- 1 DESCRI PTI ON GENES CODI NG FOR FLAVONE SYNTHASES Technical Field 5 The
present invention relates to the control and wutilization of biosynthesis
of flavones, which have effects on flower color, protection from
ultraviolet ray, synbiosis with mcroorganisns, etc. in plants, by a
genetic engineering technique. Mre specilfi-cally, it 10 relates. to,genes
encodi ng proteins with activity of synthesizing flavones® from fl'avanones,
and to their utilization. Background Art The abundance of different
flower colors is one of 15 the plegséﬁﬁlggﬁggts of Iife that enriches
human m nds and hearts. It is expected to increase food-production to

meet future popul ation ipcgease, byt e, Bans difs aGgekaLaLI ng the growth of
pl ants through synbi osi s-vwf—ﬁ——mﬂmrgmmm—(ﬂ“gy‘rﬁﬁeam ng the nunber
of nitrogen- Recknidalg Aiedini nous bacteria, thus inproving the plant

productisvity as a 'IfrPe'SLHvIes%fnt' RGLEAsSiBE FBEacoat et s cdﬂﬁﬂcﬂg%mxdl n the
soil. Elimnation or reduction of the, use of agricultur chemcals is

al so desi rabI‘étltlol%ﬁoé\/é’cnﬁllésgﬁw?ﬁhﬁeﬂfaﬂ?" 1§ ondii-S ﬂaé’lﬂ ture, and
25 this requngﬁﬁhdﬁmpmmyeqanbroéonbe sprbtdyt idre @y erl trenvtiicdeed ray,

bi ol ogi cal nean as wel.l . as.hi her e ta At ijnst
mi crobi al i nfect |l(§)nSlS ﬁ'ot Her 853| r%?jrq %%%1 (’?s toq{)b&al n SBI %%as wi th high

protective fgeotetdes enggaenstingl teayhbfer - r Marasnearddiss 1y p#@t ecting

the 30,8l ant §diams! he ESE%EUSB&E)&MQ& SRS OZANG, 1y Gloci viRRhawgnol d” 1S a
general termfor a grou ounds wth a C6-C3-C6 carbon skel eton,

and t hey areSmté‘élsﬁzdp&fﬂ-mﬁ?@%stﬁ‘?%gﬂﬁ}{a%“ﬁﬁ @89 &0 EP&YSnoids are
known to havetsuGhaktuwpgti ons as attracting insects 35 and ot her

pol l'i nators, prgtecti n9 EI ant fromultraviolet rays, and participating in
interaction roorgani sns (Bi oEssays, 16 (1994), Koes at al.,
p.123; - 2 TrendShenaPhadénSeiehod f fle (el39 )L owsli pbé;beBlW on® g¥7). O
flavon?BdS Eh@VBQSaBLQXSaégké{QK%Efﬁﬁfé“ﬂﬁ%ﬂ Rnriches human minds
and hearts. It is expected to increase food production
to meet future population increase by the means of
accelerating the growth of plants through symbiosis with
microorganisms, or by increasing the number of nitrogen-
20 fixing leguminous bacteria, thus improving the plant
productivity as a result of increasing the content of
nitrogen in the soil. Elimination or reduction of the
use of agricultural chemicals is also desirable to
achieve more environmentally friendly agriculture, and
25 this requires improvement of the soil by the above-
mentioned biological means, as well as higher resistance
of plants against microbial infection. Another desired
goal is to obtain plants with high protective functions
against ultrgviolet rays as a means of protecting the
30 plants from the destruction of the ozone layer.
"Flavonoid" is a general term for a group of
compounds with a C6-C3-C6 carbon skeleton, and they are
widely distributed throughout plant cells. Flavonoids
are known to have such functions as attracting insects
35 and other pollinators, protecting plant from ultraviolet
rays, and participating in interaction with soil

microorganisms (BioEssays, 16 (1994), Koes at al., p.123;



interaction of plants with m croorgani sns, especially in |egunes, where
they participate in the initial steps of 5 the synbiosis wth | egum nous
bacteria (Plant Cell, 7 (1995), Di xon and Paiva, p.1085; Annu. Rev.
Phyt opat hol ., 33 (1995), Spaink, p.345). Flavones in petals play a role
in recognition by insects and act as copignments which formconplexes with
ant hocyani ns. (Gendai Kagaku, 10 (My, _1998), Honda and Saito, p.25;,Prog.
Chem Og. Natl. Prod., 52 (1987), Goto, T., p.114). It is known that
when fl avone for a.conpl e ith ant hoc i.n, e_.abso ion j rum of
t he anthocyan%ﬁeg Pftd %Ek@icggﬁﬁ§cﬁ'ongé¥%§50éléﬁéfﬁ?yf.%P&tbﬁ%kd'b%he. 15
The bi osynt hesi s pafhfagsodiards | sionoings plays beeampok tehy selgliled (Pl ant
Cell, 7 (1995)_-m55'95&99%m8f g&fam it gnQZ}Lorgaqimg,gsaﬁécimﬁlﬂn of the
in the biosynt

enzynmes invol ve esis of antho ¥an|d|n 3-gl ucoside and
flavonol , for 18Z8fpF e, "IN Hrash HadG1 4t eadteHoRel B, 1Rhe12D HeiRss 9hvol ved
i R the biﬁsym:h@si;ﬁnl@ioiiéi}kﬁr’tﬁﬁdﬂ@\ﬁﬁzilﬁ@hs pettbeen '(.SDJ#&E gc_dall'l',ha enzynmes
t hat synt hesi vopnes inc)]ude those onging to t i ,0X nase
famly that éiaéﬁﬁs TS e (Al Pa&pgg(f BOgheQ%‘fmte%%Yste"ﬁla)g‘%é’n*d'
nonooxygenase3@ngyaes) bedmenging i.345he cyleehneseiP4dot2bs frlmy v (fl avone
synthase |1).  INgsg, 919 'Cﬁio%%&”%% cBLE QRHPM?{GA% B fHEls enzynes
with no structural honology. Tt has Been reported that 1n parsley,

2- oxogl ut ari cWhieh dEfepsiraEexgisoxy§enaseheararizes alFentdd &Sdfiteh 30

producesy api gemhy, Bodd gvoRRdaf e BaLtsgepi vs; aprdd Avanane deg.
Bi.ochem Bi ophys.,

Nat urforsch., 36¢ (1981), Brits et al., p.742; Arch.

282 (1990), é?‘?‘flgcrﬁro%xl ).(1‘?ﬁ2>ot figFot yper Ff’th%/ﬁ%e HntFaddF P s
known to exishat wisnmapfdraagor EArmblatucdopien. wiBbcan(tiiBl)anist,otthe35 and
For kmann, p.7 . SO Z r Con { ) C and

G i sebach, p.%ézl%?&&dlaan} {aﬁﬁﬁ?g\fﬁ\( %g%g gﬁ%@ﬁ%%?%lsmf;t%g%@wéﬁ Egﬁrel ation
has been recel®nger wRrvelesgithedibet weevasd gehiee| ocus and fl avone synt hase
Il actisvity in t hehP&idsynehedeEbpaantEPyt oshen Sidnbidd hawt988kn Martens

and Forkmann, | Preioo ), RICYEL o LNELE), 4 © 194 PP o' RS HS0ES 1O
p.1071), and the genes for all of the enzymes involved in
the biosynthesis of anthocyanidin 3-glucoside and
flavonol, for example, have been isolated. However, the

20 genes involved in the biosynthesis of flavones have not
yet been isolated. The enzymes that synthesize flavones
include those belonging to the dioxygenase family that
depends on 2-oxoglutaric acid (flavone synthase I) and
monooxygenase enzymes belonging to the cytochrome P450

25 family (flavone synthase II). These groups of enzymes
are completely different enzymes with no structural
homology.

It has been reported that in parsley, 2-oxoglutaric
- acid-dependent dioxygenase catalyzes a reaction which

30 - produces apigenin, a flavone, from naringenin, a
flavanone (Z. Naturforsch., 36c (198l), Britsch et al.,
p.742; Arch. Biochem. Biophys., 282 (1990), Britsch,
p.152). The other type, flavone synthase II, is known to
exist in snapdragon (2. Naturforsch., 36c (1981), Stotz

35 and Forkmann, p.737) and soybean (2. Naturforsch., 42c
(1987), Kochs and Grisebach, p.343; pPlanta, 171 (1987),

Kochs et al., p.519). A correlation has been recently



51 and Il were isolated or that flavone synthase Il was highly purified.
The properties of a cytochrone P450 protein, which had

| i codi one-synt hesi zing activity that was i nduced when cultured cells of
licorice (Aycyrrhiza echinata) were 10 treated with an elicitor, mere

i nvestigated. The protein is believed to catal yze the hydroxylatliﬁ
2-position of liquiritigenin which is™ a3 5= deoxyf | avanone, “ fol 1-one
non-enzymati ¢ hem acetal ring opening to produce |icodione (Plant
Physi ol ., 105 f(e984pd Bramereta gleng 1dGup.ddR#)lavborp syovhiasge dfI | i codi one

synthase, a cDMA;k rg;;y»ma%eqrae@aagd éfmael 'P(Fx;ytcgfthérﬁ?@ﬁ Ggycyrrhi za
cultured cells, and gene fragnents encodin ochrone 1%@ wer e cl oned

(Pl ant Sciencel1%984 (%ggﬁﬁﬂsﬁﬁggﬁPféTaHQm B- 5§9) BOYEFOm tHESE fragnent s
t here were obtaiened tw@brthfmﬂwemhefgémedengthheEthSequenaaw¢heaeh

encodi n C r t
SpeC|f|g§?Iy %%%§§%3g§g5%$QSdﬁgk%gy?ggﬂggﬁgl%%égg B%H%$g§ié??bénd CYPGe 5

(cyt ochrone P4B0 eYPOBEE- 25 hereinafter indicated as CYP93B1) (Pl ant
Physiol ., 115 (199H¢,pAkashiiecet oala,cyrd2@8je BysH ustderirexpheésii ng the

CYPISBL cDNA ina 1?%3&%@%“%3’&%%9&Ei‘r(ffdaét%%ﬁr £eLL Sy Jh%u%ﬁlt ﬁh@ deri ved

fromthe gene was's he reaction sy n eS|Z|ng I codi one
fron1I|qU|r|tﬁgéﬁPﬁedSGﬂdePévéh@%é““hdduzfﬁyéﬁéi?n%?@#ﬂﬁﬁﬁ)nwﬁF6n1

nari ngenipn, ?:rﬁﬁté‘dfdf@éﬁb raan@nalt-md,r %y@a&ﬁagggiibﬁé@s ClC'I‘lh\éef:t:BQe%j@ (
api genin, a avo aci eat wi.th 10% r ori ¢, aci room
t enperat ure, 2% hBﬁ?%%ve%&ggocat b drox g %ﬁ%ver &dPP8 FitRolin, a
fl avone, by r@écllquﬁﬂﬁumémeﬂyﬁthWM#ﬂwanﬁcﬂ@@@h%%aYﬁDQ§¢PQQBllew%@eSS|ng

yeast followedybyonasdnaieat H@rmiaréttalv\@int;hegs&ﬁmqe aﬁrﬂiaah&at ed that the

- 4 cytochro P450 gene encodes. the f c Iavan ne.2- hydroxyl ase
activity (FEB%EE%?Ym“94§§ ProBayst A&asﬁﬂg ig&f 4) 2 ?@re producti on

of api géhin fpoh#Zhbxlﬁgenphomemmuﬁbdlcvégéﬁﬁ.%&ﬁtﬂﬂserag gP¥&her unknown 5
enzyne, so thafpiirPassConehhied A at caibota)-Ofeditl QRZYPREYET €
necessary. cultured cells, and 8 gene fragments encoding cytochrome
P450 were cloned (Plant Science, 126 (1997), Akashi et
al., p.39).

20 From these fragments there were obtained two
different full-length cDNA sequences, each encoding a
cytochrome P450, which had been unknown until that time.
Specifically, they were CYPGe-3 (cytochrome P450
No.CYP81El) and CYPGe-5 (cytochrome P450 No.CYP93Bl,

25 hereinafter indicated as CYP93Bl) (Plant Physiol., 115
(1997), Akashi et al., p.1288). By further expressing
the CYP93Bi cDNA in a system using cultured insect cells,
the protein derived from the gene was shown to catalyze
the reaction synthesizing licodione from liquiritigenin,

30 a flavancne, and 2-hydroxynaringenin from naringenin,
also a flavanone.

2-Hydroxynaringenin was converted to apigenin, a
flavone, by acid treatment with 10% hydrochloric acid
(room temperature, 2 hours). Also, eriodictyol was

35 converted to luteolin, a flavone, by reacting eriodictyol

with microsomes of CYP93Bl-expressing yeast followed by

acid treatment. It was therefore demonstrated that the



However, no genes have yet been identified for enzymes with activity of
synt hesi zing fl avones (such as apigenin) directly fromflavanones (such
as naringenin) 10 without acid treatnent. Thus, despite the fact that

fl avones have numerous functions in plants, no techniques have yet been
reported for controlling their biosynthesis in plants, and inproving the
bi of unctions in which flavones are invol&ved, such as flower col or.5 ?%&515
di'scovery of an enzyme which by itself can acconplish synthesis of

flavones fromfdanaaeaessandgacdusdddedn tofe fiuhstdeneorantaiarsoddurti on of

such a gene into plants, would be ractical i nd rial
appl i cabl e t HEfT Hga?ﬁt?ﬁﬁh%{7%n“¥#¥%%§g ranfggf(ggggg’fggé%ﬂh %%zynes 20
invol ved in tdie spnihesis wéré] avonss thoomoffl apageneés. frdhscl osure of the
ovention 10 dati3BeRiln %q&ﬁee&)f@@mtaﬂ RLeRLh QN 2L 04 RELNL HeunfAavione

synt hase genes, preferably Tlavone synthase Il genes, and nore preferably
genes for fl &pgydesyRPhbles D5 Wi IFoactingedy tBptsgntAedt 2phgt¥? avones

directly fromnfhavapepesneddsphtai ned flavone synthase genes may be
i ntroduced into plants and over-expressed tg al ter f%o [ golors.
£ 1 e? or

Mbreover, in the PRFEVET of"FIGRGS ¥NA: YiAt GP&R y9°3 Ataif | arge
amount s of fleavgnes, withisctekpegt ed tslyatthesontingl flagorspr essilorasof t he

fl t d ' t hod
e =0 SSRGS i 0 Wi anse THAIRC o cosppat D oL o

can also alte ' SO, expression o synt hase
genes A t hevdsprBprrate oigpment-n ThyRr BesPhke3shantatactdt al activity
of flavones gndvbhesrnhiwd efdddcs fuinthisns! in 6180f gaMS Mechuilduasesul t

in an increase in the antibacterjal properties of_plants, I, r-Qvenent
i 25 M he” RREPoyeh Trel S 4081 CPREhrLETag et P S I e
Wit h rhizospher plants paxghnirgreyiag- thel biatuact prws et iwal@f f ect agai nst

ultraviol et taysoand 1ightnyoiieddr 63€R! ab¥ealEoNA 1! of o provides genes
5 encodi ng proteins that can synthesi ze fl avones_directl from

flavanbhes. TRECHERBYE & &N SHEYME WALFY, PYehbie lof@Ridff FRIVGe synt hase
Il that can synthesigzef |mwanaes from flavanones dnd acsjuviglie-ienz yife
reaction (heﬁggngéﬁgf and introduction of such a gene into plants,
would be more practical and industrially applicable than
the introduction into a plant of genes for two enzymes
20 involved in the synthesis of flavones from flavanones.

Disclosure of the Invention

It is an aim of the present invention to provide
flavone synthase genes, preferably flavone synthase II
genes, and more preferably genes for flavone synthases
25 with activity of synthesizing flavones directly from
flavanones. The obtained flavone synthase genes may be
introduced into plants and over-expressed to alter flower
colors.
Moreover, in the petals of flowers that naturally
30 contain large amounts of flavones, it is expected that
controlling expression of the flavone synthase genes by
an antisense method or a cosuppression method can also
alter flower colors. Also, expression of the flavone
synthase genes in the appropriate organs, in light of the
35 antibacterial activity of flavones and their interaction
with soil microorganisms, will result in an increase in

the antibacterial properties of plants and improvement in



referred to as "flavone synthase I1"). 10 More specifically, the present

i nvention provides genes encodi ng P450 proteins having the amno acid
sequences listed as SEQID. No. 2, 4 or 8 of the Sequence Listing and
possessing activity of synthesizing flavones fromflavanones, or genes
encodi ng proteins having am no 15 acid sequences nodified by add| Ligns or
del etions of one or nore am no acids d/or a substitution wth di'f't er ent
amino acids in said anino acid sequence; and possessing activity of

synt hesi zing fl avones from fl avanones. The invention further Pr ovi des a
gene encodi NGB0 npEEP@FhsE evigngPakt B ati P EERTeAtEs *fi PhOEL feast 55%
identity wit h;ytmlﬁe_ogm n@l@mx(ﬂusaqpaaeeSmiwdc&@amsSEQ ED. weNb.a2,a4 or 8 of

t he Sequence L| g and. SeSSI n?F f&ie(%f rgé ot hegi fi&l}gtf | avones
e

fromfl avanor?é? haYF vk her provi des genes  encoding 25
prot ei ns possessi tﬂgeap:rtaaﬂntty loﬁesyn@he%ﬁezﬁafgmel aveHedesf §omes | avanones,

and hybgi di Z'e%o\%w?ﬁ%c!teqrnsatﬁéetc% s}rh.@]éw(‘zlee(ﬁ&hdgné§%§f@@§ly“3ted as
SEQ I D. No. Sequence Li st under .t conditions of 5 x

SSC, 50C. 36T PRefiavHISN SFPFI IFRFT HET prsc?\‘ff:déécaf%(:t%?ne particul arly
an expressi orneedtng, f cortnei aynghasy Dheloft cehesafibhenent | Dietbrgenes. The

invention stig ét’ of BELher, pro gdgssgn tenztyrxr@n§gggg§gnvw$&éﬂeafter

af orenent i oned vector. Invention still further provides a protein
encoded by amg¢fBFredhetafsré ﬁéﬁ??%%e’ﬂym. I'Fhé i nvention still further
provi des a procesgof®rspectfipadilyici tige tdresahar éneatt dovedpprotdEsn which is

char act e | zedeRo ULIAIA9-RE, SLON 0 d AL ERENLL RS fipSt . and

col | ecting t H8 protein w one- synthesizing activity fromthe host.
5 The invent seAusr¢es MigteHens pFoRithes Né’ -plant Pﬁt% otk téh SEHRFETRE of the
af orerrentlong@sgﬁm@sarfm)ota@@asm@twﬂw@&q o@r sphogesni e ff thenplsant or a

t th t t
10°The i nventPoh SLTAERGRL et FHOV 46 o4 LAgt Roa-pns AT anlhGPErtl €S

15 acid sequences modified by additions or deletions of one
or more amino acids and/or a substitution with different
amino acids in said amino acid sequence, and possessing
activity of synthesizing flavones from flavanones.

