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TRANSGENIC FLOWERING PLANTS

The present invention relates generally to transgenic flowering plants. More paniculaﬂy,
the present invention is directed to transgenic rose, carnation and chrysa.nthemum plants
genetically modified to enable expression of flavonoid 3',5'-hydroxylase thereby

pen-mmng the manipulation of intermediates in the flavonoid pathway.

The flower industry strives to develop new and different varieties of flowering plants,
with improved characteristics ranging from disease and pathogen resistance to altered
inflorescence. Although classical breeding techniques have been used with some success,
this approach has been limited by the constraints of a particular species’ gene pool. It is
rare, for example, for a single species to have a full spectrum of coloured varieties.
Accordingly, substantial effort has been directed towards attempting to generate tr_ansgénic
plants exhibiting the desired characteristics. The development of blue varieties of the
major cutflower speéies rose, carnation and chrysanthemum, for example, would offer a

significant opportunity in both the cutflower and ornamental markets.

Flower colour is predominantly due to two types of pigment: flavonoids and carotenoids.
* Flavonoids contribute to a range of colours from yellow to red to blue. Carotenoids
impart an orange or yellow tinge and are cdmmonly the only pigment in yellow or orange

flowers. The flavonoid molecules which make the major contribution to flower colour

are the anthocyanins which are glycosylated derivatives of cyanidin, delphinidin,

The ‘

petunidin, peonidin, malvidin and pelargonidin, and are localised in the vacuole.
different anthocyanins can produce marked differences in colour. Flower colour is also
influenced by co-pigmentation with colourless flavonoids, metal complexation,
glycosylation, acylation, methylation and \(acuolar pH (Forkmann, 1991).
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The biosynthetic pathway for the “flavonoid pig nts (hé’re ftef re én@d to as the
"flavonoid pathway") is well established and is shown in Figure | (Ebel and Hahlbrock,
1988; Hahlbrock and Grisebach, 1979; Wiering and de Vlaming, 1984; Schram er al.,

1984; Stafford, 1990). The first committed step in the pathway involves the condensation
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malvidin ang Relal 4P A tkadicke Sant b Bydroylated o) iher He s o both She 3 and
5" positions, to produce dihydroquercetin (DHQ) and dihydromyricetin (DHM),
respectively. Two key enzymes involved in this pathway are flavonoid 3’-hydroxylase
and flavonoid 3',5'-hydroxylase. The flavonoid 3’-hydroxylése acts on DHK to produce
DHQ and on naringenin to produce eriodictyol. The flavonoid 3’,5'-hydroxylase
(hereinafter referred to as 3',5’-hydroxylase) is a broad spectrum enzyme catalyzing
| hydroxylation of naringeni_n and DHK in the 3’ and 5’ positions and of eriodictyol and
DHQ in the 5’ position (Stotz and Forkmann, 1982), in both instances producing
pentahydroxyflavanone and DHM, respectively. The pattern of hydroxylation of the B-

ring of anthocyanins plays a key role in determining petal colour.

Because of the aforesaid gene pool constraints, many of the major cutflower sﬁecies lack
the 3',5'-hydroxylase and consequently cannot display the range of colours that would
otherwise be possible. This is particularly the case for roses, camations and
chrysanthemums, which constitute a major proportion of the world-wide cutflower market.
There is a need, therefore, to modify plants and in particular roses, camations and
chrysanthemums, to generate transgenic plants which are capable of producing the 3’,5'-
hydroxylase thereby providing a means of modulating DHK metabolism, as well as the
metabolism of other substrates such as DHQ, naringenin and eriodictyol. Such
modulation influences the hydroxylation pattern of the anthocyanins and allows the
production of anthocyanins derived from delphinidin, thereby modifying petal colour and_
allowing a single species to e'xi:reSS a broader spectrum of flower colours. Thereisa o
particular need to generate transgenic plants which produce high levels of anthocyanins
derived from delphinidin. In accordance with the present invention, gene constructs are

generated and used to make transgenic plants which express high levels of del hmx_dm_______,---
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Substi tut e;$heliopinga rafe 4 plan® exhibiting altered inflorescence properties.

di fferent anthocyanins can produce marked differences in colour. Flower
colour is al ‘S'ﬁﬁ eéo pi gnentation with colourless fl avonoi ds,

Accordingly, one aspect of the present invention contemplates a transgenic plant or its
progeny selected from rose, carnation and chrysanthemum wherein said plant produces
a polypeptide having flavonoid 3’,5'-hydroxylase activity and produces higher levels of
anthocyanins derived from delphinidin relative to non-transgenic plants of the same

respective species.

More particularly, the present invention is directed to a transgenic plant or its progeny
selected from rose, carnation and chrysanthemum wherein said plant expresses a
polypeptide having flavonoid 3',5'-hydroxylase activity and produces higher levels of
delphinidin and/or derivatives of delphinidin relative to non-transgenic plants of the same

respective species.

Preferably, the polypeptide is of petunia, verbena, delphinum, grape, iris, freesia,
hydrangea, cyclamen, potato, pansy, egg plant, lisianthus or campanula origin.

Preferably, the peptide is flavonoid 3',5'-hydroxylase and most preferably a petunia 3’,5'-
hydroxylase.

The gene construct of the present invention comprises a nucleic acid molecule encoding
a sequence encoding 3',5'-hydroxylase and where he_cessary comprises additional genetic
sequences- such as promoter and terminator sequences which allow expression of the
molecule in the transgenic plant. When the gene construct is DNA it may be cDNA or
genomic DNA.  Preferably, the DNA is in the form of a binary vector comprising a
chimaeric gene construct which is capable of being integrated into a plant genome to
produce the transgenic plant of the present invention. The chimaeric gene construct may
have a plant promoter such as CHS or the 3',5'-hydroxylase gene sequence may be
modified such as to enhance expression and lead to increased levels of delphinidin and/or

its derivatives. The CHS promoter is particularly convenient since it is a plant promoter
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in bot h i nshasescspecifying acseqgence of amino acids in 3 3',5'-hydroxylase. The nucleic acid may
encode the full length enzyme or a functional derivative thereof. By "derivative" is meant
any single or multiple amino acid substitutions, deletions, and/or additions relative to the

naturally-occurring enzyme. In this regard, the nucleic acid includes the naturally-

occurring nucleotide sequence encoding 3',5'-hydroxylase or may contain single or
multiple nucleotide substitutions, deletions and/or additions to said naturally-occurring
sequence. The terms "analogues” and "derivatives" also extend to any functional chemical
equivalent of the 3',5"-hydroxylase, the only requirement of the said nucleic acid molecule
being that when used to produce a transgenic plant in accordance with the present

invention said transgenic plant exhibits one or more of the following properties:

(). production of 3',5'-hydroxylase-specific mRNA,;

(i) production of 3',5'-hydroxylase protein;

(iii) production of delphinidin and/or its derivatives; and/or.
(iv) altered infloresence.

More particularly, said transgenic plant exhibits one or more of the following properties:

(1) increased levels of 3’,5'-hydroxylase-specific mRNA above non-transgenic
endogenous levels;

(if) increased production of 3',5'-hydroxylase protein;

(iif) elevated levels of production of delphinidin and/or its derivatives above non-
transgenic endogenous levels; and/or

(iv) altered infloresence.
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In accordance with the present invention, a nucleic acid molecule encoding 3',5'-
hydroxylase may be introduced into and expressed in a transgenic plant selected from the
list consisting of rose, carnation and chrysanthemum thereby providing a means to convert
DHK and/or other suitable substrates into anthocyanin derivatives of anthocyanidins such
as petunidin, malvidin and especially delphinidin. The production of these anthocyanins
may contribute to the production of a variety of shades of blue colour or blue-like colour
or may otherwise modify flower colour by diverting anthocyanin production away from
pelargonidin, cyanidin and peonidin and their derivatives and towards delphinidin and its
derivatives. Expression of the nucleic acid sequence in the plant may be constitutive,
inducible or developmental. The expression "altered inflorescence” means any alteration
in flower colour relative to the naturally-occurring flower colour taking into account
normal variations between flowerings. Preferably, the altered inflorescence includes
production of various shades of blue, purple or pink colouration different to those in the

non-transgenic plant.

The present invention also contemplates a method for producing a transgenic flowering
plant exhibiting elevated levels of production of delphinidin and/or its derivatives above
non-transgenic endogenous levels, said method comprising introducing into a cell of a
plant selected from the list consisting of rose, carnation and chrysanthemum, a nucleic
acid molecule encodixig a sequence encoding 3’,5’-hydroxylase under conditions

permitting the eventual expression of said nucleic acid molecule, regenerating a transgenic
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Substitute sheet “mﬁ“l“)“l ﬁ98 _ and/or its derivatives relative to
non-transgenic p ane species. It has been determ ned in
accofdance with the present invention th@t genetic constructs which
conprise a pronoter froma gene encoding a flavonoid pathway enzyne
oper_:abl y | iplﬂﬁ@(from the cell and growing said transgenic plant for a time and under conditions

sufficient to permit the expression of the nucleic acid molecule into the 3’,5'-hydroxylase
enzyrﬁe. The present invention is also directed to a method for producing a transgenic
plant selected from rose, .carnation and chrysanthemu:h, said method comprising
introducing into said plant a gene construct containing a nucleic acid sequence encoding
a flavonoid 3',5'-hydroxylase characterised in that said transgenic plant produces higher
levels of anthocyanin derived from delphinidin relative to non-transgenic plants of the

same respective species.

In a preferred embodiment, the transgenic flowering plant exhibits altered inflorescence
properties coincident with elevated levels of delphinidin production, and the altered
inflorescence includes the production of blue flowers or other bluish shades depending
on the physiological conditions of the recipient plant. In certain plant species it may be
preferable to select a "high pH line", such being defined as a variety having a higher than
average petal vacuolar pH. The origin of the recombinant 3',5'-hydroxylase ;3r its mutants
and derivatives may include, petunia, verbena, delphinium, grape, iris, freesia, hydrangea,

cyclamen, potato, pansy, lisianthus, campanula or eggplant.

Consequently, the present invention extends to a transgenic rose, carnation or
chrysanthemum plant containing all or part of a nucleic acid molecule representing 3°,5'-
hydroxylase and/or any homologues or related forms thereof and in particular those
transgenic plants which exhibit elevated 3’,5’-hydroxylase-specific mRNA and/or elevated
production of delphinidin derivatives and/or altered inflorescence properties. The
transgenic plants, therefore, contain a stably-introduced nucleic acid molecule comprising
a nucleotide sequence encoding the 3',5'-hydroxylase enzyme. The invention also extends
to progeﬁy'from such transgenic plants and also to reproduction material therefor (e.g.
seeds). Such seeds, especially if coloured, will be useful inter alia as proprietary tags for

plants.

The present invention is further described by reference to the following non-limiting

Figures and Examples.
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Chalcone flavanone isomerase; F3H = Flavanone 3-hydroxylase; DFR =

Dihydrofiavonol-4-reductase; UFGT = UDP-glucose: flavonoid-3-O-glucosyltransferase.
The later steps correspond to conversions that can occur in P. Aybrida flowers and
‘include: 1 = addition of a rhamnose sugar to the glucosyl residue of cyanidin-3-glucoside
and delphinidin-3-glucoside; 2 = acylation and 5-O-glucosylation; 3 = 3’ methylation;
‘4 = 5' methylation; 5 = 3'5’ methylation. .

Figure 2 is a diagrammatic representation of the binary expression vector pCGP812,
contruction of which is described in Example 3. Gent = the gentamycin resistance gene;
LB = left border; RB = right border; nptll = the expression cassette for neomycin
phosphotransferase II; GUS = the f-glucuronidase coding region. Chimaeric gene insert

is as indicated, and described in Example 3. Restriction enzyme sites are marked.

Figure 3isa diagramrﬁatic representation of the binary expression vector pCGP485,
contruction of which is described in Example 4. Gent = the gentamycin resistance
gene; LB = left border; RB = right border; nptIl = the expression cassette for
neomycin phosphotransferase II. Chimaeric gene insert is as indicated, and described

in Example 4. Restriction enzyme sites are marked.

Figure 4 is a diagrammatic representation of the binary expression vector pCGP628,
contruction of which is described in Example 5. Gent = the gentamycin resistance
gene; LB = left border; RB = right border; nptIl = the expressio.n cassette for
neomycin phosphotransferase II. Chimaeric gene insert is as indicated, and described

in Example 5. Restriction enzyme sites are marked.
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neomycin phosphocransferase [I. Chimaeric gene insert is as indicated, and described

in Example 6. Restriction enzyme sites are marked.

Figure 6 is a diagrammatic representation of the binary expressien vector pCGP434,
contruction of which is described in Example 7. Gent = the expression cassette for
the gentamycin resistance gene; LB = left border; RB = right border; nptll =
neomycin phosphotransferase II. Chimaeric gene insert is as indicated, and described

in Example 7. Restriction enzyme sites are marked.

Figure 7 is a diagrammatic representation of the binary expression vector pCGP1458,
contruction of which is described in Example 8. nptd = the neomycin
phosphotransferase [ resistance gene; ; LB = left border; RB = right border; nptll
= the expression cassette for neomycin phosphotransferase II. Chimaeric gene insert

is as indicated, and described in Example 8. Restriction enzyme sites are marked.

Figure 8 shows a photograph of an autoradiographic representation of a Southern
hybridization of Royalty callus tissue transformed with pCGP628. Genomic DNA
was digested with EcoRI and probed with the 720bp EcoRV internal fragment of

Hf1 cDNA. Negative controls (N) are Royalty callus tissue transformed with pCGP
293. The postive control (H) contains 10pg of the Hf! fragment. The arrows indicate

the 2kb EcoRI fragment expected in transformed plants.

Figure 9 shows a photograph of an autoradiographic representation of a Southern
hybridization of Chrysanthemum cv. Blue Ridge plants, transformed with pCGP484.
Genomic DNA was digested with Xbal, which releases a 2.3kb Hff-PLTP fragment,
and probed with a 1.8kb Fspl/BspHI fragment released from pCGP602, containing the
Hft cDNA. Negative control (N) is genomic DNA isolated from non-transformed
Blue Ridge plants. The postive control (P) is plasmid DNA of pCGP485 digested with
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EXAMPLE 1

Materials
Eriodictyol and dihydroquercetin were obtained from Carl Roth KG and naringenin .

was obrtained from Sigma. Dihydromyricetin was chemically synthesized from

myricetin (Extra Synthese, France) by the method of Vercruysse et af (1985). [3H]-

naringenin (5.7 Ci/mmole) and [3H]-dihydroquercetin (12.4 Ci/mmole) were obrained

from Amersham. All enzymes were obrained from commercial sources and used

according to the manufacturer’ s recommendations.

The Escbericbz'a colt strain used was:

DHsa . supE44, A(Q:,ZYA—Ar ArgF)U169, ¢80lacZAM15, hsdR17 (r]-, m]e +),
recAl, endAl, gyrA96, thi-1, relAl, deoR. (Fanahan, 1983 and BRL,
1986).

The disarmed Agrobacterium tumefaciens strains AGLO (Lazo et al., 1991) and LBA4404
(Floekema er al., 1983) were obtained from Dr R Ludwig, Department of Biology,
University of California, Santa Cruz, USA and Calgene, Inc. CA, USA, respectively.

The armed Agrobacterium tumefaciens strain ICMP 8317 was obtained from Dr Richard

Gardner, Centre for Gene Technology, Department of Cellular and Molecular Biology,
University of Auckland, New Zealand.

The cloning vector pBluescript was obtained from Scratagene.

Plants were grown in specialised growth rooms with a 14 hr day length at a light

intensity of 10,000 lux minimum and a temperature of 22 to 26.
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93/01290) in a sense orientation behind the Mac promoter (Comai et al., 1990) of
pCGP293. o

The binary expression vector pCGP293 was derived from the Ti binary vector
pCGN1559 (McBride and Summerfelt, 1990). Plasmid pCGN1559 was digested with
Kpaol and the overhanging 3’ ends were removed with T4 DNA polymerase according
to standard protocols (Sambrook er 4l.,1989). The vector was then further digested
\ with Xbal and the resulting 5’ overhang was repaired using the Klenow fragment of
‘ DNA polymerase . The vector was then re-ligated to give pCGP67. A 1.97 kb Pstl
fragment centaining the Mac promoter, mas terminator and various cloning sites

(Comai et al., 1990) was isolated from pCGP40 and inserted into the Pstl site of '
pCGP67 to give pCGP293. . ‘

Plasmid pCGP40 was constructed by removing the GUS gene (Jefferson ez al., 1987)
as a BamHI-Sac] fragment from pCGN7334 and replacing it with the BamFIl-Sacl

fragment from pBluescribe M13 that includes the multicloning site. Plasmid

pCGN7334 (obrained from Calgene, Inc. CA, USA), was constructed by inserting the

fragment containing the chimaeric Mac-GUS-mas gene into the Xhol site of
pCGN7329 (Comai et al., 1990).

The BamHI-Kpnl fragment containing the above-mentioned cDNA insert was then
isolated from pCGP602 and ligated with a BamHI/Kpnl fragment of pCGP293.
Correct insertion of the insert in pCGP90 was established by restriction analysis of

DNA isolated from gentamycin resistant transformants.
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EXAMPLE 3

Construction of pCGP 812
The binary expression vector pCGP812 was derived from the Ti binary vector
pCGN1558 (McBride and Summerfelt, 1990). A 5.2 kb Xhol fragment conraining the
chimaeric mas-355-GUS-ocs gene was isolated from pKIWT 101 (Jannsen and Gardner,
1989) and sub-cloned into the Xhol site of pBluescript KS to give pCGP82. The 5.2
kb fragment was then re-isolated by HindIII/Kpnl digestion and sub-cloned into the
HindlII/Kpnl sites of pCGIN1558 to give pCGP83.

Plasmid pCGP83 was restricted with Kpnl and the overhanging 3/ ends were removed
with T4 DNA polymerase according to standard protocols (Sambrook et 4£,,1989). A
Smal-BamHI adaptor (Pharmacia) was then ligated to the flushed Kpnl sites to give
BamHI "sticky” ends. A 3.8 kb Bglll fragment containing the chimaeric Mac-Hf7-mas
gene from pCGP807 (described below) was ligated with the BamHI "sticky" ends of
pCGP83 to yield pCGP812 (Figure 2). ' .

The plasmid pCGP807 was constructed by ligating the 1.8 kb BamHI-Kpnl fragment
containing the above-mentioned Hf? cDNA insert from pCGP602 with BamHI-Kpnl
ends of pCGP40.

EXAMPLE 4

Construction of pCGP 485
The binary vector pCGP485 was derived from the Ti binary vector pCGN1547
(McBride and Summerfelr, 1990). A chimaeric gene was constructed coﬁsisting of (i)
the promoter sequence from a CHS gene of snapdragon; (ii) the coding region of the
above-mentioned cDNA insert from pCGP602 from petunia, and (jii) a petunia
phospholipid transferase protein (PLTP) terminator sequence. The CHS promoter
consists of a 1.2 kb gene fragment 5/ of the site of translation initiation (Sommer and
Saedler, 1986). The petunia cDNA insert consists of a 1.6 kb Bell/Fspl fﬁgment from
the cDNA clone of pCGP602 (International Patent Application PCT/AU92/00334;
Publication Number WO 93/01290). The PLTP terminator sequence consists of 2 0.7



The nucleic acid nDIecuIes used herein may exist alone or in conbination
with a vector nﬂkﬁmuiﬂm&h rably an expression-vector. Such vector
nol ecul es repllc ess i n eukaryotic and/or prokaryotic cells.
Preferably, the s or parts thereof are capable of
.inteyration into e p ant genone. The-rddel eic acid nol ecul e may
additionally contain a sequence useful in facilitating said integration

and/ or a prkhmﬁ/&ahﬁm@:dmtﬁ@smwBmc(Hdtu@neX?ﬂZ),sehah intludfia 159G ei C
“aci d nol ecul e IE"P dpI ant Cf fPﬁ/ The rmjp&bel c ac mol ecul e and ﬁr onvot er rray
be i ntr odud@granHatsc: 7&iofeP eegiogf obrgbe P Ik 1gene. byhe chimaeric
el ectropor C nedi at ed
fransfer. ChgDEA gﬁﬁt”eﬂvﬁ?#ﬁv@? et B she Pt S M AR R rsce
nol ecul e ey @@P#8H.3' , 5' - hydroxyl ase nay be |ntroduced i nto and expressed
in a transgenic pl ant selected fromthe .

