=d- ~ll~l~ ~~I~ VI ~ll1~MIlI MII ~ll~~l~ *167167* DESCRI PTI ON GENES
CODI NG FOR FLAVONE SYNTHASES Technical Field 5 The present invention
relates to the control and wutilization of biosynthesis am lwmm whi ch
have effects on flower color, protection 1f romul travi oI| “ml I‘"mmm I 0Si s
with mcroorganisns, etc. in plants, by a” genetic engineeriuang.echni que.

More specifically, it 10 relates to genes encoding proteins with activity

of synthesizing flavones.fromfl avapeekipai@dn 0 their utilization
Background Art The abundance of different fTower colors is one of 15 the

pl easant aspects of life that enriches human m nds and hearts. It is
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The abundance of different flower colors is one of
15 the pleésant aspects of life that enriches 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;
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rays, and participating in interaction with soil mcroorgani sns
(Bi oEssays, 16 (1994), Koes at al., p.123; | /VMLI/ 1 11 M1 VIII VIl
Vit 1/ 1t/ *@0002* 2 Trends in Plant Science, 1 (1997), Shirley,

B-:W, p.377). O flavonoids, flavone plays an inportant role in

I nteraction of plants with m croorgani sns, especially in |egunes, where
they participate in the initial steps of-52the synbiosis with | egum nous
bacteria (Plant Cell, 7 (1995), Dixon and Paiva, p.1085; Annu. Rev.

Phytopat hol ., 133nG3997) Pl§Hgi géiegcgf'Si : bﬂ @‘)’P,nes'sv\%:{.zg%&?,t aé.%d.plng?'. 7 f0| e

in recognition by insects an t as copi gnents orm conpl exes’ with

ant hocyani ns. (GendQf Rag¥ROC1d®. (fhyvoneaslayHoanlalerrr St &0k 25 Prog.
Chem Og. NatihtePe8€ion58f(g98dts ¥PtW.milerodkrdaifilsmd ! dspdeiamy tiat
when flavone fqrns_a_conpl ex t h ant hocyanin,  t absor ption maxi num of .
t he ant hocyani n€SRMEEs gg@\ﬁ?d%?\% PROTHIPARR et rddth 1nitd el SRERF Miue. 15
'The bi osynt hesktbepayhbaysié ovith alvenom idtoum\badisan a Wrdant eddi,ed (Pl ant

Cell, 7 (.1995); t 0R; ' VAR t e for .all, of the
enzynes i nvol viéglbl'er}l.5 ! i‘?hg&gi%@%%esal’s%d?&aﬁ'h&g&g}ﬁi Szl%rYQB?’g’lilﬁgg’sait%glddd :
flavonol, for @RafbP@3) hateabdden i 1A%t ed Flaownesr in met2dSgpAey ianvol ved

~in the bi osynt hgsé siffrédsyonesodaye Nlecetadeer d 3@ 2bgd gmEResenzynes

t hat synthesize flavones 1nc|ude t'those belonging to the didxygenase famly
that depends '6%1%’3012%31‘ AR exes d“(“?] APSHOCYPRiRSse I(FeRAgL %ﬂﬁéi%ygenase

enzynes el ong{May ol 398) C ooty ami B45@ 035 pf.a13i;| prokl.aches.speghase 11).
ctructoral o oe T na HedR epGPLes fhat Ba 1aarol &, 13- SR8EPut ari c
aci d- dependent th o {hrm e vanealfpras a coapliesnwitthcBngbogyanimesthgi genin,
a flavone, frobdwrdtidinbxihunl b3VaR@NBntéochahihf Qh3els. t308ra1884) .
Britsch et al., .

Ionger wavelength, i.e. toward blue.

15 The biosynthesis pathways for flavonoids have been
widely studied (Plant Cell, 7 (1995), Holton and Cornish,
p-1071), and the genes for all of the enzymes involvéd in.
the biosynthesis of anthocyanidin 3-glucoside and

| flavonol, for example, héve beeh isblated; 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 (2. Naturforsch., 36c (1981), 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 (Z. Naturforsch., 36c (1981), Stotz

35 and Forkmann, p.737) and soybean (z. Naturforsch., 42c
(1987), Kochs and Grisebach, p.343; Planta, 171 (1987),
Kochs'et al., p.519). A correlation has been recently



p-742; Arch. Biochem Biophys., 282 (1990), Britsch, p.152). The other
type, flavone synthase Il, is known to exist in snapdragon (Z.

Nat urforsch., 36c¢ (1981), Stotz 35 and Forkmann, p.737) and soybean (Z.

Nat urforsch., 42c (1987), Kochs and Gi sebach, p.343; Planta, 171 (1987),
Kochs et al., p.519). A correlation has been recently - 3 reported between
a gene | ocus and flavone synthase Il actiVvity in the petals of gerbera
(Phyt ochem stry, (1998), Martens and For kmann, p.1953). However, there
are no reports f?@ﬂ 495k DGEHBEDT Br ITHRe SPTISaPdfe fdgHORASEENENasSTd | | were

i sol ated or thatctfiw@wgyndnsyhehpseald oms;erlmegbl YPRytbEheRlisthRe [roperties
of a cytochrone fggg; (o] ¥ 0 Sy theSIZI act|V|ty

t hat was |nduce& when Mbhgkﬂﬁe%m%gﬁf g o??gg?(C]€%§$$ Hiza &6l i nat a)

were 10 treated®®f t99 ZRPEFFE| thAt W@r@elf‘ﬁ\?eﬁrghb@%ie v qeotsainthases

bel i eved ts0 catnlanze rzheehy df sodd taid @ @ha- PO&VdA&Nsyfhddeldiz ihisgeni n

which is a 5-d fla foll owed by non-enzymatic hem acetal ring
opening to prog‘&i&{.l b' égg?gﬁee (Plant Physiol., 105 (1994), Qani et al. 15

p. 1427). For cl oni ngh8f Prersych igfe ofy At haSeChaOrc@IWSQ idoTcereyi nwawhpepar ed
fromelicitor- tﬁdﬂauedogiaﬁéu§ﬂﬂﬁh%s1QHHZU5@QL&£%§5%hé¥“&é% Q%Hﬁg%?ag Hts

encodi ng cytochr t Science 9 ashi et
al ., p. 39 1 20 Fr 5‘r1nr?ﬂe%gljfsr a&rrgrhc?rf'ﬁ sg%?%r'db’tzﬁ r?é'd“t'\ﬁéa)d?"ﬁ'%rent

full-| en@@h cDAestgdevctds are®dlicénovdi were imasichyacesl .P450e phoedimad

been unknown ungi beihed Jlﬂga epeskfigal hva ,Hgﬁ I ochrome
P450 No. CYP81E]) gnd ] cat ?ochrome QFI’I.SO t\%g’PQgglEGggghéf%ﬂ;nafter '

i ndi cated as CY 9&’81311?#&9&6’1%?5%8? d(%@"f)l,a"RRS%v Eplipwed p 1288).
By further eprﬁsmmrgenmt@\tpbemafcm iming Spendmgusbngredbdelr ed i nsect
cells, the protebdidifd ijeadnkr 9H¥§h@lgenﬁ)5""5ﬁ9§qqmolgnga‘£@| é’fe the '

reaction nt hesj | i_codi uiriti
?y 1Z£{¥J For cloning of 1i odlonegsynthase, a cDNA

llb;ary was prepared from elicitor-treated Glycyrrh;za
cultured cells, and 8 gene fragments encoding cytochrome . :
P450 were cloned (Plant Science, 126 (1997), Akashi et
al., p.39). , o ‘

20 From theée 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.CYPB1El) and CYPGe-5 (cytochrome P450 No.CYP93B1,

25 hereinafter indicated as CYP93Bl) (Plant Physiol., 115
(1997), Akashi et al., p.1288). By further expréssing
the CYP93Bi cDNA in a system using cultu ed 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



30 a‘fl avanone, and 2-hydroxynaringenin fromnaringenin, also a flavanone.
2- Hydr oxynari ngenin was converted to apigenin, a flavone, by acid
treatment with 10% hydrochloric acid (roomtenperature, 2 hours). Also,
eri odi ctyol was 35 converted to luteolin, a flavone, by reacting
eriodictyol wth mcrosones of CYP93Bl-expressing yeast followed by acid
treatnment. It was therefore denonstrated fhat the 4 cytochrome P450 gene
encodes the function of flavanone 2- hydroxyl ase activity (FEBS Lett., 431
(1998), - Akashiyttchraime D3.528¢eneHenepdpsotihet foncviompofefiavdnamre 2-

naringenin r eqyyd sk GURBEL Y8 [ rR8s2POLRCT KIKNOYSL S SR St hat it
was concl uded that total of t enzynes were necessary. However, no
genes have yet2hee®i28dnt-i f Hegef oProgREy#HRR Qf t #P12eniR tAXQW synt hesi zi ng
flavones (suchaasingEiigerieahidbdeeiby3si 0as fLaVRNONEesndEexh dkrwafd ngeni n)
10 mﬁthogt aci d treatnent ite.the fact th fl avones have

