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DESCRI PTI ON METHOD FOR CONTROLLI NG FLOWERI NG Tl ME OF
PLANT BACKGROUND OF THE | NVENTI ON 5Fi el d 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

10Fl owering tinme of a plant is influenced by extrinsic
factors such as photoperiod, tenperature, and
nutritional status, inppddiiionyuto species-specific
intrinsic factors. Accordingly, it is necessary to use
speci akefrs IFoRi esnsrmly, % avbighing rradi @t immndevi ce
and a tenperature control device 15for controlling
environmental conditions in order to control flowering
time of a plant, which raises cost problens. In

addi tion, seediFRFEGRAENBrOR TR CNVENTEN area i s

NN dependi on a species, inmposing a huge
EiS%g}%%ﬁ%“?ngFﬁpggbing productivity. ZORecently,

various (genest i Rledni Pe oML Qldl Lnge £ giaring tine

in plant have been identified (Science 286, 1960-1962,
co1998) 1 and ffivansgeni il arft plhavi ngi ) taeradni towesidgance.

ti me have been produced by introducing those genes. In

nost of the plants, a foreign gene controlling

flowerin 5tinme_is expressed under the control of a
Deé%ﬁ%???ﬂ?f%é%b?o%&ﬁ%ﬁﬁqwﬁfgh is constantly expressed.

! n Oﬂtﬂp&rertiggcgﬂhé A T @went ngs L8 w0fc &y 1\ARSIRDLE:
pl an
factors such as photoperiod, temperature, and nutritional

status, 1in addition to species-specific intrinsic factors.
Accordingly, it is necessary to use special facilities such as
a light irradiation device and a temperature control device
for controlling environmental conditions in order to control
flowering time of a plant, which raises cost problems. In
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,
1%60-1962, 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 order to control flowering time of a transgenic plant

by inducing expression of an introduced foreign gene which
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by i nduci ng expression of an introduced foreign gene
which controls flowering tinme, an induci ble system
whi ch has a high induction ratio and can be precisely
regulated is required. That is, required is an
I nduci bl e system whi ch can decrease the expression of
a foreign gene of interest to a |low | evel 5under a
non-induci bl e condition but can activate the
coSXpLESS :pn of the forei

gn I nt er est. nger an .
R 7 o Phelint Pl ShIBBG0G Y <L BLER Shls MOAEL £hion

lnﬁﬂbgboﬂf%dQﬂ% ofia the $¥shHess; ki e@§l§%bd'¥iu9bghfked
system uses an inexpensive inducing agent and can be
Thasedlsj nrdde rbidel d {Priocubdable Aoad eh0Beici9Qan decrease
4567-45712, 1993). However, the conventionally known
theopperesoieni nduei B eeigpseent halk 1atpredt e thapy level

expr essi on of a or el ene_under non-i nduci ng
angBhaf LT O ‘CaHRE. B .%Pf‘ekau t &R SGFHTRIRAPST ow
| e uc .
S RoRar 1 BN canor CEC BeCT oGt 80 16 AcTbeui e ont R 'S

coh8Y€lon and dogspeloni ORd@S: Wk isRdueh Noragent ssheulld hee
treated at a high concentration for a |ong period of

systaes kesul tisngni mm&iqupilei eantent,oxisesedf eotexpe@atvent
Qpin Plant Biol 6, 169-177, 2003). 20SUMVARY OF THE

indNGERT T¥ERT and cap (bq gsgh 6ﬁjiﬁﬁ Q&Fl?hépﬁFé§Eﬁﬁ Acad

5c1”¥8”t%%‘7 1,87R50vi desja ”E% 2 tﬁQ”&&QJentQ ngi%ﬁl o)

a transgenic plan péer 1 on-de

cofpBReion byhduRdyee ngydihen @%Rr @sfslrc_;meﬁ\f tBal Or&SIGRsg8He of
ich controls flowering tinme using an inducible

a Zssystengdiratindan neniosutheg expragdroncafndthéef or ei gn
. gene at a high _inductiaon ratio., The present invention

%%ﬂ@%F%%sto:P Syfibe b o &SH?}0I949¥65FFﬁﬁwﬁﬁ g FPFRESD

gé%f enBL§ Inducing condition cannot be activated to a
sufficient high level, and a copper ion 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 a transgenic plant in
a copper ion-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,
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whi ch conprises bringing a plant into contact wth

copper ions, wherein the plant has been transforned

with the followi ng DNA constructs (i) and (ii):

(i) a first DNA construct conprising a nucleotide

5sequence encoding a chinmeric transcription factor,

wherein the chineric transcription factor conprises

the following a) and b) as operably |inked el enents:

a) .a DNA-bi nding domain of a first transcripfion .
WIS GPTPRRIS & REARY ¢ o1 BB G AcETVALad "By coppEE onS:
el n200e 100 B)e AaLT AOSEIIDLLPDAte AGKIALHON: AQRRE Bg Hya

at | east one second transcription factor that is
cdlidifreeent (fy amdt heifirst transcription factor; and

(ii) a second DNA construct encoding a heterol ogous

gene (whi € ht ooyt PR scdigwmicicngotp s iofly a phaleotivker ei n

the gene is 15 under the control of a heterol ogous.
SEFGROCerN AP é 6RIPRT g IEEPRET RieP by 2P her chifvErie the

transcription .factor_of (i) in the presen of copper
i her bt ki B0 et boPet 8 S SO5 o g 4FPEha

b PrBsept 01 ralilkeAde MBEHA).; 202. the nethod according
to the item1, wherein the chinmeric transcription

factaer &upikerinconprdsesirasit hefoper abbysttritkedn factor

el ements a transcriptional activation domain of the
that 3 EPRARET i9dt PEANY artigivated by coppeg iphe afet hod

accoggigg to the itenw% or. .2 mheﬂﬁkp.the 25fi.rst

i 1
tranSér PpEiBIF FABEOP TS S deted f7 8 P het gf oy St one
s&QN $EEAGcPfption factod bhad eUKAI yRIRnkr aRSETdHY irQPst
factor which is capable of being activated by copper
tiaorscription factle2) angeast transcription factor which
I's capabl e of bein% activated by copper ion, 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
(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 transcriptional 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 factor which is capable of

being activated by copper ion,
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(3) a transcription factor derived fromthe yeast ACEl
whi ch is capable of being activated by copper ion; 54.
t he net hod according to any of the itenms 1 to 3,
wherein the second transcription factor is sel ected
fromthe group consisting of: (1) a transcription
factor of a virus, (2) a transcription
factor of a virus belonging to 10Si npl ex virus genus,
(3) a_transcription factor of Fbrges si nmpl ex virus,

and (%) Fh¥c¥PLE T ERSLPHPRT dRFact 8p* ot llfieFB%%ble of

nple ViJu e nethod according to any of the
beﬁ? ﬁ Yatﬁﬁbf5mﬁ%$§fﬁﬁFhe ﬂgterologous gene which

contrels HtQ!é\ﬁé&ﬂ&)ttﬂoﬁefo:t@r Rlcantehist sl Q@Jeegieié’@fﬂcm
the group consisting of (1) a plant

whjehe ieondpallld g bbnw@kmmgvhtﬁﬁkn(zpp@aran@mospern1
gene controlling flowering tine,
d| col4yl éd@n@@gh@%rﬁec@éﬁl@n@l 19 n?glyf Pév\iélrﬁf g Sisne, t%?(,4)
Cr.uci f er ous %fne cont r

w%wamo%%ﬁo A RN S CRt S

Lﬁﬁ ngtln of : (6) a flowering-tinme
co t I ng gene derived fromthe Arabidopsis thaliana

FT geng; a 256nstchepaedhothcaceosdi ng itrmsany of the itens
! to(23 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 according to any of the items 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 anglosperm 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;

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 nucleoctide sequence encoding the chimeric
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wherein the first DNA construct further conprises a
pronoter which is capable of functioning in plant
cells and is operably linked to the nucleotide
sequence encoding the chinmeric 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 chineric transcription factor,

twherei.n the bBchinmeric transcription factor conprises
TE FOPF oW NG and b) as operably |inked el enents:

a) a - hi_ndjng ' | pely Cay
hor T oLt pteg, T Shybransyr o ons s
ion, (@anda first DNA ck®)st@udtanseptiptingnal nactdarditieon
domai n of at |east one 10second transcription factor
sehamnciesedtddivrert chinerihe rensstintriamsérirpet orvhfeaetorthe
and (ii) a second DNA construct encoding a
ClHgtedri 61 5DURCIGdTie ORhf RAECoMOFBE £33 dWsr ARG PYIREY 6 and

| ant, wherein th ne i.s .under the control of a
bﬁé?%ﬁ%ﬁéagg% %?%ﬁ%tg?eﬁgﬁﬁble of being 15stinul ated by

the ¢hi gepiL-diaNser bohion Jragt oLr&f ldahskhiphiedn factor
presence of copper 'ion (hereinafter, sonetines,

thef ers edptblasoft heipyesenivddNA bpnstpnest $pn, 8and he set
of the DNA constructs according to the item7,
20WhéY eBnt ¥ des GHiDFEPP 2! t ¥HASEFEL PR | IMF & PEr 2F LYeaAFér One

oFORL 388, B 0, O AL Y L Hed SLEIBILS By s iz
£ L£ANSGRbH 0P, £1@6t ;06 n g

(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
{hereinafter, sometimes, 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 transcription 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
sel ected from 25t he group consi sting of: (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
activated by copper ion, and (3) a
b transcrkftignbfactor derived fromthe yeast ACEl which
{89 cApab|®E 6t PHhet AP Heti*Vat &Y by copper i on;
10. e se ' t
Sthe 1 enm 715 9 hor o 1 the Seeand 11 anaer | or o
whiiagt 0§ dpagrkectepk fnpmctheageO®Uy eopsestisig of :
(1) a transcription factor of a virus, (2) a
transeri pheoretf acht aheobNa sansksubeb odgiargine 8p nplet
virus genus, 10(3) a transcription factor of @%r es
thej fBPEX Vitus: HRETU) CieSYPARS (ARSEF I Bh SPALEEr LS

f rpes sinplex virus: .11. the set of the DNA
Seggﬁ?e?ug < 5@%0%?%@ %oidszi%)%/lré% e itens 7 to 10,

wher gi n 4 he heter ot DUOUS gBRe- W Gl rhdgontrol s
flowering time of a plant is selected fromthe group
consi(8t iagwhscription 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
the items 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,

(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 operably linked to the nucleotide sequence



(1) a plant gene controlling flowering tinme, (2) an
angi osperm gene controlling flowering tine,

(3) a dicotyledonous gene controlling flowering tlne
20(4) a Cruciferous gene controlling flowering tine,
(5) an Arabidopsis thaliana gene controlling flowering
time, and (6) a flowering-tine controlling
gene derived fromthe Arabidopsis thaliana FT gene;

2512. e s t of DNA const r ccording to any
enSPd%%% 49 l?efﬁsqfanﬁﬁér% lm}ﬁgc P?st DNA const r uct

furtp§r 80 £A§ é%s@BﬁﬂQﬁth%mkﬁg &S capabhec®fstructs

functioning in plant cells and is operably linked to
oft BEyNyEl @at iidemsenuence (epcethay crheschitniresc referred

transcription factor; 13. a plant transforned
towkhtbéepsetenof t DNAs omstr néest lof aafy of the items 7

to 11 (hereinaft t f d
pr eséht Prﬁﬁ%?%?ﬁﬁapgggﬁF%E§§h&2§T§5£§L tgﬁog oqftq1 °

cogarg%?lrjg%agxg? a% tr %Q%QJ? CPlaRL WM A t%m%oeeﬁﬁrisri%léc' bl e

omer t7me conprising: introducing the
Set 9%t£@%ﬁé¥%@SEEQC§ék(Hf any efndtheidikess it @flihént o
a plant cell, regenerating a plant fromthe pl ant
itealsl 7 iaselectmng alpbanteldonpri sing the DNA

constructs, and rOMAn% t he pl ant _under
condrepererathas al P ic dp8r IPARKAEH &5¢bntrol of

[ onering. L p1880" A ke nb EnPMRRERbAL EXEAL, OBna?
growing the plant under conditions that allow 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 F; hybrid seeds,
prevention of gene leakage from a genetically-engineered crop,
efficient production of leaf vegetables or root vegetables,
improvement of productivity for flowers and ornamental 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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15controlling flowering time of a transgenic plant in
a copper ion-inducible manner is provided, wherein a
het er ol ogous gene which controls flowering tinme has
been introduced to the plant. Thus, regardl ess of an
envi ronment, seeding time or cultivation area,
flowering can be induced at any desired tine 20so that
systemati c harvest and shi ppi ng based on precisely

[ S,.~effic] oduction of F1 hybrid

BRgggdgggﬁggﬂgﬁﬁigﬁ %ﬁéggﬁggpggkage froma

genetical y-engknestad CLoBy £f fiLiant npradicki-abtefes

| eaf vegetabl es or root vegetables, inprovenent of
ofprrodust tag tonsf oF Ebewer S candnounanentsaFP pyard sxpression

25efficient breed inprovenent based on reduced period
vepsbwe eAngenarcaeonsoniimdusabed Rardsdst cgrbtmiticnaNgct fer

i ke may be expected tq be achi eved. .BRIEE .
THSESERPRTI N GF Filg- a mutatiggrgntjopyced region of
tjgpg%qgtgg yiewillustrating the structures of T-DNA

regi-ons  of copper ion-inducible sGFP gene expression

vect @f §. andsrweOpRerf e iditd Rduei blherih gene expmessi on

vector. 5The synbol "*" in Fig. 1 shows a
remgirdtinent | Ataloidieped sr eigd birenef inhehish Lhej pepper ion-
~Fig. 2 shows difference in flowering tinme of éhe
inBEGHRBEN Rt KAl 86pET O H’ﬁlcitﬁﬁah??lg‘?/ﬁﬁ“cﬁnﬁ% Copper

i on-induci bl e FT gene expression vector has been

i ntroduced. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED

pENEPPIDVENISR1PTION OFHEHEl FREFERaWD tiEoIMESERt
i nvention will be described in nore detail. The

pr esertre DNAoelonst rthet sresantbeé nysetidmrvilddbei agpgaibed in
more detail.

