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AND CYTORININ BIOSYNTHESIS ENZYME OF THE INVENTION 5 FIELD OF THE INVENTION
The present invention relates to a method for analyzing 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 a8 important
physiologically active substances having functions of inducing division of
cells of higher plants) differentiating callus or pith to stems and leaves
, preventing ethiolating and defoliating, 15 preventing dropping of fruits
, breaking dominance of apical buds , and the like [Cytokinias: Chemistry,
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 Physioi. (2001) 42, 677-685; J.
Biol. Chem. (2001) 276, 26405-26410: and w02002072818A1]. 



Substances having the activity of controlling 25 biosynthesis of cytokinins
can be used as plant growth regulators, 1   for example) agents for
preventing the dropping of fruits such as apples and oranges, agents for
preventing plants such as rice plants and wheat from falling down by
regulating the height of such plants) agents for increasing sweetness of
fruits after 5 harvest, and agents for suppressing axillary buds of
tobaccoas or roses. As a method for finding such substances having the
activity of controlling biosynthesis of cytokinins, a method, a.n which
examinee substances era directly sprayed to plants to observe 10 and
evaluate the physiological Changes of the plants, can be employed. The
aforementioned method has a problem in that it is necessary to prepare the
examines substances in amounts sufficient to directly spray them to plants
sad it takes a great 15 deal of time to grow the plants and to observe and
evaluate the physiological Changes of the plants after spraying of the
examines 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 examines
substances. SUMMARY 08 THE INVENTION Inventors of the present invention
have intensively investigated in such situations and they have found a
transforme8 z5 cell co-expressing a cytokinin receptor and a cytokinin 



z   biosynthesis enzyme for use in analyzing the activity of controlling
biosynthesis of cytokinias of examinee substances and quickly searching
substances having the activity of controlling biosynthesis of cytokinins
with small amounts of 5 samples, leading to the completion of the present
invention. The present invention provides: 1. A cell transformed with a
polynucleotide comprising a nucleotide sequence encoding an 3m.-no acid
sequence of a cytokiain receptor and 10 a polynuoleotide comprising a
nucleotide sequence encoding an R^1no acid sequence of a cytokinin
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 amino acid sequence represented by
SEQ ID No: 2s _ (b) a cytokinia receptor having the amino acid sequence
represented by 58Q ID No: 4~ 20 (c) a cytokinia receptor having the amino
acid sequence represented by SSQ ID No: 6; (d) a partially transmembrane
region-deleted type cytokinin receptor; (e) a cytokinin receptor having the
amino acid sequence 25 represented by amino acids l96 to 1176 of SBQ ID No:
4; 3   (f) a cptokinin receptor having the amino said sequence represented
by amino aoids 50 to 1176 of SHQ ID No: 4; (g) a cytokinin receptor having
the amino aoid sequence represented by amino acids 32 to l036 of S$Q ID No:
6; s (h) a chimera-type cytokinin receptor comprising an axtracellular
region Of the cytokinin receptor, transmembrane regions of the cytokinin
receptor, a histidine kinase region of the cytokinin receptor, and a
receiver region of the histidine kiaase, wherein said extracellular region,
said transmembrane to regions and said histidine kinase region era
homogeneous to one another and the receiver region is heterogeneous
thereto; (i) a cytokinin receptor having the amino said sequence of (a),
(b), (c), (e), (f), or (g) with deletion, substitution, or addition of one
or a plurality of amino acids: cad 15 (,j) a cytokinin receptor having an
amino acid sequence encoded by a nucleotide sequence of a poipnuaieotide,
wherein said polynucleotide hybridises under a stringent condition to a
polynucleotide that has a nucleotide sequence complementary to a nucleotide
sequence encoding the amino acid sequence 



20 represented by SEQ ID Nos: 2, 4, or 6; 3. The transformed cell according
to claim 1, wherein said cptokinin biosynthesis enzyme is a
isopentenyltransferase; 4. The transformed cell according to claim 1,
wherein said cytokinin biospazhesis enzyme is seleaced from the group 25
COnSiSting Of: 4   (a) a cytokinin biosynthesis enzpme having the amino
acid sequence represented by SEQ ID Ho: 8: (b) a cytokinin biosynthesis
enzyme having the amino acid sequence represented by SEQ ID No: 10: 5 (c) a
cytokinin biosynthesis enayme having the amino acid sequence represented by
SEQ ID No: 12; (d) a cytokinin biosynthesis enzyme having the amino acid
sequence represented by SEQ ID No: 14f (e) a cytokinin biosynthesis enzyme
having the amino acid 10 sequence represented by SEQ ID No: 16; (f) a
cytokinin biosynthesis enayme having the amino acid sequence represented by
SEQ ID No: 18; ( g) a eptokiain biosynthesis enapme having the amino aoid
sequence represented by SEQ ID No: 20; 1s (h) a oytokinin biosynthesis
enzyme having the amino acid sequence represented by S8Q ID Nos: 8) 10, 12,
14, 16) 18, or 20 ovith deletion, substitution) or addition
of-one-ors-plurality of amino acids; and (i) a eytokiain biosynthesis
enzyme having an amino acid 20 sequence encoded by a nucleotide sequence of
a polynucleotide. 



vrherein said polynucleotide hybridizes under a stringent condition to a
polynualeotide that has a nucleotide sequence compiemeatary to a nucleotide
sequence encoding the amino acid sequence represented by SEQ ID Nos: 8, 10)
12, 14, 16, 18, or 25 20: 5   5. The transformed cell according to claim l,
wherein said cell is yeast; and 6. The transformed cell according to claim
1, wherein said cell is budding yeast. 5 Further scope of applicability of
the present invention 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 illustration 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 specification and the claims which
follow, 1S unless the context requires otherwise, the word "comprise" , and
variations such as 'comprises" and "comprising', will be understood to
imply the inclusion of a stated isteges-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 Hereinafter, the
present invention will be described in detail. 



A aytokinin biosynthetic pathway in plants has been Z5 considered to
include isopentenylation of some kind of adenine 6   structure, because
cytokinias contain an isopentenyl group or a hydroxylated isopentenyl
group. In recent years, it has been Bound that the key step of cytokinin
biosynthesis in plants is i isopentenylatioa of adenosine-5'-triphosphate
and/or 5 adenosine-5'-diphosphate with dimethylallyl diphosphate as
isopentenyl donor, more concretely, transfer of an isopentenyl group frora
dimethyla11y1 diphosphate to N6 of adenosine-5'-triphosphate and/or
adenosine-5'-diphosphate. An enayme which oan catalyze the
isopantenylation, more l0 concretely, an enzyme which can catalyze the
transfer of the isopentenyl group, such as isopentenyitransfarase, is a
representative example of Cytoicinin biosynthesis enzyme to be used in the
present invention. 15 Practical examples of the cytokinin biosynthesis
enzymes are a cptokinia biosynthesis enzyme having the amino acid sequence
represented by S8Q ID No: 8; a cytokinin biosynthesis enzyme having the
amino acid sequence represented by S8Q ID No: 10: a cytokinin biosynthesis
enzyme having the amino acid 20 sequence represented by SEQ ID No: 12~ a
cytokinin biosynthesis enzyme having the amino acid sequence represented by
SSQ ID No: 14; a cytokinin biosynthesis enzyme having the amino acid
sequence represented by S8Q ID No: 16; a cytokinin biosynthesis enzyme
having the amino acid sequence represented by S8Q ID No: 25 18; a cytokinin
biosynthesis enzyme having the amino aoid 7   sequence represented by SEQ
ID No: 20; a cytokinin biosynthesis enzyme having the amino aoid sequence
represented by S8Q ID Nos: 8. 10, 12, 14, 16, 18, or 20 with deletion)
substitution, or addition of one or a plurality of amino acids; a cytokinin
5 biosynthesis enzyme having an amino acid sequence encoded by a nualaotide
sequence of a polynucieotide, wherein said polynucleotide hybridizes under
a stringent condition to a polynucleotide that has a nucleotide sequence
complementary to a nncieotide sequence encoding the amino acid sequence to
represented bySBQIDNos: 8, 10, 12) 14) 16, 18, or20: acytokinin
biosynthesis enzyme having an amino acid sequence encoded by a nucleotide
sequence of a polynualeotide, wherein said poipaucleotide hybridizes under
a stringent condition to a polpaucleotide that has a nucleotide sequence
complementary to 15 the nucleotide sequence represented.by SEQ ID Nos: 7)
9, 11, 13, 15) 17. or 19s sad 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 90$ or higher, and more preferably 95%
or higher era identical with the sequences of the amino acids before the
deletion, 25 substitution or addition of amino acids ( i, e. amino acid
sequence 8   identity of 80% or higher, particularig 90% ox higher, and
more preferably 95% or higher). Those phrases) 'the amino acid sequence w
with deletion, substitution) or addition of one or a plurality of amino
acids" 5 or'theaminoacidsequencesofwhich80%orhigher.areidentical' include
amino acid sequences of the proteins provided by the intracellular
processing to which proteins having the amino acid sequences represented by
SSQ ID Nos : 8 , 10 , 12, 14 ( 16 , 7.8 , or 20 are subjected. and the
natural variations caused by 1o differences in type of organisms from which
the proteins era 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 sgatem--(or Histidiae to Aspartic acid
phosphorelay system) while being specifically bonded with cytokinins such
as purine tppe 20 cytokinins, e.g. kinetine) zeatine, and the like, and
urea type cytokinias.a.g.N-phenyl-N'-(4-pyridyi)urea andthe like. The
cytokinin receptor to ba used i.n the present invention belongs to the
hfstidine kinase family and is protein composed of extraceilular
regions.transmembrana regions, histidine kinase 2S regions (regions having
histidine kinase activity is the cell 9   and holding 8istidine residue to
be an active site ) , and receiver 



regions (regions having a reception part for phosphate group transfer and
holding Aspartic avid residue to be as active Site ) . Practical examples
of the cytokinin receptor are a 5 cytokinin receptor having the amino acid
sequence represented by SBQ ID No : 2 ; a eytokinin receptor having the
amino acid sequence represented by SBQ ID No: 4; a cytokinin receptor
having the amino acid sequence represented by SBQ ID No: 6; a cytokinin
receptor having the amino avid sequence represented by 58Q ID l0 No: 2 with
deletion, substitution, or addition of one or a plurality of amino acid a
cytokinin receptor having the amino acid sequence represented by SBQ ID Noa
4 with deletion. substitution) or addition of one or a plurality of amino
acids; a cytokinin receptor having the amino avid sequence represented i5
by SBQ 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-sequence cf--a poiynueleotide, wherein
said poiynucleotide hybridises under a stringent condition to a
polynucleotide that has a nucleotide 20 sequence complementary to a
nucleotide sequence encoding the amino acid sequences represented by S8Q ID
No: 2; a cytokinin receptor having an amino acid sequence encoded by a
nucleotide sequence of a polynucleotide, wherein said polpnualeotide
hybridises under a stringent Condition to a poiynuoieotide that 25 has a
nucleotide sequence complementary to a nucleotide sequence 10   encoding
the amino acid sequences represented by 88Q TD No ~ 4 r a eytokinin
receptor having an amino acid sequence encoded by a nucleotide sequence of
a polynueleotide, wherein said polynucleotide hybridizes under a stringent
cozxdition to a 5 polynueleotide that has a nucleotide sequence
complementary to a nneieotide sequence encoding the amino acid sequences
represented by SEQ ID No a 6; a cytokinin receptor having an amino acid
sequence encoded by a nucleotide sequence of a polynucleotide, wherein said
polynueieotide hybridizes under 10 a stringent Condition to a
polynucleotide that has a nucleotide sequence complementary to the
nucleotide sequeace represented by SEQ ID Nos: 1, 3, or 5; cytokinin
receptors of partially transmerabrane region-deletedtppewhich w311 be
describedlater; chimera-type cptokinin receptors which will be described
later; i5 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 Z to 5 atoino aids array 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 amino acid sequences of which 80% Or higher,
preferably 90% or higher, and more preferably 95% or higher are ideatieal
with the sequences of the amino acids before the deletion) substitution or
addition of amino acids ( i. a . amino acid sequence identity of 80 % or
higher, 25 particularly 90% or higher, and more preferably 95% or higher) .
11   Those phrases, `the amino acid sequence ... with deletion,
substitution or addition of amino acids" or `the amino said sequences of
which 80% or higher ,. are identical" include amino acid sequences of the
proteins provided by the intracellular 5 processing to which proteins
having the amino acid sequences represented by SEQ ID Noas 2. 4, and 6 are
subjected, and the natural variations caused by differences in type of
organisms from which the proteins are derived) differences in individual
bodies, differences in tissues, sad 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 o the comparison objects.
The DNA or proteins, the comparison objects, may have addition or delatioa
(e: g: gap and the ike) is the optimum alignment of two sequences.
Regarding such sequence ideatitp, computation may be performed using, for
example) Vector NTI by 2D 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 aaaiysis software,
practically Vector NTI. GBNETYX-MAC and analysis tools provided is public
databases. The aforemeationad pubiia databases may 2~ be, in general,
accessible in, for example, the webpage 12   (httpe//~.ddbj.nig.ac.jp) of
the DNA Data Bank of Japan (the international databank operated within the
Center for Information Biology and DNA Data Bank of Japan). Regarding the
phrase, "hybridizes under a stringent 5
condition',hybridizationinthiseasemaybeperformedaccording to a conventional
method described in) for example, Molecular Cloning 2nd edition, written by
Sambrook J., Frisch 8. F.) Maniatis T. , issued by Coid Spr3.ng Harbor
Laboratory press. As the 'stringent condition" , there can be mentioned,
for example, 10 the conditions under which a hybrid is formed is a solution
of 6 x SSC (a solution containing 1.5 M NaC1 and 0.15 M trisodium Citrate
is defined as 10 x SSC) at 65C and then the hybrid is washedrrith 1 x SSC
at a room temperature. The salt concentration in the washing step may be
selected, for example, rom the 15 condition of 1 x SSC at a room
temperature (a low stringent condition) to 0.1 x SSC at a room temperature
(a high stringent condition)-:- The temperature is the
washingatepmaybeselectad; for example, from a zoom temperature' ( a low
stringent condition ) to 68C (a high stringent condition) . Further, both
of the salt 20 ~concentratioa cad the temperature may by changed.
production of a cell that is transformed with a polynucieotide comprising a
nucleotide sequence encoding as amino acid sequence of a cytokinia receptor
and a polynucieotide 25 co~mprisiag a nucleotide sequence encoding an amino
said sequence 13  



of a cytokinin biosynthesis enzyme will ba described below. A cell
transformed with a polynucleotide comprising a nucleotide sequence encoding
an amino acid sequence of a cytokinin receptor and a polynuoleotide
comprising a nucleotide 5 sequence encoding an amino acid sequence of a
cytokinin biosynthesis enayme may be obtained by introducing into a host
cell, for example) in the following manner, a polynucleotide comprising a
nucleotide sequence encoding an amino acid sequence of a cytokinin receptor
and a polynucleotide comprising a to nucleotide sequence encoding an amino
acid sequence of a cytokinfn biosynthesis enzyme. (1) Preparation of aDNA
At first, the total RNA is prepared from plants such as i5 higher plants
according to the method described in, for example, Molecular Cloning 2nd
edition written by J. , Sambrook) S. , F. , Frishah) T.) ~iastis.
Concretely, for example, after a part of tissues are sampled from a higher
plant, the tissues are frozen in liquified 2o nitrogen and successively
physically milled using a mortar and pestle or the like. The total RNA map
then be obtained by methods in which ( a ) the resulting milled product is
mixed with a solution containing guanidine hydrochloride with phenol or a
solution containing SDS with phenol to obtain the total RNA Or (b) the a5
resulting milled product is mixed with a so7.ution containing 14
guanidine thiocyanata and further with CsCl and then subjected to
centrifugal separation to obtain the total RNA. examples of the higher
plant include a monocotyledonous plant) e.g. rice, corn, barley, wheat and
the like and a dicotyledonous plant) 5 e.g. tobacco, soybean, Arabidopsis,
and the like. For the aforementioned process, commeroialized kits such as
ISOGBN (produced by Nippon Gene Co.)) RNeasy Total RNA Purification Kit
(produced by QIAGSN Co.), and the like may be employed. 



Next, mRNA is prepared from the total RNA. For example. 10 the preparation
may be carried out by a method utilising the hybridization of oligo-dT
chains bonded with cellulose or latex and poly(A) chains of mRNA. For the
operation, for example, commercialized kits such as mRNA Purification Kit
(produced by Amersham Pharmaaia Co.), OLIGOTEX~ dT30 super (Oiigo(dT)iatex
15 beads) (produced by Takara Shuzo Co. Ltd.), and the like may be
employed. Further, cDNA-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 then reacted with
reverse transeriptase to produce cDNA. Further, the eDNA is reacted with,
for example, RNaseH) DNA polymerase I to produce double-stranded cDNA. For
the operation, for exempla, the following commercialised kits may be
employed: SMARTa` PCR cDNA Synthesis Kit (produced by Clontech Co. ) , cDNA
25 Synthesis Kit (produced byTakara Shuzo Co. Ltd. ) , cDNA Synthesis 15
Kit (produced by Amersham Pharmacies Co.), ZAP-cDNA Synthesis Kit (produced
by Stratagene Co.) and the like. (2) Cloning 5 A polynucleotide comprising
a nucleotide sequence encoding an amino acid sequence of a cytokinin
receptor may be obtained by a polpmerase chain reaction (hereinafter
referred as to PCR) from the produced cDNA using, for example, a
polpnualeotide having partial nucleotide sequence of the 10 nucleotide
sequence of S$Q ID Nos_ 1) 3 or 5 as a primer or by a hybridization method
using a polpnualeotide having partial nucleotide sequence of the nucleotide
sequence of SHQ ID Nos: 1. 3 or 5 as a probe. Ia a similar manner, a
polynuoleotide comprising a nucleotide sequence encoding an amino said
sequence 15 of a cytokinin biosynthesis enzyme ~y be obtained by a PCR
using) for example,apoiyaucleotide having partial nucleotide sequence - of
the nualeotida sequence of--SgQ ID Nos-.-7-,-4,--11r 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 S8Q ID Nos: 7, 9, 11,
13, 15, 17 or 19 as a probe. In the case of employing PCR, polynualeotides
unable as a primer set is those deaigaed and syntheai.aed based on the 25
nucleotide sequences of about 20 by to 40 bp, for example) the 16  



nucleotide sequences selected respectively from 5'-non-coding regions and
3'-non-coding regions of the aualeotide sequence represented by SEQ ID Noss
1, 3. or 5. 8samples of the primer set are sets of the polynucleotide of
nucleotide sequence 5 represented by S&Q ID No : 23 and the polynueleotide
of nucleotide sequence represented by SEQ ID Noi 24. The PCR solution to be
used may be prepared by adding reaction solutions instructed by the kit to
250 ng of oDNA. The aoaditiona of the PCR may properly be changed depending
on the primer set to be used cad) 10 for example, concrete conditions
include as follows: keeping at 94C for 2 minutes, and then at about 8C for
3 minutes) and further repeating 40 cycles each of which comprises steps of
keeping at 94C for 30 seconds, at 55C for 30 seconds) and at 72C for 4
minutes and repeating 5 to 1o cycles each of which 15 comprises steps of
keeping at 94C for 5 seconds and at 72C for 4 minutes, and further
repeating about 2o to 40 cycles each -of which comprises steps of keeping
at 94C for-5 seconds-and at 70C for 4 minutes. For the operation, the
following commercialized kits may be, for example, employed: HERCULASE~ 20
(DNA polymerase)(produced by Stratageae Co., Ltd.), DNA polymerase
contained in Advantage cDNA PCR ICit (Clontech Co. ), TAICARA 8x Taq
(Takara Shuzo Co., Ltd.), Pr.ATINUM~ PCR SZTPER (thermostable DNA
polymerase in a PCR reaction mix) (Lifetech Oriental Co.), and the like. 25
17   In the ease of employing hybridization) cloning may be carried out
according to a method described in, for example. 'Cloning and Sequence',
Experimental Manual of Plant 8lotechnologp (edited by Watanabe and Sugiura,
Noson 8unka 5 Publisher, 1989) The probe to be used may be obtained by
preparing polynucleotide (with the chain length of about 200 nucleotides to
500 nucleotides) having partial nucleotide sequences of the nucleotide
sequence represented by SEQ ID Nos: 1, 3 or 5 and 



l0 labelling the polynucleotide with radioisotope markers or fluorescent
markers according to the known methods using, for example,
RandcmprimedDNALabe111ngKit (HoehringerCO. ) , Random Primer DNA Labelling
Kit Ver. 2 (Takara Shuzo Co., Ltd.), ECL Direct Nucleic Acid Labelling and
Detection System (Amersham 15 Pharmacla Co.), Megaprime DNA-labelling
system (Amersham Pharmacia Co.) and.the like. 8xamples of the hybridization
conditions include stringent conditions and the following conditions map ba
exemplified: keeping at 65C in the presence of 6 x SSC (0.9 20 M NaCl and
0.09 M trisodium citrate)) 5 x Denhard's solution (0.1% (w/v) ficoll 400,
0.1% (w/v) polyvinylpyrroiidone) 0.1% 8SA] , 0.5% (w/v) SDS and 100 ~g/ml
degenerated salmon sperm DNA or is DIG EASY Hyb solution
(HOeringer-Mannheim Co. ) containing l00 ~ag/m1 of degenerated salmon sperm
DNA, successively keeping 25 at a room temperature for 15 minutes two times
in the presence 18   of 1 x SSC (0.15 M NaCi and 0:015 M trisodium citrate)
and 0.5% (w/v) SDS, and further keeping at 68C for 30 minutes in the
presence of 0.1 x SSC ( O. 0l5 MNaCl and 0 . 0015 M trisodium citrate ) and
0.5% SDS. 5 In order to obtain a polynucleotide coding the eytokinin
receptor of Arabidopsis, PCR can be carried out employing TARARA LA taq~
(thermostable DNA polymerase) (Takara Shuzo Co. , Ltd. ) and using a
solution containing cDNA library phage of Arabidopsis (about 1,p00, 000
pfu) as a template and a polynucleotide having 10 the nucleotide sequence
represented by SBQ ID No: 25 and a polynualeotide having the nucleotide
sequence represented by SEQ ID No: 26 as a primer set to amplify and obtain
DNA to be aerobe. Inordartoobtain apolynualeotide codingthe cytokinin
biosynthesis enayme of Arabidopsis, PCR Can be carried out 15 employing
TARARA LA taqs" (thermostable DNA polymerase) (Takara Shuzo Co., Ltd.) and
using a solution containing cDNA iibraiy phage Of
Arabidopsis.(sbout-1,000,00-0 pfu) as a- empiata and polpnucieotides having
partial nucleotide sequence of the nucleotide sequence of SEQ ID Nosr 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 94C for 2 minutes, and then at 8C
fox 3 minutes, and further repeating 25 40 cycles each of which comprising
keeping at 94C for 30 seconds, 19  



at 55C for 30 seconds, and at 68C for 5 minutes. Using the amplified and
obtained DNA as a template, a 32P-labeled probe may be produced employing
Megaprime DNA-labelling system kit (Amersham Pharmaoia Co. ) and using the
5 reaction solutions instructed by the kit. Using the probe obtained in
such a manner) colony hybridization is carried out by a conventional
method, practically the hybridization is carried out keeping at 65C in the
presence of 6 x SSC (0.9 M NaCl and 0. 09 M trisodium nitrate ) , 5 x
Denhard's solution [ 0 _ 1% 10 (oP/v) ficoll 400, 0.1% (w/v)
polpvinylpyrrolidone) 0.1% SSA] , 0_5% (w/v) SDS and l00 ~g/ml 8egenerated
salmon sperm DNA or in the DIG EASY Hyb solution ( Boeringer-Mannheim Co .
) containing 100 pg/ml of degenerated salmon sperm DNA, successively
keeping at a room temperature for 15 minutes two times is the presence 15
of 1 x SSC ( 0.15 M NaCl and 0. 015 M trisodium citrate ) snd 0. 5% (w/v)
SDS, and further keeping at 68 C for 30 minutes in the presence of-0-:1
x-SSC ( 0 : 015-M NaCl-and 0 _ 0015 M sodium citrate) and 0.5% SDS to
obtain clone hybridized with the probe. 20 Further, a polpnucleotida coding
the Cytokinin receptor may be prepared based on, for example, the
nucleotide sequence represented by SEQ ID No: l, 3 or 5 by chemical
synthesis of polynucieotides according to a conventional method such as
phosphita-triester mathod(Hunkapiller, M_ et al.,Nature. 310) 25 l05,
1984). In a similar manner) a polynucleotide coding the 20   cytokinin
biosynthesis enayme may be prepared based on, for example, the nucleotide
sequence represented by SSQ ID No: 7, 9, li, 13, 15) 17 or 19 by chemical
synthesis of polynucleotides. 5 The polyaucleotide comprising a nucleotide
sequence encoding an amino acid sequence of the cytokinin receptoz and the
polynucleotide comprising a nucleotide sequence encoding an amino aoid
sequence of a Cytokinin biosynthesis enzyme) obtained in such a manner, may
be cloned in a vector by a 10 conventional method described in) "MOieculax
Cloning: A Laboratory Manual 2nd edition" (1989). Cold Spring Harbor
Laboratory Press; "Current Protocols In Molecular Biology' (1987) ( John
Wiley & Sons, Inc. ISBNO-471-50338-X, and the like. The vector to be used
may be) for example, pBiue Script II vector 



i5 (produoedby StratageneCo.),pUClB/l9veator(producedbyTakara Shuzo Co. ,
Ltd. ) , TA cloning veotor ( produced by Iavitrogea Co . ) , ~d .tee like
Incidentally, the nucleotide sequence of cloned polynucleotide may be
confirmed by, the Maxam Gilbert method 20 (described ia. for example,
Maxam, A_, N & W. Gilbert, Proc. Natl. Aaad. Sai. USA, 74. 560, 1977, and
the like) ( the Sanger method (described ia) for example. Sanger, F. & A.R.
Coulsoa, J. Mol. Biol. , 94. 44l, l975, Sanger, F. &NiCklenandA.R. Couison.
Pros. Natl. Aad. Sai. USA. 74. 5463, l977) and the like). For 25 the
process, the following commercialised kits may be, for al   example,
employed: Thermo Sequenase zI dye terminator cycle sequencing kit (produced
by Amersham Pharmacia Co.), BigDye Terminator Cycle Sequencing FS Ready
Reaction Kit (produced by P8 Biosystems Japan Co.), and the like. 5 (3)
Construction of expression vector ~n expression vector of a poipnucleotide
comprising a nucleotide sequence encoding an amino acid sequence of the
cytokinin receptor and an expression vector of a polynucieotide l0
comprising a nucleotide sequence encoding an amino acid sequence of the
cytokinin biosynthesis enzyme may be constructed according to a
conventional method described ia, for example, Molecular Cloning 2nd
edition vrritten by J., Sambrook) 8.) F., Frisch, & T., Maniastis,
published by Coid Spring Harbor Laboratory 15 Press. Usable era vectors to
be used in host cells to be transformed, for example, independently
replicating vectors which coataia genetic information possible 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 8. coil as the host
cells) for example) PlasmidpUC 119 (produced byTakara Shuzo Co. , Ltd. ) ,
Phagemid pBluescript II (Stratagene Co.) and the ifke may be used. In the
case of using yeast as the host cells, for example, 25 Piasmid pACT2
(Ciontach Co. ) and the like may be used. In the 



22   case of using plant cells as the host calls, for example, a
polpnucleotide comprising a nucleotide sequence encoding an , amino acid
sequence of the cytokinin receptor or a polynucleotide comprising a
nucleotide sequence encoding as amino acid sequence B of the cytokinin
biosynthesis enzyme map be integrated with plasmid pSI221 (Cloatech Co.) to
construct the vectors. An expression vector possible to express a
polynuCleotide comprising a nucleotide sequence encoding as 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 upstream of
the poipnucieotide comprising a nucleotide sequence encoding as amino acid
sequence of the oytokinin receptor is a binding manner of enabling to
function is the host cell. In 15 a similar meaner, an expression vector
possible to express a poiynucleotide comprising a nucleotide sequence
encoding as amino-acid-sequence of-the-cytokinfn--biosynthesis enzyme tn-a
host cell may be constructed by integrating a promoter with the
aforementioned vectors is the upstream of the polynueleotide 20 comprising
a nucleotide sequence encoding an amino acid sequence of the cytokinin
biosynthesis enzyme in a binding manner of enabling to function in the host
cell . Ia these eases , the phrase, 'in a binding manner of enabling to
function', means that the polynucleotid9 Comprising a nuoleotida sequence
encoding an 25 amino acid sequence of the cytokinin receptor or the 23
polynucleotide comprising a nucleotide sequence encoding an amino acid
sequence of the cytolcinin biosynthesis enzyme, and the promoter are bonded
as to express the polynualeotide Comprising a nucleotide sequence encoding
as amino acid eequenae 5 of the cytokinin receptor or the polynucleotide
comprising a nucleotide sequence encoding ass amino acid sequence of the
Cytokinin biosynthesis enzyme in the host cell under the control of the
promoter. Usable as the promoter possible to function la the host cell is
the case of using 8. coil as the host cell i0 are) for example, a promoter
(lace) of lactose operoa of 8. coil, a promoter (trpP) o triptophan operon)
a promoter (argP) of arginine operon, a promoter (gale) of galaatose
operon) a tac-promoter) T7-promoter, T3-promoter, 7~-phage promoter,
(~.-pL. 7~-pR) and the like. In the case of using yeast as the 



15 host cell, it may be prepared by a conventional genatia engineering
method [described in Method in $nzymology 101 part (p.192-201) by Ammerer,
et. al. ] from ADlil-promoter (the ADHfipromoter is available from the
yeast expression vector pAAH5 which contains the ADXI promoter and its
terminator and which 20 may be obtained from Washington Research
Foundation). The ADX1 promoter is included in US patent application number
299,733 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. In the 25 case of using a plant cell as
the host cell) usable examples 24   are a nopaline synthesis enzyme gene
(NOS) promoter, an octopine synthesis enzyme gene (OCT) promoter, a
Cauliflower mosdia virus (CaMV)-derived 199 promoter, a CaMV-derived 35S
promoter and the like. 5 Further. in the case of integrating a
polynuoleotide comprising a nucleotide sequence encoding an amino acid
sequence of the cytokinin receptor or a polynucleotide c~prising a
nucleotide sequence encoding an amigo sold sequence of the 1o aptokinin
biosynthesis eazyma into a vector already having a promoter possible to
funotion in a host cell, the polpnueleotide comprising a nucleotide
sequence encoding an amino acid sequence of the Cytokinin receptor or the
polynuoleotide comprising a nucleotide sequence encoding as amino said
sequence of the 15 eytokinin biosynthesis enayme is inserted in the
downstream of the promoter and the polynucleotide comprising a nucleotide
seguence encoding as amino acid sequenceof-the cytokinin receptor or the
poiynucieotide comprising a nucleotide sequence encoding an amino said
sequence of the cytokinin biosynthesis 20 enzyme is fnserted in a manner of
enabling to function. For example, the aforementioned plasmid pACT 2 for
yeast comprises the ADH1 promoter and therefore, an expression vector
possible to express the polynucleotide comprising a nucleotide sequence
encoding as amino acid sequence of the cytokinin receptor or z5 the
polynucleotide comprising a nucleotide sequence encoding 25   



an amino acid sequence of the cytokinin biosynthesis enzyme is yeast, such
as CG1945 (Clontech Co.) may be constructed by inserting the polynucieotide
comprising a nucleotide sequence encoding an amino acid sequence of the
cytokinin receptor or s the polynucieotide comprising a nucleotide sequence
encoding an araino acid sequence o the cytokinin biosynthesis enzyme in the
downstream of the ADX1 promoter of the plasmid pACT2. (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 into a
host cell by a conventional method. As the host call to be used for
production of the transformed cell) examples are bacteria, yeast, plant
cell and the like. As bacteria, examples 15 are bacteria belonging to s.
eoli, Serratia) Haoiilus) Hrevibacterium, Corynabaoterium, Miorobacterium
and the like. As yeast. examples are budding yeast sad fission-yeast
Morepartieulariy, examples are yeast belonging to Saacharomyees,
Schizosaccharomyces and the like. As plant cell, examples are ao BY-2
strain, which is 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.convantional introduction methods 25 are employed according to the
host cell to be transformed. For 26   example, in the case of using
bacteria as the host call) the aforementioned expression vector may be
introduced into a host tail by employing a conventional introduction method
such as acalcium chloride methodandaneleotroporation methoddescribed 5 in,
"Molecular Cloning ^ ( by J . Sambrook, et . al Cold Spring Harbor 19B9).
Ia the Case of using yeast as a host cell, the aforementioned expression
vector may be Introduced into the host cell by employing Yeast
transformation kit (produced by Clontech Co. ) based on a lithium method.
Further, in the case of using to a plant cell as a host cell, the
aforementioned expression vector may be introduced into the host cell by a
conventional introduction method, for example, Agrobaaterium infection
method (Japanese Examined Patent Application No. 2 - 58917, Japanese
Laid-Open Patent Application No. 60 - 70080)) an 15 electroporatioa method
into a protoplast (Japanese Laid-Opea Patent Application No. 60 - 25l887,
Japanese Laid-Open Patent Application No. 5 -_68575_), a particle
gun-method-(Japanese Laid-Open Patent Application No. 6 - 5083l6, Japanese
Laid-Open Patent Application No. 63 - 258525). 20 A transformed cell is
which a aytokinin receptor of partially transmembraae region-deleted type.
i.e. a cytokinin raceptorof atrsnsmembrane quaatityvariationtypeis
introduced. will be described below. 



