0 4 MAY 2005 1 PRODUCTI ON OF STILBENES I N TRANSGENI C PLANTS A'\E)‘lTMEf I\RESKD
OF PRODUCI NG THERECF FI ELD OF I NVENTION This invention relates™t'o
transgenic plants and plant materials. In particular, the present
invention is related to the production of resveratrol and other stil benes
in plants. BACKGROUND OF | NVENTI ON Cance{ is the |argest single cause of
death in both nen and wonen and 10 cheno-prevention of cancer is one of
the nost direct ways to reduce norbidity and nortality. Cancer-preventive

agents include PRODECHION OFSTHIBENRSTRIIRANSGENIC PEANTS AND THE
i ndomet haci n, aspirin, piroxicamand sulindac, all of which inhibit COX In

I
the search for new cancer lﬁﬁﬁéﬁﬂ i ?&ﬁﬁ] VR ast 30 years,
t housands of plant sanples an e;)tqgcl:) S m?&Ngtﬁlgmﬁd hundr eds of these

extracts were evaluated 15 on their potential to inhibit COX 1In 1974, An
extract from Cassia qui nquangulata from Peru was identified as a potent
inhibitor and the active ingredient was identified as resveratrol (3,5,4'
-trihydroxy-trans-stilbene). In 1997, -it was reported in Science Journal
that resveratrol, a phytoalexin found in grapes and other foods was
purified and shown to have canceFIERSWGF] TIQN activity in 20 assays
representing three major stages of carcinogenesis. Resveratrol was found to
act as an antioxidant and anti-nutagen and to induce phase ||
- drug-net abdl i Zihiginventzymeedatésatot franspértic atantsrandgilanti myterialst Impditatlad the
‘anti-inflammatory effects and 0 4 MAY 2005

present invention is related to the production of resveratrol and other stilbenes in

plants.
BACKGROUND OF INVENTION

Cancer is the largest single cause of death in both men and women and

10 chemo-prevention of cancer is one of the most direct ways to reduce morbidity and
mortality. Cancer-preventive agents include nonsteroidal anti-inflammatory drugs,

eg. indomethacin,aspirin, piroxicam and sulindac, all of which inhibit COX. In the
search for new cancer preventive agents, over the past 30 years, thousands of plant
samples and extracts were studied and hundreds of these extracts were ev‘aluated

15  on their potential to inhibit COX. In 1974, An extract from Cassia quinquangulata
from Peru was identified as a potent inhibitor and the active ingredient was
identified as resveratrol (3,5,4’ —trihydroxy-trans-stilbene). In 1997, it was
reported in Science Journal that resveratrol, a phytoalexin found in grapes and
other foods was purified and shown to have cancer chemo-preventive activity in

20  assays representing three major stages of carcinogenesis. Resve-ratrol was found to
act as an antioxidant and anti-mutagen and to induce phase II drug-metabolizing

enzymes (anti-initiation activity); it mediated anti-inflammatory effects and



2 inhibited cycl ooxygenase and hydroperoxi dase functions (anti pronotion
activity) and it induced antiprogression activity of cancer. {J § Mi200%n,
it inhibited the devel opnent of preneoplastic lesions in

carci nogen-treated nouse manmary glands in culture and inhibited
tunorgenesis in nmouse skin cancer nodel (Jang et 5 al, 1997). These data
and a host of other scientists around the2world now st rongly suggest that
resveratrol, a common constituent in our diet nmerits investigation as a

pot enti al cancéhibipd grplpexseeniseanddwdtoperpxidase fismctidhc@htpromméioniactixigy cul ar
di seases and the French paradox has been hotly researched and pursuit by

t he nedical scindnit iifduced antipiigtdssion aiceiuity of hanowdr 118 ddaitiockD it hitlegt theO
years. Numerous studies over the years have shown that conparing al cohol

i ntake and i sci¥4a] I ' ; [ . [ e.r jon or
a U-shaped curve F%ngﬁ?éﬁIgﬁgﬁggﬁ?€g¥gﬁ§p%?Q?%H%%%ﬁéﬁggpq%§§§6?m§%y i nd of
al cohol is assgciat. i .decreased inci.dence of .coronar i.sease
conpared wit f@%‘%‘ﬁdggﬁ%e q\%ﬁillﬂggﬁ?@ﬁlg}or%@& I} IOy skim cageey %@H@a@’é’@ i sk of
i nfarction and 1§%§%r ﬁe. The cardi o-protective effects of nost al coholic
bever ages are & I? g data andagohast et etherosgientisth prgnd dresvesld nowspeeglei n and
the ability of alcohol to prevent platelet aggregation and increase
fibrinolysis; Susgestthat rasheraieol, 8 cammonaoestitecht if ewradiethherite ifvestigativoas & ed

wi ne. The uni que cardioprotective properties of red wine reside in the

action of fl ayonmtidbcandet cheinbprereities apbitGhhadhgnsti ni mal in white wine 20
(with the exception of chanpagne). The best researched flavonoids are
resveratrol and quercetin, which confer antioxidant properties nore potent

than al pha- t ocophesiebhol GABR-V4sb @8 BRSasRO MY tt%aérfmémr #kn by onoi ds
by volunme as red w ne. Resveratrol, however, being a phytoalexin, 1S not
normel Iy prodye&d:chBd and pursuit by the medical scientific communities around the world for
1‘0 | the past 20 years. Numerous studies over the years have shown that comparing_
alcohol intake and ischemic heart disease have shown either an inverse relation or
a U-shaped curve in which the equivalent of 2 drinks per day of any kind of
alcohoi is associated with a decreased incidence of coronary disease compared
with no drinks, while higher doses result in an increased risk of infarction and
15  stroke. The cardio-protective effects of most alcoholic beverages are probably due
to an elevation of high density lipoprotein and the ability of alcohol to i)revent
platelet aggregation and increase fibrinolysis; however, there is an increased
favorable effect from red wine. The unique cardioprotective properties of red wine
reside in the action of flavonoids and stilbenoids which are minimal in white wine
20  (with the exception of champagne). The best researched flavonoids are resveratrol
and quercetin, which confer antioxidant properties more potent than alpha-
tocopherol. Grape juice has about half the amount of ﬂavonoidé by volume as red
wine. Resveratrol, however, being a phytoalexin, is not normally produced in

grapes unless it is attacked or infected by microbial pathogens.



grapes unless it is attacked or infected by mcrobial pathogenﬁ. gm§ %ﬁg
2005 3 As resveratrol is a phtyoalexin, it is produced by at éa 7

pl ant speci es spreading over 31 genera and 12 famlies. The best studied
pl ants that produces resveratrol are grapes and peanuts. The US and
especially German Universities have been_ actively | ooking at the

pl ant - pat hogen interaction in the 2 plant% 5 described. Bayer AG a giant
chem cal and pharnaceutical conpany have been actively sponsoring and

wor ki ng on this phytosestatol iyeahtyealexin, dbisqreduced by g heast 72 plant snspies

synt hase) involved in resveratrol (phytoal exin) production and have shown

t hat when exprspesdihgiavet B hgsnanaiand dRafhindliesr a3 dest stadied phantsbaemséudehe
resi stance to pathogen attack on the plants. Bayer has also filed patents

on the 10 grapesvetdtlopanegdpel é}ﬁﬁ@eaaﬁﬁ.e THeays taﬂ@%sﬁlﬁiﬁ?l?ri GOnneOnivEiseher et

al (1997) published a paper in The Plant Journal thaf over-expression of
stil bene synt b ty en gt cco . can lead to sterilke |1 en
(due to the cgﬁggtbigtg ]iqgaﬁhgeel?’ mlé)ggﬁl%c%aﬁlgoﬁgﬁégla%ﬁgem Rty f’bglheebsg}%qqﬁase on
t he conmon pregcusor ,substrates).. Presently, there is_ also a conpany

( Phar maSci ncé%scrrfb(?ﬂ’n &ﬁ(ﬁﬁgcg ﬁ)aglawsﬁ’e%c% angd PHM%WW&P?’BP”W@"E’SM@? form
and they claimthat it is chemcally synthesized. The Trade nane is
"Resverin". Tietjvatapponsegngansvorking emthis| phytealexin yIhey have/splatedithegengs i ce.

Al so, during the past to years, there were also nany reports that showed

that resver at (stilbérse symhasgpdstologein réeetrol (sisnedlatiny prétstioh 3ad haes
inplicated to mmc estrogen action and hence, may have a potential in non-

20 steroidal @E6WRURE WHERleRPRBI AN HaRotRic BnB! RAEHLEE LEPRATESEL She ONE
difficulty of trying to tap the anti oxi dant "and anti nutageni c benefits of
resistance to pathogen attack on the plants. Bayer has also filed patents on the
10  grape stilbene synthasg gene that they have isolated. Fischer et al (1997) published
a paper in The Plant Journal that over-expression of stilbene synthaée gene in

transgenic tobacco can lead to sterile pollen (due to the competition between

chalcone synthase and stilbene synthase on the common precusor substrates).

Presently, there is also a company (PharmaScience) from Canada that is

15 selling resveratrol in powder form and they claim that it is chemically synthesized.
The Trade name is “Resverin”. They can only supply in small quantity at' a very

high price. Also, during the past to years, there were also many reports that
showed that resveratrol is a phtyoestrogen. Hence, resveratrol has also been
implicated to mimic estrogen action and hence, may have a potential in non-

20  steroidal estrogen supplements and also may prevent osteoporosis.

One difficulty of trying to tap the antioxidant and antimutagenic benefits of
such stilbenes is that they are often phytoalexins and are therefore only found in

infected or wounded plants, and not found in healthy plants, even if the gene is



such stilbenes is that they are often phytoal exins and are twﬁagﬁ 5n
found in infected or wounded plants, and not found in healt n QU even

if the gene is 0 4 MAY 2005 4 present naturally in the plant. Thus,

al t hough, for exanple, grapes have stilbene synthase (STS) genes and
active STS enzynes, consuners typically do not benefit from consum ng

gr apes, because resveratrol is not normal'i‘y found in fresh, healthy

grapes. There is therefore a need to produce plants that contain a high and
5 consti tuti ver¢sepenatofallynie the plant: eTlofs, alteougbsfor edample) grapesshavegkiieRy OF

| NVENTI ON Accordi ngly, one aspect of the present invention is a transgenic

plant in whi chnthhsel (83S) genee and attheSTS pidyhRs consubigrs gpivallg dosiot batefit s
transforned therein, and WI th the constitutive production of the

corr espondi ng fedsh bBBARIRY f(%q%ym%e?at{&?s At 20AAA | ol 7 £ 14y e thyhi 1 e

maintaining fertility andn ogl ca eveorrent epant i's

preferably a cQ n et.a hat nat.u I e evel.s of the
precursors forrohe tf@%%déml%“ 3 peedy B‘Eﬁ%ﬁg %sttﬁ’% Fr&’r‘%h 3
preferably one that does nqgt contain an endogenous STS enzyne that can

synt hesi ze >t héoBgHiedrYd openrmpiTgomsaf ﬂkﬁ‘e‘#‘élfﬁgsq baemat ural genone. The pl ant
is 15 nore preferably a |l eafy vegetable that is commonly eaten raw, but can
‘be cooked if needed. An exanple of a STS gene is resveratrol (RV). An
exanpl e of plant that is a sui taﬁUMMéd“SKEMN\éEH'rI‘IIONor the transformation
of resveratrol synthase gene is the red-leaf lettuce (Lactuca Sativa).
Red-leaf lettuce is also referred to as red |ettuce. 20 Thus, according to
anot her aspect, theqeoekirgly, omeaspettost the pResentinvg@ivnCis a transgenic plant in

which at least one stilbene synthase (STS) gene construct is transformed therein,
and with the constitutive production of the corresponding stilbene synthesized by
10  the transgenic STS enéyme, while maintaining fertility and normal physiological
development. The plant is preferably a common vegetable that naturally produces
high levels of the precursors for the transgenic STS in the edible portion, and more
preferably one that does not contain an endogenous STS enzyme that can
synthesize the same corresponding stilbene in its natural genome. The plant is
15 more preferably a leafy vegetable that is commonly eaten raw, but can be cooked if
needed. An example of a STS gene is resveratrol (RV). An example of plant that
is a suitable recipient plant for the transformation of resveratrol synthase gene is
the red-leaf lettuce (Lactuca Sativa). Red-leaf lettuce is also referred to as red

lettuce.

20 Thus, according to another aspect, the present invention is a transgenic
plant in which at least one resveratrol synthase (RS) genes construct is transformed
therein and with the constitutive production of resveratrol synthesized by the

transgenic RS enzyme. The plant is preferably red-leaf lettuce.



pl ant in which at | east one resveratrol synthase (RS) genes co&zt&xgtﬂhg
transforned therein and with the constitutive production of resv t

synt hesi zed by the transgenic RS enzynme. The plant is preferably red-| eaf

| ettuce. 0 4 MAY 2005 5 According to yet another aspect, the present
invention is related to an edi bl e conposition conprising portions of the
transgeni c plant, and preferably a drink Sdevel oped from and conprising the
juice of such a transgenic plant. Thus, the plant is preferably one that
cont ai ns suf fi ci entfgeardingéo yrianother aspecss the prasers indntiomisatlatadgo thedible
transgenic stilbene for the juice to be processed into a drink. According
to yet anot hercaspsition ¢dmeprixigs podtions o€ iiid Binsgénia pladt,had méferablpdudiinkg a
heal t hy transgenic plant containing a specific transgenic STS enzyne

transformed t h@hgidped Fifin hd o8t H’bﬁlgpt'th?zﬁicé WE GG 5 ﬁﬁxg%%gias%ﬁflng MrRRdthe

constitutive levels of the specCifti nsgeni c sti e mai nt'ai ni ng

normal fertili d mal p i ol ogi cal..devel gpment. The net hod
conprises (1) ]élﬁ%f;gsl ée(}gﬁr%[ ci°pf etﬁ'%{é cBW{?ﬁlS f‘}fg‘{”%ﬁ%gg%’[ q'é?fﬁﬂ%ﬁsnoé\huwes
endogenous stil bene synt hase gene encoding the specific STS enzyne, but
cont ai ns hi%s;h FOALEE ﬁ}e transesiebansier B Jwipetothepraggaseddntogdsinknzy me;  (2)

provi ding a genetic vector conprising an STS gene or a portion of an STS

gene encoding an STS enzyne, the SIS gene or the portion of the STS 15 gene
bei ng provi ded w t hAecosdingdpeyet samotheen| aspéaty thepresent inventionxpracasitod off t he
STS enzyne in the recipient plant; (3) transform ng the genetic vector into
the recipi entprpotiwitg ahealihd)trasiant pRgt esidaifing\y specifib erahspARf ST Srehyfleant
contai ning high and constitutive levels of the transgenic stilbene. To
check for endoggRfimed thdreRNETRY RhARSRic (it I0ANE ! BRkI AR E 3RS bhGig e
levels of the specific transgenic stilbene, while maintaining normal fertility and
10 normal physiological development. The method comprises (1) choosing a recipient
plant that does not contain an endogenous stilbene synthase gene encoding the
specific STS enzyme, but contains high levels of the precursors of the transgenic
STS enzyme; (2) providing a genetic vector comprising an STS gene or a portion
of an STS gene encoding an STS enzyme, the STS gene or the portion of the STS
15  gene being provided with a promoter suitable for constitutive expression of the
STS enzyme in the recipient plant; (3) transforming the genetic vector into the

recipient plant and (4) selecting and growing the transformed plant containing high

and constitutive levels of the transgenic stilbene.