EXAMPLE 5

Construction of pCGP 628

Plasmid pCGP176 (Iaternational Patent Application PCT/AU92/00334; Publication
Number WO 93/01290) was digested with EcoRI and Spel. The digested DNA. was
filled in with Klenow fragment according to standard protocols (Sambrook ez .,1989),
and self-ligated. The plasmid thereby obtained was designated pCGP627. An
Xbal/Kpnl digest of pCGP627 yielded a 1.8 kb fragment which was ligated with a 14.5
kb fragment obtained by Xbal/Kpnl digestion of pCGP293. The plasmid thus created
was designated pCGP628.

EXAMPLE 6
Construction of pCGP 653
- Plasmid pCGP293 (described above in Example 2) was digested with Xbal and the
resulting 5/ overhang was filled in using Klenow fragment according to standard
protocols (Sambrook et 2L.,1989). It was then digested wicth HindIll. During this
procedure, the Mac promoter (Comai et 4l., 1990) was deleted. A 0.8 kb petunia CHS-
A promoter from pCGP669 (described below) was ligated into this backbone as a
blunc-ended EcoRI/HindITI fragment. This plasmid product was designated pCGP672.

An Xbal/Asp718 digestion of pCGP807 (described in Example 3, above) yielded a 1.8
kb fragment containing the Hf! cDNA, which was ligated with a 16.2 kb Xbal/Asp718
fragment from pCGP672. The plasmid thus created was designated pCGP653.

A promoter fragment of the CHS-A gene was amplified by PCR, using the
oligonucleotides CHSA-782 and CHSA+34 as primers (see sequences below) and
Petunia hybrida V30 genomic DNA as template. The PCR product was cloned into
ddT-tailed pBluescript (Holton and Graham, 1991) and the orientation of the gene
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EXAMPLE 7
Construction of pCGP 484
Coanstruction of pCGP484 was identical to thar for pCGP485, outlined above in
Example 4, except that pCGP484 contains the 3.5 kb Pstl fragment (containing the
chimaeric gene CHS-HfI-PLTP) in the opposite orientation.

EXAMPLE 8
Construction of pCGP 1458
The plasmid pCGP1458 was contructed using the 10 kb binary vector pBIN19 (Bevan,
1984) as the backbone. Plasmid pBIN19 was digested with EcoRI and the resulting 5’
overhang was filled in using Klenow fragment, according to standard protocols
(Sambrook et 4l.,,1989). Plasmid pCGP485 was digested with Pstl to remove the
chimaeric CHS/cDNA insert/PLTP gene as a 3.5 kb fragment. The 3’ overhang
resulting from Pstl digestion was removed with T4 DNA polymerase and this fragment

was then ligated into the filled in EcoRI site of the plasmid pBIN19.

EXAMPLE 9
Transformation of E. coli and A. tumefaciens
Transformation of the Escherichia coli strain DHSa-cells with one or other of the
vectors pCGP812, pCGP90, pCGP485, pCGP628, pCGP653, pCGP484 or pCGP1458

was performed according to standard procedures (Sambrook ez al., 1989) or Inoue et
al., (1990). |
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prepared by inoculating a2 50 mL MG/L (Garfinkel and Nester, 1980) culture and
growing for 16 h with shaking at 28. The cells were then pelleted and resuspended in
0.5 mL of 85% (v/v) 100 mM CaCly/15% (v/v) glycerol. The DNA-Agrobacterium
mixture was frozen by incubation in liquid N for 2 min and then allowed to thaw
by incubation ac 37 for 5 min. The DNA/bacterial mixture was then placed on ice for
a further 10. min. The cells were then mixed with 1 mL of MG/L media and
incubated with shaking for 16 h at 28. Cells of A. tumefaciens carrying either
pCGP812, pCGP90, pCGP485, pCGP628, pCGP653 or pCGP484 were selected on
MG/L agar plates containing 100 yg/mL gentamycin. Cells of A. tumefaciens carrying
pCGP1458 were selected on MG/L agar plates containing 100 yg/mL kanamycin. The

presence of the plasmid was confirmed by Southern analysis of DNA isolated from the

gentamyecin-resistant transformants.

EXAMPLE 10
Transformation of Diznthus caryophyllus
a. Plant Material '
Dianthus caryophyllus, (cv. Crowley Sim, Red Sim, Laguna) cuttings were obtained
from Van Wyk and Son Flower Supply, Victoria, Australia. The outer leaves were
removed and the cuttings were sterilized briefly in 70% (v/v) ethanol followed by
1.25% (w/v) sodium hypochlorite (with Tween 20) for 6 minutes and rinsed three
times with sterile water. All the visible leaves and axillary buds were removed under

the dissecting microscope before co-cultivation.

b. Co-cultivation of Agrobacterium and Dianthus Tissue

Agrobacterium tumefaciens strain AGLO (Lazo et al., 1991), containing any one of the
binary vectors pCGP90, pCGP812, pCGP485 or pCGP653, was maintained at 4 on
MG/L (Garfinkel and Nester, 1980) agar plates with 100 mg/L gentamycin. A single
colony was grown overnight in liquid MG/L broth and diluted to 5 x 108 cells/mL

next day before inoculation. Dianthus tissue was co-cultivated with Agrobacterium
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benzylaminopurine (BAP), 0.1 mg/L NAA, 150 mg/L kanamycin, 500 mg/L ticarcillin
and 0.8% Difco Bacto Agar (selection medium). After three weeks, explants were
transferred to fresh selection medium and care was taken at this stage to remove
axillary shoots from stem explants. After 6-8 weeks on selection medium he';lr.hy
adventitious shoots were transferred to hormone free MS medium containing 3%
sucrose, 150 mg/L kanamycin, 500 mg/L ticarcillin, 0.8% Difco Bacto Agar. At this
stage GUS histochemical assay (Jefferson, 1987) and/or NPT II dot-blot assay
(McDonnell er al., 1987) was used to identify transgenic shoots. Transgenic shoots
were transferred to MS medium supplemented with 3% sucrose, 500 mg/L ticarcillin
and 0.4% (w/v) Gelrite Gellan Gum (Schweizerhall) for root.induction. All culrures
were maintained under a 16 hour photoperiod (120 4E cool white fluorescent light) at
23+ 2. When plants were rooted and reached 4-6 cm tall they were acclimarised under
mist. A mix containing a high ratio of perlite (75% or greater) soaked in hydroponic
mix (Kandreck and Black, 1984) was used for acclimation, which typically lasts 4-5
weeks. Plants were acclimatised at 23°C under a 14 hour photoperiod (200 yE
mercury halide light).

EXAMPLE 11
Transformation of Rosz hybrida
1. Rosa hybrida cv Royalty
Plant tissues of the rose cultivar Royalty were transformed according to the method

disclosed in PCT 91/04412, having publication number WO92/00371.

2. Rosa hybrida cv Kardinal
a. Plant Material

Kardinal shoots were obrained from Van Wyk and Son Flower Supply, Victoria,
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Gelrite Gellan Gum, before co-cultivation.

b. Co-cultivation of Agrobacterium and Rosa shoot Tissue .

Agrobacterium tumefaciens strains ICMP 8317 (Janssen and Gardner 1989) and AGLO,
containing the binary vector pCGP812, was maintained at 4°C on MG/L agar places
with 100 mg/L gentamycin. A single colony from each Agrobacterium strain was
grown overnight in liquid MG/L broth. A final concentration of 5 x 108 cells mL
was prepared the next day by dilution in liquid MG/L. Before inoculation, the two
Agrobacterium cultures were mixed in a ratio of 10:1 (AGI.Q/ pCGP312 :
8317/pCGP812). A longitudinal cut was made through the shoot tip and an aliquot
of 2 ul of the mixed Agrobacterium cultures was placed as a drop on the shoot tip.

The shoot tips were co-cultivated for 5 days on the same medium used for preculture.

Agrobacterium tumefaciens strain AGLO, containing the binary vector pCGP 1458, was
maintained at 4°C on MG/L agar plates with 100 mg/L kanamycin. A single colony
from each Agrobacterium strain was grown overnight in liquid MG/L broch. A final
concentration of 5 x 10° cells/mL was prepared the next day by dilution in liquid
MG/L. '

c. Recovery of Transgenic Rosa Plants

Afrer co-cultivation; the shoot tips were transferred to selection medium. Shoot tips
were transferred to fresh selection medium every 34 weeks. Galls observed on the
shoot tips were excised when. they reached 6-8 mm in diameter. Isolated galls were
transferred to MS medium containing 3% sucrose, 25 mg/L kanamycin, 250 mg/L
cefotaxime and 0.25% Gelrite Gellan Gum for shoot formation. Shoots regenerated-
from gall tissue were isolated and transferred to selection medium. GUS histochemical

assay and callus assay were used to identify transgenic shoots. Transgenic shoots were
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transferred to autoclaved Debco 514110/2 potting mix in 8 cm tubes. After 2-3 weeks
plants were replanted into 15 em pots using the same potting mix and maintained at
23 under a 14 hour photoperiod (300 uE mercury halide iight). Afrer 1-2 weeks potred
plants were moved to glasshouse (Day/Night temperature : 25-28/14) and grown to

flowering.

EXAMPLE 12

Transformation of Clnysanr.bemum morifolium
a. Plant Material
Chrysanthemum morifolium (cv. Blue Ridge, Peanine Chorus) cuttings were obrained
from F & I Baguley Flower and Plant Growers, Victoria, Australia. Leaves were
removed from the cuttings, which were then sterilized briefly in 70% (v/v) e;thanol
followed by 1.25% (w/v) sodium hypochlorite (with Tween 20) for 3 minutes and
rinsed three times with sterile water. Internodal stem sections were used for co-

cultivation.

b. Co-cultivation of Agrobacterium and Chrysanthemum Tiss_t;e

Agrobacterium tumefaciens strain LBA4404 (Hoekema et al., 1983), containing any one
of the binary vectors pCGP90, pCGP484, pCGP485 or pCGP628, was grown on
MG/L agar plates containing 50 mg/L rifampicin and 10 mg/L gentamycin. A single
colony from each Agrobacterium wras grown overnighe in the same liquid medium.
These liquid cultures were made 10% with glycerol and 1 mL aliquots transferred to
the freezer (-80). A 100-200ul aliquot of each frozen Agrobacterium was grown
overnight in liquid MG/L containing 50 mg/L rifampicin and 10 mg/L gentamycin.
8

A final concentration of 5 x 10° cells/mL was prepared the next day by dilution in

liquid MS containing 3% (w/v) sucrose. Stem sections were co-cultivated, with
Agrobacterium  containing any one of LBA4404/pCGP90, LBA4404/pCGP484,
LBA4404/pCGP485 or LBA4404/pCGP628, on co-cultivation medium for 4 days.
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containing kanamycin and cefotaxime for shoot elongation and root induction. All

cultures were maintained under a 16 hour photoperiod (80 xE cool white fluorescent
light) ac 23 + 2°C. Leaf samples were collected from plants which rooted on
kanamycin and Southern blot analysis was used to identify transgenic plants. When
transgenic chrysanthemum plants reached 4-5 cm in length they were transferred to
autoclaved Debco 51410/2 potting mix in 8 cm tubes. After 2 weeks plaars were
replanted into 15 cm pots using the same potting mix and maintained ar 23°C under
a 14 hour photoperiod (300 yE mercury halide light). Afrer 2 weeks potted plants
were moved to glasshouse (Day/Night temperature : 25-28°C/14°C) and grown to

flowering.
EXAMPLE 13
Southern Analysis
a. Isolation of Genomic DNA from Dianthus

DNA.-was isolated from tissue essentially as described by Dellaporta ez al,, (1983). The
- DNA preparations were further purified by CsCl buoyant density centrifugation
(Sambrook ez al, 1989).

b. ~ Isolation of Genomic DNA from Chrysanthemum

DNA was isolated from leaf tissue using an extraction buffer containing 4.5 M
guanidinium thiocyanate, 50 mM EDTA pH 8.0, 25 mM sodium citrate pH 7.0,

0.1 M 2-mercaptoethanol, 2% (v/v) lauryl sarcosine. The plant tissue was ground to
a fine powder in liquid N; following which extraction buffer was added (5 mL/g of
tissue) and the solution mixed on a rotating wheel for 16 h. The mixture was then
phenol: chloroform: isoamylalcohol (50:49:1) extracted twice and the genomic DNA -
precipitated by adding three volumes of ethanol and centrifuging for 15 min at
10,000 rpm.
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DNA was extracted by grinding tissue in the presence of liquid N, in a mortar and
pestle and adding 1ml of extraction buffer (0.14 M sorbitol, 0.22 M Tris-HCI [pHs.0],
0.022 M EDTA, 0.8 M NaCl, 0.8% (w/v) CTAB, 1%N-laurylsarcosine) heated at 65°C,
Chloroform (200ul) was added and the mixture incubated at 65°C for 15 min.

~Figure 4 is a.

Following centrifugation, the supernatant was phenol-chloroform extracted and then
added to an equal volume of isopropanol, inverting to mix.” This mixture iras
centrifuged and the pellet washed with 95% ethanol, re-centrifuged and washed with
70% ethanol. The pellet was vacuum-dried and resuspended in 30ul TE buffer (pH
8.0).

d. Southern Blots _

The genomic DNA (10 pug) was digested for 16 hours with 60 units of EcoRI and
electrophoresed through a 0.7% (w/+) agarose gel in a running buffer of TAE (40 mM
Tris-acetate, 50 mM EDTA). The DNA was then denatured in denaturing solution
(1.5 M NaCl/0.5 M NaOH) for 1 to 1.5 hours, neutralized in 0.5 M Tris-HCl (pH
7.5)/ 1.5 M NaCl for 2 to 3 hours and the DNA was then transferred to 2 Hybond N
(Amersham) filter in 20 x SSC.

Southern analysis of putative transgenic Dianthus, Rosa and Chrysanthemum plants
obtained after selection on kanamycin confirmed the integration of the appropriate

chimaeric gene into the genome.

EXAMPLE 14
Northern Analysis
a. Diantbus and Chrysanthemum RNA
Total RNA was isolated from tissue that had been frozen in liquid N5 and ground to
2 fine powder using a mortar and pestle. An extraction buffer of 4 M guanidinium
isothiocyanate, 50 mM Tns-HCI (pH 8.0), 20 mM EDTA, 0.1% (v/v) Sarkosyl, was
added to the tissue and the mixture was homogenized for | minute using a polytron

at maximum speed. The suspension was filtered through Miracloth (Calbiochem) and
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resuspended in TE/SDS.

RINA samples were elec:rophorésed through 2.2 M formaldehyde/1.2% (w/v) agarose
gels using running buffer containing 40 mM morpholinopropanesulphonic acid (pH

7.0), 5 mM sodium acerate, 0.1 mM EDTA (pH 8.0). The RNA was transferred to
32p,
labelled cDNA ffagment (108 cpm/pg, 2 x 106 cpm/mL). Prehybridization (1 h at
42°C) and hybridization (16 h at 42°C) was carried out in 50% (v/v) formamide, 1 M
NaCl, 1% (w/v) SDS, 10% (w/v) dextran sulphate. Degraded salmon sperm DNA (100

| pg/mL) was added with the'32P-labeHed probe for the hybridization step.

Hybond-N filters (Amersham) as described by the manufacturer and probed with

Filters were washed in 2 x SSC/ 1% (w/v) SDS at 65°C for 1 to 2 hours and then 0.2
x SSC/ 1% (w/v) SDS at 65°C for 0.5 to 1 hour. Filters were exposed to Kodak XAR

film with an intensifying screen at -70 for 48 hours.

Northern analysis of Dianthus cv. Red Sim transformed with plasmid pCGP90

indicated that eight of thirteen plants were positive.

b. Rosa RNA |
Total RNA was extracted from petals (buds and of flowers 5 days post-harvest)
according to the method of Manning, 1991.
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aut or adi ogr aphi c representati on of EXANPRE d5hybri di zati on of
Chrysant henum cv. Bl ue Ri dge ants, transfornmed with pCGP484. Genom c DNA
was digested with Xbal, which rRLslzdbsgafDBI& PrbhesPL TP fragnent, and

probed wt 8kb Es BspHI fragrrent rel eased from pCGP602, contyai ni ng
Probed W L Lp Sk R ol etesngmmvdymhﬂedomhei@ WEot [232p]

non-tr ansf Bl ue Ri e ti control P) Iasmd DNA
of pCGP 485% L Jping ad tzﬁ%olagel? ic (Bresdted). \f.?nmcorporateé [cr-323 ey

removed by chromatography on a Sephadex G-50 (Fine) column.

EXAMPLE 16
Anthocyanidin Analysis
Prior to HPLC analysis the anthocyanin molecules present in petal extracts were acid
hydrolysed to remove glycosyl moieties from the anthocyanidin core. The
hydroxylation pattern on the B ring of the anthocyanin pigments was determined by
HPLC analysis of the anthocyanidin core molecule. The HPLC system used in this
analysis was a Hewlert-Packard 1050 equipped with a multiwavelength detector
(MWD). Reversed phase chromatographic separations were performed on a Spherisorb
S5 ODS2 cartridge column, 250 mm x 4 mm ID.

a. Extraction of anthocyanins and flavonoids
Flower pigments were extracted from peral segments (ca. 50 mg) with 5 ml of
methanol containing 1% (v/v) of aqueous 6M hydrochloric acid. Extracts were diluted

with water (1:9) and filtered (Millex HV, 0.454) prior to injection into the HPLC

system.

b. Hydrolysis of anthocyanins

Crude methanolic extracts (100 uL) obtained in a. above were evaporated to dryness
in Pierce Reacti-Vials using a stream of dry nitrogen at room temperature. The
residues were dissolved in 200uL 2M HClI, vials were capped and then heated at 100°C
for 30 minutes. Hydrolysis mixtures were diluted with water (1:9) and filtered (Millex
HYV, 0.45p) prior to HPLC analysis.
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© 2. 3kb product_expected in transforrred pl ant s. '

EXAMPLE 1 - Mat erial s Eriodictyol and

di hy droqueﬂ‘h:eweétmesﬁnﬁmr aided from Carl Roth KG and naringenin was

obt ai ned frimmm"ﬂmrm ronyricetin was chemical ly synthesized from

c. Chromatography

Separation of flower pigments was effected via gradient elution using the following
system:

Solvent A: (triethylamine: conc. H3POy : H,O) (3:2.5:1000)

Solvent B: acetonitrile

Gradient Conditions: 5% B to 40% B over 20 minutes

Flow Rate: 1 ml/mia

Temperature: 35°C

Detection: MWD with simultaneous data acquisition at 280, 350 and 546nm.

The anthocyanidin peaks were identified by reference to known standards. An
alternative method for the analysis of anthocyanin molecules present in petal extracts
is to be found in Brugliera et /., 1994.

HPLC analysis is conducted to determine the presence of delphinidin, pelargonidin and
cyanidin pigments in samples of carnation, chrysanthemum and rose tissues having
been transformed with one or other of the plasmids pCGP90, pCGP485, pCGP484,
pCGP628, pCGP653 or pCGP1458. Representative data of pCGP90, pCGP485 and

pCGP653 in transgenic carnation flowers are shown in Table 1.



nmyricetin (Extra Synthese, France) by the nmethod of Vercruysse et al.

