TRANSFORMED CELL CO EXPRESSI NG CYTOKI NI N RECEPTOR AND CYTOKI NI N

Bl OSYNTHESI S ENZYME BACKGROUND OF THE I NVENTION 5 FIELD OF THE | NVENTI ON
The present invention relates to a nethod for analyzing agonist-activity
and antagoni st-activity of an exam nee to cytokinin receptor. DESCRI PTI ON
OF THE RELATED ART 10 Cytokinins are plant hornones relevant to cel
division and differentiation of higher plants and are known as i nportant
physi ol ogi cally active substances having functions of inducing division of

cells of t WEf Lati i Tﬁgﬁcﬁﬂﬂl

| eaves, pr evenﬁpﬁg%gt%%ﬁbp EREEE%@EN@%@%#@%@C%%@%M roppi ng of
fruits, breaking dom nance of 8%%%%, ﬁgﬁ%%he | i ke [ Cyt oki nins:

Chem stry, Activity, and Functlon pr €ss 94) 1] . In recent years,
it has been found that the key enzyne of cytokinin biosynthesis of plants
IS isopentenyltransferase and that this enzynme transfers an 20 isopentenyl

group of dipethylallyl '%¥§¥§§5Q§D 2gpqg§£§éhﬂﬁﬂ%%§%rlphosphate and{or
adenosi ne-5' - di phosphat e |1 o) 01) 42, 677-685; J.
Bi ol . CFeg&géﬁpg%) H%Z? 8%$ﬁ§%?$6410 and W2002072818A1]. Substances
having th t; & ng 25 bi osynthesis of cytoklnlns can be
used as plant grgufegul atorss:; dn' O ANy AIEALE LS MISNpNHg the
agonist-activity and antagonist-activity of an examinee to
cytokinin receptor.
DESCRIPTION OF THE RELATED ART
10 Cytokinins are plant hormones relevant to cell division
and differentiation of higher plants and are known as important
physiologically active substances having functions of inducing
division of cells of higher plants, differentiating callus or
pithtostemgandleaves, preventingethiclatinganddefoliating,
15 preventingdroppingof fruits, breakingdominanceof apical buds,
and the like [Cytokinins: Chemisgtry, Activity, and Function,
CRC press (1994)]. In recent years, it has been found that the
key enzyme of cytokinin biosynthesis of plants is
isopentenyltransferase and that this enzyme transfers an
20 isopentenyl group of dimethylallyl diphosphate to
adenosine-5' -triphosphate and/or adenosine-5‘-diphosphate
[Plant & Cell Physiol. (2001) 42, 677-685; J. Biol. Chem. (2001)
276, 26405-26410; and W02002072818A1].

Substances having the activity of controlling

25 biosynthesisof cytokinins canbeusedasplant growthregulatoers,



as appl es and oranges, agents for preventing plants such as rice plants
and wheat fromfalling down by regul ating the height of such plants,
agents for increasing sweetness of fruits after 5 harvest, and agents for
suppressing axillary buds of tobaccoes or roses. As a nethod for finding
such substances having the activity of controlling biosynthesis of
cytokinins, a nethod, in which exam nee substances are directly sprayed to
pl ants to observe 10 and eval uate the physiol ogi cal changes of the plants,

can be epployed.,fhe Algramenti g?ggggﬁgﬂg%ﬁgﬁ%&iﬁ%@S%Jf?‘\flwétsdéhi S

necessary to prepare t exam ne Icrent to
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I nventors, Qf the present invention have_intensi\vel investigated in such
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cytokininorec% tor and a cytokinin 2 biosynthesis enzyne for use in

anal yzi ng thé gfrvity of controlling biosynthesis of cytokinins of

xam n o . ,
exam nee SUbStaﬂg%fmethodforflndlngsuchsubstanceshav1ngtheact1v1ty

of centrolling biosynthesis of cytokining, a method, in which
examinee substances are directly sprayed to plants to observe

10 and evaluate the physioclogical changes of the plants, can be
emplovyed.

The aforementioned method has a prcocblem in that it is
necessary to prepare the examinee substances in amounts
sufficient to directly spray them to plants and it takes a great

15 deal of time to grow the plantsg and to observe and evaluate the
physiclogical changes of the plants after spraying of the
examinee substances. Therefore, there has been a demand for
development of various methods for quickly finding substances
having the activity of controlling biosynthesis of cytokinins

20 with small amounts of examinee substances.

SUMMARY OF THE INVENTION
Inventors of the present invention have intensively
investigated insuchsituations and they have found a transformed

25 cell co-expressing a cytokinin receptor and a cytokinin



and qui ckly searching substances having the activity of controlling

bi osynthesis of cytokinins with small anmounts of 5 sanples, leading to the
conpl etion of the present invention. The present invention provides: 1. A
cell transformed with a pol ynucl eoti de conprising a nucl eoti de sequence
encoding an am no acid sequence of a cytokinin receptor and 10 a

pol ynucl eoti de conprising a nucl eoti de sequence encoding an amno acid
sequence of a cytokinin biosynthesis enzynme (hereinafter sonetines

oot or S BBr P EAE SLTRE, Fop 2t L0 asR0ReRl PSRN e

t ransf or accor to C a|n11 erern s n|n receptor
I's selectgd, T; g L g Qigg\fngﬁé‘éiétéé‘%g%o& ?)5 ﬁbcé’%ar%? Aoy sfu%c 06e$av' ng
the amino acrd sequ nce " fepresented by 5 |m
receptor ani_ng Cld seguence RL Ees EQ. 1D 4; 20
(c) a cytoﬁlnlﬁ Fgggpﬁgﬁrﬁ %8 ainG i@v&ngé uen t§r§%’es§?ted by SEQ
| D No: 6; arti nsnenbrane_r.egi on deI t tokl n
Feceptor C%@%raliwgkﬁﬁf)ﬁwé@sm ST reRPRERan T acfv%ly et
represent ed b% cids 196 to 117£ of SEQ%!Q% %h&ﬁé a %ytoklnln
receptof RAVPHGSY h ea NG 501 O AL P a7 it GO 7 L Y S 4 50 1 0
1176 of SEQ ID %Q ; , ,
e present invention provides:
1. A cell transformed with
a polynucleotide comprising a nucleotide sequence enceding an
amino acid sequence of a cytckinin receptor and
10 a polynucleotide comprising a nucleotide seguence encoding an
amino acid sequence of a cytckinin biosynthesis enzyme
(hereinafter sometimes referred to as a transformed cell of the
present invention) ;
2. The transformed cell according to claim 1, wherein said
15 cytokinin receptor is selected from the group consisting of:
(a) a cytokinin receptor having the aminc acid seguence
represented by SEQ ID No: 2;
(b) a cytokinin receptor having the aminc acid seguence
represented by SEQ ID No: 4;
20 (c) a cytokinin receptor having the amino acid seguence
represented by SEQ ID No: §&;
(d} a partially transmembrane region-deleted type
cytokinin receptor;
(e) a cytokinin receptor having the amino acid seguence

25 represented by amino acids 196 to 1176 of SEQ ID No: 4;



(g) a cytokinin receptor having the am no acid sequence represented by

am no acids 32 to 1036 of SEQ ID No: 6; 5 (h) a chinera-type cytokinin
receptor conprising an extracellular region of the cytokinin receptor,
transmenbrane regions of the cytokinin receptor, a histidine kinase region
of the cytokinin receptor, and a receiver region of the histidine kinase,
wherein said extracellular region, said transnenbrane 10 regi ons and said
hi sti di ne ki nase regi on are honogeneous to one another and the receiver
region is heter ngo , ' QK] ni tor. ' e am no
aci d sequence 0189?5 w‘i@?%%% %ecé%ee%la h%(’gl%g gb@( é@ggmgt%ﬂcgla%%#‘gen%&e

substi t ut bop, .0, addbL] a0f AN O < RIralid Y ofsamie gl gs; and 15 (j)
a cytokinin‘receptor ving an am no “aci d sequence codeéhby’a nucl eoti de
sequence of a pgbynucleotide wher ei.n §9%g o%%nucleotide. ybri di zes under

a stringent condffion Yo B HoINHIH 6t iife a2 ma " Rutt 2ot equence
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wher ei n saig C H kinin bi osynthesis enzyne.is selected fromth roup 25
consi st i nG bFACKLANI ST ESPORNH ™ HiSoSYHPRABEE ERoSHEOhai T SRR aci d
sequence re r.esent

d SE No: 8;
egions o% tgg cyg%ﬂggin receptcor, a histidine kinase region

of the cytokinin receptor, and a receiver region of the histidine
kinase, wherein said extracellular region, said transmembrane

10 regions and said histidine kinase region are homogeneous to one
another and the receiver region is heterogeneous thereto;

(1) a cytokinin receptor having the amino acid sequence

of (a), (b), (c), (e), (f), or (g) with deleticn, substitution,
or addition of one or a plurality of amino acids; and

15 (1) a cytokinin receptor having an amino acid sequence
enceded by a nucleotide seguence of a polynuclectide, wherein
said polynucleotide hybridizes under a stringent condition to
a pelynucleotide that has a nucleotide sequence complementary
to a nucleotide sequence encoding the aminc acid seguence

20 represented by SEQ ID Nos: 2, 4, or &;
3. The transformed cell according to claim 1, wherein said
cytokinin biosynthesis enzyme is a isopentenyltransferase;
4. The transformed cell according to c¢laim 1, wherein said
cytokinin biosynthesis enzyme is selected from the group

25 consisting of:



(b) a cytokinin biosynthesis enzynme having the am no acid sequence
represented by SEQ ID No: ‘10; 5 (c) a cytokinin biosynthesis enzyne havi ng
the ami no acid sequence represented by SEQ ID No: 12; (d) a cytokinin

bi osynt hesi s enzyne having the ami no acid sequence represented by SEQ ID
No: 14; (e) a cytokinin biosynthesis enzyne having the am no acid 10
sequence represented by SEQ ID No: 16; (f) a cytokinin biosynthesis enzyne
having the ami no acid sequence represented by SEQ ID No: 18; (g) a

Kinin bi hesi | . e A . q
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to claim ]s"eq\ll\lg%lé:eei r%e%ariedse%%leld biys S%:%aslﬁj N%n:d 12;

(d) a cytokinin biosynthesis enzyme having the amino acid

seguence repregented by SEQ ID No: 14;

(e) a cytokinin biosynthesis enzyme having the amino acid

10 seqgquence represented by SEQ ID No: 16;

(f) a cytokinin biosynthesis enzyme having the amino acid
seguence represented by SEQ ID No: 18;

(g) a cytokinin biosynthesis enzyme having the amino acid
gegquence represented by SEQ ID No: 20;

15 (h) a cytokinin biosynthesgsis enzyme having the amino acid
gseguence represented by SEQ ID Nes: 8, 10, 12, 14, 16, 18, or
20withdeletion, substitution, oradditionof one oraplurality
of amino acids; and

(i) a cytokinin biosynthesis enzyme having an amino acid

20 seguence encoded by a nucleotide sequence of a polynuclectide,
wherein said polynucleotide hybridizes under a stringent
condition to a polynucleotide that has a nucleotide sequence
complementary to a nucleotide sequence encoding the amino acid
seqguence represented by SEQ ID Nos: 8, 10, 12, 14, 16, 18, or

25 20;



6. The transfornmed cell according to claim1, wherein said cell is budding
yeast. 5 Further scope of applicability of the present invention wll
beconme apparent fromthe detail ed description given hereinafter. However,
it should be understood that the detailed description and specific

exanpl es, while indicating preferred 10 enbodi nents of the invention, are
given by way of illustration only, since various changes and nodifications
within the spirit and scope of the i nventi on wll becone apparent to those

skilled nt rt. frromth t descri t ho
speci ficafi onﬁg%g nSfO rg}erésév\g?c cfooﬁqm\ﬁ €6 f@ eéswk}ﬁe co%%eEi rslelqw res

ot her w sey t pgawprd %orrprl se", and variations such as "conprises" and
"conprising"; W il I’ under st ood to i nply the inclusion of a stated

i nteger og st er rSLep; but . not the excl ysi of any
other i nbeger™ %&O el sl g LA S P nee P O
OF THE PRIiEFEﬁRggEEI\/BCDI NTS Hereinafter, the present |nvent| on wll be
descri bed*Fn”“H&¢EF Y<A® yt oki ni n bi osynt heti c pat hway in plants has been

25 cons%dered to include isopentenylation of sone kind of adenine 6
structure, because cytokinins contain an isopentenyl group or a

hydr oxyl at ed i sgpe Qhenyécgégucpf alprfalrlec% 11%;&%% thcte Ehggsgggnmventlon

will become apparent from the detailed description given
hereinafter. However, it should be understood that the detailed
description and specific examples, while indicating preferred
10 embodiments of the invention, are given by way of illustraticn
only, since various changes and modifications within the spirit
and scope of the invention will become apparent to those skilled
in the art from this detailed description.
Throughout this specificationandthe claims which follow,
15 unless the context requires otherwise, the word "comprise", and
variations such as "comprises" and "comprising", will be
understeoed to imply the inclusion of a stated integer or step
or group of integers or steps but not the exclusion of any other
integer or step or group of integer or step.
20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, the present invention will be describked in
detail.
A cytokinin biosynthetic pathway in plants has been

25 considered to include isopentenylation of some kind of adenine



found that the key step of cytokinin biosynthesis in plants is

i sopent enyl ati on of adenosine-5'-triphosphate and/or 5
adenosi ne-5' -di phosphate with di net hylallyl diphosphate as i sopentenyl
donor, nore concretely, transfer of an isopentenyl group from

di met hyl al | yl di phosphate to N6 of adenosine-5'-triphosphate and/ or
adenosi ne-5' - di phosphate. An enzyne which can catal yze the

i sopentenyl ation, nore 10 concretely, an enzynme which can catal yze the

t f th i t I . h i . I f o
F epr esont SEFV8 RS HpPE B o e, TOR TN B cy et rl oroheat PRV SIS pn | The
t i ion., 15 Pr.acti cal I f_th kKinin hi t.h
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t by . SE D No. 8: cyt oki.ni i Nt hesi .
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bi t hesi havi t.h i i 0. ted by SEQ ID
s 3D e P e HIH LBy Eo e TR o R AR sequance
t by SEQ | D s 14; t.oki ni.n bi hesi havi th
o o et gUeBbaaBnze r EgFEsERTEd Sy 1P DR RS OIS G5 ot hesi s
enzyne having the a 0 acid sequence represented_b c%EQ%LD No: 25 %g; a
cyt oki ni nlﬁpgﬂ?ﬁf‘ﬁé'g]i go%?ﬁyﬁ@rﬁa???ﬁﬁr?ﬁ@ %{MW%‘?# LR TP esent ed

by SEQ ID No: 20Q; a cytokinin_bigsynthesis enzyne h%%lng the am no acid
sequence PERHBsERCEdIBFeSEHPDlNGs dipgospiatey oINS £ 18, or 20 with

del etion, substitution, or . ,
adenosine-5'-triphosphate and/or adenosine-5'-diphosphate.

An enzyme which can catalyze the isopentenylation, more

10 concretely, an enzyme which can catalyze the transfer of the
iscopentenyl group, such as isopentenyltransferase, is a
representative example of cytokinin biosynthesis enzyme to be

used in the present invention.

15 Practical examples of the cytokinin biosynthesis enzymes
are a cytokinin biosynthesis enzyme having the amino acid
sequence represgented by SEQ ID No: 8; a cytokinin biosynthesis
enzyme having the amino acid sequence represented by SEQ ID No:
10; a cytokinin biosynthesis enzyme having the amino acid

20 sequence represented by SEQ IDNo: 12; a cytokinin biosynthesis
enzyme having the amino acid sequence represented by SEQ ID No:
14; a cytokinin biosynthesis enzyme having the amino acid
sequence repregented by SEQ ID No: 16; a cytokinin biosynthesis
enzyme having the amino acid sequence represented by SEQ ID No:

25 18; a cytokinin biosynthesis enzyme having the amine acid



addition of one or a plurality of amno acids; a cytokinin 5 biosynthesis
enzynme having an am no acid sequence encoded by a nucleotide sequence of a
pol ynucl eoti de, wherein said polynucleotide hybridizes under a stringent
condition to a polynucleotide that has a nucl eoti de sequence conpl enentary
to a nucleotide sequence encoding the am no acid sequence 10 represented
by SEQ ID Nos: 8, 10, 12, 14, 16, 18, or 20; acytokinin biosynthesis
enzyme having an am no acid sequence encoded by a nucl eotide sequence of a

pol ynucl eg%gggn%ﬂ%rﬁ%%?%%%?% éo%f%g@%ﬁdagﬁ%tzi?&- %ygv{z&gfc%ﬁ%n%%%gr&ﬁé idgent

condi tion a nucl’eot I de sequence€ conplenentary
to 15 the h q%}ﬂ$ ence . % § | 12 NQs; 7,%@ 13, 15,
17, or 19;69§% %t ée Iflig.%%l %ﬁ% e%%ﬁ%g&ﬁ relg%ﬁr% s?ee,g% a %pPera F%JI‘{)%S ‘an no
aci ds", ans .no particul y 2. 1.0 . 20 am no i§§. d. for exanpl e,
2 to 10 gﬁi’ngoac?gs gé\d ggtg{éS %fn%’n% walctf%sder%aeyt rgen’exsfjalucrrhi) |]Tt|6h(':,!:dl.O { sogr, t he
phrase, " a,%l?ii%@oﬂoo%ooad d Sequence ... vC\),i g d%loeti (?LE-I _suabsct itto tiinoln or
addi ti on of “one a Bﬁupgllt? of %&iﬁb ciPdehe fearrs fas e%%np &5 hose
havi ng 5tﬁeoam' ne aci d seﬁluenées.of whi ch. 80%% or hi%erﬁ%\;r efcercﬁbégb 90% or
hi gher , > afdR8FEFPaPePREF 988y SPInFPhaTL AP T HR M TRAT T tH CIHe fquences
of the am ng a idﬁﬁagfore t he deletion,l %gﬁﬁub Lg%yti n _or, addi,tj on of
ami no aci BsCPCACARIAS SEPHCSEEUGICE DS YAUTICE) 16F ‘s0AE 1 G
particularly 90%or higher, and nore preferably 95% or hj.gher). Those
bhr ases, PP i ABtAGEd "Y¥GaEnEE® ISR R dbrdrsne conditicn to 2
pelynuclecotide that has a nuclectide sequence complementary to
a nucleotide sequence encoeding the amino acid sequence
10 representedby SEQIDNos: 8, 10, 12, 14, 16, 18, or 20; acytokinin
biosynthesis enzyme having an amine acid seguence encoded by
a nucleotide sequence of a polynucleotide, wherein said
polynucleotide hybridizes under a stringent condition to a
polynuclecotide that has a nucleotide sequence complementary to
15 the nucleotide sequence represented by SEQ ID Nos: 7, 2, 11,
13, 15, 17, or 19; and the like. Incidentally, the phrase, “a
plurality of amino acids®, means more particularly about 2 to
20 amino acids and for example, 2 to 10 amino acids and 2 to
5 amino acids may be exemplified. Also, the phrase, “the amino
20 acid sequence ..with deletion, substitution, or addition of one
or a plurality of amino acids”, means as examples those having
the amino acid sequences of which 80% or higher, preferably 20%
or higher, and more preferably 95% or higher are identical with

the seguences of the amino acids before the deletion,

25 substitutionor additionof aminoacids (i.e. amino acidsequence



substitution, or addition of one or a plurality of amno acids" 5 or "the
am no aci d sequences of which 80% orhigher ... are identical"” include am no
aci d sequences of the proteins provided by the intracellular processing to
whi ch proteins having the amno acid sequences represented by SEQ I D Nos:
8, 10, 12, 14, 16, 18, or 20 are subjected, and the natural variations
caused by 10 differences in type of organisns fromwhich the proteins are
derived, differences in individual bodies, differences in tissues, and the

li k A cyt.oki t t t f 15 trol
theepropéégtgpkﬂkgn%f&%%f BF e et of =ar ore g DU in B S SR 3REY on ¢ ne
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whil e bein f c bon with cytokinin ch as. purj e type 20
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kinase fam |y and is protein compo extracel lul ar ions, Y
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hIStIdlne_kIT ée activity in the cell 9 and holding Hi sti é?$ residue to
be an actrt{e-¥ ?e?mlnanﬁcF@c%?g%?nc?%g?%n%h?rQﬁﬁ?ﬁﬁﬁ?uRﬁQﬁf Septton part
for phosphate group transfer and hol ding Aspartic acid residye to be an
active sitBfracplipt ﬁéar%%ﬁﬁﬂr&temw EWB%}WF hevadgpilys agigogcid

sequences repregented by SEQ ID Nog: 8, 10, 12, 14, 16, 18, or
20 are subjected, and the natural variations caused by

10 differences in type of organisms from which the proteins are
derived, differences in individual bodies, differences in

tissues, and the like.

A cytokinin receptor is a protein having functions of
15 controlling the propagation and differentiation of cells of
higher plants based on the intracellular signal transduction
mechanism so-called Two-Component regulatory system (or
Histidine to Aspartic acid phosphcrelay system) while being
specifically bonded with cytokinins such as purine type
20 cytokinins, e.g. kinetine, zeatine, and the like, and urea type
cytokinins, e.g. N-phenyl-N'- (4-pyridyl)ureaandthelike. The
cytokinin receptor to be used in the present invention belongs
te the histidine kinase family and is protein composed of
extracellular regions, transmembrane regions, histidine kinase

25 regions (regions having histidine kinase activity in the cell



5 cytokinin receptor having the am no acid sequence represented by SEQID
No : 2; a cytokinin receptor having the am no acid sequence represented by
SEQ I D No: 4; a cytokinin receptor having the amno acid sequence
represented by SEQ ID No: 6; a cytokinin receptor having the am no acid
sequence represented by SEQ ID 10 No: 2 with deletion, substitution, or
addition of one or a plurality of am no acids; a cytokinin receptor having
the amino acid sequence represented by SEQ ID No: 4 with del etion,

substituti . Or;addi.tion.of one of a, plurality.of 1 NO i.ds;
cyt oki ni na?lgcheogt%ﬁl g\%lsﬁédtlﬁg raerﬁ1nc{ouea5|8c}i)esae%]35%&%%52%]?%)5@%%‘3&%1%6]gi/el;sEQ | D
No;: 6 with del eti substjtution addi ti on_of one | ural i of

n 5 9L 9 or. g nl t
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a nucl eotide_sequence, of .a ol ynycl eotide, wherejn,said l.ynucl eoti de
b ek taRa et A PRl e AT Bk et A et pRE VR L |
nucl eoti de 20 sequence conpl enent ar a nucl eot.i de se nce encodi ng the
ani no acid sequ§%88§1f:3‘ rgggﬁ‘lgg&sb?%ségel ﬁyﬁg}uimar g%orﬁ A% Scept gr
havi ng an_am no acid seguen e encoded by .a nucleotide sequence of a
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condition,to olgnucleotigg,that 25 has _a nucl eoti de sequence
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sequences re resent%q by SEQ ID No: 4; a cytokjnin recggt r having an
ani no aci 4°BEGGEREE eHKgEEQ BY Na:ndcl 2OTY HF SR STREERT %fﬁﬂﬁ%ﬁﬂj tide,

wherein said polynucleotide hybridizes under_a stringent condition to a
amino acid seguence represented by SEQ ID No: 6; a cytokinin

receptor having the amino acid sequence represented by SEQ ID
10 No: 2 with deletion, substitution, or addition of one or a
plurality of amino acids; a cytokinin receptor having the amino
acid sequence represented by SEQ ID No: 4 with deletion,
substitution, or addition of one or a plurality of amino acids;
a cytokinin receptor having the amino acid sequence represented
15 by SEQ ID No: 6 with deletion, substitution, or addition of one
or a plurality of amino acids; a cytokinin receptor having an
amino acid sequence encoded by a nucleotide seguence of a
polynucleotide, wherein said polynucleotide hybridizes under
a stringent condition to a polynucleotide that has a nucleotide
20 geguence complementary to a nucleotide sequence encoding the
amino acid sequences represented by SEQ ID No: 2; a cytokinin
receptor having an amino acid sequence encoded by a nucleotide
sequence of a polynucleotide, wherein said polynucleotide
hybridizes under a stringent condition to a polynuclectide that

25 has anucleotide sequence complementary to anucleotide sequence

10



5 pol ynucl eotide that has a nucl eoti de sequence conplenentary to a

nucl eoti de sequence encoding the am no acid sequences represented by SEQ
I D No: 6; a cytokinin receptor having an am no acid sequence encoded by a
nucl eoti de sequence of a polynucl eotide, wherein said pol ynucl eoti de
hybri di zes under 10 a stringent condition to a polynucl eotide that has a
nucl eot i de sequence conplenentary to the nucl eoti de sequence represented
by SEQ I D Nos: 5; cytokinin receptors of partially transmenbrane
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identity of 80% or .higher, 25 partlcularl 90@6or he and nore
preferabl § §5656P HighSEAUCLESTRESE Pica s aqﬁﬂ?eﬂﬁiQJ%QQQ?Qﬁﬁﬁence .
with deletion, substitution or addltlon of am no aci ds' "the am no acid
sequences ISPTREFCH ©80% SECHNer €1 @ Pk ifuTt FESFPEPR au‘ﬂ’é‘%ﬁf‘r?d“l%l d

sequences of the proteins provided by the intracellul ar
acid sequence encoded by a nucleotide sequence of a

polynucleotide, wherein said polynucleotide hybridizes under
10 a stringent condition to a polynucleotide that has a nucleotide
geguence complementary to the nuclectide sequence represented
by SEQ ID Neos: 1, 3, or 5; cytokinin receptors of partially
transmembrane region-deleted typewhichwill bedescribed later;
chimera-type cytokinin receptors whichwill be described later;
15 and the like. Incidentally, the phrase, “a plurality of amino
acids”, means more particularly about 2 tc 20 amino acids and
for example, 2 to 10 amino acids and 2 to 5 amino acids may be
exemplified. Also, the phrase, “the amino acid sequences ..with
deletion, substitution, or addition of one or a plurality of
20 amino acids”, means as examples those having the aminc acid
seqguences of which 80% or higher, preferably 20% or higher, and
more preferably 95% or higher are identical with the segquences
of the amino acids before the deletion, substitutionor addition
of aminoacids (i.e. aminoacid sequence identityof 80%or higher,

25 particularly 90% or higher, and more preferably 95% or higher) .
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5 processing to which proteins having the am no acid sequences represented
by SEQ ID Nos: 2, 4, and 6 are subjected, and the natural variations
caused by differences in type of organisns fromwhich the proteins are
derived, differences in individual bodies, differences in tissues, and the
i ke. 10 The phrase, "sequence identity", in the present invention neans
the identity and honol ogy between two DNA sequences and between two
protein sequences. The sequence identity may be determi ned by conparing

two sequences aﬁrhggg%e hPa L€ Qpct Wi ha St %%c}dérﬂcée%i’ﬁ‘hcgelt y pEduences

of the conparison o The or proteins e conparlson ] €ct s,

may have BHE;;E;LQHtl% %?c' %Eid‘igel g)f g Sué%h‘lcﬂ&%"' I8 i), t '?rﬁL Py

allgnnent sequences sequence | entl conpu ation

b f V n
oY P, PoRLOLIR S+Ps«;«aacgn;r.ﬁfhﬁf§@c ST Tyl 2 spagchagali g
1994 imdent al | dentit d b
nal yol 5 S7PusPaceniPgcr] sﬁ?ﬁﬁffﬁﬁ?eoﬁls%‘#v&%@ R Guguence
provi deg in _publ.ic data Cﬁ . elaf nerqtll%g ubl |acC%tSaeballlseeriscerray 25
be, in YeREPEFS 48858 BIATTPTPoF L BR NPT &0 t e !

fEEéfnéir%%éggg§P§8§n§Y0%§¢ ﬁ%&E Eﬁﬁ4fﬁ§%és ?%¥8¥% f%%h%ﬁrmﬁ?%n?hﬁ<alogy
and DNA Datg Bank,of;Japan)- & édby”%lt AN A%%4n PYBLT S 285, Hndels
stringent
from which the proteins are derived, differences in individual
bodies, differences in tissues, and the like.
10
The phrase, “sequence identity*®, in the present invention
means the identity and homology between two DNA sequences and
between two protein sequences. The sequence identity may be
determined by comparing two sequences aligned in the optimum
15 states in a region of the sequences of the comparison objects.
The DNA ox proteins, the comparison objects, may have addition
or deletion (e.g. gap and the like) in the optimum alignment
cf two segquences. Regarding such sequence identity,
computation may be performed using, for example, Vector NTI by
20 producing alignment by utilizing Clustal W algorithm [Nucleic
Acid Res., 22 (22): 4673-4680 (1994)]. Incidentally, the
sequence identity may be measured by a sequence analysis software,
practically Vector NTI, GENETYX-MAC and analysis tools provided

in public databases., The aforementioned public databases may

25 be, 1in general, accessible in, for example, the webpage

12



5 condition"”, hybridization in this case maybeperfornmedaccording to a
conventional nethod described in, for exanple, Ml ecular < oning 2nd
edition, witten by Sanbrook J., Frisch E. F., Maniatis T., issued by Cold
Spring Harbor Laboratory press. As the "stringent condition", there can be
mentioned, for exanple, 10 the conditions under which a hybrid is fornmed in
a solution of 6 x SSC (a solution containing 1.5 MNaCl and 0.15 M
trisodium citrate is defined as 10 x SSC) at 65C and then the hybrid is

oshes WL ety SRSt AR LETE oL e g SeLL SpnEERLIBARID L1

washi ng step y be se xanple on o 1 x SSC

at a roon&&%g%ﬁ%&gastﬂ Aok QW91 LGS cOONAOM el X (S5C at a room

t enper at ure ent itio he "tenp Srature e washi ng
step mayb é exa #f omt%nﬁec re (a | ow stringent
conditi on?n%gg%(é ggPaBﬁ?D&ﬁ’ggt %%ﬁigg tl‘s @&% P%}t?g both of the salt
20 concentratiog_and .t ature changed Pr odu t| ol of a cell
that is transfofied %llflﬁ %E ﬁl&(‘?l’eg?‘&g lg&ﬁﬁrsl éﬁ“ﬁ& a mf’cl S T seqguence
pol ynuct gt rde 35 e anpirer Clﬁcuﬁilaﬁwétg%?ee”' SrbEEER: %%m% SSPomd e
pol ynuc? e dlieh i acid
sequence _13 of a cytpkinj |os% heS|(sEJ ¥lm will be i{?l bed bel ow A
cel | tran5Pof red* iFt v &P I S&é 5}5{;} si hgT SFRIER %tl
encodi ng am no_aci d sequence qof t k| nin recept %
pol ynucl e%ﬁ?ﬁ‘en@oﬁﬁ ?fiﬁﬁqé’nnué’lréﬁleﬂle% ?gﬁ’ﬁé’ﬁ’é{e%gnc%{ﬁlﬁﬁ ﬁ‘:'arﬁ'no aci d
sequence of cyt oki ni,n
g an&:%a %s T., issued by Cold Spring Harbor Labocratory press. As
the "stringent condition", there can be mentioned, for example,
10 the conditions under which a hybrid is formed in a solution of
& X 88C (a sclution containing 1.5 M NaCl and 0.15 M trigodium
citrate is defined as 10 x SSC) at 65°C and then the hybrid is
washedwith 1 x SSCat aroomtemperature. Thesalt concentration
in the washing step may be selected, for example, from the
15 condition of 1 x S8C at a room temperature (a low stringent
condition) to 0.1 x SSC at a room temperature (a high stringent
condition). Thetemperature inthewashingstepmaybe selected,
for example, froma room temperature (a low stringent condition)

to 68°C (a high stringent condition). Further, both cof the salt

20 concentration and the temperature may be changed.

Production of a cell that is transformed with a
polynucleotide comprising a nucleotide sequence encoding an
amino acid sequence of a cytokinin receptor and a polynucleotide

25 comprising anucleotide seguence encoding an amino acid sequence

13



bi osynt hesi s enzyne nmay be obtained by introducing into a host «cell, for
exanple, in the foll ow ng manner, a pol ynucleotide conprising a nucleotide
sequence encodi ng an am no acid sequence of a cytokinin receptor and a

pol ynucl eoti de conprising a 10 nucl eoti de sequence encodi ng an amno acid
sequence of a cytokinin biosynthesis enzyme. (1) Preparation of cDNA At
first, the total RNA is prepared fromplants such as 15 higher plants
according to the nethod described in, for exanple, WMbdlecular C oning 2nd

edi tion Wroift %\e%y%%k‘l'n]’i él,s%g.?){sg%l%’he%i’st Fe'él%zytmlér iw%.rlc_l.h ’beT'de M].:baé? ifbfeg.rﬁwa. hi gher

Concretely, for“exanp r-a par I'ssues are sanple

I , th [ f inJliquified ' d ivel
physi cal Iy i 11 BaCBenG RGP ERP i thedt P ST e Y A ey

t hen be obtua' neg.%% met hods | nwhidch (f%‘ithe resule.% ?‘53% rriel I edﬁg aduct is
m xed wi t FY&-SEFaETo M S HEACE FTGGiEnied f&- a5 SRBERET ¥ pRenol or a
solution containing SDS with phenol to.obtai.n the total RNA ar (b).the 25
osul ¢ | g HEPKA B R T RAR oM PHEL SR R SR Cih Ao T di ne
t hi ocyapate and further with Csd, and then subjected _to _centrifugal
separ at T ofi EHEE6EaTH PR "Eo PRl 3NRC BLIPELSTCS 5 17 i ™Mt i nclude a
nonocot yl edonous pl ant, e.g. rice, orn, rley, wheat, and the like and a
dicotyled§ﬁ88¥n6P§ﬁﬂ? %HEYg?‘FEBEEngt§6?8529¥ TAA % 1052 Y i ke.
For the af &en%ntioned rocess, comercialized kits sucq_as | SOGE

cell, for example, iIn the following manner, a polynucleotide

comprising anucleotide sequence encoding an amino acid seguence

of a cytokinin receptor and a polynuclecotide comprising a

10 nucleotide sequence encoding an amino acid sequence of a

cytokinin bicsynthesis enzyme.

(1) Preparation of cDNA
At first, the total RNA is prepared from plants such as
1% higher plants according to the method described in, for example,
Molecular Cloning 2nd edition written by J., Sambrook, E., F.,
Frishch, T., Maniastis.
Concretely, for example, after a part of tissues are
gsampled from a higher plant, the tissues are frozen in liquified
20 nitrogen and successively physically milled using a mortar and
pestle or the like. The total RNA may then be cbtained by methods
inwhich (a) theresultingmilled preduct ismixedwith asclution
containing guanidine hydrochlcride with phenol or a solution
containing SDS with phenol to obtain the total RNA or (b) the

25 resulting milled product is mixed with a solution containing
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(produced by N ppon Gene Co.), RNeasy Total RNA Purification Kit (produced
by Q AGEN Co.), and the like may be enployed. Next, nRNA is prepared from
the total RNA. For exanple, 10 the preparation may be carried out by a

met hod utilizing the hybridization of oligo-dT chains bonded with
cellulose or latex and poly(A) chains of mRNA. For the operation, for
exanple, comrercialized kits such as nRNA Purification Kit (produced by
Amer sham Phar macia Co.), COLI GOTEXTM dT30 super (A igo(dT)latex is beads)

Frthor . EORA TS B BAUCEA U g he TRE" TEKA 801 A DOP(RECTAI ) oy
¢ andom pr ﬁg?gné?ifé%ﬁ T30 WRRR AR TR nil B WEHE Boct be

exanpl o, " RRESBLENBRAELEOF yifin AF 1 Beprales ausIe. BLrdhac- SONA For t he
O e oSl Bhoirt T Do E e L E St LS Iy, Bl ove
ek SIS R SR S S
St rat agene Co and the like. (2) doning 5 A pol ynucl eot| de COTER?;’I sing a

nucl eot i d& ?é‘&l‘]’@%éor]@r‘?c@&’oﬁﬁsén EAe trdisd iGsGudnds &

receptor nmay be aobtained by a polgrrer ase chain reacti on her eji nafter
referred (Produced by Nippon Gene Co.), RNeasy Total RNA Purification

Kit (produced by QIAGEN Co.), and the like may be emploved.

Next, mRNA is prepared from the total RNA. For example,

10 the preparation may be carried out by a method utilizing the
hybridization of 0ligo-dT c¢haing bonded with cellulose or latex
and poly(A) chains of mRNA. For the operation, for example,
commercialized kits such ag mRNA Purification Kit (produced by
Amersham Pharmacia Co.), OLIGOTEX™ dT30 super (Oligo(dT)latex

15 beads) (produced by Takara Shuzo Co. Ltd.), and the like may
be employed.

Further, ¢DNA is produced using the mRNA (mRNA having
poly (A) chains) may be prepared in the following manner. For
example, oligo-dT chains or random primers are annealed with

20 mRNA and thenreactedwithreverse transcriptase toproduce cDNA.,
Further, the c¢DNA is reacted with, for example, RNaseH, DNA
polymerase I topreduce dcuble-stranded ¢cDNA, For theocperation,
for example, the following commercialized kits may be employed:
SMART™ PCR cDNA Synthesis Kit (produced by Clontech Co.), cDNA

25 SynthesisKit (produced by Takara Shuzo Co. Ltd.), cDNA Synthesis

15



as to PCR) fromthe produced cDNA using, for exanple, a polynucleotide
havi ng partial nucl eotide sequence of the 10 nucl eoti de sequence of SEQ ID
Nos: 1, 3 or 5 as a prinmer or by a hybridization nmethod using a

pol ynucl eoti de having partial nucleotide sequence of the nucleotide
sequence of SEQ ID Nos: 1, 3 or 5 as a probe. In a simlar manner, a

pol ynucl eotide conprising a nucleotide sequence encoding an am no acid
sequence 15 of a cytokinin biosynthesis enzynme nay be obtained by a PCR

using, for _exanple ol ynucl eotide having parii U td seguence

of the nultBor PreuSealeRE B FeEY Bialit (¥ N, YA RO GARARAEN e
primer or_b hybridi.zatiqn t hod usjng a_pol ynucl.eatide having parti al
nucleotidglgeﬁﬁgﬁggcsg %Hégiﬁgﬁﬁgpggt?%éqs Eﬁeﬁ%@ gﬁ QID Nos: 7, 9, 11,
13, 15, 17 or 19 as a probe. In the case of enploying PCR pol ynucl eotides
usable as a priner set is those designed and synthesized based on the 25
nucleotidzzie Eences of about 20 bp to 40 bp, for exanple, the 16

nucl eoti d eg EM¢EY sel ected respectively from5' -non-coding regions and
3' -non-codi ng regi ons of _the nucl eoti de ,sequence represented by SEQ I D
Nos: 1,53, or 5A BRAKBHELSHE ifife CHMPReringer AHE1SAES 1 SEREFGRy nuC] eot i de
of nucl eoti de sgguence 5 repr.esented by SE%%ID . ,23 and the

pol ynucl eGRFEELBE AR §& 1k S6TURPESr RbreSEtEd Y SEEFPBPROM@YAE The

PCR solutign to be wused_nay be prepared b¥ addi react%on sol ution
i nst ruct eBPEBYEREPKIE BY ARF GhadBNES2FheCR ot IF AR 0T tifd PER Iray

as to PCR) from the produced cDNA using, for example, a
polynucleotide having partial nucleotide sequence of the

10 nuclectide sequence of SEQ ID Nos: 1, 3 or 5 as a primer or by
a hybridization method using a polynucleotide having partial
nucleotide sequence of the nucleotide sequence of SEQ ID Nos:
1, 3 or 5 as a probe. In a similar manner, a polynucleotide
comprisging anucleotide sequence encoding an amino acid sequence

15 of acytokininbiosynthesis enzyme may be obtained by a PCRusing,
forexample, apolynucleotide havingpartial nucleotide sequence
of the nucleotide sequence of SEQ ID Nos: 7, 9, 11, 13, 15, 17
or 19 as a primer or by a hybridization method using a
polynucleotide having partial nucleotide sequence of the

20 nucleotide sequence of SEQ ID Nos: 7, 9, 11, 13, 15, 17 or 19

as a probe.

In the casgse of employing PCR, polynucleotides usable as
a primer set is those designed and synthesized based on the

25 nucleotide sequences of about 20 bp to 40 bp, for example, the
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properly be changed depending on the priner set to be used and, 10 for
exanpl e, concrete conditions include as follows: keeping at 94C for 2

m nutes, and then at about 8C for 3 mnutes, and further repeating 40
cycles each of which conprises steps of keeping at 94C for 30 seconds, at
55C for 30 seconds, and at 72C for 4 mnutes; and repeating 5 to 10 cycles
each of which 15 conprises steps of keeping at 94C for 5 seconds and at 72C
for 4 mnutes, and further repeating about 20 to 40 cycles each of which

[ t f k [ t 94C f 5 d d 70C f .M _nut
For the- oBr LEP bR e FE BT Shiy S OrhEr SParT 288 i 1ahay BEm Fs S8l e.
I d: _ HERCULASE 0_(DNA pol d by Str. Co.

Ty DR T OIS ravast’ O A ROt oot Hto LIRS B s, GEOHESER Co. ).
TAKARA Ex T Tak Sh ., Ltd. PLATI NUMTM P SUPER th tab
DA ol y B BLES FAC B PR Han i B ) 1L T Pech P EREar G DT o he.
like. 25 17 In th f | oyi hybri.di zat i | oni b i ed
out accor PR FS SohEt R6aTHEs BPTBBHCFROCREE SXaRPracoeronehgoRte
Sequence", Ex erinen&ga Manual of PI%?t Bi ot.echnal ogy. ed%ted gy \at anabe
and Sugt uFEPTRBSBhEBIKSER S DRIRI A3 LReER Yime Bt B UdESF be

obt ai ned by preparing polgnucleotide (wth the chain Iength,of about 200
nucl eot i dBSIUEBCEOCRERTBEFALY) SEA LR Pardd al THGcFEBt FALUEEGRETEEE of the

used may be prepared by adding reaction sclutions instructed
by the kit to 250 ng of ¢DNA. The conditions of the PCR may
properly be changed depending on the primer set to be used and,

10 for example, concrete conditiong include as follows: keeping
at 94°C for 2 minutes, and then at about 8°C for 3 minutes, and
further repeating 40 cycles each of which comprises steps of
keeping at 94°C for 30 seconds, at 55°C for 30 seconds, and at
72°C for 4 minutes; and repeating 5 to 10 cycles each of which

15 comprises steps of keeping at 94°C for 5 seconds and at 72°C
for 4 minutes, and further repeating about 20 to 40 cycles each
of which comprises steps of keeping at 94°C for 5 seconds and
at 70°C for 4 minutes. For the operation, the following
commercialized kits may be, for example, employed: HERCULASE™

20 (DNA polymerase) (produced by Stratagene Co., Ltd.), DNA
polymerase contained in Advantage ¢DNA PCR Kit (Clontech Co.),
TAKARA Ex Taq (Takara Shuzo Co., Ltd.), PLATINUM™ PCR SUPER
(thermostable DNA polymerase in a PCR reaction mix) (Lifetech
Oriental Co.), and the like.

25
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nucl eoti de sequence represented by SEQ ID Nos: 1, 3 or 5 and 10 | abelling
t he pol ynucl eotide with radioi sotope markers or fluorescent markers
according to the known net hods using, for exanple, Random Primed DNA
Labelling Kit (BoehringerCo.) , Random Prinmer DNA Labelling Kit Ver. 2
(Takara Shuzo Co., Ltd.), ECL Direct Nucleic Acid Labelling and Detection
System (Arersham 15 Pharmacia Co.), Megaprine DNA-1abelling system

(Amer sham Pharmaci a Co. ) and the |ike. Exanples of the hybridization

BZ;d'etx'eﬁBf.'fl‘ébfgke%%fL O SR A e Bl OV G Ghaly S TR

and 0.09 Mtrisodiumcitra 5 x_De sol.uti 1@6 w fICO|

700, 0 100 FEFLS p%wv?%@%@#%ﬁ%oanéﬂ R S %ew/of% Sind 100

(Bocr | ngor C NERAB: 77 %ngqﬁspffs%gpefbﬁeak%l%ﬁna% ¥ BL8H 0l ron sperm

DNA

e L e e b
5% D 68C 30

an %§g%vga éggg urt her keeping at or m nutes in the

presen&% 0. 015 NNaG and 0. 0015 Nltrisodiunnitrate) and
0.5% SDS. 5 In order to obt ggl%nuc eot | de co E t he c&Aoklnln
receptor of Arabidopsrke EaHS ay¥'r P&d° 5?18 I § Hﬁe?ﬂ RA LA

tagTM t hernpstabl e DNA p nmer ase) . (Takara and ,using a
Soutt on EORYARAT RGCABRACTIE Sir RS s nar a0t fapapsut 06 muc1 e 42"

tc 500 nucleotides) having partial nucleotide sequences of the
nucleotide sequence represented by SEQ ID Nos: 1, 3 or 5 ana

10 labelling the polynucleotide with radioisotope markers or
fluorescent markers according to the known methods using, for
example, RandomPrimed DNA LabellingKit (Boehringer Co.) , Random
Primer DNA Labelling Kit Ver. 2 (Takara Shuzo Co., Ltd.}, ECL
Direct Nucleic Acid Labelling and Detection System (Amersham

15 Pharmacia Co.), Megaprime DNA-labelling system (Amersham
Pharmacia Co.) and the like.

Examples of the hybridization conditions include
stringent conditions and the following conditions may be
exemplified: keeping at 65°C in the presence of 6 x SSC (0.9

20 M NaCl and 0.09 M trisodium citrate), 5 X Denhard's scluticn
[0.1% (w/v) ficoll 400, 0.1% (w/v) polyvinylpyrrclidone, 0.1%
BSA], 0.5% (w/v) SDS and 100 pg/ml degenerated salmon sperm DNA
or in DIG EASY Hyb solution (Boeringer-Mannheim Co.) containing

100 pg/ml cf degenerated salmon sperm DNA, successively keeping

25 at a room temperature for 15 minutes two times in the presence
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(about 1,000,000 pfu) as a tenplate and a pol ynucl eoti de having 10 the

nucl eoti de sequence represented by SEQ ID No: 25 and a pol ynucl eoti de
havi ng the nucl eoti de sequence represented by SEQ ID No: 26 as a primer
set to anplify and obtain DNA to be a probe . In order to obtain a

pol ynucl eoti de coding the cytokinin biosynthesis enzynme of Arabidopsis,
PCR can be carried out 15 enpl oyi ng TAKARA LA taqTM (t hernost abl e DNA

pol ynmerase) (Takara Shuzo Co., Ltd.) and using a solution containing cDNA

[brary  BAage, dochugbh dapsiated abaup 3100000 ik, B3 c2ateTPLALS, 0

pol ynucl eot’i des havi n arti nucl e e sequence o e nucleotide
f S Nos: 11, 13, 15, .1 9 . ' t ot
Aol Ty and/SBCEPR DRRG §UBEPETpFEEBL T PR ST LT b 1  BEe Whed Ty be
d [ 0 f ' : [ Jut i
Prepar od BreRldcac 0. 23000 Bl oy SOMLLL BLAtY P Ceastion Rl D,

for 2 m nutde?, \%%n% tshen at 8C for 3 mnutes, and further repeating 25 40
cycl es ealh%fP RFi eF conprising keeping at 94C for 30 seconds, 19 at 55C

DNA a5 &t ompl A76, CRC 535 PRREH 2" pRUBE IR B S000eY BB o)1 T lbapr | me
O | el LLng SYal Sl ATer shapPharee g, Co.l 300 4si 9, BerBetigpct on
racti cal B THE hyBRTHroar Tohe 1A BRI FIEASgE VRORTRD T A0eor n T
presence g&]dtsusxinsgsacs(o({ugc il\c/aln containing cDNA library phage of Arabidopsis
{about 1,000,000 pfu) as a template and a polynuclecotide having
10 the nuclectide sequence represented by SEQ ID No: 25 and a
polynucleoctide having the nucleotide sequence represented by
SEQ ID No: 26 as a primer set to amplify and obtain DNA to be
aprobe. Inordertoobtainapolynucleotidecodingthecytokinin
biosynthesis enzyme of Arabidopsis, PCR can be carried out
15 employing TAKARA LA tag " (thermostable DNA polymerase) (Takara
Shuzo Co., Ltd.) and using a solution containing cDNA library
phage of Arabidopsis (about 1,000,000 pfu) as a template and
polynucleotides having partial nucleotide sequence of the
nucleotide sequence of S8EQ ID Nos: 7, 9, 11, 13, 15, 17 or 19
20 as a primer set to amplify and obtain DNA to be a probe. The
PCR solution to be used may be prepared by adding to 250 ng of
cDNA library, the reaction solutions instructed by the kit.
The PCR conditions may be as follows: keeping at 94°C for
2 minutes, and then at 8°C for 3 minutes, and further repeating

25 40 cycles each of which comprising keeping at 94°C for 30 seconds,
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NaCl and 0. 09 Mtrisodiumcitrate) , 5 x Denhard's solution [0.1% 10 (w v)
ficoll 400, 0.1% (wv) polyvinylpyrrolidone, 0.1%BSA], 0.5%(wv) SDS and
100 g/ M degenerated sal non sperm DNA or in the DI G EASY Hyb sol ution
(Boeri nger - Mannhei m Co. )containing 100 g/m of degenerated sal non sperm
DNA, successively keeping at a roomtenperature for 15 mnutes two tines
in the presence 15 of 1 x SSC (0.15 M NaC and 0.015 Mtrisodiumcitrate)
and 0.5% (wv) SDS, and further keeping at 68 C for 30 minutes in the

presence QE'QBl?Xf§ ﬁ?é??agégagqb?ﬁht%9d69°§gggﬁggsu?%§€%§itrate) and 0.5%

SDS to obtai n~clone rzed W € pro er, "a pol ynucl eoti de

codi 18, ihe CY1obLt8 oceme ey be SRS ENY 1 (gl (he

nucl eoti de sequenc represente

synt hesi ssgf_ V. mcaé qﬁ% ‘F i %L %od such as
phosphi te-tri]’eag?éelré&I 1‘feicgédé( %%%&IE %@Qc%\f %{ﬁ%@fﬂ%@% epggﬁ , 25 105,
1984) In gysigLban gl §{6sté%n&%'tyggéﬁ%ﬁgﬁgﬂephca%a”&iat 8s. %%&{Vlr%%ﬁndrpe .
bi osynt hesi's enzyrme e prepar ased on, ‘for ~exanple, € nucleoti de
sequenceg repr nt ed.by . Eg I.D Na: 7, 3, 1517 or .19 hem ca
synthes?srggc§§%§hégﬁgoﬁgﬁ s}n§tfﬁgt6§‘3%h%%§%%?ﬁé cgﬁﬁP?SF%ﬁ Egﬁggleotide
sequence O%@%gdg g;an aq%no agig squgnce of, t.he géhpkinin rggeﬁéor and
Uhe pol ynGE G0t el BTt & RETASHacr RhT T Hd EdBTAT b af 73: - A et ho aci d
sequence of a cytokini.n_bi.osynthesis _enzyne,, . obtained i.n,.such a manner,
oy be. I Shed FRYSPBACRP IO e T SRR B Fh O A Tee T e
"Ml ecul ar Cloning: A , ,

carried oSut keeping at 65°C in the presence of 6 x S8C (0.9 M

NaCl and 0.02 Mtriscdiumcitrate), 5 x Denhard's sclution [0.1%

10 (w/v) ficoll 400, 0.1% (w/v) polyvinylpyrrolidone, 0.1% BSA],

0.5% (w/v} SDS8 and 100 mg/ml degenerated salmon sperm DNA or

in the DIG EASY Hyb solution (Boeringer-MannheimCo.) centaining

100 pg/ml of degenerated salmon sperm DNA, successively keeping

at a room temperature for 15 minutes two times in the presence

15 of 1 x SSC (0.15 M NaCl and 0.015 M trisodium citrate) and 0.5%
(w/v) SDS, and further keeping at 68 °C for 30 minutes in the

presence of 0.1 x 8SC (0.015 M NaCl and 0.0015 M sodium citrate)

and 0.5% SDS to obtain clone hybridized with the probe.

