén 1n th| d nitrogen before bei n% stored at -80C.

The tissuesf&ts® VRéF Y ouﬁﬁ’dta’E’%Y Hisnds perdilat 8d ehier &P5ORBHRTe N8OERS ni x.
An al i quot #i¢cyBdihli ShéM xdai@al & &hammtoﬁam/qd*iprlﬁmfnmtc e@ets to

t enper ature 22C) . in 80% (v/v n 10 [ 700] Fol.l ow n .
ex{nrjact d(; C%“%etnﬁﬁ‘?"@eqw béeit%r)f" % ?’PB figgr%? Hied rﬂ’%’ﬂf’ gM%.h%m
MIlex- HV holdceianniveigivl;l | DHoi=e dblm,lonJSAaactdlihe §il¢rmbbard sexgtiocetomt -

200 prior {8, FlG: 30! %3800 PRS- YGRAI %S §Yg AldaAGE Send Qblybr Ol kRN it 1 S

in nature) and 1 is the path length.

15 A plant or part therecf which is active in flavonol biosynthesis
has an active flavonol pathway and is taken tc 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 TFor 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, USR). The filtrate is stored at -

20°C prior to HPLC analyses.

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

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



35 each tissue extract, before incubating at 90C for 40 min. WO 03/072790 -
6 2 2 JUN 2006 PCT/EP03/01465 After hydrolysis, an aliquot from each
extract is filtered through a 0.2m PTFE di sposable filter (Watman). The
filtrate (201) is injected into the HPLC system (HP1100, Agilentjzwumzam
aut osanpl er ained at 4C. The anal ytical colum (Prodi Phen 3, 4.6
X 150mm dﬁgtgﬁ12&E|ze 5m (Phenonenex) is held at 30C 8%??®ﬂ is by

di ode array, nonitoring at 262, 280, and; 370 nm QObserved peaks are scanned
from 210-550 nmto obtain spectra. Chenstation software (Rev. A 8.03) was
used to control the systemand collect 10 and anal yse data. Absorbance
spectra (corrected for baseline spectrum) and retention tinme of peaks are
conpared with those of commercially available flavonol standards to

determi ne wiEtifePYERRIIEnt 30 | FSGOF STREEL PRER SKETRAC fARfOnEPT R SEFREMRSI s.

I't is prefegred hhalred BL?;FBsa%rlet @?111?@_“ (whBesanf, tﬂ?@t f'1§t§é3€é v@oh {4 avonol
bi osynthesis contains at |east n? resh wei | avonol , preferably
&

t
at | east 100MFHGINDRE phef ﬁﬂﬂc’ediy er e‘é?tllo@o P@Ggeﬂﬁy k‘@}a ABstutRsereieRd from
1000 1o d00fs flﬁﬁ.faﬁgedﬁatwectw?@aénaq 'c.'iéé %&mﬂu%&%byepﬁﬁmeacev § Any

sequence encodes a protein perforns the sane biol ogi cal
function. ZBSOchopdrt@:JteosanetHs}err éPbodimeenk) ix heddtaonHl°Cy ceptiecéient

nuct cot [ de SEAPNERANANS. P! LEASL 0L Lhoho L EFFREE! SR

sequence. re er abl |ona equi‘val eht sequence ©S
| east 60% perks mref ecereedtfdcaadl0753%) n@vén bty esgmcdfar r Shkrgtakderst 80%

even more preigited @iy | aagt o?P%qas 88l ¥ &lpErsd On 35‘}99{%%{& id¥ielo the
respecti ve DNA sequence (DNAStar MegAlign Software Version 4.05 and the

Cl ust al L&l gond BB vyeetdatd-def aul t paraneters)

Absorbance 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 tco 10000mg/kg.

A “functional eguivalent’ nuclectide sequence 1is any sequence
which encodes a protein which performs the same biological
function.
25
According to another embodiment, a functionally egquivalent
nucleotide sequence 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



35 According to a further preferred enbodi ment a functionally equival ent

sequence shows not nore than 5 base pairs difference to WO 03/072790 -7 22
JUN 2006 PCT/ EP03/ 01465 the respective DNA sequence, nore preferrszUINeﬂEﬁ
than 3, e.q, onI%ﬁl or 2 base pairs different. According to anotﬁ r

enbodi ment  YOAB M %nal Iy equi val ent sequence 5 is capablPETEPOHYIHES di si ng

under |ow stringent (2xSSC, 0.1%6DS at _25C for 20m n) conditions to the
respecti ve sequence, nore preferably a functionally equival ent sequence is
capabl e of hybridising under nedium stringent conditions (1xSSC, 0.1%sDS,

25C for 20mn), further ferred a functionally equival.ent 10 sequence is
capable of FybreaPer g, Ml ShEfed, TG RPSRenhel PSR Tced e ¥eDs,
25C for 20mimr 2Pbefermdilng dbfBgpental ent - DNA sequence i s capabl e of
transcription and subsequent translation to an am no acid sequence show ng

at 15 least 50%identity to the am no acid sequence encoded by the
respecti ve Brgorsidgticheanovbes ¢nhodénerty a fhechinngd liceahisadarhceequenads| at ed

from an equi yal &l 1 PNGrSROHLNAS 1HGSuded 933t sBPYAgIRT Q2xB5ES & I18@pat at cast
75% even nore preferred at |east 80% even nore preferred at | east 90%

nost preferfed 9527089 iabntErGitrrE0 Ehe TR NPSRECELIER qUABTEENEfcoBEHS by t he
respective PiNfesQEUENGE ruBROSIraN 1R 01981 SOf t WRGRe YOS SiiaN daghblandot he
Clustal algorithm  set tq def aglt par ameters.c) Eri ef de?irisg:ti on lgf t he

i nvention 2BYA% HIEPhoRBBENTEEUNY £ HEPITEY el COBPARt P Sl TF FLonpt i 12&P5

si gni fi cant £5°ci nescasesiheyelfaroieiapdeitreandd orfutat ized Ny degquikatlenes nay
be provjded by a plant or.part_thereof which.has. bho ctive _ant.hecyanin
and fl a%/(gnofe%ua nﬁ%aﬁlsé e bﬁgso%eh he lsglergfef1 ?c(i:%ﬁalshﬁ‘ gﬁo%??fheq(? n%éoc?Pn%lEgg}s{% t he
enzyne acti v tixsef, CHR %S, 2FS foerddman) .

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 amince acid sequence encoded by the
respective DNA segquence. 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 inventicn

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



It is atherefore a first object of the invention to provide a genetically
nodi fied plant or part thereof conprising daidzein 35 and/or derivatives
thereof, wherein said plant or part thereof is active in f1 avondil AihdZ006

ant hocyanl n bi 03 nt hesi s and conprises one 22 JUN 2006 WD 03/072790

PCT/ EP03/ OY#S8YE%r nore nucl eoti de sequences encodi ng dHAVESHB4FRduct ase
and one or nore nucl eotide sequences egcadi ng i sofl avone synt hase.

Parti cul ar advantage has been found to result fromgenetically 5 nodifying
said plant to also increase the activity CH, wherein production of daidzein

in the ti S%tfeﬁoeenﬁ@éml%o‘g@&&c%g £Rkh: g CHEBSEn O ViRl hesaDHd i fati on to
increase CHR and I FS activitieS alone. This additional benefit has been

found to bOTdBPEHIWEELeBhide HFeIUERS: PERODIMIa 1epflavesrof YR M€ i s capabl e of
catal ysing the 10 conversion of 4,2',4'-trihydroxychal cone to 7,4'-

d|hydroxyfl e (ligquiritigenin Suitable CH 's are_ obtained, from

| egum nous ﬁFg LglarAt ‘g’&?ﬁai% F??Te e?’bnf%urt‘f!r t‘-\’/ve?egsfﬂl%bdgsﬁog‘) gef‘ﬁgl?ae]\}é’l of
dai dzei 68 pmesefyirg) wxOrv@lahbnab &byo ticrenssubbe aepinesgniCHIa sherdihi cant
| mpr ovenent tguégy%na%& ldgeresﬁ%lnedtiéguéér% néé %%o%%ﬁaglyb fold

denonst r at €5 °a" gyner gy FréRFEC s ncrease ree enzyme
activities 1W¢ea-eseame\xethﬁt¢mb¢anﬂhlomrt@ fihexerss Cﬁat apdyErfaretpvisiest in a

plant. A fifighe ?”ﬂﬁ? Et%natlh%e'n@éﬁﬁ‘tﬂa%“ btelaﬁr ebhe &Prﬂér 'd%Sén@entzQ;n

genetlcally nDdIer nt or fart t hereof as described above, further

conpri si ng t@ﬁef’@%e%-roé‘ Afick eGth decseruetdes &9 ceRRaRg e a0 cPANadEAENY der ase

capabl ggof Gatvatydnng t hgsconver siron- na‘nhg}dzoxybhau&bzkwdroxyt@hal congrto
7,4 -di hydroxyflavanone 25 A furthe enbodi of the invention conprises

a geneti cal¥y¥d Wfﬂﬁganﬂ%nfl’&u%éﬂg%&} eo?uh%abc}éscctﬂlIbéd 358 0fR e i n
sai d one @rofiDLegunitionst plAstsSeqencns IBDFﬁilmIeSE(SﬁanecﬂhQESﬂea@ﬁﬂr]das‘lg;)tO

sequence i denti figatign uahers 1,803 10 cSWARLIONR S YRl entsuther eof
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 eguivalents
thereof,

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

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



In the preferred instance where the synergistic advantage of an additional
CH increase is sought, the invention relates to an enbodi nent wherein said
one or nore nucl eotides sequences conprises sequences accordi ngt filNsHiiuence
identification nunbers 35 1, 3 and 5, or a functional equival ents thereof.
22 JUN 2008"Q¥3'G8PH72790 PCT/ EPO3/ 01465 - 9 In a furt her PERBBOMSAL ¢ he
invention relates to a genetically nodified plant or part thereof as

descri bed above wherein said plant or part thereof is selected fromthe
group conprising, but not restricted to, tobacco, Lactuca sp , broccoli,

asparagus, fed, 5f‘}?19& .a.;'geembB & i ’l%'antlaflt’bﬁélbate nbe%tﬂélthg}

auber gi ne, T adi s W SS c pur ple basi wat er el on a errie
Pl ants or pedidiedepdait nouli P#Jéfd therge€ordadescnilsd tahevienwdarebnh saisl

increase thaidhccopt g8 Q‘fhéi%b@z ek Nsandiel dadrflzgien g‘ii‘éﬁb Vabhesii, %@c
particul arl'y advanta eout or providing health benefits associated with
%%b 8f

i ncreased diBt &e§tEbt FQF9cRv 0 ARSLUGS| SRt 5 RFOCCRALL S2ERREREEF: nERA

t her ef orse bﬁb%&@d epdtheio, i Bpimein, matlwleﬂ geat enidl, phapased apeagend,ract to
treat disease,.s gs or nd ce he enef.its s a % Eventatrve agent or

by counter &Py “afafhy PYEP ?(ﬁﬁ? g V?Ffé@% Fr6t% he i nvention

therefore provides an extract of a plant as descri bed above wherein said

extract compylses,da dasl deplo AGLVRILY S5, LRBEER0e20u fh i 4nQBhEES, Of the

i nvention provi €SCr1 Usé as a nme
In a pref ertedrenbask el randntentt ofc tabdadndirng/ e datidzeiw edntiigatiess be

used in g he, tr e%*a?‘éﬂéulaf}'l?/ OLaPIAUGRLLON Rfr OPE-PIaiNGr €nENH tQRSsSE] ect ed

fromthe 25 group conprising, osteoporosis, cancer; mnmenopausal and post

menopausal 395eRed coivpr 18 TRASRE drqhﬁérresptadﬁxpéwsofdeﬁp%@ Fantigyd

SWi ngs, ni ghHrtsWeat SeoM@AYAENES£o#BI bOAIL BREOREH rlQﬂQ:ﬁelﬁrﬁatdﬁmSEEé@el
syndrones conprising fluid retention Xllcal nmast al
or preparéd as a extract to tre disease stat s 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 whereln said extract comprises daidzein
or derivatlves 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; BAlzheimer’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



dysnmenorrhoea; heart disease atherosclerosis; hypertension; 30 coronary
artery spasm high cholesterol; Alzheiner's disease; inpaired cognitive
function; inflammatory di seases conprising inflammatory bowel di £@ald, 2005
ul cerative colitis, Crohn's disease; and rheumatoid arthritis. Cosnetic
benefits n¥¥P BHe gained fromthe use of an extract asPCHEPRELSF bed
above in the treatnent and/or prevent i__oi\O of one or nore conditions selected
fromthe group conprising sunlight induced 22 JUN 2006 WD 03/072790

PCT/ EPO3/ 01465 - 10 skin damage, skin winkling, |oss of skin sensitivity,
| oss of ski.n _firmess, _acne,._. (_haiy conditj.n n I S., Lhes

medi cal and ¢8s r(riea{n?%e’be%%%} t%rlglr%gl% ’so{%srsovo?fde%}(%yai%gqﬁég{@% olfostsht-‘?e"E
genet i cal | ywkindifimgspl amtreopoparitad rt henrdidfionczwt diadgnedst he i nventi on.
Upt ake of the daidzein and/or its derivative may be via oral or topical
applications. For convenient dietary uptake of increased anounts of

i sof | avonesThesg mediqrit apd S@?I%eﬁlﬁe¥’66$fjd:@cé‘¢§i AYSe oPxave dedvent Hvh ungy

sui tabl y bed near eeﬁ@gﬁqlh?tﬁo@iﬁ_i@adpmawqir YarByt Ehdidyralaceyp@i et -
Hence, a further object _of the_invention provides for the use of a

genet i cal | yheodPY§Hd OBt afRtade Bhrthe HatestinoAndfon i taxfratatdde %G8 bed in
a food produet ofd) it Ebpi@akppuppdtaerat . 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
i ncor por at ebr icnteerfiead piedugt siphekdof iadveassl wmafihegtohdg solfida¥dramsour

prof i | 020 0%, aeh, Praduchin.bb thisdeay an Addilianabarnablembmy g art is
sol ved By tth presen%J ] Rvention. %u\r{? er o%l ect eg?: the inventiom i s
t her ef or e tigcprpwiatedaifbpd fppddersducdnpr initngtbonpdneupebenentnotéideed pl ant
or part they ealy 3 AGRALIENGe! Qlne ARBELLP! hoGy RRAYCroT BhET @B Yo fz00d
product according to the invention will be frozen to allow the content of
genetically modified plant 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 te 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.



dai dzein and/or its derivatives to remain stable on storage. In a nost
preferred enbodi nent a food product according to the 30 invention is

sel ected fromthe group conprising pre-packed m xed sal ads, soupszzéﬁNé@&s,
sauces, fruit/cereal bars and ice creans. A nutritional supplenent
conpri si ng WA PEct of a plant or part thereof as descPCHERS#MSSe is al so
provi ded by the present 35 invention. f;_gUN 2006 WO 03/072790

