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DESCRI PTI ON  METHOD FOR CONTROLLI NG FLOWERI NG TI ME OF
PLANT BACKGROUND OF THE I NVENTION 5 Field of the

I nvention The present invention relates to a nethod
for controlling flowering tine of plant using a

chem cal substance. Description of the Related Art 10
Flowering tine of a plant is influenced by extrinsic
factors such as photoperiod, tenperature, and
nutritional status, in addition to species-specific
intrinsic factors AcEBPERAGTY N it is necessary to

dov Spﬁg%@éa te bM?ure conFtaL FQIdNé gll}tME é[-“agiﬁf o

devi ce era evice
controlling environmental conditions in order to
control flowering time of a plant, which raises cost
problenms. In agditdrowpDsSeedTy INVIIBTOON A cul tivation
area is limted depending on a species, inposing a
Filphgecbbsiadingehdioi nprovi ng  productivity. 20
Recently, various genes |n olved in conﬁ%gl |ng

f1 owert My SSeRE FRvpHant” ﬁ§ atperf i8Rt (Sci ence
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tere owering time have been pro
i ntroduci ng those genes. In nost of the plants a
foreign gene controlling flowering 25 tine is
Deexpressed aindér Rhbatwhthirsl of a constitutive pronoter
which is constantly expressed. In order to contro

1 owet PHY K9 1BF G 3 aHegénie PHame 65 PhdiitiTigsie
fé@f@&gsguéﬂ]ég ﬁ%BtBBéff%H{C%%mLQEE%&%%,g%ﬂﬁ H@ﬁffkfbnal

status, in addition to species-specific intrinsic factors.
Accordingly, it is necessary to use special facilities such as
a light irradiation device and a temperature contrcl device
for controlling environmental conditions in order to control
flowering time of a plant, which raises cost prcblems. 1In
addition, seeding time or a cultivation area is limited
depending on a species, imposing a huge obstacle for improving
productivity.

Recently, various genes involved in controlling
flowering time in plant have been identified (Science 286,
1960-1962, 1999) and transgenic plants having altered
flowering time have been produced by introducing those genes.
In most of the plants, a foreign gene controlling flowering
time is expressed under the control of a constitutive promoter
which is constantly expressed.

In crder to control flowering time c¢f a transgenic plant

by inducing expression of an introduced foreign gene which
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controls flowering time, an inducible system which has

a high induction ratio and can be precisely regul ated

is required. That is, required is an inducible system

whi ch can decrease the expression of a foreign gene

of interest to a low level 5 under a non-inducible

condition but can activate the expression of the

forei gn gene of interest under an inducible

condi tion. A copper ion inducible system which is onpe
coptrphe I3Erdng Eﬁb%m s LAAYF Htfe i DsE 8y ¥R & NiSed B
. I nexpensive inducing agent .and can be. used in the
i SN Sttt S
THHRWEV ET o 4 N6 CoRV et | QRaRll k) Kn enCQRRPEL ¢ decrease

I nduci bl e system has a problem1that, expression of a
t HeOERL 88 gRdte odndefoNdiyr REuei B ondiekic0no cannet 1beel

inhibited to a sufficient Iow level, expression of a
unfdgr ek ghengiammaicahder comtitdiongbebred ik 1 gahhothshe

activated to a 15 sufficient high |level, and a .co pe
eXPERSa5CRPT riditcfRGS aFe e s Routd- 4 Str dafed it e @ﬁle

ncent rat, ' f Ui e ul.tLnge i
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obj ect of the present invention to provide a nethod
irgfucd opt egditi regdf Cenerd ngpetd e blie af tgland §end Agdlladcain

a caopper i on-dependent manner, by inducin

h
ScexpleséPbirbf’ & foFél gn'gBRE=inhi ' eamf‘frgﬁi_tso“f%laxe}‘ﬁﬂ%ﬁ“
cdgel® ¥BLNG AN INAUCLDL S, 23 SYSLER IR AGRN. LAUES (bheo

pression o or ei gn ‘gene”at hi'gh’i nduction
a i@ gn ThenPresent nbAvetdangpesyi desn tanfotmidhod for

controlling flowering tinme of a plant,
inhibited to a sufficient low level, expression of a foreign
gene under inducing condition cannot be activated tc a
sufficient high level, and a copper lon as an inducing agent
should be treated at a high concentration for a long period of

time, resulting in significant toxic effects (Current Opin

Plant Biol 6, 169-177, 2003).

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
method of controlling flowering time of a2 transgenic plant in
a copper icn-dependent manner, by inducing the expression of a
foreign gene which controls flowering time using an inducible
system that can induce the expression of the foreign gene at a
high induction ratio.

The present invention provides:

1. a method for controlling flowering time of a plant,



10

15

20

25

2 which conprises bringing a plant into contact with
copper ions, wherein the plant has been transforned
with the following DNA constructs (i) and (ii): (i) a
first DNA construct conprising a nucleotide 5 sequence
encoding a chimeric transcription factor, wherein the
chinmeric transcription factor conprises the follow ng
a) and b) as operably linked elenments: a) a
DNA- bi ndi ng dormain of a first transcription factor

wlvhfét Cloﬁlpéaﬁ‘a%l@l@fglbél AP B Vidited cBYt ePpperthi §APPEN L onS .

a transcriptional activation do
re Ths BEB L L mlBer PRET o TGS R AT £, £ by s Dp
S tr scription factor; and (ii) a

C%g%%%%@gmﬁégéﬁg%ru?? encodi ng a heterol ogous gene

whi chicont rpis fonawesh figridtmeclbr s lant nuwheseide t he
gene is 15 under the control of a heterol ogous
spromekeencapabl @ chibeiny tstensul apedbrby acher e hierdio the
transcription factor of (i) in the presence of caopper
chigie flive F6R REF 1t 1080 AREF e SOMPER 8B F ed1d CadCt hee 2l and

resent al.lin od); 20 2. the method
bgé%b? n ? {%}{figle%EQV%ereln the chineric

tranggr 'apbﬂa@fb fREHLAr abHE iheyr GORPrises asckhfrion factor
operably linked elenents a transcriptional activation

tigomEisn capbbtdecff ieshot sanscrtapt begncd@metoriond. atde
met hod according to the item1l or 2, wherein the
first)t PaRBE IGFHUCGAORAL t BT VS T4 6D PR PEnPE hJeeag%to@ﬁe

sgéggg.%ggggcrlptlon factor that is different from the first

transcription factor; and

{(ii) a second DNA construct encoding a heterologous gene
which controls flowering time of a plant, wherein the gene is
under the control of a heterolcogous promoter capable of being
stimulated by the chimeric transcription factor of (i) in the
presence of copper ion
{hereinafter, sometimes, referred to as the present
controlling method):

2. the method according to the item 1, wherein the
chimeric transcription factor further comprises as the
operably linked elements a transcriptionzl activation domain
of the first transcription factor;

3. the method according to the item 1 or 2, wherein the
first transcription factor is selected from the group
consisting of:

{1) a eukaryote transcription facter which is capzble of

being activated by copper ion,
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(1) a eukaryote transcription factor which is capable
of being activated by copper ion, 3 (2) a yeast
transcription factor which is capable of being
activated by copper ion, and (3) a transcription
factor derived fromthe yeast ACEl which is capable
of being activated by copper ion; 5 4. the nethod
according to any of the itens 1 to 3, wherein the
second transcription factor is selected fromthe
gr oup 2consiwthisngtofns¢ptactr dastord ptitoh factapedée al
virus, (2) a transcription factor of a virus bel ongi ng
b?%ﬁgIEWSWRBP%%NWKKE§e§eh®%r*%ﬁﬁ a transcrlptlon factor

f He , 4), 1t VP16
?ran§§8$;?§3%3?§5%8 rusfﬁgFBes& le from Hif Y8 St f™

witBihod %%%95% NGk tb%laayaeilm%dl B?r@oﬂpé?’o me 15

wherein t het er ol ogous gene which controls flowering
time af tige planbdi scaetdEcizedof soyn dhehgr oOupne dngics i, ng
of: (1) a plant gene controlling flowering tinme, (2)
vl STy toSpep AP IR e a0oaE i oY 19 d Sl oviet § g eicived T(J) e
di cot Iedonous ene controlling flowering time, 20
IEWP £ B IEHFBY oUS’ gene controliing flowering tine, (5)

o A PR TR cgen cantrplLpgs | over 1
derived &romideriAiabi dopsis drhal yanas BE1geaehg to
Simplex virus genus,

{3) a transcription factor of Herpes simplex virus, and

{4} the VPlé& transcription factor of Herpes simplex
virus;

5. the method according to any of the items 1 to 4,
wherein the heterclogous gene which controls flowering time of
a plant is selected from the group consisting of:

(1) a plant gene controlling flowering time,

(2) an angicsperm gene contrclling flowering time,

(3} a dicotyledonous gene controlling flowering time,

(4) a Cruciferous gene controlling flowering time,

(5) an Arabidopsis thaliana gene contreolling flowering

time, and

(6) a flowering-time controlling gene derived from the

Arabidopsis thaliana FT gene;

6. the method according to any of the items 1 to 5,

wherein the first DNA construct further comprises a promoter

which is capable of functioning in plant cells and is operably

linked to the nucleotide sequence encoding the chimeric
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25 6. the nethod according to any of the itens 1 to 5,
wherein the first DNA construct further conprises a
pronoter which is capable of functioning in plant
cells and is operably |Ilinked to the nucleotide
sequence encoding the chineric 4 transcription factor;
7. a set of the follow ng DNA constructs (i) and (ii):
(i) a first DNA construct conprising a nucl eotide
sequence encoding a chinmeric transcription factor,
toher@iiptithe Sachinveric transcription factor conprises
the follow ng a) and ﬁ? as oBerabh{ | i nked elen%hts:_
a) a DNAS biFdi%tg tHBEP Mt BH"S PIF sTOTFANSER pti give (1) °
factor,, that | [ i er
B I e 4 Tt T

sE@@&h&Q@%coH@n@QQQﬂﬁﬁk&@@sﬁfddgdﬂaﬁtiéﬁtﬁHbﬂdEatwhérein the
different fromthe first transcription factor; and

chimngric seeondr ONA @wofstroact cerroodengtlae Hetlécgliogous and
ene which controls flowering time of a plant,
bhwhet etRFaRd Ygbheked €L1GREBFSt he control of a

het er gl og ronot er, capabl e of..being 15 st.i bul at
by (1 CHCRBr PR T Aneeh POt tn T d2tor CI LI PR Lhets er

tREESENCE 0k 1609P8s - 1N 2R e} £i HafdLtopsoOMeldnTeSnd
referred to as the present DNA constructs); 8. the
set of) tdherBhéccomsitonact scatedridinngoth@id hef iattefredst 2@
wherein the chinmeric transcription factor further
seofP | SEg 588 1Pt hen ofpertall Yhit nicediéFeppmt SSrpm the first
transcriptional activation domain of the first

“EPARSEH P oA F ALt ord™d

(i1) a second DNA construct encoding a heterologous gene
which controls flowering time cf a plant, wherein the gene is
under the control of a heterologous promoter capable of being
stimulated by the chimeric transcription factor of (i) in the
presence 0of copper ion
{hereinafter, scmetimes, referred to as the present DNA
constructs) ;

8. the set of the DNA constructs according to the item 7,
wherein the chimeric transcription factor further comprises as
the operably linked elements a transcriptional activation
domain of the first transcription factor;

9. the set of the DNA constructs according to the item 7
or 8, wherein the first transcription factor is selected from
the group consisting of:

(1) a eukaryote transcription factor which is capable of
being activated by copper ion,

{2} a yeast transcripticn factor which is capable of
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9. the set of the DNA constructs according to the item
7 or 8, wherein the first transcription factor is
selected from 25 the group consisting of: (1) a
eukaryote transcription factor which is capabl e of
bei ng activated by copper ion, (2) a yeast
transcription factor which is capable of 5 being
activated by copper ion, and (3) a transcription
factor derived fromthe yeast ACE1l which is capable
begfngberngvaictd wat edrbyr ciopperniion; 10. the set of the

DNA constructs according to any of 5. the items 7. t
5, Whet oifn SERGSSECUTIA™ FARSET 1FAGACF BEtibrjes Yeast AUEL

w!-{sieclhegtseg%éa(bol@ t e%}%:ﬁg&'pacccq[&%itééi nggpgegflloﬁ;

ranscription fac of “a virus, transcription

factep ofira Vit USs balOnBRNGok Ot ruditRPEEXo M IridS teeans, of

10 (3) a transcription factor of Herpes sinplex virus,
ttand tefd) 7t he NPiLGetranschd peicondf acdrorcropt Hep pesctor is

sinplex wvirus; 11. the set of the DNA constructs
seletedi AEeT o-EnPrerr e ittdRd 75to 10, wherein the

het er gl ogous gene which. 15 controls. flowering tinme of
a plégf gstg%%%ng 167 o THE 8%o%le%5%sisting of 1 (1)

a pl ant gepe, contirek Ling fdoWeki ngime,beﬁaalg?% ¢

angi osperm gene controlling flowering tine, ;
s fhiyceby hvedapogsngene controlling flowering tinme, 20
(4) a Cruciferous gene controlling flowering tine,

(3} a transcription factor of Herpes simplex virus, and

(4) the VP16 transcription factor of Herpes simplex
virus;

11. the set of the DNA constructs according tc any of
the items 7 to 10, wherein the heterologous gene which
controls flewering time of a plant is selected from the group
consisting of:

{1} a plant gene contrclling flowering time,

(2) an angiosperm gene controlling flowering time,

(3) a dicotyledonous gene controlling flowering time,

(4) a Cruciferous gene controlling flowering time,

(5) an Arabidopsis thaliana gene controlling flowering
time, and

(6) a flowering-time controlling gene derived from the
Arabidopsis thaliana FT gene;

12. the set of the DNA constructs according to any of
the items 7 to 11, wherein the first DNA construct further

comprises a promoter which is capable of functioning in plant

cells and is coperably linked to the nucleotide sequence
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(5) an Arabidopsis thaliana gene controlling flowering
time, and (6) a flowering-tinme controlling gene
derived fromthe Arabidopsis thaliana ET gene; 25 12.
the set of the DNA constructs according to any of the
items 7 to 11, wherein the first DNA construct further
conprises a pronoter which is capable of functioning
in plant cells and is operably linked to the
nucl eoti de sequence 6 encoding the chimeric
erfccanagr i pt i dorirkastorranFrigtpPantathdrsf ormed with the
set of DNA constructs of any of .the jte
(her éEnafd é’ﬁ?“%oﬁ@cf}sﬁ@ﬁ“e?e‘f%ﬁ’k} e tsslc a%frﬁjr%qé’ tﬁggé}leﬂtmts
ransfarped plant); _angd 5 ‘ 0 88 UGId¥G rated
OéfﬁﬁéﬁgnpﬁebﬁﬁﬁF mﬁ%ﬁ gl %%%Sé??indﬂcgﬁﬁétgﬁntrol of

o | QUeRENg LidR GORREESHRAG plbAty pdued ng the set of DNA
constructs of any of the items 7 to 11 into a pl ant

cel | 14r egererabings apldatingram tansgghant Pl w11 2
selecting a plant conprising the DNA constructs,. and
coproviigotheb bt antinder! corrietiBAst tHat TPr ow edpper -

i nduci bl e contrql of flo j-N ' c rdi e
preséﬁFrPﬂV%HFi%ﬁF §e%e?£§%h¥%Pk% 1%&%%%§I%FESOEQth
i{éﬁgﬁ¥iQQl%iﬂFu?Ea%l%ﬁgnégﬁﬂ!C plant in a copper

I on-induci bl e mannér is provi ded, wherein a

het er-@ljegeust pene: pahhehf conturel gléhowerlilng time has
been introduced to the plant. Thus, regardl ess of_ a
envi roriment no seediang £PRR? BYICUILARY BVS orP e eRCTS . 2D

H Omggorxbgln%aghgepllar}i%u%gge9tcoanncyitqgggr@tgatt 48 cw copper-

inducible control of flowering time.