25 A cytokinin receptor to be used in the present invention 27   includes a
cytokiain receptor wherein said cytokinin receptor has at least one
transmembrane region but less than that in its naturalform(commonly2
to4transmembraneregion)(incidentally, in the present invention) such
cytokinin receptors are sometimes 5 referred as to cptokinin receptors of
partially traasmembrana region-deleted type.) In this Case, the phrase,
"its natural foam" means cytokinin receptors having an amino acid sequence
most frequently existing among organisms having the similar nomeaalature
and generally called also as wild-type cytokinin 10 receptor. ' Such
cytokinin receptors of partially transmembraae regions-deleted type are
cytokiain receptors whose transmambrane region structure map be determined
by employing structure assumption software available is i5
http://www.ch.embnet.org/software/TMPRBD_form.html sad whose transmembraae
regions are partially deleted, for example) in - - 1- to 2 sites; and- ~,e
1-ess ~-a~D-er than the number of ~e transmembraae regions of the natural
type cytokiain 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 represented by SSQ ID No : 4 ( 2 transmembrane regions ) ; a
cytokinin receptor having the amino acid sequence from amino acid number z5
50 to 1176 among the amino acid sequence represented by S8Q ID 28   No: 4
(3 transmembrane regioas); a cytokinfn receptor having the amino acid
sequence from amino aoid number 32 to 1036 among the amino acid sequence
represented by SBQ ID No: 6 (2 transmembrane regions); a cptokinin receptor
having the amino 5 acid sequence derived from the amino acid sequences of
these cytokinin receptors wherein one or a plurality of amino acids era
deleted) substituted or added, for example. cytokinin receptors having the
amino acid sequence derived from the amino aef8 sequences in which one
methionine is added to the 



i0 amino~terminal and the like. The DNA coding the cytokinin receptor may
be constructed as to hold transmembrana 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 1S a
conventional genetic engineering technique. A transformed cell in which the
polynuolaotide comprising a-nucleotide sequence-encoding-as a~aino acid
sequence of the partially transmembrane region-deleted type cptokinin
receptor and thepoipnuoleotidecomprlsing anucleotide sequeaeeeacoding 20 an
amino acid sequence of the cytokinin biosynthesis enzyme are
introducedmaybe producedaccordingtothe aforementioaedmethod, 'Production o
a cell that is transformed with a polynucleotide comprising a nucleotide
sequence encoding an amino acid sequence o a eytokinin receptor and a
polyaucleotide comprising a 25 nucleotide sequence encodfag an amino acid
sequence of a 29   cytokinin biosynthesis enzyme'. A transformed cell to
express chimera-type cytokinin receptor viii be described below. 5 A
cytokinin receptor to be used in the present invention also includes a
chimera-type eytokinin receptor comprising an extracellular region of the
cytokinia receptor, transmembrane regions of the oytokinin receptor, a
histidine kinase region of the cytokinln receptor, and a receiver region
for a histidine l0 kinase. The chimera-type cytokinin receptor has the
extraceiiular zegion, the transmembrane regions, and the histidine lci.nase
region homogeneous to one another and the receiver region for the histidiae
kinase heterogeneous to these regions. Por example) the chimera-type
cptokinin receptor may 15 have said extracellular region, transmembrane
regions, and histi.dine kinase region derived from a cytokinia receptor
selected-from CRE1, AHK2 ( and-At~C3 , and have the raceiver region derived
from the osmosansor SLNl in budding yeast. zo The histidine kinase protein
has the following sequence in common in plants, e.g. higher plants, and
microorganism. That is) histidine kinase protein is composed o an
extracellular region, traasmembrane region (generally about 2 to 4 ) ,
histidine kinase region having histidine kinase activity and holding Z5
Hiatidineresiduetobeaaactivesite) aadreceiverregioahaving 30 



a reception part for a phosphoryl group transfer and holding Aspartic acid
residue to be an active site. In the chimera-type cytokinin receptor, it is
preferable that the extracellular region, the transmembrana regions, and
the histidine kinase 5 region are a11 derived from the identical type of
cytokinin receptor, v~hereas the receiver regions era derived from a
histidine kinase protein that is different from type of the former
cytokinln 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 intrinslC functions of the receiver region of a
histidiae kinase i5 protein comprising the homogeneously derived
axtracellular 1 region) transmembrane regions, and hiatidine kinase region.
As such a receiver region, usable are, for example( a receiver region of
hi.stidine kinase~proteina derived from microorganism(e_g.areceiverregionof
histidinekinaseprotein 2o derived from a microorganism such as yeast, 8.
coil) and more particularly receiver region of histidiae kfnase protein
Coded in SLNI gene derived from budding yeast (e. g. the amino acid
sequence represented by 58Q ID No: 21), receiver region of histi$ine kinase
protein coded is Chey gene derived front 25 Salmonella, receiver region of
histidine kinase protein coded 31   in RcsC gene, which is a hybrid sensor
of E. eoli (Maeda T, et al. Nature: 369 242-245, (1994): e.g. the amino
acid sequence representedby S8Q ID No : 22 ] , receiver region of histidine
kinase protein coded in Phka gene relevant to call cycle control of 5
fission yeast (Shieh, JC, et al. , GeneDev. 11, 1008-1022(l997)1. In the
above, histidine kinase regions o the cytokinin receptor may include the
region present C-terminally downstream from the particular transmembrane
region whirls is the most i0 C-terminally downstream transmembrana region
of the cytokinin receptor. Said histidine kinase region typically has five
conserved motifs which are common to generic histidine kinases as described
in Annual Review of Genetics 23s311-336 (1989). Hicrobiological 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 number 587 to 844 among the amino acid sequence represented by S8Q ID
No: 4 in a case 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
amino acid number 449 to 714 among the amino acid sequence represented by
SEQ ID No: 2 in a case of CR81. Receives regions of the cytokinin receptor
may inciude 25 the region existing between the histidine kinase region and
the 32  



C-terminal end of the oytolsinin receptor. Said region having three
conserved motifs which era common to generic histidine kinases as described
in Annual Review of Genetics 23:311-336 (1989), Science 262s539-544(1993))
and the like. Examples of 5 the region includes a region having the amino
acid sequence from amino acid number 891 to 1163 among the amino acid
sequence represented by SEQ ID No: 4 in a case of AHIC2, a region having
the amino acid sequence from amino acid number 746 to 1018 among the amino
acid sequence represented by SEQ ID Nos 6 in a case io of AtilC3 and a
region having the amino acid sequence from amino acid number 763 to 1038
among the amino acid sequence represented by SfiQ ID No: 2 is a case of
CREl. In addition, a sensor region for cytokiaia means, for example, a
region which is a part of any of the extracellular 15 regions of the
cytokinin receptor, wherein said sensor region is present between a
transmembraae region next to the histidine kinase region and a
transrnembrane region seeonHary close to the histidine kinase region. Said
sensor region typically has 50% or more identity and homology between three
cytokinin receptors 20 of AHR2, AHIC3 and CREl as described in Plant cad
Ceil Physiology 42(2):231-235(2001) and the like. Exampies of the region
includes a region having the amino acid sequence from amino acid number 259
to 536 among the amino acid sequence represented by SEQ ID No: 4 in a case
of AHR2. a region having the ami7~o acid 25 sequence from amino acid number
12o to 399 among the amino acid 33   sequence represented by S$Q ID No: 6
in a ease of AHK3 and a region having the amino acid sequence from amino
acid number l32 to 398 among the amino acid sequence represented by SEQ ID
No: 2 in a case of CRE1. 5 A polyaucleotide comprising a nucleotide
sequence encoding an amino acid sequence of the chimera-type cytokinin
receptor may ba constructed by respectively producing polpnucleotidas
encoding each o the eztraceliular region of i0 the cytok3nin receptor,
transmembrane regions of the cytokiaia receptor, histidiae kinase region of
the Cytokiain receptor, and receiver region for the histidine kinase
protein. ~oiniag the polynucleotides by a conventional genetic engineering
technique so as to prevent appearance of any termination codoa 15 is the
middle while using a proper linker so as to prevent frame shift.
Incidentally) one polynucleotide may be utilized to provide the
polynncleotide encoding the-extracellulsr-region of the cytokinin receptor
and transmembrane regions of the cytokiain receptor, or the polynucleotide
encoding the 20 extracellular region of the cytokinin receptor,
transmembrane regions of the cytokiain receptor, and histidiae kinase
region of the cytokinin receptor, The polynucieotides coding amino acid
sequences of the aforementioned respective regions may respectively be
produced 25 by known methods. For egamgle) in the case of production by 34



PCR, at first. the oligonuCieotides (5' side primers) having the nucleotide
sequences of 5' terminal regions of respective regions to be amplified and
oligonueleotides ( 3' side primers ) having complementary nucleotide
sequences to the nucleotide 5 sequences of 3' terminal are designed and
synthesized. The primers map be oligonucleotides of about 14 nucleotides to
about 35 nucleotides in general and are preferable to contain in the 5'
side of the primers, restriction enzyme recognition Sequences usable at the
time of'ligating the polpnucleotidss amplifie8 1o by the PCR to one another
oz these polynucleotides to veetora . Then) using the primers and the cDNA
library as a template, ampiificatioa reactions may be carried out is the
conventional reaction conditions employed for the PCR. As the template to
be used in the case of producing the poipaucleotide coding amino 15 acid
sequeaee of the extracellular region, the transmembrane regions of the
cytokinin zeCeptor or the histidiae ki.nase region of the cytokinin
receptor usable is cDNA library derived from plants such as higher plants.
Also as the template to be used in the case of producing the
polynueleotides coding amino acid 2o 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 1n
which the polynueieotide comprising a nucleotide sequence encoding an amino
acid sequence z5 of the chimera-type cytokinin receptor and the
polynualeotide 35   comprising a nucleotide sequence encoding an amino acid
sequence of the cytoxinin biosynthesis enzyme are introduced may be
produced according to the aforementioned, "Production of a cell thatis
transformadwith apolynucleotidecomprisinganucleotide 5 sequence encoding an
amino acid sequence of a cytokinin receptor and a polynucleotide Comprising
a nucleotide sequence encoding an amino aoid sequence of a cytokinin
biosyathasis enzyme". Intracellular signal transduation system relevant to
io cytokinin will be described below. Measurement of the existence or the
quantity of intracellular signal traasduction from the cytokinin receptor
expressedinthetransformedaellprodueedbythe above-described manner may be
carried out by utilizing the intracellular signal 15 transduction system
originally present is the host cell used for production of the transformed
Cell. The existence or the quantity of intracellular signal transduetion
can be determined 



by employing the quantity o the cell growth of the transformed cell as an
indicator. Alternatively, a regulator (and/or a 2o mediator)) which is a
downstream signal transducer in the so-called Two-Component regulatory
system, can be additionally introduced and expressed in the host cell Cad
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 36   ethylene
receptors; BTRl, 8TR2. $RS1, ERS2) and EIN4: present in Arabidopsis [Chang
et al. ( Science 262 s 539-544 ( 1993 ) , Hua et al. , Science 269:
1712-1714 ( 1995 ) , Sakai et al. ( Plant Cell Physiol 39 r 1232-1239 (
1998 ) I and AtHKi havlnq sensor functions 5 to the osmotic pressure [Urao,
Plant ell il: 1743-1754 (1999) I. As the host cell to be used for
production of such a transformed cell, usable are host cells unproved as to
have histidine kinase activity lower than the intrinsic histidine kinase
activity of the host cells. For example) it includes 1o the host cells
unproved as to have histidiae kinase activity lower than the intrinsic
histidine kiaase 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 (the
active 15 site of histidine kfaase regions having histidine kinase
activity) to Aspartic aoid residue ( the active site of receiver regions
having a reception part) is decreased. Such improvements in the 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 metabolism
of specific compound in the transformed cell. More particularly, the
following strain [Maeda T et ai_, Nature 3fi9: 242-245 (1994)I may be
exemplified: a strain obtained by defecting the SZN1, gene coding 25 the
protein having the osmotic pressure sensor function and 37   derived from
the budding yeast such as Saccharomyces cerevisiae and the like. Since the
strain is defeoted in the hi9tidine kinase protein existing in
Saccharomyoes cerevisiae, there can be more clearly detested the existence
or the quantity of the 5 intracellular signal transduction from the
cytokinin receptor expressed in the transformed cell by using the quantity
of the cell growth of the transformed cell as an indicator. Further, other
preferable example includes as 8. cola strain defeativa in the RcsC gene
that encodes a hybrid sensor, and a fission io yeast strain defective in
Phks gene that is relevant to the cell cycle. Method for analyzing the
activity of controlling biosynthesis of cytokinin will be described below.
i5 In the method for analyzing the activity of controlling biosynthesis of
cptokinia, examples of the first step of bringing 



an examiaee substaaoe into contact wifh a-transformed yell lato which
apolynucleotide comprising a aucleotidesequeace encoding an amino acid
sequence of a cytokinia receptor and a ao polynucleotide comprising a
nucleotide sequence enooding an amino avid sequence of a cytokinfn
biosynthesis enzyme are introduced include a method for culturing the
transformed cell in a culture medium Containing the examinee substance. In
order to culture the transformed cell) the following cultures are 25
usable: liquid-phase culturefor culturing the transformed oeii 38   in a
liquid culture medium and a solid-phase culture f or culturing the
transformed cell in a solid culture medium produced by adding agar or the
like to the liquid culture medium. The concentration of an examines
substance in the culture medium is about 1 nM 5 to about 1 mM and
preferably about l0 nM to about 100 ~~M. The culture time is) for example)
1 hour to 3 days and preferably 25 hours to 2 days. Following the
above-described first step, the existence or the quantity of intracellular
signal transduation from the to cytoxinin receptor expressed in the
transfozmed cell may be measured. Using themeasuredvaiueasanindicator,
theaetivity of the examlnee substance to control biosynthesis of cytokinin
may be analyzed. more particularly, for exempla, in the case of using a 15
transformed cell of the present invention ( that is , a transformed cell,
wherein growth of said call is directly controlled by intracellular signal
transduction from the-cptokiain receptor) produced using TM182 (slat D)
[Haeda T et al, Nature 369: 242-245 (1994)], a SLN1 genetically defected
strain in which PTPZ 2o Tyrosine phosphatasa gene (ota et al. Proc. H. A.
Sci., USA) 89, 2355-Z359 (1992 ) ] is introduced, as Ghost call, the
activity of controlling biosynthesis of eytokinin may be measured using, as
an indicator, the quantity of the cell growth of the transformed cell in a
culture medium (sn agar culture medium or a liquid 2S culture medium)
containing glucose as a carbon source, fox 39   example, a DOHLU + Glu
culture medium. In the case of the DOxLU + Glu culture medium to which the
examiaee substance is added, the examiaee substance found capable of
changing growth of the transformed cell can be evaluated as a substance
having the 5 activity of controlling biosynthesis of cytokinin, as compared
with growth of the transformed cell in the DOHLU + Giu culture medium to
which the examinee substance is not added (a culture medium containing no
substance having the activity of controlling biosynthesis of cytokinin).
Incidentally, as a control to 10 verify that the change of cell growth of
the transformed cell is not resulted from activity of the examines
substance directly controlling signal traasduction from cytok:i.nin
receptor, such as agoaist-activity or antagonist-activity to the cytokinin
receptor, TM182 (slnl D) transformed with only a polyaucleotide 



15 comprising a nucleotide sequence encoding an amigo acid sequence of a
cytokinin receptor may be cultured in DODU + Giu culture medium with or
without the examinee substance. Ia a case where the examinee substance dose
not affect growth of the control cell, the examines substance may not
directly affect signal 20 transduction system from cytokinin receptor. As a
control to verifp that the change of cell growth of the tranafozmed cell is
not resulted from activity of the examines substance which affects
somewhere not involved in biosynthesis of cytokinin nor Signal transduction
from cytokinin receptor) TM182 (slut D) may 25 be cultured in culture
medium containing gaiactose as the carbon 40   source in place of glucose)
such as DOLU + Gal culture medium with or without the examiaee substance.
In a case where the examines substance dose not affect growth of the
control cell [ TM182 ( alai ~ } ] , the examines substance may not affect
somewhere 5 notinvolved3nbiosynthesisofcytokinianOrsignaltransduction from
cytokinin receptor. Further, in the case of using a transformed cell of the
present invention (that is, a transformed call, wherein growth of said cell
is directly controlled by the intracellular signal 10 transduetion from the
cytokinin receptor}produced by employing fission yeast as a host cell, such
as a Phks genetically defected strain, the fission pattern of the fission
yeast may be observed with a microscope. In this case) when the examiaee
substance is added to the culture medium, the examines substance found 15
capable of changing fission and propagation of the transformed cell can be
evaluated as a substance having the activity of controlling biosynthesis of
cptokinin~ as compared with fission 



and propagation of the traasformed cell in a medium to which the examlnee
substance is not added. 20 Furthermore, in the ease of using a transformed
cell Of the present invention produced by employing as the host cell an 8.
eoli defective in RcsC gene into which cps-i.acZ is introduced, the X-Gai
coloring map be observed in an agar culture medium or a liquid Culture
medium [Suzuki et a1. Plant Cell ahysiol 25 92: 107-113 (2001j]. In this
case, when the culture medium 41   contains the examines substance, the
examines substance found capable of changing coloring of the transformed
cell can be evaluated as a substance having the activity of controlling
biosynthesis of cytokinin, as compared with coloring of the 5 transformed
cell in a medium to which the examines substance is not added. The activity
of the examines substance for controlling biosynthesis of cptokiain can be
detected by evaluating the i0 activity of two or more examines substances.
The activity of controlling biosynthesis of cytokinin can be provided for
the evaluation by conducting the aforementioned method for analyzing 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 examines substances,
which are obtained by comparison of the existance or the quantity of the
intracellular signal transduction. In utilizing the two or more different
examines substances, the examines substances are typically 20 utilized
independently in different systems. It is preferable that at least one of
the two or more examines substances has no activity of controlling
biosynthesis of cytokinin. 



Moreover, a substance with the activity of controlling biosynthesis of
cytokinin maybe searched by selecting substances 25 having the activity of
controlling biosynthesis of cytokinin 42   based on the activity evaluated
by the aforementioned detection methods. Further, a substance selected by
the above described 5 detection methods may be utilized as an active
ingredient of a plant growth regulator. The plants to be the objects to be
treated with the aforementioned plant growth regulator are, for example,
decorative plants such as flomering plants and or name talfoliage 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 foxmulated in an
emulsion agent ) a hydrating agent, a suspension agent, a solution agent
and the like. In these 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 i.n 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, claps (kaoiinite.
kieseiguhr, synthesised hydrated silicon 25 oxide, intercalated clays,
bentonite, acidic white clay, and 43   the like), talc, other inorganic
minerals (sericite. quartz powder) sulfur powder, activated carbon, calcium
carbonate, and the Li_ke), chemical fertilizers (ammonium sulfate, ammonium
phosphate, ammonium nitrate, ammonium chloride, urea, and the 5 like) in
finely powdered state or in granular state and usable as the liquid carrier
are) for example, water, alcohols (methanol. ethanol and the like), ketones
(acetone, methyl ethyl ketoae, aylohexanone and the like)) aromatic
hpdrocarboas (toluene, xylene, ethyibeazene, methylnaphthaiene and the
li.ke), i0 non-aromatic hydrocarbons (hexane, cyclohexane, kerosene and the
like)) asters (ethyl acetate, butyl acetate and the like), nitriles
(actonitrile, isobutylnitrile and the like)) ethers (dioxane, diisopropyl
ether aa8 the like)) acid amides (dimethylformamide, dimethplacetamide and
the like)) 15 halohydrocarbons (dichioroethaae) trichioroethane and the
like), eta. - As the surfactant. usable are, for example-alkylsuifurfc
-acid esters, alkylsulfonic aoid salts) alkylarylsulfonic acid salts,
alkylazyl ethers and their polyoxyethylene compounds) 20 polyethylene
glycola,polyhydric aicohol 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) 44
alginic acid and the like), lignin derivatives, bentonite, synthesized
water-soluble polymer [poly(vinyl alcohol), polyvinyl pyrolidone),
poly(acrylic aoid) and the like) and the like, and stabilizers such as PAP
(aaidio isopropyl 5 phosphate), HHT (2,6-tart-butyl-4-methylphenol), BHA
(2-/3-tart-butyl-4-methoxyphenol), giant oils, mineral oils, aliphatic
acids, aliphatic acid esters and the like. The substance with the activity
of controlling biosynthesis of cqtokinin made to be agricultural and 1o
horticultural agents is used as it is or diluted with water to carry out
treatment for the item and leave parts, branch and leave parts, and flower
and fruit parts of plants by spraying, for fruits by immersion, sad 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 purpose 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 breach and leave parts before 20 harvest. In the ease of using the
plant growth regulator for the purpose 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 leave parts of cotton a5
before harvest. ~5   The plant growth regulator may be used for the
treatment of growing plants or of pleats after harvest. The appilcation
amount of the substance with the activity of controlling biosynthesis of
oytokinin in an agricultural and 5 horticultural agent is generally 1 to
8000 g per 1 hectare, 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 treatment, and the object plant
to be treated. Also in the ease of using the plant growth to regulator
while diluting the agent with water, the concentration of the agent is
generally 0.0001 to 1000 mM and preferably 0.001 to 10 mM, although ft 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) hereinaftar
given era formulation examples of an agricultural and horticultural agent
produced from a substance with the activity of controlling biosynthesis of
aytokinin and used as a plant growth regulator. The parts is the following
20 description of the examples denotes the parts by weight. Formulation
example 1 Ahydratingagentwas obtained bysuffieientlypulveriaing andmixing
50 parts of a substancexith the activity of controlling 25 biosynthesis of
cytokinin, 3 parts of calcium ligninsuifonate, 46 



2 parts of sodium laurylsulfate, and 45 parts of synthesized hydrated
silicon oxide. Formulation example 2 5
Ahydratingagentwasobtainedbysufficientlypulverizing andmixing 70 parts of a
substance with the activity of controlling biosynthesis of cptoxinin, 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 parts of
polyoxyethyiena sorbitaae monoolate, 2 15 parts of Cl4C (carboxpmethyl
cellulose), and 52 parts of water and wet-pulverising the resultant mixture
to be 5 dim 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 cytok~n;n biosynthesis enzyme. Further, by using such a
transformed cell, it is possible to provide a method for analyzing the
activity of controlling biosynthesis of cytokinins. Furthermore) by using
such an analysis method, it is possible a5 to provide a method for quickly
finding substances having the 47   activity of controlling biosynthesis of
cytokinins with small amounts of samples. EXAMPLES 5 Hereiaafter, although
the present invention will be described in details with the reference to
examples, the present invention is not at all restricted to these examples.
(Sxampie 1) Preparation of a polyaucleotide comprising a l0 nucleotide
sequence encoding an amino aoid sequence of a cytokinin receptor and
preparation of an expression vector of thepolynucieotide(Part1):production
ofArabidopsis cDNAphage library for CREl cloniag Seeds of Arabidopsis
thaiiana ecotype Wassilewski~a were 



15 sterilized with 70% of ethyl alcohol for 1 minute and were further
sterilized with 1. 5% of sodiumhypochlorite for 10 minutes. The resulting
seeds were well washed with steriiiasd water and then were cultured for 2
weeks in GM culture medium [4.3 g Murashiga and Skoog's basal salt mixture,
1% sucrose. 10 ml of 5% MES-KOH 20 (pH 5.7), 0.3% PHYTAGBL~ (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 of 10 ml of an
extraction buffer [200 mM Tris-HCl (pH 8.5), 100 mM NaCi, 10 25 mM BDTA,
0.5% SDS, 14 mM 8-mercaptoethanol] and 10 g of phenol. 48   After being
mixed by a Vortex mixer, the resulting mixture was m-Yed further with 10
mlof chloroforn~ and vigorousiy stirred and sub jetted to centrifugal
separation at 10 , 000 rotation for 20 minutes. Tha recovered aqueous layer
was mixed with LiCl 5 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 minutes to recover a
precipitate. The recovered precipitate was dissolved i.n 2 ml of TS [ 10 mM
Tris-HC1 (pH 9. 0 ) . 1 mM EDTA) and then further mixed 10 with 0.2 m1 of 3
M sodium acetate (p8 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 OLIGOT$7C"~ dT30 super (oligo d(T) latex
beads) (Nippon Rosch Co. ) ,to extract RNA integrated with polyA. is The
production of pbage cDNA library from the extracted RNA integrated with
polyA was carried out employing ZAP-cDNAR Synthesis Rit (Stratagene Co.)
according to the instruction. The potency of the produced phage cDNA
libraxq was 500 , 000 PFU. 20 (8xample 2) Preparation of a polynucleotide
comprising a nucleotide sequence encoding as amino acid sequence of a
cytok3nin receptor and preparation of an expression vector of the
polynucieotide (Part 1): production of DNA probe of CR81 The PCR was
carried out employing TARARA LA TAQ~ 25 (thexmostable DNA
poiymerass)(Takara Shuzo Co., Ltd.) and using 49   aphage soiutioa (about
1,000;000 PFU) of thephage cDNA library produced in the example 1 as a
template and a polyaualeotide having the nucleotide sequence represented by
58C iD No: 25 and a poiynualeotide having the nuoleotide sequence
represented by 5 SSQ ID No: 26 as the primers to amplify DNA. The procedure
wilt be described fa details below. A PCR solution was prepared by adding a
reaction composition containiag dHTP and the like to the phage 1,000,0o0
pft and respective primer each in 0.2 ~1 according to the 



l0 instruction of the kit and the desired DNA fragment was amplified is PCR
conditions: keeping at 94C for 2 minutes) and further repeating 40 cycles
each of which comprised keeping at 94C for 30 seconds, at 55C for 3o
seconds) and at 6AC for 5 minute. Next) using the amplified DNA fragment as
a template, a probe 15 labelled with "P was prepared emplayingliegaprime
DNA-labelling system kit (Amersham Pharmacia Co.). Incidentally, reaction
sointion ( 25 p.7. ) was prepared by adding a . 0 148q of 9sP 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 37C for 10 minutes.
(8xample 3) Preparation of a polynueleotide comprising a nucleotide
sequence encoding an amino acid sequence of a oytokinin receptor cad
preparation of an expression vector of 25 the polynueleotida (Part 1):
production Of phage oDNA Clone 50   holding CRS1 gene The cloning of
desired CRE1 gene was carried out by plaque hybridization using the probe
prepared by the example 2. Detailed description will be given below. 5
Using the phage cDNA library produced in the example 1 and according to the
instruction of ZAP-cDNAR Synthesis Kit. plaquawas produced. DNAwas
adsorbedon anitroceliulosefilter from the produoed plaque and then treated
with UV rays to be fixed on the filter. Using the filter prepared in such a
manner, 10 hybridized phage cDNA olone was obtained by keeping at 65C in
the presence of 6 x 5SC ( 0. 9 M NaCl and 0 . 09 M trisodium citrate) , 5 x
Denhard's solution [0.1$ (w/v) ficoll 400, 0.1% (w/v) polpvinylpyrrolidone,
0.13 eSA], 0.5$ (w/v) SDS aad 100 ~g/ml degenerated salmon sperm DNA or in
DIG BASY Hyb soiution 



15 (Boeringer-Mannheim Co.) containing 100 Pg/ml of degenerated salmon
sperm DNA, successively keeping at a room temperature far l5 minutes two
times in the presence-of-1 X SSC- f0-Q15-M NaCl sad 0.0i5 M trisodium
citrate) and 0. S$ (vr/v) SDS, and further keeping at 68C for 30 minutes is
the presence of O. 1 x SSC ( 0. 01S 20 M NaCl and 0.0015 M trisodium
citrate) and 0.5$ SDS. (Example 4) Preparation of a poiynucleotide
comprising a nucleotide sequence encoding an amino acid sequence of a
cytokinin receptor and preparation of an expression vector of 25 the
poiynucieotide (Part 1): cloning pf CRE1 cDNA 51   Using the cDNA of the
phage cDNA clon obtained by the example 3 as a template and a
polynucleotida having the nucleotide sequence represented by SEQ ID No s 23
and a polynuoleotide having the nucleotide sequence represented by SSQ ID
No: 24 as primers, 5 DNA having the nucleotide sequence represented by SEq
ID No: lwasamplifiedbyPCR. Detailed description will begiveabelow. The PCR
was carried out employing Herculase 8nhaaced DNA Polpmerase (Stratagene
Co., Ltd.) in the reaction conditions of keeping at 94C for 1 minute, and
further repeating 25 cycles 10 each of which comprised keeping at 94C for
30 seconds, at 55C for 30 seconds, and at 72C for 4 minute. Incidentally)
the PCR solution ( 50 ~l ) was prepared by adding a reaction composition
containing dNTP and the like to 500 ng of cDNA of the phage cDNA clone and
respective primer each in 100 ag according to the 15 instruction of the
kit. The desired DNA fragment was amplified in such a manner. 