The present DNA constructs can be used for inducing in
chemical substance-dependent manner expression of a
heterologous gene which controls flowering time of 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 transcription
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 factor; and
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15chem cal substance-dependent nmanner expression of a
het er ol ogous gene which controls flowering tine of a
pl ant. The present DNA constructs can be constructably
prepared so as to conprise: (i) a first DNA construct
conprising a nucl eoti de 20sequence encoding a chineric
transcription factor (hereinafter, sonetines, referred
to as the present chinmeric transcription factor),

wherein the chi i.c transcription.fac C '

the f61) GWHiGoh) BHG 67 aesopar ity T AKSd ol areor 5.0
wh?khacgﬁg% inghpge dommin f oa £igstnd (aRseld Nideen

factor that is capabl e of being activated by copper
sdﬂé@im@ﬁﬂ referred B) @& tuh@npeesqii dlalveathyvatreomontrol

domai n of at |east one second transcription factor

gdmhgt wherk fif eshentefie oin tindefi Flse cardieer PHtd gitraet ogous

an (ii) a second nstruct encodi ng a

prl?ié‘toéﬁél @Meg@ﬁebﬁh?%ﬁtéa‘ﬁgyg?iomfo r CRY T e gf a
ant .(hereinafter, s t.i d_ ko

e TP oVCRG. P e oot FOF BEngy  wher 2iF The “Bene

i s updercihe £enhr ohsft @ hatet plgows 15pr DiMit@ites a DNA
capabl e of being stimulated by the chineric

cdrsanseri phidn deacteprods (d ytirnct hea prassenceudt asosper
ion. An "expression cassette" described bel ow
pheafdintat éeWar TNA tdBRs EPUCIO MIPER caM R GEEs s  a e

structural ne, su as..th esent_ fl L NGt
FrSE Rt Gomaribed TR e T00GnSt Fanr g Ragre e
168ldge EXBAR! &5 Qfrulhe; £Xpressiaoprensset tadl BCtede mitor
DNA construct in which a pronoter and a terminator are
aoperablaypllyi hkeda espeetivedly tto the wpstreganeahdtiche
downstream of a structural gene.
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. In
the presence of copper ions, the present chimeric
transcription factor is converted into an active form, and
therefore can induce the transcription 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

15The present chimeric transcription factor can be
activated by copper ions and can induce the
transcription of the present flowering-tine control
gene. In the absence of copper ions, the present
chimeric transcription factor is in an inactive form
and therefore transcription of the present

20f|omering-tine control gene is not substantially
nduced

t resence of go n he present

anghFﬁEfY%“?Egﬁsgrlp%crl Factgf ?ggk ﬁge§té% into an

actiyg {ﬁg re@@gttiﬁvéﬂkqgﬁ C@Hb'ﬂ%é@@ﬁttéﬁhmerlc

transcrlptlon of the present flowering-tinme contro
tﬁ&@@@r1§€¥bﬁIﬁaﬁﬁeflc%mpﬂlsbacherogﬂmabﬂalﬂynk&ﬁﬂaﬂemsnas

DNA bi ndi ng domain and a transcriptional activation

domaih. aTWNSﬂbﬂaﬁscg|¢ﬁma9@apfa%tﬁkﬁﬁﬁ 6ﬁa@%ﬁﬁﬂﬂ$lﬁﬁsf%?tor

function to recruit mediators f o ?olyne ase

a

thESnpPes 2RI f r?ésPebP%rﬂCt&éﬂalteda% CaO&PF &t
t r an%fr I pgf%%%g?ﬁ?@l(gﬂlg%ﬁtgggglorl r&o%%@npéﬁsﬁltleast one

i nvention esent chineric transcrlptlon factor

séﬁym@rk§§§sé¥iﬁﬂ§@ﬁab5¥téﬂlﬂﬁ%ﬂ ebefefeSent from the fiapt
a DNA- bi ndi ng domain of a first transcription factor

tistnsatripsicapaditerof being activated by copper ion and
b) a transcriptional activation dona&n of at
a]c

secoﬁaetP%ﬁ§€F|ﬁPFEﬁr¥%6P6VBFﬁéTt}%? F8Fe%?yfl%%P?ﬁe
c Iﬁfﬁ% tran§§r|4gé|%gl§aft ed E gm@ﬁ@?%ﬁ%x%ﬂ%QFfééﬁonal
FFANSE ac Rer

crlptlon urt 10conprise as the

aOP&akby hbmked &l erent sra ttﬁ:aﬂgéfipﬁlilldhn&bcaﬁfl vahbonis,
domain of the first transcription factor. That is,

examynasesfothérpxqseesenhlnﬁmdweKmen$¢%ﬂﬁﬁyQNpﬁﬁ©ﬁO#e&#ﬁ@r

al so include a chineric transcrlgtlon f act or coqprls%§
%f‘sl‘{?ﬁelaaﬁbym‘Flﬁrﬂ(é&aé‘Péﬁ’bWijsonlééc P CPABPAIP R PET AR Y

lléﬁgﬁ nl%%gn Stranscrlptlonal

a-1) a DNA-binding domain and a transcriptional
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 transcription 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 is

10
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activation domain of a first transcription factor that
i s capabl e of being activated by copper ion, and
b) a transcriptional activation domain of at |east one
second transcription factor that is different fromthe
first 20transcription factor. The present
chinmeric transcription factor can induce the
expression of the present flowering-tine control gene
at a high induction ratio because of its structura
Prekefidt’é-that it conprises a transcriptional activation
domain of at | east one 25 second transcription factor
that is different fromthe first transcription factor.

In ordek1te &0mHol £t het f i ouerdragt t drrec safotrhei priesent
transformed plant, higher ratio for inducing the

trexgregsiion ofctdie priesent fiaowshengr eRmMECEGATE NI gfrie
is preferable. Exanples of the "first gragscrgptigg] £
fact oh)" & rRYMAdECRSt FAHSGIIPIIOR FACtYr "SefBcted FPom ©
the group.cqgnsisting of; 5(1) a eukaryote

beﬂ?%n%%??%??%ng¥d%ﬁ%%?Wﬁth i s capabl e of being
actiyated by, GORRGHsEPMption factof A)hikhyedStapable of
transcription factor which is capabl e of being

bedtli ¥at Bhtey Bopp@rpdrononanand (3) a
transcription factor derived fromthe yeast

ACE1
10( at?) vat FrepToppsionef aF 1Ot Kican&rh BFr &58i ¥rP Ty ACEL
which |s capabl e of heing activat o} QN4 o
(aefditpE 89 SPPPRE T rat %ﬁﬁ%ﬁg%%?p>$%%s gggofpgﬁgég *

[ d [1 .0t ' A {oh .Biol Chem 268,
Cafgg%g-§5é¥g%glé9g??g%%gfggge arrd&ﬁa l'ipolytica (J

Bi ol eGheme 2?87, B850+ Ft36G8andS5r 2HG2), facteansicr pnibprde
factor which can induce_the expression of the corn S%BB
AMjEnefclCasteda gl aprespped Bion- desBndeRt memer 14218, 1993),

(Biochem stry, 42,1508-1516,2003)., The- " second 3-34g
AR T BT PAEPOTEITS & Bl hadhs i an: o7 oosh37366,
2002), a transcription factor which can induce the expression
of the corn SOD gene cluster in a copper jon-dependent manner

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

The "second transcription factor" is a transcription
factor different from the first transcription factor as
described above and a transcriptional 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 factor selected from the group consisting of:

(1) a transcription factor of a virus,

(2) a transcription factor of a virus belonging to
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20factor different fromthe first transcription factor
as descri bed above and a transcriptional activation
domai n of the second transcription factor allows the
present chineric transcription factor to induce the
expression of the present flowering-tinme control gene
at a high induction ratio. 25Exanples of the "second
transcrbp%ion fﬁctor" i nclude a transcription factor
.selected fromthe group consisting of: (1) a
Sl?P&ﬁ%cY%%?ﬁgﬁn?%ttor of a virus, ?2) a grénscription
faCtPﬁ)QIt%aMbEHﬁﬁQﬁ%P@QbBQrtd¥ Hgkﬁﬁéaﬁﬂﬁﬂ%gsvgﬁﬂﬂsand
(3) a transcription factor of Herpes sinplex virus,
and (4) the vp(4)tidrescYRPb61idmn afsstoirpbi ofe fraect eimpiex
Her pes sinplex virus (Genes Dev 2(6), 718-29, 1998).
viEEx?mgémssdEVtﬁé6SeCBWHQQFah%%&Nption factor also
i nclude GAL4 transcription factar (Cel 1(1
DS e Esa 7 an ey P STy By TG Fage Tnotude
crREPLLS. AH LIBMBLA] BLE). 5 PP 593,200 1) aY) NGndhn
api I'i y.d? activating transcription. 10A "heterol ogous
ar38me cWhi ch GeRhES) sed Iaeriiagat i heaf Baopl @I®)", 583-592,
utilized (i.e., the present flowering-tine contro
20ganehagang e abgéney whi cletprehbte s fanghktPigPor a gene
whi ch delays flowering. Preferably, it is
approg;iately Sﬁlected i n accordance with the intended
use. 1at. is,- the term" r f ' [Me e =W r
the Br GBGHT BEHCTP of TRy “arhod neans areher kb arSnote:
pidrawering: 24 tQ . del aynd | omerihagr ) slependi-agnoncdreot
nature of the present flowering-time control gene.
gene) can be a gene which promotes flowering or a gene which

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 include FT,
co, GI, SoC1, AGL24, LD, FCA, FUL, LFY, APl, 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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Exanpl es of a gene which pronotes flowering include
FT, CO d, SOC1, AG.24, LD, FCA, FUL, LFY, AP1, TSF,
and FD genes 20and al so i ncl ude any genes which can
pronote flowering. In addition, genes which pronote
flowering include dom nant-negative nutants, antisense
genes and RNAI -i nduci ng genes for genes which del ay
flowering as described below It is preferable that
. genes which integrate pathways each relating 25¢
L TROER A L4 SIOCOT TFF O 954t rré%bésur&%%% %rﬁeeﬁga)? ays -
e DELUYI 00, ANGLOPELI ok Aehandgnt, PLATBLELoPAUNMAYLi gen,
audtonbnous” pronotion pathway, vernalization-dependent
arl eERbh 0hopatJunay ans-gidbber ekbdn- dependent pronotion
pat hway, and the genes including FT, SOOT and LFY
genegxahplés aforegpnefdriabl dethps FPwgehey wivilekeniiC,
be involved in the groduction of florigen

d
FHomBIBouEFfends P nar St e Vis etPP EXdiplBE! (TeTESaRe
whi ch del.ays flowering.include, FLC, . P51y TEL2.. 5 .
al\ﬁOIPll-n#uE?%‘?n%\ﬁfnegF’nglgﬁgc%ufblfeiellg néfggvggn%lrg'sol?ngﬁdte '

g5 GRRER M@ﬂé&wf@@meg§$@¥nﬂh9@@rBéﬁhndd@faggéﬁi¢81mupants,
genes which délay flowering include dom nant-negative

aiitsntss, ganés senseNgenesdancgRAne s nducigrge gewteisif or
genes which pronote flowering as descri bed above. |t

piangireefiapapt B1q Ifgt deoaphRshPoNBgatity &S Shftrgble that

antisense genes or RNAi-iq?ucin gene for ggnes(ﬂﬂiﬁ
i = - R = i
d?WWEﬁV?PSQ%E&ﬁ%é§13858h ?éjﬁFPﬁ% ® determ nation o 5
g%&%@ RAnLE R, 08, Usedyrihe PaLHWEYSeddichudhigng to
phot operi od- dependent pronotion pat hway, autononous
APF OMitria@n opad hwalswevrengat izathieonsdeperidepetpray®t | on
~pat hway 15and gi bberel | i n-dependent pronotion pathway,
inpdhdive geaesPreHEdudeRgNEEt SEClohReR LI hyéHesa 1 inqreus
nore preferable that dom pant-negative qg%% LSy oath
PHFET sEHs £2581H_Y o° R 1??nldﬁf%6%8%%%tﬁbr $ gene and’
aggm%§lgﬁn§§péﬁ&%%0F¥@@oﬂ&$ﬁld 28pes) f igal ke §hedT
gene of Arabidopsis thaliana 20(Sci ence 286,
1296046 2T, 1909) Has LhEepekewnIanis itcge 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 FT
gene have also been identified from morning glory, orange,
poplar, barley, grape, apple and the like. 1In addition to 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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honol ogous gene was identified as Hd3a gene in rice
(Science 316, 1033-1036, 2007). Cenes honol ogous to
Arabi dopsi s FT gene have al so been identified from
norni ng gl ory, orange, poplar, barley, grape, apple
and the like. In addition to the 25Arabi dopsis FT
gene, many genes which control flowering tine have
been identified fromvarious plant species. Sone of
t he genes controllinq}flomering ti can_f

ne unctio
gefaf?r 63T PP AN I JEET €3 . NARFi PE2RE TREDST &P HbIY %Cﬁa?h% gene
flowering-tinme control e [ ginati ng - ;
"itakf %B_%?éﬁf%dhtg ! ?%ﬁ#ﬁ%ﬁet%%%gévw 4olb%£§%HQﬁ§gE§§%%ng
£ ibrd |QWBET Psdd TBec08E Rly GeBe V& i gidiat aghduomiathetion,
pl ant species may al so be used, without limtation, if
if RheJ@BRe Cadh eontrol flowernpgtinerein @ dohbstlypltanpecies
speci es 5of interest. More detail ed information
O¢ﬁgaﬁdﬁﬁg-the above-descri bed genes which controls
owering time is.given i.n sone_review.artjcle f.or
exanmpir&e ?iﬁﬁ%%eﬂeﬁgﬁif%ﬁfff98ﬁ?gifé%ﬁg and %f%%§i§§%§9E%?d
g%rrGess_ %l?ﬁt:hzggr@rol%ofloweringagﬂﬁ@l €S @ifvetnhgnpé&&?rﬂeview
owering-tinme control gene include a heterol ogous
agene selest egkdnpam:t bengs awy canssstidyg 6b07( 19nca
plant gene controlling flowering tine, 15(2) an
B aowgi Gapelm geneXiont PoP4ing flowering tine,
(3) a dicotyl edonous gene controlling flowering tine,
(4) a Cruciferous gene controlling flowering tine,

