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(57) ABSTRACT 

Disclosed are: a method for producing a chrysanthemum 
plant having delphinidin-containing petals using a transcrip 
tional regulatory region for a chrysanthemum-derived fla 
Vanone 3-hydroxylase (F3H) gene; and a chrysanthemum 
plant, a progeny or a vegetative proliferation product of the 
plant, or a part or a tissue of the plant, the progeny or the 
Vegetative proliferation product, and particularly a petal or a 
cut flower of the plant. In the method for producing a chry 
Santhemum plant having delphinidin-containing petals, a fla 
vonoid 3',5'-hydroxylase (F3'5"H) is caused to be expressed in 
a chrysanthemum plant using a transcriptional regulatory 
region for a chrysanthemum-derived flavanone 3-hydroxy 
lase (F3H) gene. 
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1. 

METHOD FOR PRODUCTION OF 
CHRYSANTHEMUM PLANT HAVING 
DELPHINDIN-CONTAINING PETALS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is the National Stage of International 
Application No. PCT/JP2010/053904 filed Mar. 9, 2010, and 
claims benefit of Japanese Patent Application No. 2009 
107054 filed Apr. 24, 2009, which are herein incorporated by 
reference in their entirety. 

REFERENCE TO ASEQUENCE LISTING 

A Sequence Listing containing SEQ ID NOS: 1-87 is 
incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates to a method for producing a 
chrysanthemum plant containing delphinidin in the petals 
thereof by using the transcriptional regulatory region of chry 
santhemum-derived flavanone 3-hydroxylase (F3H) gene, a 
nucleic acid of that regulatory region, an expression vector or 
expression cassette containing that nucleic acid, and a chry 
Santhemum plant, progeny or vegetative proliferation product 
thereof, or a part or tissue thereof, and particularly a petal or 
cut flower thereof, in which that regulatory region has been 
introduced. 

BACKGROUND ART 

The use of genetic transformation technology makes it 
possible to impart new traits to plants by expressing a useful 
gene in a target plant. A wide range of genetically modified 
plants produced in this manner have already been cultivated. 
Since regulation of gene expression is mainly controlled at 
the level of transcription, transcriptional regulation is the 
most important interms of regulating the expression of genes. 
Namely, expressing a gene at a Suitable time, in a Suitable 
tissue and at a Suitable strength is important for producing an 
industrially useful genetically modified plant. In many cases, 
transcription is control by a DNA sequence on the 5' untrans 
lated region of a open reading frame. A region of DNA that 
determines the starting site of gene transcription and directly 
regulates the frequency thereof is referred to as a promoter. A 
promoter is located in a start codon consisting of several tens 
of base pairs (bp) on the 5'-untranslated region, and fre 
quently contains a TATA box and the like. A cis element that 
binds various transcriptional regulatory factors is also present 
on the 5'-untranslated region, and the presence thereof serves 
to control the timing of transcription, the tissue in which 
transcription takes place and transcriptional strength. Tran 
Scriptional regulatory factors are classified into many families 
according to their amino acid sequence. For example, 
examples of well-known families of transcriptional regula 
tory factors include Myb transcriptional regulatory factor and 
bHLH (basic helix loop helix) regulatory factor. In actuality, 
the terms transcriptional regulatory factor and promoter are 
frequently used with the same meaning. 

Anthocyanins, which compose the main components of 
flower color, are a member of secondary metabolites generi 
cally referred to as flavonoids. The color of anthocyanins is 
dependent on their color. Namely, the color becomes blue as 
the number of hydroxyl groups of the Bring of anthocyani 
dins, which is the chromophore of anthocyanins, increases. In 
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2 
addition, as the number of aromatic acyl groups (such as 
coumaroyl groups or caffeolyl groups) that modify the antho 
cyanin increases (namely, the wavelength of maximumabsor 
bance shifts to a longer wavelength), the color of the antho 
cyanin becomes blue and the stability of the anthocyanin is 
known to increase (see Non-Patent Document 1). 

Considerable research has been conducted on those 
enzymes and genes that encode those enzymes involved in the 
biosynthesis of anthocyanins (see, Non-Patent Document 1). 
For example, an enzyme gene that catalyzes a reaction by 
which an aromatic acyl group is transferred to anthocyanin is 
obtained from Japanese gentian, lavender and petunias (see 
Patent Document 1 and Patent Document 2). An enzyme gene 
involved in the synthesis of anthocyanin that accumulates in 
the leaves of red perilla (malonylshisonin, 3-0-(6-0-(E)-p- 
coumaroyl-B-D-glucopyranosyl)-5-0-(6-O-malonyl-f-D- 
glucopyranosyl)-cyanidin) (see Non-Patent Document 2) has 
previously been reported in hydroxycinnamoyl CoA: antho 
cyanin-3-glucoside-aromatic acyl group transferase (3-AT) 
gene (or more simply referred to as "shiso (perilla) anthocya 
nin-3-acyltransferase (3-AT) gene') (see Patent Document 1). 
Moreover, findings have also been obtained regarding the 
transcriptional regulation (control) of biosynthase genes of 
anthocyanins. Cis element sequences bound by Myb tran 
Scriptional regulatory factor and bHLH transcriptional regu 
latory factor are present in the transcriptional regulatory 
region located on the 5'-region of the start codons of these 
genes. Myb transcriptional regulatory factor and bHLH tran 
Scriptional regulatory factor are known to control synthesis of 
anthocyanins in petunias, corn and perilla (see Non-Patent 
Document 1). 

Promoters (also referred to as transcriptional regulatory 
regions) responsible for gene transcription in plants consist of 
so-called constitutive promoters, which function in any tissue 
and at any time Such as in the developmental stage, organ/ 
tissue-specific promoters, which only function in specific 
organs and tissues, and time-specific promoters, which only 
express at a specific time of the developmental stage. Consti 
tutive promoters are frequently used as promoters for 
expressing useful genes in genetically modified plants. Typi 
cal examples of constitutive promoters include cauliflower 
mosaic virus 35S promoter (also abbreviated as CaMV35S 
promoter) and promoters construction on the basis thereof 
(see Non-Patent Document 3), and Mac1 promoter (see Non 
Patent Document 4). In plants, however, many genes are only 
expressed in specific tissues or organs or are expressed time 
specifically. This Suggests that tissue/organ-specific or time 
specific expression of genes is necessary for plants. There are 
examples of genetic recombination of plants that utilize Such 
tissue/organ-specific or time-specific transcriptional regula 
tory regions. For example, there are examples of proteinbeing 
accumulated in seeds by using a seed-specific transcriptional 
regulatory region. 

However, although plants produce flowers of various col 
ors, there are few species capable of producing flowers of all 
colors due to genetic restrictions on that species. For example, 
there are no varieties of rose or carnation in nature that are 
capable of producing blue or purple flowers. This is because 
roses and carnations lack the flavonoid 3',5'-hydroxylase gene 
required to synthesize the anthocyanidin, delphinidin, which 
is synthesized by many species that produce blue and purple 
flowers. By transformation with the flavonoid 3',5'-hydroxy 
lase gene of petunia or pansy, for example, which are specifies 
capable of producing blue and purple flowers, into these 
species, these species can be made to produce blue flowers. In 
the case of carnations, the transcriptional regulatory region of 
chalcone synthase gene derived from common Snapdragon or 
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petunia is used to transcribe flavonid 3',5'-hydroxylase gene 
derived from common Snapdragon or petunia. Examples of 
plasmids containing the transcriptional regulatory region of 
chalcone synthase gene derived from common Snapdragon or 
petunia include plasmids pCGP485 and pCOP653 described 
in Patent Document 3, and examples of plasmids containing a 
constitutive transcriptional regulatory region include plasmid 
PCGP628 (containing a Mac 1 promoter) and plasmid 
pSPB130 (containing a CaMV35S promoter to which is 
added E12 enhancer) described in Patent Document 4. 

However, it is difficult to predict how strongly such pro 
moters function in recombinant plants to be able to bring 
about a target phenotype. In addition, since repeatedly using 
the same promoter to express a plurality of foreign genes may 
cause gene silencing, it is thought that this should be avoided 
(see Non-Patent Document 5). 

Thus, although several promoters have been used to change 
flower color, a useful promoter corresponding to the host 
plant and the objective is needed in order to further change to 
a different flower color. 

In particular, chrysanthemum plants (also simply referred 
to as chrysanthemums) account for about 30% of all whole 
sale flower sales throughout Japan (Summary of 2007 Flow 
ering Plant Wholesale Market Survey Results, Ministry of 
Agriculture, Forestry and Fisheries), making these plants an 
important product when compared with roses accounting for 
roughly 9% and carnations accounting for roughly 7%. 
Although chrysanthemums come in flower colors including 
white, yellow, orange, red, pink and purplish red, there are no 
existing varieties or closely related wild varieties that produce 
bluish flowers such as those having a purple or blue color. 

Thus, one objective of the selective breeding of bluish 
flowers is to stimulate new demand. Chrysanthemum flower 
color is expressed due to a combination of anthocyanins and 
carotenoids. Anthocyanins are able to express various colors 
due to differences in the structure of the anthocyanidin serv 
ing as the basic backbone, and differences in modification by 
Sugars and organic acids. However, there are known to be two 
types of anthocyanins that govern chrysanthemum flower 
color in which cyanidin at position 3 is modified by glucose 
and malonic acid (cyanidin 3-0-(6"-0-monomalonyl-3-glu 
copyranoside and 3-0-(3".6"-0-dimalonyl-B-glucopyrano 
side) (see Non-Patent Document 6). In addition, these struc 
tures are comparatively simple (see FIG. 1). This causes the 
range of flower color attributable to anthocyanins in chrysan 
themums to be extremely narrow. However, although the 
expression of bluish color is primarily the result of anthocya 
nins, since there is no gene that encodes the key enzyme of 
flavonoid 3',5'-hydroxylase (F3'5"H) in chrysanthemums, del 
phinidin-based anthocyanin, which produces blue color, is 
not biosynthesized in chrysanthemums (see FIG. 1). There 
fore, the development of a technology has been sought for 
controlling the expression of chrysanthemum anthocyanins 
using genetic engineering techniques in order to be able to 
produce a chrysanthemum that produces bluish flowers by 
modifying anthocyanin-based pigment that accumulates in 
chrysanthemum petals. 
AS was previously described, although chrysanthemums 

are the most important flowering plant in Japan, since they are 
hexaploidal resulting in high ploidy and have a large genome 
size, in addition to having low transformation efficiency, 
since they may also cause silencing (deactivation) of trans 
genes, it is not easy to obtain genetically modified chrysan 
themums capable of stable transgene expression. In chrysan 
themums transformed with B-glucuronidase (GUS) gene 
coupled to CaMV35S promoter, the activity of the GUS gene 
is roughly one-tenth that of tobacco transformed with the 
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4 
same gene, and that activity has been reported to decrease in 
nearly all individuals after 12 months have elapsed following 
transformation (see Non-Patent Document 7). Although a 
promoter of a chlorophyll a? b-bound protein that favorably 
functions in chrysanthemums has been reported to have been 
obtained in order to stably express an exogenous gene in 
chrysanthemums, this promoter is not suitable for expressing 
genes in flower petals in which there is little chlorophyll 
present (see Non-Patent Document 8). In addition, when 
GUS gene coupled to tobacco elongation factor 1 (EF1C...) 
promoter is transformed into chrysanthemums, GUS gene 
has been reported to be expressed in leaves and petals even 
after the passage of 20 months or more (see Non-Patent 
Document 9). Moreover, there are also examples of flower 
life being prolonged by expressing a mutant ethylene receptor 
gene in chrysanthemums (see Non-Patent Document 10), 
flower form being changed by Suppressing expression of 
chrysanthemum AGAMOUS gene (see Non-Patent Docu 
ment 11), and expression of exogenous genes being increased 
in chrysanthemums (see Non-Patent Document 12) by using 
a translation enhancer of tobacco alcoholdehydrogenase (see 
Patent Document 7). 
On the other hand, although there have been examples of 

successful alteration of chrysanthemum flower color by 
genetic recombination, including a report of having changed 
pink flowers to white flowers by suppressing the chalcone 
synthase (CHS) gene by co-suppression (see Non-Patent 
Document 13), and a report of having changed white flowers 
to yellow flowers by Suppressing carotenoid cleavage dioxy 
genase (CCD4a) by RNAi (see Non-Patent Document 14), all 
of these methods involve alteration of flower color by Sup 
pressing expression of endogenous genes, and there have 
been no successful examples of altering flower color by over 
expression of exogenous genes as well as no examples of 
having realized a change in anthocyanin structure or an 
accompanying change in flower color. 

Although attempts to alter flower color by over-expression 
of an exogenous gene have been reported that involve trans 
formation with a gene encoding F3'5"H, which is an enzyme 
required for synthesis of delphinidin (see Patent Document 5 
and Non-Patent Document 15), the delphinidin produced due 
to the action of the transfected F3'5"H gene accumulates in ray 
petals, and there are no reports of the production of bluish 
chrysanthemums. In chrysanthemums, even if F3'5"H is 
expressed with CaMV35S promoter, production of delphini 
din is not observed (see Non-Patent Document 15). In addi 
tion, expression of a gene expressed with CaMV35S pro 
moter is unsuitable for stable expression, and for example, 
ends up dissipating accompanying growth of the chrysanthe 
mum transformant (see Non-Patent Document 7). Potato 
Lhca3.St.1 promoter (see Non-Patent Document 16), chry 
santhemum UEP1 promoter (see Non-Patent Document 17) 
and tobacco EF1C. promoter (see Patent Document 6 and 
Non-Patent Document 9), for example, have been developed 
for use as promoters enabling efficient and stable expression 
of exogenous genes in the ray petals of chrysanthemums. 
However, there have been no reports describing alteration of 
chrysanthemum flower color by over-expression of an exog 
enous gene using these promoters. On the basis of the above, 
in order to produce chrysanthemums in which flower color 
has been altered by genetic recombination, it is necessary to 
establish a technology for controlling the expression of fla 
vonoid biosynthesis genes, including the development of a 
promoter Suitable for chrysanthemums. 

Although gene expression is mainly controlled by tran 
Scriptional regulatory regions, sequences are also known that 
improve translation of mRNA. For example, the omega 
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sequence derived from tobacco mosaic virus is known to 
increase the translation efficiency of heterologous genes 
coupled to the omega sequence both in vitro and in vivo (see 
Non-Patent Document 18). In addition, a sequence 
(ADH200) present in the 5'-untranslated region of tobacco 
alcoholdehydrogenase (NtADH5'UTR) is known to contrib 
ute to improved stability of the expression of heterologous 
genes (see Patent Document 7). In addition, in the case of 
coupling a 94 bp translation enhancer (ADHNF, see Patent 
Document 8) present downstream from this sequence to the 
3'-side of CaMV35S promoter and further transformation 
with an expression cassette coupled with GUS gene, this 
sequence has been reported to contribute to increased trans 
lation efficiency in chrysanthemums (see Non-Patent Docu 
ment 12). However, there are no examples of this sequence 
being used to change flower color by altering the structure and 
composition of flavonoids. Since it is necessary to express a 
heterologous gene in epidermal cells in which flavonoids and 
anthocyanins primarily accumulate in order to alter flower 
color, it is difficult to infer from conventional results whether 
or not NtADH5'UTR (ADH200 or translation enhancer 
ADHNF) is effective for altering flower color. 
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SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 

An object to be solved by the present invention is to provide 
a method for producing a chrysanthemum plant containing 
delphinidin in the petals thereof by using the transcriptional 
regulatory region of chrysanthemum-derived flavanone 3-hy 
droxylase (F3H) gene, and a chrysanthemum plant, progeny 
or vegetative proliferation product thereof, or a part or tissue 
thereof, and particularly a petal or cut flower thereof, trans 
formed with that regulatory region. 

Means for Solving the Problems 

As a result of conducting extensive studies to solve the 
aforementioned problems, the inventors of the present inven 
tion found that when flavonoid 3',5'-hydroxylase (F3'5"H) 
gene is expressed in chrysanthemum using a transcriptional 
regulatory region of flavanone 3-hydroxylase (F3H) derived 
from chrysanthemum, a large amount of delphinidinaccumu 
lates in the petals thereof, flower color changes, and flower 
color changes further due to an even larger accumulation of 
delphinidin as a result of adding a translational enhancer 
derived from tobacco alcohol dehydrogenase gene, and con 
firmed the usefulness thereof through experimentation, 
thereby leading to completion of the present invention. 

Namely, the present invention is as described below. 
1 A method for producing a chrysanthemum plant contain 
ing delphinidin in the petals thereof comprising the step of 
expressing flavonoid 3',5'-hydroxylase (F3'5"H) in a chrysan 
themum plant using as a transcriptional regulatory region a 
nucleic acid selected from the group consisting of: 

(1) a nucleic acid containing the nucleotide sequence indi 
cated in SEQID NO. 34 or SEQID NO. 87; 

(2) a nucleic acid able to function as a transcriptional 
regulatory region of flavanone 3-hydroxylase (F3H) gene 
derived from chrysanthemum, and containing a nucleotide 
sequence in which the nucleotide sequence indicated in SEQ 
ID NO. 34 or SEQID NO. 87 has been modified by addition, 
deletion and/or substitution of one or several nucleotides; 

(3) a nucleic acid able to function as a transcriptional 
regulatory region of flavanone 3-hydroxylase (F3H) gene 
derived from chrysanthemum, and able to hybridize under 
highly stringent conditions with a nucleic acid composed of a 
nucleotide sequence complementary to the nucleotide 
sequence indicated in SEQID NO. 34 or SEQIDNO.87; and, 

(4) a nucleic acid able to function as a transcriptional 
regulatory region of flavanone 3-hydroxylase (F3H) gene 
derived from chrysanthemum, and having sequence identity 
of at least 90% with the nucleotide sequence indicated in SEQ 
ID NO. 34 or SEQID NO. 87. 
2The method described in 1 above, wherein the flavonoid 
3',5'-hydroxylase (F3'5"H) is derived from bellflower (cam 
panula), cineraria, Verbena and pansy #40. 
3 The method described in 1 or 2 above, wherein a 
translational enhancer derived from tobacco alcohol dehy 
drogenase gene is further used in addition to the transcrip 
tional regulatory region. 
4 The method described in any of 1 to 3 above, wherein 
an expression vector or expression cassette is used in which 
the translational enhancer is coupled directly to a start codon 
of the F3'5"H gene. 
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5. The method described in any of 1 to 4 above, wherein 
the content of delphinidin in the petals is 25% by weight or 
more of the total weight of anthocyanidins. 
6. A chrysanthemum plant, progeny thereof, or vegetative 
proliferation product, part or tissue thereof, containing the 
nucleic acid described in 1 above or produced according to 
the method described in any of 1 to 5 above. 
7. The chrysanthemum plant, progeny thereof, or vegetative 
proliferation product, part of tissue thereof, described in 6 
above, which is a cut flower. 
8. A cut flower processed product using the cut flower 
described in 7 above. 

Effects of the Invention 

According to the present invention, it was determined that 
when flavonoid 3',5'-hydroxylase (F3'5"H) gene is expressed 
in chrysanthemum using the transcriptional regulatory region 
of flavanone 3-hydroxylase (F3H) derived from chrysanthe 
mum, more delphinidin accumulates in the flower petals than 
in the case of using another promoter, and when the flower 
color becomes bluer, an even larger amount of delphinidin 
accumulates as a result of adding a translational enhancer 
derived from tobacco alcohol dehydrogenase gene, thereby 
causing the flower color to become even bluer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the flavonoid biosynthesis 
pathway in transformed chrysanthemum transformed with 
F3'5"H gene. 

FIG. 2 is a schematic diagram of a binary vector for intro 
ducing F3'5"H gene. 

FIG. 3 indicates the flower color and ratio of delphinidin 
content in transformed individuals transformed with chrysan 
themum F3Hpro::ADHNF-bellflower F3'5"H::NOSter. 

FIG. 4 indicates the construction process of pBI 121 chry 
santhemum F3Hpro1k::ADHNF-bellflower F3'5"H::NOSter. 

EMBODIMENTS OF THE INVENTION 

The present invention relates to a method for producing a 
chrysanthemum plant containing delphinidin in the petals 
thereof, comprising transforming chrysanthemum with a vec 
tor containing a gene cassette that causes expression of fla 
vonoid 3',5'-dehydroxylase (F3'5"H) by the 5'-region of a gene 
that encodes chrysanthemum flavanone 3-hydroxylase (F3H) 
(also referred to as “CmF3Hpro” or “chrysF3H5'). The gene 
cassette preferably contains a translational enhancer derived 
from tobacco alcohol dehydrogenase gene (see bottom of 
FIG. 2). The delphinidin content in the flower petals is pref 
erably 25% by weight or more of the total weight of antho 
cyanidins, and the color of the flower petals is altered towards 
blue. The present invention also relates to a chrysanthemum 
plant, progeny thereof, or vegetative proliferation product, 
part or tissue thereof, produced according to that method or 
containing CmF3H pro. The part or tissue is preferably a 
flower petal or cut flower. 

In the present description, an “expression cassette' refers 
to a DNA fragment in which a promoter and a terminator are 
coupled to arbitrary nucleic acids. 

According to the present invention, since F3'5"H gene is 
expressed in ray petals of chrysanthemum, and that enzyme 
protein is synthesized and functions, a chrysanthemum hav 
ing a bluish flower color can be produced by allowing del 
phinidin-based anthocyanin to be synthesized and accumu 
late. Although accumulation of delphinidin (max. 5.4%) was 
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confirmed in the case of using RoseCHSpro (rose chalcone 
synthase (CHS) gene promoter), R. rugosa DFRpro (Rugosa 
rose dihydroflavonol-4-reductase (DFR) gene promoter), R. 
rugosa F3H pro (R. rugosa flavanone 3-hydroxylase (F3H)) or 
Viola F3'5"Hit40pro (pansy F3'5"H gene promoter) for the 
promoter contained in the gene cassette used to express 
F3'5"H (see Table 1), this did not lead to flower color becom 
ing bluish. Therefore, as a result of repeatedly conducting 
expression experiments on F3'5"Husing various types of pro 
moters in order to discover an effective promoter for enhanc 
ing accumulation of delphinidin in chrysanthemum flower 
petals and making flower color bluish, CmF3H pro was deter 
mined to be an effective promoter. The use of CmF3H pro 
made it possible to improve accumulation of delphinidin in 
comparison with the case of using other promoters (see Table 
1, mean: 31.4%, max.: 80.5%), and led to the attaining of 
bluish flower color (see FIG. 3, RHS color chart 79A, 77A, 
72A and 72B). In addition, within the F3'5"H gene expressed 
by CmF3Hpro, F3'5"H derived from bellflower (delphinidin 
accumulation rate: max. 81%), cineraria (delphinidin accu 
mulation rate: max. 36%), Verbena and pansy (delphinidin 
accumulation rate: max. 27% to 28%) were found to have the 
ability to change chrysanthemum flower color to purple. 
Moreover, transformation with a gene cassette directly 
coupled with tobacco ADH translational enhancer (see Patent 
Document 8) was successful in altering flower color by 
enabling anthocyanin having delphinidin for the basic back 
bone thereof to be efficiently accumulated in ray petals of 
chrysanthemum (see Table 1, FIG. 3). Furthermore, direct 
coupling refers to coupling without containing a Surplus 
nucleic acid sequence between one polynucleotide and 
another polynucleotide. 
An example of a transcriptional regulatory region accord 

ing to the present invention is a nucleic acid composed of a 
nucleotide sequence indicated in SEQID NO. 34 or SEQID 
NO.87. However, a promoter composed of a base sequence in 
which several (1, 2, 3, 4, 5, 6, 7, 8, 9 or 10) nucleotides has 
been added, deleted and/or substituted in a nucleic acid com 
posed of a nucleotide sequence indicated in SEQID NO. 34 
or SEQID NO. 87 is also thought to maintain activity similar 
to that of the original promoter. Thus, the transcriptional 
regulatory region according to the present invention can also 
be a nucleic acid composed of a nucleotide sequence in which 
one or several nucleotides have been added, deleted and/or 
substituted in the nucleotide sequence indicated in SEQ ID 
NO. 34 or SEQID NO. 87 provided the nucleic acid is able to 
function as a transcriptional regulatory region of flavanone 
3-hydroxylase (F3H) gene derived from chrysanthemum. 
The transcriptional regulatory region according to the 

present invention can also be a nucleic acidable to function as 
a transcriptional regulatory region of flavanone 3-hydroxy 
lase (F3H) gene derived from chrysanthemum and able to 
hybridize under highly stringent conditions with the nucle 
otide sequence indicated in SEQID NO. 34 or SEQID NO. 
87, or a nucleic acid able to function as a transcriptional 
regulatory region of flavanone 3-hydroxylase (F3H) gene 
derived from chrysanthemum and has sequence identity of at 
least 90% with the nucleotide sequence indicated in SEQID 
NO. 34 or SEQID NO. 87. 