Thus, des t
nuner ous>f unctS &G A ARES, lﬁowﬁﬁcﬁﬂ?ﬁh‘é‘%&'d halar yae?toote%]n Yeptfted for
control ling tleiaymresosremehescessanypl ants, and i nprovi ng the bi ofunctions

| n which flavones geelayol ¥gdseUE 2% I} eGPl Mencita olb discovery of
an enzyme which by itse can_ggconp I sh “ synthesi's o avones from
fl avanones an®r@yfg€isswitBnastivity @&neynthRE I 1o flAYBIesof( S3i¢dh 38 gene~

ithO_ |0|t anéI s. ; apioe hdntyedﬂlpé@ft;py?ﬂ—éﬁaﬁmf %ﬁws(tddcﬂ EY r@&ﬁoln!g@aa:nq _é han
ein uctiagn.into_a.plant_of genes for enzyrmes. . nyol ved ‘i n '
t he syn{ esi swdfthf’P%IVSHég H%ﬁ’f‘?’gﬁano%', .J\é)ﬁﬁ‘stc??/gglﬂ &2 ttlﬁg\él nvention .
‘It is an ai m dflavheepr baeat numexor$ oiurnar immeyiide plfandson@os pechasgugsnes,

preferably flaygBeysynbbaserdbor SENehr FUhITNA iNLtHAR! 1ige)aEnkahis |
: fl.avone synt hases 55 wth activity, of synthesizing flavones directly.from

fl avanones. THE BBERFRed2?? ARG G Rjafedctdenise 10 Hbi6Buced into
pl ants and ovélaexspeessesl imvalved, fdunderas flower color. The

15 discovery of an enzyme which by itself can accomplish
' synthesis of flavones from flavanones and acquisition of
its gene, and introductioh'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 . invéi&éd in the Synthesis of flavones from flavanoneé;;
Disclosure of the-invention
It is an aim of the présent invehtion 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 flowérs that naturally
30 contain large amounts of flavones, it is expected that
controlling expre§sion 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



col-ors. Moreover, in the petals of flowers that naturally 30 contain |arge.
anounts of flavones, it is expected that controlling expression of the

fl avone synthase genes by an antisense method or a cosuppression nethod
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 wth goil mcroorganisnms, will result in
an.increase in the antibacterial properties of plants and inprovenent in -
5 the nitrogen fixing abiJity of I, mes_due to promoted synmbiosis with
hi s0spher o mEdFoBR bATF S Leke g T8 VL 52 T Bruted A Yo A R AR

ul traviol et raysbapndisiwgitth rFHeospbegnt miavent gamisier efome)dr @4 des genes

5 encodi ng pr ' e £ +S hZ ' t far flavanones.
The genes ar e%rrglsggﬁ?%aﬁ ly, tgéﬁtgggégngég%%g?lf%/gﬁe}% Anr%/dhéslegq.{pl that can

‘synt hesi ze flavone3he{PIARNta¢ANERELOBytRe e FRT - § S&YS%n
(hereinaster ehebéifi¢bictedns’ thavosensyphtinesiid "Hlavidhddidd repaqifically,

the present i t] r Quvi des e n in 450. pr.Gt ei n ving the
amno acid sg\éggn%g%'%os “&d agh%E%fgﬁf)_g %lgg’ Zé,gpézc%?lc%lo 't 76 n%%quence
Li sting and p&ssedinqcf lemong synshasgni hethat mpm Iseinddes izler dlafvioaegnones,

or genes encodcBf PIHAidhesNBY BYs 2y 1E-dPzyifd hRAUMNC QheFednkired rby
addi tions or de%e;io s of _one or nore nm no ,qu and/or a substitution
with different® 8o Heifds ?%agala TR HY SR Jequence, and possessing
activi ty0 of synthetdzd spechifioabiyf rone fPrRsRUNdSVeThhdonnpervidasf urt her
provides a gegen&dCéiidddng2B4 b Ob£b S ARAVHAG ryTithe Amlidosagygnces with at
| east 55% idgntit mﬁ&h %hg agiﬁgg 'péiqqﬁpn%es l st ed gg gEg%ID. No. 2,
.4 or 8 of the®ERYUET “LF5PFND° a g@gs i iy aSFlglPs 5 syhREn8sFSi ng
fl avones fronkistiran@nds poshess ivemdtoivisty [df fsymthesipioyi davgnass o
encoding 25 Prof &% aReRes S SoP Yyéidd b S prbieshs! Agvihgvaneso
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 B8 of the Sequence Listing and possessing
activity of synthesizing flavones from flavanones.
The invention still furthef provides genes encoding
25 proteins possessing activity:of synthesizing flavones
from flavanones, and hybridizing with all 6r 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



from flavanones, and hybridizing with all or a part of the nucleotide
sequences listed as SEQID. No. 1, 3 or 7 of the Sequence List under the
conditions of 5 x SSC, 50C. 30 The invention still further provides a
vector, particularly an expression vector, containing any one of the
af orementi oned genes. The invention stilt 6$urther provides a host
transfornmed with the aforenentioned vector. 35 The invention still further
provi des a protgisdueitpdar hyozeyentibhed ap ooeaEntvdredd igenes. The
invention still _further .provide sS.. | . pr.educi ;
af orenenti oned %t?% & ne%zle%nlbgsgu?ﬁg%%ﬁe% z‘gltrjp‘glyn cu%%u%if%egnlragéﬁg\xfmeﬁg t he
af or enent i oned héwst  armhdcddekséngnghe herpeoikeivithi £l aVIcd®one- synt hesi zi ng
activity from tfe,fasdi,ihgTRetioyept EPonStnd Indgy.t her provides a plant into
whi ch any one of” the afaqreénenti oned,?ﬁnfs t}ls been . introdruLg\%g, ;9L
progeni es Sof the pl &fte dPVEREieB 8t ithetIoher RAPVAses e P 5 “®hi ch
exhi bit the sanehidit epsr onesof 16hdhaf omemartt iomest igeneSuheBebephovi des a
method of - al tefdng, AN 8, AAdoqERTPOSHE 1S ffacll B¥oRORdsysENg the

a od of a

af or enent i oned ‘genes; ering anounts of flavones using the
af or enent i oned £.aSHENNBE BFt HI9WRT Ty WhiGRe #*BIPIFSTHE g Ehe
af orenent i oned @gsREtiasl5 net hod of bluing the color of flowers using the

af orenenti.oned genes; a.nethod of enj t QL .0 rSeusi ng
the' . af oﬁgrr_ent i oned$Pg:rf(§néé‘;veglg’fr%rt1 h%%legffj ﬂn%%efhy%ﬁgfgésp%o?gggﬁgi ‘tgifvi ty of

pl ants. using ta¢erdngr emenntonerd (RIRELS igrHi@nE REt RBAVEROLENEFHRY i HLt he 20
i nteraction betyegamahaibiednsemes! Ahafethd®t Aetel A eamahnOfnEs genes.

Briel Descriptl gy 2hes"Ss DheLid% £ mehe'iondaC JeREBL 08" RULRDS RO the
altering flower colors using the aforementioned genes; a

15 method of bluing the color of flowers using the
aforementioned genes; a method of redden%ng the color of
flowers using the aforementioned genes; a method of

~modifying the'photbsensitivity of plants using the-
aforementioned genes; and a method of controlling the

20 interéctidn'between plants and microbes using the
aforementioned genes. S
Brief Description of the Drawings

Fig. 1 is a chromatogram showing the results of HBPLC
analysis of products obtained from a substrate,

25 naringenin, using proteins encoded by CYP93Bl and TFNSS.

| 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




apal ysi s of products obtained froma substrate, 25 naringenin, using
proteins encoded by CYP93B1 and TFNS5. A and B: Obtained by addi ng a crude
enzyme fraction of CYP93B1l-expressing yeast. C and D. (btai ned by adding a
crude enzyne fraction of TFNSb-expressing yeast. 30 A and C. Direct
products obtai ned by addition of enzyrre fraction. B: Products obtained by
acid treatnent after reaction of A ~Pfoducts obtai ned by acid treatnent

after 35 reaction of C. Enbodinents for Carrying out the Invention

Fl avanone 2- hy:dPazpllasenenpodédcday 2hleyd}oyzsyfl&wgaoﬂes CYROB Bl greamope ®duces
2- hydroxyf'aV%@C"E‘ﬁg LLem E‘é!é‘”oé‘ éf;@a&é‘ﬁ%téf‘é CSonddifk dd1e product s
are converted to | avones aci trea e present 1nventors viewed
that it woul dfBavesssi b}’eat:bdo@f%?fn‘amgeneT%cbﬁﬁW% BYentre BieHedse

