- 1 - DESCRI PTI ON PROCESS FOR PRODUCI NG ROSE W TH
MODI FI ED COLOR 5 Technical Field The present
invention relates to a new nethod for producing a
rose with altered petal colors. Mire specifically,
it relates to a nethod for producing a rose by
artificially inhibiting the endogenous netabolic 10
pat hway of rose, and expressing the gene coding for
pansy flavonoid 3',5'-hydroxyllse and the gene
codi ng for dihydroflavonol reductase which reduces
di hydronyricetin. Backgroupge#ydTiby Fl ower petals
performthe role of attracting pollinators such as
i nsects and bi rds, which transoort olant poIIen and
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32(1998}). Probably as a result of this, it is rare for

a single species of flower to exhibit several different
colors, and for example, rose or carnation varieties
exhibiting violet to blue colors do not exist, while iris
or gentian varieties exhibiting bright red colors do not
exist. Because flower color is the most important aspect
of petals for purposes of appreciation as well, flowers
of different colors have traditionally been bred by
crossbreeding. The rose, known as the "queen of flowers"
and having high commercial value, has alsc been crossbred
throughout the world.

For example, the current yellow rose cultivar was
created by crossbreeding of Rosa foetida, originating
from western Asia, with a non-yellow rose variety.
However, because flower color is determined by the
genetic capacity of the plant, there has been a limit to
the flower colors that can currently be produced in

cross—-bred strains whose available genetic sources are



restricted (Tanaka et al. Plant Cell Physiol. 39,
1119- 1126, 1998; Mol et al. Curr. Opinion
Bi otechnol . 10, 198- 201 1999). Anong these, the
cultivation of blue roses has been thought
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the "blue" rose. In horticultural industry, the group of
colors from violet teo blue is generally considered "blue"”
according to the RHSCC (The Royal Horticultural Society
Colour‘Chart). It is an aim of the present invention to
create rose plants having flower colors falling within
the "violet group", "violet-blue" group and "blue group"
according to the Royal Horticultural Society Colour
Chart.

Flower colors derive mainly from the three compound
groups of anthocyanins, carotencids and betalains, but it
is the anthocyanins, having the widest absorption
wavelength range (from orange to blue), that are
responsible for blue color. Anthecyanins belong to the

flavonoid family and are biosynthesized by the metabolic



flavonoid famly and are bi osynthesi zed by the
nmetabolic - 3 pathway shown in Fig. 1. Anthocyanins
are nornmally localized in the vacuol es of epithelial
cells. The color shade of anthocyanins (i.e. flower
-color) depends largely on the structure of the
anthocyanins, with nore numerous 5 hydroxyl groups on
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Rose flower petal anthocyanins are derivatives of
pelargonidin, cyanidin and peonidin, whereas no
delphinidin derivatives are known (Biclley and May, J.
Experimental Botany, 44, 1725-1734 1993; Mikanagi Y.,

30 Saito N., Yokoi M. and Tatsuzawa F. (2000) Biochem,.
Systematics Ecol. 28:887-902). This is considered to be
the main reason for the lack of blue roses. Existing
roses have been created by crossbreeding of crossable
related rose species (R, multiflora, R, chinensis, R.

35 gigantean, R. moschata, R. gallica, R. whichuraiana, R.
foetida, etc.).

The fact that no blue rose has been achieved in



35 gigantean, R noschata, R gallica, R

whi churaiana, R foetida, etc.). The fact that no

bl ue rose has been achieved in 4 spite of repeated
efforts at crossbreeding is attributed to the |ack

~of del phinidin production ability by rose- rel ated
varieties. Production of del phinidin in rose petals
woul d require expression of F3'$ Hin the petals 5 as
menti oned above, but F3'5 His Dbelieved to be non-
expressed in the petals of rose and rose-rel ated
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Lett., Vol.3, No.l13, 2001, 1981-1984), and their
derivation from tryptophan and thelr biosynthetic
pathways have been studied.

25 Blue pigments based on gardenia fruit-derived
iridoid compounds (8. Fujikawa, Y. Fukui, K. Koga, T.
Iwashita, H. Komura, K. Nomoto, (1987) Structure of
genipocyanin Gl, a spontanecous reaction product between
genipin and glycine. Tetrahedron Lett. 28 (40), 4692-700;

30 $. Fujikawa, Y. Fukui, K. Koga, J. Kumada, (1987},
Brilliant skyblue pigment formation from gardenia fruits,
J. Ferment. Technol. 65 (4), 419-24) and lichen-derived
azulenes (Wako Pure Chemical Industries Co., Ltd.) are
also known, but no reports are known of expressing these

35 in plant flower petals to produce blue-colored flowers.

It has been expected that a blue rose could be
created by transferring the F3'5'H gene expressed by
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are also known, but no reports are known of
expressing these 35 in plant flower petals to produce
bl ue-colored flowers. It has been expected that a

bl ue rose could be created by transferring the

F3'S' H gene expressed by - 5 other plants into rose
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expression of F3'5'H, and that it is necessary to inhibit
the metabolic pathway to endogenous synthesis of
pelargonidin by carnation.

In order to avoid competition with the carnation
endogenous metabolic pathway (reduction of
dihydrokaempferol (DHK) by dihydroflavonol reductase
{DFR)), a variety lécking DFR was selected from among
white carnations. The F3'5'H gene and petunia DFR (which
is known to efficiently reduce dihydromyricetin (DHM)
without reducing DHK) gene were transferred into
carnation. This resulted in one case of successfully
obtaining a recombinant carnation with a delphinidin
content of about 100% and a blue-violet flower color
previously not found in carnation {(Tanpakushitsu Kakusan
Kouso, Vol.47, No.3, p225, 2002). Thus, further |
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color previously not found in carnation
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number of suitable plant varieties, this has not been
implemented in practice (for example, Nat. Biotechnol.
2002, 20:1030-4).

30 Inhibition methods on the transcription level
include the antisense method using antisense RNA
transcripts for mRNA of the target gene (van der Krol et
al., Nature 333, 866-86%9, 1988), the sense
(cosuppression) method using transcripts of RNA

35 equivalent to mRNA of the target gene (Napoli et al.,
Plant Cell 2, 279-289, 1990) and a method of using duplex
RNA transcripts corresponding to mRNA of the target gene
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have c fuIIy altered by transferring the
103! S'% %ﬁeg?ﬁtg& ose and expressing it in the

petal s. | Nopapatritodioctihent B3: S Fhgenie &nd pPBrimi a

DFR genezhave, baeiyexphessedsien2e®FRraef i ci ent

varieties to create bI ue-vi ol et carnations. 20

However , "bl ue rose" has not yet been created. It

is ther eﬁﬁ@ﬂ%ﬁéﬂﬂﬂﬁéﬁhﬂésent i nvention to
15pr ovi de aAsrese: whieehabd©ssamgeWeidwer llouers | lower been

The iQyveaLten: 1 us (RLOY KIS rGhb e PRIl P81 511 gene into
rose and expressing it in the petals. In carnation, the
F3'5'H gene and petunia DFR gene have been expressed in
DFR-deficient varieties to create blue-violet carnations.

20 However, a "blue rose" has not yet been created. It is
therefore an object of the present invention to provide a
rose which blessoms with a blue flower.

The invention thus provides (1) a method for
producing a rose characterized by artificially

25 suppressing the rose endogenous metabolic pathway and
expressing the pansy gene coding for flavonoid 3',5'-
hydroxylase.

The invention further provides (2) a method for
producing a rose characterized by artificially

30 suppressing the rose endogencus metabolic pathway, and
expressing the pansy gene coding for flavenoid 3',5'-
hydroxylase and the gene coding for dihydreflavenol
reductase.

The invention still further provides {3) a method

35 for producing a rose characterized by artificially

suppressing expression of rose endogenous dihydreflavonol

reductase, and expressing the pansy gene coding for



produci ng a rose characterized by artificially 25
suppressi ng the rose endogenous netabolic pat hway and
expressi ng the pansy gene coding for flavonoid 3',5"-
hydr oxyl ase. The invention further provides (2) a

met hod for producing a rose characterized by
artificially 30 suppressing the rose endogenous

net abol i ¢ pat hway, and exprestng t he pansy gene
coding for flavonoid 3,5 roxyl ase and the gene
codi ng for dlhydroflavonol reductase The invention
sti | 1ffayephéd pr-oVi-dedregjlagengpfotine 3B RoFOPE BTG g
a rosgnghabatiediacdelyctddd tegt abdl yf rBlpppRaSt Ngther than
expression of rose endogenous di hydroflavono

reductase, and expressi ng the pansy gene codlng for -
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provi prod u0|ng a rose
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of rasaevendogenous -havendiagde3d' - hydroxyl ase and

expr essi nehahf &%%xtggﬁ@d ¢adisng Lo cofdllmjom df1avonoid
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The imsentiioangt.i || further provides (5) a rose

ot hers (%,g@ i{;‘?&rrextph%gsi@a %I}I rggesélllc.jig nléq,lghff_avonOJ.d 3'-
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obtalned by the production method according to any one of
{1y to {4} above, or a progeny or tissue thereof, wherein
the petal color of the rose is violet, blue-vioclet or
blue.

The invention further provides (7) a rose according
to (6) above, or a progeny or tissue therecf, wherein the
petal color of the rose belongs to the "Violet group",
"Violet-Blue" group or "Blue group" according to the
Royal Horticultural Society Colour Chart (RHSCC).

The invention further provides (8) a rose according
to (7) above, or a progeny or tissue thereof, wherein the
petal color of the rose belongs to "Violet group"” 85a or
85b accerding to the Reoyal Horticultural Society Colour
Chart (RHSCC).

Brief Description of the Drawings

Fig. 1 shows the flavonoid biosynthesis pathway.
CHS: Chalcone synthase, CHI: Chalcone isomerase



the petal color of the rose is violet, blue-violet or
bl ue. The invention further provides (7) a rose
according 25 to (6) above, or a progeny or tissue
thereof, wherein the petal color of the rose bel ongs
“to the "Violet group”, "Violet-Blue" group or "Blue
group" according to the Royal Horticultural Society
Col our Chart (RHSCC). The |nvenfion further provides
(8) a rose according 30 to (7) ‘above, or a progeny

or tissue thereof, wherein the etal color of the
rose bel onfSt dlavppt etyighaap? BEE Jiavespnacchydragylase
to the Roypd'HHortbeuhdid a3l'-boai@tylaGel our Chart
(RHSCC) . 35, Brii.ef t ko | Fi
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| nvention eral reasons may ost
| ack of blue 20 color in rose even wi th production
of del phi rBegitnModéeforsttabiyiig Ousokhbi irndentand col or

of ant hocyRieRa1 VAL LS s may be postulated for a lack of blue
20 color in rose even with production of delphinidin. The

stability, solubility and color of anthocyanins varies
depending on modification with acyl groups and sugars.
Specifically, it is known that an increased number of
arcomatic acyl groups results in greater blueness. Also,

25 formation of complexes between flavonel and flavene
copigments and anthocyanins produce a blue color and
shift the maximum absorption wavelength toward the longer
wavelength end while also increasing the absorbance.
Anthocyanin color is also dependent on pH. Since a lower

30 PH tends toward redness and a more neutral pH produces
blueness, the flower color depends on the pH of the
vacucles in which the anthocyanins are localized. In
addition, formation of metal chelates in the copresence
of metal ions such as Al** and Mg?' can significantly

35 affect flower color as well. Trial and erreor and
assiduous research led to the proposal for a medification

whereby the proportion of delphinidin in flower petals is



dependi ng on nodification wth acyl groups and
sugars. Specifically, it is known that an increased
nunber of aromatic acyl groups results in greater

bl ueness. Al so, 25 formation of conpl exes between
-flavonol and flavone copignments and ant hocyani ns
produce a blue color and shift the maxi num
absorption wavel ength toward the [onger wavel ength
end while also increasing the absorbance.

Ant hocyanin color is also dependent on pH Since a

| ower iBergitsedends toward redness and a nore neutr al
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pat
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rose.
The dihydromyricetin-reducing DFR genes used in this
25 case were derived from iris (Iridaceae), Nierembergia
(Solanaceae) and petunia (Solanaceae), but as other
dihydromyricetin-reducing DFR gene sources there may he
mentioned non-pelargonidin-accumulating plants such as
tobacco (Solanaceae), cyclamen {Primulaceae), delphinium
30 (Ranunculaceae), orchid (Orchidaceae), gentian
{Gentianaceae), Eustoma russellianum (Gentianaceae) and
the like ({(Forkmann 1921, Plant Breeding 106, 1-26;
Johnson et al., Plant J. 1999, 19, B81-85). The DFR genes
used for the present invention are genes that
35 .preferentially reduce dihydromyricetin.
According to the invention, the flavonoid 3'-
hydroxylase (F3'H) gene, an enzyme participating in the



20 al so expressed, in order to increase the

del phinidin content to roughly 80-100% of the total
ant hocyanidins in the flower petals, thereby
allowing realization of a blue rose. The

- di hydronyri cetin-reduci ng DFR genes used in this 25
case were derived fromiris (lridaceae), N erenbergia
(Sol anaceae) and petunia (Sola gcgae), but as ot her

di hydronyri ceti n-reduci ng DFR déne sources there may
be nmentioned non-pel argoni di n-accunul ati ng plants
such ssse teoldagenoySdlavanebd)synshes borgppthway, is
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fl ower petals | owm ng realization of
bl ue YL Hér?oses obtalned according to the
i nvention have hitherto non-existent flower colors,

1;and t he i@%gﬂéigg can provide roses vvith fI ower

col ors bel ongi t onI 10 to.the r p,
purple grgg %% Pge o't Wllir%ﬂ% ut aln%%f%ﬂhe
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Example 1. Flower color measuring method

The flower petal cclor shade was evaluated by
measurement using a CM2022 spectrophotometric colorimeter
25 (Minolta Japan) with a 10° visual field and a D65 light
source, and analysis using SpectraMagic color control
software (Minoclta Japan). The Royal Horticultural
Society Colour Chart (RHSCC) number is the nearest color
as compared against Color Classification System Version
30 2.1.1 (The Japan Resegarch Institute Co., Ltd.; Japanese
Unexamined Patent Publication No. 2002-016935), based on
the color value ({(CIE L*a*b* color system) obtained by
visual discrimination and measurement with the device
mentioned above. This system may be used for objective
35 selection of the nearest RHSCC number.
Upon measuring the color shades of flower petals of

cultivars conventionally referred to as "blue roses" and



used were based on Mol ecul ar O oning (Sanmbrook and 20

Russell, 2001, Cold Spring Harbor Laboratory Press,

Cold Spring Harbor, New York). Exanple 1. Flower

col or neasuring nethod The fl ower petal color shade

was -eval uated by nmeasurenent using a CM2022

spectrophotonetric colorineter 25 (Mnolta Japan)

with a 10 visual field and a DGIg | i ght source, and

anal ysi s using SpectraMagi c col Y "control software

(Mnolta Japan). The Royal Horticultural Society
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1) Exftibdd.onHobhipeaverrmpetal 1icplidr cmr@nﬂ:cgyrpohm OfPLC) of

of fr@ﬁ@%r@ﬁo@%aﬁ%@ JQ\ettﬂleSe:\l\@fcactSUQb esdi8fidt@d under the
50% cetonltrl

extra on in 0]
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2Wi br atis iy aamd REhek PE441ELed4 wh timpax 02 A5 Shoko Co., Ltd.)

column with a flow rate of 0.6 ml/min, and a mobile phase

Lavaﬁ%e was 186c

at a linear concentration gradient of 10%-—50% CH3CN/H;0O
containing 0.5% trifluorcacetic acid (TFA} for 15 minutes
followed by 50% CH3CN/H:0 containing 0.5% TFA for 10

25 minutes. Detection was performed using an SPD-M10A
photodiode array detector (Shimadzu Laboratories), with
detection in the wavelength range of 600-250 nm and
calculation of the abundance ratio of each anthocyanin
based on the 520 nm absorbance area.

30 2) Anthocyanidin analysis

A 0.2 ml portion of the filtrate was dried

completely under reduced pressure in a glass test tube
and dissolved in 0.2 ml of 6N hydrochloric acid (HC1),

and subjected to hydrolysis at 100°C for 20 minutes. The
35 hydrolyzed anthocyanidins were extracted with 0.2 ml of
l-pentanol, and the organic layer was analyzed by HPLC



filter. Hi gh-performance |iquid chromatography (HPLC)
of the anthocyanins in the extract was conducted
under the followi ng conditions. Isocratic elution
was carried out 20 using an RSpak DE-413L (4.6 mm+ X

- 25 em Shoko Co., Ltd.) colum wth a flow rate of

0.6 mM/mn, and a nobile phase at a |inear
concentration gradient of 10% +50% CH3CN H20

containing 0.5%trifl uoroacefi & acid (TFA) for 15

m nutes followed by 50% CH3CN H20 cont ai ning 0.5%

TFA fmdexotas huwesg Betdidticon. wabhearcflammredsediveg an
an SR PQQ&@pkogg &ﬁr@ﬁcdégechﬂk.QShFﬂg%ﬁ%tlon was

Labora or| €s) ction in wavel engt h
r angd"%ﬁf%%d%’f@ anrblandraealcful aft O ofistRg abundance
r at i ccatoemain.ant inocyans 2o lwasedl oni drheasS28enmbile phase.

sADS O DaNC 8.8l &d or30ag) plPidiaguan) d %@@Jk%'ly L8skdheht at

m portion ate was ete

under6®isdeed presgupe PP é”&?"a%%o’f%%ltc’dleuﬁéra& tector
di sso{smchatipu OLabdratotiédN hydeotht Drdtd cacbds€dHCh) |,

and sybjected to h droI at .100C f.ar 2 S.
Tha AP Py v A Bha PR en? Pt THHES, ana
0.2 Mu@fcltatp@mbaﬁeﬂ oantk® ha spanceapera washe

10$na|y?%%én@!okwgfﬁelénduﬂﬁgﬁ dfh@eiﬁﬂiﬁ¥ﬂlﬂgaﬁ@né@édﬁaﬁﬁ under

he col utmm use
ihege) HPTa%ocoadmtrlaﬂs R e 3e5f%+%m§$§t mé“f‘—f‘rbram‘r’égc g
of 1 585 minp usipegta ve CH3 0 OBRIPEHR CH HAY drogB1oni &85 and

So'Utd§¥%la§ntﬁ?ﬁﬂgyﬁﬂbﬁlﬂguﬁﬂ%chg%g&tﬁ%ﬂm @An¥RSshi Co., Ltd.
perforrre sur.ement . at .600- 490 nm

usi nd' & §§é§{5(ﬁaﬁﬁ’ ?%dgodé ar r%lflcaaettlé’gt quantitation.

15( shi madzu3Labbrvsredi @By lyvsident i fication based on

25

30

35

absor pti oA 0BXinlUFof 08X )oBRter £1@HY @ thil rex{Rbted

and 1%%%%%450%9@8690 G 220- 0 RS0 LBANEE, A8hure in

nt i |n|d|n and

cyanladl n uRb FPPAREEE HF*P_ECaé‘SnaH?%ln"?dwéPe 42 Phyiof, 01 M
5. 2 mataantiub Fhasphat&25uffr (EBPectt wél ¢.5, and then 6

20Del pfunqttg B %%g%%gg%%gee égmnnfmn'@ 0QY&s ochlar i dgna 1

purchase una re used as
sanplwd tf of narsmoienreat | Hremandheisnl Carv ofi0r Updlzyere
FI avopglkdagad iHeS mixture was kept at 30°C for 16 hours.

After the reaction, 0.2 ml of 90% CHsCN was added to the
enzyme reaction solution to terminate the reaction. The
solution was filtered with a 0.45 pm filter and subjected
to HPLC under the following conditions.

Isocratic elution was carried out using a Develosil
C30-UG-5 (4.6 mmp x 15 cm, Nomura Chemical Co., Ltd.)
column with a flow rate of 0.6 ml/min, and a mobile phase
at a linear concentration gradient of 18%—63% CH3;CN/H:0
containing 0.1% TFA for 10 minutes followed by 63%
CH3CN/H20 containing 0.1% TFA for 10 minutes. Detection
was performed using an SPD-M10A photodiode array
detector, with detection in the wavelength range of 400-
250 nm. The R.T. and Amax of kaempferol and quercetin

under these conditions were 11.6 min, 365 nm and 10.3
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A 0.2 mM portion of the flower petal-extracted
filtrate was dried to hardness under reduced pressure
in a 1.5 m Eppendorf tube and dissolved in 0.2 m

of 0.1 M potassium phosphate buffer (KPB) at pH 4.5,
and then 6 20 units of R-glucosidase (Shinnihon

Kagaku Co., Ltd.) and 1 wunit of naringenase (Sigm
Chemi cal Co., MO, USA) were_ %gded and the m xture

was kept at 30C for 16 hours.” After the reaction,

0.2 mM of 90% CH3CN was added to the enzynme reaction -
sol@ni oA’ @ ot eriASRECE LV ALY r edATTHA S Phea DS St 1R IOM
m@uﬁth%@écﬂ?dfhﬁlkdnt hFu&aQoéﬁl nd il e . andrsubjected sdmples
HPLC under. 1 ondj t,i I atic
elé?loﬁuﬁ%éf%é;ww e%g %§I§§% y %e ePo§9§£'C30 UG 5
(4.6 : tead Ltd.) colum

Wwth a ziﬂ)ﬁwﬁtae;eq Q & ai/fesraa paRd1a Febide £has®-80tor

at _a |linear concentration nt of 18% *63%
BT R RS 6o aesEN Eh 2 hofrgense? to obtain
f okheweekdly B8%e - CHITN p20"x0meaisrirag By 1961 TRA tfiog 20

m pyk esy o@eﬁl%qtdeqecw@ée peid Qe dals k8o Bk sSSPR-MEOBH

phot odi 0 to wi,th . detection in the
maW%f%ﬁgﬂﬁzgéng%rég E%P%ﬁ53ﬁﬁj n&l The R T. and , max

| 3 il ; pese condltlons
wer e 1186516351, rn%@ﬁoﬁmlﬁﬁkde Heed reﬂ:ﬁrtéﬂi NEox370 nm

regpgels Velayl. a%'ﬂpf é;i ?f%‘l %‘s&%é%' M1 U GRAS, det al.

from Funak

L UBht (Tt o s d 6(?9'16&% X336 UF o30S IRRIS 37 9BRR7
neBs U a7 mathod 3o00pproXisvare)y 2nd wofarrsdeempetahsmay
f rlg’ge@al‘artleQSQQtf BE{ al:l-y kB‘Jﬂ'”‘tl'x%rsel QQQﬁﬁléf\@e% pr %%)%%q f%gh}ly,

a honogeni_ ze ui ce.

mesltt & oyt &85?.%’&?% aasepédégsF ﬁ%rjoeé’\"é*ét ?’868

( Homidpzs ddalforatomiegyes ora apHacketerl (Fosk@nskoni ba
gah@f@&ap;rae?@)ug lamgmgmres 4q10r ?ngﬁ@rmtamr} of -rose
ever a rte 0]

AR RS o P 08, 43R e Yyseos,baptpriay
al SUSHBINGAPEC HAS| BiHed 2 ssylésfsS &99143 fl@$35489989' Uz
5719—2:92:%;11iEIBe536r_Baﬂsﬂd:reldStBO@ﬂlB@@Pﬂl&ﬁn@ yedand and

tréﬁEﬂfﬁ&@%&EanB§y2 days in a dark room.

After subsequently rinsing with MS liguid medium

containing 400 mg/L carbenicillin, the calli were
transferred to selection/elimination medium prepared by
adding 50 mg/L kanamycin and 200 mg/L carbenicillin to
subculturing medium. Upon repeating transfer and
cultivation of the portions'which grew normally in
selection medium without growth inhibition, the
kanamycin-resistant callil were selected out. The
kanamycin-resistant transformed calli were cultivated in
redifferentiation medium containing 50 mg/L kanamycin and
200 mg/L carbenicillin to obtain kanamycin-resistant
shoots. The obtained shoots were rooted in 1/2MS medium
and then habituated. The habituated plants were potted
and then cultivated in a closed greenhouse until

blooming.



15 be carried out by any of these techniques.
Specifically, rose calli taken from aseptic seedling
| eaves were inmersed for 5 mnutes in a bacteri al
suspensi on of Agrobacterium tunefaci ens Agl O (Lazo

~et al., - Bio/Technol ogy 9:963-967, 1991), the excess
bacterial 20 suspension was w ped off with sterile
filter paper, and the calli weyg transferred to

subcul turing mediumand cocultivated for 2 days in a

dark room After subsequently r| nsj n% vvlth I\/S liquid

medi um conts * / ﬂ.'d Gyl . C ..

were 25 transhey rledrany s@reabdoflt@ﬁ |I<]aﬂrr!anabnrcr®dwamety

prepa&ggwgy éﬁgy nga§0 Jﬂyékehaagfw 'ﬂﬁeag tggg% T@@L ene
Y

carbenicill] | turin on r eatln

t r ansf ng‘éﬁbbe%lﬂ“t %ﬁ?léﬁ gﬁet}ﬁorptrPBﬁs Thit gﬁaéf’ewgse
hor maDFR €PNA sffdse@mom desdigopt el td0PCGEH O h The details
i nhi bhEanalEJb%ysQegﬁny?éﬂé@t@dr epdsfi@anteCal || pABhe cell

sel ect ed n Ci esi stant transformed

cal li Eaﬁbo}cul:ﬁqvép}é% % 385%fer enti ati on medi um
cont ai ni ngLEkEwEFEL Kimnaape hibmry 206 agfdened with the
car beEbeuMa neHa0 ceht aéﬁutlha@anycwnsmsl §&@@t (Ko%laoet;Sal

he ohptain oQt s ot e |n
én hgggﬁat%téd %57 bl?ua % %)éanlcf'in éynthase

and t
pot t e(ﬂAN%hdgetq?er{MéHHri \f%t éél i nPhifti?I dsed b?%]e)nﬁmu%“w)

unti | acbbo®IiNGo A 7pudéaIpl €nbwn @ioakauhg (MESRka et al.
flavopel g geng '%hg\gﬂﬁ ! '3%f aﬁb!z?efds‘ie%éﬁ)omééa%ﬂk;ﬁ% rose

rose variety
pet unF%aBmegéﬁéth%%%s(&”lsbeﬂ“ﬁi rEAR96Y 3674 ) Sé(§t{‘ﬁ%e (ANS)
1pr obehohol@fxt aihdch oserss dBERy oAl was pGhPEIY chasli gharR B3l S,
(a?_aﬁg%@%?:talmdeet'ﬁ'%é %uc*ﬂé&@;@é fs%%@lkén@e.eeﬂ’bxrz%g%t@@b is
1068) LCEFib s 5520 Fb " | BT Ay WS ST b aa R TGe fox
the peseaidf disaléoirrd @pnBRAsSER AQ:CHEIS- A) gene (Koes
et ﬁl Ik fapne éﬂ}-gﬁﬂr)e(eiingzﬂ& %Z)ﬁ/gafwhé he -
nt hocyanidin s ase en rein et a
Z%I ant J. Edof9§f§ ﬁl nsff '\@%%c%lr &Svar %yacr’enubl i cl

knommr?ﬁQﬂRﬁﬂ@FéOTT&ﬁé%&véfsa}aCklng only the DFR gene may be
selected, in order to avoid competition between the

[
>

endogenous anthocyanin synthesis pathway and the
introduced genes (particularly the F3'5'H gene), and the

25 petunia DFR gene and F3'5H gene transferred into those
cultivars (W096/36716).

A screening was conducted among the numerous

existing white rose varieties, for those lacking only the
DFR gene and normally expressing other anthocyanin

30 biosynthesis enzyme genes. The cause of flower color
whitening is believed to be occasional mutation or
deletion of structural genes involved in anthocyanin
biosynthesis, and occasional loss of transcription
regulating factors which control transcription of

35 structural genes inveolved in anthocyanin biosynthesis.
Roses lacking DFR gene mRNA were examined according to
the method described in WO96/36716.



Plant Cell Physiol. 36, 1023-1031 1995), to obtain

rose chal cone synthase (CHS) and ant hocyani di n

synt hase (ANS) 15 honol ogs whi ch were desi gnated as
pCGP634 and pCGP1375, respectively. The nucl eoti de
sequence for rose CHSis listed as SEQ ID NO 5, and
the nucl eotide sequence for rose ANS is listed as

SEQ ID NG 6. Exanple 6. Screenj Egg_for white rose 20

For creation of a blue cultivar by gene

reconbi nation, cultivars |acking only the DFR gene

may be selrJercet’cediLl?np@rr@e”rllvalavfcﬁ dosenpenes iwsme analyzed

beéI Weﬁ‘Brt h@v@@dage&ﬁwg iaRbRosYy aHen f&hﬁﬂéhﬁg%t%l@abm\@b{e

and the oduc en rticul ar t he

gene) | metho e 25 p%?lun%g{aﬁgg{e ie’ engng¥%%$ %t%eﬁégk
transﬁé??@dlﬁtmoé Pﬁo%]eﬂvoélell’él‘%a‘?ﬁs S(e\leg*s?s%?ﬂ@)e PA of each
scr ee@b’agl VWAS ceoRdsiciiath arBRgrddenduBer Oub: i vaXisS i fig
white LoSe yal ﬁ&!;ﬁ H v%ﬁuggo\ﬂc' d %%‘é's”ﬁ oql r.itmgg DFR
gene and rormal preSS|ng ot her ant ocyanin 9

bi osyﬁ?h‘é%?asteénzyne genes. The cause of flower col or

whi t eni ng RNg: baki evad mrbet@@:c&sinopatglmtcﬁt itaBser

del et Etgﬂtﬂfax%t r U‘fﬁé‘&@ia %‘%‘3?? 1ol gdaaé‘o @Rgxawg

bi osynt hesi s, and occasi onal loss of tran tion
1(?egul BEPHF PaknBrR HHIROR (MR St éﬁscr?]p?tnit ebt Hrysiol.
structar aloagenesli madsved The ariitadoygenRPA was used to

2' g?nyﬁiégdlﬁﬁa‘lcegghe@l?géﬂc%fEgngb@:rBeggggmgﬁN%o%Egpondlng to

X

V006 S69 TS RS (TRRSKD iy PURIT SorORBRY i 3
wer e apad+yited., ﬂ%?5)f|aa1\¢oﬁbedrmm@§hppmm@fmt hgnthase

14 | onerampst Q_;le%eby ﬁmcanebbqéem&a{ehbsﬂld idigxappl €idars

andll t hi ccC t|on flavongls

sel ectvg? Jl[Azll’ﬁ %? e%éhggu ‘g} e Kgﬁ%aém gﬁurwo 2.
rreasu?é‘bekaaddhsﬁl'&%l]tquéif’@o%'th Ieépé?ﬁﬂélfy ohi GRR prRNA and
val uesowverle AGROSEVR devpllsMaeye sededieat es. RNA was

then ext V%L%Rf&%“o%@r%é &It Rﬁ%ﬁea §é‘41&JtV§'£§st Th&ang

RNA extraction was acco

2Genoun YN o Fhocatn Tep BFPChn IAb: BerqerBnpai e raa

obtained from petals of each cultivar. The DFR mRNA was

detected using DFR-2F (5'-CAAGCAATGGCATCGGAATC-3'} (SEQ
ID NO: 13) and DFR-2B (5'-TTTCCAGTGAGTGGCGAAAGTC-3') (SEQ
ID NO: 14) primers, and the ANS mRNA was detected using

25 ANS-Z2F (5'-TGGACTCGAAGAACTCGTCC-3') (SEQ ID NO: 15) and
ANS-2B (5'-CCTCACCTTCTCCCTTGTT-3') (SEQ ID NO: 16)
primers.

These eight cultivars showed lower levels of DFR
mRNA and normal levels of ANS mRNA in Northern blotting
30 {Table 1), and their cultivating properties were
excellent. Two of the transformable cultivars {Tineke,
WKS36) were decided on for actual transfer of the

delphinidin-producing construct.
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36, 1023-1031, 1995).
exam ne the presence or absence of nRNA correspondi ng
Pl ant Cell

to
Phys

iol. 36,

the rose DFR gene (Tanaka et al.
1023-1031, 1995) and the rose

ant hocyani di n_synt hase 15 (ANS) gene.
perfornmed and eight cultivars

43, Wiite Killarney,

Tsuru No.

endogenous expression of DFR
MRNA | evel s were sel ected. RT-PCR was carried out
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Transfer of rose DFR gene into Tineke

Plasmid p
37, 4

E2113
9-59,

{Mitsuhara et al.,

Plant Cell

1996) comprises the enhancer sequence

repeat-containing cauliflower mosaic virus 355 (E123535)

promoter and the nopaline synthase terminator.