To check for endogenous stilbene synthase, oligonucleotides constructed
20  according to conserved regions of a known STS gene may be used as a probe,

followed by southern blot analysis of the genome of the candidate recipient plant.

For precursor level analysis, biochemical tests, such as HPLC, may be

used. 4-Coumaroyl-CoA and malonyl-CoA are two precursors common to many



20 according to conserved regions of a known STS gene may be used as a
probe, followed by southern blot analysis of the genome of thg) £y Qﬂﬂfp
reci pient plant. For precursor |evel analysis, biochem cal tests, such as
HPLC, may be used. 4-Counaroyl - CoA and mal onyl - COA are two precursors
common to many 0 4 MAY 2005 6 stil bene synthase enzynes. Alternatively,
precursors levels may be inferred from tie |evel of other internediates of
t he sane biochenical pathway, as illustrated in the exanple below The STS
gene in the gestdbéng syathasy enminebe AdteciAclybpcwsorsflewels miNBe ifferved fyemorni ¢
DNA isol ated from plants containing the appropriate STS gene. Any pl ant

that can synt hthsileel bhethsi intdimieaiateslof iths QimeshiofRYniOA pathwag sl iladtudiomor
plant. The STS gene or cDNA of the STS gene of interest nmay be obtai ned

using . oli gopr{hQ%k&nﬂg@gioggous to conserved regi on of known STS genes. The
isolated STS DNA nmay be cloned into a conventional genetic vector with a
conventional 10 selectable marker (e.g. an antibiotic resistance gene) and

a conventional pro 0 that. can cause consti tuti Xpressi on of_the
inserted STS DNA i n”H{Kh%TSr' & ri’ep'ingtﬁ? ge‘bﬁ%ﬁn‘ie.cgf mayhs as{@ggfq%?“ﬂﬁ% Up MRNA
enbodi nment 5of this net bﬁ&) tﬂgf’ genetic vector, carries an RS gene or a
portion of Jan RLGEREC srixpdfsomplaty gentaining the ppRyopmats TR gsne.addmy
constitutive levels of transgenic resveratrol being expressed- in the
transgeni c pl aplent trfecaprsyoibesize theatifidnapbLinterest nwy ber momgiahitecddddr plany.ne ar e
used naturally by the non-transgenic plant for anthocyanin production. The
reci pi ent pl dhite B¥Sofene apeDNasof ket ST8Sgeher ElingRbaAURay b8 dittahéd asinkgh
| evel s of naturally-
[ oligoprimers homologous to conserved region of known STS genes. The isolated

STS DNA may be cloned into a conventional genetic vector with a conventional

10 selectable marker (e.g: an antibiotic resistance gene) and a conventional promotor.
that can cause constitutive expression of the inserted STS DNA in the recipient

plant.

In the specific preferred embodiment of this method, the genetic vector

carries an RS gene or a portion of an RS gene encoding an RS enzyme resulting in

15  high and constitutive levels of transgenic resveratrol béing expressed. in the
transgenic plant. The precursors available for the transgenic RV enzyme are used
naturally by the non-transgenic plant for anthocyanin production. The recipient
plant is of a species that has a red colour, indicating high levels of naturally-

occurring anthocyanins and its precursors.

20 In another preferred embodiment, the recipient plant may be regenerated by
tissue culture methods, and the callus analyzed for precursors ievels. Callus and
plantlets that are found to express high and constitutive levels of the precursors of

the transgenic enzyme are selected. This allows the transformed plants (that have




occurring anthocyanins and its precursors. 20 In another preferred
enbodi ment, the recipient plant may be regenerated by tissud &udAYur2805
nmet hods, and the callus analyzed for precursors |levels. Callus and
plantlets that are found to express high and constitutive |evels of the
precursors of the transgenic enzyne are selected. This allows the
transfornmed plants (that have 0 4 MAY 2008 7 begun to express the
transgeni c enzyne and thus begun to deplete precursors for the

bi osynt hesi s dieguhéo expressgibait@nsdenidangmet Mdrhusbepiun 6 dosletd grbdusoidiforng t he

course of tissue culturing, even though they grow into mature pl ants.

As
used herein, SE& thesRIdTthe Qra'hlg@eni@ ib¥nd) o HRA1RGd P@&éil ?@d&rﬁﬁfkgus >

STS enzynes. The STS enzynes catalyze the synthesis o ent ers of

the stil bene fam Resv . ol _synt has RS ne refers to a specific
" nenber of the&)g]ig §)653@ g%‘?‘x{lxi'g, £ H%{trﬁgﬂglb@é gf%@%&e@éé'ﬁeréﬁ%l synt hase
enzyne (RS enzyne). The RS enzyne catal yzes the conversion of
4- coumar oyl - CoA and, mal | - to 3,4 ,5-tri hydroxy-trans-stil bene
(resveratrol). 10 R%ﬁH?ggéfeémsegerﬁeﬁé‘%fe‘iW e&@ﬁg’r%ﬁgeﬁ%ﬁh&er&ﬁé@ MeiPuse
observabl e by the eye and generally accepted and well known by one in the
art. ExanpPe otlpergymes. (ThetST enzyoreswatalyzedhe syidhksmsof diffetent meinbels of
red-l eaf |ettuce, purple cabbage, red- beet root, red anmaranthus, red sugar

cane. "Heal t hythe stilbersefintilyr ®esveratslrsynthasca(RE) pehictefas &f £sRtifftandhbertorat is
within the 15 normal range of that species as observable according to

appear ance, SUROSTS gehd GamiBNthat BARUEs theF8EdvEdaGol §ReHASE ' to
the ability of the sg%eci es%'?o form vgf aglrg affol 7 Mﬁ{ee(k@ &&;Il%f
‘ The RS enzyme catalyzes the conversion of 4-coumaroyl-CoA and malonyl-CoA

to 3,4°,5-trihydroxy-trans-stilbene (resveratrol).

10 Redness is determined in a general manner and may be observable by the
eye and generally accepted and well known by one in the art. Example of plants
that are commonly regarded as “red” include red-leaf lettuce, purple cabbage, red-

beet root, red amaranthus, red sugar cane.

“Healthy” as used herein refers to a general state of health that is within the

15 normal range of that species as observable according to appearance, such as size

and colour.

“Fertile” as used herein refers to the ability of the species to form viable

seeds.

BRIEF DESCRIPTION OF DRAWINGS

20 Figure 1 shows the last step in the biosynthetic pathway of resveratrol and

naringenin chalcone.



seeds. BRI EF DESCRI PTI ON OF DRAW NGS 20 Figure 1 shows the Iaat tep.in the
bi osynt hetic pathway of resveratrol and naringenin chal cone. ba Y208505 8
Figures 2A-D are genetic maps of plasmd pBl 121 carrying the R STS gene
(Figure 2A), R65 STS gene (Figure 2B), Rl14 STS gene (Figure 2C) and R17
STS gene (Figure 2D). Figure 3 is the Hydropathy curves of (a) Vitis
vinifera cv. Optima STS 5 (pSV2l), (b) AP achi s hypogaea STS (arqresol),
(c) Pinus sylvestris STS (PSTS1) and (d) Phal enopsis sp. BS (pBi bsy811).

Fi gures 4A-D show tHigurgs @ArBtare genptizpeasTd gannd pBV21, capSirgsthe RISVBS8 and
WLSTS as aligned using Clustral W The prinmers used for isolating

ful I -1ength Vigehs (Rigmief22Y)aR6¥ STRa@nE (FigkreIBY, RENSTSqkfie (Fi?iréat}?dnd R17 he
boxed-in 10 portion. Figure 5 are the restriction naps of (a) grape STS
(pSVv21, pSV25,31|33%§1@§Fi M\/LSTS) (b) grape STS introns (Vstl-1 and
Vst2-1) (c) Vitis vinifera cv. Red Flane cDNA (R, R5 and R8) (d) Vitis
vinifera cv. Red Flane gDNA (Gl3, Gl4 and Gl7). Boxed-in regions are

introns. 15 Fi s A ¥ t et tati ST R6,
GDNA G4 and or ape eted Cisdie A RIEY cub s SRR Pt at vt BB S Tt 1 ve
STS cDNA RL2. 3R Araand b saiey ST (eeaesol), (c) Pinus sylvestris STS (PSTS1)

and (d) Phalenopsis sp. BS (pBibsy811).

Figures 4A-D show the 4 existing grape STS c¢cDNA, pSV21, pSV25,
pSV368 and VVLSTS as aligned using ClustralW. The primers used for isolating
full-length Vitis vinifera cv. Red Flame STS genes are indicated in the boxed-in

10 portion.

Figure 5 are the restriction maps of (a) grape STS (pSV21, pSV25, pSV368
and VVLSTS) (b) grape STS introns (Vstl-1 and Vst2-1) (c) Vitis vinifera cv. Red
Flame cDNA (R1, R5 and R8) (d) Vitis vinifera cv. Red Flame gDNA (G13, G14

and G17). Boxed-in regions are introns.

15 ' Figure 6 is a DNA alignment between putative grape STS cDNA R6,

gDNA G14 and grape STS VVLSTS.

Figure 7 is a DNA alignment between putative STS ¢cDNA R12, gDNA

G13 and grape STS pSV21.

Figures 8A-E are HPLC elution profiles for the analysis of RV in the
20 control (Figure 8A) and the transgenic lines containing plasmids G14 (Figure 8B),
G17 (Figure 8C), Rl (Figure 8D) and R15 (Figure 8E). The RV peaks are

indicated by the arrows.



Figures 8A-E are HPLC elution profiles for the analysis of RVin the 20

control (Figure 8A) and the transgenic |ines containing pl asn"g%s m4200§\/
(Figure 8B), GL7 (Figure 8C), Rl (Figure 8D) and R15 (Figure . The

peaks are indicated by the arrows. 0 4 MAY 2005 9 DETAI LED DESCRI PTI ON The
following exanple is used to illustrate the various aspects of the present

i nvention. PRODUCTI ON OF RESVERATROL | N RED- LEAF LETTUCE 5 Resveratr ol

synt hase (RS) gene fromvitis vinifera cv. Red Flame is the stilbene
synthase gene used in this exanBEFAIBEDBESERIBTION t he STS gene fanily

for cloning and transformati on. For ease of description and understandi ng,
RV produced by the transgenic RS enzyne and stil bene produced by the
transgeni c STS enThaebllawmg etanpleds teediso tillwnsige tHeCvArius ndpédtans geni ¢

stil bene respectively. 10 Red leaf lettuce is chosen as the recipient plant
for the RS gepgsbit ikvinSiogxanpl e because it contains high |evels of

ant hocyani n pignents for which 4-coumaroyl - CoA & mal onyl - CoA are
precursors. For exanple, Naringenin chalcone is an internediate of the

ant hocyani n bi Wt’ i [ hé REh-£RURRY A and nal onyl - CoA
are precursorgR -cgﬁﬁ(gﬁc@?g%gﬁﬁgégﬁ%ﬁ]ﬁy ng areﬁa%i:%@w known
precursors for resveratrol (RV), as shown in Figure 1. Thus, there is

pl enty of .precursgrs for .the.con sion to RV.by. Wi t hj he t.ransforned
lettuce. Purther n&"@‘,’er ol W@@Pﬁ%éfé)p% eeé"‘?xd’éust }é/@ﬁg{? ‘Fvotﬂe[éhﬁelaﬁ‘fee@gi‘&e of
RV-rel ated genes in their natural genome by hybridizing with )

ol i gonucl eot i a@geqqﬁypﬂ}aé?)g@g:éﬁ@d ihikis example as the member of the STS gene family

for cloning and transformation. For ease of description and understanding, RV
produced by the transgenic RS enzyme and stilbene produced by the transgenic
STS enzymes are referred to as transgenic RV and transgenic stilbene respectively.
10 Red leaf lettuce is chosen as the recipient plant for the RS gene in this example
because it contains high levels of anthocyanin pigments for which 4-coumaroyl-
CoA & malonyl-CoA are precursors. For example, Naringenin chalcone is an
intermediate of the anthocyanin biosynthetic pathway, in which 4-coumaroyl-CoA
and malonyl-CoA are precursors. 4-coumaroyl-CoA and malonyl-CoA are also
15  known precursors for resveratrol (RV), as shown in Figure 1. Thus, there is plenty
of precursors for the conversion to RV by RS within the transformed lettuce.
Furthermore, the lettuce species was tested for the presence of RV-related genes in
their natural genome by hybridizing with oligonucleotides that represent the
hémologous regions of various known RV genes. Southern blot anléysis showed
20 no hybridization occurring, indicating that there is no endogenous RS gene in
lettuce making it a suitable recipient plant according to the presént invention. Asa

result, no competition is expected between transgenic RS and endogenous RS,



honol ogous regi ons of various known RV genes. Southern blot anlaysjs K showed
20 no hybridization occurring, indicating that there is no endo@in%&% 2485
gene in lettuce making it a suitable recipient plant according to the
present invention. As a result, no conpetition is expected between -
transgeni ¢ RS and endogenous RS, 0 4 MAY 2005 10 such that high and
constitutive levels of RV may be attai nedlin the transgeni c red- | eaf
lettuce. To start off, some red grapes (cultivar red flane) were obtained
fromthe | ocauckthsbhighrerdconspsutiye leveds of Rfasayf oy attednedi indhetansgerintdee t he
transcription of 5 the resveratrol synthase transcript and waited for 12
hours and ext rleafti¢ttieenRNA fromthe UV irradi ated grapes. W nade
oligopriners 5° and 3' of the Stil bene synthase gene and through reverse
PCR, pulled out the cDNA sequence of the genes. W also extracted genom c

DNA of th d fl ] i t ; i
0 ere ang GhRRES s&ﬂg r% ?#agﬁés ;bfuﬁ%p red) iﬁ%gé)sx%é cﬁﬁalﬁaﬁfr&'ﬁr{%“ c

stil bene synthase genes (wth The st €ne 10 synthase Is a

mul ti-gene fanj d, sequenced. and charact.erised. .all .of
them W chos gb @FW%%WC@%%EM( a%ﬁlpﬁfo cﬁ%‘a“’)uagﬁ‘ﬂlpﬁm@%om c
cl ones (naged Gl4 and g) and Iigated(b&en1into an expression vector (pB
121) driven Bje faggeray IYRR5R franseiphand patied focd Miboussandyexdirstier mRN/Anes
R65, Gl4 15 and GL7 were ligated into pBl 121 through the BanHlL and Sacl
restriction siffa the UNiiradigfesngraps. Wi's madgaaligdpiimers pBind1 ¥ loftthe Stilpne he
BanHl and EcoRl restriction sites. This plasm d expression vector was then
transformed i synthdgr gdnecindr through(ieveraé PORBAMNGE but THeecIWACKRGaéREIdfthd hat
carries the pBl 121 with the RS gene is

genes. We also extracted genomic DNA of the red flame grapes and again through

PCR isolated the genomic stilbene synthase genes (with 2 introns). The stilbene

10 synthase is a multi-gene family. Hence we mapped, sequenced and characterised

all of them.