(1985). [err}—nartngentnm (57 C /mole) and [err]-di hydroquercetin (12.4

C /mmol e) were obtajned f om mersham Al enzynes were obtained from

commerci al solltysoest cording to_the manufacturer's
reconmendat i ons} ’| i chia col i-32rain used was: DH5a
SupE44, [err]{l 9,[err]80lacZ[ err] ML5, hsdR17 (r[err], nk+),

recAl, endAl, gyrA96, thi-1, rel Al, deoR (Hanahan, 1983 and BRL,

1986) . The di sarnmed Agrobacterium't Eﬁilens strains AGLO (Lazo et al.
1991) and LBA4404 (Hoekema et al., 19 Wer'e obtained fromDr R Ludw g,
Departnent of Biology, University of California, Santa Cruz, USA and

Cal gene, Inc. CA, USA, respf:ct i vely. .
HPLC Analysis of pCGP90, pCGP485 and pCGP653 Transgenic Flowers

Sample % Delphinidin = % Pelargonidin = % Cyanidin
NON-TRANSGENIC CARNATION:
Cultivar: Red Sim 0 85.3 0.8

TRANSGENIC CARNATION:
Red Sim + pCGP90

@  Acc#* 1933 19 82.7 nd**

() Acc #2011 37 76.9 nd
Red Sim + pCGP48S '

() Acc # 3654B 13.0 : 75.1 23
Red Sim + pCGP653

() Acc # 3660/2 18.1 71.4 3.2

() Acc # 3655 35.6 49.1 7.5

* Acc # = plant accession number

** nd = not detected

EXAMPLE 17
Preparation of Plant Extracts for Assay of 3/,5/ -Hydroxylase Activity

Plant tissue was homogenised in a 10 times volume of ice-cold extraction buffer (100
mM potassium phosphate (pH 7.5), 1 mM EDTA, 0.25 M sucrose, 0.25 M mannitol,
0.1% (w/v) BSA, 0.1 mg/mL PMSF, 20 mM 2-mercaptoethanol and 10 mg/mL
polyclar AT). The homogenate was centrifuged at 13,000 rpm in a JA20 rotor
(Beckman) for 10 min at 4°C and an aliquot of the supernatant assayed for 3’,5’-

h}droxylase activity.



The armed Agrobacterium tunefaciens strain | CMP 8317 was obtai ned from Dr
Richard Gar dneThis Sleatepd.0k .ene Technol ogy, Departnent of Cellular and
Mol ecul ar Bi ol o ' _ cedf  Auckl and, New Zeal and. The cl oni ng
vector pBl uescr ’j’mﬂ d from Strat agene. Plants were grown in
specialised gro a 14 hr day4l-ength at a light intensity of
10,000 lux mninmum and a tenperature of 22 to 26.

3

3/,5' -Hydroxylase Assay
3’,5' -Hydroxylase enzyme activity was measured using a modified version of the
method described by Stotz and Forkmann (1982). The assay reaction mixture typically
contained 195 gL of plant extract; 5uL of 50 mM NADPH in assay buffer (100 mM
| potassium phosphate (pH8.0), 1 mM EDTA and 20 mM 2-mercaptoethanol), and 10°
dpm [14C] naringenin in a final volume of 200 pL. Following incubation at 23
overnight, the reaction mixture was extracted twice wich 0.5 mL of ethylacetate. The
ethyl acetate phase was dried under vacuum and then resuspended in 10 uL of ethyl
acetate. The radio-labelled flavonoid molecules were then separated on cellulose thin
layer plates (Merck Art 5577, Germany) using a chloroform: acetic acid: water (10:9:1,
v/v) solvent system. At the completion of the chromatography, the TLC places were
air-dried and the reaction products localised by autoradiography and identified by
comparison to non-radioactive naringenin, eriodictyol, dihydroquercetin and
dihydromyricetin standards which were run alongside the reaction products and
visualized under UV light.

EXAMPLE 18

Transformation of various cultivars
The chimaeric genes contained in any one of the constructs pCGP90, pCGP812,
pCGP628, pCGP485, pCGP653, pCGP484 or pCGP1458 is introduced into plant
varieties of rose, carnation and chrysanthemum using Agrobacterium-mediated gene
transfer, as described in Examples 10, 11 and 12. Integration of the appropriate
chimaeric gene into the plant genome is confirmed by Southern analysis of plants
obtained after kanamycin selection and HPLC analysis is used to detect the presence

of anthocyanins as described in Example 16, above.

Planes successfully rendered transgenic and which are able to express the transgene in
accordance with the present invention, have significant levels of 3/,5’-hydroxylase
enzyme activity in addition to 3,5 -hydroxylated anthocyanins (seen in Example 16),
compared with non-transgenic controls which do not contain the gene necessary for

the production of 3’,5-hydroxylase activity.
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EXAMPLE 2 This Sheet Has Been Replaced Construction of pCG 90 Plasm d pCGP90 -
was constructed e € CDNA insert from pCG6Q2 (International

Pat ent Appl i cat Wﬂmﬁﬁwm; Publ i cati on Nunmber WO 93/01290) in a
sense orientatio Mac pronmotedd fComai et al, 1990) of pCGP293.
The bi nary expression vector pCGP293 was derived fromthe Ti binary vector
pCGN1559 (McBride and Summerfelt, TOEAMBLEst?d pCGN1559 was digested with

Kpnl* and the overhangi ng 3., ends were_renpved w th_T4 DNA pol yrmer ase
agcordi ng INY “Carnation cv. Crowley Sim + pCGP 90 povy

The plasmid pCGP%0 was introduced into the carnation cultivar Crowley Sim using
Agrobacterium-mediated gene transfer, as described in Example 10. Integration of the
construct in the plant genome was confirmed by Southern analysis of plants obtained
after kanamycin selection. Nine plants were examined for the presence of the npell
and Ff1 genes and for the production of delphinidin. Eight of the nine plants analyzed
were positive for both 7pe/l and Hff but HPLC analysis was unable to detect any

evidence of delphinidin production by these plants (see Table 2; "Kan" =~ kanamycin).

Table 2
# Acc# Kan Hf1 Delphinidin
1 1930A + _ + -
2 1942B + + -
3  2008B . . .
4 2217A + ' + -
5 2217B + + -
6 2338A + + -
7 2338B + + -
8 2338C + + -
9 2338D + + -
EXAMPLE 20

Carnation cv. Laguna + pCGP 485
The plasmid pCGP485 was introduced into the carnation cultivar Laguna using
Agrobacterium-mediated gene transfer, as described in Example 10. Integration of the
construct in the plant genome was confirmed by Southern analysis of plants obtained
after kanamycin selection. HPLC analysis of the anthocyanin molecules present in
petal extracts is carried out according to the procedure set out in Example 16, above,
to show the presence of 3/,5’-hydroxylated anthocyanin cierivatives. These 3’,5-

hydroxylated anthocyanins are only produced as a result of the expression of the



to standard protocols (Sanbrook et al., 1989). The vect or
digested with Xbal and the resulting 5 . overhangpysaedt

pﬁ,&en further
Kl enow fragment of DNA pol ynerase |. The vector “m |
'S0

5ing the-
at ed to give

pCGP67. A 1.97 kb Pstl fragnent contai n| t he iMa . term nator
and.various cl oni ng sites (Comai et al, 0) was ated from pCG40 and

inserted into the site of i ve pCGR293. CGR40 was
const r uct ed®Gper Hﬁbsﬁqﬁénﬁgpgr@%(c?yge‘ﬂ c%’tm%ff’ducﬂfgé‘%%gngfopmmm
BgasHl - Sacl of dhagi@eiihark " Rdid? B&s. and replacing it with the BanHl - Sacl

fragment from pBluescfibe M3 that includes the multicloning site. Plasmd
pCGN7334 (obtained from Cal gene, Inc. CA USA), was constructed by

;(Eglerts: {12 E)Pe fragment contai ni ng tﬁlg lgmgfﬁrﬁﬁ Mac- GQUS- mas gene into the
pCGN7329 (Comai et al ,% . he BanmHl - Kpnl fragnment

contai ning the above-nent 'fo@g%c%?alw‘iegbdﬁisgppe@GP 628
The plasmids pCGP485 and pCGP628 were introduced into the rose cultivar Royaley
using Agrobacterium-mediated gene transfer, as referred to in Example 11. Integration
of the construct in the plant genome was confirmed by Southern analysis of plants
obtained after kanamycin selection. HPLC analysis of the anthocyanin molecules
present in petal extracts is again carried out according to the procedure setr out in
Example 16, above, to show the .presence of 3’ ,5 -hydroxylated anthocyanin
derivatives. These 3/,5’ -hydroxylated anthocyanins are only produced as a result of
the expression of the exogenous DNA sequence, ie: the HfI cDNA sequence,
introduced via transformation with either of the binary vectors p~CGP485 or pCGP628.

EXAMPLE 22

Rose cv. Kardinal + pCGP 1458
The plasmid pCGP1458 was introduced into the rose cultivar Kardinal using
Agrobacterium-mediated gene transfer, as described in Example 11. Integration of the
construct in the plant genome Was confirmed by Southern analysis of plants obrained
after kanamycin selection. HPLC analysis of the anthocyanin molecules present in
petal extracts is again' carried out according to the procedure set out in Example 16,
above, to show the presence of 3’,5-hydroxylated anthocyanin derivacives. These
3/ 5! -hydroxylated anthocyanins are only produced as a result of the expression of the
exogenous DNA sequence, ie: the Hf! cDNA sequence, introduced via transformation

with the binary vector pCGP1458.

EXAMPLE 23
Chrysanthemum cv. BlueRidge + pCGP 484/pCGP 485/pCGP 628
The plasmids pCGP484, pCGP485 and pCGP628 were introduced into the
chrysanthemum cultivar BlueRidge using Agrobacterium-mediated gene transfer, as

described in Example 12. Integration of the construct in the plant genome was



I sol ated from pCGE2602 and |igated with a BanH /-Kpnt-f+agrent—ofpCGP293.
Correct insertion of the insert in pCG?90 was es}ahlished by restriction .

anal ysis of DNA isolated from gentamycin resi st i S ogd ,,
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EXAMPLE 3 Construction | bi nary

expression vector pCEP812 was derived fr@m-the Ti binary vector

confirmed by Southern analysis of plants obtained after kanamycin selection. HPLC
analysis of the anthocyanin molecules éresenr in petal extracts is again carried out
according to the procedure set out in Example 16, above, to show the presence of
3/,5' -hydroxylated anthocyanin derivatives. These 3,5 -hydroxylated anthocyanins
are only produced as a result of the expression of the exogenous DNA sequence, ie: the

Hf1 cDNA sequence, introduced via transformation with any one of the binary vectors
pCGP484, pCGP485 or pCGP628.

EXAMPLE 24

Altered Inflorescence
The expression of the introduced flavonoid 3’,5'-hydroxylase enzyme activity in the
transgenic plant is capable of having a marked effect on flower colour. Floral tissues
in transgenic plants may change from the pale pinks and reds of the non-transgenic
control plants to colours ranging from a darker pink/maroon to a blue/purple colour.
The colours may also be described in terms of numbers from the Royal Horticultural
Society’s Colour Chart. In general, the changes can be described as moving the colour
from the pale-to-mid pink hues of 60C/D - 65C/D, to the darker bluer/purpler hues
represented by many, but not all, of the colour squares between 70 and 85. It should
be remembered that other biochemical and physiological condirions will affect the
individual outcome and the citing of specific colours should not be interpreted as

defining the possible range.

In the case of the transgenic carnation flower, Accession Number 3655, produced using
the plasmid construct pCGP653 described above, an obvious bluing effect on the perals
was observed. The normally-orange-red colour of Red Sim carnation cultivars
(corresponding approximately to 45A/B of the Royal Horticultural Sociery’s Colour
Chart) had changed to a blue/purple hue.



pCGN1358 (M:Bride.and Summrerfelt, 1990). A 5.2 kb Xhol fragnent contai ning
the chinmaeric mas-35S-@QJS-ocs gene was isol ated from pKIW--16+—Jannsen and
Gardner, 1989) and sub-cloned into the Xhol site of pBluescript KS to give

pCGP82. The 5.2 kb fragnent was then re-isol ated byThi $hdst ¥ cﬁ’esti on
and sub-cloned into the HindlI1/Kpnl sites of pCGN15 ‘ 83.
Plasm d pCGP83 was restricted with Kpnl.agd the over wer e

renoved wi th T4 DNA pol ymerase according to standard protocols (Sanbrook et
al .,"1989). A Snuml-BanH adaptor (Pharnmacia) was then |jgated to the flushed

Kpnl sites to give BanH "sticky" ends. A 3.8 kb Bglll fragment containing
t he chi maer Thorgkilgdiinthe agenil abprediapGhRnhe ifvbasionidessibad hevein WagsdepeiBleed

with the BanpHl ".sticky", ends.of. pCGP83 to yjeld p 2 (Figure 2). The
pl asmi d pCGEB A% f‘}q_ﬁﬁﬁl@&m&, %hﬁé&‘f&dh‘t’%é%gggﬁé’ dﬁﬁ?&‘%F‘_iKptﬁlls to dgnent
cont ai ning hgedRdecIB I A0RHribh inEINA INSRH vidLMBB SROR A & llo BAH kPN
invention also includes all of the steps, features, compositions and compounds referred
to or indicated in this specification, individually or collectively, and any and all

combinations of any two or more of said steps or features.



_

ends of pCGP40. .. EXAMPLE 4

Constructi onThiéS B&a Rl gmpi nary vector pCGP485 was derived fromthe Ti
bi nary vect or I'de and Sumerfelt, 1990). A chimaeric gene was
constructed CJWH ) the pronoter sequence froma CHS gene of
snapdragon; (il regi on of tH® above-nentioned cDNA insert from
pCGP602 from petunia, and (iii) a petunia phospholipid transferase protein.
(PLTP) term nator sequence. The CHS pronoter consists of a 1.2 kb gene
fragnment 5, 'BklieA of translation initiation (Sommer and Saedl er,
1986). The frhy @ insert consists of a 1.6 kb BclI/Espl fragnent from
the cDNA cl one of pCGP602 (International Patent Application PCT/ AU92/00334;
Publ i cati on Nurmber WD 93/01290). The PLTP term nator se ce consists of a
0.7 Bethesda Research Laboratories. BRL pUC host: E. coli DH5a competent cells.

Bethesda Res. Lab. Focus 8(2): 9, 1986.

Bevan, M. Nucleic Acids Res. 12: 8711-8721, 1984.

Brugliera, F., Holton, T.A., Stevenson, T.W., Farcy, E., LL;., C-Y. and Cornish, E.C.
Plant . 5(1): 8192, 1994.

Comai, L., Moran, P. and Maslyar, D., Plant Molecular Biology 15: 373-381, 1990.

Dellaporta, S.J., Wood, J. and Hick, J.B. Plant Mol. Biol Rep. 1: 19-21, 1983.

Ebel, J. and Hahlbrock, K. In The Flavonoids: Advances in Research Since 1980.
Harborne, J.B. (Ed.), Academic Press, New York, USA, 641-679, 1988.

Forkmann, G. Plant Breeding 106: 1-26, 1991.

Garfinkel, D.]. and Nester, E.-W. /. Bacteriol. 144: 732-743, 1980.

Hahlbrock, K. and Grisebach, H. Alnnu. Rev. Plant Physiol. 30: 105-130, 1979.
Hanahan, D. [ Mol Biol. 166: 557, 1983.

Holton, T.A. PhD Thesis, Universiry of Melbourne, Australia, 1992.

Holton, T.A. and Graham, M.W. Nucleic Acids Res. 19: 1156, 1991.

Horsch, R.B., Fry, ]J.E., Hoffmann, N.L,, Eichholz, D., Rogers, S.G. and Fraley, R.T.
Science 227: 1229-1231, 1985.
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pCGP13[err] Bamlp tirlnsBiéh Rplacehi ch i ncludes a 150 bp untransl ated region
of the transcrib e PLTP gene. The chi maeri c CHS/ cDNA

i nsert/PLTP gene o the Pstl site of pCGNl547 to create
0CGP485. - 30EXAMPLE 5

Construction of pCGP 628 Pl asm d PpCGEPL76 (I nternational Patent Application

PCT/ AU92/ 00%:dkie, B Najiata, 1. MNdDRay M0 I3/ (@2{«2@)& we3gdigest ed with EcoRl and
Spel”. The digested DNA was filled |n with Kl enow fragnment according to

standard protocols (Sanbrook et al,1989),
Jannsen, B-J.]. and Gardner, R.C. Plant Mol. Biol. 14: 6172, 1989.

Jefferson, R.A., Kavanagh, T.A. and Bevan, M.W. EMBO /. 6(13): 3901-3907, 1987.

Kandreck, K.A. and Black, N.D. Growing media for ornamental plants and turf. p317,
NSW Unuversity Press, Kensington, Australia, 1984. .

Koes R.F. Genes involved in flavonoid biosynthesis in Petunia hybrida: The chalcone

synthase multigene family. PhD Thesis, Vrije Universitei, Amsterdam, The
Netherlands, 1988.

Lazo, G.R,, Pascal, A.S. and Ludwig, R.A. Bio/technology 9: 963-967, 1991.

. McDoanell, R.E., Clarke R.D., Smith, L.A. and Hinchee, M.A. Plant Mol. Biol.Rep.
4: 380-386, 1987

Manning, K. Anal Biochem. 195: 45-50, 1991.

Sambrook, J., Fritsch, E.F. and Maniatis, T. Molecular Cloning: A Laboratory Manual
(2nd edition). Cold Spring Harbor Laboratory Press, USA, 1989.

Schram, A.W., Jonsson, LM.V. and Bennink, G.J.H. "Biochemistry of flavonoid
synthesis in Petunia hybrida." In: Petunia Sink, K.C. (Ed.), Springer-Verlag, Berlin,
Germany, pp 68-75, 1984.

Sommer, H. and Saedler, H. Mol Gen. Gener. 202: 429-434, 1986.

Stafford, H.A. Flavonoid Metabolism. CRC Press, Inc. Boca Raton, Florida, USA,
1990Q.



and self-ligated. The plasm d thereby obtained was: desi gnated pCGP627. An
Xbal / Kpnl di gest of pCGP627 yielded a 1.8 kb fragnmen,udites Hasifash RepEaiied
with a 14.5 kb fragnment obtai ned by Xbal/Kpnl digesti The
plasm d thus created was desi gnated pCGP628. : ﬁumummm l
EXAMPLE 6 Cons.‘)gr uction of p d
pCGP293 (descri bed above in Exanple 2) "was digested with Xbal and the
resulting 5 overhang was filled,ip usin e f nt according to
staridard prSaves 6&.sind 3Bk Gt g-l_&i@@!@}”.g/’ 5’{&&2?% F%i‘%f% gested with
Hndlll. During this procedure, the Mac pronoter (Comai et al, 1990) was
del eted. A 0.8 kb petunia CHS- A pronoter from pCGP669 (described bel ow)
was |igat edVL.LQI'\%' thissy Rachélessr, {3\ and| Devdegneldd FcOrpmaragmny 32adietl’,
This plasm d pr ciuét was desi gnated pCGP672. An Xbal / Asp718 di gesti on of
pCGP807 (depigsi bed in Exanple 3, above) yielded a 1.8

Wiering, H. and De Vlaming, P. "Inheritance and Biochemistry of Pigments.” In:
Petunia Sink, K.C. (Ed.), Springer-Verlag, Berlin, Germany, pp 49-65, 1984.



kb fragnent Containing the H 1, cDNA, which was ligated with a 16.2 kb
Xbal / Asp718 fr\-ﬁge&a\tﬂﬂi 672. The plasm d thus created was desi gnated
y

pCGP653. A pr t of the CHS-A gene was anplified by PCR
using the oligo -782 and CHSA + 34 is priners (see-sequences
bel o) and Petu ri da V30. genonmic -0% as tenplate. The PCR duct was
cloned into ddT-tailed pBluescript (Holton and Graﬂm“‘m“ﬁ““wmﬁe
orientation of the gene s

Substitute shegt, - 22 April 1998 T .