Examples of these nucleic acids include nucleic acids com 
posed of nucleotide sequences having sequence identity with 
the nucleotide sequence indicated in SEQ ID NO. 34 of 
preferably about 70% or more, more preferably about 80%, 
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 
91%, 92%, 93%, 94%, 95%, 96%, 97% or 98%, and most 
preferably about 99%. 
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Here, stringent conditions refer to hybridization conditions 
easily determined by a person with ordinary skill in the art 
that determined empirically typically dependent on probe 
length, washing temperature and salt concentration. In gen 
eral, the temperature for Suitable annealing becomes higher 
the longer the probe, and the temperature becomes lower the 
shorter the probe. Hybridization is generally dependent on the 
ability of denatured DNA to anneal in the case a complemen 
tary strand is presentin an environmentata temperature close 
to or below the melting temperature thereof. More specifi- 1 
cally, an example of lowly stringent conditions consists of 
washing and so forth in 0.1% SDS solution at 5xSSC under 
temperature conditions of 37°C. to 42°C. in the filter wash 
ing stage following hybridization. In addition, an example of 
highly stringent conditions consists of washing and so forthin 
0.1% SDS at 0.1xSSC and 65° C. in the washing stage. The 
use of more highly stringent conditions makes it possible to 
obtain polynucleotides having higher homology or identity. 

In the present invention, the flavonoid 3',5'-hydroxylase 
(F3'5"H) gene is preferably derived from bellflower (cam 
panula), cineraria, Verbena or pansy #40. In the present inven 
tion, a translation enhancer derived from tobacco alcohol 
dehydrogenase is preferably further used in addition to the 
transcriptional regulatory region. In addition, the translation 
enhancer is preferably directly coupled to a start codon of the 
F3'5"H gene in a gene cassette of an expression vector. 

In the method of the present invention, the delphinidin 
content in the flower petals is preferably 25% by weight or 
more of the total weight of anthocyanidins. 
The present invention is a chrysanthemum plant, progeny 

thereof, or vegetative proliferation product, part or tissue 
thereof, produced according to the method of the present 
invention or transformed with the aforementioned nucleic 
acid, and is preferably a flower petal or cut flower. 
The present invention also relates to a processed product 

that uses the aforementioned cut flower (cut flower processed 
product). Here, a cut flower processed product includes, but is 
not limited to, a pressed flower, preserved flower, dry flower 
or resin-sealed product obtained by using the cut flower. 

EXAMPLES 

The following provides a detailed explanation of the 
present invention through examples thereof. 

Molecular biological techniques were carried out in accor 
dance with Molecular Cloning (Sambrook and Russell, 2001) 
unless specifically indicated otherwise. 

The following Reference Examples 1 to 9 are examples of 
using a promoter other than the 5'-region of a gene encoding 
flavanone 3-hydroxylase (F3H) of chrysanthemum 
(CmF3H pro), while on the other hand, Examples 1 to 10 are 
examples relating to the 5'-region of a gene encoding fla 
vanone 3-hydroxylase (F3H) of chrysanthemum 
(CmF3Hpro). 

Reference Example 1 

Expression of F3'5"H Gene by Tobacco EF1C. 
Promoter 

pBIEF1C. described in Patent Document 6 was digested 
with restrictases HindIII and BamHI to obtain a roughly 1.2 
kb DNA fragment containing a promotersequence of tobacco 
EF1C. This DNA fragment was inserted into the 5'-side of iris 
DFR cDNA of pSPB909 described in Patent Document 4 to 
obtain a plasmidpSLF339. A plasmidpSLF340 was similarly 
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10 
constructed in which petunia DFR cDNA (described in Inter 
national Publication WO 96/36716) was inserted instead of 
iris DFR cDNA. 
A plasmid obtained by inserting a BP40 fragment of pansy 

F3'5"H gene, excised by partial digestion with BamHI and 
XhoI from pCGP1961 described in Patent Document 4, into 
BamHI and SalI sites of pSPB176 (described in Plant Sci 
ence, 163, 253-263, 2002) was designated pSPB575. The 
promoter portion of this plasmid was replaced with the pro 

O moter of the aforementioned tobacco EF1C. using HindIII and 
BamHI to obtain pSLF338. A fragment containing iris DFR 
cDNA was inserted into pSLF339 digested with AscI at this 
AscI site. The resulting plasmid was designated pSLF346. 
This plasmid pSLF346 is designed to express pansy F3'5"H 
and iris DFR genes in plants under the control of the promoter 
of tobacco EF1C. 

Plasmid pLHF8 containing lavender F3'5"H cDNA is 
described in International Publication WO 04/20637. Plas 
mid pSPB2772 was obtained by coupling this plasmid to the 
DNA fragment having the higher molecular weight among a 
DNA fragment obtained by digesting this plasmid with 
BamHI and XhoI and a DNA fragment of pSPB176 obtained 
by digesting with BamHI and SalI. In this plasmid, lavender 
derived F3'5"H cDNA is coupled to CaMV35S promoter to 
which has been added E12 enhancer. This promoter portion 
was replaced with the aforementioned promoter of tobacco 
EF1C, using HindIII and BamHI to obtain plasmid 
pSPB2778. A fragment containing petunia DFR cloNA 
within pSFL340 digested with AscI was inserted into this 
AscI site. The resulting plasmid was designated pSPB2780. 
This plasmid pSPB2780 is designed so as to express lavender 
F3'5"H and petunia DFR genes in plants under the control of 
tobacco EF1C. promoter. 

Plasmid pSPB2777 was obtained by replacing the pro 
moter portion of plasmid pSPB748 described in Plant Bio 
technol., 23, 5-11 (2006) (in which butterfly pea-derived 
F3'5"H cDNA is coupled to CaMV35S promoter to which has 
been added E12 enhancer) with the aforementioned promoter 
of tobacco EF1C. using HindIII and BamHI. A fragment of 
pSLF340 digested with AscI containing petunia DFR cloNA 
was inserted into this AscI site. The resulting plasmid was 
designated pSPB2779. This plasmid pSPB2779 is designed 
to express butterfly pea F3'5"H and petunia DFR genes in 
plants under the control of the promoter of tobacco EF1C. 

Each of the aforementioned plasmids pSFL346, 
pSPB2780 and pSPB2779 were transformed into Agrobacte 
rium and then transfected into chrysanthemum variety 
94-765 using this transformed Agrobacterium. Although 
anthocyanidins in flower petals of the transformed chrysan 
themum were analyzed, delphinidin was not detected. 

Reference Example 2 

Chrysanthemum Transfected with Cineraria F3'5"H 
Gene Promoter 

RNA was extracted based on an established method from 
the petals of a bud of blue Cineraria Senetti (Suntory Flowers 
Ltd.). A cDNA library was produced using the ZAP-cDNAR) 
Library Construction Kit (Stratagene Corp., Catalog No. 
200450) in accordance with the method recommended by the 
manufacturer using poly-A+RNA prepared from this RNA. 
This cDNA library was then screened using butterfly pea 
F3'5"H cDNA (Clitoria ternatea, see Plant Biotechnology, 23, 
5-11 (2006)) labeled with the DIG System (Roche Applied 
Science) according to the method recommended by the 
manufacturer. Forty eight phages indicating signal were iso 
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lated. Plasmids were obtained from these phages by in vivo 
excision according to the method recommended by the manu 
facturer (Stratagene). 
The nucleotide sequences of the cDNA portions contained 

in these plasmids were determined, a Blast search was made 
of DNA databases, numerous genes were obtained that dem 
onstrated homology with cytochrome P450, and these genes 
were able to be classified into 8 types. Among these, the entire 
nucleotide sequence of Ci5a18 (SEQID NO. 77), which was 
presumed to be classified as CYP75B, was determined. A 
pBluescript SKII-plasmid containing this sequence was des 
ignated pSPB2774. 
Chromosomal DNA was extracted from a leaf of the same 

Cineraria, and a chromosome library was produced using the 
BlueSTARTM Xho I Half-Site Arms Kit (Novagen, on the 

Internet at merckbiosciences.com/product/69242). The 
resulting 200,000 plaques were screened using a Ci5a18 
cDNA fragment labeled with DIG. This cloNA fragment was 
amplified using Ci5a18 as template and using primers 
Ci5a18F1 (SEQ ID NO. 81: 5-CATCTGTTTTCTGC 
CAAAGC-3') and Ci5a18R1 (SEQ ID NO. 82: 5'-GGATT 
AGGAAACGACCAGG-3'). Four plaques were ultimately 
obtained from the resulting 17 plaques, and these were con 
verted to plasmids by in vivo excision. When their DNA 
nucleotide sequences were determined, they were found to 
contain the same sequences. Among these, a clone designated 
gCi01-plBluestar was used in Subsequent experiments. The 
cloned nucleotide sequence of gCi01-pbluestar is shown in 
SEQ ID NO. 79. This sequence was expected to contain a 
5'-untranslated containing a sequence having promoteractiv 
ity of cineraria F3'5"H, a translated region, and a 3'-untrans 
lated region. 
A roughly 5.7 kb DNA fragment excised from gCi01 

pBluestar with Pvul and EcoRV (SEQ ID NO. 80) was 
blunted using a DNA blunting kit (Takara). This DNA frag 
ment was then cloned into the SmaI site of plBinPLUS and 
designated pSPB3130. This binary vector had an inptII gene 
able to be used to screen the T-DNA region with kanamycin. 
pSPB3130 was transformed into chrysanthemum variety 

94-765 using an Agrobacterium method. Although anthocya 
nidins in the petals of the transformed chrysanthemum were 
analyzed, delphinidin was not detected and flower color did 
not change. 

Reference Example 3 

Production of Delphinidin Using Rose Chalcone 
Synthase Gene Promoter 

A binary vector was constructed in which pansy-derived 
F3'5"HBPH18 gene was coupled to a rose-derived chalcone 
synthase promoter described in PCT International Patent 
Publication No. PCT/AU03/011 11, and this binary vector 
was designated pBRBP18. The gene contained in this binary 
vector was transformed into chrysanthemum variety 94-765 
as described in Reference Examples 1 and 2. When anthocya 
nidins in the flower petals of the transformed chrysanthemum 
were analyzed, although a maximum of 5.4% of delphinidin 
was detected with respect to all anthocyanidins, there was no 
change in flower color observed. 

In addition, pSPB3325 (rose CHSpro::pansy #18+rose 
CHSp: chrysanthemum F3H IR) described in the ninth row 
from the top in Table 1 is an example of the production of 
delphinidin using rose chalcone synthase gene promoter, and 
delphinidin production in this example reached a maximum 
of 3.6%. 
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Reference Example 4 

Production of Delphinidin Using Pansy F3'5"H Gene 
Promoter 

(1) Cloning of Perilla Anthocyanin 3-Acyl 
Transferase Chromosome Gene 

There are known to be red varieties of perilla in which 
anthocyanins accumulate in the leaves and green varieties in 
which they do not. Chromosomal DNA from the leaves of the 
former was prepared using a reported method (Plant Mol. 
Biol. December 1997, 35(6), 915-927). This chromosomal 
DNA was partially decomposed with Sau3AI (Toyobo), and a 
fraction containing a 10 kb to 15 kb DNA fragment was 
recovered using a Sucrose density gradient method. This frag 
ment was then inserted into the BamHI site of EMBL3 
(Promega), a type of lambda phage vector, using a known 
method to prepare a genomic DNA library. The resulting 
library was screened using pSAT208 (see Plant Cell Physiol. 
April 2000, 41(4), 495-502), which is cDNA of anthocyanin 
3-acyl transferase derived from perilla, as a probe. Screening 
of the library was in accordance with a previously reported 
method (Plant Cell Physiol., July 1996, 37(5), 711-716). 
Plaques that hybridized with the probe were blunted and 
cultured, and DNA was prepared from the resulting phage. 

(2) Determination of Nucleotide Sequence of Perilla 
Anthocyanin 3-Acyl Transferase Chromosome Gene 

10 ug of the DNA obtained above were digested with Xbal 
and isolated with 0.7% agarose gel followed by blotting onto 
Hybond-N (Amersham). When this film was hybridized in 
the same manner as previously described, a roughly 6.8 kb 
DNA fragment was found to hybridize with the probe. After 
digesting 20 ug of the same DNA with Xbaland isolating with 
0.7% agarose gel, a roughly 6.8 kb DNA fragment was puri 
fied using a GeneClean Kit and coupled with p3luescript 
SKII-digested with Xbal. The resulting plasmid was desig 
nated pSPB513. The DNA sequence derived from perilla 
contained in this plasmid was determined by primer walking. 
The nucleotide sequence thereof is shown in SEQID NO. 4. 
This sequence contains a region that demonstrates high 
homology with anthocyanin 3-acyltransferase cDNA in the 
form of pSAT208, the amino acid sequence (SEQID NO. 6) 
of protein encoded by this region was observed to demon 
strate substitution of 19 amino acid residues and deletion of 2 
amino acid residues in comparison with the amino acid 
sequence encoded by pSAT208, and there were no introns 
observed. In addition, the sequence of the region demonstrat 
ing high homology with pSAT208 contained a 3438 bp 
sequence upstream from ATG that was thought to be the start 
codon, and a 2052 bp sequence downstream from TAA that 
was thought to be the stop codon thereof. A different open 
reading frame (ORF, SEQID NO. 5), which was not antho 
cyanin 3-acyltransferase, was present in the aforementioned 
3438 bp sequence. The following experiment was conducted 
to amplify the transcriptional regulatory region of shiso (pe 
rilla) anthocyanin3-acyltransferase gene, excluding this por 
tion. 

(3) Amplification of Transcriptional Regulatory 
Region of Shiso Anthocyanin 3-Acyltransferase 

Gene 

PCR (25 cycles of a reaction consisting of holding for 1 
minute at 95°C., 1 minute at 52°C., 2 minutes at 72° C. and 
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1 minute at 95°C.) was carried out using 1 ng of pSPB513 as 
template and two types of primers (5'- 
AAGCTTAACTATTATGATCCCACAGAG-3 (SEQ ID 
NO. 7, underline indicates HindIII recognition sequence) and 
5'-GGATCCGGCGGTGTTGAACGTAGC-3' (SEQ ID NO. 
8, underline indicates BamHI recognition sequence)). The 
amplified roughly 1.1 kb DNA fragment was digested with 
HindIII and BamHI. 
The plasmid pSPB567 described in Patent Document 4 (in 

which pansy-derived flavonoid 3',5'-hydroxylase gene is 
coupled to the 3'-side of cauliflower mosaic 35S promoter to 
which has been added E12 enhancer, and in which a nopaline 
synthase terminator is further coupled to the 3'-side thereof) 
was digested with PacI, and a DNA fragment containing 
pansy-derived flavonoid 3',5'-hydroxylase gene was cloned 
into the Pad site of pBin-i-. A plasmid in which the cauliflower 
mosaic 35S promoter to which E12 enhancer was added is 
present close to the AscI site of pBin--in the resulting plasmid 
was designated pSPB575. This plasmid was then digested 
with HindIII and BamHI, and a DNA fragment obtained by 
digesting a roughly 1.1 kb DNA fragment containing the 
transcriptional regulatory region of perilla anthocyanin 
3-acyltransferase with HindIII and BamHI was inserted 
therein. The resulting plasmid was designated pSFL205. 

Plasmid pSFL205 was digested with HindIII and SacI, and 
a roughly 100 bp DNA fragment was recovered. This DNA 
fragment, a roughly 4 kb DNA fragment obtained by digest 
ing pSPB513 with SacI and Xbal, and a plasmid p3in+(see 
Transgenic Research, 4, 288-290, 1995) digested with Hin 
dIII and Xbal were coupled to obtain plasmid pSPB3311. 
This plasmid pSPB3311 is a binary vector that contains the 
nucleotide sequence indicated in SEQID NO. 2, and contains 
the transcriptional regulatory region of perilla anthocyanin 
3-acyltransferase gene and an untranslated region of the 
3'-side thereof. 

(4) Construction of pSPB3323 

The transcriptional regulatory region of pansy flavonoid 
3',5'-hydroxylase gene BPH40 (see WO 04/020637) was 
amplified as described below using the Takara LA PCRTM In 
Vitro Cloning Kit. 
Chromosomal DNA was prepared from a pansy leaf using 

the DNA Easy Plant Kit (Qiagen). 3 ug of the chromosomal 
DNA were digested with restriction enzyme HindIII. The 
digested DNA was coupled with HindIII terminal DNA (in 
cluded in Takara LA PCRTM In Vitro Cloning Kit) by reacting 
for 40 minutes at 16°C. using Ligation High (Takara). After 
diluting 4 ul of the reaction mixture with 10 ul of water and 
denaturing the coupled DNA by treating for 10 minutes at 94° 
C., the reaction mixture was cooled in ice. 5 pmol of primer 
C1 (5'-GTACATATTGTCGTTAGAACGCG 
TAATACGACTCA-3', SEQID NO. 9, included in the kit as 
a partial sequence of HindIII cassette sequence) and 5 pmol of 
primer BP40-i5 (5'-AGGTGCATGATCGGACCATACTTC 
3', SEQ ID NO. 10, equivalent to complementary strand of 
translated region of BPH40) were then added followed by 
repeating 30 cycles of a reaction in 25 ul of the reaction 
mixture consisting of 20 seconds at 98°C. and 15 minutes at 
68° C. in accordance with the kit protocol. The reaction 
mixture was then diluted 10-fold with water. After reacting 
for 5 minutes at 98°C. in 25 of a reaction mixture containing 
5 pmol of primer C2 (5'-CGTTAGAACGCGTAATAC 
GACTCACTATAGGGAGA-3', SEQID NO. 11, included in 
kit as partial sequence of HindIII cassette sequence) and 5 
pmol of primer BP40-17 (5'-GACCATACTTCTTAGC 
GAGTTTGGC-3', SEQID NO. 12) using 0.5ul of this dilu 
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14 
tion as template, 30 cycles of a reaction were repeated con 
sisting of reacting for 20 seconds at 98°C. and 15 minutes at 
68 C. 
The resulting DNA fragment was ligated into plasmid 

pCR2.1 (Invitrogen). When the nucleotide sequence of the 
resulting DNA was determined, the sequence was observed to 
have locations that did not coincide with the cDNA nucleotide 
sequence of BPi40. This is thought to be due to the occur 
rence of an error during PCR. The following procedure was 
carried out for the purpose of amplifying an error-free 
Sequence. 

In order to amplify a roughly 2 kb 5'-untranslated region 
and a 200 bp translated region of BPi40, PCR was carried out 
in 25ul of a reaction mixture using 200ng of pansy genomic 
DNA as template and using 50 pmol of primer BP40-i7 (SEQ 
ID NO. 12) and 50 pmol of primer BP40 pro-F (5'-ACT 
CAAACAAGCATCTCGCCATAGG-3', SEQ ID NO. 3, 
sequence in 5'-untranslated region of BPH40 gene). After 
treating for 5 minutes at 98°C., a reaction consisting of 20 
seconds at 98°C. and 15 minutes at 68°C. was repeated for 30 
cycles. The amplified DNA fragment was inserted into 
pCR2.1. This DNA fragment contained a roughly 2.1 kbp 
5'-untranslated region and a 200 bp translated region. This 
plasmid was designated pSFL614. The nucleotide sequence 
of plasmid pSFL614 is shown in SEQID NO. 14. 
The roughly 2.1 bp 5'-untranslated region (BP40pro, SEQ 

ID NO. 15) contained in pSFL614 was used to transcribe 
BPH40 gene. At this time, the BamHI site was changed to 
NheI. After using 1 ng of pSFL614 as template, adding 50 
pmol of primer BP40pro-HindIII-F (5'-AAG CTTGTG ATC 
GAC ATC TCT CTC C-3', SEQ ID NO. 16), 50 pmol of 
primer BP40pro-NehI-R (5'-CGAGGCTAG CTAAACACT 
TAT-3', SEQID NO. 17), and holding for 5 minutes at 98°C. 
in 25 Jul of the reaction mixture, a reaction consisting of 20 
seconds at 98°C. and 15 minutes at 68°C. was repeated for 25 
cycles. The amplified DNA fragment was cloned into 
pCR2.1. This sequence was determined to be free of errors 
attributable to PCR by confirming the nucleotide sequence 
thereof. This plasmid was then digested with HindIII and 
Nhe to obtain a 470 bp DNA fragment. This DNA fragment 
was designated fragment A. 

After using 1 ng of pSLF614 as template, adding 50 pmol 
of primer BP40pro-NehI-F (5'-TTT AGC TAG CCT CGA 
AGT TG-3', SEQ ID NO. 18) and 50 pmol of primer 
BP40pro-BamHI-R (5'-GGA TCC CTA TGT TGA GAA 
AAA GGG ACT-3', SEQID NO.19) and Ex-Taq DNA poly 
merase, and holding for 5 minutes at 98°C. in 25 ul of the 
reaction mixture, a reaction consisting of 20 seconds at 98°C. 
and 15 minutes at 68°C. was repeated for 25 cycles. The 
amplified DNA fragment was cloned into pCR2.1. This 
sequence was determined to be free of errors attributable to 
PCR by confirming the nucleotide sequence thereof. This 
plasmid was then digested with HindIII and Nhel to obtain a 
630 bp DNA fragment. This DNA fragment was designated 
fragment B. 
The larger fragment of DNA fragments formed by digest 

ing plasmid pSPB567 described in Patent Document 4 with 
HindIII and Nhe was recovered, and coupled with the afore 
mentioned fragment A and fragment B to obtain pSFL620. 

After digesting pSFL620 with PacI, a roughly 3.2 kb DNA 
fragment was recovered. This DNA fragment was inserted 
into the Pad site of pBin-i-. The resulting plasmid was desig 
nated pSBP3317. A fragment obtained by digesting the afore 
mentioned pSPB3311 with AscI and Xbal was cloned into the 
AscI and Xbal sites of pSBP3317, and the resulting plasmid 
was designated pSPB3323. 
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(5) Expression of Perilla Anthocyanin 3-Acyl 
Transferase Genomic Gene and Pansy F3'5"H Gene 

in Chrysanthemum 

The pSPB3323 prepared in (4) above was introduced into 5 
Agrobacterium and chrysanthemum variety 94-765 (Seiko 
en, not sold) was transformed according to a known method 
using this Agrobacterium. Six transformed Strains were 
acquired. 

Anthocyanidins extracted according to the method 
described below were analyzed. Ray petals were frozen and 
then crushed followed by extracting 50 mg to 100 mg of the 
crushed petal with 500 uL of 1% hydrogen chloride-metha 
nol, adding 500 uL of 4N hydrochloric acid (HCl) to this 
extract and mixing, and hydrolyzing for 1 hour at 100° C. 
After cooling the solution following hydrolysis, 1 ml of 0.05 
M trifluoroacetic acid (TFA) was added and mixed therein. 
Next, this solution was added to Sep-Pak C18 (Millipore) to 
adsorb the hydrolysis product. The Sep-Pak C18 was prelimi- 20 
narily washed with 80% acetonitrile (MeCN) and equili 
brated with 0.05 MTFA. After washing the hydrolysis prod 
uct adsorbed to the Sep-Pak C18 with 0.05 MTFA, the 
hydrolysis product was further washed with 20% MeCN and 
0.05 MTFA followed by eluting the hydrolysis product with 25 
80% MeCN and 0.05 MTFA to obtain an analysis sample. 
The analysis sample was analyzed under the following 

conditions using high-performance liquid chromatography. 
An Inertsil ODS-2 column (particle diameter: 5um, 4.6x250 
mm, GL Sciences) was used for the column, the flow rate was 30 
0.8 ml/min, the mobile phase contained 1.5% phosphoric 
acid, and isocratic elution was carried out for 20 minutes 
using a linear concentration gradient from 5% acetic acid and 
6.25% acetonitrile to 20% acetic acid and 25% acetonitrile, 
followed by eluting for 5 minutes with 25% acetonitrile con- 35 
taining 1.5% phosphoric acid and 20% acetic acid. Detection 
was carried out using the Agilent 1100 Series Diode Array 
Detector (GL Sciences) over a wavelength region of 250 nm 
to 600 nm, and the abundance ratios of each of the anthocya 
nidins was determined according to the area of optical absor- 40 
bance at 530 nm. 
As a result of analysis, delphinidin was detected at ratios of 

0.9%, 0.8%, 1.4% and 0.6% of the total amount of anthocya 
nidins in transformants consisting of analyzed strains 1300-3, 
1300-4, 1300-5 and 1300-6, respectively. Although this sug- 45 
gests that BPH40 transcriptional regulatory region of pansy 
governs transcription of BPi40, this did not lead to a change 
in flower color. 