I, which wastgatobieqbudl we%owy@m'w,o@yawm?ém éﬂd&a'ﬁénaza derived

cDNA CYP93B1 __for screenjn l'ibra or a fl ower
contai nihg a FARYRPENBYREDND ef]fld'\/o‘ﬁ}é’sCh %% H?fg ‘gﬁ %%l\ﬂ‘r%ncodl ng

proteins wthiacehviby, oby Sysiestlre rrglyd;&-f}hﬂz/m:dwda(ﬁﬂm f ra¥nr93B1 )
fl avanones asg b cor di t e DNA | ry. of
glgu E‘L'L%&gfngaébf éBﬁ}Q i qutJ}Tey f%vcn)ftnde!gr% sathglcr eenegd)l Sgél/ng t he

snapdragon whi ch ctontains ar ge anoun
d ycyrrhi za- depntednEmiA BvROS BNty ofprigiRvones obtaithusDibtaidodi ng a

novel cytochreﬁﬁAPéégoéx% S P e th achlause%amtrwzfe@% FNS2,

obt ai ned in %g manner an the €] y yrrhiza CYP93B]l cDNA were t'hen used
as a - il i xed® pFEBRES ARG VEHRR S &SP S 2 SFovel cyt ochrone
P450, f rom a cDNA Acdsedingpftd mmlmvfelnmdzem Hel oA ddbriagnpife 2). 20 The

or eni a- der i veg, GONA RS, X0 R3304 43 YeAR ¥ dndiFRCLET HalBaagr lagenin. a

fl avanone, as™ a ) ,
screened using the Glycyrrhiza-derived cDNA, CYP93Bl as a

probe, to obtain cDNA encoding a novel cytochrome P450

15 (see Example 1). The snapdragon cDNA, ANFNS2, obtained :
in this manner and the Glycyrrhiza CYP93B1 cDNA were then
used as a mixed probe to obtain TFNSS5, 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 encoded 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
synthases encoded by TFNS5 and ANFNS2.



which resulted in production not of 2-hydroxynaringenin but rather of the

fl avone apigenin, without acid treatnent (see Exanple 3). In other words,

this .enzyne 25 directly produced flavones from flavanones w t hout acid

treatnment, and its gene was confirnmed to be a flavone synthase Il which

. had never been cloned. The am no acid sequence encoded by the -
snapdragon-derived ANFNS2 of Exanple * &xhibited high identity of 77%w th

the flavone 30 synthase Il encoded by TFNS5, and it exhibited the enzyne

activity of f|aVOﬂQ‘h%yabhé@eof|tt(<.£§ﬁ@'e%t4)i.nvbﬂti@x§jqj1at§_CHB_, $id¥ce an amno
aci d sequence enco ed %é gerl Ja-égllved cDNA,gIso exhi bited high identity
of 76% and 75% Wi EHETFRES BRTP € ARIPRCEFYRI SPTUSEARR ¢16ted 85 it is
specul ated t haREQ-A@.pNot e2n enmodedibyhehfequéife singussdsseserhe sane
enzymatic actig Gy ﬁﬁo&nti'etﬁé@\r@'&ei§1¥nbng§gsaﬁ?ﬁgdﬂké)¥ LhnRednd LANFNS2. -
8 The genes of the present |nvention nmay be, for . exanﬁle, one encodi ng
the ami nd aci §o8egaerchy 2dditeipnss orsgelepiong. op multdple gmipRe Sequence
Li sting. Howewends ahdler ksubwt ifthati opk ol et R sd s rNiand naCadigequences are
5 modi i ed by addLLiens, ore el elions oL mylijple am no,acids and/or
substitutions with dif eT ent. am ne acr ds ca mai ntai n Fﬁe Same enzyne
activity as t REOBPBI nffongaanesithy . Conskerhthaving shei apihavaagdt he amino
acid sequencesghéstes wstIQakDsebOID 2, Nd. OF, & @fr gherSeHdesequdfcéi sting
wherein, 4 he ag&ggigcuguggﬁyen g |s.nDd|f|$d Qy adstlona.ﬁr geletlons of
one or More am no atids and/ 67 SMHERI AT SRR aft PRPERte AP0 aci ds,
and genes ené8dinPrhese dsletépns, ofirenel w0 mareoAPaSSedchys t died/gr esent
Id nvent: onfso kfﬂﬂtmﬁm m_!}nﬁat ai préPen@cdnMid yaclaélst,)f aHHFéé'ﬁéé‘g flavonesh
“directly fro %a anones. . e _present_invention also relates to genes that
have. t he nucl%o ?a/en%_gz'ﬁ’éﬁcgyf'g%?ﬁd ARE SEE° IeI5.°°N8§.s.S?L$ B ¥ 7 and
nucl eot i de seRRRSRIES l@rv@p@iing shelemd res adiey madquenvesheé i attedvitherein, or
that - hytsr i di zef iiduuRAhlyl ¢08vones directly from flavanones. .
The present invention also relates to genes that
havg_the nucleotideusequences listed as SEQ.ID. Nos. 1, 3
and 7 and nucleotide sequences 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 seqguences and the length
25 of nucleptide 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 acid sequences with identity of



20 of their -nucl eotide sequences under conditions of 5 x SSC, 50C, for
exanpl e, providing they encode proteins possessing activity of producing
flavones from flavanones. The suitable hybridization tenperature will

di ffer dependi ng on nucl eoti de sequences and the I ength 25 of nucl eoti de
sequences, and for exanple, when the probe wused is a DNA fragnent
conprising 18 bases coding for 6 amno acids, the tenperature is
preferably not higher than 50C. A gené selected by such hybridization may
be a 30 naturally derived one, such as a plant-derived gene, for exanple,
a gene derivedt Agassndplr apprtenadrlonipd deaspeVPt | asush am\BOH &5 be a gene
from anot her RJraRterSHEY e@énmld%n r&gebenawwrhré/@ar&r@rafmtwerls or the

li ke. A gene selected.b br|d| atlo DNA “or nom ¢ . The
i nvention al s¢P8PafEd t%/‘) %"g Hg FB&E?C%S NPt gzha\?e C&ni n6’ aci d
sequences VMt|tthSHQUByC©fLLSﬂlngn ahdasha559©s$es§eaqﬂﬂwAum dfeast 70% such
as 80% ok %ghggeggglﬁ E%héﬂ%é@%rfQBﬁakgéva¥6$§$any one-of the amno acid

sequences |is , e Sequence Listing, and
that possess actlvﬁt9e%ﬁ Wity itiee S5 PRAL f PRGLPRSI4S FRTISAFENGR8s PeA gene
with the natuwhamuéhemldﬁm@nae gaaphe 1nhtary1,ecfd1y exampaei,Ngsof a

CONA I brary, (gL, exauple.. % ASHORR L AL Ech Ll e Al lndyh obiag jexgrpl es.
TRETAT s & i

encodi ng enzynes W am no acl ences can D€ ynthe5|zed
usi ng conmon §PF§mﬁ$r!&ﬁknFQﬁyﬁagéné§F§°o@C%@ TR enaEsodanudbeng DNA with a

nat ur al ygucl egﬁrhdﬁe§£ﬂétﬁrlfdinga&oﬁthhaﬁité@di@écﬁi’écﬂ'mutﬁ@@n@é&gpbe, aa DNA

f ragnent into rhé%rn%giklc%#kon L %o be |qyrod ce igay %ﬁﬂg I ned by
restriction enzyne reatnent natur a then
‘used as a tenpPakestartigig @agerdaled F?ﬁn%ﬁﬁﬂﬁiﬁrsaoPNPCRrésmﬁgtalePner

"having the deghi€N a MBdlAiRAtiBhI 0dUEShd NiaT@idiuded alyaba abbhlfnéaagnment

by restriction enzyme treatments of natural cDNA or

15 genomic DNA and then used as'a_template for site-directed
mutagenesis or PCR using a primer:havihg the desired
mutation introduced therein, 'to obtain a DNA fragment
having the desired modlflcatlon 1ntroduced therein.
'Mutatlon 1ntroduced 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 cbnsisting of a shortened amino acid sequence, for
example, DNA encoding an amino acid sequence which is
longer than the aimed amino acid seguence, such as the

25 full length amino acid seguence, may be cut with desired
'réstriction endonucleases, and if'thé 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 segquence.