The invention further provides a gene encoding

20 proteins having amino acid sequences with at least 55%
identity with the amino acid sequences listed as SEQ.ID.
No. 2, 4 or 8 of the Sequence Listing and possessing
activity of synthesizing flavones from flavanones.

The invention still further provides genes encoding

25 proteins possessing activity of synthesizing flavones
from flavanones, and hybridizing with all or a part of
the nucleotide sequences listed as SEQ.ID. No. 1, 3 or 7
of the Sequence List under the conditions of 5 x SSC,
50°C. .

30 The invention still further provides a vector,
particularly an expression vector, containing any one of
the aforementioned genes.

The invention still further provides a host
transformed with the aforementioned vector.

35 The invention still further provides a protein
encoded by any of the aforementioned genes.

The invention still further provides a process for



altering amounts and conpositions of flavonoid using the aforenmentioned
genes; a nethod of altering anounts of flavones using the aforenentioned
genes; a method of altering flower colors using the aforenentioned genes;
a 15 nmethod of bluing the color of flowers using the aforenentioned
genes; a method of reddening the color-of -flowers using the

af orement i oned genes; a nethod of nodifying the photosensitivity @fi3
plants using the , afare thg%%%engg§édaBgo@emtm¢hofiscont rolling the 20
i nteraction béi‘vc\)/een‘pf;an s and m crobes using the  _aforenenti Qned genes.
Brief Descri ptdhewasterhzeDrinivgSurigs % 5 & Yt it SéFé%mSHOWO%% t he
results of HPL{gstangh¥sés1 tdcyimdueies pobtai med fir dibayosebstrate, 25
naringenin, using proteins encaded by CY and TENS5. A and B:

Obt ai ned by acfd'i"’rg?&ealéf‘%leacetﬁzvyl%é’ Tffé%‘tfgéralgtﬁo “'CYP93BL1- expr essi ng yeast. C
and D: Ostai ned by raddimger iomuds idaz frethenceiondest 2TENSB exPr8ssi ng
yeast. 30 A agﬂui h Dh{EGhe NOAUGE S robbabnetohyd aftiels Gasobeernzyne .
fraction. B: Products” obtained by .acid t{'gat nt, after ti%gggti on of A D
Product s obt aiifédoBycae %k rEAITENE aPt eF € 35" F€act’i 6n of C. Enbodi ment s
for Carrying aufertbe,| ayemntdorufl flarens, 2vhir euilikié ER€o888Beby t he

d ycyrrhiza - 7ro Q{E’%%?l gene produces 2-hydroxyfl avanones from fl avanones
as the substr&€E-"an “the products are converted to fla¥gn§so y acid
treatmen®. The preSbatinvRAICH & toldwedr tAFGRIPTYISH & BE poSsible to
obtain a gene areedh§lafointd ananeosypos hasend Igf VHiavknadd aaiehjeet of the
i nvention, by using the G ycyrrhiza- i orGHE9 nE9roscCreening
of a cDNA |ib,a§|9§7€g??t+%‘}e%>%e 51°¢, %aggfié%/{\(g?oé:(%eggﬁgngﬁéul rge amount of
flavones, to tfhasoobsaisniGDNAecaéodPRnbtoRed HEVGiStih2a FWP?y ‘(;;f

synt hesi zing 1Q.tLayopgs,dli 1eqbly 15 0my iy arvieneas isnbdt gates: a

pccor i ng t0 e avent O, 2 oA L1 br g Ve . IRRYLEODna ch contains 2

aforementioned genes; a method of reddening the color of
flowers using the aforementioned genes; a method of
modifying the photosensitivity of plants using the
aforementioned genes; and a method of controlling the

20 interaction between plants and microbes using the
aforementioned genes.

Brief Description of the Drawings
Fig. 1 is a chromatogram showing the results of HPLC

analysis of products obtained from a substrate,
25 naringenin, using proteins encoded by CYP93B1 and TFNS5.
A and B: Obtained by adding a crude enzyme fraction

of CYP93Bl-expressing yeast.
C and D: Obtained by adding a crude enzyme fraction

of TFNS5-expressing yeast.
30 A and C: Direct products obtained by addition of

enzyme fraction.
B: Products obtained by acid treatment after

reaction of A.
D: Products obtained by acid treatment after

35 reaction of C.
Embodiments for Carrving out the Invention
Flavanone 2-hydroxylase encoded by the Glycyrrhiza




screened using the dycyrrhiza-derived cDNA, CYP93Bl1 as a probe, to

obt ai n ¢cDNA encodi ng a novel cytochrone P450 15 (see Exanple 1). The
snapdragon cDNA, ANFNS2, obtained in this manner and the G ycyrrhiza
CYP93B1 cDNA were then wused as a m xed probe to obtain TFNS5, a cDNA
encoding a novel cytochrome P450, froma cDNA library of torenia flower
petals (see Exanple 2). 20 The toreni a=dérived cDNA was expressed- i-n yeast
and reacted with naringenin, a flavanone, as a substrate which resulted
i n product i orcwotsgaf g%nlaygwaxy@ag;i mgleyﬂirbea\raatdmrs dfr amh & liavavnone s

api genin, w thout aci at ment (s e I rds, this
enzyme 25 di rectiy g’&ﬁéé e?ra‘?/rcljcr%es1$ riom Jatvsaﬁ%rr?escr&ﬁqieﬁgugmgm

treat nent, arﬁiavtosme@erhﬁ wasdconéarmedt { 0 Dee @ﬁamenvwﬁpﬁéwlﬁweﬂm ch

had never be I e eIeNGEe £n6eded nbydtii
snapdr agon- dgl}ll \C;Ce %ﬁl\%g b?nbg&%iéei t1§exh| blq{taedra"%@l n(gentll ?y of 77%

with thé flavdmeose synthase T1- e%b?}éd”aoi/ PSS eCin & ti £7Exhi bited the
enzyne aCt'%h%%nQﬁoE'a%?”@s§N@tQW§Eﬁlﬁcjiiﬁﬁﬁﬂ4ﬂe4hveﬁncDHddlCKGBBBSInce

an am no aci d sequence .enco ed erilla- d (Y Iso e
hi gh identity 5t 766 QﬁBgY% %NAT rd 9 I@f %rxgéngect’l ve?%?éarrpl e
8), 35 it iscpeduiaged thagetmtpmtceﬁ rf lenvoodsd By thius ebNAinal so

possesses th £ Y1 % RS S fhavene ynsyathasas encoded by
TFNS5 and AN @%@&%Mﬁ&ﬁ&@%ﬂé’ of the tpr elstgﬁt |n\}/’gnt| on rra3§/ be, for

exanmpl @0 one fdgeedehgdt hecaky n%f%lfdlaé’éd%e§sl iS$PEGTa5eSSEQ ID. No. 2, 4
or 8 of the SequeReeokhshyNgo ﬂ'ﬂ(é/\&\:fﬁfe.ntlldn,l @ K:ummmbatarprﬁfel ns whose
am no acid se uences are nodi f g]ddl tions or g $3598598f1@| tiple

am no aci ds SEA8, 6F‘g§’Bb‘§}Pi“fkbt‘icﬁhtsaWst ﬁ‘ O SRCUAN RS A¢FdR"83An " maintain
the sanme enzgoeeaabivibynastides rdyginalza-gesticied. cO8AseQUBABBY, aprat ei ns

having the anlnglackg ogggﬂgpﬁﬁézkﬁﬁkﬁﬁn @S aShQyLE. chocgroﬂe0§4§00f the

Sequence 10 Erstr Ag Wher éin m no aci'd sequence’i s nodif %
addi ti dhs or (dekeEkansleflbne Te moX@dadoRs §6N8s ANENS? %%%%‘P? tions

with different, apiBonachés, adnd GenEy cyeeadiangybhose porievese @ienal so

enconpassed Bge has a mixed probe to obtain TFNS5, a cDNA encoding a
novel cytochrome P450, from a cDNA library of torenia
flower petals (see Example 2).

20 The torenia-derived cDNA was expressed in yeast and
reacted with naringenin, a flavanone, as a substrate
which resulted in production not of 2-hydroxynaringenin
but rather of the flavone apigenin, without acid
treatment (see Example 3). In other words, this enzyme

25 directly produced flavones from flavanones without acid
treatment, and its gene was confirmed to be a flavone
synthase II which had never been cloned. The amino acid
sequence encoded by the snapdragon-derived ANFNS2 of

. Example 1 exhibited high identity of 77% with the flavone

30 synthase II éncoded by TFNS5, and it exhibited the enzyme
activity of flavone synthase II (Example 4). In
addition, since an amino acid sequence encoded by
perilla-derived cDNA also exhibited high identity of 76%
and 75% with TFNS5 and ANFNS2, respectively (Example 8),

35 it is speculated that the protein encoded by this cDNA
also possesses the same enzymatic activity as the flavone
synthéses encoded by TFNS5 and ANFNS2.



present invention so long as they maintain the activity 15 of producing
flavones directly fromflavanones. The present invention also relates to
genes that have the nucleotide sequences listed as SEQID. Nos. 1, 3 and
7 and nucl eoti de sequences encoding the am no acid sequences |isted
therein, or that hybridize with portions 20 of their nucl eotide segugences
under conditions of 5 x SSC, 50C, for gxanple, providing they encote
proteins possessing activity of producing flavones from flavanones. The
sui tabl e hybridi zation t.ur ' ' r. depending epn, nucl eoti de
sequences and the%%gnafhggggégjﬁhgfg%%#aegg%%ﬁgﬁgégggahg'fbgrexanple, when
the probe us¥thlirsdea PNA ¢rerfhievst tOSnPRIBY Mf I8 Ieasesceddl hgt¢dras am no
aci ds, the tesmenatukg.is, psefersablry thet sédgheie 11iRaANG0C. nbdvgrhe, sel ected
by such hybriquatkon nagbbe a gp.natu ally derived one, such as a

pl ant - der i ved gérie FPPEP “RAamfiod S 185 gBR%S Ut TV FrSnT SRR &YSH S t or eni a
or peridla; nadidagdabgoaddl tdogenerf deheimishert plantplsughin@s genti an,
verbena, chrygsanpthemum - idisseiQhetiBes!iken HraeRarSehesbest s can _
hybridi zati on may be cDNA or genom c 35 he i nvention also relates to

. . T
genes encodi MG7pRoTer e 1M CRAVECaRT Mt Hei #5s&GGefted it h identity of -
9 at |east Fh%Utepnef etadgguantileaspryO¥nsucviag 808 aningraater and even

90% or gr eat &leq Whkbs ays Qe Laf gke.emarwp ACid $equepcese ldstRhaas
SEQ ID. Nos. 2, 4 or 8 of. the Sequence, Listing, and that possess activity
of 5 syt hesitZShgne| RIS EHEnPREAR atforfe$eNegsRel fi PP Heehdur al

nucl eoti de seddenten€ask ki lethbasnefl dne sar eetiengmOfio sacidNA dridrtoary, for

exanpl e, as  ABUpRSI{ALEd JinudiatL Lk LR xaaRLes DA gna0ding enzymes
 With modi fi ed am no acid sequences can be 1 synt hesi zed  usi ng common
si te- di rect e@PROEAHENENISE FroaeiPER et HIGCO §SFAGPERPEhvh tehat ur al

nucl eoti de seguesse irmfertishakbi DEndBiLrihaly. mEQhtexante, ack INAYf ragment
into Y\'E" ch %fnogcijgicc%i ivsnt 0 be eicr]Ct ro@ucedfgg boeneosb.t ai ned by
restriction enz@ne‘fﬁ%é&%@ﬁtg oF Ay & or % genom ¢ DNA and t hen
used as a tenpl atBhd mresiens- dhvectieah also relates to genes that
have the nucleotide sequences listed as SEQ.ID. Nos. 1, 3
and 7 and nucleotide seguences encoding the amino acid
sequences listed therein, or that hybridize with portions
20 of their nucleotide sequences under conditions of 5 x
SsC, 50°C, for example, providing they encode proteins
possessing activity of producing flavones from
flavanones. The suitable hybridization temperature will
differ depending on nucleotide seguences and the length
25 of nucleotide sequences, and for example, when the probe
used is a DNA fragment comprising 18 bases coding for 6

amino acids, the temperature is preferably not higher

than 50°C.
A gene selected by such hybridization may be a
30 naturally derived one, such as a plant-derived gene, for

example, a gene derived from snapdragon, torenia or
perilla; it may also be a gene from another plant, such
as gentian, verbena, chrysanthemum, iris, or the like. A
gene selected by hybridization may be cDNA or genomic
35 DNA.
The invention also relates to genes encoding

proteins that have amino aclid sequences with identity of



mut agenesi s or PCR using a primer having the desired nutation introduced
therein, to obtain a DNA fragnent having the desired nodification

i ntroduced therein. Mitation-introduced DNA fragnents nay then be |inked
to a 20 DNA fragnment encodi ng another portion of a target enzyne.
Alternatively, in order to obtain DNA encoding an enzyne con5|st|ng of a
shortened am no acid sequence, for exanple, DNA encodi ng an” »ami no’lE@gi d
sequence which is longer than the aimed -am no acid sequence, such as the
25 full length am no acid sequence, may be cut with desired restriction
endonucl easest agds{fssiuagawéetaagﬁewﬂ leglstai7ned sher eby &dernot encode

the entire target _amn e A DRy benlinked, sidfa synt hesi zed
DNA  conpri si ng % e Test® o % gg %}g%cteé Tﬁusn%bt ai nedﬁg‘;F ne tfngay be
d”i

expressed i naalmnOe&w&és%a%*ﬁnﬁﬁtehﬁ%‘? Ltz I§EQC6P| ¥es yefst? enzyne

activity nmeasyeededQef@nfiicmihhat arﬁci{letmh-l gosedsgenetiengodes flavone

synt hase By ex eSSI n tg; ene, 'fsia al so_possible to obtain the

f1 avone’synt ﬁé@ ‘fﬁ‘b’f % *agV Ee?hg Jene PFOAUEE. Alternatively is also
possible to obtahngend lwevbnehsynthasd protleprhidd ePeUWSHEF & E?Sdl es for

a full or a 8&&55%%6@ %%r@@hgn§eQPeé1%NlA| §t1§gaa§,'fél-x_0 exeﬁeneo abo. 2, 4

or 8, and such anti es may beé_ used ?nln £ CO%v%ne synthase
gene in anot HERON SR ERA% P éﬁﬁ%éﬁuﬁhﬁ#?*eﬁﬁ@p fivent?'6h 466 el ates to 5
reconbi nant vae{ees,wadrd mespéceadl darylmparcesssequvemferfsan beont ai ni ng t he

aforene8t|ongg gﬁggpréﬁ%glkglggﬁﬁén diran Qﬁgggdbﬂuiiﬁﬁﬂ%éﬁ%Cer§ The

hosts USed aryofic _or eukary ot| c g ganj ss anpl e
prokaryotic 8FBafeistiad ¢ K&t "AayNE ofiiohIdy n@éuag d73S ‘Tﬁ)tsltdse 69 ﬁcf:ude
bacteria bel apga ngta&ﬁn@emgeeusaEscm elxaaplsuch DNfs fiEGmenitchinaocol i,
- and m croor gani ivs, bel angl.ng, Lo Lﬂeto %%”H%t?@ﬁhéé&'%ays%h o®%aBaehl I us

subtilis. Exa e 20 eukar ofi ¢ hosts be used include | ower

eukaryotic obgam%fh%lc‘cfl@lﬂ éﬁ&h*b‘? etr%“&’}ﬁér QBtP%t‘f'ﬁEt]r §ogafiFsns, for

exanpl gg Eumg@@éxalcsm asd ypastused s hamempbase fimgisitasdyeastedhere may
e

be mention muggggéggé%aggsgERbegfhéy n%rlﬁekhﬁagfﬂ¥sthe desired
mutation introduced therein, to obtain a DNA fragment
having the desired modification introduced therein.
Mutation-introduced DNA fragments may then be linked to a
20 DNA fragment encoding another portion of a target enzyme.
Alternatively, in order to obtain DNA encoding an
enzyme consisting of a shortened amino acid sequence, for
example, DNA encoding an amino acid sequence which is
longer than the aimed amino acid sequence, such as the

25 full length amino acid sequence, may be cut with desired
restriction endonucleases, and if the DNA fragment
obtained thereby does not encode the entire target amino
acid sequence, it may be linked with synthesized DNA
comprising the rest of the sequence.

30 Thus obtained genes may be expressed in an
expression system using E. coli or yeast and its enzyme
activity measured to confirm that the obtained gene
encodes flavone synthase. By expressing the gene, it is
also possible to obtain the flavone synthase protein as

35 the gene product. Alternatively, it is also possible to
obtain a flavone synthase protein even using antibodies

for a full or a partial amino acid sequence listed as



Saccharonyces, such as Saccharonyces cerevisiae, and as filanmentous fungi
there may be nentioned m croorgani sns 20 bel onging to the genus
Aspergillus, such as Aspergillus oryzae and Aspergillus niger and

m croorgani sns belonging to the genus Penicillium Aninmal cells and pl ant
cells may also be used, the animal cells being cell lines from mce,
hamst ers, nonkeys or humans. |Insect celPs; such as 25 sil kworm cebg, or
the adult sil kworns thensel ves, may al so be used. The expression vectors
of the inventdzgnivilkoi gl uder éxpeedsiwrh reegubatiag nayihdissgch as a

promoter and g 1 ALY o 8166BhL Ca5AOL QO i,9hB. i ft £nociiapendi ng on the
30 type of ho@trsgﬁé%%ﬁﬁ tr%gy ar eé}%o b(—‘i3 I r?trodﬁced.c} Exanpl es of

pronot ers forrBaBi&Ri al expression vectors which may be used include
conventional pronesessg st yasther Cnpfrimineal sbace patewtter , | ac pronoter,

etc., exanples of.yeast prompters. that may.be i
gl ycera dehy&SFgrPJBh%as'g“né’teé:t&éﬁyd?%%eens seglﬁﬁic%ﬁfggfgﬁ—%gl q%%(;:%rfgfsér, etc.,
and exanpl es cohtéitamertheus thaagent Mrmvigensst haekd ney RS t%sed i ncl ude

anyl ase promtghsrsrmed Yy Ries€! fecde@pl @9e0hoahs NBdeL @ldy @St pronpters
that nmay be used includé viral promoters such ﬂg SV410 early pronoter,