10 
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Reference Example 5 50 

Production of Delphinidin in Chrysanthemum Using 
Rugosa Rose DFR Promoter 

A Rugosa rose Genomic DNA library was prepared in the 55 
manner described below using the BlueSTARTMXhoI Half 
Site Arms Kit (Novagen, on the Internet at merckbioscienc 
es.com/product/69242). Chromosomal DNA was prepared 
from a young leaf of Rugosa rose using Nucleon PhytopureTM 
(Tepnel Life Sciences). Roughly 100 lug of chromosomal 60 
DNA was digested with restriction enzyme Sau3AI. 

This DNA fragment was then partially filled in with DNA 
polymerase I Klenow fragment (Toyobo) in the presence of 
dGTP and dATP, and fractionated by sucrose density gradient 
centrifugation. DNA of about 13 kb was recovered and con- 65 
centrated by ethanol precipitation. Roughly 180 ng of DNA 
were ligated for 15 hours at 4°C. with 1 uL of the Blue 

16 
STARTMXho I Half-Site Arms Kit, followed by carrying out 
in vitro packaging to obtain a genomic library. 

This library was screened using cultivated rose DFR cloNA 
(Plant and Cell Physiology, 36, 1023-1031, 1995) to obtain 
plaque indicating a signal. Plasmid pSFK710 was obtained by 
in vivo excision from this plaque using the method recom 
mended by the manufacturer (Novagen). This plasmid con 
tained a DNA sequence that closely coincided with the afore 
mentioned cultivated rose DFR cDNA. 
By carrying out PCR so as to obtain a 5'-untranslated 

region of a DFR translated sequence from this plasmid and 
facilitate coupling with heterologous genes, one of the EcoRI 
recognition sequences was mutated to an Nhe recognition 
sequence followed by the addition of HindIII and BamHI 
recognition sequences. First, PCR was carried out in 50 uL of 
the reaction mixture using pSLF710 as template, using 25 
pmol each of primers DFRproHindIIIF (5'-TAATAAGCT 
TACAGTGTAATTATC-3', SEQID NO. 20) and DFRproN 
helR (5'-TTATGCTAGCGTGTCAAGACCAC-3', SEQ ID 
NO. 21), and using enzyme ExTaq DNA Polymerase 
(Toyobo). The PCR reaction conditions consisted of reacting 
for 5 minutes at 94° C. followed by repeating 30 cycles of a 
reaction of which one cycle consists of reacting for 30 sec 
onds at 94°C., 30 seconds at 50° C. and 30 seconds at 72°C., 
and finally holding for 7 minutes at 72° C. As a result, a 
roughly 350 bp DNA fragment A was obtained. Similarly, a 
PCR reaction was carried out in 50LL of the reaction mixture 
using pSFL710 as template, using 25 pmol each of primers 
DFRproNheIF (5'-ACACGCTAGCATAAGTCTGTTG-3', 
SEQ ID NO. 22) and DFRproBamHI-R (5'-GCTTGGG 
GATCCATCTTAGG-3', SEQID NO. 23), and using enzyme 
ExTaq DNA Polymerase (Toyobo). The PCR reaction condi 
tions consisted of reacting for 5 minutes at 94°C. followed by 
repeating 30 cycles of a reaction of which one cycle consists 
of reacting for 30 seconds at 94°C., 30 seconds at 50° C. and 
30 seconds at 72°C., and finally holding for 7 minutes at 72° 
C. As a result, a 600 bp DNA fragment B was obtained. 
The pSPB567 described in Patent Document 4 (plasmid 

pUC containing CaMV35S promoter to which has been 
added E12 enhancer, pansy F3'5"HBP#40 and nopaline syn 
thase terminator) was digested with BamHI and then partially 
digested with HindIII to couple fragment A with a fragment 
digested with HindIII and Nhe and couple fragment B with a 
fragment digested with NheI and BamHI and obtain plasmid 
pSLF721 (containing an expression cassette of R. rugosa 
DFR5':BPF3'5"Hit40:nos3'. An expression cassette obtained 
by digesting this plasmid with Pad was introduced into the 
Pad site of pBinPLUS to obtain pSLF724. This plasmid was 
then transfected into Agrobacterium tumefaciens Strain 
EHA105. 
A recombinant chrysanthemum was obtained from variety 

94-765 using this transformed Agrobacterium. The resulting 
strain produced delphinidin in the flower petals thereof at 
about 0.6% of the total amount of anthocyanidins. 

In addition, other reference examples using Rugosa rose 
DFR promoter are shown in the second row from the top 
(pSPB3316 (Rugosa rose DFRpro:pansy #40+rose ANSpro: 
torenia 5GT, non-delphinidin-producing strain) and in the 
fifth row from the top (Rugosa rose DFRpro:pansy #40+ 
Japanese gentian 3'GTpro:torenia MT, maximum delphini 
din production level: 0.9%) of Table 1. Neither of these ref 
erence examples resulted in a change in flower color. 

Reference Example 6 

Production of Delphinidin in Chrysanthemum Using 
Rugosa Rose F3H Promoter 

The Rugosa rose genomic DNA library produced in Ref 
erence Example 5 was screened with torenia flavanone 3-hy 
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droxylase (F3H) cDNA (NCBI No. AB211958) to obtain 
plaques indicating signals. One of these plaques was con 
Verted to a plasmid in the same manner as Reference Example 
5. This was then digested with restriction enzyme Spel to 
recover a 2.6 kb DNA fragment, and plasmid pSPB804 was 
obtained by sub-cloning this DNA fragment to the Spel site of 
pBluescript SKII-(Stratagene). This plasmid had a nucleotide 
sequence that demonstrates homology with F3H. 

In order to amplify the 5'-untranslated region of F3H, PCR 
was carried out in 50 LL of a reaction mixture by using 1 ng 
of pSPB804 as template, using primer RrF3H-F (5'-AAGCT 
TCTAGTTAGACAAAAAGCTA-3', SEQ ID NO. 24) and 
primer RrF3H (5'-GGATCCTCTCTTGATATTTCCGTTC 
3', SEQ ID NO. 25), and using Ex-Taq DNA Polymerase 
(Toyobo). PCR reaction conditions consisted of reacting for 5 
minutes at 94° C., repeating 30 cycles of reaction of which 
one cycle consisted of 30 seconds at 94°C., 30 seconds at 50° 
C. and 30 seconds at 72°C., and finally holding for 7 minutes 
at 72° C. The resulting DNA fragment was inserted into 
pCR-TOPO (Invitrogen) to obtain plasmid pSPB811. A 
roughly 2.1 kb F3H 5'-untranslated region was able to be 
recovered from this plasmid using HindIII and BamHI. Plas 
mid pSFL814 (containing R. rugosa F3H5':BFP3'5"#40:nos 
3') was obtained by substituting the promoter portion of 
pSPB567 with the roughly 1.2 kb 5'-untranslated region of 
F3H using HindIII and BamHI as described in Reference 
Example 5. This plasmid was intoduced into Agrobacterium 
tumefaciens strain EHA105. 

Although three strains of recombinant chrysanthemum 
were obtained from variety 94-765 using this transformed 
Agrobacterium, there were no strains in which production of 
delphinidin was observed in the flower petals (see Table 1). 

Reference Example 7 

Production of pBINPLUS Rugosa Rose 
F3Hpro: ADHNF-Pansy-F3'5"Hit40::NOSter 

A DNA fragment amplified by PCR using pSLF814 (Ref 
erence Example 6) as template and using ADH-BP40-Fa 
(5'-CAAGAAAAATAAATGGCAATTCTAGTCACCGAC 
3', SEQ ID NO. 26) and NcoI-BP40-Rv (5'-CTCGAGCG 
TACGTGAGCATC-3', SEQ ID NO. 27) as primers, and a 
DNA fragment amplified by PCR using pB1221 ADH-221 as 
template and using BamHI-ADH-Fd (5'-CGCGGATC 
CGTCTATTTAACTCAGTATTC-3', SEQ ID NO. 28) and 
BP40-ADH-RV (5'-TAGAATTGCCATTTATTTTTCT 
TGATTTCCTTCAC-3', SEQ ID NO. 29) as primers were 
mixed, and a DNA fragment in which tobacco ADH-5'UTR 
94 bp was directly coupled to the start codon of pansy 
F3'5"Hit40 was obtained by PCR using this mixture of DNA 
fragments as template and using BamHI-ADH-Fd (5'- 
CGCGGATCCGTCTATTTAACTCAGTATTC-3', SEQ ID 
NO. 30) and NcoI-BP40-Rv (5'-CTCGAGCGTACGTGAG 
CATC-3', SEQID NO. 31) as primers. 

After TA-cloning this DNA fragment to pCR2.1, a roughly 
600 bp DNA fragment obtained by digesting with BamHI and 
NcoI and a binary vector fragment obtained by digesting 
pSFL814 with BamHI and NcoI were ligated to obtain pBin 
PLUS Rugosa rose F3Hpro: ADHNF-pansy-F3'5"Hit40: 
Noster. This plasmid was introduced into Agrobacterium 
tumefaciens strain EHA105. 

There were no individuals in which delphinidin was 
detected among four strains of transformants derived from 
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chrysanthemum variety 94-765 obtained by using this trans 
formed Agrobacterium (see Table 1). 

Reference Example 8 

Production of pBIN19 Rose 
CHSpro: ADH-pansy-F3'5"Hit 18::NOSter 

A DNA fragment amplified by PCR using p31221 
ADH221 as template and using ADH KpnI Forward (5'- 
CGGTACCGTCTATTTAACTCAGTATTC-3', SEQ ID NO. 
32) and GUS19R (5'-TTTCTACAGGACGTAACAT 
AAGGGA-3', SEQID NO. 33) as primers was digested with 
KpnI and SmaI to obtain a roughly 110 bp tobacco ADH 
5'UTR DNA fragment. This DNA fragment was ligated with 
a binary vector DNA fragment obtained by digesting 
pBRBP18 (having an expression cassette of rose CHSpro:: 
pansy-F3'5"Hit 18::NOSter inserted into pBIN19) with KpnI 
and SmaI to obtain pRIN19 rose CHSpro: ADH-pansy 
F3'5"Hit 18:NOSter. In this plasmid, a 38 bp spacer is present 
between tobacco ADH-5'UTR and pansy F3'5"Hit 18. This 
plasmid was introduced into Agrobacterium tumefaciens 
Strain EHA105. 
30 strains of recombinant chrysanthemum derived from 

chrysanthemum variety 94-765 were obtained using this 
transformed Agrobacterium. Delphinidin was detected in the 
petals of five of these strains and delphinidin content reached 
1.9%. However, there were no changes in flower color 
observed. 

Reference Example 9 

Production of p3I 121-rose 
CHSpro::ADHNF-pansy-F3'5"Hit40::NOSter 

A DNA fragment obtained by PCR using pBRBP18 (Ref. 
erence Example 3) as template, using HAPS-RhCHSpro3k 
Fd (5'-CCAAGCTTGGCGCGCCTTAATTAAATT 
TAAATCAGCAAGAGTTGAAGAAATAG-3', SEQID NO. 
85) and NS-RhCHSpro3k-Rv (5'-AAAGCTAGCACTAGT 
CATCTCGGAGAAGGGTCG-3', SEQID NO. 86) as prim 
ers, and using Pyrobest Polymerase (Takara), and a binary 
vector fragment obtained by digesting with HindIII and NheI 
and digesting pBI121 ADHNF with HindIII and Xbal were 
ligated, and the resulting binary vector was designated 
pBI121-RhCHSp-GUS-NOSt. 
An ADHNF-pansy-F3'5"Hit40 DNA fragment obtained by 

digesting the pCR-ADHBP40-SpeSac obtained in Example 
10 with Spel and EcolcRI was ligated to a binary vector 
fragment obtained by digesting pEI 121-RhCHSp-GUS 
NOSt with Spel and EcoCRI to obtain pBI121-rose 
CHSpro::ADHNF-pansy-F3'5"Hit40: NOSter, which was 
used to transform Agrobacterium tumefaciens Strain 
EHA105. 

Although 19 strains of recombinant chrysanthemum 
derived from chrysanthemum variety 94-765 were obtained 
using this transformed Agrobacterium, there were no indi 
viduals in which delphinidin was detected. 

Example 1 

Cloning of the Promoter Region of Chrysanthemum 
Flavanone 3-Hydroxylase Gene 

The cloned promoter region of the chrysanthemum fla 
vanone 3-hydroxylase gene, F3Hpro1 K, has the nucleic acid 
sequence depicted in SEQ ID NO. 34. A promoter region 
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having a different length was amplified in the manner 
described below. This portion of the chrysanthemum fla 
vanone 3-hydroxylase gene, F3H pro500, has the nucleic acid 
sequence depicted in SEQID NO: 87. 
A DNA fragment amplified by PCR using p3luescript 

SK-gF3H9 as template and using HANS-F3Hpro-500Fd (5'- 
CCAAGCTTGGCGCGCCGCGGCCGCATTTAAAT 
TACTGTTCGAACCTACAAAGG-3', SEQ ID NO. 83, 
underline indicates sequence that anneals with DNA contain 
ing F3H promoter region) and MX-F3Hpro-Rv (5'-TTTCTA 
GAACGCGTTTTTTATTTTTTCTTCACACACTTG-3', 
SEQ ID NO. 84, underline indicates sequence that anneals 
with DNA containing F3H promoter region) as primers was 
cloned into pCR2.1 to obtain pCR HANS-CmF3Hpro500-X. 
In addition, a binary vector fragment obtained by digesting 
pBI121 ADHNF with HindIII and Xbaland a roughly 500 bp 
chrysanthemum F3H promoter DNA fragment obtained by 
digesting pCR HANS-CmF3Hpro500-X with HindIII and 
Xbal were ligated to obtain pBI121 HANS-CmF3Hp500-X. 

Example 2 

Production of p3I121 Chrysanthemum 
F3Hpro1k::ADHNF-Bellflower F3'5"H::NOSter 

Two types of primers consisting of CamF1 (5'-GT 
GAAGCCACCATGTCTATAG-3', SEQ ID NO. 49) and 
CamR1 (5'-GCATTTGCCTAGACAGTGTAAG-3', SEQ ID 
NO. 50) were synthesized based on the translated sequence of 
F3'5"H cDNA (Accession No. D14590) of bellflower (Cam 
panula medium) registered in the GenBank DNA database. 
RNA was extracted from the flower petals of commercially 
available bellflower buds using the RNeasy Mini Plant Kit 
(Qiagen), and 1st Strand DNA was synthesized using an RT 
PCR kit. PCR was carried out using primers by using this 1st 
strand DNA as template. The resulting DNA fragment was 
cloned into pCR-TOPO II. The nucleotide sequence of the 
resulting clone #4 (designated as pSPB2561) was determined 
to be SEQID NO. 51. 
A vector obtained by coupling tobacco ADH-5'UTR 94bp 

and F3'5"H gene was constructed in the manner described 
below (FIG. 4). Furthermore, the same procedure was also 
carried out in the Subsequently described examples. 
Two types of DNA fragments consisting of a DNA frag 

ment amplified by PCR using pSPB2561 as template and 
using ADH-Campa-Fd (5'-CAAGAAAAATAAATGTC 
TATAGACATAACCATTC-3', SEQ ID NO. 53) and HpaI 
Campa-Rv (5'-GTTAACATCTCTGGCACCACC-3', SEQ 
IDNO. 54) as primers and a DNA fragment amplified by PCR 
using pBI1121 ADH-221 as template and using Xbal-ADH 
Fd (SEQ ID NO. 42) and Campa-ADH-Rv (5'-GTCTATA 
GACATTTATTTTTCTTGATTTCCTTCAC-3', SEQ ID 
NO. 55) as primers, were synthesized, and a DNA fragment in 
which tobacco ADH-5'UTR 94bp is directly coupled to the 
start codon of bellflower F3'5"H was obtained by PCR using 
these two types of DNA fragments as templates and using 
Xbal-ADH-Fd (SEQ ID NO. 42) and HpaI-Campa-Rv (5'- 
GTTAAC ATCTCTGGCACCACC-3', SEQ ID NO. 56) as 
primers. This DNA fragment was then TA-cloned into 
pCR2.1 followed by digesting with Xbal and HpaI, and the 
resulting roughly 650 bp fragment was ligated with a vector 
fragment obtained by digesting pSPB2561 with Xbal and 
HpaI to obtain pCRADHNF-Campanula F3'5"H. 

Next, pCRADHNF-Campanula F3'5"H was digested with 
KpnI followed by blunting with Blunting High (Toyobo) and 
digesting with Xbal, and the resulting roughly 1.7 kb DNA 
fragment was ligated with a binary vector fragment obtained 
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by digesting pBI121 HANS-CmF3Hplk-S with Spel and 
EcolcRI to obtain pBI 121 chrysanthemum F3H pro1k: 
ADHNF-bellflower F3'5"H::NOSter. This plasmid was intro 
duced into Agrobacterium tumefaciens strain EHA105. 

48 recombinant chrysanthemum strains of chrysanthemum 
variety 94-765 were obtained by using this transformed Agro 
bacterium. Delphinidin was detected in the flowerpetals of 30 
of these strains, and the delphinidin content reached 80.5%. 
pSPB3738 was constructed from plBI 121 chrysanthemum 

F3Hpro1k::ADHNF-bellflower F3'5"H::NOSter. This plas 
mid was transfected into Agrobacterium tumefaciens Strain 
AGL0, and this was then used to transform the chrysanthe 
mum variety Sei Taitan (Seikoen). Among the resulting 26 
strains of recombinant chrysanthemums, a change in flower 
color was observed in 6 strains, and delphinidin was able to be 
detected by thin layer chromatography. 

Example 3 

Production of plG121-Hm-chrysanthemum 
F3Hpro1k::ADHNF-Lisianthus F3'5"H::NOSter 

Eustoma F3'5"H gene (EgF3'5"H, GenBank AB078957) 
cloned into pBluescript SK- was digested with XhoI followed 
by blunting with Blunting High (Toyobo), and the roughly 1.9 
kb EgF3'5"H DNA fragment obtained by further digesting 
with Xbal was ligated to a plG121-Hmbinary vector obtained 
by digesting with Xbal and EcolcRI to obtain plG121-Hm 
35S:EgF3'5"H. 

Next, two types of DNA fragments consisting of a DNA 
fragment amplified by PCR using pBluescript SK-EgF3'5"H 
as template and using ADH-EgF3'5"H-Fd (5'-CAA 
GAAAAATAAAT GGCTGTTGGAAATGGCGTT-3', SEQ 
ID NO. 40) and HpaI-EgF3'5"H-Rv (5'-GTTAACGCT 
GAGCCTAGTGCC-3', SEQ ID NO. 41) as primers, and a 
DNA fragment amplified by PCR using pBI221 ADH-221 
(Satoh, J. etal. (2004), J. Biosci. Bioengineer) as template and 
using Xbal-ADH-Fd (5'-ACGCGTTCTAGAGTCTATT 
TAACTCAGTATTC-3', SEQ ID NO. 42) and EgF3'5"H- 
ADH-RV (5'-TCCAACAGCCATTTATTTTTTCT 
TGATTTCCTTCAC-3', SEQ ID NO. 43) as primers, were 
mixed, and a DNA fragment in which tobacco ADH-5'UTR 
94 bp (Satoh, J. et al. (2004), J. Biosci. Bioengineer) was 
directly coupled to the start codon of EgF3'5"H was obtained 
by PCR using the mixture of DNA fragments as template and 
using Xbal-ADH-Fd (SEQID NO. 42) and HpaI-EgF3'5"H- 
Rv (5'-GTTAACGCTGAGCCTAGTGCC-3', SEQ ID NO. 
44) as primers. After cloning this DNA fragment into pCR2.1, 
a roughly 1.3 kb DNA fragment obtained by digesting with 
Xbal and HpaI and a binary vector fragment obtained by 
digesting plG121-Hm 35S:EgF3'5"H with Xbal and HpaI 
were ligated to obtain pIG121-Hm 35S::ADHNF-EgF3'5"H. 
A roughly 1.2 kb EgF3'5"H DNA fragment obtained by 
digesting this plG121-Hm 35S::EgF3'5"H with HindIII and 
Xbal, a roughly 15 kb binary vector DNA fragment, and a 
DNA fragment obtained by further digesting pCR HANS 
CmF3Hplk-MNS with HindIII and Spel were ligated to 
obtain PIG121-Hm chrysanthemum F3Hpro1k::ADHNF-li 
sianthus F3'5"H::NOSter. This plasmid was introduced into 
Agrobacterium tumefaciens strain EHA105. 

Five recombinant chrysanthemum strains derived from 
chrysanthemum variety 94-765 by using this transformed 
Agrobacterium. Delphinidin was detected in the flower petals 
of one of these strains, and the delphinidin content was 4.4%. 
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Example 4 

Production of p3I121 Chrysanthemum 
F3Hpro1k::ADHNF-Lobelia F3'5"H::NOSter 

F3'5"H gene derived from the flower petals of lobelia 
cloned into pBluescript SK- (LeF3'5"H1, GenBank 
ABS221077 and LeF3'5"H4, GenBank AB221078) was 
digested with KpnI followed by blunting with Blunting High 
(Toyobo), and a roughly 1.9 kb EgF3'5"H DNA fragment 
obtained by further digesting with Xbal was ligated to a 
pIG121-Him binary vector fragment obtained by digesting 
Xbal and EcolCRI to obtain pIG121-Hm 35S::LeF3'S'H1 
and plG121-Hm 35S:LeF3'5"H4. 

Next, two types of DNA fragments consisting of a DNA 
fragment amplified by PCR using pBluescript SK-LeF3'5"H1 
or pBluescript SK-LeF3'5"H4 as template and using ADH 
LeF3'5"H-Fd (5'-CAAGAAAATAAATGGACGCGA 
CAWACATTGC-3', SEQID NO.45) and HpaI-LeF3'5"H-RV 
(5'-GTTAACATCTCGGGCAGCACC-3', SEQ ID NO. 46) 
as primers, and a DNA fragment amplified by PCR using 
pBI121 ADH-221 as template and using Xbal-ADH-Fd (SEQ 
ID NO. 42) and LeF3'5"H-ADH-Rv (5'-TGTCGCGTC 
CATTTATTTTTCTTGATTTCCTTCAC-3', SEQ ID NO. 
47) as primers, were mixed, and DNA fragments in which 
tobacco ADH-5'UTR 94bp was directly coupled to the start 
codon of LeF3'5"H1 or LeF3'5"H4 were respectively obtained 
by using this mixture of DNA fragments as template and 
using Xbal-ADH-Fd (SEQ ID NO. 42) and HpaI-LeF3'5"H- 
Rv (5'-GTTAACATCTCGGGCAGCACC-3', SEQ ID NO. 
48) as primers. 

After respectively TA-cloning these DNA fragments into 
pCR2.1, a DNA fragment obtained by digesting with Xbal 
and HpaI and a binary vector fragment obtained by digesting 
pIG121-Hm 35S:LeF3'5"H1 or plG12'-Hm 35S:LeF3'5"H4 
with Xbal and HpaI were respectively ligated to obtain 
pIG121-Hm 35S: ADHNF-LeF3'5"H1 and plG121-Hm 
35S::ADHNF-LeF3'5"H4. A roughly 2.6 kb ADHNF 
LeF3'5"H1::NOSter DNA fragment obtained by digesting 
these binary vectors with Xbaland EcoRV was ligated with a 
binary vector fragment obtained by digesting pBI121 HANS 
CmF3Hplk-S with Speland EcolGRI to obtain pBI121 chry 
santhemum F3Hpro1kpro::ADHNF-loberia F3'5"H1:: 
NOSter and pPI 121 chrysanthemum F3H pro1kpro:: 
ADHNF-elStona F3'5H4::NOSter. 