According to the present invention, a method for
controlling flowering time of a transgenic plant in a copper
ion-inducible manner is provided, wherein a heterologous gene
which controls flowering time has been introduced to the plant.
Thus, regardless of an environment, seeding time or
cultivation area, flowering can be induced at any desired time
so that systematic harvest and shipping based on precisely
estimated needs, efficient production of £ nybrid seeds,
prevention of gene leakage from a genetically-engineered crop,
efficient production of leaf vegetables or root vegetables,
improvement of productivity for flowers and cornamental plants,
efficient breed improvement based on reduced period between
generations, increased harvest amount, and the like may be

expected to be achieved.
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20 so that systematic harvest and shi ppi ng based on
precisely estinmated needs, efficient production of F1
hybri d seeds, prevention of gene | eakage froma
genetical |l y-engi neered crop, efficient production of

| eaf vegetables or root vegetables, inprovenent of
productivity for flowers and ornanental plants, 25

ef ficient breed i nprovenent based on reduced period

bet ween generations, increased harvest anmount, and
BRIFE IDFRERFBYLPe CreXPect®d 6 be achi eved. 7 BRI EF
DESCRI PTI ON OF TH

DRAW NGS Fi. lis.a.s j [
I TUStPat i nif thé-CEPteturas” of TNk g hae or e e ey
o £ PRGN, 1101 L Ndu Q!ogpéﬁforg%%u%m@sssq@n geMeCE RS sanen
a ‘copper "fon-induci blfe FT gene expression vector. 5
vdhe, symhal 5" Eopddt Rog-iddshons arnyéat icoprientiodusedor -
region of the as-1 site. Fig. 2 shows difference in
THé omerdong "t ' men dfict-hé sheeorbimant 1op alitdepyrgd region of
thaliana in which the copper ion- inducible FT gene
tepresisiSéh€vect or has been introduced. 10 DETAI LED

DESCRPTI ON, OF, THE PREEERRED EVBCDLNENTES dietel enbel o

t he priésefit Sinvention w scribed in nore

B8 nantha rRE€S6R 1 PNA:CORSS ructsieBntide e rf Don-

I nducing in 15 chem cal substance-dependent nanner
ieAPEBSIS AT gEna eheteesébogoest gemeswhteh CBrodgrsd-
flowering time of a plant. The present DNA constructs
can be constructably prepared so as to conprise:

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Herein below, the present invention will be described in
more detail.

The present DNA constructs can be used for inducing in
chemical substance-dependent manner expression of a
heterologous gene which contrels flowering time cf a plant.

The present DNA constructs can be constructably prepared
so as to comprise:

(i) a first DNA construct comprising a nucleotide
sequence encoding a chimeric transcription factor (hereinafter,
sometimes, referred to as the present chimeric transcriptiocn
factor), wherein the chimeric transcription factor comprises
the following a) and b) as operably linked elements:

a) a DNA-binding domain of a first transcription factor
that is capable of being activated by copper ion, and

b) a transcriptional activation domain of at least one
second transcription factor that is different from the first

transcription factcr; and
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(i) a first DNA construct conprising a nucleotide 20
sequence encoding a chineric transcription factor
(hereinafter, sonetinmes, referred to as the present
chimeric transcription factor), wherein the chineric
transcription factor conprises the followng a) and
b) as operably |inked el enents: a) a DNA-bi ndi ng
domain of a first transcription factor 25 that is
capabl e of being activated by copper ion, and b) a
trandéri pt | rraindaBlR Vet i UGOnBT AOHIGrR EhSTOlpeus gene
second transcription factor that.is djfferen omthe
WIT%%F®“FF%§C§%°EFF6H%BJCITeor(D;f Anl (| {r)e'glgg%:%‘gr}{f DNA
sGanstuct .encading a,betiar o,.Qgeys geNg: r WBL€ne o tobs
owering tinme of a plant (hereinafter, sonetines,
gdfier hedrt on asnd henpr esemidd: awer bagetdImefcenhedrologous
gene), wherein the gene is under the control of a
pheteral ogpelsld qir brpter s capdisitedoby bdihFrsOERuf at ed by
the chinmeric_ transcription factor of (%) in the .
CREENES 18P Eupper Clonl) A TP PEESFITT (Hs§8PPR o0
descrj bed, bel ow J.ndi.cat es.a JNA, ; coRSILuGt 1whl R &an pra
express a 8t ructdr af gene, such as the present
cbh OWRId gyt ERe. GOnthQksgenest GoARLESegerd) tshehlfs the
construct in a host cell. Exanples of the expression
peasset tfé owknthydeire DNACcohstangct chmpwhiash 1a phenot er
and a termnator are operably |inked re;gectivel to

CoE: ISt A@af BRE 1956 1 - ARS8 B the SHPREETHA FEREt e
.15 The present chineric transcript] r oY
1%%%$£%f£&%% constrJg% 11l wﬁl zaﬁQ%theEQ%ﬁga ¢ap p@'t

y “copper ions and ca uce

abEanserditi ey el thg-preseny dd ewer ipg: tda¥e aeantrel
gene. In the absence of
downstream of a structural gene.

The present chimeric transcription factor can be
activated by copper ions and can induce the transcription of
the present flowering-time control gene. In the absence of
copper ions, the present chimeric transcription factor is in
an inactive form, and therefore transcription of the present
flowering-time control gene is not substantially induced. 1In
the presence of copper icns, the present chimeric
transcription factor is converted into an active form, and
therefore can induce the transcripticn of the present
flowering-time control gene.

A transcription factor generally contains a DNA binding
domain and a transcriptional activation domain. The
transcriptional activation domain has a function to recruit

mediators for a RNA polymerase complex in a host plant cell



10

15

20

25

copper ions, the present chinmeric transcription factor
isin an inactive form and therefore transcription
of the present 20 flowering-tinme control gene is not
substantially induced. In the presence of copper

ions, the present chineric transcription factor is
converted into an active form and therefore can

i nduce the transcription of the present

flowering-time control gene. 25 A transcription factor
anybrisrtalvey e cbit di 1 sgr DRAL B fdi Ag T2 H9RRi9F 4nd a
transcriptional activation d in T . -

transcr it Fi%ﬁﬁﬁ”ﬁcﬁ?@g?%ﬁﬂhdgggiﬁrﬁggﬁhc?&ﬁgff%n to
t 5:%&%{;:&%%?{@&5 J0F r 85 RNA POIKIEE 85 €1 iGORRI EXerdh tas

ost plant ce 9 and activate the transcription of a
targel; gener-pindie poesentod nventsom radferppesemtfactor
chimeric transcription factor conprises as operably
thankied celpeizat Sf &)e iz oDNAL by #diché YdBRBPHT ofona 2P T st
transcription factor 5 that is caﬁable of b%iT?ast one
act i Vit éd EBSTEGhIRIE PN AR B8 PRRREH it Fona
activation donmi I ~ - he first
R D N
tHEARSEdPpidoraEagt or. The present chineric
transcription factor may further 10 conprise as the
oper attey drienked <ewments taatsanséiopt forar maot fvaEhon
domain of the first transcription factor. That is, _,
ceRBRPT S Dt "ehePpraient 1OkP et Y dndct f PG Pract or

al so_,include.a chineri a | ot QF -
EoRErT L8 HB4Ber AT T hkeh ol Sheki 5 by a TR
<LNA, DL 0di NG HAORRE fe NG 1A el @B SEFd rdrapaion facter also

include a chimeric transcription factor comprises as operably
linked elements

a-1) a DNA-binding domain and a transcripticnal
activation domain of a first transcription factor that is
capable of being activated by copper ion, and

b) a transcriptional activation domain of at least one
second transcription factor thét is different from the first
transcription factor.

The present chimeric transcription factor can induce the
expression of the present flowering-time control gene at a
high induction ratio because of its structural feature that it
comprises a transcriptional activation domain of at least one
second transcripticn factor that is different from the first
transcription factor. In order to control the flowering time
of the present transformed plant, higher ratio for inducing

the expression of the present flowering-time control gene 1is

10
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activation domain of a first transcription factor that
is capable of being activated by copper ion, and b) a
transcriptional activation domain of at |east one
second transcription factor that is different fromthe
first 20 transcription factor. The present chineric
transcription factor can induce the expression of the
present flowering-tine control gene at a high
i nduction ratio because of its structural feature that
pretfergbhpri ses a transcriptional activation donmain of
at | east one 25 second transcription factor that is
different fromthe first transcription factor. In

ordeE &%%Q%P%%thgheff é%M%&Eﬂgciéﬂﬁ%qno&aEB§r@rfﬁaiﬁﬁe a

transfor ant, higher ratio for inducing the

£ BHRIESBE O Of s dthe peesendd firewethdigyddue ceont stoingelte
is 10 preferable. Exanples of the "first
trangeri pt icohat actortransckudeien tiegnser viptiton of gepeple of
sel ected fromthe group consisting of: 5 (1) a
besylcarpyst B2 tfAASCEPPPFBN $act or which is capabl e of

bei n ctivate copper .ion S
tranggﬁiﬁiﬁgﬁsgag %ﬁSé)ﬁREﬁoﬁsf%%%%bﬁgxgg {%éfﬁﬁble of
b Q%j%Qk?gapydQQPQ%prthmﬂn%nﬁs) a transcr'Pt|0n
actor derived fromthe yeast ACEl to (activating
coppern: med aldzekhi opeian expressioniviEd hpohtlhs veegpable!
of being activated by copper ion. Exanples of the .
(¢¢trigtattimang@wwwaﬁée%ﬂfmw1§oe‘.ﬁﬁé?%ﬁe@ﬂ ANTY oF 15

SGUa) O GRS P R aET| BOIITT C8" (3 B ol Chom
277’%%%§%1§33§§’the first transcription factor alsc include
AMT1 of Candida glabrata (J Biol Chem, 268, 12512-12518, 1393),

CRF1 of Yarreowia lipolytica (J Bicl Chem, 277,37359-37368,
2002), a transcription factor which can induce the expression

of the corn SOD gene cluster in a copper ion-dependent manner

{(Biochemistry, 42,1508-1516,2003).

The "second transcription factor" is a transcriptien
factor different from the first transcription factor as
described above and a transcripticnal activation domain of the
second transcription factor allows the present chimeric
transcription factor to induce the expression of the present
flowering-time control gene at a high induction ratio.
Examples of the "second transcription factor" include a
transcription facter selected from the group consisting of:

(1) a transcription factor of a virus,

{(2) a transcription factor of a virus belonging to

11
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15 2002), a transcription factor which can induce the

expression of the corn SOD gene cluster in a copper

i on- dependent manner (Bi ochem stry,

42, 1508- 1516, 2003). The "second transcription factor"”

is a transcription 20 factor different fromthe first

transcription factor as described above and a

transcriptional activation domain of the second

transcription factor allows the present chineric
SimrdRgcri Pt oie™iget or to i nduce the expression of the

present flowering-time control gene at. L.gh, dq
indué??pﬁ }%ﬂqﬁgFlg%“E%éﬁﬁﬁ§§ 8% I essgég%£%§ﬂblrus' o
transgyi Pr#é Qfp1feact Qh s NG ude ract 4 ISekipté on raekor
sel ected fromthe group consisting of: (1) a
vifanseehpt i onv faeh or 70f-= vilcas) . (2) a transcription
factor of a virus belonging to 11 Sinplex virus
genugxafB)ea ¢ir ahscrEPtid i PaseoiPoforHEPEEST 57 1isl dkclude
virus, and (4) the VP16 transcripti.on fact f
CHek pESSFRP xO" \)fic‘:‘nclﬁgr(E,‘?efhle]s%?aégzk 2(6)" 178, %?P)l'gsfﬁ)d. an
5 .Examl-es of .SECO0 r riptlonifacteE, alsg-so2,
ST IR R b b e TR
2d@l- 1281398 )aviand yapr aftidt@ngl t yarsyntibesozed
peptide AH (Chem Biol 8(6), 583-592, 2001) having an
ability of activating transcription. 10 A
"heterolo%ous gene which controls f]oweri
i

i e, of
ol ant "BEEFFOLBYE. 8205 Y Gt GSBRESHT oS ALY | mE® O 2
pggﬁérQLjigagﬁéhfﬂﬁ be,a ?f@&aﬂ?%§9w8£ﬂﬂ?&%%efEQM@&hﬂg

a gene dél ays owering. Preferably, it is
gé@@fQﬂﬂi@keEYgéﬁiaﬂﬁﬁﬂ.bBom@@ﬁﬁﬁd@ﬂ@ﬁiN@th tthgene which

i ntended use. That is, the term"controls
delays flowering. Preferably, it is appropriately selected in
accordance with the intended use. That is, the term “controls
flowering time” for the present contlloring method means
either to promote flowering or to delay flowering, depending
on the nature of the present flowering-time control gene.
Examples of a gene which promotes flowering incliude FT,
co, GI, SoCl, AGL24, LD, FCA, FUL, LFY, AP1l, TSF, and FD genes
and also include any genes which can promote flowering. In
addition, genes which promote flowering include dominant-
negative mutants, antisense genes and RNAi-inducing genes for
genes which delay flowering as described below. It is
preferable that genes which integrate pathways each relating
to determination of flowering time be used, the pathways
including photoperiod-dependent promotion pathway, autonomous

promotion pathway, vernalization-dependent promotion pathway

and gibberellin-dependent promotion pathway, and the genes
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15 flowering time" for the present contlloring nethod
nmeans either to pronote flowering or to del ay

fl owering, depending on the nature of the present
flowering-tinme control gene. Exanples of a gene which
pronotes flowering include FT, CO @4, SCCl, AG.24,

LD, FCA, FUL, LFY, APl, TSF, and FD genes 20 and al so

i ncl ude any genes which can pronote flowering. In

addi tion, genes which promote flowering include
idohidiarst FTre§e€ ] verdmifdngene ant { sehs @ogeneseapicple that
RNAI -i nduci ng genes for genes ich gehgy flgm§[iq_
FostscriPBed BaY & 1ol €Y preffdfaBlf @9t Hat g &hes™ Whith’
el t t tel at j 25 to determ nation
aé? 5%%%&%?&8 ?%ﬁ%§gggggga,%§ﬁg£%%thmays i ncl udi ng

phot apekiodsdependent RROSMId-OMR yRAE Dways i raut apDOBUSLC,
pronoti on pat hway, vernalizati on-dependent pronotion
Fpat hwvewl, amd2gi bber-el.| LAY dep&hd &k, peotoildn ggae hvens
and the genes 12 including FT. SOLI and LFY genes. It .
al 80 el BleeFEraBreet At ChETageABl 2 Xunt W SiaIpe [N addition,
i nvol ved.in the oduction_o | ori :
gﬁ%ﬁ%Vﬁﬁﬁﬁ%d&éﬁ%sp%ﬂg?ﬁég 5%c%§%H%OE%§%%TeS of 'atgene "
Wk 6 glel ays of Lowening jhackude JekGs £8r Ri¥inesPhiElch
TFL2, VIP1-7, LHY, SVP, SPA, and CDF1l genes and al so
pirbabtder amergepess wWisciricad aebwy. flower iprgickable that
addi tion, genes which delay flowering include.
SgBhT ARt ateFalE VB FRItEnt ST 8RR TS SREES grh Y B nducing

RNAI -i nduci ng genes. f.or nes i.ch fngg%fi WeLing
A t tin

RE=EST IS Above. IS pr ot et Abie tRa 10
Aenipants Negatd Yeo Mot ant $ind@ntd SERSE B8BESaHways
RNAI -i nduci ng gene for genes which integrate pathways
i@athdt ey atiagpkoicdeigramndeat | proroft iohopet hwey .t iams chemous
used, the pathways _ _ '
promction pathway, vernalizaticn-dependent promotion pathway
and gibberellin-dependent promotion pathway, and the genes
including FT, SOCI and LFY genes. It is more preferable that
dominant-negative mutants, antisense genes or RNAi-inducing
gene for FT gene and homologous genes thereof be used.