1. A transgenic plant or its progeny selected from rose, carnation and chrysanthemum
wherein said planc produces a polypeptide having flavonoid 3,5’ -hydroxylase activity
and produces higher levels of anthocyanins derived from delphinidin relative to noan-

transgenic plants of the same respective species.

2. A transgenic plant according to claim 1 wherein the polypeptide is of perunia,
verbena, delphinium, grape, iris, freesia, hydrangea, cyclamen, potato, pansy, egg plant,

listanthus or campanula origin.

3. A transgenic plant according to claim 2 wherein the polypeptide is a 3,5/

hydroxylase of petunia origin.

4. A rtransgenic plant according to claim 2 wherein the polypeptide is a 3,5

hydroxylase of lisianthus origin.

5. A transgenic plant according to claim 3 wherein the polypeptide is a 37,5/
hydroxylase encoded by a genetic sequence contained in a plasmid selected from
pCGP484, pCGP485, pCGP628, pCGP653 and pCGP1458.

6. A transgenic plant according to claim 3 or 4 or 5 wherein said plant is a rose.

7. A transgenic plant according to claim 3 or 4 or 5 wherein said plant is 2 carnation.

8. A transgenic plant according to claim 3 or 4 or 5 wherein said planc is a

chrysanthemum.

9. A transgenic plant according to claim 1 exhibiting altered inflorescence.

10. A transgenic plant according to claim 6 exhibiting altered inflorescence.



fragnent verifi ﬁmrestrl ction enzyne mapping. The plasmd thus created

was desi gnat ed ,Fﬂ?ﬁacgtbnucl eoti de pri ner s were designed-to the
publ i shed sequenc ia CHS-A pronot em
CHSA- 782 , GTTTTCCAAATCTT | I mﬁ ﬁm | ]m 3
CHSA + 34 CGTGAGAAGTGTAAGTATC ¢t s e

3 ] EXAMPLE 7

Const ruct i orl. oA PGGRemE plaBonstardigitorclam pedHlBhgweredieflarestndeo t hat f or
pCGP485, outlined above in Exanple 4, except that pCG484 contains the 3.5
kb Pstl fragnment (containing the chimeric gene CHS-H 1-PLTP) in the

opposite or{£nhairh@Benic plant according to claim 8 exhibiting altered inflorescence.

13. A method for producing a transgenic plant selected from rose, carnation and
chrysanthemum, said method comprising introducing into said plant a gene construct
conraining a nucleic acid sequence encoding a flavonoid 3/ ,5* -hydroxylase characrerised
in that said transgenic plant produces higher levels of an anthocyanidin derivative c;f

anthocyanins derived from delphinidin relative to non-transgenic plants of the same

respective species.

14. A method according to claim 13 wherein the 3,5 -hydroxylase is of petunia,
verbena, delphinium, grape, iris, freesia, hydrangea, cyclamen, potato, pansy, egg plant,
lisianthus or campanula origin.

15. A method according to claim 14 wherein the 3’,5'-hydroxylase is of perunia

origin.

16. A method according to claim 14 wherein the 3’,5” -hydroxylase is of lisianthus

origin.

17. A method according to claim 15 wherein the 3/,5'-hydroxylase is encoded by a

genetic sequence contained in a plasmid selected from pCGP484, pCGP485, pCGP628,
pCGP653 and pCGP1458.

18. A method according to claim 15 or 16 or 17 wherein said plant is a rose.
19. A method according to claim 15 or 16 or 17 wherein said plant is a carnation.

20. A method according to claim 15 or 16 or 17 wherein said plant is a

chrysanthemum.



EXAMPLE 8 Construction of pCGP 1458 The plasm d

pCGP1458 was cotfs F%Iéuaaenmgla&ehe 10 kb binary vector pBINI9 (Bévan, 1984)

as the backbone. ! 9 was digested with Ec Ii n ting
5' overhang was } "mm,ﬂégﬂg Kl enow fragnent, accﬂmum lﬂ E"mﬁmd .
protvcol s (Sanbrook et al, ). Plasm dFZ%»CGD485 was di gestted™wi h Pstl to

remove the chi'maeric CHS/ cDNA.i nserc/ PLTP%jene as a 3.5 kb fragment. The 3'

over hang resulting f,rom Pst]. di gestion s remopved with T4 DNA pol yner ase
and this fradmeft ephod s 1ng) 59 SRimk o WhREeia SRACERISEeTE PRTSrbIEt alktred

pl asm d pBlI ] EXAMPLE 9

Tr ansf or mat :}%ﬁog:];cegce coli and A tunefaciens Transformati on of the
Escherichia coli strain DHsa-cells with one or other of the vectors
pCGP812, pCGP90, p 485, pCGEP628, pCGP653, pCGP484 or p 1458 was

per for med acer & ﬁ’gcgaQSl arhag o slimcth mhsreim g wensgenic lant gdgbicpaliemdue
et

inflorescence.

23. A method according to claim 19 wherein said transgenic plant exhibits altered

inflorescence.

24. A method according to claim 20 wherein said transgenic plant exhibits altered

inflorescence.

25. A binary vector comprising a gene construct which is capable of being integrated

into a plant genome to produce the transgenic plant according to claim 1.

26. A binary vector according to claim 25 wherein the gene construct is a chimaeric

gene construct.

27. A binary vector according to claim 25 wherein the gene construct comprises a

plant promoter.

28. A binary vector according to claim 27 selected from pCGP484, pCGP485,
pCGP653 and pCGP1458.

29. A binary vector according to claim 25 or 26 wherein the vector is pCGP628.



al ., (1990). 14 :
“Substitute sheet - 22 April 1998 The plasm d pCGP812, pCGP90, pCGP485,
pCGP628, pCGP653, pCGP484 or pCGP1l458 was introduced into the appropriate
Agrobacerium tunefaci ens strain by adding 5 [err] of plasmd-BNA-to 100
[err} of conpetent Agrobacteriumtunefaciens cells prepgye by inocul ati ng
a 50 nL MG L (Garfinkel and Nester, 1980) culture and grQy ceft Replycif t h
shaking at 28. The cells were then pell tfj] and resuspenz Ilgwﬁif
85%(v/v) 100 mM CaCl [err]/15% (v/v) glyée &I. The DNA- A f

m xture was frozen by incubation in liquid Nerr] for 2 mn and then
allowed to thaw by incubation at.37 for 5 nmin. The DNA/ bacterial mxture
was then placed on ice for :

2/1

3/




a further 10 mn. The cells were then mxed wwth 1 nL of MZL nmedia and
i ncubated with shaking far 16 h at 28. Cells of A _tunefaciens carrying

ei ther pCGP812, pCGP9O, pCGP485, pCGP628, pCGP653:or - pCGP484—were_sel ect ed
on MJ L agar plates containing 100[err]/nL gent arrychsShg; | s of A.

tunmef aci ens carryi ng pCGP1458 were selected on M L a| ni ng
100 [err]/m kanamycin. The presence of the plasmd

Sout hern anal ysis of DNA isol ated fr2 Te gent anyci

t ransf or mant s. 'EXAMPLE 10

Transformati on of Di anthus caryophyllus a. Pl ant Material Dianthus
caryophyllus, (cv ey S gﬁgd %}5 %ag )~GUtfings were obtained
from Van. Wk an | owep) 'y, (Q rigy Aﬁ lia. The outer |eaves
were renoved an ttipgs were Kterilizg€d briefly in 70% (v/v) ethanol

m I with Tween 20) for 6 minutes

foll owed by 1.2 (w/T'
and rinsed three tine A/lrths leOvﬁ . ’l]the vi si bl e | eaves and

‘axillary buds wafenl RRMHHE e p-coumaroyl -CoA

%malonyl -CoA

o @-or
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(Lazo et al., 1991),

t-he di ssecting m croscope before co-cultivation
Agr obact eri um and Di ant hus Ti ssue Agrobacterium:t urref aci ens strai
cont ai ni ng any one of the binary VBdtSAsyQ
pCGP812, pCGP485 or pCGP653, was nmintained at 4 on I\/G/L
1980) agar plates with 100 ng/L gentanycin.
gr own overn| ght inliquid MJL broth an
next day before inocul ation.
Agr obact eri um

Substitute sheeHQ® r@é’éB

cultlvatlon of

A5|

Wil

guted to 5 X
Di ant hus t was co- cultlvated W|th_
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on Murashi ge and Skoog' s (1962) nedi um (MS) supplemented with 3% sucrose

(wv), 5 nmg/L [err]-naphthal ene acetic acid (NAA), 20 [err] acetosyri-ARgone
and 0.8% Di fco Bacto Agar (pH 5.7). C. Recovery of Transgenic Di ant hus

Plants Co-cultivated tissue was transferred to M5 neg; gne&u{apbeﬂﬁmlmﬂwth

1 ng?L benzyl am nopurine (BAP), 0.1 ng/L NAA, 150 ny/ 0 ng/ L
ticarcillin and 0.8% Di fco Bacto Agar (sel ectlon rredl
d

weeks, explants were transferred to fres% care vvas
taken at this stage to renove axillary shaots from stem explants. After 6-8
weeks on sel ection medi um healthy adventitious shoots were transferred to
hor none free M5 nedi um containi ng 3% sucrose, 150 ng/L kanamycin, 500 ng/L
ticarcillin, 0.8%Difco Bacto Agar. At this stage GUS hi stochemi cal assay
(Jefferson, 1987) and/or NPT || dot-blot asg&ay (MDonnell et al., 1987) was
used to identify transgenic shoots. Transgeg shoots were transferred to

M5 nedi um suppl enented with 3% sucrose, 500 /L ticarcillin

fe!
X
o
N
%)
'\

Figure 2



and 0. 4% (W v) Celrite Gellan Gum (Schwei zerhal |) for root induction. All
~-cultures were mai ntained under a 16 hour photoperiod (120 [err] E cool white

fluorescent light) at 23 2. When plants were rooted anﬂTLeﬁ'}rmdArfﬁ/cm’Ta’ll
they were acclimtised under mst. A mx containing a high ratio of %V\Lée&e
(75% or greater) soaked in hydroponic mx (Kandreck and Bl agkee H® W :
used for acclimation, which typically lasts 4-5 weeks. Pl aj

acclimatised at 23[err]C under a 14 hour Bl/qoperi od (200 %

hal i de |ight). EXAMPLE 12777 .
Transformati on of Rosa hybrida 1. Rosa hybrida cv Royalty Plant tissues
of the rose cultivar Royalty were transfornmed. according to the nethod

di scl osed in PCT 91/04412, having publicati on nunmber W92/ 00371. 2.

"Rosa hybrida cv Kardinal

E_-:
_.IU)
Q.

RB

18.10 Kb

Figure 3



a. Plant Material Kardinal shoots were obtained from Van Wk and Son
Fl ower Supply, Victoria, 16
Substitute sheet - 22 April 1998 Austral i a. Leaves were renmoved and t he
remai ni ng shoots (5-6 cm were sterilized in 1.25 %(vv/v) sodi um
hypothlorite (with Tween 20) for 5 mnutes followed by threerin

sterile water. |solated shoot tips were s in sterilg; or hour '
and. precultured for 2 days on M5 nedi um cmnl ng 3% su s%ﬁi Yor lced
BAP, 0.1 ng/L kinetin, 0.2 ng/L G bberellic acid, 05%(]mm '
pyrrolldone and 0.25% Gelrite Gellan GQum before co-culti

Figure 4



b. Co-cul tivation of- Agrobacteri um and Rosa shoot Ti ssue Agrobacterium
tunefaciens strains | CMP 8317 (Janssen and Gardner 1989) and AG.O
containing the binary vector pCGP812, was nmi ntained at 4[err]C on Md L
agar plates with 100 ng/L gentamycin. A single colony from each
Agrobacterium strain was grown overnight in liquid ML broth. A final

concentration of 5 x 108 cells/nL was pr the next _day by dilutioen—in
liquid MJ L. Before inoculation, the two cteriumcultures were m xed

inaratio of 10:1 (AGO/pCGP812: 8317/ pCGEP812). A Iongwhlaéheaa{asBeﬂlR
made through the shoot tip and an aliquot of 2 [err] of tmn H
i i precul ture.

Agr obacterium cul tures was pl aced as drop on the shoot
tips were co-cultivated for 5 days on-trhe sane nedi um use
Agrobacterium tunefaciens strain AG containing the binary vector
pCGP1458, was nmi ntained at 4[err]C M¥)L agar plates with 100 ng/L
kananmycin. A single colony from each %Qbacteri um strain was grown
overnight in liquid MZL broth. Afin

17.97 Kb

Figure 5



concentration of 5 x 10[err] cells/nL was prepared the next day by dilution
inliquid ML C. Recovery of Transgenic Rosa Plants After
co-cultivation, the shoot tips were transferred to sel ection nedium Shoot
tips were transferred to fresh selection nediumevery 3-4 weeks. @Gl ls
obsetved on the shoot tips were excised when they reached 6-8 nmin
dianeter. Isolated galls were transferred to M5 nedi um contai ni ng 3%
sucrose, 25 ng/L kananycin, 250 ny/L cefotaxine and 0.25% Gelrite Gellan
Gum tfor shoot formation. Shoots regenerat m gall tissue were isolated
and transferred to selection nmedium GUS to hem cal assay and cal |l us
assay were used to identify transgeni c shoots. Transgeni c shoots were

18.10 Kb

Fig_ure 6

his Sheet Has Been Reﬁaced '




17 - Substitute sheet - 22 April 1998 transferred to M5 nmedi um
cont ai ning 3% sucrose, 200 ng/L cefotaxine and 0.25% Gelrite Gellan Gum for
root induction. Al cultures were maintai ned under 16 hour photoperiod (60
[err] cool white fluorescent light) at 23 + 2. When the root system was

wel | ®*devel oped and the shoot reached 5-7 cmin length the transgenic rose
plants were transferred to autoclaved Debco 514110/2 porting mx in 8 cm
tubes. After 2-3 weeks plants were replanted into 15 cm pots using the sane
potting m x and nmaintai ned at 23 under a 14 hour photoperiod (300 [err]E

mercury halide light). After 1-2 weeks pott ts were noved to
gl asshouse (Day/ N ght tenperature: 25-28/14) rowmn to fl owering.
EXAMPLE 12 Transformati on of Chrysanthermum norifolium .
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Pl ant Material Chrysanthenmum norifolium (cv. Blue Ridge, Pennine
Chorus) cuttings were obtained fromF & | Bagul ey Fl ower and Pl ant G owers,
Victoria, Australia. Leaves were renoved from‘the cuttings, which were then
sterilized briefly in 70% (v/v) ethanol followed by 1.25% (w v) sodium
hypoehl orite (with Tween 20) for 3 mnutes and rinsed three tinmes with
sterile water. Internodal stem sections were used for co- cultivation. b.
Co-cul tivation of Agrobacterium and Chrysanthemum Ti ssue Agrobacterium
tumef aci ens strain LBA4404 (Hoekema I 983), containing any one of
the binary vectors pCGP90, pCGP484, p 83 r pCGP628, was grown on MJ L
plates containing 50 ng/L rifanpicin and 10 ng/L gentanycin. A single
col ony from each Agrobacteriumwas grown overnight in the same |iquid
medium These liquid cultures were nade 10% w th glycerol-and 1 nL aliquots

transferrepl to the fzeezr émszﬂ éAnJé) é’ogl[@[ii ignﬁg?ni ; ggc ;rLozen

Agrobacteriumwas g
rifanpicin and 10 ng/ L gentamnycin.

a.
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A final concentration of 5 x 10[err] cells/nL was prepared the next day by
dilution in liquid M5 containing 3% (W v) sucrose. Stem sections were
co-cultivated, with Agrobacterium containing any one of LBA4404/ pCGP90,
LBA4404/ pCGP484, LBA4404/ pCGP485 or LBA4404/ pCGP628, on co-cul tivation
medi®m for 4 days. 18
Substltute sheet - 22 April 1998 C. Recovery of Transgenic

Chrysant henum Pl ants After co-cul tivation tem sections were
transferred to sel ection medium After 3-4 1( regenerating explants
were transferred to fresh nedi um Advent|t| us shoots

This Sheet Has Been Replaced:

io 9 | |
Figure L




whi ch survived the kananycin selection were isolated and transferred to M
medi um cont ai ni ng kananycin and cefotaxi me for shoot el ongation and root

i nduction. Al cultures were naintai ned under a 16 hour photoperiod (80
[err] cool white fluorescent light) at 23 + 2[err]C. Leaf sanples were

col lected from plants which rooted onAEﬁaﬁgmgfn and Sout hern bl ot anal ysis
was used to identify transgenic plants en transgeni ¢ chrysant henum

pl ants reached 4-5 cmin length they were transferred to autocl aved Debco
51410/ 2 potting mx in 8 cm tubes. After 2 meeks Elangg were replanted into
15 cm pots using the sanme po 23[err] C under a 14
hour photoperiod (300 [err]E nercury hallde Ilght). After 2 weeks potted

pl ants were noved to gl asshouse (Day/ N ght tenperature:

25-28[err]C 14[err]C) and grown to flowering.

EXAMPLE 13 Sout hern Anal ysi s a.

| sol ation of Genomic DNA from D ant hus DNA was isolated fromtissue

essentl ally as described by Dellaporta et alL, (1983). The
The present invention relates generally to transgenic ﬂowermg plants. More

particularly, the present invention is directed to transgenic rose, carnation and
chrysanthemum plants genetically modified to enable expression of flavonoid 37,57-

hydroxylase thereby permirting the manipulation of intermediates in the flavonoid

pathway.



DNK prepar aBFBh%CWTf || e by Csd buoyant density

centrif ggftgg?}r; %‘é’hb?% t | sol ati on of Genonic
DNA fro t hepaged w\a@e edfroml Si

ext ract i| oRf Brawing(sk opagerrii n@ pass éu ni o ni um%{fﬁ o@%"ﬁ%ﬁ%& ggr@ﬁl—_jDﬂg%H
8.0 25 sAbisteact ci t paged .pHO7P&CUQ--1 2- mer cdpt oet hanol, 2% (v/v) |auryl

to a fine powder in l'iquid N2

sarcosije. The plant tissg@ MAY. 19G8un
f ol | owi 1)g pydofes o REEEPoN.. bul.f.er. Was| added (5 ni/g of tissue) and the
solutio 16 h. The m xture was then phenol:

chl orof orm isoanyl al cohol TRANSGENIC-RLOAERING\RICANTBd t he genonic DNA
preci pitated by addi ng three vol unes of ethanol and centrifuging for 15 mn
at 10,000 rpm '

The present invention relates generally to transgenic flowering plants. More particularly,
the present invention is directed to transgenic rose, carnation and chrysanthemum plants
genetically modified to enable expression of flavonoid 3',5'-hydroxylase thereby
permitting the manipulation of intermediates in the flavonoid pathway.

The flower industry strives to develop new and different varieties of flowering plants,
with improved characteristics ranging from disease and pathogen resistance to altered
inflorescence. Although classical breeding techniques have been used Wwith some success,
this approach has been limited by the constraints of a particular species’ gene pool. It is
rare, for example, for a single species to have a full spectrum of coloured varietes.
Accordingly, substantial effort has be=n directed towards atempting to generate transgenic
plants exhibiting the desired characteristics. The development of blue varieties of the
major cutflower species rose, carnation and chrysanthemum, for example, would offer a
si_gniﬁcant opportunity in both the cutflower and ornamental markets.