Although 12 strains of recombinant chrysanthemum 
derived from chrysanthemum variety 94-765 were obtained 
by using Agrobacterium transformed with pBI121 chrysan 
themum F3Hpro1kpro::ADHNF-loberia F3'5"H1::NOSter, 
there were no individuals obtained that contained delphini 
din. In addition, although 34 strains of recombinant chrysan 
themum derived from chrysanthemum variety 94-765 were 
obtained by using Agrobacterium transformed with pBI121 
chrysanthemum F3Hpro1 kpro: ADHNF-loberia F3'5"H4: 
NOSter, there were also no individuals obtained that con 
tained delphinidin. 

Example 5 

Production of pBINPLUS Chrysanthemum 
F3Hpro1k::ADHNF-Pansy-F3'5"Hit40::NOSter 

pBinPLUS chrysanthemum F3Hpro1k::ADHNF-pansy 
F3'5"Hit40::NOSter was obtained by ligating a roughly 1.1 kb 
chrysanthemum F3H promoter DNA fragment obtained by 
digesting pCR HANS-CmF3Hplk-BclI with AscI and BclI. 
and a binary vector fragment obtained by digesting pBin 
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22 
PLUS Rugosa rose F3Hpro: ADHNF-pansy F3'5"Hit40: 
NOSter with AscI and BamHI. This plasmid was introduced 
into Agrobacterium tumefaciens strain EHA105. 

6 recombinant chrysanthemum strains derived from chry 
santhemum variety 94-675 were obtained by using this trans 
formed Agrobacterium. Delphinidin was detected in the 
flower petals of 4 of these strains, and the delphinidin content 
reached 26.8%. 

Example 6 

Production of p3I 121 Chrysanthemum 
F3Hpro1k::ADHNF-Cineraria F3'5"H:NOSter and 

Transformation into Chrysanthemum 

Two types of DNA fragments consisting of a DNA frag 
ment amplified by PCR using the cineraria F3'SH 
(pSPB2774) obtained in Reference Example 2 as template 
and using ADH-Scl3'5"H-Fd (5'-CAAGAAAAATAAAT 
GAGCATTCTAACCCTAATC-3', SEQ ID NO. 57) and 
Ndle-ScF3'5"H-RV (5'-CATATGTTTAGCTCCA 
GAATTTGG-3', SEQ ID NO. 58) as primers, and a DNA 
fragment amplified by PCR using pBI121 ADH-221 as tem 
plate and using Xbal-ADH-Fd (SEQ ID NO. 42) and 
ScF3'5'H-ADH-Rv (5'-TAGAATGCTCATTTATTTTTCT 
TGATTTCCTTCAC-3', SEQID NO. 59) as primers, were 
mixed, and a DNA fragment in which tobacco ADH-5'UTR 
94 bp was directly coupled to the start codon of cineraria 
F3'SH was obtained by PCR using this mixture of DNA 
fragments as template and using Xbal-ADH-Fd (SEQID NO. 
42) and Ndel-ScF3'5"H-Rv (5'-CATATGTTTAGCTCCA 
GAATTTGG-3', SEQID NO. 60) as primers. After TA-clon 
ing this DNA fragment into pCR2.1, a DNA fragment 
obtained by digesting with Xbal and Ndel and a vector frag 
ment obtained by digesting pSPB2774 with Xbal and Ndel 
were ligated to obtain pBluescript Ski ADHNF-cineraria 
F3'5"H. 

Next, a roughly 1.7 kb DNA fragment obtained by digest 
ing pBluescript Ski ADHNF-cineraria F3'5"H with Xbaland 
XhoI and a vector fragment obtained by digesting pCR2.1 
with Xbaland XhoI were ligated to obtain pCR2.1 ADHNF 
cineraria F3'5"H. pBI121 chrysanthemum F3Hpro1k: 
ADHNF-cineraria F3'5"H: NOSter was then obtained by 
ligating a DNA fragment obtained by digesting this pCR2.1 
ADHNF-cineraria F3'5"H with Xbaland EcoRV with a binary 
vector fragment obtained by digesting pBI121 HANS 
CmF3Hplk-S with Spel and EcolcRI. This plasmid was 
introduced into Agrobacterium tumefaciens strain EHA105. 
50 recombinant strains derived from Chrysanthemum vari 

ety 94-765 were obtained by using this transformed Agrobac 
terium. Delphinidin was detected in the flower petals of 37 of 
these strains, and the delphinidin content reached 36.2%. 

Example 7 

Production of p3I 121 Chrysanthemum 
F3Hpro1k::ADHNF-Japanese gentian 

F3'5"H::NOSter 

Two types of DNA fragments consisting of a DNA frag 
ment amplified by PCR using Japanese gentian F3'5"H cloned 
into pBluescript SK- (plasmid pG48 described in WO 2004/ 
020637) as template and using ADH-Gentian-Fd (5'-CAA 
GAAAAATAAATGTCACCCATTTACACCACCC-3', SEQ 
ID NO. 61) and Sall-Gentian F3'5"H-Rv (5'-GTCGACGC 
TATTGCTAAGCC-3', SEQ ID NO. 62) as primers, and a 
DNA fragment amplified by PCR using plBI121 ADH-221 as 
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template and using Xbal-ADH-Fd (SEQ ID NO. 42) and 
Gentian-ADH-Rv (5'-AATGGGTGACATTTATTTTTCT 
TGATTTCCTTCAC-3', SEQ ID NO. 63) as primers, were 
mixed, and a DNA fragment in which tobacco ADH-5'UTR 
94 bp was directly coupled to the start codon of Japanese 
gentian F3'5"H was obtained by using this mixture of DNA 
fragments as template and using Xbal-ADH-Fd (SEQID NO. 
42) and Sall-Gentian F3'5"H-Rv (5'-GTCGACGCTAT 
TGCTAAGCC-3', SEQ ID NO. 64) as primers. After TA 
cloning this DNA fragment into pCR2.1, a roughly 400 bp 
DNA fragment obtained by digesting with Xbaland SalI and 
a vector fragment obtained by digesting pC48 with Xbaland 
SalI were ligated to obtain pRluescriptSK-ADHNF-Japanese 
gentian F3'5"H. 

Next, a roughly 1.8 kb DNA fragment obtained by digest 
ing pBluescript SK-ADHNF-Japanese gentian F3'SH with 
Xbal and XhoI and a vector fragment obtained by digesting 
pCR2.1 with Xbal and XhoI were ligated to obtain pCR2.1 
ADHNF-Japanese gentian F3'5"H. plBI112 chrysanthemum 
F3Hpro1k::ADHNF Japanese gentian F3'SH::NOSter was 
obtained by ligating a DNA fragment obtained by digesting 
this pCR2.1 ADHNF-Japanese gentian F3'SH with Xbaland 
EcoRV and a binary vector fragment obtained by digesting 
pBI121 HANS-CmF3Hplk-S with Spel and EcoICRI. This 
plasmid was introduced into Agrobacterium tumefaciens 
Strain EHA105. 

Although 21 recombinant chrysanthemum strains derived 
from Chrysanthemum variety 94-765 were obtained by using 
this transformed Agrobacterium, there were no individuals 
obtained that contained delphinidin. 

Example 8 

Production of p3I121 Chrysanthemum 
F3Hpro1k::ADHNF-Verbena F3'5"H::NOSter 

Two types of DNA fragments consisting of a DNA frag 
ment amplified by PCR using verbena F3'5"H cloned into 
pBluescript SK- (pHVF7, Plant Biotechnology, 23, 5-11, 
2006, DNA database accession no. ABA234898) as template 
and using ADH-Verbena-Fd (5'-CAAGAAAAATAAAT 
GACGTTTTCAGAGCTTATAAAC-3', SEQID NO. 65) and 
NcoI-Verbena F3'5"H-Rv (5'-CCATGGAGTAAATCAG 
CATCTC-3', SEQID NO. 66) as primers, and a DNA frag 
ment amplified by PCR using pBI121 ADH-221 as template 
and using Xbal-ADH-Fd (SEQ ID NO. 42) and Verbena 
ADH-RV (5'-TGAAAACGTCATTTATTTTTCT 
TGATTTCCTTCAC-3', SEQID NO. 67) as primers, were 
mixed, and a DNA fragment in which tobacco ADH-5'UTR 
94 bp was directly coupled to the start codon of verbena 
F3'SH was obtained by PCR using the mixture of DNA 
fragments as template and using Xbal-ADH-Fd (SEQID NO. 
42) and NcoI-Verbena F3'5"H-Rv (5'-CCATGGAGTAAAT 
CAGCATCTC-3', SEQ ID NO. 68) as primers. After TA 
cloning this DNA fragment into pCR2.1, pBluescript SK 
ADHNF-verbena F3'SH was obtained by ligating a roughly 
700 b DNA fragment obtained by digesting with Xbal and 
NcoI and a vector fragment obtained by digesting pHVF7 
with Xba and Nico. 

Next, a 1.8 kb DNA fragment obtained by digesting pBlue 
script SK-ADHNF-verbena F3'5"H with Xbaland XhoI and a 
vector fragment obtained by digesting pCR2.1 with Xbaland 
XhoI were ligated to obtain pCR2.1 ADHNF-verbena F3'5"H. 
pBI121 chrysanthemum F3Hpro1k::ADHNF-verbena 
F3'5"H::NOSter was then obtained by ligating a DNA frag 
ment obtained by digesting this pCR2.1 ADHNF-verbena 
F3'SH with Xbal and EcoRV and a binary vector fragment 
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24 
obtained by digesting pBI121 HANS-CmF3Hklk-S with 
Spel and EcolcRI. This plasmid was introduced into Agro 
bacterium tumefaciens strain EHA 105. 

17 recombinant chrysanthemum strains derived from chry 
santhemum variety 94-765 were obtained by using this trans 
formed Agrobacterium. Delphinidin was detected in the 
flower petals of 11 of these strains, and the maximum del 
phinidin content was 28.4%. 

Example 9 

Production of p3I 121 Chrysanthemum 
F3Hpro1k::ADHNF-Blue Snapdragon 

F3'5"H::NOSter 

A cDNA library was produced using mRNA obtained from 
the bud of a type of Snapdragon (Antirrhinum kelloggii, blue 
Snapdragon) using the Uni-ZAPXRVector Kit (Stratagene) 
in accordance with the method recommended by the manu 
facturer. This library was screened according to the method 
described in Reference Example 2 to obtain two types of 
plasmids pSPB3145 and pSPB3146 respectively containing 
F3'5"H cDNA #1 (SEQ ID NO. 69) and F3'5"H cDNA #12 
(SEQ ID NO.71). 
Two types of DNA fragments consisting of a DNA frag 

ment amplified by PCR using pSPB3145 or pSPB3146 as 
template and using ADH-AkF3'5"H-Fd (5'-CAA 
GAAAAATAAATGCAGATAATAATTCCGGTCC-3', SEQ 
ID NO. 73) and Nsil-Ak3'5"H-Rv (5'-ATGCATGTC 
CTCTAACATGTATC-3', SEQID NO. 74) as primers, and a 
DNA fragment amplified by PCR using plBI121 ADH-221 as 
template and using Xbal-ADH-Fd (SEQ ID NO. 42) and 
AkF3'5"H-ADH-Rv (5'-TATTATCTGCATTTATTTTTCT 
TGATTTCCTTCAC-3', SEQID NO. 75) as primers, were 
mixed, and a DNA fragment in which tobacco ADH-5'UTR 
94 bp was directly coupled to the start codon of blue snap 
dragon (Ak)F3'5"H #1 or #12 was respectively obtained by 
PCR using the mixture of DNA fragments as template and 
using Xbal-ADH-Fd (SEQ ID NO. 42) and NsiI-Akf3'5"H- 
Rv (5'-ATGCATGTCCTCTAACATGTATC-3', SEQID NO. 
76) as primers. After TA-cloning this DNA fragment to 
pCR2.1, pBluescript SK-ADHNF-AkF3'5"H#1 and #12 were 
obtained by respectively ligating a roughly 700 b DNA frag 
ment obtained by digesting with Xbal and NsiI and a vector 
fragment obtained by digesting pSPB3145 (pBluescript 
SK-AkF3'SH #1) and pSBP3146 (pBluescript SK-AkF3'SH 
#12) with Xbaland NsiI. 

Next, roughly 700 b DNA fragments obtained by digesting 
pBluescript SK-ADHNF-AkF3'SH #1 and #12 with Xbal 
and XhoI were ligated with a vector fragment obtained by 
digesting pCR2.1 with Xbal and XhoI to obtain pCR2.1 
ADHNF-AkF3'5"H #1 and #12. pBI121 chrysanthemum 
F3Hpro1k::ADHNF-AkF3'5"Hit 1::NOSter and pBI121 chry 
Santhemum F3Hpro1k:ADHNF-AkF3'5"Hit 12::NOSter 
were obtained by respectively ligating DNA fragments 
obtained by digesting these pCR2.1 ADHNF-AkF3'5"H #1 
and #12 with Xbaland EcoRV with a binary vector fragment 
obtained by digesting pBI121 HANS-CmF3Hplk-S with 
Spel and EcolcRI. These plasmids were transfected into 
Agrobacterium tumefaciens strain EHA105. 

1 strain of recombinant chrysanthemum derived from chry 
santhemum variety 94-765 was obtained by using this trans 
formed Agrobacterium. Delphinidin was detected in the 
flower petals of this strain, and the delphinidin content 
reached 2.9%. 
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Example 10 

Production of p3I121 Chrysanthemum 
F3Hpro500::ADHNF-Cineraria F3'5"H::NOSter 

A binary vector DNA fragment obtained by digesting the 
pBI121 HANS-CmF3Hp500-X obtained in Example 1 with 
Xbaland EcolcRI and a DNA fragment of ADHNF-cineraria 
F3'5"H obtained by digesting the pCR2.1 ADHNF-cineraria 
F3'5"H obtained in Example 6 were ligated to obtain pBI 121 
chrysanthemum F3Hpro500::ADHNF-cineraria F3'5"H: 
NOSter, which was then introduced into Agrobacterium 
tumefaciens strain EHA105. 

Seven stains of recombinant chrysanthemum derived from 
chrysanthemum variety Taihei were obtained by using this 
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transformed Agrobacterium. Delphinidin was detected in 5 of 
those strains, and delphinidin content reached 25.5%. 

INDUSTRIAL APPLICABILITY 

According to the present invention, chrysanthemum flower 
color can be changed to blue by using the transcriptional 
regulatory region of chrysanthemum-derived flavanone 3-hy 
droxylase (F3H), expressing flavonoid 3',5'-hydroxylase 
(F3'5"H) in chrysanthemum, and allowing a large amount of 
delphinidin to accumulate in the flower petals. Although 
chrysanthemums come in flower colors including white, yel 
low, orange, red, pink and purplish red, since there are no 
existing varieties or closely related wild varieties that pro 
duce bluish flowers such as those having a purple or blue 
color, blue chrysanthemums produced according to the 
method of the present invention will lead to stimulation of 
new demand. 
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SEQUENCE LISTING 

NUMBER OF SEO ID NOS : 87 

SEQ ID NO 1 
LENGTH: 1096 
TYPE: DNA 
ORGANISM: Perilla frutescens 
FEATURE: 

NAME/KEY: promoter 
LOCATION: (1) ... (1096) 
OTHER INFORMATION: anthocyanin 3-acyl transferase promoter 

SEQUENCE: 1 

aact attatg atc.ccacaga gtttittgaca gatgagt ctt Caggaggaga tigctgaacct 

titt cactact c tactgaacg cat cacaagt ttatcggctt atatgactaa tagggat caa 

Cttcacaa.ca gagaggctica tagagctictt aaagaggatt tdatcgagca catatggaaa 

aaatticggca ctaactaaat atata attta cottt tatgc act cqtaatt taaaattitca 

tgttgtc.t.c at tdtag titt at ttaattatgt titt cact citt gtaatttitta ttttgttgttg 

aagtaaatta tdaatttata attatatggg taattittittgataattatgc aattaaaaat 

aattaatatt ttittaaatgc aagagaaaaa tdttattitta ataacatgtt citt attaaaa 

aataaaatga taaatattitt atgtaggttg ggagaaaatgaaaaaataat attittatttg 

alaggttgggit tatgaggt cactgatggg agtataaata atact coctic ct cocatala 

ttattgtc.ca ttatt cottt ttgggatgtc. ccaaaattat agt cc tatt c taaattggga 

ttgt atttaa at attcttitt acaaatataa ccctatttga tatag tatga atgcaattaa 

tatagtaaaa aaataagggc aatataggat aattattgta aattgtatat titccaataca 

tatt aaatgt gatttcttaa tictgttgttgaa aataggaagt ggactataat tatgggacgg 

agggagtata aagttggagg ttgttggatgt ggaggagaaa gaaattaata titt tatttala 

agattggatt aaaggagg to actgatgtgg gtagt ct tag aggaaatgta gtcttagagg 

aaatctg.ccc agcaaaataa aataataagt aaataaataa act aaatatg tattgaatgc 

gacatctago: aatatagoca catatatagt gcagtag cac gcagogct cq t tact cqtca 

gtcgtcaaag aatggtaagt atagaaaag.c atctittaaat alacacaccala aaaccacagc 

tacgttcaac accogcc 

SEQ ID NO 2 
LENGTH: 4087 
TYPE: DNA 
ORGANISM: Perilla frutescens 
FEATURE: 

NAME/KEY: CDS 
LOCATION: (1097) . . (2443) 
OTHER INFORMATION: pSPB3311, anthocyanin 3-acyl transferase 
promoter + CDS + terminator 

SEQUENCE: 2 

aact attatg atc.ccacaga gtttittgaca gatgagt ctt Caggaggaga tigctgaacct 

titt cactact c tactgaacg cat cacaagt ttatcggctt atatgactaa tagggat caa 

Cttcacaa.ca gagaggctica tagagctictt aaagaggatt tdatcgagca catatggaaa 

aaatticggca ctaactaaat atata attta cottt tatgc act cqtaatt taaaattitca 

tgttgtc.t.c at tdtag titt at ttaattatgt titt cact citt gtaatttitta ttttgttgttg 

aagtaaatta tdaatttata attatatggg taattittittgataattatgc aattaaaaat 

aattaatatt ttittaaatgc aagagaaaaa tdttattitta ataacatgtt citt attaaaa 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

108 O 

1096 

6 O 

12 O 

18O 

24 O 

3OO 

360 

30 



aataaaatga 

alaggttgggit 

ttattgtc.ca 

ttgt atttaa 

tatagtaaaa 

tattaaatgt 

agggagtata 

agattggatt 

aaatctg.ccc 

gacatctago 

gtcgtcaaag 

tacgttcaac 

C Ca 

Pro 

gac 
Asp 

gaa 
Glu 
45 

citc. 
Lell 

tgc 
Cys 

tat 

gac 
Asp 

tac 

Tyr 
125 

a.a.a. 

ggc 
Gly 

tcg 
Ser 

gaa 
Glu 

gtc 
Wall 
2O5 

Cta 

cc.g 
Pro 

atg 
Met 
3O 

ttic 
Phe 

a.a.a. 

aat 
Asn 

Cta 
Luell 

ttic 
Phe 
11 O 

aac 

Asn 

citc. 
Luell 

gt C 
Wall 

titt 

Phe 

gat 
Asp 
19 O 

at a 

Ile 

a.a.a. 

cc.g 
Pro 
15 

acg 
Thir 

cott 
Pro 

Cala 

Glin 

tta 
Luell 

tog 
Ser 
95 

gat 
Asp 

ttic 
Phe 

ttic 
Phe 

ggt 
Gly 

citc. 

Luell 

17s 

gala 
Glu 

a.a.a. 

titt 

taalatattitt 

tggatgaggt 

t tatt cottt 

a tattott tt 

aaataagggc 

gatttcttaa 

aagttggagg 

aaaggaggto 

agcaaaataa 

aatatagoca 

aatggtaagt 

accgcc atg 
Met 
1. 

gac tog 
Asp Ser 

tgg Ctg 
Trp Lieu 

tgt to c 
Cys Ser 

tot citc. 
Ser Luell 

65 

at C tac 

Ile Tyr 
8O 

ggg gac 
Gly Asp 

gat citc 
Asp Lieu. 

gtc. cct 
Wall Pro 

caa gtt 
Glin Wall 

145 

att gga 
Ile Gly 
160 

gcc titt 
Ala Phe 

gat gaa 
Asp Glu 

tat cog 
Tyr Pro 

cct ttg 

gtg 
Wall 

Cat 
His 

aag 
Lys 
5 O 

tot 
Ser 

cott 
Pro 

tcg 
Ser 

gtc 
Wall 

a.a.a. 

Lys 
13 O 

tto 
Phe 

ata 
Ile 

ata 

Ile 

gag 
Glu 

acg 
Thir 
210 

Cala 

31 

gcg 
Ala 

titt 
Phe 
35 

Cala 

Glin 

a.a.a. 

toa 
Ser 

gtt 
Wall 

gga 
Gly 
115 

ttg 
Lell 

gcc 
Ala 

gca 
Ala 

acg 
Thir 

titt 

Phe 
195 

a.a.a. 

tot 

atgtaggttg 

Cactgatggg 

ttgggatgtc. 

acaaatataa. 

aatataggat 

tctgtgttgaa 

ttgttggatgt 

actgatgtgg 

aataataagt 

catatatagt 

atagaaaagc 

gag 
Glu 
2O 

Cat 
His 

Cat 
His 

act 
Thir 

tot 
Ser 

tot 
Ser 
1OO 

aat 
Asn 

cc.g 
Pro 

gtg 
Wall 

acg 
Thir 

gct 
Ala 
18O 

a.a.a. 

titt 

Phe 

ggagaaaatg 

agtataaata 

CCaaaattat 

c cc tatttga 

aattattgta 

aataggaagt 

ggaggagaaa 

gtagt ct tag 

aaataaataa. 

gcagtag cac 

at Ctttalaat 

5 

Cala 

Glin 

cc c 

ttic 
Phe 

citc. 
Lel 

cc.g 
Pro 
85 

ttic 
Phe 

cgc 
Arg 

cag 
Glin 

cag 
Glin 

Cat 
His 
1.65 

tgg 
Trp 

tot 

Ser 

gac 
Asp 

Cat 

tog 
Ser 

atg 
Met 

to a 
Ser 

at a 
Ile 
70 

gag 
Glu 

act 
Thir 

gca 
Ala 

att 
Ile 

gtg 
Wall 
150 

CaC 

His 

gct 
Ala 

ttg 
Luell 

tog 
Ser 

cc c 

ttg 
Luell 

citt 
Luell 

gaa 
Glu 
55 

CaC 

His 

a.a.a. 

Lys 

atc. 
Ile 

gaa 
Glu 

gtc 
Wall 
135 

act 
Thir 

acc 

Thir 

tgg 
Trp 

CCa 

Pro 

att 

Ile 
215 

toa 
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- Continued 

aaaaaataat attittatttg 

a tact CCCt C 

agt cc tatt c 

tatag tatga 

aattgtatat 

ggactataat 

gaaattaata 

aggaaatgta 

actaaatatg 

gcagogctcg 

cgt.cc cataa 

taaattggga 

atgcaattaa 

titcCaataca 

tatgggacgg 

ttt tatttala 

gtc.ttagagg 

tattgaatgc 

ttact cqtca 

aacacaccala aaaccacagc 

cc.g 
Pro 

Cag 
Glin 
4 O 

Ser 

tto 
Phe 

atg 
Met 

gca 
Ala 

tot 
Ser 
12O 

gaa 
Glu 

citt 
Lell 

gtt 
Wall 

atg 
Met 

gtt 
Wall 
2 OO 

tat 

tta 

citc. 
Lell 
25 

citc. 
Lell 

atc. 
Ile 

tto 
Phe 

c cc 

Pro 

gaa 
Glu 
105 

c cc 

Pro 

gaa 
Glu 

tto 
Phe 

agc 
Ser 

agc 
Ser 

185 

tto 

Phe 

tgg 
Trp 

1. 

aca 

Thir 

citc. 
Luell 

att 
Ile 

cott 
Pro 

gag 
Glu 
90 

tot 
Ser 

gtt 
Wall 

tot 
Ser 

CC a 

Pro 

gat 
Asp 
17 O 

a.a.a. 

gat 
Asp 

a.a.a. 

acg 

acc acc acc gtg at C gaa acg tdt aga gtt ggg 
Thir Thir Thr Val Ile Glu Thr Cys Arg Val Gly 

O 

ttic titc 
Phe Phe 

ttic tact 

Phe Tyr 

Coa aaa. 