PCTI EPO3/ 01465 - 11 It is a further object of the invention to provide a
process for increasing the content of daidzein and/or derivatives thereof

in a plant_or, part _thereof, erei,n said process conprjses the steps; 5 (i)
sel ecting dtdf- F‘s%‘ﬁ%&né’ga?\é\gu fntg‘epllﬁﬁ?rp‘ﬁm r Pnpggﬁ) %1%t

t her eof i s iacteweingn that bacyeani nf aded dzk v amel/ or bdesiyat hess sthefep¥ in a

geneti cal | i fyi Sal l.an in LY.L one
reduct ase %gg?s% F%%BngE%?ﬁ¥ﬁa§%§$ﬁhsg%ﬁﬁgﬁg%gg%?ﬁﬁ%ghégﬁ3&th€ of. In a
first enbodi nent, the process of the invention further conprises

geneti cal |y ;yodiduiRgnsal %&Lgezsfpc{voe@ggrm%&ﬁefpﬁﬁt WHEFEAS Gali Hep gt Vi ty
of a chal cone isonerase wherein said 15 chal cone isonerase is capabl e of

catal ysi ng the @onParki ofhegreots, 3 2ctive hydr oRhEraveshe tepd flavonol

7, 4" -di hydr oxyfii@sgnenesid;n this way the process achieves the synergistic

i ncrease in the content. of daidzein.and/or its .derivatiyves. 20 furt her
enbodi nent %ﬁér%‘?r’l‘?ttlﬁ%ha%tr?c\?il?yl’bq ?ﬁ”rgl BOMRY Ty dOLEERSE 4 ia§§f‘1”a or?eft

synt hase are toclaicbner eagettasenpni sesod appoe esgntdmsediiacisasé dpBiay exwher ei n
one or ,pore nuchgg;%%grggguences according to sequence identification
nunber §°1 and F>7or “functional equi val ents thereof are stably integrated
into the genonme of said 25 plant. To achieve the desired increase in

activi ty OfInChéll Cf@?@ti %%B%t, the process of the invention further
comprises genetically modifying said plant or part thereof to

increase the activity of a chalcone isomerase wherein said

15 chalcone isomerase is capable of catalysing the conversion of

4,27 .4’ ~trihydroxychalcone to 7,4’ -dihydroxyflavancne. 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
ta 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 seguence 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



a preferred enbodi ment conprises a process as disclosed above additionally
conprising stably integrating into the genone of said 30 plant one or nore
nucl eoti de sequence according to sequence identification nunber gd fr
functi onal equivalents thereof. In a nost preferred enbodi nent t% % gw@ss
accordi ng Bﬂﬁrmbnventlon relates to a plant or part thereof selected from
the 35 grohg conprising, but not resticted to, tobacco, LEETE

broccol i, asparagus, red cabbage, potategy spinach, rhubarb, red 22 JUN 2006
WO 03/ 072790 PCT/ EP03/01465 - 12 onion, shallot, aubergine, radish, Swss
chard, purple basil, waternelon and berries such as strawberries. Detailed
descrl pti onm,ﬁL thesﬂarﬂggtl ggbgr(ﬁfn%eq ghenggﬁggg gHOS)bgg{;fél BaSZYyTE for
i ncreasing t fissue” content © e|n an zein derivatives may
be a genon1¥?ﬁﬂ#meb?RWQW9IBﬁ€¢lQﬁ’SaceeﬁhéﬁéﬁﬁQﬂﬁFéﬁsln proper reading frame
encodes an am no acid sequence which is functionally equivalent to the

am no 10 acid sequence Qf the blosynthetlc gene encoded by the genom c or
cDNA cl one. B8 STH Ve °haracteri sed by an insertion,
deletiorg or a substltutlon of one or nore bases of the DNA sequence,

fer | ved fr o BOHrH TG Brkea BLos TS REEr ERa ot HRAEE oI (HE Srotant
i nvention amnteut|edtdadezegegndioesia¢dzsioi dyramténey maywwbeha tgmobiicl @gi cal

f ti f fl.

unctton o d[ﬁmn%?cgrlx&()%% LedUGIARE whS8f & ﬁvﬁpo‘;be%%g } tg{% %‘aérfb%ﬁ@s nerase

may be use t ranst or et lon of a su ‘ ant to 2
i ncrease t hasi@oepzydresemenge t Weischniish fuagtd ophblit Qﬂﬂlﬁal?nﬁtﬁﬂ'ééﬁ aE#Qﬂtagical

functiom Ofaéldméglﬁ&tldéj%tsecgl‘ée'ﬁcigsﬁ'&@:@gi@ggéhec%L:SQ&? py EHCIRBEmER
assessed by a standard assay (Welle et al FEBS 1etter 236:221- 225

Vel l e et al SPNA ggengyr & Fumchitrah 1‘?67*12‘19%1"2’5 QFB’O ‘bapsrharagharigedy dieral 1992
Arch. Bi ochgiBerBt ®phyR139368 ok I8 k)ibstitution of one or more bases of the

DNA seguence, 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 biclogical 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 nuclectide 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 pTZ19R (Pharmacia), and
transformed into Escherichia coli. Selected £E.coli clones
harbouring the nuclectide sequences of interest are grown to a
30 culture density of BRgp=0.6-1 before inducing expression with 1mM
lsopropyl 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.



To obtain protein, the nucleotide sequence is sub-cloned into a prokaryotic
expression vector, such as pTZ19R (Pharmacia), and transformed into
Escherichia coli. Selected E.coli clones harbouring the nucl eotide}yN 7006
sequences interest are grown to a 30 culture density of A600=0.6-1 before
i nduci ng e&{f?‘é’é‘g%&'\ with 1mM isopropyl (3-D-thiogal ct opyPeHERP@#SE| PTG for
2.5 hours. Followi ng induction, bacterifq are harvested by centrifugation
and resuspended in 0.1M potassi um phosphate, 0.6ng/mM |ysozyne and 1.2M
EDTA and placed on ice for 45mn to lyse. The lysate is 35 centrifuged at
16000q for 20m n and an aliquot of supernatant used in the chal cone

reduct ase assay. WO 03/072790 - 13 2 Z JUN 2006 PCT/EP03/01465 Chal cone
reduct ase &8Elegpry redugdsagedctividyf ifaPssdiadmdnofe Figal| votyiprikiéy 801

chal cone reduct i t t 0 ass,i :nh p ,

0. 12np1 NADPH, %ﬁﬁﬁ?g%&%ogﬁoéﬁﬁ&# g%‘.l%nrml s‘?"lz"-%?ﬂ?%] %?r‘@?%% -E%‘%}"qzz. 2
fkat pure sayheaiunCliSogpBalje pHREaC! iongpmesle NADRH f dmreQmiAc@imalo¢l bed?gre t he
reacti og’ products arg extracted in 2001 ej%;%yl acet atelD The organgc phase is
separ at €d by “8BAtr {fughl i BALCWIHERM r af e TRV ARG aitaPEBParit ed™ Y -t hin

| ayer chromataegtaphyanssinig ko% aoein atagioe (JyfeseneRe Ofcddk iohalpeotects

i sonerase) or CHCl3/acetic acid/water (10:9:1) (absence of chal cone

i somer ase) .2PheSFF@FtPey B 699R4eskYthaPctte i sThestoXgPPEhedlBfe s

C|0- Ch::i Orrﬁt Q@paARAYe M B Gertel ehenGRns aEfBﬂ}N@afntSbli:é@inﬁ e neadisega segHEENCES

al ready knqwn in the art conprise; = 15 Alfa Medi cagqQ sativa): accession
nunber s CHRIYa tRhiRg33¥8C tngGﬂSlEﬁRgég-gm ; léH&?r?s 55 CHR12
- Ul3924; dthilekpeal{dmcaasedr bet CACGLY aaettias sicdd /natder (XBA24989absmdeean

(dycine na ccession nunber X55730: Li guorice (G ycyrrhiza | abr.a
accessi on noum%raglcéﬁﬁa 1-80&6%%98),’ CHRS ©- ]l[%é‘g%b‘? f% A%lt é{eﬁﬁ%’fv%ﬁc%nguilts)abl e
CHR encodi regptsbgisrce bymey-deonsbdataptlyf widin a reference sample.

Suitable CHR encoding sequences already known in the art comprise;
15 Alfalfa (Medicago sativa): accession numbers CHRla - ¥X82366,
CHR1b -~ X82367, CHRZa -~ XB82368, CHR7 - U13925, CHR12 -~ U13924;
Chickpea (Cicer arietinum) accession number AB024289; Soybean
(Glycine max} accession number X55730; Liquorice (Glycyrrhiza
glabra) accession numbers CHRa — D86558, CHRb - DB6559; .
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-vVal-Gly-Met-Gly-Ser-
Ala (Seg. ID No.7) and Ala-Tle-Tle-Glu-Ala-Ile-Lys-Gln {Seq. ID.
25 No. 8) identified toward the 5’ end of the coding sequende.
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 dTy; 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 seguence, 5’ and 3’ sequence can be obtained using standard
5/RACE and 3'RACE procedures as disclosed in example 1 (1.3,3).
35



ot her species. Sequence alignment of CHR s already known in the art, show
two conserved regions Met-Pro-Val-Val-Ay-Met-Gy-Ser- Ala (Seq. ID No.7)
and Ala-lle-1le-Gu-Ala-lle-Lys-G@n (Seq. ID. 25 No. 8) identifiet? tiohasla
the 5 end odi ng sequence. Degenerate primers 327 and 328 (see
figure 4) ﬁ%o}gg?%ned to each of these coding sequencesPFEENEEI46Gel y.
Sequences encoding CHR are isolated by gpol ynerase chain reaction using
prinmers 327 and 328 in conjunction Wltjh a dT17 prinmer and using a 3" cDNA
library target 30 The resulting fragrrents were cloned into a pT7 vector and

sequenced. nﬂ{E%’lg OEeé(@&sc% BHAGEN e%f‘m nﬂ?& hQﬁ%th 'v'& éhgyntfi{a ghoul d

al | ow pI’OVI si o entrfication. a1 eng codi ng sequence, 5'
and 3' seqaehteltyanapealoint @ﬁné@tqmlngdQmmat@dﬁdm&&mmhsrme@%cedures

as_di scl osgdg ké'so%?é@”%@ ;Jreﬁaéréd 39rom3éo@€ro1Uhh€Q%dW@t9§i&7%ZBQessmg a

PCT/ EP03/01465 - nucl eoti de sequence encod mg an_enzyne wth
8

i sof | avonecg’y'?ﬁfffé%“é Pééf’l ¢P¥Y 3RAPTALRD B tha deRhREE B 5‘3@%%&% dlassay,

wher ei nSYGQﬁEthstCEﬁﬁﬁtM %gg psrbNAle—ml;ed 'fHeOlabﬁé?ﬁtlrsmcaM%d gm a&ds@dmg
expressing_ a toc r ms c ccor t ods n et
al., 5 (I\/EFHO&E %yit“oel Béﬁ)gecﬁ't?gmﬁmé{?l géec é?‘dryog{’ 'acprtyg):gdl ng to
Jung et al 212(Na1m¢r @r&ﬁrﬁ@bn?&ﬂﬂ ofvehchl Ghikebs engr )préﬁé)ratpﬂﬁSa.sZéﬁayeahe
protein content f each crasone,preparation is S i t Br adf ord
protein nicro" %sg ?Eadfn%éi PIRSED eng ) 35, o?%al%oag 1g%g%l%of r&‘r?i\i)cr osonal
pr ot ei ns arFeomna@lba@ ed5at ng oo ddctosopat apmitemﬁ 8@eninEaHRG4, a3, Sool

gl ut at 'ﬂbon%emﬁ&éetﬁl /i@l ) gg S 8o, PHo H0850mw }_%h o0y A\A&arfewe%gv@&) 100 M
I|qU|r|t|gene strate an each
final reaGBFBPESsOlRES - OFGREBWL AY W%c’&ﬂf&@%ﬁin r‘é’éc’cqur@” alrlélué%!-\?%néa with

ethyl acetaugst 30|82 agsawed @t Aabeml sddedasd@rshchl0QolRiseyd esnalLC
systemusing either a Li Chraospher, RP-C18 co|l um ée 5m, 250 x 3

. or
PhenomenexZeREHLTCI YLD - col EFMOTINE Huybgtiony reactions are extracted
with ethyl acetate. Samples assayed on a Hewlett-Packard 1100

15 series HPLC system using either a LiChrospher RP-Cl8 column { 5m
250 x 3 mm} or a Phenomenexz ILuna 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 B80% 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

! or using 65% methanol as mobile phase for isocratic elution.

25 min”
Genistein and daidzein arxe 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
agssayed on a Hewlett-Packard/Micromass LC/MS by running 25 pl on a
Zorbax Eclipse XDB-CB 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



mm. On the first colum sanples in ethyl acetate of candidate cDNA 20
assays are isocratically separated for 5 mn enpl oyi ng 65% net hanol as a
nobi | e phase. For the second col unm sanples are evaporated and rffpgpqm]ged
in 80% net hanol and then separated wusing a 10 mn |inear gradien rom 20%
net hanol / 8¥A%BE’3Y  anmoni um acetate, pH 8.3 to 100% met HBEHFEPOFPI4ES | ow rat e

of 1 mM 25 mn-' or using 65% net hanol _nmobi |l e phase for isocratic
elution. Genistein and daidzein are nonitored by the absorbance of 260 nm
Usi ng authentic naringinen, liquiritigen, genistein and daidzein (Indofine

Chem cal, Sonerville N i.ssplved | t.hanol _as. _stan o] | i bration
peak ar eas SPE ERYEY b 30 Bk RSt IR sR l O Ry
geni stei n antinglai-@zevelt saap egodkege evapBrat diodmd aresus peadeds i we2§%

acet oni 111 k.| fhuAl BEcAllh 208 SAPYogn (PBbel LiRackaLdldM cromss LO M by

running 25 pl on a Zorbax Eclipse XDB-C8 reverse-phase colum (3 x 150 mm
3.5pun) 35 isocratically with 25% solvent B (0.1%formc acid in

acetoni §ri lsg)tddl eSakY B quidnkls 190 FREYT fnddl dni Bh¥asS )indYBas MRPOHR42790 -
15 22 JUN 2006 , PCT/ EPO%/01465 spectronetry is done by el gﬁg_tégiqo%aé
h r

scanni ng f A6RTIVE™ FUIBBT nPEL2983d7 nBed e“ARYISE @6RRSAN™ dYBY

signal s werad MmN Pekeshdieswer Mm@ ranrt 948@2ri m i n both instrunments.
Sui tabl e I FS sequences already known in the art include Ming Bean accession
nunber AF195807; Red C over accession nunber AF195811; and Snow Pea

accessi on aAlbderatAFEDH8ERita¥tecr MBS | WONRs swayabbe 1iIESleDiAs fmay bd:hiegol at ed
from ot her . specj.es. _Ju e ( } Qi-eC 00Q4Q, Eelr uary
200, p%g& ff%?l%g'sc%ru?l ee%ogvghu&gg%ueraenlgg%,#%%% ?@tr?d Sﬁ%wqgeggfs%p‘fo tsﬁ&ére

obt ai ned f P8¥tHE) greBeripeshey arungebaan fSProHES Afch SPEPRE FPEPULS WisitEe

clover, haighyaMILNe2Rd chenhibe&dn ferebt abbed #40MiFaNeL) €Bed clover,

white clover, hairy vetch and lentil can be obtained from Pinetree

array
5

Garden Seeds {New Gloucestexr, ME} seeds for lupine cv. Russel Mix
15 were obtained from Botanical Interests (Boulder, CO), and seeds

for sugarbeet were obtalned from a commercial source.