(5) qgwﬁ%%%%@%f%ﬁ% F?@géé@%ﬂgﬁg§iﬁgﬂéﬁﬁlkbﬂgréiQ%ﬁking

tinme, an ( a ffowering-tine controlling gene
iferhyed heesréheyAN-abiedopsésedikal fana e genep 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,

(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 control. Expression of FT gene increases at
a sieve part of fibrovascular bundle in response 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 flowering

14



10

15

20

25

FT gene is an abbreviation of a Flowering Locus T
gene, and neans a gene encoding a factor that
positively functions in flowering-time control.
Expression of FT gene increases at 25a sieve part of
fi brovascul ar bundle in response to I ength of day, and
then the expressed FT noves 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
(GEheweben@l,( @GBRes2Bxy, 20072371- 2384, 2007). In
the present invention, the present flowering-tine
control gene is under the control of a heterol ogous
pronpt er 5capabl e of bei.ng st ml at b pr.e
O b Ch ERRREPT prT S er Bt or ™ o ERe by Bkl REF oS
ccG@RRer o d.oN-s SREGLE | G | bnth-B1 the PheseRblogous promoter
Iomer?ng-tlne control gene, a heterol ogous pronoter
cagaguense wapabkeiafilbeingysthaubatsed tbyhiher ipr esent
chimeric transcription factor in the presence of
trb@eoppet idrofachereimafiteerresonet ifeSOPPef etted to as
the present pronoter se ugnce is_gperaletIHpk%geina
Spsgidécat L antis éREePbT T tPERETE 3 *E6dFRG- Sequence bf
hé433038§8Us %m%%ggegg§hé%%% @§ﬁ9§ﬁg(ﬁSb%Bﬁ?péﬁﬁﬁﬁEted by
promoter sequence as far as the present flowering-tine
+ HeO @k n gefei nean cher exgiessedni fadthe 1bhosé weldetice of
under inducible conditions. Preferably, for exanple,
cdgrere ican (e aipatfitene dsengirionst eresuwgigenée ddithe RrAgENT
MRE sequences of yeast (Prog, tl Acad Sci 9Q§t.
PYEEA57TAUTEFI) 1SSPRRT AT dal ) et het €978 *nBht T onéd"a°
r Q r_s e : S S Lefke
or%%g%%gapyg?g%gggghgoﬁg1%??%5?3f§§y AT%?sggHZ%gg of a
cHOMORLYEUSEGd HY @rekent drvrickerpsesednicd kewear ngs tihee
control gene, no 5 -untransl ated sequence of a foreign
pyereti $lpequired itte bentrsleread bek iR PRESPPONDE &S
sequence and the codjng se nce. Fqr exa e, the
hotlorfstier gaﬁ%ﬂa@u&ﬁal? he° qﬂ%ﬁ?ﬁ%e%ﬁ&% éggniaégx bfté°r
eé%%%ﬂgﬁtﬁﬂgkgjééh(%é'%gkk¥oAéd1%egromoter sequence containing

MRE sequences of yeast (Proc Natl Acad Sci 90, 4567-4571,
1993). Specifically, there is mentioned a promoter sequence
in which MRE sequences of yeast are repeatedly located
upstream of a TATA sequence of a commonly used promoter. In
the present flowering-time control gene, no 5’ -untranslated
sequence of a foreign gene is required to be inserted between
the promoter seguence 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



Preferred exanples of the present DNA constructs
i nclude a DNA construct in which the first DNA
construct further conprises a pronoter which is
capabl e of functioning in plant cells and is operably
linked to the nucl eoti de sequence encodi ng the
chinmeric transcription factor. Exanples of the
pronoter include a comonly used pronoter described
bel ow. 5The commonly used pronoter described above can
coperased BRI Wricotier C2R2% 1% Ste L8Pt 41 @ % r Bridt Bi*
or an induci bl e pronmoter, that, i nduce transgc ian b
Ce&éftﬁ?% %ﬁiQ%ﬁfﬁFE%n.”ﬁ$%%é?a%?%f“¥§6921§%§¥%g%%§§elyy
2ct e : Me i de :
G Al 5 4 e congt Tative promater mefude Cam”
praaBtPE Ot Bide BGEOmA6h(JUSsPat pnémdie.r61829988)gd below.
ubiquitin pronoter (International Publication
No. 0Th@9439dn lvasted prameseer d¢$qitidedagpormlcan be a
Publ i cati on No. 00/ 070067) and the_like. Further,
COBEARPPESY DIPHHE LEF s stk SPEET PP prondt 8Pt Rkl Udé™
. 15sqybean_se g [ Nj 0 ER -Publ.i,cat
BT T b7 ol At ne bt er (1 e natt onsl
stRubliz¢ath on pNe 20941 056993), akhhiey abean s@atted in
phaseolin pronoter (International Publication
adiar@hh04 3993) ,theapetseded naggi-n pronoter (I nternationa
Publ i cati on No. 91/013972), Arabidopsis . thaliana
Sul t F2appbeprdnbher CPPhartti ve3PiRtEs, 196685 ity 3°S
Agr gbact er.| ol [ R [ 599
L S SR A T A e
(EANStWehsa 8l sobliiRekuge @ gan® obbiy consitiuc bromowdy ch
the first DNA construct further conprises a term nator
(Whi eomaits ovapablie igfatfioncie gHI/HG0067) and the like.

Further, examples of the tissue-specific promoter include
soybean seed glycinin promoter (EP Publication Neo.0571741),
prolamine promoter (International Publication No.2004/056993),
kidney bean seed phaseolin promoter (International Publication
No.91/013993), rape seed napin promoter (International
Publication No. 91/013972), Arabidopsis thaliana Sultr2;2
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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25in plant cells and is operably linked to the
nucl eoti de sequence encodi ng the chineric
transcription factor. Exanples of the term nator
i nclude NOS term nator, CR16 term nator (US Patent
No. 7202083), and soybean seed glycinin term nator (EP
Publ i cati on No. 0571741). The present DNA
constructs can be constructably prepared so as to
contain the respective elenments (i) and (ii)
PubdésetitedCabové’that is, it can be constructed so as
to contain the respective elenents (i) and (ii) on a
single vector, or it can be constructed by using two
vect oks $Q A%t Ok O AIRuERE eliemRNtohb)r Q018 Yesidled
and to contain the element (ii) on the other vector.
sol@Sueh yveciadm €ad besmpenstveueledtriyy Ush ngnd (ii)
conventional genetic engineering nethod. In addition,
degivsab et priesenthdNAScohst Faic e &PBS BBHEUEPdS bYP
using two vectors, it is osiiglecﬁgat t he abovelgi)
cqrdadtBnkiT USR8 Cas Ve FiTER Welt br® HheAbove "EiT) i s
ve%%%t,wgtf@ 35 BSEGAND \eEHOEy [OMl3R¥aMP& s so as to
he present DNA constructs are introduced, for
c%afpl ehe i ditcmecath@st ¢l ane asdtondinee texpoessirorhef
the present DNA constructs. The introduction of the
elmmesent 1 DNorcalrst ptiees ZQitere a host pl ant can be
carried out according to a convg tional genetic

engi RBEF i i t&chAl qiie, CRSESPAF iy o g Rt hogPvertronal
g% libcép%fhééﬁaigcge@ﬁgﬁ. p&ﬁngdd'tion, W§Q?QH&J §E5¥mt DNA

e present constructs can be I ntroduced by using
cchsiirighe yect@msthattés wonsthyctes wetass25110 icontain
the respective elenents (i) and (ii) described
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 constructs 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 so as to contain the above (i) with the

second vector that is constructed so as to contain the above
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above, or those can be introduced by m xing the first
vector that is constructed so as to contain the above
(i) with the second vector that is constructed so as
to contain the above (i'). In addition, to a host
plant in which part of the present DNA constructs has
been i ntroduced by using any of the first vector or
the second vector, the rest of the present DNA
constructs can be further introduced by using the
(idemai @g‘dst/aa@torto Pnhaddi R4, lflh\éhjp%%ﬁtt PRache
constructs can gﬁio%yced into a Ian

08
pr@FSEEb‘?I%AedioﬁﬁtB}éﬁ\iﬁ 5 ant T re e pat . { Pt the
£ g@&&l\l%rcamétgy&m %%tggentﬂaﬂtrre@@usﬁdu@y p4ekB8: DA
Irst vector and a plant 1 n which the other part
<xﬁkt&h@t@nﬁﬁﬁmk BOA: gonsittuetischdpeenny ntiodueedn 10py
usi ng the second vector. It is also possible that
vemtlotri. plle kidddsiof, tte secoemt VBE opnareudonsenuet ed
using nmultiple kinds of flowering-time controlling

1%%&6%&% & Redt DNRHondt PR S =g PRt Podifedy @ piant
t d f
FEELPel TbbpER s g el

iﬁgyﬁdﬁﬁed usinfschber mithedcebridd edyckng {hemhich the
pr esent Dﬁk constructs, there can be used various

oﬂﬁummpanEtMBdSmsaahsastA@Wbb@oBErmqnﬂ|h@§hbden[ﬁnﬁnqueed
gun met hod, el ectroporation nethod, cal cium

b HHEgphaE SR Rod S CRAR: ViLF usS \PelrﬁOoPOﬁéWoed thefafpt eple
klnd.th% Fggteyla%t In%é?Qﬁx?%%%%@? B%%H% $&¥t1 le

rlcul UF e and gardeni ng, or usef I n genetics Fsich
k@ﬁkg%ﬁoﬂﬁoﬁgﬁidéyt§meF@&ﬂﬁkﬂlllheeg$ﬁ§§ aplaanbt & Ned Ldes,
arbitrary 25pl ant species. Exanples thereof include
cemtheans pea,irkirddeyetedrs reglof abf aimilgtapsojpaponiiyse the
cl over, peanut, sweet pea, wal nut, tea, cotton
Pﬁ%ﬁ?&éﬂonc%dﬁﬂblérlpl\‘ﬁ/al‘é?d?ré?foﬁenﬁﬁrfﬁk}t‘ﬁl cgaaaghs fH&veR1ng
radi sh, rapeseed, canolla, beet, lettuce, cabbage,
me. . . . .
roccoll, caul i fl ower, Awabldop3|s, t obacco, eggpl ant,
pot at o, sweet potato, taro, artichoke, tomato,
spi nach,
As the method of introducing the present DNA constructs,
there can be used various known methods such as Agrobacterium
method, particle gun method, electroporation 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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asparagus, carrot, sesane, endive, chrysanthenmum
geranium antirrhinum carnation, pink, sweet
ol eander, Bouvardi a, 5Gypsophilla, gerbera, Russel
prairie gentian, tulip, Mthiola incana, Linonium
cycl amen, Saxifraga stolonifera, swanp chrysant henmum
violet, rose, cherry, apple, strawberry, Japanese
apri cot, orange, Japanese qui nce, azal ea, Barbados
nut, gentian, cosnobs, norning-glory, sunflower,
cagibakgo, bt0dapaneseut efbrverlapanbseorsyipredobapoepl argoplant,
pi ne, Sequoi a, oak, water Iilx, Eucomm a, beech, ri ce,
Pajfieat , SBaRt dPtatge, taEt, AEOEAICKR ZEMGP eeP BHIGN,
arlic, il Tiger_ lily r.chi [ :

a Fﬁ@gﬁﬁre?a%%vh gﬁ%a%?bégh v%bn??%ﬁ%?%gghgﬁhg%%apﬁgm'
arli§senhuk ! ansfrred, Phant, issieBE OMOiHndeRt OBEOH AGE W th
copper ions. Exanples of the contact method include a
cymidrod 106, agidirgacoppeselilonsatoia grediiam, ofubig.r Menhiola

sol ution when the present transfornmed plant is
iradnE, v At sen i wnt v CABEE M TR iZ0RYHr DPOMndarEy, Svamp
cultivated (s,e%ificall , Hpe concenfra%kogwgércopper
CRIGIFETEECTIBM TR 184 nfif=F or“EXakpl &5~ Furt hér, “When t he
t or, ! | Ul | ed aNe80i Barfidos
&%%ﬁﬁ%% FEE§ ?%h‘%%gggf ?%ﬁtﬁﬁgnhggmgép%fgd to the soi
n@f, tqerithanst €ssnca)dmbeaves- afortyhes o gisenrtr, t gansfor med
plant (specifically, the 25anmount of copper ions is
Jdpomske mrokl pl IRaneee2c P TRRS!// PORREY, dHidiey héequola, oak,
concentration of copper ions is é gg|to %4 nN& foroa
Wl i) c ARCHE enCEERRY. T e NiFRY i t¥es B HEst
Blants, ;3hd 3pe fdGosongditi an afi1ysers Al apRLOPSI &L,
net’hod 1's re erébly selected. In the present
gCaMdly iang peidaghlel.t is required to penetrate copper
ion into plant cells wherein induced expression of a
flowering-time controlling gene is expected. For the
purpose of this penetration, for exanple, a
5pr epdr 4t FoRT oF'H 68&6F8§98F38§588§'ﬁ%ﬁfﬁﬁeﬁsngpp|ied
£ £20s Pesedr A LA NALLYEEYinfo COPREEL 8@8IH dRber ions.
agriculture applications such as Bordeaux (Sumtono
phepi€alofCahe tdtkgdgt Gethoe {¥ashiema @hemcalf kAdusgry
Co., Ltd.), Tonono Z-Bordeaux (Tomono Agrica Co.,
chggy,iqqu@@ipp@¢q2§m(mﬁhgﬁtrient 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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10Nohyaku Co., Ltd.), Hi ghcopper (Sum tono Cheni ca

Co., Ltd.), CUPRAVIT forte (Bayer CropScience

Cor poration), Kocide Bordeaux (DuPont Corporation),

Ki nondo (Agro Kanesho Co., Ltd.) or Yonepon (Yonezawa

Chem cal Co., Ltd.); or a copper agent to be used as

food additives such as copper gluconate 15(Wako Pure

Chemi cal Industries, Ltd.) can be enpl oyed by

adjusting to a deS|red concentration._ Further, a
pr@éﬁé@@l}h@%\géﬁ?d canbED ¢ EEF W e RCAL blroéﬁﬁﬁa??wdor igpts

! t f
re%PSE%?b?ﬁéﬁgﬁFﬁﬁYevﬁ%ﬂ?eéobﬁ%ruggna es‘gr(fﬂe gbgggﬂ%a
1r1% 88?&% QYL bYr aeppfll%lwgglﬁgmlﬁeurc%n’ngPlfln%oggﬁé igns

izer or a conventional agricultural pest

x%@@ﬁé@' ag@n£h§Qﬁhmﬁ§elBﬁaﬁhkﬁm@ﬁetfmmgnnlder example, a
erbi cide and plant growh regulator. The contact of

pricperpt esentt tr ansp bexred pban©IVWQH1t@obpe@PH%ﬂ¢dwﬁ?nd%%o

be carried out when the present transfornqg Elants are
Uﬁﬁdrlg%&ﬁﬁinaESVq?ﬂé [BNACEBREt F4fts Ta8 eI o 1t HE® pr esent

ntr hod r t
E‘%ﬁﬁgﬁ b%?% as descrli?ﬁfégbogéﬂﬂgﬁﬁ%ﬁ%?ﬁlpiﬁ§§ﬂ' Bhd)

G—Iﬂl%Sg%&‘iin%n chagt es1 usemskey céhe mpresentomsont zel | ing
nmethod is the present chineric transcription factor as
Bdlerenkbetombovagrand G4. i $tdet i vitdhiByuéeppeYitioons.