(8xample 5) Preparation of a polynucleotide comprising a nncleotide
sequence encoding an amino acid sequence of a 20 cytoklnin receptor and
preparation of an expresaioa vector of the polyaueleotide (Part 1):
construction of CR81 expression vector After p415CYC1) a yeast expression
vector. [Munberg et al. Gene: l56 1i9-122 (1995) ) available from ATCC
library (No. 25 87382Z) ] was digested with a restriction enzyme Sma I and
then . 52   using T4 DNA lipase, DNA having the nucleotide sequence
represented by SBQ ID No: 1 and obtained by the example 4 was ligated
downstream of the CYC 1 promoter sequence Of the expression vector p415CYC1
as to be integrated to express the 5 desired protein in yeast. The
construated DNA was confirmed to be in the right direction and its
nucleotide sequence was confirmed to be the nucleotide sequence represented
by SEQ ID No: 1 by an automatic DNA saquenaer and then the expression
plasmid p415CYC-CR8 1 Was obtained. to (Example 6) Preparation of a
polynucleotide comprising a nnoleotide sequence encoding an amino acid
sequence of a cytokinin receptor and preparation of an expression vector of
the polynucleotide (Part 2): aloaing of AHR3 {AAF99730) cDNA 15 Seeds of
Arabidopsis thaliana ecotype wassilewskija were sterilized with 70% of
ethyl alcohol for 1 minute and further sterilized with 1 ~ 5% of sodium
hypoahlorite for 10 minutes . The resulting seeds mere wall washed with
sterilized water snd then cultured for 2 weeks in GM culture medium [4.3 g
l~Iurashige and 20 SkoOg'S basal salt mixture, 1% sucrose. 10 ml of 5%
MES-KOH (pH 5.7 ) , 0.3% PHYTAGSL'x (gellan gum) (SIGI~JPa) ) to obtain 5g
of tlsa plant. After the plant was frozen 1a liquified nitrogen and
physically milled with a mortar and a pestle. The resulting mi7.7,ed
product was mixed with a mixed solution of 10 ml of as 2S extraction buffer
[200 mM Tris-HC1 (pH 8_5), 100 mM NaCl. 10 53   mM EDTA, 0.5% SDS, 14 aoM
B-rosrcaptoethanol] and 10 g of phenol. After being mixed by a Voltex
mixer) the resulting mixture was mixed further with 10 ml of chloroform and
vigorously stirred and subjected to centrifugal separation at l0,000
rotation for 5 20 minutes. The recovered aqueous layer was mixed 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 minutes to recover a precipitate. The recovered
precipitate was dissolved in 2 ml 10 of T8 [ 10 mM Tris-HC1 {pH 8. 0 ) , 1
roM EDTA] an8 then further mixed with 0.2 m1 of 3 M sodium acetate (pH 5.2)
and 5 m1 ethanol and subjected to centrifugal separation to recover RNA as
a precipitate. Further, 40 Wg of the precipitate (RNA) was mixed with 30
unit of FPLC pure"'DnaseI (RNase free-DNase 15
I)(Amersham-Pharmacia)and60unitof Superace(Ambion)to remove mixed genoroe
DNA and the resulting RNA was subjected to the phenvl/chloroform treatment
and ethanol, treatment ~Qp-'ifY the RNA. Next, using the purified RNA as a
template and oligo (dT) 12-18 (Amersharo-Phazroacia) as aprimer, RT-PCRwas
carriedout_ 20 The RT-PCR was carried out employing Superscript II (GIBCO
BRL Co.) at 42C for 40 minutes. Incidentally the PT-PCR solution was
prepared according to the method described in instruction of the
Superscript II. The desired cDNA mss amplified in such a manner. 25 Using
the amplified cDNA as a template and a poiynucieotide 5d   having the
nucleotide sequence represented by 58Q ID No: 27 and a polynucleotide
having the nucleotide saquenee represented by SSQ ID No: 28 as primers, DNa
having the nucleotide sequence represented by SQ ID No: 5 was amplified by
PCR. The PCR was 5 carried out using Herculase enhanced DNA Polymerise
(Stratagene Co., Ltd.) in the reaction conditions of keeping at 94C for 1
minute, and further repeating 41 cycles each of which comprised keeping at
94C for 30 seconds. at 55C for 30 seconds, and at 72G for 4 minute_
Incidentally, the PCR solution (50 pl) was l0 prepared by adding a reaction
composition containing dNTP and the like to 500 ng of the template DNA and
respective pr3.mer each in 100 ng according to the instruction of the kit. 



The desired DNA fragment was amplified is such a manger. 15 (Example 7)
Preparation of a polynueleotide comprising a nucleotide sequence encoding
an amino acid sequence of a cpto7~inin receptor and preparation of as
expression vector of the polynueleotide (Part 2): construction of pHId-1
After p4ISCYC1 [MUnberg et al_ Genex l56 1l9-l22 (1995)i 2o available from
ATCC library (No. 87382) ] was digested with the restriction enzyme Spe I
and BamH I ) synthesised DNA fragmeata (linkers) having the nucleotide
sequence represented by S8Q ID Nos: 29 and 30 were inserted to the
expression vector p415CYC1 using Ta nNA iigaseas to newly add the
restriction enzyme sites 25 Sac II, Apa I, Nhe I to the plasmid p415CYC1
and construct pF~!-1. 55   (8xampie 8) Preparation of a polynucleotide
comprising a nucleotide sequence encoding an amino acid sequence of a
cytokinia receptor and preparation of an expression vector of 5 the
poiynucleotide (Part 2): construction of AHK3 expression vector After the
pHlt-1 was digested with the restriction enzyme Sal I sad Sac II. and then
using T4 DNA ifgase, DNA having the nucleotide sequence represented by SSQ
ID No: 5 was introduced 10 downstream of the CYCl promoter sequence of the
expression vector pFa3-1 as to bs integrated to express the desired protein
in yeast . The constructed DNA was confirmed to be right in the direction
and its nucleotide sequence Was confirmed to be right in the sequence by an
automatic DNA sequencer and thus the expression 15 plasmid p415CYC-AHK3 was
obtained. (8xample 9) Preparation of a polynucleotide comprising a
nucleotide sequence encoding an amino acid sequence of a aytokinin receptor
and preparation of an expression vector of 20 the polynucleotide (Part 2):
cloning of AHK2(BAH09274)cDNA Using the aDNA prepared in the example 6 (
the cDNA prepared by reverse transcription of the total RNA) as a template
and a polpnucleotide having the nucleotide sequence represented by 



SEQ ID No : 31 sad a polycsucleotide having the nucleotide sequence 25
represented by SSQ ID No: 32 as primers, DNA having the nucleotide 56
sequence represented by SEQ ID No: 3 was amplified by PCR. The pCR was
carried out employing TAKARA Pu Turbo 8eaatura (Takara Shuao Co., Ltd.) in
the reaction conditions of keeping at 94C for 1 minute, and further
repeating 30 cycles each of which 5 comprised keeping at 94C for 30
seconds, at 55C for 30 seconds) and at 72C for 4 minute. Incidentally, the
PCR solution (50 pl) 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 lnstruotion of the kit. io The
desired DNA fragment was amplified in such a manner. (Example 10)
Preparation of a polynuoleotide comprising a nucleotide sequence encoding
an amino acid sequence of a cptokinin receptor and preparation of an
expression vector of 15 the poipnucleotide (Part Z): cloning of
AHx2(SA809274}AcDNA Using the cDNA prepared in example 6 (the cDNA prepared
bg reverse--transcription of the total--RNikp-as--a template and a
polynucleotide havi.ag the nucleotide sequence represented by SEQ ID No: 33
and a polynueleotide having the nucleotide sequence 20 represented by SEQ
ID Nos 34 as primers, PCR was carried out to amplify DNA containing the
nucleotide sequence represented by nucleotide numbers 586 to 3531 of SEQ ID
No: 3 in which ATG was added to the 5' terminal sites of said nucleotide
sequence. The PCR was carried out employing TARARA Pfu Turbo denature 25
(Takara Shuzo Co. , Ltd. ) in the reaction conditions of keeping 57   at
94C for 1 minute) and further repeating 30 cycles each of which comprised
keeping at 94C for 30 seconds, at 55C for 30 seconds, and at 72C for 4
minute. Incidentally, the PCR solution (50 N,1) was prepared by adding a
reaction composition 5 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. The desired DNA fragment was amplified in such a
manner. 10 (8xample 11) Preparation of a polynucleotide comprising a
nucleotide sequence encoding an amino acid sequence of a cytokinin receptor
and preparation of an expression vector of the polynucleotlde (Part 2):
construction of AI~2 and AHR2 D expression vectors 



15 After pi-nt-1 was d3geste8 with a restriction enzyme Sac II and Nha I
and then using T4 DNA lipase, DNA fragments obtained by-the example 9 and
the exempla l0 were-respectively ligated downstream to the CYC 1 promoter
sequence of the expression vector pHI~!-1 as to be integrated to express
the desired protein in yeast . 20 The introduced DNA was confirmed to be
right in the direction and its nucleotide sequence was confirmed to be
right in the sequence by an automatic DNA sequancer and thus the expression
piasmid p415CYC-AHIC 2 and p415CYC-AHIC2S were obtained. 25 (Reference
example 1) Production of transformed cells 58   TM182-CRE1. TM182-AHK2,
TM182-AHK2A and TM182-AHIC3 Transformation of TM182 (slnld), SLN1
genetically defected strain, [Maeda T at a1. Nature: 369 242-245 (1994))
was carried out using the obtained expression plasmid 5 p415CYC-CR&1 (the
example 5), p415CYC-AHK2 (the exempla lI), p4i5GYC-AHIC2~ (the example 11)
and p415CYC-AHK3 (the example 8). The transformation was carried out by
employing Polyethylene glycol/lithium acetate (P$G/LfAo)-mediated
transformation method according to the description of VII. i0 Library
Transformation & Soreaning Protocols disclosed in MATCHAMAKSR Two-Hybrid
System 3 User Manual p. 22 from CLONTBCH Co. Transformed cells TM182-CR81,
TM182-AHK2, TM182-AHK2A and TMi82-AHK3 were produced by selecting
transformed calls that were grown in the DOLU + Gal culture medium based on
the fact 15 that leucine auxotrophy disappesra la the transformed cells.
(Reference-example-2)-Response-of-transforme&cells TM182-CR81 TM182-AHK2,
TM182-AHR2A and TM182-AHK3 to cytokiaia (Part 1) A culture solution 10 pl
(about 800 clones of yeast) of 20 the transformed cells TM182-CRSl.
TM182-AHK2, TM182-AHK2A and TM182-AHR3 produced by the example 12 was
spotted on DOLU + Glu agar media containing 10 NM of trans-zeatia and
cultured at 30C for 30 hours. After incubation, the gzowth state of the
transformed cells was observed and photographed by a digital 25 camera. 59



As a result, each of the transformed calls TM182-CRSl, TM182-AHIt2,
TM182-AHK2d and TM182-AHK3 showed high growth in the case of using the DOLU
+ Giu agar culture media containing traps-zeatin as compared with that in
the case of using the DOLU 5 +Gluagarculturemediaeontainingnotrana-zeatin.
The results snowed that the transformed cells responded to cytokinin and
that they were possible to be grown in the DOLU + Glu agar culture media.
Further the transformed cells were found possible to be grown in the DOLU +
Gal agar culture media independently of 10 the existence tracts-zeatin.
(Reference example 3) Response of transformed cells TM182-CR$1, TM182-AHR2A
and TM182-AHK2 to cytokinin (Part 2) Culture solutioaa of the transformed
cells TM182-CR81, 15 2'M182-AHIt2A and TM182-AHR2 groduced by the reference
example 1 were spotted on DOLU + Giu agar media containing oytokinin in-a
variety of concentrations (2 nM, 1D nH~ T00 nM~- r ~M, 10 ~cM) 100 ~iM) and
cultured at 30C for 30 hours . After incubation) the growth state of the
transformed ce118 was observed and 20 photographed by a digital camera. The
lowest observed supply concentrations of traps-zeatin and ois-zeatin in
which the resgective transformed cells could he grown were shown in Table
1. 25 60   Table 1
cptokinin'1'M182-CR81TM182-AHK2_TM192-AHIC2Atraas-zeatinIONM1100nMois-zeati
nno growthlOpM1 (Reference example 4) Method for searching substance having



agoniat-activity to cytokinin receptor (Part 1) 5 The transformed cells
TM182-AHR2, TM182-AHIC20 and TM182-AHIC3 produced in the reference example
1 were inoculated is 200 ml of DOLV + Gai culture media and pre-cultured at
30C for 3b hours . The pre-cultured solutions were diluted with DOLU + Glu
media as to become 0.100 as the optical density (ODboo) l0 and further the
resultants were diluted with DOLU + Glu media at a dilution rats of 1/200
to obtain diluted pre-cultured solutions, An assay plate was prepared by
filling respective weila of a 96-veil plate with 20 N.7. of solutions Which
were-prepared 15 by diluting DMSO solution ( lomM) of each examines
substance with DOhU + Glu medium at a dilution rate of 1/100, said
solutions containing each examinae substance to be 100 ~aM at the final
concentration. Simultaneously, an assay plate onlyfilled with 20 ~l of
solutions which were prepared by diluting DMSO solution 20 with DOLU + Giu
medium, said solutions containing no examines substance) was prepared as
the blank sections. The diluted pre-cultured solutions were added in 200 Pl
61   each into the respective wails of both assay plates and cultured at
30C for 24 hours and then the optiaai density (ODe2o) of each well was
measured by a plate reader. The agoaist-activity of the examiaee substances
to the cytokinin receptor was detected 5 by comparing the optical density
measured in the testing sections to which the examlnee substances were
added with the optical density measured in the blank sections. The optical
density of the culture solutions of the transformed sells in the testing
sections to which the examinee substances were added were shown 10 in Table
2. Compound H showing the higher optical density 



measured in the testing sections to which the examinee substances were
added than that in the blank sections were selected as agonist-active
substance to the cptokiain receptor. 15 Table 2
Fxaminea1g2-AHR2T1~i182-AHK2ATM182-AHK3substanceDMSO0.0100.51Compound
A'10.0100.54Compound 8'a0 . 450. 890. 88 il Abscisic acid (=negative
control) 'a 6-Benzyi amiaopuriae (=positive control) (Reference example 5)
Method for searching substance having 20 agonist-activity to cytokinin
receptor (Part 2) 62   The transformed cells TM182-AHK2, T11182-AHK2A and
TM182-AHK3 produced in the reference example 1 are inoculated is 200 m1 of
DOLU + Gal culture media and cultured at 30C for 30 hours to obtain
pre-cultured solutions. 5 Tha pre-cultured transformed cells (TM182-AHK2)
TM182-AHK2Q and TM182-AHK3) are spot-added in 10 ~,l to the respective DOLU
+ Glu agar culture media to which agonist-active substances to the
optokinia receptor selected by the reference example 4 are added while
their concentration being changed from 10 10 nM to 100 PM and then are
cultured at 30C for 30 hours . After incubation, the intensityof the
agonist-activity of the examines substances to the eptokinin receptor is
detected and confirmed based on the lowest concentration at which
transformed cells ( TM182-AFBf2 , TH182-AHR2A cad TM182-AHR3 ) arc observed
to grow. 15 (Example 12) Preparation of a polynueieotide comprising a
nucleotide sequence encoding an amino acid sequence of a 



cytokinin biosynthesis enzyme and preparation of as expression vector of
the polynucleotide: Cloning of AtIFT4 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 hypochiorite for 10
minutes. These seeds were well mashed with sterilized water, and then were
cultured for 20 days in GM culture medium (4.3 g l~turashige cad 25 Skoog's
basal salt mixture, 1% sucrose, 10 roL of 5% k~S-KOH (pH 63   5. 7 ) , 0 .
3 % PHYTAGSL~ ( gellaa gum) ( SIGMA) ) to obtain 5 g of plants . The plants
were frozen is liquified nitrogen) and were then physioaily milled in a 1.5
mL tube. To the milled product, 100 pi. of 2xCTAB (2%(w/v) Cetyl trimethyl
ammonium bromide 5 (hereinafter, referred to as "CTAH'), 0.1M Tris-HC1 (pH
8.0). 1.4M NaCl, 1% (w/v) PVp) was added. The resulting mixture was left
standing at 60C for 30 minutes, and then 100 ~L of a mixed solution of
chloroform and isoamyl alcohol ( chloroform: isoamyl alcohol - 24 s 1 ) was
added. Tha resulting mixture was stirred 10 with a Voltex mixer, and was
then subjected to centrifugal separation at 15,000 rpm at 20C for 20
minutes. After centrifugal separation, 75 ~I. of the resulting supernatant
was placed in a 0.6 mL tube) in which 75 ~I. of isoamyl alcohol had been
already placed, and the resulting mixture was left standing is at 25C for
20 minutes. Thereafter, the mixture was subjected to centrifugal reparation
at 15,000 rpm at 20C for 20 minutes to recover a-precipitate-:- To the
recovered-precfgitate; 30D  ~L of 70% ethanol was added, and the resulting
mixture was stirred with a Voltex mixer. The mixture was subjected to
ceatrlugal 20 separation at 15.000 rpm at 4C for 15 minutes to recover a
precipitate. The recovered precipitate was left standing at 37C for 5
minutes) and then 30 ~I. of T1080.2 (lOmM Tris-HCl (pH S:0), 0.2mM $DTA (pH
8.0)) was added to dissolve the precipitate. in this way) a geaomic DNA
solution was obtained. 25 Next, PCR was carried out using the obtained
genomic DNA as a 64   template and a polynuoleotide having the nucleotide
sequence represented by S8Q ID No: 35 and a polynucleotide having the
nucleotide sequence represented by SHQ ID No: 36 as primers to amplify DNA
having the nucleotide sequence represented by SBQ 5 ID No: 11. The PCR was
carried out employing Hercuiase &ahanced 



DNA Polymerase (Stratagene Co.) Ltd.) under the amplifying conditions of
keeping at 94C for 1 minute, repeating 40 cycles each including keeping at
94C for 30 seconds, at 50C for 30 seconds, and at 72C for 60 seconds, and
final keeping at 72C 10 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 10o ng of each of the primers according to the instruction
of the kit. In this way, a desired DNA fragment was amplified. 15 (8xample
13) Preparation of a polynualeotide comprising a nucleotide sequence
encoding an amino acid seqaeaae of a cytokiain biosynthesis enzyme and
preparation of as expression vector of the polynualeotide: construction of
AtIPT4 expression 20 veatOr After p423ADH, a yeast expression vector,
(Munberg et al. Gene: 156 119-122 ( 1995 ) , available from ATCC library (
No . 8737l ) was digested with a rastrictioa enzyme Sma I and then using
T~! DNA iigase, DNA hav3ag thB nucleotide sequence represented by 25 SBQ ID
No : 11 and obtained by the example 12 was ligated downstream 65   of the
ADH promoter sequence of the expression vector p423ADH as to be integrated
to express the desired protein in yeast. The constructed DNA was confirmed
to be in the right direction and its nucleotide sequence was confirmed to
be the nucleotide 5 sequence represented by SEQ ID No : 11 by an automatic
DNA sequences and then the expression piasmid p423ADH-IPT4 was obtained. is
a similar manner, after p423CYC1, a yeast expression vector) (Munberg et
al. Genes 156 119-122 ( 1995 ) , dvailable frora ATCC library (No. 87379 )
was digested with a restriction enzyme 10 Sma I and then using T4 DNA
lipase, DNA having the nucleotide sequence represented by SSQ ID No: 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. Tha constructed DNA was confirmed 15 to be in
the right direction and its nucleotide sequence was confirmed to be the
nucleotide sequence represented by SHQ ID No: 11 by-an-automatic DNA
sequences-and than the-~xpressioa plasmid p423CYC1-IPT4 was obtained. 20
($xample 14j Preparation of a polynucleotide comprising a nucleotide
sequence encoding an amino acid sequence of a cptokinin biosynthesis enzyme
and preparation of an expression vector of the polynueieotide: cloning of
AtIBT5 eDNA In a similar manner t0 Exdmpie 12) PCR was carried out 25 by
using the genomic DNA obtained from the plants of Arabidopais 66 



thaliana ecotype Was silewski ja as a template and a polynucleotide having
a nucleotide sequence represented by SBQ iD No: 37 and a polynucleotide
having a nucleotide sequence represented by S8Q IDNO: 3 8 as primers to
amplifyDNA having anuaieotide sequence 5 represented by S8Q ID No: 13. The
PCR was carried out employing Herculase 8nhanced DNA Polymerase (Stratagene
Co., LtB.) under the amplifying conditions of keeping at 94C for 1 minute)
repeating 35 cycles each including keeping at 94C for 30 seconds , at 55C
for 30 seconds, and at 72C for 90 seconds, and final l0 keeping at 72C for
1 minute. A PCR solution ( 50 N.L) was prepared by adding a reaction
composition such as dNTP and the like to 100 ng of the template DNA and I00
ng of each of the primers according to the introduction of the kit. In this
way, a desired DNA fragment was amplified. 15 (Example i6) Production of
transformed cells of the present invention:-Production-of transformed cells
TM182-CYC1=CYC1-IPTS TM182-CYCl-ADHIPT4) TM182-CYC1-CYClIPTS,
TM182-CYC1-ADHIPT5. TM182-CRB1-CYC1IPT4, TM182-CRE1-ADHIPT4)
TM182-CR81-CYC1IPT5, 20 TM182-CRB1-ADHIPTS, TM182-AHK2-CYC1IPT4,
TM182-AHR2-ADHIPT4, TM182-AHK2-CYC1IPT5, and TM182-AHK2-ADHIPTS
Transformation of V1182 (Sink), SLNl genetically defeated strain. [Maeda T
et a1. Natures 369 242-245 (1994)1 was carried out by using any one of the
three expression plasmids. 2S commercially available p415CXC1, p415CYC-CREl
obtained in 67   Example 5 , and p415CYC-AFBC2 obtained in 8xample 11 ( and
any one of the four expression plasmids, p423a1DH-IPT4 and p423CYCl-IPT4
obtained in 8xample 13, and g423ADH-IPT5 and p423CYC1-IPT5 obtained is
Example 15 together ( that is ( by using two expression 5 plasmids at the
same time) . Tha transformation was Carried out by employing Polyethylene
glycol/lithium acetate (PgG/LiAc)-mediated transformation method according
to the description of VII.Libraxy Transformation &ScreeningProtocols
disclosed in MATCHAMAKBR Two-Hybrid System 3 User Manual p. 22 to from
CLONTSCH Co. Twelve kinds of transformed cells TM182-CYC1-CYC1IPT4 to which
p415CYC1 and p423CYC1-IPT4 are introduced) TM182-CYC1-ADHIPT4 to which
p415CYC1 and p423ADH-IPT4 are introduced, TM182-CYC1-CYC1IPT5 to which
p415CYC1 and p423CYC1-iPTS era introduced, TM182-CYC1-ADHIPTS 



15 to which p415CYC1 and p923ADH-IPT5 are introduced, TM182-CR81-CYC1IPT4
to which p415CYC-CRE1 and p423CYC1-IPT4 are introduced,
TM182-CRE1-ADHIPT4.-to-which p415CYC-CR~1 and p423ADH-IPT4 are introduced.
TM182-CRB1-CYClIPT5 to which p415CYC-CRS1 and p423CYC1-IPTS are iatroduaed,
20 TM182-CR&1-ADHIPTS to which p415CYC-CRS1 and p423ADH-IPTS are
introduced, TM182-AHR2-CYC1IPT4 to which p415CYC-AHK2 and p423CYC1-IPT4 are
introduced, TM182-AHK2-ADHIPT4 to which p415CYC-AHK2 and p423ADH-IPT4 are
introduced, TM182-AIIR2-CYC1IPT5 to which p415CYC-AHK2 and p423CYC1-IPT5
are 25 introduced) and TM182-AHFC2-ADHIPTS to which p415CYC-AHR2 and 68
p423ADH-iPT5 are iatroduced were produced by selecting transformed cells
that were grown in DOHLU+Gal culture medium based oa the fact that leucine
auxotrophy and histidine auaotrophy disappear in the transformed cells. 5
(Example 17) Produetioa of transformed cells of the present invention:
production of transfornted cells TM182-AFIR2~-CYClIPT4.
TM182-AHR20-AAHIPT4, TM182-AHK2A-CYC1IPT5. TM182-AHK2A-ADHIPT5, io
TM182-AFiK3-CYC1IPT4, TM182-AHR3-ADHIPT4) TM182-AHK3-CXC1IPT5, and
TM182-AHIC3-ADHIPTS Tran9formation of TM182 (SlnlA), SLH1 genetically
defected strain, [Maeda T et al. Nature: 369 242-245 (l994)] is carried out
by usiag any one of the two expression plasmids, 15 p415CYC-AHIC2A obtained
in 8xampie 11 and p415CYC-AHIC3 obtained in 8xample 8, and aay one of the
four expression plasmids) p23ADH-IPT4 aa& p423CYCl-IPT4
obtained-xn-Faeamp3e-13; and  p423ADH-IPT5 and p423CYCl-IPTS obtained in
Example 15 together (that is, by using two expression plasmids at the same
time). 2D The traasformation is carried out by employing Polyethylene
glyeol/iithium acetate (PSG/LiAc)-mediated transformatioa method according
to the description of VII. Library Transformation & Screening Protocols
disclosed in MATCHAMA1C8R Two-Hybrid System 3 User Manual p. 22 from
CLONTECH Co. Eight 25 kinds of transformed calls TM192-AHK2A-CYCIIPT4 to
which 69 



p415CYC-AHK2A and p423CYC1-IPT4 are introduced, TM182AFUC2O-ADHIPT4 to
which p415CYC-AHR2d and p423ADH-IPT4 are introduced) TM182-AHK20-CYC1IPT5
to which p415CYC-AHK2A and p423CYC1-IPT5 are introduced,
TM182-AHK2S-ADHIpT5 to which 5 p415CYC-AHK2~ and p423ADH-IPTS are
introduced, TM182-AHK3-CYC1IPT4 to which p415CYC-AHK3 and p423CYC1-IPT4 are
introduced, TM1B2-AFUC3-ADHIPT4 to which p415CYC-AHR3 and p423ADH-IPT4 are
introduced) TM182-AHK3-CYC1IPT5 to which p415CYC-AHIC3 and p423CYC1-IPTS
are introduced, and 10 TM182-AHR3-ADHiPTS to which p415CYC-AHR3 and
p423ADH-IPTS are introduced are produced by selecting transformed ce118
that are grown in DOHLU+Ga3, culture medium based on the fact that leuafae
auxotrophy andhistidine auxotrophy disappear is thatraasformed cells. 15
(Sgample 18) Use of transformed cells of the present invention: culture of
transformed cells TM182-CYCi=CYC1IPT4, TM182-CYCl-ADHIPT4,
TM182-CYCl-CYClIPTS) TM182-CYC1-ADHIPTS, TM182-CRgl-CYC1IPT4)
TM182-CRE1-ADHIPT4) TM182-AHR2-CYC1IPT4, 20 TM182-AHIC2-ADHIPT4,
TM182-AFBC2-CYC1IPT5, and TM182-AFEtZ-ADHIPT5 10 ~L of the culture solution
(containing about 800 clones of yeast) of each of the transformed cells
TM182-CYC1-CYC1IPT4, TM182-CXCI-ADIiIPT4. TM182-CYCl-CYCIIPTb.
TMlBa-CYC1-ApHIPTS. 25 TM182-CR81-CYClIPT4, TM182-CRB1-ADHIPT4,
TM182-AHK2-CYClIPT4, 7D   TM182-AHK2-ADHIPT4, TM182-AHK2-CYC1IPT5, and
TM182-AHK2-ADHIPT5 produced in Ssample 16 was spotted on DOHLU+Glu agar
culture medium, and was cultured at 30C for 30 hours. After incubation, the
growth state of the transformed 5 cells was observed and photographed by a
digital camera. As a result, the transformed cells TMlBa-CXC1-CYC1IPT~L.
TM182-CYCl-ADHIPT4, TM182-CYCl-CYC1IPT5, and TM182-CYC1-ADHIPTS were not
observed to grow, but the transformed 



cells TM182-CR&1-CYC1IPT4, TM182-CR81-ADHIPT4, 10 T!l182-AHK2-CYC1IPT4,
TM182-AHK2-ADHIPT4, TM182-AHK2-CYClIPT5, and TH182-AHR2-ADHIPT5 were
observed to grow. Further, in a case where DOHLU+Giu agar culture medium
containing 10 NM traps-zeatin was used, the transformed cells
TM182-CYCl-CYClIPT4) TM182-CYC1-ADHIPT4, TM182-CYC1-CYC1IPT5, 15 and
TM182-CYC1-ADHIPTS were not observed to grow, but the transformed cells
TM182-CR81-CYC1IPT4, TM182-CR81-ADHIPTS) Tl~i1.82-AHK2-CYC1IPT4,
Q182-AHK2-ADHIPT4-, TM182-AHK2=CYC1IPT5, and TM182-AHR2-ADHIPTS were
observed to grow. This indicates that the transformed cells
TM182-CRS1-CYC1IPT4, 20 TM182-CRE1-ADHIPT4, TM182-AHK2-CYC1IPT4,
TM182-AHK2-ADHIPT4) TM182-AHK2-CYClIPTS, and TM182-AHK2-ADHIPTS respond to
cytokinins synthesized by themselves and can grow on nOHLU+Glu agar culture
medium. It was also confirmed that all of the ten 7~tad$ of transformed
cells could grow in DOHt.U+Gal culture medium 25 regardless of the presence
or absence of traps-zeatin. 71   (8xample 19) Use of transformed cells of
the present invention: culture of transformed cells TMI82-CYCl-CYClIPT4,
TM182-CYC1-ADHIPT4, TM182-CYCl-CYClIPTS, TM182-CYC1-ADHIPTS, 5
TM182-CRE1-CYC1IPT4, and TM182-CRE1-ADHIPT5 Each of the transformed cells
TM182-CYC1-CYC1IPT4) TM182-CYCl-ADHIPT4, TM182-CYCl-CYC1IPT5,
TH182-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 30C for 36 hours. The thus obtained 



culture solutions were diluted with DOHLU+Glu culture medium so that ODboo
became 0.200, and then the diluted ones were further diluted with DOHLU+Glu
culture medium at a dilution rate of 1/200 to obtaia diluted pre-cultured
solutions. 15 A 96-well assay plate was prepared by filling each well with
1 N,L of a DMSO solution of an examinee substance (Abscisio sold or
6-Benzyl-aminopurine) ~ In this regard, it is-to be noted that the DMSO
solution of a examines substance was prepared so that the concentration
thereof 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 of l00 PL per each wall of
both of the assay plates, and was cultured at 30C for 24 hours. After
incubation, the 25 turbidity of each bell was. measured using a plate
reader. The ~a   absorbance (OD6oa) of each of the atilture solutions of
the transformed cells containing the examines substance was shown in Table
3. The transformed calls TM182-CYC1-CYC1IPTA, TM182-CYC1-ADHIPT4,
TM182-CYCl-CYCiiPTS) and 5 TM182-CYC1-ADHIPT5 were not observed to grout
whichever examinee substance was added. On the other hand, the transformed
cells TM182-CRB1-CYC1IPT4 and TM182-CREl-ADHIPTS were observed to grow
whichever examinee substance was added. Further, the growth speeds of the
transfozmed cells TM182-CRE1-CYC1IPT4 and 10 TM182-CRfii-ADHiPTS in the
culture medium to which 6-Henzyl aminopurina was added were faster than
those in the culture medium to which onlyDMSOwas added. This indicates that
the transformed cells TM182-CRB1-CXC1IPT9 and TM182-CR81-ADHIPTS respond to
cytokinins synthesized by the cells and can grow in DOHLU+Glu 