20 Further, a polynucleotide coding the cytokinin receptor
may be prepared based on, for example, the nucleotide sequence
represented by SEQ ID No: 1, 3 or 5 by chemical synthesis of
polynucleotides according to a conventional method such as
phosphite-triester method (Hunkapiller, M. et al., Nature, 310,

25 105, 1%84). In a similar manner, a polynucleotide coding the

20



Laboratory Manual 2nd edition” (1989), Cold Spring Harbor Laboratory
Press; "Current Protocols In Mlecular Biology" (1987), John Wley & Sons,
Inc. 1 SBNO 471-50338-X, and the like. The vector to be used nay be, for
exanpl e, pBlue Script Il vector 15 (produced by Stratagene

Co. ), pUC18/ 19vect or (produced by Takara Shuzo Co.,Ltd. ), TA cloning vector
(produced by Invitrogen Co.), and the like Incidentally, the nucleotide
sequence of cloned polynucleotide may be confirmed by, the Maxam G | bert

hod 2 L.b i : . i : :
Nt | Acad? S5 P peRl ometBls ¥ 5 vie, YR Brepdbaded B T,

d ib ' ; Bl o)., 94,
sar. 1075 ehRber “REURy Erp SRR Bewiench e AR by R oA Oy
USA, 74, 5463, 77, li . t . f OV
connercia??géd é?f§l%ggq3%???5%k8éimg§%%§$gﬁhgﬁ%%g§gg%ﬂ?hggﬁﬁg%%%%%ﬂgse I
dye term nator cycle sequencing kit (produced by Amersham Pharmacia Co.),

Bi gDye Term nator Cycle Sequencing FS Ready Reaction Kit (produced by PE
Bi osyst ens Japaghgb

.%1 and gh iIieke. ) éB) Cpns%ru ti ndpfseé%r?F%ion
vector An expr eaBroRCVEELGP 5T 15opEPTRECEEBE: do bEREPLS Ry 5 Ticeot | de
sequence encaodi.ng an am no acid sequence qQf the cytokinin receptor and an
oxbr 6551 oRCaErHR BF AMHBTyIAT ST FD R0 RBR ST RY L HaC BT " Sifhence
encodi ng %Reag% 8n885go§$8gegg%prising a nucleotide sequence encoding
an aminc acid sequence of a cytokinin biosynthesgis enzyme,
obtained in such a manner, may be cloned in a vector by a
10 conventional method described in, "Molecular Cloning: A
Laboratory Manual 2nd edition" (1989), Cold Spring Harbor
Laboratory Press; "Current Protocols In Molecular Bioclogy"
(1987), JohnWiley & Sons, Inc. ISBNO-471-50338-X, and the like.
The vector to be used may be, for example, pBlue Script II vector
15 (producedby StratageneCoc.), pUCl8/19vector (producedby Takara
ShuzoCo., Ltd.), TAcloning vector {produced by InvitrogenCo.),
and the like
Incidentally, the nuclectide sequence of cloned
rpolynucleotide may be confirmed by, the Maxam Gilbert method
20 (described in, for example, Maxam, A., M & W, Gilbert, Proc.
Natl. Acad. Sci. USA, 74, 560, 1977, and the like), the Sanger
method (described in, for example, Sanger, F. & A.R. Coulson,
J.Mcl. Biol., 94, 441, 1975, Sanger, F. &NicklenandA.R. Coulson.,

Proc. Natl. Acd. Sci. USA, 74, 5463, 1977, and the like). For

25 the process, the following commercialized kits may be, for

21



of the cytokininbiosynthesis enzynme may be constructed according to a
conventional nethod described in, for exanple, Ml ecular < oning 2nd
edition witten by J., Sanbrook, E., F., Frisch, & T., Mniastis,
publ i shed by Cold Spring Harbor Laboratory 15 Press. Usable are vectors to
be used inhost cells to be transforned, for exanple, independently
replicating vectors which contain genetic infornmation possible to be
duplicated in the host cells and further are possible to be isolated from

t he host I nd i ve d bl g

practi cal %?{,akn?)rll%’t Fé%clg) gddf %gléa%ﬁ% %%ﬁa%es?cﬁ% IJ—_:%IEI@]I%% 58 %%eost
cells, faqr _exanple, . Plasm dpUCll r.oduced by..Takar aShuzoCGo. ,,. ,
Phagen d FEPGSCORTEL ML (S Aot £ Yo R T R g e BV 1 the
case of using.yeast as the, host cells,, for.e l.e, 25.Plasm ACT2

(& ontech TEANHERG fet PRs iy S de rar R ot Rl SPPRErRE afant
cells as e_host cells, for anpl e, ol.ynucl eoti de conprising a
nucleotidggsgdﬁéﬁg “Bivc 3?@6‘gﬁ‘qgnfﬂﬁﬁégﬁﬁlggﬁhence of the cytokinin
receptor or a polynucleotide conprising a nucleotide sequence encodi ng an

ami no acti d sequence 5 of the cytokinin biosynthesis enzyne may be
integrateﬂ wﬁth %Iasntd p%&ZZl Cl ont ech .)_ to construct the vectors. An
expr essi on Vel LEHES e Ao LRFEESL L §§ | eotide conprising a

nucl eoti de sequence encodi.ng an am no ,acid sequence 10 of the cytokinin
receptor in a h&8t e5@FFSﬁ&)9%b¥e€5r9§t P&c@e@ogﬂﬁuﬁ{i G Aot %er® wi t h

t he aforenentioned vectors in the _. , ,
nucleotide sequence encoding an amino acid sequence of the

cytckinin receptor and an expression vector of a polynuclectide
10 comprisinganucleotide sequence encoding an amine acid seguence
of the cytokininbiosynthesis enzymemay be constructedaccording
to a conventional method described in, for example, Molecular
Cleoning 2nd edition written by J., Sambrook, E., F., Frisch,
& T., Maniastis, published by Cold Spring Harbor Laboratory

15 Press.
Usablearevectorstobeusedinhost cellstobe transformed,
for example, independently replicating vectors which centain
genetic information pogsible to be duplicated in the host cells
and further are possible to be isolated from the host cells and
20 purified and may have detectable marker. More practically, in
the case of using bacteria such as E. ¢oli as the host cells,
forexample, PlasmidpUC 119 (producedby Takara ShuzoCo., Ltd,),
Phagemid pBluescript II (Stratagene Co.) and the like may be
used. In the case of using yeast as the host cells, for example,

25 Plasmid pACT2 (Clontech Co.) and the like may be used. 1In the
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upstream of the pol ynucl eoti de conprising a nucl eoti de sequence encoding
an am no acid sequence of the cytokinin receptor in a binding manner of
enabling to function in the host cell. In 15 a simlar manner, an
expressi on vector possible to express a polynucleotide conprising a

nucl eoti de sequence encoding an amno acid sequence of the cytokinin

bi osynthesis enzyne in a host cell may be constructed by integrating a
pronoter with the aforenentioned vectors in the upstream of the

D once-SBPIZREOuSENE kLS, Bol4el SOl L9g SeMeRst Shoadhr A, ng, ool ¢

sequence bi Osy nthe5|s enz

enabl i ng 1g gﬂnegesglggl Kheehest - ¢ gel nuc&eom% casy a%ﬁcteh% A 21D

bi ndi ng I enad fict oh means t hat ynuc I de
i si f th
conpri Eg%eg‘!ﬁcc&%’%%qﬁﬁég%%ﬂ‘oﬁ%ﬁﬁ%géﬁ?agwg S8 2 aadungs, of the

sequence encadi. n uen cytokinin ﬁIOS ntheS|s

enzyre, aﬁampfﬁsgaamvé'lea}:égﬁﬁﬁ@é%% SR LU e ch it
tid di d f th
cyt oki nf o oEBF: 5725 kl%ﬁ%eﬁﬁﬁg%ﬁe FESRrIE e, Tevny oa rerstrnd Eouence
di t h t ok th
the host BURFTJBRIRAA doNEPoP<Tof ot fie 5t GRBEEF ucls e "AE IS pr oot er
possible to function in the host cell in the case of using E. coli as the
host cell 10 are, for exanple, a pronoter (IacP) of | actose operon of E.

coli, a ronDter trpP) of triptophan er on, ronoter. (argP
P (A rpe gion vecgor%ossn. le to’ exp essapolyg'x C%.Qotlde

compriging a nucleotide sequence encoding an amino acid sequence
10 of the cytokinin receptor in a host cell may be constructed by
integrating a promoter with the aforementioned vectors in the
upstreamof the polynucleotide comprising a nucleotide sequence
encoding an amino acid sequence of the cytokinin receptor in
a binding manner of enabling to function in the host cell. 1In
15 a similar manner, an expressicon vector possible to express a
polynuclectide comprising a nucleotide seguence encoding an
amino acid seguence of the cytokinin biosynthesis enzyme in a
host cell may be constructed by integrating a promoter with the
aforementioned vectors in the upstream of the polynucleoctide
20 comprisinganucleotide sequence encodinganamino acid seguence
of the cytokinin biosynthesis enzyme in a binding manner of
enabling to functioninthe host cell. Inthesecases, thephrase,
"in a binding manner of enabling to function", means that the
polynucleotide comprising a nucleotide segquence encoding an

25 amino acid sequence of the cytokinin receptor or the
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argi ni ne operon, a pronoter (galP) of gal actose operon, a tac-pronoter,
T7-pronoter, T3-pronoter, X-phage pronoter, (X-pL, X-pR) and the like. In
the case of using yeast as the 15 host cell, it nay be prepared by a
conventional genetic engineering nethod [described in Method in Enzynol ogy
101 part (p.192-201) by Ammerer, et. al.] from ADHL pronoter (the ADHL
pronoter is available fromthe yeast expression vector pAAH5 which
contains the ADHL pronoter and its term nator and which 20 nay be obt ai ned

from Washj.n r,ch Foundatl A ri d in US
patent - apBr L ealra B oob8 035 5 AL PG S RSB En ST G and Tn
the case that it used for str and commer oses in USA

e reaﬂﬂpgda%%ao%%%tf%%r iﬁ%ﬁﬁ?kﬁ%ﬁ%ﬁe%a%%fhﬁﬁf% PR b Se case
f i | ant t | bl [
50,k B S 6P RS BVl Ao
d.19S t
Ca dor saﬁpg%glasowég%ad@@%ﬁq%ﬁeg SScodtanan sTanq e g aea e 1 @
Rihs gt ﬁgsgag HESR RO 2 es R R 1tk i DG S0 it R e 2 o
conpr!s!ng nucl.eoti de se%gence encodi ng an am no aci d sequence of the 10
cyt oki ni n BF&??H%H@SF?qBﬁE§ SNPGRSy A& Jé¥%€§ﬂ%'ﬁ§ﬂqﬁ?c 4} er

ossible to functi in a host cell, the polynucleoti
P cyto 1n1§%1osynthe81senzymeJxltg Rgstce?iunderthecontrol

of the promoter. Usable as the promoter possible to function
in the host cell in the case of using E. coli as the host cell
10 are, for example, a promoter {lacP) of lactose cperon of E. coli,
a promoter (trpP) cof triptophan operon, a promoter (argP) of
arginine operon, a promoter {(galP) of galactose opercn, a
tac-promcter, T7-promoter, T3-promoter, A-phage promoter,
(A-pL, A-pR) and the like. 1In the case of using yeast as the
15 host cell, it may be prepared by a conventional genetic
engineering method [described in Method in Enzymology 101 part
(p.192-201) by Ammerer, et. al.] from ADHI promoter (the ADHI
promoter is available from the yeast expression vector pAAHSE
which containg the ADHI promoter and its terminator and which
20 may be obtained from Washington Research Foundation). The ADHI
promoter is included in US patent application number 289,733
of Washington Research Foundation and in the case that it is
used for industrial and commercial purposes in USA., it is
required to obtain permission from the patent holder. 1In the

25 case of using a plant cell as the host cell, usable examples
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conprising a nucl eoti de sequence encodi ng an am no acid sequence of the
cytokinin receptor or the polynucleotide conprising a nucleotide sequence
encodi ng an am no acid sequence of the 15 cytokinin biosynthesis enzyne is
inserted in the downstream of the pronoter and the pol ynucl eotide
conprising a nucleotide sequence encoding an am no aci d sequence of the
cytokinin receptor or the polynucleotide conprising a nucl eotide sequence
encodi ng an am no acid sequence of the cytokinin biosynthesis 20 enzyne is

inserted in nner _of bli.n functio r e, .t -

af or ement ?gﬁ%drq%Pgs %nng sﬁ%@?ﬂ s stg?%ggrggtgecdc?n’gypgg? roﬁ%’?%—ﬁnpr omdter. and

t herefore, ap,expression vector ssible to_express, t ; et | de
5o RE R AR SRR oS h i v an SR BN 1T

conpri si ng“a nuc g an amno "acl

cytokinin e tqr_or 25 e_pol ynucl eot i C risi nucl eotjd
sequence é%@@gfﬁgerigeénlgﬁi Rgo %Fﬁ%eﬁu%%ﬁ%‘%&%‘ﬁ% 2%% 1'm elrosa%ﬁit hesi s
enzynme int %eﬁs% such as CGl945 (Cd ontech Co.) may be constructed by

i nserting he ﬁ Fynucleotide conprising a nucl eoti de sequence encoding an
am no i d sequence of the cytokinin receptor or 5 the pol ynucl eotide
conpristng a nucl eoti de sequence encoding an am no acid sequence of the
cyt oki ni n bi osypt hesi s enzy in_the_downstream of the. ADHL.pr t er of
the plasmd pAC#?Ftﬁ?ﬁ) ﬁpogﬁgtFBﬁeonalPF§ﬁ§PgﬁﬁgdacgpﬂyfﬁcAnggﬁfforned
cell to be used in the ggesené?invention r oduced bﬁ i ntroduci ng

. be
t he const FEEPEYSERErRYET ORCVELE FPIYTHE SRSt e &M 2 A2 C oS RIS
nmet hod. Agfthe host cel

the cytokinin receptor or a polynuclectide comprising a
nucleotide sequence encocding an amino acid sequence cof the
10 cytokinin biosynthesis enzyme into a vector already having a
promoter pogssible to function in a host cell, the polynucleotide
comprising a nucleotide sequence encoding an amino acid seguence
of the cytokinin receptor or the polynucleotide compriging a
nucleotide sequence encoding an amino acid sequence of the
15 cytokinin biosynthesis enzyme is inserted in the downstream of
the promoter and the polynucleotide comprising a nucleotide
sequence encoding an aminc acid sequence of the cytokinin
receptor or the polynuclectide comprising a nucleotide sequence
encoding an amino acid seguence of the c¢ytokinin biosynthesis
20 enzyme is inserted in a manner of enabling toc function. For
example, the aforementioned plasmid pACT 2 for yeast comprises
the ADHI promoter and therefore, an expression vector possible
to express the polynucleotide comprising a nucleotide sequence
encoding an aminc acid sequence of the cytokinin receptor or

25 the polynuclectide comprising a nucleotide seguence encoding
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to be used for production of the transforned cell, exanples are bacteria,
yeast, plant cell and the |ike. As bacteria, exanples 15 are bacteria
belonging to E. coli, Serratia, Bacillus, Brevibacterium Corynebacterium
M crobacteriumand the |like. As yeast, exanples are buddi ng yeast and
fission yeast. More particularly, exanples are yeast belonging to
Saccharonyces, Schi zosaccharomyces and the |like. As plant cell, exanples
are 20 BY-2 strain, which is a cultured cell of tobacco, and BMS strain,

which is cul fur ed .cel | cor nf(tl?ﬂea%_ktgﬁéin% nb%%?%%hf?ﬁ?gd the o like. As

of
the method for Tntroducr bleiaﬁs céxpr essron vector e af'orenenti oned

host [ ti [ i had 25 I d di t
the host KSFRCroPbsRt ik bRoPRed (CRBRETEE Shakprey Fr EAD-BRES R B 1°
bact eri t he.host 1., th f. ti d i on, t b

nt 1 oducedtPRE 6 BINTAT PR G Aoy CHE 8 SO AT Ot 1 FERRT e

met hoq such as. a calciumchlo !de net hod F an ﬁ._l@(c.tr.orporat iton net hod
descri bedechﬁ,lnglvﬁT’e‘?:T]f‘%? T ohi HPEUTHYE £ %gh%r T fCEH P ISP ng

Har bor 19%9). Ln thi casg of usigg.xeasp as, a .ho t_ceII, t he Y

af or errg%tF Reld® eXPresSPoh G ect B hay Be it T iFRYTHE 057 EE | by
T byt S AL Bl ERSh ol TR W p a8l Shbes S0
cell, the aforenenti oned expression vector may be introdyced_into the host
cel | by atBBndeHRFbREP™ Pht FBEUACHENPREMRGETY Por tOfaRrpPEMIAYPodct-er i um

i nfection

(4) Production of a transformed cell

10 A transformed cell to be used in the present invention
may be produced by introducing the constructed expression vector
intc a host cell by a conventional method. As the host cell
to be used for production of the transformed cell, examples are
bacteria, yeast, plant cell and the 1ike. As bacteria, examples

15 are bacteria belonging to E. coli, Serratia, Bacillus,
Brevibacterium, Corynebacterium, Microbacterium and the like.
As yeast, examples are budding yeast and fission yeast. More
particularly, examples are yeast belonging to Saccharomyces,
Schizosaccharomyces and the 1like. As plant cell, examples are

20 BY-2 strain, which ig a cultured cell of tobacco, and BMS strain,
which is a cultured cell of corn (Black Mexican Sweet), and the
like.

As the method for introducing the expression vector into

the aforementioned host cell, conventional introcductionmethods

25 are employed according to the host cell to be transformed. For
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met hod (Japanese Exam ned Patent Application No. 2 - 58917, Japanese
Lai d- Open Patent Application No. 60 - 70080), an 15 el ectroporati on nethod
into a protoplast (Japanese Laid-Qpen Patent Application No. 60 - 251887,
Japanese Lai d-Qpen Patent Application No. 5 - 68575), a particle gun

met hod (Japanese Lai d-Open Patent Application No. 6 - 508316, Japanese
Lai d- Open Patent Application No. 63 - 258525). 20 A transforned cell in
whi ch a cytokinin receptor of partially transnenbrane regi on-del eted type,

i roducer iy BE°EBLE R Bt Lo Sue B oS A BEES Bsead i
t he preseg%ognvengion 27_1ncl udes a G

A CyTok td B

e okl o paEokDNEAL Blea’ L PULUESE B RA O RD fe LRSI EhELL S0

t hat i it t | . f | 2t 4, t b i

(1o dont SEED BV ERN L (S AR St RSP A R e a5
ti 5 f, ) i ni t f ti |

o on dor creg uTan A Creh 3 eBuf EFERT 880 Rar PN Bl dd IR Ane

gi on- def i 869 Ak i rean

e o oy R A T B TS A B A BE e ool SRS Marhefy o 0
ild-t t i ni 10 t . Such t oki nj f tiall

S ansmombl BRaTY T ofp ot qinet cof DiSkia YSest st meh eoe bl o pagte o Y

aforementioned expression vector may be introduced into the host
cell by employing Yeast transformationkit (producedby Clontech
Co.) based on a lithium method. Further, in the case of using

10 aplant cell asahost cell, the aforementioned expression vector
may be introduced into the host cell by a conventiocnal
introcduction method, for example, Agrobacterium infection
methed (Japanese Examined Patent Application No. 2 - 58917,
Japanese Laid-Open Patent Application No. 60 - 70080}, an

15 electroporation method into a protoplast (Japanese Laid-Open
Patent Application No. 60 - 251887, Japanese Laid-Open Patent
Application No. 5 - 68575), a particle gun method (Japanese
Laid-Open Patent Application No. 6 - 508316, Japanese Laid-Open
Patent Application No. 63 - 258525).

20

A transformed cell in which a cytokinin receptor of

partially transmembrane region-deleted type, i.e. a cytokinin
receptorof atransmembrane quantityvariationtype isintroduced,
will be described below.

25 A cytokinin receptor to be used in the present invention
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transnmenbrane region structure may be determ ned by enploying structure
assunption software available in 15

http://ww. ch. enbnet . org/ software/ TMPRED form html and whose transnmenbrane
regions are partially deleted, for exanple, in 1 to 2 sites, and are |ess
i n nunber than the nunber of the transnmenbrane regions of the natural type
cytokinin receptors (i.e. natural form. 20 Mdre particularly, exanples of
such cytokinin receptors include a cytokinin receptor having the am no

205 SIS LB SR S MR o

nce . t ons)” > F

25750 10 RE6 AnERg it R oy RS o A5 A EUFoLent caThy Ee B Nor 4
the"al S eSERT éd By “SEQ TD™ 2

Sequence TROREAN TS L AHTBLY 55 V6o tD6 ARONG  CONE Ark 1 by Sadlience

r epr esent ed 6.(.2.tr e.regions);._a.c tokiqhﬂmggceptor

tﬁf SEQ I D No; an nengr n

havi ng t hé"am ot < e%‘éil&wseé-‘(f&@r%emﬂ%?fzy 8%?‘%?‘?1 e R0 %a ist?mseequences of
t hese gytoginin recept or erein one or a pluralit 1oft:arrino cids are
del et ed: EGPEEFEOHeh OF HAAIG. For EXRNETE, OBy 1LY (EEuT S DI ng t he
am no aci d_sequenc erived fromt amno acjd sequences,.in i ch .one

ot ht oni n6=FEHaREASFECL FEPT0) anthi el FPRS! GHE BRESFFhe. 1 4hE A& Eod: ng

t he cytoki.nin receptor . be constructe(ii1 as to hold transmenbrane regions
in a | essfﬁﬁ%eme?ﬁ%ant{:@gm&eceptors aving arn amino ac1c§r%equence

most frequently existing among organisms having the similar
nomenclature and generally called also as wild-type cytokinin

10 receptor.

Such cytokinin receptors of partially transmembrane
regions-deleted type are cytckinin receptors whose
transmembrane region structure may be determined by employing
structure assumption software available in

15 http://www.ch.embnet.org/software/TMPRED form.html and whose
transmembrane regions are partially deleted, for example, in
1 to 2 sites, and are less in number than the number cf the
transmembrane regions of the natural type cytokinin receptors
(i.e. natural form).

20 More particularly, examples of such cytokinin receptors
include a cytokinin receptor having the amino acid sequence from
amino acid number 196 to 1176 among the amino acid sequence
representedby SEQ IDNo: 4 (2 transmembrane regions) ; acytokinin
receptor having the amino acid sequence from aminc acid number

25 50 to 1176 among the amino acid sequence represented by SEQ ID
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of the transnenbrane regions of the natural type cytokinin receptors by
partially deleting the transnenbrane regions by 15 a conventional genetic
engi neering technique. A transformed cell in which the polynucleotide
conprising a nucleotide sequence encoding an am no aci d sequence of the
partially transmenbrane region-deleted type cytokinin receptor and the
pol ynucl eoti de conprising a nucl eoti de sequence encoding 20 an amno acid
sequence of the cytokinin biosynthesis enzyne are introduced nmaybe

Phat is tiahot of et SATTETEHAS n SO He = comerr i S, a3 i

rrsing nucl eoti quence

encodi ng am no acj.d, sequence -of a cytokini,n recept an
ol ynuch eorr dB Lara S REHeDEE o i SRl oo Bl BEFads 2RO aci o

xpr o5 CHIROPBLgpEo Lyt BRANERCS GERRESFTREE) eSS O BB BelGn 5 A

cytokinin_rece tﬁ% to be used in the present inventi al so_.i ncl udes a
SSleBRFATR

chi mer a-t 5P FRdiptal - ompdng PR CCERE PRCBRY APdr - H o aRof ¢ he
b St i he"RERagB I BErBrOS B VEReLETT olth THEe i 51 S Tt Ja= g on
ext r acol | Y SPR BT ORECTRESE? ANSHORH ST FEGPORLUCARGEPHEE TTEHY ARt nase
regi on honogeneous tb one anot her. and the _r ceiver region for .the
i ot i di ne“REndeLehetier SyERBALH LS OResgted, F67 Sanbi¥, “tytliinl®
receptors having the amino acid sequence derived from the amino
acid sequencesg in which one methionine is added to the
10 amino-terminal and the like.
The DNA coding the cytokinin receptor may be constructed
as to hold transmembrane regions in a less number than the number
of the transmembrane regions of the natural type cytokinin
receptors by partially deleting the transmembrane regions by
15 a conventional genetic engineering technigue.
A transformed cell inwhich the polynucleotide comprising
a nucleotide sequence encoding an amino acid sequence of the
partially transmembrane region-deleted type cytokinin receptor
and the polynucleotide comprising a nucleotide sequence encoding
20 an amino acid sequence of the cytokinin biosynthesis enzyme are
introducedmaybe producedaccordingtothe aforementionedmethod,
"Production of a cell that ig transformed with a polynucleotide
comprising a nuclectide sequence encoding an amino acid seguence

of a cytokinin receptor and a polynucleotide comprising a

25 nucleotide sequence encoding an amino acid sequence of a

29



regi ons. For exanple, the chinera-type cytokinin receptor may 15 have said
extracel lul ar region, transnenbrane regi ons, and histidine kinase region
derived froma cytokinin receptor selected from CRELlL, AHK2, and AHK3, and
have the receiver region derived fromthe osnbsensor SLNL in buddi ng
yeast. 20 The histidine kinase protein has the follow ng sequence in
common in plants, e.g. higher plants, and m croorganism That is,

hi sti di ne ki nase protein is conposed of an extracellular region,

transnenbg?ggkgggbogigggg%égghg %ggg_ea to 4), histidine kinase region
I ity an

havi ng his I'neé"Ki nase-activ ol'ding 25 Histidine residue tobe an
active site, and receiver region having 30 a reception part for a
phosphoryl group transfer and holding Aspartic acid residue to be an

active site. In,t hicner a-.t tokinin _receptor, .it is_preferable that
t he extracellulérp%?é §8ﬁweghé8§}a§§n§§§F§ﬁ§ F%j%&ﬁg,tgﬁﬁ Fﬁgoﬁﬁslﬁdine
ki nase 5 reqgion are.all derived.g; the identical type of cytokinin
receptor,rﬁggpggg Vﬁgarggeﬁ$§FrF S%SE?HQWE derived froma histidine kinase
protein_that is déff rent fromtype of. the ngnneg ﬁégokinin receptor. It
i's sufffcient fBreYHE HRtRINVECHEY &t BF IR 16 ERP T a2ty pe BT BKIHL n
recept or tE have f unction of r ceivinﬁ signals transmtted, fromthe
hi sti di ne®kPRas®t8gForf Eg‘c}meffraafﬁféfme: EVHEREREm FECERECheXTMRE B 3 d any of
receiver region be usable as_|ong as.they can conplenent or inprove
the i nirPALFECPANCEPONSSIOT IR FECOPVERREBUT GFEOTPEOT i diTRETH
regions of the cytokinin receptor, a histidine kinase region
of the cytokinin receptor, and a receiver region for a histidine
10 kinase. The chimera-type cytokinin receptor has the
extracellular region, the transmembrane regions, and the
histidine kinase region homogeneous to one another and the
receiver region for the histidine kinase heterogeneocus to these
regiong. For example, the chimera-type cytokinin receptor may
15 have said extracellular region, transmembrane regions, and
histidine kinase region derived from a cytokinin receptor

selected from CRE1l, AHKZ, and AHK3, and have the receiver region

derived from the osmosensor SLN1 in budding yeast.

20 The histidine kinase protein has the feollowing sequence
incommeninplants, e.g. higherplants, andmicroorganigm. That
is, histidine kinase protein is composed of an extracellular
region, transmembrane region (generally about 2 to4), histidine
kinase region having histidine kinase activity and holding

25 Histidineresiduetobeanactivesite, andreceiverregionhaving
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15 protein conprising the honogeneously derived extracel lular region,

t ransnenbrane regions, and histidine kinase region. As such a receiver
region, usable are, for exanple, a receiver region of histidine kinase
proteins derived from mcroorganism(e.g. a receiver region of histidine
ki nase protein 20 derived froma m croorgani smsuch as yeast, E. coli) and
nore particularly receiver region of histidine kinase protein coded in
SLNI gene derived from buddi ng yeast (e.g. the amno acid seguence

e d om budldi ng yeas the amno acid seq »
Cotea i n ndy Gone BeFPoSd P F o DL Kool Po P CETVEr °F cor o ORIt | i ne
c y géne “deft ved PRRel s, ! I
[Vooda 7 Aepatmit fha Bed B EF ST AOE adtlofit 867 P REE PR T ence
t SEQ | DNo.. . 22] . [ ' f_histidi ' tei
Cotoa i n PREEIEAE FRRBRIAE t o oo RS o rr* o T FAG Aty Bact™ T shi o,

JC, et al. _, .CGene v. .11, 1008-1022 (1997) ... J.n the above, hist]dine
ki nase regljﬂie(‘f?’r%é3 Vo tf%ﬁee CEA RIS & eecreeﬁﬁlﬁ.rns)da r%dncﬁhuedehJtshtelCir)leng{?i o}lr.lar%aréeesent

the st TOEToPRenal Tty AFVITET AR eI AT gt F RSV ok i n

receptor. Said histidine kinase regi.on typically has five onserved notifs

whi oh ar e TEBTAH o "EHEAT TS tTe 3 TN S & o Bt | 1 Ahrital

v o, 00 1SS0t 08 A0 (900 o My 0D SL ML GRl FEUERNS roper |

of the re%&%gkinin receptor.

It is sufficient for the receiver region of the

10 chimera-type cytokinin receptor to have a function of receiving
signals transmitted from the histidine kinase region and
transmitting them to the next step and any of receiver region
may be usable as long as they can complement or improve the
intrinsic functions of the receiver region of a histidine kinase

15 protein comprising the homogenecusly derived extracellular
region, transmembrane regions, and histidine kinase region.

As such a receiver region, usable are, for example, a

receiver regicn of histidine kinase proteins derived from
microorganism (e.g. areceiverregionof histidinekinaseprotein

20 derived from a microorganism such as yeast, E. coli) and more
particularly receiver region of histidine kinase protein coded
in SLN1 gene derived from budding yeast (e.g. the amino acid
sequence represented by SEQ ID No: 21}, receiver region of

histidine kinase protein coded in Chey gene derived from

25 Salmonella, receiver region of histidine kinase protein coded
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i ncludes a region having the am no acid sequence fromam no acid nunber
587 to 844 anong the am no acid sequence represented by SEQID No: 4 in a
case of AHK2, a region having the am no acid sequence fromam no acid
nunber 450 to 700 anmong the am no acid 20 sequence represented by SEQ I D
No: 6 in a case of AHK3 and a region having the am no acid sequence from
am no acid nunber 449 to 714 anong the am no acid sequence represented by
SEQID No: 2 in a case of CREl. Receiver regions of the cytokinin receptor

may i nclugg 280105, eqhon ) gg' Qoo beRvear, L, N3t Ldh e il oager  8gi on and

the 32 C—ﬁernln end t nin rece aving three

conser ved, qotgf s yhi clars Lopmp flgg%nerg%hggé Sl S e e

descrlbed N nnu eV|eM/o neti'¢cs Seh

262: 539- 544(199 . les_of 5 t.he reqgiqn.incl des a region
navi ng T hECaREREP ke PR e 3o g%&eﬁxegée@lﬁ&n%iﬁlagideae Zong
the am no_acjd.sequ esent ed D No: 4|n ca of A a
regi on ha@?ﬁbmphg §ﬁ§nbna§$ s%%ﬁﬁ%nlé‘:é ai?ﬁ) LS etf 1018
anong am.no aci guence represented e 10 of
AKS antl 5 PRUPOY IR Mot e & rdGséI&ﬁ%% 9%3@%&??@2 %%93763 {inber
763 to 1038 anong the am no acid sequence represented by SEQID No: 2 in a
case of CREl. In addition, a sensor region for cytokinin nmeans, for

cra e, B s oA hLch L5, 2 hart. At spx of he extracel iyl . A8, 1581 ono

receptor may include the region presgent C-terminally downstream
from the particular transmembrane region which is the most

10 C-terminally downstream transmembrane region of the cyteokinin
receptor. Said histidine kinase region typically has five
conserved motifs which are common to generic histidine kinases
as described in Annual Review of Genetics 23:311-336 (1989),
Microbiological Reviews 53(4):450-490(1989), Science

15 262:539-544(1993), and the like., Examples of the region
includes a region having the amino acid sequence from amino acid
numpber 587 to B44 among the amino acid sequence represented by
SEQ ID No: 4 in a casge of AHK2, a region having the amino acid
sequence from amino acid number 450 to 700 among the amino acid

20 sequence represented by SEQ ID No: 6 in a case of AHK3 and a
region having the amino acid sequence from aminc acid number
449 to 714 among the amino acid sequence represented by SEQ ID
No: 2 in a case of CREl.

Receiver regions of the cytokinin receptor may include

25 the region existing between the histidine kinase region and the
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is present between a transmenbrane region next to the histidine Kkinase
region and a transnenbrane regi on secondary close to the histidine kinase
region. Said sensor region typically has 50% or nore identity and honol ogy
bet ween three cytokinin receptors 20 of AHK2, AHK3 and CREl1l as described in
Pl ant and Cell Physiology 42(2):231-235(2001) and the |ike. Exanples of
the region includes a region having the amno acid sequence from am no
acid nunber 259 to 536 anong the am no acid sequence represented by SEQ

D No: 4 kn - o) , reqi gn i m id . e from
am no acig %%n%grﬁgiz%n@;&(gg%ﬁ%rﬁg&%hﬁ%oé%% %%%gc?g%n%?e%%g%? sent ed
by SEQ | 6.1 : ' i ' i.d
stquence Tro5rany HeBs il MO AR e G Y e A ence
repr esent gd by SEQ. 1 B0 NI p 2 1 1, 368501 Ofc REH o5 Aplpuicleatiydy s o
conprising a nucl eotide sequence “encodi ng an am no aci d sequence of the

Chi Ter &t ypeq 6yt OkL L. LASPALA_ JRY e, ONSLINELeth DY T eSAEGH VSl ¢

produci ng poﬁzhuc eot 1 dés “encodi ng e extracel | ul'ar regi on of 10
t he cytgk tor, transnenbra

i st o et RF HEE TLgRonugr B e ey PORTRY 119 SRetbrie Ssh feetrlies edlon for
convent | R4 GoRBE " BGr RelPing L a8ANPHGEDS 6 R TG r 03 SEOHEHFEnce of
any term nation cedgn 1% (R 918 M8 Us! kB, PLORSY: A Wi RO as to
prevent ftakk
the amino acid sequence from amino acid number 746 to 1018 among
the amino acid sequence represented by SEQ ID No: 6 in a case
10 of AEK2 and a region having the amino acid sequence from amino
acid number 763 to 1038 among the aminec acid sequence represented
by SEQ ID No: 2 in a case of CREL.
In addition, a sensor region for cytcokinin means, for
example, a region which is a part of any of the extracellular
15 regions of the c¢ytcokinin receptor, wherein said sensor region
is present between a transmembrane region next to the histidine
kinase region and a transmembrane region secondary close to the
histidine kinase region. Said sensor region typically has 50%
or more identity and homology between three cytokinin receptors
20 of AHK2, AHK3 and CRE1l as described in Plant and Cell Physiclogy
42(2):231-235(2001) and the like. Examples of the region
includes a region having the aminoc acid sequence from amine acid
number 259 to 536 among the amino acid sequence represented by

SEQ ID No: 4 in a case of AHK2, a region having the amino acid

25 sequence from amino acid number 120 to 399 among the amino acid
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shift. Incidentally, one polynucleotide may be utilized to provide the

pol ynucl eoti de encoding the extracellular region of the cytokinin receptor
and transmenbrane regions of the cytokinin receptor, or the pol ynucl eotide
encodi ng the 20 extracel lular region of the cytokinin receptor,
transmenbrane regions of the cytokinin receptor, and histidine kinase
region of the cytokinin receptor. The pol ynucl eoti des coding am no acid
sequences of the aforenentioned respective regions may respectively be

B per,  arorr P S PREBRLESRS PUOPR e RIS o i BF BN % ABEE MR 3 Y
nucl eot ds. SOHOREER O e LETLNALJ SRSl ESSPECLIN (I BLaBho be

anplified d ol gonucl €o havin enentary

nucleotld§3§quaﬂﬁfgn%§gt@$ﬁq5g{§gtcgui%e %%%%%C%%Bnucg FQT%%

desi gned and synt ners” maybe ol about 14
nucl eoti d g_t about 35 ngc gg i des in general and are preferable to
contain in'th asFae%ofP %rlners, restriction enzyme recognition
sequences usable at the time of ligating the polynucleotides anplified 10
by the PCR to one another or these pol ynucl eoti des to vectors. Then, using

th d.t he te i.f t t

mmy be carriod DuPSHRTRLCROnENEOREE S P Bant PBF%ngEafiF: e i
t he PCR As_t e te late to .be used in tﬁ cas%1 ]p q$UC|n %pen

pol ynucl eBtFag*Eddt ga%ﬁ%%@ §EAFCEEGURR B P Tt PR (Y TPA Y &gi on,

t he transnmenbrane
receptor may be constructed by respectively preducing

polynucleotides encoding each of the extracellular region of

10 the cytckinin receptor, transmembrane regions of the cytokinin
receptor, histidine kinase region of the cytokinin receptor,
and receiver region for the histidine kinase protein, joining
the polynucleotides by a conventional genetic engineering
technique so as to prevent appearance of any termination codon

15 in the middle while using a proper linker so as to prevent frame
shift. Incidentally, one polynucleotide may be utilized to
provide the polynucleotide encoding the extracellular region
of the cytokinin receptor and transmembrane regions of the
cytokinin receptor, or the polynucleotide encoding the

20 extracellular region of the cytokinin receptor, transmembrane
regions of the cytokinin receptor, and histidine kinase region
of the cytokinin receptor.

The polynucleotides coding amino acid seguences of the

aforementicned respective regions may respectively be produced

25 by known methods. For example, in the cage of production by

34



regions of the cytokinin receptor or the histidine kinase region of the
cytokinin receptor, usable is cDNA |ibrary derived from plants such as

hi gher plants. Also as the tenplate to be used in the case of producing
t he pol ynucl eoti des coding am no acid 20 sequence of the receiver regions
of the histidine kinase, usable is the total DNA or cDNA |ibrary derived
fromm croorgani sm prepared by a conventional nethod. The transfornmed cel
in which the polynucl eotide conprising a nucleotide sequence encodi ng an

_ _ 0 onp! ¢ ! o
am no aci gc§qugg§§rsg %etgflggﬁ%%ﬁ&’&@s cyi okl D ﬁgﬁ%&;r@g& oeaci ;

pol ynucl eof’I de conprising a nu de sequence erico

STaiencs SOhoH IV B APPSR P ST, |

produced accor orenenti one

transfor ned WLk APQley QH@%??EESearﬁé’;gigii;fogﬂ& 13 UYLl L deg :g%%%?i%%)

encodi ng an-amno acCl d sequence © Inin receptor

pol ynucl egt i de conmprising.,a_nucleotide .se n cQdi n ] cid
Cequence. arvafay EoRPAERRarasynhEL e E sy ReRleRcBR g e, PURESR
transdugtion systemre 10 _cytoki.n

Voasur CheREIBEAERE BE1 St oRBETR P he 6y SR T O ATEE A s GRAI
randuct Lon LLSTATECH OLILT Leceblone Sxpeset L Lindg eashared cel |
[0ty acell shar, ol gnelod i snedch e systemord sl Ly, Bespeth LR ahe host
5' gide of theprimers, restriction enzyme recognition sequences
usable at the time of ligating the polynucleotides amplified
10 by the PCR to one another or thesge polynuclecotides to vectors.
Then, using the primers and the c¢DNA library as a template,
amplification reactions may be carried out in the conventional
reaction conditions employed for the PCR. As the template to
be used in the case of producing the polynucleotide coding amino
15 acid sequence of the extracellular region, the transmembrane
regionsg of the cytokinin receptor or the histidine kinase region
of the cytokinin receptor, usable is cDNA library derived from
plants such as higher plants, Alsco as the template to be used
in the case of producing the polynucleotides coding amino acid
20 sequence of the receiver regions of the histidine kinase, usable
is the total DNA or cDNA library derived from microorganism
prepared by a conventional method.
The transformed cell in which the polynucleotide
comprising a nucleotide sequence encoding an amino acid sequence

25 of the chimera-type cytokinin receptor and the polynucleotide
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quantity of intracellular signal transduction can be determ ned by

enpl oying the quantity of the cell growh of the transformed cell as an
indicator. Alternatively, a regulator (and/or a 20 nediator), which is a
downstream si gnal transducer in the so-called Two- Conponent regul atory
system can be additionally introduced and expressed in the host cell and
the expressed system may be used in the intracellular signal transduction
system Usabl e as the Two- Conponent regul atory system for exanple, are 25

Two- Co . I . i 5 f I
T, CoMPORE e SHL A Al SUE LA, AR RDON 0L S WIS b c SR e
t al., Sci : -544 9 . t oal.. . i 0 1712-1714
?1935) , égﬁg?l%et%%loﬁ%%ﬁ %ﬁto(s&ﬂ%l?}?e gﬁhg;;é?‘o Yg’ifg%rfzéﬂ%%é%g‘e Cc(eefﬁg‘%ﬁ ]baelnd At HK1
havi f i 5 t ti . " PlLant- el | :
1723 175450 20usH ) < SRR Fub et p BN LT o BB ePRCH Bresith a
t f | | I .host I 1s j d to.h i st.idi
i nace acERgecy tERR y Raet Frb AR Tl P G R BB P BTt ST DT (e
hpst_ce I%. For exa _I it includes.%? the host pellg %ngroved_as t o have
hi sti di Re “Ki&8E e ‘?‘P‘?ﬁ?jc’i’rg AABTIT REA TGS RS T CHE SO R S TR

tivit f th t I 1, del eti n ) f histidi ki | )
The phr as8S @ RAUTHGHEGT AR GORBERSRTS T BT SRS FEGHSRERARGTE Rant i ty

of a phosphoryl. group transfer fr Hi stidi.ne residue (the active 15 site
of histidPfle® 'lﬁ%sé‘crléigis(?ﬁél% g 1 é‘ﬁ’itﬂﬁﬂ@% ﬁ’a}é}ésy%q%fis[ ﬁnzty&“eksparti c

acid residue (the active site of receiver

Intracellular signal transduction system relevant to
10 cytockinin will be described bhelow.

Measurement of the existence or the quantity of
intracellular signal transduction from the cytokinin receptor
expressedinthe transformedcell producedbythe above-described
manner may be carried out by utilizing the intracellular signal

15 transduction system originally present in the host cell used
for production of the transformed cell. The existence or the
quantity of intracellular gsignal transduction canbe determined
by employing the gquantity of the cell growth of the transformed
cell as an indicator. Alternatively, a regulator (and/or a

20 mediator), which is a downstream signal transducer in the
so-called Two-Component regulatory system, can be additionally
introduced andexpressedinthe host cell and the expressed system
may be used in the intracellular signal transduction system.
Usable as the Two-Component regulatory system, for example, are

25 Two-Component regulatory systems corresponding to 5 types of
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regions having a reception part) is decreased. Such inprovenents in the
host cell may provide a change of the quantity of the cell growth, change
of the norphol ogy, change of the shape, 20 change of the quantity of the
bi osynt hesis of specific conpound, change of the quantity of the

met abol i sm of specific conpound in the transforned cell. More
particularly, the followwing strain [Maeda T et al., Nature 369: 242-245
(1994)] may be exenplified: a strain obtained by defecting the SLN1 gene

di 25 in_havi j ' d 37
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anal yzi ng the activkty of conﬁ olligg bi s¥nthesi of .c Fg&inin will be
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histidine kinase activity lower than the intrinsic histidine
kinagse activity of the host cells. For example, it includes
10 the host cells improved as to have histidine kinase activity
lower than the intrinsic histidine kinase activity of the host
cell by deleting one or more of histidine kinases. The phrase,
“*histidine kinase activity lower than” means that the quantity
of aphosphoryl group transfer fromHistidine residue (theactive
15 site of histidine kinase regions having histidine kinase
activity) to Aspartic acid residue (the active site of receiver
regions having a reception part) is decreased. Such
improvements inthe host cell may provide a change of the quantity
of the cell growth, change of the morphology, change of the shape,
20 change of the quantity of the biosynthesis of specific compound,
change of the quantity of the metabeolism of gpecific compound
in the transformed cell. More particularly, the following
strain [Maeda T et al., Nature 369: 242-245 (1994)] may be
exemplified: a strain obtained by defecting the SLNI1 gene coding

25 the protein having the osmotic pressure gensor function and
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whi ch a pol ynucl eoti de conprising a nucl eoti de sequence encoding an am no
aci d sequence of a cytokinin receptor and a 20 pol ynucl eoti de conprising a
nucl eoti de sequence encoding an am no acid sequence of a cytokinin

bi osynt hesis enzyne are introduced include a nmethod for culturing the

transfornmed cell in a culture nmedium containing the exam nee substance. In
order to culture the transforned cell, the followng cultures are 25
usabl e: liquid-phase culture for culturing the transfornmed cell 38 in a

|1quld CULLU SRRl A0, 1504 SoANRSE, Ce g oL SULULIG 18

transforne n a soli re “medi um produce ing agar or the

like to the,ljiguid.culture neq%rnl The concents at.i on . of ,an.exam hee
subst ancealnﬁ Fﬂ% gllﬁ?l]r Legjf'r%%ﬁ u h‘? SSta fout T n %ectto'ad(:lblonutthf3 r%\}l%nl he
preferabl%aabout 10 nM to .abqut 1 culture ti.me_is,_for exanple, 1

AR BE o e R G RS RS T
sbove Gesg e 4121 oo e IR S0, e HSTLLLICEL o ragel 1t o
bR i S Bacti i TG B Ao Rt et ot oo Rl
o o MenrtaRe o e S B o FEL LY JiRACT F5A fRnaE: FE, ofEHeeC ©f
i1 el | EPAL A T ShebEThBRoTPa T, Bt Bl HIH St ourther )
other preferable example includes an E. coli strain defective
in the ResC gene that encodes a hybrid sensor, and a fission
10 yeast strain defective in Phks gene that is relevant to the cell

cycle.

Method for analyzing the activity of controlling
bicsynthesis of cytokinin will be described below.

15 In the metheod for analyzing the activity of controlling
biosynthesisof cytokinin, examplesof the first stepof bringing
an examinee supstance into contact with a transformed cell into
whichapolynucleotide comprisinganucleotide sequence encoding
an amino acid sequence of a cytokinin receptor and a

20 polynuclecotide comprising a nucleotide sequence encoding an
amino acid sequence of a cytokinin bicsynthesis enzyme are
intreduced include a method for culturing the transformed cell
in a culture medium containing the examinee substance. In order
to culture the transformed cell, the folleowing cultures are

25 usable: ligquid-phase culture for culturing the transformed cell
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produced using TML82 (slnl A) [Maeda T et al, Nature 369: 242-245 (1994)],
a SLN1 genetically defected strain in which PTP2 20 Tyrosi ne phosphat ase
gene [Ga et al. Proc. NN A Sci., USA 89, 2355-2359 (1992) ] is

i ntroduced, as a host cell, the activity of controlling biosynthesis of
cytokinin may be neasured using, as an indicator, the quantityof the cel
grow hof the transfornmed cell in a culture nedium (an agar cul ture nedi um

or aliquid 25 culture nedium containing glucose as a carbon source, for

39 exanpl ?&iaﬁ]m%%édﬁ;déh #‘e%g&iqffag&gi%&gfsjtda—%ﬁa@e &g]é%‘ég,é ftor%ecmﬂll{nrcr:geg u

culture nme he 'exXam nee s ce1s t he "exam

subst ance Lo £aRANIE, 8L SNANGING 0 QU8 1, OF o LEADRLOLATRY el lnpan be

eval uated "as a su nce having t brosymnt hesi s

f t oki Qi ' , h t he tr.ansf | 1. in the DOHLU
oF ht ok By 85 SERRALE g WA RO By L DR LA SRS £

| t di taini bst havi th tivit f troll
bi osynt heSTs 51 “EgVORFRI RoSFALFGehtal 1§, 4 B TR HI™t b PVRY 11yt hat
the change of cell_growth of the transforned cell is not resulted from

activity of fReUExAnMhetnd WGEGIaP ol rhauty 100/ FBI PPRYE st ghatM- The

t ducti f t oki ni tar, h i st- i vit

ant agoni SECAEHES F5ME™E het Sy 1TITH I/ rolEbEobS TNBES (SrHIP TS or med
with only ucl eqtide 15 conprising a nucl eoti de sequence encodi ng an

ol yn
ani no aciags aﬁéﬁcéo f 98YEyt okinin receptor may be cultured in DOLU + G u

culture nedium '&h or withoyt the exanjn%§ substance. In a case where
Following the above-described first step, the exigtence

or the guantity of intracellular signal transduction from the

10 cytokinin receptor expressed in the transformed cell may be

measured. Usingthemeasuredvalueasanindicator, theactivity

of the examinee substance to control biosynthesgis of cytokinin
may be analyzed.

More particularly, for example, in the case of using a

15 transformedcell cof the present invention (that is, atransformed

cell, wherein growth of said cell is directly controlled by

intracellular signal transduction from the cytokinin receptor)

produced using TM182 (glnl A) [Maeda T et al, Nature 369: 242-245

(1994)], a SLN1 genetically defected strain in which PTP2

20 Tyrosine phosphatase gene [Ota et al. Proc. N. A. Sci., USA,

89, 2355-2359 (1992)] is introduced, as ahost cell, theactivity

of contrelling bicsynthesis of cytokinin may be measured using,

asanindicater, theguantityof thecell growthof the transformed

cell in a culture medium (an agar culture medium or a liquid

25 culture medium) containing glucose as a carbon source, for
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t he exam nee substance dose not affect growmh of the control ~cell, the
exam nee substance nmay not directly affect signal 20 transduction system
fromcytokinin receptor. As a control to verify that the change of cel
growm h of the transfornmed cell is not resulted fromactivity of the

exam nee substance which affects sonewhere not involved in biosynthesis of
cytokinin nor signal transduction fromcytokinin receptor, TML82 (slni 0)
may 25 be cultured in culture nediun1containing gal act ose as the carbon 40

source i nﬁﬁgﬁéfem‘a o6 Gﬁi’l%nﬁ.@ﬁr%&ifh uhfl@@aé@@fu%e \ﬁ%d
ere u ance

w t hout t am nee Su St ance n a case exam nee s
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ec

exami nee substan sone Yer &5 Gt |nvo Diosynt'hesi s
the case BPEGEIHIL a ﬁ-@r s el 8?8%@%%;?%‘8%9&?%6/5%?8% G i s
ELZ”?L?FSE%F%%’F'W .gﬁsﬂlg o s SUERTBR o Pt WE RO i o Bt
enet | cal Ryt agF Lot et SR L A B PP Ea B A R B e S BIP Y esst may
s added POCPRERGTE Lﬁért%@d%ﬁ?s{fﬁa%gbiﬁ%ﬂiel@me”ghE*@Uf SO Fa 3%}2?2"&
changi ng féaSIOH an ation,of the transforned

| uat ed
o 8 subSPRRLLTNEG Y e o e G o5t SSRGIERar g b1 SEIRENE S e

cyt oki ni n, conpared with fission
y meg?.um crgx)ltalnlng no gubstancehavingtheactivityof controlling

biosynthesis of cytokinin). Incidentally, as a controcl to
10 verify that the change of cell growth of the transformed cell
is not resulted fromactivity of the examinee substance directly
contrelling signal transduction from ¢ytokinin receptor, such
as agonist-activity or antagonist-activity to the cytckinin
receptor, TM182 (slnl A) transformedwith only a polynucleotide
15 comprisinganucleotide sequence encoding an amino acid seguence
of a cytokinin receptor may be cultured in DOLU + Glu culture
medium with or without the examinee substance. In a case where
the examinee substance dose not affect growth of the contreol
cell, the examinee subgtance may not directly affect signal
20 transduction system from cytckinin receptor. As a control to
verify that the change of cell growth of the transformed cell
is not resulted from activity of the examinee substance which
affects somewhere not involved in bicsynthesis of cytokinin nor

signal transduction from cytokinin receptor, TM182 (sinl A) may

25 be cultured in culture medium containing galactose as the carbon
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and propagation of the transformed cell in a nediumto which the exam nee
substance is not added. 20 Furthernore, in the case of using a transforned
cell of the present invention produced by enploying as the host cell anE.
coli defective inRcsCgene intowhichcps-LacZ is introduced, the X Gal
coloring may be observed in an agar culture medium or a liquid culture
medi um [ Suzuki et al. Plant Cell Physiol 25 42: 107-113 (2001)]. In this
case, when the culture medium 41 contains t he exaninee subst ance, the

exam nee %89?&@”?&%9&‘89 of acgé tan,ce '&%”S'S”B%)ﬁfﬂ' plgatd Lpf‘e tg%e{%i}% rmed
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present invention (that is, a transformed cell, wherein growth
of said cell is directly controlled by the intracellular signal

10 transduction fromthe cytokinin receptor) produced by employing
fission yeast as a host cell, such as a Phks genetically defected
strain, the fisgion pattern of the fission yeast may be observed
with a microscope. In this case, when the examinee substance
is added to the culture medium, the examinee substance found

15 capable of changing fission and propagation of the transformed
cell can be evaluated as a substance having the activity of
controlling biogynthesis of cytokinin, as compared with fission
and propagation of the transformed cell in a medium to which
the examinee substance is not added.

20 Furthermore, in the case of using a transformed cell of
the present invention produced by employing as the host cell
anE. colidefective inRcsCgene intowhichceps-LacZ is introduced,
the X-Gal colering may be observed in an agar culture medium
or a liquid culture medium [Suzuki et al. Plant Cell Physiocl

25 42: 107-113 (2001)]. In this case, when the culture medium
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exam nee substances, the exam nee substances are typically 20 utilized

i ndependently in different systens. It is preferable that at |east one of
the two or nore exam nee substances has no activity of controlling

bi osynt hesi s of cytokinin. Mreover, a substance with the activity of
controlling biosynthesis of cytokinin mybe searched by sel ecting
substances 25 having the activity of controlling biosynthesis of cytokinin
42 based on the activity evaluated by the aforenenti oned detection

met hods. n t by e ﬁﬁ} ction
met hods ma%EQ?hFi ?h eggang“gene ac bl%\q/:ea%l%ngr gid‘l en%98¥geg 5?% %)59 \?‘\l &
regulator | ants,to _be the ob ect s be . 48 d e

af or ement ron gl% a%t CSFS‘%ng gauf)a COF ar e% é%?%tf rm\g{dt %eclgr actalnvéaepl ants

such as flo pIants and,. orna ntaI a e 10 Ian |t
AL Bgh =8k sl hira e BA S T lvé%yfi cog%aolvl%g rees:

pl ants such t it rou ant’s
| d the |i ,egul at i xed .with d
car i er, l??&ﬂ?ﬁeséﬁ oy SLRH ARG | e MBS IEL RO (P RCARE0OF hed w th

a surfactant and ot XLllar ent r, the 15 fornulatlon f an
agri cul't uPARRAGTRER FELT L EPat %a@ﬁ Mo st i SATLES SHAEBI Sgent
a hydratir suspension agent, a solution agent and the like. In

ng gent 5
these agriculPhr &P eQnd horticul tural agents, an agonist-active substance
or an antagonist-active substance to the cytokinin receptor may be

The activity of the examinee substance for controlling
biosynthesis of cytokinin can be detected by evaluating the
10 activity of two or more examinee substances. The activity of
controlling biosynthesis of cytokinin can be provided for the
evaluationbyconducting the aforementionedmethod foranalyzing
the activity of controlling biosynthesis of cytokinin. For
example, the evaluation of the activity of controlling
15 biosynthesis of cytokinin can be based on the difference between
the two or more examinee substances, which are cbtained by
compariscn of the existence or the quantity of the intracellular
signal transduction. In utilizing the two or mere different
examinee substances, the examinee substancesg are typically
20 utilized independently in different systems. It is preferable
that at least one of the two or more examinee substances has
no activity of controlling biosynthesis of cytcokinin.
Moreover, a substance with the activity of contrelling
bicsynthesisof cytckininmaybe searchedbyselectingsubstances

25 having the activity of controlling biosynthesis of cytckinin

42



20 contained generally in 0.5 to 90 % by weight and preferably in 1 to 80
% by weight. Usable as the solid carrier to be used for the fornmulation of
an agricultural and horticultural agent are, for exanple, clays
(kaolinite, kieselguhr, synthesized hydrated silicon 25 oxide, intercal ated
cl ays, bentonite, acidic white clay, and 43 the |like), talc, other
inorganic mnerals (sericite, quartz powder, sulfur powder, activated

car bon, calciun1carbonate, and the like), chemcal fertilizers (ammnium

sulfate. 8ommaldiBhashale, HITRBLUG £y Lha! 2o AORDRL LEHERI AR, i e

and the 5 st at in granular state and usabl e
as the |Iﬂ§t 8§rr|er are, for exanple, water, alcohols (et hanol, et hanol
and the |1 etones (acetone, nmethyl ethyl ketone, cylohexanone and the

| i ke), aromatic hydrocarbons (toluene, xylene, ethylbenzene,
met hyl napht hal ene and the like), 10 non-aromatic hydrocarbons (hexane,

and the I1ke) . FRECRPFec AEPERRDFE séles%%f?flyo& FF BEERG oy 70T °

h d h i k
Cai et by PSE AR E?as e B P e At Sl b 3T 5L SRR S ons
(dlchloroeth ne, trlc oroebgane and the like), etc. As the surfactant

usabl e ar 8, PFoPtedARBEE, TaPRYPSG Furic acid esters al kyl sul fonic acid

salts, alkylaryheul bonie agid, salis  aLivlaryl gt hers and (bl by

aforementioned plant growth regulator are, for example,
decorativeplantssuchas floweringplantsandornamental foliage

10 plants; cultivating plants such as crop, vegetable, fruit and
the like; fibrous plants; trees; lawn and the like.

The growth regulator is generally mixed with a solid
carrier, a liquid carrier, and the like and further, if needed,
mixed with a surfactant and other auxiliary agents for the

15 formulation of an agricultural and horticultural agent and
formulated in an emulsion agent, a hydrating agent, a suspension
agent, a sclution agent and the like. In thesge agricultural
and horticultural agents, an agonist-active substance or an
antagonist-active substance to the cytokinin receptor may be

20 contained generally in 0.5 to 90 % by weight and preferably in
1 to 80 % by weight.

Usable as the solid carrier to be used for the formulation
of an agricultural and horticultural agent are, for example,
clays (kaolinite, kieselguhr, synthesized hydrated silicon

25 oxide, intercalated clays, bentonite, acidic white clay, and
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20 pol yet hyl ene gl ycols, polyhydric al cohol esters, sugaral cohols and the
like. As other auxiliary agents for the formulation of agricultural and
horticultural agents, usable are solidification agents and di spersanst
such as casein, gelatin, 25 polysaccharides (starch, acacia, cellulose
derivatives, 44 alginic acid and the like), lignin derivatives, bentonite,
synt hesi zed wat er - sol ubl e pol yner [poly(vinyl alcohol), poly(vinyl
pyrolidone), poly(acrylic acid) and the |like] and the |like, and
stabilizers_suc s PAR (acidic i r I . at Bk

(276 tert SRS SER hotRyfpheviry, BRReare BiPsR Rt S S o ol )
pl ant oil Lneral, Qils aliphatic .acids..aliphati.c I S t he
i ke, TheSouletammt: i RovaBattror iy et “srbroli obF s ey Rintty 20

cyt oki nin de.t g, be ricultyral .and 10 horti cul tural ents s used as it
T2t or ai | HRBATaPh warer g E5Fry M0 e daheR e Pt e S e
parts, br eave $arts. d fl ower .and uit.

h | , t f plants b
Cor eyt ng. ERPBPRRF Gy (€ By 1 A &1 G il T 1 GTOE B appr PRac T o Fhe.
| ant | at [ d f t bj.ect plants t 15 t th
[ cat moht TORES BOF L7 of BA T6F PFAGE, STIA HEoCRaatoP CALRr e M
wt h lator, f the . f ' t he.d [ f fruits,
The pl ant SO 197 E3 GPAFGET S i FF ST WP A e 2R CPHELP QLI i | ut ed
agent i gprayed, 19 bhe (M), RaLLs and Brench and,)eave, pay s hefore

cylohexanone and the like), aromatic hydrocarbons (toluene,

xylene, ethylbenzene, methylnaphthalene and the like),

10 non-aromatic hydrocarbons (hexane, cyclchexane, kerosene and
the like), esters (ethyl acetate, butyl acetate and the like),
nitriles (actonitrile, isobutylnitrile and the like), ethers
(dioxane, diisopropyl ether and the like}, acid amides
{dimethylformamide, dimethylacetamide and the like),

15 halohydrocarbons (dichloroethane, trichloroethane and the
like), etc.

Ag the surfactant, usable are, for example, alkylsulfuric
acid esters, alkylsulfonic acid salts, alkylarylsulfonic acid
salts, alkylaryl ethers and their polyoxyethylene compounds,

20 polyethylene glycols, polyhydric alcohol esters, sugaralcohols
and the like.

As other auxiliary agents for the formulation of
agricultural and horticultural agents, usable are
solidification agents and dispersanst such as casein, gelatin,

25 polysaccharides (starch, acacia, cellulose derivatives,
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20 harvest. In the case of using the plant growh regulator for the

pur pose of suppressing the ball dropping of cotton, the plant growth
regulator is diluted with water and the resulting diluted agent is sprayed
to the balls and stem and | eave parts of cotton 25 before harvest. 45 The
pl ant growth regul ator may be used for the treatnment of growi ng plants or
of plants after harvest. The appilcation anount of the substance with the
activity of controlling biosynthesis of cytokinin in an agricultural and

5 hor ti culural: gent s, 0ener alihe) L 1A HA00 dLngfcl IRt Al alihough i

IS changeg ependi ng on e state of t gricu orticul'tural
cgent (NeyELINg LG \Hhed LAl cdR el L asrigent, (e
vater. tnECCditeRrRa PP e iaE e REEM PP abenstry ooty 1EREEGt M ane
O the agPsdittral gnd HePE AT RPN iRt e g o e
Lo ob BcP BRRRECES bt 4t 60" b Eo War & MY SRR ‘o AFbr mal ati oh
SUbSt ance |2 o LEHE BT By B AEONERSA g BragynPhes: S HReE9t RN and
used as aaeh%%%tqgog%Qd%?ggf?ﬁﬂgtizh%;fﬁwéégé}étg% (gﬂénﬁfﬁﬁ.

The substance with the activity of controlling
biosynthesis of cytokinin made to be agricultural and

10 horticultural agents is used as it is or diluted with water to
carry out treatment for the stem and leave parts, branch and
leave parts, and flower and fruit parts of plants by spraying,
for fruits by immersion, and for fruits by application. The
plant growth regulator is used for the object plants to carry

15 out the treatment once or a plurality of times.

In the case of using the plant growth regulator for the
purposge of suppressing the dropping of fruits, the plant growth
regulator is diluted with water and the resulting diluted agent
is sprayed to the fruit parts and branch and leave parts hefore

20 harvest.

In the case of using the plant growth regulatcr for the
purpose of suppressing the ball dropping of cotton, the plant
growth regulator is dilutedwith water and the resultingdiluted

agent 1s sprayed to the balls and stem and leave parts of cotton

25 before harvest.
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20 description of the exanples denotes the parts by weight. Fornulation
exanple 1 A hydrating agent was obtained by sufficiently pulverizing and
m xi ng 50 parts of a substance with the activity of controlling 25

bi osynt hesis of cytokinin, 3 parts of calciumligninsulfonate, 46 2 parts
of sodium |l aurylsulfate, and 45 parts of synthesized hydrated silicon

oxi de. Formul ation exanple 2 5 A hydrating agent was obtai ned
bysufficiently pulverizing and mxing 70 parts of a substance with the

. ¢ .
?F;thgﬁI?onggg%Egéﬁpar ég} gﬁgﬁl%ggﬁyﬁngga?%ﬂxi§8Eagﬁ§arts St
synt hesi zgg E%W;L glzblt'sc%'} 8))9 gﬁan %ﬁ;@ij %xarrpl e 3 An enul sion

agent was 0b 3 ne of "a sub ance ‘With the activity of

controlling bio Kin

sor bi t ane rmnoo?%feeapeélfl %la? éR%P (tgléerp%éé%%%?ﬁg% qf¥ﬁ%oset)el%tﬁa 52
parts of te uIver|Z|n SR ultant mx t

smal | er % %t%gfj]“ &F €75 h‘ieh p?gscg |lrI11vlenn ol Eégu? %%gs e to
provide_a

o e B LIRS0 | SR S e ok el s
It is poss&ghoug ptr g\élc angergeégggné%tzg on at1¥e st%te of the agricultural
and horticultural agent, the timing for the treatment, the method
for the treatment, the site for the treatment, and the object
plant to be treated. Algo in the case of using the plant growth
10 regulatorwhile diluting the agent withwater, the concentration
of the agent is generally 0.0001 to 1000 mM and preferably 0.001
to 10 mM, although it is changed depending on the state of the
agricultural and horticultural agent, the timing for the
treatment, the method for the treatment, the site for the
15 treatment, and the object plant to be treated.

Next, hereinafter given are formulation examples of an
agricultural and horticultural agent produced from a substance
with the activity of controlling biosynthesis of cytokinin and
used as a plant growth regulator. The parts in the following

20 description of the examples denotes the parts by weight.