Seedlings were grown and RNA prepared using TRIzol Reagent {Gibco
BRL}) and first-strand c¢DNA 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" ATGTTGCTGGRACTTGCACTT-3/
25 (Seq ID. No. 9) and 5’ TTAGARAGGAGTTTAGATGCAACG~3" (Seq. ID. No.
10) or the nested primer set two: 5/ TGTTTCTGCATTGCGTCCCAC-3' (Seq.
ID. No. 11) and 5’-CCGATCCTTGCAAGTGGRACAC-3’ (Seqg. ID. No. 1l2)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 sacond 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



Garden Seeds (New d oucester, M) seeds for lupine cv. Russel Mx 15 were
obt ai ned from Botanical Interests (Boulder, CO, and seeds for sugarbeet
wer e obtained froma comercial source. Seedlings were grown and ﬁglAUN 2006
prepared using TRl zol Reagent (G bco BRL) and first-strand cDNA was

pr epar ed aévﬁg:g‘t’rz‘f%ed above. 20 O igodT was used as the rBGHERE/N1465
transcription primer in all cases excepi with white clover for which random
hexaners were used as the reverse transcription primer: Polynmerase chain
reaction anplifaction was carried out using Advantage- GC cDNA pol ynerase

m x (C ont ) LN ri ' HEACTI3" (vpe0 to.
No. 9) and%ﬁ%&%ﬁﬁ%&%@%gg{%%@% 10)§e§roﬁ'e TE%St ed
pri mer set negBltBIrGROFOFECARFCCOToRbAY RG82gl. PDL RER fIpompigs in

5' - CCGATCCLEReANGLEAAGAGuhceddSed- alD. aNynmdAY &S wetd! kawsiedlile: beaimgand red
cl over PCRUpr oducts anplified usi ng .fl’l mer._set one were cloned djrectly
into pCR2. PNASBaEfeqiHiign epEEte VERFTI® HdPr ¢Rdefhf, CHistaL 219PTFTe, and
beet a sfirsh PERisdauhtppareetses. one was foll owed by a second priner set
two, and the resulting fragments cloned. For snow pea, a first PCR wth
prinmer set one was followed by a second PCR with high 35 annealing

t enper at ur €he60Cdingi mggpenarefors edcamse o heumbeysctAR] 95607 e (punglubdantas gel

RIS s S LMl i, elpd SR IP R

PCT/ EPO3/ 0 ‘t he " hi anneal 1 ng "t enper and primer set
one. The rdsekdiigtpr e&G8tSvasd cldmad 98P0 §SER2:1. apl| TRCRO$IREFTEIALS i n

PCR2. 1 1\er &,,3Q0UERGRE: a&bdydd LINFBNLSLUETBocarried out using DNAStar

MegAl i gn software version 4.05 and the Clustal algorithm 5 set to default
paraneters. The coding regions for accession nunbers AF195807 (mung bean).

AF195811 (redu@ieveide sitfheAlrd 96&bAiteNeY peAmeeli€haRklédrRd iadbfler4deoned
Into pRS315 gal U1 AL 330 8P L . 300: M CrOROM B Y. Sion of 4,27,4/-
trihydroxychalcone 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 intoc Escherichia coli. Selected E.coli clones
harbouring the nucleotide sequences of interest are grown to a

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

isopropyl B-D-thiogalctopyrancside {(IPTG) for 2.5 hours.

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

30

Chalcone isomerase activity is assayed in a final volume of iml,
comprising either 18.4pm tetrahydroxychalccne {naringenin chalcone)
or 12.7ng trihydroxychalcone {isoliquiritigenin) substrate,
chalcone isomerase brotein extract, 5% (w/v) bovine serum albumin

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



10 produced and assayed as descri bed above. A nucleotide sequence encodi ng
an enzyne with chal cone i sonerase activity capable of catalysing the
conversion of 4,2 ,4' - trihydroxychal cone to 7,4'-di hydroxyfl avanorild Hay2ibe
deterninedéggw§ﬁ22,standard assay (D xon et al., 1982 Bi ochem Biophys Acta
715: 25- 33, ? al., 1985 Phytochenistry 24: 2267- 2268CT/EBY3 465t " al .
1996 Protein Expression and Purificatiop,8:183-190) . To obtain protein,

t he nucl eoti de sequence is sub-cl oned inZo a prokaryotic expression vector,
such as pET vectors (Invitrogen), and 20 transformed into Escherichia coli.

Sel ected E. cql.i..gl o uri_ng eqld es ..0f. .| rest are
grown to a a%ﬁ:"%ﬁ‘% egbggﬁg?%&g)f t/iéooéz%%tg}lg%e grr gﬁ},%%ﬁl%% ﬁé %&bp%téég%nlsw th
1mM i sopr ofBtected Byt Ai drraieesopyr ahdsinddol |FTEPSAor 2.5 hours. 25 Fol | owi ng
i nduction, bacteria are harvested by centrifugation and resuspended in 0.1M
pot assi um phosphate, 0.6nmg/m |ysozynme and 1.2M EDTA and pl aced on ice for
45min to | yEeterhe fESafedyancegeatreadygdmonr 16000¢G fant XRFPAishdte®eeal i quot

of _SUPGTSn_atd’éltivH&egrprﬁﬁ F?&&P%&?ne{ﬁhﬁfw@l{%%sanﬂ%&@ﬁs) S&Qﬁhﬁ@ng&%&}mrase
activity is assayed in a final volume o , _ conprising either .4m

ot r ahydr o5 AHaD LaMEZhn &t 1 JRHPFAERAPERIASE VAF 1PP7EEk T G PHIP A e

(1 soliquiringigent nJoysasat r(al geineC hakeonscdeso bt asenbpiroREFR NI ackal &0 (W V)
bovi ne serum al.bum n_35, and 0. 1M pot assi p e hutfer H5. 8) .

Chal cone' 1 sera® osTBi RIS Gt bET o ooy HEAPRRLS, bisedl  BEE™ Blym o
agai nst boténtirim) ardcestiran- hyreaxJeBI3cone substrates is detected by a

decreasg i n absorption at 385nm Suitable CH sequences already known in the

art conprise those 5 derived from French bean (Phaseol us vul garis)
accessi on rRikHsERatdMEAY0; tRadzyedlmest@bdésked a awrnedahionr . PPB#RAMN) ; CHI

accessi on NeHREL on DA3EL 75t SERGAN dfdni el NesuiRXB1e @BEEeSKIRBnEEThRE Af276302;

Al falfa
isolated from other sources. Numerous cloning strategies have been

shown in the art to be effective at isolating 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 1992,)
describes a PCR based approach to obtaining CHI ¢DNA from
20 Arabidopsis wherein the identification of consensus sequences for
primer design as well as PCR reaction conditions are disclosed.
Sparveoli, F. et al., (Plant Mol., Biol. 24: 743-755, 1994)
describes the cloning of CHI from a c¢DNA library by using
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 cleoning
strategies for other CHI genes; knowledge of consensus seguences
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 wuse alternative CHI sequences for the

35 transformation according to the present invention.



(Medi cago sativa) : accession nunber MP10079; Garden Pea (Pisum sativun):
accessi on nunber U03433. 10 Alternatively the well-established correl ation
between CH function and structure enables suitable CH sequences to be

i sol ated from ot her sources. Nunerous cloning strategi es have beeh? J8h@n in

the art to tive at isolating CH cDNAs and may be 15 adopted by the
person ski P{e’g”&%if’{ﬁg he art to identify alternative CHI er?c(%ré'?l’r‘? 0@’&quences.

Shirley, BW, et al., (Plant Cell, \Volig 4, 333-347 1992,) describes a PCR
based approach to obtaining CH cDNA from 20 Arabi dopsis wherein the
identification of consensus sequences for primer design as well as PCR

reacti on cenditLonerates i eased to SBAr Ybdntibn Eitile cduBbesd JMal orBi ol .
24: 743-755, 1994) describes the cloning of CH_ froma c library by

using het 8PEF ogBYELSATLARr NPREWRSSS cBRECHWheChadroPeworFEdEEtase gpnd 25
(hIVbI . Gen. i@&ﬂﬂvon$199ﬂ&ha%%21 oi- 8@1)pzd§_ac¢sﬁ%_|&'|& &d&ﬁ'ei ﬁlﬁbﬁe_tdﬁlﬂeaﬁdquences 4
characterisati on of a mize gepe, encodin . the cloning _ strategy an
sui tabl e preflﬁ‘é‘%él.g THE* 1 GHEr aE IS BEE i ﬁégf]aaov(?\?g cT"@gtlhlaﬁedeWns‘fl?aaFg’éet hat
30 corrgspdnaduerpsEHiesaqiiences fhreonmgobheriepbainirsireabé esmaihitve cl oni ng
strategies for other CH genes; know edge of consensus sequences for the

generation of priners; appropriate PCR conditions are known in the art. The
person ski Thedgéne tdeguances soff Hartefkeste wildlle bet operkhriti fiynked (ataliser native

CHI Seque“%%i{ﬁnehh%o 3nsifANSOENRLL QR 1 8§ COEAI 119 IR (e BEESEMLapAYeNnt i on.
22 JUN 200 WO 03/ 072790 PCT/ EP03/ 01465 -"18 Gene constructs according to

t he i nvent PSpR@tarfer WB6ADr i3déoBnetly  DHBr ethuditeottFaBsSeidigdnc e81idii®d8i ng

chal cone r edbrdas®, aRMhichSahl a¥ENBSYIHJIAE € 0rOhetOIPLddtRIsONY QAheMYele
nucl eoti de sequences encodi ng_.chal cone reductas i sof | avone ?ént hase and
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enzyme for flavonoid biosynthesis), useful for expression in
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 353"
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

3% encoding CHR, IFS and a CHI capable of catalysing the conversion
of 4,2’ ,4"'-trihydroxychalcone to 7,4’ -dihydroxyflavanone.



The gene sequences of interest will be operably linked (that is, positioned
to ensure the functioning of) to one or nore suitable pronoters ﬁ@iCh al | ow
the DNA to be transcribed. Suitable 10 pronoters, which nay be ho fdﬂ&dﬁEOr
het erol ogous to the gene (that is, not naturally operably linked to a gene
encodi ng aWO 73R for flavonoid biosynthesis), useful fREI/BROSIOBESI on in
plants are well known in art, as descrifjed, for exanple, in Wising et al.,
(1988) Ann. Rev. Cenetics 22:421-477. Pronoters 15 for use according to the
invention may be inducible, constitutive, or tissue-specific or have
various conbi nations of such <characteristics. Useful pronoters include, but
are not limted to constitutive 20 pronoters such as carnation etched ring
Vi rus ( CERTheppometer, amd Heirfali paeironnmoseu la tory usediCabVivi Bb Sepfonotiemalor nore
particul arl, e | 1] ' [ r oot rising two
Caw 355 pramep arif BISRE EE01 G PRR, BESArblpP | U abhor SRR 51 "
These woul dhhapkantheedlfard tWie gane eaBiifgble afioapbaps awhizh haydies uskdoughout
a plantg Ageergidglikeqtfidenvention provides in a further aspect a gene
construct in the formof an expression cassette conprising as operably

| i nked conponents in the 5 -3" direction of 30 transcription, one or nore

uni ts each paenMeirfit Mgt dnS UkdAlla@orPr 08RLIAT ndly abp| Mk i¢&d | frém pkugalivty of
nucl eoti de sequences . sel ected fromthe roug %%gpr|5|gg sequences_ encodi ng
a CHR and TPESHNY atR&Ui%eR61 &TPFafRtH PEPoRAPRARF 138N SPARTHHRIC% - ffnat i on

regul at ory aheghan.gdviar.e [Hiaftabadl yemdindt HeroUpCionp] | SRSCIS Bie e s34,
32 40 Ry FBRy T Borie (5 S Ry A Gy APRTBAET 2 R A8 o
03/ 072790 PCPLERGS/ 64dEmse 1Oerninetpr onBhes) andgreyadteation tuegil ateasy
g?nggglggg%g9§%gﬂg“§§ﬂ%ﬂgge LQrﬁfH%tQQSWTBL§¥ﬁ éﬁg|rd%ﬂgcga¥m£fir@ﬁﬁﬂﬂ%EOQOUS
terminator {TrbcS) and the CaMv 355 terminator {T358}.
Particularly preferred termination regions for use according to

15 the invention ineclude the Tnos and TrbeS 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 wvector. 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 11:1645-16%9), 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



the plant cell and the gene. Suitable pronoters which nmay be used 5 are
descri bed above. The term nation regulatory region may be derived fromthe
3" region of the gene fromwhich the pronoter was obtai ned or frogngpqmmer
gene. SU|t33$e term nation regions, which may be used, 10 are well known In
the art and'$fRY74H8 Agrobact eri um t unef aci ens nopallne sPRTEBS@1468r i nat or
(Tnos), Agrobacteriumtunefaciens mapngpine synthase termnator (Tnas), the
rubi sco small subunit term nator (Trbc%? and the CaWw 35S term nator

(T35S5). Particularly preferred ternination regi ons for use according to 15

the invent i obos! bele Lhe:Jgsyasd ThboRolarnat hage ! gians. Quqh aene

constructs Tay e screened Retivit rnat|on |nto a
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t he |nvent|on may be prepared by cloning the individual

pronoter/gene/termnator wunits into a suitable cloning vector. Suitable
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mani pul at ediectors. exanpl e by joining sequences. The cloning sites are
preferghly in the formof a polylinker, that is a sequence containing
nultlple adj acent restriction sites, to allow flexibility in cloning. 35
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PCT/EP03/01465
and include such methods as micro-injection, 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 wethods 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 c¢ell shows an
increase in gene expression, for example, Northern blotting or
guantitative reverse transcriptase PCR (RT-PCR). Whole transgenic
plants may be regenerated from the transformed «cell by

30 conventional methods. Such transgenic plants having improved
daidzein levels may be propagated and crossed to produce
hemozygous 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



adapted for expression in an appropriate host (plant) cell. It wll be
appreci ated that any vector which is capable of producing a plant
conprising the introduced DNA sequence will be sufficient. 5 Suitap}eyn 1006
vectors are _well known to those skilled in the art and are described in
general techRl¥%Pef erences such as Pouwels et al., O oRCHEPMIGS s, A

| aboratory manual, El sevier, Ansterdam ,{1986). Particularly suitable
vectors include the Ti plasmd vectors. 10 Transformation techni ques for
i ntroducing the DNA constructs according to the |nvent| on into host cells
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be grown toP8déEe pl ants that will produce the sel ected phenotype. 35 22
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Salad leaves are particularly suited toc genetic fransformation by
the process of the invention and therefore species of lettuce
15 {(hactuca sp.) such as Lactuca sativa e.g. ‘Red 0Oak Leaf’, ‘Red
Leprechaun’; Lactuca 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. ‘Lollc 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 breakfast 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



PCT/ EPO3/ 01465 - 21 Plants or parts thereof which have been nodified in
accordance with the present invention may be the used as a sourCf%ﬂf

dai dzein and/or one or nore of its derivatives in the form of an VN@W@d
extract or a substantially pure form 5 Food products which conprise the
plants, pl AHPOYUPPE or extracts thereof in accordance wi PET/ERB/OM6ESsent
invention enable the consunmer to take bpll advantage of the health benefits
associated wth increased isoflavone uptake while at the sane tine avoiding
10 the adverse flavour associated with soy derived isoflavones in the prior

art. Sal ad d,83¥6he a1 Rar FALWHRALLY £S53 (edab & OGRBRLE Cidd13RsT PLIPH PPy the
process of the invention and therefore species of |lettuce 15 (Lactuca sp.)
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pi eces derived froma plant accordi ng the invention are suitably dried
to from 10 auprdengnisefat able cROtrollegosir st angridvefabl grrassist 40% of their
fresh wgight to give shelf stability 30 and incorporated into a bar or

cereal product. Fruits with high |evels of daidzein and/ or daidzein
deri vati ved ilr98ckeitififc EViFeRre FEPPRYEhHREncaFRe tdCs gnB emeegl| Pealth
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isoflavones and in particular 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 topcisomerase and tyrosine protein kinase
(Akiyama, et al., 1987; Uckun, et al., 1995); suppression of

20 alcohel 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., 1897); and beneficial cardiovascular effects (Wagner et al.,
1997).