Flower colour is predominantly due to two types of pigment: flavonoids and carotenoids.
Flavonoids contribute to a range of colours from yellow to red to blue. Carotenoids
impart an-orange or yellow tinge and are commonly the only pigment in yellow or orange
flowers. The flavonoid molecules which make the major contribution to flower colour
are the anthocyanins which are glycosylated derivatives of cyanidin, delphinidin,
petunidin, peonidin, malvidin and pelargonidin, and are localised in the vacuole. The
different anthocyanins can produce marked differences in colour. Flower colour is also
influenced by co-pigmentation with coloutless flavonoids, metal complexation,
*  glycosylation, acylation, methylation and vacuolar pH (Forkmann, 1991).

The biosynthetic pathway for the flavonoid pigments (hereinafter referred to as the
“flavonoid pathway") is well established and is shown in Figure | (Ebel and Hahlbrock,
1988; Hahlbrock and Grisebach, 1979; Wiering and de Viaming, 1984; Schram er al.,
1984; Stafford, 1990). The first committed step in the pathway involves the condensation



19 . Substitute sheet -. 22 April 1998 C. | sol ation of
Genomic DNA from Rosa DNA was extracted by grinding tissue in the presence

of liquid Nerr] in a nortar and pestlezand adgligagitded siodetex2 2 Aprilood8f f er
(0 14 Msorbitol, 0.22 MTris-HCI[pH8.0], 0.022 MEDTA, 0.8 M NaC, 0.8%

(w'v) CTAB, 1%N—Iaury| sarcosine) heated at 65 err]C. Chloroform
(200[err]) was added and the m xture incubated at 65C for 15 mn. Follow ng

centrifugaifl tifee ivtecalep oinmaAyl-08A Rithinehe aiticuld of P-cuitare¥IsCTo ANdThigen
added to an eguaJ volu of isopropanol, inverting to mx. This mxture

was cent riTERRER i5fatalysed by theienpime chalgons synthase HGHS), The cPé‘PFi‘-F‘-'Ffogbu and

washed wit S

seshed, Téia%&@ge 2H pH@SWcha&oa@ A6y Hpidly ABSmER 24 RS TG dlde"
naringenin by the enzyme chalcone flavanone isomerase (CHI) Naringenin is
subsequently hydroxylated at the 3 position of the central ring by flavanone 3-hydroxylase
(F3H) to produce dihydrokaempferol (DHK).

The B-ring of dihydrokaempferol can be hydroxylated at either'the 3°, or both the 3’ and
5’ positions, to produce dihydroquercetin (DHQ) and dihydromyricetin (DHM),
respectively. Two key enzymes involved in this pathway are ﬂavonc.id 3'-hydroxylase
and flavonoid 3’,5'-hydroxylzse The flavonoid 3'-hydroxylase acts on'.DHK to produce

. DHQ and on naringenin to produce eriodictyol. The flavonoid 3' 5'-hydroxylase
(hereinafter referred to as 3°,5-hydroxylase) is a broad spectrum enzyme catalyzing
hydroxylation of naringenin and DHK in the 3’ and 5' positions and of eriodictyol and
DHQ in the §' position (Stotz and Forkmann, 1982), in both instances producing
pentahydroxyflavanone and DHM, respectively. The pattern of hydroxylation of the B-
ring of anthocyanins plays a key role in determining petal colour.

Because of the aforesaid gene pool constraints, many of the major cutflower speéies lack
the 3',5"-hydroxylase and consequently cannot display the range of colours that would
otherwise .be possible. This is particularly the case for roses, carnations and
chrysanthemums, which constitute a major proportion of the world-wide cutflower market.
There is a need, therefore, to modify plants and in particular roses, carnations and
chrysanthemums, to generate transgenic plants which are capable of producing the 3',5'-
hydroxylase thereby providing a means of modulating DHK metabolism, as well as the
metabolism of other substrates such as DHQ, namngenin and eriodictyol. Such
modulation influences the hydroxylation pattern of the anthocyanins and é.ﬂows the
production of anthocyanins derived from delphinidin, thereby modifying petal colour and
allowing a single species to express a broader spectrum of flower colours. Thereisa
particular need to generate transgenic plants which groduce_ high levels of anthocyanins
derived from delphim'din; In accordance with the present invention, gene constructs are
generated and used to make transgenic plants which express high levels of delphinidin



=z

d. . Sout hern Blots The genomic DNA (10 [err]) was digested for 16
hours with 60 units of EcoRl and el ectrophoresed through a 0.7% (w v)

agarose gel in a running buffer of TAE (30 nM 'Blju‘smg@tgt\@et .5Q2r]%ﬂ,,ﬁD'|l'§Q8
The DNA was then denatured in denaturing solution (1.5 M NaCl/0 M Na

for 1 to 1.5 hours, neutralized in-0.5 MTris-HO (pH 7.5)/ 1.5 M Nad for
2 to 3 hours and the DNA was then transferred to a Hybond N (Amersham
filter in 20 x SSC. Sout hern anal ysis of putative transgeni c Di ant hus,
Rosa and Chrysant hemum-pl ants obtai ned after selection on kananycin
confirmed the integration of the appropriate chinaeric gene into the

geNOM®.  andfor its derivatives relative to non-transgenic Eéﬁ‘l\s/%lﬁhg dame species. It has been
determined in accordance with the present invention that genetic constructs which
comprisé a promoter from a gene encoding a flavonoid pathway enzyme operably linked
to a flavonoid 3',5'-hydroxylase are capable of directing expression of high levels of
delphininh-derived anthocyanins. The production of these high levels of delphinidin and
related molecules is particularly useful in developing a range of plants exhibiting altered
inflorescence properties.

Accordingly, one aspect of the present invention contemplates a transgenic plant selected
from rose, carnation and chrysanthcmum or progeny or ﬂowering parts.thereof wherein
said plant carries a geneuc construct comprising a promoter from 2 gene encoding an
enzyme of the flavonoid pathway operably linked to a gene encoding a flavonoid 3',5'-
hydroxylase wherein said transgenic plant produces higher levels of anthocyanins derived
from 'delphinidin relat-ive to n.o;z-u'ansgenic plants of the same species.

Preferably, the flavonoid 3',5’-hydroxylase is of petunia, verbena, delphinum, grape, iris,
freesia, hydrangea, cyclamen, potato, pansy, egg plant, lisianthus or campanula origin.

Most preferably, the flavonoid 3',5’-hydroxylase is of petunia origin.

The gene construct of the present invention comprises a oucleic acid molecule encoding
a sequence encoding ¥',5"-hydroxylase and where necessary comprises additional genetic
sequences such as promoter and terminator sequences which allow expression of the
molecule in the transgenic plant. When the gene construct is DNA it may be cDNA
or genomic DNA. Preferably, the DNA is n*the form of a binary vector comprising
a chimaeric gene construct which is cai:able of being integrated into a plant genome to
produce the transgenic plant of the present inveation. The chimaeric gene construct
carries a plant promoter from a gene encoding an enzyme of the flavonoid pathway. A
preferred promoter is from the gene encoding chalcone synthase (CHS) and is



Nort hern Anal ysis a. D ant hus and Chrysant hemum RNA Total RNA
was isolated fromtissue that had been frozen in liquid Nerr] and ground

to.a fine powder using a nortar and pest4e. Ansgbgfﬁﬁglslp,@e}pufijﬂ?f 1Hdd
guani di ni um i sot hi ocyanate, 50 mM Tris-HClI (pH 8.0), mM EDTA, 0. 1% (Vv/v)

Sar kosyl, was added to the tissue and the m xture was hormgenl zed for 1

m nute using a polytron at maxi mum speed. The suspension was filtered
t hrough M racl oth (Cal bi ochen) and

20 Substitute sheet - 22 April 1998

referred to herein as the "CHS promoter”. The CHS promoter is particularly preferred
since it directs the high level expression of genetic sequences operably linked down
stream thereof, The most preferred binary vectors are pCGP484, pCGP485, pCGP653
and pCGP1458.

By "nucleic acid molecule” as used herein is meant any contiguous series of nucleotide
bases specifying a sequence of amino acids in 3',5'-hydroxylase. The nucleic acid may
encode the full length enzyme or a functional derivative thereof. By "derivative” is
meant any single or multiple amino acid substitutions, deletions, andlor:addiﬁons relative
'_ to the naturally-occurring enzyme. In this regard, the nucleic acid includes the naturally-
occurring nucleotide sequence encoding 3’,5-hydroxylase or may contain single or
multiple nucleotide substitutions, deletions and/or additions to said naturally-occurring
sequence. The terms "analogues” and "derivatives” also extend to any functional
chemical equivalent of the 3',5'-hydroxylase, the only requirement of the said nucleic
acid molecule being that when used to produce a transgenic plant in accordance with the
present invention said transgenic plant exhibits one or more of the following properties:

(i) production of 3',5'-hydroxylase-specific mRNA;

(ii) production of 3',5'-hydroxylase protein;

(iii) production of delphinidin and/or its derivatives; and/or
(iv) altered infloresence.

More particularly, said transgenic plant exhibits one or more of the following properties:

(i) increased levels of 3',5'-hydroxylase-specific mRNA above non-transgenic
endogenous levels;

(ii) increased production of 3’ 5’-hydroxylase protein;

(iii) elevated levels of production of delphinidin and/or its derivatives above non-
transgenic endogenous levels; and/or

(iv) altered infloresence.



centrifuged in a JA20 rotor for 10 m nutes at 10,000 rpm The supernat ant
was col lected and nade to 0.2 g/ nL CsCl (wv). Sanples were then | a gered
over a 10 nL cushion of 5.7 M CsC, 50 BM EDT/SyhstituteOyheet -382 April 199

Qui ck-seal centrifuge tubes (Beckrran) and centrifuged at 42,000 rpm for
12-16 hours at 23 in a Ti-70 rotor. Pellets were resuspended I n TE/ SDS (10
mM Tris-HCI (pH 7.5), 1 nmM EDTA, 0.1% (wv) SDS) and extracted with

phenol : chl or of orm i soanyl al cohol (25:24:1) saturated in 10 nM EDTA (pH
7.5). Follow ng et hanol precipitation the RNA pellets were resuspended in

TE/SDS. Pt S@iIBk SSid'RbRebeGcH HRRG GG b s biiig %rgxbz?%{ngmm WiRtr- 2%

(wv) agarose gel's using running
nor phol i nopmolzaulesandppreferablyan expresiion-0dctors SM:IS oehmrrmateeﬁlai eepli&ati: anloeDTA

(pH 8.0). The RNA transf rre nd-N tjgg Aner s as

descri bed oy &‘WQH%E {Fete I e F FRedfi parts

(10[err] cpm:%ra:}aca aBIe%@Erﬁé%rind‘dOEH{dM pldRt gbxy&ﬁé HEShiDdle Q&dfi?&léaﬂ@% and
C) was ca g

hybridi zation (16 h at 42[err rried out in 50% (v/v) fornmam
M Nadl , 1% #ddingnalipSontaiya sequenceiusefulan facilipating saidDeypgratiod aadlomprem:m DNA

(100 sequence capable of directing expression of the nucleic acid molecule in a plant cell. The
nucleic acid molecule and promoter may be introduced into the cell by any number of

means such as by electroporation, micro-projectile bombardment or A4grobacterium-
- mediated transfer.

In accordance with the present invention, 2 nucleic acid molecule encoding 3',5'-
hiydroxylase may be introduced into and expressed in a transgenic plant selected from the
‘list consisting of rose, carnation and chrysanthemum thereby providing a means to convert
DHK and/or other suitable substrates into anthocyanin derivatives of anthocyanidins such
as petunidin, malvidin and especiaily delphinidin. The production of these anthocyanins
may contribute to the production of a variety of shades of blue colour or blue-like colour
or may otherwise modify flower colour by diverting anthocyanin production away from
pelargonidin, cyanidin and peonidin and their derivatives and towards delphinidin and its
derivatives. Expression of the nucleic acid sequence in the plant may be constitutive,
inducible or developmental.  The expression "altered inflorescence™ means any alteration
in flower colour relative to the naturally-occurring flower colour taking into account
normal variations between flowerings. Preferably, the altered inflorescence includes
production of various shades of blue, purple or pink colouration different to those in the
non-transgenic plant, | |

The present invention also contemplates a method for pioducing a transgenic flowering
plant exhibiting elevated levels of production of delphinidin and/or its derivatives above
non-transgenic endogenous levels, said method comprising introducing into a cell of a
plant selected from the list consisting of rose, carnation and chrysanthemum, a nucleic
acid molecule encoding a sequence encoding 3',5'-hydroxylase under conditions

permitting the eventual expression of said nucleic acid molecule, regenerating a transgenic



[err]/mL) was added with the [err]P-1abelled probe for the hybridization
st ep. Filters were washed in 2 x SSC/ 1% (wv) SDS at 65[err]C for 1 to 2

hours and then 0.2 x SSC 1% (w'v) SDS gt 65Cg{ @kritlite dHeet -MPRApri 1938 S
wer e exposed to Kodak XAR filmwi th an ?ntensisg@i n'g screen at -'FO for 48

hour s. Nort hern anal ysis of Dianthus cv. Red Simtransfornmed with plasmd
pCGP90 indicated that eight of thirteen plants were positive. b.
Rosa RNA Total RNA was extracted from petals (buds and of flowers 5 days

post - har veplant Frawrhl 8¢l and ighawvit isiddradsgbhio plag, fol A%ime and under conditions
sufficient to permit the expression of the nucleic acid molecule into the 3°,5’-hydroxylase
enzyme. The present invention is also directed to a method for producing a transgenic
plant selected from rose, carnation and chrysanthemum, said method comprising
introducing into said plant a gene construct containing a nucleic acid sequence encoding’
a flavonoid 3',5'-hydroxylase characterised in that said transgenic plant produces higher
levels of anthocyanin derived from delphinidin relative to non-transgenic plants of the
same respective species.

. In a preferred embodiment, the transgenic flowering plant exhibits altered inflorescence
properties coincident with elevated levels of delphinidin production, :?u;d the altered
inflorescence includes the production of blue flowers or other bluish shades depending
on the physiological conditions of the recipient plant. In certain plant species it may be
preferabl_c to select a "high pH line", such being defined as a variety having a higher than
average petal vacuolar pH. The origin of the recombinant 3',5'-hydroxylase or its mutants
and derivatives may inciude, petunia, verbena, delphinium, grape, iris, freesia, hydrangea,
cyclamen, potato, pansy, lisianthus, campanula or eggplant.:

Consequently, the present invention extends to a transgenic rose, carnation or
chrysanthemum plant containing all or part of a nucleic acid molecule representing 3',5'-
hydroxylaée and/or any homologues or related forms thereof and in particular those
transgenic plants which exhibit elevated 3’,5’-hydroxylase-specific mRNA and/or elevated
production of delphinidin derivatives and/or altered inflorescence properties. The
transgenic plants, therefore,.contain a stably-introduced nucleic acid molecule comprising

a nucleotide sequence encoding the 3',5'-hydroxyla§e enzyme. The invention also extends -
to progeny from such transgenic plants and aiso to reproduction material therefm" (e.g.
seeds). Such seeds, especially if coloured, will be useful inter alia as proprietary tags for
plants.

The present invention is further described by reference to the following non-limiting

Figures and Examples.
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EXAMPLE 15 [err] P-Label | ing of DNA Probes DNA

fragments (50 to 100 ng) were radioactiywely | gshektitewhelt 5@ dpril G998
[err] dCTP using an oligolabelling kit (Bresatec). Unincorporated

[err]-dCTP was renoved by chromat ography on a Sephadex G 50 (Fine) colum.
EXAMPLE 16 ' :

In the Figures:
Figures 1(A) and (B) are schematic representations of the biosynthesis pathway for the
flavonoid pigments. Enzymes involved in the first part of the pathway have been
indicated -as follows: PAL = Phenylalanine ammonia-lyase; C4H = Cinnamate 4-
hydroxylase; 4CL = 4-coumarate: CoA ligase; CHS = Chalcone synthase; CHI =
Chalcone flavanone isomerase; F3H = Flavanone 3-hydroxylase; DFR =
Dihydroflavonol-4-reductase; UFGT = UDP-glucose: flavonoid-3-O-glucosyltransferase.
The later 'steps correspond to conversions that can occur in P. hybrida flowers and
include: 1 = addition of a thamnose sugar to the glucosyl residue of cyanidin-3-glucoside
- and delphinidin-3-glucoside; 2 = acylation and 5-O-glucosylation; 3 = 3'-methylation;
4 = 5’ methylation; 5 = 3’5’ methylation.

Figure 2 is a diagrammatic representation of the binary expression vector pCGP812,
contruction of which is described in Example 3. Gent = the gentamycin resistance gene;
LB = left border; RB = right border; nptll = the expression cassette for neomycin
phosphotransferase II; GUS = the S-glucuronidase coding region. Chimaeric gene insert
is as indicated, and described in Example 3. Restriction enzyme sites are marked.

Figure 3 is a diagrammatic representation of the binary expression vector pCGP485,
contruction of which is described in Example 4. Gent = the gentamycin resistance
gene; LB = left border; RB = right border; nptll = the expression cassette for
neomycin phosphotransferase II. Chimaeric gene insert is as indicated, and described
in Example 4. Restriction enzyme sites are marked.

Figure 4 is a diagrammatic representation of the binary expression vector pCGP628,
contruction of which is described in Example 5. Gent = the gentamycin resistance
gene; LB = left border; RB = right border; nptll = the expression cassette for
neomycin phosphotransferase II. Chimaeric gene insert is as indicated, and described

in Example 5. Restriction enzyme sites are marked.



Arit hocyani din Analysis Prior to HPLC anal ysis the anthocyani n nol ecul es
present in petal extracts were acid hydrolysed to renove gl ycosyl noieties
fromthe anthocyanidin core. The hydroxgl ati orsybstiterensioeett-h22 BprilnP®8 t he
ant hocyani n pi gnents was determ ned .by HPLC anal ysis of the anthocyanidin
core nol ecule. The HPLC systemused in this analysis was a Hew ett-Packard
1050 equi pped with a nultiwavel ength detector (MAD). Reversed phase

chromat ographi ¢ separations were perfornmed on a Spherisorb S5 ODS2
cartridge colum, 250 nmmx 4 nm | D. a. Extraction of

ant hOCyanl( Fig aﬁdsm a \dipeirimatit Qupresenk gm&nlbs :hebmagxéxp&eishs(ix 7¢oom ?6@653
segnents (ca. 50 ano ntai ning,1% (v/v) .0of gqueous
6M hydrochmePF@caew é@&&%&;&% Ie 6 t%‘%f’e? Qﬁa RefiptRRGee d
(M1lex HV.gleANHerd i ASdrir; KRB W Hght BBrdéH Onpdie J"ﬂ:@eiﬂéis%ﬁ cassette for
neomycin phosphotransferase [I. Chimaeric gene insert is as indicated, and described

in Example 6. Restriction enzyme sites are marked.

Figure 6 is a diagrammatic representation of the binary expression vector pCGP484,
contruction of which is described in Example 7. Gent = the expression cassette for

the gentamycin resistance gene; LB = left border; RB = right border; nptll =
neomycin phosphotransferase II. Chimaeric gene insert is as indicated, and described

in Example 7. Restriction enzyme sites are marked.

Figure 7 is a diagrammatic representation of the binary expression vector pCGP1458,
comtruction of which is described in Example 8. npt = the neomycin
phosphotransferase I resistance gene; ; LB = left border; RB = right border; nptll
= the expression cassette for neomycin phosphotransferase II. Chimaeric gene insert
is as indicated, and described in Example 8. Restriction enzyme sites are marked.

Figure 8 shows a photograph of an autoradiographic representation of a Southern
hybridizition of Royalty callus tissue transformed with pCGP628. Genomic DNA
was digested with EcoRI and probed with the 720bp EcoRV internal fragment of
Hf1 cDNA. Negative controls (N) are Royalty callus tissue transformed with pCGP
293. The postive control (H) contains 10pg of the HfI fragment. The arrows indicate
the 2kb EcoRI fragment expected in transformed plants.