Formulation example 1
Ahydrating agent was obtainedbysufficientlypulverizing
andmixingS50partsofasubstancewiththeactivityofcontrolling

25 biosynthesis of cytokinin, 3 parts of calcium ligninsulfonate,
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the activity of controlling biosynthesis of cytokinins. Furthernore, by
using such an analysis nethod, it is possible 25 to provide a nethod for
qui ckly finding substances having the 47 activity of controlling

bi osynthesis of cytokinins with small anounts of sanples. EXAMPLES 5
Hereinafter, although the present invention will be described in details
with the reference to exanples, the present invention is not at al
restricted to these exanples. (Exanple 1) Preparation of a pol ynucl eotide

comprising 2.405nue! eohl e Saquenes: ncod g, oft NG, 6 dssquRNGRAP! 2

cyt oki ni n"receptor a epar a an’ expr essiton ve

t hepol ynug| eot | d Part 1) : .productionof Arabi dopsis cDNAphage Ilibrary
for CRE1l @Y%ﬁ?h&gséég§°8P RféﬁFdopsis t hal i ana ecotype Wassil ewskija were
15 sterilized with 70% of ethyl alcohol for | mnute and were further
sterilized wth 1.5%f sodium hypochlorite f or 10 mnutes. The resulting
seeds mergﬁ*elh gashed mﬁ%& sEeriIized water and then were cultured for 2
weeks in Tt tar 8 nEdPIRrF43 g Murashige and Skoog's basal salt

m xture, 1% sucrose, 10 m of 5% MES- KCH H5.,7 . 3%_.PHYTAGELTM
(gel I ar® gum) ( s%%mé)ra]tw B waegi&raln[eﬁgb%gaﬁ?wi?%?ywva%ﬁl%s
frozen in liquified nitroge and physi cal mlled with_a nortar, .and a
pestle. TABY gf&m%mﬁfgpgﬁ%a&%cm&t y%dam‘ﬁl%mff@&ltfa i%h of 10

m of an _extraction buffer [200 mM Tri s- HCL éaEH 8.5),,, 100 m\{lg\laCI 10
biogynthesis of cytokinin, 3 parts of calcium’ligninsulfonate,

2 parts of sodium laurylsulfate, and 25 parts of synthesized
hydrated silicon oxide.
10
Formulation example 3
An emulsion agent was obtained by mixing 40 parts of a
substance with the activity of controlling biosynthesis of
cytokinin, 3 parte of polyoxyethylene sorbitane monoolate, 2
15 parts of CMC (carboxymethyl cellulose), and 52 parts of water

and wet-pulverizing the resultant mixture to be 5 pm or smaller

in the particle size.

The present invention makes it possible to provide a
20 transformed cell co-expressing a cytokinin receptor and a
cytokinin biosynthesis enzyme. Further, by using such a
transformedcell, it ispossible toprovide amethod foranalyzing
the activity of controlling biosynthesis of cytokinins.
Furthermore, by using such an analysis method, it is possible

25 to provide a method for quickly finding substances having the
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25 nM EDTA, 0.5% SDS, 14 nM ( 3-nercapt oet hanol] and 10 g of phenol. 48
After being mxed by a Vortex m xer, the resulting mxture was m xed
further with 10 ml of chloroformand vigorously stirred and subjected to
centrifugal separation at 10,000 rotation for 20 mnutes. The recovered
aqueous | ayer was mxed wwth Lid 5 in the concentration to be 2M of the
final concentration, left still at -80C for 3 hours, thawed and subj ect ed
to centrifugal separation at 10,000 rotation for 20 m nutes to recover

s S I ™,

sodi um acet at e % Zéﬁind 5m et hanol and subjected to centrl fugal
separat i o P8TF cSéeFa €8s a precipitate. Further, the precipitate (RNA)
was subjected to treatnment with OLI GOTEXTM dT30 super (oligo d(T) |atex
beads) (N ppon Rosch Co.) to extract RNA integrated wth polyA 15 The
product i on g_& gggge CDNA library fromthe extracted RNA integrated with
pol yA was EaTF out enpl oyi ng ZAP-cDNAR Synthesis Kit (Stratagene Co.)

accordin toth instruyction The potency of the produced ph ecDNA
i brary>was 5007°BB0NPELET202¢ ERSHETe t%a BrESSPat 1B OF & peiyHubeot | de

conpri si ng cleotide s uen nco ng an am no acid se uence of a
cyt oki nin F@EE&ESFI ]&héeﬁﬁéggr"%ﬂﬁ hhgfr 2ESiITH Sr LBF PRIREDT
pol ynucl eot i de ﬁPart, 12fx producti on of probe of CRE1 The PCR was
carri ed ott'VERPpIGHi A RRKARK EAlTﬁe‘PﬁFégt@fihéPnﬁ%\eﬁﬁl EXBNURYFA 'yner ase)

(Takara Shuzo Co., Ltd.) and using

(Example 1) Preparation of a polynucleotide comprising a
10 nucleotide sequence encoding an amino acid sequence of a
cytokinin receptor and preparation of an expression vector of
thepolynucleotide (Part 1) : productionof Arabidopsis cDNAphage
library for CRE1l cloning
Seeds of Arabidopsis thaliana ecotype Wassilewskija were
15 sterilizedwith 70% of ethyl alcoheol for 1 minute and were further
sterilizedwith 1.5% of sodiumhypochleorite for 10 minutes. The
resulting seeds were well washed with sterilized water and then
were cultured for 2 weeks in GM culture medium [4.3 g Murashige
and Skoog's basal salt mixture, 1% sucrose, 10 ml of 5% MES-KCH
20 (pH 5.7), 0.3% PHYTAGEL™ (gellan gum) (SIGMA}] to obtain 5g of
the plant. After the plant was frozen in liquified nitrogen
and physicallymilled with a mortar and a pestle. The resulting
milled product was mixed with a mixed solution of 10 ml of an
extraction buffer [200 mM Tris-HCl (pH 8.5), 100 mM NacCl, 10

25 mM EDTA, 0.5% SDS, 14 mM 3-mercaptoethanol] and 10 g of phencl.
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49 a phage sol ution (about 1, 000, 000 PFU) of the phage cDNA |library
produced in the exanple 1 as a tenplate and a pol ynucl eoti de having the
nucl eoti de sequence represented by SEQ I D No: 25 and a pol ynucl eoti de
havi ng the nucl eoti de sequence represented by 5 SEQ ID No: 26 as the
primers to anplify DNA. The procedure wll be described in details bel ow
A PCR sol ution was prepared by adding a reaction conposition containing
dNTP and the like to the phage 1,000,000 pft and respective priner each in

D 2 ament CREE %%tfreéﬁlﬁlxl%o%%% et i shsl 7E0d E S TS R oo

30 seoonntixaR BER 0P @Z@ e S amn ar S Rat SR TR P ¥
E?ﬁpgfﬁh' B ey ’{%Sgﬁr” B pRaiAper st R A 1y POP AR LN Bek e 5
v of Soplaerantes b ﬂ%'%%nC%‘?%éj S aéé?}i LR i T Fedet § on
oot 3?'%%%&'”5%&“%%?&%541%5 b AP bt Baat A f{:e%?ée'ﬁ%m“@%efi? a5t

conprising a_ _nucleotide sequence encoding an amno acid sequence of a
cyt oki ni nSEdééptlor 88 Fepaharran Brawed Sask 84bI 8AT Pt Ce B Tt uIed

polynucleotlde gPart 1): production of phage cDNA clone 50
eparation at’ 10,000 rotation for 20 minutes to recover a

precipitate. The recovered precipitate was dissolved in 2 ml
of TE [10 mM Tris-HCl (pH 8.0), 1 mM EDTA] and then further mixed
10 with 0.2 ml of 3 M sodium acetate (pH 5.2) and 5 ml ethanol and
subjected to centrifugal separation to recover RNA as a
precipitate. Further, the precipitate (RNA) was subjected to
treatment with OLIGOTEX™ dT30 super (oligo d(T) latex
beads) (Nippon Rosch Co.) to extract RNA integrated with polyA.
15 The production of phage ¢DNA library from the extracted
RNA integrated with polyA was carried out employing ZAP-cDNAR
Synthesis Kit (Stratagene Co.} according tc the instruction.

The potency of the produced phage cDNA library was 500,000 PFU.

20 (Example 2) Preparation of a polynucleotide comprisging a
nucleotide seqguence encoding an amino acid sequence of a
cytokinin receptor and preparation of an expression vector of
the polynuclecotide (Part 1): producticon of DNA probe of CREl

The PCR was carried out employing TAKARA LA TAQ™

25 (thermostable DNA polymerase) (Takara Shuzo Co., Ltd.) andusing
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hol di ng CRE1 gene The cloning of desired CRE1 gene was carried out by

pl ague hybridi zation using the probe prepared by the exanple 2. Detailed
description will be given below. 5 Using the phage cDNA |ibrary produced in
the exanple 1 and according to the instruction of ZAP-cDNAR Synthesis Kit,
pl aque was produced. DNA was adsorbed on a nitrocellulose filter fromthe
produced plaque and then treated with UV rays to be fixed on the filter.
Using the filter prepared in such a manner, 10 hybridi zed phage cDNA cl one

000 Mt FLsHe, %%ﬁﬁt?%% 85 | R g PSR Phs bR bpi b e
400, 0.1% i i ,.0.1% BSA],_ 0.5% DS 100
(ggé/dm: e gp({ Y Y HRY egér;nr 94! o?r; § a nt %p%f %%Yari% i é)crvfu\%/r%uo ‘Qi ca_l_qéta:’.ncﬁje

g/ M degénerated Sal non Sp

(Boeri nget-Mannhei m Co..) containing 100 g/ m of degen t sa n_sperm
DA, SUGCURLRUB SRR Uy s PRl e A e e ST A SEB TR PP e
in the presence of 015 Mtrisodium ﬁig&rat e) and

» 1 élgsgﬁ-0'15 PI/INaCIl nd. 0. diun
0.5% (wW v)"1 4 %%]de? 1881 1&%5 ﬁgméﬁ TR F0° "9 ROt BREFREE &Yesence
of 0. 1_x 5%12 ng 20 F]/INaCi and 0.001?.%“ (.sodiuymcitra e}f and 0. 5%
SDS,  (EXaftBle! 3 Vopr BRIt S ot e oy AUET SOY I corfil BFAGSA T Rt ot | de
sequence encadi ng.an am n aci,g S ence of a cytokinin receptor and
prepar at i g’ﬁ S&%lgfﬁr é?s%@rtra\} @tg’%ﬁG’r‘”'ZS t he pol ynucl eotide (Part 1):
| onin f E1l in h f_th | an in
cl oning of |CREL,cPN 5} ,Vai,n9, Lhe cONA o, the pltage PVA cl.qne obtained by
composition containing dNTP and the like to the phage 1,000,000
pft and respective primer each in 0.2 pM according to the
1¢ instructionof the kit and the desired DNA fragment was amplified
in PCR conditions: keeping at 94°C for 2 minutes, and further
repeating 40 cycles each of which comprised keeping at 94°C for
30 seconds, at 55°C for 30 seconds, and at 68°C for 5 minute.
Next, using the amplified DNA fragment as a template, a probe
15 labelled with **pP was prepared employing Megaprime DNA-labelling
system kit (Amersham Pharmacia Co.). Incidentally, reaction
solution (25 pl) was prepared by adding 2.0 MBg of *?P  dCTP

to 25 ng of amplified DNA fragment and adding a reaction

composition instructed by the kit. The labelling reaction was

20 carried out at 37°C for 10 minutes.

(Example 3) Preparation of a polynucleotide comprising a
nuclectide sequence encoding an amino acid sequence of a
cyteckinin receptor and preparation of an expression vector of

25 the polynucleotide (Part 1): production of phage cDNA clone
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exanple 3 as a tenplate and a pol ynucl eoti de having the nucl eotide
sequence represented by SEQID No : 23 and a pol ynucl eotide having the
nucl eoti de sequence represented by SEQ ID No: 24 as priners, 5 DNA having
t he nucl eotide sequence represented by SEQ ID No: | was anplified by PCR
Detail ed description will be given below. The PCR was carried out

enpl oyi ng Hercul ase Enhanced DNA Pol ynerase (Stratagene Co., Ltd.) in the
reaction conditions of keeping at 94C for 1 mnute, and further repeating

25 cycl esp 310 8achnef i.ch conprised keeping at 94C for 30 seconds, at 55C
for 30 secgngé,aa?d%étg%?% for 4 mnute. Incidentally, the PCR solution

(501) was pr epali;ﬁg %o%%gfé?%g%%ic’gﬁ%f%@ﬁafé Qerfggto%iﬂqjogg?lm and

the like to 500 n agec Ccl'one™and respe ve  pri nmer

each in 1813?9%%%%% irieilj-lni%r?ti% ttp:%e #g_,r?ib%stprr% tif%%pgéf fg)%eep@:%amlp Qee 2desi red DNA

f ragnment such a ner . réparation of a
polynucleg%kgq %%”8%%%&& t%onn%ﬁhﬁoEEdei%%gy%gﬁ%mpncoding an am no acid
sequence Of a % cytokintrn receptor and preparation of an expression vector
of the_pol ynucl.eotid Part 1) - construction of El expression vector

A ter pAISCYCL, T8 hen e eRbrasl PRNE LbEYEY | Sinfer el ure aHrL ok
119-122 (1995 avai.l abl e om ATCC ljbrary_( 738 . . di gest ed
Wth o roStR BEFOKiRByRE She 1ARREETRERT 45 A TPRR GRS Kt

AV g e eLeeld 020 38088 b RS §320L2L a0, SRR BN 20k NG ned by

from the produced plagque and then treated with UV rays to be
fixedon the filter. Usingthe filter prepared in such a manner,

10 hybridized phage cDNA clone was obtained by keeping at 65°C in
the presence of 6 x SSC (0.9MNaCl and 0.09 M trisodiumcitrate),
5 X Denhard's solution [0.1% (w/v) ficoll 400, 0.1% (w/v)
polyvinylpyrrolidone, 0.1% BSA], 0.5% (w/v) SDS and 100 pg/ml
degenerated salmon sperm DNA or in DIG EASY Hyb solution

15 (Boeringer-Mannheim Co.) containing 100 pg/ml of degenerated
salmon sperm DNA, successively keeping at a room temperature
for 15 minutes two times in the presence of 1 X SSC (0.15 M NaCl
and 0.015 M trisodium citrate) and 0.5% (w/v) 8DS, and further

keeping at 68°C for 30 minutes in the presence of 0.1 x SSC (0.015

20 M NaCl and 0.0015 M trigodium citrate) and 0.5% SDS.

(Example 4) Preparation cof a polynucleotide comprising a
nucleotide sequence encoding an amino acid seguence of a
cytokinin receptor and preparation of an expression vector of

25 the polynucleotide (Part 1): cloning of CRE1l <DNA
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| i gat ed downstream of the CYC 1 pronoter sequence of the expression vector
p415CYCL as to be integrated to express the 5 desired protein in yeast. The
constructed DNA was confirmed to be in the right direction and its

nucl eoti de sequence was confirned to be the nucl eoti de sequence
represented by SEQID No : 1 by an automatic DNA sequencer and then the
expression plasmd p4l15CYC-CRE 1 was obtained. 10 (Exanple 6) Preparation
of a polynucl eotide conprising a nucleotide sequence encodi ng an am no

aci d sequence o C KAl C o] i j on
vector of the ggﬁ?ﬁu)éﬁéo{:?gg %Earl?ézéhgé]%l%ﬁ%?%ﬁgﬁgiﬁﬁﬁg; cDNA 15
Seeds of Arabi St i ssi | iy erdilized wth
20% of et R TEL 80T oG el AR Cha i e e Ay TS Bl i L s
sodi um hy hiorite for_ 10 m nut . ultin e I |.l. washed
W ih ster PEoEdoRaar S TheR” R 1R 18P0 4 B IR R B o
[4.3 g Mupashi and. 20 Skoog' s_basal salt.m r 1%.sucrose, 10 m of
50 NES. KOHE E e K 140 S5 B Re P T CReT A St (5P Gl Fo0d Wit m 59 of
the plan ter the plant was.frozen in liquified nitroge i
physi a1 O PREA™ EREaTGH Ear LaRcE SaPBRET cr SRTESTBEER PRGEd 1 Q1P pr oduct
T ety A Al o810 T 33, Sy g L, [200
3-nercaptoethano## and 10 g of,ggenol. %fter bein% qixed bM a Ygl%ﬁg
mi xer, the resuF rEF$ﬁgan BIRA out employing Hertulase Enhanced D

Polymerase (Stratagene Co., Ltd.) in the reaction conditions

of keeping at 94°C for 1 minute, and further repeating 25 cycles

1¢ each of which comprised keeping at 94°C for 30 seconds, at 55°C

for 30 seconds, and at 72°C for 4 minute. Incidentally, the

PCRsolution (S0 pul) was prepared by addingareactioncomposition

containing dNTP and the like to 500 ng of cDNA of the phage ¢DNA

cleone and respective primer each in 100 ng according to the

15 instruction of the kit.

The desired DNA fragment was amplified in such a manner.

{Example 5} Preparation of a polynucleotide comprising a
nucleotide sequence encoding an amino acid sequence of a
20 cytckinin receptor and preparation of an expression vector of
the polynucleotide (Part 1): construction of CRE1l expression
vector
After p4l13CYCl, a yeast expression vector, [Munberg et
al. Gene: 156 119-122 (1995), available from ATCC library (No.

25 873821)] was digested with a restriction enzyme Sma I and then
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m xed further with 10 ml of chloroformand vigorously stirred and
subjected to centrifugal separation at 10,000 rotation for 5 20 m nutes.
The recovered aqueous |ayer was mxed with LiCl in the concentration to be
2M of the final concentration, left still at -80C for 3 hours, thawed and
subjected to centrifugal separation at 10,000 rotation for 20 mnutes to
recover a precipitate. The recovered precipitate was dissolved in 2 m 10
of TE[10 nMTris-HCL (pH 8.0), 1 nM EDTA] and then further mxed wth 0.2

OB SRl S S e it Wllhaga L
(e Pt B 2L D oY e P pHEl ol B St BT foee
e e MR S A e e b gLl Phenc,
e pur | L5R T SaETR ) Rl o B0 g LBl T e e
O e Bk PO D Al A AL
et e ek UEL o L0 StBe 1 B LTS S B

pol ynucl eoti de 54 havi ng .t he nucl eotj de sequence represented by SEQ I D No:
27 and aCﬁBereﬁeB?i%%gqmiwlteﬁé:%Ps &@esﬁa%gésnitsér%ge#%& y

No: 1byanautomatic DNA sequencer andthenthe expressionplasmid
p415CYC-CRE 1 was obtained.

10
(Example 6) Preparation of a polynucleotide comprising a
nuclectide sequence encoding an amino acid sequence of a
cytckinin receptor and preparation of an expression vector of
the polynucleotide (Part 2): cloning of AHK3 (AAF95730) cDNA

15 Seeds of Arabidopsis thaliana ecotype Wassilewskija were
sterilized with 70% of ethyl alcohol for 1 minute and further
sterilizedwith 1.5% of sodium hypochlorite for 10 minutes. The
resulting seeds were well washed with sterilized water and then
cultured for 2 weeks in GM culture medium [4.3 g Murashige and

20 Skoog's basal salt mixture, 1% sucrose, 10 ml of 5% MES-KCH (pH
5.7), 0.3% PHYTAGEL™ (gellan gum) (SIGMA)] to obtain 5g of the
plant. After the plant was frozen in liquified nitrogen and
physically milled with a mortar and a pestle. The resulting
milled product was mixed with a mixed solution ¢f 10 ml of an

25 extraction buffer [200 mM Tris-HCl (pH 8.5), 100 mM NaCl, 10

53



SEQ I D No: 28 as priners, DNA having the nucl eoti de sequence represented
by SEQID No: 5 was anplified by PCR The PCR was 5 carried out using

Her cul ase Enhanced DNA Pol ynerase (Stratagene Co., Ltd.) in the reaction
conditions of keeping at 94C for 1 mnute, and further repeating 41 cycles
each of which conprised keeping at 94C for 30 seconds, at 55C for 30
seconds, and at 72C for 4 mnute. Incidentally, the PCR solution (50 |)
was 10 prepared by adding a reaction conposition containing dNTP and the

like to 5 f 1 d t 00
alc:clgr]g?ng Zghl nrsgt%r uc?p @ @P?’lﬁ &y L r%%:%g% I(lél\é pil%ﬁb&) fre‘g% e[no]i | ntg |
a ifie ch. a mann a Lepara n_of a nucl eot i de
conpI 1 &, nafﬁer“fa%m%tmai@aruas‘ééfi%%mmmeg? sﬁrﬁau%ﬁﬁags%@% e

t oki ni t f t t.h
ool ynuel oBErae t ks BeS P D 1o Beorr o PrRERFT S¢S or Sttt STisd g et

. Ge 6 9-122 ilable f AT 382
nes o gesdd ]%e%%d P EL TR SR B R %59389@ el iohetioog bua
f t l i nk th | eotid t EQID
oo T50% aR0 BOPHERE | nEM (CRETETHE TR OSR, Y Sota DASCIEE D Eﬁcﬁf
DNA |igaseas to newy add the regtrlctﬁﬂn enﬁ%ge sites 25 Sac || @p
Nhe Ito thE %s“rﬁrﬂ:‘%’hﬁw FFAPE LG Ethep 3l C%%c?%%’r%%)le t
Preparation of a pol ynucl eotide conprising nucl eoti de sequence encodi ng

an anino &Eildlsdlyqudice &pra h@yﬂfékltl?ﬂil%w?@@é'& grbaRetpleparcaniten Bf93n

expr essi on vector of
geparaticn at 10,000 rotaticn for 20 minutes to recover a

precipitate. The recovered precipitate wag dissolved in 2 ml

10 of TE {10 mM Tris-HCl (pH 8.0), 1 mM EDTA] and then further mixed
with 0.2 ml of 3 M sodium acetate (pH 5.2) and 5 ml ethanol and
subjected to centrifugal separation to recover RNA as a
precipitate. Further, 40 pg of the precipitate (RNA) was mixed
with 30 unit of FPLC pure™ Dnasel (RNase free-DNase

15 I) {(Amersham-Pharmacia) andé60unit of Superace (Ambion) toremove
mixed genome DNA and the resulting RNA was subjected tc the
phenol /chloroformtreatment and ethanol treatment to purify the
RNA. Next, using the purified RNA as a template and oligo (dT)
12-18 {Amersham-Pharmacia) as a primer, RT-PCR was carried out.

20 The RT-PCR was carried out employing Superscript II (GIBCO BRL
Co.) at 42°C for 40 minutes. Incidentally the PT-PCR solution
wag prepared according to the method described in instruction
of the Superscript II.

The desired c¢DNA was amplified in such a manner.

25 Usingthe amplifiedcDNA asatemplate andapolynucleotide
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5 the pol ynucl eotide (Part 2): construction of AHK3 expression vector
After the pHWM 1 was digested with the restriction enzyne Sal | and Sac |1
and then using T4 DNA |igase, DNA having the nucleotide sequence
represented by SEQ ID No: 5 was introduced 10 downstream of the CYCl
pronot er sequence of the expression vector pHM1 as to be integrated to
express the desired protein in yeast. The constructed DNA was confirnmed to
be right in the direction and its nucl eotide sequence was confirnmed to be

Caht i . . "
xpr essi oit 1B S A 1N kB S OB SRR B 338 3P 5+ 255  on

f I | eot i i, Si | eot i.d: ' '
aci d Sequirti o &e g0 At e aB e S BARRER B SRS S B o

t f I | eotid P . cloni f -AHK2( BAB09274) cDNA

\lngfngr t ﬁesémﬁgyggagggg 7 Eﬁ{#«g&é aﬁéﬂt’% Z%a‘f fII’ﬁg q-’IC}IE]%IA]OUIDCr1eep°atr1e BT cher se
t i pti f th t t | at I I i de havi
the nucl G5PPHESEBATENRE SRPrb e of B3F Ry 1 Te o Py Hhparh ot i do
havi h | eoti d 25 t by SEQ I D No;_ 32 [ :
DRA havt ngPPheS A CorE a8 Lo AR BEe PapH LU P e lvEp - SER 15 T o e
anplified by PCR The PCR was carried oqut enploying TAKARA Pfu, Turbo
denature €PakaPRd- ShiZotls. repehipni ROPAEtieBEt PENKEBRENE| 3hs?HIC K&dpi ng at

94C for 1 mnute, a further repeating 30 cycles._each of which 5
conpri sed! 'KékHiS1g?3 Ehegr 98 ‘é%’aﬂ&g, cyrlegearhohichanmprised

keeping at 94°C for 30 seconds, at 55°C for 30 seconds, and at
72°C for 4 minute. Incidentally, the PCR solution (50 pl) was
10 prepared by adding a reaction composition containing dNTP and
the like to 500 ng of the template DNA and respective primer
each in 100 ng according to the instruction of the kit.

The degired DNA fragment was amplified in such a manner.

15 (Example 7) Preparation of a polynucleotide comprising a
nucleotide sequence encoding an amino acid sequence cof a
cytokinin receptor and preparation of an expression vector of
the polynucleotide (Part 2): construction of pHM-1

After p415CYCLl [Munberg et al. Gene: 156 119-122 (1995) ;

20 available from ATCC library (No. 87382)] was digested with the
restriction enzyme Spe I and BamH I, synthesized DNA fragments
(linkers) having the nucleotide sequence represented by SEQ ID
Nosg: 29 and 30 were inserted to the expression vector p415CYCl
using T4 DNA ligaseas to newly add the restriction enzyme sites

25 Sac II, Apa I, Nhe I to the plasmid p415CYC1 and construct pHM-1.
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and at 72C for 4 mnute. Incidentally, the PCR solution (50 1) was
prepared by adding a reaction conposition containing dNTP and the like to
500 ng of the tenplate DNA and respective prinmer each in 50 ng according
to the instruction of the kit. 10 The desired DNA fragnent was anplified in
such a manner. (Exanple 10) Preparation of a polynucleotide conprising a
nucl eoti de sequence encodi ng an am no acid sequence of a cytokinin
receptor and preparation of an expression vector of 15 the pol ynucl eoti de
(Part 2): cloning of AHK2( BABM274) AcDNA Using the cDNA prepared in
exanple 6 (the cDNA prepared by reverse transcription of the total RNA) as

I I L [ I i.d d
by “SEQ | bR P800 KHERERCLER, BF ml Bk e B R S once 207

repr esent elo P S| DoMILp3d SRR 5, BRRARS A Lhedaout ol i fy

[~ X
DNA cont ai nirng eol'I de Sequénce repréesen eot’'de nunbers

291025851 S, 08 o2 A Sl SO U e

sites of nuc Sequence. rf1ed ou

condi {1 brECDT PROEING- koA (S 01" LT L sl SR,/ SRR 3o

cycl es eagh gf whi ch conprised keeping at 94C for 30 seconds, at 55C for
30 seconds®“8hd at 72C for 4 ninute. I ncidentally, the PCR solution (50

| ) was prepared E a q%n reacti on conposi,tiop, 5 containing dNTP and the
ke to 500 ng BE:Ehe 1omsr ate” BRAV Pt TRSHEE [ U8 177 rotC 65 TG ng
accordi ng t? the instruction , . .
Sal I and Sac II, and then using T4 DNA ligase, DNA having the

nucleotide sequence represented by SEQ ID No: 5 was introduced
10 downstreamof the CYCL promoter sequence of the expressionvector

PHM-1 as tobe integrated to express the desired protein inyeast.

The constructed DNA was confirmed to be right in the direction

and its nuclectide sequence was confirmed to be right in the

sequence by an automatic DNA sequencer and thus the expression

15 plasmid p415CYC-AHK3 was obtained.

{(Example 9) Preparation of a polynucleotide comprising a
nuclectide sequence encoding an amino acid sequence of a
cytckinin receptor and preparation of an expression vector of
20 the peclynuclectide (Part 2): cloning of AHK2 (BAB09274)cDNA
Using the cDNA prepared in the example 6 (the cDNA prepared
by reverse transcription of the total RNA) as a template and
a polynucleotide having the nucleotide sequence represented by
SEQ IDNc: 31 and a polynucleotide having the nucleotide sequence

25 representedby SEQ IDNo: 32 as primers, DNAhaving the nucleotide
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of the kit. The desired DNA fragnent was anplified in such a manner. 10
(Exanple 11) Preparation of a polynucleotide conprising a nucleotide
sequence encodi ng an am no acid sequence of a cytokinin receptor and
preparation of an expression vector of the polynucleotide (Part 2):
construction of AHK2 and AHK2 A expression vectors 15 After pHM 1 was
digested with a restriction enzyne Sac |l and Nhe | and then using T4 DNA
| i gase, DNA fragnents obtained by the exanple 9 and the exanple 10 were

[espect | Vel bhaa' s  doMpLE AR HIRCYC 1o prommter seqyence ofpide

expressi on Vect or egrat express desire

[ t. The intr. ' ta. b Lght _in t di ti
and 15 nBERAbTT B8 CORuEREe S BN RS <ho B FER P EHES e by
an automatjc DNA sequencer, and thus the expressjon Iism' d p4l5CYG AHK 2
and p415CCSARKBA woh e ob4) 68, T28°F RERer SHie: Lyt e EFERFBAAbt T of

transforned cells 6 TML82- . _TML82- AHK2, TML82- AHK2A and _TML82- AHK3

Tr ansf or maffo 6‘%“‘7‘%&82""(@ ﬁ%%%}lﬁe@_ﬁfp é?‘rtrélnlgcélgl fy&&feé:’cte&ﬁ:?%torfaiw 1 hpeda T
et al. Nature: 369 242-245 &19904 l: was carried out using the obtajned

expr ess? oRCPPALFRFH SRMETRE TRIELL PR 8R4APAE HT 5519 S6¥C Algerqidste
exanple 11), p415CYC- AHK2A (the exanple 11) and E415CYC— AHK3 (the exanpl e
8). The tPBAstortaG SATWAS EFE ed JRCIBPRERILYYi RES PER & -Hyt re (50

glycol /lithium acetate (PEG Li Ac)-nedi at ed o o
pnl) was prepared by adding a reaction composition containing

dNTP and the like to 500 ng of the template DNA and respective
primer each in 50 ng according to the instruction of the kit.

10 The desired DNA fragment was amplified in such a manner.

(Example 10) Preparation of a polynucleotide comprising a
nucleotide sequence encoding an amino acid sequence of a
cytokinin receptor and preparation of an expression vector of
15 the polynucleotide (Part 2): cloning of AHK2 (BAB0S$274)AcDNA
Using the ¢DNA prepared in example 6 (the c¢DNA prepared
by reverse transcription of the total RNA) as a template and
a polynuclectide having the nuclectide sequence represented by
SEQ IDNo: 33 and a pelynucleotide having the nucleotide sequence
20 represented by SEQ ID Nc: 34 as primers, PCR was carried out
to amplify DNA containing the nuclectide sequence represented
by nuclecotide numbers 586 to 3531 of SEQ ID No: 3 in which ATG
was added to the 5' terminal sites of said nucleotide segquence.
The PCR was carried out employing TAKARA Pfu Turbo denature

25 (Takara Shuzo Co., Ltd.) in the reaction conditions of keeping
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transformati on nethod according to the description of VII. 10 Library
Transformati on & Screeni ng Protocols disclosed in MTCHAMAKER Two- Hybri d
System 3 User Manual p. 22 from CLONTECH Co. Transfornmed cells TML82- CREL,
TMLB2- AHK2, TML82- AHK2A and TML82- AHK3 wer e produced by sel ecting
transforned cells that were grown in the DOLU + Gal cul ture nedi um based
on the fact 15 that | euci ne auxotrophy di sappears in the transforned cells.
(Ref erence exanpl e 2) Response of transforned ceIIs TML82- CREL,

TML82- AHK2 2A TNH8 - AHK3. t t okj 1

oot oy TMC ARt o VaRE EUERuE? E¥DOSHTRR A et Rtk it S

TML82- CRE1l, . TML82- AHK2, .TML82- AHK2A ML AHK3 d th |

12 vas spa’w—sﬁmsam%&ﬁﬁ@ @%Pl%%ﬁt R R R R e
d | t d at. 30C Af t 1 t f

Phe O anEEaPRbg " cEPfs St Schobted BE oL 3%%%'}539 Rvﬁea ;fféRa 5 "

caner a. 59 a rezglt each of the?éransforned cells

v AT eD Ao oo Srtsedh déosgﬁaﬁéalgnﬁglﬁe@%m PP e of
o o8 GRSt Rt PR Iiisé&“%ﬁ'ﬂ?%- ha R0 qﬁ” ghﬁté%“ébéfai e redi a

containin notrans- zeatin. res showe qﬁ%tra sforned cells
Feaponded E3BEFEORPAPR SBRA SPRAL Hins) JErACTRHH 49 Trihe oL
+ G u agar cujture nedia. F rth rt transfornmed ce e fo

oos bl s Uhe T e des A DAL FAGR AR E HRB uP B kbl B TR ESETight |y of

manner.

10 (Example 11) Preparation of a polynucleotide comprising a
nuclecotide sequence encoding an amino acid sequence of a
cytckinin receptor and preparation of an expression vector of
the polynuclectide (Part 2): construction of AHK2 and AHK2 A
expresgion vectors

15 After pHM-1 was digested with a restriction enzyme Sac
II and Nhe I and then using T4 DNA ligase, DNA fragments cbtained
by the example 9 and the example 10 were respectively ligated
downstreamto the CYC 1 promoter sequence of the expressionvector
pHM-1 as tobe integrated toexpress the desired protein inyeast.

20 The introduced DNA was confirmed toc be right in the direction
and itg nucleotide sequence was confirmed to be right in the
sequence by an automatic DNA sequencer and thus the expression

plasmid p415CYC-AHK 2 and p4l5CYC-AHK2A were obtained.
25 (Reference example 1) Production of transformed cells

58



10 the existence trans-zeatin. (Reference exanple 3) Response of
transforned cel | sTML82- CREL, TML82- AHK20O and TML82- AHK2 to cytokinin (Part
2) Culture solutions of the transforned cells TML82-CRE1, 15 TML82- AHK2A
and TML82- AHK2 produced by the reference exanple 1 were spotted on DOLU +
G u agar nedia containing cytokinin in a variety of concentrations (1 nM
10nM 1200 nM 1 M 10 M 100 pM and cultured at 30C for 30 hours. After
i ncubation, the growh state of the transforned cells was observed and 20

pQﬁESfﬁ[ ?Sﬁggﬁgrsﬁﬁ Fgﬁ'gé%? Sand e B, SR MRS AR espect v

. ' T 1
Cyt oki ni n- TMLG2 CRET T THBS: APKD L THIBS? ANRSA1 r e Je BEPR E6RHTPM 100nM
Cubst ance RESPRGS SoBALLY %%?5%%6?”%% AR ) b (P £ e e

t f d l1s. T TML82- AHK d th
oror encovgnsiar il ahE Hhang b obrRI960  REEFSBaE0 31 B Tar 6 o

1 ut od wPE hE BB R Gl P foara TSt B bbb 1oe el deese%%%’fée%”i&ﬁﬁs. ty
(0D60o) pP415CYC-AHK2A (the example 11) and p415CYC-AHK3 (the example
8). The transformation was carried cut by employing
Polyethylene glycol/lithium acetate (PEG/LiAc)-mediated
transformaticn method according to the description of VII.
10 Library Transformation & Screening Protocols disclosed in
MATCHAMAKER Two-Hybrid System 3 User Manual p. 22 from CLONTECH
Co. Transformed cellg TM182-CRE1l, TM182-AHK2, TM182-AHK2A and
TM182-AHK3 were produced by selecting transformed cells that

were grown in the DOLU + Gal culture medium based on the fact

15 that leucine auxotrophy disappears in the transformed cells.

(Reference example 2) Response of transformed cells TM182-CRE1,

TM182-AHK2, TM182-AHK2A and TM182-AHK3 to cytokinin (Part 1)

A culture solution 10 pl (about 800 clones of yeast) of

20 the transformed cells TM182-CRE1l, TM182-AHK2, TM182-AHKZ2A and

TM182-AHK3 produced by the example 12 was spotted on DOLU + Glu

agar media containing 10 puM of trans-zeatin and cultured at 30°C
for 30 hours. After incubatiocon, the growth state of the

transformed cells was observed and photographed by a digital

25 camersa.
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10 and further the resultants were diluted with DOLU + Gu nedia at a

dilution rate of 1/200 to obtain diluted pre-cultured solutions. An assay
pl ate was prepared by filling respective wells of a 96-well plate with 20
| of solutions which were prepared 15 by diluting DVSO sol ution (10mV) of
each exam nee substance wth DOLU + Qu nediumat a dilution rate of 1/100,
said solutions containing each exam nee substance to be 100 M at the final
concentrati on. Sinultaneously, an assay plate only filled with 20 | of

sol utions whi ch,wete, prepared,y Qk'fz’ﬁé ”@r?ﬁ@%é&? stiom g0mpdp DAL + du

medi um said soﬁ tlons SEont al A ng~no- 8xan nee stance, was prepared as

t he bl ank T dd 200

61 each ﬁ?@%{zﬁ%%?@wﬂﬁe% -%%Ere Cﬁ@ﬁ?%% §§§§ hared BRafdiotedh ac soc

f 24 h dth t.h .

moasur ed Yol BPELE: MG e kY oh rv.cyg)care R dmating

bst to th t oki t det d5b

opt i cal d ag%fsy- %5 %é&?%%%z{%? °%P“%?aste§ﬂe€ﬁa§c 5 éﬁ?%?pq%ﬁégﬂme

subst anges re adde wth t cal , density neasured |q,the bl

sect! onS. T GHEF Ci HERATASE R GPRE ALn TP A (RS of THRE ST or med
substa ces, wer e added

|1 t t t h.th
Wer e showfE8=h Ehati 1S CESRRGHRACH CROWPRESEREPTFGNES it aPlfae%f%ty

measur ed I%Fth testlng secfions to mhlch { he exam nee_ subst anc wer e
added t hafr"hatReh YErE BPSFKP 52 C0 h T RMFel REREL XY 451U agar cu Ceure
media. Further the transformed cells were found posgssible to

be grown in the DOLU + Gal agar culture media independently of

10 the exigtence trans-zeatin.

(Reference example 3) Response of transformed cells TM182-CRE1,
TM182-AHK2A and TM182-AHKZ to cytokinin (Part 2)
Culture solutions of the transformed cells TM182-CRE1,
15 TM182-AHK2A and TM182-AHK2 produced by the reference example
1 were spotted on DOLU + Glu agar media containing cyteckinin
in a variety of concentrations (1 nM, 10 nM, 100 nM, 1 puM, 10
UM, 100 pM) and cultured at 30°C for 30 hours. After incubation,
the growth state of the transformed cells was cbhserved and
20 photographed by a digital camera. The lowest observed supply
concentrations of trans-zeatin and cis-zeatin in which the
respective transformed cells could be grown were shown in Table

1.

25
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agoni st-active substance to the cytokinin receptor. 15 Table 2 Exam nee
TML82- AHK2 TML82- AHK2z TML82- AHK3 substance DMSO 0.01 0 0.51 Compound A*1
0.01 0 0.54 Conpound B*2 0.45 0.89 0.88 *1 Abscisic acid (=negative
control) *2 6-Benzyl am nopurine (=positive control) (Reference exanple 5)
Met hod for searching substance having 20 agonist-activity to cytokinin
receptor (Part 2) 62 The transforned cells TML82- AHK2, TML82- AHK20O and
TMLB2- AHK3 produced in the reference exanple 1 are inoculated in 200 m of
DOLU + Gakg glt re media and cultured at 30C for 30 hours to obtain

pre- culture utions. 5 The pre-cultured transforned cells (TML82- AHK2,
TML82- AHK20 and TML82- AHK3) are spot-added in 10 | to {the respective| DOLU
+ G u agafvégkinie nedi a M3 SkhiCREIagoni|SEMIER1ARK2 subs)t Be®s-AK2he
cytokinin receptor selegted by the refgrence exanple 4 are added whi| e
their coné&aneageaf ibei nd %¥anged from|70M0 nMto 100 MM then are
cultured|at 30C for 30 hours. After incubation, the ijntensity of the
agoni st -§éﬁ|@ﬁﬁ@lﬁf t he N AANWES  substlEtes to the cybkinin receptbr is
detected and confirnmed based on the |owest concentration at which
transforned cells (TML82- AHK2, TML82- AHK2A and TML82- AHK3) are observed to
gr ow.

(Reference example 4) Method for searching substance having
agonist-activity to cytokinin receptor (Part 1)

5 The transformed cells TM182-AHKZ, TM182-AHK2A and
TM182-AHK3 produced in the reference example 1 were inoculated
in 200 ml of DOLU + Gal culture media and pre-cultured at 30°C
for 36 hours. The pre-cultured solutions were dilutedwith DOLU
+ Glu media as to become 0.100 as the optical density (ODggo)

1¢ and further the resultants were diluted with DOLU + Glu media
at a dilution rate of 1/200 to obtain diluted pre-cultured
solutions.

An assay plate was prepared by £illing respective wells

of a 96-well plate with 20 pl of solutions which were prepared

15 by diluting DMSO golution (10mM) of each examinee substance with
DOLU + Glu medium at a dilution rate of 1/100, said solutions
containing each examinee substance to be 100 puM at the final
concentration. Simultaneously, anassayplateonlyfilledwith
20 ul of solutions which were prepared by diluting DMSO solution

20 with DOLU + Glu medium, said solutionsg containing no examinee
substance, was prepared as the blank sections.

The diluted pre-cultured scluticns were added in 200 pl
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15 (Exanpl e 12) Preparation of a polynucleotide conprising a nucleotide
sequence encodi ng an am no acid sequence of a cytokinin biosynthesis
enzynme and preparation of an expression vector of the polynucl eotide:
Cloning of AtlPT4 cDNA) 20 Seeds of Arabidopsis thaliana ecotype
Wassi | ewskija were sterilized with 70% ethyl al cohol for 1 mnute, and
were further sterilized with 1.5%o0di um hypochlorite for 10 m nutes. These
seeds were well washed with sterilized water, and then were cultured for
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m nut es.
was placed in tu i sQ al co oI had been
al r eady pgﬁgﬁatyaﬂﬂa?HﬁeﬁeéﬂlFhﬁggﬂ?qu?%cﬁb%n?eft éﬁmﬁﬁf

of the culture solutions of the transformed cells in the testing
gections to which the examinee substances were added were shown
10 in Table 2. Compound B showing the higher optical density
measured in the testing sections towhich the examinee substances
were added than that in the blank sections were selected as

agonist-active substance to the cytokinin receptor.

15 Table 2
Bxaminee | 1yigs aHK2 | TM182-AHK2A | TM182-AHK3
gubstance
DMSO 0.01 0 0.51
Compound A™ | 0.01 0 0.54
Compound B | 0.45 0.89 0.88

' Abscisic acid (=negative control)

"? g-Benzyl aminopurine (=positive control)

(Reference example 5) Method for searching substance having

20 agonist-activity to c¢ytokinin receptor (Part 2}
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15 at 25C for 20 mnutes. Thereafter, the m xture was subjected to
centrifugal separation at 15,000 rpmat 20C for 20 mnutes to recover a
precipitate. To the recovered precipitate, 300 L of 70% et hanol was added,
and the resulting mxture was stirred wth a Voltex m xer. The m xture was
subjected to centrifugal 20 separation at 15,000 rpmat 4C for 15 m nutes
to recover a precipitate. The recovered precipitate was |left standing at
37C for 5 mnutes, and then 30 L of T1O0EO 2 (10nM Tris-HC1 (pH 8.0), 0.2nmM

EDTA (pH 8.0 dded .t o di I h i.pi o | [ :
genon§2 DNA éélﬁggo rﬁgEfS%PEEi%%}%%5HN§§??%g%EEkéﬁhggfﬁ%§§Q%3¥l ging t he
bt ai ned ' 4.t | at d I | eot i de havi t
nUct cot | A& S8quBHEE PFSBrESantba By HeEaH DN ERaEPARaT S bl oAl 2o He
havi ng the nucl eoti de sequence re resentgg,by SEQ I.D No:, 36 JRrinmers to
[Ty DR R0 ThORGareBel det Leatantet t eah sy o i S ER © 11
‘?’g IDCI% arlrig ourb e Fo in ]Slcul ase _Enhanced DI@\IIaA;1 Polojrrerase
(Strat ag\é\ﬁi éSf‘l,rSL gy Gﬁ‘gglr p%ﬁé%éﬁgluir i 7§ 1UE3P8 % ons of keeping at 94C
f 1 ninute, ti 4 I h incl udi [ 94C f 30
Seconds? at 50CIPEr PEBCCEAEGREE. TARASRETTEA For o CENdraetKang 11 na
keeping at 72C 10 for 1 mnute. A PCR solution (50 L) was prepared b

addi ng~ aTMé&erPHR280mpesi THHR2 sBERS hs2daRTPPaRd2ERET iiEelpo“ioéonEjh&y t he

tenpl ate DNA and 100 ng of each of the priners accordjn , ,
t ot hei nst FGEPFGH&I’FH%CPﬁE * Gt ﬁﬂéwl%lg“e?ggéa tlﬁ\I&hFFggfrg?émlS%ﬁsCtalﬁiﬂ ified.

substances to the cytokinin receptor selected by the reference
example 4 are added while their concentration being changed from

10 10 nM to 100 uM and then are cultured at 30°C for 30 hours. After
incubation, the intensityof theagonist-activityof the examinee
substances to the cytokinin receptor is detected and confirmed
based on the lowest concentration at which transformed cells
{(TM182-AHK2, TM182-AHK2A and TM182-AHK3) are observed to grow.

15
(Example 12) Preparation of a polynucleotide comprising a
nuclecotide sequence encoding an amino acid sequence of a
cytokinin biosynthesis enzyme and preparation of an expression
vector of the polynucleotide: Cloning of AtIPT4 cDNA)

20 Seeds of Arabidopsis thaliana ecotype Wassilewskija were
sterilized with 70% ethyl alcohol for 1 minute, and were further
sterilized with 1.5% sodium hypochlcorite for 10 minutes. These
seeds were well washed with sterilized water, and then were
cultured for 20 days in GM culture medium (4.3 g Murashige and

25 Skoog’s bagal salt mixture, 1% sucroge, 10 mL of 5% MES-KCOHE (pH
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15 (Exanpl e 13) Preparation of a polynucleotide conprising a nucleotide
sequence encodi ng an am no acid sequence of a cytokinin biosynthesis
enzynme and preparation of an expression vector of the polynucl eotide:
construction of AtlPT4 expression 20 vector After p423ADH, a yeast
expression vector, (Minberg et al. GCene: 156 119-122 (1995), available
fromATCC library (No. 87371) was digested with a restriction enzyne Sma |
and then using T4 DNA |igase, DNA having the nucl eoti de sequence

r ted M d i | i gat ed
(obresent gd7bY 25 SHR LR b b Ob) RS PY bR AL Ect s, T aate
423ADH to-he.int ted t .the desi tein . | . Th
DN BRI IR BB O ity The

| eotid f d_t t h l.eot .
nucl eot ! derSEUERTE, PR, AL LTRCate e, PGB0l S8 R seasREe a0 |
DADSCYCL, ML §EadkCaRRr 228l Ve lhov. CROMBErY efPaP  tin b OTeg I 10" 152
1995), i | abl AICC |i,b i 7137 di i
Lostr) o SReERopRE eTo SRRSFERAES s wdARy 74 SR Tr oot SRl g the
| eotid d by SEQ I D No; .11 and.obtai ned by th
oxarpl e - 12 SRS pat eq dnE Pe iR o 4R CYETE BFBIBEAPOCBYHENER "B ¢ he
expression vector p423CYCL as to be integrated to express the desired
protein i heyEaStandhed conéPradidu SONRL Wase € o1 frbgH 100 ML of a mixed

solution of chlorcoformand isocamyl alcohol (chleoroform: iscamyl
alcohol = 24: 1) was added. The resulting mixture was stirred
10 with a Voltex mixer, and was then subjected to centrifugal
separation at 15,000 rpm at 20°C for 20 minutes. After
centrifugal separation, 75 pL of the resulting supernatant was
placed in a 0.6 mL tube, in which 75 pL of iscamyl alcchcl had
been already placed, and the resulting mixture was left standing
15 at 25°C for 20 minutes. Thereafter, the mixture was subjected
to centrifugal separation at 15,000 rpm at 20°C for 20 minutes
to recover a precipitate. To the recovered precipitate, 300
pL of 70% ethanol was added, and the resultingmixture was stirred
with a Voltex mixer. The mixture was subjected to centrifugal
20 separation at 15,000 rpm at 4°C for 15 minutes tc recover a
precipitate. The recovered precipitate was left standing at
37°C for 5 minutes, and then 30 pL of T10E0.2 (10mM Tris-HCI
(pH 8.0), 0.2mM EDTA (pH 8.0)) was added to disscolve the
precipitate. 1In this way, a genomic DNA solution was obtained.

25 Next, PCR was carried out using the obtained genomic DNA as a
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15 to be in the right direction and its nucl eoti de sequence was confirned
to be the nucl eotide sequence represented by SEQ ID No: 11 by an automatic
DNA sequencer and then the expression plasmd p423CYCl-1PT4 was obtai ned.
20 (Exanpl e 14) Preparation of a polynucleotide conprising a nucleotide
sequence encodi ng an am no acid sequence of a cytokinin biosynthesis
enzyne and preparation of an expression vector of the polynucl eotide:
cloning of AtIPTS cDNA In a simlar nmanner to Exanple 12, PCR was carried

ggtthgflgﬁa gggg;ggﬁngQQS}g E gﬁ%§é2$%V{ ?g&gndﬂl ynucle#ﬂ% ﬁéiing
I

ﬁaCFﬁgeSt%%ﬁréggﬂgéﬁis 3§%§Sf$é%$es%%f§%% 5)5¥&§§?%§§?*'<%% U 1o

2! o ENe 08K anucLeal A sequance o LeR en ol fd Pl MDY, 13

The PCR was carrle rcuI nced nMer ase

S d d f 94C
(o § agchRgtRey ol %ﬁﬂﬁiQ%V%P€§%§§$ d%hggaﬁgﬁaéiéonfﬁée% NP 0
d 55 f 30 d d 72C f | O
coaninos o E BN Fay O IR ERRIR S e F&H‘P(l%&lﬁbg SEtenf gy it Cyedaddl g

DA and 1 Hﬁ°338§%%é§%e3#%€ﬁs BEFREr 2 aclefal ng Ee T 8% ATEQICTSh of ¢ he
kit. In tgloid\i\%){ong gfesklereepdlnnglé 51£°acgrfrgrlltlmrrﬁsnu6%:rgpl Irfelpgcaitllllg 40 cycles
each including keeping at 94°C for 30 seconds, at 50°C for 30
gseconds, and at 72°C for 60 seconds, and final keeping at 72°C
10 for 1 minute. A PCR solution (50 uL) was prepared by adding
a reaction compogition such as dNTP and the like teo 100 ng of
the template DNA and 100 ng of each of the primers according
totheinstructionof thekit. Inthisway, adesiredDNA fragment
was amplified.
15
(Example 13) Preparation of a polynucleotide comprising a
nucleotide sequence enceding an amino acid segquence of a
cytokinin bicosynthesis enzyme and preparation of an expression
vector of the polynucleotide: construction of ALIPT4 expression
20 vector
After p423ADH, a yeast expression vector, (Munberg et al.
Gene: 156 119-122 (1995), available fromATCC library (No. 87371)
was digested with a restriction enzyme Sma I and then using T4

DNA ligase, DNA having the nuclectide sequence represented by

25 SEQIDNo: 11l andobtainedbythe example 12 was ligated downstream
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(Exanmpl e 16) Production of transformed cells of the present invention:
Production of transforned cells TML82- CYCLl- CYCLll PT4, TML82- CYCl - ADHI PT4,
TML82- CYCL1- CYC1I PT5, TML82- CYCl - ADHI PTS, TML82- CRE1- CYCL1I PT4,
TML82- CREI - ADHI PT4, TML82- CREL- CYCLI PT5, 20 TML82- CREI - ADHI PTS,
TML82- AHK2- CYC1I PT4, TML82- AHK2- ADHI PT4, TML82- AHK2- CYCl | PT5, and

TML82- AHK2- ADHI PTS Transformation of TML82 (SInlA), SLN genetically
defected strain, [Maeda T et al. Nature: 369 242-245 (1994)] was carried

cted | . s
avai | 4bl o> DATEORGE P%fzi?{’?c*%é Seihehth 8EoLA0 n&@%i%%ﬁ%‘%wa?é%ﬂ*y_
P o e, SE75 808! b la EEE TP S e AU AT AN o P pd IS 10 W PUROST O
423ADH- | PT5 d p423CYC1-1PT5 bt ai d.i | 15 t t t.hat is,
by ol ng (g SRPEEE Rl ke SohR PRRe ot TP I i gt f on
CBEa L1 ACE ottt i (e RRGRRLE B SISt o) bR R 3R g
VIl. Library Transformati on S i tocols discl d i n MATCHAMAKER
T, s | BeayenER T ttae SRS TR I By e e s e B Rl e s, of
trgngyorhed Zegls TNHSZ-CYC11CYé1 PT4 .t.0 gﬂi % é#%%YCl and p423 YEE-?P$4
are  introAdcEASITRES SEREF SRAEFPRASE L PR ARTEETER 5R8 CRAZNSS-I PT4 are
i ntroduced, TML82-CYCl -CYCI I PT5 to ic_h 5)4180%01 andrﬁj;)4230Y01-l PT5 are
i ntroduced, TML8B-EYG™ PPENET  LRATCR® pATEEYCI? AfRF P SFRITIPTE are

i nt roduced, _
vector, (Munberget al. Gene: 156 119-122 (1995), available from

ATCC library (No. 87379) was digested with a restriction enzyme
10 Sma I and then using T4 DNA ligase, DNA having the nucleotide
sequence represented by SEQ IDNo: 11 and obtained by the example
12 was ligated downstream of the CYC 1 promoter sequence of the
expression vector p423CYC1 as to be integrated to express the
desired protein in yeast. The constructed DNA was confirmed
15 to be in the right direction and its nucleotide sequence was
confirmed to be the nucleotide seguence represented by SEQ ID
No: 11 by an automatic DNA sequencer and then the expression

plasmid p423CYC1-IPT4 was obtained.

20 (Example 14) Preparation of a polynucleotide comprising a
nucleotide sequence encoding an amino acid sequence of a
cytokinin biosynthesgis enzyme and preparation of an expression
vector of the polynucleotide: cloning of AtIPTS cDNA

In a similar manner to Example 12, PCR was carried out

25 by using the genomic DNA obtained from the plants of Arabidopsis
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TML82- CREI - CYCl | PT4t 0 whi ch p415CYC- CRE1 andp423CYC -1 PT4 are introduced,
TML82- CREI - ADHI PT4 to which p415CYC- CRE1 and p423ADH-| PT4 are introduced,
TML82- CREI - CYCI | PT5 to which p415CYC-CREL and p423CYCl-1PT5 are

i ntroduced, 20 TML82- CREI - ADHI PT5 to whi ch p415CYC- CRE1 and p423ADH | PT5
are introduced, TML82- AHK2-CYCI I PT4 to which p415CYC- AHK2 and
p423CYCLl- 1 PT4 are introduced, TML82- AHK2- ADHI PT4 to which p415CYC AHK2 and
p423ADH- | PT4 are introduced, TML82- AHK2- CYCl | PTSt o whi ch p415CYC- AHK2

2oy oA TG RPN, Y PO OO,
1 anot or G, 051 8 A0SLoUeLe: YO L0, BRI, sukiykaared wn brsgs on the
st or e el 3 Sal SRRl Qe o oSl A el g the
L2 MCEAR T, o IS AIORCION B DR A (AR, 0.
ez ARAOETS Inansta mion st ASRELSO, S gensi sty
O DY R TN ol L e PLESSL o0 AL Ao 2, 15 DALY GO
the amplifying conditions of keeping at 94°C for 1 minute,
repeating 35 ¢ycles each including keeping at 94°C for 30 seconds,
at 55°C for 30 geconds, and at 72°C for 80 seconds, and final
10 keepingat 72°C for 1 minute. A PCR solution (50 pL) was prepared
by adding a reaction composition such as dNTP and the like to
100 ng of the template DNA and 100 ng of each of the primers
according to the introduction of the kit. Inthisway, adesired
DNA fragment was amplified.
15
(Example 16) Producticn of transformed cells of the present
invention: Productionof transformed cells TM182-CYC1-CYC1IPT4,
TM182-CYC1-ADHIPT4, TM182-CYC1-CYCLIPTS, TM182-CYC1-ADHIPTS,
TM182-CRE1-CYC1lIPT4, TM182-CRE1-ADHIPT4, TM182-CRE1-CYCLlIPT5,
20 TM182-CRE1-ADHIPTS, TM182-AHK2-CYC1IPT4, TM182-AHK2-ADHIPT4,
TM182-AHK2-CYC1IPT5, and TM182-AHKZ2-ADHIPTS
Transformation of TM182 (S1lnlA), SLNI genetically
defected strain, [Maeda T et al. Nature: 369 242-245 (1994)]

was carried out by using any one of the three expressionplasmids,

25 commercially available p415CYC1, p415CYC-CRE1 obtained in
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in Exanple 8, and any one of the four expression plasmds, p423ADH |PT4
and p423CYCl-1PT4 obtained in Exanple 13, and p423ADH | PT5 and
p423CYCL- 1 PT5 obtained in Exanple 15 together (that is, by using two
expression plasmds at the sane tine). 20 The transformation is carried out
by enpl oyi ng Pol yet hyl ene glycol/lithium acetate (PEG Li Ac)-nedi at ed
transformati on nethod according to the description of VII. Library
Transformation & Screening Protocols disclosed i n MATCHAMAKER Two- Hybri d

h the £& T 1S - - 4
D ToovG ABRE S aneY msiamnt f e larervit Sabets . Bl it o
e B T A B 1% DRl 1 o
oo onIpke aRBL RV TRG: SRauRchy tea%i%@w%hﬁ%&%ﬁuﬁé%%éﬂ'xéﬂ o e um

di sappear .in_the_transfqrne cells. 1
PP (PEG/LEAC)—med?ateg trans%ormation method according to the

descriptionofVII. Library Transformation & ScreeningProtocels
disclosed in MATCHAMAKER Two-Hybrid System 3 User Manual p. 22

10 from CLONTECH Co. Twelve kinds of transformed cells
TM182-CYC1-CYC1IPT4 to which p415CYC1l and p423CYCi-IPT4 are
introduced, TM182-CYCL-ADHIPT4 to which p415CYC1l and
P423ADH-IPT4 are introduced, TM182-CYC1l-CYC1IPT5 to which
pP415CYC1 and p423CYC1-IPTS are intrcduced, TM182-CYC1-ADHIPTS

15 to which p415CYCl and p423ADH-IPT5 are introduced,
TM182-CRE1-CYC1IPT4 towhichp4l5CYC-CRE]1 andp423CYC1-1IPT4 are
introduced, TM182-CRE1-ADHIPT4 to which p4l5CYC-CRE1 and
P423ADH-IPT4 are introduced, TM182-CRE1-CYCLIPTS5 to which
p415CYC-CRE1l and p423CYCL-IPT5 are introduced,

20 TM182-CRE1-ADHIPTS to which p415CYC-CRE1 and p423ADH-IPTS are
introduced, TM182-AHK2-CYCLlIPT4 to which p415CYC-AHKZ and
p423CYC1-IPT4 are introduced, TM182-AHK2-ADHIPT4 tc which
pP415CYC-AHK2 and p423ADH-IPT4 are introduced,
TM182-AHKZ-CYC1IPTS towhichp4l5CYC-AHKZ2 and p423CYC1-IPTS are

25 introduced, and TM182-AHK2-ADHIPTS to which p415CYC-AHK2 and
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(Exanpl e 18) Use of transforned cells of the present invention: culture of
transforned cells TML82- CYCl - CYCl | PT4, TML82- CYCI - ADHI PT4,

TML82- CYCl - CYC | PTS, TML82- CYCl - ADHI PT5, TML82- CREI - CYCl | PT4,
TML82- CREI - ADHI PT4, TML82- AHK2- CYCl | PT4, 20 TML82- AHK2- ADHI PT4,
TML82- AHK2- CYCI | PT5, and TML82- AHK2- ADHI PTS 10 L of the culture solution
(cont ai ni ng about 800 clones of yeast) of each of the transfornmed cells
TML82- CYCl - CYCl | PT4, TML82- CYCI - ADHI PT4, TML82- CYCI - CYCl | PT5,

TMLG2- AKD CYOP T PTATS 7T kd CRHS AT P E VRS, RS CTO TS, and
TVIS2- AHK5ADHERTS B 0dyged {1, EXATPLE 16, yasosobtedh o) DO\l y agar

cul ture ﬁEgIUW] an u Our s. er incu i on,

the gromh _state of . the transforned 5 cells s _observed .and phot ogr aphed
by o ur o1 PareRserknk" %abh Paal] Telei ot et Rnly e i AR
TML82- CYCI - CYCI | PT4, .TI\/1182-CYCI-ABHIPT4h EN&SZ-CYCI-CYCIIPTS, and TML82
_CYCL - ADRHPTS REFE RHAE35558Fved egF&ﬁ,s EFWFﬁech&ﬁkforned cells
TML82- CREI - CYCl | PT4, TML82- CREIl - ADHI PT4, 10 TML82- AHK2- CYCl | PT4,
TNﬂ82-AﬁK2-ADHIPT4, TML82- AHK2- CYCI | PT5, and TML82- AHK2- ADHI PT5 wer e
observed t row. Further, in.a case where LU+G.u agar .cul ture di um
Conent e iR oe, T4 B bt i S E g R O P CrOr o Lo ey preserl
TML82- CYCI, - CYCI | PT4, TN%82-CYCI- DH PT4, TML82- CYCl - CYCl | PT5, 15 and
TML82- CYCHDABRF PPE | WwBF NG 16Bs 8fv & 30§ LoraRd e

TM182 -AHK2A-CYC1IPT4, TM182-AHK2A-ADHIPT4,
TM182-AHK2A-CYC1IPTS, TM182-AHK2A-ADHIPTS,

10 TM182-AHK3-CYC1lIPT4, TM182-AHK3-ADHIPT4, TM182-AHK3-CYC1IPTS,
and TM182-AHK3-ADHIPTS

Transformation of TM182 (S1lnlA), SLNI1 genetically

defected strain, [Maeda T et al. Nature: 369 242-245 (1994)]
is carried out by using any one of the two expression plasmids,

15 p415CYC-AHK2A obtained in Example 11 and p415CYC-AHK3 obtained
in Example 8, and any one of the four expression plasmids,
P423ADH-IPT4 and p423CYCl-IPT4 obtained in Example 13, and
p423ADH-IPTE and p423CYC1-IPTS obtained in Example 15 together
(that is, by using two expression plasmids at the same time).