60 

citc. tca 
Cell Ser 
7s 

titt C9g 
Phe Arg 

agc gac 
Ser Asp 

agg ct c 
Arg Lieu. 

gat aga 
Asp Arg 

14 O 

ggt C9a 
Gly Arg 
155 

gcc cc.g 
Ala Pro 

Cac att 

His Ile 

aga to c 
Arg Ser 

aag gC9 

22O 

gac cc 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

132 

18O 

228 

276 

324 

372 

468 

516 

564 

61.2 

660 

7 OS 

756 

804 

32 



Lell 

att 
Ile 

ggit 
Gly 

gta 
Wall 

gca 
Ala 
285 

gat 
Asp 

aac 

Asn 

gga 
Gly 

a.a.a. 

tcg 
Ser 
365 

gga 
Gly 

gcg 
Ala 

acg 
Thir 

tot 
Ser 

gga 
Gly 
445 

cga 
Arg 

tog 
Ser 

gcg 
Ala 
27 O 

gat 
Asp 

Cta 
Luell 

tgc 
Cys 

gag 
Glu 

a.a.a. 

Lys 
350 

Ctg 
Lieu 

tog 
Ser 

aga 
Arg 

citt 
Luell 

ttg 
Luell 
43 O 

att 
Ile 

Phe 

acc 

Thir 

att 
Ile 
255 

att 
Ile 

gala 
Glu 

agg 
Arg 

tta 
Luell 

a.a.a. 

Lys 
335 

agg 
Arg 

gag 
Glu 

agc 
Ser 

aag 
Lys 

tgt 
Cys 
415 

cott 
Pro 

aat 
Asn 

33 

Pro Lieu. Glin Ser Arg 
225 

acg titc gtt titc acc 
Thir Phe Wall Phe Thr 
24 O 

cag toc aga gtt coa 
Glin Ser Arg Val Pro 

26 O 

gca gct tat atg tdg 
Ala Ala Tyr Met Trp 

gac Cac gac gac ggg 
Asp His Asp Asp Gly 

290 

cca cqa tta gat cog 
Pro Arg Lieu. Asp Pro 

3. OS 

tog tac gcg Ctg cc.g 
Ser Tyr Ala Leu Pro 

ggg gttgttt Ctg gC9 
Gly Val Phe Lieu Ala 

34 O 

at C aac gac aag aga 
Ile Asn Asp Lys Arg 

355 

att cqt gaa gog ttg 
Ile Arg Glu Ala Lieu 

37O 

aag cta gat citt tac 
Llys Lieu. Asp Lieu. Tyr 

385 

caa gaa at a ttg tog 
Glin Glu Ile Lieu. Ser 
4 OO 

aaa goc agg gat tt C 
Lys Ala Arg Asp Phe 

aag gac aaa atg gat 
Lys Asp Llys Met Asp 

435 

His Pro Ser 
23 O 

caa to c gaa 
Glin Ser Glu 
245 

agt tta gtc 
Ser Lieu Wall 

gct ggc gta 
Ala Gly Val 

gat gca titt 
Asp Ala Phe 

295 

cca gtt coc 
Pro Wall Pro 

310 

aga atg C9g 
Arg Met Arg 
3.25 

gct gag gCa 

at a tta gaa 
Ile Lieu. Glu 

cag aaa toa 
Gln Llys Ser 

375 

ggit gca gat 
Gly Ala Asp 

390 

att gat ggg 
Ile Asp Gly 

gala ga giga 
Glu Gly Gly 

gct titt got 
Ala Phe Ala 

US 9,074,215 B2 

- Continued 

Lell 

att 
Ile 

Cat 
His 

acg 
Thir 
28O 

tto 
Phe 

gaa 
Glu 

cgg 
Arg 

atc. 
Ile 

acg 
Thir 
360 

tat 

titt 
Phe 

gag 
Glu 

ttg 
Lell 

gct 
Ala 
4 4 O 

Pro 

aag 
Lys 

citc. 
Lel 

265 

a.a.a. 

ttg 
Lel 

aat 
Asn 

cga 
Arg 

gcg 
Ala 
345 

gtg 
Wall 

titt 

Phe 

gga 
Gly 

a.a.a. 

Lys 

gag 
Glu 
425 

tat 

Tyr 

Thir 

a.a.a. 

Lys 
25 O 

to a 
Ser 

to a 
Ser 

att 
Ile 

tac 

Tyr 

gag 
Glu 
33 O 

gcg 
Ala 

gag 
Glu 

tog 
Ser 

tgg 
Trp 

tat 

Tyr 
41 O 

gtt 
Wall 

titt 
Phe 

Asp Arg 
235 

ttg aag 
Lieu Lys 

tot titt 
Ser Phe 

Ct c aca 
Lieu. Thir 

ccg gt C 
Pro Wall 

3OO 

ttC g 
Phe Gly 
315 

Ctg gtg 
Lieu Wall 

gag at C 
Glu Ile 

aaa tig 
Llys Trp 

gtg gCa 
Wall Ala 

38O 

ggg aag 
Gly Lys 
395 

gca atg 
Ala Met 

tgc ttg 
Cys Lieu. 

to a gcg 
Ser Ala 

ggit taa taaatgitatg taattaaact aatatt atta totaacaatt 
Gly 

aattaagtgt tagtaacgt. 

gttcaaataa 

tggtgctatt 

taaaattaca 

Ctttatalacc 

atact agaaa 

tgacattata 

ataaaaagac 

ggcaaaaaaa 

aat Cactt Ca 

ttittaaaaaa. 

gtaaaatgca 

aac Ctecticta 

tatatottaa. 

at atttgata 

gct cagacaa 

atgggcc.ccg 

ttaccgct ct 

gaagaataat 

tittattgtat 

tgtttitttitt 

agatagttta 

tatatataat 

acCat CCatc. 

atttctt.cga 

tatatgtaga 

aaatct tagg 

t cact tot ct 

atct t t t acc 

taaccottta 

attgt attitt 

atttittaCat 

atgtgttgtat 

Cttcaaaaat 

acacgittatt 

taggat.cggc 

ggcaaaaaaa 

gcctcitctoc 

tattatatat 

gtgttcttct 

agt attaatt 

ttacatatga 

gtatgtatac 

titcggggc.ca 

aattcaatitt 

ccalaaggggt 

aaaaaattica 

cit catcc ct c 

titatgagttg 

Caccatattt 

gttttaccac 

alacacattct 

acatgitatga 

tattgcatgg 

aataatticta 

gtctgggtgg 

ttatacctag 

gttcc tocto 

1852 

19 OO 

1948 

1996 

2092 

214 O 

21.88 

2236 

2284 

2332 

238O 

2428 

2483 

2543 

26 O3 

2663 

2723 

2.783 

284.3 

2903 

2963 

34 



totott coct 

attttgtatt 

gaaaacaaag 

gattgttgta 

atttitt tatt 

tgggcacggg 

to cact titat 

attaggacac 

aggcaaaaga 

tacct t t c ct 

gcaattgaac 

gtttcaatitt 

tagacgaaat 

gtattt catg 

aatat caa.gc 

aattaact ct 

< 4 OOs 

atgtacgc.ct 

gaaaacttgt 

gttgttttitt 

attgttatat 

act atcaggt 

Ctttittaata 

tattaaggag 

taaggaat at 

taattattitt 

gaccttgcta 

cit total tact 

tagatgtgct 

alactaaaact 

atgataaaga 

aataatgcaa 

tt tatt taco 

act caattag 

SEQ ID NO 3 
LENGTH 448 
TYPE : 
ORGANISM: Perilla frutesce 

PRT 

SEQUENCE: 3 

35 

ct t t cact co 

tgaaaactaa 

tgttgttgctg 

atgttaaaag 

titt titt tatt 

CaatactCCC 

gaggattatt 

tataatcaaa. 

cittittittggit 

ttaggacggit 

aactic gtagt 

attagaaata 

aattatgaaa 

tagaatticta 

cgccticttitt 

taattgtctic 

ata acctaga 

Met Thir Thir Thir Wall ILe Gul. Thir 
1. 

Ser 

Lell 

Ser 

Lell 
65 

Asp 

Lell 

Pro 

Wall 
145 

Gly 

Phe 

Glu 

Wall 

His 

Lys 
SO 

Ser 

Pro 

Ser 

Wall 

Lys 
13 O 

Phe 

Ile 

Ile 

Glu 

Ala 

Phe 
35 

Glin 

Ser 

Wall 

Gly 
115 

Luell 

Ala 

Ala 

Thir 

Phe 

5 

Glu Glin Ser Leu Pro 

His Pro Met Lieu. Glin 
4 O 

His Phe Ser Glu Ser 
55 

Thir Lieu. Ile His Phe 
70 

Ser Pro Glu Lys Met 
85 

Ser Phe Thir Ile Ala 

Asn Arg Ala Glu Ser 
12 O 

Pro Glin Ile Wall Glu 
135 

Wall Glin Wall. Thir Lieu. 
150 

Thir His His Thir Wall 
1.65 

Ala Trp Ala Trp Met 
18O 

Llys Ser Lieu Pro Val 

c tocc cct ct 

accaaaaata 

cagttcc caa 

CCtaaaatat 

gagaattitta 

to Cat CCCaa 

ataatgaaaa 

agtaatataa 

atgagactitt 

ggacgtgctg 

agcgg.cgagt 

aaataalacac 

atgaaaaaac 

gttct cqgtt 

Catacaactt 

gtacgattag 

ataagct citc 

S 

Cys Arg Val 
1O 

Lieu. Thir Phe 
25 

Lieu. Lieu. Phe 

Ile Ile Pro 

Phe Pro Leu 
7s 

Pro Glu Phe 
90 

Glu Ser Ser 
105 

Pro Val Arg 

Glu Ser Asp 

Phe Pro Gly 
155 

Ser Asp Ala 
17O 

Ser Lys His 
185 

Phe Asp Arg 

US 9,074,215 B2 

- Continued 

cticagttctic tat cacttgt 

gaaaaaggta 

acttgcc.gag 

atc ctitt cag 

gat caattag 

tagcaaggit c 

ttaatataaa. 

agtaagtgga 

gct attggga 

cc.gaggcacg 

aaaggtogaa 

aagtgagagg 

aaatataaaa. 

cagttat cac 

agaatcgatg 

ttalactaaaa. 

taga 

Gly 

Phe 

Lys 
6 O 

Ser 

Arg 

Asp 

Lell 

Arg 
14 O 

Arg 

Pro 

Ile 

Ser 

Pro 

Asp 

Glu 
45 

Lell 

Asp 

Tyr 
125 

Gly 

Ser 

Glu 

Wall 

Pro 

Met 
3O 

Phe 

Asn 

Luell 

Phe 
11 O 

Asn 

Luell 

Wall 

Phe 

Asp 
19 O 

Ile 

tagaaaattit 

ttgc.cgacitt 

aattgagatg 

titat cittgta 

c ccttgctat 

gtaagtggat 

t to cact tita 

Cat CCCaaaa. 

Calaattaatt 

CCCtcaagga 

ggagtttittg 

Cataaac agg 

citt to tccala 

tccaaaggitt 

caa.gctic titt 

Pro Asp 
15 

Thir Trp 

Pro Cys 

Glin Ser 

Lieu. Ile 
8O 

Ser Gly 
95 

Asp Asp 

Phe Wall 

Phe Glin 

Gly Ile 
160 

Lieu Ala 
17s 

Glu Asp 

3143 

32O3 

3263 

3323 

3383 

3443 

3503 

3.563 

3 623 

3 683 

37.43 

3803 

3863 

3923 

3983 

36 



Pro 

Lell 
225 

Phe 

Ser 

Ala 

His 

Arg 
3. OS 

Wall 

Asn 

Arg 

Lell 
385 

Glu 

Ala 

Asp 

Thir 
21 O 

Glin 

Wall 

Arg 

Asp 
29 O 

Luell 

Ala 

Phe 

Asp 

Glu 
37 O 

Asp 

Ile 

Arg 

195 

Ser 

Phe 

Wall 

Met 

Asp 

Asp 

Luell 

Luell 

Lys 
355 

Ala 

Luell 

Luell 

Asp 

Met 
435 

LOCATION: 

37 

2OO 

Phe Asp Ser Ile Tyr 
215 

Arg His Pro Ser Lieu. 
23 O 

Thr Glin Ser Glu Ile 
245 

Pro Ser Lieu. Wal His 
26 O 

Trp Ala Gly Val Thr 
28O 

Gly Asp Ala Phe Phe 
295 

Pro Pro Wall Pro Glu 
310 

Pro Arg Met Arg Arg 
3.25 

Ala Ala Glu Ala Ile 
34 O 

Arg Ile Lieu. Glu Thr 
360 

Lieu. Glin Llys Ser Tyr 
375 

Tyr Gly Ala Asp Phe 
390 

Ser Ile Asp Gly Glu 

Phe Glu Gly Gly Lieu 

Asp Ala Phe Ala Ala 

SEQ ID NO 4 
LENGTH: 6835 
TYPE: DNA 
ORGANISM: Perilla frutesce 
FEATURE: 

NAME/KEY: CDS 
LOCATION: 

SEQUENCE: 4 

c cccaaaaac Cttgattagg 

ttttcqccct 

aacaa.cactic 

ggcc tattgg 

tattaacgct 

ggtgcgggCC 

ttgacgttgg 

aac Cotatict 

ttaaaaaaat 

tacaattt CC 

t ctitcgctat 

44 O 

(1608) ... (2330) 
OTHER INFORMATION: Other O 
FEATURE: 

NAME/KEY: CDS 
LOCATION: (3439) . . (4785 
OTHER INFORMATION: SAT2O8 
FEATURE: 

NAMEAKEY: misc feature 
(6815) . . (6815) 

OTHER INFORMATION: n is a 

gtgatggttc 

agt ccacgtt 

cggtctatt c 

gagctgattt 

att cqccatt 

tacgc.cagct 

Trp Llys Llys 

Pro Thr Asp 
235 

Llys Llys Lieu. 
250 

Luell Ser Ser 
265 

Llys Ser Lieu. 

Lieu. Ile Pro 

Asn Tyr Phe 
315 

Arg Glu Lieu. 
330 

Ala Ala Glu 
345 

Val Glu Lys 

Phe Ser Wall 

Gly Trp Gly 
395 

Llys Tyr Ala 
41O 

Glu Val Cys 
425 

Tyr Phe Ser 

S 

RF 

ORF 

acgtag tigg 

ctittaatagt 

ttittgattta 

aacaaaaatt 

Caggctg.cgc 

ggcgaaaggg 
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Ala 
22O 

Arg 

Phe 

Thir 

Wall 
3 OO 

Gly 

Wall 

Ile 

Trp 

Ala 

Lys 

Met 

Lell 

Ala 

2O5 

Lell 

Ile 

Gly 

Wall 

Ala 
285 

Asp 

Asn 

Gly 

Ser 
365 

Gly 

Ala 

Thir 

Ser 

Gly 
445 

Arg 

Ser 

Ala 
27 O 

Asp 

Luell 

Glu 

Lys 
35. O 

Luell 

Ser 

Arg 

Luell 

Luell 
43 O 

Ile 

c catcgc cct 

ggact Cttgt 

taagggattt 

taacg.cgaat 

aactgttggg 

ggatgttgctg 

Phe Pro 

Th Thr 
24 O 

Ile Glin 
255 

Ile Ala 

Glu Asp 

Arg Pro 

Luell Ser 
32O 

Lys Gly 
335 

Arg Ile 

Glu Ile 

Ser Lys 

Lys Glin 
4 OO 

Cys Llys 
415 

Pro Llys 

Asin Gly 

gatagacggit 

tccaaactgg 

tgc.cgatttic 

tittaacaaaa. 

aagggcgatc 

Caaggcgatt 

6 O 

12 O 

18O 

24 O 

3OO 

360 

38 





gtc. aat ggit 

15 O 

tat CCt to a 

Tyr Pro Ser 
1.65 

cga aag tat 
Arg Llys Tyr 
18O 

gta gala C9g 
Val Glu Arg 

cgit coa tdt 
Arg Pro Cys 

gct togt atc 
Ala Cys Ile 

23 O 

gacacatacc 

gatgctgaac 

aatagggatc 

Cacatatgga 

tittaaaattit 

tattttgttg 

gcaattaaaa 

ttct tattaa. 

at attittatt 

tcc.gtc.ccat 

tctaaattgg 

gaatgcaatt 

attt CCaata 

attatgggac 

tattitt at tt 

tagt cittaga 

tg tattgaat 

cgttact.cgt. 

aaaaac Caca 

tgt aga gtt 

25 O 

Ctc. aca tt C 

Lieu. Thir Phe 
265 

ctic ct c titc 

Lieu. Lieu. Phe 

atc att CCa 

Ile Ile Pro 

41 

cgc caa aat gat aga 
Val Asn Gly Arg Glin Asn Asp Arg 

155 

tgg gct gca ttt gta 
Trp Ala Ala Phe Val 

17O 

aag titg titt gtt cala 
Llys Lieu. Phe Val Glin 

185 

gcc titt gga gtt cta 
Ala Phe Gly Val Lieu. 

2 OO 

Ctt gtt to gac aag 
Lieu Val Trp Asp Llys 
215 

at cata cac aat atg 
Ile Ile His ASn Met 

taalactatta 

ct t t t cact a 

aactitcacala 

aaaaatt.cgg 

catgtgtctic 

tgaagtaaat 

ataattaata 

aaaataaaat 

tgaaggttgg 

aattattgtc 

gattgt attt 

aatatagtaa 

Cat attaaat 

ggagggagta 

aaagattgga 

ggaaatctgc 

gccacatcta 

cagt cqtcaa 

gctacgttca 

235 

tgatcccaca 

ctic tactgaa 

cagagaggct 

Cactalactaa 

attgtag titt 

tatgaattta 

tttitt taaat 

gataaatatt 

gttggatgag 

cat tattic ct 

aaatattott 

aaaaataagg 

gtgatttctt 

taaagttgga 

ttalaaggagg 

c cagoaaaat 

gcaatatagc 

agaatggtaa 

gca tat tat 
Ala Tyr Tyr 

aag to a atc 
Llys Ser Ile 

cac caa gaa 
His Glin Glu 

190 

caa got cqt 
Glin Ala Arg 

2O5 

gtt ttg atg 
Wall Leu Met 
22 O 

att gtg gag 
Ile Wall Glu 

gagtttittga 

cgcatcacaa 

catagagctic 

atatata att 

attta attat 

taattatatg 

gcaa.gagaaa 

titatgtaggit 

gtcactgatg 

ttittgggatg 

ttacaaatat 

gcaat at agg 

aatctgtgtg 

ggttgttggat 

t cact gatgt 

aaaataataa. 

Cacatatata 

gtatagaaaa 
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ctic acc gat 
Lieu. Thir Asp 

16 O 

aca tot CCt 
Thir Ser Pro 
17s 

gct gct aga 
Ala Ala Arg 

titt gca titt 
Phe Ala Phe 

gga aaa att 
Gly Lys Ile 

225 

gat gala ta 
Asp Glu 

24 O 

Cagatgagtic 

gtttatcggc 

ttaaagagga 

tacgtttitat 

gttitt cactic 

ggtaatttitt 

aatgttattt 

tgggagaaaa 

ggagtataaa 

toccaaaatt 

aac Cotattt 

ataattattg 

aaaataggaa 

gtggaggaga 

ggg tagt ctt 

gtaaataaat 

gtgcagtagc 

gcatctittaa 

acaccgcc atg acc acc acc gtg atc 
Met Thir Thir Thir Wall. Ile 

ggg cca cc.g. cc.g. gac 
Gly Pro Pro Pro Asp 

255 

ttic gac atg acg togg 
Phe Asp Met Thr Trp 

27 O 

tac gaa titc cct tdt 
Tyr Glu Phe Pro Cys 

285 

aala Ctc. aaa Caa tot 

Llys Lieu Lys Glin Ser 

tcg gtg gC9 
Ser Wall Ala 

ct g cat titt 
Lieu. His Phe 

27s 

to c aag caa 
Ser Lys Glin 

290 

Ct c tect aaa. 

Lieu. Ser Lys 

245 

gag caa tog 
Glu Glin Ser 
26 O 

cat ccc atg 
His Pro Met 

Cat titc. tca 

His Phe Ser 

act Ctc at a 

Thir Lieu. Ile 

ggc at a 
Gly Ile 

atg act 
Met Thr 

aaa gat 

195 

att cqa 
Ile Arg 
21 O 

atg atg 
Met Met 

ttcaggagga 

ttatatgact 

tittgatcgag 

gcact cqtaa 

ttgtaattitt 

tgataattat 

taataacatg 

tgaaaaaata 

taatact CCC 

atagt cctat 

gatatagitat 

taaattgtat 

gtggactata 

aagaaattaa 

agaggaaatg 

aalactaaata 

acgcagcgct 

atalacacacc 

gala acg 
Glu Thir 

ttg cc.g 
Leul Pro 

citt cag 
Lieu. Glin 

28O 

gala to c 
Glu Ser 
295 

cact t to 

His Phe 

2096 

2144 

21.92 

224 O 

2288 

233 O 

239 O 

245 O 

251 O 

257 O 

263 O 

269 O 

2750 

281 O 

2870 

293 O 

299 O 

3 OSO 

311 O 

317 O 

323 O 

329 O 

3350 

3410 

3462 

3510 

35.58 

3606 

3.654 

42 





45 
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Phe Ser Val Ala Gly Ser Ser Lys Lieu. Asp Lieu. Tyr Gly Ala 

gga 
Gly 

a.a.a. 

gag 
Glu 
665 

tat 

Tyr 

tgg 
Trp 

tat 

Tyr 
650 

gtt 
Wall 

titt 
Phe 

999 
Gly 
635 

gca 
Ala 

tgc 
Cys 

to a 
Ser 

aatatt atta 

tattatatat 

gtgttcttct 

agtattaatt 

ttacatatga 

gtatgtatac 

titcggggc.ca 

aatt Caatitt 

ccalaaggggt 

aaaaaatt Ca 

cit catc. cc to 

cticagttctic 

gaaaaaggta 

acttgc.cgag 

atcc titt cag 

gatcaattag 

tagcaaggto 

ttaatataaa. 

agtaagtgga 

gctattggga 

cc.gaggcacg 

aaaggit cqaa 

aagtgagagg 

aaatataaaa. 

cagttat cac 

agaatcgatg 

ttalactaaaa. 

tagagcggcc 

titcCacacala 

aag gcg aga aag caa 
Lys Ala Arg Lys Glin 

64 O 

atg acg citt tdt aaa 
Met Thr Lieu. Cys Llys 

655 

ttgtct ttg cct aag 
Lieu. Ser Lieu Pro Llys 

670 

gcg gga att aat ggit 
Ala Gly Ile Asn Gly 

685 

tgtaacaatt 

titatgagttg 

Caccatattt 

gttttaccac 

alacacatt Ct 

acatgitatga 

tattgcatgg 

aataatticta 

gtctgggtgg 

ttatacctag 

gttcct cotc 

tat cacttgt 

tagaaaattit 

ttgc.cgacitt 

aattgagatg 

ttatcttgta 

c ccttgctat 

gtaagtggat 

t to cact t ta. 

Cat CCCaaaa. 