Specifically, the FT gene of Arabidopsis thaliana
(Science 286, 1960-1962, 1999) has been known and its
homologous gene was identified as Hd3a gene in rice (Science
316, 1033-1036, 2007). Genes homologous to Arabidopsis ET
gene have also been identified from morning glory, orange,
poplar, barley, grape, apple and the like. In addition teo the
Arabidopsis FT gene, many genes which control flowering time
have been identified from various plant species. Some of the

genes controlling flowering time can function across plant

species. While it is preferable that a flowering-time control
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i ncl udi ng phot operi od- dependent pronotion pat hway,

aut ononous pronotion pathway, vernalization-dependent

pronoti on pathway 15 and gi bberel |l i n-dependent

pronoti on pat hway, and the genes including FT, SOLI

and LFY genes. It is nore preferabl e that

dom nant - negati ve nutants, antisense genes or

RNA1-i nduci ng gene for FT gene and honol ogous genes

t hereof be used. Specifically, the FT gene of
gfvabidgpsisithalicana h26t (Screncece8ss T960vWEdEp the gene

1999) has been known and jts |honnlogou§(g%ne was. ..
Wi Heritg FANedCasCHI3a gendsT G ice'( Serknite 9867291219

1033-.1036, .2007). Genes_ho ogau ahi dopsis; =k )
fyeR e Have Pafso é%ﬁeﬁdéﬁ i f%ﬁggrgﬁgﬁbﬁﬁﬁﬁg glory, "

i OF ageen PR akontidNl @Y owsF aRe t iaRPhe antdthelbhkespddies
addition to the 25 Arabi dopsis FT gene, nany genes

ovhictewontrol flowering tinme have been identified
from various flanp speci es. Some of the genes _
cont istie AGtE L brikrindg i reCt dif SRHAE LT ofP AcPHY s~ PrEmiibed

species. Wiile it is preferable that.a flowering-ti

gﬁgﬁ?r§h19E3C§8ﬁéoiﬁié}QWSFFﬂ% T¥om'a ﬁég?anEnfkfpé%?{E?

a?gﬁgl¥@|6g%rtgﬁaﬂﬁf5% Ak B@v'iﬂi@@d@?@ﬂ; 207; and
owering-tinme control gene originating from other

Bpbaptzpped,eschry? Bl socke.used, without limtation,

if the gene can control flowering tine in a host plant

species 5 of interest. Mire detailed information

regardi ng .t he above-describ g enes mhichrﬁpnﬁr -

fIome??%%ﬂﬁﬁnﬁflgh%ﬁV§ﬁePﬁ g e 6w ' articles %?or

1212%[1%%651 h%et%ﬁ_"g %%ugétge%%7%é§éct&p(}%bma@ge @&ﬁﬁ%@}?@isting
Fo383% 373 5004) " 1

of:

(1) a plant gene contrclling flowering time,

(2) an angiosperm gene controlling flowering time,

(3) a dicotyledonous gene controlling flowering time,

{4) a Cruciferous gene controlling flowering time,

{5) an Arabidopsis thaliana gene controlling flowering
time, and

(6) a flowering-time controlling gene derived from the
Arabidopsis thaliana FT gene.

FT gene is an abbreviation of a Flowering Locus T gene,
and means a gene encoding a factor that positively functions
in flowering-time contreol. Expression of FT gene increases at
a sieve part of fibrovascular bundle in respecnse to length of
day, and then the expressed FT moves to a top of a stem and
interacts with a bZIP type transcription factor called FD

expressed on a top of the stem, thereby inducing flcwering

14




10

15

20

25

Exanpl es of the present flowering-time control gene

i ncl ude a heterol ogous gene selected fromthe group
consisting of: (1) a plant gene controlling flowering
time, 15 (2) an angi osperm gene controlling flowering
time, (3) a dicotyledonous gene controlling flowering
time, (4) a Cruciferous gene controlling flowering
time, (5) an Arabidopsis thaliana gene controlling
flowering tine, and 20 (6) a flowering-tine

t.r i _ pvethdmaom t he Arabi dopsis

(ééﬁgsigég %%’g%ﬂg.gg%hbgﬁ% Rs an abbreviation of a

Fl owering Locus T gene, and neans a gene encodi ng a
factor that positively functions in flowerin [

-t ne
contﬂolthEm@w%ﬁﬁﬂtoﬁﬂ®¢nﬁiFﬁgeﬁéeiﬁ%ﬁ%ﬁ¥§e§lﬁ?e§é%%§9§98ve
part of fibrovascular bundle.in_respon £

CrEE o lagg Eheh %ﬁﬂ?fe§b?e%%ﬁﬁfﬂ%TO%D%Z§QE§¥§%%§8%§2§H%?6% '
stem and . infer ' hZlPotypent ranseription

C?%‘%Toer OcaFFle]%dgF%%thl%gArcégstZ% on a topnof the stem

t thBUEl BG of lioWeRE NGreskh ceCGefesoesr 2bn.-
2371-2384, 2007). In the present invention, the

speesentalfilyowen i Tig tixeeentoftawsirigeneing qaiderit fene @
control of a heterol ogous pronoter capabl_e. of '

het ¢ pod Gced Bij’OIﬂW’eerprS%éﬁf‘cgh‘?arP@&Dﬁg ??a}ﬁ%lc“r% St%ﬁ‘g‘ﬁl?‘“ew%y
actor in the presenc - leac®Byr i0OP8E bireabhye of

'R ??&F?Wéébﬁ?g¥1%méﬁﬁﬁgg%§ﬁgﬁﬁéﬁf?of gene. gr N

CE?FQEOLQQQ%§rQEQ£@ﬂ£E sefuentss capablecoftdeisnghe present

mul ated by the present chineric transcription
chragb ot | edulecpr esengerebly linked in sense or antisense
orientation to a coding sequence of the gene. Any seqguence
can be used as the present promoter seguence as far as the
present flowering-time control gene can be expressed in the
host cells under inducible conditions. Preferably, for
example, there can be mentioned a promoter sequence containing
MRE sequences cf yeast (Proc Natl Bcad Sci 90, 45¢7-4571,
1993). Specifically, there is mentioned a promcter sequence
in which MRE sequences of yeast are repeatedly located
upstream of a TATA sequence of a commonly used prometer. In
the present flowering-time control gene, no 5'-untranslated
sequence of a foreign gene is required to be inserted between
the promoter sequence and the coding sequence. For example,

the promoter sequence and the coding seguence may be

substantially directly linked.

Preferred examples of the present DNA constructs include

a DNA construct in which the first DNA construct further

15



10

15

20

25

to copper ion (hereinafter, sonetines, referred to as
the present pronoter sequence) is operably linked in
sense or antisense orientation to a coding sequence
of the gene. Any sequence can be used as the present
pronot er sequence as far as the present
flowering-tinme control gene can be expressed in the 15
host cells under inducible conditions. Preferably, for
exanpl e, there can be nentioned a pronoter sequence
c ;&R BOpr Mk ssequensess afappeast of Phocthatindckd rSent
90, 4567-4571, 1993) . Specifically, there is
cé&ﬂﬁiammedsaopwxnhdﬂeﬁiséqméntéﬁmﬁﬁuﬂﬁ$Qﬂi4ﬂQEe§éﬁW%%ces
of yeast are repeatedly |ocated 20 ugstrgan1q{ aO¥AI€é
eRy EhEf Chitmfo RGN BSEP Promdfer ot 1 n**tie pr &ser
flowering-ti control ,gen e upt ransl; d
pgﬁaﬁgﬂbé%8ﬁuggf%#éﬁgﬁnégn%§?%%%SgﬁFgg&Eto 62E?n2%%?gd

bet ween LRGP PIRLEr pseAttencecandi be Ladiengan be a
sequence. For exanple, the pronoter sequence and the
c60€i Ng:tSequencectray, bet25ssergteanitfiial Pyorditregcpyan
l'inked. Preferred exanpl es of the present DNA
ipgnsty e e oAk e bde 2 ta 1PNIACE oSGt PHROWH Y P C B Fi r st

DNA construc%ﬁf rt% r 15 comrises a .oy ter.which is

i i ) I €Lc Gl
Stapabt'e BF f ?ﬁ%ﬁ? ﬁﬁg th bl ahPT éé}?s gﬁg i s operably
alcEQi&?QnéeO JLhe pucl sotd-degseguence  encoding the

chimeric transcription factor. Exanples of the

pr onot:eimplrel vdetite camsontyt isedrpronet ekndesier Fh¥d 355
bel ow. 5 The commonly used pronoter described above "
peamober a PRGNS0 11 i Rk opiolpt &8 ' W& i sEhRISpedi Premoter
pronoter. or .an . inducible p 9n@§§§éqthag {ﬂ?gﬁ§>oter
(EP5ﬁ§%??ﬁFF3nPB§E%%ﬁYﬁ?hﬁOS PTGt on. “Pref erably., it

15 BPRLOPSH At @L¥1 56k edeeol. B0/070067) and the like.
Further, examples of the tissue-specific promoter include
soybean seed glycinin promoter (EP Publication No.0571741},
prolamine promoter (International Publication No.2004/056983),
kidney bean seed phaseolin promoter {International Publication
No.91/013993), rape seed napin promoter (International
publication No. 91/013972), Arabidopsis thaliana SultrZ;Z2
promoter (Plant J 23,171-82, 2000), and Agrobacterium rolC
promoter {(Physiol 115,1599-1607, 1997).

Preferred examples of the present DNA constructs also
include a gene DNA construct in which the first DNA construct
further comprises a terminator which is capable of functioning
in plant cells and is operably linked to the nucleotide
sequence encoding the chimeric transcription factor. Examples

of the terminator include NOS terminator, CR16 terminator (US

Patent No.7202083), and soybean seed glycinin terminator (EP
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accordance with the intended use. 10 Exanpl es of the
constitutive pronoter include CaWw 355 pronoter,
PGLO-90 (US Patent No.6187996), ubiquitin pronoter
(I nternational Publication No.01/094394), actin
pronmoter (International Publication No.00/070067) and
the like. Further, exanples of the tissue-specific
pronoter include 15 soybean seed glycinin pronoter (EP
Publ i cati on No.0571741), prolan ne pronoter
pldint-arnatiomals7Rabbj cati on No. 2004/ 056993), ki dney
bean seed phaseolin pronoter (Internationa
Publ i cation No.91/013993), rape seed napi n pronoter

I nt tional Publication No. 91/01397 bi dopsi
{nal [BRaPSUTTT209 207 BrOmSTer( Fram s o 1790 epsted
2000), and, A j U 4 t '

415 150B0T607. 0077 BF aY o CA Barpl L oFt he- pr esent

adNA-icRBsErYet s 8hso id haliudenapgens sbiMbccansda uat tbn
which the first DNA construct further conprises a

céreraiirnateor repadt iive eapablies ofl)f endt (i kg 2551918 ant
cells and is operably linked to the nucl eotide

Vefifen®d ehcodt MF CRESERIFERT OVt FARREriBt MEARTPRT LYY 25 °
Exanpl of the termnpator includ t 1 nat

TN Gl FATST US| Par BN T 7305BBIY, “ona” aybean

é&ﬁéﬂmgl(miinbﬂ {16 Rat ove ¢ER-. 16 Publication
No. 0571791) The present DNA constructs can be _
constaudtt abtyoprepavedcosst asted bpniaing heonventional

respective elements (i) and (ii) 5 described above. DNA
9Tkt G $NIineeanheedHnst r Udt edIsbI Ay %0 cONE i I e

respective el enents (i), and .ik% on a.singl e;vector

: T e 1t ;
CBPS TSN B cOnstTIEEed by  UgiThg two Vectors so as to
possible that the above (i) is constructed as a first vector

and the above (ii) is constructed as a second vector, for

example.

The present DNA construcis are introduced, for example,
into a host plant and induce expression of the present DNA
constructs. The introduction of the present DNA constructs
into a host plant can be carried out according to a
conventional genetic engineering technique, according to a
method applicable to each host plant.

Specifically, the present DNA constructs can be
introduced by using a single vector that is constructed so as
to contain the respective elements (i) and (ii) described
above, or those can be introduced by mixing the first vector
that is constructed sc as to contain the above (i) with the

second vector that is constructed sc¢ as to contain the above
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contain the elenment (i) on one vector and to contain

the elenment (ii) on the other vector. 10 Such vector
can be constructed by using a conventional genetic

engi neering nethod. In addition, when the present DNA
constructs are constructed by using two vectors, it is
possi bl e that the above (i) is constructed as a first
vector and the above (ii) is constructed as a second
vector, for 15 exanple. The present DNA constructs are
(i Nt roducedsi fiem,exanpligyst igbataihostigpl antt anil theduce
expressi on of the present DNA constructs. The
prateoditti onnefridies preskatn DA regASER Ut $151pg Rt o°fa the
host plant can be carried out ac%grding to.a ¢ DNA
feBhv etGeRaP T getfetISCo8fgl Atkring "fethn q‘hfg,t &cBOY ¢ 'hy

to a t hod pl i lLe. t t. .
&helriiearny, Fhe Rec b LR Y vl Y oty peneining

vERt s pduged, BY: USINT 8o ShAH SV @RROkod NAtuciS can be
constructed so as 25 to contain the respective

iet esdntesl (inkoaadnddt pldescry bedwboveding Hosencanp bt
dintroduced by mxing the first vector that is
ipovkifhudteed §6 BaS tF EGHEAPIE tFRPSABEGES (795 WSER t he

: d t t hat .| t t ed t ai
(BBEUR o ol by e bny L5 Tast BIAR TnoRRTER e

n-ad ion, ant i n

RaLt 9f it he tReeseM o INANGORSEEMGIE shassheam introduced
i ntroduced by using any of the first vector or the

byeaenty veet eecohbieve@sir .of 11 his prleseptsDYNAe tobastmuldtiple
can be further introduced by using the renainin%.S
kradeort INF @6EPDH oYECt e 2pFeSERtt TINACEORE LT “¢BAC be

GGG SR B 2 IR Rl 3BE 1 iy YARPLAE LG ARLIBRA
constructs are introduced thereto to simultaneously induce the
expression of multiple kinds of genes which controls flowering

time.

As the method of introducing the present DNA constructs,
there can be used various known methods such as Agrobacterium
method, particle gun method, electropcration method, calcium

phosphate method, and virus vector method.

Examples of the host plant include species important for
agriculture and gardening, or useful in genetics such as
genome analysis. Further, the host plant includes arbitrary
plant species. Examples thereof include soybean, pea, kidney
bean, alfalfa, Lotus japonicus, clover, peanut, sweet pea,
walnut, tea, cotton, pepper, cucumber, water melon, pumpkin,

squash, melon, radish, rapeseed, canolla, beet, lettuce,
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in which part of the present DNA constructs has been
i ntroduced by using the first vector and a plant in
which the other part of the present DNA constructs
has been introduced 10 by using the second vector. It
is also possible that multiple kinds of the second
vector are constructed using multiple Kkinds of
flowering-time controlling genes and obt ai ned DNA
constructs are introduced thereto to sinultaneously
cdpluee thecceXPr assiion1efe AUl Adpli@okbnds ofbageneseggplant,
whi ch controls flowering 15 tinme. As the nethod of
pbiHtcQdueieny pdweyoresent, DNA icorser utt®ito,t Reiea¢an be
used various known net hods such as Agraobacterium .
2 PRAURENS  pAFEFRY e SGEATRet Bt Vel SRE Y HPU TN At Hod™
cal cium 20 phosphat e_ et hod n ' Vv hod.
B B 0f THE HOSr BLAR 1HErudb Shedi eg a6 §
GI/;Qg }ﬁ%‘a‘?U&&%&a@”@u@é&ﬁ?&&ﬁ&ri‘érgéﬁ@i‘éﬂ, kR1ggpnetdiGScla
such as genone anal ysis. Further, the host plant
ihegdddes manbih ) arye12bepl andx ishegeesto Exanpires thaneof
i ncl ude soybean, pea, kidney bean, alfalfa, Lotus
chaporitdygung | vieret peanat , Clatedt pBRIS, VEITRHPS Féa,
cotton, pepper, cucunber, water nelon, punpkin
ISRRRRTE IRBEOR" rHATGT, PAPELEEY CUdRG! 1% BEet ParPades

tt#legsc- 8 € cRLORGOL I or G ALk EL OVEY,, ginkgo,
nk?hb oﬁf%é,ggo(%%ch egg%l%ﬁ??p pot at o, smé%? ggtato,
Jh8s 8k s@rddaahokeapdonat eypspinagiyplaaspataguseqoat e otqak,
sesane, endive, chrysanthenmum geranium _antirrhi num
weaenatilan, Epiaknisndeechl eahtor "IBetvaPdf £y 5 TYe, oat,
Gypsophilla, gerbera, Russell prairie.gentian, tul
SRAEhi T i ACERR, ©'HiHonid l%ygvgﬁ%n?l%%§i%ﬁ%@aorc#ﬂi
g%ggkcgﬂ,llé iy p§¥1‘@£&9§)le.