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



havi ng the desired nodification introduced therein. Mitation-introduced
DNA fragnments may then be linked to a 20 DNA fragnment encodi ng anot her
portion of a target enzyme. Alternatively, in order to obtain DNA encodi ng
an -enzyme consisting of a shortened anmino acid sequence, for exanple, DNA
encodi ng an anmino acid sequence which is, longer than the ainmed ami no.acid
sequence, . such as the 25 full length an1h% acid sequence, may be cut with
desired restriction endonucl eases, and if the DNA fragnent obtaj ned

thereby does nt@-dRcod8 tRe &nPFré t2GEUCANRABIPALI S AR ESEE may be
linked with syfdhedioagtdgDbA acorgrdmd Bynthaseegénofin hematggirence. 30 Thus
obt ai ned genes, 2% expressed in an expression systemusing. E. coli or
yeast and its emzyme "activity measured to confirmthat the obtained gene

encodes flavone syfehaseuemylyxfrhesdinygnthengaheo relites #oso possible to

obtain the flapBALSKBhDASE S CidhdadsPact B8] Pedg Riadiynt vedbesnat i vely,
it is also possible to obta a flayone s nthase E[oteln even usi ng

antibodi es f &P R2AREPIOTIG emantipnfd GRrCS s Fe PPs&fed as 10
SEQ I D. No. 2trénefofimednhly silcseaviechodses Ty lmstsededf arycbeni ng of a

flavone synt hasexdepse 10 0%l orQE0BRL S S DNS SURRIEL, okhe [nvent] on

also.relates to reconbi nant ve tOFS especi _al exp reSS|on vectors,

cont ai ni ng th@rQFBF%ﬂ%%ﬁ|Qﬁﬂﬁfﬂi@ﬁe§ha5nﬂaYcF?NEﬂQQY PFaH§F6rﬁ§d B$tfhese
vect orsioThe hnsnsdusmabﬁan@abwe1phgkﬁgyeé|théngenﬂsam¢mhe¢;ohganlsueh

Exanpl es of OEgéﬁlé’}ichOJ QY Snﬁn&%c:&@gﬁﬁ'{?ﬁga¥eggnH§ﬁg @ES ;é;fcﬁ?a

“include bacteria belonging to tte genus suc

coi f, and n1cEBB?§a%ﬁ%ﬂﬁJQ§el6H5Pn55t6ﬂ€%%#”iyﬁﬂﬂ$15&€|IIus such as Bacill us
subtilis. Exanpl esxdmpdsafoeukabpst sc thaitshatemdgede used ude | ower :

g)‘jgﬁ{o lygt ! ‘éuﬁ;;g ?i@d@’#w%r SXRIRL St 1 d B SHRAINR ! Gol' ELQREPENI sNs, for

15 eukaryotic microorganisms, for example, Eumycota such as -
yeast and filamentous fungi. As yeast there may be
mentioned-micfbérganiSms bélongihg to the genus
Saccharomyces, Sﬁch"aé'séCCharomyces'cereviéiae, and as
filamentous fungi:there'may be mentioned microorganisms

20 belonginglt03£he genus Aépergillus, such as Aspergillus
oryzae and Aspéfgillus 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, hamstets, monkeys or humans. Insect cells, such as

25 silkworm cells, or the adult silkworms themselves, may

also be used.
The expressioh 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 hosts 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 pfomoter, etc., examples
of yeast promoters that may be used include

35 glyceraldehyde-3-phosphate dehydrogenase promoter, PHOS
promoter, etc., and examples of filamentous fungi
promdters that may be used include amylase promoter,



yeast and filamentous fungi. As yeast there may be nentioned

m croor gani s bel onging to the genus Saccharonyces, such as Saccharomnmyces
cerevisiae, and as filanmentous fungi. there may be nenti oned
m.croor gani sns 20 bel onging to the genus Aspergilius, such as Aspergillus
oryzae ‘and Aspergillus niger and m croorgani sns belonging to the genus
Penicillium Animal cells and plant cells may also be used, thé animal
cells being.cell lines from mce, hanstefs. nonkeys or humans. |nsect
cells, such as 25 silkwormcells, or the adult silkworns thensel ves, nmay

al so be used. Thec eXAessequnupel op Afidie deiveRbbonyMad.diclide

expression regllating regi ons such as a term nator, a
replication orR@y ree axsed igepeddi igFadn HW%Grﬁyﬁécbfaﬁo%‘{"so 9?3 Yhi ch t hey

are to be intrgsbieRcr, Exzaophgge?r&r@m{ .Llegcf.or bacterial expression

vectors which may used inclu convent i ronoters su
promoter, tac prom}‘tq‘& exPéssﬁf%%‘feeﬁ'toref“@Y %ng ?%’éeé o?ccyc’eréjgltngp?’orr%ters

- that may Se useshventiigdel3feghyd ersinde npdsricphon pérdenwblifaiesgenase
- pronoter, PHOS ; QD LRAH tﬁ&cllk@-nd méa@&laagfeiméti&mﬁ caJShd‘su&ngllth
prormters that nmay be used inel ude anyl.ase pronot

Exanpl es of arf’hdl*PEESFLRBsY PRt &15Rab ﬁﬁf/rb%d JooEe ﬁcﬁ(ﬂrﬁdggv Pal
pronot ers suclcawed¥donedrhgthgdonoter, SV40 |ate pronoter, etc. The

-expression vect Or TR hssege@@éﬁscm%ar@yn%teoeﬁpréﬁwwwt@@aha thod
usi ng restrlctl ndonacle and the rangFornatlon-

“of a hod® wit e &HERpPF SS?‘gﬁtJ&/‘}&tteéir %ﬁa§aé b%"%atrrﬁ cfr(ﬂftt RERGFH NG to
. convent i onal mayh(mts retheehedtand rpemsffoedear@y the axpressi prodecteor may

10 be cul turecatcculakbxea%ig% rc%r%@luaagltﬂstﬁ@ageguo@;r Qlsei n Ay be
recovered and ified fromthe cultured ro ccor di n

convent i onal ﬁ66§18{3chc%1%tr"fflulgtarlalsf38ﬁr Eb‘f’l’fr ﬁet}glalcré‘é éf’gt'l Sﬁ ceI I

crushing, gel filtration chromatography, ion-exchange chromatography
15  and the like. ' :
The present specification throughout discusses
flavone synthases II "derived from snapdragon, torenia :and
perilla. that are capable of synthesizing flavones
.directly- from_flayanones, and 1t is also known that the-
20 - cytochrome P450 genes constitute a superfamily (DNA and
Cell Biology, 12 (1993), Nelson et al., p.1l) 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.1).
For example, a gene for flavonoid 3',5'-hydroxylase,
. which was a type of cytochrome P450 and participated in
30 the pathway ;f 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 isoclate a flavonoid 3',5'-
hydroxylase gene from gentian (Plant Cell Physiol., 37
35 (1996), Tanaka et al., p.71l1l), prairie-gentian,
bellflower (W093/18155 (1993), Kikuchi et al.), lavender,
torenia and verbena (Shokubutsu no Xagaku Chosetsu, 33



fi.ltration chromat ography, ion-exchange chromatography 15 and the |ike. The
present specification throughout discusses flavone synthases |1'derived
from snapdragon, torenia,'.and perilla that are capable of synthesizing
flravones directly fromflavanones, and it is also known that the 20
cytochronme P450 genes constitute a superfamly (DNA and Cell Biology, 12
(1993), Nelson et al., p.1) and that cytoghrome P450 proteins within the
same fam|ly have 40% or greater identity in their am no acid sequences
while cytochrone. P450 proteins within a subfam |y have 55% or 25 greater
identity in thel}9%hinJaaeka 8eqaibncdd,>Xnd their genes hybridize to each
ot her (Pharmacogenetpigs, @ ph296y, alNelorngt odl thepfﬂa\rorﬁ)rsyemmﬂslee a

gene for flavongid 3,5 roxyl ase tochrone P450
and parti ci pat elff i38"e%0 #hggﬁaf%\f\%?tio‘?n }qézf\}é'ﬁgag Un ’E%% vva{s first

i sol at ed from pedzerias oiNakuikla 366h (clOR)e, Clalolabbﬁ ef %}rntheﬁ?lﬂ@g and t he
petuni a flg avonoffja\gmf% g;}.‘gﬁgg%" f’zsc?m Q@l’h‘%a%%e'elsegan%e dad¥Phe 2o easily

i solate a fl avonol | ase E.’\L from ent i a Pl ant. Cel |
Physi ol ., 37 35Yotgoe)n waﬁam%m%am % pYPRE 5¥ FBIRE gEnt3®A%°  bel | f1 over
(WD93/ 18155 (19%%khablléi lsdicbinthesdzing Ifdasndes, diteceky afomd ver bena

(Shokubut su no Kagaly €oseLsg aSfedre, 1388k, JENAMG. 2l . p.55). Thus.

a part or all ynt h genes of the _invention
derived from erab'd-rh&g‘é‘ﬁre t BY e Bl oringe the| é“aﬁﬂ’r' e WOIFIBRE OF
synt hesi zipng 5 ﬁéﬂ\mlaeaeﬁlwe@tfya\fdrwnsfyhahaaenms ercaymex desed ihedainpr obe,

in order to obtﬁa]_g}nf ];Slé’%]\éo synt hage 1l cggnQ?Ptﬁgppr efl%{vo%lé'%t E?%béh@?