SV40 | ate pr BRBKEFYOHT OFTREKRRKY bhSiBIAPEETSr S B S5r &5ar ed accor di ng
to a 5 convenbkanatireblrgdnishagtras maiyc tbumorhyl ormicisesls @, hobkgases and

the likg. Th fardmati;gn teoMehB g8RuEXN QRS M MeCEQERMRY al SO
be car!fflsed og?égﬁ%r%a%%g bg%%@%%ﬁs,or?al mef hods., The ﬁlostl% t;gnsfor med
a

by the expredsi BFFRAGIGH anag 1L 1P M TEGIFOQreant eht (RA°8d 6r 8d, and
the target ppehes Badrayube seclhvey ethcaddupusubtetlidrom the cul tured

product, et¢. agearding Lo SOMYSNINALsIELhOdS miiplheasscli | tration,
centrifugal separation, cell crushing, gel Il tration_chromatography,
i on- exchangeie@husitatlogeaphykany ¢ ORE2RLRRS - THYF [S*@8@n€ speci fi cati on
throughout diseassrsc hlavesegsyifasesr! éxaesiaedumyemanapdhagon,
e B a0 RS0 W EiSlaRlfof e o1 a0 AR it Hgvages ol rectly
mentioned microorganisms belonging to the genus
Saccharomyces, such as Saccharomyces cerevisiae, and as
filamentous fungi there may be mentioned microorganisms
20 belonging to the genus Aspergillus, such as Aspergillus
oryzae and Aspergillus niger and microorganisms belonging
to the genus Penicillium. Animal cells and plant cells
may also be used, the animal cells being cell lines from
mice, hamsters, monkeys or humans. 1Insect cells, such as
25 silkworm cells, or the adult silkworms themselves, may
also be used.
The expression vectors of the invention will include
expression regulating regions such as a promoter and a
. terminator, a replication origin, etc., depending on the
30 type of hosté into which they are to be introduced.
Examples of promoters for bacterial expression vectors
which may be used include conventional promoters such as
trc promoter, tac promoter, lac promoter, etc., examples
of yeast promoters that may be used include
35 glyceraldehyde-3-phosphate dehydrogenase promoter, PHO5
promoter, etc., and examples of filamentous fungi

promoters that may be used include amylase promoter,



20 cytochrone P450 genes constitute a superfamly (DNA and Cell Bi ol ogy,
12 (1993), Nelson et al., p.1) and that cytochronme P450 proteins within
the sane famly have 40% or greater identity in their amno acid
sequences while cytochrone P450 proteins within a subfam |y have 55% or
25 greater identity in their amno acid sequences, and their genes

hybri di ze to each other (Phar macogeneti cs, 6 (1996), Nelson et abggi p.1).
For exanple, a gene for flavonoid 3', hxdroxyl ase, which was a type of
cytochrone P450 and participated in 30 the pat hway of fl avonoid
synthesis, was first isolated fro petun ture Hol t on et
al ., p.276), UERfd 97 -pefimTA 9 oﬁ‘Br‘ﬂa lNraf‘ 7ar o?y?xgg%éésg%?avtvas used
as a probe tomeasid yISIeSiOILaCHJCaE f\dmdngrdm@tefs -SquaéxWé%eEEg’éﬂe from

entian (Pl an I 9634 Tanaka et al ., 711
gr ai Ir| e- éent i ér&%tlb )fé%g I V‘l%%/ﬁfé%gS é1993 g )

uchi
| avender, toreni él‘@n&xi?é?‘t’)%%f&‘ C’ﬁ?&?ﬁbﬂ?%@%@gﬁé’é‘éﬁé ?ﬁ%%’écﬁjs’l? %33
(1998), Tanakomterdlionap. @hodTmngareathaﬂlcaﬂ lendbnanyeadfes he fl avone

synthase |1 0ENES OLakneyl WAALT 0Bndet Lyt d0MiSAARET 200 hiakeni a of
perilla, whic FHre S ca ab e of 'synthesizing 5 flavones direct]y from

f1 avanones, ca&h %@f@§ééoas"%?top¥r gBg, 2l e otP‘?jérartréeSbf"éF n2¢¢ ¢ &¥nt hase
|1 genes cap@&l@r@flowmtrhl@&iddmg flavones directly from flavanones, from

Cor ol ot (ePS! o9 af RLSRL SerarfatcENBRIBY xaxrg)%ggmgvémrsm@wragon-
torenia- or 10 peri ®l a°det i Ve l"avone aseé enz%/rres descri.bed in

this spetificesionturedh %%F%WHe@Fzéa’FS’r%ﬂ/'oﬁé‘g BP?eY: FIPt HEGRe LD
fl avanones, angd, ol @leBbRgrétddR0gues f agai Nsin tthe cehzyres dxpduonvent i onal

met hods, it is 0SS ble.to obtain t.fl.av syhthase |l proteins
that react wi¥ §Cfﬁ§gé‘ﬁ?|tbo nveng&%ﬁg%%%tr?wgnggg%odl ng for _those

prot ei ns. Con@elqu@mlby, @Wetrp{fe@éﬁtsﬁﬂ%/’éfrﬁ%% F§l|110?r‘f‘?}?ﬁrt9e'd 9eterely to

snapdragon-, #0rgRitdsn0fhRedddgaagar| vesh-garesngboehtbmanaong appgt hases ||
capabl e of synt &zl zRg?flavones 20 directly fromfl avanones, but further

rel ates'? o fI hases |1 derived from numerous ot her plants, which
The present specification throughout discusses

flavone synthases II derived from snapdragon, torenia and
perilla that are capable of synthesizing flavones
directly from flavanones, and it is also known that the
20 cytochrome P450 genes constitute a superfamily (DNA and
Cell Biology, 12 (1993), Nelson et al., p.1) and that
cytochrome P450 proteins within the same family have 40%
or greater identity in their amino acid sequences while
cytochrome P450 proteins within a subfamily have 55% or
25 greater identity in their amino acid sequences, and their
genes hybridize to each other (Pharmacogenetics, 6
(1996), Nelson et al., p.1l).
For example, a gene for flavonoid 3',5'-hydroxylase,
which was a type of cytochrome P450 and participated in
30 the pathway bf flavonoid synthesis, was first isolated
from petunias (Nature, 366 (1993), Holton et al., p.276),
and the petunia flavonoid 3',5'-~hydroxylase gene was used
as a probe to easily isolate a flavonoid 3',5'-
hydroxylase gene from gentian (Plant Cell pPhysiol., 37
35 (1996), Tanaka et al., p.711), prairie-gentian,
bellflower (W093/18155 (1993), Kikuchi et al.), lavender,

torenia and verbena (Shokubutsu no XKagaku Chosetsu, 33



are capabl e of synthesizing flavones directly from flavanones. The
sources for such flavone synthase Il genes may be, in addition to
snapdragon, torenia and 25 perilla described here, also gentian, verbena,
chrysanthemum iris, commelina, centaurea, salvia, nenophila and the

|'i ke, although the scope of the inventionis not |imted to these &Iants
The invention still further relates to plants whose 30 colors" ‘ar elfili:

nodi fied by introducing a gene or genes ¥or- flavone synt hases Il that can
synt hesi ze flavones directly fromfl avanones, and to progenies of the
plants or the(rsgg)suesakahechaay ml5so-be in the formof cut flowers.

By using the flavong Sy”%“é@?é dd N To*%ebﬁy?’éf genes 1Whioed bavenbeen cl oned
according to the |nvent|on possi bl e to produce flavones in plant

species or vatletdnes pﬁath%t%Rﬁ%ﬂ?%@“p@ﬁﬂ&&%dlf{%Wefﬁﬁp 696l utely no - 13
flavones. By expr&sis kg b@glfi@VGﬂﬁxSWBtbaSEpibl@eﬁESQM»hEhezg@%es in

flower petals, fi i s pOSSIb%gV thp%ﬁiéﬁﬁo?égh g¥fqgguggdfg§vgnes in the
e

flower petals, A6k e col6rs o owers to be nodified
toward 5 the praies, fior cedanpte.ol@eivefdargne by HaE€sSinge8§ht hesi s of
flavones in fé%w%%%%uk&iﬁ@&sbbb@egOdmdjtny tthemcol ors of the

flowers toward the red, for vever, have nyri ad
effects on fl ofkAvaEI"6Fs, T50Y ‘ﬁ%e&ﬁéﬁ 88°Fh sloof g%glr% ¢olors are

t heref ore not Fimdteadhotre, thpsgurnﬁynﬂgonéa freardragony t RETBREReMYT | evel of

technol agy, i tye L8 DOSSEbl ey A Ji0dyaEnasgene diitiyied BLastibntl BXpr ess
t he gene In a Ttonstitutive or tissue- S eCI | C_nanner, élré chJ
| sense

possi bl e to repHes $pere fagph eI O €80 BN Y&S égﬁgoﬁesan an
nmet hod or a CO§¢5MNﬁ£E9bﬁBne§EtdﬁﬂjobA31exagp¢E§1HﬂﬁHESaﬁgﬁenﬁhb¢kﬁ pl ants

there may be q?@%k%n%d r8§&%ntJBH%§aRE@RHH§);ﬁﬁhﬂﬁ5b991b§@a@@réﬁﬂuln
cycl anen, or chitf pra|V -gentiran, freesia, gerb adloJ , baby's

|
breath, kal ancCFvo‘éerIelnrtyfl@‘é‘PPa? ForithRse Ejér%rrf?ftﬁﬁnspéthﬁ‘ﬁl &a ?tbr"élhﬁ a, tulip,

rice, bardey, wealtibbapeseethd petata, géoemtadipgpkar, thasana,

eucal ypt us, %ge%kl%otato soybean, alfalfa, lupin, corn, etc., but

Consequently, the present invention is not limited
merely to snapdragon-, torenia- or perilla-derived genes
for flavone synthases II capable of synthesizing flavones

20 directly from flavanones, but further relates to flavone
synthases II derived from numerous other plants, which
are capable of synthesizing flavones directly from
flavanones. The sources for such flavone synthase II
genes may be, in addition to snapdragon, torenia and

' 25 perilla described here, also gentian, verbena,
chrysanthemum, iris, commelina, centaurea, salvia,
nemophila and the like, although the scope of the
invention is not limited to these plants.

The invention still further relates to plants whose

30 colors are mgdified by introducing a gene or genes for
flavone synthases II that can synthesize flavones
directly from flavanones, and to progenies of the plants
or their tissues, which may also be in the form of cut
flowers. By using the flavone synthases II or their

35 genés which have been cloned according to the invention,
it is possible to produce flavones in plant species or

varieties that otherwise produce little or absolutely no



there is no limtation to these. 25 Because fl avones have vari ous

physi ol ogi cal activities as explai ned above, they can inpart new

physi ol ogi cal activity or econonmi c value to plants. For exanple, by
expressing the gene to produce flavones in roots, it is possible to
pronote growth of mcroorganisnms 30 that are beneficial for the plant, and
thus promote growth of the plant. It is also possible to- synthes?{fig

fl avones that exhibit physiological activity in humans, animals or
insects. 35 Exanol es The invention will now be explained in further

detail by waylaforndre falyl ewpngsexagrpihes flanlasssynigases gt e R &
specified, the npl %U'i%r Hiokogical) retihods oweE ep caryd ethcutasaccording to
Mol ecul ar C oni % r?e anbrook et al., 1989). anpl e 1. %oni ng of

snapdr agon f Fa& cHeeW\nhadéayePnegerie Wfﬁﬁgeéxggéi{%d %1"9m about 5 g of
young buds of1Bowi¥e) ltow Botbesfdy wmapdoages €ooberenedidievarmewbydSakat a-
no-| ane, KK d pol.yA+ RNA was obtained by an Aigotex. This pol yA+ RNA
was used as %\h?e Wegte* troeﬁ)m%irl\%bare a cDNA library using a Lanbda ZAPI |
CDNA Library Syridresirsekyt potFeRERFSHES 5y EReS hetHod Y&Somtended by
Stratagene (8i&alagenaiknsteuctigssdanuaky Rewi sy othdtQGHREE) of TheecDNA

Library vas screencd using, fhe Lyl e engt; sONA, CYPA3BI s bhg=probe. The

screeni ng ant A% et CEET positive ¢lones were carried out using a
DI G DNA- | abehavg rand adeeééespn &b tf (BEShEPhger) a6 orrnaPrESnmeihod

recommpnded by the SATR sCQIPaNYer RS ndtl OWmiséd i figedioseondi ti on.
Specifically, a hybridization. buffer (5 x

| S 30% . 20 f.or 1.de;,. 50 nv
sodi um phosphait'et B\ BETEpH F1 oY, t o §I5§,n§2%}5 gc 5 ngecrhgggg%' e
(Boehri nger)is Gd%idlautoylisarodsineg g@bepghht sap i FFer MPRAFSwas used
for pr ehybr%@déotriﬁag 426§ Pru2 oS ¢ i abtier s btk ohi ¢ R@nnBE G- | abel ed
ed an

pr obe was ad d the mxture was kept 25 overni geht. The men‘grgne was
rinsed in 5 whiSsc i ﬁ§iﬁbso possible to repress the “eXpression o

15 target gene by an antisense method or a cosuppression
method.

As examples of transformable plants there may be
mentioned rose, chrysanthemum, carnation, snapdragon,
cyclamen, orchid,‘prairie—gentian, freesia, gerbera,

20 gladiolus, baby's breath, kalanchoe, lily, pelargonium,
geranium, petunia, torenia, tulip, rice, barley, wheat,
rapeseed, potato, tomato, poplar, banana, eucalyptus,
sweet potato, soybean, alfalfa, lupin, corn, etc., but
there is no limitation to these.

25 Because flavones have various physiological
activities as explained above, they can impart new
physiological activity or economic value to plants. For
example, by expressing the gene to produce flavones in
roots, it is possible to promote growth of microorganisms

30 that are beneficial for the plant, and thus promote
growth of the plant. It is also possible to synthesize
flavones that exhibit physiological activity in humans,

animals or insects.

35 Examples
The invention will now be explained in further

detaii by way of the following examples. Unless



solution containing 1% SDS at 65C for 1.5 hours. One positive clone was
obtained, and it was designated as ANFNS1. Upon determ ning the
nucl eoti de sequence at the 5 end of ANFNSI it was expected that ANFNS1
encodes a 30 sequence with high identity with the flavanone 2- hydroxyl ase
encoded by licorice CYP93B1, and it was assuned that it encoded a P450
wth a function simlar to that of flayanone 2-hydroxyl ase. Howe\iég, a
conparison with the am no acid sequence 35 of flavanone 2-hydroxyl ase
encoded by CYP93Bl1 suggested. that the chNA of L ANENSI | npeg%lo%sful | -1 ength
cDNA, | acki ng PREYboT t1561 ¢ oF F espbnditg T3 2Approx P et &t y **15 am no
aci d resi dueswbrensdhe danioticat ¢ ngr dmstchitoniMed echer ANFNSIY cONAbwask
therefore used,as,a propg for-rescreening of the snapdragon cDNA library,
to obtain cDNA (ANFNS2) ~ 'whi ch was bel i eved t% i ncl ude t e fuIII -l ength
egrte - ] ¢ F—=Dy-—=ANFNE atrred—=her e
exhibited 53%identity omgehbe amno acid level with__ flavanone
2- hydr oxyl ase enc d h a The i sequence of
ANFNS2 is |isted as E"@%I %?”P é%%énfgﬁgagmsn_ %gr%égg%ﬁgﬁcse%ae uced
therefromis Y4blew studdeasl BEQIMIr MO (CERARPF 2D, @Ol FaR Bor eni a
f:cavone synt hﬁ@ﬁréde,g&?@),%w@@a et @esf bpahappr axi nately 2 g of buds
o] a torenia variet vari et ame: Sunrenive, Variety .Registration
Appl i cation N3 *9 aérgérc’d??\:]gyr}?+g%%ew§3e8§’eglgsaandteé%)elcﬂ%l%n%so Law, by
Sunt oryldtd. )paewhitche poONXAFLIRNAY wes ngbeal-aaddai 1P Hn cONAgeLEx2r The
pol yA+ RNA was, s ; a%id { SPPddifeded PLepAbenatr &EMNA-dddiimdhyiedsbpg a
Lanbda ZAPI| cDNA Li brarX Sé/nt hesi s Kit QStrata e%g) %}(j.t he net hod
recomended bYHStT3RAERGen8“ 3T HETS JNEFT IR ERRMTR 20 FVTRE“EDNA I brary
‘was screened ¥&30Q 19 -m Lheredwf lLtilearaf srenenteomed WGYPG3BLec DNAL and
ANFNS1 cDNA ap. e Bhabessosie SCcheenbhgnand el ecdidn ab pagitive clones
were carried out” under the |ow stri ngent conditions, as  described in
Exanpl el3. 257%4R5 (368 PEVROTH o id ST 66t BFhB S and Wés td8si-§fated as
TENS5. Upon det@emmanilagetl heg farld desekedbn deisegireriva ngefr ) TENSEd cONA, it

was found thaghéIﬂ%tﬂggt?éébﬁHEHy$%db9ythe same company, under a low
stringent condition.
Specifically, a hybridization buffer (5 x S5C, 30%

20 formamide, 50 mM sodium phosphate buffer (pH 7.0), 1%
SDS, 2% blocking reagent (Boehringer), 0.1%
lauroylsarcosine, 80 ug/ml salmon sperm DNA) was used for
prehybridization at 42°C for 2 hours, after which the
DIG-labeled probe was added and the mixture was kept

25 overnight. The membrane was rinsed in 5 x SSC rinsing
solution containing 1% SDS at 65°C for 1.5 hours. One
positive clone was obtained, and it was designated as
ANFNS1. Upon determining the nucleotide sequence at the
5' end of ANFNS1 it was expected that ANFNS1 encodes a

30 sequence witﬁ high identity with the flavanone 2-
hydroxylase encoded by licorice CYP93Bl, and it was
assumed that it encoded a P450 with a function similar to
that of flavanone 2-hydroxylase.

However, a comparison with the amino acid sequence

35 of flavanone 2-hydroxylase encoded by CYP93B1l suggested
that the cDNA of ANFNS1 is not a full-length cDNA,

lacking the portion corresponding to approximately 65



TFNS5 cDNA exhi bited 52%identity on the amno acid level wth

fl avanone- 2- hydr oxyl ase encoded by snapdragon 30 CYP93B1l. This TFNS5 cDNA
al so had high identity of 77% w th the protein encoded by ANFNS2, the
snapdragon- derived cDNA obtained in Exanple 1. The determ ned nucleotide
sequence is |listed as SEQID. No.3, and the amno acid seqyenqey,dg&@?ed
therefromis listed as 35 SEQID. No.4.15 16 Exanple 3. Expressio
torenia flavone synthase Il gene in yeast The foll ow ng experinent was
conducted in order to . 3 he. & -actk Yty ofedhi®npmet ei pnencoded
by 5 TFNS5, tﬁ’%l‘%raé:n“iaaq%%ﬁi‘s% té‘ioﬁgé%i%ﬁlgggujlce 5 “Parts of  the outside
of the transl| A¥RNBY edivonvef Eher YeHe Werd 2 n’gi PYRRF t'¢5 ArSdGce ™9
restriction epzyie Sdl-@9-then eitnA A ipepar ecaolsenise qINATEANESS2Z)
AAATAGGATCCAACCat g GACA CTTAA- 3under i ne, = il i teri nbowek gase
letters: ini tT’%‘t?tgr’f’aéo Sgel’%‘é%(f Ein%ﬁlélfjg) %hgndgégir_li la%g;ltzler?sénbr }Q@rr%r (5'-
CCCTTCTAGAL caAGEACCEGATATE GRaBRoaae g odednlEr PIRESZ oFar nesli 1872 ower case
letters: ter n%%tg%dcg%nzdéﬁlj Bn the. BhiMer &c useakwlt kiKED pol ynmer ase
(Toyobo) for 15 reaction. The PCRhcgngi iongavgrae ogggvfpggggme m nut e,
20 cycles of {bBETVE 25NEREORU?SSEEPEFI10Y seeTnds2° 74C for 30
seconds), fol tewad:dleot4€ef oeqidhad it e§FNARt &% 1 etresd@si /§Ot RB-resul t ant
PCR product ipto, the Si f I Ll ceKene reBtrbat agene), it
was 20 di gestlgcc’i’w taﬁldr ggg?@ﬁ%%%ﬁzsggggéﬁﬂﬁ and Xbal and introduced at
t he BanH) - XbalistiadkssoFEPhED yd¥3t2- expressi on vector pYES2 (I nvitrogen).
The resul tantgxhmisniod wWasoh e d Mittodudeds Latond havead ape

&3, r3a ageq s A
Gene). The enzyne tivit red Lhen et hod desghi bed by
Akashi et al . (FEE?%‘%@F?.%X%%%%‘S%)O, ag\égshi et gf.,??za@. The
transforned yeastreréld yapeeey ClATEEd AR 205 M~ O Cel dE&FHT67 medi um (6. 7
my/ M amino @&l drddee oyeashl Niddiegenchased § Bi 4oco)rdi2@ g/ rhegfeedse, 30
pg/ M | eucine 0 m_ trypto Am 304 cagamn9aackdy, at 30C
for 24 tour s.éncﬁf%eger%/lﬁa?\sle%/?‘i"n%%%éﬁggézﬂgeﬂs wth w1y

was obtained with an Oligotex. The polyA+ RNA was used

as a template to prepare a cDNA library using a Lambda

ZJAPII cDNA Library Synthesis Kit (Stratagene) by the
method recommended by Stratagene as mentioned in Example

20 1. The cDNA library was screened using a mixture of the
aforementioned CYP93B1 cDNA and ANFNS1 cDNA as the
probes. The screening and detection of positive clones
were carried out under the low stringent conditions as
described in Example 1.