This

plasmid was digested with Sacl and the ends were blunted

using a Blunting Kit

{Takara}).
ligated with an 8 bp S5all linker

(Ta

kara)

obtained plasmid was designated as pUES.
Plasmid pUES was digested with HindIII and EcoRI to

The DNA fragment was

and the

obtain an approximately 3 kb DNA fragment, which was

introduced into pBinl9
Vector for plant transformation.
8711-21,
Ec¢oRI,

1584)

(Bevan M.,

Nuc

1.

12.

previously digested with RHindIII and

to obtain plasmid pBES.

Next,

pCGP645 was

Binary Agrobacterium
Acid Res.

digested with BamHI and Xhol to obtain a DNA fragment

containing full-length rose DFR cDNA.

with pBES digested with BamHI and XhoI to construct

pBERD1

(Fig. 2

). The plasmid was transferred into

This was ligated



VWKS-43 0.045 2.104 2.149 4.07 - + + +: nmRNA detected
at sane level as colored rose (Rote Rose cultivar) 5
-: nRNA detected at |ower |evel than colored rose
(Rote Rose cultivar) Q Quercetin, K kaenpferol 10
Exanpl e 7. Transfer of rose DFR gene into Tineke
Plasm d pE2113 (Mtsuhara et al., Plant Cell

Physiol. 37, 49-59, 1996) corrpr%?ses t he enhancer
sequence repeat-containing caufiflower nosaic virus
35S (E1235S) pronoter and the nopaline synthase

t er m matrobacThrigm Supkbfsriarswagl@i gested with Sacl

?ndkt he ends, were p@auﬁi eg:"lgUSIanme Blr4AkESgrdd tinto the
Taka

d i
Sal | Vﬁ%&grrﬁ%@lg}vgﬁd”ﬁwg eobtaar%ﬁtélg sfo??na%t?pwere
desi grittednas. pUEBWeFl eskrxd WBEJE@W@dergegvécPﬂMt@ﬁ

5] nd:c |cht§ElQe(EC&%|nstfarm&0t§bt 2l fnent apRIOXL #ed®ltyo3pkints
DNA fr.ag

whi.c r o I
(Bevar?‘nl\/f'J l%ﬁ‘ naarc)}eﬂér 8%ac é:h ﬁgwg %do QEQFQB&Q p%nk vas
t r ansfosravedreonfiched ApgaepmRéatigrp of snttl%n aml84)
preV'Q%&E¥gQﬁQ&ﬁiQﬂ Ebt$1dﬂa%dbli)andheEéofésquE suggested

obtar o} apfL o B33 hPKlys PEFRAS, 185201 LGSR Bfle DFR

Wi th ta| n a r agnent

1@ont aigsrag ful | -1 engt h rose DFR cDNA. This was
ligated wth pBES digested with BanH and Xhol to
construct pBERDL (Fig. 2). Thgiglasm d was

transferred into - 20 - Agrobacterifum tumrefaciens
Agl O. Pl asni|d BBERDINYFi g. 2) transferr&dLint o
the white rlose cultivar ["Tid@R&8) anu 3 (M9/9)

tr ansf or mantls_wer e-_obt ailned. ) B dwer cok-or W32
altered in dix of £he 5 dhtaihettranktorminll

Pi gmelf2anaY 3% fof Pﬂl\o %ﬂjﬁ‘ﬁﬁgmﬁiw whi ch a cl ear

col or change fromwhite to pink was observed o
1gonfirmed pcomy ati 0pafrGyaRi ghdsamd ' SPRl r@onkdan and

in both § rabl ). These T, %s suggested that the
Tl nek a I%‘RZ ene 1n Te%gl( aCkl n% the DF 10
u

gene. RNA was extracted from young dding pansy {(Black

Pansy variety) petals by the method of Turpen and
Griffith (BioTechniques 4:11-15, 1986), and Oligotex-dT

20 (0iagen) was used for purification of polyA*RNA. This
polyA'RNA and a AZAPII/GigapackII Cloning Kit (Stratagene)
were used to construct a cDNAR library from the young
budding pansy petals. After transferring approximately
100, 000 pfu of phage plaques grown on an NZY plate ontc a

25 Colony/PlaqueScreen (DuPont), treétment was conducted by
the manufacturer's recommended protocol. The plaques
were 3?P-labeled and screened using petunia Hf1cDNA
(pCGP602, Holton et al., Nature, 366, p276-279, 1993) as
the probe.

30 The membrane was subjected to pre-hybridization for
1 hour at 42°C in hybridization buffer (10% (v/v)
formamide, 1 M NaCl, 10% (w/v) dextran sulfate, 1% SDS),
and then the *?P-labeled probe was added to 1 x 10% cpm/ml



Table 2 Plant No. Cya Pel (ng/g) (rmg/g) 1 0.014
0.005 2 0.014 0.006 Cya: Cyanidin, Pel:

Pel argoni din 15 Exanple 8. Transfer of pansy F3'5 H
gene (#18) and petunia DFR gene into Tineke RNA was

- extracted fromyoung buddi ng pansy (Bl ack Pansy

U‘I

variety) petals by the nethod of Turpen and Giffith

(Bi oTechni ques 4:11-15, 1986), fnd A i gotex-dT 20

(Q agen) was used for purificatton of polyA"RNA. This

pol yA* RNA and a A. ZAPI I/ G gapackl | Coning Kit

( St r atraig@pley idwertd ouseals treréonséd utir d 6CDbArd idyr dRYC. The
ff0m4£%r¥9y%s huddi pgnw%xrpft@d& iAfbeEsc, 15 sps at
transterring approxi mtely 100,000 pfu of phage
pIaqu@@cgﬁ@%ﬁhoﬁlaﬁMNE$OéPéF€1OﬁﬁoeéCQéﬂgedr and rinsing
Col ony/sPhggitte Y re@imeURANT) homﬁf eatment i Wasd G@i’r@lﬁ@h@dwas

th f t t |
pIaqﬁ?% n&g? as %rﬁage¥££9£qnep géngg Sggﬁn16n%en51fylng

Hf | cBNAeepGaRbG2e PigbtbH zetianr . siqalupes @F&@Cted
p276- 279 TH@&%)sxﬁ&s bhecmmobﬁalﬁe&smﬁmﬂﬁabfﬁw Wast the

by by (s 3ot SioRE BT b SRSl s e I PHTp Bpurd SR
10% (lwﬁvywaesa%ﬁygeﬁf%@ di%%@é)ed agnBaRfeF Y f&H cDNA,

1032P- |eptyeb e do@rralss nasnadited 0t opdcBa 9626 . ¢ prierinu2leoande

20

25

30

35

hybridi aékwnf&/mlgeié%@%gdf% K& heuRs: af Aa%%/lwe

menbrane was then rinsed f 1 hour i n.2xSSC, SDS
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Separately, plasmid pUE5 was digested with EcoRI and
the ends were blunted using a Blunting Kit (Takara), and
the obtained DNA fragment was ligated with an 8 bp
HindIII linker (Takara), producing a plasmid which was
designated as pUESBH. There was recovered an
approximately 1.8 kb DNA fragment obtained by subjecting
plasmid pCGP1959 containing pansy F3'5'H #18 cDNA to
complete digestion with BamHI and partial digestion with
XhoI. The plasmid obtained by ligation of this with
pUESH digested with BamHI and XhoI was designated as
pUEBP18.

Separately, a DNA fragment containing petunia DFR
cDNA was recovered by digestion of pCGP1403 (W096/36716)
with BamHI and XhoI, and this DNA fragment was ligated
with pBE5 that had been digested with BamHI and XhoI, to
prepare pBEPD2. Next, pUEBP18 was partially digested
with HindIIY and an approximately 2.8 kb DNA fragment was

recovered containing the E1235S5 promoter, pansy F3'5'H



sequence for #18 is listed as SEQID NO 1, and its
correspondi ng am no acid sequence is |listed as SEQ ID
NO 2, the nucl eotide sequence for #40 is |listed as
SEQID No. 3, and its correspondi ng anm no acid

-sequence is 15 listed as SEQ I D NO 4. BP#18 and

BP#40 have 82% identity on the DNA | evel. Al so,
BP#18 and BP#40 both exhibit 60%identity with
petunia Hf 1 and 62% i dentity "Wt R petuni a Hf 2
(Holton et al., Nature, 366, p276-279, 1993), on the
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was infroduced into 5 Agrobacterium tunefaciens AglQ
Pl asni'd p P2 (Fig. 3) was transferred into the
ite rose cultivar "Tineke", and 40 transfornmants
were obtained. Flower color was altered in 23 of the
obt ai ned
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15

20

transformants, and pignent analysis confirnmed 10
accunul ati on of delphinidinin 16 of the 19 anal yzed
transformants (Table 3). The del phinidin content was
100% at maxi mum (average: 87%, but the maxi num
amount of pigment was very low at 0.035 ng per gram
of petals and the flower color was only altered from
RHS Col or Chart 15 158d (Yell ow-Wite group) to 56a
(Red group) or 65b (Red- Purpld group), while no
color of the Violet group, Violet-Blue group or Blue
group according to the RHSCg:nrwasiachi eved and the
target blue rose could not 6 obtai ned. 20 - 23 -

Tabl @p3zFEapt el De cgntept Qw/4g) K
(m9/19) N6/ B)cdntang) ((ﬂgwb <Gn%/g1 i d)-AO0R (Rg980 | (mg/g)
0. 000 0. 058 0. 354 100 0. 004 0.0GO 0. 338| 0.059
1. 92773 82U 0§72 U-JU@_@OZ S (0.000Y lodwd | 401088 (. 0.354
0. 0G3705000[ 0. 343 U. P5Y. 36840 0,906 T Ui¥ 0. §0359./000 o213
0.280733288] 6 § U. 0D0(0 PPV B 600 [0-¥IFH I 469639 [0 1. 382
0. 000~0,0010.G9g 0. 10} Ho3P3 0.800 [U. ¥ 0. UFT580000 540
0. 03025277 983 0 01§ Hp V3 00990 & I5bb 0. 843010 3 287
85 (T0I¢ 07 P02 §.000] Op IPdh P- 000031 $H0% 020, §o8P4 0. 405
0.0Q07 0716837137 1P §lo®h P22 00007 ¥.0d%4 Uo1dd1 [ 0.358
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0. 040 G 3 T 6P 0.028] 0.003] 0.000]| 0.075] 1.912
14 91 0.014] 0.001] 0.000] 0.152] 2.667
15 90 0.035| 0.004| 0.000| 0.086| 1.616
16 83 0.023| 0.005] 0.000] 0.117] 2.267
17 91 0.014| 0.001] 0.000] 0.113] 0.825
18 76 0.003] 0.001] 0.000] 0.085] 2.351
19 82 0.005{ 0.001] 0.000] 0.054] 1.616
Del: delphinidin, M: Myricetin
Example 9. Transfer of pansy F3'5'H gene (#40) and
petunia DFR gene. into Tineke
Plasmid pE2113 (Mitsuhara et al., Plant Cell

Physiol. 37, 49-59, 1996) was digested with HindIII and
Xbal to obtain an approximately 800 bp DNA fragment,

which was ligated with pBinl% (Bevan M.,
Agrobacterium Vector for plant transformation.
Res. 12. 8711-21, 1984)
and Xbal. Thé obtained plasmid was designated as
pCGP1391. Another plasmid, pCGP669 (W094/21840),

contains the petunia chalcone synthase A (CHS-A)

Binary
Nucl . Acid

previously digested with HindIIT

gene

promoter. This plasmid was digested with EcoRI, blunted
and then digested with HindIII.

The approximately 700 bp DNA fragment was ligated
with pCGP1391 that had been digested with HindIII and

SnaBI, and the obtained plasmid was designated as




Del : del phinidin, M Mricetin 5 Exanple 9. Transfer
of pansy F3'5'H gene (#40) and petunia DFR gene into
Ti neke Plasm d pE2113 (Mtsuhara et al., Plant Cell
Physiol. 37, 49-59, 1996) was digested with Hi ndlI|
~and- Xbal to obtain an approximately 800 bp DNA
fragment, 10 which was |igated with pBinl9 (Bevan M,
Bi nary Agrobacterium Vector f of, pl ant
transformation. Nucl. Acid Res.” 12. 8711-21, 1984)
previously digested with Hndlll and Xbal. The
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fragment was ligated wth a DNA fragnent obtai ned by
Z0har t i T R2GEETTEh HFeTPBEPIR A%Ph Hindl I to obtain a
bi nary vedéflosmpd aHFPEF8 (Fig. 4) was transferred into the
white rose cultivar "Tineke", and 53 transformants were

-y

obtained. Flower color was altered in 17 of the obtained
transformants, and pigment analysis confirmed

25 accumulation of delphinidin in 8 of the 9 analyzed
transformants {Table 4). The delphinidin content was 93%
at maximum (average: 79%), but the maximum amocunt of
pigment was very low at 0.014 mg per gram of petals and
the flower color was only altered from RHS Color Chart

30 158d {Yellow-White group) to 56a (Red group) or 65b (Red-
Purple group), while no color of the Violet group,
Violet-Blue group or Blue group according to the RHSCC
was achieved and the target blue rose could not be
obtained. This suggested that the Tineke variety is not

35 a variety lacking only the DFR gene.
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Flower color was altered in 10 of the obtained

10

confirmed in all of the plants (Table 5).

delphinidin content was 91% at maximum (average:

The

transformants, and accumulation of delphinidin was

60%}),

but the maximum amount of pigment was very low at 0.033

mg per gram of petals and the flower color was only

15

altered to very light pink, while no color of the Violet

group, Violet-Blue group or Blue group according to the

RHSCC was achieved and the target blue rose could not be

O

btained.

This suggested that the WKS36 variety is not a

variety lacking only the DFR gene.

20




FIl ower color was altered in 10 of the obtained 10
transformants, and accunul ati on of del phinidin was
confirmed in all of the plants (Table 5). The

del phinidin content was 91% at maxi num (aver age:

- 60%, but the maxi nrum anmount of pignment was very | ow
at 0.033 ng per gramof petals and the flower col or
was only 15 altered to very Iig?t pi nk, while no
color of the Violet group, Vi %f- Bl ue group or Blue
group according to the RHSCC was achi eved and the
target blue rose could not b&abébtai ned. This
suggested that the WKS36 variety is not a__variety
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obt ai ned By rlepl & ng |t e 0A8¢| 0si0D8 {of0 . 08I0gs n® b FYUCAP. 766

(van Hngéloen et &1., Tranddéni @.ReScarcHop, | Q@8B42902.610

1995) with Pacl |inker was designated as pUCPP. 10
Separately, an expression cassette prepared by

i nki ng
3'S H #18

A plasmid obtained by replacing the Ascl site of

plasmid pUCAP {(van Engelen et al., Transgenic Research 4,
288-290, 1995) with PacI linker was designated as pUCPP.
10 Separately, an expression cassette prepared by linking
the rose chalcone synthase promoter, pansy F3'5'H #18
cDNA and nos terminator was obtained in the following
manner.

Chromosomal DNA was extracted from young leaves of
15 the Kardinal rose cultivar (Tanaka et al., Plant Cell
Physiol. 36, 1023-1031, 1995). An approximately 100 pug
portion of DNA was partially digested with Sau3AI, and
approximately 20-kb DNA fragments were recovered by
sucrose density gradient.
20 These were ligated with lambda phage EMBL3 (for
example, Stratagene) that had been digested with BamHI,
and a chromoscomal DNA library was prepared by the
manufacturer's recommended protocol. The library was
screened by a publicly known methed {Tanaka et al., Plant
25 Cell Physiol. 36, 1023-1031, 19953) using rose chalcone
synthase c¢DNA (DNA database: GenBank Accession No,
AB038246) as the probe. Among the obtained chalcone



Chronosormal DNA was extracted from young | eaves of

15 the Kardinal rose cultivar (Tanaka et al., Plant
Cell Physiol. 36, 1023-1031, 1995). An approxi nately
100 g portion of DNA was partially digested with

- Sau3Al, and approximately 20-kb DNA fragnents were

recovered by sucrose density gradient. 20 These were
ligated with | anbda phage EMBL3 (for exanpl e,
Stratagene) that had been di gedfed with BanH, and a
chronmosormal DNA |ibrary was prepared by the
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linked with pBluescriptSK~ which had been digested with
EcoRV and BamHI and blilunted. A plasmid of those obtained

in which the 5' end of the terminator was close to the

25 Sall site of pBluescriptSK- was designated as pCGF1986.

30

35

A DNA fragment obtained by digesting pCGP1986 with XhoI,
blunting the ends and further digesting with Sall was
linked with a DNA fragment obtained by digesting pCGP197
with HindIII, blunting the ends and further digesting
with SalI, to obtain pCGP2201.

Next, a DNA fragment obtained by digesting pCGP2201
with Sall and blunting the ends was linked with an
approximately 1.7 kb DNA fragment (containing the pansy
flavonoid 3',5'-hydroxylase gene) obtained by digesting
pCGP1959 with BamHI and KpnI and blunting the ends. A
plasmid of those obtained in which the rose chalcone

synthase promoter had been inserted in a direction



i nked wi th pBl uescriptSK- which had been di gested
with EcoRV and BanH and blunted. A plasm d of those
obtained in which the 5 end of the term nator was
close to the 25 Sall site of pBluescriptSK- was
-desi-gnated as pCGP1986. A DNA fragnent obtained by
di gesting pCGP1986 with Xhol, blunting the ends and
further digesting with Sall was [|inked with a DNA
fragment obtained by digesting?§CeP197 with Hindl I,

bl unting the ends and further digesting 30 wth Sall,
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petals. The plasmid was transferred into Agrobacterium
tumefaciens Agl0.

25 Plasmid pSPB461 (Fig. 5) was transferred into the
white rose "WKS36", and 229 transformants were obtained.
Flower color was altered in 16 of the obtained
transformants, and accumulation of delphinidin was
confirmed in all 12 of the pigment-analyzed plants (Table-

30 6). The delphinidin content was 79% at maximum (average:
58%), but the amount of pigment was very low at 0.031 mg
per gram of petals and the flower color was only altered
to very light pink, while no color of the Violet group,
Violet-Blue group or Blue group according to the RHSCC

35 was achieved and the target blue rose could not be
obtained. This suggested that the WKS36 variety is not a

variety lacking only the DFR gene.
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Example 12. Transfer of pansy F3'5'H gene (#18),

10

15

20

25

petunia DFR _gene and perilla anthocyanin 3-glucoside

acyltransferase gene into WKS36

A gene comprising a start codon added to the perilla

hydroxycinnamoyl CoA:

antthocyanin 3-glucoside

acyltransferase (3AT) gene was designated as pSATZ08F

(Yonekura-Sakakibara et al.,

502,

2000).
obtained by digestion of pSPB580

Plant Cell Physiol.
An approximately 3.9 kb DNA fragment
(PCT/AU03/00079)

41,

495-

with

BamHI and XhoI was linked with an approximately 1.8 kb
DNA fragment obtained by digestion of pSAT208F with BamHI

and Xhol.
The obtained plasmid was digested with AscI, and a

DNA fragment was recovered containing the E12355
promoter, the perilla 3AT gene and the petunia

phospholipid transfer protein terminator.
fragment was inserted into the Ascl site of pSPB46l to

obtain plasmid pSPB472 (Fig.

The DNA

6) having the perilla 3AT,

petunia DFR and pansy F3'5'H #18 gene transcription

directions in the forward direction.

This plasmid is

modified for constitutive expression of the perilla 3AT




Exanpl e 12. Transfer of pansy F3'5'H gene (#18),

petuni a DFR gene and perilla anthocyanin 3-gl ucoside
acyl transferase gene into WKS36 A gene conprising a
start codon added to the perilla 10 hydroxyci nnanoyl
CoA: ant hocyanin 3-glucoside acyltransferase (3AT)
gene was desi gnated as pSAT208F (Yonekur a- Sakaki bar a
et al., Plant Cell Physiol. 41,,495- 502, 2000). An
apprOX| mately 3.9 kb DNA fragmsnt obt ai ned by

di gestion of pSPB580 (PCT/ AU03/00079) wth 15 BanHl
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pet algs 01 Theg RS FirdmWeis ﬁertQULSf gfd ethd Mllewer color was only
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(Fig rang e te rose

" \AKSIBJG'OUPanHlWJ@tt‘IBéH%fWP§ fkve ‘?d%’lPﬁl peeprdimdofer the
15C0l OlRHBBS @b efddead faid tak thegobttdiuredose could not be

tran%ﬁ)‘eggﬁgés 'ﬁﬁq Q&&é{{g{le@t AR olfhéijQBBn%ﬂl%t‘ﬁagis not a

confirnme three nent - anal yzed pl ants

10 (T’éEP-@tV)lacl'?’ré‘gd%PbﬁltrﬂedPﬁRc%%ﬂeent was 67% at

maxi mum (average: 49%, but the. anmount of pignent

was very low at 0.011 ng pefargam of petals and the
>of lower color was only alteréd to very light pink,

whi | e[ A ag@l pr ekit hd Vpelet] graup, Vol ef - Boue K

group| oicBl UE @heuRt dcay/a) Ngotigy dhe(mg/g) | (mg/g) | (mg/g)
(%)

1 32 0.003 0.006 0.219 0.236 1.972
2 67 0.011 0.005 0.520 0.329 3.234
3 46 0.006 0.007 0.000 0.579 3.874

Thus, despite screening of several white roses, it

was not possible to obtain a cultivar lacking only the
25 DFR gene. In other words, it was not possible to obtain
a blue rose by the method for creation of blue carnation

(WO94/28140} .
Example 13. Inhibition of rose DFR gene by

cosuppression
30 Plasmid pBERDL was transferred into the pale violet

rose "Lavande", and 26 transformants were obtained.
However, none of the plants exhibited altered flower
color, suggesting that it is difficult to inhibit the



15 RHSCC was achi eved and the target blue rose could
not be obtained. This suggested that the WKS36
variety is not a variety |acking only the DFR gene.
Table 7 20 Plant Del Del Cya M Q K No. content
(nmg/g) (mo/g) (ng/Q) (m;J/g) (nmg/g) (s) 1 32 0.003
0.006 0.219 0.236 1.972 67 0.011 0.005 0.520 0.329
3.234 3 46 0.006 0.007 O Ooomg 579 3.874 Thus,
despite screeni ng of several }te roses, it was not
possi ble to obtain a cultivar |acking onIy the 25
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glbhgl gar ﬁEQlaHﬁlé a%e erémrﬂ_ﬁetfbedc&ﬁrerd eakkon of
of rose DFERMHLH Ebfor08§ﬁ§BP SE?g%P Iﬁ%es Qrgé%%%i
was tsedrstedr fdom mmony heoksated vpeeet AisseE VL%LWﬂd’e"

snd 2&1%%%5O{j@rltlﬁewefﬁano%abasd roddORY e va RORE £of
t he pl nts e i ted alter%g ro

0
suggest} @VF b Yo PRAGT T itculPf o i ¥ %% Qef% SupIgpted to
rose Eﬂumggeném%lxﬁiﬁ gehlee biplugsuphbraidsidofor Biamstagined
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creation of blue roses were then selected from anong
colored roses. After visually 5 selecting 136 |ines

10 rom col ored rose cultivars ﬁﬂﬂﬁLﬁrelatlvely bl ue

shades, 89 of the lines were ?!b ect Qr:3 t-o p! grre”

anal ysi s. THém@al ues|obi¥ ned K

col o%/sd roses are qh:n\&ﬁy_{_ﬁlqaﬂlﬂz)gh? gé/%'j}m 2§G@b dmg/9g)

Name (YAVPEEe peo O K| (Gmd/BY (SO (Bl 08 ¢ Pl 0.078

(ol o) MacaRahiRtat 078 9-088 |0, APl 43060 hob- 110, 189

Vi ol et Velods ¥idoo ol odo 314200 P09 D.000[ 2.661| 0.316
Blue Moon 0.049] 0.000| ©0.000} 1.341]| 0.119
Seiryu 0.015]| 0.000] 0.000] 3.030} 1.300
WKS077 1.875| 0.008| 0.000] 1.430] 0.247
WKS078 0.211] o0.000| 0.000]| 1.286| 0.133
WKS079 2.864| 0.003| 0.000] 1.030| 0.106
WKS080 0.040| 0.000| 0.000] 0.362]| 0.047
WKS081 0.032| 0.000| 0.000] 4.480] 1.563
WKS082 0.074| 0.000| 0.000| 2.400| 0.196
WKS083 0.018| 0.405| 0.000] 0.146] 0.962
WKS084 0.055| 0.000] 0.000| 1.269| 0.159
WKS087 0.032| 0.000] 0.000] 0.797] 0.134
WKS089 0.030] 0.000] 0.000] 1.484] 0.317
WKS090 1.571| 0.007| 0.000] 1.346] 0.339
WKS091 0.045] 0.169] 0.000] 0.186| 0.899
WKS092 0.038| 0.002] 0.000] 1.358| 0.135
WKS095 0.015| 0.000| 0.000| 2.945} 0.255
WKS096 0.024| 0.000] 0.000| 2.032[ 0.349
WKS097 0.991| 0.002] 0.000| 1.659| 0.185
WKS100 0.051| 0.000] 0.000] 1.410]| 0.615
WKS101 0.424| 0.000] 0.000] 2.194] 0.482
WKS104 0.066| 0.000] 0.000] 2.347]| 0.424
WKS107 1.202| 0.004] 0.000] 3.134]| 0.460
WKS114 0.429| 0.000] 0.000] 3.509]| 0.541
WKS116 0.026| 0.000] 0.000| 3.440| 0.868
WKS117 0.027| 0.000] 0.000] 0.227] 0.149
WKS121 0.669| 0.006] 0.000] 1.336| 0.453
WKS123 0.487| 0.003] 0.000] 3.663] 0.826

Peo: Peonidin
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Peo: Peonidin
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WKS131 0.582 0.002 0.001 2.460 0.567 WKS132 1.101
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WKS134 1.084 0.001 0.002 2.777 0.413 \KS135 0. 241
0.007 0.001 0.803 0.113 WKS136°0.7637 0. 000 0. 003
1.451 0.062 WKS137 1.208 0.014 0.002 1.034 1.027
WKS138 1.955 0.006 0.000 3.8B3bI% 865 WKS139 0. 285
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VKS146] 891055 0. 047 0. 000005228 0.308| WEIAY D.5Q93 0.073
0. 003 Dwkba3. 619 0. 924 OVKSL48000@5HD 0.@0D| 01 JA® | 0.238
3.113 Duwxleite7 VWKS149 1. 100.05913005%0D A.481] 10866 | 1.315
VKS150] wkshi®® 0. 562 0. 0000068061 0.dEH| WKEIBN ©.47 0.219
1. 073 Dwk390. 038 0. 227 oVWK&A 52003308 d.&EIO| C0ABA | 0.959
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Peo Q KexdIay/ g) (rTg/ g) |(0o2ed | (oodip | (e | OKSEH31.115
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WKS167 0.647) 0.002 0.000| 2.507 0.499
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Baby Faurax 2.247 0.022 0.058 4.518 0.580
Indigo 0.821] 0.006 0.000] 5.781 3.820
Intermezzo 0.040 0.000 0.000 1.075 0.443
James Veitch 1.281 | 0,004 0.002| 2.087 0.923
Lagoon 0.053] 0.000 0.000 | 2.887 0.315
Magenta 0.126| 0.000| 0.000 1.062 0.191
MRS COLVILLE 1.666] 0.012| 0.000] 3.500] 2.940
Mme. Isaac 0.629| 0.003 0.000] 1.021 0.105%
Pereire
Mme. de La 0.869| 0.005 0.000 4.994 2.794
Roche-Lambert
Roseraie de 0.364] 0.005]| 1.256]| 0.156| 0.0677
L'hay
Rose de Rescht 1.348 0.004 0.000 4.027 0.842
Rose du Roi a 2.556 0.017| 0.000{ 0.968 | 0.411
Fleurs Pourpres
Peo: Peonidin
5 Example 15. Transfer of pansy F3'5'H gene (#40) and

Torenia anthocyanin 5-acyltransferase gene into Lavande

Modification of anthocyanins with aromatic acyl
groups can stabilize the anthocyanins and produce a bluer
color (for example, W096/25500). The following

10 experiment was conducted with the goal of producing

acylated delphinidin-type antheccyanins.
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10 experdiferheV\ast kg heseWidiankhergaalgedle (w096/25500) .
léJrOdug é&flcally, 10 ng of single-stranded ¢DNA synthesized

for construction of the Torenia cDNA library was used as

okr,ONO

template, and 100 ng of ATC primer (5'-
GA{TC)TT (TC) GGITGGGGIAA-3"', I: inosine) (SEQ ID NO: 17)
and 100 ng of oligo dT primer (5'-

20 TTTTTTTTTTTTTTTTTCTCGAG-3") {(SEQ ID NO: 18) were used as
primers for PCR with Taq polymerase (Takara, Japan),
under the manufacturer's recommended conditions.

The PCR was carried out in 25 cycles of reaction
with one cycle consisting of 1 minute at 95°, 1 minute at

25 55°C and 1 minute at 72°C. The approximately 400 bp DNA
fragment that was obtained was recovered with Gene Clean
II (BIO,101. Inc.) according to the manufacturer's
recommended protecol, and was subcloned in pCR-TOPO.
Determination of the nucleotide sequence revealed a

30 sequence homologous to the gentian acyltransferase gene
{Fujiwara et al., 1998, Plant J. 16 421-431). The
nucleotide sequence was determined by the Dye Primer
method (Applied Biosystems), using Sequencer 310 or 377
{both by Applied Biosystems).

35 The DNA fragment was labeled with DIG using a DIG-
labeling detection kit (Japan Roche), and used for
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35

acyl at ed del phi ni di n-type anthocyanins. - 34 RNA was
obt ai ned from Torenia Summer Wave flower petals, and
pol yA' RNA was prepared therefrom A cDNA |ibrary was
prepared fromthe pol yA RNA with XZAPII (Stratagene)

as the vector, using a directional cDNA 5 library
preparation kit (Stratagene) according to the

manuf acturer's recommended protocol. The mgj or

ant hocyanin of Torenia is nodBfied with an aromatic

acyl group at the 5-position glucose (Suzuki et al.
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re@dtindoad andhawrie gy dheIcohskst | (Gplafral reAuimsatted.

95&n :1.: Biéllrﬁa@ély 25 5%¢ pRs ﬂ-réﬂrﬁ&ﬂteogtazg%tﬂ}]e

appr. oxi a at was obta
approsiuelel i 400 b0 DA Lt ars Ao Bpast8isErhed = ehe

ac&smiitngnd oXhde Fiemsf @ét tih &7 ' BLasEconirendetain pSPBl20-

pratecel digask s parpabonede h nei@E3- BOHOBamHI, the ends

DeL%EQ‘ DakA o ol OJ d ﬁ%g&‘d%ﬁoﬁég esreﬁ%‘%ﬁg‘ae 15%9?‘4

30 sequence gﬁ entian acy t T anst erase
geRéP %%ﬁjtma?eaoae“ta LY, BOIFIP %%91?6116‘31&%1%3715) pansy.
The3 ' Aul £00 | deNzs eguse roaphase tetdergrsned bith Manibye and
Pri:ABh 577 b&ﬁm %q@es%@d&p@ly%&ﬁﬁs)m HEL &8, SgAuencer

31 pproxztmate(lb 1. Bb&bABBJL\ FzgagBrrllenscy w‘i1 rI'1‘%7)1«:::15; recovered and
ligated with pUESH previously digested with BamHI and

Xhol, to obtain a plasmid which was designated as
pUEBP40.