fl avones direct vanones romdifrerent species of E ant s’
Furthernore, byfgeay |fﬂ)whg°ln¢|%, SAneh bsganingt éﬁéh‘i’%fil'%ﬁ aggipsti FPS- deri ved
fl avone synt hass2l h\egnEynaémd@’ﬁ&rdrﬁe.dmLelahoab; sispicigdsedbilentwhobhatan

synthesi ze fla%PQ%%rgnEegiaéene synthase II proteins that react with
15 the antlbodles, and obtain genes coding for those

proteins. _ o N
Consequently, the present 1nventlon is not llmlted T

merely to snapdragon-, torenia- or perllla derlved genes
. for flavone synthases II capable of synthe51zlng 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,
nenbnhila 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 modified 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 genes 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



frrom fl avanones, and obtai ni ng anti bodi es agai nst the enzynes by
conventional nethods, it is possible to obtain different flavone synthase
Il proteins that react with 15 the anti bodi es, and obtain genes coding for
those proteins. Consequently,.-the present invention.is not limted

nerely to snapdragon-, torenia- or perilla-derived genes for .

fl avone. synthases || capabl e of synthesjzing flavones 20 directly from

. flavanones, but further relates to flavone synthases Il derived from

nuimer ous ot her plants, which are_ capable of nt hesi zi ng flavones directly
from flavanohbaVormmfe s&r @é@rﬁéﬁlgﬁcﬁh?l%‘ﬁ@}/ SyntgEe £1 §8REsCfmy be,
in addition t@héf‘g?emﬂ’sagmn,flbeéenbataml .26 jerpddsatdesan hedrhese, al so

genti an, verbena tthemJ £It§h C rgw%]{]re%aetaclgnt e, sal vi a,

nenophi | a and ?%ea“f‘?”l?e he sco i'nvéntion is not linited
to these pl antéBlowifige tlhlwsntlpgﬁ of i thef QWRET?S rtel deesodd fprEntSWikBse 30

colors are modid i,y gt @ggngg a gene or genes for flavone synthases
Il that can synthesize fl avones direc ’Jn% fro fl avan(%n%za andst onprogenl es
of the plants or GHWEFsel¥suBE TGRT LIS T BEJPe S 16 V8P AT of "cut |
flowers. By uSicwexd hpetkllavone synphas:etslé ItqamCtCh'Léyr t38 geAesswhfchhfave

been cl oned an&J&&Qon;thnénysat'% esldmg 1% POSRILNRt O£ PEGEHEE fl avones
in plant species or varieties that otherw roduce }]ltthe or absol utely
no - 13 fl aviekss mysyady SEEESERGOR hE TSN %%ﬂ FEREe t ABIB? *Phe genes
in flower petslded tcoll&rpoasebtnet@fomneaselmtﬂtedamumhoeé flavones in the

flover petal 5 %ﬂéygiepghgggﬁngvibﬁ fﬁgcyéifgnéIT%QEHOW?rﬁeEHnggo??d'ited

toward 5 the exa Conversely,. by repressi ng S% esi s of
flavones in ¥9 Gwesipdeaks, li‘?r?%“?ﬁ)s%l%“éa tlé‘tl‘?odl P)J/af‘ﬁe 31 6¥RT ¥ t he
fl owers towarghd eneedn hoeoexeimpleiveHane terssufel-apendsichmaeneyyi ad effects

on flower Cokgﬁ.b %@dighglggaggféiﬂfb to repress the expression of a

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

As examplesﬁéfetrénsformable'plants_there_may be
mentioned rose, chrysanthemum, carnation, snapdragon,
o cyclamen, orchid,.prairiefgentianfjfreesia, 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, lupln, corn, etc., but
there is no limitation to these.

25 Because flavones have various physiological
activities as explained above, they can impart new
phyéiological_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



10 flower colors are therefore not limted to those nentioned here. Wth
the current |level of technology, it is possible to introduce a gene into a
pl ant and express the gene in a constitutive or tissue-specific manner,
while it is also possible to repress the expression of a 15 target gene by
an antisense nethod or a cosuppression nethod. ‘As exanpl es.of
transfornmable plants . there nay be nentipned rose, chrysanthenmum
carnation, snapdragon, cyclanen, orchid, prairie-gentian, freesia,

gerbera, 20 gl aodahglruisebebxcsf;[bgoeattme mhaeepgﬁ b mﬁia i P8l A AMYm

gerani um petunia, torenia rice, bar rapeseed, potato
t omat o, poplarWeﬁ&n&ﬁﬁr’éﬁc%HSqﬁQE91d1§ﬂeéP 569§?Bla§cﬁéﬂﬂ%?9'dﬁ@@PF8° | upi n,
corn, etc., butet hherelgsgpp limtation to these. 25 Because fl avones have

various phyS|oIo i c I ,act V|t|es explained above e i art new
physi ol ogi cal . é s1i Bdr ?P voﬁ sv&@h&%@ qp

expressing the gene to pragkRme flavones in roots, |t S p055|ble to

promote growt h of %95&9&98&&@&%@ tfbafn assu@eyeél&f alodry bfufa% Blagt, and
t hus pronote gromﬁh of the plant. is al so osslble to eS|ze

f1 avones t hat fHFBYtBEﬁE%nQﬂ%xinéﬁﬁréﬁPPvffﬁmW Farafare &y maretar
I nsects. 35 ExaﬁpteseIha<JnyemM|@blyA#Ianwwﬁmaab@ﬂznduubm mnfurther det ai

py vay of the botLoulRo SHAPIRYyAkERSdS ugwegwasetemq%&tel ed, the

nmol ecul ar bi ol ogi carried out accord Mol ecul ar
C oni ng ¥%anbr 85RP2EE AICDNM JdHFarpxafphe a. LaTkid r?d"PéfI §R§ﬁd?‘é§6ﬁr¥l avone
svnthase |l 5sgrorefNA rias (@xirhaabefle § risyn sibuiethal alecyompgdbddsyof a
Yel | ow Butterf (oF . ha- gag;Lkapg. KK ), and
Yol v A uasSEEFERRALR O e RAUURE CL AL AREL Y WIS R003

#065001). he cDNA library was screened using the full

length cDNA CYP93Bl as the probe. The screening and

15 detection . of positive clones were carried out using a

DIG-DNA- labeling and detection kit (Boehringer) based on -

the. method .recommended by the same company, under a low .

strlngent condition.

Specifically, a hybridization buffer (5 x SSC, 30% P

20 formamide, SO mM sodium phospﬁate buffer (pH 7.0), 1% - - -
SDS, 2% blocking reagent (Boehringer), 0.1%
lauroylsarcosine, 80 pg/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 segquence at the
5' end of ANFNS1 it was expected that ANFNS1 encodes a

30 sequence with 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 CYP93Bl1 suggested
that the cDNA of ANFNS1 is not a full-length cDNA,

lacking the portion corresponding to approximately 65



: : DNA
A.igotex. This pol yA+ RNA was used as a tenplate to 10 prepare a c

| b?ary usi ng apLanbda ZAPI'| cDNA Library Synthesis Kit (Stratagene) by
the nethod recommended by Stratagene (Stratagene Instruction Mnual,

Revi si on 1#065001). The cDNA library_wag scr eengd usi ng thfe full t I gngt h
' Bl -as the probe. The screening and 15 detection.of positiv
oS s p DI G DNA- | abel i ng and detection kit

d t
(Boehr i nger FaEeedeit rasidtt arf%‘i%dtl?%cb%’éﬁaéansymﬁ@m%onm
under a | owANFNSI1IngENA mwiﬁhmfox&)asshédCﬁJsl H @ﬁgh%@@g% 1% r (5
)2( OS/oSbCI ogg:%ng%(r)écg%;nt @F@eaﬂqrhgc dljglrgig/algysgu 8yPEgFéBSF @-“{?@75%) sal m)n
sperm DNA) Whd.chswasf drelimvehy o duz@lt?]dm ﬂh?42ﬁlﬂ.ﬂﬂ.eﬁgh.?xur2a§nﬁ ?éarﬁlg%\?l C'rll'he

b ed and t u

?rgﬁbr?ng {Aggeblsgggro e,ﬁg{%s p%g%eﬁrhs ae%%1 %ﬁFﬁgit Qgﬁ'laﬁ'@e@/ohm at d65C
faor 1.5 houﬁ§hlbn¢edp6§ﬁtmdenﬂumyaomnxhﬂnamimﬁ aend nbvw@§wdQ§!9PaZ§FNgi
ANFNSL.  Upofn feirnii Q'—Rﬂgdi@fyﬁ&f‘é "e‘?ﬁ:bggg éﬁ%%%%mg end o

h
it was expected that "ANFNS1 ‘encodes a h.identity wt
Ithe Tl avaﬁoﬁéGZHUﬁ}GD&xﬁleawq@mmmcbﬂijEm i te T¥808Blasasgq.trpras

assuned thaﬁol g, eﬁﬁﬁd%ﬂe ﬁ%&%@ Wiy ad éémdédltlﬁeahghgme%g%étcga sequence

fl avanone 2- drox | ase. ., a co I'son W
35 of! q‘lavahb%‘éeé ﬁ?dﬁ@ﬁyﬂ&seNQ‘f@oded by CYP9381 suggested that the cDNA:

of ANFNS1 |sxaﬁ51a ?gl | chenghl @Nﬁé’éé’ﬁ?g S5 PO xt:{: D&QOLLes ondgglgngo
65_- am no aci
'zli'ﬁgr OX:\lrllnNtsﬁl yCDNARués Yafe PELERE tee FTOM éﬂi?liﬂa’élfﬁ@telhsar genifnfudsf offthe :

snapdr agon SDE\kArénlbaav;nterobkr&lrﬁe&@l\l&aﬁn‘W:Mreﬂ%éh WQhQ‘Eghg‘éeg to

I n enc
RS o A ERRILR, RSB S TR, ol o Cachhe Seeib
and Seedlings Law, by Suntory Ltd.) and the polyA+ RNA
was obtained with an Oligotex. The polyA+ RNA was’ used
as a template to prepare a cDNA library using a Lambda
ZAPII CDNA Library Synthesis Kit (Stratagene) by the _
method recommended by Stratagene as mentioned in Example -

20 1. The cDNA llbrary was screened using a mixture of the
aforementloned 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_l.