We chose 2 full length cDNA clones (named R1 and R65) and 2 genomic

clones (named G14 and G17) and ligated them into an expression vector (pBI 121)
driven by the Cauliflower Mosiac Virus (CaMv) 35S promoter. Clones R65, G14

15 and G17 were ligated into pBI 121 through the BamH1 and Sac] restriction sites,
while clone R1 was ligated into pBI 121 through the BamH1 and EcoR1 restriction

sites. This plasmid expression vector was then transformed into Agrobacterium
(strain LBA4404). The Agrobacterium that carries the pBI121 with the RS gene is
selected through Kanamycin resistance selection. Hence, we obtained 4 di.ﬁ“erent

20  Agrobacterium colonies carrying the 4 different constructs as shown in Figures

2A-D.

Concurrently, we also screened 5 different varieties of red-lettuce and

assess their re-generation potential in tissue culture from cotyledon explants. The



sel ected through Kanamycin resistance sel ection. Hence, we obtained 4
different 20 Agrobacterium colonies carrying the 4 different qusﬁﬁpquSas
shown in Figures 2A-D. Concurrently, we also screened 5 differen

varieties of red-lettuce and assess their re-generation potential in tissue
culture fromcotyl edon explants. The 0 4 MAY 2005 11 red-lettuce variety
Red sal ad Bow was chosen because it shovwdd t he highest and fastest
regeneration of plantlets produced fromour tissue culture protocol. The

experi ment s waedlatwpe ahdely RedtsalalliBowli wis dHoserCRichsedpsiowst tke Righest Bhd
squares of 2nmm sq. in area and were incubated for 30 mnutes in the

Agrobact er i a. (iudhRieHGfor O TiNSadaad ool (S HERA of ocol that

we established for red- sal ad bow s followed. antl et's regenerated were
sel ected usi ng Kananycin at 150 ng/L concentration in the shoot induction
medi um These pl antjat

days before the | eaves&Re%gm%g% 8%%&8%@?,0 ult %ﬁgﬁ%ﬁé 3%3%3%39‘\&%6{08%“? 0r to %5

resveratrol quantitigcation using LC. .10 Northern and Sout hern anal yses
showed that tRF&UEES? Sgy R Frersandgwers dncybripd ens30 rumrtes iy therdrgrobgsitesia.
expressed. Organic solvent extraction of the | eaves sanples were done
accordi ng Po rldwpieseithsnginsedprd thertisses vwtue puitocah tay sieesahtisheddperednal ysed
using HPLC and a pure sanple of resveratrol bought from Sigma chemicals

was used as a sshdbdwi evas €lesvasic Planilbts Togenerpal were Rtletted ging dae®9ciRlagnt s
that had been simlarly transforned, selected and was al so done to serve

as positive cqsbrAEs éncentfloiBin ﬂ%%ﬁﬁoﬁrﬂﬁ&t'on—rﬂﬁdﬁﬁ{aﬂé%l’a’ﬂi&s were
guantification show that the transgenic re -fettuce are
rooted and planted out and grown for 30 to 35 days before the leaves were

harvested for RNA, DNA and extraction for resveratrol quantitication using HPLC.

10 Northern and Southern analyses showed that the stilbene synthase genes
(R1,R65, G14 and G17) were expressed. Organic solvent extraction of the leaves
samples were done according to reported protocols for resveratrol analysis and
were analysed using HPLC and a pure sample of resveratrol bought from Sigma

chemicals was used as a standard reference.

15 The experiment using tobacco plants that had been similarly transformed,

selected and was also done to serve as positive controls as a normal green plant.

The data from HPLC quantification show that the transgenic red-lettuce are
capable of producing high and constitutive amount of resveratrol (over lug/-g fresh
weight of leaf) as opposed to tobacco (best is around 0.36ug/g fw.). The

20  transgenic red lettuce can produce up to 10 times the resveratrol as compared to
transgenic tobacco when comparison is made using dry weight. Non transformed
plants show no detectable resveratrol in them. A key observation and data

obtained from our quantification of anthocyanin level of the transgenic red lettuce




capabl e of producing high and constitutive amount of resveratrol (over
lug/g fresh weight of leaf) as opposed to tobacco (best is GhoMAY! 280B6ug/ g
fw.). The 20 transgenic red | ettuce can produce up to 10 tines the
resveratrol as conpared to transgenic tobacco when conparison is nade
using dry weight. Non transfornmed pl antj show no detectable resveratrol in
them A key observation and data obtain d from our quantification of

ant hocyanin | evel of the transgenic red lettuce 0 4 MAY 2005 12 when
conpared to tHEheRosmpated o the Bortignsformed comtzal istthatethiere one istgnifidantint
difference in the anthocyanin level. This data shows that there is
potential in defershet imthetdnthacgsniarlavelol Tidedamndhoatsithat theret fyepatarial @t t uce
to a much higher level if we were to further over express the resveratrol

synt hase (RS) eﬁ@!lﬁiin?%ﬁé RS36érattoll ddnertafoN 80 &edbd-RttubBlWARIcR higher level if
over - expressi on 1 nc ude the use of st ronger constitutive pronotors or

doubl e pronot I ces f re effi.ci ent
ransi atl on, S ehas Bnd el bt WE SRR RE el PRs TPBR o Brebihils
system al sQ shows t it has the potential, to be used_ in other ¢ol oured
pl ant's andgf r El?e[ ¥eef {ehil\ﬁﬁtBP‘ig\/‘ét{]ovFg'g’@@F%ﬂqndeWﬁ UsngESIFANgET sqnsttuliEe eat
200g of 10 vegetables daily, it will provide the resveratrol supply of
>200ug i nto oWFOIBRE@YS oa&ppgl.e Pemssorsywiisq of dhewirnhemsee saqicrcesffort mose novel
invention in paving the way for a new generation of  vegetable

nutri ceuti cal sffidient transiation)embthp new efhdthereprahoteistike asg@prusiotéiancer ,

Cardi o-vascul ar and other potential diseases. The follow ng are the
detail ed procedures used to obtain the transgenic red- 15 |eaf |ettuce.

~Choosi ng and Est ablThishySigmRas sho@R tthdtlierak téioRéntial to be used in other coloured
plants and fruits for high-level resveratrol yield. Assuming that we eat 200g of

10 vegetables daily, it will provide the resveratrol supply of >200ug into our body

daily. Hence, we foresee the potential of this novel invention in paving the way for

a new generation of vegetable nutriceuticals that have chemo-preventive ability

against Cancer, Cardio-vascular and other potential diseases.

The following are the detailed procedures used to obtain the transgenic red-

15  leaf lettuce.

Choosing and Establishing Recipient Plant Material

4 varieties of red lettuces, namely, Lactuca sativa cv. Canasta, Lollo Rossa,
Red Salad Bowl (Novartis seeds B.V, Holland) and Red Rapid (Known-you. Seeds
Co., Taiwan) were tested for their reddness and re-generation ability in tissue

20  culture.

The whole process of re-generation were done as described in Curtis et al.,

1995, Methods in Molecular Biology, Vol. 44, Humana Press Inc. USA, pp.59-70,



4 varieties of red |ettuces, nanely, Lactuca sativa cv. Canashg ﬁﬁ?'ﬁ
Rossa, Red Sal ad Bow (Novartis seeds B.V, Holland) and Red fbi 2005
(Known-you Seeds Co., Taiwan) were tested for their reddness and
re-generation ability in tissue 20 culture. The whol e process of
re-generation were done as described in qgrtis et al., 1995, Methods in
Mol ecul ar Bi ol ogy, Vol. 44, Humana Press ‘Pnc. USA, pp.59-70, 0 4 MAY 2005
13 with sone npdifications. 10 seeds fromeach variety were surface
sterilized usiWigh sorgesnodidicationsorl 0 seedsi fram eachayndiety wetegurfageasterilizad ysing t h
sterile RO water. The seeds were then sowed in 50m M5 + B5 nedi um

(Si gna Cat al ogldéo Khorok b &) minuteL sfthrilinssinihesl tithtsaekih senide r@wvater.2FRE, 16
hours photoperiod, with light 5 intensity of 18nol/s/n2 (dayli ght

fluorescent tubes)wérrtheh #¢d.in 5bgI 848 elpoIpRgiuel (Sifiga Zra%g%e%ilvﬁ?ﬂ@? i ngs

were excised, leaving the petiole intact but renoved the apices of the

cot el ydons. i baxi chace . was noked reaepe dhy al ong
the Vol ns of the OB dpitahectaal BE 2oRE CLIE BT ARUE AP et

medi um (4. 71g/.L M5 salts and vitanins, 30g/1 sucrose, 10 2g/1 casein

hydr ol ysat &, zmjrl%e?,% W#&WV@/%&%YM&M@SC@%@M) fop 74lays. Sigme), 0. 25.

nmg/|l kinetin, 9.9 ng/l thiamne HCL, 9.5ng/| pyridoxine-HCL, 4.5ny/l|
nicotinic acid, 5.59/1 phtyagel, pH 5.8) for 10 m nutes with their wounded
surface in contact Thai cdtelydensreflithen?-dble oddiseddivhgs sware rexcisedpleaving ritle
imrersed in UM agar nedium The explants were incubated for 2 days under

the same condipetiolRSntast Yubfemoled tiEQipided dF tHRGoEPRIIRs. BEihgh ndedldMhe hbuxidM sol i d
medi um the cotel ydons were transferred to SI
. surface was poked repeatedly along the veins of the cotelydons. The cotelydons
were floated on liquid UM medium (4.71g/L. MS salts and vitamins, 30g/l sucrose,
10 2g/l casein hydrolysate, 2mg/1 2,4 dichlorophenoxyacetic acid (2,4-D, Sigma), 0.25_
mg/] kinetin, 9.9 mg/l thiamine HCL, 9.5mg/l pyridoxine-HCL, 4.5mg/] nicotinic
acid, 5.5g/l phtyagel, pH 5.8) for 10 minutes with their wounded surface in contact
with the medium. The cotelydons were removed and immersed in UM agar

medium. The explants were incubated for 2 days under the same conditions as for

15  germinating seeds.

After 2 days in UM solid medium, the cotelydons were transferred to SI
agar medium (4.71g/L MS salts and vitamins, 30g/l sucrose,0.04 mg/l NAA
(Napthalene acetic acid) 0.5mg/l Benzyl amino purine (BAP), 500mg/l
Carbeicillin, 100 mg/l cefotaxime, 150mg/l kanamycin sulfate, 5.5g/1 ph-ytagel,

20  pHS.8) with the abaxial surface in contact with the SI agar medium. The
cotelydons were incubated as for germinating seeds and sub-cultured to fresh SI

agar medium every 21 days.




agar nmedium (4.71g/L M5 salts and vitam ns, 30g/l sucrose, 0.04 ?MYNﬁ%S
(Napt hal ene acetic acid) 0.5ng/l Benzyl am no purine (BAP), 508:53
Carbeicillin, 100 ng/l cefotaxine, 150ng/l kananycin sulfate, 5.5g/l
phytagel, 20 pH5.8) with the abaxial surface in contact with the Sl agar
medi um The cotelydons were incubated as for germ nating seeds and
sub-cultured to fresh SI agar nedi um evéf‘y 21 days. 0 4 MAY 2005 14 After
49 days, the explants that produced callus and shoots were transferred to
50nl of Sl agar nediiandRidays, thelexpdaniy thyt Rpdicad cadhsland shathaeedzniferied aci d
(MES). Shoots that were approximately l1cm high were transferred to 250m
coni cal fl askdo S6méathl a:gamtrr&idhinmgzit‘hmﬂl%f(wy\QQl[Nﬂﬂor&aE@l[noU@H&déBﬁlfcﬂﬁJ&ﬁﬁ L M5
salts and vitam ns, 30g/l sucrose, 0.04 ng/l NAA (Napthal ene acetic acid),
150/ | kananxpﬁng'sulfate, 5.59/ 1 phytagel, pH5.8). The shoots were

i ncubated at the Sanme conditions as germ nating seeds. Isolation of STS
genes from grape and construction of genetic vector 10 Plant WMateri al

Mat fruit i . il abl e. i Viti .. Red F

Used as bl ant ShorS HEERR BachaRuRly Ionaidies Hapdomr Dy B BEIS, R
and genom ¢ DNA extracti 09 0. 2g of, Vitis cv. Red Flanme skin tissues were
ground in Si qGReh FeRtRIgEEN> Qnk Prfgr%ngﬁéalhﬁ’%‘r‘mhﬁﬂﬂk%%tl\’lg.saéﬁtaﬂd VHERINSRNA and

gDNA were extracted using the sane nmet hod described in Knapp and Chandl ee
( RNA/ DNA M ni 3Pgdpurrasm 8.04i mgfleNAA (Napthalene acetic acid), 150mg/l kanamycin

sulfate, 5.5g/1 phytagel, pH5.8). The shoots were incubated at the same conditions

as germinating seeds.