In the present controlling method, the present
transformed plant is brought into contact with copper ions.
Examples of the contact method include a method of adding
copper ions to a medium or nutrient solution when the present
transformed plant is cultivated in the medium or
hydroponically cultivated (specifically, the concentration of
copper ions is 1 uM to 24 mM, for example). Further, when the
present transformed plant is cultivated in soil, a method in
which copper ions can be applied to the soil or to the stems
and leaves of the present transformed plant ({(specifically, the
amount of copper ions is from 1 nmol/plant to 2.4 mmol/plant,
and the concentration of copper ions is 1 uM to 24 mM, for
example) can be mentioned. Depending on types of host plants

and specific condition of use, an appropriate method is
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chrysant hemum violet, rose, cherry, apple,
strawberry, Japanese apricot, orange, Japanese
qui nce, azal ea, Barbados nut, gentian, cosnos,
nmor ni ng-gl ory, sunflower, ginkgo, 10 Japanese cedar,
Japanese cypress, poplar, pine, Sequoia, oak, water
lily, Eucomm a, beech, rice, wheat, barley, rye, oat,
corn, maize, green onion, garlic, lily, Tiger lily,
orchid, gladiolus and pineapple. 15 In the present
pieaRiredl i s gwtiod, 1t heeppessait donansboimedephant i's is
brought into contact with copper ions. Exanples of
reche redntactenmarhdd Fardaddoa et hodl Bt éaéli%g”hecrﬁﬁxﬁer
ions to a nedlun1or nufrient sol uti ontrﬁgg resgnt

inquesst BFRERF PIANCTi & EEMS VAR T'h THE
Nydroponical Ly cyl tivat ed (;ﬁfscgséae%a}lau@n,th@or exfample, 5

oncentrat I"on of copper 1ons 1's

pEXARke)n FHrd hempivhess tdigpepr esenﬁo Uieaﬁﬁfaoteméctaml ant
is cultivated in soil, a nethod in which copper ions
ueah bele@ptﬂe&eﬁg,tmexsmﬁk egenld ﬁheagtéﬂglﬂaﬁﬂ Ieaves

of the present transforned plant speC|f|c Ig d %5
am@mﬁtl@mcwﬁe@% @ﬁgd?%w rgﬁw"itﬂ 8 2,

I/p an ent.rat.i.on OPRElLONS is 1

ﬁshﬁ$ fofmu§§é 53'¥2¥1 be’ ngﬁ%ﬁong “Bependi ng

BS%B&&U%GQT@Eoﬁ&%ﬁgﬂﬂc@nté andh Speei fibs: Gondist i pnnef
use, an appropriate nmethod i s 19 preferably sel ected.

Nbiydihe ger eseed . Gontighorbpgr netmed e tChiagnicpéqtie red- 1% ) -
penetrate copper ion into plant cells wherein |nduced
Cfé%ﬁr\éisTsuf@ﬁt@f %a-‘iquO\ﬁéPPﬁ@l?‘i‘??e CeoRPFBE 19 Mg §8ReT s

ected or t ose of ,this p f
B%ﬁ bl e, (OR %n%r %%P |oﬁn) K“%%%%I?Eg% q%%%g%? ?%n to
LQ@ QQH!W%Qeﬁéﬂ t¥%nezawa Chemical Co., Ltd.); or a copper

agent to be used as food additives such as copper gluccnate
(Wako Pure Chemical Industries, Ltd.) can be employed by
adjusting to a desired concentration. Further, a spreading
agent can be mixed when a preparation or an agent is applied.
The contact of the present transformed plant with copper
ion described above may be carried out by applying a mixture
of copper ions and fertilizer or a conventicnal agricultural
pest control agent such as insecticide, fungicide, herbicide
and plant growth regulator. The contact o©f the present
transformed plant with copper ion may also be carried out when

the present transformed plants are irrigated.

The DNA constructs used for the present controlling
method is, for example, the present DNA constructs as

described above. Further, the transcription factor used for
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used. Alternatively, a copper agent for agriculture
applications such as Bordeaux (Sum tono Chem cal Co.,
Ltd.), G fine (Yashima Chem cal Industry Co., Ltd.),
Tonmono Z- Bordeaux (Tonono Agrica Co., Ltd.),

Ri dom | pul us (N hon 10 Nohyaku Co., Ltd.), H ghcopper
(Sum tono Chem cal Co., Ltd.), CUPRAVIT forte (Bayer
CropSci ence Corporation), Kocide Bordeaux (Dupont

Cor poration), Kinondo (Agro Kanesho Co., Ltd.) or
t¥enepefertYeRezaval GhemeeabdCos , thd @rpsent @hicepper
agent to be used as food additives such as copper
tghoeonat el obs faWaARD PurdesChehieaibdvsduspdi ds, s pat)vekss
be enpl oyed by adjusting to a desired concentrat.ion.
bpuFPRBES 1P Spr e%ﬂqtﬁﬁf'aﬁg%tged‘fn e ST XY énpia“t
f&%%g§£$<tglttoi%eor hgg Jfa elfnstedlt %&??ﬁfh%%}%esggg ggﬁ]gcfgacitl iﬂ%exhgt%od

present " transformed plan pper i on descri

1abeYie PRYshf GabliethpUtirRY cappiyi REnd BEXddH@ ib2Q 8fcve,
copper ions and fertilizer or a conventiona

aagr iicHl t taradcriest oo oid riolduagenty such passems edtiineirde,
fungi ci de, herbicide and plant growth regulator. The
CGRESELP IO HechpesEmt itsr aASE 67 st Yl SRPPW 1P "Soppet
lon . may also be carried out en_. the presen .

AP HEPY et GTEREST Br'e I GAC Sl S THESDRAnat i uses
i(bqn%kguﬁfésé’r?@@oﬁm@?oifﬁag"&n%%ﬁﬁ& L£LONHOk-bAgC r iRtiked 1
I's, for exanple, the present DNA constructs as
desebiched abovie. abutéheribeichebbransord pti os dadtadned in
used for 20 the present controlling nethod is the

e pertenhi Heimies Lot FamRTiiption factOr thst dedtited

abave nd it is activated by copper ions. Further,
%%%§v63ﬁ§ %ﬁ:%ﬂﬁé%ﬁn%?%gs planty bper tons.

The present transformed plant is a transgenic plant
which 1is cbtained by introducing the present DNA constructs

thereto, as described above.

When the present flowering-time control gene is a gene
for promoting flowering, by introducing the present DNA
constructs te a plant having a difficulty in flowering or no
flowering due to a mutation introduced to a flowering
promotion gene, RNAi1, or overexpression of a gene which delays
flowering, etc., more precise control ¢f flowering time can be
achieved. On the other hand, when the present flowering-time
control gene is a gene for delaying flowering, by introducing
the present DNA constructs te a plant having precocicus
flowering due to a mutation introduced tc a flowering delay
gene, RNAi, or overexpression of a gene which promotes

flowering, etc., more precise control of flowering time can be
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flowering tinme that is used for the present
controlling nmethod 5 is the present flowering-tine
control gene as described above, and its
transcription is induced by the present chineric
transcription factor that is activated by copper ions.
In addition, the transcriptional activation domain
that is used for the present controlling nmethod is
the transcriptional 10 activation domain as descri bed
sabovg,qand it is contained in the present chineric
transcription factor that can be activated by copper
ions. The present transfornmed plant is a transgenic
pl ant which is obtained by introducing the present,
DNA ddwesPreeest ryephérets; ad désetibed &B6 eem‘Wjelf? nt

the prese t flowering-time control n S e for
IBF oMot hg PV%meWﬁﬁb gb?“?ﬁngau%?% gﬁ%e pregggt

VEPNSEL gn%tdﬁlfggaglﬁsag nhgglrﬁagjea %'ntjf LG WAR6d:Reht owerding s
or no 20 flowering due to a mutation introduced to a
obtowerd ng =prespiip gemneindKNAIn ofr teveriexir esshontioft is
a gene which delays flowering, etc., nore precise

sepatatilyotebtoikerd rig dil fBexent lsabodiheriieds @ASP helthin
ot her hand, when the present flomerlng time contro
tﬁ%n%@?@“%ﬁdeﬁEO?%ﬁﬁaépﬁyPﬁﬁs?Fbﬁﬁyﬁﬂb °By i ntroduci ng

25 the present DNA constructs to a plant having

precoci ous flowering due to a nutation introduced to a
cikhawerd ng del ay gene, RNAI, or overexpression of a

gene whi ch pronotes flomerlng etc., nore precise

cont rigtredfn bedwer ity pirrecwan en2ionchi By de. deFheibed in

present invention is not limted to ea%p enbodlnent
more detall by way of examples. However, e present

invention is not limited thereto.

Example 1 (Construction of an introduction vector)
(1) Construction of transcription factor gene expression
cassettes

A genomic DNA was extracted from budding yeast
(Saccharomyces cerevisiae strain BH22) cultured with shaking
at 30°C in a YPD medium (1% yeast extract, 2% polypeptone, 2%
gluccse) for 2 days by using a genome DNA extraction kit “Gen-
torukun” {Takara Bic, Inc.). By using the extracted genome
DNA as a template, an ACEl transcription factor gene was
amplified by PCR using two kinds of specific primers (ACE1-1F,
ACE1-1RC). The amplified ACE]l transcription factor gene was
cloned into pBI221 (Clontech) by replacing a GUS gene of
pBIZ21 by the amplified ACEl transcription factor gene to
prepare p35S-ACE1-NOS. Next, a NOS terminator contained in

the p35S-ACE1-NOS was replaced by a CR16 terminator (U5 Patent
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descri bed above. Wthin the scope described in the
clainms, 5 various nodifications can be nmade, and an
enbodi ment which is obtained by appropriate

conbi nation of technical neans that is separately
described in different enbodinents is also within the
techni cal scope of the present invention. 10 EXAMPLES
Herein bel ow, the present invention will be described
in nore detail by way of exanples. However, the

\PLES8Bbs| Muention, LS, nolskpmited thereto. Exanple 1

(Construction of an introduction vector) 15 (1)

Const ruedd O okcbranseid plraonabpei Orehgenenexresisoons) ,
cassettes A genonmic DNA was extracted from buddi ng

wiea$t had Saewhanompeesd caray N§Fge (StutaingharRRYa idopgt &d
Wi th shaking at 30Cin a YPD nedium (1% yeast .
BRTaCENt voh pdiSy Se Pl ohed Ozﬁo/oazmoaﬁﬂcf&&f PBRL NHYE KBS

usi_ng_a_genomne extracti,gn_kit "Gen- .to n" T th
R %PéCB?agftsl'nc.)?lE%/m%s’i Ag FE(E}%%T ;bdtsédggeno'rregr%rl\ﬁ: ©

3% A 1L80PL at €.+ AN rACEIL 11 ANS Ak B b oWk fACHAN ; GRN&HARS had
anplified by PCR using two kinds of specific primers

HACELrLFn f ACELTERCce Thestanpbd f icecthoACELDEA anscekptaoned
factor gene was 25 cloned into EBIZZl_(CIonte&S%Eby
PeplsdeEng bloisgeser aft lEBIP221C by HE Cafpf f1EtFaReET 1ant

ALETVEL et S BRTS L0 PLARNF IO AR MR,
Was1:8R agesl s %ag§4@dt&ﬂﬂﬁaxahgﬁ?§g$idD@EﬁBE @2 specific
No.7202083) to prepare p35S-ACEl-CR Seeds of

preices napt 6 ArmbivibapsiiBC hal izapai{ NotiN/@@eh6) for
transcriptional activation domain (VP16AD) of transcription
factor VP16 of a Herpes simplex virus. The amplified VP16AD
gene was subjected to TA cloning into pCR2.1 (Invitrogen) to
prepare pCR2.1-VP16AD. Using the pCR2.1-VP16AD as a template,
PCR was carried out by using two specific kinds of primers
{(VP16-2F, VP16-2RC) and mutation was introduced into Sacl site
in the VP16AD gene to prepare pCR2.1-VP16AD(dSacI). Then,
using the pCR2.1-VP16AD(dSacl) as a template, PCR was carried
out by using two kinds of specific primers (VP16-3F, VP16-3RC}
to add an Xhol site to the 5"-terminal, and Sacl site to the
3’ -terminal of the VP1l6AD(dSacl) gene. Furthermore, using the
pCRZ.1-VP16AD(dSacl) as a template, PCR was carried out by
using two kinds of specific primers (VP16-~4F, VP16-3RC) to add
an BgllIl site to the 5'-terminal, and SacI site to the 3'-
terminal of the VP16AD(dSacl) gene.

Using p35S-ACE1-CR as a template, PCR was carried out by

using two kinds of specific primers (ACEl-1F, ACE1-2RC) to
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whi ch had been purchased from NASC ( Notti ngham

Arabi dopsis Stock Centre), were plated on a nodified
M5 agar nmedium (M5 5 inorganic salts, B5 vitamn, 20
sucrose, 0.8%agar). Fromthe true |eaves of the
reconbi nant Arabi dopsis thaliana which had been grown
for three weeks at 23C, genom c DNA was extracted by
using a kit for extracting plant genom c DNA, "DNeasy
Plant mni kit (QAGEN)." Using the extracted genomc

rdMAASHE 104 8MRliahecoRGR asheantt ed Ak chyptisd MG atwor
kinds of specific prinmers (VP16-1F, VP16-1RC) to

g@lantly tthedgene If ettet tansewi. pticonak dovivatdaonct the
domai n (VP16AD) of transcription factor VP16 of a

AHEr pesnsinphieberyvifieas or Tirncarksl Whi el WPLeADteglife KEES
subj ected to TA cloning i P .1 (lnvitrogen), t 5

aGighate  perd 1 PR HHY he pErETAPToRD 2 et
feml.at P capried Qut,:BYy) Usidg :twee8Pegi fiie

*Xih s‘?%o eg?i%e\?scfvgéé-ZF, VPi6-2RC) arjf rrﬁt ation \NgS

Akt reduced hnto rSaal/velb&p-dm wkBep VRHAAR .generttrer, p355-
prepare pCR2. 1- VP16AD(dSacl). Then, wusing the

AQIORZRL w¥B1 6 48¢ USholifhasha teafpligteon PERWIES Batfl ed'20

out by using two kinds of specifi rimers P16- 3E

Sy 6-BREF OFb BddAAn 9RABI St Ehe ofohis GeeFe i ik ?‘CE%]BBD
Sacl site to.the '-terpinal_ of dSacl)

taEne i Rer hor e, %ﬁg%néﬁ%ﬂ:lacg%é.e%%/ﬁg]f%% dSacl) as
vol denplsate; POR was wearhi egh outsiby hasing it wadkinds twofe
specific prinmers (VP16-9F, VP16-3RC) to add 25 an
5Bgtdinisiatlewho timstsd tier hiqred ,tcamdpSact i &CEeRPrgene by
3'- termnal of the VPL6AD dSaclzmlgjene