15 culture medium and that the growth speeds of the transformed cells
TM182-CRSl-CYCiIPT4 and TM182-CRS1-ADHIPT5 are increased or decreased
depending on-the amountofcytokinin. 20 2S 73   Table 3
8xamineeTM182-TM182-TM182-TM182-TM182-TM182-substanceCYC1-CYC1-CYC1-CYC1-CR
E1-CR81-CYCl-ADH-CYC1-ADH-CYC1-ADH-IPT4IPT4IPTSIPTSIPT4IPT5DMSO0.0420.0400.
0410.0430.1060.Z29Abscisic0.0420.0400.0410.0430.l020.131acid6-Benzpl0,0420.
04l0.0430.0430.2600.293aminopurine (Example 20) Use of transformed cells of
the present invention: culture of transformed cells TM182-CYC1-CYC1IPT4) 5
TH182-CXC1-ADHIPT4, TM182-CYCZ-CYClIPTS, TM182-CYC1-ADHIPT5)
TH182-CREl-ADHIPT4, TM182-AHIC2-CYC1IPT4) TM182-AHR2-CYClIPTS and
TM182-AHK2-ADHIPT5 Each of the transformed cells TMI82-CYC1-CYC1IPT4,
TH182-CYC1-ADHIPT4. TM182-CYC1-CYC1IPT5, TM182-CYCl-ADHIPTS, 10
TM182-CRE1-ADHIPT4, TM182-AHIC2-CYCIiPT4. TM182-AHK2-CYClIPTS and
TM182-AHIC2-ADHIPT5 obtained i.n Example 16 was inoculated in 200 mL of
DOHLU+Gal culture medium, and was pre-cultured at 30C for 36 hours. The
thus obtained culture solutions were diluted with DOHLU+Glu culture medium
so that ODsoa 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 74   



pre-cultured solutions. A 96-well assay piste was prepared by filling each
weal with 1 EtL of a DMSO solution of an examines substance (Abscisia acid
or 6-Benzyl aminopurine) . In this regard, it is to be noted 5 that the
DMSO solution of a examinae substance was prepared so that the
concentration thereof became 20o ppm. Simultaneously, an assay plate was
prepared by filling each well with 1 N.L of DMSO as a blank section. 8ach
of the diluted pre-cultured solutions was added is l0 a volume of 100 ph
per each well of both of the assay plates, snd was cultured at 30C for 2A
hours. After incubation, the turbidity of each well was measured using a
plate reader. The absorbance (OD6~) of each of the culture solutions of the
transformed cells containing the examines substance was shown 15 in Table
4. The transformed cells TM182-CYC1-CYC11PT4, TNi182-CYC1-ADHIPT4,
TM182-CYCl-CYC1IPT5 and TM182-CYCl-ADHIPTS were sot-observed to grow
whichever examines substance was added. On the other hand, the transformed
cells TM182-CR81-ADHIPT4, TM182-AHK2-CYC1IPT4, TM182-AHK2-CYClIPTS 20 and
TM182-AHK2-ADHIPTS were observed to grow whichever examines substance was
added. Further) the growth speeds of the transformsd cells
TM182-CR81-ADHIPT4, TM182-AHK2-CYC1IPT4) TM182-AHR2-CYCiIPTS sad
TM182-AHK2-ADHIPTS in the culture medium to which 6-Benzyl aminopurine was
added were faster than 25 those in the culture medium to which only DMSO
was added. This 75   indicates that the transformed cells
TM182-CR81-ADHIPT4, TM182-AHR2-CYCIiPT4, TM1$2-AHR2-CYC1IPT5 and
TM182-AHK2-ADHIPT5 respond to cytokinins synthesized by the cells and can
grow in DOHLU+Glu culture medium and that the growth 



5 speeds of the transformed cells TM182-CR81-ADHIPT4, TM182-AHK2-CYC1IPT4,
TM182-AHIC2-CYClIPTS and TM182-AHK2-ADHIPT5 are increased or decreased
depending on the amount of cytokinin. 10 Table 4
8xamineeTM182-TM182-TH182-TM182-TM182-TM182-TH182-TM182-substanceCYC1-CYC1-
CYCl-CYC1-CxEl-AHR2-AFHC2-AHR2-CYC1-ADH-CYC1-ADH-ADH-CYC1-CYC1-ADH-IPT4IPT4
IPTSIPTSIPT4IPT4IPT5IPT5DMSO0.0350.0350.0350.0350.0440.1990.0710.301Abscisi
cp.0350.0350.03b0.0350.0450.1940.0690.297acid6-Banayl0_0340.0340.0350.0350.
0580.3390.4300.427amino-purine (8xample 21) Usa of transformed cells of the
present invention: method for searching substances having activity of
controlling cytokinin biosynthesis 15 The transformed cell
TM182-CR81-ADHIPT5 obtained in 8xample 16 is inoculated in 200 mL of
DOHLU+Gal culture medium, and is then pre-cultured at 30C for 36 hours. The
culture 76   solution is diluted ovith DOHLU+Glu culture medium so that
ODboo become 0 . 200. The diluted one is further diluted with DOHLU+Glu
culture medium at a dilution ratio of 1/200 to obtain a diluted
pre-cultured solution. Similarly, TM182 (slnl D), a SLNi 5 genetically
defected strain in which PTP2 Tyrosine phosphatase gene is introduced. is
inoculated in 200 mL of DOLU+Gal culture medium, and is then pre-cultured
at 30C for 36 hours . The Culture solution is diluted with DOLU+Gal culture
medium so that ODboo become 0.100. Tl~e diluted one is further diluted
orith DOLU+Gal 10 culture medium at a dilution ratio of 1/200 to obtain a
diluted pre-cultured solution. Further, the transformed cell TM182-CRE1
obtained in Reference Rxample 1 is inoculated in 20o mL of DOLU+Gal culture
medium, and is then pre-cultured at 30C for 36 hours. The culture solution
is diluted with DOLUtGlu 



15 culture medium so that OD6~ become 0.100. The diluted one is further
diluted with DOLU+Glu culture medium at a dilution ratio of 1/200 to obtain
a diluted pre=cultured solution- A dilated pre-cultured solution of
transfozmed cell TM182-CR81 to which 6-Benzyl aminopurine (cytokinin) is
added is also prepared so 20 that the concentration of the 6-Henzyl
aminopurine become 2 ppm. A 96-well assay plate is prepared by filling each
wail with 1 jai, of a DMSO solution of a examinee substance. In this
regard, it is to be noted that the DMSO solution of a examines substance is
prepared so that the concentration thereof become 25 200 ppm.
Simultaneously. an assay plate is prepared by filling 77    each well with
1 ~L of DMSO as a blank section. $ach of the diluted pre-cultured solutions
is added is a volume of 100 ~,L per each well of both of the assay plates,
and is cultured at 30C for 24 hours. After incubation, the 5 turbidity of
each wall is measured using a plate reader. Ia a case where it is confirmed
that the growth speed of the transformed cell TM182-CR81-ADHIPTS in a well
containing a exarainee substance is increased or decreased as compared with
that in a well of the blank section to which only DMSO is added. 10 the
examines substance contained is the well can be selected as a substance
having the activity of controlling oytokinin biosynthesis. Incidentally, in
a case where. in a well containing the examines substance which is
confirmed to increase or decrease the growth speed of the transformed cell
IS TM182-CR81-ADHIPTS as compared with that is the black section to which
only DMSO is added, the growth speed of the transformed cell TM182-CRai is
not increased-or decreased as compared with that in the bleak section to
which only DMSO is added, the examines substance can be selected as a
substance that has the activity 20 of controlling cptokinin biosynthesis
and that may not directly affect signal transduction system from cytokinin
receptor. Further) in a case where, in a well containing the examines
substance which is confirmed to increase or decrease the growth speed of
the transformed cell TH182-CRSi-ADHIP3'5 as compared 25 with that in the
blank section to which only DM60 is added, the 78 



growth speed of the transformed cell TM182 (slnl D) is not inoreased or
decreased as compared with that in the blank section to which only DMSO is
added, the examines substance can be selected as a substance that has the
nativity of controlling cytokinin S biosynthesis and that may not affect
somewhere not inVOlVed in biosynthesis of aytokinin nor
signaltransductionfrom cytokinin receptor. Hereinafter, the medium
compositions to be used in the 10 present invention will be desoribed: (a)
DOLU + Giu Culture medium Bacto-yeast nitrogen base without amino acids
6.7g Glucose 20g Drop-out mix (x) 2.0g 15 Distilled water 1000m1 (b)DQLU +
Gal culturgmadiu~n _ _._. 8acto-yeast nitrogen base without amino acids
6.7g Galactose ~ 20g 20 Drop-out mix (x) a.Og Distilled water 1000m1 (x)
Drop-out mixa Drop-out mix is a combination of the following ingred3,ent s
. as 79
Adenine0.5gLysine2.0gAlanine2.0gMethionine2.0gArginirie2.0gpare-Aminobenzoi
c aoia0.2gAs agine2.0gPhen lalanine2.0gAspartia
aaid2.0gProline2.0gGpsteine2.0gSerine2.0gGlutamine2.0gThreonine2.0gGlutamic
acid2.0Trytophan2.0Giycine2.0gTyrosine2.0gHistidine2,0Valine2.0gInositol2.0
gisoleuaine2.0g (c) DOLU + Glu agar culture medium A solid culture medium
prepared by adding 2% (~t/V) of agar into the culture medium (a) 5 (d) DOLU
+ Gai agar culture medium 



A solid culture medium prepared by adding 2% (W/V) of agar into the Culture
medium (c) 10 (e) DOALU + Glu culture medium Bacto-yeast nitrogen base
without amino acids 6.7g Glucose Drop-out mix (p) 20g 2.0g 80   Distilled
water 1000m1 (f)DOHLU + Gal culture medium aacto-yeast nitrogen base
without amino acids 6.7g 5 Galactose 20g Drop-out mix (y) Distilled water
2.0g 1000m1 (y) Drop-out mix: Drop-out mix ig a combination Of the
following 10 ingredients. Adenine0.5gL
sine2.0gAlaaine2.0gMethioniae2.0gArginine2.0gpare-Amiaobeazoic
acid0.2gAsparagiae2.0gPhan lalanias2.0gAspartlc acid2.0gProllne2.
DgCystoiae2.pg_geriae2.Og_Glutami.ne2.0gThreonine2.0gGlutamic
acid2.0gTrytopban2.0gGlycine2.0gTyrosine2.0gInositol2.0gValine2.0gIsoleucin
a2.0g (g) DOHLU + G1u agar culture medium A solid culture medium prepared
by adding 2% (W/V) of agar 81 



into the culture medium (e) (h) DOHLU + Gal agar culture medium A solid
culture medium prepared by adding 2% ( W/V ) of agar 5 into the culture
medium (f) Free text in Sequence Listing SEQ ID No: 23 Designed
oligonuoleotide primer for PCR 10 SEQ ID No: 24 Designed oligonucleotide
primer for PCR S8Q ID No: 25 Designed oligonucieotids primer for PCR S8Q ID
Nos 26 15 Designed oligonucleotide primer for PCR SEQ ID No: 27 pesigned
oligonucleotide primer for-PCR SEQ ID No: 28 Designed oligonuoleotide
primer for PCR 20 SEQ ID No: 29 Designed oligonucleotide primer for PCR SEQ
ID NO: 30 Designed oligonucleotide primer for PCR S8Q ID No: 31 25 Designed
oligonucleotide primer for PCR 82   SEQ ID No: 32 Designed oligonucleotlde
primer for PCR SSQ ID No: 33 Designed oligonucleotide primer for PCR 5 S8Q
ID No: 34 Designed oligonucleotide primer for PCR SEQ ID No: 35 



Designed oligonuoleotide primer for PCR SEQ ID Nor 36 10 Designed
oligonucleotide prianer for PCR SSQ ID No: 37 Designed oligonucleotide
primer for PCR S8Q ID No: 38 Designed oligonucleotide primer for PCR 15 83
WHAT IS CLAIMED IS: 1. A sell transformed with a polyaucleotide comprising
a auoieotide sequence encoding an amino acid sequence of a cytokiaia
receptor and 5 a polynucieotide comprising a nucleotide sequence encoding
an amino acid sequence of a eytokinin biosynthesis enzyme. a. The
transformed cell according to claim 1, wherein said cytokinin receptor is
selected from the group consisting 10 of: (a) a eytokinin receptor having
the amino acid sequence represented by S8Q ID No: 2~ (b) a cytokiain
receptor having the amino acid sequence represented by SEQ ID No: 4; is (c)
a cytokinin receptor having the amino acid sequence represented by 58Q ID
No: 6: ~a~ a p~tially traasmembrane region-deleted-type cytokinin receptor;



(e) a cytokinia receptor having the amigo acid sequence 20 represented by
amino acids 196 to 1176 of SEQ ID No: 4: (f) a cytokinin receptor having
the amino acid sequence represented by amine acids 50 to 1l76 of SE(~ ID
Nos 4: (g) a cytokinin receptor having the amino acid sequence represented
by amino acids 33 to l036 of S8Q ID No: 6: 25 (h) a chimera-type cytokinin
receptor comprising as 84   extraceliular region of the cytokinin receptor,
transmembxane regions of the cptokinin receptor) a histidiae kinase region
of the cytokinin receptor, and a receiver region of the histidine kinase.
wherein sai8 extraaellular region, said transmembrane 5 regions and said
hiat3dine kinase region era homogeneous to one another and the receiver
region is heterogeneous thereto; (i) a cytokinin r9eeptor having the amino
aaid sequence of (a) . (b) . (c) . (e) , (f) , or (g) with deletion,
substitution, or addition of one or a plurality of amino aaidsf and io (j)
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 polynucleotide that has a nucleotide sequence
compl8mentary to a nucleotide sequence encoding the amino Geld sequence 15
represented by S8Q ID Nos: 2, 4, Or 6. 3, The transformed cell according to
claim 1, wherein said cytokinin biosynthesis en2yma is a
isopentenyltransferase. i0 4. The transformed cell according to claim 1,
wherein said aytokinin biosynthesis enzyme is selected from the group
Consisting of: (a) a cytokinin biosynthesis enzyme having the amino acid
sequence represented by SEQ ID No: s: 25 (b) a cytokinin biosynthesis
enzyme having the ataino acid B5 



sequence represented by SBQ ID No: 10; ( c) a cytokiain biosynthesis enzyme
having the amino acid sequence represented by 5E0 ID No: 12: (d) a
cytokinin biosynthesis enzyme having the amino acid 5 sequence represented
by S$Q ID No: 14; (e) a cytokiniri biosynthesis enzyme having the amino
said sequence represented by SBQ ID Nos 16: (f ) a cytokinin biosynthesis
enzyme having the amino aoid sequence represented by S8Q 1D No: 18: 10 (g)
a cytoki.nln biosynthesis enzyme having the amino acid sequence represented
by SBQ ID No: 20; (h) a cytokiain biosynthesis enzyme having the amino acid
sequence represented by S8Q ID Noss 8. 10, 12, 14) 16, 18, or 20 with
deletion, substitution, or addition of one or a plurality 15 of amino
acids: and (i) a cytokinia biosynthesis eaayme having an amino said
sequence encoded by a nut7leotide sequence of a polyriuclaotide. wherein
said polyaualeotide hybridizes under a stringent condition to a
polynucleotide that has a nucleotide sequence 20 complementary to a
nucieotlde sequence encoding the amino acid sequence represented by S8Q ID
Noss 8, 10. 12, 14, 16, 18, or 20. 5. Tha transformed call according to
clailp 1, wherein 25 said cell is yeast. 86   6. The transformed cell
according to claim 1, wherein said cell is budding peast. 



5 a~   SEQUENCE LISTING <110J 5umitomo Chemical Company Limited <120)
TRANSFORMED CELL CO-EXPRESSING CYTORININ RECEPTOR AND CYTORININ
BIOSYNTHESIS ENZYME <130J <160J 38 <2I0) 1 <Z117 3194 <212J DNA <213)
Arabidopsis tbaliana <220J <221J CDS <222J (I).. (3I74) <400) 1 atg aac tgg
gca ctc aac aat cat caa gaa gaa gaa gaa gag cca cga 48 Met Asn Trp Ala Leu
Asn Asn His Gln Glu Glu Glu Glu Glu Pro Arg 1 . 5 10 l5 aga att gaa att tct
gat tcc 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 tcg tca gaa aag 144 89   Asp Phe Tyr Gln Leu GlY G1Y
Gly Gly Ala Leu Asn Ser 5er Glu LYs 35 40 45 ccg aga aag atc gat ttt tgg
cgt tcg ggg ttg atg ggt ttt gcg aag 192 Pro Arg Lys 11e Asp Phe Trp Arg Ser
G1Y Leu Met Gty Phe Ala Lys 50 55 6D 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 5er Yal
Ala Val Lys Met Asn 



65 90 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 aia caa gaa cat cga gca ttg tta cCa aaa get ttg att ctg tgg atc 336 Ile
Gln Glu His Arg Ala Len Leu Pro Lys Ala Leu Ile Leu Trp Ile 100 105 110 atc
att gtt ggg ttt ata agc agt ggg att tat caig tgg atg gat gat 384 11e lle
Val GLY Phe Ile Ser Ser Gly Ile Tyr Gln Trp Met Asp Asp 115 120 125 get 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 Yal Ser Net Cys Asp Gln 130 135 140 aga get aga atg
ttg cag gat caa ttt agt gtt agt gtt ast cat gtt 480 Arg Ala Arg Met Leu Gln
Asp Gln Phe Ser val Ser Val Asn His Val 145 150 155 160 90   cat get ttg
get att ctc gtc tcc act ttt cat tac cac aag aac cct 528 His Ala Leu Ala Ile
Leu Val Ser Thr Phe His Tyr His Lys Asn Pro 165 170 175 tCt gca att gat cag
gag aca ttt gcg gag tac acg gca aga aCa gca 576 Ser Ala Ile Asp Gln Glu Thr
Phe Ala Glu Tyr Thr Ala Arg Thr AIa 180 185 190 ttt gag aga ccg ttg cta agt
gga gtg get tat get gaa aaa gtt gtg 6Z4 Phe Glu Arg Pro Leu Leu Ser GIy 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 Gin Arg Glu Met Phe Glu Arg Gln His
Asn Trp Val Ile Lys ZIO E15 22D aca atg gat aga gga gag Cct tca ccg gtt agg
gat gag tat get cct 720 Thr Met Asp Arg Gly Glu Pro Ser Pro Val Arg Asp Glu
Tyr Ala Pro _ E25 _ E30_ _ _ 235 24p gtt ata ttc tct caa gat agt gtc tct
tac ctt gag tca ctc gat atg 788 Val Ile Phe Ser Gln Asp Ser Val Ser Tyr Leu
Glu Ser Leu Asp Met Z45 Z50 255 



atg tca ggc gag gag gat cgt gag aat att ttg cga get aga gaa acc 8I6 iaet
Ser Gly Glu Glu Asp Arg Glu Asn Ile Len Arg Ala Arg Glu Thr 260 265 270 gga
aaa get gtc ttg act agc cct ttt agg ttg ttg gaa act cac Cat 864 si   Gly
Lys Ala Val Leu Thr Ser Pro Phe Arg Leu Leu Glu Thr His His 2?5 280 285 ctc
gga gtt gtg ttg aca ttc cct gtc tac aag tct tct ctt cct gaa 912 Leu Gly Val
Val Leu Thr Phe Pro Yal Tyr Lys Ser Sex Leu Pro Gltt 290 295 300 aat ccg
aCt gtc gaa gag Cgt att gca gcc act gca ggg tac ctt ggt 960 Asn Pro Thr Val
Glu Glu Arg Ile Ala Ala Thr Ala Gly Tyr Leu Gly 305 310 316 320 ggt gcg 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 Len Gly Gln Leu 325 330 335 get ggt aac caa
gca ata gtt gtg cat gtg tat gat atc acc aat gca 1D56 Ala Gly Asn Gln Ala
Ile Yal Yal His Val Tyr Asp Ile Thr Asn Ala 340 345 350 tca gat cca
ct-t--gtc- atg tat ggt aat caa gat -gad-gaa gcc gac aga I104 Sex Asp Pro
Leu Val Met Tyr Gly Asn Gln Asp Glu Glu Ala Asp Arg 355 360 365 tct ctc tct
cat gag agc aag ctc gat ttt gga gac ccc ttc agg aaa 1l52 Ser Leu 5er His
Glu Ser Lys Leu Asp Phe Gly Asp Pro Phe Arg Lys 370 395 380 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 92   gtg ctc
aca act gtg cca ttg ttc ttt gcg att ggt ttc ttg gtg ggt 1248 Val Leu Thr
Thr Val Pro Leu Phe Phe Ala Ile Gly Phe Leu Yal Gly 405 410 415 



tat ata ctg tat ggt gca get atg cac ata gta aaa gtc gaa gat gat 1296 Tyr
Ile Leu Tyr Gly Ala Ala Net Ais Ile Val Lys Val Glu Asp Asp 4Z0 4Z5 430 ttc
cat gaa atg caa gag ctt aaa gtg cga gca gaa get get gat gtc 1344 Phe His
Glu Net Gln Glu Leu Lys Val Arg Ala Glu Ala Ala Asp Val 435 440 445 get aaa
tcg cag ttt ctt get acc gtg tct cac gag atc agg aca cca 1392 Ala Lys 5er
Gln 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 Net Asn Gly Ile
Leu Gly Net Leu Ala Net Leu Leu Asp Thr Glu Len 4fi5 470 475 48D agc tcg
aca cag aga gat tac get caa acc get caa gta tgt ggt aaa 1488 Ser Ser Thr
Gln Arg Asp Tyr Ala Gln Thr Ala Gln Val Cys Gly Lys 485 490 495 gcf ttg att
gca ttg ata aat gag gtt ctt gat cgc gcc aag att gaa 1536 Ala Leu Ile Ala
Leu IIe Asn GIu Va1 Leu Asp Arg Ala Lys Ile Glu 500 505 510 get gga aag ctg
gag ttg gaa tca gta cca ttt gat atc cgt tca ata 1584 93   Ala Gly Lys Leu
Glu Leu Glu Ser Val Pro Phe Asp Ile Arg Ser Ile 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 Glu Glu Ser Arg Asn Lys Gly 530 535 540 att gag ctc gcg gtt
ttc gtt tca gac aaa gta cca gag ata gtc aaa 1880 Ile Glu Leu Ala Val Phe
Yal Ser Asp Lys Yal Pro Glu Ile Val Lys 545 550 555 580 gga gat tca ggg aga
ttt aga cag ata atc ata aac ctt gtt gga aa't 1728 Gly Asp Ser Gly Arg Phe
Arg Gln Ile Ile Ile Asn Leu Val Gly Asn 585 570 575 tcg gtt aaa ttc aca gag
aaa gga cat atc ttt gtt aaa gtc cat ctt 1778 Ser Val Lys Phe T4r Glu Lys
Gly His Ile Phe Val LYS Yal His Leu 58D 585 590 gcg
gaa--caa-tea--aaa-gat-gaa--tct gaa ccg aaa aat gca ttg~at ggt I824-Ala Glu
Gln Ser Lys Asp Glu Ser Glu Pro Lys Asn Ala Leu Asn GIy 



595 600 605 gga gtg tct gaa gaa atg atc gtt gtt tcc aaa cag tca agt tac aac
18Z2 Gly Yat Ser Glu Glu filet lle Val Val Ser Lys Gln Ser Ser Tyr Asn 610
615 620 aca ttg agc ggt tac gaa get get gat ggt cgg aat agc t8B Bat tca
1920 Thr Leu Ser Gly Tyr Glu Ala Ala Asp Gly Arg Asn Ser Trp Asp Ser 625
630 ~ 635 640 9a   ttc aag cat ttg gtc tct gag gag cag tca tta tcg gag ttt
gat att 1968 Phe Lys His Leu Val Ser Glu Glu Gln Ser Leu Ser Glu Phe Asp
Ile 645 650 655 tct agc aat gtt agg ctt atg gtt tca atc gaa gac acg ggt att
gga 2018 Ser 5er Asn Yal Arg Leu Met Yal Ser Ile Glu Asp Thr Gly Ile Gly
660 665 670 atc cct tta gtt gca caa ggc cgt gtg ttt atg ccg ttt atg caa gCn
2064 Ile Pro Leu Val Ala Gln Gly Arg Yal Phe Met Pro Phe Met Gln 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 Gly Gly Thr Giy Ile Gly Leu Sex 690
695 700 ata agc aag tgt ctt gtt gaa ctt atg cgt ggt cag ata aat ttc ata
2l60 Ile Ser Lys Cys Leu Yal Glu Leu Met Arg Gly Gln Ile Asn Phe Ile 705._
710 7I5 7Z0_ agC egg cct cat att gga 'agc acg ttc tgg tte aCg get gtt tta
gag 22D8 Ser Arg Pro His Ile Gly Ser Thr Phe Trp Phe Thr Ala Val Leu Glu
725 730 ?35 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 ?50 gaa cac ttg cct tct act ttt aaa gga atg aaa get ata gtt gtt gat
2304 95   



Glu His Leu Pro 5er Thr Phe Lys Gly Met Lys Ala Ile Val Val Asp 755 780 765
get aag cct gtt aga get get gtg act aga tac cat atg aaa aga ctc 235Z Ala
Lys Pro Val Arg Ala Ala Val Thr Arg Tyr His Met Lys Arg Leu 770 775 780 gga
atC aat gtt gat gtc gtg aca agt ctc aaa aCC get gtt gtt gca 2400 Gly Ile
Asn Val Asp Val Val Thr Ser Leu Lys Thr Ala Yal Yal 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 Glu Arg Asn Gly Ser Pro Leu Pzo Thr Lys Pro Gln 805 S10 815 ctt gat
atg atc tta gta gag aaa gat tca tgg att tca act gaa gat 2496 Leu Asp Met
Ile Len Vat Glu Lys Asp Ser Trp Ile Sez Thr Glu Asp 820 825 830 aat gac-tca
gag-att-egt- tta ttg-aat tca-aga acc aa~-ggx aac--gtt 2544 Asn Asp Ser Glu
Ile Arg Leu Leu Asn Sez Azg Thr Asn Gly Asn Val 835 840 $45 cat cac aag tct
ccg aaa cta get cta ttc gca aca aac atc aca aat 2592 His His Lys Ser Pro
Lys Leu Ala Leu Phe Ala Thr Asn Ile Thr Asn 850 855 860 tcg gab ttc Sac aga
get aaa tcc gca 88a ttt gca gat acg gta ata 2640 Sex Glu Phe Asp Arg Ala
Lys Ser Ala Gly Phe Ala Asp Thr Val Ile 865 870 $75 880 96   atg aaa ccg
tta aga gca agc atg att ggg gcg tgt ctg caa caa gtt 2688 Met Lys Pro Leu
Arg Ala Ser Met lle Gly Ala Cys Leu Gln Gln Val 885 890 895 ctc gag ctg aga
aaa aca aga caa caa cat cca gaa gga tca tca ccc 2738 Leu Glu Leu Arg Lys
Thr Arg Gln Gln His Pro Glu Gly Ser Ser Pro 900 905 910 gca acf 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 Yal Val Asp 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
Va1 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 ttg 2880 Gly
Ala Glu Val Yal Cys Ala GIu Ser Gly Gln Yal Ala Leu Gly Leu g45 950 955 960
ctt cag att cca cac act ttc gat get tgc ttc atg gat att caa atg 2928 Leu
Gin Ile Pro His Thr Phe Asp Ala Cys Phe Met Asp Ile Gln Met 965 970 976 cca
cag atg gac gga ttt gaa gca act cgt cag ata aga atg atg gag 2976 Pro Gtn
Met Asp Gly Phe Glu A1a Thr Arg Gln Ile Arg Met Met Glu 980 985 990 aag gaa
get aaa gag aag acg aat ctc gaa tgg cat tta ccg att cta 3024 97   Lys Glu
Ala Lys Glu Lys Thr Asu Leu Glu Trp His Leu Pro Ile Leu 995 1000 1005 gCg
atg act gcg gat gtg ata cac gcg acc tac gag gaa tgt ctg aaa 3072 Ala Met
Thr Ala Asp VaI 11e His Ala Thr Tyr Glu Glu Cys Leu Lys 1010 1015 1020 agt
ggg atg gat ggt taC gtc tec aaa cct ttt gaa gaa gag aat ctc 3120 Ser Gly
llet Asp Gly Tyr Val Ser Lys Pro Phe Glu Glu Glu Asn Leu 1025 1030 1035
1040 tat aaa tec gtt gcc aaa tca ttc aaa cct aat cct atc tca cct tcg 31B8
Tyr Lys Ser Val AIa Lys Ser Phe Lys Pro Asn Pro Ile Ser Pro Ser 1045 1050
1055 tcg taa Ser (21D) 2 <211J 105? <Z12) PRT <213) Arabidapsis thaliana
<400J 2 Met Asn Trp Ala Leu Asn Asn His Gln 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 31?4 98