Isolation of STS genes from grape and construction of genetic vector

10  Plant Material

Mature fruits of commercially available grapevine Vitis cv. Red Flame

were used as plant material for the isolation of grapevine STS genes.

Total RNA and genomic DNA extraction

0.2g of Vitis cv. Red Flame skin tissues were ground in liquid nitrogen with

15 the motar and pestle. Both total RNA and gDNA were extracted using the same
method described in Knapp and Chandlee (RNA/DNA Mini-Prep from a Single
Sample of Orchid Tissue. Bio Techniques, 21:54-56), with some modifications.

2ml of extraction buffer which contained 3% CTAB; 2% PVP; 1.42M NaCl;
20mM EDTA, pH 8.0; 100mM Tris, pH 8.0 and 5mM ascorbiq acid were used to

20  extract total RNA or gDNA of Vitis cv. Red Flame skin tissues. The samples were
heated at 65°C for 15 minutes, followed by a chloroform extraction to get rid of

proteineous substances. 1/5 volume of 5% CTAB (5% CTAB and 0.7M NaCl)



Sampl e of Orchid Tissue. Bio Techniques, 21:54-56), wth sone

nodi fications. 2n of extraction buffer which contained 3% Clag;M&0o2880P;
1.42M NaCl ; 20nM EDTA, pH 8.0; 100nM Tris, pH 8.0 and 5mM ascorbi c acid
were used to 20 extract total RNA or gDNA of Vitis cv. Red Flanme skin

ti ssues. The sanples were heated at 65C for 15 mnutes, followed by a
chloroformextraction to get rid of protléi neous substances. 1/5 vol une of
5% CTAB (5% CTAB and 0.7M NaCl) 0 4 MAY 2005 15 were added to the aqueous
phase of the ¥pladded tp thepgyeous dhpssmelctharseaplesdn dempespelisagehaiies pad 15
m nut es. Anot her chl orof ormextraction was perforned. 2 volune of

i ce-col d, 100%ecatedHt W6t faddedinutest Hencdliprechimso fomassxtraétidnhwasperforasd. 2nd

i ncubated at -20C for 15 mnutes. Total RNA and gDNA were pelleted after 5

centrifuged fablukle 6T telc@f, aD0%IEOPDweRMddE WM HEIREHAI IS oftkhib BSmples
Eppendorf TM 5410C refrigerated centrifuge. The pellets were washed with

o 5 g SR R R0
i sol ated and 1l _of. I|.oadi buf fer ' 025% br oﬁophenol bl ue, 0. 025% xyl ene

Cyanol - 305 oicsREured e 18 TiRviena | LG R0 BRTGTHIV ayhe ERGERr byet her
with 0.25g each of lanbda DNA/H ndlll and phi X174 DNA/ Hael I | markers.

Hori zont al gelP4&Peaefrigpratndeosniifuggadhe pelless wegowashed withy/OfeBtOH Thd dijedint i ty
and the quality of total RNA or gDNA extracted were visualized and

cal cul at ed usiimd@ppemior§Maioncarnatdsthefdragésselvingzmgs Gl T/ € OkdM JLris-HCI, pH
documentation system 15 Primers determ nation All existing genes sequences

of Vitis cv Ost0 aml Eh¥1 EPSEHH 96)/2p1 8Nthe total RNA or gDNA isolated and 1pl of

loading buffer (0.025% bromophenol blue, 0.025% xylene cyanol, 30% glycerol in

101X TBE) were loaded onto 1% agarose gel together with 0.25ug each of lambda

DNA/HindIII and phiX174 DNA/Haelll markers. Horizontal gel elecfrophoresis-

was run at 100V for 1/2 hour. The quantity and the quality of total RNA or gDNA

extracted were visualized and calculated using EtBr stain and Stratagene’s Eagle-

Eye II Junior documentation system.
15  Primers determination

All existing genes sequences of Vitis cv Optima STS (pSV21, pSV25 and
pSV368), Vitis cv. Lambruscoa Foglia Frastagliata STS (VVLSTS), Phalenopsis
sp. BS (pBibsy811 and pBibsy212), Arachis hypogaea (peanut) STS (arqresol and
a00769) and Pinus sylvestris (Scots pine) STS (PSTS1 and PSTS2) were ol;tained
20  from GenBank in the website of National Center for Biotechnology Information
(NCBI). All homology searches were performed using ClustalW Multiple
Sequence Alignment of BCM Search Launcher from Human Genome Center,

Baylor College of Medicine, Houston TX.



pSV368), Vitis cv. Lanbruscoa Foglia Frastagliata STS (VVLSTS), Phal enopsis
sp. BS (pBibsy8ll and pBibsy212), Arachis hypogaea (peanut) ST 4 ad¢iyr 281
and a00769) and Pinus sylvestris (Scots pine) STS (PSTS 1 and PSTS2) were
obt ai ned 20 from GenBank in the website of National Center for
Bi ot echnol ogy Information (NCBI). Al honol ogy searches were perforned
using Custal WMiltiple Sequence Ali gnrrelrﬁ of BCM Search Launcher from
Human Genome Center Bayl or Col | ege of Medicine, Houston TX. 0 4 M 2005
16 The priners usekherpiimeesobsedifon isolationl df illdegngth grapseiner¥T SESegenme wer e
determ ned by nultiple alignnment of existing pSvV2l, pSV25, pSv368 (Mel chior
and Kindl, 199i}ermined\byl fiUSiHSphgnmdit ofexisthg pSYID4PS VIS, ipSUBES (IE]chidvr
Figures 4A D. 5 After determ nation of the priners sequences and the
nel ting tenperaHWiagl, 1991)tda Wi W i i -
commercially by G bco BRL) Cus%%nﬁ%%?’%%%gelt\é\%t’iqgg&%%/sﬁﬂlgés{ti@aéHg%%ﬁ%ggé
L.T.1., US ApnReverse transcription of total RNA 1 g of UV-induced Vitis
cv. Red Flanme skin total RNA | eaves total RNA 10 was used as tenplates to
all ow the annealing of the 3 primer - 35GSTS2a at 65C for ten m nutes.
After the prinmer anneal ed,. the total RNA was reverse _transcribed with
200 units/ P Super \é\?ﬁteﬁt# 1%‘\9&02@‘6@‘%%’6 PEINERSS apdsthsyeltipg temperatureg) S A) |
Superscriptl| TM 1X reaction buffer, 10nM DIT and 200M dNTP in the fi nal
vol ume of 501 .of theepriracrarthey weragisiom symthosized eemmerstalky bty Gibc®BREI GusEimmer 15
GeneAnmp PCR system 2400 at 42C for 1 hour, then SuperscriptTMI reverse
Oligonucleotide Synthesis Service, L.T.L., U.S.A.

Reverse transcription of total RNA

Ipg of UV-induced Vitis cv. Red Flame skin total RNA leaves total RNA-

10 was used as templates to allow the annealing of the 3° primer — 35GSTS2a at 65°C
for ten minutes. After the primer was annealed, the total RNA was reverse
transcribed with 200 units/ul Superscript™II reverse transcriptase (Gibco BRL,

LTI, U.S.A), SuperscriptlI™ 1X reaction buffer, 10mM DTT and 200uM dNTP in

the final volume of 50pl. The reverse transciption was carried out in Perkin Elmer

15 GeneAmp PCR system 2400 at 42°C for 1 hour, ihen Superscript™II feverse

transcriptase was inactivated at 70°C for 15 minutes.

The c¢DNA was purified through Tris-buffered phenol and
chloroform:isoamyl alcohol (24:1) extraction. The aqueous phase was then
precipitated with 1/10 volume of 3M sodium acetate and 2.5 volume of ice-cold,

20 100% EtOH. The pellet was dissolved in 20p] of sterile milli-Q water.



transcri ptase was i nactivated at 70C for 15 mnutes. The cDNA was purified
t hrough Tris-buffered phenol and chloroformisoanyl al cohol (k& MAY 2005
extraction. The aqueous phase was then precipitated with 1/10 vol unme of 3M
sodi um acetate and 2.5 volune of ice-cold, 20 100% EtOH. The pell et was

di ssolved in 20l of sterile mlli-Qwater, 0 4 MAY 2005 17 Pol ynerase chain
reacti on of cDNA and gDNA Both 20l of cDI‘lIZ\ and 20ng of gDNA of Vitis cv.
Red Fl ane skin, were anplified by Polynerase Chain Reaction (PCR) in
Perkin El mer GeneAnp PCR 5 system 2400. The PCR reaction at a total volune
of 501 included 5 units/|I Thernus flavus (Tfl) DNA polymerase in 1X Tfl
reaction buffer provided (Pronega, U S. A, 200ng/l each of 5 priner
35GSTS1 and 3 i Ryl 5M magnesi um sul fat e and
topped up wt PoRmdFite chd % of BRM D lification for grapevine STS
genes was done by holding at 92C. 10 for 5 mnutes, followed by 40 cycles
of denaturing tine of 1 t . ann i ng.at 55 2 m nutes and
an extension tine &Oﬂgiﬂ;ﬁ]&@g@ngégpg Ogﬁﬁﬁ%Ppgﬁ?éﬁs}%%gkmeﬁ@’WeG

m nutes conpleted the PCR 51 of PCR reaction were separated and quantified
by Hori zont al agwlified bydtolypereseEhainiReactionmPiRysio. Peskin diimge Genedmp &R he
presence of the desired MV 15 fragnents, the rest of 451 PCR reaction were

sel ective precyspema240d. WhePAR Tactioal dtreetodd] Mddun& OE 5040 iddlddedss Ghits/pH 8. O;
100mM NaCl and 1mM EDTA, pH 8.0), 1/10 volunme of 4M NH4OAc and 2.5 vol une

of i'ce-cold, YoM Bdvusd 121 MNACHSIyRI SIS I Y7rdaBtidiE tuffer |pr@@kEPN 1 NLO
PGEM T (+) vect‘or. .
(Promega, U.S.A), 200ng/ul each of 5° primer 35GSTS1 and 3’ primer 35GSTS2a,

200uM dNTP, 1.5mM magnesium sulfate and topped up with sterile milli-Q water.

PCR amplification for grapevine STS genes was done by holding at 92°C.
10 for 5 minutes, followed by 40 cycles of denaturing time of 1 minute at 92°C,
annealing at 55°C for 2 minutes and an extension time of 2 minutes at 72°C.

Further extension at 72°C for 6 minutes completed the PCR.

Sul of PCR reaction were separated and quantified by Horizontal gel
electrophoresis in 1% agarose. After determining the presence of the desired MW

15 fragments, the rest of 45ul PCR reaction were selective precipitated with 1/10
vélume of 10X STE (10mM Tris.Cl, pH 8.0; 100mM NaCl and 1mM EDTA, pH

8.0), 1/10 volume of 4M NH4OAc and 2.5 volume of ice-cold, 100% EtOH. The

pellets were dissolved in TE for ligation into pGEM-T (+) vector.

Cloning into pGEM-T(+)

20 The ¢cDNA and gDNA PCR products of Vitis cv. Red Flame skin were

cloned into pGEM-T(+) vector using the pGEM-T(+)™ vector system kit



Cloning into pGEM T(+) 20 The cDNA and gDNA PCR products of Vitis cv. Red
Fl ane skin were cloned into pGEM T(+) vector using the pGEM T(B-} THAY 20%r
systemkit 0 4 MAY 2005 18 (Pronega, U.S.A). The cDNA and gDNA PCR
products in the ratio 1:3 (vector:insert) were ligated into pGEM T(+)
vector using 3 units/| of T4 DNA ligase , T4 DNA |ligase 1X buffer in the
total volune of 101 and incubated at 168 overnight. 5 After ligating, 10l
of the ligation reaction mx were transfornmed into 200l of XL1-Bl ue
conpet ent cel (Brosgaat/agide, THeSSBNA Thé\gDWEAPPRt produtiseinf the ratid hi3nut es,
followed by 5 mnutes at 37C, then back inice for 1 mnute. 1nl of plain

LB broth was padreined) wWefdhgied imb pdMMITN) FediOUisings tdits/1 BPYY BRAOVeEry
time, the cel IWSMV\/ere cz)l I ect%}j t hr ough ce]gt)ri?ugatsil%gn\ at :SL , 000rpm for 30

or ot boq U NEReT "B PREATG xRl B Rl o 0ol iSRS 0o

i ncubat ed at iéo%e overﬂtisght. The positive clones with the correct size
inserts were selet¥YeUsing restriction enzymes Sall and dal (NEB
Bi ol abs, U S.A) digest following the 15 manufacturer's recomended
conditions_after plasm d mniprep. Characterization of putative Vitis cv.
Red Fl ane 5TS geneAfter digatingyel Gulteft thedigation seastion meig wergnisarsfemgdrin® had
been isolated, they were characterized by restriction enzyme nappi ng
(Figure 5), séoidntXldrBlugsiompe(eht cellsgStriagond, U)S. AndThdyotvesenmgt of icaalr opat hy
curves (Figure 3).

10 minutes, followed by 5 minutes at 37°C, then back in ice for 1 minute. Iml of

plain LB broth was added and incubated ét 37°C for 1 hour. After 1 hour recovery

time, the cells were collected through centrifugation at 11,000rpm for 30 seconds,
10  then resuspended in 50pl plain LB broth. 50l were used to spread onto 1.5% LB _

agar plates with 100pg/ml ampicillin. These plates were incubated at 37°C

overnight.

The positive clones with the correct size inserts were selected using
restriction enzymes Sall and Clal (NEB Biolabs, U.S.A) digest following the

15 manufacturer’s recommended conditions after plasmid miniprep.