25 One positive clone was obtained, and was designated
as TFNS5. Upon determining the full nucleotide sequence
of TFNS5 cDNAR, it was found that the protein encoded by
TFNS5 cDNA exhibited 52% identity on the amino acid level
with flavonone-2- hydroxylase encoded by 11cor1ce o

30 CYP93Bl. This TFNS5 cDNA also had hlgh 1dent1ty of 77%
with the protein encoded by ANFNSZ 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 is listed as

35 SEQ.ID. No.4.



fl-avanone 2-hydroxyl ase encoded by licorice CYP93Bl. The nucl eoti de
sequence of " ANFNS2 is listed as SEQID. No.1l, and the am no acid sequence
deduced therefromis 10 listed as SEQID. No.2. Exanple 2. C oning of
torenia flavone synthase Il gene RNA was extracted from approximtely 2 g
~of buds of a torenia varlety (variety. nane: Sunrenive, Variety

Regi stration Application No.: 7433 accorqlng to the Seeds 15 and Seedlings
Law, by Suntory Ltd.) and t he pol yA+ RNA™"was obtained with an Qi gotex.
The pol yA+ RNA was used as a tenplate to prepare a cDNA I|brar u3|ng a
Lanbda ZAPI| EBRARLEL; EXQIOSISdON 0L FOX QR Lo ol SYUEAAS e
recomended by Stratagenecﬁ&enantweaeﬂ in Exanple 20 1. The cDNA library
~was screened using re .of RO3R1 ANFNSI|
cDNA as the probesﬁhgh%ﬂsé?eg |%gsgﬁ§$%ﬁ€ 6%95 9 g&?lﬁve9 ngg wer e
carried out undetechethewnstymengehivetnoe Wd}% P&'§tedé’s€PF§éédl RYExanpl e 1.
25 One positi V@rﬁwnetn/@%&%abnedmmaﬁedi%i m@i as TEABBs bpon

determ ning the ful nucleotlge sequenc of TFENS5 c it was found that
the protein en&BﬂeQF?ﬂ& eredss he DR R% TﬁqeﬁF3£9%|°&e £t §€Bfi ¥RE®ani no acid
| evel with flavenbied 2-chydtexylhas eresntoocted dy enizyoel cét86 ENPH8BA. tdhi s

TENS5 cDNA al s %ﬁgtéuégg n@%nngMePf g?@b with the protein encoded by

ANFNS2, the sn agon- erlv cDNA obt ai ned in Exanple 1. The determ ned
nucl eoti de seq CPAEGEATICAGREIGTIS TING 3 ' FanddeRein8nT NBARRT d sequence

deduced itoher ef sDte i sldvestcedeateBbe SEQ i tiaién t6dokyanpEe. BD. Ex@reEsi on
of torenia fIq*gp If%g&ggggs% ?ﬂﬂﬁg@ J1 yeast The follow ng experinment was
er to

conducted in or etec e enzyne act|V|tg gf t he froteln encoded by
5 TENS5, the t&FEHICIAEANA2DBERFFHERTAT ISTRFIICECS 3 Par PRAGF LiRei™ Oth3T de of
the transl at edsigi Qowekchbe Uetwedy®s &ermination codon) (SEQ.ID.
No.6) were used with KOD polymerase (Toyobo) for PCR
15 reaction. The PCR conditions were 98°C for one minute,
20 cycles of (98 C for 15 seconds, 55°C for 10 seconds,
74°C for 30 seconds), followed by 74° C for 10 minutes.
 After 1ntroduc1ng the resultant PCR. product lnto the
_ _Econ site of pBluescrlptII SK(—) (Stratagene), it was
20 dlgested with restriction enzymes BamHI and XbaI and"
introduced at the BamHI-Xbal sites of the yéast
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 yéast 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 ug/ml tryptophan and 5 mg/ml
30 casamino acid), 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



nodi fied to introduce restriction enzyne sites therein to prepare a sense
primer (5" - AAATAGGATCCAAGCat gGACACAGICTTAA-3'; underline = BanH 10 site;
| owercase letters: initiation codon) (SEQID. No.5) and an antisense
prinmer (5'- CCCTTCTAGAt caAGCACCCGATATTGTIGECCGGEG 3'; underline = Xbal site;
| owercase letters: termnation codon) (SEQID. No.6) were used with KOD
pol ynerase (Toyobo) for PCR 15 reaction. The PCR conditions were 98C for
one mnute, 20 cycles of (98C. for 15;3;3econds, 55C for 10 seconds, 74C
for 30 seconds), foI I owed. by. . 74C for 10 m nutes. After introducing the
resul tant PCR into the _ t ApPkkhutes.
SK(-).(Strat aifgen th%% rﬁfec ll%%g'?gdy\cm ?h@eﬁ?r :fgsfo pgyres BapHl and
Xbal and |nt'r}mjlmx@d'aat%’h'e VBeﬁtT‘rﬁIUIXBﬁF %?‘i%sl-dlfgetdhé—"tyéggﬁ e§p‘1;e55|on
vector pYES2 %d NMinlk 89eRd - obkE o @S dkhaatenpias Mirdewasnt hen i ntroduced into
BJ2168- yeast (N haon The enz C Y, t met hod
25 described by Aléag‘ﬁ?‘t‘é‘f‘z' AL hle‘"FEIgSXEE ‘? 4 ngatfl %géﬁeqayggg%@a%tbgl

p. 287). sThe t3z@mnaf oﬁnedmg/'etmtyecténlamgl\)\erb mk 9% l?rré‘&el ﬁ"?lﬁm?d s%#ug?a?%ctl ve

nedi um (6. 7 gﬂm Rpoﬁcdt%ﬂcarle%exeﬁ§&n i iXtagen vhaseet DL eH)m1 20 ng/ m,

| ucose, euci ne . 20 rypt o n sani no
gm d), at 300’4‘-‘()rr32§tﬁ6u‘?% ) &gfmﬁ bv%lg ||r[1)m e@ qggrsnggég}néatﬁé

centrifugati Of\saddienhavamo;eaét 3@e#ls°ﬁ/\/eﬁfce?té&| taﬁlléd 181 39€ for 48
hours in an e%:g{ﬁsﬁkﬁggﬁa%éﬁ“a(d&dﬁﬁﬁgimnyeﬁﬁa:the@ébﬁam Abtey/ nl peptone, 2

/M hem n, 5 gal act os After. call ect cells, the
\R/gre Wdshed W'§G§H6ﬁﬂ+% i engt g%a Ci %9 bg%ekpggg‘zgéhbﬁlﬂds werey

used for 10 révuporatof. dl'ﬁrmr;telsngIUEaV@%rdeﬁﬁQ:JWEd 17‘ 1pReHtePfs were
centrifuged t?%%&X deé.):{aljyge@ Byt gsLc. Themes Wpelpatanvasasafuieder

centri fuged far ALl u zyne
fracti on. Y& &F€°6fu’1‘5 tpﬁ; e ﬁtg)?d n%ereslgcnxtlce%ﬁ:&ﬁ%? ?gggﬁ\i/egﬁﬁﬂ .

The acid treatment 1nvolved disso utlon of
evaporator-dried sample in 150 pl of ethanol containing
10% hydrochloric acid, and stirring for 30 minutes. This
800 pl of ethyl acetate-

15

was diluted with 1.3 ml of water,
was further added and mixed therewith, and after
centrlfugatlon, 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). In contrast, the yeast

expressing torenia TFNS5 yielded apigenin from naringenin
without acid treatment of the reaction mixture (Fig. 1,
C). This demonstrated that TFNSS encodes a flavone

30 synthase II.