20 The transformation is carried out by employing Polyethylene
glycol/lithium acetate (PEG/LiAc)-mediated transformaticn
method according to the description of VII. Library
Transformation & Screening Protocols disclosed in MATCHAMAKER
Two-Hybrid System 3 User Manual p. 22 from CLONTECH Co. Eight

25 kinds of transformed cells TM182-AHK2A-CYC1lIPT4 to which
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transfornmed cells TML82- CREIl - CYCl | PT4, TML82- CREI - ADHI PT4,
TML82- AHK2- CYCI | PT4, TML82- AHK2- ADHI PT4, TML82- AHK2- CYCl | PT5, and

TMLB2- AHK2- ADHI PT5 were observed to grow. This indicates that the
transforned cells TML82- CREI - CYCI | PT4, 20 TML82- CREI - ADHI PT4,
TML82- AHK2- CYCI | PT4, TML82- AHK2- ADHI PT4, TML82- AHK2- CYCl | PT5, and

TML82- AHK2- ADHI PT5 respond to cytokinins synthesized by thensel ves and can
grow on DOHLU+@ u agar culture nedium It was also confirned that all of

s tefSQr oPaaSlsPt akkaR %@%1?”% Eé?“&ﬁgé%?éd 5 3&#3053%89}?%}% '( tE‘x’;ﬁp”fg' ‘iS”zj
Us

ool o o AR B a3 s g DaES B : e N S :”T
TML82- CYCI. - ADHI.PTS,., 5 TML | 1_.PT4, T S E

T Lok, S N s RBHS R BB et ©
TML82- CYC1- 11 PT5, TML82- CYC DHI PTS TML82- - CYCQ | PT4,

Mos. mEP4§%9¥s+slsaéaﬁﬁ@dlmro B o T B AT IAC IS S £ o of

DOHLU+Gal cul ture_ ned an re- cultured at 30C for 36 hours. The
t hus ob?aPﬁéECYguﬁﬁﬁ?é §Gﬁup 3R§Dﬁeﬁg% i Pated AWHORUSE:U+G u cul ture nedi um

i th DOHLDIERA EUREGFY AT A Qgﬁﬂ‘ﬂ?cg’#%%ﬁ% G e

diluted pre-cultured solutions. 15 A_96-wel I ay plate was prepared by
Fi111ng GABRERBPFOn THLE2r MR35 PBRES ottt 1Bt of P4 SeXb il Sibot ance

(Absci si Cp423ADH—IPT4 are introcduced, TM182-AHK3-CYC1lIPT: to which

p415CYC-AHK3 and p423CYC1l-IPT5 are introduced, and

10 TM182-AHK3-ADHIPTS to which p415CYC-AHK3 and p423ADH-IPTS are
introduced are produced by selecting transformed cells that are
grown in DOHLU+Gal culture medium based on the fact that leucine
auxotrophy and histidine auxotrophy disappear inthe transformed
cells.

15
(Example 18) Use of transformed cells of the present invention:
culture of transformed cells TM182-CYCLl-CYCLlIPT4,
TM182-CYC1-ADHIPT4, TM182-CYC1-CYC1IPTS, TM182-CYC1-ADHIPTS,
TM182-CRE1-CYC1IPT4, TM182-CRE1-ADHIPT4, TM182-AHK2-CYC1IPT4,

20 TM182-AHK2-ADHIPT4, TM182-AHK2-CYCLIPTS5, and
TM182-AHK2 -ADHIPTS

10 pL of the culture solution {(containing about 800 clones

of yeast) of each of the transformed cells TM182-CYC1-CYC1IPT4,
TM182-CYC1-ADHIPT4, TM182-CYC1-CYC1IPTS, TM182-CYC1-ADHIPTS,

25 TM182-CRE1-CYC1lIPT4, TM182-CRE1-ADHIPT4, TM182-AHK2-CYC1IPT4,
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acid or 6-Benzyl amnopurine) . In this regard, it is to be noted that the
DVBO sol ution of a exam nee substance was prepared so that the
concentration thereof becanme 200 ppm Sinultaneously, 20 an assay pl ate was
prepared by filling each well with 1 L of DMSO as a bl ank section. Each of
the diluted pre-cultured solutions was added in a volunme of 100 L per each
well of both of the assay plates, and was cultured at 30C for 24 hours.
After incubation, the 25 turbidity of each well was neasured using a plate

r eader. ?@18 ﬁﬁRﬁo %Q%%4( %& %Exﬁa%@dﬂ P&%e gkfure sol utions of the

transfornmg S Containing the éxam nee substahce was shown in Table 3.

The trans I cYd | .PT 8 | - [, PT.

TML82- CYC&QIE‘,%I B%g_ g/q: E%TWQEME?%I RD% IYllereQ'L 6not%:l SobESHET gr ow

whi chever _exan n subst dded. the her and e.tr nsforned
col I's  TNPEOLERELUCHEFF Pt Gk TRICAZTORE e c?otsépvgdf% B ow
whi chever _exani nee_subst an e Was ag ed. Fur the romth edscﬁf t he

transf or tBaYEEl| s %Rﬁ%Zl e f S
culture_ nediumto mh enz antno re faster than
Chose’ (5 EAbBues BbRa ﬁeaﬁf& b arelrishte %we @dg&\.&eﬂ?i"?ri%di cat es
that the transforned Ils Nﬂ82 | - CY IIPT4 T - - PTS
respond to cyt%ﬁi%ﬂﬁ?s KBS TEANBYOrHEd et LS %i§¥¥§ﬁ§E%9% U+d u
15 cul ture nedi um and_t hat the@a@omth speeds _of the ansformed cells

TML82- CREFMEYEr FBF4 - 2RH LT lEs 2 THREL AP FS le Tenc ed

TM182-CYC1-ADEIPTS werenot observedtogrow, but the transformed

cells TM182-CRE1-CYC1IPT4, TM182-CRE1-ADHIPT4,

10 TM182-AHK2Z-CYC1IPT4, TM182-AHK2-ADHIPT4, TM182-AHRK2-CYCI1IPTS,
and TM182-AHK2-ADHIPTS were observed to grow. Further, in a
case where DOHLU+Glu agar culture medium containing 10 pM
trans-zeatin was used, the transformed cells
TM182-CYC1l-CYC1IPT4, TM182-CYC1-ADHIPT4, TM182-CYC1-CYCI1IPTS5,

15 and TM182-CYC1-ADHIPTS were not observed to grow, but the
transformed cells TM182-CRE1-CYC1IPT4, TM182-CRE1-ADHIPT4,
TM182-AHKZ-CYC1IPT4, TM182-AHK2-ADHIPT4, TM182-AHK2-CYCI1IPTS,
and TM182-AHK2-ADEIPTS were observed to grow., This indicates
that the transformed cells TM182-CRE1-CYC1IPT4,

20 TM182-CRE1-ADHIPT4, TM182-AHK2-CYC1IPT4, TM182-AHK2-ADHIPTZ,
TM182-AHK2-CYC1IPTS5, and TM182-AHK2-ADHIPTS5 respond to
cytokinins synthesized by themselves and can grow on DOHLU+Glu
agar culture medium. It was also confirmed that all of the ten
kinds of transformed cells could grow in DOHLU+Gal culture medium

25 regardless of the presence or absence of trans-zeatin.
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or decreased dependi ng on the anmount of cytokinin. 20 25 73 Table 3

Exam nee TML82- TML82- TML82- TML82- TML82- TML82- substance CYCl - CYC -
CyCl - CYCl- CREl1- CRE1l- CYCl- ADH CYCl - ADH CYCl- ADH | PT4 | PT4 I PT5

| PTS | PT4 |1 PT5 DMSO 0. 042 0.040 0.041 0.043 0.106 0.129 Abscisic 0.042
0.040 0.041 0.043 0.102 0.131 acid 6-Benzyl 0.042 0.041 0.043 0.043 0.260
0.293 am nopurine (Exanple 20) Use of transforned cells of the present
invention: culture of transformed cells TML82- CYCl - CYCl | PT4, 5
TML82- CYCI - ADHI PT4, TML82- CYCI - CYCl | PT5, TML82- CYCI - ADHI PT5,
TML82- CREI - ADHI PT4, TML82- AHK2- CYCI | PT4, TML82- AHK2- CYClI | PT5 and

TMISo- CYG AR T4 550 EYG ROl B s TGS LV B ACRTTE A g or

mace: CRLBLETE: TARAEOB T M CElTS

TML82- AH taine anp Inoculate in 200 nL of
DOHLU+Gal b URG e o rdNOr RS, PEGa UL ] £878Y tm182-cve1 -ADHIPTS,

5 TM182-CRE1-CYC1lIPT4, and TM182-CRE1-ADHIPTS
Each ¢f the transformed c¢ellg TM182-CYC1l-CYC1lIPT4,
TM182-CYC1-ADHIPT4, TM182-CYC1-CYCL1IPTS, TM182-CYC1-ADHIPTS,
TM182-CRE1-CYC1IPT4, and TM182-CRE1-ADHIPTS obtained in
Example 16 was inoculated in 200 mL of DOHLU+Gal culture medium,

10 and was pre-cultured at 30°C for 36 hours. The thus obtained
culture sclutions were diluted with DOHLU+Glu culture medium
g0 that CDgp9 became 0.200, and then the diluted ones were further
diluted with DOHLU+Glu culture mediumat adilution rateof 1/200
to obtain diluted pre-cultured solutions.

15 A 96-well asgay plate was prepared by filling each well
with 1 pL of a DMSO solution of an examinee substance (Abscisic
acid or 6-Benzyl aminopurine). Inthis regard, it is tobe noted
that the DMSO solution of a examinee substance was prepared so
that the concentration therecf became 200 ppm., Simultaneously,

20 an assay plate was prepared by filling each well with 1 pL of
DMSO as a blank section.

Each of the diluted pre-cultured solutions was added in
a volume cf 100 pL per each well cf both of the assay plates,
and was cultured at 30°C for 24 hours. After incubation, the

25 turbidity of each well was measured using a plate reader. The
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30C for 36 hours. The thus obtained culture solutions were diluted with
DOHLWHA u cul ture nedium so that OD600 becane 0.200, 15 and then the
diluted ones were further diluted with DOHLU+t@ u cul ture nmedium at a
dilution rate of 1/200 to obtain diluted 74 pre-cultured solutions. A
96-wel | assay plate was prepared by filling each well wth 1 L of a DVSO
sol ution of an exam nee substance (Abscisic acid or 6-Benzyl am nopurine)
In this regard, it is to be noted 5 that the DMSO solution of a exam nee

;SUbStancea)é@ﬁrBE\EB%r %D b %Drfa%atch)le %0%%”%3{’1 91 &qf, eeans 200 ppm

Si nmul taneous an ass ate was pr epare | I I'"'ng each well with 1 gL

added i eiaﬁs%%ﬁéﬁigéﬁﬁo%ogf@ EEh @FFH‘H?”% AR i
and was CyblHLed At 306 Lo, 24 bours. ALLEL &@ﬁ@%gsor GYBSzebroral Y of

each wel | "was neasdred usi ng a ate rea ance 00) of
each of t ns h r f.qrmed Is containing the
exam nee Eﬁ%g?a%gg?mégh%%& t2 %the%%%#ﬁg%t rans ormed cel I s

Tikss LA B S AR SRR e
o e S PR Vg A TR AT

obser ved g g ou U ClEYeL EXaTISe, SUBSLANGS MBS Added. Furiher, Lhe

growt h sp

grow whichever examinee substance was added. Further, the
growth speeds of the transformed cells TM182-CRE1-CYC1IPT4 and
10 TM182-CRE1l-ADHIPTS in the culture medium to which 6-Benzyl
aminopurinewasaddedwerefasterthanthoseinﬁheculturemedium
towhichonlyDMSOwasadded. Thisindicatesthatthetransformed
cells TM182-CRE1-CYC1IPT4 and TM182-CRE1-ADHIPTS5 respond to
cytokinins synthesized by the cells and can grow in DCOHLU+Glu
15 culture medium and that the growth speeds of the transformed
cells TM182-CRE1-CYC1lIPT4 and TM182-CRE1-ADHIPTS are increased

or decreased depending on the amount of cytokinin.

20

25
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transforned cells TML82- CREI - ADHI PT4, TML82- AHK2- CYCI | PT4,

TML82- AHK2- CYCI | PTS and TML82- AHK2- ADHI PTS in the culture nediumto which
6- Benzyl am nopurine was added were faster than 25 those in the culture
medi um to which only DMSO was added. This 75 indicates that the
transforned cells TML82- CREIl - ADHI PT4, TML82- AHK2- CYCI | PT4,

TML82- AHK2- CYCLI PT5 and TML82- AHK2- ADHI PT5 respond to cytokini ns

synt hesi zed by the cells and can grow in DOHLU+A u cul ture nedi um and t hat
the gr owtKgag %p?eds of the transfornmed cells TML82- CREI - ADHI PT4,

TML82- AHK2- % | [PT4, TML82- AHK2- CYC1l PT5 and TML82- AHK2- ADHI PT5 are

i ncreasefd or decreasled dependi ng on [the anmount of cytokinin.| 10 Table 4
Exanmi nee| Evag2negMLgZIMITMI82-TMMIB2- | TNABD- TWRE3<2 -TIMIBR82FMIEPM1&2ibst ance
CYCl- CYCl- CYCl- CYCl- CREl- AHK2- |AHK2- AHK2- CYCl{ ADH CYCl- ADH-| ADH
CYCLl- CYCEUPAPRRCEPTIAYHETA | PS5 PTY $¥TY- | PTEYCRTS || FREIDMEQ €RBB5 0, 035
0.035 0.035 0.044 0./199 0.071 0.301 | Abscisi¢_0.035 0.035 0.036_0.035 0.045
0.194 0.069 0.297 dcTd%: Berf¥sH- 0. 034 9L 034 | 8P835 063510, 058281339 . 430
0.427 am no purine | e Usle tram med | ] s of resent

i nventi oR: mgf hod foﬁgg‘ggc@%& subks{ﬁ.a%es hi%ﬂ{?g ar&-%\ij‘}* ¥ ofigfi!‘oro! i ng

N cUTTU T

DMSO 0.042 0.040 0.041 0.043 0.106 0.129
Abscisic

0.042 0.040 0.041 0.043 0.102 0.131
acia
6-Benzyl

0.042 0.041 0.043 0.043 0.260 0.293
aminopurine

(Example 20) Use of transformed cells of the present invention:
culture of transformed cells TM182-CYCl-CYC1IPT4,

5 TM182-CYC1-ADHIPT4, TM182-CYC1-CYC1IPTS, TM182-CYC1-ADHIPTS,
TM182-CRE1-ADHIPT4, TM182-AHK2-CYC1IPT4, TM182-AHK2-CYC1IPTS
and TM182-AHK2-ADHIPTS

Each of the transformed cells TM182-CYC1-CYC1lIPT4,
TM182-CYC1l-ADHIPT4, TM182-CYC1-CYC1IPT5, TM182-CYC1-ADHIPTS,
10 TM182-CRE1-ADHIPT4, TM182-AHK2-CYC1IPT4, TM182-AHK2-CYC1IPT5
and TM182-AHKZ-ADHIPTS obtained in Example 16 was inoculated
in 200 mL of DOHLU+Gal culture medium, and was pre-cultured at
30°C for 36 hours. The thus obtained culture solutions were
diluted with DOHLU+Glu culture medium so that ODggge became 0.200,
15 and then the diluted ones were further diluted with DOHLU+Glu

culture medium at a dilution rate of 1/200 to obtain diluted
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cyt oki nin bi osynthesis 15 The transformed cell TML82- CREl - ADH PT5 obt ai ned
in Exanple 16 is inoculated in 200 nL of DOHLU+Gal culture nmedium and is
then pre-cultured at 30C for 36 hours. The culture 76 solution is diluted
with DOHLWHGE u cul ture nmedium so that OD600 becone 0.200. The diluted one
is further diluted wwth DOHLU+tA u culture nmediumat a dilution ratio of

1/200 to obtain a diluted pre-cultured solution. Simlarly, TML82 (sl ni

A), a SLNl 5 genetically defected strain in which PTP2 Tyrosi ne phosphat ase

gene is | o] S ed in 200 nL of DOLW+Gl culture nedium
and is tht %%rgﬂggﬂgfﬁpe Oﬂg%gé%tsf or 36 hours. The culture solution is

dil d h

it L P B BRI ST

di | ut f 1.2 b di d | t d n..
R AR AR S oR e s W I g&sfnﬁ?lﬁsﬁgvfag%ﬂﬁggﬁﬁ%%| e 1
i i | at of. DOLU+CGal I_t di d

ISty ﬁsgga%f 558Nz T QiR SV 0 TR A0S D Behored | |

DO_U+GI di so that OD600. beco .100. The diluted one is
forthor S at et e B gt ﬁ?%a?t%r%%%ﬁg@ Fahcrurraet et eSS oo
to obtaln il uted tur il uted re culture sol uti on
of transf Bﬁﬁ'gd:}beeFPn Efa%hETett%a ec%m%@?f?y?pﬁm d‘]t}k'l n| n)
is added is al so prepared so 20 that the cqncentration of the 6 Benz

ami nopur i AB BEEBHEPD2pPritas LTARIEET s Ly gt €3cE Hréparebipy #5195 ng

each wel |
DMS0O as a blank section.

Each of the diluted pre-cultured solutions wasg added in
10 a volume of 100 uL per each well of both of the assay plates,
and was cultured at 30°C for 24 hours. After incubation, the
turbidity of each well was measured using a plate reader. The
absorbance (ODgpo) of each of the culture solutions of the
trangformed cells containing the examinee substance was shown
15 in Table 4. The transformed cells TM182-CYC1-CYC1IPT4,
TM182-CYC1-ADHIPT4, TM182-CYCl-CYC1lIPTS and
TM182-CYC1-ADHIPTS were not cbserved to grow whichever examinee
substance was added. On the other hand, the transformed cells
TM182-CRE1-ADHIPT4, TM182-AHK2-CYC1IPT4, TM182-AHK2-CYC1IPTS
20 and TM182-AHKZ2-ADHIPTS were cbserved to grow whichever examinee
substance was added. Further, the growth speeds of the
transformed cells TM182-CRE1-ADHIPT4, TM182-AHK2-CYC1lIPT4,
TM182-AHK2-CYCLIPTS and TM182-AHK2-ADHIPTS in the culture
medium to which 6-Benzyl aminopurine was added were fasterx than

25 those in the culture medium to which only DMSO was added. This
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with 1 L of a DVMSO solution of a exam nee substance. In this regard, it is
to be noted that the DMSO sol ution of a exam nee substance is prepared so
that the concentration thereof beconme 25 200 ppm Sinultaneously, an assay
plate is prepared by filling 77 each well with 1 L of DVSO as a bl ank
section. Each of the diluted pre-cultured solutions is added in a volune
of 100 L per each well of both of the assay plates, and is cultured at 30C
for 24 hours. After incubation, the 5 turbi dity of each well is neasured

apeed of PERETPERRCFBARRd 8, E38aISh e d di8 CORLTRR el i 0 ning a
exani nee %HR%P_ %2| %chgﬁr e%s\e\%Mgﬁ2 %1 Dﬁé’%ﬂ?@o? ed with thajt in a
e et T TR ot toll b e samees
act i vity 3F @%lnl%*?f PR o kR P G P bnsm% R ;ﬁ%}f f f—bcgse
'ner onse B LR SeR st ﬁeﬁ#ﬁeﬁig Fiore Gnen Qﬁﬁeﬁﬂnﬁaa%ih“” ';f h“’
TML82- CREI - ADHI PT

only DVBOSPES ﬁd@g %?lﬁggg?é&affﬁr%tge&te %ﬁéﬂ@? R AR R eh et s
not incregﬁ%%g creased as that in he bl ank section to

whi ch onl a&gg&IPFﬁe E}?’&ﬁnzné‘éms&t}@&ﬁéré be selected as a
substance_t hat has the activity 20 of co tro cyt oki ni n_.bi os nt hesi s
and t hat %Sﬁéf&H&?r@PﬁIyTSaﬁ%&mﬁe@% PFacﬁ'%%‘U%ﬁ‘?%%d?Fﬁ@ﬁ &R oki ni n

recept or. o
amount of cytckinin.

10 Table 4

Examinee TM182- | TM182~- | TM182~ | TM182~ | TM182- | TM182- | TM182- | TM182-
substance | CYCl- CYCl- CYCl- CYCl- CREl- AHKZ - AHKZ - AHK2 -
CYC1- ADH- C¥Cl- ADH- ADH- CYCl- CYC1l- ADH-
1PT4 IPT4 IPT5 IPTS IPT4 IPT4 IPTS IPTS

DMSO 0.025 |0.035 [0.035 |0.035 |0.044 (0.199 |0.071 (0,301
Abscisic | 535 10.035 |0.036 |0.035 |0.045 |0.194 |0.069 |0.297
acid
6-Benzyl

0.034 |0.034 |0.035 |0.035 [0.058 |0.339 |0.430 |0.,427
amino-
purine

(Example 21) Use of transformed cells of the present invention:
method for searching substances having activity of controlling
cytokinin biosynthesis

15 The transformed cell TM182-CRE1-ADHIPTS obtained in
Example 16 ig inoculated in 200 mL of DOHLU+Gal culture medium,

and is then pre-cultured at 30°C for 36 hours. The culture
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Further, in a case where, in a well containing the exam nee substance
which is confirnmed to increase or decrease the gromh speed of the
transforned cell TML82- CREI - ADHI PT5 as conpared 25 with that in the blank
section to which only DMSO i s added, the 78 growth speed of the
transforned cell TML82 (slni A) is not increased or decreased as conpared
with that in the blank section to which only DMSO i s added, the exam nee
substance can be selected as a substance that has the activity of

trolli t.oki b th t hat t_.affect t
i nvol ved PO %g'yﬂ%ﬁﬂ@s S uME SRR Sl s S

t oki ni f th th
10 presenP=FRUBH 1410 i T%eoi i g%@.o&%dl”g?af”}s‘é%%ﬁ e e A
Bact t t b a 20g, - out
mx (x) 2o B ORET T o %éf%b%&ﬁnaotf%%%d?? ig@ﬁ oEtRad 8 cﬁ@ﬁﬁ# >
Bact o- yeast nitrogen base w thout am no acids Gﬁlactose 20

Dr op- out RFR-CXLLRreg SPstitired wﬁ%@i1§6é5n1TW%ﬁztﬁéﬂnéué m & 5 é%@p out i x

is a conbination of the_follow n redjents.
5 genet?.ca?Lly defecteg strgaln 1% which PTP2 Tyrosine phosphatase

gene ig introduced, is inoculated in 200 mL of DOLU+Gal culture

medium, and is thenpre-culturedat 30°Cfor36hours. Theculture

golution is diluted with DOLU+Gal culture medium so that ODggo

become 0.100. The diluted one is further diluted with DOLU+Gal

10 culture medium at a dilution ratic of 1/200 to obtain a diluted
pre-cultured solution. Further, the transformed cell

TM182-CRELl obtained in Reference Example 1 is inoculated in 200

mL of DOLU+Gal culture medium, and is then pre-cultured at 30°C

for 36 hours. The culture sclutiocn is diluted with DOLU+Glu

15 culture medium so that ODses become 0.100. The diluted one is

further diluted with DOLU+Glu culture mediumat a diluticon ratio

of 1/200 to obtain a diluted pre-cultured solution. A diluted

pre-cultured solution of transformed cell TM182-CRE1l to which

6-Benzyl aminopurine (cytokinin) is added is also prepared so

20 that the concentration of the 6-Benzyl aminopurine become 2 ppm.

A 96-well assay plate is prepared by filling each well

with 1 uL of a DMSO sclution of a examinee substance. In this

regard, it is to be noted that the DMSO sclution of a examinee

substance is prepared so that the concentration thereof become

25 200 ppm. Simultaneously, an assay plate is prepared by filling
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25 79 Adenine 0.5g Lysine 2.0g Alanine 2.0y Methionine 2.0y Arginine 2.y
par a- Am nobenzoic 0.2g acid Asparagi ne 2.0g Phenyl al anine 2.0y Aspartic
acid 2.Qg Proline 2.0y Cysteine 2.09 Serine 2.0y G utam ne 2.09 Threonine
2.09 dutamc acid 2. Qg Trytophan 2.09 dycine 2.0g Tyrosine 2. (g
Histidine 2.09 Valine 2.0y Inositol 2.Qg Isoleucine 2.0y (c) DOLU + Gu
agar culture nmedium A solid culture nedi um prepared by adding 2% (WYV) of
agar into the culture nedium(a) 5 (d) DOLU + Gal agar culture mediumA

solid cul%%r neqiunL repar ed Bﬁrﬁﬁggn 2@6(!%%% of .agar into the culture
medi um ( c) f%’@% TDHE éﬁuo I eeﬁhﬁ19% tQﬁﬂﬁéhﬂ’nltrogen base
without amno ag dy 6¢79,934¢93884%38 - 22Pu2YE DLXulYng 99 2894 in
a volume of 100 pL per each well of both of the assay plates,
and is cultured at 30°C for 24 hours., After incubation, the
5 turbidity of each well is meagured using a plate reader. In
a case where it is confirmed that the growth speed of the
transformed cell TM182-CRE1-ADHIPTS in a well containing a
examinee substance is increased or decreased as compared with
that in a well of the blank section to which only DMSO is added,
10 the examinee substance contained in the well can be selected
as a substance having the activity of controlling cytokinin
biosynthesis. Incidentally, in a case where, in a well
containing the examinee subgtance which is confirmed to increase
or decrease the growth speed of the transformed cell
15 TM182-CRE1-ADHIPTS as compared with that in the blank section
to which only DMSO is added, the growth speed of the transformed
cell TM182-CREl is not increased or decreased as compared with
that intheblank sectiontowhichonly DMSC is added, the examinee
substance can be selected as a substance that has the activity
20 of controlling cytokinin biosynthesis and that may not directly
affect signal transduction system from cytcokinin receptor.
Further, in a case where, in a well containing the examinee
substance which is confirmed to increase or decrease the growth
speed of the transformed cell TM182-CRE1-ADHIPTS as compared

25 with that in the blank section to which only DMSO is added, the
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Distilled water 1000mM (f)DOHLU + Gal cul ture nedi um Bact o-yeast nitrogen
base without amno acids 6.7g 5 Galactose 20g Drop-out mx (y) 2. Qg
Distilled water 1000m (y) Drop-out mx: Drop-out mx is a conbination of
the followng 10 ingredients. Adenine O Sg Lysine 2.0y Alanine 2.y
Met hi onine 2.0y Arginine 2. Og para-Am nobenzoic 0.2g acid Asparagine 2. Oy
Phenyl al anine 2. Og Aspartic acid 2.0y Proline 2.0g Cysteine 2.0g Serine
2.0y Gdutamne 2.0y Threonine 2.0y dutamc acid 2. Qg Trytophan 2. Qg

SYES 2y Ot 200 Nosli o2, ol 16, 00 deplucipe e O (0
cul tur e e o Rogor HeEr s e Gl RPE R Bhot A RS Al 5T agar
towhichonlyDMSQCis added, the examinee substancecanbeselected
as a substance that has the activity of controlling cytokinin
5 biosynthesis and that may not affect somewhere not involved in

biosynthesisof cytokininnor signal transduction fromcytokinin

receptor.

Hereinafter, the medium compogitions to be used in the
10 present invention will be described:
(a) DOLU + Glu culture medium

Bacto-yeast nitrogen base without amino acids 6.79

Glucose 20g
Drop-out mix (x) 2.0g
15 Distilled water 1000ml

(b)DOLU + Gal culture medium

Bacto-yeast nitrogen base without amine acids 6.7g

Galactose 20g
20 Drop-out mix (x) 2.0g
Distilled water 1000ml

(x) Drop-cut mix: Drop-out mix is a combinaticn of the following
ingredients.

25
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5into the culture nmedium (f) Free text in Sequence Listing SEQ ID No: 23
Desi gned ol i gonucl eotide prinmer for PCR 10 SEQ ID No: 24 Designed

ol i gonucl eotide priner for PCR SEQ ID No: 25 Designed ol igonucl eotide
primer for PCR SEQ ID No: 26 15 Desi gned oligonucleotide prinmer for PCR
SEQ I D No: 27 Designed oligonucleotide prinmer for PCR SEQ I D No: 28
Desi gned ol i gonucl eotide prinmer for PCR 20 SEQ ID No: 29 Designed

ol i gonucl eotide priner for PCR SEQ ID No: 30 Designed oligonucleotide

primer for PCR SEQ ID No: Bl 25 Designed oligonucl eotidefprimer for 5CR
82 SEQ | PARENIZ® Desi gned o]  g®fiucl eot i|devpiisrer for PCR | 891 D No: 33
Desi gned|ol.i gonucl eotide prjner for PCR 5 SEQ |ID No: 34

Alahine 2.0g Methionine 2.0g9

Arginine 2.0g para-Aminobenzoic | 0.2g

acid

Asparagine 2.0g Phenylalanine 2.0g

Agpartic acid 2.0g Proline 2.0g

Cysteine 2.0g9 Serine 2,0g

Glutamine 2.0g Threonine 2.0g

Glutamic acid 2.0g Trytophan 2.0g

Glycine 2.0g Tyrosine 2.0g

Histidine 2.0g Valine 2.0g

Incsitol 2.0g Isoleucine 2.0g

(¢} DOLU + Glu agar culture medium
A solid culture medium prepared by adding 2% (W/V) of agar

into the culture medium (a)

{(d) DOLU + Gal agar culture medium
A solid culture medium prepared by adding 2% (W/V) of agar

into the culture medium (¢)

10 (e) DOHLU + Glu culture medium
Bacto-yeast nitrogen base without amino acids 6.79g
Glucose 20g

Drop-out mix (y) 2.0g
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Desi gned ol i gonucleotide primer for PCR SEQ I D No: 35 Designed

ol i gonucl eotide prinmer for PCR SEQ ID No: 36 10 Designed oligonucl eotide
primer for PCR SEQ ID No: 37 Designed oligonucleotide priner for PCR SEQ
| D No: 38 Designed oligonucleotide priner for PCR 83 WHAT IS CLAIMED | S:
1. Acell transforned with a pol ynucl eoti de conprising a nucl eotide
sequence encoding an am no acid sequence of a cytokinin receptor and 5 a
pol ynucl eoti de conprising a nucl eoti de sequence encoding an amno acid
sequence %is%iﬁi%%k% k%rbiosynthesis enzynme, wherein saigoééﬁfsforned cel
IS produce& Py “imtroducing said polynucleotides into a hoSt cell that is
defective in one or nore histidine kinases. 10 2. The transforned cel
according to claiml1l, wherein said cytokinin receptor is selected fromthe
group consi.sti of :,_(;a) cyt oki nj.n _receptor having the am no acid
sequence %fibPQ%PégeﬁP&dcﬁytgéé NG 2; (b) a cytokinin receptor having

the an]nOB%%E%—i% E n%%trogen base without amino acids 6.7g

5 Galactose 20g
Drop-out mix (vy) 2.0g
Distilled water 1000ml

(y) Drop-out mix: Drop-out mix is a combination of the following

10 ingredients.

Adenine 0.5g Lysine 2.0g
Alanine 2.0g9 Methicnine 2.0g
Arginine 2.0g para-Aminobenzoic | 0.2g
acid

Agparagine 2.0g Phenylalanine 2.0g
Aspartic acid 2.0g Proline 2.0g
Cysteine 2.0g Serine 2.0g
Glutamine 2.0g Threonine 2.0g
Glutamic acid 2.0g Trytophan 2.0g
Glycine 2.0g Tyrosine 2.0g
Inositol 2.0g Valine 2.0g
Igoleucine 2.0g

(g) DOHLU + Glu agar culture medium

A solid culture medium prepared by adding 2% (W/V) of agar
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represented by SEQ ID No: 4; (c) a cytokinin receptor having the am no acid
sequence represented by SEQ ID No: 6; 20 (d) a partially transnmenbrane
regi on-del eted type cytokinin receptor; (e) a cytokinin receptor having
the ami no acid sequence represented by anmno acids 196 to 1176 of SEQ ID
No: 4; (f) a cytokinin receptor having the am no acid sequence 25
represented by amno acids 50 to 1176 of SEQ ID No: 4; 84 (g) a cytokinin
receptor having the am no acid sequence represented by amno acids 32 to
1036 of Sk tEDtN%EC%it%he %E%qbﬁeH%Dtype cytokinin receptor conprising an
extracel | ul‘ar regi on of "the cytgklnln receptor, transnmenbrane 5 regions of
the cytokinin receptor, a histidine kinase region of the cytokinin
receptor, and a receiver region of the histidine kinase, wherein said

extracel | r _region, said transmenbrane ..regi ons and said histidi ne ki nase
regi on arghﬁoﬁggghg6ugaﬁoa§ﬁ§ GRS "5d Yhe receiver region is

het er ogeneous thereto; 1 i) a t oki ni_n _receptos,.having am no acid
sequence of (a?‘ ?%b‘% C,Lﬂ(cél)r)e,m?cgwf‘ p(rﬁpa,regbs?@d’%r{%bgewﬁo ,Efnagar
substituti,on, r addition of .one a plurality of amno acids; and (j) a
cytokin?nlpgeeﬁggrcﬁi§ﬁﬁ§ gﬁd&NWhJ%écid sequence encoded by a nucl eotide
sequence of a polynucleotide, wherein 15 said pol ynucl eotide hybridi zes

under a stringent condition to a polynucleotide that has a nucl eoti de

sequence conpl enent ar , )
a Frg% text ?nYSequence Listing

SEQ ID No: 23
Designed oligonucleotide primer for PCR
10 SEQ ID No: 24
Designed oligonucleotide primer for PCR
SEQ ID No: 25
Designed oligonucleotide primer for PCR
S5EQ ID No: 26
15 Designed oligonucleotide primer for PCR
SEQ ID No: 27
Designed oligonucleotide primer for PCR
SEQ ID No: 28
Designed oligonucleotide primer for PCR
20 SEQ ID No: 28
Designed oligonucleotide primer for PCR
SEQ ID No: 30
Designed cligonuclectide primer for PCR
SEQ ID No: 31

25 Designed oligonucleotide primer for PCR
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to a nucl eoti de sequence encoding the am no acid sequence represented by
SEQ ID Nos: 2, 4, or 6. 20 3. The transformed cell according to claim1l,
wherein said cytokinin biosynthesis enzyne is a isopentenyltransferase.

4. The transforned cell according to claim1l, wherein said cytokinin

bi osynt hesis enzyne is selected fromthe group 25 consisting of: 85 (a) a
cytoki nin bi osynthesis enzyne having the am no acid sequence represented
by SEQ ID No: 8; (b) a cytokinin biosynthesis enzyne having the am no acid
sequence éﬁﬁr?ﬁeﬂted y SEQ ID No: 10; 5 (c) a cytokinin biosynthesis
enzyme having he® an1 o acid sequence represented by SEQ ID No: 12; (d) a
cyt oki ni n_bi osynt.hesi.s enz havi ng.the amn C sequence represent ed
by SEQ Iﬁpﬁﬁlg¥3d ?2}98n8§¥8?Fﬁ|ﬁ B?&?ﬁﬁt%@glgcgnzyne havi ng the am no acid
10 sequengﬁ eg gs_g&ﬁd by SEQ ID No: 16; (f) a cytokinin biosynthesis
enzyne ha Rg h T Ao acid sequence represented by SEQ ID No: 18; (g) a
cytoklnln bi 0s nthe I, S enz V|n t he cid sequence represented
by SEQ | DPREI9269 251BRMUS EﬁFé ﬁn?%lﬂﬁ53§ﬁfh enzyne having the am no
acid sequence represented by SEQ I D Nos: 8, 10 12, 14, 16, 18, or 20
with def ePF8niP Ngstﬁﬁutlon or addition of one or a plurality of am no

acids; and ; , ,
Designed oligonuclectide primer for PCR

SBEQ ID No: 35
Designed oligonucleotide primer for PCR
SEQ ID No: 36

10 Designed oligonucleotide primer for PCR
SEQ ID No: 37
Designed oligonucleotide primer for PCR
SEQ ID No: 38

Designed cligonucleotide primer for PCR
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(i) a cytokinin biosynthesis enzyme having an amno acid 20 sequence
encoded by a nucl eoti de sequence of a polynucl eotide, wherein said

pol ynucl eoti de hybridi zes under a stringent condition to a polynucleotide
that has a nucl eoti de sequence conplenentary to a nucl eoti de sequence
encoding the am no acid sequence represented by SEQ I D Nos: 8, 10, 12, 14,
16, 18, or 25 20. 86 5. The transfornmed cell according to claim1l, wherein
said cell is yeast. 6. The transfornmed cell according to claim1l, wherein

5 said ce s huddi east. 87 SEQUENCE LI STING <110> Sum tono Chem cal
Conpany LhgﬁFeég<%§%gﬁ?éA%§FCRNED CELL CO EXPRESSI NG CYTOKI NI N RECEPTOR AND

CYTOKI NI'N BICSéNTﬂE%&?%EPE%%ggféggég @%g@> 38 <210> 1 <211> 3174 <212>

DNA <213> Arabi dopsi s > CDS <222> (1)..(3174)

a polynucleotide comprising a nucleotide sequence encoding an
amino acid seguence of a cytokinin receptor and
5 a polynucleotide comprising a nuclectide sequence encoding an
amino acid sequence of a cytokinin biosynthesis enzyme,
wherein said transformed cell is produced by introducing said
polynucleotides into a host cell that is defective in one or
more histidine kinases.
10
2. The transformed cell according to claim 1, wherein
gaid cytokinin receptor is selected from the group congisting
of:
(a) a cytokinin receptor having the amino acid sequence
15 represgsented by SEQ ID No: 2;
(b) a cytokinin receptor having the amino acid sequence
represented by SEQ ID No: 4;
(c) a cytokinin receptor having the amino acid sequence
represented by SEQ ID No: 6;
20 (d) a partially transmembrane region-deleted type
cytokinin receptor;
(e) a cytokinin receptor having the amino acid sequence
represented by amino acids 196 to 1176 of SEQ ID No: 4;
(f) a cytokinin receptor having the amino acid sequence

25 represgsented by amino acids 50 to 1176 of SEQ ID No: 4;
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<400> 1
Met Asn
aga att
Aulle
tat caa
Tyr G n
aag atc
Ile Asp
cag caa
An dn
aat aac
Asn Asp
cga gca
Al a Leu
ttt ata
Il e Ser

10

15

20

25

atg aac tgg gca ctc aac sat cat caa gaa gaa gaa gaa gag cca cgs 48
Trp Ala Leu Asn Asn HHs A n GQu Qu Gu Gu Qu Pro Arg 1 5 10 15
gaa att tct gat tcc gag tca cta gaa aac ttg aaa agc agc 96 Arg lle
Ser Asp Ser Qu Ser Leu Gu Asn Leu Lys Ser Ser 20 25 30 gat ttt
ctg ggt ggt ggt ggt get ctg sat tcg tca gaa sag 144 1/87 Asp Phe
Leu dy Ay Ay Ay Al a Leu Asn Ser Ser Qu Lys 35 40 45 ccg aga
gat ttt tgg cgt tcg ggg ttg atg ggt ttt gcg a 192 Pro Arg Lys

e 117 5 e o G i 0 i
L%gpgegehht%dsﬁ& \éﬂ}lno %c\_{%l |3)és t'gmlo'%%n 0%5(28%%8{73[% i{s%: EXE aat aat

cta at aaa aaa ¢ggg tca act tt n Asn Asn

%?5 ' B 1253 ittt BT R0 ERe HnclefE
oBteagbedgliar-htonad o8 albebal gt A, 2
S%gglo % tMe cy@okrglgkge£g§t£§P éjh ]tldlne kinage region
of the cytokinin receptor, and a receiver regionof the histidine
kinase, wherein said extracellular region, said transmembrane
regions and said histidine kinase region are homogeneous to one
ancther and the receiver region ig heterogeneous thereto;

(i) a cytokinin receptor having the aminc acid sequence
of (a), (b), (c¢), (e), (f), or (g) with deletion, substitution,
or addition of one or a plurality of amino acids; and

{(j) a cytokinin receptor having an amino acid seguence
encoded by a nucleotide sequence of a polynucleotide, wherein
said polynucleotide hybridizes under a stringent condition to
a polynuclectide that has a nucleotide gequence complementary

to a nuclecotide sequence enccding the amino acid sequence

represented by SEQ ID Nos: 2, 4, or 6.

3. The transformed cell according to claim 1, wherein

saidcytokininbiosynthesisenzyme is a isopentenyltransferase.

4. The transformed cell according to claim 1, wherein
said cytokinin biosynthesis enzyme is selected from the group

consisting of:
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get aat aag att aga agg gaa gag gtt ttg gtc agc atg tgt gat caa 432 A a
Asn Lys Ile Arg Arg Qu GQu Val Leu Val Ser Met Cys Asp A n 130 135 140 aga
get aga atg ttg cag gat caa ttt agt gtt agt gtt aat cat gtt 480 Arg Ala
Arg Met Leu G n Asp An Phe Ser Val Ser Val Asn His Val 145 150 155 160
2/ 87 cat get ttg get att ctc gtc tcc act ttt cat tac cac aag aac cct 528

Hi s
tct
Al a
ttt
Au
aat
Phe
atg
Asp
gtt
I'le
atg

Al a
gca
Ile
gag
Arg
ttt
Au
gat
Arg
at a
Phe
tca®

10

15

20

25

Leu Ala Ile Leu Val Ser Thr Phe H's Tyr H's Lys Asn Pro 165 170 175
att gat cag gag aca ttt gcg gag tac acg gca aga aca gca 576 Ser
Asp d n Thr AI a_l

2n cog &t EvRO afllad%l%%nge%%afenzw%%%'aa 5 et a0 894 pre

Pro Leu Leu Ser u Lys Val Val 195 200 205
ggaqgaacaa&eggssg% é 8 CSEQ ﬁ@ ﬁ]\lﬁ’c at tgg gtt ata aag 672 Asn
Arg Gu %/gt Ph g E 5 c,lgl nHiS AsnnTg{ﬁle v d Sa2100215d220 aca
aga gga § CEFOFERT B RY U YAF GAT S At Jg%? 720° 3™ met
€] u Pro Ser al Ar u r Ala Pro 225 230 235 240
t?%qPEFCEaﬁeﬁﬁFsﬁ&g ét&?yt g%gﬁ@ gfjt' gyég tca ctc gat atg 768 Val
5 goc 0a0 6aG GHEoFGPLOay A Te= 11 §regEegttv i PR Biro g d
sequence represented by SEQ ID No: 12;
(d) a cytokinin biosynthesis enzyme having the amino acid
sequence represented by SEQ ID No: 14;
(e) a cytokinin biosynthesis enzyme having the amino acid
sequence represented by SEQ ID No: 16;
(f) a cytokinin biosynthesis enzyme having the amino acid
sequence represented by SEQ ID No: 18;
(g) a cytokinin biosynthesis enzyme having the amino acid
gequence represented by SEQ ID No: 20;
(h) a cytokinin biosynthesis enzyme having the amino acid
sequence represented by SEQ ID Nos: 8, 10, 12, 14, 16, 18, or
20 with deletion, substitution, or additionof one oraplurality
of aminc acids; and
(i) a cytokinin bicsynthesis enzyme having an amino acid
sequence encoded by a nucleotide sequence of a pelynucleotide,
wherein said polynucleotide hybridizes under a stringent
condition to a polynucleotide that has a nucleotide sequence
complementary to a nucleotide sequence encoding the amino acid
sequence represented by SEQ ID Nos: 8, 10, 12, 14, 16, 18, or

20.
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Met Ser Gy Gu Qu

gga
Ay
285
Leu
sat
Pro
ggt
Al a
get
Ay
tca
Asp
tct
Leu
aag a
Met

aaa
Lys
ctc
Ay
ccg
Thr
gcg
Phe
ggt
Asn
gat
Pro
ctc
Ser

Asp
get gtc ttg act
Ala Val Leu Thr
gga gtt gtg ttg
Val Val Leu Thr
act gtc gaa gag
Val Gu Qu Arg
ttt gat.gt
Asp Val5 gr
aac. a ata
FRIA GeTT ot ¥ar®

Sade e o

Arg
agc
Ser

aca
Phe
cgt

Ile

%

A u Asn
cct ttt
Pro Phe
ttc cct
Pro Val
att gca
Al a Al a

gtg cat
"Hi s Val

cca ctt gtc atg tat ggt sat

Leu Val
tct cat c9ag;
Hs d u Ser
ata

| & e 0Gedyr B

n"By AP

Met Tyr Gy Asn G n

caa aag

Ile
agg
Arg
gtc
Tyr
gcc
Thr

Al a
gaa
Au

Leu
ttg
Leu
tac
Lys
act
Al a

Arg
ttg
Leu
aag tct
Ser Ser

gca ggg tac
Tyr Leu

Ay
oddhglds 99k 8

Arg
act
Thr
tct
Leu

A u Thr
cac cat 864 3/87
Hs His
ctt cct gaa 912

Pro Gu 290 295 300
ctt ggt 960 Asn

(Jy 305 310 315 320

260 265 270
275 280

b 380530 50

gtg tat gat atc acc aat gca 1056 Al a
Tyr Asp Ile Thr Asn Ala 340 345 350
caa gat gaa gaa gcc gac aga 1104 Ser
Asp Gu Gu Ala Asp Arg 355 360 365

e i ded] 2HTED Fe M SBTR%0 car

gca cca ata cca ttg aat 1200 Hi s Lys

"Pro

87

Ile Pro Leu Asn



Ser

395 400 4/87 gtg ctc aca act gtg cca ttg ttc ttt gcg att ggt ttc
ggt 1248 Val Leu Thr Thr Val Pro Leu Phe Phe Ala Ile Ay Phe Leu
405 410 415 tat ata ctg tat ggt gca get atg cac ata gta aaa gtc
gat 1296 Tyr Ile Leu Tyr Ay Ala Ala Met His Ile Val Lys Val Gu
420 425 430 ttc cat gaa atg caa gag ctt aaa gtg cga gca gaa get
gtc 1344 Phe Hs GQu Mt Ggp,@Edslelsbys Val Arg Ala Gu Ala Ala
435 440 445 get aaa tcg cag ?tt ctt get acc gtg tct cac gag atc
cca 1392 Ala Lys Ser Gn Phe Leu Ala Thr Val Ser Hs Qu Ile Arg
450 455 460 atg aat ggc att ctc gga atg ctt get atg ctc cta gat aca
14400> Fetithsn Gepitdéle Coepar@ yitdetedleu Ala Met Leu Leu Asp Thr GQu
470 475 480 agc tcg aca cag aga gat tac get caa acc get caa gta
aaa 1488 Ser Ser Thr @ n Arg Asp Tyr Ala A n Thr Ala @ n Val Cys

g maR R, e AP e AR Rt e AR

5990%H§§ﬁ Egg}MEgga aag ctg gag ttg gaa tca gta cca ttt gat atc
ata 1584 5/87 Ala Ay Lys Leu Gu Leu Qu Ser Val Pro Phe Asp Ile
Ile

<130>
<160> 38

<210> 1
<211> 3174
<212> DNA

<213> Arabidopsis thaliana

<220>
<221> CDS

<222> {1}..(3174)

<4Q00> 1
atg aac tgg gca ctc aac aat cat caa gaa gaa dgaa gaa gag cca cga 48
Met Asn Trp Ala Leu Asn Asn His Gln Glu Glu Glu Glu Glu Proc Arg

1 5 10 15

aga att gaa att tct gat tcec gag tca cta gaa aac ttg aaa agc agc 96
Arg Ile Glu Ile Ser Asp Ser Glu Ser Leu Glu Asn Leu Lys Ser Ser

20 25 30

gat ttt tat caa ctg ggt ggt ggt ggt get ctg aat tecg tea gaa aag 144

1/87



515 520 525 ttg gat gat gtc ctt tct cta ttc tct gag gag tca agg aac aaa ggc
1632 Leu Asp Asp Val Leu Ser Leu Phe Ser Qu GQu Ser Arg Asn Lys Ay 530
535 540 att gag ctc gcg gtt ttc gtt tca gac aaa gta cca gag ata gtc aaa
1680 Ile flu Leu Ala Val Phe Val Ser Asp Lys Val Pro flu Ile Val Lys 545
550 555 560 gga gat tca ggg aga ttt aga cag ata atc ata aac ctt gtt gga

aat 1728 n( YorBSP,:Sefin Qb &P dthechr 1 @Mall& bhe dekeshAsnibaysvVal Ay Asn
565 570 575 tcg gtt aaa ttc aca gag aaa gga cat atc ttt gtt aaa gtc cat

ctt 1776 Ser Valizdys Phe Thr Gudoys Ay His Ile Bae Val Lys Val H s Leu
580 585 590 gcg gaa caa tca aaa gat gaa tct gaa ccg aaa aat gca ttg aat
ggt 1824 Ala Au An Ser Lys Asp Gu Ser Qu Pro Lys Asn Ala Leu Asn Gy

595 600 605 a gtg tct gaa %aa atg atc 8tt gtt tcc aaa cag tca agt tac
aac 1872 C&F yHafIBECEAT By TRBt°9Y ECVATIVEHT 8EF 9yt B ISer! Fyr Asn

1020 Thr “Loi et o P B i 28R SEART e T P AR 9L 05

630 635 640 6/s87 ttc aag cat ttsg gtc tct gag gagpcag tca tta tcg gag ttt
gat att 1968 Phe Lys His Leu Val Ser Gu Gu Gn Ser Leu Ser G u Phe Asp
Il e 645 650 655

atg cag cag cag caa cag ctt cag cat tca gtg gcg gtg aag atg aac 240
Met Gln Gln Gln Gln Gln Leu Gln His Ser Val Ala Val Lys Met Asn

65 70 75 80

aat aat aat aat aac gat cta atg ggt aat aaa aaa ggg tca act ttc 288
Asn Asn Asn Asn Asn Asp Leu Met Gly Asn Lys Lys Gly Ser Thr Phe

85 90 95

ata caa gaa cat cga gca ttg tta cca aaa gct ttg att ctg tgg atc 336
Ile Gln Glu His Arg Ala Leu Leu Pro Lys Ala Leu Ile Leu Trp Ile

100 105 110

ate att gtt ggg ttt ata agec agt ggg att tat cag tgg atg gat gat 384
Ile Ile Val Gly Phe Ile Ser Ser Gly Ile Tyr Gln Trp Met Asp Asp

115 120 125

gct aat aag att aga agg gaa gag gtt ttg gtc agc atg tgt gat caa 432
Ala Asn Lys Ile Arg Arg Glu Glu Val Leu Val Ser Met Cys Asp Gln

130 135 140

aga gct aga atg ttg cag gat caa ttt agt gtt agt gtt aat cat gtt 480
Arg Ala Arg Met Leu Gln Asp Gln Phe Ser Val Ser Val Asn His Val

145 150 155 lea
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tct agc aat gtt agg ctt atg gtt tca atc gaa gac acg ggt att gga 2016 Ser
Ser Asn Val Arg Leu Met Val Ser Ile Qu Asp Thr Ay Ile Ay 660 665 670
atc cct tta gtt gca caa ggc cgt gtg ttt atg ccg ttt atg caa gca 2064 Ile
Pro Leu Val Ala dn Ay Arg Val Phe Met Pro Phe Met G n Ala 675 680 685
gat agc tcg act tca aga aac tat gga ggt act ggt att ggt ttg agt 2112 Asp
Ser Ser Thr Ser Arg Asn Tyr Ay Ay Thr Ay Ile Gy Leu Ser 690 695 700 ata
agc aag tgt ctt gtt gaa ctt atg cgt ggt cag ata aat ttc ata 2160 Ile Ser
Lys Cys Ledt @l GdigkewatdbttAiggc @t &b ttkecadspaPhacl by 405 <£10 #RB 720
agc cgg cct cat att gga agc acg ttc tgg ttc acg get gtt tta gag 2208 Ser
Arg Pro HFss |Ale By ASerIilFhiepPiel Tigy Phe PRArHiA yWdalis e &wn PE25 730 735
aaa tgc gat aaa tgc agt gcg at aac cat atg aag aaa cct aat gtg 2256 Lys
Cys Asp Lys Cys Ser Ala%le Asn His Met Tgs Lys Pro Asn VAP 740 745 750
gaa cac ttg cct tct act ttt aaa gga atg aaa get ata gtt gtt gat 2304 7/87
GQu Hs Leu Pro Ser Thr Phe Lys Ay Met Lys Ala lle Val Vval Asp 755 760

765 get aag: Gfh Gid cAdaLehageba R 864 RFdAacscadldh 288 @ga ofg 2352
Ala Lys Pro Val Arg Ala Ala Val Thr Arg Tyr Hi s Net Lys Arg Leu 770 775 780
gga atc astrgile DB Agbclgt glacaragie 8l€ laamacChgefliaghitg ght 2gea 2400

180 185 150

ttt gag aga ccg ttg cta agt gga gtg gct tat gect gaa aaa gtt gtg 624
Phe Glu Arg Pro Leu Leu Ser Gly Val Ala Tyr Ala Glu Lys Val Val

195 200 205

aat ttt gag agg gag atg ttt gag cgg cag cac aat tgg gtt ata aag 672
Asn Phe Glu Arg Glu Met Phe Glu Arg Cln His Asn Trp Val Ile Lys

210 215 220

aca atg gat aga gga gag cct tca cocg gtt agg gat gag tat gct cct 720
Thr Met Asp Arg Gly Glu Pro Ser Pro Val Arg Asp Glu Tyr Ala Pro

225 230 235 240

gtt ata ttec tet caa gat agt gte tct tac ctt gag tca ctc gat atg 768
Val Ile Phe Ser Gln Asp Ser Val Ser Tyr Leu Glu Ser Leu Asp Met

245 250 255

atg tca ggc gag gag gat cgt gag aat att ttg cga gct aga gaa acc 816
Met Ser Gly Glu Glu Asp Arg Glu Asn Ile Leu Arg Ala Arg Glu Thr

260 265 270

gga aaa gct gtc ttg act age cct ttt agg ttg ttg gaa act cac cat 864
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Ay Ile Asn Val Asp Val Val Thr Ser Leu Lys Thr Ala Val Val Ala 785 790 795
800 get get gcg ttt gaa aga aac ggt tct cct ctc cca aca aaa ccg caa 2448
Ala Ala Ala Phe Gu Arg Asn Ay Ser Pro Leu Pro Thr Lys Pro G n 805 810 815
ctt gat atg atc tta gta gag aaa gat tca tgg att tca act gaa gat 2496 Leu
Asp Met Ile Leu Val Qu Lys Asp Ser Trp Ile Ser Thr Au Asp 820 825 830

sat gac tga,gad Ald veolidut &t @radl, bed ngaACE2RGuIRA 83¢ Gkt 2544 Asn
Asp Ser Qu Il'e Arg Leu Leu Asn Ser Arg Thr Asn Ay Asn Val 835 840 845

cat cac aag tct grg aaa cta get cisa ttc gca aca aaesatc aca aat 2592 Hi s
H's Lys Ser Pro Lys Leu Ala Leu Phe Ala Thr Asn Ile Thr Asn 850 855 860 tcg
gag ttc gac aga get aaa tcc gca gga ttt gca gat acg gta ata 2640 Ser Gu
Phe Asp Ala Lys Ser Ala Gy Phe Ala Asp Thr Val |Ile 865 870 875 880
8/87 atg 58%1 9@699% Ftada 99t 4Gt HitgIht ttaggagaggli@t ttgt ¢g°tad?taa gtt 2688

Vet Lys Pro, ey ArguAl a.Sen el e Gy 0l @5 el G0 Gl ofg! 885 890 895

ctc gag ctg ag ca aga ca tca tca ccc 2736 Leu
G u Leu Arg Lws Thr Arg Gn G2@5H|s Pro Gu GyOGSer Ser Pro 900 905 910
gca act ctc aag agc ttg ctt aca ggg aag aag att ctt gtg gtt gat 2784 Ala
Thr Leu Lys Ser Leu Leu Thr Ay Lys Lys Ile Leu Val Val Asp

aat ccg act gtc gaa gag cgt att gca gcc act gca ggg tac ctt ggt 260
Asn Pro Thr Vval Glu Glu Arg Ile Ala Ala Thr Ala Gly Tyr Leu Gly

305 310 315 320

ggt gog ttt gat gtg gag tct cta gtc gag aat tta ctt ggt cag ctt 1008
Gly Ala Phe Asp Val Glu Ser Leu Val Glu Asn Leu Leu Gly Gln Leu

325 330 335

gct ggt aac caa geca ata gtt gtg cat gtg tat gat atc acc aat gca 1056
Ala Gly Asn Gln Ala Ile val val His val Tyr Asp Ile Thr Asn Ala