Characterization of putative Vitis cv. Red Flame STS genes

After the putative Vitis cv. Red Flame STS genes had been isolated, they
were characterized by restriction enzyme mapping (Figure 5), sequence aﬁalysis

(Figures 6 and 7) and plotting of hydropathy curves (Figure 3).

20  Restriction enzyme mapping

Restriction enzyme mapping of the existing grapevine STS genes (pSV21,

pSV25, pSV368 and VVLSTS) was identified using the website Webcutter 2.0.




20 Restriction enzyme mappi ng Restriction enzyne mappi ng of the existing
grapevi ne STS genes (pSV21l, pSV25, pSV368 and VWLSTS) was idenQMfW@@ mmSng
the website Webcutter 2.0. 0 4 MAY 2005 19 According to the restriction
enzynme maps obtained, Pstl, Kpnl, and Hindlll (NEB, U S. A) were used to
di gest the putative clones of Vitis cv. Red Flane STS genes at the

manuf acturer's recomended conditions. Aflifer di gestion, the reactions were
anal yzed on 1% agarose gel using Horizontal gel electrophoresis 5 running
at 100V for 45 mi ndtesgrdigeoghewesticlive wedmesinagy dbétayhash Pyé, KpinlJandi BindIl]
docunentati on system (Stratagene, U S.A ) Sequence analysis The sequences
of the putati (NEH, U.S ACywhediséd andigST hmnasewhines anN ik 290Red Fiang SiFSleoxy
nucl eotide chain term nation nethod. SequenaseTM Version 2 10 sequenci ng

kit (AmershamgBhay FRelA manBAaRr YasciRfREnd&y céﬂlﬁti&%quggg{&&gesrt%?%@ n wth

forward prinmer (ssDNA sequencing) and reverse prinmer ( sequenci ng) .

The reactions . ahel ed,usi,n S- dATP EN, LS. A),. A 6% .

ol yacryl an a&5libs, 885 SR (% Aens ot it BB Atidlgsd aatronhasis
(L.T.1., Lnc., U S A).. Autaoradjography was perforned by exposing to Kodax
MR Bi o- Max> 15 I'¥ipg h 1@\(&6&%%%@?@& ﬁ%ﬁwg@r wered asingt Kagle-ye dpdurier mat el v
16 hours. The filnms were then devel oped wth Kodax Devel oper and Kodax

Fi xer. The sedoeumeatatigarsystemdStratapenealllSiA)The first 300 bases of the 5
sequences of clone R65 showed that it belongs to the PSV21 group of grape
STS gene. 20 Hydropat hy curves

Sequence analysis

The sequences of the putative Vitis cv Red Flame STS genes were analyzed

using dideoxy nucleotide chain termination method. Sequenase™ Version 2

10  sequencing kit (Amersham-Pharmacia, Sweden) was used for the s;equencing.
reaction with forward primer (ssDNA sequencing) and reverse primer (dsDNA
sequencing). The reactions were labeled using 35S-dATP (NEN, U.S.A.). A 6%
polyacrylamide gel was ran at SOW using the Sequencing Apparatus S2 (L.T.IL.,

Iﬁc., U.S.A.). Autoradiography was performed by exposing to Kodax MR Bio-Max

15  film in a Kodax intensified screen cassette for approximately 16 hours. The films
were then developed with Kodax Developer and Kodax Fixer. The sequences were

read manually. The first 300 bases of the 5’ sequences of clone R65 showed that it

belongs to the PSV21 group of grape STS gene.

20  Hydropathy curves

Hydropathy curves were plotted for Vitis cv. Optitha STS (pSV2l1),
Phalenopsis sp. BS (pBibsy811), Arachis hypogaea STS (arqresol) and Pinus

sylvestris STS (PSTS1) using the hydropathy plot website maintained by




Hydropat hy curves were plotted for Vitis cv. Optima STS (pSV2

Phal enopsi s sp. BS (pBi bsy811), Arachis hypogaea STS (arqresoljgllaMkY 208us
sylvestris STS (PSTS1) using the hydropathy plot website maintained by 0 4
MAY 2005 20 Biochem stry and Mol ecul ar Bi ol ogy at Pennsylvania State

Uni versity. The hydropathy curves were plotted based on Kyte and Dolittle
met hod. Cloning Vitis cv Red Flane STS géhes into expression vector 4
clones of Vitis cv. Red Flane STS genes were cloned into expression vector

pBl 121. d onﬁoaﬁﬁxist@lanamol@&mam@ielo%}r(yn%nh@tl@axﬁﬂswltammeeﬁsny. THy ough
the BanHl and Sacl restriction sites. one RI was cloned into pBl 121

through the Baghiboad EGRRveleSistddtak ok B 3nk PRRREIURLY - The genes were
driven by a co%})t u?icve Caﬁ/ﬁe%SS RNA pron%ter.g%ﬁe cloned vectors are
shown in Figures 2A-2D. 10 Transformation of plasm d containing STS gene
constructs in AQ C i LBa4404 1.. Prepare sufficient YEP for liquid
culture and p PHRGVE 0z 4P Bepes Qe DIesslon Vel quires 5 i | qui d
culture per transformation, 1m for outgrowth, 20-40m. for plates. (YEP:
| Og Bact o- pept one, | Bact 9- yeas extracts, 5 g C;. for solid 109/l
phytagar). 2. G ow® hss el S &VLgﬂdﬁw éﬁ&wesavm ool INGEBXRIESSITC. 3.
Add to 50mL of YEP in reserved 250 m flask and shake at 250rpmto OD of
0.5 to 1 a? waeedPenBlH2bf GlooenR64, GAiand QLT wgre cloned detof gl B2 InivegtorSpi n
-5,000rpmfor 5 mn. :

: through the BamH]1 and Sacl restriction sites. Clone R1 was cloned into pBI 121

through the BamH1 and EcoRl1 restriction sites respectively. The genes were
driven by a constitutive CaMV 35S RNA promoter. The cloned vectors are shown

in Figures 2A-2D.

10  Transformation of plasmid containing STS gene constructs_into Agrobacterium
LBA4404

1. Prepare sufficient YEP for liquid culture and plating and restreak of
transformants. Requires 5 ml liquid culture per transformation, 1ml for
outgrowth, 20-40ml for plates. (YEP: 10g Bacto-peptone, 10g Bacto-yeast

15 extracts, 5 g NaCl; for solid 10g/1 phytagar).
2. Grow Agrobacteria LBA 4404 colony O/N in 2ml YEP at 28°C.

3. Add to 50ml of YEP in reserved 250 ml flask and shake at 250rpm to OD of

0.5 to 1 at wavelength of 600nm.
4. Chill culture on ice for 5 min. Spin ~5,000rpm for 5 min.

20 5. Carefully decant supernatant and resuspend tube in 1 ml of 0°C, 20mM CaCl,.

Resuspend gently and strictly at 0°C.



20 5. Carefully decant supernatant and resuspend tube in 1 m of 0C 20nM
CaCl 2. Resuspend gently and strictly at 0C. 0 4 MAY 2005 21 Gﬂﬂmﬂf?ﬁﬁg
0.1 m aliquots into prechilled m crofuge tubes. 7. Add |ug of

cells, mx gently but thoroughly, then freeze in dry ice EtCH bath. 8.
Place cells in 37C bath, 5 mn. 5 9. Add 1 m YEP and incubate with gentl
shaking 2-4 hr. 10. Centrifuge for 45 seclat 4000rpmin a mcrofuge. Wth
pipet tip discard all but 100-200 ul of nedium resuspend cells in

remai ni ng medi@inPispepsedkt inhgliquotintr prechitlekinngofugel tybesit e on 25ug/
Kananmycin. Incubate at 28C. Col onies should appear in 2-3 days. 10
Transformati on of Red Lettuce by Agrobacterium l. Lettuce seeds, Var Red

Sal ad Bowl werke AddflageofddNAitbicstis] ntixt Fenll9%it YhazbhehpthéOfredA iflidiyi®s and
rinsed 3 times with clean distilled water. 2. Seeds were than germ nated in
germ nation nmedi progeathai ned in 9 cm dianmeter Petri dishes (30

seeds/ dish). Incubated at 24C, 16 hr light at 15 18unol/s/n2 intensity. 3.
Agrobact erium tumefaci ens strain LBA4404 containing the binary vector

pBl 121 constr uct OCC%’I?J . Gl7) were grown in LB nediumw th pH7
and Kananyci nLkgu lfaé?éellas{%@gg ngy ’652[%51'2 ng/L tetracycline-HCL for 1 day in

a shaker at 210rpm 0 4 MAY 2005
5 9. Add 1 ml YEP and incubate with gentl shaking 2-4 hr.

10. Centrifuge for 45 sec at 4000rpm in a microfuge. With pipet tip discard all but
100-200 ul of medium, resuspend cells in remaining medium by pipeting
and/or vortexing and plate on 25ug/ml Kanamycin. Incubate at 28°C. Colonies

should appear in 23 days.

10 Transformation of Red Lettuce by Agrobacterium

1. Lettuce seeds, Var Red Salad Bowl were surface sterilised with 10%w/v

chlorox for 10 minutes and rinsed 3 times with clean distilled water.

2. Seeds were than germinated in germination medium contained in 9 cm
diameter Petri dishes (30 seeds/dish). Incubated at 24°C, 16 hr light at

15 18umol/s/m” intensity.

3. Agrobacterium tumefaciens strain LBA4404 containing the binary -vector
pBI121 constructs (R1, R65, G14 and G17) were grown in LB medium with
- pH7 and Kanamycin sulfate at 50 mg/L and 2 mg/L tetracycline-HCL for 1

day in a shaker at 210rpm.




22 4. Pour 20nml aliquots of UM agar nediuminto 9 cmdianeter Petri dishes
and allowto solidify. 5. Soak one sterile 7cm dianeter \What nfug FMAY t2605
paper in liquid UM and place onto the surface of the UM agar mnedi um

Excise the cotyledons from7 day old seedlings, |eaving the petiole intact,
but renove the apices of the cotyl edons._ Score the abaxial side using a
fine needle. Using a scapel, make shall A? cuts (I nun apart) transversely
across the surface of the cotyledons. Float the cotyledons for 10 mins in
an Agrobact er i4inPpurfiral aliguotsefeUMoagarmatdiumrintodham dametenPetyi disesgnd
agrobacteria is not used. 10 7. Renove the cotyledons and blot dry with
sterile filter palertasdidiffansfer to the prepared UM di shes (10 cotyl edons
per dish). Incubate for 2 days under the sanme conditions as for
germnating seeds. 15 8. Set up test plates as follow. 9. A Control

expl ants wi t hayt Sask eRAsEAl T !d_[méﬂéxawihe@géanﬁnerilpage':ﬂ in"Rflid UM land Placgedi UM
+ 100 ng/L kanamycin sulfate; iii. SI medium+ 150 ng/L Kananycin sulfate

B. Explants inoc g r n: i. SI nmedium+ 100ng/L
Kananyci n sul f at gﬁ@%@%@@%ﬁ@\eg@%&%&ﬁ .L EEISI medi um + 150ng/ L kananycin
sul fate. ‘

5 6. Excise the cotyledons from 7 day old seedlings, leaving the petiole intact, but

remove the apices of the cotyledons. Score the abaxial side using a fine needle.
Using a scapel, make shallow cuts (1mm apart) transversely across the surface
of the cotyledons. Float the cotyledons for 10 mins in an Agrobacterium liquid

culture. Controls are done similarly except agrobacteria is not used.

10 7. Remove the cotyledons and blot dry with sterile filter paper and transfer to the
prepared UM dishes (10 cotyledons per dish). Incubate for 2 days under the

same conditions as for germinating seeds.
8. Set up test plates as follow:
9. A. Control explants without agrobacterium inoculation on:
15 i. SI medium
ii. SI medium + 100 mg/L kanamycin sulfate;
iii. SI medium + 150 mg/L Kanamycin sulfate
B. Explants inoculated with Agrobacterium on:

i. SI medium + 100mg/L Kanamycin sulfate and:




10. Transfer the explants to SI nmedium subnerging the petiolar ends of the
cotyl edons into the mediumto a depth of about 2nmm |Incubate 4sh TMRY 2005
germ nation of 'seeds and subculture to fresh SI agar nmedi umevery 17 days.
5 11. After 40 days, transfer those explants that have produced cal |l us and
shoots to a 250m capacity flasks, each containing 60 ml of SI agar nedium
with 0.11% w v Carbeicillin. 4 explant Bér flask, incubate at high |ight
intensity of 80unol/s/m. 12. Transfer shoots when approx. 1 cmhigh to

t he rooting nmedi umii.i ncuShmediam 1 050mgh Kaharhycin saléatsi ty of 80unol/s/m . 13.
When rooted, carefully renmove plants fromthe contai ners, wash away the
agar and transfer the plants into 10 inch pots filled with vermculite.

Encl ose the p[loalidmsion the @aplapil eShednen badindreing3thd dHoRAENES HH\Re t hem
The plants are then grown under full sunlight and fertilised with Gaviota

fertilizer. Aftefo3Rddns §RSthe! REFRNPEY TR & Qﬁ(ﬁﬂyﬁ‘_gﬁghc cul kd B8 ¥or

Sout hern and al so extracted using orgaic solvent al'yses
resveratrol yield, Selecti.on .of sgeni c ts Aft plerc

cotel ydons with B @Pé’f??fdf&%?‘i% ﬁljl%frﬁéo @'gﬂ’s ral%’i’?e uﬁ*ﬁé’elé'o ﬂ%}'&ons wer e
then i mersed in UM agar nmedi um (-15 cotel ydons/ pl ate) 20 and i ncubated at
232C, 16 h rs .phqtoperiod, with lig intensity of 18npl/s/n2 (daylight
f1 uor escen tdBeé?‘e’f () daysgtsgnsfer ghoge Wagéé@t have prpduged zakipgand shpets to a

cot el ydons were gl aced on SI agar nediumw th abaxial surfaces in contact
wi th the medi um 250wl epadiylesks, sech sogtamimg 66 nilivd STaugali miedinm with 0.11%

w/v Carbeicillin. 4 explant per flask, incubate at high light intensity of

| 80umol/s/m_.

12. Transfer shoots when approx. lcm high to the rooting medium, incubate at

10 high light intensity of 80umol/s/m .