Further, the gene which controls $Iant fl owering i ge
NQHﬂﬂkul§0ueéﬁi -or  HREDPRRRSENt SEBREYH 1SRG et Hod 7516

esent ri t n S i bed
ééﬁ%yg& gﬁdte B%Vrangg??%)ﬁegﬁglggléuf% HZy t é?%s'esent
s SIHIIBE] Gphb&NS TorBbi-8Ri daCt @inbhad (myrackinedied day
copper ions. In addition, the transcriptiona

L@@UiwatHonepbnnmynnehaWa|Ghamy@dlf©© t Hedph esenta copper
controlling nethod is the transcriptional 10activation

a%l@riﬁaltr‘? ag H%%‘ér%%é&oéb%%l“é’ﬁ& PECT ST SITPRPhed {19 PhHE
(BERE BLORILS LLANSEEI DL QR ROLOE JRhnpEBPePDy
19 va d y copper I on

adjusting to a desired concentration. Further, a spreading

agent can be mixed when a preparétion or an agent 1s 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 conventional agricultural

pest control agent such as insecticide, fungicide, herbicide

and plant growth regulator. The contact of 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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The present transforned plant is a transgenic plant
which is obtained by introducing the present DNA
constructs 15thereto, as described above. When
the present flowering-tine control gene is a gene for
pronoting flowering, by introducing the present DNA
constructs to a plant having a difficulty in flowering
or no 20flowering due to a nutation introduced to a
flowering pronotion gene, RNAi, or overexpression of a

thgenpeeswitclrodekraysind owehpagis ethe. prﬁ@%t prégrsec
control of flowering tinme can be ach

trapﬁal%ﬁ@ fapenT taﬁse d&rs&é‘i’ﬁd AR i ﬁ@‘y t%%éSCSHF%V%ted
g?ﬁ%é§ f%ﬁ%ene%iiyh qelgyé l%ﬂ?&hrgbné¥6lgn£I§H¥JC|ng

preserit Cohstructs to a plant having

£1BWEEOGH QUscl kawer i Hig,fdue rbo @mr@tsbaa d:cEH‘JrQﬂll@ﬁ@ e hdvd
fl owering delay gene, ANAL or overexpression of a gene

iswhhe hppemt €3ofboiver-itige etwt solnureeepereciswrd¢ontragpove,
of flowering tine can be achieved. The present

andny&at o ST LRGEOT | A tl@eluﬁede%%ﬁf@nﬁélﬁﬁ%tchd%&? bed

W t hi he scaope d d |n th Cc
tr@?i??%%%“ﬁbgg tc85t Hg Ean® 1v§¥ ana Ja!ILr%oodlmant
adthi 6By S Rbtained, tfHH%QOQEtfﬁé%ﬁB%”QbﬂglhCﬁhdif1s used

technical neans that is separately described in
fodi ther ppéseenbednmeal sirigs maktsod wid hine thensechriicakl
scope of the present invention. 10EXAMPLES
aqqewetmon;ecﬂ@ww e ﬁ?@%@medu Averti aitdnilt| 1pecTESePPBeth

nor e_det ai exa S ver, the
g eceri! ek TETGi B A et 4l erge et B
adxaapLls dy (GUstrughion of an i ntroduct i on vector)
15(1) Construction of transcription factor gene
expr essi precAassetrbhesformed plAngenom ¢ rBNAgevaisc plant

extracted from buddi ng yeast (Saccharonyces cerevisi ae
whsitqhailg APPPYnesy Py Ul BET 9 4H "ShaR? Ny Se"308NP nCopppet s
medi_um 19ggeas%egxtract 2% pol ypept one, 2%

thereto, sCcri

When the present flowering-time control gene is a gene
for promoting flowering, by introducing the present DNA
constructs to a plant having a difficulty in flowering or no
flowering due to a mutation introduced to a flowering
promotion gene, RNAi, or overexpression of a gene which delays
flowering, etc., more precise control of 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 to a plant having precocious
flowering due to a mutation introduced to 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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20gl ucose) for 2 days by using a genone DNA extraction

kit "Gen- torukun" (Takara Bio, Inc.). By using the

extracted genone DNA as a tenplate, an ACEL
transcription factor gene was anplified by PCR using
two kinds of specific prinmers (ACEl-1F, ACEl-1RC). The
anplified ACEL transcription factor gene was 25cl oned
into pl51221 (d ontech) by replacing a GUS gene of

p51 221 by the anplified ACEl transcription factor gene
adraepeeapare p35S- ACE1- NOS. Next, a NOS term nator

contained in the p35S- ACEL- NOS was repl aced by a CR16

term nator (US Patent No.7202083) to prepare

p35S- ACE1- CR.  Seeds of reconbj nant. Ar.abi dopsi :

thalFBﬁé”ﬁﬁ@?ﬁ?é@i%??“ﬂhF@hnﬂgggﬁgéﬁdpg?c%%%é%mP?%ﬁwﬂm

; |.ngha idaps! L ' r4) thWekCaims,
d%%%?@%&g%&%nﬁndﬁ}figpﬁ%%aggfpigg%ﬁﬁg?ﬁ% 5 i norganic
vSaldus, md8br Mdrahe, c2%01sekase, altd 8% agapdimdromwhtihe is
true | eaves of the reconbi nant Arabidopsis thaliana

owitdiclkedhay dmerrrgrienn Eoroinatéen ek ks caniost nedfoffet 15
DNA was extracted by usin%\a kit for extractif pL%gt

SRATGIHES Y DRESCriiReasy) Bt Gift emtnﬁm?‘?fl“te@tﬂeéﬁo? Simig”
t he extracted genom ] late, PCR was

t%%ﬁf?%ﬁlgﬁ% (V%ﬁ%%gbg?ggE¥$% g %$$§g26?¥ic primers

(VP16- 1F, VP16-1RC) to anplify the gene for

transcriptional activation domain (VP16AD) of

EXXMRISCY | ption factor VP16 of a Herpes sinplex virus.
The anplified VP16AD gene was subjected.to TA clonin
i nt o BSEREN 1°¢ Vi (SP6gRRT ST i%?%ﬁh% Y éézz?i-‘%fﬁfé&%.eg n
Usi ng .t h CR2. 1- VP16A a e carried

3T %;Fadgi ﬁﬁ o Oﬁsgﬁﬁ?? { nggwn%:"eqtﬁr 5 r}}grcgr%%&- 2F,

1 ¥PA.6-:2RC): sapsk mutratteantmasednt roduced into Sad | site
in the VP16AD gene to prepare pCR2. 1- VP16AD(dSacl).
Then,Exasbhg 1 heCpER2utt VR 6ADEISatT Jods-td opepr e,

PCR was carried 20out by usjing two kinds of specific
(bt | PRI TgPiBe 3 WBTEC3RY Y0 f&&aoﬁng%eolexgrrggs%%n t he
C5'-terr£i nal, and Sad | site to the 3'-termnal of the
VP1BAIdSacl ) gene. Furthernore, using the
PCR2. A -VRLAAD( tiBaGl)s astaatermlrabe, bRER waseeatr i ed

out by using two kinds of specific prinmers (VP16-4F,
(V226 BRB)yceeo addevisiae strain AH22) cultured with shaking

at 30°C in a YPD medium (1% yeast extract, 2% polypeptone, 2%
glucose) for 2 days by using a genome DNA extraction kit “Gen-
torukun” (Takara Bio, 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 (ACE1l-1F,
ACE1-1RC). The amplified ACEl transcription factor gene was
cloned into pBI221 (Clontech) by replacing a GUS gene of
pBI221 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 (US Patent
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25an Bglll site to the 5 -termnal, and Sad | site to
the 3'- termnal of the VP16AD(dSacl) gene.
Usi ng p35S-ACE1-CR as a tenplate, PCR was carried out
by using two kinds of specific prinmers (ACEl-1F,
ACE1l-2RC) to 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 which Xhol site had been added to the
No3'720e08B nado, pYRREAD iESaeLElgehe i n which Xhcl 5site
had been added to the 5 -term nal was Ilgated in
fr anBeeds @f resaipingyss SrABEIPRATE AD2 ERe s Nor §paP &Y./

Furt her, 5 ACE1-
S RGPS ST TES Bart T ARC S I (8 Bl e REELAD
s @8N el d e Jounst Leam of ot R ACCLDED Leanscidiphi ons
actor gene th acks ACE1AD gene, 10VPl6AD(dSacl)
17gaRanie Wi Bgl kitshie Radsbeessaddedst agdhe SFrom the
-termnal was ligated in frame to replace the ACELAD
tigendehyes hef \PLEGADCdSatlidntgdmebider s s égalliana which had
p35S- ACE1DBDY VP16AD- CR was prepared. ACEl-1F : 5
beett gyarec Y Fiegtadtt hlacigd-3¢: (SEQTD N fjes extracted

of AT 3o FAURAEL £1d LAt 08AGHAAGHAR! Sy SBunt
mlr@ia%lc‘tgﬂgf{fk(%l\g)aa’t gt 989! ttagegt 2dc{eBEQehbndd N3) as a

1F: 5" -acggctccaccgaccgacgtc-3' (SEQ I D 110: 4)
téﬂﬂﬂ:@'t'bRCPCE' wagt@ootadcgtadic giscaat twe ¥indspef |gpecific

110:5) VP16-2F. 5' acgaact ccactt agac SEQ ID
p?nlDroell?o g@mlalffzﬁtflfi ggclc%@taetpééét/gb‘g@gﬁ%g&t EEg Q( SEQ

transcript%onal 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(dSacI) 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
37 —terminal of the VP16AD(dSacI) gene. Furthermore, using the
pCR2.1-VP16AD(dSacI) as a template, PCR was carried out by
using two kinds of specific primers (VP16-4F, VP16-3RC) to add
an BglII site to the 5’-terminal, and SacI site to the 3'-
terminal of the VP16AD(dSacIl) gene.

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

using two kinds of specific primers (ACE1l-1F, ACE1-2RC) to
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VP16- 3E: 5' -tactcgagtcaacggctccaccgaccgacgt-3' (SEQ

I D NO: 8) VP16-3140 : 5'

-aagagct cttacccaccgt act cgt caattocaag-31 (SEQ I D NO 9)

VP16-4E: 5' -taagatctatcaacggctccaccgaccgacgt-3" (SEQ

I D 25N0: 10) (2) Construction of an expression

cassette for sGFP gene An sGFP gene was cut out from

the plasm d CaMv35S- sGFP(S65T) - NOS3' (" Experi nment al

protocol for observation of a plant cell", edited by
refukedehdireooisbt &bn ,cot®97of Shg BPSRatr#sBN iption factor

4-87962-170- 6%, and cloned into pBl221 t%y using a
geagdaphor's® RS9 ENahds NS TRETSRY- r p1 hRT A &S e#; o
1221 5by. the sGFP. gene to. prepare S sEFR.Aveen
ACEEg%Bﬁ“‘?? olr%t-lggog%c%% -gﬁfﬁptgf%gg?psr%%thgg Phat

adagqceptaided _ip R35 ST ewBs (aei1gcednby: s wHikat keo1
ol i gonucl eoti des MRE-1F and MRE-1RC to prepare

s iRVREAZSS, 1D Q)iabGFRo tHe JPVRELBLSG(:- 90)k- $ GrFavhsnt feaned
with the restriction 10enzynme EcoRV, and then
Asdephesphor H3R5edChY/ Bl 67 -CRares hite@stPAe AVKANPhe P35~

Phosphat ase” (TAKARA BIQ. T the bl unt -
ACoCBNBF 91 Sd Syt FRLT'E BFT QNG BoT B VIR and

Es i 2 er hogroBh Wit icRg
Sa%%ngt% iRgﬁy\ﬁl&gcaﬁ%gﬁkEi %ﬁ{'TAﬁéA%&@él%)%htg g arrange I\/R?ECElDBD

£ SOGUensesod Sepeat gehy thMtCc@acks t AErifror wand, di recti on.
The portion in which the MRE sequence is repeated
VEIGADE dfasT cudereutin ahich Hed Ihasibt Umid ErEBI2 DI RS