340 345 350

tca gat cca ctt gtc atg tat ggt aat caa gat gaa gaa gcc gac aga 1104
Ser Asp Pro Leu Val Met Tyr Gly Asn Gln Asp Glu Glu Ala Asp Arg

355 360 365

tct cte tet cat gag agec aag cte gat ttt gga gac ccc ttc agg aaa 1152
Ser Leu Ser His Glu Ser Lys Leu Asp Phe Gly Asp Pro FPhe Arg Lys

370 375 380

cat aag atg ata tgc agg tac cac caa aag gca cca ata cca ttg aat 1200
His Lys Met Ile Cys Arg Tyr His Gln Lys Ala Pro Ile Pro Leu Asn

385 390 395 400
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915 920 925 gat aat ata gtt aac agg aga gta get gca gga get ctc aag aaa
ttt 2832 Asp Asn Ile Val Asn Arg Arg Val Ala Ala Ay Ala Leu Lys Lys Phe
930 935 940 gga gca gaa gtg gtt tgt gca gag agt ggt caa gtt get ttg ggt ttg
2880 Gy Ala Qu Val vVal Cys Ala Au Ser Ay Gn Val Ala Leu Ay Leu 945
950 955 960 ctt cag att cca cac act ttc gat get tgc ttc atg gat att caa
atg 2928 Leu dAn lle Pro Hs Thr Phe Asp Ala Cys Phe Met Asp Ile A n Mt
965 970 975 cca cag atg gac gga ttt gaa gca act cgt cag ata aga atg atg
gag 2976 gbB§ atd scdVRtt Afg &y tPhectd trAlgag Tdue &g tebntdd grdiggt Metizhet G u
980 985 990 aag gaa get aaa gag aag acg sat etc gaa tgg cat tta ccg att
cta 3024 V@l §rulVy CGhu VAllaPio/de@ Rhel Hise The HenCGlewhd keuTkpl 1418 Leu Pro lle
Leu 995 1000 1005 gcg atg act gcg gat gtg ata cac gcg acc tac gag gaa tgt
ctg aaa 3072 Ala Net T Ala Asp Val |1*8°Hi s Ala Thr Tyf*@u Gu Cys Leu
Lys 1010 1015 1020 agt ggg atg gat ggt tac gtc tcc aaa cct ttt gaa gaa gag
sat ctc 3120 Ser Ay Met Asp Ay Tyr Val Ser Lys Pro Phe Gu Au G u Asn

Leu 1025 103Q+1033 1Q4Qq¢t 8 d1GCcat larHCh 2845k Iged ddaCgR@RaECt 138F CCt
atc tca cct tcg %%68 fr yas%aSer af Al a Cﬁcfs? Ser Phe Lys Pro Asn Pro Ile
Ser Pro Seyr 1045Léi050r X05581a Ala Met His Ile Val Lys Val Glu Asp Asp

420 425 430

tte cat gaa atg caa gag ctt aaa gtg cga gca gaa gct get gat gte 1344
Phe His Glu Met Gln Glu Leu Lys Val Arg Ala Glu Ala Ala Asp Val

435 440 445

gct aaa tcg cag ttt ctt gct ace gtg tect cac gag atc agg aca cca 1392
Ala Lys Ser CGln Phe Leu Ala Thr Val Ser His Glu Ile Arg Thr Pro

450 455 460

atg aat ggc att ctc gga atg ctt get atg ctc cta gat aca gaa cta 1440
Met Asn Gly Tle Leu Gly Met Leu Ala Met Leu Leu Asp Thr Glu Leu

465 470 475 480¢

agc tcg aca cag aga gat tac gct caa acc gct caa gta tgt ggt aaa 1488
Ser Ser Thr Gln Arg Asp Tyr Ala Gin Thr Ala Gln Val Cys Gly Lys

485 4590 495

gct ttg att geca ttg ata aat gag gtt ¢tt gat c¢ge goe aag att gaa 1536
Ala Leu Ile Ala Leu Ile Asn Glu Val Leu Asp Arg Ala Lys Ile Glu

500 505 510

get gga aag ctg gag ttg gaa tea gta cca ttt gat atc cgt tca ata 1584
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tcg taa 3174 Ser <210> 2 <211> 1057 <212> PRT <213> Arabi dopsis thaliana
<400> 2 Met Asn Trp Ala Leu Asn Asn Hs Gn Qu Gu Qu GQu Gu Pro Arg 1
510 15 Arglle u lle Ser Asp Ser u Ser Leu Gu Asn Leu Lys Ser Ser 20
25 30 Asp Phe Tyr Adn Leu Ay Ay Gy Gy Ala Leu Asn Ser Ser du Lys

10/87 35 40 45 Pro Arg Lys Ile Asp Phe Trp Arg Ser Gy Leu Met Ay Phe Al a

Lys 50 55 1yet, &, @y A poled @ S Seravak.Agc.val Lys Met
Asn 65 76 %f %/S}f&sn ‘Ag'nﬂA]gnlpﬁsgﬁ Asn %p Leu I\/E%ps(l;‘?y }fs\gﬁ (Ia_ys fys Gy Ser
Thr Phe 85 90 95s511le Gn GQu H&eArg Ala Leu LegzPro Lys Ala Leu Ile Leu
Trp Ile 100 105 110 Ile Ile Val Ay Phe Ile Ser Ser Ay Ile Tyr Gn Trp
Met Asp Asp 115 120 125 Ala Asn Lys Ile Arg Arg Au Gu Val Leu Val Ser
Met Cys Asp A n 130 135 140

ttg gat gat gtc c¢tt tet cta tte tct gag gag tca agg aac aaa ggc 1632

Leu Agp Asp Val Leu Ser Leu Phe Ser Glu Glu Ser Arg Asn Lys Gly

530 535 540

att gag ctc gcg gtt tte gtt tca gac aaa gta cca gag ata gtc aaa 1680
Ile Glu Leu Ala Val Phe Val Ser Asp Lys Val Pro Glu Ile Val Lys

545 550 555 560

gga gat tca ggg aga ttt aga cag ata atc ata aac ctt gtt gga aat 1728
Gly Asp Ser Gly Arg Phe Arg Gln Ile Ile Tle Asn Leu Val Gly Asn

565 570 575

tcg gttt aaa ttc aca gag aaa gga cat atc ttt gtt aaa gtc cat ctt 1776
Ser Val Lys Phe Thr Glu Lys Gly His Ile Phe Val Lys Val His Leu

580 585 580

gcg gaa caa tca aaa gat gaa tct gaa ccg aaa aat gca ttg aat ggt 1824
Ala Glu Gln Ser Lys Asp Glu Ser Glu Pro Lys Asn Ala Leu Asn Gly

595 600 605

gga gtg tct gaa gaa atg atc gtt gtt tcc aaa cag tca agt tac aac 1872
Gly Val Ser Glu Glu Met Ile Val Val Ser Lys Gln Ser Ser Tyr Asn

610 615 620

aca ttg agc ggt tac gaa gct gct gat ggt cgg aat age tgg gat tca 1920
Thr Leu Ser Gly Tyr Glu Ala Ala Asp Gly Arg Asn Ser Trp Asp Ser

625 €30 635 640
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Arg Ala Arg Met Leu @ n Asp A n Phe Ser Val Ser Val Asn His Val 145 150
155 160 His Ala Leu Ala Ile Leu Val Ser Thr Phe Hi's Tyr H's Lys Asn Pro
165 170 175 Ser Ala lle Asp A n Qu Thr Phe Ala Au Tyr Thr Ala Arg Thr
Ala 180 185 190 Phe GQu Arg Pro Leu Leu Ser Gy Val Ala Tyr Ala GQu Lys
Val Vval 195 200 205 Asn Phe Qu Arg Gu Met Phe Au Arg Gn H's Asn Trp
Val Ile Lys 210 215 220 Thr Met Asp Arg Ay G u Pro Ser Pro Val Arg Asp
Gu Tyr Ala Pro 225 230 235 240 Val Ile Phe Ser A n Asp Ser Val Ser Tyr
Leu G u Setc lsay &8P tdMpigt24bct298g 2kl cdbttcSertaCGyy Ghy HtugdSptAr g 1@ka Asn
Ile Leu Arg Ala Arg Gu Thr 260 265 270 Gy Lys Ala Val Leu Thr Ser Pro
Phe Arg LE&te lea HsuLlFhrval SerHicdu ICILBTFLR BEr 280 285 ClieRheGhyp VAF Val Leu Thr
Phe Pro Val Tyr Lys Ser Ser Leu Pro Qu 290 295 300 Asn Pro Thr Val du
Gu Arg Ile Ala Ala Thr®*&la Ay Tyr Leu®®y 305 310 315320 dy Al a Phe
Asp Val Qu Ser Leu Val Qu Asn Leu Leu Gy G n Leu 325 330 335 Ala Gy
Asn A n Ala lIle Val vVal H's Val Tyr Asp Ile Thr Asn Al a

tct age aat gtt agg ctt atg gtt tca ate gaa gac acg ggt att gga 201e
Ser Ser Asn Val Arg Leu Met Val Ser Ile Glu Asp Thr Gly Ile Gly

660 665 670

atc cct tta gtt geca caa ggc cgt gtg ttt atg ccg ttt atg caa gca 2064
Ile Pro Leu Val Ala Gln Gly Arg Val Phe Met Pro Phe Met Gln Ala

675 680 685

gat agc teg act tca aga aac tat gga ggt act ggt att ggt ttg agt 2112
Asp Ser Ser Thr Ser Arg Asn Tyr Gly Gly Thr Gly Ile Gly Leu Ser

680 695 700

ata agc aag tgt ctt gtt gaa ctt atg cgt ggt cag ata aat ttc ata 2160
Ile Ser Lys Cys Leu Val Glu Leu Met Arg Gly Gln Ile Asn Phe Ile

705 710 715 720

agc cgg cct cat att gga age acg ttc tgg ttec acg get gtt tta gag 2208
Ser Arg Pro His Ile Gly Ser Thr Phe Trp Phe Thr Ala Val Leu Glu

725 730 735

aaa tgc gat aaa tgc agt gcg att aac cat atg aag aaa cct aat gtg 2256
Lys Cys Asp Lys Cys Ser Ala Ile Asn His Met Lys Lys Pro Asn Val

740 745 750

gaa cac ttg cct tect act ttt aaa gga atg aaa gct ata gtt gtt gat 2304
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340 345 350 Ser Asp Pro Leu Val Met Tyr Gy Asn G n Asp Gu Qu Ala Asp Arg
355 360 365 Ser Leu Ser Hs Qu Ser Lys Leu Asp Phe Ay Asp Pro Phe Arg
Lys 370 375 380 His Lys Met Ile Cys Arg Tyr His A n Lys Ala Pro Ile Pro
Leu Asn 385 390 395 400 Val Leu Thr Thr Val Pro Leu Phe Phe Ala lle Gy
Phe Leu Val Ay 405 410 415 Tyr Ile Leu Tyr Gy Ala Ala Met His Ile Val
Lys Val Gy, ASR ASPrréd2Qr4dn 430 IFRecH) sl sMela @B WdiUvhewsbys Val Arg
Ala Gu Ala Ala Asp Val 435 440 445 'Ala Lys Ser A n Phe Leu Ala Thr Va
Ser Hs Qu Ile Asg Thr Pro 450 4&% 460 Met Asn Gky Ile Leu Ay Met Leu
Ala Met Leu Leu Asp Thr G u Leu 465 470 475 480 Ser Ser Thr G n Arg Asp
Tyr Ala An Thr Ala An Val Cs Ay Lys 485 490 495 Ala Leu Ile Ala Leu

Ile Asn Qu Val Leu Asp Arg Ala Lys Ile Qu 500 505 510 Ala Gy gs Leu
du Leu GPE- 8P Sih 9BF oagﬁh%c':A%t qt@ Ay a%%rt"ﬂcl 8at12"F§7aa§1%9%2’(§°52§3 feu Asp
ASp val Lgya %?/r é’reouvg)bel\_rgeﬁla A&Ia Qali'. grﬁsﬂlé-%%t qﬁé ﬁlSé) L§§5 540

770 775 780

gga atc aat gtt gat gtec gtg aca agt ctc aaa acc get gtt gtt gca 2400
Gly Ile Asn Val Asp Val Val Thr Ser Leu Lys Thr Ala Val val Ala

785 790 795 80O

gct gct geog ttt gaa aga aac ggt tet cct ctc cca aca aaa ccg caa 2448
Ala Ala Ala Phe Glu Arg Asn Gly Ser Pro Leu Pro Thr Lys Pro Gln

805 B10O 815

ctt gat atg atc tta gta gag aaa gat tca tgg att tca act gaa gat 2496
Leu Asp Met Ile Leu Val Glu Lys Asp Ser Trp Ile Ser Thr Glu Asp

820 825 830

aat gac tca gag att cgt tta ttg aat tca aga acc aac gga aac gtt 2544
Asn Asp Ser Glu Ile Arg Leu Leu Asn Ser Arg Thr Asn Gly Asn Val

835 B840 845

cat cac aag tct ccg aaa cta gct cta ttc geca aca aac atc aca aat 2592
His His Lys Ser Pro Lys Leu Ala Leu Phe Ala Thr Asn Ile Thr Asn

850 B55 860

tcg gag ttc gac aga gct aaa tcc geca gga ttt geca gat acg gta ata 2640
Ser Glu Phe Asp Arg Ala Lys Ser Ala Gly Phe Ala Asp Thr Val Ile

B65 870 875 880
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Ile
555
565
Leu
Asn
Ser
Ser
Leu
Ile
Val

Tyr
du
Ile
Lys

Au
560
570

Leu Ala Val Phe Val Ser Asp Lys Val Pro Qu Ile Val Lys 545 550
Gy Asp Ser Ay Arg Phe Arg dn lle Ile Ile Asn Leu Val Ay Asn
575 Ser Val Lys Phe Thr Qu Lys Gy His Ile Phe Val Lys Val His

580 585 590 Ala Gu G@n Ser Lys Asp Qu Ser Gu Pro Lys Asn Ala Leu

Ay
Tyr
Trp
Ser
du
Phe
Ay
Leu
Ay
Cys

595 600 605 Gy Val Ser AQu Gu Met Ile Val Val Ser Lys @n Ser
Asn 610 615 620 Thr Leu Ser Ay Tyr Qu Ala Ala Asp Ay Arg Asn
Asp Ser 625 630 635 640 Phe Lys His Leu Val Ser Qu Gu A@n Ser

Gity Bag AsPtid @ 845630 GRT aRehgScahAdt Vah AlgciL£uyrbbt 2¥as Ser

Asp Thr Ay Ile Gy 660 665 670 Ile Pro Leu Val Ala A n dy Arg

Matt Pye RireLdletAr@ mlaAkar MBFSIGB801H8Ea Rsp LBercl8eflyrlSer Arg Asn
Gy Thr Ay Ile Ay Leu Ser 690 695 700 Ile Ser Lys Cys Leu Val

Met Arg Ay d #8Fl e Asn Phe 11e8°%05 710 715 7208°Ser Arg Pro His
Ser Thr Phe Trp Phe Thr Ala Val Leu Au 725 730 735 Lys Cys Asp
Ser Ala Ile Asn H's Met Lys Lys Pro Asn Val 740 745 750

cte gag ctg aga aaa aca aga caa caa cat cca gaa gga teca tea cco 2736
Leu Glu Leu Arg Lys Thr Arg Gln Gln His Pro Glu Gly Ser Ser Pro

so0 205 910

gca act ctc aag agc ttg ctt aca ggg aag aag att ctt gtg gtt gat 2784
Ala Thr Leu Lys Ser Leu Leu Thr Gly Lys Lys Ile Leu Val Val Asp

91s8 920 925

gat aat ata gtt aac agg aga gta gct gca gga gct ctc aag aaa ttt 2832
Asp Asn Ile Val Asn Arg Arg Val Ala Ala Gly Ala Leu Lys Lys Phe

930 935 940

gga gca gaa gtg gtt tgt gca gag agt ggt caa gtt get ttg ggt ttyg 2880
Gly Ala Glu val val Cys Ala Glu Ser Gly Gln Val Ala Leu Gly Leu

245 950 955 960

ctt cag att cca cac act ttc gat get tge tte atg gat att caa atg 2928
Leu Gln Ile Pro His Thr Phe Asp Ala Cys Phe Met Asp Ile Gln Met

965 970 975

cca cag atg gac gga ttt gaa gca act cgt cag ata aga atg atg gag 2976
Pro Gln Met Asp Gly Phe Glu Ala Thr Arg Gln Ile Arg Met Met Glu

280 985 8990

aag gaa gct aaa gag aag acg aat ctc gaa tgg cat tta ccg att cta 3024
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du
760
770
Al a
Lys
Ser
Thr
Al a
dy
Met
Arg
Leu
Asn
Val

Hi s
765
775

785 790 795 800 Ala Ala Ala Phe Gu Arg Asn Ay Ser

Pro
Thr
Asn
Thr
Phe
I'le
Adn
Leu
Ar
Val

9 A£9a X@E -@ra;x 3 ke

Leu Pro Ser Thr Phe Lys Gy Met Lys Ala Ile Val Val Asp 13/87 755
Ala Lys Pro Val Arg Ala Ala Val Thr Arg Tyr H's Met Lys Arg Leu
780 dy Ille Asn Val Asp Val Val Thr Ser Leu Lys Thr Ala Val Val

Pro Leu Pro Thr
A@n 805 810 815 Leu Asp Met Ile Leu Val Qu Lys Asp Ser Trp lle
Gﬁys A0 20,520,880 ARD A8PLRE1 G bkl bt Akl hRUILEUAS SeT Arg
Asn Val "835 840 845 His His Lys Ser Pro Lys Leu Ala Leu Phe
Asnlleél’dsr Asn 850 855 8@0@ Ser G u Phe 1Asp Arg Ala Lys Ser Al a
Ala Asp Thr Val Ile 865 870 875 830 Met Lys Pro Leu Arg Al a Ser
Gy Ala Cys Leu dn dn Val 885 890 895 Leu GQu Leu Arg Lys Thr
Adn Hs Pro Gu Ay Ser Ser Pro 900 905 910 Ala Thr Leu L¥s Ser
THTY & "I‘_‘S)‘sgﬁ%sgaltl ‘étc-’l_éﬁa\i":fic ¥ RS F2Coi¥ 928 Wt hdpiasn’ife val

val 13 LRy by Tkx%%hghgggﬁéé P40 ,8y Ala Gu

1010 1015 1020

agt ggg atg gat ggt tac gtc tcc aaa cct ttt gaa gaa gag aat cte 3120
Ser Gly Met Asp Gly Tyr Val Ser Lys Pro Phe Glu Glu Glu Asn Leu
1025 1030 1035 1040
tat aaa tcc gtt gec aaa tca ttc aaa cct aat cct atc tca coct teg 3168
Tyr Lys Ser Val Ala Lys Ser Phe Lys Pro Asn Pro Ile Ser Pro Ser
1045 1050 1055
tcg taa 3174
Ser
<210> 2
<211> 1057
<212> PRT

<213> Arabidopsis thaliana

<400> 2

Met Asn Trp Ala Leu Asn Asn His CGln Glu Glu Glu Glu Glu Pro Arg

1 5 10 15

Arg Ile Glu Ile Ser Asp Ser Glu Ser Leu Glu Asn Leu Lys Ser Ser

20 25 30

Asp Phe Tyr Gln Leu Gly Gly Gly Gly Ala Leu Asn Ser Ser Glu Lys
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945 950 955
A n Met 965
Met Met Qu
Leu Pro Ile

Thr Tyr

Au

Lys Pro Phe

Lys Ser

Phe

960 Leu @n lle Pro H's Thr Phe Asp Ala Cys Phe Met Asp lle
970 975 Pro dn Met Asp Ay Phe GQu Ala Thr Arg Gn lle Arg
980 985 990 Lys A u Ala Lys Qu Lys Thr Asn Leu Gu Trp Hi's
Leu 14/87 995 1000 1005 Ala Met Thr Ala Asp Val Ile Hs A a

G u Cys Leu Lys 1010 1015 1020 Ser Ay Net Asp Gy Tyr Val Ser
Gu Ggu Gu Asn Leu 1Q25 1030 1035 104€ Tyr Lys Ser Val Al a
Lys Pro Asn Pro Ile Ser Pro Ser 1045 1050 1055 Ser <210> 3

<211> 353iro 924 2% sDiNfe 923 3onArapixdgpsd s clipaleuamer cr@2fie x2215sCDS <222> (1)

(3531)

<400> 3 atg tct ata act tgt gag ctc ttg aat ctt act tca aag aaa get

aag 48 Mt Sep Ile Thr Cys G esLeu Leu Asn LeuwsCThr Ser Lys Lys Ala Lys 1 5

10 15

Met

65

Asn

Ile

Ile

Ala

Arg

145

His

Ser

Phe

Asn

Thr

225

val

Met

Gly

Gln Gln Gln Gln Gln Leu Gln His Ser Val Ala Val Lys Met Asn
70 75 80
Asn Asn Asn Asn Asp Leu Met Gly Asn Lys Lys Gly Ser Thr Phe
85 90 95
Cln Glu His Arg Ala Leu Leu Pro Lys Ala Leu Ile Leu Trp Ile
100 105 110
Ile Val Gly Phe Ile Ser Ser Gly Ile Tyr Gln Trp Met Asp Asp
115 120 125
Asn Lys Ile Arg Arg Glu Glu Val Leu Val Ser Met Cys Asp Gln
130 135 140
Ala Arg Met Leu Gln Asp Gln Phe Ser Val Ser Val Asn His Val
150 155 160
Ala Leu Ala Ile Leu Val Ser Thr Phe His Tyr His Lys Asn Pro
165 170 175
Ala Ile Asp Gln Glu Thr Phe Ala Glu Tyr Thr Ala Arg Thr Ala
180 185 190
Glu Arg Pro Leu Leu Ser Gly Val Ala Tyr Ala Glu Lys Val Val
195 200 205
Phe Glu Arg Glu Met Phe Glu Arg Gln His Asn Trp Val Ile Lys
210 215 220
Met Asp Arg Gly Glu Pro Ser Pr¢ Val Arg Asp Glu Tyr Ala Pro
230 235 240
Ile Phe Ser Gln Asp Ser Val Ser Tyr Leu Glu Ser Leu Asp Met
245 2590 255
Ser Gly Glu Glu Asp Arg Glu Asn Ile Leu Arg Ala Arg Glu Thr
260 265 270

Lys Ala val Leu Thr Ser Pro Phe Arg Leu Leu Glu Thr His His
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aag tcg tcg agc agt gac aag aaa tgg cta aag aag cct ctc ttc ttc 96 Lys Ser
Ser Ser Ser Asp Lys Lys Trp Leu Lys Lys Pro Leu Phe Phe 20 25 30 «ctg att
ttg tgt ggc tct ttg gta att gtt ttg gtt atg ttc tta cgg 144 15/87 Leu lle
Leu Cys Ay Ser Leu Vval Ile Val Leu Val Met Phe Leu Arg 35 40 45 tta ggt
aga agt cag aag gag gag aca gat tct tgt aat gga gaa gag 192 Leu Ay Arg
Ser Gn Lys Au Lu Thr Asp Ser Ggs Asn Ay A u 439550 55 60 aaa gtg ttg
tat aga cat caa aat gtc aca aga agt gag att cat gat 240 Lys Val Leu Tyr
Arg Hi s Guau Asg Yal vihrueAr thriSehe Gird Vale Th SyASper®5er? LetSrBH Gltit g gt c tut
ttg ttc tct gat tca gat cag gta aca tcc ttt gaa tgt 288 Leu Val Ser Leu
Phe Ser Asp 8éfp Asp G n Val Tﬁﬁ-‘»Ser Phe G u Cys®®B5 90 95 cat aag gaa tca
ago cct gga atg tgg aca aac tat att aca tgt 336 His Ser Ser
Pro Ay MFE" 'ﬁrﬁ THr VAS PPy Fliarye | é i A&y sTobla sy 196 L‘?%glgtg agt gtg
cgt tct ggl.aaa caa gag acgloaga ggg ctt ccct.gg 384 Ser Ley,ger Val Arg
Ser Asp Lys"A@n Qu Thr Arg Ay Leu Pro Trp 115 120 125 aat ctt ggc tta

gga cat teiyahg $HAabSaaacand gbr iy 810 ch@ta@gled38u AiSNcleuwedy Leu Ay
Hs Ser Ile Ser Ser r Ser Cys Met Cys Ay 130 135 140 aat ctt gaa ccg att
tta cag caa cct gaa aacz2ett gag gaa gaa3zaac 480 335
Ala Gly Asn Gln Ala Ile Val Val His Val Tyr Asp Ile Thr Asn Ala
340 345 350
Ser Asp Pro Leu Val Met Tyr Gly Asn Gln Asp Glu Glu Ala Asp Arg
355 360 365
Ser Leu Ser His Glu Ser Lys Leu Asp Phe Gly Asp Pro Phe Arg Lys
370 375 380
Hig Lys Met Ile Cys Arg Tyr His Gln Lys Ala Pro Ile Pro Leu Asn
385 390 385 400
Val Leu Thr Thr Val Pro Leu Phe Phe Ala Ile Gly Phe Leu Val Gly
405 410 418
Tyr Ile Leu Tyr Gly Ala Ala Met His Ile Val Lys Val Glu Asp Asp
420 425 430
Phe His Glu Met Gln Glu Leu Lys Val Arg Ala Glu Ala Ala Asp Val
435 440 445
Ala Lys Ser Gln Phe Leu Ala Thr Val Ser His CGlu Ile Arg Thr Pro
450 455 460
Met Asn Gly Ile Leu Gly Met Leu Ala Met Leu Leu Asp Thr Glu Leu
465 470 475 480
Ser Ser Thr Gln Arg Asp Tyr Ala Gln Thr Ala Gln Val Cys Gly Lys
485 4390 495
Ala Leu Ile Ala Leu Ile Asn Glu Val Leu Asp Arg Ala Lys Ile Glu
500 505 510

Ala Gly Lys Leu Glu Leu Glu Ser Val Pro Phe Asp Ile Arg Ser Ile
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Asn
160
528
170
576
185
624
200
672
215
Arg
240

atc
Il e
gca

Leu du Prolle Leu Gn @n Pro Qu Asn Leu u Gu Gu Asn 145 150 155
16/ 87 cat gaa gaa ggg ctg gag cag ggt ttg tca tcg tat tta aga aat gca
Hs GQu Qu Ay Leu Au @@n Gy Leu Ser Ser Tyr Leu Arg Asn Ala 165
175 tgg tgg tgt cta atc ctt ggt gtg tta gtg tgc cat aag att tat gta
Trp Trp Cys Leu Ile Leu Ay Val Leu Val Cys His Lys Ile Tyr Val 180
190 tct catgigLt aaa gca cga ot gag agg aaa gag aaa gta cat ctg caa
Ser H's Ser Lys Ala Arg Gy Qu Arg Lys Qu Lys Val H's Leu G n 195
205 gag et Add FapaleuCsar daag BRYsEAlGa@AWCaar gy el Lgaglact tct tct
Gu Ala Leu Ala Pro Lys Lys Gn dn dn Arg Ala @ n Thr Ser Ser 210
220 aga gg§ get gga aga t@gcagg aag sat até4ett ctc ctt ggt att tta 720
Gy Ala Gy Arg Trp Arg Lys Asn Ile Leu Leu Leu Ay Ile Leu 225 230 235
gga gda Yt etéietelt g*ﬁ‘e éf"ﬁ TGPty gYet 12l §EP Far Veht'Y§ag gag 768
Ay Vval.Ser Phe Ser Val.Irp Trp Phe Trp,Asp Thr Asn du Qu 245 250 255
ata atg aaa agg agg gaQg act ttg gca aac atg tgt gac gaa cga 816 |Ile

Net Lysy Asg &9 o8, arbhbnd Qg ABD VBt 11V 8sASRuGHdL A1 P 2480 265 270
cgt gtt tta caa gat cag ttc aat gtt agc ttg aac cat gtt cat 864 17/87

565 570 575
Ser Val Lys Phe Thr Glu Lys Gly His Ile Phe val Lys Val His Leu
580 585 590
Ala Glu Gln Ser Lys Asp Gilu Ser Glu Pro Lys Asn Ala Leu Asn Gly
585 600 605
Gly Val Ser Glu Glu Met Ile Val Val Ser Lys Gln Ser Ser Tyr Asn
610 615 620
Thr Leu Ser Gly Tyr Glu Ala Ala Aép Gly Arg Asn Ser Trp Asp Ser
625 630 635 640
Phe Lys His Leu Val Ser Glu Glu Gln Ser Leu Ser Glu Phe Asp Ile
645 650 655
Ser Ser Asn Val Arg Leu Met Val Ser Ile Glu Asp Thr Gly Ile Gly
660 665 670
Ile Pro Leu Val Ala Gln Gly Arg Val Phe Met Pro Phe Met Gln Ala
675 680 685
Asp Ser Ser Thr Ser Arg Asn Tyr Gly Gly Thr Gly Ile Gly Leu Ser
690 695 700
Ile Ser Lys Cys Leu Val Glu Leu Met Arg Gly Gln Ile Asn Phe Ile
705 710 715 720
Ser Arg Pro His Ile Gly Ser Thr Phe Trp Phe Thr Ala Val Leu Glu
725 730 735
Lys Cys Asp Lys Cys Ser Ala Ile Asn His Met Lys Lys Pro Asn Val
740 745 750

Glu His Leu Pro Ser Thr Phe Lys Gly Met Lys Ala Ile Val Val Asp
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Al a
285
Al a
gcc
Ile
gag
Arg
tca
du
atg
du
ttt
Asp
gaa

Arg
gcc
Leu
att

Asp
agg
Pro
gaa
Arg
gaa
Thr

gat

Pro
act

Val
ttg
Ser
gat
Adn
cca
Leu
agaa
du
act
Au

Al
gt

Leu
tct
Ile
cag
Arg
ctt
Thr
g96
Lys
9767@

Pro
tcc

Adn
att
Leu
aga
Thr

&4
Ser Ay Val

Asp G n Phe Asn
ctt gta tct aca
Ser Thr
aca ttt gaa gaa
Phe Gu GQu Tyr

agt ggt gta ggg

Val

Phe

Al a Tyr

aaa vhi taxgaal Aagda gag
Phe Gu Lys Qu H's
gac cag aca gtm’sgta

p G@n Thr Val

Ile An Asp
cat att gta(%

Val

dn

Val Ser
ttt cat

Hs H s

tat act

Thr Qu

tat get

Al a Leu

Leu
cat
Ay
gag
Arg

ttg
Lys

Val

Asn Hi s
ggt aaa
Lys Ile
aga aca
Thr Asn

aagsgtc
Pro

Crd rggaTtr0gigorRtalyds
Ay Trp Ala Ile Lys
caa gat tgFsgtt cct gaa aac

Cys Val

al

Ile Phe Al a

Val Hi s
atc cca
Pro Ser
aac ttt
Phe 305
cca cac
H s 325
ang 1@aa
Lys 340

Asp Cy Pro Gu Asn 355
c8ey chla Bey Vat trepaiehdel g8y fac Wghghwec i ptttaala Vet Adét
Gu Tyr Ala Pro
cg gtc gac atg atg tct gga gaa

%500

275 280
tct 912
290 295 300
960 Al a
310 315 320
1008 Qu
330 335
1056 Ser
345 350
1104 et
360 365
1152 Phe
375 380 caa

An Qu

Thr Val Sgi.His Al£ p¥elciSehrdaka A5 Mt dVBtLeb- O Ayb 385 390 395 400
18/ 87 gaa gac cgt gaa aac atc tta €gg gca agg gca tca gga aaa gga gtg 1248

Gu Asp Arg Qu Asn |l esdseu Arg Al a

Leu Asp Met Ile Leu Val Glu Lys

Asn

His

Ser

865

Met

Leu

Ala

Asp

Gly

945

Leu

Pro

Lys

Asp

His

850

Giu

Lys

Glu

Thr

Asn

830

Ala

Gin

Gln

Glu

Ser

835

Lys

Phe

Preo

Leu

Leu

215

Ile

Glu

Ile

Met

Ala

B20

Glu

Ser

Asp

Leu

Arg

900

Lys

val

Val

Pro

Asp

980

Lys

Ile

Pro

Arg

Arg

885

Lys

Ser

Asn

Val

His

965

Gly

Glu

Arg

Lys

Ala

870

Ala

Thr

Leu

Arg

Cys

950

Thr

Phe

Lys

Leu

Leu

855

Lys

Ser

Arg

Leu

Arg

935

Ala

Phe

Glu

Thr

Leu

840

Ala

Ser

Met

Gln

Thr

920

val

Glu

Asp

Ala

Asn

ArgsAba Ser Gy Lys &y Val

Asp Ser Trp Ile Ser Thr Glu Asp

825

Asn Ser

Leu Phe

Ala Gly

Ile Gly

890
Gln His
205

Gly Lys

Ala Ala

Ser Gly

Ala Cys

870
Thr Arg
985

Leu Glu

14/87

Arg

Ala

Phe

B75

Ala

Pro

Lys

Gly

Gln

855

Phe

Gln

Trp

Thr

Thr

Beo

Ala

Cys

Glu

Ile

Ala

940

Val

Met

Ile

Hisg

Asn

845

Asn

Asp

Leu

Gly

Leu

925

Leu

Ala

Asp

Arg

Leu

830

Gly

Ile

Thr

Gln

Ser

910

Val

Lys

Leu

Ile

Met

990

Pro

Asn Val

Thr Asn

val Ile

880
Gln Val
895

Ser Pro

Val Asp

Lys Phe

Gly Leu

960

Gln Met

9275

Met Glu

Ile Leu



405
gtg
420
gaa
435
gat

450

410 415 tta aca tct cca ttt aag ctt ctt aag tca aat cat ctt ggt gtt
1296 Leu Thr Ser Pro Phe Lys Leu Leu Lys Ser Asn H's Leu Ay Val Val
425 430 ttg acc ttt get gtc tat gac acg agc cta ccg cct gat get aca
1344 Leu Thr Phe Ala Val Tyr Asp Thr Ser Leu Pro Pro Asp Ala Thr Qu
440 445 gaa cag cgt gtt gaa gca act att ggg tac ctt ggt gca tca tat
1392 du AggdArg Val Au Alggghhr Ile Ay Tyrigheu Gy Ala Ser Tyr Asp
455 460 atg cca tcg ctg gtg gag aaa ctt ctt cac caa ctt gcc agc aaa cag

1440 Net aPg oeSerhd @a \fap G thy silsen1d aturHs G cieucydl aedSarsLys G n 465

470
at a
485
agt
500
agg
Arg
tcg
Ile

475 480 aca att get gtg gat gtt tac gac aca act aac act tca ggt cta
1488 Th¥oirle Ala Val Aspctval Tyr Asp Thr 1¥&d¢ Asn Thr Ser Ay Leu lle

490 495 aaa atg tat g%grrtcau\;gaa att ggg gat ata agt gag cag cat ata
1536 SEyEiNetetTyrr Gy &t VeF (Sor By gRy© Pie CBrCkY B H s I1e Ser

505 5 agc ctt gat ggt gat cca t agg aac cat ¢ tg cat tgc
1584 }%ﬁ 87 Ser Leu Atélﬁ)é%he Ay Asp Prgﬁéer Arg Asn Hi ?Q)élgu Met Hi s Cys

515 52D 1945sdd W2 RAQ aCBYs @8R FHel LHL BraldsnCEEo 118 HGAPESGeal & aca ccg
atc 1632 Phe Lys His Lys Leu Pro Ile Pro Trp Thr Ala Ile Thr Pro Ser
530 535 540 1045 1050 1055

Ser

<210> 3
<211l> 3531
<212> DNA

<213> Arabidcpsis thaliana

<220>
«<221> CDS

<222> (1}..{3531)

<400> 3
atg tct ata act tgt gag ctc ttg aat ctt act tca aag aaa gct aag 48
Met Ser Ile Thr Cys Glu Leu Leu Asn Leu Thr Ser Lys Lys Ala Lys

1 5 10 15

aag tcg tcg age agt gac aag aaa tgg cta aag aag cct ctc ttc ttc 96
Lys Ser Ser Ser Ser Asp Lys Lys Trp Leu Lys Lys Pro Leu Phe Phe

20 25 30

ctg att ttg tgt ggc tct ttg gta att gtt ttg gtt atg ttc tta cgg 144
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tta gtt ctg gtt
Val Leu Val Ile
atc aac cga att

Asn Arg Ile Ala

ctc aaa get cgt

gca act gtt tct
Thr Val Ser His
atg ctg aaa atg
Leu Lys Net Leu
gcg caa act get

20/ 87 aat |

Asn d u Va

gaa aat gtg ccgt)
Asn Val Pro Phe

ctc ctc t

ct ggc
aaa gtg
Lys Val

65

ttg gtc

Leu Val

cat aag

Hig Lys

tce ctg

Ser Leu

aat ctt
Asn Leu

130

aat ctt
Asn Leu

145

att
Thr

gcg
Thr
get

act ttt ctt gtt
Phe Leu Val Qy
aca gtt gaa gag
Gu Gu Asp
gag gcc get gac
Lys Ala Acg, Ahg dlch &ifl g SRy 18
cat gag ata cgg act
G=u Ile Arg Thr Pra0
ctg atg gac acc gat
Met Asp Thr Asp Leu

cat ggc agt ggg aag

Val

ttt gat atg cgg5ttt
Asp Met Arg Phe Ile
aag gca aat gaa aaa

ttg

Leu

tect

Ser

gaa

Glu

agt
Ser

115

ggc

CGly

gaa

Glu

tat

Tyr

ttg

Leu

tca
Ser

100

gtg

val

tta

Leu

ccg

Pro

aga

Arg

ttc
Phe

B5

agc

Ser

cgt

Arg

gga

Gly

att

Ile

cat

His

70

tct

Ser

cct

Pro

tct

Ser

cat

His

tta

Leu

150

caa aat

Gln Asn

gat tca

Asp Ser

gga atg

Gly Met

gat aaa
Asp Lys

120

tet atc
Ser Ile

135

cag caa

Gln Gln

ggt
Tyr
gat
Cys
att

tat att tta tat gaa gcc
Ile Leu Tyr Au Al a 545
tgt cag aag atg agg gaa
G@n Lys Met Arg G u 565
gca aag tca cag ttc cta

N A yhYSLexetaOvde B Loy 2380
ccg atg sat gga gtt tta gga

Net
ctt

Asn Gy VaksLeu Gy 595
gat gcg aag cag atg gac

Asp Ala Lys G n Net Asp 610

gat ctt aca tca cta ata 1920 Tyr Ala
G n Thr AF‘éa I5ﬁ9§ Yy 28erc3g @aa_?ég/%aﬁ £8 FhrtCeFIL 86T 19%€ 8235 %630 638 640

1680 Leu
550 555 560
1728 Ile
570 575
1776 Leu
585 590
1824 A a
600 605
1872 Met
615 620 tat

Bl ke Sty W PP RS B R Bk R, S AT OR £ a0 "85 650 s

att ctt gatggat gtt tca tct 2016 Qu

Leu

Asp Asn Val Ser Ser 660

gga att gag ttg gcc gtt tat

gtc

val

gat

Asp

tag
Trp

105

caa

Gln

tca

Ser

cct

Pro

aca aga agt gag att cat gat
Thr Arg Ser Glu Ile His Asp

75 80

cag gta aca tcc ttt gaa tgt
Gln Val Thr Ser Phe Glu Cys

90 95

aca aac tat ggt att aca tgt
Thr Asn Tyr Gly Ile Thr Cys

110

gag act aga ggyg ctt ccc tgg
Glu Thr Arg Gly Leu Pro Trp

125

tca aca tet tgt atg tgt ggt
Ser Thr Ser Cys Met Cys Gly

140

gaa aac ctt gag gaa gaa aac
Glu Asn Leu Glu Glu Glu Asn

155 160

16/87

665 670
2064

249

288

336

384

432

480



Leu
tct
Ser
atc
Ile

agg

cct
Leu
tgc

y Cys

gca
Trp
aat
Ser

ggc
I'le

Ser
agt
Adn
att
Thr

gga
Hi s
ctht
Thr
ages
Ser

t gg
Ay
tct

A%8g

ata
Prrep

tct

Ser

gag

Giu

aga
Arg

225

gg9a

Gly

atc

Ile

gca

Ay
caa
Val

aca
Asn
cac
Ile

aghk
I'le

iy
du

gga
Ser

gat
@8

cct

\ab

cat

His

gct
Ala

210

999

Gly

gga

Gly

ata

Ile

cgt

Lys
gtt

Pro
aac
Leu
ata
Phe

Ala Asn Ju
cct gat gtt

Asp Val

Val

ctg gtt gga
Gy Asn
ftt atc tca
Ile Ser Val
gdd gggactgagadeag Pl
G u Asp Ala Vval

Val

Lys
gta
Val
aac
Ser
gtg
Hi s

Leu
8 ChytlegagluGan gilty

Ser Ay du Thr Vval
agc tggéag aat ttc
Trp Lys Asn Phe Lys
caa atc aaa ttg cta
tdee chySacled: L gy \@lg
gtg gat gca caa ggc
Asp LAL ar1el neGeyy Arag

tct
Ser

195

tta

Leu

gct

Ala

gtt

Val

atg

Met

gtt

180

aaa

Lys

get

Ala

gga

Gly

tceo

Ser

aaa
Lys

260

tta

gea

Ala

cca

Pro

aga

Arg

tte
Phe

245

agg

Arg

caa

cga

Arg

aag

Lys

tgg
Trp

230

tet

Ser

agg

Arg

gat

ggt

Gly

aag
Lys

215

agg

Arg

gtt

val

gag

Glu

cag

gag
Glu

200

cag

Gln

aag

Lys

tgg

Trp

act

Thr

tte

Ay Ile Qu Leu Ala Val Tyr 675 680 685
gtc ggt gat ccg agt cgg ttc 2112 Val
Gy Asp Pro Ser Arg Phe 690 695 700 cgg
tca atc aaa ttc aca cag 2160 Arg dn
Ile Lys Phe Thr @ n 705 710 715 720
cac ctt gca gat gag gta aag 2208 G u
Leu Ala Asp Qu Val Lys 725 730 735
ctd t@aarRAga FRaCich get decka 2256 G u
Lys G n Arg Leu Ala Leu 740 745 750
agc Sgyeart Tyxdeughny §em dat 2304 21/ 87
Ser Ay Phe Pro Ala Val Asn 755 760
aag 138a tgt tac agt ¢t gag agt 2352
Thr Cys Tyr Ser Thr du Ser 770 775 780
gtt aca gtg gag gac act gga 2400 dn
T8 g¥8l cfd UasRg ThWe Gy €85 %99 795 800
cga atc ttc aca cct ttt atg 2448 Val
Lée vRhecyEhRiPes Phiee bt val
185 190
agg aaa gag aaa gta cat ctg caa 624
Arg Lys Glu Lys Val His Leu Gln
205
caa caa cgt gct cag act tct tct 672
Gln Gln Arg Ala Gln Thr Ser Ser
220

aat atc ctt ctc ctt ggt att tta 720
Asn Ile Leu Leu Leu Gly Ile Leu

238 240
tgg ttt tgg gac act aat gag dag 768
Trp Phe Trp Asp Thr Asn Glu Glu

250 255

ttg gca aac atg tgt gac gaa cga 8le
Leu Ala Asn Met Cys Asp Glu Arg
265 270
aat gtt agc ttg aac cat gtt cat 864
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805 810 815 <caa gcc gac agt tcc aca tcg cgg act tat ggt gga act ggc ata
ggt 2496 dAn Ala Asp Ser Ser Thr Ser Arg Thr Tyr Ay Ay Thr Ay Ille Gy
820 825 830 ttg agt ata agc aaa cgt ttg gtt gaa ctc atg caa gga gag atg
ggg 2544 Leu Ser Ile Ser Lys Arg Leu Val Gu Leu Met An Ay Gu Met Ay
835 840 845 1ttt gtg agt gag ccc ggg ata ggc agt act ttt tca ttt act gga

gtt 2592 AEQ%rgaJIaIS%Eu QIH E£p0 Gg)yPhlel gsnG\IXl S.:eerr E—Q.[ AEQeHi%e{faPnﬁsThr Gy Val
850 855 860 ttC ggg aaa gca gaa aca aat acg tcg att act aag ctg gaa cga ttc

2640 Phe Ay LysysAla G u Thr Asmpgbhr Ser Ile Thr 2Bys Leu G u Arg Phe 865
870 875 880 22/87 gat cta get att cag gag ttt aca gga ttg aga gca tta gtt
att gat 2688 Asp Leu Ala lle A n GQu Phe Thr Gy Leu Arg Ala Leu Val Ile
Asp 885 890 895 aac aga aac att aga gca gag gtc acc agg tac gaa ctt cgg
aga ctg 2936 SCASHTARET ASH F1% TAF Al BE'ECET VRS T8 GAR PPy FCRNGtLedtArg Arg

Leu 900 9 10 ata tct qgca gac_att gttt t ctg_a atg gca tgc
act tagt Zggﬁ%etﬁ @&?I%ée S5 i?la ASp T ghe\/éllgéalrs ég?%%%uﬁﬁr ar(%/bterAl a Cys Thr
Cys 915 920 925 tgt atc agc gga tta gaa aat tgg,get atg att cta ata gac

aaa gac 2832 Cys Ile Ser Lys Leu Qu Asn Leu Ala Met Ile Leu Ile Asp Lys
Asp 930 935 940

gcc att gat cag aga aca ttt gaa gaa tat act gag aga aca aac ttt 260
Ala Tle Asp Gln Arg Thr Phe Glu Glu Tyr Thr Glu Arg Thr Asn Phe

305 310 315 320

gag agg cca ctt act agt ggt gta geg tat get ttg aaa gtc cca cac 1008
Glu Arg Pro Leu Thr Ser Gly Val Ala Tyr Ala Leu Lys Val Pro His

325 330 335

tca gaa aga gag aaa ttt gaa aag gag cat gga tgg gca ata aag aaa 1056
Ser Glu Arg Glu Lys Phe Glu Lys Glu His Gly Trp Ala Ile Lys Lys

340 345 350

atg gaa act gag gac cag aca gtt gta caa gat tgt gtt cct gaa aac 1104
Met Glu Thr Glu Asp Gln Thr Val Val Gln Asp Cys Val Pro Glu Asn

355 360 365

ttt gat ccc gca ccg att caa gac gaa tac gocg cca gtt ata ttt get 1152
Phe Asp Pro Ala Pro Ile Gln Asp Glu Tyr Ala Pro Val Ile Phe Ala

370 375 380

caa gaa act gtt tcc cat att gta tcg gtc gac atg atg tct gga gaa 1200
Gln Glu Thr Val Ser His Ile val Ser Val Asp Met Met Ser Gly Glu

385 390 395 400
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gcc
Trp
agc
Lys
tct
Al a
gat
Asp

tgg aac
Asn Lys
aaa gta
Val Thr
gca act
Thr Leu

gag gtg

aag
Au
acc
Phe
ctt
Thr

gtg

gaa
Au
[
Thr
act
Au
at a

gaa
Phe
aca
Arg
gag
Arg
aag

Val

ttt tca
Ser Val
aga gtc
Pro
cgc agt
Ser
cct ctt

du

gta
Leu
cca
Lys
gag
Met

cgg

ctt gac gag
A u Leu
att ttt
Phe Leu
aag tct
Ser Thr
agt gtc

Asp
aag
e
atg
Lys
atg

ttg ttt acc
Phe Thr Arg
ctt ttg gca
Leu Ala Thr
act ggt ctc
Gy Leu lle
tta ata tgt tgc
G u Vaha\@lc tdte ghysadlr acd eta Aldy Med a8grgddakcd eidal den QS Joys

cga
945
act

965
atc
980

2880 Al a
950 955 960
2928 Ser
970 975
2976 Ser
985 990
3024 23/87
1995 1000

1005 ttg caa gaa acc ctt gtc sat ggc aag aag agg caa ccg aac aga cag 3072
Leu A n GCLuAsr heuGValrsashlipu| Ay By ARpQRIE@ AePradyAsys Aty Y&ln 1010 1015
1020 cga aga aat ctt gga cac ttg cta aga

Arg Arg Asn Leu Gy H s*®Peu Leu Arg Gu‘ll}g
1040 gat gat aat ctt gtg aac aga cga gtt gca gaa ggt gca ctt aag aaa
Ala Gu Ay Ala Leu Lys Lys 1045
1055 ¢ alca00& @6l @kt 28 tor@Ca ¢! 98y GLh HA0-801+805t288: GRY UGBkt g gca
Tyr Gy Ala Ile Val
1070 eatmhrctér @ag megLeCiLeGalevaags tske Gat HYLLeLYELV Vel atag gat ctc cag

1035
3168
1050
3216
1065
3264

Asp Asp Asn Leu Val

ttg

Leu

gaa

Glu

atg
Met

465

aca

Thr

aaa

Lys

age

acc

Thr

cag
Gln

450

CcCa

Pro

att

Ile

atg

Met

ctt

tct
Phe

435

cgt

Arg

teg

Ser

gct

Ala

tat

Tyr

gat

4290

get

Ala

gtt

Val

ctg

Leu

gtg

Val

ggc
Gly

500

Lt

gte

Val

gaa

Glu

gtg

val

gat
Asp

485

teca

Ser

got

Asn Arg Arg Val

Thr Cys Val

tat

Tyr

gca

Ala

gag
Glu

470

gtt

Val

gaa

Glu

gat

gac

Asp

act
Thr

455

aaa

Lys

tac

Tyr

att

Ile

cca

acyg
Thr

440

att

Ile

ctt

Leu

gac

Asp

999

Gly

tca

425

age

Ser

999

Gly

ctt

Leu

aca

Thr

gat
Asp

505

agg

cta

Leu

tac

Tyr

cac

His

act
Thr

490

ata

Ile

aac
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aa aaa cag att ctg gtt gtg

s dnille Leu ¥& val

ceog

Pro

ctt

Leu

caa
Gln

475

aac

Asn

agt

Ser

cat

cect

Pro

ggt
Gly

460

ctt

Leu

act

Thr

gag

Glu

gag

gat
Asp

445

gca

Ala

gece

Ala

tca

Ser

cag

Gln

atg

430

get

Ala

tca

Ser

agc

Ser

ggt

Gly

cat
His

510

cat

aca

Thr

tat

TYY

aaa

Lys

cta
Leu

495

ata

Ile

tge

gaa

Glu

gat

Asp

cag
Gln

480

ata

Ile

agt

Ser

agg

3120
1025 1030

Gu Ser Ay Lys Ala Ala Leu Ala 1060

1344

1392

1440

1488

1536

1584



Met Leu Lys Pro Pro H's Asn Phe Asp Ala Cys Phe Met Asp Leu G n 1075 1080
1085 atg cct gaa atg gat gga ttt gaa gcg aca agg aga gtc cgt gag ctg 3312
Met Pro Gu Met Asp Gy Phe Gu Ala Thr Arg Arg Val Arg Gu Leu 1090 1095
1100 gag agg gaa atc aat aag aaa ata get tct gga gaa gtt tca get gaa 3360
Gu Arg u Ile Asn Lys Lys Ile Ala Ser Ay Gu Val Ser Ala Gu 1105 1110

1115 11205244h3¢ Rd9phd Gl Ihs P8 tdely 288tmik081 LA GG EeFP p35a tta gca atg
aca 3408 Met Phe Cys LyS Phe Ser Ser Trp Hs Val Pro Ile Leu Ala Met Thr

1125 1130 1135 gwea gat gtt att cag get act cat gaasgaa tgc atg aaa tgt gga
atg 3456 Ala Asp Val Ile Gn Ala Thr Hs Gu Qu Cys Met Lys Cys Ay Met
1140 1145 1150 gat ggt tat gta tca aaa ccg ttt gaa gag gaa gtg ctc tac aca
gcg 3504 Asp Ay Tyr Val Ser Lgs Pro Phe Gu Qu Gu Val Leu Tyr. Thr Al a
1155 1160911689 (Rfa2@r £ hgEET BECtIF b 2ER_19€gR " 452 I VA °A 4°AF g Phe

Phe G u Phle T8 A Oy AR piP 102 Ao R Ind WY 1R ke FRTsSA R A abi dopsi s
530

thaliana <
535 540

tta gtt ctg gtt att act ttt ctt gtt ggt tat att tta tat gaa gcc 1680
Leu Val Leu Vval Ile Thr Phe Leu Val Gly Tyr Ile Leu Tyr Glu Ala

545 550 555 560

atc aac cga att gcg aca gtt gaa gag gat tgt cag aag atg agg gaa 1728
Ile Asn Arg Ile Ala Thr Val @lu Glu Asp Cys Gln Lys Met Arg Glu

565 570 575

ctc aaa gct cgt gect gag gcc gct gac att gca aag tca cag ttc cta 1776
Leu Lys Ala Arg Ala Glu Ala Ala Asp Ile Ala Lys Ser Gln Phe Leu

580 585 590

gca act gtt tct cat gag ata cgg act ceg atg aat gga gtt tta gga 1824
Ala Thr val Ser His Glu Ile Arg Thr Pro Met Asn Gly Val Leu Gly

595 600 605

atg ctg aaa atg ctg atg gac acc gat ctt gat gcg aag cag atg gac 1872
Met Leu Lys Met Leu Met Asp Thr Asp Leu Asp Ala Lys Gln Met Asp

510 615 620

tat gcg caa act gct cat gge agt ggg aag gat ctt aca tcea cta ata 1920
Tyr Ala Gln Thr Ala His Gly Ser Gly Lys Asp Leu Thr Ser Leu Ile

625 630 635 €40
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Met Ser Ile Thr Cys GQu Leu Leu Asn Leu Thr Ser Lys Lys Ala Lys 1 5 10 15
Lys Ser Ser Ser Ser Asp Lys Lys Trp Leu Lys Lys Pro Leu Phe Phe 20 25 30
Leu Ile Leu Cys Ay Ser Leu Val Ile Val Leu Val Met Phe Leu Arg 35 40 45
25/87 Leu Ay Arg Ser Gn Lys Au GQu Thr Asp Ser Cys Asn Ay Au Gu 50
55 60 Lys Val Leu Tyr Arg His G n Asn Val Thr Arg Ser Au Ile Hs Asp 65
70 75 80 Leu Val Ser Leu Phe Ser Asp Ser Asp An Val Thr Ser Phe G u Cys
85 90 95 His Lys Gu Ser Ser Pro Ay Met Trp Thr Asn Tyr Ay Ile Thr Cys
100 105 118: SRE 48U cSergaVatadfgga SRl ASP ghy Stdd Bglayg Tdbe A by LiewsPro Trp
115 120 125 Asn Leu Gy Leu Ay His Ser Ile Ser Ser Thr Ser Cys Met Cys
Gy 130 185 140 vaAAshebewrGln Rig vselle@Gld Jer@ly Pro I@wehsieley u G u
G u Asn 145 150 155 160 Hys u Qu Gg Leu u G@n Gg Leu Ser Ser Tyr
Leu Arg Asn Ala 165 1764%75 Trp Trp Oy$-Peu Ile Leu A y®¥l Leu Val COys
Hs Lys Ile Tyr Val 180 185 190 Ser His Ser Lys Ala Arg Gy GQu Arg Lys
GQu Lys Val Hs Leu dn

gaa aat gtg cct ttt gat atg cgt ttt att ctt gat aat gtt tca tct 2016
Glu Asn Val Pro Phe Asp Met Arg Phe Ile Leu Asp Asn Val Ser Ser

660 665 670

ctc ctc tect gge aag gca aat gaa aaa gda att gag ttg gec gtt tat 2064
Leu Leu Ser Gly Lys Ala Asn Glu Lys Gly Ile Glu Leu Ala Val Tyr

675 680 685

gtt tct agt caa gtt cct gat gtt gta gtc ggt gat ccg agt cgg ttc 2112
val Ser Ser Gln Val Pro Asp Val val val Gly Asp Pro Ser Arg Phe

620 695 700

cgg cag atc att aca aac ctg gtt gga aac tca atc aaa ttc aca cag 2160
Arg Gln Ile Ile Thr Asn Leu Val Gly Asn Ser Ile Lys Phe Thr Gln

705 710 715 720

gaa agg gga cac ata ttt atc tca gtg cac ctt gca gat gag gta aag 2208
Glu Arg Gly His Ile Phe Ile Ser Val His Leu Ala Asp Glu Val Lys

725 730 735 -

gag cct ctt act att gaa gac gca gtg ¢ta aaa cag cga cta gct tta 2256
@Glu Pro Leu Thr Ile Glu Asp Ala Val Leu Lys Gln Arg Leu Ala Leu

7490 745 750

gga tgc agc gag tcc ggt gag aca gtt agc ggg ttt cct geg gta aat 2304
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195 200 205 du Ala Leu Ala Pro Lys Lys G@n @dn dn Arg Ala Gn Thr Ser
Ser 210 215 220 Arg Gy Ala Ay Arg Trp Arg Lys Asn Ile Leu Leu Leu Gy
Ile Leu 225 230 235 240 dy Ay Val Ser Phe Ser Val Trp Trp Phe Trp Asp
Thr Asn Qu Gu 245 250 255 Ile Ile Met Lys Arg Arg Qu Thr Leu Ala Asn
Met Cys Asp u Arg 260 265 270 Ala Arg Val Leu A n Asp A n Phe Asn Val

Ser Leu Agiy kg 3@ ol ser2dB, 480 BABSvL0LE8L AlarkewrSefial gL lgd Val Ser Thr
Phe Hs Hs Ay Lys Ile Pro Ser 290 295 300 Ala Ile Asp @ n Arg Thr Phe

Gu GQu Tyr Thr @=su Arg Thr Asn Ple 305 310 315 326 du Arg Pro Leu Thr
Ser Ay Val Ala Tyr Ala Leu Lys Val Pro H's 325 330 335 Ser u Arg GQu
Lys Phe Qu Lys Qu Hs Ay Trp Ala Ile Lys Lys 340 345 350 Net G u Thr
Gu Asp An Thr Val Val d@n As %s Val Pro Qu Asn 355 360 365 __Phe Asp
Pro Ala PPO° I WhEFo@ tRargRt A% P 26T EoPREC A 39 575 236° o n

?03 Thr Vﬁ!l.a %%‘E) H)ﬁ Su:el‘r}{a}..yssign\@ile 6950 Tlr\llﬁtCngIfyrs%lérq‘l% 9119 Se§85 390 395

770 775 780

cag aat tct gat caa atc aaa ttg cta gtt aca gtg gag gac act gga 2400
Gln Asn Ser Asp Gin Ile Lys Leu Leu Val Thr Val Glu Asp Thr Gly

785 790 798 BOO

gtt ggc ata cct gtg gat gca caa ggc cga atc ttc aca cct ttt atg 2448
Val Gly Ile Pro Val Asp Ala Gln Gly Arg Ile Phe Thr Pro Phe Met

805 810 815

caa gcc gac agt tce aca teg cgg act tat ggt gga act gge ata ggt 2496
Gln Ala Asp Ser Ser Thr Ser Arg Thr Tyr Gly Gly Thr Gly Tle Gly

820 825 830

ttg agt ata agc aaa cgt ttg gtt gaa cte atg caa gga gag atg ggg 2544
Leu Ser Ile Ser Lys Arg Leu Val Glu Leu Met Gln Cly Glu Met Gly