Figure 9 shows a photograph of an autoradiographic representation of a Southern
hybridization of Chrysanthemum cv. Blue Ridge plants, transformed with pCGP484.
Genomic DNA was digested with Xbal, which releases a 2.3kb Hf1-PLTP fragment,
and probed with a 1.8kb E_sgI/ﬁs_gHI fragment released from pCGP602, containing the
Hf1 cDNA. Negative control (N) is genomic DNA isolated from non-transformed
Blue Ridge plants. The postive control (P) is plasmid DNA of pCGP485 digested with



b’ Hydrol ysi s of anthocyanins Crude nethanolic extracts (100
[err]) obtained in a. above were evaporated to dryness in Pierce

Reacti-Vials using a stream of dry nitrggen agubgetititesheetat22 AprilHio98
resi dues were dissolved in 200[err] 2M HCO, vials were capped and then
heated at 100[err]C for 30 m nutes. Hydrolysis mxtures were diluted with
water (1:9) and filtered (MIlex HV, 0.45err]) prior to HPLC anal ysis.

22 SHART! HteCartdVs GhdititetHePs kb pPtlict expected in transformed plants.

EXAMPLE 1
Materials
Eriodictyol and dihydroquercetin were obtained from Carl Roth KG and naringenin
was obtained from Sigma. Dihydromyricetin was chemically synthesized from

myncetm (Extra Synthese, France) by the method of Vercruysse et al. (1985). PH}
naringenin (5.7 Ci/mmole) and [3 H}-dihydroquercetin (12.4 Ci/mmole) were obtained

from Amersham. All enzymes were obtained from commercial sources and used

»  according to the manufacturer’s recommendations.

The Escherichia coli strain used was:

DH5a supE44, A(lacZYA-ArsF)U169, ¢80lacZAM15, hsdR17 (rk mk+)
recAl, endAl, g};;A%, thi-1, relAl, deoR. (Hanahan, 1983 and BRL,
1986).

The disarmed Agrobacterium tumefaciens strains AGLO (Lazo et al., 1991) and LBA4404
(Hoekema et al., 1983) were obtained from Dr R Ludwig, Department of Bi'oiogy,
University of California, Santa Cruz, USA and Calgene, Inc. CA, USA, respectively.

The armed Agrobacterium tumefaciens strain ICMP 8317 was obtained from Dr Richard

Gardaer, Centre for Gene Technology, Department of Cellular and Molecular Biology,
University of Auckland, New Zealand.

The cloning vector pBluescript was obtained from Stratagene.

Plants were grown in specialised growth rooms with a 14 hr day length at a light

intensicy of 10,000 lux minimum and 2 temperature of 22 to 26.



-

C. Chr omat ogr aphy Separation of flower pignments was effected via

gradient elution using the follow ng system Sol vent A:

(triethylam ne: conc. [err] [err] (3:2.518000) sybstituse! ' .
acetonitrile G adient Conditions: 5% B to 40% B of\é‘(rae%o%n% ﬁtﬁ’t”és? 998
Flow Rate: 1 ml/mn Tenperature 35[err]C Detection: MAD with

si mul t aneous data acquisition at 280, 350 and 546nm The ant hocyani din
peaks were identified by reference to known standards. An alternative
met hod for the analysis of anthocyanin nol ecul es present in petal extracts

is to be found in Brugliera et al, ézgﬁ IQE C analysis is conducted to
determ ne the presence of del phi ni ni din and
Construction of pCGP 90
Plasmid pCGP90 was constructed by cloning the cDNA insert from pCGP602
(International Patent Application PCT/AU92/00334; Publication Number WO

93/01290) in a sense orientation behind the Mac promoter (Comai er 4L, 1990) of
pCGP293..

The binary expression vector pCGP293 was derived from the Ti binary vector
pCGN1559 (McBride and Summerfelt, 1990). Plasmid pCGN1559 was digested with
Kpnl and the overhanging 3’ ends were removed with T4 DNA polimerase according
to standard protocols (Sambrook et al.,1989). The vector was then further digested
with Xbal and the resulting 5 overhang was repaired using the Klenow fmgment of
DNA polymerase I The vector was then re-ligated to give pPCGP67. A 1.97 kb Pstl
fragment containing the Mac promoter, mas terminator and various cloning sites
(Comai er al, 1990) was isolated from pCGP40 and inserted into the Pstl site of
pCGP67 to give pCGP293.

Plasmid pCGP40 was constructed by removing the GUS gene (Jefferson eélal., 1987)
as a BamFI1-Sacl fragment from pCGN7334 and rei:lacing it with the BamHl-Sacl
fragment from pBluescribe M13 that includes the multicloning site. Plasmid
~ pCGN7334 (obtained from Calgene, Inc. CA, USA), was constructed by inserting the

fragment containing the chimaeric Mac-GUS-mas gene into the Xhol site of
pCGN7329 (Comai e al., 1990).

The BamHI-Kpnl fragment containing the above-mentioned cDNA insert was then
isolated from pCGP602 and ligated with a BamHI/Kpnl fragment of pCGP293.
Correct insertion of the insert in pCGP90 was established by restriction analysis of

DNA isolated from gentamycin resistant transformants.



cyéni din pignments in sanples of carnation, chrysanthemum and rose tissues
havi ng been transfornmed with one or other of the plasm ds pCGP90, pCGP485,

pCGP484, pCGP628, pCGP653 or pCGP1458. Rapr esesudktinftediHertaf 22 AP0 008
pCGP485 and pCGP653 in transgenic carnation flowers are shown in Table 1.
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TABLE 1

EXAMPLE 3
Construction of pCGP 812
The binary expression vector pCGP812 was derived from the Ti binary vector
pCGN1558 (McBride and Summerfelt, 1990). A 5.2 kb Xhol fragment containing the
chimaeric mas-355-GUS-ocs gene was isolated from pKIWI 101 (Jannsen and Gardner,
1989) and sub-cloned into the Xhol site of pBluescript KS to give pCGP82. The 5.2
kb fragment was then re-isolated by HindIII/Kpnl digestion and sub-cloned into the
~ HindII/Kpal sites of pCGN1558 to give pCGP83.

Plasmid pCGP83 was restricted with Kpnl and the overhanging 3 ends were ren‘zoved
with T4 DNA polymerase according to standard protocols (Sambrook ez 22,1989). A
Smal-BamFl adaptor (Pharmacia) was then ligated to the flushed Kpnl sites to give
BamHI "sticky” ends. A 3.8 kb BglII fragment containing the chimaeric Mac-F{fI-mas
gene from pCGP807 (described below) was ligated with the BamHI "sticky™ ends of
pCGP83 to yield pCGP812 (Figure 2).

The plasmid pCGP807 was constructed by ligating the 1.8 kb BamHI-Kpnl fragment
containing the above-mentioned Hf! cDNA insert from pCGP602 with BamHI-Kpal
ends of pCGP40.

EXAMPLE 4
Construction of pCGP 485
The binary vector pCGP485 was derived from the Ti binary vector pCGN1547
(McBride and Summerfelt, 1990). A chimaeric_gene was constructed coansisting of (i)
the promoter sequence from a CHS gene of snapdragon; (ii) the coding region of the
above-mentioned ¢cDNA insert from pCGP602 from petunia, and (iii) a petunia
phospholipid transferase protein (PLTP) terminator sequence. The CHS promoter
consists of a 1.2 kb gene fragment 5’ of the site of translation initiation (Sommer and
Saedler, 1986). The petunia cDNA insert consists of a 1.6 kb Lc:u/f-_sgl fragment from
the cDNA clone of pCGP602 (International Patenc Application PCT/AU92/00334;
Publication Number WO 93/01290). The PLTP terminator sequence consists of 2 0.7



HPI:C Anal ysi s of pCGP90, pCGP485 and pCGP653 Transgeni ¢ Fl owers

Sanmpl e % Del phi nidin % Pel ar goni di n % Cvani di n
NON- TRANSGENI C CARNATI ON: Cultivana Re&uBshtute sheet - 22 Q\p,,, 1998
85. 3 0. 8 TRANSGENI C CARNATI ON: Red Sim + pCGP90
(i) Acc #* 1933 1.9 ~ 82,7 (ii) Acc #
2011 : 76. d R Sim+ pCEP485
(i) Acc# 36 MI fragment from pC?GP 13A B%(Holrt]on, 1992), wlx%clginlcmdcs akdQbpi m
+  pCGP653 i) - . 1
3 2 un e&géct) #f é&g ﬁ:&@ggédz region of ldhe lPLTP gene: é]' l'ie Hihndéric
7.5 CHS/ cD A insert/PLTP gene was cloned into the Pstl site of pCGN1547 to create

oCGP435.

EXAMPLE 5

Construction of pCGP 628
Plasmid pCGP176 (International Patent Application PCT/AU92/00334; Publication
Number WO 93/01290) was digested with EcoRI and Spel. The digested DNA ‘was
filled in with Klenow fragment according to standard protocols (Sambrook ez al.,1989),
and selfligazed. The plasmid thereby obtained was designared SCGP6Z7. An
Xbal/Kpnl digest of pCGP627 yielded a 1.8 kb fragment which was ligated with 2 14.5

kb fragment obtained by Xbal/Kpnl digestion of pCGP293. The plasmid thus created
was designated pCGP628.

EXAMPLE 6
Construction of pCGP 653
Plasmid pCGP293 (described above in Example 2) was digested with Xbal and the
resulting 5’ overhang was filled in using Klenow fragment according to standard
protocols (Sambrook er 2/,1989). It was then digested with HindIll. During this
procedure, the Mac promoter (Comai ez 2, 1990) was deleted. A 0.8 kb perunia CHS-
A promoter from pCGP669 (described below) was ligated into this backbone as a
blunt-ended EcoRI/HindIlI fragment. This plasmid product was designated pCGP672.

An Xbal/Asp718 digestion of pCGP807 (descrihed in Example 3, above) yielded 2 1.8
kb fragment containingthe Hf7 cDNA, which was ligated with 2 16.2 kb Xbal/Asp718
fragment from pCGP672. The plzsxmd thus created was designated pCGP653.

A promoter fragment of the CHS-A gene was amplified by PCR, using the
oligonucleotides CHSA-782 and CHSA +34 is primers-(see sequences below) and
Petunia bybrida V30 genomic DNA as template. The PCR product was cloned into
ddT-tailed pBluescript (Holton and Graham, 1991) and the orientation of the gene



ACc # = plant accession nunber ** nd = not detected

EXAMPLE 17 Preparation of Plant Extracts for Assay of 3" ,5
-Hydroxyl ase Activity Plant tissue was {lgonogegupsttite shekd -t22dprild 988 of
i ce-cold extraction buffer (100 nmM pot assi um phosphate (pH7.5), 1 nM EDTA,
0.25 M sucrose, 0.25 Mmannitol, 0.1% (wv) BSA 0.1 ng/nL PMSF, 20 nM -
2- mer capt oet hanol and 10 ng/ nlL polyclar AT). The honpbgenate was centrifuged
at 13, 000 rfragrhentaverlfi@l byt mstricBeakenmymef arappingni Thet pla@nidh dhesn creehieduwts of

the super ”aﬁgf'gtna?‘e%s 3&&(1’6]:68.r 'P}Ixé gii_gogyc?go?f(d\él&?ﬁerascvj[vér\élcse\éigned to the published

sequence of the petunia CHS-A promoter (Koes, 1988).

CHSA-782
5’ GTTTTCCAAATCTTGACGTG 3
CHSA +34
5 ACGTGACAAGTGTAAGTATC 3
EXAMPLE 7

Construction of pCGP 484
Construction of pCGP484 was identical to that for pCGP485, outlined above in
Example 4, except that pCGP484 contains the 3.5 kb Pstl fragment (containing the
chimaeric gene CHS-HfI-PLTP) in the opposite orientation.

EXAMPLE 8
Construction of pCGP 1458
The plasmid pCGP1458 was contructed using the 10 kb binary vector pBIN19 (Bevan,
1984) as the backbone. Plasmid pBIN19 was digested with EcoRI and the resultiﬁg 5
overhang was filled in using Klenow fragment, according to standard protocols
(Sambroc;k et al,1989). Plasmid pCGP485 was digested with Pstl to remove the
chimaeric CHS/cDNA insert/PLTP gene as a 3.5 kb fragment. The 3’ overhang
resulting from Pstl digestion was removed with T4 DNA polymerase and this fragment
was then ligated into the filled in EcoRI site of the plasmid pBIN19.

EXAMPLE 9
Transformation of E coli and A. tumefaciens
Transformation of the Escherichia coli strain DH5a-cells with one or other of the
vectors pCGP812, pCGP90, pCGP485, pCGP628, pCGP633, pCGP484 or pCGP1458

was performed according to standard procedures (Sambrook et al,, 1989)-or Inoue et
al., (1990). '



24" Substitute sheet - 22 April 1998 3',5" - Hydroxyl ase Assay
3',5" -Hydroxyl ase enzyne activity was neasured using a nodified version of

the method descri bed by Stotz and Forkmagn (198bstifiite sheedy zza@r"qrggg
m xture typically contained 195 [eri] of plant extract, 5[err] of 50

NADPH i n assay buffer (100 mM pot assi um phosphate (pH8.0), 1 nmM EDTA and 20
MV 2- mer ¢ Phe gilisamid| pcmv.l@mmo pOGPUBS, rbCBBHBJ pGP653, anGPI-manr

i ur eomggf[lﬁéi%«@a%}: ol itp BHeApRroBrate RGP AR PPRLnEH AR at o

S5 0 AN, I s )it

cel | ul ose grispared by inoculating a 50 mL MG/L (Garfinkel and Nester, 1980) culture and
growing for 16 h with shaking at 28. The cells were then pelleted and resuspended in
0.5 mL of 85% (v/v) 100 mM CaCl,/15% (v/v) glycerol. The DNA-Agrobacterium
mixture was frozen by incubation in liquid N5 for 2 min and then allowed to thaw
by incubation at 37 for 5 min. The DNA/bacterial mixture was then placed on ice for
a further 10 min. The cells were then mixed with 1 mL of MG/L media and
incubated with shaking far 16 h at 28. Cells of A. tumefaciens carrying either
pCGP812, pCGP90, pCGP485, pCGP628, pCGP653 or pCGP484 were selected on
MG/L agar plates containing 100 #g/ml gentamycin. Cells of A. tumefaciens carrying
pCGP1458 were selected on MG/L agar plates containing 100 #g/mL kanamyecin. The
presence of the plasmid was confirmed by Southern analysis of DNA isolated from the

gentamyecin-resistant transformants.

EXAMPLE 10
Transformation of Dianthus caryophyllzs
a. Plant Material :
Dianthbus caryopbyllus, (cv. Crowley Sim, Red Sim, Laguna) curtings were obtained
from Van.Wyk and Son Flower Supply, Victoria, Australia. The outer leaves were
removed and the cuttings were sterilized briefly in 70% (v/v) ethanol followed by
1.25% (w/v) sodium hypochlorite (with Tween 20) for 6 minutes and rinsed three
times with sterile water, All the visible leaves and axillary buds were removed under

the dissecting microscope before co-cultivatian

b.  Co-cultivation of Agrobacterium and Dianthus Tissue

Agrobacterium tumefaciens strain AGLO (Lazo er al., 1991), containing any one of the
binary vectors pCGP90, pCGP812, pCGP485 or pCGP653, was maintained at 4 on
MG/L (Garfinkel and Nester, 1986) agar plates with 100 mg/L gentamycin. A single
colony was grown overnighe in liquid MG/L brotch and diluted o 5 x 16% cells/mL

next day before inoculation. Disnthus tissue was co-cultivated with Agrobacrerium



| ayer plates (Merck Art 5577, Germany) using a chloroform acetic acid:
water (10:9:1, v/v) solvent system At the conpletion of the
chromat ogr aphy, the TLC pl ates were ai n&ri ed Subdtitine stesstt-i 22 Aprddl298
| ocal i sed by autoradi ography and identified by conparison to
non-radi oacti ve naringenin, eriodicryol, dihydroquercetin and

di hydronyricetin standards which were run al ongside the reaction products
and vi sual o Mumshige and/Skeeg!s (1962) medium (MS) supplemented with 3% sucrosEXRK®LE 18

Tr ansf or | Oy Of Varho CUlL I Vedlaly al, l\gaer| enes _cqntal i any
one of tggg st TR ‘%@Eﬁ%“‘ﬁ%&@ﬁ&% O] ,“‘%@@E@?“ 84
or pCGP1458gas(pHits.nduced into plant varieties of rose, carnation and
chrysant hemum usi ng Agrobacterium nedi ated gene transfer, as described in
Exanpl es 10, 11 and 12. Integration of the appropriate chinmaeric gene into .
t he plant geno | ' PR | ysis of plants obtained after
kananycin g‘el eg?ﬁ%‘?]"{a’ﬁ%@%%‘f ySi S@?fg?baggg to detect the presence of

ant hocyani Ce-cakivired rrisswel was dexmsfarted 16, MSbmedium supplemented with 1 mg/L

benzylaminopurine (BAP), 0.1 mg/L NAA, 150 mg/L kanamycin, 500 mg/L ticarcillin
and 0.8% Difco Bacto Agar (selection medium). After three weeks, explants were

)

transferred to fresh selection medium and care was taken at this stage to remove
axillary shoots from stem explants. After 6-8 weeks on selection medium healthy
adventitious shoots were transferred to hormone free MS medium containing 3%
sucrose, 150 mg/L kanamycin, 500 mg/L ticarcillin, 0.8% Difco Bacto Agar. At this
stage GUS histochemical assay (Jefferson, 1987) and/or NPT II dot-blot assay
(McDonnell ez al.,, 1987) was used to identify transgenic shoots. Transgenic shoots
were transferred to MS medium supplemented with 3% sucrose, 500 mg/L ticarcillin
and 0.4% (w/v) Gelrite Gellan Gum (Schweizerhall) for root induction. All cultures
were maintained under a 16 hour photoperiod (120 4E cool white fluorescent light) ac
23+ 2. When plants were rooted and reached 4-6 cm tall they were acclimatised under
mist. A mix containing a high ratio of perlite (75% or greater) soaked in hydroponic
mix (Kandreck and Black, 1984) was used for acclimation, which typically lasts 4-5
weeks. Plants were acclimatised ac 23°C under a 14 hour photoperiod (200 E
mercury halide light).

EXAMPLE 11
Transfofmztion of Rosa bybrida
1. Rosa bybrida cv Royalty
Plant tissues of the rose cultivar Royalty were transformed according to the method
disclosed in PCT 91/04412, having publication aumber WQ92/00371.

2. Rosa bybrida cv Kardinal
a. Plant Material

Kardinal shoots were obtained from Van. Wyk and Son Flower Supply, Victoria,



Pl ant s successful |y rendered transgenic and which are able to express the
transgene in accordance with the present invention, have significant |evels

of-3",5" -hydroxylase enzyme activity inqeadditighstitute shét‘-'&'f”ﬂi?ﬁ'?é
ant hocyani ns (seen in Exanple 16), conpared with non-transgenic controls

whi ch do not contain the gene necessary for the production of
3',5" -hydroxyl ase activity. 25

Substi t ut e a3368f, - 1 2fve\RWekd reh¥oVed and the remaining shoots (5-6 cm) were sterifized in = 10
: 1.25 % (w/v) sodium hypochlorite (with Tween 20) for 5 minutes followed by three
rinses with sterile water. Isolated shoot tips were soaked in ‘sterile water for 1 hour
and precultured for 2 days on MS medium containing 3% sucrose, 0.1 mg/L BAP, 0.1
mg/L kinetin, 0.2 mg/L Gibberellic acid, 0.5% (w/v) polyvinyl pyrrolidone and 0.25%
Gelrite Gellan Gum, before co-cultivation.

b. Co-cultivation of Agrobacterium and Rosa shoot Tissue

Agrobacterium tumefaciens strains ICMP 8317 (Janssen and Gardner 1989) and AGLO,
. containing the binary vector pCGP812, was maintained at 4°C on MG/L agar plates

with 100 mg/L genta.myci;x. A single colony from each Agrobacterium strain was
8 cells/mL
was prepared the next day by dilution in liquid MG/L. Before inoculation, the two
Agrobacterium cultures were mixed in a ratio of 10:1 (AGI.O/pCGPS 12 :
8317/pCGP812). A longitudinal cut was made through the shoot tip and an aliquot
of 2 yl of the mixed Agrobacterium cultures was placed as a dfop on the shoot tip.

grown overnight in liquid MG/L broth. A final concentration of 5 x 10

The shoot tips were co-cultivated for 5 days on the same medium used for preculture.