25 One positive clone was obtained, and was designated
as TFNSS. Upon determining the full nucleotide sequence
of TFNSS5 cDNA, it was found that the protein encoded by
TFNS5 cDNA exhibited 52% identity on the amino acid level

. with flavanone-2-hydroxylase encoded by snapdragon

30 CYP93Bl. Tﬁis TFNSS5 cDNA also had high identity of 77%
with the protein encoded by ANFNS2, the snapdragon-
derived cDNA obtained in Example 1. The determined
nucleotide sequence is listed as SEQ.ID. No.3, and the

amino acid sequence deduced therefrom 1is listed as

35 SEQ.ID. No.4.



centrifugation, the harvested yeast cells were cultured at 30C for 48
hours in an expressing nmedium (10 ng/m yeast extract, 10 ng/m peptone,
2 pg/m hemn, 20 ng/m 35 gal actose). After collecting the yeast cells,
they were washed by suspending in water and collecting them d ass beads
were used for 10 m nutes of disrupting, after which - 17 thecelliav\ere
centrifuged at 8000 x g for 10 m nutes. The supernatant was furthe
centrifuged at 15-,000 x g for 10 minutés-to obtain a crude enzyne
fraction. A mixture of 15 pg of (R, S)-naringenin (dissolved in 5 30 ul of
2- met hoxyet hamabkpld 1 afxocrudécengy neorsolis ifdavoandsdn i NADEPH (t ot al

reaction m xture vol une: }““Q’Ség’: ),eég/\@s reacted at 30C for 2 hours. After

termnating the reactio y ition of 30 pl of acetic acid, 1 m of
ethyl acetate was BefelelP ldf¢ RO BUPERETS (125 APRERC TR cBht?T9Ugdtd on, the
ethyl acetategbayer was dved wethvan, @vaper atoreiThencesddiuey was

di ssolved in 100 pl of  nethanol d_anal yzed by HPL he |l ysi:s was
carried °out ﬁ&%?difrfbe tté’rteﬁéanﬁPﬁ%ao%easl@)r/el e i/ca}i g%hzl-r' et” a -Sy'sf?ﬁe aci d
treat ment i nveheeduts sBolajt itbn bfatdhieatks! eeaporapértieieehrsafdlee in 150 pl

of ethanol conbaiAlfg «clAYBYAROEOIi,6 Gk, ABYnS! bT£dAG ol 30 L NUL 5.
This was diluted with 1.3 mM of water, 800 pl of ethyl acetate was

further addedPaRBE2FE xedriér BWTRT &hd after centrifugation, the ethyl
acet at e | ayer anasagecoveredatZOATRCAC AT Aphén ; drhddr 1 dis solBagdli n 200 pl

of methagol. ande, afalyzedebycHELL . This o18a5bneKRESR P Nnd 11G0M ee sGYPOIBL
produced 2- hydrokynaringenin from naringenin, but yielded no apigenin

(Fig. 1, A . epflyanupsitigerget PERT®ent of the 25 reaction mixture, apigenin
was yi el ded fcoprReTAndi-axy At OGEMTTAIEIcECCEE-B) ; windemntreast Xbefie yeast
expressing torenia ,TENS5 yie %j i genin LeopynaLingenidyo Wt hout acid
treat nent of ?ﬁge’relao&elrgﬁgﬁ‘i ;'gg%la%ﬁ g. %n 0. él%i S ge(im)nst rated that
TENS5 encodesNa- ] ateoite u86dsyht hak@ IHOLYRRAADE e (AOY B & SirRof |
snapdr agon fl ayoneisynt hasertk cgeneiidnsyeast #°appsoximatelnyt2400 bp DNA
fragneht Obtabﬁe§§c3és of (98°C for 15 seconds, 55°C for 10 seconds,

74°C for 30 seconds), followed by 74°C for 10 minutes.

After introducing the resultant PCR product into the
EcCoRV site of pBluescriptII SK(-) (Stratagene), 1t was
20 digested with restriction enzymes BamHI and Xbal and
introduced at the BamHI-XbalI sites of the yeast

expression vector pYES2 (Invitrogen). The resultant

plasmid was then introduced into BJ2168 yeast (Nihon
Gene). The enzyme activity was measured by the method

25 described by Akashi et al. (FEBS Lett., 431 (1998),
Akashi et al., p.287). The transformed yeast cells were
cultured in 20 ml of selective medium (6.7 mg/ml amino
acid-free yeast nitrogen base (Difco), 20 mg/ml glucose,
30 pg/ml leucine, 20 pg/ml tryptophan and 5 mg/ml

30 casamino acia), at 30°C for 24 hours.

After harvesting the yeast cells with
centrifugation, the harvested yeast cells were cultured
at 30°C for 48 hours in an expressing medium (10 mg/ml
yeast extract, 10 mg/ml peptone, 2 pg/ml hemin, 20 mg/ml

35  galactose). After collecting the yeast cells, they were
washed by suspending in water and collecting them. Glass

beads were used for 10 minutes of disrupting, after which



di gesting ANFNS2 cDNA wi th BanH and Sphl, an 35 approximately 350 bp DNA
fragnment obtained by digesting the sane with Sphl and BanH , and pYES2
digested with BanmH and Xhol were ligated to obtain a plasmd, which - 18
was then introduced into yeast by the same nmethod as described in Exanple
3. The resultant reconbi nant yeast <cells were used to neasure the flavone
synthesis activity by the sane nethod as in Exanple 3. The yeast 75 1493
expressing 5 the snapdragon-derived ANFNS2 produced api genin wi t hout~ acid
treatment, thus denonstrating that ANFNS2 encodes a flavone synthase II.
Exanpl e 5. Construction of expression v S nt expression
vect or was corstceiés et Cf(‘f}trht?%edﬁc?e ?ﬁk@s hﬂggfgﬁoeﬁﬁﬁ‘ug%ﬁm obt ai ned in
Exanpl e 2, 4t @uplegmtsgntAﬁaberfdrgwt |C|¢gthE2<1qC8 aUs 5S¢ PPANE Tefer

Physiol ., 37 (1996 suhar t cRz49) mgdﬂt@a@l a blunting kit

( Takar a) was! Uded” %%S tlur# tg g gna?de’a teg ? <L pkegr; { Toyobo)
was inserted. The méswizg o 15 *pS‘Fa&fm (& \ﬁés“?ﬁjerhgecf‘m with Hndl 1l and
EcoRl, and ajb | APBE OXi fEadrRixy e 8h kito DNA 1If magaent r uakss er“e"d@?e?@él‘ltq‘]’fé DNA
fragment was {ked Lo,hg H0dlLLLEGOR (il & ol dhae:bioasymypct or

pBI NPLUS t o 3° 2 Vect or pBl NPL S used herg tai ned by
nodi f yi ng th&asbmaacyeQOatvé@t 6r £BF ML PRGc] . AT dssREe T8 i’g Bevan,
p. 8711), whigh, s 9ﬁ|aadiiednfef yena it BM|mCﬁrntlomlpPénts usi ng
Agrobacteriumcells, 1n r d eiddh . Eng(ﬁlcsﬁ et al.
(Transgeni ¢ FeY¥dafthta% fgc‘ggggggaanr{oemgélgeﬁh% al % % 25, The TFNS5
cDNA BB cutcouiriéhg®kicn), raet eklpy ac@Féé?ab@’% t‘ﬁingnﬁF Xhof™ Shd an

appr oxi mat el ¥, ,ofakBr . frmneaglams«asbuasaeﬂvaxd il94t ed ©6 the BarHl / Xhol
sites of the af orerrent one tor B2} sisThas eansiedict thus
obt ai ned, pSBEAALCL e}t 88 %’Z El\@g ﬁ(:@QLDEA |ER%O thgy ense direction under
the control @ft %Socamq floombe meRs CeFFFERE DO Er Mhaving a doubl e
repeat of thg, %thngpgabs@quemﬁeoixFélcamitlseelthhys:ﬁ)lthe 37 (1996),

M tsuhara et al efat L eneQfaddar eshdaihoner color 35
A torena va‘?\imagfiﬁr‘%relte%xsan}é?e Slun'rﬁlestr{l)l \[;e, var | ejtoymmutez This

10% hydrochloric acid, and stirring

was diluted with 1.3 ml of water, 800 pl of ethyl acetate

was further added and mixed therewith, and after

centrifugation, the ethyl acetate layer was recovered.

20 This was then dried, dissolved in 200 pl of methanol, and

analyzed by HPLC.
The yeast expressing licorice CYP93B1 produced 2-

hydroxynaringenin from naringenin, but yielded no

apigenin (Fig. 1, A). Only upon acid treatment of the

25 reaction mixture, apigenin was yielded from 2-

hydroxynaringenin (Fig. 1, B). 1In contrast, the yeast

expressing torenia TFNS5 yielded apigenin from naringenin

without acid treatment of the reaction mixture (Fig. 1,

C). This demonstrated that TFNS5 encodes a flavone

30 synthase II.
Expression of snapdragon flavone syvnthase II

Example 4.
gene 1in yeast
An approximately 1400 bp DNA fragment obtained by

digesting ANFNS2 CDNA with BamHI and SphI, an
35 approximately 350 bp DNA fragment obtained by digesting

the same with SphI and BamHI, and pYESZ digested with

BamdI and XhoI were ligated to obtain a plasmid, which



Regi stration Application No.: 7433 according to the Seeds and [

Law, by Suntory Ltd.) was transformed with g 19 i 5 pSPB441 coﬁg'?(rju:?gz

in Exanpl e 5 above, according to the nethod of Aida et al. (Breeding

Science, 45 (-1995), Aida et al., p.71). Over showed alteration of purple

of the and the right were neasured parent strain Horticultural parent

flower 95% of the obtained transformants the flower color: fr omt Béfi3dar k

strain to a light purple. The left petal colors of four flower petals

“While the flower petal color of the- was-Nunber 89A according to the Royal

Soci ety Color Chart, the typical flower 10 petal colors of the

H}:{]s:‘ ﬁ'[ p?ggt S?Mrh%nsgggrrl:&é?’edszgmlﬁ&t ®LAhet camd hegdrodesdl t s i ndi cat ed
uction intg p e AWBIL NGO

transf or med 5fivi§tat 3, ’iaﬁpéﬂgrrgun ﬁp‘%sr %%g\%h%sf?{gn ed af/QSbt@g%L/ llg Eﬂgt

of the host,caiis @etheuseks tanBaAs ol tshﬁﬁéé‘yaﬁ?n%yr\‘lﬁbesrlédﬁ{fédvfﬁyabout 1/ 3

;Egt pg];lt ;E?dt%}g)s(cthfel ALzo n‘\jeec;h%@t ed verexdipaeanoneshd nardstgenpressend odi ct yol
yfl avanone r [ S

were not det'dtd ed2PAT I HE dﬁ(’fé QZ%\%HN%\[{%%EQ é)ﬁfedgsﬁqgnhg%:%l@g%ﬁgrs that
synt hase in qmeidjmlraatm@ltas@dSngmtﬁﬁéé”Ean%H&%ﬂ’slanBCﬁ Petni a

vari ety (varﬂl%tvyén@aggntﬁes\éolmtl on Violet mni, variety Registration

Appl i cation No according to cedli pgspiaw, by
Suntory Lt d.5X390dEr aind PG t38SH SHESENapol T et al — (Plant Cell, 2
(1990), Napoli at paémt; qmpzm)slo@rm@g P’ﬁsf?%%\%‘?r%leér $§%occurred C

the torenia cDNA obtained in Example 2,

10 introduce TFNSS5,

into plants. After digesting pBE2113-GUS (Plant Cell
Physiol., 37 (1996), Mitsuhara et al., p-49) with Saci, a
blunting kit (Takara) was used to blunt the ends, after

which a XhoI linker (Toyobo) was inserted. The resulting

15 plasmid was then digested with HindIII and EcoRI,
approximately 3 kb DNA fragment was recovered. The DNA

fragment was linked to the HindIII/EcoRI site of the
Vector

and an

binary vector pBINPLUS to prepare pBE2113".
pBINPLUS used here was obtained by modifying the binary
20 vector Binl9 (Nucl. Acids Res., 12 {1984), Bevan,
p.8711), which is widely used for gene introduction into
plants using Agrobacterium cells, in the manner reported

by van Engelen et al. (Transgenic Research, 4 (1995), van

Engelen et al., p.288).
25 The TFNSS5 cDNA was cut out of SK(-) vector by
cleavage with BamHI/XhoI, and an approximately 1.7 kb

fragment thus obtained was ligated to the BamHI/Xhol

sites of the aforementioned binary vector pBE2113'. The

expresses TFNSS cDNA in

construct thus obtained, pSPB441,
of 35S cauliflower

30 the sense direction under the control
mosaic virus promoter having a double repeat of the

enhancer sequence (Plant cell Physiol., 37 (1996),

Mitsuhara et al., p-.49).
Example 6. Alteration of torenia flower color

35 A torenia variety (variety name: Sunrenive, vVariety

Registration Application No.: 7433 according to the Seeds

and Seedlings Law, by Suntory Ltd.) was transformed with



intw of the resultant transformants, where the flower colors were

| ighter than the parent strain. The flower - color of the parent strain
was Nunber 88A according to 30 the Royal Horticultural Society Col or
Chart, whereas 87A in the transformants. Also, while no flavones were
detected in the parent strain, a flavone, luteolin, was detected in the
transformed strains. Exanple 8. doning of oerilla flavone ‘synthasgjfg!
gene 35 The nmethod described in Exanpl 1 was used to screen a cDNA

| ibrary prepared from | eaves of red perlgi l'a (Perilla frutescens)
according to the nethod of Gon - 20 al. (Plant Mdt. Biol., 35,
(1997), Gong é>%&r4l b@f@%f“ﬁ&ﬁ@%‘ﬁ@?ﬂ@ ?S‘%kfoé'teagéﬁ%?r‘éjs"%ﬁ@ V8&t or .

Cul turing, DNAetppepaf atidaneandl sulzcleendiing ofidree,r esul199t9 ,phage cl ones
#3 were carried gyt agcﬂrd' ngvézo 9tshseo@emgdgrpcfa&gagtegns‘%oaéman&é" ant Ml .

Biol., 35 (1997), )T} he nucl eot’i de_sequence was
det er i ned an&hPV§fieﬁ“§§atSEbchDthﬂof °W¢ﬁecct}é’€fuééﬂma"rﬁenéja§(}fl d sequence
encoded by t pusphecd £ othedpa sequenceinaso | a stigtitasuSEHQ@ | DThMo18ft Thi s

an no aci @ sequance. Shoped: 7600 15% LS idey cghL Nt L0 TENSE, and ANFNS2,

respectively. It also % identity with : Exarrp e 9.
Expr essi on of wﬁé?lT‘Faasqueévonvé(l]slfnttﬁﬁsél‘?‘l’er é’éﬁéll ﬁo%fé%ﬁf tHE phage cl one
#3 obt ai ned i paExanpdter a8 nwass usetheas 894 aadreiphate frer RBER1by t he net hod

described in E?S@@énﬁt%ral“%&%t‘ya%@ér%ﬁgﬁr' WRE { rcaatlag%%r The

arrpllfled DNA fragnment was subcl oned he Eco site of zBluescrlpt
KS(-). Alcl onBehft kFocl’r?ésl fAf 5% |toﬁ“66‘a’61‘?‘8°r5 BBFF1§2F: B78voRéCsynt hase ||
CcDNA on the SaBp, sitre sitde afhe2@ pBkubscriingticKSéd )theas isekedtediorand was

designated asqcpfisdhs TheoWeheQl LR seaienae,of ddiR,GONA insert of pFS3

was determ ned, and PCR was conducted to confirmthe absence of errors.

An approxi mat el y 178 tR6 DNASFCARREnt "SHH& A  bihe 28o4P§esting pFS3 with
Sal | and Xbal f Wwasorldsgabegedylt/ll p¥ES210 dihlgesbédt g thosXhowhahel tzal (Exanpl e

3) to obfain AnoHayF Qnm nWas wesighated 8s due3.1/anghdhicy was
I ntrOduced I nt Oe¥1 %t BJ? [e) detgcggg wrreezteh(%qaggggr{e!sbeg}alrgngenln,
eriodictyol and pentahydroxyflavanone) which are flavone
biosynthesis precursors that were not detected in the
host.
20 Example 7. Expression of flavone synthase in petunias

Plasmid pSPB441 was introduced into a petunia
variety (variety name: Revolution Violet Mini, Variety
Registration Application No.: 9217, according to the
Seeds and Seedlings Law, by Suntory Ltd.) according to

25 the method of Napoli et al. (Plant Cell, 2, (1990),
Napoli et al., p.279). Changes in flower colors occurred
in two of the resultant transformants, where the flower
colors were lighter than the parent strain. The flower
color of the parent strain was Number B88A according to

30 the Royal Horticultural Society Color Chart, whereas B7A
in the transformants. Also, while no flavones were
detected in the parent strain, a flavone, luteolin, was
detected in the transformed strains.