835 B40 845

ttt gtg agt gag ccec ggg ata ggc agt act ttt tca ttt act gga gtt 2592
Phe Val Ser Glu Pro @Gly Ile Gly Ser Thr Phe Ser Phe Thr Gly Val

B50 855 860

ttc ggg aaa gca gaa aca aat acg tcg att act aag ctg gaa cga ttc 2640
Phe Gly Lys Ala Glu Thr Asn Thr Ser Ile Thr Lys Leu Glu Arg Phe

865 870 875 880
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Leu
430
440
450
Adn
Ay
Adn
du
Thr
Val

Val

Hi s

Asp Arg Qu Asn Ile Leu Arg Ala Arg Ala Ser dy Lys @y Val
Ser Pro Phe Lys Leu Leu Lys Ser Asn H's Leu Ay Val

Thr
Leu

Thr Phe Al a Val

Tyr Asp Thr Ser

445 du G@n Arg Val
455 460 Met Pro Ser
465 470 475 480 Thr

Leu
Hi s

| ber SRR
H s Cys
| hep Ten
Tyr Ile
G u Asp
Al a Asp
Ile Arg

aac aga

Asn Arg

gga ata

Gly Ile

tgt atc
Cys Ile

930

gcc tgg

Ala Trp

945

agc aaa

Ser Lys

tct gea

Ser Ala

gat gag

Pra0I8erGlh| @lu BBO BR5CEAQet uwg\Vala Lew Wl 114 ésFhr

Leu Tyr Gu Ala 545 550 555 560

A u Ala Thr
Leu Val
Ile Al a Val

COys d #8Bys Met Arg
Ile Ala Lys Ser G n
Pro Met Asn Ay

Thr

aac

Asn

tet
Ser

915

age

Ser

aac

Asn

gta

val

act

Thr

gtg

att
Ile

200

goa

Ala

aaa

Lys

aag

Lys

acc

Thr

ctt
Leu

980

gtg

aga

Arg

gac

Asp

tta

Leu

gaa

Glu

o) o of
Phe

265

act

Thr

ata

gca

Ala

att

Ile

gaa

Glu

gaa

Glu

950

aca

Thr

gag

Glu

aag

gag gtc

Glu val

gtt teca
Val Ser

920

aat ttg

Asn Leu

235

Lttt tca

Phe Ser

aga dgtc

Arg Vval

cgc agt

Arg Ser

cet ettt

Val

405 410 415
420 425

Leu Pro Pro Asp Ala Thr AQu 435

Ile Ay Tyr

Val

acc
Thr

205

agt

Ser

gct

Ala

gta

val

cca

Pro

gag
Glu

985

€gg

Leu Gy Ala Ser Tyr Asp

AQu Lys Leu Leu Hs Gdn Leu Ala Ser Lys
Asp Val

Tyr Asp Thr Thr Asn Thr Ser
Ile 485 490 495 Lys Met Tyr Ay Ser Qu lle Gy Asp Ile Ser Qu
g0 5Qaghd4dy Set dcaugdsprfhaGhya ASP fA0aSeadr g 2880 Hi s
Arg 515 520 525 27/87 Phe Lys His Lys Leu Pro Ile Pro Trp

Leu Ay

agg

Arg

ctg

Leu

atg

Met

ctt

Leu

aag
Lys

970

atg

Met

atyg

23/87

tac

Tyr

aga

Arg

att

Ile

gac
Asp

955

att

Ile

aag

Lys

agt

gaa

Glu

atg

Met

cta
Leu

940

gag

Glu

ttt

Phe

tct

Ser

gtc

Phe Leu

Ile Asn Arg Ile Ala Thr
d u®865 570 575 LeuiYys Ala Arg Ala
Phe Leu

cLt

Leu

gca
Ala

925

ata

Ile

ttg

Leu

ctt

Leu

act

Thr

tta

cgg
Arg

210

tge

Cys

gac

Asp

ttt

Phe

ttg

Leu

ggt
Gly

950

ata

aga

Arg

act

Thr

aaa

Lys

acc

Thr

gca
Ala

975

cte

Leu

tgt

ctg

Leu

tgt

Cys

gac

Asp

cga
Arg

960

act

Thr

atc

Ile

tgc

580 585 590 Ala Thr Val Ser

2736

2784

2832

2880

2928

2976

3024



595
Asp
Leu
Arg

Il e
Val

Ile
Au
Ser
ady
Asn
800

600
610
Ile
Leu
Asn
Au
Ay
Asn
Ser
Asp

Ser
Ser

605 Met Leu Lys Met Leu Met Asp Thr Asp Leu Asp Ala Lys @ n Met
615 620 Tyr Ala A n Thr Ala Hs Gy Ser Ay Lys Asp Leu Thr Ser
625 630 635 640 Asn GQu Val Leu Asp Gdn Ala Lys Ile Gu Ser Ay
A u Leu 645 650 655 du Asn Val Pro Phe Asp Met Arg Phe Ile Leu
Val Ser Ser 660 665 670 Leu Leu Ser Ay Lys Ala Asn Qu Lys Ay

Leth Aha Mal vIVrT1e6n 680 1885arVake SRh wer L6 nri¥atyPi9sAsp Val Val
Asp Pro Ser Arg Phe 690 695 700 Arg Gn lle Ile Thr Asn Leu Val

Ser Ile d¢9s5 Phe Thr A n 10605 710 715 720106u Arg Gy His Ile Phe
Val H's Leu Ala Asp Qu Val Lys 725 730 735 du Pro Leu Thr Ile
Ala Val Leu Lys G n Arg Leu Ala Leu 740 745 750 Ay Cys Ser Gu
G u Thr Val Ser Gg Phe Pro Ala Val Asn 755 760_765 28/ %5 é«l a Trp
TFPY 1578 $88n 2BPhetEyEEoTRRE G RF 28229FhFa3G 65 4° 297 §2975 *780 Q@ n
ATEQu glg éllueTi’ry%.elue{flalL%Qn\@ly ﬂ;tg LyglArg HIIASPQOTI-tyn g‘é’ G1Z85 790 795

1010 1015 1020

cga aga aat ctt gga cac ttg cta aga gaa aaa cag att ctg gtt gtg 3120
Arg Arg Asn Leu Gly His Leu Leu Arg Glu Lys Gln Ile Leu Vval Val

1025 1039 1035 1040

gat gat aat ctt gtg aac aga cga gtt gca gaa ggt gca ctt aag aaa 3168
Asp Asp Asn Leu Val Asn Arg Arg Val Ala Glu Gly Ala Leu Lys Lys

1045 1050 1055

tat gga gct att gtt aca tgc gtt gag agt ggc aaa gct geca ttg gca 3216
Tyr Gly Ala Ile Val Thr Cys Val Glu Ser Gly Lys Ala Ala Leu Ala

1060 1065 1070

atg ctt aag ccg cet cat aac tte gat get tge tte atg gat cte cag 3264
Met Leu Lys Pro Pro His Asn Phe Asp Ala Cys Phe Met Asp Leu Gln

1075 1080 1085

atg cct gaa atg gat gga ttt gaa gcg aca agg aga gtc cgt gag ctg 3312
Met Pro Glu Met Asp Gly Phe Glu Ala Thr Arg Arg Val Arg Glu Leu

1090 1085 1100

gag agg gaa atc aat aag aaa ata gct tect gga gaa gtt tca gct gaa 3360
Glu Arg Glu Ile Asn Lys Lys Ile Ala Ser Gly Glu Val Ser Ala Glu

1105 1110 1115 1120
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Val Ay Ile Pro Val Asp Ala An Gy Arg Ile Phe Thr Pro Phe Met 805 810 815
A@n Ala Asp Ser Ser Thr Ser Arg Thr Tyr Ay Ay Thr Ay Ile Ay 820 825
830 Leu Ser Ile Ser Lys Arg Leu Val Qu Leu Met Adn Ay Au Met Gy 835
840 845 Phe Val Ser AQu Pro Gy Ile Ay Ser Thr Phe Ser Phe Thr dvy Val
850 855 860 Phe Ay Lys Ala Gu Thr Asn Thr Ser Ile Thr Lys Leu Qu Arg
Phe 865 870 875 880 Asp Leu Ala lle @dn QQu Phe Thr Ay Leu Arg Ala Leu
Val Ile Asp 885 890 895 Asn Arg Asn Ile Arg Ala GQu Val Thr Arg Tyr Gu
Leu Arg Aagg lted tH0Qa90R 944 Ghy ddgecHeihtd @ghstn Ithe 3kl aSpracSer skes Arg
Met Ala Cys Thr Cys 915 920 925 Cys Ile Ser Lys Leu A u Asn Leu Ala Met
Il e Leu | Met Rbp €xps LAS (PH@360c1036r UG HiM ¥FaTrRyoAsite LLys AJauMe ThPhe Ser Val
Leu Asp G u Leu Phe Thr Arg 945 950 955 960 Ser Lys Val Thr Phe Thr Arg
Val Pro Lys Ile Phe Lett?Peu Ala Thr 965870 975 Ser Al &%hr Leu Thr Qu
Arg Ser Qu Met Lys Ser Thr Ay Leu Ile 980 985 990 Asp Au Val Vval Ile
Lys Pro Leu Arg Met Ser Val Leu Ile Cys Cys 995 1000 1005

gca gat gtt att cag gct act cat gaa gaa tge atg aaa tgt gga atg 3456
Ala Asp Val Ile Gln Ala Thr His Glu Glu Cys Met Lys Cys Gly Met

1140 1145 1150

gat ggt tat gta tca aaa ccg ttt gaa gag gaa gtg ctc tac aca gcg 3504
Asp Gly Tyr Val Ser Lys Pro Phe Glu Glu Glu Val Leu Tyr Thr Ala

1155 1160 1165

gta gca aga ttc ttt gaa cct tgt taa 3531
Val Ala Arg Phe Phe Glu Pro Cys

1170 1175

<210> 4
<211> 1176
<212> PRT

<213> Arabidopsis thaliana

<400> 4
Met Ser Ile Thr Cys Glu Leu Leu Asn Leu Thr Ser Lys Lys Ala Lys
1 5 10 i5
Lys Ser Ser Ser Ser Asp Lys Lys Trp Leu Lys Lys Pro Leu Phe Phe
20 25 30
Leu Ile Leu Cys Gly Ser Leu Val Tle Val Leu Val Met Phe Leu Arg

35 40 45
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29/87 Leu A n Au Thr Leu Val Asn Ay Lys Lys Arg G n Pro Asn Arg G@n 1010
1015 1020 Arg Arg Asn Leu Gly His Leu Leu Arg Qu Lys An |Ile Leu Val Val
1025 1030 1035 1040 Asp Asp Asn Leu Val Asn Arg Arg Val Ala Gu Gy Al a
Leu Lys Lys 1045 1050 1055 Tyr Gdy Ala lle Val Thr Cys Val Au Ser @y Lys
Ala Ala Leu Ala 1060 1065 1070 Met Leu Lys Pro Pro H s Asn Phe Asp Al a Cys

Phe Met Agp, %@}f Ao dOin H18A14Q80 miehsPra -Gy Mok cﬁ%psﬁ y1Phe Gu Ala
Thr Arg Arg Val Arg G u Leu 1090 1095 110 GQu Arg u Ile Asn Lys Lys lle

Ala Ser Ay Gsu Val Ser Ala G s 1105 1110 11155¢1120 Met Phe Cys Lys Phe
Ser Ser Trp H's Val Pro Ile Leu Ala Met Thr 1125 1130 1135 Ala Asp Val Ile
A n Al a Thrs Med I@uuTHE hrEyisVein IAps Gyls TG \Arigbfer E14(lle1dEs B$B0 Asp Ay Tyr
Val Ser Lys Pro Phe Qu Qu GQu Val Leu Tyr Thr Ala 1155 1160 1165 Val
Ala Arg Ph#® Phe Qu Pro Cys’®170 1175 <2109%5 <211> 3111 <3%2> Dna

Leu Val Ser Leu Phe Ser Asp Ser Asp Gln Val Thr Ser Phe Glu Cys
85 90 95
His Lys Glu Ser Ser Pro Gly Met Trp Thr Asn Tyr Gly Ile Thr Cys
100 105 iic
Ser Leu Ser Val Arg Ser Asp Lys Gln Glu Thr Arg Gly Leu Pro Trp
115 120 125
Asn Leu Gly Leu Gly His Ser Ile Ser Ser Thr Ser Cys Met Cys Gly
130 135 140
Asn Leu Glu Prc Ile Leu CGln Gln Pro Glu Asn Leu Glu Glu Glu Asn
145 150 155 160
His Glu Glu Gly Leu Glu Gln Gly Leu Ser Ser Tyr Leu Arg Asn Ala
165 170 175
Trp Trp Cys Leu Ile Leu Gly Val Leu Val Cys His Lys Ile Tyr Val
180 185 190
Ser His Ser Lys Ala Arg Gly Glu Arg Lys Glu Lys Val His Leu Gln
195 200 208
Glu Ala Leu Ala Pro Lys Lys Gln Gln Gln Arg Ala Gln Thr Ser Ser
21¢ 215 220
Arg Gly Ala Gly Arg Trp Arg Lys Asn Ile Leu Leu Leu Gly Ile Leu
225 230 2356 240
Gly Gly Val Ser Phe Ser Val Trp Trp Phe Trp Asp Thr Asn Glu Glu
245 250 255
Ile Ile Met Lys Arg Arg Glu Thr Leu Ala Asn Met Cys Asp Glu Arg
260 265 270
Ala Arg Val Leu Gln Asp Gln Phe Asn Val Ser Leu Asn His Val His

275 280 285
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<213> Arabi dopsis thaliana <220> 30/87 <221> CDS <222> (1)..(3111) <400>
5 atg agt ctg ttc cat gtg cta ggg ttt ggt gtc aag att ggg cat ctc 48 Met
Ser Leu The His Val Leu Gy Phe Ay Val Lys Ile Gy Hs Leu 15 10 15 ttc
tgg atg cta tgc tgc tgg ttt gtt tct tgg ttc gtt gat aat ggg 96 The Trp Met
Leu Cys Cys Trp Phe Val Ser Trp Phe Val Asp Asn Gy 20 25 30 atc gag gac

aag tct ggia q,tetl éetxalgé tLegg‘@alt %Er gIthQ' ng:; HQQtngt élygawgs 144 pid @ed U Asp Lys
Ser Ay Leu Val Ay Ser Val Asp Leu 40 45 aag act aag atg

act acg ttg aag aag aag aac aags atg tgg ttc tggoo1_92 Lys Thr Lys Met Thr
Thr Leu Lys Lys Lys Asn Lys Met Trp Phe Trp 50 55 60 aat aag atc tct agc
agc gga chéa dag e Ctegiragthn fhet@u €at Teadh2z40lu Asy ThyrsAsl &hser Ser Ser
Gy Leu Lys Ile Pro Ser Phe Ser Tyr Gn 65 70 75 80 ttt ctt gc tct gtt
aaa ttc adt®aag gcg tgg tgylagg aag ctt gt 288 Phe Leu G y%8er val Lys

oo e (I AR TR Y VLB AER i i
Val Leu Val Ser Ile Trp_;,z'ghr Phe Trp 330

Ser Glu Arg Glu Lys Phe Glu Lys Glu His Gly Trp Ala Ile Lys Lys
340 345 350

Met Glu Thr Glu Asp Gln Thr Val Val Gln Asp Cys Val Pro Glu Asn

155 360 365
Phe Asp Pro Ala Pro Ile Gln Asp Glu Tyr Ala Pro Val Ile Phe Ala
370 375 380

Gln Glu Thr Val Ser His Ile Val Ser Val Asp Met Met Ser Gly Glu

385 390 385 400

Glu Asp Arg Glu Asn Ile Leu Arg Ala Arg Ala Ser Gly Lys Gly Vval

405 410 415

Leu Thr Ser Pro Phe Lys Leu Leu Lys Ser Asn His Leu Gly Val Val
420 425 430

Leu Thr Phe Ala Val Tyr Asp Thr Ser Leu Prc Pro Asp Ala Thr Glu

435 440 445
Glu Gln Arg val Glu Ala Thr Ile Gly Tyr Leu Gly Ala Ser Tyr Asp
450 455 460

Met Pro Ser Leu Val Glu Lys Leu Leu His Gln Leu Ala Ser Lys Gln

465 470 475 480

Thr Ile Ala Val Asp Val Tyr Asp Thr Thr Asn Thr Sex Gly Leu Ile

485 490 495

Lys Met Tyr Gly Ser Glu Ile Gly Asp Ile Ser Glu Gin His Ile Ser
500 505 510

Ser Leu Asp Phe Gly Asp Pro Ser Arg Asn His Glu Met His Cys Arg

515 520 525
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31/87 100 105 110 tac ttt agc tcg caa get atg gag aag agg aaa gag acg cta
get agt 384 Tyr Phe Ser Ser An Ala Met Qu Lys Arg Lys Qu Thr Leu Ala
Ser 115 120 125 atg tgt gat gag aga get cgt atg ctg cag gat cag ttc aac
gtt agc 432 Met Cys Asp Qu Arg Ala Arg Met Leu G n Asp @ n Phe Asn Val
Ser 130 135 140 atg sat cat gtt caa gcc atg tct atc ttg atc tca acc ttc cac

cat 480 Mt 1£8NgHd SyValeuGhib Aha B refntl £l etk Ithe S sdhrriBhe His H s
145 150 155 160 ggc aag att cct tct get atc gat cag aga aca ttc tca gag

tac act 528 5@y Lys Ile Pro Ses Ala Ile Asp Gs#o Arg Thr Phe Ser A u Tyr
Thr 165 170 175 gat aga act tcc ttt gag agg cot ctt act agc ggg gta get
tat get 5¥8v VAIpLew JaThileSErr Phe GuwuVaYy FlPryrLéle T Ber cBywlval Al a Tyr
Al a 180 185 190 atg agg gtg ctc cat tca ga agg gaa gag ttc gag agg caa
caa ggt Met Arg Val Let’ His Ser Gu Ar5°Adu Gu Phe AU®Arg Gn Gn

cat aag 633 AP frbeart B8 GRDoR Aebd Bl Th HUARERET Vo A

Lys 210 215 220 32/ 87 gals gac tat gac ctsgogaa get ttg gagsgca tcc cct gtc
caa gaa gag 720 Asp Asp Tyr Asp Leu u Ala Leu Qu Pro Ser Pro Val @n
G u Au Leu Lys Ala Arg Ala Glu Ala Ala Asp Ile Ala Lys Ser Gln Phe Leu

580 585 590

Ala Thr Val Ser His Glu Ile Arg Thr Pro Met Asn Gly Val Leu Gly

595 600 605
Met Leu Lys Met Leu Met Asp Thr Asp Leu Asp Ala Lys Gln Met Asp
610 615 620

Tyr Ala Gln Thr Ala His Gly Ser Gly Lys Asp Leu Thr Ser Leu Ile

625 630 &35 640

Asn Glu Val Leu Asp Gln Ala Lys Ile Glu Ser Gly Arg Leu Glu Leu

645 650 655

Glu Asn Val Pro Phe Asp Met Arg Phe Ile Leu Asp Asn Val Ser Ser
660 665 670

Leu Leu Ser Gly Lys Ala Asn Glu Lys Gly Ile Glu Leu Ala Val Tyr

675 680 685
Val Ser Ser Gln Val Pro Asp Val Val Val Gly Asp Pro Ser Arg Phe
590 695 700

Arg Gln Ile Ile Thr Asn Leu Val Gly Asn Ser Ile Lys Phe Thr Gln

705 710 715 720

Glu Arg Gly His Ile Phe Ile Ser Val His Leu Ala Asp Glu Val Lys

725 730 738

Glu Pro Leu Thr Ile Glu Asp Ala Val Leu Lys Gln Arg Leu Ala Leu
740 745 750

Gly Cys Ser Glu Ser Gly Glu Thr Val Ser Gly Phe Pro Ala Val Asn

755 760 765
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225 230 235 240 tac get cca gtc atc ttt get cag gac act gtt tct cac gtt
gtt tct 768 Tyr Ala Pro Val Ile Phe Ala G n Asp Thr Val Ser H's Vval Val
Ser 245 250 255 ctc gat atg ctg tct ggg aaa gaa gat cgt gaa aac gtt ttg
cgg gcc 816 Leu Asp Net Leu Ser Gy Lys Qu Asp Arg Gu Asn Val Leu Arg
Ala 260 265 270 agg agt tca ggt aaa ggg gtt ttg aca get cct ttc cca ttg

ata aag 8gf. 03k rp Ak hYR fHeYrp@hrnbysTHE Ak #R:0cRP@.Pro Leu lle
Lys 275 280a£§E Egaeaatrpag%/ls ctt ggegL%é?g at?%sc?%r aca ttrt gcaegtg tac aag

aga gat 912 +Ffhr Asn Arg Leu @&y Val Ile Leu Thso Phe Ala Val Tyr Lys Arg
Asp 290 295 300 ctc ccc tcc aat gca acg cca aaa gag aga att gag get act aac
ggg 960 E€buAPnosS[epsPSinAlke Fhs IRuoLdwy Falg ThrAVyl Cle A8ruT™Y &1Thr Asn Ay
305 310 315 320 tat ctc g gga gtg ttt gac att gag tcc ct gta gaa aac
ttg ctt 1008 Tyr Leu Ay %Sg%/ Val Phe Asp 11%€ A u Ser Leu VE°YA u Asn Leu

gat atc 1086 1& HEPR® 1o A A AR AR R R ThE M T Ao

Ile 33/87 340 345 350 g@ec sat cac tct gag ccg att agc aggstat ggt aca sat
gtg tcg get 1104 Thr Asn His Ser An Pro Ile Ser Met Tyr Ay Thr Asn Val
Ser Al a 385bn 368 8fHbsSer Ser Thr Ser Arg Thr Tyr Gly Gly Thr Gly Ile Gly

B20 825 830

Leu Ser Ile Ser Lys Arg Leu val Glu Leu Met Gln Gly Glu Met Gly

835 840 845
Phe Val Ser Glu Pro Gly Ile Gly Ser Thr Phe Ser Phe Thr Gly Vval
850 855 B6O

Phe Gly Lys Ala Glu Thr Asn Thr Ser Ile Thr Lys Leu Glu Arg Phe

865 870 875 B8O

Agp Leu Ala Ile Gln Glu Phe Thr Gly Leu Arg Ala Leu Val Ile Asp

885 890 885

Asn Arg Asn Ile Arg Ala Glu Val Thr Arg Tyr Glu Leu Arg Arg Leu
900 505 210

Gly Ile Ser Ala Asp Ile Val Ser Ser Leu Arg Met Ala Cys Thr Cys

915 920 925
Cys Ile Ser Lys Leu Glu Asn Leu Ala Met Ile Leu Ile Asp Lys Asp
930 935 240

Alz Trp Asn Lys Glu Glu Phe Ser Val Leu Asp Glu Leu Phe Thr Arg

945 950 955 960

Ser Lys Val Thr Phe Thr Arg Val Pro Lys Ile Phe Leu Leu Ala Thr

965 970 975

Ser Ala Thr Leu Thr Glu Arg Ser Glu Met Lys Ser Thr Gly Leu Ile
280 985 990

Asp Glu Val val Ile Lys Pro Leu Arg Met Ser Val Leu Ile Cys Cys

995 1000 1005
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gat ggg ttg gaa cgt gtt agt cca cta atc ttt ggc gat cca ttg aga 1152 Asp
Gy Leu u Arg Val Ser Pro Leu Ile Phe Ay Asp Pro Leu Arg 370 375 380 aag
cat gag atg cgt tgc aga ttt aag cag aaa cca cca tgg cca gtg 1200 Lys His
Gu Met Arg Cys Arg Phe Lys G n Lys Pro Pro Trp Pro Val 385 390 395 400
cta tca atg gtg aca tca ttc ggt atc ctt gtg att gcg tta ctt gtt 1248 Leu

Ser Met Val, Ba 36! +£19.o0 Vol hen lcty YA 1lL 08l @uud ot Lk Maj o405 410 415

gca cat ata atc cac gca acc gtt agf cgs ata cac aaa gtt gaa gaa 1296 Ala
Hs Ile lleidis Ala Thr Val SetsArg Ile His Lysaval G u A u 420 425 430
gat tgt gat aaa atg aag cag ctc aag aaa aag get gaa gca gca gat 1344 Asp
Cys Asp Lisg bet AsysL& $lieliis eu Ilyes Axos G &vEl GlrAITae Aoy W&o Va35 440 445
gtt gca aag tca cag ttc ctt gcc act gtt tca cat gaa atc aga act 1392 Val
Ala Lys S&f25@ n Phe Leu AM2%Thr Val Ser H¥3@& u Ile Arg Thrr°450 455 460

34/ 87 cca_ atq a t ta atg t t. at aca gag 1440
Pro Met ASHP %S%}a’%?agg “eg’taéa §SW€?§EA§8 Eﬁls%%/éfc’qﬁlegﬁﬁ/é‘t%&se% WY 465 470 475

480 tta gat gtt acg caascag gat tat gtihsagg acc gca cagogea agt gga 1488
Leu Asp Val Thr Adn G@n Asp Tyr Val Arg Thr Ala G n Ala Ser Gy 485 490 495

aaa get ttar gh¢ AGQICE vadl Bha@ls gag gid skt plgatyLadapda deag Aabt 1536
1060 1065 1070
Met Leu Lys Pro Pro His Asn Phe Asp Ala Cys Phe Met Asp Leu Gln
1075 1080 1085
Met Pro Glu Met Asp Gly Phe Glu Ala Thr Arg Arg Val Arg Glu Leu
1080 1095 1100
Glu Arg Glu Ile Asn Lys Lys Ile Ala Ser Gly Glu Val Ser Ala Glu
1105 1110 1115 1120
Met Phe Cys Lys Phe Ser Ser Trp His Val Pro Ile Leu Ala Met Thr
1125 1130 1135
Ala Asp Val Ile Gln Ala Thr His Glu Glu Cys Met Lys Cys Gly Met
1140 1145 1150
Asp Gly Tyr Val Ser Lys Pro Phe Glu Glu Glu Val Leu Tyr Thr Ala
1155 1160 1165
val Ala Arg Phe Phe Glu Pro Cys

1170 1175

<210> b5
«<211> 3111
<212> DNA

<213> Arabidopsis thaliana

<220>
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Lys
gaa
Ser

ata
Leu
gtg
Au
att

aat
Ser
590
Leu
ccg

gaa
Asn

Al a
tct
Ay
tta
Asp
gag
Leu
ggt
Asp
tcc
Ile

ttg gty

Val

gaa
Ser
aac
Phe

Leu
gaa
Leu
ctg
Ser

Leu Val Ser
gga aag ctt
Lys Leu Gu
gat gat gtc
Asp Val Leu

ttepQgcapgta tac
Ala val Tyr Ile

gat2xoti1ggg3agy
Pro Gy Arg Phe

att aag ttc act
Lys Phe Thr Qu

A3Pg Gy

agt® a a

Thee Loy
ttt aaa

Lysi Al a

ttc tgg atg cta

Phe Trp Met Leu

20

atc gag gac aag

Ile Glu Asp Lys

35

aag act aag atg

Lys Thr Lys Met

50

aat aag atce tct

Asn Lys Ile Ser

65

Lttt ctt tct

ggce

Phe Leu Gly Ser

gtg gtt tgg gttt

vVal val Trp Val

Ile
ctt
du
tca
Leu
at a
Ser
ttt
Arg

gag
Ly

tgc

Cysg

tct

Ser

act

Thr

age

Ser

gtt
val

B85

gtc

Val

Asn
gag
du
ctc
Phe
tct
Asp
cga
Adn
aaa
s Ay

tge tgg

Cys Trp

ggt ctt

Gly Leu

acg ttg

Thr Leu

55

age gga

Ser Gly

70

aaa ttc

Lys Phe

tte tgg

Phe Trp

du
gag
Val
ttc
Ser
gat
Arg
caa
Ile

gga
H s

I§§f pﬁi mllseualeeu \éak,
get ttc age tcc aac

Phe Ser Ser Asn Qvy

Lttt

Phe

tta
Leu

40

aag

Lys

cte

Leu

aac

Asn

gte

val

Val
gtg
Arg
tct
Ser
cgt
Val
at a
Leu
cac
Ile

Leu
Ccgg
Phe
agc
Lys
gtt

Pro
ctc
Thr

Asp
ttt

Asp
aag
Ser

cca
Asp
aca
Asn

Phe Val

An
gat
Leu
tcc
A@n
gat
Met
aat
Leu
atc ttt gta
Thr
gét gag cta ttt gaa tct atc gat gga gag aca gca tca tct 1824

tE@ ;g g és%galéég

g(t:ygtg QagThc\rtt

a gac cgg cd

Al a
ttg
Arg
caa
dn
atg
Leu
ctt
Met
act
Val

58

Lys
aga
Ay
caa
Lys
tta
545
atg
Ay
gtt
H s

o8l
agg

e 500 505 510
gga 1584 Qdu
515 520 525

aag 1632 Ile
530 535 540 ggg
1680 dy Vval
550 555 560

ggt 1728 lle
565 570 575

cat 1776 Asn
35/ 87 580 585

r 595 600 605
nge 1872 Pro

AL@cév;paaAr gySme Ay B¢ 1840 615 620 tgg
ggg cat cgg agc ttt gaa 1920 Trp GQu

H s Ang Ser

gtt tct tgg ttc

vVal Ser Phe

Trp

25

gtt ggc tct gtce

Val Gly Ser val

aag aag aac aag

Lys Lys Asn Lys

60

aag atc ccg agt

Lys Ile Pro Ser

75

aag gcg tgg tgg

Lys Ala Trp Trp

90

ttg gtc tect att

Leu Val Ser Ile
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gtt

Val

ggt
Gly

45

atg

Met

tte

Phe

agg

Arg

tgg

Trp

Phe Qu

gat
Asp

30

gat

Asp

tgg

Trp

tct

Ser

aag

Lys

acyg

Thr

15

aat

Asn

ctt

Leu

ttc

Phe

tat

Tyx

ctt
Leu

25

ttt

Phe

999 96
Gly
gag 144
Glu
tgg 192
Trp
cag 240
Gln

80
gtg 288
val
tgg 336
Trp




635 640 <cca tct ccc cct gat ata aac cta atc gtc tca gtt gag gat
1968 Pro Ser Pro Pro Asp Ile Asn Leu Ile Val Ser Val Qu Asp Thr
650 655 gta ggg atc cct gta gaa gcg cag tcc cgt att ttt acg cct
2016 Val dy Ile Pro Val Qu Ala A n Ser Arg Ile Phe Thr Pro Phe
665 670 caa gtc gga cca tcc ata tcc agg acg cat gga ggc aca gga
2064 dn Vah, Ay Pro Ser I|lgsSer Arg Thr Hsi@dy Gy Thr Ay Ile
680 685 «ctt agc ata agc aaa tgt cta gtt gga ctg atg aag gga gaa
2112 Leu Ser Ile Ser Lys Cys Leu Val Ay Leu Met Lys Ay Qu lle
695 700 36/87 ttc tcg agt act ccc aag gtt ggg tcc aca ttc aca ttt
gtac 2160a9cPheg Ser Bar aThrgabr @ad peg il @Yy aSerctEhegctPl3@t Thie8Phe Thr
705 710 715 720 _ ttt tcc sat ggg atg caa cca g%t gaa aga aag sat
ade CRy 08T PHe By MakFly WAEFe &Y Pr'd TAF %8 8§ Lys Asn Asp
G@n 725 730 735 ccc ata éc tcg gaa ttc Q%g ggc atg aaa get gtg
y

gac cat 56 Pro Ile Phe 8er G u Phe Arg Met Lys Ala Val Val

H's 740 745 750 agg cct gca agg gca aaa gtc tcg tgg tac cat ttt
ctt gga 2304 Arg Pro Ala Arg Ala Lys Val Ser Trp Tyr H's Phe Gn
Gayyg #o9b gi0gdHga get cgt atg ctg cag gat cag ttc aac gtt age 432

Met Cys Asp Glu Arg Ala Arg Met Leu Gln Asp Gln Phe Asn Val Ser

130 135 140

atg aat cat gtt caa gcc atg tct ate ttg atc tca ace ttc cac cat 480
Met Asn His Val Gln Ala Met Ser Ile Leu Ile Ser Thr Phe His His

145 150 155 160

ggc aag att cct tot got ate gat cag aga aca ttc tca gag tac act 528
Gly Lys Ile Pro Ser Ala Ile Asp Gln Arg Thr Phe Ser Glu Tyr Thr

165 170 175

gat aga act tcc ttt gag agg cct ctt act age ggg gta gct tat get 576
Agp Arg Thr Ser Phe Glu Arg Pro Leu Thr Ser Gly Val Ala Tyr Ala

180 185 190

atg agg gtg ctc cat tca gag agg gaa gag ttc gag agg caa caa ggt 624
Met Arg Val Leu His Ser Glu Arg Glu Glu Phe Glu Arg Gln Gln Gly

195 200 205
tgg act att agg aag atg tat tct ctt gaa caa aac ¢ca gtt cac aag 672

Trp Thr Ile Arg Lys Met Tyr Ser Leu Glu Gln Asn Pro Val His Lys

210 215 220
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att cga gtc gaa gta gtt cca cgt gtt gaa cag get cta cat tat ctg 2352 Ile
Arg Val Qu Vval Vval Pro Arg Val Qu G n Ala Leu H's Tyr Leu 770 775 780 aag
att ggt act acc act gtg sat atg ata ctc ata gag caa gaa ata 2400 Lys Ille
Gy Thr Thr Thr Val Asn Met Ile Leu lle Qu G@n Gu Ile 785 790 795 800
tgg aat agg gaa gca gat gat ttc att aaa aag cta cag aaa gac cct 2448 Trp

Asn Arg N p he, .l | c Ey c 5 815
ctt ttc (C:;?%jt 9‘0? %(S:Ctg%%tgtg atg?t'lt-t%% taz S%g: gag L!t_)ég &Sdg g%ﬁgtggg §%86 Leu

Phe Leu Sgip Rep tySabguell € alla kR &NapASTBBePro/ahl @i Gar ¢34/ 87 820 825
830 tca ata tca gag get tta tgc acc ggt ata gat cct cca ata gtg ata 2544
Ser Ile Sees @ u Ala Leu Cyz3dThr Ay Ile Asp3Pro Pro Il e Val 2kPe 835 840 845
gtg aaa cca ttg agg gcg agt atg cta gca gca act ttg cag agg gga 2592 Val
Lys Pro Leu Arg Ala Ser Met Leu Ala Ala Thr Leu Gn Arg Gy 850 855 860 ttg

t att gga atc aga gaa _cca cct caa cac aa cct _cct get 2640 leu G
Iglge Ay Ig?%‘: BF ‘@gaug G °Br b-TGEER" K8 £3% a@%tg?gCtPrcgcﬁ%é: g%% 870 87‘?& 580 g

ttg att c t t;1Gt §..C Aad,at bod bR alg gi0 gat 2688 Leu
Ile Leu A?%r A %gc’uvgieun%eﬁhe&%a%rﬂé B T o/t Fo° VAl Ap 885 890 895

gat aac aac gta aac ctqsdga gtg gca gcgegga get ctg aaa asg tac 2736

ctc gat atg ctg tct ggyg aaa gaa gat cgt gaa aac gtt ttg cgg gec Ble
Leu Asp Met Leu Ser Gly Lys Glu Asp Arg Glu Asn Val Leu Arg Ala

260 265 270

agg agt tca ggt aaa ggg gtt ttg aca gct cct tte cca ttg ata aag 864
Arg Ser Ser Gly Lys Gly Val Leu Thr Ala Prc Phe Pro Leu Ile Lys

275 280 285

aca aat aga ctt ggg gtg atc ctg aca ttt geca gtg tac aag aga gat 212
Thr Asn Arg Leu Gly Val Ile Leu Thr Phe Ala Val Tyr Lys Arg Asp

290 295 300

ctc coc tcc aat gca acg cca aaa gag aga att gag gct act aac ggg 960
Leu Pro Ser Asn Ala Thr Pro Lys Glu Arg Ile Glu Ala Thr Asn Gly

308 310 315 320

tat ctc ggg gga gtg ttt gac att gag tcc ctg gta gaa aac ttg ctt 1008
Tyr Leu Gly Gly val Phe Asp Ile Glu Ser Leu Val Glu Asn Leu Leu

325 330 335

caa cag ctg gct age aag caa acg att ctt gtc aat gtg tac gat atc 10586

Gln Cln Leu Ala Ser Lys Gln Thr Ile Leu Val Asn Val Tyr Asp Ile
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Asp Asn Asn Val Asn Leu Arg Val Ala Ala Ay Ala Leu Lys Lys Tyr 900 905 910
gga get gat gtg gtc tgc get gag agt ggg ata aag gca atc tca ttg 2784 Qdy
Ala Asp Val Val Cys Ala Qu Ser Ay Ile Lys Ala Ile Ser Leu 915 920 925

ctt aag cca cct cac gag ttt gat get tgc ttc atg gac att cag atg 2832 Leu
Lys Pro Pro H's A u Phe Asp Ala Cys Phe Met Asp Ile G n Met 930 935 940

38/ 87 cca gaa atg gaj,gga ttt gaa ge{,;aca agg aga at aggga gat atg gaa 2880
Pro Gu Met Asp Ay Phe Gu Ala Thr Arg Arg Ile Arg Asp Met A u 945 950 955
960 gag gag atg aac aag aga ata aag aat ggg gag get ttg ata gta gag 2928
Gu Gu Met Asn Lys Arg Ile Lys Asn Ay GQu Ala Leu Ile Val A u 965 970 975
aac ggt aacc aab @catagcapgeracatt ciob ey tgt @ort acyeat Aty beyogea 2996  Asn
Ay Asn s Thr Ser Trp His Leu Pro Val Leu Ala Met Thr Al a_980 985 990

gat gtg a¥‘&r &an E@as%éﬂ&a?rogébe F55 Y5t TRE Flalrt §ER gGe Sty Pgdt 3024 Asp
Val Ile @n Ala_;l'gy Hs Qu Gu QLg Leu Lys COys G,y Met Asp 995 1000 1005
ggg tat gta tca @aa cca ttt gaa dgca gag cag ctg tac agg gaa gtt 3072 dy
Tyr Val Ser Lys Pro Phe Qu Ala Qu G@n Leu Tyr Arg Qu Val 1010 1015 1020
tct cgc ttt ttc sat tcg cct tca gat aca gaa tca taa 3111 Ser Arg Phe Phe
Asn Ser Pgsx Sgt Aspgddircst getSa@ft cca cta atc ttt gge gat cca ttg aga 1152

Asp Gly Leu Glu Arg Val Ser Pro Leu Ile Phe Gly Asp Pro Leu Arg

370 375 380

aag cat gag atg cgt tgc aga ttt aag cag aaa cca cca tgg cca gtg 1200
Lys His Glu Met Arg Cys Arg Phe Lys Gln Lys Pro Pro Trp Pro Val

385 390 395 400

cta tca atg gtg aca tca ttc ggt atc ctt gtg att gecg tta ctt gtt 1248
Leu Ser Met Val Thr Ser Phe Gly Ile Leu Val Ile Ala Leu Leu Val

405 410 41s

gca cat ata atc cac geca acc gtt agt cga ata cac aaa gtt gaa gaa 1296
Ala His Ile Ile His Ala Thr Val Ser Arg Ile His Lys Val Glu Glu

420 425 430

gat tgt gat aaa atg aag cag ctc aag aaa aag gct gaa gca gca gat 1344
Asp Cys Asp Lys Met Lys Gln Leu Lys Lys Lys Ala Glu Ala Ala Asp

4135 440 445
gtt geca aag tea cag tte ctt gec act gtt tca cat gaa atc aga act 1392

Val Ala Lys Ser Gln Phe Leu Ala Thr Val Ser His Clu Ile Arg Thr

450 455 460
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1025 1030 1035 <210> 6 <211> 1036 <212> PRT <213> Arabi dopsis thaliana
39/ 87 <400> 6 Met Ser Leu Phe His Val Leu Gy Phe Ay Val Lys Ile Ay H's
Leu 1510 15 Phe Trp Met Leu Cys Cys Trp Phe Val Ser Trp Phe Val Asp Asn
Gy 20 25 30 Ile Au Asp Lys Ser Ay Leu Leu Val Gy Ser Val Ay Asp Leu
Gu 35 40 45 Lys Thr Lys Met Thr Thr Leu Lys Lys Lys Asn Lys Met Trp Phe

Trp 50 53.6Q oAsh 5@@ ek € éeg §%rth@€g Ghy degUclysed!fcPids S8 Phesder Tyr
A@n 65 70 75 88 Phe"Leu Gy Ser Val Lys Phe Asn Lys Ala Trp Trp Arg Lys

Leu Val 8bo 9@t %snValy Wal depcValveYalePhes Mep Mal mMeewsyarh:Senull e Trp Thr
Phe Trp 100 105 110 Tyr Phe Ser Ser A n Ala Met GQu Lys Arg Lys @ u Thr
Leu Ala Sefs 115 120 125 M0 Cys Asp A u ArggSAla Arg Met Ledd8®@ n Asp A n
Phe Asn Val Ser 130 135 140 Met Asn His Val G n Ala Met Ser Ile Leu lle
Ser Thr Phe His His

tta gat gtt acg caa cag gat tat gtt agg acc gca cag gca agt dgga 1488
Leu Asp Val Thr Gln Gln Asp Tyr Val Arg Thr Ala Gln Ala Ser Gly

485 490 495

aaa gct tta gtc tcg cta ata aat gag gtt ttg gac caa gca aag att 1536
Lys Ala Leu Val Ser Leu Ile Asn Glu Val Leu Asp Gln Ala Lys Ile

500 505 510

gaa tct gga aag ctt gaa ctt gag gag gty c¢gg ttt gat ttg aga gga 1584
Glu Ser Gly Lys Leu Glu Leu Glu Glu Val Arg Phe Asp Leu Arg Gly

515 520 525

ata tta gat gat gtc ctg tea ecte tte tet age aag tcc caa caa aag 1632
Ile Leu Asp Asp Val Leu Ser Leu Phe Ser Ser Lys Ser Gln Gln Lys

530 535 540

gyg gtg gag ttg gea gta tac ata tct gat cgt gtt cca gat atg tta 1680
Gly Val Glu Leu Ala val Tyr Ile Ser Asp Arg Val Pro Asp Met Leu

545 550 555 560

att ggt gat cct ggg agg ttt cga caa ata ctc aca aat ctt atg ggt 1728
Ile Gly Asp Pro Gly Arg Phe Arg Gln Ile Leu Thr Asn Leu Met Gly

565 570 575

aat tcc att aag ttc act gag aaa gga cac atc ttt gta act gtt cat 1776

Asn Ser Ile Lys Phe Thr Glu Lys Gly His Ile Phe Val Thr val His
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145 150 155 160 Gy Lys Ile Pro Ser Ala Ile Asp G n Arg Thr Phe Ser Qu
Tyr Thr 165 170 175 Asp Arg Thr Ser Phe Qu Arg Pro Leu Thr Ser Ay Val
Ala Tyr Ala 180 185 190 Met Arg Val Leu H's Ser Gu Arg GQu Gu Phe Gu
Arg AGn dn Gy 195 200 205 Trp Thr Ile Arg Lys Met Tyr Ser Leu Au Gn
Asn Pro Val H's Lys 210 215 220 Asp Asp Tyr Asp Leu u Ala Leu Gu Pro
Ser Pro Val G n Qugd@u 40/87 225 230 235 240 Tyr Al Pro Val Ile Phe Ala
G@n Asp Thr VvVal Ser H's Val Val Ser 245 250 255 Leu Asp Met Leu Ser Ay
Lys Gu Asp Arg Au Asn Val Leu Arg Ala 260 265 270 Arg Ser Ser Ay Lys
Ay Val Leu Thr Ala Pro Phe Pro Leu Ile Lys 275 280 285 Thr Asn Arg Leu
Ay Val |tesleto daw gRhetAl ettVabka oee &4 9AF PIASPRD 902 288 BOD tckeu 1PEd Ser

Asn Ala Thr Pro Lys Qu Arg Ile Qu Ala Thr Asn d 305 310 315 320 Tyr
Leu Ay G5 Vat WG%&&EM Pl S&r Ly 2%R1°1Y ﬁl%gﬁrﬁ‘el& P2l %825 330 335
An dn Leu Ala §9q5r Lys dn Thr Iéo% Leu Val Asn Val,.Tyr Asp Ile 340 345

ccg gaa agt aca ctg agt ggg ctt cca gtt gca gac cgg cag agg agc 1872
Pro Glu Ser Thr Leu Ser Gly Leu Pro Val Ala Asp Arg Gln Arg Ser

610 615 620

tgg gaa aac¢ ttt aaa gct tte age tcc aac ggg cat ¢gg age ttt gaa 1920
Trp Glu Asn Phe Lys Ala Phe Ser Ser Asn Gly His Arg Ser Phe Glu

625 630 635 640

cca tct ceoc cct gat ata aac cta atc gtc tca gtt gag gat act gge 1968
Pro Ser Pro Pro Asp Ile Asn Leu Ile Val Ser Val Glu Asp Thr Gly

645 650 655

gta ggg atc cct gta gaa gcg cag tce cgt att ttt acg cct tte atyg 2016
val Gly Ile Pro Val Glu Ala Gln Ser Arg Ile Phe Thr Pro Phe Met

660 665 €70

caa gtc gga cca toc ata tcc agg acg cat gga ggc aca gga att gga 2064
Gln Val CGly Pro Ser Ile Ser Arg Thr His Gly Gly Thr Gly Ile Gly

675 €680 685
ctt agc ata agc aaa tgt cta gtt gga ctg atg aag gga gaa att gga 2112

Leu Ser Ile Ser Lys Cys Leu Val Gly Leu Met Lys Gly Glu Ile Gly

690 695 700
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Thr Asn Hs Ser Gn Pro Ile Ser Met Tyr Ay Thr Asn Val Ser Ala 355 360
365 Asp Gy Leu Qu Arg Val Ser Pro Leu Ile Phe Gy Asp Pro Leu Arg 370
375 380 Lys His Qu Met Arg Cys Arg Phe Lys A n Lys Pro Pro Trp Pro Val
385 390 395 400 Leu Ser Met Val Thr Ser Phe Gy Ile Leu Val Ile Ala Leu
Leu Val 405 410 415 Aa Hs lIlelle Hs Ala Thr Val Ser Arg Ile H's Lys

Val Qu Ay t%aoag%2§cél%gc’a§a% 9{§ Pedy ScMbleclys @& defUgdyygehys 2kys Al a
Gu Ala Ala Asp 435 440 445 "Val "Ala Lys Ser @ n Phe Leu Ala Thr Val Ser

Hs Qu | bk Aeg ddir THBGr455/A601 dRfosddbtrnAsmeCGryr Yaé 1theurld wabet Leu Hi s
Met Leu Met Asp Thr G u 41/87 465 470 475 480 Leu Asp Val Thr G n A n Asp
Tyr Val AFep Thr Ala A n Ala%Ser Ay 485 4900495 Lys Ala Led2¥al Ser Leu
Ile Asn Qu Val Leu Asp A n Ala Lys Ile 500 505 510 Qu Ser Gy Lys Leu
Gu Leu u du Val Arg Phe Asp Leu Arg Ay 515 520 525 1Ile Leu Asp Asp

Val Leu S eu Phe _Ser Ser Lys. Ser n ys.230.930 240 y.Vgt Gu
Leu Al a Vggt ‘lh‘/:rc ﬁqegg%ratﬂ\scpaaﬁ\%a \%:It %rao ‘"‘%Bﬁ a:%e%atl_ggc a3a§ ? cag 2
Phe Ser Asn Gly Met Gln Pro Ala Glu Arg Lys Asn Asp Asn Asn Gln

725 730 735

cge ata ttc teg gaa ttc cgg gge atg aaa gct gtg gtt gtg gac cat 2256
Pro Ile Phe Ser Glu Phe Arg Gly Met Lys Ala Val Vval Val Asp His

740 745 750

agg cct gca agg gca aaa gtc tcg tgg tac cat ttt cag cgt ctt gga 2304
Arg Pro Ala Arg Ala Lys vVal Ser Trp Tyr His Phe Gln Arg Leu Gly

755 760 765

att cga gtc gaa gta gtt cca cgt gtt gaa cag gct cta cat tat ctg 2352
Ile Arg Val Glu Val Val Pro Arg Val Glu Gln Ala Leu His Tyr Leu

770 775 780

aag att ggt act acc act gtg aat atg ata ctc ata gag caa gaa ata 2400
Lys Ile Gly Thr Thr Thr Val Asn Met Ile Leu Ile Glu Gln Glu Ile

785 790 795 BQO

tgg aat agg gaa gca gat gat ttc att aaa aag cta cag aaa gac cct 2448
Trp Asn Arg Glu Ala Asp Asp Phe Ile Lys Lys Leu Gln Lys Asp Pro

BOS 810 815

ctt ttec ctt tet ceot aag ttg att ttg tta gca aac tca gta gaa tey 2496

Leu Phe Leu Ser Pro Lys Leu Ile Leu Leu Ala Asn Ser val Glu Ser
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550
Ay
Val
Al a
Arg
Hi s
Val
Ser
Arg
Leu
Lys
Asn
Ile

555
565
H s
Ser
dn
Arg
Ser
Arg
Thr
Vata
Val
GF§~
Phe

gtg

val

ttyg
Leu

865
ttg

Leu

gat

Asp

dg9a

Gly

cte

Leu

560 Ile Gy Asp Pro Ay Arg Phe Arg A n Ile Leu Thr Asn Leu
570 575 Asn Ser |Ile Lys Phe Thr Qu Lys Ay H's Ile Phe Val
580 585 590 Leu Val Asp Qu Leu Phe Qu Ser Ile Asp Ay GQu
Ser 595 600 605 Pro Glu Ser Thr Leu Ser Gy Leu Pro Val Al a
Arg Ser 610 615 620 Trp G u Asn Phe Lys Ala Phe Ser Ser Asn
Ser Phe, G u 625 630 635,640 Pro Ser Pro;Rro Asp Ile Asn Leu
Val Qu Asp Thr Gy 645 650 655 Val Ay Ile Pro Val Qu Al a
Il'e Phe Thr Pro Phe Met 660 665 670 A n Val Gy Pro Ser Ile
Hs Gy Ay Thr dy Ile Ay 675 680 685 Leu Ser Ile Ser Lys
@ty tweugddetackystaGeyc @og ¢dte aGh ygaBoOct6%8a 7@ gPhetSer 28é¢ Thr
Gy Ser Thr Phe Thr Phe Thr Ala Val 42/87 705 710 715 720 Phe
NBE TGt LAl BevaCys Ay Bl TAS PeRsProadho Asy ¥h 1725 730 735
Ser gsu Phe Arg Gy '\{a%to Lys Al a Val V%I%Val Asp H's 740 745

aaa cca ttg agg gcg agt atg cta gca geca act ttg cag agg gga 2592
Lys Pro Leu Arg Ala Ser Met Leu Ala Ala Thr Leu Gln Arg Gly

850 855 860

ggt att gga atc aga gaa cca cct caa cac aag gga cct cct gct 2640
Gly Ile Gly Ile Arg CGlu Pro Pro Gln His Lys Gly Pro Pro Ala

870 875 880

att cte agg aat ctt ctec ctt ggt aga aaa att tta atc gtg gat 26868
Ile Leu Arg Asn Leu Leu Leu Gly Arg Lys Ile Leu Ile Val Asp

885 890 895

aac aac gta aac ctc aga gtg gca gcg gga gct ctg aaa aag tac 2736
Asn Asn Val Asn Leu Arg Val Ala Ala Gly Ala Leu Lys Lys Tyr

900 205 810

get gat gtg gte tge goct gag agt ggg ata aag gca atc tca ttg 2784
Ala Asp Val Val Cys Ala Glu Ser Gly Ile Lys Ala Ile Ser Leu

915 920 925

aag cca cct cac gag ttt gat gct tge ttec atg gac att cag atg 2832
Lys Pro Pro Hig Glu Phe Asp Ala Cys Phe Met Asp Ile Gln Met

230 935 940
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Arg Pro Ala Arg Ala Lys Val Ser Trp Tyr H's Phe A n Arg Leu Gy 755 760
765 1le Arg Val Qu Val Vval Pro Arg Val Qu G@n Ala Leu H's Tyr Leu 770
775 780 Lys Ile @Ay Thr Thr Thr Val Asn Met Ile Leulle Gu @n Qu lle
785 790 795 800 Trp Asn Arg Qu Ala Asp Asp Phe Ile Lys Lys Leu G n Lys
Asp Pro 805 810 815 Leu Phe Leu Ser Pro Lys Leu Ile Leu Leu Ala Asn Ser

Val Gu Ser, 20 83yaSetfe Lhe geradd 4 Lot Q4e Y a hleoAsp Pro
Pro lle Vala Iglge a%ggaS}%a845t E]Valétlfyz Pr (S’)Q\IL%G1 Arg IaE;I-Serg%‘\/?eéta1 Leu2 Ala Al a

Thr Leu Gkro Ang wdty a85%:185nas860u Adlaurkad WrylmgCrye lakrg pgmé&d wiRro Pro A n
Hs Lys Gy Pro Pro Ala 865 870 875 880 Leu Ile Leu Arg Asn Leu Leu Leu
Ay Arg Ly$51le Leu Il e Vab50Asp 885 890 895%55Asp Asn Asn Val®6fAsn Leu Arg
Val Ala Ala Gy Ala Leu Lys Lys Tyr 900 905 910 Gy Ala Asp Val Vval Cys
Ala Qu Ser Ay Ile Lys Ala Ile Ser Leu 915 920 925 Leu Lys Pro Pro Hi s

G u Phe Al s _Phe M lle A.n t_ 93 9 u Asp
Gy Pho IO RS R Gl bt PR A D bl o 1o P gt ofd G U ML
Giu Glu Met Asn Lys Arg Ile Lye Asn Gly Glu Ala Leu Ile Val Glu

965 970 975

aac ggt aac aaa aca agc tgg cat ctt ccg gta tta gca atg acg gca 2976
Asn Gly Asn Lys Thr Ser Trp His Leu Pro Val Leu Ala Met Thr Ala

980 985 290

gat gtg atc caa gca acg cat gag gaa tgt c¢tg aag tgt gga atg gat 3024
Asp Val Ile Gln Ala Thr His Glu Glu Cys Leu Lys Cys Gly Met Asp

995 1000 1005

gag tat gta tca aaa cca ttt gaa gca gag cag ctg tac agg gaa gtt 3072
Gly Tyr Val Ser Lys Pro Phe Glu Ala Glu Gln Leu Tyr Arg Glu Val

1010 1015 1020

tet cge ttt tte aat teg cct teca gat aca gaa tca taa 3111
Ser Arg Phe Phe Asn Ser Pro Ser Asp Thr Glu Ser

1025 1030 1035

<210> 6
<211l> 1036
<212> PRT

<213> Arabidopsis thaliana
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945 950 955 960 Gu Au Met Asn Lys Arg Ile Lys Asn Ay GQu Ala Leu lle

Val du 965 970 975 Asn @y Asn Lys Thr

Met Thr Ala 980 985 990 Asp Val

Cys Ay Met Asp 995 1000 1005 dy Tyr Vval
Leu Tyr Arg G u Val

du Ser
t hal i ana

<220>

ttc cac cmér Gke
Leu Leu Pro Ile
ccg tcg ttcitceg

Phe Ser Ser
Phe

Ile

Lys

Asn

65

Phe

Val

Tyr

Met

Met

145

Gly

Asp

Met

Trp

Asp

Hi s

Trp

Glu

Thr

50

Lys

Leu

Val

Phe

Cys

130

Asn

Lys

Arg

Arg

Thr

210

Asp

tca cat B¢t tct tct 96 TFhr Thr Thr Thr Thr Thr

Ser 20 25 30 44/ 87

Ile An Ala Thr

Ser

1010 1015 1020 Ser Arg Phe Phe Asn Ser

Ser

1925 3030 1035

Ser

<210> 7 <211> 1074
<221> CDS <222> (1)..(1074)

Ser Trp His Leu Pro Val

Leu Al a

Hs Gu Gu Cys Leu Lys
Lys Pro Phe Au Ala Au Gn

Pro Ser Asp Thr

<212> DNA <213> Arabi dopsi s

<400> 7 atg aca gas ctc aac
raapad ariat ¢alt Ceu galy sgC iy (vaA48Lydviatie Tdly Hai Lkeu Asn Phe Hi s
Ile Ser Asp Arg Phe 1 5 10 15 acg acg acg acg aca aca tca

Met Leu Cys Cys Trp Phe Val Ser Trp Phe Val Asp

Asp

35

Lys

Ile

Gly

Trp

Ser

115

Asp

His

Ile

Thr

Val

195

Ile

Tyr

20

Lys

Met

Ser

Ser

val

100

Ser

Glu

Val

Pro

Ser

180

Leu

Arg

Asp

Ser

Thr

Ser

val

85

val

Gln

Arg

Gln

Ser

165

Phe

His

Lys

Leu

Gly

Thr

Ser

70

Lys

Phe

Ala

Ala

Rla

150

Ala

Glu

Ser

Met

Glu

Leu

Leu

55

Gly

Phe

Trp

Met

Arg

135

Met

Ile

Arg

Glu

Tyr

215

Ala

Leu

40

Lys

Leu

Asn

Val

Glu

120

Met

Ser

Asp

Pro

Arg

200

Ser

Leu

25

val

Lys

Lys

Lys

Leu

105

Lys

Leu

Ile

Gln

Leu

185

Glu

Leu

Glu

Gly

Lys

Ile

Ala

90

val

Arg

Gln

Leu

Arg

170

Thr

Glu

Glu

Pro

40/87

Ser

Asn

Pro

75

Trp

Ser

Lys

Asp

Ile

155

Thr

Ser

Phe

Gln

Ser

Val

Lys

60

Ser

Trp

Ile

Glu

Gln

140

Ser

Phe

CGly

Glu

Asn

220

Pro

Gly

45

Met

Phe

Arg

Trp

Thr

125

Phe

Thr

Ser

Val

Arg

205

Pro

Val

30

Asp

Trp

Ser

Lys

Thr

110

Leu

Asn

Phe

Glu

Ala

120

Gln

Val

Gln

Asn

Leu

Phe

Tyr

Leu

95

Phe

Ala

Val

His

Tyr

175

Tyr

Gln

His

Glu

Gly

Glu

Trp

Gln

80

val

Trp

Ser

Ser

His

160

Thr

Ala

Gly

Lys

Glu

Ser Pro Ser



tct tct tct ctt ctc tct ttc acc
Leu Leu
tcc ata
Ile Arg
gtc att
| hes Leu
ctc get
Alrar Bhke
tac gaa
Gu Ay