After digesting pUEBP40 with SnaBI and BamHI, the -
ends were blunted and ligaticon was performed to obtain
pUEBP40'. This plasmid pUEBP40' was partially digested
with HindIII to obtain an approximately 2.7 kb DNA
fragment which was recovered and linked with a DNA
fragment obtained by partial digestion of pSPBl20' with
HindIII. ©Of the obtained plasmids, a binary vector
having the neomycin phosphotransferase gene, pansy F3'5'H
#40 gene and Torenia B3AT gene linked in that order in the
same direction from the right border sequence on the
binary vector, was designated as pSPB130 (Fig. 7). This

plasmid is modified for constitutive expression of the



35 The DNA fragnment was |abeled with DIG using a DIG
| abel i ng detection kit (Japan Roche), and used for 35
screening of a Torenia cDNA |ibrary by plaque
hybri di zati on according to the manufacturer's
recommended protocol. Twelve of the obtained
positive signal clones were randomy sel ected, the
pl asm ds were recovered, and 5 their nucleotide
sequences were determ ned. Thess exhi bited high

honmol ogy wi th anthocyanin acyltransferase. The total

ggg: Sﬁtarl% gyg qu%\g@) enghgn&% rgnﬁe%l]ﬁn%ene Jan plants

det erm ne nucl eot i

sequedre ﬂR@qlﬁéFe%F%ﬂ§CSEE?}%Fr@§ the genps e the flower
COfreﬁéKHmB nngQ prasmadaga sl tseqisereeed Sidtios iedtohsc SEEQ um

NO A ﬁﬁﬁsting pBE2113- GUS (Mt suhara et

(?ersl siol . 37, 49-59, 1996) with Sacl,

&he ends W@@émlﬁlﬂﬂﬁﬁéoaﬁﬂl%n’@ AS XHanstesksf into the
(Takapale was lensesdeedarAat ppraoxinaat elandl 47 kbabNformants
fragﬁ@ﬁ[ thbttgllﬂgg b gl:lémglgt.eﬁ‘yr{ g Qgﬂ;—gln\@'dth 5§Monflrmed

was | nserte i tes. of
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1@2nd | [ gadiR V\@§%Perfr%”§ﬂo&& QR 8k NwdSRBL20ed from RHS

Separatel talnl an

P 5! S eBh b Rorprer i ilegubeld BT Yeafryree

and diverwplpar frhalmysp@mgeeme@f WayRaked |anthoglenims aps only
appr oxpdat eloy dr 8t1{<eb DN f A rgrmRiyaniis Chupea Epeovered

d | d RUESH g
B g T e L L R

1esi gafrsﬁcwtagnzsa‘mkapab hc’m‘ tsé‘rlfaFae%‘tWaﬁ@‘ bPJE%mo
W th v&ﬁfh'ilen@lﬁd BamHnm fhem digsiweden [, Srtiédlantside, but
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to om%wcaﬁnaﬁﬁfdsa ﬁgﬁ‘éfye‘czf%: kB bnﬁsl@"??aﬁ%n‘i lowex
whi cheadas .r ecovered and |inked with a DNA fragnent
2c0bt ai ned by partial digestion of pSPB120" wth
HndllIl. OF the obtained plasm ds, a binary vector
havi ng the neonyci n phosphotransferase gene, pansy
F3'S' H



#40 gene and Toreni a 5AT gene linked in that order

in

the 35 sane direction fromthe right border sequence

on the
(Fig. 7).

bi nary vector,

Thi s

expr.ession of the -
Toreni a 5AT gene in plants
transcription of the genes in the flower
plasm d was transferred i nto Agspbacterium
tunefaciens AglO 5 Plasmd pSPB130 (Fig. 7) was

transferred into the

was designated as pSPB130
plasmid is nodified for constitutive

36 pansy F3'5'H #40 gene and the
and specific

pet al

pal e viglgl y0se variety

s. The

"Lavande", and 41 transformamnts  were obtalned
Ac cogyut-atri 'Pﬁ&”l‘&tlgﬁ PHEZH OTIT Was ConEl L med 2
t he pi ana ank é ahéé 11, "%?g
The g%ipflnlgﬁn cow%ép%fﬂJ f%@o Rnunw %%b/g) (mg/g)
(avergge:[ 36%,. The f1ower| qimys (WS chol €T cuth om R 3
Col for 2Chgrt—THoT (Heyed- Fur@icgd rqy tto—79H  (PurpLE na
gr qQup)z——1he ppopor [T og,of d(.(ylocilo o] cpll(l)lsl—}l.byallhél‘ Was o
onljy 4dUL ut—3g% of {thgstot dlo %lilal oGy, 10121 S Svjoy na 0
spect l5dl MEagUT €M Tt 52‘ Lllt‘o %Lv)gl at Tt IIUL, guu ST ha na
t he XTI Ty abspr phjl—]Ull \rcbvrﬁg%l glo ] Olg@(. blll IV s
tO VAl (5’ i { Ilgl:‘l 5 wav 'T|—U|4 l|| UyO LGBBI I |d \Old?L CI pllhéll U! I'T na na
3, §=digui LUblnge_ b ecausE gh Tt IOCOGg ProRgT ton_ =
angng ot i_[t t Utldil a thogyani :05.’00'62;\“0'43%? Ef fuché was— o =
acnreyga f-ot 2.6||L-: 11OV L.Ulou OQO Uohpz [ TadT L na na
Pl g Iltlf\b)l at o De Dg-, Sy O|V|0v3g4r\ ON‘ﬁ‘36 % con ent— o
( Mgrgy> (o o) o (nor o)X ur o) ,QW A R A 065 s
0. 05O grama ng 2 130 0809 ol 90”%%”2‘ na— 370 101_;a A
0. IO 0087 g a 180 2%-‘Q3§r8,@ Y4 na e o A
S $ITHE 0730969 g Mgy a TG 4291 ‘0'.\1’% 0069, ra—re A
nal™ e 42 13 0.020| 0.131] 0.000| 0.637| 0.020
17 32 36 0.032| 0.058 na na na
18 7 0 0.000] 0.146 na na na
19 0 0 0.000] 0.9069 na na na
20 0 0 0.000] 0.142 na na na
21 0 0 0.000] 0.080 na na na
na: no analysis/measurement
5 Table 12
Plant | Acylation Del Del Cya M Q
No. (%) content | (mg/g) | (mg/g) | (mg/qg) | (mg/g) | (mg/g)
(%)
22 0 0 0.000| 0.069 na na na
23 0 0 0.000} 0.057 na na na
24 18 4 0.006| 0.149 na na na
25 17 4 0.008| 0.208 na na na
26 0 0 0.000) 0.188 na na na
27 0 0 0.000| 0.078 na na na
28 17 67 3.090| 0.044 na na na
29 17 71 0.057 0.024 na na na
30 l6 40 0.040 | 0.059 na na na
31 21 70 0.082| 0.036] 0.305] 0.0862 0.008
32 18 62 0.066| 0.040 na na na
na: no analysis/measurement
Example 16. Transfer of pansy F3'5'H gene (#40) and




75 48 0.039 0.042 na na na 8 13 0 0.000 0.065 na na
na 9 17 9 0.006 0.062 na na na 10 26 0 0.000 0.104
na na na 11 17 67 0.074 0.036 na na na 12 0 0 0.000
0.131 nanana 13 0 0 0.000 0.083 na na na 14 6 48
.0.084 0.092 na na na 15 0 20 0.020 0.081 na na na

16 42 13 0.020 0.131 0.000 0.637 0.020 17 32 36
0.032 0.058 na na na 18 7 0 0.000 0.146 na na na 19
O 0 0.000 0.069 na na na 20-038 6.000 0.142 na na na
21 0 0 0.000 0.080 na na na na: no

%gial Y &b S RagHE i3 fable tk2nBraphs AQHmat Ao Dats1 oo
a "NO. C en g
(my/ g) (nﬁ’ﬁéim‘ms%gﬁ 893@-056 ggée&%ﬁ%;g;ﬁgnp’%@ ghe
0 0. 00Dle0 vQBTeharase marigdy 1'9#K$100006201 149 haamafgrmants
25 17wé‘re(7) o@@§11@ed208A‘&@S@gleﬂﬁonzéfodgl&um@lg 488 d¥hfirmed
na
D oA e EnERe F0 PRI e T5ee e s, { TARTeS o d )
40 0.TH0 deleBonimimaonbeni3waz] 956 ot OBk igup36ave3as: :
0. 06T4449-.. @hQSflé%%rléoﬁék(L43661@e9é&)ﬁﬁbmnaHBaCOlﬁf Chart

no aqﬁ! ﬁééneasunqung%g¥ %Be e%GPu ]%gsan %Pf NS er,

F3' S ore Ira Mo
5- acyld rcaﬁgfe@%stélegéfﬁel??]tqyO\V\RSlﬁeolﬂ-al?slmed%%m Blue
1o Fi 9.grbupWascérdinsf @br eige iIRMSQCt Bes achieved and the target

blue rose could not be obtained.

Table 13
Plant|Acylation Del Del Cya Pel M Q K
No. (%) content| (mg/g) | {mg/qg) { {(mg/g} | (mg/qg) | (mg/qg) | (mg/qg)
(%)
1 20 75 0.036| 0.012f 0.000| 2.944{ 0.974] 0.322
2 16 51 0.0271 0.027| 0.000| 1.685| 1.734] 0.512
3 13 50 0.024] 0.024| 0.000( ©0.000| 1.382] 1.912
4 23 50 0.037| 0.037| 0.000 na na na
5 9 25 0.013; 0.033| 0.005 na na na
6 10 26 0.034] 0.097| 0.000 na na na
7 13 65 0,053 0.028) 0.000] 1.936| 1.184| 0.760
8 13 65 0.044| 0.024| 0.000] 1.622] 1.065] 0.562
9 14 62 0.033} 0.021| 0.000] 2.096| 1.444| 0.710
10 14 95 0.137| 0.008| 0.000| 0.000f 0.156| 1.097
11 10 62 0.036| 0.022] 0.000] 2.025| 1.1924| 0.799
12 5 59 0.054| 0.0381 0.000( 2.194| 1.289| 0.783
13 9 43 0.033| 0.044| 0.000} 2.542| 1.803| 0.734
14 9 50 0.030| 0.031f 0.000] 0.020| 1.971) 0.741
15 1 70 0.066] 0.028| 0.000| 1.652] 1.659| 0.867
16 0 20 0.008| 0.023| 0.008| 0.308} 2.632]| 1.463
17 1 63 0.068| 0.040| 0.000] 2.037| 2.128] 1.554
18 21 51 0.037) 0.035| 0.000] 2.659| 1.936| 1.002
19 0 0 0.000| 0.095| 0.000 na na na
20 0 0 0.000( 0.037| 0.000 na na na
21 0 23 0.026( 0.086} 0.003| 0.182) 4.554] 3.083
22 4 71 0.110f 0.044| 0.000| 3.265| 1.643| 1.341
23 12 65 0.051{ 0.025| 0.002| 1.356| 0.888| 0.387
24 6 58 0.038| 0.027| 0.000| 2.374f 2.016| 0.809
25 5 52 0.044| 0.040| 0.000] 2.651f 2.546| 1.108

15 na: no analysis/measurement



pal e vi ol et
transf ornants

rose variety "WKS100",
wer e obtai ned. Accunul ati on of

and 146

del phinidin was confirnmed 5 in 56 of the 63

pi gnment - anal yzed pl ants (Tabl es 13-15).

The

del phinidin content was 95% at maxi num (aver age:
color was altered from RHS Col or

44% . The fl ower

Chart

However ,
group or
achi eved and the target

no col or of the Viote#?group, Violet-Blue
Bl ue 10 group according to the RHSCC was
bl ueaposel«coul d not be

56d (Red group) to 186d (G eyed-Purple group).

obt ai ned. Table 13 Plant Acylation Del Del Cya Pel M
Q Keid¥a[aEWatienbe) Y/ Pel( NO/ya (1OLE) (nOMO) Q K
(M. (mo/ 6d)  (Y@odtt |(hq Dy O3RgPg PLEndd @O0~ P44mg/g) | (mg/g)
0.974 0.j1322 2 16 5120.027 0.027 0.0P0 1.685 1.734
0.5126 3 13 &0 0./02440. (J24.603300.0190® 203822 Ind®121. de| 0.605
23{5070./0371@. 037 0.®000 [na. m@na.oh1P w00 013 {A.[033 na na
0. 0058nqd nai1ga © 1Q326 [0008#7|0008500.00@00ohao Iy 9naz. 59| 1.459
13{6550.]05318. 028 0.PD00 [1098&7|10189450.0/680|8 IFa6> na na
0. 043050.[/0241G. 000 1I.622 [100657/005685| 9.84062 04333 na na
0. 02370 ]00012. 096 I.#Z4Z [007d®7 | B00dd R 000137 Gad08 na na
0. 90820.,/000 P. 156 I1.P97 | dlodH 08209403k 000027 Gal00 na na
2.0253T]194:18. 799 17 5589 &bé]54.0593% . 8o0P0 Zpk94 na na
1. P8940|7837413 9 43¢0. §33. 07 44 . o000 . 30282 1,803 na na
0.733s 14 9 p0 0[]03%6 0. 033, ¢b00q. 678920 . 2o8VI Oné4dl na na
15[ 1340[0.06% 0. 0Z2848. 0000 Io&69Z20105H9 00086V 3 500 Zm04| 1.326
0. pU87 01023 0. 008 03308 |29 650 [10463s| blodop3 U @98 na na
0. 0493 0000 2. 03} 25328 [1oop7R| 38074 ©T000D37 d38030.138] 1.015
0. D083 2[659 1I. 93¢ 13802] d% b |[0000600000089b U. 9@V Na na ha
najnag 20 00 0.000s68. 0370 odjUonezsaonaco B3 .BsZP 2.727] 1.076
0. PZ2p1 0} 08610. 008 01882 4o 5k [300881| 220801 OniI0 na na
0.D4420]000 3. 265 1.643|10.3xh] 830 05002051 @al25 na na
0. 0231|356 0. 888 01387 0.009] 0.046] 0.0060 na na na
44 40 32 0.027| 0.058} 0.000 na na na
45 2 0 0.000( 0.031] ©0.000 na na na
46 2 0 0.000[ 0.038[ 0.000 na na na
47 1 8 0.004| 0.048| 0.000 na na na
48 19 57 0.046| 0.034| 0.000] 2.626[ 2.165] 0.900
49 10 59 0.047| 0.032] 0.000] 1.737] 1.901| 1.054
50 2 70 0.057] 0.024] 0.000] 1.545[ 0.880} 0.694

na:

no analysis/measurement




24 6 58 0.038 0.027 0.000 2.374 2.016 0.809 25 5 52

0.044 0.040 0.000 2.651 2.546 1.108 15 na:
anal ysi s/ measur enent
MQK No.

Del De

0. 000 2.707

na na

Cya Pel
-(my/g) (mg/g) (ng/g) (mo/Q)

no

39 - Table 14 Plant Acyl ation
(% content (ng/g) (no/Q)
(% 26 6 64 0.033 0.019
1.546 0.605 27 16 0 0.000 0.041 0.000 na
28 16 13 0.007 0.050 0.000 0.249 3.359 1.459

29 12 7 0.007 0.095 0.000 na-ndfna 30 15 9 0.007
0.069 0.000 na na na 31 15 8 0.007 0.081 0.000 na na

na 32 7 7 0.007 0.094 0.00&zpacsngsna 33 13 10 0. 006
0.055 0.000 na na na 34 14726 0.0/8 0.090 0.002 na
8 8% an%g asi&n ubeg.U/dDleJuigg fiapaa |36 M 4B 0o K
: . 9. 01Q.53+QRP ?mg?’g?”f ¥4 | (Rd/ D [38g0g D2%kg/g) | (mg/g)
O.gnn 0 90 nanna na) 38 I 55(0.073j0.059 |0.000 ;1. 608
2. [¥3811 615, 391 33 0. P @6 P dB6Y0¥. Gov|Na Naa| 40 Aa|  na
594G PSP O35 07000, 3T PR 046 27 089076 00l 17 b  na na
0. 16150y 0615 b 000 gy ma iR 16¢ ¢ 0300 ®U8bd]. §4808). QUZBs6[ 0.511
g gy MR 43,3 1703 P09 G 948 & WY N 660 |N3. odA 40803] 0.431
0 ~E P20 Ao~ 0 OURG T TR 0] 914 Vo hd8{U3Vednl 0. 453] 0.226
1';’ M nagyra A0 g3 0P gI¥esP. Jed 70. YUsbglasngrsfao. 847 0.431
5 lochlal aoets 26e 6 anol-rorE 0. 882 90 2000]- U46nd). U34na na
0. 106262052 10503 P00 (1934 P44 08002 032786 080054 0.672
[P 905 05— 5P 21 1P 040 PRY. (B6V28. §bdJ09. 24 32 . 151] 0.765
0;006‘{)” 655y ma momanal yE gk [TRASURETENoAY - JAbl € na na
15 61 1 48 0.069] 0.073| 0.000f 1.558} 1.730| 0.565
62 13 0 0.000] 0.036 0.000 na na na
63 16 14 0.0051 0.029| 0.000 na na na
na: no analysis/measurement
5 Example 17. Transfer of pansy F3'5'H gene (#40) and
Torenia anthocyanin 5-acyltransferase gene into WKS116
Plasmid pSPB130 (Fig. 7) was transferred into the
pale violet rose variety "WKS11l6", and 282 transformants
were obtained. Accumulation of delphinidin was confirmed
10 in 33 of the 36 pigment-analyzed plants (Tables 16 and
17). The delphinidin content was 80% at maximum
(average:-73%). The flower color was altered from RHS
Color Chart 196d (Greyed-Green group) to 186d (Greyed-
Purple group). However, no color of the Violet group,
15 Violet-Blue group or Blue group according to the RHSCC

was achieved and the target blue rose could not be

obtained.




Pl ant Acyl ation Del Del Cya Pel MQ K No. (%

content (nmg/9) (mg/9) (mu/9) (my/9) (my/9) (nuy/g)

(%9 51 4 10 0.006 0.056 0.000 na na na 52 16 12

0.006 0.039 0.002 na na na 53 34 84 0.156 0.030

.0.000 5.100 1.056 0.511 54 32 89 0.131 0.017 0.000

3.907 0.803 0.431 55 29 89 0.098 0.013 0.000 3.687

0.453 0.226 56 21 83 0.083 0.017 0.000 2.679 0.817

0.431 57 14 8 0.007 0.082 0.0G0 ra na na 58 9 44

0.034 0.041 0.002 2.258 2.054 0.672 59 7 51 0.040

0.038 0.000 2.246 2.151 0. 76p,,1601@ 7 0.008 0. 111

0.000 na na na 61 1 48 0.069 0. 073 0.000 1.558 1.730

0.3 %%aBE" L3910 PoPP0 L1030 Op0P0 Naci fa ®3 16 1F K

0. ¢ 929 03000 n2ofatd (fis) Nang/g) | (mg/g) | (mg/g) | (mg/q)

anal | ysi s/ measur enent by Exanple 17 ransgfer pansy

F3' IS gene (#g¢0) pnd ;g TOT[EM F18NT Mooy} @.746 0.753 ] 0.507

5> ?‘Cygt ranSTEr gse genggi o (%9316 5 BbasMidgBeBE3Es2 | 1.572

(Fig—37) [wasc Ly ansferpgd TN o5H8 RabgoVT @l 600036452 | 0.934

varreyy V\’\Dd'l@ M ¢82 T TARSHAT MBQLE | WeB83 | 0.990 | 0.480

obtarged; /-\b?UélUl a |U|1201 agy” @@.’8 I(@)I 01 SICORGITAEH35 | 0.832

10 rimg 38 Tof | 86| pi gHETT HT3Y4CW . BH N 9. 6330 85088 0.642

angIz)- The UFI pll nl E‘ilsll L’U'U..%@B V\@SO§I§_) 0 dU 1 ARXI AUV & 0.871

(ayergge: ‘,{ ,",'~ FHeweT[ Gpigok [Was oab | ehedel 106 B[ 0.466

Colror 9? Tt 2”@” \ c%”j“‘%ﬁ'ﬂtﬂr OWDpH11 P 1loOOFHL na na

(GcYﬁ”' ”“rk’”F _grpupy3 TOQWeVER [NQ 69197 OTp4M€ na na

Vi of ety 91ouPy a;“’ v ,,Wﬁ Bugy §58YP (00 1B Ug 869WP1.003 | 0.618

acgorgny—to;tae RASChy S AGHEGVRd oFAW ©NB46 9T @645 | 0.577

bl tre—rpse t,uyl_y o 094 ot %30 r@gg. #1009 |abi end® Prapy ha

AcytatsomDef PetLyaght QKo i [( 9. 08N @Nb4§ MHTP5S | 0.545

( lﬂ"gl)Sn\ 97 g) §TTUT ) §HU T 0.0%% [1010%0 18701945 9. P94 0.729

0. f#46, 07531 307 71 0.028| 0.012| 1.055]| 1.155} 0.670
17 1.7 51 0.016| 0.016] 0.330] 1.537] 1.052
18 10.5 77 0.112] 0.033] 2.008] 2.976| 2.216
19 0.0 0 0.000] 0.010 na na na
20 0.0 30 0.007 0.015 na na na
21 na 56 0.013] 0.010]| 0.197] 1.960[ 1.463
22 4.4 a7 0.006 | 0.007 " na na na
23 3.6 77 0.026{ 0.008 na na na

na: no analysis/measurement




2 12.7 78 0.097 0.028 1.826 2.352 1.572 3 5.9 78
0.030 0.009 1.000 1.452 0.934 4 0.0 76 0.030 0.010
0.813 0.990 0.480 5 2.6 72 0.038 0.015 1.279 1.835
0.832 6 0.0 72 0.019 0.007 0.839 0.983 0.642 7 3.1
.75 0.033 0.011 1.131 1.476 0.877 8 1.9 75 0.028
0.009 0.761 0.977 0.466 9 2.6 76 0.034 0.011 na na

na

10 2.7 73 0.031 0.011 na na na

11 4.4 77 0.033

0.010 1.001 1.003 0.618 12 * @274 0.035 0.012 0. 849
0.945 0.577 13 9.3 74 0.025 0.009 na na na 14 3.2
80 0.044 0.011 1.045 0.959 G942 145 4.5 75 0.031

0.010 1.115 1.256 0.729 16710.5 71 0.028 0.012 1.055

1.
18
0.
21
0.
na
Ac
(
0.
na
00
na
0.

10

15

1

Torenia anthocyanin 5-acyltransferase gene into WKS124

LE, ~0r ég ljt,. 17 10741650, 0] b%,addg P37 1.9p2 K
776,317 q. ( v B (o o
Jogoo. b10 K na n%(%fétc.q%gia?o?‘é‘ (EoL G| ) | malo
185561004370 G109, 197 5860 | 10460 | 22, o5 47.272 | 0.805
D60 P07 e mara g 2373 @_935 1B gf@op 008 FE| Nna g na
Bg-afrat y§i g measug gment ¥ g oo | TAhES L7 Pran na na
H-etop—Bely et~ 1Cya, M QKo gy [(H o To M §Miod U6 W63 | 0.178
0t Gk (1107 Gh 6M07|0) 4497 470, 679 | 28.407[ 82 GhPP8  na na
POG ot $IS 47721085 2503080 Po0TeSP_0- G| T TR, na
30 L o104 Y2 §a Ve BA0FR [ TH 07 | 9V hal - na na
87039399 01563701785 4607802080 004/, P- 0055 na
FRaonar 29555 04 07900090857 T TFgdTH - SthalP:- &4 na
JJ£33U. D7 1|60-18||a A 88)J. L. :6.3661. UU\:}OG@ 30 [}?a a nq_la na
34 10.5 87 0.103 0.015 na na na
35 13.7 38 0.021 0.034 na na na
36 18.3 95 0.051 0.003 na na na
na: no analysis/measurement

Example 18. Transfer of pansy F3'5'H gene (#40) and

Plasmid pSPB130
pale orange rose variety "WKS124", and 50 transformants

were obtained.
in 13 of the 15 pigment-analyzed plants (Table 18).

{Red group) to 7lc
of the Violet group,

(Fig. 7) was transferred into the

Accumulation of delphinidin was confirmed

{Red-Purple group).
Violet-Blue greoup or Blue group

The

delphinidin content was 95% at maximum (average: 82%).
The flower color was altered from RHS Color Chart 52d

However, no color

according to the RHSCC was achieved and the target blue

rose could not be obtained.




32 5.8 76 0.027 0.009 na na na 33 16.8 88 0.066
0.009 na na na 34 10.5 87 0. 003 0.015 na na na 35
13.7 38 0.021 0.034 na na na 36 18.3 95 0.051 0.003
na na na na: no anal ysi s/ nmeasurenent 5 Exanple 18.

. Transfer of pansy F3'S H gene (#40) and Torenia

ant hocyani n 5-acyl transferase gene into WKS124
Plasm d pSPB130 (Fig. 7) was transferred into the
pal e orange rose variety "WKS$124"- and .50
transformants were obtained. Accunul ati on of

del phinidin was confirmed 10,hn 13 of the 15

15
blue rose could not be obtained.
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5 Example 19. Transfer of pansy F3'5'H gene (#40) and
Torenia anthocyanin 5-acyltransferase gene into WKS132
Plasmid pSPB130 (Fig. 7) was transferred into the
bright red rose variety "WKS132", and 24 transformants
were obtained. Accumulation of delphinidin was confirmed
10 in 6 of the 7 pigment-analyzed plants (Table 19). The
delphinidin content was 43% at maximum (average: 12%).
The flower color was altered from RHS Color Chart 57a
{(Red-Purple group) to 66a (Red-Purple group). However,
no color of the Violet group, Violet-Blue group or Blue
group according to the RHSCC was achieved and the target




15

19 38.5 69 0.166 0.071 0.007 0.000 0.059 0.776 15

27.1 55 0.137 0.040 0.074 0.000 0.021 2. 330

na.

no

anal ysi s/ measurenent 5 Exanple 19. Transfer of pansy
F3'5'H gene (#40) and Torenia anthocyanin
. 5-acyltransferase gene into WKS132 Plasm d pSPB130
(Fig. 7) was transferred into the bright
vari ety "WKS132",
obt ai ned. Accumul ation of derpht i di n was confirmed
10 in 6 of the 7 pignent-anal yzed plants (Table 19).
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{Table 20).

{(average:
Color Chart 53a {Red group) to 6la
However, no color of the Violet group,

11%).
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The delphinidin content was 34% at maximum

The flower color was altered from RHS
{(Red~Purple group).

and

Viclet~Blue group

or Blue group according to the RHSCC was achieved and the

target blue rose could not be obtained.
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.46 Exanmple 21. Transfer of pansy F3'S H gene (#40)
and Torenia anthocyanin 5-acyltransferase gene into
VWKS137 Plasmd pSPB130 (Fig. 7) was transferred into
the 5 dark red-violet rose varidty "WKS137", and 20
transformants were obtai ned. Accunul ati on of

del phinidin was confirmed in all 17 of the

i gnent - anal yzed '

gogtent @zay' b6, nafer of pansy I 454 r_(Qh@) and
al ter abrania anthoumﬁnunoboacykﬁx&maf@bééevqﬁnq|1nﬁPFMK$137

Col or Chafgilaéi'n%'(\}'i‘ﬁ%l%f @bﬁggmumas #¥and e ir@dr Ond I'the

rro roro

T c cdpyk C:;eé @1@1@: AO5H v6r1ety "WQS}BQ ,(:a%dCZS ccc
transformants were obtained. Accumulation of delphinidin
was confirmed in all 17 of the pigment-analyzed plants
(Table 21). The delphinidin content was 1.3% at maximum

{average: 0.4%). No alteration in flower color was

10 observed from RHS Color Chart 6lb (Red-Purple group}.
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Exanpl e 22. Transfer of pansy F3'5 H gene (#40) and
Toreni a ant hocyani n 5-acyltransferase gene into
WKS140 Plasmd pSPB130 (Fig. 7) was transferred into
the 5 pale violet rose vari ety 48WKS140", and 197
transformants were obtained. Accunul ation of

del phinidin was confirmed in 37 of the 45

i gment - anal zed olants Tabl es 22 and . The
Selgphlmdway e ngl ok Af RAVS WY ,dene (#40) and

T u .

479 . rdien ememomnahmﬂlmemedetamngﬁkds 1@15@0‘}11@?[140
Char t 186%(39;@3%9%%?0&%0%) Wb g&ms@e@&aaelnto the

group). However, ‘no co ol et u
i ol gtaleBivielgF cifFeor2BiERY gty 34 ﬁé’g Breptormants
RHSCGiavas obaabheyed randmi et itcgr gét dblmelmdse eas| gonfirmed

not b%ﬁ Oﬁit fngﬁi 45 ?% meﬂ—?‘bgr?al%%egl antécxlrabwg Peland

Del ent .(nglg 9 9)

(ng/% (g 5)9 dflaﬂshlfléls " Eonee g"0%9 #ﬁa‘wﬁ% 2

2.5 0(Hrel-ad@0 07993 OhB9BlMmer2Fodopsgns altered from RHS
10 Color Chart 186d (Greyed-Purple group) to 79d (Purple

group). However, no color of the Violet group, Violet-

Blue group or Blue group according to the RHSCC was
achieved and the target blue rose could not be obtained.
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22.7 85.4 0.261 0.045 1.649 0.943 0.126 15 20.9 57. 4
0.093 0.069 0.481 1.418 0.1821,146246.4 39.9 0.052

0.078 na na na 17 15.2 50.8 0. 074 0.072 na na na 18
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12 6.5 25.0 0.026| 0.079| 0.251] 2.300]| 0.592
13 1.3 0.0 0.000| 0.062| 0.000} 2.200| 0.552
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0.180 41 0.5 4.3 0.006 0.144 na na na 42 9.9 53.3
0.040 0.035 0.373 1.038 0.164 543-33.5 87.4 0.275

0.040 1.851 0.701 0.148 44 1.3 0.0 0.000 0.073 na na
na 45 1.5 0.0 0.000 0.062 nRappa na

na.
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5 Example 23. Transfer of pansy F3'5'H gene {#40) and
Torenia anthocyanin S5-acyltransferase gene into WKS77
Plasmid pSPBlBO'(Fig. 7} was transferred into the
dark red-purple rose variety "WKS77", and 35
transformants were obtained. Accumulation of delphinidin
10 was confirmed in all 17 of the pigment-analyzed plants
(Table 24). The delphinidin content was 57% at maximuom
{(average: 33%). The flower color was altered from RHS
Color Chart 57a (Red-Purple group) to 7la (Red-Purple
group). However, no color of the Violet group, Vioclet-
15 Blue group or Blue group according to the RHSCC was

achieved and the target blue rose could not be obtained.
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detppir-dirn-gvas (oo orTey 73 oM@k | *%0a] 1863 0.608| 0.276
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Clierr— AL il et Pyt g, g1 PUR) 566 &0%06F W A 0.706] 0.183
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0. 000 5.451 0.403 0.042
Example 24, Transfer of pansy F3'5'H gene (#40}) and

10

15

Torenia anthocyanin 5-acyltransferase gene into WKS82
Plasmid pSPB130 (Fig.
pale violet rose variety "WKS82", and 89 transformants

7} was transferred into the

were obtained. BAccumulation of delphinidin was confirmed
in all 44 of the pigment-analyzed plants (Tables 25 and
26) . The delphinidin content was 91% at maximum
{average: 49%).

Color Chart 186d (Greyed-Purple group) to 80c (Purple-

The flower color was altered from RHS
Violet group). However, no color of the Violet group,
Violet-Blue group or Blue group according to the RHSCC
was achieved and the target blue rose could not be

obtained.




6 na 89.7 0.072 0.008 0.000 0.853 0.163 0.
89.5 0.101 0.012 0.000 0.719 0.144 0.019

0.012 0.090 0.000 na na na

9 11.6 29.3 0.

0.000 na nana 10 8.7 15.2 0.010 0.053 0.

.ha 11 7.9 59.0 0.046 O.
12 8.5 55.6 0.060 0.048
13.9 42.3 0.026 0.035 O.
10.1 10.3 0.008 0.073 0.