Calaattaatt 

CCCtcaagga 

ggagtttittg 

Catalaa Cagg 

citt to tccala 

tccaaaggitt 

caa.gct ctitt 

gcc accgcgg 

gtaatcatgg 

Catacgagcc 

aattaagtgt 

gttcaaataa 

tggtgctatt 

taaaattaca 

Ctttatalacc 

atact agaaa 

tgacattata 

ataaaaagac 

ggcaaaaaaa 

totct tcc ct 

attttgtatt 

gaaaacaaag 

gattgttgta 

at t t t t tatt 

tgggCacggg 

to cact titat 

attaggacac 

aggcaaaaga 

tacct t t c ct 

gcaattgaac 

gtttcaatitt 

tagacgaaat 

gtattt catg 

aatat caa.gc 

aatta act ct 

tggagctc.ca 

t catagotgt 

ggaag cataa 

625 

gala at a ttg 
Glu Ile Lieu. 

gcc agg gat 
Ala Arg Asp 

gac aaa atg 
Asp Llys Met 

675 

63 O 

tcq att gat 
Ser Ile Asp 

645 

ttic gaa gga 
Phe Glu Gly 
660 

gat gct titt 
Asp Ala Phe 

Asp Phe 

999 9a 
Gly Glu 

gga ttg 
Gly Lieu. 

gct gct 
Ala Ala 

68O 

taa taaatgitatg taattaaact 

tgagtaacgt. 

aat Cact tca 

ttittaaaaaa. 

gtaaaatgca 

aac Ctect Cta 

tatat Cttaa. 

at atttgata 

gct cagacaa 

atgggcc.ccg 

ttaccgctict 

atgtacgc.ct 

gaaaacttgt 

gttgttttitt 

attgttatat 

actat caggt 

Ctttittaata 

tattaaggag 

taaggaatat 

taattattitt 

gaccttgcta 

citt citat act 

tagatgtgct 

alactaaaact 

atgataaaga 

aataatgcaa 

titt attt acc 

act caattag 

gcttttgttc 

titcctgttgttg 

agtgtaaagc 

gaagaataat 

tittattgtat 

tgtttitttitt 

agatagttta 

tatatataat 

acCat Coat C 

atttctt cqa 

tatatgtaga 

aaatct tagg 

t cact tot ct 

citt to actic c 

tgaaaactaa 

atgttaaaag 

titt titt tatt 

Caatact CCC 

gaggattatt 

tataatcaaa. 

cittittittggit 

ttaggacggit 

aactic gtagt 

attagaaata 

aattatgaaa 

tagaatticta 

cgccticttitt 

taattgtctic 

ata acct aga 

c ctittagtga 

aaattgttat 

Ctggggtgcc 

atct t t t acc 

taaccottta 

attgt attitt 

atttittaCat 

atgtgttgtat 

Cttcaaaaat 

acacgittatt 

taggat.cggc 

ggcaaaaaaa 

gcctcitctoc 

c tocc cct ct 

accaaaaata 

cagttcc caa 

CCtaaaatat 

gagaattitta 

to Cat CCCaa 

ataatgaaaa 

agtaatataa 

atgagactitt 

ggacgtgctg 

agcgg.cgagt 

aaataalacac 

atgaaaaaac 

gttct cqgtt 

Catacaactt. 

gtacgattag 

ataagct ct c 

gggittaattg 

cc.gct cacaa 

taatgagtga 

4 662 

471 O 

4758 

4805 

486.5 

4925 

4985 

SO45 

5105 

516.5 

5225 

5285 

5.345 

54 OS 

54.65 

55.25 

5585 

5.645 

st Os 

576.5 

5825 

5.885 

5945 

6 OOS 

61.25 

6.185 

6245 

63. OS 

6365 

6.425 

6485 

6545 

6605 

46 
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gctaact cac attaattgcg ttgcgct cac togc.ccgctitt coagt cqgga aacctgtcgt. 6665 

gccagotgca ttaatgaatc ggccaacg.cg C9gggagagg C9ggttgcgt attgggcc.gc 6725 

tctt Cogctt ccttggittac ttgacticgct gcgct cqgcc gtcggctg.cg gcgagcggta 6785 

t caa.gct cac tdaaaggcgg taataccggn tat coacaga at Caggggat 6835 

<210s, SEQ ID NO 5 
&211s LENGTH: 24 O 
212. TYPE: PRT 

<213> ORGANISM: Perilla frutescens 

<4 OOs, SEQUENCE: 5 

Met Arg Val Lieu Ala Tyr Gly Ala Ser Ala Asp Val Val Asp Glu Tyr 
1. 5 1O 15 

Lieu. Arg Met Ser Ala Thr Val Thr Arg Asp Ala Val Ile His Phe Val 
2O 25 3O 

Glu Gly Val Ile Ser Cys Phe Ser Asp Thr Tyr Lieu. Arg Llys Pro Asn 
35 4 O 45 

Glin Glin Asp Lieu Ala Arg Lieu. Lieu. Tyr Val Gly Glu Glin Arg Gly Phe 
SO 55 6 O 

Pro Gly Met Ile Gly Ser Ile Asp Cys Met His Trp Glu Trp Thr Asn 
65 70 7s 8O 

Cys Pro Asn Ala Trp Ala Gly Glin Phe Thr Gly Arg Ser Gly Lys Ser 
85 90 95 

Thir Ile Ile Lieu. Glu Ala Val Ala Ser Tyr Asp Lieu. Trp Ile Trp His 
1OO 105 11 O 

Ala Phe Phe Gly. Thir Ser Gly Ala Cys Asn Asp Ile Asin Val Lieu. His 
115 12 O 125 

Gly Ser Pro Ile Phe Ser Asp Val Lieu. Glu Gly Arg Ala Pro His Val 
13 O 135 14 O 

Ser Tyr Ile Val Asn Gly Arg Glin Asn Asp Arg Ala Tyr Tyr Lieu. Thir 
145 150 155 160 

Asp Gly Ile Tyr Pro Ser Trp Ala Ala Phe Val Lys Ser Ile Thr Ser 
1.65 17O 17s 

Pro Met Thr Arg Lys Tyr Lys Lieu Phe Val Gln His Glin Glu Ala Ala 
18O 185 19 O 

Arg Lys Asp Val Glu Arg Ala Phe Gly Val Lieu. Glin Ala Arg Phe Ala 
195 2OO 2O5 

Phe Ile Arg Arg Pro Cys Lieu Val Trp Asp Llys Val Lieu Met Gly Lys 
21 O 215 22O 

Ile Met Met Ala Cys Ile Ile Ile His Asn Met Ile Val Glu Asp Glu 
225 23 O 235 24 O 

<210s, SEQ ID NO 6 
&211s LENGTH: 448 
212. TYPE: PRT 

<213> ORGANISM: Perilla frutescens 

<4 OOs, SEQUENCE: 6 

Met Thr Thr Thr Val Ile Glu Thr Cys Arg Val Gly Pro Pro Pro Asp 
1. 5 1O 15 

Ser Val Ala Glu Glin Ser Leu Pro Leu. Thr Phe Phe Asp Met Thir Trp 
2O 25 3O 

Lieu. His Phe His Pro Met Leu Gln Leu Lleu Phe Tyr Glu Phe Pro Cys 
35 4 O 45 

Ser Lys Gln His Phe Ser Glu Ser Ile Ile Pro Llys Lieu Lys Glin Ser 
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Lell 
65 

Asp 

Lell 

Pro 

Wall 
145 

Gly 

Phe 

Glu 

Pro 

Lell 
225 

Phe 

Ser 

Ala 

His 

Arg 
3. OS 

Wall 

Asn 

Arg 

Lell 
385 

Glu 

Ala 

Asp 

SO 

Ser 

Pro 

Ser 

Wall 

Lys 
13 O 

Phe 

Ile 

Ile 

Glu 

Thir 
21 O 

Glin 

Wall 

Arg 

Asp 
29 O 

Luell 

Ala 

Phe 

Asp 

Glu 
37 O 

Asp 

Ile 

Arg 

Ser 

Wall 

Gly 
115 

Luell 

Ala 

Ala 

Thir 

Phe 
195 

Ser 

Phe 

Wall 

Met 

Asp 

Asp 

Luell 

Luell 

Lys 
355 

Ala 

Luell 

Luell 

Asp 

Met 
435 

Thir 

Ser 

Ser 

Asn 

Pro 

Wall 

Thir 

Ala 
18O 

Phe 

Arg 

Thir 

Pro 
26 O 

Trp 

Gly 

Pro 

Pro 

Ala 
34 O 

Arg 

Luell 

Tyr 

Ser 

Phe 
42O 

Asp 

Lell 

Pro 
85 

Phe 

Arg 

Glin 

Glin 

His 
1.65 

Trp 

Ser 

Asp 

His 

Glin 
245 

Ser 

Ala 

Asp 

Pro 

Arg 
3.25 

<210s, SEQ ID NO 7 
&211s LENGTH: 

&212s. TYPE: DNA 
<213> ORGANISM: Artificial 

27 

Ile 
70 

Glu 

Thir 

Ala 

Ile 

Wall 
150 

His 

Ala 

Lell 

Ser 

Pro 
23 O 

Ser 

Lell 

Gly 

Ala 

Wall 
310 

Met 

Glu 

Lell 

Ala 
390 

Asp 

Gly 

Phe 

49 

55 

His 

Ile 

Glu 

Wall 
135 

Thir 

Thir 

Trp 

Pro 

Ile 
215 

Ser 

Glu 

Wall 

Wall 

Phe 
295 

Pro 

Arg 

Ala 

Glu 

Ser 
375 

Asp 

Gly 

Gly 

Ala 

Phe 

Met 

Ala 

Ser 
12 O 

Glu 

Luell 

Wall 

Met 

Wall 

Luell 

Ile 

His 

Thir 

Phe 

Glu 

Arg 

Ile 

Thir 
360 

Phe 

Glu 

Luell 

Ala 
44 O 

Phe 

Pro 

Glu 
105 

Pro 

Glu 

Phe 

Ser 

Ser 
185 

Phe 

Trp 

Pro 

Luell 
265 

Luell 

Asn 

Arg 

Ala 
345 

Wall 

Phe 

Gly 

Glu 
425 

Pro 

Glu 
90 

Ser 

Wall 

Ser 

Pro 

Asp 
17O 

Thir 

Lys 
250 

Ser 

Ser 

Ile 

Tyr 

Glu 
330 

Ala 

Glu 

Ser 

Trp 

Tyr 

Wall 

Phe 

Luell 

Phe 

Ser 

Arg 

Asp 

Gly 
155 

Ala 

His 

Arg 

Asp 
235 

Luell 

Ser 

Luell 

Pro 

Phe 
315 

Luell 

Glu 

Lys 

Wall 

Gly 
395 

Ala 

Ser 
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6 O 

Ser 

Arg 

Asp 

Lell 

Arg 
14 O 

Arg 

Pro 

Ile 

Ser 

Ala 

Arg 

Phe 

Thir 

Wall 
3 OO 

Gly 

Wall 

Ile 

Trp 

Ala 

Lys 

Met 

Lell 

Ala 

Asp 

Tyr 
125 

Gly 

Ser 

Glu 

Wall 

Lell 

Ile 

Gly 

Wall 

Ala 
285 

Asp 

Asn 

Gly 

Ser 
365 

Gly 

Ala 

Thir 

Ser 

Gly 
445 

Asn 

Luell 

Phe 
11 O 

Asn 

Luell 

Wall 

Phe 

Asp 
19 O 

Ile 

Arg 

Ser 

Ala 
27 O 

Asp 

Luell 

Glu 

Lys 
35. O 

Luell 

Ser 

Arg 

Luell 

Luell 
43 O 

Ile 

Luell 

Ser 
95 

Asp 

Phe 

Phe 

Gly 

Luell 
17s 

Glu 

Phe 

Thir 

Ile 
255 

Ile 

Glu 

Arg 

Luell 

Lys 
335 

Arg 

Glu 

Ser 

Cys 
415 

Pro 

Asn 

Ile 

Gly 

Asp 

Wall 

Glin 

Ile 
160 

Ala 

Asp 

Tyr 

Pro 

Thir 
24 O 

Glin 

Ala 

Asp 

Pro 

Ser 

Gly 

Ile 

Ile 

Glin 
4 OO 

Lys 

Gly 

50 
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FEATURE: 
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<223> OTHER INFORMATION: HindIII containing primer 

SEQUENCE: 7 

aagcttaact attatgat co cacagag 

SEQ ID NO 8 
LENGTH: 24 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: BamHI containing primer 

SEQUENCE: 8 

ggat.ccggcg gtgttgaacg tagc 

SEO ID NO 9 
LENGTH: 35 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: Primer C1 
FEATURE: 

NAMEAKEY: misc feature 
OTHER INFORMATION: primer C1 

SEQUENCE: 9 

gtacat attgtcgittagaac gcgtaatacg actica 

SEQ ID NO 10 
LENGTH; 24 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: Primer BP4 O - is 
FEATURE: 

NAMEAKEY: misc feature 
OTHER INFORMATION: Primer BP4 O - is 

SEQUENCE: 1.O 

aggtgcatga t cqgaccata ctitc 

SEQ ID NO 11 
LENGTH: 35 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: Primer C2 
FEATURE: 

NAMEAKEY: misc feature 
OTHER INFORMATION: Primer C2 

SEQUENCE: 11 

cgittagaacg cgtaatacga ct cactatag ggaga 

SEQ ID NO 12 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: Primer BP4 O-7 
FEATURE: 

NAMEAKEY: misc feature 
OTHER INFORMATION: Primer BP4 O-7 

SEQUENCE: 12 

gaccatactt cittagcgagt ttggc 

27 

24 

35 

24 

35 

25 

52 
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tccaccaa.ca gctagt cct c gocgagtic cc ccaaagttcc tatttatatic act aaagt cc 

Ctttittctica acatagggat co 

<210s, SEQ ID NO 16 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer BP4Opro-HindIII-F 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<223> OTHER INFORMATION: Primer BP4Opro-HindIII-F 

<4 OOs, SEQUENCE: 16 

aagcttgttga t cacatc to tct co 

<210s, SEQ ID NO 17 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer BP4Opro-NheI-R 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<223> OTHER INFORMATION: Primer BP4Opro-NheI-R 

<4 OOs, SEQUENCE: 17 

cgaggctago taalacactta t 

<210 SEQ ID NO 18 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer BP4Opro-NheI-F 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<223> OTHER INFORMATION: BPpro-NheI-F 

<4 OOs, SEQUENCE: 18 

tittagctago Ctcgaagttg 

<210s, SEQ ID NO 19 
&211s LENGTH: 27 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer BP4Opro-BamHI-R 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<223> OTHER INFORMATION: Primer BP4Opro-BamHI-R 

<4 OOs, SEQUENCE: 19 

ggat.ccct at gttgagaaaa agggact 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 24 

&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: DFRproHindIIIF 

<4 OOs, SEQUENCE: 2O 

taataagctt acagtgtaat tat c 

<210s, SEQ ID NO 21 

108 O 

11 O2 

25 

21 

27 

24 
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LENGTH: 23 
TYPE: DNA 

59 

ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: DFRproNheIR 

SEQUENCE: 21 

titatgctago gtgtcaagac cac 

acacgctago ataagttctgt td 

gcttggggat C catct tagg 

SEQ ID NO 
LENGTH: 22 
TYPE: DNA 

22 

ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: DFRproNheIF 

SEQUENCE: 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

22 

23 

ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: DFRproBamHI-R 

SEQUENCE: 

SEQ ID NO 
LENGTH 25 
TYPE: DNA 

23 

24 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: Primer RF3H-F 

SEQUENCE: 24 

aagcttctag titagacaaaa agcta 

SEQ ID NO 
LENGTH: 25 
TYPE: DNA 

25 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: Primer RF3H-R 

SEQUENCE: 25 

ggat.cct citc ttgatattitc cqttic 

caagaaaaat aaatggcaat t c tagt cacc gac 

SEQ ID NO 
LENGTH: 33 
TYPE: DNA 

26 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: ADH-BP4 OFo 

SEQUENCE: 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

26 

27 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: N.co-BP4 O-Rw 

SEQUENCE: 27 

US 9,074,215 B2 
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23 

22 

25 

25 

33 
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Ctcgagcgta C9tgagcatc 

<210s, SEQ ID NO 28 
&211s LENGTH: 29 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: BamHI-ADH-Fo 

<4 OOs, SEQUENCE: 28 

cgcggat.ccg totatttaac toagtatt c 

<210s, SEQ ID NO 29 
&211s LENGTH: 35 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: BP4 O-ADH-Rw 

<4 OOs, SEQUENCE: 29 

tagaattgcc atttatttitt Cttgatttico ttcac 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 29 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: BamHI-ADH-Fo 

<4 OOs, SEQUENCE: 30 

cgcggat.ccg totatttaac toagtatt c 

<210s, SEQ ID NO 31 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: N.co-BP4 ORW 

<4 OOs, SEQUENCE: 31 

Ctcgagcgta C9tgagcatc 

<210s, SEQ ID NO 32 
&211s LENGTH: 27 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ADH Kipni. Forward 

<4 OOs, SEQUENCE: 32 

cggtaccgtc. tattta actic agtatt c 

<210s, SEQ ID NO 33 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: GUS19R 

<4 OOs, SEQUENCE: 33 

tittctacagg acgtaiacata aggga 

<210s, SEQ ID NO 34 
&211s LENGTH: 1047 
&212s. TYPE: DNA 
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35 

29 

27 
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<213> ORGANISM: Chrysanthemum 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<223> OTHER INFORMATION: Flavanone 3-hydroxylase (F3H) 
22 Os. FEATURE: 

<221 > NAMEAKEY: 
&222s. LOCATION: 
22 Os. FEATURE: 

<221 > NAMEAKEY: 
&222s. LOCATION: 

<4 OOs, SEQUENCE: 34 

ttacaaaacc 

ttagcttagc 

taaagagggit 

tt cattt cat 

at agttgtag 

attgttgttitt 

gtc.ccgat ct 

taagattitt c 

gaaaagaggc 

atcaatacga 

gg tact ctitt 

tgtataattic 

aatatact Ca 

atgggat.cca 

agcattatca 

gatt cacgtg 

ttct Ctacala 

accalagtgtg 

atgtgcaaga 

ttittctagta 

aggcgt.ctag 

agtatt catc 

tagtttittitt 

taatcatt CC 

tgttittcaac 

atgtaattag 

agcagatggg 

gggct caatt 

t cattggit co 

t caatacatg 

titt tatgatt 

ttgttgaac cq 

tatalacccCC 

tgg tagttga 

at acco atgc 

tgaagaaaaa 

<210s, SEQ ID NO 35 
&211s LENGTH: 234 6 
212. TYPE : DNA 

primer bind 
(1) . . (23) 

primer bind 
(1023) . . (1047) 

atgaagaaag 

agctaaattit 

ggttt cqgta 

tctaatgaga 

gttittaatta 

gctgttitt ca 

aattggtttc 

ggtttatact 

gaattgat ca 

attgtctcgg 

titcgtttitat 

tctgatttaa 

acaaagaccc 

gtgcatgatt 

gttcaacgga 

taactagogc 

caaccttacg 

ataaaaa. 

<213> ORGANISM: Chrysanthemum 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<223> OTHER INFORMATION: pBluescript SK-F3H9 which contains Flavanone 

3-hydroxylase 
22 Os. FEATURE: 

<221 > NAMEAKEY: 
&222s. LOCATION: 
22 Os. FEATURE: 

<221 > NAMEAKEY: 
&222s. LOCATION: 

<4 OOs, SEQUENCE: 35 

aagctitt.cgg 

taalagactic 

titt citt titat 

agaatt caca 

cct catggitt 

cggcgtaatc 

gggatgaatt 

gtaataaaga 

tt cact titt t 

agtgactaaa 

acgc.cgtaac 

c cattctato 

primer bind 
(1092) . . (1114) 

primer bind 
(2114) . . (2138) 

citt cqctacc 

aaagtgct ct 

gtttggttitt 

acggggacct 

at atcct cag 

gttacgc.cgt. 

aagaaacaat 

agggitttitta 

tt cott to ca. 

gtctagacac 

ataaagaaaa 

atcaattgat 

agagcct cqt 

CtaattcatC 

catggctact 

attcaatgaa 

ttgtttgaca 

tatgtgattg 

acgatgtata 

gttacggtgg 

tgcatgctac 

gatacgc.ccc 

aalacact Cat 

promoter 

acgtaatticc 

titcgggagac 

gtgtttittaa 

gttctgtc.ca 

tagcgattct 

agctatt citc 
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gagggtctaa 

tgtaacctic c 

titat cottt t 

acgat catag 

cott attatt 

at CactCata 

ggct Ctcgat 

tattgcagoa 

gttcgaacct 

ttcacaaggit 

attaattggg 

gttgacatt c 

attaatt CCa 

ggattactitt 

attgg tacgt. 

CaCCC catat 

t cc cc to tact 

c catggctitt 

aac cc gaatt 

cattttgcag 

acagttacgg 

CtcCaataca 

Cagtagcaaa 

promoter 

tatgtaatag 

citct cittata 

catt cat cott 

cgtgtgtata 

agtgatgttg 

c cc tagttga 

Ctagggittta 

gatttgaaaa 

acalaaggaat 

aaataaacgc 

atggctggcg 

atgtgaaatt 

atcttgttgga 

tgattggttc 

atacatatac 

t tott caatt 

t catagacgc 

gag totaact 

at cottt tita 

gaattggaga 

cgtaact cat 

taaac Catta 

ttgc.cagttt 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

104.7 

6 O 

12 O 

18O 

24 O 

3OO 

360 
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<223> OTHER INFORMATION: EgF3'5"H-ADH-Rv 

<4 OOs, SEQUENCE: 43 

tccaac agcc atttatttitt Cttgatttico ttcac 

<210s, SEQ ID NO 44 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: HpaI-EgF3'5' H-Rv 

<4 OOs, SEQUENCE: 44 

gttalacgctg agcctagtgc C 

<210s, SEQ ID NO 45 
&211s LENGTH: 32 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: ADH-LeF35 H-Fo 

<4 OOs, SEQUENCE: 45 

Caagaaaaat aaatggacgc gaCawacatt gc 

<210s, SEQ ID NO 46 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: HpaI-LeF3'5' H-Rv 

<4 OOs, SEQUENCE: 46 

gttalacat ct cqggcagdac C 

<210s, SEQ ID NO 47 
&211s LENGTH: 35 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: LeF35 H-ADH-Rw 

<4 OOs, SEQUENCE: 47 

tgtc.gcgt.cc atttatttitt Cttgatttico ttcac 

<210s, SEQ ID NO 48 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: HpaI-LeF3'5' H-Rv 

<4 OOs, SEQUENCE: 48 

gttalacat ct cqggcagdac C 

<210s, SEQ ID NO 49 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: CamR1 

<4 OOs, SEQUENCE: 49 

gtgaagccac catgtctata g 
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32 

21 

35 

21 
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<210s, SEQ ID NO 52 
&211s LENGTH: 521 
212. TYPE: PRT 

<213> ORGANISM: Campanula medium 

<4 OOs, SEQUENCE: 52 

Met Ser Ile Asp Ile Thir Ile Lieu. Lieu. Cys Glu Lieu Val Ala Ala Ile 
1. 5 1O 15 

Ser Leu Tyr Lieu. Lieu. Thir Tyr Tyr Phe Ile Cys Phe Leu Phe Llys Pro 
2O 25 3O 

Ser His His His His His Leu Pro Pro Gly Pro Thr Gly Trp Pro Ile 
35 4 O 45 

Ile Gly Ser Leu Pro Leu Lleu. Gly Thr Met Pro His Val Ser Leu Ala 
SO 55 6 O 

Asp Met Ala Val Llys Tyr Gly Pro Ile Met Tyr Lieu Lys Lieu. Gly Ser 
65 70 7s 8O 

Lys Gly Thr Val Val Ala Ser Asn Pro Lys Ala Ala Arg Ala Phe Lieu. 
85 90 95 

Llys Ser His Asp Ala Asn. Phe Ser Asn Arg Pro Ile Asp Gly Gly Pro 
1OO 105 11 O 

Thr Tyr Lieu Ala Tyr Asn Ala Glin Asp Met Val Phe Ala Glu Tyr Gly 
115 12 O 125 

Pro Llys Trp Llys Lieu. Lieu. Arg Llys Lieu. Cys Ser Lieu. His Met Lieu. Gly 
13 O 135 14 O 