Example 8. Cloning of pverilla flavone svnthase II gene

35 The method described in Example 1 was used to screen

a cDNA library prepared from leaves of red perilla

(Perilla frutescens) according to the method of Gong et



Exanpl e 3. Wen the flavone synthase activity of this 30 reconbi nant yeast
was neasured by the method described in Exanple 3, production of apigenin
fromnaringenin was confirmed, indicating that the perilla phage clone #3
CcDNA encodes a protein with flavone synthase Il activity. Industri al
Applicability 35 It is possible to alter flower colors by linking cDNA of
the invention to an appropriate plant egp;@s§ion vector and introdigi ng
it into plants to express or - 21 inhibit expression of flavone

synt hases. Furthernore, by _expressing the flavone synthase genes not only
in petals butf§rsdﬁlﬁnén§P%e %F%hts:%% tREPY ) appPopriatdet or garis )it s
possi bl e to i ngyease yheor gsi st £ 80381 Rhe SuBE€5007 qaNISTE Qf, Bhants or
to inprove the nitrogén fixing ability of |egunes by pronoting
associ ati on wi tdrepeiezosphere sikalsoriganrsnthe aseseldings ahgdenprlovest he
protective effeact g0t phaptsqsadal nstcovhti havi 8l ehe I ANG £ ldo@hit e~ 22
CLAIM5S 1. An isqlated gene encoding a flavopne synthase Il with__activity
of directPy syfthedPzPRf ¥Phvdhe&d fr drv f [ AVAAbNEL"D etafli-goPaféd) gene
accordi ng to claadm:hewhu€heotinodesuanpeotes nddravimgddenanlietadi ds
sequence | isted 8 5EQLD 10, Mo adecd o B of 1de Seauence,bhating, and
showi ng activity OF syn?he5|2|ng f1"avones %ron1?ﬁava nes, or an I'sof at ed
gene encodi ng taiprovelechidd mpaosacsf wvehekeswaf e &8 Ieqdien8es wherein

the amno aci @nsequRNEs asi heenecnedi shesedyr@ddidd ons euedel ey i enen of
one or ée am_ no §C|q§ and@;r one or nor sugitltutlo W t.h ég di fferent
amino actds, and"pos3RESHg et FFPPGCbEV SNt hesi ARG SFPEY98nas®f r om

fl avanones. 3 idénhity accor dive§3Bd.any one of clains 1 to 2, which has at

| east 55% i dengily ¥ th the aaoo acid Sequence:dhbskedyasnsEQ 1P No. 2,
4 or 8 of the Sequence Listing and 20 possesses activity of synithesizing
fl avones from fl avanones. S8REAAD; ¥883ked gene according to any one of
clains 1 to 3, whithe BHidediczegseWt s homld imerd anpaxbmpleadywanenodd tdre base
sequence, liste ) | 1,..3 7.0f t Segugng i St under
condi ti olnfl’s of g gg@%g%g@,rl\gﬁé Wai %}ﬁ@grhectc? éis draé%f)r gt e|8n9§ Hg&ﬂg 3

» using Lambda Arm Primer (Stratagene). The amplified DNA
fragment was subcloned at the EcoRV site of pBluescript

KS{-). A clone with the initiation codon of perilla

flavone synthase II cDNA on the SalI site side of

20 pBluescript KS(-) was selected, and was designated as
pFS3. The nucleotide sequence of the cDNA insert of pFS3
was determined, and PCR was conducted to confirm the
absence of errors.

An approximately 1.8 kb DNA fragment obtained by

25 digesting pFS3 with SalIl and XbaI was ligated with pYES2
digested with XhoI and Xbal (Example 3) to obtain a
plasmid which was designated as pYFS3, and this was
introduced into yeast BJ2168 by the method described in
Example 3. When the flavone synthase activity of this

30 recombinant yeast was measured by the method described in
Example 3, production of apigenin from naringenin was
confirmed, indicating that the perilla phage clone #3
CcDNA encodes a protein with flavone synthase II activity.
Industrial Applicabilitv

35 It is possible to alter flower colors by linking

cDNA of the invention to an appropriate plant expression

vector and introducing it into plants to express or



25 possessing activity of synthesizing flavones fromflavanones. 5. A
vector conprising an isol ated gene according to any one of clains 1 to 4
. 6. A host transfornmed by a vector according to claim5. 7 . A protein
encoded by a gene according to any one of 30 clains 1 to 4 8 . A nmethod
of producing a protein with flavone- synthesizing activity,-which i
characterized by culturing or grow ng_ajzhost according to ¢l ai' m6Lle
recovering said protein fron1sa|d host. 35 9 . A plant into which a gene
according to any one - of claj 0 been intr

progeni es of 1§£ﬂ@l§I§ﬁPISFSéO?|% 5@‘ %ﬁ%xﬁynah ex%&gggégﬁﬁgeé Re
properties. 1@xprAseuhdfl kbwerlavome asypitamsa)rg@qﬁr oganyntiver@oPet8lRavi ng
the same propefiieg. acgordingeto ghal B9 nkl -agb aRiadOb-abhering a
conposi tion f IPAVoRoirds " its anmount using a gene according to any
one of claln351ppe4lblEZtA FRThows ft Il (a5 ifg- e @96§AT Yof a flavone 10

using a gene ggeQly ggntj.gm@néffoﬁ?aﬁs Ay l:l:nptz%v‘e +hb3nithogehhod of
altering the coIor 0 | ower using a gene accordlng to.any aone. gL cl ai s

1 104 147, AlnefRoaPoRibY P Aol HETEOIDH FEPRE FIGnar SGSIRGLOR Bb
according to %’E&iz@@@h@?ech@tﬁb‘oﬁgirﬁhﬂns 13:sl5elA ret hod iobroeddehieng t he
color of a flower using t t 16

A met hod of PAPEEFT ﬁﬁetﬁgfg%g?oseﬁ%fﬁﬁ%?fvﬁuggx’QQ%r%ngg?Eg§g}aeﬁgé
according to anghone of clainms 1 to 4 17 A method of controlling the
interaction between 20 a plant and m croorgani sns using a gene accordi ng
to any one of clains 1 to 4. 6 SEQUENCE LI STI NG <110> SUNTORY LI M TED
<120> Cene coding for flavone synthesizing enzyne <130> 993009 <160> 8
<210> 1



<211> 1724 <212> DNA <213> Antirrhi num maj us <220> <223> Nucl eoti de
sequence encoding a protein having an activity to directly convert

fl avanone to flavone <400> 1 gctttacaca cacacacaca cacacacaca caaacaaaa
atg tct aca ctt gtc 54 Mt Ser Thr Leu Val 1 5 tac agc aca ctc ttc atc
ctc tca acc ctc ctc ctc acc ctc cta acc 102 Tyr Ser Thr Leu Phe lle, Leu
Ser Thr Leu Leu Leu Thr Leu Leu Thr 10°1%° 20 cgc acc cgc cgc aag acc?‘ cgc
Ccg ccc ggc cca tta gcc ctc ccc tta 150 Arg Thr Arg Arg Lys Thr Arg Pro
Pro Gy Pro Leu Ala Leu Pro Leu 25 30 35 ta ggc cac tta cac ctc ctc ggc
cca aag ctc cac cac acc ttc cac 198 | y Hs Leu Hs Leu Leu Ay Pro
Lys Leu H's Hs Thr Phe H's 40 45 50 caa ttc tec caa cgc tac ggc ccg ctc
atc cag ctc tac ctc ggc tcc 246 Gn Phe Ser An Arg Tyr Ay Pro Leu lle
Gn Leu Tyr Leu Gly Ser 55 60 65 1/17 gtc cca tgc qtc gtc act tcc acg CCC
gaa ctc acc cgc a ttan abﬁlat\ialgeﬂémr@pslr\(ﬁla Yedvokt aySetasEhrr Riend u Leu
Ala Arg 294 a c ttc tcg tcc
cgc aag caécﬁlé/&tiéc?g %](,I(?ngty s%);gl estzm%Tﬁla%(lélg Orgaéa%n%gg%he er, Ser Arg
Lys H's Ser Thr Ala ||@19@o@5t9®@eglacaa%rd@f“8 ER_FPAR Hac tcl tlcg ttc gcc
ttc geg chné?& e 999068 39QavASP dHeeaMdho HendTyequipe SeistSer aPh8EM D -Phe

A Y Hoctd, quoris ot ihe Soquens L9 A37aHE GllEng e AR Bet 0t act

synthesizing flavones from flavanon
ino acid sequences wherein the

es, or an isolated gene encoding

a protein having one of these am
amino acid sequence has been modified by additions or deletions of

one or more amino acids and/or one or more substitution with

15 different amino acids, and possessing activity of synthesizing
flavones from flavanones.
3. An isolated gene according to any one of claims 1 to
2, which has at least 55% identity with the amino acid sequence
listed as SEQ.ID. No. 2, 4 or 8 of the Sequence Listing and
20 possesses activity of synthesizing flavones from flavanones.
4. An isolated gene according to any one of claims 1 to
3, which hybridizes with all or a part of any one of the base

sequence listed as SEQ.ID. No. 1, 3 and 7 of the Sequence Listing

under conditions of 5 x SsSC, 50°C, and which encodes a protein

25 possessing activity of synthesizing'flavones from flavanones.

5. A vector comprising an isolated gene according to any
one of claims 1 tod.

6. A host transformed by a vector according to claim 5.

7. A protein encoded by a gene according to any one of

30 claims 1 to4 .

8 . A method of producing a protein with flavone-
synthesizing activity, which is characterized by culturing or
growing a host according to claim 6 and recovering said protein

from said host.
35 9 - A plant into which a gene according to any one



Tyr Trp Lys Phe Ile Lys Lys Leu Cys Thr Tyr Qu Leu Leu Gy Ala 120 125
130 cgg aac ttg agc cat ttc cag ccc att aga get ttg gag gtc aac agt 486
Arg Asn Leu Ser H's Phe Gn Pro Ile Arg Ala Leu A u Val Asn Ser 135 140
145 ttc ttg aga att ttg tac gag aaa aca gag cag aaa cag agt gtt aat 534
Phe Leu Arg Ile Leu Tyr Qu Lys Thr Gu G@n Lys @n Ser Val Asn 150 155

160 165 gtg act gag gag ctt gtg aag ctg acg agt aat gtg atc -agt aac /Biy
582 Val Thr Qu Gu Leu Val Lys Leu Thr Ser_Asn Val Ile Ser Asn Met 170

175 180 atg ttg ggg atc agg tgt tcg ggg ach’gaa ggg gag geg gag gty geg
Met Leu Gy lle Ser Ay Thr Au dy Gu Ala Ju Vval Ala 185 190

Arg Cys
195 630 agg acg®§t§lat®s ahtYag hgisgbseg é¢agradacedt guepmapenids g gtg

678 Arg Thr Vabald @@t G:uaVelisIhe Gho-bbe, e § .4 ke Asp Val 200
205 210 tcg ga lg;la%ptq[gct.t tgg ttt tgt aag aat ttg gat ctg cag ggg ar-me agg
2

726 Ser Qu || TP 'Phe Cys Lys Asn Leu Asp Leu G n Ay Ile Arg 215
220 225 aag agg tcgogag @gatuatflaggr afxpragy plahtgat geprbhgnit 9he28,329

774 Lys Arg SelGhH AR LI Arg Tyr Ala Leu Ley Gu Lys 230
235 240 235  att att agt gategg&%‘%{}&g,ta¥§°§§§“?t§?a§§“gmg gyt ggt ggt

g
gga - 822 lle Ilelber Aéﬁ“%”@’%oé AlgerépgArgcoepe Nt @ yf Giyordid& y Gy

250 255 260 2/addgog Dot ggangagsdhg aagefatadddrdidy G A0 ddd g&g gat
gtg atg 870 %i’aﬂé’ thyo u Val Lys Asp Phe Leu Asp Met Leu Leu p Val
7

Met 265 270 2 gag agt gag aaa tcg gag gtg gag ttt acg agg gag cat ctc
aaa get 918 du S&? -3 @& mpshSdrod altating twhHehembantAod & f 1Hvenkeu Lys

Ala 2801985 290%ing a gene according to any one of claims 1 to 4.
13.. A method of altering the color of a flower
using a gene according to any one of claims 1 to4-.
14-- A method of bluing the color of a flower using
a gene according to any one of claims 1 to 4.
15 15:. A method of reddéning the color of a flower
using a gene according to any one of claims 1 to 4.
16 . A method of altering the photosensitivity of a
plant using a gene according to any one of claims 1 to 4 .
17 . A method of controlling the interaction between

20 a plant and microorganisms using a gene according to any
one of claims 1 to 4.



ttg att ctg gat ttc ttc act gcc ggt aca gac aca aca gca atc aca 966 Leu
Ile Leu Asp Phe Phe Thr Ala Ay Thr Asp Thr Thr Ala Ile Thr 295 300 305
aca gaa tgg gca ata gca aaa ctc att agc aat cca aat gta ctc aaa 1014 Thr
Qu Trp Ala lle Ala Qu Leu Ile Ser Asn Pro Asn Val Leu Lys 310 315 320
325 aaa get caa gaa gag atg gac aaa gtc ata gga tca caa agg ttg {t §éOGZ

Lys Ala Gn Gu Gu Met Asp Lys Val Ile Gy Ser Gn Arg Leu‘Leu 33 5
1110

340 caa gaa tcc gac gcc cct aa c_ctc aac gcg atc ata aaa
Gn GQu Ser Asp Ala Pro Asn LeL?EIQrU%M%% %%flnﬁn Ala lle Ile Lys 345 350
355 gaa acg ttc cgt ctc cac cct cca atc ccc atg ctc act aga aaa tca 1158

A u Thr PhegAr gykfdhHiS Mg Pro Ile Pro Met Leu Thr Arg Lys Ser 360 365
370 att tct gac gtt gtg gtc aac ggg tac acg atc cct gcc aaa acg cta 1206

Ile Ser Asp Val Val Val Asn Ay Tyr Thr Ile Pro Ala Lys Thr Leu 375 380

385 ttg klrogtecermaceiing ggrt €taabge ggan dgs iddingcehzgae tac tgg gaa 1254
Leu Phe Val Asn Leu Trp Ser Met Gy Arg Asn Pro Asn Tyr Trp G u 390 395

400 405 aat ccg atg gag ttc cga ccc gag agg ttt ctc gag aaa ggg acc ggg
1302 Asfhl o MeX008 u Phe Arg Pro Gu Arg Phe Leu Gu Lys Ay Thr Ay 410

415 420 tcg ata gac gtt aaa ggg cag cat ttc gag ttg ctg ccg ttt ggc acg
1350 Seg degAsp Val Lys Ay A n Hs Phe Qu Leu Leu Pro Phe Ay Thr 425

430 435 ggc agg cgg ggc tgc ccg ggg atg ttg tta ggc atg cag gag ttg ttt
1398 Gy Arg Arg Ay Cys Pro Gy Met Leu Leu Ay Met G n Gu Leu Phe 440

445 450 J1bs t1 att otc ggg oct ctc ytr. ccc tcc ttc gat tgg aaa ctg ccc
gat 1446 lle Ay Ala Met Val G n Cys Phe Asp Trp Lys Lou Pro Asp

455 460 gd tg aag tcg gtc gat atg acc gag cgg CCC ggg ttg acg get
cca 149421@yDval Lys Ser Val Asp Met Thr Gu Arg Pro Ay Leu Thr Ala Pro

<213> Antirrhinum majus

<220>
<223> Nucleotide sequence encoding a protein having an
activity to directly convert flavanone to flavone

<400> 1
gctttacaca cacacacaca cacacacaca caaacaaaa atg tct aca ctt gtc 54
Met Ser Thr Leu Val
1 5
tac agc aca ctc ttec atc ctc tca acc cte cte cte acc ctc cta ace 102
Tyr Ser Thr Leu Phe Ile Leu Ser Thr Leu Leu Leu Thr Leu Leu Thr
10 15 20
cgc acc cgc cgc aag acc cgc ccg cec gge cca tta gec ctec ccc tta 150
Arg Thr Arg Arg Lys Thr Arg Pro Pro Gly Pro Leu Ala Leu Pro Leu
25 30 35
ata ggc cac tta cac ctc ctc ggc cca aag cte cac cac acc tte cac 198
Ile Gly His Leu His Leu Leu Gly Pro Lys Leu His His Thr Phe His
40 45 50
caa ttc tcc caa cge tac ggc ccg ctc ate cag cte tac ctcec ggc tec 246

Gln Phe Ser Gln Arg Tyr Gly Pro Leu Ile Gln Leu Tyr Leu Gly Ser
55 60 65

1/17



470 475 480 485 «cgt gcc aat gat ttg gtg tgc caa ttg gtg cca cgg att gac
ccg gtc 1542 Arg Ala Asn Asp Leu_Val Cys @n Leu Val Pro Arg Ile Asp Pro
Val 490 495 500 gtt gtc tcc gga ccg tgaaccttaa ggtagtatcg ataatctgtt
taatt 1592 Val Val Ser Ay Pro 505 aaattgttat ttgttgtgag gatttgattt
ttgttatgta tgattatgcg tggattaaga 1652 taagcctgca aggacaaatt ccctticttt
gattgatgtc aatgagtttg tgtcaaaaaa 1712 aaaaaaaaaa as <210> 2 <211>'506
<212> PRT <213> Antirrhinum majus 1724 <220> <223> Am no aci d sequence of
a proteifachavi ag- an: aet igeict yect acdiceeebh ereomeerdc thavanone to fl avone
<400> 2\’3 tpr§e ysT ;!1 IVQP AYQ'Ser'Ehrsggo -Eh:'lg LlengbxlFa)hlgré l’;?u I'PQQ é%r Thr Leu Leu

5 10 15 eu Thr Leu Leu Thr Arg Thr Arg Arg Lys Thr Arg Pro Pro Ay Pro
20 25 307°Leu Ala Leu Prd°Leu Ile Ay H €°Leu H's Leu Led” Ay Pro Lys Leu
35 40 45abisgH=s Jduw cRheaHitscQay Rlrec8era@arcAvg Tyr 9& yptero Leu 342 A n
50 55 60, Ley Jyrcled. Gay, S8t M@l sBr o Lygs Vak dal Al axSeneThr Pro G u Leu
65 70 7580 Ala Arg Qu Phe Leu Lys ;l_g'll’ Hs Qu Leulgkép Phe Ser Ser Arg
Lys 85 90 95 4/17 H¥ Ser Thr Ala |1 € Asp Ile Val Thr Tyr Asp Ser Ser Phe
Al a Pnegad G0c 136 d&bOtAl aaPrioc Torp Qoyg®r 6tTpr9 Tag tassgPhectl e Lys A9s Leu
Cys Thr Jyrie dd% 20,128, Gep deeUpHoehn Goye Aha PALGrASBI) @oSer His Phe G n
Prolle Arqg Ala 13(;) 135 140 Leu 4,y Val Asn Ser Phe Leu Arg Ile Leu Tyr

GQu Lys Thr Qu n
tac tgg aaa ttc atc aag aaa tta tgt act tac gag cta ctg ggt gcc 438

1

Tyr Trp Lys Phe Ile Lys Lys Leu Cys Thr Tyr Glu Leu Leu Gly Ala

120 125 130

cgg aac ttg agc cat tte cag ccc att aga gct ttg gag gtc aac agt 486
Arg Asn Leu Ser His Phe Gln Pro Ile Arg Ala Leu Glu Val Asn Ser

135 140 145

ttc ttg aga att ttg tac gag aaa aca gag cag aaa cag agt gtt aat 534
Phe Leu Arg Ile Leu Tyr Glu Lys Thr Glu Gln Lys Gln Ser Val Asn
150 155 160 165

gtg act gag gag ctt gtg aag ctg acg agt aat gtg atc agt aac atg 582
Vval Thr Glu Glu Leu Val Lys Leu Thr Ser Asn Val Ile Ser Asn Met