032 0. 000 0.580 0.
0.000 1.318 1.615
000 0.603 1.094 0.
000 rasha-na 15 10.6 18.8

062 7 9.5
8 14.7 11.4
024 0. 059
000 na na
619 0. 022
0.165 13
052 14

0.018 0.079 0.000 na na na 16 9.3 11.7 0.009 0. 066
0.000 na na na 17 14.3 76.2,0;1125 0. 035 0.000 3.741
1.587 0.377 18 12.7 76.7 07101707031 0.000 1.608
0.1656 8- 07591987177 0057 8,022 00 1,40
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A 1|n faY r;]' fa W ol ol o o—noAa T
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O (o4 00R o S O T e 2 ¥sa D oot T U nal  na
0994005 96881 523 538 3935 T0 Bbof §: 90 0.619] 0.022
0109008 0697 S5 30 - HBd| 03948] b .2d0p PP 1.615] 0.165
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RGN A8 I ) TS0 Ol O
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01035 & 088864635 929 4 Y95 0.035] 0.000| 3.741] 1.587] 0.377
18 12.7 76.7 0.101} 0.031| 0.000| 1.608| 0.656] 0.075
1% 9.8 71.7 0.057| 0.022] 0.000} 1.403] 0.455] 0.041
20 5.3 14.1 0.011]| 0.068! 0.000F 0.132] 2.999} 0.720
21 3.5 18.5 0.008| 0.035| 0.000 na na na
22 T.7 23.1 0.017| 0.055| 0.000] 0.141]| 0.829) 0.034
23 5.4 19.0 0.015] 0.065| 0.000] 0.297| 4.128| 1.350
na: no analysis/measurement




36 6.2 11.6 0.007 0.057 0.000 0.094 1.132 0.066 37
7.1 51.2 0.038 0.036 0.000 0.911 1.135 0.079 38 5.8
50.8 0.029 0.028 0.000 0.868 1.105 0.096 39 5.5 47.0
0.027 0.023 0.007 1.366 1.632 0.105 40 4.9 67.0

- 0.044 0.022 0.000 0.795 0.586 0.051 41 na 61.1 0.053
0.033 0.000 1.310 1.466 0.259 42 9.6 71.0 0.074
0.030 0.000 0.460 0.337 0.023 43 1.2 27.6 0.009
0.024 0.000 na na na 44 5.2-1338-0.013 0.078 0.000
na na na na: no anal ysi s/ nmeasurenent 54 Exanple 25.
Transfer of pansy F3'S' H geng (#493 and Torenia
anthocyanln 5- acyltransferase—gene- into WKS91

IP: 5‘#‘5 ﬁ'igé? )¢ % }4@5 gg\’@' FH% 0 K
t fanst rnag?é F?%? cgg%u a ior(gglg)(mg/g)(“@/g)
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(ool Lo T D S
o ETN R . 61, . g. ] 0.087
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[ ERATH BRary e R epgr B [T O R0 0 e Mot 038 | 0. 063
e ] e 2 T H gl 0 o H0L 057 ] (O 0001 70 098], 1.132] 0.066
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t”cgs" roTEu R ATE oy TgE YT ERY T 28] oo [0 . 8680 1F 0.096
9¢A53 5.5 47.0 [ 0.027| 0.023] 0.007] 1.366| 1.632| 0.105
20 2.9 67.0 | 0.044| 0.022] 0.000] 0.795| 0.586] 0.051
a1 na 61.1 | 0.053| 0.033| 0.000] 1.310| 1.466| 0.259
Iy 3.6 71.0 [ 0.074| 0.030] 0.000] 0.460| 0.337| 0.023
23 1.2 27.6 | 0.009] 0.024]| 0.000 na na na
14 5.2 13.8 | 0.013| 0.078] 0.000 na na na

na: no analysis/measurement




25 fragnment was prepared by the sane nethod as
reported for obtaining gentian DFR gene fragnent
(Tanaka et al. Plant Cell Physiol. 37, 711-716
1996). The approxi mately 400 bp DNA fragnment obt ai ned

. was, recovered with Gene O ean according to the

5;

10

15

20

25

30

manuf acturer's 30 recomended protocol, and was
subcl oned in pCR-TOPO. Determ nation of the

nucl eot i de sequence reveal ed~a34 sequence honol ogous
to the rose DFR gene. The DNA fragnment was used for
screening of the iris cDNA library, 55 and iris DFR

cDNA i ncl udi ng t € full-l ngt@ qyusoE%cgdH SGAUENGEY and
was obta|Eéﬂmgﬁﬁg—téﬁgi—ﬁgekeeﬁﬂééﬂéequencéicL*—rhe—————
cDNA Zlorehlie @itneydesi diacadt Aan$HiZPRGEAIGRR into WKSS1
det er m neds ;3 @,lggigm | d8 gSequenae trankfst g daitSEhe

I D nd t '
N e i S

3.9 kerBNAbfaamvent Aobtmilasdon byt ﬂ%@%%‘?\lfbf”aﬁ’SPBBéBmed
MAtlwlﬁaghm agkk ¥rothyas.d ipilgRent virdl yaadappirmd nabely

fra t _obt ai 10. di t dig
SPngé ?%eéﬂﬁap djkh%ﬁqegy %e%gggtglnednl No
pI asmlﬁem‘sl‘éfeslmgﬁé?‘é@f a@lﬁSPB@%)gobSﬁr\‘i@ét bror S color

transeii-pt 1on feddgubh@-.stranded RNA for the rose
DFR cDNA in plants was prepared in the follow ng

manner. An approximately 3.5 kb fragnent 15
(i ncl udi ng Macl pronoter, rggglbggé DNA and nas

ter m nat r)_obtgi ned by -partial--di-gestion—aoF-pGaRi364
(Tanaka ¢tP¥nt [pralaties|l pR h T(ﬁ5%%§ﬁ) (ma /)
1023-1031) "% th} Pst? vag i FPed | 91He B9 1mpe
ani 49¢ arr o £7 A1 Can QQ..1nd 140
P PV it A S PSR PRl o ARG SIS
LTIt t oo uy, apguTty I |
havi ng t he—tHndiit Ody o lof %L 19 neépb LSLhﬁ f 0-295

ac
pronoter was designated as pCGP1394. Next, an

approximately 1.4 kb DNA fragnent obtained by

di gest i ONgREmPICERE3MxMdds ibnndt | parayd FSagiH geme 2540)
i gated WiD a5 3 e Lo £k sONB € T

obt arfred—by—diges SEPT397

of gene in Lavande
RNA was obtained from blue iris petals of cut

flowers, and polyA'RNA was prepared therefrom. A cDNA
library was prepared from the polyA’RNA with AZAPII
(Stratagene) as the vector, using a cDNA library
preparation kit (Stratagene) according to the
manufacturer's recommended protocol. &n iris DFR gene
fragment was prepared by the same method as reported for
obtaining gentian DFR gene fragment (Tanaka et al. Plant
Cell Physiol. 37, 711-716 1996).

The approximately 400 bp DNA fragment obtained was
recovered with Gene Clean according to the manufacturer's
recommended protocol, and was subcloned in pCR-TQOPO.
Determination of the nucleotide sequence revealed a
sequence homologous to the rose DFR gene. The DNA
fragment was used for screening of the iris cDNA library,



the ends and further digestion with Sacll, and with a
bi nary vector fragnent obtained by digestion of

pBinPLUS wi th Sacl, blunting of the ends and further
digestion 30 with Hndlll, to obtain pSPB185. Plasmd

. pSPB185 was digested with Xbal, blunted and |i gated
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with a Sall [linker to obtain pSPB521. An
approximately 700 bp DNA fragment obtained by

di gestion of pUE6 with Hindl-lssand BanH was |igated
with a binary vector DNA fragnment 35 obtai ned by

dl geStC[ QN of hpoRbna: ﬁ%il!ﬂdl é;”%le' f@ﬁﬁ-l%%%‘th aﬂﬂncwlatdld

QUS Genéf r ag nent obt ai ne di gest.i on
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| nseg edmti%tegf’eegrﬁeh%uemgmw sEALALAIN0 1 16auki 44 oy 1p

nnsalc Vi r ronoter and the manop ase
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i N ordeded asshog tENNOhel®. - end non-transl at ed
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of resth BERapﬁ)Nt&cmse@pt amed: WA foePERt obtained by
anpl i { § G4t AN, HS 15 IREEEdP A% It Bed betml, akadanie a

reverse pri rrer and t he Ihetl r| [PF310 (5' -
CCCTORARGEEETR EX ée?%ﬁ %s 19) as the
pri ners, ramechas mromednsﬁrﬁ@m:@P denb Lot randed RN

nucl got 't@k% 566 USFIC @ DWAS i 66l Ieivisneds anckralisdnte dfe

erro PCR 15
deSIé dnggm %6gﬁon%;§f@§1ma¥@ﬁ§ P! A5 gN)lQ’a§ragment

, a rose DFR ¢
sequékred vaiing Péaféﬁ fHOREReT |Gt PF%%D%%PQBNA 83° by
anpl téﬁnﬁ.&xfaltalﬂ) ush 1 ne@CPe 4rsrtdas 1 tihee s wimpl atfep@%lal-’eﬁ‘l
reve nd Etﬂagtsez@wq:tﬂy@m@n P305f DB 301023~ 1031)

o tWet'brPSﬁérgaSaﬂbs%asdc%qﬁ Ee bR FHE oA

nucl enirnidehsequert e wasatlet efanenéd: é%%i’]é@seﬁ%f’bfto
erroLis. by, BeRsMegs Conbhgnegicnlli $1pbasdritdvaag the HindITI

desi nat ed a 570. A i
obt a hteed Ogypgcggsr%eladfn tEF Q@%égm&gg%%a%sgﬁﬁw as
pCGP139%4.,
Next, an approximately 1.4 kb DNA fragment obtained

by digestion of pCGP1394 with HindIII and SacIiI was
ligated with an approximately 1.9 kb DNA fragment
obtained by digestion of pCGP1394 with PstI, blunting of
the ends and further digestion with SacII, and with a
binary vector fragment obtained by digestion of pBinPLUS
with SacI, blunting of the ends and further digestion
with HindIII, to obtain pSPB185. Plasmid pSPB185 was
digested with XbaI, blunted and ligated with a Sall
linker to obtain pSPB521. An approximately 700 bp DNA
fragment obtained by digestion of pUE6 with HindIII and
BamHI was ligated with a binary vector DNA fragment
obtained by digestion of pSPB521 with HindIIT and Sacl
and with a GUS gene fragment obtained by digestion of
pE2113 with BamHI and SacI, to obtain pSPB528.



25 BanH and Sacl, and an approximately 0.3 kb DNA
fragnment obtai ned by digestion of pSPB569 with Sacl
and Xhol, were |ligated with a DNA fragnment obtai ned
by digestion of pSPB570 with BamH and Sall, to
obtai n pSPB572. This vector is designed for
transcription of doubl e-stranded 30 RNA for rose DFR
CDNA in plants. Plasm d pUE6 was digested with Sacl
and blunted, and a Sall |inkers was inserted to
obtain pUES. A DNA fragnment obtained by digesting

UES with Hindll| EcoRl sat 3h
Findi 11 290 BEB o BEs, The 2iBly Bt TReaRL, 41

pl asmmmsisgeHM%§5F9§|Wéﬁy ghey enfgnpRR-containing
f r aggmnt i kel nesk by diigest3 on pebnpSPBESS! whhmarBaide
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digestio r | t t-eQ
i R e

DNA P eajife ®CGBHE 25 ned by d| gestl on of pSPB567 with
Pacl, anda plasmd csewuehce tofanseei PFR orPNéf weheokiptined by
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whi I €SSl Ng expressi on se t%ﬁt
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pl asmﬂne/mszm:"aamste'HGGdiTCﬁMﬁCﬁ@CQE'a@T@’ﬁTlIﬂﬁ963 } (SEQ ID
20 t UITEIE§CI£ﬂS aégllge ;ﬁlﬁé%d Wgﬁkgci&h@i i%) pORBOPO. The

transferred int (
" Lavli%éa.UC glﬁa %e/ sterqélﬁ’gl]% ?wélsl ocle%ermgg'ed a%“ gfagence of

errors by PCR was confirmed.
This plasmid was designated as pSPB570. A binary
vector DNA fragment obtained by digestion of pSPB528 with
25 BamHI and SacI, and an approximately 0.3 kb DNA fragment
obtained by digestion of pSPB569 with SacI and XhoI, were
ligated with a DNA fragment obtained by digestion of
pSPB570 with BamHI and Sall, to obtain pSPB572. This
vector is designed for transcription of double-stranded
30 RNA for rose DFR cDNA in plants.
Plasmid pUE6é was digested with Sacl and blunted, and
a Sall linker was inserted to obtain pUE8. A DNA
fragment obtained by digesting pUE8 with HindIII and
EcoRI was introduced at the HindIII and EcoRI sites of
35 pBinPLUS to obtain plasmid pSPB189. An approximately 3.7
kb DNA fragment obtained by digestion of pSPB18S with
BamHI and Sall was ligated with an approximately 1.8 kb



wer e obtai ned. Accunul ati on of del phinidin was
confirmed in 31 of the 38 pignent-analyzed plants
(Tabl es 28 and 25 29). The del phinidin content was
100% at maxi mum (average: 76% . The flower color was

.altered fromRHS Color Chart 186¢c (G eyed-Purple

10
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25
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35

group) to 85a,b (Violet group). RNA was extracted
fromrose petals in the sane 30 manner as expl ai ned
above, and after separating the’ RNA by agarose gel
el ectrophoresis, it was transferred onto Hybond N
(Aﬂer[ﬁrlnama&rﬁéﬁt exaaph&el vlanakgl €le aligest995)of pﬁu;elgm
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and a

rimer transcript as he probe. Pansy
F3' 5PPBA%° and iris DFR gene nRNA were detected in
the alteretcaolperIrdbesstion dhd didhesphand]atiroos € rBERuent

MRNA \wa s sk f Iﬁansé Yy rﬁéuco%ﬁtmm%g%kgngmy host ki,
and a band was Fected the | ow

t
posi PNEnfT3fintal ﬁ@lﬂ%%ng8§???3ﬁ? Pftﬁ égﬁwbgg Ascl,
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0. 00¢°0211% G-re0gcIiBgErp cfgyhe 5-13.50 PHROGY . 048PARSY

na na3'6'®8& M G=A86i0. kk, lwbP2h kupPrebsfdd expression of
the rose DFR gene due to transcription of double-stranded
RNA. The plasmid was transferred into Agrobacterium
tumefaciens AglO.

Plasmid pSPBY%19 (Fig. 8) was transferred into the
pale violet rose variety "lLavande", and 87 transformants
were obtained. Accumulation of delphinidin was confirmed
in 31 of the 38 pigment-analyzed plants (Takles 28 and
29). The delphinidin content was 100% at maximum
faverage: 76%). The flower color was altered from RHS
Color Chart 186c (Greyed-Purple group} to 85a,b (Vioclet
group) .

RNA was extracted from rose petals in the same
manner as explained above, and after separating the RNA
by agarose gel electrophoresis, it was transferred onto
Hybond N (Amersham) {(for example, Tanaka et al., 1995}.
The mRNA was detected using a DIG Northern Starter Kit
(Roche) by the manufacturer's recommended protocol. The
rose DFR mRNA was detected using pCGP645 (Tanaka et al.,
Plant Cell Physiol. 36, 1023-1031, 1995) as template and

a T7 primer transcript as the probe.



7 90.8 0.089 0.009 0.797 1.548 0.087 8 84.0 0.046
0.009 0.163 0.699 0.016 9 87.8 0.062 0.009 0.193
0.760 0.022 10 89.3 0.072 0.009 0.210 0.575 0.033
11 91.5 0.049 0.005 0.398 0.805 0.050 12 91.5 0.032
.0.003 0.100 0.811 0.014 13 85.7 0.040 0.007 0.092
0.497 0.012 14 64.9 0.040 0.021 0.263 0.327 0.015
15 88.3 0.041 0.005 na na na 16 66.4 0.011 0. 006
0.036 1.221 0.030 17 79.7 0068 ©.002 0.030 0.765
0.009 18 100.0 0.010 0.000 0.048 1.343 0.067 19
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0. 075181402 ke v <63 P g <p ke G bgg e Lone
0. 088G i06an, JINWTa 109 (FFOTPOOSLIRBAE GhE37oTE (TR MRVA.
1032 98.2 0.101 0.002 0.339 0.258 0.029 33 91.3 0.039

0.004 na na na 34 91.9 0.0 0.332 0.120 0. 007
35 96.8 0.052 0.002 na na ngﬁgg%ggg.7 0.084 0.003

0.342 Q368001051 Del Cya M Q K
No. content |(mg/q)|(mg/g)|(mg/qg)|(mg/g)|(mg/qg)
(%)
1 0.0 0.000] 0.105| 0.036| 0.856( 0.038
2 0.0 0.000] 0.125 na na na
3 0.0 0.000} 0.091| 0.023] 0.851| 0.101
4 0.0 0.0001 0.116]| 0.000] 1.336} 0.087
5 0.0 0.000] 0.048 na na na
6 88.5 0.086| 0.011| 1.626] 1.187| 0.411
7 90.8 0.089| 0.009] 06.797] 1.548| 0.087
8 84.0 0.046| 0.009]| 0.163| 0.699] 0.016
S 87.8 0.062| 0.009] 0.193| 0.760| 0.022
10 89.3 0.072] 0.009; 0.210f 0.575] 0.033
11 91.5 0.049) 0.005| 0.398| 0.805]| 0.050
12 91.5 0.032| 0.003| 0.100§ 0.811| 0.014
13 85.7 0.040| 0.007| 0.092) 0.497| 0.012
14 64.9 0.040} 0.021] 0.263¢ 0.327] 0.015
15 88.3 0.041} 0.005 na na na
16 66.4 0.011| 0.006f 0.036| 1.221| 0.030
17 79.7 0.008| ©0.002| 0.030| 0.765] 0.009
18 100.0 0.010( 0.000| 0.048| 1.343| 0.067
19 95.9 0.040| 0.002] 0.159| 0.136] 0.004
20 65.4 0.016} 0.008| 0.090( 1.244| 0.048
21 18.8 0.011| 0.049| 0.0487 0.855| 0.020
22 0.0 0.000| 0.110| 0.000} 1.274| 0.079
23 0.0 0.000{ 0.140] 0.000| 1.952| 0.200
na: no analysis/measurement



10

15

20

37 88.0 0.014 0.002 0.076 1.000 0.029 38 84.5 0.016
0.003 0.074 1.121 0.025 na: no anal ysi s/ neasur enent

5 Exanpl e 27. Expression of pansy F3'S H gene (#40)
and N erenbergi a DFR gene, and suppression of rose
endogenous DFR gene in Lavande RNA was obtained from
petals of the N erenbergia hybrida cultivar Fairy

Bel | Patio Light Blue (Suntory 10 Flowers Co., Ltd.),
and pol yA' RNA was prepared t-hé%efrom A cDNA library
was prepared fromthe pol yA' RNA with AZAPI |
(Stratagene) as the vector,rdigicngga CDNA |ibrary
synthesis kit (Strat agene) W'Tng to the

manuf actg e § TeppIMmeEnged protecal | THE T DT agy
15 was| sgieened (Y5t oge D %d/%hf*k@@/d%etmgye) QFHB/%P'%g/g)
(from pCGP14)5) gpe s¢reeni ng condi tions| were
accor dfmg; 3o nealpuaqu ViR Ob ZAd 4100 . PES hed 43| N A 5
DI G | apel 3y $yStRMz— atCpigdindo [6s g, TEUTAaey] & 634

o

reconm nu%) Py ot OLOls 20 d"Q)Q% e@j,og'e fopfpl defype na
concenfratyon ""‘3‘54[1"93/6T DT (038 | BT Erd)YET S8 Za 588] anth19
hybri dirzaggomrbufdEns,—argl 642y e T4 abi.9514 1459 Td 78
out overmrght rat 376 T, gDy aies (WgS16] 19933} 342
i n SxSSCgpntaini gy 319 BE50580 0 A TbUB0 €T E 088] 0.004
recoveredsy{romm2Gpiaques) FEU 365 BUSET PWS 137] 0.007
posi ti ye—g3 grat t"98"“2"u Ty TTgYCH B2 (UG, STEURNSSE] 0. 029
were d chlludu AREY REVETGSS [ PH Tt ( Tok&ra) - nd [[€S€ na
exhi bi fedshigirhagioioogy [ W a1 TE, o 9e955| @f 1969 007
pl ant s |H3Juu ngsﬂpgunl o o ' ' i na

sequenge s f he g.ﬁl.}ly-\ | 0.010
pSPB?Og_V\@é; JEltgslll’O\lleu S 029
l'i st edrassPEQ D NG 115 RGCE
aci d sequence, s J JLE sf‘s"/r@a‘s’ukb‘héﬂ 12 10-An
approxi mately 3.9 kb fragnent obtai ned by

di gestion of pSPB580 with BamH and Xhol was |i nked
with anExpppbxiiiat éxpréssidh doNAahsadiied' Hobend ndidi0)
bxk/)t mcg%tér@mbgﬁgﬁswﬁogem ! hinBagtlbp2duh X9A0bs F&se

obt ain

endogenous DFR gene in Lavande

RNA was obtained from petals of the Nierembergia
hybrida cultivar Fairy Bell Patio Light Blue (Suntory
Flowers Co., Ltd.), and polyA'RNA was prepared therefrom.

A cDNA library was prepared from the polyA’RNA with AZAPII
{Stratagene} as the vector, using a cDNA library
synthesis kit (Stratagene) according to the
manufacturer's recommended protocol. The cDNA library
was screened using DIG-labeled petunia DFR cDNA (from
pCGP1405).

The screening conditions were according to the
plague hybridization method using a DIG-labeling system,
according to the manufacturer's recommended protocol.
However, the formaldehyde concentration was 30% for the
pre-hybridization and hybridization buffers, and

hybridization was carried out overnight at 37°C. The

membrane was rinsed at 55°C in 5xS5C containing 1% SDS.



pl asm d pSPB910. After Ascl digestion and 15
dephosphoryl ation treatnent of pSPB910, it was |i nked
with an approximately 2.5 kb DNA fragnent obtained by
di gestion of pSPB910 with Ascl, and a plasmd with
.transcription of the N erenbergia DFR gene in the
sane direction as the nptll gene was obtai ned and
desi gnated 20 as pSPB920 (Fig. 9). This plasmd is
expected to allow transcriptien of the N erenbergia
DFR gene and pansy F3'S' H #40 gene in rose, while

supPEssi0g. expLosslap. ofy Lhe psg, DER.OeREuend o

transcrlp ron o d: asm d
WaS ETERSPEF e itrre Ag?@dé‘ct eRfueF PURLPAEFEneequences

Agl Owe@'eaaﬂtgrrpﬁl%agaglﬁdflFQave&)seWBSlrﬁa’rar(S‘faear&)j i Mhese
Lhe S%)%l %ﬂ:’ hlvgehr %%%B%/%#)}ngéséh *:ﬁlé[ gen@gd03.56other

tran orrran re o | Accunul at’i on of
Sdel pmhﬂn@ﬁnlm@:c@@ﬁf Pewtia i nThg BPtalhgugieotide sequence
pi gyt taBakywed pkast Sldrkableeidfitedie BOPBT09 was

del phy @Fgmﬁggm Tk ﬁ@éléooc%oeatse&%a@ms( 2YGEADGs sEQ 1D

439 . ower color was ered from RHS Co

Char tNOFgB4. 1 YEdSPEFPIROTGRBEpT™ Y §559 (?/?%‘I‘%‘Ice is

group)isted asfﬂﬂ1€D3@OPtht Del Del Cya M Q K No.
ppcontent (g mg%eiruysw kE”Bﬁﬂ)fﬁd@&égi o PAinkd by

695 0. 02b o 02 6
0. 0041igestion %%?56‘33%% ”%%?iaggg Edbcé"g 60‘?3%0%%‘“ with
0. 78hr0 aPRTox HaltGA.y0105 02 INA0G0a grefttd obt 283 d 1030 5

880361(1 ]31519!1 Q02 858@9 0y3%26 BAmAB0and xh60, O ®.dblk3in
R N O
15na  HePh@sOhor(iEriQnOBeLEny 9f 09FPRPIE21t 1agd ipked
0. 03%i@n056 &pph2XkihatsSly ®.G3%b OFA O vhgBedl ok L9Ednay
na n%igestion of pSPBY910 with AscI, and a plasmid with
transcription of the Nierembergia DFR gene in the same
direction as the nptII gene was obtained and designated
20 as pSPB920 (Fig. 9). This plasmid is expected to allow
transcription of the Nierembergia DFR gene and pansy
F3'5'H #40 gene in rose, while suppressing expression of
the rose DFR gene due to transcription of double-stranded
RNA. The plasmid was transferred into Agrobacterium
25 tumefaciens AglC.

Plasmid pSPB920 (Fig. 9) was transferred into the
pale violet rose variety "Lavande"”, and 56 transformants
were obtained. Accumulation of delphinidin was confirmed
in 23 of the 24 pigment-analyzed plants (Table 30). The

30 delphinidin content was 100% at maximum (average: 43%).

The flower color was altered from RHS Color Chart 186c
(Greyed-Purple group) to 85b (Violet group}.



10

15

13 11.0 0.008 0.062 na na na 14 24.4 0.017 0.054
0.128 1.852 0.181 15 12.4 0.015 0.102 na na na
89.7 0.089 0.010 0.530 1.424 0.165 17 15.4 0.006
na na na 18 22.3 0.006 0.019 0.018 1.286 0.038
4 0.007 0.058 0.039 1.673 0.045 20 28.3 0.006
0.028 0.932 0.025 21 35.2 0.015 0.028 0.105
0.028 22 16.0 0.010 0.052 na na na
0.018 0.013 1.764 0.027 6124 13.7 0.007 0.042
no anal ysi s/ nmeasurenent 5
Exanpl e 28. Inheritance of tnaitsqsto progeny

0. 035
19 10.
0. 015
0. 743
0. 000
0.033

Cross-breeding was carri ed out—using a transformant

1.469 0.

041 na:

23 0.

16

0

(LA/919-2-13) obtained by transfer of pSPB919 (Fig.

8) infopidig pal ep¥iol el mbage va@hety 'M_aviandg" as K
the poll evb. pareshramed naiyfHdendf RAing WS/ (o) | (mg/g)
WKS133}as the |10 naiernal pargnt (Sdzuki, [S., "Bara,
Hanazufu™,1 Shogadkkann, | po 256-|260002990981 [Froui2b S\was. 066
col I ected pn the gslQ0t h| dayozad]t eropgl bl nad ) an355eed 032
produc{iomn was acicenpl § shexbéyof 005t opees | g 78he 0. 027
fruit, [harvesti ngobhe achene,| peedo|ng. thel acheng,0.030
and t hen Tenmoyi nggd.re géron s [ando@abedsld dig oi.tizeh 0. 030
noi stened giTfer ipaper [noaid|sh.ooolhe. yaden.ased d.aros
seed producti ¢on vgs Sterfidioned vad®| - 6wal conhal ni Ngha
1 m/| [PPMIM (Pl ant. 3Pr eses Mata|ve. ddodt ur epa Pl anhaf Cel Ina
Techn_o 00y Tnc.)s@anrd 50 agjizkanamjici N, n&nd na na
seedl i NgS19er ¢ raiged by eaiii|ng. oad|yot ies|nar.oaB] y. 022
budded| phant . S3AGCUMIT @fg ] of 05l phimediin 18@$ 0. 035
confirfredipn all 404 of [they|goemndslanal yzled na na
transf ormaRt progeny (Tabd amello. 32)na[lThe na na
del phi hi dim cont end, awas | 9996 1at| oeosaum 1£@var.age| 0.181
469 . [0 1abl'e¢ 3TiFlsant | GeloiBdl o Cyae[Pel el na na
16 89.7 0.089 0.010| 0.530| 1.424| 0.165
17 15.4 0.006] 0.035 na na na
18 22.3 0.006| 0.019] 0.018| 1.286| 0.038
19 10.4 0.007| 0.058| 0.039} 1.673] 0.045
20 28.3 0.006| 0.015| 0.028} 0.932y 0.025
21 35.2 0.015| 0.028| 0.105| 0.743] 0.028
22 16.0 0.010| 0.052 na na na
23 0.0 0.000]| ©.018] 0.013| 1.764| 0.027
24 13.7 0.007| 0.042] 0.033| 1.463] 0.041
na: no analysis/measurement
Example 28. Inheritance of traits to progeny
Cross-breeding was carried out using a transformant
(LA/919-2-13) obtained by transfer of pSPB%19 (Fig. 8)
into the pale violet rose variety "Lavande" as the pollen
parent and non-recombinant WKS77 or WKS133 as the
maternal parent (Suzuki, S., "Bara, Hanazufu",
Shogakkann, p.256-260, 1990). Fruit was collected on the
100th day after pollination. Seed production was
accomplished by first peeling the fruit, harvesting the
achene, peeling the achene, and then removing the germ
and embedding it on moistened filter paper in a dish.

The water used for seed production was sterilized water




No. content (mg/g) (nmg/g) (mg/g) (no/g) (% 1 89.8
0.494 0.056 0.000 0.000 2 96.1 3. 000 0.153 0.005

0.06-0- 3 55.9 0.836 0.660 0.000 0.000 4 24.6 0. 441

0.127 0.000 0.000 5 23.5 1.108 3.605 0.009 0.002 ©+©
. 25.9 0.191 0.545 0.003 0.000 7 0.5 0.013 2.552 0.012

0.002 8 75.8 0.283 0.090 0.000 0.000 9 95.9 1.420

0.061 0.000 0.000 10 30.8 0.862 1.841 0.007 0.105

11 13.3 0.068 0.441 0.004 0.0 -12 23.9 0.529 1.667
.023 0.000 13 43.7 0.280 0.362 0.000 0.000 14 19.3

0] ™
000 V5138 % 0" 5 20 885" 000 0,000 17 835 T
.25?8%)1 TEerhpodesy 0. 1060 3% 68 H9714680qnsAR, 035
. 008ecedDimdR. d4ebe I6Q Rd4BY KR10040000D9 tHR) np3MEl Dy S9ided
22 7%1% 209 808992% 6806 0. 771 1.103 0.008 0.000
000. 23 0.6 0..006 .0, 85

50.004 0. GEFUPUERE Lo 4| éeéebkﬂ%ﬂhﬁ BaF TR ESPET P 40

No. opntientpigmehyg)ariybey (rgigproagt groqesy 2Makes 31

0.053,9. 263 TQQOdeOl 0Qi425 ht@nl. vdd P83 RaQ0m
0.000 26 18. 6 0.769 0.003 0.000 27 1.3 0.009

0. 6522 0! éﬁb 28 59.7 0.183 0.124 0.000 0.000
29 39.6 0.124 0.187 0.003 0.000

oomppo

10 Table 31

Plant Del Del Cya Pel Peo

No. content |(mg/g)|{mg/g)|(mg/g)|{mg/qg)
{%)

1 89.8 0.494( 0.056| 0.000| 0.000
2 96.1 3.900( 0.153} 0.005| 0.000
3 55.9 0.836| 0.660] 0.000| 0.000
4 24.6 0.041| 0.127} 0.000| ©.000
5 23.5 1.108| 3.605| 0.009| 0.002
6 25.9 0.191| 0.545| 0.003| 0.000
7 0.5 0.013| 2.552| 0.012{ 0.002
'8 75.8 0.283| 0.09%0| 0.000]| 0.000
9 95,9 1.420} 0.061{ 0.000| 0.000
10 30.8 0.862| 1.841{ 0.007) 0.105
11 13.3 0.068| 0.441] 0.004] 0.000
12 23.9 0.529| 1.667] 0.023] 0.000
13 43.7 0.280| 0.362| 0.000| 0.000
14 19.3 0.035| 0.145| 0.000| 0.000
15 0.6 0.008| 1.418| 0.021] 0.000
16 20.8 0.048| 0.183] 0.000| 0.000
17 92.5 2.257| 0.177| 0.007| 0.000
18 66.4 2.496| 1.247} 0.015| 0.000
19 42 .4 0.369| 0.497| 0.004f 0.000
20 75.6 0.597| 0.183) 0.010} 0.900
21 19.6 0.271| 1.103) 0.008] 0.000
22 71.0 0.107| 0.044} 0.000( 0.000
23 0.6 0.006| 0.850] 0.004| 0.000




10

15

30 21.4 0.187 0.684 0.003 0.000 31 0.6 0.005 0.763

0.004 0.000 32 38.8 0.226 0.353 0.003 0.000 33 50.5

0.154 0.151 0.000 0.000 34 28.0 0.267 0.682 0.003

0.000 35 83.9 0.204 0.039 0.000 0.000 36 64.9 0.380

0.205 0.000 0.000 37 78.8 0.239 0.064 0.000 0.000
38 97.4 0.614 0.016 0.000 0.006- 39 98.7 0.805 0.011
0. 000 0.000 40 54.9 0.083 0.068 0.000 0.000 5
Exanpl e 29. Expression of panhsp F3'S' H #40 gene and

iris DFR gene and suppression of rose endogenous DFR

gene in WKS140 Pl asm d pSRBYEQ was transferred into
the pale violet rose variety "WKS140", and 89

transf or nETgS T 1@ potaingd; ACCURUTETEON Pl peo
del phi ni d{ n yas ¢conphedRd | fhg /4 |®hgtd (£8/9) | (mg/q)
pi gnent - apal yzed|pl antg. The del ghi hidijn “confent was
100% at  maxXT pHTT (ave] Age. 68905 31NE. 3BT 006 PTP00wRS
al tered f[ompyRASTCol9pr gCha To 889 (F8 e@-_ob'grgj,eg,opl
group) to prhgari Ly ﬁﬁ% (Vi ) &7 79T U9 | $206%] 0. badl e
33 Plant pPetobetTCya;Pe NGy (o8| &8 M) o( G Pl 000
(my/ 9) - ] : sy due V-dJédé
0. 0027 - BgaD-P0Eg93
0. 0012 9% 848 {Hﬁﬁg
0. 0011 8% 88000563
0. 0041 8208 G 0381
0.0190 0.000] 0.000
0.003{ 0.000
0.000¢ 0.000
0.000) 0.000
0.000( 0.000
0.000| 0.000
0.000| 0.000
0.000| 0.000
Example 29. Expression of pansy F3'5'H #40 gene and

iris DFR gene and suppression of rose endogenous DFR gene

in WKS140

Plasmid pSPB919 was transferred into the pale violet
rose variety "WKS140", and 89 transformants were
obtained. Accumulation of delphinidin was confirmed in
74 of the 79 pigment-analyzed plants. The delphinidin
content was 100% at maximum (average: 68%). The flower
color was altered from RHS Color Chart 186d (Greyed-
Purple group) to primarily Béd4c (Violet group).