BasE IKER COR B Ftemph ar " POR nal ST ST B P T O-CR
wusi n tvv%dlgi nds of specific priners (ACEl-L1F,
ACEL- SR o 23
ACE1-1F : 5 ~atggatccatggtcgtaattaacggg-3’ (SEQ ID NO:1)
ACE1-1RC : 5’ -tggagctcttattgtgaatgtgagttatg-3’ (SEQ ID NO:2)
ACE1-2RC : 5" -aactcgagttgtgaatgtgagttatgeg-3' (SEQ ID NO:3)
VP16-1F : 5’ ~acggctccaccgaccgacgte—-3' (SEQ ID NO:4)
VP16-1RC : 5/ -ctacccaccgtactcgtcaatte-37 (SEQ ID NO:5)
VP16-2F : 5' ~ggacgaactccacttagacgg-3’ (SEQ ID NO:@)
VP16-2RC : 5 -ccgtctaagtggagttecgtecc-3' (SEQ ID NO:7)
VP16-3F : 5/ -tactcgagtcaacggctccaccgaccgacgt-3" (SEQ ID NO:8)
VP16-3RC : 5’ -aagagctcttacccaccgtactecgtcaattccaag-3" (SEQ ID
NO: 9)
VP16-4F : 5’ -taagatctatcaacggctccaccgaccgacgt—-37 (SEQ 1D
NO:10;

(2) Construction of an expression cassette for sGFP gene

An sGFP gene was cut ocut from the plasmid CaMV355-
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renove the term nation codon of the ACEl transcription
factor gene and to add Xhol site thereto. To the
downstream of the ACEl transcription factor gene to
whi ch Xhol site had been added to the 3'-term nal,

1/ P16AD (dSacl) gene in which Xhol 5 site had been
added to the 5 -termnal was ligated in frane. As a
result, p35S-ACEl/ VP16AD- CR was prepared. Further,
p35S- ACE1l-CR was treated with the restriction enzynes
By (kcand-n@ac | (“Eapetimaitta IACEIARr gerfer dbséhetion of a
downstream of the ACEIDBD transcription factor gene
rlatt Fack’s' ACBLAD feneyku®d VM@SAD(ngdCI ) 188he Shwiwhisba,

ﬁgﬂlll i%%had been added to the 5'-term nal, was
at'e Tridmé e o2 e dtiace ﬁ@t%@c‘a’r%%lg@ﬁeuwg e

AD( d r
PR oy EEeE B WIS HpLasi ¢ AR ioq o PRIzt
]c5y takggatecalggieghaatd an¢age=- 3cr ¢ SEQ NG I£)rohS-830bp
ACEl- 1RC. 5' -tggagctcttattgtgaatgtgagttatg-3' (SEQ ID
tNO -2Lbp ACEIG2RC 55 bremacircgagtt gt gaatigtigadt tlatpg"rﬁg} 3GFP
(SEQ ID NO 3) VP16-1F:5' - acggct ccaccgaccgacgt
“F@E@epéﬁﬁﬁﬁéﬁy sypiéeg;&:ollgonucleotldes MR and MRE-1RC

-ctaccca at 3" (SEQ ID NO 5 VP16- 2F :
pre %re %ﬁ%@??%@gcg%ﬁsv ((SEQID NO 63 20

VP16 @B@ pMEE /3669t 6 pagil@0agLt €0 0GB w1 EREQI E}_ely@d);tlon
VP16- 3F : 5'-tactcgagt caacggct ccaccgaccgacgt-3' ( SEQ

drDyN@ 8YcRV, and then dephosphorylated by using “Calf

VP16- 3RC. 5' - aagagct cttacccaccg?t act cgt caattccaag- 3’
qugatpgﬁ $kyaknne Phosphatase” (TAKARA BICO). Then, the

l%%nﬁth 5' t%ﬁ%%tCt aﬁqgﬁf%gﬁgﬁcgﬁccq_ nucleéﬁ%%?slng—

ns ru Ion or ~an EXDTESSIOH cass

Zlfﬁoran@qv_lEEgﬁfte weé*@ 9CER gene hwas L Uty QUi nfir em § i€ ng
pl asm d CaW35
Kination ngatlon kit” (TAKARA BIO)} to arrange MRE seguences

repeatedly twice in the forward direction. The portion in
which the MRE segquence is repeated twice was cut out, and then
was blunt-ended according to the method same as described
above, and inserted again into EcoRV site. As a result,
PMRE4/355(-90)-sGFP in which MRE sequence is repeatedly
aligned four times in the forward direction was prepared.

In addition, using pRI221 as a template, PCR was carried
out by using two kinds of specific primers (46bp-1F, 46bp-1RC)
to amplify a DNA fragment containing a regicn from -46bp to -
1bp of CaMV35S promoter. The amplified DNA fragment was
substituted for the region encompassing from -90bp to -1b of
CaMV35 promoter, which is located downstream of the MRE
sequence that had been repeatedly aligned four times in the

forward direction in the pMRE4/353(-20)-sGFP, to give
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24 sCGFP(S65T) - NOS3' (" Experi nental protocol for

observation of a plant cell", edited by Fukuda Hiroo

et al., 1997, Shujunsha, |SBN 4-87962-170-6), and

cloned into pBI 221 by using an adaptors NS-1F and

NS- 1RC and replacing a GUS gene of p81221 5 by the

SGFP gene to prepare p35S-sGFP. A region from -830bp

to -9 bp of CaMv355 pronoter that is contained in

p35S-sGFP  was replaced by synthetic oligonucl eotides

- /L cand - MRE-rLRC to prepare pMRE/ 35S5(-90)-sG-P. The

pﬁﬁﬁééﬁgg (?%gFE;GﬁP was treated with the restriction

10 emeynArhECORV, rapdaztdemideplBosphorad atvedwbyh usiseguence

"Calf intestine Al kaline Phosphatase" (TAKARA BIO).
iThean,cht hemubd tuimin- éadedeamdirphrosiphed yiataad asyat Hetd ¢

ol i gonucl eoti des MRE 1F and MRE-1RC were inseEted
P%%ﬁﬁ%ﬁ(i”b?h%SF?ﬁfonBPBﬁ?TPﬁfsHﬂgnéfP%n'?ﬁﬁﬁaﬁPoﬁ kg (oF

c;gM%r%%ngee]} 0| ALA098y MRE 1564 HENCES90 ,%ﬁ%ﬂ@@téa?d,% 959-

W TE i'n Ydirection. The portion I n whic

ot die. MRE, SEQUANER i bSpiePeal ed huteel Was:C Utz Bildiopand
then was blunt-ended according to the nethod sane as

tHestaidddo . abovE, 6)apdrchsesd edtcagdhBCi nUelEgORM si te.
As a result, pMRE4/355(-90)-sCGFP_in which MRE

eXefETce Je8 R bpditedsy 2 200 jagfed PFRUTA T iSTES LPH T'He DY
forward di.rection was _.prepared. |Q.additiQn, .using

“pE12 f"h%lgg?e Iiﬁi&lfgﬁﬁgﬂﬁgngbﬁgpgdgﬁbut ﬁﬂéginghen'
BE%P—_rﬂd%e%kﬁ§@§Qkﬂh%iHEhae£§mﬁ%@@9n1£i,ﬂﬁ@@=1f§3tetwas
anplify a fragnment containing a region from -46bp
stiejecidap tof TEaMEBES gprianot gIR2. The Ianptiddeed DNAprepare
fragnment was 25 substituted for the region

PeRe olpassi-Ag™ r oMsi00bp % L13556f 00aM38 pEBRbE &, FCF

wgglggréf% %%%tgg gg%ﬂfgﬁgthgéstQF Qgg%ific primers (90m-2F,

90m-2RC) to add EccRV site to the 5’ -terminal and Xbal site to
the 3’-terminal. The resulting DNA fragment was substituted
for the region encompassing from -90bp to -lbp of CaMV35S
promoter, which is located downstream of the MRE sequence that
had been repeatedly aligned four times in the forward
direction in the pMRE4/35S(-90)-sGFP, to give pMRE4/35S5(-20m)-
sGEFP.

Each of the pMRE4/35S(-46)-sGFP and the pMRE4/35S(-90m)-
sGFP was treated with the restriction enzyme HindIII, blunt-
ended and phosphorylated by using “Blunting Kination Ligation
kit”, and then synthetic oligonucleotides KXS-1F and KXS-1RC
were inserted thereto to prepare pKXS-MRE4/355(-46)-sGFP or
PKXS-MRE4/355(-90m) ~sGFP.

NS-1F : 5% -ggccgcgagetcagt-37 (SEQ ID NO:11)

NS-1RC : 5/ -gactgagctcge~-3’ (SEQ ID NO:12)
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sequence that had been repeatedly aligned four tines
in the forward direction in the pMRE4/35S(-90)-sG-P,
to give 25 pMRE4/ 355(-46)-sGFP. Meanwhile, a

repl acenent was carried out with a sequence in which a
mut ati on had been introduced to an as-1 site present
in the region enconpassing from-90bp to -Ibp of 5
CaMv35S pronoter (Benfey PN & Chua NH, 1990, Science
250, 959- 966). First, genom c DNA was extracted from
Asghiidopsis  tnaliana (No. N70016) purchased from
NASC. Using the extracted genomc DNA as a tenpl ate,
aPER: yvasy aoanitetlt butcday gaas gt s ckippdsapfctggesr #i c(SEQ
grimsrs (90m 1F, 90m 1RC). Then, 10 35S(-90n) sequence
I@oftalhing a nmutation at an as-1 site was subjected

00 NG LR PCFE LML L OO 8 B O ccta
ﬁermttgtﬁ) NACR4yWas carried out by using two kinds of
specific primers (90m2F, 90m 2RC) to add EcoRV site

t oeidhe 5! sterdyarak cgaghgaictsctectacdtmaghe3” (SEQ ID
3'-terminal. The resulting DNA fragment was

Neub8tituted for the regi on enconpassing from-90bp to

-1 bp of CaMv35S pronoter, which is o e nst.ream
of Shite AURE> serhurshEL 2B RAt CCHAd “HEER 1 ep@%@egpsﬁg\aﬁ dned

four tdmes_in t f It | N .

B O R S R R
Eash- 0ofc t he- pMREIL IS - d) iSSP cagtedtte  (SEQ ID NO:18)
PVRE4/ 35S(-90m) - 5GFP was treated with the restriction
ey raF Hp hdtddatasicgnts cehded 2and9phos phGERl &P et 1yP)

using "Blunting Kination Ligation Kkit?, .
SYMETERG ©° oT FYCTHAEPELT Ud BXS T B Gy %xé-%%gég%' 20
KXS-1F: 57 —~ggtacctcgagtcgac-3° (SEQ ID NO:21)

KX3-1RC : 5’ -gtcgactcgaggtacc-3' (SEQ ID NO:22)

(3) Construction of an expression cassette for FT gene

Seeds of Arabidopsis thaliana (Arabidopsis thaliana
ecotype Columbia) were plated on a modified MS agar medium (M3
inorganic salts, B5 vitamin, 2% sucrose, 0.8% agar}, and grown
at 23°C for three weeks. The cbtained piant was then
transplanted to a pot already filled with culture soil and
cultivated in an artificial weather chamber. Two weeks after
the transplantation, total RNA was extracted from the flower
bud and true leaf of the plant by using a plant RNA extracting
kit “RNeasy Plant Mini Kit” (QIAGEN). With the extracted
total RNA, cDNA was synthesized by using a cDNA synthesis kit
“ReverTra Ace” (TCYOBCQ). Using the synthesized cDNA as a

template, PCR was carried out by using two kinds of specific

27



10

15

20

25

25 were inserted thereto to prepare

PKXS- MRE4/ 355( - 46) - 5GFP or pKXS- MRE4/ 35S5( - 90m) - sG-P.

NS- 1F: 5' - ggccgcgagcetcagt-3' (SEQ ID NO 11)

NS- 1RC. 5' - gact gagctcgc-3' (SEQ ID NO 12) 26 MRE-1F :

5 -

agcttagcgatgecgtcttttccgct gaaccgtt ccagcaaaaaagact agat - 3

" (SEQ ID NO 13)

MRE- 1RC. 5' -atctagtcttttttgct ggaacggtt cagcggaaaagacgcat
pcgoties FT31F( SEQ IRD)NOo 14yp4iGhpFTFgend' (GenBank Accession

-t agat atc%caagacccttcct ctatataagg-3'" (SEQ ID NO 15)
Ngglpspc fF@(QZ 5841 at GbEEE a‘g@t%@é@ég@@t%-@?ﬂe( BER) $uhpstituted

oA et b oFL A% ALAREGA 9 L AP ARITHL R d S5
oPOm ARC,S catLaliat alct oot tagatotegral L3R Bhyng i

-tagat at ct ccacgt ccat aagggac- 3
kNGEA D QR ZRE prhrerat¢tragact geaggt, cgtrcet ctecard’, rr-4F,
(SEQ I D NO 20) KXS-1F:5'-ggtacctcgagtcgac-3" (SEQ ID
F’I—lDRCQ)l) KXS 1RGultS' a giegeciogagytact -3usf SEQGmdo acia
15 (3) Construction of an expression cassette

SP]B?t ﬁtdéﬁewa%eje‘btsroéjﬁlcﬂfiaﬁ?dtdﬁsB§mﬁﬁa1”r1éer1§nd EcoRT site
pé&gpﬂ C!L I ed f/scsén%naangcgiytg)(eal\?sc%lbg?b lage Wecr %h?t QI ed

on a rm agdr nmedi um I'norganic sa

t&trﬁﬂ'{ﬁln,wagocﬁélﬁcﬁ&ﬁ%o Q. 8%me0adte. anm@r&wm@@n@tmo%ﬁ@led
for three weeks. The obtai ned plant was then

T regrsplvarst edbtolatpet fakr e@dy dearlel e mKIh-MRE4Y GRS (sYinl) -

and cultivated in an artificial weather chanber. Two
SﬁE%w§>éFF@Pre pPKXS-MRE4 /355 (-90m) -FT.

FT~-1F : 5’ -taatctagaatgtctataaatataagagaccctc-3’ (SEQ ID NO:23)
FT-1RC : 5’ ~atagagctcctaaagtettettecteeg-3/ (SEQ ID NO:24)
FT-2F . 5’ -taaggatccatgtctataaatataagagacccte-3/ (SEQ ID NO:25)
FT-ZRC : 5’ —gaacatctggatcgaccataaccaaagta-3' (SEQ ID NQO:286)
FT-3F : 5’ -tactttggttatggtcgatccagatgtte-3” {SEQ ID NC:27)
FT-3RC : 5’ -gacacgatgaatacctgcagtggga-3' (SEQ ID NC:28)

FT-4F : 5" -tcccactgcaggtattcatcgtgte—3* {(SEQ ID NO:29)

(4) Linking an expression cassette fof transcription
factor gene to an expressicon cassette for sGFP gene or to an
expression cassette for FT gene

Plasmids p35S-ACE-CR, p35S5-ACE1DBD/VP16AD-CR, and p35S-
ACE1/VP16AD-CR, containing expression cassettes for
transcription factor gene, were treated with the restriction
enzymes HindIII and EcoRI to cut out the expression cassettes

for transcription factor gene. Plasmids pKXS-MRE4/35S(-46)-
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the transplantation, total RNA was extracted fromthe
flower bud and true |leaf of the plant by using a

pl ant RNA extracting 25 kit "RNeasy Plant Mni Kit"
(QAGEN. Wth the extracted total RNA, cDNA was

synt hesi zed by using a cDNA synthesis kit "ReverTra
Ace" (TOYOBO . Using the synthesized cDNA as a

tenpl ate, PCR was carried out by using two kinds of
specific 27 prinmers (FT-1F, FT-1RC) to anplify FT gene
{@enBaak p Acs-asrsia08 5 s Nunher- A802 4604 i iHaeBxpt&esion
anplified FT gene was substituted for GQUS gene of
PBIs2Lef Cront€dh) gellsi agp (YOS -UBRE & Hed -Fhasatt asitaining
tenpl ate, fusion PCR was carried out by using six 5

i FIST6F S SPecIFTE TP Het Y FrRo P e T 2Ret ef TR the
ég%ﬁ%l tigg'éﬁé mengégﬁgéndN%c%R © glé%t %u méﬁé'éﬁ%ression
wi t hout causu?/g amno acid  substitution S

ddeoduscets atsdee o Bastlnsite angd-£6O0R), Sht et L 688Nt
in the FT gene, and also an Xbal site at the 5'-

degrem makpsasiciianged to a BanHl site. The resulting

nodi fied 10 FT gene was substituted for 5GP gene of

pKXS- m@ygzgag(s_lggnfasg@:p tteTpFéparene contained in pBI121
S- 4/ 35S(-9 - ET. . . .