11 Lhe oo sae s, descr bed sheve. S0 188843 e o,
trPeM??%‘Vesﬁgl\Sé/S%Qﬂ)' YR .1 i e YRE $8G4enee: hisn/vp16aD-CR

repeate Oal i'gned four tines in the forward

wdH rechiaeBawas prepared. I n addi ti on, using
p51221 as a tenplate, PCR was carried out by usi n%] t wo
kicBds1Bf SSpetodatcqrtiomsryt{@Br-cRI-46bpSEEREP HNE: )

anplify a DNA fragnent containing a region fr -4
PR T o - CaMEaS s Bt arS G RRBI 1T o TRALD (OF2)
Licaqepl . uas 28sUbsldubed; fosadiie begl on ancarpassing
rc%?h”?g%bp to ?ggogtf (g;aEM SSpé%énDte?, 9Whi ch is located
dowest Feam-atqhbec MRS gegyesgectiat(shadibesn 4)
repeatedly aligned four tinmes in the forward direction
VP Loh@ RO VREALBBS(c AN FtBCEPIt ¢ giare' (SEQ ID NO:5)
VP16-2F : 5’ -ggacgaactccacttagacgg-3’ (SEQ 1D NO:6)
VP16-2RC : 5’ -ccgtctaagtggagttcgtece-3’ (SEQ ID NO:7)
VP16-3F : 5’ -tactcgagtcaacggctccaccgaccgacgt-37 (SEQ ID NO:8)
VP16-3RC : 5/ ~aagagctcttacccaccgtactcgtcaattccaag-3’ (SEQ ID
NO: 9)
VP16-4F : 5/ -taagatctatcaacggctccaccgaccgacgt-3’ (SEQ ID

NO:10)

(2) Construction of an expression cassette for sGFP gene

An sGFP gene was cut out from the plasmid CaMV35S-
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pPMRE4/ 35S( - 46) - sGFP. Meanwhi | e, a repl acenent
was carried out with a sequence in which a nutation
had been introduced to an as-1 site present in the
regi on enconpassing from-90bp to -1 bp of 5CaM35S
pronoter (Benfey PN & Chua NH, 1990, Science 250, 959-
966). First, genom c DNA was extracted from
Ar abi dopsi s thaliana (No. N70016) purchased from NASC
Usi ng the extracted genomic DNA as a tenplate, PCR was
SCifé’r STYS) dms%y“agpﬁ@lmamaku ﬁﬁ@t%fojsﬁ@él PlP%erp’raitﬁ@Psof a

SIS laﬁf% o SHHEERPY off aH§§§ e oL Bradrasii o
|
rshR -MRL I BLY PR ngl(op FO9EM1Z3 BY R an

a&d@ﬂ@&@tﬁS fﬁjgnwaﬁscﬁﬁdléﬁé Q@bl@&iﬂéﬂan@UBM@bﬂ@ QdSpBE221
specific prinmers (90m 2F, 90m 2RC) to add EcoRV site

byt ahieheGBP -derenitnab rapar XipdbSSEEEP t 0A1b¢hreor8'trprr nd HEIR
The resulting DNA fragnment was substituted for_the

tq egil6R @ﬁc%%%a%% HQO‘F?‘%ﬂﬁ t96bpie o° N4 6F &Wfﬁss@”

er ocat.ed do stre
o ST SRt 1 ShoiRphen S ToHPRO L SR Rhnt 1 Mcfhes 1re
td BAberEopwer &b sdiLegtionrd n the pMRE4/ 35S( - 90) - 5GFP,
to give p E4/358(-90n)- 20sGFP. Each of the
p MREZh35(RVE)>STEPP) as1ek it lwe sORE4A 35 5W190n) ke sEER nivasion
treated with the restriction enzgne H ndl |

e vme £6ABEd aifd tﬁﬁés%ﬁ@?%%@é@llb o dish ¢St BE Ui g
T aRGCP BhT! diss TRXSTE A KRGt Taer e TEd
pi el Qelios i %S%h@%ﬂ%@y%@@étﬁ(@)dl&%gu@[eotldes MRE -
pPKXS- MRE4/ 35S("- 90m) 1F: 5' - ggccgcgagct cagt - 3
11 SEHQ MRENCRA Iye NS+ 1REr &246 gactirgagcbegesildig (BSEQ Y ihg
Kfﬁgéggg Ligation kit” (TAKARA BIO) to arrange MRE sequences
repeatedly twice in the forward direction. The portion in
which the MRE sequence 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,
pPMRE4 /35S (-90) -sGFP in which MRE sequence 1is repeatedly
aligned four times in the forward direction was prepared.

In addition, using pBI221 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 region from -46bp to -
lbp 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(-90)~sGFP, to give
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VRS- 1F: 5' -

agcttagcgat ccgtcttttccgct gaaccgtt ccagcaaaaaagact agat - 3
' "(SEQ I D NO 13)

MRE- 1RC. 5' -atctagtottttttgct ggaacggtt cagcggaaaagacgcat
cgctab3' (SEQ I D NO 14)

46bp- 1F: 5' -t agat at cgcaagacccttcctot atataagg-3' (SEQ I D

NO 15) 46bp-1RC. 5" -atcctotagagtocccecgtgttc-3' (SEQ ID

NO 16) 90m 1F: 5' - gct at gaccat gattacgccaagcttg-3" (SEQ
pMREX NEX SL(A)461090HF 1RC : 5'

-cattgttat at ctcctt gatcc 3 SE I D NO. 90m 2F

G g s of CCHOrEEaT baUu e 3 o S8 TSRO 19y Enee
.90 2RC 5! a tgc tctc I D
e 50y TR gAY g %c??%%%%%%ac%gﬁ & Th ko
pr%lén% LRE rBgiocft&OR6HEE30GE aGem3-905EQ d Dm@ 82) 15

(3) Construction of an expression cassette for FT gene
cafgeds pforArtali dppsisy tthials anas (WitalBi*@6psfsiantasl 2aha 959-

ecotype Colunmbia) were plated on a nodified M5 agar
d6Fpdi UrhISVE BﬁWW|WASHF‘?seX‘B53C\Fle?aﬁ’FW“ @’%bsllﬁjé’?ﬁ%%

8% agar Oat Cf hr e The
th&ﬁﬁé?ﬁeg‘“%l Egé\gg FHeT atsegngp? aq{ASg tg(?%lw%olté al r eady
egkracﬁgdmﬁéﬁbﬂi%lbHAea§cH|té%Bga€Q|tPC%ah@@ EBrafed out by

artificial weather chanber. Two weeks after the
udimanspbaniatd o, spbotati Riainass exitmadtred 9PmoRdhe Then,

flower bud and true |leaf of the plant by using a plant
3 RNASExt ra@qqmezsr@ntarrm@a@ympré MY 2R 83 1(g(ﬂ—"L,EGENﬁ‘S

LR e o 350 oLl T O YR S ez oY
pdeS N9 sthe_synthesi zad &@%a%@ 1wl akea PGR1WAS, PCR
Parri ed out by using two kinds of specific

was carried out by using two kinds of specific primers (90m-2F,

90m-2RC) to add EcoRV 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 -1lbp 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 /35S (-90m) -
sGFP.

Each of the pMRE4/355(-46)~-sGFP and the pMRE4/35S3(-90m)-

SsGFP 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-MRE4/35S(-46)-sGEP or

PKXS-MRE4 /35S (-90m) -sGFP.

NS-1F : 5’ -ggccgcgagectcagt-3’ (SEQ ID NO:11)

NS-1RC : 5’ -gactgagctcge-3’ (SEQ ID NO:12)
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primers (FT-1F, FT-1RC) to anplify FT gene (GenBank
Accessi on Nunber AB027504). Then, the anplified FT
gene was substituted for GQUS gene of pBl221

(G ontech). Using thus obtained plasmd as a tenpl ate,
fusion PCR was carried out by using six 5kinds of
specific prinmers (FT-2F, FT-2RC, FT-3F, FT-3RC, FT-4F,
FT-1RC). As a result, a nutation w thout causing am no
acid substitution was introduced at the BanH site and
MEGORIF sh'te present in the FT gene, and al so an Xbal

site at the 5 - term nal was changed to a BanHl . si .
agThE2 $EHHICPRGT o' F9°¢422 68 [gerid Caéga%‘?ﬁ?ﬁtia? gpé?fsf @553@

IDS@P %ene of pKXS- MRE4/ 35S(-90m) - sGFP to prepare
pKXS HRE4/ 35S(- 90 - FT. FT-1F: &'
ap Patet agas t&adcgba dd3cAxgcta~
P T B e et S 5
371 DN 2ANOE5ET- 2E @ 5
-t aaggat ccat gt ct at aaat at aagagaccctc-3' (SEQ | D NO. 25)
FIRRE : 5 -taasestotgrpacgaccat aaricdaagras 3’ (BSEAPI D
NO 26) FT-3F: 5' -tactttggttatggtcgatccagatgttc-3'
NOrSRQ I D NO 27) FT-3RC : 5'
- 0acCe t gaat -3 i L 28)ndF-edF -
P L o T PP S TR R %o
6én- 1 nki Ng-@at LxPEESSE it Eassgtt gfIr (SEQNSDMQLLTON
factor gene to an expression cassette for sG-P gene or
Pom-aTREX P esst tort teas set ¢ et tfogr tFFggeded Pl (§5Ri &3 NO:18)

355- ACE- CR, p35S- ACE1DBD/ VP16AD- , a pP355- .
BACEL/ @’Pl%?l@téﬁ?t%ﬁ?%‘f?ﬁ%@a@%?%i o(%%gaggel\t]?'e]sg)f or
an Iption f cdher d wkbh .
i SRR e S TR R e S
RXPI £8SbONgassaldestEgactIranseni poirm Aflact or gene.
Pl asm ds pKXS- MRE4/ 35S(-46)- sG-P and
BKXSLNRES/ 368t5:80mgag GERC e oHt diSBRNEP Xpr2édsi on

cassettes for sGFP gene and pKXS- MRE4/ 355(-90m) - FT
contai ning an expression cassette for FT gene were

trean? d%ﬁé%ﬂd@%i5§$$fiéﬁié%Br@Q@Mﬂ?&m&@@tt@nﬂnEQ@Rbeﬁ@
cut ou t he expressi on

Seeds of Arabidopsis thaliana (Arabidopsis thaliana
ecotype Columbia) were plated on a modified MS agar medium (MS
inorganic salts, B5 vitamin, 2% sucrose, 0.8% agar), and grown
at 23°C for three weeks. The obtained plént 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
pbud 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” (TOYOBO). Using the synthesized cDNA as a

template, PCR was carried out by using two kinds of specific
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5cassettes for sG-P gene and the expression cassette
for FT gene, respectively. An expressi on
cassette for GUS gene contained in pBl 121 (d ontech)
was replaced by synthetic oligonucl eoti des HEK- 1F and
HEK- 1RC to prepare p2l 121- HEK. The pBI 121- HEK was t hen

10 treated with the restriction enzynes H ndlIl and
Kpnl. To the p3l121-HEK whi ch had been treated with
Hi ndl Il and Kpnl, each one of the expression cassettes

PFGIETSr ARSTHT pthilon REACEOratfandy BhaiuscH ConBapE Adsession
Nwéﬂﬁ??%b9?5&gﬁseEﬁes n%%igﬁgﬁadu%FE%rgbgg ﬁ% %Sk {hted

casse FT gene een
féﬁqﬁﬁﬁ@bpedo@%\@aW&@oﬂlﬂ&@u ed 40 @bt ain &5&%
vectors in each whi ch t he expreSS|on cassette for

pIJémrﬂSEBphltﬂmﬁﬂﬂﬁborfg§ﬂﬁ1&nﬁ whe expriesisbad epssahbesix
for sGFP gene or the expression cassette for FT gene
kares qugépe@iéic gacimerrer nFfatior Ki-d8C( sE®; 3% ¢.T-3RC, AT-4F,
vect derived from p35S- ACE1l- CR and pKXS-
P 4/ 3IBHE 46PVSEFP RS e PRl YR TS &éu%l?ﬁ grmipg) acid

tqgﬁl\y%( 4;%%8%&_% éAtCFt:l‘lre)Bgél}(PIl e angngc RI site

NRE4/35 was referred to as vec

pf&)anta meeh@rmdejeln\éedaﬁa oM 358 AGEL/ MRI6AR- ORe agnd
PKXS- MRE4/ 355( - 46) -sGFP was referred to as vector (c),

tearmgigraly @dsf clomn qel’b SoOACEI#NVFL BADe CR Tared rpKXS: ing modified
25NMRE4/ 355(-90M - 5GP was referred to as vectorﬁé
FaffE vact 6?%%%‘%‘\?@8‘ FPBn%%F?SgeAE:Fﬂ? IRGABRER =90m)

%ﬁgﬁ%&%§§§£§ F73 Jgferred to as vector (e).

cttgaa tcg cgacg tacctaggacgagctc-3
(SEQ I D NO 30) HEK- 1RC : 5’
-aattgagctcgtcbtaggtaccgtcgacgaattca-S' (SEQ TD NO
FBANF 55’ -~taatctEwaapbec2s (adraky st sapfcddEP-ac ¢l 1at Non23)
anmount i n reconbi nant tobacco cultured cells

FY19RGpy ébéﬁ‘%ﬁqa&ﬁtéﬁaa%e‘ilfecc?tticéﬁ%?c?%‘@édrﬁiEﬁaﬁ‘P)IfQ)'t?—ééco
FngglJ%edt §gé§%ccatgtctataaatataagagaccctc 3’ (SEQ ID NO:25)
FT-2RC : 5’ —~gaacatctggatcgaccataaccaaagta-3’ (SEQ ID NO:26)
FT-3F : 5’ —tactttggttatggtcgatccagatgttc-3’ (SEQ ID NO:27)
FT-3RC : 5’ —gacacgatgaatacctgcagtggga-3’ (SEQ ID NO:28)

FT-4F : 5’ -tcccactgcaggtattcatcgtgte-3’ (SEQ ID NO:29)