Example 4. Expression of snapdragon flavone svnthase 11

gene in veast
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 pYES2 digested with
BamHI and XhoI were ligated to obtain a plasmid, which



5-30 pl1 of 2-nethoxyethanol), 1 m of crude enzyne solution and 1 niM NADPH
(total reaction mxture volune: 1.05 mM) was reacted at 3.0C for 2 hours.
After termnating the reaction by addition of 30 pl of acetic acid, 1 m
of ethyl acetate was added and mi xed therewith. After 10 centrifugation,
the ethyl acetate |layer was dried with an evaporator. The residue was

di ssolved in 100 pl of nethanol and analyzed by HPLC. The anal ysis was
carried out according to the nethod descri bed by Akashi et al. The acid
treatnent invol ved dissolution of the I evaporator-dried sanple in 150 pl
of ethanol containing 10% hydrochloric acid, and stirring for 30 m nutes.
This was di lwdedhsint Bhird&iudedfintat peas80fy Nheosasehpethedtat e was
further added,and ;y.xed, tag@/yf B, a@ﬁea;ésqutva%t E:bEHHS&thE‘t gduset hyl

acet at e. Iayer Was recovere Thi s was dried,. dissolved in 200 pl

of methanol, e&ids agapyveRA P HBEQ“I?hEh%/efaJsat"°é’>?pF¥§§f’ﬁ§l?&%‘?’Ivcf’etyCYPgBBl
pr oduced 2 mprmygaméng@unda fasodnnexamglenin, [The yeeis‘deeixmsmggenl n
(Fig. 1 n_acid, t r H8® apigenin
s yi ool rgmeatBR ke FALTREN DL R Eeg EBRLLRI I U, TP daet
expressi ng t Gredsi z§I¢FN&5n*y'| ¢ihged AgpPBRHE 3 M haar PNERTHE e 4ot aci d-
treat ment of fikeoheasyhernnsd xtrure (Fig. 1, C) Thl s denonstrated that
TFNS5 encode 3 f gvene éons%%@%:@? £ e e@‘&“ e§r§icﬁ%n‘{f snapdragon
X rra

fl avone svnt ragnment
obt ai ned by di gedt PhantANFRSRSEDRA Vi#e P B caaatepmed atrP 35 approxi mately

353 by15)NAdf rlalgafeghc@bimssedthg dbgesia RNAL bbtsm‘mc(ljvdﬂ tEs@mipllead BarH
an pYESZ [ ted,wt g a plasm d
T L R R i LT

whi ch - uce descrlbed
in Exarrpl e 3PhyRéotesdt drlt99ﬁéeo%b¢$ﬁ?ﬁray€&stal , 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 plasmld was then dlgested w1th HindIII and EcoRI, and an . .~
'approxlmately 3 kb DNA fragment was recovered The DNA
fragment was linked to the HindIII/EcoRI site of the

blnary vector pBINPLUS to prepare pBE2113'. Vector - .
pBINPLUS used here was obtained by modifying the blnary
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 TFNS5 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'.

construct thus obtained, pSPB441, expresses TFNS5 cDNA in
of 355 cauliflower

repeat of the

The

30 the sense direction under the control
mosaic virus promoter having a double
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, Variety

Registration Application No.: 7433 according to the Seeds

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



cells were used to neasure the flavone synthesis activity by the sane
met hod as in Exanple 3. The yeast expressing 5 the snapdragon-derived
ANFNS2 produced apigenin without acid treatnent, thus denonstrating that
ANFNS2 encodes a flavone synthase I1. Exanple 5. Construction of :
expression vector in plants A plant expression vector was constructed to
10 introduce TFNS5, the torenia cDNA obtained in Exanple 2, -into plants.
After digesting pBE2113-GQUS (Plant Cell  ;Bhysiol., 37 (1996), Mtsuhara

et.al., p.49) with Sacl, a blunting kit (Takara) was used to blunt the
nsert ed. The resulting 15

ends, after Xhol nker, ( Toyobo
pl asni d was thé’r?%g 3&3?%’&%%‘:#% %’d '%‘%11(?\,\% Vearﬂf%ﬂ’r’ AngabBrbR® matel y 3
kb DNA fragnentmeshiodretoviaiaedt Fhe D@eedmlgagnmemca/vasasl i(rleed)t oatdie

Hi ndl | |/ EcoRl %ittSIOf hﬁl ) bi bi pagy yﬁit&ﬁ 8 Uﬁkyﬁxé& t@a%@%?ﬁrg?l?ggzélsect or

Vect or Bl NPLUS u
Bi n19 (Ngcl ﬁage e terffl(’_“LQ% ) e&fr’fér 1f)r°“\/\,ﬁ|h€h fEk Wi del y used

for gene 5ntro@ucpi-®n°f nthe ppremt ssummwgtAgaobagmerpuxmleel | she i xefithe nmanner
reported by VaHdEQQ@|zeirlgthI%wez( Aagesh s Researsh, fioL499§éta1V@n

Engel en et al. .25 Th s cut. out of SK(-) vector by
cl eavage with gﬁﬁ% %and& &2\’5 %FEI?FE“? cRBors PRGNt t hus .
obt ai ned was | pgrert Staatihewmmrdb)élrolwl\satesrdﬁngt he afherrwogalt i oned bi nary

vect or pBE2113ior i1 t&@Ast §&eie dyh s 100t @hé‘?@'; u@ép%§58 Xﬁlr&]fﬁae rTFNﬁgsalc
caul |

CDNA in the_s e rect under the con
Vi rus prlgé)nnterp%a%ilsﬁ raoﬂt) fzr;l’er étﬁéﬁlstf fm‘?‘h’és ”ﬁﬁaﬁé@r SRuHGe (Pl'ant cel |
Physiol ., 37 (98®6)91A,Metsuhdiheset rgbultp. UgicaEednphat 6intAlddercatiioon of

- torenia f|O\A/eroﬁdfﬁfbs35neotﬁa@ﬁisac!ﬂr hetyr (Miest ¥oDgp®: Sunrenive, Variety
Regi stration Appli gg; i.pn L\Ioansf %%dagggr d’cﬂ%glt 0 ttpg gsoe‘gnst a%nd Seedl i ngs

Law, by Sunt orly Fansror e
avones ranged i1/5 to 1/10 that of the host, while the
15 amount of anthocyanins was reduced to about 1/3 that of

the host. . Also detected were flavanones (narlngenln,
erlodlctyol and pentahydroxyflavanone) whlch are flavone
blosynthe51s 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 océurred
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 88A according to

30 the Royal Horticultural Society Color 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.

Example 8. Cloning of perilla flavone svnthase II gene

s . 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



pSPB441 constructed in Exanple 5 above, according to the nethod of A da et
al. (Breeding Science, 45 (-1995), Aida et al., p.71). Over 95% of the
obt ai ned transformants showed alteration of the flower color fromthe dark
5-purple of the parent strain to a light purple. The left and the right
flower petal colors of four flower petals were neasured.. VWile the flower
petal color of the parent strain was Nunbe,rO 89A accordi ng to the Royaf
Horticultural Society Color Chart, the typical flower 10 petal colors of
the transformants.  were 82C, 87D, 87C 88D, 91A, etc. These results

i ndi cated that i#trotRidtortolof BEpNSE #ht of bl %hts GolF A% &l -f1 dwerl Sdol or s.

I'n the transfor npgidfdigh 10UqlstratBEeAEPUSY e JdHINES daR %g %/ ph@ 1/ 10
was re e

that of the host, while the 15 ambunt of anthocyani ns d to about
1/3 that of the FRRRACimM dadestbdlorirg foavtdrmorastltiag pyegienclones

eri odictyol and mm&y@a%i%asaeoa@carmcfhccarter\ef In@\e%% o @%wat egsi s
precursors _t hat ngt det ecte | N 7. ressi on of

fl avone synthasédn Bt ¥ol-pPighid ?JSSPE44149197W/as Giol’?tgr S&Uééd'l ﬁt' 1a)pet uni a
variety (varietjyamiante Recdkotioe 3eqlaicdwis, dakirgiiyiedRagdsligtednas

licati No. d t S L b
éﬁgt Io(r:;;/1 :_'?3 ) accorﬁﬁng%t%gqrﬁl ?ﬁe gec%kgcec? %?ﬁ%?;p%:aqc’ gggluen?%l a%vb%g%ﬁl by2
(1990), Napoli tdisagpuclgopidy saienprs Was flisked esl 6EQ-&BcuNeeB. in two

of the resultantrhicaasiabapis, s ﬁtéiy%o&EQW6%% EQBOV§%M§a§n£i teftfhan
or of th trai er 88A

t he _paren st rai he f.l I 0 par
accor di ng o 30 T?HQIRSQQI g&gﬁ?tlﬁet%tlgggyet y% i?OcﬁQ?Yegvﬁg? eas 87A
in the transforddrnsitpl sothWNRS3RI0 fl avones were detected in the parent

strain, a flavopgambytes! i ngyassdet et %@rkﬁ‘l&hflﬂéﬁ‘éf%é%é& rTff‘;;
Exanmple 8. Cloning o riTlTa fravone svinthase gene od
described in Exanple 1 was 8R&-40oYEE58en a cDNA |ibrary prepared from
| eaves of red perill|lBhe phage clone #3 obtained in Example 8 was used as