35 40 45 Pro Arg Lys Ile Asp Phe Trp Arg Ser Gly Leu Met Gly Phe Ala Lys 50
55 fi0 Met Gln Gln Gln Gln Gln Leu Gln His 5er Val Ala Val Lys Met Asn w 65
70 75 80 Asn Asn Asn Asn Asn Asp Leu Met Gly Asn Lys Lys Gly Ser Thr Phe 85
90 95 Ile Gln Glu His Arg Ala Leu Leu Pro Lys Ala Leu Ile Leu Trp Ile 100
105 110 Ile Ile Val Gly Phe Ile Ser Ser Gly Ile Tyr~Gln Trp Met Asp Asp 115
120 125 Ala Asn Lys Ile Arg Arg Glu Glu Val Leu Val Ser Met Cys Asp Gln 130
135 140 Arg Ala Arg Met Leu Gln Asp Gln Phe Ser Yal Ser Val Asn His Yal 145
I50 155 160 His Ala Leu Ala Ile Leu VaI Ser Thr Phe His Tyr His Lys Asn Pro
lfi5 170 I75 5er Ala Ile Asp Gln Glu Thr Phe Ala Glu Tyr Thr Ala Arg Thr
Ala I80 185 ~ 190 Phe Glu Arg Pro Leu-Leu-Ser-Gty Va9 Ala Tyr Ata Glu Lys
Val Yall95 2D0 205 Asn Phe Glu Arg Glu Met Phe Glu Arg Gln His Asn Trp Yal
Ile Lys 210 215 220 Tbr Met Asp Arg Gly Glu Pro 5er Pro Val Arg Asp Glu Tyr
Ala Pro 225 230 235 240 Yal Ile Phe Ser Gln Asp Ser Yal Ser Tyr Leu Glu Ser
Leu Asp Met , 245 250 265 Met Ser Gly Glu Giu Asp Arg Glu Asn Ile Leu Arg
Ala Aig Glu Thr 260 265 270 Gly Lys Ala Yal Leu Thr Ser Pro Phe Arg Leu Leu
Glu Thr His His 99   275 280 285 Leu Gly Yal Val Leu Thr Phe Pro Val Tyr
Lys Ser Ser Leu Pro Glu 290 295 300 Asn Pro Thr Val Glu Glu Arg Ile Ala Ala
Thr Ala Gly Tyr Leu Gly 305 310 315 320 Gly Ala Phe Asp Yal Glu Ser Leu Val
Glu Asn Leu Leu Gly Gln Leu 32b 330 335 Ala Gly Asn Gln Ala Ile Val Yal 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 Pbe Ar8 Lys 370 375 380 His Lys Met Ile Cys Arg Tyr His Gin
Lys Ala Pro Ile Pro Leu Asn 385 39D 395 400 Val Leu Thr Thr Val Pro Leu Phe
Phe Ala Ile Gly Phe Leu Val Gly 405 410 , 415 Tyr Ile Leu Tyr Gly Ala Ala
Met His Ile Vai Lys Yal Glu Asp Asp 420 425 430 Phe His--Glu-Diet GIn Glu
Len Lys Val Arg Ata Gtu Ata Ala Asp Val 435 44D 445 Ala Lys Ser Glu Phe Leu
Ala Thr VaI Ser His Glu Ile Arg Thr Pro 450 455 460 Me.t Asn Gly Ile Leu
Gly ldet Leu Ala Met Leu Leu Asp Tbr Glu Leu 465 470 475 480 5er 5er Thr
Gln Arg Asp Tyr Ala Gln Tbr Ala Gln Val Cys Gly Lys 485 490 495 Ala Leu Ile
A1a Leu Ile Asn Gln Val Leu Asp Arg Ala LYS Ile Glu 500 505 510 Ala Gly Lys
Leu Glu Leu Glu Ser Val Pro Phe Asp Ile Azg Ser Ile 100 



5l5 520 525 Leu Asp Asp Val Leu Ser Leu Phc Scr Glu Glu Ser Arg Asn Lys Gly
530 535 540 Ile Giu Leu Ala val Phe Val Ser Asp Lys Yal Pro Glu Ile Val Lys
545 550 555 560 Gly Asp Ser Gly Arg Phe Arg Gln Ile Ile Ile Asn Leu Yal Gly
Asn 565 570 575 Ser Yal Lys Phe Thr Glu Lys Gly His Ile Phe Yal Lys Yal His
Leu 580 585 590 Ala Glu Gln Ser Lys Asp Glu Ser Glu Pro Lys Asn Ala Leu Asn
Gly 595 600 605 Giy Yai 5er Giu G1u Het Ile Val Val Ser Lys Gln Ser Ser Tyr
Asu 610 615 62D Thr Leu Ser Gly Tyr Glu Ala Ala Asp 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 YaI Arg Leu Met Yal Ser Ile Gln Asp Thr Gly
Ile Gly 660 665 870 Ile Pro Leu Val-Ala Gtn Gly Arg Yal Phe Het Pra
Plre-Met-Gln Ala 675 680 685 Asp Ser Ser Thr Ser Arg Asn Tyr Gly Gly Thr
Gly tle Gly Leu Ser 890 695 700 Ile Ser Lys Cys Len Yal Glu Lea Met Arg Gly
Gln Ile Asn Phe Ile ?05 7I0 T15 T20 Ser Arg Pro His Ile Gly Ser Thr Phe Trp
Phe Thr Ala Val Leu Glu 725 T30 735 Lys Cys Asp Lys Cys Ser Ata Ile Asn His
Met Lys Lys Pro Asn Val 74D 745 ?50 Glu His Leu Pro Ser Thr Phe Lys Gly Met
Lys Ala Ile Val Val Asp xox   755 760 765 Ala Lys Pro Val Arg Ala Ala Yal
Thr Arg Tyr His Met Lys Arg Leu 7T0 775 780 Gly Ile Asn Yal Asp Val Yal Thr
Ser Leu Lys Thr Ala Val Yal Ala 785 790 795 800 Ala A1a Ala Phe Glu Arg Asn
Gly Ser Pro Leu Pro Thr Lys Pro Gln 805 810 815 Leu Asp Met Ile Leu Yal Glu
Lys Asp Ser Trp Ile Ser Thr Glu Asp 820 825 830 Asn Asp Ser Glu Ile Arg.Leu
Leu Asn Ser Arg Thr Asn Gly Asn Val 835 840 845 His His Lys Ser Pro Lys Leu
Ala Leu Phe Ala Thr Asn Ile Thr Asn 850 855 860 Ser Glu Phe Asp Arg Ala Lys
Ser Ala Glv Phe Ala Asp Thr Val Ile 865 870 875 880 Met Lys Pro Leu Arg Ala
Ser Met Ile Gly Ala Cys Leu Gln Gln Yal 885 890 895 Leu Glu Leu Arg Lys Thr
Arg Gln Gln His Pro Glu Gly Ser Ser Pro 900 905 910 Ala Thr Leu Lys Ser Leu
teu Thr GIy Lys Lys Ile Lest Val Val Asp 915 920 925 Asp Asn Ile Yal Asn
Arg Arg Val Ala Ala Gly Ala Leu Lys Lys Phe 930 935 94D Gly Ala Glu Yal Yal
Cys Ala GIu Ser Gly Gin Yal Ala Leu Gly Leu 945 950 955 96D Leu Gln Ile Pro
His Thr Phe Asp Ala Cys Phe Met Asp Ite Gln Met 965 970 975 Pro Gln Met Asp
Gly Phe Gln Ala Thr Arg Gln Ile Arg Met Itet Glu 980 985 990 Lys Glu Ala
Lys Glu Lys Thr Asn Len Glu Trp His Leu Pro Ile Leu ioa 



995 100Q 1005 Ala Met Thr Ala Asp Yal Ile His Ala Thr Tyr GIu Glu CYS Lett
Lys 1010 1015 1020 Ser Gly Met Asp Gly Tyr Yal 5er Lys Pro Phe Glu Glu Glu
Asn Leu I025 1030 I035 1D40 TYr Lys Ser Yal Ala Lys Ser Phe Lys Pxo Asn Pro
Ile Ser Pro Ser 1045 1050 1055 Ser C210) 3 C211J 3531 CZ12J DNA C213)
Arabidopsis thaliana C220) C221) CDS C222) (1) , , (353I) C400J 3 atg tct
ata act tgt gag ctc ttg aat ctt act tca aag aaa get aag 48 Met Ser Ile Thr
Cys Glu Leu Leu Asn Leu Thr Sex LYS Lys Aia Lys 1 5 10 15 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 Pbe 20 25 30 ctg att ttg tgt ggc tct
ttg gta att gtt ttg gtt atg ttc tta cgg 144 l03   Leu Ile Leu Cys Gly Ser
Leu Ya( 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 Gly Arg Ser Gln Lys Glu Glu
Thr Asp Ser Cys Asn Gly Glu Glu 50 55 80 daa gtg ttg tat aga cat caa aat
gtc aca aga agt gag att cat gat 240 Lys Val Leu Tyr Arg His Gln Asn Val Thr
Arg Ser Glu Ile His Asp B5 70 75 80 ttg gtc tct ttg ttc tct gat tca gat cag
gta aca tcc ttt gaa tgt 288 Leu Val Sex Len Phe Ser Asp Ser Asp Gln Val Thr
Sex Phe GIu Cys 85 90 95 cat adg gaa tca agc cct gga atg tgg aca aac tat
ggt att aca tgt 336 His Lys Glu Ser 5er Pro Gly Met Trp Thr Asn Tyr Gly Ile
Thr Cys 



100 105 11D tcc ctg agt--gtg-cgt--tct--gat--aaa-caa--gag-act--aga ggg ctt-
ccc tgg - 384 Ser Leu Ser Val Arg Ser Asp Lys Gln Glu Thr Arg Gly Leu Pro
Trp 115 I20 125 aat ctt ggc tta gga cat tct atc tca tca aca tct tgt atg tgt
ggt 432 Asn Leu Gly Leu Gly His Ser Ile Ser Ser Thr Ser Cys Met Cys Gly 130
l35 140 aat ctt gaa ccg att tta cag caa cct gaa aac ctt gag gaa gaa aac 48D
Asn Leu Glu Pro Ile Leu Gln Gln Pro Glu Asn Leu Glu Glu Glu Asn 145 150 155
160 104   cat gaa gaa ggg ctg gag cag ggt ttg tca tcg tat tta aga aat gca
528 His Glu Glu Gly Leu Gtu Gln Gly Leu Ser Ser Tyr Leu Arg Asn Ala 165 170
175 tgg tgg tgt cta atc ctt ggt gtg tta gtg tgc cat aag att tat gta 576 Trp
Trp Cys Leu Ile Leu Gly Val Leu Val Cys His Lys Ile Tyr Val 180 185 190 tct
cat tct aaa gca cga ggt gag agg aaa gag aaa gta cat ctg caa 624 Ser His Ser
Lys Ala Arg Gly Glu Arg Lys Glu Lys Vat His Leu Gln 195 200 205 gag get tta
get cca aag aag cag caa caa cgt get cag act tct tct 672 Glu Ala Leu Ala Pro
Lys Lys Gln Gln Gln Arg Ala Gln Thr Sex Ser 210 215 220 aga ggg get gga aga
tgg agg aag aat atc cti ctc ctt ggt att tta 720 Arg Gly Ala Gly Arg Trp Arg
Lys Asn Ile Leu Leu Leu Gly Ile Leu 225 ~ 230 235 240 gga gga gtt tcc ttc
tct gtt tgg tgg ttt tgg gac act aat gag gag 768 Giy Gly Val Ser Pfie Ser
Val Trp Trp Phe Trp Asp Thr Asn Gla GIu 245 250 255 atc ata atg aaa agg agg
gag act ttg gCa aac atg tgt gac gaa cga 816 Ile Ile Met Lys Arg Arg Glu Thr
Leu Ala Asn Het Cys Asp Glu Arg 260 265 270 gca cgt gtt tta caa gat cag ttc
aat gtt agc ttg aac cat gtt cat 864 ios 



Ala Arg Val Leu Gln Asp Gln Phe Astt Val Ser Leu Asn His Val His 275 280
285 gCC ttg tct att ctt gta tct aca ttt cat cat ggt aaa atc cca tct 912 Ala
Leu Ser Ile Leu Yal Ser Thr Phe His His Gly Lys Ile Pro Ser 290 295 300 gcc
att gat cag aga aca ttt gaa gaa tat act gag aga aca aac ttt 960 Ala 11e 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 gcg tat gCt ttg aaa gtc cca cac 1D08 Glu Arg Pro
Lea Thr Ser Gly Val Ala Tyr Ala Leu Lys Yal Pro H(s 3Z5 330 335 tca gaa aga
gag aaa ttt gaa aag gag cat gga tgg gca ata aag aaa 1056 Ser Glu Arg G1u
Lys Phe Glu Lys Glu His Gly Trp Ala 11e Lys Lys 340 345 350 atg gaa act gag
gac cag aca gt - gtacaa-gaitgt gtt cct gas-aac-- 1104 Met Glu Thr Glu Asp
Gln Thr Yal Val Gln Asp Cys Val Pro Glu Asn 355 360 365 ttt gat cCC gca ccg
att caa gac gaa tac gcg cCa git ata ttt get 1152 Phe Asp Pro A1a Pro Ile
Gla 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 ios   gaa gac cgt gaa
aac atc tta cgg gca agg gca tca gga aaa gga gtg 1248 Giu Asp Arg Glu Asn
Ile Leu Arg Ala Arg Ala Ser Gly Lys Giy Yal 405 410 415 tta aca tct cca ttt
aag ctt ctt aag tca aat cat ctt ggt gtt gtg 1296 Leu Thr Ser Pro Phe Lys
Leu Leu Lys Ser Asn His Leu Gly Yal Yal 420 425 430 ttg acc ttt get gtc tat
gac acg agc cta ccg cct gat get aca gaa 1344 Leu Thr Phe Ala Yal Tyr Asp
Thr Ser Leu Pro Pro Asp Ala Thr Glu 435 440 445 



gaa cag cgt gtt gaa gca act att ggg tac ctt ggt gca tca tat gat 1392 Glu
Gln Arg val Giu Ala Thr Ile Gly Tyr Leu Gly Ala 5er Tyr Asp 450 455 460 atg
cca tcg ctg gtg Bag aaa ctt ctt cac caa ctt gcc agc aaa cag 1440 Met Pro
Ser Leu Val Glu Lvs Leu Leu His Gln Leu Ala Ser Lys Gln 4~b 470 4-75 480
aca att get gtg gat gtt tac gac aca act aac act tca ggt cta ata 1488 Thr
Ile Ala Val Asp Val Tyr Asp Thr Thr Aslt Thr Ser Gly Leu Ile 485 490 495
aaa atg tat ggc tca gaa att ggg gat ata agt gag cag cat ata agt 153B Lys
Met Tyr Gly Ser Glu Ile Gly Asp Ile Ser Glu Gin His Ile Ser 500 505 510 agc
ctt gat ttt ggt gat cca tca agg aac cat gag atg cat tgc agg 1584 ion   Ser
Leu Asp Phe Gly Asp Pro Ser Arg Asn His Glu Met His Cys Arg 515 520 525 ttt
aag cat aaa ctt ccc att ccc tgg aca gcg ata aca ccg tcg atc 1832 Phe Lys
His Lys Leu Pro Ile Pro Trp Thr Ala Ile Thr Pro Ser Ile 530 535 540 tta gtt
ctg gtt att act ttt ctt gtt ggt tat att tta tat gaa gcc 1880 Leu Yal Leu
Yal Ile Thr Phe Leu Val Gly Tyr Ile Leu Tyr Glu Ala 545 55D 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 Yal Glu Glu Asp Cys Gln Lys Net Arg Glu 565 570 575 ctc aaa get
cgt get gag gcc get gac atl gea aag tca cag ttc cta I776 Leu Lys Ala Arg
Ala Glu Ala Ala Asp Ile Ala Lys Ser Gin Phe Leu 580 585 590 gca act gtt tct
cat gag-ata cgg act ccg atg aat gga-gtt tto gga 1824 Ala Thr Yal Ser His
Glu Ile Arg Thr Pro Net Asn Gly Yal Leu Gly 595 6D0 605 atg ctg aaa atg ctg
atg gac acc gat ctt gat gcg aag cag atg gac 1872 Met Leu Lys Net Leu Met
Asp Thr Asp Leu Asp Ala Lys Gln Net Asp 610 6I5 820 tat gcg caa act get cat
ggc agt ggg aag gat ctt aca tea cta ata 1920 Tyr Ala Gln Thr Ala His Gly
Ser Gly Lys Asp Leu Thr Ser Leu Ile 



625 630 635 640 >.oe   aat gag gtt ctt gat cag gca aag att gaa tcc gga agg
ctc gag ctt I968 Asn Glu Yal Leu Asp GIn Ala Lys Ile Glu Ser Gly Arg Leu
GIu Leu 645 650 655 gaa aat gtg cct ttt gat atg cgt ttt att ctt gat aat gtt
tca ict 2016 Glu Asn Val Pro Phe Asp Met Arg Phe Ile Leu Asp Asn Yal Ser
Ser B60 665 B70 ctc ctc tct ggc aag gca aat gaa aaa gga att gag ttg gcc gtt
tat Z064 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 Yal Ser Ser Gln Val Pro Asp Val Val Val Gly Asp Pro Ser Arg Phe 690
695 700 cgg cag atcattacaaacctggttgga aactcaatcaaattcacacag 2160Arg Gln
IleIleThrAsnLeuValGly AsnSerIleLvsPheThrGln705710715720gaa agg
ggacacatatttatctcagtg caccttgcagatgaggtaaag 2208Glu Arg
GlyHisIlePheIleSerYal HisLeuAlaAspGluVaILys725730735 gag cct ctt act att
gaa gac gca gtg cta aaa cag cga cta get tta 2256 Glu Pro Leu Thr 11e Giu
Asp Ala Val Leu Lys Gln Arg Leu Ala Leu 740 745 750 gga tgc agc gag tcc ggt
gag aca gtt agc ggg ttt cct geg gta aat 2304 ios   Gly Cys Ser Glu 5er Gly
Giu Thr VaI Ser Gly Phe Pro Ala Val Asn 755 760 78fi gca tgg gga agc tgg
aag aat ttc aag aca tgt tac agt act gag agt 2352 Ala Trp Gly Ser Trp Lys
Asn Phe Lys Thr Cys Tyr Ser Thr Glu Ser 770 775 780 eag eat tct gat caa atc
aaa ttg cia gtt aca gtg gag gac act gga 2400 Gln Asn Ser Asp Gln Ile Lys
Leu Leu Yai Thr Val Glu Asp Thr Gly 785 790 796 800 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 



eda gcc gac agt tcc aca tCg cgg act tat ggt gga act ggC ata ggt 2496 Gln
A1a Asp Ser Ser Thr Sex Arg Thr Tyr Gly Gly Thr Gly Ile Gly 820 825 ~ 830
t~tg agt ata agc aaa cgt ttg gtt gaa ctc--atg caa gga gag atg ggg 2544 Len
Ser Ile Ser Lys Arg Leu Yal Glu Leu Met GIn Gly Giu Net Gly 835 840 g45 ttt
gtg agt gag ccc ggg ata ggc agt act ttt tca ttt act gga gtt 2592 Phe Yai
Ser Glu Pro Gly Ile Gly Ser Thr Phe Ser Phe Thr Gly Val 850 855 ~ 860 ttc
ggg aaa gca gaa dca aat acg tcg att act adg ctg gaa cga ttc 2640 Phe Gly
Lys Ala Glu Thr Asn Thr Ser Ile Thr Lys Leu Glu Arg Phe 865 870 875 88D iio
gat cta get att cag gag ttt aea gga ttg aga gea tta gtt att gat 2688 Asp
Leu Ala Ile Gln Glu Phe Thr Gly 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 2736 Asn Arg
Asu Ile Arg Ala Glu Yai Thr Arg Tyr Glu Leu Arg Arg Leu 900 905 910 gga ata
tct gca gac att gtt tca agt ctg aga atg gca tgc act tgt 2784 Gly Ile Ser
Ala Asp Ile Yal Ser Ser Leu Arg Dlet Ala Cys Thr Cys 915 920 925 tgt ate
agc aaa tta gaa aat ttg get atg att cta ata gae aaa gae 2832 Cys Ile Ser
LyS Leu Glu Asn Leu Ala Het Ile Leu Ile Asp Lys Asp 930 935 940 gcc tgg aac
aag gaa gaa ttt tca gta ctt gac gag ttg ttt acc cga 2880 Ala Trp Asn Lys
Glu Glu Phe Ser Val Leu Asp Glu Leu Phe Thr Arg 945 950 .955 g60 agc aaa
gta acc ttt aca aga gtc cca aag att ttt ctt ttg gca act 2928 Ser Lys Val
Thr Phe Thr Arg Val Pro Lys Ile Phe Leu Leu Ala Thr 965 970 975 tct gca aet
ctt act gag cgc agt gag atg aag tct act ggt ctc atc 2976 Ser Ala Thr Leu
Thr Glu Arg 5er Glu Met Lys Ser Thr Gly Leu Ile 980 985 990 gat gag gtg gtg
ata aag cct ctt cgg atg agt gtc tta ata tgt tgc 3024 



i11   ,.. Asp Glu Yal VaI Ile Lys Pro Leu Arg Met Ser Yal Leu Ile Cys Cys
995 1000 1005 ttg caa gaa acc ctt gtc aat ggc aag aag agg caa ccg aac aga
cag 3072 Leu Gln Glu Thr Leu Val Asn Gly Lys Lys Arg Gln Pro Asn Arg Gln
1010 1015 1020 cga aga aatctt gga cac ttg ctaaga gaa aaacag att Ctg gtt gtg
3120Arg Arg AsnLeu Gly His Leu LeuArg Glu LysGln Ile Leu Val
Val1025103010351040 gat gat aat ctt gtg aac aga cga gtt gca gaa ggt gca ctt
aag aaa 3168 Asp Asp Asn Leu Yal Asn Arg Arg Yal Ala Glu Gly Ala Leu Lys
Lys 1045 1050 1055 tat gga get att gtt aca tgc gtt gag agt ggc aaa get gca
#tg gca 3216 Tyz Gly Ala Ile Val Thr Cys Yal Glu Ser Gly Lys Ala Ala Leu
Ala 1080 1065 1070 atg ctt aag ccg cct cat aac ttc gat get tgc ttc atg gat
ctc cag 3264 Met Leu Lys Pro Pro His Asn Phe Asp Ala Cys Phe Diet Asp Leu
Gln 1075 1080 I085 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 Azg Yal Arg Glu
Lcu 1090 1095 1100 gag agg gaaatc aat aag aaaata get tct gga gaa gtttca get
gaa 3360Glu Arg GiuIle Asn Lys LysIle Ala Ser Gly Glu ValSer Ala
Glu11051t10l1151120 m   atg ttc tgt aaa ttt agt agt tgg cac gtc ccg ata tta
gca atg aca 3408 Met Phe Cys Lys Phe Ser Ser Trp Ris Val Pro Ile Leu ALa
Met Thr 1125 1130 I135 gca gat gtt ait cag get act cat gaa gaa tgc atg aaa
tgt gga atg 3456 Ala Asp Va1 Ile Gtn Ala Thr His Glu Glu Cys Met Lys Cys
Gly Met 1t40 1145 115D gat ggt tat gta tca aaa ccg ttt gaa gag gaa gtg ctc
tac aca gcg 3504 Asp G1Y Tyr Val Ser Lys Pro Phe Glu Glu Glu Val Leu Tyr
Thr Ala 1155 1160 1l65 



gta gca aga ttc ttt gaa cct tgt taa Val Ala Arg Phe Phe Glu Pro Cys 1l70
11T5 3531 <210J 4 211J 1178 <212J PRT <213J Arabidopsis thaliana <400J 4
Met 5er Ile Thr Cys Glu Leu Leu Asn Leu Thr Ser Lys LYS Ala Lys 1 5 10 I5
Lys Ser 5er Ser Ser Asp Lys LYS Trp Leu Lys Lys Pro Leu Phe Phe 20 25 30
Leu~IIe Leu CYS Gly Ser Leu Yal Ile Val Leu Val Met Phe Leu Arg 35 40 45
113   Leu Gly Arg Ser Gln Lys Glu Glu Thr Asp Ser Cys Asn Gly Glu Glu 50 55
60 Lys Yal Leu Tyr Arg His GIn Asn Yal Thr Arg Ser Glu Ile His Asp 65 70 75
80 Len Val Ser Leu Phe Sez 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 l10
Ser Leu Ser Yal 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 13D 135 140
Asn Leu Glu Pro Ile Leu Gln Gln Pro Glu Asn Leu Glu Glu Glu Asa 145 150 155
160 His Gln Glu Gly Leu Glu Gln Gly Leu Ser Ser Tyr Leu Arg Asn Ala 1B5 170
175 Trp Trp Cys Leu Ile Leu Gly Val Leu Yal Cys His Lys 11e Tyr Val 18D 185
190 



Ser His Ser Lys Ala Arg Gly Glu Arg Lys Glu Lys Val His Leu Gln 195 200 205
Glu AlaiLea Ala Pro Lys Lys Gln Gln Gln Arg Ala Gln Thr Ser Ser 210. 215
220 Arg GlyiAla Gly Arg Trp Arg Lys Asn Ile Leu Leu Leu Gly Ile Leu 225 ~
230 235 24D Gly Gly;Vai Ser Phe Ser Yal Trp Trp Phe Trp Asp Thr Asn Glu Glu
245 25D 25S Ile IleiMet Lys Arg Arg Glu Thr Leu Ala Asn Met Cys Asp Glu Arg
I I 260 265 270 i Ala Arg;Val Leu Gln Asp Gln Phe Asn Val Ser Leu Asn Ilis
yal His i275 280 285 114   Ala LeulSer Ile Leu Yal Ser Thr Phe His His Gly
Lys Ile Pro Ser Z90 295 300 Ala Ile,Asn Gln Arx Thr Phe Glu Glu Tyr Thr Glu
Arg Thr Asn Phe 305 310 315 3Z0 GIn Arg Pro Leu Thr Ser Gly Yal Ala Tyr Ala
Leu Lys Val Pro His 325 330 335 Ser Glu Arg Gln Lys Phe Glu Lys Glu His Gly
Trp Ala Ile Lys Lys 340 345 350 Met Glu~Thr GIu Asp Gln Thr Val Yal Gln Asp
Cys Val Pro Glu Asn 355 3fi0 365 Phe Asp~Pro Ala Pro Ile Gln Asp Glu Tyr
Ala Pro Val Ile Phe Ala 370 375 380 Gln Glu Thr Yal Ser His Ile Yal 5er Val
Asp Met Met Ser Gly Glu 385 390 395 400 Glu Asp Arg Gln Asn Ile Leu Arg Ala
Arg Ala Ser Gly Lys Gly Val 405 410 415 Leu Thr Ser Pro Phe Lys Leu Leu Lys
Ser Asn His Leu Gly Yal Yal 420 425 430 Leu Thr Phe Ala Val Tyr Asp Thr Ser
Leu Pro Pro Asp Ala Thr Glu 435 440. 445 Gla Gln~ Arg Val Glu Ala Thr Ile
Gly Tyr Leu Gly A1a Ser Tyr A5p 450 455 460 Met Pro~Ser Leu Yal Glu Lys Leu
Leu His Glri Leu Ala Ser Lys Gln 465 4?0 475 480 Thr Ile Ala val Asp Val
Tyr Asp Thr Thr Asn Thr Ser Gly Leu Ile ' 485 490 495 Lys Met Tyr Gly Ser
Glu Ile GLy Asp Ile Ser Glu G1n His Ile Ser 500 505 510 Ser Leu Asp Phe Gly
Asp Pro Ser Arg Asn His Glu Met Hfs Cys Arg 515 520 525 ms   Phe Lys His
Lys Leu Pro Ile Pro Trp Thr Ala Ile Thr Pro Ser Ile S30 535 540 Leu VaI~Leu
Val Ile Thr Phe Leu Yal Gly Tyr Ile Leu Tyr Glu Ala 545 550 555 560 Ile
Asn,Arg Ile Ala Thr Val Glu Glu Asp Cys Gln Lys Met Arg Glu 565 570 576 Leu
Lys.Ala Arg AIa Glu Ala AIa 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 Ata Lys Gln Met Asp 610 615 820
Tyr Ala'Gln Thr Ala His Gly Ser Gly Lys Asp Leu Thr Ser Leu Ile 625 ~ 630
635 640 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 67D Leu Leu Ser Gly Lys Ala Asn Glu Lys Gly Ile Glu Leu Ala Val Tyr
675 680 685 VaI Ser Ser Gln Val Pro Asp Val Yal Val Gly Asp Pro Ser Arg Phe
690 695 700 Arg Gln,Ile Ile Thx Asn Leu Val Gly Asn Ser Ile Lys Phe Thr Gln
705 7l0 715 720 Glu Arg Gly His Ile Phe Ile Ser Yai His Leu Ala Asp Glu Yal
Lys 725 730 735 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 755 760 765 116   Ala Trp Glv Ser Trp Lys Asn Phe Lys Thr Cys Tyr Ser
Thr Glu Ser 7?0 775 780 Gln Asn Ser Asp Gln Ile Lys Leu Leu Yal Thr Val Glu
Asp Thr GIy 785 790 795 800 Val Gly Ile Pro Val Asp Ala Gln GIy Arg Ile Phe
Thr Pro Phe Met 8o5 810 8I5 Gln Ala Asp Ser Ser Thr Ser Arg Thr Tyr Gly Gly
Thr Gly Ile Gly 820 825 830 Leu Ser IIe 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 Vai 850 855 860 Phe Gly Lys Ala Glu Thr Asn Thr Ser 11e Thr Lys
Leu Glu Arg Phe 865 870 875 880 Asp Leu Ala Ile Gln Glu Phe Thr Gly Leu Arg
Ala Leu Val Ile Asp 885 89D 895 Asn Arg Asn Ile Arg Ala Glu Val Thr Arg Tyr
Glu Leu Arg Arg Leu 900 905 ~ 910 Gly Ile Ser Ala Asp Ile Val Ser Ser Leu
Arg Met Ala Cys Thr Cys g15 920_ g25 Cys Ile Ser Lys Leu Gln Asn Leu Ala
Met Ile Leu Ile Asp Lys Asp 930 935 940 Ala Trp Asn Lys Glu Glu Phe 5er 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 5er Thr Gly Leu Ile 980 985 990 Asp Glu Val Val Ile Lys Pro Leu
Arg Met Ser Val Leu Ile Cys Cys 995 1000 1005 m   Leu Gln Glu~Thr Leu Val
Asn Gly Lys Lys Arg Gln Pro Asn Arg Gln 1010 1015 1020 Arg Arg'Asn Len Gly
His Leu Leu Arg Glu Lys Gln ile Leu Val Va1 I025 1030 1035 104D Asp Asp Asn
Leu Val Asn Arg Arg Val Ala Glu Gly Ala Leu Lys Lys I045 1050 1055 Tyr Gly
Ala Ile Val Thr Cys Val Glu Ser Gly Lys Ala Ala Leu Ala 106D 1065 1070 Net
Leu.Lys Pro Pro His Asn Phe Asp Ala Cys Phe Net Asp Leu Gln 1075 I080 1085
Net Pro Glu Net Asp Gly Phe Glu Ala Thr Arg Arg Val Arg Glu Leu 