Agrobacterium tumefaciens strain AGLO, containing the binary vector pCGP1458, was
maintained at 4°C on MG/L agar plates with 100 mg/L kanamycin. A single colony
from each’Agrobacterium strain was grown overnight in liquid MG/L broth. A final
8

concentration of 5 x 10

MG/L.

cells/mL was prepared the next day by dilution in liquid

c. Recovery of Transgenic Rosz Plants

After co-cultivation, the shoot tips were transferred to selection medium. Shoot tips
were transferred to fresh selection medium every 3-4 weeks. Galls observed on the
shoot tips were excised when they reached 6-8 mm in diameter. Isolated galls were
transferred to MS medium containing 3% sucrose, 25 mg/L kanamycin, 250 mg/L
cefotaxime and 0.25% Gelrite Gellan Gum for shoot formation. Shoots regenerated
from gall tissue were isolated and transferred to selection medium. GUS histochemical

assay and callus assay were used to identify transgenic shoots. Transgenic shoots were



Carnation cv. Cowmey Sim+ pCG 90 The plasm d pCGP90 was introduced into
the carnation cultivar Crowl ey Si musing Agrobacterium nedi ated gene
transfer, as described in Exanple 10. |ngegrat isebstifutelshed®nS22 Wirili To9SE
pl ant genonme was confirmed by Southern analysis of plants obtained after
kananmycin selection. Nine plants were examned for the presence of the

nptll and Hf 1 genes zmg fof, the production of delphinidin. E ght of the
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(see Tabl e 7Z;
Table 2  photoperiod (60 1E cool white fludeaseent light) aK2hix 2. When thie toot system was

g)e | phi ni di Qregmgoped and the shoot reached 37 %%Ain length the t;msgenic rose plax-;ts BB
4 tradférted to auroclavedDebco 514110/2 forting mix in 8 cm tubes. After 2-3 weeks

plants were replanted into 15 cm pots using the same potting mix and maintained at
23 under a 14 hour photoperiod (300 xE mercury halide light). After 1-2 weeks potted
plants were moved to glasshouse (Day/Night temperature : 25-28/14) and grown to

flowering.

EXAMPLE 12
Transformation of Chrysentbemum morifolium
a. Plant Material
Chrysanthemum morifolium (cv. Blue Ridge, Pennine Chorus) curtings were obtained
from F & I Baguley Flower and Plant Growers, Victoria, Australia. Leaves were
removed from the cuttings, which were then sterilized briefly in 70% (v/v) ethanol
followed by 1.25% (w/v) sodium hypochlorite (with Tween 20) for 3 minutes and

rinsed three times with sterile water. Internodal stem sections were used for co-

cultivation.

b.  Co-cultivation of Agrobecterium and Chrysanthemum Tissue

Agrobacterium tumefaciens strain LBA4404 (Hoekema et al., 1983), containing any one
of the binary vectors pCGP90, pCGP484, pCGP485 or pCGP628, was grown on
MG/L agar plates containing 50 mg/L rifampicin and 10 mg/L gentamycin. A single
colony from each Agrobacterium was grown overnight in the same liquid medium.
These liquid cultures were made 10% wich egccrol".znd 1 mL aliquots transferred to
the freezer (-80). A 100-200ul aliquot of each frozen Agrobacterium was grown

overnight in liquid MG/L conraining 50 mg/L rifampicin and 10 mg/L gentamycin.
8

A final concentration of 5 x 10° cells/mL was prepared the next day by dilution in

liquid MS coataining 3% (w/v) sucrose. Stem sections were co-cultivated, with
Agrobacterium  containing any one of LBA4404/pCGP90, LBA4404/pCGP484,
LBA4404/pCGP485 or LBA4404/pCGP628, on co-cultivation medium for 4 days.
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Carnation cv. Laguna + pCGP 485 The plasm d pCGP485 was introduced into the
carnation cultivar Laguna using Agrobacterium nmedi ated gene transfer, as
described in Exanple 10. Int egration of the construct in the plant genone.

+ 0 + O1

was confi gmed m‘;&w-ymfrm@ sl Phetilins Piiticgi ned after kananycin’
sel ection. HPLC anal ysis of The anthocyanin nol ecul es present et al
extracts Adtergeculsiyation, thestam mgona mtrpnafmddjmekaxoolmedxmmgw B4 16,
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expr essi owrhidh hh'@wed the kanamycin selectxon were isolated and transferred to MS medium

containing kanamycin and cefotaxime for shoot elongation and root induction. All
cultures were maintained under a 16 hour photoperiod (80 uE cool white fluorescent
light) at 23 + 2°C. Leaf samples were collected from plants which rooted on
kanamycin and Southern blot analysis was used to identify transgenic plants. When
transgenic chrysanthemum plants reached 4-5 cm in length they were transferred to
autoclaved Debco 51410/2 _potting mix in 8 cm tubes. After 2 weeks plants were
replanted into 15 cm pots using the same potting mix and mamtzqu at 23°C under
a 14 hour photoperiod (300 £E mercury halide light). After 2 weeks porred plants
were moved to glasshouse (Day/Night temperature : 25-28°C/14°C) and grown to

flowering.
EXAMPIE 13
Southern Analysis
a. Isolation of Genomic DNA from Dianthus

DNA was isolated from tissue essentially as described by Dellépon:a et al., (1983). The
DNA preparations were further purified by CsCl buoyant deasity centrifugation
(Sambrook er 2L, 1989).

b. Isolation of Genomic DNA from Chrysanthernum

DNA was isolated from™leaf tissue using an extraction buffer containing 4.5 M
guanidinium thiocyanate, 50 mM EDTA pH 8., 25 mM sodium citrate pH 7.0,

0.1 M 2-mercaptoethanol, 2% (v/v) lauryl sarcosine. The plant tissue was ground to
a fine powder in liquid N5 following which extraction buffer was added (5 mL/g of
tissue) and the solution mixed on a rotating wheel for 16 h. The mixture was then
phenol: chloroform: isoamylalcohol (50:49:1) extracted twice and the genomic DNA

precipitated by adding three volumes of ethanbdl and cencrifuging for 15 min at
10,000 rpm.



26'; | Substitute sheet - 22 April 1998 exogenous DNA sequence, ie: the
Hf I cDNA sequence, introduced via transformation with the binary vector

pCGP485. 9 EXAM8ibstiiute sheet - 22 April 1998%0se
cv. Royalty + pCGP 485/ pCGP 628 The pl asm ds pCGP485 and pCGP628 were

I ntroduced into the rose cultivar Royalty using Agrobacterium nedi ated gene
transfer, as referred to in Exanple 11. Integration of the construct in the
pl ant genome was confirnmed by Southern anal ysis of plants '

c. Isolation of Genomic DNA from Rosz
DNA was extracted by grinding tissue in the presence of liquid N in a mortar and
. pestle and adding 1ml of extraction buffer (0.14 M sorbitol, 0.22 M Tris-HCI [pHS8.0],
0.022M EDTA, 0.8 M NaCl, 0.8% (w/v) CTAB, 1%N-laurylsarcosine) heared at 65°C.
Chloroform (200y]) was added and the mixture incubated at 65°C for 15 min.
Following centrifugation, the supernatant was phenol-chloroform extracted and then
added to an equal volume of isopropanol, inverting to mix. This mixture was
centrifuged and the pellet washed with 95% ethanol, re<entrifuged and washed with

70% ethanol. The pellet was vacuum-dried and resuspended in 30111 TE buffer (pH
8.0). .

d. Southern Blots

The genomic DNA (10 ug) was digested for 16 hours with 60 units of EcoRI and
electrophoresed through 2 0.7% (w/v) agarose gel in a running buffer of TAE (40 mM
Tris-acetate, 50 mM EDTA). The DNA was then denarured in denaruring solution
(1.5 M NaCl/0.5 M NaOH) for 1 to 1.5 hours, neutralized in 0.5 M Tris-HCI (pH
7.5)/ 1.5 M NaCl for 2 to 3 hours and the DNA was then transferred 1o 2 Hybond N
(Amersham) filter in 20 x SSC.

Southern “analysis of putative transgenic Dianthus, Rosa and Chrysanthemum plants
obtained after selection on kanamycin confirmed the integration of the appropriate
chimaeric gene into the genome.

EXAMPLE 14
Northern Analysis
a. Dianthus and Chrysanthemum RNA
Total RNA was isolated from tissue that had been frozen in liquid N and ground to
a fine powder using a mortar and pestle. An extraction buffer of 4 M guanidinium
isothiocyanate, 50 mM Tris-HCI (pH 8.0), 20'mM EDTA, 0.1% (v/v) Sarkosyl, was
added to the tissue and the mixture was homogenized for | minute using a polytron

at maximum speed. The §uspcnsion was filtered through Miracloth (Calbiochem) and



obt ai ned af t er kananycin sel ection. HPLC analysis of the anthocyanin
nol ecul es present in petal extracts is again carried out according to the

procedure set out in Exanple 16, above, Zp show yititiiecsiisrie Qﬁ Aoril 1998
, 5" -hydroxyl ated anthocyanin derivatives. These 3',5'-hydroxyl ated

anthocyanlns are only produced as a result. of the expre55|on of the
exogenous DNA sequence, ie: the Hf 1 cDNA sequence, introduced via
transformation with either of the binary vectors pCG485 or pCGP628.

EXAVPLE 22 centrifuged in 2 JA20 rotor forRiS eninvceskar 110,060 pCGBeJAfp%rﬂ'ii&x:me d

pCGP1458 wa ntrod ced,into ul ar ard| n si ng
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ant hocyani n(Beckewn) asd m&ﬁlgb and2,000xdp e forr k2etéchowrs an2l im < HF7O s:d:oo.uPeHets

di to th t
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3,5 -hydr os?syasd eﬂtﬁd&é&%ﬁlﬁeﬂ%ﬁ%ﬁbrﬁi@éﬂ!ﬁﬂ%@&o& (@R34h) s®bribPin 10
expressi on o tE%TA (PH 7.5). Following ethanol precipitation the RNA pellets were

resuspended in TE/SDS.

- RNA samples were electrophoresed through 2.2 M formaldehyde/1.2% (w/v) agarose
gels using running buffer containing 40 mM morpholinopropanesulphonic acid (pH
7.0), 5 mM sodium acetate, 0.1 mM EDTA (pH 8.0). The RNA wa.; transferred to
Hybond-N filters (Amersham) as described by the manufacturer and probed with 32p,
labelled cDNA fragment (10® epm/yug, 2 x 108 cpm/ml). Prehybridization (1 h at
42°C) and hybridization (16 h at 42°C) was carried out in 50% (v/v) formamide, 1 M
NaCl, 1% (w/v) SDS, 10% (w/v) dextran sulphate. Degraded salmon sperm DNA (100
pg/mL) was added with the F2P-labelled probe for the hybridization step.

Filters were washed in 2 x SSC/ 1% (w/v) SDS at 65°C for 1 to 2 hours and then 0.2
x SSC/ 1% (w/v) SDS at 65°C for 0.5 to 1 hour. Filters were exposed to Kodak XAR
film with an intensifying screen at -70 for 48 hours.

Northern analysis of Dianthus cv. Red Sim transformed with plasmid pCGP90

indicated that eight of thifteen plants were positive.

b. Rosa RNA
Total RNA was extracted from petals (buds and of flowers 5 days post-harvest)
according to the method of Manning, 1991.



exagenous DNA sequence, ie: the H 1 cDNA sequence, introduced via
transformation with the binary vector pCGP1458.
3 BTTo588
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EXAMPLE 23 Chrysant hemum cv. Bl uekRisdge +

The plasm ds pCGP484, pCGP485 and pCGPG?g \Aeresfe'%tgfoéé

chrysant henum cul tivar Bl ueRi dge usi ng -Agrobacterium nedi ated gene
transfer, as described in Exanple 12. Integration of the construct in the
pl ant genonme was 27
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EXAMPILE 15
32P-I.abelling of DNA Probes
DNA fragments (50 to 100 ng) were radioactively labelled with 50 pCi of [a—32P]-
dCTP using an oligolabelling kit (Bresatec). Unincorporaied [0-32P]-dCTP was
removed by chromatography on a Sephadex G-50 (Fine) column.

EXAMPLE 16
Anthocyanidin Analysis

Prior to HPLC analysis thé anthocyanin molecules present in petal extracts were acid
hydrolysed to remove glycosyl moieties from the antho'cyanidin core. The
hydroxylation pattern on the B ring of the anthocyanin pigments was determined by
HPLC analysis of the anthocyanidin core molecule. The HPLC system used in this
analysis was a Hewlerr-Packard 1050 equipped with 2 multiwavelength detector
(MWD). Reversed phase chromatographic separations were performed on a Spherisorb
§5 ODS2 cartridge column, 250 mm x 4 mm ID.

a. Extraction of anthocyanins and flavonoids
Flower pigments were extracted from petal segments (ca. 50 mg) with 5 ml of
methanol. containing 1% (v/v) of aqueous 6éM hydrochloric acid. Extracts were diluted

with water (1:9) and filtered (Millex HV, 0.45y) prior to injection into the HPLC
system.

b. Hydrolysis of anthocyanins

Crude merhanolic extracts (100 L) obrained in 2. above were evaporated to dryness
in Pierce Reacti-Vials using a streamof dry nitrogen at room temperature. The
residues were dissolved in 200uL 2M HCI, vials were capped and then heated at 100°C
for 30 minutes. Hydrolysis mixtures were diluted with water (1:9) and filtered (Millex
HYV, 0.45y) prior to HPLC analysis.



confirmed by Southern analysis of plants obtained after kanamycin

sel ection. HPLC analysis of the anthocyanin nolecul es present in petal
extracts is again carried out accordi ng2po thespbetirdbisheset 22IApri 1G98 €
16, above, to show the presence of 3',5' -hydroxyl ated anthocyanin
derivatives. These 3,5 hydroxylated ant hocyanins are only produced as a
result of the expressi on of the exogenous DNA sequence, ie: the Hf 1 cDNA
sequence, introduced via transformation with any one of the binary vectors
pCGP484, pCGP485 or pCGP628. EXAMPLE 24
Al tered Inft.orescenceCHrequgrephyon of the int roduced flavonoi d

3',5" -hydroxyl ase enzyne activit rans ant |

havi ng a § Bé °8'ﬁ’ﬂm‘rt¥ &a¢ 5E}ha° Ivd?ﬁ ém? Hs'ﬂgaﬁ@g’gh%’m%
pl ants may e fromthe pale pinks and reds of the non-transgeni c
control plarts to colours ranging froma_darker_ pink/maroon to a

bl ue/ pur pl e col oSiolvedthA: @dedﬁmyc@csﬁji@dssﬁgﬂ)e@ﬁmlqoﬁ) ms of nunbers

fromthe Royal rtlcutural
y Hgolvent : acetonitrile

Gradient Conditions: 5% B to 40% B over 20 minutes

Flow Rate: 1 ml/min

Temperature: 35°C

Detection: MWD with simultaneous data acquisition at 280, 350 and 546nm.
The anthocyanidin peaks were identified by reference to known standards. An
alternarive method for the analysis of anthocyanin molecules present in peral extracts
is to be found in Brugliera et al., 1994. |

HPLC analysis is conducted to determine the presence of delphinidin, pelargonidin and
cyanidin pigments in samples of carnation, chrysanthemum and rose tissues having
been transformed with one or other of the plasmids pCGP90, pCGP485, pCGP4834,
pCGP628, pCGP653 or pCGP1458. Representative data of pCGP90, pCGP485 and

pCGPé653 in transgenic carnation flowers are shown in Table 1.



Society's Colour Chart. In general, the changes can be described as noving
the colour fromthe pale-to-md pink hues of 60C/D - 65C/D, to the darker
bl vwer/ purpl er hues represented by many, t not : cobour . es
between 70 and 85. It should be remarrberzé‘]d thatsﬁéﬁgg%?'&%ﬁemgga'?‘lﬁ%ﬁﬁggé
physi ol ogi cal conditions will affect the individual outcome and the citing
of specific colours should not be interpreted as defining the possible
range. In the case of the transgenic carnation flower, Accession Nunber
3655, produced using the plasm d construct pCGP653 descri bed above, an
obvi ous bluing effect on the petals wapagiyegved. The nornal | y-orange-red
colour of Red Simcarnation cultivars (correspondi ng approxi mately to 45A/B
of the Royal Horticultural Society's Colour Chart) had changed to a

bl ue/ purpl hu?IPLC Analysis of pCGP90, pCGP485 and pCGP653 Transgenic Flowers

Sample ' % Delphinidin % Pelargonidin = % Cvanidn
NON-TRANSGENIC CARNATION:
Cultivar: Red Sim 0 85.3 0.8

TRANSGENIC CARNATION:
Red Sim + pCGP%

@ Acc# 1933 1.9 827 ad»=
@) Acc #2011 37 769 -- ad
Red Sim + pCGP435 '
@) Acc # 3634B : 13.0 75.1 23
Red Sim + pCGPé53
@) Acc #3660/2 18.1 ' 71.4 32
() Acc #3655 35.6 49.1 7.5

* Acc # = plant accession number

** nd = not detected

EXAMPLE 17
Preparation of Plant Extracts for Assay of 3/,5' -Hydroxylase Activity

Plant tissue was homogenised in a 10 times volume of ice-cold extraction buffer (100
mM potassium phosphate (pH 7.5), 1 mM EDTA, 0.25 M sucrose, 0.25 M maanitol,
0.1% (w/v) BSA, 0.1 mg/mL PMSF, 20 mM 2-mercaptoethanol and 10 mg/mL
polyclar AT). The homogenate was centrifuged at 13,000 rpm in a JA20 rotor
(Beckman) for 10 min at 4°C and an aliquot of the supernatant assayed for 3',5'-
hydroxylase activity. ' '



28" - Substitute sheet- 22 April 1998 Those skilled in the art w |
appreci ate that the invention described herein is susceptible to variations

and nodi fications other than those spechji call ﬁuggﬁﬁhbmet Ltzc# Agrf? o8

understood that the invention includes all such variations an
nodi fications. The invention also includes all of the steps, features,
conposi tions and conpounds referred to or indicated in this specification,

i ndividually or collectively, and any and all conbinations of any two or
nore of said steps or features.

3’5’ -Hydroxylase Assay

3,5’ -Hydroxylase enzyme activity was measured using a modified version of the
method described by Stotz and Forkmann (1982). The assay reaction mixture typically
contained 195 pL of plant extract, 5pL of 50 mM NADPH in assay buffer (100 mM
potassium phosphate (pHS8.0), 1 mM EDTA and 20 mM 2-mercaptoethanol), and 10°
dpm [14C] naringenin in a final volume of 200 L. Following incubation at 23
overnight, the reaction mixture was extracted twice with 0.5 mL of ethylacetate. The
ethyl acetate phase was dried under vacuum and then resuspended in 10 pL of ethyl
acetate. The radio-labelled flavonoid molecules were then separated on cellulose thin
layer plates (Merck Art 5577, Germany) using a chloroform: acetic acid: “water (10:9:1,
v/v) solvent system. At the completion of the chromatography, the TLC plates were
air-dried and the reaction products localised by autoradiography and identified by
comparison to non-radicactive naringenin, eriodictyol, dihydroquercetin and
dihydromyricetin standards which were run alongside the reaction products and

visualized under UV Light.