170 175 180

atg ttg ggg atc agg tgt teg ggg acg gaa ggg gag gcg gag gtg gcg 630

Met Leu Gly Ile Arg Cys Ser Gly Thr Glu Gly Glu Ala Glu Val Ala
185 190 195 _

agg acg gtg ata agg gag gtg acg cag ata ttt ggg gag ttt gat gtg 678

Arg Thr Val Ile Arg Glu Val Thr Gln Ile Phe Gly Glu Phe Asp Val
200 205 210

tcg gag att gtt tgg ttt tgt aag aat ttg gat ctg cag ggg att agg 726

Ser Glu Ile Val Trp Phe Cys Lys Asn Leu Asp Leu Gln Gly Ile Arg
215 220 225

aag agg tcg gag gat att agg agg agg tat gat gct ttg ttg gag aag 774
Lys Arg Ser Glu Asp Ile Arg Arg Arg Tyr Asp Ala Leu Leu Glu Lys
230 235 240 245

gga - 822

gat agg gag agg ttg agg ttg agg ggg ggt ggt ggt

att att agt
Leu Arg Gly Gly Gly Gly Gly

Ile Ile Ser Asp Arg Glu Arg Leu Arg

250 255 260
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145 150 155 160 Lys G n Ser Val Asn Val Thr Qu GQu Leu Val Lys Leu Thr
Ser Asn 165 170 175 Val Ile Ser Asn Met Met Leu Gy Ile Arg Cys Ser Ay
Thr Gu Ay 180 185 190 Au Ala u Val Ala Arg Thr Vval Ile Axg Gu Val
Thr A n Ile Phe 195 200 205 Ay Clu Phe Asp Val Ser Qu Ile Val Trp Phe
Cys Lys Asn Leu Asp 210 215 220 Leu G n Gy Ile Arg Lys Arg Ser..G.n Asp
lle Arg Arg Arg Tyr Asp 225 230 235 240 Ala Leu Leu G n Lys I'l'e ll’%e Ser
Asp Arg GagsAg deusdr grieas Aeg 24595622859 Gt &9yId §*E*9ady ay'Qy
Ay GQu Vahylyls AspcRheal eys Asp dvet LAO6Bs 66t 240 HeeurdreVrIAYpt Val Met Qu
Ser u Lys Ser Qu,Mal G u Phe ThroAg 275 280 285s@u H's Leu Lys Ala
Leu Il e Leu Asp Phe Phe Thr Ala Ay hr As 290 295 300 _Thr Thr alle
Thr Thr G99 PEp KOa*IY ESNPAT &6 Glf‘éutﬁ‘ﬂ S °a§o%tc3"ﬁf 315 320 élro Asn
Val Leu Lygsulsys dAbarsG peGhln GRY %tph@sﬁhmysq Vap Hipghe@ w325 330 335 Ser
Esn ﬁlrg :_Fu Leu 2@'0n GI u 'Sl'ﬁr Asp zAba Pro Asn Leuz2Bno Tyr Leu 340 345 350

n e e ey H s ° al HFro, et 365 360
365 Leu TH %y atSer F th e %/§ 1;9 E‘r’ogé K glrpar Thr |[5§° 370
375 380 Pew IA?dJeEy%SPT?he E‘éﬁJTE’é@lPHg‘YVQF i\%ﬁth*éJhTr‘r} SBre K% Ay Arg Asn
385 390 395 409 5/17 300 305

ac> gaa tgg gca ata gca gaa ctc att agc aat cca

aat gta ctc aaa 1014

Thr Glu Trp Ala Ile Ala Glu Leu Ile Ser Asn Pro Asn Val Leu Lys

310 315 320 325

aaa gct caa gaa gag atg gac aaa gtc ata gga tca
Gly Ser Gln Arg Leu Leu

340

caa agg ttg ttg 1062

Lys Ala Gln Glu Glu Met Asp Lys val Ile
330 335
caa gaa tcc gac gee cct aac ttg cct tac ctc aac gcg atc ata aaa 1110

Gln Glu Ser Asp Ala Pro Asn Leu Pro Tyr Leu Asn Ala Ile Ile Lys

345 350 355
gaa acg ttc cgt ctc cac cct cca atc ccc atg ctc act aga aaa tca 1158
Glu Thr Phe Arg Leu His Pro Pro Ile Pro Met Leu Thr Arg Lys Ser
360 365 370
att tct gac gtt gtg gtc aac ggg tac acg atc cct gec aaa acg cta 1206
Ile Ser Asp Val Val val Asn Gly Tyr Thr Ile Pro Ala Lys Thr Leu
375 380 385
ttg ttt gtc aac ctt tgg tcc atg gga agg aat cct aac tac tgg gaa 1254
Leu Phe Val Asn Leu Trp Ser Met Gly Arg Asn Pro Asn Tyr Trp Glu
390 395 400 405
aat ccg atg gag ttc cga ccc gag agg ttt ctc gag aaa ggg acc ggg 1302
Asn Pro Met Glu Phe Arg Pro Glu Arg Phe Leu Glu Lys Gly Thr Gly
410 415 420
tcg ata gac gtt aaa ggg cag cat ttc gag ttg ctg ccg ttt ggc acg 1350
Ser Ile Asp Val Lys Gly Gln His Phe Glu Leu Leu Pro Phe Gly Thr
425 430 435
ttg ttt 1398

ggc agg cgg ggc tge ccg ggg atg ttg tta ggc atg cag gag

Gly Arg Arg Gly Cys Pro Gly Met Leu Leu Gly Met Gln Glu Leu Phe

440 445 450
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pro
415
425
435
Asp
Arg
dn
505

Nucl eoti“de 'sequence e
convert Sf’f'af\}z‘inlo‘ﬁe&tyo P

Ann '-7"Y u Asr. Pro Net Qu F h:e Arg Pro Au Arg Phe Leu 405 410
CluLys Ay Thr Ay Ser Ile Asp Val Lys Ay G n H's Phe Au Leu 420
430 Lw Pro Phe Ay Thr Ay Arg Arg Gy Cys Pro Ay Met Leu Leu Ay
440 445 Met G n GQu Leu Phe Ser Ilelle dy Ala Met Val @ n Cys Phe
450 455 460 Trp Lys Leu Pro Asp Gy Val Lys Ser Val Asp-Met. Thr G u
Pro 465 470 475 480 Gy Leu Thr Ala Pro Arg Ala Asn Asp Lew VA3 oys
Leu Val Pro 485 490 495 Arg Ile Asp Pro Val Val Vval Ser Ay Pro 500
<210> 3 ,.<2113.%430 -+521:2> INA: <213>=Totenka: hybridas=220> 228>
coding,,a.proetei. haying an actinmityto directly
Tavone <400>" 3 atcgaaaccg ctatatcatt acatttacaa

cagcgct aaa @daat at at a t aaag®®56 atg gac acxgtc tta atc aca etc tac acc

gcc
Leu
cca
Pro
etc
Leu

ggc
Pro

Ct g bt GegtLgate ge€ gk04brgMpic Asp cIhrecValaslew khe skhredzeu Tyr 17ty Al a
Phe Val Lle Tar 1.p Alé% L5 1ACE1.AGE, G @LCLAL enelaCiL COC cga agg gga
ccg t¥t"%ccg’cce 152 hr Thr Phe Legw%eu Leu Leu Arg, Axg Arg Gy Pro
Ser 4Pfo Pro 20 25 3(57sggt Cct etc tcc eta ccc ata att ggc cac ctc cac
ctCcgg@eecat28l t@ yrProcler Ser ste¥cProdlie Pre @ W s Leu*Hi%s Leu
€] yAP{ 13940, 45,808 16 CAG LaCvACErd egCale gaarkbo/aica etc aaa tac
cca ttg 248 Argdgg_oeu H's Hs Thr ,Phe Hs Gu Phesggr Leu Lys Tyr Gy
Leu 50 55 60 1500

gtt gtc tcc gga ceg tgaaccttaa ggtagtatcg ataatctgtt taatt

val vVal Ser Gly Pro
505

aaattgttat ttgttgtgag gatttgattt ttgttatgta tgattatgcg tggattaaga 1652
taagcctgca aggacaaatt ccctttettt gattgatgtc aatgagtttg tgtcaaaaaa 1712
1724

aaaaaaaaaa aa

<210> 2

<211> 506

<212> PRT

<213> Antirrhinum majus

<220>
<223> Amino acid sequence of a protein having an activity to

directly convert flavanone to flavone

<400> 2
Met Ser Thr Leu Val Tyr Ser Thr leu Phe Ile Leu
1 5 10 15

Ser Thr Leu Leu

Leu Thr Leu Leu Thr Arg Thr Arg Arg Llys Thr Arg Pro Pro Gly Pro

20 25 30

Leu Ala Leu Pro Leu Ile Gly His Leu His Leu Leu Gly Pro Lys Leu

35 40 45

His His Thr Phe His Gln Phe Ser Gln Arg Tyr Gly Pro Leu Ile Gln
50 55 60
val Pro Cys Val Val Ala Ser Thr Pro Glu Leu

80

Leu Tyr Leu Gly Ser
65 70 75
Glu Leu Asp Phe Ser Ser Arg Lys

95

Ala Arg Glu Phe Leu Lys Thr His
85 90
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6/ 17 atc cag ctc aag ctc ggc tcq atc ccg tgc gtc gtg gcc tcg acg ccc lle
Gn Leu Lys Leu Ay Ser Ile Pro Cys Val Val Ala Ser Thr Pro 65 70 75 80

gag ctc gcg aga gag ttt ctt aag acg aac gag ctc gcg ttc tcc tct QG u Leu
Ala Arg Gu Phe Leu Lys Thr Asn Gu Leu Ala Phe Ser Ser 85 90 95 cgc aag
cac tct acg gcc ata gac atc gtc acc tac gac tcg tcc ttt Arg Lys Hij§iSer
Thr Ala Ile Asp Ighe MalhEhiiaTyfe Asp 1DervaSern:Pher 2100105120 296 344 392
get ttc tct ccg tac gga ccg tac tgg aag tagsatc aag aaa ctg,fgt 440 Al a
Phe Ser Pro Tyr Ay Pro Tyr Tr-p Lys Tyr Ile Lys Lys Leu (%s 115 120 125
acc tac gag ctg étc Pggavgcoivabiy Aat TePcyvggdecht® £¥t Wadhwctaf't” 488  Thr
Tyr Qu Leu Leu Ay AlaiArg Asn Leu A yz2bkis Phe A n Prozsle 130 135 140

agg aat ctc gag g{¢ ;299508 At &EPACAT Ll de ChG AL ARG BABLABE; 238 Arg
Asn Leu Gu Val Arg Ser Phe Leu G n Lev Leu Met Hi s Lys Ser 145 150 155

160 ttt aag ggc gag>agt gtg aat gt éB%lca gac gag ctg gtg agg ctg acg 584
Phe Lys Ay G u Ser cValvafspn\ar Bty Laspr@ Yelley VYal CAr gYES-TRIY 65 170

175 agc aat gtg,afa tcc cac atgisatg ctg agc ataissgg tgc tcg gaaigat 632
Ser Asn Val ITe Ser His Mt Net Leu Ser, |18, ALg Q4S19en G4 ASh 480 185

190 gaa ggc gat ygef3 gag gcg gcg aga aca gtg ata cgc gag gtg acg cag 680
Au Ay Asp Ala Gu Ala Ala A%§ Thr Val Ile A’§ Au Val Thr G 195 200

205 ata ttt ggg gaaiid eegabn et MEJLHACLAlIAe alra TygQSét Gl goraEy aba 728

Ile Phe Gy G u Phe Asp Val, Thr Asp Ile IlgsTrp Phe Cys Lysolys 210 215

220 ttc gat ctg cag ggg ata aag aag agg tca ga at_att cag a agg 776

Phe Asp Leu G n @y Bliya! Pyg AKPnge?aﬁIbe %%% ﬁg‘l"e"% %hfﬂ\rcg“&rq% 555 230

235 240 tat gat get ttg ctc gag aag ak®? att agt gat ag§® gag aga tcg agg
824 Gly Glu Phe Asp Val Ser Glu Ile Val Trp Phe Cys Lys Asn Leu Asp

210 215 220
Asp Ile Arg Arg Arg Tyr Asp

235 240
Arg Glu Arg Leu Arg Leu Arg

Leu Gln Gly Ile Arg Lys Arg Ser Glu

225 230
Ala Leu Leu Glu Lys Ile Ile Ser Asp
245 250 255

Gly Gly Gly Gly Gly Gly Gly Gly Glu Val Lys Asp Phe Leu Asp Met

260 265 270

Leu Leu Asp Val Met Glu Ser Glu Lys Ser Glu Val Glu Phe Thr Arg

275 280 285

Glu His Leu Lys Ala Leu Ile Leu Asp Phe
290 295 300

Phe Thr Ala Gly Thr Asp

Leu Ile Ser Asn

320

Thr Thr Ala Ile Thr Thr Glu Trp Ala Ile Ala Glu
308 310 315

Pro Asn Val Leu Lys Lys Ala Gln Glu Glu Met Asp Lys Val Ile Gly

325 330 335
Asn Leu Pro Tyr Leu
350

Ile Pro Met

Ser Gln Arg Leu Leu Gln Glu Ser Asp Ala Pro
340 345
Asn Ala Ile Ile Lys Glu Thr Phe Arg Leu His Pro Pro

355 360 365

Leu Thr Arg Lys Ser Ile Ser Asp Val Val Val Asn Gly Tyr Thr Ile

370 375 380

Pro Ala Lys Thr Leu Leu Phe Val Asn Leu Trp Ser Met Gly Arg Asn

385 390 395 400
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Tyr Asp Ala Leu Leu Qu Lys Ile Ile Ser Asp Arg G u Arg Ser Arg 245 250
255 7/ 17 agg caa aat cgt gat aaq cat ggt ggc ggt sac aat gag gag gcc aag
Arg Gn Asn Arg Asp Lys HHs Ay Ay Gy Asn Asn Gu Qu Ala Lys 260 265
270 gat ttt ctt gat atg ttg ctt gat gtg atg gag agt ggg gac acg gag Asp
Phe Leu Asp Met Leu Leu Asp Val Met Gu Ser Gy Asp Thr Gu Ft27535§§§2&@§gi?85
gtc aaa ttc act aga gag cat ctc aag get ttg att ctg gat ttc ttc'” vl Lys

Phe Thr Arg Qu His Leu Lys Ala Leu Il e Leu Asp Phe Phe 290 295 acg gcc
ggt acg gagoaca acar-Thr:Aa GoyrdherAspe Thy Thr c1.3055330 gag ctc atc aac
aac Gu Leu Ile Asn Asp, 325 300 gcc ata gcc acc gag tgg gcc atc gcc A a

Ile Ala Thr Qu Trp Ala |le Ala 315 320 ccq aac gtc ttg aag aag gcc caa
gaa gaa atd” Pfo Ash VALY fet Bys By AR @ Grutd §ht 18 B30 335 tcc cgg
atc atc gga acc aag‘¥®gg atc gta caa<¢®faa tcc gac gccesca Ser Arg lle lle

Ay Thr Lys. Acg dbecVabn.Gon, Gy Ser cAse, Ad, R 1340, 343,389, 9ac cta ccc
tac ctc cag gcc atc atc aag gag acg ttc cgg ctc cac Asp Leu Pro Tyr Leu
Ile Ile Lys Gu Thr Phe Arg Leu Hi s 355 %60 365 cca ccg atc ccg

A@n Aa
t]f €4t CAad-tedeatt fée TgatCivghlaatigr et GlPrevsPpee ke Pro Met Leu

atg ctc
Ser Arg Lys &er Thr Ser Asp @ys Thr Val 370 3¢5 aac ggc tac aaa atc caa
gcc aag % Lf§ @egp)éoTAYSE &X’SVzlxll %ygsrér%aq JT%)SMeSterThgsG%usgrog Pro

465 470 475 480

Gly Leu Thr Ala Pro Arg Ala Asn Asp Leu Val Cys Gln Leu Val Pro
) 485 490 495
Arg Ile Asp Pro Val Val Val Ser Gly Pro
500 505

<210> 3

<211> 1730

<212> DNA

<213> Torenia hybrida

<220>
<223> Nucleotide sequence encoding a protein having an

activity to directly convert flavanone to flavone

<400> 3
atcgaaaccg ctatatcatt acatttacaa cagcgctaaa aaaatatata taaagc 56

atg gac aca gtc tta atc aca ctc tac ace gecec ctg tte gtc atec acc 104

Met Asp Thr Val Leu Ile Thr Leu Tyr Thr Ala Leu Phe Val Ile Thr

1 5 10 15
ace acc ttc ctec cte cte cte cge cga agg gga cca ccg tet ccg cco 152
Thr Thr Phe Leu Leu Leu Leu Arg Arg Arg Gly Pro Pro Ser Pro Pro
20 25 30
ggt cct ctc tcc cta ccc ata att ggc cac cte cac etec cte ggc cea 200
Gly Pro Leu Ser Leu Pro Ile Ile Gly His Leu His Leu Leu Gly Pro
35 40 45
ttc tca ctc aaa tac ggc cca ttg 248

aga ctc cac cac acg ttc cat gaa
Arg Leu His His Thr Phe His Glu Phe Ser Leu Lys Tyr Gly Pro Leu

50 55 60
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ggt cga aac cct Ser Ile Ay Arg Asn Pro 405 380 ctc ttg ttc gtg
Asn Ile Trp aat tac tgg gaa Asn Tyr Trp Qu
410 395 400 agc cct atg gag ttc agg Ser Pro Met Gn Phe Arg 415 ccc gag
cgg ttc ttg gag aag gga cgc gag tcc atc gac gtc aag ggc Pro GQu Arg Phe
Leu Gu Lys Gy Arg Gu Ser Ile Asp Val Lys Ay 420 425 430 cag cac_ttt
gag ctc ttg cct ttt ggg acg ggc cgc agg ggc tgt ccc G n Hi's Phe: @ WiLeu
1064 1119 1760 1208 1356 1304 13551400 51 17 0t (GIV.atg 110 ota gt ata
atg ttg ct et ata
can Met™Ee8 LEY AYa freléigu'%gb% % \gligdgg£05556”’ ;)G?n CgsgPhe
65

tcc atc
aac ata tgg Leu Leu Phe Val

gag ctc gcg aga gag ttt ctt aag acg aac gag ctc gcg ttc tcc tct 344
Glu Leu Ala Arg Glu Phe Leu Lys Thr Asn Glu Leu Ala Phe Ser Ser
85 90 85
cgc aag cac tct acg gcc ata gac atc gtc acc tac gac tecg tcc ttt 392
Arg Lys His Ser Thr Ala Ile Asp Ile Val Thr Tyr Asp Ser Ser Phe
100 105 110
gct tte tct ccg tac gga ccc tac tgg aag tac atc aag aaa ctg tgt 440
Ala Phe Ser Pro Tyr Gly Pro Tyr Trp Lys Tyr Ile Lys Lys Leu Cys
115 120 125
acc tac gag‘ctg ctc gga gcg agg aac ctc gga cac ttt cag ccc att 488
Thr Tyr Glu Leu Leu Gly Ala Arg Asn Leu Gly His Phe Gln Pro Ile
130 135 140
agg aat ctec gag gtc agg tcc ttt ctg cag ctt ctg atg cac aag agce 536
Arg Asn Leu Glu Val Arg Ser Phe Leu Gln Leu Leu Met His Lys Ser
145 150 155 160
ttt aag ggc gag agt gtg aat gtg aca gac gag ctg gtg agg ctg acg 584
Phe Lys Gly Glu Ser Val Asn Val Thr Asp Glu Leu Val Arg Leu Thr
165 170 175
agc aat gtg ata tcc cac atg atg ctg agc ata agg tgc tcg gaa gat 632
Ser Asn Val Ile Ser His Met Met Leu Ser Ile Arg Cys Ser Glu Asp
180 185 190
gaa ggc gat get gag gcg geg aga aca gtg ata cge gag gtg acg cag 680
Glu Gly Asp Ala Glu Ala Ala Axg Thr Val Ile Arg Glu Val Thr Gln
185 200 205
ata ttt ggg gaa ttc gat gtt acg gac ata ata tgg ttt tgc aag aaa 728
Ile Phe Gly Glu Phe Asp Val Thr Asp Ile Ile Trp Phe Cys Lys Lys
210 215 220
ttc gat ctg cag ggg ata aag aag agg tca gag gat att cag agg agg 776
Phe Asp Leu Gln Gly Ile Lys Lys Arg Ser Glu Asp Ile Gln Arg Arg
225 230 235 240
tat gat gct ttg ctc gag aag att att agt gat aga gag aga teg agg 824