15 a template for PCR by the method described in Example 3,
using Lambda Arm Primer (SﬁratégEne). 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 Sall site side of

20 pBlueécript 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. a |

An approximately i.8_kb DNA fragment obtained by

25 digesting pFS3 with Sall 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
CDNA encodes a protein with flavone synthase II activity.
Industrial Applicabilityv

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




(Rerilla frutescens) according to the nethod of Gong et - 20 al. (Plant
Mol. Biol., 35, (1997), CGong et al., p.915) using XgtlO (Stratagene) as
the vector. Culturing, DNA preparation and subcloning of the resulting
phage clones #3 were carried out according to the nethod of Gong et 5 al.
(Plant Mol. Biol., 35, (1997), CGong et al., p.915), and the . nucleotide
sequence was determned and listed as SEQ; D No.7. The deduced am no .acid
sequence encoded by this nucleotide sequence was listed as SEQ I D. No. B.
This am no acid sequence showed 76% and. 75% identity wit TENSS a
ANFNS2, respecﬁpgég§ﬁ F&PZPS5*8hRo dggigganﬁﬁPFbﬁséfth Eﬁﬁég%£W°Exan§Ve 9.
Expressi on of re&birklssihlgataeefigndbhassyhthagengenasypastoiihg phagetglene #3
obt ai ned in Ex S t ho
described in %ngpSég %uggggr ﬁ%%§tg&é$2$$%%? % §¥S%%%)8?%ﬁﬁg fe
anplified DNA 1Sragssnblaasosubcreﬂe€ hbethesEﬁbFNCs|@@a©ianluescrlpt

) oA f L one it EBotBEnY ehglaklanaﬁegoaroéopf%féae iA@Vﬁf@réa@ahase L

cDNA on the SaF . pBl uescri pt was sel ect éd, was
desi gnated as fprSB9 Fhélatyl ebt 1%1%“%%u%cférwof—h%9cﬁ@9?+%’é+?“ ‘f’lfﬁsss

was deterni :"edfh%ﬁésﬁ@r’é’aﬁléﬁﬂéﬂgéﬂﬂsrﬁﬁ) g&mfwé% tge t@bﬁﬁgﬂﬁ@vl:%;tmrors IIAn
approxi mately 1. nt i ne igestin t a
and Xbal was IPQSPEﬁt%Y?heﬁgg% %f %&Fvﬁ%ﬁﬁ YholY gq gh ) to
obtain a plaskighthi ch was deS|gnated as pYFS3, and thls mas |ntroduced
-into yeast BJ2168 by the nmethod described in Exanple 3. when the flavone
synthase activity of this 30 r econbi nant yeast was neasured by the method
described in Exanple 3, production of apigenin from naringenin was

confirmed, indicating that the perilla phage clone n3 cDNA encodes a
protein with flavone synthase Il activity. Industrial Applicability



35 It is possible to alter flower colors by Iinking cDNA of the invention
to an appropriate plant expression vector and introducing it into plants
to express or 21 inhibit expression of flavone synthases. Furthernore, by
expressing the flavone synthase genes not only in petals but also in
entire plants or their appropriate organs, it is possible to increase the
resi stance agasint 5 microorgani sns of pt&@%s or to i nprove the nitrogen
fixing ability of |egumes by pronoting association with rhizospher-e

m croorgani sns, as well as to |nprove t he rotective effects of plants
against ultraviolet rays and |ight. _lﬁéﬁ A'MS 1.. An isolated

gene. encodi ng a flavone synt hase 11 mnth activity of directly synthesizing
flavones from fl avanones. 2. An isolated gene according to claim1 which
encodes a protein having the am no acid sequence |listed-as SEQID. 10 No.
2, 4 or 8 of the Seguenaa isioata'tétg'gaml eabmiﬂggaaﬂtawﬂxé ¥y@thag¥Mthestrl Ny

flavones fromflavanones, ar an|solateceaene eocodlagqanarotein having
e

one of thes@EH am ng~aci d 'sequence, has been
nmodi fi ed by additilons oAndébetdtmdsgere %ﬂ‘r‘é’réinﬁdi‘é ARt aci ds“Batfor one

or more subsgti. BHL% OJ‘\?Q‘otth]ﬁhéjhnngf:ﬁQtaﬁmonﬁcﬂ&lsdﬁ;ueﬁad eaeds asNgEQCID Vi t y
of synthe5|2|ng ones from flravanones. .3. An |ﬁplatedcg§n 9C§Prd|ng to
any one 18f ®oai frs 4 o8 of WpF APIHERHLSEARY #ih ShURRT 3 e anino

aci d sequenggnthisiAhgas1SFsadDLrda. £ hvationes 3 axf ahhes@am@neenm swqdymd

20 possesses activjty of synthesizing flavqQn
i soloat ed. geﬁep’é‘&%%‘r’i:l%ﬁé”?%y%i/ % éﬁe% é’lmmg §€ id SQQL%,L@Q/@%QQSJ_&%? zes

with all oramipardcidl sagyemaee bak béen tnv?s!efls@dlrfaﬁéélﬂ%ftsed’rage b9y of

No. .1, 3 and. of 18 SEANCNGAAL A/t oHBUSE depedilbaiituelion witiC 500G
and whi ch eRtodes & proteln 5 possessi ng aCtIVIté of s nthe€|21n fl avones
from fl &andheteremt Amipetanidseonprd HAF§eERINT ASHEKEBY e RETHIHINY to any

flavones from flavanones.

3. An_iSQlatéd;ggpg according'to any one of claims 1 to
2, which has at least 55% identity with the amino acid sgquppg .
listed as SEQ.ID. No. 2, 4 or B8 of the Sequence Listing and

20 possesses activity of synthesizing flavones from flavanones

4.  An isolated gene according to any one of clalms 1 to
3, which'hybrldlzes 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 § x SSC, 50°C, and which encodes a protein

25 possessing activity of synthesizing'flavones from flavanones.

5. A vector comprising gn_isolated_gene”according to any
one of claims 1 to4..

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 actiﬁity, 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



one of clainms 1 to 4 . 6.. A host transformed by a vector according to

claim5. 7 . A protein encoded by a gene according to any one of

claimte 1 to 4. 8 . Anmethod of producing a protein with flavone-

synthesi zing activity, which is characterized by culturing or growing a

host according to claim6 and recovering said protein fromsaid host. 35 9
A plant into which a gene according to any one 23 of claims 1 to 4 has

been i ntroduced, or progenies of said plant or a tissue thereof,

30

whi ch

exhibits the same properties. 10 . A cut “fF8wer froma plant or a progeny

thereof 5 having the sane properties, according to claim9 11

according to anysfie gifantClad 35 tlisk@ h f,alter
amount of a flavone 1Q using a élgneeagc%rga ngA‘fg?any oﬁ%bb

of altering a cofposiai®m ¥ tdndiads beemd/iont ricdacadpust Psbfgni.e,ﬁe'&
ng .
SctiPnsameto 4.

A met hod

the

13.. A nethod ofP™QPEEMHG the color of a flower using a gene according to
any one of claims 1100-.4- Aldut. f Fow@t hofoRfa qud,ng 4 (iﬁj&feﬁ ?ﬁél ovx,?r

using a gene aggRkRENPRLO ne of. £l a| ms. 1 to 4. 15715
reddeni ng the col or %f aéffmé( 22

owerP - R Hges é‘rfémefé’&é’rgdltﬁgctlélgh? one

of.claims 1 to 4. 18!, Ahﬂ!ﬁd\?d)fofalatlezam@gt lae cphpbesensnt iEYavbnefida
plant using a genedccirgidune @@m%aot;e%ah%o}dm%%o1Zn _ HnTet 54 of

controlling the HEH%r tIOJ”I bet ween a'plant and m
gene accordi ngcto any one " 6f clains 1 to 4.

roor gahi SAE §%ing a

;2 A method of altering the amount of a flavone
10 using a gene according to any one of claims l to 4.
13.. A method of altering the color of a flower

using a gene according to any one of claims 1 tog4-.

14>. A method of blu;ng the color of a flower uslng

a gene according to any one of claims 1 to 4.

=.15 | . 15.. ‘A method of reddenlng the color of a flower

using a gene accordlng to any one of clalms 1 to 4.
16..- )

A method of alterlng the photosen51t1v1ty of a

plant using a’ qene accordlng to any one of clalms 1 to4

17 ., A method of controlllng the interaction between’

20

one of claims 1 to 4.

a plant and microorganisms using a gene according to any -