EXAMPLE 18
Transformation of various cultivars .

The chimaeric genes conrained in any one of the constructs pCGP90, pCGP812,
pCGP628, pCGP485, pCGP653, pCGP484 or pCGP1458 is introduced into plant
varieties of rose, carnation and chrysanthemum using Agrobacterium-mediated gene
transfer, as described in Examples 10, 11 and 12. Integration of the appropriate
chimaeric gene into the plant genome is confirmed by Southern analysis of plants
obtained after kanamycin selection and HPLC analysis is used to detect the presence
of anthocyanins as described in Example 16, above.

Plants successfully rendered transgenic and which are able to express the transgene in
accordance with the present invention, have significant levels of 3’,5/-hydroxylase
enzyme activity in addition to 3’,5’ -hydroxylated _anthocyanins. (seen in Example 16),
compared with non-transgenic controls which do not contain the gene necessary for

the production of 3’,5'-hydroxylase activity.
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Research Laboratories. BRL pUC host: E. coli DH6a[err] conpetent cells.
Bghesda Res. Lab. Focus 8(2): 9, 1986. 25 BevangudtitDke s8éét A22d&pe$99H8:

Lu,

8711-8721, 1984. Brugliera, F., Holton, T.A , Stevenson, T.W, Farcy,
C Y. and Cornish, E. C .

EXAMPLE 19
~ Carnation cv. Crowley Sim + pCGP 90

The plasmid pCGP90 was introduced into the carnation cultivar Crowley Sim using
Agrobacterium-mediated gene transfer, as described in Example 10. Integration of the
construct in the plant genome was confirmed by Southern analysis of plants obtained
after kanamycin selection. Nine plants were examined for the presence of the npel7
and HfI genes and for the production of delphinidin. Eight of the nine plants analyzed
were positive for both npzll and Hff but HPLC analysis was unable to detect any
evidence of delphinidin production by these plants (see Table 2; "Kan” = kanamycin).

Table 2 - -
# Acc# Kan Hf1 Delphinidin
1 1930A + + -
2 19428 + + -
3 2008B - - -
4 2217A + + -
5 2217B + + -
6 2338A + + .
7 2338B L+ + -
8 2338C + + -
9. 2338D + + -
EXAMPLE 20

Carnation cv. Laguna + pCGP 485
The plasmid pCGP485 was introduced into the carnation cultivar Laguna using
Agrobacterium-mediated gene transfer, as described in Example 10. Integration of the
construct in the phnt genome was confirmed by Southern analysis of plants obrained

after kanamycin selection. HPLC analysis of the anthocyanin molecules preseat in

- petal extracts is carried out according to the procedure set out in Example 16, above,

to show the presence of 3',5'-hydroxylated anthocyanin derivatives. These 3,5-

hydroxylated anthocyanins are only produced as a result of the expression of the

E.,



Plfant J. 5(1): 81-92, 1994, Comai, L., Moran, P. and Mslyar, D., Plant
Mol ecul ar Bi ol ogy 15: 373-381, 1990. Del | aporta, SJ., Wod, J. and Hick,

J.B. Plant MoL BioL Rep. 1: 19-21, 1983g Ebegubgt,tuwghbahl QQOAE,-" KKogalgn
The Favonoi ds: Advances in Research Since 1980. Har bor ne,

Academ c Press, New York, USA, 641-679, 1988. For kmann, G Pl ant Breed| ng
106: 1-26, 1991. Garfinkel, D.J. and Nester, E W J. Bacteriol. 144:

732-743, 138 kenous DNA sequence, ie: the HfI cDNA sequence, introduced via transformation
with the binary vector pCGP485.

EXAMPLE 21

Rose cv. Royalty + pCGP 485/pCGP 628
The plasmids pCGP485 ind pCGP628 were introduced into the rose cultivar Royalry
using Agobmeﬁum-ﬁe&ned gene transfer, as referred to in Example 11. Integration
of the construct in the plant genome was confirmed by Southern analysis of plants
obtained after kanamyrcin selection. HPLC analysis of the anthocyanin molecules
. present in petal extracts is, again carried out according to the procedure set out in
Example 16, above, to show the presence of 3’,5'-hydroxylated -anthocyanin
derivatives. These 3’,5/-hydroxylated anthocyanins are only produced as a result of
the expression of the exogenous DNA sequence, ie: the HfI ¢cDNA sequence,
introduced via transformation with either of the binary vectors pCGP485 or pCGP628.

EXAMPLE 22
Rose cv. Kardinal + pCGP 1458

The plasmid pCGP1458 was introduced into the rose cultivar Kardinal using
Agrobacterium-mediated géne transfer, as described in Example 11. Integrauon. of the
construct in the plant genome was confirmed by Southern analysis of plants obtained
after kanamycin selection. HPLC analysis of the anthocyanin molecules present in
petal extracts is again carried out‘accdrding to the procedure set out in Example 16,
above, to show the presence of 3/,5’-hydroxylated anthocyanin derivatives. These
3',5'-hydroxylated anthocyanins are only produced as a result of the expression of the
exogenous DNA sequence, ie: the Fff cDNA sequence, introduced via transformation
with the binary vector pCGP1'458.

EXAMPLE 23
Chrysanthemum cv. BlueRidge + pCGP 484/pCGP 485/pCGP 628
The plasmids pCGP484, pCGP485 and pCGP628 were introduced into the
chrysanthemum cultivar BlueRidge using Agrobacterium-mediated gene transfer, as

described in Example 12. Integration of the construct in the plant genome was
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confirmed by Southern analysis of plants obrained after kanamycin selection. HPLC'
analysis of the anthocyanin molecules present in petal extracts is again carried out
according to the procedure set out in Example 16, above, to show the presence §f
3/,5’-hydroxylated anthocyanin derivatives. These 3’,5-hydroxylated anthocyanins
are only produced as a result of the expression of the exogenous DNA sequence, ie: the

Hf1 cDNA sequence, introduced via transformation with any one of the binary vectors
pCGP484, pCGP485 or pCGP628.

EXAMPLE 24

Altered Inflorescence
The expression of the introduced flavonoid 3,5 -hydroxylase enzyme activity in the
transgenic plant is capable of having a marked effect on flower colour. Floral tissues
in transgenic plants may change from the pale pinks and reds of the non-transgenic
control plants to colours ranging from a darker pink/maroon to a blue/purple colour.
The colours may also be described in terms of numbers from the Royal Horrticultural
Society’ s Colour Chart. In general, the changes can be described as moving the colour
from the pale-to-mid pink hues of 60C/D - 65C/D, to the darker bluer/ purpler hues
represented by many, but not all, of the colour squares between 70 and 85. It should
be remembered that other biochemical and physiological conditions will affect the
individual outcome and the citing of specific colours should not be interpreted as

defining ‘the possible range.

In the case of the transgenic carnation flower, Accession Number 3655, produced using
the plasmid construct pCGP653 described above, an obvious bluing effect on the petals
was observed. The normally-orange-red colour of Red Sim carnation cultivars
(corresponding apprbximately to 45A/B of the Royal Horticultural Society’s Colour
Chart) had changed to a blue/purple hue.
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Those skilled in the art will appreciate that the invention described herein is susceptible
to variations and modifications other than those specifically described. It is to be
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combinations of any two or more of said steps or features.
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22 April 1998 CLAI Ms: 1. Atransgenic plant selected fromrose,
carnation and chrysant henum or progeny- or flowering parts_thereof wherein
said plant carries a genetic construct conpri si ng, a :

s g s

1. A transgenic plant selected from rose, carnation and chrysanthemum or progeny or

flowering parts thereof wherein said plant carries a genetic construct comprising a
promoter from a gene encoding an enzyme of the flavonoid pathway operably linked to
a gene encoding a flavonoid 3‘,5'-hydroxylase wherein said transgenic plant produces
higher levels of anthocyanins derived from delphinidin relative to non-transgenic plants
of the same species.

2. A transgenic plant according to claim 1 wherein the flavonoid 3',5'-hydroxylase is
of petunia, verbena, delphinium, grape, iris, freesia, hydrangea, cyclamen, potato, pansy,
egg plant, lisianthus or campanula origin.

3. A transgenic plant according to claim 2 wherein the flavonoid 3,5'-hydroxylase is
of petunia origin.

4. A transgenic plant according to claim 2 wherein the polypeptide is a flavonoid 3',5'
hydroxylase of lisianthus origin.

s. A transgenic plant according to any one of claims 1 to 4 wherein the promoter
is from the gene encoding chalcone synthase (CHS).

6. A transgenic plant according to claim 5 wherein the genetic construct is contained
in a plasmid selected from pCGP484, pCGP48S, pCGP653 and pCGP1458.

7. A transgenic plant according to claim 3 or-# or 5§ or 6 wherein said plant is a rose.

8. A transgenic plant according to claim 3 or 4 or 5 or 6 wherein said plant is a
carnation. |

9. A transgenic plant according to claim 3 or 4 or 5 or 6 wherein said plaﬁt is a
chrysanthemum.



pr“ormter -f-f-vm'a“'g'é'h'é'"encodi'n'g an enzyme of the flavonoid pat hway operably

linked to )11 E‘ flavonoid 3',5" - hydroxyl ase wherein said
tr—.ansgeni.cﬂ‘wm\mm i gher |evel s3& ant Igubgatitasskiati-ve2 Agriimoos
del phi ni di hsl'etatyve* t § ndn-transgenic plants of the sane species. 2. A
transgeni c plant according to claim1l wherein the flavonoid

3',5" -hydroxyl ase is of petunia, verbena, del phinium grape, iris, freesia,
hydr angea, cygGgha '&-an%gﬁﬁt A Nt . .l.I.S1 ant hus or _canpanul a
origin. 3. i\b’[ Ensg I'C ‘g?“énf a@%?’é?lﬁg&?‘o@lgl&'ﬂ? gf]%‘g %esfﬁ%@ﬁ | avonoi d
3',5 -hydroxylase is of petunia origin. 4. A transgenic plant according

to claim2 whetein the pol ypeptide is a flavongi.d 3',5 hydroxyl ase of
lisi ant hus or ﬁéﬂ r‘f{] transgeglc 1}‘ t%ccorging to claEm 7 ex?l?blgng altered m%lorescznce.

12. A transgenic plant according to claim 8 exhibiting altered inflorescence.
13. A transgenic plant according to claim 9 exhibiting altered inflorescence.

14. A method for producing a transgenic plant selected from rose, carnation and
chrysanthemum, said method comprising introducing into said plant a gene construct
comprising a promoter ﬁ'::m a gene encoding an enzyme of the ﬂa\{enoid pathway
operably linked to a pucleic acid sequence encoding a flavonoid 3',-5'-hydroxylase

. characterised in that said transgenic plant produces higher levels of an anthocyanidin
derivative of anthocyanins derived from delphinidin relative to non-transgenic plants of
the same respective species.

15. A method according to claim 14 wherein the flavonoid 3°,5'-hydroxylase is of

petunia, verbena, delphinium, grape, iris, freesia, hydrangea, cyclamen, potato, pansy,
egg plant, lisianthus or campanula origin.

16. A method according to claim 15 wherein the flavonoid 3',5'-hydroxylase is of
17. A method according to claim 15 wherein the flavonoid 3',5'-hydroxylase is of

lisianthus origin.

18. A method according to any one of claims 14 to 17 wherein the promoter is from
the gene encoding chalcone synthase (CHS).

19. A method according to claim 15 wherein the genetic construct is contained in a
plasmid selected from pCGP484, pCGP485, pCGP653 and pCGP1458.



5! A transgenic plant according to any one of claim1 to 4 wherein the
pronoter is fromthe gene encoding chal cone synthase (CHS). 6. A

tfansgeni c pl ant accor/eh/ng to claim5 whgrein sbgsﬂgwghgepoggtAgﬁ; 1998
cont ai ned |n a -pl- asm d \“\\)ed from pCGP484, pCGP485, pCGP653 and :

pCGP1458. | ant according to claim3 or 4 or 5 or 6
wher ei n sal os‘é - 8. Atransgenic plant according to clai m 3
or 4 or 5 o er‘ew N sald plant is a carnation.

20. A method according to claim 16 or 17 or 18 or 19 wherein said plant is a rose.
21. A method according to claim 16 or 17 or 18 or 19 wherein said plant is a carnation.

22. A method according to claim 16 or 17 or 18 or 19 wherein said plant is a
chrysanthemum.

23. A method according to claim 14 wherein said transgenic plant exhibits altered
inflorescence.

24. A method according to claim 20 wherein said transgenic plant exhibits altered
inflorescence.

25. A method according to claim 21 wherein said transgenic plant exhibits altered
inflorescence.

26. A method according to claim 22 wherein said transgenic plant exhibits altered
inflorescence. '

27. A binary vector comprising a gene construct which is capable of being integrated
into a plan® genome to produce the transgenic plant according to claim 1.

28. A binary vector according to claim 27 wherein the gene construct is a chimaeric
gene construct. |

29. A binary vector accordmg to claim 28 wherein the promoter is the CHS gene
promoter. ' '



9. A transgenic plant according to claim3 or 4 or 5 or 6 wherein said
plant is a chrysanthemum . 10. A transgenl c plant according to

claaim 1 exhibiting al tered infl orescencgs 1sud Q,{&@smtc f’i%nl 1998

e

31. Acutflower froma u*amgexﬁc plant selected from rose, carnation and chrysanthemum
or progeny thereof, wherein said plant carries a genetic construct comprising a promoter from
a gene encoding an eniyme of the flavonoid pathway operably linked to a gene encoding a
flavonoid 3'.5'4hydroa_:y!ase | wherein said transgenic plant produces a high level of
anthocyanins derived &om delphinidixi relative to non-transgenic plants of the same species.

32. A cut flower according to claim 31 wherein the flavonoid 3;,5'-hydroxylase is of
perunia, verbena, delphinium, grape, iris, freesia, hydrangea, cyclamen, potato, pansy, egg
plant, lisianthus or campanula origin.

- -

33. A cut flower according to claim 32 wherein the flavonoid 3',5'-hydroxylase is of
petunia origin.

34. A cut flower according to claim 32 wherzin the polypeptide is a flavonoid 3°,5'-
hydroxylase of lisianthus origin.

35. A cut flower according to anyone of claims 31 to 34 wherein the promoter is from the
gene encoding cha.lcone synthase (CHS).

36. A cut flower according to claim 35 wherein the genetic construct is contained in a
plasmid selected from pCGP404, pCGP;tSS , pPCGP653 and pCGP150.

37. A cut flower according to anyone of claims 31 to 36 wherein the plant is a rose.
38. A cut flower according to anyone of claims 31 to 37 wherein the plant is a carnation.

39. A cut flower according to anyone of claims 31 to 38 wherein the plant is 2
chrysanthemum. - |



12. A transgenic plant according to claim®8 exhibiting altered
i nfl orescence. 13. A transgenic plant according to claim9 exhibiting

al]tered i nfl orescence. 14. A method f3§ pro@ibistigute $KestSO2RiAprll 1998
sel ected fromTrose; carnation and chrysant hemum said nmethod conprising

i ntroduci ng gene construct conprising a pronoter froma
gene encodi ndrmmﬁmjm "m(u flavonai d pat hway operably linked to a

nucl ei ¢ aci d sequente ®Bnco |~ng a flavonoid 3',5"-hydroxyl ase characterised
in that said- transgenic plant produces higher |evels of an anthocyani din
derivative of anthocyanins derived fromdelphinidin relative to

non- t r angQenAcup flawes acdording to anyoneasfiudaitnis\31 mpﬁQ:ivh&cin said cut’flowehexhibits

according to claim 14 wherein the flavonoid 3',5' -hydroxyl ase is of
altered inflorescence.

41. A transgenic plant according to anyone of claims 1 to 13 or a method for producing a
transgenic plant according to anyone of claims 14 to 26 or a binary vector according to
anyone of claims 27 to 30 or a cut flower according to anyone of claims 31 to 40 substantially

as hereinbefore described with reference to the examples and/or figures.



petuni a, verbena, del phinium grape, iris, freesia, hydrangea, cyclanen,
potat o, pansy, egg plant, lisianthus or canpanul a origin. 16. A nethod
according to claim15 wherein the flavonoid 3',5' -hydroxylase is of petunia
origin. 17. A nmethod according to claim15 .0 the flavopoid,

3',5 -hydroxylase is of lisianthus origin. 18 b%t'ﬁuﬁ?ef 'aggd*ﬁﬁ"anQ%
any one of clains 14 to 17 wherein the, promoter is fromthe gene encodi ng
chal cone synt hase (CHS). 19. A nethoh/gfggrding to claim15 wherein the
genetic construct is contained in a
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pl asm d sel ected from pCGP484, pCGP485, pCGP653 and pCGP1458.
34 Substitute sheet - 22 April 1998 20. A nmethod according to
claim16 or 17 or 18 or 19 wherein said plant is a rose. 21. A et hod

according to claim16 or 17 or 18 or 189mmherei n_SE@é.tﬂu% %ng{?‘z% RSF.P%'g%”
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transgeni c plant exhibits altered i-nflorescence.
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26. A method accor di ng to claim22 wherein said transgenic plant exhibits
altered inflorescence. 27. A binary vector conprising a gene construct
whi ch is capable of being integrated into a plant genome to produce the

transgenic plant according to claim 1. 28. Adyj ViV r r.di o]
claim 27 wherein the gene construct is 'ﬁaﬁ%ﬁé%tﬁeﬁﬁ%gst%?‘?rﬂ {%é
A binary vector according to claim?28 e the pronoter is the CHS gene

pronot er .

Figure 2



35 Substitute sheet- 22 April 1998 31. A cut flower froma
transgeni c plant selected fromrose, carnation and chrysant hemum or progeny
t hereof, wherein said plant carries a genetic construct conprising a
pronoter froma gene encodi ng an enzyne of the [ t hyway, o y

| inked to a gene encoding a flavonoid 3,5 mﬁﬁ”*@%ﬁ'ﬂ&ﬁ‘ﬁ%@re Aépa(ﬁglrgaé)é

transgeni c plant produces a high |evel hocyani ns derived from
del phinidin relative to non-transgenic ﬁl of the same speci es.
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32. A cut flower according to claim 31 wherein the flavonoid

3',5" -hydroxylase is of petunia, verbena, del phinium grape, iris, freesia,
hwdr angea, cycl anmen, potato, pansy, egg plant, lisianthus or canpanul a
origin. 33. Acut flower according to cIa|n1 in the vVonaQi

3',5 -hydroxylase is of petunia origin %% g@ﬁ{tﬁ s%&ﬁaééo%’ﬁé%%&
claim 32 wherein the pol ypeptide is a iszéﬂn id 3,5 - hydroxyl ase of

| i si ant hus ori gin. 35. A cut flower acTording to anyone of clains 31 to
34 wherein the pronoter is fromthe gene encoding chal cone synthase (CHS).

Figure 4



36. A cut flower accordi ng to claim35 wherein the genetic construct is
contained in a plasm d selected from pCG404, pCGEP485, pCGEP653 and pCGP150.
3% A cut flower according to anyone of clains 31 to 36 vvherei n the pI ant
IS a rose. 38. A cut flower accordi ng to anyengshfute!

wherein the plant is a carnation. ?I oweru acs?‘ i ng %0‘8) any909n8e of
clains 31 to 38 wherein the plant isa ysdant hemum

Figure 5



36 Substitute sheet - 22 April 1998 40. A cut flower according
to anyone of clains 31 to 39 wherein said cut flower exhibits altered

i nf | orescence. 41. A transgenic plant according to anyone of clainms 1 to
13 or a method for producing a transgenic plan ceordin o] on

clains 14 to 26 or a binary vector according t U§ﬁ§§ﬂ§5 e&l’ pﬁ ﬁ?%o
or a cut flower according to anyone of cl ai 31 to 40 substantially as
her ei nbef ore described with reference toB/eIlBaxanpl es and/or figures.
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