Pro Lys Ala Lieu. Glu Asp Trp Ala His Val Arg Val Ser Glu Val Gly 
145 150 155 160 

His Met Leu Lys Glu Met Tyr Glu Glin Ser Ser Lys Ser Val Pro Val 
1.65 17O 17s 

Val Val Pro Glu Met Lieu. Thir Tyr Ala Met Ala Asn Met Ile Gly Arg 
18O 185 19 O 

Ile Ile Lieu. Ser Arg Arg Pro Phe Val Ile Thir Ser Llys Lieu. Asp Ser 
195 2OO 2O5 

Ser Ala Ser Ala Ala Ser Val Ser Glu Phe Glin Tyr Met Val Met Glu 
21 O 215 22O 

Lieu Met Arg Met Ala Gly Lieu Phe Asin Ile Gly Asp Phe Ile Pro Tyr 
225 23 O 235 24 O 

Ile Ala Trp Met Asp Lieu. Glin Gly Ile Glin Arg Asp Met Llys Val Ile 
245 250 255 

Glin Glin Llys Phe Asp Val Lieu. Lieu. Asn Llys Met Ile Lys Glu. His Thr 
26 O 265 27 O 

Glu Ser Ala His Asp Arg Lys Asp Asn Pro Asp Phe Lieu. Asp Ile Lieu. 
27s 28O 285 

Met Ala Ala Thr Glin Glu Asn. Thr Glu Gly Ile Glin Lieu. Asn Lieu Val 
29 O 295 3 OO 

Asn. Wall Lys Ala Lieu. Lieu. Lieu. Asp Lieu. Phe Thr Ala Gly Thr Asp Thr 
3. OS 310 315 32O 

Ser Ser Ser Val Ile Glu Trp Ala Lieu Ala Glu Met Lieu. Asn. Asn Arg 
3.25 330 335 

Glin Ile Lieu. Asn Arg Ala His Glu Glu Met Asp Glin Val Ile Gly Arg 
34 O 345 35. O 

Asn Arg Arg Lieu. Glu Glin Ser Asp Ile Pro Asn Lieu Pro Tyr Phe Glin 
355 360 365 

Ala Ile Cys Lys Glu Thr Phe Arg Llys His Pro Ser Thr Pro Leu. Asn 
37 O 375 38O 



77 

Lieu Pro Arg Ile Ser Thr Glu Glu. Cys Glu 
385 390 

Pro Lys Asn. Thir Arg Lieu. Ile Val Asn. Ile 
4 OS 41O 

Pro Llys Val Trp Glu ASn Pro Lieu. Asp Phe 
42O 425 

Ser Glu Lys His Ala Lys Ile Asp Pro Arg 
435 44 O 

Ile Pro Phe Gly Ala Gly Arg Arg Ile Cys 
450 45.5 

Ala Ala Ser Val Glu Tyr Ile Lieu. Gly Thr 
465 470 

Trp Llys Lieu Pro Asp Gly Val Val Glu Val 
485 490 

Gly Ile Ala Lieu. Glin Llys Llys Met Pro Lieu. 
SOO 505 

Arg Lieu Pro Pro Ser Ala Tyr Thr Val 
515 52O 

SEO ID NO 53 
LENGTH: 34 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: ADH-Campa-Fa 

SEQUENCE: 53 

caagaaaaat aaatgtctat agacataacc attic 

SEO ID NO 54 
LENGTH: 21 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: HpaI- Campa-Rv 

SEQUENCE: 54 

gttaa.cat ct ctdgcaccac c 

SEO ID NO 55 
LENGTH: 35 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: Campa-ADH-Rv 

SEQUENCE: 55 

gtctatagac atttatttitt cittgatttico ttcac 

SEO ID NO 56 
LENGTH: 21 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: HpaI- Campa-Rv 

SEQUENCE: 56 

gttaa.cat ct ctdgcaccac c 

SEO ID NO 57 
LENGTH: 33 
TYPE: DNA 

Wall 
395 

Trp 

Thir 

Gly 

Ala 

Luell 

ASn 

Ser 

US 9,074,215 B2 
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Glu Gly Phe Arg 

Ala 

Pro 

Asn 

Gly 
460 

Wall 

Met 

Ala 

Ile 

Glu 

His 
445 

Ala 

His 

Glu 

Ile 

Gly 

Arg 
43 O 

Phe 

Arg 

Ser 

Glu 

Wall 
51O 

Arg 
415 

Phe 

Glu 

Met 

Phe 

Ser 
495 

Thir 

Ile 
4 OO 

Asp 

Luell 

Luell 

Gly 

Asp 

Phe 

Pro 

34 

21 

35 

21 

78 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: ADH-ScF35 H-Fo 

<4 OO > SEQUENCE: 57 

caagaaaaat aaatgagcat t ct aaccota atc 

<210s, SEQ ID NO 58 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: Nole-ScF35 H-Rw 

<4 OOs, SEQUENCE: 58 

catatgttta gct coaga at ttgg 

<210s, SEQ ID NO 59 
&211s LENGTH: 35 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: ScF35 H-ADH-Rw 

<4 OO > SEQUENCE: 59 

tagaatgctic atttatttitt Cttgatttico ttcac 

<210s, SEQ ID NO 60 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM; Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: Nole-ScF35 H-Rw 

<4 OOs, SEQUENCE: 60 

catatgttta gct coaga at ttgg 

<210s, SEQ ID NO 61 
&211s LENGTH: 34 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ADH- Gentian-Fc. 

<4 OOs, SEQUENCE: 61 

caagaaaaat aaatgtcacc catttacacic accc 

<210s, SEQ ID NO 62 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Sal- GentianF3's "H-Rw 

<4 OOs, SEQUENCE: 62 

gtcgacgcta ttgctaagcc 

<210s, SEQ ID NO 63 
&211s LENGTH: 35 

&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Gentian-ADH-Rw 

<4 OOs, SEQUENCE: 63 

aatgggtgac atttatttitt Cttgatttico ttcac 

- Continued 

33 

24 

35 

24 

34 

35 

80 
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<210s, SEQ ID NO 64 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Sal- GentianF3's "H-Rw 

<4 OOs, SEQUENCE: 64 

gtcgacgcta ttgctaagcc 2O 

<210s, SEQ ID NO 65 
&211s LENGTH: 36 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: ADH-Werbena - Fo 

<4 OOs, SEQUENCE: 65 

caagaaaaat aaatgacgtt ttcagagctt ataaac 36 

<210s, SEQ ID NO 66 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: N.co-Werlena-F35 H-Rw 

<4 OOs, SEQUENCE: 66 

c catggagta aat cagoat c tic 22 

<210s, SEQ ID NO 67 
&211s LENGTH: 35 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Werbena-ADH-Rw 

<4 OO > SEQUENCE: 67 

tgaaaacgt.c atttatttitt Cttgatttico ttcac 35 

<210s, SEQ ID NO 68 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: N.co-WerkenaR35. H-Rw 

<4 OOs, SEQUENCE: 68 

c catggagta aat cagoat c tic 22 

<210s, SEQ ID NO 69 
&211s LENGTH: 1755 
&212s. TYPE: DNA 

<213> ORGANISM: Antirrhinum kellogii 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<223> OTHER INFORMATION: F3 '5' HoDNA#1 pSPB314.5 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (73) . . (16O2) 

<4 OOs, SEQUENCE: 69 

titcggcacga gogg tacctitt agtatgttca atctotagtt ttittattaat cacaact caa 6 O 

tagataatcg to atg cag ata ata att cog gtc ctic ctd aag gag ct c acc 111 
Met Glin Ile Ile Ile Pro Val Lieu Lleu Lys Glu Lieu. Thr 







Lell 

Lell 

Trp 

Ala 
145 

Lell 

Pro 

Lell 

Gly 
225 

Met 

Asp 

Arg 

Ala 
3. OS 

Met 

Glin 

Lell 

Ser 

Asn 
385 

Ala 

Pro 

Asn 

Gly 

Wall 
465 

Lell 

Ala 

Asp 

Ala 

Arg 
13 O 

Luell 

Glu 

Gly 

Ser 

Asp 
21 O 

Asp 

Gly 

Luell 

Phe 

Luell 
29 O 

Gly 

Ile 

Wall 

Pro 

Thir 
37 O 

Gly 

Ile 

Asp 

Asp 

Ala 
450 

His 

Asp 

Met 

Thir 

Tyr 
115 

Luell 

Asp 

Asp 

Met 

Arg 
195 

Met 

Phe 

Met 

Glu 

Luell 
275 

Thir 

Thir 

Wall 

Tyr 
355 

Pro 

Gly 

Arg 

Phe 
435 

Arg 

Ser 

Glu 

Wall 

Asn 

Asn 

Luell 

Asp 

Met 

Luell 
18O 

Arg 

Wall 

Ile 

Glu 
26 O 

Asp 

Thir 

Asp 

Asn 

Gly 
34 O 

Luell 

Luell 

Arg 

Phe 
42O 

Glu 

Met 

Phe 

Ala 

Thir 
SOO 

85 

Phe 

Ser 

Arg 

Trp 

His 
1.65 

Wall 

Wall 

Wall 

Pro 

Gly 
245 

His 

Wall 

Ser 

Thir 

Pro 
3.25 

Arg 

Glin 

Asn 

Ile 

Asp 
4 OS 

Met 

Lell 

Gly 

Asp 

Phe 
485 

Pro 

Ser 

Glin 

Ala 
150 

Gly 

Phe 

Glu 

Ser 
23 O 

Lell 

Lell 

Ile 

Asn 

Ser 
310 

Ala 

Asn 

Ala 

Lell 

Pro 
390 

Pro 

Ser 

Ile 

Ile 

Trp 
470 

Gly 

Arg 

87 

Asn 

Asp 

Lell 
135 

Asn 

Ala 

Ala 

Wall 

Lell 
215 

Phe 

His 

Ala 

Lell 

Ile 
295 

Ser 

Ile 

Arg 

Ile 

Pro 
375 

Asn 

Gly 

Pro 

Wall 
45.5 

Lell 

Lell 

Arg 

Met 
12 O 

Ser 

Wall 

Ser 

Met 

Thir 

Met 

Ala 

Ser 

Ala 

Ser 

Luell 

Arg 

Cys 
360 

Arg 

Asn 

Wall 

Phe 
44 O 

Luell 

Luell 

Ala 

Pro 

Pro 
105 

Wall 

Asn 

Arg 

Gly 

Ala 
185 

Arg 

Thir 

Trp 

Ala 
265 

Asn 

Ala 

Thir 

Luell 
345 

Ile 

Thir 

Trp 

Asn 
425 

Gly 

Wall 

Pro 

Luell 

Ser 
505 

90 

Pro 

Phe 

Luell 

Wall 

Arg 

Asn 

Gly 

Ser 

Met 

Phe 
250 

His 

Arg 

Luell 

Ile 

Lys 
330 

Met 

Glu 

Ser 

Arg 

ASn 

Ala 

His 

Ser 
155 

Gly 

Met 

Glu 

Ala 

Asp 
235 

Asp 

Ile 

Asp 

Luell 

Glu 
315 

Ala 

Glu 

Ser 

Ser 

Luell 
395 

ASn 

Gly 
47s 
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Ala 

Ala 

Met 
14 O 

Glu 

Glu 

Ile 

Glu 

Gly 
22O 

Lell 

Asp 

Arg 

Thir 

Lell 
3 OO 

Trp 

His 

Ser 

Phe 

Glin 

Asn 

Pro 

Lell 

Arg 

Ile 
460 

Wall 

Ala 

Gly 

Tyr 
125 

Lell 

Wall 

Ala 

Gly 

Lell 

Glin 

Lell 

Lell 
285 

Asn 

Ala 

Asp 

Asp 

Arg 
365 

Ala 

Wall 

Lell 

Asp 

Arg 
445 

Lell 

Wall 

Ala 

Ala 
11 O 

Gly 

Gly 

Gly 

Wall 

Glin 
19 O 

Asn 

Phe 

Gly 

Ile 

Glu 
27 O 

Glu 

Luell 

Luell 

Glu 

Ile 
35. O 

Asn 

Glu 

Pro 
43 O 

Ile 

Gly 

Glu 

Pro 

Pro 
51O 

95 

Thir 

Pro 

Thir 

Gly 
17s 

Wall 

Glu 

Asn 

Ile 

Ser 
255 

Gly 

Phe 

Ala 

Met 
335 

Pro 

His 

Thir 

Ile 

Phe 
415 

Arg 

Ser 

Met 

Luell 
495 

His 

Arg 

Met 
160 

Wall 

Ile 

Phe 

Ile 

Glu 
24 O 

Arg 

Pro 

Glu 

Thir 

Glu 

Asp 

Pro 

Wall 

Trp 
4 OO 

Asn 

Gly 

Ala 

Luell 

Asn 

Ala 

88 
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212. TYPE: PRT 

<213> ORGANISM: Antirrhinum kellogii 

<4 OOs, SEQUENCE: 72 

Met Glin Ile Ile Ile Pro Val Lieu. Lieu Lys Glu Lieu. Thr Val Ala Ala 
1. 5 1O 15 

Lieu. Lieu. Tyr Val Phe Thr Asn. Ile Lieu. Ile Arg Ser Lieu. Lieu. Thir Arg 
2O 25 3O 

Pro Arg His Arg Lieu Pro Pro Gly Pro Arg Gly Phe Pro Val Val Gly 
35 4 O 45 

Ala Lieu Pro Lieu. Lieu. Gly Ser Met Pro His Val Ala Lieu Ala Lys Met 
SO 55 6 O 

Ser Lys Thr Tyr Gly Pro Val Ile Tyr Lieu Lys Val Gly Ala His Gly 
65 70 7s 8O 

Met Ala Val Ala Ser Thr Pro Glu Ser Ala Lys Ala Phe Leu Lys Thr 
85 90 95 

Lieu. Asp Thr Asn. Phe Ser Asn Arg Pro Pro Asn Ala Gly Ala Thr His 
1OO 105 11 O 

Lieu Ala Tyr Asn. Ser Glin Asp Met Val Phe Ala Ala Tyr Gly Pro Arg 
115 12 O 125 

Trp Arg Lieu. Lieu. Arg Llys Lieu. Ser Asn Lieu. His Met Lieu. Gly. Thir Lys 
13 O 135 14 O 

Ala Lieu. Asp Asp Trp Ala Asn Val Arg Val Ser Glu Val Gly Tyr Met 
145 150 155 160 

Lieu. Glu Asp Met His Gly Ala Ser Gly Arg Gly Llys Val Val Gly Val 
1.65 170 175 

Pro Gly Met Leu Val Tyr Ala Met Ala Asn Met Ile Gly Glin Val Ile 
18O 185 19 O 

Lieu. Ser Arg Arg Val Phe Val Thr Arg Glu Glu Glu Lieu. Asn. Glu Phe 
195 2OO 2O5 

Lys Asp Met Val Val Glu Lieu Met Thr Ser Ala Gly Tyr Phe Asin Ile 
21 O 215 22O 

Gly Asp Phe Ile Pro Ser Phe Ala Trp Met Asp Leu Gln Gly Ile Glu 
225 23 O 235 24 O 

Lys Gly Met Lys Gly Lieu. His Llys Llys Phe Asp Asp Lieu. Ile Ser Arg 
245 250 255 

Met Lieu Lys Glu. His Lieu Ala Ser Ala His Ile Arg Lys Glu Lys Pro 
26 O 265 27 O 

Asp Phe Lieu. Asp Val Ile Lieu Ala Asn Arg Asp Thir Lieu. Glu Gly Glu 
27s 28O 285 

Arg Lieu. Thir Thir Ser Asn. Ile Lys Ala Lieu. Lieu. Lieu. Asn Lieu. Phe Thr 
29 O 295 3 OO 

Ala Gly Thr Asp Thr Ser Ser Ser Thr Ile Glu Trp Ala Leu Ala Glu 
3. OS 310 315 32O 

Met Ile Lys Asn Pro Ala Ile Lieu Lys Lys Ala His Asp Glu Met Asp 
3.25 330 335 

Glin Val Val Gly Trp Asn Arg Arg Lieu Met Glu Ser Asp Ile Pro Llys 
34 O 345 35. O 

Lieu Pro Tyr Lieu. Glin Ala Ile Cys Lys Glu Ser Phe Arg Llys His Pro 
355 360 365 

Ser Thr Pro Leu. Asn Lieu Pro Arg Ile Ser Ser Glin Ala Cys Thr Val 
37 O 375 38O 

Asn Gly Tyr Tyr Ile Pro Lys Asn. Thir Arg Lieu. Asn. Wall Asn. Ile Trp 
385 390 395 4 OO 
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ASn Pro Lieu. Glu Phe ASn 
415 

Ala Ile Gly Arg Asp Pro Asn Val Trp G 
4 OS 4. 

Pro Asp Arg Phe Met Ser Gly Lys Asn Ala Lys Lieu. Asp Pro Arg Gly 
42O 425 43 O 

Asn Asp Phe Glu Lieu. Ile Pro Phe Gly Ala Gly Arg Arg Ile Cys Ala 
435 44 O 445 

Gly Ala Arg Met Gly Ile Val Lieu Val Glu Tyr Ile Lieu. Gly Ser Lieu. 
450 45.5 460 

Val His Ser Phe Asp Trp Llys Lieu Pro Glu Gly Wall Lys Glu Met Asn 
465 470 47s 48O 

Lieu. Asp Glu Ala Phe Gly Lieu Ala Lieu Gln Lys Ala Val Pro Lieu Ala 
485 490 495 

Ala Met Val Thr Pro Arg Lieu Pro Ser Asn Cys Tyr Ala Pro 
SOO 505 51O 

<210s, SEQ ID NO 73 
&211s LENGTH: 34 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: ADH-AkF35 H-Fo 

<4 OO > SEQUENCE: 73 

caagaaaaat aaatgcagat aataattic.cg gtc.c 

<210s, SEQ ID NO 74 
& 211 LENGTH; 23 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Nsi-Ak3's "H-Rw 

<4 OOs, SEQUENCE: 74 

atgcatgtcc tictaacatgt atc 

<210s, SEQ ID NO 75 
&211s LENGTH: 35 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: AkR35"H-ADH-Rw 

<4 OO > SEQUENCE: 75 

tatt atctgc atttatttitt Cttgatttico ttcac 

<210s, SEQ ID NO 76 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Nsi-Ak3's "H-Rw 

<4 OO > SEQUENCE: 76 

atgcatgtcc tictaacatgt atc 

<210s, SEQ ID NO 77 
&211s LENGTH: 1667 
&212s. TYPE: DNA 

<213> ORGANISM: Cineraria 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
223s OTHER INFORMATION: Cisa18 
22 Os. FEATURE: 





gcg 
Ala 
295 

citc. 

Lell 

att 

Ile 

Cta 

Lell 

gcg 
Ala 

aag 
Lys 
375 

gcc 
Ala 

cott 
Pro 

C Ca 

Pro 

gca 
Ala 

ttg 
Lell 
45.5 

aag 
Lys 

c cc 

Pro 

acg 
Thir 

ttaaatagitt atgctaagaa citatttittac aaataaaagt at attggittt gaaaaaaaaa 

28O 

gga 
Gly 

att 

Ile 

gta 
Wall 

aca 

Thir 

acg 
Thir 
360 

999 
Gly 

att 
Ile 

ggt 
Gly 

aat 
Asn 

ggt 
Gly 
44 O 

gtt 
Wall 

citt 
Luell 

ttg 
Luell 

ggt 
Gly 

aaaaaaa. 

acg 
Thir 

cgc 
Arg 

att 

Ile 

ttic 

Phe 
345 

CC a 

Pro 

tat 

gct 
Ala 

cgt 
Arg 

gat 
Asp 
425 

atg 
Met 

Cala 

Glin 

aac 

Asn 

ttg 
Luell 

gac acg 
Asp Thr 

CaC C Ca 

His Pro 
315 

gga aaa 
Gly Lys 
330 

Ct c Caa 

Lieu. Glin 

ct t t cc 

Luell Ser 

cat gtt 
His Wall 

cga caa 
Arg Glin 

395 

ttic cta 
Phe Lieu. 
41O 

ttic gaa 
Phe Glu 

agc ctic 
Ser Luell 

gcc titt 
Ala Phe 

atg gaa 
Met Glu 

47s 

gtg cac 
Wall His 
490 

toa 

Ser 
3 OO 

Cag 
Glin 

aac 

Asn 

gcc 
Ala 

Ctg 
Lell 

cott 

Pro 
38O 

toa 
Ser 

atc. 
Ile 

att 
Ile 

gga 
Gly 

gat 
Asp 
460 

gaa 
Glu 

cc.g 
Pro 

99 

285 

tot 

Ser 

Cta 

Lell 

cgg 
Arg 

att 

Ile 

C Ca 

Pro 
365 

aag 

gaa 
Glu 

C Ca 

Pro 

gta 
Wall 

ttg 
Lell 
445 

tgg 
Trp 

gtg 
Wall 

agg 
Arg 

agt 
Ser 

atg 
Met 

citt 

Luell 

gtg 
Wall 
350 

agg 
Arg 

gga 
Gly 

ttg 
Luell 

gga 
Gly 

CC a 

Pro 
43 O. 

aga 
Arg 

gala 
Glu 

titt 
Phe 

CC a 

Pro 

acc 

Thir 

a.a.a. 

gta 
Wall 
335 

a.a.a. 

att 

Ile 

to c 

Ser 

tgg 
Trp 

gala 
Glu 
415 

ttic 
Phe 

atg 
Met 

ttg 
Luell 

999 
Gly 

agg 
Arg 
495 

gtg 
Wall 

Cala 

Glin 
32O 

aca 

Thir 

gala 
Glu 

gca 
Ala 

at a 

Ile 

acc 

Thir 
4 OO 

a.a.a. 

999 
Gly 

gt C 
Wall 

gct 
Ala 

att 
Ile 
48O 

tta 
Luell 

gaa 
Glu 
3. OS 

gC9 
Ala 

gaa 
Glu 

acg 
Thir 

tog 
Ser 

citc. 

Luell 
385 

gac 
Asp 

cott 
Pro 

gga 
Gly 

aat 
ASn 

aat 
ASn 
465 

agc 
Ser 

gcc 
Ala 
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290 

tgg 
Trp 

Cala 

Glin 

atg 
Met 

titt 

Phe 

gaa 
Glu 
37O 

titt 

Phe 

C Ca 

Pro 

aat 
Asn 

gga 
Gly 

ttg 
Lell 
450 

999 
Gly 

citt 
Lell 

cgt 
Arg 

gga 
Gly 

gaa 
Glu 

gac 
Asp 

aga 
Arg 
355 

agc 
Ser 

gtt 
Wall 

citt 
Lell 

gtt 
Wall 

cga 
Arg 
435 

citt 
Lell 

tta 
Lell 

Cala 

Glin 

CaC 

His 

taaggaaata aact gcctgt ttgtaagata aatctgtttg 

<210s, SEQ ID NO 78 
&211s LENGTH: 504 
212. TYPE : 

<213> ORGANISM: Cineraria 
PRT 

<4 OO > SEQUENCE: 78 

Met Ser Ile Lieu. Thir 
1. 5 

Tyr Gly Lieu Val Asn 

Gly Pro Thr Pro Trp 
35 

Lieu. Pro His His Ser 

Lell 

Lell 

Pro 

Lell 

Ile 

Lell 

Ile 

Ala 

Ser 

Ile 
4 O 

Asp 

Thir 

Arg 
25 

Gly 

Luell 

Phe 
1O 

Arg 

Asn 

Ala 

Ile 

Ala 

Luell 

Thir 

Ser 

Met 

Gly 

Arg 

His 
45 

at a 

Ile 

gala 
Glu 

at a 

Ile 
34 O 

citc. 