1090 1095 1100 Glu Arg Glu Ile Asa Lys Lys Ile Ala Ser Gly Glu Yai Ser Ala
Glu 1105 1L10 1115 1120 Net Phe Cys Lys Phe Ser Ser Trp His Val Pro Ile Leu
Ala Net Thr 1125 1l30 1135 Ala Asp Yal Ile Gln Ala Thr His Glu Glu Cys Met
Lys Cys Gly Net 114D 1145 1150 Asp Gly Tyr Val Ser Lys Pro Phe Glu Glu Glu
Val Leu Tyr Thr Ala 1155 1IBD 1165 Yal Ala Arg Phe Phe Glu Pro Cys 1170
1175 <2IOJ 5 <211J 3111 <212J DNA <2I3J Axabldopsis thaliana <220J ma
<221J CDS <222J (1).. (3111) <400 5 atg agt ctg ttc cat gtg cta ggg ttt ggt
gtc aag att ggg cat ctc 48 Met Ser Leu Phe His Val Leu GIy Phe Gly Val Lys
Ile Gly His Leu 1 , 5 10 15 ttc tgg atg cta tgc tgc tgg ttt gtt tct tgg ttc
gtt gat aat ggg 98 Phe Trp get Leu Cys Cys Trp Phe Val Ser Trp Phe Val Asp
Asn Gly 20 25 30 atc gag.gac aag tct ggt ctt tta gtt ggc tct gtc ggt gat
ctt gag I44 Ile Glu Asp Lys Ser Gly Leu Leu Yal Gly Ser Vat Gly Asp Leu Glu
35 40 45 aag act aag atg act acg ttg aag aag aag aac aag atg tgg ttc tgg
19Z 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 ctc aag atc ccg agt ttc tct tat cag 240 Asn
Lys Ile Ser Ser Ser Gly Leu Lys Ile Pro Ser Phe Sex Tyr Gln 65 70 75 80 ttt
ctt ggc tct gtt aaa ttc aac aag gcg.tgg tgg egg aag ctt gtg 288 Phe Leu Gly
Ser Val Lys Phe Asn Lys Ala Trp Trp Arg Lys Leu Val 85 90 95 gtg gtt tgg
gtt gtc ttc tgg gtc ttg gtc tct att tgg acg ttt tgg 336 Val Yal Trp Val Val
Phe Trp Val Leu Val Ser Ile Trp Thr Phe Trp 



119   loo lay Ilo tac ttt agc tcg eaa get atg gag aag agg aaa gag acg cta
get agi 384 Tyr Phe 5er Ser Gln Ala Met Glu Lys Arg Lys Glu Thr Leu Ala Ser
115 120 ~ 125 atg tgt gat gag aga get cgt atg ctg eag gat cag ttc aac gtt
agc 432 Met Cys Asp Glu Arg Ala Arg Met Leu Gln Asp Gln Phe Asn Val Ser 130
I35 I40 atg aat oat gtt caa gcc atg tct atc ttg atc tca acc ttc cac cat 480
Met Asn His Val Gln Ala Met Ser IIe Leu Ile Ser Thr Phe His Hts l45 150 155
16D ggc aag att ect tct get atc gat eag aga aea tte tca gag tac act 528 Gly
Lys 11e Pro Ser Ala Ile Asp Gln Arg Thr Phe Ser GIu Tyr Thr 165 1T0 1T5 gat
aga act tcc itt gag agg cct ett act age ggg gta get tat get 576 Asp Arg Thr
Ser Phe-GIn ~g Pro-Leu-Thr Ser Gly Val A1a Tyr-Ata I80 185 I90 atg agg gtg
ctc cat tca gag agg gaa gag ttc gag agg caa caa ggt 624 Met Arg Yal 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 cca gtt caC aag 672 Trp Thr Ile Arg Lys Het
Tyr Ser Lea Glu Gln Asn Pro Va1 His Lys 210 215 220 120   gat gac tat gac
ctg gaa gCt ttg gaa cca tcc cct gtc caa gaa gag 720 Asp Asp Tyr Asp Lea Glu
Ala Leu Giu Pro Ser Pro Val Gln Glu Glu 225 230 235 240 taC get cca gtc ate
ttt get cag gac act gtt tet Cac gtt gtt tci 768 Tyr Ala Pro Val Ile Phe Ala
Gln Asp Thr Yal Ser His Va1 Yal Ser 245 25D 255 Ctc gat atg Ctg tct ggg aaa
gaa gat Cgt gad aac gtt ttg Cgg gCC 816 Leu Asp Met Leu 5er Gly Lys Glu Asp
Arg Glu Asn Val Leu Arg Ala 



260 265 270 agg agt tca ggt aaa ggg gtt ttg aea get cct tte cca ttg ata aag
864 Arg Ser 5er Gly Lys Gly Val Leu Thr Ala Pro Phe Pro Leu 11e Lys 275 28D
285 aca aat aga ctt ggg gtg atc ctg aca ttt gca gtg tac aag aga gat 912 Thr
Asn Arg Leu Gly Yal Ile Len Thr Phe Ala Yal TYr Lys Arg Asp 290 295 300 ctc
ccc tcc aat gca acg cca aaa gag aga att gag get act aac ggg 960 Leu Pro Ser
Asn Ala Thr Pro Lys Glu Arg Ile Glu Ala Thr Asn Gly 305 310 3l5 320 tat Ctc
ggg gga gtg ttt gac att gag tcc ctg gta gaa aac ttg ctt 1008 Tyr Leu Gly
Gly Vai Phe Asp Ile Glu Ser Leu Yal Glu Asn Leu Leu 325 330 335 caa cag ctg
get agc aag caa acg att ctt gtc aat gtg tac gat atc i056 Gln Gln Leu Ala
Ser Lys GIn Thr Ile Leu Yat Asn Yal Tyr Asp Ile iax   340 345 350 acc aat
cac tct caa ecg att agc atg tat ggt aca aat gtg tcg get 1104 Thr Asn Hls
Ser Gln Pto IIe Ser met Tyr Gly Thr Asn Val Ser Ala 355 360 365 gat ggg ttg
gaa cgt gtt agt cca Cta atc ttt ggc gat Cca ttg aga 1152 Asp Gly Leu Glu
Arg Val Ser Pro Leu Ile Phe G1V Asp Pro Len Arg 370 375 380 aag cat gag atg
cgt tgc aga ttt aag cag aaa cca cCa tgg cCa gtg i200 Lys Hls Glu Met Arg
Cys Arg Phe Lys Gln Lys Pto Pro Trp Pro Vai 385 390 ' 395 400 cta tca atg
gtg aca tca ttc ggt atc ctt gtg att gcg tta ctt gtt 1248 Leu Set Met Val
Thr 5er Phe GIV Ile Leu Yal Ile Ala Len Len Yal 405 410 415 gca cat ata atc
cac gca acc gtt agt cga ata Cac aaa gtt gaa gaa 1298 Ala His Ile Iie His
Ala Thr Val Ser Arg Ile-His-Lys Yal Glu Glu 420 425 430 gat tgt gat aaa atg
aag cag ctc aag aaa aag get gaa gca gca gat 1344 Asp Cys Asp Lys Met Lys
Gln Leu Lys Lys Lys Ala Glu Ala Ala Asp 435 440 445 



gtt gca aag tca cag ttc ctt gcc act gtt tca cat gaa atc aga act 1392 Val
Ala Lys Ser Gln Phe i,eu Ala Thr Val Ser HIs Glu Ile Arg Thr 450 455 460
ia2   cca atg aat ggt gtt cta gga atg ttg cat atg ctt atg gac aca gag 144t1
Pra Met Asn Gly Val Leu Gly Met Leu His get Leu get Asp Thr Glu 465 470 4T5
480 tta gat gtt acg caa cag gat tat gtt agg acc gca cag gca agt gga 1488
Len Asp Val Thr Gln Gla Asp Tyr Yal Arg Thr Ala Gln Ala Ser Gly 485 490 495
aaa get tta gtc tcg cta ata aat gag gtt ttg gac caa gca aag att 153B 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 gtg cgg 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 tca ctc ttc tct agc aag tcc caa caa aag 1632 Ile Leu Asp
Asp Val Leu Ser Leu Phe Ser Ser Lys 5er Gln Gln Lys 53D 536 540 ggg gtg gag
ttg gca gta tac ata tct gat cgt gtt cca gat atg tta 1680 Gly Val Glu Leu
Ala Yal 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 l728 Ile Giy 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 17T6 Asn Ser Ile Lys Phe
Thr Glu Lys Gly His Ile Phe Val Thr Val His 123   580 585 690 ttg gtg gat
gag cta ttt gaa tct atc gat gga gag aca gca tca tct 1824 Leu Val Asp Glu
Leu Phe Glu Ser Ile Asp Gly Glu Thr Ala Ser Ser 595 600 ~ 605 



ccg gaa agt aca ctg agt ggg ctt cca gtt gca gac cgg cag agg agc I872 Pro
Glu Ser Thr Leu Ser Gly Leu Pro Val Ala Asp Arg Gln Arg Ser 610 615 620 tgg
gaa aac ttt aaa get ttc agc tcc aac ggg cat cgg agc ttt gaa 1920 Trp Glu
Asn Phe Lys Ala Phe Ser Ser Asa Gly His Arg Ser Phe Glu 625 630 635 640
ccatct ccccctgatata aacctaatcgtctcagttgaggatactggc 1968ProSer ProProAspIle
AsnLettIleValSexValGluAspThrGly645650655gtaggg atccctgtagaa
gcgcagtcccgtatttttacgcctttcatg 2016VaIGly IteProValGlu
AlaGlnSerArg-Ile-PheThr-ProPheMet-660665670 caa gtc gga cca tcc ata tcc agg
acg cat gga ggc aca gga att gga 2064 Gla Val Gly 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 Yal Gly Leu
Met Lys Gly Glu Ile Gly 690 695 700 l24   ttc tcg agl act ccc aag gtt ggg
tcc aca ttc aca ttt act get gta 2160 Phe Ser Ser Thr Pro Lys Val Gly Ser
Thr Phe Thr Phe Thr Ala Val 705 710 715 720 ttt tec aat ggg atg eaa cca get
gaa aga aag aat gac aac aae cag 2208 Phe Ser Asn Gly get Gln Pro Ala GIu
Arg Lys Asn Asp Asn Asn Gln 725 730 735 ccc ata ttc tcg gaa ttc cgg ggc atg
aaa get gtg gtt gtg gac cat 2256 Pro IIe Phe Ser Glu Phe Arg Gly Net Lys
Ala Val Val Val Asp His 740 745 Z50 agg cct gca agg gca aaa gtc tcg tgg tac
cat ttt cag cgt ctt gga 2304 Arg Pro Ala Arg Ala Lys Val Ser Trp Tyr His
Phe Gln Arg Leu Gly 755 760 765 att cga g#c gaa gta gtt cca cgt gtt gaa cag
get cta cat tat ctg 2352 Ile Arg Val Glu Val Val Pro Arg Val Glu Gln Ala
Leu His 1~r Leu 770 775 780 aag att ggt act acc act gtg aat atg ata ctc ata
gag caa gaa ata Z400 Lys Ile Gly Thr Thr Thr Yal Asn Net Ile Leu Ile Glu
Gla Glu 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 Gtu Ala Asp Asp Phe Ile Lys Lys Leu Gln
Lys Asp Pro 805 810 8t5 



ctt ttc ctt tct cct aag ttg att ttg tta gca aac tca gta gaa tcg 2496 Leu
Phe Leu Ser Pro Lys Leu IIe Leu Leu Ala Asn Ser Val Glu Ser ia5    820 825
830 tca ata tca gag get tta tgc acc ggt ata gat cct cca ata gtg ata 2544
Ser Ile Ser Glu AIa Leu Cys Thr Gly Ile Asp Pro Pro Ile Vai Ile 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 Len Gln Arg Gly 850 855 860 ttg
ggt att gga atc aga gaa cca cCt caa Cac Stag gga cct cct gcf 2640 Leu Gly
Ile Gly IIe Arg Glu Pro Pro Gln His Lys Gly Pro Pro Ala 855 . 870 875 880
ttg att ctc agg aat ctt ctc ctt ggt aga aaa att tta atc gtg gat 2688 Leu
11e Leu Arg Asn Leu Leu Leu Gly Arg Lys Ile Leu Ile Val Asp 885 890 895 gat
aac aac gta aac ctc aga gtg gca gcg gga get ctg aaa aag tac 2736 Asp Asn
Asn Val-Asn-Leu--Arg-Val--ALa-Ala- Gly-A1a Leu Lys Lys Tyr  900 905 910 gga
get gat gtg gtc tgc get gag agt ggg ata aag gca atc tca ttg 2784 Gly Ala
Asp Val Val Cys Ala Glu Ser Gly Ile Lys Ala Ile Ser Leu 9I5 920 925 ctt aag
cca cct cac gag ttt gat get tgc ttc atg gac att cag atg 2832 Leu Lys Pro
Pro Hls GIu Phe Asp Ala Cys Phe Met Asp Ile Gln Met 930 935 940 l26   cca
gaa atg gat gga ttt gaa get aca agg aga ata cga gat atg gad 2880 Pro Glu
Met Asp Gly Phe Glu Ala Thr Arg Arg Ile Arg Asp Net Glu 945 950 955 9fi0
gag gag atg aac aag aga ata aag aat ggg gag get ttg ata gta gag 2928 Glu
Glu Net Asn Lys Arg Ile Lys Asn Gly Gln Ala Leu Ile Yal 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 Yal Leu Ala Net Tbr Ala 980
985 990 gat gtg atc caa gca acg cat gag gaa tgt ctg aag tgt gga atg gat
3024 Asp Yal 11e Gln Ala Thr His Glu Glu Cys Leu Lys Cys Gly Net Asp 995
I000 1005 ggg tat gta tca aaa cca ttt gaa gca gag cag ctg tac agg gaa gtt
3072 Gly Tyr Val 5er Lys Pro Phe Glu Ala Glu Gln Leu Tyr Arg Glu Yal 1010
l015 1020 tct cgc ttt ttc aat tcg cct tca gai aca gaa tca taa 311I Ser Arg
Phe Phe Asn Ser Pro Ser Asp Thr Glu Ser 1025 . 1030 I035 <2I07 6 <21I I036
<212J PRT <213) Arabidopsis thaliana ia~   <400J 6 Met Ser Leu Phe His Val
Leu Gly Phe Gly Yal Lys Ile Gly Hls Leu 1 5 10 15 Phe Trp Met Leu Cys Cys
Trp Phe Val Ser Trp Phe Val Asp Asn Gly 20 25 30 Ile Glu Asp Lys Ser GIy
Leu Leu Yal Gly Ser Yal Gly Asp Leu Gln 35 40 45 Lys Thr Lys Met Thr Thr
Leu Lys Lys Lys Asn Lys Het Trp Phe Trp 50 55 60 Asn Lys Ile Sex Ser Ser
Gly Leu Lys Ile Pro Ser Phe Ser Tyr Gln 65 70 q5 Phe Leu Gly Ser Yal Lys
Phe Asn Lys Ala Trp Trp Arg Lys Leu Yal 85 90 g5 Yal Val Trp Val Val Phe
Trp Val Leu Val Ser Ile Trp Thr Phe Txp 100 I05 110 Tyr Phe Ser Ser Gln AIa
Met Glu Lys Arg Lys Glu Thr Leu Ala Ser 115 120 125 Met Cys Asp Glu Arg Ala
Arg D(et Leu Gln Asp Gln Phe Asn Val Sex 130 l35 140 Met Asn His Val Gln
Ala Met Ser-Ile Leu I-to Ser Thl` Phe His Hls 145 150 I65 160 Gly Lys Ile
Pro Ser Ala Ile Asp Gln Arg Thr Phe Ser Glu Tyr Thr 165 170 175 Asp Arg Thr
Ser Phe Glu Arg Pro Leu Thr Ser Gly Val Ala Tyr Ala 180 l85 190 Met Arg Val
Leu His Ser Glu Arg Glu Glu Phe Glu Arg Gln Gln Gly 195 200 205 Trp Thr I1e
Arg Lys l4et Tyr Ser Leu Glu Gln Asn Pxo Val His Lys 210 2I5 220 Asp Asp
Tyr Asp Leu Gln Ala Leu Glu Pro Ser Pro YaI Gln Glu Glu 128 



225 230 235 Z40 Tyr Ala Pro Val Ile Phe Ala Gln Asp Thr Val Ser His Val Val
Ser 245 250 255 Leu Asp Met Leu Ser Gly Lys GIu Asp Arg Glu Asn Yal Leu Arg
Ala 260 265 290 Arg Ser Ser Gly Lys Gly Yal Leu Thr Ala Pro Phe Pro Leu Ile
Lys 2T5 280 285 Thr Asn Arg Leu Gly Val Ile Leu Thr Phe Ala Yal Tyr Lys Arg
Asp 290 295 300 Leu Pro Ser Asn Ala Thr Pro Lys Glu Arg Ile Glu Ala Thr Asn
Gly 305 310 315 3Z0 Tyr Leu Gly Gly Yal Phe Asp Ile Glu Ser Leu Val Glu Asn
Leu Leu 325 330 335 Gln Gln Leu Ala Ser Lys Gln Thr Ile Leu VaI Asn Val Tyr
Asp 11e 340 345 350 Thr Asn His Sex Gln Pro Ile Ser Net Tyr Gly Thr Asn Val
Ser Ala 355 360 365 Asp Gly Leu Glu Arg Val Ser Pro Leu Ile Phe Gly Asp Pro
Leu Arg 370 375 380 Lys His Glu NetArg ~s Arg-PheLys-GIn Lys
Pro-Pro---Trp-Pro Val 385 390 395 400 Leu Ser Met Va1 Thr Ser Phe Gly IIe
Leu Yal Ile Ala Leu Leu Val 405 410 415 Ala His Ile Ile His Ala Thr Val Ser
Arg Ile His Lys val Glu Glu 4Z0 425 430 Asp Cys Asp Lys Met Lys Gln Leu Lys
Lys Lys Ala Glu Ala Ala Asp 435 440 446 Val Ala Lys 5er Gln Phe Leu A1a Thr
Val Ser His GIu Ile Arg Thr 450 455 460 Pro Met Asn Gly YaI Leu Gly Met Leu
His Met Leu Met Asp Thr Glu 129    465 470 475 480 Leu Asp Yal Thr Gln Gln
Asp Tyr Val Arg Thr Ala Gln Ala 5er Gly 485 490 495 Lys Ala Leu Val Ser Leu
Ile Asn Glu Yal Leu Asp Gln Ala Lys Ile 500 505 510 Glu Ser Gly Lys Leu Glu
Leu Glu Glu VaI Arg Phe Asp Leu Arg Gly 515 520 525 Ile Leu Asp Asp Val Leu
Ser Leu Phe Ser Ser Lys Ser Glu Gln Lys' 530 535 54Q Gly Val Glu Leu Ala
Val Tyr Ile Ser Asp Arg VaI Pro Asp Met Leu 545 550 555 560 Ile Gly Asp Pro
Gly Arg Phe Arg Gln Ile Leu Thr Asa Leu Met Gly 565 570 575 Asn Ser Ile Lys
Phe Thr Glu Lys Gly His Ile Phe Val Thr Val His 580 585 590 Leu Val Asp Glu
Leu Phe Glu Ser Ile Asp Gly Glu Thr Ala Ser Ser 595 600 605 Pro Glu Ser Thr
Leu Ser Gly Leu Pro Val Ala Asp Arg Gln Arg Ser 610 615 B20 Trp Glu Asn Phe
Lys Ala Phe-Ser--Ser-Asn Gly His- Arg Ser Phe Gtu 6Z5 630 635 640 Pro Ser
Pro Pro Asp Ile Asu Leu Ile Val 5er Val Glu Asp Thr Gly 645 650 655 Val Gly
I1e Pro VaI Glu Ala Gln Ser Arg I1e Phe Thr Pro Phe Met 660 665 670 Gln Val
Gly Pro Ser Ile Ser Arg Thr His Gly Gly Thr Gly Ile Gly 675 680 686 Leu Ser
Ile Ser Lys Cys L'eu Val Gly Leu Met Lys Gly Glu Ile Gly 690 695 700 Phe
Ser Ser Thr Pro Lys Yal Gly Ser Thr Phe Thr Phe Thr Ala Val 



l30    705 710 715 720 Phe Ser Asn Gly Met Gln Pro Ala Glu Arg Lys Asn Asp
Asn Asn Gln 725 730 735 Pro Ile Phe Ser Glu Phe Arg Gly Net Lys Ala Yal Val
Val Asp His 740 745 750 Arg Pro Ala Arg Ala Lys Yal Ser Trp Tyr His Phe Gln
Arg Leu Gly 755 760 7B5 Ile Arg Yal Glu Val Yal Pro Arg Val Glu Gln Ala Leu
His Tyr Leu 770 775 780 ' Lys Ile Gly Thr Thr Thr Val Asn Net 11e Leu Ile
Glu Gln Glu Ile 785 790 Z95 800 Trp Asn Arg Glu Ala Asp Asp Phe Ile Lys Lys
Leu Gln Lys Asp Pro 805 810 8I5 Leu Phe Lea Ser Pro Lys Leu Ile Leu Leu Ala
Asn Ser Val Glu Ser 820 8Z5 830 Ser Ile Ser Glu Ala Leu Cys Thr G1y Ile Asp
Pro Pro ILe Val Ile 835 840 845 Val Lys Pro Leu Arg Ala Ser Net Leu Ala Ala
Thr Leu Gln Arg Gly 850 855 860 Leu Gly Ile G1y
-Ile-Arg-Glu-Pro--Pro-Gtn-His--Lys Gty-Pry-Fro Ata 865 ~ 870 875 880 Leu
Ile Leu Arg Asn Leu Leu Leu Gly Arg Lys Ile Leu Ile Val Asp 885 890 ~ 895
Asp Asn Asn Yal Asn Leu Arg Yal Ala Ala Gly Ala Leu Lys Lys Tyr 900 905 glp
Gly Ala Asp Val 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 Net Asp Ile Gln Net 93D 935 940
Pro Glu Net Asp Gly Phe Glu Ala Thr Arg Arg Ile Arg Asp Met Glu 1.31    945
950 955 960 Glu Glu Met Asn Lys Arg Ile Lys Asn Gly Glu Ala Leu Ile Yal Glu
s65 s7a s~5 Asn Gly Asn Lys Thr Ser Trp His Leu Pro Val Leu Ala Met Thr Ala
980 985 990 Asp Yal Ile Gln Ala Thr His Glu Glu Cys Leu Lys Cys Gly Met Asp
995 l000 1005 Gly Tyr Yal Ser Lys Pro Phe Glu AIa Glu Gln Leu Tyr Arg GIu
Val h110 1015 1020 Ser Arg Phe Phe Asn 5er Pro Ser Asp Thr Glu Sex 1025
1030 1035 <2I0J 7 <2liJ I074 <212J DNA <213J Arabidopsis thaliana <220J
<221J.CDS <222J (1).. (1074) 



<404J 7 atg aca gaa ctc aac ttc cac ctc ctc cca ata atc tcc gat cgc 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 tcg ttc tCg tca cat tct tet tCt 98 Thr Tbr
Thr Thr Thr Thr Ser Pro Ser Phe 5er Ser His Ser Ser Ser 20 25 30 isa    tct
tct tct ctf ctc tct ttc acc aaa cga aga cga aaa cac caa cCt 144 Ser Ser Ser
Leu Leu Ser Phe Thr Ly5 Arg Arg Arg Lys His Gln Pro 35 40 45 tta gta tca
tcc ata cgc atg gaa cag tca cgg tca cgg aat cgg aaa 192 Lea Val Ser Ser Ile
Arg Met Giu Gln 5er Arg Ser Arg Asn Arg Lys 50 55 80 gac aaa gtc gtc gtc
att tta gga gca acc ggc gcc gga aaa tca aga 240 Asp Lys Val Val Va1 Ile Leu
Gly Ala Thr Gly AIa Gly Lys Ser Arg 65 70 75 80 Ctt tee gtc gat ctc get aCt
cgt tte cct tca gag atc ata aae tcc 288 Leu Ser Val Asp Leu Ala Thr Arg Phe
Pro Ser Glu Ile Ile Asn Ser 85 90 95 gat aaa ate caa gtC tac gaa gga tta
gag atc aca acg aat Cag att 336 Asp Lys Ile Gln YaI Tyr Glu Gly Leu Glu Ile
Thr Thr Asn Gln Ile 100 105 110 acg tta caa gac cgt cgc ggc gtt cct cac cat
Ctc ctc ggc gtc atc 384 Thr Leu Gln Asp Arg Arg Gly Val Pro His HIS Leu Leu
Gly Val Ile 115 1Z0 125 aac cce gaa eae ggc gaa cta aec gce gga gag ttt cge
tce gCC get 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 tct cgt Caa aag gtt ccg att
atc 480 l33  



Ser Asn Val Val Lys GIa Ile Thr Ser Arg Gln Lys Val Pro Ile Ile 145 150 155
160 gcc ggt gga tct aac tct ttc gtc cac gca ctc tta get caa cga ttc 528 Ala
Gly Gly Ser Asn Ser Phe Yal His Ala Leu Leu Ala Gln Arg Phe 165 1?0 175 gac
cca aag ttc gat cct ttt tca tcc ggg tcg tgt tta atc agc tcc 576 Asp Pro Lys
Phe Asp Pro Phe Ser Ser Gly Ser Cys Leu Ile Ser Ser 180 185 I90 gat ttg cgt
tac gag tgt tgt ttc atc tgg gtc gat gta tcg gag act 624 Asp Leu Arg Tyr Glu
Cys Cys Phe Ile Trp Yal Asp Yal Ser Glu Thr 195 200 2D5 gtt ctc tac gag tat
ctt ctc aga aga gtc gac gaa atg atg gat tca 672 Yal Len Tyr G1u Tyr Len Len
Atg Arg Yal Asp Glu Met Met Asp Ser 210 215 220 ggt atg ttc gaa gag ctg-tct
aga t-te-tac-gac-CCg gtt aaa tc-c- ggt 720 Gly Met Phe Glu Glu Leu Ser Arg
Phe Tyr Asp Pro Yal Lys Ser Gly 225 230 Z35 240 tta gaa acc cgg ttt ggg att
agg aaa get ata ggt gta ceg gag ttt 7B8 Leu Glu Thr Arg Phe G1y Ile Arg Lys
AIa Ile Gly Val Pro Glu Phe 245 Z50 255 gac ggt tac ttc aaa gag tat cca ccg
gag aag aag atg ata aag tgg 816 Asp GIy Tyr Phe Lys Glu Tyr Pro Pro Glu Lys
Lys Met Ile Lys Trp 260 Z65 Z70 l34   gac get tta aga aaa gcg gcg tac gat
aag gcg gtt gat gat atc aaa 864 Asp Ala Leu Arg Lys Ala Ala Tyr Asp Lys Ala
Val Asp Asp 11e Lys 275 280 285 agg aac acg tgg acg tta gcg aag aga caa gtg
sag aag att gag atg 912 Arg Asn Thr Trp Thr Leu Ala Lys Arg Gln Val Lys Lys
Ile Glu Net 29U 295 300 cta aaa gac get ggt tgg gaa ata gaa aga gtt gat gca
acg gcg tcg 960 Leu Lys Asp Ala Gly Trp Glu 11e Glu 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 Net Net Lys Ser Ser Ser Glu Lys Lys Trp Arg
Glu 



325 330 335 aai tgg gaa gag caa gtg ttg gag cca agc gta aag att gtg aag cgg
1056 Asn Trp Glu Glu Gln Val Leu Glu Pro Ser Val Lys Ile Yal Lys Arg _ 340
345 350 cat ttg gtg caa aat tag His Leu Yal Gln Asst 355 1074 <2107 8 <211J
357 <212J PRT <213J Arabidopsis thaliana l35   <400J 8 Met Thr Glu Leu Asn
Phe His Leu Leu Pro Ile Ile Ser Asp Arg Phe l 5 10 15 Thr Thr Thr Thr Thr
Thr Ser Pro Ser Phe Ser Ser Hls Ser Ser Ser 20 Z5 30 Ser Ser Ser Leu Leu
Ser Phe Thr Lys Arg Arg Arg Lys His Gln Pro 35 40 45 Leu Yal Ser Ser Ile
Arg Net Glu Gln Ser Arg Ser Arg Asn Arg Lys 50 55 60 Asp Lys Val Val Yal
Ile Leu Gly Ala Thr Gly Ala Gly Lys Sex Arg 85 70 75 80 Leu Ser Val Asp Leu
Ala Thr Arg Phe Pro Ser Gln Ile Ile Asn Ser 85 90 95 Asp Lys I1e Gln Val
Tyr Glu Gly Leu Glu Ile Thr Thr Asn Gln Ile 100 1D5 t10 Thr Leu Gln Asp Arg
Arg Gly Va1 Pro His HIS Leu Leu Gly Val Ile 115 I20 I25 Asa Pro Glu His Gly
Glu Leu Thr Ala Gly Glu Phe Arg Ser Ala Ala I30 135 140 Ser Asn Val Vai Lys
Glu Ile Thr Ser Arg Gln Ly5 Val Pro Ile Ile 145 150 155 160 Ala Gly Gly Ser
Asn Ser Phe Yal His Ala Leu Leu Ala Gln Arg Phe I65 170 175 Asp Pro Lys Phe
Asp Pro Phe Ser Ser Gly Ser Cys Leu Ile Ser Ser 180 185 190 Asp Leu Arg Tyr
Glu Cys Cys Phe Ile Trp Val Asp Val Ser Glu Thr 195 20d 205 YaI Leu Tyr Glu
Tyr Leu Leu Arg Arg Val Asp Glu Met Met Asp Ser 210 215 220 136   Gly Ilet
Phe Glu Glu Leu Ser Arg Phe Tyr Asp Pro Val Lys Ser GlY 225 230 Z35 240 Lsu
Glu Thr Arg Phe Gly Ile Azg Lys Ala Ile Gly Val Pro Glu Phe 245 250 255 Asp
Gly Tyr Phe Lys Glu Tyr Pro Pro Glu Lys Lys Met ILe Lys Trp 260 265 270 