13. When rooted, carefully remove plants from the containers, wash awéy the agar
and transfer the plants into 10 inch pots filled with vermiculite. Enclose the
plants in clear polyethylene bags for 3 days and remove them. The plants are
then grown under full sunlight and fertilised with Graviota fertilizer. After 35

15 days, these plants were assayed for Northern, Southern and also extracted using

orgaic solvent for HPLC analyses for resveratrol yield.

Selection of transgenic plants

After piercing, the cotelydons with agrobacteria carrying the constructs.
The cotelydons were then immersed in UM agar medium (~15 cotelydons/plate)
20  and incubated at 23+2°C, 16 hours photoperiod, with light intensity of

18pumol/s/m’ (daylight fluorescent tubes) for 2 days.



menti oned above. For the color selection, the cotel ydons were sub-cul tured
into fresh SI agar nediumevery 21 days. Small shoots of ~1rﬁﬂ|aMN(tZﬁaﬁ
were red in 5 color were discarded while the pink and green plantlets were
placed in UM agar nediumfor 2 days. Pink or green plantlets that turned
red at this stage were also discarded, while those remained pink or green,
were subcultured into fresh SI agar nedi2dm Those plants that were ~lcmin
hei ght were placed into rooting agar nedium 10 For kananycin sel ection,
after placing in SAftgardaysgdiharoofebydons week platddeon Sbagr ynknliven wetheabaxial
transferred to SI + 1509/ m kanamycin sul fate agar nmedium  Subcul turing

was done ever Yudads® @keortset Hlithtthd aRAH. RRRMBIFd0Rs Hétd Sofmaf Me corBRIbHM
Usi ng the procedures described above, Red Fl ane STS genes were 15

succese Uy, GlaRtflel AT LB 5 A ARSTRN nf SCHRLE e 020 I

t he transgenic eresults o ng the e s descri bed
above are sh | ow: cipient Plant Mterial The 4 cultivars Lactuca
sativa were tggf]%gfﬁ%qrq‘ u@rﬁ%vc%ﬁﬂm- sepllishagty o é?mszargﬁemﬂeaﬁg Hhility
invitro. The amount of precursors for resveratrol (i.e. 4 counmaroyl-CoA
and nal onyP- cealor gvere diseardpd whitedhe pinkfand raredneplantlatowypeenplaced isdVisagasi nce
4- coumar oyl - CoA and nal onyl - CoOA are conmon precursors for these 0 4 MAY
2005 25 two Mmedsymiféred dayspRidkerygreed plahtdets tide iwhabrbdtdy dhhis stage vewedlso of
4- coumar oyl - CoA and nal onyl - CoA may be deternmined directly by one skilled
in the art, amgch@ed, while those remained pink or green, were subcultured into fresh SI agar
medium. Those plants that were ~lem in height were placed into rooting agar

medium.

10 For kanamycin selection, after placing in SI agar medium for a week, the
cotelydons were transferred to SI + 150pg/ml kanamycin sulfate agar medium.
Subculturing was done every 4 weeks to SI + 150ug/ml kanamycin sulfate agar

medium.

Using the procedures described above, Red Flame STS genes were
15 successfully cloned into Red-lettuce and transgenic resveratrol produced in the
transgenic plants. The results obtained by using the methods described above are

shown below:

Recipient Plant Material

The 4 cultivars Lactuca sativa were tested for the anthocyanin level and re-
20  generation ability in vitro. The amount of precursors for resveratrol (i.e. 4-
coumaroyl-CoA and malonyl-CoA) can then be inferred from the anthocyanin

levels, since 4-coumaroyl-CoA and malonyl-CoA are common precursors for these



considered wthin the scope of the present invention. Table 1 shows

anal ysis of redness of cotyledons after 2 days in UM 5 nedi um4cmApr29g5
calli after 14 days in SI nmedium and the re-generation ability after

days in SI nediumfor Lactuca sativa cv. Canasta, Lollo Rossa, Red Rapid
and Red Sal ad Bow . From Table 1 as shown bel ow, the cotyl edon of Lactuca
sativa cv. Red Salad Bow was shown to B8 the nost red in color and the
Lactuca sativa cv. Lollo 10 Rossa cotyl edon was the |l east red, after 2 days
in UM nedi um t@albipsymthetic fpethveys. hifis endéstoed kmt ithe BvelsediddcounimoowdCaat
Lactuca sativa cv. Canasta, Lollo Rossa and Red Rapid had nore |ight green

cal l'i than ot hed malbayISCEAIthay béﬂefe@xhiﬂeﬂ&liréeﬁ?ﬂi?%&ﬁ&iﬂé@ilﬁhe aredndas ad
Bow , red calli was in higher percentage than ofher <colors calli. Only

Lactuca sati v%&ﬁﬁderg{?q,litﬁgﬂhgs&%ggﬁggﬁggﬁgm %ﬁ"f‘?ﬁg- calli of 15 pink,

dirty-red and Ite colors. _ ness
sat i vaof Li ght Dar kRedPi nkDi rt yWhi t egener ati on

cv. cot yl edonsgreen nredabi | ity Canasta++++++---+ Lol | o+++++---. Rossa
Red++++++++++++ RagfagFeRicf ngi_l_a_p_g&sg'_s_l_g? ngss opgQjyledons after 2 days in UM
5 medium, color of calli after 14 days in SI medium and the re-generation ability

after 37 days in SI medium for Lactuca sativa cv. Canasta, Lollo Rossa, Red Rapid

and Red Salad Bowl.

From Table 1 as shown below, the cotyledon of Lactuca sativa cv. Red

Salad Bowl was shown to be the most red in color and the Lactuca sativa cv. Lollo

10  Rossa cotyledon was tﬁe least red, after 2 days in UM medium. Calli were formed”
after 2 weeks in SI medium showed that Lactuca sativa cv. Canasta, Lollo Rossa

and Red Rapid had more light green calli than other colors calli. As for the
Lactuca sativa cv. Red Salad Bowl, red calli was in higher percentage than other
colors calli. Only Lactuca sativa cv. Red Rapid and Red Salad Bowl had calli of

15  pink, dirty-red and white colors.

Lactuca | Redness Calli Re-
sativa of nght Dark | Red | Pink Dll'ty White generation
cv. cotyledons | green | green red ability
Canasta ++ +H+ + * - - - +
Lollo + +++ + + - - - T+
Rossa

Red +++ — £ =+ |+ t T S
Rapid

Red - + + |+ + + + T+
Salad + '

Bowl

Legends: * means <30%; + means 30% - 50%; ++ means 50% - 70%; +++

means 70% - 90%; ++++ means >90%




Legends: neans <30% + neans 30% - 50% ++ neans 50% - 70% +++ neans 70%
- 90% ++++ means >90% 0 4 MAY 2005 26 Table 1 The 2,4-D 04 MAY 2005
(2, 4-di chl or ophenoxyacetic acid), an auxin, triggers the formation of

ant hocyani ns. Hi gh ant hocyani ns production is one of the criteria for
choosing the cultivar to be used for transformati on. The higher the

ant hocyanins 5 level, that neans there ar20 nore substrates avail able

(4- courmaroyl - CoA and mal onyl - CoA). Therefore, when the STS genes are
transforned into the red Ilettuce, theyThsle¢ anpl e substrates to use. This
facilitates the color selection of transgenic plants, as the col or change
to light pink or dagk npi i1l . be nore promnent if the untransforned
portions of the co?{l‘?eego‘ﬂb ﬁé'?@glorm@ﬁé}’?ﬁ%l&a"ﬂ% afp apgny | tHassE e
Lactuca sativa cv. Red Salad Bow has a uniformcol or throughout the
cotyl edons ( Fi lgupati@eyf antepcy anins. Héigh entheneanitsi predustion is gne ofdhecrittanfo®0% of
Lactuca sativa cv. Red Salad Bow calli re-generated into plantlets.

Lact uca sati vachoesingeltt Gdtieal (Bl usetidor irivesféth@kion.t Thechighéiethahthbeyalinsi ty
conpared to Lactuca sativa cv. Canasta, Lollo 15 Rossa and Red Rapi d.

Lactuca satj veega; ﬂﬁ@dné?ﬁaeitﬁeﬂea&earaefefmﬁﬁaéé Béin%%lé P4-cOQ MK H 1L oA and

re-generated into plantlets. This will shorten the tinme needed to se

the prant - merBbayEERAT: ThAEKHETRIBH JHE TS e 4F ifPaies Macl®Rl o’ s

genes. STS genlgtstuget t rQy %(\j/e Etlm%)qg S\%sa atees tc2> %sel:a.rli‘hrirs? rfeiscil(l;![gtte(sa rtlgg Q(%E)ri gerllection of
transgenic plants, as the color change. to light pink or dark pink will be more
pfominent if the untransformed portions of the cotyledons are red. Furthermore, the

10 cotyledons of Lactuca sativa cv. Red Salad Bowl has a uniform color throughout

the cotyledons (Figure 3a).

As for the re-generation ability, more than 90% of Lactuca sativa cv. Red

Salad Bowl calli re-ggnerated into plantlets. Lactuca sativa cv. Red Salad Bowl

had the highest re-generation ability compared to Lactuca sativa cv. Canasta, Lollo

15 Rossa and Red Rapid. Lactuca sativa cv. Red Rapid had approximately .70% to
90% calli re-generated into plantlets. This will shorten the time needed to select
transgenic plants. Hence, Lactuca sativa cv. Red Salad Bowl is chosen as the plant

materials for transformation of Vitis vinifera cv. Red Flame STS genes.
STS genes from Red Flame grape
20  Primers determination

ClustalW alignment of existing grape STS c¢DNA isolated from Vitis

vinifera cv. Optima (pSV21, pSV25 and pSV368) and Vitis vinifera cv.



Clustal Walignnent of existing grape STS cDNA isolated fromVitis vinifera
cv. Optima (pSV21, pSV25 and pSV368) and Vitis vinifera cv. 0 B4MMAY 22005 27
Lanbruscoa Foglia Frastagliata (VLSTS) showed that they were quite simlar
and shared hi gh honol ogy of 87.5% (Figure 4). Consensus regions at the 5
and 3' ends of the sequences were determned for isolating the full-length
genes from Vitis vinifera cv. Red Fl ame2’ 5' primer determ ned was 5 GIC
GAC CTT CCT 5 CAA CIT AAT CTT 3' (designated as 35GSTS1) and 3' priner was
5 ATC GAT TlambrscenBogliaFnimgliar (¥ VISR ishoaed thah sheg5@STIRGlE. simiay wer e
highlighted in red in Figure 4. 35GSTS1 contained a Sail |inker while

35GSTS2a  contad stegedhigh hbmblogy of BRI, @ligirb@). ConSeides regloNéasthe 59 BNS’
putative clones of Vitis vinifera cv. Red Flane STS genes 10 Vitis vinifera

cv. Red Fl anegdd\¥ ] . ) f 18
clones in pGEI‘\e/fET( +) {,Ne1%%8%%3%%?\?2%\%??%5@@%&% {z:f;egsﬁ?l gﬁg@ﬁggep %%10&0. 9kb
to 1.6kb after,.di gestin i Sail_,and Cla]. Wile for b
fragment was gf)tfsa‘%ﬁ’ze(ffz C%I )ﬁle{l ﬁéani% S [PHHEL d?{?g{u%r\@sé? é%’;‘iz?a% é%q‘lk and
Cal contgined insert sizes of 1.5kb to 1. 6kb. 15 Restriction enzyne
mappi ng 12° c DA% [BHeAATd 1Y (@enpnatedscdd G ands3 \primer avas SC A TGREATF ane
were subjected to Pstl, Kpnl and H ndl Il digestion. 3 clones of cDNA of
Vitis viniferdTéy CIReCAT diA Wel'E T@Ti (desipmated sk rAGETI2@3t r Thxyi eareenzyne
maps as the existing grape STS genes (Figure 5a). The restriction nmappings
of the cDNA 3hiphtipksd ifted in Figufd 42BSIGRBS WB6Raif DSl MinkeOWhite 35GST® si ze
of RL was 1.3kb and it possessed 1

contained Clal linker, both at the 5’ endé.

cDNA and gDNA putative clones of Vitis vinifera cv. Red Flame STS genes

10  Vitis vinifera cv. Red Flame cDNA of MW 1.3kb was obtained after RT and PCR."
Out of 18 clones in pGEM-T(+), 12 clones contained insert sizes ranging from
0.9kb to 1.6kb after digesting with Sall and Clal. While for the gDNA, 1.6kb
fragment was obtained. All the 18 clones that were digested with Sall and Clal

contained insert sizes of 1.5kb to 1.6kb.

15  Restriction enzyme mapping

12 ¢cDNA clones and 18 gDNA clones of Vitis vinifera cv. Red Flame were
subjected to Pstl, Kpnl and HindlIII digestion. 3 clones of cDNA of Vitis vinifera
cv. Red Flame were found to have similar restriction enzyme maps as the e;(isting
grape STS genes (Figure 5a). The restriction mappings of the cDNA 3 clones, R1,

20  R5 and R8 were shown in Figure 5c. The size of R1 was 1.3kb and it possessed 1
KpnlI site and none of the PstI and HindIII sites. As for R5, it had 1.2kb size and 1

site each for Pstl, Kpnl and HindIII sites (Table 2). These 3 clones together with 3



Kpnl site and none of the Pstl and H ndlll sites. As for R5, HL qﬁ%hé@é¥b
size and 1 site each for Pstl, Kpnl and H ndlll sites (Table 5. 3
clones together with 3 0 4 MAY 2005 28 other clones (R3, R6, R12), whose
restriction enzyne maps did not show any simlarity to that of the
exi sting grape STS, were subjected to sequence analysis. The MNof the
i nserts of the gDNA clones of Vitis vini 8ra cv. Red Flame was listed in
Table 2. Qut of 18 clones, 4 clones were of size 1.5kb and 5 clones 5 were
of size 1.6kb.othgr|clenes{BS, Red RiIR® whese rgsidickpm enzgime sapetdid aotoshioy any| one
(G13) had the HindlIl site. The restriction maps for G13, Gl4 and Gl7 were
shown in Fi gurseniatitpoithahefithe\existing gripe$ TS, aveaslbjedtdibo sefilehcednalysis. 9 ¢l ones
were subjected to sequence analysis. Putative clonesSize (kb)Pst In |IHi nd
11 cDNA 1.3XX R1 R51.2 R80.9 gDNA 1.5X &4 Gbl1l.5X (®1.5X G I1.5X

The MW of the inserts of the gDNA clones of Vitis vinifera cv. Red Flame

was listed in Table 2. Out of 18 clones, 4 clones were of size 1.5kb and 5 clones
5 were of size 1.6kb. All clones had the Pst and Kpnl sites, while only 1 clone
(G13) had the HindlIII site. The restriction maps for G13, G14 and G17 were
shown in Figure 5d and they were simil'ar to each other. All of the 9 clones were

subjected to sequence analysis.