25
The present invention may be more fully understocd 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)



2 2 JUN Z606 WO 03/072790 PCT/ EPO3/01465 - 22 Suitable fruits for these
food products would include raspberries, strawberries, blackcurrants, red
currants, blueberries and blackberries. 5 Plants or parts thereﬁ m@ﬁb
have been %g&etl cally nodified in accordance with the present \;e may
al so provi PP ce of an extract rich in daidzein and?%T’E?‘F@lﬁérl vatives
or a purified formthereof for inclusigg in products such as nutritional
suppl ements, calorie controlled drinks and |ow fat spreads. 10 A | arge body
of evidence supports the cosnetic and nedical health benefits that can be
attributed to human di etary consunption of isoflavones and in particular
dai dzein. These include: activity as both estrogenic and anti-estrogenic
agents (Coweidyret 4al Provigly, promgsr geqienses apsed 1996)ccrpPeantEh effeect s
associ at ed MmdcRrighyt oestrogenic activity (Lee et al., 1991; Adlercreutz et
al., 1991); anticancer effects associated with inhibition of several
enzynes including DNA t opoi sonerase and tyrosine protein kinase (Akiyansg,

et al., 5198&%,gubeken, ieluslrated 9953 smistipapessEoprudnf,0 mHE2h@PESONSEEML i ON

(Keung and I 93 un 1995).;. antioxidant activity (Arora
et al., ﬂh k?(PEfl‘ilg’ 8?5% %P%%@)and l9E51¢§a§| ng bone renineralisation
(Tom)naga et aI , 1992; Draper et al., 1997); and beneficial cardiovascul ar

efflects (waangr et Al s O, GBI ASENod VNN IR DR, EPLE J Ul 1Y

under st oo reference 1o acco ng figures 1n
shows the p@amnammwtaédmm@ecmmqﬁ@nﬁa@sqSEE@JMD/ZSO leﬂ)ﬂ@n@d ts

Co”esﬁ%nd'ﬂt&sﬁr%ﬂé& %ﬁ‘&ﬂeﬁﬁea&%ﬁl? HE’ldz%)m E!:Qx‘rﬁaerdz $NOVGehRe, Sy

i sof | avone 'synt hase DNA sequence (SEQ | .3) and its correspondin
protein Seqﬁgﬁeéquiggmqjqqgreggondlng w1th authentlc daidzein (RT= 19.80

is present I pPE120/24 and pPE120/26 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.

Figure 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.



35 Figure 3: Lotus cornicul atus chal cone i somerase DNA sequence (SEQ | D No.
5) and its corresponding protein sequence (SEQ ID No. 6) WD 03/072790 -23 2
2 JUN 2006 PCT/ EP03/ 01465 Figure 4: provides priner sequences uséd lUrN 2006
accordance_ wth the invention. 5 Figure 5: illustrates Plasm d maps

pPVSLN, pPEP BHBEY ppE9, pPEL1, pPEL5, pPE51 PPE120 arkfTHI3/oK65 [ gure 6:
illustrates GC-MS anal ysis of tobacco _p?% extracts fromrepresentative

t obacco transfomants, pPE120/24, pPE120/26 and 10 pPE51 spi ked with an

aut hentic dai dzein standard. A Peak with retention tine corresponding with

aut hent i c dﬂg@g' ng(R;fg%p&%l%ang'éf RIG3EQL. |- RBEL20L 24,800 ROELRR0 20
transf orma ked
with an aut aehi tigflaapne osasd PRI s cleaenetion sepd papAdysis of
pPE120/ 24. {p, QUi 1~7 tabh s r at es accunul ation of daidzein in petal tissue
from tObaCC'G_W_gh'S'T'UT'ﬁ'HFTt—S_fT’o'lT'bOUI‘I ng constructs encodi ng chal cone

reduct ase and i sofl avone synthase (pPE120) activitites with controls
(pPE51) .5 Et hanol p1ext rmagbksidfr om petal s were hydrolysed 20 and anal ysed by
HPLC. Figure 8: TlTustrates accunul ation of daidzein in petal tissue from

t obacco transformants harbouring constructs encodi ng chal cone reductase,
chal cone i sanereaserinehiss alahavenge sforiba ses ingPkd 2hg 1125 agat Labhld ttebawtd h

oMl SRR sBh PR SAGIRtE o BBL U 08 eddugly of ARdoapa veed
cloning of chiliveneSkeductuse,a cgieabt;mﬁe | 8bandrsaoé Navabacf awkmeraSyﬁlBhase
and the; gengral | 3,And, apah #9138 tedde?89R0 frNent 2B8EHWith a 16-hour

photoperiod at a temperature of 25°C.

HEE)

1.2 Bacterial strains

15 Escherichia c¢oli strain XL1l-Blue: recAl, endAl, gyrd%e6, thi-1,
hsdR17, supk44, relal lac [F' proAB 1acl9ZAM15 Tnlo

(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 ILotus 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 cDMA synthesis

35
5’ cDNA 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



5 1.1 Plant material Al experinments can be perforned using normally

avai |l abl e tobacco (Nicotiana tabacuin) genotypes as the starting material.
N. t abacum cultivar SR is such a genotype. Plants of N.tabacum cld tliN a5 SR
10 were grown in controlled tenperature gromh roons with a 16-hour

phot oper i oW P2, nperature of 25C. 1.2 Bacterial strai RCHEPOBEEA®ri chi a
coli strain XL1-Blue: recAl, endAl, gyrA96, thi-1, hsdR 7, supE44, rel A
lac [F proAB | acl 9ZAMI5 Tn10 (Tetr) T tT at agene Europe, The Net herl ands).
Transformation of E. coli XL1-Blue was performed using the method of
Hanahan (1983). _Agrobacteriumtungefacjens LBA4404 (Hoekema, 1985) .

Tr ansf or matifor? Zéo‘g]f Agrobedt efqrun Uit derefs LBR%40% R8s PerfUitredt
accordi ng torathesriatd (BOpee-FrRL989) .1 &k FtGruefed qEibgo 2BRI)). ,3.30mM odnaa psRNA

i sol ation s jsal at fro t us,, corni.cuyl at ( S) yclne .max
(soybean), %ggfn sffact%ig(/urﬁ%%ﬁéa)éggkg I\@&F‘E%%cd‘a at iCiJ/';M( ;ﬁfgfl f%?%lea F0 i ssue
usi ng a Pur@echeptardd\NAC podlats oandent heRlpensaci dhe acooiodi pyimedo cDNA was
manuf actzur er. s Lhstguct | 1.3 __(‘BIR%IA] i 5% s i

constr uf:st i gtﬁlhe%ZE%?loél%éngﬁgolaaF 232? rom (?%/ ﬁjteu? %{%atl%s%,n éc 335@'!%%0&%%@& 3)‘°r°

al fal fa ti stnefastutesisednsorgddonsy. 10heniphgt &ked (4R sigp thew| =l Yo i ce.

The RNA Was: Ji0Y6r $§ S6ANSH 136€a?1 2ol YNe 2006 AWnQB/ OFR7 Uh1BCTAEERS/, 04465 -
25 in a 20111 reaction for 90 m nut'es at 42C using 10 units of
strat ascri ptnitG treoiBRL) tirandfecase biRethe) (@b °BRIEPr FONNiTNERs tHedATP,

dCTP, dTTP,,dGIP) (Phar ia),, 0. LM DIT, |Upl RNasin (Roche) and 50 pnol es
random hexadrreen%?llel%ea&r gﬁ%gnfg r%%em&ng \ Was
16

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 20ul reaction for 90 minutes at 42°C using 10 units of
15 stratascript in 1 x RT buffer 30mM dNTPs, ¢.1M DTT, 1lU/pul Rnasin

and 5 pmoles oligo dtiy.

1.3.3 PCR amplification

20 Library PCR amplification: 50ng of 3’ c¢DNA was PCR amplified in
50nl 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: 1lng of a vector was PCR amplified in
50pl of 1x PCR buffer (Stratagene), 20mM dNTPs 25 pmoles 57
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,



5 then purified using a G bco-BRL pcr purification kit (according to

manuf acturer's instructions). The purified cDNA was then poly A t_@i lﬁ]ﬁjﬁ in
50pl of Ix taili ng buffer (Roche), 1mM dATP (Roche), 1 wunit tetzr;i QI
transferase (Roche) at 37C for 5 mnutes then denatured at 80C for 15

m nut es. 10383/0¢ library construction: 2pg of RNA i sol BEEEPBRRHES i t her

Lot us, soybean, pea or alfalfa tissue _Wa heated to 65C for 10 m nutes,
then snap cooled on ice. The RNA was reverse transcribed in a 20pl reaction
for 90 mnutes at 42C usi ng 10 units of 15 stratascript in 1l x RT buffer

30mM dNTPs, 1M Rna5| n pnp) es ol i dt17..,1
anpli ficat |50n R3gl ‘I%) %rly A FP@QC’EI giﬁ qg N ggn%ﬁswagg .
anplified idomphlderdfed XnPER1bUFE ax emdhg)fgrzmmmnsmmsﬂ& mmmlles Sligar i ner,

25 pnol es pLi Ler t a yngr e u s pfu
turbo DNA pq%l Sirr%rggsse éfsrsa?@%eﬁbé 8@ | rggécgﬁdﬁfoﬁﬁir%ﬁ coyn[?%s of
94C for 30 gsﬂgmadaae 55Cdom:|d13ﬂomcme‘mjs 947°ZJC far 2 2&Gmtest eslz"crjsifng & Perkin

El mer PCR machine. The initial denaturl steg %34&%@&@5 extended to 2

RHIRRCRTH; ISR AUl AN ARPATHY o 1

50111 of Ide?@wawf@B bbl&d aerg)prid@iM TNERS 125 pride@sS R, 13@5paniwr, 25
condi tji.ons

pnoles 3' pri n|t fu t DNA pal yner.as
were; 30 cylclﬁqggma'f P@i 30 sgégn‘é&{t%gg Fgfb%on%%ﬁd@ T 1ort
m nut es. Thﬁamemséna}ardenapt&amgestﬂpm (Ggﬂ@)mgasomdattemhedwene,Z N ntles. 2 2
JUN 2006 V\DOS/O? 790 PCT/E 3/ Q1465 |f|c t|on
Ends (5'racd) 80P ror % Seg V\%é 5gm§ ‘@'@al anr‘)sg‘pm)J Tg'ﬁ‘ffer
20mM dNBPs, i3 tpaD| @énaturdag dteﬂ wah Za&tuncﬁécs thag BNAqumeerEﬂ.ﬁBeof O:HiZ5 units
pfu turbo ol ynerase. Condit 94 tes,, 4 25
ni nut es, 7%4% e%’ SThe & ({FBEA Was arrp gdTl By ad?uggef’h 201 s
25 pmoles 5'Ry, primer, 25 pmoles Ro primer, 2.5 units Taqg 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 50pl 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. 1lpl of this
PCR reaction was re-amplified with 5'R; primer and R; as before
25 with cyeling 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 Isclation 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 cleoned intoe a pT7 TA cloning

35 vector (Novagen).



follow ng; 25 pnoles 5° R priner, 25 pnoles priner RO, 1.25 units Tag DNA
pol ynerase, 0.125 units pfu turbo DNA pol ynerase to the reverse
transcription reaction. Cycling conditions were; 30 cycles of 921&fumrmo
seconds, 55C for 30 seconds, 72C 2 minutes. The 10 initial denaturing step
was ext end®PP¥8Phi nutes. Ipl of this PCR reaction was PEVERB465ed in
50pl of Ix PCR buffer, 20nmM dNTPs 25 pmales 5 R priner, 25 pnoles Ro
primer, 2.5 units Tag DNA polynerase, 0.25 units pfu turbo DNA pol ynerase.
Cycling conditions were; 30 cycles of 94C for 30 seconds, 55C for 30 15
seconds, 72C 30 seconds. The initial denaturing step was extended to 2

m nutes. 3' Rapid Arrpl ification of cDNA Ends (3'race): 50ng of 3' cDNA was
anplified i A-50pl R R tf | et ap\gERymeS5 pnol es 5' RO 20 prinmer, 25
prol es prinmer Ro, 2.5 unlts Tag DNA polyrrerase 0.25 wunits pfu turbo DNA
pol yner ase. %cl ing conditions were; 30 cycles of 94C for 30 seconds, 55C
for 30 secoR aﬂv@cﬂzaﬁ%%t%%mr HRE Piamie INAqueRe: digenied tvafhuil UBkEeRled t o
2 minutes. kpén Qafp E&Bﬁatgcﬁsl’t@?&ﬁb@rbd&@ﬁe remalml iihnl @de WrdddmBerRed PHbfrRE and
R, as before 2 %y(éol ng c ndl ions: 30 c c%cgs of g gfor 30 seconds,
55C for 303Le oﬁd o Y% n f%es ThESTen PERAER® BFPTd - &t cyine TB%¢ ended
to 2 m nutegeldl. T&e4démleat fmgm@mﬂ eboniangi Gid an@lpdmetbqamdmg:tmze%lﬂabagnents
gener at ed b CR wer.e.analy o) Br - %