ESTRYE (T3 CeagRur OU et AVREAE AL S oHGRBEEL 605 (ST DT

M 22k-1£3- dRGrepaat agagchcekRaaghct Lakt 2166035 ( SRR

ID NO: 24) 15 FT- OB

Y esttadggaticcatgtretat haat @t aagggasceti13T 6SEQED. To the

NO 25) FT-2RC 5' - gaacat ct ggat cgaccat aaccaaagt a- 3' ( SEQ
REI IR PBY wiHERBpadsbegmcinasgget at gyttigatdéagat gitrd- 38ach

SEQ_I D NG 27 . o
CD{—[LF- gﬁCQBE -9 cgaecsg?éfD §ast STt FCagP oy TSR PD NGos) eene
A 4Bch ot £coachacagplaldcal edlolleek ((BEQbRL NA0k.20n,

(4) Linking an expression cassette for transcription
expression cassette for FT gene, which had been cut out as

described above, were ligated to obtain binary vectors in each
of which the expression cassette for transcription factor gene
and the expression cassette for sGFP gene or the expression
cassette for IT gene are ligated at each terminator side (see,
Fig. 1). A vector derived from p35S-ACE1-CR and pKXS-
MRE4/355(-46) -sGFP was referred to as vector (a), a vector
derived from p35S-ACE1DBD/VP16AD-CR and pKXS-MRE4/35S5(-46)-~
SGFP was referred to as vector (b), a vector derived from
P355-ACE1/VP16AD-CR and PKXS-MRE4/355(-4€) -sGFP was referred
to as vector (c), a derived from p35S-ACE1/VP16AD-CR and pKXS-
MRE4/355(-90m) -sGFP was referred to as vector (d), and a
vector derived from p35S-ACEL1/VP16AD-CR and pKXS-MRE4/35S (-

90m) -FT was referred to as vector (e).
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factor gene to an expression cassette for 5GP gene or
to an expression cassette for FT gene Pl asm ds

p35S- ACE- CR, p35S- ACElI DBD VP16AD- CR, and p35S- 25
ACE1l/ VP16AD- CR, contai ni ng expression cassettes for
transcription factor gene, were treated with the
restriction enzynmes Hndlll and EcoRlI to cut out the
expression cassettes for transcription factor gene.

Pl asm ds pKXS- MRE4/ 35S(-46) 28 sGFP and

REXS: VREAL 358(+ AR o § Gk @nta-Dh gk @pcesSBONSEQ 1D
cassettes for sGFP gene and pKXS- MRE4/ 35S(-90m - FT
NCcefitai ni ng an expression cassette for FT gene were

treated with the restriction enzynes ﬁgpl ng ﬁ%
HBKCTLRC oif ~ e hiet BE5TETEF B B T CEESEE T BT F01 “4C P‘é@?ﬁe
Iﬂﬁqﬂ_the expression cassette for FT gene,
resﬁectively. An expression cassette for GUS gene
contained in pBlIl21 (dontech) was replaced by
synthetic oligonucleotides HEK-1F and HEK-1RC to
pr eparempBt 1212bail EKl s Thfe GBI 22duHER MRS fhewntion
treated with the restriction _enzynes H ndl Il and Kpnl
reueTtiEanp BEPEICIER AT EH 15d LBéen treated with Hindl |l

20 B pr SR 0nea0h L% RABECSRl ANARINERL oot Rico

tran actor gene, and eacn one o

~EXRessi-gny cassettes for sGFP gene or the expression
cassette for FT gene, which had been cut out as 15

descmabedoaboxe,oraerne) | i gat,edct oandt @i)n pebAaeyd vigtt or s
in each of which the expression cassette for

Exqaraniscrl peEohn ferisedgéne” %ﬂﬂfcﬁﬁecﬁ$ﬁﬁﬁﬁ§§FSﬁlEaé%%ﬁ%?eby
oL T BETE e S R BEPRELAS Py 08 o
tM@&é‘Ueé¥%&EV§9c$fd¥ng%é5aﬁgiﬁtﬁgieaaanp%@@iod {Morikawa
Hiromichi et al, 1992, Plant Cell Engineering, Vecl.4 No.1
p.47-52, Shujunsha Co., Ltd.). The DNA amount per 1.0 mg of
gold particles was adjusted to 0.1 ug. ©On the 3rd to 5th days
after gene introduction operation, the tobacco cell suspension
cultures subjected to gene introduction were spread on a
modified MS agar medium (MS inorganic salts, 3% sucrose, 1 uM
2,4-D, 1 mg/L thiamin HC1l, 100 mg/L myo-inositol, 200 mg/L

KH, PO, , 0.8% agar) containing 30 mg/L of kanamycin. After
culturing for one month, cell mass exhibiting resistance to 30
mg/L kanamycin was selected and the selected cell masses were
again cultured for 4 to 8 weeks while they are transferred to

a new agar medium every one or two weeks. The condition for

culture was at 23 to 25°C in a dark place.
(2) Analysis of GFP accumulation amount using &
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20 MRE4/ 355(-46)-5G-P was referred to as vector (a), a
vector derived from p35S- ACEI DBDY VP16AD- CR and
PKXS- MRE4/ 355(-46) - 5GFP was referred to as vector
(b), a vector derived from p355-ACEl/ VP16AD- CR and
PKXS- MRE4/ 355(-46) -sG-P was referred to as vector
(c), a derived from p355- ACE1l/ VP16AD- CR and pKXS 25
VRE4/ 355(-90m) -sGFP was referred to as vector (d), and
a vector derived from p35S- ACE1l/ VP16AD CR and
f PKXS IVRE4/ 358« Q0mkxFT was referred to-as vector (e)
29

HEK- Tfebchbagit¢gaatlicye egacgyttaectabyacgagote-80¢iSE@d MS
D NO30) ‘ ]
2PEK- ﬂmbu@ (et trpagerdgt edtaggtide é@?é@%g dattlca: 37{-sEQ

Anal Si T upul ati o N
mgﬁ% tqlamln ?g%o |naﬁ't/E acg%séEP?Ure HggﬁsEHiﬁ% ERE
d; &€ f Lge ACLO
G o e 18 15 R el ectar & (8 oy e e
t&dammmﬂﬂqnedpltb d%&awpbetLawa$anEnodﬂmednmmtedtobacco
cultured cells (BY-2) by wusing gold particles of 1.0
eHPF e dicameter edetadd hwtﬁhowswenﬁh}é%éqp@@ﬁoﬁgn

ccor artlcle t.hod

BFFeTiam Rt rer ~arPoss . TRPRRTDer “Enbrhesr nd™ Fol . 4
eQBré Qé%ﬂ3t4z?§§en huJM@§f¥ié§%lithgs)a nbRe; E@%&fﬁﬂ@Jnt
per 1. gold particles was adjusted to 0.1 g.
eQﬁréhﬁuﬁfdrb@tﬁéMtdﬁy&p,aétﬁﬂdiﬁﬂWE Mat s @dueteddnm not
operation, the tobacco cell suspension cultures
csnbi Eetred Cu§Cgerse kABAoducti on were spread on a

Three days after the inducible expression treatment, the
cell mass was examined under a fluorescent microscope (Nikon)
to determine the fluorescent emission state of GEP.

The cell mass confirmed with the increased fluorescent
emission of GFP was frozen in liguid nitrogen. Then, to the
frozen cells, glass beads (0.25 to 0.5 mm) and an extraction
buffer (1xPBS (-), & mM DTT, 1 mM PMSF, 0.1% protease
inhibitor cocktail} were added, followed by disruption
treatment using a disruption device, “Mixer Mill"” (QIAGEN).
The resulting disruption product was centrifuged by a table
centrifugal machine at 15000 rpm, 4°C for five minutes to
obtain the supernatant, which was used as a protein extraction
solution. Subsequently, the protein extraction solution was
diluted appropriately with 1xPBS (-), and the fluorescence
intensity of GFP in the obtained diluted scoluticn was
determined by using a multi label counter “Wallac 1420 ARVOMX”

(Perkin FElmer). Meanwhile, as a standard sample, a dilution
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nodi fied M5 agar nmedi um (MS i norganic salts, 3%
sucrose, 1 pM 20 2,4-D, 1 ng/L thiam n HCl1, 100 ng/L
myo-inositol, 200 ng/L KH2PO4, 0.8% agar) contai ni ng
30 ng/L of kanamycin. After culturing for one nonth,
cell mass exhibiting resistance to 30 ng/L kananycin
was sel ected and the selected cell nasses were again
cultured for 4 to S weeks while they are transferred
to 25 a new agar nedium every one or two weeks. The
obontidd @ BOrut Gl trueenbasardt 28 (0o CHin)awder KL xPBS (-
pl ace. (2) Analysis of CGET accunul ati on anount using a
) 302 lwerdescermm phat vez pader {Therohtaiarednteh$itms $FRas
transpl anted onto nodified M5 agar_ nedi um (M
CP?\‘G?@%WC&@%‘F@% P63%U§’B|Er%‘§<émtl Oﬁl\/FQl‘Ab]E? PEC ﬁtﬁ‘i was

0-.1.nQs toI 200
ijc’l]al 9, Flf)r]%%?oB a ar 1'[c.:r%cl)aﬁ:ttall |% ﬁfbrrﬁls&ng Value for
thadugidle @%P&E lORe1hr gAML pAFRYPoER) GRNLY, Oﬂﬂie &P
treatnment for uced expression of a target
ahemrexmta@oum@mﬂe Wy cepperaiean Iherdeiimabterthe protein
sonmetines, referred to as the inducible expression
CP@%@%WW“ N dig GERrRyR R ROAD PRt ise D

qH% tieissl on tﬁir’ﬁ t ment %&gggh%%&rm$h;ted M5 agar medi um

ays after the

I ndUCﬂrblT%b%p{ e%lq%%nkaﬁ%m% k081« GO IS8 WS ated
exam ned under a fluorescent mcroscope (N kon) to

ifleties nerbheafit uoneseentuenizsi enlst atin ofhicGkPsGHB gene
The cell mass confirmed with the increased fluorescent
CBRT S5 iom gRCEFP Wed forozen 1rPUdequbYd ArRRGgERNSThen,

13Er%§éqg§L[?gﬁguéﬁggf%edglaf(juc ?9% gé%fgalnglcategngh and
ratio of accumulated amount of GFP in the inducible expression
treatment group compared tc the accumulated amcunt of GFP in
the non-inducible expressicn treatment greup.

For the recombinant tobacco cultured cells into which
the vector (a) has been introduced, the accumulated amount of
GFF in the inducible expression treatment group was twoc times
higher than that of GFP in the non-inducible expression
treatment group (hereinafter, sometimes also referred to as
“induction ratio for the recombinant tobacco cultured cells
into which the vector (a) has been intrcduced). For the
recombinant tobacco cultured cells into which the vector (b)
has been introduced in which ACElAD of the ACEl transcription
factor has been replaced by VP1lEAD, the accumulated amount of
GFP in the inducible expression treatment group was four times
higher than that of GFP in the non-inducible expression

treatment group (hereinafter, sometimes also referred to as
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buffer (1xPBS (-), 5 mM DITT, 1 nM PVMSF, 0. 1% prot ease
i nhi bitor cocktail) were added, followed by disruption
20 treatnent using a disruption device, "Mxer MII"
(QAGEN) The resulting disruption product was
centrifuged by a table centrifugal machine at 15000
rpm 4C for five mnutes to obtain the supernatant,
whi ch was used as a protein extraction solution.
Subsequently, the protein extraction solution was 25
“dinkiut edo@ppRitapr irat et e WeldbnbXPBS (tobacabdctMgured cells
fluorescence intensity of GFP in the obtained diluted
isglouthorh was:  vaet er nimedhasy bash ngptar asukefl) | abed 1t was
counter "WVallac 1420 ARVOWX" (Perkin El ner)
NGELARAFES, TRt &tsvaﬁdﬁ?ﬁhméfsﬁpr-kéo G EPPBﬁf%‘jl to the

0b aéngg b fglo %H%rgégé) bi,nant. GER %CQSEPuE%&»CQWhE into

s used om-t heasured f1 UoF escence

JHENSHE Yve R GANVEES QR rARRYREqIRG. Uni t anmount  of
sol ubl e proteins was obtained. Further, by

subtrEeimwmpﬂdjefcort@spxﬂmdmbgnWEdLnbuaaco 6ulﬁuzaﬁonEﬂb$
w | d-type cell mass as background val ue, the GF

Weeunbiaki O aestar Was hedl GPatJefejtfqdl’ﬁlcéadi“ﬂl"dWCht NE1oAD
0 e|n centr the roteln ext racti.on

B GEP B SR TuGRET BTk AECOP Al No b ‘Ehe B adfor d

m&gqaté@ Mn% be @rsluantinbi gﬁéﬁ@lrmree%ubzegé SFP

accurmul ated 10 in the reconbi nant tobacco cultured

te@laltdient Ng ic asCEPgIgene: taxpeessjion raehothdthats can in

be i nduced by copper ions is introduced, is

Himen zeducinduerrons $Hr Grﬁﬁéﬁﬂ%@t ésfotuﬁe (hepgeire ider,
accunulateg?ann nt of GFP in ndUCI Q§S|on

SPEICRER S B5Eatr B A thecahdrar St e PR of
FRuicRndd: the nen- Lpducib] ecexpr essd ahitheatfeMctor (c)

roup.
éis bZen introduced), and it was recognized that it was
improved nine times compared to the induction ratic of the
recombinant tobacco cultured cells into which the vector {(a)
was introduced.