11
13
15
17

. 19

10

15

21
23

91.9% 0. 0962 0.0084 na 12 99.1% 0. 1606 0.0015 na
94. 7% 0. 0588 0. 0033 na 14 100.0% 0. 0839 0. 0000 na
0. 0% 0. 0000 0.0005 na 16 98.4% 0. 0296 0. 0005 na
80.4%0.1748 0.0451 na 18 94.6% 0.0190 0. 0000 na
0. 0% 0. 0000 0.0714 na 20 34.3%0.0099 0.0191 na
30.9% 0. 0126 0.0282 na 22 65.6% 0.0294 0.0154 na
24. 1% 0. 0205 0. 0646 na na: no anal ysi s/ measur ement

5 Exanpl e 30. Expression of pawsy F3'S H #40 gene and
iris DFR gene and suppression of rose endogenous DFR

gene

in WKS77 Plasm d pSPBRL) mas transferred into

the dark red- purple rose varrety "WKS77", and 50

transformants T&nr 10 BOT af Ty ACCEJMT At TgQdy of
d_eI phi ni di n wals gqgrﬁ;i rrréj:}i 7(1391/ch ggf; (mg/q)
pi gent - anal yzjed—grant s o e Ugh gBT AT 2R | oCOBEENt was
81% at maxi nun-{averaggy ¢eIVe. o J4B ¢ I FS| _ COhR Was
al tered from RHS€oto 9&‘).@ 0 od 74 & [REU YT P e L @r oup)
to 77b (Purpl e—grgup) 88Lf56%6'0-05“ tE oo ant ;Del  Del
Cya Pel No. (f9 k;n""/ 43\(3%9 @064 T&)oo5k [ 26-0%a(l. 2028
3.4033 0.0117 —2-4% 5’{91{:2@541 OIS 919948~ 72 80. 8%
0.2210 0.0526 p#ra ,.14 68, DO 80 0 88 elad  drop- 5%
0.2090 0.0951 - GglG 1,10%5 50 PR% Goarst 0-09pl 7
1.5% 0.0114 0. 73646 B 10 5733] 0.0259 na

10 62.9% 10.0321] 0.0190 na

11 91.9% | 0.0962] 0.0084 na

12 99.1% | 0.1606] 0.0015 na

13 94.7% 1 0.0588] 0.0033 na

14  [100.0%]0.0833] 0.0000 na

15 0.0% [0.0000] 0.0005 na

16 98.4% | 0.0296( 0.0005 na

17 80.4% ] 0.1748] 0.0451 na

18 94.6% | 0.0190] 0.0000 na

19 0.0% [0.0000[0.0714 na

20 34.3% [ 0.0099]|0.0191 na

21 30.9% [0.0126] 0.0282 na

22 65.6% | 0.0294] 0.0154 na

23 24.1% [ 0.0205] 0.0646 na

na: no analysis/measurement

Example 30. Expression of pansy F3'5'H #40 gene and

iris DFR gene and suppression of rose endogencus DFR gene

in WKS77

Plasmid pSPB919 was transferred into the dark red-
purple rose variety "WKS77", and 50 transformants were
obtained. Accumulation of delphinidin was confirmed in
21 of the 23 pigment-analyzed plants. The delphinidin
content was 81% at maximum (average: 19%). The flower

color was altered from RHS Color Chart 57a (Red-Purple
group) to 77b (Purple group}.



8 0.2% 0.0069 2.9266 0.0063 9 0.2%0.0017 1.0791
0.0062 10 0.0% 0.0000 0.5013 0.0043 11 0.1% 0.0028
2.3418 0.0110 12 0.4%0.0091 2.4603 0.0126 13 0.2%
0.0040 1.7766 0.0096 14 0.3% 0.0026 0.9046 0.0052
- 15 .0. 0% 0. 0000 1.6063 0.0100 16 22.2% 0.3279 1.1392
0.0049 17 24.0% 0.2638 0.8288 0.0052 18 1.49% 0.0240
1.6777 0.0118 19 1.1%0.0186 1.6352 0.0101 20 26.7%
0.2645 0.7230 0.0037 21 22.-7%50-2200 0.7460 0. 0046
22 40.1%0.8929 1.3374 0.0071 na: no
anal ysi s/ measurenent 5 Exanplf.3%4 Expression of
pansy F3'S H #40 gene and TWNreremnbergi a DFR gene and

suppr essi on of gNUogENOU DER el KS77
Plasm d pSPBQZObgggttra% er(n%algi)rt(gi%g ql%e}%g)red-
burple rose varieyy TSR 11286105 [GERTLORTEAL o
wer e obt aimreds—Ac fi- e Ehimi g S
confirmed in 26—0%1#1»95%‘%? g’%ﬁ dgl.gﬁge?g 28 _
The del phl ni dim zrunt cé‘éd’%a O.gﬁv/éftD-le/iB erage
60% . The fl over—cot uga:v!%a ﬁ}id'@o“ Q:fdﬁfilil BHS+9| or
Chart S7a (Req Pupptel 195U 411 o1 0 755418l FogTIouP) -
15 - 66 - Tablie Sy—Phant s0ef o fof dye 738l | oo a1
(mg/g) (mg/ Q) (frego 5. 99 Pivshad 0 2 FRlols 000 2
97.6% 0. 2311 8. &y 2%9 Q%ﬂgwh%ﬁgﬁgg.ﬁoﬁgéya 4
97.1% 0. 1012 o 2 O B K C o5 T3 Tho 051 104

11 0.1% |0.0028[2.3418}0.0110

12 0.4% |0.0091[2.4603}0.0126

13 0.2% |0.0040]1.7766]0.00096

14 0.3% |0.0026]0,9046]0.0052

15 0.0% | 0.0000]1.6063|0.0100

16 22.2% | 0.3279]1.1392]0.0049

17 24.0% | 0.2638] 0.8288[0.0052

18 1.4% |0.0240]1.6777/0.0118

19 1.1% |0.0186] 1.6352]0.0101

20 26.7% | 0.2645] 0.7230{ 0.0037

21 22.7% | 0.2200] 0.7460[ 0.0046

22 40.1% | 0.8929] 1.3374[0.0071

na: no analysis/measurement

Example 31. Expression of pansy F3'5'H #40 gene and

Nierembergia DFR gene and suppression of rose endogenous

DFR gene in WKS77
Plasmid pSPB920 was transferred into the dark red-

purple rose variety "WKS77", and 30 transformants were

obtained. Accumulation of delphinidin was confirmed in
26 of the 27 pigment-analyzed plants. The delphinidin

content was 98% at maximum (average: 60%). The flower

color was altered from RHS Color Chart 57a (Red-Purple

group) to 77b (Purple group).



6 21.9% 0. 1462 0.5166 0.0034 7 12.7% 0.1097 0. 7495
0.0049 8 97.9%0.1942 0.0042 na 9 98.1%0. 1228
0.0024 na 10 3.2%0.0360 1.0689 0.0035 11 3.1%
0.0267 0.9587 0.0032 12 4.8%0.1138 2.2562 0.0049

.13 6.2%0.1066 1.5999 0.0080 14 96.5% 0. 3541 0. 0132

10

15

na 15 2.1%0.0173 0.7852 0.0068 16 94. 7% 0. 2898
0.0160 0.0000 17 96.7% 0.0819 0.0020 0.0000 18
95.8% 0. 6969 0.0309 na 19 96.4800.4868 0.0181 na 20
64.3% 0.3092 0.1724 na 21 26.9%0.2740 0.7431 0.0025
22 19.9% 0. 3760 1.5028 0.0041;,,2388.2% 0.0316 0.0042
na 24 94.2%0.0259 0.0016 ma—25 90.4% 0. 0481 0. 0051

na na: no anal ysé SHOERES ety 5 ExappLe 132
; 1THnt Del EYaE [°4Pel
Expression of pa V' FB' gb #40Q eg e 4 %i} b & DFR
o/ P g G () | gy a D
gene and suppr PSSTOM plo 3T B e ENYYIEYOEL TR 0 e in
VKS77 Plasm d pSPE92% oS ETShET EUyddHI0 thg tlar K
red- purple rope—wari-ety 3 a—gd@'%
C 37 L E95. 35 0. 16841700 L. na
transformants et Ho-obtatmed: U tTom g
q c T Y 9y 1810510120 00T nd
el phi ni di n wag—egnf++f 1 f
- P U5 LTS o 6o¥s| b.F8r0] 0.1104
pi gment - anal yzed—pHantsT—ine Oq‘%_géu JrSi gL TOIEENt was
98% at naxi nu (a‘:'zera;@l'z;xf_g Yo 1655 HTy q‘o‘éia‘g was
al tered from RHS—Cetet=Chaitt5 d pte oup)
, 8 97, 9% | 0% 194 g Pt od
to 72b ( Red- Pufpt€—grotda) - % 36—PrLant Del
Dol Ova Pol Nor- Pes PoBT 18 TR TEog N0 Thd
107 VTR 10185380 | 1.0%eY] 0.0035
11 3.1% | 0.0267{0.9587{0.0032
12 4.8% [0.1138]2.2562[{0.0049
13 6.2% [0.1066] 1.5999|0.0080
14 96.5% [ 0.3541] 0.0132 na
15 2.1% [0.0173|0.7852[0.0068
16 94,7% [ 0.2898]| 0.0160] 0.0000
17 96.7% | 0.0819] 0.0020] 0.0000
18 95.8% | 0.6969[ 0.0309 na
19 96.4% | 0.4868{ 0.0181 na
20 64.3% [ 0.3092]| 0.1724 na
21 26.9% [ 0.2740] 0.7431[0.0025
22 19.9% [ 0.3760( 1.5028{0.0071
23 88.2% [0.0316] 0.0042 na
24 94.2% [ 0.0259| 0.0016 na
25 90.4% | 0.0481] 0.0051 na

na: no analysis/measurement

Example 32, Expression of pansy F3'5'H #40 gene and

petunia DFR gene and suppression of rose endogenous DFR

gene in WKS77
Plasmid pSPB921 was transferred into the dark red-

purple rose variety "WKS77", and 15 transformants were
obtained. Accumulation of delphinidin was confirmed in
12 of the 13 pigment-analyzed plants. The delphinidin
content was 98% at maximum (average: 60%). The flower
color was altered from RHS Color Chart 57a (Red-Purple
group) to 72b (Red-Purple group).
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. 0139 na
.0126 na
. 0010 na

Exanpl e 33.
Exanpl e 28,

0060 1.3554 0.0053 na:

90. 0% 0. 0549 0.0061 na 2 38.4%0.3397 0.5402
.0041 3 56.9%0.7834 0.5824 0.0099 4 58.5%0.0196
5 90.3% 0. 1336 0.0144 na
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Cross-breeding was carried out in the same manner as

Example 28, using a transformant (LA/919-4-10) obtained

by transfer of pSPB919 intc the pale violet rose variety

"Lavande" as the pollen parent and the non-recombinant

rose variety "Black Baccara” as the maternal parent.

Fruit was collected on the 100th day after pollination.

Seed production was accomplished by first peeling the

fruit,

harvesting the achene,

peeling the achene, and

then removing the germ and embedding it on meistened

filter paper in a dish.

The water used for seed

production was sterilized water containing 1 ml/1 PPM™

(Plant Preservative Mixture,

Plant Cell Technology,

Inc.)

and 50 mg/l kanamycin, and seedlings were raised by

potting only the normally budded plants.

Accumulation of delphinidin was confirmed in all 18

of the pigment-analyzed transformant progeny.

The

delphinidin content was 992.8% at maximum (average:

98.7%) .



1 97.8%0.6633 0.0142 0.0009 2 99.0% 0.9002 0.0096
na 3 98.5%0.5385 0.0080 na 4 99.5% 2.0561 0.0087
.0016 5 99.8% 1.6556 0.0034 na 6 96.6% 0.5601
.0200 na 7 99.0%0.6148 0.0063 na 8 98.9% 1.6867
.0193 na 9 95.0%0.5740 0.0304 na 10 96.9%0. 1152
.0036 na 11 99.3%0.0683 0.0005 na 12 99.6% 0.1248
.0005 na 13 99.5%0.3574 0.0010 0.0000 14 99.6%

. 5500 0.0021 na 15 99.6% 1- 2322 0.0049 na 16 99. 7%
.4384 0.0042 na 17 99.8%0.5117 0.0010 na 18 98. 3%
. 8073 0.0140 na na: no anatuysisShpeasurenent 5
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Example 34. Expression of pansy F3'5'H #40 gene and

suppression of rose endogenous F3'H gene in WKS77
Plasmid pSPBl106 (Fig. 10)

dark red-purple rose variety "WKS77", and 40

Accumulation of delphinidin

was transferred intoc the

transformants were obtained.
was confirmed in all 26 of the pigment-analyzed plants.
The delphinidin content was 80.0% at maximum (average:
30.5%). The flower color underwent a major alteration
from RHS Color Chart 57a (Red-Purple group) to 83d
(Violet group).



3 80.0%0.6949 0.1604 0.0144 na na na 4 71.2%0.4377

0. 1563 0.0214 na na na 5 72.7%0.5260 0.1715 0. 0266
0.3812 0.2275 1.7669 6 70.7% 0.3829 0.1449 0.0146 na
na na 7 10.3%0.0358 0.3031 0.0071 na na na 8 15.6%
. 0.1847 0.9530 0.0444 na na na 9 4.8%0.0739 1.4586
0.0149 na na na 10 1.1%0.0114 1.0411 0.0144 na na
na 11 54.0% 1.3206 1.1166 0.0092 na na na 12 57.8%
0.8842 0.6410 0.0056 na na na 6913 0.9% 0. 0242 2. 5500
0.0168 na na na 14 23.0% 0.2087 0.6909 0.0062 na na
na 15 12.7%0.1645 1.1271 ,,0Q58gna na na 16 26.4%
8. 8275 1. 4645 0. 0132 ha na 'na——I"T*18 7% 0. 3555 1.5310
.01 f ar st 2% Be808/ M. 0072Na [na
P 45e1 e K
e 10%G1 7 %géfg ,@g}gﬂ%%gg 8,593 390 )| oo
0. 0% B-6000—PoaPob 16 - hRe T i izt 2038 00 na
5 604 UGIUUaETRE |4, 3Yry oTdsHe d b0t Y- nepY. Y na
6049 050127 FiZp e ontog sty FeldTdup 1 G0270- 0000 ha
AP AT WG b N O RT3 C N T3 B Y
18 30*,\ 57 ] 7279510526 ,Q‘*?‘?i-s D B8 Y |13 [0z 1. 7669
3% 95232 Goor o078 o TH40m Wacl Tl — nal  na
anal yisi shreasypeqent 53 EaTREE: o 00 P ESH9T Ofnal  na
B oo o 6810 185710 3IRPE AT = O ST pha na
Crangsacds TP 4TebT bTsod 566 0. 0193 0TI WS na
“Lay A o A e T A 48 4 DINGE BL VATTELY  na na
Accur"l:rf”" 8470y (1532 WTEIE S| %082 ot Ha' e”; nal|  na
of t oo VI ey B [0 BBA2]'0 6 1T0 1 0- 0056 ”‘f,“,rfa,_ “Hh#°  na
S e PTEPTH A0 Y4342 BEgio0168F USTHAT T Ui na
cont et 1Es_P833¢rah B IBTOhIUETRYS AOA Tl T na
a / \Q;’lm'lf"lz.D%% ¥headd. 127110 8058 "U- nla{9 IRHIY) na
(ng T 9) 26 T¥5Yh 5P M) 46 Y[ o132 na na na
17 18.7% [0.3555[1.5310[/0.0109 na na na
18 24.2% [0.4388}1.3687]|0.0072 na na na
19 64.7% |0.4029]0.1945[0.0249]0.6368[0.3949/2.0567
20 0.1% |0.0021]1.8646|0.0077 na na na
21 0.0% [0.0000[0.9708[0.0062 na na na
22 0.1% [0.0022]2.6049(0.0127 na na na
23 0.4% |0.0066]1.8002]0.0066 na na na
24 0.5% [0.0079]1.4670]/0.0056;0.0000[1.3096}0.2414
25 17.3% [0.1000[0.4671]0.0099 na na na
26 18.3% |0.1232[0.5418]0.0052 na na na
na: no analysis/measurement
Example 35. Expression of pansy F3'5'H #40 gene and

10

suppression of rose endogenous F3'H gene in Lavande

Plasmid pSPB1106 was transferred into the pale

violet rose variety "Lavande™, and 40 transformants were

obtained,
23 of the 25 pigment-analyzed plants.

content was 98.3% at maximum (average:

Accumulation of delphinidin was confirmed in
The delphinidin
46.9%) .




10

15

1 76.8%0.0732 0.0188 0.0032 0.5705 0.1595 0.3073 2
80.1% 0. 1441 0. 0296 0.0061 0.5298 0.1881 4.3294 3

3.

7% 0.0086 0.2 774 0. 0027 na na na 4 4.4%0.0079

0.1 991 0. 0034 na na na 5 8.8%0.0158 0.1557 0.0070
. ha na na 6 39.0%0.0212 0.0128 0.0204 0.0000 0.0363

1.3107 7 44.4% 0. 0089 0.0027 0.0084 0.0756 0.0573
1.3689 B 40.4%0.0165 0.0071 0.0172 0.0365 0.0592
2.5211 9 42.0% 0.0087 0.0336 ™ -0084 0.0752 0.0596
1.2661 10 13.5%0.0153 0.0939 0.0040 0.1288 1.0594
0.5440 11 81.6% 0.2252 0. 0441 0.£061 0. 3947 0. 1401
0.3947 12 78.8% 0.1022 0.0239 0.0036 0.6700 0.2137
0. 5847 5138 B0 RIRS OT O D PE36 (1 8619 O.A62T &
0. 7478 "yEt 80. 9% 0. 13299| G98) DuRDAA |Ond AD] Ra2908ma/g)
0. 05677 P 00439104985 Po BP0 0s #5105 42T 3073
0. 1788 3601 Q% 950009741 (P43 o8| OWYET. 5125413 1891]4.3294
o o 8308 05 08 0 oRREID S1yals. o0 S o098 ndB ha
98. 3%6- #39810, 0925 o879 Y697 & 530960 1299 719 na
4. 2% B-OG78-D-H22A 0 ¢ 47 G0 27 G A075 720 na
0. 0% B--0¢00D:38696 10 9093113 98 [0 204t0 0000000 9833 . 3107
0. 0115-65610779 4006 %o ’696;@_2? & 08240 167551000 9P . 3689
0. 0454~ 05008p 43990 Y1851 0873100 L7230 1R 1006 09P3" 5511
RO i < Ve 45 DIV T Y IR 5 K5 [ 00 T SR LT
AP S i I 5 A S0 B M908 7895140
- 1O AR S LS s FRAYL G F Ho el |4 [FoF [bCEHA1[. 3947
dermonst+afe gt st oS  BhRETh . GURYETEIED [BEHES FI8S 5847
| nher rt-egh-ant saxX ot S5 84 2% 0788 [T qOHIY ; 36 o L e81]0M9 a7 8
trai t~of T gelphiigeen FE IS G38H o WH Mo TF1dib . 34818 0567
i N orealy 1 GYCSRel s 6 IS 020 W [T 009y | ¥23010CT133 HB . 1788
by t he P PrOIR Yo, b0FF|0. 084 T [ EDIIE CaR|be UpHU na
for crossybreed gy [QUbSEYRL. 08 s 8. J00945. 0B 0| f6 15089698
col orfst g CrEREe 3L ORET 39 [dT 008 Y S d¥00 . 4470 BT d¥b [0. 1299
bl ue fandrpurpte > Meuehhs . 1790 3 30 b 1060530 627 0.2075
arti fircrgi Ty Sey eFSbib0 [PHe56 B 0¥43] € na na na
21 60.0% t0.0333(0.0115{0.0107|0.0000]0.0740|1.8678
22 14.3% [0.0091(0.0454(0.0088|0.1096|0.5305{0.6453
23 15.1% [0.0082(0.0408(0.0053 na na na
24 17.6% (0.0082{0.0324(0.005% na na na
25 24.4% |0.014710.0375|0.0080|0.0000]0.2147}0.9765
na: no analysis/measurement
These results demeonstrate that the transferred
exogenous gene was inherited and expressed by the
progeny, and that the trait of delphinidin production
which is not found in ordinary rose petals was
successfully inherited by the rose progeny. Thus, this

gene can be used for cross-breeding cultivation of roses

with altered colors to create roses with new colors

including blue and purple.

Industrial Applicability

By artificially suppressing function of the

endogenous metabolic pathway such as, for example,

expression of dihydroflavonol reductase, in rose, and




endogenous net abolic pathway such as, for exanple,
expressi on of dihydroflavonol reductase, in rose, and
71 expressing the gene coding for pansy flavonoid
3',5 - hydroxyl ase and a gene codi ng for

. di hydroflavonol reductase from species other than
rose, it is possible to create blue to violet roses.
These genes are inherited 5 by subsequent

generations, and the blue rosertrait can be utilized
for cross-breedi ng. SEQUENCE LI STI NG

<110>L5£@£g11 %;l;en@' ggA@%elpsvﬂpmeysff’mm&ﬁt gk ys51 -

Limted Process gro uction of rose wt

al tePéar%*al@rse éi%o%m@ SRBHD For84p¥drotdav P62
<212r»Bhffct a2l IrPansyeci<e?20the? 23=Nucheet | de iseguendsle to
encoék@ﬁt@@ﬂ%ﬁé %38‘7.{:&.& Hosﬁooﬁ‘%eg@aﬁéﬁggqﬁ'e inherited

cgagagccaa ca att cca ac ctt tc
o R s PEY A LoRs AK (BG BFGC VESe1 TEahP Can be
gcg otiladesl dotr tresd-tbgeatien@ct cgc ttc eta gtt cgt
tct ctt ttc 99 Ala Val Ile Leu Phe Leu Ile Thr Arg
Phe Leu Val Arg Ser Leu Phe 15 20 25 aag aaa cca acc
gga ccg etc ccg ccg ggt cct tca ggc tgg ccc ttg 147
Lys Lys Pro Thr Ay Pro Leu Pro Pro Ay Pro Ser Gy
Trp Pro Leu 30 35 40 gtg ggc gcg etc cct etc eta ggc
gcc atg cct cac gtc aca eta gcc 195 Val dy Ala Leu
Pro Leu Leu Ay Ala Met Pro His Val Thr Leu Ala 45 50
55 aac etc get aaa aaa tac ggt ccg ate atg tac eta
aaa atg ggc acg 243 Asn Leu Ala Lys Lys Tyr dy Pro
Ile Met Tyr Leu Lys Met Ay Thr 60 65 70



tgc gac atg gtg gtc gcg tcc act ccc gac tcg get cga
gcc ttc etc 291 Cys Asp Met Vval Vval Ala Ser Thr Pro
Asp Ser Ala Arg Ala Phe Leu 75 80 85 90 aaa ace eta
gac etc aac ttc tee gac cgc ccg ccc aac gcc ggc gcc
0339 Lys Thr Leu Asp Leu Asn Phe Ser Asp Arg Pro Pro
Asn Ala Gy Ala 95 100 105 ace cat ttg gcg tac ggc
gcg cag gac ttg gtc ttc gcg aag tac ggt 387 Thr Hi s
Leu Ala Tyr Ay Ala G n Asp Leu Val Phe Ala Lys Tyr
110 115 120 1/ 3BIUENGE ahipTiNg aag ace cta aga aaa

<1%9n€&ﬁaﬁ%ﬁaf%o&&cD%‘&oﬁﬁeﬂt&@?o;ﬁ%@taﬁ Qnﬁrtgd T;p Lys

<1203PBr oczss g”@g Iﬁa?d“@d@“c‘ﬁg"@%cw’g‘éta]tﬁée‘éél" %’éc gtg agg
1|ebsEAC gag cta ggc 483 Ay Lys Ala Leu Asp Asp Trp
<16§I€ Hs Val Arg Ala Asn Qu Leu Ay 140 145 150 cac

glctt aac gcc atg tgc gag gcg age egg tgc gga gag
21t gtg 531 His Met Leu Asn Ala Met Cys A u Ala Ser
<21’L}5966@’3 Gy GQu Pro val 155 160 165 170 gtg ctg gcc

1% %\J etc acg tac gcc atg gee aac atg ate ggt caa
<21%7 AVaI Leu Ala Qu Met Leu Thr Tyr Ala Met Ala Asn

<21¥kPaddye Ay G n 175 180 185 gtg ata ctg agt egg cgc
<22@ {g ttc gtc ace aaa ggg aca gag tcg aac 627 Val lle
éu Ser Arg Arg Val Phe Val Thr Lys dy Thr du Ser
<22B83¥ucleot ite5scunenceyapcadies aaesyghis 48P '#t g gtc gag ttg
<40@§g act tcc gcg ggg tat ttc 675 G u Phe Lys Asp Met
g2t05 210

e
oo ep i cRRpRRGGE DALE (AR S AR Ot I Gt foltatg O
gat ttg caa ggg 7X8t AMenllel Rrodal Abp AFQheLGIUI élaPN@l Ser
IIe Ala Trp Met AspjLeu G n Ay 20 225 230 atejgag

atg aa aaatt cac, acg._ aa tt ttg
Bos Pt 90 CHEILG B8 oA G SFONRE VS ELySehell S THY Lys %9
AlaPﬁzel Ade L¥al Pheclied dle 2135 ﬁQfaOPhMEelQS@l AgeSeaalewallp at g
aag gag cac j@ga gcg acg agt ggat gag cgc gaa @gg 819
Thr @%s Met Met Lys Gu HIS ArgCt .a Thr Ser Hci §tgGI U 147

aagA@%f %qupygga ccg Cte ccg g ggt ca gg
Lys Lys Pro Thr Gly Pro Leu Pro Pro Gly Pro Ser Gly Trp Pro Leu

30 35 40
gtg ggc geg cte cet cte cta gge gee atg cct cac gitc aca cta gec 195
Val Gly Ala Leu Pro Leu Leu Gly Ala Met Pro His Val Thr Leu Ala
45 50 55
aac ct¢ gct aaa aaa tac ggt ccg atc atg tac cta aaa atg gge acg 243
Asn Leu Ala Lys Lys Tyr Gly Pro Ile Met Tyr Leu Lys Met Gly Thr
60 65 70
tgc gac atg gtg gtc gecg tcc act cce gac teg gct cga gee tte cte 291
Cys Asp Met Val Val Ala Ser Thr Pro Asp Ser Ala Arg Ala Phe Leu
75 80 85 90
aaa acc cta gac ctc aac tte tcc gac cge ccg ccc aac gcc gge gece 339
Lys Thr Leu Asp Leu Asn Phe Ser Asp Arg Pro Pro Asn Ala Gly Ala
95 100 105
acc cat ttg gcg tac ggc gecg cag gac ttg gtc ttc geg aag tac ggt 387
Thr His Leu Ala Tyr Gly Ala Gln Asp Leu Val Phe Ala Lys Tyr Gly
110 115 120
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255 260 265 aaa tcg gat ttc etc gac gtc etc ttg gaa
gaa tgc gag aat aca aat 867 Lys Ser Asp Phe Lou Asp
Val Leu Leu Gu GQu Cys Gu Asn Thr Asn 270 275 280
ggc gag aag ctt aat gtt ace aac gtc aaa get gtc etc
‘ttg aac tta 915 Ay du Lys Leu Asn Val Thr Asn Val
Lys Ala Val Leu Leu Asn Leu 285 290 295 ttc acg gcg
ggt acg gac aca tct tca age ata atc gaa tgg gcg tta
963 Phe Thr Ala Ay Thr Asp Thr Ser Ser Ser Ile lle
ccaGleg TéPadd actana3f 80618108 2apFTEceagate 418 88fg aaghs

agt 1€t La#GeRA0Rn 3 BAANeRdel®l} Thr
Procéar& ﬁﬁ?LK)i?hﬁnguAi& %aszg Thr eI I enLeu t_%:{s Lys Thr G n

GI u @ 315 320 325 3%b atg gat cga’ttc ate ggt cgc
? %aEtthigC‘g g@tach@cgtgaxggggctt 405Qag vive edsp Ar gd8
VaI

Glyglgg f’leFDL ésptﬁggAglgﬁa p G i’%ltl{gl‘ﬂé 2 cBenefsnyVal

¢tecq fta caa gcc ata gcg
a}a@ gaa aca tat cts aaa 1107 Serldlys Leu Pro Tyr Leu

cac atLg 'g‘%taa%é AV géJgIQraga_)’crggAf@: kys 235Qc3502360 531

aca cct ag, ctg c tt ate
Hischet BewAsgythla tied Oy g ‘PlAg é&t A%ﬁr&%r @gﬁéz %C‘%éu Pro
155Arg Ile Ala | 1®0G n Al a Cys 36%5370 375 gaa gti70gat
ac tac ate cg a&g: Gld 1809g9tGaaac 579
gtgl‘%@Sg“Ggﬁg V&F § i%: ;Zg?l'y?@%tgcﬁglc )?z %ﬁ 'Iiﬁr Arg
ValUew Sbr GVaIMeAsIWUS"QU 85 AsgydlesiAla 4y 8‘& £ ggct egg
gac cca agt17gtt t gg gag aatig8oca tcg gag 12585 Ile Trp

Alalle dy T rp..Ser 27
ete@tg S%a&b(?gﬁo‘%%ﬁ% fﬁg acyaflaa g%};a%éaaﬁ?{tgé’ta%: tot
ValgHg@ bag SaatArggiyeadal Bhe Vabt éclé’sl Thiphdv S8F BP0 Q u

Arg Pheqbgu Ser Gu Guidsn Ay Lys Ilez8er Pro 415

420 425 t t ttt t
soeqid B gaégatsg%%a?t‘c Gyt g M D pB e L (i 90 67O
Glulhe Bro ABhdled YalAVa Ghy Lap gyleArtjm P Abp Gﬁss‘"mf@e t gt

get ggp aca agg atg gg® atg gtc ctt gid agt tat att

1
aactatlt ggtc gaggt:?:c ata ccg tcg att get tgg atg gat ttg caa ges 723

Asn Ile Gly Asp Phe Ile Pro Ser Ile Ala Trp Met Asp Leu Gln Gly

220 225 230
atc gag cga ggeg atg aag aaa ttg cac acg aaa ttc gat gtt tig ttg 771
Ile Glu Arg Gly Met Lys Lys Leu His Thr Lvs Phe Asp Val Leu Leu
235 240 245 250
acg aag atg atg aag gag cac aga gcg acg agt cat gag CgC gaa ggg 819
Thr Lys Met Met Lys Glu His Arg Ala Thr Ser His Glu Arg Glu Gly

255 260 265
aaa tcg gat ttc ctc gac gic ctc ttg gaa gaa tgc gag aat aca aat 867
Lys Ser Asp Phe Leu Asp Val Leu Leu Glu Glu Cys Glu Asn Thr Asn
270 275 280
gge gag aag ctt aat gtt acc aac gtc aaa gct gtc ctc ttg aac tta 915
Gly Glu Lys Leu Asn Val Thr Asn Val Lys Ala Val Leu Leu Asn Leu
285 290 295

ttc acg gcg ggt acg gac aca tct tca age ata atc gaa tgg geg tta 963
Phe Thr Ala Gly Thr Asp Thr Ser Ser Ser lle Ile Glu Trp Ala Leu

300 305 310
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Cys Ala dy Thr Arg Met Gy Met Val Leu Val Ser Tyr

Ile Leu Ay 445 450 455 act ttg gte cat tct ttt gat

tgg aaa tta cca aat ggg gtc agt gag 1443 Thr Leu Val

His Ser Phe Asp Trp Lys Leu Pro Asn Ay Val Ser Gu
460 465 470 att aac atg gat gag agt ttt ggg ctt gcg

ttg caa aag gcc gtg cct 1491 Ile Asn Met Asp G u Ser

Phe Ay Leu Ala Leu G n Lys Ala Val Pro 475 480 485

490 <ctc tcg get acg gtc agt cca cga ttg gcc cca age
accg@@a tadg a3ktamt aatl589 acketcSera Aha adlracvadaaSesa Bag Ar gl0ll

Thi- £, A2 et%dé {xsrﬁlp?o THE YelLddl Eys“%? s AQ0 cﬁ%snﬁb%ﬁ
t gagct ga gcc gagcccaaac_ at attgggtg
3l gttttatct gt a& ttta 1599 até#2ataaa gttcgtade?

tgt §91I akhtat agt &@%&gtgag&ggt@g@aaeg gg?agaamagaﬁget aaals9
et 3o dpm e Dl 66 AthdnR dT8 M sahey RT3 1paes! 457 T300m2

Met Ala |1 e3¥Fro Val Thr Asp340eu Ala Val Al a34fal |le
tcgsgga %I%g cbgutstt t?z‘_%Qa égc altE gcgqcriaéo‘rgga Fe;t(],g tLaQu é{aka;ﬁfg 110?