Putative clones | Size (kb) Pst] Kpn I Hind 1II |
cDNA ' I
R1 1.3 X v
R5 1.2 v N
" R8 0.9 N N
gDNA
G4 1.5 v vV X
G5 1.5 v v X
G9 1.5 v N X
Gl11 1.5 v v X
| G13 1.6 N v v
Gl4 1.6 v N X
G15 1.6 v v X
G16 1.6 N N X
G17 1.6 N v X

10 Table 2: The MW (in kb) and the presence of Pstl, Kpnl and HindIII in Vitis
vinifera cv. Red Flame cDNA and gDNA restriction maps. Legend: . - site

present, X — site absent.

Sequence analysis

First 300bp sequence analysis and using BLAST program (website:

15 http://www.ncbi.nlm.nih.gov/BLAST/), showed that the cDNA clones, R1 and R5




Gl31.6 Gl41.6X G151.6X Gl61. 6X GL71.6X 10 Table 2: The MWV (in &?)Mgnd t he
presence of Pstl, Kpnl and Hindlll in Vitis vinifera cv. Red aMay A8
and gDNA restriction maps. Legend: | - site present, X - site absent.
Sequence anal ysis First 300bp sequence anal ysis and using BLAST program
(website: 15 http://ww. ncbi.nl mnih.govBLAST/), showed that the cDNA
clones, Rl and R5 0 4 MAY 2005 29 were 9%.5% honol ogy to pSV25 as shown in
Tabl e 3. But R5 had 85bp missing. For R3, R65 and R12, they were of the
sanme sequence vangd 946.6%r leun@dgh th pIddaogdywndn I3VR13. Bt Réehad 85y miysing. t 0
WLSTS wth 99% honol ogy | evel but 82bp were m ssing as shown in Figure 6.

Putative cl ongoPyDREs GhoMREZLihePesdebdf Sel SindS S&286€ 2l SHéAd397.5%
R1297. 5G1393 pSV25R1, R594.5-- pSV368----

homology to pSV21. R6 was homologous to VVLSTS with 99% homology level

but 82bp were missing as shown in Figure 6.

Putative clone cDNA gDNA
Clones % Clones %

Existing

STS genes
pSV21 R3,R12 97.5 G13 93
pSV25 R1,R5 945 - -
pSV368 - - - -

G5, G9, G14,
VVLSTS R6 99 G17 99

Table 3: Homology level of Vitis vinifera cv. Red Flame cDNA and g:DNA STS‘
putative clones with existing grape STS genes (pSV21, pSV25, pSV368 and

VVLSTS)

As for the gDNA clones of Vitis vinifera cv. Red Flame, G13 revealed 93%
10 homology to pSV21 (Table 3). 4 gDNA clones (G5, G9, G14 and G17) as shown
in Table 3, was 99% homology to VVLSTS. After the first 300bp seqliencing

analysis, these 4 gDNA clones were found to be of the same sequence.

Since clones that were homologous to pSV21 and VVLSTS were isolated
from both cDNA and gDNA, alignment was done between these clones. In -Figure
15 7, R12 and G13 were similar but not identical to each other. Same result was

obtained for R6 and G14 (Figure 6).

Hydropathy curves




i

VWLSTSR699G5, (0,' Gl4,99 5 Table 3: Honol ogy |evel of Vitis v&nw&é abc]
Red Fl ame cDNA and gDNA STS putative clones with existing gr @
(pSV21, pSV25, pSVv368 and WVVLSTS) As for the gDNA clones of Vitis vi nlfera
cv. Red Flanme, Gl3 revealed 93% 10 honol ogy to pSv21 (Table 3). 4 gDNA
clones (G5, &P, Gl4 and Gl7) as shown in Table 3, was 99% honol ogy to
WLSTS. After the first 300bp sequencing30anal ysis, these 4 gDNA cl ones
were found to be of the sane sequence. Since clones that were honol ogous to
pSV21 and WLSTS wdite hpdiopaths cirvesnfimotHivic RiXédeandvg OimalSTn(eIN2Mas done
bet ween these clones. In Figure 15 7, R12 and GL3 were simlar but not

i dentical to gagterdpbkersp. %'@Bi ), YBachi®Hypbpeeh SVS e300 4ad4Piuly gur e
6) . Hydropat hy curves 0 4 B%g The tkfl"gllgropat hy (&E}r@vesgfor Vitis

inif I hi

hypogaca STs (RrPsSTS ERT¥E oy ”?}ﬁ Q%ﬁef%%lfgﬁ%aé%@ﬁ*%ﬁ B qure 6
I t h ot T . ' 3 Th

hydr ophobi ¢ NXURRT A ¢ dniin dorteisohe PadiepRPbiniEEniRLd-& baPt 12 (a. a

128 to 313) and a m xture of hydrophobic and and hydrophi | | c Cterm nal

(a.a. 314 Po Pydiophifiganiddle pesiion (agn 12& bt anda npsvzelof Todeorbebisaadysl R1, R3

and R12 are full-length cDNA STS genes from
hydrophilic C-terminal (a.a. 314 to 392). The a.a position is based on pSV21.

Clones pUCSTS-R1, R3 and R12 are full-length cDNA STS genes from

Vitis vinifera cv. Red Flame. According to the sequence analysis, they are
homology to pSV25 (R1) and pSV21 (R3,and R12). The MW of these cDNA

10 clones do not correspond to the expected MW, which is in the range of 1 179kb to
1.237kb, when the 5° (35GSTS1) and 3° (35GSTS2a) primers are used. But, they
correspond to the MW of pSV21, pSV25, pSV368 and VVLSTS, which are
1.323kb, 1.3kb, 1.251kb and 1.547kb respectively (Melchior and Kindl, 1991 and

Sparvoli ef al., 1994).

15 Furthermore, the restriction maps of R1, R3 and R12 are not the same as
that of the existing grape STS genes (Figure 5a and Figure 5c¢). These differences

can be explained by the different cultivars used.

As for pUCSTS-RS5 and R6, sequence analysis revealed that they have 85bp

and 82bp deletion respectively. Although R5 is homologous to pSV25 and R6 is

20  homologous to VVLSTS, this deletion causes a shift in the open reading frame. As
translation uses codon of threes to make amino acids, a shift in the open reading
frame, will affect the functionality of the proteins produced. Therefore, these 2

clones are considered as cloning artifacts.



Vitis vinifera cv. Red Flane. According to the sequence analysis, they are
honol ogy to pSV25 (RI) and pSV21 (R3,and R12). The MWV of thes8 ik zﬁ/n

cl ones do not correspond to the expected M which is in the range of
1.179kb to 1.237kb, when the 5 (35GSTS1) and 3" (35GSTS2a) priners are
used. But, they correspond to the MW of gﬁVZl, pSV25, pSV368 and VVLSTS,
which are 1.323kb, 1.3kb, 1.251kb and 1.547kb respectively (Ml chior and
Kindl, 1991 and Sparvoli et al., 1994). 15 Furthernore, the restriction
maps of R, R3 and $FUNAglenssdUGHES-6anE92613, Gl andf Gt hisoltadsaré Agl-igngthe STS
genes (Figure 5a and Figure 5c). These differences can be explained by the
di fferent cul t$TSgeneadeih Vs imyerp JCR&G Roman ThRbize SEIHE Blofe ARRICH SieSin

reveal ed that they have 85bp and 82bp del etion respectively. Al though R5

i s honol ogous the r&f%‘fZ& B5Eb 61 5180, 2 rRepIIIOgGHS gb‘NMT%eneE Wspr S %fbop

causes a shift in the open reading frane. As ranslation uses codon o

threes to nmake.qm VeSS, 1ft~ .0 the. open,r ing frame, wll affect
the functi onaﬁstg?eg?m?rﬁte/g%rvf)@gﬁng'&ﬂ&%ac 108 é’(’ef%jrl ", these 2 clones are
considered as cloning artifacts. 0 4 MAY 2005 31 (gDNA cl ones pUCSTS- G5,

3, G133, and i sol,ated are full-]ength STS genes_fromVitis vinifera
cv. Red Fl ane. Th(ca;]é'ilezﬁoslb(?f Sefifences SEé}étiAm@(SQr Feinot avpidable gyeepborthskp
tol.6kb, correspond to the gDNA STS genes Vstl and Vst2 isolated from
Vitis viniferaegyencepof the (Wrense sequenice analysia)of EDBde STS ¢lhresseaqmenbes of
Vstl and Vst2 are not avail able except for the sequences of the introns,
sequence anal yomparsid oA S1EVed20 Bas, Isahisd18%b domology to pSV25 (Wiese et al.,

1994). Therefore, the gDNA STS clones can also be compared to pSV25. From

the sequence analysis, the gDNA clones obtained are homologous to either pSV21

10 (G13) or VVLSTS (G5, G9, G14 and G17). This again can be explained by the

different cultivars used. Another reason maybe the genes that are similar to pSV25

are not being isolated in this experiment.

Restriction maps of the gDNA STS clones from Vitis vinifera cv. Red
Flame do not show any similarity to those of the existing STS genes (Figure 5a, 5b

15 and 5d). Different cultivars used maybe the reason for this result.

Due to the full sequences have not been sequenced for cDNA and gDNA

STS genes of Vitis vinifera cv. Red Flame, the hydropathy curves for these clones

of STS genes cannot be plotted. However, the hydropathy curves for Vitis vinifera

cv. Optima STS (pSV21), Phalenopsis sp. BS (pBibsy811), Arachis hypogaea STS

20  (arqresol) and Pinus sylvestris STS (PSTSI); as shown in Figure 3, were similar to
each other with 3 main domains. Preisig-Miiller ef al. (1997) showed that the N-
terminals of STS and BS were responsible for the substrate recognition or

specificity, while the C-terminals were responsible for the product formation.




conpared to Vstl and Vst2. But, Vstl is 98% honology to pSV25 (Wese et

al ., 1994). Therefore, the gDNA STS clones can al so be conpaledl MAY B80§25.
From the sequence analysis, the gDNA cl ones obtained are honol ogous to

ei ther pSv21 10 (GLl3) or WLSTS (&, P, G4 and Gl7). This again can be
expl ained by the different cultivars used. Another reason maybe the genes
that are simlar to pSvV25 are not being olated in this experinent.
Restriction maps of the gDNA STS clones fromVitis vinifera cv. Red Flane
do not show an §Gs}nofé¢1|1ﬁf‘%f9mt plants e quite chescavedst Alsg, STpitgdfits vinkferpuee 5a,
5b 15 and 5d). Different cultivars used maybe the reason for this result.
_ Due to the fQOptimsépintigesd HawdisngpopearSES (igosdyiplodicedBbiverind], HINE STS
genes of Vitis vinifera cv. Red FI ane, the hydropathy curves for these

cl ones of STSPQ@,QQ WESARGT t s for
Vitis vinifera §aot| ma ST (pS ?%“cwgﬁeﬁg‘ﬁé’u As}e%rgmégﬁ?%%ygg;rgﬁ

Arachi s hypog @Zﬁ a,rn?rtﬁesg){ré(sjagew s %{ﬁg%&lS?}BﬁTS (PSTS1), as

shown in Fi gure ’I"ar &4Ch - domai ns.
Preisig-Miller et aI (1997) showed that the N- termnals of STS and BS

were responsi bl e fo he ,syhstrate recognitj or.. specificit while the
C-terninal ggs wer e re%’B% #E ?rSrCOE‘ﬁ%rVB‘ﬁ)gﬂ?rc$?go‘Ft%ﬁe?o%co‘gnl?rwﬁ?c%@@ d32
STS(s) of dlfferent 8l ants are _quite conserved. Al so, despite Vitis
vinifera cv. waCepsvberpan B WIW@hl@W?mba@dp@P@n&Mﬁﬁem malpnpduced
resveratrol, V\:hl I e Pi nus sylvestris STS (PSTS1) produced pinosylvin as
product ( Schan@o& despiddthis, FlicShRitSatlly diikvavidre sintitar SAS¢ndinpetoviRiegmameke 3
plants are simlar. 5 STS and BS are conserved too. STS utilizes

4- cour nar oyl - GaA92Rlant Mol. Biol. 18:489-503), STS can utilizes substrates other than their

originally preferred ones, but in a lower rate (that is Km value is lower). This may

10 provide the explanation of the similar hydropathy curves.

Analysis of transformed plants

Plants transformed with the various gene constructs were analyzed for RV

concentrations. Results are shown in Table 4.

Estimated resveratrol concentration (ug/g f.w.)
STS construct -
Nicotiana tabacum Lactuca sativa red lettuce
Gl4 0.09 0.48
G17 0.27 1.09
R1 0.15 0.94
R65 0.36 0.40
Ctrl 0.00 0.00

15 Table 4



mal onyl - CoA whereas BS utilizes m hydrophenyl propi onyl - CoOA and mal onyl -

CoA, despite this, their hydropathy curves are simlar. Accord)dgMiy 2005
Fliegmann J. (1992, Plant Mdl. Biol. 18:489-503), STS can utilizes
substrates other than their originally preferred ones, but in a |lower rate
(that is Kmvalue is lower). This may 10Q _provide the explanation of the
simlar hydropathy curves. Analysis of t Pdnsf or ned pl ants Pl ants
transforned with the various gene constructs were anal yzed for RV

concentrat i onspAniRESHhirS 1&/efs HRPMAIdN afﬂﬁ?&e?i. 4Fab§T§E§htthaﬁﬂlorc§§Mﬁ§ VP!

concentration (gg/d f.w. ) constructN cotiana tabacunLactuca sativa red
| ettuce GL40.0Q 70.271. 09 R10. 150. 94 .R650. 360. 40 1.Q, 000. 00 15
Table 4 0 4 Nﬁ%gﬁggg%ésﬂfﬁﬁ?&%ﬁﬁnﬁ%ﬁﬁ r‘gzt@ff’%%{iﬂ%a{f’ilg%"."a’rabl e 5

shows: ant hocyanins | evel expressed as A530/g for control and transgenic L.

séit%vgoz\sl Red Sal ad Howl . Sanpl %Aa?n?f)?ég PBI (cortrol)UAg()lpgz GIZ0] 0133
PBI (control) 0.0102
Gl4 0.0133
G17 0.0048
R1 10.0133
R65 ‘ 0.0047
Table 5

5 HPLC analysis of RV of different transgenic plants is shown in Figures 8A-

E. The method of HPLC analysis is as follows:

Resveratrol extraction from putative L. sativa cv Red Salad Bowl and N. tabacum

cv Xanthi

Resveratrol was extracted from putative transgenic L. sativa cv Red Salad
10 Bowl and N. tabacum cv Xanthi as described in Hain R.(1990, Plant. Mol.
biol.15:325-335) and Celotti E. (1996, J. Chromatogr. A.730;47-52) with some

modification.