ASD~AIa Leu Arg Lys Ala Ala Tyr Asp Lys Ala Yal Asp Asp Ile Lys Z95 280 Z85
Arg Asn Thr Trp Thr Leu Ala Lys Arg Gln Val Lys Lys Ile Glu Met Z80 295 300
Leu Lys Asp Ala Gly Trp Glu Ile Glu Arg Yal Asp Ala Thr Ala Ser 305 310 3I5
320 Phe Lys Aia Val Met Met LYS Ser Ser Ser Gla Lys Lys Tzp Arg Glu 325 330
335 Asn Trp Glu Glu Gln Yal Leu Glu Pro Ser Yal Lys Ile Val LYS Arg 340 345
350 His Leu Val Gln Asn 355 <210J 9 <2117 1011 <2I2 DNA <2i3 Ara6idopsis
thaliana <220? <22I> CDS E222) (1).. (1011) <404J S l37   atg atc atg aag
ata tct atg get atg tgc aaa caa cca ttg cct cct 48 Met 11e Met Lys Ile Ser
Met Ala Met Cys Lys Gln Pro Leu Pro Pro 1 5 10 15 tcg ccg act tta gac ttc
cct cca gcg aga ttt ggt ccc aat atg cta 96 Ser Pro Thr Leu Asp Phe Pro Pro
Ala Arg Phe Gly 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 Gly Pro Lys Asp Lys
Val Val Val IIe Met Gly 35 40 45 gcf acc ggg aca ggc aag tca cga ctc tcc
gtg gat ata gcc aca cgt 192 AIa Thr Gly Thr GIy Lys Ser Arg Leu Ser Val Asp
Ile Ala Thr Arg 50 55 60 ttt cgg get gag atc ata aac tca gac aag ata caa
gtc cac caa ggt E40 Phe Arg Ala Glu Ile Ile Asn Ser Asp Lys Ile Gln Val His
Gln Gly 65 70 75 ~ 80 cta gac att gta acc aac aag atc acg agc gag gag agc
tgc ggg 8ta 288 Leu Asp Ile Yal Thr Asn Lys Ile Thr Ser Glu Glu 5er Cys Gly
Yal 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 Gly Val Leu Pro Pro Glu Ala Asp Leu Thr Ala 100
105 110 



gcg aat tac tgt cac atg gcg aat ctc tcc att gaa tcc gtc cta aac 384 AIa Asn
Tyr Cys His Met Ala Asn Leu Ser Ile Glu Ser Val Leu Asn 138   115 I20 I25
Cgt gga aag ctt cca atc aic gtt gga ggt tcc aac tCt tac gtg gag 432 Arg Gly
Lys Leu Pro Ile Ile Val Gly Gly Ser Asn Ser Tyr Yal Glu 130 135 140 get cta
gtg gat gac aaa gaa aae aag tte agg tcg aga tae gac tgt 480 Ala Leu Val Asp
Asp Lys Gln Asn Lys Phe Arg Ser Arg TYr Asp Cys 145 150 I55 160 tgt ttt cta
tgg gtg gac gtg gca ctt ccc gtt ttg cac ggg ttc gtg 528 Cys Phe Leu Trp Yal
Asp Yal Ala Leu Pro Yal Leu His Gly P4e Val 165 I70 175 tct gag aga gtt gac
aag atg gtg gag agt gga atg gtt gag gaa gte 576 Ser Glu Arg Val Asp Lys Met
Yal Glu Ser Gly Met Val Glu Glu Yal 180 185 190 aga gaa ttt ttc gac ttt tcg
aac tct gat tac tca 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 872 Lys Ala Ile Gly Phe Pro Glu Phe Asp
Arg Phe Phe Arg Asn Glu Gln 2I0 215 220 ttc ttg aat g!g gaa gac aga gaa gaa
ctg tta agt aaa gtg ttg gaa 720 Phe Leu Asn Val Glu Asp Arg Glu GIu Leu Leu
Ser Lys Val Leu Glu 225 230 235 240 139   gaa ata aag agg aat aca ttt gag
tta get tgt agg cag aga gaa aag 768 Glu Ile Lys Arg A5n Thr Phe Glu Leu Ala
Cys Arg Gln Arg Glu Lys 245 250 255 atc gaa cgg ttg aga aaa gtg aag aag tgg
tct att cag aga gtg gat 816 Ile Giu Arg Leu Arg Lys val Lys Lys Trp Ser Ile
Gin Arg Yal Asp Z60 265 270 



gcg act cca gtc ttt aca aag cga agg tcc aag atg gat get aac gtg 864 Ala Thr
Pra Yal Phe Thr Lys Arg Arg Ser Lys Met Asp Ala Asn Val 276 280 285 gcc tgg
gag agg ctc gtg get gga cca agc aca gat act gtg tcg cgg 912 AIa Trp Glu Arg
Leu Val Ala Gly Pro Ser Thr Asp Thr Val 5er Arg 290 Z95 300 ttt ctg etg gae
att gec age cga ega ccg ctc gtg gaa get tea aca 960 Phe Len Leu Asp IIe Ala
Ser Arg Arg Pro Leu Val Glu Ala Ser Thr 305 310 315 320 gcg gtt gcg gcc gec
atg gaa cgc gag ttg tcg cgg tgL cta gtg gcg 1008 AIa Yal Ala Ala Ala Met
Glu Arg Glu Leu Ser Arg Cys Leu Yal Ala 325 330 335 tga 1011 <210 10 140
<21 U 336 <212J PRT <213J Arabidopsis thaliana <400J 10 Met 11e Met Lys Ile
Ser Met Ala Met Cys Lys Gln Pro Leu Pro Pro I 5 10 15 Ser Pro Thr Len Asp
Phe Pro Pro Ala Arg Phe Gly Pro Asn Met Leu 20 25 30 Thr Leu Asn Pro Tyr
Gly Pro Lys Asp Lys Val Val Val Ile Met Gly 35 40 45 Ala Thr Gly Thr Gly
Lys Ser Arg Leu Ser Yal Asp Ile Ala Thr Arg 50 55 60 Phe Arg Ala Glu IIe
Ile Asn 5er Asp Lys Ile Gln Val His Gln Gly 65 70 75 80 Leu Asp Ile Yal Thr
Asn Lys Ile Thr Ser Glu Glu Ser Cys Gly Yal 85 90 95 Pro His His Leu Leu
Gly Val Leu Pro Pro Glu Ala Asp Leu Thr Ala 100 105 110 ALa Asn. Tyr Cys
His Met Ala-Asu Leu Ser 31e Glu Ser-Vet-Leu Asn 115 I20 125 Arg Gly Lys Leu
Pro Ile Ile Val Gly Gly Ser Asn Ser Tyr Val Glu I30 l35 140 Ala Leu Val Asp
Asp Lys Glu Asn Lys Phe Arg Ser Arg Tyr Asp Cys 145 150 155 160 Cys Phe Leu
Trp Yal Asp Val Ala Leu Pro Val Leu Hts Gly Phe Yal 165 170 175 Ser Glu Arg
Val Asn Lys Met Vat Glu 5er Gly Met Val Glu Glu Val 180 185 190 Arg Gtu Phe
Phe Asp Phe Ser Asn Ser Asp Tyr Ser Arg Gly Ile Lys 141  



195 200 205 Lys Ala Ile Gly Phe Pro Glu Phe Asp Arg Phe Phe Arg Asn Glu Cln
210 215 220 Phe.Leu Asn Val Giu Asp Arg Glu Glu Leu Leu Ser Lys Yal Leu Glu
225 230 23b 240 Glu Ile Lys Arg Asn Thr Phe Glu Leu Ala Cys Arg Gln Arg Glu
Lys 245 250 255 IIe Giu Arg Leu Arg Lys Yal Lys Lys Trp Ser Ile Gln Arg Yal
Asp 260 2B5 270 Ala Thr Pro Val Phe Thr Lys Arg Arg Ser Lys Met Asp Ala Asn
Val 275 280 285 Ata Trp Glu Arg Len Val Ala GIy Pro Ser Thr Asp Thr Yal Ser
Arg 2~ 295 300 Phe Leu Len Asp Ile Ala Ser Arg Arg Pro Leu Val Glu Ala Ser
Thr 345 310 315 320 Ala Val Ala Ala Ala ldet Glu Arg Glu Leu Ser Arg Cys
Leu val Ala 325 330 335 <21DJ 11 <211J 957 <212J DNA <213J Arabidapsis
thaliatta <220J <221J COS <222J (t).. (95Z) <4DDJ. 11 atg aag tgt aat gac
aaa atg gtt gtg atc atg ggt gcc acc ggt tct 48 14a   Met Lys Cys Asn Asp
Lys Met Val Val Ile Met Gly Ala Thr Gly Ser 1 5 10 15 ggc aag tca tca ctc
tct gtt gat ctc get tta cat ttt aaa gcc gag 96 Gly Lys Ser Sez Leu 5er Val
Asp Leu Ala Leu Hls Phe Lys AIa Glu 20 25 30 atC atc aac tct gac aaa atg
Cag ttc tae gat ggC ttg aag atc acc 144 iie Ile Asn Ser Asp Lys tdet 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 cat cac Ctt 192 Thr Asn Gln Ser Thr Ile Gln Asp Arg Arg
Gly Val Pro His His Leu 50 55 60 ctc ggt gaa cta aac ccg gag get gga gaa
gtc aca gcg gca gaa ttt 240 Len Giy Glu Leu Asn Pro Giu Ala Gly Glu Val Thr
Ala Ala Glu Phe 55 70 75 gp cgc gtt atg gcg get gaa gce atc tee gagatt
acteaa-egt--aaa--aag- 288Arg Val Idet Ala Ala Glu Ala Ile Ser Glu Ile Thr
Gln Arg Lys Lys 



85 90 95 cte cea ate ctt gee ggt gga tcc aac tca tac att cat get etc ctt
336 Leu Pro Ile Leu Ala Gly Gly Ser Asn 5er Tyr Ile His Ala Leu Leu 100 I05
110 gca aaa tct tat gac cCt gaa aac tat cC8 ttt tct gat cac aag ggc 384 Ala
Lys Ser Tyr Asp Pro Glu Asn Tyr Pro Phe Ser Asp Hls Lys Gly 115 . I20 125
143   tca atc tgc tcc gag ttg aaa tat gat tgt tgt ttc att tgg ata gat 432
Ser Ile Cys Ser Glu Leu Lys Tyr Asp Cys Cys Phe Ile Trp Ile Asp 130 I35 140
gtg gat cag tct gtg tta ttc gag tat Ctt tct tta cgt ttg gat ctt 480 Vai Asp
Gln Ser Val Lea Phe Glu 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 cae cge tct 528 Met Net Lys
Ser GIy Net Phe Glu Glu Ile Ala Glu Phe His Arg Set 185 170 175 aag aag gce
ccg aaa gag eea tig ggg ata tgg aag get ata gga gtg 576 Lys Lys Ala Pro Lys
Glu Pro Leu Gly tle Trp Lys Ala 11e Gly yaI 180 185 190 caa gag ttt gat gac
tac ctc aaa atg tac aag tgg gac aat gac atg 624 Gtn GIa Phe Asp Asp Tyr Len
Lys Net Tyr Lys Trp Asp Asn Asp Met 195. - 200- 205  gat aaa tgg gac cct
atg aga aag gag get tat gag aag gcg gtg aga 672 Asp Lys Trp Asp Pro Met Arg
Lys Glu Ala Tyr Glu Lys Ala Val Arg 210 215 22D gcc atc aaa gaa aac aca ttt
cag ctc aca aag gat caa atc acg aag 72D Aia Ile Lys Glu Asn Thr Phe Gin Leu
Thr Lys Asp Gln Ile Thr Lys 230 235 240 afe aac aag ctg aga aat gcc ggg tgg
gac ata aag aag gtg gat get 768 l44   



Ile Asn Lys Leu Arg Asn Ala Gly Trp Asp Ile Lys Lys Val Asp Ala 245 250 255
aca gca tcg ttt cga gag gca att agg gca gcc aag gaa ggc gaa ggt 816 Thr Ala
Ser Phe Arg Glu Ala Ile Arg Ala Ala Lys Glu Gly Glu G1y 260 265 270 gta gcc
gag atg cag aga aag ata tgg aac aag gaa gtg ttg gaa ccg 8B4 Yal AIa Glu
biet Gln Arg Lys Ile Trp Asn Lys Glu Val Leu Glu Pro 275 280 285 tgf gtg
aag att gtc agg agc cac ttg gac caa ccg atc aac ta! tat 912 Cys Val Lys Ile
Yal Arg Ser His Leu Asp Gln Pro Ile Asu Tyr Tyr 29D 295 300 tat tat tac ttt
tat tta cta aaa aga ttt tta agt ctt aac tag 957 Tyr Tyr Tyr Phe Tyr Leu Leu
Lys Arg Phe Leu Ser Leu Asn 305 3l0 315 <210 IZ <211) 318 <212? PRT <213>
Arabidopsis thaliana <400J 12 Het Lys Cys Asn Asp Lys Nei Val Val Ile Met
Gly Ala Thr Gly Ser 1 5 l0 t5 Gly Lys Ser Ser Leu Ser Yal Asp Leu Ala Leu
His Phe Lys Ala Giu 20 Z5 3D l45   Ile Ile Asn Ser ASp Lys Met Gln Phe Tyr
Asp GIy Leu Lys Ile Thr 35 40 45 Thr Asn Gln Ser Thr Ile Glu Asp Arg Arg
Gly Yal Pro His Hls Leu 50 55 60 Leu Gly Glu Leu Asn Pro Glu Ala Gly Glu
Val Thr Ala Ala Glu Phe 65 70 75 80 Arg Val Met Ala Ala Giu Ala Ile Ser Glu
Ile Thr Gln Arg Lys Lys 85 90 95 Leu Pro Ile Leu Ala Gly Gly Ser Asn Ser
Tyr Ile His Ala Leu Leu 100 105 110 AIa Lys Ser Tyr Asp Pro Glu Asn Tyr Pro
Phe Ser Asp His Lys Gly I15 120 125 Ser I1e Cys Ser Glu Leu Lys Tyr Asp Cys
Cys Phe Ile Trp Ile Asp 130 135 140 Val Asp Gln Ser Val Leu Phe Glu Tyr Leu
Ser Leu Arg Leu Asp Leu 145 150 155 160 let Met Lys Sex 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 Vai 18D 185 __ _ .190__ Gln Glu Phe Asp Asp Tyr Leu
Lys Met Tyr Lys Trp Asp Asn Asp Met 195 200 205 Asv Lys Trp Asp Pro Met Arg
Lys Glu Ala Tyr Glu Lys Ala Val Arg 210 215 220 Ala Ile Lys Glu Asn Thr Phe
Gln Leu Thr Lys Asp Gln Ile Thr Lys 225 230 235 240 Ile Asn Lys Leu Arg Asn
Ala Gly Trp Asp 11e Lys Lys Val Asp Ata 245 250 255 Thr Ala Ser Phe Arg Glu
Ala Ile Arg A1a Ala Lys Glu Gly Glu Gly 260 265 ~ 270 



146   Val Ala Glu Met Gln Arg Lys Ile Trp Asn Lys Glu Va1 Leu Glu Pro 275
280 285 Cys Val Lys Ile Val Arg Ser His Leu Asp Gln Pro Ile Asn Tyr Tyr 290
295 300 Tyr Tyr Tyr Phe Tyr Leu Leu Lys Arg Phe Leu Ser Leu Asn 305 310 315
<210J 13 <211J 993 t212) DNA <213J ArabIdopsis thallana <220J <221J CDS
<222J (I).. (993) <400J 13 atg aag cca tgc atg acg get cta aga caa gtg att
caa cca ttg tcg 48 Met Lys Pro Cys-Diet Thr Ala Leu Arg Gln Yal Ile-&ln Pro
Leu Ser - 1 5 . IO 15 ttg aac ttc caa gga aac atg gtg gac gtt ccg ttt ttc
cgg cga aaa 9B Leu Asn Phe Gln Gly Asn Het Yal Asp Yal Pro Phe Phe Arg Arg
Lys 20 25 30 gac aag gtt gtt ttc gtc atg gga gcc acc gga acc ggc aaa tct
cgt 144 Asp Lys Val Val Phe Yal Met Gly Ala Thr Gly Thr Gly Lys Ser Arg 35
40 45 147   cta gcc att gac cta gcc act cgt Ltt ccg gCg gag att gta aac tcc
19Z Len Ala I1e Asp Leu Ala Thr Arg Phe Pro Ala Glu Ile Yal Asn Ser 50 55
60 gac aag atc cag gtc tat aaa ggt cta gac att gtg act aac aaa gtc Z40 Asp
Lys Ile Gln Yal Tyr Lys Gly Leu Asp Ile Val Thr Asn Lys Val 65 70 75 80 acf
cct gag gaa agc ctt ggc gtt cct cac cac ctt ctc ggc acc gtc 288 Thr.Pro Glu
Glu Ser Leu Gly Val Pro His Hls Leu Leu Gly Thr Yal 85 90 95 cac gac act
tac gaa gat ttc 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 I05 (10 atc agg gcc gtc gag tca atc gtc cag aga gac cgt gtc ccg atc ata
384 Ite Arg AIa Val Glu Ser Ile Val Gln Arg Asp Arg Yal Pro Ile IIe 115 120
I25 gcc ggt ggt tcc aat tct tac atc gag get ctg gtc aac gat tgc gtt 432 Ala
Gly GIy 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 I45 150 155 160 aga ccg
gtt tta cac tcg ttt gtc tcg gag cga gtt gat aag atg gtt 528 Arg Pro Yal Leu
His Ser Phe Yal Ser Glu Arg Val Asp Lys Het Val iae   16S 170 1T5 gat atg
ggt ctc gtc gac gag gtt cgc cgc atc ttc gat ccg tct tcg 578 Asp Met GIy Leu
Val Asp Gln Va1 Arg Arg Ile Phe Asp Pro Ser Ser 180 ~ 185 I90 tcg gat tac
tcc get gga att cgc cga gcc att gga gtt cca gag ctc 624 Ser Asp Tyr 5er AIa
Gly Ile Arg Arg Ala Ile GIy Ya1 Pro GIu Leu I95 2D0 205 gac gaa ttt ctC cgt
tcg gag atg cgg aat tat ccg gcg gag acg acg 672 Asp Glu Phe Leu Arg Ser Glu
Met Arg Asn Tyr Pro AIa Glu Thr Thr 2t0 215 22D gag aga ctt ctt gaa acg gCg
atc gag aag att aaa gag aac act tgt ?20 GIu Arg Leu Leu Glu Thr Ala Ile Glu
Lys Ile Lys Glu Asn Thr Cys 225 230 235 240 ttg ctt gcg tgt aga caa ttg cag
aag att caa agg ctt tac aag cag 768 Lea Leu Ala-Cys Arg.Gl~-Leu G1n
Lys.-LLe. Gln-Arg Leu Tyr Lys GIn 245 250 255 tgg aag tgg aaC atg caC Cgt
gtC gac gcg acg gag gtt ttt ctc cga 816 Trp Lys Trp Asn Met His Arg Val Asp
Ala Thr Glu Yal Phe Leu Arg 260 265 270 cga gga gaa gaa get gat gag get tgg
gat aac tca gtg get cat ccg 864 Arg Gly Glu GIu Ala Asp Glu Ala Trp Asp Asn
5er Val Ala His Pro 275 2H0 285 



149   agc gca ctc gcc gtc gaa aag ttc ctt agt tac agc gat gac cac.cat 9I2
Ser Ala Leu Ala Yal Glu Lys Phe Leu Ser Tyr Ser Asp Asp His His 290 295 300
ttg gaa ggc gcc aat att ctc cta ccg gag atc tct gcc gtt ccg cct 960 Leu Glu
Gly Ala Asn Ile Leu Leu Pra Glu Ile Sex Ala Yal Pro Pro 305 310 315 320 ctf
cca gcc gcc gtg gcg gcg att tcc cgg tga 993 Leu Pro Ala Ala Val Ala AIa Ile
Ser Arg 325 330 <210 I4 ~211~ 330 <212> PRT <213J Arahidopsis thaliana
<40b) I4 1[et Lys Pro-fys Met- Tlrr--Ala Leu-Arg-Gln-Vat I-1~-GIn Pro Lea
Sec -1 5 10 15 Leu Asn Phe Gln Gly Asn Met Val Asp Val Pro Phe Phe Arg Arg
Lys 202530AspLysValValPheValMetGlyAla
ThrGlyThrGIyLysSerArg354045LeuAiaIleAspLeuAlaThrArgPhe
ProAlaGluIIeValAsnSer505560AspLysIleGlnValTyrLysGlyLeu
AspIleValThrAsnLysVal65707580ThrProGluGluSerLeuGlyValPro
HisHisLeuLeuGIyThrVal 150   85 90 95 His Asp Thr Tyr Glu Asp Phe Thr Ala
Glu AsD Phe Gln Arg Glu Ala 100 105 l10 Ile Arg Ala Yal Gla Ser Ile Yal Gln
Arg Asp Arg Val Pro Ile Ile 115 120 125 Ala Gty Gly Ser Asn Ser Tyr Ile Glu
Ala Leu Val Asa Asp CYS Val I30 l35 140 Asp Phe Arg Leu Arg Tyr Asn Cys Cys
Pb,e Leu Trp Val Asp Val Ser i45 150 155 160 Arg Pro Val Leu His Ser Phe
Val Ser Glu Arg Yal Asp Lys ldet Yal 165 170 175 Asp filet Gly Leu Val Asp
Gla Yal 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 195 200 205 Asp Glu Phe Leu Arg Ser
Glu Ilet Arg Asa Tyr Pro Ala Glu Thr Thr 210 2I5 220 Glu Arg Leu Leu Gtu
Thr Ala Ile Glu Lys Ile Lys Glu Asa Thr Cys 225 230 235 240 Leu Leu Ala
CysArg Gln Leu Gln Lys Lle G1a Arg.Lea Tyr-Lys Gln 245 250 265 Trp Lys Trp
Asa Met His Arg Val Asp Ala Thr Glu val Phe Leu Arg 260 265 270 Aig Gl~y
Glu Glu Ala Asp Glu AIa Trp Asp Asa Ser Val Ala His Pro 275 280 285 Ser Ala
Leu Ala Yal Glu Lys Phe Leu Ser Tyr Ser Asp Asp His His 



290 295 300 Leu Glu Gly Ala Asn~Ile Leu Leu Pro Glu Ile Ser AIa yal Pro Pro
306 310 315 320 Leu Pro Ala Ala Yal Ala Ala Ile Ser Arg isi   3E5 330 <210
I5 <21I 1029 <21Z> DNA <213J Arabidopsis. thaliana <220 <E21 CDS <2227
(1).. (1029) <4flt?~ 15 atg eaa caa ctc atg acc ttg tta tca cca cca ctc tct
cat tct tct 48 Met Gln GIn Leu Met Thr Leu Leu Ser Pro Pro Leu Ser His Ser
Ser 1 5 10 15 ctc ctt ccc acc gtc act acc aaa ttc ggg tca cca cga tta gtc
act 96 Leu Leu Pro Tbr Val Thr Thr Lys Phe Gly Sex Pro Arg Leu Yal Thr 20
25 3D 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 4D 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 ccc gcc gag atc ata aac tcg gac aaa atg 240 l52   Len Ala
Thr Arg Phe Phe Pro Ala Glu Ile Ile Asn Ser Asp Lys Met 65 70 75 80 caa atc
tac aag gga ttc gag att gtc aca aat cia atc cca ctg cat 288 Gln ile Tyr Lys
Gly Phe Glu Ile Val Thr Asn Leu Ile Pro Leu $is 85 90 95 , ~g caa gga gga
gtc ccg cac cat ctt cta ggt cag tic cac cca caa 336 Glu Gln Gly Gly Va1 Pro
$is $is Leu Leu Gly Gln Phe His Pro Gln 



1D0 105 110 gac ggt gaa ctc acc cct gca gag ttc cgt tct ttg gcg aca ctg tcc
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 tct agc aag aaa ctc ccg att gta gtt ggt gga 432 IIe
Ser Lys Leu Ile Ser Ser Lys Lys Len Pro Ile Val Val Gly Gly 134 135 140 tcc
aac-tcc ttc aatcac gct-.cta ctc-gcc-gag cgt ttt gac-ccg gat 480 Ser Asn Ser
Phe Asn His Ala Leu Leu Ala Glu Arg Phe Asp Pro Asp x45 150 155 160 att gat
cca ttc tct ccc gga tcg agt ctt tca acg atc tgc ict 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 atc 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 I80 185 190 153   ctg ttc caa cac
ttg tgc aat cgt gtc gac caa atg atc gag tcg gga 624 Leu Phe Gla His Leu Cys
Asn Arg Val Asp Gln blet Ile Glu Ser Gly 195 200 205 ttg gtc gag C8g Ctt
gcc gab ttg t8C gaC CCt gtt gta gat tcg ggt B72 Leu Val Glu Glu Leu Ala Glu
Leu Tyr Asp Pro Val Val Asp Ser Gly 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 GIy Val Glu Glu Phe Asp Arg 225 230 235 240 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 Ket
Asp Lys Gly Ile Trp Asp Leu 245 250 255 gcg aga aag gcg gcg tac gag gag aca
gtg aag ggg atg aaa gag agg 816 Ala Arg Lys Ala Ala Tyr Giu Glu Thr Val Lys
Gly Met Lys Gln Arg 2B0 265 270 8ca tgt cgg ttg gtg aag aag cag aaa gag aag
stc 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 get acg gcg gca att atg 912 Arg Gly
Gly TrD Glu Ile Lys Arg Leu Asp Ala Thr Ala Ala Ile Met 290 295 300 get gag
ctg aat Caa agt aCg gca a8g gga gaa gga aag aat ggg aga 960 l54   Ala Glu
Leu Asn Gln Ser Thr Ala Lys GIy Glu Gly Lys Asn Gly Arg 305 310 315 320 gag
att tgg gaa aaa cac att gtg gat 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 <210J 16 <Z11 342
<212J PBT <213 Arabidopsis thallana <4007 16 Met Gln Gln Leu Met Thr Leu
Leu Ser Pro Pro Leu Ser His Ser Ser 1 5 lp 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 Giy
Arg Lys Asn Ile Lys Asp Lys Yal Yal 35 40 45 Leu Ile Thr Gly Tlir Thr Gly
Thr Gly Lys Ser Arg Leu Ser Val Asp 50 55 60 Leu Ala Thr Arg Phe Phe Pro
Ala Glu Ile IIe Asn Ser Asp Lys Met fi5 70 75 80 Gln ILe Tyr Lys Gly Phe
Glu I1e Val Thr Asn Leu Ile Pro Leu His 85 90 95 155   61a_Gln Gly Gly Val
Pro His His Leu Leu GIy Gln Phe His Pro Gln I00 105 I10 Asp Gly Glu Leu Thr
Pro Ala Glu Phe Arg Ser Leu Ala Thr Leu Ser 115 ~ 120 125 Ile Ser Lys Leu
Ile Ser Ser Lys Lys Leu Pro Ile Val Val Gly Gly 139 135 140 Sex Asn Ser Phe
Asn His Ala Leu Leu Ala Glu Arg Phe Asp Pro Asp 145 . I50 155 i60 Ile Asp
Pro P~he Ser Pro Gly Ser Ser Leu Sex Thr lle Cys Ser Asp 165 170 175 Leu
Arg Tyr Lys Cys Cys Ile Leu Trp Val Asp Val Leu Glu Pro Val 180 185 I90 Len
Phe Gln liis Leu Cys Asu Arg Val Asp Gln Met Ile Glu Ser Gly 195 200 205 