Still further, for the recombinant tobacco cultured
cells intc which the vector (d) has been introduced in which
353 (-90m) seguence having a mutation at as-1 site 1s used, the
accumulated amount of GFP in the inducible expressicn
treatment group was eighteen times higher than that of GFP in
the non-inducible expression treatment group (hereinafter,
sometimes alsc referred to as “induction ratic for the
recombinant tobacco cultured cells into which the vector (d)
has been introduced), and it was recognized that it was

improved nine times compared to the induction ratic of the

recombinant tobacco cultured cells into which the vector (a)
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For the reconbi nant tobacco cultured cells into which
the vector (a) has been introduced, the accunul ated
anmount of GFP in the inducible expression treatnment
group was two tines higher than that of GFP in the
non-i nduci bl e expressi on 20 treatnent group
(hereinafter, sonetinmes also referred to as
"induction ratio for the reconbi nant tobacco cul tured
cells into which the vector (a) has been introduced).
He@r ckebe ifeceminaant tobacco cultured cells into which
the vector (b) has been introduced in which ACELAD of
Tahe sACE1 transcription 25 factor has been repl aced by

VPI6AD, the accunutated anmount—of —GFP—nthe
i nducildEs AQﬁﬂﬁkiﬂHﬁe Ebat nent groupiwas four tines
Wegher MoRamméhatbief GFRduribhe non-i hduehddien | Improvement
expr egsj {reatment; group (hereinaft somnet S

al so rgfgg?aallb as BigqFﬁﬁﬁé??on railg{ or thakg{Elo
ecomitA8AEMERhagcwrcul TaatagnEed e i nt o whichl t he

vegtor o(bB) has been iintreduced), andiit was 1

[(Sfogrtli?d tgft It VVaSFL]I I’EDFOVGCI tV\K_) | S COITngGCI 1o

O

et g r.n -
the—imdaetion—ratiopf—-the reconmbinrant—tobace

dal turléddBcel | s to 5 WhiZch the vect0i8(a) hasi been

itpt rodyced. Meanwhil e, qr the reconbppant tobagco

cultured celtsinto which the vector (c) has been
i ntroduced in which VP16AD has been added to the ACEl

transgription fc%%%ri&d"ﬁ_ndﬂ%k‘c%“ﬁt el appun, of G-P

in the 1 nduci bl'e expression treatnent group was
Aghtiegni ¢ i tres ihingher than that of GET in the

non-i nduci bl e expression treatnment group (hereinafter,
sonet i esPErsgakéberaet sedeasidn nduateiconbiadno Arepithesis
reconbi nant tobacco cultured cells into which the

NEHER ()

The vector (e} prepared in Example 1 was introduced into
Agrobacterium (Agrobacterium tumefaciens strain C58Cl). The
resulting Agrobacterium was cultured in a LB agar medium (0.5%
yeast extract, 1.0% bactotrypten, 0.5% saline, 1% agar)
containing 50 mg/L kanamycin, 100 mg/L ampicillin, and 100
mg/L rifampicin, and a drug-resistant colony was selected to
obtain recombinant Agrobacterium. Arakidopsis (Arabidopsis
thaliana ecotype Columbia)} was infected by the obtained
recompinant Agrobacterium according to the method described in
Model Plant Laboratory Manual (edited by Iwabuchi Masaki et al,
2000, Springer-Verlag Tokyo Co., Ltd., ISBN 4-431-70881-2
C3045) to introduce genes. After T; seeds collected from the
Arabidopsis subjected to gene introduction, the seeds were

plated and grown on a modified MS agar medium (MS inorganic

salts, BS vitamin, 1% sucrose, 0.8% agar) containing 20 mg/L
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has been introduced), and it was recognized that it
was 15 i nproved nine tines conpared to the induction
ratio of the reconbinant tobacco cultured cells into
whi ch the vector (a) was introduced. Still further,
for the reconbi nant tobacco cultured cells into which
the vector (d) has been introduced in which 20
355(-90n) sequence having a nmutation at as-1 site is
used, the accunul ated anmount of GFP in the inducible

EXpeasdston 240 eat/ment Qrolfrawasagd ghg een'1t karsnhiighes

than that of GFP in the non-induci bl e expression

%Q%§§$nénPl@@?nﬂ@d@ﬁéﬂéﬁlmﬁqaéstan§oh@tﬁaﬁamyaﬁso Tekerred
uction ratio for the 25 reconbi nant taobacco

HFETFEGPERTT 5 ToRFOCURE TP RE20ERE B TH) ° RakObedh Which
t
dlﬂttruggugggi waasn%re(rlg\@% fpci%%gdze%n :’lj%t(?wln lyxvagn aairtlflfjlal

I nproved ni ne times co to't tronr

ddi@ he-eepEbNAR bebacsor,cubtas edagel ) st whish +he
vector (a) 33 has been |ntroduced Table 1 GET (ng/g

qHeotseivA ye\@&ﬁﬂEdWandlgd@mnkﬂnealmd@cfiﬂdaMsndgerlmHvlum (MS
Inprovenent r expreSS|on expreSS|on ratio ratio
Jt”roéﬁtaﬁéﬁtsiﬁtu“op Bor SAE #eht- &roaﬁC{%\f)eo 058% §92ry corpining
hed12y (C) Q.8,14.2 .18 9 }
%x ﬁgﬁ’e gn?rﬁf ol 2 nalar}]tdéc ne, whlé r%rcoorlr.ltc):es ?ltne %&anamyc.m
resistant individual plant in 3:1 ratio at 5% significance
level according to chi-sguare test was selected. Meanwhile,
the condition for cultivating the plant included 23 heours of

light period and 1 hour of dark period at 23 to 25°C.

(2) Flowering induction in recombinant Arabidopsis
thaliana

With respect to the selected line, T, seeds were plated
on a modified MS agar medium (MS incrganic salts, BS5 vitamin,
2% sucrose, 0.8% agar). After incubating the individual plant
for 11 days under the condition including 23 heurs of light
period and 1 hour of dark period at 23 to 25°C, the resulting
plant was transplanted to a modified MS agar medium (MS
inorganic salts, B5 vitamin, 2% sucrose, 0.8% agar) containing
S50 pM CuS04, to carry out a treatment for inducible expressicn
of a heterclogous gene of interest by copper ions (hereinafter,
sometimes referred to as inducible expression treatment). In
addition, as a non-inducible expression treatment group, a
modified MS agar medium not containing CuSO, was used.

Six hours after the inducible expression treatment, the
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5 Arabidopsis thaliana) (1) Preparation and sel ection

of reconbi nant Arabidopsis thaliana The vector (e)
prepared in Exanple 1 was introduced into

Agr obact eri um (Agrobacteri um tunefaci ens strain

058C1). The 10 resulting Agrobacteriumwas cul tured

in a LB agar nedium (0.5% yeast extract, 1.0%
bactotrypton, 0.5% saline, 1% agar) containing 50

ng/ L kananycin, 100 ng/L anpicillin, and 100 ng/L

Iid ampivai Nplamd W& sdrugn eshslant €k onwag Sat eqlpd

to obtain reconbi nant Agrobacterium Arabi dopsis

NAtHalyi d¥psisoigertinalskana, eotwipenOo) Wrisak-reas, 0.8% agar)
i nfected by the obtained reconbinant Agrobacterium

HEC PRGN ERY tHE Gret HodSdeaes i édri fhe Morbicipllanexpression
SRR, VAL S SR ) MR i e
Hs 43160881 - 2 G ' : i
seeds col |l ected %fgéﬁﬁﬁéhﬂ%%qﬁgg%fgﬁggﬁg é& ?é%%éﬁﬂ?ﬁer
Pergrel dtdodiictd axprebeiseadsasrent PfaledoAapsrgd oW QR-

a nodified M5 agar nedium (M5 inorganic salts, B5
WIAHPAS 1885 RTI9%9e L rO2 8% agarPuBohted nifhg . 20) ng/ L 34

of Benlate, 200 ng/L of O aforan, and 25 ng/L

kananycin to select a plant individual resistant to
kana [ T S C l.ant.. Lndi vi dual S
B i T
@ éiceust iy plaeedn antrgrwmicnpasarid fi @bﬁﬂgeﬁinducible
weat her chanber to obtain T2 seeds. After the obtained
MEZneg e a8 sP YR igsl avber ayd ghenarohceurmndiehi edh M3 agarrols

%ﬁgi%”]QNE‘ iﬁ?rg%nic salts, BS vitamn, 2% sucrose,
8% agdr Y Cort?a APRY 1Y5 WY FE kAR affcitiaradprhte Leinke
whi ch produces the kanamyci n-
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resistant individual plant in 3:1 ratio at 5%
significance 10 level according to chi-square test was
sel ected. Meanwhile, the condition for cultivating
the plant included 23 hours of Ilight period and 1
hour of dark period at 23 to 25C. (2) Flowering

i nduction in reconbi nant Arabidopsis 15 thaliana Wth
respect to the selected Iine, T2 seeds were plated on
a nodified M5 agar nedium (MS inorganic salts, 85
wikrant noLadosucr ose, 0.8% agar). After incubating the
i ndi vidual plant for 11 days under the condition

i ncludi ng 23 hours of |ight 20 period and 1 hour of
dark period at 23 to 25C, the resulting plant was
transpl aft BE-R £ Fodrit eel NS sagarvretiurhieeet a plant,

inorgani c salts, .B5. vitanm.n, 2% sucrose,  0.8% agar .
w@%%%a?ﬁT?ﬁfS%?O%EkP?iﬁﬁyﬁ Q%§h5a?P§Oofﬁn%f9Frgéf%ﬁ%hpg%ﬁ'lons’
whBdueh bli1g. @XRLesst OMeOf 8RSt PUQYS 980 Af owing Dua

I nterest by copper ions (hereinafter, 25 sonetines
creberweds t({d)asndnduc) bl e expression treatnent). In
addi ti on, as a non-induci bl e expression treatnent
group!lla @ fBdEti BP MBragancredtrnisdng coma isiongd€uSO4
was used. Six hours after the inducible_expression .
SFRER RNt n8Y 35CH HiNICdGAR BT ™ 1RAs Tt idtfsf &PRERLE othe

- i I.u | _No nj ts, 85
e S ler 822 i agary ot oot G s Yca e
bFi we daysakafit einkdée & nghspicbl e expression treatnent,

observation of the individual plant was carried out. 5
As a ¥esullNA-pingwss fdsumdnt phta fliower Engnsvasintnducéactor
tga lier inlthefinducible,exgr$ssion t r eat nent %roup

8%pé?éﬁ“¥%)ﬁoﬁ- PRI i VR RTT e¥6iISEREF el e Cgr oup

(Seedﬂthtx%%scriptional activation domain of at least one
second transcription factor that is different from the first
transcriptiocn facter; and

(ii) a second DNA construct encoding a heterologous gene
which controls flowering time of a plant, wherein the gene is
under the control of a heterologous promoter capable of being
stimulated by the chimeric transcription factor of (i) in the

presence of copper ion.

2. The method according to c¢laim 1, wherein the chimeric
transcription factor further comprises as the operably linked
elements a transcriptional activation domain of the first

transcription factor.

3. The method according to claim 1 or 2, wherein the

first transcription factor is selected from the group
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According to the present invention, a nethod for
control to of flowering tinme in a transgenic plant in
a copper-induci ble manner is provided, wherein a

het er ol ogous gene which controls flowering tine has
been introduced to the transgenic plant. 36 WHAT IS
CLAIMED I'S: 1. A nethod for controlling flowering tine
of a plant, which conprises bringing a plant into
contact with copper ions, 5 wherein the plant has
been LrnagsEprnmed with the followng DNA constructs
(i) and ?ii): (i) a first DNA construct conprising a
nucl egtli de&a cskgUence t@NCEdIr NPt BorCHaR® bl CwhiTANSCr pbaIOIe of
factor, wherein the chineric transcription factor
kosr irsésvehrd fal kerbay @n.and 10 b) as operably
Iinkeg | ements; a) a DNA-binding domain of a first
transcfi ptd dF2Fhct " S TREE PR %%é%ﬂﬂ YNeFN et (gpable of

Betidvated, by. gopperohop. . and ). a transcriptional
a

activati on domai'n o t Tedst one second

transqgi ptd e ahast oft tdatrabsodi ddarent sEepmig kit sicel
15 transcription factor; and (ii) a second DNA

wonst rgctaeaclodiaigbaihet ®rolvegedsbgemepeaewhiich. control s
flowering tinme of a plant, wherein the gene is under
the control of a heterol ogous pronoter capable of

bei ng, st.i ated. by the.chiperic transcriptiaqn factor
of (if'iﬁh%%éﬁkgadﬁ%%ﬁﬁﬁ%%ggoggd%ﬁbéﬁafgﬁyngfL%ﬁb3’ wherein

el hedoaacording ibeichatdedsr wWherel feddhe (eBhMerd Grou
transcription factor further conprises as the operabe

¢ommkied inegl ehent s a transcriptional activation domain
of the first o

{1) a transcripticn factor ¢f a virus,

{2) a transcription factor of a virus belonging to
Simplex virus genus,

{3) a transcription factor of Herpes simplex virus, and

(4) the VP16 transcription factor of Herpes simplex

virus.

5. The method acccrding to any of claims 1 to 4, wherein
the heterologous gene which controls flowering time of a plant
i1s selected from the group consisting of:

(1) a plant gene controlling flowering time,

(2) an angiosperm gene controlling flowering time,

(3) a dicotyledonous gene controlling flowering time,

(4) a Cruciferous gene controlling flowering time,

{8) an Arabidopsis thaliana gene controlling flowering
time, and

(6) a flowering-time controlling gene derived from the
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25 transcription factor. 3. The nethod according to
claim1l or 2, wherein the first transcription factor
is selected fromthe group 37 consisting of: (1) a
eukaryote transcription factor which is capabl e of
bei ng activated by copper ion, (2) a yeast
transcription factor which is capable of 5 being
activated by copper ion, and (3) a transcription
factor derived fromthe yeast ACE1 which is capable

of Mhebngoasii valzed-by coppee.ion. 4. The nethod

according to any of clains 1 to 3, wherein 10 the

second transcription factor is selected fromthe group
consisting of: (1) a transcription factor of a virus, ,
(2) abtr FEREPBMFHITSP Yok a2 s ChetBhdi fg Po whereln

i ex.ViLrus_ genus, 1 a transcription factor .of .
e e T R G e R

facharl of HerPes,rShiPheXo1 Mt 8113 adhe smeLbhogh1y 1inked

according to any of ‘clainms 1 to 4, wherein 20 t%e

thetersohagoust geneewhkesbe cantadding thewerinegiti nearefcrdption
lant is selected fromthe group consisting of: (1) a
@t -gene controlling flowering tine, (2) an

angi osperm gene controlling flowering tinme, (3) a

di cotyl edonous gene controlling flowering tine, 25

(4) a0 ugiderous,geng Rt Rg! bt G Jrl@WREE DO L) BRa (i1):
(i) a first DNA construct comprising a nucleotide
sequence encoding a chimeric transcription factcr, wherein the
chimeric transcription factor comprises the feollowing a) and

b) as operably linked elements:

a) a DNA-binding domain of a first transcription factor
that is capable of being activated by copper ion, and

b) a transcripticnal activation domain of at least one
second transcription factor that is different from the first
transcription factor; and

{ii) a second DNA construct encoding a heterclogous gene
which controls flecwering time of a plant, wherein the gene is
under the contrel of a heterclogous promoter capable of being
stimulated by the chimeric transcription factor of (i) in the

presence of copper ion.

8. The set of the DNAR constructs according to claim 7,
wherein the chimeric transcription factor further comprises as
the operably linked elements a transcriptional activation

domain of the first transcription factor.
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(5) an Arabidopsis thaliana gene controlling flowering
time, and (6) a flowering-tinme controlling gene

derived fromthe 38 Arabidopsis thaliana FT gene. 6.

The nmethod according to any of clains 1 to 5, wherein
the first DNA construct further conprises a pronoter
which is 5 capable of functioning in plant cells and

is operably linked to the nucl eoti de sequence encodi ng
the chinmeric transcription factor. 7. A set of the
follow ng DNA constructs (i) and (ii): 10 (i) a first
DNA construct conprising a nucleotide sequence
encod? ng Thechemerfi ¢her aks crarptdront f astorsdinkherei oldiwe 7 or
chineric transcrigtion factor conprises the follow ng
8a)wgﬁaelmnth§sféﬁé a&ﬂ%pqqrﬁgéao%|%ﬁﬁ%@gsgsaﬁe%pcted from the
QNﬁ-bég%g{g%.%ong%n of a first transcription factor 15
%rat 73 cap&bﬁe of being activated by copper ion, and

b) a transceipiiQnal (aghivaidondegri f- ofy ik LeasifNe of
second transcription factor that is different fromthe
keiingt act ranscr bpt catpdackar; and (ii) a second DNA
construct encodi ng a heterol ogous gene 20 which
controts Bl Borst ngansaeipfien glaater wiheteils rhealgehet

g S und@r t he ﬁontrol of. a heterol ogous pronoter

CAPEbFe ofA e Ay CNITuI*&led®BY the chineric

transegi pti pp, £a6LQ% :0f fldid,n dgt}gve@rﬁ%%n%ﬁeogeggm%fm
ion. 25 8. The set o# the DNA constructs according to
whlighmi &, capt@eebn bdiend Richerh€ed naNsehppt | Do f act or
further conprises as

10. The set cf the DNA constructs according to any of
claims 7 to 9, wherein the second transcription factor is
selected from the group consisting of:

{1) a transcription factor of a virus,

{2) a transcription factor of a virus belonging to
Simplex virus genus,

{3) a transcription factor of Herpes simplex virus, and

{4) the VP16 transcription factor of Herpes simplex

virus.