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

Plasmids p35S-ACE-CR, p35S~ACE1DBD/VP16AD-CR, and p35S-
ACE1/VP1l6AD-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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10Each of vectors (a), (b), (c) and (d) produced in
Exanple 1 was introduced into tobacco cultured cells
(BY-2) by using gold particles of 1.0 pmin dianeter
coated with each of these vectors according to a
particle gun nmethod (Morikawa Hirom chi et al, 1992,
Plant Cell Engi neering, Vol.4 No.1l 15p.47-52,
Shuj unsha Co., Ltd.). The DNA anount per 1.0 ng of
gol d partlcles was adjusted to 0.1 pg. On the 3rd to
SQﬂ?haﬁéyRK%ﬁTM&E4ééﬁ% Y OGGET | ST (GRS AL DI aIPEOn

t obacco cell spensi on, ¢ u ed ge
A BBRCT T T A BB r gt EOr e e T RUGENE Ay hea 1R
arl MROEDOL OGN L ggl&cé £ AYOFUGEAS €y ke Ql}ﬂeg% 47 ngg/ :
t i am n HC1, L nyo-inositol, 200 ng/L KH2P
ré&t&%tagam)eﬂ%ym@alnpmg Ay m@bhlofolﬁﬂﬁaﬁyﬁlﬂheﬁgﬂpié581on
culturing for one nonth, cell mass exhibiting
casgsitstanter ta6F309ay¢ Larkaridry ekpr s osekeeted-aridrt AE
selected cell nmasses were again cultured for 4 to 8
ISREek SCRFF e ey are transferred to 25a new agar
med Wi SYSIY. 88 8L 148 MRk Seud h{en%oagm@éo%cf Pl

cul ture S dar

(OfonGERh ACEIU RN OB @E?Wnt%%lt'ﬂg & iddnuel e s mIEaL@F
reader The obtai ned ce mass was transplanted onto
amb diEK-e8C M agapame dpRim {IMBEKnOrja@np8I a4l tHgK 3@& then
sucrose, 1 pM2,4-0, 1 ng/L thiamin HCL, 100
t?ﬂﬁﬁeﬂnﬁéF?cﬂhe z&etﬁg¢¥}QQ{an§yme® %@%Q%}ér?“%o%ﬁ nlﬁ@ the
o1 1PMEUROL BS an, L pduclblie exPression 11T sl a0k

group 0 carry out -a Y resatment Judéd expﬁésé
o oF k8EUetphalatal 099LsS 13aNe byt £OPREN pk9Bn factor gene,

(hereinafter, sonetines, referred to as the inducible
areX pree$isbon ¢feakﬂemp)es#¥hhluaeﬂattgﬁ fag aGFP gene or the

non- i nduci bl e
expression cassette for FT gene, which had been cut out as

each

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 FT gene are ligated at each terminator side (see,
Fig. 1). A vector derived from p35S-ACE1-CR and pKXS-
MRE4/35S(-46) -sGFP was referred to as vector (a), a vector
derived from p35S-ACE1DBD/VP16AD-CR and pKXS-MRE4/35S(~46)-
sGFP was referred to as vector (b)), a vector derived from
p35S~-ACE1/VP16AD-CR and pKXS-MRE4/355(-46)-sGFP was referred
to as vector (c), a derived from p35S5-ACE1/VP16AD-CR and pKXS~
MRE4/35S8(-90m) -sGFP was referred to as vector (d), and a
vector derived from p35S-ACE1/VP16AD-CR and pKXS-MRE4/35S (-

90m) -FT was referred to as vector (e).
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10expression treatnent group, a nodified M agar
medi um not contai ni ng CuSO4 was used. Thr ee
days after the inducible expression treatnment, the
cell mass was exam ned under a fluorescent m croscope
(Ni kon) to determ ne the fluorescent em ssion state of
GFP. 15The cell mass confirnmed with the increased
fluorescent em ssion of GFP was frozen in liquid
nitrogen. Then, to the frozen cells, glass beads &0.25
K055 ﬁnja%ﬁﬁigéﬁtéiﬁ?%ﬁﬁﬁ%ﬂﬁa69¥$%ﬁaC€fﬁFﬁﬁri )SEQS 1R
NOC% 1 mM PMSF, 0.1% protease inhibitor cocktail) were
ded fol |l oned by disruption 20treatnent using a
ﬁtﬁufﬂg' On_Lavice - cM X8l MchEc ééad%ég%&tc§133 (SEQ 1D
resulting dlsruptlon pr oduct mas centrifuged by a
Notab) e centrifugal machine at 15000 rpm 4C for five
m nutes to obtain the supernatant, which was used as a
protein extraction solution. Subsequently, the protein

extracti an sol t on 2 t ed ropriately th
et o e SRR oD ARl

reEBﬁb?Q&ﬁ%'%%%a@hEU£&¥¥&¥QdUEEQDs“ﬂs det ermi ned by using
a nmulti |abel counter "Wallac 1420 ARVOMX" (Per ki n

El mer)) Meanwhilen a8 aestandat bsagpbebimard kdbkodo

obt ai ned by diluting reconbinant GEE (Cosno Bio) with
cul5uPBS ¢ellds was used. Fromthe neasured fluorescence

intensity, GCEE converS|on anDunt er unit nDunt of

sol UbFE" I orBERST Wal ot nedS) FiFt HEY  PERFETHt fdct i ng
L1 601 T £8panding, vl u tfortoégbg%%mtwmél 1YBS-2) by

mass as groun val ue accumnmu atIO

us@ﬁ@UGBleﬁbﬁ%ﬂcQHEaéﬁdl d|&maﬁg|&iéﬂbtekh§o£WéH(ﬁﬂ%h each of
concentration in the proteln extracti on sol ution was

thgganvefters according to a herBrabf o methed. (Marikabke

1, a gquantification result GET. accunul ated 10i n_t he
B oBaRRE ot bronige B el ar e T e e pene

p-47-52, Shujunsha Co., Ltd.). The DNA amount per 1.0 mg of
gold particles was adjusted to 0.1 pg. 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, POy, 0.8% agar) containing 30 mg/L of kanamycin. After
culturing for cone 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 a
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expression vector that can be induced by copper ions
is introduced, is summarized. Induction ratio
indicates the ratio of accunul ated anount of GFP in
the induci bl e expression treatnent group conpared to
the accunul at ed anount of GFP in 15t he non-induci bl e
expressi on treatnent group. For the reconbi nant
tobacco cultured cells into which the vector (a) has
been introduced, the accunul ated anmount of GET in the
flppdetlte rérpressidny treat ment group was two tines
hi gher than that of CGET in the non-indqyibke 5
expr B¥sio6h 22087 eat e AESgr &th (REPEIAAFT e  '8olRt
S erred. M i ofx rat. orq t -
agggcﬁﬁgﬁﬁééygté g% ojétﬁggféaqg%fﬁgr?ﬁ%b %ﬁ?ﬁﬁ'?hg
mgY€Ct Rl an(:@) HBAS beemd/Mmt hoduteshit ofor 20 hemd/aCc@RPPOANIO . 8%
tobacco cultured cells into which the vector (b) has
agheencomtaiodueedod numaush, AGERADIofiut Hel cA€Epression
transcription 25factor has been replaced by VP16AD,
trepEm e AR &6 ampuéfaéﬁf%W%“ﬁefPﬁd%C? cd

expressi on. treatnent, gro four. ti ' t han
SRR E Aol parREr memerHRodBEs (Ml bl TSt oneh | he
(r@hQUR £her eishatt Shes SAMRLELIBS @ S raberf@etilaeas
"induction ratio for the reconbi nant tobacco cul tured
expekksiomttarasttimehtt he Adéct dongll)y, has besm-iimdpodoted)
and it was recognized that it was inproved two tines
exXpeRpated TRAREN ndiR4R 0f Fatibiet MPhedredBifbiiantt
tgbacco C g£yr$dsc%££§ into 5which the vector (a) has
CPEEATTRE rotuceds® S Meanwhile, for the reconbinant
t obaggP. W ur ade el ke iiRLACYPI Chestdie skesh Ofra@neRBS the
been i ntroduced i n which VP16AD has been added to the
cAQFEhat ks ans< rdpriiond f @acteor @ fheoneswanil ati edosgmmmt(Nofon)

GFP in the inducible expression 10treatnentﬁgroup was
teidghesBhnt | thes TArgReFCYHar tRat OBfS &S Ph Fhe

non- Lduci Pl ¢, 2XPLess! and LERhTBIL glouRsLheraipatier.
sonefimes dl soreferred to as "Induction ratio for the
eth€GQRRI pantrd QRAceQ s tiy adqGed | sidigenwhitfent heo the

vector (c) has been introduced), and it was recogni zed
fidwah icklhas diGisspbewed (.28 ttbntsS conpamnddatoetth@ction

i nduction ratio of the .
buffer (1xPBS (-), 5 mM DTT, 1 mM PMSF, 0.1% protease

fied MS
nmes

L1

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 solution was
determined by using a multi label counter “Wallac 1420 ARVOMX”

(Perkin Elmer). Meanwhile, as a standard sample, a dilution
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reconbi nant tobacco cultured cells into which the
vector (a) was introduced. Still further, for
t he reconbi nant tobacco cultured cells into which the
vector (d) has been introduced in which 20353(-90m
sequence having a nmutation at as-1 site is used, the
accunul ated anount of GFP in the inducible expression
treatment group was eighteen tinmes higher than that of
GFP in the non-inducibl e expression treatnment grou
obthéred faf ter vt sewretdIrEdiafsb GidT dFPEEC tHlAs W'lltgdhéé)ﬁsoﬁ‘
ratio for the 2 reconbingyt t obacco cul.t red.ceHd%
) VAB oV chT TR VGRS ETS Hggoﬁgﬁﬁe??ﬁf%%58365¥’ang it

co%§r£9&9%moéﬁg phat, it was, i imyoved i 06, tdtiBSs was
conp e |

ared to t nduction rati o of the reconbi nant

orahaego eulktmged W'sb@tk@é@id@ﬂtﬁb therasgehaing ajaldeasor
been introduced. Table 1 Vecto r GET(ng/ pg protein)

thiendustroh widt-oypeproMement FatdagkgKonnd nchidieh| ehe GEP
expression treatnent gruop |nducible expression

aqqu@agﬁ%&ﬂn @W@HBt was calculated. In addition, the protein

concentration in the protein extraction solution was
quantified according to the Bradford method.

In Table 1, a quantification result of GFP accumulated
in the recombinant tobacco cultured cells, in which sGFP gene
expression vector that can be induced by copper ions is
introduced, is summarized. Induction ratio indicates the
ratio of accumulated amount of GFP in the inducible expression
treatment group compared to the accumulated amount of GFP in
the non-inducible expression treatment group.

For the recombinant tobacco cultured cells into which
the vector (a) has been introduced, the accumulated amount of
GFP in the inducible expression treatment group was two 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 introduced). For the
recombinant tobacco cultured cells into which the vector (b)
has been introduced in which ACE1AD of the ACEl transcription
factor has been replaced by VP16AD, 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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(a) 0.5 1.02 1 (b) 1.1 4.2 42 (c) 0.8 14.2 18 9 (d)

“induction ratio for the recombinant tobacco cultured cells
into which the vector (b) has been introduced), and it was
recognized that it was improved two times compared to the
induction ratio of the recombinant tobacco cultured cells into
which the vector (a) has been introduced.

Meanwhile, for the recombinant tobacco cultured cells
into which the wvector (c¢) has been introduced in which VP16AD
has been added to the ACEl transcription factor, the
accumulated amount of GFP in the inducible expression
treatment group was eighteen 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 (c¢)
has been introduced), and it was recognized that it was
improved nine times compared to the induction ratio of the
recombinant tobacco cultured cells into which the vector (a)
was introduced.

Still further, for the recombinant tobacco cultured
cells into which the vector (d) has been introduced in which
358 (-90m) sequence having a mutation at as-1 site is used, the
accumulated amount of GFP in the inducible expression
treatment group was eighteen 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 (d)
has been introduced), and it was recognized that it was
improved nine times compared to the‘induction ratio of the

recombinant tobacco cultured cells into which the vector (a)
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0.6 10.8 18 9 Exanple 3 (Flowering induction in

r econbi nant 5Ar abi dopsi s thaliana) (1)
Preparati on and sel ection of reconbi nant Arabi dopsfs
t hal i ana The vector (e) prepared in Exanple 1

was i ntroduced into Agrobacterium (Agrobacterium
tunmefaci ens strain C58Cl). The 10resulting
Agrobacteriumwas cultured in a LB agar medi um (0.5%
yeast extract, 1.0% bactotrypton, 0.5%saline, 1%
haai]abre)encéﬁfé?%q’?ﬁl-w my/ L kananycin, 100 ng/L
illin, and 100 ng/L rifanpicin, and a

Rl G
Taruq resi stant colony was selected to obtain

reconfai mant gAY qu;;cte%l um Arabi dopsis (Arabi dopsi S
15t hafTama eCOIy omora)—was Tnflect ed b

he
VSEE) i FagbRbh Hant Atwbadeer i um adeordi IBmPﬁ%Vement
aret hodexgeseribed i n Mogeteddiant Laboratdey Manhwatio

(edi te&e% ¥ nyebuchi, V@a@gqmeﬁgda&ogg 00,

p-—y

Vertag Tokyp €o o TSBN4=431=7
(@3045 Oﬁ% iLnt roduce }p%dk After T1l!sleds col

O 0P

~+ [N
D !
DN

fnom tha 20 Arabi dopsis. subjected ta gene

(lctrode<:8t|on the see gg, é’/\ere pl at ed el@d gr own

PN HEE A cal-t+

v o maal
mouar-i CUu Vo G.Ual reaium Vo or Ualll € —Sai LD,

Gt ami &6 1% sucrose, | 898% agar) contldini ng 20

goom N (M0
« g1 S5

~

— Q

Example 3 (Flowering induction in recombinant
Arabidopsis thaliana) |

(1) Preparation and selection of recombinant Arabidopsis
thaliana

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% bactotrypton, 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. Arabidopsis (Arabidopsis
thaliana ecotype Columbia) was infected by the obtained
recombinant 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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of Benlate, 200 ng/L of O aforan, and 25 ng/L
kananycin to select a plant individual resistant to
kanamyci n. The sel ected pl ant individual was
transplanted to a pot in which culture soil was
previously placed, and grown in an artificial 5weather
chanber to obtain T2 seeds. After the obtained T2
seeds were plated and grown on a nodified M5 agar

medi um (MS inorganic salts, BS vitamn, 2% sucrose,

ofo Bgod aar )2 CoReainPhd B omgrL Kathamy EPAL 'LHAREN Fhe
ﬁhi%h prfd ces thedk na cg in Q§;§g%gt quivkggal