Len Yal Glu Gln Leu Ala GIu Leu Tyx Asp Pro Val Val Asp Ser Gly 210 215 220
Arg Arg Leu Gly Val Arg Lys Thr Ile Gly Val Glu GIn Phe Asp Arg Z25; 23d
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 Giu Arg 260
265 270 Thr Cys Arg Leu Val Lys Lys Gln Lys Glu Lys Ile Met Lys Leu Ile 27S
280 285 Arg Giy Gly Trp Glu 11e Lys Arg Leu Asp Ala Thr Ala Ala Ile Met 2~d
295 300 Ala Giu Leu Asn Gln Ser Thr Ala Lys Gly Glu Gly Lys Asn Gly Arg 305
310 315 32Q Glu IIe Trp Glu Lys His Ile Yai Asp Glu Ser Val Glu Ile Val Lys
325 330 335 iss   LyS Phe Leu Leu Glu Val 340 <210J l7 <211? 990 <212J DNA
<213J Arahidopsis thaliana <220J <221J CDS <222J (1).. (990) <4DOJ 17 atg
aag ttc tca atc tca tca ctg aag cag gta caa cca atc ttg tgc 48 Net Lys Phe
Ser Ile Ser Ser Leu Lys Gln Val Gln Pro 11e 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 Leu
Ser Lys Pal. Asn Yal Asn Ser Phe. Leu Hls Pro  20 25 30 aaa gaa aaa gtc atc
ttt gtg atg gga get acc gga tcg ggt aag tct 144 Lys Glu Lys Val Ile Phe Yal
Net Gly Ala Thr Gly Ser Gly Lys Ser 35 40 45 cgt ctc gcc atc gac cta gca
act cgt ttt caa gga gag atc ata aac 192 Arg Len Ala Ile Asp Leu Ala Thr Arg
Phe Gln GIy Glu Ile Ile Asn 50 55 60 157   tCC gac aag att caa ctt tic aag
ggc cta gac gtc Cta aca aac aaa 240 Ser Asp Lys Ile G1n Leu Tyr Lys Gly Leu
Asp Val Leu Thr Asn Lys 



fi5 70 75 80 gtc acc cct aaa gaa tgc cga ggc gtg cct cac cac ttg ctt gga
gta Z88 Val Thr Pro Lys Glu Cys Arg Gly VaI Pro His His Leu Leu Gly Yal 85
90 95 ttc gac tcc gaa gcc gga aac cta acg gcc acc cag tat agc cgc ctt 336
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 gcg aac aac aag ctt ccc ata 384 Ala Ser
Gln Ala Ile Ser Lys Leu Ser Ala Asn Asn Lys Leu Pro Ile 115 t20 125 gta
gccggtggatcaaactcttacatcgaagcacttgttaat cattcc
43ZValAIaGIyGlySerAsnSerTyrIleGluAlaLeuValAsn
HisSerI30135140tcggggtttttattaaacaactacgattgttgtttcatttgg gtcgac
480SerGlyPheLeuLeuAsnAsnTyrAspCysCysPheIleTrv ValAsp145150155160 gtt tcc
tta ccc gta ctt aac tcc ttt gtc tca aaa cgt gtc gac cgc 528 Val Ser Len Pro
Val Leu Asn Ser Phe Val Ser Lys Arg Ya1 Asp Arg 165 170 175 ats atg gaa gca
gga tta ctc gaa gaa gta aBa gaa gtg ttc aat cca 676 Met Met Glu Ala Gly Leu
Len Glu Glu Yal Arg Glu Val Phe Asn Pro 158   180 185 19D aaa gCg aat tae
tcc gta ggg ata cga cga get atc gga gtc ccc gag fi24 Lys Ala Asn Tyr Ser
Val Gly Ile Arg Arg Ala Ile Gly ~'a1 Pro Glu I95 200 205 i cic cat gaa tat
tta cgt aac gaa tct cta gtg gac cgt ~cc aca aaa 672 Leu His Glu Tyr Leu Arg
Asn Glu Ser Leu Val Asp Arg ~la Thr Lys 210 215 220 i agt aaa atg ctt gac
gta gcC gtt aaa aat atc aaa aag ~ac act gag ?20 Ser Lys Met Leu Asp Yal Ala
Val Lys Asn Ile Lys Lys t~sn Thr Glu 225 23D 235 ~ 240 att tta get tgt cga
cag tta aaa aag att caa cgg ctt qac sag aag 768 Ile Leu Ala Cys Arg Gln Leu
Lys Lys Ile Gln Arg Leu l~,is Lys Lys 245 Z50 ~ 255 1$g aag atg tCt atg Cdt
CgL gtt gaC gCC aCt gag $tg t~tC ttg ass $16 Trp Lys Me t Ser--Met--IIi-s
-Arg-Yal Asp AI a- Tltr--Glu -Yal --Plre-Leu- Lys 260 265 2y0 I cgc aac gta
gaa gaa caa gac gag get tgg gag aat ctt 8ta gcg aga 864 Arg Asn Val Glu Glu
Gln Asp GIu Ala Trp Glu Asn Leu Y~I Ala Arg 275 280 285 I 



cca agc gag aga atc gtc gat aag ttt tat aat aat aat aac caa ctg 9t2 Pro Ser
Glu Arg Ile Yal Asp Lys Phe Tyr Asn Asn Asn Asn Gln Leu 290 295 300 I59
aaa aat gat Bat gtt gag cac tgt tts 8c8 sca tct tac ggc gga gga 9so Lys Asn
Asp Asp Val Glu His Cys Leu Ala Ala Ser Tyr Gly Gty Gly 305 310 315 320 agt
gga agt aga gcc cac aat atg ata tga 990 Ser Gly Ser Arg Ala Hfs Asn Met Ile
325 <210> 18 <211> 329 <212) PRT <2137 Arabidopsis thaliana <400J 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 Yal Asn Val Asn Ser Plte Lea His Pro ZO ~ 25 30
Lys- Glu Lys. Val Lle.Phe-Val Met GIY--AIa-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 G1n Leu Tyr Lys Gly Leu Asp Val Leu Thr Asn Lys 65 70 ?5 80
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
A1a 5er Gln Ala Ile Ser Lys Leu Sei Ala Asn Asn Lys Leu Pro Ile l60   115
120 125 Vai Ala Gly Gly Ser Asn Ser Tyr Ile Glu Ala Leu Val Asn His Ser I30
135 l40 Ser Gly Phe Leu Leu Asn Asn Tyr Asp Cys Cys Phe Ile Trp Ya1 Asp 145
150 155 I60 YaI Ser Leu Pro Val Leu Asn Ser Phe Yal Ser Lys Arg Yal Asp Arg
I65 170 175 Met Met Glu Ala Gly Leu Leu Glu Glu Yal Arg Glu Yal Phe Asn Pro
180 185 190 Lys Ala Asn Tyr Ser Val Gly Ile Arg Arg Ala Ile Gly Val Pro 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 Val Ala Yal Lys Asn Ile Lys Lys Asn 1'hr
Glu 225 230 235 24D Fle Leu Ala Cys Arg Gln Leu Lys Lys Ile Gln Arg Leu His
Lys Lys 245 250 255 Trp Lys Met Ser Ifet His Arg Val Asp Aia Thr Glu Val
Phe Leu Lys 260 265 270 



Arg-Asn VaL Glu Glu Gln Asp--flu Ala Trp Glu Asn-Leu Val-Ala--Arg275 280
285 Pro Ser Glu Arg Ile Val Asp Lys Phe Tyr Asn Asn Asn Asn Gln Leu 290 295
300 Lys Asn Asp Asp Val G1u His Cys Leu Ala Ala 5er Tyr GLy Gly Gly 305 310
315 320 Ser~Gly Ser Arg Ala His Asn Met Ile 325 <210J l9 161   <211J 993
<212J DNA <2I3J Arabidopsis thaliana <220J <221J CDS <222J (1) . . (993)
<400J 19 atg caa aat ctt acg tcc aca ttc gtc tct cct tcc atg atc ccg atc 48
Net Glu Asn Leu Thr Ser Thr Phe Val Ser Pro Ser Met Ile Pro Ile 1 5 10 15
act tct ccg cgg ctg cga ctg cca cca cca cga ica gta gtt ccc atg 96 Thr Ser
Pro Arg Leu Arg Len 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 I44 Thr Thr Val Cys
Met Gln Gln Ser Tyr Lys Gln Lys Val Val Val Ile 35 _ _ 40 45 atg gga gcc
acc gga tca 8gc aag tca tgc ctc tca atc gat cta gca 192 Met GIy Ala Thr Gly
Ser Gly Lys Ser Cys Leu Ser Ile Asp Leu Ala 50 55 60 act cgt ttc tct ggc
gag atc gtc aat tcc gac aag att caa ttc 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 agc atc ctt gag aga tgt Z88 162   



Asp Glv Leu Lys Yal Thr Thr Asn Gln Met 5er Ile Leu Gln Arg Cys 85 90 95
gga gtc cct cac cat ctc ctt ggt gag ctc cct ccg gat gat agc gaa 336 Gly Val
Pro His His Leu Leu Gly Glu Leu Pro Pro Asn Asp Ser Glu 100 105 110 cta act
acc tcc gaa ttc cgc tct ttg gcg tcg cgg tcc atc tcc gag 384 Len Tltr Thr
Ser Glu Phe Arg Ser Leu Ala Ser Arg Ser Ile Ser Glu 115 120 125 att act get
cgt gga aac ctc ccg att ata get ggt gga tca aac tcc 432 Ile Thr Ala Arg Gly
Asn Leu Pro Ile lle Ala Gly Gly Ser Asn Ser 130 135 140 ttc att cat get ctc
ctt gtc gac cgt ttt gac ccc aaa acc tat cca 480 Phe IIe His Ala Leu Len Yal
Asp Arg Phe Asp Pro Lys Thr Tyr Pro i45 150 155 160 - ttc tct tet..gag aca
tsG--atc tct tcc-ggc--ttg-agg tac gag-tgt tgc- 528 Phe Ser Ser Glu Thr Ser
Ile Ser Ser Gly Leu Arg Tyr Glu Cys Cys 165 170 175 ttc ctt tgg gtg gat gtc
tca gtg tcg gtc ctg ttc gag tac ctc tcg 576 Phe Leu Trp Yal Asp Yal Ser Val
Ser YaI 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 195 200 205 163   ggt ttc tac gac ccg aga tat
tCC ggg tCC gca atC cga gCC Cac ggg 672 GIy Phe Tyr Asp Pro Arg Tyt Ser Gly
Ser Ala Ile Arg AIa His Gly 210 215 220 att cac aag acc ata gga ata ccc gag
ttc gac cgg tac ttc agc tta 720 Ile His Lys Thr Ile Gly 11e Pro Glu Phe Asp
Arg Tyr Phe Ser Leu 225 230 235 240 taC ecg cct gag aga aag cag aag atg tcc
gaa tgg gac caa gca aga ?88 Tyr Pro Pra Glu Arg Lys Gln Lys Met Ser Glu Trp
Asp Gtn Ala Arg 245 250 Z55 aag ggg gcg tat gac gaa get gtc caa gag atc aaa
gag aac aca tgg 8I6 Lys Gly Ala Tyr Asp Giu Ala VaI Gln Glu Ile Lys Glu Asn
Thr Trp 260 265 270 



agg eit gcg aag aag eag att gag agg ate atg aag etg aaa age agc 8B4 Arg Leu
Ala Lys Lys Gln Ile Glu Arg Ile Met Lys Leu Lys Ser Ser 275 280 Z85 gga tgg
gae att cag agg ttg gac get aeg ecg tca ttt gga aga teg 912 Gly Trp Asp Ile
Gln Arg Leu Asp AIa Thr Pro Ser Phe Gly Arg Ser 290 295 3D0 tca aga gag att
tgg gaC aat act gtt ttg gat gaa agc atc aag gtt 960 Ser Arg Glu Ile Trp Asp
Asn Thr Val Leu Asn Glu Ser Ile Lys Val 305 310 315 320 gtg aaa cgc ttc ffg
gtg aaa gac aaa gtg tga 993 Q64   Yal Lys Arg Phe Leu Val Lys Asp Lys Yal
325 330 <210) 20 <21I) 330 <212) PRT <213) Arabidapsis thaliana <4ao) 20
Net Glu 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 Net 20 25 30
Thr Thr Vai Cys Net Glu Gln Ser Tyr Lys GIn Lys Val Val Yal Ile 35 40 45
Net Giy Ala Thr Gly Ser Gly Lvs 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 fi5 70 75
g0 Asp Gly Leu Lys Val Thr Thr Asn Glu Net Ser Ile Leu Glu Arg Cys 85 90 95
GIy Val Pro His His Leu Leu Gly Glu Leu Pro Pro Asp Asp Ser Glu 100 105 110
Leu Thr Thr Ser Glu Phe Arg Ser Leu Ala Ser Arg Ser Ile Ser Glu 115 120 125
Ile Thr Ala Arg Glv Asn Leu Pro Ile Ile Ala G1v Gly Ser Asn Ser 130 135 140
Phe Ile His Ala Leu Leu Yal Asv Arg Fhe Asp Pro Lys Thr Tyr Pro 145 150 155
160 iss   Ph~e Ser Ser Glu Thr Ser Ile Ser Ser Gly Leu Arg Tyr Glu Cys Cys
185 1?D l75 Phe Leu Trp Val Asp Val Ser Val Ser Val Leu Phe Glu Tyr Leu Ser
180 185 190 Lys Arg Val Asp Gln Met Met Glu Ser Gly Met Phe Glu Glu Leu Ala



195 200 205 GIy Phe Tyr Asp Pro Arg Tyr Sex Gly Ser Ala Ile Arg Ala His Gly
210 215 220 Ile Hls Lys Thr Ile Gly Ile Pro Glu Phe Asp Arg Tyr Phe Ser Leu
225 230 235 240 Tyr Pro Pro Glu Arg Lys Gln Lys Met Ser Glu Trp Asp Gln Ala
Arg 245 250 255 Lys Gly Ala Tyr Asp Glu Ala Yal Gln Glu Ile Lys Glu Asn Thr
Trp 26D 265 2?0 Arg Leu Ala Lys Lys Gln Ile Glu Arg Ile Met Lys Leu Lys Ser
Ser 275 280 285 Gly Trp Asp Ile Gln Arg Leu Asp Ala Thr Pra Ser Phe Gly Arg
Sez 29D 295 300 Ser Arg Gln Ile Trp Asp Asn Thr Val Leu Asp Glu Ser Ile Lys
Val 305 310 315 320Ya1 Lys Arg Phe Leu Val Lys Asp Lys Yal 325 330 <210J 21
<211J 125 <212J PRT <213 Saccharomyces Cerevisiae <400J 21 166   Glu Thr
Ser Val Lys Ile Leu Val Val Glu Asp Asn His Val Asn Gln 1 5 10 15 Glu YaI
Ile Lys Arg Met Leu Asn Leu GIu Gly Ile Glu Asn Ile Glu 20 25 30 Leu Ala
Cys Asp Gly Gln Giu Ala Phe Asp Lys Val Lys Glu Leu Thr 35 40 45 Ser Lys
Gly Glu Asn Tyr Asn Met Ile Phe Met Asp Val Gln Met Pro 50 55 60 Lys YaI
Asp Gly Leu Leu Ser Thr Lys Met IIe Arg Arg Asp Leu Gly 65 70 75 gp Tyr Thr
Ser Pro Ile Val Ala Leu Thr A1a Phe Ala Asp Asp Sex Asn 85 90 95 IIe Lys
Glu Cys Leu Giu Ser Gly Ilet Asn Gly Phe Leu Ser Lys Pro 100 I05 110 Ile
Lys Arg Pro Lys Leu Lys Thr Ile Leu Thr Glu Phe 115 120 125 <2I0 22 <211J
I18 <2127 PRT <213J EscherIchia cola 167   <400J 22 



Asn Asp Asp Met Met Ile Leu Yal Val Asp Asp Ilis Pro Ile Asn Arg 1 5 10 t5
Arg Leo Leu Ala Asp Gln Leu Gly Ser Leu Gly Tyr Gln Cys Lys Thr 20 25 30
Ala Asn Asp Gly Val Asp Ala Leu Asn Val Leu Ser Lys Asn His Ile 35 40 45
Asp ile Val Leu Ser Asp yal Asn Met Pro Asn Met Asp Gly Tyr Arg 50 55 60
Leu Thr Gln Arg Ile Arg Gln Leu Gly Leu Thr Leu Pro Val Ile Gly b5 70 75 gp
Val Thr Ala Asn Ala Leu Ala Glu Glu Lys Gln Arg Cys Leu Glu Ser 86 90 95
Gly Met Asp Ser Cys Leu-Ser-Lys-Pro-Val Thr Leu ASp Yar-I1-e-Lys 100 105
110 Gln Ser Leu Thr Leu Tyr 115 <21p) 23 <211J 31 <212) DNA <213)
Artificial Sequence iss   <220J <223J Description of Artificial
Seqttence:Designed oligonucleotide primer for PCR <400J 23 aceatgaact
gggcactcaa caatcatcaa g 31 <210J 24 <211> 30 <212J DNA <213J Artificial
Sequence <220J <223 Description of Artificial 5equence:Designed
oligonucleotide primer for PCR <400J 24 ggattacgac gaaggtgaga taggattagg
<210J 25 <2liJ 24 <212J DNA <213J; Artificial Sequence <220J <223J.
Description of primer for PCR 30 Artificial Sequence: Designed
olIganucleotfde 



l69   <400J 25 tcagatatga actgggcact caac C210) 26 C211J 24 <212J DNA C213)
Artificial Sequence C220J C223) Description primer for PCR 24 of Artificial
Sequence: Designed oligonucleotide C400) 26 ctcaatgctt ttgttccttg actc
C210) 27 ~2Z1~.32 C2I2J DNA <213J Artificial Seqaence <220J C223)
Description of Artificial primer for PCR <40DJ 27 tccccgcgga aaatgttctt
acggttaggt ag 24 Sequence: Designed ollgonucleotide 170 32   <210J 28 <211J
33 <212J DNA C2t3~ Artificial Sequence <224J <223J Description of
Artificial Sequence: Designed oligonucleotide priner for PCR 



<400J 28 tcggtcgact tatgattctg tatctgaagg cga 33 <210J 29 <211J 32 C2.12>
DNA <213J Artificial Sequeace (22pJ _ _ <223J Description of Artificial
Seqnence:Designed oligonucleotide priner for PCR <4QUJ 2s gatcccagct
agctagggcc ctaccgcggg ga 32 <210 30 <2liJ 32 <212J DNA m   <213J Artificial
Sequence <220J <223J Description of Artificial 5equence:Designed
oligonucleotide primer for PCR <400 30 ctagtccccg cggtagggcc ctagctagct gg
32 <210J 31 <211J 31 <212J DNA <213J Artificial Sequence <220J <223J
Description of Artificial Sequence: Designed oligonucleotide primer for PCR
400) 31 tccccgcgga aaatgtctat aacttgtgag c 31 <210J 32 <211J 33 <212J DNA
<213J Artificial Sequence <220J <223J Description of Artificial
5equence:Designed oligonucleotide 172   



primer for PCR <400J 32 ctagctagct taacaaggtt caaagaatct tgc <2107 33 C211)
33 <212J DNA <213) Artificial Sequence 33 C2207 C223) Description of
Artificial Sequence:Designed oligonucleotide primer for PCR <4007 33
tcccc8c8ga aaatgaaagc acBaBgtBaB ag8 C210 34 C2117 32 C2127 DNA <Z137
Artificial Se9uence 33 C2207 <2Z3) Description of Artificial
Se4uence:Designed oligonueleotide primer for PCR C400) 34 32 ctagctagct
taacaaggtt caaagaattt gc 173   <2taJ 35 C211) 30 <212J DNA C213) Artlficfal
Sequence C220) C223) Description of Artificial primer for PCR <400J 35
aaaatBaagt gtaatgacaa aatgBttgtg Sequence: Designed oliBariucleotide <210J
36 <211J 27 <212J DNA <2l3> Artificial-Se4uence 



30 C220> <223J Description of Artificial Sequerice:Designed oli8onncleotide
primer foz PCR <400J 35 27 gacatttgtt ttgcggtgat attagtc <210J 37 C211) 34
l74   <212J DNA <213J Artificial Sequence <2Z0) <223J Description of
Artificial Sequence: Designed oligonucleotlde primer for PCR <400) 37
ttatacatat gaagccatgc atgacggctc taag 34 C210) 38 <211J Z8 C212) DNA C213)
Artificial Sequence <220) <223J Description of Artificial Sequence:
Designed oligonucleotide primer for PCR C400) 38 cgggatcctc accgggaaat
cgccgcca 28 ms /Nll/N`
:/N/N`t/Nl/NC4W/NCT/NY/N`/N/N]/N/N/Nl/NCOP/N3/NP/N/N`O/Nl/N`z/N/Nl/N&P/N3/N
C 3/N|3/N</N/N 9/N:/N:/N
W/NDW/N<t/NT/Nz:/NKt/N@t/N:/NW/N~W/N'W/N|l/N:/N<*/N#/N|o:/N/N/N ]/N
/N`/N=/N|P:/N'W/NC]/NTt/N/N/N6/NTW/N`W/NhP/N\dt/N`G/Nv/N]P/N$l/NC/N`P/NCv/N
P/N]l/Nt/N`<l/N/N<z/Ngl/N&/N`>/Nal/N6:/NpW/N/N2S/Nc7 /N
/NP/NP/N/N/N\:/NP/Nt/N&W/NYW/N2:/N3:/N3:/Nzl/NzP/NW/Nz:/Ny}/NyW/NjW/NKp/N}:
/N:/N /N 9/N/N/N]3:/NYGl/N3:/N*:/N< 



t/NO/N2/NIW/NW/N,/NOt/N3/N:/N/NJ W/N&Gt/NPt/ND/N
t/NvS/N<6/NC/N)/NG/N/N}t/N/NYi/N$pt/N/N/NsL/Nt/ND/NW/N/N/Nz/Np/N}t/Nvi/N/N/
NCXT/N/N\'/N/Nt/N/N$/NW/Npt/N
W/NY:/NCt/N`/N/Nj/N<`7/NyP3@MNTers~$_57FGKL_|vpjd^YSN]caU]ca]caU]caU]caU]ca
U]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca
U]caU]caU]caU]caU]caBi)e" , b
Xysmga[UO]U]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]
caU]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca>W
X#&)a~-s#/>APS|vqkf`[UP]U]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]caU]ca]caU]c
aU]caU]ca U]c^aU]caU]ca
U]c^aU]caU]ca]caU]caU]ca]caU]caU]caU]caU]caSw~hz|@B|>h+hysmhb\VP]UU]caU]caU
]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]caU]caU]caU]c
aU]caU]caU]caU]ca]caU]ca]caU]ca6xlsuxRK'()ysmga[UO]U]caU]caU]caU]caU]caU]ca
U]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]c
aU]caU]caU]caU]ca)*2prv. [ ^ _ ` d e h i x y | } ~
:!<!?!|vpjd^XSga[UO]U]c]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU
]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]ca?!!!o"&$U%%&&
&&'((((8)'*g***
+_+p+r++++,,,}wrlfa[UP]U]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]
caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca,,,,$-?-g-i
-x---.............//i////0"1}wqke_YS]U]cU]caU]caU]caU]caU]caU]caU]caU]ca]ca
U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]caU]caU]ca]caU]caU]
ca"12W2Y2\222223!3T3333334456I6667B798}8888ztnhb\WR]U]]ca]caU]caU]caU]caU]c
aU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]caU]caU]ca]caU]caU]caU]ca]caU]
ca]caU]caU]caU]ca8v99::;
<^<<<<<=]=,>.>3>5>e>>>>>>>>&?G?J?g??zuoic^XR]U]U]caU]ca]caU]caU]caU]ca]caU]
ca]caU]ca]caU]caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]
caU]caU]ca??s@u@@@@@
AHAAABBBBBB3ClCnCC.DiDlDoDDDDDEGE}wrlf`ZTNU]caU]caU]caU]caU]caU]ca]caU]caU]
caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]c
aU]caU]caGEEF
FWFYF~FFGG:HyHHHHHHHH4IdIII&J)J,JhJJJKQKztoic]WQU]U]caU]caU]caU]caU]ca]caU]
caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]ca]caU
]ca]caU]caU]caQKKKHLLLLLLL7McMeMrMtMwMyMMMNGNNNNNIOOOOOP{vpjd_ZTU]U]U]ca]ca
]caU]caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]
caU]caU]caU]caU]caU]ca]caU]caPPPPQ=QyQQQR*S7SqSSS0T&U*U/UbUfUuUxU{UUUWXWXXY
}xrlf`ZUOUU]ca]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU
]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caYYZ!ZNZZZZ,[/[[[[[\\\\\]
]?^^^^4_o___J`M`ysmga\VPUUU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]
caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]ca]caU]caU]caU]ca]caU]caU]caM`P`S````
``7aJa|aaa)b,b7btbbblcccc/dlddd+e_eaele~xrlf`ZUOUU]ca]caU]caU]caU]caU]caU]c
aU]caU]caU]caU]caU]ca]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca
U]caU]ca]caU]caleeeeeefffffff|g~ggghFh8ioj*kkkkkk#lYlll|vqlf`ZTUU]caU]caU]c
aU]caU]ca]ca]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]ca
U]ca]caU]ca]ca]caU]caU]caU]calllmmmnnnLnNnnnnnNo\o^ooooooopRppqqqq~xrlf`ZUU
U]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]ca
U]ca]caU]caU]ca]caU]ca]caU]caU]caU]ca]caqrBrrrrssatcttu&u(u-u1uCuEu_ueuruuu
vRvTvvvw\wbw{upje_YTUU]ca]caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]ca]caU]ca]c
aU]ca]caU]ca]caU]caU]caU]ca]caU]caU]caU]caU]ca]caU]caU]caU]cabwAxCxixxxy^yX
zbzzz{^{{|||!|||||||_}a}}"~Z~~~xsmhb\VPUUU]caU]caU]caU]ca]caU]ca]caU]caU]ca
]caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]
caU]ca~~PI8CJkr}wqjd]WPhb\VPUU UV]caU]ca UV]caU]ca UV]caU]caU]ca
UV]caU]caU]caU]caU]ca]caU]caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU
]caU]caU]ca)4906T{uoic]WQhb\VPUU UU]caU]caU]caU]caU]caU]caU]ca UV]caU]ca
UV]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca UV]caU]ca UV]caU]ca
UV]caU]caU]caG=7wz}+P26DRS{vpjd^XRhb\VPUU
UUU]caU]caU]caU]caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]ca 



UV]caU]ca]caU]caU]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]caU]ca+-C:#%Y[f!DFa{}}wrlfa[UUU
UUU]U]caU]ca]caU]caU]ca]caU]caU]caU]ca]caU]caU]caU]ca]caU]ca]caU]caU]caU]ca
]caU]caU]ca]caU]ca]caU]ca]caU]caU]ca]ca9R:x
"a|vqke_YSN]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]ca
U]c^aU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]ca47:<kZz-0UY-0]_
{upje_ZT]caUU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca
U]c^aU]caU]caU]caU]ca]ca]caU]caU]caU]ca]caU]ca]caU]ca/d$_
JMPpqE1ysmga\VP]U]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]caU]ca]caU]caU]caU]
caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]ca*/!$)
CEdYD~S|vpjd^YSga\VP]U]U]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]
caU]ca UV]caU]ca]caU]ca]caU]ca UV]caU]ca]caU]caU]caU]ca
UV]caU]ca$VY\T~ysmga\VQ]U]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]c
aU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caMM_be]Pvmpt
v}wqkf`[UP]]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca
U]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]cav$VSVQTysnhc]XR]U]ca]caU
]ca]caU]ca]caU]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]caU]ca]caU]caCFIB`aDIz)d%Z|vpjd^XRysnhc]XR]U]caU]caU]caU]caU
]caU]caU]caU]caU]caU]caU]caU]caU]ca
UV]caU]caU]caU]caU]caU]ca]caU]caU]caU]ca UV]caU]caU]ca]caU]ca]ca03)-
&ztoic]WR]]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]ca
U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca!!&UXfz|~jxyytnic]WQic]WR]U]c
aU]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]
ca UV]caU]ca UV]caU]ca
UV]caU]ca]caU]cay{|$!e[W[ztnhc]WQic]WQic]WR]U]caU]caU]ca]caU]caU]caU]caU]ca
U]caU]caU]caU]caU]caU]caU]caU]caU]ca
UV]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca5XYm.6+.&Kztnhb\VPic]WRU]c
aU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU
]caU]ca]caU]ca]caU]caU]caU]caU]caU]caFA}:;
=y)*/|vpjd^XRhb\VPic]WRU]U]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]
caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]ca/056<=@C"_
MPS{uoic]XRhb\VPic]WRU]U]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU
]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca*^M{uoic]WQh
b\VPic]WRUU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU
]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca;
[]}2vx>~58{"$]_,~xsmhb\VPic]WRU]caU]caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]c
aU]ca]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]caU]caF-.12
ov()-m}wqke_YShb\VPic]WRU]U]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]
caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]ca!"MDZomrY
1Y\|wqke`ZTOic]W]caU]caU]ca]caU]caU]caU]ca]caU]caU]caU]ca
U]c^aU]ca]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca
\rt[/ 



/pg\^{upjd]WRe`ZTOic]W]c]caU]ca U]c^aU]caU]ca]caU]ca
U]c^aU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca
U]ca
U]c^aU]ca-5x{~:<yKCLNVXztnhb]WRic]W]c]caU]ca]caU]caU]caU]caU]caU]caU]caU]ca
U]caU]caU]caU]ca]caU]ca]ca]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]ca
Xqs$]+f;
SUgi4ztoid^XRic]W]cU]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]caU]ca
U]caU]ca]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca4t5rt{% c
![!!!"P"""#Z#\#b#d#$*$}wqkf`[UOic]WU]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]
caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]c
a*$c$$$%S%Z%%%%%&&&&n&p&''''G'"(%()))****{uojd^YSic]WU]cU]ca]caU]caU]ca]caU
]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]caU]caU]caU]
caU]caU]caU]caU]ca**+++,-S--- .-.1.T.../?/~///;
0z00081O11111~xrlf`ZTOic]W]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]
caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]ca12334456
6h6j6s6w666777777 8K8888
9I9999{uoic]WRic]W]c]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]
caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]ca9:::&;d;
;;;;<[<e<g<<<<<<=)> ?\???
@L@@@AGAysmga[UOic]WU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]ca]caU
]caU]caU]ca]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caGAABBBBBBBB;
C@CDCGCCDD{DDEFFGGGH5HMH[HgHH}wrlf_YSic]WU]cU]caU]ca
UV]caU]caU]ca]caU]caU]caU]ca]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU
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U]c^aU]caU]caU]ca]caU]caU]caU]ca]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU
]caU]caU]caU]caU]caU]caU]caU]cahOqOsOOOO,PcPPPQQ!QQQSQeQQQQR[R^RaRdRgRmRoRx
RRRR~xsmhb]WRic]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU
]ca]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caRSESzSSSSSTT:TxTTTT
7UxUUUUU9VwVVV(W`WcWfWhWeX~xrlf`[VPic]U]ca]ca]caU]caU]caU]caU]caU]caU]caU]c
aU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU]caU
]caeXXYY"Z^ZZZZ[[%[([J[v[[[[[[\\\\\\D]F]]3^5^;
^ztnic]XRic]U]U]ca]caU]caU]ca]caU]caU]caU]caU]caU]caU]ca]ca]caU]caU]caU]caU
]caU]ca]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]ca;^|^^^^__#_%_;
_>_x___&`b````aaaaaaaaaaaaa{upje_ZTic]U]U]U]ca]caU]ca]caU]ca]caU]ca]caU]ca]
caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU
]caaaaabbccccccccc)d!ebeee$fbffggggghij{vpje_YSic]U]UU]caU]caU]ca]caU]caU]c
a]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]c
aU]ca]caU]ca]cajjjJjkkTkkkllPlbldlilmllllllllm#m%m^mamdm]nn{upjd_YSic]U]UU]
caU]ca]caU]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca
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