Luell 

tgt 
Cys 

aac 

Asn 

gala 
Glu 

gala 
Glu 
42O 

agg 
Arg 

att 
Ile 

gag 
Glu 

agg 
Arg 

gta 
Wall 
SOO 

gcg 
Ala 

atg 
Met 
3.25 

agc 
Ser 

CaC 

His 

gag 
Glu 

gtg 
Wall 

titt 
Phe 
405 

gtg 
Wall 

att 
Ile 

gca 
Ala 

CC a 

Pro 

gtt 
Wall 
485 

tac 

Tyr 

gala 
Glu 
310 

gac 
Asp 

Cala 

Glin 

cc c 

Pro 

gt C 
Wall 

tgg 
Trp 
390 

cgg 
Arg 

aag 
Lys 

tgt 
Cys 

aca 

Thir 

gala 
Glu 
470 

Cala 

Glin 

gga 
Gly 

aattitatgta 

Luell 

Luell 
3O 

Luell 

Gly 

Met 
15 

Pro 

Gly 

Pro 

Phe 

Pro 

Luell 

96.8 

O16 

112 

16 O 

256 

352 

4 OO 

4 48 

496 

544 

660 

667 

100 



Ile 
65 

Ser 

Arg 

Met 

Wall 
145 

Glu 

Asn 

Asp 

Lell 

Lell 
225 

Phe 

Gly 

Ala 

Lell 

Glu 
3. OS 

Ala 

Glu 

Thir 

Ser 

Lell 
385 

Asp 

Pro 

Gly 

Asn 

Asn 
465 

SO 

His 

Wall 

Pro 

Wall 

Ser 
13 O 

Arg 

Glin 

Thir 

Pro 

Ala 
21 O 

Asp 

Asp 

Arg 

Asp 

Luell 
29 O 

Trp 

Glin 

Met 

Phe 

Glu 
37 O 

Phe 

Pro 

Asn 

Gly 

Luell 
450 

Gly 

Wall 

Ala 

Pro 

Phe 
115 

Met 

Glin 

Ser 

Luell 

Lys 
195 

Gly 

Luell 

Ser 

His 

Gly 

Asn 

Gly 

Glu 

Asp 

Arg 
355 

Ser 

Wall 

Luell 

Wall 

Arg 
435 

Luell 

Luell 

Arg 

Gly 

Asn 

Ala 

His 

Glu 

Ala 

Ser 
18O 

Ala 

Glin 

Glin 

Phe 

Wall 
26 O 

Glu 

Luell 

Ile 

Glu 

Ile 
34 O 

Luell 

Asn 

Glu 

Glu 

Arg 

Ile 

Glu 

Lell 

Glin 
85 

Ser 

Pro 

Lell 

Glu 

Wall 
1.65 

Arg 

Asp 

Phe 

Gly 

Lell 
245 

Asp 

Gly 

Phe 

Ala 

Met 
3.25 

Ser 

His 

Glu 

Wall 

Phe 
4 OS 

Wall 

Ile 

Ala 

Pro 

Gly 
70 

Phe 

Gly 

Phe 

Wall 
150 

Met 

Asp 

Asn 

Ile 
23 O 

Asp 

Met 

Gly 

Ser 

Glu 
310 

Asp 

Glin 

Pro 

Wall 

Trp 
390 

Arg 

Thir 

Glu 
470 

101 

55 

Ser 

Lell 

Ala 

Gly 

Ser 
135 

Met 

Lell 

Met 

Ile 
215 

Wall 

Thir 

Lell 

Ala 
295 

Lell 

Ile 

Lell 

Ala 

Lys 
375 

Ala 

Pro 

Pro 

Ala 

Lell 
45.5 

Wall 

Pro 
12 O 

Ala 

Ile 

Asp 

Luell 

Lys 

Gly 

Ile 

Ser 

Luell 

Gly 

Ile 

Wall 

Thir 

Thir 
360 

Gly 

Ile 

Gly 

Asn 

Gly 
44 O 

Wall 

Luell 

Asp 

Wall 

His 
105 

Arg 

Luell 

Glin 

Asp 
185 

Asp 

Asp 

Arg 

Ile 

Thir 
265 

Ser 

Thir 

Arg 

Ile 

Phe 
345 

Pro 

Ala 

Arg 

Asp 
425 

Met 

Glin 

Asn 

Wall 

His 
90 

Met 

Trp 

Ala 

Thir 

Glin 
17O 

Arg 

Met 

Met 

Asp 
250 

Met 

Phe 

Asp 

His 

Gly 
330 

Luell 

Luell 

His 

Arg 

Phe 

Phe 

Ser 

Ala 

Met 

Wall 

Asp 

Ala 

Arg 

Luell 

Arg 
155 

Luell 

Arg 

Wall 

Ile 

Lys 
235 

Glu 

Ile 

Ile 

Thir 

Pro 
315 

Glin 

Ser 

Wall 

Glin 
395 

Luell 

Glu 

Luell 

Phe 

Glu 
47s 
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6 O 

Wall 

Ala 

Met 

Thir 
14 O 

Wall 

Asn 

Wall 

Wall 

Pro 
22O 

His 

Ser 

Glu 

Ser 
3 OO 

Glin 

Asn 

Ala 

Lell 

Pro 

Ser 

Ile 

Ile 

Gly 

Asp 
460 

Glu 

Ala 

Asn 

Asn 

Lell 
125 

Asp 

Lell 

Wall 

Phe 

Glu 

Trp 

Wall 

Thir 

Lell 

Ile 
285 

Ser 

Lell 

Arg 

Ile 

Pro 
365 

Glu 

Pro 

Wall 

Lell 
445 

Trp 

Wall 

Ser 

Phe 

Tyr 
11 O 

Arg 

Phe 

Ala 

Gly 
19 O 

Luell 

Luell 

His 

Ile 

Lys 
27 O 

Ser 

Met 

Luell 

Wall 
35. O 

Arg 

Gly 

Luell 

Gly 

Pro 
43 O 

Arg 

Glu 

Phe 

Ser 

Ala 
95 

His 

Arg 

Gly 

Phe 
17s 

Asp 

Met 

Asp 

Ser 

Gly 
255 

Asp 

Ala 

Thir 

Wall 
335 

Ile 

Ser 

Trp 

Glu 
415 

Phe 

Met 

Luell 

Gly 

Ala 

Asn 

Asp 

Met 

Glin 

Thir 
160 

Ala 

Gly 

Thir 

Luell 

Glin 
24 O 

Thir 

Asn 

Luell 

Wall 

Glin 

Thir 

Glu 

Ala 

Ile 

Thir 
4 OO 

Lys 

Gly 

Wall 

Ala 

Ile 
48O 

102 
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agcgcaagaa gaaatggaca ttgtagttgg aaaaaaccgg Cttgtaacag aaatggaCat 666 O 

aagccaacta acattcct tc aagcc attgt gaaagaaacg tittaggctac acccc.gcgac 672 O 

gccactitt Co. Ctgccalagga ttgcatcaga aagctgtgag gtcaaggggt at catgttcC 678 O. 

taagggat.cg at actictttgttaacgtgtgggc cattgct cacaat cag aattgttggac 6840 

cgacccactt gaattt cqgc ctdgtcqttt cotaatcc.ca ggagaaaaac ctaatgttga 69 OO 

agtgaa.gc.ca aatgattt cq aaattgtacc attcggggga ggacgaagga tttgttgcagg 696 O 

tatgagcctic ggattgagaa togg to aattit gct tattgca acattggttcaagcc tittga 7 O2O 

ttgggaattg gctaatgggit tagagccaga aaa.gcttaac atggaagaag tetttgggat 708 O 

tagcct tcaa agggttcaac Ccttgttggit gcaccc.gagg cca aggttag ccc.gt cacgt. 714. O 

atacggaacg ggittaaggaa ataaactgtc. tdtttgtaag atgaatctgt ttgaattitat f2OO 

gtattaaata gttatgctaa gaact attitt tacaaataaa agtatattgg tttgattgtt 726 O 

citcgcttagc ctittgctaaa tottagatag atgagttgta taacacatca toattaactic 732O 

acat cacgtg gtaacgattt gtttittgagt taaaatttitt aaagaaagga aagaaagaga 7380 

aagtaaat at aaaaaaattt gtgttc.ccga gaagtttittt acgaaggaag aggggagaaa 744. O 

gaga.gaga at tittagagaaa ttittgagtat tttacaacaa aaatcatcct ct catttittg 75OO 

ggatgatttg gaggat ctitt titt citttctt titc ctitcgtc. cactt cacct c cctittctitt 756 O 

c caaaaaaat citcggaaaca tagcqtaatgataaacaaaa accaataaaa atgagcagga 762O 

gcaaac ccta gaaggacgaa atc.ttgaaaa tittatt citaa gatttittaaa aaaaacttgg 768 O 

Cagttggaaa gggcggcgga tat cagtagg tagttgttgtc. acaacgacca gggcggtgtg 774. O 

t caagaaacc ttgttittgag ttgtgtctat atttalaggct c caaaatct c cct cqacttic 78OO 

aaagtgtaca tagaactg.cg ttcaaagtga cc.gtaggact gcttgtgagt aggagataac 786 O 

tacaaaatta aacttagtta ggaattagta tdtcc gacca aaagattgttg atggtttaga 7920 

attalagagac aattacatat attittcaatt aaaactictat aataaaatat ttittcaatca 798 O 

aattittaaaa taatatatat at atttattt taaaagtata taataatata tittatccaat 804 O 

Calaattittaa aataa.cat at atatatatat tittaaaattt taaattatat atttatcCat 81OO 

ttctat caat tataataaaa aaataact at tataccttitt ttgataaaac aaaataaaca 816 O 

tatttaacaa attittatt at ataaact tca ataaaatata aaatatatga aataalacaga 822 O 

aatcgtgtta t cqct tactt gaatcaaata ataagttgca gaagataaaa aaaaaattag 828O 

actittgaaaa ataaaataaa aaataatata tdgittataaa tactataatt tat caaaaat 834 O 

actatattitt atcaaaatcc aaaacaaata gtttittttgt tatgaaaaaa aaaatct cita 84 OO 

cacaaacaca ttaaaattitt ataatttaat ttcaaatcto aattaattat ttgagaagat 846 O 

tcqttcaata tatttgttaa taaagtggac aataagaatt tatttgcttic aaataaacga 852O 

caacatgatt tttgttaatt toatatattt td 8552 

<210s, SEQ ID NO 8O 
&211s LENGTH: 5638 
212. TYPE : DNA 

<213> ORGANISM: Cineraria 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<223> OTHER INFORMATION: Pvul-EcoRV fragment from gCi 01-pBluestar 
22 Os. FEATURE: 

<221 > NAMEAKEY: exon 
&222s. LOCATION: 
22 Os. FEATURE: 

(2652) ... (3092) 
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aacCtttitat 

totcaaaaat 

agagtgtatg 

Caat ct caat 

aagtggtaag 

tcggaggttt 

gcatgcttag 

agttctaacc 

aagtaaataa 

ttg 
Lell 

citt 

Lell 
3 O 

citt 

Lell 

ggit 
Gly 

tcg 
Ser 

titt 

Phe 

tat 

Tyr 
11O 

cga 
Arg 

titt 
Phe 

atg 
Met 
15 

cott 

Pro 

ggt 
Gly 

cc.g 
Pro 

tot 

Ser 

gcc 
Ala 
95 

Cat 

His 

aag 
Lys 

cgt 
Arg 

ttic 
Phe 

CC a 

Pro 

a.a.a. 

ttg 
Luell 

gcg 
Ala 
8O 

aac 

Asn 

gat 
Asp 

atg 
Met 

Cala 

Glin 

agggagatta 

titt t t t t t ta. 

ttitt taattit 

agataatcac 

ttttgttgatt 

ttaaaaaagt 

agaacgtaat 

aaaatgtgta 

aaatcgtaac 

atatggttga 

cctaagctitc 

tgttgacticgt. 

gattagatag 

totttgcctt 

attggtgaat 

ctaccgttca 

aac Cottcaa. 

113 

attaccttgc 

aggaatacct 

taaaatcatg 

gatataactic 

tgaagacata 

gcatgcttag 

aaatcttcaa. 

atgttcattc 

a atg agc att cta acc 
Met Ser Ile Lieu. Thir 

ggt 
Gly 

citt 

Luell 

at a 

Ile 
65 

to c 

Ser 

agg 
Arg 

atg 
Met 

tgc 
Cys 

gtt 
Wall 
145 

gtacgagaac 

aacaaaat Ca 

tittaatttitt 

atgaaattitt 

at Cttalacca 

tatataaata 

aaaaattgat 

ttatctggtg 

999 
Gly 

C Ca 

Pro 

C Ca 

Pro 
SO 

Cat 

His 

gtt 
Wall 

C Ca 

Pro 

gtg 
Wall 

t cc 

Ser 
13 O 

cga 
Arg 

ttg 
Lell 

a CC 

Thir 
35 

Cat 

His 

gtc 
Wall 

gct 
Ala 

C Ca 

Pro 

titt 

Phe 
115 

atg 
Met 

Cag 
Glin 

gtt 
Wall 
2O 

C Ca 

Pro 

CaC 

His 

cga 
Arg 

999 
Gly 

aat 

Asn 
1 OO 

gcg 
Ala 

Cat 

His 

5 

aat 
Asn 

tgg 
Trp 

tog 
Ser 

Cta 

Luell 

cag 
Glin 
85 

tot 

Ser 

cc.g 
Pro 

Ctg 
Luell 

tgaacaagaa 

tcc.cggc citt 

aac tagaaca 

gataacaaac 

ggtC9agggit 

ctaccgttca 

aaagggtaat 

Ctata attac 
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acctaaacct attagaaatg 

agcgacgagg 

aagggaaagg 

ctaac cagoa 

tcqatcc to a 

aagtaactitt 

tatgtctaat 

talaccalatt C 

aagatatgct 

aacaatgtta 

gagittagat C 

Ct c catgtgg 

attggtgaat 

atgccatcta 

ttacgttgtc 

cta atc togc acc titc atc act ggit 
Lieu. Ile Cys Thr Phe Ile Thr Gly 

ttg 
Luell 

CC a 

Pro 

Ctg 
Luell 

999 
Gly 
70 

titt 

Phe 

gga 
Gly 

tat 

titt 

Phe 

citt 
Luell 

at C 

Ile 

gcg 
Ala 
55 

to c 

Ser 

tta 

Luell 

gct 
Ala 

ggt 
Gly 

tot 

Ser 
135 

agc 
Ser 

atc. 

Ile 
4 O 

gac 
Asp 

gtt 
Wall 

CCa 

Pro 
12O 

gcc 
Ala 

cgt 
Arg 
25 

ggc 
Gly 

ttg 
Lell 

gat 
Asp 

gtg 
Wall 

Cat 

His 
105 

agg 
Arg 

a.a.a. 

Lys 

10 

cgc 
Arg 

aac 

Asn 

gcg 
Ala 

gtt 
Wall 

Cat 

His 
90 

atg 
Met 

tgg 
Trp 

gca 
Ala 

gct 
Ala 

Cta 

Luell 

a.a.a. 

gtg 
Wall 
7s 

gat 
Asp 

gcg 
Ala 

cga 
Arg 

citc. 

Luell 

agc cgt. 
Ser Arg 

atg cac 
Met His 

45 

aag tat 
Llys Tyr 
60 

gtg gCC 
Wall Ala 

gcg aat 
Ala Asn 

tat aat 

Tyr Asn 

atg citt 
Met Lieu. 

125 

act gat 
Thir Asp 
14 O 

gttttgtact tt cactitt cq t catatatat 

gaacacttitt 

tggaatctta 

ttitt tact ta. 

ttgttgattat 

cc.gtaaaaaa 

agattitt.ccg 

ttitttgttaa 

gtat caccat 

tacag gag gag gta acg 
Glu Glu Wall. Thir 

150 

aaaat Cactt 

ttcaaataac 

cagtgattaa 

ttagttcaaa 

aattcaaaaa. 

attttgttitt 

cgagagtttg 

cggattatgc 

tittaataatc. 

titt totalacc 

gataatcaca 

taCattatta 

taaaataaaa. 

Caacaataaa. 

taacaataga 

Caagcatgca 

aaaat at Ctt 

ttctaaattit 

taaaatatat 

tcqatatatt 

tctgaga agg 

ataaaattt C 

cggtcaacgg 

taaaaaaa.ca 

ata ctic acg cgc gtt ttg gcc agg 
Ile Lieu. Thir Arg Val Lieu Ala Arg 

155 

act gga caa tog gca gtg aaa ct a gat caa cala Ctt aac gtg tdc ttic 
Thr Gly Glin Ser Ala Val Llys Lieu. Asp Glin Gln Lieu. Asn Val Cys Phe 

222 O 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

269 O 

2738 

2786 

2834 

2882 

293 O 

2978 

3. Of 4 

3122 

31.82 

3242 

3362 

3422 

3482 

3542 

3.653 

3701 

114 





Asn 

gga 
Gly 

ttg 
Lell 
450 

999 
Gly 

citt 

Lell 

cgt 
Arg 

Wall 

cga 
Arg 
435 

citt 
Luell 

tta 
Luell 

Cala 

Glin 

CaC 

His 

Glu 
42O 

agg 
Arg 

att 
Ile 

gag 
Glu 

agg 
Arg 

gta 
Wall 
SOO 

117 

Val Llys Pro Asn Asp 
425 

att tt gca ggit atg 
Ile Cys Ala Gly Met 

4 4 O 

gca acattg gtt caa 
Ala Thir Lieu Val Glin 

45.5 

cca gaa aag citt aac 
Pro Glu Lys Lieu. Asn 

470 

gtt caa ccc titg ttg 
Wall Glin Pro Lieu. Lieu. 
485 

Phe 

agc 
Ser 

gcc 
Ala 

atg 
Met 

gtg 
Wall 
490 

Glu 

citc. 
Luell 

titt 
Phe 

gala 
Glu 
47s 

CaC 

His 

Ile 

gga 
Gly 

gat 
Asp 
460 

gaa 
Glu 

cc.g 
Pro 
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Wall 

ttg 
Lell 
445 

tgg 
Trp 

gtg 
Wall 

agg 
Arg 

Pro 
43 O 

aga 
Arg 

gaa 
Glu 

titt 
Phe 

C Ca 

Pro 

Phe 

atg 
Met 

ttg 
Luell 

999 
Gly 

agg 
Arg 
495 

Gly Gly 

gtc. aat 
Wall Asn 

gct aat 
Ala Asn 

465 

att agc 
Ile Ser 
48O 

tta go c 
Lieu Ala 

tac gga acg ggit taaggaaata alactgtctgt ttgtaagatg 
Tyr Gly Thr Gly 

aatctgtttgaattitatgta 

at attggttt 

CaCatCat Ca 

gaaaggaaag 

aaggalagagg 

t cat cottctg 

ttcaccitccc. 

aataaaaatg 

ttittaaaaaa. 

gattgttct c 

tta act caca 

aaagagaaag 

ggagaaagag 

atttittggga 

tttctittcca 

agcaggagca 

aacttggcag 

SEQ ID NO 81 
LENGTH: 2O 

TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: 

SEQUENCE: 81 

catctgttitt ctdccaaag.c 

SEQ ID NO 82 
LENGTH 19 

TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: 

<4 OOs, SEQUENCE: 82 

ggattaggaa acgacCagg 

SEQ ID NO 83 
LENGTH: 53 

TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: Primer HANS-F3Hpro500-Fd 

<4 OOs, SEQUENCE: 83 

ttaaatagitt 

gcttagcc tt 

t cacgtggta 

taalatataaa. 

agagaattitt 

tgatttggag 

aaaaaatcto 

aac cctagaa 

ttggaaaggg 

atgctaagaa 

tgctaaatct 

acgatttgtt 

aaaatttgttg 

agagaaattit 

gatctttittt 

ggaaacatag 

ggacgaaatc 

cgg.cggat 

citat t t t tact 

tagatagatg 

tittgagttaa 

titc.ccgagaa 

tgagtattitt 

citt tottt to 

cgitaatgata 

ttgaaaattit 

forward primer Ci5a18F1 

reverse primer Ci5a18R1 

aaataaaagt 

agttgtataa 

aatttittaala 

gtttitttacg 

a Caacaaaaa. 

citt cqtccac 

aacaaaaac C. 

attictaagat 

cCaagcttgg cc.gc.cgcgg cc.gcatttaa attactgttc galacctacaa agg 

4925 

4973 

5 O21 

5069 

512 O 

518O 

524 O 

53 OO 

536 O 

548 O 

554. O 

5 6.OO 

5638 

19 

53 

118 
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<210s, SEQ ID NO 84 
&211s LENGTH: 39 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer MX-F3Hpro-Rw 

<4 OOs, SEQUENCE: 84 

tittctagaac gcgttttitta ttttittctitc acacacttg 

<210s, SEQ ID NO 85 
&211s LENGTH: 53 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer HAPS-RhCHSpro3k-Fa 

<4 OOs, SEQUENCE: 85 

39 

cCaagcttgg cc.gc.cttaa ttaaatttaa at Cagcaaga gttgaagaala tag 53 

<210s, SEQ ID NO 86 
&211s LENGTH: 33 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer NS-RhCHSpro3k-Rv 

<4 OOs, SEQUENCE: 86 

aaagctagda ctagt catct cqgagaaggg tog 

<210s, SEQ ID NO 87 
&211s LENGTH: 531 
&212s. TYPE: DNA 

<213> ORGANISM: Chrysanthemum 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<223> OTHER INFORMATION: CmF3Hpro500 
22 Os. FEATURE: 

<221> NAME/KEY: primer bind 
<222s. LOCATION: (1) ... (21) 
22 Os. FEATURE: 

<221> NAME/KEY: primer bind 
<222s. LOCATION: (507) . . (531) 

<4 OO > SEQUENCE: 87 

33 

tactgttcga acctacaaag gaatat caat acgagggctic aattattgtc. tcggattcaa 6 O 

tgaatt caca aggtaaataa acgcgg tact cittitt cattg gtcct tcgtt ttatttgttt 12 O 

gacaattaat tdggatggct gg.cgtgtata attct caata catgtctgat ttaatatgtg 18O 

attggttgac att catgtga aattaatata ct catttitat gattacaaag acccacgatg 24 O 

tataattaat tccaat cittg toggaatggga t coattgttga accoggtgcat gattgttacg 3OO 

gtggggatta cittittgattg gttcagoatt at catataac ccc.cgttcaa cqgatgcatg 360 

Ctacattggit acgtatacat atacgattica C9tgtggtag ttgataact a gcgcgatacg 42O 

cc.cccacc cc at attt cittcaattittct ct acaaataccc atgccaacct tacgaaacac 48O 

t cattcc cct c tact catag acgcaccalag tdtgttgaaga aaaaataaaa a 531 

The invention claimed is: 
1. A method for producing a chrysanthemum plant con 

taining delphinidin in the petals thereof comprising express 
ing flavonoid 3',5'-hydroxylase (F3'5"H) using a transcrip 
tional regulatory region; wherein the chrysanthemum plant is 
transformed with an expression vector or expression cassette 

comprising a gene encoding F3'5"H and the transcriptional 
regulatory region; wherein the F3'5"H is derived from bell 
flower (campanula), cineraria, Verbena, or pansy; and 

65 wherein the transcriptional regulatory region is 
a nucleic acid containing the nucleotide sequence indicated 

in SEQID NO:34 or SEQID NO: 87. 
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2. The method according to claim 1, wherein a translation 
enhancer derived from tobacco alcoholdehydrogenase is fur 
ther used in addition to the transcriptional regulatory region. 

3. The method according to claim 2, wherein the translation 
enhancer is coupled directly to a start codon of the F3'5"H 
gene. 

4. A chrysanthemum plant, or a progeny, a vegetative pro 
liferation product, a part, or a tissue thereof, transformed by 
the method according to claim 1. 

5. A chrysanthemum plant, or a progeny, a vegetative pro 
liferation product, a part, or a tissue thereof according to 
claim 4, which is a cut flower. 

6. A cut flower processed product made from the cut flower 
according to claim 5, wherein said cut flower processed prod 
uct comprises a F3'5"H gene sequence from bellflower (cam 
panula), cineraria, Verbena, or pansy operably linked to a 
transcriptional regulatory sequence, and wherein the tran 
Scriptional regulatory region is 

a nucleic acid containing the nucleotide sequence indicated 
in SEQID NO:34 or SEQID NO: 87. 

7. The method according to claim 1, wherein the content of 
delphinidin in the petals is 25% by weight or more of the total 
weight of anthocyanidins, and wherein a translation enhancer 
derived from tobacco alcohol dehydrogenase is further used 
in addition to the transcriptional regulatory region. 

8. The method according to claim3, wherein the content of 
delphinidin in the petals is 25% by weight or more of the total 
weight of anthocyanidins. 

k k k k k 
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