Ser
gta
Ser
gtc
Val

gtc
Asp
caa
Val

gac
Arg
cac
Ay
aaa
Lys
gga

Ser
tca
Ser
gtc
Val

gat

Leu
gtc
Tyr

cgt

Arg
ggc
Au
gag
Au

s W

gaa cta
Leu Thr
ahgg aeh
Il e Thr
tct aac tct

Thr

Leu

305

Tyr

Gln

Thr

Asp

Lys

385

Leu

Ala

ABp

val

Pro

Asn

290

Prec

Leu

Gln

Asn

Gly

370

His

Ser

His

Cys

Ala

450

Met

Ser

Phe Thr

Lys

cgc atg gaa cag
Mt Gu An Ser
tta gga gca acc
Ay Ala Thi;[dy
act cgt ttc cct tca
Arg vPher1Br pheSana @iu
gga tta gag atc aca
Leu d &4kl e Thr Thr

acc
Al a

2%

aaa
Arg
tca
Arg

ggc
Al a

t cct cac cat ctc
YoLRF Somi S &R 1B
C gga gag ttt
y GQu Phe Arg

&t o Pinyeadaadl didu
Ser Arg A n Lys Val

t1c gtc cac gca ciso

Arg Leu Gly Val Ile

Ser

Gly

Leu

His

355

Leu

Glu

Met

Ile

Asp

435

Lys

Asn

Asn

Gly

Ala

340

Ser

Glu

Met

Val

Ile

420

Lys

Ser

Gly

Ala

Val

325

Ser

Gln

Arg

Arg

Thr

405

His

Met

Gln

Val

Thr

310

Phe

Lys

Pro

Val

Cys

390

Ser

Ala

Lys

Phe

Leu

295

Pro

Asp

Gln

Ile

Ser

375

Arg

Phe

Thr

Gin

Leu

455

Gly

Leu

Lys

Ile

Thr

Ser

360

Pro

Phe

Gly

Val

Leu

440

Ala

Met

cga aga cga aaa cac caa cct 144 Ser
Arg Arg Lys Hs Gdn Pro 35 40 45 tta
cgg tca cgg aat cgg aaa 192 Leu Val
Ser Arg Asn Arg Lys 50 55 60 gac aaa
gcc gga aaa tca aga 240 Asp Lys Val
Ay Lys;sger Arg 65 70 75480 ctt tcc
gag atc ata aac tcc 288 Leu Ser Val
Adre Thi evaAspeSan s 8&190a0Bergat aaa atc
acg aat cag att 336 Asp Lys Ile Gn
Asn2&n Ile 100 105 33® acg tta caa

ctc %gc %tc at01384 ThrAlLeu G n Asp
98, YR G 85 181 15 35% A Aac cec gaa

%&c tcc gcc get 4 Asn Pro Qu H's
er Ala Ala 130 135 140 tca aac gtc gtc

6100 p8k trrdt snA@Qo 4%/ 8Ye D9k Asn Val Val
Prolle Ile 145 150 155 160 gcc ggt
tta get caa cgasttc 528
Thr Phe Ala VvVal Tyr Lys Arg Asp
300
Glu Arg Ile Glu Ala Thr Asn Gly
315 320
Glu Ser Leu Val Glu Asn Leu Leu
330 335
Ile Leu Val Asn Val Tyr Asp Ile
345 350
Met Tyr Gly Thr Asn Val Ser Ala
365
Leu Ile Phe Gly Asp Pro Leu Arg
380
Lys Gln Lys Pro Pro Trp Pro Val
385 400
Ile Leu Val TIle Ala Leu Leu Val
410 415
Ser Arg Ile His Lys Val Glu Glu
425 430
Lys Lys Lys Ala Glu Ala Ala Asp
445
Thr Val Ser His Glu Ile Arg Thr
460

Leu His Met Leu Met Asp Thr Glu
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Al a
175
Asp
gat
Leu
gtt
Leu
atg
Phe
tta
du
gac
dy

Gy Gy Ser Asn Ser Phe Val H's Ala Leu Leu Ala G n Arg Phe
gac cca aag ttc gat cct ttt tca tcc ggg tcg tgt tta atc agc tcc 576

Pro
ttg
Arg
ctc
Tyr
ttc
du
gaa
Thr

Lys

Phe

cgt tac

Tyr
t ags

Au
gag

Gu Tyr

gasau
du
acc
Arg

gag
Leu

cgg
Phe

ggt t &¥° e

Tyr

Phe

Lys

Asp Pro Phe Ser Ser Ay Ser Cys Leu Ile Ser Ser
gag tgt tgt ttc atc tgg gtc gat gta tcg gag act
Cys Cys Phe Ile Trp Val Asp Val Ser A u Thr 195
tat ctt ctg,fga aga gtc gacg-@gaa atg atg gat sgga
Leu Leu Arg Arg Val Asp Gu Met Met Asp Ser 210
vdig Thetclagaurd heptAG gaC AegQrigt hla@antKa ggt G120
Ser Arg Phe Tyr Asp Pro Val Lys Ser dy 225 230
ttt gog¢Batt agg aaa get 48Pa ggt gta ccg ¢ay ttt

Ile Arg Lys Ala Ile Ay Val Pro Qu Phe 245
Gl VG eratebide Ao Uy Vaad Salemyr i K4 TG
Qulyr Pro Pro Qu Lys Lys Met Ile Lys Trp 260

165 170

180 185 190
624 Asp
200 205
672 Val
215 220 ggt
Gy Mt
235 240
768 Leu
250 255
816 Asp
265 270

46/ 87 gac get tta aga aaa gcg gcg tac gat aag gcg gtt gat gat atc aaa 864

Asp Al a Leuy Al &S LA achl @ YeuASR ENS vAk anrVabndf\SRpASR hig diys 275 280 285
agg aac acg tgg
Asn Thr Trp Thr

Ile

Gly

545

Ile

Asn

Leu

Pro

Trp

€625

Pro

Val

Gln

Leu

Phe

Leu

530

Val

Gly

Ser

val

Glu

610

Glu

Ser

Gly

val

Ser

690

Ser

acg tta gcg aag aga caa gtg aag aag att gag atg
teu Ala Lys Arg @2n Val Lys Lys Illsesd u Met

Asp Asp Val Leu Ser Leu Phe Ser Ser Lys Ser Gln Gln Lys
535 540
Glu Leu Ala Val Tyr Ile Ser Asp Arg Val Pro Asp Met Leu
550 555 560
Asp Pro @Gly Arg Phe Arg Gln Ile Leu Thr Asn Leu Met Gly
565 570 575
Ile Lys Phe Thr Glu Lys Gly His Ile Phe val Thr Val His
580 585 590
Asp Glu Leu Phe Glu Ser Ile Asp Gly Glu Thr Ala Ser Ser
595 600 605
Ser Thr Leu Ser Gly Leu Pro Val Ala Asp Arg Gln Arg Ser
615 620
Asn Phe Lys Ala Phe Ser Ser Asn Gly His Arg Ser Phe Glu
630 635 640
Pro Pro Asp ITle Asn Leu Ile Val Ser Val Glu Asp Thr Gly
645 650 655
Ile Pro Val Glu Ala Gln Ser Arg Ile Phe Thr Pro Phe Met
660 665 670
Gly Pro Ser Ile Ser Arg Thr His Gly Gly Thr Gly Ile Gly
675 680 €85
Ile Ser Lys Cys Leu Val Gly Leu Met Lys Gly Glu Ile Gly
695 700

Ser Thr Pro Lys Val Gly Ser Thr Phe Thr Phe Thr Ala Val

42/87
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290 295 300 cta aaa gac get ggt tgg gaa ata gaa aga gtt gat gca acg gcg tcg
960 Leu Lys Asp Ala @y Trp u Ile Qu Arg Val Asp Ala Thr Ala Ser 305
310 315 320 ¢ttt aaa gca gtg atg atg aag agt tcg tcg gag aag aag tgg aga
gag 1008 Phe Lys Ala Val Met Met Lys Ser Ser Ser Qu Lys Lys Trp Arg Gu
325 330 335 sat tgg gaa gag caa gtg ttg gag cca agc gta aag att gtg aag
cgg 1056 Asn Trp Au Qu G Val Leu Gu Pg Ser Val Lys |lggVal Lys Arg
340 345 350 cat ttg gtg caa aat tag 1074 H's Leu Val @ n Asn 355 <210> 8
<211> 357pn«2:2>nd3RE1 K AL >N abbd dapses: bballyanassd 368 se486>c8nMet Thr G u
Leu Asn Phe His Leu Leu Pro Ile Ile Ser Asp Arg Phe 1 5 10 15 Thr Thr Thr
Thr Thr Thr Ser Pro Ser72Phe Ser Ser Hi s7%r Ser Ser 20 25%*80 Ser Ser Ser

Leu Leu Ser Phe Thr Lys Ar)?n Lys Hs Gn Pro 35 40 45 Leu Val Ser
Ser |le AFE° NBE @EUSF} F18e eAPﬁg §e1%’ lA"rtg LR LAy Yol yal vVal Asp His

740 745 750
Arg Pro Ala Arg Ala Lys Val Ser Trp Tyr His Phe Gln Arg Leu Gly
755 760 765
Ile Arg Val Glu val val Pro Arg Val Glu @ln Ala Leu His Tyr Leu
770 775 780
Lys Ile @ly Thr Thr Thr Val Asn Met Ile Leu Ile Glu Gln Glu Ile
785 790 795 B0O
Trp Asn Arg Glu Ala Asp Asp Phe Ile Lys Lys Leu Gln Lys Asp Pro
805 810 815
Leu Phe Leu Ser Pro Lys Leu Ile Leu Leu Ala Asn Ser Val Glu Ser
820 825 830
Ser Ile Ser Glu ARla Leu Cys Thr Gly Ile Asp Proc Pro Ile Val Ile
835 840 845
val Lys Pro Leu Arg Ala Ser Met Leu Ala Ala Thr Leu Gln Arg Gly
850 855 860
Leu Gly Ile Gly Ile Arg Glu Pro Pro Gln His Lys Gly Pro Pro Ala
865 870 B75 880
Leu Ile Leu Arg Asn Leu Leu Leu Gly Arg Lys Ile Leu Ile Val Asp
885 820 885
Asp Asn Asn Val Asn Leu Arg Val Ala Ala Gly Ala Leu Lys Lys Tyr
900 805 910
Gly Ala Asp VvVal Val Cys Ala Glu Ser Gly Ile Lys Ala Ile Ser Leu
915 920 925
Leu Lys Pro Pro His Glu Phe Asp Ala Cys Phe Met Asp Ile Gln Met
930 935 240

Prc Glu Met Asp Gly Phe Glu Ala Thr Arg Arg Ile Arg Asp Met Glu
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50 55 60 Asp Lys Val Val Val Ile Leu Ay Ala Thr Ay Ala Gy Lys Ser Arg
65 70 75 80 Leu Ser Val Asp Leu Ala Thr Arg Phe Pro Ser Qu Ile Ile Asn

Ser
Ile
Val

Ser
Val

Leu
Ay
I'le
Arg
Leu
Arg

85

90 95 Asp Lys Ile dn Val Tyr Qu Ay Leu Qu Ile Thr Thr Asn G n

100 105 110 Thr Leu G n Asp Arg Arg Gy Val Pro Hs His Leu Leu Ay

I'le
Al a
Pro
Leu
Ser
Trp
Arg
Ser
Phe

115 120 125 Asn Pro Qu His Ay GQu Leu Thr Ala Ay G u Phe Arg

Ag: 130 135 140 Sgy Asn Val Val LysgsGu Ile Thr Serggfirg G n Lys

Ile Ile 145 150 155 160 Ala Ay Gy Ser Asn Ser Phe Val H's Al a
Abau @10 Wetg APRaLykbGhrdl Qe ikl adsp1lPraiul ysa Ree AspvEr @lkhe Ser Ser

Cys Leu Ile Ser Ser 180 185 190 Asp Leu Arg Tyr A u Cys Cys Phe

Val Asp Val Ser®6& u Thr 195 2007205 Val Leu TyP7d u Tyr Leu Leu
Val Asp Au Met Met Asp Ser 210 215 220 48/ 87 G)é Met Phe Gu Gu
APH" PHE A5 RS piher BeVAFP RIS BRt FepyValpbe 249 WisThad 2 Leu @ u Thr
Ay lle Arg Lys Ala Ile Ay Yal Pro Gu Phe 243 250 255

Asp Val Ile Gln Ala Thr His Glu Glu Cys Leu Lys Cys Gly Met Asp
995 1000 1005
Gly Tyr Val Ser Lys Pro Phe Glu Ala Glu Gln Leu Tyr Arg Glu Val
1010 1015 1020
Ser Arg Phe Phe Asn Ser Pro Ser Asp Thr Glu Ser

1025 1030 1035

<210> 7
<211> 1074
<212> DNA

<213> Arabidopsis thaliana

<220>

<221> CDS

<222> (1)..(1074)

<400> 7

atg aca gaa ctc aac ttc cac cte cte cca ata atc tce gat cge ttc 48

Met Thr Glu Leu Asn Phe His Leu Leu Pro Ile Ile Ser Asp Arg Phe

1 5 10 15

acg acg acg acg aca aca tca ccg teg ttec tcg tea cat tet tet tet 96
Thr Thr Thr Thr Thr Thr Ser Pro Ser Phe Ser Ser His Ser Ser Ser

20 25 30
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Asp Ay Tyr Phe Lys Au Tyr Pro Pro Gu Lys Lys Met Ile Lys Trp 260 265
270 Asp Ala Leu Arg Lys Ala Ala Tyr Asp Lys Ala Val Asp Asp Ile Lys 275
280 285 Arg Asn Thr Trp Thr Leu Ala Lys Arg G n Val Lys Lys Ile Qu Mt
290 295 300 Leu Lys Asp Ala Ay Trp Qu lle Au Arg Val Asp Ala Thr Al a
Ser 305 310 315 320 Phe Lys Ala Val Met Met Lys Ser Ser Ser G u Lys Lys
Trp Arg Qu 325 330 335 Asn Trp Qu Gu d@n Val Leu Qu Pro Ser Val Lys
Ile Val Lys Arg 340 345 350 His Leu Val dn Asn 355 <210> 9 <211> 1011
<212> DNAcs213% Arabteaopsi scd Rat i aRa2a<230>2g822d2 a6DST €222 cft) . .1£4011)
<400> 9 49/87 atg atc atg aag ata tct atg get atg tgc aaa caa cca ttg cct
cct 48 Metr Idee bt Ley el gerSehe Niitr B=a AbbtAr@yard wgs Gis Pk Preu Pro Pro 1 5

10 15
35 40 45

tta gta tca tcc ata cgc atg gaa cag tca cgg tca cgg aat cgg aaa 192
Leu Val Ser Ser Ile Arg Met Glu Gln Ser Arg Ser Arg Asn Arg Lys

50 55 60

gac aaa gtc gtc gtc att tta gga gca acc ggc gce gga aaa tca aga 240
Asp Lys Val val Val Ile Leu Gly Ala Thr Gly Ala Gly Lys Ser Arg

65 70 75 80

ctt tece gtc gat ctc gct act cgt ttec cct tca gag ate ata aac tce 288
Leu Ser Val Asp Leu Ala Thr Arg Phe Pro Ser Glu Ile Ile Asn Ser

85 90 95

gat aaa atc caa gtc tac gaa gga tta gag atc aca acg aat cag att 336
Asp Lys Ile Gln val Tyr Glu Gly Leu Glu Ile Thr Thr Asn Gln Ile

100 108 110

acg tta caa gac ¢gt cge ggce gtt cct cac cat ctc cte gge gte atc 384
Thr Leu Gln Asp Arg Arg Gly Val Pro His His Leu Leu Gly Vval Ile

115 120 125

aac c¢c gaa cac gge gaa cta acc goo gga gag ttt cge tcc goc gcot 432
Asn Pro @Glu His Gly Glu Leu Thr Ala Gly Glu Phe Arg Ser Ala Ala

130 135 140

tca aac gtc gtc aaa gag ata act tet cgt caa aag gtt ccg att atc 480
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tcg ccg act tta gac ttc cct cca gcg aga ttt ggt ccc sat atg cta 96 Ser Pro
Thr Leu Asp Phe Pro Pro Ala Arg Phe Ay Pro Asn Met Leu 20 25 30 act cta
aac cca tac ggt cca aag gac aaa gtt gtg gtc atc atg ggt 144 Thr Leu Asn
Pro Tyr Gy Pro Lys Asp Lys Val Val Val Ile Met Gy 35 40 45 get acc ggg
aca ggc aag tca cgs ctc tcc gtg gat ata gcc aca cgt 192 Ala Thr Ay Thr

Ay Lys SgL, Al +8UvSer, Yak; AsPe e Alaalhrad gyoQa9%,0011d t11€99 get gag

atc ata aac tca gac aag ata caa gtc cac caa ggt 240 Phe Arg Ala Qu lle
Ile Asn Segs Asp Lys Ile Ansgval His An @yis85 70 75 80 ctasgac att gta
acc aac aag atc acg agc gag gag agc tgc ggg gta 288 Leu Asp Ile Vval Thr
Asn Lys Ile Thr Ser Qu Gu Ser Cys Ay Val 85 90 95 <ccg cac cat ctc ctc

ggc gtc ttg ccg cct gaa gcc gac tta acc gcc 336 Pro His His Leu Leu Ay
Val Leu PPe6° P96 TaUtAF feAsEFLE4C 9 2% 9F90FLEOBta B0t GégC%atttFac 28t cac

t tt t t 384_ Al T Hs Met
A3 Aon Lol 7 ¢FEsEr pdfeldhe Ml e B8 G 2180 M08 Y BPY 5ot B ci

cca atc atc gtt gga ggt;gscc aac tct tac.gtg gag 432 Arg:&@y Lys Leu Pro
Ilelle Val Gy Ay Ser Asn Ser Tyr Val du 130 135 140 get cta gtg gat gac
aaa gaa aac aag ttc agg tcg aga tac gac tgt 480

gac cca aag ttc gat cct ttt tca tec ggg tcg tgt tta atc age tec 576
Asp Pro Lys Phe Asp Pro Phe Ser Ser Gly Ser Cys Leu Ile Ser Ser

180 185 190

gat ttg cgt tac gag tgt tgt ttc atc tgg gtc gat gta teg gag act 624
Asp Leu Arg Tyr 3lu Cys Cys Phe Ile Trp Val Asp Val Ser Glu Thr

195 200 205

gtt ctc tac gag tat ctt ctc aga aga gtc gac gaa aty atg gat tca 672
Val Leu Tyr Glu Tyr Leu Leu Arg Arg Val Asp Glu Met Met Asp Ser

210 215 220

ggt atg ttc gaa gag ctg tct aga tte tac gac ceg gtt aaa tee ggt 720
Gly Met Phe Glu Glu Leu Ser Arg Phe Tyr Asp Pro Val Lys Ser Gly

225 230 235 240

tta gaa acc cgg ttt ggg att agg aaa gct ata ggt gta ccg gag ttt 768
Leu Glu Thr Arg Phe Gly Ile Arg Lys Ala Ile Gly Val Pro Glu Phe

245 250 255

gac ggt tac ttc aaa gag tat cca ccg gag aag aag atg ata aag tgg g81le6
Asp Gly Tyr Phe Lys Glu Tyr Pro Pro Glu Lys Lys Met Ile Lys Trp

260 265 270
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Ala Leu Val Asp Asp Lys Qu Asn Lys Phe Arg Ser Arg Tyr Asp Cys 145 150 155
160 tgt ttt cta tgg gtg gac gtg gca ctt ccc gtt ttg cac ggg ttc gtg 528
Cys Phe Leu Trp Val Asp Val Ala Leu Pro Val Leu Hs @Ay Phe Vval 165 170 175
tct gag aga gtt gac aag atg gtg gag agt gga atg gtt gag gaa gtc 576 Ser
AQu Arg Val Asp Lys Met Val Qu Ser Ay Met vVal u GQu Val 180 185 190
aga gaa ttt ttc gac ttt tcg aac tct gat tac tca aga ggg atc aag 624 Arg
G u Phe Phe Asp Phe Ser Asn Ser Asp Tyr Ser Arg Ay Ile Lys 195 200 205

aaa gca abec g@a tid a66Gagaged bbg0ae 800 =bitgdst 6rAgEtant gogaaag GE2 Lys
Ala lle Ay Phe Pro Qu Phe Asp Arg Phe Phe Arg Asn Au G n 210 215 220 ttc
ttg aat geegp gda Lacragdygadlyggddacly bt lagtrlaadalhtrgrtasy §éa Lv20 Phe Leu
Asn Val Qu Asp Arg Qu Qu Leu Leu Ser Lys Val Leu Qu 225 230 235 240

51/ 87 gaa ata aafyagg aat aca ttt?%fag tta get tgt ?4gg cag aga gaa aag 768
Gu lle Lys Arg Asn Thr Phe Qu Leu Ala Cys Arg G n Arg Qu Lys 245 250 255
atc gaa cgg ttg aga aaa gtg aag aag tgg tct att cag aga gtg gat 816 Ile

Gu Arg Leyy AlLg %té{@lade‘@tal-)é%gTJag 281 chhegrd RadValg Ve Asp 2260 265 270
gcg act cca gtc ttt aca aag cgs agg tcc aag atg gat get aac gtg 864 Ala
Thr Pro Vakg Pre Thy ThkySthAr geArga Safs by cVbtvaASpyAllgs Asle Vah Met

290 295 300

cta aaa gac gct ggt tgg gaa ata gaa aga gtt gat gca acg gcog tcg 960
Leu Lys Asp Ala Gly Trp Glu Ile Glu Arg Val Asp Ala Thr Ala Ser

305 310 315 320

ttt aaa gca gtg atg atg aag agt tcg teg gag aag aag tgg aga gag 1008
Phe Lys Ala Val Met Met Lys Ser Ser Ser Glu Lys Lys Trp Arg Clu

325 330 335

aat tgg gaa gayg caa gtg ttg gag cca agc gta aag att gty aag c¢gg 1056
Asn Trp Glu Glu Gln Val Leu Glu Pro Ser val Lys Ile Val Lys Arg

340 345 350

cat ttg gtg caa aat tag 1074
His Leu Val Gln Asn

355

<210> 8
<211l> 357
<212> ERT

<213> Arabidopsis thaliana
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275 280 285 gcc tgg gag agg ctc gtg get gga cca agc aca gat act gtg tcg
cgg 912 Ala Trp Qu Arg Leu vVal Ala Gy Pro Ser Thr Asp Thr Val Ser Arg
290 295 300 ttt ctg ctg gac att gcc agc cga cga ccg ctc gtg gaa get tca aca
960 Phe Leu Leu Asp Ile Ala Ser Arg Arg Pro Leu Val Qu Ala Ser Thr 305
310 315 320 gcg gtt gcg gcc gee atg gaa cgc gag ttg tcg cgg tgt cta gtg
gcg 1008 Ala Val Ala Ala Ala Met Qu Arg Qu Leu Ser Arg Cys Leu Val Al a
325 330 335 tga 1011 <210> 10 52/87 <211> 336 <212> PRT <213>

Ar abi dopsiksodshal i ana <400> 10 Met Ile Met Lys Ile Ser Met Ala Met Cys Lys
A@n Pro Leu Pro Pro 1 5 10 15 Ser Pro Thr Leu Asp Phe Pro Pro Ala Arg Phe
Ay Pro A¥et Wbt ¢leulg® A25 B® HihrLeuelewdmo Frle Tig S&F yA<Pr 8rd y¥eAsp Lys Val
Val Vval Ile Met Ay 35 40 45 Ala Thr Ay Thr Ay Lys Ser_Arg Leu Ser Val
Asp Ile Alal Thr Arg 50 55 60 Phe Arg Aﬁ& Gu lle Ile Ash’ Ser Asp Lys Ile

Gn Val Hgﬁr(%hg éafyThr Thr Thr Ser Pro Ser Phe Ser Ser His Ser Ser Ser
20 25 30
Ser Ser Ser Leu Leu Ser Phe Thr Lys Arg Arg Arg Lys His Gln Pro
35 40 45
Leu Val Ser Ser Ile Arg Met Glu Gln Ser Arg Ser Arg Asn Arg Lys
5¢C 55 60
Asp Lys Val val Val Ile Leu Gly Ala Thr Gly Ala Gly Lys Ser Arg
65 70 75 80
Leu Ser Val Asp Leu Ala Thr Arg Phe Pro Sexr Glu Ile Ile Asn Ser
85 g0 95
Asp Lys Ile Gln Val Tyr Glu Gly Leu Glu Ile Thr Thr Asn Gln Ile
100 105 110
Thr Leu Gln Asp Arg Arg Gly Val Pro His His Leu Leu @ly Val Ile
115 120 125
Asn Pro Glu His Gly Glu Leu Thr Ala Gly Glu Phe Arg Ser Ala Ala
130 135 140
Ser Asn Val Val Lys Glu Ile Thr Ser Arg Gln Lys Val Pro Ile Ile
145 150 155 160
Ala Gly Gly Ser Asn Ser Phe val His Ala Leu Leu Ala Gln Arg Phe
165 170 175
Asp Pro Lys Phe Asp Pro Phe Ser Ser Gly Ser Cys Leu Ile Ser Ser
180 185 1980
Asp Leu Arg Tyr Glu Cys Cys Phe Ile Trp Val Asp Val Ser Glu Thr
135 200 205
val Leu Tyr Glu Tyr Leu Leu Arg Arg Val Asp Glu Met Met Asp Ser

210 215 220
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65 70 75 80 Leu Asp Ile Val

Val

Leu
Tyr
Arg
Val

Ser
Ser
Au
Asp
Arg
Arg

Thr Asn Lys Ile Thr Ser Au Qu Ser Cys Ay

85 90 95 Pro His H's Leu Leu Ay Val Leu Pro Pro Gu Ala Asp Leu Thr
Ala 100 105 110 Ala Asn Tyr Cys His Met Ala Asn Leu Ser Ile Au Ser Val
115 120 125 Arg Gly Lys Leu Pro lle Ile Val Gy Ay Ser Asn Ser

Asn
Val

AQu 130 135 140 Ala Leu Val

Aépy %é% prﬂe4é1&5,qu1§e% 560 5/
Phe Val 165 170 17

I\/Ets VaI
Tyr Ser
Aspu Alg
Au Qu
Thr Phe

AL S
Asp Ala
Arg Asn

290
Leu Lys
308
Phe Lys

Asn Trp

His Leu

<210> 9

Asp Asp Lys Gu Asn Lys Phe Arg Ser

?J§h£%r|-;€sl¢ iffcpvé(@t BeV&h Al a Leu Pro

Ser Qu Arg Val p Lys K/bt Val Qu

A u G u Vatizo 180 185 190 Armpsd u Phe Phe AspsPhe Ser Asn
Arg Gy Ile Lys 53/87 195 200 205 Lys Ala lle Ay Phe Pro
Prre ARhPhAr glyAdhe Grg W 2241121612281 PiseCled®hAsn Val G u

Leu Leu Ser

Lys Val

G u Lett*Al a c,ys Arg
phY S5V &1

¥

Leu
275
Thr
Asp
Ala

Glu

Val

355

<211> 1011

<212> DNA

260

Arg Lys

Trp Thr

Ala Gly

Val Met

325
Glu Gln
340

Gln Asn

Ala

Leu

Trp

310

Met

val

9r53%o

Ala

Ala

295

Glu

Lys

Leu

<213> Arabidopsis thaliana

<220>

<221> CDS

<222> |

<400> 9

1)..

(1011)

Tyr

280

Lys

Ile

Ser

Glu

Leu Gu 225 230 235 240 Gu lle Lys
an}?kPg G u Lys 245 250 255 |le Qu

L GQLQJ MHys Vel ASR L%?%rg65 270

265 270
Asp Lys Ala Val Asp Asp Ile Lys
285
Arg Gln Vval Lys Lys Ile Glu Met
300

Glu Arg Val Asp Ala Thr Ala Ser
315 320

Ser Ser Glu Lys Lys Trp Arg Glu

330 335
Pro Ser Val Lys Ile Val Lys Arg

345 350
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Ala Thr
285 Ala Trp Qu Arg Leu Va
295 300 Phe Leu Leu Asp Ile Ala Ser Arg Arg Pro Leu Val

Pro Val

305 310 315 320
Val Ala 325 330
t hal i ana agg%&g
aaa atg gtt gtg
Lys Met Vak: Mak
tct gtt gat ctc
Asp Leu Al alleu
cag ttc tac gat
Phe Tyr Asp Ay

. tecg ccg

Ser Pro

act cta

Thr Leu

gct acc

Ala Thr

50

ttt cgg

Phe Arg

65

cta gac

Leu Asp

cog cac

Pro His

gcg aat

Ala Asn

Phe Thr Lys Arg Arg Ser Lys Met Asp Ala Asn Val 275 280

Ala Gy Pro Ser Thr Asp Thr Val Ser Arg 290
Au Ala Ser Thr
Ala Val Ala Ala Ala Met Ju Arg Qu Leu Ser Arg Cys Leu
335 <210> 11 <211> 957 <212> DNA <213> Arabi dopsi s

> < : <4 Lot a ac
% "2Pa ot ger’ate gt re o ha Ay MR LIS s Aen Asp

héte Livet116E YyeAMar TAWa @iy c$6rLyslabn Hlolfewggec a@g tca tca ctc
get tta cat ttt aaa gcc gag 96 dy Lys Ser Ser Leu Ser Va
H s Phe Bys Ala A u 20 23030 atc atc aacl%ict gac aaa atg
ggc ttg aag atc acc 144 Ile Ile Asn Ser Asp Lys Met G n
Leu Lys Ile Thr 35 40 45

act tta gac ttec cect cca ttt ggt ccc aat atg cta 96

gcg aga

Thr Leu Asp Phe Pro Pro Ala Arg Phe Gly Prc Asn Met Leu

20 25 3o

aac cca tac ggt cca aag gac aaa gtt gtg gtc atc atg ggt 144

Asn Pro Tyr Gly Pro Lys Asp Lys Val Val vVal Ile Met Gly

35 40 45

ggg aca ggc aag tca cga ctc tcec gbtg gat ata gec aca cgt 192

Gly Thr Gly Lys Ser Arg Leu Ser Val Asp Ile Ala Thr Arg

55 &0

gct gag atc ata aac tca gac aag ata caa gtc cac caa ggt 240

Ala Glu Ile Ile Asn Ser Asp Lys Ile Gln Val His Gln Gly

70 75 BO

att gta acc aac aag atc acg agc gag gag agc tgc ggg gta 288

Ile Val Thr Asn Lys Ile Thr Ser Glu Glu Ser Cys Gly Val

85 90 95

cat ctc ctec gge gte ttg ceg cct gaa gecc gac tta acc gec 336

His Leu Leu Gly Val Leu Prc Prc Glu Ala Asp Leu Thr Ala

100 105 110

tac tgt cac atg gcg aat ctc tcc att gaa tce gtc cta aac 364

Tyr Cys His Met Ala Asn Leu Ser Ile Glu Ser Val Leu Asn
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acg aat caa tcg acc att gaa gat cgs cgt gga gtg cca cat cac ctt 192 Thr
Asn G n Ser Thr Ile GQu Asp Arg Arg Ay Val Pro Hs Hs Leu 50 55 60 ctc
ggt gaa cta aac ecg gag get gga gaa gtc aca gcg gca gaa ttt 240 Leu Ay
Gu Leu Asn Pro Qu Ala Gy GQu Val Thr Ala Ala Gu Phe 65 70 75 80 cgc
gtt atg gcg get gaa gcc atc tcc gag att act caa cgt aaa aag 288 Arg Val
Met Ala Ala Qu Ala Ile Ser Qu I{8e Thr A n Arg LyssLys 85 90 95 ctc cca
atc ctt gcc ggt gga tcc aac tca tac att cat get ctc ctt 336 Leu Pro lle
Leu Ala Gy Ay Ser Asn Ser Tyr Ile Hs Ala Leu Leu 100 105 110 gca aaa
tct tat gac cct gaa aac tat ccg ttt tct gat cac aag ggc 384 Ala Lys Ser
Tyr Asp Pret @ga #&sh cTyrocRr stcPlaec Set ga9 9B stdoy saq@dtyt 1488 999 9rg5 5387 tca
atc tgc tcc gag ttg aaa tat_gat t tgt ttc att t ata t 432 Ser lle
Cys Ser G2 %ééi E%Lerrﬂsle%eé%sl E’%@GWesefrﬁsrf I%grA@Yﬁ ?%}) GiﬁS 140 gtg gat
cag tct gtg ttg ttc gag tat ctt.tct tta cgt ttg,gat ctt 480 Val Asp Gn
Ser Val Leu Igh G u Tyr Leu Ser Leu Arg Leu Asp Leu 145 150 155 160 atg
atg aag tca ggt atg ttc gag gag atc get gag ttc cac cgc tct 528 Mt Met

Lys Ser Gy Met Phe Qu GQu Ile Ala Gu Phe H's Arg Ser 165 170 175 aag
aag gcc cqgt aaa gaggetapact gagggaataa bgy taapgyetcatagagge geyg t9¥6 480

Ala Leu Val Asp Asp Lys Glu Asn Lys Phe Arg Ser Arg Tyr Asp Cys

145 150 155 160

tgt ttt cta tgg gtg gac gtg gea ¢ttt cee gtt ttg cac ggg ttc gtg 528
Cys Phe Leu Trp Val Asp Val Ala Leu Pro Val Leu His Gly Phe Val

165 170 175

tct gag aga gtt gac aag atg gtg gag agt gga atg gtt gag gaa gtc 576
Ser Glu Arg Val Asp Lys Met Val @lu Ser Gly Met Vval Glu Glu Vval

180 185 190

aga gaa ttt ttc gac ttt tcg aac tct gat tac teca aga ggg atc aag 624
Arg Glu Phe Phe Asp Phe Ser Asn Ser Asp Tyr Ser Arg Gly Ile Lys

195 200 205

aaa gca atc gga ttt ccg gag ttt gac agg ttt ttc agg aac gag cag 672
Lys Ala Ile Gly Phe Pro Glu Phe Asp Arg Phe Phe Arg Asn Glu Gln

210 215 220
tte ttg aat gtg gaa gac aga gaa gaa ctg tta agt aaa gtg ttg gaa 720

Phe Leu Asn Val Glu Asp Arg Glu Glu Leu Leu Ser Lys Val Leu Glu

225 230 235 240
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Lys
caa

gat
Lys
atc
Lys
atc
Ile
255
Thr
gta
Al a
t gt
Val
t at
Phe

Lys
gag
Phe
aaa
Trp
aaa
Au
aac
Asn
aca
Al a
gcc
du
gtg
Lys
tac
Tyr

Ala Pro
ttt gat
Asp Asp
tgg gac
Asp Pro

Lys
gac
Tyr
cct

Gu Pro
tac ctc
Leu Lys
atg aga
Arg Lys

o9 35 fhe

aagu Ghe RGAA2QIAECChY Pl (DG
Arg Asn Ala Ay Trp
ttt cga4gag gca att
Arg Au Ala lle Arg
cag aga aag ata tgg

Lys Leu
gca tcg
Ser Phe
gag atg

Mt G

aag

Leu Gy
aaa atg
Met Tyr
aag gag
Au Al a

a2 L€ aka

n Leu Thr Lys

FF G R genofel o ¥ 51 At

Ile Trp Lys
tac aag tgg
Lys Trp Asp
get tat gag
Tyr G u Lys

te
1200

Ala lle Ay Val
gac aat gac atg
Asn Asp Met 195
aag gcg gtg aga
Al a Val

Arg 210

25 2

glq: éli_tcggﬁagggt %Q&g ak 0

géac rak acy@agraadn iy gad Lget
Asp Ile Lys Lys Val
agg 2g§éa gcc aag gaa
Ala Ala Lys Qu Gy
aac aag gaa gtg ttg

s%aatt cag a I
ccg atc adcC

| ee Vah AP oeradd Syd-QH1 ASR @En T2p Gsdy! 1A% Ty

tta cta aaa aga ttt tta agt ctt aac tag
Lysz240g Phe Leu Ser beu Asn

ttt tat
Leu Leu

geg act

Ala Thr

gcc tgg

Ala Trp

290

ttt ctg

Phe Leu

305

gcg gtt

Ala Val

tga

<210> 10

cca
Pro

275

gag

Glu

ctg

Leu

gcg

Ala

gtc

Val

agg

Arg

gac

RAsp

gcc

Ala

tet

Phe

cte

Leu

att

Iie

gce

Ala

325

aca

Thr

gtg

Val

gce
Ala

310

atg

Met

aag

Lys

gect
Ala

2985

agce

Ser

gaa

Glu

cga
Arg

280

gga

Gly

cga

Arg

cgc

Arg

tce

agg aag

Arg Ser Lys

cca agc aca

Pro Ser Thr

atg

Met

gat

Asp

gat
Asp

285

act

Thr

300

cga ceg cte

Arg Pro Leu

31b

gag ttg tcg

Glu Leu Ser

330

52/87

gtg

Val

cgg

Arg

gaa

Glu

tgt

Cys

270

gct

Ala

gtg

vVal

get

Ala

cta

Leu

Asp Al a

89T gaa
Gu @y
gaa ccg

? %%ZS
Tyi 2280

180 185 190
624 dn
200 205

672 Asp
215 220 gee
Aba Ile
235 240

768 56/87
245 250

ggt 816

260 265 270

864 Val

285
013°
295 300 t at

957 Tyr Tyr Tyr

aac dgtg

Asn Val

tcg cgg

Ser Arg

tca aca

Ser Thr

320

gtg gcg

val Ala

335

864

912

960

1008

1011



305 310 315

<400> 12 Met Lys Cys Asn Asp Lys Met Val

<210> 12 <211> 318

510 15 dy Lys Ser Ser

50 55 60 _Leu Gy GQu Leu Asn Pro Qu Ala Ay du Val
65 70 75 80 Arg Val

Leu Ser Val

Trp Ile Asp 130 135 140 Val
Arg Leu Asp Leu

<400> 10

Met Ile Met

1

Ser

Thr

Ala

bPhe

65

Leu

Pro

Ala

Arg

Ala

145

Cys

Ser

Arg

Pro

Leu

Thr

50

Arg

Asp

His

Asn

Gly

130

Leu

Phe

Glu

Glu

Thr

Asn

35

Gly

Ala

Ile

His

Tyr

115

Lys

Val

Leu

Arg

Phe

Lys

Leu

20

Pro

Thr

Glu

Val

Leu

100

Cys

Leu

Asp

Trp

Val

180

Phe

Ile

Agp

Tyr

Gly

Ile

Thr

85

Leu

His

Pro

Asp

valk

165

Asp

Asp

Ser

Phe

Gly

Lys

Ile

70

Asn

Met

Ile

Lys

150

Agp

Lys

Phe

<212> PRT <213> Arabi dopsi s thaliana
Ile Met Gy Ala Thr

Val

Ay Ser

1

Asp Leu Ala Leu H's Phe Lys Ala Au 20
25 30 57/87 Ile Ile Asn Ser Asp Lys Met A n Phe Tyr Asp Ay Leu Lys Ile Thr
35 40 45 Thr Asn A n Ser Thr

Ile Qu Asp Arg Arg Gy Val

Asp G n Ser Val

Met

Pro

Pro

Ser

55

Asn

Lys

val

Ala

Ile

135

Glu

val

Met

Ser

Ala
Pro
Lys

40
Arg
Ser
Ile
Leu
Asn
120
Val
Asn
Ala

val

Asn

Met Cys

10

Ala Arg
25

Asp Lys

Leu Ser

Asp Lys

Thr Ser

90
Pro Pro
105

Leu Ser

Gly Gly

Lys Phe

Leu Pro

170
Glu Ser
185

Ser Asp

53/87

Lys

Phe

Val

val

Ile

75

Glu

Glu

Ile

Ser

Arg

155

val

Gly

TYr

Gln

Gly

val

Asp

60

Gln

Glu

Ala

Glu

Asn

140

Ser

Leu

Met

Ser

Fro Leu

Pro Asn

30
val Ile
45

Ile Ala

Val His

Ser Cys

Asp Leu

110

Ser Val

125

Ser Tyr

Arg Tyr

His Gly

val Glu

190

Arg Gly

Pro Hs Hs Leu

Pro

15

Met

Met

Thr

Gln

Gly

9%

Thr

Leu

val

Agp

Phe

175

Glu

Ile

Pro

Leu

Gly

Arg

Gly

80

val

Ala

Agn

Glu

Cys

160

val

Val

Lys

Thr Ala Ala G u Phe
Met Ala Ala Qu Ala lle Ser Qu Ile Thr A n Arg Lys
Lys 85 9Q:95 kett Pro Ile Leu Ala Ay Ay Ser Asn Ser Tyr
Leu 100 105 110 Ala Lys Ser Tyr Asp Pro G u Asn Tyr
Lys Gy 1iB13:20rdlpSopSar thakia@gs Ser

Ile Hs Ala Leu
Pro Phe Ser Asp Hi s
G u Leu Lys Tyr Asp Cys Cys Phe lle
Leu Phe Gu Tyr Leu Ser

Leu



145 150 155 160 Met Met Lys Ser Ay Met Phe u Qu Ile Ala Gu Phe Hs
Arg Ser 165 170 175 Lys Lys Ala Pro Lys Qu Pro Leu Ay Ile Trp Lys Ala
Ile Ay Val 180 185 190 G n Glu Phe Asp Asp Tyr Leu Lys Met Tyr Lys Trp
Asp Asn Asp Met 195 200 205 Asp Lys Trp Asp Pro Met Arg Lys Qu Ala Tyr
Gu Lys Ala Val Arg 210 215 220 Ala lle Lys A u Asn Thr Phe G n Leu Thr
Lys Asp A n Ile Jdyw Lys 225 230 235 240 |Ile Asn,hys Leu Arg Asn Ala Gy
Trp Asp Ile Lys Lys Val Asp Ala 245 250 255 Thr Ala Ser Phe Arg Qu Al a
Ile Arg ALgs Aha 1y el bwhe yrGotu Gre AR60rg2Gme2BRk: 2858 knValu Alla G u Net G n
Arg Lys Ile Trp Asn Lys Gu Val Leu Qu Pro 275 280 285 Cys Val Lys lle
Val Arg Ser Hi1§ Leu Asp G n Prdslle Asn Tyr Tye20290 295 300 Tyr Tyr Tyr
Phe Tyr Leu Leu Lys Arg Phe Leu Ser Leu Asn 305 310 315 <210> 13 <211> 993
<212> DNAFE® 15y ]}ﬁnab’iaa(ﬁigi Rsh BEP i GNgCGlu Leu Leu Ser Lys Val Leu Glu

225 230 235 240
Glu Ile Lys Arg Asn Thr Phe Glu Leu Ala Cys Arg Gln Arg Glu Lys
245 250 255
Ile Glu Arg Leu Arg Lys Val Lys Lys Trp Ser Ile Gln Arg Val Asp
260 265 270
Ala Thr Pro Val Phe Thr Lys Arg Arg Ser Lys Met Asp Ala Asn Val
275 280 285
Ala Trp Glu Arg Leu Val Ala Gly Pro Ser Thr Asp Thr Val Ser Arg
220 295 300
Phe Leu Leu Asp Ile Ala Ser Arg Arg Pro Leu Val Glu Ala Ser Thr
305 310 315 320
Ala val Ala Ala Ala Met Glu Arg Glu Leu Ser Arg Cys Leu Val Ala

325 330 335

<210> 11
<211> 957
<212> DNA

<213> Arabidopsis thaliana

<220>

<221> CDS

<222> (1}..{957)

<4Q0> 11

atg aag tgt aat gac aaa atg gtt gtg atc atg ggt gcc acc ggt tct 48

54/87




<220> <221> CDS <222> (1)..(993) <400> 13 atg aag cca tgc atg acg get cta
aga caa gtg att caa cca ttg tcg 48 Mt Lys Pro Cys Met Thr Ala Leu Arg A n
Val Ile An Pro Leu Ser 1 5 10 15 ttg aac ttc caa gga aac atg gtg gac gtt
ccg ttt ttc cgg cgs aaa 96 Leu Asn Phe G n Gy Asn Met Val Asp Val Pro Phe
Phe Arg Arg Lys 20 25 30 gac aag gtt gtt ttc gtc atg gga gcc acc gga acc

ggc aaa t@ly %&4%%2AS%§LM§S vel val yIhe, ¥aleMet, Gy AlacTis.dy Thr Ay

Lys Ser Arg ) 7 cta gcc att gac cta gcc act cgt  ttt ccg gcg gag
att gta aacitcc 192 LeusAla Ile Asp Leuifla Thr Arg Phe 5o Ala Qu lle
Val Asn Ser 50 55 60 gac aag atc cag gtc tat aaa ggt cta gac att gtg act
aac aaa gtc 240 Asp Lys Ile dn Val Tyr Lys Ay Leu Asp Ile Val Thr Asn
Lys Val 65 70 75 80 act cct gag gaa agc ctt ggc gtt cct cac cac ctt ctc
ggc acc gFEc 28§ CFhrEcPrF oG efFb Bér cte§cl YFavart P 3 9ff $2Feu Péu Ay

Thr Vval 8590 95  cac_gac act .tac ga ttc ac C a ttt cag cgt
gaa gca 3?1%3’ Fss'fsgerl'%?euTg r &ag Aﬁgpgﬁﬁgﬁi’hﬁeuﬁhgégﬁg'ﬂ%pg%%& n Arg du
Ala 100 105 110 20 25 30

atc atc aac tct gac aaa atg cag ttc tac gat gge ttg aag atc acc 144
Ile Ile Asn Ser Asp Lys Met Gln Phe Tyr Asp Gly Leu Lys Ile Thr

35 40 45

acg aat caa tcg acc att gaa gat cga cgt gga gtg cca c¢at cac ctt 192
Thr Asn Gln Ser Thr Ile Glu Asp Arg Arg Gly Val Pro His His Leu

50 55 60

ctc ggt gaa cta aac ccg gag gct gga gaa gtc aca gcg gca gaa ttg 240
Leu Gly Glu Leu Asn Pro Glu Ala Gly Glu Val Thr Ala Ala Glu Phe

65 70 75 80

cge gtt atg gcg gct gaa gec atc tcec gag att act caa cgt aaa aag 288
Arg Val Met Ala Ala Glu Ala Ile Ser Glu Ile Thr Gln Arg Lys Lys

85 80 95

ctc cca atc ctt gocec ggt gga tecc aac tea tac att cat get cte ctt 336
Leu Pro Ile Leu Ala Gly Gly Ser Asn Ser Tyr Ile His Ala Leu Leu

100 105 110

gca aaa tct tat gac cct gaa aac tat ccg ttt tct gat cac aag ggc 384
Ala Lys Ser Tyr Asp Pro Glu Asn Tyr Pro Phe Ser Asp His Lys Gly

115 120 125
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atc agg gcc gtc gag tca atc gtc cag aga gac cgt gtc ccg atc ata 384 Ile
Arg Ala Val Qu Ser Ile Val Gdn Arg Asp Arg Val Pro Ile Ile 115 120 125
gcc ggt ggt tcc aat tct tac atc gag get ctg gtc aac gat tgc gtt 432 Ala
Gy Gy Ser Asn Ser Tyr Ile Qu Ala Leu Val Asn Asp Cys Val 130 135 140 gac
ttc cgg tta agg tat aat tgt tgc ttc ttg tgg gtc gac gtc tct 480 Asp Phe
Arg Leu Arg Tyr Asn Cys Cys Phe Leu Trp Val Asp Val Ser 145 150 155 160
aga ccg gtt tta cac tcg ttt gtc tcg gag cga gtt gat aag atg gtt 528 Arg

Pro Val Lets Hits S tBheaattoSaka Wad Mg c¥aleobsped wee My Yed 460/ 843165 170
175 gat atg ggt ctc gtc gac gag gtt cgc cgc atc ttc gat ccg tct tcg 576
Asp Met Gbyr l1ew Sad sésBlG Lewals Ang Ang Cirb eCviBhehAgpe Prp S ASpr 180 185 190
tcg gat tac tcc get gga att cgc cga gcc att gga gtt cca gag ctc 624 Ser
Asp Tyr Ser AP4 Ay lle Arg AlgSAla lle Ay Val“Pro A u Leu 195 200 205

gac gaa ttt ctc cgt tcg gag atg cgg aat tat ccg gcg gag acg acg 672 Asp
G u Phe Leu Arg Ser Au Met Arg Asn Tyr Pro Ala G u Thr Thr 210 215 220 gag

aga ctt ctt a ac L€ 03¢ il -apa.Qag: A 9t {20 Ghu Arg
(9% Loy oPhe R GReirTe € Pyee e s AsntTh(F':lta&tg 25 230 235 240
ttg ctt gegl tagb @'tgﬁssaaratu G L 28 3AQ Bfd 16T eadUeClargtmm ARg Leag 768

145 150 155 160

atg atg aag tca ggt atg tte gag gag atc gct gag ttc cac cge tet 528
Met Met Lys Ser Gly Met Phe Glu Glu Ile Ala Glu Phe His Arg Ser

165 170 175

aag aag gcc ccg aaa gag cca ttg ggg ata tgg aag gct ata gga gtg 576
Lys Lys Ala Pro Lys Glu Pro Leu Gly Ile Trp Lys Ala Ile Gly Val

180 185 190

caa gag ttt gat gac tac ctc aaa atg tac aag tgg gac aat gac atg 624
Gln Glu Phe Asp Asp Tyr Leu Lys Met Tyr Lys Trp Asp Asn Asp Met

1585 200 205

gat aaa tgg gac cct atg aga aag gag gct tat gag aag gcg gtg aga 672
Asp Lys Trp Asp Pro Met Arg Lys Glu Ala Tyr Glu Lys Ala Val Arg

210 218 220

gcc atc aaa gaa aac aca ttt cag ctc aca aag gat caa atc acg aag 720
Ala Ile Lys Glu Asn Thr Phe Gln Leu Thr Lys Asp Gln Ile Thr Lys

225 230 235 240

atc aac aag ctg aga aat gcc ggg tgg gac ata aag aag gtg gat gct 768
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Leu Leu

t gg aag
Lys Trp

Ala Cys Arg G n Leu An Lys Ile Gn Arg Leu Tyr Lys A n 245 250 255
tgg aac atg cac cgt gtc gac gcg acg gag gtt ttt ctc cga 816 Trp
Asn Met His Arg Val Asp Ala Thr Qu Val Phe Leu Arg 260 265 270

cga gga gaa gaa get gat gag get tgg gat aac tca gtg get cat ccg 864 Arg

Gy Gu

Ser Ala Leu Ala Va

Gu Ala Asp Au Ala Trp Asp Asn Ser Val Ala H's Pro 275 280 285

01787 200 19598 6086, Ghy HAR ARG 8Py Alle LAC 190CvAIRR,A000C Cal 912
y

G u Lys Phe Leu Ser r Ser” Asp Asp His H's 290 295 300

ttg gaa ggc gcc aat attzsetc cta ccg gagzaabc tct gcc gtt esgy cct 960 Leu

Gu Gy

Ala Asn |Ile Leu Leu Pro Qu Ile Ser Ala vVal Pro Pro 305 310 315 320

ctt cca gcc gcc gtg gcg gecg att tcc cgg tga 993 Leu Pro Ala Ala val Ala

Alalle

Ser Arg 325 330 <210> 14 <211> 330 <212> PRT <213> Arabi dopsi s

thal i ana 2€2C003 9% MEt 197sIBt R NETY PP KW a TR F*Ar PR 11%°A n Pro

Leu Ser
Arg Lys

'}h§ A:E.g g‘eSr Pkg%résglupg?aql% 9.’3/ A'%grhllgbiysy%lupéﬂ( }3@111 CEE/O Phe Phe Arg

260 265 270

gta gcc gag atg cag aga aag ata tgg aac aag gaa gtg ttg gaa ccg 864
val Ala Glu Met Gln Arg Lys Ile Trp Asn Lys Glu Val Leu Glu Pro

275 280 285

tgt gtg aag att gtc agg agc cac ttg gac caa ccg atc aac tat tat 912
Cys val Lys Ile Val Arg Ser His Leu Asp Gln Pro Ile Asn Tyr Tyr

280 295 300

tat tat tac ttt tat tta cta ama aga ttt tta agt ctt aac tag 957
Tyr Tyr Tyr Phe Tyr Leu Leu Lys Arg Phe Leu Ser Leu Asn

105 310 315

<210> 12
«<211> 318
«<212> PRT

<213> Arabidopsis thaliana

<400> 12

Met Lys Cys Asn Asp Lys Met Val Val Ile Met Gly Ala Thr Gly Ser
1 5 10 15

Gly Lys Ser Ser Leu Ser Val Asp Leu Ala Leu His Phe Lys Ala Glu

20 25 30
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20 25 30 Asp Lys Vval Vval Phe Val Met Ay Ala Thr Gy Thr Ay Lys Ser Arg
35 40 45 Leu Ala Ile Asp Leu Ala Thr Arg Phe Pro Ala Qu Ile Val Asn Ser
50 55 60 Asp Lys Ile @n Val Tyr Lys Gy Leu Asp Ile Val Thr Asn Lys Val
65 70 75 80 Thr Pro Qu GQu Ser Leu Gy Val Pro Hs H's Leu Leu Ay Thr
Val 62/87 85 90 95 His Asp Thr Tyr Gu Asp Phe Thr Ala Gu Asp Phe A n Arg

Gu Ala 109, 193 I I I Yal, nf grAsp Arg Val
Pro Ile Iie 115);;1:{2)8%2%13%% ggs %%yplge?yiseﬁpsg% Tsr ]ﬁseIG uhAI a Leu Val

Asn Asp Cys Val 4530 135 140 Aspadghe Arg Leu Arg Tyr Asn Cys Cys Phe Leu
Trp Val Asp Val Ser 145 150 155 160 Arg Pro Val Leu H's Ser Phe Val Ser
G u Arg Vahr Asp &ls SketThvallel 65u 1720 AFH ArAsp yNeel @ry HisuHVAILeAsp G u Val

Arg Arg Ile Phe Asp Pro Ser Ser 180 185 190 Ser Asp Tyr Ser Ala Ay lle
Arg Arg Ala II’F€ Ay Val Pro @&°Leu 195 200 20%° Asp G u Phe Leu Arg Ser

Gu Met A'I:Igu %ﬁg‘/ JJYJ Lgtrl Qb.s'l‘ifl groGG'lluTﬂra gﬂ[ G%%O\la%.]'?hrz%(za Ala Glu Phe

65 70 75 80

Arg Val Met Ala Alé Glu 2la Ile Ser Glu Ile Thr Gln Arg Lys Lys
85 S0 95

Leu Pro Ile Leu Ala Gly Gly Ser Asn Ser Tyr Ile His Ala Leu Leu

100 105 110
Ala Lys Ser Tyr Asp Pro Glu Asn Tyr Pro Phe Ser Asp Hig Lys Gly
115 120 125
Ser Ile Cys Ser Glu Leu Lys Tyr Asp Cys Cys Phe Ile Trp Ile Asp
i30 135 140

Val Asp Gln Ser Val Leu Phe Glu Tyr Leu Ser Leu Arg Leu Asp Leu

145 150 155 160

Met Met Lys Ser Gly Met Phe Glu Glu Ile Ala Glu Phe His Arg Ser
165 170 175

Lys Lys Ala Pro Lys Glu Pro Leu Gly Ile Trp Lys Ala Ile Gly Val

180 185 190
Gln Glu Phe Asp Asp Tyr Leu Lys Met Tyr Lys Trp Asp Asn Asp Met
195 200 205
Asp Lys Trp Asp Pro Met Arg Lys Glu Ala Tyr Glu Lys Ala Val Arg
210 215 220

Ala Tle Lys Glu Asn Thr Phe Gln Leu Thr Lys Asp Gln Ile Thr Lysg

225 230 235 240

Ile Asn Lys Leu Arg Asn Ala Gly Trp Asp Ile Lys Lys Val Asp Ala
245 250 255

Thr Ala Ser Phe Arg Glu Ala Ile Arg Ala Ala Lys Glu Gly Glu Gly

260 265 270
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Gu Arg Leu Leu Qu Thr Ala lle Qu Lys Ile Lys Gu Asn Thr Cys 225 230
235 240 Leu Leu Ala Cys Arg An Leu dn Lys Ile An Arg Leu Tyr Lys G@n
245 250 255 Trp Lys Trp Asn Met H's Arg Val Asp Ala Thr G u Val Phe Leu
Arg 260 265 270 Arg Ay Gu Qu Ala Asp Qu Ala Trp Asp Asn Ser Val A a
Hs Pro 275 280 285 Ser Ala Leu Ala Val Qu Lys Phe Leu Ser Tyr Ser Asp
ASp H s Hys, 290 285,300u.Let, Gy Gynhl 8.8l be, Lad ABUGRIGGl U T1e Ser
Ala vVal Pro Pro 305 310 31 O Leu Pro A'a Ala Val Ala Ala Ile Ser Arg
63/ 87 325 330 <240> 15 <211> 10280 <212> DNA <2133sAr abi dopsi s thaliana
<220> <221> CDS <222> (1)..(1029) <400> 15 atg caa caa ctc atg acc ttg tta
tca cca c€mstad bt Itatvatlchrd Ser48s Met AGGIE RArdddeMsn Thr Tveu Leu Ser Pro

Pro Leu Ser Hs Ser Ser 1 5 10 15
290 295 300

Tyr Tyr Tyr Phe Tyr Leu Leu Lys Arg Phe Leu Ser Leu Asn

305 310 315

«<210> 13
<211l> 993
<212> DNA

<213> Arabidopsis thaliana

<22C>

<221> CDS

<222> (1)..(993)

<400> 13

atg aag cca tgc atg acy get cta aga caa gbg att caa cca ttg tcg 48

Met Lys Pro Cys Met Thr Ala Leu Arg Gln Val Ile Gln Pro Leu Ser

1 5 10 15

ttg aac ttec caa gga aac atg gtg gac gtt ccg ttt ttec cgg cga aaa 96
Leu Asn Phe Gln Gly Asn Met Val Asp Val Pro FPhe Phe Arg Arg Lys

20 25 30

gac aag gtt gtt ttc gtc atg gga gee ace gga acc ggce aaa tct cgt 144

Asp Lys Val Val Phe Val Met Gly Ala Thr Gly Thr Gly Lys Ser Arg

35 40 45
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ctc ctt ccc acc gtc act acc aaa ttc ggg tca cca cga tta gtc act 96 Leu Leu
Pro Thr Val Thr Thr Lys Phe Ay Ser Pro Arg Leu Val Thr 20 25 30 acg tgc
atg ggc cat gca ggg cgt aaa aat atc aag gat aag gtg gtt 144 Thr Cys Met
Gy Hs Ala Ay Arg Lys Asn Ile Lys Asp Lys Val Val 35 40 45 ctc atc aca
ggt aca aca ggc aca ggc aag tca cgc ctc tca gtc gat 192 Leu lle Thr Ay

Thr Thr Gy, T, Qv gbys t§eé VG LEH OB gd%38ag3%6§ 80,68 tegcc @gc cgt

ttt ttt ccc gcc gag atc ata aac tcg gac a aatg 41 87" Leu A'a Thr Arg

Phe Phe PreuAl:a ©diakpendul 1AMy S0y ABP ph¥SaMehiiu 63e Hh172s8Gercaa atc tac
aag gga ttc gag att gtc aca sat cta atc cca ctg cat 288 An lle Tyr Lys Ay
Phe Qu Ile Valo Thr Asn Leu Il e5Pro Leu Hs 856®0 95 gag caa gga gga gtc
ccg cac cat ctt cta ggt cag ttc cac cca caa 336 Gu @n dy Ay Vval Pro
Hs Hs Leu Leu Ay G n Phe Hs Pro An 100 105 110 gac ggt gaa ctc acc