Leu
Serphys ey PFDPoTySeloe‘G%}'“ Tl IﬁﬁoAlLaeﬁysvﬁﬂu ahy %ar AILgehY%Dr o
Leu 3540 45 Leu A y AI%5I\/|et Pro H s VasoThr Leu Al a

Al 55 60 Ay P | t
CaCT)%a II&% a|_92 CbbftaGX % c& g&sap‘rlvgf:g \7¥F 1{7% t’%&ll tM:" 1155
55Ty SeB0 S T Ay dendino dre. N A J 1A GAPHE e Lys

Thr lkgel Asp Leu Asn 85390 95 Phe Ser37gsp Arg Pro Pro

gaéAggk Q%E‘QELytJ§ ?a;rgrc Hkg JﬁgLEé%Iacg %gg ct¥ 10&%0195% 110 1203

Glu Val Asp Gly Tyr Tyr lle Pro Lys Asp Thr Arg Leu Ser Val Asn
380 385 390
att tgg gcg atc ggt cgg gac cca agt gtt tgg gag aat cca tcg gag 1251
Ile Trp Ala Ile Gly Arg Asp Pro Ser Val Trp Glu Asn Pro Ser Glu
395 400 405 410
ttc tcg cot gaa aga tte ttg tct gag gag aat ggg aag atc agt cca 1299
Phe Ser Pro Glu Arg Phe Leu Ser Glu Glu Asn Gly Lys Ile Ser Pro
415 420 425
ggc gegg aat gat ttt gag ctg att ccg ttt gga geca ggg agg aga att 1347
Gly Gly Asn Asp Phe Glu Leu Ile Pro Phe Gly Ala Gly Arg Arg Ile
430 435 440
tgt gct gege aca agg atg gega atg gtc ctt gta agt tat att ttg ggce 1395
Cys Ala Gly Thr Arg Met Gly Met Val Leu Val Ser Tyr Ile Leu Gly
445 450 455
act ttg gtc cat tct ttt gat tgg aaa tta cca aat ggg gtc agt gag 1443
Thr Leu Val His Ser Phe Asp Trp Lys Leu Pro Asn Gly Val Ser Glu
460 465 470
att aac atg gat gag agt ttt gge ctt geg ttg caa aag gec gtg cct 1491
Ile Asn Met Asp Glu Ser Phe Gly Leu Ala Leu Gln Lys Ala Val Pro
475 480 485 490
ctc tcg get acg gte agt cca cga ttg gec cca age geg tac gtt ata 1539
Leu Ser Ala Thr Val Ser Pro Arg Leu Ala Pro Ser Ala Tyr Val Ile
495 500 505
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Ala @ n Asp Leu Val Phe Ala Lys Tyr Gy Pro Arg Trp
Lys Thr Leu 115 120 125 Arg Lys Leu Ser Asn Leu Hi s
Met Leu Gy Gy Lys Ala Leu Asp Asp 130 135 140 Trp
Ala Hs Val Arg Ala Asn Gu Leu Gy H's Met Leu Asn
Ala Met 145 150 155 160 Cys Qu Ala Ser Arg Cys Ay

"Au'Pro Val Val Leu Ala Gu Met Leu 165 170 175 Thr

Tyr Ala Met Ala Asn Met Ile Ay An Val Ile Leu Ser
Arg Arg 180 185 190 Val Phe Val Thr Lys Gy Thr Qu

tzadgea s ReQoze@heghyrsciep bt takdte 05t 00t 208at 4L DB
atat %&a%%wg tfﬁiag4¥:6g%}at§¥§1 é%g%agiﬁétT%Qétfﬁﬁ%a£§933$éé%a§aé

aaa

15 220 Pro Ser Ile Ala Trp Met p
Leu AGn dy Ile Au Arg Gy Mt Lys 225 230 235 240

<21dyys Leu His Thr Lys Phe Asp Val Leu Leu Thr Lys Met

245 250 255 His Arg Ala Thr Ser H's Qu

Lys Qu
<21]:§Eé6 u Ay Lys Ser Asp Phe Leu Asp 260 265 270 Val
Gu

<212¢8T Leu

GQu Cs u Asn Thr Asn Ay G u Lys Leu

<213§ﬁn%_§?‘| 275 280 285 Thr Asn Val Lys Ala Val Leu Leu

eu Phe Thr Ala Ay Thr Asp 290 295 300 Thr Ser

<228er Ser Ile Ile Au Trp Ala Leu Thr Gu Met Met Lys

<22PBARin385i BLOqdhbe 3F0panky At 1BNF3’BI'E Leu Lys Lys Thr G n
<400§2u Glu Met Asp Arg Val lle Gly 325 330 335 Arg Asp

Met LAéa 11346r<82!51 dbo Aspnley Alq | él Ala Ya}s!
1Lys Hi's Pro §er Thr Pro Leu10355 360 365 Ash Leu Pro

Ile

Leu

Leu

Gly

65
Ser
Phe
Ala
Arg
Trp
145
Cys

Thr

Val

Leu Leu G u Ser As Ser LéshLe%FPro Tyr
erhhe Bep Ar g

B Lt AT Ay B R i
lle Trp Nalle Ay Arg
Pro Pro Gly Pro Ser Gly Trp Pro Leu Val Gly Ala Leu Pro Leu

35 40 45
Gly Ala Met Pro His Val Thr Leu Ala Asn Leu Ala Lys Lys Tyr
50 55 60
Pro Ile Met Tyr Leu Lys Met Gly Thr Cys Asp Met Val Val Ala
70 75 80
Thr Pro Asp Ser Ala Arg Ala Phe Leu Lys Thr Leu Asp Leu Asn
' 85 90 95
Ser Asp Arg Pro Pro Asn Ala Gly Ala Thr His Leu Ala Tyr Gly
100 105 110
Gln Asp Leu Val Phe Ala Lys Tyr Gly Pro Arg Trp Lys Thr Leu
115 120 125
Lys Leu Ser Asn Leu His Met Leu Gly Gly Lys Ala Leu Asp Asp
130 135 140
Ala His Val Arg Ala Asn Glu Leu Gly His Met Leu Asn Ala Met
150 155 160
Glu Ala Ser Arg Cys Gly Glu Pro Val Val Leu Ala Glu Met Leu
165 170 175
Tyr Ala Met Ala Asn Met Ile Gly Gln Val Ile Leu Ser Arg Arg
180 185 190
Phe Val Thr Lys Gly Thr Glu Ser Asn Glu Phe Lys Asp Met Val
195 200 205
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385 390 395 400 Asp Pro Ser Val Trp GQu Asn Pro Ser
G u Phe Ser Pro Qu Arg Phe 405 410 415 Leu Ser Qu
Qu Asn Ay Lys Ile Ser Pro Ay Ay Asn Asp Phe G u
420 425 430 Leu Ile Pro Phe Ay Ala Gy Arg Arg Ile
Cys Ala dy Thr Arg Met 435 440 445 dy Met Val Leu
Val Ser Tyr Ile Leu @y Thr Leu Val H's Ser Phe 450
455 460 Asp Trp Lys Leu Pro Asn Ay Val Ser Au lle
Asn Met Asp Gu Ser 465 470 475 480 Phe Ay Leu Ala
ValL8lu Ted MatSTHM SeVdlla Bl TyauPlgehsi\ 1de THIY Adl Pigerl1485
4280495 5/28 Pro g Leu Al a Prg@@r Ala Tyr Vval Ile
505 <210>3 < >1795 <212> <213>Pans
Prec3203 le2fz>Ruc Mebtiseld-es efiehbe léndddi g pantst izm
2043' S'H <400>32gaattcggca cgaggggcaac atg gcavaltzagrﬁta
eo, Va r

gtc acc gac tt Al a
Lyseéau e B Lxmfrd rgp %‘f IgeegL@bt hatlgsaﬂett b{” L¥s 1%t c
act cgg ttc24a gtt cgt tct28it ttc 98 AlaZz¥a lle

Hl%_lé?%g\tig5 ?USAIJ ﬁlsﬂaﬁu e{rg GFit&eGi'}g%yy%lerAﬁ(sgclifﬁ{:lé%@ga?hgct

ctc ggt 36@9 ccc ttg 146 26L5ys Lys Pro Thri& g Pro Leu
ValPLeu Pe@ (FuYGRY 0yd-€0u @sy THrPASN G1¥80u3Ps3oerdfisn §hY ggc

gcc %g Cct ctc cta g%g gcc atg cct gtc gca cta
gcc Val Ay Aa u Pro Leu Leo y Ala Met Pro

ThiHiAsn Vall [AlsaAlae$alAleu 45u53nskeu ha Tt cAlgeft‘hIaﬁlg' Aap t at
gggo ccg atc atg C@§5Cta aaa atg ggepacg 242
Thr Ser Ser Ser Ile 1le Glu Trp Ala Leu Thr Glu Met Met Lys Asn
305 310 315 320
Pro Thr Ile Leu Lys Lys Thr Gln Glu Glu Met Asp Arg Val lle Gly
325 330 335
Arg Asp Arg Arg Leu Leu Glu Ser Asp VYal Ser Lys Leu Pro Tyr Leu
340 345 350
Gln Ala Ile Ala Lys Glu Thr Tyr Arg Lys His Pro Ser Thr Pro Leu
355 360 365
Asn Leu Pro Arg Ile Ala Ile Gln Ala Cys Glu Val Asp Gly Tyr Tyr
370 375 380
Ile Pro Lys Asp Thr Arg Leu Ser Val Asn Ile Trp Ala Ile Gly Arg
385 390 395 400
Asp Pro Ser Val Trp Glu Asn Pro Ser Glu Phe Ser Pro Glu Arg Phe
405 410 415
Leu Ser Glu Glu Asn Gly Lys Ile Ser Pro Gly Gly Asn Asp Phe Glu
420 425 430
Leu Jle Pro Phe Gly Ala Gly Arg Arg Ile Cys Ala Gly Thr Arg Met
435 440 445
Gly Met Val Leu Val Ser Tyr Ile Leu Gly Thr Leu Val His Ser Phe
450 455 460
Asp Trp Lys Leu Pro Asn Gly Val Ser Glu Ile Asn Met Asp Glu Ser
465 470 475 480
Phe Gly Leu Ala Leu Gln Lys Ala Val Pro Leu Ser Ala Thr Val Ser
485 490 495
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Lys Leo Ala Lys Lys Tyr Ay Pro Ile Met H's Leu Lys
Met Ay Thr 60 65 70 tgc gac atg gtg gtc gcg tcc acc
ccc gag tcg get cga gcc ttc ctc 290 Cys Asp Met Val

Val Ala Ser Thr Pro Qu Ser Ala Arg Ala Phe Leo 75 80

85 90 aaa acg cta gac ctc aac ttc tcc aac cgn cca
ccc aac gcg ggc gca 338 Lys Thr Leu Asp Leo Asn Phe
Ser Asn Arg Pro Pro Asn Ala Ay Ala 95 100 105 tcc
cac cta gcg tac ggc gcg cag gac tta gtc ttc gcc aag

. Prot/ag D@t AB8®ro Ser MiasTiredalNlldeTyr Ay Ala G n Asp Leo

Val PheS@éa Lys Tyr Aygdd0 115 120 ccg agg tgg aag
act tta aga aaa ttg agc aac ctc cac atg cta ggc 434

21 Arg Trp Lys Thr Leu Arg Lys Leu Ser Asn Leo His

¢1Metrgkeo Gy 125 130 135 6/28 ggg aag gcg ttg gat gat

é{[%g‘l gca aat gtg agg gtc ace gag eta ggc 482 dy Lys
<21 Aleu Asp Asp Trp Ala Asn Val Arg Val Thr GQu Leu
<2183PandAO0 145 150 cac atg ctt aaa gee atg tge gag gcg
<22ﬁge egg tge ggg gag ccc gtg 530 His Met Leu Lys Ala

G u Ala Ser g Cys Pro Val 155 160
<22a>a\5=clezmd@tsgqmn@ege@6 c@ag%adéa ac gee atg gcg
<4O@)a3: atg ate ggt caa 578 VaI Leu Ala Gu Met Leu Thr

Asn Met y 1751 80 ogtg
gaaé%/cég‘&? ccg%gé"c%ac G &Gt aﬂtt %ted %cgag%cgaaaac %?e%ce gag

tct aac 626 VaMet|Adalldg lauy Vol Vb “Thr
Lys Ay Thr GQu Sf:r Asn 185 155) 195 gag ttc #Haa gac

atg gtg ad t 674
eccrd) Prodyd Aottt 87 JAR Tl REP b eecfen
AlaGl T IPh@he0@u2Ds mxoﬂaad’hatleeUgbql e Set eyt d‘eccc

tcg ate get1tgg atg gat ttgz0aa ggg 722 ASI25||e Ay

Asp Phe Ile Pro Ser Il GI
?5‘1"5“g2"’i"=':'5l 2"2‘3032%53g3t°§gg%tgc &fa c&%gggI Dk th 5%9 ‘g %chac acé
¥

Lysdag Pid ThatirgtRyotten PrayPyadly|Hre IGUUGN grghyo Ny Lys
Lys Leu ks Thr Lys Phe #sp Val Leu Leu 280 235 240

245
gtg gge gece cic cet ctec cta gge gcc atg cct cac gtc gca cta gcc

Val Gly Ala Leu Pro Leu Leu Gly Ala Met Pro His Val Ala Leu Ala
45 50 55

aaa ctc gct aag aag tat ggt ccg atc aig cac cta aaa atg ggc acg

Lys Leu Ala Lys Lys Tyr Gly Pro Ile Met His Leu Lys Met Gly Thr

60 65 70

tgec gac atg gtg gtc geg tcc acc ccC gag tcg gect cga gee ttc ctce

Cys Asp Met Val Val Ala Ser Thr Pro Glu Ser Ala Arg Ala Phe Leu

75 80 85 S0

aaa acg cta gac ctc aac ttc tce aac €gn ¢ca ccC aac gcg gegc gca

Lys Thr Leu Asp Leu Asn Phe Ser Asn Arg Pro Pro Asn Ala Gly Ala

95 100 105
tce cac cta geg tac gge gcg cag gac tta gtc itc gecc aag tac ggt
Ser His Leu Ala Tyr Gly Ala Gln Asp Leu Val Phe Ala Lys Tyr Gly
110 115 120

ccg agg tgeg aag act tta aga aaa ttg agc aac ctc cac atg cta ggc

Pro Arg Trp Lys Thr Leu Arg Lys Leu Ser Asn Leu His Met Leu Gly
125 130 135
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acg aag atg gtg aag gag cat aga gcg acg agt cat gag
ege aaa ggg 818 Thr Lys Met Val Lys Qu H's Arg Ala
Thr Ser Hs Qu Arg Lys Ay 250 255 260 aag gca gat
ttc ctc gac gtt ctc ttg gaa gaa tgc gac aat aca aat
. 866 Lys Ala Asp Phe Leu Asp Val Leu Leu GQu du Cys
Asp Asn Thr Asn 265 270 275 g9gg gag aag ctt agt att
ace aat ate aaa get gtc ctt ttg aat eta 914 dy Qdu
Lys Leu Ser Ile Thr Asn Ile Lys Ala Val Leu Leu Asn
ggd eng 280 1285a2908att teg vy WEoeiggeemelc gac weactacget cg 432
a e 6 r Thr
LA20 TE GRS 3 W A2 e T AP 20,568 00
304 acg gag atg at#daag aat ccg aégo ate tta aaa aag

cacddbfe GRR MA3%@agtgl @O ga&_fﬁcg(}gst Mat tkt @gkymeAsiat Pt Thr 530
His!abgt gg{i’ léé;ﬂé%’ﬁeta gsg Aqa Ser rg3t1ig %:!tg @1%0131%258.1 7/ 28

P €§t°Ga ctc
15% eg gac ata 10880 Met Asp Arg W&l Tle Gly Arg Arg
gtgAlégg Iggg glg?uatg MeSGEe ASP dcc€at330cB338: IR atleClbta@fa CtC 578

a Caa gcc att get aa aaa
Val1hoe Alsdiiudiet by Thr g vryHa il G An deF ]:s‘eA‘ﬁ]é’ Vb du
Thr Tyr Argi7sys 345 350 355180cac ccg teg aciplcct ctc
aac t ccg ag e, ca 5 Pro
steGife i BF oAbk (00 Bordr bRl Rt gty Bhe, IO e
ValOyke 360 SB65irg7hregdal ghe Yydt T *g'ggwt 8&v (The Gped "(i“ct‘s’hag
gac gcg@gg ctt age gtg mac 1202 G u ValgsAsp Gy Tyr

R T Tt i g g ngt%?%mggg 674

GluaBlie teg Asb Jlega¥pll ¥8D Gllllle,eUTMGG ﬂlﬂ‘a FI e“@l A'Flg* Pro
Asn \Zig@ Trp Gu Asn BEpg Leu G u 390 396 400 405 ttc

aa agattctt tct a ag aa g te
sacaaic 60 S00 ¢ PHfectBul Prt 8 A Pheteltost BF G
AsnAgle Gll)y Asy Shiel EleABre Breo Ue0Alp1Brmiet Agptleggllnably gat

tggfs aag ctg att ceggttt gga gcc gggsagg aga att 1346
atcAgagg g?fg géggatés agPI;gg L@{S Leu I I e P AR Phg g(%lg tél @tgGl Y 770
Ile Glu Arg Gly Met Lys Lys Leu His Thr Lys Phe Asp Val Leu Leu

230 235 240 245
acg aag atg gtg aag gag cat aga gcg acg agt cat gag cgc aaa ggs 818
Thr Lys Met Val Lys Glu His Arg Ala Thr Ser His Glu Arg Lys Gly
250 255 260
aag gca gat ttc ctc gac gtt ctc ttg gaa gaa tgc gac aat aca aat 866
Lys Ala Asp Phe Leu Asp Val Leu Leu Glu Glu Cys Asp Asn Thr Asn
265 270 275
ggg gag aag ctt agt att acc aat atc aaa gct gtc ctt ttg aat cta 914
Gly Glu Lys Leu Ser Ile Thr Asn Ile Lys Ala Val Leu Leu Asn Leu
280 : 285 290
ttc acg gcg ggc acg gac aca tct tcg age ata atc gaa tgg geg tta 962
Phe Thr Ala Gly Thr Asp Thr Ser Ser Ser Ile Ile Glu Trp Ala Leu
295 300 305
acg gag atg atc aag aat ccg acg atc tta aaa aag gcg caa gag gag 1010
Thr Glu Met Ile Lys Asn Pro Thr Ile Leu Lys Lys Ala Gln Glu Glu
310 315 320 325
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425 430 435 tgt gcg ggg aca agg atg gga atg gtc ctt

gta agt tat att ttg ggc 1394 Cys Ala Ay Thr Arg Mt

Ay Met Val Leu Val Ser Tyr Ile Leu Ay 440 445 450

act ttg gtc cat tct ttt gat tgg aaa tta cca aat ggt
~gtc get gag 1442 Thr Leu Val His Ser Phe Asp Trp Lys

Leu Pro Asn Ay Val Ala A u 455 460 465 ctt aat atg

gat gaa agt ttt ggg ctt gca ttg caa aag gcc gtg ccg

1490 Leu Asn Met Asp Qu Ser Phe Ay Leu Ala Leu Gn
atgLyﬁ Ak gValatErggma@t 476 c48(e485te cta ghefegoract 3l gt ¢ 1058

ca C ershS Leu
Het2RsD A9 v§9911 y2hfe AS 'AQE?‘ 198 g 19Jeut ! 86 994 3¢ %r E&Tyr

Al a Thr 49(533ﬂ95 500 tgagct étg ggct gggect Hgttttgtgg
tcgggg“&t:él@tckg @gagtaactc&af tgc@ta@ttgtcttam gwacg gyt gicatda 1106

t tt t
e‘['a ‘ijg %?? 1%’6%0 é&%tlgg ltag % tTg} ta‘?%aqrtgt lfyS
ccttctg@gs attttatcca ttaﬁaattttt 1718
cac Cfat%g%%%% Atgalicateqy tc@%%%aﬁtt gaaatkd g:%ﬁagca tet 1154

at gaaaaaaaa a aa aa 1795
H1s<12mo§~e1r 22&1 solaeu &y hepiro Aéﬂlglngﬁasg?e a
<2233@m1no aci d sequeage of pansy #407¢3 S H <400>4

gaa gttet %Tg glg&léﬁtalﬁey%cv% }-E{ A? R Phgcgvgég\é 2 ook ?ac' ! e 1202

he LCeu
GluSérl Reni GPhelveyByrl yEe Pro LThrASAr@laPﬁbg dou S 3l ft%lu Pro
Pss Ay Pro Leu Gg,ggTrp Pro Leu Vags Ay Ala Leu Pro

L 35 40 45 Le Al
attl_ge;%lg £68, 2AF aggLy%ggL§%c¥ g aaéog P gy%%at cg’oh% u 4250

lleHns Abu Iy SlvereGhse Phe A@;staAsbrnlvElu \0!&11 RvalLEAu @lu 65
39070 75 80 395 400 405

ttc tig ccg gaa aga ttc ttg tct gaa gag aat ggg aag atc aat ccc 1298
Phe Leu Pro Glu Arg Phe Leu Ser Glu Glu Asn Gly Lys lle Asn Pro
410 415 420
get ggg aat gat ttt aag ctg att ccg ttt gea gec ggg agg aga att 1346
Gly Gly Asn Asp Phe Lys Leu 1le Pro Phe Gly Ala Gly Arg Arg Ile
425 430 435
tgt gcg ggg aca agg atg gga atg gte ctt gta agt tat att tig gsc 1394
Cys Ala Gly Thr Arg Met Gly Met Val Leu Val Ser Tyr Ile Leu Gly
440 445 450
act ttg gtc cat tct ttt gat tgg aaa tta cca aat ggt gtc gct gag 1442
Thr Leu Val His Ser Phe Asp Trp Lys Leu Pro Asn Gly Val Ala Glu
455 460 465
ctt aat atg gat gaa agt ttt ggg ctt gca ttg caa aag gcc gtg ccg 1490
Leu Asn Met Asp Glu Ser Phe Gly Leu Ala Leu Gln Lys Ala Val Pro
470 475 480 485
cte tcg gec ttg gte age cca cgg ttg gee tca aac ccg tac gea acc 1538
Leu Ser Ala Leu Val Ser Pro Arg Leu Ala Ser Asn Pro Tyr Ala Thr
490 495 500
tgagctaatg ggetgggect agttttgtge gecctaattt agagactttt gtgttttaag 1598
gtgtgtactt tattaattgg gtgettaaat gtgtgtttta atttgtatit atggttaatt 1658
atgactttat tgtataatta tttatttttc ccttctgggt attttatcca tttaatittt 1718
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Ser Thr Pro Gu Ser Ala Arg Ala Phe Leu Lys Thr Leu
Asp Leu Asn 85 90 95 Phe Ser Asn Arg Pro Pro Asn Al a
Gy Ala Ser Hs Leu Ala Tyr Ay 100 105 110 Ala G n
Asp Leu Val Phe Ala Lys Tyr. Ay Pro Arg Trp Lys Thr
Leu 115 120 125 Arg Lys Leu Ser Asn Leu H's Met Leu
Gy Ay Lys Ala Leu Asp Asp 130 135 140 Trp Al a Asn
Val Arg Val Thr Qu Leu Ay Hs Met Leu Lys Ala Mt
145 150 155 160 Cys Gu Ala Ser Arg Cys Ay du Pro
ctWadeayal ateatcAtae Etatdykesatl eenal®frab7dtabiBaatThagaliyaaaAha 1778

t Ille dy dn Val Ile Leu Ser Arg Arg
aa%%(%‘ %% A%%a\%gl Phe Val Thr Lys Ay Thr A u Ser Asn 1795
4 Phe Lys Asp Met Val 190 195 200 Val G u Leu Met
<21I'j)r50§er Ala Gy Tyr Phe Asn Ile Gy Asp Phe Ile 9/28
(2@21?%10 215 Pro Ser Ile Ala Trp Met Asp Leu Gn Ay
u Arg dy Met Lys 220 225 230 235 Lys Leu H's
<2]I37>|Pai1§os Phe Asp Val Leu Leu Thr Lys Met Val Lys GQu
0 245 250 His Arg Ala Thr Ser Hs GQu Arg Lys Gy

s Ala Asp Phe Leu Asp 25 65 Val Leu Leu Gu
<22§vdm@% AS‘SSA%‘FP”FHrO fAB#ISOY ’fﬂ%@gg% s Leu Ser lle 270
<4084 280 Thr Asn Ile Lys Ala Val- Leu Leu Asn Leu Phe
Meirl relagle Emy V&PrThASpspTﬁé égp Vﬁ/g%‘lflr@r L‘ISPJ ggr}’hggﬁz I3|O§

B10 315 Pro Fhr Ile Leu Lyslfys Al a Gln Aul@ u Met

1198 AG Mad Lkl eva® Mrg3848) Bed PR3 QLysANG Asdamf Griiigoleu
Leu Qu iﬁi\ Asp Ile Ser ?35{1 Leu Pro Tyr gtg 335 340
345 dn Ile Ala Lys Thr Tyr Arg LYySs His Pro

LewS@ro Thr 0o Pred.ev Gly Trp Pro Leu Val Gly Ala Leu Pro Leu

35 40 45
Leu Gly Ala Met Pro His Val Ala Leu Ala Lys Leu Ala Lys Lys Tyr
50 55 60
Gly Pro Ile Met His Leu Lys Met Gly Thr Cys Asp Met Yal Val Ala
65 70 75 80
Ser Thr Pro Glu Ser Ala Arg Ala Phe Leu Lys Thr Leu Asp Leu Asn
85 90 95
Phe Ser Asn Arg Pro Pro Asn Ala Gly Ala Ser His Leu Ala Tyr Gly
100 105 110
Ala Gln Asp Leu Val Phe Ala Lys Tyr Gly Pro Arg Trp Lys Thr Leu
115 120 125
Arg Lys Leu Ser Asn Leu His Met Leu Gly Gly Lys Ala Leu Asp Asp
130 135 140
Trp Ala Asn Val Arg Val Thr Glu Leu Gly His Met Leu Lys Ala Met
145 150 155 160
Cys Glu Ala Ser Arg Cys Gly Glu Pro Val Val Lev Ala Glu Met Leu
165 170 175
Thr Tyr Ala Met Ala Asn Met Ile Gly Gln Val Ile Leu Ser Arg Arg
180 180 185
Val Phe Val Thr Lys Gly Thr Glu Ser Asn Glu Phe Lys Asp Met Val
190 195 200
Val Glu Leu Met Thr Ser Ala Gly Tyr Phe Asn lle Gly Asp Phe lle
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350 355 360 Asn Leu Pro Arglle Alalle Gn Ala Cys
Gu VvVal Asp Ay Tyr Tyr 365 370 375 1Ile Pro Lys Asp
Ala Arg Leu Ser Val Asn Ile Trp Ala lle Ay Arg 380
385 390 395 Asp Pro Asn Val Trp Gu Asn Pro Leu Qu
Phe Leu Pro Gu Arg Phe 400 405 410 Leu Ser u Gu
Asn Ay Lys Ile Asn Pro Ay @y Asn Asp Phe Lys 415
420 425 Leu Ile Pro Phe Ay Ala Ay Arg Arg Ile Cys

Ala Ay Thr Arg Met 430 435 440 Gy Met Val Leu Val
Seo5Tyr Ile Leu AI0Thr Leu Val HZ5Ser Phe 445 450

4%5r r‘}%p;& Pt ys: hagg LEEOGI%S@UGIYe al, ﬂéac@ Hel @ Aya sn.

5 470 475 Phe
22Q3 n Lys Al a VaI 2Pro Leu Ser Al &%eu Vval Ser 48@ 85

Lyé9€u }Prscrrh‘i«r Oyd-@He Alsp VaerLASDedPThr Tyt M¥tavalhLys 0128
495 500 %? 5 <211>1474 12>DNA  <213>Rg <220>

<223>Nucl eo e sequence enCodi ng rose chal cone
Hisyng hdaeThr<800H5s §dadatatsabhadrydilgaspcidtec jagdsm
gt ccgcaagg ctcaacgcge tgagggt ccg 60 gct%cgtcc
t ggccat acagcaact cctcccaa attg
Valy g@d@at&@ gEOCY%é\é@a%’PaP}r A gi%%ﬁat”é “aéifaéée
gagcayaagg ctgagctcaaﬁ?ggagaaattc 180 280agcgcat gt

G T

at8gcccct t cact t g@Pgc aagacaagat atggtggttg

Thi §9A3RL &G ARAYCE GYFarpARGARAL TBr CEaMedaDECLys Asn

{ att aaggaa 360 ggggt cagc cca ccaa aatcaccc
300(tggt ctttt gt aggélct ag tggcgtcggg(5 420 cccgggg

Prc@gatiladen bot tacthdadlotcut Gygdet tAél@g“Ge Iclle
cgtgaagcgt 480 ctcatgatgt gmraacaagg gtgttgmgec

Arg gs ??C T2 f,guc gl?%% tSeggACstpamgggr %fa"xo Leu Pro Tyr Leu
335 340 345
Gln Ala Ile Ala Lys Glu Thr Tyr Arg Lys His Pro Ser Thr Pro Leu
350 355 360
Asn Leu Pro Arg 1le Ala lle Gln Ala Cys Glu Val Asp Gly Tyr Tyr
365 370 375
I1le Pro Lys Asp Ala Arg Leu Ser Val Asn lle Trp Ala Ile Gly Arg
380 385 390 395
Asp Pro Asn Val Trp Glu Asn Pro Leu Glu Phe Leu Pro Glu Arg Phe
400 405 410
Leu Ser Glu Glu Asn Gly Lys Ile Asn Pro Gly Gly Asn Asp Phe Lys
415 420 425
Leu Ile Pro Phe Gly Ala Gly Arg Arg Ile Cys Ala Gly Thr Arg Met
430 435 440
Gly Met Val Leu Val Ser Tyr lle Leu Gly Thr Leu Val His Ser Phe
445 450 455
Asp Trp Lys Leu Pro Asn Gly Val Ala Glu Leu Asn Met Asp Glu Ser
460 465 470 475
Phe Gly Leu Ala Leu Gln Lys Ala Val Pro Leu Ser Ala Leu Val Ser
480 485 490

Pro Arg Leu Ala Ser Asn Pro Tyr Ala Thr
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tt ggccgaga
gct cagagat
cacccatctc
gat ggt gct g
_ccgaggttga
ccaaactatc
catcttcgtg
at gttcccgg

caacgaggs

acaacaaggg
cact gccgt g
gatagtcttg
cggccatt at
gaagccttcg
cttcctgaca
aagt t ggcct
gctgatttca
ttcaaacctt

tgcacgtgtt cttgttgttt

600 actttccgtg ggcctagcga
t gggccaagc cttgttcggt 660

t gt t ggggcc gacccattgc

720 ttcgagttgg tctcggcagc
gt gacggagc catcgacggg 780

cacatttcac ctcctcaaag

840 aagaacat cg agaagagcct
t Jdlicat cac agact ggaac 900

ggatt gcaca
agaggct aaa
acaaggcat a
cttgtgtgtt
t gcagct aat

t ggggt gt cc
agaccgt cgt

cccgggtgge cctgcaattt

960 ttgggcctga agcccgaaaa

tattatccga gtacggcaat 1020

gtttattttg gacgaggtgc

1080 gggcacaaga ccact ggaga
tatttggttt tgggccaggg 1140

gcttcacagt gtggctgctt

<21b gct tttct
tagaccaagt

<2lgv14daagcc
<2128 @act ag: g

gaaagt c
<21 9940
{220t caccgt cg

<22?§I@u tl%?@l%%
<40@é§t gttaga

tgctcc
R R R SR A P

tttccttttt tggatttatt tttctggtga

ga@hiatt%a Calg@feat gdg&a&@g&zﬁ%@c cahgeatacdaastdat tapacae

aatttcaf ac

gcta‘é‘g%ttﬂa at&Ee

i

et

GLoeaaka

agagcggg

g*téh%%éaa

aat at at

Padedtiac

ccegectact aegcattcwaagatcttmgaam@gm@g@@gaswt‘a@t geapepetic
cAfda didtcas bz ctadal 14240 t 1]l 2pdANRaatt