Seg&ht @i BT Y ALY 674t 595°4PGRT T i cande I8t eve

scAGCREd] 02410 10l v SQURT gvatse;%t:a}{\@%lasrﬁzle%mt@da ;L\A%afi\ﬁhwk?@h
the condition for cultivating the plant included 23

clheurs 6bil i pperieadsanglichouranf dank perdrodrat f23ial
to 25C. (2) Flowering induction in

weegberbirhamite Artabiodopst ST215¢¢@s i affter the obpgined T

respect to the selected line, T2 seeds were plated on
seg 0P F et MSagar A My I@Bmi’%b‘%g%%i%“@ gt oo™ s
. Vi LN, . 2% SUG[-0SE . 8%-a0 t kN ti :
S TR i S R
29 REl/udkBfamyd QUGBS pOfint i1ghte 20pEK | BxbdRE s 1t O Udan@fuycin-
dark period at 23 to 25C, the resulting plant was
reignspkabt et idyad podnf iled 3V agaio readicGms{dB ficance
inorganic salts, 85 vitamn, 2% sucrose, 0.8% agar
LSt ACAPRELBD JIMCRh 589 a %S TEFr YR dute Lt Flat ATV R ot e
tﬂé“yg%bgk? §X§§F§§hggvggh?%Q$QEE9%QQQH§%%%98 55 hours of
I nt'er est %y copper i ons erei hafter, sonet 1 nes
1irg¢9‘t¢§3!é§%aoa@<§ 1 RAUCT bF 3 B8XPHesshboMNd reatgentd.. I n
addi tion, as a non-induci bl e expression treatnent
group, a nodified M5 agar nedi um not contai ning CuS™
was used. Six hours after the inducjble expression
t r eatdent 1OYHE "G AARYTFGLRT 1ﬁl5ﬁF°W£&P%ﬁiaﬁ§$8f?%ﬁfH§o
Ahe hpdified MS agar nedium (M5 inorganic salts, 135
vitamn, 2% sucrose, 0.8% agar) not containing CuSO4.
Fi vewdaysrafpert tthethadusiddtedexpressi,obeédeaterenplated
observation of the individual plant was carried out. 5
orAx2 anadesibtl, M$ taggas meduwd (Mratinbrosets rplvas Bhdlidedin,
earlier in_the inducible expression trSatnent

TorEd t 8- hWorf9afducitl € ex preRt oy 8%%%‘?%335518“

ﬁ&?%%}d%&g'ug&er the condition including 23 hours 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
50 uM CuSOQ4, to carry out a treatment for inducible expression
of a heterologous 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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According to the present invention, a nmethod for
control 10of flowering tine in a transgenic plant in a
copper -i nduci bl e manner i s provided, wherein a

het er ol ogous gene which controls flowering tinme has
been introduced to the transgenic plant. Wat is
clainmed is: 1. A nethod for controlling flowering tine
of a plant, which conprises bringing a plant into
contact with copper 5 ions, wherein the plant has been

ingihdtol M Dl RSt RERTTSSEE&%# ngP D& @@ﬁﬂsﬂ%%@ eP§T and

constru L Sllag8

me&&B%e6¥?dﬂmggﬁﬁéﬁc%a%ﬁ%oggwElEFWﬂﬂ fl%u?fﬁhSCrlpfl%ﬁ?r

noftagggfai %{T%IU? thng;é raaaryjs a'fE@PS@r[é thldgelkf)?é:tegcrpre851on
conprises t of 1 owing a) 10 and b) as operably

tdenkedt el @RtStion of tz':h)e anBiNA: bhadigigndowas ncofrigdd out.
first transcription factor that is capable of being
Asaet reatkd by eeppéeuidrihagndlowering wpp gnduced earlier
transcriptional activation domain of at | east one
lfséESnHn??%ﬂﬁﬁﬁweﬁPF%ﬁSV%bF6FaF%%Rt|%§°&PfF%WQﬁﬁedfF8n??%e
n%:ﬁrxsglg' %gr %Ssﬁglrlp{akgglcn{e%%t EOuﬁn&ee, F:L (Ii)) a second
donst ruc eénco er ol ogous ge e which
controls flowering tinme of a plant, wherein the gene
is under the control of a heterol ogous pronoter
capabteootirgeitegtseipndsanedibyetieorchenmeetitod for control
transcription factor of 20 (i) in the presence of
OfcééﬁéFrF% time in g tWgﬁéltlﬁoﬂlaa‘&olr“dranﬁol%e@l&dﬁwcible
mannerre!lg the C({]eh gré rl’iagsl Et!)P%qou%cg?gkefwlt&econtrols

conprise pera

£ AR GHI pim@r}aels aekhVvatd Quudenaid B af-ahbgedid $hiant.
transcrlptlon factor.
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3. The nmethod according to claim1l or 2, wherein the
first transcription factor is selected fromthe group

consi sting of: (1) a eukaryote transcription
factor which is capable of being activated by copper
i on, (2) a yeast transcription factor which is

capabl e of being activated by copper ion, and 5(3) a
transcription factor derived fromthe yeast ACE1 which

I's capabl e of being activated by copper ion.

Wha T hes metahiodbdadeor ding to any of clains 1 to 3,

wherein the second transcription factor is selected
fromthe 10 group consisting of: (1) a
transcri @t iggtHRCtfolr ebnarvllisg flowerif@)tiame of a plant,
transcription factor of a virus bel onging to Sinplex
yhich ¢RpRicises bringingzd RLaREALRY? pETY ?%&%?P §foPper

PESy15d DI EX N IHSntaRds1B64h & henYPIfndd ansd idd on
actor of Herpes sinplex virus. . 5. The net hod
Setbewing INA HpnsEructsi fd) 1208 4ilhherein the

het er th )099%%@%Mifc%%sm%%amﬁgwé ng Al dReR0 &

a pla i's selected fromthe group consisting of: _
$ayuenqe aaricgting eomhioklripgtreoaeripgien nfgac®), gherein

i asperm gene cont.rol.ling f ' | 0B, ) :
Ao Tt o gona LPGREF o PrRaLT P BUBFIRG. {1, orioning @)
(40 B) Gisicdperailsy gemkedorleakhing flowering tinme,
2D e s OBe iy WAk 8" 898" SN LALLMt son 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 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 heterologous promoter capable
of being stimulated by the chimeric transcription factor of

(i) in the presence of copper ion.

2. The method according to claim 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

consisting of:
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(6) a flowering-tine controlling gene derived fromthe

Ar abi dopsi s thaliana FT gene. 6. The net hod
according to any of clainms 1 to 5, wherein the first

DNA construct further conprises a pronoter which is
capabl e of functioning in plant cells and is operably
linked to the nucl eotide sequence encoding the 5

chinmeric transcription factor. 7. A set of the

foll owi ng DNA constructs (i) and (ii): (i) a
first(1DNAaCenkbiryot eCorphbst Ngt Bomutd @aid dehistguenceapable

encoding a chineric transcription factor, wherein 10
@ Qﬂﬂé%QQQ§V?F§ﬁsPViﬁPPBﬁrf Stor conprises the

fol | owi)ng a)ycanrd Qkaﬁgcepgfﬁgﬁyféémﬁdﬂreﬂ&m@ %apable of
a) a DNA-binding domain of a first transcription

helnpraatiaaties dxpgpreest 1pei ngR@ct i vat ed by copper

ion'_éﬂd a tranch£ @igﬁaﬁégﬁéPtéé%@%e&“%fdﬁnéﬂgw east ACE1l
domai n of at |east One 15 second transcription factor

whiiath ils disffeérleno ff beimphactivated rinseopgst orerf.act or ;
and (ii) a second DNA construct encoding a

het er ol ogous gene which controls flowering tinme of a
pl ant4 . wgreeinethioel generdsngnteranheotaritgiols af ta 3,

et erool oqous pronpter capabl e 20_of bei ng stimyl
B THE GITIETeT 5GP BEPbICF abTOrobr i T 9P he Trom the
PFESE N A s tGRRPIE 1 ON. 8. The set of the DNA

constructs according to claim7, wherein the chineric
t ranscili pt itGiRIsEEiot 1rtr EREECEoRprd sE5T9%E as t he

oper ap}yy J iviked GLiSVBRNLS ractHANSEN P ARRl b g4ald @
domai n of the first transcription factor. 9.
Tirepkat WifrusheeDN&, constructs according to claim7 o

0t o BLP D SR SR RRELLR L L ARLS" s L Bl SAAR, ana
from tthe group "consistrng of: a

eukar yoit eclig arm@ itpingeriipetion fhcchriof cipaide sfmplex
bei ng activated by copper ion, (2) a yeast
Y+ahScription factor which is capable of being

activated by copper ion, and

5. The method according to any of claims 1 to 4,
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,

(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.
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5(3) a transcription factor derived fromthe yeast
ACEl1 which is capable of being activated by copper
ion. 10. The set of the DNA constructs according to
any ~of claims 7 to 9, wherein the second
transcription factor 10 is selected fromthe group
consi sting of: (1) a transcription factor of a
Vi rus, (2) a transcription factor of a virus
bel ongi ng to Si npl ex virus genus, (3) a
transcri phicometactioncobréEngeso samplak oliadws, latd 5,

R

BECH i@ aRaBy o@f fehat Bning oid Glaheralld kad is
het er ol ogous gene which controls 20 flowering t.ine %f
PRy 19 kel bte NPT BHF LREC HoUfF BHRES(THEFS the

SR At ngene seqBh @%51!::{:89.“ owering time, (2) an

angi osperm gene controlling flowering tine,
(3) a dicotyl edonous gene controlling flowering tine,

25(4), a ci.fer g j i i 4 -
o T SRRSOl W MRS ) B (10
time, (iAnch first DNB) canbkoweti ogmptheindrit roldlianf igene

geechllé/r?cde fern%rgdtihneg ér %%ii%%gﬂzst%gglsci: {‘S‘thn gﬁs[betorg,o 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 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 heterologous promoter capable
of being stimulated by the chimeric transcription factor of

(1) in the presence of copper ion.

8. The set of the DNA 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.

9. The set of the DNA constructs according to claim 7

or 8, wherein the first transcription factor is selected from

the group consisting of:
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12. The set of the DNA constructs according to any of
claims 7 to 11, wherein the first DNA construct
further conprises a pronoter which is capabl e of
functioning in plant cells and is operably linked to

t he nucl eotide 5 sequence encoding the chineric
transcription factor. 13. The set of the DNA
constructs according to any of clains 7 to 12, wherein
the first transcription factor is yeast transcription
f act o(1)ACEL dukatryiosec apahker ppt ilon b aigpracthivéat é¢ loppable
cogggr ion, the second transcription factor is the
LI IR R VEEEON Y aEPBPCH 1Rt pes si npl ex virus and

the heierql geers geanswhipbieantietsr fwiawer iirg dapemlef of
a plant is a flowering-time controlling gene derived
Pehy AU VEES OVt KEPP8KalRT: 3R, 15 14. The

set ofzf he, NA CORSHEYEHS raceor dhas:i $&u adondferd didlst? AcEL
to 13, wherein no 5 -untransl ated sequence of a

voich gis gamlile iodsbetiad bethwehed ey lr@Rfer:Fequence
and the codi ng sequence in the heterol ogous gene which
20 controls flowering tinme of a plant. 15. The

set ofot herHNAsetorst thet SNaccondingects aggowding daraniy

to 14, wherein the first construct_fur .
%Bn%&?%@%'ét¥éﬁhiﬂgFﬁﬁlﬁh£gﬁ PECR4Pab %n% }#ﬁﬁﬁﬁQ(ﬁﬁﬁﬁfr
io 25 &b Rl TreNdricsipopensbkyihgnked to the

nucl eoti de sequence encodi ng the _chineric

trans€}) i oirISEiGt 1oBndofherePh £hetEetond DNA

const paict, flurther e $8etart 8EMhNat flis Wit Ldhding to
capabl e of functioning in plant cells and is operably
Simkeekx toltue godisng sequence in the 30 heterol ogous

gene,&§ d V!?gﬁ%é}%é%i&ﬂ %%EggyAg%oﬁéEﬁégtsfﬁﬁﬁeir&irus, and

secon constru are l'igated at each term nator
side. (4) the VP16 G rahsurdmptionafstbopmedf wietPehesbaplex
of DNA constructs 5 of any of clains 7 to 15.
Y¥TUA: net hod of producing a transgenic plant with a
copper-induci ble control of flowering tinme conprising:

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,

(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.
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i ntroduci ng the set of DNA constructs of any of 10
clains 7 to 15 into a plant cell, regenerating a pl ant
fromthe plant cell, sel ecting a plant conprising
the DNA constructs, and grow ng the plant under
conditions that allow copper-inducible control of
flowering tine. 15 18. The nmet hod according to
any of clains 1 to 6, wherein the first transcription
factor is yeast transcription factor ACEl that is
capahie. ofTHeeiseg act that BNAbyorspperts arncdtie ngetondny

transcription factor is.VP16 transcr i on factor .20
%# (Eéar]ﬂ’é{ SitpIk V%Fﬁ?lﬁn hehELRRY e¢ ocgocglusstrélé:%e further

s SNty PronidteweihAght i Bec@baldl ®l @htfurkctdoning in
flowering-tinme controlling gene derived fro

AR dBPsiS ahiSaRReEFOGEnL1nked to the f@l.CTﬁ?é:ir‘?& hod
HNEIQARNG TheCkdlifBrict Orbnsér B dh Mheii.n no

5'-untransl at ed 'sequence of a foreign gene is inserted
bet ween the pronoter sequence and the codi ng sequence

int het.er ol Qqo e [ S ri [
of o ey 0 SRICH EhpEPLel i oneris il L
of atTwids to thy 12§ eheileinwhbeefnrshet fanstripdon factor

construct_ further conprises_a 1nator _which s
tRpERIE JFE FRTEIRS AR TR BFaﬁ%Eig} ﬁ%t and 7% atob St Sy
bé 1@ th 101 dhRed U5l eeippde sequepne escomd ngrénddieiption
chinmeric transcription factor, and wherein_the secon

PRt Bkt rithe RIG (EPRS6RpPLdes LaFErhi AatidT TR cHIiRiex

$aPab! £, of Ui 1RgduR BkaBt whaekhScaierdBs OB thg
l'inked to the coding sequence in the heterol ogous
gime, ofaral mkRsrtei i Bhé lowesi nPNALBENSPREED L RiRP t¥e

SEEO0S Bort a LAARIIHLYs 218 11508! 88 gbngach term nator

14. The set of the DNA constructs according to any of
claimg 7 to 13, wherein no 5'-untranslated sequence of a
foreign gene is inserted between the promoter sequence and
the coding sequence in the heterologous gene which

controls flowering time of a plant.