Lys Ile Ile Ser Asp Arg Glu Arg Ser Arg

Tyr Asp Ala Leu Leu Glu
250 255

245
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465 gac atg acc gaa Asp Met Thr G u gag gt tc agc atc att acc at
GQu VvVal vVal Set Ilelle Ay Thr Mt 460 ggcgt gg aag ttg gca gg?gggt tcgg
ggc aat aat gtg Asp Trp Lys Leu Ala Asp Ay Ser Ay Asn Asn Val 470 475
480 .448 1496 cgg tct gga ttg acc get ccg aga gcg ttc gat ctg 1544 Arg
Ser Gy Leu Thr Ala Pro Arg Al a Phe Asp Leu 485 490 495 gtt -tgc.cgg. Enye
tat cca Val Cys Arg Leu Tyr Pro 500 gqatgt g&\tgg&ggg tattatgytc
t gt gt t gaagss aé%lé‘ééacagaa *Ja3Ha83a %€gF %Gt 77 gac Ceg %c aca ata tcg ggt get
1592 Ar gaMablAdpn Pro #PalyPhiiiq [CéY Sér/ Gryra éS%Gg u 19 BE2MEYt gt t ggt g
ttttatcttt cggttttgt ctgttagtat 1658 cctcaaggat ta’paaaaaaa aaaaaaaaaa

aaaaaaaaaa 17]@ 1730, <210z 4 . <31d gt5162tg <a?glggt BRI gagj,;'}_% doyeni a hypgida

<220> <% ¢ m n% ga‘éﬁ gstet uencé of el n havin a vity to
directly P@Gn’?feer fef Par ARONEVt B Par JAe "@40‘?)@ aevEtY /&g’b g{?a >1/ Thr Thr
Phe Leu 20 dy2Po Leu Ser 280 285

aaa ttc act aga gag cat ctc aag gct

gtc ttg-att ctg gat ttc ttc 968

val Lys Phe Thr Arg Glu His Leu Lys Ala
290 295

Leu Ile Leu Asp Phe Phe

300

ata gcc acc gag tgg gcc atc gcc 1016

acg gcc ggt acg gac aca aca gcc
Ala Thr Glu Trp Ala Ile Ala

Thr Ala Gly Thr Asp Thr Thr Ala Ile
310 315 320

305
gcc caa gaa gaa ata 1064

gag ctc atc aac aac ccg aac gtc ttg aag aag

Glu Leu Ile Asn Asn Pro Asn Val Leu Lys Lys Ala Gln Glu Glu Ile

325 330 335

tce cgg atc atc gga acc aag cgg atc gta caa gaa tcc gac gcc cca 1112
Ser Arg Ile Ile Gly Thr Lys Arg Ile Val Gln Glu Ser Asp Ala Pro
340 345 350
gac cta ccc tac ctc cag gcc atc atc aag gag acg ttc cgg ctc cac 1160
Asp Leu Pro Tyr Leu Gln Ala Ile Ile Lys Glu Thr Phe Arg Leu His
355 360 365
cca ceg atc ccg atg ctec tcg cgt aag tcc acce tcec gat tge acg gtc 1208
Pro Pro Ile Pro Met Leu Ser Arg Lys Ser Thr Sexr Asp Cys Thrx Val
370 375 380
aac ggc tac aaa atc caa gcc aag agc ctc ttg ttc gtg aac ata tgg 1256
Asn Gly Tyr Lys Ile Gln Ala Lys Ser Leu Leu Phe Val Asn Ile Trp
385 390 395 400
tcc atc ggt ega aac cct aat tac tgg gaa agc cct atg gag ttc agg 1304
Ser Ile Gly Arg Asn Pro Asn Tyr Trp Glu Ser Pro Met Glu Phe Arg
405 410 415
cce gag cgg ttc ttg gag aag gga cgc gag tcc atc gac gtc aag ggc 1352
Pro Glu Arg Phe Leu Glu Lys Gly Arg Glu Ser Ile Asp Val Lys Gly
420 425 430
tgt ccc ~ 1400

gag ctc ttg cct ttt ggg acg ggc cgc agg ggc
Arg Arg Gly Cys Pro

445

cag cac ttt

Gln His Phe Glu Leu Leu Pro Phe Gly Thr Gly

435 440
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35
Leu
Pro
Pro
Ser
Au
Val
Trp
Arg
Ser
Ser
Ile
Asp
Phe

Arg

Leu Hs Hs 50 Ile @n Leu Lys 65 GQu Leu Ala Arg Lou Ile T,ir

Tyr Thr Ala Leu Phe Val Ile Thr 5 10 15 Leu Leu Leu Arg Arg Arg Ay

Pro

Ser Pro Pro 25 30 Leu Prollelle Ay His Leu H's Leu Leu Ay

40 45 Thr Phe H's G u Phe Ser Leu Lys Tyr Ay Pro Leu 55 60 Leu Ay

Ile
Leu
Thr
Lys
Asn
Phe
Val
Ser
Al a
Ay

Pro Cys Val Val Ala Ser Thr Pro 70 75 80 Qu Phe Leu.Lys Thr Asn
Al a Phe Ser Ser 85 90 95 9/17 Arg Lys His Ser Thr Arfa‘lle" Aspglle
Tyrg A?p Bl oS8 e Pha 100 510%;:3160: Ak RBhe Sergdy ecdytg@ y Prosabyr
Tyt 1Te Lys Lys Leu 3 420, er‘l’t}geTw S.u-lewleu Ay A a
Lettvass Fi's “Phé'd T nlelg?% I%% % ]1133 Afr AsYﬁTLeu Gu Val Arg
Leu Gav Leu Leu Met HE® Lys Ser 145 fS@ 155 160 Phe Lys Ay Gu

Asn V@J ’\%f téél%aﬁ dbgledh Vab ok dtesstThes g4652ak78a1 B59Ser Astioval
I

3 e a 4801831190 A u*dy
G"alAﬁl& N P’Ar é‘sﬁ‘h “P\}aﬁ 'Ie Ag%gﬁly\%g %}9 ‘Gn 195 éoo 205 Ile

AJaasPhe Asp Val TH¥7%Asp Il e IIe Trp’>Phe Cys Lys Lys 9210 215 220

gac atg acc gaa <gg tct gga ttg acc gct ccg aga gog ttc gat ctg 1544

Asp Met Thr Glu Arg Ser Gly Leu Thr Ala
485 490

Pro Arg Ala Phe Asp Leu
495

gtt tgc cgg ttg tat cca cgg gtt gac ccg gecc aca ata tecg ggt gct 1592

val Cys Arg Leu Tyr Pro Arg Val Asp Pro Ala Thr Ile Ser Gly Ala

500 505 510 512

tgatgtagfa gggtgaggceg cgtgttggtg ttttatcttt cggttttgtt ctgttagtat 1652

aaaaaaaaaa aaaaaaaaaa 1712

1730

tattatggtc tgtgttgaag cctcaaggat tttaaaaaaa

aaaaaaaaaa aaaaaaaa

<210> 4

<211> 512

<212> PRT

<213> Torenia hybrida

<220>
<223> Amino acid sequence of a protein having an activity to

directly convert flavanone to flavone

<400> 4
Met Asp Thr Vval Leuv Ile Thr Leu Tyr Thr Ala Leu Phe Val Ile Thr
1 5 10 15

Pro Pro Ser Pro Pro

30

Thr Thr Phe Leu Leu Leu Leu Arg Arg Arg Gly

20 25

Gly Pro Leu Ser Leu Pro Ile Ile Gly His Leu His Leu Leu Gly Pro

35 40 45

Arg Leu His His Thr Phe His Glu Phe Ser Leu Lys Tyr Gly Pro Leu

50 55 60
Cys Val Val Ala Ser Thr Pro

75 B8O

Ile Gln Leu Lys Leu Gly Ser Ile Pro

65 70

Glu Leu Ala Arg Glu Phe Leu Lys Thr Asn Glu
90 95

Leu Ala Phe Ser Ser

85
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Phe
235
245
Lys
Thr
Asp
Trp
Lys
Val
Ile
Arg
Al a
Arg
Arg
H s

460
470
Leu

Asp Leu Gn Gy Ile Lys Lys Arg Ser Gu Asp Ile dn Arg Arg 225 230
240 Tyr Asp Ala Leu Leu Qu Lys Ile Ile Ser Asp Arg Gu Arg Ser Arg
250 255 Arg G n Asn Arg Asp Lys HHs Ay Ay @y Asn Asn Gu Qu Al a

260 265 270 Asp Phe Leu Asp Met Leu Leu Asp Val

du
Phe
Al a
Al a
Adn
Lys
Lys
Lys
Asn
Phe
Phe
Met
Val
475
485
Al a

275
Phe
Ile
Adn
du
Au
Ser

Ser

Pro
Leu

280 285 \Val

A'a 305 310 315 320 G u Ley
GQu du Ile %25 330 335 Ser

Met Gu Ser Ay Asp

Lys Phe Thr Arg Qu H s Leu Lys Al a Leuild ¢jieu
2901295::308..Thir Aba 1GeyasthriAspiTiw: Thr Mbasdd eeAlrmeThr G u

Se= Rsp SAF aFPr &v* 340 F33574350 _
Thr PheiAsg Leu Hs 355 380 365 Pro Pro ke Pro Met Leu Ser

Ash Ghy chyrelysitle Gn
395 400 10/ 17 Ser

405 410 415 Pro Qu
Gl Ays 16k V1A 1Ghty Ser HhleelAsglVdleul s Gty Hid2ys438r 430 G n
Leu Pro Phe Gy, Thr Gy Arg AxgsAy Cys Pro 4356440 445

.

Leu

Au
bggAlalle Adn du Val

Leu
Adn
480
490

2B

Qe@l euTB{
Asn

e Va

5

Val

Ar

Thr

- ?le Asn Asn Prp Asn Val

Ilelle Ay Ly

Leu Lys
s. Arg

I'le

SLBF BHo Myr el G WAl a Il e

.L\ }géoAg‘?Qeg
e Trp 385 39

Asn T3¢ Trp Gu Ser PPd Met Gu Phe AHY

Ser |

By

Il e

y . Thr_ Me
@g Pﬁec}aéﬁlTrsﬁer E%rll,l VAIlaThﬁslﬁs%Gyu eeru ‘%%AﬁgnLe !Fh

n val

lie Gy

450 455

465

Asp Met Thr Ged Arg Ser Ay Letd Thr Ala Pro Arlg>Al a Phe Asp
495 Mal vy $1 QL Tye vBEOLXgeNVahe As &0 sA aiThasd | e Ser

Glu

Ile

Phe
225

Tyxr

Asp

Val

Thr

305

Glu

Ser

Asp

Pro

Asn

385

‘Gly

Phe

210

Asp

Asp

Gln

Phe

Lys

290

Ala

Leu

Leu

Pro
370
Gly

Asp

195

Gly

Leu

Ala

Asn

Leu

275

Phe

Gly

Tle

Ile

Pro

355
Ile

Tyr

180
Ala

Glu

Gln

Leu

260

Asp

Thr

Thr

Asn

Ile

340

Tyx

Pro

Lys

Glu

Phe

Gly

Leu

245

Asp

Met

Arg

Asp

Asn

325

Gly

Leu

Met

Ile

Ala

Asp

Ile

230

Glu

Lys

Leu

Glu

Thr

310

Pro

Thx

Gln

Leu

Gln
390

Ala

Val

215

Lys

Lys

His

Leu

His

295

Thr

Asn

Lys

Ala

Ser

375
Ala

Arg
200
Thr
Lys
Ile
Gly
Asp
280
Leu

Ala

Val

Ile
360

Lys

185
Thr

Asp

Arg

Ile

Gly

265

Val

Lys

Ile

Leu

Ile

345

Ile

Lys

Ser

Val

Ile

Ser

Ser

250

Gly

Met

Ala

Lys

330

Val

Lys

Ser

Leu

Ile

Ile

Glu

235

Asp

Asn

Glu

Leu

Thr

315

Lys

Gln

Glu

Thxr

Leu

385
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Arg

Trp

220
Asp

Asn

Ser

Ile

300

Glu

Ala

Glu

Thr

Ser

380
Phe

Glu

205

Phe

Ile

Glu

Glu

Gly

285

Leu

Trp

Gln

Ser

Phe

365

Asp

Val

190
Val

Cys

Gln

Arg

Glu

270

Asp

Asp

Ala

Glu

Asp

350

Arg

Cys

Asn

Thr

Lys

Arg

Ser

255

Thr

Phe

Ile

Glu

335

Leu

Thr

Ile

Gln
Lys
Arg
240
Arg
Lys
Glu
Phe
Ala
320
Ile
Pro
His
val

Trp
400



500 505 510 <210> 5 <211> 31 <212> DNA <213> Artificial Sequence <220>
<223> Primer <400> 5 aaat aggatc caagcatgga cacagtctta a <210> 6 <211> 35
<212> DNA <213> Artificial Sequence <220> <223> Priner <400> 6 cccttctaga
t caagcaccc gatattgtgg ccggg 31 35 SEQUENCE LI STI NG <210> 7 <211> 1770
<212> DNA <213> Perilla frutescens <220> <223> Nucl eotide segye ol
encoding a protein having an agtiyl iy 1ol EECELY HeQMWES bnd Iayanone to

f1 avone <4605 7°tgt'cgatgga gcaagt gbaa atg gca ctg tac gcc_gcc ctc ttc ctc
ctg tcc 53 Met Ala Leu?Pyr Ala Ala Leu Pfle Leu Leu Ser 1'% 10 gcc gcc
gtg gtc cg6.4 GGuoll; ety rgatcicgaysaasy 6ge @ygseyggledgrCced 104 GlAla Al a Val
Val Arg Ser Val Leu Asp Arg Lys Arg Gy Arg Pro Pro 13020 25 tac cct ccc
ggg ccg ttc cct ctt ccc atc atc ggc cac tta cac ctc %%9 ey Pro Pro Ay
Pro Phe PrelidasPie Fhelet ded JFopFRe C&Y T Ce(r 30735 40°Ct ¢ "ggg ccg aga

ctc cac caa acc t4: cac gat ctg tee caa cgg tac 1975 Leu Gy Pro Arg Leu
H's Gn Thy, Phe H.S ASPALEY 19660 nF 1k ALD vEYTser Tle Ile Gly Thr Met

450 455 460

val Gln Cys Phe Asp Trp Lys Leu Ala Asp Gly Ser Gly Asn Asn Val

465 470 475 480

Asp Met Thr Glu Arg Ser Gly leu Thr Ala Pro Axrg Ala Phe Asp Leu

485 490 495

Tyr Pro Arg Val Asp Pro Ala Thr Ile Ser Gly Ala
505 510

Val Cys Arg Leu
500

<210> 5

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 5

aaataggatc caagcatgga cacagtctta a

31

<210> 6

<211> 35

<212> DNA

<213> artificial Segquence

<220>

<223> Primer

<400> 6
cccttctaga tcaagcaccc gatattgtgg ccggg

35
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45 50 55 ggg ccc tta atg cag ctc cgc ctc ggg tcc atc cgc tgc gtc att get
245 dvy Pro Leu Met G n Leu Arg Leu Ay Ser Ile Arg Cys Val Ile Ala 60 65
70 75 gcc tcg ccg gag ctc gec aag gaa tgc etc aag aca cac gag ctc gtc 293
Ala Ser Pro Gu Leu Ala Lys Qu Cys Leu Lys Thr Hs Qu Leu Val 80 85 90
ttc tcc tcc cgc aaa cac tcc acc gcc att gat atc gtc acc tac-gat. 341..Phe
Ser Ser Arg Lys His Ser Thr Ala Ile Asp Ile Val Thr Tyr Asp 95 100 165 !
x/17 tca tcc ttc get ttc tct ccc tac ggg cct tac tgg aaa ttc atc aag Ser
Ser Phe Ala Phe Ser Pro Tyr Gy Pro Tyr Trp Lys Phe Ile Lys 120 aaa tta
tgc acc tac gag ctg ctc ggg gCGEQEENCAat[SdtRC gcc cac ttt Lys Leu Cys Thr
Tyr Qu Leu Leu Ay Ala Arg Asn Leu Ala H's Phe 125 130 135 cag ccc atc
agg act ctc gaa gtc aag tct ttc ctc caa att ctt atg Gn Pro Ile Arg Thr
Leu u Val Lys Ser Phe Leu G n Ile Leu Met 140 145 150 155 389 437 485
cgc aaézkf)dﬂgaa tcg ggg gag agc ttc aac gtg act gag gag ctc gtg 533 Arg
Lys Ay,qwu;prr Gy Au Ser Phe Asn Val Thr du Gu Leu Val 160 165 170
aag ctg acg agc aac gtc ata tcg cat atg atg ctg agc ata cgg tgt 581 Lys
Leu The2SerDsn Val Ile Ser Hs Met Met Leu Ser Ile Arg Cys 175 180 185
tca gag acg gag . tc a Cg gag gcg gcg agg acg gtg att cgg gag 629 Ser
du Thﬁ21d>u*’€§é31t;f%“%\f%€%5u Ala Ala Arg Thr Val Ile Arg Gu 190 195 200
gtc acg cag ata ttt ggg gag ttc gac gtc tcc gac atc ata tgg ctt 677 Val
Thr Gn lle Phe Gy Au Phe Asp Val Ser Asp Ile Ile Trp Leu 205 210 215
tgt aagymac ttc gat ttc caa ggt ata agg aag cgg tcc gag gat atc 725 Cys
Ié%g AS?H%DeNLQSlgoFi%% g:qrheg;cé/ elnlcgdfar\lrgga Lyf%térnghg?irﬂggdhl Asp Ile 220 225 230

activity to directly convert flavanone to flavone

<400> 7
tgtcgacgga gcaagtggaa atg gca ctg tac gcc g
Met Ala Leu Tyr Ala Ala Leu Phe Leu Leu Ser

cc ctc ttc ctc ctg tce 53

1 5 10
gcc gec gtg gtc cge tcec gtt ctg gat cga aaa cgc ggg cgg ccg cce 101
Ala Ala Val Val Arg Ser Val Leu Asp Arg Lys Arg Gly Arg Pro Pro
15 20 25
tac cct ccc ggg ccg ttc cct ctt ccc atc atc ggec cac tta cac ctc 149
Tyr Pro Pro Gly Pro Phe Pro Leu Pro Ile Ile Gly His Leu His Leu
30 35 40
ctc ggg ccg aga cte cac caa acc ttc cac gat ctg tcc caa cgg tac 197
Leu Gly Pro Arg Leu His Gln Thr Phe His Asp Leu Ser Gln Arg Tyr
45 50 55
ggg ccc tta atg cag ctc cgc ctc ggg tcc atc cgc tge gtc att gct 245
Gly Pro Leu Met Gln Leu Arg Leu Gly Ser Ile Arg Cys Val Ile Ala
60 65 70 75
gcc tcg ccg gag ctc gcc aag gaa tgc ctc aag aca cac gag ctc gtc 293
Ala Ser Pro Glu Leu Ala Lys Glu Cys Leu Lys Thr His Glu Leu Val
80 85 90
ttc tcc tcc cgce aaa cac tcc acc gcc att gat atc gtc acc tac gat 341