LIS e

<220>
RSP T RAP L € LR A

23>Nu

eot

de
6%"3?58 dfﬁ“ WAt

seguen

as%ﬁacggéﬁf>6

atggeggaagggaagget gpagald cgy agatasggte ggatiaaegradgattaaggaa
Q&ta%gt&%tagg&éﬁaéagéﬁ%QQ 1t 12361 a¢hc A6 PR dpdlelcgac

ccctcagcc
atg@%&gatgga@%g

aactt

ccec t C

f S ETT R4t

tecrieae aa

cccacacc

%%fcaiﬁc ggggaagcgt

ctcaCguettgraageetdiet ticed8@eaggroges daatccgyigt gactagesac

ttgg&ag%'ggc&tagcsé‘g%@aé‘gkf&&@gwQtt@attg@at @@t@%@@&a@a&@@cgtg
aacttggaga ttct

act{ { AR gRGG L fFAR
gatbegictt g gge cé tiiat ctett geeme g gaccwager agerrgyteratamdpotice

t tc%&%t‘%@@g&qg gt dQEARGHAG at HlcGt £A2EG %g&ﬂ.@@@@ic Patcgacggg

t Gcaccc
cateHrgtggraght

aagaacatcg
tcactittct
ttgggcciga
atgtctagteg
gggeacaaga
¢ctcaccgtcg
tcacttgagt
ccttgttaga
atgaataata
aagtigactt
ccgegggatag
<210>6
<211>420
<212>DNA

agaagagcct
ggattgcaca
agcccgaaaa
cttgtgtgtt
ccactggaga
agaccgtcgt
gatctgctce
tttcettttt
ttattccaca
tccggaagat
agtacgttca

caacgaggce
cceggetggce
gttagaagcc
gtttattttg
aggceciggag
gcttcacagt
tggatttgtt
tggatttati
aatttcatac
ttagagcgeg
aaaaaaaaaa

LR o S00s et ARr g

acttttc%% 420 ﬁ?10>7 <2
gcézﬁﬁﬁé cac ctccticaaag a

ttcaaacctt
cctgecaattt
acaaggcata
gacgagglgc
tggggtatee
gtggelgett
cttatatatg
ttictggtega
gagcaaaagt
gaatatatct

aaaa
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CCcCEE E
tgaacatcac
tagaccaagt
tattatccga
ggagaaagtc
tatttggttt
aaacttgaag
tatcgtttce
atttagcaat
tcectgeaata

ccecactaget

attt

%ﬁc 3t%ﬁ¢tcggt

1>1808

clg a%gtca

agactggaac
agaggctaaa
gtacggcaat
tgcagctaat
tgggecagegg
gcatctgggt
actctacttt
atatgtaatg
atttagttag
gaaagattat

60
120
180
240
00
360
420
480
540
600
660
720
780

(]

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1474



<223>Nucl eoti de sequence encodi ng Toreni a ant hocyani n

acyl transferase <400>7 cttcaaagcc aaaaagaaac

aattaatca atg get gtt gaa gcc ccc aaa aca 53 Mt Al a

Val Qu Ala Pro Lys Thr 1 5 ata tgt gca gtc ctc gaa

.aac tct ctt att aca cca caa agt acc gat 101 Ile Cys

Ala Val Leu Qu Asn Ser Leu Ile Thr Pro G n Ser Thr

Asp 10 15 20 aca gaa caa act ctt tca ctc aca ttc ttt

gac atc aaa tgg gtt cat 149 Thr GQu G n Thr Leu Ser
{213¢Roskhr Phe Phe Asp Ile Lys Trp Val H's 25 30 35 40
bt cat cca atg caa tgc ctt gtg ttg tac aac ttc cca
t tct aag 197 Phe H's Pro Met A n C%s Leu Val g
<22ByNucdent Flses qauenaey gnagding par T srpsgmntpecyapiding gynthpge
<4@3@ gcc aca gtt ccg agc ttc aaa tca tca ctc tcc 245

Ser Hs Phe Leu Qu 1{AI a, Thr Caa ngct%eq;c(ﬁhe Léﬁ Saear 60
gaaganeqed Bas e[ o259 ggﬁagg E81% %8G a PeET £at ¢t cca
atdahatdceaaggaamae ddcacdeace t%BCUeQCQQngCIEysgaThGCCEeﬁﬂCArg 120
ga%gg§a%5 r %?%Uaggi? Ja%UcE@%Ec(§a¥af§§@td-%9géE¥Egégy%c&@%@cﬂgé 80180

aac ccg ace cat gac atg g gaa tcg
ggcaa@aa@ttggagéaa@agg DOGTETELS ACTHOPLT THFICH %CaA%tcﬁE?ga,&sp 240
aac&}‘i@ga‘g‘sptﬁtga@aﬁ g baddtbc Ragaddattt Itecﬁ@g% g tgttaat at 300
a cct C C c c
casgfgeesosdRpes 1y fyutbre G Y UL B b A AR T
tct‘v’adlgoﬁlgatt@celaféyp et cCEgBe Pﬁ@aaﬁsﬁ‘g&@"tctcé%ccgaiwtéé%cg@aa
¢2198¢ aat acg act act gaa gaa tac ttc aat tac ctc 437
<21i§{18 y Hs Gu Asp Asn Thr Thr Thr u Gu Tyr Phe
r Leu 125 130 135 act gga aat ttc cag aga gat
{2l¢ygiNAgat caa ttc tat gat ctc tta ccc 485 Thr @y Asn
<2180 E Gha Arg Asp Cys Asp G n Phe Tyr Asp Leu Leu Pro
140 145 150 gat ttt cga gac ccg gaa acc gaa tcc aat
<229§c aca gta ate cca ctt 533 Asp Phe Arg Asp Pro G u
<22FMhiucCk ot iSer seiseno@yencPing/abranie 4pthodyenin §6v1 aoansgsrase

<400>7
cttcaaagcc aaaaagaaac aattaatca atg gct gtt gaa gec ccc aaa aca 53
Met Ala Val Glu Ala Pro Lys Thr

1 5
ata tgt gca gtc ctc gaa aac tct ctt att aca cca caa agt acc gat 101
Ile Cys Ala Val Leu Glu Asn Ser Leu lle Thr Pro Gln Ser Thr Asp
10 15 20
aca gaa caa act ctt tca ctc aca ttc ttt gac atc aaa tgg gtt cat 149
Thr Glu Gln Thr Leu Ser Leu Thr Phe Phe Asp Ile Lys Trp Val His
25 30 35 40
ttt cat cca atg caa tge ctt gtg ttg tac aac ttc cca tgt tct aag 197
Phe His Pro Met Gln Cys Leu Val Leu Tyr Asn Phe Pro Cys Ser Lys
45 50 55
tca cat ttt ctc gaa gcc aca gtt ccg age ttc aaa tca tea cte tee 245
Ser His Phe Leu Glu Ala Thr Val Pro Ser Phe Lys Ser Ser Leu Ser
60 65 70
aaa act ctc aga cac tat cit cca tta tca gga aac tta tac tat cca 293
Lys Thr Leu Arg His Tyr Leu Pro Leu Ser Gly Asn Leu Tyr Tyr Pro
75 80 85
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ata gca gtt caa ate aca ctc ttt cca ggt get ggg ata

tgt ctg ggg 581 Ile Ala Val Gn Ile Thr Leu Phe Pro

Gy Ala dy Ile Cys Leu Ay 170 175 180 gtc ate aac

agt cac gta gtt ggc gat gcg agt tee ata gtg gga ttc
629 Val Ile Asn Ser His Val Val Ay Asp Ala Ser Ser

Ile Val @y Phe 185 190 195 200 ate aaa get tgg agt

aaa gtt gca atg tat gaa gac gat gaa gag att 677 lle

Lys Ala Trp Ser Lys Val Ala Met Tyr Qu Asp Asp Gu
aabdddgld 2ﬂ5g2c1@t£1g5t @ttaggetanacg aac aat ctd gaatd:tccca 341

t.at a u

ssido By FCAEPRLIT P &éﬂg‘%?%e@%n&ﬁeﬂ U B0

2250230 gat cca a&é ggg ate aaa tl® ttg ctc tgg aac
cgﬁqgt Ez;ag ?&gg&a%agttgg@%% tASPtdalc Lks éaaYgiéoQazi%‘ZYt&cser 389

eu Leu Tr aaa
Arg o o Db Ooadst ST OBl SaLEndne el g G TR g

109t c cga 821 Lys0Tyr Gn Pro GldSPro Ala Lys Hilg0Leu
tc{’tfggtTcga& %Aasangg%g % 'cg/’m ﬁogﬁéazqchgtg gﬁg%@%tgce 437
Sen Gy e G ASAsE Jhr dihg ThyoG RER I iHhe G TR debou

Lys Thr Argi1265 270 275 2801303/ 28 ate cga 18% aag

aaa cca ggc aca ace tgc tta tca tct ttc aca,ate 917
acf tgs gy S o148 85 2 PG 1Y et Triet Y FE tEbroer 5
Th:PIﬁéymm H’HeeG]aBBrQQGD 255 Aeg)cﬁlraéhe doe Asat Lge{-et! dgoaca

tgc ctt pga aaa tct gca pga gaa get 965 1ﬁa Thr Ala

Tyr Ala Trp Thr Cys Leu Al a Ser Ala
g0t 98 EPoCCE A gaa 5@3a‘ i aa%ttsc @54 é’gtacafégfcagé&t gac 533
As®be cag AdpgPot 6latTyr ddo 3018sn Gra TG Wali hlevBto Yab d n

Asp Sgg Asp Asp G u Higg Leu Leu Met Hrig 315 320 325

gtt gat ttg aga cca a a ata at cct cca tta cca cct
aty geatgdd ¢ at:LCOBC:‘LEl ctalttAs Bf bty 8BF & tAr tPY FEE R8P Pro®
11Pnda Vall Amol Rr thiSéeu Phe FHheGBSGIeSIESy?M@ Oggalaably ge

tg ctt cca tct tykggcg aaa acg agggcat ggg ctt ttg
1% Gy Asn Q/s Val Leu Pro Ser Phe Ala Lys Thr Thr 5
gtq4@§0(339 Q§§UCQP95 a gtt gec gat geg agt tec ata gig Ega 629

Val Ile Asn Ser His Val Val Gly Asp Ala Ser Ser Ile Val Gly Phe
185 190 195 200
atc aaa gct tgg agt aaa gtt gea atg tat gaa gac gat gaa gag ati 677
Ile Lys Ala Trp Ser Lys Val Ala Met Tyr Glu Asp Asp Glu Glu Ile
205 210 215
¢ta gct aac aac aat ttg att cca tet tat gac aga tca gtc gtg aaa 725
Leu Ala Asn Asn Asn Leu Ile Pro Ser Tyr Asp Arg Ser Val Val Lys
220 225 230
gat cca aaa ggeg atc aaa tct ttg ctc tgg aac aag atg aag aac gtg 773
Asp Pro Lys Gly Ile Lys Ser Leu Leu Trp Asn Lys Met Lys Asn Val
235 240 245
aaa tat caa ccc caa ccc gca aaa cat ctc cca aca aac aag gtc cga 821
Lys Tyr Gln Pro Gln Pro Ala Lys His Leu Pro Thr Asn Lys Val Arg
250 255 260
gce aca tac acc ttg aga aag aac gat atc gag agg ctg aaa acc cga 869
Ala Thr Tyr Thr Leu Arg Lys Asn Asp Ile Glu Arg Leu Lys Thr Arg
265 270 275 280
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345 350 355 360 aaa gga gag tta ggg ctt.ttt aat gca

gtg gaa gtg att agt gat gtc 1157 Lys Ay GQu Leu Ay

Leu Phe Asn Ala Val Ju Vval Ile Ser Asp Val 365 370

375 att ace ggt ate gtt age aag aaa tat gac ttg ttc
~aaa gac tta gac 1205 Ile Thr Gy Ile Val Ser Lys Lys

Tyr Asp Leu Phe Lys Asp Leu Asp 380 385 390 aga caa

ggt gag att ttt cgt gcc ttg ttc gga aaa cga gtg ttg

gcg 1253 Arg Gn Gy GQu lle Phe Arg Ala Leu Phe Ay
atd-Yga Acd @l adedcfNeac 3Ra A&Otg‘lfﬂﬁeattea ate@ gt atcgtect 917

t at. ct a t 3 Ile
ngafe gey S8 b JI R By C% s & Y e
dy Trp 41028615 420 ggt aag2¥kg aag aag attZ%ﬁaa cct
gcftaga tg]%ff %ttt g&aq;g Q@a 9@9 (?tggg@acgaal:iégécg é’cal—¥% EEQ LyS 965
Alm%br 48 Moﬁlaagfp éH]lj CtyﬁgLeéit% aaE%s ég’g létﬁ&gEh’géga ttt
gag ggt Poa ttg gag att 3897 Thr Met Tr:pl()l |l e Ser Lys
?a ctag %qgtgttc gfac a§¥ gcygac ag cgc (‘flt%Sa?gtStQCCQSS 1013
thﬁgu thdt Vet Val4Gbn Aep ;ﬁeph@ps@w Phe Hﬂssgfeuy@uw@ Pys Met
Asp Aha Phe Gy Gu @Qgg Phe 460 465 4pg 14/28 aac

agc t ttg aa gat att taatttaaaa aattgttt
133596@3 cchofed AL b CCH VERATNE Y ﬁé pt4fi Bty gt 1061

Valt gs:;gﬂjetntﬁatg Batoadoyg tldje oisadabalatogtep gttgtngzfairaTyr Phe
agifgagtaa ctttagggta 1556 ataaagyggg tttttctgtt
aaat ct ggat attcgtgca agcaaactgt cgatgcgttg 1616
ssegatodat it JGotBOLel 4 dgal 1 B ANbAdbgactt e 1109
Glyt gogatCgstal et Prd §gi FPhd 6116 Lygt THig@hgdlas tGlygleat bég

qustagattattg gttgaftgag gttgtttags tttgtgtatg 173§,
ttgtttatgc atgaaaaata tttagatccc aacatttt at

aaaqEgr GAEJity 4§et tHat ht 221 256 elEceiR £1% G4t ta8t180a8te 1157
Lys<@Ih088u 4241614 70:u RRd 23PRlla %2 1B xTYakeriila Ser Asp Val

365 370 375
att acc ggt atc gtt agc aag aaa tat gac ttg ttc aaa gac tta gac 1205
Ile Thr Gly Ile Val Ser Lys Lys Tyr Asp Leu Phe Lys Asp Leu Asp
380 385 390
aga caa ggt gag att ttt cgt gee ttg ttc gga aaa cga gtg ttg geg 1253
Arg Gln Gly Glu Ile Phe Arg Ala Leu Phe Gly Lys Arg Val Leu Ala
395 400 405
atc atg ggt tcg cct aag ttc gat ctc tac gaa gtt gat ttc ggeg tgg 1301
Ile Met Gly Ser Pro Lys Phe Asp Leu Tyr Glu Val Asp Phe Gly Trp
410 415 420
ggt aag ccg aag aag att gaa cct gtg tcc att gat aga gag agg acg 1349
Gly Lys Pro Lys Lys Ile Glu Pro Val Ser Ile Asp Arg Glu Arg Thr
425 430 435 440
act atg tgg att agc aag tct ggc gag ttt gag ggt gga ttg gag att 1397
Thr Met Trp Ile Ser Lys Ser Gly Glu Phe Glu Gly Gly Leu Glu Ile
445 450 455
ggt ttt tct ttc aat aag aag aaa atg gat gect ttt gge gag tat ttt 1445
Gly Phe Ser Phe Asn Lys Lys Lys Met Asp Ala Phe Gly Glu Cys Phe
460 465 470
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<220> <223>Am no aci d sequence of Torenia anthocyanin
acyl transferase <400>8 Met Ala Val Qu Ala Pro Lys
Thr Ile Cys Ala Val Leu u Asn Ser 1 5 10 15 Leu
Ile Thr Pro G n Ser Thr Asp Thr Gu G n Thr Leu Ser
.Leu . Thr 20 25 30 Phe Phe Asp Ile Lys Trp Val Hs Phe
Hs Pro Mt G n Cys Leu Val 35 40 45 Leu Tyr Asn Phe
Pro Cys Ser Lys Ser His Phe Lev Gu Ala Thr val 50
55 60 Pro Ser Phe Lys Ser Ser Leu Ser Lys Thr Leu
aac Mgy ks tTyrmabegatPa t1656t78aA5280e¢t itag Sarte@legaAsn Led496

Ty Thr His Asp Met Asp Asp 85 90 95
Asn ‘%r @/}“g ﬁ%pw@% Pro Qu lle Arg Tyr Lys Pro Gy

Asp € Val 100 105 110 Ser Leu Thr Val Ala Gu Tyr
tgcﬂﬁt&&tﬂg‘ﬁt@tgﬁ aaawaA@fg éﬁélga_ﬁta-rzﬁlftagé-@tﬁalczt&tég?g&ta This56

avagasiios 3156 1155 430 4L, o sE e AR Ly ey o 1616
gatdanePhecdvaytdbp cPead 16 8 Thgaadiaga UsBtd80t163taBAte 1676
gttﬁy g%%@igmghﬂﬁi t%tt}éabtﬂtla?gég 5 %Htﬂdt@ Ht@t%@lta? A736
tteligatey piaanaapta tAIPaLEGC Af ‘?t%‘lat\,%‘]at@‘iﬁtgl%‘ﬁti@étmo 1796
tegfPc acSer Ser Ile Val Gy Phe Ile Lys Ala Trp Ser 1808
21 Val Ala 195 200 205 Met Tyr GQu Asp Asp Gu GQu

I'e Leu Ala Asn Asn Asn Leu Ile Pro 210 215 220 Ser
<Z1M79Asp Arg Ser Val Val Lys Asp Pro Lys Gy Ile Lys
2159RrTLeu 225 230 235 240 Leu Trp Asn Lys Met Lys Asn
<21?}éq,lonle_r}/i% Tyr Gn Pro Gn Pro Ala Lys 245 250 255

<2200
<223>Amino acid sequence of Torenia anthocyanin acyl transferase

<400>8
Met Ala Val Glu Ala Pro Lys Thr Ile Cys Ala Val Leu Glu Asn Ser
1 5 10 15
Leu Ile Thr Pro Gln Ser Thr Asp Thr Glu Gln Thr Leu Ser Leu Thr
20 25 30
Phe Phe Asp Ile Lys Trp Val His Phe His Pro Met Gln Cys Leu Val
35 40 45
Leu Tyr Asn Phe Pro Cys Ser Lys Ser His Phe Leu Glu Ala Thr Val
50 55 60

Pro Ser Phe Lys Ser Ser Leu Ser Lys Thr Leu Arg His Tyr Leu Pro
65 70 75 80

Leu Ser Gly Asn Leu Tyr Tyr Pro Asn Pro Thr His Asp Met Asp Asp

85 90 95
Asp Glu Ser Asn Met Pro Glu Ile Arg Tyr Lys Pro Gly Asp Ser Val
100 105 110
Ser Leu Thr Val Ala Glu Tyr Phe Ser Gly His Glu Asp Asn Thr Thr
115 120 125
Thr Glu Glu Tyr Phe Asn Tyr Leu Thr Gly Asn Phe Gln Arg Asp Cys
130 135 140
Asp Gln Phe Tyr Asp Leu Leu Pro Asp Phe Arg Asp Pro Glu Thr Glu
145 150 155 160
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His Leu Pro Thr Asn Lys Val Arg Ala Thr Tyr Thr Leu
Arg Lys Asn 260 265 270 Asp Ile Qu Arg Leu Lys Thr
Arg Ile Arg Ser Lys Lys Pro Ay Thr 275 280 285 Thr
Cys Leu Ser Ser Phe Thr Ile Ala Thr Ala Tyr Ala Trp
~ Thr Cys 290 295 300 Leu Ala Lys Ser Ala Ala Qu Al a
GQu @Gn val val @n Asp Ser 305 310 315 320 Asp
Asp Qu His Leu Leu Met Pro Val Asp Leu Arg Pro Arg
Ile Asp 325 330 335 Pro Pro Leu Pro Pro Ser Tyr Phe
SerGlgh Agd TRy SVaVallelRib Pew 1SerilPhal GUO I134Th853@uAthe Lys
Thr Thr Hi %;‘Iy Leu Leu Lya@ly G u Leu dyAkeu Phe
Asn 355 3 365 Al a Val u Val Ile Ser Asp Val lle
ProThly @la Gy ellvalyssbeu Bys Vel d1g7isn3yer dap Vatyfalely eu
Phe Lys18gp Leu Asp Argi1&n Gy Gu llei1Bbe Arg Ala
385 390 395 40 u_Phe .4y Lys Val, L Ile
Asp\bha egy SSérHPrgalng" E’E%%Agﬁ‘){'ﬁo%la4frﬁgﬁi’é Lyﬁg%l%l% Au
Val f8p Phe Ay Trp @y Lys Pro Lys E0%8 Ile Qu Pro

420 425 430 Val. Ser. | Vet
Metr}3g ﬁf‘*‘e Aéé?}‘sﬁsésl“sg“ éﬁé;L@ﬁ%%éL%&qﬁhs%%&gg%h% Phe

AW dy Ay Leu @ 11e Ay Phe Sé?0 Phe Asn Lys Lys
SerLWs A4PQArdSR-460 Wl LAspsAPRoAne Gy IG LyEySerPhe Asn

Ser Ay Leu Ly plle 465 4 475 <210>9
225291151252 <21%§035NA <213>| ri 353%<220> 240

Leu <Brp3#diudl e dteit dievss bgudak évedoodi mgPra Gdn Pro Ala Lys
di hydr of rawggol reductase 25400>9 255

His Leu Pro Thr Asn Lys Val Arg Ala Thr Tyr Thr Leu Arg Lys Asn
260 265 270
Asp Ile Glu Arg Leu Lys Thr Arg Ile Arg Ser Lys Lys Pro Gly Thr
275 280 285
Thr Cys Leu Ser Ser Phe Thr Ile Ala Thr Ala Tyr Ala Trp Thr Cys
290 295 300
Leu Ala Lys Ser Ala Ala Glu Ala Glu Glu Gln Val Val Gln Asp Ser
305 310 315 320
Asp Asp Glu His Leu Leu Met Pro Val Asp Leu Arg Pro Arg Ile Asp
325 330 335
Pro Pro Leu Pro Pro Ser Tyr Phe Gly Asn Cys Val Leu Pro Ser Phe
340 345 350
Ala Lys Thr Thr His Gly Leu Leu Lys Gly Glu Leu Gly Leu Phe Asn
355 360 365
Ala Val Glu Val lle Ser Asp Val Ile Thr Gly Ile Val Ser Lys Lys
370 375 380
Tyr Asp Leu Phe Lys Asp Leu Asp Arg Gln Gly Glu Ile Phe Arg Ala
385 390 395 400
Leu Phe Gly Lys Arg Val Leu Ala Ile Met Gly Ser Pro Lys Phe Asp
405 410 415
Leu Tyr Glu Val Asp Phe Gly Trp Gly Lys Pro Lys Lys Ile Glu Pro
420 425 430 '
Val Ser Ile Asp Arg Glu Arg Thr Thr Met Trp lle Ser Lys Ser Gly
435 440 445
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aaacaatata tcgag atg atg age ccc gtt gtc gtg acc gga
gcg age ggc 51 Met Met Ser Pro Val Val Vval Thr Gy
Ala Ser Ay 1 5 10 tac gtc ggt tca tgg ett gtt atg
aag ctc ctt cgc gac ggc tac gcc 99 Tyr Val Gy Ser
~Trp Leu Val Met Lys Leu Leu Arg Asp Gy Tyr Ala 15 20
25 gtt cga gcc act gtc aga gac cca acc aat gtg gag
aag acg aag ccg 147 Val Arg Ala Thr Val Arg Asp Pro
Thr Asn Val Qu Lys Thr Lys Pro 30 35 40 ctg ttg gac
GluCPkle GTE GJ9aGlgelegdtu dCg (A Phet Seralhe AkR LiygdlLy@alyLca
11?@ Leu Leu Asp ég@ Pro Ay Al a P Ala Leu Leu Thr
Trp Lys Ala 4 0 55 60 gac Ctc ggc cag gac gga
Metakm t’xim Pgacﬁ]aa@llgégs Ghe Aguadeggllst feu dve A2a3lleAsp Leu
4653y G n Asp G yyegSer Phe Asp LygsAla Val Ala Ay Cys
Thr 65 70 75 gcg gtc ttc cac gtc gcc acg ccc atg gat
<210+% gag tee aag gac cca 291 Ala Val Phe His VvVal Ala
<21T3m2sPro Met Asp Phe A u Ser Lys Asp Pro 80 85 90 gaa
(138929 gtg ate aag ccg ace ata aat ggc gtt tta agt
teatg 339 Au Asn Qu Val Ile Lys Pro Thr Ile Asn
<213?1y1‘$'al Leu Ser Ile Met 95 100 105 agg tcc tgt aag
¢9298RA0 gcc gga acg gtc aaa cgc gtc gtc ttc act tca 387

<eofifbe S G rsetnert S ade b ;Q{:hygébﬁégﬁmét dgg{?s\é{? |9

{40@d¢h gaa cat cag cag acg gag tac gac 435 17/ 28 Ser
aaaéaQa%%c-grQ% aY? t@‘s%s\/@éc Eyts g(t;c thlé" <'§cceg a @r g u 51
3
gac ttc tgc?dﬁba[“eég%er %"co X%Ig%g} avgai fi’%@ 351% Sé%a%e?tc

Trp Ser Asp Val Asp Phe O/ Arg Arg Val LY Met Thr

tac]gél:h% ééto tgé‘rﬁ:ggg&q Egtga@é ga%%tt téttt ;?écg %\g%g?at%c%ctc ct g 99

aga gca gcc t
%SemrT rpekpualal M;*u L¥§ den IaF“Af‘% 31 GchTYIePslano
gaa t13 gca aga gag a2 ggc ata gac tBx ata agc ate

gtt %:%g %C agg%t§7a9ga %ecuﬁg%%%ﬁlragt%t% gguaﬁsgcga)éguc% Asp 147

Val Arg Ala Thr Val Arg Asp Pro Thr Asn Val Glu Lys Thr Lys Pro

We)

Tyr

30 35 40
ctg ttg gac ctc ccc gga get gac geg ctg ¢ic ace atc tgg aag gca 195
Leu Leu Asp Leu Pro Gly Ala Asp Ala Leu Leu Thr Ile Trp Lys Ala
45 50 55 60
gac ctc gge cag gac gga age ttc gac aag geg gtc gca gga tge acce 243
Asp Leu Gly Gln Asp Gly Ser Phe Asp Lys Ala Val Ala Gly Cys Thr
65 70 75
geg gtc ttc cac gtc gec acg cce atg gat ttc gag tce aag gac cca 291
Ala Val Phe His Val Ala Thr Pro Met Asp Phe Glu Ser Lys Asp Pro
80 85 90
gaa aac gag gtg atc aag ccg acc ata aat ggc gtt tta agt atc atg 339
Glu Asn Glu Val Ile Lys Pro Thr Ile Asn Gly Val Leu Ser Ile Met
95 100 105
agg tcc tgt aag aag gcc gga acg gtc aaa cge gtc gtec ttec act tca 387
Arg Ser Cys Lys Lys Ala Gly Thr VYal Lys Arg Val Val Phe Thr Ser
110 115 120
tcc gee ggg acg gtg gac gtg aaa gaa cat cag cag acg gag tac gac 435
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175 180 185 cta gtc gtc ggt cct ttc ate acc aca act
atg cca ccc agc atg gtg 627 Leu Val vVal Ay Pro Phe
I[l'e Thr Thr Thr Met Pro Pro Ser Met Val 190 195 200
act gcg cta tca ttc atg aca gga aac gaa gca cac tat
cac ata ate 675 Thr Ala Leu Ser Phe Met Thr Gy Asn
GQu Ala Hs Tyr Hs Ile Ile 205 210 215 220 aag cac
gcg cag ctc gtc cac ctt gac gac ctg tgc get gcc cac
att 723 Lys H's Ala Gn Leu Val H's Leu Asp Asp Leu
SerCyEa Alla Thravali ssp Vel 225 GR8MHi236In Gae Tht dlotyradse cgc
125CCC gaa gcg aag, (%gg agg tac atgggc tca tcg 7744p Tyr
Leu Leu Asn Arg Pro Au Ala Asn Gy Arg Tyr Ile Cys
gagSegc Sog tzgoamgaczst)c gead tgakecoRe? &EL 8Af @aBAtEgaR ctg 483
Glug?& agg ﬁbgs&t Es;ﬂﬂﬂl A39 PRECYGaLr SAL Vil 4y6l MetAller Thr
ITe Hi's Asp AIaArgl\/btlSaI ArgGIuAr91|5255
260 265 cctl gg tgc ggc tccdata ccc gaa aag ttc gac
geclf: atg @agiaagiggace 869 acProeTeq Oys agh \ecdegec| kgg Pro 931
GlyGl‘raP 1234 ’IP ePhAS?alngr 'L&? 18- U dY §1 L8R 279 34501380t C
tct tcc aag agg ctt t7 g gac ctc
999 ttc1 QS VaI Arg Thril69al H s Phe Sert’@er Lys Arg

gaaLngt ey AePodeCiatChyc BOL 385t 290298 300 atgagect heg aag 579

t
G1u9gl§a %&9&% g%l% @sg‘lg gv&l‘ﬁr% ASP/aI}%G?leggé Q%tIQE%r%gghli Cgu
Al a Illfé Arg Ser 305 389 315 tgc gtcl&ag aag aag ctc
Aégjc %%&Ch@ﬁ& aad aQGCacQaQtEQE@a gae azgeléxg éf’d 28 627
va]r

;PIOS%LXE‘“SL[E%&J}‘Q&Q'P @‘it 5 ngsg LM A gac

algp gtt cat gga git%h gag gaa cat gé@d 1059 Ala Ala Al a
actq% AZ% %XStéSthNEEa },/éé alébsga@ YeaPbac @a’d cGhlatd 8tAl a 675

45 cga a ca aaa, aaa
Thrablp bew S&égphteg'é"ata{”g“t giv I%Aglga ["f % R/lelt1 G?Le Leu
205G u Pro Lys Ly2l0Lys Val Lys 3581855 360 agat aédhca
aag %Jc g %Q:g% &tcg§&(:@£ct a1 £aakcidcags ol LEAgEllcac att 723
Lys His Ala G%n Leu Val His Leu Asp Asp Leu Cys Ala Ala His Ile

225 230 235
tac ctc ctg aat cgc ccc gaa geg aac ggg agg tac ata tge tca icg 771
Tyr Leu Leu Asn Arg Pro Glu Ala Asn Gly Arg Tyr Ile Cys Ser Ser

240 245 250 7
cac gaa gec acc atc cac gac ctg gcg agg atg gic agg gag agg cac 819
His Glu Ala Thr Ile His Asp Leu Ala Arg Met Val Arg Glu Arg His
255 260 265
cct tgg tge gge tcc ata ccc gaa aag ttc gac ggc atc gag aag gac 867
Pro Trp Cys Gly Ser Ile Pro Glu Lys Phe Asp Gly Ile Glu Lys Asp
270 275 280

gtc aga acc gtg cac ttc tct tcc aag agg ctt tig gac ctc ggg ttc 915
Val Arg Thr Val His Phe Ser Ser Lys Arg Leu Leu Asp Leu Gly Phe
285 290 295 300
gag ttc aag tac acg gig gaa gaa atg ttc gac gaa geg ata cgg tcg 963
Glu Phe Lys Tyr Thr Val Glu Glu Met Phe Asp Glu Ala Ile Arg Ser

305 310 315
tge gic gag aag aag ctc ata ccc ctc cct gag aat ggc aac gtg gac 1011
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atcttaagtg tatgatttat gttgacactc ggaagtttca

ttgaaattaa taaaaaggga 1228 tttgctcaaa aaaaaaaaaa

aaaa 1252 <210>10 <211>361 <212>PRT <213>Iris

<220> <223>Am no aci d sequence encoding Iris

di hydr of ravonol reductase <400>10 Met Met Ser Pro

Val Val Vval Thr Ay Ala Ser Ay Tyr Val Ay Ser 15

10 15 Trp Leu Val Met Lys Leu Leu Arg Asp Ay Tyr

Ala Val Arg Ala Thr 20 25 30 Val %As Pro Thr Asn
Cysvdk1 @lu lvpsLykhkeu yde Bro LeauProeblyndpn Ly AspsValoAas pro

Ay Ala Agp Ala Leu Leugﬁlgr Ile Trp Lys #Apa Asp Leu

@y Gn 50 55 60 Asp Ser Phe Asp Lys Al a Val
BConER! @) REFseTRamER VAP Gleal o g5t Fhe Aagtr e a A0SO
AlaThia Prie (MBt AlaspysPhep ®et VadrHisy6lyAdpa Plo CHuuHksAld u

Val % 90 95 Ile Lysy4fr 0 Thr 1le Asp,&8y Val Leu Ser

Ile ? Arg Ser Cys Lys 100 105 110 Lys Ala Ay Thr
cgavalt legs hegeadattavapa pae dpArac8enasSetc ARa '@argateiea 115 1108