1 it t tct tt L T P
e &0 2R it cad g taiate B £rE 4o sue 28 120 pdt BE" @ att tot

agc aag aggs Ghe £l odh vl &L= 00l 902 2 d Ley S8t AdS LheWahl e Ser Ser
Lys Lys Leu Pro Ile Val Val"Ay dy 130 135 140 tcc aac tcc ttc sat cac get

cta ctc gcesgag cgt ttt ga07@cg gat 480 75 8o

act cct gag gaa age ctt gge gtt cct cac cac ctt ctec gge acc gte 288
Thr Pro Glu Glu Ser Leu Gly Val Pro His His Leu Leu Gly Thr Val

85 ‘ 40 95

cac gac act tac gaa gat ttec acg gcg gag gat ttt cag cgt gaa gca 336
His Asp Thr Tyr Glu Asp Phe Thr Ala Glu Asp Phe Gln Arg Glu Ala

100 105 110

atc agg gcc gtc gag tca atc gte cag aga gac cgt gtc ccg atce ata 384
Ile Arg Ala Val Glu Ser Ile Val Gln Arg Asp Arg Val Pro Ile Ile

115 120 125

gcc ggt ggt tec aat tet tac atec gag get ctg gtc aac gat tge gtt 432
Ala Gly Gly Ser Asn Ser Tyr Ile Glu Ala Leu Val Asn Asp Cys Val

130 135 140

gac ttc cgg tta agg tat aat tgt tgc ttc ttg tgg gtc gac gtc tct 480
Asp Phe Arg Leu Arg Tyr Asn Cys Cys Phe Leu Trp Val Asp Val Ser

145 150 155 160

ada c¢cg gtt tta cac tcg ttt gte teg gag cga gtt gat aag atg gtt 528

Arg Pro Val Leu Hig Ser Phe Val Ser Glu Arg Val Asp Lys Met Val
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Ser Asn Ser Phe Asn H's Ala Leu Leu Ala Qu Arg Phe Asp Pro Asp 145 150 155
160 att gat cca ttc tct ccc gga tcg agt ctt tca acg atc tgc tct gac 528
Ile Asp Pro Phe Ser Pro Ay Ser Ser Leu Ser Thr Ile Cys Ser Asp 165 170 175
cta agg tac aaa tgt tgc atc tta tgg gtt gat gtt tta gag ccg gtt 576 Leu
Arg Tyr Lys Cys Cys Ile Leu Trp Val Asp Val Leu Qu Pro Val 180 185 190
65/87 ctg ttc caa cac tltﬁ%stgc sat cgt gtg,gac caa atg atg,gag tcg gga 624
Leu Phe @ n Hi s Leu Cys n Arg Val Asp Gon Met Ile Qu Ser Ay 195 200 205
ttg gtc gag cag ctt gcc gaa ttg tac gac cct gtt gta gat tcg ggt 672 Leu
Val Gu d@n Leu Ala Qu Leu Tyr Asp Pro Val Val Asp Ser Gy 210 215 220 cga

cga cta gggt gith eggcaagtacgea@baggya gé@ cgagptgaygte vetgeny tga tF80 5AFg Arg
Leu Ay Val Arg Lys Thr Ile Gy Val Au A u Phe Asp Arg 225 230 235 240
tac ttt ad@P dttd FhcleetVadalEy&guaiyd fxt Aaagl GoBrafePt)y §at XFfa 768 Tyr
Phe Arg Val Tyr ProlLés Gu Met Asp 5_55 Gy lle Trp Asp Leu 245 250 255
gcg aga aag gcg gcg fac gag gag aca glg aag ggg atg aaa gag agg 816 Ala
Arg Lys Ala Ala Tyr Au Gu Thr Val Lys Ay Mt Lys Au Arg 260 265 270
aca tgt cgg ttg gtg aag aag cag aaa gag aag atc atg aag ctg ata 864 Thr
Cys Arg Ledg\ak tas cbygdd ggd-wst @de bys gkkbeadvbbod et lads bh@ ctc 624

Ser Asp Tyr Ser Ala Gly Ile Arg Arg Ala Ile Gly Val Pro Glu Leu

1985 200 205

gac gaa ttt ctc cgt teg gag atg cgg aat tat ccg gcg gag acg acg 672
Asp Glu Phe Leu Arg Ser Glu Met Arg Asn Tyr Pro Ala Glu Thr Thr

210 215 220

gag aga c¢tt ctt gaa acg gcg atc gag aag att aaa gag aac act tgt 720
Glu Arg Leu Leu Glu Thr Ala Ile Glu Lys Ile Lys Glu Asn Thr Cys

225 230 235 240

ttg ctt gocg tgt aga caa ttg cag aag att caa agg c¢tt tac aag cag 768
Leu Leu Ala Cys Arg Gln Leu Gln Lys Ile Gln Arg Leu Tyr Lys Gln

245 250 255

tgg aag tgg aac atg cac cgt gtc gac gcg acg gag gtt ttt cte cga 816
Trp Lys Trp Asn Met His Arg Val Asp Ala Thr Glu Val Phe Leu Arg

260 265 270

cga gga gaa gaa gct gat gag gct tgg gat aac tca gtg gct cat ccg 864
Arg Gly Glu Glu Ala Asp Glu Ala Trp Asp Asn Ser Val Ala His Pro

275 280 285
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275
atg
290
960
305
gtc
Lys
340
An
Leu
Cys

I'le

280 285 aga ggt ggt tgg gag att aag agg ctt gac get acg gcg gca att
912 Arg Gy Ay Trp Qu Ile Lys Arg Leu Asp Ala Thr Ala Ala Ile Mt
295 300 get gag ctg sat caa agt acg gca aag gga gaa gga aag aat ggg aga
66/87 Ala GQu Leu Asn A n Ser Thr Ala Lys Ay GQu Ay Lys Asn Ay Arg
310 315 320 gag att tgg gaa aaa cac att gtg gat gaa agt gtc gag att

aag 1 LU cdTdRc IS a > Ga I .¥al.,d u d1be Val
325 %g% 35 44agggtgﬁt G?%gglatxgg@gaa“g%?yféaﬁ 2§ HL%/%S P%l% Lgu Lglell% G u Val

<210Bed 152> 234 Fa1<@2 2y PRhe<Bdi3zeArphi dopsisg Adpakianas <400> 16 Met
Gn Leu Met Thr Leu Leu Ser Pro Pro Leu Ser Hs Ser Ser 15 10 15 Leu
Pro Thr V&6 Thr Thr Lys PBesdy Ser Pro Argdéleu Val Thr 20 25 30 Thr
Mt Gy Hs Ala Ay Arg Lys Asn Ile Lys Asp Lys Val Val 35 40 45 Leu
Thr Ay Thr Thr Ay Thr Ay Lys Ser Arg Leu Ser Val Asp

ttg gaa ggc gcc aat att ¢tce cta ccg gag atc tet gee gtt ccg cct 960
Leu Glu Gly Ala Asn Ile Leu Leu Pro Glu Ile Ser Ala Val Pro Pro

305 310 315 320

ctt cca gcc gec gtg gocg gecg att tce cgg tga 993
Leu Pro Ala Ala Val Ala Ala Ile Ser Arg

325 330

<210> 14
<211> 330
<212> PRT

<213> Arabidopsis thaliana

<400> 14

Met Lys Pro Cys Met Thr Ala Leu Arg Gln Val Ile Gln Pro Leu Ser
1 5 10 15

Leu Asn Phe Gln Gly Asn Met Val Asp Val Pro Phe Phe Arg Arg Lys

20 25 30
Asp Lys Val Val Phe Val Met Gly Ala Thr Gly Thr Gly Lys Ser Arg
35 40 45
Leu Ala Tle Asp Leu Ala Thr Arg Phe Pro Ala Giu Ile Val Asn Ser
50 55 60

Asp Lys Ile @Gln Val Tyr Lys Gly Leu Asp Ile Val Thr Asn Lys Val

65 70 75 80

Thr Pro Glu Glu Ser Leu Gly Val Pro His His Leu Leu Gly Thr Vval
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50 55 60 Leu Ala Thr Arg Phe Phe Pro Ala GQu Ile Ile Asn Ser Asp Lys Met
65 70 75 80 dAn lle Tyr Lys Ay Phe Qu Ile Val Thr Asn Leu Ile Pro Leu
Hs 85 90 95 67/87 Au An Gy Gy Val Pro Hs Hs Leu Leu Ay @n Phe H's
Pro Gn 100 105 110 Asp Ay G u Leu Thr Pro Ala Qu Phe Arg Ser Leu Al a
Thr Leu Ser 115 120 125 1Ile Ser Lys Leu Ile Ser Ser Lys Lys Leu Pro lle
Val Val Gy Gy 130 135 gt40 Ser Asn Ser gfhe Asn His Ala Leu Leu Ala GQu
Arg Phe Asp Pro Asp 145 150 155 160 1Ile Asp Pro Phe Ser Pro Ay Ser Ser
Leu Ser Thts |dsg €y THerciAspsy Ghe 1THY AYH clheaspArBe Bih AyScOysieys |l e Leu
Trp Val Asp Val Leu Qu Pro Val 180 185 190 Leu Phe G n H's Leu Cys Asn
Arg Val Asp G n Met 1PPe Qu Ser Ay 1495 200 205 LeulMal Gu A n Leu Ala
G u Leu Tyr Asp Pro Val Val Asp Ser Gy 210 215 220. Arg Arg Leu Ay Val
Arg Lys Tﬁr‘-e 18 B3 WhIClE BeQTdcPid AL BRPReP22EY 089 %Ikﬁ%hwr Phe Arg
Val Tyr Pro Lys ggj Met Asp Lys q% Ile Trp Asp Ley.245 250 255

Ala Gly Gly Ser Asn Ser Tyr Ile Glu Ala Leu Val Asn Asp Cys Val
120 135 140

Asp Phe Arg Leu Arg Tyr Asn Cys Cys Phe Leu Trp Val Asp Val Ser

145 150 155 160

Arg Pro Val Leu His Ser Phe Val Ser CGlu Arg Val Asp Lys Met Val

165 170 175
Asp Met Gly Leu Val Asp Glu Val Arg Arg Ile Phe Asp Pro Ser Ser
180 185 190
Ser Asp Tyr Ser Ala Gly Ile Arg Arg Ala Ile Gly Val Pro Glu Leu
185 200 205

Asp Glu Phe Leu Arg Ser Glu Met Arg Asn Tyr Pro Ala Glu Thr Thr
210 215 220

Glu Arg Leu Leu Glu Thr Ala Ile Glu Lys Ile Lys Glu Asn Thr Cys

225 230 235 240

Leu Leu Ala Cys Arg Gln Leu Gln Lys Ile Gln Arg Leu Tyr Lys Gln

245 250 255
Trp Lys Trp Asn Met His Arg Val Asp Ala Thr Glu Val Phe Leu Arg
260 265 270
Arg Gly Glu Glu Ala Asp Glu Ala Trp Asp Asn Ser VvVal Ala His Pro
275 280 285

Ser Ala Leu Ala Val Glu Lys Phe Leu Ser Tyr Ser Asp Asp His His
290 295 300

Leu Glu Gly Ala Asn Ile Leu Leu Prc Glu Ile Ser Ala Val PFro Pro

305 310 315 320

Leu Pro Ala Ala Val Ala Ala Ile Ser Arg
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Ala Arg Lys Ala Ala Tyr Au Qu Thr Val Lys Ay Met Lys Gu Arg 260 265
270 Thr Cys Arg Leu Val Lys Lys An Lys Qu Lys Ile Met Lys Leu Ile 275
280 285 Arg Ay Ay Trp Qu lle Lys Arg Leu Asp Ala Thr Ala Ala Ile Mt
290 295 300 Ala Qu Leu Asn An Ser Thr Ala Lys Ay GQu Gy Lys Asn Ay
Arg 305 310 315 320 du lle Trp GQu Lys His Ile Val Asp Gu Ser Val GQu
Ile Val Lys 325 330,335 68/ 87 Lys Phgs;leu Leu Gu Val 340 <210> 17 <211>
990 <212> DNA <213> Arabi dopsis thaliana <220> <221> CDS <222> (1)..(990)
<400> 17 atg aag ttc tca atc tca tca ctg aag cag gta caa cca atc ttg tgc 48
Met Lys Phe Ser Ile Ser Ser Leu Lys G n Val Gn Pro Ile Leu Cys 1 5 10 15
ttc aag aac aag cta tct aag gtc aac gtc aac tct ttt ctc cat ccc 96 Phe Lys

Asn Lys Lel21108er15Lys Val Asn Val Asn Ser Phe Leu H's Pro

<«211> 1029
<212> DNA

<213> Arabidopsgis thaliana

<220>

<221> CDS

<222> (1})..(1029)

<400> 15

atg caa caa c¢tc atg acc ttg tta tca c¢ca cca ctc tet cat tct tet 48

Met Gln Gln Leu Met Thr Leu Leu Ser Pro Pro Leu Ser His Ser Ser

1 5 10 15

ctc ctt ccc ace gtec act acc aaa ttc ggg tca cca cga tta gtc act o6
Leu Leu Prc Thr val Thr Thr Lys Phe Gly Ser Pro Arg Leu Val Thr

20 25 30

acg tgc atg ggc cat gca ggg cgt aaa aat atc aag gat aag gtg gtt 144
Thr Cys Met Gly His Ala Gly Arg Lys Asn Ile Lys Asp Lys Val Val

35 40 45

ctc atc aca ggt aca aca ggc aca ggc aag tca cgc ctc tca gtc gat 192
Leu Ile Thr Gly Thr Thr Gly Thr Gly Lys Ser Arg Leu Ser Val Asp

50 55 60

ctt gcc acc cgt ttt ttt ccec geoe gag atc ata aac tcg gac aaa atg 240
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20 25 30 aaa gas aaa gtc atc ttt gtg atg gga get acc gga tcg ggt aag tct
144 Lys Qu Lys Val Ile Phe Val Met Ay Ala Thr Ay Ser Ay Lys Ser 35 40
45 cgt ctc gcc atc gac cta gca act cgt ttt caa gga gag atc ata aac 192
Arg Leu Ala Ile Asp Leu Ala Thr Arg Phe A n Gy Gu Ile Ile Asn 50 55 60
69/ 87 tcc gac aag att caa ctt tac aag ggc cta gac gtc cta aca aac aaa 240

Ser Asp Lysyldi@ &0 ak§UnbY bnd ¥5o Gk ey ﬂépxl\éahsﬂr%lérﬁgp S8 Me¥s 65 70 75 80
gtc acc cct aaa gaa tQc cgs ggc gtg cct cac cac ttg ctt gga gta 288 Val

Thr Pro LyssG@u Cys Arg Ay7d/al Pro Hs His1seu Leu Ay Val & 90 95 ttc
gac tcc gaa gcc gga aac cta acg gcc acc cag tat agc cgc ctt 336 Phe Asp
Ser Qu Ala @y Asn Leu Thr Ala Thr G n Tyr Ser Arg Leu 100 105 110 gcg
tca caa gca atc tcg aaa ctc tca gcg aac aac aag ctt ccc ata 384 Ala Ser
An Ala |F82SEE B35S 2REIPSek tAIZAY ﬂ%‘h aE?sa"’l_tth?-’ra(’icl‘F‘"é‘ £i% P50 298 gta

gcc ggt g tca actctta g9pa C 432 Val Al a
Gy Ay Sg?nﬁé @é ¥ gh GEuAfl Leu AS%}SLEH s®ser %g Hf§5 140 tcg ggg

ttt tta tta aac aac tac gat tgt tgt ttc %t tgg gtc gac 489 Ser Ay Phe
Leu Leu Asn Asn Tyr Asp Cys Cys Phe Ile Trp Val Asp 145 150 155 160

gag caa gga gga gtc ccg cac cat ctt cta ggt cag ttc cac cca caa 336
Glu Gln Gly Gly Val Pro His His Leu Leu Gly Gln Phe His Prc Gln

100 105 110

gac ggt gaa ctc acc cct gca gag ttc cgt tct ttg geg aca ctg tec 384
Asp Gly Glu Leu Thr Pro Ala Glu Phe Arg Ser Leu Ala Thr Leu Ser

115 120 125

atc tct aaa cta att tet age aag aaa cte ceg att gta gtt ggt gga 432
Ile Ser Lys Leu Ile Ser Ser Lys Lys Leu Pro Ile Val Val Gly Gly

130 135 140

tcc aac tce tte aat cac gct cta cte geoc gag cgt ttt gac ccg gat 480
Ser Asn Ser Phe Asn His Ala Leu Leu Ala Glu Arg Phe Asp Pro Asp

145 150 155 160

att gat cca ttc tct ccec gga teg agt ctt tea acg atc tge tct gac 528
Ile Asp Pro Phe Ser Pro Gly Ser Ser Leu Ser Thr Ile Cys Ser Asp

165 170 175

cta agg tac aaa tgt tgc ate tta tgg gtt gat gtt tta gag ccg gtt 576
Leu Arg Tyr Lys Cys Cys Ile Leu Trp Val Asp Val Leu Glu Pro Val

180 185 190
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gtt tcc tta ccc gta ctt aac tcc ttt gtc tca aaa cgt gtc gac cgc 528 Val
Ser Leu Pro Val Leu Asn Ser Phe Val Ser Lys Arg Val Asp Arg 165 170 175
atg atg gaa gca gga tta ctc gaa gaa gta aga gaa gtg ttc aat cca 576 Met
Mt Gu Ala Gy Leu Leu Qu Gu Val Arg Au Val Phe Asn Pro 70/87 180 185
190 aaa gcg aat tac tcc gta ggg ata cga cga get atc gga gtc ccc gag 624
Lys Ala Asn Tyr Ser Val Ay Ile Arg Arg Ala lle Ay Val Pro Qu 195 200 205
ctc cat gaa tat tta cgt aac gaa tct cta gtg gac cgt gcc aca aaa 672 Leu
Hs Ju Tytglee &gchAsntd tigdSaat Lt Yed gAspeaAr gedfladc Tdwg kys 320 2% 220 agt
aaa atg ctt gac gta gcc gtt aaa aat atc aaa aag aac act gag 720 Ser Lys
Met Leu Aspu\Rile AlrgHVeLeuySysAdan|Any Vgk AspsClisMetTHAe @ly 825 G230 235 240
att tta get tgt cga cag tta aaa aag att caa cgg ctt cac aag aag 768 Ile
Leu Ala Cys Arg Leu Lys Lys 11% G n Arg Leu Hi 285 Lys Lys 245 250 255
tgg aag atg tct atg cat cgt gtt gac gcc act gag gtg ttc ttg aaa 816 Trp
Lys Met Ser Met His Arg Val Asp Ala Thr A u Val Phe Leu Lys 260 265 270

cgc aac gft@g @ 8% t4agcd 199 HadkAahcCidka0ia 969 RYa o4 Arg
Asn Val %% %@g’ﬂc gp chAl%ga'gI"tr%S G u Asn Leu Val %a Arg 275 280 285
cca agc gagu aga aic cgb Cegabla@gutidu rat raptP@avanaklasep caa AWyg 912

210 215 220

cga cga cta ggg gtt cgg aag acg ata gga gta gag gag ttc gac cga 720
Arg Arg Leu Gly Val Arg Lys Thr Ile Gly Val Glu Glu Phe Asp Arg

225 230 235 24¢

tac ttt aga gta tac cct aag gag atg gac aag gga att tgg gac tta 768
Tyr Phe Arg Val Tyr Pro Lys Glu Met Asp Lys Gly Ile Trp Asp Leu

245 250 255

gcg aga aag gcg gog tac gag gag aca gtg aag ggg atg aaa gag agd 816
Ala Arg Lys Ala Ala Tyr Glu Glu Thr Val Lys Gly Met Lys Glu Arg

260 265 270

aca tgt cgg ttg gty aag aag cay aaa gag aag atc atg aag ctg ata 864
Thr Cys Arg Leu Val Lys Lys Gln Lys Glu Lys Ile Met Lys Leu Ile

275 280 285

aga ggt ggt tgg gag att aag agg ctt gac gct acg gecg gca att atg 912
Arg Gly Gly Trp Glu Ile Lys Arg Leu Asp Ala Thr Ala Ala Ile Met

220 295 300

gct gag ctg aat caa agt acg gca aag gga gaa gga aag aat ggg aga 960
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Pro Ser Gu Arg Ile Vval Asp Lys Phe Tyr Asn Asn Asn Asn G n Leu 290 295 300
71/ 87 aaa aat gat gat gtt gag cac tgt ttg gcg gca tct tac ggc gga gga 960
Lys Asn Asp Asp Val Qu Hs Cys Leu Ala Ala Ser Tyr Ay dy dy 305 310 315
320 agt gga agt aga gcc cac aat atg ata tga 990 Ser Ay Ser Arg Ala Hi s
Asn Met Ile 325 <210> 18 <211> 329 <212> PRT <213> Arabi dopsis thaliana

<400> 18 Mol dysi8NReS%n! ber S8E ST uhPlnlyen Gty Yab @oB Qubl e Leu Os 1
5 10 15 Phe Lys Asn Lys Leu Ser Lys Val n Val™ Asn Ser Phe Leu H's Pro 20

25 30 Lyso&du Lys Val IlesfRhe Val Met Ay Alsa Thr Ay Ser G2y Lys Ser 35
40 45 Arg Leu Ala Ile Asp Leu Ala Thr Arg Phe dn Ay Qu Ile Ile Asn 50
55 60 Ser Asp Lys Ile A n Leu Tyr Lys Gy Leu Asp Val Leu Thr Asn Lys 65

70 75 80 Val Thr Pro Lys Gu Oés Arg Gy Val Pro Hs Hs Leu Leu Gy Val
85 90 95 929 att tgg gaa daa cac att gtg Jat gaa agt gtc gag att gtc aag 1008

Glu Ile Trp Glu Lys His Ile Val Asp Glu Ser Val Glu Ile Val Lys

325 330 335

aag ttt ttg ttg gaa gtt tag 1029
Lys Phe Leu Leu Glu Val

340

«<210> 16
<211> 342
<212> PRT

<213> Arabidopsis thaliana

<400> 16

Met Gln GIn Leu Met Thr Leu Leu Ser Pro Pro Leu Ser His Ser Ser
1 S 19 15

Leu Leu Pro Thr Val Thr Thr Lys Phe Gly Ser Pro Arg Leu Val Thr

20 25 30
Thr Cys Met Gly His Ala Gly Arg Lys Asn Ile Lys Asp Lys val Val
35 40 45
Leu Ile Thr Gly Thr Thr Gly Thr Gly Lys Ser Arg Leu Ser Val Asp
50 55 60

Leu Ala Thr Arg Phe Phe Pro Ala Glu Ile Ile Asn Ser Asp Lys Met
65 70 75 80

Gln Ile Tyr Lys Gly Phe Glu Ile Val Thr Asn Leu Tle Pro Leu His

85 90 95
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Phe Asp Ser u Ala Ay Asn Leu Thr Ala Thr A n Tyr Ser Arg Leu 100 105
110 Ala Ser Adn Ala lle Ser Lys Leu Ser Ala Asn Asn Lys Leu Pro Ile 72/87
115 120 125 Val Ala Gy Ay Ser Asn Ser Tyr Ile Au Ala Leu Val Asn His
Ser 130 135 140 Ser Gy Phe Leu Leu Asn Asn Tyr Asp Cys Cys Phe Ile Trp
Val Asp 145 150 155 160 Val Ser Leu Pro Val Leu Asn Ser Phe Val Ser Lys

Arg Val A%ﬁ?u%a 48P 14Ok 7R MBL MRL L %li.eﬁ‘l &, Se¥n Lepl llneéJ i u Val Arg
G u Val Pro 180 185 190 Lys Ala Asn Tyr Ser Val y Ile Arg Arg

Ala lle Gly VaI Proigbu 195 200 20510deu H's Qu Tyriileu Arg Asn G u Ser
Leu Val Asp Arg Ala Thr Lys 210 215 220 Ser Lys Met Leu Asp Val Al a Val
Lys Asn | lrep|Giy Gis LABITHEhPr{JAdla @REPREAral3%246u AlpeThregeS®#rCys Arg G n
Leu Lys Lys IIe G@n Arg Leu His Lys Lys 245 250 255 Trp Lys Met Ser Met
Hs Arg Val p A% Thr du Val % Leu Lys 260 268 270 Arg Asn Val Qu

Gu dn ASI? %Ser @IK}SaLﬁH LCF; geﬁ%er"]?u hs L,&lslapr rgl?_%zé %ﬁOG%g%lyPro Ser Gu

Arg lle
130 135 140

Ser Asn Ser Phe Asn His Ala Leu Leu Ala Glu Arg Phe Asp Pro Asp
145 150 " 155 160
Ile Asp Pro Phe Ser Pro Gly Ser Ser Leu Ser Thr Ile Cys Ser Asp
165 170 175
Leu Arg Tyr Lys Cys Cys Ile Leu Trp Val Asp Val Leu Glu Pro Val
180 185 190
Leu Phe Gln His Leu Cys Asn Arg Val Asp Gln Met Ile Glu Ser Gly
185 200 205
Leu Val Glu Gln Leu Ala Glu Leu Tyr Asp Pro Val Val Asp Ser Gly
210 215 220
Arg Arg Leu Gly Val Arg Lys Thr Ile Gly Val Glu Glu Phe Asp Arg
225 230 235 240
Tyr Phe Arg Val Tyr Pro Lys Glu Met Asp Lys Gly Ile Trp Asp Leu
245 250 255
Ala Arg Lys Ala Ala Tyr Glu Glu Thr Val Lys Gly Met Lys Glu Arg
260 265 270
Thr Cys Arg Leu Val Lys Lys Gln Lys Glu Lys Ile Met Lys Leu Ile
275 280 285
Arg Gly Gly Trp Glu Ile Lys Arg Leu Asp Ala Thr Ala Ala Ile Met
290 295 300
Ala Glu Leu Asn Gln Ser Thr Ala Lys Gly Glu Gly Lys Asn @ly Arg
305 310 315 320
Glu Tle Trp Glu Lys His Ile Val Asp Glu Ser Val Glu Tle Val Lys

325 330 335
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290 295 300 Lys Asn Asp Asp Val Gu Hs Cys Leu Ala Ala Ser Tyr Ay Ay
@y 305 310 315 320 Ser Ay Ser Arg Ala Hi's Asn Met Ile 325 <210> 19

73/ 87 <211> 993 <212> DNA <213> Arabi dopsis thaliana <220> <221> CDS
<222> (1)..(993) <400> 19 atg caa sat ctt acg tcc aca ttc gtc tct cct tcc
atg atc ccg atc 48 Met A n Asn Leu Thr Ser Thr Phe Val Ser Pro Ser Met Ile

Pro Ile 1.5 1h., 2t diGt vE&C€Y Cgg ctg cga ctg cca cca cca cga tca gta gtt
ccc atg 96° Thr Ser Pro Arg Leu Arg Leu Pro Pro Pro Arg Ser Val Val Pro Met

20 25 30 act acc gtkotgc atg gas caa tca tac aag caa aaa gtg gtt gtg atc
144 Thr Thr Val Cys Met u A n Ser Tyr Lys Gdn Lys Val Val Vval 1le 35 40
45 atg gga gcc acc gga tca ggc aag tca tgc ctc tca atc gat cta gca 192
Met Gy Ala Thr Ay Ser Ay Lys Ser Cys Leu Ser Ile Asp Leu Ala 50 55 60

<210> 17
<211> 990
<212> DNA

<213> Arabidopsis thaliana

<220>

<221> (DS

<222> (1)..(990)

<400> 17

atg aag ttc tca atc tca tca ctg aag cag gta caa cca atc ttg tgc 48

Met Lys Phe Ser Ile Ser Ser Leu Lys Gln Val Gln Pro Ile Leu Cys

1 5 10 15

ttc aag aac aag cta tct aag gtc aac gtc aac tet ttt cte cat ccc 96
Phe Lys Asn Lys Leu Ser Lysg Val Asn Val Asn Ser Phe Leu His Prc

20 25 30

aaa gaa aaa gtc atc ttt gtg atg gga get acc gga teg ggt aag tct 144
Lys Glu Lys Val Ile Phe Val Met Gly Ala Thr Gly Ser Gly Lys Ser

35 40 45

cgt ctc goc atc gac cta gca act cgt ttt caa gga gag atc ata aac 192

Arg Leu Ala Ile Asp Leu Ala Thr Arg Phe Gln Gly Glu Ile Ile Asn

50 55 60
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act cgt ttc tct ggc gag atc gtc sat tcc gac aag att caa ttc tac 240 Thr
Arg Phe Ser Ay GQu Ile Val Asn Ser Asp Lys Ile @ n Phe Tyr 65 70 75 80
gat gga ttg aag gtc act acg sat caa atg agc atc ctt gag aga tgt 288 74/87
Asp Ay Leu Lys Val Thr Thr Asn A n Met Ser Ile Leu Qu Arg Cys 85 90 95
gga gtc cct cac cat ctc ctt ggt gag ctc cct ccg gat gat ago gaa 336 Qdy

Val Pro Hi.g HS Ly al:Q =, XtthLAc'-aeaé QCPBOgﬁsgt@S&aS%a Gy 100 103 110

cta act acc tcc gaa ttc cgc t g tcg cgg tcc atc tcc gag 384 Leu

Thr Thr Seer Gy Bhe 1A Iieteld-@YrAlyd 88 1AL0AsPLKal lIRuSEHr @hat LLE5 120 125
att act get cgt gga aac ctc ccg att ata got ggt gga tca aac tcc 432 Ile
Thr Ala ArgsAdy Asn Leu Pro7dle Ile Ala Ay @y Ser Asn Ser B30 135 140 ttc
att cat get ctc ctt gtc gac cgt ttt gac ccc aaa acc tat cca 480 Phe lle
Hs Ala Leu Leu Val Asp Arg Phe Asp Pro Lys Thr Tyr Pro 145 150 155 160

ttc tct t t tc tct t t tgt t 5 Ph
Ser Ser GRECTHE G PR eBefosirady 1o Aoy Pt oGS 658 e 190 175
Lo ctt tgq; ghg BAL 191 ColO8, 84000 9 gsf b0l £:030u1 Ak B¢ Va0 576 Pre

Leu Trp Val Asp Val Ser Val® Ser "Val" Leu Phe Gu Tyr Leu Ser 180 185 190
aaa cgt gtc gac cag atg estg gag tca ggg abg ttc gag gag cka gcc 624

ttc gac tce gaa gec gga aac cta acg geoc acce cag tat agec cge ctt 3386
Phe Asp Ser Glu Ala Gly Asn Leu Thr Ala Thr Gln Tyr Ser Arg Leu

100 105 110

gcg tca caa gca atc tcg aaa ctc tca gecg aac aac aag ctt ccc ata 384
Ala Ser Gln Ala Ile Ser Lys Leu Ser Ala Asn Asn Lys Leu Pro Ile

115 120 125

gta gcc ggt gga tca aac tct tac atc gaa gca ctt gtt aat cat tcece 432
Val Ala Gly Gly Ser Asn Ser Tyr Ile Glu Ala Leu Val Asn His Ser

130 135 140

tcg ggg ttt tta tta aac aac tac gat tgt tgt ttc att tgg gtc gac 480
Ser Gly Phe Leu Leu Asn Asn Tyr Asp Cys Cys Phe Ile Trp Val Asp

145 150 155 160

gtt tcc tta ccec gta ¢ttt aac tece ttt gte tca aaa cgt gtc gac cgc 528
Val Ser Leu Pro vVal Leu Asn Ser Phe Val Ser Lys Arg Val Asp Arg

165 17¢ 178

atg atg gaa gea gga tta ctc gaa gaa gta aga gaa gtg ttc aat cca 576

Met Met Glu Ala Gly Leu Leu Glu Glu Val Arg Glu Val Phe Asn Pro
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Lys Arg Val

Asp G n Met Met Gu Ser Ay Met Phe Gu GQu Leu Ala 195 200 205

75/ 87 ggt ttc tac gac ccg aga tat tcc ggg tcc gca atc cga gcc cac ggg 672

Ay
att
H s
tac
Pro
aag
Ay
agg
Leu
gga
Trp
aga
du
gtg

Phe
cac
Lys
ccg
Pro
ggg
Al a
ctt
Al a
tgg
Asp
gag
Ile
aaa

Tyr
aag
Thr
cct
Au
gcg tat
Tyr Asp
gega oy

g

Asp
acc
Il e
gag
Arg

Ile An fgg

att tgg
Trp Asp
cgc ttc

cte cat

Leu His

210
agt aaa
Ser Lys
225
att

tta

Tle Leu

tgg aag

Trp Lys

cgc aac

Arg Asn

cca agce

Pro Ser

290

Pro Arg
ata gga
Ay Ile
aga g
Lyslgﬁn
gac gaa
Au Al a

azy teagrat pryagyayy

Anlle

tety THH Pt 2y
Leu Asp Al a T
gac aat act gtt ttg

Asn Thr

ttg gtg aaa gac aaa
gaa tat tta cgt aac gaa

Glu Tyr

atg ctt

Met Leu

get tgt

Ala Cys

gac

Asp

cga

Arg

Tyr Ser
ata ccc
Pro Gu
cag aag
Lys Met
get gtc
Val A n

Au Ar
Yg

Val Leu

Leu Arg Asn

215
gta gcc
Val Ala

230

cag tta

Gln Leu

245

atg tect

Met Ser

260

gta gaa

val Glu
275
dJag

aga

Glu Arg

atg

Met

gaa

Glu

atc

Ile

cat c¢gt

His Arg

caa gac

Gln Asp

gtc gat

Val Asp

295

Gy Ser
gag ttc
Phe
atg
Ser
caa
du

&%
gag
Ile

IIe

Al a
gac

Asp Arg

gaa
Trp
atc
Lys

Ile Arg
cgg tac
Tyr Phe
tgg gac
Asp G n
aaa gag
A u Asn

Ala H's
ttc agc
Ser Leu
Cagy gca
Ala Arg
aac aca
Thr Trp

Ser

Ay
tta
225
aga
245

tgg
260

asT @bhgudagtectayaagier &ge BgcC
Met Lys Leu_ Lys Ser

275

et AE9 Ac'f& Ptcdle t‘f‘tlYgEf"a1 852 $eg

Pro

Asp G u

Glu Ser

gtt aaa

Val Lyse

aaa aag

Lys Lys

gtt gac

val Asp

265

gag gct

Glu Ala

280

aag ttt

Lys Phe

Ser

Ser

Leu

aat

Asn

ate

Ile

Phe d

Ile Lys

Val Asp Arg Ala

220
aaa aag

Lys Lys

235

att
Ile

250

gce

Ala

tgg

Trp

tat

Tyr

71/87

caa

Gln

act

Thr

gag

Glu

aat

Asn

¢gg ctt

Arg Leu

gag gtg

Glu val

aat ctt

Asn Leu
285
aat aat
Asn

Asn

300

Arg Ser

Val 305

gtg tga 993 76/87
tet cta gtg gac cgt gce

aca

Thr

aac act

Asn Thr

cac aag

His Lys

255

ttc ttg

Phe Leu

270

gta gcg

Val Ala

aac caa

Asn Gln

290

gat gaa agc atc aag gtt 960

310

aaa

Lys

gag
Glu

240

aag

Lys

aaa

Lys

aga

Arg

ctg

Leu

210 215 220
720 Ile
230 235 240
768 Tyr
250 255

816 Lys
265 270

&4 Arg
280 285

912 Qdy
295 300 tca
Ser Arg

315 320

672

720

768

816

864

912



Val Lys Arg Phe Leu Val Lys Asp Lys Val 325 330 <210> 20 <211> 330 <212>
PRT <213> Arabidopsis thaliana <400> 20 Net G n Asn Leu Thr Ser Thr Phe
Val Ser Pro Ser Met Ile Prolle 15 10 15 Thr Ser Pro Arg Leu Arg Leu Pro
Pro Pro Arg Ser Val Val Pro Met 20 25 30 Thr Thr Val Cys Net Gu d@n Ser
Tyr Lys A n Lys Val Val Val Ile 35 40 45 Met Ay Ala Thr Gy Ser Ay Lys

Ser Cys L r p..J.e r Ph A4yl le Vval
Asn Ser Aggafd;e?st Htggé?ngtlghgaﬁlfr%%gg%gégi%%gog&%g{ %a§ gecﬁggil/gg\g/al #ﬁr Thr
Asn A n Meys San hée abfWd U1hdsQrss 18D 290 A% &by Vel cRr erfi@yHi s Leu Leu
Gy GQu Leu Pro Pro Asp Asp Ser u 100 105 110 Leu Thr Thr Ser G u Phe
Arg Ser LeéasAla Ser Arg Seeidle Ser Gu 1153120 125 1Ile Thr3zAla Arg Gy
Asn Leu Pro Ille lle Ala Ay Ay Ser Asn Ser 130 135 140 Phe Ile H's Ala
Leu Leu Val Asp Arg Phe Asp Pro Lys Thr Tyr Pro

agt gga agt aga gcc cac aat atg ata tga 990
Ser Gly Ser Arg Ala His Asn Met Ile

325

<210> 18
<211> 329
<212> PRT

<213> Arabidopsis thaliana

<400> 18
Met Lys Phe Ser Ile Ser Ser Leu Lys Gln Val Gln Pro Ile Leu Cys
1 5 10 15
Phe Lys Asn Lys Leu Ser Lys Val Asn Val Asn Ser Phe Leu His Pro
20 25 30
Lys Glu Lys Val Ile Phe Val Met Gly Ala Thr Gly Ser Gly Lys Ser
35 40 45
Arg Leu Ala Ile Asp Leu Ala Thr Arg Phe Gln Gly Glu Ile Ile Asn
50 55 60
Ser Asp Lys Ile Gln Leu Tyr Lys Gly Leu Asp Val Leu Thr Asn Lys
65 70 75 BO
Val Thr Pro Lys Glu Cys Arg Gly Val Pro His His Leu Leu Gly Val
85 90 95
Phe Asp Ser Glu Ala Gly Asn Leu Thr Ala Thr Gln Tyr Ser Arg Leu
100 105 110

Ala Ser Gln Ala Ile Ser Lys Leu Ser Ala Asn Asn Lys Leu Pro Ile

72/87



145
du

Phe
Al a
Phe
Lys
Al a
Adn
Adn
Ile
Lys

150
Cys
Tyr
du
Ile
Asp
Met
Val

Ile
Arg
Trp
Arg

155 160 77187 Phe Ser Ser Gu Thr Ser Ile Ser Ser Gy Leu Arg Tyr
Cys 165 170 175 Phe Leu Trp Val Asp Val Ser Val Ser Val Leu Phe

Leu Ser 180 185 190 Lys Arg Val Asp G n Met Met Au Ser Ay Met
Gu Leu Ala 195 200 205 dvy Phe Tyr Asp Pro Arg Tyr Ser Gy Ser

Arg Ala Hs Ay 210 215 220 Ile His Lys Thr Ile Ay Ile Pro Qu

Arg Tyr Phe Ser Leu 225 230 235 240 Tyr .Bgo Pro Gu Arg Lys Gn
Ser Qu Trp Asp A n Ala Arg 245 250 255 Lys Ay Ala Tyr Asp Gu

Gval Gy &1e chyssdd HeASRr TR T19 c13661a266u 2740 Arguliekel a Lys Lys

Gu Arg Ile Met Lys Leu Lys Ser Ser 275 280 285 dy Trp Asp Ile
Leu Asp Ala Thr Pro SessPhe Ay Arg Ser4®90 295 300 Ser Arg Qu

Asp Asn Thr Val Leu Asp Qu Ser Ile Lys Val 305 310 315 320 Val
PRE™ 1By RR8 LEySseAshHst s VAT 3985 BS0CYs<BR0F121T2 ¥t AFp5

145 150 155 160
Val Ser Leu Pro Val Leu Asn Ser Phe VvVal Ser Lys Arg Val Asp Arg
165 170 175
Met Met Glu Ala Gly Leu Leu Glu Glu Val Arg Glu Val.Phe Agn Pro
180 185 190
Lys Ala Asn Tyr Ser Val Gly Ile Arg Arg Ala Ile Gly Val Prc Glu
195 200 205
Leu His Glu Tyr Leu Arg Asn Glu Ser Leu Val Asp Arg Ala Thr Lys
210 215 220
Ser Lys Met Leu Asp Vai Ala Val Lys Asn Ile Lys Lys Asn Thr Glu
225 230 235 240
Ile Leu Ala Cys Arg Gln Leu Lys Lys Ile Gln Arg Leu His Lys Lys
245 250 255
Trp Lys Met Ser Met His Arg Val Asp Ala Thr Glu Val Phe Leu Lys
260 265 270
Arg Asn Val Glu Glu Gln Asp Glu Ala Trp Glu Asn Leu Val Ala Arg
275 280 285
Pro Ser Glu Arg Ile Val Asp Lys Phe Tyr Asn Asn Asn Asn Gln Leu
280 295 300

Lys Asn Asp Asp Val Glu His Cys Leu Ala Ala Ser Tyr Gly Gly Gly
305 310 315 320
Ser Gly Ser Arg Ala His Asn Met Ile

325

<210> 19

73/87



<212> PRT <213> Saccharomyces cerevisiae <400> 21 78/87 Gu Thr Ser Val
Lys Ile Leu Val Val GQu Asp Asn H's Val Asn An 1 5 10 15 Gu Val Ile Lys
Arg Met Leu Asn Leu u Ay Ile Qu Asn Ile Au 20 25 30 Leu Ala Cys Asp
Gy @n du Ala Phe Asp Lys Val Lys Qu Leu Thr 35 40 45 Ser Lys Ay Gu
Asn Tyr Asn Met Ile Phe Met Asp Val G n Met Pro 50 55 60 Lys Val Asp Gy
Leu Leu Sep,fhry,kys Met Ile Arg Arg Asp Leu Gy 65 70 75 80 Tyr Thr Ser
Pro Ile Val Ala Leu Thr Ala Phe Ala Asp Asp Ser Asn 85 90 95 Ile Lys Gu
Cys Leu G femnnidy Met Asn Ay Phe Leu Ser Lys Pro 100 105 110 Ile Lys
Arg Pro Lys Leu Lys Thr Ile Leu Thr Gu Phe 115 120 125 <210> 22 <211>
118 <212>2PRT A«24R3epEsSchvdpiidmnaa coli 79/ 87 <400> 22

<220>

<221> CDS

<222> (1})..(993)

<400> 19

atg caa aat ctt acg tce aca tte gte tet cct tec atg atc ccg atc 48

Met Gln Asn Leu Thr Ser Thr Phe Val Ser Pro Ser Met Ile Pro Ile

1 5 10 15

act tct cecg cgg ctg cga ctg cca cca cca cga tca gta gtt cce atg 26
Thr Ser Pro Arg Leu Arg Leu Pro Pro Pro Arg Ser Val Val Pro Met

20 25 30

act acc gtt tgc atg gaa caa tca tac aag caa aaa gtg gtt gtg atc 144
Thr Thr Vval Cys Met Glu Gln Ser Tyr Lys Gln Lys Val val val Ile

35 40 45

atg gga gcc acc gga tca ggce aag tca tge cte tca atc gat cta gea 182
Met Gly Ala Thr Gly Ser Gly Lys Ser Cys Leu Ser Ile Asp Leu Ala

50 55 60

act cgt ttc tet gge gag atc gte aat tec gac aag att caa tte tac 240
Thr Arg Phe Ser Gly Glu Ile Val Asn Ser Asp Lys Ile Gln Phe Tyr

65 70 75 80

gat gga ttg aag gtc act acg aat caa atg agce ate c¢tt gag aga tgt 288
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Asn Asp Asp Met Met Ile Leu Val Val Asp Asp His Pro Ile Asn Arg 1 5 10 15
Arg Leu Leu Ala Asp An Leu Gy Ser Leu Ay Tyr dn Cys Lys Thr 20 25 30
Ala Asn Asp Gy Val Asp Ala Leu Asn Val Leu Ser Lys Asn His Ile 35 40 45
Asp Ile Val Leu Ser Asp Val Asn Met Pro Asn Met Asp Ay Tyr Arg 50 55 60
Leu Thr Gn Arg Ile Arg G@n Leu Ay Leu Thr Leu Pro Val Ile @y 65 70 75 60

Val Thr Ahg, Asg AlaLewA &, O, Qdh bYS v Nedyr glé\t%ul—c?llﬁ 498 85 90 95
Gy Met Asp Ser Cys Leu Ser Lys Pro Val Thr Leu Asp Val IIe Lys 100 105

110 dn Ser Leu Thr LewsTyr 115 <210> 23 <211> 31 <212p»s DNA <213>
Artificial Sequence 80/87 <220> <223> Description of Artificial Sequence:
Desi gned ol i gonucl eotide prinmer for PCR <400> 23 accat gaact gggcactcaa

caatcatcaa g 31
gga gtc cct cac cat cte ctt ggt gag ctc cct ccg gat gat agc gaa 336

Gly Val Pro His His Leu Leu Gly Glu Leu Pro Pro Asp Asp Ser Glu

100 105 110

cta act acc tecc gaa tte cge tet ttg geg teg cgg tee atce tcc gag 384
Leu Thr Thr Ser Glu Phe Arg Ser Leu Ala Ser Arg Ser Ile Ser Glu

115 120 125

att act gct cgt gga aac ctc ceg att ata gect ggt gga tca aac tcc 432
Ile Thr aAla Arg Gly Asn Leu Pro Ile Ile Ala Gly Gly Ser Asn Ser

130 135 140

ttc att cat gct ctc ctt gtec gac cgt ttt gac ccc aaa acc tat cca 480
Phe Ile His Ala Leu Leu Val Asp Arg Phe Asp Pro Lys Thr Tyr Pro

145 150 155 160

ttc teoct tet gag aca tce atc tet tee gge ttg agg tac gag tgt tgce 528
Phe Ser Ser Glu Thr Ser Ile Ser Ser Gly Leu Arg Tyr Glu Cys Cys

165 170 175

ttec ctt tgg gtg gat gtc teca gtg tecg gtc ctg ttc gag tac cte teg 576
Phe Leu Trp Val Asp Val Ser Val Ser val Leu Phe Glu Tyr Leu Ser

180 185 190

aaa cgt gtc gac cag atg atg gag tca ggg atg ttc gag gag cta gcc 624
Lys Arg Val Asp Gln Met Met Glu Ser Gly Met Phe Glu Glu Leu Ala

195 200 205
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<210> 24 <211> 30
Description of Artificial
PCR <400> 24 ggattacgac gaaggtgaga taggattagg 30

DNA <213> Artifici al

Sequence:

Artificial

Gly Phe Tyr

att
Ile

225

tac

Tyr

aag

Lys

agg

Arg

gga

Gly

tca
Ser

305

gtg

210

cac

His

ccg

Pro

g4g9

Gly

ctt

Leu

tag
Trp

290

aga

Arg

ada

aag

Lys

cct

Pro

gcd

Ala

gcg
Ala

275

gac

Asp

gag

Glu

cge

<212> DNA <213> Artificial
Sequence:

Asp

acc

Thr

gag

Glu

tat
Tyr

260

aag

Lys

att

Ile

att

Ile

tte

Sequence
Desi gned ol i gonucl eoti de pri mer
t cagat at ga act gggcact caac 24
Sequence

<220> <223> Description of Artificial

for

Sequence

<220> <223>
Desi gned ol i gonucl eoti de pri ner
<210> 25 <211> 24

PCR 81/ 87 <400> 25

<210> 26 <211> 24
<220> <223> Description of Artifici
Desi gned abt gorucieohtdegphbdeht @ gfRce gea atc cga gec

Preo Arg Tyr

ata

Ile

aga
Arg

245

gac

Asp

aag

Lys

cag

Gln

tgg

Trp

ttg

gga
Gly

230

aag

Lys

gaa

Glu

cag

Gln

agg

Arg

gac
Asp

310

gtg

215

ata

Ile

cag

Gln

gct

Ala

att

Ile

ttg
Leu

295

aat

Asn

aaa

Ser

ccc

Pro

aag

Lys

gtc

Val

gag
Glu

280

gac

Asp

act

Thr

gac

Gly

gag

Glu

atg

Met

caa
Gln

265

agg

Arg

gct

Ala

gtt

Val

aaa

Ser

tte

Phe

tce
Ser

250

gag

Glu

atc

Ile

acg

Thr

ttg

Leu

gtg

76/87

Ala

gac
Asp

235
gaa

Glu

atc

Ile

atg

Met

ccg

Pro

gat
Asp

315

tga

<212> DNA <213>

Ile Arg

220

cgg

Arg

tgyg

Trp

ada

Lys

aag

Lys

tca
Ser

300

gaa

Glu

tac

Tyr

gac

Asp

gag

Glu

ctg
Leu

285

ttt

Phe

agc

Ser

Ala

tte

Phe

caa

Gln

aac
Asn

270

aaa

Lys

gga

Gly

atc

Ile

al
cac

His

age

Ser

gca
Ala

255

aca

Thr

agc

Ser

aga

Arg

aag

Lys

Sequence:
ggg 672
Gly
tta 720
Leu
240
aga 768
Arg
tgg 816
Trp
agc 864
Ser
tecg 912
Ser
gtt 960
Val
320

993

for
<212>



<400> 26 ctcaatgctt ttgttccttg actc 24 <210> 27 <211> 32 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:

Desi gned ol i gonucl eotide primer for PCR <400> 27 tccccgcgga aaatgttctt
acggttaggt ag 32 82/87 <210> 28 <211> 33 <212> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: Designed

ol i gonucl ¢Qf i:de REd WRE L&ogaf@%%f vL&aticggt cgact tatgattctg tatctgaagg
cgs 33 <210>29 <211> 32 21 <213> Artificial Sequence <220>

328 330

<210> 20
<211> 330
<212> PRT

<213> Arabidopsis thaliana

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

Thr Arg Phe Ser Gly Glu Ile Val Asn Ser Asp Lys Ile Gln Phe Tyr
65 70 75 BGC

Asp Gly Leu Lys Val Thr Thr Asn Gln Met Ser Ile Leu Glu Arg Cys

85 a0 95
Gly Val Pro Hig His Leu Leu Gly Glu Leu Prc Pro Asp Asp Ser Glu
100 105 i1¢
Leu Thr Thr Ser Glu Phe Arg Ser Leu Ala Ser Arg Ser Ile Ser Glu
115 120 125
Ile Thr Ala Arg Gly Asn Leu Pro Ile Ile Ala Gly Gly Ser Asn Ser
130 135 - 140
Phe Ile His Ala Leu Leu Val Asp Arg Phe Asp Pro Lys Thr Tyr Pro

145 150 155 160

77/87



<223> Description of Artificial
for PCR <400> 29 gatcccagct agctagggcc ctaccgcggg ga 32
<212> DNA 83/87 <213> Artificial

Artificial Sequence:
ctagtccccg cggtagggcc ctagctagct gg 32

152862432 4&S

ArtificiabySequeg

Desi gned ol | gonucl eot1 de pri ner
aacttgtgag ¢ 31 <210> 32 <211> 33

Phe Leu Trp

Lys Arg Val
195
Gly Phe Tyr
210
Ile His Lys
225

Tyr Pro Pro

Lys Gly Ala

Arg Leu Ala
275
Gly Trp Asp
290
Ser Arg Glu
305

Val Lys Arg

<210> 21
<211> 125

<212> PRT

Val

180

Asp

Asp

Thr

Glu

Tyr

260

Lys

Tle

Ile

Phe

Sequence:

Sequence
Desi gned ol i gonucl eoti de pri mer

for

Asp Val Ser Val

Gln Met

Pro Arg

Ile Gly

230
Arg Lys
245

Asp Giu

Lys Gln

Gln Arg

Trp Asp

310

Leu Val

325

Met

Tyr

215

Ile

Gln

Ala

Ile

Leu

225

Agn

Lys

Glu

200

Ser

Pro

Lys

val

Glu

280

Asp

Thr

Asp

<213> Saccharomyces cerevisiae

<400> 21

for
<210> 31 <211> 31

Desi gned ol i gonucl eoti de pri mer

<210> 30 <211> 32

<220> <223> Descri ption of
PCR <400> 30

<212> DNA <213>

Li Rhion Of Artifegl @ uence:
gPCRl& )> 3 r%%cccgcgzgggaatgtctat

<400> 3
<212>oDNA

Ser Val Leu Phe
185

Ser Gly Met Phe

Gly Ser Ala Ile
220

Glu Phe Asp Arg

235
Met Ser Glu Trp
250
Gln Glu Ile Lys
265

Arg Ile Met Lys

Ala Thr Proc Ser
300
Val Leu Asp Glu
315
Lys Val

330

78/87

Glu

Glu

205

Arg

Tyr

Asp

Glu

Leu

285

Phe

Ser

TyrY

190

Glu

Ala

Fhe

Gln

Asn

270

Lys

Gly

Ile

175

Leu

Leu

His

Ser

Ala

255

Thr

Ser

Arg

Lys

Ser

Ala

Gly

Leu

240

Arg

Trp

Ser

Ser

Val

320



<213> Artificial
Sequence: Desi gned ol i gonucl eoti de
ctagctagct taacaaggtt caaagaatct tgc 33
Artificial

Sequence

Sequence

PCR

<220> <223> Description of Artificial
84/ 87 prinmer for
<210> 33 <211> 33 <212> DNA <213>

<400> 32

<220> <223> Description of Artificial Sequence:

Desi gned ol i gonucl eoti de pri mer

<220> <223> Description of Artificial

pri mer

for

PCR <400> 33 tccccgcgga aaat gaaagc
acgaggt 9ag:1 9@ -3 21033 2Ll vaA2varhead N £ 34 3>vAY hbd iahal Sequence

Sequence:

Desi gned ol i gonucl eoti de

fori1PCR <400> 34 sctagctagct taacaaggtt caaagaatttigc 32 85/ 87

Glu Val

Leu Ala

Ser Lys

50

Lys Val

65

Tyr Thr

Ile Lys

Ile Lys

<210> 22

Ile

Cys

35

Gly

Asp

Ser

Glu

Arg

115

<211l> 118

<212> PRT

Lys

20

Asp

Glu

Gly

Pro

Cys

100

Pro

Arg Met

Gly Gln

Asn Tyr

Leu Leu

70

Ile val

B85

Leu Glu

Lys Leu

<213> Bscherichia coli

Leu

Glu

Asn

55

Ser

Ala

Ser

Lys

Asn

Ala

40

Met

Thr

Leu

Gly

Thr

120

Leu Glu

25

Phe Asp

Ile Phe

Lys Met

Thr Ala

90

Met Asn

105

Ile Leu

79/87

Gly

Lys

Met

Ile

75

Phe

Gly

Thr

Ile

val

Asp

60

Arg

Ala

Phe

Glu

Glu

Lys

45

Val

Arg

Asp

Leu

Phe

125

Asn

30

Glu

Gln

Asp

Asp

Ser

110

Ile Glu

Leu Thr

Met Pro

Leu Gly

BO

Ser Asn

95

Lys Pro



<210> 35 <211> 30

<212> DNA <213> Artificial

Description of Artificial
PCR <400> 35 aaaat gaagt gtaatgacaa aatggttgtg 30
<220> <223> Description of Artificial

DNA <213> Artifici al

Sequence

Sequence:

Sequence: Designed ol i gonucl eotide priner
ttgcggtgatgifagtc 27

Sequence <220> <223> Description of Artificial

for

Sequence
Desi gned ol i gonucl eoti de pri ner
<210> 36 <211> 27

<220> <223>

for
<212>

PCR <400> 36 gacatttgtt
<210> 37 <211> 34 86/87 <212> DNA <213> Artificial

Sequence: Designed

ol i gonucl eehixe psp Mee mMdtOt1LCTRBu val val Asp Asp His Pro Ile Asn Arg

1

Arg Leu Leu

Ala Asn Asp

is

Asp Ile Val

50

Leu Thr Gln

65

Val Thr Ala

Gly Met Asp

Gln Ser Leu

115

<210> 23
<211> 31

«212> DNA

Ala

20

Gly

Leu

Arg

Asn

Ser

100

Thr

5

Asp

Val

Ser

Ile

Ala

85

Cys

Leu

Gln

Asp

Asp

Arg

70

Leu

Leu

Tyr

Leu

Ala

Val

55

Gln

Ala

Ser

<213> Artificial Sequence

Gly

Leu

40

Asn

Leu

Glu

Lys

Ser

25

Asn

Met

Gly

Glu

Pro

105

1¢

Leu

val

Pro

Leu

Lys

9¢C

vVal

80/87

Gly

Leu

Asn

Thr

75

Gln

Thr

Tyr

Ser

Met

60

Leu

Arg

Leu

Gln

Lys

45

Asp

Pro

Cys

Asp

Cys

30

Asn

Gly

val

Leu

Val

110

15

Lys Thr

His Ile

Tyr Arg

Ile Gly

B0

Glu Ser

95

Ile Lys



<400> 37 ttatacatat gaagccatgc atgacggctc taag 34 <210> 38 <211> 28 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 38 cgggatcctc
accgggaaat cgccgcca 28 87/87

<220>
<223> Description of Artificial Sequence:Designed ocligonucleotide primer

for PCR

<400> 23

accatgaact gggcactcaa caatcatcaa g 31

<210> 24
<211> 30
<212> DNA

<213> Artificial Sequence

<220>
223> Description of Artificial Sequence:Designed oligonucleotide primer

for PCR

<400> 24

ggattacgac gaaggtgaga taggattagg 30

<210> 25
<211l> 24
<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:Designed oligonuclectide primer

for PCR

81/87



<400> 25

tcagatatga actgggcact caac 24

«<210> 26
<211> 24
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed oligonuclectide primer

for PCR

<400> 26

ctcaatgett ttgttcettg actc 24

<210> 27
<211> 32
«212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed cligenucleotide primer

for PCR

<400> 27

tccecocgegga aaatgttett acggttagat ag 32

82/87



<210> 28
<211> 33
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed oligonucleotide primer

for PCR

<4C0> 28

tcggtcgact tatgattctg tatctgaagg cga 33

<210> 29
<211> 32
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed oligonucleotide primer

for PCR

<400> 29

gatcccagcet agctagggcece ctaccgcggyg ga 32

<210> 30
<211> 32

<212> DNA

83/87



<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence:Designed oligonucleotide primer

for PCR

<400> 30

ctagtcoeoed cggtagggec ctagoetaget gg 32

<210> 31
<211l> 31
<212> DNA

<213> Artificial Sequence

<220>
«223> Description of Artificial Sequence:Designed oligonucleotide primer

for PCR

«<400> 31

tcocogogga aaatgtetat aacttgtgag ¢ 31

<210> 32
<21ll> 33
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Seguence:Designed oligonucleotide

84/87



primer for PCR

<400> 32

ctagctagct taacaaggtt caaagaatct tgc 33

<210> 33
<211> 33
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed oligonucleotide primer

for PCR

<400> 33

tcocecgogga aaatgaaadge acgaggtgag agg 33

<210> 34
<211> 32
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed oligonucleotide primer

for PCR

<400> 34

ctagctagct taacaaggtt caaagaattt gc 32
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<210> 35
<211> 30
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:Designed oligonucleotide primer

for PCR

<400> 35

aaaatgaagt gtaatgacaa aatggttgtg 30

<210> 386
<211l> 27
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed oligonucleotide primer

for PCR

<400> 36

gacatttgtt ttgecggtgat attagtce 27

<210> 37

<211=> 34
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<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed oligonucleotide primer

for PCR

<400> 37

ttatacatat gaagccatgc atgacggctc taag 34

<210> 38
<211> 28
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed oligonucleotide primer

for PCR

<400> 38

cgggatcctc accgggaaat cgccgeca 28

87/87