15. The set of the DNA constructs according to any of
claims 7 to 14, wherein 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, and
wherein the second DNA construct further comprises a
terminator which is capable of functioning in plant cells
and is operably linked to the coding sequence in the

heterologous gene, and wherein the first DNA construct and
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SEQUENCE LI STI NG <110> SUM TOMO CHEM CAL COVPANY

LI M TED <120> METHOD FOR CONTROLLI NG FLOWERI NG Tl ME OF
PLANT <130> 321491 <150> JP2008-225711 <151>

2008- 09-03 <160> 31 <210> 1 <211> 26 <212> DNA <213>
Artificial Sequence <220> <223> Desi gned

ol i gonucl eoti de priner for PCR <400> 1 atggatccat
ggtcgtaatt aacggg26 <210> 2

the second DNA construct are ligated at each terminator

side.

16. A plant transformed with the set of DNA constructs

of any of claims 7 to 15.

17. 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
claims 7 to 15 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.

18. The method according to any of claims 1 to 6,
wherein the first transcription factor is yeast transcription
factor ACE1l that is capable of being activated by copper ion,
the second transcription factor is VP16 transcription factor
of Herpes simplex virus and the heterologous gene which
controls flowering time of a plant is a flowering-time

controlling gene derived from Arabidopsis thaliana FT gene.

19. The method according to any of claims 1 to 6 or
18, wherein no 5’-untranslated sequence of a foreign gene
is inserted between the promoter sequence and the coding
sequence in the heterologous gene which controls flowering

time of a plant.
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<211> 29 <212> DNA <213> Artificial Sequence <220>
<223> Desi gned ol i gonucl eotide priner for PCR <400> 2
<210> 3 <211> 28 <212> DNA <213> Artificial Sequence
<220> <223> Designed ol igonucl eotide primer for PCR
<400> 3 aactcgagtt gtgaatgtga gttatgcg28 <210> 4

20. The method according to any of claims 1 to 6, 18
or 19, wherein 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, and wherein the second
DNA construct further comprises a terminator which is
capable of functioning in plant cells and is operably
linked to the coding sequence in the heterologous gene,
and wherein the first DNA construct and the second DNA

construct are ligated at each terminator side.
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<211> 21 <212> DNA <213> Artificial Sequence <220>
<223> Desi gned ol gonucl eotide priner for PCR <400> 4
acggctccac cgaccgacgt c21 <210> 5 <211> 23 <212> DNA
<213> Artificial Sequence <220> <223> Desi gned

ol i gonucl eotide prinmer for PCR <210> 6 <211> 21 <212>
DNA

SEQUENCE LISTING

<110>

<120>

<130>

<150>
<151>

<160>

<210>

<2115

212>

213>

<220>
223>

<400>

SUMITOMO CHEMICAL COMPANY, LIMITED

METHOD FOR CONTROLLING FLOWERING TIME OF PLANT

521491

JP2008-225711
2008-09-03

31

1

26

DNA

Artificial Sequence

Designed oligonucleotide primer for PCR

1

atggatccat ggtcgtaatt aacggg 26

<210>
211>
212>
213>

<220>
223>

<400>

2
29
DNA

Artificial Sequence

Designed oligonucleotide primer for PCR

2



<213> Artificial Sequence <220> <223> Desi gned

ol i gonucl eoti de priner for PCR <400> 6 ggacgaactc
cacttagacg g21 <210> 7 <211> 21 <212> DNA <213>
Artificial Sequence <220> <223> Desi gned

ol i gonucl eotide prinmer for PCR <400> 7 ccgtctaagt
ggagttcgtc c21 <210> 8 <211> 31 <212> DNA <213>
Artificial Sequence

tggagctcett attgtgaatg tgagttatg 29

<210> 3

211> 28

<212> DNA

<213> Artificial Sequence

<2207

<223> Designed oligonucleotide primer for PCR

<400> 3

aactcgagtt gtgaatgtga gttatgeg 28

<210> 4

211> 21

<212> DNA

<213> Artificial Sequence

<2207

<223> Designed oligonucleotide primer for PCR

<400> 4

acggctccac cgaccgacgt ¢ 21

<210> 5

<211> 23

<212> DNA

<213> Artificial Sequence

220>

<223> Designed oligonucleotide primer for PCR

<400> 5



<220> <400> 8 tactegagtc aacggctcca ccgaccgacg t31
<210> 9 <211> 35 <212> DNA <213> Artificial Sequence
<220> <223> Desi gned ol gonucl eotide priner for PCR
<400> 9 aagagctctt acccaccgta ctcgtcaatt ccaag35 <210>
10 <211> 32 <212> DNA <213> Artificial Sequence <220>
<223> Desi gned ol i gonucl eotide priner for PCR <400> 10
t aagat ct at caacggctcc accgaccgac gt 32

ctacccaccg tactcgtcaa tte 23

<210> 6

211> 21
<212> DNA
213> Artificial Sequence

220>

223> Designed oligonucleotide primer for PCR

<400> 6

ggacgaactc cacttagacg g 21

210> 7

211> 21

<212> DNA

<213> Artificial Sequence

220>
<223> Designed oligonucleotide primer for PCR

<400> 7

ccgtctaagt ggagttcgtc ¢ 21

<210> 8

<211> 31

<212> DNA

<213> Artificial Sequence

220>
223> Designed oligonucleotide primer for PCR

-3-



<210> 11 <211> 15 <212> DNA <213> Artificial Sequence
<220> <223> Desi gned ol i gonucl eoti de for adapter
<400> 11 ggccgcgagc tcagt1l5 <210> 12 <211> 12 <212>
DNA <213> Artificial Sequence <220> <223> Desi gned
ol i gonucl eoti de for adapter <400> 12 gactgagctc gcl2
<210> 13 <211> 52 <212> DNA <213> Artificial Sequence
<220> <223> Desi gned ol i gonucl eotide for DNA fragnent
<ado® e substituted <400> 13 agettagega tgcgtctttt
ccgctgaacc gttccagcaa aaaagactag at52 <210> 14 <211>
tact8gag2t macPiNAcee2d@scoReat fti ci al Bequence

<210> 9

211> 35

<212> DNA

<213> Artificial Sequence

<220>

223> Designed oligonucleotide primer for PCR

<400> 9

aagagctctt acccaccgta ctegtcaatt ccaag  3b

<210> 10

211> 32

<212> DNA

<213> Artificial Sequence

220>

<223> Designed oligonucleotide primer for PCR

<400> 10

taagatctat caacggctcc accgaccgac gt 32

210> 11

211> 15

<212> DNA

<213> Artificial Sequence

<2205

<223> Designed oligonucleotide for adapter

-4-



<220> <400> 14 atctagtctt ttttgctgga acggttcagc

ggaaaagacg catcgctad48 <210> 15 <211> 32 <212> DNA

<213> Artificial Sequence <220> <223> Desi gned

ol i gonucl eotide primer for PCR <400> 15 tagatatcgc

aagaccottc ctctatataa gg32 <210> 16 <211> 23 <212> DNA

<213> Artificial Sequence <220> <223> Desi gnhed

ol i gonucl eoti de prinmer for PCR <400> 16 atcctetaga
<406cqgccgtg ttc23

ggccgegage tcagt 15

<210> 12

211> 12

<212> DNA

<213> Artificial Sequence

220>

223> Designed oligonucleotide for adapter

<400> 12
gactgagctc gc 12

<210> 13

<211> 52

<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-



<210> 17 <211> 27 <212> DNA <213> Artificial Sequence
<220> <223> Desi gned ol i gonucl eoti de priner for PCR
<400> 17 gctatgacca tgattacgcc aagcttg27 <210> 18
<211> 27 <212> DNA <213> Artificial Sequence <220>
<223> Desi gned ol i gonucl eotide priner for PCR <400> 18
cattgttata tctccttgga tccgtcg27 <210> 19 <211> 26
<212> DNA <213> Artificial Sequence <220> <223>
<afesigned ol i gonucl eotide priner for PGR <400> 19
t agat at ac cacgtccata agggac 26 <210> 20 <211> 27 <212>
atONAt &2 B tpgteed pegedlcoge fgatregace catcgcta 48

<210> 15

211> 32

<212> DNA

<213> Artificial Sequence

220>

<223> Designed oligonucleotide primer for PCR

<400> 15

tagatatcge aagaccctte ctctatataa gg 32

<210> 16

211> 23

<212> DNA

<213> Artificial Sequence

220>
<223> Designed oligonucleotide primer for PCR

<400> 16

atcctctaga gtccccegtg ttc 23

210> 17

211> 27

<212> DNA

<213> Artificial Sequence

<220>

<223> Designed oligonucleotide primer for PCR

-6-



<220> <223> Designed ol igonucl eotide primer for PCR
<400> 20 aatctagact gcaggtcgtc ctacca27 <210> 21 <211>
16 <212> DNA <213> Artificial Sequence <220> <223>

< Desi gned ol igonucl eotide for adapter <400> 21
ggtacctcga gtcgacl6 <210> 22 <211> 16 <212> DNA <213>
Artificial Sequence <220> <223> Desi gnhed
ol i gonucl eoti de for adapter <400> 22 gtcgactcga

4@t gccle <210> 23 <211> 34 <212> DNA <213> Artifici al

Sequence <220>
gctatgacca tgattacgee aagetig 27

<210> 18

211> 27

<212> DNA

<213> Artificial Sequence

220>
223> Designed oligonucleotide primer for PCR

<400> 18

cattgttata tctccttgga tccgteg 27

<210> 19

211> 26

<212> DNA

<213> Artificial Sequence

220>
<223> Designed oligonucleotide primer for PCR

<400> 19

tagatatctc cacgtccata agggac 26

<210> 20

211> 27

<212> DNA

<213> Artificial Sequence

220>

<223> Designed oligonucleotide primer for PCR

-7-



<400> 23 taatctagaa tgtctataaa tataagagac cctc34 <210>
24 <211> 28 <212> DNA <213> Artificial Sequence <220>
<223> Desi gned ol gonucl eotide priner for PCR <400> 24
;atagagctcc taaagtcttc ttcctccg28 <210> 25 <211> 34
<212> DNA <213> Artificial Sequence <220> <223>
Desi gned ol i gonucl eotide prinmer for PCR <400> 25
taaggatcca tgtctataaa tataagagac cctc34 <210> 26 <211>
4@ €@12> DNA <213> Artificial Sequence <220> <400> 26

aatctagact gcaggtcgtc ctcetceca 27

210> 21

211> 16

<212> DNA

213> Artificial Sequence

<220>

<223> Designed oligonucleotide for adapter

<400> 21

ggtacctcga gtcgac 16

210> 22

211> 16

<212> DNA

<213> Artificial Sequence

<220>

<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-



gaacat ct gg atcgaccata accaaagta29 <210> 27 <211> 29

<212> DNA <213> Artificial Sequence <220> <223>

Desi gned ol i gonucl eotide prinmer for PCR <400> 27

tactttggtt atggtcgatc cagatgttc29 <210> 28 <211> 25

<212> DNA <213> Artificial Sequence <220> <223>

Desi gned ol i gonucl eotide prinmer for PCR <400> 28

gacacgat ga atacctgcag tggga25 <210> 29 <211> 25 <212>
4BNA95213> Artificial Sequence <220> <223> Desi gned

ol i gonucl eotide prinmer for PCR <400> 29 tcccactgca
tagtpttagdac ttctgftage d@abragagac ccte 34

210> 24

211> 28

<212> DNA

<213> Artificial Sequence

<220>

<223> Designed oligonucleotide primer for PCR

<400> 24

atagagctcce taaagtcttc ttcctecg 28

<210> 25

211> 34

<212> DNA

<213> Artificial Sequence

220>

223> Designed oligonucleotide primer for PCR

<400> 25

taaggatcca tgtctataaa tataagagac cctc 34

<210> 26

211> 29

<212> DNA

<{213> Artificial Sequence

220>

<223> Designed oligonucleotide primer for PCR

-9.



<210> 30 <211> 35 <212> DNA <213> Artificial Sequence
<220> <223> Desi gned ol i gonucl eoti de for adapter <400>
30 agcttgaatt cgtcgacgg tacctaggac gagctc35 <210> 31
<211> 35 <212> DNA <213> Artificial Sequence <220>
<223> Desi gned ol i gonucl eoti de for adapter <400> 31
aattgagetc gtcctaggta ccgtcgacga attca35

<400> 26

gaacatctgg atcgaccata accaaagta 29

210> 27
211> 29
<212> DNA

<213> Artificial Sequence

<220

<223> Designed oligonucleotide primer for PCR

<400> 27

tactttggtt atggtcgatc cagatgttc 29

210> 28

211> 25

212> DNA

<213> Artificial Sequence

<220>

<223> Designed oligonucleotide primer for PCR

<400> 28

gacacgatga atacctgcag tggga 25

<210> 29

211> 25

<212> DNA

<213> Artificial Sequence

<2207

223> Designed oligonucleotide primer for PCR

-10 -



<400> 29

tcccactgeca ggtattcate gtgte 25

<210> 30

211> 35

<212> DNA

213> Artificial Sequence

<220>

223> Designed oligonucleotide for adapter

<400> 30

agcttgaatt cgtcgacgg tacctaggac gagctc 35

<210> 31

<211> 35

<212> DNA

<213> Artificial Sequence

220>
<223> Designed oligonucleotide for adapter

<400> 31

aattgagete gtcctaggta ccgtcgacga attca 35
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