Phe Ser Ser Arg Lys His Ser Thr Ala Ile Asp Ile val Thr Tyr Asp

95 100 105
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cag agg aga tat gat get ctg ctg gag aag atc atc acc gac aga gag 773 dn
Arg Arg Tyr Asp Ala Leu Leu Qu Lys Ile Ile Thr Asp Arg G u 240 245 250
aag cag agg cgg acc cac ggc ggc ggt ggc ggc ggc ggg gaa gee aag 821 Lys
Adn Arg Arg Thr Hs dy Ay dy Ay Ay Gy Ay du Al a Lys 255 260 265
gat ttt ctt gac atg ttc ctc gac ata atg gag agc ggg aaa gcc gaa;‘;8;(’59;,g§§sp
Phe Leu Asp Met Phe Leu Asp Ile Met Qu Ser Ay Lys Ala Qu 270 275 280
gtt aaa ttc acg agg gag cat ctc aaa get ttg att ctg gat ttc ttc 917 Val
Lys Phe Thr A rg Gy His Leu Lys.A fdletk lhe dgguaAspthcPhag 285 2908295
13/ 17 a&fza C ggc Iqec gac acg acg gcg at¢ gt gga 4,49, 0cg ata gca 965
Thr Al as& ySETh‘f‘heAéba The Srfir P2 éinflchvﬁfo &% “%" p ‘N alle Ala 305 310
315 300 gaa gii@ atc aac aat ceasaat gtg ttg aadflaaa get caa gaa gag att
1013 du Val |] ea&sqagsgr; PLo; Ash MRl gddgd atlyts: fka Genekd u G u kbe 320
325 330° gcc aac atc gga ttc gac aga att gtége c%;gt L 933 L,6£ gac gcc cca
n u

1061 Abgs Ash CFYISeT%F‘YG‘i}“Ph"e“ KEP A¥gria 8144 Ser Asp Ala Pro 335
340 345 aabksctg ccc tac cti3caa gcc ctc atd3daa gaa aca ttc cgg ctc cac
1109 Asn Leu a&%oagygcbecl'éc%& él:@- Ja@utcltl eté-)és:cGaﬂ The cI?laean@g Leu &Bs 350

CCC

355 360°Ctt cca atcC cca atg ctg gcg agg aaa tc 16g.gag tgc gtc atc
1157 PFor Pre JieeATs ShREteUL L %Fg %r gg%ys ero e er TASp %/s val Ile 365

370 3751gACc ggc tac atg ast ccg gcc aac a&(g ctg ctc ttc gt® aac ctc tgg
5385395 3%%/ e eted lQgPeLy Aba gASnaz;Ehﬁtd_@HtLg&lg &he cValgthsn Leu T¥p 385
tec atg aac t ac cg ttc
cag 12559 Ser NELC JOAMITAT BFD Ty sl BT ALk oy “ro ghr Ala Phe Gn
400 405 410 <ccg gagilegg ttt ctg gag ]éég gaa aag gcc d&?: atc gat gtt aaa
999 1301 . Rt Gyladd daPhRcloih 4l caySatg bied y8g Alge #Machbberahsp Val 188s Gy
415 420 425 "~ cag Cat ttt gag CLg. 643 £50udd C.0%R2.260 €95 BGY aga ggc tgc

cca 134@(5 Leu ThY Ser Asn Va
175 180 185

tca gag acg gag tcg gag gcg gag gcg gcg agg acg gtg att cgg gag 629

Ser Glu Thr Glu Ser Glu Ala Glu Ala Ala Arg Thr Val Ile Arg Glu

190 195 200

gtc acg cag ata ttt ggg gag ttc gac gtc tcc gac atc ata tgg ctt 677

val Thr Gln Ile Phe Gly Glu Phe Asp Val Ser Asp Ile Ile Trp Leu

205 210 215

tgt aag aac ttc gat ttc caa ggt ata agg aag cgg tcc gag gat atc 725

Arg Ser Glu Asp Ile
235

Cys Lys Asn Phe Asp Phe Gln Gly Ile Arg Lys

220 225 230

cag agg aga tat gat gct ctg ctg gag aag atc atc acc gac aga gag 773

Asp Ala Leu Leu Glu Lys Ile Ile Thr Asp Arg Glu
250

Gln Arg Arg Tyr
240 245

acc cac ggc ggc ggt ggce ggce ggc ggg gaa gcc aag 821

aag cag agg cgg
Lys Gln Arg Arg Thr His Gly Gly Gly Gly Gly Gly Gly Glu Ala Lys

255 260 265

gat ttt ctt gac atg ttc ctc gac ata atg gag agc ggg aaa gcc gaa 869

Asp Phe Leu Asp Met Phe Leu Asp Ile Met Glu Ser Gly Lys Ala Glu

270 275 280

gtt aaa ttc acg agg gdgag cat cte aaa gct ttg att ctg gat ttc ttc 917

val Lys Phe Thr Arg Glu His Leu Lys Ala Leu Ile Leu Asp Phe Phe

285 290 295



Gn Hs Phe Au Leu Leu Pro Phe Ay Thr Ay Arg Arg Ay Cys Pro 430 435
440 ggg atg ctt tta gcc att cag gag gtg gtc atc ata att ggg acg atg 1397
Gy Met Leu Leu Ala lle @n Gu Val Vval Ile lle lle Ay Thr Met 445 450
455 att caa tgc ttc gat tgg aag ctg ccc gac ggc tcc ggc cat gtt gat 1445
Ile A n Cys Phe Asp Trp Lys Leu Pro Asp Gy Ser Ay H's Val *Asp 465 #70
475 460 atg gca gaa cgg cca ggg ctc acg gca ccg cga gag acc gat ttg ttt
1493 Met Ala Qu Arg Pro Ay Leu Thr Ala Pro Arg Gu Thr Asp Leu Phe 480
485 490 1417 tgc cgt gtg gtg ccqg cga gt t..GC d,aid, gtf tcc aeescag
Oys Ar g2%al9cvafsPreS Rgﬁ A 95 ?’r%chhé W ggﬁétrg Thr cn. 495 506 505
t gat cacese mht¢laaatt tsat TaalmpdatHet Yt §¥1 $'ghaddda ‘st dahaat gc
taattgttff gtttcatgat gtamttgtta attagttbes attgtgcget gteéyrgtgtc

gcgtggcita agataagatt gtatcattgg tacc atid t,eatyadst he@at aaa 1013
ttattttged Kty atat*® a‘écé‘aﬁ%t%%gga%ggé%gggé ggtattaaaagaaag tagsm<210> 8 <211>
<212> PRI va13tiePasi [Asa Froubesdehstee2nLyx233>S 8 °h Uei § Sequence of a
protein having an acthyity to directlyzsconvert flavandi¥ to flavone <400>
8 Met Ala Leu Tyr Ala Alag Leu Phe lLeu anfhaAl@ fha géal cdlal Argioda 5 10
15 Ser 9%aIP2EetfeAsl APj t'Ia_tfsg%fr g d ;&A?%gelg?r%%rPro 'IyéLPrgq Pco Gy Pro 20 25
30 PheaPs ashelleProl Gle AHeerd prejidel kit By T8 TeO*QY ""P‘Eroo Arg Leu 35 40
45 H's A n Thr Phgsdis Asp Leu Sersa@ n Arg Tyr Gy3Pfo Leu Met A n 50 55
60 Leu Arg Leu GQ/ %%{: clalae Argtglas:c_\/ﬂa L& Abac A 3gpItcPeer G u LewoH5 70

75 80 AMACEYSE@ WWoys LEG Bys Thr Hi s L al Phe Ser. Ser Arg Lys 85
90 Asn Leg Pro ;;jqéeu Gfi Ala Leu IleILys GiL T E Qée Arg(%eu &15 g Ly

350 355 360

cet cca ate cca atg ctg gcg agg aaa tcg atc tcc gac tgc gtc atc 1157

Pro Pro Ile Pro Met Leu Ala Arg Lys Ser Ile Ser Asp Cys Val Ile

365 370 375

gac ggc tac atg att cecg gcc aac acg ctg cte
Pro Ala Asn Thr Leu Leu Phe Val Asn Leu Trp
395

tte gtc aac ctc tgg 1205

Asp Gly Tyr Met Ile
380 385 390

tcc atg ggg cgg aac cct aaa atc tgg gac tac ccg acg dcg ttc cag 1253

Asn Pro Lys Ile Trp Asp Tyr Pro Thr Ala Phe Gln
410

Ser Met Gly Arg

400 405

ceg gag agg ttt ctg gag aag gaa aag gcc gcc atc gat gtt aaa ggg 1301

Arg Phe Leu Glu Lys Glu Lys Ala Ala Ile Asp Val Lys Gly
425

Pro Glu

415 420

cag cat ttt gag ctg cta ccg ttc gga acg ggc agg aga dggc tgc cca 1349

Gln His Phe Glu Leu Leu Pro Phe Gly Thr Gly Arg Arg Gly Cys Pro

430 435 440

ggg atg ctt tta gcc att cag gag gtg gtc atc ata att ggg acg atg 1397

Gly Met Leu Leu Ala Ile Gln Glu Val Vval Ile Ile Ile Gly Thr Met

445 450 455
att caa tgc ttc gat tgg aag ctg ccc gac ggc tcc ggc cat gtt gat 1445
Ile Gln Cys Phe Asp Trp Lys Leu Pro Asp Gly Ser Gly His Val Asp
460 465 470 475
atg gca gaa cgg c<¢ca ggg ctc acg gca ccg cga gag acc gat ttg ttt 1493

Met Ala Glu Arg Pro Gly Leu Thr Ala Pro Arg Glu Thr Asp Leu Phe

480 485 490



95 Hs Ser Thr Ala Ile Asp Ile Val Thr Tyr Asp Ser Ser Phe Ala Phe 100

105
Phe
Leu
Leu
Asn
H s
Au
du

110
Ile
Al a
Gn
Val
Met
Al a
Phe

Phe dn

240
245
Met
Thr
Ay
Val
Ile
Al a

250
260
Arg
Thr
I'le
Al a
Pro

1538 1598 1658 1718 1770 i5/i17 Ser Pro Tyr Ay Pro Tyr Trp Lys
Lys Lys Leu Cys Thr Tyr 115 120 125 GQu Leu Leu Ay Ala Arg Asn
Hs Phe Gn Pro Ile Arg Thr 130 135 140 Leu dQu Val Lys Ser Phe
Ile Leu Met Arg Lys Gy G u Ser 150 155 160 145 Ay G.u.Ser Phe
Thr du du Leu Val Lys Leu Thr Ser Asn 165 170 175 Val’ e ser
Met Leu Ser Ile Arg Cys Ser Gu Thr A u Ser 180 185 190 Gu AIa
Ala Arg Thr Val Ile Arg Au Val Thr An |le Phe 195 200 20%

Asp dal sSeptdgal ¢ BEe IFEpEPe bt OPETLYS Ash *Phe’Bsp 210 21 %20
N QY ALevAr galsoAg Ber acbuprAsped Vel G Agyg TAF FPyr Asp 230 235

225 Al a Leu Iég GQu Lys Ile Ilsquhr Asp Arg Guokys Adn Arg Arg Thr

255 His ydy dy Gy " e L

268 REECC Pnétiaeatsasa;stwéa%t“&f%: 8k} tégagi“‘""’"A%/t ggﬁg\/al nggéﬁe
£ 24 g286: 38bcGtyatigtadiagtiy Sitphartiet altltetﬂ_oelatﬁ%ﬁfg%@tphe TRES8 a
gssﬁ:g ggpa %ggta%%Qtt -lf-lggtc-gu:gﬁltﬁcétla%gyalth(SttGaU thtRafaaaal | € Avss G U

320 ro_Asn ¥§|a Leu Lys Lys Ala G n @y Gu
AsarFtltF@tg\/&Fgﬁt?t?tzgamaéﬁ% 2P AR&D “APGT1T°e 16U G n G u Ser Asp
Asn Leu Pro Tyr Leu
210> 8
<211>
<212> PRT

<213> Perilla frutescens

<220>

<223> Amino acid sequence of a protein having an activity to

directly convert flavanone to flavone

<400> 8
Met Ala Leu Tyr Ala Ala Leu Phe Leu Leu Ser Ala Ala Vval Val Arxg

1 5 10 15

Ser Val Leu Asp Arg Lys Arg Gly Arg Pro Pro Tyr Pro Pro Gly Pro
20 25 30
Leu His Leu Leu Gly Pro Arg Leu
45

Phe Pro Leu Pro Ile Ile Gly His

35 40

His Gln Thr Phe His Asp Leu Ser Gln Arg Tyr Gly Pro Leu Met Gln

50 55 60

Leu Arg Leu Gly Ser Ile Arg Cys Val Ile Ala Ala Ser Pro Glu Leu

65 70 75 80

Ala Lys Glu Cys Leu Lys Thr His Glu Leu Val Phe Ser Ser Arg Lys

85 30 95

His Ser Thr Ala Ile Asp Ile Val Thr Tyr Asp Ser Ser Phe Ala Phe

100 105 110

pet
(.l

T~
’._.1
~J



340 345 350 A n Ala Leu Ile Lys Qu Thr Phe Arg Leu His Pro Pro

Met 35S 360 365 Leu Ala Arg Lys Ser |le Ser Agp Cys Vval Ile Asp kfypagr
Met Ile 370 375 380 16/ 17 Pro Ala Asn Thr Leu Leu Phe 385 390 Pro Lys
Ile Trp Asp Tyr Pro 405 Gu Lys Qu Lys Ala Ala Ile 420 Leu Pro Phe Gy
Thr Gy Arg 435 Ile dn GQu Val Val Ile Ile 450 455 Trp Lys Legjgffro Asp
Gy Ser 465 470 Gy Leu Thr Ala Pro Arg Gu 485 Arg Val Asp Pro Leu Va
Val Val Asn Leu Trp Ser Met 395 Thr Ala Phe G n Pro u 410 Asp Val Lys
Gy Gn Hssy R25TAF §1@ §rCFsr Pra & "NBt " £407248° 1€ gyis/ v KBt 11e Gn
460 Ay His Val pAsp Met Ala 475 1dihr Asp Leu Phe BB Arg 490 Ser Thr Gn
500 505 d Arg Pro Ile Arg Thr

Asn .
Gclu Leu Leu Gly Ala Arg Asn Leu Ala His Phe Gln

130 135 140

Leu Glu Val Lys Ser Phe Leu Gln Ile Leu Met Arg Lys Gly Glu Ser

145 150 155 160

Gly Glu Ser Phe Asn val Thr Glu Glu Leu Val Lys Leu Thr Ser Asn

165 170 175

val Ile Ser His Met Met Leu Ser Ile Arg Cys Ser Glu Thr Glu Ser

180 185 190

Glu Ala Glu Ala Ala Arg Thr val Ile Arg Glu Val Thr Gln Ile Phe

195 200 205

Asp Val Ser Asp Ile Ile Trp Leu Cys Lys Asn Phe Asp
220

Gly Glu Phe

210 215
Arg Ser Glu Asp Ile Gln Arg Arg Tyxr Asp

235 240

rPhe Gln Gly Ile Arg Lys
225 230

Ala Leu Leu Glu Lys Ile

245 250
Glu Ala Lys Asp Phe Leu Asp Met

265 270

Ile Thr Asp Arg Glu Lys Gln Arg Axg Thr
255

His Gly Gly Gly Gly Gly Gly Gly

260

Phe Leu Asp Ile Met Glu Ser Gly Lys Ala Glu Val Lys Phe Thr Arg

275 280 285
Glu His Leu Lys Ala Leu Ile Leu Asp Phe Phe Thr Ala Gly Thr Asp

290 285 300
Vval Ile Asn Asn

320

Thr Thr Ala Ile Val Cys Glu Trp Ala Ile Ala Glu
305 310 315
val Leu Lys Lys Ala Gln Glu Glu Ile Ala Asn Ile Val Gly
330 335

Pro Asn

325
Gln Glu Ser Asp Ala Pro Asn Leu Pro Tyr Leu

350

Phe Asp Arg Ile Leu

340 345

Gln Ala Leu Ile Lys Glu Thr Phe Arg Leu His Pro Pro ITle Pro Met

355 360 365

Leu Ala Arg Lys Ser Ile Ser Asp Cys Val Ile Asp Gly Tyr Met Ile

3790 375 380
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400 Arg Phe Leu 415 Phe Qu Leu 430 Leu Leu Ala Cys Phe Asp Qu Arg Pro
480 Val Val Pro 495 17/17

Thr Leu Leu Phe Val Asn Leu Trp Ser Met Gly Arg Asn

Pro Ala Asn
390 395 400

385

Pro Lys Ile Trp Asp Tyr
405 410 415

Gln His Phe Glu Leu

Pro Thr Ala Phe Gln Pro Glu Arg Phe Leu

Lys Glu Lys Ala Ala Ile Asp Val Lys Gly

Glu
420 425 430

Leu Pro Phe Gly Thr Gly Arg Arg Gly Cys Pro Gly Met Leu Leu Ala

435 440 445
Thr Met Ile Gln Cys Phe Asp

460

Ile Gln Glu Vval Val Ile Ile Ile Gly

450 455

Leu Pro Asp Gly Ser Gly His Val Asp Met Ala Glu Arg Pro

Trp Lys
480

465 470 475
Asp Leu Phe Cys Arg Val Val Pro

Gly Leu Thr Ala Pro Arg Glu Thr
490 495

485
Arg Val Asp Pro Leu Val Val Ser Thr Gln
500 505
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