Tris-bor ate fgtlﬁn é%l\li #]Orrglnnri-g sma\g?}elgae(:tlag at edg t-EE rE%l%ﬁ? he gel using
a G bco- BRL gel extractl on kit according to manufacturer's instructions and

cl oned i T7 mll £32,\8 4 ggen) 2 Z JUN 2006 WO
03/ 0727 é‘ﬁ Hs gl iy DNA with restriction enzynmes

PCR arrpllflcatlons or 2pg of pl asmd DNA wer e d| gested with 10 units of 5
each appropnrpgt exf eddniset | 9hy eng¥esdfRChe] i ddhddeot esyMERded MHdagEa

together by heating to 94°C for 5 minutes in 1 x ligation buffer

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 wvectors in
25 a ratio of 5:1 in a final volume of 20pl containing 1lx 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 XL1-Blue (from a single
colony) was grown up overnight at 37°C, 225 r.p.m. in 10ml Lennox
broth containing 12.5pg/ml tetracycline. 1ml from this overnight
culture was transferred into 100mls of fresh, pre-warmed, Lennox
35 broth and cultured for a further 2 hours until the ODgy was in the

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



at 37C for 2 hours. Digests were separated on EtBr-1.2% agarose TBE gel:
The desired fragnents were exci sed and purifi ed using the G bco- BRL gel
extraction kit according to manufacturer's instructions. 10 1 328 JuN 2006
Construction of synthetic linkers | pg of sense and anti -

ol i gonucl eB GEZ7 %/ﬂere anneal ed together by heating to QZP@TWIW@“P&? nutes in
1 x ligation buffer and then cooled to,dqomtenperature over a period of 30
m nutes. 15 1.3.7 De-phosphoryl ation of fragnents Vector DNA fragnments
were incubated in 50p| of Ix sip (Roche) buffer with 0.5 units shrinp

i ntestinal ph rybaseq (Rogh o) t
denatured a q%@eﬁo g Sr?‘?nut es%)S %% g%gub 1g‘f(:'l(c)n"lr'enlg]gﬁl nwteggvgg?%%g ]éllzébfmr agment s
of interestlOfEMeCpilat &¢Lphe oremisrepdimm clnyactBimali yolume gof abnlo Bi0M: 1 jn a
final vol umgcef, 29pd Sé’ﬂtsah@ké‘gcﬂe& 19add ef P fek {RRRRe), 2 units of T4
DNA |igase (Roche) at 4-8C for 16 hours. 1.3.9 Preparation and
transformati on of conpetent E. coli 30 To prepare conpetent cells a culture
Of XL1- Bl uerr(aasemt&'oﬂgl@erec%gmmé/aa%s%emm OUSLPi A @h1B76s 45

.p.-m in 10m Lennox broth containi ng o/m tetracycllne | from
th| s over nilgisption|neacsiomsras: afdgd tred0 i G%B@"Fﬁfst 6f11$ esFheppisitidened,

Lennox 35 ma@.t Iinamt@al bHr €6k fo)r @ofﬂfﬁmrs 2nE0 W tURhbEKdd & tOR6AY fwas i n
the range 0.3 to 6. The cells were then recovered b centrlf %éolon 22

JUN 2005 Vi@ (3‘-@/‘3617%5790 PRy lEpfs/ 0 tasBs. than agdefs gy % K I8 4C.
The cells \mfcabm&fgedtl B7EONE25 LOGM. Cadil 30 heﬁmus@ I’E‘SHSt)ﬂ’r(hfbgmatfh.oalsfi naI

vol une .qf 5ni 2.. The_cells re then_placed an.ice our.
Tr ansf 3‘ mat10ns %e% gﬁfl‘ §%5s PBI I%ﬁ%ﬂoxme ?ftﬁo??fﬂf of fl?%‘ég/rﬁql gati on
reacti on wasraddecitldn200pl &ompetlentkapahyisinThendi xiueuwbabtpds RhcuBaiCed on

ice for 30 d@e@HES}?‘t.t hen heat shocked at 42C for

1.3.10 Identification and screening of E. coli recombinants

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

20 84°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 4500 for 10 minutes at 4°C. The bacterial
pellet was resuspended in 4m! of solution 1 (25mM Tris.Cl pHB.O,
10mM EDTA), then 8m! of solution 2 {0.2N NaOH, 1% SDS) was added,
and left at room temperature for 5 minutes to lyse the cells. 6ml
of ice-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



40 seconds. 300pl of 2YT was then added to the m xture before incubating at
37C, 225 r.p.m for 30 mnutes. The transformations 10 were then plated out
on Lennox agar containing 100pg/m carbenicillin or 50pg/m kananyi cin and
incubated at 37C overnight. 1.3.10 ldentification and screeni ngg ZUE&AI [
reconbi nanw 3%% ,rgm tive transformants were identified b% aIgEd i f | ng
froma g(?% ‘&1 ny in a 50pl reaction containingthefﬁ:T PAYT xt ur e,

1 x pcr buffer, 0.2mM dNTPs, 25 pnoles %9 prinmer, 25 pnoles 3' prinmer, 1.25
units Tag DNA polymsrase. Cycling conditions were 20 94C for 30 seconds, 55C
for 30 seconds, 72C 1 mnute, for 30 cycles. The initial denaturing step
vas ext endeg 0 2: MU 3 Higefien amilblhbfal lONsAREE then d3bys

Et Br-1. 2% agar ose TBE els .3.11 Extraction and purification o

pl asmi d DNAISH Bé@t:lé%}“)colg]&ﬁilés %rléowwoépwé%eﬁﬁ?l%ttq PP taEe 240 brot h

cont ai ni ng gA heta k@@g/ﬁﬂacg@im Gpuhi BoBr 150ﬁ9ﬁdﬁeskfﬁ"tam|009,(a§t room
appropri at e% at 225 r.p.m at 37C. The cells were, recovered by 3

centri fugat %‘Weéf‘t‘ﬁ%?mg 16 REMEhUMES JieSHEPERIRY piRt éftal°f pER | éim%s
r esuspergedriis ¢m1 paf . 60| LiM OED‘m)(Z&IﬁM Topcj/xﬁl 808 A NnchBA}ed tden Sni
of solution 1%, SDS

( NaO-l S and ft pperature
for 5 m nut%(%C °Jf semtlﬁ"étceltlo rg%?r‘fe c8 ‘fm(‘:len"’n:L ﬁ@f ‘ut ?féﬁ OJ("’ilf?gpo 35si um
5M acet at e) extaschddetwiord B3 e ragublir golweu bai en:he(mll/cbldmfom il nlit es.

The bacteri V. g 4GLEoEN20, 01 Nyt es, and
the 2 2 JU ed‘oé’%%%\owégﬁo?é?gg“%czp"ré%g/ §g4gglgl%%g’9gsupgpéatbg%t %asy‘%. | tered
t hrough 4 |pseeigpiséted r ¥détht 0.1 CapBimschéll) NaATOnPBS & Re8prbpandPlwes added

to precigi t?écﬁ:rb?@nopNAt@a@g t BguPr eGipi bat g SRWR fak 19oMioyt earat rdxp00g,
at room tenpérature. The pellet was resuspended in |Inml of "TE (10nmM 5
Tris.d pHEPFRPEDTAIDRI E?}ll{e&)@??ﬂ“’aﬂﬁlﬁge’-%7£ﬁdE?%lP(5‘§Peﬂl’étd“ed and

resuspended in TE at a final concentration of lug/ul.

1.4 Vector construction

15
Expression vectors were generated containing chalcone reductase
{CHR), chalcone isomerase (CHI) and isoflavone synthase (IFS)
cDNA's from Pisum setivum, Lotus corniculatus and Glycine max
respectively. CHR, CHI and IFS5 transgenes were placed under the
20 control of the double 353 promoter to glve high levels of

expression in tobacco tissues.

1.4.1 Construction of plasmid pPVSLN

25 To construct pPVSLN, pUClY9 was modified as follows. Firstly,
plasmid pPV3 was constructed by removing the HindIII/EcoRI
multiple cloning site from pUCl% and replacing it with a synthetic
DNA fragment, destroying the original EcoRI and HindIII sites and
introducing SgfI, HindII1I, 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
pPvV3.

The KpnI/EcoRI insert from pSJ30 containing the 2x355-promoter

35 sequence upstream of an ~1,9kb coding seguence, followed by the



50C for 30 mnutes to renove contam nating RNA. The solution was extracted
twce with an equal volune of phenol /chloroform (1:1) then once with an
equal volune of chloroform The DNA was re- precipitated with O. 1NOJUM@£M
NaAc pH5.2 and 0.7 volunme 10 isopropanol, then spun for 5 _mi nutes at g,
at room teWB&ERe. The pellet was washed in 70% ETON t BENVERPYVOIES ed and
resuspended in TE at a final concentratigp of Ipg/pl. 1.4 Vector
construction 15 Expression vectors were generated containing chal cone
reductase (CHR), chal cone isonerase (CH) and isoflavone synthase (IFS)
CDNA's frompPis i,vum _ Lot C i qul i N . 1 8s ively.
CHR, CH an OFF%%%AStgoel{nesse eﬁéep%gegq %%? ?Egl %i‘g%n? Fo ocftet(a hg"'e:L gﬁé‘ubl e
35s pronot eXpnd/Egord - hi Tinid eeehttesdt inerprxddi PAVi.n t obacco tissues. 1.4.1
Construction of plasmd pPVSLN 25 To construct pPV5LN, pUC19 was nodified as
follows. Firstly, | asm d pPV3 was constructed by renoving the

H ndl | | / ECoRhe rﬂ}l-t9§BI EEBA| MFWRRE f ¥Bfn FBERO ZEAGVER pITHEPNPEY® Wit haa
synthetie BNAIfsagMentagdast rayd ngephrcar i gy Nal Epofletand tiindEtdgneinkes and
introducing ,Sgfl, Hndlll., Kpnl, EcoRl and Xbal restrjction sites. 30 This
synthet i ¢ {AAYFRMCIREs MEBhs { ERE @%b uahnes TGt Mo © S goickeots Yedd624
and 625 (Fi glueeod)ginkhi salpAdciedites plnaantd MRY3 syftheetdpnifrkgodit iwaser t
from pSJ30 containin he_2x355-promoter. 35 seqguence stre of .an _-1.9kb
codi ng sequenBer o REd B anes s ririoonte ohbios PR TN Bet B G120 -
30 Nos terrtinaTis sequbimsk inaslisrgat pBVM.t h pPV3 restricted with

Kpnl/ EceRl . This resulted in plasmd pPV5. The -1.9kb coding sequence was
then renoved frompPV5 as a 5 Sall/Sacl fragnment and replaced by a

synt heti ¢ DNAef regghenee | Atpediatiedy Néolof NEeg gharWuAPIPRsATE ctilorPBiStes,

while |eavi N@cacc) was replaced by the plant Kozak sequence TAAACC using PCR.

Oligbnucleotides 640 and 641 (Figure 4) were used to amplify the
189 bp 3' fragment of the 2x355 promoter from vector pCP031 (van

15 Engelen et al., 1994), modifying the Kozak sequence via
oligonucleotide 641. pCP031 and the amplified fragment were then
restricted with HindIII/EcoRV and EcoRV/NcoI respectively before
ligation with pPV5L restricted with HindIII-NcoI to replace the
promoter. This resulted in plasmid pPVS5LN (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 p5ILNa. Next, the multiple
cloning site from pPVSLN 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 cligonucleotides 333 and 334 (Figure
4) with p5LNa restricted with NcoI-EcoRI. This resulted in
plasmid p5LNb. To construct plasmid pPE-2, oligonucleotides 329
and 330 were annealed together and ligated with plasmid pS5SLNb

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



the original Sall/Sacl sites intact. This synthetic fragment was

constructed by annealing the oligonucleotides 626 and 627 (Figure7 4N 0hhi s
resulted in plasm d pPV5L. 10 The sequence inmediately 5 of the start codon
ATG in pPV5L %CCACC) was replaced by the plant Kozak sequence TAAACC usi ng
PCR. O i gohf&¥8{Pdes 640 and 641 (Figure 4) were used tBCHEBIYHY6St he 189
bp 3' fragnent of the 2x35S pronoter 'fgosnll vector pCP031 (van 15 Engel en et
al ., 1994), nodifying the Kozak sequence via oligonucleotide 641. pCP031
and the anplified fragnment were then restricted with H ndll1/EcoRV and
EcoRV/ Ncol respectively before ligation with pPV5L restricted with

H ndl11-Ncol to replace the pronoter. This resulted in plasm d pPV5LN
(Figure 5). 120.31. GortOarsion uefi pbas aSm d pPE-2 To construct the plasmd
pPE-2, the nultiple cloning site of pPV5LN was nodified by the insertion of
three oligonucleotide 25 adapters. First, oligonucleotides 331 and 332
(Figure 4) Wereongines| ep trdgeridPrind, Iﬁ@awgtwlten cpPaite FispVaf NgSI34
restricted Wakh mog¢eRba XBg! .thEhi Sndegs bt €dsi ! 8514 FhuRDENE: deNeXdaptiche
multiple cloning site from pPV5LN was anplified using oligonucl eotides 248
and 191 (Fi JaFatq) Oéh%PII"r‘Féeaﬁbql?sfi ¢at i BA9 pr3fuctrignEe r %t PR t PR IRBal and
EcoRl. Thi s tpgethit ands 1tiBeted iwiahelabmid PHYIBACkESHricdetihwible RivEaked

product of qligonucgleotides 333, and_334. (Eigure.. 4 Lfh p5LNa restricted

b O Nool - ECSRIE" THPES EETeRd 1h Hlaratn or EneL o8 sbnstruct. plasn d
pPE-2, oligonucleotides 329 and 330 were anneal ed together and ligated with
pl asmi d4R5L restricted. wt i I=:Hndl ]| ' esul t j md
pPE- 2 i 9 rg“ég))‘g)l.3 %255%&13%%&6 %%%/ﬁé%odfﬁﬁﬁwgﬁeég&%g 9.516%3
Constructi of%8? Rlaasriial .pPEL P9: cbHSILEY dhevwipichsihel JAPELSs1tehderAeni pl e
cloning sitenefhnRBd3tlectable marker and the gene? poly (A) signal was destroyed

by ‘filling~in’ with klenow polymerase.