Arel 29 1@5 MeYa{tluAﬁQJ Vol PeyLyd ysH s @Gnign Thr A u Tyr
g Phu Ser Ser AESS 130 135 140 ?6 28 Ser Asp Val

e Cys Arg Val Lys Met Thr-Ay Trp Met Tyr
agatdbaakaOt tt55btsH60 atPheraVed cBetcityss ThrichesgtAk bea@atiteAr g 1168

atc’lb‘ltgaégéat%ﬁ t(glfnltJ ggtﬂgadglc‘?c gagé?gca_lr%?gaﬂaéﬁta\a}gtéja\ﬁlﬁé‘g yy 1;22

tttxs@@&@@@@@% PRAR |le Thr Thr Thr Met Pro Pro Ser
<210kig Val Thr Ala Leu Ser 195 200 205

<211>361

<212>PRT

<213>1Iris

220>

<223>Amino acid sequence encoding Iris dihydrofravonol reductase
<400>10

Met Met Ser Pro Val Val Val Thr Gly Ala Ser Gly Tyr Val Gly Ser

1 5 10 15
Trp Leu Val Met Lys Leu Leu Arg Asp Gly Tyr Ala Val Arg Ala Thr
20 25 30
Val Arg Asp Pro Thr Asn Val Glu Lys Thr Lys Pro Leu Leu Asp Leu
35 40 45
Pro Gly Ala Asp Ala Leu Leu Thr Ile Trp Lys Ala Asp Leu Gly Gln
50 55 60

Asp Gly Ser Phe Asp Lys Ala Val Ala Gly Cys Thr Ala Val Phe His
65 70 75 80

Val Ala Thr Pro Met Asp Phe Glu Ser Lys Asp Pro Glu Asn Glu Val

85 90 95
Ile Lys Pro Thr Ile Asn Gly Val Leu Ser Ile Met Arg Ser Cys Lys
100 105 110
Lys Ala Gly Thr Val Lys Arg Val Val Phe Thr Ser Ser Ala Gly Thr
115 120 125
Val Asp Val Lys Glu His Gin Gln Thr Glu Tyr Asp Glu Ser Ser Trp
130 135 140
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Phe Met Thr Gy Asn Qu Ala Hs Tyr Hs Ile Ile Lys
Hs Ala Gn 210 215 220 Leu Val H's Leu Asp Asp Leu
Cys Ala Ala Hs Ile Tyr Leu Leu Asn 225 230 235 240
Arg Pro Qu Ala Asn Ay Arg Tyr Ile Cys Ser Ser Hi s
GQu Ala Thr 245 250 255 1Ile H's Asp Leu Ala Arg Mt
Val Arg Gu Arg His Pro Trp Cys Gy 260 265 270 Ser
Ile Pro Gu Lys Phe Asp Ay Ile Qu Lys Asp Val Arg
Thr Val 275 280 285 Hi s Phe Ser Ser Lys Arg Lou Leu
SerApp Yal ﬁ@pyPH%heysGlAug Rie VaysLyEyHe 29br 298 BOOMetTHyr VaI

14qulul\/let f%ﬂ%pGUAla”F #rg Ser Cys Vahgdd
305 310 3 320 Lys Leu ?e Pro_Leu Pro u Asn
PheGIVyl Asn byal Thaskbeuafda Afln A«gaﬂl@ Ylaz3ep $3p PhgsAlanfipe | ys
Asp Met Valigdis Ay Ala Qui@u Hs Ala Argitde Al a

40 345 350 a L V L
Cloyhen £00 1eskooie L0455 9d7 Heohih ma Lot var Fal Bly 1/
<213>Ni e@genber gi a hybri d&5<220> <223>Nudleot i de
Pro ?ﬂeugngel‘h?nﬁﬁdfﬂg}du %grﬁ}%r@rahlwl%l fr Ala Leu Ser

rofravonol red uctase <400>11 20/ 28 attcatacta
catttl%ccg tccttaagt #%8attttattt ctg#da atg gca age

Phedflet WBE AAvansheslul Al93as OG@ Witst Inallgeys atjits KgGhca
%Itzijptgt gtc acc g gca get ggaég GQu Ala val Hs

Ser Pro Thr var™ Cys Vval Thr YAIaAIaGIySlO
LeulBak tds detr ApgcAscten Gys dtle AfacHin dladar diee kax Agna
225€9C ggt tat aagsglsl 235 240
Arg Pro Glu Ala Asn Gly Arg Tyr Ile Cys Ser Ser His Glu Ala Thr

245 250 255
Ile His Asp Leu Ala Arg Met Val Arg Glu Arg His Pro Trp Cys Gly
260 265 270

Ser Ile Pro Glu Lys Phe Asp Gly Ile Glu Lys Asp Val Arg Thr Val

275 280 285
His Phe Ser Ser Lys Arg Leu Leu Asp Leu Gly Phe Glu Phe Lys Tyr

290 295 300
Thr Val Glu Glu Met Phe Asp Glu Ala Ile Arg Ser Cys Val Glu Lys
305 310 315 320
Lys Leu Ile Pro Leu Pro Glu Asn Gly Asn Val Asp Ala Ala Ala Gly
325 330 335
Ala Lys Asp Met Val His Gly Ala Glu Glu His Ala Arg Ile Ala Met
340 345 350

Glu Leu Glu Pro Lys Lys Lys Val Lys

355 360
<210>11
<211>1297
<212>DNA
<213>Nierembergia hybrida
<2202
<293>Nucleotide sequence encoding Nierembergia hybrida dihydrofravenol red

uctase
<400>11
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Phe Ile Gy Ser Trp Leu Val Met Arg Leu Leu Qu Arg
Ay Tyr Asn 20 25 30 35 gtt cat get act gtt cgt gat
cct gag aac aag aag aag gtg aaa cat 199 Val Hs Ala
Thr Val Arg Asp Pro G u Asn Lys Lys Lys Val Lys His
.40 45 50 cta cag gaa ttg cca aaa get gat acg aac tta
acg ctg tgg aaa gcg 247 Leu Gn GQu Leu Pro Lys Ala
Asp Thr Asn Leu Thr Leu Trp Lys Ala 55 60 65 gac ttg
gcg gta gaa gga age ttt gat gaa gcc att aaa gge tgt
at€@Ralddb caSfctuiMtaadala Attt SapahatAsgraGge Al a
Ile Lys Ay Cys Gn 70 75 80 gga gta t gﬂt 19 gcc
act cct atg gat ttc gag tee aag gac cct 5h y Val
Phe H's Val Ala Thr Pro Met Asp Phe @ u Sér Lys Asp

gah a8t 190293 03+ @l &aaa§g1t 3l G ARG £ @&agcgtgcgacag

gga a ttg g at e d uVaI Lys
GiprdaTil g ARy eepyo Pt Cas o BT, £ 40 Moes i)

1155 gaa tca tgt gtlt[) aaa gca aac adé gtg aag agg ttg
ter trc act te u,Ser Val S Thr
it 0 5L b R e 0 Yo b sl a5 T
Phggleleaﬁ;lty &QIaTgratLegt‘@lc%ﬁ begy Lend-ee ddvabee Elx Tyr cASvac
zgat 487 Ser Al g5GIy Thr Leu AsgpVal G n GI u G n5G N
ys Leu Phe %/ 135 140 145 % acc %%tage
gtbaf@‘t%fd Bk &t 6g5t Lt ik 33%1635936 atYy 5 a%%
VaTHiis Sdm ThpVeeArddprlUiw Abp APndyk|lesAsys Mah Ly dibys
Met Thr 150 455 160 gga tgg atg tac ttt gtt g@a aag
ata ctc %ég gag aag get gca at Met Tyr

3 583 G@/
cipras\gaa cfq dag |gLt GA} AF& 28§ (LR \ACEAF A?%\a%thEGS
Led Mn 1tn LANLPR2B Lgadlgakspg@ir Aaa laaghaalcewadcop alt Adat

ttc att ate ata cca cgp 631 GAu Au Ma Lys Lys

Asn Asn Ile Asp Phe Ile Ser Ile lle Pro Pro 180 185
gaq 9OL 105 el GAHELA JEE Yt ST &2 BEC Atté A ERG 18t gt t o
AsCguchlta Bt Gid &latSer FHe Adpe(lValla de 1GisyGBr 6y#ldnl | e

Thr Pr9 Ser Phe Pro Prg@ Ser Leu |le 20{ 205 210
gga gta ttt cat gtg gee act cct atg gat tic gag tcc aag gac cct
Gly Val Phe His Val Ala Thr Pro Met Asp Phe Glu Ser Lys Asp Pro

85 a0 95
gag aat gaa gta atc aag cca aca gtc cag gga atg ttg age atc ata
Glu Asn Glu Val Ile Lys Pro Thr Val Gln Gly Met Leu Ser Ile Ile
100 105 110 115
gaa tca tgt gtt aaa gca aac aca gtg aag agg ttg gtt tic act icg
Glu Ser Cys Val Lys Ala Asn Thr Val Lys Arg Leu Val Phe Thr Ser
120 125 130
tct get gga act cta gat gtc caa gag caa caa aaa cte tic tac gat
Ser Ala Gly Thr Leu Asp Val Gln Glu GIn GIn Lys Leu Phe Tyr Asp
135 140 145
gag acc agc tgg agc gac tig gac ttc ata aat gcc aag aag atg aca
Glu Thr Ser Trp Ser Asp Leu Asp Phe Ile Asn Ala Lys Lys Met Thr
150 155 160
gga tgg atg tac ttt gtt tca aag ata ctc gcg gag aag gct gca atg
Gly Trp Met Tyr Phe Val Ser Lys Ile Leu Ala Glu Lys Ala Ala Met
165 170 175
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199

247

295

343

391
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act gcc ctt tca cta att act ggg aat gaa get cac tac

tgc ate att 727 Thr Ala Leu Ser Leu Ile Thr Ay Asn

GQu Ala His Tyr Cys Ile Ile 215 220 225 aaa caa ggt

caa tat gtg cat ttg gat gat ctt tgt gag get tac ata
775 Lys An dy An Tyr Val H's Leu Asp Asp Leu Cys

Gu Ala Tyr Ile 230 235 240 ttc ttg tat gaa cac cct

aaa gca gag gga agg ttc att tgc tcg tcc 823 Phe Leu

Tyr Au Hs Pro Lys Ala Qu Ay Arg Phe Ile Cys Ser
gaaSeia 24D 2280aadbhacahc cat et ttat ettabec taat ayat cgt acget 631

c17ffh A8 GariP S it N2 A ?g]"’if GF"“S WA AN
180270 275 cca gh@tac tac gtt c 0 aca gag ttt ad# ggc
ct%&@t %% E@gccaa@t&fa@c QLY cclr egGtt Ty cEyragiattaPaeec Thr 679

I 80 85 29 cct
Leugiigl aﬁ Priog %{h &g %5 }Jg\égsea{ag’et ?@0 2)53 1 £ S (ig)leggt
ttt cag 967200Pro Val Val Al205Phe Ser Ser Ly%lOLys Leu
actThr '?:‘%P tMEtctg Xtﬂﬁ?t ?gE a%%sga%ogct39§c thE Ctaggflgtt%g& act 727
ThrPhes Lys SWrLEPh?NL@hr &l wpﬁlrve%lfrryrs gfyg @syllig Elq le
G u Thr s 310 315 320 zzga cag aag cag 2259 ctt ccc

oo b6) 00 R B0 b OB SRk MR% N, A0 Lo

Lys32k 839 @85iwyghalcHis gae P&aaﬁs@a’angQES &lv AlecTwt tllet ct
tct gag aac ttt gca @gg 1111 Gly Lewdadsp Lys Qu Al a
Ile Ser 1le Ser Ser g Sg 1:340 C34g 350

tieabte tgh£280C95Y 44t g@ﬁagaéc%fag?%g §E% 245 "Bk Bah gt a

Pheabe: Uva GAodHiagProlL59 AlaGlulfly BauPhsdla @sPba $ed Al a

Aﬂ') His Lys Val Lyggleu Thr Ser 3665365 370 22/28
gaa att ta aactgca atctticaaa tgtaaaa 371
Pyttt

Catgﬁf’dagéf tade dcatTagihEtd 28 2a7aftePc PR
Hisakgt W4 dae dealirt gt tVattAlnalatsgdt dbamdecadilaalys Trp
ggpdaggttcaat 12785 gaaaaaaaaa aaggpaaaa 1297 <2312
cca gag tac tac gtt cct aca gag ttt aaa ggc atc gct aag gac cta 919
Pro Glu Tyr Tyr Val Pro Thr Glu Phe Lys Gly Ile Ala Lys Asp Leu
280 285 290
cct gtg gtg get ttt tcg tca aag aag ttg aca gat atg ggt ttt cag 967
Pro Val Val Ala Phe Ser Ser Lys Lys Leu Thr Asp Met Gly Phe Gln
295 300 305
ttc aag tac act ttg gag gat atg tat aaa ggg gcc att gag act tgt 1015
Phe Lys Tyr Thr Leu Glu Asp Met Tyr Lys Gly Ala Ile Glu Thr Cys
310 315 320
cga cag aag cag ttg ctt ccc ttt tct acc aat agg cct tcg gaa aat 1063
Arg Gln Lys Gin Leu Leu Pro Phe Ser Thr Asn Arg Pro Ser Glu Asn
325 330 335
gga ctt gac aaa gaa gcc att tce att tct tct gaa aac ttt geca agt 1111
Gly Leu Asp Lys Glu Ala Ile Ser lle Ser Ser Glu Asn Phe Ala Ser
340 345 350 355
gega aaa gag aat gca cca gtt geca aat cac aaa gta aag tta aca agt 1159
Gly Lys Glu Asn Ala Pro Val Ala Asn His Lys Val Lys Leu Thr Ser
360 365 370
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<211>374 <212>PRT <213>Ni erenbergi a hybri da <220>
<223>Am no aci d sequence of Ni erenbergia hybrida
di hydr of ravonol reductase <400>12 Met Ala Ser Qu
Ala Val Hs Ala Ser Pro Thr Val Cys Val Thr Ay 1 5
.10.15 Ala Ala Ay Phe Ile Ay Ser Trp Leu Val Mt
Arg Leu Leu Qu Arg 20 25 30 dy Tyr Asn Val Hs Ala
Thr Val Arg Asp Pro G u Asn Lys.Lys Lys 35 40 45 Val
Lys H's Leu Gn Gu Leu Pro Lys Ala Asp Thr Asn Leu
gt halay 1d2QabfpcBOatclt (aby SteAhanabsp geespcAtge YadtcGheat 1218
VagGﬁ aﬁx‘f Phe Asp Qu Alalle Lys 65 70 75 80 dy Cys
Val Phe H's Val Ala Thr Pro Met Asp Phe Qu

ctSectB83 84z196tcatystand petpitoctCientash a@aECARARE |dagettysatpr 01278

gaasﬁﬁae}é%l aﬁa@agay Met Leu 100 105 110 Ser Ile Ile A u 1297
Val Lys Ala Asn Thr Val Lys Arg Leu Val 115

2hbhdz 125 Phe Thr Ser Ser Ala Ay Thr Leu Asp Val dn
238749 n A n Lys Leu 130 135 140 Phe Tyr Asp G u Thr
<2]?§ER]'{rp Ser Asp Leu Asp Phe Ile Asn Ala Lys 145 150

60 Lys Met Thr Ay Trp Met Tyr Phe Val Ser Lys
<21|3>§1e_reembeaagaachnbruips 165 170 175 Ala Ala Met Gu du
¢oAa Lys Lys Asn Asn Ile Asp Phe Ile Ser Ile 180 185

L PRYCH T RO IRV RS SR ML B L R
<408>@2Leu Ser Leu Ile Thr Ay Asn Qu Ala His Tyr 210
Me@ﬁa AQ%Q (f_l@’mfl |V§1 '141§ Auss& PrSEsr Gl G v¥alhHicey Leu
10 15
Ala Ala Gly Phe Ile Gly Ser Trp Leu Val Met Arg Leu Leu Glu Arg
20 25 30
Gly Tyr Asn Val His Ala Thr Val Arg Asp Pro Glu Asn Lys Lys Lys
35 40 45
Val Lys His Leu Gln Glu Leu Pro Lys Ala Asp Thr Asn Leu Thr Leu
50 55 60
Trp Lys Ala Asp Leu Ala Val Glu Gly Ser Phe Asp Glu Ala Ile Lys
65 70 75 80
Gly Cys Gln Gly Val Phe His Val Ala Thr Pro Met Asp Phe Glu Ser
85 90 85
Lys Asp Pro Glu Asn Glu Val Ile Lys Pro Thr Val Gln Gly Met Leu
100 105 110
Ser Ile Ile Glu Ser Cys Val Lys Ala Asn Thr Yal Lys Arg Leun Val
115 120 125
Phe Thr Ser Ser Ala Gly Thr Leu Asp Val Gln Glu Gln Gln Lys Leu
130 135 140
Phe Tyr Asp Glu Thr Ser Trp Ser Asp Leu Asp Phe Ile Asn Ala Lys
145 150 155 160
Lys Met Thr Gly Trp Met Tyr Phe Val Ser Lys Ile Leu Ala Glu Lys
165 170 175
Ala Ala Met Glu Glu Ala Lys Lys Asn Asn Ile Asp Phe Ile Ser Ile
180 185 190
Ile Pro Pro Leu Val Val Gly Pro Phe Ile Thr Pro Ser Phe Pro Pro
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225 230 235 240 Aa Tyr Ile Phe Leu Tyr Qu H's Pro
Lys Ala Qu @y Arg Phe Ile 245 250 255 Cys Ser Ser
Hs Hs Ala lle Ile Tyr Asp Val Ala Lys Met Ile Arg
260 265 270 Gu Lys Trp Pro Qu Tyr Tyr Val Pro Thr
Gu Phe Lys Ay Ile Ala 275 280 285 Lys Asp Leu Pro
Val Val Ala Phe Ser Ser Lys Lys Leu Thr Asp Met 290
295 300 Gy Phe A n Phe Lys Tyr Thr Leu A u Asp Mt
Tyr Lys Gy Ala Ile 305 310 315 320 du Thr Cys Arg
GI n Leu Leu RO® Phe Ser Thr 28w Arg Pro 325

Seﬁ&eu iﬁ? Tgér GLeu @SP Lg%‘l %Z%‘ A@lg l&%r?‘ ng 21@'6@.9'(3’[}3 E;;

Q1 Asn Al a Pro V315AI a Asn Hi s Ly&val Lys 355 360

Cyssm I!l-@LLthGlnS@I el 16 wall | 1830040 As 203 L3u 531420
<213>Artificial Sequ e <220> <221§40

25<222> <223>Pri? r DFR-2F <400 caagcaat gg
AlaCRicqyadte 120 Tw2GDprHis 28 U522A1a< G ST g dye2Ble
<213>Artifi§4'5al Sequence <Z30> <221> 255
Cys Ser Ser His His Ala Ile Ile Tyr Asp Val Ala Lys Met Ile Arg
260 265 270
Glu Lys Trp Pro Glu Tyr Tyr Val Pro Thr Glu Phe Lys Gly Ile Ala
275 280 285
Lys Asp Leu Pro Val Val Ala Phe Ser Ser Lys Lys Leu Thr Asp Met
290 295 300
Gly Phe Gln Phe Lys Tyr Thr Leu Glu Asp Met Tyr Lys Gly Ala lle
305 310 315 320
Glu Thr Cys Arg Gln Lys Gln Leu Leu Pro Phe Ser Thr Asn Arg Pro
325 330 335
Ser Glu Asn Gly Leu Asp Lys Glu Ala Ile Ser Ile Ser Ser Glu Asn
340 345 350
Phe Ala Ser Gly Lys Glu Asn Ala Pro Val Ala Asn His Lys Val Lys
355 360 365
Leu Thr Ser Val Glu Ile
370
<210>13
<211>20
<212>DNA
<213>Artificial Sequence
220>
221>
222>
<223>Primer DFR-ZF
<400>13
caagcaatgg catcggaatc
<210>14
211>22
<{212>DNA
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<222> <223>Pri nmer

gt ggcgaaag tc 22

. <210>16 <211>19

<220> <221> <222>
cctcaccttc tcccecttgtt 19
<213>Artificial Sequence <220>
(218223 »AlkGaPrieneence400>17 25/ 28 gayttyggit ggggi aa 17

<226;10>18

221>

222>

<223>Primer DFR-Z2B
<400>14

tttccagtga gtggcgaaag 1ic
<210>15

{211>206

{212>DNA
<213>Artificial Sequence
220>

221>

222>

<223>Primer ANS-Z2F
<400>15

tggactcgaa gaactcgtice
<210>16

<211>19

<212>DNA
{213>Artificial Sequence
220>

221>

222>

<223>Primer ANS-ZB
<400>16

cctcacctte tccettgtt
<210>17

{211>17

<21Z>DNA
<{213>Artificial Sequence
<2207

221>

(222>

<223>ATC Primer

<400>17

DFR- 2B (400>14
<210>15 <211>20
<213>Artificial Sequence <220>
<223>Primer ANS-2F <400>15 tggactcgaa gaactcgtcc 20
<212>DNA <213>Artifici al
<223>Prinmer ANS-2B <400>16

<210>17 <211>17

25/28

tttccagtga
<212>DNA

Sequence

<212>DNA

22

20

19



<211>23 <212>DNA <213>Artificial Sequence <220>
<221> <222> <223>Origo dT Prinmer <400>18
tttttttttt tttttttctc gag 23 <210>19 <211>26
<212>DNA <213>Artificial Sequence <220> <221>
. <222> <223>Prinmer RDF310 <400>19 ccctcgagcc
cttgatggcc tcgtcg 26 <210>20 <211>26 <212>DNA
<213>Artificial Sequence <220> <221> <222>
<223>Primer RDF830 <400>20 gggtcgacgc ggccctctgce
gayttykgDg g2driax210>21 <211>2934 <212>DNA <213>Rose
<21&%§0> 26/ 28 <223>Nuceoti de sequence of rose chal cone

synt hase pronot or
<211>23

<212>DNA

<213>Artificial Sequence
220>

221>

222>

<223>0rigo dT Primer
<400>18

tttttttttt tttttticte gag
<210>19

<211>26

<212>DNA

<213>Artificial Sequence
220>

221>

222>

<223>Primer RDF310
<400>19

ccctegagee cttgatggece tegteg
<210>20

<211>26

<Z12>DNA
<213>Artificial Sequence
220>

221>

222>

<{223>Primer RDF830
<400>20

gggtcgacge ggecctictge titcegg
210>21

<211>2934

<212>DNA

<213>Kose

220>

26/28

17

23

26

26



<400>21 aagcttcagc aagagttgaa gaaat aggga cagagccatc

catgtgcttt gatgaatctg 60 atgggataca aaat gt gaaa

gattcacttg ctgatttatc cagaatttct tcatatagtg 120

aggagaat gt tgaaagatct aatgatgagc actctgttaa

act agacgga attcatgtgc 180 agcacgagtg tcatgagggc

agt gaagaag acaaacctga tggtaagagc ggtgagaatg 240

cagttgatct ggctaatcat ggcatggctc gaactgattt

ttgt cagat a acagaagaga 300 ttgagaatgg agtagtcatc
<2280 Ngagat dpasgraacab f gose adeteing atynabaeec PHIA0B60
«dobsfaaacgg ggtgectcaa aatgagactg atgatggatt

t'aat aacact caggatgatg 420 ctaatacaaa gg g

aaggd herRgahees tiedh FAGAtAFER Y CRAFGA GELEtE

atg%géﬁéctat:&sgﬁg@g&aa@a&g&dctga %ag@aaha: tegtattgbat tecatatagte
ct cacqt gct tct t

AgEREFY R g g@ﬁa%?écfit ?%aﬂtatc %g % :ag%ggét@gécca ﬁ%&gtgc

ag@tg@ﬂgct@ngagggagimg@agam g‘itcé@@aasa ¢geleggaRn geteagaatg

caﬁ%%%%t Qaz%@?%EQE&C@@%M&&@QQ@Q@@C%}EQ@ gadQhaga

aggagtc tagcttgatt tt a
eaFeHGESUEAE GOTT GO LU e (CETGATE GUOCLAY dasacisata
tt&c@&&&@t altgcgahi act gienc T8 Gt egtagh big ¢ agtrageci roggrgeats

at
e B A R
agaatt a@attgaa@atatagatgﬁt azgtg@@aj*a%c}mffagééifaégﬁcgtt@%g&b‘ééﬁtgg
tgg%%@ttgtagmtqc@tg@& AGka4 (194 Glagt tdct tc gecglagadi tzSBecca

cttlggécgtgéggqtc gga&t Cftga%g%ggg%%ggc gg{ggi%@éﬁ %caccttgtg

caat gctca actg
tgaaEgeteaggt@gg@rattamaewgtéagagga&aaétc tesditeetl %s@aag

até@?&%éﬁ%ﬁéﬁngéﬂb@itd&@Qéﬁga&%ﬁﬁ%béﬁﬁitfb agomadktngattactata
¢ta aaagt aa a

stedagiee: Tot ceadur barert (paat SRE BU0akaH0RRRREh Gl
atgagitigaabategRet attagticent taq8E YA B R tté%%t@éat:fcttgttagtctg
tac%"t%ga%%t&g%ﬁ t.ghh 9Ge 126t H49aty LagGd tERAREEStAET L

o s g A IR LA AR

tcaacgacecadas wtat cﬁggtmtm%tatﬁagm cegaeatlegt dftygtektt
aac‘%@@&%@aét‘%gtéag'égtt(ﬁ;ﬁ%iaaﬁ traasacs gettagagngagdshdbaat

aac ccacaattc caccc a
toa e AL L JRBE LT HE08 S tat e TR L st asasge
aattgaddat gadtca tieet titthaby taadicaberaget éé@@@ﬁﬁ@aéﬂ%@tgg

ga%??égagg?atagc&%%@;a:c?%%gteggag@@@gget fgg\?igggtw daatacaaat
teeBgitend, Siet ot deateiect zoge REEPP ARt AR BLORR ikl ea
caght a@iahat@at @itas caaszaptice gagatc@azc @ttt@taaa%a gctagaaaga
agagrt gggagEC@&Eaét@@é%@&&&al?@cteg.tgGQ@tg@&,&%at@aatgtfd‘g@@ﬂ:a
ctatataat agccttcatt ttct ttta qgctcat ana
coan g eREt | GePE PRABICALt 1E20t QUL LPATE SGUULraR pasie ts
cccgt@tctgtgdtt:tattac&gha@gaasa@atwttgaagstta@ca@aaaa@ttttgc
accsa 9%1%8 &%@Pta%ﬁgéﬁagg%%&%?c tﬁtﬁ&gtt@glt taaﬂa%ggata

t at at gaa ccccat cat tgcac
ttaatmt@@matthataﬁe:cttttseﬁwigsfdtat?éea& & C?%‘a&%“caccéébcg

gth&ié@%hCﬁﬂé@tidiaﬂtd%&aidiaat(Hgttfﬁbhtt at ggaagct gc2040zga
catgatéé%t ataaataatt gtactcgtag aggcatactt gtgtctttit atacagtigt
actgaagcic agaaaagttt atgaaggtga gaactgagaa gggcaaggca tttggtagtt

G?Ctg

gaggtatatg agagcatgaa ccccatgcat tgcagctacc acctetettt tttecttctt

cccatacaaa taaaaccaac tcttctcacc taagtctatc atctttattt atggcagcte
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60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040



ttgcttaatt agctcatcta tattatatta tttatctata
atatgtgtca ctctgtctac 2100 ctaccagccc aaaat aaaac
tgataatagt caatttgatg atattttttg ttttttgttt 2160
tgttttgtct tttttgtatt gattttttta aaattaaaat
gacttcattt tttgtttttg 2220 tttttttttc tatttttttt
t at agaaaaa ttggcaaact ttcattatct gttattgatg 2280
acaattaagc cattaaaacc tataattaat tatctttcaa
ttcgagtaaa tttaaaacgg 2340 tgtaaaatta aaatatgatc
ttgitahiat hpRcadcgaat-aaasateh ciachtcdata adt bgighed atQue@otac
cttgaatcac, atcta t
codradttargr Fidharaia 2ho0™ LA CLiar T at ot Laly
tgtigtgtgt cttatefatttttzqutttttttgta@aataaa%\t ﬁ@?b‘&ééb‘gg bsptie

11 899t 8094 A ¢ Etqk  9flaghaadb CR@AEdag agt&ﬁtgaém:@ttattgatg
aaaagaaaaa aaa

2580 atattt t
acqpdt agkst aﬁéa%@gggﬁ gtaééa%iéfg&t?%a 33‘3 c‘f% 3&%%2&5%
te GGakifat gaita bggeagicacet teacogesiaase aacoyttactagatagtaata
ct%éa gga%cgggag %tct%t%%ggtc%zotocca&ggﬂ tc&&é&a@@@@@%a@ﬁl{at
a gcaggca %

cC cagct accca cctct cgctt
agaod teast t@ag‘afcﬂttéct(tf{ttt%tcéatij‘ttéfttéﬁht ttgtapidertetecaacee

agéttattgét%ag'?g(itgca:‘btt a4 kgt t%SZé%tttgaaCﬁtahhégaagﬂ}i ahgohadcg
CgCaa_ ca aact gc tcatt c
N C TOE CREP Rt et irese andiepEts Sadhtthe
ceCYRgT CaRaatice GORACARE/ PECTACAC \BARECHCE & CaR THABCTES |
gg tt%ﬂeg&gg o 20k Pég%géjé‘g'cﬂgcg@gét(%%}@c QEQ&@QE&fchﬁﬁcht
|

art I Cla ress| ng the rose ? c%e ous
X he* P

e € RS P%tcc%‘réttﬁ gé"ﬁtcf‘t tﬁllpg%cs? Wg tt ac cattatattc

2100
2160
2220
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aracteri z
endogenous net abol i c pat hway, and expressing the

y artificially suppressing the rose

2934

pansy gene coding for flavonoid 3',5' -hydroxyl ase and

the 10 gene coding for dihydroflavonol reductase. 3.
A nmethod for producing a rose according to claim 2,

characterized by artificially suppressing expression

of rose endogenous di hydroflavonol reductase, and

expressing the pansy gene coding for flavonoid 3,5

15 hydroxyl ase and the gene coding for

di hydrof | avonol reductase derived froma plant other

than rose. 4. A method for producing a rose according

to claiml, characterized by artificially

suppressi ng expression of rose endogenous flavonoid

3' - hydr oxyl ase
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20 and expressing the pansy gene coding for flavonoid

3,5

- hydroxyl ase. 5. A rose obtained by the

producti on nethod according to any one of clainms 1

to 4,

or a progeny or tissue thereof having the sane

. properties as the rose. 25 6. A rose obtained by the
production nmethod according to any one of clains 1

to 4,

or a progeny or tissue thereof having the sane

properties as the rose, wherei’/d the petal color of
the rose is violet, blue- violet or blue. 30 7. A

rose

accof@lifgi s @ 1Gligkm 6s: Or a progeny or tissue

thereof havi ng%%{‘eq:@gﬁ%g?op;g? cﬁ utciiggea?grec%s%e cﬁﬁgfﬁ.gc’:%%rel zed by

wherein the pe

"Vi ol
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accorglumalyOahdee Fpayal i Kgrit whhby age 0 Gorti Yig Codour

Chartf 3

e according to claim?7, or

5 (RHSCO)., 8. AT

2 pro eaﬁ')?ngrld %sssug'yfjﬁ%’f%.%‘seﬁayi ng the same
properti eg-as AheethedeforPragieiay m tiseparapreviorhto
of thadiase, behongseroze¥iw) elrtigi O1H'183appreSSing the
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pansy gene coding for flavonoid 3',5'-hydroxylase and the
gene coding for dihydroflavoncl reductase.

3. A method for producing a rose according to
claim 2, characterized by artificially suppressing
expression of rose endogenous dihydroflavonol reductase,
and expressing the pansy gene coding for fiavonoid 3',5'-
hydroxylase and the gene coding for dihydroflavoncl
reductase derived from a plant other than rose.

4, A method for producing a rose according to
claim 1, characterized by artificially suppressing
expression of rose endogenous flavonoid 3'-hydroxylase
and expressing the pansy gene coding for flavoneoid 3',5'-~
hydroxylase.

5. A rose cobtained by the production method
according to any one of claims 1 to 4, or a progeny or
tissue thereof having the same properties as the rose.

6. A rose obtained by the production method
according to any one of claims 1 to 4, or a progeny or
tissue therecf having the same properties as the rose,
wherein the petal color of the rose is violet, blue-
violet or blue.

7. A rose according to claim 6, or a progeny or
tissue thereof having the same properties as the rose,
wherein the petal color of the rose belongs to the
"Violet group”, "Violet-Blue" group or "Blue group”
according to the Royal Horticultural Society Colour Chart
(RHSCC) .

8. A rose according to claim 7, or a progeny or

tissue thereof having the same properties as the rose,
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wherein the petal color of the rose belongs to "Vieclet
group" 85a or 85b accerding to the Royal Horticultural
Society Colour Chart ({(RHSCC).