5g of fresh leaves from putative transgenic L. sativa cv Red Salad Bowl

and N. fabacum cv Xanthi were ground in liquid nitrogen with motar and pestle

15 until powdery. Before the powder started to thaw, 1ml/g fresh weight of methanol
(MeOH) was added for extraction at room temperature for 24 ﬁours. After MeOH
extraction, the slurry was centrifuged at 7,000rpm for 15 minutes to remove the

cell debris. 2 volumes of milli-Q water were added to the supernantant. This



RI 0. 0133 R650. 0047 Table 5 5 HPLC analysis. of RV of different t4r m?g?é‘“ C
plants is shown in Figures 8A- E. The nethod of HPLC anal ysis ps 9
foll ows: Resveratrol extraction fromputative L. sativa cv Red Sal ad Bow
and N. tabacum cv Xanthi Resveratrol was extracted from putative transgenic
L. sativa cv Red Salad 10 Bow and N. tabacum cv Xanthi as described in
Hain R (1990, Plant. M. biol.15:325-335% and Celotti E. (1996, J.
Chromatogr. A. 730;47-52) with sone nodification. 59 of fresh | eaves from
put ati ve transyérion was mixeid wdthcUmRettlyISadetate B80\i65 seeomds.Nlhet tabescuiere cgolédnt hi
were ground in liquid nitrogen with notar and pestle 15 until powdery.

Before the powdpw°Gter3 eéhites, thawmacddid L0°CEsHhs Wehah TE o8t he tubleOH)
was added for extraction at roomtenperature for 24 hours. After MeOH

extraction, t r Ry t 5. renove
the cel | debrPr0S e e ERasBih e e onkal) BHRIE MRL byl hese. The
supernantant. This 0,4 NMAY 2005 34 . solution was m xed. wth 9ml th%ll
acetate for 15TEHNG RIS WasIeqqyfs ‘Wé‘feethﬁ@fl}‘eé)&sl’ Y5 Wias topgherextraciad fwicet hen
placed in -20C for 5 mnutes. The cooling of the tube inproved the
separ at i on “bet%ide Am sty periae c Thh axganigrphass wasagcoveneh 48é antiydsousosagiaumh
phase was recovered while the aqueous phase was further extracted twice 5
with 6nl et hylsulpheteawss adkeéd to rgamiccanyhtesmes vhiwatee Ckheewster plizde avak yissdfos
sodi um ' ‘

anthocyanin determination. The organic phase was concentrated in Eppendorf™

vacuum concentrator. 50ul of MeOH wére added to the dried samples.

HPLC analyzes

10 The putative fransgenic samples were analyzed using Shimadzu model
CBM-10A reverse-phase HPLC system (Japan). 6ng/ul of chemically synthesized
trans-resveratrol (Sigma, U.S.A.) were used as the standard. 50ul of the extracted
samples were run through C18 column (125mm X 5mm) with water:glacial acetic
acid:acetonitrile (75:5:20) as the mobile phase. The flow rate was set at 0.5ml/min

15 and diode array UV detector (SPD-M10AVP) was set at 306nm. The retention time

of resveratrol was about 17 minutes.

Anthocyanins determination using visible light spectrophotometry

The method used for the determination of anthocyanins in p;ltative

transgenic L. sativa cv Red Salad Bowl and N. tabacum cv Xanthi was as

20  described in Mancinelli (1990) with some modification. Extraction method
followed that of resveratrol determination because the anthocyanins dissolved into

the water phase while the resveratrol dissolved into the organic phase. 1ml of the

water phase was read by Du® 650 spectrophotometer (Beckman, U.S.A.) in a light




sul phate was added to renove any traces of water. The water phﬁze Ns ldged
for anthocyanin determ nation. The organi c phase was concentr eMAY 20
Eppendorf TM vacuum concentrator. 501 of MeOH were added to the dried

sanpl es. HPLC anal yzes 10 The putative transgenic sanples were anal yzed

usi ng Shi madzu nodel CBM 10A reverse-phase HPLC system (Japan). 6ng/| of
chem cal ly synthesized trans-resveratrol35(Signma, U S.A ) were used as the
standard. 501 of the extracted sanples were run through C18 colum (125mm
X 5mm) with watadr 10maaivatte. aihet absorbancead: a S801mmiand i65 @nrh Agerd d2@)miasd bk
nobi | e phase. The flow rate was set at 0.5m/mn 15 and di ode array W

detector (SPD-tMlQAVRBLyHfss kSt]l as TdRulted B the F&RMIIP AL, TL0.29A 4 AFeSH at 1 ol
was about 17 m nutes. Anthocyanins determ hation using visible Iight

spect r ophot o Ve he t el erm nat | nihogyapins in
put ati ve trgﬁéégl Iﬁtl I(Ii} %Qi’ﬁigf?e vgaggc; gﬁ SS%F‘ & @\%{p ‘ghaﬁl'dé xﬁl&s%)%db%céﬁ?/g\/?%ant hi
was as 20 described in ncinelli (1990) with sone di fication. raction
mothod ol | oboTPHaR DEAk DA BIrEribp WS BanIEa e BronRRss SAA NS AHBEyan ne
di ssolved into the water phase while the resveratrol dissolved into the
organi ¢ phase.absomption pedleat Giinat, ip regsured sher degradgd modwiok plderapbplhér onet er
(Beckman, U.S.A) in alight 0 4 MAY 2005 35 path 10mm cuvette. The

absor bances atachElBOMeOEhd 657nm were determ ned and the anthocyanins | evel
was cal cul ated by the fornmula (A530 - 0.25A657)/(fresh weight in gram.

The ant hocyani ns concentrati on was expressed as A530/g. The absorption
peak of anthocyanins was neasured at absorbance 530nm As for the

ot




5 absorption peak at 657nm it measured the degraded products of
~chlorophyll in acidic MOH. 0 4 MAY 2005 36 CLAIMS 1. A red é)r‘taMAYomsd
pl ant ‘conprising a genetic vector transformed therein, said vector
conprising isolated or synthetic DNA encoding a stilbene synthase gene. 2.
A red transformed plant according to Caim1l wherein said stil bene synthase
gene encodes a resveratrol synthase gene. 3. A red transforned pl ant
according to Claim1l wherein said genetic vector is a plasmd and said

stil bene synthase gene is resveratrol3gynt hase gene. 4. A red transfornmed
pl ant according to Claim1l wherein said transforned plant is red | eaf

|l ettuce. 5. Ared transfornmed plant according to Caim1 wherein said
transforned plant is capabl e of preﬁ&g&&g vi abl e seeds. 6. A red
transforned plant transformed with bene synthase gene or a portion of
a stilbene synthase gene, said stil bene synthase gene encoding a specific
stil bene synthase enzyne, said specific stilbene synthase enzyne

synt hesikzi Ageé &fﬁ%&fpmndy Rlant cpmpeEpisg efgeretispigeior fransfermeddhrseinnsaihyegtor
transforned plant, said transforned plant in the natural untransforned

st at e cont aicosiphisigh idodated er syhthetie DN/ enicodingra sidbedle Syrthdsegene. synt hase gene.

I P\JLUIN . . \294746. doc 0 4 MAY 2005 37

2. A red transformed plant according to Claim 1 wherein said stilbene synthase gene

encodes a resveratrol synthase gene.

3. A red transformed plant according to Claim 1 wherein said genetic vector is a plasmid

and said stilbene synthase gene is resveratrol synthase gene.

4. A red transformed plant according to Claim 1 wherein said transformed plant is red-

leaf lettuce.

5. A red transformed plant according to Claim 1 wherein said transformed plant is

capable of producing viable seeds.

6. A red transformed plant transformed with a stilbene synthase gene or a portion of a
stilbene synthase gene, said stilbene synthase gene encoding a specific stilbene
synthase enzyme, said specific stilbene synthase enzyme synthesizing constitutive
levels of a specific stilbene in said transformed plant, said transformed plant in the
natural untransformed state contains high levels of precursors for said stilbene

synthase gene.

IPULUN..\294746.doc



7. Ared transformed plant according to Claim6 wherein said stilben

- synthase gene is resveratrol synthase gene, said specific st ill by %005
synthase enzynme is resveratrol synthase, and said specific stilbene is
resveratrol. 8. A transformed plant according to Claim®6 wherein said
transforned plant is red-leaf lettuce. 9. A nethod of producing a
transgenic plant containing a specific transgenic stilbene synthase (STS)
enzyme transformed therein, said transgenic plant obtai ned froma

reci pient plant conprising: a) selecthpg a recipient plant containing hi gh
| evel s of the precursors of the trangenic STS enzyne; b) providing a
genetic vector conprising an STS gene or a portion of an STS gene encoding
sai d spegi fg fqShRsBRAY ant%b&d&%%o gﬁzflﬁl ?th&l@ﬁl AR diiRe YnifReezle 9€NE

bei ng prow ded wth a ormt er suitab or constitutive expression of said
specific reci.pien transform genetic
vector into B ‘ieraﬁgg?w@%f BEp ST Bk RuBMfha S Ra Bt b g
transforned pl ant cont ai ni ng% hi gh and constitutive |evels of the transgenic
stil bene. | PYRib@s, ang 1 1%13“1@15!\){&%”@2@63 38 10. A nethod according to
Claim9 wherein sai d sel ecting step further conprises grow ng said

reci pient plant as callus culture in a tissue culture system and

anal yzi n§ delrenséamed plantiracgrding torClaive 6\véieedin said trppséonmesplant ioreddedfd STS
enzyne. 11. A nmethod of producing a transgenic plant containing a

transgeni c rlesweer at r ol

9. A method of producing a transgenic plant containing a specific transgenic stilbene
synthase (STS) enzyme transformed therein, said transgenic plant obtained from a

recipient plant comprising:

a) selecting a recipient plant containing high levels of the precursors of the trangenic

STS enzyme;

b) providing a genetic vector comprising an STS gene or a portion of an STS gene
encoding said specific STS enzyme, said STS gene or the portion of said STS gene
being provided with a promoter suitable for constitutive expression of said specific

STS enzyme in the recipient plant;
c¢) transforming the genetic vector into the recipient plant and

d) selecting and growing the transformed plant containing high and constitutive levels of

the transgenic stilbene.

IPULUN..\294746.doc




synt hase (RS) enzyme, said transgenic plant obtained froma r@qinhrnﬂmglant
conprising: a) selecting a recipient plant that contains high l'evels

4- counar oyl - CoA and mal onyl - CoA; b) providing a genetic vector conprising
an RS gene or a portion of an RS gene encoding an RS enzyne, the RS gene
or the portion of the RS gene being provided with a pronoter suitable for
constitutive expression of the RS enzyne in the recipient plant; c)
transform ng the genetic vector into the recipient plant and d) selecting
and growi ng the transfornmed plant cont3gi ning high and constitutive |evels
of the transgenic resveratrol. 12. A nmethod of producing a transgenic plant
containing a transgenic resveratrol synthase (RS) enzyne, said transgenic

pl ant obl@i nAdndthadadordieg i Glaim Phditein SANBIEENG Giep Mtk bbiprided 94746. doc 0
4 MAY 2005 39 a) selecting a recipient plant having the ediBIe portion
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P gl. A method of producing a transgenic plant containing a transgenic resveratrol

synthase (RS) enzyme, said transgenic plant obtained from a recipient plant

comprising:

a)  selecting a recipient plant that contains high levels of 4-coumaroyl-CoA and

malonyl-CoA;

b)  providing a genetic vector comprising an RS gene or a portion of an RS gene
encoding an RS enzyme, the RS gene or the portion of the RS gene being
provided with a promoter suitable for constitutive expression of the RS

enzyme in the recipient plant;
c)  transforming the genetic vector into the recipient plant and

d)  selecting and growing the transformed plant containing high and constitutive

levels of the transgenic resveratrol.

12. A method of producing a transgenic plant containing a transgenic resveratrol
synthase (RS) enzyme, said tfansgenic plant obtained from a recipient plant

comprising:
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d) selecting and grow ng the transfornmed plant containing high_and
constitutive levels of resveratrol in the edible portion. 13. B 4rbiA¥ 02005
according to claim 12 wherein said recipient plant is red-leaf |ettuce.

14. A drink containing unfernented juice froman edible portion of a plant,
said juice containing at least lug/m of resveratrol. 15. Dried fruits and
veget abl es containing at |east lug resveratrol per gramdry weight. 16.
Powder ed plant extracts containing at |east |lug resveratrol per gramdry
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a)  selecting a recipient plant having the edible portion containing high and .

constitutive levels of anthocyanin;

b)  providing a genetic vector comprising an RS gene or a portion of an RS gene
encoding an RS enzyme, the RS gene or the portion of the RS gene being
provided with a promoter suitable for constitutive expression of the RS

enzyme in the recipient plant;
¢) transforming the genetic vector into the recipient plant and

d) selecting and growing the transformed plant containing high and constitutive

levels of resveratrol in the edible portion.
13. A method according to claim 12 wherein said recipient plant is red-leaf lettuce.

14. A drink containing unfermented juice from an edible portion of a plant, said juice

containing at least 1ug/ml of resveratrol.
15.  Dried fruits and vegetables containing at least lug resveratrol per gram dry weight.

16.  Powdered plant extracts containing at least lug resveratrol per gram dry weight.
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