15
1.4.4 Construction of plasmid pPE-9 {2x355+kozak-~Lotus CHI-Tnos)

Lotus CHI c¢DNA 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 using primers
198/324 and 198/322 reaspectively (Figure 4). The amplified
fragments were separated by electrophoresis and products 5a.3.19
and 2.11 respectively were cloned into the vector 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 c¢loned inte wvector 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-PstlI and PstI-NheI respectively
and ligated into NecoI-Xbal opened PE-2 to create the vector PE-9
{2x358+Kozak-Lotus CHI-tNQOS in PE-2} (Figure 5).
35
1.4.5 Construction of plasmid pPE-11 (2x35S8+kozak-Pea CHR-Tnos)




5 was nodified by the insertion of an oligonucleotide adapter. First,

ol i gonucl eoti des 337 and 338 (Figure 4) were anneal ed together §qﬂNl' at ed
with plasmd pSJ34 restricted with Hindlll- EcoRl. This resulteé i db smd
pPE-5 (Figure 5% 10 pSJ34 is a derivative of the binary vector pGPTV-Kan

( Becker et WP 03721892 Pl ant Mol . Biol. 20: 1195-1197) in RETERIYHSBarHI
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anplifie ts priners 386 and 387 were used to anplify the conplete
codi ng reglon the CH gene (in triplicate) froma lotus 3" cDNA |ibrary.
The resultant fragnments LCH -A, LCH -B and LCH -C were cloned into vector

pT7 30 and sgQuencedoid t BBt LRSS «a0d_ 12l éﬂé?ﬁealnﬁ‘!fr%dwafrc{n? the
anplified wth primers 386/403 and 402/387, the resultant fragnents were

di gest ed wi PRTINGS! -PatPTangipg leucﬁ-e@ﬁé’@ﬁ \A§|4y36%md35%%ﬁﬁed 399v400
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in PE-ZL%(Flgure 5). Construction of pla
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( 2x355+k0z akS B SERR- Tﬁ%)“% 3“6?&1206%17%516@07%%%1 B&%EPB%C} dudsthely  The

chal cone r edysparaeve DNbafaseaniddtfion dwithoppp-Pirsisirfatéd/ wWihth NcoI-Xbal.
This resulted in plasmid pPE-11 (Figure 5).

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 33%/340, 341/342, and 343/344
{(Table 1). The resulting amplification products were restricted
with NcoI-Apal, ApaI-Sall, and 8SalI-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 pPE120 as follows. Plasmids pPE-11 and pPE-15 were
restricted with SalI-EcoRI and HindIII-Sall respectively. The
2x353+kozak-Pea CHR-Tnos and 2x355+kozak-Soy IFS-Tnos fragments
30 were then ligated with PPE-5 restricted with HindIII-EcoRI. This
resulted in plasmid pPEl20 (Figure 5).

1.4.8 Construction of plant transformation vector pPE-125 (CHR-
CHI~IFS)

35



| eaf tissue 3' cDNA library using prinmers 384 and 385. The resulting 0.98kb
product was ligated with the PCR cloning vector pT7Blue [Novagen] and the
sequence verified before further sub- 5 cloning. The chal cone rZddyigf
sequence was then anplified fromthe pT7Blue vector using oligonucl €otides
384/ 362, 30%P%¥E2899/400 and 401/385 (Table 1). The resBFTERE/01465
anplification products were 10 restricted with Ncoi-Narl, Narl-BanH,

BanHl - Munl, and Munl-Nhel respectively before ligation with pPE-2
restricted with Ncol-Xbal. This resulted in plasmd pPE-11 (Figure 5).
1.4.6 Constyucti . asm RE- + = SOy =S + A5 e
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library usifg prd nepBE-329/ 34@re34re8uictgdd 8484 344alY TabThe 1)respReing

resul ting aﬁ‘SPJEisfrikSQéi%tﬂéoéﬁflﬁo‘é’egﬁ?&n%%ttf (b & phéﬂgtlgg %‘SQ' edR 11 ghvad - Sal |,

and Sal |l -Nhel respectively before 2 igation wt restricted wth

Ncol - Xbal . "Hifs $3@dulligaarised|PREniel pPEMS (YosydEedsin plasmidcaREriLRt i on
of plants tramsfieensfion vector pPE-120 (CHR- IFS) 25 The single gene
constructs described above were used to construct the plasm d pPE120 as
follows. Plasm ds pPE-11 and pPE-15 were restricted wwth Sall-EcoR and

Hi ndl || - Sali.s.a9pect igegvy codtiml pxa3ontkozak- Pea CHR- Tnos and 2x35Stkozak- Soy
| FS- Tnos fragnents 30 were then ligated with pPE-5 restricted with

H ndll1-EcoRI. This resulted in plasm d pPE120 (Figure 5). 1.4.8

Constructi oh 6PTHHesedt rhmsfryr rAespid,vepkEHl pHEoU2E ((CHR-caikRiniy) BEe WO

03/ 072789 - 3nAe il 2060 PCROEE0Y Q1482 nos poly(a) signal (Pd35s- Tnos)

was used as control plasmid., This allows direct comparison between

transformed control plants and plants containing the CHR, CHI and

IFS constructs generated wvia a tissue culture procedure.

pPR51 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 pPE51 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., 1988) 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)

glycerol 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 Lahoratories). One pl of
either pPE120 or pCJl02 plasmid DNA was mixed with the- cell
suspension on ice and an electric pulse applied immediately using
35 a Gene Pulser with Pulse controller unit (Bio-Rad). For

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



To construct the plant transformation vector pPE125, plasm ds pPE- 9 and
pPE- 120 were restricted with Sall. The resulting 2x35Stkozak-Lotus CHI - Tnos

fragnent (from pPE-9) was then ligated wth Sall |inearised pPE;120. This
resulted in plasmd pPE-125 5 (Figure 5). 1.4.10 GPTV control ‘fd@ﬂﬁg@EA
GPTV- based ™ B¥437*Bl asmi d, pPE51 (Figure 5), containing tHe/ERSOHSbl e camv
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plasm d. This allows direct conparison between transforned control plants
and plants containing the CHR, CH and |FS constructs generated via a
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1.5 A tumefaci t sf,Qr nmat | ' asni 2
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LBA4404 by tiigh LE oddagyeswrirdenemimst atiitbn kasadesioy i datl incubased afier Forde
(1989). 5 Br&gjg Yt ebRCtroconpetent cells of A tunefaciens were prepared by

i nocul ation of 50mlL of 2xYT medi um (Sanbrook et al., 1989) and 25 culturing
wi th shaking at 100rpm at 28C until the culture reached an OD600 of
0.5-0.7. Thﬂaéqiﬂe%(?ﬁ\%é earﬁDQthG ity o, tﬁ@rpa%%tneﬁs 31&1 m&ybim%ass@i@aglgmdzg he1
super nat ant di scarded. e c s were then_. washed, succ ively i :
S 1 Cof CER 159 ODLETITE | P AORYF 1 o BSHEhar ST 20 GUBHE 3%

gl ycerol . 38003%s;t Ranstprvint i @PE520l30i35celadns \OPIre2 ) r apsd 15r e@Prv2 aand
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ice and an spedificcprpimtess apgacrdvehynedighet yilusing 35 a Gene Pulser with

Pul se controller unit (Bio-Rad). For transformation, the field strength was

12.5 kV/cm a capacitance WO 03/072790 -34
1.6 Stable transformation of Nicotiana tabacum cv SRI

15 A.tumefaciens cells from PCR positive colonles 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 egual volume of MS media (3%
20 sucrose). Leaf segments were cut from young Nicetiana tabacum L.
cv. SR1 leaves from plants grown in tissue culture. The leaf
segments were placed directly inte 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% 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.



22 PCT/ EPO3 01465 N 2006 of 25F and resistors of 400-600 ohnms in parallel,
giving tinme constants of 8-12nsec. The cells were imedi ately transferred
to |Im 2xTY and shaken at 29C for 2hours. Aliquots were then Lﬁv{jz gnto
LB agar supplenented wi th kananycin and incubated for 2-3 5 da s'a GB

The pr esen@é’“ﬁﬁ@@‘ht egrity of the plasnids in kananycin rRES/EROHHSS c| ones
was established by PCR anal ysis using p§>§120 (GPTV2 and 30035s; 340-GPTV1),
pPE51 (30035S and GPTV2), pPE125 (GPTV2 nd 10 30035s; 340- GPTV1; 248-403;
402-398) , pPE130 (GPTV2-300355) specific priners respecti vely (Figure 4).
1.6 Stable transformati on of N cotiana tabacumcv SRl 15 A tunefaciens cells
from PCR positive colonies were used to inoculate a 10 nl Lennox nedi a
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tabacumsl. .Gy ,caves fromplants grown in tissue culture. The |eaf
segrrents wer e pfacec} directly into the A tunefaciens suspension and
co-incubated for 10 m nutes. 25 The | eaf segnents were then transferred,

axi al surf aggndguse 1tﬁ.@@dﬁiar&|sa%8§e(@ﬁarp%rotﬁé@t@ﬂ a0 Rl aegdpat1 d2C for 2
days in low_Ilight. The |eaf dgmants were then transferred, axial surface

up, to t obf¥c 6ORRRHR iTHE EHEYi 3PS MIBFEthert @dPRPRIPAGr ndRe], IROEBESSE fE 500
rg/m and keslanyciin 5016}g/pﬁotapdrxﬂcﬂcradoon1axgr e domeak BRe 240{ntsi th a
16hr pr?@t operiod. After thr vveeks %E seﬁmerits wer e transfterred to
fresh bactd °s AEBLYH PnPTCRAR OF/e?R SPEFE tab FPAt 8?| R f ]

ti ssue cul tiriechepsE.s. S_hoot s were then exci sed fromcal | used | eaf

segnents and placed on tobacco shooting nedia w thout hornobnes containing
cefotaxinme 500 35 :g/m and kananycin 50 :g/m. 2 2 JUN 2006

Petal tissue was harvested from each independeni 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 pPEl120, pPEl25 and corresponding
pPES]l (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 B0% (v/v) ethanol at 100mg/700pl.

Following extraction, the cell debris was removed by filtration
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had rooted and transgenic plants harbouring the constructs vveétz% gﬁl ﬁ[ﬁ]t ed
foll owi ng specific anplification of the CHR CH, |IFS transgene BN1
respectively. Transgene positive plants were then potted u;% into a 50%
perlite BSYMEBRPWst mixture and placed in a propagator PETEPEHMShr oom at
25C with a 16h phot operiod (3000 | ux). @%ter 1 week the plants 10 were
removed fromthe propagator and subsequently potted up into 5-inch pots.
Petal tissue was harvested from each i ndependent transformant and stored
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. analyses

avonolid and 1soflavonol

1.8.1 HPLC conditions for flavonoid and isoflavonoid analysis

15 After hydrelysis, an aliquot from each extract was filtered
through a 0.2um PTFE disposable filter (Whatman)}. The filtrate
(20p1) 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,. Detsction 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.

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

35 flavonoid and isoflavonoid standards.
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conditions as t etal extracts
. 10 1.8 FR%&R%%‘??HPH 53nd

avonoi d and i sofl avonoid
extract was filtered

The filtrate (20gl) from

) via an autosanpler
Phenyl -3, 4.6 x 150mm
Detrdiatedm, wsidbyini ode

d
ev RSB D)

array, noni r t , . j er
from 210- 5 ll 1?11-. géggfln%ggeé?ggl%g%%t %’?\e s%%éjavb\g?gﬁ%ﬁe
used to cd-marn(tllt@tﬂe?rsystleml'@ndhwa@éed angbaped ysatuaets . 25eQdFar ve¥on of

flavonoixd and J,39fdavenol dffé%ﬁp%%ﬁ@ Wid A . Lo
using a gradient of acetonitrile in 1% "acetic aci

0.8m / m n.

37-80% in 2mMdut hehQgmmB hotdkRbpS&hdor wAhn. ~Th
reduced 30 from80-15%in 2mn .and held at 15% f or

£2d41:aCt Sy MaS tRer fiprdred
d, at a flowrate of

THE eBr AR SELHRTe Hsedonfieiaqtéonakinits. Brorqhagear eXtrashai ¥2s t hen

8y ihe AeRhoniveizhe. was
2mn rror to next

i nj ection. WHSGtLANEWEER FPIICEF? e’d’@é“&t?'%‘fs Baset$ie tgﬁgcﬁun) and

retention
35 fl av
PCT/ EP

time of peaks were corrpared with those

ﬂBBaé\r}d i %o&gavon id s

of commercially avail abl e

! 3098k Hvoristat il 3908 YR V048R0 1

con 1t10
After hydrolysis,

each tissue extract before extraction with 2ml ethyl acetate.

sample was then centrifuged at 1600g for 1 min.

15
N, (<45°C).

Samples were

heating with 20pl bis-~trifluorocacetamide

20 min.,

0.25mm x 0.25pm £ilm) GC capillary column

splitiess injector port at 280°C

chromatograph) . The oven temperature

dissolved in 30 pl opyridine
{BSTFA)
Ipl of sample was injected onto a CP-Sil 8 CB/MS

(Hewlett Packard

was

5ml of 10 % Na,S80, was added to an aliquot from

The
The ethyl acetate

layer was decanted to a fresh tube and evaporated to dryness under

and derivatised by
at 45°C for 15
{(25m x

{Chrompack) through a

5880 gas

set at a linear

25

30

35

temperature gradient from 100-320°C at 10°C/min with a helium gas
flow rate of 1lml/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
228,399,371,486
(219, 307, 371,

{selective ion mode)

(selective ion mode); Daltons for genistein

457 and 472 daltons for
and 151, 179, 1%2, 235,

385, and 400 daltons for liquiritigenin (selective ion mode).

{selective ion mode);
isoliquiritigenin
In
130-480
130-410 paltons for ligquiritigenin

addition, mass ranges of 170-400 Daltons for daidzein,
Daltons for isoliquiritigenin,

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



- 37 Calibration curves for quercetin, kaenpferol, genistein, daidzein,
isoliquiritigenin and liquiritigenin were established to permt W2
guantitation in t he hydrol ysed tobacco extracts. Levels were 5 yaIJE I@Ped on
a fresh vvel g%% F.wt.) basis. Wth the HPLC system and software used,
det ect i onW H?"?" n tobacco extracts was about O pg/n PCEEFPHEndi ng with
-1.5pg/g fresh weight. Variation betweep replicate injections was |ess than
5% 10 1.8.2 GC-Ms conditions for flavonoid and isoflavonoid anal ysis After
hydrolysis, 5m of 10 % Na2SO4 was added to an aliquot from each tissue
extract befo e €
centri fuge& at
fresh tube and e¢hprcaldd hegadrg =X @) Rehplise

di ssolved in BOS%ED ed| ne and derl vatl sed by heatl ng wth 20
bis-trifluoroac BSTFA) at 45C for 15 20 min., 1l of sanple was
injected onto a CP-Sil 8 CB/M5 (25m x 0.25nmm x O. 25mfi Im GC capillary

col um 6Chrx@rraa@éﬁmheromthe& eé@&ﬂltd QfSrddYi0at 6f Mt cAhl ZHCrékie ekt
Packard 5890 gas _chromato ._The oven te%er aturﬁ vyias segg1 at a linear

t enper at ur é‘nﬂr AR ERAOPF oW S§26f‘: Bie 1GEr PR TWCHS aPHEN Jnt§83°H5 “Bfow rat e
of I m/m nablbe taSsedpeedy uflwasndiani spitekstsi n@au&rdl-bd&:hizte:.i?&d(r&f/@brSQ?ZA

quadr upl e nmass- el ectl W det ect, t_at . .300C (EI S

175, 184, 383308 TH) { SHE S tai ERE Fibvdoses %velﬁ%%g{r)rgd’e’)ds ‘2{2’?389 71, 486
Dal tons forpegehi stssies zeldeteinvinddn Hode)pnal 2905 w36 7pe 8irmed Sy FHRICAT2
dal ton for t ( ﬂl%qle 5 ank92,
235, uﬁgg %Qifgg}d% %%séx%grgb ?q%%??%ig\eﬁlshg%] se ec%ﬂl @gg?%nn%ﬁ%??.anﬂin

addi ti on, r?dg(sPPFaﬁilgé:tfawfoFF@n&@O Dal tons for daidzein, 130-480 Daltons for
isoliquiritigenin, 130-410 Daltons for liquiritigenin and 180-490 for

geni stein were sel ected for full scan nmpde. 35 22 JUN 2006 WO 031072790
PCT(EPOSlOf@G@he HPLC analysis comparison between hydrolysed petal extracts

from flowers of N.tabacum transformed with either pPE120 or pPES1
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 additien, 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 pPE51
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 ~2.75pg/gFwt (Figure 7).