11. The set of the DNA constructs according to any of
claims 7 to 10, wherein the heterologous gene which controls
flowering time of a plant is selected from the group
consisting of:

(1) a plant gene controlling flowering time,
(2) an angiosperm gene controlling flowering time,

(3) a dicotyledonous gene controlling flowering time,
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the operably |inked el enments a transcriptiona
activation domain of the first transcription factor.
39 9. The set of the DNA constructs according to claim
7 or 8, wherein the first transcription factor is
sel ected fromthe group consisting of: 5 (1) a
eukaryote transcription factor which is capable of
bei ng activated by copper ion, (2) a yeast
transcription factor which is capable of being
activat ed cRyccopRels icene aftk ()l iagt Fanseringt tomne,
factor derived fromthe yeast ACElL 10 which is
capabb e aof Avebhdopctd varédaby gsopperntont 1irg. fThECEEI
of the DNA constructs according to any of clains 7 to
tige, wiet ei n the second transcription factor is
sel e ed f omthe gr. sisting {
trangérlin i'GHEF AT or ofcgng éfﬁ g ggga t%%ﬁé%#?é??dﬁue

At %9&8{;5% @haviikHs PeIQgEing to SI npl ex virus genus,
F ) & transcription faactor of Herpes sinplex virus,

and (4) the VP16 transcription factor of Herpes
sinmplex 20 virus. 11. The set of the DNA constructs
accoialn@hﬁosahyﬂbﬁhecpﬁﬁw%“?”#@clé aﬁﬁ@F@Fﬁ tReany oF

het I whi fI f
e 91000 Sete.Mhich SO ohs, Lhoverlng e of

roup conS|st|ng 0 (1)

coﬂiﬁm;@@g Q%H%m%%ﬁsr%iém&sf IcQP@lgi@ga_ﬂ ifBct{@)id) in plant

angi osper ene controlling wering tine,
cells and is operably linked to the nuclectide seguence

encoding the chimeric transcription factor.

13. A plant transformed with the set of DNA constructs

of any of claims 7 to 11.

14. A method of producing a transgenic plant with a
copper-inducible control of flowering time comprising:

introducing the set of DNA constructs of any of the
items 7 to 11 into a plant cell,

regenerating a plant from the plant cell,

selecting a plant comprising the DNA constructs, and

growing the plant under conditions that allow copper-

inducible control of flowering time.

4]



(3) a dicotyl edonous gene controlling flowering tine,
40 (4) a Cruciferous gene controlling flowering tine,
(5) an Arabidopsis thaliana gene controlling flowering
time, and (6) a flowering-tine controlling gene
derived fromthe 5 Arabidopsis thaliana FT gene. 12.
The set of the DNA constructs according to any of
clains 7 to 11, wherein the first DNA construct
e nprises a pronoter which is capabl e of
Séﬁﬁ%ﬁi%ﬁ? in plant to cells and is operably |inked
to the nucleotide sequence encodi ng the chineric
transcription factor. | ant transformed with the
<8t SHHITOMA CHBHS bl &QP@PSQ‘NY’Oﬂ‘IW Dof claims 7 to 11. 15
14. A nmethod of producing a transgenic plant with a
copper-induci ble control of flowering tine conprising:
<Ji2ft MEAE: KR €MEREEENOFLIMKAING OIS rAic PlsANGf any of the
items 7 to 11 into a plant cell, 20 regenerating a
plant fromthe plant cell, selecting a plant
<onmeigding the DNA constructs, and grow ng the plant
under conditions that allow copper- inducible contro
of flowering tinme. 41 SEQUENCE LI STI NG <110> SUM TOMO
< GHEMPERIS- SGWPANY, LI M TED <120> METHOD FOR CONTROLLI NG

FLOWERI NG TI ME OF PLANT
{151> 2008-09-03

{160> 31

210> 1

<211> 26

<212> DNA

<213> Artificial Sequence

220>
223> Designed oligonucleotide primer for PCR

<400> 1

atggatccat ggtegtaatt aacggg 26

210> 2

211> 29

<{212> DNA

<213> Artificial Sequence

220>
<223> Designed oligonucleotide primer for PCR

<400> 2



<130> S21491 <150> JP2008- 225711 <151> 2008-09-03
<160> 31 <210> 1 <211> 26 <212> DNA <213> Artifici al
Sequence <220> <223> Desi gned ol i gonucl eotide primer
for PCR <400> 1 atggatccat ggtcgtaatt aacggg 26
<210> 2 <211> 29 <212> DNA <213> Artificial Sequence
<220> <223> Desi gned ol i gonucl eoti de priner for PCR
<400> 2 -1 tggagctctt attgtgaatg tgagttatg 29 <210> 3
<211> 28 <212> DNA <213> @5t|f|C|aI Sequence <220>
tegaeld St DRLTE AU E o1 UTEl eotdde priner for PCR

<210> 3

211> 28

{212> DNA

213> Artificial Sequence

<2207

<223> Designed oligonucleotide primer for PCR

<400> 3

aactcgagit gtgaatgtga gttategcg 28

210> 4

211> 21

<212> DNA

<213> Artificial Sequence

220>

{223> Designed oligonucleotide primer for PCR

<400> 4

acggcteccac cgaccgacgt c 21

210> 5
211> 23
{212> DNA

<{213> Artificial Sequence

<2202

<223> Designed oligonucleotide primer for PCR

400> 5



<400> 3 aactcgagtt gtgaatgtga gttatgcg 28 <210> 4
<211> 21 <212> DNA <213> Artificial Sequence <220>
<223> Desi gned ol i gonucl eotide priner for PCR <400> 4
acggctccac cgaccgacgt ¢ 21 <210> 5 <211> 23 <212>
DNA <213> Artificial Sequence <220> <223> Designed

ol igonucleotide primer for PCR <400> 5 -2 ctacccaccg
tactcgtcaa ttc 23 <210> 6 <211> 21 <212> DNA <213>

ﬁr ence O> <223> Desi gned

CC&EHE&P&HEt b?ﬁner PCR <400> 6 ggacgaactc
cacttagacg g 21

<210> 6

<211> 21

212> DNA

213> Artificial Sequence

<2207

223> Designed oligonucleotide primer for PCR

<4007 6

ggacgaacte cacttagacg g 21

210> 7

211> 21

<212> DNA

213> Artificial Sequence

220>
223> Designed oligonuclectide primer for PCR

400> 7
ccgtetaagt ggagttegte ¢ 21

<210> 8

211> 31

<212> DNA

<213> Artificial Sequence

<220

<223> Designed oligonucleotide primer for PCR

3.



<210> 7 <211> 21 <212> DNA <213> Artificial Sequence
<220> <223> Desi gned ol i gonucl eotide priner for PCR
<400> 7 ccgtctaagt ggagttcgtc c¢c 21 <210> 8 <211> 31
<212> DNA <213> Artificial Sequence <220> <223>
Desi gned ol i gonucl eotide primer for PCR -3 <400> 8
tact cgagt c aacggctcca ccgaccgacg t 31 <210> 9 <211>
35 <212> DNA <213> Artificial Sequence <220> <223>
. ;igned ol i gonucl eotide prinmer for PCR <400> 9
gggctctt acccaccgta ctcgtcaatt ccaag 35 <210> 10

tac2dehztBdacggeteca cogaccgacg t 31

210> 9

<211> 35

<212> DNA

<213> Artificial Sequence

<2202

223> Designed oligonucleotide primer for PCR

<400> 9

aagagctcett acccaccgta ctegtcaatt ccaag 35

210> 10

211> 32

(212> DNA

213> Artificial Sequence

220>

(223> Designed oligonucleotide primer for PCR

<400> 10

taagatctat caacggctce accgaccegac gt 32

210> 11

<211> 15

<212> DNA

213> Artificial Sequence

<2200

<223> Designed oligonucleotide for adapter

-4 -



<212> DNA <213> Artificial Sequence <220> <223>
Desi gned ol i gonucl eotide prinmer for PCR <400> 10
taagat ctat caacggctcc accgaccgac gt 32 <210> 11 <211>
15 <212> DNA <213> Artificial Sequence <220> <223>
Desi gned ol i gonucl eoti de for adapter -4 <400> 11
ggccgcgage tcagt 15 <210> 12 <211> 12 <212> DNA
<213> Artificial Sequence <220> <223> Desi gned
<§}Eg@nucleotide for adapter <400> 12 gactgagctc gc 12
Q 13 <211> 52 <212> DNA <213> Artificial Sequence

ggecgegage teagt 15

210> 12

211> 12

<212> DNA

(213> Artificial Sequence

<2207

223> Designed oligonucleotide for adapter

400> 12

gactgagcte ge 12

<210> 13

<211> b2

<212> DNA

213> Artificial Sequence

220>
223> Designed oligonucleotide for DNA fragment to be substituted

<400> 13

agcttagega tgegtetttt ccgetgaace gttccagcaa aaaagactag at 52

<210> 14

{211> 48

{212> DNA

213> Artificial Sequence

<220>

223> Designed oligonucleotide for DNA fragment to be substituted

-5-



<220> <223> Desi gned ol igonucl eotide for DNA fragnment
to be substituted <400> 13 agcttagcga tgcgtctttt
ccgctgaacc gttccagcaa aaaagactag at 52 <210> 14 <211>
48 <212> DNA <213> Artificial Sequence <220> <223>
Desi gned ol i gonucl eotide for DNA fragnent to be
substituted -5 <400> 14 atctagtctt ttttgctgga
acggttcagc ggaaaagacg catcgcta 48 <210> 15 <211> 32
¢ 2> DNA <213> Artificial Sequence <220> <223>
Signed ol igonucl eotide prinmer for PCR <400> 15

atagatcat aget @agaceaist cagt ghadaatag ggedda <214 16 <211>
23 <212> DNA <213> Artificial Sequence <220> <223>
Desi gned ol i gonucl eotide primer for KR

210> 15
211> 32
<{212> DNA

213> Artificial Sequence

220>

223> Designed oligonucleotide primer for PCR

<400> 15

tagatatcge aagacccttc cictatataa gg 32

<210> 16

<211> 23

<212> DNA

<213> Artificial Sequence

<2205

223> Designed oligonucleotide primer for PCR

<400> 16

atcctctaga gtcececegtg tte 23

<216> 17

211> 217

<212> DNA

<213> Artificial Sequence

220>

<223> Designed oligonucleotide primer for PCR

-6 -



<400> 16 atcctctaga gtcccccgtg ttc 23 <210> 17 <211>
27 <212> DNA <213> Artificial Sequence <220> <223>
Desi gned ol i gonucl eotide priner for PCR -6 <400> 17
gctatgacca tgattacgcc aagcttg 27 <210> 18 <211> 27
<212> DNA <213> Artificial Sequence <220> <223>
Desi gned ol i gonucl eotide prinmer for PCR <400> 18
cattgttata tctccttgga tccgtcg 27 <210> 19 <211> 26
<%é;%? DNA <213> Artificial Sequence <220> <223>
Si'gned ol i gonucl eotide prinmer for PCR <400> 19
gdtagaicai ctettaaggt &gatiq agggac 26

<210> 18
211> 27
<212> DNA
{213> Artificial Sequence

{220

(223> Designed oligonucleotide primer for PCR

<400> 18

cattgttata tctcctigga tcegteg 27

<210> 19

211> 26

{212> DNA

213> Artificial Sequence

22w
223> Designed oligonucleotide primer for PCR

<400> 19

tagatatcte cacgtecata agggac 26

210> 20
211> 27
<212> DNA

<213> Artificial Sequence

220>
<223> Designed oligonuclectide primer for PCR

-7-



<210> 20 <211> 27 <212> DNA <213> Artificial Sequence
<220> <223> Desi gned ol i gonucl eotide priner for PCR
-7 <400> 20 aatctagact gcaggtcgtc ctctcca 27 <210> 21
<211> 16 <212> DNA <213> Artificial Sequence <220>
<223> Desi gned ol igonucl eotide for adapter <400> 21
ggtacctcga gtcgac 16 <210> 22 <211> 16 <212> DNA
<213> Artificial Sequence <220> <223> Desi gned

Rlohggnucl eotide for adapter <400> 22 gtcgactcga
ggtacc 16 <210> 23 <211> 34
aatctagact gcaggtcgtc ctetecea 27

210> 21
211> 16
<212> DNA

<213> Artificial Sequence

<2202
(223> Designed oligonucleotide for adapter

400> 21

ggtacctega gtegac 16

210> 22

211> 16

<212> DNA

213> Artificial Sequence

<2207

(223> Designed oligonucleotide for adapter

400> 22

gtcgactega ggtacc 16

210> 23

211> 34

212> DNA

€{213> Artificial Sequence

220>
€223> Designed oligonucleotide primer for PCR

-8-



<212> DNA <213> Artificial Sequence
Desi gned ol i gonucl eoti de prinmer for

taatctagaa tgtctataaa tataagagac cctc 34
<211> 28 <212> DNA <213> Artificial
<223> Desi gned ol i gonucl eoti de priner for
24 atagagctcc taaagtcttc ttcctccg 28
<212> DNA <213> Artificial Sequence
PCR <400>
<210> 26
Sequence

34
i.gned ol igonucl eotide prinmer for
<3

atcca tgtctataaa tataagagac cctc 34

1At lapadGettélidn NAaggddzcArtifisel al

210> 24
<211> 28
(212> DNA

213> Artificial Seguence

220>

<223> Designed oligonucleotide primer for PCR

<400> 24

atagagctee tasagtctte ttectcecg 28

<210> 25

{211> 34

{212> DNA

(213> Artificial Sequence

220>

(223> Designed oligonucleotide primer for PCR

<400> 25

taaggatcca tgtctataaa tataagagac cctce 34

<210> 26

211> 29

<212> DNA

(213> Artificial Sequence

<2207

{223> Designed oligonucleotide primer for PCR

-0.

Sequence

<210> 25

<220> <223>
-8 <400> 23
<210> 24

<220>
<400>
<211>
<223>
25



<220> <223> Designed ol igonucl eotide primer for PCR
-9 <400> 26 gaacatctgg atcgaccata accaaagta 29 <210>
27 <211> 29 <212> DNA <213> Artificial Sequence
<220> <223> Designed ol igonucl eotide primer for PCR
<400> 27 tactttggtt atggtcgatc cagatgttc 29 <210> 28
<211> 25 <212> DNA <213> Artificial Sequence <220>
<223> Desi gned ol i gonucl eotide prinmer for PCR <400>
<é§ %zgacgatga atacctgcag tggga 25 <210> 29 <211> 25
172 DNA <213> Artificial Sequence <220> <223>
gdRstgpeditobdcgonugi@aidide prigrer for PCR

210> 27

211> 29

<212> DNA

213> Artificial Sequence

<2205

223> Designed oligonucleotide primer for PCR

400> 27

tactttggti atggtegate cagatgttce 29

<210> 28

211> 25

{212> DNA

<213> Artificial Sequence

<2207
<223> Designed oligonucleotide primer for PCR

<400> 28

gacacgatga atacctgcag tggga 2b

210> 29

211> 25

{212> DNA

<213> Artificial Sequence

<2202

<223> Designed oligonucleotide primer for PCR

-10 -



-10 <400> 29 tcccactgca ggtattcatc gtgtc 25 <210> 30
<211> 35 <212> DNA <213> Artificial Sequence <220>
<223> Desi gned ol i gonucl eotide for adapter <400> 30
agcttgaatt cgtcgacgg tacctaggac gagctc 35 <210> 31
<211> 35 <212> DNA <213> Artificial Sequence <220>
<223> Desi gned ol i gonucl eoti de for adapter <400> 31
aattgagctc gtcctaggta ccgtcgacga attca 35 -11

<400> 29

tceccactgea ggtaticate gtgte 25

{210> 30
211> 35
<212> DNA
{213> Artificial Sequence

220>

<223> Designed oligonucleotide for adapter

<460> 30

agcttgaatt cgtegacgg tacctaggac gagcte 35

<210> 31

<211> 35

<212> DNA

{213> Artificial Sequence

220>

223> Designed oligonucleotide for adapter

400> 31

aattgagctc gtcctaggta ccgtcgacga attca 35

211 -