35



- 38 1.9 Accunul ation of daidzein in transgenic N tabacum ectopically
expressing chal cone reductase and isoflavone synthase: 5 To deteraminemns
whet her ect opi c expressi on of both chal cone reductase and isoflavone

synt hase in the non-Iegum nous plant N tabacumwas able to redirect

f1 avonoi d ¥PMBREE!Y t owar d dai dzein and/or genistein syRTERH01465 e
flavonoi d and i sofl avonoid profile of _ tal tissues was determi ned. This
anal ysis was perfornmed by HPLC 10 usi ng hydrol ysed extracts of petal tissue
from ni neteen pPE120 and six pPE51 transformants. In the HPLC anal ysis
conparison b 2en h .crllro‘lEl sed %%&gl extrct%}‘l{gmrjl el s 01:a Nrésasq%um

t ransf or med "W t F—etttrer—pF oF—pF - eated—tna —severat—of the
pPE120 transfor ghateore snedducpeak, wisdfliavensams i oand | nehaigconke

dai dzei n st andar detected. By contrast, this HPLC peak was not present
in control (pPég%@'Siﬁs—gﬁsfor mants. To confirmour prelimnary
identification, this peak was collected fromthe HPLC and anal ysed usi ng
GC- M5 2@ asgadetdihidddicht Ofer fdcAebhONs: tWekPrd 38 060k £ CSRONGNBY ré @i AseON
time were collected froma typical, pPE51 transformant and froma _ dai dzein
standard a$"@onPdfaVonec M HREPy s SRINREE 1 HFat"ite 7 eLBATHNCRFIREDENd t he
relative 2%ocAttdEdanes ahet hforragUHBEbUsONSLdnk7 5N, 4k cuA8rasandb B8 thM ])
fromthe pPEL20 fr ctign \/\ire siéjm'.lar, to thosi fromthe a]l.zjihenti.g d%i dzein
standard (EPHEPE® 672° FUFYfrer Abr S 10T r ACT VSR H Pt pPES 113108048 A8%GC peak
with a simisaflaetnedtli opréfile obfwipdtad sthssdwrs webatdeteraboedlancrief the
measur i iy bsen f s { Lo, ong r

t ransf grgm%%%l?%%l‘i{ag‘ ggrf é%t ?? aﬁ?['oérz,usﬁgge%%g(r%%g%%%a%%%ﬁtg\j{]#1 IS(jlell}ta%enti c
st andar ds g$hieweel LromatwélkeePEESLS danidda et PPEEE UbHANGEPOMANYS .pPE120 pet al
tissues reached up to 2. 751tg/gFwt (Figure 7). 35 22 JUN 7,906 WD 03/072790

PCT/ EPO3/ 01465
In the HPLC assay comparison between hydrolysed petal extracts

from flowers of N.tabacum transformed with either pPE125 or pPES1
15 indicated that for several of the pPEl125 transformants a peak with
the same retention time as the daidzein standard was detected. By
contrast, this peak was not present in control {pPE5S1)
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 pPEl25 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 pPEl25 petal tissues

reached up to 246.7ug/gFwt (~4934pg/gbwt) (Figure 8).
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- 39 1.10 Daidzein accunulation in transgenic N. tabacum expressing

chal cone reductase, isoflavone synthase and chal cone isonerase. 5 To
determ ne whet her conconmitant expression of chal cone reductase angd JyN 2006

i sof | avone synthase in conjunction with a | egune chal cone isonerase in the
non- | eguni WOUBOR8ht N. t abacum was able to enhance the |RGZSEPOHIIEHI dzei n
accumul ation, the flavonoid and isofLaMQQpid profile of petal tissues was
determ ned. This 10 anal ysis was perforimted by HPLC usi ng hydrol ysed extracts
of petal tissue fromtwelve pPE125 and six pPE51 transformants. In the HPLC

assay conparison hetween dralysed pe xtracts fromflowers of
N. t abacum '?é;xarr%\% o?'med W tEyaeqsgﬁé?a%ﬁgglogg%ﬁu%ePEﬁ 15 indicated that for
several of the pPElI 25 transformants a peak with the same retention tinme as

;[ Eecgﬁlt ?élel ?té&l%”@@&ﬁsf&%ng@%ﬁ%@%acﬁyca %E@l&éasﬂ’ c%%%l%_eﬁgsg\@ls B'l%uPr esent
identification, the peak corre%ﬁﬁﬂé&@ﬂﬁﬁﬁ%i n was collected fromthe

HPLC ang 20 anal ysed using GC-Ms5 assay. In addition, fractions with the

correspondi n% retention time were collected froma t%ipi cal pPE51
t r ansf or marft CARBE4FISRTa Siidzef FPist BRaPAshsl ConFPHPRIESCCYRES atdPYsi™® showed

that the retgphi sk td MANG,ehhex Ikl Yot Scatindang exMantRenNBaggImAd i Ons
(175, 184, 383, and 398 [M]) fromthe pPElI 25 fraction were simlar to those

from the auwrdentifampdainzdidraimdndandl. iFgrhdtednmoeeerniightf reidthi ophdkine pPES1
showed no it Sk m | I QN O, -\ S St han 1 ive
abundance O@Q?E%mne%s?rge%' [ oﬂﬁ’rse (‘:Dg%?ﬁdnl}?pgh%%eagsa\gn%gnofﬁc}'{aa:egzé}: n?dtgl(t?l
Quant i fl&t i omd bhe erpldnpreblgfariessspaiided dutavefEnel stodndar of Bhagdie andat

| evel s of daihdzgi f;RGCHIMBIIONsed RBELZmFetabtidrssues reached up to
246. 79/ gFwt  (4934g/ gbat) (Figure 8). 35 22 JUN 2006 WO 03/ 072790

PCT/ EP03101465 - 40 -
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 intoc 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, axlal surface up, to
solidified MS media supplemented with 3% ({(w/v) sucrose, 0.04mgl™
NAA, 0.5mgl™* BAP, 100pug/ml cefotaxime, 500 pg/ml carbenicillin and

50 pg/ml kanamycin and placed in a growth room at 25°C with a 1léhr
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 pg/ml cefotaxime and 50 pg/ml kanamycin.

30 Genomic DNA was 1solated from shoots that had rooted and
transgenic plants Tharbouring the constructs were selected
following specific amplification of the CHR,CHI & IFS transgenes

respectively.



Exanpl e 2: Transformation of |ettuce Stable transformati on of Lactuca Sativa
L. cv Lollo Rossa, Bijou, Miscara & Revolution 5 A tunefaciens cells from
PCR positive colonies were used to inoculate a 10m Lennox nedia br& HUN 05
cont ai ni ng ‘ggga}m_éci n 50g/mM and rifanpicin 50 g/m and incubated ov I gtw
with shaki ng® W428%nm at 29C. The overnight culture was CEREPI¥FUHSI at
3000g 10 and the cell pellet resuspend_gqlli n an equal volune of UM nedia 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 abaxi al
surface of the cotyledons. was .15 .scored wth a scal pel -bl ade bef.ore. pl acing
directly in Bax%ﬁ?%nxA%tgﬁr?réﬁ‘vaeci%lnaéltgugﬁlé%s%er]n a%rc?ngg??%%%b%? e%cn% o%lafﬁtﬁfnut es.
The cotyl edposs wonsaiheny theansferr ¢f3, cabpodtamiged fatth domwn, Inms $ol.Bdifi ed
UM nmedi a su Nt ed~ Wt % LSuUcr e | ng. fidot.er
paper (8 pePQ% ;EF e)(gé%}é!)pggge%ﬂgge\%%% oﬁr)r% gaggeié_ Q%T%eag%%ﬁﬁéggngtvggr% t hen
t ransf erredvidki 2l 18w fRitatopgried  shftedi 1 ewels thedraasippieifemta®evefit h 3%
(W V) sugroggom 0. QM rl aEMr 0. 200 1 mk i BARNE00gLN 26&f Oty 5QQgLM
carbenicillin and  50g/ ananycin and placed in a growth roomat 25C with
a 16hr 25 pROBYEHEFEOD: The explants were transferred to fresh medi um every
14 days. After eight weeks, regenerating explants were transferred to

solidified di a supplemented_with 0, 11% (W Vv S, 100q/ cef ot axi ne
ond 500/ i KEHhnyae. TRERRO coidta SAdL FRurBRnnr SRentEREt nane pid
rooted and stemssgent8090 dnt ssutssehoent Nt atrbheo b redr iist Slaveneis edredtysds

fol | ow spec|.fli ifli I of the CHR, CH & |IFS transgenes
respect?(\gel §9/§ %Vﬁﬂﬁﬁ%d%s%%%mz?go PCTI EP03/ 01465 - 41 Transgene
positive plants were then transferred to 9cm di aneter



pots containing Levington M3 conpost m xed with John Innes No.3 & perlite
(3:3:2) and placed in a propagator in a growthroomat 25C wth a 16hr

phot operiod. After 1 week the plants were renoved 5 fromthe propagator and
mai nt ai ned at 25C:mjth a 16hr photoperiod. Leaf tissue harvested ¥ fohii@hch
i ndependent gymant and is stored at -80C for subsquaa% fIavon0|d and
i sof | avonoi ana yses 10 as previously described. 22 JUN $3/ 072790
- 42 Exanple 3: Transformation of potatg BCT/ EPO3/ 01465 Stabl e
transformati on of Sol anum tuberosumL. cv. Desiree 5 A tunefaciens cells
fromtransgene positive (PCR) colonies were used to inoculate a 20m Lennox
medi a broth i §i ng kanﬁﬁ% g rifanpicin 50 g/m and

i ncubat ed f§$£§ﬁ§a§§ with s aﬁlng ?120?%%?€§§) 29C. Follomnng i ncubati on,
this culture was centrifuged at 3000g and Bell resuspended in
25ml M5 nedPieNlsHETaRs fQumasl oAt Sofapin fubay : 8gie8se. Leaves were
cut from4-week ol d Sol anum tuberosum L. plants rown_in tissue culture
and pl ag)é\d Axrureraciangceelds R0 LB PRHes P%‘HtE‘Se rﬁé’gﬁhrﬁﬂf’lﬁﬁsb‘e{%’iﬁ uged 8

suppl ement edpdihiBed . 5% @1UCESRx Fe8D 3F8fn dIHRaBlind O kSHRRLEATEINS fuV dnh
0.02nmg/ I NAA, 20nmg/l GA3, 2ng/l Zeatin riboside] and placed at 23C for 2
days. The excf%@dcﬂrreaﬁ@eg/mier@dt Haeubsted etprdidréavs| ywitnt shakiveg Al20neaetens
suspensi on t 0 c 0 the
| eaves wer ea b1’ ot FM(}%QP% ‘ﬂc f"'érgs;gel?%e Sltlé% a%gl%&ggg%dﬁa A%)%bb? a

pl at es (sol itt¢ feedd m@lﬁedrﬁuamdleayﬂd 26X MS2madief (Pﬁﬂ)@d:CﬁilF@ébfh@teQ u@&énm on
over mh%@h ape.fil teLpaper was placed) and placed in darkness at 23C for 2
days. e |leaf explants were then transferred, axial surface up, to
solidified L3 nedia supplemented 0.02nmg/1 NAA, 25 20ng/1 GA3, and 500 g/ m

cef ot axi me apshdal agRd duf Br@ QWhdLr QIN f1agdl Cupiddshimar 1§1Ent)oLepar iiad for

four days. The | eaf_explants were then
tissue culture, and placed axial surface up onto solidified L3 medium

t he ceH

[MS basal salts supplemented with 1.6% glucese, 0.8% agar, pHS5.8]
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 2Zml 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/l NAA,
25 20mg/l GB;, and 500 pug/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/l1 NAA, 20mg/1
Gh;, and 500png/ml cefotaxime and 100mg/l kanamycin every 14 days.
After approximately eight weeks, shoots (~1.%cm) were excised from the
30 regenerating vexplants 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.



transferred to fresh L3 nedi um suppl enented with 0.02ng/| NAA, 20ng/| GA3,
and 500 g/ cefotaxinme and 100ng/ 1 kanamyci n every 14 days. @5@6200
approxi mately ei ght weeks, shoots (-1.5cm) were excised fromthe 6
regeneratipg explants and transferred to solidified M5 nedia suppl enented
with 1% ( 038K bse, 0.8% agar, 500 g/ni cef ot axi ne ancFCTi'@m(Z{PEPPS
kananycin. Genom c DNA was isolated fromshoots that had rooted and
transgenic 35 plants harbouring the constructs were selected foll ow ng
specific anplification of the CHR CH & IFS transgenes respectively. 22 JUN
2006 WO 03/072790 PCT/ EPO3/01465 - 43 Mnitubers were initiated from each
transgene positive plant by transfer of -3cmlong | eaf node to M5 nedi a
suppl enent ednitdtder8%fwate) indtiatede fand @a686 agamsgene nEishtiieni pignkn ar kness

Ctored at - HOL PP UREC AL ER Spok, POWED AR LT FRETIMER L WERS BIURY, ST

2006 WO 03/DBiE2Fd90 and 421 8% Eagarp bid 4naiPGEAER) 300 446G eFooat @50t uCMiniSkbers

appear anpce benefits fr i sof | avone cons tion 5 The_ jnvestigat.i ol S
o5t gned. asreitret el hra pracd SRR R O e oPualy a1 i B0
post - nenopafitsatubsetugite eYsrondite anp dsdilavparikdsaneyees.andom sed in a parall el
design into two groups to receive foods with and w thout functi onal
ingredients for a period of 12 weeks in total. For the duration of the
study the 10 subjects had to avoid soya containing foods and stop taking
vitamns, mnerals or other dietary supplenents. The study conprised two
phases. Firstly, a "run-in" or "washout"” phase when subjects consuned

pl acebo foods for two weeks. 15 Secondly, an intervention phase when

subj ects were randomy



all ocated to consunme foods (2 |lowcalorie food bars per day)

foods were provided as a | owcalorie bar, The bars were snall

cont ai ni ng
functional ingredients or placebo foods for a further 10 meeks.zz

se

t udy
i 4806 si ze

29g) and pagébgﬁggﬁn average 108 calories and 3.1g fat. Each functional bar

cont ai ned:

i sof | avones20ny Green tea pol yphenol s186RgPI3/01465

Gamma- | i nol eni ¢ aci d240ng Carotenoidsq;%%gg vitam n A300 Vitam n C60ng
7

Vitam n E7.5ng Vitam n B20.55ng Vitam n

Fol at €200 Zi nc7.5nmgy Cal ci un600my PABA120m 2Z JUN 2006 WD 03/ 072790
PCT/ EPO3/ 01465 - 45 The placebo foods contai ned the PABA (para-an nobenzoic
acid) but FEA®8i*the functional ingredients. PABA was added as a
conpliance narker to all the bars. 5 Consunption of the bars containing

m cronutrients, ?gfro‘dﬂ!:E? stgg% ag' éQﬁfJa@éQr&?gge%ﬁﬁs CANS Qg&f’%&o%e@%s@kfck&@d ous,
resulted in P ed

skin

ng Vitam n B60.75ng Vitamn D5 ¢

S5 The investigation was designed as a double blind placebo

controlled study with 33 female post-mencpausal volunteers.

The

participants were randomised in a parallel design into two groups

to receive foods with and without functional ingredients for a

period of 12 weeks in total. For the duration of the study ths

10 subjects had to avoid soya containing foods and

vitaming, minerals or other dietary supplements.

The study comprised two phases. Firstly, a "run-in" or

phase when subjects consumed placebo foods for

15 Secondly, an intervention phase when subjects were

two

stop taking

"washout"

weeks.

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

Soya iscoflavones 20myg
Green tea polyphenols 100mg
Gamma-linolenic acid 240mg
Carotenoids 0.25mg
Vitamin A 300ug
Vitamin C 60mg
Vitamin B 7.5mg
Vitamin B2 0.55mg
Vitamin B3 Tmg
Vitamin B6 0.75mg
Vitamin D S5ug
Folate 200pg
Zinc 7.5mg
Calcium 600mg
PABA 120mg




appear ance and reduced signs of ageing due to reduced winkle 10 height; ii.
| nproved firmess and skin tone; iii. Softer and snoother skin; iv. Aless
sensitive skin, that makes one feel better about their skin; ¥Z difpigggved

overal |l antioxidant status of the body and skin. 15 The statisti cal
signi fican®@ B84, n of the skin benefits or serum chang®SV/ERBBKM6S en weeks

intervention is |isted bel ow. Par y~h~jgr y.. ~—~"~",, r\Week 10 ' g '
t> Value % Ai. Winkle height (replic §)< 0.078 ii. Firmess (i ndent
value)< 0.075 iii. Softness/Snoot hness (Coefficient of restitution)< 0.15

iv. Sensitive skin (questionnaire)< 0.05 v. Serum anti oxi dant status (TEAC)<
0.065 20 22 JUN 2006 - 46 Cains 1. A genetically nodified plant or part

t her eof conpité silRgebdatatta rRoathalired daei PARA Vi@ardhatieobenwbbr edaidsabat pl ant
or 5 part {Rereql Lie BhlFolih [hL8Y0R0l3NdoaN DRy Ry B SyRiNEShS, and
conpri ses one or nore nucléotide sequences encodi ng chal cone réductase and
one or noremynkslrebeiald tdegb@reces encodi ng i sofl avone synthase. 10 2. A
genetica ly nodified plant or part thereof according to claim1l, further
conprising one or nore nucleotide sequences encoding a chal cone isonerase
capabl e of €eraFPsieR PhetheoR9Es sFemtaiming omigronyirieaEdxChaMbdfe e 7, 4' -

di hydr oxyf| aysQRened Sade LoiREbgakbY mBDEi £ £xhalians, Or meanitddefeod
according to claim1 wherein said one or nore nuc|eotide se(}uen es

conpri se U FeMenRy eUtifadeedileABE ZEPYHSGRA® ReBRE 4 No. Yuproved skin

appearance and reduced signs of ageing due to reduced wrinkle
10 height; ii. Improved firmness and skin tone; 1ii. 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:

_Parﬁﬁaﬁer"'

g Week 1210 Yl

e

i.' Wrinklé height\(repiiéas)

ii. TFirmness (indent wvalue) < 0.075
iii, Softness/Smoothness (Coefficient of restitution) < 0.15
iv. Sensitive skin (questionnaire) < 0.05
v. Serum antioxidant status (TEAC) < 0.0685

20



or a functional equivalent thereof; and (ii) a nucleotide 20 sequence as
shown in SEQ ID No. 3, or a functional equivalents thereof. 4. A
genetically nodified plant or part thereof according to claim?2 wherein
said one or nore nucl eotide sequences 25 conprise (i) a nucl eotididUNeggence
as shown in SEQ ID No. 1, or a functjeponal equivalents thereof; (ii) a

nucl eoti de sequence as shown in SEQ ID No. 3, or a functional equival ent
thereof; and (iii) a nucleotide sequence as shown in SEQID No. 5, or a
functiogﬁhﬂ%quivalent thereof. 30 5. A genetically nodified plant or part

t her eof —acecording to any one of the preceding clains wherein said plant or
part thereof is selected fromthe group consisting of tobacco, Lactuca

sp., broccoli, asparagus, re ahba otato, 35 i nach, rhubarhb, red

oni on, (‘sPhaI %‘ot?eréu 1&?3? e,"Y alcficlseﬁ, 8@%\?@5 EhaPd * p Irgogas??r?p’%é:’tlgfgrrel on
and berri esdaid#din 22ndAdd 20405 variAasexheaedt of wAepé Nt sacdopllang be any one
of %Jains 1 ég 5 ghere%n said extract.conﬁf%ges Qaidze'n and/ or derivatives
thereof. 5 BT %an &XFFE%t adlor fihg to cfai P us s a®WetiaMeAt. S. An
extract accbidéngtHeziel and @oinptisise bfiet B Wbeat meBleottddl Ofedqieencent i on of
one or nore_condition elected(£%ﬁggthe 10 group consistin

f .
ost eopor osi §*°Canter ““RehdPausH post™ néﬁﬁbaﬁgalm?§ﬁpt%ﬁ§‘%5ﬁ8?ising
hot fl ushesseaumett@isy encdépieSisioddavanedksivihags, ni ght sweats, headaches,
unrinary incontinence; pre-nenstrual syndromes conprising fluid retention,
cylical mastal gia, dysnmenorrhoea; heart disease 15 atherosclerosis;
hypaer t ensi on; georecathasylyr hedyfiq@syl ati gbr @hetestherebf Alczhetit®rsg' sodi sease;
i mpai red cogfitin ;uqﬁfion; i.nfl anmat ory di seases co résin i nfl ammat ory
bOV\Bl alm f ur €r Ccomprising one "or more nuclegtide s ences
encoding a chalcone isomerase capable of catalysing the
conversion of 4,2',4’ -trihydroxchalcone to 7,4'-
dihydroxyflavanone.
15
3. A genetically modified plant or part thereof according to
claim 1 wherein said one or wore nuclectide sequences
comprise (i) a nucleotide sequence as shown in SEQ ID No. 1,
or a functicnal egquivalent thereof; and (ii) a nucleotide
20 sequence as shown in SEQ ID WNo. 3, or a functional

equivalents thereof.

4. A genetically modified plant or part therecf according to
claim 2 wherein said one or more nucleotide sequences
25 comprise {i) a nucleotide sequence as shown in SEQ ID No. 1,
or a functional equivalents thereof; {ii) a nucleotide
sequence as shown in SEQ ID No. 3, or a functional equivalent
thereof; and (iii} a nucleotide sequence as shown in SEQ ID
No. 5, or a functional equivalent thereof.
30 ) :
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 consisting of tobacco,
Lactuca sp., Dbroccoli, asparagus, red cabbage, potato,
35 spinach, rhubarb, red onion, shallot, aubergine, radish,

Swiss chard, purple bagil, watermelon and berries.



di sease, ulcerative colitis, Crohn's disease; and rheumatoid arthritis. 20
9. Use of an extract according to claim6 in the cosnetic treatnent and/or
prevention of one or nore conditions selected fromthe group conprising,
sunlight induced skin damage, skin winkling, |oss of skin sens@?hwgpm

| oss of 25 skin firmess, acne, poor-hgir- condition and bal dness. . @ke
of an extract according to claim6 in a food product or nutritional
supplement. 30 11. A genetically nodified plant or part thereof according to
any one of claiml1l to 5 for use in the treatnent and/or prevention of one
or nore conditions according to claim$S. 12. Use of a genetically nodified
pl ant or part Apherevicaceorali Mgnt3macerdiys obe iy cdnd mil ¢laiBsi 4 the S

cosnetic trea . and/ i - : c btio rdi-ng to
laim o, 22730 Sooe < oah P e SR R R o ea T A o e
t her eof accor 8hagecfo any one of clains 1 to 5 in an food product. 5 14. A

f ood Sgoduct conprising a genetically nodified plant or part thereof
according to any one of claims 1 to 5. 15. A food product according to claim
14 wherei A-safd eyothciprgdarding tselcdetwnds ffomuskeagraumpdioasesti ng of
packaged 10 m xed sal ad, soup, spread, sauce, fruit bar and ice cream 16. A
nutritional supplenent conprising an extract according to claimé6. 15 17. A
process f@r i Aor eagiragtt kecovdtrat tof daildzeél nfandbee idertheat tvestmemér eof

0 3 plant of <Bayk, LNALAGL: cHer oLl 98I Ghodl! RERSP: SHIPIEIES:LRCSLPRSE (1)

sel ecting a non-isoffavone producing ant wherein sai ant or part
thered is acgkoeripergistdapgant noatebpdicgienorahtesy mepeppysal isnd post

genetical ly mpdhiyinghsal dyRbadhs 0 oRELEAES L NeRC I Middhes,  anxiety,
depression, mood swings, night sweats, headaches, unrinary
incontinence; pre-menstrual syndromes comprising  fluid
retention, c¢ylical mastalgiz, dysmenorrhoea; heaxrt disease
15 atherosclerosis; hypertension; coronary artery spasm; high
cholesterol; Alzheimer'’s disease; impaired cognitive
function; inflammatory diseases comprising inflammatory bowel
disease, ulcerative colitis, Crohn's disease; and rheumatcid

arthritis.

20

9. Use of an extract according to claim 6 in the cosmetic
treatment and/or prevention of one or more conditions
selected from the group comprising, sunlight induced skin
damage, skin wrinkling, 3loss of skin sensitivity, loss of

25 skin firmmess, acne, poor hair condition and baldness.

10. Use of an extract according to c¢laim 6 in a food product or

mitritional supplement.

30 11. 2 genetically modified plant or part thereof according to any
one of c¢laim 1 to 5 for wuse in the treatment and/or

prevention of one or more conditions according to claim 8.

12. Use of a genetically modified plant or part thereof according
35 to any one of claim 1 to S in the cosmetic treatment and/or

prevention of one or more conditions according to claim 9.



of chal cone reductase and isoflavone synthase in said plant or t@b‘s
thereof. 25 18. A process according to claim17, wherein said przf;z1 2006
further conprises genetically nodifying said plant or part thereof to
increase the activity of a chal cone isonerase capable of catalysing the
conversion of 4,2',4'-trihydroxchal cone48o- 30 7,4'-di hydroxyfl avanone. 19.
A process according to claim 17, wherein said plant is genetically nodified
to incorporate into the genone of the plant (i) a nucl eotide sequence as
shown in SEQID No. 1, or 35 a functional equivalent thereof; and (ii) a
nucl eoti de 22 JUN 2006 - 49 guence_as. shown in SEQ ID No. 3, or_a
functionalt®-e e\/é:]%ef—ﬁ‘t SePRErEorY BRO N 6’5‘&15 8608?% ng‘etrc?odfl SFﬁ?ﬁ%fng
wherei n sai d plarhy sne Sofgenetmeal |y modinf aedfda ipreaupodrate into the genome
of the plant (i) a nucleotide sequence as shown in SEQID No. 1, or a
functional equivalents thereof; (ii) a nucleotide sequence as shown in SEQ
| D No. 53, or. & f Beed i ppaduequesabeidirghes egénet Bdud 161 1 hodid ivdc|mekitderr
sequence as shown ig SE(%ID No...5, or 10 a fupcti gnal _equi val ent thereof.
21. A process HeCordPhE T GCafy doRe Bt AVaPhE 47 8138 WP ein said plant is
selected fromthe group consisting of tobacco, Lactuca sp., broccoli,

aspar agus,_ red cabbage, potato, 15 spinach, thubarb, red onpion, ;shallot,
auber gi ne,*¥-adt S%POdS\/ﬁ’rsoéiuﬁﬁar%‘?c L‘?ﬁgﬁe Hasit 2 hat nﬁ’?‘SﬁeHﬁd Sﬁ‘éfirié%o.d

product is selected from the group consisting of packaged

10 mixed salad, soup, spread, sauce, fruit bar and ice cream.

16. A nutriticnal supplement comprising an extract according to

claim 6.

15 17. A procesg for increasing the content of daidzein and/or
derivatives thereof in a plant or part thereof, wherein said

process comprises the steps;

(i) selecting a non-isoflavone preoducing plant wherein said

20 plant or part thereof 1is active in anthocyanin and
flavonol biosynthesis; |

(ii) genetically modifying said plant to increase the activity

of chalcone reductase and isoflavone synthase in said

plant or part thereof.

25
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 4,2',4'-trihydroxchalcone to
30 7,4’ -dihydroxyflavanone.

19. A process according to claim 17, wherein said plant 1is
genetically modified to incorporate into the genome of the
plant (i) a nucleotide sequence as shown in SEQ ID No. 1, or

35 a functional eguivalent thereof; and (ii) a nucleotide
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15

20.

21.
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sequence as shown in SEQ ID No. 3, or a functional

equivalents thereof.

A process according to claim 18, wherein said plant is
genetically modified to incorporate into the genome of the
plant (i) a nucleotide sequence as shown in SEQ ID No. 1, or
a functional equivalents thereof; (ii) a nucleotide seguence
as shown in SEQ ID No. 3, or a functicnal equivalent thereocf;
and (iii) a nucleotide sequence as shown in SEQ ID No. 5, ox

a functicnal equivalent thereof.

A process according to any one of claims 17 to 20 wherein
said plant is selected from the group consisting of tobacco,
Lactuca sp., Dbroccoli, asparagus, red cabbage, potato,
spinach, rhubarb, red onion, shallot, aubergine, radish,

Swiss chard, purple basil, watermelon and berries.



